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JOCTHUKEHHUE COITIOCTABUMOCTHU
MOP®POMETPUYECKHUX U MOAEJIBHBIX
I'NMCTOI'EHETUYECKHUX-
MOP®OI'EHETHYECKHUX JAHHBIX C
MOMOIIbIO TECTOBBIX ®YHKIIUN
IJIOBAJIBHOW ONITUMM3 AU

r. Mockaa,
Poccuiickas denepanus

Pe3tome. Jlto6asi TeopeTmueckasi KOHCTPYKIUS B MOP(OJIOrMYECKOM MOJETHPOBAaHUN
HMeeT CMBICI TOJBKO TOTJa, KOTAa MOXeT ObITh MpHUBs3aHa K mpaktuke. JIro0oi ¢popma-
JIM3M HE SIBISIETCS ONTHMAIbHBIM ISl OIIMCAHUS TIPOIIECCOB MOP(OTeHe3a, eCII OH HEeCO-
MocTaBUM (popMe TKAaHEBBIX CTPYKTYp. Takum oOpa3oMm, HEOOXOAUMO HAXOXKAECHUE ONTH-
MaJbHBIX AMIPOKCHMANUH Ui KOPPEKTHOTO COMOCTABICHUS SKCIEPUMEHTANBHBIX U pac-
YEeTHBIX pe3yibTaToB. IIpemioxkeHHOe B HAcTOsAIIEH paboTe HCIONB30BaHHE TECTOBBIX
Mop(oMeTpHsi, MOACIUPO- (GYHKIHHA 171 TEHETHYECKHUX aITOPUTMOB, SBOJIOIMOHHOTO MPOrPAMMUPOBAHHS H POEBOM
BaHUE, MOP(OreHE3, TUCTO-  onTUMH3ALIH NpU aNNpoOKCHMAIMK MOpQOreHe3a KIETOYHBIX CTPYKTYp M MX MoJeiei
TEHE3. SBJISICTCS MAaTEMAaTHYECKUM IIaroM K BBIIOJHEHHIO MOJIOKEHUH aBTopa pa30ompaeMoin
crateu (I'pagoB O.B., 2011), BEIBEACHHBIX HETOCTATOUYHO TOYHO. CyIIIECTBYIOT U JAPYyTrHe
CIOCOOB! aHATUTHYECKOH aNIpPOKCHMAalUH Ul JAHHOTO CiIydas, HO OHH BCE HE MMEIOT
MIPUHLIUNUATIBHBIX PA3IMYMI C TOYKH 3PEHHsS yA0oOCTBA MPUMEHEHUS] HX B MaTeMaTHde-
ckoit 6uonoruu. JlocTuraemasi TaKUM ITyTEM COIIOCTABUMOCTh MOP()OMETPUUECKHX B MO-
JETbHBIX THCTOT€HETHIECKUX-MOP(OTeHETHIECKUX JAHHBIX MOXKET HCIOIB30BaThCS MPH
MaTeMaTHKO-MOP(}OIOTHUECKOM aHAIIM3€ U MOJCIMPOBAHUH B THCTOJIOTHU U 3MOPHOIIO-
THH.
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Bolkhovitinov A.S. Achieving comparability of morphometric and model histogenetic-morphogenetic data using glob-
al optimization test functions.

Summary. Any theoretical construction in morphological modeling is useful only when it can be linked to the practice. Any
formalism is not optimal for describing the processes of morphogenesis, if it is not comparable with the shape of tissue struc-
tures. Thus, it is necessary to find the best approximation for the correct comparison of the experimental and theoretical re-
sults. Proposed in this paper, the use of test functions for genetic algorithms, evolutionary programming, and swarm optimi-
zation for the approximation of the morphogenesis of cellular structures and their models is a mathematical step towards the
implementation of the thesis of the analyzed article author (Gradov O.V., 2011), deduced not precise enough. There are other
ways of analytical approximation for this case, but they have no fundamental differences in terms of their ease of use in ma-
thematical biology. Achieved in this way comparability of morphometric and model histogenetic-morphogenetic data can be
used in mathematical and morphological analysis and modeling in histology and embryology.

Key words: mathematical morphology, global optimization test functions, morphometry, modeling, morphogenesis, histoge-
nesis.

OueBuaHO, 4YTO JII00AsT TeOpeTHYecKas KOHCT-
pPYKIHs B MOP(]OJIIOTHIECKOM MOJECIMPOBAHUN HMe-
€T CMBICJI TOJIBKO TOraa, Kormga MOXET OBITH MpUuBA-
3aHa K mpaktuke. JIro0o# dopmamusm He sABIsAETCS
OTNITHUMAJILHBIM JIJISl OMTUCAHMSI TIPOIeCCOB Mopdore-
He3a, eclM OH HecomnoctaBuMm (opMe TKaHEBBIX
cTpykTyp. Takum oOpazom, HEOOXOIUMO HaXOXKIe-
HHE ONTHMAJbHBIX ANPOKCUMAIMH 11 KOPPEKTHO-
IO COIOCTABJIEHUS SKCHEPHMEHTAIBHBIX M pacder-
HBIX PE3yJbTAaTOB. DTO BEPHO Kak AJsI MPSMOH, Tak

u U1 0OpaTHOM 3a/auu: KaK JUIsl OIMCAHUS PErucT-
PUPYEMBIX JaHHBIX, TaK U JJIS1 MOAEIBHOTO MPOTHO-
3MPOBaHUSI.

MHorue paboThl XapakTepU3yITCsS HeIocTa-
TOYHOW CTENEHbI0 COMOCTABUMOCTH TEOPUH M TPaK-
tuku. Tak, B pabore (I'pagoB O.B., 2011), omyGmu-
KOBaHHOH B ypHaie "Mopdooris", cpeau Io-
CTaBJICHHBIX 3aJ]ad €CTh CJIeNyIoIIas: '"paccMaTpu-
BaTh Ipobiemy neopMHpPOBaHHBIX TpaHC(OpMa-
LIMOHHBIX CETOK KaK MpOo0JeMy aHAJIUTHYECKOW am-
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MPOKCUMAIUM € WX IOMOINBIO pEaTbHOW (OPMBI
OMOJIOTHIEeCKIX 0OBEKTOB" U Jajiee 1Mo TEKCTY: "BbI-
sBIeHHe (DOPMBI CHTHaJa 1e(OPMHUPYIOUIETO BO3-
JEWCTBHSA 1O MPEIBIAYIIEMY COCTOSHHIO CUCTEMBI 1
BBIXOIHOMY CHTHAIY - TOCIEIyIomeMy €€ COCTOs-
Huro". OxgHaKo mpu OeriioM mpocMoTpe OOHAPYKH-
BAeTCs, YTO JaKe HaMeKa Ha aHaJMTHUYECKYIO al-
MPOKCUMAIMIO B IIUTUPYEMOH paboTe HeT; CTaThsi B
NPUHLUIIE HE COAEPXKHUT (GopMyi. DTO CTaBHUT 10X
ylap KOPPEKTHBIC ITIOJIOKECHUS W LEJH, MPUBEICH-
Hble B Heil. [IpuiioykeHHbIe K cTaThbe JINCTUHTH OTHO-
CATCS K MOJICITMPOBAHUIO AMCTOPCHM, PacIpoCTpa-
HEHHS BOJIH, HO HE OTBEYAIOT Ha Bompoc "Kak'": Ka-
Kue (DyHKOUM PEKOMEHAYET HCIIOIb30BaTh aBTOP
JUIT MaTeMaTHYeCKOH ammpoOKCHMAIUU 3apEruCTpH-
POBaHHBIX UM B JaHHOW CTaThe IATTEPHOB BOIIH,
anpuopHO, 0e3 (opMaTM3alMK  COIOCTABIIEMbBIX
KJIETKAM ?

Crenyet 3aMeTUTbh, YTO TPENCTABICHHbBIE B -
TUPYEMOI CTaThe MaTTepHBI JEHCTBUTENBHO 1MO00-
HBl MAaTTepHaM OHOJIOTHYECKHUX KIIETOK, PErHCTpH-
PYEMBIX IIOCPEICTBOM METOJIOB aTOMHO-CHJIOBOM
MHUKPOCKOIIUH, HO K TOMY, 4TOOBI JI0Ka3aTh 3TO IO-
JIO)KEHHUE, TONBKO MOP(OJOTHYECKUH BHU3YalbHBIH
aHaIM3 XOTS M HeoOXoaWM, HO HemocTaToueH. B
JTAaHHOH ITTOJIEMHYECKOH 3aMeTKe 51 He XOTels ObI oc-
TaHABJIMBAThCS HAa YACTHOCTSAX TEOPUH paclio3HaBa-
HUS 00pa3oB, HEOOXOJUMBIX [T COOCTBEHHOPYIHO-
IO COCTaBJICHUS YNATATEJIEM aJTOPUTMOB CIMUYCHUS,
OTPaHWYMBIINCH JJIsI MaTeMaTHKO-MOp(OoIoruiec-
KO 00J1aCTH NPEUIOKEHHEM HECKOJBKHX MPOCTHIX
wuitoctpauuil. Ilpeanaraercs wucnonab30BaTh ISt
3TOro (DYHKIHHU IBYX NEPEMEHHbIX.

B npocreiiem ciyyae MOXXHO OTPaHUYUTBCS
PEryJSIpHBIM WJIM KBa3WUPEryJSIPHBIM THIIOM  all-
MPOKCHMaIUH, IMOJKO00HO TOMY, YTO HMEET MECTO B
KpHuCTayuIorpaduu, Tae KBa3HKPHUCTAIIIBI ONHCHIBA-
10T C UCIIOJIb30BAaHUEM CTPYKTYp - anlpOKCHMaHTOB
(Dmitrienko V.E., Chizhikov V.A., 2006; Vekilov
Y.K., Isaev E.I., 2007). Taxxe, Kak A B cirydae Mo-
nenvpoBanus nedopmanmii cetok bespe (Hemocra-
TOYHO OOOCHOBAHO, C MAaTeMaTHYECKOW TOUKH 3pe-
HUS, AaCCOIMMPYEeMBIX C  ceTkamMu 1 Apcu-
Tomrmicona), B KpHcTamIorpapuuecKod anmpoKCH-
Malui CYIIECTBYIOT CIOCOOBI PEKOHCTPYKLHMU H
NPUBEJICHUS! K CTAaHJAPTHOMY PEryJSIPHOMY BHIY
c1a00CTPYKTYPUPOBAHHbIX, HEMOJHBIX WIH CTPYyK-
TYpHO-TIpoTHUBOpeurBEIX ceTok (Garanzha V.A.,
Kudryavtseva L.N., 2012). Pemerku [enoune nexar
B OCHOBE HE TOJBKO KPHCTAUIOrpapUIECcKUuX I10-
CTPOEHMH, HO M LIeNoro psija apyrux sinenuit (Ga-
liulin R.V., 2002), nostoMy MOryT GBITH HCIOJB30-
BaHbl HE TOJIKO B KPHUCTAIOrpapUIeCKUX BBIYUC-
nenusix. [Ipn 3TOM OHM KOMMYTHPYIOT C TpPHaHTy-

* MOXHO BO3Pa3UTh, 4TO TO C/E/ATh HEBOIMOYKHO AJIro-
PUTMHUYECKH, HO IJI1 ONPOBEPIKEHUS 3TOTO Te3UCA HUKE 5
HPHUBOXY JIHCTUHIHM, B KOTOPBIX BO3MOXXHO HAaXOXICHHE
pacIpeneneHHbBIX SKCTpeMyMoB ("IEHTPOB KIETOK"), TO
€CTh OTBEYAIO0 ONIIOHCHTY, OTPaHMYMBIIEMYCS IpUBEJE-
HHEM JINCTUHTOB, €T0 K€ METOJIOM.

6

namuerd JlemoHe — BaKHEWIEH 9acThi0 KOHEYHO-
9JIEMEHTHBIX CHCTEM aBTOMAaTH3WPOBAHHOTO IMPOCK-
THPOBAHMSA, B TO BpeMsI KaK aBTOP KPHUTHKYEMOH
paboter (I'pamos O.B., 2011) HemocpencTBeHHO ¢
camMoro e€ Havaja HacTaMBaeT Ha HEOOXOIUMOCTH
HCIIOJIb30BaHUS METOJIa KOHCUHBIX JJIEMEHTOB (UTO
it BToporo aecstunetrs XX| Beka Kaxkercs He-
CKOJIbKO OYEBHIHBIM M OaHaJbHBIM), TIOATOMY IS
JAHHOM paloThI ampolaius MpeiaraeMoro MHOU
MOJIX0/1a HE SBISCTCS MPOTUBOPCUHUBOIA.

PaccMoTpuM HECKOJIBKO TPUMEPOB, XapakTep-
HBIX B aNIpPOKCHMAIIUM TKAaHEBBIX CTPYyKTyp. Ilo-
CKOJIBKY paboTa He ONHCHIBACT HOBBIC BHIBI BHU3ya-
TM3alWd, s HE CTPEMITIOCh K TPHUBEACHUIO B HEH
OpUTHHANBHBIX TpaUKOB, OTPAHWYHMBAACH aITO-
puT™MaMu 1 popMaMu, HaAHICHHBIME B ceTH. Jlomyc-
THM, 9TO MIMEETCS MMOBEPXHOCTh TKAHH - OJHOCIIOH-
HOro KyOmdueckoro smutenus. Takas OTHOCIOIHAs
CTPYKTYpa XOpOoIIo Mojaeaupyercs ¢pyunkuueit ['paii-
Berka (Griewank A.O., 1981), npumep KoTOpoii B
(hopMabHOM BUJIE aH HIDKE:

n 33@2 n x;
f(m):1+;4000—£[1605(ﬂ) @

OyHKOHS UMEET MHOXECTBO PaCIpPOCTPAHEH-
HBIX MHHAMYMOB C PETYJSPHBIM PACIHpEICICHUEM.
Busyanmzanus QyHxnmii ['paliBeHka st TOBEPXHO-
CTH MOZOOHOTO SMUTENHS MPUBOIMT K (opMe THIA
oTtoOpakeHHOM Ha puc. 1. OYHKIMH Takoro poja
xopomo ortobpaxkarorcsi B GNUPLOT, PaGMO,
HeuristicLab. 31ech Hmke HCIOIB30BaHA BU3yalu-
sanus ¢ ontumusanueit M.Clerc'a (Clerc M., 2006)
o popmye:

zﬂ;[xd -t

A ]

4000 =1

tdft.} edijte
( f &Clerc).

o Ol @dzdiz dzt v d d

Ecnu mepeliTh OT OZHOCIOWHOTO 3MUTENHS K
cTon09aToMy (KOJIOHYATOMY) BapHaHTY, TO BO3HH-
KaeT BO3MOXXHOCTh MCIIOJIB30BaHUS (DYHKINN DKKIN
(Ackley D., 1987), natorueit popmy rpaduka, moka-
3aHHy10 Ha puc. 2. [Ipumepom Takoil GpyHKIMM MO-
JKET CIIy’)KUTh 2JIEMEHTAPHOE BBIpaKECHUE:

f(x) =20+e—20exp [ —0,2
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— exp (% ; cos (27r3:,i)) @)

tdiltedi3jte odLzOddL Oydd
M.Clerc).

Ilpu onrumuzanuu M. Clerc wucmomb3oBascs
anroput™ Ha Cut+:

E=exp(1); two_pi=2*acos(-1);

sum1=0;sum2=0;

for (d=0;d<D;d++) {xd=x.x[d]; suml=suml+xd*xd;
sum2=sumz2+cos(two_pi*xd);}
f=(-20*exp(-0.2*sqrt(suml/(double)D))-
exp(sum2/(double)D)+20+E);

Cpasuurensio uemasuo (B 2009 romy) Za-
binsky, Khompatraporn u Ali co3nanu HOBBIN 1O-
XOJ K BBIYHCJICHHIO 3THX (PYHKIIMH, OCHOBaHHbII Ha
rinobanproi onrummsanuu (Ali M.A. et al., 2005)
st MATLAB:

function z = ft_ackley(x,y)

a=20;
b=0.2;
c=2*pi;
d=5.7,
f=0.8;
n=2;

z = (1/F)*( -a*exp(-b*sgrt((1/n)*(x."2+y. 2))) - ...
exp((1/n)*(cos(c*x) + cos(c*y))) + ...
a+exp(l) +d);

Y COOTBETCTBYIOIIMHI aHayor koga st Cu++:

float fvalue;

fvalue = 0.0;

float gvalue=0.0;

float hvalue =0.0;

for(int index = 0 ; index<dimension ; index ++)

{
gvalue = gvalue + pow( *(position+index),2.0 );
hvalue = hvalue + cos(*(position + in-

dex)*2*3.14159265359);

¥

fvalue = -20 exp(-0.0.2 * pow((gvalue/dimension),
0.5) ) - exp(hvalue/dimension)+20+exp(1);

return fvalue;

IMousTHO, yto Ti0OaNbHBI MuHEMYM f(X)=0,
x=0, i=1:n, TakuM 00pa3oM TKaHb PaBHOMEPHO
pacmpenieneHa MO IUIOCKOCTH (BCIIOMHHM, YTO U Y
¢ynknun ['paliBeHKa MHHUMYMBI PETYJSIpHBI) H,
JEMOHCTPHPYSl THCTOTCHE3, HE JAEMOHCTPHpPYET
Mopgorenes. B To xe Bpems aHanuzupyemas padora
(I'panoB O.B., 2011) mpereHayer Ha ONUCAaHUE
nMeHHO Mopgorenesa. [ToaToMy HYXHO MPOJIEMOH-
CTPHPOBATh 3JEMEHTHl MOp(oreHesa, MOAEIHUpYe-
Mble ¢yHknueld Okkimu. Hanpumep, BozpmeM city-
4aii, korjaa

flr)=20+e—20 e ¥VaLiaii

Lsn | cos(2mwz;) )

—_ t'.‘-; Lai=

Wz dzS y dHexdng wszdombd Saremarnueckux coobpa-

JKeHHH, TpeAroaraercs Habmronenune aedopmarmit
TKaHM M 00pa3oBaHUE MOPHI MPH TII00aTEHOM OINTH-
myme f(X)=0 u X=0, uro u HaGmomaercs Ha puc. 3,
BBITIOJTHEHHOM ¢ ToMotibio HeuristicLab. 3to nebe-
3BIHTEPECHO OTMETHUTh, TaK KakK (YHKHH OKKIH
(paBHO kak I['paiiBenka unu PacTpuruHa) sSBISIFOTCS
TECTOBBIMH (DYHKIUSMH IJISI TEHETHUYECKHX aJro-
PUTMOB, B TO BpeMs KaK CYIIECTBYIOT MOAXOIBI K
Mop(oreHe3y AUCKPETHBIX CTPYKTYp, OCHOBAHHBIC
Ha reHernueckux anroputmax (Kawamura H., Oh-
mori H., 2001). Buzs! nedopmanuii, MogenupyeMbix
GYyHKOHAMU DKKIIM HE OTPaHHYMBAIOTCS TIPHUBEICH-
HBIMU Ha puc. 3. Ilpu HeHyneBBIX INIOOANbHBIX OII-
TUMyMaX HaxOJHMM JUIsS BBIpAXKCHUS (C MYJIbTHMO-
JATbHBIMU, cenapabeIbHBIMU 0COOCHHOCTSIMU):

D-1
fol(3) = Z (E_u.z\v"lmiz + i +
=t ®)
+ 3 (cos(2z;) + 53:&{23‘54.1}))

pelIeH s, BU3YyalIn3alus KOTOPHIX IMOKa3aHa Ha PUC.
4,

C ToukM 3peHHUs OOHAPYKECHHS IKCTPEMYMOB
OHU DKBUBAJICHTHBI PSIIy PETYJIAPU30BAHHBIX CTPYK-
Typ, TCHEPUPYEMBIX W3 MNPEIABIBICHHBIX B paboTte
(I'pamos O.B., 2011), HO, B OTAIUYHE OT ITUX CTPYK-
Typ, OHH 00J1a/Ial0T BIOJIHE KOHKPETHOW MOJIEIEHON
COIMMOCTABUMOCTBIO C TKAaHSIMH W MOTYT OBITH pac-
CMOTpPEHBI OJTHOBPEMEHHO M KaK BOJHOBEIC TEKCTY-
PBL, ¥ Kak KJIAcTepsl KiIeToK. Ha Tomorpadudeckoit
kapte Ha puc. 4 (c caiita LUT: http://www.it.lut.fi)
CJIeBa MOXKHO BHJICTh KaK arJioMepaThl, 00beINHCH-
Hble 00Iel M30MOTEHIHAIBHOM JIMHUEH, TaK U OT-
JIeNbHBIE KJIETKH, JIeXallne BHe €€ W 00Jiajaromive
MEHBIINM KOJIMYECTBOM 3KBHUIOTEHIMAIEeH. ['eTepo-
TCHHOCTh KJIETOYHBIX MOMYJISLIUN B TIOBEPXHOCTHBIX
TKaHAX - SMUTCIUH M SIHICPME, CBONCTBEHHAS Kak
s sxkusotHeXx (De Waal E.J., Rademakers L.H.,
1997), tak u pacrenuii (Baklanov I.A., 2011), coot-
BETCTBEHHO HMMEET MPsIMOE TMOATBEP)KIECHHUE B DTOM
MO/ISTIH.
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OTO HE 3aBHUCHT OT AITOPHTMa BOCIPOW3BEIE-
HUsl camMod (GyHKIIMH. Bo3bMeM BMECTO anropuTMa
Zabinsky, Khompatraporn u Ali wm M. Clerc'a’
6omee "mpocroi" anroputM, Tounee kox A. Hedar'a
st MATLAB (2005):

function y = ackley(x)

%

n=2;

a=20;b=0.2; c=2*pi;
s1=0;s2=0;

for i=1:n;

s1 = s1+x(i)"2;

s2 = s2+cos(c*x(i));

end

y = -a*exp(-b*sqrt(1/n*sl))-exp(1/n*s2)+a+exp(l);

He crnemyer mosicHATh, 4TO 3HAYCHUS NIEPEMEH-
HBIX MOXXHO MEHSATB; N=2 B3STO [0 YMOJYaHHIO U HE
SBJISIETCS €JJMHCTBEHHO BO3MOJKHBIM JUIst (DYHKIMH
Okkiu. [Ipu BapbupoBaHUM MapaMeTpoOB MOXKHO 0e3
Tpylna yOeauThCs, YTO HHYEro NPUHLUINUAILHO He
MEHSETCS K BhIIIeH3IokeHHOMY. B Mathcad, ne
spisttomieMcs, B ommmunie ot MATLAB, matpudanoii
nabopaTopueii, BO3MOXKHO ITOJIYYUTh TpaduK JI000H
(yHKIIMM BYX TIEPEMEHHBIX, 3a/laHHON aHAINTHIE-
CKH, HE MCKIIoUast QpyHKIuio DKKiIH, 0e3 e€ nccie-
JOBaHHS, HO M B HEM BO3MOXHO MOJEIHPOBATh
"mMop¢oreHe3" 1Mo THUITY OIMCAHHOTO BHIIIE (CM. PHC.
5).

He orpaHunummcs 3THM U JOKaXeM, YTO 4acTb
rpaduKoB, NPEACTABICHHBIX B [IUTUPYEMOH paboTe,
00J1a/Ia10IMX YIJIOBBIM HAKJIOHOM K TOBEPXHOCTH
(puc 5, puc. 7 npu nuT. pad.), MOXKET OBITH CBA3aHA
C TPaJMeHTOM OOJY4YE€HHOCTH. DTO MOXKHO HHTEp-
NPETHPOBaTh M KaK 3aBHCHUMOCTh THUCTOTCHE3a OT
JTAHHOTO BO3JEHCTBHS B paMKax NMPOCTPAHCTBEHHO-
ro u3meHenus: kourentpauuii (Turing A.M., 1952),
M Kak apredakT HEepaBHOMEPHOH OOIy4YeHHOCTH B
npouecce perucrpanuu. B To ke BpemMs ocoOeHHO-
CTBIO YHCJICHHOH ONTHMH3AIMU C HCIIOJIb30BaHUEM
METoJla POsi YacTHIl SIBIISIETCS TO, YTO JJISL €ro Mc-
MOJIb30BaHUs He TpeOyeTcs yKa3blBaTh TOUHBIN rpa-
queHT Gyskiun. OTMedy, 9To B IUTHPYEMOil pabo-

Hamo s mosiCHEeHWS OTMETHTh, 4YTO aJTOPHTMBI
M.Clerc'a (Clerc M., 2006) otrocsitest k ogxomy "particle
swam optimization" (poeBoil ONTUMH3ALUKM YACTHUI], B
PYCCKOSI3BIYHON JIUTEpaType MPHHIT HEAOCTATOYHO MOJ-
HOLICHHBIH 110 CMBICITY TEPMHHOJOTHYECKHI JKBUBAJICHT
"meron post wactun" win MPY), Gmuskomy k "poeBomy
untemuiekty” - “swarm intelligence" (KennedyJ. et al.,
2001), omuceiBaonieMy B TOM YHCIIE COOPKY KIETOK B
tkausx (Fisher L., 2009) Bmiote a0 (HOpMHpPOBaHUS
(yHKIMOHATBHOH KOHHEKTOMHKHM HEPBHOW TKaHU (CM.,
Harp., ¢0., BBIMYIIEHHBIH HemaBHO u3aareascTeom "World
Scientific" - "Integration of Swarm Intelligence And Ar-
tificial Neural Network"). ITostomy HaxoXIeHHE KCTpe-
MYMOB B TPOLECCE TAKOH ONTHMM3AIMU SKBUBAJIECHTHO
HAaXOX/JCHHIO KJIETKaMU KaK YaCTULAMH post IpH Mopdo-
TeHe3€e CBOET0 MecTa M JETePMHHHPOBAHHOTO (YHKIHO-
HaJIGHOTO ITOJIO’KCHUS B TKaHH.

te (I'pagos O.B., 2011) He yka3aH UCTOYHHUK HILTIO-
MUHALUH, TO3TOMY IO 3TOMY (aKkTy HUYEro orpe-
JIeJIEHHOTO CKa3aThb Helb3sd. Bocmonb3yemcs miot-
TepoM GyHKIHIA ¢ caiita http://www.exponenta.ru u
NPOJEMOHCTPHPYEM  BO3MOXKHOCTh  ITOCTPOCHUS
rpa¢pmka GYHKIUM THIIA DKKIH, MOJOOHOHN BHIMIE-
yKa3aHHBIM TpaduKaM U3 HUTHPYeMOoii paboTsl. [1o-
HSTHO (CM. pHC. 5), YTO MpHU Pa3HbIX Yriax HAKIOHA
abCOITIOTHBIC aMIUTUTYIHbIC 3HAYCHHS B TOUKaX JKC-
TPEMyMOB OyIyT U3MEHATHCS. Buaumo 1ot ahdext
Ha0ojaeTcst U B IUTHPYEMOi paboTe, HECMOTpsI Ha
TO, YTO PSAJA APYTrHX IpadUKOB B HEH OBOPAT O 5B-
JeHusAX MopdoreHesa MO THIY YKa3aHHBIX BBIIIE
GoJiee 0OTHO3HAYHO.

i

t dMm5 1 teddijte

Wikd ydd,
i’ ZCQL Odzdets? o Isj Cflsy.

PaccMOTpUM HEMOCPENCTBEHHBIN MEPEeX0 Me-
K]y THCTOTCHE30M U MOP(HOTEeHEe30M B XOJI€ YBEJH-
YeHHsI KOJNIMYECTBa KIETOK M COOTBETCTBEHHOMW IMO-
BEPXHOCTH TKaHU. MCMONB3yeM Jist 3TOTO (GYHKITHIO
PactpuriHa, KpPyMHOTO COBETCKOTO KHOEpHETHKA
(Pactpurun JLA., 1968, 1974, 1980, 1981), u3Bect-
HOro u 3a pybexom (cm., Hamp.: Rastrigin L.A.,
Erenshtein M.K. 1984; Rastrigin L.A., Eiduk J.Y.,
1985; Rastrigin L.A., 1986; Kronbergs Y.E., Rastri-
gin L.A., 1991):

D
fs(Z) = 10D + Z (:c,;z — 10cos(27z;))  (6)

=1

W3BectHO, uTO (hopMa rpaduka 3Toil QyHKITUH
MEHSEeTCS B 3aBHCHUMOCTH OT YHCIAa IEPEMEHHBIX.
Tak, mpu 3anucH B AByX NEPEMEHHBIX

2
Flixl;xg):Z(lUcos 2mi—x!-2:|—20 )

iml

nmeeM | rioGanbHbli 1 100 JOKaNBHBIX MaKCHMY-
MOB; TIPH 3aITUCH B JIBYX NTEPEMEHHBIX C HHBEPCHEH

2
2
F[xl;Xg)=EU—Z(IDCOSEJ’H!-—X_;) (8)
iml
uMeeM 4 TIOOIBHBIX M 96 JOKAJIBHBIX MaKCHUMY-
MOB; I J€CSATH NEPEMEHHBIX
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10
F[xl;...;xm:l:Z(chosEﬂx,-—xf)—ll:ll:l 9)
il
uMmeeM | TII00abHBIN MAaKCUMYM U 10" nokanmbHBIX
MaKCHMYMOB; TIPH 3aIlMCH C WHBEPCUEH TPH AECITH
MePEMEHHBIX

10
F[xl;...;xm:l:100—2(10::052;?‘.:{!- —xf) (10)
il

nmeeM 100 riobanbHBIX MakcUMyMoB. COOTBETCT-
BEHHO, €CJIM CONOCTAaBUTh KAXKAOMY M3 TaKHX MakK-

. il ! i ' i ' . j fﬁ‘- J ;
W

R
b

fixl

|
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CHMYMOB OTJICNIbHYIO KJIETKY B TKaHH, TO IIPH yBe-
JWYICHUH KOJIMYIECTBA KIETOK (MOIIHOCTH MHOXECT-
Ba) MOXXHO HaOmonaTk 0Opa3oBaHUE YTIyOJICHUH U
MOJIOCTEH, TaKyH, IPHYEM B MaJlOM Macurabe Mo-
TYT BU3YaJIN3UPOBATHCA OCHWILINNN, COOTBETCT-
BYIOIINE OAMHOYHBIM KJIETKaM, a B OOJBIIOM Mac-
mrade - KpUBU3HBI MOp(oreHeTnyeckoro riana. Ha
puc. 6 mpHuBeJeH NpUMep TaKoro mepexoja oT elu-
HUYHBIX KJIETOK B 30He onTuMyMa (A) K KypBaType
noBepxHoctd TakHu (B). AnHanor srtoro sBieHHs
MOJKHO HalTH B SMOPHOJIOTHH.
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V3MeHeHHs JTOKaIIbHON KPHBHU3HBI KIETOYHOTO
IUIacTa B KOPPEISIINH C MyIbCAMAMHI PU dMOpHO-
TEHEe3€ XOPOIIO M3YUEHBI, TIO3TOMY HE SICHA IPHYH-
Ha, IO KOTOpO# aBTOp pazbupaemoii padotsr (I'pa-
moB O.B., 2011) me ymomsHynm 00 3TOM B KadecTBe
OCHOBHOTO TIOATBEP)KICHUS IS CBOEH KOHLECTIIIUH.
JlaBHO M3BECTHO, YTO BO3MOKHO BBIBOAMTH JPYT U3
Jpyra C JOCTaTOYHON TOYHOCTBIO IOCIENOBATEIb-
HOCTH (hOpM, HE UMesl HUKAKHX CBEICHUI O MmyJbca-
IUSX, 3Has JIMIIb CaMH 3TH (OPMBI - TO €CTb JIO-
KaIbHYI0 KpUBHM3HY IUIACTa, IMpPUYEM BO3HMKIIAS
KpPHMBH3HA UMEET BBICOKYIO YCTOHYMBOCTH K Pa3HbIM
BO3MYILICHUSAM, BKIIOYas U3MEHEHHE (DOPMBI ITyIIb-
cammii o bemoycory (Beloussov L.V. et al., 1972;
Beloussov L.V., 1973; Beloussov L.V., Dorfman
J.G., 1974). Ot uccnenoBaHus MPOIOIHKAIOTCS IO
cux nop (Beloussov L.V., 2012) u koppeiupyoT ¢
nogxonom "uepHoro smuka" (I'pagos O.B., 2011) ¢
MEXaHUYCCKUMH OOpATHBIMU CBS3SIMHU T MOPGhO-
rexe3a (Beloussov L.V. et al., 2008), mostomy ur-
HOPHPOBAHUE 3TUX JAHHBIX HE KaXKETCs OMOJIOTHYe-
CKHU OCMBICJICHHBIM.

[IpeassiBUM HECKOJIBKO BapHaHTOB (YHKIHIA
PacTpuruna, AEMOHCTPHPYIOIMX pa3IudyHbIe (Hop-
MBI, aNNpOKCUMHPYIOIINE INPHUBEACHHbIE B Pa3Ou-
paemoit padore (I'pagoB O.B., 2011). Tak, cknamgga-
TOCTH, NpEABSIBICHHBIE B HEH Ha puc. 9, Xopormo
aNMPOKCUMHUPYIOTCST 0000meHHOH (yHKIueil Pac-
tpuruna (Hansen N., Ostermeier A., 2001):

D
10D+ ((105;_‘1555)2 — 10 cos(2r - 1055 z,))  (11)
i=1

Eciu mocraButh 3aga4y MoOACIUpOBATHL OT-
JCJIBHBIC UX TOABEMBI, TO KOPPEKTHO OTPAHUYIUTHCA

+ (z; +1)cos (\f_/|:rj +1-— :r:,|) sin (\f_/|:rj +1 —I—xiD

6onee npocToit 0600IeHHON GyHKIHEeH PacTpurnna
- Tak Ha3bpiBaeMod Bpaiaemoii (randomly rotated
mis-scaled generalized Rastrigin function)

D
100+ ((ms%yf — 10cos(2x - 105;—‘1%)) (12)
i=1

Monenupyemast B MEpBOM CIydae METaMepus
xapakTepHa s ombpuorenesa  (Verbout AJ.,
1985). Ilpumep Takoro rpaduka OpUBEACH HA PUC.
7.

N I
d‘f\‘\ﬂ‘%‘k kil

“‘. ‘-L‘*
150 1" \‘ “ i ‘ ! “ '
-1
% o N B A 77
NN N T
e R O
50 - 0.:‘ ““}\‘{\‘\““‘“w s
N

T

tdiy.f sHjddtetse OdedJ fnGie@HGasfefisd  d

Bo3moxxHO Takxke MojenupoBaHue Mopdore-
HETHUYECKHX B3aMMOJCHCTBUM, MOJAOOHBIX TMpHBE-
JICHHBIM aBTOPOM Ha puc. 12. DTo ocymiecTBiseTcs
¢ momompio Gyukuuit Pana (Whitley D. et al.,
2003):

fia(3) Eil z; sin (\,./m cos (\"/m)
12(2) =

e j= (i+1)mod D

W3MeHeHne Macmraba TPUBOIUT K YCIIOXKHE-
HUIO (OPMBI BU3yaJIH3alMH BIUIOTh OT OTAEIBHBIX
60po3n 1o camocOopku venryit (cp. puc. 8A u puc.
8B). MoxHO mpeaocTaBUTh MOP(OJIOraM KOHKpPET-
HYIO TIPHUBA3KY (HOPMHUPYEMBIX TpapHUIECKUX CTPYK-
TYp K UX OMOJIOTMYECKUM 3KBHBAJIEHTaM 10 Mopdo-
JIOTMYECKOW aHAJIOTHH, OJHAKO OTMEdy, YTO Bapbu-
pys QyHKIMM MOXHO MOJNydYaTh JOCTATOYHO KOp-
PEKTHBIE IOAO0OUS CIIAiCOB TUCTOTEHETHYECKUX HIIH
9MOPHOTEHETHYECKUX CTPYKTYp. Tak, MOXHO Ipu
UCIIONIb30BaHuN (yHKIMK Po3eHOpoka miu T.H. BTO-
poit pyskuuu Jle Honra (De Jong K.A., 1975):

D-1
fo(@ =3 (100(z® — zea)* + (L — =)?)  (15)
i=1
MOJICTIMPOBaTh HM3THOaHME IUTACTOB MPU TacTpyJs-
II1H, KaK 3TO BUIHO Ha PUC. 9, XOTA C IPyrou cro-
POHBI JJIsl 3TOro MOAXOAMT M (yHKuMs bpanuna
(Branin's function), aktuBHO wHcmoib3yemas B 00-

(13)
(14)

JIACTH TEHETHYCCKUX aJIrOPUTMOB, MPU YHCICHHON
ontumusanuu (Gwiazda T.D., 2006).
Brmmeykasannyro "sMOpuoreHeTH4ecKy" Me-
TaMEpHIO Kak B (hOpMe TOMOHOMHMH, TaK U B TETEPO-
HOMUH, JIOTHYHO TAK)X€ MOJIEIUPOBATh C UCIIOJIB30-
BaHUEM psjia APYTUX JEHCTBUTEIBPHO MHOTOTOPOBIX
¢ynkuid. C 1970-X IT. U3BECTHO, YTO CErMEHTAIMs
SIBIIICTCS  HETIOCPEACTBEHHO MPOJIYKTOM Pa0OTHI
MOpP(OTEHETHYECKOTO  OCIMJUIATOPA:  KOJIeOaHus
KOHIICHTPALUU MOJIEKYJI, BOSHUKAIOIINE BCIICICTBHE
OUKIHYECKON aKTHBHOCTH T'€HOB, NMPEOOpa3yroTcs B
MMOBTOPSIONIHECS  MOP(HOIOTHUECKUE  CTPYKTYPBI
MeTaMepoB B BOJIHE KJIETOUHOH nuddepeHmanmm,
JlBH)Kymeﬁc;l croepeau Haszal BIOJb Tejla (Cooke
J., Zeeman E.C., 1976). D10 XOpOIIO COOTHOCHUTCS C
PSAIOM pe3yNbTaTOB M TE3UCOB KPUTHKYEeMOH pabo-
o1 (I'pamor O.B., 2011). Ecim npenaraembiii MHOK
MOJIXO0J KOPPEKTEH, TO 3TO UMEET B ONPENCICHHOM
CMbICIe 00LIEeOMONIOrHYecKoe 3HAYEeHHe, TaK Kak

11
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N3BCCTHO, YTO CETMCHTAIMA Yy pPasHbIX TaKCOHOB

KUBOTHBIX ACTCPMHUHUPYCTCA OAWMHAKOBBIM T'CHCTHU- e
4000, .07

YECKAM allapaToM, SKBHBAJICHTHO MOJSIPHO pac- i
TIpesieIeHHBIMHI ¢ TOYKH 3peHHus peakiuu ¢ auddy- it Y
3uedl B TepedHed W 3agHEeH dYacTsIX CErMEHTOB 3000
(Prudhomme B. et al., 2003; Saudemont A. et al., 2500

2008)°. B mocieHee BpeMs 3TO SBICHHE HA3HIBAIOT 5 200

"gacel cermenrtanuu" (Andres F. et al., 2012), to " ym0) .-

€CTh, MepeWas OT INHBI BOJNHBI MOp(OreHeTHde- "

CKOT'0 OCHMIIIATOpA K €€ 4acToTe, MOXXHO IPOTHO-
3UpOBaTh BPEMEHHBIE TPEHABl OHTOTEHETHYECKOTO
Pa3BUTHSL 110 UMEIOIIUMCS, B TOM YHCJIE YaCTOTHO- -2
MOZYJIHPOBAaHHEIM, ()OpMaM BOJH, KaK 3TO IpeJyia-

raet aBTOp paszbmpaemoii paborer (I'pamoB O.B.,

2011).

20 .- 7

tdf). 9: [GHjddeso OdkdlzdZzOfed dsd s
cOmistlzd ydd.

[TponemoncTpUpyeM mepexon OT OWHApHOH
CerMEHTalUK K 0oJiee CI0XKHBIM (opMaM Ha CaMOM
aseMeHTapHOM mpumepe. CymiecTBYIOT Tak Hasbl-
Baembie "back camel function" (pycckuit skBUBa-
JICHT aBTOPY HE M3BECTEH; KaJbKHPOBAHUE K€ 3TOTO
TepMHHA OBUIO OBl CMEXOTBOPHBIM), KOJHYECTBO
ropOoB B KOTOpBIX BapbHupyercsi. UToObl He yriyo-
JATBCSL B MAaTEeMaTHYECKYIO 4acTh BOIpOCa, MpUBE-
JIeM JIBa MpHMepa Takux (QYHKIMH U3 3apyOeKHBIX
pa6or (Liu X., 2002) u (Woon S.F., Rehbock V.,
2010) na puc. 10 A, 10 b coorBercTBeHHO. MOXKHO
BU/IETh, HACKOJIBKO MEHSAIOTCS MPONOpIHHU "ropoos”
o IIPU PacHpOCTPaHEHHH, YTO, BEPOSITHO, TOBOPUT O
MIPUYMHAX 3aTyXaHHUS MOP(OTeHETHIECKOTO OCIIHII-
JSITOpa M TPEH/1a Ha YTOHBIIICHNE alIMKaJIbHBIX 30H.

BepHemcst Tenepb K HENOCPEACTBEHHBIM HKC-
TIepUMEHTAIBHBIM Pe3yJbTaTaM KPUTHKYeMOil pado-
oI ([pamo O.B., 2011). [IepBbIM HCTOYHHUKOM Tie-
PHOJMYHOCTH W 3aTyXxaHus MopdoreHesa Mojenb-

; i
i ! w ) HBIX CTPYKTYp €€ aBTOp IPEACTABISIET BHYTPHKJIE-
j?f{ﬂgﬁ,a’m _ 'yl' \\iﬁ TOYHBIE OCLMIUILUH, KOTOPBIE 3aT€M MOJEIUPYET
200 ""ﬂﬁ'\\"_ ! l“-‘\ Ha puc. 21 A. OgHako T4 Ha MPeCTaBICHHBIE UM
_— il "}\ \ n300paXKeHHs HeJb3s CKa3aTh YTO-TO OINPEISNICHHOE
. I 0 BO3MOKHOCTH MOp(OTeHe3a NPH TAKUX BO3MYIIe-
-0 HUSIX; 3TO B paboTe He JeMOHCTpupyeTcs. Huuro He
400 MIPEISITCTBYET OCYIIECTBUTH AHAJIOTHYHOE BO3MY-
o IIEHNE, TOJIBKO C UCIO0JIb30BAHUEM BhILIEYKa3aHHBIX
=600 -l N

ONTHUMH3AIMOHHBIX METOIOB - Ha 0aze (yHKUUH
Canomona (Brachem C., 2009)

bl
yto npuBeneHa Ha puc. 10A, B, ogHako OHa, Kak

{ qM8 RL B dzj dzd § Mcztsy deslsd  tste MOTEHPL BYALERy HOIPYOIIKACT BUSYAIM3AIMIO K
9 Ote! detse Oded RO fi) h fisTOHB OIS frpls tBjtistelS t6tc GOPME PEATBHBIX CTPYKTYP, MOKAa3aHHBIX aBTOPOM
5BLOL o Odd] d20 G lo Odgrfiafs WW'S 15 8 kpuTHKyeMoii paGoTsl Ha puc. 19, puc. 20, 4ro 1MO-
BBEOL o Odd); &L dL yihk?2 POIaeT €CTECTBEHHBIH BONPOC O MOJE3HOCTH IO-
CTPOCHUH MOJNOOHBIX (PYHKIMH aBTOPOM yKa3aHHON
paboThl AJIsl 10KA3aTeNbCTBA €r0 KOHLENTYaJIbHBIX
MIOCTPOCHUH.

2 O6IEn3BECTHO, YTO CerMEeHTAIS perytupyercst Hox-
TeHaMH - ToMeo0oKcaMu
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t 0.1 oz sttBHPVWIs tc jBAOI T Back camel

function.

OueBHHO, YTO, KaK TOBOPHJIOCH B CAMOM Ha-
Yaje CTaThH, JIOObIE MOJIENbHBIE MAaTeMaTHKO-
MOpP(HOJIOTHYECKHE W MaTeMaTHKO-O0HO(U3HUeCcKre
HOCTPOCHHSI TOJIBKO TOrJa OONagar0T IBPHCTHYEC-
CKO¥ IEHHOCTBI0, KOT/]a TEOPHSI MOYKET OBITH COITOC-
TapjeHa ¢ npakTukoil. [loaToMy s mocraBui mepen
€000 11eJ1b MOKCKa (QYHKIHM, aIPOKCUMHUPYHOLIHX
JKCIIepUMEHTAJIbHbIC TPpapUKU U3 yKa3aHHOIl pabo-
THI.

Oxkazanoch, 4to (yHKimu JlaHrepmana, Takxke
UCTIONB3yeMble B 3aayax ONTHMH3AaLHU M IBOJIO-
[IMOHHOM KOMITBFOTHHTE, XOPOIIIO alpPOKCUMHUPYIOT
9TH 3KCIepUMEHTANbHbIE JaHHble. Kak mpumep Ta-
ko ¢ynkimn moxuo mpusectu (Bersini H. et al.,
1996):

5 D
_ qu—%zj;(xj—m)z cos | = Z[Tﬁ —ay,)? ) (17)
i=1 3=1

rIe

0681 0667 4783 0.085 3517 9325 6.544 0.211 5122 2.020
9400 2041 3788 7.031 2882 2672 3.568 1284 7.033 7.374

=| 8025 0152 5114 7.621 4564 4711 28996 6.126 0734 4.982

2196 0415 5649 6.979 9510 9.166 6304 6.054 9.377 1.426
\8‘074 8.777 3467 1.863 6708 6349 4534 0276 T.633 1.567}

Ha O6ompmiom macmitabe (puc. 11 B, I') onm
JEHCTBUTENBHO JalOT IHKOBBIE BU3yalU3allUHU C
MpOBaJIaMy, YTO XapakTepHo s puc. 19, 20 u3 mu-
TUPYEMOIl CTaThH, B TO BpeMs Kak Ha Ooiee Omms3-
KOM K 30HE ONTHMyMa MAacIITa0MPOBaHWHU [ArOT
"MHOTOMOJIOBYIO" CHCTEMY C OONBIIIM HA00pOM
9KCTPEMYMOB, COIIOCTABUMBIX Pa3JIMIHBIM 00IacTsIM
KOMITApPTMEHTAIHM3ALNH KJIETKH M €€ MHKpPOCTPYK-
Typsl (cM. puc. 11 I, E). OgHako MOXHO BHIETH,
YTO paclpeesieHue KOMIIOHEHT Ha W30JIMHEHHOU
KapTe He TaKk 'OMOIE€HHO, KaK B ciiydae (yHKIUH
Jlanrepmana. C aHanorMyHON mnpoOIEMOil aBTOp
CTOJIKHYJICSI B OJTHOM 13 nepBbIX padot (bonxoBuTu-
HOB A.C. 1 coaBt., 2010), Korga mpu MOAETHPOBA-
HUHM OUTOTOMHHU KJIETOYHBIX CTPYKTYp HH3Kas AWC-
KpeTH3alyus U30JIMHAN Ha MaTeMaTHIECKOW MOJAEIH
HE JaBaja BO3MOXXHOCTH IOJIHOIIEHHOTO COIIOCTaB-
JCHUsI JaHHBIX MOJEIHMPOBAHMSA W OHKCIIEPUMEHTa,
T.K. OTHOCHTEJIBHO BBICOKOpa3pelIaomnas MUKpodo-
TOMETPHS JaBajia OTJIMYHbIE OT HUX KOHTYPBI, y4H-
THIBAIOIINE KOMIIAPTMEHTAIM3AIMI0 U JIUCIepC-
HOCTh, @ HE TOJILKO 0OIIHi MOpGhOoIorHyecKuii ao-
puc.

Heo6xonmumMo  yTOYHHTB, UYTO CYIIECTBYIOT
(GYHKIMH, KOTOPBIE XOpPOLIO arpOKCUMHPYIOT OT-
JenpHbIe UK (Togo6Ho puc. 11 B), HOo He Bocmpo-
M3BOJAT KOMIIAPTMEHTAIN3ALMIO KIETKH B IIEJIOM,
mo3ToMy TpobieMa BbIOOpa (YHKIHH, CTaBUMAast
MHOH B JIaHHOW cTaThe, HE SIBISETCS MCKYCCTBEH-
Hoii. Tak, m3BectHa ¢QyHkuwms lllekens ¢ m makcu-
mymamu (Shekel J., 1971):

i=1

T
e+ Zl{mj._ﬂj.i]?
j:

I/IHOFI[a OHa, BIIPpOYCM, 3alUCBIBACTCA TaKIKE
KaxK

flay, xay oy Ty, 2,) =

N Z : (19)

n
io1 ot X (eimen)’
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MHe yganock HalTH IpUMEp, T1Ie

9.681
9.400
8.025
2196
8.074
7.650
1256
8.314
0.226
7.305
0.652
2.699
8.327
2132
4707
8.304
8.632
4887
2440
6.306
0.652
5.558
3.352
8798
1460
0432
0679
4263
9.496
4138

[N

i= ( 0.806 0517
0491 0.463
0.369 0,992

0.667
2.041
9.152
0.415
B.777
5.658
3.605
2.261
8.858
2208
7.027
3.516
3.897
7.006
5,579
7.559
4,409
9.112
6.686
8.583
2.343
1212
7.549
0.880
8.057
8.645
2.800
1.074
4,830
2,562

4783
3.788
5114
5.649
3.467
0.720
8.623
4224
1420
1242
0.508
5874
2.017
7136
4,080
8.567
4832
0.170
4.299
6.084
1.370
5756
9.817
2370
1336
8774
5.523
7.286
3.150
2,032

9.095
7.931
7.621
6.979
1.863
2.764
6.905
1.781
0.945
5.928
4.876
4119
9.570
2641
0.581
0.322
5.768
8.967
1.007
1138
0.821
9.857
9.437
0.168
7217
0.249
3.049
5,599
8.270
9.661

t M2 A kzdC ydw
s Odzdetsds o dH j .

3517
2882
4564
9.510
6.708
3278
4584
4124
1622
9133
8807
4461
9.825
1882
9,698
7128
7.050
9.693
7.008
4350
1310
2279
8,687
1701
7914
8.081
2.968
8.201
5.079
5611

9.325
2,672
4711
9.166
6.349
5.283
8133
0.932
4,698
1.826
4632
7.496
1.150
5,943
8,542
8.392
6.715
9.867
147
3134
1.083
2,764
4167
3.680
3.615
7.461
7.225
5,200
1231
5,500

0100 0.908 0.965 0.669
0714 0.352 0869 0.813
0332 0.817 0632 0.883

6.544
3.568
2.996
6.304
4534
7474
6.071
8129
6.228
4.060
5.808
8.817
1.395
7.273
8.077
1472
11
7.508
9.398
7.853
0.689
1.284
2570
1231
9.981
4416
6.730
9.214
5.731
£.886

0.524
0811
0.608

0.211
1284
6.126
6.054
0.276
6.274
6.888
8.658
9.096
5.204
6.937
0.690
3.885
7.691
8.515
8.524
4323
7.710
8.480
6.061
8.819
L1677
6.540
2.390
9.198
0.652
4,199
8.272
9.494
2.341

0.902
0.828
0.326

5122
7.033
0.734
9.377
7633
1.409
4187
1.208
0972
8713
3.291
6.593
6.354
2880
9.231
2211
4405
8.382
9.950
7457
8833
1244
0.228
2499
5.292
4.002
9.614
4398
1883
9.699

0.531
0964

)

2020
7.374
4,982
1426
1.567
8.208
5.448
5.762
7.637
8241
7.016
9.789
0.109
0,564
4,670
7.826
4,591
6.740
1675
2.258
9.070
1234
0.027
0.064
124
4644
9.229
4,506
9.732
6.500

0.876
0.789

0.462
0.360

PesynbraT ero Bu3yanusanyy XOpOMIO alIpoK-
CHMHPOBAJ P NMUKOB B KPUTHKYyeMOH pabore, HO
Iepexo OoT Macimrada K Macmrady, Kak B pacCMOT-
PEHHBIX paHee Cllydasix, HH4ero He naBail. B ciydae
mpoBeaeHus pacuera Ha MATLAB ucnone3oBancs
oOmren3BecTHHIH Ko A. Xenapa:

function y = shekel(x)

m = 10;

a =ones(10,4);

a(l,:) =4.0%a(1,2);

a(2,:) =1.0%a(2,2);

a(3,:) =8.0*a(3,);

a(4,:) =6.0*a(4,);

forj=1:2;

a(5,2*j-1) = 3.0; a(5,2*j) = 7.0;

a(6,2*j-1) = 2.0; a(6,2*j) = 9.0;

a(7,)) =5.0; a(7,j+2) = 3.0;

a(8,2*j-1) = 8.0; a(8,2*j) = 1.0;

a(9,2*j-1) = 6.0; a(9,2*j) = 2.0;

a(10,2*j-1)= 7.0; a(10,2*j)= 3.6;

end

c(1) =0.1; c(2) =0.2; ¢(3) =0.2; c(4) = 0.4; c(5) =
0.4;

c(6) = 0.6; ¢(7) = 0.3; ¢(8) = 0.7; c(9) = 0.5; ¢c(10)=
0.5;

s=0;

forj=1.m;

p=0;

fori=1:4

p = p+(x(i)-a(,i))"2;
end

s = s+1/(p+c(j));
end

y=-s5

OmHaKo ero UCIOJIb30BaHME NaXke MMPH THOPH-
JU3allMA U BCTPaWBaHWH B HETO ()ParMeHTOB MHBIX
KOZOB HE TMO3BOJHIO IOOUTHCS JTOCTATOYHO Mac-
mTa0HO-aJeKBATHOTO  MOJICIMPOBAHUS  ITHKOBBIX
CTPYKTYp, COOTBETCTBYIOIIUX KIETOYHBIM 00pa3o-
BaHIM, JI0Ka3aB TeM caMmbIM "OT oOpaTHoro" myd-
OIyI0 alIpOKCHMHUPYEMOCTh UX (yHKImsMu Jlan-
repmana. B pesynpraTe BRIABHIACH IpsAMas HEOOXO-
JUMOCTH COIIOCTABJICHHS HE TOJIBKO NMHKOBBIX 3Ha-
YeHUH ¢ GOopMaTM30BaHHON MOJIEIBIO, HO U B IIEJIOM
KOMIIAPTMEHTAJIU3alMU C IUKaMH, PErucTpupye-
MBIMH ONTHYECKOH cuctemoi. [1o ananoruum ¢ pado-
tot (bonxosurnnos A.C., I'pagos O.B., 2010), rae
MpeJyIarajach PErucTpalys CHrHajda (IyopecleH-
UMM UEJUTIOJSIPHBIX — KOMIApTMEHTAIM30BaHHbIX
cTpykTyp ¢ I13C B pexxuMe HakoIIEHUS CHUTHAaNa U
perucTpanuy ONTHIECKAX MPOoduiIelt o OTIEIbHBIM
CTPOKaM, PEIIeHO OBLIO MCIOJB30BATH JTAaHHBIE CKa-
HUpPOBaHMA Oojiee BBICOKOW pa3MEPHOCTH, HO, B OT-
JUYHe OT JaHHOW paboThl, HE MPOU3BOIUTH MPEOO-
pazoBanuss dypre u Xaapa, a pacCMOTPETh TpeX-
MEpHYIO BH3YyalHM3alldi0 B CPABHEHHH C MaTeMaTH-

2iC] &0 (" dq g w IR A MOZEgIbIOy dax KRB Oonee mo3nHKMX pabo-

Tax ¢ yuactueM Toro xe aBropa (I'pagos O.B., Hot-
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genko O.B., 2012; Hotuenko A.B., I'pamoB O.B.,
2012) wmcrmonp30Banach IMOCTPOCHHE TPEXMEPHBIX
npoduneit 06IydeHHOCTH (JIIOMUHAHCA), ObLIa Haii-
neHa popMma QYHKITUH, yIOBIECTBOPSIONMIAS ITOT00HIO
oTOl BH3yanm3anuu. Kak TakoBasi ObLTa HMCIIONB30-

D D

(100(zf — z;)* + (1 — z;)°)

fs(Z) = EE::E:

i=1 =1

4000

Pe3ynbTaThl yka3aHHON BU3yaJaM3allld C BbISAB-
JICHHEM TpaHUI] KOMIApTMEHTAIMU3ALUUd B MOJAEIH
npuBeaeHbl Ha puc. 13. M3onuHeilHoe KapTHupoBa-
HHE Ha JaHHOH WJUTIOCTPAUHU PEATUCTHYECKH COOT-
BETCTBYET KapTHPOBAHWIO KAIUIEBUAHBIX KJIETOK H
BU3yaIM3allid UX MOJEJeH Ha OCHOBE WHBAPHAHT-
HBIX MHOKECTB INHAMHYECKHX CUCTEM B IIPOTpaMMe
WinSet (Morozov A.D. et al., 1999), ony6iukoBaH-
HOMY I103)K€ aBTOPOM KPUTHKYeMOH paboThl 3a py-

P
[ e
-3:--‘-‘.'.;_—1‘:1\- -
o i
i
Jiior e
'ﬁ;""t'g =
e
T
e A e ]
Com et |
el T .
T .
)
= r
A

{ dM3.f sHj dzdeso Odzd §

B 3aBepmieHne XxoTenoch OBl MPOaHATHU3UPO-
BaTh €llle OJMH CHOPHBIN BONpPOC pa3dupaeMoii cTa-
TBU: aBTOp, IMPEAbsBIAA Ha puUcyHkax 15, 16, 21A
pe3ynabTaThl MOJENUPOBAHHUS BO3ICHCTBUS BO3MY-
MIeHUH Ha OPMY KIICTKH, IBITACTCS CBA3ATH C STHM
(opMHpOBaHNE LIEHTPAJIBHOW 30HBI C IOBBIIICHHON
ONTUYECKON MIOTHOCThIO mnu snpa. Ilo kpaitneit
Mepe caM aBTOp CTaBUT JAHHYIO 33/1ady Tak: "MMeeT
CMBICTT Apyras MOCTaHOBKa Bompoca (oOpaTHas 3a-
Jlada): Kakas aedopmarus npueesa K 0Opa3oBaHUIO
... (hOpMBI TIEPBUYHON HSYKAPHOTHUECKON KIETKH'.
IIponemoHCTpUpPYeM HEKOPPEKTHOCTH IMOIOOHON
3a/1a4¥ C MO3WIMH POeBOH onTUMU3auu. Eciu Ob
JIeTI0 00CTOSIIO TaK, KaK NPETIOAHOCUT HaM aBTOp, TO
B HCXOJHO C(hepuecKod KIEeTKE Ha MEHUCKE CpEJlbl
uMesno Obl MECTO TPH MOJCIMPOBAHUH CKOIUICHHE
BCEX TOYEK ONTHUMM3ALUU B BEPIIMHE MaKCUMyMa
M0 ONTUYECKOH IIOTHOCTH - B IIeHTpe KieTku. [Ipu-

16

BaHa W3BECTHAs B TCHETHYECKOM IMPOrPaMMHpPOBa-
nuu pyaxous Yuraa (Whitley D., Starkweather T.
1990; Whitley D. et al., 2003) ¢ 06pe3koii 3HaUCHHUIA,
B3sTas B hopMe

— cos (100{:1:? —z;) + (1 - :t:j}2) +1 (20)

6exxom (Gradoff O., 2012). Ilpeacrasnsercs: qocra-
TOYHO CTPAaHHBIM OTCYTCTBHE 32 CTOJIb HEMaJIbIH
CPOK TIOTIBITOK CO CTOPOHBI YKa3aHHOT'O aBTOpa Haii-
TH CTOJb JXC€ TPHUBHAIBHYIO ANMPOKCHMALHUIO JUIS
€ro JaHHBIX, HEOOXOIUMOCTH KOTOPOH OBLIa WM
3asBJICHA CIle ABa roja Ha3al, YYUTHIBAas HAJIMIHE
ero paboT, I7ie B HEIBHOM BHJIE PEIICHUE NTPOOIEMBI
COOCTBEHHO "NIEKUT Ha TOBEPXHOCTH .

6§ oczjc2 disOuiss o @fa lfdic ts 0 © dzd Wy dSdts B3 Otels d3j dzls O dzg L ©

BEJIEM IAHHBIE HECIIO)KHOTO BBIUYHCIUTEIHLHOTO JKC-
MIEPUMEHTA, BBITOJHECHHOTO C IMOMOIIBI0 OHOIHOTE-
ku Lua mis poeBoit ontummsanuu PSO — Tak Ha3bI-
Baemoii OmOmuorekn Lua PSO, Takke W3BEeCTHOM
kak Abelhas. Ee HemocraTku (JMMHUT CKOPOCTH U
OTCYTCTBUC WHEPIIMH) HE BIUSIIOT HAa TaKHe HHU3KO-
CKOpPOCTHBIC M MAaJIOMHEPIIHOHHBIC CHCTEMBI, KaKO-
BOH SBJISIETCS MPEAMET HaIero MoaenupoBanus. Ha
puc. 14 mpuBeneH npumep, u3 KOTOPOTO BUIHO, YTO
KJIeTKa Jake Ha 18- mTepammu MMeeT JacTHIIBl B
HEONTUMAIBHOM HMX COCTOSIHHU Y MEMOpPaHHOM Tpa-
HUIIBI, @ HE B IIEHTPE (XOTs, KaK MOXXHO BHIEThH U3
U300paKEHMsI, BCE YACTHUIIBI ICHCTBUTEIBHO, KaK U
MOCTYJUPOBANl aBTOpP pa3dupaeMoil paboThI, rpyn-
MUPYIOTCS BOKPYT IIeHTpa). Takum oOpasom, Io
KpaiiHel Mepe, B pPaMKax TaKOTro MPUOIKCHUS,
paboTaTh yKa3aHHas CXeMa ONTUMAIIbHO HE OYeT.
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cos{H*¥2 &+ ys=2) - HE£2/5 - ys=E2/n
Iteration 2 #

3

i
L

cos{H*#2 + y*¥2) - w=¥2/5 - y*=x2/5
Iteration § =

AR
LT

cos{u*s2 + ys%d) = puxd/5 = y=%d/H

tdid | ezffdesea O yoOMisdy o

3aki0ueHue

Takum 00pa3oM, MOKa3aHO, YTO PSZ MOJOKE-
HUH B KpuTHKyemoii pabore (I'pamos O.B., 2011) ne
COOTBETCTBYET 3asBICHHOMY YPOBHIO JIOKa3aTelb-
HocTH. TpeOyercs Ooiee rirybokoe paccMOTpeHHE U
aHAJIU3 TIOJIOXKEHHH, BBIIBUHYTHIX aBTOPOM, TaK KaK
MHOTHE W3 HUX NpPU ONMKadIeM pacCMOTPEHHH H
MaTeMaTU3aluu JEMOHCTPUPYIOT H3BECTHYIO KOp-
PEKTHOCTh, XOTS M3 TEKCTa CaMOTO aBTOPa 3TO BbI-
BeCTH Heunb3d. [IpeanoxenHoe B HacTosmei padore
WCIIOJIb30BAaHUE TECTOBBIX (DYHKIMHA AJISI TeHETHYe-
CKHMX aJTOPUTMOB, 3BOJIOLHOHHOTO NPOrpaMMHpPO-
BaHUS M POCBOW ONTHMHM3AIMH TIPH allIIPOKCHMALUH
Mop(oreHe3a KICTOYHBIX CTPYKTYpP M HX MOjENeit
SIBIISCTCSI MATEMATHYECKUM LIATOM K BBIMOJIHCHHUIO

cos{r#*2 + y##2) - ye*2/5 — y#£2/5
Iteration 6 =

-~ I -9
T

-4

M

cos{x®#d + y=xD} — xxxd/H - yxxd/5
Iteration 11 »

Iteration 18 »

CdzjsCj dzO@ ©OLdr 7 dljwOYdWsa s ots?2

TIOJIOKEHUI aBTOpa pa3dupaeMoil CTaThH, BBHIBECH-
HBIX HEJOCTaTOYHO TO4YHO. CyILIECTBYIOT U ApYrue
CIIOCOOBI aHAMTHYECKOH arpoKCUManuy ISl JaH-
HOTO Ciy4asi, HO OHU BCE€ HE UMEIOT MPHUHIUNHAIb-
HBIX Pa3IM4YMi C TOYKH 3peHHs yJ00CTBa MpUMEHe-
HUSI MX B MaTeMaTHieckoi Omosoruu. [locruraemas
TaKUM ITyTEM CONOCTaBHUMOCTb MOP(OMETPHUECKUX
W MOJICNBHBIX THCTOT€HETHIECKUX-MOP(OreHeTH-
YEeCKHX JAHHBIX MOJKET HCIIOJIB30BaThCA IPH Mate-
MaTHKO-MOP(OIOTHIECKOM aHAJIN3e W MOZAEIHPOBa-
HUU B TUCTOJIOTHUH U 3MOPHOIIOTHH.

BaaronapHoctun

S BBIHYXZAEH BBIpa3suTh  OJaroJapHOCTH
O.B.I'pagoBy — aBTOpY KpUTHKyeMOW CTaTbu — 3a
cozelicTBue Tpu paboTe HaJ yCTpaHEHHEM Iepe-

17
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YHCIIEHHBIX HEJOCTATKOB, OTBETHI HA COOTBETCT-
BYIOIIME BOMPOCHI HA CEMHHApe C OOCYKICHHEM U
CTHJIUCTUYECKYI0 KOPPEKTypy MaTeMaTHYeCKOTro
TEKCTA IS €r0 I0Ja4d B OHMOJIOTHYECKOE H3JaHNE
0e3 mpeTeH3uit Ha COaBTOPCTBO B myoOnmkamun. OT-
Medy, 4TO Ha JAHHBIH MOMEHT 3TO €IUHCTBEHHBIN
TakoW MpeueneHT B MOeW mpakTuke. Takxke s A0J-
JKCH CKa3aTh CMacu00 MOWM TOBapHIIAM C OHOJIOTH-
gyeckoro (akynereta MI'Y 3a mpenocTaBicHHE He-

KOTOPBIX OMOJIOTHYECKUX PabOT U pa3bsICHEHUE Psi-
Ja SMOpPHOJIOTHYECKNX M TUCTOJOTHYECKHX IPHH-
OUTOB. ABTOpP HE MBITAJCS NPUAATH MOCTPOCHHSIM
MaTeMaTHIeCKOW CTPOTOCTH, TaK KaK CMBICI Ha-
cTosmIel pabOTHl 3aKIIF0YaeTCsl He B HOBH3HE Mate-
MaTHYECKOTO allapara, a B IPYroil HHTePIIpeTaIi,
MI03TOMY aBTOp OJIaroJapuT yuTaTesiel, KOTOphIe He
CTaHyT NETAU3UPOBATh 3TH BOMPOCHI B yIIepO 00-
LIEH KOHCTPYKTUBHOM KPUTHKE.
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Bouaxogitinos O.C. [locsirHeHHs1 NOPiBHAAHHOCTI MOPGOMETPHUYHHUX | MOJEJbHUX IiCTOreHeTUYHHUX-
MOp(}oreHeTHYHUX AAHHUX 32 A0NMOMOI0I0 TecTOBUX (PpyHKILiil rnodaabHoI onTHMIZamii.

Pe3tome. byp-ska TeopeTHdHa KOHCTPYKILiS B MOP(HOJIOTIYHOMY MOJIEITIOBaHHI Ma€ CEHC JIMIIE TOJi, KO-
71 MOKe OyTH TIpHB'sI3aHA A0 MPaKTHKH. byns-sgkuil GopmanizmM He € ONTHMAaIBHAM JUISI OTIHCY MPOIECiB MOP-
(horeHesy, SKIIO BiH HETIOPIBHAHHUK (OPMi TKAHWHHHUX CTPYKTYp. TakuM YMHOM, HEOOXiIHE 3HAXO/KCHHS OTI-
TUMAIBbHUX alpOKCHMAIlil Ui KOPEKTHOI'O 3iCTaBIEHHS EKCIIEPUMEHTAIBHHUX 1 PO3PaXyHKOBHX Pe3yJbTaTiB.
3anpornoHoBaHe B Iiif poOOTI BUKOPUCTAHHS TECTOBHUX (PYHKLIH JISI TEHETHYHHUX aJTOPUTMIB, €BOJIIOLIIHOTO
nporpamMmyBaHHS 1 poioBoi onTHMi3auii Mpy anpokcuMarii MopdoreHesy KIITHHHHX CTPYKTYp 1 iX mozenel €
MaTeMaTHYHUM KPOKOM JI0 BUKOHAHHS MOJIOKEHb aBToOpa npoanaiizoBanoi crarti (I'pagos O.B., 2011), BuBene-
HHUX HEIOCTaTHHO TOYHO. ICHYIOTH 1 iHIII CIIOCOOM aHAIITHYHOI alpOKCUMAIl /Uil JaHOTO BHUIAJKY, ajle BOHU
BCi HE MAIOTh NPUHIMIIOBUX BIIMIHHOCTEH 3 TOYKHM 30py 3pyYHOCTI 3aCTOCYBaHHS iX B MareMaTHuHii OioJorii.
[NopiBHsAHHICTE MOP(HOMETPUYHHUX 1 MOAEITBHUX TiCTOTCHETHYHUX-MOP(OTEHETHYHNX JIaHHX, SIKa JIOCSATAETHCS
TaKUM IIUIIXOM, MOXX€ BUKOPHCTOBYBATHCH IIPH MaTeMaTHKO-MOP(HOIOTIYHOMY aHaNi3l Ta MOJIEIIOBAaHHI B Tic-

TOJIOTI{ Ta eMOpPi0JIOTii.

KurouoBi ciaoBa: maremarnana mopdosorisa, TecToBi ¢yHKIIi TI00ampHOI OonTHMI3amii, MopdomeTpis,

MO/ICITIOBAaHHS, MOp(oTeHe3, TicToreHes.
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