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OINTUMAJIBHOE PABMEIIEHUE BA3OBbIX CTAHLIUIA

C. 10. EpmonaeB

[ToBoIKCKUI rOCY1apCTBEHHBIN YHUBEPCUTET TeJIeKOMMYHUKaIMii u nHpopmaTuku, Camapa, Poccust

Ha ocHOBe reHeTHYecKoro Mojxoja pelieHa 3aaada ONTUMAIbHOTO pa3MelleHuss 0a30BbIX CTAHIMI TMPH CO3aHUU Oecrpo-
BOJIHOM IIMPOKOITIOJIOCHOW ceTH mepenaun nHpopmanuu. ChopMUpOBaHA MaTEeMaTHYECKas MOJIE/Ib ICHETHYECKOTO MOAX0/a
MIPUMEHHUTEIBHO K PEIICHUIO paccMaTpUBacMoOil 3amaun. JlaHHas Mojenb pealn30BaHa B BHAC MEHETUYECKOTO aJrOPHTMa U
COOTBETCTBYIOIIEr0 MPOrPaMMHOTO 00ECIeUeHNs], TTO3BOJISIONEro d3PPEKTUBHO pelaTh 3aJaud pa3MenieHus! OOIbIIoN pas-
MepHOCTH. KOppPEeKTHOCTh TEOPETHUCCKOTO aHajm3a MOJATBEPIKICHA TaHHBIMHU, MOJYYCHHBIMA METOJIOM TOJHOTO Tepedopa.
[IpoBeneHa olleHKAa BPeMEHU CYeTa B 3aBUCUMOCTH OT ITapaMeTpoB 3aaavr. [lokazaHo, 4To JUIS 3aa4 MaJlod M CpeIHer pas-
MEPHOCTH pa3pabOTaHHBIN aIrOPUTM 00ECIICUYMBAET MUHUMAIBHOE BpeMsl cueTa. Pe3ysIbTaThl pelieHus 3a1auu Uil KOHKPET-
HOrO MpHUMepa JAEMOHCTPUPYIOT HEOCIOPHMOE MPEUMYIIECTBO T'€HETHYECKOro Mojaxoja. [lomydeHHbIe pe3yibTaThl MOTYT
OBITH YCIEIIHO MPUMEHEHBI JUISl CO3/IaHKsI MyPAaBbUHBIX aJITOPUTMOB ONTUMH3ALUH Pa3MEIleHNs] 0A30BbIX CTAHIIHIA.

Based on the genetic approach, the problem of optimal placement of base stations when establishing the wireless wideband
communication network has been solved. A mathematical model of the genetic approach was formed in order to solve this
problem. This model was realized as a genetic algorithm as well as the appropriate software that allows effective solving the
placement problems of large dimension. The correctness of theoretical analysis is confirmed by the data obtained through the
exhaustive method. An estimation of the computing time depending on the problem parameters is carried out. It is shown that
the algorithm designed provides the minimal computing time for problems of small and middle dimension. The results of this
problem solution for a specific example demonstrate a great advantage of the genetic approach. The results obtained can be

successfully applied for creating the ant colony optimization algorithms of base stations placement.

BBenenune

Ha »sTame mpemBapuTenbHOTO IUIAaHUPOBAHHS Oec-
MPOBOJIHOM IUPOKOTIOIOCHON CeTH Tepenayn HH(Op-
MalW{ PEIIaeTcsl 3ajaya ONTUMAIbHOIO pa3MELIEHUs
0a30BBIX TPHEMO-TICPENAIONMINX CTAHIIUNA. 3amada co-
CTOUT B TOM, YTOOBI Ha 3aJ]aHHOUW TEPPUTOPHH Pa3Mec-
TUTh MHHUMAJBHO BO3MOXXHOE KOJHYECTBO 0a30BBIX
CTaHUUH IPU MOJKIIOYEHUU K HUM 3a/JaHHOI'O MHOXeE-
CcTBa a0OHEHTOB C 0O0ECIEYCHHEM COOTBETCTBYIOIIETO
kKadecTBa yciayr. ONTHMaibHOCTh pa3MelleHus 0a30-
BBIX CTAHIIMH W TIOJKJIIOYEHNS K HUM aOOHEHTOB Ompe-
JIEJISIETCS IO KPUTEPUI0 MUHUMAJIBEHON CTOMMOCTH TIPH
HaJUYUU psifa OrpaHuYCHUI.

Jlns pemennst maHHOW 3amadn OyJeM HCIIOTH30BATh
COBPEMEHHBIM ONTUMHU3AIMOHHBIN amnmapaT Ha OCHOBE
TEHETHUYECKOr0 TMOAX0/Aa. [ eHeTHYecKue aaropuTMbl
LUIMPOKO MPUMEHSIOTCS JUIsl pELICHUS 3aJa4 ONTUMU3A-
IINW B PA3IMYHBIX 00JIACTAX HAYKH M TeXHUKH [1, 2].

ITocTtanoBKka 3agaun

Henpio paboThl SBISICTCS UCCIEIOBAHUE T€HETHUYE-
CKOTO TMOJXOJa TMPUMEHHUTEIHHO K PEIICHHI0 3a]a4u
ONTHUMAJIBHOTO pa3MEIICHHsI 0a30BBIX CTAHIIMHA, pa3pa-
00TKa MaTeMaTUYECKON MOJEINH, €e peaan3alus B BUIC
TeHETUYECKOTO AITOPUTMa W CpaBHHUTEIbHAs OIICHKA
€ro XapakTepUCTHK.

YmporieHHas 3ajada CHHTe3a OECIpPOBOIHOW CETH
pemaack B [3] 6e3 ydeTa CBOHCTB pealbHBIX KaHAJIOB.
B nmannolt paboTe MCHOMB3yeTCS MOJAEIL PacipocTpa-
HEHUS CUTHAJOB B pajJliOKaHaje, YYUTHIBAIOIIAs [TOTE-
pu, uHTephepeHtmio, 3gdekt Jlomiepa, a Takke THI H
pensed mectHocTH. CormacHo [4] 3Ta MOIETs XOPOIIIO
MOXOJUT ISl IPOEKTUPOBAaHUS OECIPOBOJIHBIX CeTel
(ukcupoBaHHOTO JTocTyNa B AuanazoHe 1—5 [T,

MaremMaTHn4yecKass MOJ1€eJIb

Ilorepu mpu pacupocTpaHEHHH 3JIEKTPOMArHUTHOMN
BOJIHBI PAaCCUUTBIBaEM IO Clieayrotneit popmyae [4]:

L=s5+201lg(4nr, /L) +10ylg(r / ry) +

+61g(f/ fo) —201g(h/ hy) , nb; (1)
y=a-bh,+c/h,

rae y — xodduumeHT 3aryxaHus; § — clydaiiHas
COCTaBJISIIOIIAS TOTEPh, 1B, TMOMYMHSOINASCS JIOTa-
pru(MHIYECKI-HOPMAIBHOMY 3aKOHY PacHpeIeICHIs; A
— JIJIMHA BOJIHBI B CBOOOJHOM IPOCTPAHCTBE, M; © —
paccTrosiHue Mexy 0a30BOW M aOOHEHTCKOW CTaHI[Us-
MH, M; /, — BBICOTa aHTEHHBI 0A30BOW CTAHLUH, M; A
— BBICOTA aHTEHHBI A0OHEHTCKOW CTaHIUM, M; f — pa-
Oouast wactora, MI'; a, b, ¢ — KOHCTaHTHI, 3aBUCS-

mye OT TUma MecTHocTH; 7, =100 M; 7y =2 wMm;
fo =2000 MTI'w.
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@opmyna (1) sBasierca OCHOBOM Mojenu Xara-
OkaMypa W XOpOIIIO COTJIACYETCS C DKCIIEPUMEHTAIb-
HBIMH JAHHBIMH, MOJyYEHHBIMU TIPU OIIPENICICHUN T10-
TEPh MOIIHOCTH CHUTHAJIa B OCCIIPOBOJHBIX CETSIX (PHK-
cUpOBaHHOTO JocTyma. OHa TO03BOJSET PacCUMTHIBATH
MOTEPH JIJISl PA3IMYHBIX THIIOB MECTHOCTH B IIHPOKOM
AAna3oHe YacTOT MPH Pa3IUYHBIX BBICOTaX AHTCHH
0a30BbIX U aOOHEHTCKUX craHiuil. [lo BenmnymHe BHO-
CHUMBIX MOTEPh BCE MECTHOCTH ITOJPA3ACIAIOTCS Ha Ka-
Teropurd. MakcuMaabHbIe TOTEPU XapaKTEepPHBI IS
XOJIMUCTON MECTHOCTH C IDIOTHOCTHIO JIEPEBHEB OT
CpemHel o 3HaunTeabHOU (Kateropust A ). PaBHuHHas
MECTHOCTh C MaJIOH TUIOTHOCTBIO I€PEBHEB OTHOCHUTCS K
kareropun C, COOTBETCTBYIOIIEH MHHHMAJIbHBIM IIO-
TepsiM. [IpoMexxyTOUHBIH BapuaHT B OTHOIICHHWH IIO-
TE€ph MOIIHOCTH TPH PACIPOCTPAHECHUU CUTHANA MPE-
CTaBJISIET KaTteropusi B .

Ha sramne ananu3za pacnpeseiieHus: Tpaduka BbIMIOJ-
HSETCS MapKETUHIOBOE UCCJIEIOBAaHUE, B X0OJ€ KOTOPO-
T0 OOBIYHO YJaeTCs ONPEEIUTh TOTEHITHATBHBIX TI0JTh-
30Bareiclt OymyIned CeTH, WX THII M KOJIHYECTBO, a
TaK)Ke CIIEKTP HEOOXOJUMBIX UM YCIyT. DTO JaeT BO3-
MOKHOCTb TIPH M3BECTHOM PACCTOSIHUHA OT MeCTa KaH-
JUjIaTa Ha pacIioiokeHrne 0a30BOi CTAHIIMH /IO aHTEH-
HBI T10J1b30BATEIs POBECTH OLICHKY HAarpy3KH Ha 0a30-
BYIO CTaHIIHUIO.

Pemenne paccmarpuBaeMoi 3a1a4ul CBOJIUTCS K BBI-
YUCJIICHHIO W MUHUMU3ALMM CIEAYIOLICH 1eJIeBOM
(yHKIUU CTOUMOCTH:

D= Z WknanmYkm +chXnm + zYkm /gkm H (2)
n,m k,m

k,n,m

rae k=1,2,..,K; K — 4ucio nojp3oBareiieil ¢ 3a1aH-
HbIMU KoopauHaTtamu; n=1,2,...,N; N — KOJIU4YECTBO
TUIOB 0a30BBIX cTauumit; m=12,..,.M ; M — gucno
MECT KaHIUAAaTOB Ha pacloyiokeHrne 0a30BbIX CTaHIIUN
C H3BECTHBIMHM KoopiuHaTamu; W, = — CTOMMOCTH
MOJIKJIFOUEHUs k -r0 aOOHEHTa K CTaHIIMU 71-TO THUIIA,
pasMEIleHHOM Ha m-M MecTe KaHaupare;, X, =1,
€CJIM CTaHLHs #7-ro TUINA pa3MelleHa Ha m -M MeCcTe
KaHaupate, uHaue X, =0; Y, =1, ecnu k -it abo-
HEHT TIOJKJIIOYEH K CTaHIIWM, pa3MEIleHHOW Ha m -M
MecTe KaHaunare, uHaue Y, =0; g, — kodddunu-
€HT, YUYUTBIBAIOIUI YCIOBUS PacIpPOCTPAHEHHs CUTHA-
Ja B pajrioKaHane Mexay k -M aOOHEHTCKUM TepMHHa-
JIOM ¥ 0a30BOW CTaHITNEH, pa3MEIIEHHON Ha 7 -M Mec-
Te KaHJIUaTe; ¢, — CTOMMOCTb CTaHIIUU # -T'0 THIIA.
[epBbiii  koMmoHeHT (yHKIMU (2) ompeaenser
CTOMMOCTh TIOJKIIOYEHUS TONb30BaTEIeH NpH 3akaH-
HOW KOH(UTypamnuu CeTH, BTOPO KOMIIOHEHT COOTBET-
CTBYET CTOMMOCTH 0a30BBIX CTaHIUH, TPETUH KOMIIO-
HEHT YYWTBHIBACT TOTEPH MOIIHOCTH B paJHOKaHale

MIpU paclpoCTpaHEHWU CHUTHAJIOB. Bripakenue (2) sB-
JIIeTCS MOAU(UITMPOBAHHON BEpCHEH IEeIeBON (PYHK-
LMY, PACCMOTPEHHOH B [3], U OT/IMYaeTcs OT HEEe HaJU-
YHEM IOCJICJHEr0 KOMIIOHEHTA. YUYeT 3TUM KOMIIOHECH-
TOM TIOTEPh MOIIHOCTH CHTHAJa TOBBIMIAET TOYHOCTH
MaTEeMaTHYeCKOTO OIMCAaHUS PacCMaTPHBAeMOTO pac-
II0JIO)KEHHS 0a30BBIX CTAHIIHMN.

Koadouuuent g,, B (2) 3aBUCUT OT BEIHYHHBI 110-
Tepb, OTpeIesieMbIX cooTHOMeHHeM (1), 1 m3MeHsieTcs
B mpegenax 0< g, <1. MakcuMajibHOMY YPOBHIO I10-
TEPb COOTBETCTBYET 3HAYECHUE g, , KAK YTOJHO MAJIOE,
HO HE PaBHOE HYJIO, MOCKOJBKY 3TOT KOA((HUIIUEHT
BXOJIUT B 3HAMECHATEIIb JAPOOHU IeJIeBOM QPyHKIHUU. Mu-
HHMAJIbHOMY YPOBHIO HOTEPb COOTBETCTBYET g, =1.
C menbio coxpaHeHus POPMYITHPOBKH 3aJIa4d B TEPMHU-
Hax IIEJOYUCICHHOIO MPOrPaMMHUPOBAHUS KO3 PHUIIH-
€HTBl g, BBIOMPAIOTCA TaKUM 00pa3oM, YTOOBI IpH
JICJICHUM EMHUIIBI Ha OTH KO3 QUIIUSHTHI MOTyYalnch
1eJIble YHcha.

CTOMMOCTh TOAKITIOUEHUsI k -Tr0 aODOHEHTa K CTaH-
MU 7 -TO THUIA, Pa3MEIICHHOW Ha 71 -M MeCTe KaHIH-
JlaTe, OMPENesIeTCSl B COOTBETCTBUU C [5] clemayromum
obpazom: W, =W >0, r<R; W, =W >0,

knm, knm

R <r<R,; Wknm:Wk(;,L =0, r>R,. 3nece r — pac-
CTOSTHHE MeXJIy a0OHeHTOM u 0a30BON CTaHIHEH;
R =R,/2; R, — pamuyc neicTBus 6a30BOM CTAaHIIMU.
CTonMOCTh NOJKITIOUCHHUS 3a]1aeTCsl B PyOIIsIX U yBeu-
yyBaeTcsl NpU YJAJICHUU I0Jb30BaTels OT 0a30BoOM
CTaHLMHM, TOCKOJIbKY TpeOyeTcsi yCTaHOBKA JIONOJIHU-
TEJILHOTO 000pYyAOBaHUs JUIsI Ka4eCTBEHHOI'O IpuemMa
curHana. Ilpu pemeHun TecTOBBIX 3ajau UCIIOJIB30Ba-
JMCH CIETYIONINE YCIIOBHBIE 3HAYCHHUS: Wk(;; =10 TsIC.
py6.; W2 =20 1hic. py6.; W) =0. Xors BenmumHbI
CTOMMOCTEH TOAKIIIOYCHUSI MOTYT NMPHHUMATh Pa3HbIC
3HAYCHHUS, dTO HE BIUACT Ha A(H(PEKTUBHOCTH PabOTHI
JITOPUTMA.

Jl1s1 osrydeHnss KOPPEKTHBIX PELICHU pacyeTsl 1o
dhopmyrie (2) BBITONHSIOTCSA TPH CICAYIOMNX OTPAHH-
YEeHUsIX, OOYCJIOBICHHBIX TPEOOBAaHUSIMHU CTaHIAPTOB
OTHOCHTEIFHO OECIPOBOIHBIX ceTell (PUKCUPOBAHHOTO
JOCTYyIA.

Hcxons u3 HE0OXOOUMOCTH 00ECTIeYeHHs 3JIEeKTPO-
MarHUTHOM COBMECTUMOCTH, Ha Ka)KIOM M3 MECT KaH-
JUIATOB JOJDKHO OBITH pa3MelIeHO He Oosiee OmHOU
0a30Boli cTaHIMK

N
vm Y X, <L. (3)
n=1

CootHomienue (3) mokasbIBaeT, YTO 0a30BbIC CTaH-
uuy OyJyT yCTAaHOBJICHBI HE Ha BCEX, a TOJBKO Ha OIl-
peleNieHHbIX MECTaxX KaHIuIaTax, 00pasyronux MHHHU-
MaJbHOE MOJMHOXKECTBO, O0CCIICYMBAIOIICE ITOIKIIFO-



32 TELECOMMUNICATION SCIENCES VOLUME 1 NUMBER 1 JULY- DECEMBER 2010

YEHHE BCEX M0Jib30Baresield. B cOOTBETCTBUM ¢ HECTPO-
UM paBeHCTBOM (3): misa moboro V m cymMma paBHA
eJIMHULIE, €CIIU Ha TPEAINOIaracMoM MHOXECTBE MECT
KaHJU/IaTOB YCTaHOBJIEHA XOTA OBl OfHa 06a30Bas CTaH-
IMs1, IJITH paBHA HYJIO B IPOTUBHOM CiIydae.

B cooTBercTBUM C MPUHATHIMU OTPaHUYCHUSIMHU Ka-
JKJIBIM T10JI630BATEND JOMKEH OBITH MOAKIIOYEH TOJIBKO
K OIIHOH 0a30BO¥ CTaHIIMH. DTO yCIOBHE MOXKET OBITH
3aIMCaHO B CIIEIYIOIIEM BUJIEC:

M
vk Y Y, =1 4)
m=1

JlanHoe orpaHuucHHE OOYCIOBJIEHO OTCYTCTBUEM
actadeTHON Tepemayn (XIHIO0BEpa) B OECIIPOBOIHBIX
ceTsix ¢uKcupoBaHHOTO Aoctyma. [loaTomy s kop-
PEKTHOCTH TPOIEAYPHl ayTeHTU(DUKAIIMY U UACHTUDU-
KaIlMH TI0JIb30BATENIb MOXKET OBITh MOJKIIOYCH TOJIBKO
K ontHO# 0a30Boif cTaHIMU. B mporecce pemeHus 3aa-
9l TIPEyCMaTPUBACTCS TTOCICOBATEIILHOE MOIKITI0UE-
HUE TIOJIb30BaTeNIel O TE€X MOp, MOKa WX CyMMapHas
MIPOITyCKHAsI CTIOCOOHOCTH HE TIPEBBICUT BEJTMUNHY MaK-
CHUMaJbHO BO3MOXHOH MPOIMYCKHOH crocoOHocTH Oa-
30BOM cTaHuMuU. B Xo1e onTuMuU3aluu paccMaTpuBaeT-
¢S 00ImuMiA ciTydyalt TIOMKITFOUYCHUS Pa3HOTO YHCIIA TT0JTh-
30Barenell K Kakaoi u3 6a30BbIX craHimid. [Ipu sTom K
KKIIOW M3 CTAHIIUN JOJKEH OBIThH TTOJKITIOYCH XOTS OBl
OJIH aDOHEHT.

JIns oTydeHnss KOPPEKTHOTO PEIIeHUs] CyMMapHBIN
Tpaduk BCeX aOOHEHTOB, TMOIKIIIOUYCHHBIX K CTaHIINH
1 -TO THUTA, pa3MEIICHHONW Ha 72 -OM MECTE, HE TOJDKEH
MIPEBBIMIATE MPOU3BOAUTECILHOCTH CTaHITUH. JTO YCIIO-
BHE€ MOYKHO 3aITiCaTh B CJICIYIOIIEM BUJIC:

K
Vim bnm e deYkm ’ (5)
k=1

rae b, — NPOU3BOAUTEIBHOCTb CTAHLUHM #-TO THIIA,
pa3MeIleHHON Ha m -M MecTe Kanauaare, Kour/c; d,
— TpeOyemast MpoIryCKHasi CHOCOOHOCTh KaHama Jiis k -
ro abonenra, Kour/c.

3mech THIT 0a30BOW CTAHIIMK O3HAYaeT 0OOPYIOBa-
HUE OJHOTO mpousBoauteis. CiaenoBaTenbHO, IS OJI-
HOM M TOM K€ CETH MOYKHO pPAacCUMTaThb CyMMapHbIE 3a-
TpaThl Ha pa3MenieHne 0a30BbIX CTAHIIMIA MPH yCTAHOB-
Ke 000pyZOBaHMS Pa3HBIX MPOU3BOAUTENECH U BHIOpAThH
BapuaHT, COOTBETCTBYIOIINI MUHIUMAIBHBIM 3aTpaTaM.

I'eHeTHYecKuil aIrOpuT™M

Ha ocHOBe reHeTHIeCcKOro MoaX0/1a B COOTBETCTBHUH
C TOJIy9eHHOW MaTeMaTH4eCKON MOJEeNbi0 pa3padoTaH
QITOPUTM ONTHMH3AINK pa3MelleHus] 0a30BbIX CTaH-
Ui ¢ yueToM pekomenaarmii [6]. CTpykTypHas cxema

pa3paboTaHHOrO aNropuT™Ma NpeicTaBieHa Ha puc. 1.
PaccmoTpuM mocnenoBaTenbHOCTh JEUCTBUM NPU pe-
MMEeHUM 3aJavdv ONTUMAJIBHOTO PpasMCIICHUA 0a30BBIX
CTaHLUH, OIpeneIsieMyt0 JaHHBIM aITOPUTMOM.

BBoa napamerpos
HaCTPOMKH aIropurMa

PopMuUpOBaHUE UCXOIHON
HOMYJIALUE XPOMOCOM

v v

Ornenka mpucrnocoOIeHHOCTH
XPOMOCOM B MOMYJISAIIUN

Her Jla

A 4 A 4
Br16op Haumy4ieit

TypHupHas cenexuus

XpOMOCOM XPOMOCOMBI
[Ipumenenue orepaTopoB BriBon
CKpEIIMBAHUS U MyTallUU pe3yJbTara

v

Cosmanne HOBOH
HOHyﬂHHI/II/I

I

Puc. 1. Cxema reHeTH4ecKoro ajaropurMa

IlepBblil 1A F€HETUYECKOTO ajirOpuTMa COCTOUT B
ONPENCIICHUU TOAXOASAUIEd HCXOJAHOW TMOMYyJIsAUUU
XpoMocoM. BMecTo 00BIYHOTO OMHAPHOTO MpEICTaBIIC-
Hus B Buae MHoxectBa [0,1], TpeOyromiero 1BOMYHBIX
CTPOK JUIMHOH mxk ¥ B TO XK€ BpeMs HE TapaHTHU-
pyIOIIero BEITIONHEHUsT ycinoBuid (4) u (5), BeIOpaHO
MIPEACTABICHNUE, B KOTOPOM Ka)aash XpOMOCOMa SIBJISI-
eTcst k -MEpHBIM BEKTOPOM IIEJIBIX YHCENI Ha MHOXKECT-
Be [l,m]. llemoumciieHHOe 3HaYeHWE Kk - TMO3WUIINN
yKa3bIBaeT 0a30BYIO CTAHIIMIO, PA3MEIICHHYIO Ha 777 -OM
MecTe KaHauaaTe, K KOTOpOW MpHKperwieH k -l abo-
HeHT. Ecim, Hanpumep, m=3 u k =4 . To 3ammch Xpo-
mocombl B Buae [1,2,1,3] o3HauaeT, 4yro: aOOHEHTHI C
HOMepamu / U 3 TIOAKIIOYCHBI K 0a30BOW CTAHIINH, yC-
TaHOBJIEHHON Ha MecTe KaHaupare /; aOOHEHT 2 Ioj-
KIIFOYCH K 0a30BOW CTAHIIMHU, YCTAHOBJICHHOM Ha MeCTe
KaHauaaTe 2; IMojb30BaTeNlb 4 MOJKIOYEH K 0a30BOM
CTaHIUH, YCTAHOBJICHHON Ha MECTe KaHAUIaTe 3.

Jayiee popmupyeTcs UCXOAHAS TOIMYJISIUS 0cO0ei
CITy4allHBIM BBIOOPOM 3aIaHHOTO KOJIMYECTBA XPOMO-
com. [Ipm sTOM TOMYNAIUS ABNSETCS KOHEYHBIM MHO-
KECTBOM pasMmepHocTbio N, . Hucno ocobeii B nory-
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JSIAW OCTACTCS TMOCTOSIHHBIM Ha MPOTSHKCHUU BCEH
pabOTHI TEHETHYECKOTO AJITOPUTMA.

[Tocne ompeaeneHus MOAXOAAIICH UCXOTHOM MOIMY-
JISIAA XPOMOCOM BBIUUCIISIOTCS (DYHKITUU TIPUCTIOCO0-
JIGHHOCTHU JIJIs1 KaXJ0M M3 HaljeHHBIX XpomocoM. [1pu
3TOM (PYHKIIMHU MPHUCIIOCOOIIEHHOCTH BCEr/ia MPUHUMA-
IOT HEOTPHUIIATEIHHBIC 3HAUCHHUS.

3areM OCYMIECTBISETCS IMPOBEpPKa YCIOBHS 3aBep-
meHus 3agaud. PelieHue 3amayM cUMTAETCs MOJYyYEH-
HBIM TIPY BBITIOTHEHUH YCIIOBUS

G=2G,,,, (6)

rie G — HoMep Tekyllero nokonenus; G, — Mak-
CUMAaJIFHOE YHCJIO MOKOJICHHUH, 3a/JaHHOE B Hadaje pa-
0OOTHI AJITOPUTMA.

B cootBercTBHU ¢ (6) TOMCK MUHMMAJIBHOTO 3Haue-
HUS 11e7IeBOi (DYHKIMH MPEKPAIIaeTcs Mocie TOro, KaKk
HOMEp TEKYIIero MOKOJeHHS OCO0ei, CO3IaHHOTO B
X0/1e paboThI aITOPUTMA, TOCTUTAeT 3HAYCHHsI, PABHOTO
3aJlaHHOMY MaKCUMaJbHOMY 4uciy mnokosienuil. [Tocne
JIOCTHKEHUS 3a/IaHHOTO YHWCIIA MOKOJICHHH OCYIIECTB-
JSIETCSl BBIBOJ, PE3yJIbTATOB ONTHMHU3ALMH PACIIOJIONKE-
HHs 0a30BBIX CTAHIIUH.

[lo paccumraHHBIM 3HaueHUSM (YHKIUH TPUCIIO-
COOJICHHOCTH NPOM3BOAMUTCS BBIOOP TEX XPOMOCOM,
KOTOpBIE OYyAyT y4acTBOBaTh B CO3[aHHUH CJeIyIOIIen
MIOIYJISIIIAY, T. €. HOBOTO mokoyieHus. Ilo 3amanHOMY
gucny poputeneii N, OTOMpPAeTCs ONPEIeICHHOE
YHCII0 XPOMOCOM, KOTOPBIM Pa3pelIeHo Co31aBaTh 0CO-
Oeif cremytromero nokoienns. Ecnu Bcem 0co0sM B T10-

OyJALMHA  Pa3spelleHO  COo3[4aBaTb  IIOTOMKOB, TO
N,,=N,,, nsadse N, <N, . Ilonosuna ponu-

TEJIbCKUX XPOMOCOM BBIOMpAeTCsi Ha OCHOBE TYPHHp-
HOU CeJIEKLUH, NMPH KOTOPOH 0coOM MOMYJISIIKN CIIy-
yaifHpIM 00pa3oM pa30MBaIOTCS Ha TMOATPYIIBI YHUC-
JIEHHOCTBIO 10 2 XPOMOCOMBI B KaXXIOW. 3aTeM Ocylle-
CTBIISICTCS BBIOOP B Ka)IOW M3 MOATPYII HAWTydLIeh
ocobwu, obmamaronieil HanMeHbIe (GpyHKIMel mpucmno-
COOJICHHOCTH. XPOMOCOMBI, y4acTBYIOIIUE B TypHHpE,
BBIOMpAIOTCS U3 YMCIa HAWIy4ylIuX ocoOeil, ymopsio-
YEHHBIX IO CTENCHU YXYAUIeHUS! (QYHKIMU MTPHCIOCO0-
neHHocTd. OcTaBIuasicsi OJIOBUHA POIAUTENBCKUX XPO-
MOCOM BBIOMpAeTCcsl Cioy4aiHbIM 00pa3oM M3 4YHCiIa
XPOMOCOM, HE 33/IeCTBOBAHHBIX B TYpHHpE.

Taxast cTpaTerusi 1aeT BO3MOKHOCTb CO3/1aBaTh I10-
TOMKOB BCEM BHMJaM OCOO€H, BKIIOYas HAWIYYIIHX H
HaUXyAIIUX. JTO YIyd4lllaeT TeHEeTHUYeCKoe pa3HooOpa-
31M€ NOMYJISIIKH, MOBBIIAET CKOPOCTh CXOIUMOCTH Ha
HayaJIbHBIX UTEPALMSIX AJITOPUTMA U TIO3BOJISIET B HEKO-
TOPBIX CIIy4asx H30eXaTh JOKAJIbHBIX MHHHMYMOB.
IIpouecc cenekuuMu 3aKaHUMBACTCS CO3JAHHUEM POJIU-
TEJIbCKOW MOIYJIALNY.

K xpomocomam, 0TOOpaHHBIM C TIOMOIIBIO CENEK-
LMY, TPUMEHSIOTCS] TEHETUYECKHE ONEePaTophl, CHaYaIa
OIepaTop CKPELIMBaHUA, a 3aTeM olepaTop MyTaiuu. B
pe3ynbraTe 00pazyeTcs HOBas MOMYJISIIHS TIOTOMKOB OT
POAUTENBCKON NOMYJISIMH, CO3JaHHON Ha MpeblIyLIeH
urepauu aaropurma. Oneparop MyTalMd UMEET BTO-
pocreneHHoe 3HaueHrne. OH MPUMEHAETCS K OT/ICIbHBIM
reHaMm B XpoMocomax. B pamkax 3ajauu onTUMaJIbHOTO
pa3MenieHrs 0a30BBIX CTAHIUH MyTalus WHTEPIPETH-
pyercs Kak MoiuQUKalis Ha3HAYCHUH IS MO0JIb30Ba-
tenel. Ecim 10 npuMeHeHus omnepaTtopa MyTalud
TI0JIL30BaTEIb OBLT MOAKIIOUEH K OJTHOW 0a30BO# CTaH-
LIMH, pa3MENIeHHON Ha 7 -OM MECTe KaHAWJaTe, TO I10-
cle MyTalliM OH OKa3bIBAECTCS MOJAKIIOUYEHHBIM K JIpY-
roii 6a30BOM CTAHIIMW MPH YCJIOBUSX MMONAJaHUs B pa-
IUyC ee ACWCTBUS W BBITIOJNHEHUS OrpaHuyeHus (5).
MyTanus XpoMOCOM BBINOJIHIETCS HA MOMYJSLUAU IO-
TOMKOB, OOpa30BaHHBIX B pE3yJbTaTe MPOBEIACHUS
MIPOIIETyPhl CKpEITUBaHusA. BeposTHOCTh MyTaluu Mo-
JIENAPYETCs CIAyYaiHBIM BEIOOPOM YHCIIa U3 WHTEepBaia
OT HYJIS IO SIUHHMIIBI JIJIs1 KaXKJI0TO TeHa U OTOOPOM ISt
BBITIOJTHEHHUS 3TOH MPOIEIYPHI TEX TEHOB, TSI KOTOPBIX
Pa3bIlPaHHOE YHCJIO OKAa3bIBACTCSI MEHBIIUM WJIU PaB-
HbIM 3HAUYCHWIO, 33/JIaHHOMY B Hadaje padOThl ajiro-
puTM™MA.

OnepaTtop CKpeUIUMBAaHUS HUIPACT MEPBOCTECICHHYIO
POJIb Ui CO3JaHUSI HOBOI'O MOKOJICHUS U MPUMEHSETCA
Ha KaxJoW wurepanuu anroputMa. Jljiss mpoBegeHus
MPOLEYPbl CKPEIIMBAHUS U3 IMOIYYEHHOU POIUTENb-
CKOM TOMYJISAIUYU CIIy4allHIM 00pa3oM BBIOUPAIOTCS 110
JIBE€ POAMTEIHbCKHE XpomMocoMmbl Flu F2, Ha OCHOBE
KOTOPBIX OyayT chOpMHUPOBAHBI BA TTIOTOMKaA S .

3aTeM ompenesnseTcss XpoMocoMa NEPBOro MOTOMKA.
Ecmm Fl[k]=F2[k], To S[k]=F1[k], unaue S[k]=0.
3/1ech MPOUCXOINT TIOAIEMEHTHOE CpPaBHEHHE XPOMO-
COM JBYX poauTeneid. Eciu nenodncieHHoOe 3HaUCHUE
k -¥1 TIO3UIIMK OJJMHAKOBO y OOOMX POAUTENCH, TO OHO
[IEPENUCHIBAETCS. B XPOMOCOMY IOTOMKA. B mpoTuBHOM
cllyyae B XpPOMOCOMY IOTOMKAa 3alUCHIBACTCS HYJIb.
[anee BwBIOMpaeTCs pomuTeNnbckas xpomocoma F1 u
[poLEeIypa CKPEIIUBAHHUS IPOBOAUTCS B CIEAYIOLIEH
MOCJIEI0OBATENbHOCTH:

1. BoiOupaetcs ciny4yailHBIM 00pa3oM IIeJI0€ YHCIIO
[l U3 IMana3oHa YUCEN, COOTBETCTBYIOIIMX KOJUYECT-
BY IOJIb30BaTENCH.

2. IlepemeHHON 0 TPHUCBAaWBAETCS 3HAYCHHE XPO-
MocoMbl F'1, COOTBETCTBYIOIIIEE 3HAYEHUIO [l -U MO3H-
uud, T.e. o:=F1[u]. danuslii npouecc mpenHa3HauCH
JUTS TIOCJIETYTOIIEr0 N3MEHEHUS MOIKIIIOUeHHsI aDOHEeH-
Ta C OJITHOM CTAaHLIMU Ha APYIYIO.

3. Jlms Bcex 3JIEMEHTOB B MOTOMKE S, KOTOpHIE
paBHBI HYJIO, NPUCBAaWBACTCS 3HAYCHUE IEPEMEHHOM
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o, T. €. a0OHEHT OKa3bIBAETCS MOJKIIOYEH K JPYrou
CTaHIINH, HOMEP KOTOpOH paBeH o . Ecou k -it aboHeHT
MOJKET OBITh MOJKIIOYECH K CTAHIIMH o 0e3 HapyIICHUs
orpaHnyeHus (5) 1Mo MPOU3BOAUTEIHHOCTH, TO JTAHHOE
MOJIKITIOYCHNE CUYHMTAETCS pa3pelIeHHBIM, U 3HAYCHUE
MPOM3BOJAUTEILHOCTH CTaHUMU 0 oOHoBusercs. Ecnn
k -i1 aOOHEHT He MOXKET OBITh MOIKJIIOYEH K CTaHIIUU
0 TI0 TIPUYHMHE HApYIICHUS YCIOBHS (5) WIM TIPH €ro
pacIoNoKEeHU! BHE €€ pajnyca JACUCTBUSA, TO TIepEeMEH-
HOW [} TpHcBanMBaeTCsl 3HAYEHHWE XPOMOCOMBI F'2, co-
OTBETCTBYIOIIEE 3HAYECHHIO [L-H TO3WIUH, T. €.
B:= F2[u] u ocymiecTBiseTcs MOAKIIOYCHNUE a0OHEHTa
K CTaHIIUW, HOMEP KOTOPOI paBeH f3 .

B pesynbraTe onvcaHHON MpoLELypbl IPOUCXOIUT
(opMHpOBaHKE TIEPBOrO MOTOMKA, Y KOTOPOTO Ha3Ha-
YeHne a0OHEHTOB 0a30BBIM CTAHIMSAM OTIMYHO OT Ha-
3HAYeHHS B POJUTEITBCKUX XPOMOCOMAX.

Hanee BeIOMpaeTcs XxpomocoMa F'2, M MOBTOPSIOTCS
mraru 1, 2, 3 st GopMUpOBaHUs BTOPOTo MOTOMKA S .

[Tocne 3aBepiieHUsT POIIETYPhI CKPEIIMBAHUS TIPO-
ucxXoauT (HOPMHUPOBAHHE HOBOM MOMYJISILIMU, WIH Clie-
IYIOIIETO TOKOJIEHHsT ocobOell. XpOMOCOMBI, MOJIYYCH-
HBIE B pe3yJibTaTe NMPUMEHEHUS T'€HETHYECKHUX Olepa-
TOPOB K XpOMOCOMaM DOAUTEILCKON MOMYJIALUH,
BKJIIOYAIOTCSI B COCTaB HOBOTO TOKoyeHus. [Ipemamoro-
UM, 9TO B UCXOJHBIX HACTPOMKAX alrophTMa 3aJaHO
N,, =100 u N, =40, 1. e. u3 100 ocobeii norysi-
MU TOJBEKO K 40 M3 HUX MOXKHO MPUMEHSTH OTEPaTop
ckpermuBanusa. M3 atux 40 ocobeii dpopmupyrorcs 20
nap poaMTelsiel, Kaxkaas rmapa MpoOU3BOIUT 1O ABa IO-
tomKa. Takum obpazom, 20 map poauTenei Mponu3BeayT
40 HOBBIX 0co0eit. Otn 40 HOBBIX 0coOel BKITFOYAIOTCS
B COCTaB CIIEIYIOIIET0 MOKOJICHHUS, U K HUM J00aBis-
orcst 60 ocobeil W3 TPEmbIAYIero TOKOJCHUS, IIO-
CKOJIBKY 3HaYeHHe napamerpa N, IOIDKHO OCTaBaTh-
Csl TIOCTOSIHHBIM Ha TIPOTSDKEHWHM BCEH pabOThI airo-
putMa. OcoOn W3 TMpeABIAYIIETo TMOKOJICHUS BbIOMpa-
IOTCSl CIy4ailHO, M 3TO HE 0053aTeNbHO OYIyT XpOMO-
COMBI C HAaWJIyYIIMMHU 3HAYCHUSAMH (DYHKIHMU TPHUCIIO-
cobuennocru. B ciyqae, korna N, =N, , BCs npen-
IIECTBYIONIAs TOIYJIALNKSA XPOMOCOM 3aMelaeTcs Ho-
BOHM MoOMyJisiLMed MOTOMKOB, UMEIOUIEH Ty K€ YUCIICH-
HOCTb.

K 3akmrountensHON cTagmu pabOTHI aJrOPUTM Iie-
PEXOUT TIPH BBHITIOJHEHUH YCIIOBUs (6). B aTOM cirydae
oTIpeeNsieTCsl HauIydIasi XpoMocoMa, UMeloIas Han-
MEHblIee 3HaueHHe (YHKIUH MPUCTIOCOOIICHHOCTH
Cpeau BCEX XPOMOCOM, COCTABIISIOIIMX IMOCIIEIHEe T0-
KOJICHWE, W BBIBOJWTCS PE3yNbTAT PEIIeHUS 3a/ladm.
OTta XpomMocoma, TOJTy4deHHash B Pe3yJbTaTe peIIeHus
3aJ1a4H, MO3BOJISIET BBIUUCIUTH CYMMapHYIO CTOUMOCTh
KOMILIEKCa.

Pa3paboTaHHBIN adrOpuTM ONTHMHU3AIUN pa3Melie-
HHSI 0a30BBIX CTAHIIMI HA OCHOBE T'€HETHYCCKOTrO IOJ-
X0Jla MPEJCTaBsIeT cO00M MpuUMep MOUCKOBOI Mpoiie-
IyPBI, B KOTOPOH HCIIOJIB3YETCS SJIEMEHT CIIyYaliHOCTH
KaK CPeJCTBO TPOBENEHUS Ipollecca MONUCKa pPEeIIeHUs
cpenr MHOKECTBA XPOMOCOM.

Pa3paboTaHHBIll anTOpUTM pealin30BaH Kak Ipo-
rpamMmmHOe obecriedenne B cpeae Borland Delphi 7.0,
TTO3BOJISTIONIEE PEIIaTh 3a7a49i OOJIBIION Pa3MEPHOCTH.
C mnOMONIBKD JIAHHOT'O MPOrPaMMHOI0 00OecreueHus
MIPOBEJICH PsIJi YMCIICHHBIX 3KCIIEPUMEHTOB IO HAXOXK-
JICHUIO ONTHMAJLHOTO PACIIOIOXKEHUSI 0a30BBIX CTaH-
LMH U TOJKITIOYEHUS K HUM a0OHEHTOB.

B nepBom 3kcriepuMeHTe mpoBepsiach ClIOCOOHOCTh
TeHETUYECKOTO ajJropuTMa HaXOIWUTh KOPPEKTHBIE pe-
menust. C 3To Lelbo OBLIO UCCIIECIOBAHO MHOXKECTBO
BapUAaHTOB CJIYYaiHOTO PaCIIOJIOKEHHUsI 0A30BBIX CTaH-
IWH, OTpaHWYMBAsCh 3aJadaMd Majlod pa3MEpHOCTH.
J1st OIIEHKW aJeKBAaTHOCTH TOJYYCHHON MaTeMaThde-
CKOI1 MOJIesi OBLIIO MTPOBEJICHO CPABHEHUE PE3YJIbTATOB
pelIeHus 3a7a9u C MOMOIIBI TEHETHYECKOTO ajIrOpHUT-
Ma C JaHHBIMH, MTOJy9eHHBIMH METOAOM TIOJHOTO TIe-
pebopa. I[lomyueHo xopoilee COOTBETCTBUE pe3yibTa-
TOB, MOJYYEHHBIX HA OCHOBE 3TUX JBYX IMOJIXOJIOB, UYTO
CBUJIETEIBCTBYET O KOPPEKTHOCTH TPOBEIEHHOTO TEO-
PETHIECKOTO aHaIn3a.

[TosHbIid Iepebop OOecIeYnBaeT MOJyUYeHUE TOUHO-
IO peuleHHus MPHU KaXJIOM HCIIOJHEHUH alropuTMma, 3a
CYeT 3HAYMTEJbHBIX 3aTPaT MAIIMHHOTO BpeMeHu. Ilo-
STOMY MaKCHMAaJIbHBIN pa3Mep 3ajad Majoil pa3zMepHO-
CTH, Ha KOTOPBIX IMPOBOJAWINCH YHCICHHBIC JKCIEPHU-
MEHTBI, ObUI OorpaHuueH 3HadeHusMu M =6, K =11.
[Ipu nanmpHEWIEM yBENWYEHHH pPa3MEPHOCTH HCXOJ-
HBIX JaHHBIX BpEeMs CUeTa METOJIOM ITOJTHOro Tepedopa
cymecTBeHHO Bo3pactamo (mo 10000 c). Hmxecnme-
IYIOIUE TPUMEPhl WLTIOCTPUPYIOT 3(PPEKTHBHOCTH B
OTHOIIICHUW BPEMEHH cueTa pa3paboTaHHOTO ajJrOpHT-
Ma IO CPaBHEHHIO C METOIOM ITOJTHOTO Tiepedopa.

[lepBpIM TIpEIMEpPOM HWJLTIOCTPUPYETCS CpaBHEHHE
BpEMEHHU cUeTa ¢ ISl PEIICHHs 3a/ad pa3MEIICHUS
000MMH METOJIaMU TMPHU MOCTOSHHOM YHCIIE MECT KaH-
munatoB M =6 aus pa3HOTO YHcia MOKIF0YaeMbIX K
HUM aboHeHTOB K =6,7,8,9,10,11. [l oTUX caydaeB
BpeMs CYeTa ¢ METOJOM IIOJHOTO mepedopa COCTaBIIS-
1o 0,6; 4,2; 27,6; 180,5; 1203,1; 7397,8 ¢, cooTBETCT-
BeHHO. B 3Tux 0003HadeHusX ynciay aboHeHToB K =6
cootBercTBYeT #=0,6 c, s 3HaueHuss K =7 Bpems
cueta t=4,2 CHUT. 1.

Crnenyronuii pacdeT ObUI MPOBEACH IMPH TOCTOSH-
HOM 4Hcie mojib3oBatene! K =5 1 pa3HOro yucia
MECT KaHIWIATOB Ha YCTAaHOBKY 0a30BBIX CTaHIIHA
M =15,20,25,30,35,40. ITIpu sTOM Bpemsi cyeTa METO-
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moMm mepebopa coctaBimsuio 12,0; 55,6; 186,6; 503,9;
1153,3; 2439,7 ¢, cooTBeTCTBEHHO. Bpems cuera mpu
HaXO)K/IEHNH ONTHMAIBHOTO PAaCIONIOKEHHS 0a30BbIX
CTaHIMKA C IOMOIIBID Pa3pabOTaHHOrO aJrOpUTMa B
00oux mpumepax Obu10 paBHo Beero 0,02 c.

Pe3ysbTarhl 3THX JIBYX NPUMEPOB IMOKA3bIBAIOT, YTO
BpeMs cueTa METOJIOM IOJHOTO Tiepedopa B OoJbliei
CTETICHW 3aBHCUT OT 4YHcia a0OHEHTOB, U B MEHbIICH
CTETICHW OT YHWCJIa MECT KaHAMIATOB. DTO pas3iuydne
00YCIIOBJICHO TEM, YTO JJIMHA XPOMOCOM OIPEICIISICTCS
KOJIMYECTBOM aOOHEHTOB, MPHUCYTCTBYIOIIUX B 3a/aye.
B ortnmume ot mertoma momHOrO mepebopa IS 3amad
MaJIoll pa3MEepPHOCTH BpEMs pacyera ¢ MOMOIIBI0 I'CHEe-
TUYECKOI'0 QJIFOPUTMA OYSHb Majo M MPAKTHYECKU HE
3aBHCUT OT BXOJHBIX AaHHBIX. [Ipu TakoMm 3HAYUTENb-
HOM pa3jMuMi{ BO BPEMEHH CUeTa Pe3yJIbTaThl, MOIY-
YEHHBIC C TTOMOIIBI0 TEHETHYECKOT0 aJTrOpUTMa, XOPO-
0 COTJIACYIOTCSl C JaHHBIMH, HAWJICHHBIMH METOIOM
TIOJIHOTO TIepebopa.

Cnenyromumii npuUMep WUTIOCTPUPYET MPUMECHEHUE
pa3pabOTaHHOTO aITrOpWUTMa JUIS PEIIeHHs 3aJadu Oll-
TAMAJNBHOTO pa3MeIIeHns 0a30BBIX CTAaHIHMHA U TIOA-
KIIFOYeHUsT K HUM aboHeHToB. llpeamosnoxum, 4To Ha
TEPPUTOPUHM C OTHOCUTENBHBIMH pa3dmepamu 30 x30
ompesieNicHbl MeCTa KaHUIaThl Ha YCTAHOBKY 0a30BBIX
CTaHIMH, TIOTEHIMAJIbHBIC TOJIb30BATCIN M BUIBI 3a-
MpammBaeMbIX UMK yciryT. HeoOxoammo cpemy 3amaH-
HOTO MHOXKECTBA MECT KaHAHMIATOB BHIOpPATh TaKoe
MOJIMHOXKECTBO, KOTOPOE OOECIEYHT TOIKIIYCHUE
BCceX a0OHEHTOB C 00ECIICYeHUEM KauecTBa MPeI0CTaB-
JISIEMBIX YCIIYT TPH MUHUMAJIEHOW CTOMMOCTH BCEH CO3-
JlaBaeMOM CeTH.

HavanpHOoe B3amMHOE pa3MelieHHe MeCT KaHIuaa-
TOB M a0OHEHTOB TOKa3aHO Ha puc. 2. ONTHMH3AINIO
MPOBOJUM TIPU  CIEAYIOIIMX HWCXOIHBIX JaHHBIX:

M=6; K=11; N=1; W) =10 thec. py6.;
W) =20 TeIC. PY6.; WS) =0; b, =20 Méurc;

¢, =900 TbIC. pY0.; d, =2048 Kowut/c; R =10 xm;
R, =20 xm; Gy =305 N, =6; N,,,=10. Tlpex-
TI0JIaraeTCsl, UTO B CETH OYIIET YCTaHOBJICHO OoJiee Of-
HOM 0a30BOM CTaHIMM, YTOOBI IMOAKIIOYNUTH BCEX abo0-
HEHTOB 0e3 HapylIeHUs ycaoBus (5).

Pe3ynbTarel 4MCIEHHOTO WCCIIEAOBaHUS TPEACTaB-
JieHbl Ha puc. 3. [Io uToram oNTHUMHU3ALKUN YCTAHOBIICHO
2 0a3oBbIC CTAHIIMK Ha MecTax KaHauuparax [/ u 4. Mec-
Ta KaHOUAATHl, Ha KOTOPBHIX YCTAHOBJICHBI 0Oa30BBIC
CTaHIIMU, OTOOpaXeHBI KpyraMu, aOOHEHTH 0003HaYe-
HBbI KBajpaTamu. Heucrnonap3oBaHHBIC MecTa KaHIUIa-
Thl, HA KOTOPBIX HE YCTAHOBJICHBI 0a30BBIC CTaHIIUH,
OTMEYCHBI MEepPeUYCPKHYThIMU Kpyramu. COeIMHUTENIb-
HBIMH JUHHMSIMH I10Ka3aHO, K Kakoi 0a30BOM CTaHLIMHU
TTOIKJTFOYCHBI KOHKPETHBIC TTOJTH30BATEIIH.

MuHuManpHasi CTOMMOCTh KOMILIEKCA, COOTBETCT-
BYIOIIAS] TAKOW MTOTOBOW KOH(HUTYpaluu CETH, COCTaB-
asier 1920000 ThIC. pyoO.
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Puc. 2. CxeMa pa3MenieHus: MeCT KaHIUIATOB (Kpyru) u abo-
HEHTOB (KBaJIpaThl)
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Puc. 3. Pasmemenne 6a30BbIX cTaHIMII M aDOHEHTOB IIOCIIE

OIITUMMH3AaIINH

BTopoii 4uCIEHHBIN HSKCIEPUMEHT IIOCBSILIEH MC-
CIIEZIOBAaHMIO Pa3pabOTaHHOIO TEHETHYECKOTO ajro-
pUTMa NPUMEHHUTEIBHO K PELICHHIO 33/1ad CpeJHel
pasmepHoOCcTH. B 3TOM cityuae MeTo[ osiHOro nepedopa
HE HCIOJIb30BAJICSI BCIEACTBUE OONBIIMX 3arparT Ma-
IIMHHOTO BPEMEHHM, IMOATOMY CPAaBHEHHE PE3YJbTaTOB
pelIeHus 3a1a4d He IPOBOAMIIOCE.
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Pe3ynbraTel pacyeToB COTIACHO BTOPOMY YHCIICH-
HOMY SKCIIEPUMEHTY NpHUBEAEHbI B Taba. 1. n tabdm. 2.
Buano, 4to Bpemsi paboThl aJropuTMa C MOBBIIICHHEM
pa3MepHOCTH 3amauu ObICTpO Bo3pactaeT. Ilpu sTOoM
3aBHCHMOCTh BPEMEHH pabOTHl alropuT™Ma OT YHCIa
MECT KaHJIUIaTOB TIPU MTOCTOSTHHOM YHCIIE MOJIh30BaTe-
nieit (Tabi1. 2) BeIpakeHa ropaszio ciadee, YeM B ciydae,
KOTOPBIH WLTIOCTpUpPYETCs TabI. 1.

Tabauna 1. 3aBUcHMOCTh BpeMEHU pabOTHI alroOpUTMa MpHU
IIOCTOSTHHOM YHCJIE MeCT KaHauaatos M =40

K 40 60 80 90 100
t,C 0,1 13,7 130,9 2383 388.,4

Tabnuna 2. 3aBHCHMOCTh BPEMEHH pPabOTHI alrOpUTMa MPHU
MOCTOSTHHOM 4uciie rojbp3oBareneil K =50

M 40 60 80 90 100
7, ¢ 0,1 3.6 13,1 379 | 517

B Xxome 4HCIEHHBIX OKCIEPHUMEHTOB OTMEUYCHa
IUIaBHAsI CXOJMMOCTD PEIICHUsS K PE3yJIbTaTy, IOKa3aH-
HOMY Ha pHUC. 3, MPHU YBEJIHMYEHUH YHUCIIa TOKOJCHUMH,
pasMepoB MCXOTHOW TMOMYJSIIMU M KOJIMYECTBA POJIU-
Tened. CMeIeHne 3TUX MapaMeTpOB HACTPOHKH IeHe-
THUYECKOTO aJrOpUTMa B CTOPOHY YBEIWYEHHS I1OBbI-
[1aeT KayecTBO MOJYy4YaeMOIo pelleHHs, HO IpU ITOM
YBEJIUUMBAIOTCS 3aTpaThl MALIMHHOIO BPEMEHH, HEOO-
XOAMMBIE [UIsl OJTY4YEHUs Pe3yJbTarTa, KaK 3TO HIUIIOCT-
pupyercst Tabn. 3, Tabn. 4 u Tabn. 5 npu penieHun 3a-
Jlaud CpeAHel pa3MEepHOCTH C YHCIOM MECT KaHAuIa-
ToB M =50 un uuciom nons3osarenei K =50.

Ta6n1/1ua 3. 3aBUCHMOCTH BpEMCHU pa6OTI)I TCHCTHYCCKOI'O
ajropurma oT 4Yuciia ITOKOJICHUI

fueno: g1 900 1000 2000 | 10000
IIOKOJICHUHN
Bpema | 511 46 20.8 379 | 1899
cyera, ¢

Tabnnna 4. 3aBUCHMOCTH BpEMEHH PaOOTHI T€HETUYECKOTO
QITOPUTMA OT pazMepa HCXOIHOU MOIYIISALHI

Paswep 10 | 1000 | 5000 | 10000 | 20000
HOHyHHI_II/II/I
Bpems |5y 1 54 | 80 | 232 | 709
cyera, ¢

Tabmuna 5. 3aBUCHMMOCTh BpEeMEHHU pabOThl FE€HETHYECKOTO
AITOPUTMa OT KOJIMYECTBA POJUTEINCH

KoJ‘II/I‘leCTliO 50 100 500 1000 | 2000
POoAUTECICU
Bpewms 75 8,9 38,6 59,3 118,3
cyerTa, ¢

DTHU TaHHBIE JTAIOT BO3MOKHOCTH BBIOPATH IMapameT-
PBI 33aa4M W3 YCIOBUS KOMIIPOMHCCA MEXIY KadecT-
BOM ITOJTy9aeMOT0 PEIICHUS U BpEMEHEM CUEeTa.

3aKiaouyeHue

B cratbe mpejpcraBieHO pelieHWE 3ajadd  ONTH-
MaJbHOTO pa3MelleHus] 0a30BBIX CTAHIMA W TTOAKIIIO-
YeHUSI K HUM a0OHEHTOB Ha OCHOBE T'€HETUUYECKOTO
noaxona. [loxyuena maTemaTHueckas MOACIb C YICTOM
MOTEePh MOIIHOCTH CUTHAJIOB NPU PaCHpOCTPAHEHUH B
pealbHBIX KaHanmax cBs3u. [laHHas maTeMaTndeckas
MOJICNIb pealii30BaHa B BHUJE I'€HETHUYECKOrO aJrOpHT-
Ma. Ha ocHOBe mpemsioskeHHOTO alropuTMa, a TaKXKe
MeTO/Ia TIOJTHOTO Tiepebopa pa3padoTaHO MPOrpaMMHOE
o0ecrieueHue, TT03BOIISIIONIEeE HAXOAUTh PElIeHNE 3a/1a4
Oonbioit pazmepHoctd. [IporpaMmHuas peanusanus U
pe3ynbTaThl KOMIBIOTEPHOTO MOJIETMPOBAHUSA TOJ-
TBEPKJAIOT MPABUIBHOCTh pa3pabOTaHHBIX TeOpeTHde-
CKUX IOJIOKEHUN OTHOCUTEIHHO HCIOJb30BAHUS TCHE-
TUYECKOTO TOJIXOMAa JUIA PEIIeHUs 3a/1ad pa3MelieHHS
0a30BeIX cTaHIU. KOpPpPEeKTHOCTH TEOPETHUECKOTO
aHaJIn3a IMOATBCPIKJACHA NAaHHLIMH, IOJIYUYCHHBIMHU MEC-
TOJIOM TIOJTHOTO Tiepedopa. [IpoBeieHa orieHka BpeMeHH
cyeTa B 3aBHCHMOCTH OT mapameTpoB 3amaqn. [lokaza-
HO, YTO JJIs 33Jla4 Majoil U CpelHeil pa3MEepHOCTH pa3-
paboTaHHBIN anropuT™M 00ECIeUYnBaeT MUHUMAJIBHOS
Bpems cuera. PesynbraThl pemieHus 3amaqd JUisl KOH-
KPETHOTO IIpUMepa JEMOHCTPUPYIOT HEOCIIOPUMOE TIpe-
MMYIIECTBO pa3pabOTaHHOTO T€HETHYECKOTO aJrOPHUT-
Ma TI0 CPaBHEHHIO C METOJIOM IOJHOTO mepedopa. [lo-
JydeHHbIE Pe3yJbTaThl MOTYT OBITH YCHEIIHO TpUMe-
HCHbI JJIs1 CO3JIaHV MYpPaBbUHBIX aJITOPUTMOB OIITUMMU-
3aIliu pa3MeleHHs 0a30BBIX CTAHITHH.
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