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AHHOTAITHA Cmames nocésweHa onpeoeneHur0 CUCMEMHbIX KOAOPUMEMPUYECKUX Napamempos Oemackuposku kpwvic (Rattus
norvegicus) npu euoeopezucmpayuu 8 20poOcKux ycnosusx. Havidena xombunayus 3uayenuil KOIOPUMEMPUYECKUX NApaMempos,
KOMOPpAs MOMCEM Cblepams poib CUCHIEMHO20 KONOPUMEMPUHECKO20 napamempa, ABIAIWeNcs Haubonee BbIPANCEHHOU Mepoul
necmpomul 3awumHol okpacku Rattus norvegicus. DhghpekmusHocms Ucnoab306anus HAUOEHHO20 CUCMEMHO20 KOIOPUMEMPUYECKO20
napamempa 0Ovlia NpogepeHa 0OPAOOMKOU NOTYHEHHO20 U300PAdCeHUsl Kpbicbl Ha (QoHe ppazmenma 20poOocko2o nelzaxica.
Tonyuennvie pe3ynomamvi 06paboOmKu U300PANCEHUsE KPbICbl NOKA3LIBAION IPDEKMUBHOCTb NOBBIUUEHUS KOHMPACHHOCIU CUTLYIMd
JICUBOMHO20, UMO YBENUUUBAENT IPDEKMUBHOCb BUOCO-PESUCIPAYUU YUCTEHHOCTIU U MUSPAYUIL CEPOLL KDBICHL 8 YCIOBUSIX 20p00d.
Kntouesvie cnosa: cepas kpvica; 3auumnas oKpacka; KoiopomempuiecKue napamempul; 0opabomxa uzo6padlcenus; mpaekmopus
cucmembl; OUCKpEmHble MOOeIU OUHAMUYECKUX cucmem; 6a3a OaHHbIX

DETERMINATION OF THE SYSTEMIC COLORIMETRIC PARAMETERS OF
UNMASKING RATS AT VIDEOR REGISTRATION IN URBAN CONDITIONS
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ABSTRACT The relevance of the article is determined by threats to biobesopathy in urban conditions, which can be created by loss
of control over the population of rats (Rattus norvegicus). The purpose of the study is to determine of the system colorimetric
parameters of unmasking rats with video recording in urban conditions. Methods of solution. This goal is achieved by
mathematical modeling of systemic colorimetric parameters of the rat’s protective coloration. Exceeding these values over
similar background values of the urban landscape fragments allows unmasking animals. Modeling is performed using new
class of models — discrete models of dynamic systems, based on the actual image material Rattus norvegicus. Images taken
from the Internet and processed using MatLab package. Results. A values combination of the colorimetric parameters are
found that can play the role of the system colorimetric parameters, which is the most pronounced measure of the variegation
of the Rattus norvegicus protective coloration. This value is entered in a specially created database, which contains
information about the spatial coordinates of this segment in the image. The value of the specified color parameter for each
segment during image processing is denoted by a conventional color. Placing a segment on an image is determined by its
spatial coordinates entered in the database. The effectiveness of SCP using was verified by image processing of the rat
against the background of a fragment of the urban landscape. Conclusions. The results of image processing of the rat show
the effectiveness of contrast increasing of the silhouette of the animal, which increases the efficiency of video recording of
numbers and migrations of the gray rats in urban conditions.

Keywords: gray rat; protective coloration; colorimetric parameters; image processing; trajectory of the system; discrete models of
dynamic systems; database

Beenenue SBISIETCS  HEOOXOIMMBIM  3JEMEHTOM  HEKOTOPBIX
MeporpusiTHd B cepax CaHWTapuH, TUTHUEHBl U
Cepas kpbica (Rattus norvegicus) sBnsietcs  BeTepHHApPHOW METHUIMHBI. Pedb HACT 0 MEpONpPHUSITHSIX

IIOTCHIIMAJIbHBIM pe3epByapom psaaa OITACHBIX 110 3JIMMHHAIUU yIrpo3 I-)HI/IZ[GMI/Iﬁ H SIIHU300THH.

WH(EKIMOHHBIX 3a00NeBaHMil YenoBeka. B cBsa3m ¢ aTHM
KOHTPOJIb 32 YHCICHHOCTBIO U PaCHpOCTPaHEHHEM 3TUX
JKMBOTHBIX HMMEET Ba)XKHOE 3HA4YeHWe M1 oOecredeHHs
6mobe3onmacHOCTH. B dWacTHOCTH — TakoH KOHTPOJb

B Hacrosiiiee BpeMs CYLIECTBYIOT BO3MOXKHOCTU
MIUPOKOTO UCIHOIB30BAHMUS ISl KOHTPOJIST YUCIICHHOCTH U
pacrpocTpaHeHus Rattus norvegicus TaKHX
BBICOKOTEXHOJIOTHYHBIX METO/IOB KaK BHIECOCHEMKA U
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BuneoHabmonene. Takne BO3MOXHOCTH OCOOEHHO
BEJIUKH B TOPOJAX, IZI¢ POJIb KPBIC KaK MOTCHIMAILHOTO
HMCTOYHHMKA BBIIICYKa3aHHBIX yTpo3 Onobe3omacHOCTH
JOCTaTOYHO BEJIMKA.

[IpensitcTBHEM JUTSt 3¢ GEKTHBHOTO
UCTONIB30BAaHUSI B YKa3aHHBIX  IEISIX  CHUCTEM
BHUJCOHAOMIONEHUS  sIBIIsIeTCST  Hammuue y  Rattus

NOrvegicus 3aluTHO OKPACKH.

3amuTHAsT OKpacKa )KUBOTHBIX B HACTOSIIIIEE BPEMSI
SIBIISIETCSl TIOMYJISIPHBIM B cpelie OHMOJIOrOB NPEAMETOM
W3ydeHus. OTa  MOMyJSIPHOCTh  OOycCJOBJIEHa, B
YacTHOCTH,  yIOOCTBOM  3TOro  IpeaMmera  Juis
HCCIIEIOBAHUS psina aKTyaJIbHBIX podiieM
¢byumamenrtanpHoit  Omoyormm  [1]. Peus wmmer o
mpo0iieMaThKe HBONIOIMOHHON TeopHH BOOOmE U
aaanTallMOHHbBIX MEXAaHU3MOB JKHMBBIX OpPraHu3MoB B
YaCTHOCTHU.

Oxpacka )KUBOTHBIX CIY>XUT, Hapsdy C 3afadaMu
MacKHpOBKH, TaKkXe M JpyrdM LeisM (CHTHalInu3alyy,
tepMmoperymsiimi . T.4.) [1]. B ngaHHOW cTaThe, B
YaCTHOCTH, YACIACTCA AJOCTATOYHO MHOI'O BHHMaHUA
pOIM TEOMETPUUYECKHX acCHEeKTOB (PYHKIMOHUPOBAHHS
3alIMTHOM  OKpackM  JKMBOTHBIX W OTMEYaercs
CPaBHHTEIIFHO Malas H3Y4YEeHHOCTh IpOOJIEMBI poNn
MHOT000pa3us B 3(dexTuBHOCTH (HYHKINOHUPOBAHUS
3aIIUTHOM OKPacKH )KNBOTHBIX.

B pabore [2] onmceBaeTcs BIMSHHE ~Ha
MacKHpYIOIINE BOJHBIX JKHBOTHBIX aJaNTallIOHHBIE
MEXaHU3MBl HEKOTOPBHIX CHEIM(UUECKHX ONTHIECKUX
napamMeTpoB BOAHOW cpenbl. B paborax [3, 4]
OIMCHIBAIOTCSl CBSI3aHHBIE C MACKHUPOBKOH CIIOCOOBI
HCII0JIB30BaHUA MOPCKHUMH KUBOTHBIMU OHMOJIOTHYECKOTO
CBEUCHHS M NOJISIPU3ALIIH CBETA.

PaGoTbl  [5-7] TOCBSILIEHBI COOTBETCTBEHHO:
a/IanTaliOHHBIM MEXaHU3MaM, CBS3aHHBIM C N3MEHEHHEM
nBera, Oonee  oOmmM  mpobiiemMaM  cTpaTerui
(YHKIIMOHMPOBAHMS MAacKHPOBKH JKHBOTHBEIX, OoJjee
y3KOH IpobiiemMe peanu3anuyl 3TUX CTPAaTeTHii B pa3HBIX
YacTsIX MOPCKHUX aKBATOPHUH.

B pabotax [8, 9] ommcHBarOTCS CIIOKUBIIHECS B
XOZ€ OHBONIOLMOHHOTO IIPOLECCa OTHOLICHHS MEXIY
pa3sBUTHEM I[BETHOTO 3PEHHS XHMBOTHBIX M UX OKPAacKoi,
OHOXMMHYECKMMH U (DPU3HOJIOTHYECKUMH MEXaHH3MaMU
ee  ¢dopmupomanus.  Pabora  [10]  mocesiieHa
OKa3bIBAIOUINM BJIMSHHE HA OKPACKy IapaMeTpaM reHoMa
MOMYJIAIIUU JUKHUX KUBOTHBIX.

PesynbraThl MOAEIMPOBAHUS HCIOJIB3YEMBIX C
pasHBIMH LEJSIMH B BOJHOHW cpene (aKTOpOB OKPACKH
pei6O omucanel B pabore [11]. DyHKIMOHANTBEHAS
KIacCU(UKAIMs  WCIONB30BAaHMA  JUIS  MEXBHIOBOU
CHTHAJIM3AIIMHA OKPACKU >KUBOTHBIMU M PACTEHHSIMH JaHa
B pabote [12]. B pabote [13] ocBemeHa poib OKpacKu
HACEKOMBIX B MEXaHM3MaX MX TEPMOPETYIISIHH.

YacTHBI, HO UMEIOMHN OOJBIIOE MPAKTHYECKOE
3Ha4YeHrne (B TOM dYHCIE B paMKax HACTOSIIEH pabOTHI)
ACTICKT POJIM OKpPACKHM KpaCBbIX YYAaCTKOB CHITYOTa
KHUBOTHOTO B pa3pyLICHUH IIEJIOCTHOTO BH3yaJIbHOTO
BOCIIPHSITHSI €70 KOHTypa oOTMedaeTcsi B paborte [14].
Bonee o0mmii acriekT 3TOi IMPOOIEMBI, CBS3BIBAIOLIHN

3¢ (HEeKTUBHOCTH MACKHPOBKH KUBOTHOTO ¢ KOMOMHAIIEH
rapaMeTpoB IIBETa M PHCYyHKa OTMedaercst B padoTax [6,
15]. Onucanue acrneKkToB 00pabOTKH MO3TOM 3PHUTEIBHOM
nH}opManny, XapakTep OTHOIIEHUH KOTOPBIX BIHSET Ha
CKOPOCTb  pa3iM4YHBIX  IPOILIECCOB BU3YyaJIbHOTO
BOCIIPUATHS 1aHO B pabote [16].

Kak yka3pIBaoch BBIIE CPaBHUTEIBHO MaJo
n3ydeHa TMpoOjeMa BIWSHUS CTENEHW Bapualud Ha
rapaMeTpel PUCYHKa 3allUTHOH OKpacKd, dYTO W
oTMeyaercsi B o03opHOil  cratee [1].  MoxkHo
MIPEATIOI0KUTH, YTO 3TO CBA3aHO C OTHOCHTEIBHO Cabon
KOHKpETHOU coZIepKATEIbHON HWHTEpHpeTanueit
HU3BECTHOT'O IIOJIOKECHHUS O IIOJIOXKUTCIIBHOM BIIUSIHUU
O6uopa3zHoooOpasusi Ha Xapakrep (YHKIMOHUPOBaHUS (B
YaCTHOCTH — Ha CTaOMIBHOCTB) JKHUBBIX CHCTEM.
OrmpeneneHHbld  Oporpecc B OTOM  HAMpPaBJICHUHU
HaMmeTwiIcs B cBs3u ¢ paspadorkod E. H. BykBapeoii ¢
COaBTOpamMu [17] KOHLIEIUU ONTUMAIIBHOTO
MHOroo6paszus. B 3Toif KoHIENnuuu 3HaYWTENBHAS POJb
OoTBOIUTCSL CBSI3M d(QeKTa pa3sHooOpa3Hus CHUCTEMBI C
HaJM4ueM B HEH pecypcos.

B pabore [18] B xadecTBe Mepbl MHOTO00Opa3ms
MIPeAaraeTcsl KOJMYECTBO CTPATETMH HCIIOIb30BAHMS
cucteMoi pecypcoB. B pabore [19] npennaraercsa Gomnee
o0muil MOIXOX K MHCHOJIB30BAHUIO B KadyeCTBE MEPHI
6mopazHooOpazus KOJINYECTBO CTpaTeruit
¢byHKIMOHMpOBaHUs cucTeMbl. B paborax [18, 19]
yKa3aHHbIE CTpaTeruu OTOXKAECTBISIOTCS c
KOMOMHAIIMSIMA ~ 3HAUEHHM  MapaMeTpoB  CHUCTEMBI
MPUCYTCTBYIOIIMMH B IMKJIE U3MEHEHHH ee cocTosHMA. B
ykazaHHbIX [18, 19] paboTax 3TOT LUK HATJSIHO
NIpe/ICTaBIIeH c TIOMOIIBIO HOBOTO KJiacca
MaTeMaTHYecKNX MoOAenell — IHCKPETHBIX MoJeeh
quHamuyeckux cucrem (JIMIC) [21-24].

B pabore [19] noka3ana BO3MOXXHOCTb 00pabOTKH
¢ wucnone3oBanueM JIMJIC wn300pakeHHs >KHBOTHOTO
(ppIOBI), TOBBIIAIOIIAS €r0 KOHTPACTHOCTh Ha (hoHe
BOJIHOTO PAaCTUTEIBHOTO coolmecTBa. B ommcanHOM B
nanHoi pabdote [19] cioyuae sror addexr mocruraercs ¢
UCIIONB30BaHUEM pE3YJIbTaTOB aHalIHW3a MHOrooOpasus
COYETaHUH KOJOPUMETPUYECKHX II1apaMeTpoOB  3TOTO
pacTUTENBFHOTO COOO0IIeCTBa — MECTOOOMTAHHS PBIOBI.
OTH  pe3ynbTaThl MO3BOJSIIOT — MPEAJIOXKUTH  METO.X
KOMITBIOTEPHOM 00paboTkHy, TIOBBILIAIOIINI
MOHOTOHHOCTh ~ pacTUTEIbHOrO (oHA, Ha KOTOPOM
MOBBINIAETCS KOHTPACTHOCTD N300Pa)KEHHS )KUBOTHOTO.

B  paborax [18, 19] 11s  HArIsgHOTO
NIPEACTABICHNS ~ MHOXECTBAa  CTPAaTeTMH  CHCTEMBI
UCTIONB3YETCS MICATM3UPOBAHHAS TPAECKTOPHUS CHCTEMBI
(UTC), moctpoennas ¢ nomorursio JJMJIC.

Cnemyer ortmeruts, uro JMJIC sBmsercs
3¢ PEeKTUBHBIM HHCTPYMEHTOM, TTOMOT AFOLITIM
UCCIIeI0BATEIO chopMyIHpOBaTH HEKOTOPBIE
II0JIOKCHUS, KOTOPBIC SIBJIIIFOTCA JIMIIb pa60‘II/IMI/I
TUnoTc3amMu, KOTOpPbIC B )IaJ]BHeﬁmeM JOJI’)KHBI
MIPOBEPSITHCS IPYTUMH MeToiaMH. KOHKpPEeTHO OCHOBaHMS
JUISL 3THX PabOYUX THIIOTE3 OTHOCUTEIBHO CTPYKTYPBI M
JIMHAMHKH HUCCIIETyEMBIX CHCTEM CO3JIA0TCs CIIETYFOIIM
obpazoM. Ha ocHOBe CTpyKTypsl KOppemsiuuii 3HaueHHH
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koMrnoHeHTOB cucteMbl JIMJIC TO3BOIAET MOCTPOUTH
CTPYKTYPY  MEXKOMIIOHEHTHBIX M  CHMMETPHYHBIX
BHYTPUKOMIIOHEHTHBIX OTHOIIEHMH B HEH, KOTOPBIE
00YCIIOBIICHBI MO3UTHUBHBIMU u HETraTUBHBIMHU
BIUAHMAMU. Ha ocHOBe 3TOM  CTPYKTYyphl I
OTpeNIeIeHHBIX  HAa4YallbHBIX  YCIOBHM MOXET OBITH
noctpoeHa UTC, oTpaxkaromas LUKIT CMEHBI Pa3HBIX
KOMOMHAIMH 3HAYEHW KOMITOHEHTOB CHCTEMBI. JTHM
KOMOMHAIMSIM COOTBETCTBYIOT CTOJIOLIBI MaTpuIlbl, B
¢dopme xortopoit npexncrasiaena UTC. CtonOupsl MaTpuIist
TPAKTYIOTCSl TAaK)K€ KAaK YCIOBHBIE IIATM 0 BPEMEHU,
MOCIIE0BATENBHOCTh KOTOPBIX NPEACTaBISIECT JUHAMUKY
cucteMel. B paborax [18, 19] >t kKomMOWHaImH
TPaKTYIOTCI  Kak  CcTparernd  (yHKIHOHHPOBAHHUS
cucTeMbl. B paMkax Hacrosimiell paboThI Takas MaTpHUIla

HEMOCPEACTBEHHO HE OTpakaeT JWUHAMHUKH IIUKJIA
W3MEHEHHSI COCTOSIHHI KakoH-Iu00 OHMOJIOrHYecKoi
cuctembl. OHa JHMIIb TPEICTABISIET MHOXKECTBO

KOMOWHAIIMY 3HAYCHUH KOJOPUMETPUUYCCKHIX TapaMeTPOB
(KIT) 3amurtHO#t okpacku Rattus norvegicus. B cesisu ¢
stuM TepMuH UTC panmee mo TekcTy 3aMeHsETCS
TEPMUHOM  «HUJACAJIU3UPOBAHHAS  IICEBIOTPACKTOPUS
cucrembl» (UIITC).

DOBOJNIONMOHHO YKa3aHHOE MHOXKECTBO BO3HHKIIO
KaK afanTainus K MHO)KeCTBY KoMOuHanuit 3HaueHnit K11
PACTHTENBHBIX  COOOIIECTB B  MPHPOJHBIX  MECTax
o0uTaHus 3TUX KUBOTHBIX. COOTBETCTBHE MHOTO00pa3Hs
3HadeHnii KII 3amuTHON OKpacké KpbIc MHOTO0Opa3Hio
3HageHnii KII yka3aHHBIX pAacCTHTENBHBIX COOOIIECTB
NpEeJCTaBsieT COOOW B MaHHOM ClIydae Ba)KHBIA acCIeKT
aJanTalMoHHON (yHKIMKM OuopazHooOpasus. Cruemyer
OTMETUTH, YTO B YCIOBHSX COBPEMEHHOI'O TOPOJA TAKOTO
COOTBETCTBUS MOXKET OKas3aThbCs HemoctaTouHo. Jlns
BBIIIOJTHCHUS 3aI[UTHOM OKpacKoi KpBIC ee
aJIanTallMOHHON (QYHKIUM HEO0OXOAMMO MAaKCUMAJIbHOE
MHOT000pa3ue komOnHanmii 3HaueHu ee KII. Peur unmer
0 MaKCUMyME MHOT000pasus, KOTOPBIH MOXET OBITh
00eCTIeYeH COOTBETCTBYIOIIUME PECypcaMi OpraHH3Ma
*KuBOTHOTO. ClleZlyeT OTMETHTh, YTO 3allUTHAs OKpacka
KpBIC  SIBIIICTCS  pacwieHsIomed (ee  Kaxymascs
OIHOTOHHOCTh CIIEJICTBHE TOHKHX pa3IHUld MEXIY

OONBIIMM ~ KOJMYECTBOM  OTTEHKOB).  IIpuToM, B
COOTBETCTBHMH CO CKa3aHHBIM B  pabore [14],
paspymiaroiniee  BU3yalIbHOE  BOCHPHSITHE  KOHTYpa
J)KUBOTHOTO JEHCTBUE TAaKOM OKpAacKW JOHKHO B

HAMOOJIBIICH CTENCHH MPOSBIATHCS HAa Kpasx CHIYITA.
Peanmzanus 3TOro MacKHpyoIIEro >KHBoTHoe 3¢ ¢exra
MpEArnonaraeT, 4YTo B €ro pacuieHsIoulel okpacke Ha
Kparo CHIydTa BCEraa MPUCYTCTBYET MATHO, KOMOMHAIUS
srageHnii KII koToporo mocraToyHo ONm3Ka K TaKoi
KOMOWHAIu (oHA KOHKPETHOHW JEeTaal TOPOJCKOTO
meiizaxa. [Ipu 3ToM BechMa BEpOSTHO, YTO MHOTOOOpa3ue
komOuHamii 3HaueHnit KII manHO# metamn TopoacKkoro
meif3aka CyIIECTBEHHO MEHBIIE TaKOTo MHOTO00pa3us B
pacwieHsOWER OKpacke Kpbichl. Ilpu TOM, YTO 3TO
MHOT000pa3ue OKpacKH KpBICH, XOTS M JOCTaTOYHO
BEIIMKO, HO, BEPOSATHO, MEHbBIIE OOIIEr0 MHOTOOOpa3us

B pamkax Hacrosmiel paGOThI ¢ HUCTIOIb30BAHUEM

pe3yIbTaToOB, MOJYYEHHBIX B wHcciemoBanusx [19],
HMEHHO MHOrooOpasue komOuHaimii 3uadenuit KII B
pacwiCHSIOMICH  OKpacKe  KPBICBI ~ MOXET  OBITh
UCTONB30BAaHO  JJIi €€  JCMAacKUpOBKU.  Takoe

UCIIONIb30BaHNE OCYIIECTBISIETCS IIYTEM pealn3alyn
CJIEAYIOIIEH TPOLIETyPHI.

N3obpaxkenne  pasOmBaeTcs Ha  CErMEHTHI
Kaxnprit cerMeHT pa3OuBaeTcst HA MHUKPOCETMEHTHI. Jlyis
KaXJOro MHKpocermMeHTa ompenensercss 3Hadenue KII
st mHOXkecTBa 3HaueHui KII MUKpOCErMeHTOB KaKIoro
CeTMEHTa  OMNpPEAEIsIEeTCS  3HAYCHHE  CHCTEMHOTO
kojopumeTpudeckoro  mapamerpa (CKII), xotopoe
XapaKkTepu3yeT MHOrooOpasue 3HadeHui ykazaHHbix KII
B CErMEHTE. JTO 3HA4YCHUE 3aHOCUTCS B CIEHUAIBHO
co3mannyto  0asy  gamneix  (BJl), comepxamryro
nHpOpMAlMI0O O MNPOCTPAHCTBEHHBIX  KOOpAWHATaX
JIAHHOTO CEerMEeHTa Ha wu300paxeHuu. [Ipu o0paboTke
n3o0paxxeHus 3HadeHne ykasanHoro CKII mms xaxmoro
cerMeHTa 0003HayaeTcsl yCIOBHBIM IBETOM. Pa3mereHue
CerMeHTa Ha M300pa)KeHUH, OIPEessieTCsl 3aHeCEHHBIMU
B b/l ero npocTpaHCTBEHHBIMH KOOPIAUHATAMH.

[IpemmeTrom maHHOM pabOTHI ABISETCSA MPOIEAYpa
KOMITEIOTEpHOW 00pabOTKH H300paKEHUSI IKUBOTHOTO,
OCHOBaHHAsl Ha PE3yNbTaTax MPOBEIECHHOTO C MOMOIIBIO
JAMJIC monenupoBaHHs, KOTOPBIE ITO3BOJIIOT BBIIBUTH
HauOosiee BBIPAXKEHHBIE JUIS €ro CHIydTa HapaMeTpsbl
MecTpoThl  OKpacku. Takas Tpouenypa IO3BOJSIET
AJIMMUHUPOBATh MACKHPYIOIIUI 3QQeKT pacuieHsomenl
OKpacKH C HCHOJIb30BaHMEM HWCXOJHBIX  IIBETHBIX
mudpoBEIX  poTtorpaduii, MOMYYEHHBIX C MHOMOIIBIO
CPaBHHTEJIFHO JIENIEBOM M MPOCTOW B OKCIUTyaTallUH,

HIUPOKO PICHOJ'IL?)YGMOﬁ B TOPOACKUX YCIOBUAX
anmnaparypsl U1 BI/II[GOH36J'IIO,I[€HI/IH.
AKTyaJ'IBHOCTB peuicHus JTOU 3aJa4yun

ompesersieTcsl yrpo3aMu Al OH00e30MacTH B TOPOICKUX

YCIIOBHSIX, KOTOpPBIE MOTYT OBITH CO3JaHBI TIOTepeit
KOHTPOJISI HAJ YHCIEHHOCThIO momymsanuu  Rattus
norvegicus.

[eas padoTsI

HCJ'H)IO HCCIICAOBAHUA  ABJIACTCA  OINPCACIICHUC
CHUCTCMHBIX KOJOPUMECTPHUICCKUX mapamMeTpoB
JACMACKUPOBKHW KpPBIC MHOPU HUX BHACOPCTUCTpALIUU B
TOPOACKHUX YCJIIOBUSX.

M3i10:xeHMe 0CHOBHOTO MATEPUAIA

B pamkax manHoi pabotel Haxomutcs CKII
3alIUTHOM OKPAacKW KpBICHI C JOCTATOYHO OOJBIIMM
MHOroo0Opasuem 3HadeHud komOuHanumii KII. [lns
(hopMyITUPOBKU paboyei THHOTE3bI OTHOCHUTEIHHO BUIA
storo CKII anamusupyercs Bug MIITC noctpoenHoro c
nmomoteio JIMJIC ¥ mpencTaBisIoNIero MHOTOOOpasue
koMOnHarwmii 3HaueHui KII 3amuTHON OKpacKku KpBICHI.
AMIC OCYILECTBIISIIOCH c HCTIOJb30BaHUEM

koMmOunanuii  3Hayenuit KII nerameit  ropoxckoro ko3 ¢ummenta koppemsauun CrnmpMeHa H - MOIX0za
nenzaxa. OCHOBAaHHOTO HAa pACIIMPEHHOH TPAKTOBKE 3aKOHA
24 BICHUK HTY "XIII" Ne 26 (1302)
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JIlnbuxa. MopenupoBaHHE OCYIIECTBISIETCS HAa OCHOBE
¢daxkTuyeckoro  marepuana  u3o0pakeHuin  Rattus
norvegicus, HaXOAIIETOCs B UHTEpHETE u
oOpaboraHHOro ¢ mnomomplo  makera  MathLab.
O¢ddexktuBHOCT,  HCMONB30BaHMS ~ ykazanHoro CKII
nposepsiercss  00paboTKoil  moiydeHHOro  1HQpoBOH
¢dororpadueit n300paxkeHus1 KprIckl Ha (GoHe (pparmMeHra
TOPOJICKOTO TIeH3axa.

C wucnons3oBannem JMJIC B pesynbrare
Hacrosmied  paborel  momydena UIITC, xkortopas
MIpeCTaBIIseT MHOXECTBO HETIOBTOPSIOIIUXCS

komOmHarmit KI1 3ammTHOW pacdiieHSIomeHd OKpacKu
Rattus norvegicus. Tlpemmomaraercs, uro 3t KII,
OTPaXKAIOT  pa3HbIE  acleKThl  OMOIPOIYKIIMOHHBIX
MIPOIECCOB PACTUTENBHBIX COOOIIECTB, B KOTOPHIX B XO/€
9BOJIOIMOHHOIO  mporecca  (opMHpOBajiach  3Ta
3amuTHas okpacka. Omnpenenenue 3HadeHwid >Tux KII
TIPOM3BOIUIIOCH Ha OCHOBE KOMITBIOTEPHOW 00pabOTKOM

3HaueHHd  KoMHoHeHTOB RGB-monenu  nmdposoit
¢dororpagun oOUTAIOMIMX HAa TEPPUTOPUH T. XapbKOB
(Yxpamna)  mpencraButenedi  Rattus  norvegicus.

KonkpetHo: peus uaer o ciexyromux KII:

R/G — «wkento-3eneHblil HHACKCY, OTPaKArOLIH
MUTMEHTHOE Pa3HOOOpa3ne B PacTHTEIBHOM COOOLIESCTBE
CBSI3aHHOE C €ro CTaOMIBHOCTEIO;

R/(R+G+B) - orpakaer cojaepKaHHE B
BBIIICYKA3aHHBIX PACTHTEIBHBIX COOOIIECTBAX JKEITO-
OPAH)XEBBIX PACTHTENBHBIX MUTMEHTOB, IpeoliamxaHue
KOTOPBIX XapaKTepHO JUIA CTapblX M MEPTBBIX KIETOK
(hOTOCUHTE3UPYIOIINX OPTaHU3MOB;

G/(R+G+B) — otpakaeT comep)aHHE 3eJIeHOro
nUrMeHTa  xnopodwinia,  mnpeoOiiazaHue — KOTOPOTO
XapaKTepHO ULt MOJIO/IBIX AKTHBHO
(hOTOCHUHTE3UPYIONINX PACTUTEIBHBIX KIIETOK;

(G)/(R+G) - oTpaxkaeT OTHOIIEHHUE
(oTocuHTETHYECKON TIPOTYKIIUH pacTUTENEHOTO
coo0IecTBa, areHTOM KOTOPOH  SBISIETCSl  3€JICHBIN
xJIopohmwul, K CyMMapHOW Owomacce, copaepxamiel
MOJIOZIBIE, )KUBEIE, CTaphle H MEPTBBIC KICTKU.

Bun ykazannoit UTITC npencrasnex B Tabm. 1.

Tabmuma 1 - Bug HWIITC, otpaxatomieit
MHOX€ECTBO KOMOMHAIHMN KOJIOPUMETPHUUECKUX
napaMeTpoB 3allUTHOW pacuiieHstolled okpacku Rattus
norvegicus

mata (1, 2, 3, 6, 9) 3HAUATENNEHO OOJBIIE PABHOTO IBYM
(1, 2) umcna Tpamamuii TaKkKe MAaHHBIX B YCIOBHBIX
Oamrax 3HaueHHni mapamerpa R/G, cooTBeTCTBYIOMINX B
MOACIN BOCIIPpUMHUMACMbIM Tj1a30M KOM6I/IHaHI/IHM
rpajaliiii  KpacHOro W 3€JeHOro, (OpPMHUPYIOLIHM
PaCUJICHSIONIYIO 3alIUTHYIO CEPO-KOPUYHEBYIO OKDPACKY
Kpbic. COOTBETCTBEHHO, MOXHO  C(OpPMYJIHPOBATh
pabouylo THNOTE3y, B COOTBETCTBUHM C KOTOpPOU
mokaszatenb (HampuMep — CHUrMa) BapuaOeIbHOCTH
3HAYCHHH KOJIOPHMETPHUIECKOTO napamerpa
R*G/(R+G+B) moxer, B paMKax BBIIICONNCAaHHON (C
pacuieHeHHEeM Ha CerMEHTHl ¥  MHKPOCETMEHTBHI)
mponenypsl  00paboTkm  m300pakeHHsT  00eCHeYUTh
neMackupyommii d¢p¢exr. Peub mmer o meMacKUpoBKE
KpPBICBI B TOpOACKHX ycinoBusax. JlaHHBIH >ddekt
MOJTBEPXKAAETCI ~ pe3yibTaTaMH TakoH  0OpaboTKu
n300paKEHUSAMH, PEICTABICHHBIMH HITXKE.

Jns ompenenenust Hamboiee MHOTOOOpa3HON IO
3HaueHusiM koMOuHaru KII coctaBisem wmatpwuity,
MpeaCcTaBicHHYr0 B Tabm 2. CTonbObl  MaTpHIIBI
MIPEJICTABISAIOT YCIOBHBIE Iaru 1o BpeMeHH. CTpoku
MaTpHLBl MPEACTABISIOT JaHHBIE B TEX JK€ YCIOBHBIX
Oasax, yro u B Tabn. 1 nmpoussenenus 3nayenuit KI1.

Tabmnwra 2 — Marprria npon3BeaeHuit 3HadeHmit KI1

Howmepa ycnoBHbIX

I1ar0OB [0 BPEMEHU L]2|3]4]5|¢|7]8]9]10
RIG*R/(R+G+B) |6 |6 |2 |1 |1 |1|4|1]|4]| 6
RIG*G/(R+G+B) |4 |6 |3 |3 |2 |1|2|1|2]| 2
R/G * G/(R+G) 212|122 |2|2(2|1|2] 2

R/(R+G+B) *
G/(R+G+B) 61963212123

R/(R+G+B) *
GI(R+G) 31342222123

G/(R+G+B) *
GI(R+G) 213|6(6(4|2]|1(1(1|1

B Tabn. 3 mpencTaBieHbl KOJMYECTBA U COCTAB HE
MOBTOPSTIONINXCS KOMOWHAIMN TPOM3BEACHUI 3HAUCHUIA
KII, npucyrctBytomux B Tabm. 2.

Ta6auna 3 — JlaHHbIe O KOJIMYECTBE U COCTABE HE
MOBTOPSIONINXCS KOMOWHAINI TPOM3BEACHUI 3HAUCHHH
KIT

et smanm | 1]2[ 3] «[5]s]7]a s
R/IG 212111112 |1]|2] 2
R/(R+G+B) 3(3|2|1|1|1]|2|1]2] 3
GI(R+G+B) 233|321 ]1]1]2]1
GI(R+G) 1122|2211 ]1]1

B Tabm. 1 crombupl mpeACTaBIAIOT YCIOBHBIE
Iary 1o BpPEMEHH. Crpoku - 3HAYEHUS

KOJIOPUMETPHUECKHX TapaMeTPOB, JAHHBIC B YCIIOBHBIX
6amtax (1 — Hu3Kkwue, 2 — CpeHue, 3 — BHICOKHE).

KOMGHHVaHHH . KomnuuectBo CocraB

TIpOM3BENCHIH SHAUCHIH KOMOMHALUHA KOMOMHALUH
KIT

R/G * R/(R+G+B) 4 6,2, 1,4,

R/G * G/(R+G+B) 5 4,6,3,2,1
R/G * G/(R+G) 2 2,1

R/(R+G+B) * G/(R+G+B) 5 6,93 2,1

R/(R+G+B) * G/(R+G) 4 3,4,2,1
G/(R+G+B) * G/(R+G) 5 2,3,6,4,1

Haubomnpiee dncino KOMOWHAIMA TPOU3BEACHUH

Civlmcn: z:[alumoe B YCIOBHBIX Oamnax 4YHCIO  syagenmii KII (5) natizeHa 1y ciaeIyroIuX KOMOWHAIIHIA:
rpajaiuii 3Hauenuii mapamerpa R*G/(R+G+B), paBHoe R/ * GI(R+G+B); R/(R+G+B) * G/(R+G+B);
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G/(R+G+B) * G/(R+G). [amee aHamu3upyem
koMOuHaiu npon3sseaeHnii 3Hadenuii KI1 mo nx pasopocy.

HauGonbmmii pazbpoc 3HAuYCHHUH JUIst
KOMOMHAIINH, Npe/ICTaBJICHHON NPOU3BEZCHUEM
R/(R+G+B) * G/(R+G+B). OHo HaxomuTcs B MHTEpBAJC
or 1 ngo 9. [na apyrux KOMOHHAIUN 3TOT pasdopoc
Mmenbiite. Ero 3HadeHue nexur B uHTepBamax: R/G *
R/(R+G+B) — ot 1 50 6; R/IG * G/(R+G+B) — ot 1 10 6;
R/G * G/(R+G) — or 1 mo 2; R/(R+G+B) * G/(R+G) — ot
1 o 4; G/(R+G+B) * G/(R+G) — ot | 10 6.

C y4eroM yKa3aHHBIX pPe3yJIbTaTOB aHAJIN3a BUIA
UIITC, npencraBiaeHHON B Tadi. 1, KaKOBBIC PE3yJbTaThI
JIeTalTM3UPOBaHbI B Ta0. 2-4 1 ObLIa Haii/leHa KOMOUHAIHS
3HayeHudd KII, xoTopas MOMeET chIrparb pojib HCKOMOW
CKII. Peur wuger o0 CKII, sBustomerica Haunbomee
BBIpOKCHHONW Mepoi MECTPOTHI 3aIIMTHOM okpacku Rattus
norvegicus u pasuoii R/(R+G+B) * G/(R+G+B). [lna
aToro u npooawics aHanu3 Buga UIITC ¢ HaxoxIeHneM
TakoW KOMOHWHAIIMM 3HAYCHH, BapUaOCIHbHOCTH KOTOPOU
Oyner HanOomnblned. Dta BapHabebHOCTh (BBIpa)KEHHAS,
HarpuMmep,  3HAYCHHEM  CPEeIHEro  KBaJpaTUYHOro
OTKJIOHEHUs)) M Oyzmer Mepoil mectpotsl. [Ipu obpaboTke
n3o0pakeHuss ¢ wmcnonb3oBanuem Takux CKIT moxHO
0003Ha4YaTh 3HAYEHHE 3TOM Mephl MECTPOTHI YCIOBHBIM
OBETOM. Bpllle  ynmoMHHAIOCh O  3HAYUTEIBHON
BEPOSTHOCTH TOTO, YTO 3HAYEHHE MEPBI NECTPOTHI CHITYITa
KpPBICBI OyIeT BBINIE TakoH Mepsl (oHa KOHKPETHOTO
¢parmMeHTa TOpOICKOrO mel3aka. COOTBETCTBEHHO —
BEIIMKA BEPOSITHOCTH TOBBIIIEHHS! KOHTPACTHOCTU Ha 9TOM
¢doHe cmiIysTa KpBHICHI IpU 00paboTKe H300paXkeHHS C
0003HAUEHHEM Mepbl IECTPOTHl YCJIOBHBIM  I[BETOM.
UyBCTBUTEIBHOCTh TAKOIO MeToAa OydeT 3aBHCEeTh OT
yucna rpaganuid 3HaueHuit komOunamii KI1. Oto yncno
s mokazarens R/(R+G+B) * G/(R+G+B) ssercs
HAMOOJIBIIIHIM.

COOTBETCTBEHHO,  MOXHO  Cc(OPMYJIHPOBATH
pabodyio THIOTE3y, B COOTBETCTBHM C KOTOPOM
IoKazaresib  (HampuMmep — CpelHee KBaApaTHYHOE
OTKJIOHEHHE) BapuabebHOCTH 3HA4YEHHUH

KoJiopuMmeTpuueckoro mapamerpa R*G/(R+G+B) moxer,
B paMKax BBINICONHMCAHHOW (C pacuieHeHHEM Ha
CerMEHTHl M MHKPOCETMEHTHI) MpOLEnypsl 00paboTKu
n3o0pakeHHss 00eCHe4YuTh JEeMacKUpYHOIUi 3(deKT.
Peup wumer o geMacKMpOBKE KpBICHI B T'OPOJICKHX

YCIIOBUSIX. JanHbIi ¢ dexr MO TBEPKAACTCS
pe3ynbTaTaMu 00paboTkn n300pakeHus,
MpejcTaBlIeHHBIMH Ha puc. 1, 2, 3.

Ha  puc.3  mpexncraBieHHoe  Ha  pucC. 2

m3o0paxkeHue 1mociae O00pabOTKM B COOTBETCTBHH C
MpoIelypold, ONMMCAaHHOM B naHHON crtaTthe. CmpaBa —

[IKaJda YCJIOBHBIX IIBETOB, OTpaXKalollas CTENeHb
BapHaOeNEHOCTH (B CPeIHHUX KBaJpPaTUIHBIX
OTKJIOHEHUSIX) KOJIOPUMETPHUYECKHUX apamMeTpoB.

OT4eTIMBO BHMIHO TOBBINmIcHHE BapuadenpHOcTH KII
OKpPacKH KUBOTHOTO Ha KPAeBbIX yUaCTKaxX CHUIYdTa.

Puc. 1 — Hcxoonoe uzobpasicenue Rattus norvegicus Ha
Qone ppaemenma copodckozo neuzadica (dowamoitl
3a60p)

Takass mporenypa, Kak ObUIO CKa3aHO BBIIIE,
mpennoiaraer paspaboTky cmemmanbHOM BJl, mons
3HAYCHUH  KOTOpOHl  OTpakaloT  IPOCTPaHCTBEHHOE
nojoxenne cermenta u 3Hauenue CKII mms mHokecTBa
€ro MUKPOCETMEHTOB.

Ha pwuc.2 wu3o0paxeno He oOpaboTaHHOE B
COOTBETCTBUM C ONWCAaHHOH B JaHHOM paboTte
IpoLeaAypoH, MpeAcTaBieHHOe Ha pHc. 1 n3o0paxeHue,
KOHTPACTHOCTb ~KOTOPOTO HMCKYCCTBEHHO YXYJIIECHa
KOMIBIOTEPHBIMH METOJaMH, AMUTHPYIOLIIMA
YXyALICHHBIE YCIOBUS BHICOHAOMIOACHNS (TyMaH, IbLIb,
TUIOXO€ OCBEIIEHHE, IIpoYee).

Puc. 2 — He obpabomannoe uzobpasicenue 6
CcoOmEemcmaul ¢ ONUCAHHOU 8 OaHHOU pabome
npoyedypot

3 4 5 0 r ' [ "

Puc. 3 — Hzobpasicenue nocne obpabomxu 6

COOmeemcmauU ¢ npoyedypou, UCNOAb3YIowel
R/(R+G+B) * G/(R+G+B)

26
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Takum o0Opa3oM, TpencTaBIeHHBIE Ha puc. 1-3
pe3yIbTaThI 006paboTku M300pakeHHS KPBICHI
MOKa3bIBAIOT 3¢ PEeKTUBHOCTH MOBBILICHUS
KOHTPACTHOCTH CHJIydTa JKMBOTHOI'O ITyTEM IIPOLEAYPHI,
BKJTFOYAIOILIEH CIEAYIOIINE 3TAMbL:

- mnoctpoenue, c¢ mnomompio JMIC, HIITC,
MPEIICTABIAIONICH MHOXKECTBO KOMOWHAIWHN 3amUTHOMN
pacuieHsroleit okpacku Rattus norvegicus;

- HaxOK/IEHHE, IyTeM aHaJlM3a BHIA yKa3aHHOTO
UIITC, CKII, 00J1a4aI011IETO HanOOJIBIITUM
MHOT000pa3reM KOMOWHALMHA 3HauYCHNH;

- pasOueHne W300paXCHUS HA CETMEHTHI, a
CETMEHTOB Ha MHKPOCETMEHTHI, ISl KaXJI0TO U3 KOTOPBIX
ONpEAEIIAI0TCS 3HaueHus BhieykazanHbix KII;

- mnoctpoeHue bBJI, B 3anMcaX KOTOpOro
IPUCYTCTBYIOT JAHHBIE O MOJIAX 3HAUEHUH, OTPAXKAFOIIUX
CTETNIEHb BapuabebHOCTH KII B BBEIOOpKE

MHKPOCETMEHTOB Ka)KJOTO CETMEHTa W €ro0 KOOPIMHATHI
Ha M300paKCHUH;

- o00paGoTka wu300pakeHHS C O0O3HAYCHUECM
YCJIOBHBIM LIBETOM cTerneHu BapuabenbHoctn KII B
BBIOOPKE MHKPOCETMEHTOB KaXKIOI'0 CErMEHTA.

OO0cyxneHne pe3yJibTaTOB

IIpencraBieHHble B HaCTOsIILEN pabote
pe3ysbTaThl MCIOJIB30BaHUS MPEAJIOKEHHOH MPOLEAYpHI
¢ momoripo JIMJIC roBopsT 00 3pQeKTHBHOCTH €e
NPUMEHEHUs] JUIS  yIYYIICHUS  BHIEO-PETHCTpPAIMU
YHUCIIEHHOCTH WM MHIpaliii Cepod KpBICHI B YCIOBHUIX
ropona. Peus uner o nossieHny 3PpPEKTUBHOCTH IIyTEM
KOMIIBIOTEPHOHI 00paboTKH BUICOMH(pOPMAIIHH,
SIMMUHUPYIOIICH  aJanTUpPYIOIIUEe  JKHBOTHBIX K
YCJIOBHSIM TOPOJCKOr0 Mel3axka MapaMeTpbl 3alluTHOW
pacunensiomeil  okpacku. CyIIeCTBEHHBIM MOMEHTOM

HOBH3HBI yKa3aHHON MPOLEAYPHI SIBIISIETCSI
ncnonp3oBanne  JIMJIC B kadecTBE HMHCTpyMEHTa
MopoXkaeHUS pabounx rumore3. IIpu 3TOM BaxkHYIO poIb
Urpaer BO3MOKHOCTh c TTOMOIIIBIO JIMJIC

HEMOCPECTBEHHO HAMISAHO MPEACTaBUTh CTPYKTYPY
OOpaTHBIX CBsi3ell U CIEYIOIIYI0 W3 Hee IUHAMHKY
HCCIIeTyeMOH CHUCTeMBI. JTa BO3MOXKHOCTh JAeT BEChbMa
3HAYMMOE TPEUMYIIECTBO, HANpPUMEpP, B CPaBHEHUU C
ONMCAaHHBIMH B pabote [17] mprMeHEHHSAMH Pa3IHMYHBIX
Mep OHopazHOOOpasus, JUIS ONMCAHUS PA3IMYHBIX
rapamMeTpoB (YHKIIMOHMPOBaHUS N3y4aeMbIX
OMOJIOTHYECKNX CHCTEM. JTH MPEUMYILECTBA CBSI3aHBI, B
YaCTHOCTH, C MCHBUIMNMH, B CIIy4ac HCIIOIb30BAHMS
IMJIC, TpeOoBaHMSMH K HCXOTHOMY (DaKTHUCCKOMY
Matepuairy. OH MOXeT OBITh CyIIECTBEHHO MEHBIIIE IO
00beMy M COJEp)KaTh JAKyHbI, HE IO3BOJIAIOIINE NaTh
HETIOCPE/ICTBEHHOE ONMCAHUE IUHAMHUKH HCCIELyEeMOTO
mpoliecca B pealbHOM BpeMeHH. B Hacrosimeid pabote
JUHAMUKA NPUCYTCTBYET OIOCPENOBAHO — KaK acHeKT
(YHKIIMOHMPOBAHHUSI PACTUTENBHBIX COOOILECTB, HA (hOHE
KOTOPBIX B XO/I€ 9BOJIOIMHU C(HOPMUPOBAJIACH 3aIUTHAS
okpacka Rattus norvegicus.

BuIBOaBI

Takum oOpa3zom, HalijeHa KOMOHMHAIUSA 3HAYCHUI
CKIT nmemackupoBku kpeic (Rattus norvegicus) mpu
BUJICOPETHCTPAIIMM B TOPOACKUX YycioBusix. OOpaborka
n300pakeHuss KpbIcbl Ha (oHE (parMeHTa ropoCKOro
mei3aka ¢ ToMomplo HaijeHHoW komOmHaruu CKII
nokaszana >(QQEKTUBHOCTh MOBBIIIEHUS] KOHTPACTHOCTH
CHIIydTa  JKMBOTHOTO, 4YTO  MO3BOJISIET  IOBBICHTH
3G PEKTUBHOCTE BUAEO-PETUCTPAMM UYUCICHHOCTH U
MUTPALHH cepoil KPBICHI B YCIOBHSX TOPO/a.
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AHOTALIA Cmammsa npucesuena 6USHAYEHHIO CUCTNEMHUX KOJIOPOMEMPUYHUX napamempis oOemackyeanus wypie (Rattus
norvegicus) npu eioeo-peecmpayii 6 MicbKux ymosax. 3Haii0oeHa KOMOIHAYIs 3HAYEHb KOIOPOMEMPUUHUX NAPAMEMPI8, AKA Modce
3iepamu  ponb CUCMEMHO20 KONOPOMEMPUYHO20 NApamempy, wjo € Haubilbwl BUPAdNCeHo0 MIpoio CMPOKAMOCMi 3aXUCHO20
3abapenenns Rattus norvegicus. Egexmugnicms 6UKOPUCMAHHA 3HAUOEHO20 CUCTHEMHO20 KOIOPOMempUdHo20 napamempy 6yia
nepesipena obpobkolo 306padicents wypa na mii pasmenma micvkoeo netizasxcy. Ompumani pesyromamu 06pooKu 300padcenHs
wypa nokazyoms eQheKmusHicms Ni08UWEHH KORMPACMHOCMI CUTyemy meapuhu, ujo 30iivuye eghekmusHicms 8ideo-peccmpayii
yucenbHoCmi ma miepayitl cipo2o wypa 6 ymoeax micma.
Knrouosi cnosa: cipuii wyp; 3axucne 3a6apenents; KoIopomempuiHi napamempu; o6pooKa 300pajicenHs; mpackmopis cucmemu;
ouckpemui Mooeni OUHAMIYHUX cucmem; 6a3a OaHux
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