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IIaTTepHbl 1 MOJeNnn IIBeTeHIsI HeKOTOPbhIX BIIOB
ceMelictBa Campanulaceae Juss.
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T DepepanbHbIl viccneaoBaTeNbCKIA LEHTP VHCTUTYT LMTONOTUM 1 reHeTuKi CUBUPCKOro oTAeneHus Poccuiickoi akaaemum Hayk, HoBocu6npck, Poccua
2 LleHTpanbHbIli cnbupcknin 6otaHnuecknin cag Crnbrpckoro otaeneHna Poccuinckon akagemmnmn Hayk, HoBocnbrpck, Poccns

HacToswas paboTta noceaLieHa GpeHonoruy MHANBMAYaNbHOro LBeTe-
HVIS M MOCTPOEHMUIO Ha €€ OCHOBE CTPYKTYPHO-AVHAMUYECKIX MOJe-
new atoro npouecca. NpeacrasneHbl pesynbraTbl NCCIef0BaHUA GpeHo-
noruv useteHna Campanula bononiensis, C. sarmatica v Platycodon
grandiflorus. NMonyyeHHble AaHHble XapaKTepu3yloT GeHonornyeckue
NpV3HaKu (Bpems v NPOAOIIKUTENBHOCTb LIBETEHUS, [NINTENIbHOCTb
XKN3HU OTAENbHOIO LBETKA) 1 CTPYKTYpPHbIe (CTeneHb BeTBNEHNs
couBeTUA, ANVIHA OCeiA, YNCIIO LIBETKOB, MOPAAOK UX PacnycKaHus),
onuncbiBaKLMe LBETEHNE MOHOKapnuyeckoro nobera. CouseTus nsy-
YEHHbIX BUAOB YANIMHEHHbIE MHOFOLIBETKOBbIE, OTHOCATCA K XapaKTep-
Homy ans Campanulaceae nepexogHoOMy TUMY 1 OTAMYAKOTCA BbICOKOM
BaprabenbHOCTbIO BCEX CTPYKTYPHbIX MPMU3HAKOB. Pe3ynbTtaThl Habnto-
JeHn 6b1inm 06paboTaHbl CTaHAAPTHBIMY CTAaTUCTUYECKMMI MeToAaMU
1 CMOJIb30BANINCh AJ1 MOCTPOEHUA CTOXaCTUUECKMX KOMMbIOTEPHBIX
Mofenen uBeTeHUs No6beros, Mpu 3ToM NPOMyCKY B pAaax Habnoae-
HII BBl BOCCTAHOBIEHBI METOAOM MAKCVMManbHOTO NPaBaonoaoobus.
BbifiBNeHbl NaTTepHbI LIBETEHUA BUAOB, OOYC/IOBMIEHHbBIE Pa3iMunAMM
beHoNornyecKrx n CTPYKTYPHbIX MPU3HAKOB. [1oKa3aHo, uTo Gopmbl
KPVBbIX LIBETEHUA 3aBUCAT OT COrNAacOBaHHOCTY BO BPEMEHM pacnyc-
KaHWs LiBETKOB Ha rMaBHo ocu (1-ro nopsgKka) n 60KOBbIX 0CAX 2-TO
nopsgka. Y C. bononiensis Ha KpriBOW LiBETEHNA OTMEYaeTCsA OfMH He-
CUMMETPUYHBIN NIYK C YLUIMPEHUEM CNIeBa, AOCTUrAEMbIV NPV OfHOBpe-
MEHHOM pacnycKaHWM LBETKOB B BEPXHEN U HUMKHEN YaCTAX [NaBHOM
0CK 1 Ha GOKOBBIX OCAX B CPefIHel YacTu COLBETUSA, FAe LBeTK/ 1-ro
nopsfKa yxe otusenu (nocnegHue obecneunnu ywnpenwe). Y C. sar-
matica v P. grandiflorus KpviBble LiBeTEHWs1 ABYXMOJANIbHbIE, P 3TOM
nepBbIi MK 06YCNIOBIEH PAaCcNyCKaHNEM LIBETKOB Ha MMaBHOM OCy,

a BTOPOW — Ha 6OKOBbIX OCAX. [onyyYeHHble MOLENMN C eCTECTBEHHOM
BaprabenbHOCTbIO BOCMPOU3BOAAT KapTrHY LIBETEHUA NO6GErOB 1
MOTYT MPUMEHATLCA AJ1 MOAENMPOBAHMA LIBETEHUA MPYNMbl 0cobei
(nonynayuw), HanpumMep, Npu NaHAWadTHOM NPOEKTMPOBAHNM. B Kom-
6VHaLMN C BHELLHUMU MPOorpamMmMammn BU3yanu3auum nx MOXHO 1C-
nosib30BaTb AJIA 3anofHeHNA 6a3 AaHHbIX M306paXKeHU CUHTETUYe-
CKMX PacTeHUii Ha pa3HbIX CTafUAX Pa3BUTUSA, KOTOPbIE MPUMEHVIMBI,
Hanpvimep, AnA 06yyYeHns HeMPOHHbIX ceTell B 3ajadax GeHoTMNMpo-
BaHWA.

KnioueBble C/I0Ba: MAaTTEPHbI LIBETEHUSA; MOLENV LIBETEHMS;
Campanulaceae; no6er; couBeTune; 1eKOPaTUBHbIE MHOTONETHUKN.
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The present work is devoted to the phenology of indi-
vidual flowering and the construction of structure-dy-
namic models of this process on its basis. The results
of the study of the flowering phenology of Campanula
bononiensis, C. sarmatica and Platycodon grandiflorus
are presented. The data obtained characterize both the
phenological (time and duration of flowering, lifespan
of individual flowers) and structural features (degree
of branching of the inflorescence, length of floral

axes, number of flowers, order of their blooming) that
describe the flowering of a monocarpic shoot. Inflores-
cences of the species are elongated and multiflorous,
of the compound type inherent for Campanulaceae,
and characterized by a high variability of all structural
features. Observation data were processed by standard
statistical methods and used to construct stochastic
computer models of flowering shoots, while omissions
in data were restored by using the maximum likeli-
hood method. Flowering patterns of the species, due
to differences in phenological and structural features,
have been revealed. It has been shown that flowering
curves depend on the synchrony in the flowers bloom-
ing on the main (first-order) axis and lateral (second-
order) axes. C. bononiensis has one asymmetrical

peak with a broadening on the left, achieved with the
simultaneous blooming of flowers in the upper and
lower parts of the main axis and on lateral axes in the
middle part of the inflorescence, where the first-order
flowers have already finished blooming (they provided
the broadening). Flowering curves for C. sarmatica and
P. grandiflorus are bimodal, with the first peak being
due to the flowers blooming on the main axis and the
second one on lateral axes. The constructed models
reproduce the patterns of individual flowering well,
with natural variability, and can be used to simulate
the flowering of a group of individuals (population),
for example, in landscape design. In combination with
visualization tools, they can be used for augmenting
plant phenotyping datasets with rendered images

of synthetic plants for the purpose of training neural
networks in this field.

Key words: flowering patterns; flowering models;
Campanulaceae; shoot; inflorescence; ornamental
perennials.



BETEHHE — BaXKHEii111ee COObITHE B CE30HHOM LIUKJIE pa3-

BUTUS PACTEHUH, peajln3alysi KOTOPOTro B 3HAUYUTEIbHOM

CTETeHH OIPE/ICNACT PEIPOLYKTUBHBIH YCIIEX U CITY)KUT
OTHUM U3 KPUTCPUEB aJaliTallui BUJa K yCIIOBUAM O6I/lTaHI/IH.
DT0T mpolece MOXET N3Y4aThCsl HAa PA3HBIX YPOBHAX Opra-
HU3alUN — OPTaHHOM, WH/ANBHUIyaIbHOM, MOMYIISIIMOHHOM,
(PUTOLIEHOTHYECKOM, KaX/IbIi M3 KOTOPBIX XapaKTepH3yeTCsl
CBOMM Ha0OpOM 3asiady M METOAOB HccienoBanus (JleBuHa,
1981; Primack, 1985; JKmbutes u ap., 2009).

B unTpOonyxuuu qeKOpaTuBHBIX PACTCHUM LIBETCHUE U3Y-
gaeTcs TIIaBHBIM 00pa3oM Ha YpOBHE OCOOM WIIM TPYIIIBI
0co0eil M aKkIEHTHPOBAHO Ha MapaMeTpax, 00yCIOBIMBAIO-
KX JIeKOpaTUBHBIN ddeKT (CPOKH, MPOAOIIKUTEILHOCTh
Y UHTEHCHBHOCTB LIBETCHUS, [UIUTEILHOCTD )KU3HH LIBETKA,
CTPYKTYpa COLBETHH U MOPSAOK PACITyCKAHHSI B HUX LIBETKOB),
a TaKKe KOPPEeJSILMU 3TUX MapameTpoB Mex1y co0oW U ¢
9KOJIOTHYECKUMHU YCIOBHAMH. IIpu 3TOM (heHOIOrn4ecKu-
MH JaTaMH Hayaja U KOHILA L[BETCHHUs OTAEIBHOTO IBETKA
CUYUTAIOTCS BU3YaJIbHO PErUCTPUPYEMBIE AAThI PACITY CKAaHUS
U, COOTBETCTBEHHO, YBSIaHUs OKOJIOLIBETHUKA (BEHYHKA), a
Ha OoJiee BBICOKMX YPOBHSIX — JIaThl 3alIBETaHUS IEPBOTO U
nocyeaHero 1BeTkoB (Jlesuna, 1981).

OnHUM U3 CIIOCOOOB OIMMCAHMS AWHAMHUKH PAa3BUTHS Kak
PacTUTEIBFHOTO COOOIIECTBA B LIENIOM, TaK U OTJEIBHBIX Op-
raHOB PACTCHUA, ABJIAIOTCA q)eﬂonoruqecxne KPpUBLIC, OT-
paxkarole M3MEHEHUE TeX MM MHBIX IPU3HAKOB B TEUCHHUE
BereTallMoHHOro mepuona. Hanbospliee npuzHaHue cpequ
HUX TOJTYYUJIU KPUBBIC IBETCHUA, [TapaMETPhl KOTOPLIX: Bpe-
Ml HavaJa, CpeHss aTa, MaKCUMYM, TPOIOJDKUTEIILHOCTD,
CHHXPOHHOCTB 3allBETaHUs (JIUCIICPCHS) U ACUMMETPHS OT-
paxaror ¢uiorenernueckuii Tun nserenus (Rathke, Lacey,
1985). Pan nccnenoBareneii mpeIoKuiIA IPOTHOCTHIECKHE
MOJIETTH (hEHOJIOTHYECKOTO Pa3BUTHSA, BKIIOUAs I[BETCHUE,
JJI pa3jIMYHbIX TAKCOHOMUYCCKUX 1 6I/IOMOp(1)OJ'IOl"I/I‘leCKI/IX
rpynn pactenuit (Osawa et al., 1983; Chuine et al., 1998;
Blionis et al., 2001; Normand et al., 2002). IToka3ano, 4to
JUIsl TIONYJISIMY OOIIMI XapakTep KPUBOW [IBETEHHUS OIHCHI-
BaeTCsl KPUBOH TUIOTHOCTH 0OOOIIIEHHOTO aCHMMETPHYIHOTO
HOPMAJIBHOTO pachpeaeeH s, IUIs pacyeTa napaMeTpoB Ko-
TOPOTO MCIOJIb3YETCS METOJI MAKCHMAaJIBHOTO MPaBOIIO00Ms
(Clark, Thompson, 2011). BOoXBIINHCTBO CYIIECTBYIOIIIX
MOIENIEH ONMCHIBAIOT MTPOIIECC IBETEHHSI IMEHHO Ha yPOBHE
HOHyJIﬂI.lPIﬁ, TOTa KaK MOACIMPOBAHNIO UHAUBUAYAJIBLHOI'O
[[BETCHUS yANIAETCS HEIOCTaTOYHOEe BHUMAaHUE, 4TO OBUIO
OTMeYeHO B Kitaccuieckoit padore (Primack, 1985). Mexny
TeM (CHOJIOTHUS I[BETCHHUSI OOYCIIOBIICHA [IABHBIM 00pa3oM
9HIOT€HHBIMH (haKTOPaMH, HO CPOKH €0 HACTYIICHHS 1 IIPO-
JIOJDKUTEIIBHOCTD CYIIECTBEHHO 3aBHCSAT OT SKOJIOTHYECKUX
ycinosuii (Cepedpsikos, 1966; 3aiines, 1978; Ausin et al., 2005;
Erwin, 2007), mosTOMY aKkTyaJbHO W3yYeHHE 3TOTO SBICHUS
Ha OpraHM3MEHHOM YPOBHE.

WHTepec kK MOIEIIMPOBAHHIO Pa3BUTHS PACTEHUH Ha yPOB-
HE OTJEJIHOTO OpraHM3Ma CBs3aH TaKXkKe C pa3padoTKOil B
MOCJICTHUAE TO/IbI ABTOMATH3UPOBAHHBIX CUCTEM (DEHOTHIH-
pOBaHHUsI pacTEeHHH, KOTOPbIE OCHOBAaHbI Ha PACIIO3HABAHUU
obpazos (Li et al., 2014; Adonrnxos u ap., 2016; Zhang et
al., 2016; Carranza-Rojas et al., 2017). Boicokue 3arparsl Ha
cOOp ¥ aHHOTAIHIO OOJIBIINX 00HEMOB JaHHBIX, HCOOXOTUMBIX
JUIsl HACTPOMKHU [TapaMETPOB PACIIO3HAIOLLEN HEHPOHHOU CETH,
OTPaHUYMBAIOT PA3BUTHE NPHUIIOKEHNH B 3TOM obnactu. s
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CHIDKEHUSI OCTPOTHI MPOOJIEMbI MOXKHO HCIOJIBb30BaTh H30-
OpaskeHUs, TeHEpUpPyeMbIe KOMITBIOTEPOM B HEOTPAHUUCHHOM
KOJMYECTBE MO 3a/laHHON TPEXMEPHOW MOJENN pacTeHUs
(Ubbens et al., 2018). HecMoTpsi Ha HECOMHEHHbIE yCIIEXH
TPEXMEPHOTO MOJIEIMPOBAHMUSI, TTOJXOAbI, OCHOBAHHBIE Ha
MpaBHJIaX U OTPaHUUYCHHSX U HE Oa3UpYyIOIIHecs Ha peasTbHbIX
nmansbix (Prusinkiewicz et al., 1993; Deussen et al., 1998; Ijiri
et al., 2005), BpAa M MOXXKHO CYUTATh MOIXOMSIIAMH, ITO-
CKOJIbKY OHH HIMUTHPYIOT, @ HE BOCTIPOM3BOJISIT peajibHYO Ba-
pHadenbHOCTh PACTEHUH B CTPYKTYPE U JTUHAMHKE PA3BUTHSI.
Jist petienns 3Toi 3agauu 0osee IPUEMIEMBIMHE SIBIISIFOTCS
pa3BHBaeMbIC B MTOCIIEJHHAE TOABI ITOX0/bI, OCHOBAHHBIEC Ha
peanbHbix qaHHbIX (Neubert et al., 2007; Zhang et al., 2014;
Zheng et al., 2017).

Cpenn MHOT00Opa3us TPABSIHUCTBIX PACTEHUH, Oarogapst
BBICOKOW JICKOPATUBHOCTH U 3HAYUTEIILHOMY COJIEPIKAHHIO
Pa3IUYHBIX IPYIN OHOJIOTHUECKH AKTUBHBIX BEIIECTB, UH-
Tepec MPEJICTABISIOT BUABI CEMEHCTBA KOJIOKOJIBYMKOBBIX
(Campanulaceae Juss.) (Pactutenbhbie pecypcsl.. ., 1991; Xa-
numoBa, 2005; Scariot et al., 2012). []nsa cemeiicTBa xapaxrep-
HBI MHOTOIIBETKOBBIE COLIBETHS, CTPYKTYpa KOTOPBIX CIIOXKHAs
W BechbMa BapHadesbHas, 4To 3aTPy/AHSIET UX TUITH(UKALIUIO.
[To mueHutIo OonpmmHCTBA aBTOPOB (Ky3Herosa u nip., 1992;
Bukropos, 2000; Fomina, 2001; bano6anosa, 2017), oHn
MPHUHAJIEKAT K IEPEXOJHOMY THITY MEKIY PAllEMO3HBIMH U
IIUMO3HBIMH COIBETHSMHU. DTO MOATBEPKAACTCS HATUINEM
Yy HEKOTOPBIX BHJIOB 00OMX THIIOB COIIBETHH, CMEIIAHHBIM
XapaKTepoOM PacIlyCKaHUsl IIBETKOB, MHOTOIIBETKOBOCTbIO 0O-
KOBBIX oceil. B paMkax (hn3nOHOMITYECKOTO TIOIX0/a MPOCTHIE
congerusi Campanulaceae onmuChIBalOTCS KaK KHCTEBU/IHBIC,
a CJIOKHBIC — KaK MCTCJIBYAThIC. COLIBCTI/IH Yy npeacraBuTe-
Jel ceMelcTBa MOTYT OBITh 3aKPBITHIMHM, €CIIN IVIaBHAsl OCh
3aKaHYMBACTCS TEPMHUHAIBHBIM IIBETKOM, PEXKE — OTKPBITHI-
mu. [lopsigok pacnyckaHusi HIBETKOB B HUX HEOJMHAKOBBIN.
B npocThIX cOBETHSIX TIEPBBIM PACKPBIBAETCS TEPMUHATBHBIH
I[BETOK, BTOPBIM — [IBETOK, PACIIOJIOKCHHBII B HI)KHEH TPEeTH
couLBeTHs, JalibHelIIee paciyCKaHue aKpoleTalbHOe HIIH
JTUBEepreHTHoe. J[pyroii BapuaHT: MepBHIM 3a1BeTaeT Oa3ure-
TAJILHBIN MJIN PACIOJIOKCHHBIN B HIKHEH TPETH LIBETOK, Jajiee
TOPA 0K aKpOHeTaﬂbeIﬁ 50040 ﬂHBepFeHTHbIﬁ, HO TEpMHUHAJIb-
HBIA I[BETOK BCET/a omepexaer 2—4 HIKepacIIONIOKESHHBIX
[[BETKA. B CIOXHBIX cOIBETHAX OOIMIME 3aKOHOMEPHOCTH
HUBETCHUA COXPAHAIOTCA; Ha 60KOBbIX 0CiX TepMI/IHaﬂbelﬁ
I[BETOK PACKPBIBAETCS IIEPBBIM, JIaJIee PACITyCKaHHE HJIET, KaK
MIPaBUJIO, AKPOIIETAIBHO.

denonorus WHAWBUAYAJIbHOTO HBETCHUS paCTeHI/Iﬂ oripe-
JieTsieTcs TpaKoM pacilyCKaHHs IIBETKOB U JOJITOBEYHOCTHIO
OT/ICIBHBIX IIBETKOB, & TAK)KE 3aKOHOMEPHOCTSIMH, 00yCIIOB-
JICHHBIMHU CTPYKTYPOH COLIBETHH (CTEeTIeHb BETBICHNUS, ATTHHA
OOKOBBIX OCEH, YHCIIO IIBETKOB, MOPSIOK WX PACITYCKAHU).
HccnenoBanue 3THX apaMeTpoB BO B3aMMOCBSI3U 00ecTieun-
BaeT BO3MOXXHOCTb OCTPOCHUS CTPYKTYPHO-THHAMHYECKHX
MoJIeTiei IIBETEHUsI OCOOH HITH €€ CTPYKTYPHOW €IHMHHUIIBI —
nobera. Y TpaBSHUCTBIX MHOTOJICTHUX PACTCHUH NMEETCS B
By TIOOET C COLBETHEM, PA3BUBAIOIIMICS U3 ITOYKH BO300-
HOBJIEHHS B TEUEHHE OTHOTO BETE€TAIIMOHHOTO TIEPHO/ia 1 Ha-
3bIBAEMbIF MOHOKAPITHYECKHM.

Lenp Hacrosiieil paboThl — MOCTPOSHHE KOMITBIOTEPHBIX
MoJierieli, OCHOBAHHBIX Ha JAHHBIX HAOOAEHHNI 32 IIBETEHHEM
psina BunoB cemeiictBa Campanulaceae, u uccienoBaHue ¢

Systems biology



MaTTepHbl M MOAENM LIBETEHVA HEKOTOPbIX BUOB
cemeiictBa Campanulaceae Juss.

HX TOMOIIBIO MATTEPHOB LBETCHUS HA YPOBHE OTICIBHBIX
00Eros.

Matepuanbl u metogbl

OO0bekTamMu UCCIIE0BAHNUS TTOCITY KU KOJTOKOJIBINK OOJIOH-
ckuit Campanula bononiensis L., KOTOKOIBINK capMaTCKui
C. sarmatica Ker-Gawl. 1 IIMPOKOKOJIOKOJIBIUK KPYITHOIIBET-
koBblIii Platycodon grandiflorus (Jacq.) A. DC. U3 KOJUIEKIIUA
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JIEKOPaTUBHBIX PACTeHU npupoxHoi ¢utopsl LlenTpanbsHoro
cubnpcroro 6oranngeckoro canga CO PAH (HoBocubupck)
(puc. 1). D10 OpUTHHAIBHBIE KPACHBOIBETYIIIME MHOT'OJIET-
HUKH C IPOJOJDKUTEIBHBIM U OOMIIbHBIM IIBETCHUEM, BIIOJIHE
aJIalITUPOBAaHHbIE K YCIOBUSAM JIECOCTEIHOM 30HBI 3arman-
Hoit Cubupu (Pomuna, 2012). OHn XapaKkTepHu3yloTCs JIETHE-
LBETYIIMM (DEHOPUTMOTHUIIOM C JISTHUMH CPOKaMH Havaja
usereHust y Campanula (KOHEI| MIOHSI—CEpeIHA HIONS) U

Vo R

1-ro nopagka
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Puc. 1. O6wuin Bug cousetuin: a — Campanula bononiensis; 6 — C. sarmatica; 8 — Platycodon grandiflorus; e - cxema cougeTus
B cemeiictBe Campanulaceae (h,_lBH — BbICOTa L|BETOHOCA, hCLlB — BbICOTa CoLBETYUSA).
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Patterns and models of flowering
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no3aHeNneTHUME — y Platycodon (BTopast 1OJOBHHA HIONS).
YV Bcex BHIOB €KETOTHO (DOPMHUPYIOTCS YAJIHMHEHHBIE BETe-
TaTHBHO-TEHEPATHBHBIC MTOOETH ¢ TEPMHHAIBHBIMH MHOTO-
IIBETKOBBIMH COLIBETHUAMU.

Mop¢homerprueckre MoKa3aTeIn IBETCHUS U CTPYKTYpY
COIBETHH Ka)kKI0TO BHJA MCCIIEIOBAIN B TEUCHNE YEThIpeX-
mectu Jiet. [Ipy onmcanuy colBeTHii MCHoJIb30BaIK 001IIe-
MPUHSTBIE METOANYECKHE MoaAxo bl (PeopoB, APTIOLIEHKO,
1979; Kyznenosa u 1p., 1992). ®eHonornio HHIMBHIyILHOTO
1BereHust n3ydas B 2007 1. Ha TpeX Y4ETHBIX Mo0erax Kax/0-
ro Buaa. HabmoneHnst mpoBOANIN PETYISPHO, KaK MPaBHIIO,
Ka)kJple TPU JHS B TEUCHHE BCETO Iepruoja IBereHus. [l
Ka)KJIOr0 TeHEepaTHBHOIO OpraHa Ha rodere ormevainu (asbl
OyTOHM3anMK, HavYala [BETCHUs (pa3gBIKCHHE JIOMacTen
BEHYMKA), [[BETKa, KOHI[a I[BeTeHHs (YBsIaHUE U IOOypeHue
BEHUMKa) 1 3aBs13U (Hayasio hopmupoBanus rwioaa). Hymepa-
IS {BETKOB OCYIIECTBIIIACK TT0 TIOPSIIKY MX PACTIONOKEHUS
Ha TJIABHOM OCH COIIBETHSI CBEPXY BHH3, TOYHO TaK K& — Ha
OOKOBBIX OCSIX: KOPOTKUX — HBCTOHOXKaX U YIJIMHCHHBIX —
nmapakiaanusax (cM. puc. 1, 2). Ha ypoBHe mobera nuHamMuKy
[[BETEHHUS] OTMEYaJIN MO cieayomuM (eHodazam: Havdaso
(pacmyckaHue epBoro BETKa), MOTHOE [BETEHHUE (PacITyCTH-
JIOCh OKOJIO TIOJIOBHHBI IIBETKOB, TIOSIBUJINCH TIEPBBIC 3aBSI3H)
n koHerl (mocyenHue 1-2 nBeTka).

HpOHyU_[eHHI:Ie JAaHHBIC B Ha6J'IIOI[eHI/IHX BOCCTaHOBJICHBI
METOIOM MaKCHMAaJIFHOTO IMIPaBIOMOA00HS (CM. HIDKE), TIPH
9TOM MUHUMH3AIHS (PYyHKIIMH MAaKCUMaJILHOTO TPAaBI0IIOI0-
Ous BBHITIOJHEHA ¢ MoMoIkio anroputMa bpoitnena—dner-
gepa—lompadapba—Ilanno (BFGS), peannsoBanHoro B
oubmorexe GSL (Galassi et al., 2009). Bece rpaduku u
JMarpaMMbl MOCTPOCHBI B rpaduyeckoil yruaure gnuplot
(Williams, Kelley, 2013). Cxemarndyeckue CTPyKTYpHI TO-
0eroB MOJYYEHBI C MCIOIb30BAHUEM IaKeTa PACIIUPEHUS
TikZ nns cucrembl Bepctku nokymentoB LaTeX (Tantau,
2010). Bce pacueTsl, CBS3aHHBIE C TOTYYEHHEM CTAaHJAPTHBIX
CTaTHCTHYECKHUX MapaMeTpOB MOJIETIel U HENOCPEICTBEHHO
C MOJICTIMPOBAHUEM, CJICJIaHbl B OPUTHHAJIBHOW MPOrpaMme
Ha s3p1ke C++ B OC Linux.

BoccTaHoBIeHME NPONYLEHHbIX faHHbIX

CoOpaHHBIN HCCIETOBATEIBCKAN MaTepual IPeICTaBIsACT
€000 COBOKYITHOCTB 3aIMCeH, KaX1ast U3 KOTOPBIX BKIIIOYAET
3HaueHHUs1: WACHTU(UKATOD 1IBETKA, a3y pa3BuTus, AaTy Ha-
6mronennst. [TockosbKy HaOIIOAEHNS IPOBOAMIINCE B CPETHEM
pa3 B TpH JHS, TO M3 TAKUX JAHHBIX HEJIb3s OINPEAEICHHO
CKa3arh, KOIJ|a Hauyaiach M KOTJa 3aKOHYMJIACH Ta MM MHas
(haza pa3BUTHS KaXK10TO IBETKA. B mydmem cirydae n3BecteH
MIPOMEKYTOK BPEMEHHM MEXJy COCEIHUMHM JaTraMy HaOIrto-
JICHUH, KOTOPBIH CONEPKHUT AaTy CMEHbI (a3, a B XyJIIeM
Clyyae M3BECTHA TOJIBKO OJHA M3 TPAHMI] 3TOTO MPOMEKYT-
Ka. Bo3HMKaeT BONpocC, Kak yTOYHUTH UMEIOLIHUECS JaHHbIe
" MOJYYHUTH HaubOoJiee BCPOATHBLIC 3HAYCHUA CTAHAAPTHBIX
CTaTHCTHUYECKHUX MapaMEeTPOB, TAKUX KaK CPEIHEE 3HAUCHNE
MIPOJOJKUTENTLHOCTH KaXKI0H (ha3bl U ee CpeTHeKBapaTHy-
HOE OTKJIOHEHHE.

Crioco6 BOCCTaHOBIEHUS MPOIYIMIEHHBIX TAaHHBIX IMPO-
JIEMOHCTPUPYEM Ha TpHMepe Mpou3BoNIbHOI ¢a3sl ¢. [Tyt
MBI IMEEM MHOXKECTBO F 00BEKTOB, COCTOSIIIEE U3 IIBETKOB
BBIOPAHHOTO BHA PACTEHHH, 00IIINM 00HeMOM B /N 3IEMEHTOB.
Just mro6oro i-ro o0bekTa U3 MHOXKecTBa F y Hac nmerorcs
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cretyrolue nanuble: T — nocnennss gara, korya hasa ¢ s
o0beKTa i el He Habmozanack, 1) — nepsas nara, Korjaa 00b-
eKT I ObUT OOHApy’KEeH B 33/IaHHOM (hasze ¢, r(’) — HOoCIeHsAs
nara Habmonenus hassl @ u Tjj) — mepBas xata, Korma 00b-
eKT i OBUT OOHApYKEH B CIeIyIomel (ase pa3sBUTHSA ¢ # @.
To ecThb /U KaskI0r0 00BEKTa €CTh YEThIPE 3HAYCHHUS, MPE/I-
CTaBJISIONIME TpaHuLbl 1BYX uHTepBasios: [1\), )] — unrep-
BasT mosByIeHus hassl ¢  [tf), 1{j) ] — HHTepBaN 3aBepIIeHMs
dasbl . TakuM 06pa3zoM, MPOJOIKUTENLHOCTh (Bashl ¢ s
i-ro obbekTa cocrapmser ot i) — 1) 10 1f) — 1) nHeii.

JlomycTrM, 9TO TPOIOIDKUTETTFHOCTD At (basbl ¢ JUTs OOBEK-
TOB MHOeECTBa F MOI4MHAETCS HOPMATLHOMY pacrpeserie-
HUIO C IUIOTHOCTBIO BEpOSITHOCTH P(Af|l1G), C HEN3BECTHBIMU
CPE/IHMM 3HAYEHHEM |l U CPEIHEKBAIPATUYHBIM OTKJIOHEHH-
eM 6. JIiis MONydeHUs CTaTMCTHYECKUX MapaMeTpoB L U G
BOCIIOJIB3yEMCSl METOJIOM MaKCHMAJILHOTO TIPaBAONOI00HS.

Ecmu Hagano ¢assl 1715t i-ro 00beKTa MPOUCXOIUT B MOMEHT
spemenn 1) € [1%), 1] n 3aBepuienne — B MOMEHT BpeMeHH
@ e [1f], (’)] TO HPOIOKUTENBHOCTH (ha3bl paBHa Ar') =
= t(’) 0. Bepo;ITHOCTL HaGJIIOIEHUs TAKOTO CTydas CO-
racHo HOPMaJIbHOMY Pacrpe/ieicHHIO paBHa

@) _ () _
exp wa_u] _
\/2_7t 202

OneHka MOJTHON BEPOSITHOCTU TOTO, YTO Bce N 0OBEKTOB
Gy/LyT HMeTh 3a1aHHbIe s HuX 3HadeHus 1) u 1), paBua

P(t(’) 'c(’) |H, 0) =

N
P, e, 12,70, 200, I, ) = [P, 40, o)
F
Ionyuennas onerka epostroctu P(t(), 14, 1), 1§
), 100 |no) sBsercs dymnkimeit npaBuonouo6Ma }1.]'[51 ILaH-
HOIT 3a1a9n. Ee MaKCMMU3aIist OTHOCHUTENBHO HEM3BECTHBIX
3HAYEHMH MapaMeTpOB MO3BOJISAET HAHTH Takoe pacrpese-
JIeHHe, KOTOPOE HAMJTYUYLIMM COCOOOM ONMHMCHIBAET JJAHHBIE
HaOJTIONEHUT.
3aMeTHM, 9TO B BHIMUCIIEHUSAX yIOOHEH HCKATh HE MAKCH-
MyM ¢yHkuun P, a MunuMyMm sorapudma 310t hyHKIMHK C
00paTHBIM 3HAKOM, T. €. QpyHKIUH L,:

L, =~ (P!, o), <2, <2, ...

WA, pacKphIBast JOTapudM,

0 1 |, ),

L. = Nn(o) + L " (20 — ¢ _ p)2
, = Nln(c) FZ(T[, -t —p)~
0%i=1
Jlnst obecriedenns ycnoBus, uto nepemennbie 1) u 1) mpu-
Ha/UIeKaT U3BECTHBIM U3 HAaOIIFOICHNI BpEMEHHbBIM HHTEpBa-
nam: 19 € [1), 1] n ’C(é) € [r(ﬁll), rgg], J100aBUM K (yHKINH
L, perynspu3anMoHHbI YIeH Lreq BUJA

3 (12, if 10 <)
L — Creq
req 2

= M=

% (€02, if o>
o
0, otherwise
3 i) N2 e (D) i)
i; (r(é —rgf) ,if T <rf3’1
2 (it >
0, otherwise
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MaTTepHbl M MOAENM LIBETEHVA HEKOTOPbIX BUOB
cemeiictBa Campanulaceae Juss.

rae Koo huueHT perysispusanum Cieq > 0 ABIACTCS IPOM3-
BOJIGHBIM TOJIO)KUTENBHBIM BEIIECTBEHHBIM YUCIIOM. Pery-
NAPU3ALMOHHBIN uleH L, He BIMseT Ha 3HAUYEHME 1IeNeBO
dynxunn L =L, + L, ecan Bee kodbdummentsr ) u 1)
YIOBJIETBOPSIIOT HEOOXOIMMBIM YCJIOBHUSM, OJJHAKO 32 BBIXOJ
MEepEeMEHHbBIX M3 3aJaHHBIX JUAla30HOB HajaraeT Ha Hee
«mrpad» %Crqur%, KBaJPAaTUYHO 3aBUCAIIMNA OT «CTere-
HY HapyIeRus» At?.

Aprymentst {1, 1), 12, 1@, ..., 70, 1), u, o}, npu
KoTopbix (GyHKuMs L, HazpiBaemas Taioke (QyHKIHMEH Io-
Tepb, AOCTUIaeT MHHUMYMa, SIBJISIIOTCS PEIICHHEeM JaHHOI
3a/1a4H:

{0, 1@, 12,19, 1, 00, 1, 0} = argmin(L, + Lioy)-

Pe3yn bTaTbl N OﬁCY)KIJ,EH ne

OcobeHHOCTN LiBETEHUA
ITo pe3ynbTaraM HalIMX MHOTOJNIETHUX UCCIIEIOBAHUN CTPYK-
TYpBI COI[BETHH, MTOPSAKA PACITYCKAHUSA B HUX IIBETKOB, IIPO-
JIOJDKUTEIIBHOCTH IIBETECHMS OTJCIBHOTO IIBETKA U COL[BETHS
B I[€JIOM IOJTy4€HBI CIEAYIOIINE XapaKTePUCTHKHU BUJIOB.
Campanula bononiensis. ConiBeTre — 3aKpbITasi WIA OT-
KpBITast PpOHIyIe3Has KUCTh (CM. puc. 1, a). BeTBnenue no
oceill 2-ro mopsijika, Ha OTAEIBHBIX oOerax BO3MOXKHO (op-
MHUPOBAHNE SAMHUYHBIX O0Ceil 3-r0 MopsAaKa B HIKHEH YacTh
compeTust. YucIo y30B B 30HE COLBETHS BApUPYET B IIpe/ie-
nax 15-80. BepxHsist uacTb NIaBHOM OCH HECET IIBETKU TOJIBKO
I-ro mopsinka (829 mt.). [lanee Mo HampaBlIEHHIO BHU3 B
y3J1ax COLBETHS MOSIBIAETCS 110 1—5 OOKOBBIX I1BeTKOB. Dopma
KHCTH KOJIOCOBM/IHAS 3@ CUET CHJIBHO Y/UIMHEHHOM INIaBHOU
0CH, KOPOTKHX DOKOBBIX OCeil (IIBETOHOKEK) M CONMKEHHBIX
Y3JIOB COLBETHS. B penknx cirydasx OTMEYaeTcsi pa3BUTHE
YAJIMHEHHBIX OOKOBBIX Ocel (70 16 cM) B HIDKHEH 4acTH co-
[BETHSI, HECYIIUX 110 6—13 IBETKOB UM OJTUH BEPXYIIICUHBIN
IIBETOK. B mepBom ciydae mapruaibHOE COIBETHE MOXKET
OBITh KaK 3aKPBITHIM, TaK H OTKPBITHIM. [Ipy pa3BUTHI TPYIIIBI
VAJIMHEHHBIX MapakiaueB COLBETHE NmpuodpeTaet hopMy
KHCTEBHHO-METeNbIaroro. L{BeTenne HaunHaeTcest B CpeHei
YaCTU WIN HIDKHEH TPEeTU COLBETHS U PACIIPOCTPAHIETCS JTH-
BEPIE€HTHO, OJHOBPEMEHHO C POCTOM INIaBHOM ocH. L{BeTenue
MHOTOIIBETKOBBIX ITapaKJia/IeB akporeTanpHoe. Pacmyckanne
[[BETKOB APYKHOE: MAKCUMYM JIOCTUTAETCS CITyCTs 3—5 aHel
OT Hayala [BEeTeHHs; B a3y MOJHOTO LBETCHHS, B 3aBHCH-
MOCTH OT Pa3BUTOCTH COLBETHSA, OJHOBPEMEHHO PACKPHITHI
12-39 uBetkoB. IIpo1oKUTETEHOCTh AKU3HU OTHOTO I[BETKA
cocTaBisieT 2—4 JHS, MPOAOKUTENBHOCTD IIBETCHHSI 1O0Oe-
ra— 15-25 nuei.

3.C. DomuH
T.N. DomuHa

2018
22.7

Campanula sarmatica. Couperue — 3aKpbiTasi OTHOOOKasI
(hpoHayNIe3Has KUCTh, IPOCTasi WM C BETBICHHUEM OCEH 10
2-ro nopsiaka (cM. puc. 1, 6). B CIOXHBIX KHCTSIX BEpXHHE
3-9 1BeTKOB 1-ro nopsizika, HIKe 00pa3yroTCsi OOKOBBIE IIBET-
K1 B gmciue 1—2, 3arem B uncne 3-5, T. e. Hanbosee pa3BUTHIC
OokoBbIe ocH (10 13.5 cM ITHHO¥) pacTIONOKEHBI B HUKHEH
gacTu conpetust. [locnennee cocrout us 6—19 y3nos. [opsaox
[[BETEHHA [T0OETa Pa3INIHbIH, YacTo OazuneransHbIi. FHOTIA
[[BETEHHE HAYMHACTCSI C TEPMUHAIBHOTO [[BETKA, COITPOBOXK-
naeMoro 3—4 mBeTKaMHu B HMIKHEH TPETHU COIBETHS, Jaliee
WAeT AUBepreHTHO. Ha mapakiaisix mopsIOK IIBETCHUS CMe-
IIaHHBIA. B 1iesoM nBeTenue nodera pacTsHyTOE, IPH 3TOM
TEMIIbI paCIlyCKaHWs IBETKOB B BerHeﬁ IIOJIOBHUHE COLIBETUS
MOTYT CYIIECTBEHHO OTIEpPEKaTh WX TOSBICHUE B HIDKHEH.
JImTenbHOCTh KU3HU OJHOTO IL[BETKA COCTaBIseT 2—4 mHs,
MIPOIOJKUTENIBHOCTD IIBETEHUS mo0era — okoso 15 nHeil.

Platycodon grandiflorus. CouBetre — 3akpbiTas GpoHI03-
Hast KHCTh C BETBJICHHEM Oceit 10 2-To mopsizika (M. puc. 1, g).
Uwucno y3710B colBeTUs BapbupyeT B mpenenax 4—17. Ha
TJIABHOM OCH 10 30HBI BETBIICHHS Pa3BUBACTCS 2—5 I[BETKOB,
Ha OOKOBBIX OCSIX X YHCJIO He npeBbIimaeT 1-3. [Topsinok 1se-
TEHUsI BCeX ocel modera OasuneranbHblil. JIniib Ha TIIaBHON
0CH OTMEYAETCS HEKOTOPOE HAPYIICHHE TIOCIIET0BATEIbHOCTH
pacriryckaHus, Korna 1—3 1BeTKa Imoj TepMUHAIBHBIM OTCTAFOT
OT HMKEPACTIOJIOKEHHBIX IIBETKOB. XapakTep pacityCKaHUsI
MTOCTENECHHBIH, IPY 3TOM JUTHTEIEHOCTD KIU3HH OTHOTO I[BET-
Ka cocraBisieT 7—10 mHEH, T. e. 3HAYUTEIBEHO OOJIbIIE, YEM Y
Bun0B Campanula. T0 00yCIIOBIUBACT MPONOIKUTEIILHOE,
okoJ10 1.5 Mecsiia, nBeTeHHE oodera.

Hexoropsle noka3zarenu, XapakTepHu3yolye IBETeHUE H,
CJIeZIOBATEIbHO, JICKOPATUBHBIC KAueCTBa MCCICOBaHHBIX
BUIOB, IpHBeIeHBI B Tabn. 1. O0beM BBIOOpPKH IS pacdeTa
napameTpoB coctasisin oT 10 go 50 usmepenunii. Bapua-
0eIbHOCTB OOJIBIIMHCTBA MOKa3aTesnel Bbicokas. OcCoOOeHHO
9TO KAcCaeTCsl I10Ka3aTesied COLBETUN — UX BBICOTHI U YHMCIIA
I[BETKOB, TOT/Ia KaK pa3Mepbl [[BETKOB MEHEEe N3MEHYHNBBI.

Mopenu uBeTeHuA noberos

Bo3MOKHOCTD TOCTPOEHUSI CTPYKTYPHO-TUHAMUYECKUX MO-
JIeJICH BETCHUS TIOOCTOB OCHOBBIBACTCS HA METAMEPHOCTHU
OpraHu3alyuy MOCIEIHUX U HAJIUYUU YCTOMUUBBIX B3aMMO-
CBsI3el MEX/1y TIOJIO)KEHUEM 1IBETKOB B COLIBETUHM U BpEMEHEM
UX paciyckanus. B cuity BEICOKO# BapruaOSTbHOCTH BCEX MPH-
3HAKOB PACTEHUH B MPOIIECCE POCTA U PAa3BUTHUS, TIOTOOHBIE
MOJICITH HEU30EKHO SIBIITIOTCS CTOXACTUYCCKUMH, MPHYEM
HaOJFOIaeMbIC TIOBTOPSEMOCTH CTPYKTYPhI B HUX OIHCHIBA-
10TCSL QYHKIMSAMH PacIpeesIeHus CIIydaifHBIX BEJIUYHH, a

Ta6bnuua 1. MopdomeTpuuyeckre nokasatenu LeteHns sugos cem. Campanulaceae

MNokasaTtenb C. bononiensis
Mim ..................... | ,m (V%) ............
‘Boicoraugetoroca,cM 1117448  55-170(288)
‘Beicoracouserus,cm 00422 12-81(387)
Uncno usetkos 5 couseran,wr. 112+10  34-267(51.1)
Bb| c OTaBqu ,,, Ka c M ......................... 1 7210 02 ............. 1 5_20 (82) .......
vaverp senamka,cm 1746004 11-22(153)

CucremHas 6uonorus

C. sarmatica P. grandiflorus
Mim ..................... | ,m(v%)Mim ..................... | ,m(v%) .............
65323 36-9014)  497£25 3170215
m3:27 15-73(396)  164+18 835472
12i16_25(422)9114_16(429) ..........
308011 25-35(111)  528+0.18  37-67(147)
385£007  34-41(56) 7004030  45-91(17.9)
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Patterns and models of flowering
of some Campanulaceae Juss. species

Ta6nuua 2. CTpyKTypHble NapaMeTpbl yUYeTHbIX No6eros

Mokasatenb  C. bononiensis  C.sarmatica

P. grandifiorus

MpumeyaHue. n; - YNCno LIBETKOB Ha rnaBHow ocu (1-ro nopaaka); n, — y1c-
110 LIBETKOB Ha 0CAX 2-ro NopsAfKa; k, — cpejHee UncIo LIBETKOB Ha OCK 2-T0 M0-
PAAKA; Niyaor — CPEAHEE YNCIIO LIBETKOB Ha MMaBHOW OCK 0 30Hbl BETBNEHNA
COLBETUS; Npyypsc — CPEAHEE UMCINIO OCE 2-T0 MOPAAKA; Ngingle ~ CPEAHEE YMCTO
LIBETKOB Ha IM1aBHOW OCY HI>Ke 30Hbl BETBMIEHNA cOLBeTUA. [N Kaxgoro napa-
MeTpa NpUBEAEeHbl YCPeAHEHHbIE 3HAYEHNA NO YUETHbIM Nnoberam.

Ta6nuua 3. [MapameTpbl y4eTHbIX N06Geros,
CBAI3aHHbIE C LiBETEHMEM

Mokasatenb  C. bononiensis  C.sarmatica P. grandiflorus

MpumevaHune.n

start — MOPAAKOBbIV HOMep HeTEPMIHANbHOTO LIBETKa, 3aLiBe-
TalOLLETO MEPBbIM; Wy, — UNCIIO LBETKOB, OfJHOBPEMEHHO LBETYLX C Ny
Atierm — BPEMA OT Hayana LUBETEHUA N, A0 Hauana LBeTeHUs TepMrHab-
HOTO LiBeTKa (OTpuLaTeslbHOE 3HAUEeHVe O3HAYaAET, YTO TEPMUHATbHDIN LiBe-
TOK 3aLBeTaeT nepsbim); A, ~ BPEMA OT PaCMyCKaHNA Ny, AO PACMyCcKaHNA
NOC/Ne[HEro LBETKa Ha MaBHOW OCM BbllUe 30HbI BETBAEHUS; Aty — BPEMA
OT pacnycKaHuA Ny, AO PacrycKaHWA NOCNeHEro LBETKA HUXe 30Hbl BETB-
neHus; At, - Bpems OT pacrycKaHuA NepBoro LBeTKa Ha oCAX 2-fo nopagka
[0 LBETEHUA NOC/IEAHEr0 Ha TeX e 0CaAX; Atqy oy — CPEAHAR NPOJOIIKUTENb-
HOCTb »KN3HY O[HOTO LUBETKA; Aty q— CPEAHAA MPOAOIKNTENbHOCTb Pa3BUTUA
6yToHa. [lnA Kakaoro napameTpa NpuBeAeHbl YCPeAHEHHbIE 3HaYeHUA Mo
YYeTHbIM noberam.

B3aMMOCBSI3H «IIOJI0KEHHE IIBETKA—BPEMsI €0 pacirycKa-
HUS» — PErpecCHOHHBIMH 3aBUcHMOCTsIMH. Ocoboe moso-
JKeHHE B COLIBETHM 3aHHMAaeT TePMUHAJIBHBIN IIBETOK, pac-
ITyCKaHNE KOTOPOTO HE TOYNHSETCS] 3aKOHOMEPHOCTSIM, OT-
MEUEHHBIM JJIS1 OCTAJIBHBIX LIBETKOB, IOITOMY OH yUHUTHIBA-
€TCsl B MOJICNIU OTJIENBHO.

[TapameTpsl MonIeTN MOMyYEHBI CTAaTHCTHYECKOH o0pa-
OOTKOM MMEIOIIIErOCsT MAaCcCHBa JIAHHBIX HaOroneHui (Ooee
4300 KOHTPOJIBHBIX TOYEK) M MPEACTABIEHBI B BHJAE Map
M=o (cpenHee 3HaYEHHWE + CPEIHEKBAAPATHIECKOE OTKIIO-
HeHne). JIOmoNMHUTENbHO A KaXK/J0ro napaMeTpa yKa3aHo
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Ta6nuua 4. PerpeccrioHHble NapameTpbl y4eTHbIX Mo6eros,
CBAI3aHHbIE C AVHAMUKOW LIBETEHUSA

Mokaza-  C. bononiensis C. sarmatica

TeNb

P. grandiflorus

0.23+0.17 [37]
b, -0.68+0.04[187] -0.40%0.15 [40] 0.26+0.46 [37]

Mpumeuarune. KoapduumeHtol a n b B ypaBHeHuAxX perpeccun t = a + bx;
Aypr byp — KOG OULMEHTBI Perpeccum, onucbiBaloLer NOPSAAOK pacnyckaHus
LIBETKOB Ha rNaBHOW OCU1 COLIBETYIA BbILLE 30HbI BETB/IEHNSA, PacCUMTaHHbIE OT-
HOCUTENbHO Ny (CM. TabN. 3); dyown Ddown — TO K€, HUKE 30HbI BETBNEHNS;
a,, b, — Ko3pdnUMeEHTbI perpeccun, onucbiBaloLe NOpPAJOK pacryckaHua
LIBETKOB Ha GOKOBbIX OCAX, PacCYUTaHHble OTHOCUTENIbHO BPeMeHU Hayana
LIBETEHVA OCU.

YHCJI0 TOYCK /1, UCTOJIb30BAHHBIX I UX monydcHus. JlJis

TeX TMapaMeTpoB, MIPH pacyeTe KOTOPHIX OBLIO JOCTYITHO HE

Ooee Tpex TOYCK, MX YHCIIO He ykazaHo. B Tabm. 2 u 3 s

Ka)JIOTO MPU3HAKA YYETHOrO MoOera MpUBEACHbI MapaMeT-

PBI €T0 (PYHKIMH TIOTHOCTH pacIpefesieHIs, a B Ta0m. 4 —

HA00p KOA(h(UIIMEHTOB a U b THHEWHBIX PErPeCCHOHHBIX

OTHOIICHUH ¢ = a + bx U151 KaKI0! B3aUMOCBSI3U ITOJIOKCHHE

I[BETKAa X—BpeMsI €ro paciyckaHus ¢». [lapameTpsl Momenn

OTIHCHIBAIOT:

o CTPYKTYPY COILIBETHS YYSTHOTO [T0OETa — YHUCIIO IIBETKOB Ha
IaBHOM ocH (1-ro mopsizika), 9icio BETKOB Ha OOKOBBIX
ocsx 2-ro nopsiaka (cM. Taoim. 2);

o JIMHAMUKY [[BETCHHUS YYCTHOTO MOOETa — YHCIIO U JIOKAJIH-
3aIMI0 I[BETKOB, PACITYCKAIOIINXCS MEPBBIMU; IEPUOA OT
Hayaya [BETCHHS IMEPBBIX [IBETKOB 0 Hayaa [BETCHHS
MOCJICIHUX B PA3JIUYHBIX 30HAX COLBETHS; CPEIAHIOO TIPO-
JIOJDKUTEITLHOCTD JKU3HU IIBETKA (CM. Tao. 3);

o PETPECCHOHHBIC OTHOIICHHS MEXKIy BPEMCHEM pacITycKa-
HUS IIBETKOB Ha OCSIX 1-T0 ¥ 2-TO MOPSIIKOB M UX TOJIOXKE-
HHUEM B COIBETHH (CM. Ta0II. 4).

[Ipu mocTpoeHNN perpecCHOHHBIX 3aBHCUMOCTEH HCTIONb-
30BaJICh OTHOCUTEIIbHBIC BEIUYMHBI, KaK 10 MOJOKCHUIO
IIBETKOB, TaK ¥ 110 BPEMEHH PACITyCKaHU: MTOJIOKEHHUE I[BET-
KOB Ha TJIABHOM OCH OTCYHTHIBAIOCH OT HETEPMHHAIBHOTO
I[BETKA, 3aI[BETAOIICTO TICPBBIM; TOJIOKEHHUE IIBETKOB Ha OCSIX
2-ro TIOpsiiKa — OT IIBETKA Ha BEPXYIIKE OCH; BPEMS pacIry-
CKaHVsI I[BCTKOB Ha TIABHOW OCH — OTHOCHUTEIHHO BPEMEHHU
paciycKaHus TIEPBOr0 HETEPMUHAIBHOTO [BETKA; BPEMSI pac-
ITyCKaHMUS [IBETKOB Ha OCSIX 2-TO TIOPSIIKA — OT BPEMEHH pac-
ITyCKaHUs [IBETKA Ha BEPXYIIKE COOTBETCTBYIOIICH ocH. Bee
K03 (HUIHMCHTBI PErPECCUU MOIYUCHBI P HOPMUPOBAHUU
MacCCHBOB TOYEK K €IMHUYHBIM MHTEpBaJaM IO adcuucce u
opauHare. Vcnonp3yemMple HOPMHPOBKH TIO3BOJISTFOT MAKCH-
MaJIbHBIM 00Pa30M CBECTH APYT K IPYTY JaHHBIC C PA3THYHBIX
YYETHBIX TI0OETOB IPH 3aMETHOM CHIDKEHUH TUCTICPCHH,
KOTOpast 0CTAaeTCs HEYYTCHHOH PErpeCCHOHHBIMU MTPSIMBIMH.
Koodpuumentsr nerepmunanuu (R?), KOTOpbIE MOKA3BIBAIOT
JIOJTFO YYTEHHOU PErpeCCHOHHBIMU MPSIMBIMU AUCTICPCHH, [IIS
I[BETKOB HA IIABHOI OCH B 30HE BBIIIC MEPBOTO IBETYIICTO
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HETEPMUHAIIFHOTO [[BETKA PABHBI Rﬁp =1{0.742,0.927,0.774};

HA HHX K, HO B 30HE HIJKE 9TOTO LBETKA Riyy, = {0.880,

0.269, 0.386}; uTst LIBETKOB Ha OCsiX 2-ro opsiaka R3 = {0.354,

0.200, 0.035} — st C. bononiensis, C. sarmatican P. grandi-

florus coorBeTcTBeHHO. Bee paccunranuble K03 GHUINECHTHI,

32 €AUHCTBEHHBIM HMCKIIOYECHUEM R% st P grandiflorus,

3HAYUMBI IO f-KpuTeputo CThiofeHTa. 3HaueHUs K03 uIm-

CHTOB JICTEPMHUHAIINH ITOKa3bIBAIOT, YTO ITOCIIECI0BATEILHOCTD

pacnyCKaHus IBETKOB Yy BCEX UCCIICJOBAHHBIX BUJI0B TOJIBKO

B BEPXHEW YacTH COLBETHS C XOPOLIEH TOYHOCTBIO MOAYHU-

HSETCS IMHEHHOMY COOTHOIICHUIO, & B HHKHEH 9acTH | IS

[IBETKOB 2-TO MOPSIKA 3TU 3aBUCHUMOCTH OclabeBaroT (Tak,

s P grandiflorus 3anBeTanye BETKOB 2-TO MOPSAKA Xa0-

THUYHO).

HeCMOTpﬂ Ha TO YTO 4aCTh YUCTHBIX JaHHBIX OITUCBIBACTCA
ACHMMETPHYHBIMU PacTpeACICHUSIMU, B MOAEIH aCHMMET-
PpHYHOCTB He yuuThIBaeTcs. [lapameTpsl Mozeny, mosrydeHHbIC
U3 TaKUX paclpeielieHui, TTOMEYeHbl CUMBOJIOM «+». Jlo-
MOJTHUTENBHO CIEAYET OTMETUTD HAINYNE CHCTEMaTHIeCKOM
ommOku B mapamerpe Afy 4 (CpelHss IpoIoIKHTETEHOCTE
pasBuTHsa OyTOHA) B CHIJTY HEOINPEIEICHHOCTH JIaThl Hadaa
OyTOHM3aINH.

AJNTOPUTM TEHepaluy CIy4ailHOro MOAEIBHOTO rnodera
n3 QYHKIUN pacupeneCHUs U PErPECCHOHHBIX OTHOMICHHUN
COCTOHT U3 CICAYIOIINX IIaroB:

1) renepanyst CTpyKTypbI COLIBETHSI — YHCIIO IIBETKOB HA OCH
1-ro nopsaKa 10 30HbI BETBJIICHHUA COLUBETUA ninﬂorH HUXKE
OTOH 30HBI 11, |, TUCIIO OCEH 2-TO MOPAIKA 1y, M LIBETKOB
Ha Ka)K10H 13 HUX k| (eIMHUYHBIE IBETKM HA OCAX 3-TO MO-
psizika He ObUIM yUYTEHBI) COIVIACHO COOTBETCTBYIOIIUM
pacIpeneIeHusIM;

2) reHepaius mopsAKOBOr0 HOMepa HETEPMUHAIILHOTO 1[BET-
Ka, 3aL[BETAIOIIET0 MEPBBIM 71y, ., U YHCIIA LBETKOB W,
OHOBPEMEHHO L[BETYIIHNX C HUM;

3) U1 KaXJ10To 1BEeTKa (criepBa JuIsl BCeX LBETKOB 1-ro mo-
psiaKa, 3aTeM JJIs IBETKOB 2-TO MOPSIKA):

a) TeHepanys JaThl Hadaja MBETCHUS £y, ., 9TO BKIIOYACT:
— pacyeT OTHOCHTEJIBHOTO PACCTOSHHS X /IO I[BETKa,

IBETYIIETO IEPBLIM;

— BBIOOP PErpecCHOHHOTO OTHOLIEHHUS B 3aBHCUMOCTH
OT 30HBI JIOKAJIN3AIHY;

— TIOIIy4eHHE JJOIyCTUMOTO AMara3oHa U reHeparys ciy-
YaiHOM JaThl HAYaj1a LIBETEHHUA £y, . B 9TOM JUAIIa30HE;
0) renepanys OPOAOIKUTEILHOCTH KU3HU Aty
B) reHepalys MpOAOJDKUTEIBHOCTH (a3bl OyTOHM3ALUU

At, 4 ¥ YCTaHOBKa JIaThl €€ Hadajaa IIyTeM OOpaTHOro
CIBHUTa OT JaThl HaYa/la IBETCHMUS ]

4) mpoXOXKJeHHE TI0 IUKIY BCEX BO3MOXHBIX JaT Pa3BUTHUS
mo0era 1 3BJICUYEHHE Ha KXKITYTO MaTy TeKyIei Gpenodaspr
JUISL KaJKI0TO I[BETKA (B CIydae HEOINPEACICHHOCTH (a3bl
JUISl pAaHHUX JIaT CYMTAETCs, YTO OYTOH erie He copmu-
poBaJicsi, a IS TTO3IHUX JaT — YTO OH Tepemren B (azy
3aBsI3bIBAHMS TUI0/A).

[IpoBepka aJieKBaTHOCTH IOy 4E€HHON MOJICIIH CJIeJIaHa ITy-
TEM CPaBHEHHS KPUBBIX [[BETCHHS, TIOTyYCHHBIX U3 YUETHBIX
JIaHHBIX ¥ MOZIETIMpOBaHKEeM. J1JIst MOIENTMpPOBAaHHUS HCTIONB30-
BaJIMCh BbIOOpKH 13 1000 ciryyaifHbIX MOJCIBHBIX TOOETOB.
Pa3mep BBIOOpKHM TOmOWpacs TaKuM, 9YTOOBI 00eCIIeUnTh
MOBTOPSIEMOCTD XapaKTepa KPUBBIX [[BETCHHUS, [TOCTPOCHHBIX
Ha pa3HbIX BbIOOpKax. HaOop MaHHBIX, HCOOXOMUMBIX IS
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MOCTPOEHUS TUarpaMM U CXeM I[BETeHHsI (MacCcHuB 3aIluceH,
OTIPEISIISIONTIH JIOKATN3AIINI0 KaXKI0TO I[BETKa Ha To0ere 1
Ha KXy 1aTy — (ha3y ero pa3BUTHS ), MOIYJaJICs yCpPeTHE-
HUEM. KpI/IBLIe HIBETCHUS MMOJYYECHbI CYMMHUPOBAHUEM YU CJIa
PaCKPBITHIX IBETKOB HA KAXKIYIO AaTy. Pe3ynbrarsl pacueToB
s C. bononiensis, C. sarmatica u P. grandiflorus, BKitrodast
TaKXKe JUIsl CPaBHEHUs Pe3ysibTaThl HAOIIOJCHUN YUYETHBIX
M0OETOoB, TPE/ICTAaBICHBI Ha pHC. 2—4.

Ha Bcex pucyHKax s AHarpaMM U KPUBBIX I[BETCHUS UC-
MOJIB3YETCsI €IUHASI OCh A0CIIMCC, HA KOTOPOH yKa3aHO BPEeMs
B IHSAX OT Ha4aja [[BeTeHNs modera. KpuBbie 1IBETEHUS MPH-
BSI3aHBI K JICBOW OCH OPJIMHAT, TOKA3BIBAFOT YMCIIO OTKPBITHIX
IIBETKOB I’lf Ha 3aJIaHHYIO J1aTy U NOJIYYCHBI CIIIA)KUBAHHUEM C
TTOMOIITHIO KyOMUEeCKUX CIUTAaiHOB. J{narpaMMBbl IPHBSI3aHEI K
MIPaBO OCH OPIMHAT U YKa3BIBAIOT THAITA30HBI AT I[BETCHUS
Ka)JIOTO IIBeTKA. 3HAUCHUs HA MPaBOW OCH OpIuHAT, 000-
3HAYAIONINEe HOMEpa I[BETKOB, BO3PACTAIOT B HAINIPABICHHUH
CBEpXY BHHU3, MTOCKOJIBKY WX HyMeEpalus HAauMHACTCS OT
TEPMUHAJILHOTO LBeTKa. Hauano userenus ¢, orMedaercs
KPY’KKOM, a €T0 MPOJOIKUTEITBHOCTD Af — OTPE3KOM COOTBET-
CTBYFOIICH JTHHBL [[BeTKH, TOKaIM30BaHHbBIC HA TTOOerax 1-1o
1 2-T0 TIOPSIAKOB, TOTIOJIHUTEIHHO PA3IUYaIOTCS C TOMOIIIBIO
BepxHero nHaekca i = {1, 2}. [[BeTkH, JIOKaTN30BaHHBIC HA
moberax 2-To MOpsIKa, IPUBS3AaHBI [0 OCH OPAHMHAT K CO-
OTBETCTBYIOIIEMY HOMEpY IIBeTKa 1-ro mopsnaka. B mpaBoit
4acTu puc. 2—4 MpUBEICHBI CXEMBI COIIBETHH TEX jke TOOETOB
B IWHAMHKE [IBETCHHS: d — HA4alo, b — MOJHOE, ¢ — KOHEII.
B s1eBo#i uacTH prCyHKOB clieiaHa puBsi3ka (a3 BeTeHus 110
JlaTaM K KpUBBIM I[BeTeHUs. CXEMBI COI[BETHI UCTIONB3YIOTCS
JUTS BU3YaJTU3aIlX PE3yIbTaTOB HAOMIOICHUH 1 TAHHBIX, CTC-
HEPUPOBAHHBIX MOJCIIBIO. che):LHeHI/le JAHHBIX IJI5I MOACJIb-
HOTO TIo0era MPUBOANUT K CHIDKCHUIO YPOBHA JCTaTH3aINN
KPUBBIX [[BETCHUSI.

C. bononiensis (puc. 2). Habnromaercst KaueCTBEHHOE COB-
MaJeHUe AUarpaMM M KPUBBIX [[BETECHUS IS YYETHOTO U
MOJICITFHOTO TI0OETOB C KO3 PHUITHCHTOM KOPPEIISAIIUU MEKITY
kpuBbiMH 11BeTeHust 0.83. OOmmii xapakrep KpuBO#l 1BeTe-
HUS — OJJTH HECUMMETPUYIHBIN ITHK C YITHPeHNEeM (110 3 1Hei)
C JICBOW CTOPOHBI. YIIHPEHHUE O0YCIOBICHO PACITyCKaHHEM
LIBETKOB, JIOKaJIM30BaHHbIX Ha INIaBHOM ocu couserus. [Iux
JIOCTUTAETCS TIPHU OTHOBPEMEHHOM PACIyCKAaHUH IIBETKOB B
BEpXHEH U HIKHEH YaCTSX IIAaBHON OCH M Ha OOKOBBIX OCSIX
B CpelHEeH 4acTu COIBETHsI, I7Ie I[BETKU |-ro mopsiaka yxe
orgend. [Ipu ’TOM MaKCHMyM IIBETEHHS CMEIICH K KOHILY
KPUBOH; MEPUO]] OT Hadasla IBETCHUS 10 MAKCUMyMa PaBeH
10 gHsiM, @ OT MAaKCUMyMa JI0 KOHIIA IIBETEHUS — 4.

C. sarmatica (puc. 3). Habnrogaercsi KadeCTBEHHOE COB-
MaJCHUE JUarpaMM M KPHUBBIX [[BETCHUS IS YYCTHOTO U
MOJIEJIEHOTO TO0OETOB ¢ KO3(QGUIUEHTOM KOPPEIISIIN MEKITY
KkpuBbIMH 1BeTeHIsI 0.77. O0muii XapakTep KpUBOH IIBETCHUS
JIBYXMOJQJTbHBIH, TPUYIEM MEPBBINA MUK 00YCIOBJICH I[BCTCHH-
€M TJIaBHOHM OCH, a BTOpPOW — oceil 2-ro nopsiaka. B cioyuae
MPOCTON KHUCTH KPHUBAs IBETCHUS OydeT OIXHOBEPIIMHHOMN.
Pacmyckanue pacTsHyTOE, IOCKOIBKY IIBETKH Ha OOKOBBIX
OCsIX 3al[BETAIOT IOCJIe TOro, Kak OoJblllas 4acTh UX Ha
TIIABHOM ocH oTIBerna. V3-3a OTCYTCTBHS HAIOKEHHS ITHKOB
XapakTep KPUBOH IIBETCHUS 3aMETHO OTIIMYACTCS OT TAKOBOU
st C. bononiensis. MakCUMyMBbI I[BETCHUSI HE CMEIICHBI, C
PaBHBIMH TIPOMEXyTKamMu (4 JHS) OT Ha4daya IBETCHUS 10
MEPBOTO MaKCMMyMa, OT MEPBOTO MaKCMMyMa JO BTOPOTO
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Puc. 4. [Juarpammbl 1 KpuBble LBeTEHUA (cieBa) U cxembl couBetusa (crnpasa) P. grandiflorus pna yuetHoro nobera (A)

1 mogenbHoro (b).

M OT BTOPOTO MakCHMyMa JI0 KoHIIa IiBeTeHus. CoBmaaeHne
MEXIy CTPYKTypaMH YYETHOTO W MOJEIBHOTO MOOETOB He-
CKOJIBKO XyXke, yeM y C. bononiensis. He BoCIipou3BoAUTCS
TIPOTIOPITHS B UUCIIE IIBETKOB HA OCSIX 2-TO MOPSAKA B BEpXHEH
Y HIDKHEH 9acTsX COIBETHS. DTO CBSI3aHO C IIPOCTOTON MOJIC-
JIh, B KOTOpyIO HEC 6bIJ'II/I BKJIKOYCHBbI perpeccym, OIMIUCBhIBAIOIIIHNEC
MOAOOHYIO 3aBUCHMOCTb.

P. grandiflorus (puc. 4). HaOmonaercst kauecTBEHHOE CO-
BIIaZICHUC ZlI/IanaMM u KpI/IBI)IX OBETCHUA OJId yquﬂoro u
MOZeTTFHOTO 1M00eroB ¢ KoddduureHToM Koppemaauu 0.65.
OO0mmii XxapakTep KpUBOW BeTeHUS, Kak u it C. sarmatica,
JByXMozaibHbli. [lepBbiii MK 00yCIIOBJIEH paciycKaHHEM
I[BETKOB 1-TO MOpsIIKa, BTOPOU — IIBETKOB HAa OOKOBBIX OCSIX.
B omimume ot C. sarmatica, oTMedaeTcs CHIIbHAS 3a7epiKKa
[[BETCHUS BCETO MoOera Mocjie pacinyCKaHus TePMUHAIBHOTO
1BeTKa. [IepBrIii MaKCHMyM CMEIIeH Ha 28 IHEH oT Havasa
[BETCHUS, TICPUOJ] MEKITy THKaMH paBeH 12 IHsAM, Torma
KaK [EePHUOJI OT BTOPOI'0 MaKCUMyMa JI0 KOHIIA [IBETCHHUS CO-
CTaBIIIET BCETO 4 JTHS.

3aknioyeHue

HWccrenoBana WHIMBHAyATbHAsT (DCHOIOTHS [[BETCHHUS Tpa-
BSIHHCTBIX MHOTOJIETHUX pactenuii Campanula bononiensis,
C. sarmatica v Platycodon grandiflorus B cBsI31 ¢ 0COOEHHO-
CTSIMH CTPYKTYPBI COIIBETHIA. BBISBIICHBI TATTEPHBI [[BETCHHS
BUJIOB, XapakTepu3yeMble (DEHOIOTHYECKUMH MPHU3HAKAMHU
(BpeMst ¥ IPOIOIDKUTEBHOCTD [IBETEHUSL, JUTUTETLHOCTD KU3-
HH OT/ICJTBHOTO I[BETKA) ¥ CTPYKTYPHBIMH (CTETICHE BETBIICHHS
COIBETHSI, JUIMHA OOKOBBIX OCEHU, YUCIIO I[BETKOB, MOPSIOK

CucremHas 6uonorus

ux pacmyckanus). C UCHONB30BaHUEM ITHUX TapaMeTpPOB
MOCTPOCHBI KOMITBIOTEPHBIC MOJICIN LIBETEHHS CTPYKTYpPHOI
SIMHUIIBI 0COOU — MOHOKAPIHUECKOro rmobera. OCHOBaHHEM
JUISL TIOCTPOCHMS TaKUX MOAENEH SBISIOTCS, BO-TIEPBBIX,
METaMepHOCTh Tobera u ero (UIOpaibHOW 30HBI, KOTOpas
onuchBaeTcsl GYHKIHUSIMU pacrpeiesieHus CllydaiiHbIX Be-
JMYHH (CTOXaCTUYIECKHN); BO-BTOPBIX, HAJIMUNE YCTOWINBBIX
B3aUMOCBSI3€H MEX/1y MOJOKCHHUEM I[BETKOB B COLBETHU M
BPEMCHEM HUX pacCIlyCKaHUs, OITUCBIBAEMOEC PEIrPCCCUOHHBIMHA
3aBUCHMOCTSIMH.

Co3nannble Ha 6a3e peanbHbIX TAHHBIX MOJICIIH C €CTEeCT-
BEHHOW BapHaOeIbHOCTHIO BOCIIPOU3BOSAT KapTHHY L(BETE-
HUS TT00ETOB 1 MOTYT OBITh pacmupeHsl. Hamprumep, BO3MOX-
HO MOJICIIMPOBAHKE [[BETEHHS TPYIITBI 0COOeH (MOMyIISIHN)
[IpY [IPOCKTUPOBAHUU JEKOPATUBHBIX KOMIIO3ULUHI IIyTEM
TeHEpaI MHOXKECTBA NMOOETOB M PA3IMUYHBIX JaT Hadajia
[BETEHMS Ul HUX. Ha OCHOBaHMM CreHEpHPOBAHHBIX CXEM
COLIBETHI1 C MCIOJIb30BAaHUEM ITPOTPAMM BU3YAJIN3AIMU BO3-
MOYKHO TIOCTpPOEHHE 0a3 JaHHBIX CHHTETHYECKUX H300pa-
JKEHUH, KOTOPbIE MOTYT MPUMEHATHCS IISL PSAa 3a/1a4, B TOM
qucIie 4715l 00y4eHUs] HeWPOHHBIX CETel B aBTOMaTH3UPOBAH-
HBIX cucTeMax ()eHOTUNHMPOBAHMS PACTEHUIl, OCHOBAHHBIX
Ha paclio3HaBaHWU 00pa30B. KpuBbIe IIBETEHUS OTPAXKaIOT
9HJIOTEHHYIO PUTMHKY 3TOTO MPOIECCa y MCCIEAO0BAHHBIX
BUJIOB, HO PEaIN30BAHHYIO IIPU aJaNnTallld K KOHKPETHBIM
9KOJIOTHUECKNM YCIIOBHSIM, ¥ IOTOMY MOTYT pacCMaTpuBaThCs
KaK HOBBIN (DEHOTHIMYECKUH MPHU3HAK ISl ONUCAHUsSI OHO-
Mopd. Vcnonp30BaHHBIE B pabOTe METOAMUECKUE TTOIXOIBI
MPUMEHHUMBI JUISL TIOCTPOCHHS MOJIENICH IIBETEHUS JAPYTHX
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TIOJIE3HBIX PACTEHHI B paMKaxX U3y4eHHs U COXpaHeHHs OHo-
pa3Ho0Opasms.

bnarogapHocTn

[Ipn moaroToBKe cTaThu MCIOJIB30BAIUCH MaTepuaiisl buo-
pecypcnoi HayuHoii koyutekinu LHCBC CO PAH, YHY «Kon-
JICKIITUHU )KUBBIX paCTeHHﬁ B OTKPBITOM M 3aKPBITOM I'PYHTEY,
USU 440534. Pabota BBITIOTHEHA B paMKaX TOCYIapCTBEHHBIX
3aganuii Ne 0312-2016-0003 n 0324-2018-0017.

KoH$nuKT nHTepecos
ABTOpI)I 3asBIJISIOT 00 OTCYTCTBHUU KOH(l)J'II/IKTa HUHTEPECOB.

Cnucok nutepatypbl / References

AdonnnkoB J[.A., I'enaece M.A., JlopomkoB A.B., Komsrmes E.I,
IMmennunnkosa T.A. MeTo/1bI BBICOKOMPOU3BOIUTEILHOTO (DEHOTH-
NHUPOBAHMSI PACTEHUH JUIl MACCOBBIX CEJIEKLIIMOHHO-TEHETHYECKUX
skcriepumMenToB. [eneruxa. 2016;52(7):788-803. DOI 10.7868/
S001667581607002X. [Afonnikov D.A., Genaev M.A., Dorosh-
kov A.V., Komyshev E.G., Pshenichnikova T.A. Methods of high-
throughput plant phenotyping for large-scale breeding and genetic
experiments. Russ. J. Genet. 2016;52(7):688-701. DOI 10.1134/
S1022795416070024.]

banobanosa H.I1. BapuaGenbHOCTh paciyCKaHMsi COIBETHI HEKOTO-
pbix npencraButenei cemeiictBa Campanulaceae Juss. Ectects. n
TexH. Hayku. 2017;10(112):11-14. [Balobanova N.P. The variability
of inflorescence opening in some representatives of the Campanu-
laceae family. Estestvennye i Tekhnicheskie Nauki = Natural and
Technical Sciences. 2017;10(112):11-14. (in Russian)]

Buxropos B.I1. Mopdosorus 1 0CHOBHbIE HAalpaBJI€HUs! SBOJIIOLMHU CO-
usetuit B pope Campanula (Campanulaceae). Boran. sxypr. 2000;
4(85):80-90. [Viktorov V.P. Morphology and the main directions of
the evolution of inflorescences in the Campanula (Campanulaceae)
genus. Botanicheskii Zhurnal = Journal of Botany. 2000;4(85):80-
90. (in Russian)]

JKwmpies [1.1O., Kapmyxuna E.A., )Kmbemesa A.I1. Bropuunoe nBere-
HME: MHIYKUMS W HapylieHue pa3Butus. JKypH. oOui. OHOJIOTHH.
2009;70(3):262-272. [Zhmylev P.Yu., Karpuhina E.A., Zhmyle-
va A.P. Secondary flowering: induction and development abnormali-
ties. Zhurnal Obshchey Biologii = Journal of General Biology. 2009;
70(3):262-272. (in Russian)]

3aiine ["H. ®eHonorust TpaBsHUCTBIX MHOrojeTHHKOB. M.: Hayka,
1978. [Zaitsev G.N. Phenology of Herbaceous Perennials. Moscow:
Nauka Publ., 1978. (in Russian)]

Kysunenosa T.B., Ilpsixuna H.U., SIxosnes I.I1. Couserus. Mopdoiio-
ruyeckas kinaccudukanums. CI16., 1992. [Kuznetsova T.V., Pryakhi-
na N.I, Yakovlev G.P. Inflorescences: Morphological Classification.
St. Petersburg, 1992. (in Russian)]

Jlesuna P.E. PenpoaykruBHast 6uosorusi ceMeHHbIX pactenuit: O030p
npobnemsl. M.: Hayka, 1981. [Levina R.E. Reproductive Biology of
Seed Plants: a Review. Moscow: Nauka Publ., 1981. (in Russian)]

Pacturensusie pecypcsl CCCP: LIBeTKOBBIE pacTeHHS, NX XUMUUECKHN
cocra, wucnonb3oBanue. CemeiictBa Hippuridaceae—Lobeliaceae.
Orts. pen. I1.J1. Coxonos. CI16.: Hayka, 1991. [Sokolov P.D. (Ed.).
Plant Resources of the USSR: Flowering Plants, Chemical Com-
position and Use. Families Hippuridaceae—Lobeliaceae. St. Peters-
burg: Nauka Publ., 1991. (in Russian)]

Cepe0psikos M.I. CooTHoOLIEHHE BHYTPEHHUX M BHELIHUX (haKTOPOB B
rOJMYHOM PUTME pa3BUTHs pacTeHuil. boran. xxypH. 1966;51(7):923-
938. [Serebryakov 1.G. The ratio of internal and external factors in
the annual rhythm of plant development. Botanicheskii Zhurnal =
Journal of Botany. 1966;51(7):923-938. (in Russian)]

Denopos An.A., Aptionrenko 3.T. Ariac 1o onucareabHOR MOpgoIo-
run Beicimx pacrenuit. Couserue. JI.: Hayka, 1979. [Fedorov ALA.,

854 VavilovJournal of Genetics and Breeding - 2018 - 22 - 7

E.S. Fomin
T.I. Fomina

Artyushenko Z.T. Atlas on the Descriptive Morphology of Higher
Plants: Inflorescence. Leningrad: Nauka Publ., 1979. (in Russian)]
®omuna T.M. bronoruueckne 0COOCHHOCTU JAE€KOPATHBHBIX PACTEHHUMH
npuponHoii ¢ops! B 3anagnoit Cubupu. HoBocubupek: Akan. usj-
Bo «I'eo», 2012. [Fomina T.I. Biological Features of Ornamental
Plants of the Natural Flora in Western Siberia. Novosibirsk: Geo

Publ., 2012. (in Russian)]

Xanunosa M. Konokonsunku. M.: ACT, 2005. [Khalipova G.I. Bell-
flowers. Moscow: AST Publ., 2005. (in Russian)]

Ausin 1., Alonso-Blanco C., Martinez-Zapater J.-M. Environmental
regulation of flowering. Int. J. Dev. Biol. 2005;49:689-705. DOI
10.1387/ijdb.052022ia.

Blionis G.J., Halley J.M., Vokou D. Flowering phenology of Campa-
nula on Mt Olympos, Greece. Ecography. 2001;24:696-706.

Carranza-Rojas J., Goeau H., Bonnet P., Mata-Montero E., Joly A. Go-
ing deeper in the automated identification of herbarium specimens.
BMC Evol. Biol. 2017;17:181. DOI 10.1186/s12862-017-1014-z.

Chuine 1., Cour P., Rousseau D.D. Fitting models predicting dates of
flowering of temperate-zone trees using simulated annealing. Plant
Cell Environ. 1998;21:455-466.

Clark R.M., Thompson R. Estimation and comparison of flowering
curves. Plant Ecol. Divers. 2011;4(2-3):189-200. DOI 10.1080/
17550874.2011.580382.

Deussen O., Hanrahan P., Lintermann B., Mé&ch R., Pharr M., Prusinkie-
wicz P. Realistic modeling and rendering of plant ecosystems. Proc.
of the 25th Annual Conf. on Computer Graphics and Interactive
Techniques SIGGRAPH “98. Orlando, USA, 19-24 July, 1998;275-
286. DOI 10.1145/280814.280898.

Erwin J. Factors affecting flowering in ornamental plants. In: Ander-
son N.O. (Ed.) Flower Breeding and Genetics (Issues, Challenges
and Opportunities for the 21st Century). Springer, 2007;7-48.

Fomina T. Biomorphological peculiarities of flowering of some Cam-
panula L. species under the culture. Proc. of the 9th Int. Conf. of
Horticulture. Lednice, Czech Republic, 3—6 Sept. 2001;2:434-437.

Galassi M., Davies J., Theiler J., Gough B., Jungman G., Alken P.,
Booth M., Rossi F., Ulerich R. GNU scientific library reference
manual (3rd ed.). 2009. http://www.gnu.org/software/gsl/

Ljiri T., Owada S., Okabe M., Igarashi T. Floral diagrams and inflo-
rescences: Interactive flower modeling using botanical structural
constraints. ACM Trans. Graph. 2005;24(3):720-726. DOI 10.1145/
1073204.1073253.

Li L., Zhang Q., Huang D. A review of imaging techniques for plant
phenotyping. Sensors. 2014;14(11):20078-20111. DOI 10.3390/
s141120078.

Neubert B., Franken T., Deussen O. Approximate image-based tree-
modeling using particle flows. ACM Trans. Graph. 2007;26:3-8.
DOI 10.1145/1276377.1276487.

Normand F., Habib R., Chadoeuf J. A stochastic flowering model
describing an asynchronically flowering set of trees. Ann. Bot.
2002;90(3):405-415. DOI 10.1093/a0b/mcf204.

Osawa A., Shoemaker C.A., Stedinger J.R. A stochastic model of bal-
sam fir bud phenology utilizing maximum likelihood parameter esti-
mation. Forest Sci. 1983;29(3):478-490.

Primack R.B. Patterns of flowering phenology in communities, popula-
tions, individuals, and single flowers. In: White J. (Ed.) The Popu-
lation Structure of Vegetation. Handbook of Vegetation Science.
Vol 3. Springer, Dordrecht, 1985;571-593. DOI 10.1007/978-94-
009-5500-4_24.

Prusinkiewicz P., Hammel M., Mjolsness E. Animation of plant deve-
lopment. Proc. of SIGGRAPH 93. Anaheim, California, 1-6 August.
1993;351-360.

Rathke B., Lacey E.P. Phenological patterns of terrestrial plants. Annu.
Rev. Ecol. Syst. 1985;16:179-214.

Scariot V., Seglie L., Gaiano W., Devecchi M. Evaluation of Euro-
pean native bluebells for sustainable floriculture. Acta Hortic.
2012;937:273-279. DOI 10.17660/ActaHortic. 2012.937.33.

Systems biology



MaTTepHbl M MOAENM LIBETEHVA HEKOTOPbIX BUOB
cemeiictBa Campanulaceae Juss.

Tantau T. The TikZ and PGF packages. Manual for version 2.10. 2010.
http://sourceforge.net/projects/pgf

Ubbens J., Cieslak M., Prusinkiewicz P., Stavness I. The use of plant
models in deep learning: an application to leaf counting in rosette
plants. Plant Methods. 2018;14:6. DOI 10.1186/s13007-018-
0273-z.

Williams T., Kelley C. Gnuplot 4.6: an interactive plotting program.
2013. http://gnuplot.sourceforge.net

Zhang C., Gao H., Cousins J.Z.A., Pumphrey M.O., Sankaran S. 3D ro-
botic system development for high-throughput crop phenotyping.

ORCID ID
E.S. Fomin orcid.org/0000-0002-2625-8427
T.I. Fomina orcid.org/0000-0003-4724-2480

CucremHas 6uonorus

3.C. DomuH
T.N. DomuHa

2018
22.7

IFAC-PapersOnLine. 2016;49(16):242-247. DOI 10.1016/j.ifacol.
2016.10.045.

Zhang C., Ye M., Fu B., Yang R. Data-driven flower petal modeling
with botany priors. Proc. of the IEEE Conf. on Computer Vision
and Pattern Recognition (CVPR). Columbus, USA, 23-28 June.
2014;636-643.

Zheng Q., Fan X., Gong M., Sharf A., Deussen O., Huang H. 4D re-
construction of blooming flowers. Comput. Graph. World. 2017;
36(6):405-417. DOI 10.1111/cgf.12989.

BaBuNOBCKMI XKypHan reHeTUKn n cenekuyum « 2018 « 22« 7

855



