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IIpenctaBneHsl pe3ynbTaThl M3YYEHHS pPAa3HOOOpa3Hs THIIOB OKPAacOK CEMSHOK KOJUICKIMOHHBIX  JIMHHUH
MOJICOTHEYHUKA. Brineneno 12 rpynn nuHMi, KOTOpBIE OTIIMYAINCH MEXIY COOOH MUTMEHTAMEH CTPYKTYPHBIX CIIOCB.
Iloxazano, 4Tto ooliee TouHOE OIIpeNEeICHNE OKPAacKH CEMSH JaeT OLEHKa IMWIMEHTAaUWH KaXIO0r0 aHATOMHUYECKOIO CJIOS.
HanmoxeHne mnNHMIMeHTAMM B OSIUACPMAIBHOM, THUIOAEPMAIBHOM CIIOSX, a TaKKe Hauudue QUTOMETaHnHA
00yClIaBIMBaOT BH3yalbHbIE Pa3lIMuMs B OKpAacKax CEMSHOK Pas3HbIX rpymil. JIMHWU, KoTopble SIBISIOTCS MPOLYKTOM
CeNeKIMY, UMEIOT CEMSHKH NIPEUMYLIECTBEHHO C YEPHOU U YEPHOMU C CEPBIMU I10JIOCAMH OKPACKOM.

Kniouegvie cnosa: nooconneunux, OKpacka cemMsHKu, IMUOEPMUC, SUNOOePMA, QUIMOMENAHUH, AHMOYUAH.
PIBHOMAHITHICTb TUITIB 3ABAPBJIEHHS CIM'STHOK COHSAIIHUKY HELIANTHUS ANNUUS L.
T'opoxiBers H.A.l, Benmenena K.B.l, JIsx B.O.2
1IHcmumym oniunux kynemyp HAAH ,
Yxpaina, 70417 , 3anopizvkui paiion, 3anopizeka obnacme, c. Consiune, eyin. Incmumymcora, 1
23anopi3b1<uﬁ Hayionanvruil yHisepcumem Yxpaina, 69600, m. 3anopisicoics, eyn. JKykoecvkoeo, 66 .

[IpencraBneni pe3yiabTaTH BUBUCHHS PIZHOMAHITTA THUITB 3a0apBICHHA CiM’SHOK KOJICKIIHHWX JIHIH COHSIIHUKY.
Bunineno 12 rpym miHiH, sSKi BIAPI3HIIACA MiX cOOOFO IMrMEHTAIIE€0 CTPYKTYpHHX mapiB. [Toka3aHo, mo OLTbII TOUYHE
BHU3HAYCHHS 320apBIICHHS HACiHHS Ja€ OIliHKA IMITMEHTAIlil KOXXKHOTO aHATOMIYHOTO mapy. HakmaneHHas mirMeHTamii B
eliIepMaIbHOMY, TilToJIEpPMaTbHOMY IIapax, a TAKOK HAsABHICTH (DiTOMEIaHIHY OOYMOBIIOIOTh Bi3yasbHi BIIMIHHOCTI B
3abapBiieHH] ciM’sIHOK pi3HMX rpymn. JIiHil, SIKi € MPOIYKTOM CeJeKIii, MaloTh CIM'SHKH MEPEBaKHO 3 YOPHUM 1 HOPHHUM 3
cipuMH cMyramu 3a0apBJICHHSIM.

Kniouosi croea: consunux, 3abapenenns cim'sHku, enioepmic, 2inodepma, Qimomenanin, anmoyian.
DIVERSITY IN TYPES OF ACHENES COLORATION IN SUNFLOWER HELIANTHUS ANNUUS L.
Gorohivets N. A.'Vedmedeva E. V.'Lyakh V. A2
YInstitute of oilseed crops
Ukraine, 70417, Zaporizhzhya distr., Zaporizhzhya reg, vil. Sonyachne, Instytutska Street 1,,
Zaporizhzhya national university, Ukraine, 69600, Zaporizhzhya, Zhukovskogo Street 66.

Pericarp coloration of sunflower achene is one of the most important traits that are taken into account when testing crop
seeds. Difference in color is determined by the pigments in the epidermal and hypodermal layers, phytomelanin and
anthocyanin presence. There are several classifications for seed coloration, but they are all based on visual description
and ignore pigmentation in different layers. Therefore, to study the inheritance of pericarp coloration it is important to
isolate a group of samples that would differ in pigmentation of the individual pericarp layers.

The aim of our study was to investigate the diversity of achene coloration types in sunflower collection lines, to isolate
groups with different pericarp pigmentation layers and to establish links between achene coloration and a number of
morphological parameters in sunflower lines that were selected.

We used homozygous inbred sunflower lines with different achene coloration from the laboratory of genetic resources
and high oleic and confectionery sunflower breeding of 10C for our research. We screened our collection for achene
coloration traits. Coloration expression in pericarp layers such as the epidermis, hypodermis, seed coat and anthocyanin
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pigment presence was assessed. Groups that included lines similar in the pericarp layers pigmentation were isolated.
Coloration was determined visually. Pigmentation was evaluated separately in each layer. Hypoderm coloration was
determined after scraping the epidermis. Testa presence was determined with phytomelanin presence before the
sclerenchyma layer after removing two upper layers. After designating groups, seeds were sown in field on two-row
plots. Plants were individually isolated before flowering and were self-pollinated. Seeds obtained after cultivation were
subjected to re-evaluation to confirm the stability and heritability of identified coloration. During the field experiment
we characterized lines according to such parameters as diameter of inflorescence, plant height, number of leaves, leaf
blade length on the middle floor, width of the leaf blade on the middle floor, petiole length and number of lateral
branches. Parameters were determined for five randomly selected plants per plot. Statistical analysis was performed
according to generally adopted methods.

We isolated 12 groups from the sunflower collection that had differed pigmentation of the epidermis, hypodermis
coloration, testa presence and anthocyanin in the pericarp of achene. By visual description they include the following
types of pericarp coloration: black, dark brown, light brown, black with gray stripes, light gray with white stripes, black
with fulvous stripes, black with light gray stripes, black and red, black burgundy, black with dark red stripes, dark gray
with brown stripes and white.

Within the group pigmentation layers of was identical, but the overall visual perception of achene coloration without
removing the epidermis, in some groups varied insubstantially. This may be due to the thickness of the anatomical
layers, which differ for various lines, and the imposition of pigments that eventually results in coloration differences.
Some variation in pigmentation of the upper layer of cells is also possible.

We established that the imposition of pigmentation in the epidermal, hipodermal layers, and the presence of
phytomelanin cause visual differences in achene coloration for different groups. Combination of gray hypodermis and
phytomelanin in testa layer provided a dark gray color achene coloration, testa layer with a white pigment in the
hypodermis provided light gray achene coloration. Achenes with no seed coat that had striped white epidermis and
hypodermis acquired white-striped coloring. Presence of anthocyanins in the hypodermis provided pericarp with shades
of red and burgundy. Brown-striped achenes with no testa were the result of a combination of light (brown) and dark
stripes of the epidermis and the light-gray pigmentation of the hypodermis. These differences should be taken into
account in further assessment of F hybrids and F, segregationsin phenotypes that were obtained.

Among selected groups there were samples that are visually similar. They could be distinguished by analyzing the
structural layers of the pericarp. Lines 14RHA274, VK419-2 from the first group and lines VK475, InK2238 from the
second had achene coloration close to black. However first group had testa layer under epidermis, and the second group
hadn’t. Therefore, it is vital to determine seed coloration more accurately by estimating pigmentation in every layer as
some of the phenotypes can be visually similar to each other. This can impede studying genetic control of the trait.

When ranking collection lines by these parameters we established that samples with a large number of leaves (InK1587,
InK404, Ornl, VK484) were characterized by a striped epidermis. Hence linkage can be assumed between these traits,
although this fact requires further genetic assessment. This hypothetical connection may be caused by scantiness of the
initial breeding material for the breeding lines. However, approx. half of the lines and hybrids used in breeding process,
had striped epidermis coloration, and virtually all late-ripening lines had sufficiently large number of leaves.

We established that lines with the longest and broadest leaves, and with the longest petiole had gray colored
hypodermis. Therefore, we can also assume a connection between these traits. At the same time hypoderm coloration
still isn’t a trait valuable for breeding purposes.

When analyzing morphological parameters we found that large diameter inflorescences were observed in lines VK419-
2, VK484, LG13-2, SL1218 that had black/black with gray stripes colored achenes. They had testaceous pericarp layer,
which protects the seed from sunflower moth. This pattern is explained by the fact that the lines with this achene
coloration are the product of breeding and breeders use it in commercial hybrids. The smallest inflorescence diameter
was observed in semi-wild lines. They had a significant difference in achene coloration: white, light brown, black and
red. We didn’t observe a clear connection between achene coloration and other morphological parameters.

Thus we allocated 12 line groups from collection samples that differed in anatomical layers pigmentation. We showed
that the pigmentation imposition in the epidermal and hypodermal layers, as well as the presence of phytomelanin could
cause visual differences in achene coloration for different groups. We observed a connection between the traits ‘large
diameter inflorescence’ and ‘black/black with gray stripes achene’ coloration in lines VK419-2, VK484, LG13-2 and
SL1218, which were the results of breeding process. We plan to study the inheritance of pericarp coloration for selected
collection of samples with taking into account each anatomical layer of the pericarp in the future.

Key words: sunflower, achene coloring, epidermis, hypodermis, fitomelanin, anthocyanin.
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BBEJEHUE

B Vkpaune mnoacomHEYHMK 3aHUMAET BEIYyIIEe MECTO Cpeaud MACIUYHBIX KYJIbTYp U
CEMEHOBOJICTBO €r0 JIOCTATOYHO Pa3BUTO. DTO TpeOyeT MOBBLIIIEHHOTO BHUMAHHS K H3Yy4EHUIO
MIPU3HAKOB, KOTOPBIE CIIYXaT MOJJEP>KaHUI0 T€HETUYECKONW YMCTOThI Martepuaina. OJHUM U3 TaKUX
MPU3HAKOB, KOTOPBIM MPUHUMAIOT BO BHMMAHME INPHU ampoOalii CEMEHHBIX IOCEBOB, SBISETCS
OKpacka MepHKapIins CeMIHKH U €€ TaHIUPHOCTD [1].

[Ipu3Hak OKpacku MepuKapmusi OTHOCUTCS K KaUYeCTBEHHBIM, OTIMYAETCSI BHICOKOW CTa0UIBHOCTHIO
U YETKOCThIO B TPOSBICHHHM, YTO IIO3BOJISIET BBISIBUTH pPa3uyUsl MEXJYy COpPTaMU WIH
ponuTenbckuMu  popmamu  THOPUAOB  MOJACOJHEYHHKA. Pa3HooOpasue  OKpacku  ceMsH
MOACOJHEYHUKA OIpeAeNIeTcsl NUTMEHTaMU B JSMNHACPMAIBHOM M TUIOJAECPMAIBHOM  CIIOSIX
MepUKapPIIUA, a TAKKE HAJTHYUEM WA OTCYTCTBHEM MaHIUPHOTO (PUTOMEITAaHMHOBOIO) CIIOSI MEKIY
TUIIOIEPMON U CKJIepeHXUuMO [2,3]. @UTOMENTaHUHOBBIA CJION HE TOJBKO 3AIUIIAET CEMSHKY OT
MOJICOJITHEYHUKOBOM MOJIM, HO U MAacKUpPYeT MpPOsBIECHHUE OKPAcCKU TUIOAEpMBbl. bombinas yactb
COPTOB W THUOPHUJIOB IMOJCOJHEUYHHKA HMMEET celyac Cepylo WM YEpHYK OKpacKy, MHOrja ¢
HEOOJBIIMMH, TaK € JOCTATOYHO TEMHBIMHU IMOJOCKaMU. PeanbHoe ke pasHOOOpa3ne OKpacok
MIEPUKAPIIUSA MMOJCOTHEYHUKA 3HAYUTEIILHO OOJIBIIIE.

CyIecTByeT HECKOJBKO KIACCH(HKAIMKA TI0 OKpacke ceMsH monacoiHeunuka. Tak @.C.
BeniyiaBoBu4 BbIIEISET ACCITH THIIOB OKPACKHU: O€Nyl0, cepo-cepedpHcTyro, Oypo-ToJiocaTyro,
0eJ10-TI0JI0caTyl0, Cepo-ToJI0CaTyl0, YrojbHO-UYEPHYIO, uepHO-(puosieToByro u japyrue. D.A.
CarunepoB B IepBOHAYaIbHOM cucTeMe Kiaccubpukanuu Buma Helianthus annuus L. Taxoke
HCIIOJIb3YET OKpacKy ceMsHOK [4-6]. B yuuduimposantom kinaccupukarope CIB poma Helianthus
L. yka3pIBaroT ciemyromue OKpacKu Iepukapnus: Oenasi, monocaras (poH Oenblif), monocaras
(CBeTNBIX M TEMHBIX MOJOC MPUMEPHO TMOPOBHY), monocaras ((GpoH TEeMHBIN), xenras (UIu
KOpHUYHEBast), cepasi, YepHasi, puonerosas [7].

ITo nanubiM B.B. Kupruenko BbIEISIOT Oellyto, cepyro, KOpUYHEBYIO M YEPHYIO OKPACKH CEMSTHOK.
Oxkpacka mosnoc ObiBaeT Oemnoii, cepoid, kopuuneBoi [8]. [1o aToil kiaccudukanuu OblIa co3maHa
KOJUIEKIIUSA 110 OKpacke, 0e3 ydueTa MUTMEeHTAIMK Pa3HbIX CJIOEB MojicoiHeuHuKa. 13 cBenenuii B.A.
I"aBpuiioBOif B KOJUIEKIUH MojcoiHeuHnKa BUP 6GoibIIMHCTBO 00pa3lioB MMEIOT YEpHYIO WU
noyiocatyro (4epHo-0enyro), Oenyro, cepyro, TeMHO-(DHOJETOBYIO, TEMHO-PBIKYI0 U OEKEBYIO
okpacky [9]. Tonmaue B.B., xapakrepusys CTPYKTYpHBIE CJIOM OKOJIOIUIOAHMKA, ONpPEAEIAET
OKpPACKy KaXJ0r0 U3 CJI0EB OTAEJIBHO U MIOTOM YK€ HaJIOKEHUE OKPACOK J1aeT KOHEUHBIN pe3ynbTar

[2].
Kax BHUJHO, ITIOYTH BCC UMCIOIIHUECCA Knaccnq)m(aunn 10 OKpacCKe€ CEMAH MOACOJIHCYHUKAa OCHOBAHBI
Ha BHU3YaJIbHOM OITMCAaHHWHU U HC YUHUTBIBAIOT IMUTMCHTAIWIO B aHATOMUYCCKHUX CJIOAX ICPUKAPIIHL.

HOSTOMy AT U3YUCHUSA HACJICAOBAaHUA OKPACOK IMEPUKAPIINA BAXXHO BBIACIUTH I'PYIIIBI 06pa3u013,
KOTOPELIC OBl OTJINYAIUCH I10 INprU3HaKaM IMUIMCHTAIUH OTACIBbHBIX CJIOCB OKOJIOIIOJJHUKA.

TakuM 00pa3oM, LIETBI0 HAIIEro HCCIEAOBaHUSA ObUIO M3y4YeHHE Pa3HOOOpas3Hsl TUIOB OKPAacKu
CEeMSHOK KOJUIEKIIMOHHBIX JIMHUM MOJCOIHEYHMKA, BBIJIENICHHE TPYII C Pa3IMYHON MUTMEHTaIen
CJIOEB MEPUKAPIINS U YCTAHOBIIEHUE CBA3EH MEXIy OKPACKOI CEMSHOK U PsiioM MOP(HOIOrHYECKUX
napaMeTpoB OTOOPAHHBIX JIMHUHN MOACOIHEYHHKA.

MATEPHUAJIBI U METO/IbI UCCJIEJJOBAHUSA

Jl11s mpoBeieHUsT UCCIIEIOBAHUN HCIIOIH30BAIM TOMO3UTOTHBIE HHOPETHBIC TUHUU MTOICOTHEYHUKA
1a00paTOpUM TEHETUYECKUX PECYpCOB U CEJICKIIMA BBICOKOOJEMHOBOTO M KOHAMTEPCKOTO
noaconHeynnka UMK HAAH, otnnuaromumecs mo OKpacke CEeMsIHOK.

[IpoBeaeH CKpPUHMHI KOJUIEKIMM IO NpPU3HAKaM OKpAacKu ceMsSHOK. OILEHKYy MNpOBOAWIN IO
IIPOSIBJIEHUIO OKPACOK B CJIOSAX NEPUKAPIUA: SIUAECPMUC, TUIIOAEPMA, MAHIUPHBIA CIIOW, HAIUYne
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AHTOLIMAHOBOIO IUIMEHTA. Bplieasuin rpynmsl, B KOTOPbIE BXOAWIM JIMHUU CXOAHBIE II0
IIUIMEHTALMN  CJI0€B  OKosoIulogHuka. OKpacky onpelnensuid Bu3yalbHO. PaccmarpuBanu
IMUTMEHTALUI0 B  KaXAOM cloe OTaenbHO. OKpacKy THIIOAEPMBl yCTAHABIMBAIM IIOCIE
cockabmuBaHus snuaepmuca. [JaHIMPHOCTh CEMSHKH ONPEACISUIA IOCTE CHATUS JBYX BEPXHHUX
CJIOEB IO HaIMuuio (uroMenaHuHa nepex ckiepeHxumoi. Ilocne oGo3HadyeHus rpymmi, ceMeHa
BBICEBAIM B IIOJEBBIX YCJIOBHUAX JABYPSAKOBBIMU JeIsHKaMu. PacTeHus Iiepes LIBETEHHUEM
MHIVBUAYAJIBHO H30JUPOBAIM U IPUHYAUTENBHO camoonbusuid. CemeHa, IOJIydYeHHBIE IOCIe
BbIpAIlMBaHUs, ObUIM MOJBEPTHYTHI MOBTOPHOH OLIEHKE Ui MOATBEPXKACHUS CTaOMIBHOCTH WU
HacJIelyeMOCTH BBISBJICHHBIX OKpacok. B Xozxe moseBoro skcrnepuMeHTa ObLIO IMPOBEICHO
ONMCAaHUE JIMHUK 110 IapaMeTpaMm: JUAMETP COLIBETHUs, BbICOTA PACTEHMS, YUCIIO JIUCTHEB, JJIMHA
JUCTOBOM IUIACTUHKH CPEIHEro spyca, IIMpPUHA JINCTOBOW IIACTHHKH CPEAHEro spyca, UIMHA
Yepelka, 4uciio OOKOBbIX BeTBei. [lapameTpsl onpenensiny y 5 ciydailHO BRIOpaHHBIX pacTeHUH Ha
nensiHke. CTaTuCTUYECKYI0 00pabOTKY pe3ysbTaTOB MPOBOJIMIN IO METOAMKaM, onucaHHbM [.O.
JlakunabiM [10].

PE3YJIbTATBI 1 OBCYXIEHUE

W3 xomnekuuu MojAcOoNHEYHUMKAa HaMu ObUIO BbLIEIEHO 12 rpyrn, KOTOpbIE OTIWYAINUCh MEXKIY
co00i MUrMeHTaluel 3nuaepM1uca, OKpacKon rMIoiepMbl, HaATMYMEM MTAaHIIMPHOCTH U aHTOLMAHA B
OKOJIOIJIOJIHUKE ceMsiHKU. [1o BU3yallbHOMY ONMCAHMIO B HUX BXOJAT CIEIYIOIINE TUIBI OKPacoK
nepukapnus: 4épHasi, TEMHO-KOPUYHEBAs, CBETJIO-KOPUYHEBas, UYEpHBIE C CEphIMU IOJOCAMH,
CBETJIO-cepasi ¢ OenbIMu Tosiocamu, 4€pHasi ¢ OypbIMH IOJOCaMu, YEPHBIE CO CBETIIO-CEPHIMU
10JI0caMH, YEPHO-KpacHasi, 4€pHO-00p0Bast, uépHasi ¢ TEMHO-KPACHBIMU I10JIOCAMHU, TEMHO-CEphIE
C KOPUYHEBBIMH ToJlocaMu, Oemnast (Tabum.1). Okpacka ceMsSHOK y JMHUN U3 YCTAaHOBICHHBIX TPYIII
IIPEJCTaBICHA HA pUCYHKE 1.

Ta6J'II/II_Ia 1 — OnmcaHue TUIIOB OKpaCOK CEMAHOK KOJUICKITMOHHBIX JIMHUMN

Ornucanne OKpacku CJIOEB
nepuKapnus S
<
= >
g 53 = = o
Nerr/ 5 2 = Q g BusyanbHoe BOCIpHSTHE ©
JInHug s = o =) 2 ©
1 == = z = OKPACKH CEMSHKU =
55 | £ | & B -
= X < = Q =
E = 2 o = =
= 5 8 = 2 2
o an
1 2 3 4 5 6 7 8
1 Cn2613 CIUIOIIHAsA | cepast + -
2 14RHA274 | crimomHas | cepast + - yépHas 1
3 BK419-2 CIUIOIIHAs | cepad + -
4 InK225 CIUIONIHAS | cepas + -
5 AH70029Rf | crmomnast | cepas - -
6 KI'13 CIUIOIIHAsA | cepast - - TEMHO-KOPUYHEBAs
2
7 BK475 CIUIOIIHAs | cepast - -
8 InK2238 CIUIOIIHAs | cepasd - -
9 LD4/1 crutomHas | Oenas - - CBETIIO-KOPUYHEBASI 3
10 LD72/1 crutomHast | Oenast - -
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1 2 3 4 5 7 8
11 BK428 royiocaras | cepas +
12 HA300b noyiocaras | cepast +
13 Opnl royiocaras | cepas +
14 SL2966 rojocaras | cepas + 4EPHBIE C CEPHIMU MTOJIOCAMHU 4
15 BK484 rojocarasi | cepas +
16 CJI1218 royiocaras | cepas +
17 13K1070 noyiocaras | cepast +
18 JIr13-2 royiocaras | cepas +
19 InK404 nosiocarasi | Oemas - CBETII0-Cepas ¢ Gepivi 5)
M0JIOCAMH
20 12K1962-1 | momnocaras ci:;g;)_ - yépHasi ¢ OypbIMHU MTOJIOCAMHU 6
21 INK1587 royiocaras | Oeras + .
22 12K670 nosiocaras | Oeinas + ACPHBIC €O CBETIO-CEPBIMH 7
23 I2K2003-1 | monocaras | Oenas + frojocami
24 HAP/7 nojiocatast | Oemast +
25 HA298 CILTONITHAS T:gg;z_ + 4EPHO-KpPaCHbIE 8
26 KI'104 CIUIOIIHAsS | cepas + 50H0-6 .
27 CJ12354 CIUIOIIHAsA | cepas + HCPHOTDOPAOBRIH 9
28 CJ12349 CIUIONIHAS | cepas +
29 KT'111 moJjiocarasi | cepas + HEpHA € TOMIOTKPACHBIMH 10
MOJIOCAMH
30 InK1124 noyiocaras | cepas - TEMHOZCEPRIC € KOPHARCERIMI | 14
MOJIOCAMH
31 | 12K2218 Ges Gemas | -
MTUTMEHTA
6e3
32 BHP130 oenas - Oenas 12
MTUTMEHTA
33 KI9 Oes oenas -
MTUTMEHTA

B npepenax rpynmel NUrMeHTalus cjloeB OblLla OJMHAKOBA, HO 00Illee BU3YyalbHOE BOCHPUSTHE
OKpAacKu CeMSHKH, 0€3 CHATHUS dMUAEPMHCA, B HEKOTOPBIX TPYMIax HE3HAYMTEIHHO BapbHUpPOBAIIO.
OTO0 MOXeT ObITh CBA3aHO C TOJIIMHONW aHATOMUYECKUX CIJIOEB, KOTOPbIE y pa3HbIX JHUHUI
OTJIMYAIOTCS, a HAJOKEHUE MUIMEHTOB B KOHEYHOM HUTOrEe JAET pa3jMuus B OKpackax. Takike
BO3MOJKHBI HEKOTOPBIE BapHalliy B MMTMEHTAIUN BEPXHETO CJIOS KJIETOK.
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Puc.1.- BuzyanbHoe BOCIPHUSATHE OKPACOK CEMSIHOK U3 BBIJICICHHBIX TPYIIIT
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VY CTaHOBIIEHO, YTO HAJIOKEHUE MUTMEHTALMN B SMHUAECPMAIBHOM, THIIOACPMAIIBEHOM CIOSIX, @ TAKKe
HaIM4YMe (PUTOMENaHWHA OOYCIIaBIMBAIOT BHU3YaJIbHBIC PAa3IM4YMsl B OKPACKAX CEMSHOK pPa3HbIX
rpyni. Tak, couetanue cepoil runozepmMsl U GUTOMENAHNHA B TAHIIUPHOM CJIO€ 1aeT TEMHO-CEPYIO
OKpPAacKy IMOJIOC Ha CEeMSHKE, IMaHUMPHBIA CJION U O€blii MUTMEHT B TMIIOJEPME — CBETJIO-CEPYIO
OKpacKy ceMsHKH. HemaHuupHble CEMSHKH C IOJIOCATBIM SMMJIEPMUCOM M Oesloi T'HIoaepMoit
OIIPENEISIIOT Oeno-mojocaryro okpacky. Hanuuuwe aHTonmMaHa B THIOAEpME JaeT KpacHbE U
OOpIOBbIE OTTEHKU OKOJIOIUIOJHHMKA. bypo-mosiocarele HENAHIUPHBIE CEMSHKU SBIISIOTCA
pe3yabTaTOM COYETaHUs CBETIBIX (OyphIX) M TEMHBIX TOJOC SIUAEPMHCA U CBETIO-CEPOil
IUTMEHTALUN TUIOAEPMBI. OTH pa3iauuus CIEAYeT Y4YUThIBaThb IPU JaJbHEHUIIEH OLICHKE
(eHOTUIOB NOTY4YEeHHBIX THOpUIOB F1 U pacieruieHusx B F.

Cpenu BbIIENEHHBIX I'PYMI €CTh 00pa3libl, KOTOPbIX BU3yalbHO CXOIHBI IO OKpacke. X MOHO
OTJIMYUTHh TOJIBKO aHAIM3HPYySd CTPYKTYpHBIE cJou okojorutognuka. Tak, muauun 14RHAZ274,
BK419-2 u3 nepsoii rpynnel u nuaun BK475, InK2238 u3 2 rpynnsl uMeroT OIu3KyI0 K 4EPHOM
OKpacKy ceMsiHOK. llpu 3TOM B mepBoil rpymnne oOOHapyKUBaeTcs NAHLUPHBIA ClIOH mox
TMIIOIEPMOM, a BO BTOPOH OH OTCYTCTBYyeT. Takum oOpa3oMm, Oosiee OOBEKTUBHO ONpPEAEIATH
OKpAaCKy CeMSH OLIEHHBAsi IUTMEHTAIMIO B KQKJIOM U3 CJIOEB, TaK KAK HEKOTOPBIE (PEHOTHITBI MOTYT
MEXJIy co00W BHM3yaJlbHO HE OTJIMYAThCA. DTO 3aTPYAHUT HM3ydEHHE TI'€HETHUECKOTOo KOHTPOJIS
JAHHOTO MTPU3HAKa.

Onucanvie BHIOpAaHHBIX JIMHUK IO MOP(OTOTHUECKUM MapaMeTpam MpeAcTaBlIeHO B Tabuuie 2.

[Tpu pamxupoBaHWH KOJUICKIIMH JIMHHHA MO W3YYCHHBIM ITOKA3aTelNIsIM BBISICHEHO, YTO 00pasibl C
6onpmuM  konmumyectBoM JucTheB (INK1587, InK404, Opnal, BK484) xapakrepuzoBaiuch
MIOJIOCATBIM AMUACPMUCOM. VICXOIS M3 3TOTO MOXKHO IMPEAINOJIOKHTh HATMYHME CICTUICHUS MEXKIY
STHMHU TPU3HAKAMH, XOTS JTOT (akT TpeOyeT MNalbHEUIIMX T'CHETUYECKUX HCCIICIOBAHHM.
[IpenmooxuTensHas CBA3b MOXKET ObITh BBI3BaHA Y30CTHIO UCXOIHOTO CEIEKIMOHHOTO MaTepraa,
Ha OCHOBE KOTOPOTO CO3JIAI0TCS CENEKIIMOHHBIC JIMHUU. BMecTe ¢ TeM, OKOJIO MOJIOBUHBI JIMHUNA U
THOPUJIOB, WCIOJIB30BAHHBIX B CEJIEKIIMOHHOM TMpoIecce, O00JIaaloT I0J0CaTON  OKpacKoM
SMHIIEPMHUCA, a TMPAKTHYECKH BCE ITO3HECIIENbIE JIMHUM HMMEIOT JIOCTATOYHO OOJIBIIOE YHCIIO
JTUCTHEB.

YcTaHoBneHO, 4TO HauboJiee NTMHHOJIUCTHBIE, ITUPOKOIMCTHBIE U C OOJIBLION UIMHOM uepemika
JUHUM UMENH CEPyH0 OKpacKy rumoiepMbl. l1loaTomy Takke MOXHO NPEANOJIOKHUTH HAIUYHE
CBSI3eM MEXAy STUMH NpuU3HaKaMu. B TO ke BpeMmsi oKpacka THMIIOAEpPMBI JI0 CHX IOp HE Oblia
CEJIEKIIMOHHO-LIEHHBIM ITPU3HAKOM.

[Ipu anammuze mMopdonOTHYECKUX TMOKa3aTesel, MpeiCTaBICHHBIX B TaONWIle, YCTAaHOBJIEHO, YTO
0oJbIION AuaMeTp coiBeTus HaOmonancs y auanii BK419-2, BK484, JII'13-2, CJI1218, okpacka
CEeMSIHOK KOTOpbIX Obla 4€pHOM, YEPHOM C cepbIMH IOJO0CaMH, YEPHOU € TEMHO-CEPHIMU
nonocaMu. CeMSHKU 3TUX JUHUN UMEIU MaHLUUPHBIN CIOW B MEPUKAPIUU, KOTOPBIA CIYKHUT AJIs
3aIUTHl OT TOJCOJTHEYHUKOBOW MOJM. Takasi 3aKOHOMEPHOCTH OOBSCHSETCS TEM, YTO JUHHUH C
JAHHOM OKpacKOM CEMSHOK SIBJISIIOTCS MPOJYKTOM CEJIEKIIMH U UCIHOJIb3YIOTCS CEJIEKIIMOHEpaMU B
KOoMMepuecknx rTuopuaax. Kak u3BecTHO, OOJBIIMHCTBO COPTOB U TUOPHUIOB UMEIOT HUMEHHO TaKHe
OKpacK ceMsSHOK. HauMeHbIuii nuameTp couBeTHs OB Yy MONYAUKUX JUHUA. OHU HMeTn
3HAUMUTENIbHBIE Pa3IM4YUsl B OKpacKax CEMSHOK: Oe€lible, CBETJI0-KOPUYHEBBIC, UYEPHO-KpPACHEBIE.
YETKNX cBsI3ed MEXIYy OKpacKaMU CEMSHOK U JIPYTUMH MOP(HOJIOTHYECKUMHU MapaMeTpaMu HaMu
He HaOJIF0 JaJIOCh.

B nanpHelimem IJIAaHUPYCTCA HU3YYCHHUC HACJICAOBAHUA OKPACOK IMCpUKApPIHA BBIACICHHBIX
O6p33HOB KOJUICKOWH C YUYCTOM KaXKJI0Ir'0 U3 aHATOMHUYCCKUX CJIOCB OKOJIOIIJIOJHUKA.
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Tabmuma 2 — Onucanue MOp(OJOTHUECKHX MPU3HAKOB y PACTECHUN KOJUICKIIMOHHBIX JMHHUH C
pa3HOM OKPACKOU CEMSH

JIunus I'pynn Jnuna Hupuna Yucno
Bl 10 Bricora Yucmo JINCTOBOM JINCTOBOM Jmaa Huametp OOKOBBIX
OKpac | pacTeHHd, JINCTHEB, IUTACTHUHKY, | IUIACTHHK | dYepelka, COLIBETHS, BEpBEi,
KaM CM T cM Hu, CM CM CM mT
Cn2613 1 86,8523 | 13+0,89 | 18,5+1,32 | 19+122 | 10+1,08 9,841,39 | 7,240,97
14RHA274 99.4+232 | 15,8+0,58 | 121,73 | 9.4+087 | 4.6+0.4 7,6£0.75 740,71
BK419-2 121£1,87 | 17,240,358 | 27,4+144 | 28,842,06 | 11,6£04 | 222+1,77 -
INK225 75841712 | 17,6£2,04 | 18.8£0,73 | 194032 | 9.8+0,73 | 112%0,73 | 15,5+1.5
AHT70029Rf | 2 854277 | 17.6£1.6 | 16,6+0.87 | 15.4+0.81 | 7.8£0.58 | 12.4+1,08 | 424037
KI'13 1024339 | 25,240,58 | 19,2+0,86 | 21,4+1,69 | 11,6£0,51 | 17,4+0,68 -
BK475 69,6+6,59 | 15,4+0,51 | 19,242.85 | 17,4+3,36 | 7+0,84 15,841,71 | 1,840,37
InK2238 91,6+4,53 | 17£032 | 23.4+1,12 | 27158 | 9.4+0,75 | 18.6£1.86 | 1+0.63
LD4/1 3 47421 13,4404 | 12,25+0,48 | 9,75+0,25 | 6,5+0,65 0+1,48 -
LD72/1 11844898 | 25,6+1.17 | 19.442,16 | 17,6£1.91 | 9.6£121 | 164+1,03 | 4.2+1,16
BK428 4 13242 24,8408 | 22,8+1,32 | 2244129 | 9,4+024 | 18240,73 -
HA300B 11124,85 | 26,6093 | 260,84 | 258+1,02 | 11,2+0,49 | 14,6:2,01 -
Opnl 116£5,1 | 32.4+0,51 | 18.820.8 | 16,6+0,87 | 10,2+0,37 | 152=132 | 0.6x0.4
SL2966 92,24524 | 21,8+037 | 174+1,17 | 164+1,29 | 104+0,81 | 12,6£1,29 | 02402
BK484 116£2,92 | 35+0,63 | 244+0,51 | 1924097 | 10,640,87 | 26,6+0,51 -
CI218 157,4+43,4 | 23,6+1,81 23+13 2484231 | 131,67 | 18,8+0,73 -
13K1070 125,8+0,37 | 24,6+1,86 | 21,4024 | 18,8+037 | 8,6+0,98 8+0,55 6,4+0,51
JIr13-2 11342,55 | 24,440,68 | 204+1,63 | 17,2+1,16 | 10,6£0,51 | 20,2+1,07 -
InK404 12243,39 | 31,640,51 | 16£0,63 | 13,6:024 | 6,84037 | 13,8+0,97 -
12K1962-1 484255 | 1624073 | 12,6£098 | 12,4+1,08 | 5+0,55 54404 | 4,8+0,73
InK1587 130,443,67 | 31,240,86 | 1744147 | 156+1,12 | 844081 | 11,8+0,86 -
12K670 95,6£3,41 | 26+1,22 19,6+0,4 | 1824037 | 11032 | 14,8+0,73 | 0,6+0,4
12K2003-1 662+2,82 | 19,6+1,29 | 11,8+0.8 11£0,95 | 6,6£0,87 | 7,240,358 | 6,4+0,81
HAP/7 098,6+1,81 | 22,4+1,03 | 152+0,58 | 15,2+0,58 | 6,8£037 | 12,240,73 | 3,60,93
HA298 11,8424 | 20,6+0,75 | 12,8£0,97 | 12,6+1,12 | 5.8+0.86 | 92037 | 3,8£037
KI'104 121,242,85 | 27,2+0,58 | 182+1,02 | 17,6+1,33 | 7,240, 14,2+1,43 -
CJI2354 104,442,8 | 25,6+0,51 | 2044024 | 194032 | 94+133 | 13,6+0,81 -
CJ12349 8824481 | 244181 | 194+1,17 | 164032 | 144095 | 10,2+0,66 -
KI'111 10| 8144636 | 19+0,84 14£1,00 | 13308 | 7,7£3,76 | 10,6+1,08 -
InK1124 111 11224554 | 254+0,68 | 20,841,446 | 17,840,66 | 6,6£1,17 | 102+0,66 | 82+1,2
12K2218 12 1 132,84222 | 23,840,73 | 19+0,71 | 19,6+0,68 | 9,8+02 17,440,87 | 3,240,58
BHP130 115,244,33 | 24+0,55 18+0,95 16,8£1,5 | 8,8+0,8 14,6£0,87 | 3,6+0,93
KT'9 10842,55 | 21,6+121 | 17,4129 | 18,8+1,69 | 11,4+0,81 101,05 10£1,58
HCPos 13,9 2,9 3,2 3,5 2,1 3,0 1,9
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BbIBO/IbI

1. Y3 KOJMIEKIMOHHBIX 00pa30B BBIICICHO 12 TPpynn JIMHUHN, KOTOPhIE OTINYAINCh MEXIY COO0M
INUTMEHTAalMell aHaTOMHYECKUX CJIOEB: AMIMJIEPMAIbHbIM, TUIOJEPMAIbHBIM, IaHIUPHBIM,
HaJIMYMEM aHTOLMaHa B TUIIOJIEPME.

2. Iloka3zaHo, 4TO HAJOKEHUE MUTMEHTALMH B SIUACPMAIBHOM, THIIOACPMAIBHOM CIIOSIX, & TAKXKE
HaM4Yre (PUTOMENaHWHA OOYCIIaBIMBAIOT BHU3YAJIbHBIC PAa3IM4YMsl B OKPACKAX CEMSHOK pPa3HbIX

IpyIIL.
3. Habnroanach B3aMMOCBSI3b MEXK/y TPU3HAKAMHU: OOJIBIION TUAMETpP COLBETUS U YE€pHAs, YEPHAS

C CeprIMH TOJIOCAaMH OKpacka cemsHOK y nuHuii BK419-2, BK484, JII'13-2, CJI1218, koTtopsie
SIBJISIFOTCS POTYKTOM CEJICKIIUH.
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