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TUIMALTIKT] apTTHIPabl J)KOHE OHIMIIIITT KOFaphl achll TYKBIMABI MaJIIapAblH KeOetoiH OipHele ece
tesnereni [4, 5]. Bipak kasipri ke3eHje Maj IIapyalibUIBIFBI ToxipuOeciHme »xoHe Kazakcran
FBUIBIMBIHZIA OYJT oNicTep ic KY3iHIE MbICHIKTaJIMaraH, OyJl OHBIH CYPaHBICCBI3IBIFBIH TYCIHIIpesi,
OCBbIFaH OaiyaHbICTBI OYJ1 OAFBITTHI JAMBITY JKOHE KEHIHEH TapaTy MaHbBI3IbI. OYTiH.

3epTreynep HoTWXKeNepi OOWBIHINA CHBIPIAPABIH (OJUIMKYISAPIBIK OOLMTTEPiH in  Vvitro
YPBIKTaHABIPY Ke3iHIAE OPTYPIl MOICHM JKYHenepnae CalbICTHIPMAaibl ACTEKTie YPBIKTaHIBIPY/IbIH
XKOHE SMOPHOHAAPIBIH OJaH Opi JAMyBIHBIH €H JKOFaphl MalbI3bl CHHTETHUKAIBIK CHBIpIIapaa
OalikanmaTelHBI  aHBIKTANABL. [VF-omOebanm opra, 64% xapcer 16,8% xome 21,8% koHe
SMOpPHOHIAPIBIH KEIl caThIChIHA AewiH qamysl 35,3% Kypaunbl, an 6acka eKki KOpeKTik opraaa Oipie-
0ip SMOPHOH aHBIKTAIFaH JKOK.
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PA3HOOBPA3UE IIBETA ®ACETOYHBIX U TOPCAJIBHBIX I'JIA3 Y TPYTHEN
APIS MELLIFERA
VARIATION IN COLOR OF COMPOUND AND DORSAL EYES IN APIS MELLIFERA
DRONES

AHHOTANUA

B Iepruoag c6opa HEKTapa W NbUIbIbI MYCIIbI ABJIAIOTCA O)IHOI7[ M3 IICPBbIX HauoOosee YA3BUMBIX
MHIIIEHEH W3 KOMIIOHCHTOB 6I/IOHCH030B IIpyu TOCTYINICHUHM B HHX KCEHOOMOTHKOB (HCCTI/IHI/II[BI,
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WHCeKTHUIMABI U 1p.). CHcTeMaThdeckoe NPUMEHEHHWE WCKYCCTBEHHO CO3[aBAaCMbBIX Pa3IMIHBIX
XUMHYECKUX TIPENapaToB sBISCTCS OJHUM U3 HauOOJee CYIIECTBEHHBIX (DaKTOPOB aHTPOIOTCHHOTO
BO3JICHCTBUS Ha MTUYET, KOTOPBIH CIIOCOOCTBYET OMOIOTHYECKUM U MOP(OJIOTHISCKUM U3MEHEHHUSIM.

OO0bekToM wucclenoBaHuil SBWIKMCH TpyTHH. OIEHKY Hajdudusi W3MEHEHWH IBeTa TJia3
MPOBOAWIM BU3yaJlbHO, C TIOMOIIBIO pyYHOH Jynbl. MeTOMKa OCHOBaHA HA CPABHEHUU HCCIIEYEMBIX
o0bekTOB ¢ HOpMoil. Hopma yclIOBHO BBIIEIEHHOE COCTOSHUE OOBEKTa, oOiamaroriee
XapaKTePUCTUKAMH, TIPUCYIIUMHA OOJBITMHCTBY TaKUX e OOBEKTOB B CXOJHBIX YCIIOBHUSX, B JAHHBII
MOMEHT BpeMeHU. Mop(doyIorHYecKue aHOMallUM — pPEe3yJbTaThl OTKJIOHCHHS OT HOPMAJILHOTO
pa3BUTHS, T.€. BO3HMKHOBEHUS HETUIMYHBIX CTPOEHUW M NESITEIBHOCTEH OpPraHOB WM BCETO
opra’usma.

[IpoBeneHHbIE HCCIENOBAHUS IO OLEHKE HAIM4YMs TPYTHEM C pa3iMYHBIMU LBETaMU
(aceTOYHBIX W JOPCATbHBIX TIJIa3 CBHJCTCILCTBYIOT O paCIpPOCTPAHCHHOCTH JBYX IIBETOB:
KOPUYHEBBIC WM TpaHATOBBIE W Oeibie. MOHHTOPHHT MAaHHBIX HM3MEHEHHH BO B3aWMOCBS3H C
9KOJIOTUYECKON Harpy3Koll B pailloHaX, SIBISETCS IMOITBEPXKICHHEM OMOTOKCHUYHOCTH CPEIBI, T
COJICP)KATCS JKOTOKCHKAHTHI. JlaHHBIM (aKT TMO3BOJSET OTMETUTh BO3MOXKHBIC H3MCHCHHS
SKOJIOTMYECKOM CUTYyalllH, BhI3BIBAIOIINE MYTALIMOHHBIE IPOLIECCH. B 1EeNnIx coXpaHeHusl 4yBallICKOM
MOMYJISIIIUY CPETHEPYCCKOr0 TOJBUAA MEIOHOCHOW ITYEIbl B JdajIbHEHIIIEM HEOOXOIUMO IMOJTHOCTHIO
MPOBECTH OJKOJIOTUYECKUIT MOHUTOPUHT Bcex paiioHoB UYysamickoii PecnyOmuku. IlomoGnoe
MEPOINPUATHE MO3BOJUT BBIABUTH MECTa C BBICOKUM COAECPKAHUEM SKOTOKCHUKAHTOB C JajJbHEHUIINM
BBEJECHUEM 3alpeTa Ha COJEpkKaHUA MYes B JAaHHBIX pallOHaxX WM Ha HCIOJIb30BaHUE MPOIYKTOB
ITYCIOBOICTBA U3 JJAHHBIX TOUCK.

ANNOTATION

During the period of collecting nectar and pollen, bees are one of the most vulnerable targets
from the components of biocenoses when xenobiotics (pesticides, insecticides, etc.) enter them. The
systematic use of various artificially created chemicals is one of the most significant factors of
anthropogenic impact on bees, which contributes to biological and morphological changes.

Drones were the object of the research. The presence of changes in eye color was assessed
visually using a hand magnifier. The technique is based on the comparison of the studied objects with
the norm. A norm is a conditionally distinguished state of an object that has characteristics inherent in
most of the same objects under similar conditions at a given time. Morphological anomalies are the
results of deviations from normal development, i.e. the emergence of atypical structures and activities
of organs or the whole organism.

Studies conducted to assess the presence of drones with different colors of compound and dorsal
eyes indicate the prevalence of two colors: brown or garnet and white. Monitoring of these changes in
relation to the environmental load in the areas is a confirmation of the biotoxicity of the environment
containing ecotoxicants. This fact allows us to note possible changes in the ecological situation that
cause mutational processes. To preserve the Chuvash population of the Central Russian subspecies of
the honey bee, it is necessary to carry out full environmental monitoring of all regions of the Chuvash
Republic in the future. Such an event will allow identifying places with a high content of ecotoxicants
with the further introduction of a ban on keeping bees in these areas or on the use of beekeeping
products from these points.

Knroueewte cnosa: medornocuas ngejuna, mpymeHns, cidsd, yeent, IKOJ102usl.
Key words: honey bee, drone, eyes, color, ecology.

Introduction. According to experts, bees (Apis) are one of the most prosperous groups of
insects, numbering more than 16 thousand species, which belong to 425 genera and 7 families. Bees
are found on land almost everywhere where there are entomophilous plants, i.e. up to the zone of
perennial ice in the polar regions and to the snow line in the mountains. They are one of the few
groups of insects known to have a true social life (“eusociality"). According to the type of trophic
relationships, bees are divided into two main groups: polylectic species, the females of which collect
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pollen from a wide range of plants (wide polylects) or from a few plant species belonging to different
botanical families (harrow polylects) and oligolect species, the females of which collect pollen mainly
or only one family of plants (wide oligolects). Bees are also of great importance for the agro-industrial
complex (mainly for plant growing and animal husbandry), being the main pollinators of many
cultivated entomophilous plants (Michener, 2000; Protalkin, 2005) [1, 2].

Honey bee (Apis mellifer), is a eurytopic organism, characterized by trophic relationships as a
wide polylect, and this is due, of course, to the fact that they lead a eusocial lifestyle. At the same
time, as experts note, the number of biotic factors affecting living organisms, incl. per honey bee far
exceeds the number of abiotic bees. Among the biotic factors, there are many more primary factors
that directly determine the possibility of the existence of a honey bee: the strength of families, which
determines the ability of insects to withstand adverse effects, the presence of a sufficient number of
pollen and nectar plants, and the state of the environment (Korzh and Kiryushin, 2013) [3].

Features of the biology of the honey bee make it the best pollinator of the entomophilous flora.
During the period of collecting nectar and pollen, bees are one of the first most vulnerable targets from
the components of biocenoses when xenobiotics (pesticides, insecticides, etc.) enter them. The
systematic use of artificially created various chemicals is one of the most significant factors of
anthropogenic impact on bees. Savinov A.B. wrote that an important aspect of the interaction of any
organisms is mutualistic bonds. Naturally, the mutualistic connections of the honey bee with plants are
of the greatest importance for ecosystems, and for the insect itself, this can fit into the characteristics
of the quantity and quality of food (Savinov, 2011; Bissembayev et al., 2023) [4, 5].

However, as Korzh A.P. and Kiryushin E.V. one more mutualist must be remembered, which is
man. In the modern world, he takes on the solution of many problematic issues in beekeeping, and
they are, for the most part, aimed at maintaining the strength of families and their ability to withstand
adverse environmental influences (Korzh and Kiryushin, 2013) [3].

In the works of a number of authors, it was noted that during the studies of the morphology of
some groups of insects, certain deviations from the "norms" were revealed, due to various factors:
solar radiation, low or high temperature conditions during the development period, ecotoxicants, etc.
At the same time, to monitor morphological changes, the “Classification of morphological anomalies
of insects” according to J was successfully applied. Balazuc (1948) and Yu.A. Prisny (2009).

The aim of the work was to study eye color anomalies in drones, using the classification of
morphological anomalies according to J. Balazuc (Balazuc, 1948) [6] and Yu.A. Prisny (Prisny, 2008)
[7].

Material and methods. Drones were the object of the research. The total number of drones
studied was 21 000. The work was carried out in 2015-2017. The presence of changes in eye color was
assessed visually, using a hand magnifier, according to the classification of morphological anomalies
of insects according to J. Balazuc and Yu.A. Prisny (Balazuc, 1948; Prisny, 2008) [6, 7]. The
technique is based on the comparison of the studied objects with the norm.

A norm is a conditionally distinguished state of an object that has characteristics inherent in
most of the same objects under similar conditions at a given moment in time (Written, 1983) [8].
Morphological anomalies are the results of deviations from normal development, i.e. the emergence of
atypical structures and activities of organs or the whole organism (Prisny, 2008) [7].

Monitoring of changes in the eye color of drones was carried out in conjunction with the
ecological situation in the regions. According to the official report "On the environmental situation in
the Chuvash Republic in 2014" two groups of districts were identified: Group 1 - with the maximum
amount of ecotoxicants emitted from all stationary sources (Kanash, Kanashsky district (1.603
thousand tons); Krasnoarmeysky district (6.408 thousand tons) and Cheboksary district (13.096
thousand tons); Group 2 - with a minimum amount of ecotoxicants emitted from all stationary sources
(Batyrevsky district (0.082 thousand tons); Krasnochetaisky district (0.041 thousand tons);
Morgaushsky district (0.198 thousand tons) and Urmarsky district (0.052) (Fig. 1).
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Figure 1 — Map of the Chuvash
Republic (red marker - the area
& with the maximum amount of
ecotoxicants emitted from all
stationary sources; green marker -
areas with the minimum amount of
ecotoxicants emitted from all
stationary sources)
Picture documentation was
carried out using a Canon
EOS550D, at max. led away.
281x289 dots. Biometric data
processing was carried out in
Microsoft Office Excel, 2007.

A
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Results and discussion. According to the classification of insects by J. Balazuc [8] and
Yu.A. Prisny (Prisny, 2008) [7], on the territory of the Chuvash Republic, two types of deviations
from the "norm™ were identified (Fig. 2-A) in the color of compound eyes and dorsal (simple) eyes in
drones: brown or pomegranate (Fig. 2-B) and white (Fig. 2-C). The presented changes in eye color are
classified in group 2 "Local deformities".

A B IN
Figure 2 — Variety of eye colors in drones: 1 - normal eyes; 2 - brown or garnet eyes; 3 - white eyes

Heterochromia or color diversity of compound eyes and simple ocelli was not observed in one
drone; individuals had the same eye color: normal, brown (garnet) or white, respectively.

Data on the occurrence of identified eye colors in drones in 2015 are presented in Table 1.

As can be seen, in the first group of regions, where, according to official sources, the maximum
release of ecotoxicants into the environment is observed, a high proportion of drones with brown or
pomegranate eyes was observed - 16.33%.

In the second group, i.e. the release of the minimum amount of ecotoxicants, 12.23% of drones
with changes in eye color were recorded from the total number of samples.

In general, in the republic, the number of drones that differ from the "norm" amounted to
12.23% or 856 individuals of the total sample (7000 inddividuals).

203




Aybi1 wapyatiblibiFbl Fbl/IbIMAaPbI

Data for 2016 are presented in Table 2. In the first group of districts, the number of drones with
different eye colors was found more than in the second group, by 11.38%. At the same time, their
number in group # 1 was 21.73% and in # 2 - 10.35%. The total number of drones with deviations
from the "norm" in the Chuvash Republic amounted to 15.23% or 1066 individuals of the total sample.
This number exceeded the figures for 2015 by 3.0%.

Table 1 — The occurrence of drones with different eye colors on the territory of the Chuvash Republic
Year 1)

oty Eye color, pcs. /%
No. Area drones, pcs. normal brown or white
garnet
Group #1
1 Kanashsky 1000 842/84.20 158/15.80 -
2 Krasnoarmeisky 1000 838/83.80 162/16.20 -
3 Cheboksary 1000 830/83.00 170/17.00 -
Total 3000 2510/83.67 490/16.33 -
Group #2
4 Batyrevsky 1000 902/90.20 98/9.8 -
5 Krasnochetaysky 1000 913/91.30 87/8.70 -
6 Morgaushsky 1000 912/91.20 88/8.80 -
7 Urmar 1000 907/90.70 93/9.30 -
Total 4000 3634/90.85 366/9.15 -
General in the Republic 7000 6144/87.77 856/12.23 -

Table 2 — The occurrence of drones with different eye colors on the territory of the Chuvash Republic
(Year 2)

Oty Eye color, pcs. /%
No. Area drones, pcs. normal brown or white
garnet

Group #1
1 Kanashsky 1000 803/80.30 197/19.70 -
2 Krasnoarmeisky 1000 800/80.00 200/20.00 -
3 Cheboksary 1000 745/74.50 255/25.50 -
Total 3000 2348/78.27 652/21.73 -

Group #2
4 Batyrevsky 1000 900/90.00 100/10.00 -
5 Krasnochetaysky 1000 890/89.00 110/11.00 -
6 Morgaushsky 1000 901/90.10 99/9.90 -
7 Urmar 1000 895/89.50 105/10.50 -
Total 4000 3586/89.65 414/10.35 -
General in the Republic 7000 5934/84.77 1066/15.23 -

Table 3 presents the results of studies on the occurrence of drones with different eye colors on
the territory of the Chuvash Republic in 2017.

As can be seen from the obtained data, drones with eye anomalies in the group of areas with the
maximum amount of ecotoxicants emitted from all stationary sources exceeded the second group in
terms of numerical composition, namely: 22.07% (group No. 1) and 10.33% (group No. 2). In the
Chuvash Republic, this figure was 15.30% or 1071 drones of the total sample. At the same time, in
2017, drones with white eyes were registered, which were found in one area - Cheboksary, where,
judging by official sources, the highest amount of emitted ecotoxicants is observed - 13.096 thousand
tons.
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In general, as we can see, in group 1 (the maximum number of ecotoxicants) there is a dominant
number of drones with changes in eye color: 2015 - 16.33%; 2016 - 21.73% (increase by 5.4%); 2017
- 22.07% (compared to 2015, an increase of 5.74% and to 2016 - by 0.34%) (Fig. 3).

Table 3 The occurrence of drones with different eye colors on the territory of the Chuvash Republic

(Year 3)
Oty Eye color, pcs. /%
No. Area drones, pcs. normal brown or white
garnet
Group #1
1 Kanashsky 1000 800/80.00 200/20.00 -
2 Krasnoarmeisky 1000 788/78.80 212/21.20 -
3 Cheboksary 1000 740/74.00 260/26.00 10
Total 3000 2328/77.60 662/22.07 10/0.33
Group #2
4 Batyrevsky 1000 902/90.20 98/9.80 -
5 Krasnochetaysky 1000 899/89.90 96/9.60 5/0.50
6 Morgaushsky 1000 885/88.50 115/11.50 -
7 Urmar 1000 900/90.00 100/10.00 -
Total 4000 3586/89.65 409/10.33 5/0.02
General in the Republic 7000 5914/84.49 1071/15.30 15/0.21

2017 ron

6enbie rnasa

KOPWYHEEbLIE WKW rP3HATOBbIE rNasa

HOPMa3nbHbIE rNasa

201610

6enele rnasa

KOPWYHEEBbBIE UKW TPAH3TOBbLIE rNas3a

HOpPManbHbIE rNasa

2015ropn

benble rnasa

KOPWYHEEDLIE WKW TP3HATOBbIE rNasa

HOPManbHbIE rN333

0%

16(33%

7,60%

78,27%

83,67%

0,00%

10,00%

ecotoxicants (2015-2017)

20,00%

30,00% 40,00%

50,00% 60,00%
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Figure 3 — The occurrence of drones with different eye colors in areas with the maximum number of

70,00%

80,00% 90,00%

Note: white eyes — 6enpre rimasa translation into Rus; brown or garnet eyes — kopuuneBbie nmm
rpaHaToBBIe I1a3a; hormal eyes — HopMasbHbIE

In group No. 1 (exposure to the minimum amount of ecotoxicants), drones with eye color
changes were also encountered, but their number was less: 2015 - 9.15%; 2016 - 10.35%; 2017 -
15.30% (Fig. 4).
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benbie rnasa

KOPWYHEEBbLIE UK TP3HATOBbIE rNasa

2017 rop

HOpManeHblE rnasa

benbiernasa 0%

KOPUYHEBLIE WU FP3HATOBbIE MNa3a 10,35%
\
HOPManeHbIE rNasa 89,65%

Genviernasa 0%

201608

KOPUWUYHEBLIE WX FPaHATOBLIE MNasa 9,15%

2015ropn

HOPManbHbIE FNa3a 90,85%

\ | | \ \ | | \ \
0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00% 100,00%

Bcrpeuaemoctb, %

Figure 4 — The occurrence of drones with different eye colors in areas with a minimum amount of
ecotoxicants (2015-2017)
Note: white eyes — 6enbie rasa translation into Rus; brown or garnet eyes — kopudHeBbIE HITH
rpaHaToBbIe IJ1a3a; Normal eyes - HopmaibHbIE

As can be seen, an annual increase in the number of drones with eye color changes was
registered, namely: in 2016 the increase was 1.2%, in 2017 - 6.15%, compared with 2015 and 4.95%
with 2016.

Conclusion. Studies conducted to assess the presence of drones with different colors of
compound and dorsal eyes indicate the prevalence of two colors: brown or garnet and white.
According to the "Classification of morphological anomalies of insects” by J. Balazuc (Balazuc, 1948)
[6] and Yu.A. Prisny (Prisny, 2008) [7], the presented color changes are classified according to group
No. Il "Local deformities". Monitoring of these changes in relation to the environmental load in the
areas is a confirmation of the biotoxicity of the environment containing ecotoxicants (Zakharov and
Yablokov, 1985; Gribina et al, 2021) [9, 10]. This fact allows us to mention possible changes in the
ecological situation that cause mutational processes. F. Ruttner noted that there are mutations that
prevent the normal coloration of dotted and compound eyes, since the formation of pigments depends
on many hereditary bases, the possibility of various eye mutations arises (Ruttner, 1982) [11]. To
preserve the Chuvash population of the Central Russian subspecies of the honey bee, it is necessary to
do full environmental monitoring of all regions of the Chuvash Republic in the future. Such an event
will make it possible to identify places with a high content of ecotoxicants with the further
introduction of a ban on keeping bees in these areas or on the use of bee products from these points
(Mannapov A. G.et al., 2022; FAO, 2020; Jacques J. M. van Alphen and Bart J. F., 2020) [12, 13, 14].

The data obtained are consistent with previous studies, and at the same time allow us to adjust
the selection work in breeding beekeeping [15, 16, 17, 18, 19, 20].
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TYWUIH

banmmbiperHIap MeH To3aHIApbl )KHHAY KE3eHIHIEe apaiap KCeHOOMOTHKTepHi (TeCTUINATED,
WHCEKTUINATED JKoHe T.0.) KaObuimay KesiHme OHMOIeHO3 KOMIIOHEHTTEPIiHIH aJFalIkbl ocal
HBICAHJAPBIHBIH Oipi Ooybim  TaObutazpl. JKacaHmel Typae KacaJFaH opTYPIl  XUMHSIIBIK
MperaparTapabl KyHWel KoJjmaHy OHOJOTHSUIBIK JKOHE MOP(OIOTHSUIBIK e3repicTepre BIKMAN eTeTiH
apaapra aHTPOIIOTEH/IIK Scep Ty IiH MaHbI3IbI (haKTOPIAPBIHBIH Oipi OOIBIT TaObLTAIb.

3eprrey HbicaHbl ApoHaap Oonabl. Ke3miH TyciHiH esrepyiH Oaranay KOJIMEH YJIKEHTKIIITIH
KOMETIMEH KO30C€H KYPrizuimi. OJicTeMe 3epTTEICTiH OOBEKTUIepAI HOPMAaMEH CalbICTBHIPYFa
HerizaenreH. Hopma-0yn Genrini Oip yakbITTa yKcac xargaitnapaa 6ipaei o0beKTinepaiH KoIIiirine
TOH CUIATTaMaapbl 0ap OOBEKTIHIH MIAPTTHI TYpAE O6JiHreH Kyiii. Mop(hOIOTHsIIBIK aybITKYJIap-0yi1
KaJIBINITHI JaMyAaH aybITKYJbIH HOTHXKENICPl, SAFHH.AF3aJlapIblH HeMece OYKUI ar3aHbIH THIITIK eMecC
KYPBUTBIM/IapBI MEH SpPEeKeTTePiHIH maiaa OoIyHl.

daceTTiK XoHe MOpCaNbIbl KO3IEpIiH SpTYpJi TycTepi Oap ApOoHIApIbIH OONYbIH Oaraiay
OOMBIHINA KYPTi3UIreH 3epTTeyiep eKi TYCTIH TapalyblH KepceTe/i: KOHbIp HeMece aHap TYCTeC JKoHe
aK. AynaHmapaarsl SKOJIOTHSIIBIK KYKTEeMEMEH o3apa OalIaHbICTarkl OCBl ©3TrepicTepAiH MOHUTOPHHT
HKOTOKCHKAHTTAP YCTAIATHIH OPTAHBIH OWOYBITTBUIBIFBIH pactay OoJbIn TaObmamel. bym ¢akt
MYTalHUSIIBIK MPOLECTEPl TYABIPATHIH SKOJOTHSUIBIK XKaFIaiIbIH MYMKiH OOJIaThIH ©3TrepiCTepiH aTarl
eTyre MyMKiHAIK Oepeni. OpTanblK opbic 0an apanapblHBIH Killi TypiepiHid YyBam NOMyJsIIUsCHIH
cakray ymiH Oomamakta UYyBam PecnyOnukachiHBIH OapiblK — ayJaHIapblHA SKOJOTHSIIBIK
MOHHUTOPHHT KYpri3y KakeT. MyHzaall ic-mmapa ocbl aynaHmapia apajiapibl ycTayFa HeMece OCHI
HYKTEJepJieH apa IapyambUIbFel OHIMAEPIH Nai jananyFa THIMBIM CallyIbl OJIJaH Opi €HTi3€ OTBIPHII,
9KOTOKCHKAHTTAPbI )KOFApbl OPBIHAAP/IBI aHBIKTAYFa MYMKIH/IIK Oepei.

PE3IOME

B nepuon cbopa HekTapa M MBUIbIBI TYETIbI SIBISIOTCS OJHON M3 MEPBBIX Hauboiee ysI3BUMBIX
MUILIEHEH W3 KOMIIOHEHTOB OHOLIEHO30B MpPHU IOCTYIUIEHHHM B HHUX KCEHOOMOTHKOB (TIECTHLHUABI,
MHCEKTUIMIBI U T1p.). CHcTeMaTHdyeckoe NPUMEHEHHWE HCKYCCTBEHHO CO3[aBaeMbIX Pa3IUYHbBIX
XUMHAYECKHX TIPETNapaToB SIBISETCS OAHUM W3 Hanboliee CYIIECTBEHHBIX (PAKTOPOB aHTPOTIOTEHHOTO
BO3/ICHCTBHSA Ha IT4eJ, KOTOPBIH CIIOCOOCTBYET OMOJIOrHYECKUM M MOP(OIOrHIECKUM U3MEHEHHSIM.

OObexTOM HcCIenoBaHMM SBWINCH TPyTHH. OLEHKY HalW4us HM3MEHEHMH IBeTa TJia3
IIPOBOJMIIM BU3YaJIbHO, C MIOMOIIBIO PYYHOM JIynibl. MeToIMKa OCHOBAHA HA CPAaBHEHHMH UCCIIEyEMbIX
00BbekTOB ¢ HOpMoOil. Hopma yclOBHO BBIAETICHHOE COCTOSHME O0BEKTa, obJajzaromiee
XapaKTepUCTUKAMH, PUCYIIUMH OOJIBIINHCTBY TaKUX € OOBbEKTOB B CXOAHBIX YCJIOBHUSX, B JaHHBIN
MOMEHT BpeMeHH. Mopdomornyeckue aHOMaTUM — PEe3yNbTaThl OTKJIOHEHHS OT HOPMAaJIbHOTO
pa3BUTHS, T.€. BO3HUKHOBEHMS HETUIMYHBIX CTPOCHUM M JEATEIBHOCTEM OpPraHoB WM BCETO
OpraHu3Ma.

IIpoBeneHHbIE HCCHENOBAaHUSA 110 OLEHKE HANWM4Ms TPYTHEM C pa3auyHbBIMU LBETAMU
(daceToyHbIX W JOPCAIBHBIX TIJIA3 CBHJIETEIBCTBYIOT O PACHpPOCTPAHEHHOCTH JIByX IIBETOB:
KOpPUYHEBBIE WJIM TpaHaToBble M Oenble. MOHHUTOPHMHT [aHHBIX H3MEHEHHH BO B3aUMOCBS3U C
9KOJIOTMYECKON Harpy3koil B pailoHax, SBISETCS IMOATBEPXKIECHHEM OHOTOKCHYHOCTH CpEHBl, IIie
colepkaTcsi OKOTOKCHKAHTHI. JlaHHBIM (akT TMO3BONSET OTMETUTH BO3MOXHBIE HM3MEHEHHS
9KOJIOTHYECKON CHUTYallNH, BBI3BIBAIOIME MYTAllMOHHBIE MPOIIECCHl. B 1ensIx coxpaHeHus 4yBalICKOH
TOIYJISIMK CPEJHEPYCCKOTO MOABUAA MEJIOHOCHOM MUesnbl B JalbHEHIIEM HEOOXOAMMO MOJHOCTBIO
MPOBECTH JKOJOTHYECKUH MOHUTOPHHT Bcex paiioHoB Yysamickoir PecnyOmuku. IlomoOnoe
MEPOIPUATHE MO3BOJUT BBIABUTH MECTA C BBICOKUM COAEPKAHUEM 3KOTOKCHKAHTOB C JIaJbHEHIIUM
BBEJICHUEM 3alpeTa Ha COAEpXaHWs IUeN B JAaHHBIX paliOHaX WIM Ha MCIOJIB30BAaHUE IPOAYKTOB
ITYEJIOBOJCTBA U3 JAHHBIX TOYEK.
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