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TUIMJIUTIKT apTTHIPaJIbl )KOHE OHIMIUTIT JKOFaphl achll TYKBIMIIBI MaJIJIapIbIH KOOCIOiH OipHEeIe ece
tezgereni [4, 5]. bipak Kasipri keseHae Masl LIapyalllbUIBIFBI ToxipuOecinge >xoHe Kazakcran
FBUIBIMBIHZA Oy omicTep ic KY3iHAE NBICBIKTaNIMaraH, OyJl OHBIH CYpPaHBICCBI3IBIFBIH TYCIHAIpEi,
OCBbIFaH OalIaHbICTBI OYJ1 OAFBITTHI JAMBITY XKOHE KeHiHEH TapaTy MaHbI3Abl. OYTiH.

3epTTeynep HOTHKeNepl OOMBIHIIA CHBIPIAPIBIH  (QONIIHKYIAPIBIK OOUUTTEPiH in  Vitro
YPBIKTaHJBIPY KE3iHAE OpTYPJi MOIEHM XKYHelep/ae CalbICThIpMalbl acHeKTife YPHIKTaHIBIPYIbIH
XKOHE OSMOpPUOHAAPABIH ONlaH opi JaMYBIHBIH €H J>KOFaphl MalbI3bl CHHTETUKAIBIK CHBIpIapiaa
OaiiKanaTelHbl aHbIKTANIBL. [VF-omOebam opta, 64% kapcel 16,8% xome 21,8% xoHe
AMOPHOHIAP/IBIH KEII CaThIChIHA JICHiH Jamysl 35,3% Kypabl, ain 0acka eki KOpeKTik opTaaa Oipie-
0ip SMOPHOH aHBIKTAJFaH YKOK.
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PA3HOOBPA3UE IIBETA ®»ACETOUYHBIX U JOPCAJBHBIX I'JIA3 Y TPYTHEN
APIS MELLIFERA
VARIATION IN COLOR OF COMPOUND AND DORSAL EYES IN APIS MELLIFERA
DRONES

AHHOTAIUA
B niepron cOopa HekTapa W NBUIBIIBI ITYENBI SBIISIOTCS OAHON W3 MEPBBIX HanOoJee ySI3BUMBIX
MUIIIEHEH M3 KOMIIOHEHTOB OWOIIEHO30B NpPH TOCTYIUICHUW B HUX KCEHOOWOTHUKOB (TIECTHIIHIIBI,
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UHCEKTULIMABI U 1p.). CHCTEeMaTUYECKOE MNPUMEHEHHUE HCKYCCTBEHHO CO3J]aBaEMbIX Pa3IUYHBIX
XUMHYECKUX TIPENapaToB SABISCTCA OAHUM M3 HAUOOJee CYIIESCTBEHHBIX (PaKTOPOB aHTPOIIOTEHHOI'O
BO3JICHCTBUS Ha YN, KOTOPBIH CIIOCOOCTBYET OMOIIOTHYECKUM U MOP(HOTOTHISCKAM U3MEHCHHUSIM.

OOBeKTOM WCCICNOBaHUM SIBUWIMCh TPyTHU. OIGHKY HaIWuus M3MEHEHWUH I1[BETa TIJja3
MPOBOAMIIM BU3YaJlbHO, C TIOMOILBIO PYYHOMU JIyTibl. MeToArKa OCHOBaHA Ha CPaBHEHHUU UCCIIENLYEMbIX
00beKTOB ¢ HopMoH. Hopma yCIOBHO BBIIEIEHHOE COCTOSHHUE OOBeKTa, OOJaaroIiee
XapaKTePUCTUKAMH, MPUCYIIUMHU OOJIBIIMHCTBY TaKUX KE O0BEKTOB B CXOIHBIX YCIOBUSX, B JaHHBIH
MOMEHT BpeMeHH. Mopdonornyeckue aHOMaJIUM — PE3YJIbTaThl OTKIOHEHUS OT HOPMAaJIbLHOTO
pa3BUTHS, T.€. BO3HMKHOBEHUS HETUIHMYHBIX CTPOCHUW W JACATEIBHOCTEN OpPraHOB WM BCErO
OopraHu3ma.

IIpoBeneHHble HCCIIEIOBAHUS 110 OLEHKE HAJIMYMs TPYTHEW C PA3IMYHBIMU I[BETAMU
(daceTouHbIX W JOpCajbHBIX TIJ1a3 CBHUJCTCILCTBYIOT O pacCHpPOCTPAaHEHHOCTH JBYX I[BETOB:
KOPUYHEBBIC WJIM TPaHATOBbIE W Oecjibie. MOHUTOPHHT JaHHBIX H3MEHEHHH BO B3aUMOCBS3H C
SKOJIOTHYECKOW HArpy3Koi B palioHaX, SBISICTCS TMOJTBEPXKICHHEM OWOTOKCHYHOCTH CpEdbl, TIe
COJiepKaTcsl OKOTOKCHUKAHThI. JlaHHBIM (AKT TO3BOJSET OTMETUTh BO3MOXKHBIC H3MEHEHUS
SKOJIOTMYECKON CUTYallH, BHI3BIBAIOIINE MYTAIIMOHHBIE TPOLIECCH. B 1IesiX coXpaHEeHUs YyBallCKOU
TIOMYJISIIIANA CPEAHEPYCCKOTO MOABUIA MEIOHOCHOW IMYENBl B JalbHEHIIIEM HEOOXOIUMO IMOTHOCTHIO
MPOBECTH JKOJOTMYECKHII MOHUTOPHHI Bcex paiioHoB Yysamickoit PecmyOnmuku. IlomoGHoe
MEpPONPUATHUE MO3BOJUT BBIIBUTH MECTA C BBICOKHM COJEP)KAHUEM DKOTOKCHKAHTOB C JaJlbHEUIIIUM
BBEJIEHUEM 3allpeTa Ha COJEp)KaHUs MYesl B JIaHHBIX pallOHaX WM Ha HCIOJIb30BaHUE MPOIYKTOB
MMYEIOBOJICTBA U3 TJAHHBIX 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.

Knwueewie cnosa: meoonocnas nyena, mpynieHn, 2iasd, yeem, 3K0J102usl.
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 (narrow 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.

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".

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

A

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).
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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)

Qty 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)
0,
No. | Area Qy e oot |
drones, pcs. normal garnet white
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
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2017rop

KOPWYHEEbLIE UIW TP3H3TOEBLIE rNasa

HOpPManbHbIE rNasa
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2016108

KOPWUYHEEBIE UKW MTPAH3TOBbLIE rNasa
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Figure 3 — The occurrence of drones with different eye colors in areas with the maximum number of
ecotoxicants (2015-2017)
Note: white eyes — Genbie irasa translation into Rus; brown or garnet eyes — kopu4HeBbIe WK
rpaHaToBbIE I71a3a; NOrmal eyes — HopmasbHbIe

0,00% 10,00% 20,00% 60,00% 70,00%  80,00%

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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6enbie rnasa

KOPWYHEEBLIE UKW FPaHaTOBbIE rNasa

2017 rop

HOPpM@nbHbIE rNasa

6enble rnasa

KOPWYHEEBbLIE UKW TP3HATOEbIE rNasa

2016r0n

HOpPManbHbIE rNasa

6enbie rnasa

KOPWYHEEbIE UKW FP3HATOEbIE rNasa

2015rop

HOpManbHbIE rNasa

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

Bcrpeyaemoctb, %

Figure 4 — The occurrence of drones with different eye colors in areas with a minimum amount of
ecotoxicants (2015-2017)
Note: white eyes — 6enbie ri1asa translation into Rus; brown or garnet eyes — kopu4HeBbie WK
rpaHaToBbIe I71a3a; Normal eyes - HopMasibHbIC

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

Banueipeiazap MeH To3aHIapAbl KUHAY Ke3eHiHAe apanap KCeHOOMOTHKTEepi (MecTHIUATED,
WHCEKTUIMATED >KoHE T.0.) KaObuaay Kes3iHJe OWOLEHO3 KOMIIOHEHTTEPIHIH aJFallkbl ocal
HBICAHIAPBIHBIH ~ Oipi Oonbim  TaObutafbl. JKacaHmel Typae JKacaJFaH opTYPJIl  XHMHSUIBIK
nperapaTTapibl Kylen KolJlaHy OMOJOTHSUIBIK JKOHE MOP(OIIOTHUSIIBIK €3repicTepre bIKMAJl €TETIH
apajiapra aHTPOIOI'SHIIK acep eTY/IH MaHbI3 bl (haKTOPJIAPBIHBIH Oipi OOJIBIN TaObLIaIbI.

3eprrey HbicaHbl JIpoHaap Oomuel. KesnmiH TYyCiHIH e3repyiH Oarajay KOJIMEH YJIKSHTKILITIH
KOMEriMeH Ke30€H Kyprisuiai. OjicreMe 3epTTeNeTiH OOBEeKTUIEpi HOPMAaMEH CalbICTBIPyFa
Herizaenred. Hopma-0yot Genrini Oip yakpITTa yKcac skaraaiiapaa Oipaell o0beKTiiepIiH KoIiirine
TOH CHUIIATTaMajapbl 0ap OOBEKTIHIH MIAPTTHI TYpAE O6JliHreH Kyii. Mop(oIorusuIbIK aybITKy1ap-0y
KaJIBINIThI JaMyJaH aybITKYIbIH HOTHXKeEJIEpi, SAFHU.ar3ajap/IblH HeMece OYKUT ar3aHblH THUIITIK eMec
KYPBUTBIMApBl MEH OpPEKETTEPiHIH Maiaa OOysI.

dacerTik KoHE JOpCabAbl KO3ICPHIH SPTYpJi TycTepi Oap ApoHIApIbIH OONybIH Oarajiay
OOIBIHINA XKYPTi3UITeH 3epTTeyliep eKi TYCTIH TapalyblH KepceTe/li: KOHbIP HeMece aHap TYCTEC JKOHe
aK. AynannapJarbl SKOJIOTHSIIBIK )KYKTEMEMEH e3apa 0alijlaHbICTaFrbl OChI ©3repicTepAiH MOHUTOPUHTI
9KOTOKCHUKAHTTAp YCTaJaThlH OpPTaHBIH OWOYBITTBUIBIFBIH pacTay OoJiblll TaObutanbl. by dakr
MYTaLUSJIBIK TPOLIECTEPl TYABIPAThIH SKOJOTHSUIIBIK YKaFIaiIblH MYMKIH OOJIaThIH ©3repiCTepiH aTar
eTyre MyMKIiHIIK Oepemi. OpTaliblK OpbIC Oa apanapblHbIH Killli TypsepiHiH YyBalll MomyisuusChbiH
caktay yunH Oomamiakra UYysamr PecmyOnuMKachliHBIH —OapiblK —ayAaHJapblHa — DKOJOTHSIBIK
MOHUTOPUHT KYprizy Kaxker. MyHJal ic-liapa ocbl aymaHaapia apajapibl ycTayFa HeMece OCHI
HYKTEJIEpJICH apa MapyanibUIbIFel OHIMICPIH MaiaanaHyFa THIABIM CATyAbl OJaH opi €HTI3€ OTHIPHII,
AKOTOKCHKAHTTAPhI JKOFaphl OPBIHAAP/IBI AaHBIKTayFa MYMKIHIIIK Oepeti.

PE3IOME

B mepuox cOopa HeKkTapa M MBUIBIIBI TUENBI SBISFOTCS OJHOW M3 MEPBBIX HanOosee YSI3BHMBIX
MHIIEHEH W3 KOMITIOHEHTOB OWMOLIEHO30B IPH MOCTYIUIEHMH B HUX KCEHOOMOTHKOB (IIE€CTHIIUMIBL,
MHCEKTHINABl M 1p.). CHcreMaTHyeckoe NPHMEHEHHE HCKYCCTBEHHO CO3/IaBAEMBIX Pa3IMYHBIX
XMMHUUYECKUX IPEIapaToB SBJISIETCS OJHAM M3 HanOojee CYyIMIeCTBEHHBIX (DaKTOPOB aHTPOIIOTEHHOTO
BO3JICHCTBHS HA Y€, KOTOPBIN CIIOCOOCTBYET OMOIIOrMYECKUM U MOP(OJIOTHIECKUM H3MEHEHHSM.

OObexkToM wmcclenoBaHUi sBHIWCH TpPyTHUH. OTEHKY HaIWdus W3MEHEHWH I[[BeTa TJja3
MIPOBOIMIIM BH3YaJIbHO, C IIOMOIIBIO PYYHOH JIynbl. MeToanka OCHOBaHA Ha CPAaBHEHUH HCCIIEAYEMBIX
00beKTOB ¢ HOpMOH. Hopma yCIOBHO BBIJENEHHOE COCTOSHHE OOBEKTa, oO0lajaromiee
XapaKTEePUCTHUKAMH, TIPUCYIIUMH OOJNBIINHCTBY TaKUX )K€ O0BEKTOB B CXOIHBIX YCIIOBHUSX, B TAaHHBIN

MOMEHT BpeMeHH. Mopdonoruyeckue aHOMaINMM — PE3yJAbTaThl OTKIOHEHHS OT HOPMAaJIbHOTO
pa3BUTHA, T.e. BO3HUKHOBEHUS HETHNHWYHBIX CTPOCHUH M JAEITEIBHOCTEH OpPraHOB MM BCErO
OpraHusma.

[IpoBenenHble uCcAEOOBAHUS MO OLEHKE HAIMYUS TPYTHEH C PasiMUHBIMH LBETAMHU
(aceTOYHBIX M JOPCANBHBIX IJ1a3 CBHUJACTEIBCTBYIOT O PACHPOCTPAHEHHOCTH [IBYX LIBETOB:
KOpUYHEBBIC HJIM TpaHaToBble W Oenble. MOHUTOPHUHI [aHHBIX M3MEHEHMHA BO B3aHMOCBSI3H C
9KOJIOTMYECKOH Harpy3koid B pailioHaX, SIBJISETCA IMOATBEPXKICHHEM OHWOTOKCHMYHOCTH Cpenbl, IIe
COZEP)KATCsI HKOTOKCUKAHTHI. [laHHBIA (akT MMO3BOJISIET OTMETUTh BO3MOXKHBIE H3MEHEHHUS
9KOJIOTMYECKOI CHTYyalluy, BHI3BIBAIOLIME MyTAlHOHHBIE IPOLIECCHl. B 1esX coxpaHeHus1 4yBaIICKOH
MOIMYJSIIMK CPEAHEPYCCKOTrO MOJBUAA MEIOHOCHOM IMUENbl B JaJbHEHIIEM HEO0XOIUMO MOJHOCTHIO
MPOBECTH DKOJIOTHUECKH MOHUTOPUHI Bcex paifoHoB Yysamickoit PecnyOnmku. IlogoOHoe
MEpONPUATHE MO3BOJIUT BBIIBUTH MECTA C BBICOKUM COJIEP’KAHUEM SKOTOKCHMKAHTOB C JaJbHEHIINM
BBEJCHUEM 3alpeTa Ha COAEp)KAHMs MUel B JAHHBIX pailoHaX WM Ha MCIIOJIIb30BaHUE IPOAYKTOB
MTYETIOBOJICTBA U3 JaHHBIX TOYEK.
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