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CHALLENGES OF ONGOING CUCURBITS
RESEARCH AND FARM GATING

Steady interest to pumpkin biology and breeding in Kazakhstan is confirmed by the former research.
Cucurbita pepo L. is harvested throughout all the continents under different climate conditions up to
65° northern latitude. For peoples of our and neighbouring countries as populations inhabiting the Silk
Road countries in general, pumpkin is one of key ingredients of sustenance. It serves as the bread dough
additive and is widely used in national cuisines in the Central Asian region and beyond. Especial signifi-
cance of pumpkin-based nutrition is explained by its implication in diet food and baby food due to the
presence of carious form of carbohydrates, vitamins, organic acids and microelements. Abundance of
nutritional composition in association with low cellulose content allows to recommend this melon crop
for being included into the diet at diverse inflammation processes. Numerous medicinal applications of
pumpkin is associated with cholagogue, diuretic, appetizer, anti-obesity, anti-insomnic, would-healing,
baby food, diet food, anthelminthic, anti-atherosclerotic, anti-aging, anti-eczemic, cosmetic treatment
and other effects. One of modern approaches in pumpkin phytoremediation is transgenic generation
with programmed set of associated bacteria. This offers further transgenes for their transfer to soils, con-
taminating with organic pollutants. Cucurbitaceae spp. may be involved in postponing the aging process.
Recent studies demonstrate that zucchini (Cucurbita pepo subsp. pepo) is a seasonal vegetable with high
nutritional and medical values. A number of useful properties of this fruit were attributed to bioactive
compounds. Earlier phylogenetic inter-relationships within the genus Cucurbita (pumpkins, squashes,
and yellow-flowered gourds) were investigated by comparing wild and domesticated taxa. By screening
an intron region from the mitochondrial nad1 gene as a marker, taxonomic relationships in flowering
plants have been clarified to show the route of domestication for the Cucurbita. Six or more independent
domestication steps aring from distinct wild ancestors have been determined. It was proposed that Cu-
curbita argyrosperma had been domesticated from a wild Mexican gourd, Cucurbita sororia, growing in
the Southwest Mexico, or the same region that had produced the maize. The wild ancestor of Cucurbita
moschata remains unclear. Nonetheless, the mtDNA data has indicated that the site of origin could be
located in lowland northern South America. The wild ancestor of domesticated C. pepo subsp. pepo re-
mains unclear. However, it relates to C. pepo subsp. fraterna stemming out from Southern Mexico. One
of targets for Kazakhstan is maintaining and characterizing domestic pumpkin germplasms, manufactur-
ing the pumpkin seed oil and developing pharmaceuticals. So it is critical to study genetic power of the
local accessions, expected and observed heterozygocity enhanced by intraspecious and inter-specious
hybridization.

Key words: Cucurbita pepo L., Cucurbitaceae, genetic diversity, genetic origin, squash, phytoreme-
diation, biochemistry, medicine.
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Ackabak AAKbIAAAPbIHbIH, 3AMaHayu 3epTTeyAepi XKaHe ecipy

KasakcraHaarbl ackabakTbIAQPAbIH, CEAEKUMICbI MEH OMOAOTMSICbIHA aca KbI3bIFYLIbIAbIK 6y-
pbiHFbI 3epTTeyAaepre GarAanbicTbl. Cucurbita pepo L. TypAi KAMMATTbIK >karaanmAapaa 65 ° N
eHAIKKe AeriH GapAblK KOHTMHEHTTEPAE LWblFapbiAaAbl. Bi3AIH eAIMI3AIH XeHe Kepuli eApepAiH
XaAKbl YLIiH, coHpan-aK >Kibek 6eapeyi eAaaepiHiH TyprFbiHAApPbI YiliH, ackabak, — OpraHu3amAi
CaybIKTbIPYAbIH Heri3ri komnoHeHTTepiHiH 6ipi. Bya AakbiA OpTaAblk, A3USIAAFbl KaHE OAaH TbIC
KEpAEepAE YATTbIK TaFamAap PeTiHAE >KHe KamblpFa Kocrna peTiHAe narnaasaHbiAasbl. Ackabakka
HerispeAreH TamaKTaHYAblH epeklle MaHbI3bl OHbl >KEeHIA CiHipiAeTiH KemipcyAap, BUTaMUHAEP,
OPraHUKaAbIK, KbILIKbIAAAD MEH MWKPOIAEMEHTTEPAIH 6GOAybiHA 6aMAQHBLICTbI AMETAAbIK >KaHe
6ararap TaraMblHAQ KOAAAHYbIMEH TYCIHAIpIA€Al. A3bIK KypambliHblH 6GaiAbIfbl LEAAIOAO3AHbIH
TOMEH KypambIMeH YLITACTbIPbIAFAHAQ, OCbl 0akila AaKbIAbIH 8p TYPAi KabbliHy npouecTepiHe
apHaAFaH AMeTaFa KOCy YLiH yCbiHyFa 60AaAbl. ACKabakTbl 8p TYPAI CaybIKTbIpYAQ KOAAQHY: ©T
ANAANTbIH, AMYPETUMKAABIK, TO6ET allaTbiH, Xapa >Ka3aTbiH, aHTUFEAbMUHTTIK, aHTUCKAEPO3AbIK,
AHTMIK3EMaAbIK CUSKTbl KacueTTepiHe 6aiAaHbiCTbl. COHbIMEH 6Gipre, cemi3AiKmneH, YNKbIChI3AbIK-
neH, KapiAikneH Kypecy KabiAeTTepi ywiH nanaasaHbiraabl. KOCMETUKAABIK, KyPaAAap peTiHAe dKo-
He 6acka Aa acepAepi yiliH KoAAaHblAaAbl. COHFbI yakbITTa COHAaM-aK, ackabdak huTopemeAmaHT
peTiHAe KeHiHeH nanaasaHbiraabl. Ocbl HGarbiTTa ackabakTacTapAbl 3aMaHayn KOAAAHY TaciAAepi-
HiH 6ipi — acKblHFAH GaKTepPUSIAAPAbIH XKMbIHTbIFbI 6Ap TpaHCreH ecimMAIKTEPIH eHAiIpy. bya opra-
HWKAAbIK, AQCTaFbILUTAPMEH KaHbIKKaH TOMbIpakKa KeLipy apKblAbl TPAHCTEHAEPAI aAyFa MYMKIHAIK
6epeai. Cucurbitaceae spp. KapTaloAblH 0asiyAayblHa KOAAMAbI >Kafaalm TYAbIPybl MyMKiH. COHFbl
3epTTeyAep KepceTKeHAen, LyKkMHUAIH (Cucurbita pepo subsp.pepo) >kKoFapbl KOPEKTIK >XaHe
hapMaleBTUKAABIK, KYHAbIAbIFbI 6ap. ByA AQKbIAABIH KOMTEreH nanAaAbl KacueTrepi GMOAOTUSIABIK,
GeAceHAi 3aTTapra 6aiAaHbiCcTbl. bypbiH Cucurbita (Tamak >koHe CoHAiK ackabak, neH KoAi) TypiH-
Aeri (PUAOreHeTMKAAbIK, KaTbIHACTAPAbI 3epTTey >kabaibl >KoHe KOAAAH OCipiAreH TakCOHAAPAbI
TYPApPaAbIK, CAAbICTbIPY apKblAbl 3epTTEATEH. MUTOXOHAPUSIHbIH nad1 MapKepAi reHiHiH MIHTPOHADIK,
arMaK TapblHbIH, CKPUHUHTT TYAAT ©CIMAIKTEPiHIH TaKCOHOMMKAABIK, KOCbIAbICTAPbIMEH GANAAHbICHIH,
coHbiMmeH Gipre Cucurbita TyKbIMAQCbIHBIH KOAAAH ecipyre 6eiimaey )oAAapbiH kepceTTi. XXabarbl
acKkabakTbl KOAAQH OCIPYAIH KEM AErEeHAE aATbl TOYEACi3 Ke3eHi aHblKTaAAbl. boaxay 6orbiHiia,
Cucurbita argyrosperma MekcurkaHblH OHTYCTiK-0aTbiCbiHAQ, Xabaibl Mekcukaabik, Cucurbita soro-
ria TypiHeH >yrepi WbIKKaH aiiMakTa 6CKeHi aHblkTaAbiHAbI. Cucurbita moschata »abanbl wbikKaH
OCIMAIr OAi aHbIKTaAMaAbl. AereHmeH, MyckaT ackabarbiHbiH MTAHK Aepekkopbl OHbIH, LbIKKAH
kepi OHTYCTIK AMepUKaHbIH COATYCTIriHAEr >a3bIKTbIK GOAATBIHABIFbIH KepceTTi. KoaaaH eci-
pirneTiH C. pepo subsp. pepo ackabarbiHbiH, >kabanbl Typi oAl Geariciz. Aaaitaa, OHTYCTIK Mek-
cukaaaH weikkad C. pepo subsp. fraterna TypiHe ykcac.

KasakcraHHbIH MakcaTTapbiHbiH, 6ipi — OTaHABIK acKabak, reHO(OHAbIHbIH, KACUETTEPIH CaKTay >Ka-
He cunatTay, ackabak, MaiibiH BHAIPY >k8HE OAapFa HerispaeAreH hapMaleBTUKAAbIK, nperapaTrapAbl
AambiTy. CoHAbIKTaH, >kepriaikti Cucurbita spp. COPTYATriAepiHiH YX8He TYPAEpPiHiH reHeTUKaAbIK, MOTEeH-
LMAAbIH, TYPILWIAIK )X8HEe Typapasblk, 6YAQHAACTBIPY apKbIAbl KYTIAETIH kaHe 6aKkblAQHATbIH reTepo3u-
rOTaAbIK, 8CEPAEP KYLUTEPIH 3epTTey eTe MaHbI3AbI.

Tyuin cesaep: Cucurbita pepo L., Cucurbitaceae, reHeTUKaAbIK, TapaAybl, FrEHETUKAABIK, LLbIFY Teri,
comnak>kemicTi ackabak, putopemesmalms, GUOXMMUS, MEAMLIMHA.
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COBPEMeHHbIe nepcrneKkTuBbl UCCAEAOBAHUSA U BO3AEAbIBAHUSA TbIKBEHHbIX KYAbTYP

YCTOMUMBBIA MHTEPEC K OMOAOTMM M CEAEKLMM TbIKBEHHbIX B KasaxcTaHe MoATBEpP>KAAeTCs
NpeALeCcTBOBaBWMMM MccaepoBaHuamn. Cucurbita pepo L. Bo3aeAbIBaeTCs Ha BCEX KOHTUMHEHTax, B
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Challenges of Ongoing Cucurbits Research and Farm Gating

PA3AMYHbBIX KAMMATMYEeCKMX 30HaX BMNAOTb A0 65° c.wl. AA9 HaCceAeHMs Hallel CTpPaHbl M COCEAHUX
roCyAapcCTB, a TakxKe >xuTeaen ctpaH LLleakoBoro NMyTn B ueAoMm, TbikBa — OAMH M3 OCHOBHbIX KOM-
MOHEHTOB MOAAEPXKaHWS OpraHM3ma. ITa KyAbTypa MCMOAb3YeTCsl Kak A0OaBKa K TECTY U B KauyecTBe
HaLMOHAAbHbIX 6AIOA B LleHTpaAbHOM A3un 1 3a ee npeaeramu. Ocoboe 3HaueHue NUTaHUS Ha OC-
HOBE TbIKBbl OObICHSETCS ee NMPUMEHEHNEM B AMETUUECKOM UM AETCKOM MUTaHMM, BAAroAaps HaAu-
UYMIO AErKOYCBOSIEMbIX YTAEBOAOB, BUTAMMHOB, OPraHNYeCcKMX KUCAOT M MMKPO3AEMEHTOB. boraTcTBo
NMMTaTEAbHOrO COCTaBa B COYETAHUM C HU3KMM COAEP>KaHMEM LIEAAIOAO3bl MO3BOASIET PEKOMEHAOBATb
3Ty 6axyeBylo KYAbTYPY AASl BKAIOYEHWS B AMETY MPU PA3AMUHbBIX BOCMAAMTEAbHbIX MpPOLEccax.
PasHoob6pa3Hoe 03A0paBAMBalOLLEE NPUMEHEHUE ThIKBbl CBSI3aHO C XKEAYErOHHbIMU, AMYPETUUYECKN-
MM, anneTuT BOCCTaHaBAMBAIOLLMMM, PAHO3AXKMBASIOWMMM, aHTUF€ABMUHTHBIMW, aHTUCKAEPOTHYEC-
KMMM, aHTUIK3EMHbIMM CBOMCTBAMM, @ TaKXKe CMOCOOHOCTbIO BOPOTHLCS C OXKMpeHnemM, 6eCCOHHULEN,
CTApYeCKMMM IBAEHUSIMM, BbICTYMATb B KQUeCTBE KOCMETMYECKOro CPEACTBA U APYTrUMM 3ddekTamm.
B nocaeaHee BpemMs TbIKBEHHbIE TaK>Ke LUMPOKO MCMOAb3YIOTCS B KauecTBe (putopemeanaHTa. OAHUM
M3 COBPEMEHHBIX MOAXOAOB MCMOAb30BaHWS TbIKBEHHbIX B 3TOM HanpaBAEHUW SBASIETCS MOAYYEHME
TPaHCreHHbIX PACTEHMIA C 33 AAHHBIM HAOOPOM ACCOLMMPOBAHHbIX HAKTEPUIA. ITO MO3BOASIET MOAYYATH
TPaHCreHHble pPacTeHMs AAS UX AAAbHENMLLEro BblpallMBaHWS HA MOYBAX, COAEPXKALLMX OpraHuyec-
kue 3arps3Hutean. Cucurbitaceae spp. MOryT urpatb 6AaronpusTHYIO POAb B MPOLLECCAX 3aMeAAe-
HMS cTapeHus. HeapaBHMe McCAeAOBaHMS MoKasbiBaloT, 4To uykkuHmu (Cucurbita pepo subsp. pepo)
MMeeT BbICOKYIO MULLEBYIO 1 (hapMaLeBTUYECKYIO LLEHHOCTb. MHOMMe NOAe3Hble CBOMCTBA 3TOM KYAb-
TYpbl CBSI3aHbl C BbICOKMM COAEpP KaHMeM BMOAOrMYECKMaKTUBHBIX BELLECTB. PaHee nyTem cpaBHeHUS
AVKMX M OAOMaLLIEHHbIX TakCOHOB poaAa Cucurbita (nuuiesble M AeKOpaTMBHbIE TbIKBbl M KabGaukm)
NPOBOAMAOCH M3yUYeHne (DUAOreHeTUYECKMX B3aMMOOTHOLLEHUI B NpeaeAax 3Toro poaad. CKpUHUHP
MHTPOHHbIX 06AACTEN MAapKEPHOTO MUTOXOHAPMAAbHOMO reHa nadl nokasaA TakCOHOMMYECKMe CBS-
31 LBETKOBbIX PACTEHMIA, a TaKXKe CXemy OKyAbTypuBaHus poaa Cucurbita. bbino 06HapysKeHO He
MeHee LIeCTU He3aBUMCHMbIX 3TaroB OAOMALLMBAHUS AMKOW TbiKBbl. [peanoroxkuTeabHo, Cucurbita
argyrosperma fnpoucxXoAMT OT AMKOIO MeKcuKaHckoro Buaa Cucurbita sororia, npouspacraiowero Ha
lOro-3anaae Mekcukn, B parioHe MpPOMCXOXKAEHMS KyKypy3bl. Ankuid npeaok Cucurbita moschata
noka He ycTaHoBAeH. Tem He MeHee, 6a3a AaHHbIX MTAHK MycKaTHOM ThbiKBbl MOKa3aAa, YTo MECTO
ee NPONCXOXKAEHUS — HU3MEHHOCTM Ha ceBepe KOXKHOM AMepuKkn. AVMKNIM MPEAOK KYABTYPHOWM TbIK-
Bbl C. pepo subsp. pepo octaetcs HesicHbiIM. OAHAKO OH SIBASIETCS POACTBEHHbIM Pa3HOBMAHOCTM
C. pepo subsp. fraterna, npoucxoasen s KOxHon Mekcrkn. Aas KazaxctaHa 0oCoO6eHHO akTyaAb-
HbIM SIBASIETCS MOAAEP>KaHWE M OMMcaHWe CBOMCTB OTEYECTBEHHOIO reHO(MOHAQ TbIKB, MPOM3BOAC-
TBO Ha MX OCHOBE OTEYECTBEHHOrO ThIKBEHHOrO MacAa M PasAMUHbIX hapMaLeBTUYECKMX CPEACTB.
B CBSI3M C 3TUM, OYEHb BAaXKHO M3YyUeHMEe FeHEeTUUYECKOro MOTEHLMAAAQ MECTHbIX COPTOOOPa3sLOB U
¢opm Cucurbita spp, cTeneHn 0XnaaemMon v HabAIAAEMON FeTEPO3UrOTHOCTM, KOTOPbIE MOXHO
YCUAUTD 32 CYET BHYTPMBUAOBBIX M MEXXBUAOBBIX CKpPELUMBAHUIA.

KatoueBble caoBa: Cucurbita pepo L., Cucurbitaceae, reHeTnuyeckoe pacnpocTpaHeHne, reHeTuyec-
KO€e NMPOUCXOXKAEHUE, AAMHHOMAOAHAS ThbIKBA, (DUTOpEMeAMnaLNS, BUOXUMUS, MEAMLIMHA.

Historical background (Introduction)

Kazakhstan is known for steady interest to
pumpkin biology and breeding. This statement
may be confirmed by Dr. Taisiya G. Gutsalyuk’s
book “From melon to pumpkin” published in
1989. Homeland of pumpkin, Cucurbita pepo L.
is referred to Central and South America. Cultivars
of domesticated pumpkins has been recorded
already 20 centuries ago. The oldest evidence,
pumpkin-related seeds dating between 7000
and 5500 BC, was found in Mexico (Hartwell
2012:507). In fact, the centers of origin for the
temperate species C. pepo and C. maxima are
located throughout Mesoamerica (Decker 1988:9),
whereas the subtropical C. moschata originated
from northern Colombia (Nee 1990:49). Cucurbits
have undergone several independent domestication

events (Whitaker and Carter 1946:11) beginning as
early as 10,000 years ago, which pre-dates maize
and bean domestication (Smith 1997:932). Even
such a history of early domestication witness in
favour of wide distribution and utmost significance
of this vegetable crop.

To date this vegetable crop is being harvested
throughout all the continents under different climate
conditions up to 65° northern latitude. For peoples
of our and neighbouring countries as populations
inhabiting the Silk Road countries in general,
pumpkin is one of key ingredients of sustenance.
It serves as the bred dough additive and is widely
used in national cuisines in the Central Asian region
and beyond. Especial significance of pumpkin-
based nutrition is explained by its implication
in diet food and baby food due to the presence of
carious form of carbohydrates, vitamins, organic
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acids and microelements. Flesh of the pumpkin fruit
containing about 90% of the water is supplied with
9.7-16% of dry matter. Whereas caloricity (calorific
value) of pumpkin was estimated to be 22-29 kcal,
total sugar content calculated in percentage to wet
matter comprises 4.8-8%, starch — 2%, cellulose
(cellular tissue) — 1.0-1.2%, wet protein — 0.8-
1.0%, pectin — 0.3-1.4%, fats and organic acids -
0.1% each. Some pumpkin cultivars are known to
accumulate about 30% of dry matter composed by
the sugar (15%), starch (23%), and ash (0.6-1.4%).
However, pumpkin is ascribed to vegetable plants
with lower amounts of organic acids and cellular
tissues comparing to other vegetables. Abundance
of nutritional composition in association with low
cellulose content allows to recommend this melon
crop for being included into the diet at diverse
inflammation processes. Relatively low pumpkin’s
caloricity is the main reason for its recommendation
to elderly people as the patients prone to obesity
(Gutsalyuk 1989:115 and updates according to the
data from www.nutrition-and-you.com/pumpkin
and www.webfazenda.ru/pumpkin).

Pumpkin is distinguishable from other
Cucurbiaceae  spp. by more  substantial
concentrations of vitamins C (8-9 mg per 100 g
of wet weight; 4-40 mg in different cultivars), Bl
(thiamine, 0.05 mg per 100 g of wet weight), B2
(riboflavin, 0.06-0.11 mg per 100 g of wet weight),
BS5 (pantothenic acid, 0.3-0.4 mg), B6 (pyridoxine,
0.06-1.6 mg), B9 (folic acid, 14-16 ug), PP (B3,
niacin equivalent, or nicotinic acid, 0.6-0.7 mg), E
(tocopherol, 0.4-1.0 mg), A (carotene 250 pg, 2500-
7384 1U), K (1.1 png), B3, BS, and elatericin A (Table
1). By the carotene content pupkin is attributed to
exceeding over all the vegetables and many of fruit
and berry representatives. Mineral composition is
presented by the following macroelements: K (204-
340 mg per 100 g of wet weight), Ca (21-25 mg),
Mg (12-14 mg), Na (1-4 mg), P (25-44 mg), CI
(19 mg), and S (18 mg). Mature fruits may contain
nearly 30% of Cu and 0.016% of S. At the same time
microelementary composition includes: Fe (0.4-0.8
mg), Zn (0.24-0.32 mg), [ (1 pg), Cu (127-180 pg),
Mn (0.040-0.125 mg), Co (1 pg), and F (0,86 mg).
These data for American cultivars are summarized
below as pumpkin (Cucurbita spp.) nutritive value
per 100 g.

Medicinal impact of pumpkin was described by
the Ancient Greek physician Dioscorides Pedanius
(c. 40 — 90 AD) in his “De Materia Medica”.
Then Pliny the Elder (Plinius Maior, 22-79 AD),
and Li Shizhen (1518 —1593) both described
pumpkin’s healing effects in their proceedings on
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medicinal plants. Pumpkin is widely used as strong
cholagogue and diuretic medicines during acute and
chronic nephritis, hepatitis, stomach ulcer, peptic
ulcer of duodenum, against constipation and gout.
As health food pumpkin is used for impaired water
and salt exchange, edemas associated with heart,
kidney, liver diseases or as preventive meal against
atherosclerosis.Fruit flesh, seeds, stalks and flowers
of pumpkin are used as medicinal raw materials.
Fruit flesh is prescribed in grated as fresh forms, in
form of pressed juice from raw or boiled pumpkin,
as a decoction or a powder apart from a range of
different dishes. The decoction of pumpkin stalks
is used as the diuretic medicine, whereas the liquor
made from the flowers is applied to long unhealing
purulent wounds. Composition of pumpkin jouice
and honey is implied as the demulcent during
disturbed sleep or sleeplessness (insomnia). Fresh
fruit is applied directly to the sore spot in cases of
burns, skin rashes, and eczemas until full recovery.

Pumpkin seeds contain up to 50% of fatty
oil, 45% of glycerides of linolenic acid, 25% of
glycerides of oleic acid, and nearly 35% of palmitic,
stearic acids, phytosterol-cucurbitol, resinous
substances, organic acids, vitamins and carotenoids.
This pull is successfully used in medical practice. A
drug may be proposed in form of mushy substance
(porridge), decoction, powder, ointment (emulsion),
in natural form with sugar addition (honey-like
substance or jam for better taste or appetizer). The
seeds are also used as anthelmintic drug without any
side effect. Treatment is usually repeated several
times with 2-3 days intervals. For medical purposes
the seeds are normally dried at room temperature,
without over-heating. Freshly collected seeds have
been recorded to possess greater healing impact than
those of previous years of harvesting. For medicinal
aims use of the seeds yielded over the last 2 years
period is advised. The peel is detached without
damage of inner gray-green seed film containing the
majority of anthelminthic compounds.

By properties ofthe fodder pumpkin’s advantages
are regarded to be more valuable, if compared with
other vegetables including the mangel. Pumpkin is
recorded to possess 4 times more proteins as to be
by 18-25% rich in respect of feed units. In addition,
pumpkin is a strong milk remedy rising the milk yield
and its fat content. In 2011, pumpkin was harvested
from 19,140 ha in the USA. The crop was valued
at the level of about $130 million (USDA, 2012).
In 2010 the squash harvest including pumpkin was
valued at nearly $22 million in Georgia, though
pumpkins represented only 10% of the total yield
(Wolfe and Luke-Morgan 2011:112).
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Table 1 — Cucurbita spp. nutritive value per 100 g.

(Source: USDA National Nutrient data base; www.nutrition-and-you.com/pumpkin)

Principle Nutrient Value Percentage of RDA
Energy 26 Kcal 1%
Carbohydrates 650 g 5%
Protein 1.0¢g 2%
Total Fat 0.1g 0.5%
Cholesterol 0 mg 0%
Dietary Fiber 05g 2%
Vitamins
Folates 16 pug 4%
Niacin 0.600 mg 4%
Pantothenic acid 0.298 mg 6%
Pyridoxine 0.061 mg 5%
Riboflavin 0.110 mg 8.5%
Thiamin 0.050 mg 4%
Vitamin A 7384 TU 246%
Vitamin C 9.0 mg 15%
Vitamin E 1.06 mg 7%
Vitamin K 1.1 mcg 1%
Electrolytes
Sodium 1 mg 0.5%
Potassium 340 mg 7%
Minerals
Calcium 21 mg 2%
Copper 0.127 mg 14%
Iron 0.80 mg 10%
Magnesium 12 mg 3%
Manganese 0.125 mg 0.5%
Phosphorus 44mg 5%
Selenium 0.3 mcg <0.5%
Zinc 0.32 mg 3%
Phyto-nutrients
Carotene-ao 515 meg -
Carotene-f3 3100 mcg -
Crypto-xanthin- 2145 mcg -
Lutein-zeaxanthin 1500 mcg -
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Since that time annual comparison of the farm
gate value in USD has shown that over that period
(2011-2016) this value for the squash has grown by
24.5% (2011 - $24,600,189; 2012 - $16,706,584;
2013 — $24,773,024; 2014 — $27,918,277; 2015
-$30,668,879; 2016 — $32,144,356). Similar farm
gate value for the zucchini has also increased
by 24.3%. Meanwhile, farm gate value for the
wheat during the same period has dropped by
68.8% (2011 - $83,175,081; 2012 -$104,369,607;
2013 —$154,589,039; 2014 -$86,714,104; 2015
-$45,166,519; 2016 -$26,013,694) (Wolfe and
Stubbs 2017:91). Finally, ornamental horticulture
rised in value by $54,406,073 (+6.9%) as compared
to the year 2015.

Biological features

Upper part as root system of pumpkin is more
developed than that one of melon or water melon.
Under unfavourable conditions and dry seed planting
the seedlings appear in 5-8 days in form of the
cotyledon leaves which are not typical of the cultivar.
Type of the variety is determined by the 10" or 15®
leaf. At this time the area of the leaf blade per plant
may reach already 30-32 m?. Lateral vines are formed
in the sinuses of the 5"-7" leaves, and etc. There may
be ramification (branching) of the first, second, or
third order. The length of the major vine may achieve
204 m, whereas side vines may grow to 8-10 m. Total
length of all the vines may encompass to 50 m.

The strength of growth and structure of roots are
determined by the type of soil, its fertility, treatment,
thermal conditions and moisturing, the state of
subsoil horizon, level of underground water, time
of sowing. Light black earth, medium loamy soils
provide more extensive root development with high
ramification of pumpkin plants. The taproot deepens
by 1.5-2.0 m, whereas lateral roots of the first order
for 2.5 m, and those of the third order — up to 1.5 m.
under sufficient moisture availability pumpkin’s root
network develops in upper soil horizon (across 10-15
cm) by the whole width of the aisles. This requires
cautious soil treatment of the aisles at the depth of
4-5 cv under standard humidity or 10 cv in case of
lack of moisture. Sufficient water supply may result
in additional roots formation in the internodes.

All Cucurbitaceae spp. are diploids with 20 pairs
of chromosomes (Whitaker and Davis 1962:115).
Pumpkins are a warm season annual, reaching
maturity at around the fifth month. Most cultivars
produce fruit on sprawling vines but bush-type
hybrids are also available (Loy 2012:31). Tendrils
on vines make trellising possible, but large-scale
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vertical production is not feasible since the large
fruit require a reliable support. Broad leaves are
attached to thick stems and, in most cultivars, are
covered by trichomes that may occasionally cause
dermatitis in case of contacting (Whitaker and Davis
1962:78).

Pumpkin is referred to monoecious plants with
separated male (staminate) and female (pistillate)
flowers. Pumpkins begin to proceed to anthesis in
approximately 2 months after seed germination (Loy
2012:32). Adult plants produce male flowers many
days prior to female flowers. As flowering continues
in pumpkins for several weeks a technician or a
farmer will be able to catch both a female and male
flower on the same morning. Flowering and anthesis
is dependent on temperature (Wien 1997:354).
Then heat is used in greenhouses to increase flower
development in winter. A flower is viable for a short
period, just a day, remaining turgid until midday
(Whitaker and Robinson 1986:219). To trigger
pollination, the female flower should be bagged
the evening before. Successful pollination is most
likely to occur using turgid flowers in early morning
hours, although if male flowers are insufficient,
day-old pollen may be applied to reach appropriate
fruit set. The large monoecious flowers make hand
pollination suitable. So a technician may detach the
desired male flower from the vine, remove the petals
and thoroughly rub the large, loose pollen grains
onto the entire stigma surface of the desired female
flower.

Pumpkin reproduces sexually via cross-
pollination (King et al. 2012:83). After 8 weeks of
growth, pumpkins produce bright yellow-orange
monoecious flowers that open to approximately 10
cm from an 8 cm corolla tube. The male flowers
producepollen with large granulesto be transferred by
the honey bee (4pis mellifera), bumble bee (Bombus
spp.) and, most commonly, squash bee (Peponapis
pruinosa) to female flowers upon pollination (Shuler
et al. 2005:792). After fertilization, fruit ripens
in 35-55 days after pollination depending on the
cultivar (Kelley et al. 2001:112). Summer squash is
harvested as immature fruit so that the soft mesocarp
and seeds can be eaten entirely; winter squashes and
pumpkins are harvested as mature fruit, which has
a hard rind, firm mesocarp and seeds encased in a
lignified seed coat attached to the fibrous endocarp
adjacent to a hollow central cavity (Loy 2012:31).

Breeding prospects

Being able to cross pollination in natural
conditions, pumpkins can be bred as recommended
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by self-pollinating crop guidelines. This is explained
by low range of inbreeding depression for most of
the traits (Scott 1935:480) and flowers ability to
easy pollination. In reality the breeder can maintain
self-cucurbits for many generations without threat
of obtaining sudden negative traits. Moreover,
self-incompatibility is not recorded for the genus
(Whitaker and Robinson, 1986:221). Wehner
1999:392) has estimated yield heterosis for cucurbits
regarding F1 hybrids to be 40-44%. Pedigree
selection is the traditional and most widespread
breeding strategy since the pumpkin flower is easily
hand-pollinated and generation of wide interspecific
hybrids of domesticated and wild species may be
successful (Loy 2012:31). Zhang et al. (Zhang et
al. 2012:454) established nine interspecific bridge
lines for the three domesticated cucurbit species,
overcoming F1 male sterility using a number of
breeding tactics. These perspective lines may be
implied to various cucurbit breeding programs.

While transferring a single trait into a cultivar,
i.g. specific disease resistance or plant ramification
habit, backcrossing of non-elite and wild germplasm
donors may turn out to be an effective strategy (Loy
2012:32). Disease resistance was also induced
into commercial lines by implication of transgenic
biotechnology. Transgenic lines showed higher
productivity than controls even under exposition to
a virus different from that one to which these lines
had been insensitive (Fuchs et al. 1998:1353).

Breeders interested in quantitative traits such
as fruit size, percent of dry matter or yield are
encountering certain troubles as plants should be
sown in huge field spaces for a nearly half-year
vegetation period. So calculations and analyses
should be fulfilled in different conditions as over
several years. That is why conventional evaluations
of available germplasm resources are rarely
undertaken and reliable, replicated data on pumpkin
biology and yield are deficient in the literature (Loy
2012:32).

Historically dominating open-pollinated
cultivars are now being replaced by F1 hybrids
(Wehner 1999:389). Hybridization of inbred
lines has been a successful means for generating
cultivars best suited for the edible seed and seed oil
markets, where seed uniformity and seed number is
selected over mesocarp characteristics (Lelley et al.
2010:479). Hand pollination makes F1 hybridization
less economical for pumpkins, but modern trends
in hybridization techniques may change current
situation. At present, chemical induction of female
(gynoecious) flowers via using ethephon is applied to
C. pepo (Robinson et al. 1970:182) though still less

effective for C. maxima and C. moschata (Wehner
1999:393). Male and bisex sterile genes have been
identified in C. pepo and C. maxima (Carle, 1997:46;
Scott and River 1946:376). However, counting
present inability to phenotyping this trait during
vegetation period in the field, these genes are not
implied in ongoing C. pepo breeding programs (King
et al. 2012:84). Another tool is specific method of
male flowers removal from female parent plants to
enable natural, bee-mediated hybridization (Curtis
1939:827) which is still too labour-consuming from
point of large-scale harvesting.

Modern research on genetic diversity of
pumpkin and its relations

Significance of Cucurbita pepo crop has been
emphasized internationally owing to its high
nutritional, economic and pharmaceutical value
(cited from Ntulietal. 2015:197). The Cucurbitaceae
family is the second most large horticultural family
in terms of economic importance after Solanaceae
(Andolfo et al. 2017:3). It includes several important
crops, such as melon (Cucumis melo), watermelon
(Citrullus lanatus), cucumber (Cucumis sativus)
and a number of Cucurbita spp. with edible fruits
(Jeffrey 1980:239). The genus Cucurbita (2x = 2n
= 40), originated in the Americas, is composed of
three economically important crop species such as
Cucurbita pepo, Cucurbita moschata, and Cucurbita
maxima, cultivated throughout sub-tropical, tropical,
and temperate regions (Wang et al. 2011:218).

In South Africa leaves, flowers, fruits, seeds
and shoot apices of C. pepo used for preparing
leafy vegetable dishes It has a wide range of
genetic accessions variable both in vegetative and
reproductive characteristics. Small scale farmers get
used to preserve available landraces by means of in
situ conservation, whereas in South Africa and other
countries the main tactics of preserving variability
is intercropping of different Cucurbita species.
Thereby the gene flow among the cucurbits is on via
stochastic bee pollination. In case of gene exchange
among distant plant populations new cultivars and
their sub-cultivars may easily generate causing the
seed exchange between farmers. Though pumpkins
are naturally cross-pollinating crops, self-pollination
is commonly practiced with breeding purposes.
This strengthens plant homozygosity, which is not
maintained by cross-pollinated species under normal
conditions. This theory is confirmed by implication
of molecular techniques. RAPD fingerprinting
assists in determination of identical species and close
genera, species-to-species gene flows, likelihood
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and combined genome examples, specific gene
markers and mutations. RAPD markers have been
used for establishing genetic diversity in cucurbits
(Cuevas-Marrero and Wessel-Beaver 2008:349;
Dey et al. 2006:25; Hadia et al. 2008:517; Khan et
al. 2009:62; Morimoto et al. 2006:969; Tsivelikas
et al. 2009:276). These markers are preferable
in case of leastly known genomes and tiny DNA
amounts being simple in application and producing
a range of marker versions. In addition RAPD can
monitor the whole genome sequence (Navajas and
Fenton 2000:763; Gajera et al. 2010:496; Khan et
al. 2009:64). Since recently the RAPD technique is
successfully implied in South African studies (Ntuli
etal. 2015:195).

Simple sequence repeat (SSR) or microsatellite
markers are generated based on different
eukaryotic genomes. This approach can be very
informative, repetative, used under complex
conditions of codominace, multiple alleles and high
polymorphism. SSR technique allow to investigate
slight variations across related cultivars (Formisano
et al., 2012). The only limitation of this approach
is availability of specific microsatellite markers
(Garcia et al., 2004). Fortunately, such markers are
used for Cucurbits (Formisano et al. 2012: 1179;
Gong et al. 2008:42).

In Portugal, the Cucurbita farming is linked to
conventional local cultivars and used mainly for
self-consumption (human food or feed) via the sale
on local markets. To evaluate the diversity of 54 C.
pepo, 32 C. maxima and 21 C. moschata populations
collected in Central and Northern Portugal, 20
morphological traits from the Minimum Descriptors
for Cucurbita spp. and six microsatellites were
used (Martins et al. 2015:68). The traits that
demonstrated the maximum mean values in C.
pepo (fruit length, skin thickness and seed weight),
C. maxima (fruit width and 100 seed weight) in C.
moschata (fruit weight and flesh thickness) have
been determined across all three populations. The
ANOVA revealed significant differences (P<0.05)
for all traits under this study, with exception of the
data on skin thickness. The Principal Component
Analysis (PCA) showed that the three most
informative major components explained 52.5 % of
the total variation and a clear separation of the three
species. The molecular analysis with SSR markers
revealed a polymorphism of 100%. The observed
heterozygosity (Ho) and expected heterozygosity
(He)reachedaveragely 0.316and 0.447, respectively.
The Polymorphism Information Content (PIC)
made up nearly 0.688. The hierarchical analysis
revealed a clear separation of the three Curcubita
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species. The Principal Coordinates Analysis (PCoA,
or classical multidimensional scaling) showed that
the three most informative principal coordinates
(PCs) explained 66.3 % of the total variation and
clearly separated the three species under the scope.
The high genetic diversity has been attributed to
available Portuguese collection of Cucurbita spp.
thus providing sufficient information on the diversity
conservation and following breeding programs.

Another recent progress has been achieved
by phytopathological investigations on cucurbits
(Thomas et al. 2017: 6239). In this study the focus
was made on Pseudoperonospora cubensis, the
causal agent of cucurbit downy mildew (CDM)
which is referred to be host-specific. This pathogen’s
virulence was classified into several pathotypes
based on their compatibility with differential sets
composed of specific cucurbit host types. Total
genomic DNA was extracted from nine isolates of
P cubensis obtained in 2008-2013 from a number
of cucurbit hosts (Cucumis sativus, C. melo var.
reticulatus, Cucurbita maxima, C. moschata, C.
pepo, and Citrullus lanatus) in the USA to be
then subjected to whole-genome sequencing.
Comparative analysis of these nine genomes revealed
two distinct evolutionary lineages (lineages I and II)
of P. cubensis. Multiple fixed polymorphisms made
distinguisheable lineage I composed of the isolates
from Cucurbita pepo, C. moschata, and Citrullus
lanatus from lineage II including the isolates from
Cucumis spp. and Cucurbita maxima.

Phenotypic analysis has shown that lineage II
isolates were of the A1 mating type and belonged
to pathotypes 1 and 3 that were not known to be
present in the USA prior to the resurgence of CDM
in 2004. Since the lineage II is associated with
new pathotypes and lacks genetic diversity in its
isolates, namely this lineage of P. cubensis may be
provoked by the 2004 CDM resurgence in the USA.
Previous studies have identified two wild cucurbit
relatives, Bryonia dioica and Sicyos angulatus,
as hosts compatible with both P. humuli and P.
cubensis (Runge and Thines 2012:59). Susceptible
varieties of hop in the United States can also be
infected by P. cubensis (Mitchell et al. 2011:813).
There could be more host types that are compatible
with the two Pseudoperonospora species. Co-
infection of different hosts may promote genetic
exchange between the two species and occasional
incorporation of Pseudoperonospora genome
fragments into cucurbit genomes. Based on ongoing
study, it is proposed that pumpkins hybridization
may lead to the process of host specialization to P,
cubensis. Such investigations may contribute both
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to identification of wild pumpkin relations and
understanding true pathways of genetic exchange
between crop species apart from comprehending co-
infection risks and plots.

Cucurbita pepo includes a wide assortment of
cultivars and species, known for their diverse fruit
shape, color and flesh quality appreciated for essential
culinary possibilities. Botanical classification based
on allozyme variation recognized three subspecies
in this species including: pepo, ovifera (syn. texana),
and fraterna. Paris H. S. (Paris 1986:135) classified
edible-fruited C. pepo into eight cultivar-groups:
Acorn, Crookneck, Scallop, and Straightneck that
belong to subsp. ovifera and Pumpkin, Zucchini,
Cocozelle, and Vegetable Marrow that belong to
subsp. pepo (Paris 2010:129).

The genome size of Cucurbita spp. is nearly
500Mb (Arumuganathan and Earle 1991:212).
Recently, in addition to a draft C. pepo (subsp.
pepo cultivar-group Zucchini) genome of 265 Mb
was posted on CucurbiGene database completed by
few C. pepo transcriptomes (Wyatt et al. 2015:77;
Vitiello et al. 2016:318; Xanthopoulou et al.
2016:200, Xanthopoulou et al. 2017:55; Montero-
Pau et al. 2017:7).

By using a high-quality zucchini (C. pepo)
genome, Montero-Pau et al. (Montero-Pau et al.
2017:9) have shown its size of 263 Mb, a scaffold
N50 of 1.8 Mb completed by 34 240 gene models.
This genome is made up of 93% of the set of
conserved BUSCO core genes, and it includes 20
pseudomolecules (81.4% of the assembly). The
genome is associated with a genetic map of 7718
SNPs. Though the genome size is relatively small,
it shows that the C. pepo genome is stemmed from
a whole-genome duplication due to the following
data: i, specific phylogenetic topology of the gene
families; 1i, distinctive karyotype pattern and
distribution of 4D Tv distances in couse of calculating
characteristic sequence allignments; iii, assembly of
40 transcriptomes for 12 species of the genus and
comparative study by using other known genomes
of Cucurbitaceae. The duplication was detected
in all the Cucurbita species so far investigated,
including C. maxima and C. moschata. However,
this duplication has not been uncovered in more
distant cucurbits, i.g. the Cucumis and Citrullus
genera. So such duplication, by authors’ opinion,
could arise 26-34 Mya in the formative ancestrial
species which had served as the foundation of the
genus Cucurbita.

Despite of that related proteome remained
so far obscure. High-throughput sequencing of
transcriptomes has paved new way to structural

and functional information with unconceivable
acceleration (Andolfo etal. 2017:3). RNA sequencing
(RNA-seq)leadstoextensivetranscriptome generation
followed by dynamic gene expression to be resulted
in understanding genes function. Proteome data are
further options for general genome survey and related
comparative investigations. The authors sequenced
and designed the first transcriptome of zucchini cv.
“True French” which is resistant to pathogens and
capable of producing high-grade proteome records.
A total of nearly 34, 000 proteins were predicted,
functionally annotated by their sequences and
compared with other plant proteomes (Arabidopsis,
cucumber, melon, and watermelon). Besides disease
resistance gene family (R-genes) was exhaustively
described as unraveled at species-specific level
in C. pepo. The database of NCBI is comprised of
preliminary sequences of three biological replicates
of Cucurbita pepo subsp. pepo cultivar-group
Zucchini, variety “True French”, in FASTQ format.
These protein sequences of C. pepo can be accessed
at NCBI with SAMN07426850 BioSample accession
number (www.ncbi.nlm.nih.gov/Traces/study/?acc=
=SRP114337). The GTF-formatted C. pepo
transcriptome annotation and related protein seq-
uences in FASTA format may be found at FIGSHARE
(https://figshare. com/s/8a083f60df238acdbc19).
Users can download and use the data freely for
research goals with acknowledgment to the authors
(Andolfo et al. 2017:5) and quoting this paper as
reference to the data.

Despite crop breeding and generation of
valuable traits through gene engineering (GE) is
focused on specific properties, it is possible that
some additional valuable features may be affected
by genetic modification because of the complexity
of plant metabolism and schemes of development.
Recently meta-analysis profiling the phenotypic
consequences of plant breeding and GE, and the
comparison of modified cultivars with wild relatives
in five crops of global economic and cultural
importance (rice, maize, canola, sunflower, and
pumpkin) has been carried out (Hernandez-Teran et
al 2017:7). These five species have been surveyed
on phenotypic traits associated with their fitness
to all the species under investigation. It has made
possible to assess different processes of modification
which had changed the phenotype in a definite mode
through statistically reliable differences in separate
phenotypic traits or specific groups of the organisms
depending on their genetic origin (wild, domesticated
with assistance of GE (domGE), and domesticated
without involvement of GE manipulations
(domNGE). The authors have concluded that
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genetic modification (either by selective breeding
or GE) can be manifested phenotypically: i, by
means of comparing domGE and domNGE with
wild species; and ii, detecting the emergence and
the scale of phenotypic differences between domGE
and domNGE going beyond the target trait(s). This
is reasonable argument as phenotypic differences of
domGE and domNGE may appear to be neglectable
with reference of differences between the wild and
domesticated relatives (either domGE or domNGE).

The genus Cucurbita (pumpkins, squashes,
and yellow-flowered gourds) is presented by 12—
14 species scattered over the New World from the
U.S. to Argentina. Earlier their phylogenetic inter-
relationships were investigated by comparing six
wild and six domesticated taxa of Cucurbita (Sanjur
et al. 2002:537). By using an intron region from
the mitochondrial nadl gene as a marker inter- and
intraspecific taxonomic relationships in Angiosperms
have been cleared up to yield novel insights into the
route of domestication for the Cucurbita. Those data
pointed out six or more independent domestication
steps emanated from distinct wild ancestors. It was
proposed that Cucurbita argyrosperma had been
domesticated from a wild Mexican gourd, Cucurbita
sororia, apparently in the Southwest Mexico
signifying the same region that had brought maize.
Though the wild ancestor of Cucurbita moschata
remains unclear, the mitome data (mtDNA data)
combined with other related information showed
that the site of origin could be anticipatedly located
in lowland northern South

America. In addition, it was supposed that
Cucurbita andreana, coming from humid lowland
regions of Bolivia, as the wild progenitor of
Cucurbita maxima, apart from warmer temperate
zones in South America, where C. andreana was
initially attributed to, should possibly be considered
as putative areas of origin for C. maxima. These
as other molecular data discerned two separate
domestication zones in the Cucurbita pepo complex.
The putative domestication zone for one of the
domesticated subspecies, C. pepo subsp. ovifera,
was ascribed to eastern North America eventually
extending to northeastern Mexico. The wild ancestor
of the other domesticated subspecies, C. pepo subsp.
pepo, remains unknown. However, it revealed close
kinship to C. pepo subsp. fraterna which original
site may locate in Southern Mexico.

Ongoing Progressin C. pepo phytoremediation

Phytoremediation, or the application of higher
plants for soil and groundwater recovery, is a
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promising strategy for reliable treatment of the lands
polluted by toxic compounds. The high capability
of certain Cucurbitaceae spp. to extract pesticides,
namely polychlorinated dibenzo-p-dioxins (PCDDs)
and polychlorinated dibenzofurans (PCDFs) from
soil was first mentioned by Hulster et al. (Hulster
et al. 1994:1112) which described C. pepo L.
fruits accumulating double concentrations of
PCDD/PCDF comparing to other plants under that
investigation. Present data demonstrate that C. pepo
cultivated on contaminated soil has reduced overall
PCDD/PCDF content approximately by 32-37 %.
If addition of sludge has followed by root growth
inhibition of L.sativum, S. alba and S. saccharatum,
cv. ‘Atena Polka’ (zucchini) cultivation has caused
32 % promotion of root length. Further treatment
with urban sediment resulted in an initial 1 %-36
% promotion of root growth, while ‘Atena Polka’
cultivation has diminished this positive effect by
26 % inhibition. So these results have indicated
positive influence of Cucurbitaceae on the
phytotoxicity abatement and decline (Urbaniak et al.
2017:403). Systemic analysis of different members
of the Cucurbitaceae family, including cucumber
(Cucumis sativus), watermelon (Citrullus lanatus),
melon (Cucumis melo), pumpkin (Cucurbita pepo),
squash (C. pepo), and zucchini (C. pepo) selectively
impured with highly toxic hydrophobic pollutants
(organochlorine insecticides and dioxins) has been
intiated quite recently by Inui et al. Xylem sap of C.
pepo ssp. Pepo which is accumulating hydrophobic
compounds was shown to transfer pyrene (the
hydrophobic compound) into the soluble state by
using proteins. SDS-PAGE of xylem sap of two C.
pepo subspecies has determined the quantity of 17-
kD proteins from C. pepo ssp. Pepo. It appeared to
be greater than that from C. pepo ssp. ovifera. So
the authors have proposed that these low molecular
weight proteins may be responsible for the transfer
of hydrophobic pyrene into the aqueous phase. 17
kD electrophoretic band was shown to conclude
major latex-like proteins (MLPs). Relevant MLP-
PG1, MLP-GR1, and MLP-GR3 genes have been
cloned from the C. pepo cultivars “Patty Green” and
“Gold Rush”. Expression of the MLP-GR3 gene in
C. pepo cultivars was found to positively correlate
with 17-kD band thickness and bioconcentration
feature to dioxin and its derivative compounds.
Recombinant MLP-GR3 has been revealed to be
able to bind polychlorinated biphenyls attached to
magnetic beads, whereas recombinant MLP-PG1
and MLP-GR1 eluted without binding. These data
demonstrate the high expression of MLP-GR3 in
pumpkin (C. pepo ssp. pepo plants) as the efficiency
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of MLPGR3in the xylem sap for the translocation
of hydrophobic impurities. Such data may be useful
for reduced contamination of fruits across the
Cucurbitaceae family and the phytoremediation
in respect of hydrophobic contaminants. The
draft genome of Enterobacter aerogenes, a Gram-
negative bacterium of the Enterobacteriaceae
isolated from Cucurbita pepo root tissue has
been recently reported (Eevers, 2015a:490). This
bacterium  manifests  2,2-bis(p-chlorophenyl)-
1,1-dichloroethylene (DDE)-degrading potential
supplemented by substantial plant growth
promotion. Survey on its 4.5-Mb preliminary
genome sequence would enable our comprehension
of DDE degradation metabolic pathways as well
as application of phytoremediation to DDE-
polluted soils. At the same time another genome
of Gram-negative bacterium Methylobacterium
radiotolerans was also isolated from Cucurbita
pepo roots. This bacterium possessed also DDE-
degrading potential and plant growth-promoting
features. Analysis of 6.8-Mb genome of that species
should also upgrade our current knowledge on
DDE-transformation metabolic pathways and assist
in improving phytoremediation tools to recover
DDE-impured environment (Eevers, 2015b:448).
This series of of experiments are being followed by
publication of the draft genome for Sphingomonas
taxi isolated from Cucurbita pepo root tissue.
This Gram-negative microorganism also revealed
DDE-degrading trait and plant growth-accelerating
property. More precise investigation of composition
of its 3.9-Mb preliminary genome will contribute to
the data on DDE-utilization crosstalks and provide
subsequent phytoremediation techniques for DDE-
polluted lands (Eevers, 2015c:317). All three
genomes represent a signle circular chromosome
with 53.8-71.2% GC content, 3634- 6373 coding
genes, arranged in 309-378 pathways, 260-1474
pseudogenes, 3-40 rRNA genes, 40-50 tRNA genes,
and 1-7 noncoding RNA(ncRNA).

Another modern approach is generation of
transgenic with programmed set of associated
bacteria. This trend is supposed to offer further
generation of genetically modified plants to be
implied for environmental-friendly soil and water
treatment in case of their contamination with organic
substances (i.g., polychlorinated biphenyls, PCBs,
Van Aken et al. 2010:771). This attitude may foster
phytoremediation of PCB-polluted environment
via the design of transgenic plants with certain
associated microorganisms. Plants can improve
the situation with environmental toxic substances
imposing a number of mechanisms. In addition

to direct “aspiration” from soil (phytoextraction),
plants may exploit enzymatic modification of
PCBs (phytotransformation). Plants are also able
to synthesize and transfer a range of secondary
substances or activate microorganisms inhabiting the
root zone to neutralize PCBs (rhizoremediation). All
these pathways of phytoremediation may occur too
sluggish, as PCBs are hydrophobic and chemically
durable. So the uptake and bioconversion by plants
and associated microflora is slow and incomplete
with further possibility of PCBs toxic reverse
leakage to surrounding environment. It is necessary
to emphasize that natural bacterial associations with
plants may appear to be unable to carry out PCB
detoxication. To complete their enzymatic “store”
sets of bacterial genes effectively converting PCBs,
and first of all, biphenyl dioxygenases, have been
inserted into higher plants genome according to
convenient gene engineering approaches leading to
transgenic crops. Bacteria have been additionally
genetically modified to reach better biodegradation
outputs through effective plant-bacterial interaction
before and during this process. Generation of
transgenic associated with bacteria would pave
way to broader and efficient implication of
phytoremediation for the elimination of hazardous
organic substances.

Recenly Antoine et al. (Antoine et al.2017:
185) thirteen Jamaican-grown food crops (pumpkin
(Cucurbita pepo), ackee (Blighia sapida), banana
(Musa acuminate), cabbage (Brassica oleracea),
carrot (Daucus carota), cassava (Manihot esculenta),
coco  (Xanthosoma  sagittifolium),  dasheen
(Colocasia esculenta), Irish potato (Solanum
tuberosum), sweet pepper (Capsicum annuum),
sweet potato ([pomoea batatas), tomato (Solanum
lycopersicum) and turnip (Brassica rapa) were
examined for aluminium, arsenic, cadmium and lead
by atomic absorption spectrophotometry (AAS) and
instrumental neutron activation analysis (INAA).
By using the fresh weight mean concentrations in
these food crops (4.25-93.12 mg/kg for aluminium,
0.001-0.104 mg/kg for arsenic, 0.015-0.420 mg/
kg for cadmium, 0.003—0.100 mg/kg for lead) the
estimated daily intake (EDI), target hazard quotient
(THQ), hazard index (HI) and target cancer risk
(TCR) for arsenic, associated with dietary inclusion
of these potentially toxic elements was defined.
Each food type had a THQ and HI < 1 indicating no
essential carcinogenic risk from exposure to a single
or multiple potentially toxic elements from the same
food. The TCR for arsenic in these foods turned
out to be lower than 1x 107, the upper threshold of
acceptable cancer risk. It has been concluded that
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there would be no potential threat associated with
the consumption of pumpkin and other Jamaican-
grown food crops.

Current research on trace metals highlighted
in recent Darwin review (Andresen et al.
2018:926) indicated their peculiarity as specific
micronutrients combined with puissant toxicity.
Due to environmental and anthropogenic factors,
contrastly different trace metals amounts are
detected in various areas, ranging from negligible
to toxic contents. So modern phytoremediation
makes its emphasis on plant response to trace
metals at steps of uptake, transfer, capture from
the environment (sequestration), speciation,
physiological use, deficiency, toxicity, and their
disposal (detoxification). Each of these processes
of metal usage, transfer, or toxicity may be studied
among pumpkin and its relations as model plants
by broadening gene expression assays, biochemical
and iophysical tools applied to metalloproteins.
Two other reviews of the same issue of the Journal
of Experimental Botany are focused on molecular
effectors of fertilization-free (parthenocarpic) fruit
development (Joldersma and Zhongchi Liu, 2018)
and dehydration survival maintained by delayed
mortality or impaired by plant metabolic resilience
(Blum and Tuberosa, 2018:207). Both aspects
may be successfully as certained by conducting
experiments on the Cucurbitaceae with following
practical outcome in the cropping and production.

Present medicine as advanced application
platform for Cucurbitaceae spp.

Medicinal significance of pumpkin has been
stressed in the introduction. Cucurbita pepo, Ama-
ranthus dubius, Vigna unguiculata have been im-
plied traditionally against obesity in Kenya. Recent
studies have been concentrated on determining
the antiobesity activity of leaf methanolic extracts
from these plants in progesterone-induced mice
with overweight (Nderitu et al. 2017:8). The activ-
ity of leaf extracts was identified by bioscreening in
progesterone-induced obese mice at 200mg/kg and
400mg/kg. Body mass index was calculated once a
week for 30 days. Blood samples were then obtained
to be subject to lipid profiling. Antiobesity plant ex-
tract activities were compared to the controls. Leaf
extracts of C. pepo and other plants, at above-men-
tioned dose concentrations revealed significant ef-
fects on body mass index. At concentration of 200
mg/kg of C. pepo extract treatment weight gain has
been observed at the level of 2.7%, whereas at 400
mg/kg weight loss has been determined to be around
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0.3%. No significant difference of the three plant
extracts in lipid profiling has been registered. Plant
extracts contained various phytochemicals such as
saponins, flavonoids, alkaloids, and steroids. Thus
aforementioned plants, and pumpkin among them
are recommended for the suppression of obesity and
its effective management.

Carotenoids possessing diverse biological ef-
fects, are able to function as antioxidants protect-
ing eye tissues against free radicals. The exclusive
source of carotenoids for humans is food, and the
carotenoid abundance and availability in plasma
is critical for the maintenance of tissue viability in
the long run. Pumpkin, zucchini squash, and yel-
low squash together with some other plant and
egg sources are considered as major founts of ca-
rotenoids. In the middle of 1990s it was suggested
that eating these vegetables, which are rich in carot-
enoids, may decrease the risk of age-related macular
degeneration. The goal of this study (Sommerburg
et al.1998:908) was to determine those fruits and
vegetables which contain abundant lutein and/or
zeaxanthin to serve as putative dietary supplements
for these carotenoids. Homogenates of 30 fruits and
vegetables, two fruit juices, and egg yolk, complet-
ed by homogenized pumpkin, zucchini squash, and
yellow squash fleshes, were used for extracting the
carotenoids with hexane. Different factions of ca-
rotenoids and their isomers were measured by high
performance liquid chromatography with a single
column eluted in an isocratic mode and supplied
with a diode array detector. Though the egg yolk and
maize (corn) revealed the highest mole percentage
of lutein and zeaxanthin (more than 85% of the to-
tal carotenoids), substantial quantities of lutein and
zeaxanthin (30-50%) were also present in different
kinds of squash, zucchini (vegetable marrow), kiwi
fruit, grapes, spinach, and orange juice. Maize was
referred to the vegetables with the largest amount
of lutein (60% of total), whereas orange pepper
was the vegetable with the highest quantity of zea-
xanthin (37% of total). The results show that there
are squashes as other fruits and vegetables of vari-
ous colours with a relatively high content of carot-
enoids. The conclusion has been made that most of
the dark green leafy vegetables, previously recom-
mended for a higher intake of lutein and zeaxanthin,
possessed 15-47% of lutein, but a very insignificant
amount (0—3%) of zeaxanthin. So this study advises
squashes as other fruits and vegetables of various
colours to enrich dietary intake of lutein and zea-
xanthin. Taking into consideration a fivefold higher
concentration of lutein and zeaxanthine in the mac-
ula compared with the peripheral retina, such strat-
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egy of food consumption or dietary supplementation
may lead to prevention of macular degeneration in
our conditions and worldwide.

Growing demand, production and consumption
of natural drugs and their pharmaceutical applica-
tions has promoted a worldwide research on medici-
nal plants serving as effective remedies. One of pro-
spective goals still underestimated in Kazakhstan
(the authors have submitted two projects encouraged
by foreign experts but finally declined for state grant
financement) is the seed oil of pumpkin (Cucurbita
pepo L.). This oil is ascribed to possess outstanding
pharmacological features, especially with reference
of wound healing treatments (Bardaa et al. 2016:9).
The content and composition of certain bioactive in-
gredients of the pumpkin seed oil obtained by cold
pressing were established to study their wound re-
covering properties. Uniform injuries were induced
on the backs of eighteen rats. This cohort was divid-
ed into three groups. The wounds were registered by
photography, and treated with saline solution (0.9%
NaCl, control group), 0.13 mg/mm?2 of a reference
commercial drug (“Cicaflora cream”), and 0.52 pl/
mm?2 of pumpkin’s oil every 48 hours until the first
group has been completely recovered and biopsies
would be histologically assessed. The content and
composition of tocopherols, fatty acids, and phytos-
terols were shown to reveal perfect quality of pump-
kin oil concluding a high content of polyunsaturated
fatty acids (linoleic acid, 50.88 + 0.11 g/100 g of
total fatty acids), tocopherols (280 ppm) and sterols
(2086.5 = 19.1 ppm). Increased amount of these bio-
active ingredients has caused effective wound heal-
ing confirmed in course of this in vivo experiment.
Morphometric evaluation and histological analysis
revealed healed biopsies posteriously to the pump-
kin oil treatment of experimental group of rats, and
a complete re-epithelialization with re-organized
collagen fibers without inflammatory cells, whereas
control group remained obviously injured. So this
in vivo study emphasized the significance of the
seed pumpkin oil as a potential drug to healing hu-
man and animal injuries. Moreover, certain efforts
should be taken towards introducing tocopherols,
sterols and polyunsaturated fatty acids of the pump-
kin oil as excellent drugs and ingredients to be used
in cosmetics. In general, seed pumpkin oil is recom-
mended for the nutritional and medicinal purposes.
On the other hand, a number of investigators have
reported growing susceptibility to nematodes in both
humans and livestock. Grzybek et al. (Grzybek et al.
2016:15) conducted a special study to assess the in
vitro and in vivo anthelmintic effect of Curcubita
pepo L. For this aim hot water extract (HWE), cold

water extract (CWE) and ethanol extract (ETE) have
been examined on two model species of nematodes,
Caenorhabditis elegans and Heligmosoides bakeri.
Raman, IR and LC-MS spectroscopy analyses were
carried out on plant material under investigation to
collect qualitative and quantitative data on the com-
position of the obtained HWE, CWE and ETE ex-
tracts. The in vitro activity has demonstrated the im-
pacts of C. pepo extracts on C. elegans and various
developmental stages of H. bakeri. The following in
vivo experiments on mice infected with H. bakeri
confirmed inhibitory properties of the ETE as the
most active pumpkin extract selected by the in vitro
study. All of the extracts were detected to contain cu-
curbitine, aminoacids, fatty acids, and berberine and
palmatine. The latter two substances were revealed
for the first time. All C. pepo seed extracts showed
a nematidicidal property in vitro, specifically affect-
ing viability of the larvae, L1 and L2, of H. bakeri.
The ETE was the strongest and demonstrated a posi-
tive effect on H. bakeri oviposition (eggs hatching)
and marked inhibitory effect on the worm motility
comparing to a PBS-buffered control. No significant
effects of pumpkin seed extracts on C. elegans in-
tegrity or maneuverability were indicated. The ETE
in the in vivo experiments manifested anthelmintic
properties while both H. bakeri fecal egg counting
and adult worm burdens calculating. The most sub-
stantial egg number reduction was observed at the
concentration of 8 g/kg dose (IC50 against H. bakeri
= 2.43; 95% Cl = 2.01-2.94). Dropping of faecal
egg counts (FEC) was accompanied by a significant-
ly lowered worm burdens of the treated mice com-
pared to the control cohort. Thus the alcohol and the
water pumpkin seed extracts may be used to admin-
istrate gastrointestinal (G.l.) nematode infections.
This cheap alternative to the currently available
chemotherapeutic should be regarded as a powerful
curative candidate in the short run. The researchers
predict new extensive methods for extract stabiliza-
tion, preservation, and formulation.

Noteworthy, long tradition of pumpkin seed oil
production belongs to Austria, Croatia and some
other countries. Recent chemical study allowed to
clarify antioxidant behaviour of the pumpkin seed
oil or mixtures owing to implication of six math-
ematical models (three monophasic and three bipha-
sic) implied (Brozni¢ et al. 2016:205). The used oil
samples differed in methods of extraction as geo-
graphic origin. Possible participation of tocopherol
isomers (a-, y- and 6-) and specific fatty acids (oleic
and linoleic) in DPPH" disappearance (2,2-diphe-
nyl-1-picrylhydrazyl radical disappearance) as well
as their contribution to the reaction rate were esti-
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mated. These experiments have revealed that y- and
d-tocopherols prevented from DPPH" disappearance
in the first step,whereas a-tocopherol in the second
step of the reaction. In addition a-tocopherol has
shown 30 times higher antioxidant activity, when
compared with y- and d-tocopherols. So the two-
phase double-exponential manner of DPPH" disap-
pearance in oil samples has been determined, due
to the complex reactions encompassing various to-
copherols and passing through alternative chemical
pathways. Thus, the authors recommend the use of
a first-order double-exponential model to determine
biphasic DPPH" disappearance which offer prompt
and precise information on antioxidant potential in
respet of the differences in oil’s chemical compo-
sition. This model proposes that the oil tocopherol
isomers possess different radical suppressing ability.
These isomers then react with radicals at different
rates, thereby assigning a two-step reaction. For a
deeper comprehension of the mechanisms for the
DPPH" and oil antioxidants participation, it is high
time to give detailed description of the pumpkin oil
with regard to specific antioxidants, the reaction in-
termediate products and also those products which
reveal different binding or other activities to the rad-
icals. New mathematical models combining all the
properties and special cases have been forecasted by
this group of chemists.

Do Cucurbitaceae spp. may be involved in con-
trolling the process of aging? Recent study reported
by Martinez-Valdivieso et al. (Martinez-Valdivieso
et al. 2017:17) points out that zucchini (Cucurbita
pepo subsp. pepo) is a seasonal vegetable with high
nutritional and medical values. A number of use-
ful properties of this fruit were attributed to bioac-
tive compounds. Zucchini fruits (cvs. “Yellow” and
“Light Green”) and four distinctive components (lu-
tein, beta-carotene, zeaxanthin and dehydroascorbic
acid) were chosen for tracing. Initially, the lutein,
beta-carotene, zeaxanthin and dehydroascorbic acid
concentrations were detected in fruits of these cul-
tivars. To assess the safety and suitability of fruits,
different assays were performed: (i) genotoxic-
ity and anti-genotoxicity tests to indicate the safety
and DNA-protective features to hydrogen peroxide;
(i1) cytotoxicity; (iii) DNA cleavage (fragmenta-
tion) and Annexin V/PI (Propidium lodide) assays
to ascertain the pro-apoptotic effect. These experi-
ments showed that: (i) all the substances were non-
genotoxic; (i1) moreover, these substances revealed
anti-genotoxicity except high lutein concentrations;
(ii1) “Yellow” zucchini epicarp and mesocarp were
detected to possess the maximum cytotoxic index
(IC50 > 0.1 mg/ml and 0.2 mg/ml, respectively);
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and (iv) “Light Green” zucchini skin enzymes in-
duced inter-nucleosomal DNA fragmentation, and
beta-carotene served as the putative molecule evok-
ing pro-apoptotic activity. So zucchini fruit could
positively effect human health and nutrition, since
its components were found to be safe, able to hinder
substantially the H202-induced damage and dem-
onstrate anti-proliferative and pro-apoptotic activi-
ties among tumor cells (namely HL60 human pro-
myelocytic leukemia cells). Valuable information
generated by this study should be taken into consid-
eration while selecting potential resources for Cu-
curbitae breeding programmes and designing anti-
aging programmes for humans, livestock and other
animals of interest.

Current trends in pumpkin biochemical research

Though the fruit mesocarp and the seeds
of pumpkins and winter squashes are used for
consumption, the focus of breeding depends on
available stock of cultivars. Cultivars aimed at
fruit consumption are bred for fruit mesocarp
quality traits including carotenoid and dry matter
abundance, percentage of soluble substances
solids. These important traits are less critical while
evaluating oilseed pumpkins (Wyatt et al. 2016:7).
To assess fruit development in two types of squash
(acorn squash and oilseed pumpkin), the researchers
sequenced the fruit transcriptome of two cultivars
bred for different purposes: an acorn squash (cv.
“Sweet REBA”), and an oilseed pumpkin (cv.
“Lady Godiva”). Putative metabolic pathways were
designed for starch, sucrose and carotenoid syntheses
in winter squash and squash fruit homologs with
the identification of related sets of structural genes
along these pathways. Gene expression, including
branch-point and rate-limiting genes, has shown
high matching with the accumulation of metabolic
products both in course of developmental stages and
between the two cultivars. So developmental control
of metabolite-converting genes is a crucial factor in
cucurbits fruit and, possibly, oil quality.

Phenolic compounds were extracted from
pumpkin (Cucurbita pepo) seed and amaranth (4m-
aranthus caudatus) grain using 80% (v/v) methanol
(Peiretti 2017:2179). Both extracts were character-
ized by total phenolic compounds (TPC) composi-
tion, trolox equivalent antioxidant capacity (TEAC),
ferric-reducing antioxidant power (FRAP) and anti-
radical activity to specifradical (2,2-diphenyl-1-pic-
rylhydrazyl, or DPPH’). By HPLC-DAD technique
concentrations of separate phenolic compounds was
detected. Pumpkin seeds showed higher content of
TPC in comparison to that from amaranth, although
the TEAC values of both extracts were similar. Op-
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positely, FRAP value was determined to be higher in
the amaranth grain comparing to the pumpkin seed.
Phenolic composition of the amaranth grain indi-
cated strongest antiradical activity to DPPH radical.
HPLC charts of both extracts demonstrated several
peak fractions. The UV-DAD spectra revealed deriv-
atives of vanillic acid in the amaranth grain. Simul-
taneously, the three main phenolic compound were
shown to be present in pumpkin seed by UV-DAD
spectra with maximums at 258, 266 and 278 nm.

Cucurbita pepo is used in folk medicine against
gastroenteritis, hepatorenal and brain abnomalies.
Cucurbita pepo fruit skin (peel) has been noticed
to possess protective effect in rats against carbon
tetrachloride-induced (CCl4-induced) neurotoxic-
ity (Zaib and Khan 2014:1969). In that study, 36
Sprague-Dawley female rats (190+15 g) were sub-
divided into 6 groups of 6 rats each. Group I was
given 1 ml/kg bw (body weight) of corn oil intra-
peritoneally (i.p.); Group II- IV were treated with
20% CCl4 dispersed in corn oil (1ml/kg bw i.p.). In
addition Group III and IV animals were treated with
CPME (the methanol extract of C. pepo fruit peel)
at 200 and 400mg/kg bw respectively. Animals of
Group V and VI were injected only with CPME at
200 and 400mg/kg bw respectively. All treatments
were administered for 3 days a week for a fortnight.
CCl4 injection caused acute neurotoxic reaction
traceable by significant decrease of antioxidant en-
zymes activities (catalase, glutathione peroxidase,
glutathione reductase, glutathione-S-transferase,
peroxidase, quinone reductase, and superoxide dis-
mutase). On the other hand, CCI4 treatment rised
the y-glutamyl transferase activity of brain samples.
CCl4 intoxication decreased the reduced glutathione
(GSH) content combined with significantly growing
lipid peroxidation in the same samples. Co-treat-
ment of CPME obviously protected the brain tissues
against CCl4-indiced damages by recovered antiox-
idant enzymes and strengthened lipid peroxidation
in a dose dependent mode. Such neuroprotective
changes might be explained by available antioxidant
components.

Defatted oil cakes are used in the production of
protein concentrate and isolate. Protein extraction
is carried out to perform further protein purifica-
tion and concentration. So extraction with different
solvents is a principal operation in manufacturing
a range of protein preparations (Gia Loi Tu et al,,
2015:485). Ultrasound- and enzyme-assisted ex-
tractions of albumin (water-soluble protein group)
from defatted pumpkin (Cucurbita pepo) seed pow-
der were subjected to comparative analysis. These
modern extraction techniques have strongly magni-

fied the yield of albumin faction, if compared with
conventional extraction technique. One of the ad-
vanced methods, the ultrasound-assisted technique
has appeared to reveal two times higher extraction
rate than that of the enzymatic-assisted extraction.
However, the maximum albumin yield obtained
by enzymatic albumin purification has been 16 %
higher than ultrasonic extraction. Obtained pumpkin
seed albumin concentrates have been studied by the
Vietnamese scientists for their functional properties.
This became possible due to application of conven-
tional, enzymatic, and ultrasonic methods of evalua-
tion. Cell wall distruction by the hydrolase digestion
of the plant material has not influenced the func-
tional properties of the albumin concentrate, when
compared with the conventional way of extracting.
The ultrasonic extraction enhanced water-retention,
oil-retention and emulsifying capacities of the seed
albumin concentrate. Simultaneously, this method
has been shown to imperceptibly decrease the foam-
ing capacity, besides emulsion and foam stabilities.
Cadmium (Cd) stress may be diminished by
means of the phytochelatins (Pc) complexation,
binding of the metal to metallothioneins and glu-
tathione, followed by their sequestration inside of
vacuoles (Kolb et al. 2010:92). Glutathione was
proven to be a major party in Cd detoxification. This
way is possible due to Cd ability to bind with a high
affinity to thiols together with glutathione’s ability
to function as the precursor for Pc synthesis. In this
study, the Austrian team has implied an immunobhis-
tochemical assay combined with transmission elec-
tron microscopy. This method has allowed to assess
quantitatively intracellular distribution of glutathi-
one under Cd stress in cells of the mesophyll and
different types (long and short stalked) of glandular
trichomes isolated from Cucurbita pepo L. subsp.
pepo var. styriaca GREB. No ultrastructural altera-
tions were found in leaf and glandular trichome cells
upon plant treatment with 50 pM cadmium chloride
(CdCI2) for 48 hours. However, all cells exhibited
reduced glutathione concentrations. The strongest
reduction was shown in nuclei and the cytosol (up
to 76%) of glandular trichomes to be considered as
‘major storing cells of leaf Cd accumulation. The
glutathione ratio between the nuclei and the cyto-
sol and the rest of the cell compartments was shown
to severely drop only in glandular trichomes (over
50%). This has depicted that nuclear and cytosolic
glutathione is crucial for the detoxification of Cd in
glandular trichomes. Moreover, these research has
demonstrated that large portion of Cd is released
from nuclei in case of Cd exposure. So these data
provide a new comprehension on organelle-specific
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biochemical role of glutathione under Cd exposure
happening to mesophyll cells and glandular tri-
chomes of C. pepo plants.

Conclusion

This review demonstrated molecular data in-
dicating two separate regions of domestication for
the Cucurbita pepo complex. One of such zones (C.
pepo subsp. ovifera), was attributed to Eastern part
North America stretching out to Northeastern Mex-
ico. The wild ancestor of domesticated C. pepo sub-
sp. pepo remains unclear. However, it relates to C.
pepo subsp. fraterna stemming out from Southern
Mexico. Current research has shown that C. pepo
grown on contaminated soil is able to lower total
polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) contents by
30-40%. In addition C. pepo cultivation on organi-
cally impured soil may lead to 32% of root exten-
tion. So there is positive effect of Cucurbitaceae on
soil phytotoxicity and subsequent recovery (Urba-
niak et al. 2017:405). Multiple medicinal potential
of pumpkin is associated with cholagogue, diuret-
ic, appetizer, anti-obesity, anti-insomnic, would-
healing, baby food, diet food, anthelminthic, anti-
atherosclerotic, anti-aging, anti-eczemic, cosmetic
treatment and other effects. Seeds and fruit organs
of pumpkin are used as medicinal raw materials.
Fruit mesocarp, pressed juice, decoctions, powders
and liquors made of pumpkin stalks and flowers are
widely used to long unhealing wounds, insomnia
and other disturbances.

Over the past decade, efficient genetic transfor-
mation tools have been offered for pumpkins and
squashes. One of such methods has been proposed for
kabocha squash (Cucurbita moschata Duch. cv. He-
iankogiku) based on wounding of cotyledonary node
explants with aluminum borate whiskers preceding mi-
crobial inoculation with Agrobacterium (Nanasato et
al. 2011:1461). Steps of transformation of C. moschata
plants included seed germination, obtaining cotyledon-
ary node explants with overnight dark pre-cultivation,
stirring with aluminium whiskers, Agrobacterium in-
oculation, shoot regeneration and kanamycin incuba-
tion, shoot-root induction and elongation, selection of

true (non-chimeric) transgenes by auxiliary bud induc-
tion and transplantation to the soil.

Adventitious shoots were induced exclusively
from the proximal regions of the cotyledonary
nodes by cultivating on Murashige—Skoog agar
medium with 1 mg/l benzyladenine. Stirring with
1% (w/v) aluminum borate whiskers promoted the
Agrobacterium infection in the proximal zones of
the explants. Transgenes were selected at the TO
generation by sGFP fluorescence, genomic PCR,
and Southern blot analyses. These transgenes
were shown to grow conditionally until T1 seeds
formation and maturation. The authors revealed
steady transduction of transgene’s inheritance to
T1 generation by sGFP fluorescence and genomic
PCR analyses. The average transgenic efficiency for
the kabocha squashes has achieved approximately
2.7%, admissible for practical implementation.
This approach is useful for practical needs as gene
engineered Cucurbita spp. have been delayed by
difficulties in genetic transformation. Nanasato et al.
(Nanasato et al. 2011:1465). have determined tools
for molecular breeding of the Cucurbita genera.

One of perspective purposes for Kazakhstan is
to maintain and characterize domestic collection
of pumpkins, produce the pumpkin seed oil and
develop pharmaceuticals to be exported as used
for medical and food-supplying aims. To develop
domestic collection of productive cultivars of
mutiseed oilseed pumpkins with susutainable
yield we have initiated pilot experiments in 2014.
(Nurzhanova et al., 2014). To date three cultivars
of oilseed pumpkin from Austria, Russia and China
are available. In the future we hope to generate and
submit to state trial highly productive cultivars
and lines of pumpkins with essential oil content,
fruit quality, resistance to a number of diseases as
abiotic environmental factors. These forms will
be subdivided by fruit size, vine branchin and the
quality of oil-containing seeds.

From theoretical point, it is critical to study
genetic power of the local pumpkin accessions,
determine  their = expected and  observed
heterozygocity enhanced by intraspecious and inter-
specious hybridization in conditions of the South-
East of Kazakhstan and wider.
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MYELOSTIMULATING ACTIVITY OF PYPERIDINE
COMPOUNDS BIV-68, BIV-69, BIV-70, BIV-71

The urgency of engineering of new effective myelostimulating drugs substantiated by the growing
percentage of incidence of various diseases hemodepression. One of the factors in the development
of depressive diseases are negative environmental factors. Various kinds of radiation, heavy metals,
petroleum products (solution Shtoddart), trinitrotoluol, pesticides, organochlorine compounds, lindane
(gamma-hexachlorocyclohexane), DDT (dichlorodiphenyltrichloroethane), many drugs have a myelo-
stimulating suppressive effect. Therefore, the search myelostimulating drugs relevant today. In addition,
myelostimulating are widely used in ophthalmology and biotechnology. The newly synthesized aza-
heterocycles compounds with piperidinium core was investigated on myelostimulating activity on the
cyclophosphamide myelodepressive model. Complex of 3-(3ethoxypropyl)-7-(2-morpholinoethyl)-3,7-
diazabicyclo[3.3.1]nonan with B-cyclodextrin is compound BIV-68. Compound BIV-69 is presented
3-(3-i-propoxypropyl)-7-[2-(1-piperazine)ethyl-)]-3,7-diazabicyclo[3.3.1]Jnonan as complex of with
B-cyclodextrin. 3,7-Diazabicyclo [3.3.1] nonane-9-one is fairly easily converted to oximes by treatment
with hydroxyamine hydrochloride. Following benzoylation leads to benzoic ester, whose complex with
B-cyclodextrin is BIV-70. Complex of 1- (2-ethoxyethyl)-4-(oct-1-yn-1-yl) piperidin-4-yl propionate with
B-cyclodextrin is compound BIV-71. The compound of the BIV-69 had a high myelostimulating effect
on the proliferation lymphomyeloid pools of blood on the cyclophosphamide myelodepressive model.
By activity compounds BIV-71, BIV-68 and BIV-70 was inferior to the compound of the BIV-69. Thus,
azaheterocycles compounds with piperidinium core are perspective for search of new effective myelo-
stimulating drugs.

Key words: N-alkoxyalkyl piperidines, diazabicyclononanes, benzoyloxime, 14-(oct-1-yn-1-yl)pi-
peridin-4-yl propionate, myelostimulating activity.
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bUB-68, bUB-69, bMUB-70, BM1B-71 KOCbIAbICTAPAbIH, MUEAOCTUMYAAQYLLIbI O@ACEHAAIr

Op TYPAI reEMOAENPECCUBTI aypyAapFa LIAAAbIFYAbIH Maiibi3bl ©6CYiHe 6AMAAHbICTbI >KaHa TUIMAI
MUEAOCTUMYAAQYLLbI  MpernapaTTapAbl  83ipAey  ©e3eKTiAIriMeH Herizaeaeai. [emoaenpeccuanbik,
aypyAapAblH epulyiHe acep eTeTiH (hakTopAapAblH Oipi — >KarbIMCbI3 3KOAOTMSIAbIK, hakTopAap
6O-AbIM TabblAaAbl. Op TYPAI COyAeAeHy, ayblp MeTaAAap, MyHam eHaey eHimaepi (LLtoaaapt
€pIiTiHAI-Ci), TPUHUTPOTOAYOA, MECTUUMATED, XAOPOPraHUKAAbIK, MNpernaparTrap, AWMHAQH (ramma-
rekcaxaop-LumkAorekcan), AAT (AMXAOP AN EHMATPUXAOPITAH), ADPIAEPAIHKODICIMMEAOCYNPECCHBTIape-
KeTTiAiriHe ne 60Aaabl. COHAbIKTaH MUEAOCTUMYAAQYLLbl MpenapaTTapAbl aHblkTay OyriHri e3eKTi
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mMaceAae 6on Tabbiraabl. CoHbIMEH KaTap, O(TAaAbMOAOTMSI MEH OGUMOTEXHOAOIMSIAQA MUEAOCTHMMYAS-
TOpAApP KEHIHEH KOAAAHBIAbIM KeAeAi. KaHa CMHTE3AEAreH MUMEepUAMHAI SIAPOCbl Gap asaretepo-
LMKAAI  KOCBIABICTAapPAbIH  MMEAOCTUMYAAQYLLbI  AKTUMBTIAITIH - aHblKTay YWIiH UMKAoDOChamMUATI
MUEAOAENPECCUBTI MOAEAIHAE 3EpPTTEAIHAIL. B-LUMKAOAEKCTPUHMEH KOCbIAFAH 3-(33TOKCUMMPONUA)-7-
(2-MOPdOAMHOITUA)-3,7-AMa3abMUMKAO[3.3.T]HOHaH KomrAekC BMB-68 KocCbiAbICbl 6OAbIN TabblAaAbI.
Kocbiabicbl  BUB-69  3-(3-i-nponokcunponma)-7-[2-(1-nunepasuH)atma-)]-3, 7-anasabu-umkao[3.3.1]
HOHaH B-LUMKAOAEKCTPUMHMEH KOCbIAFAH TypiMeH kepceTiAreH. 3,7-Amazabuumk-ao[3.3.1]HoHaHO-9
KOCbIAbICTAapAbIH apacbiHAQ TMAPOKCHMAMUH TMAPOXAOPUAIMEH OHal OKCUAMP-AEHETIH KOCbIAbIC. COHbI
6eH301M 3hMpMeH OEH30MAMPALY HOTMXKECIHAE >KOHE B-LUMKAOAEKCTPUMH-MEH KOCbIAFaH Typi - BMB-
70 KOCbIAbICbI GOAbIN TabbiraAbl. Komnaekc 1- (2-3TOKCM3TUA)-4-(OKT-1-MH-T-MA) MUNEPUAMH-4-MA
NPOMNMOHaT B-LIMKAOAEKCTPUHMEH KOCbIAFaH BMB-71 KOCbIAbICbI 60-AbIMN TabbiAaAbl. LinkaodocdammATi
muenocynpeccust poHbiHAQ BMB-69 KOCBIAbICHI KaH AMMMO-MMEAOUATBIK, MYA MpoAnepaumsicbiHa
>KOFapbl MMEAOCTUMYAAQYLLbI ocepiH KepceTTi. bMB-71, BUB-68 >xeHe BMB-70 KOCbIAbICTapAbIH,
6eAceHAiAiri BMB-69 KocCbIAbICbIHA KapaFaHaa Hawapaay. OcblAaniia, MUNEPUAMH  SAPOCHIMEH
a3areTepouUmKAAi KOCBIAbICTAp YKaHa KOFapbl TUIMAI MUEAOC-TUMYAAQYLLbI MpernapaTTapAbl aHbIKTay
YLWiH FbIABIMM-3€PTTEY >KYMbICTAPbIH OTKi3y NepcrnekTMBTI GOAbIM TabbIAaAbI.

Tynin ce3saep: N-aAKOKCMAAKMA MUMEPUAMHAEP, AMa3abMUMKAOHOHAHAAP, 14-(0KT-1-MH-1-MA)
nMNepuAMH-4-MAa MPOMMOHAT, MUEAOCTUMYAAQYLLIbI BEACEHAIAIK.

bakTbibaeBa A.K."", Tayaccaposa M.K.", bepanH Kennet Aappean?, 1O B.K.?, 3a3bibunn AT .3,
Manamakosa A.E.?

'Ka3axckuii HalMOHaAbHbIM YHUBEPCUTET UM. aab-Dapabu, KasaxcraH, r. AaMarbl
20OkAaxoMckmii FocyaapcTBeHHbIn yHuBepcuTeT, LieHTp Hayk o 3aoposbe, CLLA, Ctuaayo-Tep, Okaaxoma Cutu
SUHCTUTYT XuMMueckux Hayk nMeHn A. b. bekTypoBa, KaszaxcTaH, r. AAmatbl
Kasaxcko-bpuTaHCKuin TEXHMYECKMIA YHUBEPCUTET, XMMUKO-TEXHOAOTMUeCknit (hakyAbTeT, KazaxcTaH, r. AAmMathbl
*e-mail: Layilia.Baktybaeva@kaznu.kz

MuearocTumyamnpyoias akTUBHOCTb coeamHenuin bM1B-68, bMB-69, bB-70, bUB-71

AKTYaAbHOCTb Pa3paboTkM HOBbIX 3(MMEKTUBHBIX MUEAOCTUMYAMPYIOLMX MpenapaTtoB 060c-
HOBaHa pacTylWMM MPOLEHTOM 3a00AEBAEMOCTM PA3AUUHBIMU FEMOAENPECCUMBHbIMK  3aboAeBa-
HusMu. OAHMM 13 (DaKTOPOB PA3BUTUS FEMOAENPECCUBHbIX 3a60AEBaHMII SBASIOTCS HeraTuMBHble
3KOoAOTrMYeckme akTopbl CpeAbl. Pa3AMYHOro poaa M3AYYeHMS, TSXKEAble METaAAbl, MPOAYKTbI Hed-
TeneperoHku (pacteop LLITopaaapTa), TPUHUTPOTOAYOA, MECTULIMABI, XAOPOPraHMYeckme npenaparbl,
AMHAQH (ramma-rekcaxaopumkaorekcaH), AAT (AMXAOPAMMDEHMATPUXAOPITAH), MHO-TWe mnpenaparbl
00AQAQIOT MUEAOCYTNPECCUBHBIM AEMCTBMEM. [TO3TOMY MOMCK MUEAOCTUMYAMPYIO-LLIMX MPernaparos
AKTYaAEH Ha CEroAHALWHUI AeHb. Kpome TOro, MMEAOCTUMYASTOPbI HAaXOAST LUM-POKOE NMPUMEHEHMEe
B O)TaAbMOAOIMM, GUOTEXHOAOTMM. HOBOCMHTE3MPOBAHHbIE a3areTepoOLMKAM-UYECKME COEAMHEHMS!
C MUNEPUAMHOBBIM SAPOM ObIAM MCCAEAOBAHbI Ha MUEAOCTUMYAMPYIOLLYIO aKTMBHOCTb Ha MOAEAM
umkaopochammaHon  mmeaoaenpeccun. Komnaekc  3-(33Tokcnnponua)-7-(2-MopOoANMHOITUA)-3,7-
AMa3abuLUMKAO[3.3.1JHOHaHa C B-LMKAOAEKCTPUHOM SBASIETCS coeamHe-Huem BUMB-68. CoeamHerme
BUB-69 npeactaBAeHO 3-(3-i-nponokcnnponua)-7-[2-(1-nu-nepasuH)atmna-)]-3,7-amaszabumumkaol3.3.1]
HOHAHOM B KOMIIAEKCE C P-LMKAOAEKCTPUHOM. 3,7-Amazabuumkao[3.3.1JHOHAHO-9 OAMH M3 AEerko
NpeBpaLLAWMXCS MPU  OKCUAMPOBAHUM C TMAPOK-CMAaMMH TMAPOXAOPUAOM COeAMHeHuid. Ero
6eH30MAMpPOBaHME C GEH30MHbIM 3(OMPOM MPUBEAO K OOPA30BAHMUIO KOMIAEKCHOTO COEAMHEHUS C
B-LIMKAOAEKCTPUHOM — 3TO U eCTb coepanHeHne bVB-70. Komnaekc 1- (2-3ToKCMaTUA)-4-(0KT-1-MH-1-UA)
nMnepuAMH-4-MA NPONMOHaT C B-UMKAOAEKT-PUHOM sBAsieTCS coeamHeHrem bMB-71. CoeanHeHune BVB-
69 0Ka3bIBAaAO BbICOKOE MMEAOCTUMY-AMPYIOLLLEE AENCTBME Ha MpoAmnpepaumio AMMEOOMUEAOUAHDIX
NMyAOB KPOBWM Ha (poHe UMKAO-(hochamMnAHOM MueAaocynpeccun. 1o akTMBHOCTM coeamHenuns bMB-
71, BUB-68 n BMB-70 yc-Tynaan coeamHenuio BUB-69. Takum ob6pasom, asaretepoumKAnMyeckme
COEAMHEHMS C NMUNEPUAN-HOBBIM SAPOM SBASIOTCS MEPCMEKTUBHBIMU AASI TOMCKA HOBbIX 3h(PpeKTUBHbIX
MMEAOCTUMYAMPYIO-LLMX NMPenapaTos.

KatoueBble cAoBa: N-aAKOKCMAAKMA MUMNEPUAMHDBI, AMA3abUMUMKAOHOHAHbI, 14-(0KT-1-MH-1-MA)
nUNepUAnH-4-MAa MPONMOHAT, MUEAOCTUMYAMPYIOLLAS aKTUBHOCTb.

Introduction

The urgency of the development of new
effective myelostimulating drugs is justified by the
growth of the incidence of various haemodepressive
diseases. Haemodepressive diseases develop with

malnutrition, chronic blood loss, living conditions
in ecologically unfavorable regions, heavy loads for
athletes and people engaged in heavy production,
chronic stress, post-recovery period, various types
of diseases, etc. Some patients have aplasia of
hematopoiesis or cytopenia developed during
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treatment with antituberculous agents (streptomycin,
thiacetazone, isoniazid, P-aminosalicylic acid,
dimethylcarbazine). In these cases, treatment was
more often carried out foralong time, forexample, 11,
13 and 14 months. The period of pancytopenia lasted
from 0.8 to 1.5 months. There were lethal outcomes
from thrombocytopenic hemorrhages, despite the
use of myelostimulating agents - oximetalone
300 mg/day, darabolil at 600 mg/day, etc. (Kirpal
Das Makheja, 2013:1110). When analyzing such
observations, attention is drawn to the occurrence of
hematopoiesis hypoplasia after courses of therapy
of varying duration. Perhaps, this circumstance
should be considered as a sign of an abnormal
immunological reaction, independent of the dose of
the drug. The onset of immunological reaction may
be irreversible. Benzene and its derivatives of the
chemical compounds should be noted, especially
with prolonged exposure. Many researchers note
their ability to induce chromosomal changes in
hematopoietic cells (hyperdiploidy, hypodiploidy,
etc.), which has numerous confirmations (Khunger,
2002: 378; Shimamura, 2008: 11121). A solution of
Storddart (oil distillate), trinitrotoluene, pesticides,
especially organochlorine preparations, lindane
(gamma-hexachlorocyclohexane) and DDT (dich
lorodiphenyltrichloroethane) can be inhibition of
hematopoiesis (Khunger, 2002: 378) observed 8
patients who had contact with pesticides, 7 of them
had panmyelophthisis, 1 had thrombocytopenia, and
5 died (Jha, 2008:15). The mechanism of pesticides
action on hemopoiesis is still not clear enough.
Nevertheless, their ability to accumulate mainly in
adipose tissue, in particular in the bone marrow, is
known. It is assumed that pesticides directly damage
hematopoietic precursor cells or immunoallergic
genesis of hematopoietic tissue function disorders.
There is also the possibility of haemoderepression
due to a decrease in the detoxification properties
of the liver and kidneys, as well as congenital
insufficiency of liver enzyme systems.
Hemopoiesis is inhibited by radiation from
various sources. Currently, in medical clinical
practice, drugs with myelosuppressive action are
used. In particular, all cytostatics, second and third
generation antibiotics, hormones, antihypertensive
drugs, sulfonamides, anticonvulsants, etc. Therefore,
the search for myelostimulating drugs is relevant
for today. In addition, myelostimulators find wide
application in ophthalmology, biotechnology.

Materials and Methods
For study myelostimulating activity, the
following compounds were taken: complex of

3-(3ethoxypropyl)-7-(2-morpholinoethyl)-3,7-
diazabicyclo[3.3.1]nonan with B-cyclodextrin (I) is
BIV-68, 3-(3-i-propoxypropyl)-7-[2-(1-piperazine)
ethyl-)]-3,7-diazabicyclo[3.3.1]nonan as complex of
with B-cyclodextrin (II) is BIV-69. 3,7-Diazabicyclo
[3.3.1] nonane-9-one is fairly easily converted
to oximes by treatment with hydroxyamine
hydrochloride. Following benzoylation leads to
benzoic ester, whose complex with B-cyclodextrin(I1I)
is BIV-70. It was interesting to study the influence
of the hydrocarbon chain (C6H13) at the triple bond
on biological activity. Ethynylation of N-alkoxyalkyl
piperidin-4-one with hexylacetylene in the presence
of KOH leads to 1- (2-ethoxyethyl)-4- (oct-1-yn-1-
yl) piperidin-4-ol. Complex of 1- (2-ethoxyethyl)-
4-(oct-1-yn-1-yl) piperidin-4-yl propionate with
B-cyclodextrin (IV) is BIV-71(Figure 1).

Healthy mature animals of laboratory rats of
both sexes, 10-15 weeks old, weighing 210-280
g were used in the work. The spread in groups by
the initial body weight did not exceed £ 10%. The
animals were obtained simultaneously from one
nursery - biological clinic of the Faculty of Biology
and Biotechnology of al-Farabi KazNU. Before and
during the experiment, control and experimental
animals were kept in the same standard conditions,
on a standard diet, 6 animals per cage. All types of
experiments were carried out in accordance with the
chronobiological principles of work and according
to «Rules for preclinical (non-clinical) studies
of biologically active substances» (Order of the
Minister of Health of the Republic of Kazakhstan
dated November 19, 2009 No. 745 «On the
Approval of the Rules for Preclinical (Non-Clinical)
Studies of Biologically Active substances). Blood
sampling was carried out from the orbital vein of rats
anesthetized with mild ether anesthesia at 09.00 am.
The blood test was performed on a hematological
analyzer for laboratory animals «Abacus junior
vety (Diatron, Denmark). The blood leukogram
was monitored by microscopy of a smear stained
by Romanovsky-Giemsa on a SA3300C microscope
for microscopy and digital micrographs under
immersion (magnification 7x100) of 500 cells per
each smear. Myelosuppression was caused by the
injection of a cytostatic sodium cyclophosphamide
at a dose of 30 mg/kg of the weight of the animal
dissolved in physiological saline in a volume of
0.5 ml three times at intervals of 24 hours. Then
on 6th, 8th ,10th day of observation, once a day
intramuscularly injected: group 1 - BIV-69 in a dose
of 5 mg/kg (for all tested compounds, the solvent
was saline) in a volume of 0.5 ml, 2nd group - BIV-
70 compound at a dose of 5 mg/kg in a volume of
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0.5 ml, in the third group - BIV-71 at a dose of 5
mg/kg in a volume of 0.5 ml, the 4th group of the
drug levamizol in dose 0.4 mg/kg in the volume of
0.5 ml, 5th group (control) no injections after the
injection of cyclophosphamide, the 6th group -
placebo (physiological solution) in a volume of 0.5
ml (Mashkovsky M.D., 1986:169).

Experiments on the bone marrow were carried
out on white pedigreed mature mice of both sexes
weighing 21-26 g, 448 individuals. The animals were
divided into 7 groups with 64 mice each. The 7th group
was intact (no cyclophosphamide and test compounds
were injected). The remaining groups were injected
once, intraperitoneally with cyclophosphamide 160
mg/kg (solvent saline) in a volume of 0.5 ml. On
the 3rd, 4th, 5th day of the observation, once a day,
intramuscularly injected: group 1 - BIV-68 ata dose of
5 mg/kg (for all investigated compounds, the solvent
was physiological saline) in a volume of 0.2 ml, 2nd
group BIV-69 in a dose of 5 mg/kg in the volume of
0.2 ml, in the third group - BIV-70 at a dose of 5 mg/
kg in a volume of 0.2 ml, in the 4th group - BIV-71 in
adose of 5 mg/kg in a volume of 0.2 ml, the 5th group
of levamisole in a dose of 0.4 mg/kg in a volume of
0.2 ml, the 6th group (control) no injections after
cyclophosphamide, 7th group - placebo (saline) in a
volume of 0. 2 ml. Animal slaughter was performed
by cervical dislocation of the spinal cord in the
cervical region at 2, 4, 6, 8, 10, 14, 21, 28 days of

O

observation. Bone marrow from the femurs was
used to prepare smears and determine the number
of cariocytes (nucleated cells - NC) per femur. Bone
marrow smears were stained by Romanovsky-
Giemsa method, the myelogram was counted on a
microscope SA3300C for microscopy and digital
micrographs under immersion (magnification
7x100) of 500 cells per each smear, then the
relative amount of each type of bone marrow
cells was counted in absolute by a femur (Praliev,
2015:70). The statistical processing of the data was
carried out using Student’s t test. The biological
activity and acute toxicity of the new compounds
were compared with the data of the reference drug:
methyluracil.

Results and Discussion
Chemical research results

Inexhaustible biological potential is embedded in
molecules having a piperidine ring as a fragment. We
have successfully carried out research on the synthetic
modification of N-alkoxyalkyl piperidin-4-ones to
produce new biologically active substances. The
choice of N-alkoxyalkyl piperidin-4-ones is dictated
by the availability of the molecule, the high reactivity
of the ketone group and the hydrogen atoms at the
a-position to C = O of piperidine cycle and, mainly,
biological potential of the saturated azacycle.
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Figure 1 — Chemical formula of compounds.

3,7-Diazabicyclo [3.3.1] nonane-9-one is fairly easily converted to oximes by treatment with hydroxyamine hydrochloride.
Following benzoylation leads to benzoic ester, whose complex with f-cyclodextrin (IIT) is BIV-70 (Figure 1).
It was interesting to study the influence of the hydrocarbon chain (C6H13) at the triple bond on biological activity. Ethynylation of
N-alkoxyalkyl piperidin-4-one with hexylacetylene in the presence of KOH leads to 1- (2-ethoxyethyl)-4- (oct-1-yn-1-yl) piperidin-4-
ol. Complex of 1- (2-ethoxyethyl)-4-(oct-1-yn-1-yl) piperidin-4-yl propionate with 3-cyclodextrin (IV) is BIV-71(Figure 1).

ISSN 1563-034X

Eurasian Journal of Ecology. Nel (54). 2018 27



Myelostimulating Activity of Pyperidine Compounds BIV-68, BIV-69, BIV-70, BIV-71

Simultaneous condensation of N-alkoxyalkyl
piperidin-4-ones ~ with  paraformaldehyde  and
[2-morpholinoethyl-  or  2-(1-piperazine)ethyl-)]
amine in methanol+acetic acid led to corresponding
3,7-diazabicyclo[3.3.1]nonane-9-ones with a yield of
40-60%. Reduction of 3,7-diazabicyclo [3.3.1] nonane-
9-ones in conditions of a Wolff-Kishner reaction by
hydrazine hydrate in triethylene glycol in the presence of
KOH gave the corresponding 3,7-diazabicyclononane
in a yield of 57%. Complex of 3-(3ethoxypropyl)-7-
(2-morpholinoethyl)-3,7-diazabicyclo[3.3.1]nonan
with B-cyclodextrin (I) is BIV-68. BIV-68 is presented
by  3-(3-i-propoxypropyl)-7-[2-(1-piperazine)ethyl-
)]-3,7-diazabicyclo[3.3.1]Jnonan as complex of with
B-cyclodextrin (IT) (Figure 1).

Biological research results

The control values obtained from intact
animals admitted to the experiment were within the
physiological norm. The leukocyte count (9.1 £ 2.5)
* 109/L of blood, with a lymphocyte (4.9 + 1.1)
109/L blood, which was (54.0 = 0.9) %. Granulocyte
leukocytes had a value (3.64 = 0.9) « 109/L of blood
with a percentage ratio in the leukogram (40.0 +
0.4) % (Table 1). The monocyte index (0.5 £ 0.0)
* 109/L of blood was minimal, which according to
the leukogram was (6.0 £ 0.7) %. Also, the numbers
of erythrocytes and platelets were normal. The
erythrocyte index was (7.5 = 1.4) « 1012/L of blood
with a hemoglobin content (160.7+1.2) g/L of blood
and accordingly a hematocrit (39.8 + 1.9) % (Table
1). The platelet score was also normal (350.6 + 3.6) *
109/L blood, as well as thrombocrit was (12.6 + 0.3)
%. In general, the main indicators of blood, received
for the experiment of animals, were normal.

Directed immunosuppressive effect of sodium
cyclophosphamide injection led to a mielodepressive
syndrome with a drop in blood counts already on
the first day after injection. The total leukocyte
count was (4.15 = 1.2) « 109/L of blood, i.e. with a
decrease by 2,19 times (p<0.05) and on the 3rd day
after the administration the level of leukocytes was
(2.68 £0.54) * 109/L of blood, which was 3.40 times
decrease compared with control value (p<0.01)
(Table 1). Significant negative changes in the cell
pools of lymphocytes, granulocytes, monocytes
were noted according to the blood leukogram. The
indices of immunocompetent cells-lymphocytes
from the control value (5.46 £ 1.1) » 109/L of blood
decreased on the 1st day to (2.46 = 0.75) « 109/L
of blood and on the 3rd day reached even (1.22 +
0.18) * 109/L of blood, i.e. by 2.74 times (p<0.05)
(Table 1). Even more significant changes occurred

in the cellular populations of granulocytes. The level
of granulocyte leukocytes from the value (3.64 +
0.9) * 109/L of blood decreased by the 1st day to
(1.33 £ 0.18) = 109/L of blood, i.e. by 5.28 times
(p<0.01). The decrease in granulocytes was 3 days
after injection of cyclophosphamide (35.45 + 8.55)
%, i.e. by 1.68 times (Table 1).

A certain increase in monocytes was observed on
the first day after the injection of cyclophosphamide,
which can be explained by the mass death of cells
and an increase in the functional load. The indicator
of intact animals (6.0 £ 0.7) % on the 1st day after
the administration of cyclophosphamide became
(7.05 + 4.6)%, but on the third day after injection
it fell to (18.9 + 0.0%), i.e. 10 times of the control
value (p<0.01) (Table 1).

There were no significant changes in the
leukocyte cell populations in red blood cells. Some
fluctuations in erythrocyte cells from 7.5 = 1.4 ¢
1012/L of blood with a decrease on the 1st day to
(4.71 £ 1.37) » 1012/L by 1.38 times and further
decrease to (3.80 = 0.27) ¢ 1012/L on the third day
after the injection of cyclophosphamide. Also, the
trend in the fluctuations of the indicators on the first
day and the third day after the injection of sodium
cyclophosphamide was observed in the values of
hemoglobin, hematocrit, the average volume of
erythrocytes, the average hemoglobin content in
erythrocyte cells, and the latitude of the distribution
of erythrocytes. Decrease in indices was observed
on the 1st day by 1,2-1,6 times. Significant changes
were registered in platelet counts, which naturally
affected the values of thrombocrit, the average
platelet count and the breadth of platelet distribution.
Already on the first day after the injection of sodium
cyclophosphamide, platelet levels fell to (345.0
+ 126.0) » 109/L blood, when the value of intact
animals (660.0 £ 122.0) « 109/L of blood, i.e. by
1.91 (p<0.05) times. By the 3rd day after injection,
the platelet count decreased to (74.5 £ 39.5) « 109/L
blood from the baseline value of 660.0+122.0+ 109/L
of blood, i.e. by 8.85 times (p<0.01) (Table 1). This
indicator is considered critical and is characterized
by spontaneous intracavitary hemorrhage and other
hemophilic disorders.

Thus, it can be concluded that cyclophosphamide
caused myelosuppression and the most sensitive
cells were leukocyte cells and platelets. Among
the leukocyte cells, first were killed lymphocytes,
granulocytes and then monocytes. Further
mielodepressive syndrome on the background,
the animals were injected with azoheterocyclic
compounds with code «BIV». BIV-68, BIV-69,
BIV-70, BIV-71 compounds were injected. They
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stimulated the proliferative activity of bone marrow
cell pools and stimulated the release of cells from
peripheral lymphomyeloid organs. Among these
compounds, the BIV-69 compound exhibited
the highest activity. In the group of animals were
injected with BIV-69, on the 6th day after the first
injection of the compound, the absolute leukocyte
count was (6.51 = 0.4) » 109/L of blood, against
the control value (2.79 £+ 0.92) » 109/L of blood,
which was 2.33-fold difference (p<0.05) (Table
1). According to absolute cellular indicators, the
BIV-69 compound was the leader. In this group of
animals, the lymphocyte count was (3.53 + 0.12)
* 109/L of blood against the control value (1.55 +
0.88) * 109/L of blood, i.e. with an excess of 2.28
times (p<0.05). The level of monocytes in absolute
value was (0.32 £ 0.2) * 109/L of blood against the
control value (0.12 £ 0.1) « 109/L of blood. The best
values were also for granulocyte leukocytes, (2.65
+ 0.06) « 109/L of blood against the control value
(1.13 £0.14) « 109/L, with an increase 2.35 times (p
<0.05) (Table 1). The remaining relative indicators
of granulocytic leukocytes, monocytes directly
correlated with absolute values. The maximum
values of the absolute indicator of granulocytic
leukocytes of the active compound BIV-69 were
(2.65 £0.06) « 109/L blood compared to the control
value (1.13 £0.14) « 109/L of blood, exceeded 2.35
times (p<0.05). The correlation of the absolute value
with the relative blood index was expressed in the
granulocyte count 40.8 + 0.9% against the control
value (33.35 £ 9.35)% and against the values in the
BIV-69(29.5+3.1)% and BIV-71 compounds (29.97
+ 1.04)% (Table 1). Also, the values of monocytes
in the group which were injected BIV-69 compound
made the maximum value in the research groups
and amounted to (0.32 = 0.2) ¢ 109/L of blood, BIV-
70 compounds (0.02 £ 0.0)109/L blood, BIV-70
compound (0.16 = 0.1) « 109/L blood against the
control value (0.120.1) « 109/L of blood. The relative
value of monocytes was also maximal in animals
injected with BIV -69 compound, amounting to (4.9
+ 2.8)% against values in the groups injected with of
BIV-68, BIV-70 and BIV-71 compounds as follows:
2.4 £ 1.2)%, (0.7 £ 0.0)% and (4.03 £ 3.31)%,
respectively (Table 1).

BIV-69 compounds also stimulated proliferative
activity of red blood cells: erythrocytes and platelets.
On the 6th day after the initial injection with BIV-
69 compound, the erythrocyte indices was (6.52
+ 0.0) « 1012/L of blood, exceeding the reference
value 5.67 + 2.58 « 1012/L of blood. Indicators in
the groups injected with BIV-68, BIV-70, BIV-71
compounds constituting 3.24 + 0.03 « 1012/L of
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blood, (4.43 £ 0.02) » 1012/L of blood and (4.9 +
0.06 ) « 1012/L of blood respectively. All values in
the groups injected with BIV-68, BIV-70, BIV-71
compound were inferior to BIV-69 by 2.01; 1.47;
1.33 times respectively. In the group injected with
BIV-69 the hemoglobin content was (110 + 0.5) g/L
of blood, which exceeded the value in the groups
injected with BIV-68, BIV-70, BIV-71 by 1.87; 1.35
and 1.21 times, respectively, amounting to (58.7 +
0.4) g/L; (81.6+0.5) g/LLand 91.0 £ 0.7 g/L of blood
(Table 1). A similar pattern was observed for other
erythrocyte indices: hematocrit, average volume of
erythrocytes, average concentration of hemoglobin
in erythrocytic cells and the latitude of distribution
of red blood cells. The leading indicators were
recorded in the group of animals injected with BIV-
69 compound, inferior to the BIV-70, followed by the
BIV-71 and the last place was occupied by BIV-68.

Regarding platelets, it can be concluded that
the BIV-69 compound stimulated the division of
platelets. On the 6th day of observation the platelet
count reached 509.0 + 1.0 « 109/L blood, compared
with the control value 447.0 £ 51.0 « 109/L of blood
and against the BIV-68, BIV-70 , BIV-71 of the
following values (232.3 + 3.77)  109/L, (342.0 +
34.2)+109/Land (397.0£14.3)  109/L, respectively
(Table 1).

Undoubtedly, the BIV-69 compound is leading
in relation to myelostimulating properties.

The next compound was BIV-70. It was inferior
to the BIV-69 compound by myelostimulating
activity, but it exceeded all other: BIV-68, BIV-70
compounds. The total leukocyte count was (3.28
+ 0.03) « 109/L, which is smaller than the BIV-69
compound 1.98 times, but slightly exceeding the
parameters in the BIV-70, BIV-68 compounding
groups (Table 1). High absolute and relative values
of lymphocyte cells were also recorded. The relative
lymphocyte values were (65.0 = 0.33)% with
the absolute value (2.18 + 0.13) ¢ 109/L of blood
(Table 1). BIV-70 was the leader in the group of
compounds among these indicators. With the BIV-
68 compound, the outcomes were comparable to
each other, but the BIV-70 compound was exceeded
by 1.31 times. With respect to absolute values, it
was inferior to the BIV-69 compound with a value
(3.53 £0.12) * 109/L of blood by 1.62 times. But
the relative values in the group of administration of
the BIV-71 compound exceeded the BIV-69 values
by 1.20 times. The BIV-71 compound stimulated
the proliferative activity of the granulocyte pool
less efficiently. BIV-71 compound did not perform
stimulating the proliferative activity of erythrocytes
as efficiently as leukocyte cells. The values of red
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blood cells were (4.9 + 0.03) « 1012/L against the
control values (5.67 +2.58) « 1012/L (Table 1). Also,
practically no stimulating activity was observed with
respect to platelets. On the 6th day the platelet count
was 327.0 4+ 50.0 « 109/L of blood. The blood values
in the groups injected by of BIV-68, BIV-70 at the
6th day after the initial injection of the compounds
were only slightly higher than the control values.
The leukocyte indices in the BIV-70 and BIV-68
groups were (3.52 + 0.02) « 109/L and (3.0 = 0.06)
e 109/L, i.e. the difference was minimal, within
the range (0.73-0.21) * 109/L. The same minimum
difference was in the values between the indications
in the experimental groups with the BIV-68 and BIV-

70 compounds and the control value (Table 1). The
relative and absolute values of the blood leukogram
were practically the same as in the control groups; in
respect of erythrocytes and platelets, no significant
differences were observed either.

Thus, the BIV-69 compound possessed a high
myelostimulating activity against the proliferative
activity of lymphomyeloid pools of blood and
the stimulation of emissions from secondary
lymphomyeloid organs. BIV-71, BIV-68 and BIV-
70 were inferior to him. The BIV-68 and BIV-70
compounds did not show myelostimulating effect.
The parameters of levamisole did not differ from
those of the control group.

Table 1 — Haemogram of blood before and after injection of test compounds

=
72} ]
= 7 L
£ 6 3 2 S = 2
Blood counts § _@* Z' Z' 2 Z' =
2 2 m m m m z
-~ [}
5 > —
>
WBC, -10°/L 9.1+£2.51 2.68+0.54 3.0+0.06 6.51+0 3.52+0.02 3.284+0.03 2.79+0.92
LYM, -10°/L 49+1.1 1.22+0.18 2.04+0.06 3.534+0.12 1.67+0.33 2.13+0.13 1.5440.88
MID, -10°/L 0.5+0.0 0.5+0.01 0.07+0.04 0.32+0.2 0.02+0.0 0.16+0.1 0.12+0.1
GRA, -10°/L 3.64+0.9 0.95+0.36 0.89+0.04 2.66+0.06 1.494+0.02 0.98+0.04 1.134£0.13
LY, % 54.0+0.7 45.65+8.6 68.1+0.8 54.3+1.8 56.9+0.4 65.0+3.3 50.65+14.6
MI, % 6.0+0.7 18.9+0.7 2.4+1.2 4.94+2.8 0.7+0 5.03+3.31 6.0£5.3
GR, % 40.0+1.4 35.454+8.6 29.5+3.1 40.8+0.9 42.4+0.36 29.97+1.0 43.3549.35
RBC, -10'?/L 7.5+1.2 3.80+0.27 3.24+0.03 6.52+0 4.43+0.02 4.9+0.06 5.67+2.58
HGB, g/L 160.7+1.9 107.0£4.0 58.7+0.4 110.0+£0.0 81.6+0.5 91.8+0.7 96.9+1
HCT 39.8+1.5 30.85+0.9 17.5+£0.2 33.3+0.6 24.3+0.12 27.9+0.44 28.10+0.84
MCV 55.0+1.3 53+1 54.3+0.4 50.6+0.9 55.0+0.0 57.0+0.0 50.0+0.0
MCH 19.0+£3.6 18.45+0.2 18.0+£0.36 16.9+0 18.4+0.1 18.7+0.3 17.0+0.3
MCHC 350.6+2.8 346.54+2.5 333.0+6.7 331.0+3.7 336.0+2.0 327.0+£5.0 342.5+6.5
RDWC 14.0+£0.8 13.85+0.1 13.8+0.27 13.9+0.1 13.5+£0.0 14.0+0.0 13.55+0.25
PLT, -10°/L 660.0+122 74.5+£39.5 232.3+£3.77 509.0+1.0 342.04+£34.2 367.0+£14.3 447.0+£51.0
PCT, g/L 0.44+0.021 0.05+0.07 0.15+0.0 0.34+0.0 0.21+0.03 0.226+0.0 0.315+0.04
MPV 7.9+0.8 6.9+0.15 6.5+£0.13 6.7+0 6.2+0.03 6.2+0.07 7.1+£0
PDWC 46.0+£0.8 29.5+£29.5 30.9+0.6 31.4+0.4 29.5+0.5 29.6+0.4 32.35+0.65

The results from the bone marrow were
confirmed by blood hemogram data. A single
intraperitoneal injection of cyclophosphamide
at a dose of 160 mg/kg led to the development
of suppression of bone marrow hematopoiesis.
There was a sharp decrease in erythrocyte pool

(by the 14" day of observation), monocytic pool
(by 28™ day of observation) and lymphocyte
pool. Cyclophosphamide showed a pronounced
cytostatic effect to the lymphocyte cells, the
control group did not reach the levels of intact
animals until the end of the experiment, and on
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the 28" day of observation it was (2.0 = 0.002)
- 10° which is 2 times less than level of intact
animals. The non-stimulated mitotic activity of
the monocyte germ was more active, and on the
6th day of observation the control group index
was (12.2 £ 0.02) - 10° vs. (5.2 £ 0.02) - 10° of
the 2-day observation. The neutrophil indicator
significantly faster recovered and on the 4" day
of observation the parameters of the control
group approached the levels of intact animals.
Erythrocyte pool of the control group reached the
level of intact animals only on the 28-35™ day of
observation.

The three-days injections of BIV-69, BIV-70,
BIV-71 at a dose of 5 mg/kg caused a significant

increase (compared to the control group) of NCs
starting from the 1* day of injections.

After injection of compounds the lymphocyte
index was (0.5 £ 0.001) - 10°, by 7.8 times lower
than intact animals (Figure 2, A). But on the 28"
day of observation (the 25" day after the injection of
the compound), the highest index was observed for
the BIV-69 compound, amounting to (6.2 = 0.03) -
10° vs. (2.0 £ 0.02) - 10° in the control (p < 0.05),
exceeding the control by 3.1 times; placebo by 2.58
times and even the index of intact animals by 1.55
times. The BIV-70 and BIV-71 compounds activity
were inferior to the BIV-69 compound, but exceeded
the activity of the reference drug by 1.55 and 1.65
times, respectively.

AT
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2
1
0
2 4(1) 6(3) B(5) 10(7) 14(11) 21(18) 28(25)
B 25
20
15
10
5
0
2 4(1) B(3) 8(5) 10(7) 14(11) 21(18) 28(25)
cC 25
20
15 ]
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r 4
0
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2 4(1) 6(3) 8(5)

10(7) 14(11)  21(18)  28(25)

Figure 2 — Myelogram of lymphocytes (A), monocytes (B), neutrophilic leukocytes (C) and erythroid cells (D) in the bone marrow
of mice after injection of BIV-69 compound against cyclophosphamide (1), after injection of BIV-70 compound against the
cyclophosphamide in background (2), after injection of BIV-71 against cyclophosphamide (3), after injection of levamisole against
cyclophosphamide (4), control group (5), after placebo injection against cyclophosphamide (6), intact animals (7).

On the axes of abscissa — time (day), in parentheses — the day after the injection of the compounds; on the ordinate axes — the
number of cells (- 10°) per thigh.
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Significantly different results were recorded in
the recovery pool of monocytic cells. During the 28-
day observation there was intensive recovery, and
on the 28" day of observation in the treatment group
with the BIV-69 compound it was (23.4 +0.05) - 10°
vs. (18.2 £ 0.06) - 10° for control group (p < 0.05),
exceeding by 1.29 times. In addition, it significantly
exceeded levels of levamisole and even the rate of
intact animals by 1.77 and 1.32 times respectively.
The BIV-70 and BIV-71 compounds were also
inferior to the BIV-69 compound by 1.24 and
1.36 times respectively, but exceeded levamisole
results(Figure 2, B).

Also, significantly different results were
observed for neutrophil indicators. On the 10
day of observation (the 7" day after the injection
of the drug), the results of the BIV-69 compound
showed high results (21.3 + 0.07) - 10° vs. (8.4 £+
0.01) - 10° of control group (p < 0.05), exceeding
the parameters of the control group, placebo
and levamisole by 2.54 times (Figure 2, C). The
stimulated mitotic activity of BIV-70 and BIV-71
compounds were significantly inferior to BIV-69

compound, but exceeded the levamisole by 1.6
times.

Cyclophosphamide had a  pronounced
myelosuppressive effect on the proliferation of
erythrocyte cells. A slow recovery of erythropoiesis
proceeded in all the observation groups, and only
on the 14" day of observation (11" day after the
injection of the compounds) approached the levels of
intact animals. There were practically no differences
in the indices of the placebo, levamisole and control
groups. The mitotic pool of erythrocyte cells was
equal to that of intact animals only on the 28" day
of observation.

Thus, the BIV-69 compound possessed a high
myelostimulating activity against the proliferative
activity of lymphomyeloid pools of blood
and stimulation of emissions from secondary
lymphomyeloid organs against cyclophosphamide
myelosuppression. The BIV-71, BIV-68 and BIV-
70 were inferior to BIV-69. The BIV-68 and BIV-
70 compounds did not differ in myelostimulating
action. The parameters of levamisole did not differ
from those of the control group.
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THE APPLICABILITY ASSESSMENT OF TECHNICAL SOLUTIONS FOR A
FEASIBILITY STUDY ON THE PURIFICATION OF GROUNDWATER
IN THE ILEK RIVER VALLEY FROM BORON FOR THE MODERN HYDRO
GEOCHEMICAL SITUATION

This scientific article is devoted to the problem of pollution of the Aktobe basin with boron by the
waters of the llek River, which drains contaminated groundwater. In connection with not full implemen-
tation of the decisions taken to reduce the concentration of pollutants, in particular boron, the problem
of groundwater pollution is exacerbated. The monitoring datas fix the increased level of pollution. Initia-
tive field studies and the results of the determination of sampling samples showed an excess of threshold
limit value of boron both in the zone of the old sludge accumulator and in the Aktobe basin. To justify
the need to develop and implement a qualitatively new approach to the solution of the problem of
groundwater contamination in the llek river valley and the Aktobe Basin, boron made estimates for the
topographic and hydrogeological, combined with the technical solutions, the feasibility study, maps. It is
shown that now the front of groundwater pollution from the industrial site and the new sludge collector
has approached the river, and therefore the technical solution of the feasibility study for the second sec-
tion no longer corresponds to reality. The dynamics of the pollution processes of the llek River in the old
sludge accumulator zone is analyzed. Based on the regression model, a forecast is made of the changes
in boron content in the right bank of the llek River. It is shown that the technical feasibility study on the
first site requires a revision.

As a new approach to solving the problem, it is proposed to develop a system from a constantly
operating model of geo-filtration and a model of turbulent macro diffusion combined with it. Mapping
izoconcentrate of boron and other pollutants of groundwater will provide an opportunity to consider
them from the standpoint of alternative environmental technologies, for example, as the basis of boron
fertilizers.

Key words: ground water, pollution, boron, basin, feasibility study.
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bepiAreH FbIAbIMM MaKaAa AaCTaHFaH >Kep acTbl CyAapblHa YKMHAKTaAaTblH EAeK ©3eH cyAapbiMeH
AkTeb6€e Cy KOMMAaCbIHbIH OOPMEH AACTaHy MOCEAECiHe apHaAFaH. AacTayllbl 3aTTapAbIH, COHbIH, iLLIiH-
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Ae 6OpAbIH, KOHUEHTPAUMSCbIH TOMEHAETY OoWblHILA KAaObIAAAHATbIH LWEWiMAEPAIH TOABIK, >Ky3e-
re acblpaAMaraHblHAH, >Kep acTbl CyAApPbIHbIH, AACTaHy MaceAeci ekniHaeAyae. bakpiaay akmapaTTapbl
AQCTaHYAbIH XKOFapfbl AeHreiiH 6eariaeyae. bactamanbl AarabiK, 3epTTEyAEpi XKOHe ipiKTEAreH yArep-
AIH TaAAQY HOTMXKEAIPI aAFallKbl KAAABIK KOMMa 30HaCbIHAQ, COHbIMEH Oipre AKTebe Cy KoMmacbiHAQ
Aa 6opabiH LLIPK kepceTkiwiHeH apTbiK, ekeHiH kepceTTi. Eaek e3eH aAkabbiHbIH >Xep acTbl CyAapbliH
>xoHe AkTebe Cy KonMacbiH GOPMEH AaCTaHy MOCEAECIH Liely MakcaTblHAQ CaraAbl, api >kaHa ape-
KEeTTePAIH AAMbIHAAAYbI YKBHE OHbIH, )KY3€ere acblpbIAy KaXKeTTiriH Herisaey YiH TeXHUKAAbIK-3KOHO-
MMKAAbIK, HET3AEYAIH TEXHMKAABIK, LIEWiMAEP Cbi36acbiMeH Katap TONorpadusiAbIK, >koHe TMAPOreoAO-
FMSAbIK, KapTaAap HeridiHAe ecenTeyAaep XKYPrisinai. ©OHAIPIC aAaHbl MeH KaHa KaAAbIK, KOMMacbiHaH
>Kep acTbl CyAApbIHbIH AQCTaHy aiMarbl ©3EHre >KakblH KEAreHi KOpCeTiAAl, COA cebenTi eKiHLi aAaH
YWIiH TEXHWMKAAbIK-3KOHOMMKAAbIK, HEri3AEYAIH TEXHWMKAAbIK, LIeliMAEepi HAKTbl TYPAE >Ky3ere acbl-
pbIAMaiAbl. AAFaLLKbI KAAABIK, KOMMACbIHbIH, aAaHbIHAQ EAeK e3eHiHiH AacTaHy yAepiCiHIH AMHAMKKAachI
TaAA@HbIAABL. Perpeccusabik, MOAEAb HeriziHae EAek e3eHiHiH OH >karaAaybiHAQ 6Op KypamblHbiH, ©3-
repyi 60AXKamMAaAAbL. TEXHMKAABIK-3KOHOMMKAABIK, HEM3AEYAIH TEXHMKAAbIK, LIewiMAepi GipiHLLI araH,
YWiH Ae KanTa 6akblAayAbl KAXKET eTeHi KapacCTbIPbIAADI.

bepiAreH MaceAeHi WellyAe )KaHa pekeT PeTiHAE Y3AIKCi3 apekeTTeri reo(pMAbTPALMSABIK XKaHe
OHbIMEH Gipre KOAAAHbIAATbIH Makpo AMAY3NSAHbIH TYPOYAEHTTIK MOAEAIHEH KypaAFaH >KyMeciH Aa-
MbIHAQY YCbIHbICbI 6epiAreH. XKep acTbl CyAapbiHAaFbl HOPAbIH >kaHe 6acka Aa AacTaylubl 3aTTapAblH
M30KOHLIEHTPaTTapbIH KapTara TYCipy 6aramanbl TabuFaT KOpFay TEXHOAOTMSIAAPAbIH 6aFAapbl, MbICaAbI
60p KypaMAbl TbIHAMTKBILLTAP HEri3i peTiHAE KapayFa MyMKIHAIK Gepeai.

Ty¥iin ce3aep: XXep acTbl CyAap, AacTaHy, 60p, Cy KOMMAaCbl, TEXHMKAAbIK-9KOHOMMKAABIK, HEri3aey.
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OueHKa NPUMEHUMMOCTH TeXHUYECKMX pPeLleHUi TeXHUKO-3KOHOMMUYECKOro 060CHOBaHM S
Mo OYUCTKE MOA3EMHBIX BOA AOAMHDbI peku MAek oT 6Gopa AASl COBpeMeHHO#M
r’MAPOreoXMMHMYeCKoi 06CTaHOBKH

AaHHag HayuyHas CcTaTbsl OTBeAeHa NpoOAeMe 3arps3HeHus AKTIOOMHCKOrO BOAOXPaHMAMLLA 6O~
POM BoAaMM pekn MAeK, KOTopas APEHUPYET 3arpsi3HeHHbIe MOA3EMHbIE BOAbI. B CBSA3M C He MOAHOM
peaAm3aLmen NPUHUMAEMbIX PELLEHUIA MO CHUXKEHMIO KOHLIEHTPaLMM 3arpa3HsIOWMX BELLeCTB, B YacT-
HOCTM GOPOM, NPOOAEMA 3arpsA3HEHNS MOA3EMHbIX BOA 060CTPAeTCs. MOHUTOPUHIOBbIE AaHHble (UK~
CUPYIOT MOBbILLEHHbIA YPOBEHb 3arpsa3HeHns. MHULMATMBHbIE MOAEBble MCCAEAOBAHMUS U Pe3yAbTaTbl
ornpeAeAeHMs BbIGOPOUHbIX Npob nokasaan npesbieHns MAK 6opa kak B 30He CTaporo LAAMOHAKO-
MUTEAs, Tak U B AKTIOOMHCKOM BOAOXPaHMAMLLE. AAS OOOCHOBaHMS HEOBXOAMMOCTM pa3paboTKu 1
peaAM3aLmMm KaueCTBEHHO HOBOIrO MOAXOAQA K PeLLeHMo MPOBAEMbI 3arpsa3HEeHUs MOA3EMHbIX BOA AOAU-
Hbl pekn MAek 1 AKTIOBUMHCKOrO BOAOXPaHMAMLLA GOPOM BbINMOAHEHbI OPUEHTUPOBOYHbIE PacyeTbl Mo
Tonorpagpryeckmm 1 rmAPOreoAOrMYeCKom, COBMELLIEHHOM CO CXEMOM TEXHUYECKMUX PeLLEHMI TEXHUKO-
3KOHOMMYECKoe 000CHOBaHMe, KapTam. Mokas3aHo, YTo cernyac (PPOHT 3arpsA3HeHMs NMOA3EMHbIX BOA
OT MPOMMAOLLAAKM M HOBOFO LUAAMOHAKOMUTEAS MPUBAUBMACS K PeKe, a MOTOMY TeXHMYECKoe pelle-
HME TEXHUKO-3KOHOMMYECKOr0 060CHOBAHMS MO BTOPOMY YYaCTKY YKe He COOTBETCTBYET PEaAbHOCTY.
MpoaHaAM3MpoOBaHa AMHaMMKA MPOLIECCOB 3arpsa3HeHns pekn MAek B 30He CTaporo LAAMOHAKOMMTe-
A9. Ha ocHOBe perpeccMoHHON MOAEAM BbINMOAHEH MPOrHO3 U3MEHEHUsS COAep KaHMin 6opa B npasobe-
pexxkbe pekn Maek. MNokasaHo, 4To U TeXHMYECKoe peLleHme TeXHMKO-9KOHOMUYeckoe 060CHOBaHMe Mo
NepBOMY yuacTKy TpefyeT nepecmoTpa.

B kauecTBe HOBOroO MOAXOAQ K PeLIeHMIO MPOBAEMbI MpeaAaraeTcs pa3paboTKa CUCTEMbI U3 MOC-
TOSAHHO AEMCTBYIOLLEA MOAEAM FeO(PUABTPALIMM M COBMELLLEHHOM C He MOAEAM TYPOYAEHTHON Makpo-
A dy3nm. KaptorpadmpoBaHme M30KOHLEHTpaAT 6opa M APYrMX 3arps3HUTEAEe MOA3EMHbIX BOA
06ecneynT BO3MOXKHOCTb PACCMOTPEHMS MX C MO3ULIMIA AABTEPHATUBHbBIX MPUPOAOOXPAHHbBIX TEXHOAO-
FUiA, HaNPUMep, Kak OCHOBbI 6OPCOAEPIKALLMX YAOBPEHMIA.

KAloueBble CAOBa: MOA3EMHbIE BOAbI, 3arpa3HeHne, 60p, BOAOXPaHUAMLLE, TEXHUKO-3KOHOMMYEC-
Koe 000CHOBaHMe.
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Introduction

Population growth, development of economic
activity, growth of living standards increase water
consumption and wastewater volumes with the
amount of pollution in them. This situation leads
to increasing competition and conflicts between
different water users. According to the United
Nations (UNDP, 2016: 4-9), globally, more than 2
billion people of different countries live in condi-
tions of extreme water shortage, defined as the ratio
of total freshwater consumed to the total volume of
renewable freshwater reserves above the threshold
of 25 percent (Sustainable Development knowledge
Platform, 2015). Therefore, the study of imbalance
of ecological systems in the presence of contamina-
tion presupposes a detailed knowledge of the pattern
of the spread of pollutants in the lakes and water
streams (OECD, 2012: 25).

Pollution of groundwater and surface waters by
boron in the Ilek river valley and Aktobe basin the
sources of water supply in Aktobe region - has an
impact on the socio-economic development of the
region and the formation of an ecological situation
in the territory of the Russian Federation. The
Ilek River is trans boundary, it flows into the Ural
River and eventually the polluted waters enter the
Caspian Sea, to the spawning grounds of sturgeon
(Pavlichenko, 2017: 967-974).

In the feasibility study on the purification of
contaminated groundwater by boron in the valley of
the Ilek River, developed at the Center for Health
Protection and Environmental Projecting based on
the monitoring of underground waters conducted by
LLP «Akpany, technical solutions for the intercep-
tion of contaminated groundwater have been devel-
oped. These decisions were developed in 2008 and
reflect the hydro-geodynamic situation for 2005, as
monitoring observations were discontinued due to
lack of funding (Korchevskij, 2008: 86-132).

Although the feasibility study takes into ac-
count the results of the field research conducted by
the Center for Health Protection and Environmental
Projecting in 2007 and 2008, which made it possible
to clarify and expand the list of main sources of pol-
lution, the regulatory deadline for its implementa-
tion has exceeded in 2015. The feasibility study re-
vision project in 2015 was reduced to a recalculation
of the estimate taking into account new financial in-
dicators. Work on the implementation of technical
solutions did not even begin on the pilot site recom-
mended by the state expertise.

Initiative field research by the authors, carried
out in July 2017 and showing that the threshold limit
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value (TLV) were exceeded both in the old sludge
accumulation zone and in the Aktobe basin, which
had not been observed before, clearly demonstrate
the relevance of the boron pollution problem of the
Ilek river and the Aktobe basin.

The purpose of this work is to analyze the hydro
geodynamic and hydro geochemical changes in the
Ilek river valley in the Alga region (Aktobe) in order
to assess the applicability of technical solutions for
feasibility studies in modern conditions.

Material and methods of research

The actual data of the annual monitoring by Ka-
zHydroMet (Information Bulletin, 2008-2017); the
visual observations of the research area; the results
of chemical composition research of surface water
samples, and cartographic materials were used for the
analysis of the current situation. In addition, for more
clarify of ecological situation of Aktobe region were
applied the materials of the Feasibility Study by the
Center for Health Protection and Environmental Pro-
jecting, and the Ministry of Environmental Protection
of the Republic of Kazakhstan in 2007-2009 period
project; report of LLP “Akpan” for 2005.

The study the hydro geochemical situation in the
of the Ilek river valley based on the following meth-
ods (Krauskopf, 1994: 280-331; Tahoora Sheikhy,
2014: 455):

Comparative  geographical  analysis  of
photographic materials for the period of 2008 and
2017;

Approximate calculations of the advance of the
groundwater pollution front for the period 2005-
2017,

Expert analysis of the role of causes of pollution
of groundwater on the right bank of the river;

Regression analysis for predicting the timing of
self-purification of groundwater on the right bank of
the river (Allan Freeze R., 1979: 28-261).

In the report of LLP “Akpan” for 2005, the
old sludge accumulator was allocated as the main
source of pollution of the Ilek River and there was
a small role of soils contaminated by the emissions
of the Aktobe chemical factory (in Alga) as a result
of their washing with atmospheric precipitation.
At the same time, it was believed that the new
sludge accumulator and industrial site do not make
a significant contribution to pollution, due to their
location in areas with low filtration parameters. This
point of view is shown in Figure 1, a hydrogeological
map with the allocation of zones of various levels
of pollution of the underground waters of the Ilek
valley by boron.
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However, the results of additional partial
testing of the monitoring wells, which conducted
in 2007 and 2008, for clarify the nature of
the pollution of the Ilek river hexavalent

chromium and boron research allowed clarifying
and expanding the list of major sources of
groundwater pollution by boron (Korchevskij,
2008: 31-58).

Figure 1 — Hydro geological map of the valley of the Ilek river (LLP «Akpan», 2005) with a Projecting plan for the purification of
groundwater from boron (The Center for Health Protection and Environmental Projecting, 2009)

38 Xab6apuibicel. Dxonorus cepusichl. Nel (54). 2018



Pavlichenko L.M. et al.

The changes were entered in the scheme for
interception of contaminated groundwater (Figure
2) after the analysis of the results of fieldwork in
2008, drilling of wells in the area of old and new
sludge accumulators to assess the possibility of
filtration through their bottom. In addition, Figure
3 shows the zoning scheme of the underground
waters of the valley. This scheme was derived
after the construction of a new map of hydro
geochemical zoning by GIS methods, taking
into account all monitoring wells and without
taking into account the assumptions of previous
researchers on the existence of a geochemical
barrier not confirmed by actual hydrogeological
data.

Figure 2 shows the wells of the network and the
main infrastructure of the factory — sludge collectors,
the territory of the plant and the city of Alga.
Unfortunately, this map does not indicate the slurry
lines from the plant to the new sludge collector (the
old pulp was fed through a metal pipe). The outlines of
the city on this map correspond to its current position,
while in Figures 1 and 3 these outlines are taken from
the old topographical basis. Taking into account the
fact (Appelo, 2005: 35-139) that the territory of the
industrial site of the factory is now practically next to
the city that has grown after the old sludge collector
was preserved, Figure 3 clearly reflects the direction
of groundwater flows from the industrial site, slurry
pipelines and a new sludge accumulator.

Figure 2 - Map of the actual material of the work area of LLP “Milysai”, 2008.

ISSN 1563-034X

Eurasian Journal of Ecology. Nel (54). 2018 39



The applicability assessment of technical solutions for a feasibility study on the purification of groundwater ...
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Figure 3 — Scheme of zoning of groundwater in the Ilek valley in 2005.

The report (Yakovleva, 2004: 53-192) provides
information on the number of production wastes
recorded as of 01.01.2000 - on the industrial site of
the former plant: waste of boron production - 647.3
thousand tons, solid and solid waste - 273 thousand
tons, cinder - 53 thousand tons, vanadium catalyst
- 2.2 thousand tons. It is clear that such the amount
of waste that was openly stored on the industrial site
after the plant was shut down in 1998 could not but
affect the concentrations of groundwater.

The role of slurry pipelines and production
wastes in groundwater pollution can be assessed
visually from the photo (Figures 4 and 6), and the

process of pyritic cinder utilization is shown in
Figure 5.

The main direction of groundwater movement
on the left bank of the Ilek River in the area of
storage ponds of the Alga Chemical Factory
from the southwest to the northeast towards the
river. Hydraulic gradients here are 0.0015-0.002,
the coefficients of filtration of water-bearing
Quaternary sand deposits are 30-35 m/day. A
maximum of concentration near the «old» storage
pond is associated with this groundwater flow and a
maximum spatially located east of the “new” storage
pond (Figure 3).
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Figure 4 — Pipeline condition with traces of emergency discharges

Figure 5 — Pyrotechnic plant with a pyrite heap dump

Based on the analysis of the data (Information
Bulletin, 2008-2017) of long-term monitoring of bo-
ron contamination of groundwater and surface water
in the Alga-Aktobe region, and analysis of hydro-
geological material and experimental studies, and
accounting for project changes in the dynamics of
groundwater and surface water:

The main sources of pollution forming a hotbed
of groundwater contamination with high boron
concentrations are the old sludge accumulator, traces
of emergency slurry leakage and the new sludge
accumulator (Vengosh, 1994: 1968-1974), the for-
mer chemical factory industrial site and soil contam-
inated with the former chemical factory emissions,
dust from the dried surface of the sludge accumula-
tors, places of emergency leakage of the slurry pipe-
line and settled on the shore silt after spring floods;

The wedging of contaminated groundwater into
the Ilek River, where boron is sorbed by silt settling
in the Aktobe Basin, creates a high risk of transforma-
tion of the Aktobe Basin into a new source of con-
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Figure 6 — Sacks with brown (marking 1990),
stored in the open air

tamination of the infiltration water intakes of the city
of Aktobe located below its dam. In the high water
years, the processes of wave formation and rising of
settled silt are intensified, which can increase the con-
centration of boron in surface waters and infiltration
water intakes below the dam. The Ilek River is the
basis for the erosion of the valley, that is, it determines
the line of the lowest pressure of the groundwater. In
this regard, the spread of boron on the right bank of
the Ilek River in the area of the «old» storage pond
becomes not entirely clear. If the transfer of boron was
carried out only by the flow of groundwater, it could
in principle not come here without additional causes,
which change the flow hydrodynamics. The method
of solving this problem is based on the analysis of
the role of the «wall in the ground» by comparing
the additional pressures created by the «wall in the
ground» and the depth of the groundwater table.

Table 1 presents the results of drilling operations
and the pumping of some of the conserved
monitoring wells.
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Table 1 — Journal of pumping and sampling of water from observation wells of the regime network behind groundwater
contamination by boron in the valley of the Ilek river near the Alga region

Depth of bottom . Depth of
The water level hole (from the installation of Sample Heicht of the
NeNe well (from the mouth the pump (from Debit, dm®/s P 5 gt e
mouth of the volume, dm branch pipe, m
of the column), m the mouth of the
column), m
column), m
1190 4,16 15,42 15,2 0,1 3,0 0,7
1585 3,19 25,19 25,0 0,6 3,0 1,0
1586 2,05 31,4 18,6 0,3 3,0 0,61
1587 2,46 4.4 4.4 0,1 3,0 0,4
1588 3,47 10,07 10,07 0,4 3,0 0,66
1297 5,38 16,9 16,9 0,1 3,0 0,45
1350 2,25 14,6 14,6 0,3 3,0 0.4
1299 2,43 31,5 31,5 0,7 3,0 0,7

It is established, that in the area of sludge
accumulators the river drains intensively
underground water contaminated with boron. The
consequence of this is the pollution of the river and
the Aktobe basin. The main ways of entering boron
into groundwater are filtration through the bottom
of the old sludge accumulator, infiltration into the
aquifer of contaminants washed away by snowmelt
waters and storm drain from the sources listed (Her-
bert Allen E., 1993: 15-285).

Concentrations of boron in groundwater and in
aqueous extracts of old and new mud sludge, se-
lected from depths of more than one meter, exceed
1900 mg/dm?. High concentrations of boron are also
noted in the soils under the bottom of not only the
old but also the new sludge collector. These stud-
ies showed a far from complete completion of the

stage of natural washing of sludges and the presence
of a large number of active sources of pollution on
the left bank of the Ilek River. In the research work
(Pavlichenko, 2012: 96-104) the graphs of changes
in boron concentrations in wells of section IV-IV
demonstrated a short duration of Functions to pre-
vent filtration from the «old» sludge collector. After
the beginning of the filtration, bypassing the “wall”,
the head is reduced, and the character of the change
in boron concentrations in the wells on the right and
left banks is clearly manifested. The initial data for
the construction of regression dependence for pre-
dicting the self-purification of groundwater on the
right bank can be the regime during the monitoring
period, supplemented with the results of testing in
2008. The actual material for justifying the solutions
is presented in Table 2.

Table 2 — The content of boron in groundwater in the zone of the old sludge accumulator in line IV-IV

Maximum values in wells by years
Ne well,

1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
1585 387 350 | 385,1 | 69,4 | 84,7 | 61,5 | 544 | 2674 | 395 290 291 | 271,3 | 510,1 | 143,26
1586 | 631,3 | 659 633 | 61,6 | 61,6 46,2 62 383 294 302 | 2684 | 483,1 | 1413
1587 469 | 487,7 | 373 | 749 58 66,6 | 66,6 | 273,7 | 374 292 297 | 267,3 | 4324 | 1375
1588 260 | 216,7 | 262,1 | 67,3 | 579 61,5 | 258,5 | 244 228 224 | 137,2 | 93,9 | 43,17
1589 34,7 | 48,6 56,9 | 276,3 | 288 247 234 | 170,6 | 79,6 45,4
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Research results and discussion

Calculation of distances covered by the front of
groundwater pollution. In the work (Pavlichenko
and others, 2012), the approximate rates of move-
ment of the groundwater contamination front are
calculated, calculated from the time of passage of the
maximums of boron concentrations in the ground-
water between two observation wells. The rate of
advance of the lowering of the concentrations (and,
consequently, of the pollution front) will be about
300-500 m per year, depending on the slope of the
surface. In this case, according to Figures 1 and 3,
it could be seen that the distance from the front to
the series of drainage wells II-II is approximately
1.4 km. While for 13 years (from 2005 to 2017) the
front of pollution can pass a distance of 3.9 to 6.5
km, i.e. The planned drainage strut II-II of 2,100 m
in length has already been fully completed in the
middle of 2015 (1.4 + 2.1 = 3.5 km> 3.9 by the end
0f2017). Thus, the flow of groundwater of the west-
ern direction is already wedged out in the Ilek River,
and the technical solution in the feasibility study for
Section-2 no longer makes sense.

The reasons for the spread of the source of
groundwater pollution to the right bank. In the
project on the assignment, the Ministry of Environ-
mental Protection of the Republic of Kazakhstan
in 2007-2009 yy, it is indicated that the reasons for
boron to enter the right bank may be spills of con-
taminated groundwater during floods, dust transport
of contaminated soil and sludge. However, during
the floods, the contaminated groundwater is diluted
with snowmobiles, and dust transfer calculations

have shown their insignificant influence, especially
since the drilling of ecological and hydro-geological
wells in the territories of both old and new sludge
accumulators, the sludge in them was practically
washed to a depth of 1 m.

Consequently, the only real reason for hitting the
boron on the right bank can only be a support from
the wall in the ground. The modern hydrodynamics
of the old sludge storage system in the ground by
2008, does not accurately reflect the situation when
the wall created the maximum backwater from the
initial level, the ground waters reached the surface
of the sludge accumulator and filtration not only
around it began unfinished part, but also through
imperfections and gaps in the existing part.

If the Ilek River were a perfect drain, that is, it
would intercept the entire capacity of the groundwa-
ter aquifer, an increase in pollution after the break-
through of the “wall” on the right bank would not
have been observed. However, on the hydrogeologi-
cal map of LLP “Akpan”, the focus of pollution was
noted on the right bank. Such a situation may indi-
cate the presence of a hydraulic connection between
the left and right ground flows, that is, the presence
of a creek stream that transmits an increase in abso-
lute marks (a decrease in the depths of groundwater)
to the right bank.

In accordance with the topographic (Figure 2),
the difference in the absolute marks of the surface in
the locations of the wells on the left and right banks
does not exceed 2 m (Table 3), and the maximum
support from the “wall” was 2.41 m. If there is a
pollutant stream with an increased gradient of back-
water will move to the right bank.

Table 3 — Calculation of absolute marks of groundwater levels for alignment [V-IV

Depth of layer Absolute marks
Ne, well Groundwater levels
1990 years 2008 Surfaces
1990 2008
1585 2,41 2,19 241,74 239,33 239,55
1586 1,49 1,44 240,74 239,25 2393
1587 2,21 2,06 240,05 237,84 237,99
1588 3,37 2,11 239,95 236,58 237,84
1589 1,51 239,86 238,35 239,86

After the beginning of the flow around the
«wally, the head was noticeably reduced, but a small
decrease in the depth of occurrence is fixed in all the
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wells of the observation section IV-IV even 10 years
after the beginning of the flow around the «wall»
(Table 3).
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A visual representation of the character changes in boron concentration in wells of this alignment could

be obtained from figure 7.
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Figure 7 — Dynamics of changes of the boron concentrations in the wells of observation section [V-1V

As can be seen from the figure, after the
completion of the “wall in the ground” construction
in 1994, the reduction in boron concentrations
begins in 2 years in wells 1585-1588. Its “wall”
holds its full function in the period 1996-1999, while
there is an ecological filtration capacity between the
sludge collector and the “wall”, and then the boron
concentration sharply increases, but does not reach
its initial values.

Further, the fluctuations of the concentrations are
determined by the water content of the year, but in
all left-bank wells, despite these fluctuations, there
is a very slight trend of decreasing boron content,
increasing the difference in concentrations, and after
2003. While the impact of backwater was affected
(until 1999 for 1588 and 2000 for 1589 wells), the
nature of left-bank well curves repeat the curve of
the left-bank wells. After 2000 for 1588 wells and
after 2003 for 1589 the character of the curves
completely changes — for them it is possible to note
a clear orientation to a constant decrease in boron
concentrations.

Moreover, we can note one more feature of
this period - the concentration of boron in 1588
and 1589 wells become practically the same that
is now it is the process of drainage of the left-
bank flow without the influence of backwater. In
addition, this means that it is possible to construct a
regression equation for the prediction of reduction
of residual amounts of boron in right-bank wells
due to washing with atmospheric precipitation and
snowmelt waters.

Verification of different variants of the trend
equations showed for the well 1588 the maximum
value of the curve approximation (0.925) by the
fourth-degree polynomial equation.

In this case, the concentration of boron, equal
to 0.486 mg/dm?, will be reached in 2020. Since the
concentration of boron, less TLV, will be achieved
in 2-3 years, there is no sense in implementing the
construction of seven right-bank wells of the first
section of the feasibility study.

After the development of the project, since it
was shown above that in the nine years, the second
section will not be able to intercept the entire flow
of contaminated groundwater from the industrial
site of the former factory. The traces of emergency
pulp spills when transporting it to the new sludge
accumulator and filtering out of it, the feasibility
study no longer corresponds modern hydrodynamic
environment.

The acute problems of the pollution of the
Ilek River and the Aktobe Basin are emphasized
by the monitoring data of «KazHydroMety,
which fixes the increased level of pollution,
and the initiative field studies and the results
of determining the samples (GOST, 2014) by
authors, conducted in July 2017. The chemical
analysis of water samples was carried out at
the Hach-Lange LZV 735 analytical laboratory
for water analysis based on the DR 1900
spectrophotometer (Manual, 2013). As a result,
there is an excess of the threshold limit value of
boron (GOST, 1998) in the area of the old sludge
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accumulator (7.5 mg/dm? - 15 TLV), and in the
Aktobe basin (1.2 mg/dm? - 2.4 TLV). In addition,
on the territory of the Aktobe city, that is a lower
excess (0.6 m /dm® - 1.2 TLV below the dam).

However, it has always been assumed that boron
is precipitated by silt in the Aktobe basin almost
completely, in other words within the city the
boron concentration should be below the TLV.
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Figure 8 — The exponential approximation of the dynamics of boron concentrations in the well 1588

These excesses are already defined by the new
sanitary rules (Legal Information system, 2018),
which is now assumed to be 0.5 mg/dm® in all cases,
although until recently all the rivers used the Fishery
Ecology limit equal to 0.017, that is, stricter in 29
times.

An additional indicator of the deterioration of
water quality in the Aktobe basin is the results of
a social survey of children swimming in the basin.
Now, more often after bathing on the skin, rashes
and itching appear which determines the obvious
signs of boron exposure.

It is known that boron is an essential element
for plants; therefore, a large number of species
of boron-containing fertilizers are produced
(Drahomir, 2015: 5-69). These fertilizers also
contain phosphorus, potassium, calcium, sometimes
sulfur, and other elements (Grimes, 2012: 11-12).
Although monitoring of groundwater before 2005
was conducted only by boron, the studies of the
Center for Health Protection and Eco-Projects in
2007-2008, in the part of the samples, a high content
of phosphorus, fluorine, nitrates and sulfur anions
is established. Since the content of boron above
30 mg/kg of soil also has a negative effect, it will
be very important to divide the left bank along
the concentrations of boron, phosphorus and other
fertilizer components. This will make it possible
to analyze the perspectives of using contaminated
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groundwater for growing fodder crops and organizing
livestock complexes, since boron was not found in
meat of animals with high concentrations, and the
estimated probabilities of diseases of the population
from eating local animals were very low.

To identify areas that are promising for this
alternative approach, detailed schemes of the
isoconcentrate of groundwater pollutants, which
could be used as components of boron fertilizers with
which additives are needed, require the construction
of a model system.

However, there are many problems along
this way. The issue of assessing the pollution of
surface waters contaminated by underground
refers to a complex and poorly developed field
of «interdisciplinary» research. It determines the
practical absence of mathematical models that
allow for taking into account the pollutant transition
from groundwater, where its transfer is subject to
hydrogeological laws (the presence of dynamic
porosity, changes in the volume of underground
runoff, weak or total absence of the influence of
atmospheric precipitation), a watercourse or a body
of water, where hydrological laws.

That is why the task of assessing the
interconnection of surface and groundwater in the
part of the transfer of pollution by underground
waters and their transfer to water bodies and
watercourses is not solved unequally. Migration
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of pollution with groundwater is studied and
evaluated usually based on geo-filtration and
geo-migration models, in other words with a
significant spatial and temporal detail of the
flows of groundwater carrying pollutants. The
area of modeling the dynamics (Rodrigo, 2014)
of the quality of surface waters, in view of the
large variability of runoff characteristics, is not
sufficiently developed.

Conclusion

The problem of pollution of the Aktobe
basin with boron waters of the Ilek River, which
drains contaminated groundwater, is constantly
exacerbated, since none of the decisions taken
have been fully implemented. Now the front of

groundwater pollution from the industrial site and
the new sludge collector has approached the river,
and the formation of the Ilek River near the “old”
sludge collector aggravated the situation.

To identify areas that are promising for this
alternative approach, detailed schemes of the
isoconcentrate of groundwater pollutants, which can
with which additives serve as components of boron-
containing fertilizers, require the construction of a
system from a permanent model of geo-filtration and
a model of turbulent macro diffusion combined with
it. The development of conditions for combining
hydrogeological and  hydrological = models
(Rodrigo Ilarri, 2016) should be carried out using
a multidimensional statistical model (component
analysis) to identify the interrelationships of surface
and groundwater.
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UCCAEAOBAHUE BOAOPOCAENU-MHAUKATOPOB B OLIEHKE
3AIPA3HEHNA BOAOEMOB CEBEPHOTI'O KA3AXCTAHA

M3yyeHne 1 McnoAb3oBaHMe BOAOPOCAEN-MHAMKATOPOB AOKA3blBaeT MX BAXKHYIO POAb B OLEHKe
3KOAOTMYECKOr0 COCTOSIHMS BOAHBIX OOBEKTOB, YAYULIEHUM S3KOAOTMUECKOrO COCTOSIHUS OKPY KAIOLLEN
cpeAbl. DTO MO3BOASET PACCMATPMBATh MUKPOBOAOPOCAM KaK MEPCNEKTUBHbIE BUOAKKYMYASTOPbI Tsi-
>KEAbIX METAAAOB M OPraHMYEeCKMX BELLECTB, a Tak>Ke OpraHM3Mbl, aKTMBHO MPUHUMAIOLLME YYacTHe B
CaMOOUMLLEHNM BOAOEMOB.

Lleabto paboTbl SIBASIAOCH U3YyUeHMEe POAM BOAOPOCAEN-MHAMKATOPOB B OLIEHKE 3arpsi3HEHHOCTU
BopoemoB CeBepHoro KasaxcraHa.

M3yyeH cucTemMaTMyeckuit COCTaB aAbroAOpPbl MCCAEAYEMbBIX BOAOEMOB, UTO MO3BOAMAO U3
o6Hapy>keHHbIX 205 BUAOB BOAOPOCAEN yCTaHOBUTb 136 BMAOB-MHAMKATOPOB. Hanboabliuee umcAo
MHAMKAaTOPOB OTHOCUTCS K AMAaTOMOBbIM — 61,8% 1 3eA€HbIM BOAOPOCASIM — 25% OT OOLLEro YmcAa
BMAOB, UYTO OTPakaeT 3HayeHue 3TUX BOAOPOCAeN B (DOPMMPOBAHMM (DUTOMAAHKTOHA MCCAEAYEMbIX
NpecHbIX BOAOEMOB.

B cocTaBe huTOMNAQHKTOHA NPeo6AAAAIOT BOAOPOCAM, OTHOCALIMECS K -Me30Canpo6HOM 30He
3arpssHeruns (lll kaacc umnctothl). MHaekc canpobHocTv no [aHTae-bykky B cpeAHEM Mo BCem BO-
AoeMam cocTaBuA 1,56 — 2,13, 4TO COOTBETCTBYET YMEPEHHOWM CTeNeHn 3arps3HeHns. YCTaHOBAEHO,
YTO MO TMAPOXMMUYECKMM M TMAPOBMOAOTMUECKMM MOKA3ATEASIM KQYeCTBO BOAbI UCCAEAYEMbIX BOA-
HbIx 06bekToB CeBepHoro KasaxcraHa B HACTOSILLMIA MOMEHT OTHOCUTCS K 3-My KAQCCY — «yMEPEHHOMY
YPOBHIO 3arpsi3HeHus».

KAtoueBble CAOBa: BOAOPOCAM, BUAbI-MHAMKATOPbI, CAanpPOOHOCTb, (DUTOMAAHKTOH, 3arpsisHEHME.

Tekebaeva Zh.B.", Abzhalelov A.B.?
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2Republican collection of microorganisms, Kazakhstan,
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Research of algae-indicators in the assessment of pollution of water bodies
in Northern Kazakhstan

Studying and use of seaweed-indicators proves their key role in an assessment of an ecological con-
dition of water objects, improvement of an ecological condition of an environment. It allows to consider
microseaweed as perspective bioaccumulators of heavy metals and organic substances, as well as the
organisms which are actively taking part autopurification of reservoirs.

Objective of work was studying a role of seaweed-indicators in an assessment of impurity of reser-
voirs of Northern Kazakhstan.

The regular structure of the algal flora the investigated reservoirs is studied, allowed from the detect-
ed 205 types of seaweed to establish 136 types-indicators. The greatest number of indicators concerns
to diatoms - 61,8 % and to green seaweed - 25 % from the general number of types that reflects value
of this seaweed in formation of phytoplankton investigated fresh reservoirs.

In structure of phytoplankton the seaweed concerning to the -mesosaprobic to a zone of pollution
(Il class of cleanliness) prevail. The index of saprobity for Pantle-Bucc on the average on all reservoirs
has made 1,56 — 2,13, that conforms to the moderate degree of pollution. It is established, that on hy-
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drochemical and hydrobiological parameters quality of water of investigated water objects of Northern
Kazakhstan at the moment concerns to 3-my to a class - to “ the moderate level of pollutions».
Key words: algae, indicator species, saprobity, phytoplankton, pollution.

Tekebaesa )XX.b.", 96>xareroB A.b.?

1 Kasak, TeXHOAOT 1S KoHe OM3HeC YHUBEPCUTETI
2 Pecny6GAMKaAbIK, MUKPOOPraHM3MAEP >KUbIHTbIFbI,
KasakcTaH, AcTaHa K., e-mail: bio_kazutb@mail.ru

Coatycrik Ka3sakcTaHHbIH, CyAbIH, AACTaHYbIH OaFarayAafbl GaAAbIPAAP KOpCeTKILUTepiH 3epTrey

BaaablpAap cy o6bekTiAepiHiH, >ai-kyriH GaFarayAa >KOHe CyAblH canacbiH 6GakblAayAa WH-
AMKATOPABIK, aF3aAap peTiHAe KeHIHeH KOAAQHbIAQAbl, KernTereH TYPAepAiH CTEHOTOMNTbIK, CMMATbiHA
SKOHEe OAAPAbIH, KOpLUaFaH OpTa >KarAaiiblHa >KOFapbl CE3IMTAAAbIKKA GaAQHbICTbI.

Kymbictbit Makcatbl CoaTycTik KasakcraHaarbl Cy OObeKTiAepiHiH AacTaHyblH 6araAayparbl
aArebpanbiK, KEPCETKILLTEPAIH POAIH 3epTTey GOAADI.

3epTTeAreH Cy KOMMaAapblHbIH, aAbroAOPACHIHbIH, >KYMEAI Kypambl 3epTTeAAl, OYA aHbIKTaAFaH
205 6aAAbIpAAPAAH  aAblHFAH MHAMKATOPAApPAbIH, 136 TypiH aHbiKTayFa MyMKiHAIK 6epai. MH-
AMKATOPAAPAbIH, €H KO CaHbl AMaTOMaAapra xataabl — 61,8% >xaHe xacblA 6arabipAap — OYA Typ-
AEPAIH XaArbl caHbiHbIH 25%, OYA TY3Abl CY 06bEKTIAEPIHAE (PUTOMAQHKTOHHbIH, KAABINTACYbIHAQ OCbl
6GaAAbIPAAPAbIH MAHBI3ABIAbIFbIH KOPCETEAI.

KypambiHAQ (PUTOMAGHKTOH GacbiM BaAAbIPAAp JKaTaTbiH  -Me30canpobTik AacTaHy anmarbiHaa (111
KAQcC Taszaablk). [aHTAe-bykk yuiH canpo6Tik KepceTKilli opTa ecenrneH KopluaraH OpTaHbl AacTay
AEHreniHe comkec KeAeTiH GapAbiK, Cy KOMMaAapbiHAA opTta ecenrneH 1,56 — 2,13 kypaabl. CoATyc-
Tik KasakcraHAafbl 3epTTEAreH Cy OObeKTIAEPIHAE CYAbIH CanacblHbIH MTMAPOXUMMUSABIK, >KOHE TMA-
POGUMOAOTMSIABIK, KOpCETKIluTepi Kaszipri yakbITTa YWiHWi KAACTbl — «KAAbIMThl AACTaHy» >KaTaAbl.
Ocblaaniiia, 6arablpAap KOPCETKIWTEPiH 3epTTey >oHe MnaniAaraHy Cy OObEKTIAEpiHiH AacTaHybiH
6apabap 6ararayrFa MyMKIHAIK 6epeai, GYA OAApPAbIH CYy OPTAChIHbIH 3KOAOTMSIAbIK, MOHUTOPUHTICIHAE
nanAaAaHyFa MyMKIHAIK Gepeai.

Tynin ce3aep: GaaAbIpAAp, MHAMKATOPAAPAbIH TYPAEPI, canpoOTik, (DUTOMAAQHKTOH, AAaCTaHy.

BBenenune

OnHnM 13 WH(POPMATUBHBIX TIOKa3aTeNel aHT-
pOIIOTeHHOM Harpy3kd Ha BOJHBIE BSKOCHCTEMBI
SIBIIICTCS. KAa4ECTBEHHBIM COCTaB TUIAPOOUOHTOB,
MIPETEePIEeBAOIINN CYIIEeCTBEHHBIE U3MEHEHUS TIO]
BJIMSIHUEM 3arpsa3HAOIINX BCIICCTB. HOCTYHHGHI/IC
3arpsI3HSIONIMX BEUICCTB B BOJOEM, B TOM YHCIC
n Tsokenbix MetamioB (Chang, 2014: 6136-6158),
BBI3BIBACT AUCIPONOPHUIO B PA3BUTHU OTACIBHBIX
BHJIOB THIPOOMOHTOB, PacCMaTPUBAaEMbIX KaK WH-
TUKATOPBl  DKOJIOTHYECKOTO COCTOSHUSI BOIHBIX
00BEKTOB, YTO MPUBOAUT K HAPYLICHUIO B3aUMOOT-
HOIIIEHUH B 3KOCUCTEME, BCIEACTBUE YETO MPOUC-
XOIUT 3aMeHa OJHWX BHJOB JPYTHMH, OoJjee
HpI/ICHOCO6J'ICHHbIMI/I K CJIIOXUBHIUMCA YCIIOBUAM
(HepeBenckas, 2015: 44).

KoHnTposb okpyxatoiieil mpupoaHOi cpebl Mo
FI/II[pO6I/IOHOI‘I/I‘I€CKI/IM IoKaszareiisiM SABJIICTCA BBI-
COKO TIPUOPUTETHBIM TaK)Ke C TOYKH 3pEeHUs odec-
TIEYEHHUST BOZMOXKHOCTHU MPSIMOU OI[EHKH COCTOSHHS
BOJHBIX 3KOJOTHYCCKHX CHCTEM, HCIIBITHIBAIOIIUX
BpEIHOE BIMSHUWE aHTPOINOTEHHBIX (PAKTOPOB
(Basiman, 2006: 34; MypasbeB, 2004: 245).

Bojmopocinu mIMPOKO HKCHOJNB3YHOT Kak WH-
JIUKATOPHBIE OPTaHU3MBI TP KOJIOTUIECKOM MOHH-

topunre ([lamkesuy, 2002: 88). ®uznko-xumuyec-
KM€ METOJbl MHJIUKAIMU COCTOSHHS OKpY’KaIoIIeH
cpelbl He JaloT HEMOCPEJCTBEHHOIO OTBETa Ha
OTKJIMK 5KOCHUCTEMBl Ha T€ WJIM HHbIE 3arps3He-
Hus (Ludwing, 2013: 321-339). [loatomy Bomo-
pocnu, Onarogapsi CTCHOTOITHOCTH MHOTHX BHJIOB,
X BBICOKOM YyBCTBHTEJIBHOCTH K YCIIOBHUSM OK-
pyKaromen Cpepl, UTParoT BaKHYIO POJIb B OMOIIO-
rudyeckoM aHanm3e Bombl (Martinez-Tabche, 1995:
93-99). buonoruueckuii aHAM3, HAPSAIAY C IPYTUMU
METOAAMH, HCIIONB3YeTCS TPU OIEHKE COCTOSHHA
BOJOEMOB M KOHTDOJISl 3a KauecTBOM Bobl (Ying,
2006: 417-431; AbaxymoB, 1997: 57-61).
MukpoBoIOpoCIIM — OHU U3 Haubojee JyBC-
TBUTEJILHBIX OPraHU3MOB K JCHCTBUIO TOKCHYEC-
KHX BEIIECTB, B TOM YHCJIE U K TSDKEJIBIM METaJlIaM.
Takue mukposneMenTsl, kak Zn, Cu, Mn, Mo, Fe,
Co, B, Se, Br u np., y Bomopocneli NpuHUMAIOT
aKTMBHOE YydYacTHEe B OOJIBIIMHCTBE >KU3HEHHBIX
NPOIIECCOB, BBICTYMAIOT PETYISATOPaMHU (EpPMEHTOB,
a TakKe CKOPOCTH M HalpaBICHHOCTH METadoNu-
YeCKUX IMpeBpalieHnii. Bmecre ¢ TeM, B M30BITOU-
HBIX KOHIIEHTPAIMSIX OHM OKa3bIBalOT Ha BOJIOPOC-
mu tokcnueckuil ekt (ITuenkun, 2004: 2-19).
o pa3HbIM OLIEHKaM 3a CUET CBA3bIBAHUS KJIETKAMU
MHUKpOBOJIOpocCiIel u3 cpensl yaansercss oT 20 1o
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96% Tsxenbix Mmetaiios (ITumenten, 2004: 125).

OnvH W3 OCHOBHBIX TIOKa3aTele — WHJEKC
canpoOHOCTH, UCIONB3YETCs ISl TOTO, YTOOBI OIpe-
JIeNIATh OpraHUYecKoe 3arpA3HeHne BopoeMoB. OH
XapaKTepHU3yeT 30HBI, PA3ITNYAIONINECS TI0 KOJIHYe-
CTBY HEPAa3JIOKHUBILIETOCS OEKa, 10 HAMYUIO W
OTCYTCTBHIO KHCIIOPOZA, TI0 HAIMYHMIO UM OTCYTC-
TBUIO cepoBomopona (Wilhelem, 1990: 293-306).

Ha ocHoBanum cBeneHHUil O BHJIOBOM COCTaBe
THJIPOOMOHTOB, HAMIEHHBIX B TEX MIIM UHBIX BOJIAX,
MOYKHO COCTaBUTH TPE/ICTABIEHUE O TOM, HACKOJIb-
KO TIOCJIC/THUE YUCThI WJIH 3arpsi3HeHs! (Sergeyenko,
2003: 351-357). IlosTOMy OpraHU3MBI, XapakTep-
HBIE JUIS 30H Pa3NWYHOTO 3arpsS3HEHUs, HOCST
Ha3BaHHE OMOWMHAMKATOPOB CTEMEHH 3arpsi3HEHUSI.
WnaukatopHass ponb THAPOOMOHTOB XapaKTepH-
3yeTcsi He TOJNBKO (DAKTOM HAaXOXKIACHUS WM OTCY-
TCTBUSI UX B BOZOEME, HO M CTETICHBIO KOJINYECTBEH-
HOW mpejicTaBieHHOCTH (Stoermer, 1999: 469).

Ha teppuropuu Ceeproro Kazaxcrana macuu-
ThIBaeTcs okono 11 Teicsiu o3ep u pek. CremeHb
3arpsi3HEHHOCTH BOJIOEMOB IAHHOTO PETHOHA U3 TOAA
B TOJl HEYKJIOHHO pacTeT, IPUUMHOM SBISETCS yBe-
JMYCHHUE aHTPOIIOTEHHOM M TEXHOT'€HHOW Harpy3Ku
Ha BOJIHbIE NCTOYHUKH. TaK, B IOCIIETHNE TOABI ObI-
71 3a(pUKCHPOBAHBI CITydau BBICOKOTO 3arpsi3HEHHUS
B pekax Ecunb (Mapranmem, cyibpaTamu, a30TOM
HUTPUTHBIM), AKOyJak (COJIEBEIM aMMOHHEM), a
Takke B kanane Hypa-Ecwunp (Mapranuem). XKemuy-
s)kuHa Kazaxcrana — lllyuuncko-bBoposckas kypo-
pTHas 30Ha, B CBSI3M C PACIIMPEHHEM peKpearrioH-
HOM J1eATeNIbHOCTH, IpeTepreBaeT 3HauYUTeNbHbIE
3arpsi3HEHHUS. TAKUMH TSDKEJIBIMU METaJIaMH, Kak
Pb, Cd, Zn, Cr, Zn, As, mecTUIIaMH1, OpTaHUYEC-
KHMH BELICCTBAMHU.

OneHKa SKOJIOTHYECKOTO COCTOSHUSI BOJIOEMOB
CeBepnoro Kazaxcrana Ha ceromHs SBIsIeTCA
aKTyaJqbHOW MPOOJEeMON B CBSI3M C BO3pacTaHHEM
WHTEepeca K JaHHOMY PETHOHY KakK IMEPCIIeKTHBHO-
My B peKpearnroHHOM OTHoIleHWu. Ha cerommsii-
HUH JIeHb OOJIBIIMHCTBO M3 HUX OLICHUBAIOTCS KaK
3arps3HEHHbIE U YMepeHHo-3arps3HeHHble (Kozen-
ko, 1987: 124-127; Uud. Gromrerens, 2015: 101-
112, 307; www.doklad.ecogosfond.kz). Beibop Bo-
noeMoB roponoB AcraHa (peku Ecwmib, AxOynaxk,
kaHan Hypa-Ecuip) u [laBnomap (pexku Upteim u
VYconka) Obul OOOCHOBAaH W TEM, YTO H3ydaeMble
O0OBEKTHI OTHOCSTCS K BOJOEMaM 1-ii KaTeropuu
Ka4yecTBa BOJIbI, UCTIOIb3yEMbIE /ISl IUTHEBOTO BO-
JOCHAOXEHHUSI U UMEIOT OOJIbILoe XO3AHCTBEHHOE
M TpoMmbicioBoe 3HadeHWe. OCHOBHBIMH HCTOY-
HUKaMH 3arpsi3HCHUS] SIBJSIFOTCS MPOMBIIIIIICHHBIC
U CTOYHBIC BOJBI PA3JIMYHBIX MPEINPUATHN TeET-
nosnepretukn (TOL-1, TOLI-2, Akcyckasi eKT-
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pocTaHIus), YepHOU U IBETHON MeTamryprun (AO
«Amomuauii  Kazaxcrana», AO «KazaxcTtaHCKui
ANMEeKTpONM3HBINA 3aBom», AO «Kayctuk», «AKcy-
CCKUH 3aBOoja (eppociiaBoBy, «PeMOHTHO-Mexa-
HUYECKUI 3aBOM», «3aBOJ KEIIe300€TOHHBIX H3/Ie-
nuiiy ), [TaBmomapckoro HedremepepadbaTHIBAIOMIETO
3aBOJIa, JIMBHEBBIC CTOKH C TEPPUTOPUHU HACEIICH-
HBIX MECT, a TaK)K€ MUHEPAJIbHBIC U OPraHUIECKUE
yA0OpeHus, CMbIBaeMble TallbIMA BOJAMH C BOJIOC-
OOpHBIX TUIONIAJICH, JETHUE MACTOWIA M CTOSHKU
KPYITHOTO Y MEIIKOTO POTraToro CKOTa.

B cBs13u ¢ 9THM aKTyaabHBIMH CTaHOBSITCS MCC-
JICIOBaHMSI, HAIIPABJICHHBIC HA OPraHU3alHI0 KO-
JIOTHYECKOTO MOHHTOPWHTA, & UMEHHO Pa3padOTKy
METO/I0B OHOJIOrMUECKOT0 aHaM3a YUCTOTHI BOJ C
TIOMOUIBIO BOJOPOCIIEH.

Lenpro paboOTHI SBISIIOCH MCCIENOBAHUE BOJIO-
POCIICH-MHIUKATOPOB B OLICHKE 3arps3HCHHOCTH
BopoeMoB CesepHoro Kazaxcrana.

MaTepnaﬂu U METOAbI UCCJICAOBAHUA

Otbop mpoO BOABI TSI W3YYCHHS BHJIOBO-
rO COCTaBa MHUKPOBOJIOPOCIICH MPOBOAMIM B Mae-
ceHTsi0pe (B TeEpUOj| aKTUBHOM BereTallid MHK-
pOBOIOpOCIE) C TOMOINBIO TIAHKTOHHOW CETH
Amnmreiina. Bogabie mpo6sr ¢ukcupoBanu 40%-m
dopmanbrerugoMm. CrymieHue KOJIUYECTBEHHBIX
po0 (UTOTUTAHKTOHA TPOBOJWIM OCAJOYHBIM Me-
tonom (I"aiicuna, 2008: 152).

OmnpefienieHUe BUIOBOTO COCTaBa MHKPOBO-
JIOpoCIiell TIPOBOAMIIM C WCIIONB30BAHUEM MHK-
pockomia cepun Axio Lab. Al, ¢pupmsr Carl Zeiss
(I'epmaHusi), OCHAIICHHOTO OKYJISPHBIM MHKPO-
METPOM, C BBIBOJIOM M300pa’keHHs] Ha MOHUTOP U
CYIIECTBYIONUX omnpenenutencii (YHUPHUI. MeTo-
ner, 1977: 11-42; 3abenuna, 1979: 752; Dpramies,
1979: 384; Tempaneesa, 2014: 215). JInsa omeHKH
CTCTICHU 3arps3HCHHsT BOJOEMOB MPUMEHSJIU HH-
nekc canpobHoctu o metony Ilantne-byka (Pantle,
1955: 604) B momnduxarmu Cramedeka (Sladecek,
1983: 169-201) c¢ wucmonp3oBaHUEM CIIUCKA BU-
JIOB-UHAUKATOPOB (YHUUIL. Metonsl, 1977: 11-42;
bapunosa, 1996: 364). Ctenens carmpoOHOCTH BO-
JoeMa XapakTepu3yeTcs WHICKCOM CamnpoOHOCTH,
KOTOPBIA PACCUUTHIBAIICS IO (hopMyITe:

S=Ysh/Sh,

rae S — cTeneHb canpoOHOCTH BOJIOEMA;

S — canpoOHOe 3HaueHHE OpraHUu3Ma-canpoou-
OHTA;

h — dacrora BcTpeuaeMOCTH campoOHOHTa B
mpooe.
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CanpoOHoe 3HaUYeHHE KaKAOTO IOKAa3aTeib-
HOTrO BHma (s) — TabmuuHas BenwdmHA. Yacrtora
Bcrpedaemoct (h) yuyuThIBazach HaMH IO MIeC-
tubamnpHoil mkane (bapunosa, 1996: 364). Oc-
HOBHBIMH KPHUTEPHSIMH Ka4decTBa BOJABI 1O THIPO-
XUMHYECKUM TIOKa3aTeNsiM SBIAIOTCA 3HA4YeHUS
npenenbHO-omycTuMbiX — KoHneHTpamuid  (ITIK)
3arpsI3HSAIONINX BEIIECTB TSI PHIOOX03IHCTBEHHBIX
BOJIOEMOB. YPOBEHb 3arps3HEHHs MOBEPXHOCTHBIX
BOJI OILIEHUBAJICS TI0 BEJIMYMHE MHJIEKCA 3arpsi3HeH-
Hoctu Bomel (U3B) (Mud. 6romnerens, 2017: 271-
274; Can I1uH 2.1.5.980-00, 2011: 159).

Onpenenenne KOHIIEHTPAITHH TSKETbIX METaJIOB
B BOJE TPOBOAWIM comlacHO Meroauke Jlypbe
(Bapranos, 2009: 640). M3mepenus mpoBOIWIM Ha
ATOMHO-a0COPOITMOHHOM CIIEKTPOMETPE C  HCIOIb-
30BaHUEM ILUIaMeHHO# aromu3armn A Analist 400 (Per-
kin Elmer, CILIA). Onpenenenne ruapoXUMHUYECKUX
TOKa3aTeNeil OIpeNeNisuli COMIACHO OOIIETIPUHSTHIM
B XUMHUUYECKoH mpaktuke metonam (Kyssmuna, 2007:
12). KonuuecTBO pacTBOPEHHOIO KUCIOPOIA OIpeae-
JSUTH COTIIACHO METONMKe BuHKIIEepa, Ononorndeckoe

9o, 4%1%

norpebrenue kucnopona (BIIK,) onpenensm 3a 5 cy-
ToK (ITumenosa, 2011: 138). O0beKTaMu HCCIICIOBA-
HUS SIBJISITMCH TIPOOBI BOIIBI M Boztopociieit (42 mpoosr),
0TOOpaHHBIE B XO/E MOJIEBBIX UCCIIEOBAHUN B JIETHUN
nepuon 2015-2017 rr.

Pe3yanbraThl ncciie1oBaHUA M UX 00CYK/AeHHE

H3yuenue maxkconomuuecko2o cocmasa 6000poc-
Jiell U nposederue canpodUoIosUYecKoe0 aHAIU3a

[lpy w3ydeHMM TaKCOHOMHYECKOTO  COCTaBa
obHapyxeHo 136 BHIOB BOIOpOCIHEH, KOTOpBIE SIB-
JISIFOTCS. UHAMKATOpaMy OUOJIOTMYECKOTO 3arpsi3HEeHUS
BOIHOM cperpl (Tabmuma 1), n3 Hux 84 BHaa SBISIOTCS
TIPEICTABUTEISIMH JTHATOMOBBIX Bozmopocieit, 34 Buma
— 3CJIICHBIX, 12 BUJOB — CHHE-3CIICHBIX, 5 BUIOB — JBI-
JICHOBBIX 1 1 B — XprU30(DPUTOBBIX BOMOPOCIICH (PUCY-
Hok 1). HauOonpiiee 4rciio MHIMKATOpPOB OTHOCHUTCS K
matoMoBbIM (61,8 %) 1 3enmeHsM BotopocisiM (25 %)
OT OOIIETO YHCiia BUIOB-UHAWKATOPOB, YTO OTPaXKaeT
3HA4YEHUE JAHHBIX OTHENoB B (opmupoBaHud (u-
TOTTAHKTOHA MCCIIETyeMbIX TIPECHBIX BOJIOEMOB.

25%

B Bacillariophyta
B Chiorophyta
0 Gyanophyta
B Euglenophyta
0 Awysopliyta

1%

PHCyHOK 1- HpOL[eHTHOC COOTHOLICHUE BUOB-UHAUKATOPOB 110 OTACIIaM

B cooTBeTCcTBHH € pa3eneHneM Bcex BOJ Ha 30-
HBI CallPOOHOCTH CPEIH BCETO HACEJICHUS BOJOEMOB
BBIJICJIAIOT UHIUKATOPHBIE UM [TOKA3aTEIbHbIE BU-
b1, XapaKTepU3yIOIIKe T€ WM WHBIE 30HBI Carpoo-

voctn (ITumenten, 2004: 125). IlpoBemeHHsrii
CanpoOUOJIOTUYECKUI aHAIU3 TO3BOJMII yCTaHO-
BUTH 136 BUIOB BOJOPOCICH-UHIUKATOPOB 3arpsi3-
HEHUs BOIHOH cpensl (Tabmuta 1).

Ta6mauua 1 — Bogopocnu-unaukatopsl canpodHocTr BogoemoB CesepHoro Kazaxcrana

HaI/IMfDHOBaHI/Ie s HaI/IMfEHOBaHI/IC s
BOZIOPOCIICH-MHIMKATOPOB BOZIOPOCIICH-MHINKATOPOB
Bacillariophyta

Achnanthes hungarica Grun. o Melosira granulata (Ehr.) Ralfs. B

Achnanthes lanceolata x-p Melosira varians Ag. B
Amphora ovalis (Kutz.) o-P Navicula cincta (Ehr.) Kutz. var.cincta B-a

Aulacosira granulata B Navicula cryptocephala (Kutz) o}
Aulacosira islandica Sim. B Navicula cuspidata Kutz. var. cuspidata B-a
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Asterionella formosa Hass. o-p Navicula dicephala (Ehr.) W.Sm. o-B
Bacillaria paradoxa Gmelin. B Navicula exiqua (Greg.) B
Caloneis amphisbaena Bory. -0l Navicula gastrum Ehr. B

Caloneis schumanniana (Grun.) o- Navicula gracilis Ehr. p-o
Cocconeis placentula var. lineata Ehr. B Navicula hungarica Grun. B
Cocconeis pediculus Ehr. B Navicula pygmaea Kutz. o
Cyclotella comta (Ehr) Kutz. o Navicula pupula Kutz. B
Cyclotella kuetzingiana Thw. B Navicula radiosa Kutz. var. radiosa o-f
Cyclotella meneghiniana Kutz. o-p Navicula rhynchocephala Kutz. o
Cymatopleura elliptica (Breb.) CIL. B Navicula rosellata Kutz. B
Cymatopleura solea (Breb) W.Sm. -0 Navicula viridula (Kutz) o
Cymbella affinis Kutz. o- Nitzschia acicularis o
Cymbella cistula (Hemp) Grun. B Nitzschia angustata (W.Sm.) Grun. o
Cymbella helvetica Kutz. X-0 Nitzschia dissipata (Kutz.) Grun. o-
Cymbella lanceolata (Ehr) V.H. B Nitzschia fonticola Grun. o-
Cymbella prostrata (Berk) Ch. B Nitzschia hungarica Grun. o
Cymbella ventricosa Kutz. -0 Nitzschia linearis W.Sm. o-f
Diatoma elongatum (Lingb) Ag. -0 Nitzschia microcephala Grun. B
Diatoma hyemale (Lingb.) Heib. X Nitzschia palea (Kutz.) W.Sm. o
Diatoma vulgare Bory var. vulgare B Nitzschia sigmoidea (Nitzcsch) B
Diploneis ovalis (Hilse) Ch. B Pinnularia gibba Ehr. var. gibba %
Epithemia sorex Kutz. B Pinnularia major Kutz. var. major B
Epithemia turgida (Ehr.) Kutz. B | Pinnularia viridis (Ehr.) var. viridis B
Epithemia zebra (Ehr.) Kutz. o-f Rhoicoshaenia curvata (Kutz.) B
Fragilaria construens (Ehr) Grun. B Rhopalodia gibba o
Fragilaria crotonensis Kitt. o-f Stephanodiscus rotula (Her.) o-f
Fragilaria vaucheriae (Kutz.) Boye B Surirella capronii Breb. B
Gomphonema acuminatum Ehr. B Surirella linearis W.Sm. B
Gomphonema capitatum Ehr. B Surirella ovata Kutz. B
Gomphonema constrictum Ehr. B Surirella turgida W.Sm. var.turgida B
Gomphonema lanceolatum Ehr. B Synedra acus Kutz. var. acus B
Gomphonema olivaceum (Lyngb) B Synedra capitata Ehr. B
Gyrosigma acuminatum (Kutz)Rabenh B Synedra parasitica (W.Sm.) Hust. B-a
Gyrosigma attenuatum (Kutz) B Synedra pulchella (Ralfs) Kutz B
Gyrosigma spenseri (W.Sm.) Ch. B Synedra ulna (Nitzsch.) Ehr. B
Melosira arenaria Moore x Synedra tabulata (Ag.) o
Melosira italica (Ehr.) Kutz. o-p Tabellaria fenestrate (Lyngb.) Kutz. o-p
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Chlorophyta
Actinastrum hantzchii (Lagerh.) B Oocystis lacustris Chodat. B-o
Ankistrodesmus acicularis (A.Br.) B Pediastrum boryanum (Turp.) Menegh. B
Ankistrodesmus falcatus (Corda)Ralfs. B-a Pediastrum duplex Meyen. B
Chlamydomonas reinhardtii Dang. o Pediastrum tetras (Ehr.) Ralfs. B
Chlorella pyrenoidosa Chich. p Protococcus viridis o
Chlorella vulgaris Beijer. p-a Scenedesmus acuminatus (Lagerh.) B
Chlorhormidium subtile (Kutz.) o- Scenedesmus acutus B
Cladophora glomerata Kutz. B Scenedesmus arcuatus Lemm. B
Closterium kuetzingii Breb. o Scenedesmus bijugatus (Turp.) B
Closterium moniliferum (Bory) Her B Scenedesmus quadricauda (Turp.) Breb. B
Closterium parvulum B Scenedesmus obliqus (Turp.) B
Coelastrum microporum Nag. B Scenedesmus opoliensis Richt. B
Cosmarium formosulum Hoff. B Selenastrum bibraianum Reinsch. B
Crucigenia tetrapedia (Kirchn.) o- Spirogyra varians (Hass.) Kutz. B-a
Enteromorpha intestinalis o- Stigeoclonium tenue (Ag.) Kutz. o
Micractinium pusillum Fresen. B Tetraedron caudatum (Corda) Hansg. B
Microspora amoena (Kutz.) Rabenh. X-0 Tetraedron minimum A. Br.Hansg B
Cyanophyta
Anabaena flos-aquae Breb. B Oscillatoria limnetica Lemm. o-f
Aphanizomenon flos-aquae B Oscillatoria pinceps Vauch. o
Gloeocapsa turgida (Kutz) o Oscillatoria tenuis Ag. o
Merismopedia tenuissima Lemm. B-a Oscillatoria terebriformis (Ag.) Elenk. o
Microcystis aeruginosa Kutz. B Phormidium autumnale -0
Oscillatoria chalybea (Mert.) Gom. o Phormidium molle (Kutz.) Gom. -0l
Euglenophyta
Euglena gracilis Klebs. 0 Euglena viridis Ehr. var. viridis p-a
Euglena pisciformis Klebs. B Petalomonas praegnans o-
Euglena sanguinea Ehr. B
Chrysophyta
Dinobryon divergens B

TIpuMeyaHue: s — HOKa3aTellb CAPOOHOCTH

Bo Bcex Bomoemax Hanbojee dYacTo BCT-

peuacMbIMU BUJaMU-UHAUKATOpaMU

SIBJISITINCH

CIIEAYIOIME BHUJABI MHKpPOBOIOpOCiel: Synedra
acus, Amphora ovalis, Pediastrum boryanum,

Scenedesmus quadricauda, Scenedesmus acutus,
Nitzschia acicularis, Navicula exigua, Cymbella
ventricosa. Mukpogororpaduu JaHHBIX BOIOPOC-

JIel IpenicTaBIeHbl HAa PUCYHKE 2.
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Synedra acus

Amphora ovalis

Nitzschia acicularis

Scenedesmus acutis

P ¥ L

Cymbella ventricosa Navicula exigua

PucyHnok 2 — HauGosee pacnpocTpaHeHHbIE BOJOPOCIH-HHIMKATOPbI CAallPOOHOCTH BOBI

Onpedenenue kavecmea 600bl No 2UOpOXUMU-  BeIE€HHE THIPOXMMHUUECKOrO aHAIM3a BOAHBIX P00
YecKUM U cUOPOOUONOSUYECKUM NOKA3AMENIM HCCIIEAYEMBIX BOJOEMOB Ha COJCp)KaHHE pa3Ind-
CrenyronmM 3TaroM UcciaeJoBaHusl ObIJIO IPO-  HBIX 3arpsi3HuTenei (tabnuna 2).

Ta6aunua 2 — Conepkanue pa3IHYHbIX NOJTIOTAHTOB B BOAHBIX oOpa3uax 3a 2017 v

TIpeBblienne npeneabHO-10MyCTUMbIX KoHIeHTparui (ITJ1K)
TTokasarenun En.uzm. TAK, mr/n
Hpreim VYconka Ecuns AxOynax Hypa-Ecuns
BIIKS mr O,/nm? 3 2,4 3,0 3,6 3,9 32
PactBopettbiit | s e 102 1.1 9.7 8.9 83
KHCIIOPOJL MeHee 4
Cynbhatsr M/ 100 B 1,2 pa3 B 1,7 pa3 B 2,6 pa3 B 3 paza B 2,2 pa3
Xnopuast M/ 300 HE TIPEeB. B 1,02 pa3 HE TIpEeB. B 1,4 pa3 B 1,7 pa3
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Marnuii MI/7 40 He IIPEB. HE IIPEeB. HE IIpEeB. B 1,3 pa3 B 2 paza
HUTPUTHI MI/TT 0,08 HE IIPEB. HE IIPEB. B 1,2 pa3 B 2,2 pa3 B 1,8 pa3
HUTPATbI MI/7 40 HE IIPEB. 1,6 B 1,4 pa3 B 1,2 pa3 B 1,1 pa3
AMMOHMI coneBoi MI/1 0,5 B 1,4 pa3 B 1,1 pa3 B 1,7 pa3 B 2,5 pa3 B 2,8 pa3
Menp MI/7 0,001 B 1,7 pa3 B 2,8 pa3 B 2,4 pa3 B 5,8 pa3 B 3,5 pa3
Kanmuit MI/1 0,005 HE IIPEB. HE IIPEB. HE IIPEB. HE IIpEB. HE IIPEB.
KobGansr MI/7 0,005 HE IIPEB. HE TIPEeB. HE TIpeB. HE IIPEB. HE TIPeB.
HHKEIIb MI/71 0,01 HE IIpEB. HE IIpPEB. HE IIpPEB. HE TIpEB. HE IpEB.
Mapranen MI/7 0,01 HE IIPEB. HE TIpeB. B 4,1 pa3 B 2,2 pa3 B 3,5 pa3
uuk MI/1 0,01 B 1,5 pa3 HE IIPEB. B 1,8 pa3 B 2,2 pa3 B 1,5 pa3
CBuHenl MI/7 0,01 HE TIPEeB. HE TIPeB. HE TMIPEeB. B 1,4 pa3 HE MpeB.
Keneso MI/11 0,1 B 5 pa3 B 3,8 pa3 B 9,4 pa3 B 5,6 pa3 B 6,7 pa3

B pesynbrare npoBeeHHOr0 aHanu3a yCTaHOB-
JICHO, 9TO BO BCEX UCCIIEYEMBIX PeKaX TeMIepaTypa
BombI B cpenueM coctaBmia 20-21 °C, pH = 7,3-8,0,
KOHIIEHTpAllMsl pacTBOPEHHOTO B BOJIE KHCIOpOAA
BapbupoBaia ot 8,3 10 9,7 mr/am?, BIIK, —or 2,4
110 3,9 mMr OZ/I[M3. Kax BugHO 13 TaOMUIIET 2, TIPEBHI-
menus [11K Obun 3aduKcrpoBaHbl O CASAYIOMIMM
BeIIeCTBaM: 10 cyab(aTaM BO BCeX BooemMax ot 1,2
mo 3 IIJIK, mo coneBomy amMoHHIO — oT 1,1 1o 2,8
pas, mo meau — ot 1,7 10 5,8 pasz, no xenesy ooreMy
—ot 3,8 10 9,4 paz, no xnopuaam — ot 1,02 no 1,7 pas
(Yconka, AxOynak u Hypa-Ecwiib), mo Marauio — ot
1,3 no 2 pa3 (AxOynak, Hypa-Ecuns), no Hurpuram
— ot 1,2 no 22 pa3 (Ecunb, AxOynak, Hypa-Ecuib),
o autparaM — ot 1,1 mgo 1,6 pas (Yconka, AxOymnax,
Ecuns, Hypa-Ecune), mo mapranny — ot 2,2 no 4,1
(Ecunb, AxOynak, Hypa-Ecnis), mo nuHKY — oT 1,5
1o 2,2 pa3z (Upteim, Ecuie, AxOymnax, Hypa-Ecnib)
u cBuHLy — B 1,4 pa3a B peke AKOyaK.

ITo nmokazarensam BHK5 KauecTBO BOZBI B PEKE
Upteim Ha MOMEHT OO0CIIeIOBaHUS OIIEHHWBAJIOCH
«YMEPEHHBIM YpPOBHEM 3arpsi3HCHHS», B OCTallb-
HBIX BOJIHBIX OOBEKTaX — «3arps3HEeHHO». Pact-
BOPEHHBI KHCIOPOI HAXOAWJICS B JOCTATOYHOM
KOJIMYECTBE, YTO 0OECIEYMBACT XOPOLINE YCIOBHUS
JUTSL TBIXaHHS BOIHBIX THAPOOHOHTOB. ConepikaHue
pactBopenHoro kuciopoja u bIIK B Boje xapakre-
pHU3YEeT KHUCIOPOAHBIA PEKUM BOJOEMa W HMEET
BayKHEHIIee 3HAYCHUE JIs1 OIIEHKH SKOJIOTHIECKOTO
Y CAaHUTAPHOTO COCTOSHUS BOZOEMA.

I'uapobuonornueckuii ananus no (UTOTIIAHK-
TOHY OCHOBBIBAJICS Ha CalpOOMOIIOTHIECKOM OTIpe-
JIeTICHUN TIPUHAIC)KHOCTH BHJIOB-UHIUKATOPOB U
30HBI 3arpA3HEHUS 110 KaXKIOMY BOJIOEMY.

®DUTOIIAaHKTOH B peke Ecmiib ObLT pa3BHT Xo-
poio, B mpobax oOHapyKeHbl 125 BUI0B BOgOpOC-

JIed, U3 KOTOPBIX JUATOMOBBIE BOJOPOCIH COCTABU-
mu 60%, 3enensie — 29,65%, cune-3eaeHbIe — 9,6%
u sBrieHoBbie — 0,8% or obmeld OGuomaccel Qu-
TOIUIAHKTOHA. BpisiBieHbl 89 BUAOB-UHIUKATOPOB
canpo6rocT Bomsl (71,2% ot obmiero yncna BH-
JIOB-MHIUKATOPOB). B cpemHeM, uHAEKC campoO-
HOocTU cocTaBui 2,0, 4TO COOTBETCTBOBAIO 3-My
KJIacCy — «YMEPEHHO-3arps3HEHHBIX» BOm. WH-
nekc carnpobHocty 1o Ilantne u bykky B cpenHem
coctaBua 1,98, 4TO COOTBETCTBOBANIO TaKXkKe 3-My
KJIacCy KadecTBa BOJ — «yMEPECHHO-3aTrpsS3HECHHBIC)
(Mug. 6ronnerens, 2017: 271-274).

®duTOUIaHKTOH B peke AKOynak ObIT pa3BUT
xoporno. O6uapyxensl 102 Buga BOmopocieH, u3
KOTOPBIX AMATOMOBBIC cocTaBuiu 57,8%, 3eneHbie
— 27,5%, cune-3enennie — 11,8%, 3BIIICHOBBIE —
0,8% u xpuzoputoBbiec — 1% 0T 00IIICH OHOMACCHI.
BrisiBiieHbl 78 BUIOB-UHAWKATOPOB CApOOHOCTH
BoztbI (76,5% ot oOriero yrcna BUIOB). B cpennem,
WHJIEKC CanmpoOHOCTH cOCTaBUI 2,1, 9TO COOTBETCT-
BOBaJi0 3-My KJIAacCy «yMEPEHHO-3arpsI3HEHHBIX)»
Bon. Cpennuii mHAeKC canpoOHocTH 1o [laHTiie n
Bykky coctaBui 2,13, 4TO COOTBETCTBOBAJIO TaKXkKe
3-My Kjaccy KadecTBa BOJ — «YMEPEHHO-3arpsi3-
HEHHbBIEY.

®durornnaHkToH B kaHane Hypa-Ecuib Takxke
Obu1 pa3BuT Xxopomo. OOHapyxeHsl 92 Bupa Bo-
IOpocyeii, U3 KOTOPBIX JHATOMOBBIC BOIOPOCIH
coctaBuiu 60,9%, 3enensie — 27,2%, cuHe-3eJIeHbIe
—9,8% u 3BrIeHoBEIe — 2,1% oT 00111el OMOMacChI
¢urortankToHa. BeIABIEHB 79 BHIOB-MHIWKATO-
poB canpoOHocTH Boabl (85,9% ot oOmiero uncna
BUJIOB). B cpemHem, nHIEKC canpoOHOCTH COCTaBIII
2,06, 9TO COOTBETCTBOBAJIO 3-My KIIACCy — «yMe-
PEHHO-3arpsi3HEHHBIX» BOJ. MHeke canpoOHOCTH
no [lantne u bykky B cpeanem cocrtaBuia 2,07, uto
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COOTBETCTBOBAJIO TAKXKE 3-My KJIacCcy KauecTBa BOJ
— «yMEpEeHHO-3arpsS3HEHHBICY.

DUTOTUIAaHKTOH B peke MpThii ObLT pa3BUT XO-
pomro. B npoGax oOHapyxeHsl 84 BUa BOZOPOCIEH,
M3 KOTOPBIX JTUATOMOBBIE BOJOPOCIN COCTaBHIIA
78,6%, 3enensie Bomopocau — 19%, cuHe-3eneHbIe
—1,2% u sBrienossie — 1,2% ot o01iei OrnoMacchl
¢uTormmankToHa. BeIBICHB! 63 BUIa-WHIUKATOPA
canpoOHocTu BOabl (75% OT 00IIero 4mcia BH-
IoB). B cpemHeM, MHIEKC canmpoOHOCTH COCTaBUII
1,8, 9TO COOTBETCTBOBAIO 3-My KIAcCy — «yMe-
PEHHO-3arpsi3HEHHBIX» BOI. MHekc canpoOHOCTH
no [lantne u bykky B cpeanem coctaBuia 1,72, uro
COOTBETCTBOBAJIO TaKXkKe 3-My KJIaccy Ka4ecTBa BOJI
— «YMEPEHHO-3arPsI3HCHHBICY.

B peke Yconmka (hUTOIIIAHKTOH OBLT Pa3BUT
HecKollbko crabee. B mpobax oOHapyxeHn 61 Bun
BOJIOPOCIICH, M3 KOTOPBIX JIUATOMOBBIC COCTaBUIIU
72,1%, 3enensle Bogopocau — 21,3% u cune-3ene-
HbIe — 6,6% OT 00111el OroMacchl (PUTOIJIAHKTOHA.
BrisiBiiensl 50 BUAOB-UHAWKATOPOB CAnpoOHOCTH
BOIIBI (82% OT 001I1eT0 Yrcia BU0OB-UHANKATOPOB).
B cpennem, nnnekce canpobHOCTH cOCTaBmiI 1,6, 9TO
COOTBETCTBOBAJIO 3-MY KJIACCY - KYMEPEHHO-3arpsi3-

HEHHBIX» Boi. CpemHWil MHIEKC canmpoOHOCTH O
[Tantne n bykky cocraBun 1,56, 4TO cOOTBETCT-
BOBAJIO TaKXe 3-My KJaccy KayecTBa BOJ — «yMe-
PEHHO-3aTrpsI3HEHHBIEY.

Takum  00pa3oMm, IO  THUAPOXUMHYECKUM
MOKa3aTellsIM KaueCTBO BOJBI UCCIEAYSMbIX HaMU
BOJIHBIX OOBEKTOB OTHOCHIIOCH K 3-My Kiaccy H
OIICHUBAJIOCh «YMEPEHHBIM YPOBHEM 3arpsi3HCHUS
BonHOU cpennl. [lo BHK5 Ka4yecTBO BOJIbI B peKax
AxOynak, Ecunb, Yconka m kananma Hypa-Ecwuib
OIIEHMBAJIOCh KaK «3arps3HEeHHas», B peke MpToimt —
KaK «YMEPEHHO 3arpsi3HeHHas». KuciaopoaHslii pe-
JKUM BOJIBI B HCCIIETyEMBIX BOJIOEMaX ObLI B HOPME.

Cpenu BUIOB-WHIAMKATOPOB Hamboyiee MHOTO-
YUCIICHHBIMU OBLIM TPEJICTABUTEINN -Me30¢arpoo-
HocTH — 71 BHJ, 14 BUJIOB ITOKa3aTeINN OJIUTOCaIIPo0-
HOCTH, 10 BUIOB — 0-ME30CaNTPOOHOCTH.

Bech numama3oH canpoOHOCTH MBI YCJIIOBHO
pa3fenuii Ha 30HBL: «3arpsS3HEHHOCTH» M «YUCTO-
TBI». 30HA «3arpsA3HEHHOCTH»: P-a, -0, -0-f, B-a,
-B, -p-0, 30Ha «UUCTOTHI»: 0-P, 0, 0-X, X-B, X, X-0
(tabmuua 3). [IporeHTHBIE COOTHOIICHUS ATHX 30H
TTO3BOJIFIIA HaM OTIPEACIIUTE 30HBI 3arPsI3HEHHOCTH
110 BOJOEMAaM.

Ta6auua 3 — [IporieHTHOE COOTHOLIEHNE HHANKATOPHO-CATPOOHBIX BUAOB MUKPOBOAOPOCIEH B PA3IMYHBIX BOIHBIX SKOCHCTEMaX

BOHH];I:;;()CHC_ ql;ij::: 1(3:211;11()) 26_ p-a o | oB | Ba| P B-o | o-a oB | o | ox | xB | x | xo0
3ona «3arpsizHeHHOCTHY (%0) 30Ha «YUCTOTHL»
Ecunp 89 1 9 1 8 56 2 0 8 2 0 0 1 1
(86,5%) (13,5%)
AxOynax 78 3 12 1 11 41 1 0 8 1 0 0 1 0
(87,2%) (12,8%)
Hypa-Ecunb 79 1 11 1 6 50 1 0 5 3 0 0 1 0
(86,6%) (11,4%)
WpTeim 63 1 2 1 3 34 2 0 13 4 0 1 1 1
(68,2%) (31,8%)
VYeonka 50 1 1 0 2 22 2 0 13 4 0 1 3 1
(56,0%) (44,0%)

YcTaHOBIIEHO, YTO B (PUTOIUIAHKTOHE HCCIIe-
JIyeMbIX BOJOEMOB OBLTH OOHAPYKCHBI WHIMKATO-
pbl MPAaKTUYECKH BCEX 30H CAMpPOOHOCTH, 3HAYH-
TeTbHAsI 9acTh MX OTHOCHJIACh K [-me3ocarpobam
(52,2 % ot o0wero yucia BHUIAOB-MHIUKATOPOB).
OOwurarenn 4YHCTHIX BOJA (KCEHOCANPOOBI, OJH-

ISSN 1563-034X

rocanpo0bl ¥ OOUTATENN MEePEeXOJHOUW 30HBI MEXK-
Iy 3TUMH KaTeropusmMu Boa) Gopmuposanu 24,3%
OT KOJIMYECTBA MHAMKATOPOB, YTO, HA HAI B3IVISL,
CBUJICTEIBCTBOBAIO O CYIIECTBEHHOM ITOTEHIIHAIIE
CaMOOYMIIAIONIEH CIIOCOOHOCTH BOOEMOB. MeHee
tperu (23,5%) cocTaBuim BUIBI, 00JaAafOIINE BhI-
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COKOM CTEIICHBIO TOJEPAHTHOCTU K COJACPIKAHUIO
OpPraHWYEeCKUX BEUIECTB U MOTYT OJIarOTIOIY9HO CY-
IIECTBOBATh KaK B YHMCTHIX, TAK U B 3arps3HEHHBIX
Bozax (BHIBI-WHAMKATOPHI X-p, O-p, P-O U 0-a-Me-
30canpoOHON 30H).

30Ha 3arpsA3HEHHOCTH B IIPOLIGHTHOM COOTHOIIIE-
HUY YMEHbIIANAch OT peku Ecuib k peke Yconka (0T
86,5 mo 56%), 4TO MOATBEPIKAAIO YBEINIECHUE 30HBI
yrcToThl (0T 13,5 10 44%) B 3TOM ke HalpaBlICHUH.

Pacuer cpemneit campoOHOCTH OWOIIEHO3a TIO
[TarTne-bykky moaTBepmamia, dYTO (HUTOILIAHKTOH
IpeIcTaBiieH B-me3ocanpobamu (MHACKC carpoOHOC-
™ — 1,63 — 2,13). B B-Me30canpoOHast 30Ha Xapakre-
pHU3yeTCsl IPUCYTCTBUEM aMMHaKa M TPOIYKTOB €ro
OKHCJICHUS] — a30THOM U a30TUCTOM KHCJIOT, aMHUHO-
KHCIIOT HET, CEePOBOJOPOJ] BCTPEYACTCS B HE3HAUH-
TENBHBIX KOJIMYECTBAX, KUCIOPOAa B BOJE MHOIO,
MUHEpaIN3aIys HICT 332 CYET IOJHOTO OKHCIICHUS
opraanueckoro BemiectBa (ITuenxwmu, 2004: 2-19).
BumoBoe paznooOpasue BOIOPOCIEH 31eCh OOMbIIIe,
4YeM B 0-Me30CarnpoOHON 30HE, HO YHUCICHHOCTh H
Ooromacca opraanzmMoB Hike (Maso, 2006: 620-630).

I[To mpoBemeHHBIM HAOMIOACHUSIM  BBISICHU-
JOCh, YTO B BECCHHE-JICTHUI IEPUOJ MPOUCXO-
IO YBEIIMYCHHE KOJMYECTBEHHBIX XapaKTepHUC-
TUK (DUTOIJIAHKTOHA, TOT/a KaK B 3UMHHUH BpeMs
HaOIoNaNCs MUHUMYM (PUTOTUIAHKTOHA. B Mexro-
JIOBOM acrieKkTe KojeOaHus MHIeKca carpoOHOCTH B
BOJI0OEMax ObLIM BEChMa HE3HAUUTEIIbHBI,

3akjoueHue

B pesynbraTe mnpoBeACHHBIX HUCCIENOBa-
HHUW OOHapykeHbl 136 BHIOB BOIOpPOCIEH-HH-

TUKATOPOB 3arps3HCHHOCTH BOALI. BEBISBIEHO,
YTO BO BCEX PEKaX B CTPYKTYpe (PUTOIIAHKTOHA
npeobnagaoT auatomMoBbie (84 Buaa), 3eICHBIC
(34 Buma) u cune-3enensie (12 BUIOB) BOJOPOCITH.
CocrtaB 1 obuiine (PUTOIIIAHKTOHA, BBISBICHHbBIC
W3MEHCHHUS B €r0 COCTOSHUM CBUICTEIHCTBOBAIU
0 TOM, 9YTO HCCIIETyEMbIC BOIOEMBI TIOIBEPIKCHEI
AHTPOTIOTEHHOMY 3BTPO(QUPOBAHUIO U 3arpsi3He-
HUIO JIETKOOKHUCIIIEMBbIMH OPTraHUYECKUMU Bellle-
CTBaMHU.

OCHOBHBIMH ~ TIPEJCTABUTEIIIMA  BHUJIOB-HH-
JTUKATOPOB (PUTOILIAHKTOHA HAa TIPOTSHKEHUH BCETO
Tepuosa WCCIEAOBaHUM ObUTH [-Me30campoOHbIe
opranu3mMbl. CpeHee 3HAUYCHUE WHACKCA Carpoo-
HocTH coctaBmino 1,63-2,13. Ilo ruapoOuomnoru-
YECKUM M THIPOXUMHYCCKUM I1OKA3aTeNsIM HCC-
JIEJIyeMbIe BOJIOEMBI OTHOCSITCS K 3-My Kiaccy U
OIIGHUBAIOTCS B HACTOAIIMA MOMEHT KaK «yMepeH-
HO-3arpsi3HCHHBICY.

B cBs3u ¢ 3THM, cuuTaeM Ienecoo0pasHbIM
pa3paboTaTh W MPUHUMATH KOMIUIEKCHBIE MEpbI
[0 OYMCTKE 3arpsA3HCHHBIX BOJOEMOB OT II0JI-
JIFOTAHTOB PA3JIMYHOTO TPOUCXOKCHUS OUOJIOTU-
YECKUM Ty TEM.

N3ydeHue ¥ HCIOJIB30BAaHUE BOJOPOCIHCH-
WHJIMKATOPOB €I¢ pa3 JOKa3bIBaCT UX BAXKHYIO
pOIb B OICHKE DKOJOTHYECKOTO COCTOSHUS
BOJHBIX OOBEKTOB, YJIYYIICHUH 3KOJOTHUYEC-
KOTO COCTOSIHUSI OKPY)KAIOIIEH CPeabl, a TaKXKe
paccMaTpuBaTh MHKPOBOJOPOCTH KaK IEPCIICK-
TUBHBIE OMOAKKYMYJISATOPBI TSIKEIBIX METAJJIOB
Y OpPTaHWYECKHUX BEIICCTB U OPTraHU3MBbl, aKTUB-
HO TMPUHHUMAIOIIAE YYacCTHE B CAMOOYHUIICHUU
BOJIOEMOB.
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MOP®OMETPUSA N HEKOTOPbIE ®U3NYECKME XAPAKTEPUCTUKH
BUPYCA TPUITIA AOLUAAEN, BBIAEAEHHDbIX
HA TEPPUTOPUUN PECITYBAUKUN KA3SAXCTAH

B paboTe npeacTaBAeHbl PE3yAbTaTbl SAEKTPOHHOM MUKPOCKOMWMM LITAaMMOB BUpYyCa rpurna
AoLaasen, BblaeAeHHbIXx ¢ 2010 no 2012 rr. npy NpoBEAEHMN MOHWTOPMHIOBbLIX MEPONPUATHIA. AAS
NPOBEAEHUS 3MM300TOAOMMHYECKOro MOHUTOPUHIA rpurna Aowwaaen B Pecriybanke KasaxcraH nposeae-
Hbl aKcrieamummn B KOxxHo-KasaxcraHckyio, Y)KaMObIACKYI0, AAMaTUHCKYIO, BocTouHo-KasaxcraHckylo,
KocraHaiickyto, AKTIOOMHCKYIO M 3anaaHo-KasaxcraHckyio o6aacti. B o6wen caoxHoctn 3a 2010-
2012 rr. AA AaBOPATOPHBIX UCCAEAOBAHMIA B PasAUUHbIX pervoHax Pecnyb6amkm KazaxctaH 6biAo
oTtobpaHo 1 aoctaBaeHo B HAUIMBE 2404 npo6b.

Mo pe3yAbTaTam MCCAEAOBaHUI OblAM OMpeAeAeHbl OCHOBHble (hr3nyeckre n MmopdomMeTpruyeckme
CBOMCTBA. DAEKTPOHHO-MUKPOCKOMMYECKMI aHaAM3 MOKa3aA OTCYTCTBME KOHTaMMHALLMM MOCTOPOHHM-
MW MMKPOOPraHM3MamMm B OUMLLEHHbIX MpenapaTax BUpyca rpunna Aolasen. B npouecce o4ncTkun Bu-
PUOHbI COXPaHSIOT cBoto CTPYKTYpy. LLTammbl A/equine/Baizak/09/2012, A/equine/Kostanai/09/2012,
Alequine/Matybulak/10/2012 1 Alequine/LKZ/09/2012 Bupyca rpunna AOLIAAEi B MOMYAILMSAX MCC-
AEAOBAHHbIX M30ASTOB MMEIOT B OCHOBHOM KPYTAbIE M OBaAbHble (hbopMbl. Pa3mep Kpyrabix BUPDMOHOB
coctaBageT 70 — 200 HM B AMaMeTpe, a AAMHA OBaAbHbIX nopsiaka 100 =300 HM. OkoAao 72 % nony-
ASILMM U30ASTOB IPUMMA AOLLIAAEN COCTABASIIOT BMPUMOHbI aAnameTpomM 110 — 180 HM. [loBepxHOCTb
BMPYCHbIX YaCTUL MOKPbITA WMMMKAMM BbICOTOM 6-8 HM, @ TOALLMHA HAPY>KHOM OGOAOUKM COCTaBASIET
8,5-9 HMm.

Bo BCcex MCCAeAOBaHHbIX LITAMMAaxX BUMPYCa rpunna AOLIAAEi B MOnyAsumm npeobAasaloT B OCHOB-
HOM BMPMOHBI KPYrAoK (95 %) 1 oBaabHOM chopmbl (5 %). AAS BCEX MCCAEAOBAHHbIX M30ASITOB XapakTe-
peH CAaBGOBbIpaXkeHHbI MOAMMOPMDM3M. [1poBeAEeHHbIE UCCAEAOBAHMS MOKA3aAM, UTO UCCAEAYEMble
M30AATbl MPAKTUYECKM HE OTAMYAIOTCS KakK Mo MOP(OAOTrMn, Tak M MO TakMm (PM3MYECKMM nokasare-
ASIM, KaK MAABy4asl MAOTHOCTb M KOHCTAHTa CEAMMEHTaLIMKM BUPMOHA. Bce nokasareamn aexar B o6AacTu
3HaYeHMI, XapaKTePHbIX AAS CEMENCTBA OPTOMMKCOBMPYCOB.

OAHaKO B BUAY BbICOKOW reHETUUECKOM U3MEHUMBOCTU CPEAM MOMYASILMM BUPYCa IPUNa AOLLAAEN,
wramma Alequine/LKZ/09/2012 6bian 06HApY>KeHbI OKPYTAble BUPMOHBI pasmepamu rnopsiaka 450 HM. 1
HUTEBUAHbIE AAMHON GoAee 750 HM. AASt AQHHBIX BUPMOHOB XapaKTepPHO COXpaHeHUe MOBEePXHOCTHOM
CTPYKTYpPbl FAMKOMPOTEUAOB, OAHAKO HAaBAIOAQETCS HAYaAbHAsi CTENeHb AE3UHTerpauum BUpyca AAS
MOCAEAYIOLLErO BbiIxoAa puboHykaeonpoTenaa (PHIT).

KAloueBble cAoBa: BUPYC, FPUNM AOLLAAEN, YABTPALLEHTPUYIrMPOBaHME, SIAEKTPOHHAS MMKPOCKO-
nms, usnyeckme KOHCTaHTbI.
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KP BfM K «buoaornsabik, Kayincisaik npo6AemMaAapbiHbiH, FbIAbIMU-3ePTTeY MHCTUTYTbl» PMK,
KasakcTaH, Y>KambbiA 06AbICbI, Kopaait ayAaHbl, [BapAEMCKMIA KaAaLbIFbl

Ka3akcraH Pecny6AMKacbIHbIH, ayMaFbIHAQ GOAIHIN aAbIHFaH XKbIAKbI TYMay
BUPYCbIHbIH, MOPhOMETPUSICbI XKdHe (DU3UKAABIK, CUMIATTAMAChI

BYA FbIABIMM >KYMbICTA MOHMTOPUWHI iC-lapaAapbiH ©TKi3y kesiHae 2010 >biapaH Gacrtan 2012
KbIAFQ AEMiIH GOAIHIEeH KbIAKbI TYMay BMPYCbIHbIH, SAEKTPOHABIK, MMKPOCKOMUSI 3epTTey HaTuxKeAepi
kepceTiareH. KasakcraH PecnybAnKacbiHAQFbI AMU300TOAOTUSIABIK, JKaFAQMADI KaAaFraAay yiuiH OHTyC-
Tik KasakcraH, XKambbia, Aamarbl, LLbirbic Kasakcran, Koctanan, Aktebe >oHe batbic KasakcraH
00OAbICTapbIHAQ 3KCMeAMUMS KYprisiaai. 2010-2012 ok, KasakcraH PecryGAmKacbiHbIH, 9pTYPAI
ANMaKTapbIHAH 3epTXaHaAbIK 3epTTeyAep YiliH BUOAOTUSAbIK KayincCi3aik Npo6AeMarapbiHbIH FbIAbIMUM-
3epTTey MHCTUTYTbIHA 2404 CbiHama XXeTKi3IAreH.

3eptTey HoTMKeAepi OGoMblHILIA HEri3ri  (QM3MKAABIK >KoHE MOPMOMETPUSIAbIK,  KacueTTepi
aHbIKTaAAbl. Ta3apTbIAFaH XbIAKbl TyMay BMPYCbIHbIH MpernapaTTapbiHAQ 3AEKTPOHAbIK, MMKPOCKO-
NMsi MMKPOOPraHM3MAEP KOHTaMMHAUMSChIHAH Ta3a eKeHAIri kepceTiaai. B Tazanay GapbicbiHAQ BU-
PMOHAAP ©3 KYPbIAbIMbIH CaKTanAbl. XKbIAKbI TYMay BUPYCbIHbIH, A/equine/Baizak/09/2012, Alequine/
Kostanai/09/2012, A/equine/Matybulak/10/2012 seHe A/equine/LKZ/09/2012 wtamMmmaapbl 3epTTeAreH
nonyAsiLMsAapAQ Herisi AOMaAak, XeHe ComMak, TYPAepi aHblKTaAraH. Aomanak, BUPMOHAAP AMamMeTpi
70-200 HM Kyparabl, aA conak, BUPMOHAAPbIHbIH, Y3bIHABIFbI 100-300 HM. 2KbIAKbI TymMay BMPYCbIHbIH,
MOMNYASLUMSCbIHbIH KypambiHAQ 72% aAnameTpi 110-180 HM Kypaiabl. BUpycTbiK CbIpTKbl KabaTTapbl
Y3bIHAbIFbI 6-8 HM TiKEHEKTepiMEH, COHAAM-aK, KabaTblHbIH KAAbIHABIFbI 8,5-9 HM KypaiAbl.

KbIAKbI TyMay BUPYCbIHbIH MOMYASILMSCbIHAQ GAPAbIK, 3epTTey HOTUXKECIHAE HerisiHeH AOMaAak,
BUPUMOHAAPAbIH (95%) >keHe comnak, TypAepi (5%) KypanTbiHbl aHbIKTaAAbl. bapAbiK 3epTTeAreH
LWTaMAAPFa NMOAMMOPU3M KaTbICTbIAbIFbI >KOK,. JKYpri3iAreH 3epTTeyAep KepceTKeHAeN, WTamAap To-
Xiprbe petiHae MopdoAorus GorbiHLIA epeklleAeHBenAl, CoHAa-aK, HaKThl (OM3MKAABIK curaTTap
CEAUMEHTALMS MEH ThIFbI3ABIK, KepceTKiluTepi 6omblHILa GipbIHFAMAbIAbIFbI KEPCETIAeAl. bapAbik kep-
ceTkiwTep 60MbIHLLIA OPTOMUKCOBUPYCTApFa Cail AepeKTepre HerisAeAreH.

AAanaa, reHeTUKaAbIK, ©3repiCTepAiH AaMybiHa GaMAAHbBICTbI KbIAKbI TYMAy BUPYCbIHbIH, A/equine/
LKZ/09/2012 wrambl GoibiHILa anameTpi 450 HM, aA Ti30eKTiAepiHiH y3bIHAbIFbI 750 HM BUPUOHAAP
Ke3AeceAi. 3epTTeAreH BUPMOHAAP CbIPTKbl KAGaTTbl TAMKONPOTEUATEP KYPbIAbIMbIH CaKTarl, COHbIMEH
Karap puboHykaeonpotemateH (PHI) wbiFy yiliH BUPYCTbIH AE3UHTErpaumsicbl 6acTaAFaHbl MOAIM.

TyiiH ce3aep: BUMPYC, XbIAKbl TyMaybl, YABTPALETPUQYraAdy, >IEKTPOHIBIK MUKpOCKonus, (hui-
3MKaAbIK, TYPaKTbIAQp.
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Morphometry and some physical characteristics of the equine influenza virus isolated
in the territory of the Republic of Kazakhstan

The paper presents the results of electron microscopy of strains of equine influenza virus, isolated
from 2010 to 2012. when conducting monitoring activities. Expeditions to the South Kazakhstan, Zham-
byl, Almaty, East Kazakhstan, Kostanay, Aktyubinsk and West Kazakhstan oblasts were conducted to
carry out epizootological monitoring of equine influenza in the Republic of Kazakhstan. In total, for the
years 2010-2012. For laboratory investigations in different regions of the Republic of Kazakhstan, 2404
samples were collected and delivered to NIIIBB.
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Based on the results of the studies, the main morphometric properties were determined. Electron
microscopic analysis showed no contamination by foreign microorganisms in purified preparations of
the horse flu virus. During the purification process, the virions retain their structure. Strains A / equine /
Baizak /09/2012, A/ equine / Kostanai / 09/2012, A/ equine / Matybulak / 10/2012 and A / equine / LKZ
/09/2012 equine influenza virus in the populations of the studied isolates have mainly round and oval
shapes. The size of round virions is 70 — 200 nm in diameter, and the length of oval ones is of the order
of 100 -300 nm. About 72% of the population of equine influenza isolates are virions with a diameter
of 110 — 180 nm. The surface of the viral particles is covered with spines of 6-8 nm in height, and the
thickness of the outer shell is 8.5-9 nm.

In all studied isolates of the equine influenza virus, the majority of the virions are round (95%) and
oval (5%) virions. For all isolates polymorphism is not typical. The conducted studies showed that the
investigated isolates practically do not differ both in morphology and in such physical parameters as the
floating density and the sedimentation constant of the virion. All indices lie in the range of values char-
acteristic for the family of orthomixoviruses.

However, in view of the development of genetically mutation among the population of the equine
influenza virus, A / equine / LKZ / 09/2012, rounded viruses with a size of about 450 nm were found
and filamentary lengths over 750 nm. These virions are characterized by the preservation of the surface
structure of glycoproteins, but an initial degree of disintegration of the virus for the subsequent release
of ribonucleoprotein (RNP) is observed.

Key words: virus, equine influenza, ultracentrifugation, electron microscopy, physical constants.

BBenenune

Cpenn uHGMEKIMOHHBIX OOJIe3HEH Jiommaaen
TPUIII SIBIIICTCS] OJTHAM M3 Han0oJsiee 3HAYMMbIX UH-
(heKIIMOHHBIX PECITUPATOPHBIX BUPYCHBIX 3a00JIeBa-
HUI, KOTOPOE 3a KOPOTKOE BpPEMSI MOXXET BBI3BATh
nopaxkenue 10 90 % morosoBes JOIIAAEH OAHOTO
XO3HCTBA WJIU I1€JI0TO KOHHOTO 3aBofa. 3a0ojeBa-
HUC HAHOCHT CYIICCTBEHHBIN YIIEpO KOHEBOJCTBY
BCJICJICTBUE CHMKCHHS TUIEMEHHOW W CIIOPTUBHOM
[IEHHOCTH TepeOOoIIeBIINX JKUBOTHBIX, 3aTpaT Ha Jie-
YCHHE, KAPAHTUHHBIX MEPOTIPUSITHIA, CPhIBA IIAHOB
CIIOPTHBHBIX COPEBHOBAHUN H JPYTrUX YKOHOMUYEC-
k¥ 3HaUnMBIX ipuauH (Lief, 1965: 225-226; IOpos,
1976: 81-90; Dowdle, 1964: 398).

Bozbyaurens rpumnma momaneir — PHK-co-
Jiep)Kallii BUPYC, OTHOCAIIMICA K CEMEHCTBY
Orthomyxoviridae, 80-120 um B nuamerpe (Hay-
wardl, 2010: 12-18; Andrewes, 1978: 203-220;
Muns6ypH, 1986: 11-31). Obnanaer upe3BpIYaiiHO
MPOJYKTUBHBIM ~ MEXaHU3MOM  PEKOMOMHAIIMIA,
o0ecreynBaromuM OBICTPYIO aHTUTEHHYIO H3MEH-
quBOCTh. COMIACHO 3KOJIOIMYECKOHW THIIOTE3E,
COXPaHCHHIO BO3OYAUTENSI TPHIIIA CIOCOOCTBYET
Tepexo] BUPyca WA €r0 TEHOB B TOIYIIAIHIO KH-
BoTHBIX (Kergsipmanos, 2009: 52-54; Ataseven,
2007: 199-202; Yuanji, 1992: 245-255; Saenz,
2010: 3974-83).

Bupyc rpurmnma pacnpocTpaHEH IOYTH BO BCEX
cTpaHax Mwupa. BakHas 0COOCHHOCTH BHpyca
3aKJIIOYaeTCs B TOM, YTO OH ITOJBEP)KEH pas3iind-
HbIM MYTallMsM M H3-32 OTOTO BCIIBIIIKA OOJIC3HH
MOTYT BO3HHMKATh 3a4acTylO0 HEIpPEeICKa3yeMo, H
JlaXKe 3aTparuBaTh y>Ke NPUBUTHIX Jiomazei. Bupyc

TpUIIIa Jiomaael o0ianaeT cnocoOHOCTHIO K OBICT-
POl MyTalMu, 4YTO MOXET B CBOIO O4Y€peIb IPUBEC-
TH K TOSBJICHUIO BBHICOKOKOHTArHO3HBIX IITAMMOB
Bupyca (Oxburgha, 1999: 161-174; Strochkov,
http://www.ncbi.nlm.nih.gov/nuccore/JF683499.1;
Oxburgh, 1998: 61 —70).

N3BecTHO, YTO KOHEBOJICTBO SIBJISIECTCS TPAIULIU-
OHHOW OTpAacibI0 KUBOTHOBOACTBA B PecmyOinke
Kazaxcran, rie noroiosbe J0mazei HACUUTHIBACT
Oonee 2259,2 teicsy ros0B. [1o3TOMY OYEHB Ba)KHO
MIPOBOANUTH MOHUTOPUHIOBBIE MEPOIIPUATHSI TPHIIIIA
JOIIa/IeH ¢ IEeTbI0 BBISBICHHS 09aroB 3a00JICBaHUS
W JalbHeWIero u3yueHus Gu3nKo-Mopgoiaoruniec-
KX XapaKTEePUCTUK JUISl BBISBICHHS BHEIIHHX CT-
PYKTYPHBIX H3MCHEHHH.

Bupycsl rpunmna CHIbHO MOJIBEPKEHBI I€HETH-
YEeCKUM M3MEHEHHSM, OTHAKO IO JaHHBIM MHOTHX
WCcIietoBaTeel JaHHbIe U3MEHEHUS HE BIUSIOT He-
MOCPENICTBEHHO HA MOpQosoruio Bupruona. Ho npu
Y4aCTOH CMEHE «XO35MHA» BUPYC KYJIBTHBUPYETCS B
pasnuuHBIX cybcTparax (KyJapTypax) ¢ COOTBETCT-
BEHHO Pa3IMYHBIM JIUIHIHBIM COCTaBOM, YTO SIB-
JSIETCSI PEIIAIOIIIM (haKTOPOM IOSIBJICHUSI BAPHOHOB
aHOMAJBHBIX pa3MepoB U (opM, HeXapaKTEepPHBIX
JUTSL BUpYCa TPHIIIA.

Marepuainbl 1 METO/IbI HCCIIEIOBAHUS

Ouucmka u KOHYeHmMPUPOGAHUE
zpunna aouwiaoei

Jns OYMCTKM WM KOHLEHTPHUPOBAHUS BHUpYyca
TpUIIIA JOIIa el UCTIONB30BaI METO YIBTPALICHT-
pudyrupoBanus B TpaJueHTe IUIOTHOCTH CaXapo3bl.

Ouucmka u KOHYeHMpPUposanue eupyca epunna
Jowaoetl ¢ UCNONL308AHUEM YVIbMPaYyeHmpugyeu-
POBAHUA 6 2pa0ueﬂme njiomHocmu caxapossl

supyca
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Bupycconepkaiiyto anIaHTOHUCHYIO KHJIKOCTb
OCBETVISUIM HU3KOCKOPOCTHBIM LIEHTpU(YTrHpoBa-
Huem npu 2100 g B Tedenue 20 MHUH. NIPH TeM-
nepatype 4° C. OCBETICHHYIO BHUPYCCOACPIKAIILYIO
Ha/0CaJ0UYHYI0 XHIKOCTh HAacllauBajlid Ha TPexc-
TyNEHYaThlil TPaJUeHT IUIOTHOCTH caxaposbl (20-
40-60%) u uentpudyrupoanu npu 106200 g B
Teyenue 2 4 npu temmeparype 4° C. Bupyc KoH-
nentpupyercs Mmexay 40 u 60% cimoem caxapo-
3bl. OT caxapo3bl BUPYCHYIO CYCHEH3HIO OTMBIBAJIM
neaTpudyruposanueM npu 106200 g B Teuenue 30
muH. pu Temneparype 4° C. Ocalok pecycCrieHu-
poBanu B 0.05 M ®BP, pH 7,2 (Yuxmu, 1975: 15-58).

Onpeodenenue mopgomempuueckux xapaxkme-
PUCHUK U30IAMO6 8UPYyCA 2PUNNA J10uadell

Onexmpounass —~ MUKpOCKONUS — OYUWJCHHBIX
npenapamos upyca cpunna aomaoei

J1s1 SIeKTPOHHON MUKpPOCKOIIMH TIpenapaThl BU-
pyca TOTOBHIIM afcopOLel B IEKTPOCTATHIECKOM
moJie Te(hIIOHOBOW TUTACTHHBI Ha CETKHU ¢ (hOpMBapo-
BOH IOJUIOKKOH, yKpemuieHHON ymieM. HeratusHoe
KOHTPAaCTHPOBaHUE NPOBOAMIN 2%-HBIM BOAHBIM
pactBopoM hochopHO-BOTLGPAMOBOA KHCIOTHI U
HCCIIeIOBAIM B 2JIEKTPOHHOM MHKpockorie JEM-100
CX JEOL (Smonus) mpu yCKOPSIOIIEM HaIpsiKEHAH
80 kB u yBenmmuennn 20000-40000 (Casenbes, 1998:
34-48; I'punun, 1971: 11).

Onpeodenenue mopghomempuueckux xapaxme-
pucmux gupyca spunna aouiadet

Jns uccnenoBanusi MOpGOIOTUIECKUX U MOP-
(oMEeTpHUECKUX XapaKTEPUCTHK BHpyca TIpHIIa
JIOMIaield MCIIONIb30BaIM OYHUIIEHHBIE M KOHIICHT-
pUpOBaHHBIE TpenapaTrbl BHUpyca, KOTopele (o-
torpaduposanu pu yeemamaeHun x200000.

OO0cuér pa3mMepoB BHPHOHOB TIPOBOJMIN He-
MOCPEJCTBEHHO Ha (OTOHEraTuBE C IOMOILBIO
CIIeIMAIBHOM HIKaJIbl C JieJieHrneM paBHbIM 0,1 MM,
3aTeM PACCUUTHIBAIN CPEIHIOK apu(METHIECKYIO
BEJIMUUHY U CpelHEE KBAPAaTUYHOE OTKIOHEHHE.

Onpeodenenue 0CHOGHBIX u3UYECKUX XapaK-
mepucmuK eupyca 2punna aiouiadei

H3yuenue nnasyueti niomHocmu eupyca epunna
nowadet

[11aBydy1o MIOTHOCTH BHpYCa OMPEAEISIOT ITy-
TE€M LEHTPUPYTUPOBAHMS OUMIICHHOW BUPYCHOU
CYCIE€H3UHU B pe(OPMUPOBAHHOM I'PAAUEHTE pacT-
Bopa — xyiopuctoro 1e3ust (CsCl), B ropuzoHTab-
HoM porope SW-50.1 ymerpanentpudyru Optima
L-90K («Becman-Coulter»).

[IpedopMupoBaHHbIH TPAIUECHT MONYYHIH ITY-
TEM HACJIOCHMs pacTBOPA COJIM KOHIeHTpauuen 30
Mac.% B TEHTPUQYKHBIX MPOOMPKax YKa3aHHO-
ro poropa. Bupyc HaHOoCWIM TOBepX TIpajHEHTa.
LentpudyrupoBanne NPOBOIWIN IPH CKOPOC-

ISSN 1563-034X

ax 106000 g B Teuenune 16-18 4. Ilo oxoHuaHMM
HEHTPU(YTUPOBAHUSI  COACPIKUMOE  MPOOUPOK
(bpakoHUpoBAIKM TyTeM OoTOOpa (pakuuii CHH-
3y. Ompenensn K0dPPUITUEHT TpetoMiIeHus (n).
[11OTHOCTP BBIYMCISIOT MO AMIUPUIECKON popmy-
ne p,.=10,860*n,, — 13,497 (npu 25°).

AKTHUBHOCTB BHpYca TpUIIIa Jiomajaeid Bo (pak-
LUAX ONPEACIISIOT METOIOM TUTPOBAHUS B PEAKLMU
remarmmotuHauu PI'A (Ammvapus, 1959: 22-31).

3HadyeHue IUIaBy4Yel TUIOTHOCTH B MHKAax MpoO-
SBJICHUS! BUPYCHOH AaKTHBHOCTU OIPEACISIOT U3
IpaJyMpOBOYHBIX TPa(UKOB 3aBHCHMOCTH IOKa3a-
TeJIs MPEIOMJICHHSI OT IUIOTHOCTH PacTBOpa COJH
(Vinograd, 1962: 372-422).

Onpedenenue KoOHCManmul ceOUMeHMayul 6u-
pyca epunna roulaoeti

3HaueHUE KOHCTAHTBI CEMMEHTALIMHN OIIpeeI U
COMIaCHO METOAMKE OMMCAHHOH B mocoouu Pedypakro-
Mmerpudeckue metoabl xumuu (Modde, 1974: 12-17).

PesynbraThl HccienoBaHus

Tonyuenue ouuuenHbvlx U KOHYEHMPUPOBAHHBIX
npenapamos eupyca cpunna 10wadei u3 eupycco-
oeparcawyux Mamepuanos

st MONeKyIIpHO-OHMOIOTHYECKUX HCCIIE0Ba-
HUM K Ka4ecTBY BHPYCHOIO Marepuana IpeabsiB-
JSIFOTCSL OlpesieNieHHbIe TpeboBanus. Bupyc noi-
JKEH COXPAHSATh LEIOCTHOCTh CTPYKTYP KaK IIPH €ro
OYMCTKE, TaK U KOHLICHTPUPOBAHUH, & TAKKe OBITh
CBOOOJIHBIM OT KOHTAMHHAIHH.

[Iponiecc OYMCTKM M KOHLECHTPUPOBAHHS BH-
PYCOB 1O HACTOSLIETO BPEMEHHM OCTAETCSI MHO-
TO3TANHBIM U CHENU(PHUUYSCKUM JJISI  KaXKIOTO
KOHKPETHOTO BHpYycCa. YHHUBEpPCAJIBHOTO crocoda
OYMCTKU IPUTOJHOTO Ul BCEX BHPYCOB HE CyIle-
cTByeT. B mponecce ounctku or Mopdonoruu u Gpu-
3MKO-XMMHYECKUX CBOWCTB BUPYCOB BBHIOMPAETCS B
3aBUCHUMOCTH OT TKaHEH XO35MHA Cpelbl KyJIbTHBH-
poBanust (Watson, 2011: 35; Murcia, 2010: 6943-
54; Alexander, — 2000: 197-225).

IIpu ounctke KazaxcraHCKUX U30JISITOB BUpyca
TpUIIIA JIOIMA/ACH ¢ UCTIONB30BAHNEM I'PAJUEHTHOTO
YABTPALCHTPU(PYTUPOBAHUSI B PACTBOPE CaXapo3bl,
olnajiecLeHIXsl BUpyca HaOIroganach B I'pajUeHTE
mwiotHoCcTH Mexny 40 % u 60 % 30Hamu.

Mopgomempuueckue xapakmepucmuKku 6u-
pyca zpunna aowaoen

OnexmponHo-mMuKkpockonuieckoe
Mmopgonocuu U cmpyKmypbi
epunna nouwiaoeti

DNeKTPOHHO-MUKPOCKOITMYECKUH aHaIu3 MMoKa-
3a] OTCYTCTBUE KOHTAMHHALMHM ITOCTOPOHHUMH
MHUKPOOPTraHU3MaMH B OYHMIICHHBIX MIperapaTax BH-
pyca rpurnma jgourajei. B npouecce 0unCTKH BUPH-
OHBI COXPaHSIOT CBOIO CTPYKTYpY (puc. 1).

usydenue
uzonsimoe  eupyca
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Pucynok 1 — Bupyc rpurnma nomaneit mrammel a) A/equine/Baizak/09/2012 u
6) A/equine/LKZ/09/2012, ounieHHBII METOIOM YJIBTpalleHTPU(YTHPOBAHUS B TPAJANCHTE INIOTHOCTH caxapo3bl. YB. x 200 000

[lo pesynbratam mccienoBaHUN ObUIH Ompene-
JIEHBl OCHOBHBIE MOpP(OMETPHUYECKHE CBOWCTBA.
Mrammer  A/equine/Baizak/09/2012,  A/equine/
Kostanai/09/2012, A/equine/Matybulak/10/2012 un
A/equine/LKZ/09/2012 Bupyca Tpumma Jomasiei
B TOMYISIUSIX HCCIEOBAHHBIX H30JSITOB MUMEIOT
B OCHOBHOM KpYyIJIble M OBajibHBIE hopMbl. Pazmep
KpymiblX BUpUOHOB cocrtaBisier 70 — 200 HM B
IuaMeTpe, a JUIMHa OBaNbHBIX mopsaka 100 —300
HM. Oxono 72 % mnomyasiuuu HW30JATOB TpUIINA

JIolaiel COCTABIAIOT BUPHOHBI AuaMeTpoMm 110 —
180 uM. TToBepXHOCTH BUPYCHBIX YaCTHIL MTOKPHITA
[IUTTUKAMU BBICOTON 6-8 HM, a TOJNIIIMHA HApy>KHOMN
000JI0UKH COCTABIAET 8,5-9 HM.

OnHako B BUAY TCHETHYECKOW HM3MEHYMBOC-
TH CpeIH MOMYJSAINU BUpyca TPUIINA JIOmanei y
mramma A/equine/LKZ/09/2012 Ovimu oOHapy-
KEHBI OKPYIJBIE€ BUPHOHBI pa3MepaMH TMOpPSIKa
450 HM. 1 HUTEBHUAHBIE NIUHON Ooisee 750 HM.

(puc. 2).

6

Pucynok 2 — Bupyc rpurna somrazeit mramm A/equine/Baizak/09/2012 a) okpyrioit ¢popmer
0) HUTEBUIHOH (POPMBI, OUUIIICHHBIE METOJIOM YJIBTPALCHTPH(YTHPOBAaHUS B IpaJeHTe IUIOTHOCTU caxaposbl. ¥YB. x 200 000

HexoTtopble BHpHOHBI C pa3MepaMu, HENpHCY-
IIUMH JUIS TPUIIIA JIOMAIeH (JMaMeTpoM IopsiIKa
450 HM ¥ HUTEBUIHBIC [UTMHOM Oonee 750 HM), ObLIH
oOHapy>keHbl TIPH MCCJIEA0BAaHMH ITamMMa A/equine/
Baizak/09/2012. B nommymsiiiiy HECKOIBKUX IIITaMMOB,
Hapsiy C MyTaHTHBIMH BUPUOHAMH, HAOMIONAIOCH He-
00JIBIIOE KOJIMYECTBO BUPUOHOB C PAa3HOM CTEIICHBIO
nesunTerpanyn. Beixona PHIT He Habmronanock.

Onpeodenenue OCHOBHbBIX usuueckux
KOHCIAHM 0YUU4EHHBIX NPEnapamos eupyca

Onpedenenue niagyueil NIOMHOCMU GUPYCA
epunna aowaodeu

OnpeneneHue IUIaBy4Yed IUIOTHOCTH BUpYyca
TpUIIIA JOoMIaJed uMeeT OOJBIIYI0 MPAKTUISCKYIO
HCHHOCTL I IMOCTOAHHOTO KOHTPOJIA YHUCTOTHI
BUPYCHBIX MPENaparoB; MIOTHOCTHBINA aHAIN3 HC-
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MOJIB3YeTCsl JUIS M3YYCHHS TPUPOIHON TUIOTHOCT-
HOHIl rereporeHHoCcTd MyTaHTOB. Kpome Toro, mno
BEJIMYMHE TUIaBY4eH TUIOTHOCTH MOXKHO Pas3leNisiTh
WHQEKIMOHHBIE YaCTHIBI OT HEMH(EKIIMOHHBIX,
eciu motepsi HH(PEKIIMOHHOCTH CBSI3aHa C yTPaTou
YaCTH HYKJIEMHOBOW KHCIIOTHI WM O€JKa, a TaKkKe
JIPYTUX KOMITOHEHTOB, HAITPUMEP JTUTIHJIOB.

IIpy  w3ydeHWH  OCHOBHBIX  (DPM3HUYECKUX
KOHCTaHT BUpYyca TPHIITA JIOIaael POBOAMIN UCC-
JIEOBAHUSI TI0 OTIPEICTICHHIO IJIaBy4el TUIOTHOCTH
BHUPHOHOB.

W3ydeHue MIOTHOCTHBIX XapaKTEPUCTHK YHC-
THIX TPENapaToB BUpyca TPHUIIA JOMIAACH Mpo-
BOJIMJIM C HCIIOJIb30BAHUEM PaBHOBECHOTO (U30-
MMUKHUYECKOT0) NEeHTpUyrupoBanus B mpedop-
MHUPOBaHHBIX TPaTUEHTAX XJIOPHUCTOTO Ie3Us TI0
oOmenpuHATHIM MeTonukaMm [20].

IIpn w30OMUKHUYECKOM [EHTPU(YTUPOBAHUU
BUPYCHI PaBHOMEPHO pAaCIIPENENSIIOTCS BO BCEM
obweme pactBopa (B pactBope CsCIl). Co Bpeme-

HEM KaX7as 4acTHIa MOIajaeT B 00JacTh, COOT-
BETCTBYIOIIYI0 €€ COOCTBCHHOW IIaByueil IUIOT-
Hoctu. LleHTpudyrupoBanue mNpeKpamaoT, Korna
YCTaHABIMBACTCS PABHOBECHE.

[Tonydyennsie Gpakiuy aHATH3UPOBAIU C IIO-
Mompio pedpakromerpa. [lnaByuwe mmIoTHOCTH
(hpaxmuit U3MepsIM, UCTIONB3Ys TaOIHIly Tepexoaa
OT TIOKa3aTelisi peoMIIeHHs K roTHocTH (Jlanc-
oepr, 1976: 44-46; King, 1971: 465-473; Booy,
1985: 667-676).

HpOBeI{eHHBIe OKCIICPUMCHTBI B T'PaJUCHTC
IUIOTHOCTHU XJIOPUCTOTO LE3MS MOKa3aJIn, YTO BUPH-
OHBI TPHIIIA JIOIAIeH HMEIOT IJIaByYYFO TNIOTHOCTh
B mpexenax 1,25-1,26 r/cm?. TlonydeHHas Hamu
BEJIMYMHA IUIABYYEM IUIOTHOCTH BHpyca TIpuina
Jomanel xapakTepHa JIsl IPYTUX MpeCcTaBUTEICH
CeMelCTBa OPTOMUKCOBHUPYCOB.

3HayeHus HJIaBy‘-Ieﬁ INIOTHOCTH MW BCIWMYHNHBI
KOHCTaHTBI CEIMMEHTAIMH BHPYCa IPUTITIA JIOIIACH
IpejicTaBlIeHbI B TabmIe 1.

Tabnuua 1 — Ousnyeckre KOHCTaHThI OYUIICHHBIX IIPEIapaToB BUPYyCca IPUIIIA JIOMaAei

®duznueckue KOHCTAHTHI
[ItamMMbI BEpyCa TPHUIIIA JIOMma e I1naBy"as MWIOTHOCTS p, T/cM’ Koncranta cementanuu
’ S
A/equme/Balzak/O9v/201v2 Kambbuickas obnacth, baiizakc- 123 728.049.7
KHMH paiioH, ceno Yaruiamu
A/equine/Kostanai/09/2012
Konnstit 3aBog TOO «Kazak tynmapsi», Kocranaiickas 1,24 742,0+10,9
obmacTh, . Kocranaii
A/equine/Matybulak/10/2012
YKambObuickas obnacts, Kopnaiickuit paiioH, MECTHOCTh 1,23 733,0+4,5
Mars16ynax
A/equine/LKZ/09/2012
Konmnsiit 3aBon TOO «JIK3» XKambbiickas obnacts, Typap 1,25 761,0+7,8
PrickynoBckuii paiton

O0cy:xneHue pe3yJbTaTOB

Wzyuennio BUPYCOB MPEAIIECTBYET dTAll OYHCT-
KA W KOHLEHTPUPOBAHMUS W3 BHPYCCOIEpPIKALINX
MatepuaioB. [locienoBaTenbHble 3TANbl TPAJUEHT-
HOTO IEHTPU(YTHPOBAaHUS W YIBTpadUIBTpALUN
MO3BOJISIIOT TOJIyYUTh IIperapaTshl BUPYca CO CTe-
MEHBIO OYHMCTKH OT OayuacTHeix OenkoB. [loiy-
YeHHBIE Tpernaparbl MOTYT OBbITh HCIOJIb30BaHBI
U U3YyYCHHS CTPYKTYPBl U (PU3UKO-XUMHUYECKHX
CBOMCTB BUpUOHOB. [I0 pesynpraraMm 371€KTpOHHOMI
MHUKPOCKOIIMH B UCCIIEyeMbIX IITaMMax A/equine/

ISSN 1563-034X

Baizak/09/2012, A/equine/Kostanai/09/2012, A/
equine/Matybulak/10/2012 u  A/equine/LKZ/
09/2012 Bupyca Tpumnma Jomiajeli yCTaHOBIEHO,
YTO BCE OHHU CONEP)KaT BHPYCHBIE YACTUIIBI KPYT-
JIOH, OBANbHOW W HUTEBUAHOH (POPMBI JHAMETPOM
oT 50 am o 100 um u guHoM or 100 mo 300 HM.
Oxoio 67 % Tmonmysiuy U30JIATOB BUpYCa TPHIIIA
JOWIaJeH COCTABISIIOT BUPUOHBI AuameTpom 50-70
HM. [IoBepXHOCTh BUPYCHBIX YACTHUII MIOKPHITA IITH-
MAKaM# THaMeTPOM OKOJI0 3 HM U JUTUHOH 5-10 HM.
TonuHaa Hapy>KHON 000JI0YKH BUPHOHOB U30JISITOB
BIJ14,0 5,5 am.
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HccnenoBanus mokasainu, 4To JUaMeTp U JITHHA
BHPHOHOB ImTaMMOB A/equine/Baizak/09/2012,
A/equine/Kostanai/09/2012, A/equine/Matybu-
lak/10/2012 u  A/equine/LKZ/09/2012 Bupyca
TPHIIITA JIOMAAeH MPaKTUISCKH OMUHAKOBHI (50 HM
— 70 uM) u coorBercTBeHHO anuHa (180 HM — 260
HM). HekoTopble BUPHOHEI C pa3MepaMu, HEIIPHCY-
MY TS TPHUTITA JIOIMaAed (AnaMeTpoM TopsiaKa
450 HM ¥ HATEBHIHBIC AIUHOM Oonee 750 HM), ObI-
M OOHAapyXXEeHBI TPU WMCCIENIOBAaHUH ITamMMma A/
equine/Baizak/09/2012.

Bo Bcex wuccnenoBaHHBIX H30JIITax BUpYca
TpUIITA JIOMIAJIEH B MOMYISIUK TPeo0IaaroT B OC-
HOBHOM BHPHOHBI KpyT10# (95 %) 1 oBanmsHOMU (op-
MbI (5 %). Jliis Bcex M30JIATOB XapakTepeH ciado-
BBIpaXeHHBIN monmuMopdusm. [lomyueHHBIE Hamu
JIAHHBIC TPAKTUYECKH COBMAJIAIOT C pe3ylbraTaMu
JpYTHX UccIeqoBaTeNei, Tae coaepkaHue KPYIbIX
yacThll BapbupyeT B npeaenax 90-95 %, u coot-
BercTBeHHO 5-10 % oBajbHbIX BuproHOB (Wrigley,
1979: 35-38; Daly, 1996: 661-671; Capsinap, 2009:
41-46; Daly, 2004: 411-423, Van Maanen, 2002: 79-94).

[IpoBeneHHbIe WCCIEIOBAaHUS IOKA3ald, YTO
HCCIIeIyeMbIC U30JISITHI IPAKTUYCCKU HE OTIIHYAIOT-
Cs Kak 1o MOPQOJIOTHH, TaK M IO TaKUM (PHU3N-
YEeCKHM TIOKa3aTelsiM, KaK IIaBydasl IUIOTHOCTh U
KOHCTaHTa CeIMMEHTAIlMU BUpHOHA. Bece moka3are-
T JIexaT B 00NacTH 3HAYCHHWH, XapaKTEPHBIX I
CeMEeWCTBA OPTOMUKCOBUPYCOB. DH3MKO-XHUMHUYEC-
KHE CBOHCTBA BUPUOHOB MOTYT OBITh UCIIOJIb30BaHbI
JUTST KOHTPOJISl YHCTOTHI BHPYCHBIX IPEMaparoB, a

TaKKe JUIS M3YYEeHUs TPUPOIHON TeTepOTeHHOCTH
MYTaHTOB.

BriBoabI

B pe3synbrare BBIIOJIHEHHBIX SKCIEPUMEHTOB U
MOJYYEHHBIX DKCIIEPUMEHTAITBHBIX JTAHHBIX MOXKHO
C/IeNaTh CIeIYIOUIHE BHIBO/IBL:

— IPEeTIOKEHHAsT CXEMa OYMCTKH M KOHIICHTPH-
pOBaHUsI BUpyca TIpUIINA JIOMIAAeH, BKIIOYAIOIIAs
MOCIeI0BAaTENIbHOE TPaMEeHTHOE HeHTpH(yTrupoBa-
HUE, TO3BOJIACT MOIYYaTh MpenapaThl BUPyca C BbI-
COKOM CTETICHBIO OUNCTKH;

—ompeesieHbl MOPPOMETPHUECKUE XapaKTePUC-
TUKJ BUPUOHOB mTaMMbl A/equine/Baizak/09/2012,
A/equine/Kostanai/09/2012, A/equine/Matybu-
lak/10/2012 u A/equine/LKZ/09/2012;

— ompezeeHbl (U3NYECKHe XapaKTePUCTHKH
OYMIICHHBIX TIPETapaToB BUpyca TPHIIIA JIOIMAICH:
IJIaBy4as IUIOTHOCTh W KOHCTAHTa CEAMMCHTAIIUH
BUPHOHOB, 3HAYCHHS KOTOPBIX  COCTABJISIOT:
IUIaBy4ast INIOTHOCTh p — 1,23-1,25 r/cm® nkoHCcTaHTa
cenquMmenTaumu 728,0+9,7 — 761,0+7,8 S;

— HCccleayeMble INTaMMbl BHpycCa TpHIINa
Jiouraaei NpakTHYeCKH He OTIIMYAIOTCS KaK 110 MOp-
(dhoormueckuM W MOPPOMETPUICCKUM, TaK M II0
(U3NUECKUM XapaKTEPUCTHKAM, 332 HMCKIIOYCHHUEM
€IMHUYHBIX aHOMaJbHBIX BHPHUOHOB, pa3Mep KOTO-
pBIX cocTaBisit nopsaka 450 uM. [lomydernsie du-
3MYECKHE KOHCTAHTBI PEKOMEH/TyeTCS UCTIONB30BATh
MPU KOHTPOJIC YUCTOTHI BUPYCHBIX MPEMapaToB.
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THE EXPERIMENTAL STUDY OF THE MUTAGENIC ACTION OF
N-NITROSODIMETHYLAMINE IN MICE

The mutagenic activity of N-nitrosodimethylamine (NDMA) in the laboratory mice was studied using
the chromosome aberration test. It was established that NDMA with intraperitoneal single administration
(acute experience) in doses of 2.0; 4,0 and 8,0 mg/kg induced chromosomal aberrations in the mouse bone
marrow cells with a frequency statistically significantly exceeding the control level. With an increase in the
dose of xenobiotics, the frequency of aberrant cells increased by 2.23 (p <0.05); 3.00 (p <0.05) and 3.89
(p <0.001) times, respectively. The dose dependence of the level of induced mutagenesis was revealed
(r = 0.97, p = 0.03). A statistically significant increase in the level of aneuploid and polyploid cells was
established, however, no dose dependence was found (r = 0.85, p = 0.29). Prolonged intoxication of
NDMA (subacute experience, intoxication within 10 days) of experimental animals resulted in a statisti-
cally significant increase in the frequency of aberrant bone marrow cells and the number of chromosomal
aberrations per 100 metaphase compared to intact animals and animals of acute experience. The dose of
NDMA 8 mg/kg, equal to 1/5 LD, , with repeated administration was lethal for all individuals. With re-
peated administration of NDMA at doses of 2.0 and 4.0 mg/kg, the frequency of aberrant cells increased
statistically significantly in comparison with a single injection of 1.70 (p <0.001) and 1.60 (p <0.01), re-
spectively, and the number of chromosomal aberrations per 100 metaphase is 1.73 (p <0.001) and 1.51 (p
<0.01) times. With prolonged exposure to xenobiotic, the frequency of cells with genomic mutations also
increased statistically. The increase in the overall frequency of chromosomal aberrations occurred mainly
due to chromatin-type disorders. The mutagenic effect of N-nitrosodimethylamine on mice, established in
our studies, may be due to an increase in the level of active forms of oxygen and the accumulation of lipid
peroxidation products in the tissues of the body. Possible mechanisms of mutagenic and genotoxic action
of NDMA can be the enhancement of free radical processes and DNA methylation.

Key words: N-nitrosodimethylamine, mutagenic effect, acute and subacute effects, chromosomal
aberrations, genomic mutations.
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ThlluKaHAQPFa HUTPO3OAMMETUAAMMHHIH, MyTareHAIK acepiH TaXipuobeaik 3eprrey

HAMA-Hbl 2,0; 4,0 >xaHe 8,0 Mr/kr MeallepiHAe 6ip peTTiK ilWacTapilliAik eHrireHae
ThILUKAHAAPAbIH CYMEK KEMITiHIH KA@TKaAapbIHAQ XPOMOCOMAaAbIK, abeppaumsiAapAblH XXMIAIr 6akblaay
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AEHIreMiHeH CTaTUCTMKAABIK, MaHbI3ABIABIFbI KOFApbl €KEHAIT aHbIKTaAAbl. KCEHOBMOTUKTIH MOALLepi
apTKaH canbiH abeppaHTTbl KAETKAAAPAbIH XMiAiri 2,23 (p <0,05); 3,00 (p < 0,05) xeHe 3,89 (p<0,001)
ece CoKec XKOoFapblAaAbl. MIHAYKUMSAQHFAH MyTareHe3 AeHreriHiH MOALLEPAIK TOYEAAIAIT aHbIKTaAAbI,
KoppeAsaums koapduumeHTi r=0,97, p=0,03 60AFaHAd. AHEYTTAOUATbI XKOHE MOAMMAOMATbI KAETKAAAP
AEHIeniHiH CTaTUCTUKAABIK, MaHbI3AbIAbIFbI XKOFapbl OOAFaHbI aHbIKTAaAAbI, Oipak, MOALLEPAIK TOYEAAi-
AIri aHbIKTaAMaAbl (Koppeasumst koaddumumenTi r=0,85, p=0,29 6oaraHAaQ). KaabinTbl >kaHe 6ip peT-
TiK YAQHABIPbIAFAH >KaHyapAapMEH CaAbICTbIpbIAFaHAQ TaxXipnbeaik >kaHyapAapAbl HAMA-mMeH y3ak,
YAQHABIPY (10 KyH 6OWbl) CyMeK KeMIriHiH KAeTKaAapbiHAQ abeppaHTTbl KAETKAAAP >KUIAITiHIH xaHe 100
MeTadazarapAarbl XPOMOCOMAAbIK, abeppaumsaAap XXMIAIriHiH CTaTUCTUKAABIK, MaHbI3AbIAbIFbI XKOFapbl
6oAFaHbl aHbikTaAAbl. HAMA-HbIH 8 Mr/kr meauepi, 1/5 AA,, TeH, Ken peTTik eHrisreHae 6apAblK,
Aapabactapra Aetaababl 60AAbl. HAMA-HbI 2,0 >xaHe 4,0 MI/Kr MOALLEPIHAE KOr PeTTiK eHri3reH-
Ae 6ip peTTikrneH CaAbICTbIPbIAFAHAA abeppPaHTTbl KAETKaAap >KMIAITIHIH CTaTMCTUKAABIK, MaHbI3Abl-
AblFbl 1,70 (p<0,001) xeHe 1,60 (p<0,01) ece carikec, an 100 MeTadazarapaarbl XPOMOCOMAABIK,
abeppaumsaap >KMIAIFHIH CTaTUCTUKAABIK, MaHbI3AbIAbIFbI 1,73 (p<0,001) xeHe 1,51 (p<0,01) ece
COMKeC >KorFapbl OOAFaHbl aHbIKTaAAbl. KCEHOOMOTUKTIH y3aK, 8CepiHAE TeHOMADBIK, MyTaumMsAapbl 6ap
KAETKaAap >KMIAIMHIH CTaTMCTUKAABIK, MaHbI3AbIAbIFbI apTTbl. XPOMOCOMAAbIK, abeppaumsAapAbiH
SKAAMbI XKMIAITIHIH apTybl XPOMaTUATI TUNTEPAIH Oy3bIAbICTapbiHa GalMAaHbICTbI. TbilUKAHAAPFA HUTPO-
30AMMETUAAMMHHIH MyTareHAi acepi opraHM3mHiH YANaAapbiHAQ OTTEriHiH 6eAceHAl (hopmaAapbIHbiH,
AEHTeniHiH >KoFapblAayblHa >k8He ManAaPAbIH aCKbIHTOTbIFY OHIMAEPIHIH >KMHAKTaAyblHa GafAAHbBICTbI
60AYbl MYMKiH. HAMA-HbIH, MyTareHAIK )XoHe reHOTOKCMHAIK 8CepiHiH MyMKIHAIK MexaHM3mAepi 60c
paAMKaAAbl yaepicTepAiH skeHe AHK-HbIH METUAAEHYIHIH KyLuetoiHe 6aiAaHbICTbl BOAYbI MYMKIH.

Ty¥iin ce3aep: HUTPO3OAMMETUAAMMH, MyTareHAIK HOTUXKe, Oip >koHe Kern pPeTTik acep, XPOMO-
COMaAbIK, abeppaumsAap, rEHOMAbIK, MyTaLMsIAAP.
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3KCI'IepMMeHTa/\bHOC UCCAEAOBAHUE MYTAr€HHOro AeﬁCTBMSI HUTPO30AUMETUAAMHUHA HA MblILLAX

M3yyeHa MyTareHHast akTMBHOCTb HUTpo3oanmeTrMAammnta (HAMA) B opraHmame AabopatopHbix
MbILLIE C MCMOAb30BaHMEM TeCTa MO y4YyeTy XPOMOCOMHbIX abeppaumii. YcTtaHoBAeHO, uto HAMA
Npv BHYTPUOPIOLIMHHOM OAHOKPAaTHOM BBEAEHMM (OCTpbIit onbiT) B Ao3ax 2,0; 4,0 n 8,0 Mr/kr nHay-
LMPOBAA B KAETKAX KOCTHOrO MO3ra Mbllleil XpOMOCOMHble abeppaumu € 4acTOTOM, CTaTUCTUYECKM
3HAUYMMO MPEBbILIAIOLLEN KOHTPOAbHbINA ypoBeHb. C yBEAMUEHWEM AO3bl KCEHOOMOTMKA BO3pacTana u
yactoTa abeppaHTHbIX KAeTOK B 2,23 (p<0,05); 3,00 (p<0,05) 1 3,89 (p<0,001) pasa, COOTBETCTBEH-
HO. BbisiBA€Ha A030Bast 3aBMCMMOCTb YPOBHS MHAYLMPOBAHHOIO MyTareHesa, KoaguumMeHT KoppeAs-
ummn r=0,97 npm p=0,03). YCTaHOBAEHO CTaTUCTUYECKM 3HAUMMOE YBEANYEHME YPOBHS aHEYNMAOMAHbIX
N MOAMMAOUAHbBIX KAETOK, OAHAKO, AO30BOM 3aBMCMMOCTU HE BbISIBAEHO (KO3 pMLMEHT KOppeAsLmm
r=0,85 npn p=0,29). AAnTeabHast MHTokcrKaumss HAMA (MoAOCTpPbI OMNbIT, MHTOKCUKALMS B TeYeHue
10 AHe) 3KCNePUMEHTAAbHBIX KMBOTHbIX MPUBEAA K CTAaTUCTUYECKM 3HAUMMOMY YBEAMYEHMIO YaCTOThI
abeppaHTHbIX KAETOK KOCTHOIO MO3ra M YMCAa XPOMOCOMHbIX abeppaumii Ha 100 meTadhas no cpasHe-
HMIO C MHTAKTHbIMM XKXMBOTHBIMM M XKMBOTHbIMM OCTPOro onbiTa. Ao3a HAMA 8 mr/kr, pasHas 1/5 AA,,
MpY MHOrOKPATHOM BBEAEHUM OKA3aAaCh AETAAbHOW AAS BCeX 0cob6eit. [pr MHOrOKpaTHOM BBEAEHWM
HAMA B ao3ax 2,0 1 4,0 Mr/kr yactota abeppaHTHbIX KAETOK CTaTUCTMUYECKM 3HauYMMO BO3POCAQA MO
CpaBHEHUIO C OAHOKpPATHbIM BBeaeHMeM cooTBeTcTBeHHO B 1,70 (p<0,001) n 1,60 (p<0,01) pasa, a
UYMCAO XPOMOCOMHBIX abeppaumii Ha 100 metacas — B 1,73 (p<0,001) 1 1,51 (p<0,01) pasa. [Mpwu
AAUTEABHOM BO3AENCTBUM KCEHOOMOTMKA CTAaTUCTUYECKM 3HAUMMO BO3POCAQ M HacTOTa KAETOK C re-
HOMHbIMW MyTaUMsIMK. YBeAUUEHME 0OLLEN YaCTOThbl XPOMOCOMHbIX abeppaLmii MPOUCXOAMAO TAABHbBIM
06pa3oM 3a CUeT HapyLUEeHWI XPOMATUAHOIO Tuna. MyTareHHoe AeNCTBUME HUTPO30AMMETMAAMMHA Ha
MbILLIEN, YCTAHOBAEHHOE B HalUMX UCCAEAOBAHMUSX, MOXET ObiTb 0OYCAOBAEHO YBEAMUYEHWUEM YPOBHS
aKTMBHbIX (DOPM KMCAOPOAQ M HAaKOMAEHWEM MPOAYKTOB NMEPEKMCHOrO OKMCAEHUS AUMUAOB B TKAHSX
opraHusma. Bo3MoXKHbIMM MeXaHM3MaMM MyTareHHOro 1 reHoTokcnyeckoro aencrens HAMA moxeT
ObITb yCHAEHME CBOOOAHOPAAMKAALHbIX NMPOLLECCOB 1 MeTuAnpoBaHue AHK.

KaAtoueBble cAOBA: HUTPO30AMMETUAAMMH, MyTareHHbIr 3dhekT, oCcTpoe 1 NOAOCTPOe BO3AENCT-
BME, XPOMOCOMHbIe abeppaLyn, reHOMHbIE MyTaLWK.
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Introduction

Pollution of the biosphere by different
mutagenic factors attracts more and more attention
of researchers. Every year, thousands of new
artificially  synthesized chemical compounds
appear that are widely used by man in everyday
life. According to the register Chemical Abstracts
Service (CAS) of February, 2018, more than 140
million chemical compounds were registered. The
daily CAS register replenishes about 15,000 new
substances (CAS, 2018). However, not all of them
are evaluated for toxic, mutagenic and carcinogenic
activity (Abilev, 2015: 169-182). Increase in
environmental pollution of xenobiotics can lead
to an increase in the mutational background of
populations, including humans. Unfortunately, to
date unambiguous qualitative criteria for estimating
the incidence of mutations in populations have not
been developed (Abilev, 2015: 169-182; Geras’kin,
2010: 66-68).

As a result of the activities of the Baikonur
Cosmodrome, significant areas of Kazakhstan
are under the negative influence of rocket fuel
components and its transformation products, which
affect the environmental and public health status. The
main component of rocket fuel used at the Baikonur
Cosmodrome is unsymmetrical dimethylhydrazine
(UDMH, heptyl) due to its high energy intensity.
According to the monitoring complex studies, the
content of the unsymmetrical dimethylhydrazine
and its transformation products, in particular
N-nitrosodimethylamine (NDMA), in places of
carrier-rocket part fall, exceeds the maximum
permissible concentration (MPC) in environmental
objects (Adushkin, 2000: 10-15; Aidosova, 2005:
131-134; Bakaikina, 2018: 1-20; Batyrbekova,
2007: 12-17; Kalaev, 2004: 1-80; Kasimov, 2006:
668-670; Kenessov, 2012: 78-85; Musa, 2015: 26-
29; Panin, 2006: 124-131; Shoikhet, 2005: 1-188). In
the scientific literature, there are quite contradictory
data on the genotoxicity of UDMH and its oxidation
products, but their toxic effects are well known.
Therefore, the study of genotoxicity of rocket fuel
components and its transformation products does
not lose its relevance.

NDMA is one of the oxidation products of
unsymmetrical dimethylhydrazine. NDMA is more
stable in soil and water, more toxic and mutagenic
than UDMH (Bradley, 2005: 115-120). The natural
synthesis of N-NDMA in the environment occurs
with a high concentration of amines, nitrites and
nitrates, which, upon entering into the nitrosation
reaction, turn into NDMA (Liteplo, 2002: 1-45;
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Osipenko, 2005a: 5-9; Rodin, 2008: 1039-1044).
NDMA is a carcinogenic nitrosamine and has a
high toxic, mutagenic, teratogenic and embryotoxic
effect. NDMA is widely used in the foundry industry,
in the production of rubber, rocket fuel, pesticides,
dyes, in tanning leather, in the food industry. NDMA
can be formed in sewage as a result of biological and
chemical transformations of alkylamines. Tobacco
smoke is also a source of NDMA. Synthesis of
NDMA occurs in the human stomach acids after
eating a food rich in nitrites, secondary or tertiary
amines, as well as certain medications (Guidelines
for..., 2011: 1-39; N-nitrosodimethylamene...,
2008: 1-37; Osipenko, 2005a: 5-9).

NDMA led to the methylation of nucleic acids
with the formation of mainly N’-methylguanine,
partially O°-methylguanine and N*-methyladenine.
In a small volume, methylated derivatives of proteins
and nucleic acids were found in the kidneys, spleen,
pancreas, brain and other organs (Osipenko, 2005b:
20-23).

Tumor formation was observed in different
animals with intoxicated NDMA (Madden, 2003:
672-676; Osipenko, 2005a: 5-9). NDMA increased
the incidence of tumors of hepatocytes and Leydig
cells in rats. An increase in malignant neoplasms
was observed at a concentration of NDMA in
drinking water from 0.01 to 5 mg/L (Guidelines
for..., 2011: 1-39). With intraperitoneal and
intragastric administration of NDMA to pregnant
female of rats and mice, the incidence of liver and
urinary tract tumors in offspring increased (Madden,
2003: 672-676; Osipenko, 2005a: 5-9). According to
Agency for Research on Cancer (IARC), NDMA is
classified in Group 2A (probable human carcinogen)
(N-nitrosodimethylamene..., 2008: 1-37).

NDMA has high mutagenic activity under in
vitro and in vivo conditions. It has been established
that NDMA induces mutations detected in the
Ames test, gene and chromosomal aberration
assays, sister chromatid exchanges, unplanned
DNA synthesis, mutations of transgenic rodents,
on mammalian in vitro micronucleus test. In vitro
Comet assay has shown the genotoxic effects of
N-nitrosodimethylamine only at high concentrations
in human hepatoma cell lines, primary hepatocyte
culture, and TK6 lymphoblastoid cell line (Hobbs,
2015, 172-181; Liviac, 2011: 613-618; National
Toxicology..., 2018; Ooka, 2016: 1901-1907;
Wagner, 2012: 109-115; Watanabe, 2001: 57-63). In
vivo Comet assay has shown the genotoxic effects
of NDMA in different tissues, including liver of rats,
as well as liver and stomach of mice (Hobbs, 2015,
172-181).
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In connection with the biological effect of
NDMA, low MPCs in the air of industrial premises
(0.01 mg/m?) and water in reservoirs (0.001 mg/L)
were established. The biological essence of the
influence of even these concentrations in humans
and animals is still not entirely clear (Osipenko,
2005¢: 5-12). Therefore, a comprehensive study of
the toxic, genotoxic and mutagenic effects of NDMA
on the somatic and sex cells of mammals, as well
as the mechanisms of meiosis, leading to sterility
and infertility, is extremely urgent. The obtained
information will allow to conduct a purposeful
search for means of protection of the organism.

Materials and methods

The objects were laboratory mice of the BALB/
cYwal line, widely used in cytogenetic studies.
N-Nitrozodimethylamine (NDMA, (CH,),N,0)
was used as the test chemical compounds. In total,
35 laboratory male mice 2-3 months old with body
weight of 25-30 g were used in the experiments.
Intact and experimental animals were kept in a
vivarium on a standard diet. Care for laboratory
animals was carried out in accordance with
international principles (Guide for the Care..., 2011:
1-246).

For the intoxication of animals, aqueous
solutions of NDMA were used. The introduction
of xenobiotic was performed intraperitoneally.
Dosages were selected based on the available
information on LD, for mice with intraperitoneal
administration of NDMA (40.0 mg/kg) (Lijinsky,
2011: 1-482). All animals were divided into 7
groups (I-VII) of 5 individuals in each: group I -
intact animals; groups II-IV - animals that received
NDMA in a single dose of 2.0; 4,0 and 8,0 mg/
kg, respectively (acute effect); groups V-VII are
animals that received NDMA doses of 2.0; 4.0 and
8.0 mg / kg, respectively, daily for 10 days (subacute
effect). The animals were sacrificed under isoflurane
anesthesia.

The Mammalian Bone Marrow Chromosome
Aberration test was carried out according to the
standard technique (Rukovodstvo..., 1989: 108-
124). Before slaughtering, the weight of each
mouse was determined and injected in mouse
0.04% colchicine solution intraperitoneally at a
dose of 1 ml/100 mg body weight. 1.5-2 hours after
the colchicine injection, the mice were sacrificed
and the bone marrow was flushed out of the bone
with a hypotonic solution of potassium chloride
(0.56%) heated to 37 ° C. The washed bone marrow
was carefully resuspended to homogenize the cell

suspension. After hypotonic treatment, the cell
suspension was centrifuged for 5 minutes at 1000
rpm. The precipitate was fixed in a mixture of
methanol and glacial acetic acid (3: 1). The fixed
cells were resuspended in a fixator and the suspension
was applied to cooled wet slide glasses. To color the
chromosome preparations, the Azure-Eosin dye was
used according to Romanovsky-Giemsa. Cytological
preparations were analysed and captured using light
microscopes Axioskop-40 (CarlZeiss, Germany)
and OlympusBX 43 (Olympus, Japan). Genomic and
structural disorders of chromosomes were analysed
using the metaphase method (Rukovodstvo..., 1989:
108-124; Nemtseva, 1970: 1-126).

Statistical data processing was performed using
the Microsoft Excel add-in program ‘“Analysis
ToolPak”. In all variants, the mean value and
standard errors of the mean were determined. The
significance of the mean differences was evaluated
using the Student’s parametric test. Differences
were considered reliable with a confidence level
of 95% or higher (p <0.05-0.01). To determine the
correlation dependence, the Pearson correlation
coefficient (r) was calculated.

Results and discussion

The results of a cytogenetic study of
experimental animals subjected to acute (single)
and subacute (daily for 10 days) exposure to
N-nitrosodimethylamine (NDMA) are presented in
the table.

NDMA under the acute influence at all used doses
induced chromosome aberrations in the mouse bone
marrow cells with a frequency exceeding the control
level. The level of structural rearrangements of
chromosomes in animals of [I-IV groups, intoxicated
with NDMA in doses of 2.0; 4,0 and 8,0 mg/kg of
body weight, statistically significantly increased in
2.23 (p <0,05); 3.00 (p <0.05) and 3.89 (p <0.001)
times as compared with the control. Along with the
overall frequency of aberrant cells, the number of
chromosomal aberrations per 100 metaphase, due
to the lesion of more than one chromosome in one
cell, also increased significantly. The number of
chromosomal aberrations per 100 metaphase seen in
animals of [I-IV groups was statistically significantly
higher than the control level of 2.27 (p <0.01), 3.03
(p <0.001) and 3.95 (p <0.001) respectively.

Qualitative ~ composition of  structural
mutations in control and experimental animals
was represented by disorders of both chromosomal
and chromatid types. The main disorders of the
chromosome type were represented by paired
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end fragments, and the chromatid type by single
deletions. As a result of acute exposure in animals
of II-IV groups, which received respectively
NDMA in doses of 2.0; 4.0 and 8.0 mg/kg, the
number of chromosomal aberrations per 100

metaphase increased by 2.45; 2.00 and 2.95 (p
<0.001) times, and the number of chromatid type
aberrations per 100 metaphase grown in 4.06 (p
<0.001); 6.65 (p <0.001) and 8.94 (p <0.001)
times, respectively.

Table — Frequency and spectrum of structural chromosomal aberrations induced in the bone marrow cells of laboratory mice at

different doses and times of N-nitrosodimethylamine exposure

) Number of chromosomal aberrations Frequency of genomic
Experi- | 1 of Number |Frequency of per 100 metaphases mutations, (M = m),%
ment YIf)f ¢ of cells |aberrant cells
type ctee analyzed | (M £ m), % number of |chromoso-| chromatide point aneuploid polyploidy
aberrations | mal type type fragments cells cells
Control 995 0.91+0.19 1.11£0.19 |0.20£0.12 | 0.31+0.13 0.60+0.09 0.40+0.18 0.30+0.12
NDMA :gfléﬁ 1030 | 2.03+£0.23%* | 2.52+0.29%* | 0.49+0.22 [1.26£0.12%**| 0.77£0.18 | 1.08+£0.19%* | 1.83+£0.34%**
2.0 mg/
kg S“ebf;i‘ecé‘tte 1010 [3.46£0.10%%* (4. 35£0.14%%*(0.50+0.01%[2.57+0.17%%% | 1.28+0.11%* |2.09+0.21%%*|2.87+0.16%**
NDMA :g:;et 1020 | 2.7340.21%* |3.3440.24%** (0.40+0.18 |2.06+0.18***| (.88+0.18 1.00+£0.24  |1.76+0.17%*%**
4.0 mg/
kg S“e"’f;‘c‘ecé‘tte 1025 [4.38+£0.26%**(5.06:0.52%%*| 0.77+0.28 [2.63+0.18%** | | 65+0.18%%* |3.51+0.25%%* | 4.48+0.35%**
NDMA acute
8.0 mg/ offect 1015 |3.54+0.11%*%[4.3440.19%%*(0.59+0.08*|2.774+0.26***| 0.98+0.15 | 1.70+0.29%** |2.37+0.20%***
kg
* - p<0.05, ** - p<0.01; *** - p<0.001 as compared with control

A comparative analysis of the level of aberrant
cells and the number of chromosomal aberrations
per 100 metaphases in animals exposed to acute
exposure revealed a dose dependence of the level
of induced mutagenesis. An increase in the dose
of xenobiotic to 8 mg/kg resulted in a statistically
significant increase in all the studied indicators (r =
0.97, p=0.03).

The level of polyploid cells under the influence
of xenobiotic at all 3 doses used also increased sta-
tistically. However, an increase in metaphase with
aneuploid sets of chromosomes was statistically sig-
nificant only at exposure to doses of 2.0 and 8.0 mg/
kg. Under the influence of NDMA, the level of poly-
ploid cells increased in animals of II-IV groups, re-
spectively, 6.10 (p <0.01); 5.87 (p <0.001) and 7.90
(p <0.001) times in comparison with the animals of
group L. There was no dose response in the induction
of polyploid cells (r = 0.85, p = 0.29).

As a result of prolonged exposure to NDMA
(subacute experience, intoxication within 10 days)
in the experimental mice showed an increase in all
the studied quantitative indicators compared with
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control and acute experience (table). However, a
dose of 8 mg/kg of NDMA, equal to 1/5 LD50, was
lethal to all animals.

The frequency of aberrant cells was statistically
significantly increased in comparison with acute ex-
perience in animals of the V and VI groups in 1.70
(p <0.001) and 1.60 (p <0.01) times, and the number
of chromosomal aberrations per 100 metaphase in-
creased by 1, 73 (p <0.001) and 1.51 (p <0.01) times,
respectively. Also, with prolonged exposure, the fre-
quency of cells with genomic mutations increased
significantly. The level of aneuploid and polyploid
metaphases in animals of group V in comparison
with animals of group II, respectively, increased
in 1.94 (p <0.01) and 1.57 (p <0.05) times, and in
group VI in comparison with animals of group III
grown in 3.51 (p <0.001) and 2.55 (p <0.001) times,
respectively.

The spectrum of structural chromosomal abnor-
malities in animals exposed to prolonged exposure
to NDMA was represented by chromosome and
chromatid rearrangements, dotted fragments. Disor-
ders of the chromosome type were represented by
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paired end fragments and centric rings, and the chro-
matid type by single fragments and acentric rings.
In multi-aberrant cells, point fragments and single
discontinuities of chromatids were simultaneously
observed. The increase in the overall frequency of
chromosomal aberrations occurred mainly due to
chromatin-type disorders.

The revealed genotoxic effects of N-nitrosodi-
methylamine in mice are consistent with the results
of a number of studies conducted in vitro and in vivo.
It was found that NDMA induces mutations detected
in the Ames test, tests on the inclusion of gene and
chromosomal mutations, sister chromatid exchanges,
unplanned DNA synthesis, mutations of transgenic
rodents, micronucleus test on bone marrow cells and
peripheral reticulocytes of mammals line Hobbs,
2015, 172-181; Liviac, 2011: 613-618; National Tox-
icology..., 2018; Ooka, 2016: 1901-1907; Wagner,
2012: 109-115; Watanabe, 2001: 57-63).

A number of studies have shown that NDMA is
a promutagen and a pro-carcinogen, so it requires
metabolic activation. Metabolism of NDMA suggests
either a-hydroxylation or denitrogenation from ni-
trosamines. In both ways, as a result of cytochrome
CYP2EI, the same intermediate [CH,(CH,)NBN=0]
is formed. Subsequently, when the metabolism passes
through a-hydroxylation, hydroxymethylnitrosamine
[CH,(CH,OH)N-N=0] is formed, which decompos-
es into formaldehyde and monomethylnitrosamine
(CH,NHN=0). Monomethyl nitrosamine, due to its
instability, undergoes transformation into a strong-
ly methylated methyl diazonium ion (CH,H+=N),
which can alkylate biological macromolecules such
as DNA, RNA and proteins. It is believed that by the
o-hydroxylation the active metabolites responsible
for the genotoxicity and carcinogenicity of NDMA
are formed. Metabolic transformations of the inter-
mediate radical through denitrolylation lead to the
formation of methylamine (CH,NH,) and formalde-
hyde (Guidelines for..., 2011: 1-39).

N-Nitrosodimethylamine is a simple methylat-
ing agent of the SN, type, which requires the activa-
tion of the metabolism in order to generate its DNA-
active intermediate (probably the methyldiazonium
ion). The main enzyme for this biotransformation
is P4A50IIE1, which finds at the greatest activity in

the liver. The main adduct of DNA formed after the
action of N-nitrosodimethylamine is N’-methylgua-
nine (N’-MEG), accounting for approximately 70%
of the total amount of DNA methylation (Souliotis,
2002: 75-87). Given the high level of formation and
relatively slow repair, N’-MEG can accumulate in
DNA upon repeated exposure to methylating car-
cinogens, including NDMA.

Another DNA adduct generated by NDMA is
Of-methylguanine, which is formed about 10 times
less frequently than N’-MEG (Ooka, 2016: 1901-
1907; Souliotis, 2002: 75-87). This adduct plays
an important role in mutagenesis, carcinogenesis
and cytotoxicity of methylating agents of SN, type.
Apparently, the cytotoxicity of the methylating
agents is the result of the induction of disturbances
in the repair of replication errors, which leads
to multiple DNA ruptures and apoptosis. Other
DNA-induced adducts induced by NDMA are N°-
methyladenine (3% of all induced adducts), O*-
methyltimine (<0.1%), and a number of other minor
adducts (Souliotis, 2002: 75-87). N’-methylguanine
as aresult of depurination can lead to the replacement
of guanine by thymine, O%-methylguanine to replace
G: C by A: T pairs, O*-methyltimine to replace A: T
by G: C pairs (Abilev, 2015: 40-41).

Thus, N-nitrosodimethylamine at all doses and
exposure periods to mice produced a pronounced
mutagenic effect, manifested in a statistically
significant increase in the frequency of structural
and genomic mutations. With an increase in the
duration of exposure to xenobiotics in laboratory
mice, the level of induced mutagenesis increased.
The mutagenic effect of N-nitrosodimethylamine
on mice, established in our studies, may be due to
an increase in the level of active forms of oxygen
and the accumulation of lipid peroxidation products
in the tissues of the body. This leads, ultimately, to
methylation and/or oxidative degradation of DNA
and nitrogenous bases. Metabolic activation of
NDMA by CYP2E1, and hence further enhancement
of lipid peroxidation, also leads to methylation
and alkylation of DNA. Therefore, the possible
mechanisms of mutagenic and genotoxic action
of NDMA can be the enhancement of free-radical
processes and DNA methylation.
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OUEHKA 2O ®PEKTUBHOCTU BUOPEMEAMALIMU
MPEMAPATOM «<MHUKO-OUA» 3AMA3YYHEHHOTI O ITPYHTA
M HEOGTELUAAMA (B NMOAEBbBLIX YCAOBUAX)

Ha ceropHSWHWI AeHb 3arps3HeHne NpUPOAHON CpeAbl HePTbiO N HepTenpoayKTamm, a Tak>Ke
UX YTUAM3ALUMS SBASETCS OAHOM M3 CAOXHbBIX U MHOTFOMAQHOBbIX NMPOBAEM 3KOAOTMM U MpurobpeTaeTt
BCe GOAbLUYIO aKTyaAbHOCTb. B KasaxcTtaHe AOCTAaTOUHO TEPPUTOPMM C YPOBHEM 3arpsi3HEHUs rose-
PXHOCTHbIX CAOeB Mo4yB oT 30 A0 40 %. Kpome Toro, 3arpssHsitorcs 6oAee rAayboKme CAOM, Hanpu-
Mep, Ha MPUMOPCKOM PaBHUHE HedTb MPOHMKAET AO TAyOMHbI 45-50 cM. B 3Tmx ycAoBusx ocobyio
3HAUYMMOCTb MPUOBPETaeT BO3MOXKHOCTb MCMOAb30BaHUSI OGMOAOIMYECKMX METOAOB PEeKyAbTMBALIMK
HedTe3arpsi3HeHHbIX TeppuTopuin. Hanboaee nepcrnekTMBHbIM METOAOM OUMCTKM SBASIETCS KOMIAEKC-
HO€e MCMOAb30BaHME METOAQ BropemMeAamaLlMmM, BKAIOYAOLWME arpo- U MUKPOOMOAOrMYECKME NPUEMDI.
B AQHHOW CTaTbe NMPUBOASTCS PE3YyAbTaThl MCCAEAOBAHUS AEMCTBUS Guonpenapata «Muko-OmnA» Ha CHU-
JKEHWe OCTAaTOUYHOro CoAep>KaHMs HedhTENPOAYKTOB B 3aMa3yUYeHHOM FpyHTe 1 HeddTellAame NMOAMIoHa
AO «O3eHMyHaiiras» B MoAeBbIX MCCAEAOBaHUSX. MccaepoBaHme Gropemeamalimmn HedpTesarpsasHEHHON
nousbl npenapaTom «Munko-Ona» npoBeaeHo B TeueHre 30 cyTok. bbino onpeaeAeHO coaeprkaHme Tske-
AbIX METAAAOB U HE(DTENPOAYKTOB B MOYBE, @ TAKXKE YUMUTbIBAAM MPUXKMBAEMOCTb KAETOK LUTAMMOB-AECT-
PYKTOPOB B 3arpsi3HeHHOM nouse. AaHHble aHaAu3bl npoBeaeHbl B TOO PHIMLL «<Kazakoaormsy.

BbIAO yCTaHOBAEHO, UTO MOA BO3AEMCTBMEM TECTMPYEMOro rfperapaTta CTerneHb CHWXXEHWS KOH-
LeHTpaummn HedpTenpoaykToB AocTurAa oT 90 A0 93,4%, Npn MCXOAHOM COAEPXKaHWM HEePTIHbIX yrae-
BOAOPOAOB — 17347,3 MI/KI B MOYBE, YUMTbIBasl, YTO MCCAEAYEMbIE MOUBbI (3aMa3yuUeHHbIN FPYHT U Hed-
TelAaM) COAEP>KaT B OCHOBHOM MAOXO pa3Aaraemble TsokeAble dpakumm HedTu. AAS pacCMOTPeHMs
MexaHm3ma paboTbl TECTMpyeMoro nperiapara, 6biAa NPOBEAEHa IKCTPaKUMS HeTENPOAYKTOB M3 MCCAe-
AyeMbIX 00pa3LOB METOAOM MHDPAKPACHOM CNEKTPOCKONUM Mo nctedeHmnn 30 aAHen. [ocae npoBeaeHus
GMOAOIMYUECKON PEKYAbTMBALMM HeDTE3Arps3HEHHbIX 3EeMEAb OTMEYAAOCh M3MeHeHMe (PaKUMOHHOIO
cocTaBa HepTSHbIX YIAEBOAOPOAOB, LIBETA M 3araxa MoyBbl, YTO CBUAETEAbCTBYET O CMOCOOHOCTU AQHHO-
ro npenapara 3(PEeKTUBHO BAMSATb Ha BUOAECTPYKLMIO HEPTIHbIX 3arpsi3HEHUIA B 3aMa3yueHHOM rpyHTe
1 HebTelwname. B xoae paboTbl BbiAM MOAyUEHbI PE3YALTATbl, CBUAETEALCTBYIOLLME O TOM, YTO AASI HEMIT-
paAn3aumm HedpTesarpsi3HeHMI Pa3HOro XapakTepa HEOBXOAMMO BHECEHME MOMYASILIMK CreLmMdUUecKnX yr-
AEBOAOPOAOKMCASIOLLIMX MUKPOOPIraHM3MOB, BXOASLLMX B COCTaB npenapata «Muko-Oria», 1 NpoBeAeHne
MEPONPUSTUIA, HAMPABAEHHbIX Ha MHTEHCUUKALMIO MUKPOOMOAOTMUECKON AErpaAaLmMm: MOAAEP>KaHME
ONTMMaAbHOM BOAHO-BO3AYLLHOM 1 KNCAOTHOWM XapaKTEPUCTUK MOYB (PbIXAEHME, MOAMB), @ Tak)Ke BHECEHME
HEOBXOAMMOrO MUHEPAABHOIO MUTAHUS U MUKPOIAEMEHTOB B HedpTe3arpsi3HeHHbIe MOYBbI.

O606L11as pe3yAbTaTbl MCCAEAOBAHMIA, MOXXHO OTMETUTb, UTO npenapaT «Muko-OiA» nokasaa 1H-
TeHcMdUUMpYIoLLLEee AENCTBME Ha MPOLECChbl BUOAECTPYKUMN HEPTAHBIX 3arpS3HEHUIA B MOYBax MOAW-
roHa AO «O3eHMyHalras».

KatoueBble caroBa: 61opemeamaums, Gronpenapar, NOAUMIOH,AECTPYKLMS, TPYHT, HeDTeLAaM.
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Evaluation Of The Effectiveness of Bioremediation of Oil Contaminated
Soil and Sludge Using “Myco-Oil” Product (Under Field Conditions)

Nowadays, the place of one of the complex and multidimensional ecological problems is given to
pollution of the natural environment with petroleum and petroleum products as well as their utiliza-
tion which is becoming increasingly important. There is enough territory in Kazakhstan with a level of
contamination of surface layers of soils from 30 to 40 percent. In addition, deeper layers are polluted,
for example, in the coastal plain, petroleum penetrates to a depth of 45-50 cm. Under these conditions,
the possibility of using biological methods for recultivation of oil contaminated territories becomes par-
ticularly important. The most promising purification method is the complex use of the bioremediation
way, including agro- and microbiological methods. This manuscript shows the results of a study of the
effect of the “Myco-Oil” biological drug on the decrease of the residual content of petroleum products
in the smeared soil and the oil slime of JSC “Ozenmunaigas” polygon in field studies. The study of bio-
remediation of oil-contaminated soil with “Myco-Oil” was carried out for 30 days. The content of heavy
metals and petroleum products in the soil was determined, and the cell survival of destructive strains in
contaminated soil was counted. These data was analyzed in the LLP “Kazecology”.

It was found that under the influence of the testing drug, the degree of decrease in the concentration
of petroleum products estimated from 90 to 93.4%, with the initial content of petroleum hydrocarbons -
17347.3 mg/ kg in soil, considering that the investigated soils (oiled soil and oil sludge) contain mainly
badly decomposable heavy fractions.

To examine the mechanism of the testing drug, extraction of petroleum products from the samples
was carried out by infrared spectroscopy after 30 days. After the biological recultivation of petroleum
contaminated soil, a change in the fractional composition of petroleum hydrocarbons, the color and
smell of the soil was noted, which indicates the ability of this dug to effectively influence the biodegra-
dation of oil contamination in oiled soil and oil sludge. During the work, the results indicating that in
order to neutralize oil pollution of different nature, it is necessary to introduce a population of specific
hydrocarbon oxidizing microorganisms that are part of the “Myco-Oil” drug were obtained. Also, it is
necessary to carry out activities aimed at intensifying of microbiological degradation: maintaining opti-
mal water, air and acid characteristics of the soil (loosening, watering), as well as the introduction of the
necessary mineral nutrition of the microelements in oil contaminated soil.

So, summarizing the results of the research, it should be noted that the “Myco-Oil” showed an in-
tensifying effect on the processes of biodegradation of petroleum contamination in the soils of the JSC
“Ozenmunaigas” polygon.

Key words: bioremediation, bioproduct, landfill, degradation, soil, sludge.
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«Muko-OiiA» npenapaTbiIMeH Ma3yTreH AACTaHFaH TOMbIPAKTbl XXoHe
MYHa# LIAAMbIH (AQAAABIK, XKaFAaHAQ) GuopemeAmnalMsiaay TMIMAIAIriH 6aFaray
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ByriHri KyHi KoplaraH OopTaHblH MyHai >X8He MyHall eHIMAEpPIMEH AaCTaHybl, COHbIMEH KaTap
OAapPABI XKOI >KOAAAPbl 3KOAOTMS CaAaCbiHAQ KYPAEAI KeHe KercanaAbl MaCeAeHiH 6ipi GOAbIm
caHanaabl. KaszakcraHaa 30-40 % AeiiH MyHaliMeH AacTaHFaH OGeTki Tornbipak, KabarTapbl XeTKIiAIKTi.
CoHbIMeH KaTap, TepeH KabaTTapbl Aa AACTaHaAbl, MbICaAbI, Ka3bIKTbIK, TEHI3 XKaFraAayblHAQ MyHalMeH
AacTaHy 45-50 cMm TepeHaikke aeriH eHeai. OcblHAQM >KafFAaMAapAa €H MaHbI3AbICbI MyHAMMeH
AAQCTaHFaH TOMbIPAKTAPAbl KAAMbIHA KEATIpYyA€ OMOAOTUSIAbIK, SAICTEPAIH MYMKIHAIMH KOAAQHY.
TazapTyAbIH MepcneKkTMBTI Typi 6OAbIN TabblIAATbIH KELLEHAT TYPAE MaiAaAaHaTbIH arpo- XXKoHe MMUKPO-
OGMOAOTUSIAbIK, TOCIAAEPIH KAaMTUTbIH Bropemeamaums sAici. Ocbl Makarasa «O3eHmyHairas» AK-HbiH
AAAAABIK, >KafFaarAapaa «Muko-Oiia» GronpenapaTtbiHbiH 9CepiMEH Ma3yTTaAFaH TOMbIPAK, MNeH MyHarn
LWAQMAQPbIHAAFbI KAAABIK, MyHall ©HIMAEPIHIH MOALLepiH TOMEHAETYAE 3epTTey HOTMXKeAepi KeATi-
piareH. «Muko-Ona» npenapaTbIMEH MyHalMMEH AACTaHFaH TOMbIpakThl Guopemeamaumssay 30 Tay-
AIK iWiHAE XYpri3iaai. TonblpakTasbl ayblp METAAAAPAbIH XKOHEe MYHaMAbIH MOALLEpPi, COHbIMEH KaTap
AQCTAHFaH TOMbIPAKTaFbl LUITAMM-AECTPYKTOPAAPAbIH, KAETKA OMipLUEHAITT aHbIKTaAbIHABL. TaAaay >Ky-
MbicTapbl KLLIC PHINL, «Kazakoaorus» >kyprisiaai.

CblHaKTaH eTKi3iAeTiH acep eTywi npenapaT KeMeriMeH MyHal eHIMAEpPiHiIH KOHLLeHTpauusa AeH-
reni 90 %-aaH 93,4 % -fa AeiliH TOMEHAEreH, TOMbIpaKTarbl MyHan KeMipCcyTekTepiHiH GacTanksbl
MeALlepi — 17347,3 Mr/kr KypaAbl, 3epTTeyre aAblHFaH TOMbIPak, YATIAEPiHiH (MasyTTaAFaH rpyHT
>KOHE MYHai LIAAMAAPbIHAQ) KYPaMbIHAQ, HETi3iHEeH, Hallap bIAbIPAATbLIH ayblp dpakumsaAap Kesae-
CeAl.

[MpenapaTTbiH XYMbIC iCTey MEeXaHM3MiH KQpacTbIpy YiliH, 30 KYH apaAblFbiHAQ MH(PAKbI3bIA CNEKT-
pocKonus sAiCTepi apKblAbl 3ePTTEAETIH YATIAEPAEH MYHal OHIMAEPIHIH, 3KCTPAKUMSIChI KYPri3iAreH.
BroAOrMsIAbIK, pEKYABTUBALMS XKYPri3iATEHHEH KeliH MYHalMMeH AAQCTaHFaH YXePAEPAIH MyHal KemMipcy-
TeKTepiHiH (PpPaKUMSABIK, KypPamblHbIH XXOHEe TOrMbIPaKThIH TYCi MEeH MiCiHiH e3repicTepi 6eArianeHAal, OyA
npenapaTTbiH MyHAalMeH AaCTaHFaH Ma3yTTAAFaH FPYHT >K&He MyHaMlAAMAAPbIHbIH, BUOAECTPYKLIMS-
cbiHa 3(pPEKTUBTI KABIAETTIAINH KepCeTTi.

XKyMbIC 6apbICbIHAQ aAbIHFAH HOTUXEAEp MblHaFaH Heriz 60Aa araAbl, 8p TYpPAi cunaTTasbl
MYHalMeH AaCTaHfaH opTaHbl Ta3apTy YWiH «Mnko-OnA» npenapaTbiHbIH, KypaMblHa KipeTiH apHaribl
KOMIPCYTEriH TOTbIKTbIPYLLbl MUKPOOPTraHM3MAEPAIH MOMYAIUMSCHIH EHIi3y KaXXeT XXoHe MUKPOOM-
OAOTUSIABIK, ABrPAAALMSIChIHbIH, MHTEHCUMKALMSACbIHA BaFbITTaAFaH iC-LIapa >KYpPrisy yLUiH OHTanAbl
Cy-aya >8He KbIWKbIA TOMbIpak, (KOMCbITY, CyFapy) cMNaTTaMaAapblH CaKTay KepeK, COHbIMEH KaTap
MYHalMeH AaCTaHfaH TOMbIPAKTbl MMHEPAAAbBI KOPEKTEHAIPY YLLIH KaXXeTTi MUKPO3AEMEHTTEPAI eH-
risy Kepek.

3epTTey HeTMXeAepiH KOpbITbiIHAbIAAN, KeAe «Muko-Oina» npenapaTbl «©3eHMyHanras» AK no-
AMIOHbIHAQFbI MYHaIMEH AACTaHFaH TOMbIPAKTAPbIHAQ OGMOAECTPYKLMS YPAICTEPIHE KAPKbIHABI 9cep
ETEeTIHAIT KepCeTiAA|.

Ty#in ce3aep: Gropemeamnaums, Guonpenapar, MOAUIOH, bIABIPATY, FPYHT, MyHal LIAGMAAPBbI.

BBenenune

B yrtBepxaennoit VYkazom IlIpesunenta PK
Konnenuun «3eleHol SKOHOMHKH» OTMEJaeTCs
mpodieMa HCTOPHYECKUX 3arps3HEHHH, KOTOpHIC
aKTyajapHBl s Manreictayckoit obnmactu (Kow-
yenyusi IO COXPaHEHHUIO U YCTOHYMBOMY HCIIOJb-
30BaHUI0 OMOJIOTHYECKOTo pa3HooOpasusi Pecnyo-
auxu Kazaxcman mo 2030 roma. Acrana, 2015 ).
Kpome Toro, 3arpsi3HEHHE OKpYXaroLed cpeabl
He(ThIO U HEe(TEenpOAyKTaMH SIBISETCS I100aib-
Ho¥t mpobiemoii (Vogt and Richnow, 2014). o cre-
NICHW BPEIHOTO BIMSHHS Ha DKOCUCTEMBbI HE()Th U
HE(TENPOAYKTHl 3aHMMAIOT BTOPOE MECTO IIOCIHE
pamuoakTuBHOTO 3arps3uenns (Wang, 2011). Heco-
BEPIICHCTBO TEXHOJIOTHI JOOBIUH, TPAHCTIOPTHPOB-
KH, IepepabOTKH U XpaHEeHUsI HEPTH MTPUBOJIUT K €€
aBapUHHBIM pa3IuBaM, KOTOphIe JocTUTatoT 60 — 70
MJIH. TOHH B TOJl, 9YTO COCTaBIISIET 0KOJI0 2% o01ei
MHUPOBO# 100bIYH. Pa3nuBel HEPTH TPEACTABISIOT

CEphE3HYI0 OMACHOCTb KakK HJisl AKOCHUCTEM, TakK
u Ui 3m0poBbs denoBeka (Xue, 2015, Ekperusi
O.A., Aigbodion F.I.,, 2015; Amr H.G., 2016). Tak,
CaMOOYUIIIEHUE TI0YB IPH YPOBHE 3arps3HEHUs
HeThIO 5 T/KT muuTcs ot 2 o 30 meT, a B ceBep-
HBIX pernoHax — 1o 50 net. IlocnencrBust HePTA-
HBIX 3arps3HEHUH MOTYT OKa3blBaTh BIMSHUE Ha
MIPUPOHBIE HKOCUCTEMBI B TEUCHUE JACCATHIICTHIA U
naxxe croyietuit (O6opuH u np., 1988).

Haubonee OnmarompusiTHO BBINIAIAT OHOTEX-
HOJIOTHYECKUE METOMbI OYHCTKU 3arpsS3HECHHBIX
TEPPUTOPUI, OHM UMEIOT OTPOMHBIM MOTEHIIUAT U
KOHKYPEHTHBIE MTPEUMYIIECTBa, TIPEXk/Ie BCEro, BC-
JIEICTBHE DKOJOTHUYECKOW 0e30MacHOCTH M HU3KOM
croumoctu (Wang, 2011). 3a cuer BO3ACHCTBUS
MIPUPOJHBIX KOMIIOHEHTOB — MHKPOOPTaHU3MOB,
OOUTAIOIIMX B IOYBAX, MPOLECC OYMUCTKH IMPOXO-
JIUT MaKCUMaJIbHO MSITKO M HE WHBa3MBHO B OTHO-
IMeHnn O0BEKTOB OKpY’Karomie cpeapl. Beé ware
JUISL OYUCTKH TEPPUTOPUN M aKBAaTOpUH OT HedTH
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1 He(TENPOIYKTOB MCIIONB3YIOTCSl OHMOTpenapaThl,
KOTOPbIE COAEP’KaT IKU3HECIIOCOOHBIE  KIIETKU
HITAMMOB  yTJIEBOJOPOAOKUCIISIONINX MHKpPOOpra-
Hu3MoB (IInemrakosa E.B., 2005; Qingren W., 2011).
AHanu3 IUTEpaTyPHBIX AAHHBIX M MAaTEHTHBIN MO-
UCK CYIIECTBYIOIIMX OHONpEnaparoB Mmokasal, 4yTo
B psiZie CIIy4aeB UX HEIOCTATKAMHU SIBISIOTCS Y3KUN
muanasoH pH u remnepartyp, a Takke OTCYTCTBYIOT
JTAaHHBIE O CIIOCOOHOCTH MUKPOOPTaHU3MOB K JIECT-
PYKLHMH BBICOKMX KOHLEHTpauui HedTH u Hedren-
pomyktoB (Radwan S., 2008; Wilkinson S., 2002;
Fuentes S., 2014; J. Olsen, 1985).

Lenpro JaHHOM paOOTHI ABHIIIACH OlIeHKA I (ek-
TUBHOCTH ITPUMEHEHUS OHoTpenapaTa Juisi OUUCTKH
He(Te3arpsa3HeHHOro rpyHTa U HedrensiaMa nojim-
rona AO «O3eHMyHaiirasy.

MarepuaJjibl 1 METOIbI HCCJICT0OBAHUI

HcnpiTeiBasicss  OWoTpenapar, COCTOSITUN W3
coolmiecTBa  yIJIEBOAOPOJOKHCIAIONMX  MHUK-
POOPraHU3MOB, BBIACICHHBIX U3 XPOHUYECKU He]-
Te3arps3HeHHBIX MOYB AThIpayCKol 1 MaHTBICTayC-
KOH 00JacTei.

Ilumamenvrolie cpedvt:

B pabote ncnonp3oBany ciaenyromnue CTanaapT-
Hbl€ TUTATEJIbHBIE CpEIbl: MSCONETOHHBIN arap,
Cabypo (Herpycos A.U., 2005) u cpena S8E cie-
ayromero cocrasa: (NH,),HPO, — 0,5 r/n, KH,PO,
- 0,7 r/n, MgSO, x 7TH,0 — 0,8 /1, NaCl - 0,5 r/xn
(Unenuesa T.H., 2013).

st onipenenenust 3pGHEeKTUBHOCTH TEXHOIOTHH
PEKYNBTUBAIMK C HCIIOJIb30BaHHWEM OuorpenapaTa
0bU10 00YCTPOEHO 3 ONBITHBIX YYacTKa, SX5 METPOB
KaKAbIN. 13 HUX BBIAEICHO 2 3KCIIEPHUMEHTAIBHBIX
y4acTka U 1 KOHTPOJIbHBIH.

st onenku 3pHEeKTUBHOCTH TEXHOJIOTUH U OTI-
peneneHns CKOPOCTH Pa3JIoKEHUSI HeQTSIHbIX yIiie-
BOJIOPOZIOB OCYIIECTBIISICS 0TOOp MpoO rpyHTa Ha
0, 10, 20, 30 cyTKu UCIBITAHUI.

HedrenmpomyKkTsr onpenesuiuck GpryopoMeTpH-
YECKHMM METOJIOM B HCHBITATENbHOW J1abopaTopun
TOO PHIINL] «<KA32DKOJIOI'U».

KonmuecTBeHHOMY W KadeCTBEHHOMY aHaJH-
TUYECKOMY KOHTPOJIO TO/IBEPrajicsi IMOYBOTPYHT
Ha COAEP)KaHHE COJICH TSDKENIBIX METauIoB (LMHK,
Mezb, CBUHEI, MOJHOAEH, MapraHel, CTPOHIIU,
KaJMUH, Kee30).

TsoKkenble METaulbl  ONPEACISUINCH  CIIEKTPO-
METPUICCKAM METOJIOM aTOMHON abcopOmmu B mc-
neiTatenbHol Jadoparopun TOO PHITUL] «KA3D-
KOJIOT U ».

Bbuonpenapar BHocucs Ha 0, 10 u 20 cyTku uc-
MBITAaHUH B KosindecTBe 5 T Ha 1 Kr nouBorpyHTa. Ha

ISSN 1563-034X

MIPOTSKEHUH BCETO XOJ1a UCIIBITAHUH BCe 3 yJacTka
MOJIBEPTIMCH KOMIUIEKCY MEIHOPATUBHBIX MEPOTI-
pustuii. B Xome skcriepuMeHTa KOHTPOJIMPOBAJIH
MIPIKUBAEMOCTh KJIETOK IITaMMOB-JECTPYKTOPOB
B 3arps3HEHHOHN IOYBE, BBICEBAsi NIOUYBEHHYIO CyC-
MCH3HMI0 Ha TIOBEPXHOCTh MUTATEIILHON Cpeabl: Ms-
CO-TIENTOHHBIA arap u cycio-arap (Temmep E.3.,
[MunsuukoBa B.K., 2004).

OO0paboTka 3arpsi3HEHHBIX YYacTKOB IIPOBO-
IuIach pabouel CyclieH3Wel mpermapata C KOH-
neHTpanuei npemnapara 1r/mn. I[lpurorosnenne pado-
YEero pacTBOpa MPOU3BOIUTCS METOIOM aKTHUBAIUH
npernapara B pacTBOpe MUHEpaibHbIX cojei. Jlis
NPUTOTOBJICHUE PACTBOPAa MUHEPAIBHBIX COJICH HC-
MOJIB3yeTCsl BOAA W3 €CTECTBEHHBIX BOAOEMOB. B
eMKOCTh pabounm oobemom 100 11, 00opymoBaHHYO
Memankod win (Jeiika oobemom 20 1), BHOCAT
100 1 Tertoi Boabl M JOOABIAIOT | KI' THAMMOHUNA
dochara mo TY 113-08-556-84 wmu 1,5 kT ammo-
¢doca. Ilocne BHeceHMs BceX cojeld B E€MKOCTH
MIPOU3BOIUTCS] MTHTEHCHBHOE ITEPEMEITBAHIE PACT-
BOpa JI0 MOJTHOTO PACTBOPEHHSI KOMIIOHEHTOB. 3aTeM
YacTh PacTBOpa CMEIIMBAIOT ¢ OWoIpenapaToM B
KOJIMYECTBE, 3aBHUCAIIEM OT HHTEHCUBHOCTH 3arpsi3-
HeHHs1 Tepputopuu. [IpeaBapurenbHO mpenapar
pacTtupaeTcsi B eMKOCTH C paHee MPUTOTOBICHHBIM
pacTBOpoM coJieil 70 KameoOpa3HOTO COCTOSHUS,
a 3aTeM BBUIMBACTCS B EMKOCTh C TEM K€ COJICBBIM
pactBopoMm. Ilocne BHeceHHsI Bcero Tpedyemoro
KOJIMUECTBA TIperapara IMPOU3BOANTCS WHTEHCHB-
HOE TepeMEeNIMBaHNe BCET0 pacTBOpa B €MKOCTH,
JKENaTeIbHO C adpaluell pacTBOpa B MaAAOLICH CT-
pye WIn APYTHUM CTIOCOOOM B T€UEHHE HE MeHee 3 U
He Oosiee 2-3 yacos. [Ipu 3ToM Jyuiiie Bcero moj-
JiepKuBaTh Temreparypy B npenenax 15-40 °C qus
aKTUBAIMH KJIIETOK MUKPOOPTaHU3MOB, BXO/IAIINX B
cocraB Ononpenapara. [locne akTUBalUU CyCIeH-
315 TOTOBA K YIIOTPEOJICHHUIO.

PeSyJ'ILTaTI)I u oﬁcymﬂeﬂne

Hexotopsie uccienoBareny HaOIOMAIN YBEIH-
YCHUE YHCICHHOCTH MUKPOOHOM MOMYNSLUKN TMOC-
ne BHecenus Hedru nouse (Delille, 2007; Natsuko
Hamamura, 2006; Chioma Blaise Chikere, 2011;
Raed S. 2014). Kpome Toro, BO MHOTHX paboTax OT-
MEUEHO TPU MPOBEJCHUH TOJIEBOIO IKCIEPUMEHTA
Ha TI04Be (B JICTHUN CE30H, HIOHB-aBTyCT) TIOJ] BITHSI-
HUEM YIJICBOIOPOAOB PE3KO YMEHbBIIHMIACh OOIIast
YHCICHHOCTh MHKPOOPTraHu3MoB. Yepe3 Mecsil
YHCIICHHOCTh PA3IMYHBIX TPYIIT MUKPOOPTaHHU3MOB
Hayana npuOIMKaThCsl K UCXOIHOMY ypoBHIO. Mc-
XOJIHAsI YUCICHHOCTD JIECTPYKTOPOB YIICBOIOPOIOB
obua 2,2x10° KOE/T mouBsl. 3HAYUTEIBHOE YBEITH-
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YeHUE UX TOMYJSIIUK HAaOMIoAa M mocie 3 MecsieB
3arpsizHenust (UyryHoB u np., 2000).

[IpoObl HedTe3arpsi3HEHHOTO TpyHTa U Hed-
Tenuiama ObmM B3AThI ¢ nonmrona AO «O3ses-
MyHaiTaz». Conepxanre HePTIHBIX YIIIEBOAOPOIOB
B mpobax ObUIM ONpeAeTieHbl TPAaBUMETPUUCCKHM
MeTonoM. B pesynerare 1a00paTOpHOrO aHanM3a
po6 OBUTO YCTAaHOBJIEHO NIEPBOHAYAIBHOE COIepIKa-
HUE HE(TIHBIX YIIIEBOAOPOAOB B He(TelIIaMe, YTO
coctaBwio 230 r/kr. Ilpum npoBenennu BbIceBa Ha
cpeny SE TOSBHINCH €IWHWYHBIE KOJIOHWHA MHK-
poopranu3moB (pucyHok 1). B mpo6ax 3ama3y4eHHO-
r'0 TPyHTa COACP)KaHUE YIJICBOIOPOIOB COCTABIIIIO
o1 40 r/kr 10 152 r/xr nouss! Ha cpejie 8E naOmonanu
OOMJIbHOE Pa3BUTHE PE3UCTEHTHBIX K BBICOKUM KOH-
LEHTPALMsAM 3arps3HUTENS  Pa3IUYHbIE KOJIOHHH

MHUKpPOOpPraHu3MoB. Taroke, 3arpsisHEHHE 3amasy-
YEHHOTO TPyHTa B HU3KOH /103€ HE BBHI3BAIO JOCTO-
BEPHBIX M3MEHEHH B YHCIEHHOCTH CarnpoTPOQHBIX
Oaxrepuit Ha MITA. Beicokasi KOHIIGHTpAIUs YIJIeBO-
JIOpOZIOB B Mpo0ax 3aMa3ydeHHOrO I'PyHTa BbI3Bala
3HAUUTENBHOE CHIDKEHUE YMCICHHOCTH CanpoTpod-
HBIX OaKTepWil. HU3KYIO0 YHCICHHOCTH CarpoTpod-
HBIX OaKTepuil HaOIOMAIN U B HeTelIame.

B MozaenbHBIX MccaeqoBaHUIX B MPodax ¢ MU-
HUMaJILHOM 10301 3arpsi3HEHUsI IpernapaT He 0Ka3all
3aMETHOTO BIIMSIHUSI HA COJICP)KaHHE YIIEBOAOPO-
noB. [Ipu BBICOKOH CTETEHH 3arps3HEHHs penapar
okazaics Oojee 3(h(hEeKTUBHBIM, YCKOPSS IMPOIECC
ountieHusi Ha 30-50% 1o cpaBHEHHIO C MPOOaMU
3aMa3y4eHHOro TpyHTa M Hedrenutama Oe3 OakTe-

pHAITBHOTO Mpernapara.

e

Pucynok 1 — Mukpoopranusmsl, BeIICIEHHBIE U3 He()TeIIaMa U 3aMa3ydeHHOTo TpyHTa Ha cpene 8E

OMNBITHO-ITPOMBILUICHHBIE HCTIBITaHUS (dek-
TUBHOCTH OHONpenapaTa IPOBEIN Ha IOJIUTOHE
HedTeconepKalUX OTXOAOB, PACIOI0KEHHOM

Ha Teppuropun AO «O3emmyHairas» (puUCyHOK
2). Ilomuron mpemHa3HA4YeH IS CKIATUPOBAHUS,
XPaHEHUS M yTHIIU3ALUN OTXOAO0B.

Pucynok 2 — [1onurod 1 nuraMOHAKOIUTEIb
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PacturenbHOCTh  CKyAHas, MpeACTaBIICHA
MPYTHSIKOBO-TIOJBIHHBIMH ~ aCCOIMAITUSIMH, BCT-
pedaercs TOJBIHB cepas, MOJBIHOK, OUIOPTYH U
KUTHSAK. KinuMaT yMepeHHO-3aCyllTuBbIN, BETEp
ceBepo-3amaaHbIi, CKOpocTh BeTpa 0,5 M/c, TeM-

nepatypa Bozayxa B mepuoj mposemenuss OITN
6buta okoo 29 °C — 38 °C. PaBHMHHAs TTOBEPX-
HOCTh KOYKOBasi C HOpaMu 3emiiepoeB. [pamy-
JOMETPUYECKUN COCTaB TIOYBBI HA TIOJIMTOHE
MpencTaBicH B Tadmuie 1.

Taéauna 1 — I'panynoMeTpruyueckuii cocTa OYBbI Ha MOJIUTOHE (B % Ha aOCOIOTHO CYXYIO TIO4BY)

Pasmepsr Qpaxunii, Mm
['my6uHa, Bonpre 3 3.1
o " 1-0,25 | 0,25-0,05 | 0,05-0,01 | 0,01-0,005 | 0,005-0,001 | McHbme | cymma
9 9 9’ b b 9’ 9’ 9 9 0,001 < 0’01
0-10 48 6.2 14,1 26,9 242 10,5 8.3 9.8 286
10-30 48 6,1 15,4 25,7 223 9,0 12,6 8,9 30,5

st onipenenenust 23pGEKTUBHOCTH TEXHOIOTHI
PEKyJIBTUBAIIMM C UCIIONB30BaHUEM OHOTpenapara
0bUI0 00YCTPOEHO 3 OIBITHBIX y4acTka, 5X5 MeT-
pOB Kaknprid. M3 HUX OBIIO 0TOOpaHO 2 IKCIEpH-
MEHTAIBHBIX Y4aCTKa U | KOHTPOJIBHBIM.

WcxomHoe conmepkaHue HEPTSIHBIX —YIJIEBO-
JIOPOZIOB B TIEPBOM OIKCIEPUMEHTAIFHOM Yy4YacTKe
cocraBmiio 17 347,3 mr/kr (tabnuua 2). CaMbie BbI-
COKHE TEeMITbI pa3IoKeHUs1 He(hTSIHOTO 3arps3HeHNUs
MIPUXOAATCA Ha Hadano dKcmepuMeHTa. M3 momy-
YCHHBIX PE3yJIbTaTOB HCCIENOBaHUI OBLIO 3aMeT-
HO, YTO YMEHBIIICHWE KOHIIEHTPAIMUu HEPTSIHBIX
YIJIEBOIOPOIOB MTPOUCXOAMUT MOCTENEHHO (Tabmuma
2). 3a nepBeie 10 cyTok oTMeuaeTcs morpedieHne
55,3% 3arps3HSIOMNAX BEMIECTB. DTO OOBACHSET-
Csl CHHEPreTH4ecKuM 3(PQPEKTOM OT BO3JIEHCTBUS
Ouomnpenapara Ha 3arps3HEHHYIO [TOYBY C BBICOKOH
AKTUBHOCTBIO YIJICBOAOPOAOKUCIISIFOIIEH MUKPO]-
JIOPHI U CO3JaHUEM YCIOBUH ISl €T0 OJarompHsIT-
HOW PabOTBl MyTEeM HENPEPHIBHOIO OOecreyeHus
KOMITIEKCa MEIMOPATHBHBIX MEPOTPUATHI: PBIX-
JICHHE TTIOYBBI, BHECEHUE MUHEPAIIbHBIX YIOOpEHUiA,
MOAJICPKAHNE ONTUMAILHON BIQXKHOCTH.

N3BecTtHO, YTO JeTKHE (pakuu 00JagaroT
HanOOJbIIEH TOKCHYHOCTBIO 10 OTHOIICHHIO K KH-
BeIM opranm3mam (Van Hamme, 2003; Fuentes,
2014), HO BIUSHWE WX MOCTATOYHO KPaTKOBPEMEH-
HO BCIIE/ICTBHE OBICTPOTO MCTIapeHusi, Onoaerpaa-
uH, paccenBanus. Tshkenble Gpakuuu MEeHee TOK-
CHUYHBI, HO OHH 3HAYWTENBHO YXY/IIAIOT CBOICTBA
MOYB, 3aTPYIHSSI BOAO- M Ta3000MeH. DTH KOMIIO-
HEHTHl OYEHb YCTOWYHMBBI M MOTYT COXPaHSTHCS B
3emMJIe MPOJOKUTENbHOE BpeMs. Hanbomnee onacHa
rpynna ITAY, sBrngiomuxcs HpoayKTaMH HEmod-
HOTO CTOpaHHsI MCKOMAeMOro TOIIMBA W OpraHH-
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yeckux BemecTtB ([lukoBckuit u ap., 2003). Ilo
JAaHHBIM (DPAKIIMOHHOTO aHalu3a, MUKPOOpPTaHM3-
MBI TIperniapara «MHUKO-0MI» CIIOCOOHBI K JeCT-
PYKUMHU pa3HbIX (pakuuii HEPTH, YTO, BOZMOXKHO,
u o0ecreunmsio MaKCUMalbHYI0 yObUTh He(TH B
nmanHoM dkcriepumente 59% (Myxkawesa T.[1. 2013;
Mikolasch Annett, T. Mukasheva, 2016; bep:xanoBa
PK., Mykamesa T./[., 2017).

B mepuox ¢ 10 mo 20 CyTKHM aKTUBHOCTH MHK-
pOOpPraHU3MOB BBIXOJUT HA IJIATO W aKTHBHU3U-
pyeTcss BHOBb C BHECEHHEM TIOCIENHEH MapTHH
ouomnpenapara Ha 20 cyTku. HeBbicokasi cTemeHb
YCBOGHHS YIJIEBOJOPOIOB OOBSICHACTCS HCTOILE-
HUEM MHHEPAIbHBIX KOMIIOHEHTOB, HEOOXOIMMBIX
JUTSL TIOJJICPKaHUS JKU3HENIESITETTbHOCTH M BBICOKOH
MeTabOINYECKON aKTUBHOCTH MHUKPOOPTaHU3MOB.
Tlociie BHeceHMsT O4YepeHOW J03bl MHHEPAIbHBIX
yAOOpEeHUH BMECTE C TMpernapaTtoM OKUCIUTEIbHAs
AKTUBHOCTH IITAMMOB B0300HOBIsieTcs. [1o naHHBIM
JTUTEpaTyphl yCTAaHOBJICHO, UTO JECTPYKIUSI HEPTH B
OKpY’Karollei cpelie — MHOTO(haKTOPHBIN MPOIIECC,
clieyeT MPUHUMATh BO BHUMAaHUE, YTO Ha 3TOT IPO-
[[ECC MPHU WHTPOMYKIIUH IITAMMOB-IECTPYKTOPOB B
3arpsi3HEHHBIE 00BEKTHI OKA3BIBAIOT BIMSHUE MHO-
rounciennbie ¢paktopsl (Vinas M., Grifoll M., 2002;
Leahy J.G., Colwell R.R. 1990; Liu W, Luo Y, Teng
Y, 2010; Sarkar D. et al., 2005).

Crenenp moTpeOneHust HePTIHBIX OTXOJOB Ha
nepBoM yuactke cocraBuia 90,2%. Octarounoe
KOJIMYECTBO HE MOABEPTIICHCS NeCTPYKUUU He(TH
coctaBwio 1 695,3 mr Ha 1 Kr mouBbl. DKCTpANo-
nsiiust 30-THEBHBIX PE3YJbTAaTOB MCIBITAHUH T103-
BOJISIET pAaCCUMTATh C BBICOKOH A0l BEPOSITHOCTH
CPOK TIOJTHOTO MOTpeOiaeHusT He(TIHBIX YIIIEBOJIO-
pomoB. TIporHozupyercs, 4To MPH TEKYIIUX YCIIO-
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BUSX U COONIONCHUSI TEXHOJOTUU PEKYIbTUBAINH,
MOJTHOE OYHINEHHUE OIMBITHOTO YYaCTKA JI0 3HAUCHHUN
IJK natmonaercs Ha 30 cytku (I[Tuxosckuii FO.U.,
2003).

AHanornyHas KapTHHa HaOIOmaeTcs Ha BTO-
POM SKCIIEPUMEHTAILHOM y4yacTke, 00padOTaHHBIM
ounonpenaparom. C TeM JIHIIb OTIIMYUEM, YTO CPE/I-
HEe HCXOIHOE COJepKaHHe He(TIHBIX YIIIEBOIO-
pOIOB OBLIO oOmpeneieHo Ha ypoBHe 16 714,9 mr/
KI. XapakTep moTpeOlieHHs MONTHOCTBIO COOTBETC-
TBYET WHTCHCUBHOCTH JECTPYKIIMH, MPOTEKABIICH
Ha MEPBOM ydYacTke. B KoIM4ecTBEHHOM BBIpaye-
HUM moTpebrieHre B mepBbie 10 CyTOK cOCTaBH-
1o 57,1%. Ha 20 cyTku KONWYECTBO HEYTHIHM3H-
poBanHO# HedTu coctaBwio 5 750,2 MI/Kr MOYBBI.

A Ha 30 cyTKM OCTaTO4YHOE KOJMYECTBO HE(MTIHBIX
YIJICBOOPOIOB paBHIOCH 1 105,5 MI/KT TIOYBEI 1
npubnusminock kK 3HaueHuro [1JIK. Ilpu stom yTH-
Ju3auuu  noasepriock 93,4% copepkamuxcs B
ouBe HEDTIHBIX YITIEBOAOPONOB. U3 pe3yasTaToB
MOJTyYEHHBIX IKCIIEPUMEHTOB MOXHO CKa3aTh, YTO
OCHTOHHT O0ecTieYrBaeT OJHOBPEMEHHO COPOINIO
HEQTSHBIX YIIIEBOJAOPOJOB H SIBISICTCS HOCHTEIEM
He(TeyCBaMBAIOMINX KYJIBTYP MHKPOOPTaHHU3MOB,
00eCneunBaloNX BBICOKYIO AECTPYKIMIO HedTn
(Tabnuua 2). [To cpeaHel CKOPOCTH JASCTPYKIIUH Ha
IBYX OKCIIEPUMEHTAIBHBIX YYacTKax HaOonanu
MIPaKTHYECKH PABHYIO Pe3yIbTaTUBHOCTE: 521,7 mr/
KT B JIEHb JUIs MIepBOro yyactka u 520,3 Mr/Kr/aeHn
JUTsl BTOPOTO.

Taﬁ.lmua 2 - I[I/IHaMI/IKa HU3MCHCHUS KOHLUCHTpaunu HGQ)TSIHBIX YIIIEBOAOPOAOB B IMOYBE SKCIIEPUMEHTAJIBHBIX YHaCTKOB

CreneHb JecTpyk- ~
06pa36LIBI Conep:xanue HEQTIHBIX YIIIEBOIOPOIOB B IOYBE, MI/KT i, % (T:f;i[:::; ;;L(:E;(;
po
0 cyTku 10-¢ cyTkn 20-¢ cyTKn 30-e cyTkH Ha 30-e cyTKH ACHB
Vyacrok | 173473 7761,0 6244,1 1695,3 90,2 521,7
Vuactok 2 16714,9 7163,5 5750,2 1105,5 93,4 520,3
VYyactok 3
17935,9 14657,1 12157,2 11697,3 34,8 207,9
(KOHTPOJIB)

K 30-p1m cyTkam mocie OnopeMemuarinoOHHBIX
MEPOIPHUATUH OTMEUAIIOCh M3MEHEHUE (PPaKIIMOH-
HOTO CcOCTaBa HE(TIHBIX YIIEBOJOPOJOB, IBETA U
3araxa Io4Bbl, YTO CBHJICTEIICTBYET O CIIOCOOHOC-
TH JIaHHBIX IPEIapaToB M3MEHATh Ka4eCTBCHHBIC
XapaKTEPUCTUKHU 3arPS3HEHHBIX TI0YB.

[Ton nefictBuem OuompenapaTa HW3MEHSETCS
KOJIMYECTBEHHBI W KAa4YeCTBEHHBIH COCTaB Hed-
TSHBIX YIJIEBOAOPOAOB. B CBS3M € 3THM METOIOM
WH(PpaKpacHOU CHEKTPOCKONUU ObUIA MPOBEICHBI
HCCIICZIOBaHUS TPYIIIIOBOTO COCTaBa HE(MTIHBIX YT-
JIEBOZIOPOAOB (PUCYHOK 3).
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Pucynok 3 — CrekrpanbHblii ananu3 GpakiuoHHOro cocrasa Hedtu Ha 30 cyTKH

CriekTpanbHbBIi aHAIU3 II0Kas3aj, 4TO IPOHC-
XOISIT 3HAYUTENbHBICE W3MECHEHHs (PpaKIMOHHOTO
cocraBa HedTH Ha 30 CyTKHM KynbTHBHpOBaHusi. Ha
KOHTPOJIBHOM Y4acTKe TaKKe MPOBOJMIIN KOMIUIEKC
arpoMeJIMOPAaTUBHBIX MEPONPUATHI Kak BCHallka
u nonuB. B uaTepBane ¢ 20 mo 30 cytku morped-
JIEHHE YIIIeBOLOPOAOB IIPAKTUYECKH OCTAHOBUIIOCH
u cocraBuio 3,8%. CymmapHast cTeneHb AeCTPYK-
[IMY Ha KOHTPOJILHOM y4acTke cocTaBuia 34,8 % co
cpemHert ckopocThio 207,9 MI/KT B A€HB (TabmuIa 2).

OOHOBPEMEHHO C OIpe/eeHUEM COJepKaHus
YIJIEBOJIOPOJOB Ha HKCIEPUMEHTAIBHBIX ydacTKax
OblTa TIpOBeIcHA paboTa Mo KaYeCTBEHHOMY U KO-

JUYECTBEHHOMY aHallM3y Ha CO/EepXKaHUe psaa
Tsokenpix MeTauioB Ha O u 30 cyTtku. lanHomy
aHaIKM3y TMOABEPTIIMCH MPOOBI TPEX y4acTKoB. Pe-
3yIBTATHI OMPEACTICHHSI TSHKEIBIX METAJUIOB B TI0Y-
BE DKCIIEPUMCEHTAIbHBIX YYaCTKOB MPHUBEICHBI B
Tabimne 3.

W3 tabnubl 3 BHIHO, YTO COJIEPIKAHUE TSDKE-
JIBIX METAJUIOB B 3KCIIEPHMEHTAIBHBIX y4acTKax He
MeHsieTcs ¢ TeueHueM BpeMeHu. [Ipepbimenue [TJIK
oTMedaercst JUIsl IMHKA W cBHHIA. KOHIEeHTpanus
OCTAJILHBIX DIIEMEHTOB JICKUT JHOO0 B JIOMYCTHMBIX
npenenax IIJK, mbo ompenemsiercss (GpOHOBBEIMHU
3HAYCHUSIMH ISl TAHHOW MECTHOCTH.

Ta6auua 3 — ConeprxaHue TSHKEIBIX METAIJIOB B TIOYBE IKCIIEPUMEHTAIIbHBIX YUaCTKOB

Conepxanue, MIr/Kr
Ne INoka3zarens VYuacrok 1 VYuacrtok 2 Vuacrok 3 HZ[BI:; /f()FI[K’
0-e cyTku 30-e cyTkH 0-e cyTkn 30-e cyTkHn 0-e cyTkn

1 | unk 21,0 20,0 19,85 20,0 20,0 23,0
2 |Menp 7,85 20,0 10,0 20,0 10,25 3,0
3 | Cunern 9,95 10,0 10,09 10,0 10,0 32
4 | Monubzen 2,0 2,0 2,13 2,0 1,98 ¢don
5 | Mapraszern 198,0 500,0 300,16 500,0 150,0 1500
6 | Crponumit 997,89 800,0 800,24 600,0 602,34 ¢don
7 | Kagmnit <2,0 <2,0 <2,0 <2,0 <2,0 1,0
8 | Kenezo 15500,0 2,5 18812,3 15000,0 19756,2 ¢don
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Taxum 00pa3oMm, IO pe3ynbTaTaM MPOBEIECHHBIX
UCHBITAHUI MOXKHO CIEJaTh BbIBOA 00 yCIIEIIHOC-
TH TEXHOJOTMH OHOpEKYIbTUBAIMH He(Te3arpsis-
HEHHBIX YYacTKOB TNOYBbI Ha Tepputopun AO
«O3enMyHaiirasy. bronpemapat mokasan cBO d¢-
(EeKTHBHOCTD U CIIOCOOHOCTH K BBICOKOH JECTPYK-
TUBHOH aKTUBHOCTH B OTHOLLICHUU HE(TIHBIX yIye-
BOJOPOZIOB HAa JAHHOM MECTOPOXKAECHUHU U MOXKET C
YCIIEXOM TPUMEHSITHCSA JUISi PEKYIBTHBALUN O0Jb-
LIIMX TEPPUTOPHH U 00BEMOB HeTecomepKamux
orxoz10B. llITaMMBbI yII1€BOAOPOIOKHUCIISIFOLIMX MUK-
POOPraHnU3MOB JIEMOHCTPUPYIOT BBICOKYIO CIICLH-
(hmyHOCTH K CyOCTpaTy M CIIOCOOHBI yCBaWBAaTh 0
90% wmaccoBoro comepykaHusi HE(TEPOAYKTOB 3a
30-1HEBHBIN cpok. bosbIloe 3HaueHUE UMEET Tep-
BUYHAs! KOHLIEHTPALMs HEPTSHBIX YIJICBOAOPOAOB B
3arpsi3HEHHOM I'PYHTE WK HedTenuiame.

B xo71e nmpoBeieHHBIX SKCIIEPUMEHTOB YCTaHOB-
JIeHO, 9TO JuIs 3((HEKTUBHOTO yHalieH!Us] HEPTIHOTO

3arpsi3HEHHS B IIPOIECCE PEKYIBTHBAIINN MOXKET UC-
TI0JTB30BATHCS OMOTIPENIapaT COBMECTHO C BHECEHUEM
MUHEPAJIbHBIX YIOOPEHUI U MPUMEHEHUEM arpo-
MEJIHOPATUBHBIX MEPOIPHUITHH, 00eCIIeUnBarOIINX
JIOCTaTOYHBIN YPOBCHb ad’pallid M YBIAXKHCHHS
[OYBBI B TEYCHUE HECKOJIBKHX BEr€TAI[MOHHBIX CE-
30HOB B 3aBUCHMOCTH OT TI€PBOHAYAIHHOTO YPOBHSA
3arpsi3HeHust. [10 MoyydeHHBIM TaHHBIM HCCIICI0BA-
HUH 0YUCTKA HePTe3arpsI3HEHHBIX TIOYB 32 OJIUH I10-
JIEBOI CE30H Aaiia Xxopommid 3G dexT ynanenus Hed-
TETPOIYKTOB B cpearem 10 91,8%.

Pabora BhIMONHEHA B pamMKax peaju3aliu
mpoekta «CTHMyIHMpOBaHWE TPOAYKTUBHBIX WH-
HoBarmii» o Ilporpamme rpantoB mius 'CHC u
I'MHC, mnonmpoexra: «APP-SSG-16-0555 WH-
HOBAIMOHHBIM Owompemapatr “Muxo-Oin”  mis
OYHUCTKH TIOYBBI U BOJIbI OT HE(PTSIHBIX 3arpsiI3HCHHUIA
1 arpo-MUKPOOHOIOTHUYECKast TEXHOJIOTHUS €TO MPH-
MEHEHHS.
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TAKCOHOMWMYECKASA CTPYKTYPA MUKPOMMUETHDbIX
COOBLUECTB MNMOY4B INOA NNOCEBAMUA
CEAbCKOXO3ANCTBEHHbIX KYAbTYP

B cTatbe npeacTaBAeHbl AQHHbIE O TAKCOHOMUYECKOM COCTaBE MUKPOMMLIETOB B MOYBAX arpoLLeHo-
30B 7 KOPMOBbBIX M 3€PHOBbIX KYALTYP (COM, IUMEHS, AIOLLePHbI, parica, capAaopa, AOHHMKA M 3crapLeTa),
a TaKkXKe AaHa XapakTepucTrKa CTPYKTYPbl MUKPOMULETHBIX COOOLLLECTB.

MaeHTUDMKALMIO MUKPOMMLIETOB BbIMOAHSIAM KAQCCUUYECKUMM MUKPOBUOAOTMYECKMMI METOAAMM
MO COBOKYMHOCTM MOPOAOrMUYECKMX MPUM3HAKOB M KYAbTYpaAbHO-(pU3MoAOrMyeckmx csoncTs. Cr-
PYKTYPY MMKPOMMLIETHbIX COOOLLECTB OLEHUBAAWM MO OTHOCUTEABHOMY OOMAMIO M MPOCTPAHCTBEHHOM
YacToTe BCTPEYAEMOCTH NMPEACTABUTEAEN PAa3AMUHbBIX POAOB.

OcHoBHble pe3yAbTaTbl. MuLEAMaAbHbIE TPUObI, M30AMPOBAHHbIE M3 MCCAEAOBAHHbIX MOYB, OTHe-
ceHbl K 8 poaam: Mucor, Aspergillus, Penicillium, Fusarium, Cladosporium, Trichoderma, Metarhizium
n Beauveria. ApoxokeBble orpaHmM3mbl npeaAcTaBAeHbl poaamu Aureobasidium, Rhodotorula, Metsch-
nikowia, Lipomyces, Candida, Saccharomyces n Cryptococcus. ouBbl Moa nocesamm arpoKyAbTYp
MO CPaBHEHUIO C LIEAMHHbIMW XapakTepr30BaAUCh MEHbLLIMM POAOBbIM padHoobpasmem. OCHOBHbIMM
KOMIMOHEHTaMM COOOLECTB rpnboB SIBASIAMCH pasAmyHble BUAbI poAoB Penicillium, Aspergillus n Fusa-
rium. Ha AOAI0 KQXXAOro M3 AQHHbIX POAOB MPUXOAMAOCH OT 13,2 A0 28,8%, YyacToTa BCTpeYaeMoCTun
coctaBuaa oT 67 A0 100%. Cpear APOXKKE KaK Mo OTHOCUTEAbHOMY 0OMAMIO, TaK M MO YacToOTe BCT-
peyaemocTy npeobrasasm npeactaBuTean poaos Aureobasidium, Rhodotorula n Metschnikowia.

KAtoueBble cAOBa: MOYBEHHbIE MUKPOMMLETbI, TAKCOHbI, CTPYKTYypa COOOLLECTB, arpoLLeHO3.
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The taxonomical structure of micromycetes communities of soils planted with agricultural crops

The paper presents data on the taxonomic composition of micromycetes in soils of agrocenoses of 7
fodder and grain crops (soybean, barley, lucerne, rape, safflower, sweet clover and sainfoin). The struc-
ture of micromycete communities is given.

The identification of micromycetes was performed by classical microbiological methods based on
morphological features and cultural and physiological properties. The structure of micromycete com-
munities was estimated by the relative frequency and spatial frequency of occurrence of representatives
of different genera.

Main results. The filamentous fungi isolated from the investigated soils belong to the eight genera:
Mucor, Aspergillus, Penicillium, Fusarium, Cladosporium, Trichoderma, Metarhizium, Beauveria. Yeast
organisms are represented by the genera Aureobasidium, Rhodotorula, Metschnikowia, Lipomyces, Can-
dida, Saccharomyces, and Cryptococcus. Soils under agricultural crops were characterized by a smaller
generic variety compared to virgin. The main components of the fungal communities were various spe-
cies of genera Penicillium, Aspergillus, Fusarium. The share of each of these genera accounted for from

© 2018 Al-Farabi Kazakh National University



Bpaxuuxosa E.B. u np.

13.2 to 28.8%, the frequency of occurrence was from 67 to 100%. Representatives of the genera Aureo-
basidium, Rhodotorula and Metschnikowia prevailed among the yeasts in both relative frequency and
frequency of occurrence.

Key words: soil micromycetes, taxa, structure of communities, agrocenosis.
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AYbl/\ LiapyallublAbIfbl AAKbIAAQPDbI eriAreH TONbIPAKTbIH,
MMKpOMMU,ETTiK KaybIMAQCTbIFbl TAKCOHOMMUKAADIK KYPbIAbIMbI

Makanaaa 7 acTblK >KaHe >Kem-lien Aakblapap (cod, apna, AtouepHa, panc, cadAopa, TOTTi XKo-
HbIIKA >KOHE CaMH(MWH) arpoxeHO3blHbIH, TOMblipaKTapbiHAA MUKPOMMLETTEPAIH TaKCOHOMMKAAbIK,
Kypambl TYpaAbl MOAIMETTEP KEATIpiAreH. MUKPOMMLIETUKAADBIK, KAybIMAACTBIKTAPAbIH KYPbIAbIMbI
cunarTamachl 6epiAreH.

MukpommLuEeTTepi COMKECTEHAIPY MOPQOAOTUSALIK, epeKlIeAiKTepre »KeHe KYAbTYPaAAbIK-pU3n-
OAOTUSIABIK, KQCMETTepre HEerisAeAreH KAACCMKaAbIK, MMKPOOMOAOTUSIAbIK, SAICTEPMEH OPbIHAAAADI.
MMKPOMMLETTIK KaybIMAACTbIKTAPAbIH, KYPbIAbIMbI TYbICTAPAbIH OKIAAEPIHIH CAAbICTbIPMAAbI MOALLIbI-
AbIFbl MEH KEHICTIKTIK XKMIAIri apKblAbl OaraAaHAbI.

Heri3ri HaTuM)KeAep. 3epTTeAreH TOMbIpaKTaH OKLUAyAAQHFaH >XiM Topi3Ai caHblpayKyAakTap 8
TybICTapblHa >kaTkbi3biAabl: Mucor, Aspergillus, Penicillium, Fusarium, Cladosporium, Trichoder-
ma, Metarhizium, Beauveria. AwbiTkbl wekTeyiH Aureobasidium, Rhodotorula, Metschnikowia, Li-
pomyces, Candida, Saccharomyces, Cryptococcus TybiCTapbiHa >KaTKbI3bIAAbL. AybIA LIAPYaLLbIAbIK,
AAKbIAAAPBIHBIH, €riCcTIKTePIHAETT ThIHAMTKbILUTAP TOMbIPAKKA KapaFaHAQ KillliripiM reHepaumsaAaHaAbl.
CaHplpayKyAakTapAbIH Heri3ri kypamaac 6eaiktepi Penicillium, Aspergillus, Fusarium Tybictap 60AAbI.
Ocbl TybICTapAbIH 8PKAMCICbIHBbIH, YAeCi 13,2%-paH 28,8%-Fa AeiiH, KeHICTIKTIK XMIAiri 67%-paH
100%-Fa AeriH XeTTi. ALWbITKbIAAP apacblHAQ CAAbICTbIPMAAbl MOALLBIABIFbI MEH KEHICTIKTIK >KMiAITiH-
Ae Aureobasidium, Rhodotorula, Metschnikowia Tybictap 6acbiM 60AABI.

Ty#iH ce3aep: ToMbIpak, MUKPOMMLIETTEP, TAKCOHAQP, KAYbIMAACTbIK, KYPbIAbIMbI, arpOLEHO3.

BBenenue

OnHoif W3 TIABHBIX CTPYKTYPHBIX W (YHK-
[UOHAJIBHBIX COCTABJISIONIMX HAa3eMHBIX W BOJI-
HBIX DKOCHCTEM SIBJISIOTCS COOOIIeCTBA MUKPOMH-
1etoB. [1o KoMM4ecTBy ONMMCAHHBIX BHJIOB TPUOBI
3aHMMAIOT BTOPOE MECTO B PsAy IPYTHX TPYIII
OpPraHU3MOB, YCTYMas JHUIIL OCCITO3BOHOYHBIM KH-
BOTHBIM. MHUKPOMHUIIETBI MPEJACTABISIOT COOOM
HEOTHEMJIEMbI KOMIIOHEHT JUIsl ()YHKIIMOHHPOBA-
HUSI U CaMOPETyJIMPOBaHUSI €CTECTBEHHBIX U HC-
KYCCTBEHHBIX dKocucTeM. O0pasyst 0coObIil IKOTO-
PHU30HT, MUKPOMHIIETHl KOHTPOJIUPYIOT MIUPOKUH
CIHEKTP 3KOCHCTEMHBIX (YHKIHH — MEPBUUYHYIO U
BTOPUYHYIO MPOAYKTUBHOCTb, PEreHepaliuio Ouo-
(WIBHBIX 3JEMEHTOB MYTEM pa3JIOKEHHUS PACTH-
TEJNBHBIX W JKUBOTHBIX OCTAaTKOB U MEPEeBOJa UX U3
TeOJIOTMYECKOTO KPYroBOpoTa B OHOJOTHYECKHH.
B kauectBe peayleHTOB TpUObI BBITIOIHSIFOT POJIb
MOCPETHUKOB MEX/Y )KUBBIM M KOCHBIM BEIIECTBOM
ounocdeps (Tepexosa, 2007:10; Mapdenuna, 2005:
7; Bridge, 2001: 147-149; Carlile, 2001; Taylor,
2015: 94-95; Willis, 2013: 2).

HecMmoTpsi Ha MOBCEMECTHOCTH pacrpocTpaHe-
HUs, TOMU(PYHKIMOHAILHOCTE UM  3HAYUMOCTH

ISSN 1563-034X

ITOYBEHHBIX MHUKPOMHUIIETOB, WX COOOIIEeCTBa —
OTHOCHUTEJILHO MajiOU3y4YeHHBIC KOMITOHEHTBI 3KO-
CHUCTEM, BCECTOPOHHEE HCCIECIOBAHUE KOTOPBIX
AMeeT BaKHOE HaydYHOE U NIPAKTUYECKOe 3HAUCHNE.

CBenieHusl 00 DKOJIOTUN MOYBEHHBIX MHKPOMHU-
[[ETOB, UX TaKCOHOMHYECKOM pPa3HOOOpa3WH U OT-
HOCHUTEJIBHOM 00uauyu B mouBax KaszaxcraHa, U B
O0COOCHHOCTH B TI0YBaX arpoleH030B, BeCbMa orpa-
HUYEHBI. Mayio N3y4eHHBIMHU OCTAIOTCS U BOIIPOCHI,
KacaroIuecs: KaueCTBEHHOTO COCTaBa M CTPYKTYPHI
Pa3IUYHBIX MUKPOOHBIX COOOIIECTB B 3aBUCMOCTH
OT PU3NIECKUX U XUMUYECKUX CBOWCTB ITOYBHI, IPH
NEHCTBUN PA3IMIHBIX JKOJOTHYECKHX (HAKTOPOB,
TaKUX KaK TUI PACTHTEIBHOCTH, CTEIICHb OKYJIBTY-
PEHHOCTH TIOYBHI H T.1.

B cBs3u ¢ 5TUM HCCIEAOBaHUSI TaKCOHOMHYEC-
KOTO COCTaBa U OCOOCHHOCTEW pacmpOCTpaHEHUS
rpuOOB, XapaKTePUCTHKA CTPYKTYPbl MHKPOMHIIET-
HBIX COOOIIECTB SBIISIOTCS aKTYaIbHBIMHA U HEOOXO-
JIMMBIMH.

Lenpto maHHON pabOTHI SIBUIOCH HU3ydYEHHE
TaKCOHOMHUYECKOW CTPYKTYpbl ~MHKPOMMIIETHBIX
COOOIIECTB B TIOYBAaX arporeHo3oB. OCHOBHBIC
HaNpaBJICHUS HWCCIEIOBaHUs: OIpPENEIeHnEe POJIO-
BOM NPHUHAJICKHOCTH MHUILEIHATIBHBIX TPUOOB U
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TakcoHOMHUYECKast CTPYKTYypa MUKPOMULETHBIX COO6IIIeCTB II0YB I10J II0OCEBAMU CEIIbCKOXO3IMCTBEHHBIX KYJIBTYP

JPOXCKEH, N30TUPOBAHHBIX M3 00pa3L0B HEKYIbTH-
BHPYEMOI MOYBBI U TOYB arpoleHO30B 3€PHOBBIX
U KOPMOBBIX KYJIBTYp, XapaKTepUCTHKA CTPYKTY-
PBl MUKPOMHLIETHBIX COOOILIECTB IO OTHOCHUTEIb-
HOMY OOWJIMIO W TIPOCTPAaHCTBEHHON YacTOTE BCT-
peuaeMoCTH MPEACTaBUTENEH PA3INIHBIX POJOB

MarepuaJibl H MEeTOABI HCCJIeI0BAHUS

Mamepuanom uccnedosanusi CITy WA TIOYBECH-
HbBIE 00pasmpl METUHHON TEMHO-KAIITAHOBOH ITOY-
BbI, @ TAK)KC TEMHO-KAIlITAHOBAs [10YBa arpoICHO-
30B 7 36pHOBBIX U KOPMOBBIX KYJIBTYP. COH, TYMEHSI,
JIIOLIEPHEI, parca, cadiaopa, JOHHUKA U dChapiiera.
Mecto otbopa mpo0O: AsMaTHHCKas O0JIACTb,
YacTHasl arporpoMbIluIeHHas: pupma « Typreny.

Bvioenenue muxkpomuyemog W3 TIOUBEHHBIX
00pa3loB MPOBOAMIM METOIOM IIOCeBa pasBe-
JICHW TIOYBEHHOW CYCIIEH3WW Ha JJICKTUBHBIC
nuTaTensHble cpenbl. [loceBsl MHKYOMpOBaIN MpH
temmeparype 25 °C B Teuenune 2-3 Hemenb. J{iis BbI-
JICIICHUST MUIEIHATBHBIX TPUOOB U JIPOXIKEH WC-
TTOJTB30BAIA TUTAaTeNbHEIE cpenbl Cabypo, Yarreka
Ombu (Alef, 1995; Kypakos, 2001: 12-26; 3Bsrun-
nes, 1991: 169-174).

Onpedenenue  mMaKCOHOMU4ECKO20 — COCMABA
coobwecms Mukpomuyemos. Bripociine KOIOHUU
MUIEIHATBHBIX TPHOOB U JIPOXKIKEH pazesin Ha
MakpoMOp(OIIOTHYECKHE THIBI, 3aTeM MOACUH-
THIBAJIM YUCJIO KOJOHUM KaXKJOr0 TUIA Ha YalllKe.
KonoHnu rpynmupoBaiiu 1Mo KyJabTypaibHBIM MPH3-
HaKaM, BBIABISUIA KPUTEPUH, IOCTATOYHBIE I
ONpeNesieHUs] POJOBOM MpuHAINEKHOCTU. Haen-
TU(QHUKAIMI0O MUKPOMHUIIETOB OCYIIECTBIISIH KJIACCH-
YECKUMHU MHUKPOOHMOJIOTMUYSCKUMH METOaMH TOCIe
BBIJICJICHUSI MUKPOOPTraHU3MOB B YUCTYHO KYJIBTYPY
[0 COBOKYITHOCTH MOP(OIOTHYECKUX MPU3HAKOB H
KYJIBTYPaIbHO-(DU3UOIOTHYECKIX CBOMCTB, MCIOJIb-
3y COBPEMEHHBIC OIPENEIUTENN JUIl COOTBETC-
TBYIOIIHX TPYII ¥ po7IoB MUKpomHuIieToB (Kurtzman,
2011; Ellis, 1988; Barnett, 1998; Watanabe, 2010).

CtpykTypy c00OIIECTB MHUKPOMHUIETOB OIle-
HUBAJIH [T0 OTHOCUTEILHOMY OOMIIHIO X TIPOCTPAHCT-
BEHHOI YacToTe BCTPEYAEMOCTH TNpEICTaBHTENCH
pasnmuusbix popoB (Mwupumnk, 1988: 119; Bills,
2004; Zak, 2004: 60-62).

Omuocumenvroe obuiue pooa OTPENCISITA KaK
OTHOIIICHUE KOJIOHH TAHHOTO POojia K 001IeMy KOJIH-
YECTBY KOJIOHWW B JAHHOM BapHaHTE, BHIPAKEHHOE
B mporenTax (1):

00 = A/Bx100, (1)

rae OO — oTHOCUTEILHOE 00MIKe TaKkCcoHa, %o

A — KOIHMYECTBO H3OISITOB MHUKPOMHULIETOB
TTAHHOTO POJa, IIIT

B — o0miee Konum4ecTBO M30JISITOB MUKPOMHUIIE-
TOB B JIAHHOM BapuaHTE, IIT.

Ilpocmpancmeennas wacmoma Gcmpeuaemoc-
muy OMpeAeNsiach Kak Jojs 00paslioB, B KOTO-
pBIX OOHApy»XeH NaHHBIH PO, OT OOIIEero YuciIa
MIPOAHATU3UPOBAHHEIX 00pasIoB (2).

YB= A/Bx100, )

rie YB — mpocTpaHCTBEHHAash YacToTa BCT-
pedaemoctu, %

A — KOJIM4eCTBO 00pa3IoB, B KOTOPHIX OOHApY-
JKeH JaHHBIN PO, IIT

B — o0rmmee kommaecTBO 00pa3Ios, IIT.

[To wacrore BcTpedaeMOCTH B 00pas3max po-
JIbl MAKPOMHWIIETOB OBLTH PAaHXHPOBAHBI MO TPEM
rpynmaMm: 1 — pomuHHpytomue (4actora BCT-
peuaemoctu cocrasisier 6oiee 60%); 2 — gacTbie
(o1 30% mo 60%); 3 — penkue (menee 30%).

0030p JuTEpPaTYpBI

TakCOHOMHUYECKHI COCTaB MUKPOMMIIETOB TOTO
WJIM MHOTO OMOLICHO32a 3aBHCUT OT THIIA MUTAIOLIE-
ro cyOcTpaTta, TEeMIEpaTypbl, BIQKHOCTH, CBETa
u apyrux QakropoB. Bmecte ¢ TeM, TOMHMO 3THX
OCHOBHBIX  (DaKTOpPOB, OOYCIOBIMBAIOUIMX Kak
(GyHKIMOHAIBHOE, TaK U IPOCTPAHCTBEHHOE pacll-
pocTpaHeHHEe MHUKPOMHIETOB, POJAOBOW W BHUJIO-
BOM COCTaB MHUKPOMHLETHBIX COOOILECTB 3aBH-
CUT OT CTEHNECHM (NIOPUCTUYECKOH HACBHIIEHHOCTU
OMOLIEHO30B, MX IMPOCTPAHCTBEHHOT'O IOJIOKEHUS,
AMIUTUTYAbl BEPTHKAJIBHOTO W TOPU30HTAIBHO-
TO paclpoCTPaHEHHs, XapaKTepa CBOMCTBEHHBIX
OTACTbHBIM BUAAM JKU3HEHHBIX (opM, OHMOXUMH-
YECKOM CTPYKTYphl IOMHUHHMPYIOIIMX BHIOB. [lyist
Ka)XJIOTO THITa TIOYBHI M PACTUTEIHLHOMN accoluaruu
XapakTepeH cneur(uueckuidi cocTaB MHIEIHATb-
HBIX TPUOOB, IPOXIKEH U APOIKIKETIONOOHBIX TPHOOB
(Anderson, 2004: 1-2; Mupuunk, 1988: 106-121;
Mapdenuna, 2005: 27; Kivlin, 2011; Yang, 2010:
436; Erland, 2002: 165-167).

PesynbraThl MccaeJ0BaHN MHOTHX aBTOPOB B
obnacTi MHUKpPOOHOH sKoyloruu U reorpaduu cBu-
JETENbCTBYIOT O TOM, YTO MHKDPOOPIaHU3MBI, B
TOM YHCIE U MHUKPOMHIIETBHI, UMEIOT OIpE/eIICH-
HBIE apeajibl pacpoCTpaHeHHs, TOI00HBIC apeanaM
KpynHBIX oprann3mMoB (Mapdennna, 2005; Foissner,
2006: 112-113; Martiny, 2006; Fontaneto, 2012:
87). MHorouucieHHble JaHHBIE 00 0COOEHHOC-
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TIX pacnpocTpaneHust apoxokeit (Buzzini, 2017;
Barriga 2011: 56-58; Bab’eva, 1995; Botha, 2011;
Yurkov, 2012: 24-25), a Takxke HpeacTaBUTEICH
TaKUX KPYIHBIX POJOB MUIEIHUATIBHBIX IPUOOB, KaK
Penicillium (Visagie, 2014: 343-344; Christensen et
al., 2000), Aspergillus (Klich, 2002), Trichoderma
(Jiang, 2016; Samuels, 1996; Druzhinina 2005:
100), Fusarium (Summerell et al., 2010: 8-11), Cla-
dosporium (Bensch, 2010: 1-2), noaTBepK1aI0OT TOT
(hakT, 9TO MHOTHE BHJIBI TPHYPOUCHBI K OTIPE/ICTICH-
HBIM THIIAM TIOYB, PACTHUTEIHHOCTH W IMIMPOTHBIM
nosicam. Bmecre ¢ TeM, IMEIOTCS 1 KOCMOIIOJUTHBIE
BUJIbI, BCTPEYAIOIINECS ITOBCEMECTHO.

Pe3yJ'l])TaTbI HCCJICA0BAHUA U UX 06cy)lc21e}me

B mpoBeneHHBIX HCCIETOBAaHUAX OBUT BBISB-
JISH PSJl CXOJHBIX UepT U OOLIUX 3aKOHOMEPHOC-
TeH B pacmpeelleHU MHKOOWOTHI B TTOYBEHHBIX
oOpa3max wmccienyeMbIX arporeHo3oB. Bmecre ¢
TEM IPUYPOYSHHOCTH TIOYB K OIMPEIEIICHHOMY THITY
PacTHTEIHHOCTH, 0COOCHHOCTH MOP(OIOTHIECKOTO
CTPOCHHUS TI0YB, Pa3jIMyusi B CTCICHHU OKYJIBTYPCH-
HOCTH, O0YCJIOBIJIU OTIPE/ICIICHHBIC Pa3Iu4Us B CT-
PYKType KOMIUIEKCOB MHUKPOMHIIETOB (PUCYHOK 1).

MurenuanbHable I'puObl, HM30JIMPOBAHHBIC U3
HCCJICJIOBAHHBIX TIOYB, TIO PSTy MOP(OIOTHIECKUX
W KyJbTypaJbHBIX NMPU3HAKOB OBLTH OTHECEHBI K 2
otenaMm: Zygomycota (NIPEeICTaBICH EIWHUYHBIM
ponom — Mucor) u Ascomycota (BBISBICHO 7 pPOJIOB
— Aspergillus, Penicillium, Fusarium, Cladospo-
rium, Trichoderma,Metarhizium u Beauveria). Ct-
PYKTypa COOOIIECTB IPOXIKEH U APOKIKEITOTOOHBIX
rprbOB OBLIA TIPEACTaBIeHA CIEAYIOIIUMH POJaAMH
Aureobasidium, Rhodotorula, Metschnikowia, Li-
pomyces, Candida, Saccharomyces n Cryptococcus.
Cpenn HEX TOIBKO poasl Rhodotorula n Cryptococ-
cus TIPUHAAJICKAT K 0a3uIHOMULIETOBOMY addUHN-
TETY, @ BCE OCTaJbHBIC SBJISIOTCS aCKOMUIIETOBBIMH
TIPOKKAML.

KoMITJIeKChI  MHUKpPOMHUIIETOB B MOYBSHHBIX
o0pasiax OIeHUBAIH 0 OTHOCUTEILHOMY OOMIIHIO
TIPEJICTABUTENEH Pa3IMIHBIX POJOB U MPOCTPAHCT-
BEHHOM 4acTOTE BCTPEYAEMOCTH.

Ha pucynke 1 mpencraBieHbl naHHBIE 00 OT-
HOCHUTEJIFHOM OOWJIMH PONIOB B CTPYKTYpE MHKPO-
MUIIETHBIX COOOIECTB MO MOCEBAMHU PA3JIMYHBIX
arpoKyJIbTYp U B IIEIMHHON TIOYBE.

B cocraBe KoMmIuiekca MUKPOMHUIICTOB HEKYJIb-
TUBUPYEMOMN TOYBbI OBUIM BBISBICHBI MPEJICTABU-
Tenu 7 PONOB MUIIETHAIBHBIX TPUOOB U 6 pPOIOB
JIPOXKKEBBIX OPraHn3MoB (pucyHok 1). CocTaB MUK-
POMHIIETOB B IEIMHHOW TMOYBE XapaKTEPU30BAJICSI
BBICOKHM COJIEP’)KaHHUEM TaKWX POJIOB MHUIIEITHAIh-
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HBIX TpuOOB, Kak: Penicillium (21,1%), Aspergillus
(19,2%) u Fusarium (14,3%). Cpemu npoxxeit
HaHOOJBIIYIO JIONIO 3aHUMAITU MPEICTABUTEIN PO-
noB Aureobasidium (10,1%) u Rhodotorula (8,6%).
DTO ABPUTONHBIE POJBI MUKPOMHUIIETOB, UMCIOIIINC
NIUPOKUH apeas pacipoCTpaHCHNUSI.

AHanM3 TPOBEICHHBIX HCCICAOBAHUN CBH-
JICTEILCTBOBAJ O TOM, YTO IOYBBI IOJ] NOCEBAMHU
arpoKyJlbTyp 1O CpPaBHEHHIO C  IIEJIMHHBIMU
MOYBAMH XapaKTEPU30BAJIUCh MEHBIIUM POJIOBBIM
paszHooOpasueM. Creayer OTMETHTh, YTO POIOBOE
pa3HOOOpa3re MHUKPOMHUIIETOB 3aMETHO YOBIBAJIO
[0 Mepe MPHUOIKEHUS K TTOBEPXHOCTH KOPHS, BC-
JIEJICTBUE YErO POAOBOM cocTaB B puzochepe ObLI
3HAUYHUTEILHO OoJiee OMHOOOpa3HEBIN, YeM B TIOYBE
BHE pru3ocepbl. OCHOBHBIMU KOMIIOHEHTaMH CO00-
IIECTB MUKPOCKOIIMYECKHUX IPUOOB B TIOYBAX arpo-
[IEHO30B SIBJSUTUCH PA3ITUYHBIC BUIBI POJIOB Penicil-
lium, Aspergillus v Fusarium. Ha nonr0 kaxmaoro
U3 JIaHHBIX POJIOB B CTPYKTYpE MHUKPOMHIICTHBIX
coo0miecTB mpuxoamtock ot 13,2 no 28,8%. B He-
0OJIBIIIOM KOJIMYECTBE BCTPEUATUCH MUIICTHAILHBIC
rpubbl ponoB Mucor, Trichoderma, Metarhizium w
Beauveria (pucynok 1).

OKynbTypuBaHHE TIOYBBl  CONPOBOXK/AIOCH
CHIDKEHHEM  pa3HoOOpa3usi  MHUKPOMHIETHBIX
coobmiectB. Hambompinyio [0MI0 B CTPYKType

KOMIIJICKCOB MHMKPOMHIIETOB IOYB arpoleHO30B
3aHUMAaJIH pa3udHbIe BUIbI poaa Penicillium (21,1-
28,8%). Haubonee oOmibHO NaHHbIC IPUOBI OBLTH
MPEJCTABIICHBI B TIOYBAX I0J] TOCEBAMU parica (pu-
cyHOK 1). M3BecTHO, YTO MUIIENHAIEHBIE TPUOBI
pona Penicillium Onaromapst 6oratomy (epMeHT-
HOMY aIlnapary CIHOCOOHBI CyIIECTBOBATh B CAMBIX
pasHooOpasHbIx ycnoBusx (Visagie, 2014: 343-344;
Christensen et al., 2000).

CyIecTBEeHHBIM KOMITOHEHTOM MHUKPOMHUIIET-
HBIX COOOIIECTB SBISLTUCH TPHOBI pona Aspergillus,
coJiep’KaHne KOTOPBIX cOCTarsiio oT 15,4 mo 20,1%
(pucyHok 1). Bo3MokHO, Takoe BBICOKOE COAepKa-
HHE M BCTPEYAEMOCTh BO BCEX MCCIIEYEMbIX ITOYBAX
CBSI3aHO C MPUPOAHO-KIMMATHYECKUMH YCIOBHSIMHU.
Ipencrasutenu pona Aspergillus MHOTUMH HCCIIC-
JIOBATEIISIMH OTHMCAHbBI KaK KCEPOPIIBHBIE U TEPMO-
¢unbabIe TpuoH (Klich, 2002).

OtmeueHo oOwmnue rpuboB poxa Fusarium
(13,2-23,8%) BO Bcex aHAM3UPYEMBIX TTIOYBEHHBIX
oOpasnax. B mouBe rpudbl pona Fusarium MMErOT
HIMPOKOE PACHPOCTPAHEHHUE, CIMOCOOHBI CYIIECT-
BOBaTh B aKTUBHOH (hopMe U OBICTPO pa3MHOKATHCS.
TecHast cBsi3b TPUOOB poxa Fusarium ¢ TpaBsSHUC-
TOW PaCTUTEIBHOCTBIO OTMEYEHA PSJIOM aBTOPOB.
JlanHble TprObI B 3HAYNTEIILHOM KOJIUYECTBE BhISB-
JISTIOTCSL B TIOYBAX, MOKPBITHIX TPABSIHUCTOW PaCTH-
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TENBHOCTBIO, M BEChbMa OCIHO MPECTABICHBI B JieC-
HBIX TouBax (Summerell et al., 2010: 8-11).
JIOBOIbHO HEpaBHOMEpPHO ObUIM  pacrpe-
JENeHbl B HCCJENyeMBbIX I0YBax TIpHOBI poja
Trichoderma, Ha 10O KOTOPHIX TMPUXOIUIOCH
ot 4,1 1o 10,4%. IlpencraBuTenu HaHHOTO poia
ObUIM M30JMPOBAaHbl M3 IOYBEHHBIX O0pPa3LOB
HEJTMHHBIX 3E€Melb, a TaK)Ke arpoleHO30B COH,

HeyasTHBHpYeMas Mo4Ba

8 Penicillinm sp.
 Aspergillus sp.
8 Fusarium sp.
u Trichoderma sp.
8 Beauveria sp.
u Cladosporium sp.
® Mucor sp.
& Rhadotorula sp.
8 Aureobasidium sp.
o Metschnikowia sp.
2,1% ® Canelida sp.

2.2% # Saccharomyces sp.
41% & Cryprococcus sp.

ArpoleHos sUMeHs

52% 1.2%

8 Penicillium sp.

B Aspergillus sp

u Fusarium sp.

W Beauveria sp.

o Metarhizium sp.

w Cladosporium sp.
& Rhodotorula sp.

o Aureabasidivm sp.
W Metscimikaowia sp.
B Cryptococens sp.

Arpouenos panca

® Penicilliim sp.

w Aspergillus sp.

B Fusarium sp.

o Mucor sp.

W Rhodotorula sp.

o Aureohasidinum sp.
o Metsehnikowia sp,
B Lipomyees sp.

ArpoueHos 10HHHKA

41%

® Penicillium sp.

o spergillus sp.

® Fusarium sp.

® Trichoderma sp.

u Beauveria sp.

B Cladosporium sp.
& Rhodotorula sp.

o Aureobasidium sp.
w Merschnikowia spr.

JMOLIEpHBl ¥ JOHHWKa (pucyHok 1). HekoTopsie
HCCIIETOBATENIH OOBSCHSIIOT CIOCOOHOCTH TpH-
008 pona Trichoderma cymecTBOBaTH B CaMbIX
pa3HOOOpa3HBIX MOYBAX TEM, YTO OHH OOJIAIAF0T
BBICOKOW aHTaroHWCTHYECKOW M aHTHOMOTHYEC-
KOW aKTUBHOCTBIO, a TaKXKe CIOCOOHOCTBIO K
MukonapasutupoBanuto (Jiang, 2016; Samuels,
1996; Druzhinina 2005: 100).

Arpouenos com

o Penicillinm sp.

o dspergiflus sp.

o Fusarium sp.

® Trichoderma sp.
o Beauveria sp.
 Metarhizium sp.

w Mucor sp.

u Rhadotoruda sp.

& Aunrecnbayidinm sp.
u Metschnikowia sp.

ATpOLEHO3 JTH01EePHBI

B Penicillium sp.

B Aspergillus sp.

B Fusarium sp.

8 Trichoderma sp.
8 Cladosporium sp.
8 Mucor sp.

B Rhodotorula sp.

w Aureobasidium sp.
w Metschnikewia sp.
o Lipomyces sp.

Arpouenos caaopa

W Penicillium sp.

W Aspergilius sp.

o Fusarium sp.

B Cladosporium sp.
B Rhodotoruda sp.

u Aureohasidium sp.
u Metschnikowia sp.
® Saccharomyees sp,

230, AIpOLEHO03 3cnapuera

2,5%

4.8%

o Penicillium sp.

W Aspergilius sp.

® Fusarinm sp.

® Cladosporium sp.
W Rhodiorida sp.

B Anreobasidium sp.
u Metschnikaowia sp.
u Crypracaccus sp.
w Lipomyces sp.

Pucynok 1 — OtHocurensHOe obunue (%) mpeAcTaBUTeNeH POIOB MUKPOMHUIIETOB B HCCIIETyEeMbIX MOUYBEHHBIX 00pasax
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Bo Bcex wuccnenmyeMbIX HEKYJIBTHBHUPYEMBIX H
KyJbTUBAPYEMBIX TOYBaX 3a WCKIIOYEHHUEM arpo-
[IEHO30B COU U parica OblIH 0OHApYKEHBI TPHOBI C
TeMHoLBeTHBIM Mutienuem — Cladosporium. OTHO-
CUTEeIbHOE OOMIHe TPpHOOB MAHHOTO Poja BapbH-
poBajo B Auamna3one ot 2,2 10 7,3% B 3aBUCUMOCTH
OT HCCJIeyeMOT0 ITOYBEHHOTO 00pa3ia (PUCYyHOK 1).
TeMHOOKpaImIeHHbIe TPUOBI COepKaT B MUTIEIAN U
CIiopax 4YE€pHbIM MUTMEHT CIIOKHOM MOJIUMEPHOMN
CTPYKTYPBI, HAIMYHE KOTOPOTO OIPE/EIIIeT 3alUT-
HBIE CBOWcTBa TpruOOB pona Cladosporium mpoTHB
00JIy4eHUs1, U IaeT UM BO3MOXKHOCTbH CYIIIECTBOBAThH
B YCIOBHUSIX TIOBBIIIEHHONW AJIEKTPOMArHUTHOU
paauanuu, B ToM urcie YD-u3nyueHus, Kakue ume-
IOT MECTO B TOPHBIX U MYCTHIHHBIX moyBax (Bensch,
2010).

Cpenu JIpoxokedl B KyJbTHBHPYEMBIX IOYBaX
npeo0agany NpeacTaBuTeN poaoB Aureobasidium
(7,1-12,1%), Rhodotorula (6,2-11,7%) u
Metschnikowia (4,1-10,2%). Jons npoxxeit pomaos
Lipomyces, Candida, Saccharomyces u Cryptococ-
cus ObliIa 3HAYATETHHO MEHBIIIE ¥ COCTaBmIIa OT 1,2
1o 5,4% (pucynokl). Ilo-BumumMomy, CyrmiecTBoBa-
HUE ATUX JPOAOKEH B IMOYBE CBSI3aHO C UX CIIOCOO-
HOCTBIO BBIJIEPKUBAThH JUMHTHPYIOIINE YCIOBUS, B
MIEPBYIO OYEPE/ib NEPUOUICCKOEC HCCYIICHUE U BhI-
COKYIO COJTHEYHYIO HHCOJISIIIHIO.

XapakTepHO OCOOCHHOCTBIO SIBIISIIOCH BBISB-
JIeHWe TpeacTaBuTeNe ponoB Metarhizium u
Lipomyces B IOYBEHHBIX 00pasliax arpoieHo30B, B
TO BpeMsl Kak B IEIMHHOW MOYBE JaHHBIE POJBI HE
ObUTM OOHAPYKEHBI.

B npoBeieHHBIX UCCIIEIOBAHUAX IPOAOKH POAA
Lipomyces ObuH 00HAPYKEHBI B MOYBAX arporie-
HO30B JIIOIIEPHBI, parica 1 dcnapliera, e uX KoJlu-
4ecTBO He npesbimano 3,7% (pucyHnok 1). JlaHHbie
ITPOXKKU HamOOJIee MPUCITIOCOOICHBI K OOUTAHUIO
Ha TBEPABIX IMOBEPXHOCTSIX MMOYBCHHBIX YACTHII.
OHU 0051aa0T CIU3UCTHIMU KarcyllaMu, KOTOpbIe
CO37AI0T MEXKJIETOUYHYIO CpEny, COXPaHAIOIIYIO
OJIaronpusTHBIA PEXKHUM BJIArOOOMEHA M IHTa-
HUS B YCJIOBUSX BPEMEHHOTO HCCYIICHUS TOYBHI.
Lipomyces SIBISIOTCSI aBTOXTOHHBIMY [TOYBEHHBIMHU
JIPOXOKAMH, aIalITUPOBAHHBIMHE K CYII[ECTBOBAHUIO
B MHHEPAIbHOW YaCTH MOYB U HE BCTPEUAIOIIHMH-
cs1 B Apyrux cyocrtparax (Bab’eva, 1995; Botha,
2011).

Pacmipenenenue BUIOB U POZOB MHUKPOMHMIIETOB
B KOMIIJICKCE C YYETOM UX BCTPEUACMOCTH XapaKTe-
pU3yeT CTPYKTYPY KOMILICKCA. AHAIHU3 IPOCTPAHCT-
BEHHOW YacTOTHl BCTPEYAEMOCTH TTO3BOJIMI BBIS-
BUTh JIOMUHUPYIOIINAE, YaCThIe M PEIKUEC POJBI B
MHUKPOMHULETHBIX COOOIIECTBAX MOYB arpoLEHO30B
KOPMOBBIX U 3€PHOBBIX KYJBTYD.

Tabauna 1 — IIpocTpancTBEeHHAs 4acTOTa BCTpeuaeMocTH (%) MUKPOMHUIIETOB B HCCIIETyeMBIX MOUYBEHHBIX 00pasax

Pox [ponenos pI;:zzzTrIf::;a Cost Slumenb Jlronepua Panc Caduop JloHHUK Dcnapuer
Penicillium 100 87 93 80 93 87 93 93
Aspergillus 93 80 93 87 73 73 67 87

Fusarium 100 93 73 93 87 87 67 80
Trichoderma 47 40 - 53 - - 47 -
Beauveria 27 24 20 - - - 20 -
Metarhizium - 20 13 - - - - -
Cladosporium 20 - 13 6 - 13 13 6
Mucor 27 24 - 24 20 - - -
Rhodotorula 93 93 87 93 80 73 73 87
Aureobasidium 80 87 80 73 80 80 87 93
Metschnikowia 80 73 73 67 80 87 60 53
Cryptococcus 27 - - - - - - 20
Candida 13 - 13 - - - - -
Saccharomyces 20 - 13 - - 20 - -
Lipomyces - - 47 47 40 - - 33
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W3 mannHbIX TaObmuIpl 1 BHIHO, YTO B CTPYKTY-
pe TPUOHBIX COOOIIECTB BCEX MCCIEAYEMBIX TIOUB C
BBICOKMMH 3HAYCHUSMU TIPOCTPAHCTBEHHOM 4acTo-
ThI BcTpedaemoctu (o1 67 1o 100%) nomuHHpOBanu
rpuObI pomoB Penicillium, Aspergillus v Fusarium.
B nocrarouHoi Mepe 1mouBbl OOraThl rpudamMu poja
Trichoderma, 4acToTa BCTpPEUaEMOCTH KOTOPO-
ro coctaBmsa ot 40 1o 53%, maHHBIA pox OTHe-
ceH K yacteM. [IpencraBurenu ponos Beauveria,
Metarhizium, Cladosporium w Mucor SBISITUCH
PEIKMMH, 9acTOTa BCTPEYAEMOCTH HE TpPEBHIIIaa
27%.

JloMuHUpytoIee TONOKEHUE CPeau  JAPOXK-
J)Ked B ILEJMHHOM MMOYBE M IOYBAX arpoleHO30B
3aHUMAaJIM Pa3lIM4HbIe BUIBI POJOB Rhodotorula u
Aureobasidium, 4acTota BCTPEYaeMOCTH KOTOPBIX
cocragmsuia ot 60 10 93% B 3aBUCHMOCTH OT HCCIIe-
JyeMoro o0pasiia. ACKOMHIIETOBBIE JPOXIKH Poja
Metschnikowia Tak xe SBISIACH TOMUHAHTHBIMH B
HEKYJIETUBUPYEMOH IMOYBE W BO BCEX MOYBAX arpo-
LIEHO30B, 3a HMCKJIIOUYEHHEM IOYBBI MOJ IOCEBMHU
acmaprieTa, TJe 4YacToTa BCTPEYaeMOCTH JIaHHOTO
pona 6b11a 53%, COOTBETCTBEHHO JIAHHBIH PO SIB-
JIIeTCA YacThIM JUIsl JAHHOTO arpoieHo3a. YacTeie
ponbl mpencraeiaeHsl Jpoxku pona Lipomyces,
4acTOTa BCTPEYACMOCTH KOTOPBIX BaphbHUpOBasia
B auanaszone ot 33 5o 47%, oTHECEHBI K YacThIM
ponam. Pemkue pompl APOXKIKEBBIX OPraHU3MOB

Npe/ICTaBIeHBI pa3InYHbIMU BuamMu Cryptococcus,
Candida u Saccharomyces (Tabnuma 1).

BriBoabl

B pesynbrare NpOBENEHHBIX HCCICAOBAHUIMA
M3y4YeHa TaKCOHOMHYECKas CTPYKTypa MHUKPOMH-
LETHBIX COOOIIECCTB HEKYJIbTUBUPYEMOW MOYBBI U
MOYB arpoleHO30B 7 36PHOBBIX U KOPMOBBIX KYJIb-
Typ. Munenuanpable TPUOBI, H30JUPOBAHHBIE U3
HCCJICIOBAaHHBIX MMOYBEHHBIX 00pa3IiloB, OTHECEHBI
K 8 pogam: Mucor, Aspergillus, Penicillium, Fusa-
rium, Cladosporium, Trichoderma, Metarhizium n
Beauveria. IpoxKeBble OrpaHU3MBI IPEJICTABICHA
ponamu Aureobasidium, Rhodotorula, Metschniko-
wia, Lipomyces, Candida, Saccharomyces n Cryp-
tococcus. TIo4BBI MOJI MMOCEBAMU arpoKyJIbTYp IO
CPaBHEHUIO C IEIWHHBIMH XapaKTePHU30BaIINCh
MEHBIIIIM POAOBBIM pa3zHooOpazueM. OCHOBHBI-
MU KOMIIOHEHTaMHU COOOIIECTB TPUOOB SIBJISLIUCH
pasznuyHble BHIBI ponoB Penicillium, Aspergillus
u Fusarium. Ha 105110 KaXJ0ro M3 NaHHBIX PO-
noB mpuxoguwinock ot 13,2 mo 28,8%, wactora
BcTpedaeMoctu coctaswiia ot 67 go 100%. Cpe-
U JIPOXOKEH Kak 10 OTHOCHUTEIHHOMY OOHIIHIO,
TaKk M [0 YacTOT€ BCTPEYAEMOCTU MPeoOIIaaiu
MPeICTaBUTEIN poIoB Aureobasidium,
Rhodotorula n Metschnikowia.
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BAUAHUE COAEBOIO CTPECCA HA POCTOBbIE PEAKLUUA
MPOPOCTKOB HYTA (CICER ARIETINUM L.)

[oCKOABKY M36bITOK COAM B CPEAE MPOM3PACTAHUS MOXKHO PACCMATpUBaTh Kak OAMH M3 HebAarorn-
pPUSTHbIX (DAKTOPOB AASI PACTEHMIA, TO YCTOMUMBOCTb PACTEHUI K 3aCOAEHMIO NMPUOBpPeTaeT AOMOAHU-
TeAbHbI MHTepec. oBbIlLeHHas 3acyxa MOXET CKa3aTbCsl Ha Pa3BUTUM pacTeHus Ha AloGOM CTaaMm
OHTOreHe3a, a MOYBEHHOE 3aCOAEHME BAMSET Ha pacTeHWe C CaMOro HavaAa ero >KuM3Hu. [ostomy
CNnocoBHOCTb PaCTEHMs Ha PaHHer CTaAMU BbDKMBATb M PA3BMBATHCS B YCAOBMSIX MOBbILUIEHHbIX KOH-
LeHTPALMSAX COAM — OAMH M3 BAXKHENLLMX GMOAOTMUYECKMX MPU3HAKOB, @ POCTOBAsi peakums nNpopocT-
KOB Ha CTPECCOBbIE YCAOBUS — OAMH U3 HArASIAHbIX MoKa3aTeAen nameHeHus ux metaboansma. Nosto-
My LIEAbIO AQHHOM PaboTbl IBASAOCH M3yUYeHWE BAUSIHUS COAEBOrO CTPECCa Ha POCTOBblE peakLmi
npopocTkoB HyTa. HyT (Cicer arietinum L.) — BakHasi CeAbCKOXO3SIMCTBEHHAsI 1 camasl 3aCyXOyCTOM-
umBas 3epHO6060Bas KyAbTypa, KOTOpasi CNoco6Ha B XKECTKMX YCAOBMSIX AABaTb XOPOLLIME ypoxKau,
OAHAKO A@HHast KYAbTYpa OUYeHb YyBCTBUTEAbHA K 3aCOAEHMIO MOYUBbI. M3yy4aAn BO3AENCTBME pacTBopa
NaCl B koHueHTpaumsx 0,6 1 1,26% Ha 10-AHeBHble NPOPOCTKM HyTa. OLEHUBAAKM POCT, HAKOMAEHWe
61OMACChl, aHATOMMYECKME 0COBEHHOCTH NMOGEroB 1 KOPHEN NPOPOCTKOB HyTa B 3KCMEPUMEHTAAbHbIX
N KOHTPOABHBIX YCAOBMSX. DKCMEPUMEHTAABHO BbISIBAEHO, UTO COAEBOM CTPECC OKasblBaA HeraTMBHOE
BAMSIHME Ha POCT M HakornAaeHue 6MoMacChl Kak HAA3EMHOM YacTy MPOPOCTKOB, TaK M KOpHs. Iloa
BAMSIHMEM COAEBOIO CTpecca CyLeCTBEHHO CHMYKAAOCh COAEPXKaHWe BOAbI B OpraHax pacteHus. Bbisie-
AEH PSIA HEeraTuMBHbIX M3MEHEHUI B aHATOMUUECKOM CTPYKTYpe CTEOAS M KOPHSI MOAOAbIX PAaCTEHMIA.
HeraTtuBHble M3MEHEHWS YCUAMBAAUCH C YBEAMYEHMEM CTENEHN 1 BPEMEHN CTPECCOBOrO BO3AENCTBMUS.

KatoueBble caoBa: HyT (Cicer arietinum L.), 3acoAeHue, pOCTOBble peakumm, MPOPOCTKM HYTQ,
aHATOMMYeCKMe napameTpbl.
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Affect of salt stress on the growth reactions of the chickpea seedlings (Cicer arietinum L.)

Since excess salt in the growing medium can be considered as one of the adverse factors for plants,
plant resistance to salinity acquires the additional interest. Increased drought can affect the development
of the plant at any stage of ontogenesis, and soil salinity affects the plant from the very beginning of its
life. Therefore, the ability of the plant to survive and develop at an early stage in conditions of elevated
salt concentrations is one of the most important biological features, and the growth reaction of sprouts
to stressful conditions is one of the visual indicators of their metabolism changes. Therefore, the aim of
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BrmsiHue coneBoro crpecca Ha pPOCTOBBIE peakiuu npopocTkoB HyTa (Cicer arietinum L.)

this work is to study the influence of salt stress on the growth reactions of chickpea sprouts. Chickpeas
(Cicer arietinum L.) is an important agricultural and drought-resistant leguminous crop, which is able to
produce good yields in harsh conditions, but this crop is very sensitive to salinity. The effect of NaCl
solution in concentrations of 0.6 and 1.26% on 10 - day chickpea sprouts was studied. Growth, bio-
mass accumulation, anatomical features of shoots and roots of chickpea sprouts under experimental and
control conditions were evaluated. It was experimentally revealed that salt stress had a negative impact
on the growth and biomass accumulation both above-ground part of seedlings and root. Under the influ-
ence of salt stress significantly decreased water content in plant bodies. A number of negative changes
in the anatomical structure of the stem and root of young plants were revealed. Negative changes were
intensified with the increase in the degree and time of stress.

Key words: chickpeas (Cicer arietinum L.), salinity, growth reactions, chickpea sprouts, anatomical
parameters.
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HOKAT eCiHAiAepiHiH, eCcy peakuMsinapbiHa Ty3Abl cTpeccTiH, acepi (Cicer arietinum L.)

Ty3AbIH, 6CceTiH opTasa ©CIMAIKTEp YLIiH KOAAMCbI3 (hakTopAapAblH, 6ipi peTiHAe KapacTbipyFa
GOAATBIHABIKTAH, OCIMAIKTEPAIH Ty3AaQHYFa TYPaAKTbIAbIFbl KOCBIMLLIA KbI3bIFYLIbIAbIK TYAbIPAAbI.
JKoFapbl KypFakLbIAbIK, ©CIMAIKTEPAIH Ke3 KeAreH AaMy CaTbICbIHAQ BCepP eTYi MYMKiH, aA TOMbIPAKTbIH,
TY3AaHYybl 6CIMAIK eMipiHiH 6acbiHaH 6acTan acep eteai. COHAbIKTaH, 6CIMAIKTEPAIH epTe AaMy CaTbl-
CbIHAQ TY3AbIH >KOFapbl KOHLEHTPALMSIAQD KaFAAMbIHAQ OMIP CYPYy >kKaHe Aamy KabiAeTi — MaHbI3Abl
GUOAOTUSABIK, GeArirepaiH, 6ipi, aA 6CIHAIAEPAIH CTPECCTIK XaraarnAapAa 6Cy pPeakumsaCbl — OAAPAbIH
MeTaboAM3MIHIH, e3repyiHiH, KepHeki kepcetkiluTepiHiH, 6ipi. COHAbIKTAH GYA XKYMbICTbIH MakcCaTbl
HOKAT OCiHAIAEpiHiH TY3AbIK, CTPECCTIH 6CYy peakumsAapbiHa acepiH 3epTTey GoAbIn Tabbiraabl. Hokat
(Cicer arietinum L.) — MaHpbI3Abl QybIALLIAPYALLIABIK XKOHE KYPFaKLIbIAbIKKA €H TO3IMAT ASHAI-OYpLIAK TbI
AAKBIA, OA KATaH XaraaiAapAa Ad XKaKCbl 6HIM Gepyre KabiAeTTi, arainaa 6yA 6CIMAIK TOMbIpak, TY3AaHybIHA
eTe cesimTan 60AbIN Tabbiraabl. CoHbiMeH acep epiTiHai NaCl koHueHTpaumsaarbl 0,6 sxaHe 1,26% 10
KYHAIK npopocTku ceHeai. NaCl epiTiHaiciHiH 0,6 >aHe 1,26% KoHueHTpaumsaa 10 KyHAIK eciHairepre
acepiH 3epTTeaik. Hokar eciHairepiHib, ecyiH, 61Momacca >kKuHakTayblH, OPKEHAEP MEH TambIPAAPAbIH
AQHATOMMSIABIK, EPEKILIEAIKTEPIH SKCMEPUMEHTTIK >kaHe BakblAay >KaraalAapbiHAQ GararaAblK,. JKcCrnepu-
MEHTTIK TYPAE TYy3Abl CTPECC OCIHAIAEPAIH XXep GeTiHAeri GeAiriHiH, COHAAM-aK, TamMbIpPbIHbIH ©CYi ko~
He 6GMoMacca >KMHAKTayblHA Kepi bIKMAAbIH TUIi3eTIHAIM aHbIKTaAAbL. Ty3Abl CTPECC 8CepiHeH BCiMAiK-
TEp OpraHAApbIHAQ CYAblH MOALLIEpi aiTapAbIKTal TemeHAaereH. Kac ecimaikTep cabakTapblHbIH SkaHe
TaMbIPAAPbIHbIH, aHATOMUSIABIK, KYPbIAbIMbIHAQ GipKaTtap Tepic e3repictep aHbikTarAbl. CrpeccTik acepaiH
ABPEXKEC] MEH YaKbIThbl apTyblHa GANAAHBICTbI TEPIC ©3repicTep Kylueie TyCTi.

Tyiin ce3aep: Hokart (Cicer arietinum L.), Ty3AbIAbIK, ©6CY peakumMsaAapbl, HOKAT 6CiHAIAepi, aHaTo-
MUSIABIK, KOpCeTKilTep.

BBenenune

I[To mamaeiv OOH (Climate and disaster
resilience, 2015) npuOIU3HTENBHO TOJIOBHHA
MOBEPXHOCTH CYIIM B MHPE TPEACTABICHA MyC-
TBIHHBIMH MJIM 3aCYNUIMBBIMH 3E€MJISIMH U OKOJIO
70% 3eMenb CEeNbCKOXO3SUCTBEHHOTO Ha3Haye-
HUS TIOJBEPKEHBI 3acoieHuto. [IoCcTOSHHBIN pocT
YeJIOBEUECKOW  MOMYJISAIUU  O3HA4YaeT Heo0Xo-
AUMOCTL YBCJIIMYCHHA IJIoOIaaAW IIPOU3BOJACTBA
CEJIbCKOXO3SMCTBEHHBIX KYJABTYp M TOBBIIICHUS
UX YPOXKAWHOCTH, B TOM YHCJIC H Ha CTPECCOBBIX
(honax. D10 TpeOyeT aKTHMBU3ALUU UCCIICIOBAHUN

B 00MacTH U3y4eHHS YI3BUMOCTH, alaliTallHOHHON
CITOCOOHOCTH PACTCHHUH M UX CTPECCOYCTONIMBOC-
t (Mafakheri, 2010: 580), (Rameshwaran, 2016:
49), (Tsegazeabe, 2012: 96).

Hyt (Cicer arietinum L.) sBIsSeTCS BaKHOM
CEJIbCKOXO3AMCTBEHHON  KYJIBTYpOH  pa3iIn4HbIX
CTpaH, IIUPOKO BBIPAIMBAETCS B CTpaHax A3HH,
B TOM umcie u cTpaHax CpemaHea3nmaTrcKoro peru-
OHa. DTO camasl 3aCyXOyCTOW4YHuBasi 3epHOO0OOBas
KyJIBTypa, KOTOpasi CIIOCOOHA B JKECTKHUX YCIIOBHUSIX
JlaBaTh XOPOIIKe YpoXkan IIeHHOTo 3epHa (DPenoTos,
2004: 50), (Komomeituenko, 1972: 33), (Kopenes,
1990: 575), omHaKo HYT CUATAETCS] OYEHD UyBCTBH-
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TEeIbHBIM K 3acojieHuto mouBbl (Khan, 2016: 23),
(Flowers, 2010: 490). B Hay4YHBIX HCCICIOBAHUIX
ObUTH 3aUKCUPOBAHBI pa3IHYHbIC YPPEKTHI cTpec-
COBOTO BO3JICHCTBUS 3aCOJICHHSI HAa HYT, HO 3aJIeii-
CTBOBAHHBIC MPH 3TOM OUOJIOTHYECKUE MEXaHU3MbI
YCTOHYMBOCTH/4YBCTBUTEIBHOCTH JIO CHX TIOP
octarorcs HeBblIsicHeHHbIMH (Vadez, 2007: 123),
(Turner, 2013: 347).

DKCIIEPUMEHTBI Ha IMPOPOCTKAX Ha TMPOTSIKE-
HUM MHOTHX JICCATHUIICTHH SBISFOTCS 3P HEKTUBHON
MOJIICTTFHOM CHCTEMOH M3YUCHHS MHOXKECTBA (PHU3H-
OJIOTMYECKHX TPOLIECCOB B PACTEHUSX. XOPOILO U3-
BECTHO, YTO TIOTEPH XO3SICTBEHHOM YaCTH YpOXKas
HaunboJjiee BEJIMKH, €CIIH PAacTEeHHE MOJBEPIIIOCH CT-
peccy Ha roBeHWIbHOU ctanuu (AOmyinaes, 2008:
7), (Bunokypos, 2001: 66) (Bacun, 2006: 28). On-
HUM M3 CaMbIX HaIAIHBIX [TOKA3aTeJIeH U3MCHEHUS
MeTa0o0JIM3Ma PaCcTEHHUSI IPU CTPECCE SBJIICTCS TOP-
MOXXeHHe pocta. [103ToMy TeNbI0 JaHHOW PabOThI
OBLJIO BBISBJICHHE POCTOBBIX PEAKIMI IMPOPOCTKOB
HyTa B OTBET HA 3aCOJICHUE CPEIIbI.

MaTepna.nbl U ME€TOAbI

OO0BEKTOM HCCIIEeIOBAHUS TIOCTYXKHII COPT HyTa
Cotri. Cemena mo ¢opMme HAITOMHHAIOT OapaHbIO
roJIoBY (OTCIO/Ia M Ha3BaHUE) — HTOMY CIIOCOOCTBYET
Oyropuato-miepiiaBas  TIOBEPXHOCTh. Jlmametp
mionoB coctasisaeT 0,5-1,5 cm. OkparieHsl OHU B
skentelid 1BeT. 1000 cemsn Becat 150-300 r. Ilpu
1abopaTOpHON OIEHKE POCTOBBIX XapaKTEPUCTHK
MIPOPOCTKOB 32 OCHOBY OBIIH B3AThI METOAUKH YII0-
BeHko (YioBenko, 1988a: 89), (Ymnosenko, 19796:
99). Cemena HyTa ObUTH TPOPOIIICHEI B Yammkax [leT-
pu 1o 15 mTyk B 6 MOBTOPHOCTSIX B TEMHOTE, 3aTEM,
MOCJIe KYJIbTUBHPOBUPOBAHMS Ha BOJIC B TCUCHHE 7
CyTOK Ha CBeTy IpH Temmeparype 26 + 2 °C u ocBe-
mennn 3000 mrokc. ITo 3 moBTOpHOCTH (OTBITHBIH
BapuaHT) Obutn momenieHsl B 0,6% u 1,26% pact-
Bop NaCl Ha 3 cytok u B 1,26% pactop NaCl Ha 7
CYTOK, a TPH IIPOJOJDKAIN KYJIETUBUPOBATE Ha BOJE
(KOHTpOIIB).

W3mepsanu JvHEHHbIE MOKa3aTeNd JJIUHBI I0-
6era U TEPBUYHOIO0 KOPHA B KOHTPOJIBHBIX U CT-
PECCOBBIX YCIIOBUSIX U BECOBBIC XapaKTEPUCTHKHU
HakoTUTeHUs 6moMacchl. OOIIYI0 OBOIHEHHOCT TI0-
Oera ¥ KOpHs pacCUUTHIBAIN 110 popMyIIe:

OB=(a—0): a,

IJIe a — IepBOHAavYaIbHAas Macca, MT; O — Macca 1mocie
BeicymuBanus nipu 105 °C, mr.

JlIss aHaTOMHYECKHX MCCICIOBAHHN Marte-
puan ¢pukcuponaiics mo Mmeroauke CrpacOyprepa-

ISSN 1563-034X

dneMMHHTA B pacTBOPE — CIHPT, MIUIIEPHUH, BOJA
B cootHomenuu 1:1:1. AHaToMmuueckue cpesnl U3
3a()UKCUPOBAHHBIX MaTEPUAJIOB OBbUIM CJEIaHbI
BpyuHyto u Ha Mukporome M3II-01. M3mepe-
HUS 1 MUKpodoTorpaduu caemaHsl kKamepoit 519
CUS5.0M CMOS Bugeomukpockona MCX100
Micros Austria.

Bce nammble cratmcthyeckwm oOpaboOTaHBI, B
TabnuIaX NpUBEICHBI CPeTHIE 3HAYCHUSI, CTAHapT-
HbIE OTKJIOHEHHUS OT CPEIHEH W MPOIEHTHBIE COOT-
HOLIEHUsI Moka3aresieid. JlocTOBEpHOCTh pa3inyuit
MEXJy IOKa3aTelsiMU OINpeNessuiach C ITOMOIIBIO
kputepuss CThIONEHTA NMPU YPOBHE 3HAYMMOCTH >
0,05.

Pe3ynbTaThl HccIe10BAHUS U UX
00Ccy:KIeHue

Ecnm 3acyxa MOXeT 3aCTUTHYTh pacTeHHE Ha
m000M DJTare OHTOTeHEe3a, TO IOYBEHHOE 3aco-
JICHWE BIIMSIET HA PAcCTEHHE C CaMOro Hayajua ero
*Ku3HH. [lodTOMY CIIOCOOHOCTh PACTHTEIHLHOTO
OpraHM3Ma Ha HadajJbHOM 3Talle CBOErO pa3BU-
i 3(P(OEKTUBHO HCIONB30BATh BJAary B YCIO-
BHSX TIOBBIIICHHONW KOHIEHTPAIIMH MOYBEHHBIX
collell — OIWH W3 BaXKHEUINMX OMOJOTHYECKUX U
XO3SIICTBEHHO-IICHHBIX TPU3HAKOB, a POCTOBAs
peaknus MPOPOCTKOB Ha CTPECCOBBIE YCIOBHS —
OJUH H3 HarIAHBbIX MoKa3aTeJiel M3MEHEHUSI HX
Merabonusma (YmoBenko 1988: 89). BaxubiMu
napaMeTpaMu, XapaKTepHU3YIOIUMU TEMITBl POCTa
B CTPECCOBBIX YCIIOBUAX, ABJIAIOTCA USMCHCHUA JIN-
HEWHBIX MTOKa3aTeliel pocTa, COOTHOILIIEHUE pa3Me-
pPOB KOPHEBOM M HAJ3€MHOM YacTell pacTeHus u
CIOCOOHOCTh K HakoruieHWto Ouomaccel (Pitman,
1984: 93), (Munns, 2005: 645).

B Tabmutie 1 mpemcTaBiaeHbI pe3yIbTaThl HaOIro-
JACHUA 3a TEM, KaK USMCHATCS IMapaMETpPbl POCTOBBIX
NPOLIECCOB MPOPOCTKOB HyTa B YCIIOBHSX BO3/IEHCT-
BUSI COJIEBOTO CTpECca Pa3InIHON HHTEHCUBHOCTH B
TE€UCHHE 3 CYTOK.

Kak cremyer w3 JaHHBIX, NPEICTaBICHHBIX
B Tabmuie 1, Ha ¢doHe 3-THEBHOTO 3aCOJCHHS
OTMEUAaJIOCh CHIDKCHHE JIMHEMHBIX U BECOBBIX
nmapaMeTpoB Kak KOpHsI, TaK M mobera HyTa, s
mobera pasyimune 3HAUCHUN JTHHEHHBIX TTapaMeT-
POB ONBITHOI'O W KOHTPOJIbHOI'O BapuaHTa IIpH
00enX KOHIEHTPANMSAX COJIU OBLIO CYIIECTBEH-
HBIM, a BECOBBIX — Tipu 1,26% KOHIIEHTpauu
NacCl, Toraa xak JjiMHa KOpHS B 000UX BapHaHTax
CTPECCOBOTO BO3JICHCTBUS M3MEHSJIACh HE3HAYH-
TCJIBbHO, XOTA B CJIOM YBCIIMUYCHUEC KOHLICHTPAI U
COJIM TIPUBOJIMIIO K OOJIBIIEMY CHUKEHHUIO POCTO-
BBIX TIOKa3aTeiei.
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Ta6manua 1 — BausiHue coIeBOro crpecca Ha pOCTOBBIC MPOIIECChl Y popocTkoB HyTa (Cicer arietinum) B yCIOBHUSX COJICBOTO CT-

peccea (NaCl, 0,6%, 1,26%, 3 cyTok)

[Tapamerps! u3mMepeHust KonTpons NacCl, 0,6% % K KOHTPOJIIO NaCl, 1,26% % K KOHTPOJIIO
JlnuHa KOpHS, cM 2,84+0,8 1,9+0,6 68 1,6 £0,4 57
Jlnuna nobGera, cMm 43+1,2 2,8+0,5 65 1,8+ 04 42

COOTHOILICHHE KOPEHB/ 65 68 104 89 136

nober, %
IIpupocT Grmomaccs! KOpHsI, T 1,81 £0,51 1,2+ 0,66 66 0,91 £0,53 50
[pupoct 6momacce! mobera, | 2,72 + (0,32 1,83 £0,75 67 1,22 £0,62 45
OTHOcCHUTEIbHAS 28 22 79 16 57

OBOJIHEHHOCTB KOpHS, %

OtHOCHUTEIbHAS 33 33 100 11 33
OBOJHEHHOCTH Mmobera, %

Kak criexyeT u3 JaHHBIX, TPUBEACHHBIX B TA0IH-
1e 2, yBelIM4eHHEe MPOJOKUTEIBHOCTH CTPECCOBO-
ro BO3JICHCTBUS Ha MPOPOCTKH HyTa MPHUBOIWIO K
emie OONbIIEMY CHI)KEHHIO POCTOBBIX MapaMeTpoB
rnobera, HO POCT KOpHsS, HANpPOTUB, CTAOWIH3U-
posaics (ot 57% k KoHTpoIto Ha 3 cyTku 710 63,6%
KOHTPOJIIO TIOCcie 7-THeBHOTO Bo3aeicTBus 1,26%
NaCl).

[lokazaTrenn HakorieHWs OHMOMAacChl pPacTH-
TEJILHBIMU TKaHSMH TaK K€ TOBOPAT 00 YCHIICHHH
HETaTMBHOTO BIUSHMS Ha HAKOIUIGHUE OHMOMACCHI
HAQ/I3€MHOH YacTW MPOPOCTKOB, HO He KopHi. OO0
9TOM CBUJICTENBCTBYIOT M WU3MEHEHUSI COOTHOIIIE-

HUHA pa3MepoB KOPHEBOW W HaA3E€MHOM wyacrel
pactenus ot 65% 10 68 u 89% mnpu TpexaHEBHOM
Bozzeiicteun NaCl B 0,6 u 1,26% KoHIIEHTpaIusx
cooTBeTcTBEHHO U ¢ 43% B KOoHTpOIE 10 175% Tpn
7-ITHEBHOM BO3/IEUCTBUH CTPECCOBBIX YCIOBUH.

CuuTaercs, 4To COJEBOH CTpecC, HEMAIOBAXHOU
COCTaBIISIONICH KOTOPOTO SIBIISIETCS OCMOTHYEC-
KWl KOMIIOHEHT, BCErlla NPUBOIUT K OOJIbIIEMY
VI MEHBIIEMY OO0E3BOXUBAHUIO PACTHTEIHHBIX
TkaHed. [ToaToMy aJisi HAac MpEACTaBIsAI MHTEPEC
TaKOW TIOKa3aTelb, KaK OBOJHEHHOCTh Molera u
KOpHSI TIPOPOCTKOB HyTa B MOJEIHPYEMBIX YCIIO-
BHISIX 3aCOJICHHSI.

Tab6muna 2 — Biusinue coneBoro crpecca Ha poCcTOBbIE IPoIecchl y mpopocTkoB HyTa (Cicer arietinum) B YCJIOBHSIX COJIEBOTO CT-

peccca (NaCl, 1,26%, 7 cyTok)

[TapameTpsl U3MepeHHs Kontpons Crpecc % K KOHTPOITIO
JmHa KOpHS, cM 3,3+£0,7 2,1+0,6 63,6
JlmiHa nobGera, cM 7,6 +2,6 1,2+04 15,7
CooTHollIeHHE I[J'I(I;IHI:I KOpCHB/ 53 175 407
nober, %
[IpupocT 6Gromaccsl KOpHS, T 2,67+0,2 1,92 +1,2 72
IIpupoct 6momaccsl mobera, T 3,63+0.,8 1,36 £ 0,6 41
OTHOCHTENIbHAS OBOO,I[HCHHOCTB 18 1 61
KOpHS, %
OTHOCHTEIbHAS OBOO,I[HGHHOCTL 29 15 52
mmobera, %

W3 naHHBIX, IpeAcTaBIeHHBIX B Tabnuuax 1 u
2, CIemyeT, 9TO COmep KaHue BOIBI B OpraHax MO-

104

JIOABIX paCTeHI/Iﬁ HyTa CHMKAJIOCh C YBCIIMYCHHUCM
KOHLCHTpall W HECKOJBKO CTa6I/IJ'H/I3I/IpOBaJ'IOCL
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NpU YBEIMYECHUU TPOAOIKUTEIBHOCTH CTPECCOBO-
ro BO3AeHCTBHUS, cocTaBuB 1 nmodera 100 — 33 —
52% COOTBETCTBEHHO OT KOHTPOJBHHOIO 3HAYEHUS
n 79 — 57 — 61% OT KOHTPOJNBHOTO 3HAYEHUS IS
KOpHSL.

B umemoM, monmy4YeHHbIE HaMH  JKCIEpH-
MEHTaJIbHBIE AaHHBIE IO MOP(OPHU3NOIOrHIECKUM

rnapameTrpaM pocTa CBUAETEIBCTBYIOT O TOM, YTO
KOpHEBasi CHCTEMa MPOPOCTKOB HyTa Oblia MeHee
YyBCTBHUTENbHA K MOBPEKAAIONUIEMY JCHCTBUIO CO-
JIEBOTO CTpecca, YeM HaJ3EMHbBIC OPTaHbl.

Bo3zneticteue NaCl oTpa3uinoch u Ha aHATOMHU-
YEeCKMX Mapamerpax KOpHS W CcTeOsl MPOpPOCTKOB
nHyTa (Pucynku 1, 2).

Pucynok 1 — AnatomMuueckoe cTpoeHue nepBudHoro kopus Hyta Cicer arietinum L. (a — kouTposs, 6 — NaCl, 0,6%, B — NaCl,
1,26%, 3 cyrok; 1 — snmuepmuc, 2 — sHxoaepma, 3 — kcusiema, 4 — ¢uosma, 5 — HeHTpaIbHBINA UITHHAD)

Kak cnemyeT W3 JaHHBIX, MPEICTABICHHBIX
B Tabmuie 3, MO BIMSHHEM pa3IAIHBIX KOH-

LEHTpaNi 3aCOJICHUSI MEHUTUCh MOpdomeTpudec-
KM€ TI0Ka3aTely IEPBUIHOTO KOPHSI.

Ta6auua 3 — BousHue coneBoro crpecca Ha aHATOMHYECKOE CTPOCHUE KOpHA IpopocTkoB HyTa (Cicer arietinum L.) B ycaoBusix

cozesoro crpeccca (NaCl, 0,6%, 1,26%, 3 cyTok)

NaCl, 0,6%, NaCl, 0,6% NaCl, 1,26%, NaCl, 1,26%,
Pacturenpnas TkaHb Konrpoms, um o N

UM % K KOHTPOJIIO um %0 K KOHTPOJIIO
Druzepmuc 0,449 + 0,02 0,246 + 0,04 54,7 0,299 + 0,04 66,5
Duponepma 0,218+0,0 3 0,299 + 0,07 138,1 0,138+ 0,01 63,3
Kennema 0,538+ 0,1 0,340 + 0,09 63,1 0,235+ 0,03 43,6
®rodoma 0,772 0,02 0,445 + 0,05 77.9 0,688 + 0,08 89,1
Huamerp nposozAmero 0,998 + 0,03 0,778 + 0,07 57,6 0,837 £ 0,05 83,8

ITyuKa
uameTp HCHTPANLHOTO | 3 435, ) o) 2,963+ 0,01 94,5 2,923+ 0,03 93,2
HMWIMHIPA

Mp! HaOmo#anM yMEHBIIEHHE TOJILUHBI CJIOS
KJIETOK SMHUIEPMHUCA, KCHIIEMBI, ()JIOIMBI, YMEHBIIIE-
HUE JMaMeTpa MPOBOSILETo Myyka U IIEHTPaJIbHO-
ro muiauHapa. OngHAko ciegyeT 3aMeTHTb, 4TO
npu MeHblneld koHuneHTpanuu NaCl HeratuBHOE
BIMSIHUE Ha pa3Mepbl TKaHeH KOpHs Obuin Oonee
BBIpaXKCHBI. TOJIIIMHA DHIOAEPMBI, HAIIPOTHUB, yBE-
mumnBanach pu 0,6% NaCl no 138,1% ot koHTpOIIs
U yMeHbIanack 10 63,3% npu 1,26% NaCl. Pazme-
PBI IPOBOJIAIIETO MTyYKa CHU3MWINCH B OCHOBHOM 3a
CYeT pa3MepoB KCHIJIEMbI, OCHOBHOM BOIOMPOBOAS-
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el TKaHW, Ha KOTOPOW HEraTMBHOE BO3JIEUCTBHUE
3aCOJICHUSl OTPa3HJIOCh B HaWOOJBINEH CTENCHH
(63,1% u 43,6% x xouTpomo nipu 0,6% u 1,26%
NaCl coorBercrBenHo). Habmromarorcst q0cToBep-
HbIC U3MEHEHUs B (popMe U pazMepax KJIETOK Iep-
BUYHOW MAapEHXUMBI KOPHS, 2 IMEHHO HapyIIeHHe
LIEJIOCTHOCTH KJIETOK, YTO HAIVISIIHO TOATBEPIKIACT
HETraTUBHOE BIIUSHUE BHICOKOUM KOHIIGHTPAIIUU COIH
(1,26%). Takum oOpa3zoM, Ha TKaHAX MEPBHYHOTO
KOPHSI OTMEYEH OCMOTHUYECKUH 3 (eKT, BEI3BaHHBIN
3aCOJICHUEM.
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Pucynoxk 2 — AHatomudeckoe ctpoeHne nepsuyHoro cre6ist Hyta Cicer arietinum L. (a — konTpois, 6 — NaCl, 0,6%, B — NaCl,
1,26%, 3 cyTok): 1 — snmaepmuc, 2 — nepBu4Has Kopa, 3 — ¢uosma, 4 — kambuii, 5 — kcuema, 6 — cepaieBUHa, 7 — TPUXOMa

W3 nmaHHBIX, TpeICTaBIeHHBIX B Tabnwuie 4,
MOYKHO CJIeJIaTh BBIBOJIBI O TOM, YTO OCMOTHYECKOE
BO3/IEHCTBHE COJIEBOTO CTPECCa BhIPAKaIOCh TaKkKe
B IOJABJICHUM POCTAa KCWJIEMbl — TKAHH, KOTOpas
MIEPEHOCUT BOAY M PACTBOPHI MHUHEPAIBHBIX COJEH
OT KOPHSI K Ha3eMHBIM OpraHaM. Tak Kak Kcujaema
WTPaeT B PACTCHUH JIBOSKYIO POIIb — (DU3HOIIOTHYEC-
KYIO M CTPYKTYpHYIO, 00eCTIedrBast Oropy pacTyIie-
My MO0Oery, YMEHBIIICHHE €€ pa3MEpOB HETaTUBHO
CKa3bIBACTCsl HA POCTE U PA3BUTUU MOJIOJOTO pacTe-
Hus. Ha TonmuHy JIpyrux TKaHeW yCIOBHS 3aco-

JICHWsI, HAMpPOTHB, OKAa3bIBAIH CTUMYIHPYIOIIEe
Bo3JeiicTBUE (B OOJNBINIEH CTEMEHW MPU MEHBIIEH
konneHTpanuu NaCl). JlaHHbI pe3ynabraT 00bsC-
HSETCS TeM, 4TO (JIo3Ma MPOBOIUT MHUTATEIHHBIC
BEIIECTBa, CIEI0BATEIbHO, COJIb, MPOBOAUMAS IO
¢dutoame, pazpymaer TkaHu (osmbl. KamOuii B
Hayaje pocTa OTKIAABIBAT HOPMAJbHYIO TEpBUY-
Hyto (iosMy, fanee ¢ TIOSIBICHHEM JICHCTBHS CO-
JIM Haydaj pa3pymaThcs, MeXAy kamOuem u (ios-
MO YETKO Pa3TIIsAbIBAIOTCS BO3AYIIHBIE TTOJOCTH,
o0pa3oBaBIIUeECs BCICACTBUE pa3pylICHHs KICTOK.

Ta6muna 4 — BivsiHue cojeBOro crpecca Ha aHaTOMHYECKUe IapameTpsl cTedis nmpopocTkoB HyTa (Cicer arietinum) B yCJIOBHSIX

coneporo crpeccea (NaCl, 0,6% u 1,26%, 3 cyTok)

0, 0,

PacturensHas TKaHb KonTpomnb, um NaCl, 0,6%, um O/NaCI, 0.6% NaCl, 1,26%, um ONaCI, 1,26%,

0 K KOHTPOILIO % K KOHTPOJIO
Kcunema 0,260+ 0, 01 0,188 + 0,09 72,3 0,254 + 0,03 97,6
drosma 0,270 + 0,07 0,561 + 0,04 207,7 0,376 + 0,08 139,2
AuaveTp IPOBOMMIETO | 975 4 3 1,265 +0,5 130,1 0,987 +0,1 101,5

ny4Ka

Dnuaepmuc 0,284 + 0,05 0,477 + 0,07 167,9 0,348 +£ 0,03 1225

[TouBeHHOE 3acolieHHWE BIMSIET HA POCT pacTe-
HUW TyTeM COBMEIICHHOTO BO3JIEUCTBUSI «OCMO-
THYECKOTO CTPECCa», BBI3BAHHOIO 0o0Jiee HU3KHM
OCMOTHYECKHM TIOTCHIIMAJIOM B KOPHEBOH 30HE
«TOKCUYECKOTO HMOHHOTO CTpPECcCa», BBI3BAHHBIM
U30LITOYHBIM HakoruieHnemM noHoB Na' u Cl B
paCTHUTENBHBIX TKaHsIX. CUHMTaeTCs, 9TO OCMOTH-
YECKUI KOMIIOHEHT COJICBOTO CTpEcca BIMSICT Ha

pOCT pacTeHU cpasy MOCJe BO3JCHCTBUS 3acolie-
HUS 1 HAOIIOAAeTCsl Ha MPOTSHKEHUH BCEH MPOJoI-
JKATEIBHOCTH BO3AeHCTBUsA cojieli (Munns, 2002:
239) (Muhammad, 2010: 889). Hyr cuuraercs
OUYEHb 3aCyXOyCTOMYMBOU KyJbTYPOM, XOPOIIO IIe-
pEHOCAIIEH MOBBIIEHHOE OCMOTHYECKOE JaBICHUE
Cpenbl, OJHAKO, B JIMTEPAaType BCTPEYAOTCS MHE-
HUSA O TOM, YTO MMEHHO TOKCHUYCCKHI KOMIIOHEHT
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3aCOJICHUS SBISCTCS JUUIsl HETO JJOMUHUPYFOIIAM CT-
peccoBbM BozzaeiicTBueM (Kafi 2011: 55) (Ashagre
2013: 161) (Khalid 2009: 135). Tak, uccnenoBate-
JISIMU Ha Pa3HbIX TEHOTHUIIAX HyTa OOHAPYKEHBI OT-
pUIaTeIbHBIE KOPPETSINH POCTa TOOETOB C KOH-
HeHTpanueil B moderax mim auctbsax Na* (IlaBnenko
2009: 40) (banamos 2002: 88).

JlutepaTypHble NaHHBIE TOBOPAT O TOM, YTO
pacTeHus ¢ HU3KUM cojepkaHueM Na' mpoayiu-
pYIOT OONBIIMI BBIXOJ OMOMACCHI, Y HUX MEHBIIIC
TPaBMHUPOBAHHBIX JTUCTHEB M OOJNBIIAS TPOTIOPIIHS
JKUBBIX JINCTHEB 110 OTHOIICHUIO K MEPTBBIM U I1OB-
pexaennbM (Yeo, 1986: 161), (Shamsi, 2010: 197).
B cTpeccoBrIx ycrmoBusx ypoBeHb Na“ MOXKET OBITh
HIDKE B TIoOerax, eciii HoHbl Na“ HaKaIlJIuBaroTCs B
KOpHSIX, TaK Kak MeHbIlIe Na" 3aTeM BXOIUT B KCH-
JeMy B Jocturaet mobera (Munns, 2008: 651).

OpfHaKO HaIlIU 3KCIEPUMEHTAIbHBIC JIaHHBIC
CBUJICTEILCTBYIOT B IOJIB3y TOTO, 4TO Ha (poHE Cy-
IIECTBEHHOTO 3aMEeJICHHUS POCTOBBIX TIPOIIECCOB
NpU cTpecce colepkanue HoHOB Na' B pacTHTENb-
HBIX KJIETKaX 1M00era 3HaUNTEIIbHO YBEIIMYNBACTCS.

CHmkeHue broMacchl 100eros, Had/IIOIaEMOE B
HAIlIeM 3KCIIEPUMEHTE, MOKHO OOBSICHUTD 11O/1aBJIe-
HUEeM (OTOCHHTE3a U Ooliee BBICOKUM HEKPO30M
moOeroB B pe3ysIbTaTe paspylIeHUs XJIopoduinia
B KJIETKaxX M3-3a YBEJIMUCHUSI HAKOIUICHUS TOKCHY-
HBIX HOHOB MIMEHHO B 3€JICHBIX HaJI3€MHBIX OpraHax

(Dua, 1997: 440), (Maliro, 2008: 53). Takoe ot-
pumaTenbHoe BIUSHHE <A(DPerTa TOKCHIHOCTID
IPU JUIUTEIHHOM BO3JIEHCTBHUM Ha HYT MOXET B
JTATbHEHTIIeM, eCITi He TPUBECTH K THOeTH pacTe-
HUS, TO CEPhE3HO MPEMATCTBOBATH PA3BUTHIO paCcTe-
HUH U TOCTH)KEHUIO MU T'eHEPaTUBHOM (a3bl.

BriBOaBI

[Ipu uccnenoBanuy MOp(OIOTHUECKUX JaHHBIX
IPOPOCTKOB HyTa HaOIIOHAaeTcss IOCTOBEPHOE
pasyinuue 3KCIEPUMEHTAIBHBIX BAPUAHTOB B COOT-
HOLIEHUH ¢ KoHTposieM. [To Mepe yBennueHns KoH-
LEHTPAalUu COJIM TOHW)KAETCA POCT M pPa3BUTHE
IIPOPOCTKOB HYTA.

B anaromuueckoM CTpOEHUHM KOpHS OTMEYaeT-
Cs HapylIEHUWE LEJOCTHOCTH KIJIETOK IEepBHUY-
HOHM MapeHXHUMBbI, 4 TAKXKE YMEHBIIECHUE JUaMeTpa
LEHTPAIBbHOTO LWINHAPA, KOTOPBIA yTHETAET Jallb-
HEHIIUI pOCT PACTEHHUS.

B anaromuueckoM cTpoeHHUH cTeOns ObLIO
3aME4YEHO, YTO MPOBOAAIINUE TyYKH YMEHBIIWIUCH B
KOJIMYECTBE B 3KCIIEPUMEHTAIbHBIX BapuaHTax, 110
CPaBHEHUIO C KOHTpoieM. UTO KacaeTcs 3JIEMEHTOB
MIPOBOJAIIIETO ITyYKa, MOKHO OTMETHUTb, UTO pazMep
KCHJIEMbl YMEHBIIWICA, a (hIosMa yBEeNIW4HIIach,
TaKKe MO/ BO3JeHCcTBUEM cTpecca (odMa Hadana
pa3pymarTbcsl.
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3KOMOHHUTOPHUHIOBBIE MCCAEAOBAHUA CHLAMYDOTIS
MACQUEENII HA 3ANMOBEAHbBIX TEPPUTOPUAX B 2017 T.

Apoda-kpacotka Chlamydotis macqueenii rHe3AMTCS M BCTpeyaeTcs Ha MPOAETe B IOXKHOM Mo-
AoBuHe KasaxctaHa. Ee mecTtoo6uTaHMe — rAMHUCTbIE, KAMEHUCTbIE U COAOHYAKOBbIE MYCTbIHW M MO-
AynycTbiHu. B KasaxcraHe cenuac obutaeTt He meHee 60 Tbicay ocobert. 3aHeceHa B KpacHyio KHUTY
Pecny6Ankm KasaxcTaH, a Takxke B KpacHble kHUrn YabekmcTaHa, TypkmeHucTaHa u Poccumn. Cosaarmne
rOCYAQPCTBEHHbIX 3aMOBEAHbIX 30H PeCNyBAMKAHCKOTO 3HAUEHM S TOCAYXKMAO CTUMYAOM K NPOBEAEHUIO
B KazaxcraHe e)XeroAHOro MOHWMTOPWHIa YMCAEHHOCTM 3TOM MTULbl C MCMOAb30BaHMEM aBTOTPAHC-
nopTa BbICOKOW MPOXOAMMOCTM M COBPEMEHHbIX CPEACTB HabAIOAEHMSI.

LleAb MOHMTOPUMHIA — NMOAyYEHME AQHHbBIX AAS PALLMOHAABHOTO MCMOAb30BaHMS MOMYASILMK, MOA-
Aep>kaHus ee YMcAeHHoCTU. B 2017 roay yueT Apodbl-KpaCOTKM Ha TEPPUTOPUM AHAQCANCKOro ro-
CYAQPCTBEHHOIO MPUPOAHOrO 3aka3Hmka M >KyCaHAQAMHCKOWM 3arnOBEAHOM 30Hbl HOCWMA LIEAEBOM
XapakTep U NMpeAycMaTprBaA 06CAEAOBAHME PABHUHHBIX TEPPUTOPUIA C BOSABIYOM, BUIOPIYHOM, Keit-
PeyKOM 1 KaparaHoi. BbISIBASIAMCb rpynnoBble MNOCEAEHMSs U OAMHOUHbIE 0COOM. [1POBOAMACS aBTOMO-
OGMAbHbBIN YUET C MPUMEHEHUEM METOAQ IKCTPAMOASLMU HA TEPPUTOPUIO, CAEAAHbI PACUETbI BEPOSTHOM
YMCAEHHOCTM APOMbI-KPACOTKM, C YHETOM CPEAHMX 3HAUYEHWMI BO3MOXKHOIO MPUPOCTa MOCAE 3aBep-
lweHns rHe3poBaHMs. Pacnpeaeserne apodbl-kpacoTku Tepputopmmn AHaacarickoro 13 nokasbiBaet
BAMSIHME (DakTopa 6ECnoKOMNCTBA M3-3a KOCBEHHOrO BO3AENCTBUS YeroBeka. CeBepHble TeppuTopum
3aKasHuKa (paloH PYAHWMKOB) MOCELLAIOTCA MTULAMM MCKAIOYMTEABHO B MepuoA nepeaeToB. Ymc-
AEHHOCTb APO(bI-KPACOTKM BO3POCAQ Ha 8-9% B TeueHue MOCAEAHUX LLeCTU AeT. Meponpuatug no
COXPaHEHMIO AXKEKa B 3TMX paioHaX AOAXKHbI BKAKOYATb AQHALIAMTHO-3KOAOrMYECKOe 30HMpPOBAHWE
TeppuUTOPMK, MATPYAMPOBAHME, MOBbILLIEHNE OCBEAOMAEHHOCTUM HACEeAEHWS M pa3BUTHE MPOrpammbl
3aLUMTbI THE3A.

KatoueBble croBa: Apoda-kpacoTka, Ka3axcTaH, 3anoBeAHble 30Hbl, MOHUTOPUHT .
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Ecomonitoring researches of Chlamydotis Macqueenii in reserved zone in 2017

Houbara bustard (Chlamydotis macqueenii) breeds and occurs on migration in southern part of Ka-
zakhstan. Habitats of these bids are clay, stony, saline deserts and semi-deserts. According to estimates,
about 60,000 individuals live in Kazakhstan now. This species included in the Red List of the Republic
of Kazakhstan and in the Red Lists of Uzbekistan, Turkmenistan and Russia also. The establishment of
the national state protected zones stimulated the annual monitoring of these birds in Kazakhstan with
use of vehicles and modern surveillance equipment. The purpose of the monitoring is rational uses of
population, maintaining of number. The registration of houbara bustards on the territory of Andasai
State Game Reserve and Zhusandalinsky reserved zone in 2017 included the survey of flat areas with
boyaluch, biyurgun, keireuk and caragana. Group settlements and single individuals were identified.
There were conducted survey using the method of extrapolation of the territory and estimates of the
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population of houbara bustards by the average values of possible growth after the completion of nesting.
Distribution of bustard shows the influence of the disturbance factor due to indirect human impact. The
northern territories of the reserve zone are visited by birds only during the flights. The population of bus-
tard increased on 8-9% during the last six years. Preserve measures of Chlamydotis macqueenii should
include landscape-ecological zoning, patrolling, awareness raising of the population and development
of protection program of nests.

Key words: Houbara bustard, Kazakhstan, Zhusandalinsky reserved zone, Andasai Game Reserve,
monitoring.
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KopbIKTbik, aliMakTapAafbl 2017 . Chlamydotis macqueenii 5KOMOHUTOPUHITIK 3epTTeyAep

Ayapak, OHTYCTiK KasakcTraHaa yst caraabl XKoHe Yiubin KeaeAi. OHbiH Herisri MekeHi 6aTnakTbi,
TaCTbl, COPAbI LUOAAI >KaHe WeAenT Xepaep. Kasipri yakbiTTa AyaAakTbiH caHbl 60 MblH 0COObKa
xeTkeH. Oa KasakcraH, ©36ekctaH, TypikmeHcTaH, Peceir Kpi3bIA KiTanTapbiHa eHreH. MemAekeTTik
KOPbIKTbIK, 30HaHbIH, KYPbIAYbl, OAQPAbIH XbIA CaliblHFbl ecenTey, 6akblAay >KYMbICTapbIH XXYprisyre,
3aMaHaym KypbIAFbIAAPABI KOAAQHbIM 3ePTTeyre XKakCbl MYMKIHAIK 6epA|.

Makanaaa AyasakTbiH AHaacan, JKycaHaana TeppuTOPUSIAAPbIHAQ KOPFaAaTbIH KOPbIKTbIK, KO-
pbIKlla 30HAAAPbIHAAFbI MOHUTOPUHIT GepireAi. TONTbiK >kaHe Xeke 0Cco6bTapAblH OYMbIPFbIH MEH
TOObIAFbIAbI, KeMpeyikTi, KaparaHAbl >Ka3blKTbIKTapAa MekeHAeyi aHbikTaaFraH. COHbIMeH Kartap
AYaAAKTbIH CAaHAbIK, KOPCETKILLITEPIHIH XYbIKTan aAFaHAarbl ecefi, ys CaAbln GOAFAHHAH KeniHri opTalua
MBHHEH OCKEHAIr 6asHAaAFaH. AHAACaM KOPbIKLIACIHAQ AYAAAKTbIH TapaAyblHA aAAMHbIH KOCAAKbI
apeKeTTePiHiH HaTMXKeCIHAE 60AATbIH (hakTOpAap acep eTeTiHAIr AoaeaaeHreH. CoHFbl 6EC-aATbl XKbIA

Mep3iMiHAE AYaAaKTbIH CAaHABIK KepceTKiwTepi 8-9% >oFapblAaraH.
AyapakTbl cakTan KaAy LlapaAapbl 6apbiCbiHAQ TEPPUTOPUSIAAPABI AQHALLIA( TbI-DKOAOTUSABIK,
30HaAay >KoHE KY3ETTi HbIFalTy, XaAbIKTbl YSIAAPAbI KOpFay 6araapAaMacbIMEH TaHbICTbIPY XKYMbICTapbIH

YAFANTy GOAbIN CaHaAaAbl.

Ty#iH ce3aep: ayasak, KasakcraH, KOPbIKTbIK, 30HaAap, MOHUTOPUHT .

Hpoda-kpacotka, wiu xek, Chlamydotis un-
dulata ponom n3 3acynumBbeIX MectoobuTannii Ce-
BepHON Adpukn, ApaBuu u LlenTpanbHoit A3um,
HEe HaxomuTcs moj yrpo3oi ucuesnosenus (Collar
1983: 12; Collar 1994), Ho cunTaeTcs ysI3BUMbIM BU-
mom MCOII (Groombrige 1993). Panee cucremarn-
KU BBIIEISUIA TPH MoaBuAa Apodel-kpacoTku: C. u.
macqueenii — B ycTbIHAX Poccun, Azun u Ha bivk-
Hem Bocroke; C. u. undulata — 8 CeBepHoit Appuke
u C. u. fuertaventurae — Ha BocTouHbIX Kanapckux
octpoBax (Collar 1983a: 1). B mactosmee Bpems
C. u. macqueenii paccMaTpUBAETCsI KaK CaMOCTOsI-
tenbHbId BUA Chlamydotis macqueenii (Combreau
2011:107).

MHorue HCClIeIoBaTeNd CYUTAIOT, YTO YHC-
JICHHOCTB JKEKa COKpalaercsi Ha OoJblueil yacTu
apeama (AnekceeB1980: 1263; Surahio 1985: 55;
Seddon 1996: 139; I'yobun 2007: 395). B crpanax
LentpansHoii A3um apoga-KpacoTKa 3aHeceHa B
HarmoHabHBIe KpacHple kuurH. {71 B0300HOB-
JICHUsI TIPUPOAHBIX MOMYISIIUN BUAA pa3padoTaHbl
pa3HOOOpa3HbIe TEXHOJOTHUH Pa3BEICHHS, IIUPOKO
ncronb3yembie B CaymoBckoit Apasuu, AOy-Jladu,
Mopokko U pyrux crpaHax. [J1aBHas Lejib TaKUX
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pabor — mocieayromas PeMHTPOLYKLIHS NTHL B
TUKyIo mipupofy. PasBenenue B HeBOJe SBISETCA
nocratoyno ycremHbiM (Schulz 1991; Combreau
1997: 149; Hemon 2000: 50), HO He pemiaeT Bcex
poOJieM COXpaHEeHHs BHJAa B E€CTECTBEHHBIX YyC-
noBusx ooutanus (Child 1990; Osborne 1997:
51; Goriup 1997: 383; bepezoBuxo 2012: 807;
Kosanenko 2012: 250; I'youn 2016: 515).

B nenmaBHem mnpouwiom apean Chlamydotis
macqueenii 3aHUMaJ 3HAYUTENIBHYIO 4YacTb IIO-
NymycThIHb W TycThIHb Kaszaxctana u Cpenneit
Azun. B ceBepHOli yacTu apeaja OOMTaHUS IKEK
SIBJISIETCSI TIEPEJIETHBIM BHJOM, COBEPLIAIOIINM
€XKEroJ{Hble MUTPAIIMH: OCEHBIO C MECT THe370Ba-
nusi B Kazaxcrane, Poccun, Kutast 1 Monronun
Ha 3uMmoBKM B [lakucran, Mpak u CaymoBckytio
ApaBuro, a BecHO# oOpaTHo. CuwmTaeTcs, YTO
80% cpenHea3naTcKol MOMYJISLUN COXPAHHUIOCH
mub B Kaszaxcrane, rne apoda-kpacotka 3aHe-
cena B Kpacuyro kuury, craryc — Il karteropus,
cokpamaromuiics Bua. Tepputopusa Kaszaxcrana
SABISIETCS KpalHE Ba)XHbIMM PETHOHOM IS
COXpaHEeHHsI ¥ OJarormoJlyqHOTO CYIIeCTBOBAHUS
MHUPOBOH MOMYISLUN BHA.
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Hpoda-kpacoTka HalijjeHa THE3/AIICHCS B
Ka3aXCTaHCKHX ITONYIYCTHIHSAX M MYCTHIHAX, K Ce-
Bepy mnpubmusurenbHo no 51° c. m. B cesepo-
3armajgHON 4YacTH apealia He 3aXOJAUT Jaliee yCThS
Vpana u BepxoBneB Mieka. Ha ceBepo-BocTOKe
THE3JIUTCS B I0T0-BOCTOYHOM AlJITae, B 3alicaHCKOM
KOTJIOBUHE, B CEBEPHBIX Mpearopesix Tapbararas
u B neckax llpmbanxamms. Pacipenenena kpaiine
HEPAaBHOMEPHO, MPEIIOYUTAs PABHUHBI U KPOMKH
3aKpPEIUICHHBIX TIECUaHBIX MAaCcCHUBOB, ITPH 3TOM H3-
Ocrass OOBOIMHEHHBIX yYaCTKOB, TOPHBIX MaCCHBOB,
MMONMEHHBIX JIECOB M 30H BO3JEIBIBAHUS arpOKYIIb-
Typ. B HaubGonee THMUYHBIX MecTaX OOWUTAHHS ATH
OTULEI OOBIYHO ITOCEISIFOTCS CKOIUIEHUSIMH OT 5-6
10 30 ocoOeit, XOTs HEPEIKU Clay4dau OJMHOYHOTO
ITOCEJICHUSI.

CBesieHUsI O YUCIICHHOCTH JAPO(MBI-KPACOTKH B
HaCTOsIIIee BpeMs pasHopeuuBbl. [l OOibIIMHC-
TBa paiioHoB Ka3zaxcrana mkek cuuTancs KpaiHe
MajiouucineHHbIM. Tak, B BocTounbix KbI3buiKymax
B paiioHe noc. baupkym Ha KpOMKe IyCThIHU BIOJb
ocTaHIOBoro monHsATUs Kapakray, oOutaer 1o
pacyetHbIM aHHBIM 144-450 mxexo (I'youn 1990:
113). B bernak-/lane (oOmiast ruiomaas MyCThIHA
11,5 mu. ra), obutaer okono 1400 mxekoB, B Imyc-
TeiHsX FOxHOTO [Ipnbanxambs — okono 120 nui,
B K3bu1-OpnuHckolt obmactu — okono 150, a Bcero
B lOxnom Kazaxcrane oburaer mopsiaka 1,7-2 ThIC.
ocobeit (I'youn 1986: 93; Gubin 1992: 98). B 1e-
oM, 0 Ja"HHbIM 1982-1989 rT., 4HMCIIEHHOCTH 110
Kazaxcrany cocrapiser mopsaka 30 TBIC. 0COOCH.

['maBHBIE TPUYMHBI COKPAIICHHS YHCICHHOC-
TH JDKEKa — WHTCHCUBHOE XO3SMCTBEHHOE WC-
MTOJTE30BAHNE YTOMUH, SBISIOMIMXCS MECTaMHU ee
THE3/I0BaHUs, a Takxke ycwieHue (akropa Oecrio-
koiictBa. He cMOTpst Ha TO, YTO B CBSI3M C JIUKBU/IA-
[Meil COBX030B apHIHBIE 3eMIIM OBIITH MpPaKTHYeC-
KH BBIBEJICHBI U3 CEIILCKOXO3SMCTBEHHOTO 000pOTa,
COKpAaTWJICA BBITIAC CKOTA, OKa3aJUCh Pa30pPECHHBI-
MH >KHBOTHOBOMUECKHE 3WMOBKH, BO3ICHCTBHE
YeJIoBeKa eIIe JAOCTATOYHO OIIyTUMO. B ymienbsx
rOp W Ha paBHUHAX YacCThl MOXKapbI, MOCIE KOTO-
PBIX MCUE3aI0T OCTAaTKH APEBECHO-KYCTapPHUKOBBIX
3apociueil. Teppuropusi peryaspHO MOCELIACTCs
OpakoHbepamu. VIHTEHCHBHO pPa3BUBAIOTCS TOp-
HOMOOBIBAIOIINE TIPEATIPUATHS, ACSITSIBHOCTh KO-
TOPBIX OXBATHIBACT OTPOMHBIC IUIOIIAJIH, 3aHSATHIC
pYIHUKaMH, OTBajaMH, MaructpamsiMu. Kpome To-
0, MMOBBICHIICS HHTEPEC K HKEKY KaK 0OBEKTY MPo-
BEJICHUS COKOJIMHOM OXOTHI, YTO OYEHb TPaUIIMOH-
Ho juts cTpal I[lepegnero BocToxka.

Bce »10 ompenmenmiio HEOOXOMUMOCTH IOJY-
YEHUSl JIOCTOBEPHBIX CBEACHUM O YMCICHHOCTH U
pactpene’eHnd OIS  IpOoBI-KPAaCOTKA Ha

tepputopusx HOxHo-Kaszaxcranckoif, Apbicckoii
n Kapakrayckoil, XKycanmamuuckoil u Kennep-
mn—KascaHCKOl TOCyHapCTBEHHBIX — 3alOBEIHBIX
30H pecnyOJMKaHCKOTO 3HaueHHs W AHpacaiicko-
IO TOCYIapCTBEHHOTO MPHUPOJHOrO 3aKa3HHKa,
IIPU3BAHHBIX COXPAHUTH YCJIOBHS CTAOMIIBHOTO Cy-
IIECTBOBaHUS BUJIA.

JlanHOE nccienoBaHue ABISIIOCH YacThIO MO-
HHATOPHUHTOBEIX padoT 2017 roma mo y4ery JuciIeH-
HOCTH JPOQBI-KPACOTKH, MPOBEACHHBIX aBTOpaMU
coBMmecTHO ¢ TOO «CnekrplIpoexr», mo gorosopy
¢ PI'KII ITO «OxoT300mpom.

MartepuaJibl 1 MeTOIBI HCCIETOBAHUSA

Y4er YHCIEeHHOCTH W MOHMTOPUHIOBBIE HCC-
JenoBaHus  IPO(MBI-KPACOTKA  MPOBOJWINCH Ha
tepputopun KycaHJalMHCKOM TrocyaapcTBEHHON
3allOBEJIHOM 30HBI PECIYOIMKAHCKOTO 3HAYCHHUS
U rpaHUyallero ¢ He AHIacaliCKOro 3aka3HUKa B
MapTe-aBrycte-oktsaope 2017 roma. Ilopsmgok mpo-
BEJICHUS YYETHBIX pabOT COOTBETCTBOBAJI COBpE-
MEHHBIM CTaHIapTHEIM MeToankam (Gubin 1999: 9;
I'youn 2003:178; Crissperko 2005: 56).

JKu3HEHHBI MUKI MOMYJISAIUU JPOQBI-KPacoT-
KM Ha tepputopun KaszaxcraHa OTCleKHUBaeTCs ¢
KOHIIa (heBpassi-Hadana MapTa 1o OKTI0ph — HOIOph
B 3aBHCHMOCTH OT KJIUMaTHU4YeCKUX ycloBuil. OceH-
HUH OTIIET APO(BI-KPACOTKH C CEBEPHBIX TEPPHUTO-
puil HauMHAeTCs ¢ KOHIIA OKTAOPS — Hadana HOsIOps
1 TIPOAOJIKAETCS 10 KOHIA HOSIOPSI.

Becennnii yder 4McIeHHOCTH IpOQBI-KPacoT-
K1 Ha Tepputropun KyCaHIaJIMHCKOW 3alOBEIHOMN
30HBI U AHJAcCalCKOro 3aKa3HUKa MNPOBOIUICS B
nepuoxa ¢ 05 mo 24 mas 2017 r. IlpoBenenue Mo-
HUTOPUHTA B JIETHUW U OCEHHUH MEPUOIbI HA TEp-
PUTOPUSIX 3aMOBETHOW 30HBI M 3aKa3HUKA OCYIe-
CTBIIJIOCh HA MaplIpyTax M TOYKAX HAOIFOMEHWS.
[Ipu BbIMONHEHUH MOHUTOPWHIA M3Y4aJIUCh YCIIO-
BUS MECTO OOWMTaHUS U (PAKTOPHI, BIHSIOIIAE Ha
COCTOSTHHE TIOTTYJISIINH IPOQBI-KPACOTKH.

Yuer  ApoQBI-KpacOTKH  HOCHIJI  LIEJIEBOH
XapakTep W MpeaycMaTpuBal TIIATEIbHOE 00cIe-
JIOBaHUE PAaBHUHHBIX TEPPUTOPUIL B ITpeesax Momiy-
MYCTHIHHOM M MYCTBIHHOM 30H C IIEJIbIO BBISBICHUS
Pa3pO3HEHHBIX I'PYNIOBBIX U OJWHOYHBIX MOCENE-
HUi Buja. [IpuMeHsuicsi aBTOMapIpyTHBIA METOJ]
C aBTOMOOWIIA BBICOKOW mpoxoxumoctH. [llupuna
MOJIOCHI y4eTa 0 MaKCUMAJIbHOM U CpelHEH nalib-
HOCTH OOHapyXeHHs IPO(BI-KPaCOTKH COCTaBMIIA
1 xM (o 500 M B Kaayl0 CTOPOHY). MapIiipyThsl
3aKJIaJIbIBANIUCh CIIyYailHBIM 00pa3oM TakK, YTOOBI
OXBATHUTh Pa3UYHbIEe OMOTOIBI M CAETIATh BO3MOXK-
HOM SKCTPATMOJISIIUIO HA 9TH YYACTKH B 11e7IoM. Peru-
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CTpPALIMIO BCTPEY MPOBOJWIIN BO BPEMSI MAKCHMaJlb-
HOW aKTMBHOCTH [DKEKA: YTPOM C BOCXOZAA COJIHLA
u g0 10-11 4., Beuepom — ¢ 16-17 4. u g0 3axoxna
COJIHLIA, U TOJIBKO B MACMYPHBIE THU — IPAKTHUECKU
BCE CBeTIoe BpeMs cyTok. KoopauHatel Mecra BCT-
ped ocobel, ciefioB NesITeNbHOCTH, THe3] (puKcH-
poBanuck ¢ nomousto GPS. MapuipyTsl ABHKEHUS
ABTOMATHUYECKU PErHCTPUPOBAINCH C ITOMOILBIO
HaBUTaTOpa.

Ha ocHOBe y4eTHBIX JaHHBIX, B COOTBETCTBUH C
YTBEPKJI€HHOW METOJIMKOM, MPOBOAMIICS IKCTPAIIO-
JIIUOHHBIA pacyeT YMCIEHHOCTH BHJA Ha JTAHHBIX
TEPPUTOPHSIX.

Koneunble pacueTsl UYHCICHHOCTH JIPOQBI-
KpPAacOTKHU BBIIISASAT CIIETYIOIUM 00pa3oMm:

n=(b,2)+1),175/100;
s=L,W;
N=n,S/s,

re:

N — oOmiast uToroBasi pacueTHasi YUCICHHOCTb
IpodBI-KPACOTKH;

N — pacdeTHas YUCIEHHOCTb APO(BI-KPacOTKH
Ha IUIOIIAAN TEPPUTOPUH, OXBAUCHHOH yueTaMu;

b — uncno BU3yanbHO BCTPEUEHHBIX NTHIL;

t — KOJIMYECTBO BCTPEUCHHBIX CBEXKHX CJICIOB
npeObIBaHus APODBI-KPACOTKH;

S —IIJIOIIAlb TEPPUTOPUH, OXBAUECHHOH yueTaMu;

S — momane TEPPUTOPUH, MPUTOTHBIX IS
obuTaHus 1pOdBI-KPACOTKH;

L — nnuna mapuipyra yyera,

W — mupuHa y4eTHOH I0JI0CHI

OCHOBBIBasICH Ha PE3yNIbTaTax, MOJYYEHHBIX B
THE310BOM MEePHOJ ¢ TOMOIIBIO METO/1a SKCTPAIOs-
[IUU Ha TEPPUTOPHIO, CICIaHbl PACUEThl BEPOSTHOU
YUCIIEHHOCTH  JIpO(BI-KPACOTKH, YYUTHIBAIOIIHIE
CpelHUE 3HAYEHUS BO3MOXKHOTO MPUPOCTA TMOCTE
3aBepIICHUS THE3I0BaHMSL.

Pe3y.]'[BTaTI>I H UX 06cy)lc)1e}me

JKycanganuHckas rocylapcTBeHHas 3a110BEHAs
30Ha PeCcnyOIIMKaHCKOTO 3HAYCHHUS PACIIONIOKECHA B
Anmatunckoin u JKaMOBLICKOM 00acTsax. 3aHUMaeT
TEPPUTOPHIO OT 3aIaJHONH KPOMKH ITyCThIHM TayKy-
MBI Ha BOCTOKE, KypTHHCKOTO BOJOXpaHHUIUINA Ha
tore, 10 paBHUH CeKceynalibl U Ha 3a1ajie 10 KpoM-
ke bermakmanel rpaHUYUT ¢ AHJACAHCKUM 3aKa3HU-
KOM, OTporoB rop Xanray u MaiiKapblIraH Ha ce-
Bepe. KimumaT KOHTUHEHTaJ bHBIA. 3UMa XOJIOHAs,
JIETO JKapkKoe, 3acynuinBoe. CpeaHue TeMIiepaTyphbl
ssaBapst -13, -15°C, urona 24°C. CpenneromoBoe
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KOJIM4YeCcTBO aTtMocdepHbix ocaakoB 100-150 mm.
TeppuTopusl 3alOBEIHON 30HBI IPEACTABIEHA B
OCHOBHOM DPaBHUHAMH C OOSUIIBIYEBO-TIOJILIHHBIMU
acconuauusMH. YacTe TEppUTOpUM 3aHsATa 3apoc-
JIIMU cakcayJiia, HeOOIBIIMMHU XOJIMaMH C BEIXOJJAMH
nopoxasl U neckamu. O6mast wiomans — 2757500
reKkTap. YCTaHOBIICHHbIE PEKUMBI: 3aII0BEIHBIN pe-
kuM (80 660 ra), 3akazHoit pexuM (353 236 ra), pe-
rynupyemsiil pexum (2 323 604 ra).

OO6mrast TIomaab OMOTOMOB, MPUTOXHBIX IS
0o0WTaHUS JDKEKa, COCTABISIET B ee mpenenax 580
000 ra. Ilo yyacTkam BCTpE4aeMOCTH MOYKHO BBI-
JIETTUTh TPU OCHOBHBIX paiioHa OOWTAHHS IPOQBI-
KpPacoTKH, COINIacHO paboTaM MpEeAbLAYIINX HCCie-
nosatenert (Cxisipenko 2008: 58). IlepBriit yuacTok
PAcIONIOKEH B «CpEIHENH» 4acTH 30HbI, BKIHOYAET
ONITUMAJIbHBIC MECTOOOMTaHMsI JDKEKa IUIOLIAIbI0
okoio 800 KB. KM, 3aHUMAaeT IMPOCTPAHCTBO MEK-
Iy Tpaccoit Anmatsi-Kaparanma (TToaropHBIMH BC-
XOJIMJIEHHBIMHM PaBHHHAaMH) U MacCHUBaMH 3aKpel-
JICHHBIX NIECKOB IYCTHIHU TayKyMBl.

BTopoii yuacTok npeacTaBiieH NOATOPHBIMU I10-
JIBIHHO-TaCOMIOPTYHOBBIMHU U MOJIBIHHO-3JIAKOBBIMU
pPaBHMHAMM K CEBEPy M BOCTOKY OT rop XaHray, K
BOCTOKY OT rop AHapxail u JKenbTray, IUIOLIAJbIO
3000 kB. kM. Bcrpewarorcss yyactku Oosuiblya U
CaKcayJIbHUKOB.

Tpetnii yuacTok — paBHuHa Cekceynaana, ¢ mo-
JBIHHUKAaMHU M TaCOMIOPTYHHHKAMHU.

Ha teppuropun KycannaauHCKoW 3amoBeIHOM
30HBI MOHHUTOPHUHTOBBIE MapIIPYThl MPOXOIMIN IO
11 paznuyHbIM OHOTONIAM B MECTax OOMTaHUs APO-
(hBI-KpPaCOTKH.

Becennne naOmomeHus moOKas3aiu, 4YTO cpe-
I BBIJCNICHHBIX MeCTOOOMTaHui Apoda-KpacoTka
MIPEANOYUTACT IIOJIBIHHO-OUIOPTYHOBBIE — PaBHH-
Hbl (31% oOIIel YKMCICHHOCTH) M OHIOPIYHOBBIC
PaBHMHBI ¢ OCTPOBKaMU moubIHU (40% oOrmeit unc-
JICHHOCTH). Bpllle mpuBeneHHbIE HCCIIENOBATENN
OTMEYaJM TMPEINOYTeHUE JHKEKOM IMPEeANecKOBON
yactu JKycaHznanbl ¢ Tac-OHIOPIYHOM U KypTHHAMHU
moerHu.  OO0IIIee KOJMMYECTBO BCTPEY BO BTOPOH
Jekaje Masi coctaBisuio 47 ocobeil Ha MapIpyTax.
Berpeuaemocth camiio Obuta Bhle Ha 15 %.

Ha mapmpyrax 16-19 Mas mpoTsSKEHHOCTBIO
320 kM, TMPOXOIAIIUX MO BCEU TEPPUTOPUU 3aro-
BE/IHOW 30HBI, OTMEUEHBI CJICAYIOIINE BCTPEUM: HA
XOJIMUCTOH paBHUHE ¢ OosTprdeM — 1 0co0b, Ha Tpa-
HUIlA 1eCKa ¥ PaBHUHBI C MOJBIHBIO, KEHpEyKoM U
TEPECKEHOM — 2; Ha MOJILIHHO-OMIOPIYHOBOM paBHU-
He — 12; y KpOMKH TIecKa ¢ KeHpeyKoM, MOJIBIHBIO U
TEPECKEHOM — 1; Ha TIOJIBIHHON PaBHHUHE C PEAKUMHU
KyCcTaMH TaMapucKa U cakcayia — 3; Ha CyXOM pyclie
¢ KaparaHoi — 1; Ha paBHUHE ¢ OUIOPTyHOM, d0eTe-
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KOM W OCTPOBKaMH IOJILIHA — 5; Ha OUIOPTyHOBOM
paBHUHA C OCTPOBKAMU MOJBIHU — 18; Ha 371aKOBO-
70eJIeKOBOM paBHHHE — 2; Ha KeHPEyKOBO-31IaKOBOH
paBHuHe — 2. Beero Haiineno 24 camua, 14 camok, 9
HEOTPEICTICHHBIX IO MMoJia NTHI, 11 MyHKTOB ¢ 00-
POHCHHBIMHU IIEPHAMU U ITIOMETOM.

Kak oTmeuaroT HEKOTOpBIE aBTOPHI, IMOI00-
HOE COOTHOINEHHE TIONOB Y JPO(MBI-KPaCOTKH
ObIBacT MpU HAONIOJACHUSIX B pPAaHHEE IOCIer-
HE3/I0BOE BpeMs, KOTJIa MHOTHE CaMKH HMEIOT
elIe HEeJEeTHBIX NTEHI[OB, YTO CHIKAET BCTpedae-
MOCTH U, COOTBETCTBEHHO, PACUCTHYIO YUCICHHOC-

16 Buga (Cxisipenko 2008: 59). B nepBoii gexane
aBrycra 3apeructprupoBana 41 oco0b, Takxke mpe-
MOYUTAEMO OCTalach MOJBIHHO-OUIOPTYHOBAs
paBuuna (37,2%). Ha monsiHHONM paBHUHE C pea-
KHMH KyCTaMH TaMapuCcKa U cakcayiia 0OHapyKeHO
20,9% ntun (pucyHoK 1).

B ocraspHBIX MecTOOOMTaHMAX (XOJIMHUCTas
4acTh paBHUHBI C OOSUTBIYEM 10 BEPIIMHAM; pABHHHA
C OWFOpryHOM, DOEIEKOM M OCTPOBKAMHU IOJIBIHU;
KeHpeyKoBO-371aKOBasi paBHUHA) Apo(da-KpacoTka
BCTpEYAIach JOCTATOYHO PABHOMEPHO, COCTABIISIS
no 11,6 %.

YenosHble ofosHadenun

\""4 AMHMA MapLIDYTa

IQ HAUAND W HOHEeL|

MapwpyTa

=D Hamsonrom,

Pucynox 1 — JleTHrue MOHUTOPUHIOBBIE MapLIPYyThl Ha TeppuTopun XKycannamunckoit ['33P3

B nepuon Bcrpeu 05-12 aBrycra Ha Mmapiu-
pyTax 3aperucTpUpOBAHBI: HA XOIMUCTOH paBHUHE
¢ OosutbIdeM — 5 ocobOel, Ha MOJIBIHHO-OUIOPTYHO-
BOM paBHUHE — 16 NTHUILI; HA MOJBIHHOW PaBHUHE C
peAKMMH KycTaMH TaMapucKa M cakcayna — 9; Ha
CYXOM pYyCJI€ ¢ KaparaHoi 1 Ha 3J1aKOBO-30€JIeKOBOI
paBHMHE OBUIM €IMHUYHBIE BCTPEUM; Ha paBHHUHE C
OHMIOPTYHOM, 30€TIEKOM M OCTPOBKAMH ITOJIBIHU — 6
IITUL]; Ha KeHpeyKoBO-31akoBOW paBHUHE — 5. Bee-
ro HaiijieHo 12 camiios, 19 camoxk, 10 HeonpeeneH-
HBIX 710 mosia nTun. CaMIlbl 1 CaMKH BCTPEYaloTCs
OoJiee paBHOMEPHO, YeM Ha MaCKMX MapIpyTax.

B mocnemneit nexane OKTAOpS OCEHHEE pacti-
penenenure OpodbI-KPaCOTKH OMPEIENIeHO MO BCT-
pedaeMoctu 53 ocobell Ha y4eTHBIX MapIIpyTax.
ITonBIHHO-OMIOPTYHOBYIO ~ PaBHUHY  BRIOHpAo
28,6% 3aperucTpUpPOBAHHBIX IMTHUI], TOJBIHHYIO
PaBHMHY C PEIKUMH KyCTaMU TaMapHCKa U cakcayia
— 38,8 %.

Ha mapmpyrax 20-26 okTs10pst Oblii 0OHapYsKe-
HBI: Ha XOJIMHMCTOH paBHUHE C OOSUTBIYEM U TPaHHILIEC

MecKa W PaBHUHBI C TIOJIBIHBIO — 110 2 0COOM; Ha TT0-
JILIHHO-OUIOPTYHOBOM paBHUHE — 14 NTHIL; y KPOMKH
reckKa ¢ KeHpeyKoM, MOJIBIHBIO U TEPECKEHOM — 1; Ha
MTOJIBIHHOM paBHUHE C PEAKUMHE KyCTaMU TaMapHuCcKa
U cakcayna — 19; Ha cyxoMm pycie ¢ KaparaHou,
paBHUHAX C OWMIOPTYHOM, 30€NIeKOM U KeHpeyKOBO-
3]IAKOBOM BCTPEYACMOCTh NTHI] ObUTa €IUHUYHOMN;
Ha OMIOPTYHOBOW paBHUHE C OCTPOBKAMH ITOJIBIHH
— 3; Ha 311aK0BO-20€JIeKOBOM paBHWHE — 5. Bcero
HarimeHno 13 camroB, 18 camok, 22 HeompeneneH-
HBIX JIO T10JIa TITHII.

OCeHbI0 BCTPEYaeMOCTh CaMOK OKa3aJlaCh BBIIIIE
Ha 20 %, noJs1st HeonpeaeIeHHBIX 0c00el Bo3pociia.
Bo3MoxkHO, pe3ynbTaThl PEerUCTPAIlUN CBS3aHBI C
0COOEHHOCTAMH OMoIorny Buaa. Tak, ocoou 06oux
MOJIOB APO(BI-KPACOTKH BHEIIHE CYMTAIOTCS CXOJ-
HbIMH, 0€3 CE30HHBIX BapUalUii; MOJIOJbIC MTHUIIBI
MMOXO)KM HAa CaMOK M OTJIMYAIOTCS OT TOCIEeIHUX
TOJIBKO Ha OJIM3KOM PACCTOSIHUHM, a HEMOJIOBO3pe-
JIbIEe ¥ XOJIOCTYIOIIME OCOOM IOCTOSIHHO JIepKaTcs
TpyTIamMu.
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AHJacaliCkuii TOCYAApCTBEHHBIN MPUPOIHBIN
3aKa3HUK pacroiokeH B JKamMOBLICKOW oOmacTH,
MoitHKyMCKOM paiioHe U rpaHu4uT ¢ JKycaHaamuHc-
KO 3amoBegHOM 30HOH. O6mas mwromans 100000
rexkrap. KimuMar KOHTHHEHTANBHBIA. 3WMa XoO-
JIOZHAS, JIETO Kapkoe, 3acynuinBoe. CpeqHue Tem-
nepatypsl sHBaps -13, -15°C, utonsa 24°C. Cpexn-
HETOI0BOE KOJIHMYECTBO AaTMOC(EPHBIX OCaIKOB
100-150 MM 3aka3HUK cO3/1aH AJIsi COXpAaHEHMs U
YBEJIMUEHHSI YUCIIEHHOCTH IUKUX 3BEped M ITHULI.
B pactutensHOM NOKpOBE 3aKa3HUKA IPE00IagaoT
KOBBUIb, THITYaK, OWIOPTYH, peIKue 3eMepsl,
cakcayll YEepHBIH, 3apOCiId KyCTApHUKOBBIX HB.
YcraHOBIIEHHBIA pexuM — 3aka3Hol. Ilo rory rpa-
HUIIA TPOXOJUT BIOJIb JOJIUHBI peku Uy, 3aHuMaeT
nonuny Capeloid, Kpail mycTelHM bermaknmana c
OosutpryHrKaMu. Ha TeppuTopun pacruioskeHsl Top-
Hele MaccuBbl JKamObu1 u baiiropa, B ceBepHO#
CBOEH YacTH MEJIKOCOIOYHHK C OOSUIBIYEBBIMH J10-
JUHKaMHU. B ero TeppuTopuio BKIMHUBAIOTCS PYI-
HUKH U PyIHUYHBIA TIOCENOK AKOaKaii.

Ha tepputopun Anpacailckoro 3ak3HUKa y4yeT-
HbIE ¥ MOHHUTOPHUHTOBBIE MapIUIPyTHl MPOXOIUIN
M0 Pa3InYHBIM OMOTONaM B MecTax OOMTaHUS APO-
¢bi-kpacoTku. B Xome cienoBaHus 1Mo MapuipyTy
OBUIM OTMEUEHBI CJICIYIOIINE OHOTOIBL: OOSUIbI-
YyeBass paBHHHA, MOJBIHb C OCTPOBKAMHU OOsIIbIYA
[0 yBally, PaBHHHA C TIOJNBIHBIO, KEHPEYKOM H

YENDHHES DH0IHAUEHIA

\"'l JIRHIR MADLIPY T2

|E WAHAAD W HOHEL,
MapLpyTa

KaparaHoil BJIOJIb CaeB, TAKbIPbl M COJIOHIIBI CPEAH
TIOJIBIHU U CAaKCaYJIbHUKOB, TAaKbIPbl BHYTPH OOSUIbI-
YEeBBIX TIOJICH, PABHUHA C Y0CJICKOM M TOJISIMHU I10-
JIBIHY, PaBHUHA B COYETAHWH TIONBIHA M OOsITBIYA,
IMMOJIbIHHAs paBHUHA HWHOrAa C pEAKHMM CaKCayloM,
paBHUHA ¢ OMIOPTYHOM U TIOJISIMH OOsLTbIYA.

B xozxe oGcrmemoBanust BO BTOPOH AeKane Mas
ObLT0 BeTpeueHo 19 ocobeti npodri-kpacorku. Cpe-
IV BBIJICTICHHBIX B pallOHE HCCIeoBaHus 9 MecToo-
OWTaHWI ITHITH N30HPaJTH paBHUHBI C OUIOPTYHOM U
nosisimu Gosutbraa (31,6%), COBCceM HE BCTPEYAIHCh
Ha TaKbIpax.

12-15 mas mpoBeleH MapIIPYTHBIH y4eT Ha
JIByX aBromMoOwisx. OOImas JjMHa MapuipyTa Ha
TeppuTOpHH AHIACAHCKOTO 3aKa3HWKa COCTaBUIIA
520 kM, ¢ mupuHO# ydeTHO# momocsl 1000 m (500
M 110 00€ CTOpOHBI). B MeCTOOOUTAHUSX C MOJIBIHBIO
1 OCTPOBKaMH OOsIIBIYA TIO yBally OBUIH 3aMEYeHBI
eIMHUYHBIC 0COOM; Ha OOSUTBIYEBOM paBHUHE OTME-
4eHo 3 0co0M, Ha paBHUHE C DOCICKOM M TOJISIMH
TIOJIBIHU — 2; Ha PaBHHUHE C MOJIBIHBIO, KEHPEYKOM H
KaparaHod BIIOJIb CaeB — 2; HA paBHUHE C TIOJIBIHBIO
U 0OSIIBIYOM — 3; Ha TOJIBIHHOW PAaBHUHE C PEIKUM
cakcaylioM — 2; Ha paBHUHE ¢ OUIOPTYHOM U TTOJISIMHA
Oosmerua — 6 miturl. CemMb pa3 HalIEHBI METKU TIpe-
ObIBaHUSI — CJIEIbI JIMHBKU U CBEKUHU momer. Bee-
ro Ha MaplIpyTe 3aperucTpupoBaHo 7 camok, 11
caMI1I0B U 1 0c00b HeOmpeIeIeHHBIX 10 TOoJIa.

PucyHok 2 — JleTHue MOHUTOPUHIOBBIE MapILIPYyThl Ha TeppuTopun AHpacaiickoro I'TI3
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B mepBoii nekane aBrycta perucTpanusi 0co-
Ocil mpodbeI-KpacoTkH B OMOTOmax AHAAcaCKOTO
I'TI3 moxa3zana yucieHHOCTh 25 ocobeill Ha Mapii-
pytax, 6osee 50% nTH OBIJIO HAliIEHO HA MOJIBIH-
HOW paBHHHE C penkuMm cakcayimoMm (PucyHok 2).
Ha mapmpyte 30 utons — 4 aBrycra 3a maTh JHEH
B MECTOOOMTAHUSX C TOJIBIHBIO U OCTPOBKAaMH 00sI-
JIbIYa TI0 yBajy 3aperucTpupoBaHa — | ocoOb; Ha
0O0sUTBIYEBOI paBHHHE — 2 0COOH, HA paBHUHE C TIO-
JIBIHBIO, KEHPEYKOM U KaparaHoil BIOJb caeB — 3; Ha
PaBHMHE C IOJIBIHBIO U OOSUIBIYOM — 2; Ha IOJIbIH-
HOM paBHUHE C peIKUM cakcaysaoM — 13; Ha paBHUHE
¢ OMIOpryHoM M nosisiMu Oostibrua — 4 nrunsl. Beero
yuTeHo 12 camMoK, 7 caMIIOB U 6 TITHIT HEOTIPEICIICH-
HBIX JI0 TIOJIA.

MapipyTHble y4eThl B IOCIEIHEH IeKaae OK-
TAOps TOKa3aau OONBIIYI0 YHCIEHHOCTH IPO(bI-
KpacoTku (36 ocobeil). PaBHUHY ¢ TONBIHBIO, Keii-
PEYKOM U KaparaHod BIOJIb caeB mocemaer 52,8
% mntur. TakeIppl ¥ COJOHIBI CPEIX TIOJNBIHA U
CaKcayJlIbHUKOB, a TaKKE BHYTPH OOSJIBIYEBBIX IO-
JIe He MPUBICKAIOT APO]y-KPacoTKy B 3TO BpeMs
rojia HU OJTHOW 0coOM 3/1eCh HE 3apernCTPUPOBAHO.
Ha mapupyte ¢ 28 okTs10ps 1o 2 HOSIOpSI B MECTOO-
OWTaHMAX C MOJIBIHBIO U OCTPOBKAMHU OOsUIBIYA T10
yBaJly BCTPeTUIM 1 0c00b; Ha OOSIBIYCBON PAaBHUHE
ObUT0 OTMeueHO 4 0cobu, Ha paBHUHE C 30ETICKOM U
MOJISIMU TOJIBIHU — 5; HAa paBHUHE C MOJIBIHBIO, KeH-
PEYKOM M KaparaHoi BIOJb caeB — 19; Ha paBHHUHE
B COYETAHUHM MOJBIHU U O0sIbIYa — 4; HA MOJIBIHHAS
paBHUHE C pEJIKUM cakcaysioMm — 2. Beero onpenene-
HO 15 camok 9 cam1ioB; yuteHo 12 ocobeii, Heompe-
JeTICHHBIX 10 M0Ja.

OTMeueHHOe HaMy IPEUMYIIECTBEHHOE pacll-
pelesieHre NTUIl Ha paBHUHE C OMIOPTYHOM H TI0-
JsIMA  OOsUTBIYA, PEAKUM CaKCcayJIOM U IOJBIHBIO,
KeHpeykoM M KaparaHol SBIISIETCA JOCTATOYHO
XapaKkTepPHbIM U TPOQBI-KPACOTKH O HAIUYHIO
KOPMOBBIX pecypcoB U ykpbiTuii (I'youn 2009:104).

CormracHO MMEOIUMCS JaHHBIM, 00IIee pacr-
penencHue APOPBI-KPACOTKU MO Ouoromam o0yc-
JIOBICHO NPEUMYILIECTBEHHBIM IHMTAaHUEM Kak
pacTHTENbHON, TaKk M cMemaHHoW numed (Mian
1983: 112; MexknenOypues 1990: 9; Launay 1997:
116; I'younr 2009:103). BecHoro NTHIIBI KOPMATCS
MOJIOJIBIMHU TTOOETaMH TOJIBIHA U TYKOBHIIAMH YecC-
HOKa u nyka. [lumiei apode-KpacoTke CiryKaT Io-
Oeru u JIMCThS psizia BUJOB ITyCTBIHHBIX PACTCHMH,
0ecro3BOHOYHBIE — pakooOpa3Hble (MOKPHIIBI),
naykooOpas3Hble 1 HaceKOMbIE (B OCHOBHOM JKYKH U
MIPSIMOKPBUIBIE), @ TAKXKE SLICPULIBI U MEJIKHE 3MEH.
[MuTanue mKeka MEHSIETCSI B 3aBUCIMOCTH CE30HOB
roja M ycioBui mecroobutanus. [IpocnexxuBaercs
ClIeAyIoIasl TEHICHLUUSI — BBITOPAaHUE PACTHTEIIb-

HOCTH JIETOM COIMPOBOXKIACTCS TIEPEXOJOM Ha HKH-
BOTHYIO ITHIILY, & OCCHBbIO HAOJIFOAETCsl CMEIIaHHOE
nuTaHue. BBICOKas YMCIIEHHOCTh Ha ydYacTKaxX H
KOHIICHTPALIUS MITUI] B KOHIIE CE30HA Pa3MHOXKCHHUS
HaOTIO/IaeTCsl B MECTaX BBITLIONA CapaH4YH U Ky3He-
YHKOB.

B 1eioM, MOHUTOPHHIOBBIC HAONIOJICHUS
MoATBepXkAaT, 4Tto yuciaeHHocTh Chlamydotis
macqueenii 3aBUCHT KaK OT €CTECTBEHHBIX, TaK H
OT aHTPONOreHHBIX (hakTopoB. M3 ecTecTBEHHBIX
(hakTOpOB B TMEPBYIO O4YEpelb OKA3bIBAIOT BIIHUS-
HHUE OCaJKH, OCOOEHHO JIMBHEBBIC MOXKIW. Tak Kak
npoda-KpacoTKa THE3UTCS Ha 3eMIIe, KJIQJKH MTHII,
OTIIOXKEHHBIE B TOHMKEHUSIX, OKa3bIBAIOTCSI O] CJIO-
€M BOJIBI H TTIOTHOAFOT B TIEPHO]] OOFITEHBIX TOMKICH.

OCHOBHBIMU BparaMu JUJIsl KJIAJIKU U MaJieHb-
KUX IITEHIIOB SBJISIOTCS KPYIHBIC XUIIHBIC MTH-
IIbI, JINCHIIA, KOPCAK, MUKHE KOIIKH W IYyCTBIH-
Heli BopoH (['youn 1990:120; I'youn 2009: 118).
Ha Tteppuropun Amnpacaiickoro 3aKa3HHUKa U
KycaHnianuHCKOM 3aI10BEAHOM 30HBI 3apETUCTPU-
POBaHBI CIEAYIOIINE €CTECTBEHHBIC Bparu ApoQbl
KpacoTku: nucuma — Vulpes vulpes, xopcak — V.
corsak, makain — Canis aureus, Boak — C. lupus,
crenHas xomka — Felis libyca, morunpauk — Aq-
uila heliacal, crenmnoit operr — A. nipalensis, 6ep-
KyT — A. chrysaetos, kypranuuk — Buteo rufinus,
6anoban — Falco cherrug, ¢unun — Bubo bubo,
nycTeiHHBIM BopoH Corvus ruficollis, mamym —
Felis manul, crennnoii xops — Mustela eversmanni,
nepessizka — Vormela peregusna.

[MomanabiM b.M. I'youna (I'youn 2016: 516) B
Kycannanuackoil 3amoBenHoi 30He B 1996-2003
rojax Impu II0THOCTU Hacenenus mxeka 0,18-0,60
oc./KM? KoJieOaHUs KAJTbKYIISIIMOHHON YUCICHHOCTH
cocraBmwin 526-1900 ocobeii B 3aBUCHMOCTH OT Ce-
30Ha MPOBEJICHHUS MOJIEBBIX Pa0OT.

B mepuon 2004-2008 rr. oOmias pacdyeTHAs
gyucienHocts  Chlamydotis  macqueenii  Obuia
MakcumanbHoi B 2005 romy (1000 ocoGeit), a mu-
HuMansHOH — B 2008 romy (450-500 ocobeit) (Cxis-
penko 2016: 138). [1o Bceit utomanu XKycanganuHc-
KOI1 3aII0BETHOM 30HBI CPEIHSISI YHCICHHOCTD JHKEeKa
MOXKeT mocTurath 2165 ocobeit (I'youn 2009: 103).
Hapsiny ¢ 3TuM UMEIOTCS COOOIICHUS O TOM, YTO
JKEK 3/IECh PaCIPOCTPaHEH MOBCEMECTHO, HO BE3/IE
penok (bopucenko 2003:609).

B AmnpacaiickoM 3aka3HHUKE B TeueHHE 3 JIET
(2006-2008) ¢durcupoBanach HEBBICOKas, HO JO-
BOJIBHO YCTOMYHMBAS YUCICHHOCTD IPO(BI-KPACOTKH
— okono 300 ocobeit (I'youn 2016: 516).

Ha ocHoBe panHbIX rHe3goBoro nepuona 2017
rojia, C OMOIIIBIO METO[a SKCTPATIOJISIIUN HA TEPPH-
TOPUIO, HAMU OTIpE/IelicHa BEPOSTHAS YUCIICHHOCTb
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JIPOQBI-KPACOTKH € YYETOM CPEIHUX 3HAUCHHUH BO3-
MOXHOTO npuIutoza: JKycaHaanuHCKas 3al10BEAHAs
30Ha — 1493 ocobu, Anpmacaiickuii rocyaapcTBeH-
HBI IPUPOIHBIN 3aKka3HUK — 531 0co0b. ITO COOT-
BETCTBYET ITOKa3aTemo obmiero 9% pocra yncieH-
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HocTH Buja B niepuon 2011-2017 rr. Ha TeppuTOpUH
rOCYJIapCTBEHHBIX 3aIIOBEIHBIX 30H pPecIyOIMKaHC-
koro 3HadeHus (Apsicckoit u Kapaxrayckoit, FOx-
Ho-Kazaxcranckoii, Kennepnu-Kascanckoii) (Pucy-
HOK 3).
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Pucynoxk 3 — JlnnamMuka 4uCICHHOCTH APOQHI-KPACOTKN HA TEPPUTOPHAX TOCYIaPCTBEHHBIX 3aMOBETHBIX 30H B AHIACalCKOTO
rOCyAapCTBEHHOTO MPUPOJHOTo 3aKazHuka B nepuon 2011 — 2017 rr.

B xoze mpoBeieHNs yueTHBIX Pa00THI 00HApYKe-
HO, YTO OJJHUM M3 HanOoJee 3HaYMMbIX HETaTHBHBIX
(axTOpOB, BIUSIOIINX HA YCIOBHUSI OOMTAHUS IKeKa
BO BCEX MCCIIEJOBAHHBIX MECTOOOUTAHUSX, SABISET-
csi axTop OECrOKOMCTBA, CBSA3aHHBIN C BIUSHUEM
YeJIOBEYECKOU JIeaTenbHOCTU. Tak Mgt AHgacaiicko-
IO 3aKAa3HUKA, PACIIOJIIOKEHHOI0 B MONHKYMCKOM
paiione YKamObuICKO# 0051aCcTH, HaKTOPOM BO3ICHCT-
BUS SIBJISIOTCS] BKIIMHUBAIOIIUECS B €10 TEPPUTOPHUIO
TOpHOI0OBIBAIOIINE TIPEANIPUATHS MECTOPOKICHUN
Axbakaiickoro knacrepa AO «AK AnteiHanmacy. B
XOJIe BECEHHUX U JIETHUX MOHUTOPUHIOBBIX HCCJIE-
JIOBaHUU OMPEJENIEHO, YTO BCE TOUKH PETHUCTPAIIH
BHJIa HaXOAATCA ropasio I0KHEE MPOMBIIUIEHHOTO
pationa. CeBepHBIC TEPPUTOPHUH 3aKa3HUKA (paifoH
PYIHUKOB), MOCEIAIOTCS NTUI[AMH HCKIIOYUTEIb-
HO B nepuop nepeneTtoB. Hamumo cutyanus, xorna
Ha TEPPUTOPUN C OIATOMPHUSITHBIMU IS TPOdHI-
KPacoTKH YCJIIOBHSIMU OOWUTAaHUSI OTCYTCTBYIOT NTH-
bl 3-3a KOCBEHHOI'0 BO3/ICHCTBHUS YEIOBEKA.

3akjoueHue
[IpoBoarMBbIEC HA TEPPUTOPHUSX 3AMOBEIAHBIX 30H
W 3aKa3HUKa JOJIFOCPOYHbIC HAOJIIOJCHHUS I03BO-

JISTFOT TIOJTYYaTh IaHHBIC O MTPOCTPAHCTBEHHO-IKOJIO-
TUYECKOH CTPYKTYpe MOMYISAINN KPACHOKHM)KHOTO

ISSN 1563-034X

Eurasian Journal of Ecology. Nel (54). 2018

Buna Chlamydotis macqueenii, nemorpadmaeckom
COCTaBe HAaCEJCHUS JPKEKA, YUCIICHHOCTH, TUTAaHUH,
CpPOKax MHUTpAIii, CBA3H PENPOAYKTUBHOTO TIPO-
1ecca ¢ MHTEHCUBHOCTBIO 36MJICTIONH30BAHUS

Perucrpanusi 4HCIEHHOCTH Ha TEPPUTOPHH
Kazaxcrana TecHO cBs3aHa ¢ 0COOCHHOCTSIMU JKH3-
HEHHOTO LUKJIA MOMYJISIIHK TPO(BI-KPACOTKH, KO-
TOPBII 3aHUMAET NIEPHOJ ¢ KOHIIA (eBpasi-Havaia
MapTa 10 OKTAOpPh — HOSAOpPh B 3aBHCHMOCTH OT
KJIMMaTU4YE€CKUX YCI0BH. B TO ke Bpemsi TOUHOCTh
YYETHBIX JAaHHBIX 3aBUCUT OT KOJIMYECTBa HAOIIO-
JIEHUH, UX TMPOIOIDKUTEIHFHOCTA U CPOKOB BBITIOJ-
HeHusi. HeKoTophie aBTOPHI CYUTAIOT, UTO HanboIee
[[EJIeCO00pa3HbIM TIPEJCTABISICTCS IMPOBEICHUC
JIBOMHOTO ydYeTa: TMEepBOTO — B CEpeINHEe-KOHIIE
arpessi, BTOPOrO — B KOHIIC MIOHS — Ha4yajue HIOJS
(Cruisipenko 2009: 139). YyeTsl Mast — cepequHbl
WIOHS CUYHTAIOTCS B 3TOM CJydae HamMeHee Ipo-
JIYKTUBHBIMH, TaK KaK CaMI[bl MaJIO IepEeMeEIIaroT-
Cs, 2 CaMKH HACIIKWMBAIOT WJIM BOISAT €IIe ILIOXO
neTaromux NTeHnoB. OQHAKO HaM TPECTaBIsgeT-
Csl, UTO CPOKH BBITIOJIHEHUSI CE30HHBIX YUETOB BCE
JKE SIBIISIOTCSI CKOJB3SIIIIUMU M CHIIBHO CBSI3aHBI CO
crienu(pUIEeCKUMHI TOTOJHBIMHA YCJIOBHSIMHU TOJA.
B 3TOoM cMmbiciae 0coOyr IEHHOCTH MpUOOpeTacT
JIOJITOCPOYHBIA cOOp (PEHOJTOTHUECKUX JTaHHBIX
JUIST BUJIA.
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Mounutopunr 2017 roma mokaszal, 4YTO I
Annacarickoro I'TI3 m Xycammamuuckoit 1'33P3
XapakTepHbl Oojiee MO3THHE CPOKH PETUCTpaIUn
nepsoro nposneta (23-28 mapTa), IO CPaBHEHHUIO C
Apsicckoii, KapaTtayckoit n FOxxno-Kazaxcranckoit
I'33P3 (12 mapra). To xe HabmO1aETCs IPU MACCO-
BOM Iepenere nTull. Hauyano M KoHel OCEHHero
oTieTa 37eCh MPOUCXOIAT, KaK MPaBHUJIO, PaHBIIE,
1o cpaBHEHUIO ¢ Apyrumu 3oHamu (12.10-09.10 u
08.11-03.11 COOTBETCTBEHHO).

B wmenom, cocrtositHue yciaoBUM Ha MecTax
THE3/I0OBaHUSI U KOPMOBO# 0a3bl JAPOQBI-KPaCcoT-
KU Ha HUCCleA0BaHHBIX Tepputopusix B 2017 ro-
Iy OKaszajmoch OmarompusiTHBIM. llomymsanus
IpodBI-KPaCOTKM Ha TEPPUTOPHH AHAACaKCKO-

r0 TOCYIAapCTBEHHOTO MPUPOAHOIO 3aKa3HUKA
n JKycaHZanWMHCKOW 3amoOBETHOW 30HBI ObLIa
crabunpHo pactymei (1-2%). Ilpunumas Bo
BHHMAaHHE HEJOUYETHl MIPUMEHSAEMBIX METOAHK OIl-
peneneHns YNCIeHHOCTH, HA OCHOBE MHOTOJIETHUX
JTAHHBIX MOXKHO NPOTHO3MPOBATH OMNpPEIEICHHYIO
YCTOWYMBOCTh CYIIECTBOBAHMSI MECTHOM TOIy-
JSIUH JKEKa, MOJOXKHUTEIbHBIA OallaHC KOTOpOW
3a MOCJeAHNE IIECTh JIET COCTaBWI MPUMEpPHO Ha
8-9%. Jlna pa3BUTHUS CTPATETHH COXPAHEHHUS BUIA
OuYeBHJIHA HEOOXOAMMOCTh CE30HHBIX MOHUTOPHH-
TOBBIX HAOIOEHUH, OXpaHa BaXHEHIINX TEPPUTO-
puii oOWTaHWS, YCTOWYNBOE 3€MIICIIONIb30BaHUE U
YMEHBIIIEHHE HEeTOCPEACTBEHHOTO BMEIIATENbCTBA
YeJloBeKa B IPUPOLY.
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FEHbI U MIRNA, OTBETCTBEHHbBIE 3A PETTPOAYKTUBHOCTb
CEAbCKOXO3ANCTBEHHDbIX XXKMBOTHbIX

B paboTe 6bIA0 M3yueHo cBsa3biBaHe MiIRNA ¢ mMRNA reHoB, OTBETCTBEHHbIX 32 PEMNPOAYKTUBHOC-
Tb CEAbCKOXO3SMCTBEHHbIX )KMBOTHbIX. BbIAO HaMAEHO 39 reHOB, OTBETCTBEHHbIX 3a PENPOAYKTUBHOCTb
TakMX KMBOTHbIX, KaK: Bos taurus (koposa), Bos mutus (sx), Gallus gallus (kypwuua), Sus scrofa (cBuHbS),
Capra hircus (ko3a), Equus caballus (rowaab) 1 Ovis aries (oBua).

B mRNA reHoB, OTBETCTBEHHbIX 32 PENPOAYKTUBHOCTb AQHHbIX CEAbCKOXO3SMCTBEHHbIX XXWUBOT-
HbIX, HAMAEHO 65 canToB CBA3biBaHMA AAS 63 MIRNA. M3 Hux 29 caiToB pacrnoaoxkeHbl B CDS, 11 — B
5'"UTR 1 40 — B 3’"UTR. bbiAo BbIsSIBAEHO, YTO HeKoTOpble MIRNA MMEIOT HECKOABKO CAaiTOB CBSA3bIBAHUS
¢ MRNA reHOB, OTBETCTBEHHbIX 32 PENPOAYKTUBHOCTb CEAbCKOXO3MCTBEHHbIX XXMBOTHbIX. Tak reHbl EGF
mmeeT 13 canToB cBa3biBaHMs, RYR1 — 12 cartoB cBa3biBaHusi, THRSP — 8 caittoB cBs3biBaHms, FASN — 8
canToB cBsi3biBaHus, HIFTAN — 8 caiToB cBsi3biBaHus, PIK3R1 — 7 canTtoB cBs3biBaHmg, SCD1 — 6 canT-
OB CB43bIBaHMS. bblA0 nokasaHo, 4to miR-3195 ceasbiBaetcs ¢ reHom PIK3R1 ¢ otHoweHnem AG/AGm
paBHbIM 96%, MiR-3141, MiR-466, MiR-7162-3p ¢ AG/AGm paBHbiM 95-96% CBS3bIBAOTCS C reHamm
MFGES8, GDF9, CAST cooTBeTBEHHO.

KatoueBble caoBa: miRNA, mRNA, caitTbl CBs3biBaHUS, reHbl-MULLIEHN.
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Genes and microRNAs are associated with the productivity of farm animals

In this study, the binding of miRNA to mRNA genes responsible for the reproductivity of farm animals
was studied. It was identified 39 genes responsible for the productivity of Bos taurus (cow), Bos mutus
(yak), Gallus gallus (chicken), Sus scrofa (pig), Capra hircus (goat), Equus caballus (horse) and Ovis aries
(sheep) farm animals and binding there mRNAs with miRNAs was studied. It was found 65 binding sites for
63 miRNAs. From thus, 29 binding sites are located in the CDS, 11 - in the 5’UTR and 40 - in the 3'UTR.
Some miRNAs have multiple binding sites with mRNA of genes responsible for the productivity of farm
animals. EGF gene has thirteen binding sites, RYR1 has twelve binding sites, THRSP has eight binding sites,
FASN has eight binding sites, HIFTAN has eight binding sites, PIK3R1 has seven binding sites, SCD1 has
six binding sites. miR-3195 binds with PIK3R1 gene mRNA with AG/AG,_ value equal to 96%, miR-3141,
miR-466, miR-7162-3p binds with genes MFGE8, GDF9, CAST with AG/AG | value equal to 95-96%.

Key words: miRNA, mRNA, binding sites, target genes.
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I'erbr 1 miRNA, OTBETCTBEHHBIE 32 PEMIPOILYKTUBHOCTD CEIbCKOX03HCTBEHHBIX JKHBOTHBIX

36MOAOT S FbIABIMAAPBIHBIH, KAHAMAQTbI, MPOECCOp, XKeTeKLi FbIAbIMU KbI3MeTKep,
e-mail: raygul.nyiyazova@kaznu.kz
Buoaoruns xxeHe GUOTEXHOAOTMSE MOCEAEAEPIHIH T bIAbIMU-3EPTTEeY MHCTUTYTbI,
an-Mapabu aTbiHAaFbl Kasak, yATTbIK, yHMBepcuTeTi, KasakcraH, AAmMarhl K.

AybIA LLIAPYALUBIABIK )XaHyapAapbIHbIH, OHIMAAITIHE YKayanTbl reHAep >kaHe miRNA

JKyMbICTa ayblA  LWApyalbIAbIK, >KaHyapAapblHbIH BHIMAIAIrIHe >kayarn 6epeTiH reHAepAiH
MRNAmeH miRNA-AbiH 6ariAaHbICybl 3epTTeAreH. Bos taurus (cubip), Bos mutus (sik), Gallus gallus
(Taybik, eTi), Sus scrofa (wouwka), Capra hircus (ewki), Equus caballus (kbiakbl), Ovis aries (o) CUIKTbI
aybIA LLAPYALLbIAbIK, XKaHyapAapblHbIH 6HIMAIAITiHE >kayan 6epeTiH 39 reHAep aHbIKTaAAbl. ByA aybia
LIapyallbIAbIK, XaHyapAapblHbIH 6HIMAIAIriHe >kayan GepeTiH reHaepaiH MRNA-cbiHaa 63 miRNA
YWiH 65 6arAaHbicy cantTap 6ap ekeHi aHbikTaAabl. OAapabiH 29 canttapbl CDS, 11 — 5’UTR »xeHe
40 - 3’UTR yyackirepiHAe OpHaAackaHbl aHbikTaAAbl. Kernbip miRNA ywiH 6ipHelue 6aiaaHbiCy canT-
Tap 6ap ekeHi aHbikTaAAbl. Mbicaabl EGF reHHiH mRNA-cbiHAQ — oH yw caiT, RYR1 reHHiH mRNA-
cbiHAQ — OH eKi canT, THRSP reHHiH mRNA-cbiHaa — ceri3 cant, FASN reHHiH mRNA-cbiHAQ — ceri3
cant, HIFTAN renHiH mRNA-cbiHAQ — ceri3 caiT, PIK3R1 renHiH mRNA-cbiHAQ — XeTi cant, SCD1
reHHiH MRNA-cbiHAQ — aATbl caiT Tabbiaabl. MiR-3195 PIK3R1 renime 6aiiaaHbicaabl, G/ G_96%-
fa TeH 60AAbl, MiR-3141, miR-466, miR-7162-3p MFGE8, GDF9, CAST reHaepimMeH 6ariAaHbiCaAbl,

G/ G, 95-96%-ra TeH 60AAbBI.

Tynin ce3aep: miRNA, mRNA, 6ariAaHbICy canTTapbl, HbiCaHa-reHAEp.

JKMBOTHOBOACTBO CUMTAETCSl Ba)KHEHIIEH OT-
Paciibl0 CEJIbCKOTO XO3sHCTBA, Jarolled Oosee mo-
JIOBMHBI €r0 BAJIOBOW MpORyKIMU. B coBpeMeHHbIX
YCIIOBUSIX OJHOH M3 CTPATETN4YE€CKHU BECOMBIX 3a1a4
arponpOMBIIIICHHOTO KOMILJIEKCA CYMTACTCS Pa3BU-
THE >KMBOTHOBOJCTBA, KOTOPOE HE BO3MOXKHO Oe3
Pa3paboTKy MHHOBALIMOHHBIX METOJOB CEJIEKIIMOH-
HO-TJIEMEHHOW paboThl, BHEAPEHUSI HH)OpMAaIIMOH-
HBIX TEXHOJOTMH M PALUOHAIBHOTO NPUMEHEHHUS
reHeTuaeckux pecypco (Bakoyev, 2009: 22-23;
Kolosov, 2010; Leonova, 2012: 191).

Ocoboe 3HaueHWe MPHOOpETAaeT BHEAPCHHE
B TIPAKTHYECKYIO CENICKI[HI0 JOCTH)KEHHH MoJie-
KYJISpPHOH TEHETHKH, MO3BOJISIONINX IPOBOANUTH
OLIGHKY XMBOTHBIX Ha F€HETHMYECKOM YpPOBHE, T. €.
UCCIIe/IOBATh JIETEPMHHAHTHI (POPMHUPOBAHUS TIPO-
OYKTUBHOCTH, TPHMEHSS MOJICKYISIPHO-TeHETH-
yeckue mapkepsl (JJHK-mapkepsr) B reHeTHYECKOM
MOHHUTOPUHTE U YIPABICHUU CENEKIIMOHHBIM IIPO-
neccoM (Getmantseva, 2013: 143-146).

B kauecTBe NEpCHEKTHBHBIX T'€HOB-MapKEPOB
PENPOIYKTUBHOCTA CBUHEH BBIICISIOT HECKOJIBKO
renoB: RYR-1 (puanonuHoBsiii penentop-1), IGF2
(mHCYNMMHOTIONOOHBIH (hakTop poctra 2), MC4R
(peuentop wMemnanokoptuHa 4), POUIF1 (rumo-
¢duszapublil pakTop Tpanckpunuun), ESR (penentop
actporena), PRLR (pemenropa nponakrruaa), FSHb
(bomMKyIOCTUMYIUPYIOIIUHA TOPMOH), W Jp. B
Ka4yeCcTBE TEPCIECKTUBHBIX T€HOB-MapKepOB PEMpo-
TyKTUBHOCTH KOPOB BBIIEISIIOT TeHbl CSN3 (karmma-
kazenna), GH (ropmona pocta), PRL (mponaxruna),
LGB (naktommoOynuna) u np. B kasectBe mepc-
HNEKTUBHBIX TI'€HOB-MapKEPOB PENPOLYKTUBHOCTH
osel BeiensoT redbl GDF9 (muddepennmansabiit

(akrop pocra), BMPR-IB (penenropa mopgorene-
THYeCKOTo Oenka kocreit), BMP-15 (kocTHbIi MOp-
(horenernueckwuii 6emok 15) u mp. (Shirokova, 2013:
785-787).

B mHacrosimee Bpemsi UW3y4YEHHWIO CBOWCTB
miRNA u ux peryiaupyromeii poiau B dKCIIPECCHH
TCHOB YJIEJISIETCSI OTPOMHOE BHHUMAaHWE B pa3iiny-
HBIX HANpPaBICHHUSIX OHOTEXHOJOTHH, OHOJOTHH
u meaunuasl (Lee, 2013: 97-126; Meunier, 2013:
34-45). miRNA nmpuHUMAIOT y4acTHe B peryssiiuu
MIPAKTHYECKA BCEX TIIPOIECCOB, OIPEIEISIOIINX
T epeHIUPOBKY KIETOK, POCT M Pa3BUTHE Opra-
Hu3MoB (Van Wynsberghe, 2011: 219-252; Gurtan,
2013: 3582-600). B nanHoi#l paboTe mpeacTaBieHa
uHopMaIms 1o coOopy AaHHBIX 0 TeHax U MiRNA,
CBSI3aHHBIX C PENPOAYKTUBHOCTHIO IKHBOTHBIX.
Nzyuanoce Bimusane miRNA Ha SKCIipeccuio TeHOB,
OTBETCTBEHHBIX 32 PEIPOAYKTHBHOCTD.

MarepuaJibl M METOIbI

B 6a3e mannabix NCBI (http://www.ncbi.nlm.
nih.gov/) ObUT IPOM3BEEH TIONCK T€HOB, TIPH 3TOM
OBLIIO HCIOJB30BAH TEPMHUH «PEIPOIYKTUBHOCTHY
KaK KJIFOYEBOE CJIOBO (ITOI00P KIIFOYEBBIX CIIOB OBLI
B Pa3JIMYHBIX Bapuanusx). Tak, Ha KaKIbIH 3a1poc
[0 PEMPOAYKTUBHOCTU TMOUCK BbIZaBall HECKOJIBKO
COT TEHOB-KaHJU/IATOB, BCE M3 KOTOPBIX MPOBEPS-
Tuch OTHeNbHO. [IpoBepka mMpoBoAMIIACHE ITyTEM
MOKCKA CBSI3U ATOTO T€Ha C COOTBETCTBYIOIIUM HKH-
BOTHBIM B IyOJHMKAIMSIX 32 TOCIEIHUE IBAIIATh
net (http://www.ncbi.nlm.nih.gov/pubmed/). Takum
00pa30oM, BBISICHSUIACH CBSI3b I'€HA C COOTBETCTBYIO-
MM JKUBOTHBIM M CO3[aBAINCh 0a3bl T€HOB, OT-
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BETCTBCHHBIX 3a PENPOIYKTUBHOCTh. B KadecTBe
MaTepuana MCCIEOBaHUS HCIIOIB30BaHbl HYKIIEO-
TUJIHBIE TIOCJIEJOBATEILHOCTH CEIbCKOXO035CTBEH-
HBIX JKMBOTHBIX: Bos taurus (kopoBa), Bos mutus
(sx), Gallus gallus (xypuna), Sus scrofa (CBUHBS),
Capra hircus (xo3a), Equus caballus (nomanp)
u Ovis aries (oBua), B3areie u3 GenBank (http://
www.ncbi.nlm.nih.gov). Hyxneotuaaple mocie-
noBarenbHOCTH MIRNA [1aHHBIX JKUBOTHBIX B3S-
ThI 13 0a3bl maHHbIX miRBase (http://mirbase.org).
Ornpenenenne XxapakKTepUCTHK CBA3BIBaHUSI MiRNA
¢ mMRNA reHOB-MUIIICHEH TPOBOIUIN C TOMOIIBIO
nporpammbl MirTarget, koTopasi HaXOAWUT: HAYAJIO
caiitoB cBsa3piBanus MiRNA ¢ mRNA; pacmomno-
J)KEHUE CaWTOB B 5’-HETPAHCIUPYEMOM Yy4yacTKe
(5’UTR), B Oenok-komupyromei gactu (CDS) u
B 3’UTR mRNA; cB0oOOqHYIO 3HEprui0 TrHOpH-

muzannn (AG, kJ/mole) u cxeMbl B3auMOACHCTBUS
nykineotn0B miRNA ¢ mRNA. Paccuntano otHo-
menne AG/AGm (%), rne AGm paBHO CBOOOJIHO
SHEPTrUH CBsI3bIBaHMs MIRNA ¢ MOITHOCTHIO KOMILIIE-
MEHTapHOW HYKJICOTUIHOU MOCIEAOBATEILHOCTRIO.
Catitel cBs3piBanust MiRNA ¢ mRNA oToOpansb ¢
otrHoureHueM AG/AGm pasueiM Gonee 85%. Ilo3u-
ST CAaTOB CBS3BIBAHMSI YKa3aHa OT TEPBOTO HYK-
seotua mRNA.

Pe3y.]'ll)TaT])I H UX oﬁcymglelme

Hamu OpuT TpOM3BE/IeH MOMCK T€HOB, OTBETCT-
BEHHBIX 33 pPENPOAYKTHBHOCTb CEJIbCKOXO3SMCT-
BEHHBIX JKMBOTHBIX, B PE3yJIbTaTe KOTOPOrO ObLIA
co3maHa 0Oasza JgaHHBIX U3 39 TeHOB-KaHIHUIAaTOB
(tabn.1).

Tabauna 1 — HekoTopble TeHbl, OTBETCTBEHHBIE 32 PEMPOAYKTHBHOCTD CETCKOX03SHCTBEHHBIX KUBOTHBIX

I'en Konupyewmsrii 6enox OOBeKT PMID
CSN3 casein haplotype (kanma-ka3zenH) KOpOBa 26947288
GH growth hormone (TropmoH pocra) KOpoBa 28215881
PRL prolactine (IpoJIaKkTHH) KOpoBa 3100344
LGB B-lactoglobulin (JlakToTIOOYHH) KOpOBa/oBIIa 24796806
p-casein casein beta (OeTa-ka3ewH) KOpoBa/OyiBOI 28084661
DGATI diacylglycerol O-acyltransferase 1 ((ie;unnmaHCQJepasa JUALAITIHLIEpPUHA KopOBA/BHIK 21446190
SCDI stearoyl-CoA desaturase KOpOBa/K03a 27173340
(creapomn-KoA-necarypasa)
acetyl-CoA carboxylase 1
AcACA (ametmn-KoA-xapOokcuiasa anbga) Kxoposa 25548205
GHR growth hormone receptor 6bIK 17785604
(TOpMOHABHBIN PEETITOP POCTA)
CXCRI chemokine receptor KOpOBa 24796806
(XeMOKHHOBBIH perenTop-1)
MFGES milk fat globule-EGF factor 8 protein (Monounas >xupoBas riooyna-EGF- KOpOBa 24796806
(axtop 8-0eok)
THRSP thyroid hormone responsive (amanTHBHBII TOPMOH ITUTOBUIHOM KEJIE3bI) KOpoBa 23415532
growth differentiation
GDF9 factor (muddepeHnuanpHbI GaKTop pocra) opta 27487501
BMPR-IB bone morphogenetic protein receptor type IB (penentop mopdorenernuec- OBl 24793585
KOro Oelika KOCTei) t
BMP-15 . bone morphogenctic oBIIa 28928950
protein (kocTHBII MOpdoreneTnyeckuit Oemnok 15)
RYR-1 ryanodine receptor CBUHBSI 22062741
(praHOMHOBEIH penienTop-1)
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IGF? insulin like growth factor-2 (mHCYMTHHOTIOMOOHBI hakTOp CBHHbS 28856768
pocra 2)
MC4R melanocortin-4 receptor CBHHbS 24707962
(peuenTop MenaHoKopTruHa 4)

pituitary-specific transcription factor (runoduzapHsiii pakTop TpaHCKPUII-
POUIF1 ) CBHHbBS 17264241
ESR estrogen receptor (penenoTop 3CTporeHa) CBHUHBS 27119729
PRLR rolactin receptor (penenTop npoNaKkTHH CBUHbBS 23576686

p ptor (p p 1Ip
FSHb follicle-stimulating hormone (osuKyIOCTUMYITUPYIOIINI TOPMOH) CBUHbS 7789177
MSTN myostatin (MHOCTaTHH) CBUHbBS 23134308
CAST calpastatin (KaJbpI1acTaTHH) CBUHbBS 28856768
FASN fatty acid sym thase CBHHbBS 26255706
(cuHTa3a KUPHOH KUCIOTHI)

ACSMS5 acyl-coenzyme A synthetase (anmikopepMeHT cuHTeTa3a) CBUHbS 27666082
CROT carnitine O-octanoyltransferase (kapautia O-OkxTanounTpanchepasa) CBUHbBS 27666082
FOS fos proto-oncogene, AP-1 transcription factor subunit (¢pocko-oHKOTeH) CBUHbBS 17453650

hypoxia inducible factor 1, alpha subunit inhibitor (nHrHOUpyOMKi anbha-

yp p py’
HIFIAN CyOBeTMHUYHBIH HHTHOUTOP CBUHbBS 23296815
Hypoxia Factor 1)
MGLL monoacylglycerol lipase CBUHBSA 23826865
(MOHOIIMIIEpHAHAS JINTIA3a)
nuclear receptor co-activator 1
Neoal (KOaKTHATOP SIIEPHBIX PEAKTOPOB 1) CBHHBA 18638664
PIK3R] phosphatidylinositol 3-kinase regulatory subunit alpha J— 26150313
(pochaTuaruIHO3UTON-3-KHHA3A)

peroxisome proliferator-activated receptor alpha (axTuBHpoBaHHBIN peren-

PPARA CBHHbBS 19939971
TOP MEPOKCUCOMHOTO allb(a-aKTHBATOPA)
HMGAI high-mobility group protein (BeicokomoOmmbHas rpymma AT-Hook 1) CBUHbS 16879362
FABP4 fatty acid binding protein 4 (xupoBoii Oeok, cBsi3bIBaoLINil 6enok 4) CBUHbS 20453303
EGF epidermal growth factor CBHHbS 25449803
(anuaepMaibHEIN hakTop pocTa)
histone H2A.Z
H24FZ (unen H2A Histone Family Z) CBHIHBA 27119729
LEP leptin (sterrTun) CBUHbBS 22497241
MTTP microsomal triglyceride transfer protein (mpoTtenn s nepegadu CBHHbS 26255706
MHKPOCOMAJIBHOTO TPUIVIALIEPHUAA)

bbln HaliieHbl KaK XOpOILO HW3BECTHBIE T'€HBI,
Tak U MaJl0O U3y4YEHHbIE TeHbl PENpPOyKTUBHOCTH.
I'er RYR-1 (pnaHOAMHOBHINA perenTop-1) xonupyet
PHAHOJMHOBBIN pelenTop, oOHAPYKEHHBI B CKe-
neTHeIX Mbimmax. benok RYR-I ¢QyHKIMOHHpPYET
KaK KaHaJl BBIJCIICHUS KalblMs B CapKOILIa3MaTH-
YECKOM PETUKYIYME, HO TAK)Ke CIYXKHT JUIsl COEH-
HEHUsS CapKOIUIa3MaTHYECKOro PETHKYylIymMa U IO-

nepeunoi Tpybouku (Lahucky, 1997: 277-285).
I'en IGF2 (uncynuHononoOHbIN (akrop pocrta 2)
KOIUPYET WIEH CeMeHCTBA MHCY/INHA TTOJIHITCTITH -
HBIX (haKTOPOB pOCTa, KOTOPHIC yYacTBYIOT B Pa3BH-
Ty u pocre (Zhang, 2017). I'en MC4R (peuenTop
MeTaHOKOPTHHA 4) OeNOK, KOAUPYEMBIH DTHM Te-
HOM, SIBJISIETCS MEMOPaHHO-CBSI3aHHBIM PELIEITOPOM
Y 4WICHOM CEMEeHCTBA PElenTOpOB MEIaHOKOPTHHA,
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OH B3aUMOJCHCTBYET C aAPCHOKOPTHUKOTPOIHBI-
Mu 1 MCI-ropmoHamMu # orocpenyercst OeiaKamu
G (Zhang, 2014: 508-516). T'en POUIF1 (rumo-
¢uzapHbIll (aKTOP TPAHCKPUILKH) KOOUPYET UJIeH
cemeiictBa POU TpaHCKPHITIIMOHHBIX (aKTOPOB,
KOTOpbIE PETyNUpYIOT pa3BUTHE MIICKOIHUTAIOIINX,
JaHHBII OEJOK PEryaupyeT SKCIIPECCHIO HECKOJIBKUX
TE€HOB, Y4aCTBYIOUIUX B Pa3BUTHU T'HNOGH3a U 3KCII-
peccuu ropmonoB (Ponsuksili, 2007: 267-279). T'en
ESR (peuenTtop 3cTporena) KOAMPYET PELenTop 3CT-
poreHa, TaHHBII 3CTPOTEH U €r0 PELENTOPhl HEO0XO0-
MBI JJIsI TIOJIOBOTO Pa3BUTHSI U PENPOLYKTHBHOM
(yskun. (Hunyadi-Bagi, 2016: 359-364). I'ern PRLR
(petienTop MPONAKTHH) KOMUPYET PEIENTOp Tepel-
HETro TUIO(HU3apHOTO TOPMOHA, MPOJIAKTHHA U OTHO-
CHUTCSl K CEMEHCTBY PELENTOPOB LUTOKMHOB TUIa |
(Schennink, 2013: 1-13). I'en FSHb (pommkynocTu-
MYJIUPYIOLINI TOPMOH ) KOAMPYET OeTa-CyObeTUHUILY
(hOIITHMKYIIOCTUMYIMPYIOILETO TOPMOHA, B COUETAaHUU
C JIFOTEUHU3UPYIOLTHM TOPMOHOM ()OJUTUKYIIOCTUMY -
JUPYIOUMKA TOPMOH HHIYLUPYET BBIPAOOTKY SIHIL
u crepmartozonnoB (Mellink, 1995: 224-227). T'en
MSTN (MHOCTaTHH) KOTUPYET CEKPEeTHUPOBAHHBIN
nurany cynepcemeiictea 7TGF-6era (Tpancdopmu-
pytomuii hakTop pocra-6era) 6enxos (Tu,2012:291-

298). I'en CAST (xampmacTaTvH), KOJUPYET OEJIOK,
MIPEACTABISIONMUNA COOOM DHIIOTEHHBIN KalbllanH
(KanpUUK-3aBUCUMBIA  UHTUOUTOP IIUCTEUHOBOU
mporeas3sr). CyMTaeTcsi, YTO KOIUPYEMBIH OeloK
BJIMSET HA YPOBHH SKCIIPECCUH TEHOB, KOTUPYIOIINX
CTPYKTYypHBIC WJIHM peryistopable Oenku (Zhang,
2017). T'en CROT (xapuutuH O-OKTaHOWJITPAHC-
(hbepaza) komupyeT OCJIOK, y4acTBYHOIIUN B MeTabo-
JM3ME JIMIHUIOB U 0ETa-OKUCICHUH KUPHBIX KHUCIIOT
(Puig-Oliveras, 2016). I'ea FOS (doCKo-OHKOTEH)
koupyeT 0enok FOS, yuacTBYIOIIUIA B KaueCTBE pe-
TYJSTOPOB KJIETOUHOH nponudepaunu, muddepen-
nupoBku u Tpanchopmarmu (Civanova, 2007: 109-
115). T'enu NCOA I (xoakTHBaTOp SAEPHBIX PEAKTOPOB
1) xomupyet OeNoK, MEHCTBYIONIHNN KaK TPaHCKPHUTI-
LIMOHHBIA KOAKTHBATOP U PELENTOPOB CTEPOHIOB
u saepHsix Topmonos (Wang, 2008: 208-216). I'en
PIK3RI (dhocharnaunrHO3UTON-3-KHHA3a) KOIH-
pyer  dochaTHIMIMHO3UTON-3-KUHA3Y, KOTOpas
UTpaeT BaXKHYIO POJIb B METaOOIMYECKUX ACHCTBHUIX
nHcynuHa (Jing, 2015).

B pabGotre Obun Tarke HaigeHsl MiRNA,
CBSI3aHHBIC C PEIPOAYKTHBHOCTBIO CEITLCKOXO03SHCT-
BEHHBIX XUBOTHBIX. JlanHbie MiRNA mpesncrasme-
HEI B Ta0muIe 2.

Tabauna 2 — miRNA, cBsI3aHHBIE C PEIPOTYKTHBHOCTBIO CEITbCKOXO3SIHCTBEHHBIX )KUBOTHBIX

miRNA OObexT Accession miRNA OOBexT Accession
miR-148a KOpOBa/ObIK MI0004737 miR-125b-2 CBUHbBS MI10002414
miR-148a KypHLa MI0001189 miR-132 KOpOBa/ObIK MI0005028
miR-31 KOpOBa/ObIK MI0004762 miR-132 CBUHbBS MI10022129
miR-31 Kypuua MI0001276 miR-132 jouagb MI0012770
miR-31 CBUHbS MI10022127 miR-224 KOpOBa/ObIK MI0009783
miR-124 JIoIIaab MI0012662 miR-224 CBUHBS MI10002426
miR-122 CBHHbS MI0002413 miR-383 Ko3a MI0030778
miR-122 KOpOBa/ObIK MI0005063 miR-383 JIomagh MI0012930
miR-122 K032 MI0030600 miR-383 CBHHbS MI0015927
miR-196 CBUHbS MI10002457 miR-383 KOpOBa/ObIK MI10009823
miR-202 Kypuna MI0003699 miR-383 Kypuna MI0003706
miR-202 CBUHbBS MI0013157 miR-335 KOpOBa/OBbIK MI0009804
miR-101 K032 MI0030589 miR-335 CBHHBS MI0013165
miR-101-2 KOpOBa/OBIK MI0004735 miR-335 K03a MI0030747
miR-101-1 BOITENI MI0001270 miR-335 BOITENI MI0012696
miR-101-1 Kypuna MI0001270 miR-26a-1 Kypuna MI0001187
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miR-140 KypHIa MI0001229 miR-133b KypuIa MI0001206
miR-140 KOpOBa/OBIK MI0005010 miR-133b CBUHbS MIO013089
miR-140 CBUHBS MI10002437 miR-1792 Kypuua MI0007535
miR-140 J0MIa1b MI0012682 miR-21 Kypuna MI0004994
miR-140 K03a MI0030627 miR-21 CBHHBS MI0002459
miR-212 KOpOBa/ObIK MI0009776 miR-21 OBIIa MI0014116
miR-212 CBUHBS MI10022140 miR-21 KOpOBa/ObIK MI0004742
miR-212 BOIENTS MI0012777 miR-17 KypHLa MI0001184
miR-7 K03a MI0030831 miR-17 CBHHBS MI0008214
miR-34c KOpOBa/OBIK MI0005068 miR-17 KOpOBa/OBIK MI0005031
miR-34c-1 CBUHBS MI0013132 miR-17 OBIIA MI0025258
miR-449a KypHna MI0003715 miR-17 K032 MI0030648
miR-20a KOpOBa/OBIK MI0004741 miR-27b CBUHbBS MI0013109
miR-152 KOpOBa/ObIK MI0009748 miR-27b KOpOBa/ObIK MI0004760
miR-152 CBUHbS MI0013104 miR-27b Kypula MI0001274
miR-152 OBIIa MI0025256 miR-34b KOpOBa/ObIK MI0004763
miR-181b-2 CBHHBS MI0002420 miR-34b J01Iab MI0012741
miR-181b-1 KypuIa MI0001219 miR-34b K032 MI0030758
miR-143 KOpOBa/ObIK MI0009743 miR-34b Kypuua MI0001260
miR-143 CBUHBS MI0013098 miR-184 KOpOBa/ObIK MI0009757
miR-143 OBIA MI0025253 miR-184 CBHHBS MI10002421
miR-143 K03a MI0030629 miR-184 Kypuia MI0001227
miR-143 JIoMmaah MI0012807 miR-184 JIOIAah MI0012650
miR-26b KOpOBa/ObIK MI0004745 miR-184 KO3a MI0030656
miR-378 K03a MI0030773 miR-191 OBIIA MI10025260
miR-378 JIOLIAAh MI0012812 miR-191 CBUHBS MI0013095
miR-378-1 KOpOBa/OBIK MI0009819 miR-191 Jouajb MI0012825
miR-378-1 CBUHbS MI0013088 miR-191 KOpOBa/ObIK MI0005034
miR-125b-2 KypHLa MI0001175 miR-191 Ko3a MI0030664

miR-21 (kypuua, cBUHBS, OBIA, KOPOBa/OBIK)
npeacTaBmsseT coboid miRNA  MIIeKOTHTArOMIHX,
Kotopast kogupyercs rerom MIR21. miR-21 6puta
OZHOHM M3 MEepBbIX MACHTUPHUUPOBAHHBIX MiRNA
MJIEKOIIUTAIONINX. 3pesias I0CJeI0BATEIbHOCTh
miR-21 coxpansiercss B Tpolecce 3BOIIOIHH.
Panee mist miR-184 (kopoBa/ObIK, CBHHBS, KypHIla,
JIOTIa b, K03a) OBIJIO OMMMCAHO HECKOJIBKO MHUIIICHEH
Juist miR-184, B TOM umcIe sl MeMaTOPOB HEBPO-
JIOTHYECKOTO pa3BuTHs, amonro3a. miR-191 (oBia,
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CBUHBS, JIONIA](h, KOPOBA/OBIK, KO3a) — ITO CEMEii-
CTBO TIpemiiecTBeHHUKOB MiRNA, BCTpedarommx-
Cc1 y MIEKONHTAKIINX, BKIOYas Jrofed. Panee
ObUTO0 00HapyxeHo, uTo miR-191 nmucperymupyer-
csi B OOJIBIIIOM KOJIMYECTBE PA3IMYHBIX THIIOB OITy-
XOJIEW 4YEeJIOBEKA, BKJIIOUAs PaK TOJICTOM U MPSIMOHN
KUIIKH, paka MOJIOYHOW JKele3bl M TpelcTaTeNb-
HOW JKeJie3bl, HECMOTpSl Ha 93TO, IIEJEBbIC TEHBI
3penoii miRNA He ObUM OxapakTepu30BaHbI, U
HEHM3BECTHO, Kakue (pakTophl MPHBOIAT K €€ JHC-
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PETYISLUK B ONPEICICHHBIX OITyXOJIEBBIX KIETKaX.
miR-31 Oputa oxapakrepu3oBaH kKak miRNA-cyn-
peccop oImyxosel, IpudeM ee ypOBHH BapbUPYIOT B
KJIETKaxX paKa MOJIOYHOM JKeJe3bl B 3aBUCUMOCTH OT
METaCTaTUICCKOTO COCTOSTHHSI OITyXoimrd. miR-122
npexacrasisieT coboit miRNA, xoropast coxpaHsiet-
Csl MEXIy BHJIAMH IIO3BOHOYHBIX, OHA OTCYTCTBYET
y 0€CII03BOHOYHBIX, 1 HUKAKMX OJTM3KUX MTapaioroB
miR-122 He oOHapyxxeHo. Panee ObUIO BBISBICHO,
910 3Kcrpeccuss miR-122 cnenuduyHa 11 ieueHu,
IJIe OHa Y4acTBYeT B KauecCTBE peryisropa Merado-
JU3Ma KHUPHBIX KHUCJIOT B HCCIIEIOBAHUSX MBILIH.
CHmxeHHble ypoBHH miR-122 cBsi3aHbl ¢ remaro-
HIEJUTIONIIPHOM KapIiHOMO#. miR-122 Takxke urpaet
BXHYIO TIOJIOKHUTEIBHYIO POJb B PErYISILIUU Perl-
mukarun Bupyca renatuta C (http://mirbase.org).
Hamu ObutM  ycTaHOBJIEHBI XapaKTEPUCTHKH
cBsa3piBanusl MiRNA, npencraBieHHbsle B TadIHIe
3 ¢ mRNA reHoB, OTBETCTBEHHBIX 34 PENPOTYKTUB-

HOCTh CEJIbCKOXO3SHMCTBEHHBIX JKMBOTHBHIX. JlImHA
miRNA, OTBETCTBEHHBIX 3a PENPOIYKTHBHOCTh
CEJIbCKOXO3SIMCTBEHHBIX ~ JKMBOTHBIX, BapbUPYET
B mpenenax 19-23 myxieornna. U3 Ga3el maHHBIX
mo miRNA, OTBETCTBEHHBIX 3a PENPOAYKTHBHOC-
Th CEIIbCKOXO3SHCTBEHHBIX KMBOTHBIX, 23 miRNA
uMenn caiThl cBsasbiBanusa ¢ AG/AG  wmenee 83%
B MRNA reHOB, OTBETCTBEHHBIX 33 PENPOIYKTUB-
HOCTb CEJIbCKOX03HCTBEHHBIX )KUBOTHBIX. OOHApY-
JKeHHbIe caThl Jokanu3oBanel B CDS, 5"UTR u B
3’UTR yuacTkax.

Bb110 BhIsSIBIIEHO, 4TO TOJABKO 16 MiRNA nmenn
caiitbl casbiBanus ¢ AG/AG_ Gonee 83% B mRNA
reHoB, ocranbHbie MIRNA nmenn ¢ AG/AG  me-
Hee 83% B mRNA renos. OOHapyXeHHBIE CaHTHI
C OTHOCHUTEJIBHO BBICOKOH AHEpruecil CBSA3BIBAHUS
nokanuzoBansl B CDS, 5’UTR u B 3'UTR. Css-
3piBanpe 3THX MIRNA ¢ remamMu MHIIEHIMU U HUX
XapaKTEePUCTUKU PUBOJIATCS B TaOmuIe 3.

Ta6auua 3 — Xapakrepuctuku cBs3piBaHist miRNA ¢ mRNA reHoB, OTBETCTBEHHBIX 32 PETIPOLYKTUBHOCTH CEITbCKOX03SHCTBEHHBIX

sknBOTHBIX ¢ AG/AGm 6onee 83%

miRNA I'en- MuiIeHb ITo3uuwms, H. VYuacrok AG, kJ/mole AG/AGm, % JvHa, H.
miR-378 (eca) LEP 785 5’UTR -93 83 21
miR-31 (bta) PIK3R1 3604 5’UTR -93 83 21
miR-196a (ssc) ACACA 4275 CDS -93 83 22
miR-1792 (gga) RYRI 4859 CDS -104 83 23
miR-202-3p (ssc) RYRI 888 CDS -85 83 19
miR-202-3p (gga) MGLL 2216 3’UTR -96 83 22
miR-34b-3p (chi) HIFIAN 93 CDS -96 83 22
miR-34b-3p (eca) HIFIAN 93 CDS -96 83 22
miR-202-3p (ssc) RYRI 2540 CDS -85 83 19
miR-202-3p (ssc) HIFIAN 2593 3’UTR -85 83 19
miR-202-3p (ssc) ACSMS5 1502 CDS -85 83 19
miR-202-3p (ssc) ACSMS5 1503 CDS -85 83 19
miR-202-3p (gga) PIK3R1 11881 3’UTR -96 83 22
miR-202-5p (ssc) CROT 891 CDS -85 83 21
miR-383 (bta) BMPR-IB 1755 3’UTR -96 83 22
miR-383 (bta) IGF2 940 3’UTR -96 83 22
miR-383 (eca) BMPR-IB 1755 3’UTR -96 83 22
miR-383 (eca) IGF2 940 3’UTR -96 83 22
miR-383-5p (gga) BMPR-IB 1755 3’UTR -96 83 22
miR-383-5p (gga) IGF2 940 3’UTR -96 83 22
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miR-191-3p (chi) RYRI 14815 CDS -96 83 21
miR-31-5p (gga) EGF 3426 CDS -98 84 22
miR-21-3p (gga) RYRI 5481 CDS -100 84 22
miR-31 (ssc) PIK3RI 3603 5’UTR -100 84 22
miR-26a-3p (gga) PPARA 1369 CDS -100 84 23
miR-122 (ssc) MC4R 829 CDS -100 84 23
miR-181b-1-3p (gga) EGF 3896 CDS -89 84 21
miR-17-3p (bta) CSN3 615 CDS -89 84 20
miR-17-3p (gga) CSN3 615 CDS -89 84 20
miR-143 (eca) CXCRI1 1415 3’UTR -93 85 21
miR-143 (oar) CXCRI 1415 3’UTR -93 85 21
miR-143-3p (ssc) CXCRI1 1415 3’'UTR -93 85 21
miR-335-3p (chi) CAST 1662 CDS -93 85 22
miR-378 (eca) PIK3RI 3710 5’UTR -96 85 21
miR-31 (bta) EGF 3427 CDS -96 85 21
miR-202-3p (ssc) MFGES 1633 3’'UTR -87 85 19
miR-31 (ssc) EGF 3426 CDS -102 86 22
miR-181b-1-3p (gga) NCOAI 4414 3’UTR 91 86 21
miR-181b-1-3p (gga) FABP4 3113 3’UTR 91 86 21
miR-202-3p (gga) CXCRI1 1225 3’UTR -100 87 22
miR-122 (bta) MC4R 830 CDS -100 87 22
miR-122 (chi) MC4R 830 CDS -100 87 22
miR-202-3p (ssc) RYRI 6546 CDS 91 90 19

TIpumeuanue — bta — Bos taurus, gga - Gallus gallus (xkypuna), ssc - Sus scrofa (cBunbs), chi - Capra hircus (xo3a), eca - Equus

cabalus (omany), oar - Ovis aries (0BIa).

Yerpipe miRNA (miR-202, miR-181b, miR-
31, miR-122) B tabnuue 3 umeror BenumuuHy AG/
AGm, paBay0 oT 85% 10 90% oT MakcHMaTbHOM
CcBOOOTHOM SHEPruu CBs3bIBaHUs. Haunbomnbiias Be-
muarnHa AG/AGm HabmonaeTcsi mpu B3auMOICHCT-
Bur miR-202-3p ¢ mRNA rena RYRI, pasuas 90%.
miR-122 cBsa3eiBaeTca ¢ mRNA rena MC4R ¢ AG
pasnoii -100 kJ/mole. miR-202 nmeeT 8 reHOB-MU-
meHe, oHa cBs3biBaeTcsi ¢ MRNA reHoB RYRI,
MGLL, HIFIAN, ACSM5, PIK3RI, CROT, MFGES,
CXCRI csneprueii ot -85 kJ/mole mo -100 kJ/mole
u BenuunHot AG/AGm pasuoit ot 83% m0 90%
OT MaKCUMAaJIbHOW CBOOOJIHOI 3HEpPruu CBs3bIBa-
aus. miR-181b umeer 2 rena-munienein: NCOAI,
FABP4. miR-31 umeer 2 rena-muieneii: PIK3RI,
EGFE miR-122 umeer 1 ren-mumens — MC4R.

benok, kooupyemwiii ecenom EGF, nefictByeT Kak
MOIIHBI MHUTOTCHHBIN (PaKTOp, KOTOPBIA HIpaeT
BRYKHYIO POJIb B pocTe, posiudepanuu u auddepen-
[UAIM MHOTOYHCIICHHBIX THIOB KieTok (Gainza,
2015: 41-7). benok, xomupyembrii reHom MC4R,
SBISICTCSL MEMOpPaHHO-CBSI3aHHBIM PEIENTOPOM U
YJICHOM CEMEHCTBa PELeNnTOpPOB MEJIaHOKOPTHHA
(Zhang, 2014: 508-516). RYRI xommpyeT pwaHO-
JIMHOBBIHA pelenTop, 0OHapyKEHHBIH B CKEJIETHBIX
mbimax (Lahucky, 1997: 277-285). benok, komau-
pyemsbrit reHoM NCOA [, neicTByeT KaK TPaHCKPHII-
LUOHHBIN KOAKTUBATOP ISl PELENITOPOB CTEPOUTIOB
(Wang, 2008: 208-216). FABP4 xomupyer CBs-
3BIBAIOIIMHA KUPHYIO KHCIIOTY OETOK, 0OHapyKeH-
Hbli B aaunonmrax (Switonski M, Stachowiak M,
Cieslak, 2010: 153-68). benok, konupyemblii TeHOM
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CXCRI, aBnseTcs 4JICHOM CEeMEMCTBa PEIenTOPOB,
CBs3aHHBIX ¢ (G-OemkoM. DTOT OENOK SBISIETCS pe-
nenropom Juis uHTeprneiiknaa 8 (IL8) (Fontanesi,
2014: 576-80). MFGES xomupyeT OENKOBBIA TPO-
JIYKT — MEMOpPaHHBINA TITUKOMIPOTEHH, KOTOPBIH CIIO-
coOCTBYeT (haronuTo3y amonTOTUYECKUX KIIETOK
(Fontanesi, 2014: 576-80).

Takum o00pa3om, TMOMydeHHBIE PE3yAbTATHI
(Tabs. 3) CBHUICTENLCTBYIOT O TOM, 4TO0 MiRNA,
MIPEJCTaBIICHHBIC B TAOIUIIE 2, B OCHOBHOM HE CBsI-
3pIBafOTCSI ¢ MRNA T€HOB, OTBETCTBEHHBIX 3a pell-

POIYKTUBHOCTb >KUBOTHBIX, IPEICTABICHHBIX B
Tabnuiie 1, 9T0 CBUAECTETLCTBYET O TOM, UTO JaHHBIC
miRNA He MOTYT OBITh UCIIOJIb30BaHBI JUISI PETyJIs-
LIMM 3KCIIPECCUU T€HOB, OTBETCTBEHHBIE 33 PEIpPO-
TYKTUBHOCTh CEITHCKOXO3SIMCTBEHHBIX JKHUBOTHBIX.
Jis BeisiBrieHust miRNA, criocoOHBIE peryIupoBaTh
PEIPOAYKTUBHYIO CUCTEMY CENbCKOXO3UCTBEHHBIX
JKUBOTHBIX HaMU ObLT MPOBEJICH aHaU3 CBsI3bIBa-
urst mMRNA reHoB co BceMH HM3BeCTHBIMH mMiRNA
n3 0a3bl JaHHBIX mirBase, MoMy4eHHbIe Pe3yIbTaThI
[peJICTaB/ICHbI B TaONUIIE 4.

Ta6auua 4 — Xapakrepuctuku cBsa3piBaHis MiRNA ¢ mRNA reHoB, OTBETCTBEHHBIX 32 PETIPOLYKTUBHOCTH CEITbCKOXO3SHCTBEHHBIX

skuBOTHBIX ¢ AG/AGm 6omee 90%

miRNA rﬁéiﬂ_ Tozumwus, H. Vuactok AG, kJ/mole | AG/AGm, % Jinmna, H.
miR-3665 ESR 198 5’UTR -98 90 18
miR-4292 FASN 3614 CDS -98 90 18

miR-506-5p NCOAI 3249 CDS -98 90 22
miR-1268a RYRI 10006 CDS -98 90 18
miR-4455 HIFIAN 7456 3’UTR -79 90 17
miR-4455 PIK3R1 2004 5’UTR -79 90 17
miR-3141 GDF9 2477 3’UTR -100 90 19
miR-130b-5p LGB 110 5’UTR -100 90 21
miR-4488 RYRI 8250 CDS -100 90 18
miR-4317 CXCRI 302 CDS -81 90 17
miR-4306 HIFIAN 5333 3’UTR -81 90 17
miR-3664-5p FABP4 5887 3’UTR -102 91 22
miR-6716-5p HIFIAN 2706 3’UTR -102 91 20
miR-7158-3p HIFIAN 4308 3’UTR -102 91 21
miR-4466 RYRI 15244 3’UTR -102 91 18
miR-4251 IGF2 1083 3’UTR -83 91 17
miR-1286 RYRI 1445 CDS -104 91 21
miR-6829-3p RYRI 12932 CDS -104 91 20
miR-6090 FASN 1239 CDS -106 91 19
miR-6740-5p HIFIAN 2573 3’UTR -106 91 22
miR-4468 HMAGI 1470 3’UTR -85 91 18
miR-5194 FOS 259 CDS -108 91 22
miR-6783-3p FSHB 583 3’UTR -108 91 22
miR-7110-5p MFGES 1633 3’UTR -108 91 21
miR-4534 FASN 4627 CDS -87 91 17
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miR-1199-5p PIK3R1 7696 5’UTR -110 91 20
miR-197-3p PIK3R1 7259 5’UTR -110 91 22
miR-3186-5p RYRI 3045 CDS -110 91 22
miR-490-3p RYRI 393 CDS -110 91 22
miR-4305 FASN 3504 CDS -89 91 18
miR-1275 LEP 1337 3°’UTR -89 91 17
miR-1281 MFGES 1838 3’UTR -89 91 17
miR-1281 RYRI 8612 CDS -89 91 17
miR-4314 MTTP 1566 CDS -89 91 18
miR-939-3p ACSM5 192 5’UTR -113 91 21
miR-1228-5p HMAGI 822 3°’UTR -113 91 21
miR-5008-3p RYRI 13355 CDS -113 91 21
miR-4516 HIFIAN 1344 3’UTR -91 91 17
miR-4650-5p PIK3R1 8633 CDS 91 91 19
miR-4710 MFGES 345 CDS -93 92 18
miR-3656 FASN 7571 3’UTR -96 92 17
miR-4432 HMGAI 533 CDS -96 92 20
miR-6127 GDF9 2481 3’UTR -100 92 19
miR-6780a-3p NCOAI 4332 CDS -100 92 21
miR-6087 PIK3R1 7578 5’UTR -100 92 18
miR-3141 MFGES 1375 3’UTR -102 92 19
miR-4727-5p HIFIAN 6871 3’UTR -106 93 21
miR-6748-3p HIFIAN 4165 3’UTR -106 93 21
miR-7704 PIK3R1 7441 5’UTR -106 93 19
miR-4310 GH 635 CDS -81 93 16
miR-4328 RYRI 13739 CDS -83 93 17
miR-574-5p FABP4 3562 3’UTR -113 93 23
miR-574-5p FABP4 3564 3°’UTR -113 93 23
miR-574-5p FABP4 3566 3°’UTR -113 93 23
miR-574-5p FABP4 3568 3’UTR -113 93 23
miR-574-5p FABP4 3570 3’UTR -113 93 23
miR-574-5p FABP4 3572 3°’UTR -113 93 23
miR-574-5p FABP4 3574 3°’UTR -113 93 23
miR-574-5p FABP4 3576 3’UTR -113 93 23
miR-574-5p FABP4 3578 3’UTR -113 93 23
miR-574-5p FABP4 3580 3’UTR -113 93 23
miR-574-5p FABP4 3582 3’UTR -113 93 23
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miR-574-5p FABP4 3584 3’UTR -113 93 23
miR-4267 FASN 845 CDS -85 93 16
miR-4279 THRSP 343 CDS -85 93 16
miR-4308 RYRI 4175 CDS -87 93 18
miR-4534 FASN 4628 CDS -89 93 17
miR-4478 IGF2 204 5’UTR -89 93 17
miR-4478 SCDI 53 5’UTR -89 93 17
miR-4535 FSHB 246 CDS 91 93 17
miR-1281 RYRI 11328 CDS -91 93 17
miR-3656 FASN 7572 3°’UTR -98 94 17
miR-3141 MFGES8 1376 3°’UTR -104 94 19

miR-466 GDF9 1950 3’UTR -110 95 23

miR-7162-3p CAST 1021 CDS -100 96 19

miR-3195 PIK3RI1 7703 5’UTR -100 96 17

Bce renbl B Tabnuiie 4 umeror Benuunny AG/
AGm, paBnyto ot 90% 10 96%, 0T MakCUMaJbHOMI
CBOOOIHOW DSHEpPTrHM CBs3BIBaHWS. M3 65 cailiToB
cBsA3bIBaHMA 29 nokanmu3oBaHbl B yuactke CDS, 11
caiitoB cBa3biBaHus B ydactke 5’UTR u 25 caiira
B yuactke 3’UTR. mRNA renoB PIK3RI, CAST,
GDF9, MFGES, FASN, RYRI, FSHB, SCDI, IGF?2,
THRSP uMEIoT CaliThl CBS3BIBAHUSI C DHEPrUEH OT
-87 kJ/mole 1o -110 kJ/mole u Benuuunoit AG/AGm,
paBuo# 0T 91% 110 95%. EGF umeet 13 caiiToB cBsI-
3piBaHusA, RYRI — 12 caitoB cBsi3eiBanust, THRSP
— 8 caiiToB cBsa3bIBaHus, FASN — 8 caliToB CBA3bLIBA-
uust, HIFIAN — 8 calitoB cBsi3biBanusi, PIK3RI — 7
canToB cBs3biBanus, SCD/ — 6 CalTOB CBA3BIBAHUS.
Tak rer PIK3R1 xomupyeT (GpochaTHIMIHHOZUTOI-
3-KHMHa3y, KOTOpas UTPaeT BAKHYIO POJIb B MeTa0o-
nrueckux neiictBusx uHcynuHa (Jing, 2015). dep-
MEHT, KOAMpYeMbIii TeHoM FASN, mpexncraiser
co00l MHOTO(QYHKIIMOHAJBHBIH OENoK, ero oc-
HOBHasl (YHKIHS — KaTaJU3UPOBaTh CHHTE3 Iajlb-
muTata u3 aneTmwi-CoA n MmatoHmT-CoA B TIPUCYTC-
tBun HAJI®H B nnMHHOLIETIOYEYHBIC HACHIIIIEHHBIC
xkupHble kucnotel (Renaville, 2015: 220-3). en
SCD1 xonupyeT epMEHT, y4acTBYIOIIHI B OMOCHH-
Te3e kupHbIx kucnot (Carvajal, 2016). I'en THRSP
UTPAET POIlb B PETYISAINH JIUIIOTEHE3a, 0COOCHHO B
JAKTUPYIOIHUX MOJIOUHBIX JKEJIe3aX, OH TaKKe MO-
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XKeT (YHKIMOHMPOBATh KaK TPAaHCKPUIIIMOHHBIN
rxoaktuBarop (Khan, 2013: 2171-2182). ®yskimm
OCTaJIbHBIX TEHOB OBLIM OMHCAHBI BbIIIC. Takum
00pa3oM, MEXAy HalWJACHHBIMH T'€HAMH, OTBETCT-
BEHHBIMH 32 PENPOAYKTHUBHOCTb CEJIbCKOXO3SHCT-
BEHHBIX JKUBOTHBIX M MUKpOPHK 13 6a3bl qaHHbIX
mirBase, Obun yctaHoBieHBI 3()()EeKTHBHBIE acco-
[HAIAA IS TaKuX TeHoB, kKak PIK3RI (docdarn-
TWINHO3UTON-3-knHaza), CAST (kampmacTaTuH),
GDF9 (muddepenumansuplii  ¢akTop pocra),
MFGES (monmounas sxupoBas riiooyna-£EGF-daxtop
8-0enok), RYRI (puaHOOMHOBBIA penentop-1) u
ap., v st Takux MEKpoPHK kak miR-3656, miR-
3141, miR-466, miR-7162-3p, miR-3195 u np., Tak
BeanunHa AG/AGm B IaHHBIX accolMaluax ObLIa
paBHa oT 90% no 96%. OOmwme 3amadn, KOTOPbBIE
HEOOXOOUMO pellaTb B OTPaciu >KUBOTHOBOJCTBA,
COCTOSIT B TOM, 4TOOBI OOECIIEUUTH POCT PEnpo-
IOYKTUBHOCTH M COOTBETCTBEHHO IIOTOJIOBBSI CKOTa
W, OIHUM M3 CIOCOOOB MOBBIIICHUS PETPOTYKTHB-
HOCTH CEJIbCKOXO3SHCTBEHHBIX >KUBOTHBIX MOXKET
CIIy’KUTb HCIIOJIb30BAHUE IPEICTABICHHBIX TI'€HOB
B KauecTBe muiieHer 11 miRNA. Briasinennnie
accolMalyy JaroT OCHOBY JUIS Pa3pabOTKHU TEXHO-
JIOTHH TI0 YBEJIMUEHUIO ITOTOJIOBBSI CEIbCKOXO3SIHCT-
BEHHBIX JKUBOTHBIX ITyTEM PETYISIHUA DKCIPECCHU
T€HOB PENPOAYKTHBHOCTH.
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ALNUS GLUTINOSA (L.) GAERTN. CHUPEK TYP ©CIMAIKTEP
KAYbIMAACTbIKTAPbIHbIH, TEOBOTAHUKAADBIK CUTMTATTAMACHI

Makanapa AkTebe 0OAbICHI XafaarbiHAAFbI cupeK, peAnkT Typ Alnus glutinosa ke3aeceTiH ecim-
AIKTEp KaybIMAACTbIKTapbiHa reob0TaHMKAAbIK, cunaTtTama 6epiain, (AOpaAblk, KypamblHa TaaAay
>KacaAblHFaH. 3epTTeyaiH Makcatbl KasakcraHHbiH Kbi3biA KiTabblHA EHIeH, CUPeK Ke3AECETIH, PEAMKT
TYp Alnus glutinosa nonyAuMsICbIHbIH, Ka3ipri Ke3Aeri >karaambiHa reobOTaHMKaAbIK, TYPFbiAaH Gara
6epy 60AbIn Tabbiraabl. Kasipri TaHaa AKTe6e 06AbICbIHbIH hAOpachl, OYA hAOpasa KE3AECETIH 6CiM-
AIKTep TOAbIK 3epTTeAMereH. AKTe6e 0OAbIChI (PAOPACHIHbIH, BUOAOTUSIABIK, aAYaHTYPAIAITiH cakTay aca
©3eKTi MaceAeHiH 6ipi 6GOAbIN OTbIP. TYPAiH XOMbIAYbIHBIH, KOpLUIaFaH OpTaHblH 3KOAOTMSICbIHA YAKEH
acepi 6onaabl. COHAbIKTaHAQ Bcipece CUMpeK Ke3AECETiH, PEAMKT TYPAEPAI KOPFAyAblH OpPHbI epek-
we. Alnus glutinosa ecimairi TEpTTIK Ke3eHHiH peArkTi. OpMaHAAPAbI KOpFay iCiHe naiaasaHy Mym-
KiHAIr 6ap AeKopaTMBTI 6CiMAIK. AKTOOE 0OABICHI JKaFAaibiHAQ MaA >Kalo, aFallTapAbl KECin, OTbIHFa
nanAaAaHy, YMbIMAACTAFaH TypU3M, TaBbUFK XKaHAPYAbIH GOAMAYbI CAAAAPbIHAH TYPAiH apeanbl, CAHADIK,
KeAeMi azarbin 6apasbl. OcbiFaH 6aNAAHBLICTbI TYPAT TOAbIK 3€PTTen, KOpFay >KoHe CakTay LapaAapbiH
YMAbIMAACTBIPY KaXKETTIAIr Tybin oTbip. Cebebi, MyHAain TypAep 6i3AiH TabuFn GanAbIFbIMbI3. 3epTTey-
AiH HoTuxkeci Alnus glutinosa ecimairi KasakcraH gpAopacbiHAa CUPEK Ke3AECETIH, apeaAbl KbICKapbir
Gapa XKaTKaH TYP eKEHAIrH KepCeTTi. 3epTTey >KYPri3iAreH yi HyKTeAeH 6apAblFbl 24 TYKbIMAAC 6CIM-
AIKTEPI aHbIKTAAADI.

Tysin ce3aep: Alnus glutinosa, TipLiAik dhopmachl, nonyasumst, aopa, apyc.
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Geobotanical characteristics of plant communities with
participation of rare species Alnus glutinosa (L.) Gaertn.

The article gives a geobotanical description and a floristic analysis of communities with the partici-
pation of the rare and relict species Alnus glutinosa in condition of Aktobe region. The aim of the study
is to provide a geobotanical assessment of the current status of a rare, relict species of the Alnus glutinosa
population, which was included in the Red Data Book of Kazakhstan. At present, the flora of the Aktobe
region is not sufficiently studied. Conservation of the biodiversity of the Aktobe region flora is one of the
most topical issues. The disappearance of the species has a great impact on the ecology of the environ-
ment. Therefore, the protection of rare and relict species is of particular importance. The Alnus glutinosa
plant is a relict of the Quaternary period. An ornamental plant used in forest protection. In Aktobe region,
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due to the lack of grazing, felling of trees, using as fuel and the emergence of uncontrolled tourism and
at the same time due to the lack of natural renewal of the area, these consequences lead to a quantitative
reduction in the species. In this regard, it is necessary to study the species and organize protection and
conservation measures. The results of the study showed that the plant Alnus glutinosa is rarely found
in the flora of Kazakhstan and also the distribution areas are reduced. Of the three investigated points,
plants from 24 families were identified

Key words: Alnus glutinosa, life form, population, flora, tier.

CapsxnrmTosa A.', Kypman6aesa M.2, basapraavesa A.’

'MarucTpaHT 2 Kypca kadeApbl 61opasHoobpasus u 6uopecypcos hakyabTeTa GMOAOTMM 1 GUOTEXHOAOT MM
Kazaxckoro HauMOHaAbHOrO yHMBepcHTeTa MMeHn anb-Dapabm,
KasaxcraH, r. AAMaTbl, + 77477830407, e-mail: asilay _94.94@mail.ru
2A0KTOP BUMOAOTMYECKHMX HayK, 1.0. Mpodeccopa, 3aB. kadeApoit GropasHoobpasus u Gruopecypcos
Kasaxckoro HauMoHaAbHOTO yHMBEpcuTeTa MeHn aab-Dapabu, KasaxcraH, r. AaMatbl, +77071104439
3KaHAMAQT BMOAOTMYECKMX HAYK, AOLIEHT KaheApbl 6UOAOrMM AKTIOBMHCKOrO PerMoHaAbHOro
rocyaapcreeHHoro yHuepcuterta um. K. XXy6aHosa, KasaxcraH, r. Aktobe

leob6oTaHMuUeCKas XxapaKTEPUCTUKA PACTUTEAbHBIX COOOLLECTB
c yuyactem peakoro Buaa Alnus glutinosa (L.) Gaertn

B cratbe aaercs reob6oTaHMuUeckas xapakTepucTvka M (HAOPUCTUYUECKMIA aHaAM3 COOOLIECTB C
y4yacTMem peAKoro v peAMKToBOro Buaa Alnus glutinosa B ycAOBUSX AKTIOOMHCKOM o6AacTu. Lleabio
UCCAEAOBAHMUSI BASIETCS MPEAOCTABAEHME reo00TaHMUECKOM OLEHKU TEeKYLLEero COCTOSHWUS peA-
KOro, PeAMKTOBOro BuAa nonyasumu Alnus glutinosa, kotopas 6biAa BkAtoueHa B KpacHylo KHury
KasaxcraHa. B HacTosliee Bpemst (paopa AKTIOBUHCKOM 06AaCTH He AocTaTouHa n3ydyeHa. CoxpaHeHue
6ropasHoobpasms hAOPbl AKTIOOMHCKON 06AACTU IBASIETCS OAHWMM M3 HanbOoAee aKTyaAbHbIX BOMPO-
coB. Mcue3HoBeHMe BMAQ OKa3biBaeT GOAbLLOE BAMSIHME HA SKOAOTUIO OKpY>Kaioulen cpeabl. [1o3Tomy
3awmTa peAKMX U PeAMKTOBbIX BUAOB MMeeT ocoboe 3HaueHue. Pactenue Alnus glutinosa sBasetcs
PEAMKTOM YeTBEPTUYHOIO NepruoAad. ITO AEKOPATMBHOE PacTeHWNE, MCMOAb3YEMOE AAS 3alUMThI Aeca. B
AKTIOGMHCKOM 06AACTM M3-3a OTCYTCTBMS BbINaca CKOTa, BbIPYOKM AEPEBbEB AAS MCTIOAb30BAHMS UX B
KaueCTBe TOMAMBA M MOSIBAEHME HEKOHTPOAMPYEMOTO Typr3Ma 1 B TOXKE BPeMS M3-3a OTCYTCTBUS ecTe-
CTBEHHOro OGHOBAEHMS AQHHbIE MOCAEACTBUS BEAYT K KOAMUECTBEHHOMY COKPALLEHMIO BUAQ M apeaAa.
B 3TOM CBS3M HEOGXOAMMO M3YyUUTb BUMA M OPraHM30BaTb Mepbl 3allMTbl M COXpaHeHus. Pe3yAbTatbi
UCCAEAOBaHMS MoKasaAu, UTo pacteHue Alnus glutinosa peako BcTpevaeTcs Bo chaope KasaxcraHa, a
TaKk>Ke COKPALLLEHbI apeaAbl PacnpocTpaHeHus. B Tpex nccaeayembix Toukax GbIAO OMPEAEAEHO pacTe-

HUIN N3 24 CEMENCTB.

KaroueBble caoBa: Alnus glutinosa, >xnsHeHHas hopma, nonyasums, paopa, apyc.

Kipicne

Alnus glutinosa (L.) Gaertn. — Betulaceae Ty-
KbIMJIACbIHA JKaTaThlH, ©TE CHPEK, PEJHKT TYP.
Kazakcran TeppuTOpHSICBIHIA KE3JECeTiH TYPIiH
ajramkel cunarTamacel «Kaszakctan ¢uopace 9
TOM/JIBIK €HOCTIHIH YIIIHII TOMBIHJA KEITipiIreH
(®Pnopa Kazaxcrana 1961: 66). Alnus glutinosa ete
cupek Typ periane Kazakcranasia Kei3p01 KiTaObIHA
enrizinren (Kpacnas xaura Kaszaxckorr CCP 1981:
52; Kpacnas kuura Kazaxcrana 2014: 90). Alnus
TyBICHIHBIH 40-TaH actaM Typi Oenrimi, Heri3iHeH
Conrycrik skaptel mapaa Eypasusna sxone Cos-
TYCTiK AMEpPHKaHBIH OPMaH]bl 30HAJIAPbIH/IA KEHi-
HeH Taparad (Taxramksa 1980: 311; Lamote 1953:
381). buikriri 20-30 mMeTpre *eTeTiH arail, JTiHIHIH
nmuamerpi 90 cMm-re neitin xereni. byrakrapsr yin
KBIPJIBI HEMECE KYMBIp, TETiC HeMece CHpeK TYK-
HIeJIEPMEH, Kac JapaKrap >KeIiMJIi, cMoJia TIpi3i
3arrap Oeimn mibFapanbl. bypirikrepi kepi »KyMbI-
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PTKa Topi3ni, Y3bIHABIFEI 9-15 cM, KamblpaKkTapsl
KapaMa-Kapchl jkail, JeHrelleK HeMece Kepi KyMbl-
pTKa Topisai, y3eiHABIFEl 4-9 (12) cM, eHi 3-6 (10)
CM I[IaMachlHAa. ATalblK TyJIepi Maiiga, Tepr-
Ke OOJIIHTeH TYJI CepikTepiHeH Typaabl. ATaibl-
Fbl 4, TO3aHABIFBI Capbl. AHAIBIK CBIPFa TyJIepi
JKambIpakCchl3 asKianapia 3-5-TeH OpHaJlacKaH,
V3BIHABIFRI 12-15 MM, muamerpi 10 MM, KBI3FBUIT
Tycti. JKanblpakrapsl naiina OonFaHIIa epre KOK-
TemMze (Coyip-MaMBbIp) TYIICHII.

Tamplp  Kxydenmepi  YCTIpT  OpHajacajpbl.
Tamblpnapbiaga TyHHEK Oakrepusuiapbl (Schinza
alni) Ttyhuekmenep Tty3enmi. CoHpal-ak, bUTFaI
cyOcTparTa OHBIH TaMbIp JKy#eci ycak, KaTThl
Tapamaairan Oonein  keneni. Tameipwel Frankia
alni >HIOPUTTI a30TTAyNIFI AKTHHOMUIIETIICH CHM-
OomoTuKanbIK accormarus Kypaasl (Carmen 2014:
109). TomblpakTarbl a30TTHIH >KOHE OPraHUKAIBIK
3aTTapIblH MOJILEPiH YIFalTa OTBHIPBIIN, KachbHIA
eceTiH eciMIIKTepIiH oecyine oH acep ereni (Danel
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1997: 375; Chartapaul 1989: 145). Kanneraram
KayBIMIACTBIFBIHAA YHEMi a30T CYHTII eciM-
JikTep ecemi (MbIcaibl, Kajakad, TaHKypail T.0.)
(beccuetnoB 1981: 127). XaJbIk MeAUIIMHACHIHIA
konmjanbuianbl.  Kenreren Eyponanblk  MekeH
opTajiapbiHia KeiOip OachIM KiacTapiblH IIIiHJE
Alnus glutinosa GacblM >koHE OpMaH MIapyallbl-
JIBIFBI  VITIH MaHBI3ABI TYpP OONBIT TaOBUIAIEI
(Rodrigues-Gonzales 2014: 233; Persson 2016:
149). Oxn cy xaranaybl SKOCHCTEMachblHa OH ocep
eTETiH OONFAHIBIKTAH 3EPTTEYy VIIIH YKOFaphl KbI-
3BIFYIIBUIBIK TYIbIpaabl. OHBIH TaMbIp XKYyHeci cy
JKaranaylapblHbIH TYPAKTAHIBIPYFa OH dcep eTe-
i, COHJIai-aK AKOJOTHSIIBIK TaJlalTapbl KOJCHKEre
TO31MCI3 JKOHE TEK BUIFAIIIbI JKepJeple FaHa eceli
(Mingeot 2016: 24; Douda 2009: 712). ConbiMeH
Karap, OyJI TYp OpMaH >KoHE CYPEKTiK MOTEeHIHAIFa
ue, cebebi OMIKTIKKE JKOHE JAMaMETPIHIE Te3 OCy
mymkingirine ue (Kajba 2003: 1; Claessens 2015:
163). Alnus glutinosa TypiHiH )KOUBLTYBI OpMaH K-
HE TOIbIpaK KypamblHAa, MEKEH €Ty OpTachlHA Kepi
acep eTyi OHE TOMBIPAK IPO3USACHIHA ATBIN KETyi
mymkin (Jose 2015: 539). Conrbl ke3uepi Alnus
glutinosa  eciMAiriHiH caHpIpayKyJaK aypyblHa
(Phytophthora alni) mangeirysl acepiner enyi Ey-
pOIaHbIH Kem OeJIiriHAe a3aloblHa albIll KeJIreH
(Mingeot 2016: 269). )KaOpickak KaHAbIaFaIl e€y-
poria opMaHAapbIHIA KeH TapajFaH Typ KOHE OH/Ii-
pic Oromaccachl XoHE CYperi peTiHJIe JKOFaphl Mo-
TeHIHajara ue 6oibin Taoblaas! (Maixner 1999: 87;
baiiteroB 1986: 140). XKaOpIckaK KaHIbIAFAIITHIH
KaOBIFbI OOSFBILI 33T PETIHC Nak anaHblIa (bl OH-
neyiHe OaitilaHbICTBI MaTanapaa (KYH JKOHE KiOeK)
Kapa, caphl JKOHE KBI3BUI TyCcTep Oepemi >KoHe e
JI9J1 COJT TycTepre OBUIFapBIHBI J]a OTE JKaKChl 0OsIi-
1wl (ITaBnoB 1947: 127). Alnus glutinosa eciMairia
KeCy, OTBIH PEeTiHJIe TaljaliaHy >KOHE ChIpFajaphl
MeH OypJiepiHeH TYHABIpMa JalbIHAaY YIIiH )KUHAY
OHBIH CaHBIHBIH a3a0bIHA aNbIN Kenyne (Afnencosa
2011: 55; Antneucona 2012: 43). Kazipri Tanna, ey-
pora opmannapbiaaa Alnus glutinosa KaybIMI1acThI-
FBIH CaKTal Kaly VIIiH apanap KOJIJAaHy MaHbI3-
IeI MacenenepAin O0ipi Oombi Tabbutazgs! (Prieditis
1997: 49; Lall 2005: 347).

3epTTey MaTepuaJaapbl MeH daicTepi

3eprreynin oOwbekrici Alnus glutinosa (L.)
Gaertn. OGombim TaObanel. Kymbic OGapbichiHaa
KaybIMIACTBIKKA T€000TaHUKAJIBIK CUIIATTaMa KOHE
(GIOPUCTUKAIIBIK TaJAY JKAJIBI KOJIaHBUIBII XKYP-
red Tocinmmen xyprizinai (IlomeBas reoboTanmka
1976: 320). I'epbapuii MaTepranAapbIH )KUHAY KIHE
kentipy A.K. Ckopuos (Cksoptos 1977: 199) 6o-

HBIHIIA JKYPTi3UIl, 6CIMIIKTI aHbIKTAy OapbIChIHIA
«Kazakcran gnopaceinay (Grnopa Kazaxcrana 1961)
xoHe «KazakcTan ©CIMIIKTEpiH WIUTFOCTPATHBTI
aHBIKTaybIKay (MumrocTpupoBaHHBIN OTpeesn-
Tenb pactenuit Kazaxcrana) cyiienaik. ©ciMaikrep-
nig Tizimaemeci C.A. Aomynuaa (AOxymuHa 1999:
187) xone C.K. YUepenanon (Uepemanos 1995: 990)
OobIHIIA JKACATBIH/IBL.

3epTTey HOTHKeJePi MEH 0JIapAbl TAIKbLIAY

bismiH  3epTreyiMi3miH  HETi3Ti  MakcaThl
Kazakcrannpiy Kp3bll KiTaOBIHA €HIEH, CHPEK
KE3JIECeTiH, PeNUKT TYp Alnus glutinosa nomyms-
IUSCHIHBIH Ka3ipri Ke3jderi j>kKarmaiiblHa TeoboTa-
HUKAJIBIK TYPFBIIaH Oara Oepy OOJBIN TaOBLIAIBI.
Ocel Makcarta 2017 >KpUIOBIH »Ka3blHAa AKTOOe
00JBIChIHA apHAWBl SKCHENUIUS YHBIMIACTHIPHLI-
nel. [3necripy Oapwiceinga Alnus glutinosa yu no-
OyJIAUUSICHl TaObUIbIN 3eprrengi. bipiHmi mnomy-
s Axrebe o0ibIcH], [leTpomaBioBka CemoCh
MaHbIHAarEl JKaHaTaH KbICTAaFbIHAH 2,5 KM XKepJe
TaOUFU OOTAaHUKAIBIK €CKepPTKIIll PeTiHAe MeMmlle-
KeTITeH Koprayra ainsiarad. GPS naBuratop 00#BIH-
ma koopauHatTapsl: N 50°41° 16 u E 57° 2423,
Exinmni Alnus glutinosa nomynsimusicel Akte0e 00-
neickl, JKaman Kapranbel e3eHi OOHBIHAH TaOBUIIBI.
GPS HaBurarop OotibiHIa KoopArHATTAphl: N 50°
20217 u E 57° 20° 39”. Yminmi Alnus glutinosa
MTOMYJITUACHT AKTOOE 00BICH, Kaparar cemobik
okpyri, Cambaii aybuUibl MaHbIHAAFbl <«KaHcas»
mapya KOXallbIFbl JKaHbIHAaH TaObuImel. GPS
HaBuratop OoifbiHINIA KoopAawHATTAphl: N 49° 56’
14”u E 57°5°10”.

bipinmni  momynsmus  KOprayfa — ajbIHFaH
KaH/blaFall TOFaibl Ccailyibl JKeple OpHaJacKaH.
XKep xenmemi mamamen 1,5 ra. TombIparbl — Kep
acThl CyJapbIHBIH OacTaybsl 0ap JKepIiH Kapa To-
mbIparbl 00JIbINT TaObUTAbI. TOFaMIbIH OpTaChIHAA
Oy1ak skarajaybl OaTrakTanFaH. ©OciMIIKTep KaObl-
HBl KaH/BIAFAIITHl — TaJabl — KaHBIHABl ©CIMIIIK-
Tep KaybIMIACTHIFBIHAH TYpanbl (Alnus glutinosa
— Salix triandra, Salix pentandra — Betula pendula).
OciMIiKTep >KaOBIHBIHBIH TANBI3IBIK KOPCETKi-
i — 80-85%. XKep actel cysl 1 MeTp FaHa TepeH-
JIKTE JKaThIp. AJl )KEp acThl CYbI KaKbIH 0ATIIaKThI
xkep Alnus glutinosa ecyine aca Komaiibsl opra 60-
JIBIIT TaOBLIA/AbI. OCIMIIKTEp KaOBIHBIHAA S5 SpyC
aliKpIH Oarikanansl. bipinmi sipyctel Alnus glutinosa
Kypaiiapl, OMikTiri 18 M-Te AeiiH, eKiHII SpyCTHI
Salix triandra, Salix pentandra, Betula pendula Tv-
3exi, OumikTiri 5-7 M, yuiHmi sipyctsl Salix cinerea,
Rosa pisiformis, oumiktiri 1,5-2 M, TOPTIHIII IPYCTHI
Cirsium serrulatum, Inula helenium, OuikTiri 1 M-re
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neitin, 6ecinwi sipyctel Urtica dioica, Chartolepis
intermedia, Artemisia scoparia, Stipa capillata,
owuikTiri 25-50 cM Ty3eni.

Bipinmi momynsiust meringe 10 TykKbpIMaacka
JKoHe 16 TybICKa KaTaThIH KOFApPBI CAThIAFbl OCIM-
nikrepaiy 21 Typi aHbikTanael. KaHaplarain Tora-
WbplHAa aramiTap MeH OyranapnaH Betula pendula,
Salix triandra, Salix pentandra Heri3Ti opMaH Ky-
pyuibl Typaep Ooibin TaObiiansl. Cail OaypaiibiHa
Kapail IIagFbIHIBI ©CIMIIK JXKaObIHBIHA AyBICAJIBI.
Manreiaael eciMmik xaOsmbiHIA Urtica dioica
baceim. ConbIMeH Katap, Stipa capillata, Inula
helenium, Artemisia scoparia, Cirsium serrulatum
MeNTeCiH OcIMIIK >KaOBIHBIH Kypaiapl. bymak
aranaynapein Marschantia polymorpha »ankas.

CucreMaTHKaNblK TYPFbIIAH OipiHIII  IOMy-
JSAAANA SKOFAphl CATBIAAFbl OCIMIIKTEPAIH TOPT
OemimiHIH ekulaepi kesneceni. Bryophyta Gemimi-
HeH — Marschantia polymorpha, Polypodiophyta
Oemiminen — Thelypteris palustris, Dryopteris
filix-mas, Equisetophyta Oeniminen — Equisetum
arvense, Equisetum pratense, Equisetum hyemale
ke3neceni. Kanran ecimmikrep Magnoliophyta 6e-
mimiHig  exingepi. OnapabiH  Monocotyledoneae
knmaceiHa — Stipa capillata, KanraH eCIMIIK-
Tep Magnoliopsidae ¥naceina >xatanmel. Typre-
piHIH caHBl KaFblHaH Asteraceae, Salicaceae,
Equisetaceae TykbIMacTapbl OachbIMIIBIKKA Ue.
Kanran TykpiMuactapian 1-2 TypieH kesjece/i.

Bipinmi nmonynsiqusina Tipmitik gopmacsl 60-
WBIHIIIA aHBIK OACHIMJIBUIBIKIICH AJIJIBIHFBI OPBIHJIA
TeMUKPHIITOQUTTED, SIFHU KOIDKBUIIBIK HIONTECIH
ecimaikrep — Oapnbirbl 11 Typ (52,4 %). Exinmi
OpBIHIA HaAHO- J>KOHE MHKpodaHepopuTTep, SIF-
HU OyTa JKoHE KapTbutail Oyramap — 5 Typ (23,8
%). YuiHmi opsiHAa MakpodaHepodutTep, SFHU
aramrap — 3 1yp (14,3 %). Teprinmi opsiHIa Te-
poduTTep HeMece OipKBUABIK (CHPEK eKIKBIIIBIK)
ecimaikrep — 2 Typ (9,5 %) Typ.

Exiamn  Alnus  glutinosa moOmynasmuscel  Ak-
Te0e o0mbichl, YKaman Kapranbel e3eHi OolibiHIa
opHanackaH. byn momynsius xep Oemepi Kasblk-
TBI OOJIBINT KENTCH, ©3€H JKaFamayblHAa ecil Typ.
©O3eH Kep acThl CylapbIMeH ToJbIFabl. JKep Kenemi
mamameH | ra kypaiinel. TonbIparsl f1ana 30HachI-
HBIH KYHT1PT-CYp-KOHBIPIIAY TYCTi TOTBIPAFsl. OcCiM-
JUKTEp KaOBIHBI TEPEKTI — KaH/IBIAFAIIThl — TaJIJIbI
oCIMJIIIKTep KaybIMIACTHIFBIHAH Typansl (Populus
nigra — Alnus glutinosa — Salix triandra, Salix
acutifolia). OciMIikTep KaOBIHBIHBIH TaNBI3IBIK
kepcetkimi — 60-65 %. Ocimuikrep xaObHBbIHIA 4
apyc aiikplH Oalikanazpl. Bipinun spyctel Populus
nigra Kypainel, OMikTiri 21 MeTp, eKiHII SPyCThI
Alnus glutinosa, Acer tataricum, Acer negundo,
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Salix acutifolia, Crataegus sanguinea Kypaujpl,
OmikTiri 6-8 merp, ywiHwi spyctel Thalictrum
minus, Rosa canina Ty3eni, ouikriri 1-1,5 M, 6ecin-
ui spyctel Asparagus officinalis, Salvia stepposa,
Artemisia vulgaris, Linaria genistifolia, Linaria
ruthenica, ouikriri 15-40 cm.

Exinnn nomyssiiust wmieringe 18 TykbIMaacka
JKoHE 23 TyBICKa KATaThIH KOFAPBI CAThIJIAFbl OCIM-
nmikrepmid 31 Typi aHBIKTAIABL. by momymsmmsima
Populus nigra, Salix triandra, Salix acutifolia,
Fraxinus pennsylvanica xaxcel ecin Typ. Rhamnus
cathartica, Acer tataricum, Lonicera tatarica
eciMIIKTepi e Kezaeceni. Rosa canina, Artemisia
proceriformis, Crataegus sanguinea OyTa >XoHE
KapTbutaid Oyramapel ke3mecemi. llenrecin ecim-
nikrepaeH acipece Dipsacus gmelinii, Calystegia
sepium, Trifolium pratense, Crepis tectorum Kem-
terr ke3neceni. Cy skaramaynapblHa KaKbIH >KepIe
Thelypteris palustris Gavikanaapl. ©O3¢H aHFaAPbIHBIH
Oaypaiibta Marschantia polymorpha xankaH.

CucremaTuKanblK TYPFbIIAH EKIHII TOMyIIs-
UsIa 7@ JKOFapbl CaTBLAAFbl ©CIMAIKTEPIiH TOPT
OemimiHIH ekinaepi kesmecenmi. Bryophyta Gemimi-
HeH — Marschantia polymorpha, Polypodiophyta
oemiminen — Thelypteris palustris, Equisetophyta
OemimMineH — Equisetum hyemale xe3neceni. Kanran
ecimuikrep Magnoliophyta Gesnimine Tuecini. OHbIH
iminae Monocotyledoneae xnaceiHan — Asparagus
officinalis, an xanran ecimaixrep Magnoliopsidae
KJIACBIHBIH eciMaikTepi. TypiepiHiH caHbl )KaFbIHAH
Asteraceae, Fabaceae, Salicaceae TyKbIMIacTapbl
0acBIMIBIKKA We. AJI KalFaH TyKbIMaacTapiaH 1-2
TYPICH Ke3eCeli.

Exinmi momynsuusga Tipuinik ¢opmacer 60-
WBIHIIIA aHBIK OACHIMIIBUIBIKIICH AJIJBIHFBI OPBIHJIA
TeMUKPHIITOQUTTED, SIFHM KOIDKBUIIBIK MIONTECIH
eciMmaikrep — Oapabirbl 15 Typ (48,4 %). Exinmi
OpbIHAa MakpodaHepohuTTep, SAFHU aramTap — 7
TYp (22,6 %). YuiiHmi opblHIa HaHO- JKOHE MHK-
podanepodutrep, sFHH OyTa KOHE JKapThUIAl
oyramap — 6 Typ (19,3 %). Teprinmi opsiHAa Te-
podurTep HEMece OIpKBUIIBIK (CHPEK SKIMKBIIJIBIK)
ecimaikrep — 3 Typ (9,7 %) Typ.

Ywinamt Alnus glutinosa momymanuscel  Ax-
Tebe o0mbichl, Kaparam cenonblk okpyri, Cambait
aybuTel MaHbIHAAFBI «JKaHcasy mapya KOXKalbIFbl
YKaHBIH/Ia KapallipikTi TOMbIpaKTa ecim Typ. bypsix
epT IaliFaH Toral apaceiHna Alnus glutinosa xac
napakrapel 00if ketepreH. JKep kesemi IamameH
2,5-3 ra. OcimmikTep XaOBIHBI KaHJBIAFAINTHl —
KaWbIHJIbI — TaJJIbI OCIMIIKTEp KaybIMJIaCTHIFbIHAH
typansl (Alnus glutinosa — Betula pendula — Salix
acutifolia, Salix pentandra). OciMaikTep KaObIHbI-
HBIH TaWbI3ABIK Kepcetkimi — 75-80 %. bipinumi
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apycTbl Alnus glutinosa xypaiapl, OuikTiri 16 M,
ekiHmi sapyctel Salix acutifolia, Salix pentandra,
ouikriri 8-10 metp, yminmi sipyctsl Salix triandra,
Betula pendula, onikriri 4-6 MeTp, TOPTIHIII sIpyC-
161 Calamagrostis epigeios, Inula helenium, Crepis
pannonica, Owikriri 1-1,5 merp, Oecinmn spyc-
1ol Elytrigia repens, Rubus caesius, Chenopodium
rubrum, Chenopodium glaucum, Bunium setaceum,
ouikriri 15-40 cm Kypaiabl.

YuriHmi momynsnus meringe 14 TyKpIMaacka
skoHe 21 TyBICKA JKaTaThIH JKOFAPHI CATHITAFEI OCIM-
JUKTEpiH 24 Typi aHBIKTaNbl. bByn momymsius
OCIMIIKTEpl ©pTEHIreH OpPMaHHBIH OpHbIHA KaiTa
Ooli keTepim ocin Typ. Dropaybk KypaMmbl aca Oait
emec. JKaObIcKak KaHAbIaFaml MNOMYJSLIUSACHIHIIA
Betula pendula, Salix acutifolia, Salix pentandra
xakcel ecin Typ. ConbiMen Katap [nula helenium,
Polygonum acetosum, Rubus caesius, Verbascum
marschallianum eciMaikTep >KaOBIHBIH TY3€/Ii.
Opman  kipebepicinne Calamagrostis — epigeios,
Elytrigia repens ecint Typ. OpMaHHBIH KeHOIp CYIbI
xepnepinne Marschantia polymorpha 6ipeH-capan
Ke3JIecesi.

CucremMaTHKaIBIK TYPFBIIAH YIIIHII TOMYIIS-
nUsga Aa JKOFaphl CaThIIAFrbl ©CIMIIKTEPIiH TOPT
OeuiMiHIH eKxinnepi kesneceni. Bryophyta Genimi-

HeH — Marschantia polymorpha, Polypodiophyta
Oemiminen — Thelypteris palustris, Equisetophyta
OemnimineH — Equisetum hyemale eciMIiikTepi Ke3/e-
cexi. An xanraH ecimaikrep Magnoliophyta 6emimi-
HiH ecimaikrepi. OubIH Monocotyledoneae xnacbina
— Calamagrostis epigeios, Elytrigia repens xartajpl,
an KamraH eciMmuikrep Magnoliopsidae xnaceiHa
Ttuecini. Asteraceae, Salicaceae, Chenopodiaceae
TYKBIMACTaphl TYPJEPiHIH CaHbI JKaFbIHaH 0achIM,
aJ KaJIFaH TYKbIMIAcTapaan 1-2 TypaeH Ke3maeceni.

YuriHon nonymsnusiaa Tipmitik Gopmacel 60-
HBIHIIA aHBIK OAChIMIBUIBIKICH aJIABIHFBI OPBIHIA
TeMHUKPUNTOQUTTEP, SFHU KOIDKBUIABIK IIOMNTe-
ciH eciMaikTep — Oapnbirsl 12 Typ (50 %). Exinmi
OpBIHIIA TEpOPUTTEpP HEeMece OipKBULABIK (CHpEeK
eKDKBIIIBIK) ociMaikTep — 5 typ (20,8 %). Ymrin-
I opeIHAA MakpodaHepopuTTep, SIFHU aramTap —
4 typ (16,7 %) Typ. TepriHiIi OpbIHIA HAHO- XKOHE
MuKkpodanepoduTTep, SFHU OyTa >KOHE KapThLIai
oyranap — 3 Typ (12,5 %).

Tipurimik ¢popmackl OOMBIHINA YIIT TOMYIISAUAAA
Jla TeMUKpUIITO(QUTTEPIiH KOpceTKimi xorapsl. Te-
poduTTepIiH CaHbl OOWBIHINA YIIIHINI MOMYJISIHS
OaceM. A MakpodanepopuTTep XKoHE HAHO-, MUK-
podanepoduTTepiH CaHBl EKiHIII MOMYJISIUsIA
skorapel (1-cyper).

16

14

12

10 4

B FremukpunToduTTEp

B Tepodutrep

M MakpodaHepodutrep

Nel nonynauua

Ne2 nonynauma

B HaHo- »3He
MuKkpodaHepoduTTep

Ne3 nonynauua

1-cypet — K. Paynkuep GoiibIHIIa YT HOMYJISIUST ©CIMIIKTEPiHIH TipIIIiK (hopMaapbIHEIH apaKaThIHACK

Alnus  glutinosa  KaTbICyBIMEH  ©CIMIIKTED
KaybIMIACTBIKTAPBIHBIH ~ (IOPabIK  Kypambl 00-
WeiHma Marchantiaceae TyKpIMAacklHaH | Typ
v momyismmsina nma  kesgecedi. Polypodiaceae
TYKbIMIAChIHAH OipiHIII momymsuusiia 2 Typ, ai

KaJFaH TomyJsiusiapaa 1 TypaeH Kes3mecei.
Equisetaceae TyxKpIMaaceiHaH OipiHIII  MOIMYJIs-
musga 3 Typ, KaiuFaH momyisusuiapna 1 TypaeH
ke3meceni. Poaceae TYKbIMIACBIHAH OipiHIII TIO-
nyasinusga 1 Typ, YUIHIN momynsnusjga 2 Typ
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ke3neceni. Liliaceae TYKbIMIAChIHAH EKIHII I10-
nymsimusga 1 FaHa Typ kesmeceni. Salicaceae Ty-
KBbIMJIACBIHAH op TONy/SIHsia 3 TYPIACH Ke3-
neceni. Betulaceae  TykpIMIacelHaH — OipiHIIi
JKOHE YINIHII TOomyJsusuiapaa 2 Typ, ain OipiH-
i nonyssiusia 1 typ kespeceni. Urticaceae Ty-
KBIMJ/IACBIHAH OIpIHIII XOHE YIIIHIII MOMyIsAIusIaa
1 1yp kesmeceni. Polygonaceae TYKbIMIACBIHAH
1 1yp, Chenopodiaceae TYKbIMAAChIHAH 2 TYD,
Apiaceae TykpMnaceiHan 1 1yp, Plantaginaceae
TYKbIMJIAChIHAH | Typ TeK KaHa YIIHII ITOIyJisi-
nusiga kesnecedi. Ranunculaceae TYKbIMIAChIHAH

TYKbIMJIaChIHAH 2 TYp, Oleaceae TYKbIMIACHIHAH
1 1yp, Convolvulaceae tykpIMaaceiHaH 1 TYp,
Lamiaceae tykpimpnaceiHan 1 typ, Caprifoliaceae
TYKbIMJAchIHAH | TYp, Dipsacaceae TYKpIMIaChIHAH
1 Typ TeKk eKiHII MOMYJSIIUSAAa FaHa Ke3Ieceli.
Rosaceae TyKpIMIachIHAH OipIHIII JKOHE €KIHIII T0-
nysinusaa 2 Typ, YIIiHON monymsnusaaa 1 Typ kes-
neceni. Rhamnaceae TYKbIMIAaCchIHAH OipiHIII JKOHE
eKiHII momysiiusia 1 Typ kesneceni. Asteraceae
TYKBIMJIACBIHAH OipiHIII momynsusaa S5 Typ, eKiH-
mi momyasusaaa 7 Typ, VIIIHIN momynsmusaa 6
TYp Ke3Jecei. Asteraceae TYKbIMIACHI YIII TIOTTYJIsI-

1 typ, Fabaceae TykpIMaaceiHau 3 TYp, Aceraceae U 1a TOMHHAHTTHI (1-Kecre).

1-kecte — Alnus glutinosa KaTbICybIMEH ©CIMIIKTEP KaybIMAACTBIKTAPBIHBIH (DIOPATBIK Kypambl

Alnus glutinosa mOMynsSIHACH
Ne OcimaikTep Ti3imi Nel monymsms Ne2 nomynsuus Ne3 TOMyJIALHS
(x. Wanarar) (Kaman K'fipranm (c. Camo0at,
03eHi) «Kancas» 1.K.)
Benim Bryophyta
Knace Hepaticopsida
I TykbiMaac: Marchantiaceae (Bisch.) Lindley — Mapmanuusiiap TYKbIMAAChI
Konmimri mapmantwmst — Marschantia polymorpha L. + + +
Benim Polypodiophyta
Knacce Polypodiopsida
11 Tyxkbimaac: Polypodiaceae Bercht. & J. Presl — KoniMri manopoTHHKTEp TYKbIMAACHI
barnakrer Tenuntupuc — Thelypteris palustris Schott + + +
Epxkek ycacelp namnopotHuk — Dryopteris filix-mas (L.) n
Schott
benim Equisetophyta
Knace Equisetopsida
111 Tyxkbimaac: Equisetaceae Rich. ex DC. — KpIpbIKOYbIHAAP TYKBIMIACHI
Jlana KeIpbIKOybIH — Equisetum arvense L. +
[lanrera KeIpBIKOYBIH — Equisetum pratense Ehrh. +
KpICTBIK KBIPBIKOYBIH — Equisetum hyemale L. + + +
Benim Magnoliophyta
Knace Monocotyledoneae
v TykbiMaac: Poaceae Barnhart — AcThIK HeMece KOHBIPOACTAP TYKbIMIACHI
Teipca (KpuTTaH ceney) Kay — Stipa capillata L. +
Kyprak aiipaybsik — Calamagrostis epigeios (L.) Roth +
JKararan Ounaitbik — Elytrigia repens (L.) Nevski +
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\% Tykbimaac: Liliaceae Juss. — Jlanaryjiaep TYKbIMAACHI
JXKabaiibl KacksipxkeM — Asparagus officinalis L. +
Knacc Magnoliopsidae
VI Tykbimaac: Salicaceae Mirb. — Tannap TyKbIMIachl
Kaparepex — Populus nigra L. +
Kezporran tan — Salix acutifolia Willd. +
Ywaranslk Tai — Salix triandra L. + +
Kapakex tax — Salix pentandra L. +
Ky6amrinix tan — Salix cinerea L. +
Vi Tykbimaac: Betulaceae S. F. Gray — Kaiibinaap TyKksIiMaachl
Kotbip kaiibiH — Betula pendula Roth +
JKabbickak Kauabiaram — Alnus glutinosa (L.) Gaertn. + +
VIII Tyxbimaac: Urticaceae Juss. — Kanakaiiiap TyKbIMaachl
Kocyiim kanakait — Urtica dioica L. +
IX Tykbimaac: Polygonaceae Juss. — Tapanaap TyKbIMAachl

Kerkein tapan — Polygonum acetosum Bieb.

X Tykbimaac: Chenopodiaceae Vent. — Anaéyranap TYKbIMAACHI

Kexmrin anadyra — Chenopodium glaucum L.

Kp3p11 anabyra — Chenopodium rubrum L.

XI TykbiMaac: Ranunculaceae Juss. — Caprajgakrap TYKbIMIAChI
Aitnap mapanotsl — Thalictrum minus L. +
X1 TyxkbiMaac: Rosaceae Juss. — PaymanryJiaep TyKbIMAAChI
Ankpi3eL1 nonana — Crataegus sanguinea Pall. +

Kapakar Tankypaii — Rubus caesius L.

Kotbip paymian — Rosa laxa Rez. +
Kownpip payuian — Rosa pisiformis (Christ.) Sosn. +
Wtmypein paywman — Rosa canina L. +
XIII Tykbimaac: Fabaceae Lindl. — Bypmakrap TyKbIMaacsl
Ke3buibac 6ene — Trifolium pratense L. +
Byra xaparan — Caragana frutex (L.) C. Koch +
Anaryi CUbIp)KOHbINIKA — Vicia biennis L. +
XI1v TykbiMaac: Aceraceae Juss. — YiieHKinep TYKbIMIAChI
Awmepuka YiteHKi — Acer negundo L. +
Kapa yiieHki — Acer tataricum L. +
XV TykbiMaac: Rhamnaceae Juss. — KapaxemicTep TYKbIMIaChl
ChIHFaK UTIIOMBIPT — Frangula alnus Mill. +
Imaopi kapaxemic — Rhamnus cathartica L. +
XVI TykbimMaac: Apiaceae Lindl. — HlaTeipmary/aep TYKbIMAachl
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Tikenni ckanmurepust — Bunium setaceum (Schrenk) H.

Wolff
XvIl TykbivMaac: Oleaceae Hoffmgg. et Link — 3aliTynaap TyKkbIMaacsl
[MencunbBan waran — Fraxinus pennsylvanica Marsh. +
XVIII Tykbivmaac: Convolvulaceae Juss. — llIbipmaybIKTap TYKbIMAACHI
Apammien kanmucrerust — Calystegia sepium (L.) R. Br. +
XIX Tykbimaac: Lamiaceae Lindl. — Epinryaaiiep TyKbiMaacsl
Jana mandeii — Salvia stepposa Shost. +
XX TykbiMaac: Scrophulariaceae Juss. — CaObIHKOKTEP TYKbIMAACHI
sirbic atokyitak — Verbascum marschallianum Ivanina
et Trvel.
Tacnaxansipak cusikek — Linaria genistifolia (L.) Mill. +
Opsic cusikek — Linaria ruthenica Blonski +
XXI TykbimMaac: Plantaginaceae Juss. — bakaxanbipakrap TYKbIMAAChI
Ynken Oakaxamnsipak — Plantago major L.
XXII Tykbimaac: Caprifoliaceae Juss. — YmkaTrap TYKbIMAACHI
Tarap ymxkar — Lonicera tatarica L. +
XXIII TykbimMaac: Dipsacaceae Juss. — Koxkakenaipiiep TYKbIMIaChl
I'menun koxxaxenip — Dipsacus gmelinii Bieb. +
XXIV TykbiMaac: Asteraceae Dumort. — Kypaeairyjginep TyKbIMIachl

Kanana matinaxenek — Conyza Canadensis (L.) Crong.

buik aunei3 — Inula helenium L.

[lemiprrex MBIFPKANBIpaK — Ptarmica cartilaginea
(Ledeb. ex Reichenb.) Ledeb.

Komimri meraxkansipak — Achillea millefolium L.

Buix xxycan — Artemisia abrotanum L.

Byra xycan — Artemisia proceriformis Krasch.

Epwmen xycan — Artemisia vulgaris L.

ABcTpus xKycaH — Artemisia austriaca Jacq.

[amrakrel )xycan — Artemisia scoparia Waldst. et Kit.

L e1pamxksin sxycan — Artemisia dracunculus L.

Kyw™m xycan — Artemisia arenaria DC.

Yanran axbakait — Petasites spurius (Retz.) Reichenb.

¥cakric capwikanyen — Cirsium serrulatum (Bieb.) Fisch.

Opra xapronenuc — Chartolepis intermedia Boiss.

Konimri nukopuit — Cichorium intybus L.

Manwsip xoni — Crepis pannonica (Jacq.) C. Koch.

YKarnmna koni — Crepis tectorum L.
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KopbITBIHABI

Alnus glutinosa TOMYISIAACHT ©CIMIIKTEPiHIH
TIpIiIiK GopMacsl OOWBIHIIA 3epTTEY HOTHKECIH-
JIe, KOIDKBIIBIK MIONTECIH OCIMIIKTEp eKIHIII I10-
MYJSIASAIA JOMUHAHTTEI, YITIHIIT TOMyJIanusiaa Oi-
piHII MOMyJISIIMsAFa KaparaHaa >KOFapbl. Aramirap
eKIHII TOMyJISIHia AOMHUHAHTTBL, ai YIIHIII
TOMyJLIUsAAa  OipiHII TOMYJISANFsIFa KaparaHza
xorapbl. Tepodurrep YUIHII — HOMYIAIUsIA
0acblM OoONFaHBIMEH OYJI TOMyJsAIusina OyTa *Ko-
HE >KapTeuiaii OyTramap Oacka MOMYISAIUsIApFa

KaparaHja PeIecCHBTi, an OipiHII MOMmyIsusiia
OyTa XoHe KapThUIall OyTanmap KepCeTKIlm eKiHTIIi
TIOMYJISIIUSIIaH KEHIHTT €KIHII OPBIHIA TYP.

Alnus glutinosa monynanusIapbIHBIH (IOPATBIK
KypaMblHa Tajaay HOTIKECI VI TOMyJAIusaa
Asteraceae TYKBIMIIACBIHBIH TYpJEp CaHbI 5-7 10-
MUHAHTTHI 00BN Keneni. Exinmm nomymsmusina 17
TYKBIMJIaCKa KIpeTiH Typiiep Oosca, YIIiHIII MOIy-
msmmsga 14 Tykeimaac Typaepi, an OipiHImi mory-
msmusina 10 TyKbIMzIac eciMIIiKTepi Ke3aeceTiHIiri
alKBIHIAIBI, COHBIH iTiHAE 6 TYKBIMIAC Typiepi 3
MOMYJISIUSIIA 1 Ke3ISCe/Ii.
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