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POLYMORPHISMS IN THE GENES
OF REPARATIONS AMONG EMPLOYEES
OF THE ATOMIC INDUSTRY OF KAZAKHSTAN

Abstract. Single nucleotide polymorphisms (SNPs) are the most convenient marker and the widespread subject
of polymorphism testing. To identify the presence or absence of the effects of chronic low-dose radiation on nuclear
industry personnel, the occurrence of single-nucleotide substitutions at the polymorphic sites of the genes of the
repair system 3 and 6 of the introns of the APC gene P53.11 gene, in positions -2549 of the VEGF gene, XPD gene
rs313181 ( Lys751Gln) and rs25487 of the XRCC gene (Arg399GIn) were compared. Analysis of allele frequencies
and distribution of genotypes in the variable regions of the tested genes was performed by the method of polymerase
chain reaction (PCR), followed by determination of restriction fragment length polymorphism (RFLP). When com-
paring the frequencies of alleles and the distribution of genotypes between the second group of miners (11-20 years’
experience) and control, differences in the distribution of genotypes in the rs25487 XRCC plot (2 =7.11, p = 0.028)
were revealed. These differences satisfy the criterion p <0.05 and, accordingly, are statistically significant.

Key words: polymorphism, genes, a nuclear industry.

Introduction. The development of the nuclear industry and the emergence of all new radiation
objects allows a large number of researchers to study the effect of systematic exposure under prolonged
exposure. There are a large number of works devoted to this subject, both domestic and foreign authors,
however, the issue of inducing cancer with "small" doses of radiationremains open. Genotyping of
persons employed in the nuclear industry (mining and processing) and other industries related to potential
genotoxicity seems to be a promising direction in the world, aimed at early detection of mutations and
taking preventive measures before the development of diseases, including cancer. The personnel of the
nuclear industry is exposed to radiation more than the general population, and, accordingly, has a greater
risk of radio-induced DNA damage. Population genetic studies of uranium mineworkers in the United
States, Canada, and Czechoslovakia showed an increase in the incidence of cancer in the studied cohorts
[1, 2]. The problem of the occurrence of genetic defects due to radiation recurrence occurs in the Republic
of Kazakhstan due to the increasing scale of uranium mining and the consequences of tests at the
Semipalatinsk nuclear test site where somatic mutations in AML1 genes (acutemyeloideleukemiya) [3]
and Glycophorin A [4] were found in the adjacent population areas. The genes responsible for the DNA
repair process are vital for the normal functioning of the body, as they prevent the processes of malignant
transformation of cells, which can be PCR and restriction products were separated by electrophoresis in
5
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8% polyacrylamide gel (PAAG) and a current of 60 mA and a voltage of 300 V for 2-3 hours. Tag DNA
polymerase used in PCR, deoxyribonucleoside triphosphates, and restriction endonucleases were
manufactured by SibEnzyme (Novosibirsk, Russia).

Materials and methods. The study included 187 DNA samples isolated from whole venous blood of
male workers of Russian nationality of the Balkashinsky uranium deposit, the village of Shantobe,
Akmola region, 160 DNA samples isolated from the venous blood of practically healthy male donors of
Russian nationality provided by the City Blood Center, Almaty, as a control group. The workers of the
uranium mining industry were divided into 2 groups depending on the duration of radiation exposure in
low doses: group I - 1-10 years (n = 89) and II - 11-20 years (n = 98). The study was conducted in com-
pliance with the anonymity, awareness and voluntary participation of nuclear industry workers, confirmed
in writing during the survey. The biomaterial was collected on a voluntary basis after receiving a written
consent, observing anonymity and informing about the research objectives.

DNA isolation was performed using a Qiagen reagent kit (USA) according to the manufacturer's
protocol. The determination of the allelic variant in the polymorphic sites of the tested genes was carried
out by the method of polymerase chain reaction (PCR), followed by analysis of the restriction fragment
polymorphism (RFLP). The matched restriction endonucleases were used. The sequences of primers
complementary to the test site were compiled using the Primer-Express program [5], according to data
obtained from the Ensembledate PCR and restriction products were separated by electrophoresis in 8%
polyacrylamide gel (PAAG) and a current of 60 mA and a voltage of 300 V for 2-3 hours. Taq DNA poly-
merase used in PCR, deoxyribonucleoside triphosphates, and restriction endonucleases were manufac-
tured by SibEnzyme (Novosibirsk, Russia).

Used primers and amplification conditions

Genes, sites Primers :forward — F, reserve - R Conditions of amplification
Intron 3 gene | F: ’GGGACTGACTTTCTGCTCTT3’ 95°C - 10 min, 95°C- 1 min, 55°C — 1 min, 72°C - 1 min
P53 R: 5TCAAATCATCCATTGCTTGG3’ (40 cycles ), 72° C - 5 min
94°C — 1 min, 10 cycles 30 sec - 94°C, 30 sec- 60°C, 30
Intron 6 gene | F:5’TGGCCATCTACAAGCAGTCA3’ sec - 72°C, 10 cycles 30 sec- 94°C, 30 sec - 58°C, 30 sec
P53 R: TTGCACATCTCATGGGGTTA3’ - 72°C, 10 eycles 30 sec - 94°C, 30 sec - 56°C, 30 sec -
72°C, 10 — min - 72°C.
Exon 11 gene | F:5’GGACTACAGGCCATTGCAGAA3’ 95°C-6 min, 58°C-2 min, 72°C-2 min, 35 cycles 1
APC R: 5>GGCTACTCTCCAAAAGTCAA-3’ min 95° C, 30 sec - 58° C, 72° C - 30 sec, 72°C - 5 min.
2549 gene | F:5°GCTGAGAGTGGGGCTGACTAGGTA3' | 95° C- 6 min, 94°C- 1min, 57°C- 1.5 min, 2min -35
VEGF R:5'GTTTCTGACCTGGCTATTTCCAGG3' cycles 2 min 72°C 72°C -10 min.
XPD, F: 5>’ ATCCTGTCCCTACTGGCCATTC3’ 95°C-5 min, 94°C-30 sec
rs313181 R: > TGTGGACGTGACAGTGACAAAT3’ 64°C-30 sec, 72°C-30 sec (35 cycles), 72°C-3 min
XRCC, F: TTGTGCTTTCTCTGTGTCCA3’ 94°C-4 min, 94°C-30 sec, 63°C-30 sec, 72°C—30 sec (35
1s25487 R: > TTCTCCAGCCTTTTCTGATA3’ cycles), 72°C - 2 min

PCR and restriction products were separated by electrophoresis in 8% polyacrylamide gel (PAAG)
and a current of 60 mA and a voltage of 300 V for 2-3 hours. Tag DNA polymerase used in PCR,
deoxyribonucleoside triphosphates, and restriction endonucleases were manufactured by SibEnzyme
(Novosibirsk, Russia).

Statistical analysis was performed using STATISTICA, v. 5.0, “Statsoft”, (USA). When comparing
the frequencies of alleles and genotypes, the standard Pearson compliance criterion - ¥2 was used. To
reject the null hypothesis (no differences), the level of statistical significance was assumed to be p <0.05.
The criteria are the odds ratio (oddsratio - OR) and confidence within the 95% interval (confidence
interval - 95% CI). DNA polymorphism can occur as a result of point mutations, microdeletions, and
insertions, as well as large deletions and insertions, transversions, translocations, transpositions of mobile
genetic elements and other changes in the nucleotide sequence.

Results. DNA polymorphism can occur point mutations, microdeletions, and insertions, as well as
large deletions and insertions, transversions, translocations, transpositions of mobile genetic elements and
other changes in the nucleotide sequence.
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The distribution of genotypes and allele frequencies in the polymorphic sites of the p53 (3 intron,
6 intron), APC (11 exon), VEGF (2549), XPD (rs313181) and XRCC (rs25487) genes was analyzed
in the Russian ethnic group of the miners of the uranium mine Balkashinskoe deposit, town of Shantobe
and in the control group. To assess the duration of the influence of low doses of radiation, the workers of
the industry were divided into 2 groups depending on the length of service: the first group of miners has
been working in the nuclear industry for 1-10 years, the experience of the second group ranges from
11-20 years.

When comparing the first group (work experience in the nuclear industry for 1-10 years) with
control, there are no statistically significant differences in allele frequencies and genotype distribution.

An earlier experiment in Russia of the association of polymorphisms of the p53 gene with the risk of
developing malignant neoplasms among workers associated with radiation exposure did not detect such a
relationship [7]. A review of the linkage of mutagenesis in the p53 gene with the systematic exposure to
radon [8] also does not provide unambiguous answers to the existing questions.

When comparing the frequencies of alleles and the distribution of genotypes between the second
group of miners (11-20 years’ experience) and control, differences in the distribution of genotypes in the
rs25487 XRCC (32 = 7.11, p = 0.028) were revealed. These differences satisfy the criterion p <0.05 and,
accordingly, are statistically significant.

The data collected as a result of summarizing the results of five studies conducted among workers of
uranium mines showed an increase in their mortality rate associated with cancer. A survey of former
miners of uranium mines at WISMUT, East Germany, revealed a significant increase in lung cancer
among those workers whose total cumulative radiation dose exceeded 800 monthly norms.

The data we obtained earlier that describe differences in allele frequencies and the distribution of
genotypes in the RAD51, XPD, and XRCC1 genes among nuclear industry workers [9], in combination
with those obtained in this study results may indicate the presence of a certain effect of small doses
radiation to the human genetic apparatus.

Scientific opinion differs on the issue of the influence of natural background radiation on humans.
There is a need for additional research to identify effects arising from the action of natural radiation
background [10],

Conclusion. Ionizing radiation is considered a factor of occupational hazards for workers engaged in
production associated with radiation exposure. One of the possible consequences of its action is an
increase in the mutational load among the personnel of radiation-hazardous industries and the population
living next to them, which can be a factor that increases the risk of developing cancer.The preliminary
result presented may be the basis for expanding the scope of research with an increase in the sample size
and the coverage of the categories of persons exposed, due to professional activity or places of residence,
to the chronic effects of low doses of radiation.

JI. M. Bor6aes'?, A. M. Bexkoxaes'?,
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KA3AKCTAH ATOM OHAIPICIHAEI'T )K¥YMbBICIIBIIAPIBIH
PENAPAIIUA TEHAEPIHIH ITOJIMMOP®U3MIEPI

Annotanust. JXKbUT 6TKeH caiiblH ajjamM3ar OanacslHa MOHIAYIBI CoyJIeNepIiH Kepi acepi apThin keneni. CoHbI-
MEH Karap KeITereH Te3/eTKiluTep OakbpUIaHBIN, aToM OoMOanapbl, Tarbl Ja 0acka COJ CHUSIKTBI 3USHIBI 3aTTap
aTBUTBIN >kaTbIp. O 3aTTapaH KaHIIama 3USHIIBI PaAHOAaKTUBTI coyliesep OelniHil, afaM ar3achlHbIH OipKarap aypy-
JlapFa YIIbIpaybIHa allbll KeJe .
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Fanpimpap ocel KyHre JieiiH «a3 MeJILepIi» el aTalaTblH TOMEH MHTEHCHBTI PaMalMsUIbIK COylienep dce-
PiHIH 103aChIH OipiiamMa TaJKbLIAIl, 3¢PTTEreHIMEH, 0J1 TAKBIPBII dJIi I¢ 6TE a3 3ePTTEJINCH 63€KTI MaceeaepIain Oipi
OOJIBIIT OTHIP.

BYY artomubik coyseneHyaepaiH ocepl JKOHiHAe FhUIBIMH KOMHUTETTIH aHBIKTaMachl OOWBIHINA, a3 J103aJIbl
0osbIn KeneTiH pamuarsra 200 M3-I<a JIEWIHT1 JT03aHbIH JKUHATYbl, TOMEH MHTEHCHUBTI COYJEJCHYJIEepAiH Kyl
10* T'p/MuH-HeH a3 GOMMaybl KaxeT. ATOMIBIK COyIeIeHyIepIiH OHOTOrHsuIbK ddexTici KeHiHmeri Xabik-
apansik komurrerke (ACBIXKXK) 1990 sKbutbl a3 MeNIIepIi pagHalisiHbIH T03aIbIK MOIIIEpi peTiHae 1 M /Kbl
eJIIeMi KaObUTIaH Ikl )KOHE OYJT KOPCETKII TAOMFU PaIHalMsUIBIK (OHIAPIBIH MOJIIIEPiHE TEH OO0JIBIT KEIeTi.

CospuiManel a3 0onaThiH, OipKeIKi MeJIIepAeri paJIuallusHbIH ocepi kKoHEe OHBIH Kepi 3apIanTapbl JKeKelle
Typaeri aeHreitinge e3repic tadaapl. Conmpikran na VMC-HiH 3apmanTapsl CO3bLIMAIIBI KEPi 9cepre YIIbIparaH agaM
ar3achlH KaliTa ©3 KalIlblHA KEJITIPyl )KOHE JKeKe ajaM OaliachlHa OarbITTaFaH JAMArHOCTHKANIapJbl Taual eTe[i.
I'eneTukansIK TyTac Kypamaac 6emikTep 6apiblK O6TiKTeri MynbTH(HAKTOPIIB aypyIapaslH JaMybIHIa alTapIIbIKTal
MaHBI3/Ibl POJI aTKapabl. MbIcalibl, KATepJIi iCIK aypybIHBIH TYKBIM Kyaliaylibl (JaKTOpbIHAH Maiiga 007y MyMKIHIIT
opramia ecenrien 30 %-ra, all ayTOMMMYH[IbI 3epTTey Oy3bUibicTapaa Oyn kepcerkimrep 50-60%-ra neitinri apa-
JBIKKa Jketeni. ['eHeTHKaIbIK MOMMOPGU3MACPAIH TeHIIK KarapiapiblH HETi3ri MapkepiepiMeH OalIaHbIChIIT
OTBIPFaH OHKOJIOTHSUIBIK aypyJIap/IblH AaMybiHIa 0acThl 0OBEKT OOJIBIN MaliAalaHbUIATHIH JKOHE KaHIIePOreHIePMeH
accolMalMsIIaHAThIH KIIETKAHBIH O6IiHYIH PeTTeTiH TeHAep/iH 3epTTeyi Ka3ipri ke3ie OoJamiarbl MO, KOFaphbl
JKOHE ©T€ MaHBI3IbI Macesie 00ibI OThIp. KaHiieporeHes xoHe reHaepMeH O0ailTlaHbICThI TCHIIK 0OBEKTIIEp peTiHae
maiianaHpIaTRIH KaTepil iCiK aypyJlaphIHBIH JaMybIHAa KaTBICATBHIH OipKaTap TeHICpAiIH T'€HETHKAJBIK MOIUMOp-
¢dusmzai Heri3ri Mapkepiepre (COMaTHKaIbIK MyTalMsIap/blH) KATBICTBI 3epTTey — OyJ1 Kenemieri Oap jkoHe ©3eKTi
OGarbIT OOJIBIT TAOBLIAIBI.

Kazakcran PecryOnukachl yiliH reHETHKAJbIK aKayJIapiblH, COMaTHKAIBIK MYyTaIUsIapIbIH, YPaH OHIIPICIHIH
ayKbIMbI YHEMI OCIIl KeJie KaTKaH/bIFbIMEH OaiJIaHbICThI PaJMaLIMSUIIBIK [TATOJNIOTHSIAP/IBIH Maii1a 001y MYMKIHAITH
aHBIKTAay MaHbI3bI )KOHE ©3/ICPIHIH SIIPOJIBIK JHEPIeTUKACKIH IaMbBITY NEePCIeKTUBANIApHI eceOiHeH apTy/aa.

ATOM eHepkaciOiHzie (Tay-KeH eHIIpy KOHe OHJeYy) jKoHe 0acka Ja eHMAIPICTIK cananapia KYMbIC iCTeiTiH
ajiaM/Iap/iblH TEHOTHIITUIIN, MYTallMsSHbl EPTEPeK aHbIKTayFa >OHE aypyJiap/bl, OHbIH IIIIHAE OHKOJIOTHUSUIBIK
aypyJsiap/ibl IaMbITyFa Kapchl TPOMUIAKTHKAJIBIK iC-IIapanap/ibl )KYprizyre OarbITTalFaH dJeMIeT] MePCHeKTHBAIBIK
OareiT OoJbil caHanambl. CO3BLIMAIBI a3 MOJIICPI pamdalMsSHbIH aTOM ©HEPKACiOl JKYMBICIIBUIAPBIHA CEPiH
aHBIKTAy YIIIH periapauus xyheciniy P53zenininy 3 xone 6 uHTpoHObl, APC 2eniniy 11 3x30Hb1, VEGF TeHiHIH -
2549 nosunmsicel, XPD (Lys751Gln) reni rs313181 xone XRCC (Arg399Gln) reni, rs25487 OipHyKIeOTHATI
aybICBIMAAP/IBIH KEe31eCy KHUUTIKTEpl calbICThIpMalbl Typae 3eprreiai. 3eprrey marepuainl perinae JJHK konna-
HBUIaIbI, COHJIal-aK AKMOJIa OOJBICHIHBIH bajKkaliMHCKOe ypaH OHICUTIH KOCIHOPHBIHBIH XyMbIciibuiapsiHan JTHK
KaH ynrinepiHeH (172 opsic yiThl) ajbiHFaH 3eprreyiep naipanansuiapl. JJHK OGakpuiay peTiHIe KOJAaHBUIIBI, ic
KY3iH/Ie cay JOHOpIapJaH KYpbUFaH TonTtaH ansiaFal (160 opbic) yariiep ipikTen/i.

Ansienb JKUUTTIH Tanjgay jKOHE ChIHANFAaH TeHJEepAiH aiHbIMallbl aiiMakTapblHIAFbl TEHOTUNTEPIl Oeiy
nojuMepaszabl Ti30ekTi peakiwms (IITP) keitinHeH mekrey ¢parMeHTTepiHiH NoMUMOP(U3MiI apKbUIBI aHBIKTAWUIbI.
OpTypil aiiMakTarbl ChIHANATHIH T'€HAEPIIH alUIeNbICPiHIH KHUUTIK capanTaMachl MEH TeHOTHUITEpPIHIH Tapajysbl
OOMBIHIIIA PECTPUKIUSIIBIK (PArMEHTTIH Y3bIHABIFBI mosuMopdusmMHin (IT¥P®D) keneci aHbBIKTAMAChI TOTMMOP(THI
tiz0ekti peakuus (I1TP) omicimen xyprizingi. bakpuiay ToObIMEH aTOM ©HEPKACIOl )KYMBICIHIBLIAPBIHBIH aJLIENIbACD
KHLTINT MEH TeHOTHUIITEP/IiH TapallyblH CalbICTBIPMAIbI 3epTTereHe, 1s25487 XRCC (x2 = 17,11, p = 0,028) reninin
ayJIaHbIH/1a MaHBI3/Ibl CTATUCTUKAIIBIK AlbIPMAIIbIK aHBIKTAIIIBI.

Tyiiin ce3nep: momumMopdu3m, TeHIep, aTOM OHEPKICIOi.
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HOJMMOP®HU3MbI B TEHAX PEITAPAILIMI CPEJIA PAGOTHUKOB
ATOMHOM MPOMBIIIJIEHHOCTHA KA3AXCTAHA

Annoranus. /leiictBue nonnsupyrouiei paguanuu (MP) BbICOKOI MHTEHCMBHOCTH B OOJIBIIMX J03aX Ha opra-
HHU3M YeJIOBEeKa MoJpOoOHO MUCCIIEOBAHO B PE3yJIbTaTe U3yUYEeHUs MOCIEICTBUH BOGHHOTO IIPUMEHEHUS PaHOAKTUB-
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HBIX MaTepHuanoB (Xupocmma, Haracaku) M mOCIeNCTBUI TEXHOTEHHBIX KaTacTpod Ha ypaHomepepadaThIBAFOIINX
MPEIIPUATHIX U AaTOMHBIX AJIEKTPOCTAHIIUSIX

Brusane VP HH3KOH WHTEHCHMBHOCTH B TaK HAa3BIBAEMBIX «MANbIX J03aX», MOPOTOBas BEIWYMHA KOTOPBIX
MIPOAOIDKAECT OCTABATHCSI MPEIMETOM OOCYKIACHHS, U3yUYeHO B 3HAYMTENBHO MEHbIeH crerneHu. CymecTBYIOT pas-
JUYHBIE, BIUIOTH A0 IWAMETPATbHO MPOTHBOIOIOKHBIX TOYEK 3PEHHS M JTAHHBIX, CBA3aHHBIX C BO3MOXHOCTBIO
HACJIeIOBAHHS TPHOOPETEHHBIX PaTHONHAYIIMPOBAHHBIX MyTaLIUHi.

[To onpenenennto HKJAP (Hayunsrif komurer no aeiicTBuio aromHo# panuannn) OOH — Hambonee komme-
TEHTHOTO MEJKIyHAPOIHOTO OPraHa — K MaJbIM 03aM OTHOCSTCS HAKOIUIEHHBIE 10361 10 200 M° M K HU3KOMHTEH-
CHUBHOMY H3JY4YE€HHIO — MOIIHOCTh 103 MeHee 10-4 I'p/mun. MexayHaponaubiM KoMuTeToM MO OMOJIOTMYECKUM
apdexram aromuoit pamumammu (UNSCEAR) B 1990 romy B KadecTBE €IMHMIBI MajbIX 103 NMPHHATA BEIWYHHA
1 Mumum3uBepT/TON W IS HACETCHUS JOMMyCTUMAs 10332 HAXOIHWTCS B MpeAelax €CTECTBEHHOTO PaJnOaKTUBHOTO
dona (1 M*/rog) .

Y CTaHOBIIEHO, YTO MPU XPOHUUECKOM PAJAMALIMOHHOM BO3JEHCTBUM HEBBICOKOIN MOIIIHOCTU pEaKIusl TKaHEeH Ha
OJIMHAKOBBIE O3Bl PAJAMAIlNN, a TAKXKE TSDKECTh HETAaTHBHBIX IMOCIEICTBHHA OOMydeHHS BapbUPYIOT HA HWHIVBH-
JlyalbHOM ypoBHe. B cBsizu ¢ 3TuMm, BocTpeOoBaHa pa3paboTKa HOBBIX METOIOB K CHM)KEHHIO HEOIArompusiTHBIX
BO3ZCHCTBUII pPaJMOAKTHBHOTO OOMy4YeHHS HA OPTaHU3M 4YeEJIOBEKa M peabWINTAIlMH XPOHHYECKH OO0IydEHHBIX
JOAEH C MCTIONh30BaHUEM WHAWBUAYAIBHBIX MMOJXOA0B K THAarHOCTHKE, OIICHKE PaIHalllOHHBIX PHCKOB M KOPPEK-
UM BBIABISIEMBIX HapymleHnH. ['eHeTWuecKas COCTABIAIONIAs WIPAeT BAXHYIO POJb B Pa3BUTHH BCEX MYJBTH-
(axTopHbIX 3a00seBanuii. Tak, HapuMep, BOZHUKHOBEHHUE 3JI0KaYeCTBEHHBIX HOBooOpazoBanuii (3HO) B cpenHem
Ha 30% 0O0ycIOBIICHO BIWSIHHEM HACJIEAyeMBIX (PAKTOPOB, a B CIy4ae C ayTOMMMYHHBIMHM HapyLICHUSIMU 3TOT
mokazarens gocturaer 50-60%. DTo mO3BONAET MPEANONOKUTh BIMSHUE TEHOTHUIIA Ha PUCK BO3HUKHOBEHUS HETa-
TUBHBIX 3((ekToB 00yueHHs, Mpexae BCEro, OHKOMATOJIOTWH, TeM Ooee, 9TO IMOIMYJISAIHOHHO-TE€HETHYECKHIE
uccienoBanus pabounx ypanoBeix pyaHukoB B CIIA, Kanage m UexocinoBakuu MOKa3add POCT BCTPEYAEMOCTH
OHKOJIOTMYECKUX 3a00JIEBaHNI1 B U3YUCHHBIX MOMYJISIHSIX.

W3yueHne reHeTHYECKOro MojauMopdu3Ma psifa TeHOB MO OCHOBHBIM MapKepaMm (COMaTHYeCKHMX MyTaluii),
CBSI3aHHBIM C Pa3BUTHEM OHKOJOTMYECKHX 3a00JIEBaHUI C MCIOJIb30BAHHEM B KaueCTBE OOBEKTOB I'€HOB, aCCOLIUU-
POBaHHBIX C KaHIIEPOTEHE30M M T€HOB — PETYJISATOPOB KIETOYHOTO JAEICHUS SIBIACTCS MEPCIEKTUBHBIM M aKTyallb-
HBIM HaIpaBJICHHEM.

Hnst Pecny6nuku KazaxcTaH 3HaYMMOCTh MPOOJIEMbI ONPEIEICHUS] BEPOSTHOCTH BO3HHUKHOBEHUSI TEHETH-
9eCKHX Je(PEeKTOB, COMATUYECKUX MYTAIMi, paAHallMOHHBIX MATOJOTHUH BO3PACTaeT B CBSI3M C IOCTOSHHO PacTy-
UMY MacmTabamMu J0OBIYY YpaHa U MIePCIIeKTUBAMH Pa3BUTHS COOCTBEHHON aTOMHOM SHEPreTHKU.

['eHOTHITMPOBAHKE JIMIl, 3aHATHIX B aTOMHOW MPOMBIILICHHOCTH (IOOBIBAIOIICH W IMepepadaThIBAIOIICH) H
JIPYTUX TPOHU3BOJACTBAX, CBA3AHHBIX C MOTEHIIMAIHHON I'€HOTOKCHYHOCTBIO, MPEACTABIACTCA B MUPE MEPCIECKTUB-
HBIM HaIpaBJICHUEM, HAlleJICHHBIM Ha paHHee OOHApy)KeHHWEe MyTallMid M MPOBEJCHUS MPOPHUIAKTHYECKHX MEpO-
MpUATHI 10 pa3BUTHA 3a00JI€BaHNUH, BKITFOUAs! OHKOJIOTHYECKHe. J{s BBISBIICHUS HAJTMYHS WIIN OTCYTCTBHS BIIHSTHUS
XPOHUYECKOTO BO3ACUCTBUS MAJBIX 03 pagWalliil Ha MEpCOHAN paOOTHUKOB aTOMHOW NMPOMBIIUIEHHOCTH IPOBE-
JICHO CpaBHEHHE BCTPEYaeMOCTH OJTHOHYKJICOTH/IHBIX 3aMEH B MOJMMOPQHBIX caiiTaXx eHOB CHCTEMBbI penaparuu 3
n 6 unrpoHoB reHa P53,11sk30ona rena APC, B nosutmu -2549 rena VEGF, rs313181 rena XPD(Lys751GlIn) u
rs25487 rena XRCC (Arg399Gln). B kadectBe marepuana uccienoBanusi ucnonb3oBaHa JIHK, BeigenenHas w3
obpasioB kpoBu JIHK paGorHukoB (172 pycckoil HAIMOHAIBHOCTH) ypaHOIEpepadaThIBAIOIIEr0 MPEANPHUSTHS
Bankammuckoe. B xadectBe koHTpoins umcrons3oBaHa JIHK, BbimenenHas n3 oOpasmoB, MONyYeHHBIX OT TPYIIIBI
(160 pycckux), chopMUPOBAHHOMN U3 MPAKTHYECKHU 3I0POBBIX JOHOPOB.

AHanmm3 YacToT ayvlelie W paclpefesieHHss TeHOTHUIIOB B BapraOeNbHBIX y4YacTKax TECTHPYEMBIX T'CHOB
MPOBEJICH METOIOM noiinMepasHoi nenHoi peakiuu (ITLP) ¢ mocnenyromum ornpeaesieHreM nojauMoppusMa IIHH
pecrpukironHbix GparmentoB ([1JIP®). [Ipu cpaBHeHUH 4acTOT ayuienedl ¥ pachpeAeieHUs] TeHOTUIIOB MEXIY
BTOpO#l rpymmoi maxrtepoB (cTax padotel 11-20 jeT) ¥ KOHTPOJIEM BBISBICHBI Pa3iM4yus B paclpeieieHUH
TeHOTHIIOB B ydacTke 1s25487XRCC (x2 =7,11, p = 0,028). danHbIe pa3nu4usi yIOBIETBOPSIIOT Kputepuio p < 0,05
U, COOTBETCTBEHHO, SIBJISIOTCS CTATUCTUYECKHA 3HAYUMBIMU.

KioueBbie ciioBa: nosuMophu3m, TeHbl, aTOMHAS TPOMBIIUIEHHOCTb.

Information about authors:

Botbayev D.M., junior scientist at Aitkhozhin Institute of Molecular Biology and Biochemistry KS MES,
Almaty; daur 92 05@bk.ru; https://orcid.org/0000-0002-3161-5468

Belkozhaev A., junior scientist at Aitkhozhin Institute of Molecular Biology and Biochemistry KS MES,
Almaty, Phd student at Al-Farabi Kazakh National University; ayaz_jarkent@mail.ru

— 9 —



News of the National Academy of Sciences of the Republic of Kazakhstan

Khanseitova A., c.b.s., Chief Researcher at Aitkhozhin Institute of Molecular Biology and Biochemistry KS
MES, Almaty; akhanseiova@mail.ru; https://orcid.org/0000-0002-33161-5589

Borbayeva A.Zh., student at Satbayev University

Aitkhozhina N., academician RK NAS, Chief Researcher at Aitkhozhin Institute of Molecular Biology and
Biochemistry KS MES, Almaty; aitkhozhinaimbb@mail.ru; https://orcid.org/0000-0003-4198-4730

REFERENCES

[1] Canu I.G., Ellis E.D., Margot T. Cancer risk in nuclearshhorkersoccupationallyehposed to uranium-emphasis on
internalehposure.Health Phys. 2008. 94. P. 1-17.

[2] Bruske-Hohfeld 1., Rosario A., Shaffrath A. et al. Lung cancer risk among former uranium miners of the
ShhISMUTcompany in Germany. Health Phys. 2006. V. 90. P. 208-216.

[3] Zharlyganova D., Harada H., Harada Y. et al. High frejauency of AML1/RUNHI point mutations in radiation-
associatedmyelodysplastic syndrome aroundSemipalatinsknucleartest. J. Radiat. Res. 2008.V. 49. P. 549-555.

[4] Lindholm, C., Murphy, B. P., Bersimbaev, R. L. etal. Glycophorin A somatic cell mutations in a population living in the
prohimity of the Semipalatinsknuclear test site. Radiat.Res. 2004. V. 162. P.164-170.

[5] http://bioinfo.ut.ee/primer 3-0.4.0

[6] http://shhshhshh.ensembl.org

[7] Belyavskaya V.A., Tahauov R.M., Frejdin R.B., soavt. Ocenka svyazi polimorfizmov gena p53 s priiskom razvitiya
zlokachestvennyh novoobrazovanij u rabotnikov proizvodstva, sopryazhennogo s radiacionnym vozdejstviem. Sibirsk. onkol.
zhurnal.2008. T. 25. S. 45-50. [8] RuanoRavinaA.,Farrado-VallesM.J., Barros-Dios. Is there a specific mutation of p53 gene due
to radon exposure? A systematic review. Int. J. Radiat. Biol. 2009. V. 85. P. 614-621.

[9] Balmuhanov T.S., Belkozhaev A.M., Botbaev D.M., MiroshnikT.N., Kazymbet P.K., Bahtin M.M., Ajthozhina N.A.
Skrining polimorfizmov v genah RADS1, XPD i XRCCI1 sredi rabotnikov atomnoj promyshlennosti Kazahstana // Doklady NAN
RK. 2014. N 5. P.72-79.

[10] Tsoy R.T., Turuspekova S.T. The impact of the background radiation on the health // News of the National Academy
of Sciences. 2019. N 3. P. 5-10. https://doi.org/10.32014/2019.2519-1629.24

— 10 ——



Pharmacology

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 1, Number 337 (2020), 11 — 16 https://doi.org/10.32014/2020.2519-1629.2

UDC 61.339.13; 61.659.1;616.9

Kunzhan S. Adekenoval, 0.V. Maslovaz, E. G. Tolokonnikov'

'LLP «Karaganda Pharmaceutical Plant», Kazakhstan, Karaganda;
’LLP «Center of Phytotherapy», Kazakhstan, Karaganda.
E-mail: o.morozova@phyto.kz, etolokonnikov@krgpharm.kz, kadekenova@krgpharm.kz

PHARMACOECONOMIC ANALYSIS OF ANTIPARASITIC DRUGS
FOR THE TREATMENT OF GIARDIASIS IN ADULT PATIENTS

Abstract. This article presents the pharmacoeconomic rationale for the treatment of giardiasis in adult patients.
Giardia is one of the most common pathogenic eukaryotic microorganisms and the most common cause of diarrhea
in the world. Currently, there are a number of drugs recommended for the treatment of giardiasis that differ in terms
of effectiveness and safety, as well as the cost of therapy. Therefore, it is necessary to conduct a clinical and econo-
mic analysis in order to comparatively assess the quality of drug therapy for giardiasis.

The use of treatment regimens for giardiasis using the domestic drug "Sausalin” is economically feasible given
the high level of eradication and the safety profile of the new drug. When conducting a repeated course of therapy
for one patient with the drug "Sausalin", the savings is up to 25% in comparison with the "Ornisid".

The effectiveness of the original drug "Sausalin" is discussed.

Key words: Giardiasis, Sausalin, Ornidazole, Albendazole, pharmacoeconomics.

Introduction. Currently, infectious and parasitic diseases remain one of the most common causes of
human disease in the world. Many of them are oligosymptomatic, but there are those that can cause
significant harm to health, even death. According to the data of the Ministry of Health of the Republic of
Kazakhstan, in 2017 year, 2,175 cases per 100,000 people of infectious and parasitic diseases were
registered [1].

Parasitic diseases are a group of diseases of various etiologies, the common feature of which is that
they are caused by the presence of parasites inside the body or on its surface. Three types of diseases are
distinguished: protozoal - caused by unicellular microorganisms (protozoa) (dysenteric amoeba, malaria
parasite, giardia); helminthiases - caused by helminths (roundworms, pinworms, schistosomes, trichi-
nella); ectoparasites - caused by parasites that live on the surface of the host (lice and fleas). According to
the WHO data, every third person in the world suffers from helminth infections, 1.4 billion and 600 mil-
lion people, respectively, suffer from malaria and parasitic diseases [1].

The most significant parasitic invasion is giardiasis. Giardiasis is considered an independent,
widespread protozoal disease with various clinical manifestations, ranging from subclinical to severe.

The pharmaceutical market has a large assortment of antiparasitic drugs, but all of them, except for a
large number of side effects and contraindications have a fairly narrow spectrum of action, that is, they are
intended only to kill one or more parasites. Therefore, expanding the market for antiparasitic drugs with a
high safety profile for eradicating a wide range of pathogens is an important aspect of improving the
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quality of medical services. Currently, the main pharmaceutical antiparasitic drugs under the international
non-proprietary names - metronidazole, ornidazole and albendazole are presented on the pharmaceutical
market of Kazakhstan. The use of metronidazole in peroral form is limited due to frequently reported side
effects from the gastrointestinal tract. In clinical practice, the most widely used drugs are under the trade
names "Ornisid" (Ornidazole), "Albezole" (Albendazole) [2].

It should be noted that JSC "International Research and Production Holding "Phytochemistry" and
LLP "Karaganda Pharmaceutical Plant" are engaged in the development and production of a pilot batch of
the dosage form of the new drug "Sausalin" based on the biologically active terpenoids of Saussurea salsa
(Pall.) Spreng for clinical studies.

The original antiparasitic drug "Sausalin" of plant origin was developed on the basis of pharmaco-
logically active sesquiterpene lactones from Saussurea salsa (Pall.) Spreng and is an antiparasitic,
antibacterial agent [3]. They are used for parasitoses of the intestines and hepatobiliary system (acute and
chronic giardiasis, opisthorchiasis), non-specific (bacterial) and specific (trichomonas) acute diseases in
women. Due to its plant origin, the drug has no pronounced side effects and contraindications.

According to the results of studies, it was shown that the "Sausalin" drug is comparable or even
superior in effectiveness to the above reference drugs in pharmacological action [3-6].

Aim of the study: To conduct a pharmacoeconomic analysis of the use of the drugs “Ornisid”,
“Albezole” and “Sausalin” using the analysis of “cost of disease” and “cost-effectiveness”.

Materials and methods:

The research methodology involved a search for scientific publications on the results of clinical
studies, meta-analyzes and systematic reviews of the use of antiparasitic drugs in patients with giardiasis.
The search was conducted in international and national databases, registers of clinical studies results. The
keywords were: «Sausaliny, «Ornidazole», «Albendazole», «Giardiasis», «Lambliay.

The target population was patients over 18 years old with chronic giardiasis.

When selecting publications for analysis during pharmacoeconomic studies, the following exclusion
criteria were used:

— lack of access to the full text;

— duplication of publication;

— the absence of microscopic methods for confirming the eradication of the pathogen.

When analyzing the "cost of the disease" the following calculation formula was used: COI=DC+IC,
where COI — disease cost indicator, DC — direct costs, IC — indirect costs. As part of our study, only direct
costs for the treatment of giardiasis were recorded, namely, the cost of therapy with "Ornisid", "Albezole"
and "Sausalin". The cost of drugs “Ornisid” and “Albezole” was calculated at the market price according
to the price lists of pharmaceutical market entities presented in the database of the Center for Medical and
Pharmaceutical Information [7]. Calculation of the cost of the preparation "Sausalin" was carried out
taking into account the previously planned cost of the drug according to the information of the developer
and manufacturer JSC "International Research and Production "Phytochemistry" and LLP "Karaganda
Pharmaceutical Plant".

Indirect costs were also not estimated, since the published results of the study of the effectiveness of
drugs did not evaluate delayed outcomes, such as survival, disability, periods of disability.

When conducting the "cost-effectiveness" analysis, the calculation was carried out according to the
formula: CEA= DC/EF, where CEA- "cost-effectiveness" ratio, DC - direct costs, EF - treatment effecti-
veness. The level of parasite eradication according to the results of a clinical study was considered as
criteria for the effectiveness of treatment of giardiasis.

Taking into account the results obtained, an indicator of increment of cost effectiveness (achievement
of one additional unit of efficiency) was estimated by the formula: ICEA= (DC1-DC2)/(EF1-EF2), where
DCI1- direct costs when using the first method, DC2 - direct costs when using the second method, EF1 and
EF2 - treatment effects when using the first and second methods.

Research results. According to the results of the search, publications were found evaluating the
effectiveness of "Sausalin" in comparison with "Ornidazole" in adult patients with giardiasis [6]. The
analysis also included the results of the internal report on the clinical study “The study of the clinical
efficacy and safety of the drug "Sausalin" as an anti-giardia agent”, conducted in 2015 on the basis of
Karaganda Medical University and "International Research and Production Holding "Phytochemistry".
This report was presented under the program of the Russian-Kazakhstan scientific seminar "Pharma-
12
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cological and clinical studies of the antiparasitic drug "Sausalin" in 2016 [8]. According to the results of
this study, a total of 250 patients with giardiasis invasion with age from 18 to 60 years were examined on
the basis of the Karaganda State Medical University (average age — 38,5+1,2 years). Of the men
examined, there were 130 (52%), women - 120 (48%). The first group consisted of 125 patients with a
diagnosis of "intestinal giardiasis chronic course in the acute stage", in the treatment of which was used
the drug of plant origin "Sausalin" in a dose of 240 mg (2 tablets, 3 times a day) for 10 days. In the second
group, 125 patients used the antiparasitic drug "Ornidazole" (500 mg) manufactured by Abdi Ibrahim
(Turkey), 1 tablet 2 times a day for 7 days. The dosing regimen was established on the basis of clinical
studies and instructions for medical use. The effectiveness of treatment in the group of patients treated
with drug "Sausalin" (the first group) was 85.71%, in the group taking drug "Ornidazole" (the second
group) only 42.19%. In 57.81% of patients of the second group, re-allocation of lamblia cysts was noted
1-3 months after rehabilitation, in the first group only 14.29%. The elimination percentage of giardia cysts
in the first group is 4 times higher than in the control group, which indicates the high efficiency of the
new drug "Sausalin".

The results of qualitative clinical studies comparing the effectiveness of "Sausalin" and "Alben-
dazole" have not been established. At the same time, an analysis of the "cost of the disease" for this drug
was carried out, since this drug is widely used in clinical practice and is included in the National Clinical
Protocol "Giardiasis" [9]. The drug of Kazakhstan production "Albezole" (Albendazole) (JSC "Nobel") is
used in the treatment of giardiasis in a dosage of 400 mg, 1 tablet 1 time per day for 5-7 days.

Table 1 presents the results of the cost of drug therapy for a patient with giardiasis with "Ornisid"
(Ornidazole), "Albezole" (Albendazole) and "Sausalin" drugs.

Table 1 — Results of cost analysis for “Ornisid”, “Albezole” and “Sausalin” in the treatment of giardiasis per 1 patient

Tradename Ornisid Sausalin Albezole
Dosage 500 mg 120 mg 400 mg
Method of application peroral peroral peroral
Frequency of use per day 2 6 1
Frequency of application per course 14 60 7
The number of doses in the package 10 12 1
Number of packages per course 2 3 7
Price for 1 package, tenge 2235 3 000 1470
Costs for 1 course, tenge 4470 9000 10 290

Thus, the direct costs for the treatment of giardiasis are - 4470 tenge for "Ornisid", 9000 tenge for
"Sausalin", 10290 tenge for "Albezole".

However, the data obtained allow us to estimate direct economic damage without taking into account
qualitative assessments of the results achieved. To compare alternative medical interventions, accounting
and the ratio of both costs and drug efficacy, a "cost-effectiveness" analysis was used. The calculation of
"cost-effectiveness" indicators (direct costs) for patients with giardiasis during treatment with drugs
"Ornisid" and "Sausalin" are presented in table 2.

Table 2 — Comparative indicators of "cost-effectiveness" in the treatment of giardiasis with drugs "Ornisid" and "Sausalin"

Therapy regimen Direct costs (DC), tenge Effectiveness (EF) The "cost-effectiveness" indicator (CEA)
Sausalin 9 000 85,71 105,00
Ornisid 4470 42,19 105,94

It should be noted that from the point of view of the "cost-effectiveness" pharmacoeconomic
analysis, the methods for treating giardiasis using "Sausalin" and "Ornisid" are indifferent, that is, despite
the fact that the direct costs of "Sausalin" therapy are relatively high, its use is costly effective.

Given the lower effectiveness when using the drug "Ornidazole", patients require a second treatment,
which also incurs additional costs. Therefore, the increment of cost effectiveness was estimated taking
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into account the need for an additional course of therapy in patients with ineffective primary therapy. The
indicator of increment of costs effectiveness, that is, the price of the achieved higher effect was:
ICEA= (9000-4470)/(85,71-42,19) =104 tenge. This cost is additional and must be paid to prevent one
case of ineffective eradication of the pathogen. According to the study, 72 patients from the group
receiving "Ornisid" and 18 patients from the group receiving "Sausalin" needed a second course of
treatment [6]. The calculation of the costs of additional treatment for patients with re-identified giardiasis
during therapy with "Ornisid" and "Sausalin" are presented in table 3.

Table 3 — Comparative indicators of additional costs
in the treatment of giardiasis with drugs "Ornisid" and "Sausalin"

The number of The number of patients Indicator of costs Additional costs for
Therapy . - Effec- . .
. patients receiving . requiring repeated effectiveness pharmacotherapy,

regimen - tiveness, o .

primary therapy, o eradication therapy, increment, tenge

person ° person tenge

Sausalin 125 85,71 18 104 1872
Ornisid 125 42,19 72 104 7488

Thus, the use of the drug "Sausalin" in comparison with the drug "Ornisid" allows saving 5616 tenge
during a repeated course of therapy per patient.

Conclusions. The use of treatment regimens for giardiasis using the domestic medicinal product
"Sausalin" is economically feasible given the high level of eradication and the safety profile of the new
drug.

Kyn:xan C. Onexenosa', O. B. Maciiosa’, E. I'. Tosioxonnnkos’

'«KapafaHz[LI (dapmaneBTHKaIBIK 3aypIThDy JKIIC, Kaparaunsl, Kazakcras;
*«Durorepanus opransirsy KILIC, Kaparanmsl, Kasakcran

EPECEK EMJIEJTYINUIEPJAE JIAMBJINO31bl EMJIEYT'E APHAJIFAH
IHAPABUTTEPTE KAPCBI IIPEITAPATTAPBI ®APMAKO3KOHOMMKAUJIBIK TAJIJAY

AHHoTanmsi. Makanajga epecek emJenyliijiepie JIIMOIH03 TepanusChiHbIH (HapMaKO3IKOHOMHKAJIBIK HETi3-
nemeci yebiabUIFaH. «Caycanuny» Oipereit Jopiiik npenapaTbiH KOJAaHy THIMIUTIN TalKbIIaHA/IbL.

JIsmMOnusiiap — oneMJeri eH Kol jKalbUIFaH MaTOreHAl SYKapUOTHUKAIIBIK MHKPOOPraHU3MIEpAiH Oipi »koHe
JIMapesiHblH €H KOl TapaiyblHblH cebemiuici. Kazipri yakplTTa THIMAUIIK I€H Kayilci3giK KepceTKiluTepiMeH, COH-
Jaii-ak Tepamus KYHBIMEH CpEeKIICNCHETIH, JIIMOIHO3pl eMJey VIINiH YChIHBUIFaH Oipkarap mpemaparrap Oap.
COHI[I)IKTaH HHM6J’II/103[U>IH ILSpiJ'IiK TCPAlMACBIHBIH, CallaCblH CaJIBICThIPpMAJIbL 6afanay MaKCaTbIHJAa KIIMHUKAJIbIK-
HKOHOMUKAJIBIK TaJIJIay JKYPTizy Kaxer.

Ocimaik TekTi «Caycanua» — napasurrepre Kapesl Oipereii nmpenapatsl Saussurea salsa (Pall.) Spreng (copray
1ry0apIiern) TepreHONITapbIHBIH (HapMaKOIOTHUIBIK OeJICeH i KOChIIBICTAaphl HETi31H e jKacaIFaH )KaHe MapasuTTep
MeH OakTepusuiapra Kapchl Kypail. [mekTiH jkKoHe remaToOMIHapibIK KYHEHIH mapa3uTo3napbl (KiTi )KOHE CO3BLI-
MaJbl JIIMOIINO3, OMUCTOPX03), dienaepaiH crnennuKanbK eMec (0aKTepHUsIBbIK) )KOHE CICIU(PHKAIBIK (TPHXOMO-
HAJTHI) XIiTi aypynapbl ke3inae Konganpuianel. [y Teri eciMaix O6omysiHa OalIaHBICTHI, IpeNapaTThIH JKaHaMa
acepliepi MeH Kapchl KOPCETUTIMIEP JKOK.

«CaycanmuHMeH» €M aiFaH HayKacTap ToObIHmarel (Oipinmm Tom) emaey Twimaimiri 85,71 %-mer, «OpHH-
Jla30J1» KaObuiaraH Haykacrap ToObl (ekiHmn tom) HeOapi 42,19 %-abl Kypanpl. EkiHIII TonTarsl HayKacTapIblH
57,81 %-biHna caHaumsnan 1-3 aiinan kelid JsMONMs UCTaapbIHBIH Kaiita OesniHyl Oaiikanazael, an OipiHmi TonTa
Tek 14,29 %-na rana. BipiHmii TonTa JSIMOIMS ACTATAPBIHBIH KOMBUTY MaibI3bl OaKbUIay TOOBIHA KaparaHia 4 ece
JKOFapbl, Oy skaHa «CaycalluHy» IpenapaTbIHbIH JKOFapbl THIMIIUIITIH KepceTe.

DapMaKk0IKOHOMUKAIBIK Tajlaay TYPFBICHIHAH, JIMOIno3abl «Caycanusapi» xoHe «OpHUCHATI» NalpanaHa
OTBIPBIN E€MJIEY OIICTEMECIHIH «IIBIFBIHAAP-THIMIUIITD WHIUPQEPEHTTI OOJNIATHIHBIH aTal KOPCETKEH JKOH, SFHU
«CaycaqrHMeH» eMAeyre KYMCaJaThlH TiKeJel INBIFBIHAAPABIH CaJbICTBIPMANbl TYPAE KOFapbl OONybIHA Kapa-
MAacCTaH, OHBI TalJalaHy IIBIFBIHBI THIMII OOJIBINT CaHaTa b,

3epTTey HoTIXKeNepiHe coikec, (papMaKoIOTHIIBIK dcepi OoiibrHIIa «Caycamimay mpenapaThl THIMALIIT KaFbl-
HaH JKOFapbla KepceTuIreH pedepeHc-npenaparrapMe Oipaeil HeMece oapiaH jKOFaphbl.

«OpHHIa30m» TpenapaThlH KONJaHFaH Ke3leri TOMEH THIMIUTIKTI eCKepe OTBIPHIN, eMIeNyIIijiepre Kairta
eMIey 1l TaFralbIHAayFa Typa KeJell ®oHe OyJ1 KOChIMINA MIBIFBIHAAPAB! Tanan eteni. COHIBIKTaH 0acTanKel THIMCI3
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TEpaIusSHBl AFaH eMJENyNIiiepae KOChIMINA Tepamisi KypChIH JKYPri3y KaKeTTUTITiH ecKepe OTBIPHIIN, MIBIFBIHAAp
THIMALUTITIHIH ecy KepceTkimi Oaramannsl. LIIBIFEIH THIMIUTITIHIH 6CY KOPCETKINI, SFHA KOJI KETKI3UITeH KOFaphl
ocepxin Oaracel: ICEA = (9000-4470)/(85,71-42,19) = 104 tenreni xypaapl. byr —kockIMInia KYH, COHIal-aK OHBI
KO3/BIPFBILITHIH THIMCI3 3paUKalHUsICBHIHBIH O1p JKarJaiiblH OOJIIBIpMAY YIIIIH TeJIey KaXeT. 3epTTey MalliMeTTepiHe
coiikec, KaiiTa emziey Kypcebl «OpHHCHI) MIpenaparbiH aliFaH TONTHIH 72 emenyiiiciHe xoHe «CaycalluHy» mpera-
paThIH ajFaH TONTHIH 1§ eMaenymnriciHe KaxeT OOIBI.

Otannbik «Caycanuny Joplllik npenaparbiH HaianaHa OTHIPBIN, JISIMOJIMO3/bI eMey TOCIMIEpiH KOoNJaHy —
JKaHa MPENapaTThiH KAyiNci3aiKk npoduii MeH 3paJuKalUsHbIH KOFaphl ICHICHIH eCKepPreHie, SKOHOMHUKAIIBIK TYP-
FBIIaH OpbIHABL. «CaycaluH» npenaparbiMeH Oip eMzenyllire Kairta emaey KypehlH XKyprisreH kesze, «OpHuCHI»
IpenapaTbIMeH CalbICTBIpFaH/ia, YHEMIEY KopceTKimi 25 %-Fa aeiiH xKeTTi.

Tyiiin ce3nep: ys1M0I1M03, caycaianH, OpHUIA30I, allbOCHIa30I1, (apMaKOIKOHOMHUKA.

Kymxkan C. Axexenoa', O. B. Maciiosa?, E. I'. To/10koHHHKOB'
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®APMAKO3KOHOMUWYECKU AHAJIA3 TPOTUBOINAPA3UTAPHBIX IIPEITAPATOB
VIS IEYEHUSA JIIMBJIMO3A Y B3POCJIBIX TAIIMEHTOB

AnHoTanusi. B cratbe npezcTaBieHo GapMaKoIKOHOMHUYECKOE 0OOCHOBAHHE TepaIry JIIMOIN03a y B3POCIBIX
nanuenToB. O6cyxaaercs 3pPeKTHBHOCTh MPUMEHEHHS OPUTHHAIBHOT'O JIEKAPCTBEHHOTO Tpenapata «Caycanuy.

JIsMOnmMM ABJISIFOTCS. OMHUMHM W3 HauOoJsiee paclpOCTPAHEHHBIX MATOT€HHBIX 3YKapHOTHYECKHX MHKpPOOpra-
HU3MOB U CaMOM PaclpOCTpaHEHHOM NPUUYMHOM Iuapeu BO BCEM MHpe. B Hacrosiiee BpeMs UMeeTcsl psij mpena-
paToB, peKOMEHIOBAHHBIX U JICUCHHS JIIMOINO03a, OTIMYAIOIINXCS IMoKa3aTtelsiMu 3((eKTUBHOCTH H Oe3orac-
HOCTH, a TaKX€ CTOMMOCTBIO Tepamnuu. [lo3ToMy HE0OXOIMMO MPOBENCHUE KIMHUKO-KOHOMHYECKOTO aHajIHu3a ¢
LENbIO CPABHUTENIBHOM OIIEHKH KadeCTBa JIEKapCTBEHHOH Tepanuy JsIMOnImo3sa.

OpuruHaabHBIN NPOTHBONAPA3UTAPHBIN NpenapaT «CaycaanHy) — PaCTUTEIBHOIO IIPOUCXOXKAEHHUS, pa3paboTaH
Ha OCHOBE (hapMaKOJIOTMYECKUA aKTHUBHBIX COCIUHCHHUI TeprneHounoB Saussurea salsa (Pall.) Spreng. (coccropes
COJIOHYAKOBasi) M SIBJISAETCS IPOTHBONAPA3UTAPHBIM, aHTHOAKTEPUAIBHBIM CpeNCTBOM. [IpMMEHSIOT mpu Iapasu-
TO3aX KHUIIEYHHKA U TernaroOMInapHoil cucteMbl (OCTPBIA M XPOHMYECKUH JIAMOINO3, ONMUCTOPX03), Hecnenudu-
yeckue (OakTepuaibHbIe) U crenuduieckue (TPUXOMOHA/IHBIE) OCTphIe 3a00eBaHus y KeHIMH. briaronaps ceoemy
pacTHTEIEHOMY IIPOMCXOXKIICHHUIO, ITpenapar He MIMEET BBIPaKEHHBIX TOOOUHBIX 3()(heKTOB ¥ MPOTUBOIIOKA3AHHH.

D¢ GeKTHBHOCTD JIeYeHUst B Tpylme OOJIbHBIX, MoyydaBmMx JiedeHne «CaycanuHom» (IiepBas Tpymia),
coctaBuna 85,71%, B rpynne npuanMaBmux «OpHuga30m» (BTOpas rpymnmna — Bcero 42,19%. ¥V 57,81% GonbHBIX
BTOpOI TPYyMITBI OTMEUEHO MOBTOPHOE BEIIEIEHHE IHCT JISIMONMK depe3 1-3 Mecsa mocie caHalud, B TEPBOM
rpymnme — Toinbko y 14,29 %. IIponeHT snuMrHAIMK OUCT JIIMOJIMIT B TIEpBOii rpymie BhIe B 4 pa3a, YeM B IpyIie
KOHTPOJISI, YTO CBUAETENBCTBYET O BHICOKOI 3p(heKTUBHOCTH HOBOTO Ipemnapara «CaycaauHy.

Cremyer OTMETHTh, YTO C TOYKH 3peHHs (DapMAaKOIKOHOMHYECKOTO aHalM3a «3aTpaTbl-3((EeKTUBHOCTHY
METOJIMKH JICUCHHS JIIMOJIN03a ¢ UCToib3oBaHueM «Caycanunay u «OpHucuaa»y uHIuGHEepeHTHBI, TO €CTh HECMOT-
ps Ha TO, YTO MPAMBIC 3aTpaThl HA TEPAITUIO ((Caycaﬂl/IHOM» CPaBHUTEJIBHO BBICOKHUEC, €T0 UCIIOJIb30BAHUC SABJISACTCA
3aTpaTHO-3(YEeKTHBHBIM.

[lo pesympraram wuccienoBaHuii ObUIO IMOKa3aHO, uTo mpenapaT «CaycanuH» 1O (HapMaKOJIOTHYECKOMY
JIEMCTBHIO CONIOCTABUM HIIM JIaXKe NTPEBOCXOAUT 110 3(ppeKTHBHOCTH BhIIIEyKa3aHHbIE pedepeHc- mpernapaTsl.

C yderoMm Oonee HU3KOH 3((EKTUBHOCTH TP UCIIOJIb30BaHNHM Npenapara « OpHHAa30i» NalMeHTaM TpedyeTcs
Ha3Ha4YEeHHUE ITIOBTOPHOTO JICYEHHS, UTO TAKXKE HECET JOMOJHUTENbHBIE pacxoasl. [103ToMy OBII OIleHEH MOKa3aTenb
npupameHus 3QPEeKTUBHOCTH 3aTpaT ¢ y4ETOM HEOOXOAMMOCTH MPOBEICHUS OMOIHUTEIBHOTO Kypca TEepanuu y
ManueHToB ¢ Hed(dekTuBHONW mepBUYHOI Tepamueil. [lokazarens mpupameHus 3)()EKTHUBHOCTH 3aTpar, TO €CTh
LIeHa JOCTUTHYTOrO Oosiee Bhicokoro addekra cocraBuna: ICEA = (9000-4470)/(85,71-42,19) = 104 tenre. [lanHas
CTOMMOCTh SIBIISIETCS IOIOJHUTENBHOM M €€ HeoOXOAMMO 3aIUIaTHTh IS NPENOTBPAIlCHUS OIHOTO Cilydas
HeapPeKTHBHON 3paaukanuy Bo30yautens. COrjlacHO JaHHBIM HCCIEIOBAHUS, MOBTOPHBIA KypcC JIEYEHHUS IMOTpe-
OoBayics 72 manMeHTaM M3 TPYINIIbL, MOJy4YaBIKX npenapar «OpHucuI» U 18 manueHTaM u3 rpymsl, MoJdy4aBIInX
npemnapat «Caycaauny.

[IpumeHeHne cxem JiedyeHHs JSIMOJIMO3a C HCIOJIb30BAaHMEM OTEUECTBEHHOTO JIEKAPCTBEHHOrO IIpenapara
«CaycanuH» SIBJISETCS DKOHOMHYECKH IeJIECOOOPa3HBIM C YYETOM BBICOKOTO YPOBHSI 3pajvKalud H npoduis
6e3omacHOCTH HOBOTO Tpemnapata. [Ipy nmpoBeeHNH MOBTOPHOTO Kypca Teparnuy Ha OJHOTO IAalMeHTa IpenapaToM
«CaycanuHsy PKOHOMHUS cOCTaBiIAeT 10 25% B cpaBHEHMU C npenapatoM «OpHUCHI.
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[MpumeHeHre cxeM JiedeHUs JSIMONMO3a C HCHOJIB30BAHUEM OTEYECTBEHHOI'O JIEKAPCTBEHHOI'O IIperapara
«Caycanue» SBISETCS YKOHOMUYECKH IEIeCO00Pa3HBIM C yUETOM BBICOKOTO YPOBHS 3PAJUKALNU U PO 6e3-
OIIaCHOCTH HOBOT'O IIpernapara.
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FORMATION AND IMPLEMENTATION OF COMPETITIVE
STRATEGIES IN PHARMACEUTICAL COMPANIES

Abstract. The aim of the article is to study the features of the formation and implementation of competitive
strategies in pharmaceutical companies based on the assessment and organization of a competitiveness management
system. The paper substantiates the significance of the problems of competitiveness, pricing and marketing policy of
distribution companies in the pharmaceutical market. The authors of the article adhere to a systematic method of
research and consider the competitiveness management of pharmaceutical enterprises as a system. The object of the
study was the global pharmaceutical distribution companies present in the Kazakhstan market. By studying their
competitive strategies, the authors revealed the features of their functioning on the Kazakhstan market, as well as
identified the risks associated with changing and managing the pricing policy of the studied companies. The specific
features of the functioning of the enterprises under investigation revealed in the work made it possible to identify the
main components of the analysis of the external environment of the distribution company. The authors describe the
stages of developing a competitive strategy for a pharmaceutical distribution company and develop measures to
further operate and adjust the strategy to take into account new conditions.

Key words: pharmaceutical market, distribution industry, pharmaceuticals, competitive strategy.

Introduction. The contemporary state of Kazakhstan pharmaceutical market imposes on its partici-
pants tough requirements on elaborating a behavior strategy that would ensure stable development of a
certain enterprise under the conditions of constantly changing competitive environment, enhancement of
pharmaceutical companies competitiveness, enlargement of its capabilities to operate under stiff compe-
tition.

Despite the availability of enough number of researches that contributed significantly to the deve-
lopment of theory and practice of enterprises management, the peculiarities of competitive strategies
elaboration for pharmaceutical enterprises are underexplored. In addition, new market conditions, the
volume of activity types implemented by pharmaceutical enterprises, specifics of the pharmaceutical
drugs variety require more detailed investigation and elaboration of competitive strategies able for flexible
reaction on internal and external environment changes, and achievement of high level of competitiveness
in short- and long-term perspective.

Methodology of investigation. During the implementation of the work the methods of system
analysis, abstract and logical method, the method of monograph research, the method of comparative
analysis, and organizational and structural modeling were used; this allowed achieving necessary pro-
foundness of the research results and conclusion soundness.

The main body. The companies that manufacture the pharmaceutical drugs, medical goods, health
and hygiene items, galenicals etc. often apply the strategies of differentiated, undifferentiated, concen-
trated marketing [1, p.66]. Down to the beginning of XX century, there was no urgency to manage the
promotion of pharmaceutical goods and other items used in medical practice and manufactured at the
pharmaceutical market. To manufacture the distribution products it was enough to have a patent allowing
for pharmaceutical drugs advertising and selling. The initiator of marketing application in the medicine
was a professor of the pharmaceutical college of Texas University, R.A. Gosselin who in 1962 made a
proposal, and in 1966 the “Certified Medical Representation (CMR) Institute, Inc.” started the training of




News of the National Academy of Sciences of the Republic of Kazakhstan

pharmaceutical sales agents [2, p.45]. During the period of the distribution products promotion to the
market a lot of pharmaceutical companies forming its sales policy due to the trade channels that include
distributers and dealers, or focused on dealers only without creation of the own sales network were
established. The dealer companies investigate the market of manufacturers and consumers to reveal free
niches for the development of new types of services. The drugs and items promotion activity manufac-
tured by the enterprises of distributor industry enlarge the market offer of the manufactured goods due to
the active operation of dependent and independent companies specializing on rendering of various trade
and mediation services (wholesale supply, small-scale wholesale etc.) [2, p.45].

The opportunities for the development of new tendencies in the trade and mediation activity on
promoting drugs and items manufactured by enterprises of distribution industry became possible due to
the current strengthening of participants interests confrontation within the format: “manufacture —
distribution — exchange — consumption” of the distributed products.

All corporations engaged in the manufacture are aimed at reimbursing of expenses spent on research
and development, and therefore strive for high profit allowing for further research works and creation of
new pharmaceutical medicines. Under the conditions of the strongest pressure on the side of companies
that copying them during the promotion the various instruments are used. The expensive promotion
causes high cost of pharmaceutical drugs and negative reaction on the side of the State that, due to this,
has to constantly increase the budget of the healthcare programs. From time to time there are corrupt
trials, these are the cases when the patients’ health incurred grievous harm as a result of new pharma-
ceutical drugs intake, and this, for sure, influences on the reputation of this or that company, and on the
actions of the regulatory system that is responsible for the content of the game rules in the pharmaceutical
products market [3, p.41].

The foreign pharmaceutical companies during several recent decades applied a model allowing, at
common increase of demand on pharmaceutical products, profiting insignificant margin comparing to the
companies-originators. Among these companies, the leading is the world distributor company Teva that
exists in Kazakhstan market, and in the market of distributor companies of other CIS countries.

The results of the investigation on forming process and implementation of the competitive strategy of
Teva distributor company showed that under the conditions of continuing forming of pharmaceutical
market in Kazakhstan the strategy of concentrated or target marketing is less reasonable than previous. In
opinion of Reikhart D.V. the pharmaceutical companies try to avoid it as this excludes completely an
opportunity of any diversification [3, p.41]. The high level of pharmaceutical companies’ infrastructure
the Head offices of which are located in the economically developed countries, plus financial stability of
these companies allow applying different options of the marketing strategies. For example, the undifferen-
tiated marketing is applied by such leaders of the world pharmaceutical business as Pfizer company
(USA) the stock of which has innovative antibiotics, anti-inflammatory medicines, psychotherapeutic
medicines, cardiovascular medicines, diabetic treatment medicines etc.; Austrian company R. Bittner
GmbH; Johnson & Johnson (USA) company that promotes the pharmaceutical medicines, diagnostics
means, medical equipment [4, p.15].

The high-tech products include the manufacture of medical equipment, healing remedies, and these
are not necessarily the medicines aimed at treatment of cancer or AIDS [5].

The development of the distributor sector in the field of high technologies is not only due to the
manufacture of pharmaceutical medicines used for treatment of cancer diseases, heart diseases and other
new medicines applied for treatment of the currently rare and fatal diseases. And this is proved by the
results of WHO data analysis on the structure of medications consumption. This analysis testifies that the
largest volume of purchases falls on painkillers, medicines taken against diseases connected with different
infections, etc. Therefore, the development of high-tech manufactures of medicals for all spectrums of
action is still topical. However, the development of new manufactures as well as production of new me-
dicals under the formed distributor competitive medium is connected with high risks at the consumer
market.

Despite the high risks in the distributor activity the creation and support of this kind of manufactures
is one of the ways on ensuring the national safety the same as the national policy on medicals issuing to
persons having grave health problems and registered for medical reasons.

This approach to the national policy in Kazakhstan narrows the frames of retail sales market and
leads to strengthening of competition in promoting the pharmaceutical products that in most cases cannot
18
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be implemented by the companies itself due to high costs, but that is an integral component of the com-
mon corporate strategy.

The selling specifics of pharmaceutical companies items, due to peculiarity of products created by
them, is reflected in the mechanism of the business entity strategy development, it does not exclude the
general principles of its forming, but strengthens the significance of the effective competitive strategy
elaboration that includes the integrity of definite actions of a company in the market covering the
elements of marketing together with market and volume characteristics, and are implemented under the
general corporate strategy.

Focusing on the significance of the competitive strategy for business entities in the field of distributor
activity, the motivation of this focus is that in the contemporary practice, independently on the trend and
field of activity, the competitive strategy is a weighty instrument as its implementation influences on
solving of a wide range of problems urgent for the business entity [6, p.11].

Thus, the elaborated competitive strategy of a distributor company includes, first of all, finding of
resources becoming clear during the implementation of successful projects. The successful implemen-
tation of projects reveals the possible resources also that cannot be foreseen quite accurately, therefore
while elaborating the competitive strategy the generalized phrasing of results is used.

The market tendency in the field of distributor activity shows that the traditional fields of macro- and
micro medium analysis should also include the analysis of mesic environment as the scale of competitors
activity is beyond the frame of influence at macro- and micro levels, and globalizes the significance of
companies’ activity [7]. To show the analysis components of business entity external environment in the
field of distributor sector it is necessary to construct in figure the specifics of external environment
investigation objects content.

External environment of distributor company

v v
Direct effect factors Indirect effect factors
v v v
Micro environment Macro environment Mesic environment
v v v
- consumers; - political factors;
- suppliers; - economic factors;
- competitors; - social and culture factors;
-personnel; - technological factors;
- laws and national authorities - inventions and discoveries

Components of external environment analysis of business entity in the field of distributor sector.
Note: compiled by the author basing on reference [8]

The specifics of pharmaceutical manufacture is that it produces the original medicals and analogues
or generics that have not been investigated completely so far. However, the price of generics makes them
of primary demand and production due to impossibility or unavailability to purchase the originals. By
strengthening the competitive strength at separate segments of pharmaceutical market this segment of
business environment of companies requires flexible strategic policy, and thus implies the introduction of
efficiency estimation procedures of the selected and earlier developed strategy of the pharmaceutical
market entity. Therefore, while developing a strategy it is necessary to analyze the results achieved by a
company, to correct its behavior at the given niche of the selected market segment. Thus, to elaborate a
strategy it is necessary to assess already introduced strategy for its total change or correction; it means that
for the active distributor company it includes 8 main stages:

1. Mission and corporate-wide strategy of a company development.

2. Setting of tasks to struggle against competitors.

3. Acquisition and analysis of data on the state of external and internal environment of the company.

4. Selection of the best strategy in view of the competition.

5. Analysis of the selected strategy.
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6. Implementation of the competitive strategy basing on the strategic plan.

7. Analysis of results.

8. Correction of the existing strategy or development of a new one that will be more successful for
implementation of tasks on achieving a company goal [9, p.187].

In general view, the activity of companies focused on the medicals promotion in the market or trade
and mediatory activity requires knowing the manufacturers of pharmaceutical medicines needed to a
consumer. If a company-manufacturer investigates the market demands to adjust the production and starts
it only when it is sure in its competitiveness, the independent dealer company also estimates the market
demand, but considering its saturation with goods — originals and analogues proposed by its direct
competitors manufacturers, and the share of definite preferences to activate the process. Therefore, the
development of the competitive strategy of companies focused on medicals and other pharmaceutical
items promotion has its own specifics and does not exclude the base that is the strategic analysis.

The strategy of differentiated marketing is applied, for example, by GlaxoSmithKline Company
(USA) providing the innovative prescribed and not prescribed medications, products for hygiene and
disease prevention, vitamin energy drinks. The pharmaceutical markets of many world countries accept
positively such medicaments of the company as Panadol, Coldrex in in different modifications. The
strategy of concentrated marketing is usually applied by companies that produce the medicals for definite
category of consumers. An example of this tendency is the distributor company Novo Nordisc — the
leading manufacturer of insulin [2, p.43].

The development of pharmaceutical market led to the strong holding of positions by the companies
from the USA, France, China, India, and other world countries. During the recent five years and in 2018
the leading position belonged to Pfizer Company (USA) with sales volume on the level of 47.6 billion
dollars. Its main competitors are Swiss companies Novartis with sales volume 42.8 billion dollars, and
Roche with sales of 42.4 billion dollars. The following companies improved its position and kept the
competitiveness: Johnson & Johnson with sales at the level of 39.9 billion dollars, French Company
Sanofi with sales volume 38.2 billion dollars, and after that Merck&Co Company (beyond the USA —
MSD), GlaxoSmithKline, AbbVie, Gilead, and Bayer. Teva [2, p.43].

If we consider the effectiveness of the selected behavior reflected in the corporate strategies of com-
panies, it is necessary to note that if the prediction of Pfizer and Novartis Companies leading position was
fulfilled and the companies kept its positions until the end of 2018, and despite that Roche Company is
ranked third, its activity is not as operative as predicted.

Numerous unpopular management solutions lead to the fact that a range of companies, while keeping
its positions at the pharmaceutical market lost its positions by individual competitive advantages. For
example, the Israeli Company Teva experienced significant financial difficulties in 2018 to solve which it
used such unpopular measures as reduction of staff and closing of plants.

Thus, under the stiff competition at the pharmaceutical market the unpopular and ineffective strategic
managerial decisions lead to the loss of competitive advantages and positions of a distributor company at
the given market. The stiff competition at the pharmaceutical market aggravates due to appearance of new
participants producing innovative medicals using less expensive and more progressive technologies of
production.

Considering the corporative strategy of the French Company Sanofi it should be noted that its com-
petitive advantages are constructed on the base of managerial decisions focused on reduction of expenses,
and distributor products suggestions to consumers at acceptable prices. Sanofi Company should resolve
all these issues and create effective barriers to protect its competitive advantage.

The key issue of the competitive policy is confrontation to threat of new participants’ appearance in
the market. The managerial board the Sanofi Company renews constantly the range of products and
extends the services provided to a consumer. At the same time, the managerial board assumes that due to
the development of new products and services, the company attracts new consumers and increases the
share of permanent consumers of its products that have a chance to choose necessary medicals among a
variety of items produced namely by this company. Despite that the enlargement of production can lead to
the scale effect, the company managers assumes to avoid it by decreasing the fixed price.

The building of capacity at simultaneous decrease of expenses on research and development will
allow the company to optimize the prices. Consequently, in opinion of the company managers, new
participants less likely will enter the dynamic industry of distributor sector already having the permanent
20
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players such as Sanofi and other companies. This decreases significantly the window of extraordinary
profit for new companies putting off new players in the sector [10, p.102].

One of the instruments of the competitive strategy implementation in Sanofi Company ensuring its
leading position in the market is a work with permanent suppliers that are also leading in their segment of
the market and are able to decrease the margin that Sanofi can earn in the market. The large suppliers in
the field of healthcare use its negotiation capabilities for obtaining higher prices from the manufacturers
of medicals of the main field. The general effect of higher negotiation position of suppliers is that it
decreases the common profitability of large manufacturers. To optimize the prices for delivery of items
and raw materials for medical production, Sanofi Company constructs an effective scheme of supplies
with large number of suppliers that provides an opportunity for maneuver and selection of counterparts
with price proposals beneficial for it. The company has developed the sales policy that includes suppliers
focused on arrangement of business the only goal of which is promotion of medicals and other products of
manufacture used by the treatment practice, and specific suppliers whose business depends on the com-
pany. One of the lessons the Sanofi can learn from Walmart and Nike is that these companies developed
the outsourced manufacturers whose business depends on them only by creating a scenario when these
outsourced manufacturers have significantly less negotiation strength comparing to Walmart and Nike
[10, p.102].

As one of the main instruments of competitive positions protection and forming of the competitive
strategy, Sanofi Company uses the model of five competitive forces by M. Porter that allows obtaining the
complete pattern of the things influencing on the profitability of the organization at medical manufac-
turers of large sector. The analysis allows determining the tendencies of the status change and estimate the
competitive positions at early stage; it also allows the quick response on negative changes to use all
instruments of management to minimize the economic losses.

The effective application of the competitive strategy allows “STADA” Arzneimittel AG keeping its
position at the pharmaceutical market for more than hundred years. Despite the long activity it continues
to be the main trender for all who is engaged in producing of generics. The company, in the German
manner, is conservative and accurate, but open for innovations, that provides STADA an opportunity to
remain stable and achieve the set tasks at every issue. The main competitive advantages of the company
that it keeps to the present day are the quality and wide range of products that counts more than hundred
items that allowed the company taking the award “Global Generics & Biosimilars Awards -2018” in
2018. It should be noted that the foreign pharmaceutical manufacturers has no specific arrangement of the
sale due to the features of this market segment regulation. However, this is especially important for the
product promotion produced by medical companies as the implementation of the competitive strategy
assumes that the market capacity and other indicators estimating the prospectivity of the distributor
company activity will be fulfilled [11].

The features of the competitive strategies of pharmaceutical companies

Innovations

that counts more than
hundred items.

ning higher prices
from the manufac-
turers of medicals.
Strategy — price
advantage

of produc-tion
capacity

Komnanuu
Strategy . .
components <<S_TA_DA>> Sanofi Teva GlaxoSmlthKlmg (USA),
Arzneimittel AG. Novo Nordisc

Work with The main trender for | The large suppliers in | Reduction of staff Provides the innovative prescribed
permanent generics. Strategy — the field of healthcare | and closing of and not prescribed medications,
suppliers; the quality and wide | use its negotiation plants. Strategy — pro-ducts for hygiene and disease
Wide range; range of products capabilities for obtai- | optimization of staff | preven-tion, vitamin energy drinks.

The phar-maceutical markets of
many world countries accept
positively such medi-caments of the
company as Panadol, Coldrex in in
different modifications.

Strategy — differentiated marketing

Note: compiled by the author.

Considering the experience of forming and implementing of the competitive strategy it is obvious
(table) that it can be applied for development and establishment of pharmaceutical companies in
Kazakhstan, and it also provides an opportunity to form the activity of the business entities on promoting
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the products produced by the leading pharmaceutical dealers making important that namely independent
dealer company is an object of investigation.

Indeed for companies carrying out the independent trade and mediatory activity the development of
the competitive strategy is a special aspect of the strategic planning. This is mostly due to the fact that
independent trade and mediatory companies are more sensitive to the appearance of new products in the
market, to fluctuation of manufacture prices, and to the lack of long-term connections or impossibility of
its operation with the manufacture companies due to regulatory barriers or even as a result of irrational
forms of supplies and its scale etc. It is clear that companies promoting the distributor products are
focused on acceptable conditions of manufacturers’ sales policy [12, p.3].

Conclusion. The construction of the effective system on managing the competitiveness of phar-
maceutical enterprises requires efforts on solving the strategic and tactic tasks of competitiveness mana-
gement aimed at ensuring the sustainable competitive position at the pharmaceutical market. Therefore,
while developing the competitive strategy it is reasonable to apply a system approach assuming the
integration of managing, managed, target, provision and functional subsystems able to fit the external
environment conditions.

All data that can be acquired and structured in the process of the competitive strategy development
provide an opportunity to the top management of the company and to those who will implement the
strategy directly to see clearly the market situation, company position in it, and really imagine the ability
to achieve the set goals. After that the competitive strategy acts as an executive document that concen-
trates all resources necessary to follow the strategic points. At the same time, on the base of the conducted
analysis on the past activity, a company can constantly improve and enlarge its sphere of activity, respon-
se to the market changes, strengthen its positions and become a possessor of new markets and niches.

P. O. ConimbaeBa, A. A. Taraii, A. By1am6aes, K. Meiipamoex
«AnMaTe yHHBEpcuTeTi, Anmarsl, Kasakcran

DOAPMALNEBTHUKAJIBIK KOMITAHUAJIAPABIH BOCEKEJIIK
CTPATEI'UAJNAPBIH KAJIBIIITACTBIPY )KOHE KY3EI'E ACBIPY

AHHOTanMsl. 3epTTey TaKbIPbIOBIHBIH ©3EKTUIIr (hapMaleBTHKAJIBIK KOCITOPHIHIAPABIH IIIKI KOHE CBIPTKBI
OpTaHbIH ©3repicTepiHe HMKEMICIC AalaThiH, KbICKA XKOHE Y3aK Mep3iMii KejemiekTe Oocekere KaOlIeTTLTIKTIH
JKOFapFhl JACHTeHiH KaMTaMachl3 eTe alaThlH OOCEKEeNIK CTpaTerusuiapasl 93ipiey YIIiH, OJapAbIH KbI3MET eTYiHiH
HapBIKTHIK IAPTTAPhl MEH €PEKIICTIKTEPiH TOJBIK capaiay KaXeTTUIIrHAE KaThIp.

MakasaHblH MakcaThl — (papMaleBTUKAIBIK KOMITaHHUSJIAPIbIH Odcekere KaOuIeTTuUIiKTI Oackapy KoHe YHbIM-
JIaCTBIPY XKyieciH Oaranay Heri3iHze, oJap/blH 09CEKeNiK CTpaTerusuiapblH KalbIITACTBIPY YKOHE iCKE achlpy epek-
IIETIKTEPiH 3epTTey. 3epTTey HbicaHbl — Kas3akcTaH HapbIFBIHAA KbI3MET €TeTiH >kahaHIblK (apMalieBTUKAIBIK
JCTPUOBIOTOPIIBIK KOMITaHUsu1ap. Makasia aBTopJiaphl XKyHeml 3epTTey oliCiH ycTaHaabl JKoHE (hapMaleBTHKAIBIK
KOCIOPBIHAAPABIH OoceKkere KaOiIeTTUTiriH OacKapy bl Kyie peTiHae KapacTeipagsl. OmaH 0acka, )KYMBICTHI OPBIH-
nay OapbIChIHIA aOCTPAKTBHUIBIK-IOTHKANBIK OiC, MOHOTPA(USIIBIK 3€PTTEY OMiCi, CalBICTBIPMAJBl TaNay >KOHE
YUBIMABIK-KYPBUTBIMABIK YITUIEY OHicTepl KOJNAAHBUIABL, OYJI 3epTTey HOTIDKENEPiHIH KaXeTTi TEepeHIIri MeH
’KacallFaH KOPBIThIHABUIAP/IbIH HET13IUIINH KaMTaMachl3 eTyre MyMKiHIIK Oepii.

Maxkanaga (hapMarieBTHKa HAPBIFBIHAAFEl AUCTPUOBIOTOPJIBIK KOMITAHUSUTAPABIH Oocekere KaOimeTTimik, Oara
KaJIBIITACTRIPY JKOHE OTKi3y casicaThl MoceJeepiHiH MaHBI3ABUIBIFEI HETi3IeNreH. 3epTTeNIeTIH KOMIIaHUSIIapAbIH
OocekenecTik cTpaTerusjiapblH 3epTTeld OTBHIPBIN, aBTopyiap onapiblH KazakcTaH HapbIFBIHIAFbl KYMBIC iCTEy
epeKIIeNiKTepiH aHblKTaraH. Ka3zakcraH ayMarbiH/a KbI3MET €TETIH JUCTPUOBIOTOPIIBIK (apMalleBTUKAIIBIK KOMITa-
HUSUTAPIBIH OaFaibIK CasiCaThIH TAJIAy HOTHIKEIIEPi aBTOpJIapFa 0ara cascaThlH ©3repTy i backapyMeH OaiIaHbICThI
TOyEKeIIep/ii aHBIKTayFa MYMKIHIIIK OepIi.

JKyMbICTa aHBIKTaNFaH 3€PTTEIETIH KOCIMOPBIHAAPABIH KbI3MET €Ty epeKIIeNiKTepl AUCTPHUOBIOTOPIIBIK KOM-
MAHUSHBIH CBIPTKbI OPTAachlH TaJJayAbIH HETi3ri KOMIIOHEHTTEpPiH aHBIKTayFa MYMKIHIIK Oepli, aj OHBIH Heri3i
PETiHAE CTpaTer sUIBIK Tajaay omicTemeci Konmaupuiasl. COHBIMEH KaTtap Makaiaia TUCTPHOBIOTOPIBIK (apMa-
HEBTUKAIBIK KOMITAHUSHBIH 00CEKeJeCTIK CTPAaTerwsChIH 93ipiey YpIici CHIaTTalFaH, OHBI KacayInbelH 8 Ke3eHi
YCHIHBUIFAH, OJIap €HTI3UITeH CTpaTerHsIHbI Oaranayabl )KoHe TyOereitn e3repryai KaMmTuabl. OFaH Koca, )kaHa IapT-
Tapbl €CKepe OTHIPHIIL, 931PJICHI€H CTPATETHAHBI apbl Kapail KoJIaHy *KoHe Ty3eTy OOMbIHIIA Iapanap 93ipJIeHIeH.

Maxkamaga cTpaTerHsuIbIK Oackapy MIemIiMAepiH AyphIic KaOpuimay Mocenenepine Oaca Haszap ayAapbUIFaH,
OJIApABIH, THIMCI3IITT JUCTPUOBIOTOPIBIK KOMIAHMSHBIH OChI HAPBIKTAFbI OPHBI MEH OJCEKENiK apTHIKIIBLUIBIK-
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TapbplHAH alpBUTYbIHA OKeJeTiHAIri HerizmenreH. DapMamneBTUKANBIK HApBIKTaFbl KaTaH OOCEKeNeCTiK KypecTi
aBTOpJIAP OHIIPICTIH aHAFYpiBIM JKaHa, a3 IIBIFBIHIOB KAXKET €TeTiH, LIrepijieMeli TEeXHOJOTHSUIAPBIH KOJIIaHY
apKBUTBl MHHOBAIMSUIBIK TIPETapaTTap eHAIPICIH KypaThIH jKaHa HApHIK KATHICYIIBUIAPHIHBIH YHEMI mMmaiima OOk
OTBIPYBIMEH OalIaHBICTBIPA/IBL.

dapmMarieBTUKAIIBIK KOCIOPBIHHBIH 0ocekere KaOlleTTulirie 0acKapyablH THIM/I KYHECIH Kypy yuIiH, dpapma-
LIEBTHKAIBIK HApBIKTaFbl OHBIH TYPAaKThl OOCEKENTIK >KaFfaiblH KaMTaMachl3 eTyre OarbITTallFaH, OacKapyablH
CTpaTErusUIbIK JKOHE TAKTUKAJIBIK MiHAETTEpIH Iemry OoMbIHIIA miapanap ychiHbuiFaH. COHBIMEH KaTap OoceKelik
CTpaTerusiHbl 93ipjiey OapbIChIHIA, ABTOpJAp JKYHENIK TOCUIMI KOJAAHYIbl YCBIHAABI, OJ CHIPTKbI OPTAHBIH
HIapTTapblHa YiJIeCe alaThiH, XYWEHIH OacKapylIbLIbIK, MaKCATThl, KAMTAMAChl3 CTYIII JKOHE (DYHKI[HOHAIIIBIK
KypamJiacTapblH BIKIIAJIaCTBIPYABI OLIipesi.

ABTOpJIap YCHIHFaH o/licTeMe OOWBIHINA 931pJICHIeH OACEKENK CTPATeTUsIHBI YHBIMIIBIK-KapJIbIK KY)KaT peTiHie
KOJIaHyFa OOJafbl, OHJa CTPATErMsUIbIK Oaraapiapibl YCTaHy YIUiH OapiblK KaKeTTi pecypcTap LIOFbIpIaHabL.
Oman Oacka, 09CEKeIiK CTpaTeTrusHbl d3ipiey OaphICHIHAA ANBIHYBI KOHE KYPBUIBIMIAHYBI MYMKIH AEpPEKTEep KOM-
NaHUSHBIH TOII-MEHE/PKMEHTIHE JIe, COHIai-aK CTpaTerHsHbl OpbIHAAYLIbUIAPFa 1a HAPBIKTAFbl JKaFAaiibl, OHIaFbI
KOMIAHUSHBIH OPHBIH HAKTHl KOPYTe, COHBIMEH KaTap KOMBUIFaH MaKcaTTapIbIH KOJ JKETIMIUTIK JeHreiiH Oara-
nayra MyMKiHIIK Oepeni. Ctparerusiia KOMIIAHUSIHBIH OTKEH Ke3€HJErl KbI3METiHEe Tayjay >XYpri3iieii, OHbIH
HOTIDKETIepl Heri3iHae KOMIAHMA KBI3METIH jKaKcapTyFa KOHE KbI3MET €Ty callajlapblH KEHEWTyre, HapbIKTarbl
e3repicrepre MKeMENyre, HapbIKTaFbl OPHBIH HBIFAWTyFa XKOHE HapbIKTaFbl JKaHa OpbIHAapra ue Ooimyra Oaiina-
HBICTBI LIapajap Kacajabl.

P. O. CanumbaeBa, A. A. Taraii, A. Byaam6aes, K. Meiipamoex
YHuBepcuret «Anmarel», AnMatel, Kazaxcran

O®OPMHUPOBAHUE U PEAJIMBAIIA KOHKYPEHTHBIX
CTPATETMid ®APMAIIEBTUYECKNX KOMIIAHUI

AHHOTanMsl. AKTyaJbHOCTh HCCIIEIOBaHHUS COCTOUT B HEOOXOJMMOCTH TINATENHLHOIO M3YyY€HHsS PHIHOYHBIX
yCIOBUii, crieliudUKU NesaTelIbHOCTH (apMaleBTUUECKUX MPEIANPHATHIA /sl BBIPAOOTKH MX KOHKYPEHTHBIX CTpa-
TEruii, KOTOpble MOI'YyT Oosiee TMOKO pearupoBaTh Ha M3MEHEHHsI BHYTPEHHEH M BHEIIHEH cpeibl U 00ecrnevuTh
JIOCTHXKEHUE BBICOKOTO YPOBHS KOHKYPEHTOCIIOCOOHOCTH B KPATKOCPOYHOM H JIONTOCPOYHOM NEPCIIEKTHBE.

Lenpio craTtbu sIBISI€TCSI UCCIENOBaHWE OCOOEHHOCTEH ()OPMUPOBAHUS W peaju3alii KOHKYPEHTHBIX CTpa-
Teruil (hapManeBTHYECKUX KOMIAHWI Ha OCHOBE OLIGHKH M OpPTraHH3allMHM CHCTEMBI YIIPaBJIEHHS KOHKYpPEHTOCHO-
coOHOCTHI0. OOBEKTOM HCCIIEA0BAHNS BBICTYIIMIN TTI00aIbHbIE AUCTPHUOBIOTOPCKHUE (papMarieBTHUECKHE KOMITAaHNH,
MPUCYTCTBYIOIINE Ha peiHKe KazaxcraHa.

ABTOpBI CTaTbU MPUACPKUBAIOTCS CHCTEMHOTO METOJA HCCIEIOBAHWS M PAaCCMaTPUBAIOT YIIPAaBIICHHE KOH-
KypEeHTOCIIOCOOHOCTBIO (papMareBTHIECKAX MPEIIPUATHI Kak cucTeMy. Kpome Toro, B X0/1e BBIITOTHEHUS PaOOTHI
ObUTM KMCHOJB30BaHbl aOCTPAKTHO-JIOTHYECKUH METOJI, METOJl MOHOTPa(UUECKOro HCCIIEIOBaHHS, METO]] CPABHU-
TEJILHOTO aHajiM3a M OPraHu3alMOHHO-CTPYKTYPHOE MOJEIMUPOBAHHE, YTO IIO3BOJIMIO 00ECHEUYUTh HEOOXOIUMYIO
rIyOMHY pe3yJIbTaTOB HCCIIEI0BaHUS U 0O0OCHOBAaHHOCTh BBIBOJIOB.

B pabote 000CcHOBaHA 3HAYUMOCTH MPOOJIEM KOHKYPEHTOCIIOCOOHOCTH, IIEHOOOPa30BaHUs M COBITOBOM MOJIH-
TUKHU JTUCTPUOBIOTOPCKUX KOMIIAHUH Ha pbIHKE (hapManeBTHKU. [locpencTBOM M3ydeHHs MX KOHKYPEHTHBIX CTpa-
TETUil aBTOPBI pacKpbUIN OCOOCHHOCTH MX (DYHIIMOHMPOBaHUs Ha peiHKe Kasaxcrana. Pe3ynbrarsl aHaImn3a eHOBOM
MOJMTHKH TI00ANBHBIX AUCTPHOBIOTOPCKUX (hapMalleBTUUECKUX KOMITAaHWH, (YHKIHMOHHMPYIOIIMX Ha TEPPUTOPHU
Kazaxcrana, mo3BOJIMJIM aBTOpPaM BBISIBUTH PHCKHM, CBSI3aHHBIE C M3MEHEHHWEM M YIPaBJICHHEM HX IICHOBOH IOJH-
THUKOH.

BrisBiienHbe B pabote crieruduaeckiue 0co0eHHOCTH (DYHKIIMOHMPOBAHUS HCCIENYEMBIX (DapMalleBTHIECKUX
MPEIIPUSATHIA TIO3BOJIMIIA BBIICIUTH OCHOBHBIE KOMIIOHEHTHI aHAIIN3a BHEITHEHW Cpebl JUCTPUOBIOTOPCKON KOMTIa-
HUH, TIPH 3TOM B KadecTBe Oa3nca OblIa MCIIONB30BaHA METOIWKA CTpaTerHueckoro anammsza. OmmcaH mporiecc
pa3paboTKK KOHKYPEHTHOW CTpareru papManeBTHUECKON AUCTPHUOBIOTEPCKOM KOMITAHUHU, COCTOSIIUN U3 8 OCHOB-
HBIX JTallOB, MPEINOJAralolluX OIEHKY y)K€ BHEAPEHHOH CTpaTerHM W ee TOTalbHOe m3MeHeHue. Kpome Ttoro,
BbIPa0OTaHbl MEPBI 0 JAIbHEWIIEH SKCIUTyaTallul U KOPPEKTUPOBKH pa3pabOTaHHOW CTpaTeru ¢ y4eTOM HOBBIX
YCIIOBUH.

B cratbe ocHOBHOE BHUMAaHHE YACICHO BOIPOCaM aACKBATHOCTU MPUHATHUA CTPATCTMYCCKUX YIPABJICHUYCCKUX
peLIeHuit, HeMOIMy ISIPHOCTE M He3()(hEeKTUBHOCTH KOTOPBIX MOKET MPUBECTH K IT0TEPE KOHKYPEHTHBIX IPEUMYIIECTB
W TO3MLUI TUCTPUOBIOTOPCKOM KOMITAaHWM HAa JIAHHOM pbIHKE. JKeCTKyro KOHKYpEeHTHyI0 OOpbOy Ha (apmares-
THUYECKOM PBIHKE aBTOPBI OOBSCHSIIOT MEPUOANIECKUM ITOSIBIICHUEM HOBBIX YYaCTHHKOB, CO3JIAIOIIMX POU3BOJICTBO
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VMHHOBALIMOHHBIX IPEIapaToB, UCIIOJB3Ysl HOBBIC, MEHEE 3aTPaTHBIE W OOJiee MPOrPECCHBHBIE TEXHOJIIOTHH IIPOH3-
BOJICTBA.

Juis moctpoerust 3pPEeKTUBHON CUCTEMBI YIIPaBICHISI KOHKYPEHTOCTIOCOOHOCTRIO (DapMaIieBTHYECKOTO Tpe-
HPUATHSA IPEIIOKEHBI MEPBI 110 PEILEHUI0 CTPATETMYECKUX M TaKTUYECKUX 3a/lad YIpaBJIECHHs, HANPABICHHBIX Ha
o0ecrie4eHre yCTOMYMBOIO KOHKYPEHTHOTO TTOJIOKEHHS Ha (papManeBTHUeCKOM phIHKe. IIpu 3TOM mpu pa3paboTke
KOHKYPEHTHOH CTpaTeruH aBTOPBI PEKOMEHIYIOT HCIIOIb30BAHME CHCTEMHOIO IOAXO0[a, IPEIoaralolero HHTe-
IPUPOBaHHE COBOKYITHOCTH YIPABJISIOLICH, YIIpaBisieMol, LieneBol, obecrneunBaromed U (QyHKIMOHAIBHON MoJ-
CHCTEM, CHOCO6H])IX B CAMHCTBEC aJaliTUPOBATLCA 110/ yCJIOBU BHEIITHEH CpCabl.

Pa3paboTaHHas KOHKYpPEHTHasi CTpaTerus No MpeAoKEeHHOI aBTOpaMi METOJIMKE MOXKET MCIOJIb30BaThCs KaK
OpTraHU3aLMOHHO-PACTIOPAIUTENBHBIH JTOKYMEHT, B KOTOPOM IPOMCXOAWUT KOHIEHTpAIMs BCEX HEOOXOAMMBIX
pecypcoB ISl CIIeOBaHMsI CTpaTeTMYecKUM opreHTHpaM. Kpome Toro, Bce JaHHBIE, KOTOPbIE MOTYT OBITH ITOJY-
YeHbl W CTPYKTYPHPOBaHbI B IIpoliecce pa3padOTKM KOHKYPEHTHOHM CTpaTeruy, IaloT BO3MOXKHOCTh KakK TOI-
MEHEIDKMEHTY KOMIIAaHHWH, TaK M TeM, KTO HENOCPEICTBEHHO OyIeT NaHHYIO CTPATETHIO UCIIOJHSATB, SICHO BUIEThH
CHTYAllUI0O Ha PBHIHKE, MECTO Ha HEM KOMIIAaHHH, a TAKKEe PEalbHO MPEACTABISATh, HACKOJIBKO IOCTABJICHHBIC LIEU
JOCTHXXKUMBL. Ha OCHOBaHMY MPOBEAECHHOTO aHANM3a CBOCH ASSTENILHOCTH B IPOILIOM KOMITAaHHS MOXKET IIOCTOSHHO
yIy4LIaTh ¥ PaCIIUPATH CBOIO cepy NesTeNbHOCTH, OTBEUaTh HA H3MECHEHUS Ha PhIHKE, YCHIMBATh CBOU MO3HUIUU H
CTaHOBHTbCS 00JIa1aTeNIeM HOBBIX PHIHKOB M HHIIL
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THE INTERACTION OF miR-4258, miR-3960, miR-211-3p
AND miR-3155b WITH mRNAs GENES
OF NON-POLYGLUTAMINE TRINUCLEOTIDE DISORDERS

Abstract. Trinucleotide repeat expansion disorders constitute a group of dominantly inherited neurological
diseases that are incurable and ultimately fatal. In the present work, miRNA binding sites were predicted by the
MirTarget program. It was given characteristics of miRNAs binding sites in 5' and 3' UTR mRNAs genes of non-
polyglutamine trinucleotide disorders with CGG, GCC, CUG repeats. Binding sites of 2567 miRNAs with mRNAs
of 17494 human genes were determined. 206 genes with nucleotide repeats, mRNAs of which are bind with miRNA
in the 5'UTR and 3'UTR, were observed. From thus, 2668 miRNAs binding sites are located in the 5S'UTR, 3853 —in
the 3'UTR with AG/AGm values equal to 85 % and more. It was found that 34 gene’s mRNA having trinucleotide
(CGG\GCC\CUQG) repeats were targets for miR-4258, miR-3960 miR-211-3p and miR-3155b. miR-4258 binds to
mRNA of ADARBI, Cllorf87 and CBFB genes with free binding energy - 93 kJ/mole and AG/AGm 91%, to mRNA
of ARHGEF7, BCR, BRSK2 and C90rf91 genes with free binding energy - 91 kJ/mole and AG/AGm 89%. miR-3960
binds in GCC repeats to mRNA of ABCCI and BLMH genes with free binding energy - 116 kJ/mole. miR-211-3p
and miR-3155b interact with mRNA of ACACA and ANKRDI13D genes in 5’-3’untranslated regions. Studying
binding characteristics of miRNA and genes will help identify association of miRNAs with genes with trinucleotide
repeats for recommending for the diagnosis of nucleotide repeat expansion disorders.

Key words: miRNA, mRNA, binding site, trinucleotide repeat expansion.

Introduction. Trinucleotide repeats are sets of three nucleotides present in succession in various
copy numbers throughout the human genome [1]. Repetitive sequences of genetic code are quite common.
However, when these sequences grow beyond the scope of what would be considered normal, they cause
disease. While the human genome has mechanisms to protect against these expansions, patients present
with what can be severe neuromuscular and neurodegenerative disorders. There have been many diseases
discovered by TNR (trinucleotide repeat) expansions, but the most prominent are spinocerebellar ataxia,
Huntington disease, Fragile X syndrome, myotonic dystrophy, and Friedrich ataxia [2].

Small regulatory RNAs, particularly miRNAs, are known to be dynamically regulated in neuro-
genesis and brain development. Some recent studies have suggested that the alterations in small regulatory
RNAs could contribute to the pathogenesis of several neurodevelopmental disorders [3,4]. miRNA refers
to a small non-coding, single stranded RNA molecule comprising of around 22 nucleotides. By base
pairing to messenger RNA (mRNA) and triggering translation repression, the miRNAs control gene
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expression [5]. The use of miRNA as biomarkers to help diagnose neurodegenerative disorders offers
several advantages. As the expression of miRNAs are commonly altered during disease, they have gained
much attention for their potential use as biomarkers [6]. With better understanding of the role of miRNAs
in neurodegenerative diseases, scientists and researchers may create effective new drugs to treat these
devastating human illnesses. However, the biological function of most miRNAs remains to be uncovered
[7, 8]. It is therefore important to provide characteristics of miRNA interaction with mRNA genes
associated with non-polyglutamine trinucleotide disorders.

Materials and methods. The nucleotide sequences of mRNAs of human genes were downloaded
from NCBI (http://www.ncbi.nlm.nih.gov). The nucleotide sequences of human miRNAs were down-
loaded from the miRBase database (http://mirbase.org). The miRNAs binding sites in mRNAs of several
genes were predicted using the MirTarget program [9]. This program defines the following features of
miRNA binding to mRNA: a) the start of the initiation of miRNA binding to mRNAs; b) the localization
of miRNA BS in 5'UTRs, CDSs and 3'UTRs of the mRNAs; c¢) the free energy of interaction miRNA and
the mRNA (AG, kJ/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs.
For analyzing and formatting sequences of genes, we used the sequence manipulation suite program
(https:// bioinformatics.org/sms). To prediction the secondary structure of RNA, the software RNA fold
was used (http://rna.tbi.univie. ac.at) [10].

Results and discussion. Using the MirTarget program, the binding sites of 2567 miRNA with the
mRNA of 17494 human genes were determined. 206 genes with nucleotide repeats, the mRNAs of which
are bind with miRNA in the 5'UTR and 3'UTR, were observed. 2668 miRNAs binding sites are located in
the 5'UTR, 3853 — in the 3'UTR with AG/AGm values equal to 85 % and more. Only miR-4258, miR-
3960 miR-211-3p and miR-3155b bind with 34 gene’s mRNA having trinucleotide CGG, GCC, CUG
repeats causing non - polyglutamine disorders. In table 1-3 are shown characteristics of miRNA binding
with mRNA genes having trinucleotide repeats in 5'-UTR and 3'-UTR. The mRNA of 4BL2, ACVRIB,
ADARBI, ADRBKI, APBAI, ARHGEF7, FMRI, B4GALT2, BCL11B, BCR, BRSK2, BRWDI, BTBD?7,
Cllorf87, C9orf9l, CACNAIA, CADM4, CAMK4, CARMI1, CBFB, CBL and CCD(C93 genes having
trinucleotide repeats interact with miR-4258 in 5'-UTR in regions with CGG repeat. The binding sites of
miR-3960 in mRNA ofAdBCCI, ABCD3, AFF2, ANKH, ANKRDI13D, BCLI11A, BCL2L11, BLMH,
C4orfl9 and CAI10 genes are located in 5-UTR in regions with GCC repeat. mRNA of ACACA and
ANKRDI13D genes interact with miR-211-3p and miR-3155b in 5'-UTR / 3'-UTR in regions with CUG
repeat.

Table 1 — Characteristics of miR-4258 binding sites
in the 5'-UTR mRNA genes having CGG trinucleotide repeat

Gen Beginning of AG, AG/AGm, Scheme of miRNA binding
ene binding site kJ/mole % with mRNA genes

5% - CGGCGGCGGUGGCGGCGG - 3*

ABL2 21 -89 87 I e il
3" - GGUUCCGCCACCGCC-CC - 5-
5% - CGGCGGCGGUGGCGGCGG - 3*

ACVRIB 46 -89 87 I i
3" - GGUUCCGCCACCGCC-CC - 5*
5% - CCGUGGCGGCGGCGGCGG - 3*

ADARBI 18 -93 91 L L il
3" - GGUUCCGCCACCGCC-CC - 5*
5% - CGCGGGCGGCGGCGGCGG - 3

ADRBK1 7 -87 85 I LRt i
3" - GGUUCCGCCACCGCC-CC - 5-
5% - UCCCGGCGGCGGCGGCGG - 3*

APBAI 50 -87 85 L i
3" - GGUUCCGCCACCGCC-CC - 5*
5% - GCGAGGCGGCGGCGGCGG - 3*

ARHGEF7 155 91 89 LHELLLEEELLn 11
3" - GGUUCCGCCACCGCC-CC - 5-

— 26 ——
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5" - GCGCGGCGGCGGCGGCGG - 3°
FMRI 98 -87 85 IELEReerneeen i

3" - GGUUCCGCCACCGCC-CC - 5°

5" - CCCGCGGCGGCGGCGGCG - 3°*
B4GALT2 133 -87 85 I Tt |

3" - GGUU-CCGCCACCGCCCC - 5°

5" - CGGCGGCGGCGGCGGCGG - 3°*
BCLIIB 150 -87 85 I TEEELnennnn i

3" - GGUUCCGCCACCGCC-CC - 5°

5" - CCGAGGAGGCGGCGGCGG - 3*
BCR 200 91 89 FEREED PHREEEnn 1l

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CCUCGGCGGCGGCGGCGG - 3"
BRSK?2 100 91 89 I T i

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CGGCGGCGGCGGCGGCGG - 3°
BRWDI 175 -87 85 LT THEEnenenn

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CGGCGGCGGCGGCGGUGG - 3°*
BTBD7 87 -87 85 I IREELnennnn i

3" - GGUUCCGCCACCGCC-CC - 5°

5" - CGAAGGCGGCGGCGGCGG - 3*
Cliorf87 11 93 91 L Lreeeereeneen 1

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CCGGGGUGGCGGCGGCGG - 3*
C9orf91 10) 91 89 RERRARNRRNRNRI]

3" - GGUUCCGCCACCGCC-CC - 5"

5" - UCAGCGGCGGCGGCGGCG - 3"
CACNAIA 158 -87 85 FEEE TRETRELRnnt |

3" - GGUU-CCGCCACCGCCCC - 5°

5" - CGGCGGCGGCGGCGGCGG - 3°
CADM4 27 -87 85 L L TEEEnenenn

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CGCGGGCGGCGGCGGUGG - 3°*
CAMK4 90 -87 85 I LERRELnenenn

3" - GGUUCCGCCACCGCC-CC - 5°

5" - CAGCGGCGGCGGCGGCGG - 3*
CARM 12 -87 85 L L Heeeeeeneen

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CUGAGGCGGCGGCGGCGG - 3"
CBFB 39 -93 91 FEREERRETREnnn i

3" - GGUUCCGCCACCGCC-CC - 5"

5" - CCGGCGGCGGCGGCGGCG - 3°
CBL 14 -89 87 FEEE TRRRRELRnn i

3" - GGUU-CCGCCACCGCCCC - 5°

5" - CGGCGGCGGCGGCGGCGG - 3°
CCDC93 33 -87 85 L TREEnenenn

3" - GGUUCCGCCACCGCC-CC - 5°

According to the table 1 only mRNA of ADARBI, Cllorf87 and CBFB genes have miR-4258
binding sites with free binding energy — 93 kJ/mole with the AG/AGm values equal to 91%. miR-4258
binds to CGG repeats of ADARBI gene in repeat nucleotide sequences CGGyy. The binding sites are
located between 15 and 62 repeat nucleotide sequences with start in 18 nt. The binding sites of miR-4258
in mRNA of Cllorf87 and CBFB genes are located in repeat nucleotide sequences CGGy /CGGg
between 5-40 and 36-65 with start in 11 and 39 nt, respectively free binding energy equal to — 93 kJ/mole
(figure 1). The secondary structures given in the figure clearly show the preferential formation of bonds
with miR-4258.
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A- mir-4258 binding site
in mRNA ADARB gene

Figure 1 — Secondary structures of location of mir-4258 binding sites in 5> UTR mRNA of ADARB, C11o0rf87 and CBFB genes

It was known that ADARBI gene encodes an RNA editing enzyme, expressed mainly in the central
nervous system (CNS), which is involved in the downstream regulation of neuro transmitters. ADARBI
(also known as ADARZ2) spans a genomic region of 25 kb on chromosome 21q22.3 and comprises
16 exons and regulates its own expression through self-editing [11]. It was demonstrated that mRNA of
ARHGEF7, BCR, BRSK2 and C90rf91 genes interact with miR-4258 with free binding energy —

91 kJ/mole and AG/AGm values equal to 89%.

B - mir-4258 binding site
in mRNA C1lorf87gene

C -mir-4258 binding site

in mRNA CBFBgene

Table 2 — Characteristics of miR-3960 binding sites in the 5'-UTR mRNA genes having GCC trinucleotide repeat

Gen Beginning of AG, AG/AGm, Scheme of miRNA binding
ene binding site kJ/mole % with mRNA genes

5 CCcucceeeeeeeeeeeeeee - 3+

ABCCI 31 -116 93 PELE L Ll
3" GGGG-GCGGAGGCGGCGGCGG - 5
5 GCCGCLeLeseeseeseesee - 3-

ABCD3 46 -114 91 L el
3" GGG-GGCGGAGGCGGCGGLCGG - 5
5 GCCGLuGLeeLeseeseesee - 3

AFF2 14 110 88 ISNRmnm
3" GGG-GGCGGAGGCGGCGGLEE - 5
5 ccuucueeeeeeeeeeeeeee - 3+

ANKH 34 112 89 LU L |
3" GGG-GGCGGAGGCGGCGGCGG - 5
5 CCUGCCGLeeaeaeuseeeee - 3*

ANKRDI13D 19 -108 86 I DL i
3" GGG-GGCGGAGGCGGCGGCGG - 57
5 ccucceececeeeeeeeeeeeee - 3+

BCL114 177 -112 89 L Lt
3" GGGGGCGGA-GGCGGCGGLCGE - 5
5 GCCGLuGLeeeeseeseesee - 3

BCL2L11 61 -110 88 L el
3" GGG-GGCGGAGGCGGCGGLCGE - 5
5 cuccceceeeeeeeeeeeeeeee - 3+

BLMH 182 -116 93 PLLEE Lt
3" GGGGG-CGGAGGCGGCGGLEE - 57
5 GACCCCGCeeeeeeeseesee - 3

C4orf19 73 -108 86 L L el
3" GGGGG-CGGAGGCGGCGGCGE - 5
5 GCUGCCGCCGLeGLeseesee - 3

CA10 772 -110 88 LT Ll
3" GGG-GGCGGAGGCGGCGGCGG - 57

— 28 ——
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It can be seen from the table 2 that the free energy of the interaction of the miR-3960 with mRNA of
ABCCI, ABCD3, AFF2, ANKH, ANKRD13D, BCL11A, BCL2L11, BLMH, C4orfl9 and CA10 genes are
constituted more than - 108 kJ/mole with AG/AGm values equal to 86 -91%. Among mRNA genes having
nucleotide GCC repeats only ABCCI and BLMH genes bind with high free energy - 116 kJ/mole with
miR-3960. miR-3960 binding sites are located in region with GCC; and GCCjs repeats between 31 (begin-
ning of binding sites) — 57 and 182 (beginning of binding sites) — 211 nt (figure 2). The secondary
structures given in the figure clearly show the preferential formation of bonds with miR-3960. The mRNA
gene of ABCD3 interact with miR-3960 with full GCC; repeat. However, the binding sites of miR-3960
and mRNA genes of ANKH (GCCs), ANKRD 13D (GCC,4) and BCL11A4 (GCC,) have only four and five
GCC repeat.

A - mir-3960 binding site in mRNA ABCCI gene B - mir-3960 binding site in mRNA BLMH gene
Figure 2 — Secondary structures of location of miR-3960 binding sites in 5’UTR mRNA of ABCC1 and BLMH genes

ABCCI (MRPI) is well known for its role in rendering cancer cells resistant to chemotherapy.
ABCCI is expressed in brain capillaries on the abluminal surface between the luminal membrane (CD31)
and astrocytic end-feet (GFAP). Moreover, the free energy of miR-3960 interaction with mRNA gene of
ABCD3 indicate —114kJ/mole with AG/AGm values equal to 91%. ABCD?3 is one of the most abundant
peroxisomal membrane proteins, at least in hepatocytes, and has been reported to be involved in the
transport of various fatty acids. Mutation in ABCD3 have been found in two individuals affected by
Zellweger syndrome.

Table 3 — Characteristics of miR-211-3p, miR-3155b binding sites in 5'-UTR
and 3'-UTR mRNA genes having CUG trinucleotide repeat

Beginning of AG, AG/AGm, Scheme of miRNA binding

Gene miRNA | Region binding site kJ/mole % with mRNA genes

iR 5" - GCGCGCCUGCUGCUGUCCCCGU - 3*
ACACA | 4 50 | S'UTR 61 -101 85 LR T TRl
P 3" - CGUGGGGA-AACGACAGGGACG - 5°

5 - UCUCUGCUGCUGAGCUUGG - 3~
3'UTR 2056 -87 85 L LLEEL Bl
3" - AGGG-UGACGUCUCGGACC - 5*

ANKRD miR-
13D 3155b

From the table 3 obtained data indicate that miR-211-3p and miR-3155b interact with mRNA of
ACACA and ANKRDI3D genes in 5’-3’untranslated regions. miR-211-3p binding site in the 5'UTR
mRNA of ACACA gene is located from 61 to 82 nt with (CUG); repeat. miR-211-3p interact with high
free energy -101 kJ/mole mRNA of ACACA gene.
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Figure 3 —
Secondary structures
of miR-211-3p binding sites
location in 5’UTR mRNA
of ACACA gene

miR-211-3p

Thus, the obtained results show that the greater number of genes are targets for miR-4258. miR-4258
binds to mRNA of 22 genes (4BL2, ACVRIB, ADARBI, ADRBKI, APBAI, ARHGEF7, FMRI,
B4GALT2, BCL11B, BCR, BRSK2, BRWDI, BTBD7, Cllorf87, C9orf91, CACNAIA, CADM4, CAMKH,
CARMI, CBFB, CBL and CCDC(C93) with free binding energy -89 kJ/mole -(-93 kJ/mole) and AG/AGm
value from 85% to 91%. Moreover, the binding sites of miR-3960 in mRNAs of ABCCI, ABCD3, AFF?2,
ANKH, ANKRDI13D, BCL114, BCL2L11, BLMH, C4orf19 and CA10 genes have highest free binding
energy from -108 kJ/mole to -116 kJ/mole and AG/AGm value from 86% to 93%. The maximum free
energy of miR-3960 binding to mRNA is -116 kJ/mole. miR-3960 plays an important role in osteogenic
transdifferentiation of vascular smooth muscle cells (VSMCs) and contributes to vascular calcification
[12]. miR-3960 has 1100 binding sites on 375 target mRNAs with AG/AG,, values of 90% or more and
belong to a group of unique miRNAs [13].

Conclusion. In this paper, we have presented characteristics of predicted binding sites of miRNAs
with mRNA genes of non - polyglutamine trinucleotide disorders. The most interesting data concern the
analysis of target genes of miR-4258, miR-3960 miR-211-3p and miR-3155b. The identified associations
of these miRNAs and target genes can be used to develop molecular methods for the neurological disease
diagnosis. Also to date, there is a limited researches on nucleotide repeats. Therefore, further analysis
using interaction of miRNAs with mRNA genes of all nucleotide repeats (di-, tri-, tetra-, penta-) including
CDS region may be very useful to obtain advances knowledge.

Funding. This study was supported by a grant (AP05132460) from the Ministry of Education and
Science, Kazakhstan Republic, SRI of Biology and Biotechnology Problems, al-Farabi Kazakh National
University.

A. M. Beako:xkaes, P. E. HusizoBa
On-Oapabu ateiHnarsl Kazak yiTTeiK yHEBEepcuTeTi, AnMatsl, Kazakctan

HOJIMT' IYTAMUHAI EMEC TPHHYKJIIEOTUATIK BY3bILJIBICTBI
TFEHAEPAIH Mrna-MEH miR-4258, miR-3960, miR-211-3P
7KIOHE miR-3155b-JIAPJbIH O3APA OPEKETTECYI

AnHoTanus. TPUHYKICOTHUATIK KalTaIaHBIMIBI SKCITAHCUS OY3BUIBICTAPBI EMICTIMEUTIH, aKBIP COHBIHIIA ©JIiM-
T'e OKEIIIN COFaThIH HEBPOJIOTHSIBIK TYKBIM KyaJIlalTHIH aypyiiap TOOBIH Kypai sl XKymeic 6apeickiHIa miRNA-1bIH
OaiinanpicaThiH caliTTapsl MirTarget Oarmapiamachkl apKbUTEI OO KaHBL. by OarmapiaMa Keneciepai aHbIKTal bl
miRNA-upiH mMRNA-MeH OaitnanbicThipaTsiH caiirrapbiHbiy, OactanmysiH; 5S'UTR, CDS sxone 3'UTR-ze mRNA
caliTTapbIHBIH OpHanacysl; 0oc Oaiinmaneicy sHeprusicel (AG, xJ[x/Monb) koHe MiRNA-HBIH HYKI€OTHATEPiHIH
mRNA-MeH apekertecy cxemanapsl. Op aiimak ymin AG/AGm kateiHacs! (%) ecenreni, myHaarsi AGm HyKJeo-
TUATEPHIH TONBIK Ti30eri 6ap miRNA-HbH Ooc OailaHbIC SHEPrHsiCHIHA TeH. [ 'eHaepAiH OapibIK HYKICOTHATIK
Tiz0eri GenBank-tan anemgs! (http://www.ncbi.nlm.nih.gov). miRNA nykneotuarep tizberi miRBase manimerTep
6azacerHan anberHIb! (http:/www.mirbase.org). miRNA-reHmiK 3KCIPecCUsHBI TPAHCKPHITIUSAAAH KEHIHTT peTTeyae
MaHBI3IBl pen aTkapaThiH, konranmmaraH PHK-weiH ynken ToOsl. CGG, GCC, CUG kaifTamaHaThIH MOJIUTITyTa-
MUHJIIK eMeC TPUHYKICOoTUATI Oy3puibicTapabiy 5' xkoHe 3' UTR-ne rennepain mRNA-meH miRNA-1bH O6alinaHbI-
CaThIH calTTapbeiHa cumartama Oepinmi. 2567 miRNA-neiH 17494 anam renaepinin mRNA-MeH OaiiaHBICATHIH
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caiitrapsl anbiktangsl. S'UTR xone 3'UTR-ne mRNA-napst miRNA-Men OaiiiaHbiCKaH HYKJICOTHATEPIIH KaiiTa-
nanybl 6ap 206 ren Gaiikangsl. Ocbuiaitma, S'UTR-ne 2668, 3'UTR-ge 3853 miRNA-meH OaitnanbicaTbiH calTTap
85 % xone onan na ke AG / AGm mongepae opHanackad. Tpunykineotunarik CGG, GCC, CUG kaiitananysl 0ap
34 rennin mRNA-mapsr miR-4258, miR-3960 miR-211-3p »xone miR-3155b-nappiHa HbICaH EKEHMOIrT aHBIK-
tanapl. ADARBI, Cl1orf87 xone CBFB rennepain mRNA-napsinbiy 60c sHeprusicel AG/AGm 91 % moniHze —
93 k/lx/monb-ra TeH, conbiMeH Karap ARHGEF7, BCR, BRSK?2 xone C9orf91 rennepnin mRNA-napbiabiH 00c
OaiinanbicatsiH 3Heprusicbl AG/AGm 89 % moninge — 91 k/x / monb-ra TeH, miR-4258-0en Gaitnansicansl. ABCCI
xoue BLMH reupepinin mRNA-napeiasin GCC KaitanansiMaapsl 00c OakaaHbicaThiH dHEprusicel — 116 kJ/mole
6omaterH mMiR-3960-6en Gaiimanbicagsl. miR-3960 GainmansicTeipy caitTapel GCC; xone GCCg KalTamaHaTHIH
31 afimakra opHaymackaH (OalIaHBICTEIPY calTTapbIHBIH Oactamysl) — 57 sxoHe 182 (OailaHBICTBIPY CaWTTapBIHBIH
6acranysi) — 211 nt. GCC;-kaiiTanbIMHBIH TOJBIK KaittananysiMen, ABCD3 reninig mRNA-cb1 miR-3960-nien e3apa
apekerteceni. Jlereamen miR-3960 xone ANKH (GCCs), ANKRDI13D (GCC,) xone BCLI14 (GCC,) rennepinig
GaiinmanpICy caiTTapbiHIa Tek TepT xoHe 6ec GCC kairamanysl 6ap. miR-3960-375 remnmepnin mRNA Hbican-
nmapeiana AG/AGm 90 % ynecinge 1100 caiitnen OaiinaHbicagbl HEMeCe OJAaH JKOFApbl HbICAHAApFa apHaJFaH
GaifnmanpIcy caiiTTapsl Oap >xoHe epekme miRNA To6wHa xaTtangsl. 5° xoHe 3 'UTR-ne ACACA xone ANKRDI3D
reraepinigy mRNA-gapsr miR-211-3p xone miR-3155b-men e3apa opekerreceni. ACACA reunepiniy mRNA-1aps
5'UTR-ge miR-211-3p-nen OGaitnansicybt 61-nen 82 uT apansirbinga (CUG); kalTajgaHybIMEH OpHAalIacKaH.
miR-211-3p sxorapel 06oc sueprusimeH mMRNA-ma — 101 k/x/monp ecebimen ACACA TeHIMEH OpEKETTECEi.
miRNA-nmapMeH reHaepaiH OailaHBICY CHUOATTApbIH 3€pTTEY HYKJICOTHATIK KaWTaJaHATBIH SKCIAHCHSIBIK
Oy3bUIBICTApIBI JrarHOCTHKANay1a mIRNA-MeH accolUalusIChbIH aHbIKTayFa KOMEKTECE/Ii.
Tyiiin ce3nep: miRNA, mRNA, GaitiaHpIcaTbiH CaiT, TPUHYKICOTHATI KaliTalaHATHIH YKCTIAHCHUSI.

A. M. Beako:kaes, P. E. HusizoBa
Kazaxckuil HarmoHaBHBIN YHUBEpCUTET M. anb-Dapadbu, Anvatsl, Kazaxcran

B3AVIMOJIEMCTBHE miR-4258, miR-3960, miR-211-3P X miR-3155b C mRNA TEHOB
HETIOJIMTJIYTAMUWHOBBIX TPUHYKJIEOTH/IHBIX PACCTPOUCTB

AnHoTanus. PaccTpoiicTBa SKCIaHCHH TPUHYKICOTHIHBIX TOBTOPOB MPEACTABIAIOT COOOI TPYIITy JOMH-
HAHTHO-HACJIClyEMbIX HEBPOJIOTHYECKHX 3a00JI€BaHHUH, KOTOPHIE HEU3JIEUMMBI M B KOHEYHOM HTOTE MPUBOIAT K
netanpHOMY Hcxony. V3meHenme skcrpeccudn miRNA cumTaercs OTIHYMTENHHBIM MPH3HAKOM MHOTHX 3aboire-
BaHWH, BKIIOYasl HAPYIICHHUS SKCIAHCHM TPUHYKICOTHIHBIX MOBTOPOB. B Hacrosmiell paboTe calThl CBSI3bIBAHHA
miRNA 6putn penckazans! mporpammoii MirTarget. [Iporpamma onpenenseT: Hadamo caiToB cBs3piBaHUS MiRNA
¢ mRNA; pacnionoxkenne caiitoB B 5S'UTR, B CDS u B 3'UTR mRNA; cBoboanyto 3repruto rudpuamsanuu (AG,
kJ/mole) u cxemsr B3aumoseiicTBus HykineoTunoB miRNA ¢ mRNA. [y kaxmoro caiita pacCYUTHIBAIN OTHOIIICHHE
AG/AGm (%), rne AGm paBHa CBOOOAHOW SHEpruM CBA3bIBaHUA MIRNA ¢ HOITHOCTHIO KOMIIEMEHTAPHON HYKJIEO-
TUIAHOH MOCIIeNOBaTEeIHHOCTEI0. Bee HykieoTnaabIe mocnenoBaTenbHOCTH MRNA reHoB 3anMcTBoBany 3 GenBank
(http://www.ncbi.nlm.nih.gov). Hykneorunnsie mnocmenoBatensHOCTH MIRNA momydensl w3 6a3er miRBase
(http://www.mirbase.org). miRNA mnpexacraBmser coboif 00NBIIOE CEMEHCTBO KOHCEPBATUBHBIX HEKOIUPYIOIINX
PHK, urparomux Kiro4eByr0 poJib B MOCTTPAHCKPUIIMOHHON PEryJsIiMK SKCIIpeccuy TeHoB. IIpuBeneHsl xapakre-
puctuku caiitoB cBs3bBarnsd MiRNA B 5S'UTR u 3'UTR mRNA reHOB HEMOJUIITYyTAMUHOBBIX TPHHYKJICOTHIHBIX
paccrpoiicte ¢ moropamu CGG, GCC, CUG. Beum ompeneneHs! caiitel cBs3pBanua 2567 miRNA ¢ mRNA
17494 renoB denoBeka. beuio oOHapykeHO 206 TEHOB C HYKICOTHIHBIMH MOBTOpaMH, MRNA KOTOPBIX CBS3EI-
Bayuch ¢ miRNA B 5'UTR u 3'UTR. Takum oOpazom, 2668 caiita cBszbiBanus miRNAs pacnonoxensr B 5S'UTR,
3853 - B 3'UTR co 3nauennsamu AG/AGm, paBabiMu 85% u 6oee. bouto o6HapyskeHo, uto mRNA 34 reHoB, nmero-
mmx tpuHyKiIeoTnaHble CGG, GCC, CUG moBTOpEI, OpUTH MUIIEHBIO [UTE MiR-4258, miR-3960 miR-211-3p u miR-
3155b. miR-4258 csseiBaercs ¢ mRNA reHoB ADARBI, Cllorf87 u CBFB co cBOOOOHOI SHepruell B3auMoIei-
ctBus - 93 x/x/mome m AG/AGm 91%, ¢ mRNA renoB ARHGEF7, BCR, BRSK2 u CYorf91 co cBobomHOI
sHepruen Bzaumozneiicteus - 91 xJlx/mons 1 AG/AGm 89%. miR-3960 cBszpiBaetcs B mosropax GCC ¢ mRNA
reHoB ABCCI u BLMH co cBobonmHO# 3Hepruei Bzaumopeictsus - 116 k/[x/monb. Caiitel cBs3piBaHus miR-3960
pacmionoxess! B obactu ¢ mosropamMu GCC,; u GCCyg mexay 31 (Haganmo caldToB cBsi3piBaHUSA) - 57 u 182 (Hawano
caiitoB cBs3pBaHms) - 211 HT. MRNA rena 4ABCD3 B3aumogeiictByer ¢ miR-3960 ¢ momasiM moBTOopoM GCC;.
Omnako caiiTel cBsi3biBanus TeHOB miR-3960 m mRNA renoB ANKH (GCCs), ANKRDI13D (GCCy) u BCLIIA
(GCCy) umeroT TOIBKO YeThipe U TATh MoBTOPoB GCC. miR-3960 mmeet 1100 caiitoB ces3piBanus Ha 375 mRNA -
mumensx co 3HaueHnsMH AG / AGm 90% u Gosiee u oTHOCATCS K rpymme yHHKanbHbIX MiIRNA. miR-211-3p n
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miR-3155b BzaumopeiictBytor ¢ mRNA renoB ACACA u ANKRDI13D B 5'-3'-Herpanciupyembix oOnactsx. CalT
ces3piBaamst miR-211-3p B S'UTR mRNA renoB ACACA pacnionoxker ot 61 o 82 ur ¢ moBroperueM (CUG);. miR-
211-3p B3aumoneiictByer ¢ mRNA Bbicokoit cBoboanoi sHeprum -101 x/lx / monb reHa ACACA. U3yueHue
XapaKTepUCTUK cBs3biBaHUsi MIRNA M reHOB MOMOXET BBISIBUTH CBs3b MIRNA ¢ reHamu ¢ TPUHYKJICOTHIHBIMU
MOBTOPaMH U PEKOMEH/IAINH ISl AUATHOCTUKY HApYIICHUH SKCIIAHCUH HYKJICOTHIHBIX TIOBTOPOB.

Kiwouesbie ciioBa: miRNA, mRNA, caiiT cBsI3bIBaHMS, SKCITAHCHS TPHHYKIJICOTHIHBIX TIOBTOPOB.
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FEATURES OF THE STRUCTURE OF NATURAL POPULATIONS
HUMULUS LUPULUS L. (REVIEW)

Abstract. The article provides an overview of the structural features of the natural populations of Humulus
lupulus L. in the world and in Kazakhstan. Currently, the use in medicine of natural products, medicines and
biologically active substances of plant origin is increasing. Significant parts of the medicinal raw materials are wild
plants. The need for medicinal plant raw materials (medicinal plants) is not decreasing; the technology of its
procurement and reproduction in natural conditions wants significant perfection. It is known that they have a milder,
more complex effect on the human body and are used in the treatment of many chronic diseases. The growing
anthropogenic impact on populations of valuable medicinal plants is decreasing their stocks of raw materials. In this
regard, the study of biological characteristics and the development of scientifically based agricultural techniques for
the cultivation of many medicinal plants are becoming relevant. Humulus lupulus L. (common hop) is a valuable
medicinal plant. They are used as painkillers, sedatives, hypnotics for increased nervous irritability, sleep distur-
bances, neuralgia, vegetovascular dystonia, mild coronary spasms, tachycardia, and in the early stages of hyper-
tension. According to the classification of medicinal plant resources, Humulus lupulus L. is a plant with a wide
range, but with a limited supply of raw materials. In places of growth of Humulus lupulus L. does not form large
thickets [1].

Recently, a comprehensive approach has been applied in the study of natural plant populations, including
ontomorphological and population-ecological studies. This makes it possible to objectively assess the state of the
species in the cenosis and predict its future behavior. In this regard, a comprehensive study of the natural populations
of Humulus lupulus L. is of great relevance.

Hops (Humulus lupulus L.) is an important crop worldwide, known as the main flavor ingredient in beer. A
diversified brewing industry requires a variety of flavors, superior technological properties and sustainable agro-
nomy, which are the center of advanced molecular breeding efforts in hops. Hop breeders have been limited in their
ability to create strains with desirable traits, however, due to unusual and unpredictable inheritance patterns and the
associated non-Mendelian segregation of genetic markers [2].

The use of hops has recently been undergoing a new change, driven by a growing international preference for
more intensely flavored beer, supported by the craft-brewing sector. This movement led to the introduction of much
more hops at various stages of beer production and to an ever-growing search for new flavors. Some hop varieties
have thus received particular attention, including several older typical hops mostly used to date, although an
intensive search for new varieties dubbed "Green Gold" has also taken place. A large number of new exquisite
varieties have been described and are increasingly appreciated in the market. Global hop growing areas have
increased over the past 5 years, although total world beer production has declined over the same period, confirming
the trend of using more hops per liter of beer. In addition, a wide range of pharmacological properties have been
described for hops and its derivatives, namely antioxidant, anti-inflammatory and antitumor properties, which are of
great importance for the pharmaceutical industry. The bioactivity of beer can depend on the use of hops, which can
become an important tool for brewers aiming to develop functional products.

Taken together, the compounds isolated from Humulus lupulus L. have a wide range of biological activity, such
as anti-inflammatory action, antimicrobial action, antioxidant action, antiproliferative effects, cytochrome P450
effects, glucose metabolism effects, hormonal effects, lipid effects and sedative / hypnotic effects.
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Therefore, the purpose of this Chapter is to describe the importance of hops in this new direction of beer
production, market overview of hops, varieties, forms and methods of use, composition, value in bioactivity of beer
and new discoveries in research hops [3].

Key words: Humulus lupulus L., essential oils, phenolic compounds, lupuluin.

Introduction. The generic name of hops "humulus" comes from the Latin word "humus" — land, soil
and indicates that it creeps on the ground. The species name "lupulus" translates as "wolf", indicating that
the plant wraps around the tree like a predator. In ancient times, it was believed that hops is a parasite of
trees and sucks juices from them, from which the trees dry up. However, in fact, the plant uses the trunk
and crown of trees only for support.

Previously, scientists attributed ordinary hops to the family of mulberry (Moraceae). Since 1972,
most systematic botanists, based on embryonic and chemotaxonomic studies, have come to the conclusion
that creeping hop’s and other plants of the hops genus (Humulus) belong to the Cannabaceae family,
which is part of the Urticales order, and consider that hops has more typical features characteristic of the
hemp family.

However, even now, in some publications on botany and pharmacognosy, as well as in popular
scientific literature, hops belong a statement to the mulberry family.

In addition, some botanists believe that four species belong to the genus hops: common hops, heart-
shaped hops-Humulussordifolius, American hops-Humulusamericanus R., climbing hops-Humulus
scandens (Lour.) Merr., which is known as the Japanese hop-Humulus japonicusSieb. et.Zucc. Since the
first three species are very similar to each other and do not have significant distinguishing features from
the climbing hops, most botanists do not consider them separate species, but refer to varieties or races of
this species. Therefore, because of modern Botanical research to the genus hops include two species:
common hops-Humulus lupulus L. and climbing hops-Humulus scandens (Lour.) Merr.

History of hops. Hops were known as a wild plant already during ancient times. Historical findings
allow us to conclude that their origin was in Asia, more precisely in fertile Mesopotamia, the lowlands of
the Caucasus and southern Siberia [4]. Botanically, however, the hop plant is believed to have originated
in China because China is the only country in the world where all three-hop species (H. Lupulus, H.
Japonicus, and H.Yunnanensis) occur naturally [5-7]. Hops have been cultivated since the beginning of
our era. Records showing that hops were used for seasoning and canning beer by Slavic tribes date back to
at least 1500-1000 BC. Other people began using hops for brewing from the 13th century (ad). Until the
12th century (ad), however, hops were probably obtained only by harvesting wild plants [8].

Over time, people discovered the healing effects of hops, which then found its place in folk medicine.
Hops were used, according to the ancient herbarium, to treat various diseases, such as unpleasant foot
odor, liver disease of bitter and aromatic properties. In addition, hops are used in the cosmetic and
pharmaceutical industries, especially for their antimicrobial and antiviral effects. The fact that hops were
originally used and added to beer for its antimicrobial activity as a preservative classifies this plant as a
natural source of compounds with biological action.

An increasing number of pathogenic strains of bacteria (and viruses) resistant to various types of
antimicrobials pose a serious medical problem. Secondary metabolites of hops have been described for
constipation, sleep disorders and for blood purification [9,10]. Records from the 7th and 9th centuries’ ad
show that the earliest predecessors of hop gardens were founded under the monastic administration, where
hops were grown for their medicinal properties along with other herbs [11]. Even at that time, hops
extracts were recognized for their anti-inflammatory and antiseptic effects, as decoctions made from hops
were used to treat poorly healing wounds.

Another example of this treatment is the use of heated hops as a poultice [12] for pneumonia or the
treatment of fever using hops decoctions [13]. Alcohol extracts of hops have also been used in Chinese
medicine to treat pulmonary tuberculosis or acute bacterial dysentery, and have been part of Ayurvedic
procedures [14]. Some recent studies have shown that alcohol extracts from hops have a strong
antispasmodic effect on smooth muscles and are therefore effective in conditions characterized by tension
of visceral smooth muscles, including nervous colitis, nervous dyspepsia, palpitations, nervous or irritable
cough and asthma [15,16].

Phytogeography and botany of hops. Wild hops, which grows in humid areas near rivers, are
widespread in vast areas of Europe, Asia and North America [17].
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Today, cultivated hop production is concentrated in areas with a humid, temperate climate, with most
of the global production coming from the Middle East.

Hop yards are an integral part of the countryside around Europe, North and South America, South
Africa, Australia and New Zealand. Varietal plants are grown, as a rule, on large flat areas with acidic soil.
Currently, the largest hop producers are Germany, the USA, China and the Czech Republic (production in
2014 amounted to 25 338, 38 499, 6 887 and 6 202 tons, respectively) [18].

Some botanists believe that climbing hops come from the Mediterranean region. However, reliable
data that would confirm such an origin are absent in the literature on botany. M. 1. Vavilov attributed hops
to the Mediterranean focus of the origin of cultivated plants, the range of which extends far to the north,
where, obviously, it was first introduced into the culture. V. Linke considers the homeland of hops
Northern and Central Europe. According to L. Venta, the primary geobotanical region of hop distribution
is the fertile valleys and foothills of the Caucasus, as well as the Black Sea coast. Hence, during the
resettlement of the Slavs in the II-V century AD hops spread throughout Europe. As a wild plant, climbing
hops are widely distributed in the forest zone of the temperate climate of Eurasia: it grows throughout
Europe (reaching the Arctic belt), the Caucasus, Western Siberia, Altai, the Far East, and Central Asia.
Wild hops are distributed throughout the forest and forest-steppe zones of Ukraine, where they grow in
humid broad-leaved forests, along the banks of rivers and marshes, in ravines, on the edges, among
shrubs, near roads and fences.

Hops have long been widely cultivated for the needs of the food industry as a technical culture in
many countries, in particular in France, England, the Czech Republic, southern Germany, North-east
China, South Africa, the USA, Argentina, Chile, Brazil, Australia and New Zealand. In Ukraine,
specialized hop cultivation farms are located mainly in the northern regions (more than 60% of all
Ukrainian hoppers).

It grows in river valleys, ravines, shrubbery, forest edges, and is bred in gardens and kitchen gardens.
Found in Tobyl-Esil, Irtysh, Semey, Kokshetau, Aktobe, Western and Eastern small hills, Altai, Tarbagatai,
Dzhungarsky Alatau, ZailiyskyKungei Alatau, Karatal. The general distribution is South Europe, the
Caucasus, Western Siberia, Western Europe, the Mediterranean, Asia Minor, and North America [19].

In the Russian Far East, common hops used to be known only in culture. However, later botanists in
some areas of revealed insignificant thickets of feral and introduced hops. Since ordinary hops are widely
cultivated in many regions of the world, in some places, it becomes an alien and feral species; it is
sometimes quite difficult to establish clear boundaries of its natural range.

When discussing the technological aspects or medical effects of products derived from hops, it
should be noted that these products are obtained only from cones from female plants. Humulus lupulus L.
is a dioecious climbing perennial creeper from the Cannabis family [20], which also includes the genera
Cannabis (hemp) and Celtis (blackberry). The leaves are located on the stem in the opposite way on stems
from seven to 12 cm long and have roughly jagged edges in the shape of a heart. Female flowers (often
bumps) are made up of short green spikelets (called hop cones, seed cones or strobiles) and secrete a fine
yellow resinous powder from structures called lupulin glands. Lupulin glands synthesize resins and
essential oils [21,22], which characterize the bitter taste and aroma of beer, but also stabilize the foam and
the final product [23]. Special vacuoles of the external system of lupulin glands are rich brewing tanks
and pharmacologically important substances, which are often called secondary metabolic products.

Male plants are characterized by small yellow flowers and are important for breeding new varieties!
Otherwise, male plants are removed from hop fields to prevent fertilization of female plants and seed
production [24].

Medicinal raw material. For medical needs use inflorescences hops ordinary, which mistakenly call
soplodiyami-women's "cones" (StrobuliHumulilupuli, or StrobuliLupuli), and glands hops (Glandulae
Lupuli), or lupulin (Lupulinum). Lupulin-glands in the form of a bright yellow coarse-grained powder
called hop flour. Lupulin is derived from the dried cones of the knocking in the city. The finished product
has the form of a heterogeneous coarse-grained adhesive substance of a greenish-yellow color, which
gradually acquires a reddish hue in the air. For the needs of the pharmaceutical industry, the inflorescences
of hops are harvested in mid-August, when they acquire a greenish-yellow color (later they become brow-
nish, dry and after drying, they easily crumble), tear them off with their hands together with the pedicels.
The collected raw materials are quickly dried in the shade in the fresh air, spreading a thin layer on paper
or fabric. It is better to store cones in non-ground form, since they lose activity when crushed [25].
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Ordinary hops and its medicinal raw materials - "hop cones" - are official in Ukraine and Russia, as
well as in Germany, France, Spain, Portugal, Greece, Romania, Mexico, and the United States. Lupulin
entered the Pharmacopoeia of Germany, Portugal, Switzerland, Italy, Austria, Holland, Brazil, and USA.

The inflorescence of the hop plant, Humulus lupulus L., contains unique compounds used primarily
for beer production, but also contain compounds with bioactive properties, with the potential to improve
human health. Hops are bitter soft resins and aromatic oils derived from their lupulin glands are essential
for beer. The third component in lupulin is solid resins, which are undesirable in beer but contain
biologically active polyphenols that have been shown to reduce the risk of disease in humans and animals.
Extracts of hard hop resins are rich in antioxidants and estrogenic prenyl flavonoids and are used today as
food additives, especially to relieve menopausal discomfort. However, the bioavailability of prenylfla-
vonoids depends on their metabolism by the intestinal microbiota. This review focuses on women's use of
prenyl flavonoid-rich hop extracts to alleviate complaints during menopause with the added benefit of
reducing the risk of diseases including metabolic syndrome and cancer. The role of the gut microbiota and
bioavailability of prenyl flavonoids will also be discussed [26].

Biologically active substance. The main biologically active substances that determine the pharma-
cological activity of hop cones are bitterness and polyphenolic compounds, as well as essential oil. These
are the most important compounds of hops; they are of particular importance in pharmaceutical pro-
duction and in scientific and practical medicine. Hop cones contain 0.2-1.8% essential oil, 2-5% poly-
phenolic compounds and 5 to 26% water.

Lupulin contains 1-3% essential oil, about 5% bitterness, 50-70% resinous substances, as well as
waxes, yellow pigment, choline, hypoxanthin, adenine, ceratinic and isopropylacrylic acids, as well as
Humulin (hopein) - alkaloid-like substance with narcotic effect [27].

Bitterness of hops, related to polyketide allforgiving type, are a mixture of acidic and resinous
substances. According to J. Kuroiwe and E. Kukubo (1973), more than 90 chemical compounds were
isolated in the analysis of hop bitterness. According to the international nomenclature, they are called
"common resins". They are soluble in cold methanol and diethyl ether. According to the classification,
there are hard and soft resins. Solid resins are a fraction of common resins insoluble in paraftin hydrocar-
bons, hexane, and petroleum ether with a low boiling point. Soft resins-fraction of General resins, soluble
in paraffin hydrocarbons with low boiling point, consisting of a-and B-acids, a - and B-soft resins.
Uncoated soft resins are a mixture of a-and B-soft resins-oxidation products of a-and f-acids, respectively.
The composition of hop resins is shown in the diagram.

Phenolic compounds contained in plant raw materials are of interest to science and industry, because
their chemical structure causes the manifestation of different physiological activity.

One of the sources of phenolic compounds is common hops-an important technical crop, which is
widely used both in medicine and in the brewing industry. The importance of phenolic compounds of hops
for brewing is their participation in slowing down oxidative processes, thereby increasing the shelf life of
beer. Nevertheless, on the other hand, it is believed that the interaction of some polyphenols with proteins
leads to colloidal turbidity of the drink [28].

Currently, the industry uses mainly hop products (up to 80% of hop raw materials). They are
extremely complex mixtures of chemical compounds, and the technology of production, and, conse-
quently, the composition of individual species is dramatically different. Despite the fact that hops have
been subjected to quite a thorough study, phenolic compounds of hop products from a chemical point of
view have not been studied enough.

Among the phenolic compounds contained in hop raw materials, the Central place is occupied by
prenylated chalcons, which exhibit high antitumor, antioxidant, phytoestragenic, anti-inflammatory and
antiviral activity. Many laboratories around the world are developing methods for isolating these com-
pounds. However, due to the multicomponency and complexity of the composition of hop products, the
existing schemes do not allow obtaining compounds of a high degree of purity, and are quite complex in
hardware design. Therefore, a promising direction is the development of schemes for the isolation of
prenylated chalcons, devoid of these shortcomings, and the actual task is to study the chemical
composition of phenolic compounds of hop products [29].

The cultivation of hops for this purpose has been traced back to Germany, 736 ad. for hops, despite
its long successful history of domestication, modern breeding practice is fraught with a number of
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problems. For example, although hops are usually cultivated vegetatively using rhizomes, sexual crosses
are necessary to breed new disease-resistant and chemically desirable varieties. The long history of
cultivation includes colchicine-induced polyploidization and introgression of genetically distinct wild
populations. Recent genetic, genomic, and quantitative character analyses have shown that the hop
genome is complex and structurally diverse. Violations in the genetics of hop transmission are reflected in
the non-Mendelian distortion of segregation and displacement of the ratio [30].

Hops (Humulus lupulus, Cannabinaceae) - is a source of a number of biologically active compounds,
such as essential oils, bitterness and flavonoids. One of the most interesting from a pharmacological point
of view are the flavonoids of hops, represented by flavonol glycosides and prenylated flavonoids [31].
While flavonol glycosides are ubiquitous in green plants, the prevalence of prenylated flavonoids is
limited to a small number of species, primarily the order urticaceae, the mulberry Mogaseae family, and
the hemp Cannabinaceae (the latter family includes the hop plant). Hops are almost the only significant
source of prenylated flavonoids such as xanthohumol and isoxanthohumol.

Interest in natural flavonoids is associated with their pronounced antioxidant properties, a number of
types of flavonoids have anti-allergic, anti-inflammatory, antiviral, antibacterial properties and other types
of biological activity. In addition, xanthohumol and isoxanthohumol of hops exhibit antiproliferative and
anticancerogenic properties [32]. According to experimental data of many scientists, the presence of
isoprenoid chains leads to various modifications of biological activity, which is mainly associated with a
pronounced affinity with biological membranes and more pronounced interactions with proteins.

Hops are part of a number of well-known drugs and many registered dietary supplements (BAA) to
food.

Humulus lupulus - it is a specialized crop with potential for new uses beyond its most common use in
the brewing industry. As a medicinal plant already used in the food industry, hops are a compelling
candidate for further scientific research, especially biochemical and molecular genetic studies. However,
since hops are a niche crop, crop improvement studies should have superior cost-effectiveness [33].

In brewing practice, the use of appropriate hops is important for the production of stable and high-
quality beer. However, batches of hops of the same variety cultivated in different geographical regions can
exhibit significant biochemical differences, leading to specific taste and aroma characteristics of the beer.
Genetic studies illustrate the complementarity of genetic and biochemical fingerprinting methods for the
complete characterization of hop batches. Using genotyping by sequencing (GBS), a set of 1,830 poly-
morphic single nucleotide polymorphism markers (SNP) yields 48 unique genetic imprints for a collection
of 56 commercial hop varieties. Three groups of varieties consisting of somaclonal variants could not be
further differentiated using this set of markers. Biochemical marker information provides additional value
for the characteristics of hop samples of this variety grown in different geographical locations [34].

Humulus lupulus L. (Cannabaceae), commonly called hops, is widely grown worldwide for its use in
the brewing industry. Its female inflorescences (hops) are especially prized by brewers because they
produce some secondary metabolites that give the beer bitterness, flavor and antiseptic properties. These
metabolites exhibit numerous biological activities, including antimicrobial, sedative, and estrogenic
properties. This review presents a list of chemical properties of hops with an emphasis on secondary
metabolites and their biological activity. These compounds, of biological interest, are mainly formed in
female inflorescences, while other parts of the plant synthesize them only in small quantities [35].

Hops ordinary (Humulus Lupulus L.) - root herbaceous plant. The length of the stem of hops 3-5 m,
sometimes more, has a faceted, sloping, on the hair with low-rounded spines. The bottom of the leaves is a
heart-shaped opening, at the edges-toothed, mouth. Leaf satellites of Lancet. The flowers of the males are
collected on the tips of the stem and branches as tassels. Females are located in the saddle, on the upper
leaf scaffolds. The nut is round. In June — July bloom, fruits ripen in July-August. In medicine, the use
melnichnye bottles. Vitamin C is found in the leaves. On the Kazakh land, it is found in the Northern part
of the West Kazakhstan region, along Tobolsk, Irtysh, Ishim, Mugalzhar, Aktobe,Kokshetau [36].

Summing up, undoubtedly, due to the increased anthropogenic impact on the environment, as well as
the weakening of the adaptation of nature, there is a need for actions to ensure the restoration of natural
resources now.

In addition, the best knowledge can be used in the hope of breeding programs that allow the targeted
enrichment of new varieties in the right compounds.

Given the key role of hops, there is great scientific interest in the use of hops extract to create for the
taste of beer and study the molecular and biochemical basis of hops.
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In world practice, the use of natural products, medicines and biologically active substances of plant
origin in medicine is currently increasing. Significant parts of the medicinal raw materials are wild plants.
The need for medicinal plant raw materials (medicinal plants) is not reduced; the technology of its
preparation and reproduction in natural conditions requires significant perfection.

A. K. EnnioBa, 3. A. HuenoBa
On-Papadbuarsinaarsl Kazak yiarTeikyHnBepeureti, Anmarsl, Kazakcran

TABUTY NONYJIALOUAIAP KYPBLUIBIMBIHBIH EPEKIINEJIKTEPI
HUMULUS LUPULUS L. (ILIOJIY)

AnHotanusi. Makanana anemzeri xone Kaszakcrauparst Humulus lupulus L. TaOuru momynsuusiap Kypbl-
JIBIMBIHBIH €peKIIeniKTepi kepcerinreH. Kasipri yakpiTTa MeAMIMHAAA TAOUFH OHIMIEPI, [0pi-IopMEKTep/Ii KOHE
oCIMJIIK TeKTeC OHONOTHMsIIBIK OeJceHal 3arTapibl NaijantaHy yiraiein kesemdi. JKabaitbl ecimuiktep Iopiitik
HIMKI3aTThIH enieyii Oemirid Kypanapl. Jopiiik eciMaiK HIMKi3aThiHA (IOPLTIK OCiMIIKTepre) KaKETTUTK a3aiiManiibl,
OHBI JIalibIHAY JKOHE TaOWFM JKarjaiyiapia KalTa eHAIPY TEeXHOJOTHSCHl alTapibIKTal JKETUIMIPYAl KaXKeT eTe[l.
Onap amam ar3achblHa KELICHl ocep eTelll )KOHE KOINTereH CO3bUIMAIbI aypyJap/bl eMeyie KOJIAaHbuIaabl. AHTPO-
MOTEH/IIK 9CEeP/IiH apThill OTBIPYHI CajJapblHAHOAFAIbI TOPLTIK OCIMAIKTEp MOMYJISALUSICHIHAAFBI IIMKI3aT KOPJIapblH
azasiyibl. OchiFaH OaiaHbICThI OHOIOTHSIIBIK PEKILIEIIKTEePIl 3ePTTey KOHE KONTereH Jopiik eciMIiKTepai ecipyain
FBUIBIMH HET13[e]ITeH arpOTEeXHUKACHIH d3ipiiey ©3eKTi 0oublin oTbIp. Humulus lupulus L. (koniMri KyJMak) — Oaraisl
Jopiik ecimaik. Onap jKOFapbl JKYHKE KO3IBIPFBILITHIFbL, YHKBIHBIH OY3bUIybl, HEBPAITHUS, BEr€TO-TAaMbIP HCTO-
HUSICBI, KOPOHAPJIBIK TAMBIPIIAP/IbIH alKbIH KOPIHOCHTIH Cia3Maliapbl, TAXHUKAP/Hs KE31HIET], TUIIEPTOHUSIIBIK aypy-
JIbIH epTe CaThbUIapbIHAAFbl aybIPCHIHY Ke3iHJE, CeNaTHBTi, YWBIKTATaThIH JIOpI peTiHAe KoJaaaHbuianbl. Humulus
lupulus L. nopinik eciMaikTep pecypcrapbiH Kikrey OolbiHIIa,Humulus lupulus L. eceTiH xepiep KapacTbIpbl-
nazael [1].

CoOHFBI yaKbITTa, OCIMIIKTEPAIH TAOUFU MOMYJISALUUIAPBIH 3€PTTEYNE, OHTOMOPQOIOTHSIBIK JKOHE MOIMYIIsi-
[USUTBIK-9KOJIOTHSIIBIK 3€PTTEYIEePAl KAMTUTBIH KEIICH I TOCUT KONJAHBUIBIN Keneni. by meHo3marsl TYpAiH Kaii-
KY#HiH OObEKTHBTI Oaraiiayra >koHe OoJalllaKTa OHBIH MiHE3-KYJIKbIH OoJpKayFa MyMKiHIIK Oepeni. OcbiraH Oaitna-
HBICTBI Humulus lupulus L. TaOuFu nomyisuusuiapbiH KeIIeH 11 3epTTey YJIKEH MaHbI3Fa ue.

Kynmak (Humulus lupulus 1L.) ceipagarbl HETI3r oM — HHIPEAUEHT PETiHAe OeNriii, OYKia oleMaeri MaHbI3IbI
MOJICHHET. OpTapalTaH/IbIPbLUIFaH ChIpa KaiiHATy OHEPKACIOl KYJIMAaK aJJbIHFbl KATapIIbl MOJIEKY/IAJIbIK CEIeKIIUSUTBIK
KYII-KITEPOIH OPTajbiFbl OOJBIN TaOBLIATHIH TOMACPIIH, TaMmalla TEXHOJOTHSUIBIK KACHETTEPIIH KOHE TYPAKThI
arpoOHOMHMSIHBIH SPTYPIILIIriH Tanan eteai. Kyimak cenekiponepiepi Kanaran oeiriiepi 6ap mrammuaap xacay Kaoi-
JeTiHe IIeKTeysi OONIpl, ajaima TYKbIM Kyaslay[gblH epeKIle XoHe OomkaHOaraH MOAENbIEpiHe JKOHE TeHEeTHKa-
JIBIK MapKepiiepAiH MeHIeIeBTIK cerperanusachiHa oaanpICThI [2].

CoHFBI yakbITTa KYJIMaK IalifaigaHy KOJeHep Chlpa KallHATy CEKTOPBI KOJIAWTBIH HEFYPIIBIM KAPKBIHABI XOII
MICTEHIIPIJITeH ChIPaHbI XaJbIKAPANIBIK JICHIel/Ie OCi Kele KaTKaH apThIKIIBUIBIK TYIBIPFaH JKaHa e3repicTi bactan
Keinyze. bysl Ko3FanbIc chipa OHIIPICIHIH 9PTYpIIi Ke3eHIepiHIe KYJIMAKThIH KOIl MOJIIEPIH eHII3yre jKoHe YIanbl
ocCiIl OTBIPATHIH JKaHa TalFaMbl i31eyre ajibin keaai. Ockuiaiiina, KyJIMaKThIH Keil0ip copTTapbl — Heri3iHeH Ka3ipri
YaKbITKA JIeiiH Mai1anaHbUIbI KEJIreH eCKi THIITErl copTTap, 0ipak, COHbIH ilmiHae "KachlUl adThiH" J€H aTajiaThliH
’aHa COPTTapIbl KAPKBIHIBI TYPIE 13l€y KYMbICTAapbl epeKile Ha3ap aymapTajbl. TaHuayibl jkaHa COpPTTapAbIH
KOINTEreH CaHbl aHBIKTAIIBIN, CHUIATTAJIFaH JKOHE HapbIKTa KeOipek OaramaHansl. Kynmak ecipymid sxkahaHIbik
aJlaHaapsl COHFBI 5 JKbUIAA YIIFaiIbl, OIpaK ChIpaHbBIH JKaJIbl JJIEMIIK OHMIPICI CON Ke3eHIe KbICKapabl. byt kait
CBIpaHbIH Oip JIUTPiHEe KYJIMAKThIH KO MeJIEePiH naiiianany ypaicin pacraiinsl. bynan 6acka, KyJIMaK jkoHE OHbBIH
TYBIHBUIAPBI YIIiH (HapMaKOJIOTHSUIBIK KACHETTEPIiH KeH CIeKTpi, aram alTkaHnaa, GpapMaleBTHKaIbIK OHEPKICII
YIIIH YJKeH MaHbI3bl 0ap aHTHOKCHIAHTTBHIK, KaObIHYFa KapChl JKOHE ICIKKE KapChl KAacHEeTTepl CHIATTalFaH.
ChlpaHblH OHMOAKTHBTLNN KYJIMaK mNaiiianaHnyra OaiylaHBICTBI OOyl MYMKiH, COHIal-ak oy (DYHKIHMOHAJJIBIK
OHIMIEP/Il d3ipiieyre OarbITTAIFaH ChIpa KAHHATKBIIITAPHI YIIIH MaHBI3/Ibl Kypas 00JTybl MyMKiH.

KaGriHyFa Kapchl opekeT, MUKpPOOKa Kapchl opeKeT, aHTHOKCHIAHTTHI OPEKeT, aHTUIPOIH(epaTuBTi acepiep,
P450 uTOXpOMBIHBIH dcepIiepi, NII0K03a METa0OM3MHIH dcepiiepi, TOPMOHAJIBIBI dCEPIIEP, JIUITHATI dCepiIep KOHE
CeNaTHBTI / THITHOTHKAJIBIK dCEPIIep CUAKTHI OMOIOTHSUIBIK OCIICEHUTIKTIH KEH CIIEKTPIiHE Ue.

COHJIBIKTaH OCBI Tapay[blH MaKcaThl ChIPaHbl OHAIPYAIH OCHI JKaHa OaFbITBIHAAFbl KYJIMaK MOHIH CHUIIATTay,
KYJIMaK HapbIFbIHA, COPTTapFa, (hopManapra jkoHe MaijaiaHy d[icTepiHe, KypaMblHa, ChIpaHbIH OMOOEICeHALTIrHe
KOHE KYJIMaK 3epTTeyJIepiHAeri )KaHa dKaHAIbIKTapFa 0Ny Xkacay 0ol Tabbutam! [3].

Tyiiin ce3nep: Humulus lupulus L.,5dup maiinapsl, GeHOIIBI KOCBUIBICTAD, JIYITYITyHH.
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OCOBEHHOCTHU CTPYKTYPbI IPUPOIHBIX MOMYJIAIIANA Humulus lupulus L. (OB30P)

AnHotanusi. B craree mpencraBieH 0030p OCOOEHHOCTEH CTPYKTYPhl NPHPOXHBIX momymsauuid Humulus
lupulus L. B Mupe u B Kazaxcrane. B HacTosiee BpeMs yBEINYHMBACTCS UCIIOIB30BAaHNE B MEAMIIMHE HATypabHOM
MIPOIYKIIMH, JIEKAPCTB M OMOJIOTHYECKU aKTHBHBIX BEIIECTB PACTUTEIFHOTO MPOHCXOXkKaeHU. CyIIecTBEeHHYIO 4acTh
JIEKAPCTBEHHOTO CHIPhS COCTABIIOT JAWKOPACTYIINE pacTeHus. [1oTpeOHOCTh B JIEKQpPCTBEHHOM PACTHTEIBHOM
CBIpBE (JICKAPCTBEHHBIX PACTCHUAX) HE YMEHBIACTCS, TEXHOJOTHS €T0 3aTOTOBKU M BOCIIPOM3BOJCTBA B MPHPOIHBIX
YCIIOBHSIX JKENIaeT 3HAYUTEIHHOTO COBEpIIEHCTBA. V3BECTHO, YTO OHHM OKA3BIBAIOT 0Ojiee MITKOe, KOMIUIEKCHOE
JIeficTBHe Ha OpPTaHU3M YeJIOBEKa M HCIIONB3YIOTCS MPH JICYCHWH MHOTHUX XPOHHYECKHX 3aboneBanmid. Pacrymiee
AQHTPOIIOTEHHOE BO3ZICWCTBUE Ha MOIMYJIIINU LEHHBIX JIEKAPCTBEHHBIX PACTEHUH COKpAIaeT 3amachkl X CHIPhS. B
CBSI3U C 3THM aKTyaJIbHBIMH CTAHOBSITCS M3Y4YCHHEC OMOJIOTHUECKUX OCOOCHHOCTEH M pa3paboTKa Hay4HO 00OCHO-
BaHHOW arpOTeXHUKH BO3MCIIBIBAHUS MHOTHX JICKAPCTBEHHBIX pacteHuil. Humulus lupulus L. (XMenb OOBIKHO-
BEHHBII) — ILEHHOE JIEKAPCTBEHHOE pacTeHHue. MX HMCroib3yloT Kak OoseyTolsiiolee, CeJaTMBHOE, CHOTBOPHOE
CPEJ/ICTBO TP MOBBIIIEHHOH HEPBHON BO30YIMMOCTH, HapyLIEHUSX CHA, HEBPAITHHU, BET€TOCOCYINCTON JNCTOHUH,
HEpEe3KO BHIPaKEHHBIX ClIa3MaxX KOPOHApHBIX COCYNOB, TAXUKap/AWH, IPH PaHHUX CTaIUiIX TMIEPTOHNYECKOH Ooe3-
Hu. [lo xaccugukamy pecypcoB JIeKapcTBEHHBIX pacTeHnit Humulus lupulus L. — pacTeHue ¢ MIMPOKUM apeasiom,
HO C OrpaHMYEHHBIM 3a1acoM ChIphs. B Mecrax npowmspacranus Humulus lupulus L. He oOpa3yeTt KpymHBIX 3apociei [1].

B mocrmenHee BpeMs B HM3yYEHHH MPUPOAHBIX IMOMYISIMA PACTCHHHA NPUMEHSIETCS KOMIUICKCHBIM IMOIXOM,
BKJIFOYAIOUIMH OHTOMOP()OJIOTHYECKUE M MOMYJSLHOHHO-IKOIOTHUECKHE HMCCIIENOBaHHUs. JTO JaeT BO3MOXKHOCTb
00BEKTHBHO OIEHUTH COCTOSIHAE BHJA B LIEHO3€ M IPOTHO3HMPOBATH €T0 MOBeAeHHE B Oymymem. B cBsi3n ¢ aTuMm,
KOMIUTIEKCHOE M3Y4EeHNE IPUPOIHBIX NOMyisiunuit Humu luslupulus L. nmeeT G0IBIIYI0 aKTYaIbHOCTb.

Xwmenb (Humulus lupulus 1.) siBisieTcs: BOXHOM KYJIBTYPO# BO BCEM MHUpE, U3BECTHON KaK OCHOBHOM BKYCOBOM
MHrpeeHT B nuBe. JuBepcuuIMpOBaHHAs NMHBOBAapEeHHAs IPOMBIIUIEHHOCTh TpeOyeT pa3HOOOpasusi BKYCOB,
IIPEBOCXOAHBIX TEXHOJOTMYECKUX CBOMCTB U YCTOMYMBOM arpOHOMUU, KOTOPBIE SIBISIOTCS LIEHTPOM IIEPEHOBBIX
MOJIEKYJIIPHBIX CEIEKIMOHHBIX yCHani B xMmese. CelleKIMOHephl XMes ObUIM OrpaHHuYeHbl B CBOEH crOCOOHOCTH
co37aBaTh IITaMMBbl C JKEJIaTeJIbHBIMH NPU3HAKaMH, OJHAKO M3-32 HEOOBIYHBIX M HENpEICKa3yeMBbIX MOJeleH
HacJIeJI0BaHUs U CBSI3aHHOM ¢ HUMH HEMEH/ICJIEBCKOH Cerperaluy reHeTHIeCKUX Mapkepos [2].

B mocnennee BpeMs HCIIONB30BAHNE XMETIS MIEPEKMBACT HOBOE M3MEHEHHE, BRI3BAHHOE PACTYIINM Ha MEXKITY-
HapOTHOM YPOBHE INPENNOYTEHHEM Oojiee MHTEHCHBHO apOMAaTH3MPOBAHHOTO ITIHBA, IONICPKUBAEMOTO CEKTOPOM
PEMECIICHHOTO NMMBOBAPEHHA. JTO IBIDKEHHE MPHUBETO K BBEICHUIO TOPA3o OOJNBIIETO KOIHYECTBAa XMEJS Ha pas-
JUYHBIX 3Talax IMPOW3BOJACTBA MHBA M K IMOCTOSHHO PAcTyIIeMy MOWCKY HOBBIX BKycoB. HekoTopeie copra xmeds,
TakuM 00pa3oM, MOTYyYMIId 0c000€ BHIMAHHE, B TOM HYHCIIE€ HECKOJIBKO CTaphIX THIIMYHBIX XMeJei, B OCHOBHOM
UCTIONB3YEMBIX J0 HACTOSIIETO BPEMEHM, XOTS HMHTCHCHBHBIM IOWCK HOBBIX COPTOB, MOJYYHBIIMX Ha3BaHHE
“3eneHoe 30510T0”, TaKke MM MecTO. bosbloe KOIMUecTBO HOBBIX M3BICKAHHBIX COPTOB OBLIO ONMCAHO U BCE
6OHbLLle LHCHUTCA HAa PbIHKE. Fno6aanb1e IJiomai BbIpalliliBaHUA XMEJId YBCIIMYWINCH 3a IMOCJICIHNUC 5 JICT, XOTA
o0lee MUpPOBOE MPOU3BOJICTBO MHBAa COKPATHIIOCH 33 TOT K€ IEPHOJ], YTO MOATBEPXKIAET TEHICHIMIO HCIIOIb30-
BaHMs OOJIBIIEr0 KOJIMYECTBA XMeJsl Ha JIMTP nuBa. Kpome Toro, 1uist XMeist ¥ ero MPOU3BOAHBIX OMUCAH HIMPOKUH
cHexTp (hapMaKOJIOTMUECKUX CBOMCTB, 2 MMEHHO aHTHOKCHIAHTHBIE, NPOTHBOBOCIIAINTEIbHBIE M MPOTUBOOITYXO-
JIEBBIE CBOHCTBA, KOTOPHIE UMEIOT OOJBIOE 3HAYCHHE IS (hapMareBTHIECKONH MPOMBIIUIEHHOCTH. BHOaKTHBHOCTH
MABa MOXKET 3aBHUCETHh OT HCIIONB30BAHUS XMEJIS, KOTOPHIH MOXKET CTaTh BaKHBIM WHCTPYMEHTOM [UIS ITHBOBAPOB,
HAIICTICHHBIX Ha Pa3paboTKy (PYHKIIMOHAIBHBIX MPOAYKTOB.

B3sThie BMecTe, COCOMHEHUS, BbiaeneHuble w3 Humulus lupulus L., 001agaOT MIUPOKHM CIEKTPOM OHOJIO-
THYECKOH aKTHBHOCTH, TAaKMM KaK: IPOTHBOBOCHAIUTEIBHOE NEHCTBHE, MPOTUBOMUKPOOHOE AEHCTBHE, aHTHOKCH-
JMAHTHOE aeicTBre, aHTHIponudepatuBHoe 3G dexTsl, 3hdexTsr nuToxpoma P450, rimroko3a 3¢ dexrsr meTabonmsma,
ropMoHaJIbHbIE 3()(eKThI, TunHuAHbIe 2P dEKTH U ceaTUBHBIE / THITHOTHYECKUE (D (PEKTHI.

H03TOMy J1(S 03310 HaCTOSIIJ.[eﬁ CTaTbU ABJIACTCA OINMMCAHUC 3HAUCHUA XMEJISI B 9TOM HOBOM HaAIIpaBJICHHUU ITPOU3-
BOJICTBA MMKBa, 0030p phIHKA XMEJsl, COPTOB, ()OPM U METOOB MCIIOJIb30BaHMsI, COCTaBa, 3HAUYEHHsI B OMOaKTUBHOCTH
[MBa U HOBBIX OTKPBITHII B HCCeN0BaHUAX xmeud [3].

KaroueBblie cnoBa: Humulus lupulus L., 3¢pupHble Macia, GpeHoNbHbIE COeIMHEHNUS, TYITYIyHH.
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MATERIALS FOR THE HEMIPTERA FAUNA (HETEROPTERA)
OF ALTYN EMEL STATE NATIONAL NATURE PARK

Abstract. As a result of research performed at Altyn-Emel SNPP, we noted 19 species of hemiptera (true bugs),
belonging to 3 families. By nutrition links the identified true bugs are: polyphytophages - 3 species (16%), wide
oligophytophages - 5 species (26%), narrow oligophytophages - 8 species (42%), zoophytophages - 3 species (16%).
By the number of generations per year, the hemipteraof SNPP Altyn-Emel are divided into 3 groups: monovoltaic -
6 species (37%), bivoltaic - 10 species (53%), polyvoltaic - 3 species (10%). By confinement to the habitats, the
hemiptera of SNPP Altyn-Emel are divided into several groups: hortobionts (12 species, 63%), herpeto-hortobionts
(4 species, 21%), herpetobionts (3 species, 16%). The following ecological groups of species were distinguished:
meso-xerophiles (13 species, 68%), xerophiles (2 species, 11%), mesophiles (4 species, 21%). Fauna’s zoogeo-
graphic spectrum is represented by 7 groups: transpalearctic (4 species, 21%), west palaearctic (3 species, 16%),
trans-eurasian (1 species, 5%), west eurasian (7 species, 37%), middle asian (2 species, 11% ), mediterranean-black
sea-european (1 species, 5%), mediterranean-european-euro-siberian-kazakhstani (1 species, 5%).

Key words: true bugs (Hemiptera), Heteroptera, Altyn-Emel National Nature Park, South-East Kazakhstan.

Introduction. The landscapes of Altyn-Emel nature park were formed within four types: meadow-
steppe, steppe, semi-desert and desert. The value of invertebrates in nature and in human life is truly
enormous, and the role they perform is extremely diverse. Unfortunately, invertebrates at Altyn-Emel
SNNP territory are still a poorly studied group and information on fauna, biology, ecology is not available
in all taxa. The fauna of the park is characterized by rich diversity and endemism.

Hemiptera, or the Bugs (Heteroptera) are the largest unit of incomplete insects that inhabit a wide
variety of biotopes and play an important role in biological processes in biogeocenoses. Among the bugs
are many predatory or mixed-feeding species, but herbivorous forms predominate; they feed on the juices
of plants, mainly their generative organs and seeds, multiplying periodically in large quantities, causing
significant damage to crops (cereals, fodder, vegetables, fruits), as well as pastures and forests.

The purpose of the study is to identify the biodiversity of semi-winged insects inhabiting the study
area, to study the ecological, biological features and distribution of species of semi-winged insects at
territory of Altyn-Emel SNNP.
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Methods of research. The study of fauna and ecology of true bugs was carried out by means of route
surveys and stationary observations. Different methods were used for collecting bugs: mowing with an
entomological net, collecting by exhauster, catching on light, etc [1-5].

Research results. The material for writing this article was obtained from collections and observa-
tions by the authors, performed in 2018-2019 at different biotopes of Altyn-Emel SNNP.

Below is an annotated list of identified species. Collection points, summary information on distribu-
tion, biology, and ecology are provided for each species.

Piesmatidae family. Parapiesma atriplicis (Frey-Gessner, 1863). Almaty oblast, Kerbulakraion,
AltynEmel SNNP, Kizylauiz gorge. 17.06.2018. 29, 3J; 05.07.2018. 39, 2J; 24.08.2018, 29, 2J;
Taygak gorge, 21.06.2018, 39, 2J; Shygan border, interzonal biotope. 04.07.2018. 39, 2J&'; Minbulak
border, 06.07.2018. 39, 2J4; 23.08.2019, 19, 23; floodplain of the river Ili. 06.07.2019 49, 3J.
Hortobiont; mesophyll (ditches around gardens, forests’ edges); narrow oligophytophagus (at Atriplex);
2-3 generations per year; wintered imago [6, 7]. West Eurasian species

Parapiesmakochiae(Becker, 1867). Almaty oblast, Kerbulakraion, AltynEmel SNNP,Uzynbulak
border Konakbaisai, 03.07.2018, 29, 3J; Shigan border, introsonal biotope. 04.07.2018 39, 2J;
23.08.2019 129, 24; Border Shigan, 08.07.2019, 19, 2&; Zhantogai border, floodplain of Ili river,
10.07.2019, 29, 134 Hortobiont; meso-xerophyll (on alluvial sands, forest edges, mostly on saline soils of
ponds, in deserted places and on open slopes of foothills [7]; narrow oligophytophagus (on Kochia
protrata, Echinopsilon (Chenopodiaceae);2-3 generations per year; wintered imago.Western Eurasian
species.

Parapiesma kolenatii Fieber, 1861. Almaty oblast, Kerbulakraion, AltynEmel SNNP,Koyandytau,
canyon Uzynbulak, 27.07.2018, 39, 2J; Shygan border, 08.07.2018, 39, 2J; Zhantogay border,
floodplain of Ili river, 10.07.2019, 29, 2&'; Ch. Valikhanov spring. 08.07.2018, 19, 2&'; Katutau moun-
tains - Aktau. 04.07.2018. 19, 24; 23.08.2019. 39, 2&. Hortobiont; meso-xerophile; narrow oligophyto-
phage (at Atriplex cana, A.verrucifera [7]; 2-3 generations per year; adults wintered. Middle-Tetian species.

Parapiesma quadratum (Fieber, 1844).Almaty oblast, Kerbulak raion, Altyn Emel SNNP Kyzylauyz
gorge. 17.06.2018. 39, 24; 24.08.2018, 29, 2J; Taigak plains, 21.06.2018, 39, 2J'; Zhantogay border,
floodplain of Ili river, 10.07.2019, 29, 14;.23.08.2019, 39, 2. Hortobiont; Meso-xerophile (on saline
soils at banks of water bodies, in desertified places, solonetzes, solonchaks); polyphytophage (mainly on
the cynopods: Chenopodium, Atriplex, Salsolae, etc.); 2 generations per year; adults wintered [7]. Trans-
Palaearctic species.

Parapiesma salsolae (Becker, 1867). Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Minbulak
border, 09.08.2009, 19, 24; Kizilauiz gorge. 17.06.2018. 32, 2&'; Uzunbulak gorge, Konakbaisay gorge,
22.08.2019. 29, 2J; Aktau mountains. 04.07.2018, 19, 2J; Shygan borders, interzonal biotope
08.07.2018. 39, 23 .Hortobiont; Meso-xerophilus (sea coast, on river and coastal sands, especially saline,
characteristic for Salsola and similar species of cynopods (Chenopodiaceae); narrow oligophytophage (on
Salsola, Corispermum); bivoltine; wintering imago [8]. Transeurasioan species ubiquitous in Kazakhstan.

Parapiesma silenes (Horvath, 1888).Almaty oblast, Kerbulak raion, Altyn Emel SNNPxopnon
MeinGynak, 06.07.2018. 39, 24 23.08.2019, 19, 2J; noiima p. Wim. 06.07.2019. 49, 33. Hortobiont;
meso-xerophile (salt marsh steppes); narrow oligophytophage - on Silene parviflora, Otites, etc. [7];
bivoltine; winter adults. Mediterranean-Black Sea-European view.

Parapiesma variabile (Fieber, 1844).Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Minbulak
border, 06.07.2018. 39, 2; 23.08.2019, 29, 2'; Katutaumountins. 04.07.2018. 19, 2J; 23.08.2019. 29,
24 Hortobiont; meso-xerophile; narrow oligophytophage (on cloves Caryophyllacaea, Herniaria spp.,
Atriplexcana, etc.); bivoltine; adults wintered [9]. Mediterranean-European-Euro-Siberian-Kazakh
species.

Piesma capitatum (Wolff, 1804).Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Kizylauiz gorge.
17.06.2018. 39, 37, 05.07.2018. 39, 24; 24.08.2018, 29, 37; Taigak gorge, 21.06.2018, 29, 23'; Shigan
border, interzonal biotop. 04.07.2018. 39, 3&; Minbulak border, 06.07.2018. 39, 2J; 23.08.2019, 39,
24; floodplain of Ili river. 06.07.2019. 49, 33. Hortobiont; mesophile (roadsides, along ditches near
gardens and forest belts, along forest edges and other similar places; in lowered plains); narrow oligo-
phytophagous (on wild-growing goosefoots: Chenopodium, Atriplex, etc.); 2 generations per year [8];
wintering adults. Transpalearctic species
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Piesma maculatum (Laporte, 1833).Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Shigan border,
08.07.2018, 39, 23; Zhantogay border, floodplain of Ili river, 10.07.2019, 29, 33;Ch. Valikhanov’s
spring.08.07.2018, 49, 24;12.07.2019, 39, 34 .Herpeto-hortobiont; mesophile (roadsides, along ditches
near gardens and forest belts, along forest edges and other similar places; in depressions, in rather humid,
almost wet places; on plants and among detritus); wide oligophytophagous (on goosefoots: Chenopodium,
Atriplex); 2-3 generations per year [10]; wintering adults. Trans-Palaearctic species.

Berytidae family. Neides afghanus Seidenstucker, 1968.Almaty oblast, Kerbulak raion, Altyn Emel
SNNP,Minbulak border, 06.07.2018, 23, 29; Koyanditau mountains, Uzinbulak border, Konkbasay
gorge, 18.07.2019, 29, 1J; Uzinbulak gorge, Tulkily and Kaiyndi, 28-30.07.2019, 39, 4J. Herpeto-
hortobiont; Meso-xerophilus (in dry places, under stones and on the soil under grasses, flies over shrubs
and high grains in warm weather [7]; wide oligophytophage (most often on cereals); monovoltine;
wintering adults.Middle Tetian kind.

Neides tipularius (Linnaeus, 1758).Almaty oblast, Kerbulak raion, Altyn Emel SNNP, Minbulak
border, 16.06.2018, 19, 23 06.07.2018, 13, 2Q; Uzinbulak border, Konkbasay gorge, 10.07.2018, 12,
24 18.08.2019, 39, 24'; Katutau mountains. 04.07.2018. 12, 23; 23.08.2019. 29, 14 Hortobiont; meso-
xerophile (in dry places, forest edges and forest glades, both in the lowland and in the mountains up to
3000 m above sea level); wide oligophytophage (most often on cereals, mainly on Cerastium u Arenaria,
but sometimes on other herbaceous plants); monovoltine; wintering adults [7]. West Eurasian kind.

Berytinusgeniculatus Horvath, 1885.Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Shygan
border, 06.07.2018, 39, 2J4; Minbulak border, 08.07.2018, 24, 29; Zhantogay border, Ili floodplain,
10.07.2019, 29, 33. Hortobiont; meso-xerophile (on solonetzes and solonchaks in the desert and in
floodplains); wide oligophytophage (on legumes, sometimes on alfalfa crops); monovoltine; wintering
adults [7]. West Palaearctic species.

Berytinussignoreti Fieber, 1859.Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Singing barkhan,
09.06.2018, 32, 24; 06.07.2018, 24, 29;18.08.2019, 32, 24;10.07.2019, 2%, 33 Hortobiont; xerophile
(lives on sandy soils, dune sands); wide oligophytophage (on Lotus, Ononis, Hippocrepis, etc.);
monovoltine; adults are wintering [11]. West Eurasian kind.

Gampsocoris culicinus culicinus Seidenstucker, 1948.Almaty oblast, Kerbulak raion, Altyn Emel
SNNP,Koyanditau ridge Uzinbulak gorge, Tulkily and Kaiyndi, 28-30.07.2018, 29, 2J; 24.06.2019, 29,
34,18.08.2019, 39, 243 .Herpeto-hortobiont; meso-xerophile (habitats - from the dry rocky slopes of hills
and mountains, well warmed by the sun, to moist shady); polyphytophage (herbaceous plants of many
families: lipaceae, rosaceae, borage, chickweed, legumes, asteraceae and others); up to 2 generations per
year; wintering imago [7, 11]. West Palaearctic species

Gampsocoris punctipes punctipes (Germar, 1822).Almaty oblast, Kerbulak raion, Altyn Emel
SNNP,Koyanditau, Konakbasay gorge, 30.07.2018, 29, 2J3; 24.06.2019, 29, 3J; 18.08.2019, 39,
24 .Herpeto-hortobiont; xerophile (dry rocky slopes of hills and mountains, well warmed by the sun,
clearings, in sandy meadows and coastal dunes); polyphytophage (herbaceous plants of many families:
lipaceae, rosaceae, borage, chickweed, legumes, asteraceae and others); monovoltine; wintering imago
[7, 11]. West Palaearctic species.

Metacanthus meridionalis Costa, 1847.Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Katutau
mountains. 04.07.2018. 19, 24 23.08.2019. 29, 1J4;Aktau mountains. 04.07.2018, 29, 23; 03.08.2019,
29, 2J&.Hortobiont; meso-xerophile (semi-desert, in dry stations in the mountains); narrow
oligophytophage (on Epilobium hirsutum), monovoltine; wintering imago [12]. West Eurasian species.

Pyrrhocoridae family. Pyrrhocorismarginatus Kolenati, 1845.Almaty oblast, Kerbulak raion, Altyn
Emel SNNP,Koyanditau ridge Uzinbulak gorge, Tulkily and Kaiyndi, 28-30.07.2018, 49, 3J3'; 24.06.2019,
39, 33,15.07.2019, 39, 43 18.08.2019, 39, 2J4;Katutau mountains. 04.07.2018. 39, 24 23.08.2019.
29, 33, Herpetobiont (on the upper layers of the soil at the roots of herbaceous plants and under stones);
Meso-xerophile (in the steppe and semi-desert, in the middle zone of mountains, dry places, hillsides,
areas of the virgin steppe, edges and glades of forests, forest belts, parks, gravitates to lowlands); zoophy-
tophagus (feeds on plant seeds, prefers mallow, Tilia, Robinia, as well as on insect eggs, dead insects [7];
up to 2 generations per year; wintering imago (under stones, in plant litter). West Eurasian species.

Pyrrhocoris apterus (Linnaeus, 1758).Almaty oblast, Kerbulak raion, Altyn Emel SNNP,Kizilauiz
gorge. 17.06.2018. 52, 6J; 05.07.2018. 79, 54; 12.08.2019, 72, 6; Taigak gorge, 21.06.2018, 4%, 53;
Shigan gorge, 06.07.2018, 8%, 7J'; Minbulak gorge, 08.07.2018, 87, 99; Zhantogay gorge, Ili floodplain,
10.07.2019, 109, 82. Herpetobiont; mesophile (forest edges and clearings, forest belts, parks, protective
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afforestation and other mesophilic biotopes; among detritus; often feed on plants, on the ground, in sunny
places, often large colonies; zoophitophagous (feeds on small insects and ticks, also on dead insects, fallen
seeds and juices of green parts of plants (Malva neglecta, Alcea rosea, Lavatera thuringiaca, Caragana
arborescens); up to 2 generations per year; wintering adults in groups among plant residues [7, 13, 14].
Trans-Palaearctic species.

Scantius aegyptius rossii Carapezza, Kerzhner & Rieger, 1998.Almaty oblast, Kerbulak raion, Altyn
Emel SNNP,ym. Keissuiaysz. 17.06.2018. 29, 33; 05.07.2018. 39, 23; 12.08.2019, 29, 24; Taigak
gorge, 21.06.2018, 39, 2&'; Shigan gorge, 06.07.2018, 39, 2J; Minbulak gorge, 08.07.2018, 23, 29;
Zhantogay goge, Ili floodplain, 10.07.2019, 29, 33 Herpetobiont (lives in the soil, among the remains of
dried plants); meso-xerophile (steppe, edges and glades of forests, rocky mountainsides with sparse
vegetation); zoophytophage (small insects and fallen seeds of malva, Compositae, cruciferous and some
other families); up to 2 generations per year [7]; wintering adults. West Eurasian species.

Taxonomic composition of AltynEmel SNNP Hemiptera

Family Species # of kinds %

Parapiesma atriplicis (Frey-Gessner, 1863)

Parapiesmakochiae(Becker, 1867)

Parapiesma kolenatii Fieber, 1861

Parapiesma quadratum (Fieber, 1844)

Piesmatidae Parapiesma salsolae (Becker, 1867) 9 47

Parapiesmasilenes(Horvath, 1888)

Parapiesma variabile (Fieber, 1844)

Piesma capitatum (Wolff, 1804)

Piesma maculatum (Laporte, 1833)

Neides afghanus Seidenstucker, 1968

Neides tipularius (Linnaeus, 1758)

Berytinusgeniculatus Horvath, 1885

Berytidae Berytinussignoreti Fieber, 1859 7 37

Gampsocoris culicinus Seidenstucker, 1948

Gampsocoris punctipes (Germar, 1822)

Metacanthus meridionalis Costa, 1847

Pyrrhocorismarginatus Kolenati, 1845

Pyrrhocoridae Pyrrhocoris apterus (Linnaeus, 1758) 3 16

Scantius aegyptius rossii Carapezza, Kerzhner & Rieger, 1998

Total 19 100

As can be seen from the data presented in Table 1, as a result of studying 3 families, 19 species of
Hemoptera were identified, the species diversity of the identified bugs was dominated by representatives
of the Piesmatidae family - 9 species (47%), Berytidae - 7 species (37%) . Pyrrhocoridae has only
3 species (16%).

Conclusion. As a result of the analysis of field and laboratory studies, taxonomic structure of
Hemipteraspecies diversity at Altyn-Emel SNNP was determined. The vast majority of species are typical
representatives of desert fauna, distributed throughout the desert zone of Palearctic or in most of it. As a
result of studying 3 families, 19 species of Hemoptera were identified. By the number of generations per
year, the Hemiptera of Altyn-Emel SNNP are divided into 3 groups: monovoltaic - 6 species, bivoltine -
10 species, polyvoltaic - 3 species. According to nutritional links of the identified true bugs:
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polyphytophages - 3 species (16%), wide oligophytophages - 5 species (26%), narrow oligophytophages -
8 species (42%), zoophytophages - 3 species (16%). By confinement to the habitats, the Hemiptera of
Altyn-Emel SNNP are divided into several groups: hortobionts (12 species), herpeto-hortobionts
(4 species), herpetobionts (3 species).

Different species of Hemiptera have different requirements for the habitat’s degree of moisture.
Based on this feature, the following ecological groups of species were identified: meso-xerophiles
(13 species), xerophiles (2), mesophiles (4 species).

The zoogeographic spectrum of the fauna is represented by 7 groups: transpalearctic (4 species),
West Palaearctic (3 species), Trans-Eurasian (1 species), West Eurasian (7 species), Middle Tetian (2 spe-
cies), Mediterranean-Black Sea-European (1 species), Mediterranean-European-European -Euro-Siberian-
Kazakhstani (1 species).

1. 1. Aknvzkanos’, I1. A. Ecen6exoBa’, B. K. Eauk6aes'

1I§a3al< YATTHIK arpapiblk yHUBepcuTeTi, Anmarsl, Kazakcras,
KP BFM FK «3o00m0orus uacTUTYTHDY, AnMarsl, Kazakctan

«AJITBIHEMEJI» MEMJIEKETTIK YJTTBIK TABUFU IMTAPKI KAPTBLITAM
KATTBIKAHATTBIJIAP (HETEROPTERA) ®PAYHACBIHA MATEPUAJIJIAP

AHHOTAUHA. «AJITBIHEMEI»TAOUFU TMAapKiHIH JIAHIMAQTTApEl TOPT Typre OOINiHAi: IIaJIFBIHIBI-IANa, Iaia,
II6JICHT jkoHe mesl. TaOuraTrTarsl oHE aJjaM eMipiHAEri OMBIPTKACBI3AAP/IbIH MAaHBI3BI 6TE 30D, COHAM-aK OJIApAbIH
aTKapaThIH peli Je caH ajdyaH OOJBIN Keiemi. ANl OKiHImTici, ¢ayHa, OHOIOTHs, SKOJIOTHS Typajbl aKImapaTrTaH ThIC
Oapnbik TakcoH Ooiibrama, «AnteiHeMem»MTYII aymarsiHAa OMBIPTKACHI3AAp a3 3epTTENTeH TON OOJBII Kaia
Oepeni. [TapkTiH (hayHachHl caH ayaH TYpJIUTITiIMEH JKOHE SHAEMHU3MMEH epeKIIeIeHE .

JKapreinaii KaTThl KaHATTHUIAP HEMece KaHaana Tapisainep (Heteroptera) — opTypiii OnoTonTapasl MEKCHICHTIH
’KOHE OMOTeOLeHO3AapAarbl OHOJIOTHSIIBIK MTPOLECTEPAE MaHbBI3Abl POJ aTKapaThiH, TOJBIK eMecC e3repyi 0ap KoH-
JIKTepiH eH YJIKeH oTpsabl. byTanapabiH apacsiHaa sKBIPTKBILITAP HEMECe opPTYPIIl KOIMEH KOPEKTEHETIH KONTEreH
Typisiep Oap, Gipak men KOpekTi Typiep 0ackiM; ojap ©CiMIIK LIBIPbIHAAPbIMEH, HEri3iHeH ONap/blH reHepaTHBTI
OeuiKTepiMEH KoHE TYKBIMIAphIMEH KOPEKTEHeIi, Mep3imMJi MaccajblK TYple keOeiieni; ofap aybuINIapyalbUIbIK
JaKbUIIapFa (IoHI1 TaKpUIIap, )KeMIIell, KOKeHICTep, KeMicTep), COHIal-aK >KalblUIbIMIap MEH OpMaHaapFa alTap-
JBIKTA 3USTH KEATipei.

3epTTey Makcarbl — 3€pTTENETIH aiiMakTa TYpaTbIH KapThllad KaTThl KaHATTBI JKOHIIKTEPIiH OHOJIOTHSIBIK
ajyaH TYpPJIUITiH aHbIKTay, «AnteiHeMem»MTY¥II aymarpiHma >KapThUIaid KaTThl KaHATTHI KOHIIKTEp TYPIEPiHiH
SKOJIOTHSUTBIK, OMOJOTHSIIBIK €PEKIIeIiKTepi MEH TapalyblH 3€PTTEY.

By makanans! xazy ymia 2018-2019 xemnapsr «AnteiHeMem»MY TII-HiH opTypili OHOTONTAPEIHAA 3EPTTEY
KYPTi3reH aBTOpJIApAbIH MaTepHaKUHAKTapbl MEH OaKblIayay HOTHKeINepl aiaanaHbUIIbL.

Jananelk >koHE 3epTXaHalbIK 3epTTeylepll Tajnay HOTHKECIHAE «AJTHIHEMEDKapThlIail KaTThl KaHATThI
MTY¥II TypaepiHiH ajgyaH TYpIUTTiHIH TaKCOHOMHSUIBIK KYPBUIBIMbI aHBIKTANbL. TypiepiiH 0achiM KeILIiIir
[ManeapkTuKaHbIH 1I6JIAI aiiMarblHAa HEMECE OHBIH Kol OeiriHie TapajiFaH 1iel (ayHachIHbIH THUITIK OKULIEpi
©O0JIBIIT TAOBLIA/IBL.

Makanana aHbIKTaIFaH TYPJIEPIiH aHHOTALMsUIAHFaH Ti3iMi OepiireH. OpOip Typ YIIiH, )XMHAY MYHKTTEpI,
Tapaiybl, OMOJIOTHs JKOHE HKOJIOTHUS Typajlbl KbICKalla aKinapar oepijireH.

«AnteiHemMem» M¥TII TeppuropusceiHAa XYPTi3IIreH 3epTTeysep HOTH)KECIH e KapThllai KaTThIKaHATThUIap-
IbIH 3 TYKbIMJACBIHA jKaTaThlH 19 Typ aHbIKTanasl. TaObUIFaH KapThUIail KATTHIKAHATTBUIAD KOPEKTIK JKaFbIHAH
GaimanbICThI, onap:nomuduTtodarrap — 3 typ (16%), ken onmurodpurodarrap — 5 typ (26%), Tap onurodpurodarrap —
8 Typ (42%), 300utodarrap — 3 Typ (16%).«AnterHemen» M¥ TII xxapTbutail KaTTHIKAHATTHUIAPH! KBUIBIHA YPIIAK
KaJIBIPYHI J)KaFbIHAH 3 TOMKa OeiHeni:MoHOBONBTUHAL — 6 TYp (37%), OuBonsTHHII — 10 TYp (53%), MOMTUBOIBTHH-
ai — 3 1yp (10%).«AnteiHemenn» MY TII xapToiiail KATTHIKAHATTBLIAP TIPUILUIIK €Ty OpTachiHa OaillaHbICThI OipHele
TonKa OemiHeni: xopTroonontrap (12 Typ, 63%), repmero-xoprobuontrap (4 typ, 21%), repnerobmontrap (3 Typ,
16%). 3eprrey aiiMarblHaH TaObLIFaH KapThlall KaTTHIKAHATTBUIAP KeJIeCiJel DKOJOTMSUIBIK TOITapra OesiHei:
Mme3o-kcepodmiaep (13 Typ, 68%), kcepodumnep (2 Typ, 11%), mezodunaep (4 Typ, 21%). XKaprbuiait KaTThIKaHAT-
ThUIap (hayHackl 300reorpadysuIbIK Tapaly aiMarblHBIH 7 TOOBIHA jKaTajbl: TpaHCHajeapKTUKaiblK (4 Typ, 21%),
GarpicianeapkTukaibik (3 TYp, 16%), Tpanceypasusisk (1 Typ, 5%), 6arsiceypasusutsik (7 Typ, 37%), opTareTuiiik
(2 Typ, 11%), xepoprareHizi-KapareHiz-eyponaislk, (1 Typ, 5%), >kepoprareHizi-eyponaiblK-eypociOip-Ka3aKcTaH-
IbIK (1 Typ, 5%).

KiroueBble ciioBa: xapThUIail KaTThIKaHATTHUIAP, Heteroptera, « ANTBIHEMEN»YITTBIK TaOUFH mapKi, OHTYCTIK-
IIerreic Kazakcran.




News of the National Academy of Sciences of the Republic of Kazakhstan

JI. LI Axumskanos', IT. A. EcenGexora’, b. K. Eaukéaes '
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MATEPHUAJIBI K ®PAYHE ITOJIYKECTKOKPBLJIBIX (HETEROPTERA)
TF'OCYAAPCTBEHHOI'O HAIITMOHAJIBHOI'O ITIPUPOAHOTI'O ITAPKA
«AJITBIH-OMEJIb»

AHnHoTanus. Jlanmmad Tl IPUPOAHOTO MapKa «ANTHIH-OMETb»CHOPMUPOBAINCH B TIpeJieNiax YeThIPEX THIIOB:
JIyTOBO-CTETTHOTO, CTEIHOTO, MOJYIyCTBIHHOTO M IYCTBHIHHOTO. 3Ha4e€HHE OECHO3BOHOYHBIX B IPHUPOAE M B KU3HHU
YyeJloBeKa MOUCTHHE OTPOMHO, a pojlb, KOTOPYIO OHM BBINOJHSIOT, KpaiiHe pazHooOpasHa.K coxxanenuto, Gecro3so-
HOYHEIE XHUBOTHBIE Ha Tepputopuu ['HIIIT «ANTEIH-OMeNb» oCTaroTcA eme caabon3ydeHHON TPYIIIoi U CBEICHUS
1o (ayHe, OHOJIOTHH, SKOJIOTUH MMEIOTCS TAJICKO HE M0 BceM TakcoHaMm. DayHa mapka xapakTepusyeTrcs 0orarbiM
pa3HooOpa3ueM U SHICMU3MOM.

Homyxectrokprutsie, wiu Kiromsr (Heteroptera) mpeacTaBisifoT caMblii KPYIHBIN OTpsI HACEKOMBIX C HEIOJ-
HBIM TIPEBPAIEHUEM, 3aCEIIIONINX CaMble pa3HOOOpa3Hble OMOTOIBIMIPAIONINX BAKHYIO POIb B OMOJIOIMYECKUX
nponeccax B OuoreorneHo3ax. Cpean KIOMOB MHOTO BHIOB XHWINHBIX WM CO CMEHIAHHBIM IHTaHWEM, HO IIpe-
0051aialoT pacTUTENbHOSHbIE ()OPMBI; OHM MHUTAIOTCA COKAaMHM DPACTEHWH, IVIaBHBIM OOPa30M,MX TCHEPAaTHBHBIX
opraHoB u cemsH.Ilepromuuecky pa3MHOXasiChb B MAacCOBOM KOJIMYECTBE, OHM HAHOCAT CYIIECTBEHHBIH Bpex
CEJILCKOXO3SICTBEHHBIM KYJIBTYpaM (3€pHOBBIM, KOPMOBBIM, OBOIIIHBIM, IUIOJIOBBIM), @ TAK)KE MTACTOMIIAM H JIECaM.

[lenpnaHHOTO HMCCIIEAOBAHUS — BBIABICHHE OMOPa3sHOOOpa3Hs MONTYKECTKOKPBUIBIXHACEKOMBIX, HACEISIOIINX
TEPPUTOPUIO HCCICIOBAHUS, M3YUUTh SKOJIOTHYECKHE, OMOJIOTHYECKHE OCOOCHHOCTH M PacHpOCTPAHCHHE BHIOB
MOJTYKEeCTKOKPBUIBIXHACEKOMBIX Ha Tepputopuu [ HIIIT « ANTHIH-OMenby.

Marepuanom IJ1sl HalMCaHUsI HACTOSIIEH CTAaThbH IOCITYXHIN COOpBI M HAONMIOAEHHS aBTOPOB, IIPOBEICHHBIE B
2018-2019 rr. B paznuunsix 6unoronax ['HIIIT « AnTEIH-OMENb.

B pesynbprare aHannsa, IpOBEACHHBIX ITOJEBBIX M Ja0OPATOPHBIX UCCIEAOBAHUH ONpezieieHa TAKCOHOMUYIECKas
CTPYKTypa BHIOBOTO pa3Hoo0Opa3mst momykecTKOKpbutbix [HIIIT «AnterH-OMensy. TlomaBisromee OONBITMHCTBO
BU/IOB SIBIISIFOTCSl THIMYHBIMH TMPEACTABUTEISIMUA IYCTHIHHOW (hayHBI, PAacIpOCTPAaHEHHBIMH IO BCEH ITyCTHIHHOM
30He [laneapkTrke MM Ha OONBIIEH €€ YacTH.

B crarbe nmpuBOIMTCS aHHOTHPOBAHHBIM CITMCOK BBIABICHHBIX BHUAOB. [Is Ka)XXKIOro BHIAa NMPHUBEAEHBI TOUKU
cOOpOB, KpaTKKUe CBEACHHS 10 paclipoCTPaHEHHIO, OMOIOTHH 1 SKOJIOTHH.

B pesymbrare mposenennsix uccnenoanuii B IHIIII «AnTeiH-OMens» Hamu Obuto oTMedeHO 19 BHIoB
MOTY>KECTKOKPBUIBIX, OTHOCAIIMXCSA K 3 cemeiicTBaM.Ilo MUIIEBBIM CBA3SIM M3 BBISBICHHBIX MOIY>KECTKOKPBUIBIX:
nomugurodarn — 3 Buga (16%), mmpokue onuropurodarn — 5 BUn0B (26%), y3kue onuropurodarn — 8§ BHIOB
(42%), 300¢utodarn — 3 Buma (16%). Ilo uncoy nokoneHuit B ron nonmyxecTkokpbuisie IHIIIT «AnTeiH-OMens»
pa3zmensroTcs Ha 3 TPYIITBI:MOHOBOJIBTUHHEIE — 6 BUIOB (37%), 6buBomsruHHBIE — 10 BumoB (53%), MOMHBOIBTHH-
Hele — 3 Bupa (10%). Ilo mpuypodeHHOCTH K MecTaM oOuTaHus moiyxecTkokpsutble ['HIIIT «AnTeiH-OMens»
MOAPA3EISIIOTCS. Ha HECKOJIBKO IPYMIT: XOpTOOHOHTSHI (12 BHaoB, 63%), reprieTo-xopToOnoHTH (4 BUIOB, 21%), rep-
netoOnoHTH (3 Buna, 16%). Belnenens! cieayronye 3K0JI0rn4ecKnue rpyIbl BUAOB: Me30-kcepoduisr (13 BumoB,
68%), xcepodunsl (2 Bunma, 11%), mezodmnsr (4 Bunma, 21%). 3ooreorpaduueckuii cnekTp (ayHbl HMpeaCTaBICH
7 rpynmamu: TpaHcnaneapkTuieckas (4 Buna, 21%), zanagHonaneapkrudeckas (3 Buma, 16%), TpaHceBpa3suarckas
(1 Bun, 5%), 3amagHoeBpasuarckas (7 Bunos, 37%), cpennereruiickas (2 Buna, 11%), cpeam3eMHOMOPCKO-TIpHIEp-
HOMOpcKo-eBponeiickas (1 Bug, 5%), cpean3eMHOMOPCKO-EBPOIIEHCKO-eBpocnOnpcKko-kazaxcranckas (1 sun, 5%).

KuaroueBble c¢J10Ba:MoNyXeCTKOKphUTEIe, Heteroptera, «ANTHIH-OMeNb), HAIMOHAIBHBIA MPUPONHBIA TapK,
1oro-soctok Kazaxcrana.
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[NMamsamu y4eHbIx

XYIAUBEPTEHOB
SHBEPBEK BEKOBUY

(22.07.1924 - 26.07.2019)

26 urons 2019 roga Ha 95 romy KU3HU CKOHYAJCS 3acTyKeHHBIH paboTHHK MHCTHTYyTa OOTaHUKY U
(UTOMHTPOAYKITHH, BeTepaH Tpyaa XynaitoepreHoB DHBepOeK bekoBwy.

Xynaitbeprenos DuBepbexk bekoBuu poamics B 1924 romy, OKOHUMI OHONOTHYECKHH (pakymbTeT
Kazaxckoro rocynapctBennoro yausepcurera uM. C.M. Kupoga.

C 1958 roma DHBepOek bexoBnd Hadanm paboTaTh B OTHEJIE PACTUTEIBHBIX PECYPCOB, CO3IaHHOM B
1956 rony no uaunuaTuee 1.0.H. Banentunsl [1aBnosasl Muxaiinosoit — yuenuiisl H.B. T1aBioga.

B oTnmene pacTUTENnbHBIX pecypcoB, Tae oH mpopabotan 13 ner, DHBepOek bexoBuu BMecTe ¢ 3aB.
otaenoM B.I1. MuxaitnioBoii 3aHUMaJICsi U3YUYEHHEM PACIPOCTPAHEHUS M 3allacoB Pa3IMYHBIX BHUIOB
conmoniku B KazaxcTaHe, a Takxe KyJbTypoi 3Toro poja Ha tore Kasaxcrana. Otu uccnenoBanus (HCTo-
nurenn B.J1. MuxaiinoBa, 3.b. XynaiiOepreHoB), CTaBIINe YacTbIO BCECOIO3HOTO M3YUYCHHUS U MCHOJb-
30BaHUs coNONKH B HapoaHoM xo3sifictBe CCCP, H3110)KeHBI B OTYETaX U HalleyaTaHbl B HAYYHBIX TPyax
WNuctutyTa 60oTanmku AH Ka3zCCP.

B 1970 roxy oH 3ammTun quccepranuio Ha TeMy «CollofKa rojias u ypaibcKas Ha 1oro-Boctoke Ka-
3axcta"a». M omyonukoBaHo cBeimie 100 pabot, B ToM guciie 2 MOHOTpaduH, MOCBSIIEHHBIE COJIOKE.

B monorpadun «Conoaxkn Kazaxcrana» (1979) paccmaTpuwBaroTcs apeaibl, 3amachl, 3KOJIOTHSI,
ouosorust, GUTOLEHOJIOTHS, (POPMOBOE Pa3HOOOPA3HE COJIOIKH U APYTUX MOJIE3HBIX PACTEHUH, OCBEIICHBI
pe3ybTaThl OMBITOB MO KYJNbTYpe PasInuHBIX BHIOB COJIOJKH B ycIoBHAX KazaxcTraHa, maHBI peKOMEH-
JTAIAH TI0 OXPaHe M MCIIOJIb30BaHUIO MePCIeKTUBHBIX pacTeHnii Kasaxcrana. B 1990 rongy Obuia omy6mu-
KOBaHbI BTOpasi MOHOTpadust «bronornveckas u X03HCTBEHHAs XapaKTEPUCTHKA BHIOB collonku Kazax-
CTaHay.

B 1975 rony DHBepbek bexoBuu Obim koMaHmupoBaH B MpaH, rae pykoBogus paboToi 1o mccie-
TIOBaHUIO (hJIOPHI U PaCTUTEIHHOCTH MACTOUITHBIX YTOMUNA CEBEPHOU YacTH ITOW CTpaHBl. Ha ocHOBaHWHM
3THX MaTepHaJiOB UM COCTABIICH OTYET U pa3padOTaHO TEXHUKO-DKOHOMHUYECKOEe 000CHOBaHHUE MO YIyd-
HIEHUIO €CTECTBEHHBIX M OPraHU3alMH KyJIbTYPHBIX MACTOUII 1 CEHOKOCOB.

C 1976 Toma mpoIoiKIIT TPYIOBYIO IesATENBHOCT B [ maBHOM OoTanmdeckom caxy AH Ka3zCCP, rme
nmo 3amaHuio ['ocymapcTBeHHOro KomuTeTa mo Hayke U TexHuke Coera MunmctpoB CCCP BBIIOTHSI
HaYYHO-HCCIIEIOBATENbCKYI0 padoTy «OLeHKa COCTOSHUS PAaCTHTENBHBIX PECYypcoB ApPanbCKOTO PEruo-
Hay (1976-1979 1r.). OTUeT M npopadoTtka k 3aganuro ' KHT Ovuim mepenansr B MHCTHTYT reorpadun
AH Ka3CCP.
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C 1980 r. pyxoBoaua uccieqoBaHusIMu o Teme «VcnpITanue X03sUCTBEHHO IIEHHBIX BUOB pacTe-
HUW Ha OITyCTBIHUBAIOIINXCS TeppuTOpHaX IIpuapanbs, o0ycIoBIeHHOE CHIDKCHHEM YPOBHS ApPalbCKOTO
MOps» U SBJSUICS PYKOBOJIUTENIEM OOIIMPHONH TeMbl «COBEpIICHCTBOBAHHE MPUEMOB DPEIPOIYKIIHU
HUHTPOIYIICHTOB.

Bynyun 3aBemyrommM oTAena penpoOAyKIMU W 3alIUTHl WHTPOAYIEHTOB [ 1aBHOro O0OTaHWYECKOTO
cajia, OH BEITIONHSI IUIAHOBBIC pa0bOTHI O pa3padboTke d(HPEKTUBHBIX METOJAOB CEMEHHOTO U BETCTaTHB-
HOTO Pa3MHOXKEHUS MHTPOIYIICHTOB, MPOUICANINX MEPBUYHOE UCIBITAHUE B OTACIaX U JabOpaTopHusix
caja; MPOBOIMII OTBITHO-TIPOMBIIIIEHHYIO MPOBEPKY M pa3pabaThIBall CIOCOOBI MACCOBOTO Pa3MHOKEHUS
HanOoJIee EPCIIeKTUBHBIX JEKOPATHBHBIX PACTEHUH, pEKOMEHIyEMBIX IS BHEIPCHIS.

Kpome Toro, nmpoomkain 3aHUMaThCsl HHTPOILYKIIUEH COJIOJIOK U pa3pabOTKON BOIPOCOB UX OXPaHBI
U PalMOHAIBLHOTO KCIOJB30BaHUS, YACIsAs OOJNbIIOC BHHUMAaHUE M pa3pabOTKe MpOTPaMMbl U METOMH-
YECKUX BOTIPOCOB M0 UHTPOAYKIIUU PACTEHUM, BOPOCaM BHEIAPEHUSI.

WM ObLT MOATOTOBJICH aCCOPTUMEHT JCPEBhEB M KYCTAPHUKOB IO OCBOCHHIO OCBOOOIMBIIUXCS
3eMenb B enbre peku Ceipaapbu. bosbinoe BHuManue DHBepOeKk bekoBrY yemnsn BorpocaM 03eIeHeHUS
U PEKOHCTPYKIMH cafa. PyKOBOAUMBIN UM OTAEN pEeNpOAyKLUHU U 3a1uThl HHTpoayLeHtoB I'bC B 1977—
1978 ronpl 3aHMMaN MPU30BBIE MECTA [0 UTOraM COIICOPEBHOBAHUS.

XynaiibeprenoB O.b. aBmsica mocrossHHbIM ydacTHHKOM BJIHX CCCP u Kaszaxckoit CCP, a B
1979 r. 3a mocTUTHYTHIE ycriexu B pa3BuTHu HapomHoro xo3sictBa CCCP Ovin HarpaxaeH bpoHzoBoi
Menanpio BJIHX CCCP u Jumutomom BTopoit creniern BJIHX Kazaxckoit CCP.

XynaitbeprenoB J.b. Bcerga nmpUHUMaJI aKTUBHOE y4acTHE B HAyYHO-TIPOM3BOJACTBEHHOHW M 00IIe-
CTBEHHOW JKM3HH Cajia, SBJISUICS WICHOM Y4eHoro cosera u mpobiemHoro Cosera I'BC, unenom Bce-
COFO3HOTO OOTAaHWYECKOro OOIIecTBa, HEOJHOKPATHO W30HMpaics IpelnceAareleM MECTHOrO KOMHUTeTa
I'bC, mosp30Basics 3aCiTyKEHHBIM aBTOPUTETOM U YBOXKCHUEM Y KOJIJIET U COTPYIHHUKOB.

0.b. XynaiibepreHoB 3a 3acayrd B 00JACTH W3YYCHHUS M HCIIOJIB30BAHUS COJIOJAKH B HAPOIHOM
xo3siictee CCCP Obin HarpakaeH modeTHoU rpamoToii BeecorosHoro o0bennHeHus «Coro3makpuiay, a
ero MoHorpadhuH, TOCBSIICHHBIE COJIOIKE, HEe YTPATHUIN CBOCH aKTyaIbHOCTH U B HACTOSIIIICE BPEMSI.

Haxonsch Ha 3acinykeHHOM oTabixe, D.b. XyaaiibepreHoB HE mepecTaBal UHTEPECOBAThCS JIEATENb-
HOCTBIO W JKHM3HBIO BOoTaHWYecKoro caja, Bcer/ia aKTHBHO yYacTBOBAJl BO BCEX FOOMIICHHBIX MEpOIPHS-
THSAX WHCTUTYTA, OBIT HETIPEMEHHBIM yYYaCTHHKOM BCTPEY COTPYIHUKOB ¢ BeTepaHamu Bemmkoit Otede-
CTBEHHOW BOWHBI M TPYOBOTO (poHTA HakaHyHe JHS [1oOenbl.

Harpaxnen roouneitapiMu Megansmu: «50 net [lodenst B Benmukoit OredecTBeHHON BoliHe 1941—
1945 rr.», «60 net IloOens! B Beaukoii OteyectBenHoM BoiiHe 1941-1945 rr.», «65 net I[Iodenr! B Benu-
kot OtedecTBeHHOH BoiiHe 1941-1945 rT.» 1 «70 net [lobensr B Benmukoit OtedecTBeHHON BoiHe 1941—
1945 rr.», a Takke HarpyAHbIM 3HaKoM «BetepaH BoiHBI 1941-1945.

OHBepOek bexoBwu — MOOSIIUI MyX B OTEIl, BOCIUTABIIHMI OJHOTO ChIHA U ABYX JO4Yepeid, 3a00T-
JUBBI JCNyIIKa W TpaJemyliKa, IOJB30BaJICSd B CEMbE HCKIIOUUTEIBHBIM YBaXXCHHEM U JIOOOBBIO.
Croiikuil, 3aKaleHHBIN CyJp001 YenoBeK, HEMHOTOCIOBHBIA M BIYMYHBBIM, MPUBBIKIINN OTKPHITO TOBO-
PUTH TPABAY, a €CIU Pa304apoBBIBAJICA B JIOASX, HE OCYKAall, OTXOAMI M Mpekpalan oomarscs. Hesa-
BUCUMBIA W HUKOT/Ia HE >KAIYIOIIMICS, MEApbId U BCEerja TOTOBBIM MOMOYb, IEHUBIIUN HCTUHHYIO
Npy>k0y 1 00JIadArOIIHI TyBCTBOM IOMOpA. TakuM OH OCTAHETCS B HAIICH MaMSITH. ..

ITocnennuii pa3 BcTpeua ¢ HaIUMU BeTepaHamu coctosuiach 4 mast 2019 roga, Bo BpeMsi KOTOpOi
KOJUIeTH HaBecTWiIH OHBepOeka bekoBuda B qomMamiHeid OOCTaHOBKE M TO3JPABIIIA C HACTYHAIOIIAM
Juewm ITobOenprl.

CeeTiiasg maMsTh O 3aCIy)KEHHOM COTPYAHHKE, YICHOM, NMPEJaHHOM BBIOpAaHHOMY IIyTH, BETEpaHe,
SHEPrUYHOM U KU3ZHEPAJOCTHOM UEJIOBEKE COXPAHUTCS B HAIIMX CEpIALIax.

Cumnaesa I'.T., cenepanvuviii oupexmop PI'TI
na I[IXB «HUncmumym 6omanuru u pumounmpooyxkyuuy KH MOH PK,
Yuenwuii cosem uncmumyma
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YEKAJIMH
CEPI'EM BJIAJUMUPOBUY

(14.05.1954 — 24.08.2019)

24 amrycra 2019 roma ymien W3 JKM3HU 3aMEYaTeNbHBIN YEIIOBEK, YUEHBIM, TCOPETHK B 00JIACTH
MHTPOAYKIMOHHBIX UCCIIEIOBAHMHN, OJUH U3 aBTOPOB 3KOCHCTEMHOTO MOJIX0a B U3yUYEeHHUH UHTPOIYKIIUU
pacTeHul, 3aBenyrOIINi JlabopaTopuell JASHIPOJIOTUU, KaHIuAaT Oouosnorndeckux Hayk Cepredi Bmamu-
MHUpOBHUY YeKauH.

Uexanun Cepreit Bnagumuposuu poauncs 14 mag 1954 rona B 1. Anma-Are.

B 1971-1976 roawl yumics Ha 6uosiorudeckoM (pakynbrere Ka3zaxckoro rocy1apcTBEHHOTO YHUBED-
cuteta um C.M. Kuposa.

ITocne oxonuanus yauBepcutera ¢ 1977 roga Hadal CBOIO TpynoByIo ouorpadwuro B I'maBHOM OoTa-
HuueckoM cany AH Ka3CCP (abine PT'TI va [1XB «MuacTtutyT 60Tanuku u ¢puronnTponykuun» KH MOH
PK) u mpomren Bce cTynmeHM HAaydyHOTO POCTa OT WHXKEHEpa N0 3aBenyloliero jJabopaTopuei IeHApO-
JIOTHH.

B 1982 roay ycmenrso 3ammTuil JuccepTanuio: « BoaHBIN pekuM U afanTaiysl JUCTBCHHBIX JpeBeCc-
HBIX PAaCTEHUH K 3aCyXe I0XKHOTO THIA» Ha COMCKAHUE YYCHOW CTCNEHHU KaHIuIaTa OMOJIOTHYSCKUX HAYK
IO CIIEIUATEHOCTH «OO0TaHUKAY.

B 1990-1994 roasl pabotan 3amecTuTeNieM AUpeKTopa ['JTaBHOrO OOTAaHHMUECKOTO cajia M0 HaydHOU
pabore.

C 1995 roga o mocneAHUX IHEH )KU3HUA PYKOBOAWI TabopaTopueii IeHAPOIOTHH, 00ecTIeunBaroIIeit
COXpaHEHHWE W Pa3BUTHE KOJUICKIIMOHHBIX (DOHIOB IpPEBECHBIX pacTeHwi [ TaBHOro GOTaHMYECKOTo caja,
KOTOpbIE B HACTOAIIEE BpeMsi HACUHTHIBAIOT cBbIlIe 900 TakCcOHOB, a ofIee YHCIO0 JPEBECHBIX pacTeHHH
OTKPBITOTO TPYHTA MPEBBIMIAET 25 THIC. IK3EMILISPOB.

Cepreit BnagumupoBud UekannH SBISUICS OJHUAM M3 TJIABHBIX TEOPETUKOB MHTPOIYKIIMOHHOTO Ha-
npasienus B Kazaxcrane. B 1987 rony um omy6nukoBana MoHorpadusi: «BoaHbli 6agaHc U COCTOSHHE
pacTeHHid», M0 MarepuanaM KOTOpoi ObuIo moiydeHo aBTropckoe cBuaeresnbeTBo CCCP Ha «Croco6
onpeaeneHus PU3MOIOTHUECKOTO COCTOSHUS TKaHEH JTUCTHEB PACTESHUID».

B 1992 roxy B coaBTOpcTBe ¢ akagemukoM HAH PK M.O. baityauHBIM 1 JOKTOPOM OHOIOTHIECKIX
Hayk M. A. IIpockypskoBeIM BbIILIa B cBeT MOHOrpadus «CHCTEMHO-3KOJOTHYSCKUN MOAXOJ] K
WHTPOAYKIWU pacTeHui B Kazaxcrane», B KOTOPOH BIIEPBBIE N3II0KEHBI TEOPETHUECKHE U METOTUICCKIC
OCHOBBI CUCTEMHOM JIeATEIbHOCTH OOTaHIMYECKUX CaZ[0B PECITYOIHKH.

B 2010 romy coBmectHo ¢ T.M. Hypmyparynsl omyOnukoBaHa «HamuoHanbHasi METOIOJIOTHS
OIICHKU U COXpaHEeHUsI TUKUX IJI00OBBIX JiecoB Kazaxcranay.

B 2012 roay m3nmana xaura C.B. Uekammna, I'.'T. CutnaeBoit m B.A. MacanoBoii «Paccenenus u
XOJIOZIOYCTOHYMBOCTh JIPEBECHBIX pacTeHWd EBpasum (cyOTpomnmyeckune, yMEpeHHbIE W CYOIOJSpHBIC
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TEPPUTOPHH)», B KOTOPOI MpeACTaBICHBI KOHIICTIIINS PacCeIeHHUs PACTCHUH MO BIVSIHUEM UKINIEeCKAX
MaKpOKIIMMATHYECKUX M3MEHEHWH W TPUHINIHAIFHO HOBBI CHCTEMHO-apeaoTHIecKuil METOJ] UHTPO-
JTYKIIMOHHOTO MPOTHO3WPOBAHUSI.

B 2017 roxgy 6b1mi omyOIMKOBaHbl 3 HAYYHBIX TPyAa:

«ACCOPTUMEHT W KaTajor ApPEBECHBIX pPACTEHHWH, PEKOMEHIOBAaHHBIX IS O3€JICHEHUS Tropojia
ATnMaTeD) ¢ KOJJIEKTHBOM aBTOPOB;

«bapbapucer 1oro-soctouHoro u rokHoro Kazaxcrana» B coaBropctBe ¢ A.C. Iloxapckum,
A.H. Umaesoii, riae 0000IIeHBI pe3yabTaThl UCCiIeq0BaHnl 0apOaprcoB B TAKCOHOMUYIECKOM, MOpdoIto-
THICCKOM B OOTAaHHKO-TEOTPadUICCKOM acIIeKTaxX;

«OnureHeTHYecKass TOMOJIOTHYECKasi M3MEHYHBOCTh (DOPMBI IJIOAOB pacTeHUi» (MoHorpadus), B
koTopoit C.B. Uekanun Ha MaTepuaiax HCCIeTOBaHUN s10JI0HM 1 OapOapuca MoKa3bIBaeT 0OBEKTUBHOCTD
1 SIUTEHETHYECKYI0 00YCIOBICHHOCTh CHCTEMHONW M3MEHUYNBOCTH (POPMBI IIJIOJIOB PACTEHHH, paCKpHIBas
HEKOTOpPBbIE 3aKOHOMEPHOCTH TaKOH N3MEHYHBOCTH.

C.B. Yekanuu sBISUICS HayYHBIM PYKOBOJHUTENEM 3-X TPAHTOBBIX MPOEKTOB M OTBETCTBEHHBIM
WCTIOJTHUTEJIEM Hay9YHO-TEXHUYECKUX TPOTPaMM.

ABTtop 60mee 100 HaydHBIX cTAaTEH M TE3UCOB, W3 KOTOPHIX 10 OmMyOIMKOBaHEI 32 pyOEIKOM.

YYacTHUK MEXIyHapOJIHBIX HAyYHBIX MpoekToB B pamkax «lIporpammser passutuss OOH», «I'mo-
OapHOTO AKOIIOTHYECKOTO (DOHMIA» U JP.

beccmennplii wimeH penkoiuteruul 14 omyOIMKOBAaHHBIX COOPHUKOB MEXIYHAPOIHBIX HAYYHBIX
KOH(EpeHIUH, TOCBAIIEHHBIX U3yUeHUIO pacTuTeNbHOro Mupa Kazaxcrana (2001 —2017 rr.).

OH Bcerna akTUBHO y4YacTBOBaJl B OOIIECTBEHHOW XM3HM HWHCTUTYTa M TOpoja, OyOy4dH UJICHOM
OOIIECTBEHHOTO 3KOJIOTHYECKOTO coBeTa ropoga Anmarel. Ero WMsS W MHTEPBBIO 1O aKTyalbHBIM
npobieMaM OOTAaHMYECKOTO Casia, O3CJICHEHUs] rOpoja, COXpaHeHHsT OMopa3HOOOpa3usi MOKHO HAaWTH B
CpeAcTBaX MaccoBOH MH(POPMALIUH.

3a TUIOAOTBOPHBI MHOTOJETHHH TPYN W Hay4yHbIe IOCTWXeHHs B oOmactu Ooranumku Cepreit
BragumupoBud HarpakaeH OmaromapcTBeHHOW TpamoTon «Anreicy MOH PK (2016) u mHarpymHbM
3nakoM «ExOek apmarepi» (2017).

KomnmexktuB mHCTHTYTa, B KOTOPOM OH Tpyawics 42 roja, MOTEpsul APYyra, €IUHOMBINUICHHUKA,
COpaTHHKA, HACTAaBHUKA ¥ U3BECTHOTO YUEHOT0-00TaHMKa, OE3rpaHNYHO MPEeIaHHOTo cBOel mpodeccnu u
M30paHHOMY IIYTH, 3aMEUYaTeIbHOTO PYKOBOAMTENS, OT3BIBUMBOTO MU BHUMATENBHOTO K CBOMM COTPY-
HHUKaM, IPUBETINBOT0, HEPABHOIYIITHOTO U UYTKOT'O KOJIJIETY, JYIIEBHOTO YEJIOBEKA, a CEMBbs — 3a00TIH-
BOTO OTIIa U JTFOOAIIETO NEAYIIKY.

Cepreit BramuMupoBUd TpOXKIIT SPKYIO JKA3HB, BCETAA OTIWYAICS aKTHBHOW TMO3HUITUEH, BHICOKAM
npoQeCcCHOHATN3MOM, YEIOBEYHOCTHIO, HHTEIIMTEHTHOCTBIO, KU3HETI0OUEM U ONITHMU3ZMOM.

Ceetnas namsate o Cepree BrnaguMupoBuye cOXpaHHUTCS B HAIIMX CEPAIAX, & €T0 UM — B HCTOPUHU
HAaIllero MHCTUTYTA U Topoal

Cumnaesa I'.T., cenepanvuviii oupexmop PI'TI
na [IXB «HUncmumym 6omarnuxu u ¢pumournmpooyxkyuuy KH MOH PK,
Yuenvui cosem uncmumyma
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