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MATEMATHUKA U UHOOPMATHUKA

MPHTH: 81.93.29
VK 004.056.5

PA3PABOTKA OHTOJIOI'MY UH®OPMAIIMOHHBIX ATAK U YI'PO3
MPOMBIIUIJIEHHOI'O UHTEPHETA BEIIEN
B IPOTPAMMHOM CPEJIE PROTEGE 5.0

Amuposa A.C., ToxmeroB A.T., ’KanacoaeBa A.C.
Eepasuiickuii nayuonanvuoiu ynueepcumem um. J1. H. I'ymunesa,
Hyp-Cynman, Pecnybauxa Kazaxcman
e-mail: whitesilk@mail.ru

Ilpumenenue oHmono2UHeCKol MoOenu, NO380siem UCNOAb308Ab eOUHYI0 0A3Y 3HAHUU, XPAHAWYIO 6
cebe NOHAMULIHYIO cUCeMy YRpagieHusi O0CYNOM K UHOPMAYUOHHBIM Pecypcam, a maKice opmanbHyio
CEMAHmMuKy Mmooenupyemou cucmemvl. Ilocmpoenue NpoSPAMMHLIX CucmeM aHAIU3A UHDOPMAYUOHHOU
3AUUWEHHOCIU C8A3AHO C NPOONeMOll npedcmasienus, 00pabomxu U KOMHIEKCUPOBAHUS PA3HOPOOHOU
unpopmayuu. Ilosmomy, 6 Hacmosiwee pems udem OOCMAMOYHO AKMUBHOE NPUMEHEHUE OHMON0SUYECKUX
Mooenell, OeCKpUNMUBHBIX JIO2UK U J0SUYECKO20 6bl800d 8 pA3IUYHBIX ACNeKMAX UH@OPMAYUOHHOU
bezonacnocmu. B oannou cmamve onmonocus amax 6 10T Oviia nocmpoena 6 uemvipex UMEPEHUSX!
BEKMOP AMaKu, 8o30elicmseue amaku, yeib amaxku u nocieocmeus amaxu. bvlia paspabomana onmono2ust
0711 onpeoenenus xapaxmepa amax. Jaunas oHmono2us MOdCem nomodb Cneyuanucmam no 6e30nacHocmu
BbIAGIAMb U OOHAPYICUBAMb amaxKu Ha Kubepnpouzsoocmeennvle cucmemvl. Taxoice modcem Ovlmb
UCNOMBL306aHA 0151 OANbHEUel Pa3pabomKy CUCEMbl CEMAHMUYECKO20 AHAIU3A UHDOPMAYUOHHBIX PUCKOB
U yepos.

Knrwuesvle cnosa: onmonocus, maxcoHOMUs, AHAIU3 UHGOPMAYUOHHBIX AMAK U YeP03, UHOYCMPUATbHbIL
unumepnem eeweti (lloT), kubepnpoussoocmeennwvle cucmemvl, kiaccwl, s3vik OWL, Protége.

Oumonozusinvly, MoO0env0i NAUOANaHy aKnAPAMMBIK Pecypcmapea Koa dcemimoinikmi dackapyouvly
MYACLIDLIMOAMATBIK JHCYUECiH, COHbIMEH KAmap MOoO0enbOeHemin JiCyleniy (hopmanbobl CeMaHMuUKACbIH
cakmatimolin OipbiHeall OLIM KOPbIH NAUOANIAHY2A MYMKIHOIK bepedi. AKnapammulk Kayincizoikmi manoayaa
apHanean 6AOAPIAMANLIK KHCylienepdi KYpy cemepoceH0i aKknapammaul YCulHy, OHOey JCoHe UHMe2payusiiay
Macenenepiven oatinanvicmol. COHObIKMAH Kazipei Ke30e aknapammolx Kayincizoikmiy ap mypii
acnexminepinoe OHMONO02USNbIK MOOENbOEPOi, CUNAMMAMA JLOSUKACHIH HCIHE TOSUKANBIK, KOPbIMbIHOBLIAPObL
bencendi mypoe xonoawny owcypyoe. byn maxanaoa IloT-masvl wabyvindapoviy OHMONOSUACHL MOPM
enuemoe Kypuliovl: Wabybll 6eKMopbl, Wabdyuliobly acepi, wadybliobly MAKCAmvl JHCoHe wabybLIOblH
canoapwl. Illabyvin cunamoln aHBIKMAUMBIH OHMONO2UA  JHCACANObl. Byn oumonoeus Kayincizoixk
Mamanoapweina Kubep oHOipic dcyuenepine wadyvblioapobl AHbIKMAYEA HCIHE AHbIKMAYed KOMeKmeceoi.
Conoati-ax, oHbl AKNApammulK mayexeioep MeH Kayin-Kkamepaepoi CeMaHmuKaibly mauoday Heytecin ooan
api Oamvimy yuwin nauodaianyea 601aobwi.

Tipex ce30ep: oHMONO2US, MAKCOHOMUSA, AKNApAMMuIK wabyvlioap men Kamepaepoi manoay,
sammapoviy oHdipicmix unmepremi (lloT), kubepondipic sucytienepi, knaccmap, OWL mini, Protégé.
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The use of the ontological model makes it possible to use a unified knowledge base that stores a
conceptual system for managing access to information resources, as well as the formal semantics of the
system being modeled. The construction of software systems for analyzing information security is associated
with the problem of presentation, processing and integration of heterogeneous information. Therefore, at
present there is a fairly active use of ontological models, descriptive logics and logical inference in various
aspects of information security. In this article, the ontology of attacks in 10T was built in four dimensions:
the attack vector, the impact of the attack, the target of the attack, and the consequences of the attack. An
ontology was developed to determine the nature of attacks. This ontology can help security professionals
identify and detect attacks on cyber production systems. It can also be used for further development of a
system of semantic analysis of information risks and threats.

Keywords: ontology, taxonomy, analysis of information attacks and threats, industrial Internet of things
(11oT), cyber production systems, classes, OWL language, Protégeé.

TepMuH «OHTONOTHS» CHauana MOSIBWICA B OO0JAacTH HMHXKEHEPHUM 3HAHUHM, IO3XKE CTal
UCIIOJIb30BaThCS MPU 00paboTKe eCTECTBEHHBIX SA3BIKOB, @ K HACTOSIILIEMY MOMEHTY MPUMEHSETCS U
B mpencraBiieHuH 3HaHuid. OAHO U3 HauOOJIee M3BECTHBIX OMPEACIICHUNA TEPMHUHA «OHTOJIOTHS
obuto gano Tomacom ['pabGepom B 1995 [1]: «OnTomorus — 3T0 (QopMalIbHOE, SBHOE, TOYHOE
ornpeaeneHue (crenuuKanys) COBMECTHO HCITOJIb3yeMOM KOHIICTITYJTH3AIIHI.

bonee pabounM u NpPUOMIKEHHBIM K YIOPABICHUIO 3HAHUSMHU SIBJSIETCS  OIpE/CNICHHUE,
npuBeaéHHoe B kuure [aBpunoBoii T.A. u Xopomesckoro B.®d [2]: «Outomorus — 3T0 0a3bl
3HAHUW CHEIUAIBHOTO THIA, KOTOPhIE MOTYT «YHTATbCS» M TMOHUMATHCS, OTUYXKAAThCA OT MX
paspaboTunka u/winn GU3NYECKU Pa3[eNAThCa MX MOIb30BATENsIMUY». TakuM 00pa3oM, OHTOJIOTUS
JOJDKHA COEAMHSTH YEJIOBEYECKOE M KOMIIBIOTEPHOE TOHMMaHUWE CHUMBOJIOB. DopmalibHO
OHTOJIOTHUS omnpenaensercs TpeMs MuHoxecTBamu O =< C, R, F > [2], rae:

— C — KOHeYHOE€ MHOXECTBO KOHIIENTOB (TIOHSATHA, TEPMHUHOB) TPEJAMETHOW OO0IaCTH,
KOTOpYIO npezacTasisieT oHronorus O;

— R — KOHeuHOE€ MHOXECTBO OTHOLICHMHA MEXJy KOHIENTaMH 33JaHHOW MpeIMEeTHOM
obacru;

— F — xoneuHoe MHOXecTBO (YHKIMI HMHTEpIpeTanuu (akcuomaTu3alus), 3aJaHHbIX Ha
KOHIENTaX W/WiIM OTHOLEHUsIX oHTosnoruu O.

EcTecTBEeHHBIMU OTrpaHUYEHUSMHU, HAKJIAIbIBAEMBIMH HAa MHOXKECTBO, SIBIIIFOTCS KOHEYHOCTh U
HeryctoTa (C # @). MuoxectBa R 1 F MOTyT OBITh ITyCTBIMH, YTO COOTBETCTBYET YaCTHBIM BUIaM
ontonoruu. Hanpumep, ecnmu R = @ u F = @, To OHTOJNOTHS OyIEeT SABIATHCS MPOCTHIM CIOBapéM, a
ecii TOJIbKO F = (@, To TaKkCOHOMHEW TOHSTHHA, TO €CTh HepapXHel MO OTHOIICHHWIO BIIOKCHHS.
Taxkum 0Opa3oM, OHTOJIOTMM Ha 06a30BOM YpOBHE JOJDKHBI, MPEXkKAE BCEro, 0OecrnednBaTh CIOBaph
NOHATUI (TEPMUHOB) JUIs NpEJCTaBICHHUS M OOMEHa 3HaHMAMU O NPEAMETHOW o0nacTH u
MHO’KECTBO CBA3€H (OTHOILIEHNUI), YCTAHOBJIEHHBIX MEX]y IOHATUSIMHU B 3TOM cioBape. OCHOBHbIE
YaCTH OHTOJIOTHUH — 3TO KJIACCHI, OTHOLIEHHUS, (DYHKIMH, aKCHOMBI M MHAUBH 1B Kitacch! (MOHATHS)
UCIOJIB3YIOTCS B IIMPOKOM cMbiciie. KiaccoM sBnsercs maro0asi CyIIHOCTb, K KOTOPOW MOXKET
OTHOCHUTBCS Kakas-mnoo mHpopMmanusa. Kmacc — 310 abcTpakTHas KOJUIEKLHS, KOTOpas MOXKET
BKJIIOUaTh B ce0s Jpyrue Kiacchl W/WiM MHAUBUABL. Ecinum uHQOpMamus OTHOCHTCA K KIaccy,
3HAYUT OHA OTHOCHTCS KO BCEM 00BEKTaM, BKIIFOUEHHBIM B ATOT Kiacc [3].

Kaxnpiii 13 OOBEKTOB OHTOJIOTMH MOXXET HMETh OTHOILIEHHMsS (CBOMCTBAa WM aTpUOYTHI).
ATpuOyT 33/1a€TCsl UMEHEM U 3HAUEHUEM, U COJICPIKUT CTIEHUPHUUHYIO /Ui 00bEKTa HH(POPMALIUIO.
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Hakonen, wuHIUMBUIBI (IK3EMIUISIPbI) — OSTO OCHOBHbBIC, HIKHEYPOBHEBbIE KOMIIOHEHTHI
onrosnorud. C X MOMOIIbIO MOTYT OBITh MpPEACTaBICHBI Kak (hU3HuecKue OOBEKTHl (COTPYIHHUK,
MarasuH, TOpof), Tak M abCTpakTHbIE (YUCIIO, cI0BO). OHTOJIOTUS MOXET CYILIECTBOBAaTh M 0e€3
uHauBUA0B. Ho onHa W3 1meneil MmocTpoeHHs: OHTOJNOTMH — 3TO Kiaccu(UKalus WHIUBUIOB,
MO3TOMY OOBIYHO OHTOJIOTHSI UX Takke coaepkuT. [locTpoeHHe u MPUMEHEHHWE OHTOJIOTUYSCKUX
MoOJieNIell B pa3iMYHBIX acHeKTax HH()OPMAMOHHONW O€30MacHOCTH PAa3BHBAETCS JIOBOJBHO
aKTUBHO.

Koncopiuym Bcemupnoit nayrunsl (W3C), naunnas ¢ 2004 roga, peKOMEHIyeT UCIOJIb30BATh
s3pik OWL, KoTOophIli 00BeauHseT Jyuliee u3 cBoux mpemamectBeHHUKoB (DAMLAOIL, OIL) u
pacmmpsier ux (RDFS, RDF, XML). HMcnons3yem gaHHYHO PEKOMEHJIAIMIO M OCTAaHOBUMCS Ha
si3pike OWL. S3pik OWL cocrout u3 kiaccoB, CBOMCTB U orpanndeHuid. Tak kak OWL pacmupsier
RDF u RDFS, T0o B HEM NPUCYTCTBYIOT Oa30BbIE DIIEMEHTHI U3 3TUX S3BIKOB.

YroObl COKpaTUTh PYTHHHYIO paboTy mo 3amanuio XML pasmerku, Obul0 co3qaHO OONBIIOE
KOJIMYECTBO Tpa)MueCKUX PeIaKTOPOB s omnpeaencHus onToinoruii Ha OWL. Ha mepBbix aramax
pa3pabOTKM OHTOJIOTMM HCIIOJNB30BAIOCH cpeicTBo  Enterprise  Architect, pa3paboranHoe
koMmranuedl Sparx Systems. M3HagaibHO OHO pa3pabareiBaiock Kak pemakrop UML cxem u
XOpOIIIO TOJAJEPKUBAET palboTy B TpaduueckoM pexume. becrinaTHbIi, TpUATbHBIA TEPUOJ
MCIOJIb30BaHUs TIO3BOJIWI IPUMEHUTH JTaHHOW CPEJCTBO AJIS CO3/IaHUsl OHTOJIOTUU. BriocneacTBuu
OHTOJIOTHSI CTaJla YCIOXKHSTBHCS, U MOTPEOOBAIOCH CPENICTBO, CHEIHAM3Upyolieecs Ha padoTe ¢
s3pikoM  OWL. Takum cpenctBoM okasancs KpoccruiatrgopMmeHHbli  pemaktop Protege,
paspabotanublii B CToHADOPIACKOM YHHUBEPCUTETE. ITOT PEOAKTOpP SBISIETCS OTKPBITBIM H
JOCTYIIEH OecIuiaTHo.

Mamepuanvr u memoowl uccnedosanus. Jlid peanu3zallud OHTOJNOTMM B Qopmare owl Oblia
BbIOpaHa TaKCOHOMHS aTaKk Ha KHUOEpIPOU3BOJICTBEHHBIE CHCTEMbI, MpenokeHHas B [4]
(pucyHok 1).

Ilepsoe usmepenue: sexkmop amaxu. BEKTOp aTaky WIA METOJ] aTaKU — 3TO MyTh, IO KOTOPOMY
aTaka MoJy4aeT JOCTYI K >KepTBE. DTO BaXKHBIN ITapaMeTp, MOCKOJIBKY OH MPENOCTABIIAET BAXKHYIO
uH(OpPMAIIHIO JTsI OMUCAHUS aTaku [5].

Bexmop «kubepamaxu. Bexrtop kxubepatak B |l0T B OCHOBHOM HCXOAMT OT CETEBBIX H
KOMIIBIOTEPHBIX aTak B HuppoBoMm (opmare. Takconomus BkiouyaeT Shellshock, mepenomnenue
Oydepa, coCTOSIHME TOHKH, MOJIEIKY MEXKCAHTOBBIX 3alpOCOB, BHEAPEHHE KO/, MEPEYNaKoBKY,
BUPYCHI M YEPBHU.

— Shellshock: 3To ommbka 6e3omacHoctu B obonouke Unix Bash, Bnepsbie oOHapykeHHas 24
ceHTs10pst 2014 roma. DTa yA3BUMOCTh MOXKET HCIOJIb30BaTh PA3IMYHBIE CUCTEMBI M 3aITyCKaThCs
b0 yaaneHHo, 100 ¢ JIoKalbHOTrO KommbioTepa. MHTepHeT-cepBuckl B 110T, Takue kak cepBUCH
JUIs1 KIIMEHTOB, MOTYT MCII0JIb30BaTh Bash aist 06paboTku onpeieneHHbIX 3apoCoB.

— Ilepenonnenue Oydepa: 3T0 OTHOCUTCS K COCTOSHHUIO, KOTJa MIPOrpaMMa MbITAeTCs 3arucarhb
JaHHBIE 3a MpeJeslaMU IPEIBAPUTEIbHO BBIJICIIEHHBIX OypepoB (DUKCHPOBAHHOW UIMHBL. ITO
MIPOUCXOJIUT, Korjia (parMeHT Ko/1a WK JaHHBIX HE MPOBEPSIET COOTBETCTBYIONIYIO JJIMHY BBOJA, a
3HAYECHHE HE COOTBETCTBYET pa3Mepy, 0KHIaeMOMY IIPOrpamMmoi [6].

— CocTostHMe TOHKU: COCTOSTHUE TOHKH BO3HUKAET, KOT/1a HECKOJBKO MPOLIECCOB OJTHOBPEMEHHO
00paniarTcs K OJHUM U TEM K€ JaHHBIM U MAaHUTYJIUPYIOT UMH.
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— [Topnenka mexcaiiToBbix 3anmpocoB (CSRF): Takke n3BecTHas Kak «3arpy3Kka ceaHcay, 3TO THII
aTakyu Ha BeO-calT, MpPH KOTOPOM HEaBTOPU30BAaHHBIE KOMAaHJbI MEPENAIOTCS OT IOJb30BaTEls,
KOTOpOMY BeO-cailT moBepsieT. DTO MOXET MPOUCXOAUTh B BEO-TIPMIIOKEHUSIX, C KOTOPBIMU
crankuBaroTcss kiaueHThl B II0T. B CSRF-arake ywacTByeT moJib30BaTeNlb-KepTBa (KIMEHT),
noBepeHHblid caiit (cetb II0T) m BpemoHOCHBIM callT (caiit ataku). Kornma KiIMeHT NpOBOAUT
aKTUBHBIN ceaHc ¢ BeO-npuiokeHueM 10T mpu mocemieHun BpeAOHOCHOIO CaiTa, BPEAOHOCHBIN
caiit moxker BHeapuTh HTTP-3ampocsl B mosib3oBaTenbckuil ceanc BeO-mpuiioxkeHus: 10T, uto
MPUBEJET K N3MEHEHHIO HH(POPMAIIMK YIETHOM 3aIUCH.

— Buenpenue kona. BHeapenue koja BBI3BAaHO TE€M, YTO 3JIOYMBIIUIEHHUKH BBOJSAT KOJ B
YSI3BUMYIO KOMITBIOTEPHYIO IIPOrPaMMy U M3MEHSIIOT MPOLECC BhIMOJIHEHU. MecTa /71 BHEIpEeHUS
KoJia MOTYT BKJIFOYaTh SQL (S3bIK CTPYKTYpHpPOBaHHBIX 3ampocoB), koMan el OC u T.1. Hanpumep,
K OOJBIIMHCTBY HEOOJBIIMX M IPOMBIIUICHHBIX MPUIOKEHUN 0a3 JaHHBIX MOXHO TMOJYyYUTh
JIOCTYI C TIOMOIIbI0 omeparopoB SQL s cTpyKTypHOH MOIUGHUKAIMH W MaHHITYJIMPOBAHUS
KOHTEHTOM [7]. 37IO0YyMBILUIEHHUKH MOTYT HCHOJb30BaTh SQL-MHBEKIMIO M MaHUIYJIUPOBATH
uHpopManuei Ipyrux KINEHTOB.

— IlepeymakoBka: 3to Tun arak Ha npuwioxenuss OC Android. 3710yMBIIIIICHHUKA 3arpyKaroT
MOMYJISIPHBIE TPWJIOKEHUS W3 MarasmHa, paclakoOBBIBAIOT W MOAUMDUIUPYIOT TMPHIOKEHHE C
MOMOIIBI0 BPEJOHOCHBIX 3allpOCOB MPHUBWIETHH, a 3aTeM pa3MelIaloT TNPUIIOKEHUE B
OTIpeIeNICHHBIX CTOPOHHHMX MarasuHax mpuiokeHuil. B mpoektsl ¢ monemsmu CAIIP moxHO
npenjarate oHinaiH. [lomoOHO mepeynakoBKE MPUIOKEHHS, 3TOYMBIIUIEHHUKA  MOTYT
MepeynaKkoBbIBaTh MPOEKT MYTEM OOPATHOTO MPOEKTUPOBAHUS WM mpocto u3MeHsisa daiin CAIIP;
3aTeM 3arpys3ka o0paTHO Ha OHJIAHH-TIaT(GopMbl. Takue aTaku MOTYT BBI3BaTh Je()EKTHBIC JCTaNH,
MIPOIYKTHI WK Jake cOor B paboTe 000pyI0BaHUS.

— Bupyc: 3Ta camoBOCIpon3BoAsIIasiCsl MporpaMmma MOXKET paclpoCTPaHsIThCS Yepe3 HEKOTOphIe
THUIIBI 3apaKeHHBIX (HailioB [5].

— UYepBu: »3Ta CcaMOBOCHPOM3BOJAIIASACA MNpPOrpaMMa MOXKET PpaclpoCTpaHAThCS — Oe3
MCIOJIb30BAaHUS 3apaXXeHHBIX (aiiyioB. YepBH 0OBIYHO pacHpOCTPAHSIOTCS Yepe3 CETEBbIE CIYKOBI
Ha KOMIIBIOTEPAX WK YEPE3 NIEKTPOHHYIO MOUTY.

Bexmop ¢uzuueckoit amaxku. Bektop ¢u3NYECKOW aTakd MOKET HCXOJUTh OT YeJIOBEKa,
o0opynoBaHusl WM JaTyuka B (usudyeckoM ¢opmare. TaKCOHOMHS BKIIIOYAET COLMAIBHYIO
MHXEHEPUIO, allllapaTHBIX TPOSIHIIEB, KPaXKy YUETHBIX JAHHBIX U NepexBaT (PU3NYECKUX aTak.

— ConuanpHas MHXEHEpHUS: 3Ta aTaka NpeJcTaBisieT co0oil mpolecc HCHOJIb30BaHUS
COLIMAJIbHBIX B3aUMOJEHCTBUI [UIsl TMOJydyeHUs HHPOpPMAIMM O MKEPTBE WIM KOMIBIOTEPHOMN
cucreme. OH BKJItOYaeT B ce0s JeMCTBUSA MO B3aUMOIEHWCTBUIO C JIOJABMHU U 4acTO MPEAIoJaraet
oOMaH 4enoBeKa ¢ IeNIbI0 HapyLIeHHUs Mpoueayp OesomacHocTH. Hampumep, coTpynHUKa MOTYT
MOTIPOCUTH OTKPBITh BPETOHOCHYIO (PJICIIKY U 3apa3uTh XOCT BHYTPHU CPEIbl.

— AmnmapaTHbIi TpPOSH: BHEIPSIONIMA B HHTETPATBHYIO CXEMy MpOrpamMmy-O0dKIop H
Moudukaruio. OH IbITaeTCss 00OWTH MU OTKIIOUUTH 3aIMTHOE OrpaxkJeHre cucTeMbl. OH MOXET
nepeiaBaTh JUYHbIE JAaHHBIE 0 pajuo. ANMapaTHble TPOSHBI TAKKE MOTYT BBIBECTH M3 CTPOS WU
YHUYTOXKUTH BECh YUIT UJTU €r0 CErMEHTHI [ §].

— Kpaxa y4eTHBIX AaHHBIX: HEKOoTOpas HH@OpManus o0 YYeTHBIX JaHHBIX MOXKET OBITh

YKpaJeHa.
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— IloxpcnymuBaHue: NOACIYUIMBAHHWE COOOLIEHUM, (U3MUECKUX CHUTHAJIOB, TaKHUX Kak
aKycThdeckoe uanydyeHue ot 3D-nedatu [9] uiam HaxkaTue KiaBHUIl, MOXKET IPUBECTH K kpaxe I[P
WIN JaXKe N0Tepe YUETHBIX JaHHBIX.

Bmopoe usmepenue: enusnue amaxku. BTopoe mn3MepeHue, BO3JCHCTBHE aTaku, OOBICHAET
CTENEHb IOCIEACTBUM BTOpkKEHMs. Llenb 3TOro usmepeHus — NpOSCHUTH IPsIMbIE MOCIEICTBUS
UHIMIEHTa aTakd. OH TakKe MpeloCcTaBiIsieT MHPOPMALIUIO ISl TOHUMAaHUS BO3/ICHCTBHS aTak.

Kubepsozoeiicmsue. KnbepBosneiicTBue moka3plBaeT BIUAHNE Ha HU(POBBIE IaTHOPMBI, TAKUE
KaK BEO-TIpUIIOKEHUE, TIporpaMMa, OmepallioHHas cuctema, mudpoBoil daiin u 1.1. TakcoHOMUS
BKJIIOYAE€T KOMIIPOMETAIMI0 IPUBMIETHM, KOMIPOMETAIMI0 IOJb30BATENs, KOMIPOMETALUIO
¢ailnos, oTKa3 B 00CIyXKMBaHUU M YCTaHOBKY BpeoHocHoro I10.

— Komnpomucc mpuBuieruil: ucnonb3ysi BEKTOpbI aTakH, Takue Kak IepenojHeHue Oydepa,
LIEJUILIOK, COCTOSIHUE T'OHKH, 3JIOYMBIIIJIEHHUK MOXET IHOJY4YMTh OoJiee BBICOKHME NPUBUIETHH,
TaKMe KaK CyIepIioib30BaTelb.

— Bssiom nosnp3oBaTens: 3710yMBIIUIEHHUK I0JY4aeT HECAaHKIMOHUPOBAHHOE MCIIOIb30BaHUE
JpYroil y4yeTHOM 3amucH IOJIb30BaTeNsl WIM NPUBWIETUN Ha XOCTE, BEO-NPUIIOKEHUH Wi 0aze
JAHHbIX.

— Kommnpomeranus aiinoB. 3710yMBIIIIEHHUK BHOCHT 3JI0HAMEPEHHBIE W3MEHEHHUS, UCTIONb3Ys
[epeyNnaKkoBKy, BHEJIPEHHE KOJAA, TaKUM O0pa3soM MOKET HW3MEHUTb KPUTUYECKYIO CTPYKTYpYy U
¢bu3nyeckrue XapakTepUCTUKU AU3aiHa.

— Ortka3z B ob6cmyxuBanuu (DoS): 3/10yMBIIUIEHHHMK MOXET IPOBECTH aTaky oOTKa3a B
obcnykuBanuu (DoS-ataka), koTopas enaeT NOAKIIOUEHHBIH KOMIIBIOTEP, TAKOH Kak 06a3a JaHHBIX
WM BBIYMCIUTENBHBIN pecypc, HEJOCTYIHBIM JJIs IIPEINOIaraéMblX KIHNEHTOB.

— YcranoBka BpenoHocHoro [10: araka MokeT ObITh 3amylieHa ¢ IOMOIIbio BpeaoHocHoro 10,
YCTaHOBJIEHHOTO IOJIb30BATEJIEM, KaK IIPU YCTAaHOBKE MOJb30BaTENIEM, TaK U IPU aBTOMATUYECKOU
yYCTaHOBKe. YcTaHOBJIEHHOE BpenoHocHoe [1O MoxeT MOo3BOJUTH 37O0YMBIIIJICHHUKY MOJTYYHUTh
IIOJIHBIM KOHTPOJIb HaJ, CKOMIIPOMETUPOBAHHBIMHM CUCTEMAMM, YTO MOXKET IIPUBECTH K PACKPBITHIO
KOH(UIEHIIMATbHON HH(OpMAIMK WK yJaTEHHOMY YIIPaBJIEHUIO XOCTOM.

Dusuueckoe 6o3oelicmsue.

— B3nom ob6opynoBaHus. ATaku COLMANbHOM WH)KEHEPUH MOTYT BBI3BaThb cOOM B paboTe
o0opyI0BaHus, HAPUMEP JKECTKOTo aucka, DVD-nipuBoja min KOMIIbIOTEPOB.

— Kommnpomeranuss KOHTpoJis JOCTyla: Kpaka YYETHBIX JAaHHBIX JOCTyNa WKW COLMaJIbHas
MHXEHEepHUsi MOTYT IPUBECTH K KOMIIPOMETALNU (PU3HUECKOTr0 KOHTpoJIs focTtymna B cpene 110T.

— Komnpomeranusi nmoctaBimyka: anmapaTHbIA TPOSH OT MOCTaBIIMKA HapyIIaeT LEI0CTHOCTb
UCTOYHUKA.

— Hapymenne koH(pUACHINAIBHOCTH: MOJCIYIIUBaHUE B pabouel o0jacTu cpeabl, Ha YpOBHE
CBS3M WJIM JaXe Ha (U3NYEeCKOM YpOBHE TNIpoBaiiiepa MOXET MPHUBECTH K HaPYLICHHIO
KOH(HIEHIINATLHOCTH.

Tpemve usmepenue: yeio amaxu.

Kubep yenv:

— OmnepaunonHas cuctema: OC cymecTByeT OT YpOBHS KJIHMEHTa J10 YpOBHS (DPU3MYECKOIo
MOCTaBIIMKA. ATaka MOXeT ObIThb chopMmynupoBaHa [UIsl HAlETUBAaHUS Ha YSI3BHUMOCTH B
KOHKPETHOW OIlepalMoHHOM cucteme. OrnepannoHHas CUCTEMa B IPOU3BOACTBEHHON CHCTEME C
yCTapeBLUIMM 00OPYAOBaHUEM OOBIYHO HE MMEET OOHOBIIEHHBIX Mep 0€30MacHOCTH, MOITOMY OHa
OUEHb ys3BUMa JJIS aTak.
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— Cerb: cama ceTb WIHM €€ INPOTOKOJbl TAaKXKe MOTYT ObIThb LEISIMM 3JI0YMBIIUIEHHHKOB.
Hanpumep, ping-noTok aTakyer ceTb, a He 000pyA0BaHUE WK IIpOrpaMMHOe oOecrieueHue [5].

— XOCT: 370yMBIIUIEHHUK MOXXET HAlEeIUTh LeJIb Ha XOCT-KOMIIbIOTEphl U3 cpeabl 10T nam
KIJIMEHTOB.

— Be0-caiir.

— Ob6nako. OGmaynbIii cepBuUC — 3TO 000 pecypce, HocTymHBIA yepe3 MHTepHer. Pecypch
001a4HOM CITy’)KOBI MOTYT OBITH MPOTPAMMHBIM OOecriedeHreM Kak yciyroi (SaaS), matdopmoit
kak yciyroi (PaaS) u undpacrpykrypoii kak yciyroii (IaaS).

— IlpunoxeHue: NPUIOKEHUS MOTYT OBITh LIENEBBIMM, BKJIHOYas (YHKLIHMU paclpeneiaeHus
3aJJaHUi, (YHKLIUU MAIIMHHOIO OOYYEHHUs U aHaiM3a JaHHBIX WIM (QYHKIMM MOJEIMPOBAaHUS B
peaJlbHOM BPEMEHHU.

Duzuueckas yenw.

— JlaTuuk: OH T1O3BOJISIET KOHTPOJIMPOBATh IPOU3BOJCTBEHHYIO CHUCTEMY M  MOMKET
IIPEIOCTABIIATD JaHHbIE JIs1 YCTPAHEHUS HEUCIIPABHOCTEN U MOEIUPOBAHUS.

— IlpuBOog — 3TO OCHOBHOM KOMIIOHEHT MAIIMHBI, KOTOPBIA IE€pEMENIAacT WIM YIPaBISAET
MEXaHU3MOM WJIA CHUCTEMOM.

Mawuner: MamyHa SIBISETCS KITIOUYEBBIM KOMIIOHEHTOM (DM3WYECKOTO YPOBHS IpoBaiinepa B
IIOT. Dto Takke MOXeT ObIThb HAOOp MCIOJHUTENbHBIX MEXaHU3MOB, NaTYUKOB M OJIOKa
yIIpaBJIEHUs, TAKOTO KaK IporpaMMHpyeMslii toruueckuit kontposuiep (ITIK).

— HWsroroBiieHHble neTanu. M3roToBiIEHHBIE AETaly WM Y3JIbl — 3TO TOTOBBIE H3JEIHS C
IIPOU3BOJICTBEHHOU JIMHUH.

— YenoBek: 4eI0BEK TaKKe MOXKET ObITh LeneBoit xkepTBoil B I1oT. OnepaTopsl 1 MOHTa)KHUKH,
pabotatomyie psaoM Cc poOOTaMu, TMOABEPralOTCsS OMACHOCTH, KOT/Aa XaKephl MOTYT MOCaTh
3JI0HAMEPEHHBI KOHTPOJIb UCIIOJHUTEIBHBIM MEXaHU3MaM.

Yemeepmoe uzmepenue: nocieocmeus amaxu.

Kubep-nocreocmeus:

— Kpaxa wuHTeIeKTyaqbHOM  COOCTBEHHOCTH/IIUPATCTBO:  Kpaka  MHTEJJIEKTYaJbHOU
COOCTBEHHOCTH Ha MPOM3BOJICTBE OOXOAWUTCS B MWJIIMApAbl JOJIApPOB M MPUBOAMUT K IOTEpe
pabouux mect. IloanenbHble IPOAYKTHI M YKpaJeHHbIe 00pa3iibl MOTYT HAaHECTH yLIepO MHTepecaM
WM penyTaluy KJIMEHTOB U POU3BOAUTENEH.

— YTeuka KOHQUAECHIMATbHOCTU: yTeUKa YaCTHOM MH(pOpMAIMK OT KJIMEHTOB B 0a3e NaHHBIX
MOJKET OBITh OJJTHUM U3 KPUTHUECKUX MOCIIEICTBUH.

— dunHaHCcOBOE€ MOIIEHHHYECTBO. YTeuka (puHAHCOBOW WHGMOpPMAIMU KIHEHTa, TaKOW Kak
JAHHBIE KPEIUTHOW KapThl BO BPEMS IOKYIKH, apec AJIs BBICTABIECHUS CUETA, MOXKET MPUBECTU K
(UHAHCOBOMY MOILICHHUYECTBY.

— Otka3z B obcayxuBanun (DoS). Otka3 B 00CIy)KHBaHUM MOXET HMEThb U IOCIEICTBUS.
IIpumepom moxeT cinyxkutb DoS cepBepa (Bo3zelicTBue), BbI3biBaroliee DoS cucTteMbl OHIANH-
BBICTABJICHUS CUETOB KIMEHTA (IIOCIEACTBHUSA).

Du3zuyeckue nocieocmeus:

— Heucnpasuslit nponykT. JlepexTHble MPOIyKThl UK JaXKe BPEIOHOCHBIE MPOAYKTHI SBJISIOTCS
¢buzmvyeckumu mocnaeAcTBUsIMA. CTOMMOCTH Opaka, OT3bIB OyIeT MpPOu3BEACH C JeheKTHOU
MPOJYKIMEH UM U3rOTOBIIEHHOM yacThio. [locnencTBus, Takue Kak ymepo UMUKY KOMIAHUHN WU
PHUCK IJIs1 KU3HU JIIOJIEH.

10
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— MaHunyniuuu ¢ MallMHOW: aTaku MOTYT BbI3BaTh NpPOOJIEMbl Ha MalllMHAX, TaKUe Kak
nepepacxo SHEPruu, HeMpeABUACHHBIN MOJIOMKa, CHU)KEHHE TOYHOCTH, 3aMeJICHUE U T.11.

— HeucnpaBHocTh M MOJOMKa: MOJIOMKAa WM HEUCHPABHOCTH MOTYT OBITh CJEICTBUEM
MaHUNYJISIIUNA ¢ MAIIMHOM.

— IToTepst MOCTYITHOCTH CUCTEMBI: KPUTHUYECKAsI TOCTYIMHOCTh (PHU3UIECKIX KOMIIOHEHTOB, TAKHX
kak 3D-npunrepsl, cranku ¢ YITY, noructuku, Moxxet ObITh HapyIIeHa.

— DKkonoruyeckas katactpoga: JKoiorudeckue OeACTBUs, TaKUE KaK yTeuka U B3PbIB, HMEIOT
cepbe3Hble GU3HUECKUE TTOCIICICTBUA.

— Puck cmeptu u cepbe3HbIX TpaBM: YenoBek Kak HamOoJiee ysa3BUMBbIM KommoHeHT [IOT
MOJIBEpraeTcs pPHUCKY JMJIS CBOErO 3J0POBbsl M KHU3HU IpU paboTe B Cpele C OMaCHBIMU
XUMHYECKUMHU BELIECTBAMU, pajuannei 1 podoTamu.

B nanno#i oHTONOTMM MMEIOTCS 4 Kitacca (pUCYHKH 2 U 3).

Active Ontology x| Entities x | Individuals by class x DL Query =

Data properties Annotation properties Datatypes Individuals Annotations | Usage
Classes Object properties

Annotations
Asserted =

Attack_consequence -

@ O Physical_Consequencel L

- Risk_of_Death_and_Serious_Injury
Environmental_Disaster

- Loss_of_System_Availability

- Malfunction_and_Breakage
Machine_Manipulation

- Defective_Product

¥-- 0 Cyber_Consegquence

- Denial_of_Service
Financial_Fraud

- Privacy_Leakage

- Intellectual_Property_Theft_/_Piracy ubClass Of

Attack_impact

¥ Physical_Impact

- Confidentiality_Compromise

- Supplier_Compromise General class axioms
Access_Control_Compromise

- Hardware_Compromise

¥-- 0 Cyber_Impact

- Malware_Installation
"Denial_of_Service_(DoS)" Instances

- @ File_Compromise

- User_Compromise
Privilege_Compromise

Attack_target L

------ Physical_Target

¥ Cyber_Target

Application

Cloud Disjaint Union OF

[T

Equivalent To

Attack_consequence

ubClass Of (Ananymaus Ancestar

Target for Key

Disjaint With

Pucynox 2 — JlaHHBIE OHTOJIOTHH

CootBercTBYyIOIIEE ONMMCcaHKe KilaccoB Ha XML BRIMISIINT ciieayromuM o0pa3om:
<I--http://www.semanticweb.org/axxxun6ex/ontologies/2020/6/untitled-ontology-
9#Attack _consequence -->

<owl:Class rdf:about="http://www.semanticweb.org/axxunbex/ontologies/2020/6/untitled-
ontology-9#Attack consequence"/>

<I-- http://www.semanticweb.org/axxuodek/ontologies/2020/6/untitled-ontology-
9#Attack_impact -->

<owl:Class rdf:about="http://www.semanticweb.org/axxubex/ontologies/2020/6/untitled-

ontology-9#Attack_impact"/><!--
http://www.semanticweb.org/axxubex/ontologies/2020/6/untitled-ontology-9#Attack_target -->

11
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fir| 6 |B|%| 4 H)<F 0 F Q6 Q @ B |H|F |4

Bl Conaicma “Denial_of_Ser
vice_(DoS)"

Cyber_Impact T User_Compromise

Supplier_Compro
..ﬂnﬁdentiall G Physical_Impact A Malware_lInstall
| Compromise — - ati
- T Attack_impact on
Hardware_Compro =
mise
s

B Cyber_attack \
Acceess_credent <= LA _ = ber_Consequen
ial_stealing B -

L Attack_conseque

nce
Physical Target Attack_target

*@ Physical_Conseg
uence

resdropping <} Physical_attack

Ha rd‘”a rE_UDjaH
ing

; Cyber_Target T
= — Operating_Syste
:

Pucynox 3 — JluarpamMma KJ1acCoB OHTOJIOTHH

<owl:Class rdf:about="http://www.semanticweb.org/axxu6ex/ontologies/2020/6/untitled-
ontology-9#Attack_target"/>

<I--http://www.semanticweb.org/axxxu6ex/ontologies/2020/6/untitled-ontology-9#Attack vector
-—>

<owl:Class rdf:about="http://www.semanticweb.org/axxubdex/ontologies/2020/6/untitled-
ontology-9#Attack vector"/>.

B nanHoil cratbe Obla pa3paboTaHa OHTOJIOTHS aTak Ha KUOEPIPOU3BOJCTBEHHBIE CUCTEMBI B
nporpammHoi cpene Protege. JlanHast oHTONIOTHSA SIBIISIETCS HAYaJIoM Kilaccudukanuu atak B 10T u
MOMOTAeT JKCIepTaM B MPEJAMETHOW 00JacTM — Kak B 00JacTH KuOepOe30macHOCTH, TaK U B
00JIacTH TPOM3BOJCTBA — Jy4Ille MOHATh MPHUPOJY aTaKk Ha KUOEPIPOU3BOJICTBEHHbBIE CHCTEMBI.
Kpome Toro, maHHas OHTONIOTHSI MOXET MCIOIB30BaThCS B KAYECTBE MCTOYHHUKA AJS pa3paboTKu
MOJIUTUKUA OE€30MacHOCTH, OOHApPY>KEHUS BTOPKEHHH, TNPEAOTBpalleHUus U pa3pabOTKH Mep
MPOTUBOJECHCTBUS C LENbIO CO3JaHUs 3alUIIEHHONM MPOM3BOJICTBEHHOM cucTeMbl. OHa TaKke
COACPIKUT PEKOMCHAAIUHN O TOM, KaKHX aTaK CICAYCT OKUAaTh, KAKUC TUIIbBI KOMIIOHCHTOB CJIICAYCT
OTCIICKUBATh W KaKUX TOCIEJICTBUM cileayeT oxuaaTh. [ns Oymymieit paGoTsl pa3paboTaHHYIO
OHTOJIOTHIO MOKHO HCIIOJIb30BaTh Ui pa3pabOTKH CHCTEMBI, MOIICPKUBAIONICH CEMaHTUICCKUN
aHaJIn3 UH(POPMALIMOHHBIX PUCKOB U YIPO3.
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OIIBIT IPUMEHEHHMA MOBWIBHBIX YCTPOMCTB B OBYYEHUUA
JACTAHIIMOHHBIX TEXHOJIOT U

Hacc O.B., Kamajosa I'.A., A0yoBa 7K.M.
3anaono-Kazaxcmanckuii acpapro-mexuudeckuil ynusepcumem um. JKauneup xaua,
Ypanvck, Pecnyoniuxka Kazaxcman
e-mail: nassb5@mail.ru, gokhakam@gmail.com, zhanargul81@mail.ru

B cmamve ananuzupyemca onvim npumenenus MOOUNbHBIX YCMPOUCME 6 00YYeHUU ¢ NpUMeHeHUuem
oucmanyuonHelx mexuonozull. Paccmampusaromes cmpykmypHuvle 21eMeHmbl, U3 KOMOPbIX CHPOUMCSL
0esimenbHOCMb npenodasamens U cmyoenma 6 npoyecce mMobunvHo2o o6yuyenus. OcHOGHOe GHUMAHUE
yoensemcs naam@opmam ceasu 01 OUCMAHYUOHHO20 00yueHus. Dopmyrupyiomcs npeumywecmed u
He0oCmMamKy UCNOIb308AHUS MOOUTIbHBIX YCMPOUCME 8 YueOHoM npoyecce. [enaromcs 6b18600bi 00 YCIOGUAX
CHUDICEHUS UHGOPMAYUOHHO20 HEPABEHCTNBA CIMYOEHMO8 U 0DeCnedeHUs UxX pagHo2o 00Cmyna K yueOHoMY u
Op2aAHU3AYUOHHOMY KOHmMeHnmy. B pe3ynbmame nokazamo, 4mo MOOUNbHOe OOyYeHue CMaHO8UMCs
ynpaseasiemuim npoyeccom. Mamepuan cmamvu modcem Obimb UCNOIL308AH NPENOOABAMENAMYU 8 YeasiX
nogvlueHus 3P pexmueHocmu 06paz08amenbHO20 npoyeccd.

Knioueswvie cnoea: ungopmamuzayus obpasosanus, ungopmayuonnoe Hepaeencmeo, Humepnem-
mexHono2Us, niam@opma cesasu, MobuirbHoe obyuenue, NAAMPOPMA CEA3U, CHMPYKMYPA OeamenbHOCmU
npenooasamens u CmyoeHma, npeumyuwecmed u HeOOCMamKu MoOUILHO20 00yYeHUs.

Maxkanaoa KawblKmvlKman OKbImy MeXHON02UANAPbIH KOJIOAHY apKblibl MOOUNLOI KYPblibliapobl
Konoany maoicipubeci manoanzan. Mobunv0i oxbimy npoyecinoe OKbImMYuibl MeH CHYOeHMMmiy Kbl3Memi
KYPLIAMbIH  KYPLLILIMOBIK  dJleMeHmmep  Kapacmuvlpvliean. bacmer kewin kawwikmuikman oKwimyed
apranzan batinanvic naamgopmanapvina oeninedi. Oky npoyecinoe MoOUILOI KYPbLIELIIAPObL KOLOAHYObIY
ApMBIKUBLILIKMAPLL MEH KeMulinikmepi myxcoipoimoanadvl. CmyoeHmmepoiy axnapammolx meHcizoicin
MeMeHOemy JHCoHe OAApPObIH OKY OJiCIHe YUbLMOACMbIPYULLLILIK MA3MYH2A MeH KON  HCemIMOLieiH
KAMMAamacwl3 emy wapmmapsl mypanbl KOpblmulHObl dkcacanaosl. Homuowcecinoe mobunvbOix oxwimy
backapvliamsin npoyecc exenoiei kepcemineen. Maxkana mamepuanvin OKbImMywisliap Oinim 6epy npoyeciniy
MUiMOLNIZIH apmmulpy MAKCamuvlHOA KOJIOAHA ANa0bl.

Tipex co30ep: Oinim Oepyoi axnapammaunovlpy, aKnapammelx MeHCci30ik, Humepnem mexnonozus,
baiinanvic naamgopmacsl, MOOUTLOI OKLIMY, OKLIMYUILL MEH CIMYOeHm KbI3MEMIHIY KYpblIbiMbl, MOOUTLOL
OKbIMYObIH APMBIKWUBLILIKMAPbL MeH KeMWILikmepi.

The article analyses the experience of using mobile devices in distance learning. The structural elements
are considered, the activity of the tutor and the student in the process of mobile learning are based. The main
focus is on communication platforms for distance learning. The advantages and disadvantages of using
mobile devices in the educational process are formulated. Conclusions about the conditions for reducing of
students’ inequality information and ensuring their equal access to educational and organizational content
are made. As the result, it is shown that mobile learning becomes a managed process. The material of the
article can be used by tutors to improve educational process efficiency
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B macrosimee Bpemst MOOWiIbHOE OOydeHHE CTAaHOBUTCS OJHUM M3 KIIIOUEBBIX HAIpPaBICHUN
nporecca nHpopmatusauu oopasosanus [1, 2, 3, 4, 5].

B Ka3axcrane HOBBIH cnoco0 0O0y4eHHs CTaHOBUTCA OCOOEHHO HOMYJSPHBIM BO BpeMs
KapaHTuHa U camou3osiuu B 2020 rogy B CBSA3M C IOBCEMECTHBIM IIE€PEXOJOM Ha OOyueHHE C
[IPUMEHCHHEM JMCTaHIIMOHHBIX TEXHOJIO0THiA [6, 7, 8].

B 3Tux ycnoBusix ocHOBa 00y4eHHUsl — 3TO TeIeKOMMYHHUKaUU U MHTepHET-TeXHONnoruu. A Tak
KaK Y HEKOTOPBIX CTYJCHTOB HET KOMIIBIOTEPA, TO ATO 3aTPYIHSCT WM JeNIaeT HEBO3MOXHBIM HX
JIOCTYH K Y4eOHOMY KOHTEHTY W OpTaHU3allMOHHBIM MarepuanaM (pacmnucaHue, orJiara 3a
o0y4eHHe ¥ T.II.) U MOXKET MPUBECTH K HHPOPMALMOHHOMY HEPaBEHCTBY CTY/ICHTOB.

CMmapr¢hoHbI )K€ W Apyrue MOOHWIBHBIE YCTPOMCTBAa CTOAT HAMHOIO JEUICBIIE CTAIMOHAPHOTO
KOMIIbIOTEPA U SIBJISIOTCS €CTECTBEHHBIMU 3J€MEHTaMHM COBPEMEHHOIO KM3HEHHOI'0 IIPOCTPaHCTBA
cryneatoB [9, 10, 11, 12]. IlosTomy 1enecoo0OpasHO MMEHHO WX HCIONb30BaTh B y4EOHOM
npolecce ¢ MPUMEHEHHEM AUCTAaHIIMOHHBIX TEXHOJIOTH.

Mob6wibHOe 00yueHHe MOHUMAETC HaMHU Kak oOy4eHHEe IPH MOMOIIHM MOOMIIBHBIX YCTPOMCTB,
TaKUX Kak cMapT(OHBI, TUIAHIICTHBIE KOMIBIOTEPHI, YAbTPAOYKH W T.A., KOTJA CTYICHT MOXET
o0y4aTbcsi BHE 3aBUCUMOCTH OT MECTa, BPEMEHH M CTAIllHOHAPHOTO KOMIBIOTEpA, MEPEMEIIAsCh C
MOOMIJIBHBIM YCTPONCTBOM, KaK BHYTPH Y4eOHOTO 3aBEACHUS, TaK U 3a €T0 MpeesIaMH.

PaccmoTpuM ocoOeHHOCTH TpaAULMOHHBIX (OpPM OpraHu3alUuu y4eOHOW JEATEIbHOCTH,
MPUMEHSEMBIX B YCIOBUSAX MOOMIIBHOTO 00YyUEHUS:

— @poHranbHas (opMa opraHuzanuu MOOMIBHOro oOyuyeHMss — Ha Oase IHTepHer
wiatpopm Zoom, Microsoft Teams; Zoom (https://zoom.us) — mporpamma Juis OpraHH3alUH

BUJICOKOH(EPEHIINH, HMEIoMIasl HaJe)KHOE COequHEeHHe Hu OecmepeboitHyro paboty. Microsoft
Teams (https://teams.microsoft.com) — kiaMeHT cHCTeMBI MTHOBEHHOTO OOMEHa COOOUICHUSAMH,
O0BEIUHSAIOINI B paboveM MPOCTPAHCTBE YaT, BCTPEUH, 3aMETKH, HHCTPYMEHTHI JJsi PabOThI C
HUHTEPaKTUBHOM JOCKOIA.

- I'pynnoBass ¢opma opraHumzauuud MoOwiIbHOro oOyueHuss — Ha ©Oasze VHTepHer
miatopmer Skype. Skype (https://www.skype.com) — OecruiaTHOE MPONPHETAPHOE MPOTrPAMMHOE

obecriedeHne C 3aKpBITBIM HCXOJIHBIM KOJOM, OO0ECIIeUMBAIOINIee TEKCTOBYIO, TOJOCOBYIO U
BHUACOCBsA3b uepe3 MHTepHeT.

- WunuBunyanbHas ¢popMa opraHu3anuyd MOOMIBHOTO OOy4deHUs — Ha 0a3e AJIEKTPOHHOU
mOYTHl W CHUCTEMBl ~ MIHOBEHHOro  oOMeHa  cooOmenusmu ~ WhatsApp.  WhatsApp
(https://www.whatsapp.com) — GecruiatHas cucTeMa Jjisi MOOWJIBHBIX TUIAT(GOPM C TOIIEPIKKOM
rojiocoBoil M BuaeocBs3u. llo3Boisier mepechliaTh TEKCTOBBIE COOOIIEHMS, ayauo, BHUIEO U
AJIEKTPOHHBIE TOKYMEHTHI uepe3 HTepHeT.

Mob6wibHOe O00y4yeHHE NPEOCTaBIsSeT CTYAEHTY CaMOCTOSTEIbHO BBIOMpPATh COAEPKUMOE
y4eOHBIX JUCUUIUIMH, YPOBEHb CIOXHOCTH Y4YeOHOTO KOHTeHTa. Kpome Toro, MoOOHIBHBIC
YCTPOICTBA MO3BOJISAIOT KAKIOMY CTYJEHTY U3y4aTh KOHTEHT B TOH (hopMe, B Kakoi eMy ynoOHee.
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CTyneHThl MOTYT MPOABUTATHCS HA CIECAYIOMIUNA YPOBEHb CII0)KHOCTH B 3aBUCUMOCTH OT JIMYHBIX
MPENOYTEHUN U YCBOGHHBIX 3HAHHM, CAMOCTOSITENIbHO OIICHUBATh CBOM PE3YJIbTAThl U BBITOJIHATH
JIOTIOJIHUTENbHBIC 3aJJaHus JIJIs 3aKPEIUICHUs MaTepuraa.

Tak, ¢ MHOMOIIBIO MOOWIBHBIX YCTPOMCTB CTYAEHTHI MOTYT H3Yy4aTh Y4eOHBI KOHTEHT,
NpoXOAUTh KOMIIBIOTCPHLIC TCCTbBI W BBIIIOJIHATH KOHTPOJBHBIC 3addaHUA, IMOATOTOBJICHHLIC
MpEerosiaBaTeNieM B  COOTBETCTBUHM C TOCYJAapCTBEHHBIM 0OLIE00s3aTeNbHBIM — CTaHAAPTAM
obpazoBanus Pecnyonmku Kaszaxcran (I'OCO PK) m aBTOpcKUM METOOWKaM MpErnojaBaHUs U
pa3MelieHHble Ha 0a3e aBTOMATM3MPOBAaHHBIX CHCTEM YIpaBieHUs oOydeHuem (anri. Learning
Management  System, LMS), Ttakmx kak Moodle (http://moodle.org), Platonus
(https://platonus.kz/ru).

JlJi1 TOATOTOBKY KOHTEHTA IMpernojaBaTesiIMU HCIOJIb3YIOTCS Takue mporpammsl, kak Camtasia,
Bandicam, Movavi u np.

Camtasia — 3To mporpammHOe oOecriedeHue JUis 3axBara BHUJICO C DKpaHa, pa3paboTaHHOE
kommanueit TechSmith. [TporpamMMa mo3BosIseT MOIB30BATEIO 3aMUCHIBATH 3BYK ¢ MUKPO(OHA WITH
JIMHAMHKOB, 8 TAKXKE Pa3MECTUTh Ha dKpaHe Buaeomarepuaisl ¢ \Web-kamepsi.

Bandicam — sTo koMmakTHas mporpaMma 3amucu dkpaHa aius Windows, KoTopas MOXET
3anuchIBaTh Bee, 4To mpoucxoauT Ha 3kpane [1K, B jopmare BoiIcOKOKaueCTBEHHOTO Buie0. Takxke
MOKHO BBITIOJIHATH 3aMUCh OMPEIEICHHON YacTH dKpaHa WM UTP, UCIIONB3YIOIUX rpaduyeckue
texHojoruu DirectX/OpenGL/Vulkan.

Movavi — 3To KOHBEpTep BHIIEO, a TAKIKE ayIHO0, BUICO U (OTOPEIAKTOP B OJHOMN MPOrpamMmMe.

CTymeHThl MOTYT HCIIOJb30BaTh MOOMWIbHBIAN WeDh-Opaysep mis u3ydeHHs HOMOJHHUTEIbHBIX
yu4eOHBIX M KOHTPOJIMPYIOIIMX MaTepuajoB B riobanpHOM cetn Murtepuer (Web-ctpanuipr,
BUJICOYPOKH U TIP.).

KpOMe TOro, CTYA€HTBI MOTYT HMCIIOJIB30BAaTh MOOWIbHEIE MMPUIIOKCHUA U3 OHHaﬁH-MaFa3HHOB,
TaKHUX KaK Google Play (https://play.google.com), AppStore
(https://www.apple.com/iphone/appstore), 1Mobile Market (http://Amobile-market-
download.com/ru), Windows Phone Store (windowsphone.com/store), BlackBerry World
(appworld.blackberry.com) u np.

MobuiibHOE 00yueHHe mpernonaraeT HEKOTopble H3MEHEHUs B yueOHOM npouecce. Paccmorpum
HCKOTOPLIC U3 HUX!

- B nporiecce MoOMIIbHOTO 00yUYeHHS Tepeada 3HaHUH U YMEHHI CTYJJ€HTaM MTPOUCXOIUT
00s13aTeTbHO C TMPUMEHEHHEM MOOWIBHBIX YCTPOMCTB, KOTOPHIE BBICTYMAIOT KaK CpPEICTBOM
OpraHM3alfy U yIpaBieHHs y4eOHON NeATENbHOCTHIO, TaK M JOMOIHUTEIBHON KOMMYHHKAIIUH C
IpenojaBaTesieM U IpYyrUMH CTY/IeHTaMH, BHYTPU Y4eOHOM IpyIIIbI.

- B mpomecce oOmieHus mperogaBaTelisi U CTYICHTOB, a TaK)Ke CTYIACHTOB MEXIY COOOM
MIPUMEHSIFOTCS YaThl, GOpyMBI, e-mail, BHICOKOH(pEPEHIINU, CollUalbHbIe CeTH (KyJaa B MOCIEIHEE
BpeMs TPENoJaBaTeNI CTAld BCE Yallle BBIKJIAJBIBATH TMOJIC3HYIO JJIs CTYJACHTOB MH(OPMAIIHIO),
OCyIlIeCTBIsIeTCSl OOMEH Qaitiamu.

— B mporiecce MmoOuibHOTO 00yUeHMSI U3MEHSETCS KiacCuieckas ¢popMa mojgadu ydeOHoro
Y OpraHu3alroOHHOr0 KOHTeHTa. CTYIeHT M3y4aeT KOHTEHT Ha HeOOJbIIOM dKpaHe cMapTdoHa, TO
€CTb TCKCT, BUACOJCKIWH, MPE3CHTAINU H IIP. y‘—Ie6HBIe, KOHTPOJIUPYIOIIHUE U OpraHUu3allMOHHBIC
MaTepHalibl HEOOX0IMMO TIepepadoTaTh, COKPATUTh U TIATEIHHO TTOAKPAHHO CTPYKTYPHPOBATH.

- HpI/I IIOATOTOBKE MOOWMJIBHOIO KOHTEHTA HeO6XOJII/IMO YUUTBIBATH IMMPUMCHCHUC
ceHcopHoro (aHri. touch), a HE KOHCOTBLHO-MBIIIIKOBOTO YITPaBJICHUSI.
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- [TamsATe MOOUIBHOTO YCTPOICTBA 3HAYMTENBLHO MEHbIIE (M MenJeHHee), YeM Y
CTallMOHAPHOTO KommbioTepa. Kak crmenactBue, ans XpaHeHus HH(popManmuum HEOOXOAMMO
PUMEHSTH TAaKUE COBPEMEHHBIE CEPBUCHI, KaK 00JIAYHbIC XPAaHIIIUINA, XOCTUHTY MEIUaIaHHBIX.

- [legarornyeckuii KOHTPOJIb M MOHUTOPUHI Tpoliecca OOY4YEHHsS] OCYIIECTBISIETCS C
MOMOIIIbI0 MOOMJIBHOTO TECTUPOBAHHS, B TOM YHCJIE€ B UTPOBOM (opMe; MOCPEICTBOM OIPOCOB B
¢dopyMax u yaTax; HOArOTOBKU OTYETOB IO YIEOHBIM MPOEKTAM M UCCIICOBAHUSIM.

Hamnpumep, a7t mpoBepKy 3HAHUW OJJHOTO MJIM IPYIIIBI CTYICHTOB MOTYT McIoib30oBaThest Web-
Opay3epsbl (pacroyioKeHHbIEe Ha MOOMJIBHBIX YCTPONHCTBAX CTYACHTOB) U MOOUJIbHBIE BUKTOPUHBI CO
MHOkecTBOM BbiOOpoB Kahoot! (http://marinakurvits.com/kahoot).

Taxum 00pa3oM, MOKHO BBIICIUTD Psiji IPEUMYIIIECTB MOOMILHOTO O0yUYEHUSI:

- peanuzanusi HEOOXOAUMOI0 COBPEMEHHOMY 00pa30BaHUIO AUCTAHIIMOHHOTO JOTOTHEHUS
K OYHOMY O0YYEHHIO;

— OTKPBITBIA JOCTYNl K O0Opa3oBaTelIbHBIM pecypcaMm B IJ000e BpeMs, B JTOOOM MecTe
(7/24);

— oTepaTUBHOE Ipe/ICTaBIeHHE HH(DOPMAIIMOHHO-CITPABOYHON HH(OPMALINH;

- OBICTPOE M KaueCTBEHHOE OOIEHHE MperojaBareieid U CTyIEHTOB, a TaKXKe CTYJCHTOB
MEXy COOOW HE3aBUCHMO OT X MECTOIIOJIOKEHHUS,

- NPUMEHEHHEe MOOWJIBHBIX YCTPOWCTB CHIDKaeT WH(POPMALMOHHOE HEPaBEHCTBO
CTYJCHTOB U CO3/1aeT OJaronpusTHbBIE YCIOBUS JIJIsl OOECIIEUeHUsI UM PaBHOTO IOCTyMA K y4eOHOMY
KOHTEHTY.

HecMoTpst Ha IUTFOCHI, TaK)KE UMEIOTCS ONPEACTICHHbBIE HEOCTATKH MOOMIIBHOTO O0yUCHHS:

- JUTATENIFHOE BPEeMsI HCIIOJIb30BAaHMSI MOOMIIBHBIX YCTPOWCTB OKAa3bIBAlOT HEraTUBHOE
BJIMSIHME Ha 3/I0pPOBbE CTYACHTOB;

- UAeT cnax o0beMa OCBOSHHBIX 3HAHUI M YMEHHUH, TaK KaK KOHTAKT MEX/y CTYJACHTaMH H
Iperno/iaBaTesieM YMEHbIIAeTCs;

— HEeyMeHHe paldoTaTh € MOOWJIBHBIM YCTPOMCTBOM MPHUBOAUT K BO3HUKHOBEHHIO
TPYAHOCTEH B U3yYEHUU AUCLUILINH;

— NoTepst KOHIEHTPALUHU PU U3YYEHUU 0ObEMHBIX TEKCTOBBIX MaTepHAaJIOB.

WTak, MBI cunTaeM, 4TO MPUMEHEHHE MOOMIIEHOTO 00YUEHHS CO3/aeT yCIOBUS sl 00eCTIeYeHUS
paBHOrO JocTyna (C TMOMOUIbI0 MOOWJIBHBIX YCTPOMCTB) K 3JEKTPOHHBIM 0Opa30BaTeIbHBIM
pecypcam, A CHIMKEHMs MH(QOPMALMOHHOTO HEPaBEHCTBA CTYAEHTOB. MoOWIbHOE 00yueHue
CTaHOBHUTCS YIPaBIsSE€MbIM IIPOLIECCOM, BBISBISIOTCS OCHOBHBIE XapaKTEPUCTUKU MpOIecca;
dopmupyeTcss cucTeMa JUarHOCTUKM M MOHUTOPHMHIA; pa3padaTbiBaeTcs cHcCTeMa Mep 110
KOPPEKLHUH U MPEIYNPEeKICHUU OTKIIOHEHHH (PUCYHOK 1).

Kpome TOro, ocBoeHHe CTyJeHTaMH H MPENOAaBaTeNIIMH MOOMIBHOTO TPOTPAMMHOTO
obecriedeHrs 1 MIHTEpHET TEXHOJOTHH, MpakTHYecKasi paboTa ¢ TOJIOCOBOH CBS3BIO, Pa3TMYHBIMU
dbopmaramu aynuo u BHAeo (aiiioB; oOMeH cooOIIeHUsIMH, Nepechlika rpaduku, WHTepHer-
Opaysepsl M [p., 00ECIIEYMBAIOT CTYACHTAM OJaroNpHsTHBIE YCIOBHS U IOCTHDKECHHUS HMH
BBICOKOTO YpOBHSI 3HAaHMH W yMEHUH B 00jacTh HMHGOPMAIMOHHBIX M KOMMYHHMKAIIMOHHBIX
TEXHOJIOTUH; JJIl PacUIMPEHHs KPyro3opa M MOJIy4eHHUS MEXIPEIMETHBIX Y BHYTPH NPEIMETHBIX
CBSI3EH.
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Paboma noceawena akxmyanvhvim npodiemam uzyuenus cCmamucmudeckux Xapakmepucmuk UXPesbix
cmpykmyp.  Paccmampueatomca — unmencusHocmu  mypOYIeHMHbIX — RYAbCAYUll  CKOpOCmMu  npu
Mamemamuieckom onucanuu MypOYIeHMHbIX — NYIbCAYULL. Hcnonvzosanul cmamucmuko-
Genomenonocuneckue meopuu mypoyienmnozo neperocda. C HOMOWDBIO BEPOSIMHO-CIAMUCMUYECKOT
MoOenu  BbINOTHAIOMCA  PA3IUYHblEe GAPUAHMbBL  pacyema mMpAaeKmopull uacmuy 2a3080U npumecu 6
mypoynenmnom nomoke. Paccuumvisaemcsa xonyenmpayus epeonvix 2azoevix npumecell. lIpogooumcs
OYeHKA OUHAMUKU NPOUCX00AWUX 6 npumecu usmenenutl. Onpeodensiomcss UHMEeHCUBHOCIU MypOYIeHMHbIX
nyIbcayull 8 COOMEEMCMBYIOWUX HANpasieHusax. Bvinonnsaiomea memoouueckue pacuemvli nepeHocd
2a308bIX NpumMecell Om MOYEYHbIX U JUHEUHBIX UCIOYHUKOS. [[eMOHCMPUPYIOmMCcs pe3yabmamsl pacyemos
nepeHOCca 8PeOHbIX 2A308bIX NpuMecell Om TUHEUHbIX UCIMOYHUKO8 HA 20PU3OHMATILHOM CeYeHUU.

Knioueswie cnoga: mypoynenmmnoe ogudicenue, ammocgepa, 2a3o8ble NpUMec, Xaomuyeckue nyaibcayui,
mypoyienmuas — ouppysusa, Heynopso0oueHHblll  npoyecc, A0po  NOMOKA, YPAGHEHUEe  OBUICEHUS,
2uopasIuiecKoe conpomusienue, uxpesoe meyenue.

JKympvic  KYUbIHObL  KYPHLIBIMOAPObIY — CIMAMUCMUKANLIK — CURAMMAMALAPLIH  3epmmeyoiy — o03eKmi
Macenenepine apuanean. TypOyrewmmi NyabCayusmvly KAPKbIHObLIbIELL MYPOYAEHMMI NYIbCAYUSHBIY
MAMeMamuKaiblK CUNAMmMAamacelHoa Kapacmuipsvliaosl. Typoynenmmi macvlmManoayovlyy CMamucmuKaibik-
heHomeHono2UANbIK  Meopusapsbl  KOLOAHbLIaobl. blkmuman cmamucmuxanivl Mo0env0i NatuodlaHbln,
mypoOyieHmmi agelH0azbl 2a3 KOChAlapvl O6aueKmepitiy mpaeKmopusceli ecenmeyoiy apmypai HyCcKanapol
OpbIHOANA0bl. 3UAHObL 23 KOCNANAPbIHbIY KOHYeHmpayusacsl ecenmenedi. Kocnada bonamuvin o3eepicmep
ounamuxacel bazananaovl. Tuicmi Oasvimmapoazvl mypoyieHmmi RyIbCAyusiiapobly KapKbIHObLIbIEbL
anvikmanaowl. 1az Kocnanapvlh HYKmMeRiK JiCaHe CbI3bIKMblK KO30epOeH MAcbiManoayobly a0icmeMmeniK
ecenmeynepi opuindanaovl. Col3blKmblK KO30epOeH 3UAHObL 23 KOCNALAPbIH 20PUOHMANLL YUacKe DOUbIHUA
macvimandayovly ecenmeyiepiniy Homuicenepi KOpcemineen.

Tipex co30ep: mypbyrienmmi Ko3zeanvic, ammocgepa, ea3 KOCNAIAPbl, Pemci3 nylbcayusiap,
mypoyrenmmi oug@ysus, pemciz npoyecc, asblH 63eci, KO038aabiC MmeHOeyi, 2UOpaAGIUKAIbIK Kedepei,
KYUbIHObL A8bIH.
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The work is devoted to topical problems of studying the statistical characteristics of vortex structures.
The intensities of turbulent velocity pulsations are considered in the mathematical description of turbulent
pulsations. Statistical-phenomenological theories of turbulent transport are used. Using the probable-
statistical model, various options for calculating the trajectories of gas impurity particles in a turbulent flow
are performed. The concentration of harmful gas impurities is calculated. The dynamics of the changes
occurring in the admixture is assessed. The intensities of turbulent pulsations in the corresponding directions
are determined. Methodical calculations of the transport of gas impurities from point and linear sources are
performed. The results of calculations of the transfer of harmful gas impurities from linear sources on a
horizontal section are demonstrated.

Keywords: turbulent motion, atmosphere, gas impurities, chaotic pulsations, turbulent diffusion,
disordered process, flow core, equation of motion, hydraulic resistance, vortex flow.

Beeoenue. Atmocdepa, kak razoBasi 000JI09Ka IIAHETHI, MIPEACTABISET COO0H 0CO00 CIIOKHYIO
TypOYJIIEHTHYI0O M JWHAMHYECKYI0 CHCTEMY, B KOTOpPOW TIIOCTOSHHO MPOTEKAIOT pPa3INYHBIC
IMHAMUYECKHe M (U3UKO-XMMHYECKHe mporecchl. [IpoOiieMHBIME BOIpOCaMH, MPH ONHCAHHU
MepeHoca BpeAHBIX IpuMeceld B arMmocdepe, CTAHOBATCA MaTeMaTHMYeCKOe MOJETUPOBaHUE
HECTAIlMOHAPHOCTH M TOCTOSIHHOW W3MEHYMBOCTHU KaK Ta30BOr0, TaK M a’pO30JIbHOTO COCTaBa
aTMoc(epsl, a TaKKe OIICHUBAaHHUE BIUSHUS HA OKPY>KAIOIIYIO Cpeay aTMOC(epHBIX MpUMeceH.

Jns  TypOyleHTHOro MABMXKEHUS aTtMocdepbl MPHUCYIIM XapaKTEpHbIE OECTOpsIOYHbIE U
Xa0THUYECKUE IMYJIbCAIMH BEKTOPAa CKOPOCTH BO BCEX TOYKAX IMOTOKAa M BO BCEX HAIPaBIICHUSX,
KOTOpBIE MPHUIAIOT U BCEX MPOTEKAIOMIMX IMPOIECCOB CTOXACTUYECKHH XapaKTep W3MEHEHHI.
Oo6paszoBanue cnenuduyeckord TypOyneHTHOH Iu(Qy3un u OecrmopsIOYHOTO HHTEHCHBHOTO
MEPEMEIINBAaHMS, SBISIOTCS TPSAMBIM CIEIACTBUEM XaOTHYECKHX MYIbCAMOHHBIX JIBHKCHHH,
KOTOpbIE B 0OJIbIIIEH CTENEHU NMPEBOCXOAAT MOJIEKYJISIPHYIO TYpOYIEHTHYIO BSI3KOCTh Ta3a U Ooiee
paBHOMEpPHOE TEUYEHME, 10 CPABHEHHUIO C JIAMUHAPHBIM TEUEHUEM, HMPOMCXOJUT pacHpeieseHue
OCPETHEHHOI CKOPOCTH U J1aXke pe3Koe ee CHIKEHHE B 00J1aCTH MPUCTEHKA, a TaKXkKe 0O0JIbIION poCcT
NoTeph Ha TPEHHUE.

C »oroil menpto Tpedyercs pa3paboTaTh MOACIM JUHAMUYECKOW HW3MEHUMBOCTH COCTaBa
arMocdepsl. [Ipu aTOM, MpuMeHseMas cTaTUCTUYeCKast TeopHst OyneT TpeOoBaTh MpeIBapUTEIbHBIX
TaHHBIX O TYpOYJIEHTHBIX XapaKTEPUCTHKAX BO3AYIIHOTO MOTOKA. Vcxoms m3 3Toro, HamOombIee
pacrpocTpaHEeHHEe B TEOPUH M TIPAKTHKE, CTAIM IOJIy4aTh CTAaTHCTUKO-(EHOMEHOIOTHYECKHE
TEOpUH TYypOyJIEHTHOIO MepeHoca, KOTOphle XapaKTepu3yloT ce0s MacTaboM U MHTEHCHUBHOCTbIO
WIA WHaye, KUHETUYECKOH sHepruei myabCallMOHHOTO JBMKEHHUS M CKOPOCTBIO Iepexojia B
SHEPIUI0 HEYNMOpSAAOYEHHBIX TmpoueccoB. Hapsany ¢ cucremMoil ypaBHEHMH OCpPEIHEHHOI'O
TypOYJNIEHTHOTO TOTOKa, Ui ONHCAaHMA TPOLECCOB TYpOYJIEHTHOro TepeHoca, TaKkxke
3a/ICCTBOBaHA CHCTEMa YpaBHEHWW OajlaHCca MyJIbCAIMOHHOW HHEPTrud, a s oOecreueHus
3aMBIKaHHS BCEX YPABHEHHI CHCTEMBI IPUHUMAIOTCS €IIIe M TOTIOJIHUTEITbHBIE TUTIOTE3bI.

OcnosHovle pe3ynomamul. Yamie BCero MPUHUMAETCS, YTO CTOXACTUYECKOE IBM)KCHUE MOMKET
OTIPENIENIATHCS. TOJNBKO TYpOYJIEHTHOCTRIO TIOTOKA, @ B3aWMOBIHUSHHEM WX 4YacTUI[ MOXHO U
npereOpeub. Ilpu sToM, s ompenenenus aup@y3noHHOro TMOBEAEHUS U Ko3(duireHTa
TypOynenTHOH auddy3un YacTUIl U3-32 CIOKHOW TypOyJEHTHOH CTPYKTyphl IIOTOKa, B
3aBHCUMOCTH OT IapaMEeTPOB 3TOTO IOTOKAa M XapaKTEPUCTUK €ro 4YacTHUll, NPUHUMAIOTCS
CYIIECTBEHHBIE yIpoularomue aonyuieHus. Kpome 3Toro, mNpuHATO NPUMEHSTH AOMYIIEHUS O
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Ha0II0JaeMON  M30TPOMHOM TypOYJEHTHOCTH, KOTOPBIE C YAOBJIECTBOPUTEIHHOM CTEIEHBIO
TOYHOCTH MOATBEP)KIAIOTCS JAHHBIMH SKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN B OOBIYHBIX YCIOBHUSIX.

K rimaBHOMY HemocTaTKy Uil BceX U y3nOHHBIX MOJEICH CleayeT OTHECTH JOMYIIeHHE 00
OJTHOPOJIHOCTH HMMEIOIIETocs IO  TYpOYJEHTHBIX ITyJlbCAllUi JCHCTBYIOIIMX 110 BCEM
HAINpPaBIICHUSM, K TOMY K€, CIIOKUBIIUICS XapaKTep IBMKEHUS JUCTICPCHON (a3bl B UCCICIyEeMOM
TypOyJIEHTHOM MOTOKE HECET B ce0e BEPOSTHO-CTOXACTUYCCKUI XapaKTep, U BCSIKUE TOIMBITKU IO
€ro OMNHCAHHWIO JCTCPMUHHPOBAHHBIMH  3aBUCUMOCTSMU OyIyT CYHIECTBEHHO CHIIKATh
KAueCTBEHHBICE = BO3MOXKHOCTH  MPOBEAEHHOrOo  aHaim3a W A(PPEKTUBHOCTH  MPUHATHS
yIpaBiIeHUYECKUX pernieHui. Kak mokaspiBaeT NMpakThKa, B OOJBIIMHCTBE CIy4acB, MPUMCHCHHE
JETEPMUHUPOBAHHBIX METOJOB JAaeT BO3MOXKHOCTh OIPEACIATh TOJBKO YCPEAHCHHBIC WIH
OPHUECHTUPOBOYHBIC 3HAYCHHS IapaMETPOB M XapaKTEPHCTHK IMPOIECca, YTO TOCTATOYHO YacTO
BEJIET K HEOOXOAMMOCTH BKIIFOUCHHS B CHCTEMY YPaBHCHHM dMIUPHUYECCKUX KOADOUIIMEHTOB WM
CHIDKCHUIO YPOBHS TOYHOCTH B pacueTax. lIpumenenne aud¢y3MOHHBIX MOJEICH BEIET, KpoMme
3TOTr0, ¥ K MOTPEOHOCTH BBEJCHUS HE MMEIONIUX YETKOro (PM3UIECKOr0 CMBICIA HEOTPEISIICHHBIX
ko3 unmenToB 3 dexTrHBHOM MU HY3UU WK TPOAOTHHOTO MIEPEMEITUBAHUS.

OCHOBHOW TIPHYMHOM, BBI3BIBAIONICH TYpPOYJICHTHYIO MYyJLCAIIUIO B Ta30BOM IIOTOKE, SBIISIOTCS
€ro0 JIOKAJIbHBIC BBIOPOCHI M3 HEYCTOMYMBOM 30HBI PUCTCHHON 0OJIACTH C CYIIECTBECHHBIM YPOBHEM
3HAYMMOCTH TPAJUCHTA CKOPOCTH M TMEPHOIUYHOCTHIO. Takue JOKaJIbHBIE BBHIOPOCHI MOPOXKIAIOT
BUXpPH, KOTOpBHIE HAIMpPaBJICHBI B SAPO IMOTOKA W TEM CaMbIM JOMOJHUTEIBHO CTUMYIUPYIOT
(dbopMupoBaHKEe HOBBIX BBIOpPOCOB. COINOCTAaBUMOCTh MaciiTaba IEPBUYHBIX BHUXpEH HMEET
CXOJICTBO C MacIITabOM Ta30BOr0 MOTOKA, & €r0 CKOPOCTh COMIOCTaBUMa CO CKOPOCThIO TEYCHHS, HO
IPU 3TOM €ro YacToTa CPAaBHHUTEIHHO HH3Kas. J[BYDKEHHWE KPYIHBIX BHXPEH, B TypOyJICHTHOM
MMOTOKE, MIMEET BECbMa HU3KYIO YCTOHYMBOCTD H TI0 XOJIy MOXKET MOPOXKIATh IPYrue 00Iee MEIKHe
JIOKQJIbHBIE BUXPH, a Jjajiee 3a HUMU erie 0oyiee MEJIKHE M TaK BIUIOTH JIO Melbuaiimmx. BHyTpH
MeTbUANIINX BHUXPEH TEUEHWE HOCHT JIAMUHApHBIA xapaktep. CremxyeT OTMETHUTh, YTO Ha
JIBUKEHUH MEIKOMACIITaA0OHBIX BUXPEW HE CKa3bIBaeTCs o0Illee HampaBiIeHUE Ta30BOr0 MOTOKA, T.€.
MyJIbCAIUU TIPAKTUYECKH M30TPOMHBI M BCE HAMPABJICHUS PAaBHOBEPOSITHBI, & YACTOTa MYyJbCAlUN
JUISl TaHHBIX YCJIOBUM MaKCHMallbHa U MOCTOsIHHA [1].

BrimonHenue MOJICTAaHOBKH BBIpAXEHHH B CUCTeMY ypaBHeHuU nBkeHHs Habe-Ctokca u
MyTeM YCPEIHEHHUs IO MPOCTPAHCTBY U IO BPEMEHH NMPHUBOJIUT K CHCTEME YPaBHEHUU JBHIKCHUS
Peiinob/ica, B cOCTaB KOTOPHIX BKITIOYCHBI T0OABOYHBIE KacaTeIbHBIC HAMIPSHKCHHUS, BBI3BIBAIOIIINE
MOBBIIMICHUE THJIPABIMYECKOTO COMPOTHBIICHUS € YPOBHS BS3KOCTH. YOMITUPHUYCCKHE WU
CTAaTHCTUYCCKUE TEOPUU TYPOYJICHTHOCTH MPUMEHSIIOTCS JUISl JOCTHKCHHS 3aMBIKAHUS CHCTEMBI
yYpaBHEHUHU, a TakKe MPUMEHSIOTCS aHAJIOTMU MEXIY MOJEKYISIPHBIMU U TypOyJIEeHTHBIMU
HAMpPsDKEHUSMU, TNI€ yYaCTBYIOT SKCIIEPUMEHTANbHBIE JTAaHHBIE O CTATUCTUYECKHX CBS3SIX MEXKIY
MyJIBCAIUSMU TI0 BPEMEHH U B POCTPAHCTBE.

Jliis m000# TOYKK ra30BOr0 MOTOKAa MTHOBEHHASI CKOPOCTh aTMOC(hephl B Ka)I0M HaIlpaBJICHUU
pacmpocTpaHeHUs MPECTABIAETCA KaK CyMMa OCPETHEHHON CKOPOCTH U CKOPOCTH IMyJIbCAIUH:

u=u+u , v=v+v , w=w+w' , @

YpoBeHb 3HAUUMOCTH CKOPOCTH TYpOYJICHTHBIX MYJIbCALMH OIpeNeNseT CKOPOCTh TPEHHS
(IMHaMuYecKass CKOpOCTb) — YCPEJHEHHOE 3HA4YEHHME IONEPEYHONW U IPOJOJIBHOM CKOPOCTEH,
KOTOpBIE COCTABIISAIOT OOIIYI0 CKOPOCTD MYyJIbCALIUI:
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w* = /(W) = T0/p ()

[TapameTp MacmtabupoBanusi TypOyJIEHTHOCTH JAEMOHCTPUPYET HE CTOIBKO CPEIHION, CKOJIBKO
Oosiee BEpPOSATHYIO Pa3MEpPHOCTh TYpOYJIEHTHBIX BUXpeil. B pa3BepHyTOoM TypOyJIEHTHOM Tra30BOM
MOTOKE MAaKCHMaJbHBIH MapaMeTp MacIITa0MpOBAHUS IyJIbCAIMKA COMOCTaBUM C XapaKTEPHBIM
auamMeTpoMm (pasMepom) KaHamna lyq,~D, a caMblii MUHUMAabHBIN ONMpeAenseTcs] CIOKUBIIMMHUCS
YCTIOBHSIMH BSI3KOCTHOM JMCCHIIAIMH YACTH KMHETHUECKOW SHEPTHH MyIbCaluu L, ~R/Re®”5.
[IpoBoauMBbIE IKCIIEPUMEHTAIbHBIE UCCIIEIOBAHUS CIIEKTPa MOMEPEYHbIX U MPOJIOJIBHBIX CKOPOCTEH
TypOyJIEHTHBIX MYJIbCALIMM IEMOHCTPUPYIOT TO, YTO OYIYyT BeCbMa BEPOSITHBI T€ TypOyJEeHTHbIE
MyJIBCAIUH, JIJIS1 KOTOPBIX CKOPOCTh MIPOMOPIMOHATIbHA CKOPOCTH MOTOKA rasa.

B npumensemoill mony>mMnupuyecKkol Teopun TYpOYIEHTHOCTH 3aJ€MCTBOBAHO IOHSTUE IYTH
cMenieHnus (NMepeMelInBanus), T.€. 9TO TaKOe pPAcCTOSHHE, HAa KOTOPOM TYpOYJIEHTHBIH BUXPb
CTaHET TEepATh CBOIO IENOCTHOCTh. [Ipym mpoBeneHnu aHanmsa TypOYJICHTHOW BSI3KOCTH BOJIH3U
CTEHKH, Iojlydaemasi JUIMHA MyTH TMepeMeInBaHus — [, 4ame Bcero Oepercss mponopIHOHAIBHO
paccrosiauto 10 creHku — (L, = k™y), tae xosbdunueHt TypOyIeHTHOCTH WIH TYpOYJIeHTHOI
CTPYKTYphl k™ (KO3 PUIMEHT MpOMOpHUOHAILHOCTH) TpuHUMaeTcs k* =~ 0,4 wim HaxoauTcs
OTMBITHBIM TyTeM. UHCIO MPOUCXOIANIUX W3MEHEHUN aMIUIMTYIHBIX 3HAYCHHUH MyIbCAI[HOHHOMN
CKOPOCTH B €IMHHUILY BPEMEHH XapaKTEepPH3yeT 4acToTa TYpOYJIEeHTHBIX myibcanuii. Dopmupyembie
CTAaTUCTUYECKUE XapaKTEPUCTUKH [UISI CPEJHEYaCTOTHOM TYypOyJIEHTHOCTH HE HaXOISITCs B
3aBHCHUMOCTH OT BSI3KOCTH M IIJIOTHOCTH CpPEJbl, 3aBUCSAT OT BEIWYHHBI CKOPOCTH IUCCHUITALUU
sHeprud. [IpoBOAMTCS  BBIUMCIEHHWE HW)KHErO TMpeleina 4YacTOThl  KPYIMHOMAcCIITaOHBIX
TypOyJIEHTHBIX IMyJbcaluii Macmraba D:

Wo = wcp/D- (3)

JIast o01ero ciiydasi BBIYHUCIISCTCS CKOPOCTh MYJIbCAIMOHHOTO JBMYKEHHSI TA30BOM Cpelbl IO
UHTEerpabHOI popmyie Dypoe [2,3]

oo -
w(t) = [, (Acos wt + Bsinwt)dw, (4)
) 9] -1. .
I/le W—3Ha4eHHe YTI0BOM 4acTOThl TypOYIEHTHBIX MyJbcanui, ¢~ —; A u B — koaddpunmeHTsI:
1+ 10+ ,
A==[""wcoswtdt, B==["" w sinwtdt. (5)
T ¥ — 00 T Y —00
OnHako B (OPMYIBHOM TMPEICTABICHUH TYpOYJIEHTHBIX IyJIbCalliii JWHAMHUKA H3MEHEHUS

CKOPOCTH ITYJIHCAI[MOHHOTO JIBM)KCHHSI CPEIIbI BO BCEX HAIMPABICHUSX OOBIYHO TMPEICTABISAETCS
MOHOTapPMOHUYECKOH (yHKIMEH

w'(t) =W - sin(wt), (6)
rae W — aMmmuntyia CKOpoCTH myibscanuid, m/c [3].
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[IpoBenemM 4HCIIEHHYIO pealu3alMi  BEPOSTHO-CTATUCTUYECKOrO  MOJEIMPOBAHMS IO
pachpoCTpaHEHUIO BPEAHBIX T'a30BbIX NpPUMECEH OT aBTOTPAHCIOPTHBIX CPEACTB B aTMocdepe
TrOpPOJICKOTO KOHIJIOMEpaTa.

Yactuna npuMecu MOXET JielaTh MepeMelleHne B aTMocdepe BMECTe C ra30BbIMU IOTOKaMU
BO3/yXa MO BIMSHWEM BHEIIHMX CWJ, TaK M 3a c4yeT TypOyieHTHo auddysum mon neiictBuem
TypOYJNEHTHBIX MyJbcanuid MOTOKa aTMmocdepsl. CrenoBarenbHO, MOIYYCHHYIO TPACKTOPHUIO
JBUKCHHSI 9aCTUIl MPUMECH MOXXHO paccMaTpHUBaTh KaK OOIIUI CyMMAapHBIA CIIy9allHBIH MYyTh.
Torna, B m000if MOMEHT BpeMEHH, Jr00as U3 ee KOOPIMHAT MOXKET ObITh paccyMTaHa Kak CyMMa
CITy4ailHOM ¥ JICTEPMHUHHUPOBAHHON COCTaBIAONIMX [4, 5]:

X(t) = jux ®dt+x'(t), 7)

rne  X(t)-Bpemennas mpoekums aeTepMuHMpOBaHHON ckopoctu, Mm/c; X(t) — cmywaiimbrii
Tporece.

IIpy  paccCMOTPeHMH IIepEMEIIEHMS YacTHIbl Ta30BOH NPUMECH KaK HOBTOPSIOIIMECS
CKa4K0OOpa3HbIe TIEPEMEIIEHHUS C JUIMHON h 4epe3 Majible BpEMEHHbIE IPOMEXKYTKH At B OJHOM M3
cTeneHeil cBOOO/IbI IIepeMEIIEHHS] B OPTOIOHAIBHON CHCTEME KOOPIMHAT XyZ , TOT/a HOTy4eHHas
TPAeKTOPHs JIBUKEHHUs YAaCTHIl OyJeT MPEACTABIATh U3 cebs TPEXMEPHYIO JOMAHHYIO KPUBYIO, a
BEKTOp HANpaBIEHUS JBMKEHHS B KaXIblii MOMEHT BpEMEHHM OYIET pacCUUTHIBATHCS
BEPOATHOCTHBIMH XapaKTEPUCTHKAMH P, : P, Py, P,ys P_y, P,,, P_, - TOT/Ia CTAHET OYEBHJIHO, YTO B

100011 MOMEHT BPEMEHU:
p+x (t) + p—x (t) + p+y (t) + p—y (t) + p+z (t) + p—z (t) = 1 (8)

HpI/I BJIIMAHHUNW BHCIIHUX CHII B HSOTpOHHOﬁ Typ6y.]'IeHTHOCTI/I U OTCYTCTBHUH KOHBCKTUBHOI'O
JBHOKCHHA, KOrJa 4dJacTula ra3oBou MNpuUMECH COBCPIIACT JIMIIb cnyqaﬁHme nepeMEeuICHrd, BCEC
BCPOATHOCTU OAMHAKOBBI 1 BEKTOPHBIC HAITPABJICHUSA CMCIICHWA PABHOBCPOSATHDI:

1

P.®=p O=p,O=p,O=p.O=p.O=F

PaccmotpuM mpoliece mepeHoca 0JHOM YaCTHIBI Fa30BOM INPUMECHU M3 TOYEYHOI'0 MCTOYHUKA.
IIpuMeM, 4TO HaIpaBlI€HHE BETPA COBIAJAET C OCBI0O OXx. B 3TOM cilydae, MOXHO NEPENTH K
IBYMEPHOM CHCTEME KOOPAMHAT XOz M B KaXKIbli MOMEHT BPEMEHHU PACCMATPUBATh IBUKCHHE
YaCTHIl Ta30BOM IPUMECH TOIBKO B OJHOM M3 4YETBIPEX BO3MOXHBIX HampasieHud. Torna,
BEPOATHOCTH KaXKI0TO HampasiIeHust 6ynyT P,., P_., p., 1 P_, (P, () + p_ () + p,, () + p_,(t) =1).

OueBuIHO, YTO MpU  H30TPONHON  TYpOYIEHTHOCTM U TP  OTCYTCTBUM  BETpa
P, =P, =P, =pP,=1/4. B ciyyae mpucyTcTBHS BETPOBOrO BO3IECIHCTBHsS COBIAIAMOIIEIO C
HampaBJIEHUEM OCH OX, 3TO BIMSIHUE MOKHO BBIPA3UTh IMYTEM COOTHOLICHHS COOTBETCTBYIOLIMX
BEPOSITHOCTEH HANpaBICHUI IBMKEHHUS, T.€. IPU U30TPONHON TypOyIEHTHOCTH B HENOJBUKHOMN

CHCTEME KOOPAMHAT U BOCXOJALIEM TedeHun P, > P, = P,, = P_,.
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Pucynok 1 — BapuaHTsl pacuera Tpa€KTOPUU OJHOW YaCTUILIbI Ta30BOI IPUMECTH B
TypOynentHom notoke ( p,, =0.7, p_, = p,, = p_, =0.1 (100 maros))

IIpy M3BECTHBIX 3HAYEHUSAX I'E€HEpATOpa CIy4YaWHBIX YKMCENI M BEPOSATHOCTEH [, C MOMOIIBIO

BBIIIIE OMUCAHHOW BEPOATHO-CTATUCTUYECKON MOJIEIN, Ha pPHUCYHKaX | U 2 COOTBETCTBEHHO
OTPAXKEHBbl BAPHUAHTBHI PE3YJbTATOB pacyeTa BO3MOXKHBIX TPACKTOPUW OJHOW W JIECSATH YACTHIL
ra3oBOi MPUMECH B TYpOYJICHTHOM IOTOKE.
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Pucynoxk 2 — BapuaHTsl pacueTa BO3MOXKHBIX TPAeKTOPUI IECSITU YacTUL] Fa30BOH
npuMecTu B TypOynentrom noroke ( p,, =0.7, p_, = p,, = p_, =0.1 (10x100 marog))

Crenyer OTMETUTH, YTO B Ciy4ae CYIIECTBOBaHHMS MHOXECTBa 00bEMOB BHIOpOCAa U MHOXKECTBA
HCTOYHUKOB BpEAHBIX BEILECTB, JAHHBIA MOAXOJ 3aTpydHUT pacdeT. [loaToMy, Bkaxmom
BPEMEHHOM HHTEpBaJie J1r00ast yacTUIa MOXKET NpeObIBaTh B OJJHOM U3 TaKUX Y3JIOB CETKH U J1I000€
U3 MOAOOHBIX MOJIOKEHUH ClelyeT BOCHPUHMMATh KaK BEPOSITHOCTHOE COCTOSHHUE YacTHLbI B
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MOMEHT BpEMEHU c COOTBETCTBYIOILEH eposrroctsio P (i, j,t)
(1, J —nomepa y3no08 cetkn) [7].

IIpencraBuM, 4YTO MOJIY4YEHBI BEPOATHOCTH BCEX BO3MOXKHBIX ITOJIOXKEGHMM 4YacTHLBI B
ONpEIEICHHBII MOMEHT BpeMEHU {, M IPOAHAIU3ZUPYEM IUHAMUKY W3MEHEHMS BEPOSTHOCTH

NpeOBIBaHUS YaCTUIBI B OINPEIECIICHHOM IOJIOKCHUH (i, j) yepe3 KOPOTKHH BpPEMEHHON
nepuon At

BeposiTHOCTE 4acTUIIbI P(i, j,t + At) B MOMEHT BpeMEHH t-+ At ONPENENSAETCS B JIBYX
CIydasx: TepBO€, TO KOTJa M3 TONOXEHHMS (j, j) BBITEKAIOT B COCEIHHE Y3IIbI ((i —1, j),
G+1,j) (i, i—Du G, j +l)); BTOpOE, KOraa Brekarot u3 cocenunx y3os ((i —1, j),
(i +1, J), (i, ] —1)1/1 (i, ] —l—l)) (pucynok 3). MOXHO MPEanoaOXKUTh, YTO B JIFOOOMH

BPEMEHHOM NEPHOJ t+ At, B IOJOKEHHHU (j, j) ONPENEIIETCS BEPOATHOE HAIPABJICHUE MEPEXOa

n+1
YaCTHIIGI p”, j (| =+X,—X,+Z,—Z), 1 COOTBETCTBEHHO TO, YTO BBITEKAE€T — OTHUMAETCS, a TO, UYTO

BTEKaeT — Jo0aBisercs [8].
CrnenoBaTelbHO, UTOTOBOE YPaBHEHHUE IO OINPEACIICHUIO BEPOSTHOCTH HAXOXKICHHS YaCTHIIBI B

ITOJIOKEHUHN (i . ] )B onpeenentbiii MomeHT Bpemern t + Al BommsauT ciemyrormmm o6pasom:

n+l _ pn n+1 n n+1l n n+1l n n+l n n+1 n+l n+l n+1 n
P =P, +P5iiPa;+ PSP+ PoiPia+PLiiPlha _(p+x,i,j + Pt Pt p—z,i,j)Pi,j 9)

+X,1,] =X,i, ] 4L,

n+l o
rac P, i - BCPOATHOCTb HAXOXACHHUA YaCTULbI B OIIPCACIICHHBIM MOMCHT BPCMCHHU t+At B

n+1 - -
MOJIOKEHUH (i, j), p+x’i, j — BEPOATHOCTB MEPEXO/I0B B COOTBETCTBYIOLIEE IOJIOKECHUE (l ) J)B

moment Bpemern t + Al u3 nonoxenus (i, J) [4].

ITpum 4 (i, j)At <<1 s peKyppeHTHOTO IyaCCOHOBCKOT'O TIOTOKA COOBITHI MOTydaeM:

pm :1_eXp[_,U| (i, j)At]zl—[l—,u, (i! j)At]:ﬂl (i1 j)At (10)

91 (7 (| =+X,—X,+Z,~Z) — WHTCHCHBHOCTh IEPEXOJ0B B TYpPOYJCHTHOM IOTOKE, KOTOpHIC

Lol
OTIPEICTISAIOTCSA YPOBHEM HHTEHCUBHOCTH TYPOYIEHTHBIX MYJIbCAlHA, C .

AHaNoOry JAaHHBIX MPUOIMKEHUH BO3MOXKHO 3allMCHIBAaTh U U BCEX OCTAIbHBIX IMEPEXOJIOB,
BBITOJIHSISL COOTBETCTBYIOIME 0003HaYast 4, ;. B oTOM ciydae, ypaHenue (9) mpumer BUA:

Pi,njﬂ = P.n; +'u+x,i,jAtPiEl,j +ﬂ*>‘v"'AtPn

j i+1,j

+ /u+z,i,jAtPi,nj—1 +

) ) (11)
+ ;u—z,i,jAtPi,jﬂ - (/u+x,i,j L ARl ISRl A )Pi,jAt
W3 Boipaxkenus (11) momyyaem:
I:’i,njﬂ o I:)Inj _ Pn n Pn
A HoyiiFicj ¥ HoxijFiaj T Mg jhja t
TH Pi,nj+1 - (:u+x,i,j UG T T )Plnj (12)
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)

\'4'.‘,%”
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:\ » PR N
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Pucynoxk 3 — Cxembl HarpaBieHUN MIEPEXO0B YaCTUIIBI

Henast mnepexox K Tmpeaeny MNpUAt-—0, mnonydaeM auddepeHIHanbHOe ypaBHEHHE
OTHOCHUTCIIBHO BCPOATHOCTU HAXOXKACHHA YaCTUIIBI B OHpC}IGJ’IGHHLIfI MOMCHT BPEMCHU t B Touke

(i, 5):

8P n n
8t :u+X| JP—lj +1u X0, ]Pl+lj +1u+z,i,jPi,j—1 +
+ 4, P — (:u+x,i,j TH Gt g +/u—z,i,j)Pi,nj (13)

B 11000M monoskeHuin F’i”j BEPOATHOCTh HAXOXKJECHHUSI OJMHOYHOM YACTHIBI B COOTBETCTBUH C

3aKOHOM OOJIBIINX YHCeI OIHOBPEMCHHO 6y,Z[eT O3HadaThb AOJIIO YaCTHIl N (i, j,t)/ N OT HUX 06IJ_ICFO

YHCHA B CHCTeMe, KOTOPHIC HaxXOIATCS B MOMEHT BPEMEHH | B deMeHTapHOM 0GbeMe v, i)
ceuennem h xh, , t.e.:

oo _ NG 1) _ o V(i.J)

b = =P
"N "N (14)
rae (oir,]j — JIOKAJIbHAasg YUCJICHHAS KOHLICHTPAIUA Ta30BbIX HpHMeCGﬁ, M_g
Brimonnus MMOACTAaHOBKHU B YPABHCHUS, ITOJTYHACM CIICAYIOIICC BRIPAXKCHUC!:
V(i i) o V(i i) J) !
TE = Hoyij N (¢| 4 — b j) + (¢I+lj D )+
Vi, n n
+ :u+z,i j (N )(¢I j-1 ¢i,j )+ lu—z,i j ( )(¢I j+l ¢i,j ) (15)
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[IpyHrMas BO BHHUMaHHE, YTO 3JEMEHTApHBIM 00beM M 0Olee YUCIIO JIeICHHUM IMOCTOSHHAs
BeJIMYMHA, A00aBisieM (QYHKIIHIO, KOTOPasi OMUCHIBAET HCTOYHUKHU BHIOPOCOB BPEIHBIX BEIIECTB B
MOJIyYEHHOE YPaBHEHHE:

% = Hixjij (§0ir11,j — 9] )"‘ Hoyij (§Din+1,j — 9] )"‘ Mg (qur,]j—l — o] )"‘ Moy (§0ir,]j+1 — o )"‘ f (16)

rac f — q)YHKI_II/ISI, OIINChIBarOIas KUCTOYHHUK BbIGpOCEl BPCAHBIX BCUICCTB.

[Tpu 3a1aHHBIX HAYaIbHBIX U TPAHUYHBIX YCIOBHSX cucTeMa Iu(p(depeHIralbHBIX ypaBHEHUN
(16) nmaer BO3MOXXHOCTb pacCUMTaTh KOHLEHTPALMIO BPEAHBIX Ta30BbIX NpUMeEced U OLIEHUTbH
JMHAMUKY €€ U3MeHeHus. PaccMoTpuM JBa BHAA I'paHUYHBIX YCIOBHM: 1. cBoOOnHas rpanuua; 2.
TBepJas creHka. J[ias cBOOOHOM IpaHMLbl yOepeM Te cllaraeMble, KOTOpPbI€ BBIXOJAT 3a IpPEeAesbl
rpanuisl. Harmpumep, Ha rpanune x = X !

= Hixn,.j (¢:1—1,j - 40:1,1 )+ Hoyn (_ ¢:1,j )+ Hizn,i ((021,1'—1 - (/’r?l,j )+ H gni (¢:1,j+1 - €0:1,j )+ f (17)

x=X

Oro Oyier 03Ha4YaTh, YTO U3 PACUCTHON 00JACTH MPUMECH OCCIIPENIATCTBEHHO BBITEKACT, HO MPU
3TOM HE BTEKaeT.

Torz[a, Ipn HGO6XOI[I/IMOCTI/I, BO3MOXXHO pPaCCYHUTLIBATH 00BEMEI BBIBCACHHBIX U3 pvaCTHOﬁ
00JIaCTH MpUMECEH IS OTIPE/ICIICHUSI CAMOOYHILIEHHS aTMOC(EPhI BETPOBBIMH PEIKUMAMHU.

B cnygae, eciu rpaHuIiel SiBIsSieTCS TBEpiasi CTCHKA, HAPUMED, Ha TPaHMIE z =0

= Hixia (Qin—l,l - (Dirjl )+ Hoyin (q’inﬂ,l - (Dirjl )+ Hizij (_ (Dirjl )+ H i1 (¢ir,12 )+ f. (18)

Torna, nmpumech He BBITEKaeT UM He BTekaeT. [lo70O0HBIM 00pa3oM BO3MOYKHO TMOJYYHUTh
IpaHUYHBIE YCIOBUS JUIS BCEX IPYTUX FPaHUI] paccMaTpUBaeMon 00I1acTH.

PacyeTHble 3HAYEHUS MHTCHCUBHOCTU  MEPEXOHOB Ll iv M yijrMizij B Hogjj

ONPEEISAIOTCA  MHTEHCUBHOCTAMU  TYpOYJEHTHBIX MyJbCallud M JIETEPMUHHUPOBAHHBIMU
CKOPOCTSIMM B COOTBETCTBYIOIIMX HampapiieHUusX. CKOpPOCTh 4YacTHIl Ta30BbIX MpUMeECcEeH Ui
MOOBIX HaNpaBlI€HUH pPacCUUTHIBAETCS B CYMMOBOM BBIPAKEHUH JETEPMUHUPOBAHHOM H

CIIy4ailiHOM COCTaBJISAIOIINX:
u=u-+u’ (19)

B sTOM cityuae, o0111asi ”HHTEHCHBHOCTB IIEPEX0/I0B BJI0JIb JII000i U3 Ocelt orpenensercs: CyMMOi
OCPETHEHHOH IeTepPMHUHUPOBAHHON CKOPOCTH U TYpOYJIEHTHBIX MyJbCaIUil.

Hix =U+‘Ll+x, H_x =|—U|+,u7X, A, =W+/,l+z, H, :|_\N|+/'LZ

7€ U,W — KOMIIOHEHTBI CKOPOCTH BETpa.
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IIpun orcyrcTBUM BeTpa B aTMocdepe, MHTEHCUBHOCTH TYpOYJIEHTHBIX MYJIbCALlUHA JUIS BCEX
HalpaBJICHUH CIeyeT CUUTATh OAUHAKOBBIMU, T.€. L, =M = f, , = [ ,.

Ecnyu npuHATH, YTO BEKTOp HAIpaBJIEHUs BETpa COBIAJAET C HANpaBlIeHUEM OcH OX, TO
MHTEHCUBHOCTHU NEPEX00B OYyAYyT OMPENEsIThCS CAEAYIOUUM 00pa3oM:

Moy U+l Mo =M =1,

IIpu  pacyernoit  peanuzamuu  ypaBHeHMH (16) W3  MHTEHCHMBHOCTH  IEPEXOJIOB
Moxijr M xijrMigij 1 H_zj j TOIbKO OJMH M3 HUX NPUHUMAET 3HaueHue 1, a ocranbhbie 0.

Takoii monxox obecrieynT BoIMoIHEHHE ycnoBuid (§). M TOT U3 HUX, KOTOPBINA MPUMET 3HaYeHHE 1,
oIpeiesIsAeTCs Ha 0a3e reHeparopa CllydailHbIX YHCEL.

IIpoBeneM ¢ HOMOIIBIO BEPOSATHOCTHO-CTOXACTHUECKOW MOJENM METOJUYECKUE pPacCyeThl
HEepPEeHOCa ra30BbIX MPUMECEH OT TOYCUHBIX U JTMHEWHBIX HCTOYHUKOB [9, 10].

Ha pucynkax 4 u 5 oTpakeHO BO3J€IiCTBHE CKOPOCTHOIO peXHMa BeTpa Ha TOYEUHBIH
uctoyHuk. Hanpumep, npu ckopocTu BeTpa 3 M/c ra3oBas IpUMech ObICTpee CMELIaeTcs, Jaxke He
ycrieBasi BKIIIOUUTHCS B auddysnonnsie mpoueccol (pucynok 4). Ilpu ckopoctu Betpa B 1 m/c
IIpolece IIepeHoca ra30Boi IIPUMECH IIPOTEKAET MEJUIEHHEE (PUCYHOK 5).

=}
o
sy

1
X

Pucynox 4 — Bo3zaeiicTBrue CKOPOCTHOTO pexXuMa BeTpa MpHu CKOPOCTH BeTpa 3m/c,
TOYEYHBIN UCTOYHUK

>
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02
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X

Pucynok 5 — Bo3nelicTBrue CKOPOCTHOTO peKMUMa BETpa IIPHU CKOPOCTH BeTpa 1m/c,
TOYCYHBI UCTOUHHK
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Ha pucynkax 6 u 7 npeacTaBieHbl pe3yJibTaThl pACU€TOB MIEPEHOCA BPEIHBIX ra30BbIX pUMecen
OT JIMHEMHBIX HCTOYHUKOB Ha TOPU30HTAIILHOM CEUCHUHU.

100
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> 50
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30
20

10

50 100
X

Pucynok 6 — BxosHble JaHHBIE O IEPEHOCE BPEIHBIX I'a30BbIX IPUMECEH
OT JINHEWHOI'0 HCTOYHUKA

| L L L L LR R

50
X

Pucynok 7 — PacnipoctpaneHue BpeIHbIX ra30BbIX IPUMECE
OT JMHEHHOI0 UCTOYHHUKA IIPU CKOPOCTH BETpa SM/C B CEBEPO-3aIlaJHOM HaIpaBICHUU

Takum O6p3.30M, MOKHO KOHCTAaTHPOBATh, YTO HUCIHOJIB30BAHUC HAXKC ynpOH.ICHHOfI MCETOJHUKHU
BCPOATHOCTHO-CTOXAaCTHYCCKOI'O MOZACIINPOBAHUSA npeaoCTaBsACT Xopomue BO3MOXXHOCTH
MMOCTPOUTH Bq)(beKTI/IBHBIC YHUCJICHHBIC aJITOPUTMBI pacucTa, TCM CaMbIM, CYIICCTBECHHO COKPATHUTH
00bEeM BEIYUCIICHUI 0€3 MOTCPU UX TOUYHOCTH.
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B cmamve paccmampusaiomes memooOvl peuienuss NPUKIAOHBIX 3aA0ay INEKMPOOUHAMUKU 8 Clyude
CAOUCMBIX U  BEPMUKAILHO-HEOOHOPOOHbIX cped. [Ipednodicenvl aneopummvl nepeuuHol o0opabomxu
eeopadapuuix OauHbvlx. Hcciedosanvl nokasauus eeopadapa 8 QUKCUPOBAHHOU MOYKe HAOMOOeHUs C
noMOwbI0 Memooa «noobopay. Ilposooumcest ananusz YacmMomHoOU XapaKmepucmuKy pacnpeoeiieHus JHepeuu
CUSHANA NO YACMOMHBIM cocmasisiowum. [Ipednazaemcs npocpamMmuas peanuzayus onpeoenerus 2ayounsl
3anecanuss 00bEKMOo8 U OMHOCUMENbHYIO OUINEKMPULECKVIO NPOHUYAEMOCMb NOONOBEPXHOCMHOU CPeObl.
Ml pewenus nOCMAGIEHHOU 3a0ayi UCHOAL3YEMCs: MOOYIb OnpedefieHus 2ayOuHvl 3ane2auus U
NPOBOOUMOCTNU NOONOBEPXHOCMHBIX 00beKkmos. Pacuemuas uacmv GuINOIHAIACL PACHPOCHPAHEHHbIM 8
BLIMUCTIUMENbHOU  NPAKMUKe  CNOCOOOM  NPUbIUdICeHH020 peuienus. B pesyiomame npoeedeHH02o
uccnedosanus paspabomansl YUCIeHHbLE MEMOObL PEUUEHUs. NPAMBIX 3a0ay dIeKMPOOUHAMUKU.

Knwuesvie cnosa: snexmpomacHumuoe 803MyweHue, KIacc (QYHKYUl, Qusuueckue nojs, HUucleHHvle
aneopummul, uUYeCKUe XAPAKMEPUCMUKU, CMPYKmMypa cpeo, NpaMas 3a0ayd, YpasHeHue Mooenu,
Guxcuposannas mouxa.

Maxanada 31eKkmpoOOUHAMUKAHBIY KAOQMMbl Jicone MmiciHeH OipmeKkmi emec opma Hca20aublHOAebl
Kon0anbanel mMacenenepin weuly a0icmepi mankwviianaovl. GPR 0epexmepin aneawiksl oqoey aneopummoepi
ycwinvinean. bencineneen bOaxwiiay Hykmecinoezi eeopadapovly Kepcemxiumepi «manoayy a0icimen
sepmmenoi. Kuinix komnonenmmepi 60UbIHUA CUSHAT IHEPSUSCHIHBIH, MAPALYbIHbLH HCULTIKMIK PeaKyUsICbIH
manoay ocyzeze acvipviiadvl. Hvicanoapovly mepenoici MeH Jicep acmuvl OPMACHIHbIY CANbLCTNBIPMALb
omKIizeIumi2in aHLIKMAUMbIH 0A20APIAMATLIK KAMMAMACLL3 emy YCblnblazan. byn maceneni wewry yuiin
Jrcep  KOuHayvl 00veKminepiniy mepenoici MeH OmKI3eiUmiciH  aHLIKMAUmMblH  MOOYIb  KOLOAHBIIAOUL.
Ecenmey 6onimi ecenmey npakxmukaculHOa Key mapaizad, JiCYbIKman wiewim 20ici apKvlivl dicy3eze
acwipwlovl. 3epmmey Hamudicecinoe I1eKmpoOUHAMUKAHBIY MiKeell ecenmepin weutyoily canovlk adicmepi
arcacanowl.

Tipex co30ep: snexmpomazHummix OY3bIAYAAP, QVHKYUSALAD KIAChl, (DUIUKATLIK epicmep, CAHObIK
aneopummoep, QUUKATLIK CUNAMMAMANap, Opmanapoblly KYpouliblMbl, MiKeael ecen, Mooelb meHoeyi,
MIpKen2eH HyKme.
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The article discusses methods for solving applied problems of electrodynamics in the case of layered and
vertically inhomogeneous media. Algorithms for the primary processing of GPR data are proposed. The
readings of a georadar at a fixed observation point were investigated using the "selection” method. The
analysis of the frequency response of the signal energy distribution by frequency components is carried out.
A software implementation for determining the depth of objects and the relative permittivity of the subsurface
medium is proposed. To solve this problem, a module for determining the depth and conductivity of
subsurface objects is used. The computational part was carried out by the method of an approximate solution
that is widespread in computational practice. As a result of the study, numerical methods have been
developed for solving direct problems of electrodynamics.

Keywords: electromagnetic disturbance, class of functions, physical fields, numerical algorithms,
physical characteristics, structure of media, direct problem, model equation, fixed point.

Beeoenue. AxrtyanbHas U HacyllHas HEOOXOAMMOCTh TPUMEHEHHS aHAJIUTUYECKUX U
YUCJICHHBIX METOJIOB HCCIEAOBAHHUS 3a/lady  JJIEKTPOJWHAMUKH  OINpEAessieT MOTPeOHOCTh
paccMOTPEHUSI UX B CIIy4Yae CIOMCTBIX M BEPTUKAIbHO-HEOAHOPOIHBIX cpen. McxomHasa 3amgava
AJIEKTPOJIMHAMUKH, B CIIy4ae CHEIHaIbHOTO BHIOOPAa HCTOYHUKA JIEKTPOMArHUTHOTO BO3MYILICHHUS,
CBEJICHA K CEpUU OJIHOMEPHBIX 3a/1ad JIJIsl ypaBHEHUS TeoiekTpuku. Ha ocHOBe MeToa «mmoabopay
(bUKCUPOBaHHBIC TOYKH H3MEPEHHs JUIS KJIacca BBIYMCICHHBIX (DU3UYECKUX IOJICH OMpEeesstoT
KJIacC (PYHKIIHM, OMUCHIBAIOIIUX OTKIHK CPEIbL.

g pemieHusi moJOOHBIX MPUKIATHBIX 3a7ad HEOOXOAMMO UMETh 3aBUCUMOCTb AMIUIUTY/IbI
CUTHaja OT TJyOMHBI €r0 OTPaXEHHs, a MCXOJHAs pajaporpamMma OyJeT BhIpakaTh 3aBUCHMOCTH
aAMIUTATYZIBI CHTHAaJa OT BPEMEHH OTPAKCHHUS. 3aTeM HEOOXOJAMMO H30aBUTHCS OT Pa3IMIHBIX
MOMEX, CKPBIBAIOILLKX ITOJE3HBIN CUTHAL.

C 2TOii 1IeNBI0 CIIEyeT pacCMaTpUBATh aITOPUTMBI CHUKEHUSI YPOBHS IIIyMa B pajiaporpaMme ¢
HCIIOJIb30BAHUEM DPa3jIM4YHBIX BEWBIETOB. lcnomp3oBanmch: BelBiaeT Xaapa W BEUBIETHI
Ho6emu 4-nopsinka. OcHOBHas 00JacTh MPUMEHEHHUs BEUBIETHBIX MpeoOpa3oBaHUil — aHAIHU3 H
00paboTKa CUTHAJIOB U (DYHKIINA, HECTAIIMOHAPHBIX BO BPEMEHH U HEOJHOPOIHBIX B IPOCTPAHCTBE.
PesynpraThl Takoro asamusa JOJDKHBI COAEPKATh YAaCTOTHYK) XapaKTEpPUCTUKY CHUTHAJA,
paclipeieJIeHHe SHEPIUM CUTHAJIA 110 YaCTOTHBIM COCTaBIIAOIIUM. [I0 cpaBHEHHUIO C pa3ioKeHUEM
curHayioB Ha paAnbl Dypbe BEUBIETH CHOCOOHBI ¢ 0O0Jee BBICOKONW TOYHOCTHIO MPECTABIATH
JIOKQJIbHBIE OCOOCHHOCTH CUTHAJIOB [1].

OcHosHbie pe3yrbmamul. B pe3ynabTaTe UCCIENOBAHHS TOANMOBEPXHOCTHOM Cpenbl, MOJIYYUM
MHOKECTBO CHUTHAJIOB, MMOJYYEHHBIX OT MPUEMHON aHTEHHBI ISl KaXKJI0TO U3MEPEHHUS T€OPATAPOM.
MHOX€ECTBO TakKux TpacC BU3YAIM3UPYETCd METOAOM IEPEMEHHOM IUIOTHOCTH B BHUJE
n300pakeHUsl. ABTOMATH3allMI0 PACUETHBIX TIPOIECCOB CJIEAyeT peanu3oBarh Ha 0Oasze
MPOrPaMMHOTO  MOAYJS, YTO TIO3BOJIUT OMpPENesITh TIyOMHBI 3ajJeraHus OOBEKTOB U
OTHOCHUTEJIbHYIO AUAIEKTPUUECKYIO IPOHUIIAEMOCTD MOANOBEPXHOCTHOU Cpeabl. MECTONONOKEHUS
MOJMIOBEPXHOCTHOTO OOBEKTA OMPEAENSIOTCS BEPIIMHON TUIEpOOINbI, CTPOSIIEHCS MO TOYKaM
MaKCUMaJIbHBIX 3HAUCHUN aMIUTUTY/I KaXI0H Tpacchl [2].

Jly1st peanu3anyy MOCTABJICHHBIX 3aJ1a4 pa3padaThIBACTCs aJITOPUTM JJISI HHTEPIIPETAIINU JaHHBIX
reopasapa mo ONpeAesICHUI0 JUAIEKTPUUECKON MPOHUIIAEMOCTH U TPOBOAUMOCTH cpeabl. C 3Toi
[IETIBI0 PEIIeHBl JBE TMpaKTHUYeCKHue oOpaTHble 3amauu. B Hagaie omnpeseneHsl MmapaMeTpsl
HWCTOYHHKA, TEHEpUpPYyeMOro reopanapoM. 1o M3BeCTHOMY MCTOYHMKY, HAaWJIE€HBI OTHOCHUTEIbHAs
JTURJIEKTpUYECKass MPOHUIIAEMOCTh M MPOBOJMMOCTH CpEIbl. 3aJayd pEelIaloTCs Ha HM3BECTHBIX
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cpenax, KOTOphI€ CIEeNUaNTbHO OBLIM MOJATrOTOBJIEHBI Ha mosiMrone. s mepBod 3amauM co3gaHa
OJTHOPOJIHASA CpeAa, JUIsl BTOPOIl — JIOKaJbHas HEOIHOPOAHOCTh, PACIIOIOKEHHAs B TOPU3OHTAIBHO-
CIIOUCTON OJTHOPOJAHOI cpene. s BTOpoW 3agauu OMHMCaH MPOrpPaMMHBIM MOJYIb ONpeAeNeHUs
rIIyOUHBI 3aJIeTaHUs ¥ IPOBOJUMOCTHU MOITOBEPXHOCTHBIX 00BEKTOB [3].

DKCIEpUMEHTAIbHBIE HCCIICIOBAHUS TPOBEJACHBl HA TOJUTOHE C TEOJIOTHYECKHUM Pa3pe3oM,
coliepKalllMM HJI€aJlbHO YHUCTBIA TIECOK M HEOJHOPOJAHOE BKIIOYEHUE «COJISIHBIMA KYIOJ»
HMCKYCCTBEHHOTO MPOUCXOXKACHUS. UHMCICHHBIA aJIrOPUTM TO3BOJSET ONPEACIUTh BTOPUYHBIN
HMCTOYHHUK, BO30YXKJaeMblii HEOJHOPOJHBIM BKIIOUYEHHEM U, BIIOCICACTBUHU, OIPEACINUTD
IUBJIEKTPUYECKYIO POHUIIAEMOCTH ATOr0 BKIHOYeHHs. OTKIIMK Cpe/ibl, MOJYYeHHBIH OT reopajapa,
ObUT OYMILIEH OT IIyMa U MOMEX IpPU MOMOIIM aJropUuTMOB (UIBTPALlMU U BeliBieToB. TabnuyHoe
MpeJICTaBJICHUE OTKIIMKA CPE/bl UCIOIb30BANIOCH KaK JOMOJHUTENbHAS HHPOPMALIHS Ul PEeIICHUS
oOpaTHOM 3a7]auu 10 OMpeeNIEHUI0 re0(hU3NUECKUX CBOMCTB JIOKAJIM30BAHHOTO OOBEKTA.

[Tony4yennble pe3ynbTaThl JEMOHCTPUPYIOT KaK aJeKBAaTHOCTh MAaTEMAaTUYECKOW MOJENH, TaK U
BO3MOXKHOCTh TIPAKTHYECKOTO TMPUMEHEHHUS PACCMATPUBAEMOr0 METOAA IJisi HWHTEPHpPETalnu
pazaporpamm.

Hcxonnas 3amava  SIEKTPOJUHAMHUKH, B Clydae CHCIMAIBHOTO BBIOOpa HMCTOYHHKA
AJIEKTPOMArHUTHOTO BO3MYIICHUS, CBEICHA K CEpPUH OJHOMEPHBIX 3a1ad JUIsl YpaBHEHHS
reodiekTpuku [4]. BepTUKaibHO-HEOJHOPOIHBIE CpPEIbl, PACCMOTPEHBl HAMHM KakK Cllydyau
HAKJIOHHBIX Cpell, a Takke KOMOWMHAIIMM HAKJIOHHBIX U CIOHCTBIX Cpell, T.€ PacCMaTpHUBAIOTCS
HEeNpephIBHbIC (CIUIaXK€HHBbIE cpefbl). [ms Takoro ciydas, HET pa3pbiBOB KOI(PPHUIHEHTOB
(bU3MYECKUX XapaKTePUCTUK Cpell, KOTOpPhIE B CiIy4dae pa3pbIBOB, MPUBOASAT K OMpPEEICHHBIM
TPYAHOCTSIM TIPH MOCTPOSHUU AJTOPUTMA PEIICHUS TPSIMOUM U, TeM OoJiee, aJrOPUTMOB pEIICHUS
oOpaTHBIX 3a/1a4, B TOCJICIHEM CiIydac MPU MOCTPOCHUU TIpaaueHTa (QyHKIMOHAIAa HeBsi3ku. Ha
OCHOBE MeToAa «moadopay (GUKCUPOBAHHBIE TOUKM M3MEPEHHUsSl I KJacca BBIUMCIECHHBIX
(bu3HYeCcKUX TOoJeH ompenenseT kiace GyHKIHM, OMUCHIBAIONIUX OTKIUK cpensl [S]. M3 ycnoBus
MUHUMyMa KBaJpaTUYHOTO OTKJIOHEHHs HaOmojaeMoro mofs (TeopagapHble JaHHBIE B
(UKCUPOBAaHHON TOYKE) U BBIYMCIEHHOTO (DU3UYECKOTrO TOJs, B CHIIY T€OPEMbl €IUHCTBEHHOCTHU
MOJIy4aeM UCKOMYIO CTPYKTYPY Cpe€/lbl, COOTBETCTBYIOILIYIO JaHHBIM reopaapa.

PaccmoTpuM anropuTM YMCIEHHOTO METO/A pPELIEHUs 3aJaud SJIEKTPOAMHAMUKH B CIOUCTOM
cpene. Merox «oabopa» SBISETCS PaclpOCTPAHEHHBIM B BBIYMCIUTEIBHOW MPAKTUKE CIIOCOOOM
MPUOJIM>KEHHOTO PEIICHUS] YPaBHEHUSI BUA:

Az =u,vueU, zeF, rne U,F — merpuueckue npoctpancTsa.

[Ipu ucnonb30BaHUM AAHHOTO METO/A, 337aBasiCh JOCTATOYHO IIMPOKUM KJIACCOM BO3MOXKHBIX
Cpell, BEIYUCIISIFOT COOTBETCTBYIOIIME UM BBIYHUCICHHBIC (PU3MUECKHE MO M BEIOUPAIOT B KAUECTBE
pelieHrs 3a7add  KaKyr-IHOO BO3MOXHYIO CTPYKTYPY Cpenbl, i KOTOPOW BBIYMCIEHHOE
¢du3nyeckoe Mosie Majo OTIMYAaeMOro OT HaOmogaemoro mnojis. ns snemeHTa Z HEKOTOPOIO

3apaHee 3a1aHHOro mogkiacca BosMoxabix pemernnii M (M C F) Berancisercs oneparop Az , t.e.

pemiaercs mnpsiMas 3agada. B kauecTBe NpHOIMKEHHOTO pelleHusl OepeTcsl TakoW JIEMEHT Z, W3

muoxectsa M, Ha KOTOpOM HeBs3Ka p, (Az,,U)= inf p,(Az,u), JoCTHraeT MUHEMYMa [6].
zeM
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B wHamem ciydae MeTon  «mombopa»  OCYIIECTBMM  CIACAYIOUIMM  00pa3oM: MyCTh
MO, 0,8 MPE o n )M, ,c h,) — Krmaccel BO3MOKHBIX CTPYKTYp Cpel
N -1 1
(reodJIEKTPUYECKHI pa3pes), TIe B9 =Y+ 39 60 =6V 1560 s=01,2... - napamerp
Bapualui, # — UIMPHHA CJI0eB Moneid. Kak OTMeueHO BbIIIE pellacM CEpUI0 MPSMBIX 3a1ad

Az; =U;, ] = 1,n.Otkyna HETpyIHO ONpEIETHUTH KIACC OTKIMKOB CPeil, B (PHKCHPOBAHHOM TOUKE

HaOoneHus, 1.e. Z i (X,t) =0 : (t) . [lycTp mokazanust mpubopa (reopagapa), B TOUKE HAOIIOACHUS

usBectHo, T.e. f'(t). Cormaco meromy «moaGopa», BBIYHCISEM HEBA3KY p (Az],u) = inf
ZJ-E

P, (Az;u;). [lonyyennoe pacueTHoe 3Ha4eHHE POPMUPYET MUHAMYM HEBSI3KH OTKJIMKA CPEMIbI U3

KJIacca Cpefl, TeM CaMbIM OyJIeT pelleHa 3aa4a HHTepPIpeTaliy JaHHbIX Teopagapa.

Beina co3nana COBOKYITHOCTD TaHHBIX PEIICHUS aJITOPUTMA IS IIOCTPOCHHUS KITacca BO3MOXKHBIX
BBIYHCIICHHBIX (U3MUECKUX IOJIeH, Ui Habopa Mopenel TIeoJOTHYecKOoro paspe3a B ciydae
croucteix cpen. IlpuBenem crmocoObl (GopMHpOBaHHS Kiacca BO3MOXKHBIX CTPYKTYp Cpel, Kak
MOKa3aHo Ha pUCyHKax 1-3.

Pucynok 1 — Bapuanuu no rimyOuHe MOLTHOCTH CJIOEB

e(z)y

B (201

Se® {
(Zn1) Hmmmmmmmeme- -7

Pucynok 2 — Bapunauuu no napameTpy-au3JIeKTPUYECKON POHUIAEMOCTH

35



N3BECTUS HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2020, Ne 4 (71)

[Ipy noMommM  BapbUpPOBAHHUS  OCHOBHBIX  XapaKTEPUCTUK  cpel  (AUdIeKTpUYecKas
MIPOHUIIAEMOCTh, POBOJIUMOCT CPE, MOILTHOCTHU CJI0€B) ObUI CO3/IaH TOCTaTOYHO HIMPOKUIN KIilacc
BO3MOXHBIX cpefl. Jlanmee ObLIM pellieHbl CepUr MPSAMBIX 33Jay JUIsl KaXXIO0ro Kiacca BO3MOKHBIX

CTPYKTYp Cpell.

ao(g)

dais)
(Zn1)

|
|
Zn1 Zn Zn+1 1

Pucynok 3 — Bapuanuu 1o nmapameTpy-npoBOJAUMOCTH CPEIbI

HJ'ISI SICHOCTH paCCY)K)IeHI/Iﬁ IpUBCACM ITOCTAHOBKY HpHMOﬁ 3aJlavy 3JICKTPOAUWHAMHKH, KOTOpas

-~ ;Cm
COCTOMUT B CJICAYIOIIEM: Ha JHCBHOHW IMOBCPXHOCTHU BKIIIOYACTCA MCTOYHHUK CTOPOHHEIO TOKA J )

uMerommii o Bpemenn konokono-oopasusii Bux I(f). B Tewennn mopsizka 30-50 mamocexyms

MU3MEPSIETCS OTKJIMK CpEJbl, TMPEACTABISIONIMNA ¢ COOOM pelIeHne MpsSMON 3aJadyd B TOYKE
HaOmoieHus (M3MEPEHNs).
[Tonaraem, uTo K03 OUIMEHT AUITEKTPUUECKON TPOHUIIAEMOCTH &£ , TPOBOJUMOCTh O 3aBUCST

OT IIIyOMHBI X, . BeiOepeM B KauecTBE NCTOYHHNKA CTOPOHHETO TOKA JA0CTAaTOYHO I[J'II/IHHI)H\/JI Kkabeib
y 3 ’

PAacIioyIoKEHHBIH 110 LIEHTPY U IPOTSIHYTHIM BOJb 110 OcH X, .

HpI/I TaKUX MPCAIIOJIOKCHUAX CUCTEMaA ypaBHeHI/Iﬁ MakcBeijia CBOIUTHCA K CHCTEME
OOTHOMCPHBIX 3a/1a4 B IOCTPOCHHOM KJIaCCa U YAOBJICTBOPAIOT CICAYIOIIIUM YPAaBHCHUSM:

1 .
eV 1oV == (v Wy, — V) =P a(x,)r (1), (1)
M
V (k)|t:0 = 0, \Y (k)t\tzo =0. (2)
3M€Ch: & =&y &, AVBJICKTpUYECKasd MOPOHMIAEMOCTb, M=t H .. — MarHuTHas

MIPOHUIIAEMOCTb, O — MPOBOJUMOCTh CpPE/l, p(xl) q(x3) — (YHKIMH, OTIMCHIBAIOIIUE MTONIEPEYHbIC

k
pa3Mepel UCTOYHMKA, S — HapaMeTp BapualuH, V() — PpCUICHHUA COOTBCTCTBYIOHIUME KJlacCaM
M® (e, o,,h,)k=123m,e.

v = Fy [Eék)(Xl,th)l P,=F[p(x)} 4 - nmapaverp mnpeoGpasosanns ®Dyppe 1O

IIEPEMEHHON X .
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2@ 1957000 L
M M

19 = plq(X3 )r(t)’ &= gogomu’ /u = IuO Iuomu’ 60 = 8854 10
PaCCMOTpHM Cﬂyqaf/i CHOHCTOﬁ Cpeabl, C U3BECCTHBIMU I'PaHUIIAMHA pa3aciia Cpe,Z[. B 9TOM CJIy4dac

no6aBuM K cucreme (1) u (2), yCIoBHs HENPEPHIBHOCTH JUIs TOPU3OHTAILHOM KOMIIOHEHTH E, | Ha

rpaHMIax paszena cpeq Xj

(k) — (k) —
b/ ]x3:x3m =0, b/,(s ]xg,:x? =0, M — nomep y310B pazpsiBa (3)

[TocranoBka mpsMoil 3amaun: [lo W3BECTHBIM 3HAYEHUSM KYCOYHO-TIOCTOSIHHBIX (DYHKITHIA

. . k
£9(x;), c®(X,), ¥ TONOKUTETBHON MOCTOAHHOH [ ONpesenuTh GYHKIHUIO V& xax pelieHne

0000menHor 3amaun Komm w3 coorHomenuid (1) wm (3). Ilpm wmcmosnb30BaHMM — Kilacca

M® (g ,0:9,h ) paccMaTpuBaeM cHCTEMY OJTHOMEPHBIX 3a/1a4:

X3X3

S 1 I
A oV =V AV ) P ),

", COOTBECTCTBCHHO, ITPH HUCIIOJIB30BAHHNH KJlaCCa M @ (gn,O'n,h(ns))paCCManI/IBaeM cleayromiee

YpaBHCHHUA:

1 '
A+ = (V)P0 ),

S s-1 S
371ech NPOBOAMM BapHALUIO IO MOIIHOCTH CJIOEB CPEXl U h® =pD L
[IpuBeneM YHCIEHHBIM aNrOPUTM pELICHUS NMPSAMOM 3a1ayu, MOCTPOEHHOM COIVIacCHO o0Iei
TEOPUHU PA3HOCTHBIX cXeM [7].

BBenem 3ameny mepemennbix 7=ft, f — koodduument obespazmepuBanus. [1onokuM, 4TO

_108 .
B =10", Torna pemenue 3aja4u B HOBEIX NepeMeHHBIX (7,X;), U npumer sug:

YD L a0 o _ 52O k
b™Uy" +a¥U " =U,  —AUY =8, X, # X, 4)

U® =0, U®%p=0, (5)

pols=0 2], =0 ©)

roe: b® =c.g®

omn !

a® =36 y=1,256-100, ¢ =8.854-1256-0.01, 8= p, q(x,)r (7).

OmnpenenuM pa3mepbl 00JIACTH BBIYUCICHMA MO MEpeMEHHBIM Xz, U T . C 3TOH Iembio

BBIUMCIMM BpeMs npolera mpsMOil M OTpakeHHOU BOJHBI B cpeaax. CKOpOCTh BOJH IO CIIOSM
BBIUHCIISIEM, TaK:
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) _ 1

Vi = ———, (kK — HOMED cI1OS1).
V 80 luO gomH

Pa3nocTtHas cxema asnst ypaBHeHus (4), uMeeT BU:

v @
50 _ oy Ly
bi(S) Yi Y; Yi Jrai(s)
7y 27, |

i AR 11 (A (it 1
i h h

]—ﬂ.zyi(l) -y &, npu AL

i+1
I=-N;,—-N;+1,..,0,1,..,N,;, j=34..,N, (7)
PaznocTHbIN aHanor HayaJIbHBIX ycaoBuH (5):
y» =0, y®=0, i=-N,,-N;+1,..,0,1,.,N,. (8)
Jliist pacyeToB B KOHEUHOW 0011aCcTH, U3 ycaoBHUs (6) BBITEKAET, UTO:
9%1 =0, 9&) =0, ]=3,..,N,, 9)
Paspeius ypasnenue (7) otHocutensio Y&, umeem:

v (

99 =| (r,y® + r,y®)+ (209 (r, + 1, + 22 )Jy® - (0 - 057,a® )yil)— 7/125} /(b(s) +057,8 )

i?ﬁik, j:3,4,...,N2. (10)

L . . -k
O6oszmaueno: r,=7./i"i+1, r=72/i"i B y3nax paspeiBa, T.e. mpul #1 . Ha ocnosanuu

yCJIOBUH conpspkeHUH (6) nmeeM:

N 1 1., 1 1 .
o = (h O H y‘(kl)‘lJ/(thh]’ j=34,..N,. (11)
iK1 i“ iK1 i

ATNNPOKCUMHUPYEM UCTOYHHK 5 = q(x3 ) r (T ) [Tonoxum:

w

o) [

o

{(ﬂ/ZtO)Sin(ﬂr/to) r<[0t,]

=<
A m

3

N

r(z)

0, TE [O,to] (12)
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3HaueHus {, ompenesstoTcs U3 yCIOBUA 331a4M, T.€. €CJIU JUINTEIbHOCTh UCTOYHHMKA 2HC, TOT/1A

sl peaibHOU Mozenu 2ty =2unc  a B Oe3pasmepnoil ¢opme cocraBut 0,2 emunui. B Hamem

ciyuae ycnosusi Kypanra umeer sun: 7, < h / C,rme hy= min h, c= max b,

—N;<i<N; —N;<i<N;

OO6nacTh MO BpEMEHH 7 , AMPOKCUMHUPYEM PAaBHOMEPHOM CETKOM:
o, = {Z‘ :(j —1)1'0, 1=12,.., NZ}, rae N, :T/z'0 +1, T — Bpems mpoGera npsiMoii U OTpaXKEHHBIX
BOoJIH. O0iacTh IO NMEPEMEHHOW X; aNMpOKCUMHUPYEM HEpaBHOMEPHOM CETKOM, 4TOOBI Y3iIbl

Pa3phLIBOB XX COBManasIy ¢ ee y3iamMu
o, ={x;; =ih;, i=—N;,-N; +1...01...,N;}

s nemoHcTparuu pabotsl anropurma (7) u (12) Ha pucyHKe 4 1MOKa3aHO YHCICHHOE PEIIeHUE
NpAMOM 3a]1a4 JJ1s1 BO3MOKHOUM CTPYKTYPbI CIOUCTOM CPEBI.

- & Figure 2 - (=] x
File Edit View Insert Tools Deskiop Window Heip - file Eant View Insert Tools Desktop Window Help -

NEddS K \LNO9LL- Q0B =D Ndde KB KSOWLL- QA 0B 0@

0.03
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0.01

0.008 / /‘\
0 - -
4 % R
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-0.01 u
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a) pacpoCTpaHEHUs CHUTHaIa 0) OTKJIMK CpE/bIB CIOUCTOU Cpefie

Pucynok 4 — YucrieHHOE pelieHne npsMon 3a1ad AJis
BO3MOKHOM CTPYKTYPBI CIIOMCTOM Cpebl

Ha pucynke 5 nokaszaHo pemieHue npsMon 3a1adu i ApYrod MOJENIN BO3MOKHOW CTPYKTYpBI
CJIOMCTOM Cpebl.

3axnouenue. TlomydeHsle TOKa3aHWs reopagapa B (UKCUPOBAHHOM TOYKE HAONIOIACHUS C
MIOMOIIIBI0 METOJAA «I1000pa», ObUIM CPaBHEHBI C KJIACCOM BO3MOXKHBIX CTPYKTYp, CO3IaHHBIX
6onee yem st 10000 BapuanToB. Tem caMbIM OblIa IpOBEEHA HHTEpHpeTalus pagaporpamm. Ha
pUCYHKaxX 6 M 7 HarJIAJHO MoKa3aHa paboTa JaHHOTO anroputMma. Ha pucynke 6 >kupHO# uepHOi
JTUHEN MOKa3aHO pelIeHHe MPSMOU 3aauu Ui BO3MOXKHOU CTPYKTYPBI CIIOMCTOM Cpebl, TOHKOM
YEepHOW JIMHEW TOJIyYeHHBIE TIOKa3aHWs Treopajgapa B (UKCUPOBAHHOW TOYKE HAOIOACHHUS,
nomydeHHass Ha 5002 wHTEepanuu pabOThl MeToNa «moa0O0pa». AHAIOTHYHBIA pe3ysbTarT,
MOJTYYEHHBIN Ha 6752 WHTEpaIu, NpeICTaBlIeH Ha PUCYHKE 7.
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B pesynbrare npoBeneHHOrO HCCIEIOBAaHUS pPa3paOOTaHbl YHCIECHHbIE METOJBI pPEelIeHUs
NpSAMBIX 3a7a4 d3JCKTPOAUHAMHKHU (CIIOMCThIE cpenbl). PaspaboTaHbl anropuTMbl U MporpaMma
YHCJIEHHBIX METOJIOB PEIICHUS MNPAMBIX 3a7ad 3JEKTPOJUHAMHUKHU. JIJis CcOMOCTaBlIeHUs JTaHHBIX
reopajzapa ¢ pe3yjibTaTaMHd PAacyeTOB MOJEIBHBIX 33/ay JUIsl YPaBHEHUS T'€OJIEKTPUKH B Cllydae
CIIONCTBIX CpEJ HCIOJB30BaH METOJ «Ioa0opa». B Kiacce KOHEYHO-TIApaMETPHUECKUX Cpel
IIOCTPOEH QJITOPUTM M IPOrpaMMHOE OOECIEUEHHUIO IO ONPEICIICHHI0 Kiacca BBIYMCIEHHBIX
¢dusnueckux mosied. Jlamee comocTapisis NaHHBIE M3MEPEHUH C 3TUM KJIACCOM, BOCCTAHABIUBAEM
re0JIOTUYECKUI pa3pes.
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MPHTH 47.13.07
YK 004.942

JNBIBBICCIHIPTII 5KOHE IBIBBICHIAFBLILICTBIPATHIH
MATEPUAJIIAPABI OHTAUJIAHIBIPY

Caiimanosa 3.5.!, Cyxunun C.B.2, Kymagmuiaesa A K.
LI H. I'ymunes amvinoazer Eypasus ¥nimmux Yuusepcumemi, Hyp-Cynman, Kazaxcman,
2 Jlagpenmues amvinoaevr Iuopoounamuxa uncmumymst, CO PFA, Hosocubupck, Peceil
e-mail:zagira_sb@mail.ru, rusukhinin@hydro.nsc.ru, ay8222@mail.ru

byn maxanada cummempusanapovly mOonmapsli YCoblHy 20iCmepiHiy Kome2imeH wewinoep Kenicmizinoe
Oipmexmi  2emepo2eHOIK dcapmuliail KeHicmix  anviHObl. Ocbl  KeHICMIiKmeH JHCannak axKyCmuKaiblk
MONKLIHOAPOLIH OIpmeKmi Jcapmvliail Keyicmikke Kyaay npoyeci Kapacmuipwliovl. Ocbl npoyecmen  0Oip
ONIUEMOIK HCAKBIHOAYOA CUNAMMAUMBIH MAMEMAMUKATBIK MOOelb KYpbliobl. TONKbIHOApOblH OipmeKkminiei
Kezeni canvicmuipvlaovl. O0an Kellin Y3blH HCAKLIHOAY wieHbepinde apmypai KOMOUHAYUALAD YUdiH
WARLLIbICY JicaHe om)y Kodduyuenmmepi 3epmmendi. KyiieHiy 2ceoMempusivlK napamempiepiniy
(6ipmexminix Moaulepiniy) Jicane dcyliece Kipemin OpManvly (QUUKALLIK NAPAMEMPIIePIHiY (Mblebl30bl2bl,
0bIOBIC JHCBLIOAMOBIZL) OMY NHCIHE UIALLILICY KOIPPuyuenmmepine acepi 3epmmendi. J[viovic scymamoin
Mamepuanoap napamempiepiniy, OHMAallibl MOHOepIiHe MblCAl KeIMIpPiieeH.

Tipex co30ep: mepbenic pexcimi, MOIKbIHObIK QYHKYUALAD, KOIDDUyueHmmepoi caHOblK-Mal0AMAnbIK
3epmmey, mepoenic PazacbiHbly HCUINCYbl, OMKIZY HCOAAKMAPDL, KYABINMAY HCOLAKMAPLL, ULARLLILICY.

B cmamve npu nomowju memooos npeocmasieHuss pynn CUMMempuil 6 Npocmpancmee peuleHull
NOCMPOEHa MamemMamuieckas Mooeib, ONUCHIBAIOWAs 8 OOHOMEPHOM NPUOTUNCEHUU Y CMAHOBUBUUULIC
npoyecc nadenus NIOCKUX AKYCMUYECKUX 60JH U3 OOHOPOOHO20 NOIYNPOCMPAHCMEA HA HEOOHOPOOHOe
2emepoeeHHoe NOIYAPOCMPAHCcmeo. B pamkax npubnudicenus OMUHHBIX NO CPAGHEHUIO ¢ NEPUOOOM
HEOOHOPOOHOCMEU BOJIH UCCNe008aHbI KOIDDUYUESHMBL OMPAdCEHUs U NPOXONCOeHUS OISl PA3TUYHBIX
KombuHayuil cpeo. M3yueno enusHue 2eoMempuieckux napamempos cucmemvl (pamepa HeoOHOPOOHOCmell)
U u3ULeCKUX NAPpaAMempos cped X00AWUX 8 cucmemy (NI0MHOCHb, CKOPOCMb 38YKA) HA KOI(DduyueHmuol
npoxoocoenus U ompagcenus.  Ilpuseden — npumep — ONMUMANbHBIX — 3HAYEHUU — NAPAMEMPOS
38VKONOIOWAIOWUX MATNEPUATIOS.

Knwouesvie cnoesa. pexcum konebanui, 60IHOBblE (QYHKYUU, YUCIEHHO-AHATUMUYECKOE UCCTEeO08aAHUe
K09 puyuenmos, cogue ¢hazel korebanuil, NOIOCHL NPONYCKAHUS, NOIOCHL OIOKUPOBKU, OMPAdCEHUe.

Using the methods of representing symmetry groups in the solution space, a mathematical model is
constructed that describes in a one-dimensional approximation the steady-state process of incidence of plane
acoustic waves from a homogeneous half-space onto an inhomogeneous heterogeneous half-space. The
reflection and transmission coefficients for various combinations of media are investigated within the
approximation of waves that are long in comparison with the period of inhomogeneities. The influence of the
geometric parameters of the system (size of inhomogeneities) and physical parameters of the media included
in the system (density, speed of sound) on the transmission and reflection coefficients has been studied. An
example of the optimal values of the parameters of sound-absorbing materials is given.
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Keywords: oscillation mode, wave functions, numerical and analytical study of coefficients, phase shift of
oscillations, bandwidth, blocking bands, reflection.

Kipicne. Matepuanmgapasl neMUpICHTIH 3epTTEY/IiH Ka3ipri oAicTepi HETI31HEeH MaTepUaIIbIH
KaHmaih ga Oip uWHTErpaugplK (OpTallaaHFaH) CHMATTaMalapbliH  (THIFBI3IBIFBL,  JBIOBIC
KBUTAMJIBIFBI) €CENKe ajyFa HeTi3Neneli, OYI YIepic MEXaHUKACBIHBIH HO31K epeKIIeNiriH
TYCiHyre MyMKiHiK O6epmeriai. KypbuibIM reoMeTpHsIChIHBIH KEHICTIKTIK epeKIIeNiKTepiH, MbICAIbI
KE3CHIUIIrH ecKepeTiH Tocin TyOereini esreme Oombin TaObUIagbl. bynm omicti OipTekTi emec
OpTaHbIH TOJIKBIHIBIK KaCHUETTEpiH 3epTTeyre KoigaHynasl [1- 3] tabyra 6omanbl. Con xepae ochl
npobeMaTrka OOWBIHIIIA OaH opi Onbmorpadus Tadyra 001aabl.

Ochl xyMbIcTa OIPTEKTUTIKTIH MIEKCi3 0ip KE3eHIIK )KYHeCIHe eeH e KYJIaUThIH TOJKBIHIAPIbIH
HIAFBUIBICY KoHE ©Ty KOd(h(UIUEHTTepiH 3epTTey oicTeMeci YChbIHbUIFaH. OChl MIHAETTIH
meHOepiHAe Marbuibicy Kod(pQuIueHTTepiH Taly >KoHE KYJIANTBHIH TOJNKBIHHBIH OTYyl YIIiH
KAKBIHAATBUTIFAaH MOJEIBAI Kypy MYMKiH Oonzpl. CanblHFaH MOJETBAIH HETi3iHae OepiireH opra
YIIiH IIAFBUIBICY JKOHE ©Ty KOX(PQHUIMEHTTEpIH ecenTeyre MYMKIiHIIK OepeTiH Oargapiama
Kypbuiabl. ['eOMETpUsUIBIK JKoHE (PU3HMKAIBIK MapaMeTpiepaiH OIpTeKTUIIK KYHECIHIH KOpCeTeTiH
KAacHeTiHE oCepiH CaHJABIK 3epTTeY JKYPri3UI[l >KOHE alllOMHUHHUI-KOPFAChIH PE3eHKE TYpIHJEri
neMIGUPIACHTIH MaTEPUAIIIBIH YITICI €CenTeI/I.

Tancvipmansr  myoiceipoivoay. KapTbutaili KeHICTIK ﬁ3 IBIOBIC KBUIIAMIBIFEIMEH JKOHE
TBHIHBIIITBIK JKarJalbIHAAFel O, THIFBI3ABIKICH CKIHINI JKapThlIail KEHICTIK IapameTpiepi Oap,
colikecinue eki opragan typarsid (1, 0,) xone (i,, p,) GIpTEKTiNIK XKyHeciMEH TONTHIPbUIFAH.

Biprekcizaikrep sxyiteci muaumanasl L (1-cyper) keseHimen nmepuonrsl 6oschin. 1 opTa 2 opTara
KaparaH/ia TBIFbI3bIpAK Jel KaObuljayra bIHFailIbl. bapiblk Ko3ranbicTap Tek Oip X aiHbIMasbiFa

Toyensi nen ecenteneni. XKana emmemcis X = X/ L aifubIManbiceH eHrizy wiHFaiiis (opi Kapait
LITPUXCHI3) )KOHE KEJIeCl JKa3ybl KOJJIaHBIHbI3:

Q ={x:0<x<k} Q,={x:k <x<1} Q,={x:0>x}, ocst xepsne xome opi xapaii K,
- alfMaKTBIH OJIIeMci3 Y3bIHABIFEI 1 opramen TorreipsuFa, 1, =0Q, MoQ, T, =0Q, NoQ,-

THICTI aliMaKTap/IbIH [IEKapaiaphl.

edsteleletetetetetotetetetototetototetetotetetotototetototetetetetetetetetetete et tete e tetelete e R e R R R e

P3. C3

1 cyper — KypbUibIM reoMeTpusChl JKaHe Oenriiey xyiect

3-opTagan F13 IIeKapachliHa JIeiiH Ka3bIK TOJKBIH TYCCiH. Opi Kapai, yaKbITKa TOYENILTIKTIH
ikx .
mekapaga € QopMaHBIH TOJKYBI KENTIpiIreH, MYHJIAFbI
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k= a)L/C3 JJIEMEHTApPJIbl TOJKBIH TaKeTiHe colkec Kemenmi gen ecenteneni. lllarburran
TOJIKBIHHBIH (DOpMachl Re ™ 6oucsn, R - HIAFBUIBICY KO3 PHULIMEHTI.

1 >xoHe 2-71eH TYpaThIH CIHIPTIIT MaTepUalabl OHTAMIAHIBIPY MIHACTI — R nan k1 HIaFBUTBICY
KO2(DPUITMEHTIH a3aiTy.

JIBIOBIC TONKBIHIAPHI, KBICBIMHBIH TepOerici pl(X), pz(x), coiikecinme, 1 jxoHe 2 opTana
CUNATTAaJa/Ibl, OJIap Keleci TeHAeYyIepi KaHaFaTTaHbIPaIbI:

p/+Ap =08Q,, p;’+/121<f2 p,=08Q

2

1)
A=wlLlc, «,=c/c,

1 xonme 2, 1 >xoHe 3 opTaHblH OaiJlaHBIC IIEKapachbiHAA KBICBIMHBIH Y3IIKCI3/Ir JKOHE
KBITAM/IBIKTBIH KBTI KOMIIOHEHT] MAPTTapPhl OPBIHIATYHI KEPEK.

0

pl_pz pl_ p3 pz p1 6X ps 138)( pl

ox 't ox
712::02/1012—13:/)3/:01

Omxizy owcone Kynvinmay oiconakmapul. TonkbHABIK (yHKuusamap. Tiz0ek Oenrimi  Oip
napametpiiepi 6ap eki opTaiaH TYPCHIH (TBIFBI3JIBIK, ABIOBIC KbUIIAMABIFHI) (2 Cyper).

2 cyper — lllekci3 nepuoATH KYpbUIBIMHBIH T€OMETPUSACHI JKHE Oenriiey xyihect

byn moaceneni erxkeit-rerskeini 3eprrey [4, 5]. OpHaTbUFaH aKyCTHKaJBIK TepoOericrep @
xuitiriven (1) Ttenneynep kemeriMeH cunarTtainaabl. JKUITIKIIEH OpHATBUIFAH aKyCTHUKAJIBIK
tepoemictep (1) TeHaeynep keMeriMeH cunartanaabl. OpTaHbIH JKaHACY MIEKapachiHa KbICHIM MEH
AKBUTIAMIBIKTBIH Y31KCI3IT MIapTTaphl opblHAanysl THIC (2). Tpancnsuusaap ToObl KOMMYTaTUBTI
OOJIFaHBIKTaH, OHBIH pYKCaT €TUITeH LIeIIMIep KEHICTITHET1 Ke3-KeIreH KopiHici O1pTyTac jkoHe
Oip emmemi, COHJIBIKTAH MIEIIMIep KEHICTIMH OHBIH IMIKi KEHICTIrH YCBhIHYFa KaTbICThI Oip
eJIILIeM 1l MHBapUaHTKa Oeyre 6osabl. by iIki KeHICTIK KeJeci KacueTrepre ue:

1. Kenreren nHBapuaHTTHI 11IKi KEHICTIKTEP/IH KyaTbl-KOHTHHYYM.
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2. Erep pl, p2 odyskuusmapel Oip Ke3eHIErl (YSAIIBIKTAaFbl) €CEeNTi IIeNTy OChI 1IIKi
KCHICTIKTepaiH OipiHe THecun OoJsica, OHAA oOJap IAPTThl KaHAFATTaHILIpanabl (TepoOeric
(ha3acChIHBIH BIFBICYHI)

pl(x+1): pl(x)ehf pz(x+1): pz(x)ekf —r<é<m 3)

(1)—~(3) — opi xapait C, nem aranansr.

Anvikmama 1: Ecenrid TonksiHaslk MoHi C - ecebi. Myn it =1 (&) monni, (1) - (3)
apakaThIHACHIH KaHAFaTTAaHABIPAThIH TPUBUAJIBI €MEC IIeIIiMi Oap MOH JeT aTalbIK.

Anvikmama 2: C, TONKHIHIBIK xKuimik ecebi @ = A L/c, nen atanan.

Anvikmama 3: C £ TOJIKBIH/IBIK ¢bynkmus ecebi (1) —(3) apakaTblHACBIH KaHAFATTaH ILIPATHIH
A=A (YHKIUSCHI JCTT aTanaibl.

bip mepmonka TapeUFaH TOJNKBIHABIK (yHKIMSA, coiikecinme (1)—(3) mekapaiblK ecenTiH

MEHIIIKTI (PYHKIHACH OOJIBIT TaOBLIA B

Q2 xone (2, aiiMakTapblHAarbl ['eIbMIONBL TEHACYIH IICIHIYAIH >Kalmbl (OPMAchH Keneci

TYPIiHJIE jKa3yFa 00JaIbl
p, = & exp(iix)+ b, exp(—iAx)

4)
P, =4, exp(i/l’(lzx) + bz eXp(_ iﬂ“’(lzx)

(1) Tenney GoiibiHma Oenricis kenew d,,b,,a,,b, xosdduumentrepi GipTeKTi CHIBBIKTBIK

TeHJeysep KyHeciHIH menimMi 60bIn TaObUIa b
byn xxylieniH anpIkTamacsl [4] Typre ue:
F(4,&)= Zi(zxsin(mc)sin(ml) cos(k )7 — & sin(Ax) cos (k. ) sin(Ak.) —
KT

— 2kt c0S(&) + cos(Ax) sin(Axk, ) sin(Ak,)z? + 2k cos(Ax) cos(Axk,) cos(Ak, )z —
—sin(Ax)sin(Axk )sin(Ak )z* + x° cos(ﬂzc)sin(ﬁ,xkl)sin(ﬂkl)) (5)

MyH1arb1 klfl OpPTaHBIH Y3BIHIBIFBI KOHIIEHTPAIUs JIeN arajajbl. ¥3bIH TOJKBIHIAD YIIiH [4]

OpHEKTI KoJiaHyra 001a1bl

\/ 27,,(1-cosé)

2 2 2 2 2 2 2 2
kl ((1+ Ko Jti, =T — K12)+ kl (712 - 2’(12712 + K12)+ K271 (6)

ﬂ/:

0

Opl Kapai, TOMEHT1 TOJKBIHIBIK KHUTIKKE COMKEC KEJETiH TepOemicTep PEeKUMI >KbUDKBIMAIBI
JIEeTI aTalabl.
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Maxcammer gynryusn. Erep Gapiblk Marepuangap GepinreH 6Gosca, Gackapy napamerpin K,
R =R(K,) nmen xapacreipyra Gomamsl. Mozxenbaiy GoipkambiHa colikec [7], GipiHuii ysublkra

(lcyper) oTKeH TONKBIHHBIH (hopMachl TW(X) MBIHJAl Typre we, MyHIarbl W(X) — Ti30eKTiH

©31H/IIK (YHKITUACHI,

w(x) = { a, exp(iix)+b, exp(-iix) 0<x<k,
a, exp(idx,x)+b, exp(—ilx,x) k <x<1
Illexapansik maprrapaa X = 0 sxargaiierama: R=T (a1 + bl) -1
B 2
a(l+Ar,/k)+b(1-Az,/k)

Erep okura TOJNKBIHBIHBIH (0>KHiNiri kenecigeit 6onca, ovga o A =@l / C, TOIKBIHIBIK €MEC

Ti36eK KU, sFHE @ oTKi3y xuimirine Tycreren, onga 1 =0, R=1.
(5) iminen Teiyop KaTapblH KoJiJaHa OTHIPHIT A Ja A=0 HYKTECIH OHE KBaJPaTTHIK
TEPMUHCP/I eIeMeil, Keleci KaTbIHACTAP aJIbIHAJIbI:

R=— Tis (K122 (kl _l)_ k1712) \/le 712 (kl 1 )( Z-12) n
T13(K122(k1 ~1)- klrlz) 707, (k, 1) =k K2 (k —1)— kz,)
ik (02 + 2 N1—k, N2 (k, —1) = k,7,, A

ls(zcz(k 1) K.z,

)= 77, (K, —1)—kl)(/c12(kl—1)—klrlz)
)~ ruleall ~D -k ik~ ks, ))
(2'12 K‘2 k 1 — 12'12)—\/112 z'lz(kl—l —kl)(/(fz(kl—l)—klrlz))
V7a(7a(k ~1) - k)

1)—24/7,,(r,,(k, —1) -k N3 (k, —1)—kz,,)

Mpbican. Antomunuii - Kop2acvlH — pe3eyke dcylieciH oymailianovipy. Pe3eHke — KOprachlH

\/TlZ(TIZ(kl _1)_ 2k1)+ KlZZ(kl -

CIHIpTilI KOMETIMEH aIFOMUHUNA apKbLIbl OTETIH TOJKBIHAAPABIH KYTHUTYbI.

EH xapamaiibiM HYCKa — pe3eHKere JoHeKepeHTeH TyHipumkTep. 1 opTaga -KOprachlH, 2 opTaaa
-pesenke. (p1=11336 kr/v®, p2=1190 xr/m3, c1=2160 m/c, c,=1480 wm/c). Byn xyiie 3 —opTamarsl
AMIOMUHHUIMEH JKYNTacTHIPBUICHH  (p3=2700 kr/M>, ¢3=6260 M/c), f=10I'I1 TOIKBIH KUiNiri TyCCiH.

Tamncelpma kyiieHiH mapaMmeTpiiepiH Iama ‘R‘ MUHHMMAaJbl OOJNIaThIHIAM €Till aHbIKTay OOJIBII

tabbutanbi[8]. Ecentey HoTmxenepi 3-4 cyperTe KopCeTiTeH.

3-cyperTe WIaFbUIBICY KOX(PQHUIMEHTI MOIYNiHIH Ti30EKTiH op TYypJi eimeMiepi YIIiH
KOPFAaChIHHBIH CBI3BIKTHIK KOHIIEHTPAIMSChIHA TOYENIUIIN KOPCEeTUIreH. ¥ SIIBIKThIH Ke3-KeJIreH
MeJIIepl YLIIH IIaFbUIBICKAH TOJKBIH MUHUMANbl OOJaThIH OHTAMJIbI KOHLEHTpalus MoHI Oap
exeH1 aHbIK (k1=0.78). Bipiik ysSMIBIKTBIH MeJIIEPIHE JICI3 TOYENIIIIKTI aTal oTy Kepek.
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s b 1 1
00020406081(1/1_,

4 cypet — LlarputbicKan TONKBIH (asachiHbi K, (amomunmit) Toyenimiri

4-cypeTTe WIAFbUIBICKAH TOJKBIH (Da3achlHbIH KOPFAChIH KOHIEHTPALMSACBIHA TOYEJILIIri
kepceTuired. KoHLeHTpalusHbIH OHTalIbl MOHI 77 Ke3iHJe (a3aHblH e3repyi Oaiikaiaibsl. MyHbI
reTeporeHAlIIK KYHeCiHIH KaTThUIbIK KacHeTTepiHiH TyOereilsi e3repyi Aen TyciHaipyre 0oJiajsl
(mamamen "katThl" exai, ">kymcak'0obl).

Kopvimuvinovinap sicone scannvinay vikmumanoviivizsl. Ka3blK TOIKBIH OIpKENKi eMec Kyiiere
KyJlaFraH Ke3/Je IIAFbUIbICY JKOHEe ©Ty KO3((UIMEHTTepiH CaHIbIK-aHAJUTUKAJIBIK 3epTTeyre
apHaJIFaH MOJIEJIb KaCaJJIbL.

Opta napameTpiepine OaiIaHbICTHI AFBUTBICY XKoHE 6Ty Ko duiinenTTepi yurd dhopmyranap
QITBIH]IBL.

KyiieHiH reoMeTpHsUIbIK *oHEe (U3MKAIBIK MapaMeTpJepiHiH OHBIH LIAFbUIBICY KacHeTTepiHe
OCepiH CaHJABIK TaJlJay >KYPri3ial (KyIaraH TOJKBIHHBIH OPTachl MEH JKUUTIKTEPIHIH Ke3-KeITeH
KUBIHTBIFBI YILIIH ITapamMeTpIiepIiH OHTAUIIbl MOHJIEP] )KOK €KEH/IIT KOPCETIITeH).
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Ochl KyMBICTa JKOHE [5] maMblFaH TocUIIep MEH omicTepli reodu3uKana, HHKEHEPIIK
reousnkaga, CEUCMHKAIBIK Oapiayna oHe Oacka Ja Oy3bUIMAMTBIH Oakpuiay oicTEpiHAC
KOJIJIaHyFa OOJIaThIH/IBIFBIH aTall OTKEH JKOH.
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ON PROPERTIES OF ONE LINEAR OPERATOR IN COMPLEX
SPACES OF ORLICH

Utepkaliev S.U., Makhatova V.E., Shambilova G.K., Melsova N.Sh., Seitov A.S.
Kh. Dosmukhamedov Atyrau University, Atyrau, Republic of Kazakhstan
e-mail: shambilova_gulba@mail.ru

The authors of the article considered Orlicz spaces of complex continuous functions given on G area. So,
the boundary problems for an elliptic system of differential equations were studied. The attributes of

u(n) 4G,

continuity and operator of complete continuity of the kind Tgu = ——H
A

, ZEG ¢ in Orlicz spaces

of complex-valued functions have been set. As an example, N —function M(u)=e"-u-Lu>0. is

considered. Due to Gelder's and Jung's inequality, the operator 'Fz is limited and continuous. It follows
from this that the operator T is continuously acting from E, (5) to L:, (5). The theorem of quite

continuous action of operator T from space Lg(C_S) to Orlicz space LW (6) is demonstrated.

Keywords: differential equations, Orlicz space, function, linear operator, Holder's inequality, sequence,
limited area.

JKymvicma G obnvicmapea 6epineen M (U) kewenoi ysoixcis ¢ynxyusnapowy Ly, (G) Opauu reyicmizi

Kapacmulpvlican. Jugpepenyuanovix menoeyiepoiy SATUNMUKALLIK JHCYUecl Yulin WeKapablk ecenmep
sepmmeneen. Komnnexcmix @yukyusnapoviy Opauy xenyicmikmepinoeei 1€G  y30ikcizodiei men moavlk

u
y30iKcizoik  Geneinepi  TgU ———H (7) dG opnanacmuipvinzan. Moican  peminde N —ynxyus

—2
M(u) = e'—u-1Lu>0. kapacmoipvinean. Ienvoep men Onemiy mencizoicine 6atinianvicmor 1

onepamopobly wiekmeyni dicone y30iKciz exenoiei anbinobl. Ocwidan T onepamop E,, (6) -JlaH L;, (6) -Te

y30ikciz owcymoic icmendi. Lo(G ) keyicmizinoeei T onepamopuinoiy L«// (G) Opnuy Kenicmizine moavly

apexem emyi mypajivl meopema 0anes0eHoi.
Tipex co30ep: Oughgpepenyuanoviy menoeynep, Opauu Kenicmici, (DYHKYUS, CbI3LIKMBIK ONEPAmop,
T'envoep menycizoiei, pemminik, wiexmeneer amax.

B pabome paccmompenwvr npocmpancmea Opauva LT\,' (G) xomnnexcuvix nenpepwvienvix ynxyuii M (U),

3adannvix na obnacmu G . HUszyuenvi kpaesvie 3a0auu Ons 2AIUNMUYECKOL cucmembl Oupdepenyuanvrvix

ypasHeHull. YcmanosneHvl HPUHAKYU HEeNnpepulHOCMU U NOJHOU HEeNnpepblHOCMU ONnepamopa  8uod
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u
:——ﬂ (7) dG , ZEG 6 npocmpancmeax Opauua KOMIIEKCHOZHAUMBIX (yHKyull. B xauecmae

npumepa paccmompena N -gyuxyus M(U)=€"—-u—-Lu>0. B cuny nepasencms I'ervoepa u FOnea

=2
nojayyeHo, umo onepamop T ocpaHu4eH U HenpepwvleH. H3 smoeo eblmexKkaem, 4mo onepaniop T

_ . —
nenpepuigro Oeticmgyem uz E,(G) B Ly/ (G). Hoxazana meopema o snonne menpepvignom Oeiicmsui

onepamopa T uz npocmpancmea Lz(a) B npocmpancmeo Opauua LW (6) .

Kntouesvie cnosa: ougpgepenyuanvuvie ypasuenus, npocmparcmea Opauua, QyHKYus, IUHEUHbIL
onepamop, nHepagercmao I énvoepa, nocie008amenrbHOCHb, 02PAHUYEHHAsSE 00AACTb.

M;(u) and M,(u)are continuous, monotonically increasing for u>0, N —functions, i.e.
lim M, (u) = lim M, (u) = +0, M, (0) = M, (0) = 0. We assume that M, (u) < M, (u) if for large values
of u the inequality M, (ku) = Ml(u) holds, where k is some positive number.

The functions M, (u) and M, (u) will be called equivalent if both

M, (u) <M,(u) and M,(u)> M,(u)

Let G be a bounded domain in the complex lane C. We consider the Orlicz spaces L;,(G) of
complex continuous N —functions M (u) defined on the domain G. We denote by E, (G) the
closure in L, (G) of the set of bounded functions.

As is known, the set of bounded functions is everywhere dense in the Orlicz class L,, (G) in the
sense of convergence in the mean, and when the A,—condition is satisfied, the set of bounded
functions is everywhere dense in the Orlicz space L;,(G)=L,, (G) Thus, if the N — function M (u)

satisfies the A,— condition, then the spaces E,, (G) and L;, (G) coincide [1].
In the study of boundary value problems for an elliptic system of differential equations:

a—u—@+au+bv—f au +%+cu+dv g (1)

oX oy OX

the following linear integral perator naturally arises:
)
|| —=dG, ,zeG. *
=796 2e *)
It is obvious that for the kernel of the (17 —z)™ operator (1) for 1< p < 2 the operator
[[ln—17"*dG, < A(p.G). 2€G.
G
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It is known that if feLp(C_S), p>2, then the function h=T;f is bounded and Holder

continuous with exponent pT—Z on the whole complex plane [2, 3].

In this paperwe establish the continuity and complete continuity of the operator (*) in the Orlicz
spaces of complex-valued functions.

Let M(u) — be an N — function satisfying the condition up u® <M(u), p>2, such that its
complementary N —function N(u) satisfies the A’— condition, that is,

N(uv)<c-N(u)-N(v),c = const, or large u,v.

Theorem 1. The operator (*) acts completely continuously from the space L,,(G) in to

C, (G), o = %2 p > 2, of complex-valued functions.

Evidence. We can assume that up M(u), p>2 for large u. Therefore for an additional N -
function we have the inequality

N(u)guq,lgqu,%+%=l,for all u. (@)

It is obvious that the kernel of the operator (*) for almost all ze G as a function of belongs to
the class L (G), thatis,

H -2/ "dG, <.
G

By Holder's inequality for f € L}, (G):
1 =] 1
h(@)|=[T, f| =s;jej|f(n)|-|n—z| dGy <~ |f

-1
N L Z)”L*M@-
Condition (a) implies an embedding [1]: Lq((_S) c Ly (5) 1<q<2,and

”g”L*N (G) < ”g”Lq(é)’g <€ Lq (6) (a1)
1

L@ya.d4e =F(p,G),

1
Consequently, %H(" - z)‘lufN & < %(ﬂ. n—2/"dG,)" < ;(a
G

where d — is the diameter of the region G, a = %2 p > 2. Therefore, it follows from (*) that

|TGf|S F(p,G)'”f”LRA(G)-
We can also prove that the operator (*) is bounded and, therefore, acts completely continuously
from L,,(G) into C,(G) of bounded and Holder continuous functions on G .
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As an example, consider the N -  function M(u) =¢e" —u—1,u>0.Here,
u® <M(u), p>2,u>u, The additional function N(u)=(1+u)-In(l+u)-u satisfies the A'—

condition for u >u,, where N(u),1<q<?2, % + 1 =1.
For the kernel of the operator (*), the conditions
[[ia+— )i ——)-—1d6, <w.
s n-12 n—-z mn-1¢
Then, by Theorem 1, the operator (*) is bounded and, therefore, acts completely continuous from
the space L, (G) into C,(G) a = pT—Z p>2.

Now we assume that G is a bounded domain (sufficiently smooth boundary) of the complex
plane C. It is known that the linear operator T acts in the space L,(G) [2]. Then the operator T?
will also be a linear integral operator with kernel

K,(1,2) = [[[(7-2)(c - 2)] *dG, 7,2 €G.

A direct calculation shows that, |K,(77,5)|<b+c-|Inr|,r =|n—z|, where b and ¢ — are positive

numbers. Therefore, K,(7,z) €L, (GXxG), where w/(u)=€"-u-Lu>0, the condition olds for
some A >0:

.U (HW(}“'|K2(77’ Z)IdGﬂ)dGz < o,

It is obvious that the additional N — function ®(u)=(1+u)In(l+u)—u, satisfies the A'—
condition for large u > 0, therefore, u is a A,— condition [1], and

®(u) <u® <y(u) forlarge u>0.

The operator T? admits a continuous extension to an operator T* defined by a kernel K, (7,2),
acting continuously from space L, (G) = E,, (G) to space L:, G).

In fact, in view of Holder's inequality f,ge L, (G), when, taking into account that ®(u)
satisfies the A’- condition, we obtain:

[[T°F@-9()dG,

| A

< [[ ]Ik @.2)] [ £ (D) 9(2)|-d,6dG, <b|K,(7.2)].: g6 Il ) |9

G G

[[K.(1.2)- £ ()dG, |- 9(2)-dG, <

G

*%
L, (G)’ **)

from which it follows that the operator T acts from L., (G) = E,,(G) to space L, (G).
Since, by virtue of Young's in equal [4]:
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[T @ 9(2)-dG,

G

= Sup

loll; @ = S
p(‘T 2t ‘;z//)sl

£1+ﬂq§(|g(z)|)dGZ <2

for this p(|g|;®) <1, it follows from the inequality (**) that

T2 [[T°t(2)-9(2)-dG,

G

= Sup

L, (@) p(lg):@)<1]

—2
<21 Kl gy WMl <[, 111

Thus, the operator T* is bounded and, consequently, continuous.
Suppose f eL,(G), then, by the Holder inequality, we have:

"Tf |||_2(6) <k '”f”L;(é)’ fe L2 (6) (***)

L, (G) is dense in E, (G), since it contains all bounded functions, therefore it follows from
(***) that the operator T admits a continuous extension to Ed,(@) everything and acts
continuously from E,, (G) to space L:, (G)

Suppose y, (u) = u(e”H —1), that 0 <& <1. Itis easy to see that the function v, (u) satisfies the

A’— condition, i.e. w,(u) =w?(u), u>0. Therefore, the additional function CD(u) satisfies the A'—
condition, and

d(u)<u® <y (u).
The  kernel K,(7,2) constructed above belongs to the space, since
_”_[ l//1(|K2(77'Z)
G G

kernel K,(7,2), acts completely continuously from L, (G)=E,(G) to L, (G). In view of the

1 —
+-2)dG, dG, < co. Therefore, by the theorem [1], the operator T* defined by the

above, the operator T acts continuously from L,(G) in L, G).

Let T, be a continuous extension of the operator T acting from E,, (6) in L,(G), where T is

conjugate to T,. Therefore, to prove the complete continuity of the operator T, it suffices to show
that the operator T, is completely continuous.

Let f,(2), f,(2)... — be a weakly convergent in E,, ((3) sequence of a function L,(G). Then
T.f.(2) =Tf.(2),i=12,...
M(fa = fli e = T2 = o) £ = ) <[T2(H = £ o I —fal o @

Y1

Since the operator T? is completely continuous and transforms every function that converges
weakly in a sequence in to E, (G) a sequence that converges in norm to L:,1 (G), then

IT*(f, - 1), -, >0

L, (G)
The second factor on the right-hand side of (2) is bounded. Consequently, the sequence
T, fn(z), n=12,... converges in the norm of L,(G).
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Let g,(z), 9,(2).... - be an arbitrary sequence that weakly converges in E,, (G). Since L,(G) is

dense E,, (G), we can find a sequence f,(2), f,(2),... in L,(G) such that, |g, — ,| — 0.

E (G)

The sequence f,(z), f,(z),... also weakly converges. As already proved, the sequence

T,f,(z),n=12,... converges in the norm of L,(G), therefore the sequence T,f (z),n=12,... also
converges in L,(G), since

||Tl(gn _gm) L,(G) £||T1(fn - fm) L, (G) +||T1(fn _gn) L, (G) +||T1(fm _gm)

This implies that the operator T, is completely continuous. Consequently, the operator T acts

L(G)"

continuously from LZ(E) inL, (6).
Thus, the following theorem holds.
Theorem 2. The linear integral operator (*) acts from L,(G) in L,(G), to where

w(u)=e'-u-1 u>0,and is continuous, and as an operator acting from u3 L,(G) in L, (G), to

where w, (U) =u(e" " —1), 0<e& <1, it is completely continuous.
1
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This article is devoted to considering of some statements about the generalized space of Lebesgue Lp, in
particular about the normalized Orlicz spaces. The normalized Orlicz spaces show continuations of the

linear operator of the kind of Au(x)=jk(x, y)u(y)dy and the nonlinear operator of the kind
G

K o(X) = Ik(x, y) f[X,@(y)ldy . Itis necessary to apply Orlicz and Sobolev-Orlicz spaces in cases where
G

the Lebesgue space does not allow to describe the object under study fully and precisely. The advantage of
using these spaces in the study of some nonlinear equations is considered. As an example, the function value
for Orlicz spaces was solved. The definition and properties of continuous convex N-functions are introduced.
In addition, the solvability and mathematical correctness of motion problems of an ideal incompressible fluid
(Euler system) are shown.

Keywords: differential equations, Orlicz spaces, real variable, convex function, linear functionals,
Euclidean space, class of functions.

Maxanaoa Jlebee Lp ocannvinianean keHicmiciniy keubip myoscoipeimoapsina, aman aumxanoa Opauumiy
HOpManaHzaH Kewicmiei Kapacmulpvliean. Y30ikciz oenec N-yHKyuaiapovly aHblKmMamacsl MeH

Kacuemmepi eneizindi. Opauy kenicmixmepinde Au(x)= I K(X, Y)u(y)dy coizeixmeix ONepamopubIHbIY HCIHE
G

Ko(x) = Ik(X, Y) f[X, (Y)Y . mypinoe coizvixmor emec onepamopuinviy y30ixcizoiei kepcemineen. Jlebee
G

Kenicmiel 3epmmenemin 00beKMIiHI MOJLIK JHCIHe 01 CUNAMIMAYA MYMKIHOIK Oepmeimin dHca2iauiapoa
Opauy ocone Cobones-Opauy Kenicmicin Koaoany xadxcemminiei aman eminoi. Ketibip cvi3vlkmulk emec
menoeyaepoi 3epmmeyoe 0Cbl KeHICIMIKmi KOL0aHyOblY apmulKUbLIbIEL! Kapacmuipbiiadsl. Muvican peminde
Opnuu  kewicmiel  yuin k(V) dynxyuanvlty moni  ecenmenedi. Couoaui-ax, u0eandvl Col2bIIMAUMbBIH

cyubikmuiKkmoiy (Diiep JHCyueciniy) KO32aavlCbl ecenmepiniy wewinyl MeH MamemMamuxaislk, OYpblCmblebl
KepceminzeH.

Tipex co30ep: ougppepenyuanovix menoeyiep, Opauy KeHicmikmepi, HaKmovl AUHLIMAIbL, 0OHeC QYHKYUS,
CBI3bIKMbIK, (DYHKYUOHANOAD, e8KAUOMIK KeHICIK, (DYHKYUAIAP KIACMApbL.

Cmambsi nocesujeHa HeKOMopviM Yymeepicoenuam o0bobwennoco npocmpancmea Jlebeea Ly 6
YaCcMHOCIMU, HOPMUPOBaHHO20 npocmpancmea Opauya. Beedenwvl onpedenenue u ce0licmea HenpepvleHbIX
soinyrnvix N -gpynxyuii. B npocmpancmeax Opnuua noxazansl Henpepvl@HOCMU TUHEUH020 onepamopa suod

Au(x)= I K(x, Y)u(y)dy u uenuneiinozo onepamopa éuoa  K@(X) = Ik(X, Y) [, o(Y)ldy . Ommeuena
G G
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Heobxooumocms npumererust npocmpancme Opauva u Cobonesa-Opauya 6 cryuasx, Koe0a npoCmMpaHcmeo
Jlebeca ne nossonsem O00CMAMOYHO NOAHO U MOYHO ONUCAMb usyuaemulii o6vekm. Paccmompeno
npeuMyuecmso UCHOIb308AHUS IMUX APOCIPAHCIE NPU U3YYEHUU HEKOMOPLIX HeTUHEUHbIX YpasHeHul. B
Kawecmee npumepa GblHUCICHO 3HAYeHUe QYHKYUU k(v) ons npocmpancme Opnuua. Takoce noxaszana
PaA3peuuMocmy U MAMeMAmu4eckas KOPPEeKmMHOCMb  3a0a4  OBUINCEHUSL UOCAIbHOU  HECHCUMACMOU
arcuoxocmu (cucmemul Jinepa).

Kniouesvie cnosa: oughpepenyuanvuvie  ypasuenus, npocmpancmea  Opauua, — 8eujecmeeHHas
nepeMenHasl, 6bINYKIAs PYHKYUSL, TUHEUHbLe (DYHKYUOHAbL, e6KIUOOB0 NPOCIPAHCIBO, KIACCHL PYHKYUIL.

Mathematical problems of continuum mechanics are always associated with problems of
mathematical analysis, the general theory of differential equations and other branches of
mathematics. The theory of Orlicz spaces also has application in problems of mechanics.

Orlicz spaces are normed spaces, a special case of which are Lebesgue spaces L, first

introduced by V.Orlicz. Currently they are used in various branches of mathematics. The most
detailed and systematic Orlicz space was first described in the monograph by M.A. Krasnoselsky
and Ya.B. Rutitsky. They also proved many basic propositions of the general theory of these spaces.
It turned out that Orlicz spaces are partially similar to Lebesgue spaces. However, in cases where
the Lebesgue space does not allow sufficiently complete and accurate description of the object
under study, in particular, it becomes necessary to use Orlicz spaces. After a long development of
the theory of embeddings in Sobolev-Orlicz spaces, the embedding theorems for Orlicz and
Sobolev-Orlicz spaces were obtained [1, 2].

Modern authors have shown the advantage of using these spaces in the study of some nonlinear
equations.

We give some well-known statements in the Orlicz space.

It is known that a real function M (u) of a real variable u is called convex if, for all u, and u,,

the inequality is done

M[%j <2 r(o) M) )

Further we will be interested only in continuous convex functions. The condition (1) means that
the midpoint of the chord connecting two points of the graph of the function M(u) lies above the

corresponding point of the graph. It is geometrically clear that the whole chord lies above the graph
of the function, i.e. for all 0 <« <1, the inequality holds

Mo, +(1-a,]<aM(u,)+1-a)M(u,) (2)

It is known that this inequality is called Jensen's inequality.
For a convex function M (u) (figure 1), the following theorem holds.
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Theorem. Any convex function M (u), satisfying the condition M(a)= 0, can be represented as

M(u)= I p(t)dt, where p(t) is a non-decreasing right continuous function.

M(u)A /

v

O] u, uy=au, + (1-au, u, u

Figure 1 — Graph of a continuous convex function

lu
The function M(u) is called an N —function, if it admits a representation of M (u)= j p(t)dt,
0

where p(t) is positive for t > 0, right continuous for t >0, a non-decreasing function satisfying
the conditions

p(0)=0, p(e) = lim p(t) = =.

N — functions, for example, are functions M, (u)= ﬂ a>1 M,(u)=e" -1.
(04

Let M(u) be some N — function. On a bounded closed set G of a finite-dimensional Euclidean
space, by L,, (G) we denote the class of such real defined on G functions u(x), for which

p(u;M)=jM[u(x)]dx<oo.

The classes of the function L,, (G) are called Orlicz classes. The class L,, (G) owns all bounded
functions, but not all summable functions. However, each function from the class L,,(G) is
summable. Every function u(x) that is summable on G belongs to some Orlicz class. This

statement means that the space L of summable functions on G is the union of all Orlicz classes. It
turns out that for each summable function u(x), such an N — function Q(u) can be specified,
satisfying the A’— condition

[ QL)1 < oo
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The existing N — function M (u) can be represented as a superposition M(u)=Q,[Q,(u)]
Let u(x)e L,,, then the inequality holds

.[u(x)dx J.u(x)dx

<& — Jensen’s integral inequality.
mesG mesG

Let M(u) and N(v) be N — functions mutually complementary to each other. By L}, we denote
the set of functions u(x) satisfying the condition

(u,v)= Iu(x)v(x)dx < oo forall v(x)e L.

The following theorem holds.
Theorem 1. Let u(x)e L. Then

sup |(u,v)|= sup <.

p(v,N)<1 p(v,N)<1m

JuCxv(x)ex

This theorem allows us to introduce Orlicz norm in the set Ly, :

Jul,, =uv)=sup j u(xv(x)dx. (***)

p(v.N)<1

Orlicz norm (***) satisfies the usual axioms:
1. |uf,, =0 if and only if u(x)=0almost every where;

2. Jau,, =al,,:
3. Juevly <+ M-

Thus, the set L;, becomes a linear normed space, which it calls the Orlicz space.

The completeness of the Orlicz space is proved in [3]; it is a Banach space.
There are inequalities

ol <1+ MO0« nc ) )]dx <1

If Jul,, <1, then [M[u()ldx <[u],.
G
In Orlicz space there is Holder inequality for a pair of functions u(x)e L;,, v(x)e L, :

< Jully Ml

Iu(x)v(x)dx
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Linear functionals in L}, . Let M(u) and N(v) be complementary N — functions to each other.
Let v(x) be some fixed function from L}, . Then the Holder inequality implies that on the whole

space L,, alinear functional is defined

I(u):(u,v):ju(x)v(x)dx, rae U(x)eLs,.

The inequality holds [l =|v|, <2|I|, where by || indicated the norm of the functional
H(): if= SuIOII'(U)II

Jull <t
M
d
k(v) has been studied in detail by D.V. Salekhov [4].
As an example, we calculate the value of the function k(v) for Orlicz spaces, defined by N —

If denote k(v): , then the inequality above can be rewritten as: 1< k(v) < 2. The function

u
functions M(u):u, a>1. Then for each function u(x)el,, we have:
(24

u,, :aalgﬂ{iM[u(x)]dx}a , Where %4‘% =1

Thus, (U _HsHup ju(x)v(x)dx = sup Iu(x)v(x)dx =
M_ 11 - IG
aﬂﬁ{ M[u(x)]dx} <1
-1 Ml ||
= Sup |JuCv(x)dx| = ———,
agﬂﬁ jM[u,v]dxél G a ﬂ;
R 11
whence k(v)=a<p”,where v(x) €Ly, constant «=pB” can take any value from the interval
1, 2).
The operators in Orlicz spaces.
Consider the integral operator of the form [5]:
= [k(x y)u(y)dy . (4)
G

We find out that the operator (****) is continuous as an operator acting from L, to Ly, ,

satisfies the condition JAu], <

.» Where ||A| — some number. The continuity conditions for

the operator 4 will be sought in various characteristics of the kernel k(x, y). The most convenient
characteristic is that the kernel belongs to a certain Orlicz class, i.e. finiteness of the integral
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[ WLek (x, y)ldxdy

G

For some « .
From the boundedness and continuity of the operator 4, we obtain the estimate for the norm of
the operator:

| A= sup [Au

Jul, <t

w, < 2[k(x, y)||L;.

On conditions for complete continuity of the operator 4, i.e. on conditions under which operator
A transforms the unit ball of space into a compact set of space, the following lemma corresponds.

The Lemma. Let the kernel k(x, y) be continuous on G. Let L'w, and L'w, be two arbitrary

of Orlicz space. Then the operator Au(x)= J.k(x, y)u(y)dy belongs {L’“M1 - EMZ} , Where E,, is
G

closure in sets of bounded functions.
In the Orlicz space a nonlinear operator is studied f: fu(x)= f(x,u(x)), where

f(x,u) xeG, —oo<u<oo is continuous in u and measurable in x for every u. The
conditions are found under which the operator f acts from a certain region of space L'w, into
space L, is continuous and bounded.

Orlicz space also considers a nonlinear operator

Ko(x) = [k(x ) I o(y)dy -

as a superposition of a nonlinear operator f and a linear operator 4. Since the operator f acts
from space L'w, to spaceL’wm,, is continuous and bounded on a sphere, and the linear operator A4
acts from L'm, to L'm, and is completely continuous, then the operator K is completely continuous
in space L'm,

The conditions of complete continuity in Orlicz space are also established for nonlinear integral
operators of a more general form:

Kp(x) = [K[x, y,(y)ldy

In the thesis of M.I. Uvarovskaya [6] obtained the result of the solvability and mathematical
correctness of the problems of motion of an ideal incompressible fluid (Euler system). In this case,
we consider the problem of proving a global theorem on the existence and uniqueness of
generalized solutions with the weakest possible restrictions on the smoothness of the solution and
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the input data, especially the vortex. Planar flows are considered for existence, and three-
dimensional for uniqueness.
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XNUMHUYECKHWE HAYKHN U TEXHOJIOI'YA
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DETERMINATION OF ORGANIC ACID CONTENT IN PLANTS
OF THE GENUS ELYTRIGIA REPENS

Berdesh T.B., Kipchakbayeva A.K.
al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan
e-mail: talshynberdesh@mail.ru

Studies were conducted on the quality of raw materials, moisture (8.25 %), ash (6.95 %) and extractives
(28.7 %) in the underground part of the plant Elytrigia repens collected in the Almaty region. The results of
the study of the mineral composition of the plant are presenting and it is revealed that the plant contains a
significant amount of calcium (792.35 mg / kg). The quantitative composition of the main groups of organic
acids in the form of the fatty acid composition of the plant is determined. 14 fatty acids were detected. The
results of the study showed a significant content of some fatty acids, namely linoleic polyunsaturated
(45.215 %), Y-linolenic polyunsaturated (14.281 %) and oleic monosaturated (15.714 %). The vitamin
composition was studied by high-performance liquid chromatography. Water-soluble vitamins of group B1
(2.1 mg/g) and fat-soluble vitamins A (0.035 mg/g) and E (0.36 mg/g) were detected.

Keywords: Elytrigia repens, raw materials, organic acids, mineral composition, fatty acid composition,
quantitative analysis, vitamins.

Anmamer obaviceinoa oicunanzan Elytrigia repens ecimoiciniy owcep acmvl 0OoniciHOe WUKIZ3AMMbIY,
vLizanoviy (8,25 %), xyaoiy (6,95 %) owcone skcmpaxmuemi sammapoviy (28,7 %) cananvlivigvbiHa
sepmmeyaep Hcypeizindi. Ocimoikmiy MuHepandsvl KYPAMbIHbY HIMUdCENepi YCbIHbII2AH JHCoHEe OCIMOIK
Kypamelnoa Kanvyutioiy ken menwepi (792,35 me/xe) 6ap exenodiei anvlkmanovi. Ocimoixmiy mail
KbIUKBLIOAPbL MYPIHOE 0P2AHUKAIBIK KbIUKbLIOAPOblY He2i3ei MONMApPbIHblY CAHObIK KYPAMbL AHLIKMAObL.
14 mail KoluKbLI0apsl aHbIKMandvl. 3epmmey Hamuxcenepi keuoip Mail KblKbLIOAPbIHbIY e0aVip MOJIUEDIH
Kepcemmi, aman aumKanoa AuHon noaukanviknazan (45,215 %), Y-munonen nonuxanviknazan (14,281 %)
JIcone oneun MoHoxanvikkan (15,714 %). BumamurnOix Kypamoer 3epmmey d#co2apvl MUuiMoi CYublK
Xpomamoepaghust 20icimen xcypeizindi. [Jopymenoepoen, cyoa epumin Br 0apymeni (2,1 me/2), maiioa epumin
A (0,035 me/e) scane E (0,36 me/e) 0apymenOdepi aHbIKmManbiHObL.

Tipex co30ep: Elytrigia repens, wwuxizam Keo3zi, OpeaHUKAIbIK  KbIUKBLIIOAD, MUHEPATObIK
KYPamvl, MAUKbIUKBLIObIK KYPAMbL, CAHObIK capanmama, 0apymenoep.

Ilposedenvt uccnedosanus OobpoxawecmeenHocmu covipvs, enaea (8,25 %), szona (6,95 %) u
akecmpaxmueHvle gewecmea (28,7 %) 6 noosemuou uwacmu pacmenus Elytrigia repens cobpaunviii 6
Anmamunckoil oonacmu. lIlpedcmasienvl pe3yibmamsl MUHEPATLHO20 COCABA PACMEHUS. U BbISAGNIEHO, YO
8 PaACmeHue COOEPI’CUNCIL SHAYUMENbHOEe KOoauvecmao kanvyus (792,35 me/xe). Onpedenen koauvecmeennbwlil
COCMAB8 OCHOBHBLIX 2PYNN OP2AHUYECKUX KUCIOM 8 GUOE HCUPHOKUCIOMHO20 COCMABa pacmenus. Boisagneno
14 orcupnvix kucrom. Pesynemamul uccredosanuu noKazanu 3HAYUMENbHOE COOePHCAHUE HEeKOMOPbIX
JCUPHBIX — KUCIOM, d UMEHHO JuHONe8ds noauHeHacviwennas (2,261 me/e),  Y-munonenosas
nonunenacviujennas (0,714 me/2) u oneunosasn mononacvuyennas (0,785 me/e). Hccreoosanue umamuHHo20
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cocmasa OviaU NPOBeOeHbl MEMOOOM BbiCOKO IPPeKmueHol HcuoKkocmuou xpomamozpaguu. OoHapyicervl
gooopacmeopumule sumamunvl epynnol B1 (2,1 me/e) u scupopacmeopumole sumamunvt A (0,035 me/e), E
(0,36 me/2).

Knioueswie cnosa: Elytrigia repens, coipwvesvie pecypcoi, opeanuieckue KUCIOMbl, MUHEPAIbHbIL COCMAS,
HCUPHOKUCTOMHDLI COCMAB, KOIUYECTNEECHHDLIL AHAIU3, GUIMAMUHDL.

Research of plant raw materials is an urgent topic for the production of new environmentally
friendly, harmless, highly effective domestic herbal products. Therefore, the study of medicinal
herbs, determination of their activity, their use for human and animal health, modernization of
traditional medicine and meeting the needs of pharmaceutical production are important components
of modern medicine. The nature of our country is rich in plant raw materials, one of these plants is
creeping Wheatgrass.

Organic acids in plants

Organic acids are compounds of the aliphatic or aromatic series with one or more carboxyl
groups. They are widespread and accumulate in significant amounts in different parts of the plant
and play an important role in metabolism. Medicinal plants containing organic acids are used as an
anti-inflammatory, antimicrobial agent, as well as in the treatment of the gastrointestinal tract, as a
preventive agent [1].

Wheatgrass (Elytrigia repens) is a perennial herb belonging to the grass family. The rhizomes
are long and cord-like, and can reach up to 15 cm. Blooms in June-July and Grows on the plains
and in the mountains, mainly in the middle and upper mountain belt. It is found in water meadows
in community with other cereals, as a weed on arable land [2].

Wheatgrass (Elytrigia repens) is widely used in agriculture and medicine. Its rhizomes are used
as a diuretic, diaphoretic, expectorant, and they also have a slight laxative effect [3].

Elytrigia repens is used in many industries, but its chemical composition is not fully understood.
It is known about the content of saponins, ascorbic acid, the carbohydrate triticin, mucus and traces
of essential oils, as well as up to 40 mg % carotene [4].

Based on the above the purpose of this work is to qualitatively and quantitatively study the
content of organic acids in the underground part of creeper Wheatgrass.

Experimental part and discussion of results. The first stage of studying plant raw materials is the
study of good quality. Humidity, ash and extractive substances are studied according to the methods
of the first edition of the state Pharmacopoeia of the Republic of Kazakhstan [5]. Humidity tests
were performed using the MA-35 humidity analyzer (Sartorius, Germany). The results of the study
are shown in table 1. It was found that humidity and ash do not exceed the norm, and the use of
50 % ethyl alcohol is most effective for the extraction of BAS.

Table 1 — Indicators of the underground part of creeping Wheatgrass (Elytrigia repens)

Plant Humidity, % Ash, % Extractives, %
Water 30% 50% 70%
Elytrigia repens 8.25 6.95 ethanol ethanol ethanol
10.38 25.6 28.7 27.3
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Heavy metal salts, as well as macro and microelements, were determined by atomic absorption
method. To determine the content of Pb, Cd, Cu, Zn, Fe, GOST 30178-96 "raw Materials and food
products [6]. Atomic absorption method for determining toxic elements”, and for determining the
Content of As GOST 31266-2004 " raw Materials and food products. Atomic absorption method for
the determination of arsenic", as well as M 04-64-2010. An atomic absorption spectrometer "MGA-
915 MD" with electrothermal atomization and a mercury-hybrid prefix was used (table 2).

Table 2-Mineral composition of the underground part of Elytrigia repens

Mineral element Content, mg / kg
Calcium 792,35
Magnesium 167,25

Iron 0,018

Zinc 8,701
Copper 0,001
Manganese 0,726

Lead 0,0002
Cadmium 0,0004
Arsenic Not detected
Mercury Not detected

The fatty acid composition of the plant was studied and 14 saturated, monounsaturated and
polyunsaturated fatty acids were identified. The study was performed by gas chromatography using
the GX-1000 device. A 60 m long silica gel column was used for chromatography. The method of
sample preparation and research was carried out in accordance with P 4.1.1672-03 [7]. The release
time of fatty acids was 48.25 minutes. The data obtained are shown figure 1 and in table 3.
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Figure 1 — Quantitative composition of fatty acids in the underground part of Elytrigia repens
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Table 3 — Fatty acid composition of the underground part of Elytrigia repens

Fatty acids Concentration, mg / g
C 12:0 lauric saturated 0,012
C 14:0 Myristic saturated 0,022
C 16: 0 Palmitic saturated 0,661
C 18:0 Stearic saturated 0,173
C 20: 0 saturated Arachine 0,043
C 22:0 Begene saturated 0,095
C 230 Tricosane saturated 0,042
C 16:1 Palmitoleic polyunsaturated 0,045
C 18: 1n9c Oleic monounsaturated 0,785
C 20:1 Eicosene monounsaturated 0,083
C 18: 2n6c Linoleic polyunsaturated 2,261
C 18:3n3 Linolenic polyunsaturated 0,005
C 18:3n6 Y-Linolenic polyunsaturated 0,714
C 22:2c docosadienoic polyunsaturated 0,059

According to the table, the total concentrations of fatty acid groups were calculated and it was
found that the total concentration of saturated groups is 20.974 %, monounsaturated 18.235% and
polyunsaturated 60.791 %. Based on this, a significant content of polyunsaturated fatty acids, which
take a significant part in the metabolism of humans and animals, was found in the underground part
of creeper Wheatgrass. Essential fatty acids (polyunsaturated) are important for the functioning of
the cardiovascular system: they prevent the development of atherosclerosis, improve blood
circulation, and have an antiarrhythmic effect. As well as polyunsaturated fatty acids reduce
inflammatory processes in the body, improve tissue nutrition [8].

Quantitative analysis of vitamins on HPLC "Agilent 1200" was performed. Water-soluble
vitamins of group b 1 (2.1 mg/g) and fat-soluble vitamins A (0.035 mg/g), E (0.36 mg/g) were
found. Vitamin B1, thiamine plays an important role in the metabolism of carbohydrates, fats and
proteins in the human body. Vitamin A have different biological activity. Retinol is necessary for
the growth, differentiation and preservation of epithelial and bone tissue functions, as well as for
reproduction. Retinal is important in the mechanism of vision. In the body, vitamin E plays the role
of an antioxidant. Its antioxidant property is characterized by the fact that it prevents the contact of
oxygen with unsaturated membrane lipids. Vitamin E is also a synergist of vitamin A. The detection
of these vitamins in the underground part of the creeping Wheatgrass shows the biological activity
of the plant. According to chromatographic data, the vitamin a release time was 4 minutes. 28 p.
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Figure 2 — Chromatographic index of vitamin A in the underground part of Elytrigia repens
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Figure 3-Chromatographic index of vitamin B1 in the underground part of Elytrigia repens
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Figure 4 — Chromatographic index of vitamin E in the underground part of Elytrigia repens
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Conclusion.

— The quality of the underground part of Elytrigia repens collected in the Almaty region in
2019 was determined. The mineral composition of the plant was studied and 10 macro - and
microelements were identified.

— The quantitative composition of organic acid groups in the form of fatty acid composition
was studied. In the underground part of the plant, a significant content of some fatty acids
was found, namely linoleic polyunsaturated (2.261 mg/g), Y-linolenic polyunsaturated
(0.714 mg/g) and oleic monosaturated (0.785 mg/g).

— The vitamin composition of the plant was analyzed and it was found that the plant contains
the following vitamins: B1 (2.1 mg / g); A (0.035 mg/g); E (0.36 mg/g).
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SYNTHESIS AND CHARACTERIZATION OF HYDROGELS BASED ON
CARBOXYMETHYL CELLULOSE AND POLYVINYLPYRROLIDONE
FOR SEEDS PELLETING

Kalibek M., Salyamov R., Makhayeva D., Irmukhametova G.S.,

Al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan
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Hydrogels based on natural polymer carboxymethyl cellulose and polyvinylpyrrolidone (CMC-PVP) were
synthesized by radiation polymerization using electron accelerator. The effect of copolymers composition
and radiation dose on the yield and swelling ability of hydrogels was studied. It was found that with an
increase of irradiation dose results on higher yield of the gel fraction and decrease of equilibrium swelling
degree of hydrogels. The optimal parameters for the synthesis of hydrogels were established: irradiation
dose of 25 kGy and CMC content of 1 and 3 wt.%. Obtained hydrogels were used for draining the tomato
seeds. The effect of the coating layer on the rate and quality of the seed germination was studied. It was
found that the optimal conditions for seed germination is to coat them with a polymer hydrogel with CMC
content 1 %. This type of hydrogel coating demonstrated the highest rate of seed’s germination and length of
tomato sprout.

Keywords: technology of pelleting, radiation synthesis, natural polymers, hydrogels, swelling, radiation
dose, germination energy.

Memooom paouayuonHol noruMepusayuy Ha 31eKMPOHHOM YCKOpUmMene CUHmMe3upo8ansl 2uopozenu Ha
OCHOBe NPUPOOHO20 NOIUMEPA KAPOOKCUMEMUNYEeNnono3sl U noausununnupporuoona (KMI-I11BII).
H3yueno enusHue cocmaga conoaumepos u 003bl 00nyueHUus Ha 6bIX00 U HAOYXAowyr0 CnocoOHOCb
euopoeeneu. Iloxazano, ymo ¢ pocmom 003bi 001YUeHUs HAOOOAeMCs Yeeludenue 6blx00a 2eib OpaKyuu
euopozens u ymeHvuienue e2o Habyxaiowel CnocoOHOCMU. Ycmanoenenvl OnmumanbHvle napamempul
cunmesa euopoeeneii: 003a obnyuenus 25 klp u cooepaxcanue KMI] 6 ucxoonou norumeprnou cmecu 1 u 3
mac.%. Ionyuennvie 2uopoeenu ObLIU UCTIONBLI0BANBL 051 OPAIHCUPOBANUA ceMaH momama. M3yueno enuaHue
OpPadHCUPOBOYHO20 CI0S HA CKOPOCMb U KAYEeCME0 NPOpOCma CeMaH. Ycmanoeneno, umo onmumanrsHolM OJisl
NPOPACMAaHUsi CeMAH AGNAEMCs NOKpblmue U3 NOMUMEPHo20 2udpozens, codepacaweco 1% KMIL. s
0anHo20 cocmasa 2udpozesis HabaoaIocs HaAUbOAbUWASL CKOPOCHb NPOPACMAHUA U OJIUHA POCKO8 CEMSAH
momama.

Knwouesvie cnosa: mexnonozusi Opajrcupo8auus, paouayuOHHull CUHME3, NPUPOOHble NOAUMEDDL,
auopoeenu, Habyxanue, 003a 0OIYUeHUs, IHeP2Ust NPOPACMAHUAL.

Kapboxcumemunyennmonoza oicone noaugunuinuppoaudorn (KMI[-TIBII) neziz0encen eudpoeenvoep
INEKMPOHOBIK YOemKiuime paouayusibly NOAUMepu3ayus apkolivl cunmesoendi. Cononumepnep Kypamwl
MeH caynenery 003ACbIHbIY 2udpoenv0epliy Kipicminiei men iciny xabinemine acepi 3epmmendi. Coyneneny
003ACbIHBIY HCOLAPBLIAYbIMEH 2UOPO2ENbOTY 2eNbOIK (PPAKYUACHL UbIELIMBIHBIY JHCOAPLLIAYLL HCIHE OHbIH
iciny xabineminiy meomendeyi Oalxaramvinbl Kepcemineen. ludpocenvoep cummesi ywin OHMAILIbL
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napamempiuep aHblKmanovl: cayneneHy moauiepi 25 kl p oicone kapooxcumemunyenntonosa mouuepi 1 oscane
3%. Anvinzan 2udpocenvoep Kbl3aHaK MYKbIMbIH MYyUipulikmey yuin nauoaniausiiosl. Kanmay xabamoinoiy
MyKviM OHYiHe acepi 3epmmendi. TYKbIMHbIY OHYIHIY Oymauabl Hcazoauiap - oaapowvly Kypamvinoa 1%
KapOoKcumMemun yennono3acel 6ap noaumep 2uopozeniMer Kanmay exewoiei amblkmanowl. bepineen
2uopoeenb Kypamvl Yulin Kbl3aHAK MYKbIMOADbIHLIY OHIWMIC MeH OCYIHIY el JICO2apbl JICbLIOAMObIEb
batkanowl.

Tipek co3dep: mytiipuwikmey MexHOI02UACHL, PAOUAYUATILIK CUHME3, Mabuey noaumepiep, 2uopozeiboep,
iciny, cayneneny 003acwl, OHY JHEPLUACHL.

Introduction. Improved seeds are the main component in agriculture, which play an important
role in achieving optimum crop yield and productivity of any culture. Improved seeds will not only
help in achieving optimal plant populations, but will also provide the strong seedlings that can
exceed the initial abiotic and biotic stresses to a significant extent. Therefore, the quality and
physiological status of each seed that the farmer buys are of particular importance for obtaining the
desired returns for crops [1].

In the past few decades, seed coating technology has evolved through research innovations and
has allowed the creation of several products that can be used to manage the potential of
productivity, seed and subsequent crop. Seed coating technology is widely used for various
purposes, such as synchronization of flowering between parent lines, to improve seed quality,
delivery of nutrients, for early sowing in cold and wet soils, delivery of growth hormones, delivery
of pesticides, delivery of biocontrol agents, as a biologically active coating and as an anti-
counterfeit technology to eliminate fake seeds on the market. Thus, as the concept of seed coating
becomes a practical reality for various applications. There is currently a growing interest in many
aspects of this technology, so that its application can be extended to various crops that are grown
and stored in different agro-climatic conditions [2-4]. Seed coating technologies have been
developed for most types of crops and vegetables. In some cases, for turf grass, pasture and flower
seeds [5]. There is an acute necessity for new approaches to seed-based restoration, and seed
coating technologies can be key to improving seedling planting, plant growth, and recovery
efficiency of native seeds, most of which are harvested from wild plants [6].

The drained seed has several layers. Each layer has its own task. For example, they can process
and provide a buffer (to avoid contact with seeds). In most cases, the seeds were coated with
commercial binders. It is a well-known fact that the most frequently mentioned binders are
methylcellulose, polyethylene glycol, chitosan, polyvinyl alcohol, methylcellulose, polyvinyl
acetate, and gum Arabic [7].

The physical and chemical properties of various powders in combination with binders provide
different mechanical and biological results for coatings. For example, particle size distribution
strongly affects the behavior of pellets; small particles provide higher physical resistance, but limit
gas and water exchange, while larger particles increase porosity, but reduce the mechanical integrity
and elasticity of the coating [8].

Binders and fillers must be compatible with active compounds. They must not adversely affect
the ability of seeds to germinate and grow. According to the characteristics of the natural seed cover
(test), the applied compounds can be dissolved and transferred to the seeds through absorbing water
or, if the test is impervious to these substances, through absorption by the emerging root and root
system [9].
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The most commonly mentioned active ingredients in coatings include fungicides, pesticides,
insecticides, nematocides, anti-predator agents, and herbicides. The use of a protective treatment
tool at best only slightly contributes to germination and germination. Sometimes it negatively
affects the rate of germination. However, protective compounds usually improve plant growth and
productivity by reducing the number of predators and infecting pathogens [10].

Despite these advantages, protective devices used in coatings sometimes have a negative impact
on the environment. For example, neonicotinoids, the most widely used insecticide compounds in
crop seed coatings, have been shown to have harmful effects on wild bees. Diversity and
distribution, with indirect effects on bee health. In addition, fungicide and insecticide coatings have
an indirect effect on the processes of the agroecosystem [11].

However, even though the use of macronutrients such as phosphorus and potassium improves
growth and yield, there is a potential for harmful effects on germination and germination caused by
osmotic stress caused by nutrients. Instead, most of the changes in nutrients were focused on the
delivery of trace elements such as boron, copper, manganese, molybdenum, and zinc. These
adjustments were used to compensate for soil deficiencies in these trace elements. The integration
of seed biology, plant physiology, and soil science in broader collaboration with the seed industry
can optimize the use of seed coating as a way to deliver nutrients, which will eventually allow the
cultivation of varieties with pre-determined micronutrient needs adapted to soil types with various
micronutrient deficiencies [12].

Due to the inherent ability to attract and retain water near the seeds, soil hydrophilic materials or
hydro-absorbers (hydrogels) are used. Another feature in water-repellent soil to increase the
availability of water for seeds and seedlings is the use of surfactant as a coating material
for seeds [13].

Some coatings have also been used to slow germination by affecting water absorption, in a sense
creating artificial rest. This type of wool prevents germination in climatic conditions. Conditions are
not optimal and usually provide protection from pathogens, fungi, and predators. This approach
takes into account early planting, relying on the layer to initiate the germination process when
suitable conditions arise, and thus may upgrade the emergence of seedlings in the soil without
tillage. The delay is usually achieved using temperature-activated polymers that regulate water
absorption at specified temperature thresholds [14].

Phytoactive promoters include a number of compounds that, once incorporated into the seed
coating, potentially stimulate germination, promote growth, and improve stress tolerance. The use
of promoters has the potential to improve: seedling and plant energy; resistance to biotic/abiotic
stresses; and performance under water, salinity, and temperature stress. Innovations in the
application of photoactive compounds through seed shells and pellets can be a key element in
enabling agriculture in degraded areas or areas that are adversely affected by climate change.

In present study the hydrogels based on carboxymethyl cellulose and polyvinyl pyrrolidone were
synthesized using radiation polymerization. Obtained hydrogels were characterized by sol-gel
fraction determination method and swelling degree study. Influence of hydrogel content on grinding
of tomato seeds and their germination was estimated.

Materials and methods. Carboxymethyl cellulose (CMC) was purchased from Sigma-Aldrich.
Polyvinyl pyrrolidone (PVP) was purchased from Sigma-Aldrich, molecular weight 1 million.
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Polyethylene glycol (PEG) was purchased from Sigma-Aldrich, molecular weight 600. Agar-agar
produced was purchased from Sigma-Aldrich.

Samples of tomato seeds provided by the Institute of plant protection and quarantine, Almaty and
seeds “Ardan” were purchased from Syngenta.

Synthesis of hydrogels based on carboxymethyl cellulose. Hydrogels based on CMC, PVP, PEG,
and agar-agar were synthesized by radiation polymerization method. The electron beam accelerator
ELV-4 at the Institute of Nuclear Physics (Almaty) was used as the source of irradiation. To obtain
hydrogels, the radiation dose varied in the range of 10-125 kGy.

Aqueous solutions of CMC of concentration — 1 wt.%, 3 wt.%, 5 wt.%; PVP — 7 wt.%, PEG 1 %
and agar-agar 1 wt.% were prepared in the following way:

CMC was dissolved in 100 mL of distilled water for 24 hours at room temperature and constant
stirring. PVP was dissolved separately at 60-70 °C for two hours with constant mixing using a
magnetic stirrer and then it was mixed with the solution of CMC. After that, liquid PEG was added.
Obtained mixture was mixed with previously prepared solution of agar-agar. The components ratio
is shown in Table 1.

Determination of equilibrium swelling degree (ESD). Hydrogel sample of approximately weight
0.3 £ 0.05 g was taken for determination of ESD. The ESD of hydrogel samples in distilled water
and in buffer solutions was estimated at room temperature. The weight changes were fixed until
reaching the constant values.

The ESD was calculated by the formula:

_ m(swollen) — m(dry)
B m(dry)

Sol-gel analysis. The gel method is used to find the percentage of pure cross-linked polymer in a
synthesized sample and to determine the degree of cross-linking. Polymer gels after synthesis were
dried to a constant mass and weighed on analytical scales. Then the dried hydrogel samples were
placed in distilled water for 3 days to remove uncrosslinked polymer. Water environment was
updated at least 5 times. This is necessary for maximum possible washing of the gel from unreacted
polymers. After two days, the polymer gel was separated from water using a mesh cloth and dried
in the open air to a constant mass.

The gel fraction content (%):

m(dry)
M(gel) = 1009
(geD) m(synthesised) * 100%

where m(dry) — mass of the washed and dried gel, g; m(synthesized) - mass of the synthesized
sample, g.
The sol fraction content (%):

M (sol) = 100% — M(gel)

Seed draining by polymer hydrogels. The study of the behavior of the radiation cross-linked
CMC-PVP-PEG-agar-agar system as a filler for draining was carried out using tomato seeds. 0.05%
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PVP solution was used as an adhesive solution for seed draining. Before draining, polymer
hydrogels were dried and grinded. In order to create a polymer shell around the tomato seed, the
seed was wetted in a PVP adhesive solution, and placed in a powder of grinded CMC-PVP-PEG-
agar-agar hydrogel. During draining, the granules were compacted and rolled into a spherical shape.

Seed germination estimation. Tomato seed germination was determined by sprouting seeds in
laboratory. Each type of pelleted seeds have been analyzed by estimation of 15 drained seeds.
Samples were examined for seedlings sprouting on Petri dishes using 2-3 layers of filter paper
according to GOST 12038-84. After germination, the seeds were transplanted into the ground and
the stem growth was analyzed.

Results and discussion.

Radiation synthesis and characterization of hydrogels based on carboxymethyl cellulose.

Polymer hydrogels were obtained by radiation polymerization of the aqueous solutions of
carboxymethyl cellulose and polyvinylpirrolidone. The polymers concentration in the initial
mixtures is presented in Table 1.

Table 1 — Composition of the initial polymer solutions and irradiation dose for synthesis of
hydrogels based on CMC-PVP

Composition, w.% Dose of irradiation, kGy
Ne CMC PVP PEG agar-agar
1 1 5 10 25 75 125
2 3 7 1 1 5 10 | 25 | 75 | 125
3 5 5 10 25 75 125

Synthesized polymer networks were analyzed by sol-gel method to determine the yield of
hydrogels. The results are presented in figure 1.

G.,% 100 4
ml% 2% m3%
08
96
04
02
90
25 75 125 D, kGy

Figure 1 — Impact of irradiation dose (D, kGy) and CMC concentration (1 %, 3 %, 5 %)
on hydrogels G % yield
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Increasing the dose of irradiation results in slight increase of gel fraction due to formation more
number of crosslinks in polymer network. The concentration of CMC has no significant impact on
gel fraction value in the studied range 1-5 %. Just slight decrease in polymer network yield can be
observed for hydrogels with higher concentration of CMC 5 %.

Determination of the equilibrium swelling degree of hydrogels in buffer solutions, distilled and
technical water. Mass of the swollen and the mass of the dry hydrogel were determined in order to
determine the swelling degree. Three samples from each composition were selected in order to
calculate the average statistical mass. The experiment was carried out for 5 days. Obtained results
are presented in figures 2-7. The hydrogels presented pH depending swelling behavior figures
2,4,6. Increasing pH value results in higher swelling of polymer network due to the presence of
carboxylic groups of CMC in its structure. The hydrogels synthesized at higher irradiation dose
have lower swelling degree because of higher crosslinking degree. This result corresponds to the
data described above about the dependence of gel fraction on irradiation dose.

60 -

2
> 50 -
[<5]
C 40 -
g
> 30 7 .\./I
=
S0 o ——e—A
=
U)lo_
O T 1
0 5 10
pH

25KGy (#), 75kGy (m), 125kGy (A)

Figure 2 — Effect of pH on swelling degree of CMC-PVP hydrogels with Ccmc=1 %
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Swelling degree ,g/g
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Distilled water (grey bars), technical water (black bars); 25 kGy (bars: 1,2),
75 kGy (bars: 3,4), 125 kGy (bars: 5,6)

Figure 3 — Effect of distilled and technical water on swelling degree of hydrogels
for CMC-PVP hydrogels with Ccmc=1 %
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Investigation of swelling behavior of hydrogels in distilled and in technical water showed that
swelling degree is lower in technical water due to the presence of low molecular ions in it (Figure
3,5,7). Considering influence of irradiation dose on swelling degree in distilled and technical water
the following results are obtained:

— the highest swelling degree is for hydrogel at 25 kGy (67 g/g) in distilled water. The lowest
swelling degree is for 125 kGy hydrogel (24 g/g) in technical water.

— the highest swelling degree is for 25 kGy hydrogel (68 g/g) in distilled water. The lowest
swelling degree is for 125 kGy hydrogel (28 g/g) in technical water.

— the highest swelling degree is for 25 kGy hydrogel (142 g/g) in distilled water. The lowest
swelling degree is for 125 kGy hydrogel (40 g/g) in technical water.
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Figure 4 — Effect of pH on swelling degree of CMC-PVP hydrogels with Ccmc=3%
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Figure 5 — Effect of distilled and technical water on swelling degree of hydrogels
for CMC-PVP hydrogels with Ccme=3 %
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Figure 6 — Effect of pH on swelling degree of CMC-PVP hydrogels with Ccmc=5 %
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Figure 7 — Effect of distilled and technical water on swelling degree of hydrogels
for CMC-PVP hydrogels with Ccmc=5 %

Only hydrogels with a high swelling capacity can be used in seed draining technology. Analysis
of obtained data reviled that hydrogels obtained at irradiation dose of 25 kGy and with
concentration of CMC 1 % and 3 % has the highest swelling degree and gel fraction yield.
Therefore, these samples have been chosen for the further experiments with seeds draining and the
growth of seedlings.

Study of the seed germination

Influence of seeds coating layer on the germination of tomato seeds was studied. The data in
Figure 8 shows the germination of tomato seeds in a time. The seeds coated with hydrogel of
composition 3 % of CMC shows the highest rates in the seedling’s length growth.
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Conclusion. Hydrogels based on natural polymer carboxymethyl cellulose were synthesized by
radiation crosslinking method using an electron accelerator. Obtained hydrogels were characterized
on gel fraction yield, swelling behavior depending on carboxymethyl cellulose content and
irradiation dose. It was found that with an increase of irradiation dose from 25 to 125 kGy, the
content of the gel fraction increases and the equilibrium swelling degree decreases. Optimal
composition for seeds draining was found to be the hydrogel with CMC concentration 1 and 3 %,
synthesized at 25 kGy. The germination study of tomato seeds coated with hydrogel showed that
hydrogel with CMC content 1 % is the best for granding the tomato seeds.

— — —
(= b2 -
I I

Average length of the seedling, sm

(=]

0 3 10 15 20 23 30 i3

Pure seed (4), Ccmc — 1% (m), Comc — 3% (A), D — 25 kGy

Figure 8 — The tomato seedling’s growth rate
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FOR CHEMICAL LABORATORIES
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The importance, features, advantages of introducing a quality assurance system for chemical laboratories
are described. The necessary steps for passing the accreditation of chemical laboratories were discussed in
detaisl. Each stage is described thoroughly and general recommendations for successful implementation are
given. In addition, a comparative analysis was carried out between the recognized standards in the field of
guality assurance of chemical laboratory services - Good Laboratory Practice and ISO 17025. Detailed
descriptions and analysis of the advantages of LIMS software for use in a chemical laboratory were given.
The final part provides a step-by-step scheme for the implementation of a quality assurance system for
chemical laboratories. The article provides a guidance for novice managers of chemical laboratories.

Key words: quality manual, quality assurance, chemical laboratories, LIMS, accreditation, analytical
measurement, reliability.

Xumusinbly 3epmxananap yulin canamvl OAKbliay JHCYUeCiH eH2I3yO0il MaHbl30bLIbIEbL, epeKuenikmepi,
APMBIKWBLILIKMAPbL  CUNAMMANaH. XUMUAILIK 3epmMXAHANapObl  AKKPeOUMAayusiayoan emKizy Vil
Kascemmi Kaoamoap ezxceli-me2oiceliii maikblianobl. Op Ke3eH HCaAH-HCAKMbl CUNAMMANZAH HCIHE ONapObl
commi oicy3eze acvipy Yulin owcannsl ycoinvicmap Oepineen. COHbIMEH Kamap, XUMUALLIK 3ePMXAHANbIK
KbizMemmepoiy canacvlh 0aKwlldy calaculiHoagsl manvimanr cmanoapmmap - Good Laboratory Practice
arcone 1SO 17025 apacvinoa canvicmvipmanvt manoay sHcacanovl. XuMusiivlK 3epmxanadd KOJAOAHY VuliH
LIMS 6asoapramansiy sicacakmamacwinbly apmolKUbLIBIKMAPLL MYPAibl MOAbIK CUNAMMAMALAPD MeH
manoay sxcacanosl. Kopulmvinovl O6niMOe XUMUALLIK 3ePMXAHANAPRA APHANRAH CANAHbl OAKLLIAY HCYUeCiH
eH2i3y0iy Kezen-KezeHiMeH cynbacel KeamipineeH. Makana YCoIHLIMObBIK CUNAMMA  HCA3BLIZAH JICIHE
XUMUATBIK 36PMXAHANA0PObIY JicemeKulinepine nanuoansl 00aaosi.

Tipex co30ep: cana OolbIHWA HYCKAYILIK, cana xcytect, xumusiavlk sepmxananap, LIMS, axkpeoummey,
AHATUMUKATBIK OJIUEY, CAHObIK MANOAY.

Onucanvt 8aX*CHOCHb, 0COOEHHOCMU, OOCHMOUHCINGA GHEOPEeHUsl CUCMeMbl KOHMpOIs Kadecmea Ois
Xumuueckux aabopamopui. bviiu  OdemanvHo pazodpanvl HeoOXO0O0UMble wiacu O NPOXOACOCHUs
akkpeoumayuu xumudeckux rabopamopuii. Kasicowiii sman noopobro onucan u 0ansvi 00ujue pexomenoayuu
0nsl ycneutnoz2o evinoaneHusi. Kpome moeo, npoeeden CpasHUMENbHbIll AHAIU3 MeHCOy NPUSHAHHBIMU
cmanoapmamu 8 obaacmu KOHMpons Kawecmea yciye xumudeckux nabopamopuii — Good Laboratory
Practice u 1SO 17025. /Janbi nodpobuuie onucanus u npoarHaiusuposamnsbl 00CMOUHCNEA NPOSPAMMHO0
obecneuenuss LIMS ons ucnonvsosanus 6 xumuueckoii iabopamopuu. B 3axnouumensroti yacmu npugedeHa
nOwAzo6as cxema GHeOpeHusi CUCmeMbl KOHMPOIs Kawecmea Oas xumudeckux nabopamopui. Cmamwst
HOCUM peKoMeHOAmeNb bl Xapakmep u O0yoem NonesHa ONsl HAYUHAIOUWUX MEHeOHCepo8 XUMUUEeCKUX
nabopamoputi.
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Knroueswvle cnosa: pykosoocmeo no xauecmsy, cucmema xasecmsa, xumudeckue aabopamopuu, LIMS,
AKKpeoumayust, AHAIUMu4ecKoe usmeperue, O0CmMo8epHOCMb Pe3yibmamos.

Introduction. Quality assurance (QA) became an official term not so many years ago. According
to Vanguard, a government started to be concerned with quality of products during World War II.
The reason of their worrying was that some bombs were exploding right in the factories. As a result,
the UK Ministry of Defence demanded that all manufacturers must make sure that their employees
followed the rules and were ready for a Government inspection. Vanguard states that “from this
seed, a whole forest of control and inspection has grown in the name of quality” [1]. More than
seventy years have passed since that time, and QA is getting more and more public attention.
Nowadays in a highly competitive environment, it is essential to fit some basic standards and have a
proof that service and products are of high quality. The products of an analytical measurement
laboratory are data; the proof of their accuracy and reliability is adopted QA system. According to
Garfield, “quality assurance is planned activities designed to ensure that the quality control (QC)
activities are being properly implemented” [2]. Basically, QA is a sign that the laboratory works
properly and is able to provide the adequate service. Valcarcel and Rios classify analytical
laboratories by goals and tasks to the following groups: calibration, reference, routine, teaching,
research and development labs [3]. This article discusses importance of adopting QA system for
routine or measurement laboratories.

Disscusion. By adopting QA system any analytical measurement laboratory will obtain benefits
such as a good reputation among customers, enhancement of data accuracy and precision, and
improvement of internal organisation.

As it was mentioned before, customers tend to look for a brand which produces the high-quality
products. Adopted QA system indicates that the analytical measurement laboratory is able and
willing to satisfy customers’ needs. Therefore, QA system is a crucial factor for the laboratory to be
recognized as a high status service provider because it implies that the lab produces valid and
reliable data. The reason of certain labs have an impeccable reputation in the analytical world is that
their obtained data demonstrate traceability to a reference standard and reliability. It means that
these kinds of labs are very competitive and recognisable among others. In addition, if the analytical
lab is practicing QA system, its data are supposed to show traceability to national and international
standards. Prichard, Crosby, and Newman show importance of “producing reliable and traceable
data” by pointing to the fact that it is imperative to “use the same reference points” in order to work
successfully within the European Union as a member of open market and be a recognisable service
provider [4].

The second advantage of accepting QA system is improving accuracy and precision of analytical
measurements. As it is generally known, QA has two constituent parts: quality control and quality
assessment. According to Brookhaven National Laboratory, “QC in the analytical laboratories is
maintained through daily instrument calibration, efficiency and background checks, and testing for
precision and accuracy” [5]. Usually QC is also implemented through special control charts.
Hoskins claims that these charts are useful as indicators that helps identify if adequate results are
being produced and if the analytical system is working properly at any given time [6]. The control
charts rapidly point out errors through confirmed criteria, which demonstrate results that are not
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under statistical control. Hence observing QC charts gives opportunity to identify whether problems
exist and helps to minimise inaccurate and imprecise results.

Another benefit of adopting QA system is improving of internal organisation of the laboratory.
Funk, Dammann, and Donnevert claim that employees irritated by inadequately organisation
usually tend to heedless errors [7]. Thus internal organisation plays an important role in obtaining
accurate results, and one of the possible ways of its simplifying and improving is practicing
Laboratory Information Management Systems (LIMS). LIMS is a useful tool which facilitates
administrative tasks by integrating information about a sample with generated analytical results.
According to Garfield, LIMS “provides tracking, database query, integrated graphics, data
archiving, audit trials, and report formatting” [2]. As a result, lab personnel process large amounts
of information with less effort and time than with a traditional way of handling analytical data.
Also, it is worth mentioning about a role of Quality Manual (QM) which is detailed documentation
about the laboratory’s Quality System. Having QM in the laboratory, each member of the staff can
easily get access to all kind of information related to instructions and procedures. In addition, a
variety of incompatibilities, contradictions in practice and opinion among the personnel will be
revealed during the process of writing QM. All of these will contribute to improving of internal
organisation of the laboratory.

The only disadvantage of adopting QA system in an analytical laboratory is that it is costly and
requires some investments in terms of money and time. Every lab willing to establish the Quality
system must contribute a significant amount of time. For instance, Prichard, Crosby, and Newman
state that the process of accepting the QA system and writing down Quality Manual usually lasts
several months [2]. Furthermore, the laboratory must spend considerable capital on purchasing
certified reference materials (CRM), accreditation by an external organisation, participating in
interlaboratory comparison studies and other proficiency testing schemes, staff training, and having
a Quality Manager.

Applying for accreditation to an internationally recognised standard is a commonly approach of
implementing QA system. Quality assurance is usually closely associated with accreditation process
but it does not have to be the case. However, according to Briggs, accreditation is required due to
mercantile, legal, and political aspects because it implies approvement by an official body [8]. The
other aspect to be discussed is a type of QA system. It should be specified if the laboratory needs to
adopt Good Laboratory Practice (GLP), or it should aim to comply with requirements of
international quality standards, such as ISO 17025. Generally speaking, both approaches demand
documented management systems and confirmation that procedures are carried out in a controlled
and consistent way. However, the Medicines and Healthcare products Regulatory Agency states that
“GLP studies usually evaluate the properties of a test item to either determine its characteristics or
to evaluate the effect that it has upon a test system” [9]. On the other hand, according to Hembeck,
for ISO 17025 the dominant feature is not health and environmental protection but “global concept
for compliance and verification of conforming to the norms in facilities which are active in this
area” [10]. Thus, compliance with ISO 17025 standards finds wider application, and is more
relevant for the analytical measurement laboratory.

The scheme of adopting QA programme must include steps like planning, personnel training,
QM preparation, analytical methods verification, QC system performance, and internal audits. The
planning step involves setting a schedule of activities which are needed to carry out for formalising
the accreditation. During this stage duties and responsibilities of each staff member should be
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allocated and clarified. Personnel training step is necessary to make sure that every employee
understands main purposes, principles, advantages of adopting QA system and requirements for its
implementation. Moreover, training of professional skills demanded within a scope of the
accreditation, like calibration of equipments and basic statistics for QC operation, is very important.
Preparation the QM, involves creating of all kind of documentations which represent the adopted
quality programme and methods that put it into effect on the basis of the reference standard. The
QM consists of Standard Operating Procedures (SOP), directives, regulations, quality policy
statement, test records etc. The step of verification of analytical methods is intended to check
validity of the methods that are in use for the measurements. Sometimes laboratories use non
standardised domestic analytical methods. In this case, they need to prove that these techniques are
adequate and can produce reliable results that satisfy intended quality in terms of sensitivity,
accuracy, precision, limit of detection, and linearity. The next step of establishing quality control
scheme includes undertaking measures to prevent analytical errors and handle their occurrence. It is
recommended to conduct QC procedure by internal and external means. Internal means commonly
involves control charts, such as Shewhart and Cusum charts. According to Pollard, Cusum charts
make “possible to pinpoint the time at which a change in gradient set in — this helps assign an
identifiable cause” [11]. Hence Cusum charts are more useful in determining errors and
uncertainties. External QC includes activities, like taking part in interlaboratory comparison studies
and using CRM. The last but not least step is conducting of internal audits. Benoliel states that prior
to applying to the accreditation body, it is essential for the laboratory to carry out an internal audit
covering management, organisational, and technical aspects [12]. It is highly recommended to have
expert auditors from the outside to make sure that there is no bias during assessment. Finally, after
obtaining feedback from the auditors and taking some corrective measures, the laboratory QA
manager can apply for the formal accreditation.

Personnel training

QM preparation

Analytical method verification

QC system preparation

h 4

¥

Figure — Recommended scheme of QA system implementation
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Conclusion. Adopting QA system is beneficial to an analytical measurement laboratory in terms
of obtaining a good reputation among customers, improving precision, accuracy, reliability of
results, and enhancing internal organisation and management of the laboratory. However, cost of
implementing QA programme should be taken into consideration, as it is an expensive and time-
consuming procedure. In addition, before applying for formal accreditation and the obtaining an
official proof of QA system validity, the analytical laboratory should go through the step-by-step
plan of implementation of QA programme. Figure represents the recommended scheme of this
procedure.
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B pabome Oviu cunmesuposanvl cuopocenesvie NOGA3KU HA OCHOBE NOAUSUHUINUPPOIUOOHA U
KApOOKCUMEMUNYELTION03bL 8 PA3HBIX COOMHOUueHUsX. Mcnonv308an memoo paduayuoHHo20 CUUBAHUS HA
yekopumene anekmponos DJIB-4. C nomowwio UK-cnekmpockonuu Ovinu onpedenensvl noI0Chl NO2A0UJeHUS
2UOPOKCUTIbHBIX, HPOCMbIX dQUPHBIX U KAPOOHUILHBIX 2PYNN 8 cocmase 2uopozenesvlx KOMNO3UYUl, U
O00KA3aHO, YMO 8 COCMA8 KOMNO3UYUU 6X00sm 6ce KOMNOHeHmbl. bvina uzyuena wunemuxa HaOyxanus
Komnozumos Ha ocuose IIBII/KMI]. B pesyrbmame 6v110 OnpedeneHo, umo MAKCUMANbHAS CMeneHb
Habyxanus euopoeens 8 obvemnom coomuoutenuu HBI:KMI] = 2:1. Takoce ObL10 ycmanosieno, umo wem
oonvue xonuvecmeo IIBII 6 xomnosuyuu, mem 6viule cmeneHv HaOyxawus eudpoeens. Hccaedosana
KUHeMmuKa copoyuu u 86180004 COeHUs BUHHO20 YKCYCA U3 KOMHO3UYUOHHBIX Mamepuanos. bulio eviasneHo,
umo dobasnenue KMIL] 6 cmpyxmypy noesazok na ocnose KMI] yeenuuugaem copoyuonnyio cnocoonocmo
BUHHOU KUCTIOMUL.

Kntouesvie cnosa: nonusunuinupponuoon (IIBII), xapbooxcumemunyennmonosza (KML]), eodopoouas
C6513b, KOMNOSUYUOHHBIL MAMepuan, 2uopozeiu, paouayuoHHas CUIUEKA, BUHHAS KUCIOMA, NOJUMepHble
NOBA3KU.

Paouayusnviy miciny a0icimen I[IBII men KMIL] HezizsinOe ap mypai KeneMmOik KamblHacmapod
Komnoummi mamepuanoap anviHovl. IDJIB-4 anexmponoap yoemxiwiinOe paouayusnvlk mizy 20ici
Kon0anwulowvl. UK-cnexmpockonus a0ici apxvlibl 2UOpo2eiboepOiy KYPAMbIHOA 2UOPOKCUIL, HCall dupik
JICoHE KAPOOHUT MONMAPObLIY HCYMbLLY HCOAAKMAPLIHLIY OOLYbl AHLIKMANLIN, KOMROSUMMI MAmepuan
KYpamvlna 6apivlk KoMnoweHmmiy «xipeeHi Oanendendi. I[IBII-KMI] wnecizindezi ap mypai Kenemoix
KambiHACMAgbl ~ KOMNO3UMMI — Mamepuandapovly  IiciHy  KuHemuxacel 3epmmendi. Homuoicecinoe
eudpoeenvoepdiy TIIBII:KML] = 2:1 xenemoix KamviHacmapulHOa iCiHy 0apedicecitiy Hoapvl Kopcemxiul
Kepcememini aHbIKManovl. AnviHean HamudiceliepOeH MACLIMAN0agblul Mampuya peminoe CcopoOYUsIbIK-
Odecopoyusnvly cunammamanapsl bouvinwa KML] menwepi sicoeapsvl KomMnosummi mamepuanobi KOJIOAH2AH
muimoi exenoiei aMbIKMAIObl. Aneaw pem KOMHOZUMMI MAMepuaioapoan wapan cipke CcybiHbly
copoyusiiany dxncane bocna wvizy Kunemuxacwvl 3epmmendi. KMI] neeizinoeei maneviul Mamepuaioapulibiy
Kypoiioimoina  KMI] kKocy wapan KblUKbLIbIHbIY —COPOYUSIbIK KAOLIemminicin  apmmulpamulHOblebl
AHBIKMANOBL.

Tipex co30ep: nonusununnuppoaudon (IIBII), kapooxcumemunyennonosa (KML]), cymexmix 6atinanvic,
KOMRO3UMMI MAMeEPUA, 2UOPO2erboep, paouayusiivlK Miciiy, wapan cipke cybl, HOIUMEPIT MAHEbIUL.
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In the work a hydrogel dressing based on polyvinylpyrrolidone and carboxymethylcellulose were
synthesized in different ratios. The method of radiation cross-linking on the electron accelerator ELV-4 was
used. The absorption bands of hydroxyl, ether and carbonyl groups in hydrogel compositions were
determined using IR-spectroscopy, and it was proved that the composition includes all components. The
swelling kinetics of PVP/CMC-based composites was studied. As a result, it was determined that the
maximum degree of hydrogel swelling in the volume ratio of PVP:CMC = 2:1. It was also found that the
greater the amount of PVP in the composition, the higher the degree of swelling of the hydrogel. The kinetics
of sorption and release of wine vinegar from composite materials is studied. It was found that adding CMC
to the structure of CMC-based dressings increases the sorption capacity of tartaric acid.

Keywords: polyvinylpyrrolidone (PVP), carboxymethylcellulose (CMC), hydrogen bond, composite
material, hydrogels, radiation cross-linking, tartaric acid, polymer dressings.

Ha ceronHamHuii JeHbp NOJIMMEpPHl MPEACTaBISAIOT cOoOOW KpynHeHmui u Hauboisee
NEPCIEeKTUBHBIN Kiacc OuomarepuainoB. JlaHHBIM (akT MOATBEPKAACTCS UX IIHPOKUM
IIPUMEHEHUEM B PA3JIMYHBIX MEIMLMHCKUX Lensix. OJHUM M3 caMblX MHTEPECHBIX HaIlpaBJICHUM
SBJIIETCS KOHTPOJHUpyeMas JOCTaBKa JIEKApCTBEHHBIX CPEACTB J0 JKUBbIX TKaHeil. JlaHHoe
HalpaBlIeHUE MOXKET OBbIThb HCIOJB30BAaHO B KOCMETOJOTMHM IOTOMY, 4YTO Hapsay ¢
KOHTPOJIMPYEMON [IOCTaBKOM BELIECTB, B JAHHOM CJIy4ae KOCMETOJIOTMYECKOro IIpernapara,
HOJIMMEPHBIM MaTepuaiaM TakkKe MOXKHO 33]1aBaTh HEOOXOIMMYI OHOCOBMECTUMOCTS [ 1-5].

CopOuMOHHbBIE MaTepUalbl UCIIOIb3YIOTCS B CHEIMATIBHBIX MTOBSI3KAX C OMOJIOINYECKH aKTHBHBIM
JeiicTBUEM Ha mpoliecc 3akuBjieHUs paH. Ha camoMm pgene 3To mpenaparhl ¢ NPOTEOIUTHYECKUM
(bepMeHTOM, CIIOCOOHBIE YHHUUYTOXKATh OCTATOYHBIC MPOJIYKTHI, OUUIIAIONINE TOBEPXHOCTh PaHbl U
oOnajarolue aHTUMHKPOOHBIMU CBOMCTBaMH. B 3THX ciydasXx MOKHO HCIOJb30BaTh HOBBIE
I[SJUTIOJIO3HBIC TEKCTHIIBHBIC MaTEPUAIIBI JUISl PaH Pa3HBIX CTENeHel noBpexaeHus [6—11].

Ienp naHHOW paboTHI ABISETCA MOMYYEHHUS IMOJUMEPHOIO KOMITO3UIIMOHHOTO MaTepuana Ha
OCHOBE MOJIMBUHUJIIUPPOIIHIOHA (IIBIT) U KapOOKCHUMETHUIIIEIITION03bI (KMLY)
KOCMETOJIOTUYECKOI0 Ha3Ha4yeHMs. bbuiM co374aHbl CUHTE3MPOBAaHHBIE HOBBIE IOBS3KM HA OCHOBE
[IBI:KMI] B pa3HBIX COOTHOLIEHMSX METOJOM paJUallMOHHOTO CIIMBAaHUSA Ha YCKOpHUTEIE
anexkTpoHoB DJIB-4 u Oblu MccneaoBanbl UX GU3NKO-XMMHUYECKHUE CBOICTBA.

Habyxaromast crnocoOHOCTh SIBISETCS OJHHUM U3 OCHOBHBIX XapaKTEPUCTHK MOJHUMEPOB.
CuHTe3upOBaHHbIE TOBSI3KU OBLIIM MCCIEIOBAaHBl B TPEX PacTBOPAX: B AUCTUIIIMPOBAHHOW BOJE, B
o0ydepuom pactBope ¢ pH=9 u B 6ydpepnom pactBope ¢ pH=3. Ha pucynke 1 nzo0paxeHsl rpapuku
3aBUCHUMOCTH KO3 puIeHTa HabyxaHus OT BpeMeHU. [10 TaHHBIM KpPUBBIM MOYHO CJI€JIaTh BBIBO/I,
YTO MOBs3Ka ¢ HaMuKMeM B cBoeil ctpykType KMII o0nanaer GosipiiuM 3HaueHHEM HaOyXaHus, a
TaK)Ke JaHHas MOBs3Ka CTAHOBUTCS pH 4yBCTBUTENBHON, B OTIMYME OT MOBSI3KH HA OCHOBE TOJIBKO
IIBII. Camsblii Gomnbinoil mokazatenb HaOyxaHusi y moBsizku [IBILKMI 2:1 Obin JOCTHUTHYT B
JMCTUUTMPOBAHHOM BOJiE, B TO BpeMs Kak B JIByX OydepHBIX pacTBOpax Noka3aTellb Ha0yXaHus
ObUT XOTh M TOpa3/io HWXKE, YeM aHaJIOTWYHBIA IMOKa3zareidb B AMCTUUIMPOBAHHOW BOJE, HO BCE
paBHO BbIIIE, YeM I[IOKa3zaTeidb HaOyxaHus y moBsisku Ha ocHoBe I[IBII. Bricokas crenenpb
Ha0yXaHUsl B JTUCTWUITMPOBAHHOW BOJIE OOYyCIIOBJIEHA MOHM3alMeH KapOOoKcuibHBIX rpymmn KMII.
CHuxeHmne cTereHd HaOyXaHHUs B IIEJIOYHOU M KUCIION cpeie 00OBACHSAETCS yXyALIEHUEM KauecTBa
pacTBOpUTENIS, YTO MPUBOJUT K KOH(PHUPMAIIMOHHBIM IE€pPEX0JaM MaKpOMOJIEKYJbl U3 TJI0OYIbl B
KITyOOK.
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C nomomipto MK-cniektpockonuu ObUIM ONpeAeseHbl MOJOCH! MOTJIOMIEHUS THIPOKCUIIBHBIX,
MPOCTHIX 3()UPHBIX U KapOOHWIBHBIX TPYII B COCTaBE T'MIPOTeNIeBbIX KOMIO3UIIMM, M JOKa3aHO,
YTO B COCTaB KOMIIO3UIIMH BXOJAT BCE KOMIOHEHTHI. J[JIi KOMIIO3UTHBIX MaTe€pHaOB Ha OCHOBE
[IBII-KMII mHaGmonanack crekTphl B mpenenax 3364,02 cM™ monoca IOIIOMEHUsS XapaKTepHast
JUIS THAPOKCHMIIOBBIX IPYTII H TI0JI0CA TIOTNIOMIEH s, XapaKTepHas i IpyIsl anerata 1735 cm™?, a
10JI0Ca TIOTJIOUICHUS, XapaKTepHas M MPOCTHIX 3(UPHBIX TPYNI B COCTaBe MOJHMCaxapuaa B
npeaenax 1069,83 cm-1. IlonmyuyeHHbIE 30HBI MOJIOC TOTJOIIEHUS COBHAAAIOT IO JAHHBIM,
yKa3aHHBIM B JuTepatype [12].

w
S

15 ] )

oL /T

1 — xpuBas HaOyxaHus noBs3ku Ha ocHoBe I1BIT; 2 — kpuBas HaOyxaHUs MOBS3KU Ha OCHOBE
[IBIT:KMI] B nuctummpoBanHoi Boae; 3 — B OydepHom pactBope ¢ pH=3;
4 — B Oydepnom pactBope ¢ pH=9

Pucynok 1 — 3aBucumocts HaOyxaHus nossi3ok Ha ocHose [IBIT-KMII ot Bpemenn

[To nuTepaTypHbIM NaHHBIM H3BECTHO, YTO BHUHHBIM YKCYCOM KakK CPEJCTBOM JUIs yXoja 3a
KOXKEH TIOJIb30BAJUCh €II€ JIPEBHEETUIETCKUE JKCHINUHBL. [ MIPOKCHUKHUCIOTHI  00JIaatoT
AHTHOKCHJIAHTHBIMU CBOMCTBaMH, UYTO BBIPAXAETCA IMPU UX HAPYKHOM TNPUMEHEHHUH B BUIE
pasrIaXUBaHUSI MOPILIUH, CTUMYJIUPYIOT KpoBooOpalieHue U oOMeHHbIe mpoiecchl. HoBoMoaHas
«MackKa MOJIOAOCTHY, OMOJAXKUBAIOIIAsl KOXKY, COACPKUT KOHUEHTPUPOBAHHBIE THIPOKCUKHUCIIOTHI,
OYKBaJIbHO CHUMAIOIIUE BEPXHHUM MOCTapeBIIMA cioi Koxku. OIHAKO W MEHee paJuKaIbHbBIE
CPEIICTBa C HWCIIOJIh30BAHMEM BUHHON KHCJIOTHI TO3BOJISIIOT 3HAYWUTEIBHO YIIYYIIUTH COCTOSHUE
Koxu. B pabote 011 cmionb3oBaH 5 % pacTBOp BUHHOW KHCIIOTHI.

CBsi3u ¢ 5TUM B paboTe ObUIO M3ydeHa KMHETHUKA COPOIMU U JAECOPOITMU BUHHOW KHUCIIOTHI IS
TaTbHENTIIETO TPUMEHEHHUST B KOCMETOJIOTHH.
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40 - 2

S, %

0 2 4 6 g 10 12
1 — IToBs3ka Ha ocHoBe [1BII; 2 — moBsi3ka Ha ocHoBe IIBIT:KMI]
Pucynok 2 — Kunetuka noryomnieHusi BAHHOM KUCIIOTbI KOMIIO3UIIMOHHBIM MaTe€pUaioM

W3 naHHBIX Ha PUCYHKE 2 MOXHO CYyAUTh O TOM, yTO moBs3ka Ha ocHoBe [IBII:KMI] (2:1)
oOnanaer Ooyee BBHICOKMM TMOKa3aTelieM COpOLMHM BHHHOW KHCJIOTHI, €cli OpaTh B CpaBHEHUU C
noBsizkod Ha ocHoBe Toibko [IBII. Beicokas copOnuoHHas CIOCOOHOCTh MOJIUMEPHOTO
MOBSI30YHOTO MaTepuajga OO0YCIOBICHO TEM, YTO MpH HAaOyXaHHWE OJHOMMEHHO 3apsSKCHHbBIC WIN
MOHM30BaHHbBIC KAPOOKCUIIBbHBIC TPYMITBI B 3BeHbsIX KMI] HaunHAIOT OTTAIKUBATHCS, YTO TIPUBOIHT
K JIOTIOTHUTEIHFHOMY HAOYXaHUIO TOBS3KUA U CIIOCOOCTBYET NMPOHUKHOBEHHWIO BUHHOTO YKCyCa BO
BHYTPb.

N3 pucynkoB 3, 4 necopOIiuu BUHHOM KUCIOTHI BUJHO, UTO Hanboyiee aKTHBHO BUHHAS KHUCIIOTa
necopbupyercs npu pH=3, camoe crmaboe BBICBOOOXKIEHHE HAOMIOMAETCS TpPHU J1eCOPOIMU B
JTUCTUJUIMPOBAHHOM BOJE.

W, %

1 — qucTunmupoBaHHHAS BOJA; 2 — M30TOHUYECKUH pacTBop; 3 — Oydepnsiii pacTBop ¢ pH=3;
4 — Gydepnsrit pactBop ¢ pH=9
Pucynox 3 — KuneTnka BEICBOOOK/IEHNE BUHHOW KUCJIOTHI M3 KOMITO3UIIMOHHOTO MaTepuaia
Ha ocHoBe 11BII
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W, %

0 } } }
3 4 5 6
t, g
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[MBIT:KMILI=2:1; 1 — aucTumnupoBaHHHAS BOJA; 2 — U30TOHUYECKUN pacTBOp; 3 — OydepHbIii
pactBop ¢ pH=3; 4 — Gydepunsiii pactBop ¢ pH=9

Pucynok 4 — Kuaetrka BEICBOOOKICHHE BUHHOM KHCIIOTHI M3 KOMIIO3UIIMOHHOTO MaTepuaa
Ha ocHoBe IIBIT:KMI]

JlaHHas 3aKOHOMEPHOCTh XapaKTepHa Kak JUIs MOBSI3KM TOJbKO Ha ocHoBe [IBII, Ttak m mis
noBsi3ku Ha ocHoBe IIBII:KMI] (2:1). Beicokoe BbICBOOOKIE€HHUE BUHHOW KHUCIOTBHI NMPU KHCIOH
cpene o0yCIOBICHO MOAABICHHEM MOHU3AIUN KapOOKCHIIBHBIX TPYII, CHIDKEHHEM THIPO(GOOHBIX
B3aUMOEICTBUH.

Buvisod: Takum oOpazoM, B paboTe BHepBble OBUIM CHHTE3UPOBAHBI  MOJIUMEPHBIE
KOMITO3UITMOHHBIE MaTepHallbl HA OCHOBE MOJMBHHIIMUPPOIUIOHA U KapOOKCUMETHIIIIEIUTIONIO3H] B
pa3HBIX COOTHOIIEHHUSX METOJIOM paauanuoHHoro cmmBanHus. Ha ocuose I[IBIT u KMI] Obuia
YCIENTHO TIOJTy4eHa TOBsI3Ka ¢ CooTHOIIeHneM 2:1. Takke ObLIN MPEANPUHSTHI MOMBITKA CO3TaHUS
noBs30k Ha ocHoBe [IBIT u KMII B coorHomenusx 1:1, 1:2, 4:3, 3:4, koTopble HE yBEHYAIUCH
ycnexoM. [lomomuuTensHo ObUTa mMojydeHa MmoBsi3ka Ha ocHoBe Tobko [IBII mns cpaBuenus. s
ompeneseHus: COpOIMU ©  JecopOIrMU  KOCMETOJIOTHYECKOTO Mperapar Obll  NMPUMEHEH
IpaBUMETPUYECKUI METOM, TI0 pe3ylbTaTaM KOTOPOro ObLIO BBIABIEHO, 4To nobaBneHue KMII B
CTPYKTYpPY MOBS30K YBEIHMYHUBAET COPOIIMOHHYIO CTIOCOOHOCTh BUHHOM KUCIOTHI.
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JNOPUIIK TACHHALIOII (FOLIA UVAE-URSI) ©CIMAITTHIH
K¥PAMbBIHA ®UTOTAJIIAY KACAY

Typran I'.H., bypamesa I'.111.
an-@apabu amvinoazvl Kazax ¥nmmuolx Yuueepcumemi, Aimamot, KazaxcmanPecnyonuxacot
e-mail: gulnur_turgan@mail.ru

Emoix xacuemi 6botivinwia naiidanel ecimoikmepee Kazaxcmarn @nopacet eme 6ai. Ocbt mycmagvi
maxcam Ouono2uAnbIK OeaceHoi 3ammaposl 06N any KHcaHe ecimoikmepee ap mypii KeuieHOl 3epmme)ep
arcypeizy.  buonoeusnwviy  OeiceHOi 3ammapovly  0dpiniKk  6CiMOiKmepOiy KYpamblHOA  00Jybl OHbIH
Gapmakonocuanbiy acepimen  ambikmanaovl. Mynoai 3epmmeynepoiy Hamuodicenepi Omanowvlk 0api-
0apMmeKkmepOiy dHcaya mypiepiHiy naioa OOnybiHA YAKeH MYMKIHOIKmep myevizaovl. PapmayesmuKaibly
OHOIPICMIY KAdNCemmINiKmepin KaHA2ammanowulpy Yulin 02pinik ociMOikmepOoiy mabusu NONYIsYyusiColH
Kopeay JicoHe Naudaiamy epeKulenikmepin cakmai omuipbln muimoi nauoanany Kaxcem. Kazaxcmanoa
dapmayesmuxanviy Hapvikma 10-nan acmam xacinopwin scymoic icmetdi. Onap ocimOiK WuKizamvl MeH
KOMROHeHmmepin wwvl2apadvl. Dapmayesmuxaivlk HAPLIKMAebl eH MAHbIMAL O0dPINiK  6CiMOIKmepOin
Kamapwina macnawien xcanvlpakmapul scamaovl. Onap He2i3iHeH 0e3UHQeKYUsIbIK, KYblK HeH 3P Ubleapy
AHCONOAPBL YULIH OUypemuxmep peminoe KOJIOAHbLIAMbIH NPEenapammapobl OaublHOAY YUliH KOJOAHbLIAObL.

Heeizei nomuoce macnawen oCcimOi2iHiy KYpamblHOAebl 0apyMeHOep, AMUHO-, MAll KbIUKbLIOAPbL, MUKPO-
, MAKpO3leMeHmmep MOAUePit, AHU OUONOSUATbIK OelceHOi 3ammapobl AHbIKMAY 6aeblmmanaobl.

Tipex co30ep: macnawen canvipakmaper , Folia Uvae-ursi, 6Guonocusnvix 6encendi zam, mail
KblUKbLIOAp, 0apymenoep, amun Kwviwkulioap, "Kaprno Opba" 2as xpomamospag, maxposnemenm,
MUKDOITIeMEHM.

Jlexapcmeenuvimu ceoticmeamu noaesHvlx pacmenuii oonadaem ¢aopa Kazaxcmana. Llenvio dannozo
uccne008anus AGIAemcs  evloenenue OUON0UYeCKU aKMUBHBIX Geuwjecms U nposedenue PasiuiHbIX
KoMnIeKcHblX ucciedosanuii pacmenutl. Cooepoicanue OUOn02UYECKU aKMUBHLIX Geujecme 6 cocmase
JIEKAPCMBEHHbIX PACMEHUli Onpedensemcs ux gapmaxonozuueckum oeticmseuem. Pesynomamol maxux
uccne008anull cnocoo6cmeyiom NosaeieHulo HOBbIX 6UO08 OMEeYeCMBEHHbIX NeKApCMEEeHHbIX cpeocms. s
V0081emBOperUss  nompebHocmel  apmayesmuyecKkoeo  Npou3eo0cmed  HeoOXooumMo  3pgpexmusHo
UCNONL306AMb  NPUPOOHYIO NONYIAYUIO JIEKAPCMBEHHbIX pacmenull ¢ cobniooenuem ocobennocmell
ucnonvzosanus u oxpanvl. Ha gapmayesmuuecxom pvinke Kazaxcmawna pabomaem 6donee 10 xomnauuil.
Onu  npousgodam pacmumenvHoe cvipbe U KoMnoHenmvl. CamvlMu HORYISAPHLIMU JIEKAPCMEEHHbIMU
pacmenusMU HA  PapmMayesmuyeckoM poiHKe AGNAIOMCA  AUCMbs  MONOKHAHKU. OHU 8 OCHOBHOM
UCNONBL3YIOMCSL OJIsL U320MOGIEeHUsL JIeKAPCME, UCNOAb3YEMbIX 6 Kayecmee MOUEe2OHHbIX Cpeocms O0JiA
Oesungheryur MoYesbleO0SIUUX Y MEIL.

OcHosHoti pesynbmam 0yoem HANPAGNieH HA onpeodeieHue COOEPIHCAHUS SUMAMUHOS, AMUHOKUCIOM,
HCUPHBIX KUCTIOM, MUKPO-U MAKPOINEMEHMOB, MO eCmb OUONI02UYECKU AKMUBHBIX 8eUecms 8 pACMeHUsIX
MOJIOKHAHKU.

Knrwouesvie cnosa: nucmvs monoxusanxu , Folia Uvae—ursi, 6uonosuuecku axmughvle geujecmed, JcupHule
KUCTIOMbL, GUMAMUHBI, AMUHOKUCIOMDbL, 2a308blli  xpomamoepagd) "Kapno Opba”, maxpoanemenmul,
MUKDOITIeMEHMbL.
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The medicinal properties of useful plants are the flora of Kazakhstan. The purpose of this item is to
isolate biologically active substances and conduct various complex studies of plants. The content of
biologically active substances in the composition of medicinal plants is determined by its pharmacological
action. The results of such studies contribute to the emergence of new types of domestic medicines. To meet
the needs of pharmaceutical production, it is necessary to effectively use the natural population of medicinal
plants in compliance with the peculiarities of use and protection. More than 10 companies operate in the
pharmaceutical market of Kazakhstan. They produce vegetable raw materials and components. The most
popular medicinal plants on the pharmaceutical market are bearberry leaves. They are mainly used for the
manufacture of drugs used as diuretics for disinfection, urinary tract.

The main result will be aimed at determining the content of vitamins, amino acids, fatty acids, micro-and
macronutrients, i.e. biologically active substances in bearberry plants.

Keywords: bearberry leaves, Folia Uvae-ursi, biologically active substances, fatty acids, vitamins, amino
acids, gas chromatograph "Carlo Erba", macronutrients, microelements.

3epmmey nvicanacwr: 2019 xwisl Lerpic Kazakctan o0abIchl, ANTall TayJapblHBIH €TETiHEH
xuHaiarad nopitik Tacnamen (Folia Uvae—ursi) eciMairiHiH sKarbIpaKTapsl.

Tacnamen (Folia Uvae—ursi) ecimairi — meaunuHa yiin ete KyHasl ecimaik. Tacnamen (Folia
Uvae-ursi) eciMairi XajblK MEIMIMHACKIH/A 6TE CUPEK KOJJIAHbUIaAbl. OUTKEHI, Maiaaibl 3aTTap
CakKTalybl YIIiH TaCHAIIONTIH KeMICIH JYPBIC KUHAY JKOHE JaiblHAay ©Te KUbIH. byl menTiy emIik
KacUeTTepiHiH 0oyl OYpBhIHHAH OENTisli KoHEe NOCTYpJi eMec MEAMIIMHA OKiJAepiMeH TaObICThI
Kosanbuiafel. On HEri3ri emMre »Kakchl KOChIMINA €M OOJIBbIN TaObUIaAbl XKoHE HayKacTapFa Typii
aypyJapJblH KONTEereH >XKarbIMChI3 OenriiepiH »orwfa kemekTeceni. COHBIMEH KaTap, ojap eMIIiK
KacHeTTepre ue KenTereH Oaraibl dneMenTTepaeH Typansl. [llen Oylipekke ne3uHpEKIHIIIBIK dcep
eTel JkoHe KaObIHy OenriyiepiH KeTipeni. OciMaik cycaMblp aypyblHAa, 30p IIBIFapy KylheciMeH
OailylaHBICThI KUBIHIBIKTAp TybIHIaraH ke3je Tacmamen (Folia Uvae—ursi) ecimairi keMeKkTecei.
An nesuHdexnusay opekeTi THIPOXUMHUHHIH OOJybl cainjapblHaH OoJjaibl, OJ apOyTHHHIH
BIJIBIpayhl Ke3iHJ1e naiaa 6omanel. Ta3a rimoko3u apOyTHH KYILITI IMYpETUKAIIBIK acepre ue. [1]

Buonorusibik Oencenai Kocnanapasl 6esin any ymria tacmaren (Folia Uvae—ursi) ecimuairine
epITKIITepAl TaHAAy >KYPTi3iigi, TEXHOJOTHUSUIBIK PEKHUM OHTAWIAHIBIPHUIILL. BHOIOTUSIIBIK
OerceHl 3arTap/bl SKCTpaKLMsAiay YpIICIH OHTAMIaHABIPY MakcaThblHAA IIMKI3aT — epiTKill
apaKaTBIHACBIHBIH 9CEP1, SKCTPAKIIUS YaKbITHI, TEMIIEPATypaHbIH dcepi 3epTTeny/Ie.

JKymvicmoly maxcamor — Tacmamen (Folia Uvae—ursi) eciMAairiHIH XUMHSIJIBIK KypaMbIH
TOpYMEH/IEp, aMHHO—, Mail KBIIIKBUIIBI KYpaMbIHA CATBICTRIPMAITBI TaJIay KYPTizy

Maif KBIIIKBUIIAPHI  JKaCYIIAJIbIK ~MeMOpaHalapblH JIMIONPOTEHIEPIHIH  KYPBUIBIMIIBIK
KOMITOHEHTTEpP1 OOJIBIN TaOBLIAAbI )KOHE JKACYIIAaFbl MAHBI3IbI OMOXUMUSIIBIK YPAICTEP/Il KYy3€ere
acbIpyra Katbicagpl. [2] TpeoHHH Mail KbIIKbUIAAPBIH, JTUMUATEPAl, KOMIPCYIapabl CUHTE3/AEyIe
YJIKeH pei aTtkapajsl. LlyucTenH, HUCTUH koHE METHOHHMH TIHAEP MEH MYIIeNnepJeri OpraHuKaibIK
cop ke3i 6oibln Tabbutaabl. Tpunrodan >keTicHeymiIiri Ke3inae KbelHbIc 0e3/epiHiH (QYHKIMICHI
Oacenieiai.

EH >xorapbl OMOJOTHSIBIK OENCEHIUTIK €Ki KoHE OJaH Ja KeIl KOC OaiylaHbIChl Oap MamIibl
KBIIKbUIIapaa Oaiikanmazel. OchbIHAAW KaHBIKIAFaH Mail KBIIIKbUIIAPhIHA JIMHOJ, JIMHOJIEH,
apaxuJIOH KbIIIKbUIAAPHI )KaTa/Ibl.

MpIcaibl, apaxuaoH KBIIIKBUIBIHBIH (PEPMEHTATUBTI TOTBIFYBI K€3iH7EC OWOJIOTHSIIBIK MaHBI3/IbI
METa0OJIUTTEP — MPOCTOTIaHIUHAEP, TPOMOOKCAaHIap, JEUKOTPUEHAEP KAaTapbIHBIH TY3U1yl OpBIH
ananpl. Kenteren (pu3nonorusiblk MaHbI3Ibl YPAICTEPAIH KacyIIAiIIiK OMOPEryIsaTOphl peTiHe
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OeJT11i TPOCTOTTIAHIMHIED KYPEK — TaMbIP, THIHBIC ajTy, PEIPOIYKTHUBTI koHE OacKa aa kyhemnepre
ocep ereni. Omap rumepToHusi, OpPOHX JEMIKMECIH, KaH TaMbIpJapbIHBIH TPOMOO3BIH, acKa3aH
KapachlH JKOHE TMHEKOJIOTHsIIa eMJIey YIIIH KOJJAaHbuiagsl. TpoMOoKcaHaap TpoMO TYy3ULTy KoHE
KaH TY3ULy YpIICTEpIMEH THIFbI3 OalIaHBICTBI, JICHKOTPUEHIEP aF3aHblH  AJUIEPTHUSIIBIK
(aHauIaKTUKAIBIK) peaKUsIapblHa KAThICA/IbI.

Jlopimik  eCiMIK IIUKI3aTBIHBIH XUMHSJIBIK KypaMbl MeH (apMaKoJOTHSUIBIK KacHETTEpiH
3epTTey, (QUTONMpenapaTrap MEH OCIMIIKTEpJeH OOIIIHIeH >MXEKe 3aTTap j>KaHa >KOFapbl THIMII
TIOPIIIIK 3aTTap/Ibl J)KacayFra allbIl KeJIe i )KOHEe OJIap Ikl ally IbIH JKaHa KO3ACPiH allla b,

byt xomimri Tacnamen (Folia Uvae-ursi) ecimzairine 6enrii 0ip KbI3bIFYIIBUIBIFBIH TYIBIPAIBL.
O keH OMOJIOTUSIIBIK CIIEKTPIMEH 0all XMMHUSUIBIK KypaMMEH CUIaTTajIabl.

Conrbl 3epTTeyiep KepceTkeHael, ecimaikrepiae 30% aMuH KbIIKbUIIAPHI (aKybI3Fa KaiTa
€CENTEreH/Ie) epKiH Hemece OalaHBICTBlI KyHae Ooyiambl. OCIMIIKTEPAEC aMUH KBIIIKBUIIAPBIHBIH
KEH Tapallybl )KOHE OJIAp/bIH KOFapbl OMOJOTHSUIBIK ONCEHIUTIrT NOPUTIK IMIMKI3aTThIH aF3achlHa
KOHE OJIaH aJIbIHFaH IpernapaTTapra THiMai ocep eteni. Ochuaiiia, METHOHUH TeaTONPOTEKTOPIIBI
3aT peTiHJe, achaparvH KbIIKBUIBIHBIH TY3bI - )KYPEK-KaHTaMBIP KXYWECIHIH aypyJapblH eMIcy
YIIiH, TJIyTaMHH KBIIIKBUIBI - OPTaJbIK JKYHKE KYyHeci aypyiapslH eMieyAe KOJIaHbLUIaIbI.
CoHBIKTaH JOpi-TOPMEKTIK IIUKIi3aTTa aMUH KBIIIKBUIIAPBIHBIH CaIlajblK KOHE CAHJIBIK KYpaMbIH
3epTTey MPAKTHKAIBIK MAaHbI3bI Oap ’KOHE FHUIBIMU KBI3BIFYIIBUIBIK TYAbIpabl. [3]

3epmmey Homuoicenepi occone oHvl manoay. Jopinik Tacnamen eciMAITiHIH KypaMblHIAFbI
JIOpYMEHIEp/l aHBIKTay MaHBI3[bl KepceTKiTepiniH Oipi. JlopymeH (BUTaMuH) — OYJI aF3aHbIH
THIHBIC-TIPUIUTITIHAE MaHBI3[bl POJ aTKapaThlH, 3aT ajdMacyFa KaTbICaThblH, jKacylaza OoJaThIH
XUMISUTBIK ~ peaKIUsIIapablH  OWOJIOTHSUIBIK — YACTKIITepi Oonbim  TaObUTanbl, WHQEKIUSIBIK
aypynapra Te3IMAUIIKTI apTTBIPaIbl, XYMBIC KaOUIETIH apTTHIPabl, KOITETreH aypyiapAblH
arbIMJIAPBIH KEHUIAETE 11, PTYPJIl KOCIOU 3USHIBLUIBIKTAPABIH )KaFbIMCBI3 9CEPIH TOMEHIETE/].

Hopinik  Tacnawen ecimoicinde nopyMeHnep Memmepi 3eprrenai  (l-kecre), Tammay
HoTwxkecinne C nopymenidiH (15,6 mr/100r) memiuepi xorapbl €K€Hi aHBIKTaJIbI.

Kecte 1 — Jlopinik Tacnamen eciMaIriHiH JopyMEHIIK Kypambl

Yri ataysl A nopymeni, mr/100r | E nopymeni, mr/100r | C nopymeni, mr/100r

TacIIamen oCIMIIri 0,25 4.2 15,6

C o1opyMeHHIH JKeTicreyl aJaM aF3achlHbIH TOTBIFY YpJIICTEpiHe, allylaHyFa >KoHE
TITIPKEHIpYTe Kapchl TYpy KaOlIeTiHIH TOMEHIeyl MYMKiH. E TopyMeHHIH TOTBIFY YpZICiHE KapChl
ocepi apKachIHAa TEPIHIH KapTaro ypaicTepi Oasynaybl MYMKiH JKOHE BUIFAJIJIBIH KOFaphl JCHreH1
cakTajazpl, OYJ CepIIMIUIIK TEH TETICTIKKE OH acep eTedl. A JOpIMEHHIH J>KETKUTIKCI3AIr
(peTHHON) TEpiHIH KYPFaKTHIFBIMEH, IIAIITHIH CBIHYBIMEH, THIDHAKTa KOJJIEHEH >KOJAKTap/IbIH
naiia OoJybIMEH, KO3/1H aypybIMEH, TayblK COKBIpbIMEH (KapaHfblJa KepyliH TeMEHJEY1),
racTPUTIIEH, JUapesiMeH, all Oananapia — (U3MKaIbIK JKOHE 3UATKEpIiK JaMybIHbIH OasyiaybIMeH
cunartanaabl. COHABIKTAH OCHl JOPYMEHJEpIiH ajJaM ar3achlHAa OOJybl eTe Maijaibl >KoHe
KYHJIBI [4].

Jopinik  Tacmamen eciMAIriHIH KypaMbIHIaFbl aMHH—, Mail KBIIIKBULAAPHl  MeJIepi
AHBIKTAJIBIH/IBI, HOTIOKENEP1 2,3— KecTelepe KeaTipIreH.
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Amun Koiugwviioapovin manoay. Jopinik Tacmamen eciMairi ra3-CyMbIKTBIK Xpomatorpadus
KOMETIMEH aMUH KBIIIKBIIIBIK KYpambl capanTtaiisl (2— Kecte).

Kecre 2 — Jlopimik Tacmamen eciMAIriHIH KypamblHIaFbl aMWH KBIIIKBUIIAPBIHBIH CaHJIBIK
MeJtepi

Araiysl medepi, % Aranysl medepi, %
aJlaHUH 9,74 acmaparar 14
1050805050 4,07 LIUCTUH 0,44
JIEAIH 4,86 OKCHUIIPOJINH 0,03
A30JIEUIINH 4.4 (dheHunanaHuH 3,36
BaJINH 2,8 TUPO3HH 3,67
DIroTamMar 28,22 TUCTUIUH 2,72
TPEOHUH 2,13 OPHHUTHH 0,03
MIPOJIUH 6,68 aprUHHAH 4,19
METUOHWH 0,87 JIN3UH 3,36
CepHH 3,76 Tpuntodan 0,65

1 r 3eprreneriH MaTepHaNAbl SMI-IE THIPONM3IEHENil. ApProH acThIHIA JISHEKEPJICHIeH
amnynanapaa 105 °C kesinae 6H HCIl 24 carat iminge ansiarad ruaposusar 40 °C-ta poTopiisl
OynanabIprbiiTa OocaraH KyiiHne Oynananasl. CojgaH KeWiH anblHFaH TyHOamapael 5 miu, 5 %
Cynb(ocaTuI KbIIIKbUIBIMEH epiTelll, MUHYTbIHa 2,5 MbIH aifHaJbIMMeH, 15 MUHYT TyHOa
CYMBIKTBIFBIH IIEHTpU(]yTanzaipl, cofaH KeiH CYHBIKTBIKTBI aja/ibl )KOHE MOH TOpi3/leC KOJOHKA
apkpibl [layck-50 4-8, 2004000 aiiHanbIMMeH, CEKyHIbIHA | TaMIIbl KbUTIAM/IBIKIICH OTKI3EIl.
AnnpivMeH mabpael 1-2 M genonganrad cyMeH skaHe 2 Mia 0,5H cipke KbIIIKbUIBIMEH *KYaJbl,
COJlaH KeWiH KaWTamaH JCWOHIaIFaH CcyMmeH, Oewrapan pH oprara naeitin, 3 mn 6H NH4OH
EpITIHAICIH CEeKyHABbIHa 2 TaMIlbl >KbULIAMIBIKICH OTKi3enl. OmoarThl Oedtapan pH neitin
KOJIOHKaHbI Kyy YIIIH NaiiJanaHblIaThiH JIEMOOHU3ALMAJIAHFaH CyMeH Oipre JeHreiek koijdara
xuHaiinpl. KonbOaHblH imriHAericiH Kyprak OonFaHFa JeiiH poTopibl  OymaHAbIprbImTa 1
atMocdepana xxoHe 50-60 °C Ttemneparypana Oynanabipaasl.Conan kKeifiH konbara 1 TamInbl skaHa
naiteiaganrad SnClo kocagel, 1 Tammbel 2,2 gumeTokcumnpomnaH skoHe 1-2 mn Kanbikkan HCI
nponanongsl 110 °C neifiH KpI3ABIpBIN, OChbl Temmeparypanbl 20 MHH OO0ibl ycTail OTBIPHIIN,
KOJI0aHBIH 1IITHAETICIH POTOPJIbl OYIaHIBIPFBIIITA KaiiTa OyIaHaAbIpasl. |5, 6]

Keneci xe3eH konbara 1 M1 jkaHa AalibIHAATIFAH allWIIeyIll PEaKTUB €HT13Y (CIpKe aHTUAPUIHIH
1 xeyeMi, TPUATUIAMUH KOJIEMi, alleTOHHBIH S5 kenewmi), 1,5-2 mun Ooiter 60 °C Temmneparypama
KBI3JIBIPY oHe Oocy YiriciHiH OymaHybl, ofaH 2 mu sTuianeratr xoHe 1 mi NaCl xaHbIKKaH
epITIHAICIHIH KyiblIaapl. KomOaHbH IIHAETICIH MYKHUST apalacThIPabl KOHE CYHBIKTHIKTHIH €Ki
Kabatbl  Ty3inmyiHe kapah — "Kapmo DOp6a" raz  xpomarorpadplHaa  KyprizijaeTiH
ra3oxpomarorpausiblK Tanfay YIIIH KOFapFbl (3TUJIALETATThl epTiHAiciH) amansl. 250 °C

92



N3BECTUS HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2020, Ne 4 (71)

OaraHaHBIH TEMIICPATypaChIHA KETKEHIE OJI OapiIblK aMHH KBIIIKBUIIAPhI TOJBIK MIBIKKAHFA JCHIH
cakTaapl.

Hormwxkecinne nopinik Tacmamen eciMairiHiH KypaMmbiHaa riroramar — 28 %, acnaparar — 14 %,
amaauH — 9,74 %, nponun — 6,68 %, neinuH — 4,86 %, aprunaun — 4,19 % , ke mMenepae eKeHi
AHBIKTAJIIEL.

Maii  Kbiwukwiioapuin manday. Tacmamen eciMAIriHIH KeNTipUIreH, YCaKTalFaH IIHKi3aThl
XJIOpOo(OpM-METAHO KOCHAchIMEH JKCTpakuusananbl (2:1) 5 MUHYT imiiHAE, DKCTPAKT Kara3s
CY3rici apKpUIbl Cy3iieni skoHe TyOiHe Imorsipiaanabipannl. ColaH KeWiH aJlbIHFaH CHIFbIHABLIAPFa
10M1 MeTaHOI KoHE 2—3 TaMIIbI XJIOPJIbI alleTHJI KOCaJIbl )KoHE oJ1aH opi 30 MUHYT iITiHIE apHABI
xyrene 60—70 °C ke3iHzae MeTWUIACY JKyprizefi. MeTaHONIbl POTANMSUIBIK OYlIaHABIPFBIIITHIH
KOMETIMEH aJIbIll TacTailapl, YATUIepre 5 Mil, rekcad chiFbuiaabl skoHe 1 carat iminme "CARLO-
ERBA-420" ra3z xpomaTorpadbiH naiiianana OTBIPHII TaJaalbl.

KoMmmoHeHTTEepIiH KYpaMblH aHBIKTAy VIOIIH 1MIKi HOpMaijay oJici  KOJJIaHBUIAIbI,
KOMITCHEHEHTTEPAIH KOHIICHTPAIUSCHIH aHBIKTay (DOpMyITa OOMBIHIIIA €CETTEIIC]I].

Metun >¢upiepiHiH alblHFAaH XpOMaTOrpaMMallapbIHBIH HOTIDKECIHIE 3-KecTee KopceTiiren 9
MaiIbl KBIIKBUT aHBIKTAIIBL. [7, 8]

AWBIpMAIIBUIBIKTAP MaWJIbl KBIIIKBUIIAPIABIH CaHIBIK KypaMblHA FaHa Kapajabl. KaHbIK Mai
KBIIIKBUIIAPbl MAJIBMUTHH, CTEAPUH KBIIIKbLUIAAPBIMEH YCBIHBUIABI, OCHl KBIIIKBULIAPIBIH TYKBIM
Kyanaybl Ke3iHJe OChbl Mail KbIIIKbUIAAPBIHBIH Meiepi yiraiiraH. KanbIKnaraH KbIIIKbUIAAPIBIH
HETI3rl KOMIIOHCHTTEPI — OJICMH JKOHE JIMHOJI KBIIMIKBUIBL. OCIMIIKTe KaHBIKIIaFaH Mai
KBIIIKBUIJAPBIHBIH KO MOJIIIEpi T'YJIACHY Ke3iH/1e aHbIKTalFaH. [9]

Ocimaikrepnin Kypambigaa osienH (Cig1) kxoHe mmHON (Cig:2) KBIIKBULAAPABIH MOJIIepi
CAJIBICTBIPMAJIBI TypZie 0achiM. OCIMIIK MIMKI3aTHIHBIHBIH KYpaMbIHAAa Mai KBIMIKbUIAAPHI, aaam
ar3acChIH/IaFbl HETI3r1 JHEeprusi ke3l Ooibinm TaObuianel. HoTwkeciHIe MaaIbMUTHUH KBIIIKBUIBI
(13,3 %), nmuHOA KeIIKBUIEL (56,3 %), omewH KbIuKbUTbl (20,3 %) Kem MeJiepae eKeHi Oenrii
60m1b1 (3-KecTe).

Kecre 3 — Jlopinik Tacnamen eciMIIriHiH KypaMbIHIaFbl Mail KbIIIKbUITAPBIHBIH MOJILIEp1

Artaybl ®opmynacel | Memepi, % Artaybl ®opmynacel | Memepi, %
Mupuctux C 140 11 Onenn C 81 20,3
KBIIIKBLIBI KBIIIKBLIBI
[lenTanekan C 150 3,0 JInnon C 182 56,3
KBIIIKbLIBI KBIIIKbLIBI
[TaneMuTHH C 160 13,3 JIunonen C 183 0,9
KBIIIKbLIBI KBIIIKbLIBI
[ManeMuTONENH C 161 0,9 Creapun C 180 4.2
KBIIIKBLIBI KBIIIKBUIBI

CoHbIMEH KaTap, IOpUIIK Tacmamien ©CIMAINIHIH MHHEpalJIbIK KYpaMbIHAaHBIH MOIIMETTEp
4, S5-—xecrenepae kenrtipinreH. 3epTrey HoTHkeciHIe 10 MuUHepalasl SJIEMEHTTEPAIH CaHJIbIK
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Memmepi oenriai 6onaer: Ca, Mg, Fe, Cu, Zn, Mn, As, Hg. CoHbIH imIiHIe 6CIMIIK KYpaMbIHIa
KaJluii, MarHuii MeH TeMipJie KeIl MeJlepae ke3aeceni. Mpicaibl, MarHuid — ajiaM ar3achIH/Ia Kol
KE3/IeCETiH OpHBI CYHeK jkacylaaapbIH/aa.

On sHeprus Oeiyre, Kyiike >KyHeciHEe MMITYJIbCTapIbl OTKI3YTe, KaH alHaJIbIMbIHA, KYPEKTiH
OipbIHFai COFBICBIH KAMTAMacChI3 €TYTe, HOPYi3Zep MEH HYKJIEUH KBIIIKbUIIAPbIH TY3yTre KaThICaIbI.

Erep amam ar3acblHIa MarHuil KeTicliece >KOFaphl KYHKe KO3ybl, Oac aifHaimy, Ma3achI3IbIK,
YUKBIHBIH OY3BUTYBI, Jenpeccusira OeHIMAUIIK, )KYMBICKAa KaOUIETTUTIKTIH TOMEHeYi, Kyi3enicke
TO3IMIUTIKTIH TOMEHJEYl, eCTy KaOUIeTiHiH TeMeHAeyl Oonysl MyMmKiH. Kanbnwmii-agam
ar3achblHAarbl MAHbBI3/Ibl MUKPODJIEMEHT.

Kecte 4 — Jlopinik Tacnammen eciMairiHiH KYpaMbIHIAFbl MAKPOIJIEMEHTTEP IIH MeJIepi

Munepannsl 3arTap Menmepi (mr/100r) CrIHak oicTepiHe HOPMATUBTIK
KYKaTThl Oenriney

Kanpiuii (Ca™) 1042,08 + 208,42 P 4.1.1672-2003, p. II, m. 3

Marnuuit (Mg™) 178,24 £ 35,65 P 4.1.1672-2003, p. II, . 3

Tewmip (Fe) 10,07 £2,01 I'OCT 26928-86

Msic (Cu) 0,385 + 0,042 I'OCT 30178-96

Meipsbin (Zn) 3,591+ 0,43 I'OCT 30178-96

Maprasnen (Mn) TaOBLIMa IbI I'OCT 30178-96

Kecte 5 — Jlopinik Tacnamen eciMairiHiH KypaMbIHIaFbl MUKPOJIEMEHTTEPIIH MeJIIepi

Munepanasl 3arTap

Menmiepi (MKr/mi)

ChIHaK 9icTepiHe HOPMATHUBTIK

KYKaTThI Oenruiey

MBpibsik (As)

0,0017

I'OCT 26930-86

Conan (Hg)

TaOsIIMab!

I'OCT 26927-86

On cyleKTiH HBIFarobl, OYIIIIBIK €T MACCACHIHBIH OCY1 YIIIIH KaXeT, KaH KoHe KYHKe KyheciHe
KOINTEreH TMpoIecTepAl peTTeiiil, on ThIpHAKTapAa, Imam MeH Tictepae Oonaapl. Kambiuit
KETICTICYIIUTIT] A, TRIPHAK KOHE TICTIH JKarnaibiHa ocep eTeni. Kanbiuil TanmbUIBIFBIHBIH €H
YKAFBIMCBHI3 CaJIapbl — OCTEOINOPO3, OHJIA CYHEKTEP HA31K 00JIabl JKOHE IIaMalibl JKapakaT Ke3iHjIe
ne ceias [10].

Kopvimwinowt:

— Ilereic Kazakcran oObIChl, ANTail TaylnapblHBIH €TETIHEH KMHAIFaH Moputik Tacmamiern
(Folia Uvae-ursi) eciMairiHiH KypambIHIaFbl JOPYMEH, Mai- »OHE AaMHH KbIIIKbULIAPHI
AHBIKTaJIBIHIBL.
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— Maii  kplnKbUIZapel  OOWBIHINIA  OCIMJAIK  KypaMblHAa €H  Kell  MeJlepe
omenH (Cig1) — 20,3 % xone smmHOn (Cisz) — 56,3 % KbIIIKBULAAP, al €H a3 MeJepae
nanbMuToIeuH KeIKbLIbl (C16-1) — 0,9 % sxone mupuctut KbImkbuibl (C14-0) — 1,1 % G0bI.

— @wuroTtanmay OOWBIHINA IOPUTIK OCIMIIK KypaMbIHIAAFbl aMHH KBIIIKBULIAPIBIH KOl
MeJepi— Kypambinia rimoramaT — 28 %, acnaparat — 14 %, ananun — 9,74 %, an eH a3 meniepae
— OpHUTHH MeH okcunponuH (exeyi e 0,03 %) 6omnsl.

—  OCIMAIK MUKI3aTTap KOMIIO3UIMS KYPaMBIHAAFBl JOPYMEHIUTIKTEH €H KO MeJIIepii —
C nmopymeni 6onbin Tabbuianpl. Arau C gopyMeHi agaMm ar3achlHIa CHHTE3CIIMEHIi, COHIBIKTAaH
OHBI KYHJIEJIKTI KaObuIay KaXXeT, oCIMJIK IIMKi3aTTapbIHBIH KOCIAChl TaMakK aypybl, TYMay MEH
MHOEKIHSI KYKTHIPYIbIH BIKTUMAJABUIBIFBIH TOMEHJIETYI, aJaM aF3achIHbIH TOTBIFY YpIICTEpiHE,
anryJaHyFa )oHe TITIpKeHIpyre Kapchl TYpYy KaOUIeTiH KoFapaTaibl.
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DETERMINATION OF THE BIOLOGICAL ACTIVE COMPLEX
AND BIOLOGICAL ACTIVITY OF PLANTS
OF THE GENUS ORIGANUM VULGARE
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An effective technology and method for obtaining an extract from the aboveground part of the plant raw
material Origanum vulgare, selected in the Western region of Kazakhstan in August, studied in accordance
with the standards, has been developed. Physical and chemical methods are used to present the chemical
properties, qualitative and quantitative indicators of the main secretions of compounds. The results of the
study showed the level of humidity in plants (0.95 %), ash content (3.21 %), extractives (15.90 %), the
guantitative content of the main groups of BAS: amino acids (8.40 %), hydrocarbons (6.23 %), flavonoids
(2.51 %), saponins (2.34 %), tannins (2.03 %), coumarins (0.70 %), alkaloids (0.03 %) when analyzing raw
materials using gas chromatography, the content of amino acids was determined. 16 amino acids were
identified from plants. The plant composition contains the largest amount of glutamin 0,76%, asparagine
0.72 %. The research was carried out with the help of modern equipment. The same analysis was conducted
on the nutritional composition of the aerial parts of Origanum vulgare. The greatest amount in vegetable
raw materials showed vitamin A.

Keywords: Origanum vulgare, raw materials, extract, qualitative and quantitative analysis, biological
active substances, amino acids, vitamins.

Tameiz aivinoa Kazaxcmanuvly 6amvic OHIpiHOe IpiKmeleeH, CMAHOApmMmapea Caukec 3epmmencet
Origanum vulgare ecimoix wuxizamvinoly dcep ycmi OONiciHeH CbleblHObL ALYOblY MUIMOL MEXHOIOSUACDL
Men macini a3iprendi. DuauKA-XUMUATLIK d0icmep KOCLLIbICMAPObIY He2i3ei XUMUSIbIK KacuemmepiH,
cananvlk, CaHoblK KOPCemKiuimepi YColHblI0bl. 3epmmey Hamudicenepi ocimoixmepoezi vli2anoblLiblK 0eneelll
(0,95 %), xynoinix (3,21 %), sxcmpaxmuemi zammap (15,90 %), B3 nezizei monmapviHbly CAHOGIK
Kypamuin kepcemmi: amunkviuksiioapel (8,4 %), xomipcymexmep (6,23 %), ¢aasonouomap (2,51 %),
canonundep (2,34 %), manunoep (2,03 %), xymapunoep (0,70 %), amxarouomap (0,03 %). [azowl
Xpomamoepagus KoMe2iMen WUKizammsl manoay Ke3iHoe aMUHKbIUUKbLIOADLIHGIY KYPAMbl AHbIKMALObL.
Ocimoixk wuxizamoinan 16 AMUHKbIUKLIIOAPHL AHBIKMALObL. OCIMOIK KYpAMblHOA ey KOon 2iymamuH
Kouuxoiivinoiy 0,76 %, acnapacunniy 0,72 % menwepi Oap. 3epmmeynep 3amauayu icadOviKmapmen
arcypeizinoi. Conoati-ax, Origanum vulgare dsicep yemi 60ai2iniy 0apyMeHOIK KYPAMbIHA MAR0AY HCYPei3inoi.
Ocimoix wukizamuvinoazel ey kon monuepoi A 0apymeni kopcemmi.

Tipex ce30ep: Origanum vulgare, 6ciMOiK wuKizamvl, dKCMPAKM, CANANLIK HCIOHE CAHOBIK MANoay,
OuonocUANLIK becendi 3ammap, AMUHKbIUKbLIOAPbL, 0apymMeHoep.

Paspabomana s>¢ppexmusnas mexunonocus u cnocob6 noayueHus: dKCMpAKma u3 HAOIEMHOU udacmu
pacmumenvrHozo cuipvbs Origanum vulgare, omobpanuslii 6 3anadHom pezuone Kazaxcmama 6 aezycme,
U3yyeHHo2o 8 coomeemcmeuu co cmanoapmamu. DUBUKO-XUMUYECKUMU MemOoOamMU NpedCcmasieHbl
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Xumuyeckue c8oUCmaa, KauecmeeHHvle, KOAU4eCmaeHuble NoKa3amenu OCHOBHbIX 8blOENeHHbIX COCOUHEHUI.
Pesynomamam uccaedosanus nokasanu yposens enaxchocmu 6 pacmenusx (0,95 %), sonenocms (3,21 %),
akcmpaxmuenvle eeugecmea (15,90 %), xonuuecmeennoe codepoicanue ocHogHvix epynn  BAB:
amunoxucnomsl (8,40 %), yeneeodopoouwl (6,23%), ¢prasonouowt (2,51 %), canonunwvt (2,34 %), oyounvhvie
sewgecmea (2,03 %), kymapunwvt (0,70 %), amxanouowvt (0,03 %) . Ilpu ananuse covipvsi ¢ ROMOWBIO 2430601
Xpomamozpaguu yCmanosieno cooepicanue amuroxuciom. M3 pacmenuil evisgneno 16 amunoxuciom. B
PACMUMENTLHOM  COCIABE  COOEPICUMCSL Hauboavbuiee Koauuecmeo enymamunogou kuciomor 0.76 %,
acnapaeuna 0,72 %. Hccredosanus npogoounucs ¢ HOMowbio cospementozo 0bopyoosanus. Tax dice Ovin
nposeden aHaiu3 Ha UMamunnbLil cocmas naozemuot yacmu Origanum vulgare. Haubonvuee konuuecmeso
6 PACHMUMETLHOM CbIPbsL NOKA3AN 6UMAMUH A.

Kniouesvie cnosa: Origanum vulgare, pacmumenvnoe coipve, 3KCmpakm, KayeCmeHHulU U
KONUYECMBEHHBII AHATU3, OUOLOSUYECKUL AKMUBHBLE BEUECBA, AMUHOKUCTIONbL, GUMAMUHDL.

The use of herbal medicines and dietary supplements has increased significantly over the past
three decades, and at least 80% of people worldwide rely on them for some part of primary health
care. Although treatments involving these agents have shown promising potential, many remain
untested, and their use is either poorly controlled or not at all controlled. Research of plant objects
is the most important and urgent problem of production of new, environmentally friendly, low toxic
and highly effective domestic phytopreparates.

Increased demand and use of herbal medicines in the field of medicine and pharmacy. Research
of plant objects is the most important and urgent problem of production of new, environmentally
friendly, low toxic and highly effective domestic phytopreparations. Including methods for
determining the composition, active components, and properties of plant raw materials.

To date, the use of herbal medicines and dietary Supplements in the field of medicine and
pharmacy has increased significantly. Despite the fact that treatment with such methods shows good
potential with high efficiency, many of them remain untested. The result is a lack of knowledge
about their mode of action, potential adverse reactions, contraindications, and interactions with
existing pharmaceuticals and food products [1].

Factors responsible for increased demand and self-treatment with herbal medicine. Essentially,
herbal remedies consist of parts of plants or raw plant extracts containing several components. This
interest in herbal medicines was due to a number of factors:

1. Various claims about the effectiveness or efficacy of herbal medicines;

Consumers ' preference for natural treatments;

Erroneous belief that herbal medicines are superior to synthetic medicines;
Dissatisfaction with the results of tested pharmaceuticals;

High cost and side effects of most modern medicines, etc. [2].

Slnce safety is one of the main problems when using herbal products, all herbal products must be
safe for the living organism and have the appropriate quality [3].

For this reason, the purpose of this study is to determine the total content of phenol, flavonoids,
tannins and other biologically active compounds in wild oregano plants in Kazakhstan. As well as
evaluating and comparing, the antimicrobial and antioxidant activity of various extracts, since
different solvents extracted in different ways. The results of this study can be useful in medicine,
the food industry, and phytopharmaceuticals.
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Study of biologically active substances in medicinal plants. We have studied the biologically
active composition and methods for their determination in oregano plants from the Labiaceae (or
Lamiaceae) family. The family includes 200 related, 3.200 species. Representatives of the family
distributed throughout the world, mainly due to the large number of stocks of substances and a wide
range of applications that can be used in the field of world medicine. The medical literature lists
more than 40 species and used to treat various diseases. The main components of the Lamiaceae
family are essential oils, flavonoids, tannins, phytocyanins, saponins, and other biologically active
compounds.

Oregano (Origanum vulgare vulgare L., fam. Lamiaceae) is an aromatic, perennial herb with
hairy stem, up to 50 cm high, oval leaves and purple flowers. It grows in arid, sunny meadows and
rocky places, widely distributed in Europe and Asia, especially in the Mediterranean region. 10
species in Europe, Siberia, Western and Central Asia, in Kazakhstan there are 2 species: O.
tuthanhum gontsch and O. vulgare. In Kazakhstan, they grow in grasslands of steppe and mountain
regions, on the outskirts of forests, between bushes, on rocks, on rocky mountain slopes [4].

Dry flowers and leaves are used for medicinal purposes. In medicine, the most commonly used
aboveground part of this plant. This plant is used for analgesia of respiratory diseases and for
therapeutic treatment.

Since natural raw materials are natural products, they must be strictly controlled.
Phytopreparations are plants or parts of them that have been converted into phytopharmaceuticals
through simple processes involving harvesting, drying, and storage. Therefore, the quality of
products, in our examples, herbal medicines, is directly related to the initial stage of preparation of
medicinal raw materials.

Since the content of secondary plant metabolites depends on the climate and environmental
conditions, plant material collected in an arid area should presumably be rich in biologically active
compounds.

Oregano extracts are less studied than essential oils, especially their antimicrobial activity.
Comparison of the antimicrobial activity of essential oils and n-hexane extracts of oregano collected
in different locations showed that extracts were more active than essential oils against pathogenic
and food-borne microorganisms tested. The water infusion also showed significant antibacterial
action against pathogenic bacteria. In addition, the water extract of O. vulgare leaves showed
significant and powerful anti-hyperglycemic activity [5].

Experimental part and discussion of results

Study of the qualitative composition of Origanum vulgare plants. Previously little-studied plants
of the genus Oregano (Origanum vulgare vulgare L., fam. Lamiaceae) collected in the West
Kazakhstan region. The first step in analyzing the obtained medicinal plant raw materials is to
conduct a qualitative analysis.

Quantitative indicators of plant raw materials are studied in accordance with the state budget of
the Republic of Kazakhstan: humidity, ash content, extractive substances content (table 1). In this
case, the content of foreign objects is determined.

Humidity of raw materials-the mass lost as a result of removal of hygroscopic moisture and
volatile substances from the composition during drying of raw materials to a constant mass.
Vegetable raw materials should not exceed the normal moisture content, as high humidity reduces
its quality during storage.
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Table 1 — Quality indicators of the Origanum vulgare plant

Quality indicators of the Origanum vulgare plant Quantity, %
Humidity 0.9513
Ash content 8.74
Extractives a) 30 % 17.9
b) 50 % 16.4
c) 80 % 15.7

Plants are the main raw material from which biologically active substances are obtained, but not
all are used for preventive purposes. Plants used for therapeutic purposes that contain biologically
active substances are called medicinal plants [6]. Table 2 shows the results of the amount of
biologically active substances in the composition of the studied raw materials.

Table 2 — Quality of Origanum vulgare plants and amount of biologically active complex

Type of quantitative analysis of raw materials Quantity, %
Amino acid 8,4
Flavonoids 0.35
Hydrocarbons 1.08
Free organic acids 0.90
Saponins 0.73
Coumarins 0.33
Tanning agent 1.47
Pesticides 0

The amount of amino acids in the composition of plant raw materials was determined (Figure 1).
The method consists in hydrolysis of the sample to amino acids and subsequent quantitative
determination of the resulting amino acids on an amino acid analyzer [7].

Currently, about 180 different natural amino acids are known. Especially in recent years, thanks
to the successful development of methods for purification and analysis of amino acids, a systematic
study of animal and plant materials has been conducted [8].

When analyzing the amino acids contained in the studied Origanum vulgare plant, the
asparagine content is 0.72 %, and the percentage content of glutamine is 0.76 %. These amino acids
neutralize plants from excessive amounts of ammonia, which is known to be a poison for plants. In
plants, the synthesis of asparagine and glutamine is one of the important and active processes of
nitrogen metabolism [9].
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Figure 1 — Quantitative content of amino acids in the ground part of the Origanum vulgare plant

The principle of the method for determining vitamin A. The method for determining vitamin A is
based on extraction with an organic solvent after alkaline saponification of the substrate [10] or
direct dissolution, evaporation of the resulting extract with further transfer of the dry residue to
another solvent, introduction of the extract to a HPLC column for chromatographic separation and
determination using fluorescent and spectrophotometric detectors. Determination of the mass
concentration of vitamins and carotenoids is based on measuring the area (or height) of the peak at
the corresponding detection wavelength for each compound after the introduction of the analyzed
samples and calibration solutions into the chromatographic system (Figure 2).

Auto-Scaled Chromatogram

0.050-

Pt

0.040

0.030

AU

0.020

Vitamin A - 3.909

0.010

0000 |

I I [l ] I ) L 1 T ] T ] 1 I 1 ] ' ' i T [] [ I [l ] I
2.00 4.00 6.00 8.00 10.00 12.00 14.00

Minutes

Figure 2 — Chromatographic index of vitamin A from Origanum vulgare plant raw materials

Vitamin B-1 (thiamine). After separating the thiamine from the sample by high-performance
liquid chromatography (HPLC) in the reversed-phase ion-pair variant in the isocratic mode, the
oxidizing agent is mixed with the eluate leaving the column, and the resulting thiochrome is
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detected by the fluorimetric method [10] at the corresponding wavelengths. The mass concentration
of riboflavin is determined by the area (height) of the peak at the corresponding wavelengths, since
this compound can fluoresce in its natural state in solution (Figure 3).

The determination of vitamin C in dietary supplements is based on the determination of ascorbic
acid (AC) directly, without taking into account the oxidized form of vitamin C-dehydroascorbic
acid (DAC) (Figure 4).

For the analysis of rutin, the easiest method of determination is the method of visual titration
using quantitative oxidation of AC with a solution of 2,6 sodium dichlorophenolindophenolate.
However, this method is only applicable for research objects with light extracts. In other cases, the
method of potentiometric titration, spectrophotometric and fluorometric methods of analysis are
used, which are applicable to any objects of research.
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Figure 3 — Chromatographic index of vitamin B1 from Origanum vulgare plant raw materials
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Figure 4 — Chromatographic index of vitamin C from Origanum vulgare plant raw materials
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The results of the vitamins contained in the plant Origanum vulgare showed that the composition
of the selected plant material, the amount of vitamin A detected in the amount of 4.075 mg/mg,
indicates that the aboveground part of Origanum vulgare raw materials rich in retinol, which
positively affects the immune, digestive, respiratory system as well as vision and skin and plays an
important role in the development of the human body (table 3). Vitamin A is essential for the
normal exercise of a number of vital body functions, including vision, cell integrity, immune
reactivity, and growth. Therefore, vitamin a deficiency is a systemic disease that affects the
epithelial structures of various organs.

Table 3 — Quantitative indicators of vitamins in the composition of Origanum vulgare plants

Ne Title PT Area Height Quantity Unit

1 Vitamin A 3.909 100267 4899 4.075 mcg/ml
2 Vitamin By 2.625 1802 283 1.085 mcg/ml
3 Vitamin C 3.097 2049 276 0.108 mcg/ml

Conclusion. Summing up the results of the work with plant raw materials Origanum vulgare, we
determined the quantitative and qualitative composition of raw materials, where the humidity, ash
content and amount of extractive substances meet the standards. This made it possible to allow the
raw material to be further studied at the first stages of the analysis. Since the climate and the time of
raw material Assembly affects the amount of biological activity, Origanum vulgare collected in the
spring, showed a good presence in the composition of biologically active substances. When
checking the amino acids in the analyzer contained in the studied plant, the amount of asparagine
0.75 % and glutamine 0.76 % prevail. They play an important role in the transport of nitrogen
through the plant. The study of vitamins A, B1 and C showed that the composition of the medicinal
plant Origanum vulgare, collected in the Mangystau region, the amount of vitamin A is higher.
These results indicate that useful herbal remedies can be obtained from the plant and used in
preventive treatment.
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OPI'AHU3AIIAA PABOTBI ABUAKOMITAHUM ITYTEM BHE/IPEHU S
WHHOBAIIMOHHBIX TEXHOJIOTUH
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B cmamve paccmampusatomcs ocobennocmu pasgumus asUAyUOHHOU npomvluiieHHocmu Penyonuku
Kaszaxcman. Bueopenue unnosayuu u MooepHu3ayuss npou3eo0cmea A6AAemcsi OOHUM U3 OCHOBHBIX peueHus
IKOHOMUYECKUX, COYUATILHBIX U IKONo2uueckux npoorem. OH npedcmasnsiem coOOU UHMEHCUBHBIN NYMb
pazsumus, ycKopsiem memnvl pocma dKOHOMUKU 6 yenom. Heobxooumocms uHHOBAYUOHHO20 pa3sumus 6
Kazaxcmane ocobenno ouesuono ma Qome KIIOUESHIX GbI30606, KOMOpbIE CMOAM Ce200Hs. nepeo
HAYUOHANLHOU IKOHOMUKU.

3a npowedwue 200vl pazeumue Heszasucumozo Kaszaxcmana xapaxmepusyemcs MacuimaOHbIMu U
KOPEHHbIMU NPeodPa308aHUAMU IKOHOMUYECKOU CUCMEMbL CIPAHDI.

Jlubepanusayus 5KOHOMUKU, HANPABIEHHAs 6 NOCNIeOHee 8PeMs HA MAKCUMATbHOE PA38Umue PblHOYHbIX
OMHOWIEHUI U pa3eumue KOHKYPEeHMHOU cpedbl 6 MPAHCNOPMHOU cucmeme, €03041a peanbHvle
NPeonocwIIKU OANbHEUUe20 IKOHOMULECKO20 NPo2pecca U 6 001aAcmu 2palcOanHCKoU asuayuu.

Obocnosana Heo6X00UMOCMb UCNONL308ANHUS 3aPYOEIHCHBIX UHHOBAYUOHHBIX MEXHONO02ULl 6 NPAKMUKe.
Passumue compyonuuecmea xomnanuil aguayuoHHo20 CeKmopa, npou3eoO0sUUX GblCOKOMEXHOI02UYECKUe
KOMNO3UMHble MAMEPUAbL, NO360AUM 20YOAPCMBY ASUANPOMY CO30amb OONOIHUMENbHbIE KOHKYPEHmMHble
npeuMywecmeda Ha MupoO8OM PbiHKe.

Knwuesvie cnosa: asuayus, asUAKOMNAMUA, pa3Gumue, HOBble MEXHON02Ul, UHDPACPYKMYpa,
UHHOBAYUS, MOOEPHUZAYUSL.

Makanaoa  Kazaxcman — Pecnybnuxaceinvly — asuayusivlk — CalacblHbly — O0aMy — epeKuenikmepi
Kapacmuipviazan. HMHnogayusanel eneizy swcane OHOIpicmi MOOEPHUZAYUANAY IKOHOMUKATBIK, AEYMEemmiK
JHCOHE IKONOGUANBIK Macenenepoi wewyoiy Heeizei wewimoepiniy 6ipi Oonvin mabvinadvl.On dicannv
IKOHOMUKAHBIY 6CY KAPKbIHbIH Jicedenoememin 0amyobly UHMEHCUsmi J#coavin 0indipedi. Kazaxcmanoa
UHHOBAYUANBIK  OaMYOblH Kadicemminieli acipece YImMmbvlK O9KOHOMUKAHBIY AlObIHOA MYP2AH Hezizel
MiHOemmep asacvlHOa AuKbIH KOPiHeO.

Omxken ocoinoap iwinde mayenciz Kaszaxcmannoly oamyvl endiyy 9KOHOMUKATBIK JHCYUECIHIY aAYKbIMObL
Jicone mybezelli KAUMa KYpoliyblMeH CUNAMMANaobl.

JKaKblHOa HAPLIKMLIK KaAMbIHACMAPObl OAMbIMYead McaHe KOJIK Jicyliecinoe Oacexenecmik OpmaHvl
damvimyea  6ASLIMMANEAH — IKOHOMUKAHbL  bIPLIKMAHOLIPY — A3AMAMMbBIK — ABUAYUS  CATACLIHOAEbL
9KOHOMUKANLIK — [1eepineyliy — Hakmel  aigvliapmmapbiy  Jcacaovl.lllemendik — uUHHOBAUUANLIK
MEeXHON02UANAPObl  NPAKMuKada KoXoawy  Kasicemminiei — HezizoenzeH. JKoeapvi  mexHono02usnbIK
KOMROZUYUATIBIK, MAMEPUATOAp Wbl2apambvlt A8UAYUSLIbIK KOMAAHUSALAPObIY bIHIMbIMAKMACMBIZbIH OAMbINLY
MemueKemmiK asuayus CAaldacblHa dNemMOiK HAPbIKMA KOCbIMULA 02CeKeNiK apmblKUbLIbIKMAp Hcacay2d
MYMKIHOIK OepeOi.
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Tipex ce30ep: asuayus, aGUAKOMANAHUS, JCAHA THEXHONIOSUANAD, UHQDPAKYPOLILIM, UHHOBAYUS,
MOOEepHU3AYUSL.

The article discusses the features of the development of the aviation industry of the Republic of
Kazakhstan. The introduction of innovation and modernization of production is one of the main solutions to
economic, social and environmental problems. It represents an intensive path of development, accelerating
the growth rate of the economy as a whole. The need for innovative development in Kazakhstan is especially
evident against the background of the key challenges facing the national economy today.

Over the past years, the development of independent Kazakhstan is characterized by large-scale and
radical transformations of the country's economic system.

The liberalization of the economy, aimed recently at the maximum development of market relations and
the development of a competitive environment in the transport system, has created real preconditions for
further economic progress in the field of civil aviation.

The necessity of using foreign innovative technologies in practice is substantiated. The development of
cooperation between aviation companies producing high-tech composite materials will enable the state
aviation industry to create additional competitive advantages in the world market.

Keywords: aviation, airline, development, new technologies, infrastructure. innovation, modernization.

Beeoenue. Ceronusi, HaBepHOE, KKl U3 HAC MOXKET CKa3aTh C YBEPEHHOCTHIO, UTO MBI JKUBEM
B 3p€ BBICOKMX TexHoJoTui. Eciium paHbple y JrOAeil TEXHOJOTMH acCOIMPOBANIACH C YEM-TO
CJIOHBIM, TO TENEpPb Mbl BUJIMM HWHHOBAIMOHHBIC PEIICHHS MPAKTHUUYECKH BO BCEX 00JIacTAX
KHU3HEIATEIIbHOCTH YeJIOBEUECTBA.

Buenpenne nHHOBAIMY U MOJIEPHU3ALIMS TPOU3BOCTBA SBJISIETCS OJHUM U3 OCHOBHBIX PEIlICHUs
SKOHOMMYECKUX, COIIMATBHBIX U DKOJIOTUYECKUX MpobieM. OH mpeacTaBiseT co00il HHTEHCUBHBIM
MyTh Pa3BUTHUS, YCKOPSET TEMIIbl pOCTa YKOHOMHUKU B 1eloM. Heo0XoauMocTs HHHOBAIIMOHHOTO
pa3zButus B Kazaxcrane ocoO€HHO 04€BHIHO Ha (DOHE KITFOUEBBIX BHI30BOB, KOTOPBIE CTOSIT CETOJIHS
repe.l HAlMOHAIBbHOM SKOHOMHMKH.

3a mpoleane okl pa3BuTHEe He3aBUCUMOTo KaszaxcraHa xapakTepu3yeTcss MacIITaOHBIMU U
KOPEHHBIMU TIPE00pa30BaHUAMH SKOHOMUYECKOW CUCTEMBI CTPAHBI.

JIuGepanuzanusi YKOHOMUKH, HANpaBlieHHas B TOCJIEIHEE BpeMsi Ha MaKCHMaJIbHOE pPa3BUTHE
PBIHOYHBIX OTHOIIEHHI M pPa3BUTHE KOHKYPEHTHOW Cpelpl B TPAHCHOPTHOM cUCTEME, co3naja
pealibHbIe TPEANOCHUIKM JaJbHEHIIero 3KOHOMUYECKOTO0 Tporpecca U B O0JIACTH TPaKJaHCKOM
aBuaruu. B Kazaxcrane B mocnemnue roasl GopMupyercsi aJeKBaTHBIM pOCTY SKOHOMUKH PBHIHOK
ABUALIMOHHBIX TPAHCIOPTHBIX ycayr. OJHAKO CyIIECTBYIOIIMM MOTEHLMAN, B TOM YHCIE U
BO3MOKHOCTH MEXJIYHAPOIHOTO TpaH3UTa uepe3 Teppuroprio Kazaxcrana MCHoNb3yrOTCS TIOKa HE
B MoJHOW Mepe. Bce 3T0 mpuBOIUT K HEOOXOAMMOCTH BBIPaOOTKM KOMIUIEKCA MEpPONpUATHN
rocyaapcTea B cepe rpakaaHckoi aBuanuu [1].

OcHosnas uacms. B HacTosiiee BpeMsl rpaxaaHckas aBuanus Kaszaxcrana B 1eloMm
yIIOBJIETBOPSIET MOTPEOHOCTH CTPaHBl B aBHAIIMOHHBIX MEPEBO3KaX. 3a MOCIEIHNUE TO/IbI HAMETHUIICS
pocT 00bEMOB TIEPEBO30OK MACCAKUPOB U YBETUUCHHE Maccaxupoodopora. B menom spdextuBHOE
(YHKIIMOHUPOBAHWE M YCTOMYMBOE Pa3BUTHE TPAKIAHCKON aBUAIMU B COBPEMEHHBIX YCIOBHSIX
JTUHAMAYHOTO PAa3BUTHSI IPOU3BOJICTBA U HAYYHO-TEXHUUYECKOTO MPOrpecca sSBISETCS HEOOXO0MMOM
nmoTpeOHOCTRI0 00mecTBa. Ha aBManmoHHBIX paboTax 3aJecTBOBaHBI 23 aBHAKOMITAHWH, U3 HUX
18 aBMAKOMITAaHWI BBITIOJHSIOT aBHAIMOHHO-XUMHUYECKUE PAaOOThI, OCTaJbHBIE OCYIIECTBISIOT
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MOJIETBI 1O OOCIY)KMBaHHMIO HE(TEra3oBoro CeKTOpa, MOPCKHUX OYpOBBIX YCTaHOBOK Ha
Ka3aXCTaHCKOM cekTope Kacmuiickoro mops, 1Mo OKa3aHWI0 MEIUIMHCKOM MOMOIIM HACEJICHHUIO,
JeconaTpyJIMpPOBAHUIO U IPYTUX paboTax.

Ymnoui mynnens. B 2018 rony B asponopry JlyOasi, KOTOpbIH CUUTAETCS CaMbIM 3arpyKEHHBIM B
MUpE, MOSIBIIICS OMOMETPUYECKUN TYHHENb JJIS MPOXOXKICHHUS MAaCIOPTHOTO KOHTPOJS. «YMHBIN
TYHHEJIb» IIOMOT'aeT CIKOHOMUTH BpPEMsI U MPOUTH KOHTPOJIb 3a 15 cexkyna. JlaHHas TexHoJOrUs
OCHOBaHa Ha aBTOMAaTU4ECKOM PACIIO3HABAHUY JIMLA M UICHTU(DUKAIIMU JIMYHOCTH. (PUCYHOK 1).

Pucynok 1 — YMHBII TyHHETB

On ob6cmyxuBaet 6onee 140 aBuakomnanui, a oOLIMI NOTOK MacCaXXUPOB COCTABIAET OKoso 80
MJIH 4enoBek B roj. Ha npouuioit Henene B aspornopty Jly6as BHeApuiIu OMOMETPpUYECKUN TyHHEIb
JUIs TIPOXOXJAEHUs macmoptHoro koHTpousd. [laccaxkupoB ckanupyer okosno 80 kamep, a cam
TOHHEITb CTUJIU30BAaH I0JT BUPTYJIbHBII akBapuyM [2].

[loka 4TO TEXHONOIMsI OCTYIHA TOJBKO JJIsi MAcCa)kMpOB IMEpBOro M OusHec kinacca. s
MIPOXOXKJICHHUS TAKOTO TYHHENS HYXHO TMPONTH PEruCTpaluio B KHOCKAaX CaMoOOOCITy)KHBaHUS,
KOTOPBIE CYMTHIBAIOT OMOMETPUYECKHE TaHHBIE TaccaXupoB. [IpoekT pa3padbareiBanu 4 rona.

Cucmembl pacnoznasanus auy. 3aaada UIASHTU(GUKALUNA U paclio3HaBaHMA JIUI — 3TO OJHA W3
NEepPBbIX TMPAKTUYECKUX 3aJay, KOTopas CTUMYJIMpOBaja CTAaHOBJIEHHWE M DPAa3BUTHE TEOPUHU
pacrno3HaBaHus U uaeHTHGUKAIMHA 00beKTOB [3].

Jlongouckuit I'aTBUK cTas nepBbIM a’ponopToM BennkoOpuTaHHM, KOTOPBIM BHEAPUII CUCTEMY
pacrno3HaBaHMsl JIUI JJIs1 IPOBEPKHU JIMYHOCTHU Mepes Mocajkol nmaccaxkupa B camouiet. [lo cinoBam
MPEJICTaBUTENCH JIOHTOHCKOTO a’pONOpTa, TEXHOJOTHS JOJDKHA COKPATUTh BpeMs NMpeObIBaHUS
nmaccaxxpa B odepenu st peructparmu. OIHAKO MyTEHISCTBEHHUKH BCE PABHO JOJDKHBI UMEThH
npu cebe macmopt (pucyHok 2.) [4].

Kommnanus Air Astana Hadaja SKCIUTyaTallMIO 3alUIIEHHBIX TaHmeToB Samsung Galaxy Tab
Active 111 ONTUMH3AIMM TPOLIECCOB M0 MPEANOJETHOW MOArOoTOBKE camoneroB. HoBeie
BBICOKOTIPOYHBIE MOOMJIBHBIE YCTPOMCTBA, IpeJHa3HAUYE€HHBbIE I HKCIUTyaTallud B CIOXHBIX
YCIOBHSX TpyAa (CMOTPUTE HAIll KPAII-TECT), UCIONB3YIOTCA B paboTe Ha3eMHBIX CIYKO BeIylien
aBuakomnannn Kazaxcrana. C momompto Galaxy Tab Active u crnenuaabHOTO MOOHIEHOTO
MPWIOXKEHUS HHXKEHEpbl OyIyT OTCIeXHBaTh HA3€MHYIO IOATOTOBKY BO3AYLIHBIX CYIOB —
3alpaBKy TOIUIMBOM, 3arpy3Ky Oaraka, CTaTyC BBITIOJHEHHUsS omeparwii u T.1. Kaxnisle nBa roma
aBUAaKOMIMAaHUsl yCHemHo mnpoxoauT ayautT I[OSA, aeMoHCTpupyroomuii coOMoIeHne BCeX

poIieIyp, HEOOXOMUMBIX IS oOecreueHus 6e3omacHoct mojietoB [5]. B 2014 roxy Air Astana B
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TpeTuil pa3 craja obiagaTesieM perTuHTa 4 3BE31bI 1O Bepcuu areHTcTBa Skytrax kak «Jlydmas
aBrakoMmnanus LlentpanbHoil A3un u Uaauny». 9To, oxKanyu, Jydiiee NOATBEPAKICHUE BBICOKOTO
YpOBHS CEpBHCAa KOMIIAaHUH, a TAK)KE BHEAPEHUS NIEPEOBBIX TEXHOJIOTUH.

Pucynoxk 2 — ITnanmer Samsung Galaxy Tab Active

ABuakommnanusi Air Astana octaHoBmiIa cBOM BbIOOp Ha ImuiaHmerax Galaxy Tab Active
Omaromapsi COBOKYITHOCTH TEXHOJIOTHYECKUX IMPEHMYIIECTB, KOTOpPHIE NEIal0T 3TO YCTPOWCTBO
UJCAbHBIM JUIsl MCIIOJIb30BaHMSI B  CJOXKHBIX IMPOM3BOACTBEHHBIX YCIOBHUSIX, MU BECbMa
MIPUBJICKATENILHOM cTOMMOCTH. BMmecte ¢ mumanmieroM Air Astana mosyduia BBITOJHBIN CEpBHC-
MaKeT, COCTOSAIMHA M3 MOOWIBHOrO pemenus 1o obecrneuenuro Oe3zomacHoctd KNOX u
pacIIMpPEHHON TapaHTHH, BKJIIOYasl 3aMEHY TUCIUIES, CPOKOM 0 TPEX JIET.

Uro npencrasnser coboit 3to ycrpoiictBo? [lnanmer Samsung Galaxy Tab Active sBnsercs
OJTHUM M3 KiroueBbIX B2B-mpoaykroB Samsung B MOOMJIBHOW JIMHEHKE KOMIAHHUU. YCTPOMCTBO
pa3paboTaHO C y4eTOM CaMbIX Pa3HOOOPA3HBIX YCIOBUH 3KCIUTyaTallMM, sl KOTOPBIX OOBIUHBIE
noTpeOuTeNnbCKue ycrpoiictBa He nmpenHasHaueHsl. Kopmyc Galaxy Tab Active obnmamaer Bcemu
HEO0OXOUMBIMU CBOMCTBAMU 3alUTBl OT BOJBI, I'PSA3H, MbUIM, MAJECHUS, NEPENa0B TeMIEpaTyp U
IIPOYMX, YTO HA3BIBACTCS, «U3JIEPKEK» NPOU3BOACTBA. MIMeeT cTaHaapT 3aliuThl OT BOABI U IIBUIN
IP67 — ecnm Galaxy Tab Active okaxeTcs B Bojie Ha TIIyOHHE 0 OJJHOTO METpa, TO, KaK MUHIMYM
30 MuHYT, BOJIa HE MOMAAET BHYTPh KOpITyCa.

Hapy>xHbIii 4yexon 3amuiiaer oT najeHui ¢ BHICOTHI 1,2 MeTpa Ha 6eToHHbIH noi. K ycTpoicTBy
TaKXe MPUJIaraeTcsi CTUIYC, 4TOOBl YHPaBJATh IUJIAHILIETOM, KOT/AAa SKpaH MOKpPBIH M HaXKUMAaThb
najbliaMM 110 UKOHKaM M IIYHKTaM MEHIO 3aTPYJHUTENIBHO, MU €CIIU I0Jb30BaTeNb B IepYaTKax.
ITepo ynoOHO KpenuTcs Ha yexJie.

OaHMM W3 MHHOBALIMOHHBIX MPOEKTOB COBEPIICHCTBOBAHUS MH(PACTPYKTYphl aBHAIepeBO30K
SBIIIETCS pa3BUTHE a’pOHABUTAIIMOHHOM cucTeMbl Ka3zaxctana, MojepHu3anus M pa3paboTka
HOBOM €IUHOM CHCTEMBI YIPaBICHUS BO3AYIIHBIM JBHKEHHUEM, OCHOBAaHHOM Ha COBPEMEHHBIX
MEeXIyHapoAHbIX TpeOoBaHusix. Ee wucnonp3oBaHue MNpuBENET K CYHIECTBEHHOMY pOCTY
0€30IacHOCTH TI0JIETOB, B TOM 4YHCJIE€ B HEOJHO3HAYHBIX METEOYCIOBHMAX U TpU MOCAIKE
Konnenuust npeamonaraer BHEAPEHME KaK OpraHU3alMOHHBIX M3MEHEeHuil B  pabore
a’pOHaBUTrallii, TaK 1 HOBOBBEJIEHHUI TEXHOJIOTMYECKOI0 Xapakrepa. Tak, HoBas cucTeMa JI0JIKHA

HCIIOJB30BaTh TaKH€ H3BECTHBIE celuac B MHUPEC TCXHOJIOTMHU KaK CIIYTHHUKOBAasA HaBUTallWA,
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HI/I(prBaH nepeaada CurHalia, 30HaJIbHAas1 HaBUTallisd WU CUCTCMAd ABTOMATHYCCKOI'O Ha6J'IIOI[eHI/I$I,
Korjga BO3aAyHIHOC CYAHO IIEpeaacT CBOU KOOPAUHATLI 11O YCTHIPEM U3MCPCHUSAM dBTOMATUYCCKH, U
BCCraa MOKHO C TOYHOCTBLIO OIMPCACIINTL €0 MCCTOIIOJIOKCHHUEC [6]
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MEAOMYCKR YNETAHWIME K M Mne TR0 WA CHCHAE Tl
NacocaKkooe | [eLLE AN
AapuiiapTa
ey
F 9 F 3 F 3 “' f
KomnnekcHaA coTema GejonaiHoc T asppriopra
r p r Fanan nepenadin
T n o GHORME TR S C RO
f Canonete CAMONETE CaManeTEl o cony’r—rcp-raymu_l,eﬁ
ABM RO ISHIAA FAE MAKDMMEHIA ABMAKOKMAIHARA O
PRSI
Ha Ha Ha BRI
ABAANAHIATS AEAR THA LA ARMAFMHAER SAPOHOETAMA
¥ r "—-, CHeTeMa-caapa;
_ SHE R3S
HORMMAERCHARA CHCTERMS Pk opmatii o
OHOMETRIHECKDH DEMTMOTALMKM, KOHTRONA 14 HOHHATHA
MPOTY A W ITETAHIL A | W ST R -t et e HA
Maccaxuooe Il AaponopTa
Y
FommnekgHaA ciocTefa GesonacHOCTA a3p@nopTa

Y3 ONACCAKMOCKARA
NoTOK BX0AA - EBKO0AA

Pucynoxk 3 — KomrmiekcHast cucteMa 6€30MmacHOCTH a3pornopTa

3axnwouenue. Taxkum o0pa3omM, B JaHHOW paboTre OBUIM WCCIIENIOBAaHBl WHHOBAIMH
MCKIAYHAPOAHOI'O pPbIHKA. BHeI[pCHI/Ie JaHHBIX I/IHHOBaHI/If/'I AOJDKHO TNPUBECTU K YIYUHICHUIO
KayecTBa OOCITY)KUBaHUS ITACCAKUPOB, YBEIHUCHHIO 00beMa MEePEBO30K, YBEIMUCHHUIO MTPHOBLIN U
MPEIOCTABICHUIO JOTOJHUTENBHBIX pabouux MecT. [IprMeHeHHe HOBBIX TEXHOJIOTUH B
OCYIIIECTBICHUH [I€ATEIHHOCTH a’3pOMOPTOB MPUBOJUT K TOBBHIIMICHUIO YPOBHS OOCITYXKHUBaHUS
MACCaKUPOTOTOKOB, MPUBIEKATEIHHOCTH adPONOPTOB KaK JJisi BHYTPEHHUX WHBECTOPOB, TaK U IS
WHOCTPAHHBIX MTAPTHEPOB.
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TPAH3UTTIK MYMKIHAIKTIH TUIMILIITTH APTTBIPYFA
JOTUCTUKAJIBIK KOJIJIAY

Hyrmanosa I'.JI.}, Hypraanesa M.P.%, ’Kan6upos K.I'.5,
Caopanues H.C.%, Caiinun6aesa H.JI.?

M. Toinvnunaes amvinoazer Konix orcone Kommynuxayus Axademuscel
2J1.B. I oHuapos amvindaevl Kazax Aemomoobunv-scon Uncmumymor
3Opmanvik-Asus ynusepcumemi
Anmamst, Kazaxcman Pecnyoaukacsl
e-mail: nazym007@mail.ru

Maxananviy bacmvl maxcamol enimMizoiy MPaH3umMmix MyMKIHOIIHIY MUIMOLTIZIH apmmulpy JHCoHE OCbl
maxcamma «bamovic Keimaii-bBamvic Eyponay mpauzummix aemoKoniK 0ani3iHiy He2i3iHoe N02UCTNUKATIbIK
Konoay kepcemy. JKypeizineen anovin ana 3epmmeyiepmen manday HeyMulCmapvl ascelnoa Oyeinei mayoazsl
MPAH3UMMIK MaceiManody coul30auapvl Kapauvin, KeMUliiikmepimeHr aublpMablIbIKmapsl aHbIKMAIObL.
Kymvicmoiy bacmel  Makcammapwinbly — OIpi-mpaH3ummik — 021i3  ememiH  auMaKmapowly
MACLIMALOAYUBLIAPLIHGIY MONBIK KAHObL KAMBIHACYbIH KAMMAMACHI3 emin, Jceplilikmi — mypeanoapad
HCYMBIC OPBIHOAPLL YULIMOACMbIPHLIBIN, 0l00dCemKe mabdvic mycipy bonamsin. Amanzan makcammaped
JHcemy Yulin, YCbIHbLIZAH MAKAAA0d — A8MOMOOUTbMEH XATbIKAPATLIK JHCYK macvimanday mizoein «oip
mipkeme 0Ip Kyscamy HeliziHOe JCoHe 3aMAaHaAYU «OIOKYelny AKNnapammolk JCYuecin nauoaiany apKblibl
Kon ocemkizyee bonramvinbl 0anendenoi. Couvly iwinde Kaszaxcmarn PecnyOnuxaceinoazvl 2787 xunomemp
24CON0bL OYPLIHEbL AMATIMEH, JHCON OOUbIHOA ewKanoall Kedepel boamazan dicazoaioa, oip sxcypeizyuti — 96
cazam, exi sxcypeizyui —50 casam sxicypce, YCbIHbLIZAH dHcoOa OOUbIHWA DI JHCYPII3YUIIMEH AMATIEAH JHCONOb
30 cazamma ocypin emedi. Opbip aemomoburv 450—500 xuromempoen apmvlx HCON HCYPMeUoi Oy
macvimManoay miz0eciniy MeXHUKaIblK CeHiMOiniein apmmulpadsl. Tacvimanoayoviy 63iHOIK KyHul 2,0
domapoan 0,75 donnapza Oetiin momendemyze 6O1AO0bL.

Tipex co30ep: sicyxmep agvlMOapvl, MPAH3UMMIK 02713, O3IHOIK KYH, MuimOi 6a2vlm, J02UCMUKAILIK
MEXHONI02UATBIK JCylle, TOCUCMUKANLIK KOUMALAP, JHCOCRAPIAHRAH JCYKMED A&bIMbl.

OcnosHotl yeavlo 0aHHOU cmamvi A6IAemcs NOGbluleHUe IPHEKMUSHOCTNY MPAHIUMHO20 NOMEHYUANA
CmMpansvl U OKA3aHUe JOSUCMUYECKOU NO00EPICKU HA OCHO8E MPAH3UMHO20 ABMOMOOUTLHO20 KOPUOOpa
«3anaonvii Kumaii-3anaonas Esponay. B pamkax ananu3a npogeoenHvlx npeosapumenbHblX UCCied08aHull
ObLIU  PACCMOMPENBI  COBPEMEHHBIE CXeMbl MPAH3UMHBIX NEPeBO30K U  BbIAGNIEeHbl  PAIUYUL 6 UX
Hedocmamkax. OOHa u3 2naguvix yeaei pabomuvl, 2mo odecneueHue NOTHOYEHHO20 OOCMYNa NePeso3UUKOs 8
DEe2UOHbI, uepe3 Komopble NpoXoOum MpaH3UmHbIL KOpUoop, Op2anHu3ayus paboyux mecm OJis MeCHHbIX
arcumenetl, noIyueHue 00xX0008 6 01dwicem. [ 0CMuUdICeHUs YKA3AHHBIX Yeell, 8 NpedCmasieHHol Cmamoe
00KA3aHO, 4MO Yenouka MenHCOYHAPOOHbIX dA8MOMOOUIbHLIX NEPeBO30K 2PY308 00Cmueaemcs Hd OCHO8e
«0OH020 NPUYENHO20 OOKYMEHMA» U UCNOb308AHUSL COBPEMEHHOU UHDOPMAYUOHHOU CUCTEMbl «OIOKYEUHY.
bonee moeo, ecau na 2787 xunomempax dopoe 6 Pecnybnuxe Kazaxcmawu, npu omcymcmeuu Kaxux-aubo
Npensmcmeutl, NPelCHUM CHocoOOM Nepeso3Kd OCyWecmsensemcs oOHuUM eooumenem — 96 uacos, 08yms
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sooumenamu — 50 yacog, mo CO2nNACHO NPEONONCEHHOMY HPOEKmy O0O0UH 600uUmenb Npoudem OAaHHbL
yuacmoxk 3a 30 uacos. Kasxcowvui asmomobduns npoesscaem He bonee 450—500 kunomempos, umo noguvluiaem
MEXHUYECKYIO HAOEICHOCb MPaHcnopmuol yenu. Cmoumocms 00cmasku modicem ovims cHudicera ¢ 2,0 0o
0,75 oonnapa.

Knwuesvie cnosa: 2cpy3onomoxu, mpau3aumHulii KOpUoop, CMOUMOCHb, Idexmuenviii mapupym,
cucmema 102UCMUYeCcKUX MexHoaA02Ul, 102UCIMuYecKue cKiaosl, NIAH0BbI 2PY30NOMOK.

The main purpose of this article is to increase the efficiency of the country's transit potential and provide
logistics support based on the Western China-Western Europe road transit corridor. As part of the analysis
of the preliminary studies carried out, modern transit traffic schemes were considered and differences in
their shortcomings were identified. One of the main goals of the work is to ensure full access of carriers to
the regions through which the transit corridor passes, to organize jobs for local residents, and to generate
budget revenues. To achieve these goals, in the presented article it is proved that the chain of international
road transport of goods is achieved on the basis of "one trailer document” and the use of a modern
information system "blockchain®. Moreover, if on 2787 kilometers of roads in the Republic of Kazakhstan, in
the absence of any obstacles, the transportation is carried out in the same way by one driver — 96 hours, by
two drivers — 50 hours, then according to the proposed project one driver will pass this section in 30 hours.
Each car travels no more than 450-500 kilometers, which increases the technical reliability of the transport
chain. Shipping costs can be reduced from $2.0to $ 0.75.

Keywords: freight traffic, transit corridor, cost, efficient route, system of logistics technologies, logistics
warehouses, planned freight traffic.

En yximeri xaObuimaran apHaynbl Oarnmapiama OOMBIHIIA elNiMi3le TPaH3UTTIK AQMi3Iep
KYPBUIBICHI YJIKEH KapKbIHMEH icke achipputyna. Temenzeri l-cyperre ( enimi3 apKbUIbl ©TETiH
aBTOMOOHJIBJICP J9JTi3/IepiHiH opHanacysl Oepinren [1-3].

————— I = = = T <

CEMUNANATHFER TRGL-KAMEHOTOZ

T APKARBK
LLibimkeHT-Pecen
LweKapachbl

Pecert MeMNeKTIMEH XaHe: 5

*KasakcTtaHmeH 2 KbiTal enimeH >xaHe
*KbiTanmeH Eocon *KasakctaHmeH OAM

- : *NpaHmeH

*PecelimeH I

Koprac-Anmarbl

B 2 AnmarbrllbivkeHT-TalkeHT
TacbiMangaHaTbIH XYK Kenemi: N
2006 r. — 13 MIH.TH. | MemnekeT apanbik
2020 r. — 33 MAH.TH.acTam —pd i KarblHacTap::

T e S *Kbitant meH UpaH, O3M
o, 2 TAUIREH, xaHe Peceit
e o2
- *KasakctaH, OAM xeHe
Pecen

1-Cyper — Kazakcran Peciy6nukacs! apKbliibl ©T€TIH aBTOMOOMIIb
KOIKTEePiHIH TPAH3UTTIK Adi37epi
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Kazakcran PecnyOnukacel apKbUIBI ©Tyl MYMKIH JKYKTEp arbIMJapbl KapKbIHBIH 3€PTTEYIIIL,
eMMI3IIH KoHe 0acKaaa MeMJIEKEeTTEepAiH MaMaHIapbIHbIH Oobkamaapbl OolibiHIIa KeiTail eniMen
Eypona MemiiekeTTepi apachlHIarbl Tayap aiHaIBIMBI JKBUIMA-KbUI YIKCH Kesemzae ecrekm (1-
KecTe).

1-Kectre — «barteic KpiTaii-bateic Eypomna» aBTOMOOWIb KONIKTEpi AQMi31 apKbUIBI TachIMaaay
KOJIEMiHIH 6Cy MYMKIHIKTepi, MbIH TOHHA [2,4]

bITal- .
Kazakcran K Kazakcran| Kprtaii-
BarbiTTaph! . | Kazakcran — . . Bapuibirsl
- Kprrai - Peceit Pecen
OAM-Upan

Kocuapianras xyKTep aFbIMAapsl | 45 ) 64.000 16000 | 76,000 | 173,000

kenemi, 2020 x.

Jomizain MyMKIHAIK yieci 20%-30% | 20%-40% | 20%-30% | 2%-8%
Homizaig (2020:x.) 3,400- 12,800- 3,200- 1,600- 21,000-
JKYKCBIHBIM/IBLTBIF I 5,100 25,600 4,800 6,100 41,600

ATKapbpUIFaH HAKThl 3€pPTTEY JKYMBICTAphl HETI3IHIEC apajarbl JKYKTEpP TachIMaJAayIIIbl,
enmiMi3zieri TpaH3WTTIK agomizfgepmer KpiTaii MemuiekeTi IIeKapachl apKbUIBI OTETiH, JKYK
aBTOMOOMJIBJICPIHIH JKYpPIC CcaHAapbIHBIH OOJKaMbl OpbIHAAIILL. 2-KecTenae kepceTiireH Xyk
aBTOMOOWIIb KOJNIKTEPIHIH CaHAAphIH aHBIKTAy OJICTEMECi, OJapJblH JKYKIEH KO3FaJbIC
KBITAMIBIFBIHBIH OpTallla MoHI caraThiHa 50 KUIOMETp JIETeH eCEeNIeH OpbIHAalFaH.

2-Kecte — KplTail emiMeH apaibIKTarbl €Ki OaFbITTa JKYPETiH JXYK aBTOMOOWIBAEPiIHIH  Oip
TOYINIKTEr1 caHaapsl [4]

ApansIKTap Arbivaarel | JKaHapThuiFaH Baprabik xxyk
AKOJIMEH aBTOMOOMJIb aFbIMJIaPbI

Kaproc-Anmatsr 460 950 11000
Anmartsl-Kopaait 1200 1400 9000
Kopnaii-lIIeiMKeHT 1300 1500 8000
HIBIMKEHT-CONTYCTIK OaFbIT 1100 1600 3500
Peceii mekapacel 1000 1100 3000
KpIpFbI3 en1i 6aFbIThI 300 300 2000
O306ek eni 0arbIThI 800 800 5000
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ApHaiibl KyprizuireH >xo0a OOHBIHINA XaJbIKApalbIK Tayap alHAIBIMBIHBIH ©CY KapKbIHbIHA
coiikec «bateic KpiTaii-bateic Eypomay TpaH3uTTIK moii31 TOJBIK 1CKE€ KOCBUIFAaHHAH COH, KpiTai
elliMeH eKi OarbITTarbl )KYK aBTOMOOMIIBAEPIiH Kypic canbl, 20-30 ecere ecyi mymkiH [5, 6].

Kobama, >xammbl OYTiHTT KYHIErlT aBTOMOOMJIMEH J>KYK TachIMallay amMajjapbl >KOHIHIE
KOITEreH ECKEPETiH JKOHE TiKeJIel TachIMaiay YakbIThl MEH carachliHa acep erep Qakropnap 6ap
exeHi Manim. On )KeHiH/Ie OChIFaH JCHIHT1 KapusIaHFaH MaTepuangap/a HaKThl aTajbl, cedenrtepi
KOPCETIITeH.

Kazipri yakpitra Kpitaiinan KazakcTan apKbUIbl TPaH3UTIEH KYKTEpIi TachbiMaygay MbIHaIal
cxemaiap OOMBIHIIA XKy3ere acslpbutasl [7, 8, 9].

Bipiamn ce36a: ka3zakcranablk aBTokemik Ypimmi (KXP) tepmunangapeina tueneni, Kpiraii-
Kasakcran mekapachlH KeCill oTill, )KYKTi OapaThIH jKepiHe JeiiH jkeTKizeni (2-cyper).

OTKI3Y NYHKTI

YPIMLII TEPMUHATNOAPBIHOAFbI
KA3AKCTAHOBIK AKK XXYKTEMECI

YPIMLWIAEN
TEPMUHANGAP

NMYHKTTEPIE AEUIH XXETKI3Y

KA3AKCTAH - KbiITAU LLEKAPACDI

KA3AKCTAHAODbIK AKK-MEH MEXXENI

2-Cypet — KazakcTaHIbIK aBTOKOIIKTEPIIH MeXeli OekeTTepre AeriH )KYKTI )KETKI3YAiH
1-ce136achl

Exinmn cei36a: Keitait aBrokeniri »kykTi KpITail miekapaiablk TepMHUHANJIApbIHA HKETKi3el.
Kazakcranaplk sxoHe Peceifnnik TackiMaiiaymbiiap ockl TEpMUHAIAPIA KYK TYCIpell, meKapaaaH

OTEe[Il KOHE KYKTI TaralbIHIAFaHFa JAeiliH TachiMangaiasl (3-cyper).

KbiTAW LUEKAPANBbIK TEPMUHANOAPDI
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3-Cyper — Ka3zakcTaHIbIK aBTOKOIIKTEP IIH MEXelll OCKeTTepiHe JCHiH KYKTI )KETKI3yIiH
2-ChI30aChI
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Kenemekre ymiiHmi ce30a Kapactelppiianel. KpeiTail  aBTokemiri kykTi Kasakcranra
XaJIbIKapaJIBIK IIeKapa MaHbl BIHTBIMAKTACTBIFBI OPTANIBIFBIHBIH TEPMHUHANJAPbIHA JACHIH KETKi3ei.
Kasakcranaplk aBTOKeJIK Hemece Oacka eJiH aBTOKOJIrl OChl TEpMUHAIJApFa THUENEIl >KoHE
JKYKTEP/Ii COHFBI ITYHKTTEPre AeiiH TachiMangaiasl (4-cyper).

AKK-MEH MEXENI MYHKTTEPIE AEVIH XETKI3Y

)

OEWNIH KbITAW AKK-MEH XETKI3Y

KA3AKCTAH - KbITAM LUEKAPACI
XYKTEPAI KOPFAC WMBIXO

KOPFAC LUMBIXO

XYKTEPAI BACKA ENAEP MEH KASAKC TAHAbIK

4-Cypert — XKykri Memnekertik Xansikapanslk Opransirbiaan -Koprac [lexapacsina
NeH1H JKeTKi3yIiH 3-ChI30achl

Ocpl 3epTTey *KYMBICHI OapbICHIHAA TOPTIHIII ChI30a KapacTBIPBUIABI XKOHE YCHIHBUIAAL. bynaH
opi KOHTeIHepiep Ka3aKCTaHIbIK aBTOKOIIK KypaldapblHa-KOHTEHHEPIIK TACBIFBIIITAPFa THENE]
’KOHE COHFBI MEXeJll IMyHKTTepre JeHiH TachIMalIaHaabl. TachIMaIAayablH OChl MYJIbTHMOIAITb BT
cXeMachl MepCHeKTUBAIbI OONBIN TaObUIAAbl. AJaiia, KOHTeHHEepai KalUTapy/sl KOHE aBTOKOIKTI
Kepl THEyAl KaMTaMachl3 eTyre OaljIaHbBICTBI OCBHl cXema OOWBIHIIA TachIMaIay/bl
yibIMIACTBIpYIa KeHOip KubIHIBIKTAp Oap (5-cyper).
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KYKTEPAI KASAKCTAHAObIK AKK-MEH
MEXES NYHKTTEPIE AEWIH XETKI3Y

5-Cypert — Kazakcranapik AKK Mexeni myHKTTepiHe AeiiH KOHTeHHEepIepMeH
KYKTI J)KETKI3y/1H 4-ChI30achl
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TaceimannayneiH Kosijga Oap oHe oJIeyeTTI CXeMajapblH Kapall, MbIHaJal KOPBITHIHABLIAD
AUKbIHJAJIIEL.

KazakcTanaplk TachIMaiaiayiibl yIIiH eH ThiMal cbizda — 1-cei36a, Keitait TepeHuirineH
taceiMasiiay Keitail Mmen Kazakcran miekapacblHaH KbUlgaM eTyre, coHaan-ak KplTailiplH 1ekapa
MaHBIHJIAFBl TEPMUHANIAPBIHIA THEY apKbUIBl TackiMannay 1-2 kynre, an Koprac MemiekeTTik
[lekapa XanbIKapallblK OPTANBIFBIHAA THEY Ke3iHle 3—4 KyHre y3arbIpak OOJIaTBIH TachIMalaay
YaKbITBIHBIH KBICKAPYbIHA BIKIAT €Te/I.

Kaszipri yakeitra Kpitaii-Kazakcran GarbiTeiHga 2 koHE 3-cbi30a Ooiibiama 50000 KYBIK petic
OpBIHJIATA]IBI.

3 — cb130a, IIeKapa MaHbIHAAFbl JOTHCTUKANIBIK OPTAJBIKTApaH TachIMalay - Ka3aKCTaHJIbIK
UMIIOPTTAyUIblIap YIIIH THIMII. XalbIKapaJblK TachbIMajJayllbulap YIIIH JIOTUCTHKAJBIK
OpTaJBIKTAPABIH THIMII opHajacybl — KeITail aymareiHIa, ojlapra KOJI KETKI3yHiH Olpereiiirine
OaiinmanbicThl, erep Ka3zakcTan aymarblHIA JIOTHCTUKAJIBIK OpTaJbIKTap OOJIFaH jKarmaiina, ojapra
KOJI JKETKi3y 0acka MeMJIEKeT TachIMalayIlbUIapbl YIIiH THiMII OOJbIN, GacTel OarbITTapaarbl
WITTHIK TaChIMAJIIAYIIBUIAPIBIH YIICCIH KOFAITY BIKTHMAIIBI Oap.

4-cpi30a. BipiHmi ke3ekre Oyl YIIIH OTaHABIK ABTOKONIK KOMITAHUSUIAPBIH KOHTEHHEpHEp
TachIMaJIZIayFa KaXXeTTi apHAYJIbI-TIpPKEMEJIEPMEH KaMTaMachl3 €Ty KaxKeT.

Ocpl TycTa XalbIKapalbIK aBTOKOIIKIIEH TACIMATIAPBIH KY3€re achlpy Ke31H]1e TachIMal 1Ay IbIH
03BIK TEXHOJIOTUSIAPHI NMaiiJalaHFaH TUIMI1 O0Ta IbI.

Meicansl Eypomna engepinzne o3 KoWMamapel 0ap aBTOKeJIIK KOMIAHHSIIAPbl TackIMalgapia
aybICBIMIbI  (aliHaNBIMIAFBI) KApThbUlail  apHayNbl-TIpKEMeNep KEHIHEH MaiiJanaHbuIajbl.
COHIBIKTaH YCHIHBUIBII OTBIPFAH TachIMaliay AaMaJlbIHBIH EpEKIICTIKTepiMEeH THIMIUTITIH
AHBIKTAMBI3.

XKyx aFpIMIapbIiH YIUBIMIACTBIPYIIBI J)KOHE 0ACKapyIIbl MEKEME SFHU 0acKapy OpPTaJbIFbl HAKTHI
KYKTI TachIMaJJIayIIbIIaH TaIChIpbic ayiaipl. JKYK KaOBUIIAHBIN, apHAYJIbl TipKEME THEITCHHEH
COH, )XYK THEJNreH TipKeMeHi KaObUIlaFaH OTaHJIbIK aBTOMOOMIIb AJIMaThl KaldachlHa Keir, Keleci
aBTOMOOMIIb-CYHpETilIKe TarChIPaIbl.

OcbiHail Ke3eKTecy apKblibl, opOip aBToMOOMIb-cyiiperim 450-500 KuIoMeTplieH apThIK >KOJI
xypmeitai. CoHFBl TachIMaNayiibl KOHTeWHepnepai Peceil karblHaH KeJreH TachIMalayIlbIFa
TaIChIPHII, 631 KAUTAPhIHAA OTaHABIK 00C HEMECE JKYK THUEITeH apHayJbI-TIPKEMEHI cyhpen KaiTa
opanaapl. Kalitap konjgaga Typa >KOFapbIAarbl Kyiie OoifbiHINIA opOip aliMaKTarbl aBTOKOJIKTEP
TaChIMAJIIANIBI.

Y CBIHBUTFaH TachIMaJIJIay KOOACKIHBIH CPEKIIEITIKTEPI:

— xeke aBToMOOmIb 450-500 KuIOMETpIeH apThIK KON KYpMeiai OyJl OHBIH TEXHHKAJIBIK
CEHIMJIUTITIH apTThIPa/IbI;

— JKYPIi3YIIiHIH apajbIK *OJJIbl TOKTayChI3 4-5 caraTTa eTyiHe MyMKiHIK Oepei;

— opOip MEMJICKETTIH *oHE aliMaKThIH aBTOKOIIK KOCIMOPBIHIAPHIHAH €H CEHIM/I aBTOMOOMIIBII
TaHJaJIbIHA/IBI;

— Oip OaFpITTaFbl )KYK THEJTEH TIpKEMEH1 TOKTayChl3 KO3FalbICHI YIlIiH, TeK KazakcTan xepiHjie 6
aBTOMOOMJIb KOJIIT1 KaTbIHACAIEL.

APTBIKIIBUTBIKTAPHI:

—X0J1 OOMBIHAFbI aliMaKTapbIH aBTOKOJIIK KOCIIOPBIHAAPbIHBIH JaMybIHA TIKeJeH acep eTel;

—I1eKapajia ce0erci3 TyphI Kady MYMKIHIIT KOHbLIA IbI;

—OJI YCTIHETI KeJIeprijiepMeH JK0JI JKaFalibIHa OaillaHbICTHI TYaThIH JKaFqainap OoIManIbL;
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—aBTOKOJIIK KOCITOPBIHAAPHl OpHAJIACKAH JKEPrUTIKTI alMaKTapaa oJeyMETTIK-2KOHOMHKAIBIK
JamMybIHa ceOenti 601aapl;

—Kazakcran Pecnybnukaceianarel 2787 KUIOMETp JKOJIBI OYPBIHFBI aMaJMEH, K0 OOWbIHIA
eIIKaHal Keaepri OoJiMaraH JKarmaiiyia, Oip xyprizymi — 96 carar, eki xyprizymi — 50 carat
KYpce, YChIHBIIFaH jk00a O60iibIHIIa Oip JKYpri3ynriMen aTanFa >konasl 30 caraTTa Kypil eTei.

bipak Oy >k00aHbBl YHBIMIACTHIPYMEH OacKapy KYHECiHe YJIKEeH MOH Oepilill, JIOTHCTUKAJIBIK
TEXHOJIOTHSUTBIK JKYHE pETiHAE KapacThlpy KepeK. OWTKEeHI >KOFapblga aTalFaHlail YCHIHBUIFaH
KYHe XalbIKapalblK MaHbI3bl 0ap, HAaKThl XKYKTEpHl TachbIMajjay iC-KOCHAphIH aTKapy YIIiH
KYpbLIaJIbl.

Kopvimuvinovl. ABTOMOOMIBMEH XaJbIKapaJIbIK JKYK TackIMalgay Ti30eriH «Oip Tipkeme Oip
KYKaT» HETI3iHAC JKOHE 3aMaHayd «OJIOKYEHH» aKIapaTThIK >Kyheci Herizinme, Kazakcran
PecryOnmkachkl TpaH3UTTIK Aoumi3iH 2,5-3 ece a3 yakpITTa OTil, TachIMaIayIblH ©31H1iK KyHbI 2,0
notapaan 0,75 moinmapra IeiiH TOMEHIETYTe 0O0JIaIbl.
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IOBWJIEMHBIE JIATHI

Ilak Buccapuon Braoumupoguu
YueHwlil, Kanouoam uzuko-mamemamuieckux Hayk, euye-npesudenm HTO
«KAXAK», npou3zeoocmeennuk, Gusnecmen, meyenam

Ilak B.B. poounca 12 nosbps 1940 eo0a ¢ cere Kypkypey cy
Horcysanunckozo  paiiona  [ocambynvckou  obracmu.  Oxkonuun — pusuxo-
Mamemamuueckuti ¢haxyiemem Kazaxcxoeo zocyoapcmeennozo ynusepcumema
um. C.M. Kuposa (1969). Kanouoam gusuxo-mamemamuueckux nayx (1977).
Coepa mayunvix ummepecos — QusuKa HUSKOMEMNEPAMYPHOU NIA3Mbl U ee
gzaumooeticmsue ¢ MAMEPUALAMUY BEUECTNEAMU, 20PEHUe 6 CEEPX38YKOBbIX
OUPDYZUOHHBIX U CMPYUHBIX NOMOKAX, MHOICECEO OpYeUX NPAKMUYECKUx
NpUMeHeHUll Npoyecco8 dHepeo- U Maccoobmena. Aensemcs asmopom u
coasmopom 6oaee 100 nayunvix cmameti u nyoruxayuti, namenmos PK, psoa
asmopckux ceudemenvcms. 1100 e2o pykosoocmeom 3auuiyervl 6 KaHOUOAMCKUX

ouccepmayuil.

Hayunas u npouzeéoocmeennas oesmenvnocmv Ilaka B. B. nepaspwigno ceéazamvi Opye ¢ OpyeoMm.
3aseoyrowuii - Hayuno-uccrneoosamenvckoti  nabopamopueu  (1988-1993), oupexmop no nayke AO
«Monmasicundicunupuney, 2oe OblIU 6HEOpeHbl 8 NPOUIBOOCHEO €20 A8MOopcKue paspadbomku u mexHoI0UU
nepepabomku Hegpmu, Hepmewinama, ambapuol Hedpmu u Opyeux yeneeodopooos. Cozdamenv u
pyrosooumens TOO «Kopnopayus «Moodyavnas mexnonocus» (1995) ¢ yenvio oceéoenuss mecmopoosicoenuil
msdcenol Hepmu u paspabomku mexuonoeuil ee nepepabomku. B 2009 2. 6vi10 coano 6 IKcnaIyamayuio
MecmopodxcOeHue madxicenou Hegpmu «Kaneuzmooey.

K omomy momenmy uma Ilaka B.B. 0vino yswce npouHo 6nucaHo 6 uUcmopuio omedecmeeHHOl
NPOMBIUIEHHOCIU: 8HEOPEHbl 8 NPOU3BOOCMBO NO GCell pecnyONuKe IKON02UHEeCKU YUCmble MUHU-3A800bI NO
nepepabomke Hepmu, nO 0e3000payuy Macei, pasiudHble MeXHOAo2UU U YCMAHOBKU OJid Nnepepabomxu
Y211e6000P0008, 8 MOM YUCie aMOapHOU Hedhmu u Hegpmeuiama.

Ilax B.B. — ne monvko yuewvil u OusHeccmeH, HO u meyenam. B 90-e 200vl o cymen goccmanosumo
oemckuu cad, O00OUNCA NOTYYeHUs JIUYeH3UU HA Y4eOHO-80CHUMAMENbHYI0 O0esimelbHOCmb U O304l 8
oanvHeluem YueOHo-60CnUmMamenbHulll YeHmp noo CeOUM NAMPOHANCEM.

Hecmomps na eospacm, Ilax B.B. npodondcaem cugo unmepecoeamvcsi U HPUHUMAMb JUYHOE
@unancosoe yuacmue 6 peanvHom nepepabamuigaiowem cexkmope Pecnyoruku Kazaxcman, noucke u
nooodepoicke NepCnekKmusHbIX paspabomox u npoekmos. lloodepacusaem axkmuenvie KOHMAKMbL ¢ OU3HeC-
cooowecmeom u3z FOxcnoui Kopeu, ¢ yenvio opeanuzayuu compyOHUUeCmsea u noO0epIuCcKU KOpelcKou
ouacnopul 6 Kazaxcmane, siensemcest Buye-npezuoenmom HTO « KAXAK».

Ilopozoti Buccapuon Braoumuposuu!

HTO «KAXAK» nosdpasnsiem Bac co crasnoim FO6uneem — 80-nemuem!
Kenaem kpenkozo 300pows u donzonemusi!
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MMPABUJIA O®OPMJIEHUSI CTATEM

1. Kypnan «M3BectussHTO «Kaxak» myOnuKyeTHanvMcaHHbIe Ha PYCCKOM, Ka3aXCKOM, aHTJIMHCKOM H
KOPEHCKOM sI3bIKaX OpHUI'MHAIbHBIE CTaThH, 0030pbl. JKypHanm naer wuH(OpManuio, CBS3aHHYIO C
JeSITeNbHOCTHIO OOIIECTBA.

2. B OpWrMHaJbHBIX CTaThsIX MOTYT PAacCMaTPHBATHCS pPeE3YJIbTAaThl KaK TEOPETHUECKUX, TaK M
npuknagusix HAP.

3. ABTOpBI, KeNalomue ormyOoInKoBaTh 0030pHYIO CTaThIO, JOJDKHBI IPEIBAPUTEIFHO COTIACOBATH €¢
TEeMaTuKy, NPeICTaBUB aHHOTaluio Ha 1-2 cTtp. B 0030pax ciemyer ocBemaTh TE€MbI, HPEACTAaBISIOIINE
JOCTaTOYHO OOIIMI MHTEpeC MO BHIOPaHHOW TEMAaTHKE WJIM OTpaKalollue KaKOH-TMOO Ba)KHBIH acleKT
MPUMEHEHUS! B TPOMBIIUICHHOCTH, CEJIbCKOM XO3scTBe, MeauuuHe u T.O. [lomyckaercs o6oOrmieHue
Pe3yabTaTOB MHOTOJIETHUX UCCIICAOBAHNUIN HAyYHBIX KOJUIEKTHUBOB.

4. OOwem crartbu He AopkeH npeBblmath 10 crpanun gopmara A4. CTaThsl IOJDKHA HAYMHATBHCS C
BBeZICHUS. B HeM JO0KHBI OBITh TaHBI: coAep)KaTellbHas TOCTAHOBKA pacCMaTpUBAaEMOTO B CTaThbe BOMpPOCa,
KpaTKHe CBEACHUS 110 €r0 UCTOPUH, OTIMYHUE MPeIaraéMon 3ajau OT YK€ H3BECTHBIX, HJIU IPEUMYIIECTBO
M3J7araeMoro MeToJa IO CPaBHEHHIO C CymiecTByomuM. OCHOBHas 4acTh CTaTbH JIOJDKHA COJEPXKaTh
GopMyNMUpOBKY 3aaud M NpeAjiaraeMblii METOJl €€ peIleHHs, 3aKIYMTeNbHass 4YacTh — KpaTKoe
00CyKJIeHHE TTOTYYEeHHBIX PE3yIbTaTOB U, €CIH BO3MOXKHO, IPUMED, WILTIOCTPUPYIOLIHA UX 3()(HEKTHBHOCTD
¥ CI0COOBI MPUMEHEHUSI.

5. Bce cTaTthu NpoXosaT UMEHHOE PELEH3UPOBAaHUEHE MEHEE YeM JIByMs HE3aBUCHUMBIMH YUECHBIMU IO
COOTBETCTBYIOIIEH TeMaTHKe, He BXOASIIUMHI B COCTaB PeIaKIIMOHHON KOJUIETHH.

6. TpeOoBaHus K 3TUKE MyOJIMKALIMI: aBTOPBI HECYT OTBETCTBEHHOCTH 32 JIOCTOBEPHOCTH U 3HAYUMOCTb
HAYYHBIX PE3YJbTAaTOB, M aKTYaJIbHOCTh HAYYHOT'O cozepkaHus padoT. Pykomucu crarei, onmyOInKOBaHHBIX
paHee, WM NIepeIaHHbIX B IpYTrre U31aHUsI HE IPUHUMAIOTCS.

7. ABTOpHl MOTYT TpPEICTaBUTh  ODJIEKTPOHHYIO  BEPCHUI0  CBOEH  CTaTbW MO  ajpecy:
izv.ntokaxak@mail.ru.

TpedoBanus k opopmiIeHHI0 pyKonHCcei

CraTbu MPEACTABISAIOTCS B AIICKTPOHHOM BHUjie B TeKCTOBOM penakrope Word 97, popmyisl HabuparoTes
¢ momoinbio peaakropa MSEquation 3.0 (2.0) wm ChemDraw.

Ipudt Times New Roman 12 pt. MexcrpouHblii uHTepBai oauHapHbIi. [loms: Bepxuee — 2,0cM,
HmwxHee — 2,0 cm, 1eBoe — 2,0 cm, ipaBoe — 2,0 cM. Ab3arr — kpacHas ctpoka — 0,5 cm

TexcT cTaThbu OHKEH HAYMHATHCS C YKa3aHUS:

c nesoti cmoponvi—nuaexkcoB MPHTHU u YK, nuowce ipuBoasITCs:

—  Ha3BaHHE CTaTh¥ (IPONHCHBIE OYKBBI, (hOPMATHPOBAHHE TIO LIEHTPY),

—  (¢damMuIIM 1 HHUTHAJIBI aBTOPOB (TIPOITUCHBIE/CBETIIbIE, popMaTHpOBaHKE IO LICHTPY ),

—  Ha3BaHME OpPraHU3alUH U €€ MECTOHAX0XKICHHE,
e—mail aBTOpoB

—  pe3roMe (KpaTKoe H3JI0KEHHE COAEp)KaHWs CTaThH, AAIOLIEe NPEACTaBICHHE O TEME M CTPYKType
TEKCTa, a TAK)KE OCHOBHBIX pe3yiibTaTax, /—10 mpenioxeHnmii),

—  KJIIOYEBBIC CIIOBA, 00ECIICUMBAIOIIHE MTOIHOE PACKPBITHE cofiepkanusi cTaTb (7—10 ciioB),

—  TEKCT CTaThH,

—  CIHCOK JIUTEPaTypHl,

—  @.M.0O. aBTOpOB, Ha3BaHWE CTAaThU, PE3IOME, KIIFOUEBHIE CIIOBA Ha TPEX S3BIKaX (HA Ka3aXxCKOM,
AHTTIUICKOM U PyCCKOM).

Pucynku nomxHbl OBITh IPEACTABICHB! B OTAEIBHOM (aiiie.

Crartpst mpencrasisiercss B doc mim docx ¢opmare, a taxke uneHtuuHas komus B pdf dbopmare, nHa
AIIEKTPOHHBIN aJipec KypHaia, B OTACIBbHBIX (hailax TyOnupyroTcs pUCYHKH, TaONUIbI, TPapUKH, CXEMBI, a
TaKXe MPUBOIATCS CBeAeHHUs 00 aBTOpax (MMs, OTHYECTBO, yUeHasl CTEleHb, yUE€HOE 3BaHME, CIYKeOHBIN
azipec, MeCTO pabOThI, JOJKHOCTD U TeIe(OHBI IS CBSI3H).

CcplIKM  Ha  JIMTepaTypHble WCTOYHWKH B  TEKCT€ TIPUBOJATCA B KBQJPATHBIX  CKOOKax.
Bubnuorpaduueckuii CITHCOK oopmisercs B COOTBETCTBUH c TpeOOBAHMSIMHU
I'OCT 7.1-2003 «bubnuorpaduueckas 3anuch. bubnuorpaduueckoe omucanue: obumue TpeOoOBaHUSA U
MPaBUJIa COCTABICHUSD.
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