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TPAHC®OPMAIIMU ITPOPECCUOHAJIBHOM
KOMMYHUKAIIMOHHOM CPEJIbl HA COBPEMEHHOM JTAIIE
U EE BJIUSAHUE HA ®OPMUPOBAHUE KOMIIETEHIIUIA

Cyaeiimenos U.2.%, Tembipkanosa J.K. 2, Eremo6epaunesa 3.M.%, Baiinak6aesa C.T. 3,
I'pumnna A.B.%, Kocuosa M.B.%
Y Uncemumym ungopmayuonnvix u evruuciumenvhoix mexronozuii MOH PK
2 Anmamunckuil ynusepcumem snepeemuku u cészu um. I'ymapbexa [aykeesa
SHayuonanvnas unocenepnas Axademus PK
Anmamuwi, Pecnyoauxa Kazaxcman
*Kpvimckutl pedepanvmwiii ynusepcumem um. B.HM. Bepnaockozo, Cumgeponons
®Cesacmononvckuii 2ocyoapcmesennuiii ynueepcumem, Ce6acmononb
e-mail: esenych@yandex.ru, elya_aipet@mail.ru, egem.zm@mail.ru,
saltanat.baipakbayeva@gmail.com, grishin@mail.ru, mashasev@mail.ru

Hoxazano, uwmo mpancghopmayuy KOMMYHUKAYUOHHOU Cpeobl, UMesuiue MeCcmo 6 RnocleoHue
decamuiemus, CYWeCme8eHHO OCIO0NCHUIU POPMUPOBAHUE KOLIEKMUBHO20 NPODECCUOHATIbHO20 MHeHUsA. B
0COOeHHOCIU MO0 OMHOCUMCS K 001acmu UH@GOPMAYUOHHBIX U MEAeKOMMYHUKAYUOHHBIX MeXHOL02Ul,
Komopas cama no cebe npemepnena KawecmeeHuvle mpauncopmayuu. B maxux ycioeusx npuxooumcs
CMasums 60NPOC 0 MOOEPHUZAYUU CAMO20 MEPMUHA «NpoghecCUuoHan 8 OaHHOU 00AACMU 3HAHUSY.
OcnosHbIM BPOGHeCCUOHATLHBIM HABBIKOM CMAHOBUMCST CNOCOOHOCMb NPOMUBOCHOAMb OUKIMAMY CPeobl,
0715 4e2o He MOodcem Oblmb UHOU OCHOBbI, KPOME YEOCMHO20 HAYUHO20 MUPOBO33PEHUS. DMO Npusooum K
HE0OX00UMOCU — CYWECMBEHHOU — MOOePHU3AYUU  COYUATbHO-YMAHUMAPHO20 — ONOKA — OUCYUNIUH,
npenooasaemuvlx 8 YHUGepcumemax, 0CoOOeHHO no mexHuieckum cneyuanviocmam. Kpowe moeo, 6osnuxaem
ocmpasi HeobX00UMOCMb 6 UHHOBAYUOHHBIX OUCYUNIUHAX, SAGTAIOUWUXCH CEAZVIOWUM 36EHOM MENCOY
COYUATILHO-CYMAHUMAPHBIM OJIOKOM U 0A308bLMU MeXHUYeCKUMU oucyuniunamu. Tlpumepamu maxozo pooa
MO2YM CIYACUML MaKue OUCYUNIUHbL Kax «/Jusaiin cosnanusny, «Mcmopus cpedcms cs3uy» u m.o.

Knwouesvie cnosa: KOMMYHUKAYUOHHAS CPeOd, UHDOKOMMYHUKAYUOHHBIE TEXHONO2UY, Gblculee
obpazosanue, nNpoGeccuoOHaTbHASI NO020MOBKA, NPOPECCUOHANbHASL Cpedd, KOLIeKMUGHOe MHeHue,
meopemuyecKkas nedazocuKd.

Conebl OHIHCLLIOBIKMA OPbIH ANRAH KOMMYHUKAYUSIBIK OPIMAHbIY MPAHCOHOPMAYUACHI, YHCOIMOBIK KICIOU
nikipdiy — Kaielnmacyvld  aumapavikmaili — KypoeieHOipeeni  kepcemineen. Ocipece, OYa — canaivl
mpancghopmayuaza yulblpazan aKnapammulk JHcoHe MeNeKOMMYHUKAYUANLIK MeXHOIOUANAD CANACbIHA
acamaodvl. Mynoail scazdavioa "OiniMHiK OCbl CanaAckIHOA&bl KICINKOU" MepMUHiH HCaAHSLIPMY mMYypansl
Macene Kowea mypa Kenedi. Hezizei xacibu Oagdvinap, mymac evliviMu OYHUEMAHbIMHAH 6acKa, opma
OuKmamulHa Kapcvl mypa anaovl. byn ynusepcumemmepoe, acipece mexHuKaublk MamaHoObIKmap 00ubiHuA
OKbIMBLIAMbBIH NIHOEPOiH 271eyMemmiK-2yMaHUMapvlk, O102blH aumapaviKmail Heayeblpmy Kasxcemmicine
anvin xenedi. ConviMen Kamap, aneymMemmix-cyMaHumapavlk ON0K neH O0a3anvlk MeXHUKATbIK NIHOep
apacvlHoagel  OAUIAHBICIBIPYULbL  OYbIH  OONLIN  MAOLIIAMBIH  UHHOBAYUSAILIK NIHOEpee  KAaXCemmiiK
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mywviHoauiovl. Mynoaii mvican peminode "cana ouzatinel", "6aiinanvic Kypardapeinviy mapuxol” dicone m. 0.
nanoep bona anaovl.

Tipex ce30ep. KOMMYHUKAYUATBIK OpmMd, UHQOKOMMYHUKAYUSIBIK MEXHOIOSUSIAD, JHCO2apbl OLIiM,
KaCiOu 0atibIHObIK, KaCiOu opma, YoucblMObIK RIKID, MeOPUSIbIK Ne0d202UKd.

It is shown that the transformations of the communicative environment that have taken place in recent
decades have significantly complicated the formation of collective professional opinion. This is especially
true in the field of information and telecommunication technologies, which has undergone qualitative
transformations in its own right. In such circumstances, it is necessary to raise the question of modernizing
the term "professional in this field of knowledge". The main professional skill is the ability to resist the
dictates of the environment, for which there can be no other basis than a holistic scientific worldview. This
leads to the need for significant modernization of the social and humanitarian block of disciplines taught at
universities, especially in technical specialties. Also, there is an urgent need for innovative disciplines that
are a link between the social and humanitarian block and the basic technical disciplines. Examples of this
kind can be such disciplines as «consciousness designy, « Communication historyy etc.

Keywords: communication environment, info-communication technologies, higher education,
professional training, professional environment, collective opinion, theoretical pedagogy.

XOpomo M3BECTHBIN TE3UC TEOPETHUYECKOH IeNaroruku «1ro0oe oOpa3oBaHHE €CThb, MPEXKIE
BCEro, camMoo0pa30BaHUE» B COBPEMEHHBIX YCIIOBUSAX NPUOOPETAET HOBOE 3BY4aHUE, OCOOEHHO
IPUMEHUTEBHO JII000H CHEeUaTIbHOCTH, TaK WK MHAYe CBS3aHHOW ¢ MHPOKOMMYHUKAIIMOHHBIMHU
TEXHOJIOTUSIMH.

JIeHCTBUTENBHO, IO MEpe TOro, Kak MeXAy MH(POPMALMOHHBIMU U TE€JIEKOMMYHUKAMOHHBIMU
TEXHOJIOTUSIMU  yIIIyOJsieTcss B3aUMOCBSI3b, KPUTHUECKHM BO3pacTaeT M 00bEM MH(MOpMAIHH,
KOTOPBIM JIOJDKEH YCBOMTH YEJIOBEK, SBJAIOIIMIicS MpodeccuoHaloM B jaaHHOW oOmactu [1].
(B mHacrosmee Bpems, B TOM 4HCIE, YK€ OOLIECYNOTPEOUTENbHBIM CTAHOBUTCS TEPMUH
«MH(OKOMMYHHMKAIIMOHHBIE TexHoJorum» [2].) CymiecTBeHHbIM 00pa3oM TpaHCPOpMUpPYETCS U
npodeccuoHanbHas KOMMYHHUKAIIMOHHAsh Cpela, B KOTOPOW TakKe HUMEET MECTO TECHOe
NeperyieTeHNe Hay4yHbIX HalpaBlICHUN, paHee OTHOCHUBIIMXCA K Cyrybo HH(OpMallOHHBIM
TEXHOJIOTUSIM, C TEMH, KOTOpbIE paHee OTHOCHUJIMCH K 00JIACTH MPOBOJIHON M OECIIpOBOIHOM CBS3U
[3].

Bosee Toro, camo noHsATHE «TIPO(EcCHOHAT» B COBPEMEHHBIX YCIOBHUAX HY)KJIA€TCs BO BIIOJIHE
OIpeJIe]IEeHHOM YTOYHEHUH, 00OCHOBAHUE KOTOPOTO U COCTABIISIET LeNb JAHHOM paboThI.

[Ipennaraercs MoJaepHU3UpPOBAaHHAs TPAKTOBKAa IMOHATHS «IIpodeccuoHal B JaHHOM oOnactu
HAyKH U TEXHUKU», KOTOpas 3By4UT CIETYIOIIUM 00pa3oMm.

B kauecTBe HCTUHHOTO podeccuoHana CleyeT pacCMaTPUBATh YEJI0BEKA, KOTOPBIM:

- o0nasaer cUCTEMHBIM MPO(ECCHOHATBHBIM MHUPOBO33PEHHUEM Ha YPOBHE JIOCTAaTOYHOM ISt
TOT0, YTOOBI JIETKO U 3(PPEKTUBHO acCCUMIIMPOBATh HOBYIO Ul HEro MH(OpMAIUIo, Kak B CBOCH
00JIaCTH, TaK M B CMEKHBIX 00JIaCTAX 3HAHUS;

- 00JlaaeT CUCTEMHBIM OOIIEHAYYHBIM MHPOBO33pEHHEM (B IMPOTHBOIOJIOKHOCTh TaKOMY
SBJICHUIO KaK METOJIOJIOTHYECKasi 0e3rpaMOTHOCTh, KOTOpasl CTaj0 LIMPOKO paclpOCTPaHEHHOH B
cpele «TexHapei» B CHIy OOBEKTHBHBIX NMPUYHMH, CBSI3aHHBIX C PE3KUM CHM)KEHUEM BIIMSHHS
¢bunocopckoil MbICIH Ha pa3BUTHE HAYKU U TEXHUKU Ha MPOTsLKeHUU XX Beka [4]).

- crnoco0eH afeKkBaTHO U JI(PQPEKTUBHO KOMMYHUUUPOGAML C COOMEEMCHIEYIOUUM
dpazmenmom npogheccuonanvnoii cpeowt.
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Wuaue roBopsi, 4eloBeK, NPETECHAYIOMUI Ha TO, YTOOBI CYMTATHCS MPOPECCUOHATIOM, JOJKEH
o0yiaaTh UMEHHO T€M HAaOOpOM KOMIIETEHIIMA, KOTOPHIE KOMNIEMEHMAPHbl TOMY J1I0KATbHOMY
YYacCTKy IpoQeCCHOHATLHON CPeibl, B KOTOPYIO OH UHMEeZPUPOBAH.

Ora TpakTOBKa B ILEJIOM KOPPEJIUPYET C TMPEACTABICHUSAMHU, OTPAXCHHBIMU B TEKYILIEH
mureparype. Tak, B cooTBercTBUM C [5] mpoOiema (opMHUpPOBaHMS JIMYHOCTH NpodeccruoHana
CBOJUTCA K JIBYM OCHOBHBIM ITOJIOKEHHSIM:

1) «MuHOCTH MposIBIIsAETCS B Ipodeccuu» — B Ipoliecce BbIOOpAa M OBIaAeHUs npodeccuei,
po(ECCUOHATLHOIO  COBEPUICHCTBOBaHHUA M (DOPMUPOBAHMS  MHAMBHUIYAJIBHOTO  CTHJIA
npoeCCUOHATLHON JIeATEIbHOCTH, JOCTI)KEHHUsSI IMOCTABJICHHBIX IIEJie W pa3BUTHE HEPapXUU
[IEHHOCTHBIX OPHEHTAINH CyObeKTa;

2) «pa3BUTHE JHMYHOCTH B  JEATEIBHOCTH» —  aKTyadu3amus npodecCHoHAIbBHO
OPHEHTHUPOBAHHBIX KaYeCTB OYAYIIEr0 CIENUAINCTA, paclIupeHe chepbl MO3HAHMUS OKPY>KAIOIIETO
MHpa U €r0 CMBICIIOBOI'O COJEPKAHUS, PA3BUTHE KOMMYHUKAaTUBHOIO acleKTa pedaeKCHH.

PedrexkcuBHbIe MpoEcChl BKIIOUEHBI B PEryJALHI0 HNPAKTUYECKH BceX cep YeIoBeuecKOu
aKTUBHOCTH, B TOM YHCJI€ M B OOBIACHHOM 00IeHnH. MHTepnepcoHanbHas pediekcus B mpouecce
o0y4yeHus U nocienyoueil npopeccuoHanu3aluu IPOUCXOJUT B CICAYIOIIUX JUa/laX: «CTYAEHT-
CTYZAEHT», «CTYJEHT-IIPENoIaBaTelby, «CTYACHT-Pab0TOaTeb) U TaK Jalee.

bnarogaps »TOMy B3aUMOJEHCTBUIO MPOUCXOJUT OpraHu3auus peQIEKCUBHBIX IPOLIECCOB
cyObekTa  MpOo(EeCcCHOHAIBHOW  NEATENBbHOCTH, KOTOpash  MpPOSBISIETCS B CIEAYIOIIHUX
MICUXOJIOTMYECKUX XapaKTEPUCTUKAX JINYHOCTH:

— CaMOOIICHKa;

— chOpMUPOBAHHOCTH S-KOHIIECTIIINY;

— HCTPYMEHTAJIbHOCTb — BHJEHMS ce0sl B KauecTBe WHCTPYMEHTa COOCTBEHHOM
NesTeNbHOCTH;

— TO3UTHBHAs NpodecCHOHAIbHAS UACHTUUYHOCTD;

— SIPKO BBIpAQ)KEHHbIE KOMIIOHEHTHI SMOIIMOHAIBHON HANPABICHHOCTH JIUYHOCTU CTYACHTA:
MO3HABATENbHbIN, MYrHUYECKUH  («OMOIUU  OOpbObI»),  HICAIUCTUYECKHH U
ryMaHuCTU4ecKuii [6,7];

— TPOTHO3MPOBaHME OYyIylel TPYIOBOU JEATEIbHOCTH.

Takum oOpa3oM, B OCHOBE KOMMYHHKAIlMM CTYIEHTa Kak OYIylIero CrHeluaiucTa JIeXKHUT
CIOCOOHOCTh K HMHTEPHEPCOHANBHON pedIeKCHH, HaIuuue KOTOPOH M OmpenenseT ypOBEHb
npodeccnoHaNbHON UHTEHIIUH CTY/ICHTA.

KaK BBITCKACT U3 HpG)ICTaBJ'ICHHI)IX CBGHGHHﬁ, JAHHOC BBIIIC onpez[eneHI/Ie HE€ TakK YK CHUJIBHO
OTJIMYAETCSI OT OOILIETTPUHATON TPAKTOBKH, HO, KaK OyJIeT CHO U3 JAJIbHEHIIIET0, U3 HETO BHITEKAET
CYIIECTBEHHO WHON MOIX0J K (OPMHUPOBAHHIO OOpPa30BATEIbHBIX MPOTPAMM, HEXEIH TOT, UTO
0a3upyeTcss Ha CYIIECTBYIOIIEH TMapaJurMe BBICHIETO O0pa30BaHUs, BOCXOJAMIEH K HAesIM (OH
I'ym6onbara [8]. A uMeHHO, XapakTep pedIeKCUuH, 0 KOTOPOH TOBOPUIIOCH BBIIIE, BO BCE OOMBIIEH
CTETICHH 3aBUCHUT OT KOMMYHHKAI[MOHHOHN Cpeibl B IIEJIOM.

OtToakHEMCS OT oueBHIHOro. Hu OQuH 4UelloBEeK HEe MOKET 00JajaTh BCE MacCoil 3HAHHIMA,
HAKOIUICHHBIX Ja)k€ B OTHOCUTENBHO Y3KOW OOJIaCTHM 3HaHUS, PaBHO KaK U COBOKYITHOCTHIO
COOTBETCTBYIOIIUX HaBbIKOB. COOTBETCTBEHHO, cO BpeMeH (o ['ymOonpara KpuTtepuem
KOMIICTCHTHOCTH IJIs1 y‘IeHOFO BI)ICTyrIaJ'I HEC O6L€M HAKOIINICHHBIX UM 3HaHI/II\/'I caM 110 ce6e, HO 1
CIIOCOOHOCTH TTOCTHTATh HOBOE (KakK ISl ceOsl IMYHO, TaK M JIJIs1 YEJIOBEUECTBA).

B wamm nHM naHHOE yTBEp)KICHHE CTAaHOBHUTCS Bce Oojiee W 0Oojiee BEPHBIM ISl JIEOOOTO
YeloBeKa, MPETEHAYIONMEro Ha TO, YTOOBI CUMTAThCS CHEIHATIMCTOM, OCOOCHHO B 00JacTH
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MH(POKOMMYHUKAITMOHHBIX TexXHoNorui. C OYeBHAHOCTHIO, TMPHOOpPETEHHWE Ha CTYACHYECKOU
CKaMb€ JaXe TeX 3HaHUi, KOTOpBIE CIIe0OBAIO Obl OTHECTH K 0a30BBIM, CTaHOBUTCS
poOJIEMATUYHBIM (B CHIIYy KPUTHYECKOTO BO3POCILEr0 YpOBHS NMPOo(ecCHOHANBbHOM MH(OpMaLuy,
HAKOIUIEHHON MMpOBOW Haykoii). IloaToMy HEe yIuMBHUTENBHO, YTO peaylbHbIE CBEACHMSI, KOTOpHIE
HYXXHBl JJI BBIINOJHEHHUsS] TNPO(EeCCHOHAIBHBIX O0S3aHHOCTEH, moJaBisAoNnee OOJBIIMHCTBO
BBIIIYCKHUKOB IOJIy4aeT yXe HEeNOCPEICTBEHHO B mporecce padoTsl [9]. OTcroga — MOBBILIEHHUE
POJM TAaKoro NpoeCCHOHAIBHOIO HaBblKa KaK CHOCOOHOCTh OBICTPO U 3()(PEKTUBHO yCBauBaTh
OosplIe 00BEMBl PA3HOPOAHOM HMH(OPMAIUMKM CaMOCTOSATENbHO, a TAKXKE TAKMX HAaBBIKOB Kak
MOUCK U KPUTUYECKOE OCMBICICHHE HH(POPMALINH, IPEICTABIISAIONICH TOT WM HHOM HHTEpec.

C xyaccuyeckod TOUKM 3peHHs MPEANOCHUIKON i (POPMUPOBAHUS TaKMX HABBIKOB SIBIISICTCS,
IPEeXJE BCET0, LIEIOCTHOE NMPOEeCCHOHATIBHOE MUPOBO33PEHHE, KOTOPHIM JOJKEH 00J1a1aTh JI000it
WCTUHHBIN CHEUUAIUCT, U, BO-BTOPBIX, UEIOCHMHOE 00ujeHayunoe mupoeo33pernue. llocnennuii
(bakTop CTaHOBHUTCA Bce 00JIee BaXKHBIM B COBPEMEHHBIX YCIOBUAX B CHILY TOTO, YTO MOAABIISIOIIEE
OOJIBLIIMHCTBO 3HAYMMBIX JOCTHXKEHMH B 00JacTM HMH(OKOMMYHUKALMOHHBIX TEXHOJIOTHUH,
CHIENIaHHBIX B HOCJeIHee BpeMms, Je-(pakTO HOCUT BBIPAKEHHO MEXIUCLUIUIMHAPHBIA XapakTep
[4,10].

JIpyruMH CJIOBaMM, TE€3MC O TOM, YTO OCHOBHBIM NPO(ECCHOHAIbHBIM HABBIKOM HCTHMHHOTO
CHeLMaIUCTa SBJISIETCS CIIOCOOHOCTh MCKaTh U MOCTUraTh HOBOE, OTHIONb HE ycrapein. HanpoTus,
1o KpalHel mepe, A TakoW 00JIacTH Kak MH()OKOMMYHHUKAIIMOHHBIE TEXHOJIOTHH €r0 3HaYCHHE
BO3pacTaeT MHOTOKPATHO.

OpnHako, COBPEMEHHOCTH (B IIEPBYIO OYEPEb PA3BUTUE TEIEKOMMYHUKAIIMOHHBIX CUCTEM U CETU
WHTepHeT), NpUBOAUT K TOMY, YTO KJIACCUYECKHE IOJIOKEHMsI, O KOTOPBIX I'OBOPUJIOCH BBIIIE,
HY)KJAIOTCS BO BIIOJIHE OIPEIEICHHBIX KOPPEKTHBAX, CBS3aHHBIX C TEM, 4YTO Xapakmep
63aumodelicmeusa I000T0 CHEeNUaINCTa ¢ ero NpodecCHoHaIbHOW Cpefoil 3a MocieAHue IecsTh
JIET HOMEHANCA KAPOUHATbHBIM 00pa30m. B 4aCTHOCTH, caM XapakTep BOCHPUSATHS MHPOpMALUH,
paBHO KaKk M KaHIbl, IO KOTOPbIM KOHKPETHBIN CIEUMAIUCT MOoJIydaeT HHGPOpPMaIUIO,
TPaHCPOPMHUPYIOTCS TOXKE.

[TonuepkuBaem, 4TO TE3UC O MOCTUIKEHHH HOBOIO caM IO cebe ocTaeTcss HEeM3MEHHBIM, HO
KauecmeeHHo M3MEHSIOTCS CIIOCOObI, KAKUM UMEHHO 00pa3om 4YeJIOBEK IOIYy4aeT HYKHYIO AJs
sToro uHopmanui. TouHee, yka3aHHbIE U3MEHEHUS MOCTENIEHHO HAKAIUIMBAINCh HA MPOTSKEHUU
MIOCJIEHETO MOIYBEKA, HO COBCEM HENABHO OHHU IIPETEPIIENIN NIEPEXO U3 KOJIMYECTBA B KAYECTBO.

UYroObl J0Ka3aTh 3TO, BHOBb OTTOJKHEMCS OT oueBHAHOro. Emé Tpuanare ner Hazaj
(aKTHUECKU CYIIECTBOBAJIO TOJIBKO JIBa KaHaia oOMeHa mpodeccruoHanbHOM HH(popMmaruen (eciau
TOBOPUTH O JIF000M 00J1aCTH HAYKH U TEXHUKH).

[lepBriit 13 HUX ObUT (M OCTaeTcs) CBSI3aH C MyOJMKauuend NpoecCHOHATbHOW NEPUOAUKH, C
nyOiauKanueil Hay4HO-TeXHUYECKOH JuTepaTyphl. BTopoil oTHOCHIICS K JIMYHBIM KOMMYHHKAIUSM
npodeccnoHanoB, KOTOpPbIE OCYHIECTBIISUIUCH MPEUMYIIECTBEHHO Ha KOH(MEpPEHIHSIX pa3IuyHOTrO
YpOBHS, B TOM YHCJI€ U MEKIYHAPOIHBIX, a TaK)Ke IPU HehOpMaTbHOM OOILLIEHUH.

OueBHIHO, YTO HEB3Mpas Ha BECbMA Pa3BETBICHHYIO CUCTEMY HAay4HOM NEPUOIUKH, KOTOpas
CIIOKMJIACh yXke K cepeanHe XX BeKa, MEXXJIMYHOCTHbIE KOMMYHUKAIIUH, OCYILIECTBIISIEMBIE, B TOM
quciae, Ha HayuyHBIX KOH(EPEHLUSAX COXPaHSUIM, MPOJOJDKATU M IMPOAODKAIOT COXPAaHATh CBOE
3Ha4yeHue. He BbI3pIBaeT COMHEHMH, 4TO OOMEH MH(pOpMaLueil MpH JUYHBIX KOHTAKTaX 3a4acTyro
OKa3bIBaeTcsi HAMHOTO Oosiee 3P (EeKTUBHBIM, HEXKEIH Yepe3 HayuYHYI0 IEPUOAUKY.

Jljig 3TOrO CyIIEeCTBYET LENbI psiJ| MPUYHH, B KaueCTBE OJHOM M3 HUX MOKHO OTMETUThH TO
OUYEBUIHOE OOCTOSTEIBCTBO, YTO MPU JIMYHOM OOILIEHUH B HeopMalibHON 0OCTaHOBKE OO0
yUeHbI Oyner BbIpakaTbcsl KyJa OoJjiee OTKPOBEHHO, HEXETH B Oo(QUUHAIbHO yOIHKYEeMbIX
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crathsix. B HehopManbHOI 00CTaHOBKE OH OyAET C ropas3zio 0ojbleil JerkocTbio opMyIHpPOBAThH
cnabo BepH(pHUIMPOBAHHBIE THIIOTE3bI, MOXKET BBIpAKaTh 00J€€ OTKPOBEHHYIO KPUTHKY KOJUIET U
T.J.

OnHako, B COBPEMEHHBIX YCIOBHSX TpaHb MEXAYy TEM, 4YTO paHee HMEHOBAIACh
MEXJIMYHOCTHBIMH ~ KOMMYHHUKAaMSIMU H  (opManbHBIMH  (OQUIUATLHBIMUA)  TyOIHKAIUSIMHU
MOCTENIEHHO cTUpaeTcs (B JIt000il o0nacTu HaykKu M TeXHUKH). CBUAETEIHCTBOM STOMY SIBISIOTCS
TEHJCHIIMH, YK€ OTYETIMBO BUAMMBIC B HamM AHU. Hampumep, CyliecTBYIOT MHOTOYHCIIEHHBIE
WuTepHeT-pecypebl, CHOCOOCTBYIOIIUE CBOOOJHOMY MHEHHMIO MEXKAY YYEHBIMH M CTYJIEHTaMHU
(cepBuc researchgate.net u emy mnomoOHBI). KpoMe TOro, MOSBISETCS 3HAYUTEIHLHOE YHCIIO
MCTOYHHUKOB HH(pOpMAIMM, B KOTOPBIX HaydHble (PaBHO KaK M IICEBJOHAYYHBIC) MyOJIMKALUU
MOSIBIISIIOTCS.  (paKTUYeCKH 0e30 BCSAKOro peneH3upoBaHus. K HUM OTHOCATCS Kak pasiHyHbIC
KYPHaJIBl «HU3KOT0» YPOBHS, TaK M MyOJIHMKALIMU, CO3/IaBA€MbIE€ UCCIICAOBATEIIIMU CAMOCTOSTEIILHO
Ha TaKUX pecypcax Kak yHOMSIHYTHIN Bblllle cepBHC researchgate.net.

B »3toM cwmbicie uHQOpPMAIMOHHBIE OOMEH B HAyyHOM COOOIIECTBE IpeTepIieBaeT
TpaHcpopMaIiy, CXOJHbIE C TEMH, YTO MMEIOT MECTO B KOMMYHHUKAIIMOHHOW cpele B IIeJIOM.
Hapsiny ¢ odunuansaeivu CMUM Ha oO0mectBo Bce Oousbliiee BO3ACHCTBHE OKa3bIBAIOT
HedopMasbHbIe MyOIHIMCTHI, MPEXK]IE BCEro TaK HA3bIBAEMbIE «OJIOTEephD», «KOMUpANTEeph» U T.II.
[TonynsipHOCT MHOTMX OJIOTE€pOB SBISETCS BechbMa BbICOKOM [11], ydacTo comocTtaBUMOMl ¢
nomynsipHOCThI0  opurmansHeix  CMU,  BBIHYXIEHHBIX  NPHICPKUBATHCS — ONPEICIICHHBIX
CTaHJIaPTOB W/WJIM ONPEIICIICHHON PeIaKIIMOHHOMN MTOJTUTHKH.

Bnusiaue paccMaTprBaeMbIX TpaHChOpManuid KOMMYHUKAITHOHHOTO MPOCTPAHCTBA HAa XapaKkTep
nH(OPMALIMOHHOTO OOMEHa B HAayYHOW cpe/ie TakKe SIBISIETCS BecbMa cyllecTBeHHbIM. He Oyzaer
0O0JIBIIUM MpPEyBETNYCHUEM CKa3aTh, YTO T€ k€ (aKTOPbI, KOTOPBIEC 3aCTABJISIIOT TOBOPUTH O HOBOM
MeauapeabHocTd [12] u snoxe noctnpassl [13] npuMEHUTENBHO K KOMMYHUKAIMOHHOW Cpesie B
LIEJIOM, JIEHCTBYIOT U Ha Ty €€ 4acTh, KOTOpast ONpeessieT XapakTep HHHOPMAIIMOHHOIO 0OMeHa B
Hay4YHOM COOOIIIECTBE.

MexaHHU3M 3TUX MPOIIECCOB MOXKET OBITh PACKPHIT, HCXO/IS M3 MPEICTABICHUH O CYIIEeCTBOBAHUHT
BIIOJIHE  OMNpPENENICHHOW  WepapXxuu  HMHOOPMAIMOHHBIX  OOBEKTOB,  CYIIECTBYIOIIUX B
KOMMYHUKAIMOHHOU cpene [14]. [ns ueneit HacTosmed paboTel HET HEOOXO0IUMOCTH 00paIIaThCs
K JeTaJbHOM MX KJIaCCU(PHUKAIMM, JOCTATOYHO OTMETUTb, 4YTO Hapsily C HCTOYHHKAMHU
uHpOpMallUY, HECYLIIMMH KOHKPETHbIE CBEJECHHS, CYIIECTBYIOT M HCTOYHHMKHM HH(pOpMaINH,
KOTOPBIE MOKHO OTHECTHU K ynpagnaioujum (B CMbICIE UX BO3ACHCTBHUS Ha MOBE/ICHUE YEJIOBEKa B
KOMMYHHUKAI[MOHHOHU cpejie).

Heckonbko ympomiasi, XapakTep ynpaenarujux VWCTOUYHUKOB HMH(POPMAIMHM MOXXHO PACKPBITH
cienyomuM oOpasoMm. IIpexxne ueM KOHKPETHBIM CTyJIEeHT WM HCCIeA0BaTelb MPOYTET
KOHKPETHYIO HaydyHYI0 paboTy, OH JOJDKEH MOJYYUTh T€ WM WHBIC CBEACHUS, KOTOPHIE 3aCTaBST
(MOTUBHPYIOT) €ro 3T0 caenats [15].

B smoxy paciBera kjlaccH4eckoro yHuBepcuterckoro odpazoBanus (pyodex XIX u XX BekoB)
aKIEHTUPOBATh BHUMAHUE HA JAHHOM OOCTOSITEIHCTBE HE UMENI0 HUKAKOTrO CMbIC/Ia. MOTHBALIUIO K
M3YUEHHIO T€X WJIM MHBIX HAyYHBIX MYOJIMKAIUI U CTYAEHTHI, U CHEIHAIUCThI MOJIydaiu, Oyaydn
MHTETPUPOBAHHBIMH BO BIIOJIHE OINpeAeTeHHYI0 IpodeccuoHanbHylo cpeny. JlaHHas cpena
BbIpabaThiBajia BIOJIHE ONpeEIEICHHOE KOJUIEKTUBHOE MHEHHE, MOOYX1atoliee BceX, KTO ObUT ¢ Hel
WHTETPUPOBAH, 3HAKOMHUTCS C OMNpPEICIICHHBIM ITYJIOM JIHTEPATyphl, OBITH TOTOBBIM OOCYKIAaTh
BITOJTHE KOHKPETHBIC TEMBI M T.JI. Tak, CyIIeCTBOBAJI BIIOJHE OIpPEICIICHHBIN MEpeYeHbh HAYUHBIX
TPYJOB, HE 3HATh KOTOpPbIE Ul CHEIHAMCTa B COOTBETCTBYIOLIEH 0OJACTH CUYMTAJIOCh MPOCTO
HETIPUIIAIHBIM.
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[TpyuMeHUTENBHO K CTYIEHTaM U MOJIOJBIM CIIEIIUATUCTaM YKa3aHHasl BbIIE MpoQeccuoHaIbHas
cpena, 04eBUAHO, (POPMHUPOBATIACH MPEUMYIIIECTBEHHO 0a30BBIMHU BBIITYCKAIOMIMMU Kadeapamu, C
KOTOpBIMH  ObUTH  ad(MIMPOBaHBl KOHKPETHBIE HAy4yHbIE IIKOJBL. VIMEHHO 3TH WHCTUTYLUHU
(bopMHpOBaT COOTBETCTBYIOIIEE KOJIIEKMUBHOE MHEHHE, KOTOpoe (PAKTHUECKH MPUBOIUIO K
CYIIECTBOBAHHUIO BIIOJIHE ONPEAEICHHOTO TUKTaTa IpodecCHOHAIbHOM cpesibl. IMEHHO MeXaHHU3MBbI
(bopMHpPOBaHUS KOJJIEKTUBHOI'O MHEHUS IPOPECCUOHATBHON HaydyHOU Cpe/ibl, B KOHEYHOM CUeTe, U
MIO3BOJISIFOT PACKPBITH IPHUPONY TEX COLHUAIBbHBIX SIBICHUH, KOTOPBIE JIE)KAT B OCHOBE CMEHBI
HAay4YHBIX 1 HAyYHO-TEXHUYECKUX IapaaurM, nonumaeMon B cmbiciie T. Kyna [16].

K xoHnmy XX Beka, OJHAaKo, Ha IIOCTCOBETCKOM IIPOCTPAHCTBE IIPOU3OLIECN IOCTEIICHHBIN
nepexoa K Mmaccoeomy BbicuieMy oOpazoBanuto [17,18]. OgHuM U3 CleACTBUH MaccOBOTO
XapakTepa  BbICHIero  oOpa3oBaHus  cTaja  (parMeHTanus  HAyYHO-00Pa30BaTEIBHOIO
KOMMYHHUKAI[HOHHOTO TIPOCTPAHCTBA, a TAaKXKE PE3KOEe CHIDKEHHE JIIOOBIX KOMMYHHMKAIIMOHHBIX
BO3MOYKHOCTEH Hay4HbIX IIKOJ U 0a30BbIX Kadeap. OHUM B 3HAYMTEIbHON CTENEHHU IepecTalu
BIMSTH HAa (OPMUPOBAaHME KAKUX-JINOO KOJUIEKTUBHBIX MHEHHUH, CIOCOOHBIX OKa3aTh BO3/EHCTBHE
Ha Te, WM WHBIE COLMAJIbHBIE WU NMPO(ecCHOHANIbHBIE TPYNIBl. DTO HE YAUBUTEIBHO: MAcCOBBIN
XapakTep BbICIIEr0 00pa30BaHUs He MO2 He TIPUBECTU K CYIIECTBEHHOMY CHMKEHHIO COLMAJILHOTO
cTaryca mefnaroroB u yueHoix. Ecnum Ha pyOexke XIX m XX BekoB mefarord BBICHICH IIKOJIBI
3aBEJIOMO OTHOCWJIMCH K JJIMTHBIM CJOSM oOmmiecTBa (B TOM YHMCIE, B CHIYy TOTO, YTO BBICIIEE
oOpa3zoBaHue camMo 10 ce0e HOCHIIO AIIUTAPHBIA XapakTep), TO B HACTOSIIEE BPEMS IPECTHK TaHHON
npodeccun BeCbMa HU30K.

[IpuMeHUTENBHO K LIEISAM JaHHOW paboThl 3TO O3HAYAET, B TOM YHCIIE, YTO 0a30Bble Kadeapsl U
Hay4HbIE LIIKOJIbI Je-(haKTO nepecmanu 2eHepuposantb ynpasiaouylo UH@opmayuio B yKazanHHoM
Bbiie cMmblcie. OHM mepecTaqd «3ajJaBaTb TOH» B  COOTBETCTBYIOLIMX (parMeHTax
npodeccuoHanbHON cpelbl. HarmsaHo nmokasaTh 3TO MOXHO, HalpuUMep, paccMaTpuBasi XapakTep
NapTHEpCTBA MEXAY KpYHHBIMH (GHUpMaMH M yHHMBepcuTeTamMM. MHeHue Ou3Hec-Cpelsl B
npodeccuoHabHBIX ~BOMNpOCax CEroAHs 4YacTo SBISETCS OIpeaensioluM, 0osee Toro,
MIpe/ICTaBUTENIN OM3HEcCa BeChbMa PEIKO OOpallaloTcs 3a PEKOMEHAAIMSIMHU U KOHCYJIbTAalUsMU K
0a30BbIM KadenpaM YHUBEPCUTETOB, UTO C TOYKU 3pEeHUs MPOdeCcCHOHATBHOM JIOTHKY Havyasa XX
BeKa ObL10 OBl 60JIee YeM HOPMaIbHBIM.

ITprurHOM TaKOro MOJIOKEHUS €]l OTYACTHU SBISIETCS KaTacTpo(uueckoe NnajgeHue COUalIbHOrO
aBTOpPUTETa W MEAAroroB BBICIIEH IIKOJBI, U HAYYHBIX PaOOTHHUKOB, KOTOPOE HMMEJIO MECTO Ha
IIPOTSHKEHUM MOCeIHero crtojaeTus. OMHaKo He MEHbIIee 3HaY€HUE B JaHHOM OTHOLIEHUH UMEET U
SAPKO BBIpaXEHHas (pazmenmayus NPOPECCUOHATBHON cpelbl, 3aJ0KHUKOM KOTOPOH cranu
IIOCTCOBETCKUE YHUBEPCUTETHI.

[IpuuunHbl, puBeaIINe K TaKOW (parMeHTaIH, HOCAT KaK OOBEKTUBHBIN, TaK U CYObEKTUBHBIN
xapaktep. OOBEKTUBHOM MPUYMHON SIBISETCA CYIIECTBEHHOE YBEJIMYEHUE YHUCIEHHOCTH
npodeccopcko-IpernoaaBaTeIbCKOro  CocTaBa YHUBEPCUTETOB, 3HAUUTEIBHO 3aTpyAHSIONIEe
dbopmupoBaHue eIWHONW  TPO(EeCcCHOHATbHON  KOMMYHUKAIIMOHHOW  cpenbl. OnmHOW U3
MHOTOYHMCIICHHBIX ~CYOBEKTUBHBIX TPHYUH SBISETCA CYLIECTBEHHOE CHWKEHHME YpOBHS
(¢uHaHCHPOBAaHUS YHHBEPCUTETOB. Tak, B COBPEMEHHBIX YCIOBUSX TIIOCEUICHHE PSIOBBIMHU
MIPEroIaBaTeNIIMHU MPEJICTABUTENbHBIX MEXKIYHAPOAHBIX KOH(EpeHLUH sBIsSETCS BeChbMa PEIKUM
COOBITHEM, T.e. TOJJEp)KaHhe Mpo(ecCHOHAIBHBIX KOMMYHHMKAMH Ha JOHDKHOM YpPOBHE
3aTpyJHEHO, B TOM YHClie U (PUHAHCOBBIMHU OOCTOSATEIHCTBAMH.

B pesynbrare BO3HMKAaeT BeChbMa HEMPUBUAIbHBII BOIPOC O TOM, Kakas HMEHHO YacTh
npoeCCHOHANBHOTO  coolmiecTBa  (GOpMUPYET  KOJUIGKTHBHOE  MHEHHE, TEHEpUpPYIOIIee
ynpagnaouiyto nHGopManuio (T.e. «3a1aeT TOH», ONPENENIeT «IepeaoBble TPEHAbI» U T.1.).
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Kak nokazano B [19], aToT Bonpoc cam o cede siBisieTcst 601ee YeM BaXKHBIM Il TAKUX CTpaH
kak KazaxcraH, HOCKOJIbKY «ClieIOBaHHE TIepeIOBBIM MUPOBBIM TpeHaam» B Kazaxcrane ne-gaxto
SIBJISIETCSI CIIOKUBLIENCSA PAKTUKOM.

[IpuMeHUTENBHO K LENsAM JaHHOW paboThl, OJHAKO, ropa3io Ooiee BaXXHO OTMETUTh, UTO
yrnpasisitomas uHbopMauus ne-Gpakto 2enepupyemca 6 cpede Humepnema. Kak MHUHUMYM,
JaHHas cpefia MPEeCTaBIIsIeT cOO0M HEeKUil PHIIBTP: TOJIbKO HHGOpMAIuUs, KOTOpas IPOXOIUT Yyepe3
HEro, T.€. MOJIy4aeT J0CTaTOYHO MIUPOKOE pacnpocTpaHeHue B CeTH, CTAaHOBUTCS ynpasisaiouieii B
YKa3aHHOM BBIILIE€ CMBICIIE.

[TomyepkuBaeM, YTO MPEICTABUTENM OW3HEC-3JMTHI B COBPEMEHHBIX YCIOBUAX Je-(paKTo
3aHUMAIOT KyJa 0ojee BecOMOE MOJIOKEHHE B «HMEpapXuu MpodhecCHOHATbHONW aBTOPUTETHOCTHY,
HEXENM akageMH4ecKkre Kpyru (1o KpailHeld Mepe, 3TO OTHOCUTCS K JIO0OW M3 TEXHHUYECKHX
JIMCLUUIUIMH, B OCOOGHHOCTH, CBSI3aHHBIX ¢ MH()OKOMMYHHKAIIMOHHBIMH TEXHOJOTHSIMH). B cBOIO
ouepenb, OU3HEC-dNIMTAa YeprnaeT HHPOPMAIUI U3 OTKPBITBIX MCTOYHUKOB HH(pOpMAIUU
(caMOCTOATEIBHO UM Yepe3 COBETHHUKOB, TAK)Ke CIa00 CBS3aHHBIX C aKaJeMHYECKUMU Kpyramu),
npotiie ropopsi, — u3 urepuera.

CrnenoBaTenbHO, €CTh BCE OCHOBAaHUSI TOBOPUTH, YTO B COBPEMEHHBIX YCIOBUAX B TOM, YTO
Kacaercsi (hopMHpOBaHUS mpogheccuoHanbHO20 MHEHUS B TEXHHUYECKHX OOJACTAX 3HAHUS, Je-
(bakTo CHOXKHICS YCTOWYMBBIN AWKTAT MHTEpHET-Cpeapl, pealm3yIOIIMUNCS 4Yepe3 MeXaHH3MbI
reHepanuy yupasJsoneil nHpopMaIuu.

JlaHHBIE MEXaHU3MBbI, Pa3yMEETCs, OCTAIOTCS M3YUYEHHBIMM HEIOCTAaTOYHO, COOCTBEHHO, CaM
BOIIPOC O XapaKTepe aCCUMUJISLMHU TON WM MHOW MH(pOpMaluy 00IIECTBOM ObLI ITOCTABIIEH TOJIBKO
HegaBHO [20]. MoXHO, OJIHAaKO, BBICKA3aThb BIIOJIHE OIPEACJICHHBIE CYXACHUS O XapakTepe
nH(pOopMaIUY, CIOCOOHON MPeoOpa3oBaThCs B YIPABISAIONIYIO U 0€3 JIeTalbHBIX MaTeMaTHYeCKUX
BBIKJIJIOK.

B nepByto ouepenp, Takas HHPOpMaLus JOJDKHA OBITH MPOCTa A TOHUMAHUSA, JIETKO
yCBauBaThCs M JIETKO THUpaxupoBaTbes. Ilocnmeanee ycioBue sBIsieTcs BecbMa BaxHBIM. Kak
OTMEYaeTcsl, B YaCTHOCTH, B pabote [21], B ycIOBHUSAX NMEpEHACHIIIEHHON NH(OPMaLlMOHHON Cpebl
yCBOEHHE MH(OPMAIINH, B IEPBYIO OYEPE/Ib, 3aBUCUT HE OT €€ BaXKHOCTU MJIM 0OOCHOBAaHHOCTH, HO
OT 4YacTOThl TOBTOPEHHs, MHAUY€ — OT BEPOSTHOCTU ee oOHapyxeHUs B HHTepHeT-pecypcax.
YacToTa MOBTOPEHUS, B CBOIO OUEPEb ONPENENIETCs «BTOPUYHBIMIY UCTOYHUKAMH MH(DOpMaLUY,
T.€. TEM HACKOJBKO 4YacTO €€ mupaxcupyrom nonb3zoBatenn WHrepHera. IIpuMeHnTensHO k
COLIMAJIBHO 3HaYMMOM MH(OpMAIMK POJIb BTOPUYHBIX UCTOUHUKOB MH(OPMAIMK MPOCIIEKUBACTCS
Hauboyiee OTYETNIMBO: OHA Haubojee 3((HEKTUBHO yCBaMBAETCs TOI/A, KOTAAa €€ IOJXBaThIBAIOT
10JIb30BATEHN TEJIEKOMMYHUKAIIMOHHBIX CETEH.

Tot xe 3¢ dexT, Kk cokaaeHuIo, TEUCTBYET U MO OTHOIIECHUIO K MHpOpMaIuu, GOpMUPYIOIICH
KOJUIEKTUBHOE MpodeccnoHanbHoe MHeHHe. Ero, kak moayepKuBaloCch BbIIIE, TPEUMYIIECTBEHHO
dbopMupyIOT OU3HEC-KPYTH, MPEACTAaBUTEIN KOTOPBIX YACTO CTABST CBOE MHEHHE HAaMHOTO BBIIIE
MHEHUS Hay4HbIX paOOTHUKOB, MPSIMO WJIM KOCBEHHO OMHUPAsCh HAa XOPOIIO W3BECTHBIE apTyMEHTHI
(«ecnu THI TAKOW YMHBIH, TO MOYeMy Thl He 60raThlii?»). OueBUIHO, UTO COBETHUKHU (KaK LITATHBIE,
Tak U HedopMalbHbIE) KPYIHBIX OM3HECMEHOB Takke deprnaroT uHpopmanuio B MHTEpHETE, a UX
KOMMYHMKAI[MOHHOE IOBEJCHUE HE3HAUUTENBHO OTIMYAETCSA OT IOBEACHMsS CIErKa IpaMOTHBIX
JaMOuYeK, OOCYXKJAIOIIMX TIOCIEAHUE HOBAallMM B NPAKTUKaX (eH-IIys WIM [poOsieMbl
HYMEPOJIOTUH.

CrnenoBatenpbHO, uWH(pOpMaIMsa, KOTOpas CIOCOOHA CTaTh  ynpaenawuieil, TOJDKHA
YIOBJIETBOPATH €II€ OJHOMY Ba)KHEHIIEeMY TpeOOBaHUIO: TMOJb30BATENIM CETU JOJIKHBI OBITH
MOmueupoeansl Ha ee 1ajabHellllee pacnpocTpaHeHue (TUpakupoBanue). Takas MOTHBALUS MOXKET
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ObITh pa3HOW. Yale BCEro MOJIb30BATENM TEICKOMMYHUKAIIMOHHBIX CETEH paclpOCTPAHSIOT
uHpOpMALMIO, KOTOpas TIO3BOJIUT UM MOJYEPKHYTh CBO€ IIOJIOKEHUE, MPHYACTHOCTh K
COBPEMEHHBIM TpPEHAaM, «IIPOJABMHYTOCTH» M T.A1. Hambosee cymiecTBEeHHO, 4TO MpH JHOO0H
MOTHBAIlMM K PaclpOCTpaHEHHIO 000N MH(pOpManMu OHA JOKHA OBITh HE MPOCTO HOHAMA
YeJI0BEKOM-PETPAHCIATOPOM, HO UM aCCUMWINPOBAHA HA YPOBHE YC60EHUA.

Cnerka oOpa3oBaHHasi OM3HEC-IaMOYKa, BO3MOKHO, MOWMET BBICTYIUIEHHE COLMOJIOra, HO He
CTaHET €ro TUPAKUPOBATH, TAK KAK 3TO IPOCTO HE NONAJAET B KPYT' €€ HHTEPECOB, a CaMOe INIABHOE
— OHa He OyZIeT B COCTOSTHMM BbIpaOOTaTh 0CMbICIeHHOE OTHOLIEHHE K 00CYK/IaeMbIM BOIIPOCAM.

[lepeuncnennbie (HakTOpbl MPUBOIAT K TOMY, YTO THUpaxupoBaHue HH(popmaruu (6e3 dero
CTAaHOBHUTCS HEBO3MOXKHBIM €€ AaCCHMWJISAIHMA KOMMYHHMKALIMOHHOM Cpenoil) Hen30eXHO
COIIPOBOXKIACTCS ee ynpoujenuem u evixonauwjueanuem. Kak ciencrsue, oOCyXIEHHE THOOBIX
«CJIOKHBIX MaTepuil» y)Ke He OKa3bIBaeT BIUSIHHI HAa (POPMUPOBAHUE NaXKe MPOPheccuoHaIbHO20
KON/1eKmueno20 MHEHUs (BO BCSIKOM Cllydae, Ha TOM YpPOBHE, KOTOPBI MMeEJ MECTO Ha pyoOexe
XIX 1 XX BEKOB).

Taxum 06pa3zom, TUKTAT NPO(HEeCCHOHAIBHON Cpelibl B COBPEMEHHBIX YCIOBUSAX HOCHUT gce boee
u Oonee Hecamu6Hbll XapaKmep.

CrnenoBarenbHO, OJTHOW M3 IVIABHBIX YepPT JMYHOCTH JHOO0ro mpodeccruoHala CTaHOBUTCS €ro
CIIOCOOHOCTh MpoOmueocmosmsy OuKmamy cpeovl, B TOM uucie, u nupodeccuonanpHoi. [lo
IIPUYMHAM, PACCMOTPEHHBIM BBIIIE, WHTEUIEKTYaJIbHbIl ypOBEHb KOJUIEKTUBHOIO MHEHUS
MIPOIOJDKAET YBEPEHHOE CHMIKEHHUE, a CTapblil aopu3M «HET Ooiee AMOTCKOTO 320y KISHHUS YeM
TO, KOTOPOE pa3JIeNsieTCs BCEMU», YK€ OKa3bIBa€TCsl IPUMEHUM HE TOJIBKO K 00BIBATENbCKOM cpene,
CIOKOMHO  BOCHpUHHUMAOLIEH  pa3HOOOpa3Hyr  uenyxy  (HyMEpoJorus,  XHpOMaHTHf,
«9KOJIOTUYECKUN UIUOTU3M» U TIP.), HO U K MPO(ECCUOHANBHOM, YBBI.

O4eBUIHO, YTO B TaKUX YCIOBHSX, IIOMHUMO IIPOYET0, CTAHOBUTCSA BCE CIIOXKHEE U CIIOXKHEE
(dbopMHpOBaTh aIeKBaTHbIE yueOHbIE TPOTPaMMBI.

[Ipexxne Bcero, B yCIOBUAX TypOYJIEHTHOIO PbIHKA TPY/a, IPOrHO3UPOBATh TOT HAOOP 3HAHUH U
YMEHHM, KOTOpbI OyAeT HY)XEH BBIYCKHUKY Ha KOHKPETHOM pabouyeM MecTe, CTaHOBUTCS BCE
Oosee u 6osIE€E CIOXKHO.

bonee Toro, 3TM 3HaHMS YMEHHUS HAYMHAIOT OTIMYATbCS BCE OONBIIMM pazdpPoOCOM.
CrenoBarenbHO, paHO WM TMO3JHO NPUAETCS JAeTaTh BEIOOp MEXAY CYIIECTBYIOLIUM MOAXO0J0M U
MOJIXO0JIOM, KOTOPBIi 00cyxaancs B [22].

JlelictBuTenbHO, BcE€ Oosee W Oonee y3kas CHeLMaNM3alds, XapakTepHas Uil BBICHIETO
00pa3oBaHMs Ha MPOTSKEHUU BCEeH BTOPOM MOJOBMHBI XX BeKa M KOTOpas COXpaHseTcs ceidac,
CTaHOBUTCSI OecCMBICIUIIEH, 110 KpallHel Mepe, €ClM TOBOPUTh CHEUAIbHOCTIX, TaK WM MHA4Ye
CBSI3aHHBIX ¢ MHPOKOMMYHHUKALMOHHBIMU TEXHOJIOTUAMU. JI0ObIE criennanbHble IPEIMETHl OUEHb
ObICTpO 00€ecLeHMBalOTCAd M Jalleko He TOJIBKO MOTOMY, YTO OHU YycTapeBawT. Vmeer mecto
BO3JIEHCTBUS T€X camMoro (akTopoB, O KOTOPHIX TOBOPUIJIOCH BBIIIE: KpailHEe CII0KHO BBIWIEHUTH T€
KOMITETEHIINH, KOTOpPbIE IeHCTBUTEIBHO MOHAI00UTCS OyaylIeMy CIIEUATUCTY. DTH KOMIETEHIINN
XapaKTepU3ylTCsd OYeHb OONBIINM pa3dpocoM, a KOJJIEKTUBHOE MPO(eCcCHOHATbHOE MHEHHE
NepecTano ObITh HAJIS)KHBIM OPUEHTHUPOM.

JIrobas cymiecTByromas o0pa3oBaTesibHas MporpaMMa jie-(hakTo MpecTaBiseT COO0H MPOEKIIHIO
JMCLUUIUIMHAPHBIA CTPYKTYpBI COOTBETCTBYIOIIEH 00JacTH 3HaHUA Ha y4eOHbIN mporecc. Ecnu ata
CTpyKTypa caMa 1o ce0e cTaja OYeHb CIIO)KHOW, a OpPUEHTHPbl — B BHUJAE KOJUIEKTHBHOIO
npoecCHOHaIbHOTO MHEHHUS — YTpadeHbl, TO aJIeKBaTHO BBIOpaTh T€ JWCHUUIUIMHBI, KOTOpHIE
JIOJKHBI BOMTH B 00pa30BaTeNIbHYIO IPOTPaAMMYy, HE803MOMCHO 8 NPUHUUNE.
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HNMeHHO 3TO 00CTOSATENHCTBO M BO3BpAIIAeT K HEOOXOIUMOCTH CYHIECTBEHHOW MOACPHU3AINU
0a30BOro TE3MCa TEOPETUUECKOM MeIaroruku, 0 KOTOPOM FOBOPUIIOCH BBIIIE — JTI000€ 00pazoBaHue
€CThb, IPEX/IE BCEr0, CAMOOOpa30BaHHE.

Uro0Osl camoobpazoBanue ObuT0 3(h(HEKTUBHBIM HYXKHA YIPABISAIOMAs HHPOPMAITUs, CIIOCOOHAs
3aMEHUTH Ty, KOTOPYIO HEKOI/ia CTyIEeHTaM JaBaiu mpodeccopa, T.e. «HECyIIHe CBET» B MPSIMOM
CMBICJIE 3TOTO CJIOBA.

B coBpemMeHHBIX YCIOBHSX, KakK BBITEKaeT W3 Marepuala JaHHOW CTaTbH, YHPaBISIOLIYIO
uH(popmManrio OyIyIrui CHEUAINUCT JODKEH TaK)Ke UCKATh Ui ce0sl CaMOCTOSITENIbHO — UCXOJIS U3
CBOMX IOTpeOHOCTEH M TMOHMMaHUs ce0s caMoro kak Oyaymero npodeccronana (BKIOYas U
MMOHMMAaHHUE CBOETO MeCTa B IPO(heccun).

CnenoBarenbHO, 0a30BBIMH Ha COBPEMEHHOM JTame JOJDKHBI CTaTh 3HAHUS, KOTOpHIE
bopMHUpYIOT  obuienayunoe u  npogheccuonanvHoe - Mupogo33peHue, CHOCOOHOCMb K
CamMoCmoamenbHOMy ROUCKY U KDUMUYECKOMY OCMbICTIEHUI0 UHpopmayuu 1106020 ypoeHs — U
KOHKPEmHOu, U ynpasiaruiei.

Ha coBpemenHoM stame m1000i HMCTUHHBIM MpOo(eccHoHan paHO WIM MO3JHO OKAaXKeTCs B
YCIOBUSIX, KOTJa €My MIPUIETCS MPOTUBOCTOATH IUKTATY CPEIbl, TOITOMY TaKO€ KadeCTBO Kak
CIOCOOHOCTH K a/ICKBATHOMY KPUTUUYECKOMY BOCHPUSATHUIO JIF0ObIX CYXKICHUN CTAaHOBHUTCA €Ba JIU
HE OCHOBHBIM TPO(heCcCHOHATLHBIM HaBBIKOM.

Otcrona, B TOM YHCJIE, BBITEKACT U HEOOXOAMMOCTh BHEPECHUS B YICOHBIN MPOIIECC JUCIIUILINH,
o0ecreynBaIUX HE TOJIBKO (hopMupoBaHHE MPOGECCHOHATHLHOIO MHPOBO33peHHs (Ha ypOBHE
¢bm0co(hcKOro OCMBICIECHUS ), HO 1 (POPMUPOBAHUE JIUUHOCHIU.

«[Ipocto cnenuanucToM» UCTHHHBIN TpodeccuoHan ObITh yxke He MoxeT. [IpodeccruonanbHast
NeSTeNIbHOCTh B YCJIOBUSX HEraTUBHOTO JMKTAaTa Cpellbl HE MOXKET OBITh YCIEIIHOW 0e3 Lesoro
psiga JuuHBIX KadecTB. OTO, HECKOJBKO TapajoKcalbHbIM 00pa3oMm, BO3Bpaliaer K
eéocnumamenvHou HyHKIIMU y4eOHOTO Mpoliiecca. B 4acTHOCTH, MpenCTaBIsSeTCs] OUEBHIHBIM, YTO
HU3BEJICHUE BBICIIETO OOPa30BaHMS JI0 YPOBHS «OOpa30BATEIBHBIX YCIyr» OBLIO HE BITOJIHE
OTIPaBJaHHBIM; BO BCSKOM Cllydae, TaKUe TUCIUTUIMHBI KaK «U3aiiH CO3HAHWS» MOTYT U JIOJKHBI
CTaTh HEOTHEMJIEMOW YacThi0 00Pa30BATEIBHBIX MPOTPAMM IO JIFOOBIM CIIEITUATBHOCTSM, TaK TN
WHAYe CBSI3aHHBIM C MHPOKOMMYHHUKAITMOHHBIMHU TEXHOJOTHSIMHU.
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MPHTH 31.23.01
YAK 577.112.3; 665.12; 577.164.2; 37.012.6; 577.161.3

KbIPMbBI3BIT'YJIAIH A9PIJIIK TYPI MEH
CoJIBEH IOBIHIH A9PUIIK TYPIHEH
JAAPJIAHFAH KOMIO3UIUAHBIH @PUTOTAJIAYbBI

Kanamranu T.O., bypamesa I'.111.
an-Papabu amvinoazvl Kazax ynmmuix ynueepcumemi
Anmamet, Kazaxcman Pecnyonaukacsl
e-mail:: k.tanakoz@mail.ru; gauharbur@mail.ru

Jlapinik  xwvipmwizvieyn  (Calendula officinalis L.) owcone Oopinix conben (Salvia officinalis L.)
6ciMOiKmepiHiy dicep ycmi O6NIKmepiHeH KOMNO3UYUs OaApPIAAHbIN, COJl KOMHO3UYUARA (umomanoay
arcacandvl. 3epmmey JHCYMbICHL COHBIHOA KOMNOUYUSL KYPAMBIHOAE 0IPYMEHOED, Mall KblUKbLIOAp, AMUH
KbLUKBLIOAD, MAKPO- JdCIHE MUKPOITIeMeHmmep, Ouonocusnvik beacenoi sammapoviy (bh3) canovix Kypamol
sepmmendi. Komnozuyusnvly wvlieanosiiviest 8,6% oOonzanoa, scannel Kyaoinik 19,2 %, skcmpaxmuemi
sammap 38,5 %, ¢aasonouomap memuepi 4,2 %, arkarouomap 1,1 %, mepi uneciw 3ammap 7,6 %,
opeanuxanvlx Kouuxwiioap 0,3 %, xymapumoep 0,2 % 6onowi. Komnosuyus KypamvlHa capanmama
JHCYP2i3iN0i, Homudcecinoe 3 dapymenoep, 10 muxpo- scone maxposnemenmmep, 20 amur KblUKbLIOADYL,
8 mail KouukwLivl anvikmandvl. Mynoa A 0apymeni — 0,84 me/1002; E 0apymeni — 4,2me/1002; C 0apymeni —
22,4 me/1002 monwepoe madvLiovl. AMUH KbIWKbLIOAPBIHLIY KYPAMBIHOA ey KOen Meéjueple 2aHmamam
(2600 me/1002) scone acnapacam (1402 me/1002) Kypaiiovl. An mal KbluKbLIOAPLIHbIY KYpambl OOUbIHULA
menwepi kenmepi aunoner Kotukolivl (40,1 me/1002) men aunon Korukwiavt (33,6 me/1002) 601061

Tipex co30ep: Oapinix KblpMul3bley/l, 0IPINIK CINOEH, KOMNO3UYUS, GUMOmManoay, PiasoHouomap, amMuH
KbLUKBLIOAD, MAUl KbIUKbLIOADL.

Honyuena xomnosuyusi u3 kanenoynvl aexapecmeennou (Calendula officinalis L) u wanges
nexapcmegennoco (Salvia officinalis L.), npogeden ¢humoananus Oanmoti xomnosuyuu. Onpedenen
KOJIUYECMBEHHbIL COCMAS GUMAMUHO8, JICUPHBIX KUCIOM, AMUHOKUCIONM, MAKpO- U MUKDOIJIEMEHMOS,
ouonozcuueckux axmusHuix eewjecms (BAB) 6 komnosuyuu. Ipu enaxcnocmu — 8,6%, 30nvnocmes — 19,2 %,
codepoicanue sxcmpakmusHovix seugecms — 38,5 %, ¢nasonoudwr — 4,2 %, ankanoudwr — 1,1 %, dyounvnvie
sewgecmea — 7,6%, opeanuueckue xuciomoi — 0,3 %, xkymapunvr — 0,2 %. B xomnosuyuu cooepiicamcs 3
sumamuna, 10 muxpo- u maxpoanemenmos, 20 amunxuciom, 8 scupuvix kucrom. OOHaApYHCeHbl BUMAMUHDBI
6 xomuuvecmeax: A — 0,84 me/1002; E — 4,2 me/1002; C — 22,4 me/1002. B amunokuciommom cocmaee
naubonvuee cooepacanue umerom momamam (2600 me/1002) u acnapazam (1402 me/1002). A no
HCUPHOKUCTIOTHOMY COCMABY 6 HAUDONLWIOM Koaudecmee Ovlau aunoaenosas xucioma (40,1 me/1002) u
aunonesas kuciomsi (33,6 me/1002).

Knrouesvle cnosa: ranenoyna nexapcmeennas (Calendula officinalis L.), nexapcmeennviti wangetl
(Salvia officinalis L.), komnosuyus, ¢pumoananu3s, ¢piasonouosl, aMuUHOKUCIOMbL, HCUPHOKUCTIOMDBL.

A composition was obtained from Calendula officinalis L. and Salvia officinalis L., a phytoanalysis of this
composition was carried out. The quantitative composition of vitamins, fatty acids, amino acids, macro- and
microelements, biological active substances in the composition was determined. Moisture content — 8,6 %,
total ash — 19,2 %, the content of extractives — 38,5 %, flavonoids — 4,2 %, alkaloids — 1,1 %, tannins —
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7,6 %, organic acids - 0,3 %, coumarins — 0,2 %. The composition contains 3 vitamins, 10 micro and macro
elements, 20 amino acids, 8 fatty acids. Vitamins were found in quantities: A — 0,84 mg/100g; E — 4,29/100g;
C - 22,4 mg/100g. In the composition of amino acid were found in a large amount glutamate
(2600 mg/100g) and asparagate (1402 mg/100g). And in the composition of fatty acid the major fatty acids
were linolenic acid (40,1 mg/100g) and linoleic acid (33,6 mg/100g).

Keywords: Calendula officinalis L., Salvia officinalis L., composition, phytoanalysis, flavonoids, amino
acids, fatty acids

Kipicne.

Oszexminix. JlaMpIFaH — ennepliH  (apMaleBTUKAIBIK HApBIKTApBIHAA JOPUIK  ©CIMJIK
IIMKI3aThIHAH aJIBIHATHIH JIopijep mnaitbi3el XX-racelpabiH 80-KbuinapbIHbIH asFeiHga-ak 50 %
xerti [1]. dynuexysinik Jlencayneik Cakray Yieimel (JIJICY¥) ecentik nepekrepi OoiibiHmia 4
MJIp/I-TaH actaMm dJieM TYpreiHAapbiHbIH 80 %-Fa jKaKbIHBI aTFAIlKbl MEIUIIMHAIIBIK KOMEK KOPCETY
asChIHJA HETI3IHEH TaOWFfu NSCTYpil Jopiiepil maiianaHbliaAbl. YBITTHI, aJUIEPTHSUIBIK aypy
TYPJEPiHIH, XUMUSA-TEPANUSIIBIK MpernapaTTapAbl KOJJAaHy MEH J9piliK Kacueri 0ap eciMaikTep
’KoHE (hUTONpenapaTTapIbH Mnaiananblly aschl OYPIHFBIMEH CANIBICTBIPFAH/A €dYip apTThI [2, 3,
4]. Mpeicanbl, I'epManus aopitik 3arrap peectpinae duronpenaparrap 25 % we. ['epMaHUAIBIK
KOFaMarbl OH-TiKipiepai 3epTreymi MHCTUTYTBIHBIH MamiMeTTepi OoibiHmma 50 % aca TaOuru
npenaparrapasl Taggaca, Tek 20 % raHa XUMUSIIBIK KOJIMEH aJbIHFaH JJpUIEpIi KOJNJaiIbl eKeH
[5, 6].

KP-ma 2009 xone 2014 >xpurgap apaibsiFblHAa OapIIbIK TIPKENITESH IpenapaTrap caH MeJIIIepiHiH
KepceTyi OoiibIHIIA, 0acKa €J/IeH OKETIHETIH JKOHE ©3IMi3/iH Tell IopiIepiMi3aiH Kajlbl CaHbI
apttel [7, 8]. An 2014 xeiasiy geperi OoiibiHmna OynapasiH canbiH 11 000 aTaygan xem ASpiiik
KypanaapaaH typazasl, oHbIH 30 % ke0i — 6CIMIIKTEKTI IHMKi3aT, JOPUTIK 6CIMIIKTEH KacallFaH He
OCIMIIK KYpaMbIHJaFbl KOMIIOHEHTTEP/iH KeMeriMeH jkacanraH mnpenapartrap. KP-ma oraHabik
OHJIIPYIILIep OHIIPETIH AOPUTIK KUHAKTHIH mamameH 20 Typi MEIUIIMHANBIK KOJIAHBICKA PYKCAThI
oap [9].

Keiiinri yakpITTa (hapmMarieBTUKaIbIK HapbIFbIHA «KEIICH/ Il Mpenapary KoHe «KOINKOMIOHEHTTI
mpernapary JereH TepMUHAEP KaJbINTacThl. Kemenai npemapar qereHimi3 — Ke3-KeNreH CHIFBIHIIBI
npenapaT KypaMbIHJIaFbl ©HJIIpIC Mpolleci Ke31HAe alFallKbl IUKI3aTTaH HaTUBTI TypAe eTeTiH bb3-
JIbIH JKUBIHTBIFBI. AJ IOPLIIK KMHAKTap 0oJsica, Kl KOMIIOHEHTTI Mpernaparrap OOJbll TaObLIabl.
Oun >¢up Maiinapsl MeH Ty3/1ap KOCBbUIFaH, KeOiHE YHTAKTaJIFaH He OYTiH Kyieri 1opuIik eciMIiK
HIMKI3aTTapbIHBIH OPTYpii TypiHiH Kocrmackl [10]. Kem KOMIIOHEHTTI IOpiniik 3aTTapisl cyaa epy
KacueTi 6ap Jopulik mail TypiHe AeMIey oTe KeH KosgaHbIcKa ue. J{opimik maiiap — KypaMblHAa
bb3 kemeni Gap OiprekTi Kyiimeri yHTakrap. Keiinri yaxpiTTa (apMaleBTUKaNIbIK HApBIFbI
OCIMJIIKTIH YHTaKTapblH KOJJlaHa JaiblHAaNFaH MpenaparThlK KajblTapra ((QuibTp-nmakerTep,
ta0seTkanap, OpuKeTTep) JAereH KbI3bIFYIIBUIBIFBI KYHHEH KYHTe ocy ycTinae [11].

Enimizaig ¢duronpenaparrap HapbIFbIHAA KalbINTAIFaH ©CIMIIKTEKT! LIMKI3AaT )KOHE JKUHAKTap
eHjipeTiH 10-HbIH ycTiHIe eHepkacinTep 6ap. EH kel cypaHbIcKa: JOpUTIK KbIPMBI3BITYJI TYIIEpI,
BaJIepHaHa TaMbIpJapbl MEH TaMbIpcaOaKTaphbl, KOKe KOHE €MEH KaObIFbl, CI0EH >KaIllblpaKTaphl,
TyWMeaK TyJaepi, aloKyjIaK JKamblpaKTapbl, OaTHaKThl Hip TaMmbIpcabaKTapbl, caHa JKalblpaKTaphbl
CeKUIIl OCIMIIK IIMKi3aTTapbl He. YJIKEH KOJNJaHbICKA He J>KUHAKTap: ©T ailllalTbhiH >KoHe
reMOPPOIFa KapChl, YPOJIOTHSUIBIK, THIHBIIITAHIBIPFBINI KabiseTi Oapiapsl.

Bbyrinri Tapaa TyHasipManap HOMEHKIAaTypackiHaa 35 Typi Oap. bys TyHABIpManapasiH camachl
dapmakonesnslk MakanaitapmeH (OMII ne ®OM) pernmamentrenred. TyHIslpManap eCIMAIK
HIMKI3aThIHBIH Oip TYpiHiH He OipHele TypiepiHiH )KUHarbIHaH Typaisl [12].
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JKymvicmoiy makcamor: 2019 sxxpusl xuHanFan aopinik Keipmbizeirysn (Calendula officinalis L.)
xoHe nopinik conben (Salvia officinalis L.) .)( Cyper 1) ecimuikTepiHiH ep YCTi OeiKTepiHeH
KOMITO3UIIUS lasipiay, COJI KOMIIO3UIUsAFa GUTOTAIAAY JKacay.

3epmmey nvicanvimorz: 2019 xpuisl xunaaran gopitik Keipmeseiryn (Calendula officinalis L.)
xoHne mopinik Conben (Salvia officinalis L.) ecimaikrepinin »xep ycti Oeikrepi.

Iopinix Keipmeiseirya (Calendula officinalis L.) ecimoicinin kypamel scatinel xbickaua mycinix

Cunammamacwetr. buiktiri 20-30 cm jkeTteTiH OyTakTaHFaH ca0akThl OIP>KBUIABIK IIONTECIH
ecimaik. CabaFbIHIaFbI JKaMbIpaK TYPl CaFaKThl, Y3bIH JIAHIET MINIIHTE He, Oipak Kehae carakChI3.
Ceberi ynkeH, eHi 50 MM, meT TUIE TYJAEpl capbl-KbI3bUI HEMECE caphbl, iIIKi Tyaepi KbI3bUI
TYCTi, KOC >KbIHBICTBI, TYKbIMBI HUITCH KYWH/Ie, CHIPTHIHAA IOHEC KaFbIH/a TiKkeH1 6ap. MaychiM MeH
KBIPKYHEK aiiflapbIHbIH apajbIFbIHIA TYIICT, JKeMic Oeperi.

Konoanwvinywr. Topinik Keipmbeizeiryn (Calendula officinalis L.) ceGeriHiH cysibl jKoHE CIOUPTTI
TyHOAJIaphl )KYPEK KaFbICBIH PETTEH 11, KaH KbICHIMBIH TOMEHJIETE/II, )KYPEK KYMBICBIH KaKCAPTAIbI,
KYHKE JKYHeCIH THIHBIIITAHIBIPaIbl. PeceiliK xoHe YKpanHAIbIK XallbIK MEJIMIMHACHIH/IA OHBIH
ceOeTiHeH >KacaiFraH TyHOaHbl Mellenre, KyIaK aypyblHa, KeKOayblp, acka3aH MXKoHE iIIeK
’KapacblHa, Oayblp FBUIBIMH MEIUIIMHAIA KBIPMBI3BITYJIIH JOPUTIK 3aThIHAH THHEKOJIOTHSUIIBIK
CBHIPKATTap/IbIH KaHbIH TOKTaTYyFa, COHBIMEH KaTap, oT aiijlaylibl KacueTi OOWBIHINA TMaiiaaaaHapl.
dapmaneBtuka eHepkacidi «KH» epekme Tyilip nmopiciH mbeiFapa 0actaabl, 07 THIPHAKIYIIIH
T'YJTIHEH JKOHE HUKOTHH KBIIIKBUIBIHAH Typassl [13].

Iopinix Canben (Salvia officinalis L.) .) ecimoicinin Kypamsl scatinwl Kbickaua mycinix

Cunammamacei. buikriri 30—70 cM KXeTeTiH KOIDKBULIBIK apThuiaii Oyra. Cabarel OipHeley,
OyTakTaHFaH, TOPT KbIPJIbI, JKaIbIparel KoIl, TyOi aramTanraH. JKanbslparsl Kapama-Kapchl, CaFaKThl,
y3bIHIIA, Cyp-Kacbul. ['yJI caFarbl KbICKA, TYCI KOK-KYJTiH, MacakK TOPI3/i I'yJl HIOFBIPHIH KYpaibl.
['yaiHeH TOTTI MicTi MIBIPBIH MIbIFapaabl. JKemicl YcakK Kapa-KOHBIP JKaHFaKIIa. XOII UICTI ©CIMIIK.
MayceIM-11inieae rynjaeiai.

MeauuuHana mangeiin xKanblparblH MMalijanaHajsl, OHbI T'YJIIHIH Oypliey Ke3eHIHEH KMHANUIbI.

Konoanvinyw. Illandeit npemapaTblHBIH CYBIK THTI3yre Kapchl, MHUKPOOKAa KapChl JKOHE
THIHBIIITAHIBIPATHIH KACHETI, KaH TOKTATYIIBUIBIK 9Pl KaKBIPBIKTBI TYCIpyIIl KalijieTke ue Oap.
Jopinik Conben (Salvia officinalis L.) tepnin mbirybin kemitemi. Illam Tycyi, acTporesmik
aKTUBTLIITHE OAMIaHBICTBI €pTele OHBI KYPCaK KOTepy MaKCaThIH/A, aybl3 KYBICHI YBIIFaH, KbI3bLI
MeK KaOblHCA, OJlaH KaH KETKEHJEe, TIiC aybIpca, THIHBIC ally JKOJJapbl KaObIHFaHAA TOpLITIK
Conbennen (Salvia officinalis L.) Tyn0a »xacarm, nopi perinae xonnanran. OHbl Oynay, 1A KOHE
BaHHa jkKacay apKbUIbI Tepi CHIPTHIHA Ja Makaamanansl [13].

3epmmey nHomuoicenepi dHcane OHvl MAIOAy.

OCIMJIIK NIMKI3aTHIHBIH MIBIHARBUIBIFBIH aHbIKTay YIIiH KP I Memnekertik dapMakonesiChIHbIH
omicreMeci konmaubuLnbl [14-17]. XKoue ne, Bb3 canaplk Mediiepi aHBIKTAIIbI, HOTHXKec 1-
KecTesle KeNTipuireH. 3epTrey Ke3iHae 2 oCIMIIK IIMKI3aThIHAH aJIbIHFAaH KOMITO3UIMSHBI dPTYPIIi
naitezgarel cyasi-3Tanod (30 %, 50 %, 70 %) chIFBIHABIIAPBIHBIH CalajblK KypaMbl Oip jKoHE eKi
KYHeml Kara3[pl XpoMarorpadus SAiCIMEH opTypJi epiTKIIITEepAiH XKyienepinae [H-OyTaHoi: cipke
KBIIIKBUTBL: Cy (40:12,5:29) sxoHe 6 % cipke KBIIIKBUIBI| TaiafaHaabl N1a, opl Kapall IuKizar
KypaMbIHIarel HeTi3ri BB3-IbIH JKUBIHTBIFBI — aMUH KBIIIKBUIIAPBI, OPTaHUKAJBIK KBIIIKBLIIIAP,
CamoOHUH/ED, ATKAJOUATAP, KyMapuHep, GIaBoOHOUATAP, KOMipCyiap TaObUIIbI.

Jlopistik ©CIMIIKTIH KYpaMbIHJaFbl OPraHUKAIBIK KOCBUIBICTAPMEH KaTap, MUHEpaJIbl 3aTTap Ja
Ken Ke3zecei. MuHepaabl SJIEeMEHTTEp OCIMIIK OPraHU3MIHE aca KaKeTTi OpPbIH anajibl, OUTKEH1
OCIMIIK — MHUHEpaJJbl 3aTTap/Abl TachbIMAIJAylIbl. OCIMAIKTE MHUKPOIIEMEHTTEPIIH >KUHAITYBI
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TONBIPAK TYpiHE, OHBIH (HU3UKAJBIK KACHUETTEpIHE JKOHE XHMHSUIBIK KYyWiHEe, alMaKThIH
reorpausUIbIK OpHAlacyblHa, KIMMATTBIK JKaFJaiiapblHa, ©CIMAIK TypiHE, COpPTBIHA >KOHE
BEreTals caThIChIHA, Cyapy Ke3JepiHe xoHe T.0. (hakropiapra OainanbicTel 00masl [18, 19].

Cyper 1 — lopinik Keipme3eiryn (Calendula officinalis L.) men
nopinik Conoen (Salvia officinalis L.)

Kecte 1 — Jlopinik Keipmeieiryn (Calendula officinalis L.) sxone mopinik Comben (Salvia
officinalis L.) eciMziriHeH anblHFaH KOMITO3HIUSHBIH Heri3ri Bb3 TonTapbIiHbIH CaHIBIK KYpaMbl
’KOHE IIMKI3aT CalaJIbIIBIFBI KOPCETKIMTEPi

Ocimik aTaysl [IIuki3aT camaablLIBIFbI Herisri BB3 cannbik Kypamel, %
(BererarusIIbIK KepceTkimrepi, %
KE3€eHi
" gz 3
s - E £ & a, & ¥ 3 <y
2| 2|25 5| E| B E|EE %
= & " ¢ S = S = & o
3 5 = 3 = =| > A=
= = o [ K=" £ =%
= S 8 2| 2| £ 8 ¢E| €
E g o] ‘|:> < é ~ o) = a =
= = o X = — & 2 3 &
i 5 S S < a2 o ¥
= :
Kommosumus 8,6 19,2 38,5 42 1,1 | 7,6 19 0,3 0,2

[IuKi3aTTBIH MUHEPATIBIK KYpaMbl OOHBIHINIA MAJIIMETTED 2, 3-KecTellepie KeATIPUITeH.
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Kecre 2 — Jopinik Keipmeneiryn (Calendula officinalis L.) sxome nmopinik Conmben (Salvia
officinalis L.) ecimuiriHeH ajbIHFAaH KOMIO3UIMSIHBIH KYPaMBIHAAFbl MaKpOAJIEMEHTTEPIH

MeJepi
MuHepannabl 3aTTap Meumepi, MKT/MI
Kanpuuii (Ca™) 853,30
Kanuit (K*) 2767,20
Harpwii (Na®) 157,780
Maruuii (Mg*™) 424,4750

2, 3-kectenepae Kopill OTBIpFaHAAl, 3epTTey HoTrkeciHae 10 MHHepalasl IIEMEHTTEPIIiH
canaplKk Memmepi Oenrimi 6onael: Zn, Cu, Cd, Fe, Ni, Mn, K, Na, Mg, Ca. Counbly imminue
KOMITO3HUIUS KYpPaMbIHAa TEMip, MBIPBIII, KaJIWi, KaJIbLUK KOm MeJjiepae Kesaeceai. MbIcabl,
TeMip — €H MaHbI3[Ibl MUHEPAIABIK 37eMeHT. OJI TeMOTrI00MHHIH, OeloKTapIbIH, (pepMEeHTTEepIiH
KypaMbIHaa Oap. AjaMm OpraHu3MiHIE TEeMIpJiH JKETKUTIKCI3Iri, TEMIPAIH TaIlIbUIBIFBl KE31HJIE
aHeMUsIFa OKelleli, OTTEriHI TachiMajjay MEH KOJJaHyFa KATbICThl (DEpMEHTTIK MpolecTepIiH
Oy3bUTybIHA OKem coranbl. Kanmii ykoHe HAaTpWil KaH KBICBIMBIH PETKE KENTipemi, JKyHhKe Kyieci
UMIYJIBCTEPIH OTKI3yre JKOHE JKYPEKTIH KbI3METIH KaJbIIKa KeNTipendi, akybl3nap MeH
KOMIpCYIapbIH aIMacy MPOIECIHACT1 OPHBI 30P.

Kecre 3 — Jlopinik Kpipmbiseiryst (Calendula officinalis L.) sxone mopinik Canben (Salvia officinalis
L.) eciMzirineH ajgbIHFaH KOMITIO3UIIUSHBIH KYPaMbIHIaFbl MUKPO3JIEMEHTTEP/IiH MOJIIIepi

Munepanasl 3arTap Menepi, MKI/mi
Huxens (Ni) 0,2970
Meipsinr (Zn*) 3,0915
Kaamuii (Cd*™) 0,0640
Maprasuen (Mn*) 5,6050
Meic (Cu™) 1,0694
Tewmip (Fe***) 48,6275

CoHBIMEH KaTap, MBIPBIII, HHUKENb, KajWid, MapraHell CHUSKThl MaHBI3BI Oap AIIEMEHTTEPIiH
Oonmyel na ar3ama Oenruti Oip (QU3MONOTHSIIBIK peire ue. OCIMIIK  KOMITO3UIIHUSICHIH/IAFbI
MHUKPORJIEMEHTTEP/IIH ~ MOIU(PEHONABl KOCBUIBICTADMEH KELIeHI OJNapiAblH  (PU3HOIOTUSIIBIK
OeJICeHIUIIrH ecipei, OUTKeH1 aiaM OpraHU3MiMeH THIMJII YHIECTIKTe O0Iabl.

Jopinik Keipmeeiryn (Calendula officinalis L.) sxone nopinik Conben (Salvia officinalis L.)
OCIMIIKTEpiHEH aJIbIHFaH KOMITO3UIMSAHBIH KYPaMbIHIAFbl JOPYMEHAEP/AiH KYPbUIBIMBIH 3€pTTey e
MaHBI3Fa e MOHIEepAiH Oipi. JlopymMeH (BUTaMHH) IeTe€HIMI3 —aJaM MEH YaHyap ar3achlHa KaXKeTTi,
3aT aJIMacyIblH JyphIC KYpylHE KOMEKTECETIH KIMIKEHE FaHa KeJieMJeri aca MaHbI3/bI
OMOJIOTHUSUTBIK O€JICeH 11 OpTaHUKAIBIK Kocraizap ToosI [17].

Jopinik Keipmeeiryn (Calendula officinalis L.) sxone mopinik Comben (Salvia officinalis L.)
OCIMIIKTEpIHEH aJbIHFAaH KOMIIO3MIMA KYpPaMbIHAAFbl JOPYMEHJAEPIIH MeJIIepiHe 3epTTey
xKyprizinai (kecte 4), ananuzaey apkpiibl C nopymeHi (22,4 mr/100 1) yneci kem OO MIBIKTHI.
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Kecre 4 - Jlopimik Keipmenbiryn (Calendula officinalis L.) sxonme pnopinik Conben
(Salvia officinalis L.) ecimaikTepi KOMIO3UIUSIHBIH A9PYMEH/IIK KYpaMbl

Yari ataybl A nmopymeHi

0,84mr/100r

E nopymeni
4,2mr/100r

C nopymeHi
22,4mr/100r

KpIpMBI3BITYIT MEH
Cca10€eH KOCIIachl

Counnimen Oipre, nopinik (Calendula officinalis L.) sxone mopinik Conben (Salvia officinalis L.)
OCIMIIKTEpiHEH aJIbIHFAH KOMITO3UIMSHBIH aMHH-, Mail KbIIIKbUIAAPBl KYpaMmbl Oenriiai OOsl,
HOTIOKETEpi 5, 6—KecTenepie KeATipiireH.

Kecre 5 — Jopinik Keipmeibeiryn (Calendula officinalis L.) sxone mopinmik Comben (Salvia
officinalis L.) ecimzirineH aiblHFaH KOMIIO3UIUSHBIH KYPAMBIHIAFbl aMUH KBIIIKBLIIAPBIHBIH
CaHIBIK MOJIIIEP]

ATaybl Menmepi, mr/100r ATaybl Menmepi, mr/100r
AnanuH 814 Banun 202
| 7000705 244 T'mroramar 2600
Jlewmma 387 Tpeonun 188
N3oneinun 348 [Iponun 407
MeTtnonnx 53 Oxcunponaus 2
Cepun 330 deHnIanaHuH 300
Acnaparat 1402 Tuposun 328
[Huctun 24 lactuann 190
OpHuTHH 2 Jlns3uH 334
ApruHuH 392 Tpunrodpan 75

AMUH KpILIKBUITAPhl — OPTYPJl aKybI3Jap MOJIEKYJIajJapblH KallblHa KEeNTIPEeTiH MOHOMeEpIi
3arTap, COJ YUIIH OJap aca >KOFapbl MaHbI3fa Me. TpeoHHWH Mail KhIIIKBUIAAPHI, JUIUATED MEH
KeMipcynapblH CHHTE3 YpAICTEpiHIEe epeKile KbI3MeT arkapajabl. LlucTeilH, HHMCTHH >XKoHE
METHOHHH Te€pi MEH 9PTYPJIi MYLIENIepIeri OpraHUKaJIbIK KYKipT Ke31 00kl Tadbutajsl. [ mroTamar
TaMaK ©HEPKOCIOIHAE IOMJICYINT PEeTiHJIe KOJJAHbUIAAbl. AF3aJarbl TUIAIH JOM PEIEnTOPhIH
perreiiai. Acmaparat MeIUIMHaaa KeHiHeH KosmaHbutaas! [20-22].

Ausramn per popinik Keipmeibeiryn (Calendula officinalis L.) sxone mopinik Conben (Salvia
officinalis L.) ecimuirineH anblHFaH KOMITO3HMIIUSIHBIH T'a3-CYHBIKTBIK XpoMmarorpadus KeMeriMeH
aMUH KBIIIKBUIIBIK KYpaMbl capantaiibl (cyper 2). 3epTTey HOTHXKeCiHAe, NopimiKk KeIpMbI3bITyIT
(Calendula officinalis L.) >xone mopimik Conben (Salvia officinalis L.) ecimaikTepineH ajbIHFaH
koMmmo3ursceiiaa e — 380 mr/100r, aprunua — 405 mr/100r, amaama — 618 wmr/100r,
acmapatat — 1254 mr/100r, rmrotamat — 2440 mr/100r ker Meniiepe eKeHl aHBIKTaIbI.
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Cypert 2 — Jlopinik Keipmeissiryst (Calendula officinalis L.) xone gopinik Conben
(Salvia officinalis L.) ecimairineH aiblHFaH KOMIIO3HIUSHBIH ©CIMIITIHIH KYPaMbIH/IaFbI
aAMHH KBIIIKbUIIapbl MOJIIIIEPI

OcimuikTepnin KypambiHga ojiedH (Cig:1) skoHe nuHON (Cig:2) KBIIKBUIIAPABIH MeJIIepi
CaJIBICTBIPMAJIBI TYpe 0achiM. OCIMJIIK IIMKI3aThIHBIHBIH KYpPaMbIHIAAFbl Mail KBIIIKBLUIAAPHI - aJaM
ar3acChIHJAFbl HETi3ri dHeprus ko3i. HoTwkeciHme ManbMUTHH KbIIKbUIBI (14,7 %), auHOM
KBIIKBLIBI (26,7 %), onenH KelKbLIbI (48,3 %) ken mMemiiepae ekeHi oenrini 0onasl (kecte 6).

Kecte 6 — [opinik Keipmeieiryn (Calendula officinalis L.) sxone mopinik Canben (Salvia officinalis
L.) ecimairineH ajbIHFaH KOMITO3UIIUSAHBIH KYpPaMbIHIAFbl Mall KbIIIKbUIIAPBIHBIH MOJIIIIEPi

ATaybl dopmynacsl Mennuepi, ATaybl dopmynacsl Meunepi,
mr/100r mr/100r
Mupuctux Cu0 1,8 Oneun Cis1 17,3
KBIIIKbUIBI KBIIIKBUIBI
Ilentanekan Cis0 0,2 JIunon Cis2 33,6
KBIIIKBLIBI KBIIIKBUIBI
[MTaneMuTHH Cie0 4,3 JInnonen Cis3 40,1
KBIIIKbUIBI KBIIIKBUIBI
ITaneMuTONENH Ci61 0,3 ApaxuH C20:0 -
KBIIIKBUIBI KBIIIKBUIBI
Creapun Ciso 2,4 Diiko3eH C201 -
KBIIIKbLIBI KBIIIKBUIBI

Jopinik Keipmeeiryn (Calendula officinalis L.) sxone mopinik Conmben (Salvia officinalis L.)
OCIMIITIHEH aJIBIHFaH KOMITO3UIIMSHBIH TOJU(EHOIIB KOCBUIBICTAD KEMIEHIH aiy YIIH THIMII
JKarganaapsl Kapaiibl.

Yurakranrad 2 ociMIOIK IMHUKI3aTBIHEIH KommosunusacekiHad 500 r xonbara camamel3 na, 1:6-8
KateiHacTa 70 % CynbI-3TUI CIUPTIHIH epiTiHAICIH Kysambl3. Konba ay3slH ThIFBIHAAI, 72 caFaTKa

20



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2020, Ne 1 (68)

OenMe TemmepaTypachiHa KayuaslpaMbl3. COHaH COH AKCTPAKTiHI Cy3iM, OacTankpl KaThIHACTAFbIAAN
Kaiita mukizatka 70 %-IbIK CYNBI-3THJI CIHMPT EPITIHIICIMEH KaiTa 3KCTpakIUs Xyprizemis. 72
caraT ©TKEH COH 3KCTPAKTi CY3UIil, aJFallKbl SKCTPAKTIMEH KOCTBIK. ApajlaCThIPbUIFaH IKCTPAKTIHI
(buIIbTpIen, MUKI3aTTHIH KaJIIbIFbl aJbIHBII TacTaabl. GUIbTpaT POTOPAA aliJANIBINT KOIOIATHUI/IBL.
EpiTinaiMiz KorojmaHFaHHaH KeWiH, TYCKEH XJIOpopuiaepai KalTa Cy3ilm aliblll, POTOPJIBI
OyJIaHABIPFBIIITE  KOKOJATYAbl apbl Kapail kypri3mik. Illpikkan konmenTpat 1:1 KaTbiHacra
xJopoopM MEH OTWIANETAT EpITKIMTEpiMeH O0eieK-06JeK JKCTpakuusiIaaslk (cyper 3).
OCIMIIIKTET1 IHalbIpbl 3aTTapaan (creposmap, Xjiopodwimep, CTEpUHAEP) apblUly MaKcaThIHJIA
TeKCaH JKoHE XJIOpPohOopM KOMEriMeH OHJCTIHAl. ITUJaleTar AKCTPAKTICIHE MOIU(EHONIBI
KoCbUTbICTap ((prraBOHOIIAPABIH MOHOTIIMKO3UATEP], (PEHON KBIIIKBIIIAPHI, OJapAbIH ariTuKOHIAPHI
’KOHE T.0) aHBIKTAJIIbI.

INES
A4

Cypert 3 — lopinik Keipme3biryn (Calendula officinalis L.) sxone nopinik Conben
(Salvia officinalis L.) ecimairiHeH aiblHFaH KOMIIO3HIIUSHBIH 3THJIANETAT CHIFBIH/IBICHI,
eKi JKyHeni Kara3pl xpoMmaTorpadus kepinici (aiikeiaaareim — AlCIs3)

Kopvimuinowt

— Anmatel 007bIchl, Anaray OextepiHeH xkwuHamFaH nopimik Keipmeieiryn (Calendula
officinalis L.) xome pmopimik Conben (Salvia officinalis L.) skambipakrapbl gopiiik
KOMITO3UIIMSICBIHBIH ~ KYPaMbIH/IAaFbl OPTaHUKAIBIK JKOHE Mal KBIIIKBULAAPHI, JTOPYMEHILUTIT]
aHBIKTAIIBI. Mail KBIIIKBUIIAphl OOMBIHIIA KOMITO3UIMS KYPaMbIH/Ia €H KOl MeJIIepe JTHHOJICH
KbIIKbUTBl (C1g:3) — 40,1 wmr/100r sxkone mmuONM KbmKbUTbl (Cig:2) — 33,6 mr/100r, am eH a3
MeJepe neHTanekan Kbimkeiibl (Cis:0) — 0,2 mMr/100r skoHe nmanbMuToNeHH KbIKbUTBI (Ci6:1) —
0,3 mMr/100r 60mb1, apaxuH (C20:0) sxoHe 3iiko3eH (C20:1) KBIIIKBULIAPHI TAOBLUIMAIBI.

—  OcCIMIIK IUKi3aTTap KOMIIO3UIMS KYpPaMbIHJAFbl AOPYMEHAUTIKTEH €H KOIl MeJepi —
C nmopymeni (22,4 mr/100r) 6ombin Tabbimaabl. byl — gereHiMi3 ©CiMIIK MIWKi3aTTapbIHBIH KOCTIAChI
TaMaK aypybl, TYMay MEH WHQEKIUS >KYKTBIPYIBIH MYMKIHIITIH TOMEHAETEe/l, BapuKo3 HE Tepi
CO3BUTYBIHBIH BIKTUMAJIIBUIBIFBIH TOMEHIETE i, TOKCUHAEPII MIBIFapyFa KOMeTi 30p, MMMYHHTETTI
KOTepy MEH TEepiHl KYTY MPOIECTePiHE THIMII dCep €Tyl OHBIH IOPUTIK MpernapaT ainyFa 00JaThIHBIH
KepceTesi.

—  dwuroTtanmay eciMIiK KOMIO3HIIUSACHIHBIH KYPaMBIHIAFbl aMUH KBIIIKBIIIAP/IBIH MOJIIIepi
OotibiaIIa eH ko061 — rirotamar (2600 mr/100r) sxone acmaparar (1402 mr/100r), an eH a3 menmiepae
— OPHHUTHUH MeH OKcHIponuH (ekeyi ae 2 mmr/100 1) 60ab1.
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SYNTHESIS OF POLYACRYLAMIDE-CLAY CRYOSORBENTS
AND STUDY OF THEIR SORPTION PROPERTIES
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The article presents the results of studies of chemically cross-linked cryogels based on polyacrylamide,
and its composition with bentonite clay of the following composition: [PAAm: BC] [1:1], [2:1], [10:1]
obtained by cryogenic processing. The physicochemical characteristics and the kinetics of swelling of the
obtained cryogels PAAm, PAAmM-BC in water, in solutions of heavy metal ions are studied. With an increase
in the BC content and concentration of metal ions in the solution, the degree of swelling decreases, and it
increases with an increase in the temperature of the medium. The nature of the interaction of cryogel
components is non-Coulomb and is due to the presence of hydrogen bonds between the functional groups of
the mineral (hydroxyl groups) and polyacrylamide (amino group) components. A study of the sorption
abilities of PAAM-BC cryogels in relation to heavy metal ions showed that additional sorption and
coordination by a donor-acceptor mechanism between heavy metal ions and the anion-containing surface of
bentonite clay particles are possible during sorption. As a result, cryogels based on PAAm-BC are sorbents
with improved sorption properties. This leads to their practical use in the future as sorbents for wastewater
treatment from heavy metal ions.

Keywords: cryogel, PAAm, bentonite clay, sorption, desorption, swelling, sorbents, wastewater treatment,
heavy metal ions.

Maxkanada noauakpuramud Hezizinoeel XUMUABIK —MicileeH  KPUo2eibOepOiy — J#CoHe  OAapOblH
KYpamblnoazbl OeHmoHum casvl 6ap Keneci Kypamowvl sepmmey Hamuoicenepi oepineen: [IIAA:BC] [1:1],
[2:1], [10:1] xpuoeenoix enoey siconvimen anvinzan. Ayvip memandap uoHOApvIHbIY epimindinepinde, cyoa
1144, T1AA-BC kpuocenvOepiniy iciHy KUHEMUKAchl MeH QU3UKA-XUMUSIBIK CUNAMIMAMANAPLL 3epmmenoi.
Epiminoioeci BC Kypamvinviy icoHe Memanl UOHOAPBIHLIY KOHYEHMPAYUSCHIHBIY YA2AIObIMEH  ICiHY
Oapedxceci  azasdvl, Al Opma MEMNEePAMypACbIHbIE — JHCOAPBLIAYbIMeH 01  apmaowsl. Kpuoeenw
KOMNOHEHMMEPIHIY 03apa apeKemmecyiHiy cunamvl KyJIOHObIK OOIbIN MAOLLIMAUObl JHCIHE MUHEPATObIK
(cudpoxcunb0i monmap) dHcoHe NOMUAKPULAMUOMI (AMUHOMONMAP) KOMNOHEHMMePOiy QYHKYUOHALObIK
MOnNmMapsl apacvlHOd CymeKmik Oaunranvlcmapoviy OoaybiMen Oatnanvicmsl. Ayvip Memann UOHOAPLIHA
gamvicmol [IAA-BC xkpuoeenvoepiniy copbyusnvlk Kabiremin zepmmey copoyus Kesinoe ayvlp Memdajil
uoHOapvl MeH benmoHum cazvl 6oUuleKmepiHiy anuoHsl bap bemi apacvlHOazbl OOHOPABLIK-AKYENMOPIIbIK
MexaHuzm OOUBbIHWA KOCLIMUA COPOYUS dicaHe Yiliecmipy MyMKin ekenoiein kopcemmi. 1IAA-BC necizinoezi
KpUuo2envOiy Homuicecinoe copoyusivblK Kacuemmepi Jcakcapmuiizan copoenmmep 60avin madwvinaowl. byn
onapoviy doarAUAKMA A2bIHOLL CYAAPObL AYbIp Memajll UOHOAPLIHAK MA3apmy Yulin copbenm peminoe
NPAKmMuKanblk Nauoalanybina axkeneoi.

Tipex co30ep: Kpuozenv, NOAUAKPUIAMUO, GEHMOHUM cA3bl, copoyus, decopbyus, iciny, copbenmmep,
azblHObL CYapovl MA3apmy, ayvlp Memail UOHOAPb.
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B cmamve npedcmagsnenvt pe3ynbmamvl UCCACO08AHUL XUMUYECKU CUUMbBIX Kpuozenell Ha OCHOGe
ROUAKPUAAMUOA U UX COCMABA ¢ OEHMOHUMOBOU 2IUunol ciedyioweeo cocmasa: [IIAA:BI] [1:1], [2:1],
[10:1], noayuennvix nymem xpuoeennou obpabomru. Hccnedosanvl usuko-xumuveckue XapaKmepucmuru
u Kunemuxa Habyxaumus noiyuennvix kpuoeenei I1AA, IIAA-PI" 6 60de, 8 pacmeopax UOHO8 MAICENbIX
memannos. Iloxasano, umo c ygeaunenuem cooepoicanusi bI' u konyenmpayuu uoHo8 Memaiiog 8 pacmeope
cmenenb HAOYXaHUsi YMeHbUAemcsl, a ¢ NOGbLUUEHUEeM MeMNEPamypuvl cpedbl OHA yeeruuusaemcs. Xapaxmep
83AUMOO0CCEUsL KOMNOHEHMO8 KPUO2eTs He SIGNAeMCs KYIOHOBCKUM U 00YCI08NeH HATUYUEM 8000POOHBIX
ceazeti  Mexncoy  (DYHKYUOHANbHLIMU — SPYNRAMU — MUHEPANbHO2O  (UOPOKCUNIbHbIe — 2pYnnbl) U
NOAUAKPUTAMUOHO20 (AMUHOSPYNNbL) KOMNOHEHmOo8. H3yuenue copoyuonnoli cnocoonocmu kpuozenei 11AA-
BT no omuowenuro x uonam msicenvix Memanios noKa3auo, Yymo npu copoyuu 03MOAICHA OONOTHUMENbHAS
copoyus u KoopouHayusi N0 OOHOPHO-AKYENMOPHOMY MEXAHUIMY MENCOY UOHAMU MSNCEbIX MEeMALIo8 U
anuoHcooepacaueli N0BePXHOCMbvIO Yacmuy OeHmoHumogou 2nunsl. B pesyrvmame kpuocenu Ha ocHoge
IIAA-BI" ssnaiomea copbeHmamu ¢ YAYHUEHHLIMU COPOYUOHHBIMU CEOUCMBAMU. DMO HPUBOOUM K UX
NPAKMUYECKOMY UCNONb30BANUIO 6 OYOyIeM 6 Kayecmee COpOeHmo8 Ol OUUCHKU CIOYHBIX 800 OM UOHO8
MAACENLIX MEMATIO8.

Knroueesnvle cnosa: xpuozensb, nonuakpuiamud, OeHMOHUMOoO8As 2iuna, copoyus, decopbyus, HadbyxaHue,
CcOpOeHmbl, OUUCIIKA CHOYHBIX 800, UOHBI MSNCENbIX MEMALIO8.

Introduction. At the moment, the preparation of polymer cryogels synthesized by light and
accessible routes and the study of their properties is of great research interest. The purpose of
polymer materials production is efficiency, environmental safety and economic availability of
polymer production methods. The process of formation of polymer cryosystems is carried out as a
result of freezing, holding in frozen state and subsequent thawing of initial solutions. The materials
formed under such conditions were called "cryogels” (from Greek "cryos" — frost, ice) [1, 2]. A
necessary condition of the process is the crystallization of the main volume of low molecular liquid
contained in the initial system, leading to the formation of cryogels. The specific structure of
cryogels is created by freezing, that is, when the formation of especially large solvent crystals, often
ice, leads to the expulsion of solid particles between these particles and the concentration of the
suspension. When freezing of colloidal solutions occurs, concentration leads to the formation of a
gel. If you remove the frozen solvent by sublimation, this will lead to the creation of structures with
large pores in those places where the ice crystals were removed. This frame structure has structural
elements consisting of solid particles of the suspension, which are often nano-sized. Cryogels have
several special properties, most importantly porosity (macroporous and gigaporous cryogels), which
allows them to be used in all fields of science and technology [3, 4]. Addition of mineral filler as
bentonite clays to cryogels significantly improves the available properties.

Bentonite is a highly colloidal clay with good plasticity, swelling. Clay got this name thanks to
the place where it was first discovered, namely, near Fort Benton in Wyoming (USA) [5]. In
Kazakhstan, such bentonite deposits have been discovered as Manyrak (East Kazakhstan), Kyzyl-
Zhar (West Kazakhstan), Kyngrak (South Kazakhstan) [6]. In 1953, Sh.B. Battalova began a more
detailed study of the physicochemical properties of bentonites of the Primanrak group (the Tagan
and Dinosaur deposits belong to it). During the study of clays of the Manrak deposit, it was
accepted that this clay meets all the requirements for bentonites (contained the minerals of the
montmorillonite group), because they are unique in terms of the high content of sodium exchange
ions, fine dispersion and swelling in water [7]. Also, bentonite clays of the Manrak deposit and
synthesizes of polymer-clay gel sorbents are studied at al-Farabi University at the department of
chemistry and technology of organic substances, natural compounds and polymers [3,4]. Studies of
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filled cryogels have been underway for quite some time, however, to date, these systems are still not
fully understood, and the data on the effect of the dispersed phase on the properties that are
provided in different sources contradict each other and are not generalized in any way [8].

A rather promising cryomaterial that can be used as a carrier of microbial cells and also as a
sorbent is a polyacrylamide cryogel a macroporous, viscoelastic polymer gel obtained during
cryogenic treatment of the initial solution of polyacrylamide (PAAmM). The starting component for
the preparation of PAAm cryogels is an available synthetic polymer, which is obtained in large
quantities. These materials can be used in most intensive mixing reactors, due to the non-brittle,
viscoelastic cryogel matrix, due to which they are not susceptible to wear. PAAm cryogels are fairly
stable in many environments and are not biodegradable [9].

In view of all this, the investigations aimed at studying the properties of homo-cryogels and
mineral-filled composite of polyacrylamide cryogels are quite relevant. In this connection, an
attempt has been made to obtain chemically crosslinked, macroporous, sorbable polyacrylamide and
bentonite clay cryogels by cryogenic treatment of the initial solution of acrylamide (AAm) using
three-dimensional radical polymerization.

Experimental part. The starting component of bentonite clay should not contain sand, stone or
other large particulate matter. Bentonite clay of Manyrak deposit (East Kazakhstan region) has
pinkcolor and has been purified by D.P. Salo method by repeated washing with distilled water [7].

The synthesis of cryogels was carried out by cryogenic treatment of the initial solution of
acrylamide (AAm) using three-dimensional radical polymerization under temperature of —30 ° C
and during of 24 h. N,N'-Methylene-bis-acrylamide (MBAA) was used as a crosslinking agent,
ammonium persulfate (APS) and sodium methyl bisulfite (SMBS) were used as an initiator.
Synthesis of PAAmM-BC cryogels was carried out in ratios [10:1], [2:1], [1:1] (Tablel). A
suspension of bentonite clay is prepared beforehand. For this purpose, the BC is mixed with water
for two hours on mechanical stirrer. After stirring, monomer, crosslinking agent and initiator are
added to the suspension for further synthesis. For purification of obtained cryogels from monomers
they are washed with distilled water 10-15 times. Then, a qualitative reaction with potassium
permanganate is carried out to determine the quality of purification.

Table 1 — Conditions of polymerization of cryogels

. ) ) [MBAA], | [APS], [SMS], Time, Temperature,
Ne | PAA:water | PAA:BC mol. % | mol.% | mol. % hour oc
1 1,0
2 . 10:1 1,0

[1:9] [ : 0,5 0,5 24 -30
3 [2:1] 1,0
4 [1:1] 1,0

The density of the obtained cryogels was determined using Radvag Series AS analytical weights
complete with a density measuring kit (Poland). The morphological structure of cryogels (Almaty,
al-Farabi KazNU, National Nano technological Laboratory of Open Type) were examined using
images obtained on the. For synthesized cryogels, infrared spectra were taken on Fourier
spectrophotometer "FTIR Satellite” by Mattson (USA) using KBr (Almaty, Chemical Faculty of
KazNU named after al-Farabi). Metal solutions at different concentrations were prepared to
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determine the amount of metal. Metal ions were introduced into cryogels by immobilization and
aliquots were taken over time. Quantitative values were determined on the AAS Shimadzu 6200
atomic absorption spectrometer. The concentration of metal solutions was 10 mkg/ml. Morphology
of the obtained cryogels was examined by Topographic drawings of atomic force microscopy
(AFM) Ntegra Therma (Russia) and the scanning electron microscope (SEM) S-4800 Hitachi
(Japan), (Almaty, al-Farabi KazNU, National Nano technological Laboratory of Open Type).

Results and discussion. The main conditions for use of cryogels as sorbents for a purification of
sewage are their environmental safety, harmlessness and quite high sorption ability. Therefore,
nonionogenic cryogels based on the synthetic polymer polyacryalamide were investigated.
Morphology of these gels, as well as nature of interaction of components were studied.

The formation of cryogels differs from the process of linear cryopolymerization in that in the
period after thawing of the frozen product, a macroporous cryogel is formed which contains large
pores of different geometry and magnitude. As porogenes are polycrystals of frozen solvent. The
resulting cryogel has a communicating pore system since during the freezing period of the solvent
all its crystals often grow towards the centre of the vessel from the periphery to the other crystals.
For all obtained samples of cryogels, the calculation data of gel yield, degree of crosslinking and
ash content, as well as density values calculated according to standard formulas are given in Table
2. As see, the gel fraction and density yield increases with increasing content of the bentonite clay.
A comparative analysis of the physical and chemical characteristics of the PAAmM-BC-synthesized
cryogels with a content of 1.0% of the crosslinking agent in total mass demonstrates that the due to
the change in the synthesis condition in the preparation of cryogels, the resulting solvent crystals
form pores upon dissolution, and then the degree of crosslinking (j) increases with the increase in
the number of pores of the cryogels. The creation of the PAAmM-BC composite results in the
counting of hydrogen bonds, hydrophobic interactions, non-Coulomb forces (Scheme 1) . As the
amount of bentonite clay increases, the degree of crosslinking of the network of cryogels increases
in the composition cryogels, which leads to its compaction. Therefore, the gel yield, density and
degree of crosslinking are increased.

Table 2 — Physical and chemical characteristics of synthesized cryogels PAAM-BC

Ne of gels [MBAA], mol.% | G, % | S, % J,% | Par, g/cm® |  «a,g/g
Gel PAAM 1,0 64,53 | 35,47 5,44 1,3106 17,2
PAAM:BC | 10:1 1,0 65,55 | 34,45 574 1,3204 13,1
PAAM:BC 2:1 1,0 67,38 | 32,62 5,83 1,3663 12,8
PAAM:BC 1:1 1,0 70,72 | 29,28 5,98 1,6292 12,5

Notes: G, % — gel fraction yield; S, % — sol fraction yield; J, % — degree of crosslinking;
p, g/cm® — density, a, g/g — degree of swelling

Swelling is the process of increasing the volume of the solid body due to its absorption of liquid
or steam from the environment. The high swelling ability of gels in water is due to two main
factors: 1) electrostatic swelling component; the polymer chains formed by dissociation of the
functional groups in water, covalently bound to the charge of the same name are repelled and the
macromolecule is exposed, whereby "polyelectrolyte swelling™ is performed; 2) osmotic swelling
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component; opposite ions formed as a result of ionization of functional groups break the polymer
network from inside and increase osmotic pressure in gel phase.

The equilibrium values of the swelling degree of the formed cryogels during the day are also
given in Table 2. The kinetics of equilibrium swelling of synthesized cryogels are shown in Figure
1. The following pattern can be observed in this study: firstly, the swelling in water of PAAmM
cryogel (o~ 19 g/g) is greater than that of PAAm-BC cryogel (a. ~ 16 g/g). During the synthesis of
polyacrylamide cryogel, a porous gel structure is formed. In the case when cryogel synthesis occurs
with the addition of bentonite clay to the composition, the clay fills the formed pores, thereby
preventing water from entering the system. The higher swelling ability of pure cryogel is due to
macroporosity, due to the porous structure of water molecules freely propagate in the framework of
cryogels. This expression explains the first pattern (sheme 1). The second, as shown in Figure 1, is
that as the bentonite clay content increases, the swelling rate decreases. This is explained by the fact
that when a natural mineral composite is added, cryogels become denser (as can be seen in Table 2),
the porous structure is compacted thereby reducing the degree of swelling. Therefore, the
penetration of water molecules into the cryogel structure becomes more complicated. The
equilibrium in the swelling of cryogels is established in an hour.

o, r'r

20

10

/
o L B | L T T 77/ T T T T
o} 1 2 3 4 5 24 48 72 w4

PAAmM (1); PAAM-BC (2-4);[MBAA] = 1%; [PAAmM:BC]=[1:1] (2); [2:1] (3); [10:1] (4);
[APS] =0,5 %; [SMBS] =0,5 %; =24 h.t=-30 C°

Figure 1 — Kinetic equilibrium swelling of cryogels in water
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Scheme 1 — Formation of PAAm- BC cryogels
27



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2020, Ne 1 (68)

To determine the morphological structure, the cross-sectional surface of the cryogel was studied
using atomic force microscopy (AFM), the result of which is shown in Figure 2b. During the
synthesis, pores are formed during solvent freezing and further dissolution of the solvent crystals,
which leads to a roughness in the structure of PAAm cryogels and sharp and high peaks with a size
of 400 nm are visible in the PAAmM-BC cryogel pattern. Images of scanning electron microscopy
(SEM) of different sizes were taken to obtain complete information about morphology of cryogels
(Figure 2a).

Cryogel PAAM Cryogel [PAAM-BC] [10:1]
b)

Figure 2 — SEM (a) and ASM (b) images of cryogels

According to the works done earlier [3, 10, 11], we see that there is a high porosity in the
cryogels compared with the picture for a typically synthesized PAAmM-BC gel before.
Microstructures such as aggregates, micelles, multiplets are formed in cryogels when binding
polymer chains. The dimensions of these microstructures are 1-100 nm. Cryogels on the basis of
PAAmM-BC in the ratio [10:1], [2:1], [1:1] have the sizes from 1.0-9.0 pum. Microstructures of all
cryogels include porous more with a size of 0.2—1.75 um (Figure 4).

The formation of the PAA-BC [1:1] complex, established by hydrogen bonds, was also proved
by IR spectroscopy (Figure 3). Bentonite clay, which is an inorganic mineral polymer, has a
complex chemical structure that mainly consists of negatively charged particles with tetrahedral and
octahedral OH groups prone to hydrogen bonds. In the spectrum of the composite gel (Figure 3),
PAA-BC shows the presence of peaks corresponding to the initial components and once again
proves the formation of the polymer-clay complex mainly by counting hydrogen bonds. For
example, in the region 3100-3300 cm, a shallow, wide, weakly intense band characteristic of the
interactions of the NHa- groups of polymer and bentonite clay is prescribed. NH2 groups shifted by
hydrogen bonds are prescribed in 2785 and 2815 cm™, Displaced and finely fragmented
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deformation oscillations of adsorbed water molecules of the original clay in the composite cryogel
are observed in the region 1632, 1524 cm™, indicating that monomer molecules entered the
interlayer space and displaced most of the crystallization water there.

Fig“]“l‘jre 3 :'Pictuf‘é of Ilimspectﬁrmlijm ofmIsAArﬁw(a) an“dm PAAfﬁ-BC [1:1] (bj cryoééls

The use of cryotropic gels with a porous structure and high sorption ability for wastewater
treatment and for reuse of water in production is promising. Because, the porous structure of
cryogels well sorb heavy metal ions [10]. In this work, the sorption abilities of synthesized cryogels
were studied using ions Pb?*, Cd?* as an example. The reason for the choice of these metals is their
high concentration in the waste water composition in compere with maximum permissible
concentration (MPC ions in production wastewater for Pb?* and Cd?* are 0,03 and 0,005 mg/l,
respectively). The possibility of extracting Pb?* and Cd?* from wastewaters by composite materials
is considered on individual agueous solutions of salts of the corresponding metal ions. The sorption
was studied under statistical conditions: the compositions (sorbent) weighed 0.05 g were placed in
flasks with aqueous solutions of heavy metal salts with concentrations from 10 to 100 mg/L in a
volume of 50 ml. Changes in the concentration of metals in water samples before and after
treatment were carried out by the atomic-sorption method using an atomic-absorption spectrometer
AAS Shimadzu 6200 (Japan). The degree of sorption, A (%) is calculated by the formula:

A = (Cinitial ~Cfinat) - 100 / Cinitial,

where Cinitial 1S the amount of metal ions in the initial solution; Csinal is the number of metal ions
found after sorption in the aqueous phase.

Thus, the patterns of the influence of temperature and pH on the sorption of cryogels were
studied (Figures 4-6). The sorption capacity of cryogels based on PAA is somewhat lower than that
of the PAAmM-BC system. For the composition, the presence of clay particles increases the sorption
ability, because additional sorption is possible due to the cation-exchange mechanism or
electrostatic attraction. Sorption of metals increases with an increase in the order number and
molecular weight of the metal. With an increase in the ionic radius and molecular weight of the
metal, the penetration of ions into the structure of cryogels and their distribution along the porous
gel framework is facilitated. The value of sorption of heavy metal ions by PAAmM-BC cryogels for 3
days is A ~ 75-90 %. On the one hand, a decrease in the degree of swelling with an increase in the
concentration of heavy metal ions in a solution limits sorption, since in this case the process of
collapse occurs.
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Cryogel PAAm; (1); Cryogel PAAM-BC (2-4);
[PAAM-BC]=[10:1] (2); [2:1] (3); [1:1] (4);
[MBAA] = 1,0%; [APS] = 0,5 %; [SMBS] = 0,5 %; Tsin = 24 uac. t = -30 C°;[Pb2+]=10C1g/ml
Figure 4 — Kinetics of sorption of [Pb?*] ions by synthesized cryogels

The effect of temperature on the sorption behavior of polymer systems is similar to the nature of
the swelling of the compositions with increasing temperature (Figure 5). Thus, the study of the
equilibrium swelling of the cryogel PAAM-BC (1: 1) for 6 hours at 20 and 60 °C, an increase in the
degree of sorption of metal ions from 65 to 90 %, respectively. With increasing temperature due to
the breaking of hydrogen bonds, the diffusion of metal molecules increases, which facilitates its
penetration into the polymer network. The observed effect can be associated with an increase in the
flexibility of polymer chains between the cross-linking points of the gels, as well as the possibility
of increasing the contacts of metal ions with the surface of the gels per unit time, due to an increase
in thermal motion in the system.
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Cryogel PAAM-BC =[1:1];
[MBAA] = 1,0%; [APS] = 0,5 %; [SMBS] = 0,5 %; t = -30 C°, Tswel = 6 hours;
[Pb?*]=1000g/ml (1), [Pb?>*]=501g/ml (2)

Figure 5 — The dependence of the sorption of metal ions by cryogels on the concentration of
metal ions in solution and temperature
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Cryogel PAAm; (1); Cryogel PAAM-BC (2-4); [PAAM-BC]=[10:1] (2); [2:1] (3); [1:1] (4);
[MBAA] = 1,0%; [APS] = 0,5 %; [SMBS] = 0,5 %; t=6 h. t=-30 C°

Figure 6 — lon sorption diagram Pb?* gels at different pH values

The values of sorption of metal ions by cryogels at various pH values of the medium and the
concentration of Cd 2* ions are shown in the diagram shown in Figure 6, where it can be seen that,
in general, cryogel retains sorption ability in both acidic and alkaline media, only with the
difference that values of the degree of sorption are slightly higher in an alkaline medium. This is
probably due to the presence of negatively charged clay particles in the composition, which is
known to swell more strongly in an alkaline environment. Thus, for PAAmM-BC-metal compositions,
two possible bonds should be considered - coordination bonds and electrostatic bonds due to
oxygen and nitrogen centers and free orbitals in the metal lattice. Complexation reactions of
polymers containing electron-donating functional groups are used in hydrometallurgy in the
extraction and concentration of rare and noble metals, as well as in wastewater treatment [4, 11]. It
is known that polyfunctional lattice and linear polymers (ion exchangers, sorbents) with primary,
secondary and tertiary amino groups exhibit donor properties. They form coordination bonds with
compounds that have acceptor groups or ions in the molecule.

Conclusion. By cryogenic treatment of the initial solution of acrylamide (AAm) using three-
dimensional radical polymerization cyrogels based on a nonionic polymer - polyacrylamide and
bentonite clay is synthesized. The optimal condition for the synthesis of cryogels is a temperature of
-30 °C and a synthesis duration of 24 hours. A set of physical and chemical methods of research -
equilibrium swelling, atomic force microscopy, scanning electron microscopy have found that
uniform cryogels are formed. The equilibrium swelling method has found that as bentonite clay
content increases, the degree of swelling of PAAM-BC cryogels are significantly reduced. A pattern
of bonding of metal ions to cryogels have been established. Because the PAA cryogels are non-
ionic and the metal ions positively charged bond between them is via a coordination bond. It was
found that the sorption capacity of cryogels is high, the amount of sorption of metal ions Pd?* and
Cd?* is 75-90 % depending on the conditions. In case of interaction of metal ions with cryogel
PAAmM-BC during sorption, electrostatic attraction and coordination coupling by donor-acceptor
mechanism between ions of heavy metals and anion-containing surface of bentonite clay particles
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are additionally possible. Cryogel PAAmM-BC [1:1] has the most skewed sorption properties and can
be used as a sorbent with improved sorption properties after investigation of desorption properties
in future.
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CREATION OF NEW POLYMER COMPOSITE MATERIALS
BASED ON ACRYLIC ACID
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The study is based on the use of a polymer gel based on acrylic acid (AAc) with a triple system for the
purification of salt water. Stimuli-sensitive gels based on N-isopropyl acrylamide (NIPAAm), 2-hydroxyethyl
acrylate (HEA) and acrylic acid (A4c) were obtained in various ratios. The nature of thermally induced
collapse is determined, and their physico-chemical properties are investigated. When studying the physico-
chemical properties of stimuli-sensitive gels, the morphology of the copolymers, that is, their compatibility,
was studied by scanning electron microscopy (SEM). The study showed that ternary copolymers based oc
acrylic acid (AAc) can be considered as polymer composites capable of purifying salt water. The scheme of
the laboratory method of desalination of fresh water is presented. Thermo-sensitive and polyacrylate gels
separated by a semiconducting membrane were used for several stages of water purification, and their
electrical conductivity was determined and compared on a conductivity meter. Based on the results obtained,
a graph of the dependence of electrical conductivity on the degree of purification was constructed.

Key words: N-isopropyl acrylamide (NIPAAm), 2-hydroxyethyl acrylate (HEA), acrylic acid (AAc),
stimuli-sensitive hydrogels, hydrophobic bond, radical copolymerization, desalination technology,
membrane method.

3epmmey orcymbicol aKpunl KblUKbLIbL He2i3iH0e2l yumik Jcyieni NoauMepiiK 2eib0epli myubl cyobl
masanay MaKcamulnoa Kon0anyea Hezi30e2eH. N-u30nponunaxpuramuo (HUTTAAM),
2-eudpoxcusmunaxpunam (I'2A) oicone axpun xvuuxviivl (AK) Heeizindesi cmumyncesimman eeivoep
bacmanker monomepnix xocnacvl (BMK) apmypni xamwvinacma anvinovl. Onapea mepmouHOYYUpPiK
KOJIANCMyulY MoK eKeHi Oauxanvin, QU3UKA-XUMUATBIK Kacuemmepi anbikmanosl. Cmumyncesimman
eenvoepoiyy  PUIUKA-XUMUANLIK — Kacuemmepin — 3epmmey  0apbiCblHOA — ANbIHRAH — CONOAUMepepoiy
Mopgonozuscel, AeHU  yirecimOiniei ckamepaeywi 21ekmponovl  mukpockonusavlk (COM)  20icnen
sepmmendi. 3epmmey Oapvicvinoa AK necizindei ywmix scylieni conoaumepnep mysovl Cyobl masaiayad
Kabinemmi NOMUMEPNIK KOMNOUYUAILIK MAMEPUanl peminoe Kapacmulpbliovl. 3epmxanansiy dcagoaioa
cyovl mazanay a0icmemeciniy MexHONO02UAChl cbl30a Mypinde Keamipinin, mycindipindi. Kapmwinaii
omKizeiu MeMOpana apkwlibl OONiHeeH MepMOce3iMman 2eib MeH NOAUAKPUIAmmsl 2eib OipHewe camol
cyovl  maszanayza  KOJNOAHBLIbIN, — OAAPObIY — DNEKMPOMKI3IUWMIK — KOpCcemKiuimepi  KOHOYKMOMemp
KOHOBIPRbICHIHOA AHLIKMAbIN, CanbiCMoulpbLIOb. Anvinean Kepcemxiwmep botivinua
NEKMPOMKIZTWMIKINIY MA3ALAY CAMbICLIHA MAYeN0iNiK epaghuei mypevi3vliobl.

Tipex co3dep: N-uzonponunaxpunamud (HUIIAAm), 2-ezudpoxcusmunaxpunam (I 3A4), axpun KuluKsiis
(AK), cmumyncesimman eudpocenvoep, 2uopoodbmel  apexkemmecy, pPAOUKAIObl  CONOAUMEDICHY,
MY3CbI30aHOBIPY MEXHOLO2UACHL, MEMOPAHANBIK 0iC.

Hccnedosanue 0CHOBAHO HA UCTIOAb30GAHUU NOTUMEPHO20 2elsi HA OCHOBE AKPULOBOL KUCIOMbL C
MPOUHOU  cucmemou Ol  OYUCHKU NpecHol  600bl. Cmumynuy8Cmeumenvhvle 2eill Had OCHOGe
N-usonponunaxpunamuoa (HHUIIAAm), 2-eudpokcusmunaxpurama (I’ 34) u axpunosou kuciromol (AK) oviau
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NOMYYEHbl 8 PA3TUYHBIX cOOmHoweHusx. Onpedenena npupoda mepmouHOYYUpPOBaHHO20 KOLIANCA, a4 MAK’CEe
uccnedosanvl ux gusuxo-xumuueckue ceoticmsea. Ilpu uccredoganuu  GUIUKO-XUMUYECKUX CBOUCME
CIMUMYTYY8CMBUMENbHLIX — 2eilell, Oblla  UCCIe0068aHAd  MOPQHONO2Us  CONOIUMEPOS, MO eCmb  UX
COBMECTUMOCb, MEMOOOM CKanupyrowel dnekmponnot muxpockonuu (COM). Hccrnedosanue nokasano,
4mo mpouHvle conoaumepvl Ha ocHose AK MmooicHO paccmampueéamv Kax NOAUMeEpHble KOMHO3UMDL,
CHOCOOHbIe ouuwams colenyto 800y. llpusedena cxema nabopamopHozo memooa 06eccoru8anusi NPecHol
600bl. TepmouygcmeumenvHvle U NOAUAKPULAHBIE 2€1U, pA30eieHHble HOJYIPOBOOUMOU MeMOPAHOU,
UCNOMBL306ANUCH OJISL HECKONLKUX CMAOULl OYUCHKU 600bl, U UX NOKA3AMenU IAEeKMPONnpo8oOUMOCU
ONpedenUnUcCy U CpasHUBANUCH Ha npubope KoHdykmomempa. 1o noayuennvim pesyromamam 6wl nOCMpoen
2pagux 3a8UCUMOCIU NIEKMPONPOBOOHOCIU O CIEeNeHU OYUCTIKU.

Kniroueevie cnosa: N-uzonponunaxpuramuo (HUIIAAm), 2-eudpoxcusmunaxpunam (I'2A4), axpunosas
xkuciroma (AK), cmumynuyecmeumenvrole euopozeiu, 2uopohooras ceés13b, paouKaibHAas CONOIUMEPUIAYUS,
mexHon02Us 06eccoUBanUsl, MeMOPAHHbBLL MemOO.

The total world water demand is predicted to be a global interdisciplinary research challenge.
This need is primarily driven by rapid growth of population and industries, which leads to high
water consumption. Despite the vast abundance of water, a lot of effort has to be done for human
consumption or other beneficial purpose. Advanced technologies for water purification and
desalination are currently in use. Most of these technologies such as reverse osmosis and depend on
nonrenewable traditional fossil fuels, which are subject to a rapid decrease with increasing world
population. Therefore, the search for a viable alternative technology is becoming important from an
economic standpoint. In this research, we reported on the development of polymer-based hydrogels
for salty water desalination.

Currently, about 3000 km? of fresh water is consumed by human society in one year. Kazakhstan
is also one of the countries with a shortage of drinking water. Over the past 20 years, the
improvement of membrane technology and equipment for energy recovery has reduced the amount
of water required for desalination by half [1-4]. Reducing the salinity of water to the limits
according to GOST 2874-82 «Drinking water» to the concentration of salts in distilled water is
called desalination. As of June 30 in 2016, the total number of desalination plants in the world was
18 983 [5].

On a molecular level, the swelling of the hydrogel networks in water results from the presence of
hydrophilic chemical moieties. In particular, carboxylic (-COOH) groups attached to the polymer
backbone or side chains enable the hydrogel to entrap a large amount of water due to the large
swelling pressure caused primarily by charges of the carboxylate groups. Thermodynamically, the
swelling of hydrogels is an osmotic process, where the water is transported from a region of higher
water chemical potential to a region of a lower one [6]. Osmotic pressure is the driving force for
many applications such as forward osmosis (FO) desalination in which a selectively permeable
membrane allows passage of water, but rejects the solute molecules or ions despite a difference in
solute concentration across the membrane [7]. In a similar manner, hydrogels built from
polyelectrolytes in contact with brine will take up water with low salinity until the total change in
free energy reaches a minimum, i.e., equilibrium between the two phases (inside and outside the
gel) is reached. Stimuli-sensitive gels were synthesized for the treatment of salt water [8].

Triple copolymers based on N-isopropyl acrylamide (NIPAAm), 2-hydroxyethyl acrylate (HEA),
acrylic acid (AAc) are prepared by radical polymerization in various ratios of the starting monomer
composition (M1=45:45:10 mol.%, M>=40:40:20 mol.%, M3=35:35:30 mol.%). Ammonium
persulfate was used as an initiator for the copolymers, and N,N’-methylenebisacrylamide was used
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as a crosslinking agent. The regularities of gel formation and the parameters of thermally induced
swelling were determined. Thermosensitive gels were obtained in different ratios to compare their
ability and reaction to swelling, and also observe that the composition will sprinkle water earlier
during thermal collapse. During the study of the physicochemical properties of stimulus-sensitive
gels, the morphology of the copolymers, that is, compatibility, was studied using a scanning
electron microscopic method. In Figure 1 shows a micrograph (morphology) of the surface of the
polymer network.

This is presented in two different sizes, i.e. in the sizes of 20 and 2 microns. In the initial
monomer mixture with a molar volume of 10% AAc monomers, has the largest gaps on the surface
of the copolymer indicate their tendency to swell (Fig.1, a). With an increase of molar content by
20% and an increase the degree of crosslinking, the gaps on the morphological surface of the
hydrogel decrease, this is due to the leveling of the surface (Fig.1, b). With a large number of AAc,
that is, 30% less than the crosslinked knots, this is explained by the appearance of a very dense
lattice structure (Fig.1, c). This is closely related to the degree of crosslinking of the obtained
copolymer, also with the duration of the synthesis. With an increase of synthesis time, an increase
of yield of the gel-ash fraction of the polymer hydrogel and decrease of the degree of swelling in
water are observed. These changes can be explained by the fact that with increasing polymer
synthesis time, the degree of crosslinking of the polymer network increases. In the polymer chain,
ionized acidic or basic groups are present in the structure of the common hydrogel. These groups
are able to completely dissociate [9, 10]. The ability of gels to swell strongly in water depends on
the presence in their structure of ionic (-COOH, -NH2, —-SOsH, etc.) and polar (-C = O, —-OH, -C—
O - C, etc.) hydrophilic functional groups. On the one hand, they are responsible for the activity of
the polymer in water and can interact with water, they can be ionized in an aqueous solution, lead to
the formation of charged zones in the polymer chain and release into the space between the
crosslinking sites of contrast ions. The degree of swelling of hydrogels in salt water is low, this is
explained by the acceleration of the nonionic compositions of the carboxyl groups of acrylic acid
(AAc) and the hydrophobic interaction of isopropyl groups in NIPAAm. It was observed that with
an increase of molar percentage of acrylic acid monomers in the composition of the copolymer in
water and salt solution, the degree of swelling is equal, which significantly reduces the
polyelectrolyte effect and screening of the carboxyl group. Polymer hydrogels have a high degree of
swelling in water and a salt solution., Absorbing aqueous solutions in large quantities (from their
own weight up to 10° times), especially when they have charged groups, such as polyacrylates.
When a low molecular weight salt is introduced into the system, swelling decreases sharply, since
the gel osmosis potential depends on these ions.

After studying the physico-chemical properties and morphology, stimuli-sensitive gels were used
for research to purify salt water. To carry out work of cleaning salt water, a 0.1% aqueous solution
of NaCl was previously prepared. Polymer gels prepared for desalting were dried to achieve
equilibrium weight. Dry thermo-sensitive gels are placed on the upper part of the semi-conducting
membrane, and a saline solution of polyacrylate gel in the lower part of the membrane. In multi-
stage purification, the salt remained along the polyacrylate gel. As the study showed, the aqueous
solution in the lower part of the semi-conducting membrane enters the dry thermo-sensitive gels
after upper part of the membrane and led to their swelling.
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[NIPAAM-HEA-AAC] = 45-45-10 (a); 40-40-20 (b); 35-35-30 (c) mol.%

Figure 1 — The surface microscheme of crosslinked layer of copolymer
in a scanning electron microscope

The gels are placed in a thermostat at a temperature of 60 °C so that the swollen thermo-sensitive
gels sprinkle clean water. Upon reaching of low critical temperature of solution (LCTS), the gel
undergoes thermal collapse and releases desalted pure water. Carrying out the process many times
with dry gel samples, we cleaned it until the conductivity reaches the value of distilled water. The
conductivity of the purified aqueous solution was determined on a conductivity meter «856
Conductivity Module» (Metrohm Ltd.), Switzerland). The membrane, located between a solution of
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polyacrylate gel in salt water and a thermo-sensitive gel, is permeable to water and low molecular
weight salt, and for macromolecules it is impermeable.

The conductivity of the purified aqueous solution was determined on a conductivity meter «856
Conductivity Module» (Metrohm Ltd.), Switzerland). The membrane, located between a solution of
polyacrylate gel in salt water and a thermo-sensitive gel, is permeable to water and low molecular
weight salt, and for macromolecules it is impermeable.

During the study, physico-chemical phenomena based on the diffusion theory of swelling of
polyelectrolyte hydrogels [11, 12], as well as thermosensitive polymers [13, 14] and hydrophilic
interpolymer associates [15] were used. This phenomenon is similar to reverse osmosis. Reverse
osmosis is also used for desalination and pre-treatment of water. The phenomenon of reverse
osmosis occurs in two bulk systems that are separated by a membrane, it is permeable to solvent
(water), and for components dissolved in it, as a rule, it is impermeable to low molecular weight
salts. In the course of the study, thermo-sensitive hydrogels were used to isolate an aqueous
solution, and polyacrylate gels to retain salts on themselves.

When separating the gel from the solution, it is possible to return the described process. Water is
compressed from the gel when the gel relieves pressure above its osmosis pressure. The charge
density increases again. This leads to the withdrawal of salt ions, which first passed into the gel,
along with a certain part of the water. The salt concentration of the drainage solution is
continuously reduced as the gel is folded, and ultimately, at a very high charge density in the
polymer, pure cy is theoretically obtained. Figure 2 shows a diagram of the method of desalination
of salt water in the laboratory.

Thermosensitive
Polyvacrylate zel el

—N b
3 | /-

aqueous . Salne sclution
sglution of NaCl+

NaCl 0.1% polyacrylate el

el

of polyacrylate

Sweling of
termosensitive gel

——— T ——

Saline solution " | demineralized
of polyacylate e AL L T water

\_ zel

1

| —acrylate gel, 11 —acrylate gel, swollen in a solution of NaCl, Ill-application of a dry hydrogel
on a surface covered by a membrane with an acrylate gel, which has reached an equilibrium degree
of swelling, IV — swelling of dry gel, V — achieving complete equilibrium of the hydrogel,
VI-exposure of a fully swollen hydrogel to thermocollapse,
VIl — desalinated water obtained from a hydrogel

Figure 2 — Scheme of desalination work in laboratory conditions of salt water
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From the obtained results of the work (Fig. 3-5), it was initially observed that the electrical
conductivity of the solution isolated from thermo-sensitive hydrogels in the upper part is much
higher. It is explained by an increase in the structure of the retina as the dry gel is absorbed by water
and the appearance of an additional polyelectrolyte effect due to the content of the carboxyl group
in the gel. Due to the removal of the H* ion from the carboxyl group from the main chain, the COO"
groups in the hydrogel lead to curvature of the same charges without bulkheads, which indicates
additional swelling of the network and increased ability to absorb water. However, over a period of
time, the conductivity index of solutions separated from thermo-sensitive hydrogels in the upper
part decreases, which indicates a significant decrease in the salt concentration in the hydrogel in the
lower part. The increase in salt concentration in the lower part of the solution is explained by the
fact that its salts remain in the composition of the polyacrylate gel, that is, the polyacrylate gel in an
aqueous solution of 0.1% NaCl attracts salts. Since polyacrylate gel is considered weak
polyelectrolyte, therefore, the conductivity of the solution increases. We explain this effect by two
different factors. First, the protons of the polyacrylate exchange cations of sodium chloride and the
lattice receives an additional charge, i.e., leads to an increase in the electrical conductivity of the
solution. Secondly, charged functional groups, as well as its contrasting ions in the form of a proton
and sodium ions, due to electrostatic interaction, convert low molecular weight ions and prevent the
penetration of salt molecules into the solution in the upper part.

H,mSm

104 n

2 \2
fd T = LI o 1
0 2 4 6

cleaning step

[NIPAAM-HEA-AAc] = 45-45-10 mol.%

Figure 3 — Conductivity of polyacrylate gel (1) and pure water (2)
isolated from thermo-sensitive gel

Thus, the proposed system provides a desalination process through a semi-conductor membrane
by penetrating pure water into the upper solution. The thermally sensitive hydrogels obtained in
NIPAAmM-HEA-AACc, depending on the nature of the low critical temperatures of solution (LCTS),
can be repeated several times. Figures 3-5 show the conductivity of pure water isolated from a
thermo-sensitive gel and the conductivity of a polyacrylate gel.
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Figure 4 — Conductivity of polyacrylate gel (1) and pure water (2)
isolated from thermo-sensitive gel
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Figure 5 — Conductivity of polyacrylate gel (1) and pure water (2)
isolated from thermo-sensitive gel

Conclusion: It has been established that stimuli-sensitive hydrogels are characterized by
thermally induced collapse, i.e., a sharp change in the volume of swelling with increasing
temperature. In order to determine the physico-mechanical properties of polymer composite
materials, the morphology of the copolymers, that is, compatibility, is examined by scanning
electron microscopy. In the research work it was found that the synthesized ternary copolymers
based on acrylic acid (AAc) can be considered as a polymer composite material capable of
purifying salt water.

39



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2020, Ne 1 (68)

References:

1. Voutchkov N., Bergman R. Chapter — facility design and construction in reverse osmosis and
nanofiltration. // In: Manual of Water Supply Practices. — M 46, Second edition, 2007. — P. 145-149.

2. Dore M.H.I. Forecasting the economic costs of desalination technology // Desalination Yearbook. —
2005. — Vol. 172. — P. 207-214.

3. Ghaffour N., Bundschuh J., Mahmoudi H., Goosen MFA. Renewable energy-driven desalination
technologies: a comprehensive review on challenges and potential applications of integrated systems //
Desalination. — 2015. — VVol. 356. — P. 94-114.

4. Wilf M., Awerbuch L., Bartels C., Mickley M., Pearce G., Voutchkov N. Chapter — budgeting of
membrane desalination projects. // In: The Guidebook to Membrane Desalination Technology, Reverse
Osmosis, Nanofiltration and Hybrid Systems, Process, Design, Applications and Economics, Balaban
Desalination Publications. — 2007. — Vol. 51. — P. 251.

5. Desalination Yearbook 2016-2017, Water Desalination Report. — Global Water Intelligence, 2016. —
P. 145-151.

6. Flory P.J. Principles of Polymer Chemistry. 1st ed. — NY: Cornell University Press, 1953. — 672 p.

7. Cath T.Y., Childress A.E., Elimelech M. Forward osmosis: Principles, applications, and recent
developments // J. Membr. Sci. — 2006. — Vol. 281. — P. 70-87.

8. Nakan U., Rakhmetullayeva R.K., Mun G.A, Shaihutdinov E.M., Toktabayeva A.K. Synthesis and
physico-chemical properties of copolymers based on N-isopropyl acrylamide and 2-hydroxyethylacrylate //
1st USM — Kazakh National University Conference on: ‘Challenges of teaching & chemistry research in
institutions of higher learning’ 11-13th July, 2012. — P. 30.

9. De S.K., Aluru N.R., Johnson B., Crone W.C., Beebe D.J., Moore J. Equilibrium swelling and kinetics
of pH-responsive hydrogels: models, experiments, and simulations // J. Microelectromech. Syst. — 2002. —
Vol. 11. — P. 544-555,

10. Chu Y., Varanasi P.P., McGlade M.J., Varanasi S. pH-induced swelling kinetics of polyelectrolyte
hydrogels // J. Appl. Polym. Sci. — 1995. — Vol. 58, Is. 12. — P. 2161-2176.

11. Eproxun E.E., 3e3sun A.b., CyneiimenoB N.D., Myn ['.A. T'mapodunbHble MOTUMEPH B
HAaHOTEXHOJOTMM W  HAHOJJEKTpoHWKe  (MoHOTpadus) /  bubnmoreka  HAHOTEXHOJIOTUH.  —
Anmatei-Mocksa: LEM, 2008. 214 c.

12. Dergunov S.A., Mun G.A., Dergunov M.A., Suleimenov L.E., Pinkhassik E.Tunable thermosensitivity
in multistimuli-responsive terpolymers // Reactive and Functional Polymers. — 2011. — N 71 (12). —
P.1129-1136.

13. Mun G.A., Suleimenov I.E., Nurkeeva Z.S., Kudaibergenov S.E., Nam LK., Kan V.A. Effect of the
structural inhomogeniety of polyelectrolyte gels on their thermal sensitivity // Polymer science. Series A,
Chemistry, physics. —1998. — N 40 (3). — P. 253-259.

14. Suleimenov 1., Giiven O., Mun G., Beissegul A., Panchenko S., Ivlev R. The formation of
interpolymer complexes and hydrophilic associates of poly (acrylic acid) and non-ionic copolymers based on
2-hydroxyethylacrylate in aqueous solutions // Polymer International. — 2013. — N 62 (9). — P. 1310-1315.

15. Fritzmann C., Léwenberg J., Wintgens T., Melin T. State-of-the-art of reverse osmosis desalination //
Desalination. — 2007. — N 216 (1). — P. 1-7.

IocmynunalQ mapma 2020 2.

40



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2020, Ne 1 (68)

MPHTH 31.25.15.; 31.25.19
YAK 541.6+678.021.16

OKPALIIEHHBIE (CO)YNIOJIMUMHU/ABI U UX NCCJIIEAOBAHUE

Ymep3akoa M.b., Kpasuosa B./l., Capuena P.b.
Hnuemumym xumuuecxkux nayk um.A.b. bexmyposa, Aimamul, Pecnybnuxa Kazaxcman
e-mail: umerzak@mail.ru

B pabome npusedenvl pezyibmamvl UCCICO08AHUSL ONMUYECKUX, INEKMPUYECKUX U MEXAHUYECKUX
CBOUCME ATUYUKIUYECKUX NOAUUMUOO8 U APUIATUYUKIUYECKUX CONOTUUMUOO8, OKPAUEHHBIX OOHUM U3
UBBECMHBIX CUHMEMUYECKUX Kpacumenell — aKmueHviM sapko-kpacuvim 6C. Ycmarnosneno, umo ochogHbvie
Xapakmepucmuxky MoOUuPUYUPOBAHHLIX KPACUMENLEM NOAUEMEPOYUKTO8 NPAKMUYECKU HE CHUICATUCD.
Oonaxo kod¢hguyuenm nponyckanus ymenvwiaicsi u npospaunvimu 00 300 Hm sera0mcs NieHKU,
cooepoicawgue He boaee 2,0 mac. % kpacumens. Hccredosanuem 31eKmpudeckux U MeXanudeckux ceotucme
OKPAWEHHBIX NJIEHOK HOKA3AaH UX 8blcoKUll yposens. Hatideno, umo 6onee wyecmeumenbHblM napamempom K
NPUCYMCMEUI0 Kpacumes S611emcst OUdIeKmpudeckas nporuyaemocms. Ommeuena nepcneKmueHoCmb
UCNOML306AHUSL OAHHBIX OKDAUIEHHBIX KOMRO3UYULU 6 Kayecmee MAmepuailos 6 JA3epHoll Onmuke,
MepMOCMOUKUX C8eMOopuUIbmMpPos. /s npou3600Cmea OKPAUEHHbIX MEePMOCHOUKUX XUMUYECKUX 80JIOKOH.

Knroueswvle cnosa: anuyuxiuyeckutl (Co)noauumud, Mooupurayus, Kpacumenu, nieHKu, npo3paiHoCcms,
OUBNIEKMPUUECKasi NPOHUYAEMOCHb, NPOYHOCTD.

Maxanada 6encini cunmemukanvlk 060ay1apoviy Oipi - Oencendi Kvizvli 6C-meH 00s12aH ANMUYUKIOL
ROAUUMUOMED MeH  apURATUYUKIOL  CONOMUMUOMEPOIH ONMUKATBIK, DJIeKMPIIK JCIHE MEXAHUKATIbIK
Kacuemmepin 3epmmey Homuicenepi kenmipineen. boszviuunen e3eepmineen noaucemepoyurioepoiy Hezizei
cunammamanapul ic scysinoe memenOoemezeti. bipax emxiseiwmix xosgpuyuenmi azativin, O0AbIUMbIY
maccanvig yreci 2,0% acnaiimvin mondipaici 300 um-ce Oetiin Kabvikwanap mysineeni anvikmanovl. Typii-
mycmi KaOwblpuaKkmapowly 31eKMpPliK JHCIHe MEeXAHUKAILIK KACUeMMepiH 3epmme)y O0AapObly JHCO8apbl
Oeneeliin kepcemmi. bosyoviy KamvlCblHOA OUILEKMPUK OMKIZ2IWMIK ce3iMman napamemp exeHoiei
anbikmanovl. Byn mypai mycmi KoMnoO3uyusiapovbl J1a3epaik ONMUKAOQ, bICMbIKKA MO3IMOI HCapblK
cyseinepoe. Conoati-ax mypai-mycmi bICMbIKKA MO3IMOi XUMUANLIK MATWBIKMAP OHOIpicinde KoI0anyoa
muimoi exeni aman ominoi.

Tipex ceo30ep: anuyuxadi (ko) noauumuod, moouguxayus, Oosevluumap, HWICHKAIAP, MOJ0IPTiK,
OUIIeKMPIIK MYPAKMbLIbLELL, Oepikmizi

The paper presents the results of a study of the optical, electrical and mechanical properties of alicyclic
polyimides and arylalicyclic copolymides stained with one of the known synthetic dyes — active bright red 6S.
It was Found that the main characteristics of the dye-modified polyheterocycles were practically not
reduced, but the transmittance was reduced and films containing no more than 2.0 wt were transparent up to
300 nm. % dye's. The study of the electrical and mechanical properties of colored films shows their high
level. It is found that the dielectric constant is a more sensitive parameter to the presence of the dye. The
prospects of using these colored compositions as materials in laser optics, heat-resistant light filters. For the
production of colored heat-resistant chemical fibers are noted.

Keywords: alicyclic (co)polyimide, modification, dyes, films, transparency, dielectric constant, strength.
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Beeoenue: K HacrosiieMy BpeMeHU HaKOIUIEHbI MHOTOYMCIIEHHBIE JAHHBIE 1O MOIU(pUKAILNU
MIOJINUMUJOB, nosnydaeMbiX B AO «MHcTUTYT XuMHueckux Hayk UM. A.b. bekTypoBa» Ha ocHOBe
pPa3NUYHBIX JAMAMUHOB W JMAHTHAPHIOB TPHUIMKIOICICHTETPAKapOOHOBBIX KHCIOT, a TaKkKe
COIOJIMMMHU/JIOB Ha OCHOBE ATHX JUAHTHAPUAOB ¢ auanruapugamu 3,3',4,4'-6enzodpenon — (b3D) u
3,3'4,4'-mudpenmnokcunrerpakapoonosoii (PO) kucnor [1,2]:

0 0 0 0 { 0
I i o= o o =0 ~—q
0 0
o R g 0
R: H (AB), F (A®B), Cl B30 NP0

(AXB), CHs (AT)

AxmyanvHocms  TPOBEAECHUS HUCCIENOBAaHMM B YKa3aHHOM HaIpPaBIE€HUM OO0YCIIOBIIEHA
HEOOXO/MMOCTBIO YJIYULIEHHUST HEKOTOPHIX CBOMCTB aNUIMKINYECKUX IOJIMMMUIOB, TaKUX Kak
TEPMUYECKHE, MEXAHUUECKHE, DIEKTPUUIECKUE U 1p. MI3BeCTHO, YTO OAHMM U3 IIyTel PEIIEeHUs ITOU
3ajjauu  sABJISETCd MOAM(UKALUSA IOJUMEPOB JAPYTUMHM HM3KO- WM BBICOKOMOJIEKYJISPHBIMU
COEJIMHEHUSIMH C BHICOKMMH 3HAYEHUSMHU YKa3aHHBIX CBOMCTB.

Panee B UXH Obutn oCyIIecTBIEHBI UCCIAEIOBAHUS MO CO3/IaHUIO OKPAIIEHHBIX MOJIMUMHJIOB,
pe3yabTaThl KOTOPBIX ObUTH 00001IeHbI B paboTax [3-5]. B mocientue roasl B 3TOM HampaBICHUH
ObUIM TIOTyYeHBI HOBBIE JAHHBIE TEOPETUYECKOTO W MPHUKIATHOTO Xapakrepa. CHHTE3UpOBaHBI U
n3ydensl nonuumuel (ITM) Ha ocHoBe Ab u 4,4'-oxkcuananununa (OA) u apuianuuuKiIndecKue
conomuumuael (CIIN) na ocuoBe Ab, J®PO npu ux pa3znuuHbix cooTHomenusx u OJIA,
OKpAILEHHBIE OJTHUM M3 M3BECTHBIX CUHTETUYECKUX KpPACUTENIEH — aKTHBHBIM SIPKO-KpacHbIM 6C
(AK-6C), oTHOCSIIIMMCS K TPYIIIIe MOHOXJIOPTPUA3MHOBBIX KpacuTeneil. I3BecTHO, 4To onTHYeCcKHe
CBOMCTBA MOJIMMEPHBIX IJICHOK 3aBUCAT OT psAa (PakTOPOB, B TOM UHCIIE OT TOJIMHBI 00pa31oB, UX
MOATOTOBJIEHHOCTH K M3MepeHusM. B HacTodmelt pabore n3ydyeHa 3aBUCUMOCTb Ko3(]duirenra
npomnyckanus noauuMuaoB B obiactu 300-1400 HM OT cTenmeHH NOJATOTOBJIEHHOCTH OOpPaslloB,
KOTOpasi 3aBUCUT OT TEMIEPATypbl TEPMOOOPAOOTKH.

Ha pucynke 1 npuBeneHsl ClieKTpbl MPONYCKaHUS TUIEHOK TOJIIMHOW <25 MKM, BBICYIIEHHBIX
npu 150, 200, 250 n 350 °C. MOXXHO OTMETHUTH, YTO MHTEHCUBHOCTb M I'PAHULBI IPOITYCKAHUS
IUIEHOK, BhICyIIEHHBIX NMpH 150-250 °C Oau3Kku, HO MOCIe BBAEP)KUBAHUS B TE€UEHUE OJHOTO Yaca
mipu 350 °C Habmrogaercs HEOOIBIIOE CMEIIEHUE B ITUHHOBOJIHOBYIO 00J1aCTh.

OTO MOXeT OBbITh CBSI3aHO C IOSBJICHHEM B IUIEHKAaX OKPACKHU 3a CUET MPOTEKAIOUIMX HpU
BBICOKHMX TEeMIIEpaTypax MpoLecCOB AECTPYKIMH OTIENIbHBIX MOJIMMEPHBIX 3B€HbEB U MPOTEKaHUEM
peakuuii MeXXMOJIEKYJISIPHOTO CIIMBAHMUS, T.€. CTPYKTYPHBIMH U3MEHEHHUSIMH MaKpOMOJIEKYI.

KomaectBo kpacutenst B mosmmepax MeHsimm B mpenenax 0,1-5,0 mac.%. BeiOpanubii npemen
KOHIIEHTpalui 00yCIOBIE€H HEOOXOJUMOCTBIO COXPAaHEHHS TEPMUYECKUX U (U3UKO-MEXaHWYECKUX
CBOMCTB, XapakTepHbIX st ucxoauoro [1H.

Pesynbraramu uccnenoBanuii ontuyeckux cBoictB CIIM-1 (cootHomenue AB:[IPO=85:15
MOl %). VYCTaHOBIEHO, YTO OCHOBHBIC XapaKTEPUCTUKU MOAWU(HUIMPOBAHHBIX KpacHTENEM
MIOJIUTETEPOLIMKIIOB MPAKTUYECKH HE CHMXKAIUCh, OJTHAKO KO((HUIMEHT MPOIyCKaHUsI YMEHbIIAJICA U
npo3paydbiMu 710 300 HM SBISAIOTCA IUIEHKH, conepxkamue He Oonee 2,0 mac. % kpacurens. Ha
PUCYHKE 2 TpEACTaBIE€HBl CIEKTpbl mpomyckanus IuieHoK u3 CIIW-1 tommumuHONM <25 MKM ¢
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KpacuteneMm. BumHo, 4ro mpu KOHUIEHTpauuu Kpacurens >1,0 % mporyckaromas crnocoOHOCTb
MOJMUMU/IA B BUITUMOM o0nacTu cHkaercst Ha 22—25 %.

T.%
100
/"—-/—J SWAWAY
P 770
1
\2
N &
50 \\\-‘
\~4
\5
OF s X
300 850 1400

Anm

Pucynok 1 — Cnexrtpsl nponyckanus (T) B Bugumom n YO nuanazonax
mieHok [TH Tommunoit =25 mxm (1 —4) u 40 MmxMm (5), 00pabOTaHHBIX TIPH PA3IUYHBIX
temneparypax: 1 — 150, 2 — 200, 3,4 —250,5—-350°C
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Pucynok 2 — Cnektpsl nponyckanus B BuguMoM n Y@ nuanazonax mieHok CIIW-1 Tommunoit 25
MKM, cojepkanux kpacutenb: 1 —0,1,2-0,5,3-1,0, 4 — 2,0 mac. % kpacurenst
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IIpu BBeneHMM B MOJIMUMUAHBIA pacTBOp 10 2 Mac. % MOJU(PHUIMPYIOLIETO BELIECTBA
TEpPMUYECKas YCTOHYMBOCTb, MEXaHUUECKUE U JUDIICKTPHUUECKUE XApAaKTEPUCTUKU HE CHIDKAIUCH.
TeMneparypa Hayana pasJIOKEHUS MCXOJHOTO TMOJUMMHUIAA W KOMIO3WLHMA C YKa3aHHBIM
KOJIMYECTBOM Kpacsiero Bemiectsa cocrasisuia 370-375 °C. B Tabmaune 1 npuBeneHbl 3HaYEHUS
JHMAJIEKTPUIECKON MTPOHHUIIAEMOCTH, TIPOYHOCTH Ha pa3pbiB, OTHOCUTEIBHOTO YUTMHEHUS U MOTYJIS

YIPYTOCTH.

Tabmuma 1 —  JludnekTpuyeckas TNPOHHMIIAEMOCTh H  (PH3UKO-MEXaHUYECKHE  CBOMCTBA
anmuiukianyeckoro CIIN-1 u ero komno3unuii ¢ kpacutenem (25 °C)

[Tonumep € DU3UKO-MEXAaHUYECKHUE TTapaMeTPhI
JURJIEKTpUYecKas Gp, MITa E, MIIa, %,
HMPOHMMUACMOCTE | npounocTs Ha MOIYJIb OTHOCHUTEIIBHOE
paspbiB YIPYTOCTH YIJIMHEHHE
CIIn-1 2,28 170 4200 36
CIIN+1 % 6C 2,35 170 4190 40
CIIN+2 % 6C 2,78 175 4195 42

bonee yyBCTBUTENBHBIM MapaMeTPOM K MPUCYTCTBUIO KPACUTENS SIBISCTCS JUAIICKTPUYECKas
IPOHUIIAEMOCTh, U3MEHEHUE 3HAYCHUI KOTOPOH OT KOHLEHTPALUH OKPAIINBAIOIIETO COCTMHEHUS
MIPUBEACHO B TaOIMIIE 2.

Tabmuna 2 — JludjekTpuueckas MPOHMUIIAEMOCTh OKPAIEHHBIX MOJUUMUIHBIX IUICHOK,
MIOJIYYEHHBIX IIPU PA3JIMYHBIX KOHLICHTPALUAX KPaCUTENSA

KoHueHnrtpanus kpacurens, JnsnexTpudeckast IPOHUIIAEMOCTbD, €
mac. % 25°C 100 °C 200 °C 250 °C
0 [6] 2,02 2,06 2,00 1,95
0,10 2,12 2,14 2,10 2,24
0,50 2,71 2,74 2,70 2,73
1,00 2,63 2,60 2,62 2,70
1,50 3,14 3,11 3,10 2,28
2,00 3,22 3,36 3,40 3,47
2,50 3,54 3,65 3,63 3,64
3,00 3,80 3,88 3,94 4,02
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N3BecTHO, UTO 3yIeKTpUYECKasi MPOUYHOCTh MOJIMMEPHOTO JUAJIEKTPUKA 3aBUCUT OT HECKOJIBKHX
(akTOpOB, B TOM YHCIE OT TOJIIMHBI M30JALMU M Temmepatypsl [6]. s ucxoguoro I mpu
TonmuHe TieHok 25-35 MM Enp coctaBnser 90—100 kB/mwM, yBennuuBasics 10 3HaueHuit 180—190
kB/MM mipu 50-55 mkwMm, s okpamienHoro [1U snekTpuyeckas MpoYHOCTh ONPE/IEICHa Ha TOM JKe
ypoBHE. 3aBHCUMOCTH 3JIEKTPUYECKOW MPOYHOCTU OT TEMIIEpaTyphl Ui OOpa3lOoB OKpAIIEHHBIX
IJICHOK Pa3HOM TONIIMHBI U3 osmuMua Ha ocHoBe Ab u OJIA npu xoHueHTpaiuu kpacurens 3,0
Mac. % IpuUBEJEHA HA PUCYHKE 3.

E.kV/mm
300

200 \\
™

150
\
100 I —— 2

0 1
-200 -175 <100 50 0 25 100 200 300

Pucynok 3 — 3aBUCUMOCTB 3JIEKTPUUECKON IPOYHOCTH OKPAIIEHHOMN MOIMMMUIHON MJICHKU
tonuuHou 25 (1) u 55 (2) MKM OT TeMmneparypbl

Tabnuna 3 — Mexanuueckue cBoiicTBa anuuukiandeckoro I u ero xommo3unuii ¢ Kpacutenem
AK-6C (25 °C)

KOHI_ICHTpaI_II/ISI KpacuTelisd, Du3uko-MexaHN4YeCKHUEe CBOMCTBA
mac. % G, MITa E, MITa 1%
0[7] 145 4200 24
1,00 150 4190 26
2,00 155 4150 30
3,00 155 4120 30
4,00 145 4000 24
5,00 140 3980 24
6,00 127 3965 22
7,00 120 3960 22

OcHOBHbBIE MEXaHMYECKHE XaPAKTEPUCTUKH TJICHOK TOJIIMHON ~55 MKM MPHUBEACHHI B Ta0JHIe
3. MexaHnnueckre CBOMCTBA OKPAIICHHBIX IJICHOK M3 KOMITO3HMIMH, BKIO4aromeil 10 3,0 mac. %
KpacuTensi, HaxoasaTcsi Ha ypoBHe ucxomHoro [IM m HauMHAIOT CHMIKATHCA TPHU JabHEHUIIEM
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YBEIMUYCHUU KOHICHTpalu Kpacuteis. HekoTopoe moBblieHHe G, ¥ | U yMeHbIIEHHE MOIYIIsI
ynpyroctd E Moxer ObITb 00yCIOBICHO IUIACTU(GULUUPYIOIIMM BIHMSHUEM J00aBIIsEMOIO
OpPraHU4eCcKOro COeIUHEHHUS.

Morekysa MCIoJIb3yeMOI0 KpaCUTENs SBJISIETCS. JOBOJIBHO O0BEMHOM (PUCYHOK 4) U 3TO MOXKET
BJIMSTH Ha TMIPOJMHAMHUYECKHE ITapaMeTpsl NoinuMepa. Takue coelmHeHUs, B CTPYKTYpe KOTOPBIX
UMEIOTCS pa3inuHble (PYHKIMOHAIBHBIE I'PYIIIBL, ABISIOTCS aKTUBHBIMU B HEKOTOPBIX XMMHYECKHX
nporeccax, B TOM YHCJI€ MPU CHHTE3€ TEPMOCTOMKUX MOJIMMEPOB. PaHee katanuTuyeckoe BIUSIHUE
Kpacurenel OblI0 TIOKAa3aHO MPH MPOBEICHUN CHHTE3a NOJMUMUIOB B (DEHOIBHBIX PACTBOPUTEIISAX
[4—-6], ananoruunslit 3¢ddexT ycTaHoBIeH U npu npoBeneHuu npouecca B JIMAA, MII [8,9]. Ha
pPUCYHKE 5 IOKa3aHO HM3MEHEHHe npuBeneHHOU Bs3kocTH 0,5 % pactBopa IIM, nmomyueHHoro B
otrcyTcTBHE (KpuBas 1) U IPUCYTCTBUM (KpPHUBBIE 2,3) KPACHUTEIIA.

N-CH
N=(

S0,Na
T oH I-{N/<;4 _f{N

T
Na0.$ SO,Na

2

Pucynok 4 — CTpykTypa MOJIEKYJIbI KPAaCUTENS! CHHTETUUECKHIM
AKTHUBHBIN sIpKO-KpacHbI 6C

N y2/C, anir

16 |-

e

12

0,8 =

04

a1 2 | I | I
0 2 4 6 g T4

Pucynok 5 — 3aBucumocts npuseneHHoM BsizkocTH 0,5 % pactBopa [IM oT npo1oKuTeIbHOCTH
cunte3a B JIMAA B orcyrctBue (1) u mpucyrcreum 1,0 (2) u 1,5 % (3) xpacurens
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Bunano, yro mporecc obpazoBanus 1M B mpuCyTCTBUM KpacuTess YCKOpSETCS M HauOoJbIlee
3HA4YEeHUE Nmp, paBHOE 1,45 m/r, mocturaercs 3a 3 4 MpH ONTUMAJIBHONH KOHIEHTPAIMUA KPACUTEIs
1,5 mac. % (xpuBasg 3) u 4,5 u (xpuBas 2). bnaronmapsi yckopsiouieMy BIMSHHMIO KpacuTeNs
3HavyeHus Bsa3koctH [1U B ero mpucyrctBum Oojiee yeM B 2 pa3a BBILIE 110 CPABHEHHIO C IPOLIECCOM
B €ro OTCyTCTBUE. AKTUBHOCTb KpacuTelid B JAaHHOM IOJMKOHJEHCAIIMOHHOM IIpoLiecce
o0yCIOBJIEHa MPEUMYIIECTBEHHBIM BIMSHHEM MOHOXJIOPTpUa3HMHOBOrO ¢parmenTa. [Ipu stom
COrJacHO JaHHBIM paboT [3,5] KpacuTelnb NPUCOSAUHSAETCS K KOHIICBOM aMHHOTPYIIIE
MaKpOMOJEKYJbl.  AHAJIOTMYHBIM  OOpa3oM  3TO  OpPraHWYecKoe  COEJUHEHHE  MOKET
B3alMOJICIICTBOBATh M C HMCXOJHBIM MOJIMMMMJIOM IPHU IHOJYyYEHUH KOMIO3UIIUN MEXaHUYECKUM
CMEILIMBAHUEM KOMIIOHEHTOB, T.K. B TOTOBOM IIOJUMEpPE MPUCYTCTBYeT 5—7 % aMHHOIpYIIIL.
[TosydyeHHbIE TaHHBIE CBUJIETENBCTBYIOT B I10JIb3Y TOTO IPEANOI0KEHNUS, YTO MEXY IOJTUMEPOM U
KpacuteneM mnpoucxoaut xumudeckoe Bzaumoneicreue. s CIINU na ocnoe Ab, 1dDO u 4.4'-
OZIA monydeHbl OnM3KUE pe3yibTaThl: MPU KOHIEHTpauuu kpacurens 1,5 mac. % 3HaYEHUS Nup
coctaBisioT 1,4-1,5 nn/r, koaddunuent nponyckanus =~ 70 %, AUdIEKTpUUECKas TPOHUIIAEMOCTh
2,75 mpu 25 °C. Usmepenue (HU3NKO-MEXaHHUUYECKUX CBOICTB M OIIEHKa TEPMUYECKOM
YCTOWYMBOCTH KOMIIO3UIIMOHHBIX TUICHOK, MOJIYYEHHBIX BTOPHIM CIOCOOOM, MOKa3alid, YTO ITH
XapaKTePUCTHKU WJIEHTUYHBI TOKa3aTeNsiM OKpAIIeHHbIX IUICHOK, C(HOPMUPOBAHHBIX MEPBBIM
ciocoboM. Takum 00pa3om, croco0 MOTyYeHHs OKpAIIEHHBIX KOMITO3UIMIA B JAHHOM Cliydae He
OKa3bIBaeT BIMSHMS Ha UX cBoicTBa. [Ipu onTuManbHOW KOHLIEHTpALMM KPACUTENsSl OKpAlllEHHBIE
MOJINUMUIHBIE TUIEHKH, (POTOCHUMKH KOTOPBIX IPUBEIEHBI HA PUCYHKE 6, SBISIOTCS IPO3PAYHBIMHU.

PI/ICYHOK 6 — ®DOTOCHUMKH OKpalICHHBIX MOJUUMHUAHBIX IJICHOK

IIpu ob6cyxJeHuM MepcreKTUB MPUMEHEHHs TOro WM HMHOTO MaTepHaja OIpelesseTcss He
TOJIBKO €r0 YCTOMYHMBOCTH NPH HarpeBaHUM, HO M TOBEJEHUE MPHU HU3KUX Temreparypax. C 3Toii
1enblo Oblla M3y4YeHa YCTOMYMBOCTH HEKOTOPHIX IapaMeTpPOB OKPAIEHHBIX IJICHOK IIpH
TeMIlepaType KUAKoro azota. MccnenoBanus mokasaiau, 4yTo depe3 4 4 MexaHHM4ecKasi POYHOCTb
MIOJIM- ¥ COTIOJIMMMHJIHBIX TUICHOK ToymuHoW 50-55 MM ¢ 3,0 mac. % KpacuTens CHUXaeTcs Ha
70-80 %, B TO BpeMs Kak AMUAIEKTPUUYECKHE XapaKTepUCTUKU TepstoT Bcero 40-50 % ot cBomx
[IEpBOHAYAJIHBIX 3HAYEHUH, UTO KOPPEIUPYET C 3aKOHOMEPHOCTSIMH, YCTAHOBJICHHBIMU paHEE IS
ucxogHoro IIM. OcHOBHbBIE pe3ynbTaThl OKpAIIEHHBIX QJIWLUKINYECKUMX MOJUUMUIOB U
apWIATTMIMKINYECKUX COTOJIMMEPOB OIMyOIHKOBaHbl B paborax [9—11], B KOTOPHIX MOKa3aHO, YTO
npu KoHmeHtpanuu kpacutens 0,5-1,0 mac. % kodpduUIMEHT NpOnmyCcKaHUs TIJICHOYHOTO
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MaTtepuana ToamuHon ~27 MM B obmactu 400—900 M coctaBmsier 80-90 %, B ciywae 1,0-2,0
Mac. % KpacuTelns 3TOT nokasateins paseH 60—70 %.

Takum 00pa3oM, OKpaIlICHHbIE KOMITO3UIIMA HAa OCHOBE AQIHUIMKJINYCCKOTO IOJMUMHEIA
Onarosapsi BBICOKMM ONTHYCCKMM XapaKTCPUCTHKAM M 3HAYCHHUSM DJICKTPHUYECKOW MPOYHOCTH,
CTa0MIIbHBIM 3HAYEHUSAM JHUIJIEKTPHUCCKOW IPOHHMIIAEMOCTH, a TaKXKE BBICOKOH TEPMHUYCCKOU
YCTOMYHMBOCTH M MEXAHHYECKOW IPOYHOCTH, SIBISIOTCS MEPCICKTUBHBIMU MaTepHalaMu IS
MOJIyYEHHSI TEPMOCTOMKHMX CBETO(PHIBTPOB, B KAYECTBE MAaTEPHAIIOB JIa3CPHOM ONTUKH, a TAKXKe IS
IIPOM3BOJICTBA OKPAIICHHBIX TEPMOCTOUKHMX XUMHUECKUX BOJIOKOH.
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CPABHUTEJIbHBIN AHAJIN3 XUMHUYECKOI'O COCTABA
HEKOTOPBIX BUJ1IOB TBIKBbI (CUCURBITA)

blckak I'.E.l, YBannckanosa K. H.! 2, Ceiitumona I'.A.1 2,
JIuteunenko 10.A.! 2, Bypamesa I'.111.1
YKazaxcxuii nayuonanvmuiil ynusepcumem umenu ano-Papabu
2[lenmp pusuKo-XuMU4eckuUx Memooos ucciedosanus u anamuza KazHY um. ano-Papabu
Anmamol, Pecnybnuxa Kazaxcman
e-mail: uvaniskanovazhuldyz@mail.ru

Onpedenen KawecmeeHHblll COCMAB OCHOBHLIX 2PYNI DUOTOSUYECKU AKMUBHBIX 8eUeCms Ka3aXCMAHCKUX
61008 BIKEYL, 3420MOBLeHHbIX 8 Armamunckou obnacmu. Ilpoeeden cpagHumMenbHvll AHAIU3 XUMULECKO20
cocmasa Hekomopuix 6udoe muikevl (Cucurbita). Ilpeocmasnenvt pesynomamol u3yueHuss MUHEPAIbHOLO
cocmasa. Cooepawcanue MOKCUYHBIX MANCENLIX MEMANI08 (PMymb, MblUbsAK, KaOMuil, CceuHey) 6
PACMUMENbHOM CbIpbe He npesbluident 00NnyCmuMbiX HopmMamueos. Hcciedosan cocmag JeupHulX KUCIOm u
sumMamuno8. Bvicoxkas Konyemmpayus cpeou  JICUPHBIX KUCTIOM  OMMeEYeHd Ol  NATbMUMUHOBOU
(15,751-25,405 %), oneunosoii (6,917-30,172 %), y-runonenosoii xucromor (21,387-32,824 %).
Maxkcumanvhoe snauenue sumamuna E ycmanosneno y muixevl myckamuou (Cucurbita moschata) copm
Myckam 0e Iposanc. ObHapysiceHo OMHOCUMENbHO 8bLCOKOE cooepiicanue sumamunos B1 (2,536 me/1002) u
B3 (2,340 me/1002) 6 mwixee obwviknosennoi (Cucurbita pepo) copm Kuyknxso.

Knroueswie cnosa: Cucurbita moschata, Cucurbita pepo, Cucurbita maxima, 6uonocuuecku akmughvle
BeWYECmBa, JHCUPHbIE KUCLOMbL, MAKPO- U MUKPOIJIEMEHMbI, GUIMAMUHDL.

Anmamsl 007bICLIHOA OAULIHOANEAH KA3AKCMAHOLIK ACKAOAKmbuly Keuoip mypaepinoeci Ouoaocusivl
bencendi 3ammapovly Heeizel MONmapvlHa Canaiblk manioay sHcypeizindi. Ackabaxmuoiy (Cucurbita) xeiibip
MYPIEPIHIK XUMUSATIIK KYPAMBIHA CANBICIMBIPMAIIbL CApanmay icacanovl. Munepanovl KYpambiHbly 3epmmey
Homuoicenepi KeamipineeH. OCiMOIK WUKI3AMbIHOAEbl YoIMMbl AYblp MemAanoapobly (ColHAN, KYWaH, KAOMUI,
KOp&acvlH) Mmenuepi pyKcam emijieeH HOPMAaiapoan acnaiiovl. Mail KeluKelioap dicoHe 0apymMeHOepoiy
Kypamel 3epmmendi. Mail Keiuukblioapsl apacvlHoa dHcoapsvl KoHyeHmpayus naremumur (15,751-25,405
%), oneurn (6,917-30,172 %), y-munoren xviwroviior (21,387-32,824 %) xvuuxwviioapeinoa 6atixanoel. E
Oapymeniniy ey scozapavt moni Myckam oe Ilposanc copmmut Cucurbita moschata ackabagvinoa dencinenoi.
Knyxaxso copmmur  Cucurbita pepo ackabakma Bi (2,536 me/1002) owcone Bz (2,340 me/1002)
02pyMeHOepiniy CanblCMbIPMAIbl HCOApbL MOIULEPT MAOBLIOYL.

Tipex ce30ep: Cucurbita moschata, Cucurbita pepo, Cucurbita maxima, 6uonoeusneix bencendi sammap,
Mail KblUKbLI0Apbl, MAKPO- HCIHe MUKPOITeMeHmmep, 0apymeHoep.

The qualitative composition of the main groups of biologically active compounds of the Kazakh species of
pumpkin harvested in the Almaty region was determined. A comparative analysis of the chemical
composition of some species of pumpkin (Cucurbita) was carried out. The results of studying the mineral
composition are presented. The content of toxic heavy metals (mercury, arsenic, cadmium, lead) in plant raw
materials does not exceed acceptable standards. The composition of fatty acids and vitamins is investigated.
High concentrations of fatty acids were observed for palmitic (15,751-25,405 %), oleic (6,917-30,172 %),
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and y-linolenic acid (21,387-32,824 %). The maximum value of vitamin E was found in Musquee de
Provence variety of Cucurbita moschata. Relatively high content of vitamins B: (2,536 mg/100g) and Bs
(2,340 mg/100g) was found in Knucklehead pumpkins, botanically classified as Cucurbita pepo.

Keywords: Cucurbita moschata, Cucurbita pepo, Cucurbita maxima, biologically active substances, fatty
acids, macro-and microelements, vitamins.

Opuum n3 HauboJiee BaXKHBIX MOJIE3HBIX CBOWCTB PACTEHHI SBISETCS CIIOCOOHOCTH BXOASIIUX B
COCTaB UX OPraHoB M TKaHE XHWMHUYECKUX COCIMHEHUH OKa3blBaTh HAa OpPraHU3M 4YellOBEKa,
nedyebHoe aeiictBue. OHO OOYCIOBIIEHO TaK HAa3bIBAEMBIMHU «JCHCTBYIOIIMMHU BEIIECTBAMUY», TO
€CTh BEILIECTBAMH, O0JIAZAI0OIMMHU (PU3NOJIOTHUECKOM aKTUBHOCTBIO, U B ATOH CBSI3U Ha3bIBAEMBIMU
4acTo «(papMaKoJIOrHIeCKu aKTUBHBIMIY [1].

CewmetictBo ThiKBeHHBIX (Cucurbitaceae) nacuutsiBaer 130 pogoB u okono 900 BUI0B, KOTOPEIC
MPOU3PACTAIOT  MPEHMYIIECTBEHHO B  TPONUYECKUX W  CYOTPONIMYECKHX pailoHax oOT
BJIQKHOTPOIUYECKUX JIECOB JO0 NYyCThIHb. bBOMNBIIOE KOMMYECTBO JUKOPACTYIIUX THIKBEHHBIX
BcTpevaeTcss B Adpuke, Asunm u Amepuke. Pox TeikBa HacuumThiBaeT okoyio 20 BuaoB. ThIkBa
(Cucurbita) mpencrasisier coboii pacreHue, NpuUHAIeKaee K cemeiictBy Cucurbitaceae,
COCTOSIIIICe U3 OCHOBHBIX BHJOB, TAKUX KaK ThikBa oObikHOBeHHas (Cucurbita pepo L.), TeikBa
kpymHas (Cucurbita maxima Duch.), TeikBa myckarnas (Cucurbita moschata Duch. ex Poir.) [2, 3].

[TmoxpI THIKBBI MOTPEOISIOTCS B THINY, a CEMEHA TBHIKBBI CUHTAIOTCA OOTaThIM HCTOYHHKOM
OMOJIOTUYECKH aKTHBHBIX coeAnHEeHUH. CeMeHa TBHIKBBI ITUPOKO HCIOIB3YIOTCS B KauecTBE
MUIIEBBIX M HAPOIHBIX JIEKAPCTB MJIM JUISI MPOM3BOJCTBA Macia. Macio THIKBEHHBIX CEMEYEK
mpescTaBiIsieT co0o0il BsI3KOe NUXpOMATHYECKOe Macjo, o0yajarolee CUIbHOW aHTHOKCHIAHTHON
aKTUBHOCTBIO, KOTOPOE UCIOJIb3yeTCsS B KaueCcTBE JA00aBKU B (popMe Karcyn WU B XKUAKOU dopme
JUIS YKpeTUIeHUs 3J0pOBBs yenoBeka [4]. PacTeHne mMpoKo UCMONB3yeTCsl B HAPOAHON MEIUIIUHE B
JIepMaToJIOTHYECKON TpakTHKEe, B KauyecTBe JIEYEOHOr0 M LIEHHOIO JHMETHYECKOro CpeiCTBa,
cojiepKamiero OoJbIION Ha0Op OWOJOTHYECKHM AaKTUBHBIX JJIEMEHTOB. THOETCKas MeauIuHa
NPUMEHSET THIKBY TIpW OOJE3HSAX CcepAalla, IeYeHH, I0YeK, TacTPUTax C IOBBIIICHHOU
KHCJIOTHOCTBIO U SI3BCHHOW 0O0JIC3HH KeJy/IKa U IBEHA IIATUIIEPCTHON KHUIIKH [5, 6, 7].

Kak wncTouHMKM OHOJOrMYECKM aKTHBHBIX coeauHeHuit ThikBa (Cucurbita) mnpencrasisier
WHTEpEC, IMOITOMY H3y4YCHHE KadeCTBEHHOTO W KOJMYECTBEHHOTO COCTaBa JTHUX PACTEHUH W
CO3/IaHHE HAa UX OCHOBE (PUTOMPENapaTOB SIBISIETCS aKTyalIbHBIM.

Ilens uccnenoBaHus — H3yYeHHE XUMHUYECKOTO COCTaBa HEKOTOPHIX BHIOB ThIKBBI (Cucurbita)
ceMmeiicTBa ThikBeHHBIE (Cucurbitaceae).

Oxcnepumenmanvhas 4acms u 00CyHcoeHue pe3yibmanmos.

OOBEKTOM HCCIIEOBAHUS CIYKWJIM TIIJIOJBl THIKBBI PA3JIMYHBIX PAa3HOBUIHOCTEW U COPTOB,
3aroToBJIeHHbIE B ATMaTUHCKOM obOmactu: Cucurbita moschata — Myckar ae IIposanc, Cucurbita
pepo — Knyknxaa u Cucurbita maxima — ®apdoposas kykia.

MetonaMu ByMEpHOH U OJJHOMEpPHOM XpoMaTorpaduu Ha Oymare, a Takke TCX B pa3zinyHbIX
CHCTEeMaX pACTBOPHUTEICH YCTAaHOBJIEHO, YTO OCHOBHBIMH TPYIIIIaMH OHOJOTHYECKH aKTHBHBIX
BEIIECTB HA/36MHOM MAacChl HCCIIEIYyEeMBIX pPACTCHHH SBISIOTCS (IaBOHOWIBI, KapOTHHOWIIBI,
AMHHOKHCIIOTHI, )XUPHBIE KUCIIOTHI, (DEHOIOKHCIIOTHI, YTIIEBOIBI.

[To obwenpunsareiM Mmeronukam | mszmanusa ['ocynapctBenHoit ¢gapmakoneun PK ompenenenst
MoKa3aTeau IMOJJIMHHOCTH U J0OpOKauYeCTBEHHOCTH ChIPbs (TMOTEps B Macce MpU BBICYIIUBAHHH,
AKCTPAKTUBHBIC BelecTBa, 00mas 3oia) (tadmuna 1) [8, 9]. DkcTpakiMoHHbIE METO/IBI HanOosICe
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YacTO MCHOJB3YIOTCS NPU MEepepadoTKe PacTUTENBHOrO ChIpbs. OT 3(PPEeKTUBHOCTH MPOTEKAHUS
ATOTO MpPOIECca BO MHOTOM 3aBHCHUT KaueCTBO HY)KHOTO MPOIyKTa. [lJii JTaHHOTO pacTeHHsI, YTOOBI
OTIPEICNIUTh KOJUYECTBO IKCTPAKTUBHBIX BEUIECTB HMCIOJIB30BAHBI BOJAA U PA3IMYHBIE COCTAaBBI
BOJIHBIX pacTBOpoB 3TaHoja (30—90 %).

Ta6numa 1 — ITokasarenu 1006pOKaYeCTBEHHOCTH ChIPhs HEKOTOPBIX BHIOB THIKBBI (Cucurbita)

[Tokazarenu 10OpoKaueCTBEHHOCTHU CHIPBA, (%0)
Konmr4aecTBo SKCTPaKTUBHBIX BEUIECTB
A <
m =] =3
HazBanue cbipbs § 2 N X X
= s 8 | 2 | g &
S s =
= 8 S S S 2
2 S 5 5 5 =
Q S 9
Cucurbita moschata Duch. ex Poir. 9,75 12,9 59,32 | 47,74 | 42,89 | 49,69
Cucurbita maxima Duch. 11,71 8,8 58,44 54,5 52,72 | 56,13
Cucurbita pepo L. 10,24 9,1 66,41 40,67 54,21 | 58,29

YcranoBieHo, 4Tto npu BiaakHoctd 9,75-11,71 % conmepkaHue SKCTPAKTUBHBIX BEIIECTB B MX
30 % BOJHO-3THIIOBBIX AKCTPAaKTaX HaxoAUTCs B mpeaenax 59,31-66,41 %.

[ToaroroBka 00pa3oOB U ONMpPeICTICHIUE MAKPO- M MHKPOAJIEMEHTOB IMPOBEICHBI B COOTBETCTBHH C
I'OCT 30178-96 «Cpipbe ¥ MPOAYKTHI MUIIEBbIE. ATOMHO-a0COPOIIMOHHBIN METOJ] ONpECICHHMS
[10, 11],
aOCOPOITMOHHBIM METOJIaM ONPEJCICHUS] TOKCHYHBIX JJIEMEHTOB B TIHIINEBBIX TMPOJAYKTAX U

TOKCHYHBIX DIJIEMEHTOBY a TaKkKe 10 METOJMYECKUM YyKa3aHWsIM 110 aTOMHO-
nuieBoM cebipee [12] Ha Analyst 200. Onpenenenune Kanblys U Maraus BoinosiHeHo mo P 4.1.1672-
2003 «KoMMmIeKCOHOMETPUYECKUI MeTOJ] OmnpeAeseHNs Kalbliisg U MarHus» TUTPUMETPHUUECKUM
METOJIOM.

Pe3ynbTaThl onpeaeneHus CoaepkKaHUs SJIEMEHTOB B UCCIIEIyeMOM 00paslie ChIpbs MPUBEICHbI
B Tabnuue 2. OGHapyKeHO, YTO B IUIOJAX THIKBBI U3 MHUKPOAJIEMEHTOB OOJIbIIIE€ BCETO COACPKHUTCS
[IUHK, a M3 MaKpOdJeMEHTOB — MarHuid. Cpeau OOJBIIOTr0 KOJIMYECTBA XWMHYECKHUX BEUIECTB,
MOTJIOIIAEMBIX JTUKOPACTYIIMMHU PACTEHHSIMH, O0COOOTO BHUMAHHS 3aCIYy)KMBAIOT MBIIIBSK U €ro
COEIMHEHUS], TaK KaK OHU CITIOCOOHBI K OMoakKyMmynupoBaHuio. ConepikaHie TOKCHYHBIX TSHKENBIX
MeTalIoB (PTyTh, MBIIIbSK, KaJMUW, CBHHEl) B uccieayeMom oOpasue JIPC He mnpesbliiaer
PEKOMEHI0BaHHBIX HOpMATHBOB [13].

W3yueH XUPHOKHCIOTHBIA COCTaB MSKOTH ThIKBBL. MaeHTuduiupoBaHo 13 >KUPHBIX KHCIOT
METOJIOM Ta30-KUJIKOCTHOU Xxpomarorpaduu (Xpomoc 'X-1000) cormacHo tpeboBanmsm ['OCT
30623-2018. Pe3ynbraThl aHanu3a npuBeneHs! B Tabuuue 3. M3 gaHHbIX TaOnuibl 3 ciaenyeT, 4To B
MSIKOTH TBHIKBBI NMPEO0IaJaloT TaKhe XUPHbIE KUCIOThHI, KaKk MalbMHUTHUHOBas kuciota (15,751-
25,405 %), omeunoBas (6,917-30,172 %), y-nunoneHoBas kuciora (21,387-32,824%). Caemyer
OTMETHTD, YTO apaxXMHOBAs, JOKO3aJMEHOBAs KICIOTHI B HEKOTOPBIX BHIaX THIKBBI OTCYTCTBYIOT.
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Tabnuia 2 — MuHepabHbIi coOcTaB HEKOTOPBIX BUIOB THIKBHI (Cucurbita)

MuHepanbHble Copeprxanue, Mr/kr
SIICMCHTBI Cucurbita moschata Cucurbita maxima Cucurbita pepo
Luuk (Zn) 740,68 580,63 355,29
Keneso (Fe) 231,09 256,59 242,09
Kanbimii(Ca) 2194 1757 2662
Maruuii(MQ) 2809 1827 2935
Caunern (Pb) 0,1805 0,0545 0,2205
Kaamuii (Cd) 0,0019 0,0027 0,0043
Mpibsk (AS) 0,0005 He oGHapyxeHo He obGHapyxeHo
Pryts (HQ) He oGuapyxeno He oGHapyxeno He oGuapyxeno
Tabmuua 3 — JXupHOKUCIOTHBII COCTaB HEKOTOPBIX BHIIOB THIKBBI (Cucurbita)
Conepxanue, %
KupHbIE KUCTOTHI Cucurbita Cucurbita :
moschata maxima Cucurbita pepo
HachliieHHbIC JKUPHBIEC KHCIOTHI
Jlaypunosast kuciora (C12:0) 0,716 0,205 0,180
MupucturoBast kuciota (Ci4:0) 2,165 0,631 1,590
[ManemuTrHOBas KHcaoTa (Cie:0) 23,932 15,751 25,405
Creapunosas kuciora (Cis:0) 5,672 4,789 3,382
Berenosas kuciora (C22:0) 1,743 0,966 1,312
Apaxunosas kuciora (C20:0) He oGHapyxeHo 0,407 He oGnapyxeHo
MOHOHEHACHIIIICHHBIC YKUPHBIE KHCIOTHI
[ManemuTonennoBast kuciaora (Cie:1) 0,478 0,624 1,719
OmneunoBas kucioTa (Cis:1noc) 10,576 30,172 6,917
[TonuHEeHACHIIIEHHBIE YKUPHBIC KHCIOTHI
JIunonesas kuciota (Cig:3n3) 0,269 1,093 1,868
Jlunonenosas kuciora (Cig:2nec) 22,560 22,406 23,688
y-nmuHoJeHoBas kucnora (Cig:ane) 30,443 21,387 32,824
Diiko3anentaeHoBas kuciaota (C20:5n3) 1,447 0,268 1,116
Jlokozaauenoas kuciaota (C22:2c) He oOHapyxeHo 0,876 He oGHapyxeHo

>KI/IpHLIC KHCJIOTBI ABJIAAFOTCA BA’)KHBIMH KOMIIOHCHTAMU IHUTAaHUA, HCAOCTATOYHOC IMOCTYIIJIICHUC
B OpraHU3M KOTOPLIX HCTATHUBHO BJIMACT HaA OOMEHHBIE IPOLECCHI. K TOMY K€ JXKUPHBIC KHUCJIOTHL
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BIIUSIIOT Ha AIaCTUYHOCTH COCYIOB, a TAKXKE SBJISTFOTCS COCTABIISIONIMME KJIECTOYHBIX MEMOpaH, OHH
HEOoOXOMUMBI Ui CUHTe3a TOpMOHOB [14]. JIuHONeBass W OJIGMHOBAS KHUCIIOTHI SIBIISIOTCS
HE3aMEHUMBIMU KHCJIOTaMH XHPHOTO psiia M BXOIAT B cocTaB OMera-9 u OMera-6-HeHAChIIIEHHBIX
KHCIIOT.

Taxke ompejeieH BUTaMUHHBIA COCTaB MSKOTH THIKBBI 0OBbIKHOBeHHOM (Cucurbita pepo L.)
copt Kuykaxsa, teikBel kpymHo# (Cucurbita maxima Duch.) copr ®apdopoBast Kykia, THIKBBI
myckarHoii (Cucurbita moschata Duch. ex Poir.) copr Myckart e IIpoBanc. Pe3ysibprarsl aHamu3a
MIPHUBEICHBI B TAOIUIIE 4.

Crexyer oTMETHTB, YTO ThikBa MyckaTHas (Cucurbita moschata Duch. ex Poir.) copr Myckar ne
[TpoBanc conepxutr Oonpmoe konmdyectBo ButamuHa E (52,047 wmr/100r). Tokodepoms
00ecreYnBal0T YCTOMYNBOE COCTOSSHUE HEPBHOW U SHAOKPHHHOM CHCTEM, HOPMAIHU3YIOT MPOIECCHI
oOMEHa BEIIECTB B CKEJIETHBIX M CEpACYHON MBIIIAX, MEYCHH; CHOCOOCTBYIOT YKPEIJICHHIO
HMMYHHOU cuctemsl [15].

Ta6nuna 4 — ButaMuHHBIN COCTaB HEKOTOPBIX BUIOB THIKBBI (Cucurbita)

Hasganue Conepsxanue, mr/100r
BUTaMHHOB Cucurbita moschata Cucurbita maxima Cucurbita pepo
Buramuua A 0,043 0,142 0,030
Buramus B1 0,696 1,810 2,536
Buramus B3 1,056 He oGuapyxeno 2,340
Buramus Bs 1,730 0,390 0,364
Buramun D3 He o6napyxeno 1,643 He o6napyxeno
Buramun C He o6napyxeno 0,047 He o6napyxeno
Buramun E 52,047 2,950 He oOHapyxeHO

Buramunasl C u D3 uaentudunupoBansl B ThikBe KpymHoi (Cucurbita maxima Duch.) copr
®dapdopoBas kykiaa. OOHapYKEHO OTHOCHUTEIBHO BBICOKOE COJACp)KaHWE BUTAMHUHOB Bi
(2,536 mr/100r) u B3 (2,340 mr/100r) B ThikBe 00bIKHOBeHHOM (Cucurbita pepo L.) copt Kuykiaxa.
[TorpeOHOCT, B BHUTaMMHE Bi Bo3pacTtaeT y TOXWIBIX JHOJEH (CTOCOOHOCTh OpraHU3Ma
abcopOHMPOBaTh THAMHUH C BO3PACTOM YMEHBINAETCS), MAIUCHTOB ¢ 3a00JICBAaHUSIMHU IIUTOBUIHOMN
xene3pl. CnenuduyeckuMu hakTopamMu pa3BUTUS THAMUHOBOW HEIOCTATOYHOCTH MOKET CIIY)KUTh
yInoTpedeHre OONBIITNX KOJUYECTB aJIKOT0JIs M Yasi (CHIKAIT abcopOuuto ButamuHa) [16].

ITo pe3ynbraTam UCCIEIOBaHHMS MOYKHO CHIENIaTh BBIBOJ, YTO 106 THIKBBI (Cucurbita) 6orarsr
BUTAMHHAMH, TIO3TOMY MOT'YT CTaTh HCTOYHHKOM CBHIPBS JUIS JIYUIIHX OBOIIHBIX KOHCEPBOB, TAKIKE
0c000 BO3pacTaeT ee Pojb NPH IMPOHW3BOJICTBE KOCMETHYECKHX CPEJICTB M (hapMarieBTHICCKHX
MperapaToB.

Buigoowr.
— BmepBbie poBeieH CpaBHUTENBHBIN aHAIN3 JI0JI0B THIKBBI PA3IMYHBIX PA3HOBUIHOCTEN U

COpPTOB, 3aroToBIICHHbIE B AnmatuHCKoi obOmactu: Cucurbita moschata — Myckar ne IIposaHc,
Cucurbita pepo — Kayxnxaa u Cucurbita maxima — ®apdoposas kykia.
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—  VI3y4yeH MHMHEpaJIbHBIN COCTaB, COACP)KAHNE TOKCUYHBIX TSXKEJIBIX METAJUIOB HE MIPEBBIIIACT
JOMYCTUMBIX HOPMATHUBOB. Vccie10BaH COCTaB JKUPHBIX KUCIOT U BUTAMUHOB.

— YcraHOBJIGHO MakcHMMalbHOE 3HayeHuMe BuTammHa E y ThIKBBI MyckatHoit (Cucurbita
moschata) copr Myckar nae IIpoBanc. OOHapy)X€HO OTHOCHTEIBLHO BBICOKOE COJIEPIKAHUE
BUTAaMHHOB B1 B ThIKBe 00bIKHOBeHHOM (Cucurbita pepo) copt Kuykixa.
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OITPEAEJIEHUE YUCJIA BOSMO’KHbBIX YYHACTHHUKOB
PACIIPOCTPAHEHUA NH®POPMAILIMU B UHTEPHETE
B PETUOHAX PECITYBJIMKU KA3AXCTAH

3amaxoB A.B., Cemensikun H.B., [lanuenko C.B.
Anmamunckui ynusepcumem snepeemuxu u cea3u um. I’ ymapoexa /laykeeea
Anmamuwi, Pecnyoauxa Kazaxcman
e-mail: s.panchenko@aues.kz

Hugposvie meduapecypcwl, coyuanbhvie cemu U pasiuunble MecceHONdcepbl CMAaHOB8AMcs 6ce 0ofee
BAJNCHBIMU 6 Hauwiell NOGCEOHe8HOU JcusHU. B Oonoanenue K c60uM OCHOGHBIM (QYHKYUAM NOOOEPIUCKU
KOMMYHUKAYUU 6Ce MU UCTOYHUKU NPUOOPemarom Hogvle. OHU CIMAHOBAMCA 00beKmami U cpeocmeamu
ynpasnenus uxgopmayuei u mecmom uHgopmayuonHol 0OopbObl. B mo e 6pema Ha ycnewiHocmb
pacnpocmpanerusi uH@opmMayuu GIUAIOm MHo2ue GaKkmopwvl. KOIUYECm80 AKMUGHBIX N100el, O0CMYN K
HUnmepnemy, yuacmue 6 memax u m. 0. [lenvio OanHou cmamvu A6NAeMCs GbIAGIEHUE PEUOHOS
Kazaxcmana, 6 xomopuvix naxooumcsa maubonee coyuanvHo aKmugHoe HaceleHue, Komopvie Mo2ym Oblmb
azenmamy 015 PACNPOCMpAHeHus uHGopmayuu 8 coyuansHol cemu. bulniu npoananusuposanvl oanHvle
KoMumema no cmamucmuke 0iisl onpeoenenus epanuy cemu pacnpocmpanenus ungopmayuu. Ilonyyennvie
pacnpeoenenus 6 c60i0 ouepedb PacCMOMpeHbl 8 paspese Kaxcooz2o peauona Pecnyonuxu Kasaxcman. Kak
pe3yibmam OblIU OnpeoeieHvl 2panuybl pacnpocmpanenis UHGoOpMayuu U KOIU4ecmeo NOmeHYuaIbHblx
azenmos cemu.

Knwouesvie cnosa: pacnpocmpanenue ungopmayuu, coyuanvbHvie cemu, Yupposvie meouapecypcul,
oupghysus ungopmayuu, unmeprem noKpvimue, COYUANbHA CMPYKMYpa, UHOOPMAYUOHHAS Cemb.

Canovig meouapecypcmap, aieyMemmik Jiceliiep Hcone apmypii meccenoxcepnep 0i30iy KyHOeikmi
OMIpiMi30e Manbi30bl OPbIH anvin dicamuip. Onap 030epiniy KOMMYHUKAYUANBIK KOIOAY He2i3el hyHKYuACbIHa
KOCOIMUA JHCana QYHKYUAIapObl maysln aiaovl: oaap aknapammol 6ackapy oOvekminepi MeH Kypaioapsl
JiCoHe aKnapammuly Kypec opHul 601a0bl. COHbIMEH Kamap aknapam mapamyovly Comminicine Konmezen
Gaxmopnap acep emedi: beincendi adamoapoviy cawnvl, Humeprem dicenicine dceden KOMICeMIMOLIIK,
MaxKwbipbInmapaa Kamvicy dxcone maevloa dacka. Byn makxananviy neeizei maxcamul Kazaxcmanoazel en
K02aMObIK OelceHOi aneyMemmiK diceniiepoe azeHm OObIN aKnapammul Mapamamvi XaivlKbl 6ap
aumagmel  mady. Axnapammel mapamy JiCeniciniy  WeKapanapvin  AHLIKMAY YWiH ~CMAamucmuxa
KoMumeminiy Oepexmepi mandaunosvl. Anvinean mapamy, o3 kesecinde, Kaszaxcman Pecnybauxacvinvly ap
aimagvinoa Kapacmulpsbliadsl. Homuoicecinoe axnapammur mapamyobly WEKaApanapvl JCaHe HCeNiniK
azenmmepoiy Cambl AHLIKMALODL.

Tipex co30ep: axnapammul mapamy, dA€yMEMMmIK Jiceninep, CaHoblk Meouapecypcmap, axknapammoly
oughyzuscol, unmepHemmi Kammy, 21€yMemmiK KYpoliblM, AKNApaAmmslik JHceJi.

Digital media sources, social networks and various messengers are becoming more important in our
daily lives. In addition to its main communication support functions, all of the sources obtain new ones - they
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turn into objects, information control resources and place for an informational battle. At the same time
plethora of factors affect the success of the information distribution: amount of active people, Internet
access, participation in topics and etc. The goal of this current work is to identify Kazakhstan regions, where
the most socially active population is located and which can be agents for the distribution of the information
in social networks. The data of the statistics committee was analyzed to determine the boundaries of the
information distribution network. The resulting distributions are considered in the context of each region of
the Republic of Kazakhstan. As a result, were determined the boundaries of information dissemination and
the number of potential agents in the network.

Keywords: Information diffusion, social networks, digital media resources, information diffusion, Internet
coverage, social structure, information network.

Bseoenue. B nactosiiiee BpeMsi OOJIBIIMHCTBO JIO/ICH YK€ HE MOTYT MPEICTaBUTH CBOIO KHU3Hb
6e3 comumanpHbIX cereil. C MX MOMOUIBIO TEHEPUPYETCS U IMEepeaaeTcs OTPOMHOE KOJIMYECTBO
nHpOpMaINK, KOTOPOE OKAa3bIBACT BIHSHHUE Ha Bce c(hephl NeATEILHOCTH YelioBeKa. B HEKOTOpPBIX
Clly4yasiX COLIMAJIbHBIC CETU MOTYT HOKPBIBATH KPYIIHbIE OM3HEC-TIPOLIECCHl KOPIIOpAILUH, a B APYIUX
CIIy’KUTb JIUIIb UHCTPYMEHTOM JUIsi MTHOBEHHOTO OOMEHa COOOIICHUSMHU MEXIY IBYMS JHOAbMHU.
Ho enuHCTBEeHHOE OCTaeTcs HEM3MEHHBIM: B 00OUX cilydasX (yHKIMOHMPOBAHUE CETH ObLIO ObI
HEBO3MOXHO 0€3 areHTOB PacIpOoCTpaHEeHUs: HHPOPMaLUH.

ConuasbHblE CETH MOXHO paccMaTrpuBaTh Io-pa3HoMy. Ho B Hamem cilydae HMX MOXKHO
[IPOAaHAIM3UPOBAaTh B KadecTBE HEPOpPMaNbHBIX OOBEAMHEHHMH U IUIOIIAJ0K, Ha KOTOPBIX
MIPOUCXOIUT OOMEH MHEHUsMHU M nH(popmanmend. Cama ke colraabHasi CeTh MPEACTABISIET COOOU
HEKYI0 CTPYKTYpY, KOTOpasi COCTOMT M3 OIPaHMYEHHOIO 4HCJa AareHTOB. CYOBEKTOB —
MHJUBUAYAJIbHBIX WIM KOJUIEKTUBHBIX, HallpuMep, MHAMBHUJIIOB, ceMel, rpymm, opranuszanuii. U
ONPEACIICHHOT0O B HHUX MHOXECTBA OTHOILIEHUMN: COBOKYIIHOCTH CBSI36M MEXAY arcHTaMH,
HarnpumMmep, 3HaKOMCTBA, JPY>KObI, COTpYAHUYECTBA, KOMMYHUKaIil. DopmMalibHO colMaibHas CeTh
npencrasiser coboit rpap G(N,E), B kotopom N == {1,2,...,n} — KOHEYUHOE MHO>KECTBO BEPIINH
(arenroB) u E — MHOeCTBO pebep, OTpakaroLMX B3auMoieiicTBrue areHToB [1].

Jlnst yero MOTyT CyIIeCTBOBaTh TOA00HBIE ceTu? [aBHOM (yHKIMEH SBISETCS CO3JaHUE
IUIOUIA/IKK JUIsl KOMMYHHUKALUUNH MEXIy JIOJbMH, KaKk Ha 0a30BOM COLIMAJIbHOM YpPOBHE, TaK U B
KauecTBe peanu3aluu noTtpedHocteil B  oOmeHuu. CyllecTByeT JBa B3aUMOCBSI3aHHBIX
olpesieNieHUs] TepMUHA collMaiabHOU ceTu. IlepBas 3TO coluaibHas CTPYKTypa, a BTOpas 3TO €€
peanm3anus B Buze MaTepHeT-pecypca.

ConuasbHbIE CETH BBI3BIBAIOT MHTEPEC Y UCCIIE0BATENEH, B YACTHOCTHU B CBA3M C TEM, UYTO B HUX
BO3HUKAIOT KaueCTBEHHO HOBBIE (10 CPaBHEHUIO C HAOOPOM HEB3aMMOJAEHCTBYIOLIMX areHTOB)
CBOMCTBA MOBEACHMs areHToB. Hampumep, B HacTosmiee BpeMsl UAET aKTUBHAsI IUCKYCCHSI BOKPYT
TaKOro MOHATHUSA, KaK IeHHOCTH (value, utility) counanbHOl ceTu. DTO MOHATHE MOXKHO MEPEBECTH,
KpOME TOT0, KaK Ba)XHOCTh, MOJIE3HOCTh, BHITOJHOCTb, HO HIKE Oy/leT MCIOJIb30BaThCSI MMEHHO
TEPMUH «IIEHHOCTh COLUATBHON CETH.

[lenHOCTH COLMANbHON CETH — ATO MOTEHIMAIbHAS IOCTYITHOCTh areHTOB, C KOTOPBIMH JHO00H
areHT MOXET «CBS3aThCs» B Clyyae HEOOXOJUMOCTH. DTa IEHHOCTh UMEET BIIOJIHE ONPEIEICHHYIO
BeMMUYMHY. Tak, €cliu paccMOTpPeTh aMEPUKAHCKUI PBIHOK TeIeOHOB, KOTOphle MOT'YT HaOWpaTh
TONBKO HOMep 112, To MoKymaTenu Takux Teae(OHOB IUIATAT 3a MPEIOCTABICHHYIO BO3MOKHOCTb
CBSI3aThCSI €O CHykO00#l cmaceHus, XOTS OSTOH BO3MOXKHOCTHIO MOTYT HHUKOTJa U He
BOCIIOJIb30BaThCs. Ecnu B TaHHOM citydae CBS3b JJaXke ¢ OJHUM areHTOM MMEET IIEHHOCTh (KOTopast
OTpeesieTCsl IEHOMW, YIJIAYeHHOW 3a KYyIUICHHBIE TelaedOHBI), TO TMOTEHIHAIbHAs CBI3b CO
MHOTHMMH areHTaMu J0JKHA UMETh, [T0-BUAUMOMY, OOJIBIIYIO TIOJE3HOCTD [2].
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AHanoru4Has CUTyauus IPOUCXOIUT U C LIEHHOCTHIO BBIX0/1a B MHTEPHET. Ecu B3STh 32 OCHOBY
MUHUMAJIbHYIO (DYHKIIMOHAIBHOCTh — IEpeadyy TeKCTOBOM HMH(OPMALUHU, TO COIHMAIBHBIC CETH
MPEJCTABISAIOT CO00H MOCTOSIHHYIO HUPKYIUPYIOIIYIO LIEHHOCTh MEXAY areHTaMu ceTd. s Toro
94TOOBI MO’KHO OBLJIO MPUCTYIHTH K €€ OLEHKE, HE0OX0AUMO ONPEAETUTh TPAHHIIBI TOW CEeTH. JTO B
CBOIO OYEpEIb COCTOMT M3 TPEX OTAlOB: ONPEIEICHHE 4YHUCIIA HACEJICHUsA, KOTOPOE YMEET
[10JIb30BaThCsl COBPEMEHHBIMU CPEACTBAMH CBSA3H, ONPENEICHUE NPOLEHTA NOKPHITUS MOOMIbHBIM
HMHTEPHETOM PETMOHOB U OINPEIEICHUE MPOLIEHTA MOKPHITHS (PUKCUPOBAHHBIM HHTEPHET-10CTYIIOM.

AHAJIU3 YMCJIa AaTEHTOB CETH PacnpocTpaHeHusi HHpopMAaIum.

Jlns ompeneseHUss BO3MOXKHOTO TIOBEACHUS COIMAIBHONH CETH B II€JIOM, IEPBBIM 3TalioM
HGOGXOI[I/IMO OIpCAC/INTL €€ MAKCUMAJIbHBIC I'paHUIIbI. HpI/I CaMOM OIITUMUCTHUYHOM CLHCHApHUU
KOKIBIA OJKUTENb CTpaHbl OymeT SBIATHCA AareHTOM  PacHpOCTpaHCHUs HH(OpPMAIIHH.
CrenoBaTebHO, MEPBOHAYAIBHBIM (DUIBTPOM IPH OMPEICIICHUHA TPAHUI] CETH PACIpPEICIICHHS
WHGPOPMAIINH SBISFOTCS a0COIOTHBIC 3HAUECHUS KOJIMUYECTBA HACCIICHHS 110 00J1aCTsM.

OCHOBHBIM TOCYIapCTBEHHBIM oOpraHoM B Ka3zaxcTane, OTBEYalONIMM 3a TIOACYET YHUCIIA
HACEJICHHS SIBIISICTCS KOMHTET 1o cratuctuke PecmyOnmuku Kasaxcran. B cooTBeTcTBHE € ero
JAHHBIMH 00IIIee pacrpeie/iCHHe HACEICHUs 110 PETMOHaM 1o JaHHBIM Ha 2018 rox npezacrasisier
co0oii cinenyromuii rpaduk (pucyHox 1).
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Pucynok 1 — Pacnipenenenue HaceneHus 1o o01acTsam

[Tpu >ToM B PecnyOnmke nMeeTcsl TEHACHIMS Ha YBEIWYCHHE JIOJIM TOPOJICKOTO HACEJICHUs, a
TaK)Ke YBEJIMYCHUE YUCIICHHOCTH B IIEJIOM. JTO B CBOIO OYEPE/b BIMSCT M HA PACITUPECHUE TPAHHMII
MaKCHMaJIbHO BO3MOXXHOH CETH pacrpocTpaHeHus uWHpopManuu. Tak, B Topojax YHCICHHOCTb
HaCeJICHUs MpUpacTaeT ObICTpee, 4eM B cellaX - TOA0BOM pocT coctaBmi 1,7 mpomenra, g0 10,43
MUJUTHOHA yenoBek, u 0,8 mporienTa, 10 7,73 MUUIHOHA YeJIOBEK, COOTBETCTBEHHO.
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OpHako HEOOXOIUMO OTMETHUTH, YTO HACETICHHE B CTPAHE pacIipeie]IeHO HEPAaBHOMEPHO IO BCei
TEPPUTOPUHU, YTO TOXKE HAKIAJBIBACT HEKHWE OTpPaHWYCHHUs MNpH (OPMUPOBAHUU OOIIEH ceTH
KOMMYHHKAIIUM MEXAy WH(POPMAIMOHHBIMU areHTaMH 3a CYeT Treorpaduyueckoil OTAaJeHHOCTH
ApyT OT Apyra.

Jlnst onpenenieHusl OCHOBHBIX Y3JIOB COCPEIOTOYCHHS HACENCHHS CTaThdeckas WH(popManus B
Buge cootHomeHus OOnacte/I'opog — KoimdecTBO HaceldeHHs OblUla HAJIOXKEHA Ha KapTy
Pecniyonmmku Kazaxcran (pucyHok 2).
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Pucynok 2 — PacnipenienieHrie HaceleHus 10 peruoHam

BunHo HackoibKO HEpaBHOMEpPHO paclpeieseHo HaceneHue o Bced Tteppuropun PK, a
MMEHHO: CYIIECTBYET 3HAUYMTEIbHOE COCPEJOTOUYEHUE HACEIEHUE MEXJy TpeMsl YCIOBHBIMU
neHrpamu: ropogamu  Anmatel, eiMkenT u Hyp-Cynran (Acrtana). OTo cBsizZaHO ¢C
SKOHOMHMUYECKUM pPa3BUTHEM HTHX TOpPOJOB, YTO B CBOK O4YEpEAb BIMSAET M HAa AKTUBHOCTH
HAaceJIeHUs y4yacTHs B OOLIECTBEHHBIX AKTUBHOCTAX M BOBJIIEYEHHOCTh B COLMOKYJIBTYpHBIE
ITPOLIECCHI.

IIpu ouenke BiMAHUSA 3TOro (akropa Ha pa3Mep M MOBEJCHHE CETH pPACHPOCTPaHEHUs
MH(pOpMaLIUU PUOPUTET MPU aHAIN3€E MEPBBIX BO3ZHUKAIOIINUX [TOTOKOB MH(pOpMaAu OyaeT OTAaH
ropojgam Anmarsl, [lleimkenT u Hyp-Cynras.

OnHako mpu OIIEHKE pa3Mepa CeTH pacmpoCTpaHeHUsT HHGOPMAIIMK HEOOXOIUMO YIUTHIBATh HE
TOJIBKO 0OlI[ee KOJTMYECTBO HACEIEHUSI, HO U YPOBEHb KOMITbIOTEPHOM rpaMOTHOCTH. Jlaxe eciu B
pPETHOHE U CYIECTBYET OOJIBIIOE COCPEIOTOUYCHHE areHTOB, AaJIEKO HE BCE CMOTYT JCHCTBUTENBHO
MIOY4acTBOBATh B MPOIIECCE PACHpPOCTpaHEeHUsI WHPOpMaMU. ITO O00YCIAaBIMBAETCS KaK YPOBHEM
CYIIECTBYIOIIEH CHUCTeMBbl O0pa30oBaHMs, TaK U HAJIMYHUEM COOTBETCTBYIOLIETO OKpYXeHHd. Tak,
HampuMep, B KPYIMHBIX TOPOAaX YPOBEHb KOMIIBIOTEPHOW I'pPaMOTHOCTH OyJeT BbIIIE, IMPOCTO 32
CUET HAJINYUS KOMIBIOTEPHBIX KJIACCOB B IIKOJAX.

JUia  1OnONHUTENbHON  (QUIBTpallMM TOTEHIHUAIbHBIX AareHTOB CETH PpPacHpoCTpaHEHUs
nH(pOpMaLlUd PACCMOTPUM JaHHbIE KOMHUTETa IO CTAaTHUCTUKE M IPOCYMMHUPYEM KOJIUYECTBO
HacelleHus, oOO0Jalalolero CpeJHUMU ¢ BbIIE HaBbIKAMH KOMIIBIOTEPHOM TIpamMOTHOCTU

(pucynok 3) [4].
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Pucynok 3 — Pacnipenienenre KOMIbIOTEpHO-IpaMOTHOIO HacesieHus: PK

BunHO, 9TO OCHOBHAsI YacTh YYAaCTHUKOB CETH PACHpPOCTPaHEHUS WHPOPMAIMHM HAXOAWTCS Ha
I0T€ U I0T0-BOCTOKE CTPAHBI, a TAKXKE B KPYITHBIX TOPOJaX B IICHTPAIBLHON YaCTHU.

TpersuM dakTopoM pacmpocTpaHeHus HWH(OpPMALUU SBISETCS JIOCTYN K MOOHIBHOMY U
(UKCUPOBAaHHOMY HHTEPHETY.

Ha texymmit moment B Kazaxcrane pa3BuBaercs yxe 5G, 0HaKO ajneko HE BO BCEX YACTSX
pecnyOIIMKN UMeeTcs IOCTYI K CeTSM JIaXe TPEThero MmokoyieHus. B cBsa3u ¢ Gonpiinm oO0beMoM
HEO0OXOUMBIX WHBECTUIUH Ui TeXHOJIOTUH 5SG Ha TMEpBOM dTare e¢ BHEAPCHUE IUIAaHUPYETCS B
ropojaax pecmyonukanckoro 3HaueHus: Hyp-Cynran, Anmatel u llIsiMkenT. To ecTh B Te€X caMbIx
ropojax, B KOTOpPBIX, KaK Mbl BBIICHWJIM paHEe, HAXOJIUTCA camMoe OOJbIIOe KOJUYECTBO
KOMITbIOTepHO-TpaMoTHOTO HaceneHus. C 2023 roga OymeT MPOW3BOIUTHCS YK€ MOBCEMECTHOE
BHEJpPEHUE ceTeld HOBOTO IMOKOJIeHUsA. B pe3ynpTaTe mpoBOoAMMON paboThl 97 MpOLEHTOB
HaceseHns Kasaxcrana 1o konua 2022 roga nosiyvar IUPOKOIIOJIOCHBIN AocTyn K MHTepHeTy. s
OCTaBIIUXCA 3 MPOIEHTOB HaceleHus: OyaeT obecredeHa TEeXHUYECKass BO3MOXKHOCTh IPUMEHEHUS
CIYyTHUKOBBIX TeXHOJOTuM. [loBbIIeHNE AOCTYMHOCTH ceTu VHTEpHET B CENbCKUX HACEIEHHBIX
MyHKTaX SBisieTcss O0a30BbIM DIEMEHTOM peaju3allid JAPYruX TMPOEKTOB TOCYAapCTBEHHOM
nporpamMMbl  "Hudposoit Kazaxcran", Takux Kak 3JEKTPOHHOE 3ApPaBOOXPAHEHHE, OKa3aHHE
ANIEKTPOHHBIX yCIIyT [5].

[Tporiecc moBbIlIEHNs JOCTYIMHOCTH WHTEPHETA BO BCEX PErMOHAX KaK pacIIMpSET caMy CETh
B3aMMOJICHCTBUS MEXKIy areHTaMu, TaK U YCKOpsIeT Impolecchl BHYTpU Hee. ToT ke camblii 0OMeH
MeJMa KOHTEHTOM HamlpsMYI0 3aBUCUT OT MMEIOIIEHUCS CKOPOCTU MHTEpHeTa. Janeko He KaxKIblii
areHT OyJeT 3arpyXaTh U pacHpOCTPaHSATh KOHTEHT, €CJIM B XOJI€ B3aUMOJCHCTBHUS C HUM OyayT
BO3HHUKATh TEXHUYECKUE TPYTHOCTH.

Coo0TBETCTBEHHO, TIOCTEAHUN (PaKTOp, KOTOPBIA SABIsIETCS (GUIBTPOM IJIsI KOTUYECTBA areéHTOB
MH(OPMALIMOHHON CETH — 3TO HaJMYMe TEXHUYECKOro JOCTYyNa K CeTH, AJS JIIoJAeH, KOTOpble
HMEIOT HaBBLIKHA B3aUMOJIEHCTBUS C HEN.

B xonme 2018 rosa mpoieHT 00eCTIeYeHHOCTRIO IOCTYIIOM B MHTEPHET 0 JaHHBIM KOMHUTETA TI0
craructuke coctaBimsi 82 % [6]. COOTBETCTBEHHO TEKYIIM pa3Mep CETH pPacHpOCTPaHEHUS
nH(OpMaIIUY TIPEJICTABICH HA PUCYHKE 4.
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Pucynok 4 — O6muii pasmep ceTH pacupocTpaHeHus nHpopMaluu

N3 sTroro MoXHO caenaTh BBIBOJ: IOCJE OMNPENETCHUS KOJUYECTBA COLMAIBHO AKTUBHOIO
HaceJeHusl, KOTOpO€ HMEET HEOOXOAMMBIM YPOBEHb TEXHHMYECKONM T'PAaMOTHOCTH, M JIOCTYI K
KaueCTBEHHOMY HHTEPHET COCAMHEHHUIO OOIIMII pa3Mep CETH pachpocTpaHEHUs HHPOpMaLUU
cocTaBisieT 9 MUUIMOHOB 780 THICAY MOTEHIMAIILHBIX ar€HTOB CETH.

3axnouenue. BaxxHOCTh mpoliecca pacnpocTpaHeHUs MH(OpMaluu TPyIAHO HepeoleHuTb. B
3aBUCUMOCTH OT XapakTepa IEpelaBacMbIX [aHHBIX YCKOPEHHE HTOr0 IIpPOLEecca MOXKET, Kak
HaBpEIUTh, B ciydae Ae3uHPOpPMaLMu UM BOPOCOB, TaK U HA0OOPOT MPUHECTH MOJIb3Y, B CIIydae
BO3HUKHOBEHHUS YpE3BbIUAHOW cUTyalluH, TpeOyrolied HEMEUIEHHBIX NEHCTBUNH CO CTOPOHBI
areHTOB CETH.

Jlnst aHanm3a caMmoro mpoliecca pacrnpocTpaHeHus WHGOPMAIUU 0 CETH, He0OXOAMMO OBLIO
ONpEeAENUTh €€ TPaHUIbl M YTOUYHUTh ONUCAHHE NOTEHIUAIbHBIX YYaCTHHUKOB, YTO M OBLIO
IIPOJIETIAaHO B DTOM CTaThE.

B pesynbTare ynanoce onpenennTh, YTO CyMMapHBIN pa3Mep 3TOi ceTH cocrasiseT okoso 10
MWIJIMOHOB ueloBeK. B nanpHeiimem »Ta nudpa BbelpacTeT 3a CYET MOBBILIEHUS YPOBHS
KOMIIBIOTEPHOM TI'PaMOTHOCTH HACENIEHUs M MPOLEHTA JOCTyINa K IIMPOKOIOJIOCHOMY MHTEPHETY
BO BCEX peruoHax ctpanbl. Ceituac ke Hanbosee akTUBHBIMH TOPOJaMH B IJIaHE PaCIPOCTPaHEHUS
U reHepupoBaHUs MHpOpMaIMK MOXHO Ha3Bath Anmatsl, Hyp-Cynran, llIsiMkent, Typkectan u
Kaparanny, a Takke AJIMaTHHCKYIO U AKMOJHMHCKYIO 00jacTu. COOTBETCTBEHHO MPH aHAIU3E
BOIIPOCOB  PACIPOCTpaHEHHs] HWHGPOpPMAIMU CTOUT COCPEJOTOUYMUTHCS Ha HH(POPMAIMOHHBIX
pecypcax, KOTOpble 6a3UpyIOTCS UMEHHO B 3THX TrOpojax.

OTH JaHHBIE MOTYT OBITH MCIOJB30BaHbI JUIs CIEAYIOILEro 3Tana aHajlu3a PacHpOoCTPaHEHUs
uHpOpMalUY, a UMEHHO: OTIpe/leIeHUs] MHCTPYMEHTOB B3aMMOJICHCTBUS U TOYEK KOHTAKTa MEXIY
areHTaMy, aHaJIu3a XapakTepa 3TOr0 B3aUMOICWCTBUSA M KaK pPE3ylbTaT IIOCTPOCHUE CUCTEMBI
aHaJIM3a JaHHBIX, KOTOPAas MO3BOJIUT IPOBOAUTH KAaK PETPOCIEKTUBHBIA aHAIU3 PACIPOCTPAHEHUs
uH(popMaLKHU, TaK ¥ HA00OPOT OIPeENATh BO3MOXKHBIE Oy TyIIIMe TPEH/Ibl HA PAHHUX CTATUAX.
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B cBoro ouepenp pacmnpocTpaHeHHe UWHGOpPMAaLMKM MOXKHO OyAeT paccMaTpuBaTh Kak
B3aUMOJICICTBUE PpA3HOM CTENEHM 3HAYMMOCTH M CHUJIBl MEXAY areHTaMH CETU C IIOMOIIbIO
Pa3IMYHbIX HHCTPYMEHTOB, TakuMu Kak CMI, conianbHble CETH U MECCEHAKEPBDI.
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BEPOATHOCTHOE TEMATUYECKOE MOJEJIUMPOBAHUE
JAHHBIX MOHUTOPHUHI' A

Urauxos U. B.!, Oxmun B.IL.Y, Tyman6aesa K. X.%, Carunraen 7K.
LA nmamuncruii ynusepcumem suepeemuru u cészu um. I'mapbexa Jaykeesa
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Anmamesi, Pecnyonuxka Kazaxcman
e-mail: igor.iglikov@gmail.com

B nacmosaweii pabome npednacaemcsi MemoO aHAAU3A  OAHHLIX  MOHUMOPUH2A — COObLIMULL
MeNeKOMMYHUKAYUOHHO20 npogaiioepa. OcHo8a Npeonazaemozo Memood — Memoo MmMeMamuiecKo2o
MOOenupoBanus, KOMopblil WUPOKO UCHONb3YemMC 05l AHAIU3A MEKCMO8 eCmecmeeHHblX A3bikos. [lomok
cobvimuil, urkcupyemblil cucmemol MOHUMOPUHSA, MONICHO PACCMAMPUBamy KAk meKcm Nceg0os3biKd,
CI108aAMU KOMOPO2O AGIAIOMCA HA36AHUA COOLIMUL UMY UX uOeHmuguxkamopwl. Mmes oannvle 0 cOObIMUAX €
HeCKONbKUX 00BbEeKmMo8 MOHUMOPUHSA 3d NPOOOINCUMETbHBIL NPOMENCYIMOK BPEMEHU, COCMABIIAemcs
ucxoonas mampuya «mexkcmogy D. Peanuzayus aneopumma memamuiecko2o MOOeIupo8anus no3gosem
8bI0EIUMb  PACNPOCMPAHEHHbIE «MeMbly U NPUCBAUBAem UX K KaAHCOOMY MeKCmy C BblYUCTeHHOU
8eposimHOCmMbIo. Mo, 8 8010 0uepeddb, NO360JAem HAUMU UCMOYHUK NPOOTeMbl U3 meKywel KapmuHbol
cobvimuil. B pesyismame pabomul npeonazaemozo memooa MOMCHO KIACCUPUYUPOBAMb NOMOK COObIMuULL
00beKM08 MOHUMOPUHSA HA OMOEIbHbIE KAMe2opuuU, 4mo ynpowaem pabomy nepcouand, 8blNOIHAIOWE20
OUACHOCIUKY U YCMPAHeHUe HeUCnpasHocmell.

Kniouesvie cnosa: Cucmemovr monumopumea, data mining, ananus OAHHLIX, 0OPAOOMKA CIONCHLIX
cobvimuil, 3a8uUcumble COObIMUS, MEMAMUYECKOe MOOETUPOBAHUE, CINAMUCIMUYECKUT AHANU3 OAHHBIX.

Byn oicymvicma menexomMmyHuKayusibly onepamop OKUAAAPbIHbIY MOHUMOPUHT Oepekmepin manoay
a0ici icke acvlpuliovl. YCblHbLIAMbIH 20IiCMiK He2i3i — MaxblpblnmulK moodenvoey adici. byn adic mabusu
mindepoiy MamiHOepin manoay YwliH KeHiHeH KonoaHwuliaovl. Monumopune ocylecimern mipKeiemin
oKUeanNap AndaMuibl €63 OKUALApOblH amayiapbl Hemece Oaapovly uoeHmugukamopiapsvi 606N
mabviiameii Kypoeai min peminde xapacmvipyea 001aovl. bipuewe monumopune obwvexminepinen Y3ax
Kezey iwinoezi oxuaiap mypanvl Oepekmep 0Ooaean Kezde ‘Momindeplin” D 6acmanxvl mampuyacel
Kypolnaosl. Moodenvoeyoiy maxvipbinmslk aieopummin icke acvlpy ey ken mapaigan "maxwipsinmapost”
bonin, apbip Mmominee ecenmeneen bIKMUMANLObIKNEH Oepyee MYMKIHOIK Oepedi. byn o3 keszezinoe naxmol
npobiemanvly KauHap Ko3iH mabyea MYMKIHOIK 0Oepedi. YCulHblIbin Omblp2aH 20iC  HCYMbICHIHBIH
HomudiceCciHoe MOHUMOPUH2 00beKmiepi OKUAIAPbIHBIY ASbIHbIH JiceKe canammapea xcikmeyee 060aaovl,
OY1 OUACHOCMUKAHBL HCIHE AKAYAAPObL HCOI0O0bL OPLIHOAUMbIH NEPCOHANOBIH HCYMBICLIH HCeHi0emeOi.

Tipex co30ep: Monumopune icyileci, data mining, depexmepoi manday, Kypoeui oKueaiapovl oHOeY,
mayendi oKueaiap, maxbipblnmulk Mooeivboey, 0epekmepoi CMamucCmuKaIblk mauoday.

In this work the method of analysis of monitoring data of events of the telecommunication operator is
realized. The basis of the proposed method is the method of thematic modeling. This method is widely used
for analyzing texts of natural languages. The event stream recorded by the monitoring system can be
considered as the text of a pseudo-language whose words are the names of events or their identifiers.
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Having data about events from several monitoring objects over a long period of time, the initial matrix of
"texts" D is compiled. The implementation of the thematic modeling algorithm allows you to select common
"themes" and assign them to each text with a calculated probability. This, in turn, allows you to find the
source of the problem from the current picture of events. As a result of the proposed method, it is possible to
classify the event flow of monitoring objects into separate categories, which simplifies the work of personnel
performing diagnostics and elimination of inconsistencies.

Keywords: Monitoring systems, data mining, data analysis, complex event handling, dependent events,
thematic modeling, statistical data analysis.

Beeoenue. HampaBneHue BEpOSTHOCTHOIO  TEMaTHYECKOIO  MOJEIHUPOBAHUS  AKTUBHO
pa3BHUBaeTCA B KOHTEKCTE MAIIMHHOTO OO0y4deHws yxe Oonee 15 mer [1, 2] u sBisieTcs OJHUM U3
MEePCHEKTUBHBIX METOJIOB B CTaTUCTUYECKOM aHAJIM3€ JaHHBIX. 3ajadyeidl TeMaTU4ecKOro
MOJICJIUPOBAHUS SBJISIETCA TTOMCK OTBETA Ha BOIPOC, K KAKOW TEME OTHOCUTCS OOJIbIIAsh KOJIJIEKIIHS
TEKCTOB WJIM UHBIX JaHHBIX. B 00IIeM citydae 3T0 CBOJUTCS K aHAIM3Y YaCTOTHI TIOSIBIICHUS CJIOB B
TEKCTax.

Kaxnas Ttema xapakTepusyeTcsi CBOMM CJIOBApEM C BEpPOSTHOCTAMU TEPMHUHOB: p(w|t) —
yacToTa TepMHHA W B Teme t. Takum 00pa3oM, OJIMH TEKCT MOXET COACP>KaTh HECKOIBKO TEM C
OTpeIeTICHHOM J10JIei BEepOosTHOCTH [3].

Jlo mocienHero BpeMEHH TEeMaTHUYeCKOe MOJEIMPOBAHHE HCIOIb30BAIOCH JIA aHaiu3a u
CTPYKTYpPUPOBaHHUS pa3MUHbIX TeKCTOB [4]. Pemanuch 3agaun kinaccu(UKaluu U KaTeropusaluu
JOKYMEHTOB, aBTOMAaTHYECKOrO0 AHHOTUPOBAHMS, TEMaTHYECKOW CErMEHTAlluu JOKYMEHTOB U
npoyero [5].

OnHako Tak KaKk ajJrOpuTM MPOBOJIUT CTATUCTUYECKUM aHAIM3 TEKCTOB, 4 HE CEMAaHTUYECKUMN, TO
MOXHO TPEANOI0XKUTh, YTO TOJOOHOMY aHAIM3y MOTYT OBITh IOABEP)KEHBI JaHHBIE JHOOOTO
XapakTepa, KOTOPble MOXHO MPEICTABUTh B BUJE MOCIEAOBATEIIBHOCTH «CIIOB» U3 JTUCKPETHOTO
Habopa [6].

Onucanue aJropuTMa u MeToAbI

B Hacrosimeit pabote peain3oBaH ajJrOPUTM aHAIM3a MOTOKA MOCTYIAIOIIMX COOBITHI CUCTEMBI
MOHHUTOPHHTI'A B TCHCKOMMYHHK&HI/IOHHOﬁ KOMITaHUHU C MCITOJIB30BaAHUEM METOA0B BCPOATHOCTHOI'O
TeMaTU4ecKoro mojeaupoBanusi. OCOOEHHOCTHIO TaKOTO POJa JAHHBIX SIBISIOTCS B3aUMOCBSI3H
MEXIy COOBITUSIMH, HO JJI TOCTABJICHHOM 3aJadyd 5TO HE MMEET 3HAueHHUs, TaK KaK ajirOpUTM
aHAJIM3UPYET TaK HA3bIBAEMbIH «MEIIOK CO CIIOBaMH», a He CBA3U Mexay HumHu [7]. [Ipumenenue
MPEeAJIaraeMoro MeToja MO3BOJIUT OLICHUTh TEKYIIEE COCTOSHHE OTIAEIBHOIO y3j1a M OTCIEKUBATH
€ro COCTOSIHHE B IMHAMUKE.

IIpensiaraemslii MmeToq

B OosbIMHCTBE CilydaeB TEKCT AJIS aHAIN3a MPEICTABISAETCS MELUIKOM CIOB. DTO 03HAYaeT, YTO
MOPSIIOK CJIOB M TEPMHUHOB JIJIsl pe3yJibTaTa 3HAYCHUS HE UMEET [7], mpecTaBlIseT HHTEPEC TOJIBKO
4acToTa MOSBIEHUS 3TUX CIIOB. B CBSA3M € 3TUM, MOKHO MPEINOJIOKNUTh, YTO U 3HAUEHUS 3TUX CJIOB,
U CBA3HOCTb U OCMBICIEHHOCTh TEKCTa HE UIPal0T HUKakoW ponu. CleqoBaTenbHO, B KAa4eCTBE
TEKCTOB IS aHAJIM3a MOXKET OBITh MPECTABIIEH JI000i Habop naHHBIX [9)].

AnanmuzupyemMoit uH(OpManuel  ABISETCS MOTOK TMOCTYHAIOIIUX  COOBITUH  CHCTEMBI
MOHHUTOPHUHTA, MPEICTABISIONINI COO0OH BPEMEHHON psif, COCTOSAIINM W3 3HAYEHUH TUCKPETHOTO
MHO’KECTBA, COOTBECTBYIOIIMX CpabOTaBLIMM TpUITEpaM, a Takxke HH(opmanus 00 HCTOUYHHKE
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(oOobexTe Monutopunra). [locnme mnpenoOpaboTKM aHATU3UMpyeMble NAHHBIC IPEICTABISIOTCS B
ucxoaaoM dopmare Vowpal Wabbit B cienyromem Buze:

[st_name] |text [trigger_list]

rae St_name — HauMEHOBaHHE MCTOYHUKA «TEKCTa» (B HalleM ciydyae — 3TO Ha3BaHHE y3Jia WU
craniuu); text — masBanme wmomanbHOCTH, trigger list — mepedeHsr HaMMEHOBaHMIA COOBITHI
(HanMeHOBaHUs CpabOTABIIMX TPHUITEPOB), pasleNeHHBIX mpoberom. HeoOXoaMMo OTMETUTH, YTO
HAaUMEHOBAHHMSI TPUTTEPOB B CIUCKE HE TOJKHBI COJIEPKATh IPOOEIIOB.

JlaHHBIE CO BCEX OOBEKTOB HCCIIEyeMOH CeTH pa3MelIeHbl B OJHOM TEKCTOBOM  (paiine
noctpouHo. Takum oOpa3om, popMupyeTcs UCXOJHAS MATPHUIIA Tl OOPaOOTKH alTOPUTMOM.

Ha mepBom stame nporpaMMHOe oOecredeHue, peaqusylollee alrOpUTM aHaliu3a, 3arpykaer
UCXOJHYI0O MaTpHIly U3 TeKCToBoro daiina. Jlamee pemraercs 3ajada MAaTPUYHOTO PA3JIOKECHUS
[10, 11]. Pasnmaraemas matpuila MpEACTaBIsACT COOOM TaOIMIy C OTHOCHTEIbHBIMU YaCTOTAMH
COOBITUI, CT€HEPUPOBAHHBIMH OTIEIBHBIMU TPUITEpAMHU i1 KaXJ0ro OObEeKTa MOHUTOPHUHTA.
Pe3ynbraroM MaTpU4HOrO pasyioKeHUs SBISIOTCS MATPUIbl pacIpeleseHUd TPUITEPOB B TEMaX U
pacmpeeNieHrs TEM MOTOKE COOBITUI OT OTIIEIHHOTO 00BEKTa MOHHTOPHHTA.

Tabnuma 1 — Marpwuma pacrpeeseHuii TPUITEPOB (HasBaHUs «TemM»)
(p_trigger_m_n — oTHOCHTENbHAs YacTOTa COOBITHIA, CreHEPUPOBAHHBIX TPUIrepoM trigger n B
Teme Shj_m)

trigger_1 trigger 2 trigger_3 . trigger_n
sbj_0 p_trigger 0 1 | p_trigger 0 _2 p_trigger_0_3 . p_trigger_0_n
shj_1 p_trigger 1 1 | p_trigger_1 2 p_trigger_1_3 o p_trigger_1_n
shj_m p_trigger_m_1 | p_trigger_m_2 p_trigger_m_3 o p_trigger_m_n
Tabmma 2 —  Marpuma  pacnpeneneHuss TeM 1Mo oO0beKTaM  MOHHUTOpPHHTA

(p_m_n — 3TO OTHOCHTENbHAas dYacToTa TeMbl SDj M B MOTOKE COOBITHH, CHOPMUPOBAHHOM
00BEKTOM MOHHTOpHHTA St_Nname_n)

st_name_1 st_name_2 e st_name_n
sbj_0 p 01 p 02 . p.0n
sbj_1 p11 p.1l2 . p1ln
sbj_m p_m1 p_m_2 . p_m_n

Pesynomamor u obcyscoenue. B xauecTBe BXOAHBIX JaHHBIX Ul aHaIN3a OblIa MCIIOJIb30BaHA
uctopusi coObiTuii 208 00BEKTOB MOHHMTOpHHra ormneparopa Ttenepaauosemanus PK. Kaxmprii
00BEKT MOHUTOPHMHIA BKJIKOYAeT B ce0s ceTeBOe, IPUEMHOE M BellaTelIbHOe 00opynoBaHue. Bee
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TUOBL  000pPYIOBaHUA
IIpEeNyNpPEeXICHUS U TIp.).

B Tpolecce

paboThl TEHEpUPYIOT COOBITUS (aBapuH, OIIMOKH,

Hcxonnbie manHble ObLIM MpeoOpa3oBaHbl B (popmar, ONMMCAHHBIA B MpeAbIAyIeM pasaene. B
Tabymie 3 mpeacTaBIeH OTPHIBOK (haiiia BXOJIHBIX JaHHBIX

Tabnuma 3 — [IpuMep UCXOTHBIX JTaHHBIX

site. @opt-1lleBueHko

HanmenoBanue Mopanbaocts | CoObITHSA, CHOPMUPOBAHHBIE 0OBEKTOM MOHUTOPHHTA
o0BbeKTa
site_beliney text ethl PCR_error_high
ethl_Continuity_count_error_disaster
ethl PID_error_disaster eth2 PAT error_disaster
eth2_TS sync_disaster ...
text RAM _free disaster icmp_check_failed port9_high
site_bopaHKyI1b portl5_high L1_pilot_signal_patterns_disaster
icmp_check_failedeth2 CRC_error_high ...
text current_active_TS_input_info icmp_check_failed

countity_error_on_primary_port_mux_In4_warning
demodulator_lock_signal_1_disaster ...

[IporpamMmmHoe  oOecnieuenue,

peaiu3yroliee alIropuT™M aHaiuus3, (QOPMHUPYET CIIOBapb,

conepmamnﬁ HauMCHOBAaHU CO6BITHI>1, n CTaBUT UM B COOTBETCTBHC YHI/IKaJIBHHﬁ I/I,Z[CHTI/ICI)I/IKaTOp

— TOKCH. Z[anee (I)OpMI/IpyeTCH HCXOJHad MaTpula, coAcpkamas OTHOCUTCIIBHLIC YaCTOTbl TOKCHOB

JUTSL KXKJ0TO 00BeKTa MOHUTOpHUHTA. McXomHast MaTpuIla pas3jiaraerTcs Ha JIB€ MAaTPHUIIBI COTJIACHO

pazneny 2.1.

HepBaﬂ MaTpuia COACPNKUT OTHOCHUTCIIbHBIC YaCTOTbl TOKCHOB JIJIA Ka)KI[OfI TEMBI, 4 BTOpas —

YaCTOTHI TEM B MOTOKE COOBITUH KaXXJ0TO 00BheKTa MOHUTOpPUHTA. J[71s1 y100CcTBa aHamM3a MepByIo

MaTpuny IMIpEeAaACTaBJIsIFOT B BHUAC CIIMCKa HanOoJee pacnnpoCTPpaHCHHBIX COOBITHI I KaXXa01ro

00BeKTa MOHUTOPHUHTA. HepBHe HECKOJIbKO COOBITHUI B CIIUCKE IO3BOJISIOT OonepeauTbL NNPpUIHUHY

BO3HUKHOBCHUA HCUCIIPABHOCTH U IIPUHATH COOTBETCTBYIOIINE MEPHI.

Criucok coOBITHH [T TEPBBIX ABYX TEM:

sbj_0:

sIms4ESPIDLossErrTrap_high
sIms4ESFrozenErrTrap_high
sIms4TSSyncLossErrTrap_high

SHGP-2_VoltageL3 N_high
SHGP-2_VoltageL2 N_high
countity_error_on_backup_port_mux_Inl_warning

sbj_1:

countity_error_on_primary_port_mux_In3_warning

mysqld_test_high
diff_test_high
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matrix_disaster
zbx_api_unavailable_high
mysql_port_unavailable_high

Bropass maTtpuna npezacraBisercs B BuIe TaOnuubl 4, Tie HOMEp CTOJOIa COOTBETCTBYET
HOMEpY 00beKTa MOHUTOPHHTA.

Tabnuua 4 — I[Ipumep UTOroBOi MaTpUILbl BEPOSITHOCTEN TEM B KayKIOM TEKCTE

195 196 197 198 199 65 66 67 68 69
sbjo | 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,00 | 0,00 | 0,00
sbjl | 0,19 0,00 0,00 0,00 0,00 0,41 0,75 0,00 | 0,22 | 0,00
sbj2 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00 | 0,00
sbj3 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00 | 0,00
sbj4 | 0,06 0,73 0,49 0,00 0,45 0,00 0,00 1,00 | 0,77 | 0,00
sbj5 | 0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00 | 0,00 | 0,00
sbj6 | 0,01 0,00 0,00 1,00 0,00 0,01 0,00 0,00 | 0,01 | 1,00
sbj7 | 0,00 0,11 0,51 0,00 0,52 0,00 0,00 0,00 | 0,00 | 0,00
sbj8 | 0,01 0,07 0,00 0,00 0,00 0,01 0,00 0,00 | 0,00 | 0,00
sbj9 | 0,73 0,09 0,00 0,00 0,00 0,56 0,25 0,00 | 0,00 | 0,00

JlanHast MaTpUlla OKa3bIBAET paCIpeie]ICHUE TEM B IMOTOKE COOBITHI, (POPMUPYEMBIM KaXKIAbIM
00BEKTOM MOHUTOpUHTa. Hampumep, W3 MOIYYEHHBIX AAHHBIX, YTO OOJbIIAs YacCTh COOBITH,
c(OpPMUPOBAHHBIX OOBEKTOM MOHMTOpHHra 195, oTHocuTcs K Teme 9. AHanusupysd Haubosee
MOMYJISIPHbIE COOBITUS TeMbl 9, TEXHMUYECKHI MEpCOHaN oleparopa MOXKET YCTaHOBUTb MPUUYHHY
BO3HUKHOBEHUS MPOOJIEMBI U PUHATH COOTBETCTBYIOIIUE MEPHI 110 €€ YCTPAHEHHUIO.

JUIs OCTMKEHHUs KadyeCTBEHHOIO pe3yibTaTa, a TaKKe BBUAY HEYCTOWYMBOCTH MOZENN
(pe3ynpTar pabOThl MTEPALMOHHBIX METOJOB OyleT 3aBUCETh OT HAYaJbHOI'O MPUOJIMKEHUS)
npe/iaraeTcsi BBOAWTh HEKOTOPHIC ONTUMH3AIMOHHBIC KpUTEpUH — peryisipusatopsr [13, 14].
PerynspuzaTopsl MO3BOJSAIOT YIYYIIUTh KAU€CTBO KJIACCU(PUKALMU TEKCTOB, TOBBICUTH TOYHOCTh U
MIOJIHOTY TOMCKA, MOBBICUTH PA3IMYHOCTH TEM, YUECTh JOMOJHHUTEIbHbIE HETEKCTOBBIE JIaHHBIE.
CymiecTByroriue peryssipusatops [15]:

— cenajcusanue pacripesielieHuii TepMUHOB B TeMax. Mcrmonb3yeTcst st BbAETICHHUS (OHOBBIX
TeM, COOMPAOLINX OOIIYIO JIEKCUKY S3bIKA MU OOIIYIO JIEKCUKY JAHHOW KOJIJICKIUH;

— paspedcusanue paclpeiesieHuii TEpMUHOB B Temax. lMcrmosb3yercs ns BBIIEIICHUS
JIEKCHUUYECKUX SAep MPEIMETHBIX TEM KaK OTHOCUTEIHHO HEOOJBILIOM JOIH CIIOB CIOBAPS;

— paspedcusanue pPacUpPelesIeHUd TeM B JOKyMeHTax. lMcrnonb3yercss 1l BbIIEIEHUS
OTHOCHUTEJIbHO HEOOJBIION AOIH MPEAMETHBIX TEM B KaXKJIOM JIOKYMEHTAX;

— Oekoppenuposanue PACIHPENCICHU TEPMUHOB B Temax. lcmomb3yercs A MOBBILICHUS
Pa3IMYHOCTH JIEKCUYECKUX SJEP MPEIMETHBIX TEM;
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— ombop mem yTéM OOHYJIEHHS BEPOSTHOCTH TEMbI BO BCeX NOKyMeHTax. Mcmonb3dyercs s
BBIBEJICHUSI U3 MOJEIU HE3HAuMMbIX TeM. [lo3BossieT onTHMMM3UpPOBaTH YUCIO TEM, HAUMHAS C
3aBeJIOMO M30BITOYHOTO YHCIIA TEM U TOCTETIEHHO YISl HEHYHBIE TEMBI.

B pesynbTare Mbl mosydyaeM HH()OPMAIUIO O TOM, HACKOJBKO KaXKJas CTAHIUS IOJBEpIKEHA
orpeieNeHHbIM coObITUSIM. Ha OCHOBE MOJY4YeHHBIX JAHHBIX MOXHO ClIeiaTh BBIBOJ O CiaObIX
MeCTax Ka)KJ0l OTAEIbHOW CTAHLIMM U CUCTEMBI B LIEJIOM.

3aknrouenue. B Hacrosimedl paboTe MpeuIoKeH M peain30BaH B BHJIE MPOTOTUIA AITOPUTM
OLICHKH COCTOSIHHS TEJIEKOMMYHMKAlMOHHON CETH B LIEJIOM U OTIEIBHBIX €€ y3JI0B B YaCTHOCTH.
IIpeyiaraemelii anroput™ Mo3BoJsieT 3(P(YEKTUBHO BBIYUCIATH MPOOJEMHBIE MECTa B CHUCTEME.
Pesynprar 1momoOHONM OLIGHKM IO3BOJISICT OIEpaTopaM 3apaHee IOATOTOBUTBCS K PELICHUIO
OOJIBIIIOrO KOJIMYECTBA ABAPHMM, a TakKe IPU PEryJsspHOM aHAJIM3€ CHCTEMbl OTCIIEKHUBAaTh Ha
CKOJIbKO 3((PEKTUBHO ONpeIeNeHHbIE MEPOIPUATUS YMEHBIIAIOT BEPOSATHOCTh IOSBICHUS
KputHueckux apapuil. [lpennmaraemblii MeToJ aHanmu3a COOBITUM I0O3BOJISIET BUAETH KapTHHY
«CBEpXy» M TPUHUMATH TOYECYHBIC MEPHl ONTHMHU3ALUU paOOTHl CBOEH CETH, KOTOpHIC AAIOT
HauOOIBIIMN YPPEKT.
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MHOTI'OIEJEBBIE MAIIIMHBI CTPOUTEJIBHOI'O ITPOU3BOACTBA
JJIA CTPOUTEJBCTBA, PEMOHTA U COAEPKAHUA
ABTOMOBUJIBHBIX JOPOI'
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Kaszaxckuu asmomobunvro-0opoxcuvi uncmumym um. J1.b. 'onuaposa (KazA/[H),
Anmamot, Pecnybnuxa Kazaxcman
e-mail: lee.sergei@list.ru

B pabome npueodsmcs mnozoyenesvie MauuHbl CMpOUMETbHO20 NPOU3BOOCBA: IKCKABAMOp-ujenepes u
OyIb003ep-enepe3. Imu MHO20Yenegble MAWUHBL (acpecambl) Mmozym 6e3 3ameHbl padoyux opeaHos
BbINOJIHAMb IKCKABAMOPHYIE, 0YIbO03epHbIE U Welepe3Hble onepayuu. B smux mawunax unmencuguxayus
MEXHON0SUHECKO20 Npoyecca pe3anus (KOnauus) O0oCmueaemcs 3a cuem YukioudarbHO20 OBUNCEHUs.
YUKTOUOANbHBIX pAOOYUX OP2AHO8 NOCTNOSIHHOU Wupunsl. KonHcmpyxkyus pabouux opearog ¢ yukiouoaibHbIM
dgudicenuem obecneuugaem GUOPAYUOHHOE BO30elicseue Ha paspabamvieaemviti mamepuan. llpumenenue
83AUMO02UOAEMBIX CAMELTUMHBIX KPUBIX 8 paboyem opeane MNO036071em HOIYYUMb PAYUOHATbHbIE
eeomempueckue gopmsl pabouezo opeana. DghekmusHocmes pabomvl MAWUHBL NOBBIUACMCA 34 CHem
pacuupenuss e20 MexHOI0SUYecKUx 6o3moxcnocmell. Takas KOHCMPYKYus paboyezo opeaHd MAauluHbl
nozeonsiem ysequuums npouzgooumenvHocms. Kpome moeo, cHudicaemcs sHepeoeMKOCmb pabouezo
npoyecca.

Knrwouesnie cnosa: sxckagamop, 6y16003ep, wenepes, npou3so0umenbHoOCmy, YUKIOUOATbHOE O8UdICEHUE,
pabouuii  opeau, OCHOGHbIE NAPAMEmMpPbl, CUIA pPe3aHus, MHO20Yeleble MAWUHBL CMPOUMENTbHO2O0
npouU3B00Cmea, azpeam, UHMeHCUDUKAYUsL.

JKymvicma KYpolavic UHOYCMPUACHIHBIY KON MAKCAMmbl MAWUHALAPLL CUNAMMAAObL. IKCKABAMOD-
winuepes dncane 6yIb003ep-wnuepes. byn kon maxcammol mawunanap (azpecammap) HYmvic OpeaHOapvlH
anmacman, Kazy, 6yaw003ep JHCoHe bIebICY HCYMbICIApbIH Jcypeize anadvl. byn mawunanapoa xecy (xazy)
MEXHONOSUSILIK, NPOYECIHIY KAPKLIHOBLILIZLIHA MYPAKmbl eHOe2l YUKIOUOMbL HCYMbICUIbL  OeHenepoil
YUKIOUOMBIK,  KO32ANbICHl  APKACLIHOA KON  JicemKizinedi. L[ukiouomeix KO032ambicbl 6ap  HCYMbviC
Op2anOapuinbly OU3aliHbl oyoeremin mamepuanea mepbenic acepin Oepedi. Osapa uxkemoi CHYMHUKMIK
KUCLIKMAPObl JICYMBIC KOPNYCLIHOA KOAOAHY JHCYMbIC OEHECIHIH YMbIMObL 2eOMEMPUsIbIK (pucypaiapsin
any2a MYMKiHOIK Oepedi. Texnonocuanvik MYMKIHOIKMepiH Keneumy apKulibl MAUUHAHBIY MUIMOINIS]
apmaodvl. BYyn MauuHanvly HCYMbIC KOPNYCIHbIY OU3AUHLL OHIMOINIKMI apmmulpyea MYMKIHOIK Oepedi.
Convimen Kamap, HCymviC RPOYeCitiy dHepaust CoilbIMObLIbIEbL MOMEHOeUOI.

Tipex co30ep: sxckasamop, Oynvoo3ep, ciaiimepes, OHIMOINIK, YUKIOUOMBIK KO3RABIC, HCYMbICULLL
deHeci, Hezi3eli napamempiepi, Kecy Kyuli, KYpolLiblC OHOIPICIHIY KON MAKCaAmMmyl MAWUHALAPHI, KOHObIPEbI,
UHmMeHcupurayus.

The work describes multi-purpose machines of the construction industry: an excavator-shlierez and a
bulldozer-shlierez. These multi-purpose machines (units) can, without replacing the working bodies, perform
excavation, bulldozer and shear operations. In these machines, the intensification of the cutting (digging)
technological process is achieved due to the cycloidal movement of cycloidal working bodies of constant
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width. The design of the working bodies with cycloidal movement provides a vibrational effect on the
material being developed. The use of mutually flexible satellite curves in the working body allows you to get
rational geometric shapes of the working body. The efficiency of the machine is increased by expanding its
technological capabilities. This design of the working body of the machine allows to increase productivity. In
addition, the energy intensity of the workflow is reduced.

Keywords: excavator, bulldozer, slitherese, productivity, cycloidal movement, working body, main
parameters, cutting force, multi-purpose machines of construction production, aggregate, intensification.

MexaHu3ausi CTPOUTENbCTBA B YCJIOBUSAX PEKOHCTPYKLUMH U OrPAaHUYEHHBIX pPa3MEpOB
CTPOUTENIbHBIX IUIOIIAJI0K Ha BOCCTAHABIMBAEMBIX OOBEKTaX MPHUBOAUT K HEOOXOAUMOCTH
IIMPOKOI'0 HCIOJIb30BAHUSA MHOTOLIEJIEBOM M MaHEBPEHHOW TEXHMKM Pa3IMYHOIO Ha3HA4YECHUS U
pa3mepa. Pacrer BapmaHTHOCTh MallMH U napameTpoB pabouux opraHoB (PO), obecneunBaromux
paloHaIbHOE MPOU3BOACTBO paboT. PanmoHanbHOE UCIIONb30BAaHUE TEXHUKHU SIBIISIETCS BaXKHBIM U
HanboJiee JOCTYITHBIM CPEACTBOM, 00ECIEUNBAIOIINM HHTEHCH(PHUKAINIO paboT P MUHUMATBHBIX
BJIO’KEHUSX, W CIIOCOOCTBYET PEUICHUIO IIPOOJIeM ToydeHus: BhIcOKor npuObuty [1]. TpeboBanus
Pa3BUTHS TEXHOJOTMH W 33Ja4d WHTCHCU(HUKAIMH CTPOUTEIHHOTO MPOHM3BOJCTBA OIPEICIISIOT
OCHOBHBIE ITyTH Pa3BUTHs 3eMJIEpOHHBIX MaiuH (3M). AHalnu3 OCHOBHBIX HAIllpaBJICHUH pa3BUTUS
3M [1, 2] no3BOJMII BBIIEIUTH OCHOBHOE HAIlpaBJIeHHE, KOTOPOE BKIKOYAET MOUCK NPUHIUIHAIBHO
HOBBIX TEXHMYECKMX pewmeHui. [IpuMepoM NpPUHLIUNMAIBHO HOBOIO pELIEHMs, HAIIEIIero
IPUMEHEHHE B CaMbIX DPA3JIMYHBIX CTPOUTENHBHO-TEXHOJOIMUECKUX MpOIeccaX, MOXKET CIYXHUTb
ucnojb3oBaHue BuOpauuu. OHa Hanula NOPUMEHEHUE JJIsl CHMKEHUS COINPOTUBIEHUHN IpU
PBIXJIEHUH, KOMTaHUU (PE3aHUH ) TPYHTOB.

TpeboBaHust pa3BUTUS TEXHOJOTUHU U 337aud MHTEHCU(UKALMU CTPOUTEIBLHOTO MPOU3BOJICTBA
OTIpE/IEISAI0T OCHOBHBIE IYTH Pa3BUTHsS MallMH cTpoutenbHoro mpoussoactBa (MCII). Ananus
OCHOBHBIX Hampasiienuii pazsutus MCII [1,2] mo3BoIMI BBIACIUTE IEPBOE HATIPABICHUE, KOTOPOE
BKJIIOYAET TOWUCK MPUHIUIHNAIBHO HOBBIX TEXHMYECKHUX pemeHuil. [Ipumepom npuHUOMIUAIBHO
HOBOT'O PELIEHMS, HAIIEJIIEr0 MPUMEHEHUE B CAMBIX PA3JIMYHBIX CTPOUTEIBHO-TEXHOJIOTUYECKUX
nporeccax, MOXKET CIY)KUTh HUCHOJb30BaHHE BUOparuu. OHa Haluia IpUMEHEHUE Ui CHUKEHUS
COIIPOTHBIIEHUM MpPU pBIXJIEHUH, KOMaHWM (pe3aHusi) IpyHTOB. Tak, B Hailell MHOIOLENEBOM
MallMHe 3KCKaBarop-uienepe3 (pUCyHOK 1) ans pa3pabOTKU TBEPIBIX JOPOKHBIX MOKPBITHMA
BO3HHUKAIOIINE BUOpAllMU MpU LHUKIOUAAIBHOM ABMXKEHHH IUKIouganbHoro PO cHuxkaroT Gosee
yem Ha 20 % ycunme pezanus [3].

[lonepeunoe ceueHue NUKIOMIAIBHOTO paboyero opraHa Ienepe3a MpencTaBiIsieT coOoi
IUIOCKYI0O MHOTOYTOJIbHYIO (UTypy, TOUKH KOTOPOH IMpH BpallaTeIbHOM ABM)KEHHHM BOKPYT JBYX
MIapaJuIEIIbHBIX OCEH OMMCBIBAIOT KPUBBIE JINHUN — THIIOLUKIION/b]. BEpIINHBI KaX10T0 U3 CEYEHUM
OyZAyT OIUCHIBATH OJIMHAKOBBIE HUKIOUIBI C MPSIMOJIMHEHHBIMU BETBSIMH, a OOKOBBIE 00pa3yrolue
CEUEHUs NEPEKATHIBAIOTCA C HEKOTOPBIM CKOJIBXEHHEM I10 3TUM BETBSIM, KaK IO HAIIPaBJISIOIINM.
310 0ocobeHHocTh ABMkeHus PO (1o B3auMoorndarommumM MUKIOUAATBHBIM KPUBBIM) UCIIOIB3YETCS
B MCII, uyTo mno3BossieT MOJIYYUTh MHUHHUMAJIbHO BO3MOJKHBIE YJIEIbHBIE 3HEPro3arparbl IO
paboueMy mporeccy. BuOpamwoHHOE BO3JCMCTBHE Ha pa3palaThIBaeMbIii MaTepual BO3HHUKAET
BCJIeICTBHE U3MeHEeHHs ckopocTu aBrxkeHus PO (HepaBHoMepHoe aBukeHue) [4,5]. Ha pucynke 2
MoKa3aHa KOHCTPYKIMS paboyero opraHa sKCKaBaTOpa-lleiepe3a ¢ MUKIOMJAIBHBIM pabodnm
OpraHoOM M IMKJIOMJAIbHBIM JBWKEHHEM, pa3paboTaHHas aBropamu. llomepeunoe ceuenune PO —
LUKJIONIAJIbHOE TEJIO MOCTOSHHOM IMPHHBI, ONTMCAaHHOE THMIIOLUKIOUIOM.
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1 — TpakTop; 2 — sKCKaBaTOPHOE 00OPYAOBaHUE; 3 — KOBII C FHIPOYIPABIIIEMON YETIOCThIO; 4 —
pabounii opran menepesa ¢ MUKJIOUJATBHBIM ABIKEHHEM; 5 — PACKPBIBAIOIIASCS YaCTh KOBIIA

Pucynoxk 1 — DkckaBarop-inenepes:

1 — 3ybuaroe xoseco (mectepHs); 2 — pabouunii opra; 3 — 3y04aToe KoJeco;

4 — pexxymuit opras (peser).
Pucynok 2 — PaGouwuii opran mienepesa

OcHOBHBIE TEXHUYECKHE TaHHBIE OYJIbI03epa-Morpy3yrKa IpuBeIeHbl B Taduuie 1.

B namem cryuae, skckaBaTop-1enepes (arperat) 6e3 3ameHsl PO BBIMOTHSAET DKCKaBaTOPHBIE U
uienepesHsle omnepauuu. Ilpuuem, menepe3nble paboThl (Hape3aHHe MIeNed ISl MPOKIAJKU
TpyOONpOBOJAOM ¥ T.[.) BBINOJHAIOTCS  HEMPEPHIBHO, YTO  CYIIECTBEHHO  IIOBBIIIAET
MPOU3BOJUTENLHOCTh MalnHbl. KoHcTpykius PO ¢ mukiIouganbHbIM JIBUKEHHEM 00eCcTIeuuBaeT
BUOpALIMOHHOE BO3/CHCTBHE Ha pa3padaThiBa€Mblil MaTepHall IPU PE3aHUU JTOPOKHOTO TOKPBITHS,
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MIO3BOJISIET YBEIMYUTh CKOPOCTh pe3aHMsl (IMPOM3BOAMTEIBHOCT); CHUXKAET HHEPrOEMKOCTh
nporiecca pezanus [4-6].

Tabmuua 1 — OgHOKOBIIOBBIH 3KCKaBaTOP C 000PYIOBAaHUEM ILEIEPE3HON MAIIMHBI

IMoka3aTtenb 3HaueHune
ba3zoBelit TpakTop MT3-82J1
MomHocTh aBurarens, kBr/i.c. 58,7/80
BmecTumocTh KOBIIIA 3KCKaBaTOpa, M 0,25
['myOuHa KonaHus, M 4,15
Pagnyc xonanusi, M 5,3
YT0J1 moBopoTa 3KCKaBaTopa, rpa. 180
CkopocTb nepeBHKeHUs, KM/4 33
Juametp nucka (poropa) PO menepesa, mm 385
[Hupuna, TonmuHa (poTopa), MM 15
OKCLEHTPUCUTET, MM 11
['myOuna pe3anus, MM 1o 500
Pa3mepsl MaluHel: 1JIMHA, M 8,0

NIMPUHA, M 2,5
BBICOTA, KT 3,8
Macca, kr 7400

VY skckaBaTopa-ienepe3a OT ABUTATeNsl BpalleHHE Yepe3 IEMHYI Mepenady mnepefaercs Ha
3BE3/I0YKY, a OT Hee — MPUBOJHOMY Bally 3y04UaToro kojeca | U cCOOTBETCTBEHHO nuckoBomy PO 2.
[Ipu sTom 3yOuaToe Koseco 1 HaXOAMTCS BO BHYTPEHHEM 3allCINIEHUU C 3y0YaThIM KOJIECOM 3 U
oOKaThIBaeTCS KakK caTeJIUT BHyTpu 3yOuatoro koseca 3. JluckoBeii PO 2, Ha KoTOpOM
3aKpeIIeHbl PeXyLUi oprad (pesubl) 4, COBEpIIAET BpalIAaTEIbHOE IBUXKEHHE BOKpYr ocu O, ,

3ybuaToro koneca 1 U OJJHOBpPEMEHHO OOKaThIBaeTCs MO 3yOuaromy kojecy 3. Pexymuii opran 4
MIPH 3TOM MEPEMEIIAOTCS MO CIOKHBIM TPACKTOPHUSIM, MPEACTABISIONIUM COO0N TUIIOTPOXOUIbI, B
HalleM CJy4dae 4YeThIpexXyrosbHUK. CKOpPOCTh BpallleHHs PEXKYIIMX KPOMOK pe3lnoB 4 1o
YETBIPEXYTOJIbHON TPACKTOPUU HEPABHOMEPHA, T.€. CKOPOCTh JIBMKEHUS PEXKYIINX KPOMOK PE3I0B
4 UMeeT MaKCHUMaJbHOE 3HAYEHHE MPHU MPOXOKACHUU YIJIOB, 8 MUHUMAJIBHOE MPU HPOXOKIACHUHI
CepeHbI ONMMCHIBAEMON YETHIPEXYTOJIbHOM TpaekTopuu [5].

Texnunueckass xapakrtepuctuka PO skckaBaTopa-mienepe3a ¢ HUKIOUJATbHBIM JIBUKEHUEM

JIMCKOB:
1.  JImamerp aucka (potopa), MM  — 385
2 lupuna (TommuHa) potopa , MM — 15
3. OKCUEHTPUCUTET, MM -11
4 ['myOuHa pe3anus, MM 10 500
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Ha »5kckaBarope-lienepe3e yCTaHABIMBAETCA KOBLI C THJIPOYNPABISEMOM YENIOCTBIO C
BMeCTUMOCThIO KoBma 0.65M°. KOHCTpPYKIHS CIIEIMANBHOrO KOBIIA C THAPOYIIPABIAEMOl
YeJIIOCThIO IPUBECHA HA PUCYHKE 3.

a — BUJ cOOKy; O — BUJI cTiepeiu; B — BUJ C3aH; | — KOBIII OCHOBHOI;
2 — pacKphIBaOIIAsACS YacTh KOBIA; 3 — MapHUP; 4 — KPOHIITEHH TSI KPETITICHUS
TUAPOLMIUHAPA; 5 — MITOK TUAPOLUMIMHIPA; 6 — THAPOUUIUHAP; 7 — KPOHIITEHH

Pucynok 3 — KoHcTpykiys crienuanbHOro KOBIIa ¢ THIPOYIPABIsSEMOI YETIOCThIO

Konctpyknus pabodero o000pyaoBaHHsS OKCKaBaTopa C THIPOYIPABISIEMOM YEIIOCTHIO
MO3BOJISIET BECTH MPOLIECC KOMAHUS B JIBYX PEXHMaX: BCTPEYHBIM TOBOPOTOM KOBILIA U YEIIIOCTHIO;
Kak mpsiMasi uiu oOpartHas yornara. Ko MoxkeT ObITh d()(PEeKTHBHO TMpUMEHEH s pa3paboTku
KPYIMHOOOJOMOYHBIX TPYHTOB, BKJIFOUAIOIIUI KAMEHUCTBIN MaTepuai OONBIINX pa3MepoB [2].

MpuoroneneBbie MammHbl, 0ocodoeHHo MCII, pa3auyHOro Ha3HAYEHHS SBJISIOTCS B OCHOBHOM
MalliHaMU IUKIUYECKOTO JelcTBus. Paboume omepanuu TakuX MAIIAH BBITOTHSIOTCS B
OTIpeNIeTICHHOW TOoCIe0BaTeNhHOCTH. HECKOIbKO omepanuii CKIaJbIBAlOTCS B PaOOUYMN IIHKII,
KOTOPBIA MEPUOANYECKH MOBTOpsieTcs. Kaxknpiii pabounii opraH BBITIOJHSET PsII OMEpanuid Kak
9aCTh TEXHOJOTUYECKOTO MPOIIecca, BCE BMECTE OHH JTAIOT KOHEYHBIA MPOIYKT.
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Tennenius naTeHCUUKAIUU sIBisieTcst o0mei 11 moosix MCIL, xoTs popMbI €€ COBEPIIICHHO
pasHbie. [1aBHas ee el — yBEIWYCHHE MPOM3BOAUTEIBLHOCTH MAIMH M YJIYYIICHUsS KadyecTBa
peaiM3alii  TEXHOJIOTUYECKUX  OMepaliii — JOCTUTaeTcs TO-pa3HOMY Ha  MalldHax,
MpeIHAa3HAYEHHBIX JIJISl BBIMTOJIHCHUS PA3HBIX TEXHOJIOTUYECKUX MTPOIIECCOB.

[oBerienne ynuepcanbHocT MCII m pacmimpeHne BEpOSTHBIX TPAHUIl BO3MOXKHOCTH HX
UCIIOJIb30BaHUSI OCOOCHHO TPOSIBHJIOCH B CO3JaHUM MHOTO(DYHKIIMOHAIBHBIX W MHOTOIEIEBBIX
MamuH. CerojHs OHM YCIEIIHO KOHKYPHPYIOT CO CICIHAIM3HPOBAHHBIMHU MAallMHAMHU W JAIOT
CYIIECTBEHHBIM SKOHOMUYECKHUM dPeKT.

Bynbnosep-menepe3 (arperaT) OTHOCHTCS K TPYIIE MHOTOIEICBBIX MAIIUH C TIOCTOSTHHO
YCTaHOBJICHHBIM 000PYAOBaHUEM Pa3IMYHOTO HazHA4YeHUs. MammHa, 00beAHHSIONIast OyIbI03ep U
menepe3, NpeaHasHayaeTcs Uil OyNbI03EepPHBIX, MOTPY30YHO-PA3TPY30UYHBIX W TPAHCIOPTHHIX
omeparii. BpICTpO W MaHEBPEHHO TIEpeMENIaeTCs, MOXKET IIMPOKO HCIOIb30BAThCS B
CTPOUTENIBCTBE, OCOOCHHO B CTECHEHHBIX YCIIOBHSIX (PHUCYHOK 4).

7 /, = |
=1L/ s

3070

/780

1 — tpakTop; 2 — PO menepes; 3 — 0TBaN-KOBII € THIPOYIPABIAEMON YENIIOCThIO;
4 — pacKpbIBaIOIAsICs 4acTh OTBaja Oyiba03epa

Pucynok 4 — bynpnosep-enepes

OcHOBHbBIE TEXHHUYECKHE JaHHbIE Oyibl03epa-1enepes3a NpuBeieHb! B Tabuuie 2.

B Oynbposepe-menepe3e MHTEHCHU(UKAIMS TEXHOJOTHYECKOrO Mpolecca pe3aHus (TpyHTa)
JOCTUTAeTCA 3a CYET LMKJIOMAAIBHOTO ABM)KEHHS M IIOCIOWHOTO CHATHUS CTPYKKH TOJILIMHON
10-20 mm pabounm opranom PO crieruaibHOM KOHCTPYKIUH [7].

PabGounit opranm Oynpao3epa-mienepe3a oOecCIeUMBAET IUIAHETAPHOE JBIDKEHHE pOTOpa U
nepeMenieHe OJHOMMEHHBIX TOYEK KOBIIEH pOTOpa MO OJHUM U TEM K€ TPaeKTOpUSIM —
TUMOLUKIONIaM (PUCYHOK 5). DTO MO3BOJSET CHHUMATh MOCIOWHO CTPYKKY TIpyHTa TOJIIHMHON
10-20 mm.
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1 — potop; 2 — koBIII; 3 — MHUIIE KOBIIA; 4 — pe3elr; 5 — SKCIICHTPUKOBAs IIeiiKa Bajna; 6,7 —
OTIOpHBIE IEeHKH; 8§ — cTpena; 9 — meHTpaibHoe 3yduaroe koneco; 10 — caremumit; 11 — Bemomast
3Be3710uKa; 12 — npotuBoBec; 13 — npuemMHbIN KOHBEEp

Pucynok 5 — PaGouuii opran 3emepoiHO-MeTaTeIbHON MallliHBI

Tabnuma 2 — bynbnosep ¢ 060pyAoBaHHEM IIENEPE3HON MAITHHBI

Iloka3zarennb 3HauyeHune
ba3oBblil TpakTOp MT3-82J1
MorHocTh aBurarens, KBr/i.c. 58,7/80
HIupuHa Oyabp103€pHOTO OTBAA, M 2
CKOpOCTh TepeIBIKEHUS, KM/ 33
HuameTtp aucka (poropa) PO menepesa, Mm 385
Iupuna, TOIMMHA POTOPA, MM 15
DKCLIEHTPUCUTET, MM 11
I'myOuna pe3anus, MM 10 500
Pasmepsl, M: aimmHA 8,0

IMpUHA 2,5
BBICOTA 3,8
Macca, kr 7400
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Bynpnozep-menepe3 6e3 3aMeHbl paboyero opraHa BBIIOJIHSET OYibI03€pHBIE M MOTPY30YHO-
TPAHCIIOPTHBIE OIEPALIUH.

Bvieoobi. B CTECHEHHBIX YCIOBUSIX CTPOUTENBCTBA U PEKOHCTPYKLMHM HCHOJB3YIOTCS
MOOMJIbHBIE, MAHEBPEHHbBIE MHOTOLIEJIEBbIE MAIMHBI ¢ HAOOPOM JIETKOChEMHBIX pabounX OpraHOB
Pa3IUYHOI0 Ha3HAYECHHUS.

HaunOonee nocTynmHbIM M MeHee 3aTpaTHbIM HAIpPaBICHUEM HMHTEHCHU(DHUKALMU SBISETCA
OINITUMAJILHOE MCII0JIb30BaHHE TEXHUKU.

PazpaboTanHbie aBTOpaMU MHOTOLIEJIEBbIE MAIIMHBI CTPOUTENILHOTO TIPOU3BOJCTBA OyIbI03€epa-
menepe3a ¢ NUKJIOUJAIBHBIM JIBUKEHHEM pabouero oprana (KCKaBaTOp-ILIENepe3 M HKCKaBaTop-
MOTPY34YMK) MOTYT OBbITh 3()(EKTHBHO NMPUMEHEHBI B COBPEMEHHBIX YCIOBHSX CTPOHMTEIHCTBA U
PEKOHCTPYKIIMH aBTOMOOUIIBHBIX JOPOT.
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HOBASI KOHCTPYKIIMSI PABOYET'O OPTAHA MOTPY3UYHUKA
C HUKJIOUJIAJBHBIM JIBUKEHUEM KOBIIE

JIu C.B., Jluraii I'.A., Caiinun6aeBa H./l., U3embaeBa A.K.
Kaszaxcxuii asmomodunoro-0oposcuwiit uncmumym um. JI.b. I'onuaposa
Anmamei, Pecnyonuka Kazaxcman

e-mail: lee.sergei@list.ru

B cmamve npugedena nosas xoncmpykyus paboyeco opeana nozpy3uuKd ¢ YUKIOUOAIbHbIM O8UNCEHUEM
Koswiel. Koncmpykmuenoe pewieHue padoue2o OpeaHa MAuiuHbl NOLYYEHO C HPUMEHEHUEM CBOLCME
YUKTOUOANbHBIX KPUBLIX U YUKTIOUOATIbHBIX el HOCMOAHHOU wupunsl. L{ukioudanrsroe dgudiceHue paboue2o
opeana no36o0sem npou3s00Umb UHEPYUOHHYIO PA32epY3Ky Koguiell no 3adanno mpaexmopuu. Ilpumenenue
83AUMO02UOAEMBIX CAMENLTUMHbIX KPUBLIX 6 pabouem opeaHe NO360AAem NOJAYYUMb PAYUOHATIbHbIE
2eomempueckue Gopmuvl pabouezo opeand. IPgekmusHocms pabomvl NOSPY3UUKA NOGBIUAETICI 3 CHem
pacuupenus e2o mexHoa02u4eckux 803moxcrocmell. Taxas KoHcmpyKyus paboye2o opeaHa No2py3duxa c
YUKTOUOANbHbIM OBUNCEHUEeM NO3608em Y8eiuyums npouszsooumenvHocms. Kpome moeo, crudcaemcs
9HEP20eMKOCTb paboue2o npoyeccd.

Kntouesvle cnosa: pabouuil opean, nocpy3uux, UHEPYUOHHAS pA32py3Kd, 63aumoocubaemvle Kpuebvle,
MpAexmopusi, ~ HPOU3BOOUNETLHOCHb,  IHEPOEMKOCHDb,  YUKIOUOATbHOE  (CN0JiICHOe) — O8udiceHue,
2UNOMPOXOUOA, NIAHEMAPHbIIL MEXAHUZM, YEHMPALbHOe 3Y0uamoe Koieco, 600U10, CAMeIum, pomop.

Maxanada wenexmepoiy YUKIOUOMBIK KO38ANbICLL OAP IHCYK MUeiul HCYMbICULbL KOPNYCUIHbIY JHCAHA
Ou3atinbl YCblHblI2aH. L{UKIouomoulx KUCBIKMAPObIY JHCoHe MYPAKmyvl eHOe2i YUKIOUOmvulK OeHeaepoiH
Kacuemmepin KOA0AHA OMbIPbIN, MAUUHAHBIY HCYMBIC OP2AHBIHA KOHCIMPYKMUGMI eim anbiHobl. Kymvic
OP2aHbIHbIY YUKTOUOMBIK KO32AIbICHL AN0bIH-AAA OeNiieHeen Jicon OOoubiMer ueneKkmepoi UHePYUsLIbIK
mycipyee MyMKiHOIK Oepedi. O3apa uxkemoi CHYMHUKMIK KUCLIKMAPObLL JHCYMbIC KOPHYCLIHOA KONOAHy
HCYMBIC OCHECIHIY YMbIMObL 2eOMEMmPUsIbIK ueypaiapbin anyea MyMKIHOIK Oepedi. JKyx mueywiniy
MUiMOiniei OHbIH MEXHONOSUANLIK, MYMKIHOIKMEPIH KeHelumy apKblibl AHco2apwblialiovl. L{uxiouomuolx
KO32anbiCbl  Oap JiCYK mueiumiy JICYMbICUbl KOPNYCbIHLIY OY  Ou3atiHbl OHIMOLLIKMI apmmulpyed
MYMKIHOIK Oepedi. CoHbLMeH Kamap, HCYMbLC NPOYECiHiK IHepeUust ColUbIMObLIbIZbL MOMEHOCUOL.

Tipek co30ep: dcymbicubl KOpRYc, mueius, UHePYUSIbIK, MYCIpy, 63apa ukemoi KUCbIKmap, mpaeKkmopus,
OHIMOLNIK, DHEP2UAHBIY KAPKLIHOLLIbIEHI, YUKIOUOMBIK (KeuteHOi) KO32anblic, 2UNPOKOUo, NIAHEeMAaApIblK
MEXAHU3M, OPMAILIK PeOYKmMop, MACbIMAI0AYUlbl, CHYMHUK, POMOP.

The article presents a new design of the working body of the loader with cycloidal movement of buckets.
A constructive solution to the working body of the machine was obtained using the properties of cycloidal
curves and cycloidal bodies of constant width. Cycloidal movement of the working body allows for inertial
unloading of buckets along a predetermined path. The use of mutually flexible satellite curves in the working
body allows you to get rational geometric shapes of the working body. The efficiency of the loader is
enhanced by expanding its technological capabilities. This design of the working body of the loader with
cycloidal movement allows you to increase productivity. In addition, the energy intensity of the workflow is
reduced.
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Keywords: working body, loader, inertial unloading, mutually flexible curves, trajectory, productivity,
energy intensity, cycloidal (complex) movement, hyprochoid, planetary mechanism, central gear wheel,
carrier, satellite, rotor.

MHOTOKOBIIOBBIE TOTPY3YHKH OTHOCATCA K CAaMOXOJIHBIM MalIMHAM C pabOYUM OpraHoM
HEenpepbpIBHOrO JeicTBUSA. Takue Mmorpy3uuMKky COCTOSAT M3 3a4€pIbIBAIOILIEIO opraHa (mUTaTens),
TPAHCIOPTUPYIOIIET0 OPraHa U XOJ0BOW 4acTH. boisiee Mpou3BOAUTEIBHBIMU SIBIISIFOTCSI MAIMHBI C
3a4epnbIBAOIMM  opraHoM.  llorpy3umkm  HENpEepbIBHOIO  JNEUCTBUSA  NPUMEHSIOTCS
IPEUMYLIECTBEHHO JUISl OIPY3KH B TPAHCHOPT LIEOHs, IpaBus U necka. OHU MOTYT OBbITh TaKKe
UCIOJIb30BaHbl JUIsl pa3pa0OTKH KapbepoB IE€CKa U I'paBUs C OJHOBPEMEHHOW IOTpy3KOH ero B
TPAHCIIOPTHBIC CpeACTBAa IpH HEOOIBIHMX o0bemax pador. [lorpy3unku OOBIYHO HMEIOT 6-8
KOBIIEH € PEXYIIUMHU KO3BIPbKAMHU U3 HM3HOCOYCTOMYMBOM CTal¥, KOTOpBIE, €CIU IOIPY3YHK
paboTaeT B TSDKEIBIX YCIOBHSIX, YacTO CHAOXarOT CMEHHBIMH 3yObsMu. CymecTByromme
MOTPY3UYUKH CHAOXKEHbl MUTATeNIMU (POTOpaMHU) C TpaBUTALMOHHOM, LEHTPOOEKHONH U
WHEPIMOHHOW  pa3rpy3koid. OOBIYHO pasrpy3ka KOBIIEH pPOTOPHBIX paboumx OpraHoB
OCYILIECTBIISIETCSl TPaBUTALMOHHBIM crnocoOoM. [Ipy 3TOM NIpPOM3BOAMTENBLHOCTH MAIIUHBI
OIIpEeAEIAETCS: NMapaMeTpaMu POTOPHOIO KOJIECA, EMKOCTBIO KOBILIA, YUCJIOM KOBIIEH M CKOPOCTBIO
BpauieHus. Eciau emMkocTh MOXeT ObITh BbIOpaHa B IIMPOKOM [JHala3oHe U TEOPETUYECKU
OecrnpesiesibHa, TO CKOPOCTh BpallleHHUs] pOTOpa UMEET BIIOJIHE ONPEAETICHHBIN Mpeaest. ToT npeael
3aBHCHUT OT BPEMEHU HEOOXOAUMOTO JJIsl pa3rpy3ku kosiua [ 1-4].

CornacHO NHPOBEACHHBIM HaMU MCCIEAOBAHUSAM CYHIECTBYIOLIME TEXHUYECKHE PELICHUS I10
YCTPOHCTBaM pabodrx OpPraHOB MOTPY3YMKOB HE 0OECHEUMBAIOT KAUECTBEHHON OYHCTKH paboumx
[IOBEPXHOCTE B YIJOBOM YAcCTH TPAHCHOPTHBIX CpelacTB. CKOPOCTh POTOPOB MHTATENEH
MOTPY3UYMKOB OTPaHUYMBAETCS HEOOXOJUMOCTBIO OOEcleueHusl TPaBUTALMOHHON pa3rpy3Ku
koBmiei. Kpome Toro, paboume opraHbl H3BECTHBIX IOIPY304YHO-pa3rpy304HBIX MAaIIUH HE
o0ecreynBa0T COXPAaHHOCTh HEKOTOPBIX CEIbXO3MPOIYKTOB, TAKUX Kak, KapTodensb, JIyK, CBeKJIa U
Jp. IpU IPOU3BOICTBE MOIPY304HO-PA3TPy30YHBIX paloT.

Taxum oOpa3oM, npobiema pa3paboTKH HOBBIX Pa0OYUX OPTaHOB MOTPY3UYMKOB POTOPHOTO THUIA,
00ecneunBaOIIUX COXPAaHHOCTh U Pas3rpy3Ky CHITYYUX TI'PY30B U3 MOJBMKHOIO COCTaBa, a TaKkKe
MOBBILIEHUE MPOU3BOJUTENLHOCTH 3a CUET YBEJIMUYEHHUS MX YacTOThl BpallleHUs, aKTyalbHa U
TpeOyeT cBoero peueHus [5,6].

B nameit xoHcTpykuuu PO pabGodas mOBEpXHOCTh KOBIIEW M CaMM PEXYIIHE 3JIEMEHTHI
BBIIIOJTHEHBl IO  B3aUMOOTHOAEMbIM  IUKIOWIAIbHBIM KpPUBBIM  (3muTpoxouaam). Takoe
KOHCTPYKTMBHOE pELICHHE II03BOJISIET IOJIYYUTh MUHUMAJBHBIE YIEIBHBIE 3HEPro3arparbl
pabouero npotecca.

Pabouwnii opran (pucyHok 1), comepkut potop 1, K KOTOPOMY JKECTKO MPHUKPEIICHBI pblyard 2
paBHOM JUTMHBI ¢ KOBIIaMH 3, paboyasi KpOMKa KOTOPBIX OCHaleHa 3yObsiMu 4. Ha poTope moxer
ObITh YCTAHOBJEHO OT JABYX J0 ueTbipex Kkosmied. Ilpu uwncne koBmieir Oonee IBYX, HX
OJIHOMMEHHbIE TOUKH, Hall[pUMEp, LIEHTPBI TSIKECTH, JOJKHBI pacrlojaraTtbCs B yrilax MpaBUIbHBIX
BOOOpa)kaeMbIX MHOTOYTOJIbHUKOB. KOBIIM MOTyT MMeTh CIUIOUIHOE WM LieHoe AHuie. Ban
poTopa SBISETCS MPUBOJHBIM U MMEET LEHTPaIbHYI0 AKCLUEHTPUUYHYIO LIEHKY 5 U /JBe OMOpHBIE
ek 6 M 7, TOCPECTBOM KOTOPBIX Ball 4yepe3 MOALIUITHUKH ONHUPAaeTCsi Ha OOKOBHUHBI CTPEIBI §.
Porop 1 Ha mnogmMIHUKAX YCTAHOBJIEH Ha LEHTPAJBbHOM MIeHKe S5 MPUBOJHOIO BaJa.
Kunemarnueckast 1emnp, CBSA3bIBAIOIAs POTOP C MPUBOJHBIM JIBUraTeneM (He MokazaHa) oOpa3yer
IUTAHETapHYIO0 Mepeayy, BKIIOYAIONIyI0 LEHTpalbHOE 3yOuaToe Kojieco 9, 3aKpersieHHOe Ha
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OOKOBHHE CTPEINbI 8§ COOCHO C OTOPHBIMHU IIeHKaMu 6 U 7 MPUBOJHOTO Baja, U poTopa 1, COOCHO
3aKpEIUICHHOT0 Ha 3KCHEHTPUYHOU IIEHKe 5 MPUBOAHOrO Baja M MMEIOUIEro 3youarsidi BeHerl 10,
BBITIOJHSIONTNI posb careyunta. Benen 10 umeer 3aremieHue ¢ eHTPaabHbIM 3y04aThiM KOJIECOM
9, a porop 1 ¢ Berniom 10 nmpuBOIUTCS B ABUKEHUE SKCUEHTPUYHON HICHKON 5 MPUBOAHOTO Bala,
BBINIOJHSIONIEH poib Boawiaa. Ha koHIIaX Bajla yCTaHOBIEHBI MPOTHBOBECHI 12 M MpHBOJHASA
3Be3a0uka 11 nenHoit nepegaun ot npuratens. Ha ctpesne pacnosiokeH nprueMHbId KoHBekep 13.
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1 — porop; 2 — xoBuI; 3 — AHUIIE KOBIIA; 4 — pe3el; 5 — SKCIEHTPUKOBas IIeiiKka Baja;
6,7 — omopHBIe MeHKu; 8 — cTpena; 9 — neHTpambHOE 3youaroe kojieco; 10 — caremur; 11 —
BeJloMast 3Be3/10uka; 12 — mpoTuBoBec; 13 — mpuemMHBIN KOHBEHep

Pucynok 1 — PaGouuii opran norpyzumka ¢ HUKIOUAAIbHBIM JIBUKEHUEM KOBIIEH

PabGounii opranm paboraer ciemyromum oOpaszom. OT aBHUTaTesns BpalleHHE Yepe3 IEMHYI0
nepeaady Inepemaercs Ha 3Be30ouky 11, a or Hee — mpuBoAHOMY Baiy. LleHTp morepedHoro
CEYEHMS SKCUEHTPUYHO PACIIOJIOKEHHON IIEWKM 5 Baja COBEpPUIAET KPYTOBBIE ABUKEHUS BOKPYT
IIEHTpa Cce4YeHusi ero omopHoW meiku 6 wmm 7. Ilpu stom 3yOuareiii BeHery 10 potopa 1
oOKaThIBaeTCsl KaK CaTeJUIMT BHYTPH 3yOuaToro kojeca 9 M poTop coBeplIaeT IUIaHETapHOEe
JBUKEHHME — BpalllaTeIbHOE IBUJKEHUE BOKPYT ABYX oceil: ocu O ONOpHBIX LIeeK Baya U ocu 01 —
DKCLCHTPUYHOM IWIeWKU Bana. IIpu 5TOM OJHOMMEHHBIE TOYKM KOBLICH IIEPEMEINAIOTCS II0
TPAcKTOPUSAM, IIPECTABICHHBIM THIIOTPOXOUAAMH. B 4acTHOCTH, TOUKH pEXYIIMX KPOMOK KOBLIEH
OIHCHIBAIOT TUNIOTPOXOUAY 14 (pUCYHOK 2), a IEHTPHI TSHKECTH KOBIIEH runorpoxouay 15.
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Pucynok 2 — O6pa3oBaHue THIOTPOXOUT

[lepemeriasich Mo BETBSIM TMIIOTPOXOUIBI B KOHTaKTE C I'PYHTOM, 3yObsl 4 KOBIIA IMPOU3BOJAT
€ro cpes3, U IpyHT 3anoiHseT koBul. Ilociae BbIXOAa KOBIIA M3 KOHTAKTa C TPYHTOM IPOUCXOIUT
pasrpy3ka rpyHTa Ipu JBM)KEHUU KOBLIA [10 OYEPEJHONW BETBU I'MIIOTPOXOUbI, U OH IONAJaeT Ha
KOHBelep 13 uinu HenmocpeaCTBEHHO B OTBAJL.

CKopoCTh TOUKH, IEPEMEILAIOLIEICS 110 TUIIOTPOXOUIE, HE OCTAETCSl IOCTOSTHHON. JIBIKeHue ee
OT BEPIIMHBI /10 CEPEUHBI BETBU FMIIOTPOXOUIBI IPOUCXOJIUT C YCKOPEHHUEM, a OT CEPEINHbI BETBU
70 CIEAyMIled BEepUIMHBI — C 3aMeuieHHeM. llosTomy Korga rpyHT HaxoOuTCsl B KOBIIE,
IIEpEMEIAIONIEMCS] 110 BETBH THUIIOTPOXOUABI IIOCIIE KONAHMS, OH Ha €€ CEpeAMHE HUCIBITHIBACT
JIOTIOJIHATENBHBIA UMITYJIBC OT CWJI MHEPLHH, MOSIBIISIOIINXCS B PE3YJIbTaTE U3MEHEHUS CKOPOCTH
nepeMeIleHs, U JalbHOCTh €ro BbIOpOCAa YBEIMYMBAETCS. DTOMY CHOCOOCTBYET M IIETIHOE
BBITNIOJTHEHHE JHUINA KoBIIa. Llenu Taxke npuoOpeTaroT yCKOpeHHe U BO3JEHCTBYIOT HA TPYHT HpHU
pasrpyske. IIpu nmepemelieHun ke KOBIIA BO BpeMs KONAHHUS JBUKEHUE KOBILIA MPOMCXOAUT IO
BOCXO/SIIIIEN BETBU TMIIOTPOXOUABI U MIPU U3MEHEHUU €r0 CKOPOCTHU BO3HUKAIOIAs CHJIa UHEPIUH
racuTcs CUJION TSKEeCTU rpyHTa. MI3MEeHEeHHeM CKOpPOCTH BpallleHUs POTOpa MOKHO PEerylupoBaTh
CKOpOCTh BBIOpOCa IpyHTa U3 KOBIIA U AaJbHOCTH BbIOpOCa.

Taxkum oOpa3oM, KecTKasi CBSA3b KOBIIOBOTO POTOpa C CaTEJUIMTOM IIJIAHETApPHOTO PeyKTopa ¢
NepeaToOuHbIM OTHOIIEHWEM OT BOJWIA K CaTeUIuTy, paBHOE Z, 0OecleuyMBaeT IUIaHETapHOe
IBUKEHHE pPOTOpa M IIEPEMEIICHHE OJHOMMEHHBIX TOUYEK KOBLIEM IO OJHUM M TEM JKe
TPACKTOPUAM-TUIIOTPOXOUAAM C YCKOPEHHEM, YTO IO3BOJISIET OCYIIECTBUTH HWHEPLUOHHYIO
pasrpy3Ky KOBILIEH 33/JaHHOM TPACKTOPHUHU IIPU CPABHUTEIBHO MPOCTON MX KOHCTPYKIUU.

[InanerapHoe ABM)KEHHE KOBIIEBOIO POTOpa MO3BOJISET TaKXKe pealn30BaTh Cpe3aHHE IPYyHTa B
BUJI€ TOHKOTO CJIOS TMOCTOSHHOW TOJIIMHBI, a Takke pa3pabOoTKy KOTJIOBAaHOB M KapbepoB C
IJIOCKOM TMOBEPXHOCTHIO 3a00s1 C pa3jMyYHbIM YIJIOM HakKJIOHa K TOpU30HTY. B3aumopeiictBue
PEXYIIUX IEMEHTOB KOBIIEH ¢ 3a00eM OCYyILIeCTBISETCS B MPOLIECCe UX MEePEMEIICHHUs 110 IPSIMOi
JIMHUH, @ HE 10 JTyTe OKPYXKHOCTH, YTO UCKIIIOUAET BOSHUKHOBEHHE IEHTPOOESIKHBIX CHII MHEPLIMH U
UX JEHCTBUE HA TPYHT, HAXOJALIUICS B KOBIIAX, &, CJIEI0BATEIbHO, U NTOTEPU SHEPTUU HA TPEHHE
IPYHTa O MOBEPXHOCTH 3a00s. CHMKEHUE SHEProeMKOCTH Ipoliecca MPOUCXOAUT TaKKe U 3a CUET
s dexra caMooOpyIIeHHS, KOTOPHIN TMPOSIBISETCS B HAMOOIBINEH CTENEHU MPHU OTPUIIATEITHHBIX
(menee 90°) yriax HakJIOHA MOBEPXHOCTHU 32005 K TOPU3OHTY.
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Bui6oow.  TlpousBoauTenbHOCTh poTOpHBIX PO ¢ rpaBUTALMOHHON pasrpy3Koi KOBIIEH
OTrpaHMYEHA CKOPOCTHIO BpAIIEHUS POTOPAa M HUMEET IpPEAEibHbIE 3HAYEHMs] B 3aBHCHUMOCTH OT
Kareropuu rpyHra, PO meHTpoOexHON (C BepxXHEH pa3rpy3Koil KOBIICH) M HHEPIHOHHOH (C
HUOKHEM pasrpy3Koi KOBIIEH) CKOPOCTH KOTOPBIX CYIIECTBEHHO IIPEBBIIAIOT IPEAEIbHbIC
3HAYEHUSI CKOPOCTH TI'PAaBUTALMOHHBIX POTOPOB. OIHAKO, CIOXHOCTH KOHCTPYKLIMH, BBICOKAs
HHEPrOEMKOCTb, HAJIMYME JOTOIHUTEIbHBIX MOABHKHBIX JIEMEHTOB M IIAPHUPHBIX COCIVUHEHHUN B
30HE HKCKaBallMM W 3HAYUTENbHbIE Ta0apUTHBIE pa3Mepbl OIPAHUYMBAIOT HMX MCIIOJIb30BaHMUE.
M3MeHeHHeM CKOpOCTH BpallleHHs poropa M (OpMOH caMMX KOBIIEH MOYHO pEryaupoBaTh
CKOpOCTh BBIOpOCA TPyHTA U3 KOBIIA U JaJBHOCTH BBIOpOCA.

AHnanu3 koHCTpykuuu PO morpy3duMkoB MOKaszajl, YTO BaKHEUIIMM pE3€pPBOM IOBBIIICHUS
IIPOU3BOJIUTEIIBHOCTH, CHHU)KEHUS SHEPrOEMKOCTM W YMEHBIIEHHS JuaMeTpa poTopa Ipu
COXPAaHEHHU OCHOBHBIX TEXHOJOTMYECKMX IapaMmeTpoB cyumiectByromux PO, sBusercs
MHTEHCU(UKALM [IPOoLIecca pe3aHtsl IOCPEACTBOM BUOPOBO3AEHCTBHS pexyIux a1eMeHToB PO Ha
pa3pabaTbIBacMblil MaTepuail.

Ilonorne ¢opMbl BeTBEl T'MIOLMKIONIBI Jal0T BO3MOXHOCTb Cpe3aTb TIPYHT CIOSAMHU
MIOCTOSIHHOM  TOJIIMHBI, 4YTO CHOCOOCTBYET TMOBBILICHUIO TMPOU3BOJUTEIBHOCTH, a TaKXkKe
IPOU3BOIUTh Pa3pabOTKy KOTJIOBAaHOB M KapbepoB C IUIOCKOH MOBEPXHOCThIO 32005 U C
Pa3IMYHBIMM YIJIaMHU HaKJIOHA UX OOpPTOB.

Hcnonb30BaHne CBOMCTB B3aMMOOTHOAIONIMX LMKIOWAAIbHBIX KPUBBIX W Te€l MOCTOSHHOMN
LIUPUHBI B IOTPY34YUKE C [UKIOUJAIBHBIM JBUKEHUEM pabOuero opraHa 3HauuTeIbHO PacUIMPSET
TEXHOJIOTUYECKHE BO3MOXKHOCTU MAIlIUHBI.
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A new approach to the implementation of additive printing systems based on the use of material heating
in a high-frequency electromagnetic field is proposed. The main advantage of this approach is the possibility
of using a dry mixture of powder materials in preparation for printing, which, in particular, eliminates such
a negative factor as clogging of the extruder head. The manufacture of the composite is carried out directly
during printing due to the heating of the material containing conductive components when moving inside the
coil, creating a heating field. With this approach, it is permissible to use waste products (cans, etc.) as a
conductive component. The proposed approach was created using a new artificial intelligence system
designed to stimulate innovation. The principle of functioning of this system is based on the search for pairs
of scientific fields, the coefficient of interdisciplinary connectivity between which is close to zero. In this
particular case, the innovation was created on the basis of the result of the system, pointing to a pair of
“additive printing system” and “microwave technology”.

Keywords: additive printing, garbage processing, high-frequency field, composite materials, socially
significant technologies, artificial intelligence, innovation stimulation.

Maxanaoa cozapvi HCULNIKMI 21EKMPOMASHUMMIK opicmeai Mamepuandvl JiCbLIbIMyaa Heziz0eleH
aooumusemi bacein wwieapy Jcyuecin eHeizyoiy oicaya macini yculHbliaovl. byn moacindiy Oacmol
apMBIKWBLIbIZEL - 0AChIn Wbl2apy2a OaublHObIK Ke3iH0e YHMAK MAmepuaioapblHbly KYpeax KOCHACHIH
KOOaHy MYMKIHOI2I, Oy sKxcmpyoep OacviHbly Oimenyi CUsiKmvl JHCALIMCbI3 PAKmopaapobl HCOosObl.
Komnosummi oaiivinoay kamywika iwinoe KO32aNAMbIH, JCHLIGIMY ALAHbIH KYpeaH Ke3ode omKi3eiul
Komnonenmmepi 6ap mamepuanodvl Kbi30vlpyed OAUIaHbICMbl miKelell OACbln wbleapy Ke3iHoe dicy3eze
acvipelnadvl. Mynoaii macinmen omkizeiut KOMHOHeHm peminde KanobiKmapowvl (bauka oicone m.0.)
navdanranyea pyxcam eminedi. Ocvizan opail aumMvLIAMulH JCaAl, aMAIMbl MICIT  UHHOBAYUSAHDBI
bIHMANAHOBIPY2A APHANEAH JCACAHObL UHMENNEKMMIY JCAHA JHCYUeCiH KOA0aHy apKbulivl dcacanovl. byn
JHCYUeHTy JHCYMBIC icmey Ka2uoacvl HOjaee JHCAKbIH O00AaAMblH EbLIbIMU NIHOEpOiH Jicynmapuln izoeyee
Hezi30eneen. HAenu atimolivln OMbIPeaH KAuoaoa xicyliece «KOCLIMUIAIbL OACHIN wbl2apy Jicylienepi» MeH
CMUKPOMONKBIHObL MEXHONIOSUSY HCYNIMAPbL KOPCEMININ, HOMUICECIHOE JCAHA UHHOBAYUS KYPbLIObL.

Tipex ce30ep: aooumusmi Oacvin wivleapy, KOKbICHbL OHOEY, HCOAPbI ACULTIKMI Opic, KOMROZUYUATBIK
mMamepuanoap, — aAeyMemmiK — MaWbl30bl  MEXHONOSUANAD,  HCACAHObL  UHMENNEKm,  UHHOGAYUSHbL
bIHMANAHOBIPY.
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Ilpeonooicen Ho8bLIL NOOX00 K pearusayuu cucmem a0OUMUBHOU neyamu, OCHOBAHHLIL HA UCNOIb308AHUU
paszozpesa mMamepuana 8 6blCOKOUACMOMHOM dleKkmpomacHumuom noiae. OCHOGHLIM NpeuMyujecmeom
0aHHO20 N00X00a S6NAEMC BO3MONICHOCHIL UCHONIb30BAHUSL CYXOU CMeCU NOPOUIKOBLIX MAMepuaiog npu
NnO020MOBKe K newamu, umo, 8 HACMHOCMU, NO360Aem UCKIOYUMb MAaKOU He2amueHulil (Gakmop Kax
3acopenue 20108Ku dKcmpyoepa. H3zzomosnenue KOMNO3UmMdA OCYWECMEIAemcs: HenocpeoCcmeeHHo npu
nevamu 3a cuem pazocpesa Mamepuad, cooepiucauieco npoeoodsiujue KOMIHOHEHMbL NPU OBUIICEHUU 6HYMPU
Kamywiku, co3oaiouell pazozpesarouiee none. Ilpu maxom nooxooe 8 kauecmee npogoosiujell KOMNOHEeHMbl
00NyCMUMO UCHONIL30BAMb NPOOYKMbL NepepabomKu mMycopa (KoncepsHuvle bauku u m.n.). Ilpednoscennviii
NOOX00 C€030aH NpU NOMOWU HOBOU CUCMEMbl UCKYCCBEHHO20 UHMENLIeKMA, NPeOHA3HAYEHHOU 05
CMUMYIUpoganust uHHogayui. Ilpunyun QYHKYUOHUPOBAHUS OAHHOU CUCMEMbl OCHOBbIBAEMCS HA NOUCKE
nap HAayuyHuiX HAnpasienull, KoIQG@uyuenm mMelcoucyuniuHapHol CesI3HOCMU MeNcOy KOMOPbIMU OIU30K K
Hymo. B Oannom xomkpemmnom cnyuae umMHOAYUA CO30aHA HA OCHOGE Pe3yIbMama pabomvl CUCTHEMbI,
VKazasuiell Ha napy «cucmemvl adoumuenou newamuy u « CBY-mexnuxar.

Knwuesvie cnosa: aooumusnas neuamv, nNepepaboOmKa  Mycopd, — GblCOKOHACMOMHOe NOJe,
KOMNO3UYUOHHbIE MAMEPUATbl, COYUATbHO 3HAYUMbBIE MEXHONIO2UU, UCKYCCMBEHHbI  UHMELIeKM,
CIMUMYTUPOBAHUE UHHOBAYUIL.

Additive printing systems [1-3] are currently gaining popularity for which, of course, there are
quite objective reasons. First of all, additive printing systems allow you to sell products for the
manufacture of which traditional methods would require significant labor costs. By way of obvious
illustration, we can mention the manufacture of prototypes of various technical devices and their
individual components. Obviously, provided that this particular product is sold in machine
production, its cost can be quite low. However, the manufacture of the prototype is often associated
with significant labor costs, which also determine significant difficulties in the implementation of
certain innovative technical solutions. It is this factor that largely determines the existence of the
so-called "valley of death” [4]; this term reflects the fact that a significant number of potentially
promising innovations are "dying" due to the lack of the necessary funds to create industrial
prototypes that can interest investors.

The use of additive printing systems makes it possible to produce parts of a rather complicated
design, largely removing the above difficulties. That is why additive printing systems very often
become one of the main tools in the so-called “prototyping centers”, which are focused on the
creation of innovative machines and mechanisms, including those created by students of specific
universities [5].

It should also be emphasized that at the present time there is a very, very extensive class of
additive printing tools [1-3]. Their spectrum extends from 3D printers used in biotechnology
(including transplantology [6]) to construction. Many works have already reflected the positive
results of experiments in which 3D printers were used in the construction of various buildings [7,
8]. Of course, such a wide coverage of tasks that are solved with the help of additive printing
systems now requires the development of a systematic approach to this issue.

Indeed, 3D printers, as follows from the analysis of the works cited above, mean systems that
differ significantly from each other both in purpose and in principle of operation. Accordingly, in
modern conditions, it is possible to apply fundamentally new approaches to the problem of creating
3D printers, which were incorporated in [9, 10]. In these works it was shown that the classical
approaches to solving inventive problems laid down by G. S. Altshuller [11] at the present stage of
development of science and technology can be significantly modernized.
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Namely, the theory of inventive problem solving (TRIZ), which was developed both by
Altshuller himself and his followers [12, 13], suggests that its subject area is the solution of already
formulated problems. It is worth recalling that Altshuller created his classic works in the middle of
the 20th century, when scientific and technical tasks were actually posed by political elites. The
most obvious example here is the fact that the task of creating the entire aggregate of industries
aimed at creating nuclear weapons in the Soviet Union was actually set by its top leader
(represented by L.P. Beria). This example clearly shows that Altshuller's theory was created in well-
defined concrete historical conditions, when the question of setting the problem went to the
background. The primary method was its solution. And this is exactly what classical TRIZ is
oriented to.

Over the past decades, the situation has changed dramatically. Today it is precisely the setting of
tasks that comes to the fore. The method and nature of its solution becomes secondary, which is
especially clearly seen in the development of software tools used to solve various social problems.

The most obvious examples here are social networks such as Facebook, LinkedIn and
VKontakte. Even a superficial comparison of all these networks leads to an unambiguous
conclusion that it was extremely difficult to develop and implement the original concept of a social
network. It is no coincidence that the Russian VVKontakte network largely repeats the corresponding
American counterparts.

We emphasize that this example demonstrates that in modern conditions, programmers are able
to solve almost any problem — if it is adequately formulated at the level of technical specifications
(which is greatly facilitated by the existence of numerous libraries and simple enough to learn
programming languages). It is the search for a creative idea that comes to the fore, and one that will
be in demand on the market.

It is appropriate to emphasize once again that a significant part of the software products created
in the post-Soviet space, in terms of the nature of the tasks being solved, repeats Western European
or American counterparts. Of course, in many ways, Russian products are superior to their original
counterparts at the level of technical implementation. However, this comparison unambiguously
shows the very idea that was formulated above. If there is enough creative energy to solve the tasks
that have already been set, then it often turns out to be obviously insufficient to formulate these
tasks. We emphasize that this difference reflects a very definite facet of the development of the
scientific and technological environment as such.

Indeed, in order to solve a specific scientific and technical problem (if it is formulated at the
level of technical specifications), highly professional training is sufficient. And vice versa, in order
to set the corresponding task, something much more is needed. It is necessary to comprehend (at
least at the most primitive level) the entire socio-technical environment to which this particular
invention is oriented. Paradoxically, in modern conditions, we come to the conclusion that often
understanding the essence of a technical problem by the humanities is much more productive than
the understanding available to the so-called “techie”.

Of course, these considerations are debatable, but they are a clear illustration of the formulation
of the problem, which led to the creation of the additive printing systems that are considered in this
paper.

From the considerations discussed above it follows that the question of the design of a 3D printer
should be formulated primarily for social reasons. We emphasize once again that the concept being
developed is based on the principle of pairing the development of all the most modern
infocommunication and related technologies with social ones. The basis for this is at least the fact
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that the Internet itself is already simultaneously a social factor and a kind of telecommunication
system, which does not require proof.

Accordingly, all those issues that are solved by the most advanced technologies (such as Data
mining, Internet of things and the like) should also be considered through refraction to social
problems. In a sense, today there is every reason to argue that both artificial intelligence and the
Internet of things must first solve social problems. At the present stage, mankind can no longer
afford to give the development of science and technology to those who are colloquially called
"techies"” [9]. These people, as a rule, formulate tasks based on their own logic of development of
science and technology [14]. They solve problems that are convenient for them, and very often they
thereby conflict with the real needs of society.

A classic example in this regard is the so-called “green technology”. In numerous works, a
review of which was given in [15], it was shown that the solution of problems associated with the
introduction of green technologies is primarily of a social nature. In other words, the introduction
of green technologies is primarily a social, but not a technical task. In the same way, this work
demonstrates that solving problems associated with the introduction of additive printing systems
into widespread use is also primarily a social task.

This statement is correctly formulated in the form of a thesis on the convergence of natural
science, humanitarian and technical knowledge [15]. However, this thesis will not be emphasized in
this paper due to the fact that it is extremely difficult for narrow specialists to perceive.

Back to additive printing systems. We will proceed from the obvious. Namely, additive printing
systems are designed to create single copies of products. Accordingly, it is easy enough to list the
tasks in which the creation of single copies of products is really necessary. Firstly, this is the
creation of certain elements of complex systems that cannot be created by other means. Secondly,
this is the creation of unique objects that are necessary only in a single copy. To illustrate, we can
mention the hypothetical printing of human organs on a 3D printer for subsequent transplantation
(however, work in this direction is already underway in transplantology [16]). Such technologies
will obviously be aimed at creating a unique object due to the fact that any human body has its own
unique characteristics.

Another area of application of additive printing systems is the creation of prototypes of various
technical devices, as discussed above. This area is certainly important, but even without a detailed
marketing analysis, we can say that the level of consumption of such systems will remain relatively
low. No matter how developed the system of technology parks in the countries of the geopolitical
West, the number of universities remains limited. The number of people who are interested in
creating prototypes of various technical systems also remains limited, so the market for such
devices will inevitably experience the same problems as the market for any other equipment that is
aimed at scientific use.

By way of illustration, here you can compare the cost of widespread use devices presented on the
modern market and the cost of devices of similar complexity used for scientific purposes. So, you
can compare the cost of conventional microwave ovens and similar systems used for controlled
synthesis of polymers. It is easy to see that the price between the devices of the first and second
type will differ by more than an order of magnitude. The reasons for this are obvious: in one case
we are talking about mass production and the creation of mass-use systems, in the other case - the
production of piece products, and the sale of each instance is usually executed by appropriate
agreements, which only increases the retail price of a unit of production.

Accordingly, in order for additive printing systems to really become mass, so that they enter the
market at the same level as, say, microwave ovens, it is necessary to find an area of their application
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that would be in line with the interests of society. We emphasize that this is by no means an end in
itself, this is not a kind of marketing move. The point is that in order to ensure adequate
communication between the latest developments and society, that is, as shown in [14], to return the
nature of scientific and technological development to the situation that existed at the turn of the
XIX-XX centuries.

This task is more than important in the social aspect. Namely, as shown in [17], the development
of science and technology is currently hindered by the fact that in the overwhelming majority of
scientific and technical areas large manufacturers, state, and also quasi-state structures operate. This
factor significantly inhibits the development of science and technology, inhibits scientific and
technological progress due to the reasons mentioned, in particular, in [18].

In the cited work, a comparison was made between the development of information technology
and the development of nanotechnology. It was shown that information and communication
technologies began to develop so rapidly only because in this area there is an opportunity to ensure
innovative freedoms. Namely, a large number of small and medium-sized businesses operate in this
area, which, from a sociological point of view, are de facto the link between large corporations and
society. In the field of nanotechnology, there was no such link, and that is why nanotechnology
failed, in any case, if we talk about the macroeconomic tasks that the world political elites
assigned to it [18].

It would not be an exaggeration to say that such concepts as Internet of things represent an
attempt to implement a certain analogue of the socio-technical environment that has now developed
in the field of information technology, but which is already connected with the real sector of the
economy. Additive printing systems, which have received so much attention in recent years, play a
key role here. It is these systems that can ensure the emergence of a large number of small and
medium-sized businesses, however, provided that they turn out to be not only accessible to the
general public, but will also be convenient and efficient in operation. From this point of view, in
this work, specific additive printing systems were developed.

The specific technical solution considered in this work was created using an artificial intelligence
system built on the basis of the principle of dejaculation of science and education, proposed in [9].

The basic idea underlying this artificial intelligence system is as follows. At present, a complex
of extremely negative phenomena has developed that significantly inhibits the development of
science (and innovative activity) throughout the post-Soviet space [9, 15]. It was shown that the
core of this complex is the loyalty of the modern post-Soviet scientific and pedagogical community
to pseudoscience, as well as the factors associated with it. Accordingly, the term “dejaculation”
itself is formed on the basis of allusions with the names of the authors of some of the most odious
pseudoscientific texts ever published by full-time employees of Kazakh universities (MZ Yakubova
and VV Stoyak). Evidence of the expressed pseudo-scientific nature of the works of these authors is
given in [15, 19].

In [9, 15] it was also shown that the problem of removing interdisciplinary barriers, which has
been discussed for a long time in works on the philosophy of science [17], is, at least at present,
mainly of a social nature. It may seem that the point of view [9, 15] contradicts the existing views
on this issue, which suggest that the emergence of interdisciplinary barriers is primarily determined
by the own logic of the development of science, in particular, the objective emergence of its
complex disciplinary structure.

This contradiction is in reality apparent. The phenomenon of science is multifaceted; it is at the
same time both a system of knowledge and a social institution [17] (however, these two hypostases
also do not fully reflect the phenomenon of science as such). Accordingly, any large-scale problems
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arising in science have both faces generated by its own development logic (as a system of
knowledge) and faces that have a social nature. The problem of the emergence of interdisciplinary
barriers is by no means an exception; it is also multifaceted. However, at different historical stages,
specific manifestations of any complex process can become dominant. There is every reason to
believe [9, 15] that specifically at the present stage of the history of science, factors of a social
nature began to dominate in containing its further development.

One of them (which is the most socially dangerous) is that pseudo-scientists artificially
strengthen interdisciplinary barriers. The goal is obvious: if interdisciplinary barriers are significant,
then the communication connectivity of the scientific and educational space drops sharply, fair
competition in science is transformed into unscrupulous forms. Simplifying, in such a situation, one
or another pseudo-scientist with administrative resources can relatively easily declare himself an
unquestioned authority in a single narrow (and sometimes not so much) field, suppressing
competitors by means unrelated to science (deliberate misinformation of senior management,
denunciations, slander, intrigue, etc.). This factor is complicated by the fact that at present, the
information war is escalating in the scientific and technical sphere [20, 21].

A similar trick was performed not so long ago by the academician of the Academy of Sciences
of the USSR Union Trofim Denisovich Lysenko, who threw back the development of Soviet
biology for many decades.

The existence of artificial interdisciplinary barriers allows, unfortunately, its “ideological
followers” to flourish in Kazakhstan, which ultimately manifests itself, among other things, in a
sharp decline in the quality of domestic higher education.

On the contrary, in the absence of artificial interdisciplinary barriers, when information exchange
in the scientific and pedagogical community is at an acceptable level, such tricks become almost
impossible. Authorized experts from other fields of science can expose the pseudo-scientist. In this
regard, it is appropriate to recall that the leading role in exposing the abominations of Academician
T.D. Lysenko did not belong to biologists (he managed to “crush them”), but to mathematicians and
physicists, in particular A.N. Kolmogorov and I.N. Kurchatov.

The existence of pseudo-scientists artificially reinforcing interdisciplinary barriers generates a
well-defined feedback loop. Their students are already beginning to perceive the rigid division of
the living organism of science into separate areas as a given, and they are unable to go beyond the
restrictions even when they conscientiously try to solve a particular scientific problem.

Therefore, by defining those scientific areas on which there are artificial interdisciplinary
barriers, it is possible to provide stimulation of the generation of innovations [9]. In [22], on the
basis of the neural network model of the noosphere, it was shown that in the normal development of
science (in the absence of the pronounced influence of pseudoscientists), the index of
interdisciplinary cooperation should be approximately the same for all pairs of scientific disciplines.
From a technical point of view, solving this problem boils down to finding an index of
interdisciplinary connectivity.

This index, reflecting the degree of communication connectivity between two arbitrarily taken
scientific disciplines, can be determined on the basis of a semantic analysis of scientific texts,
allows. This, in turn, allows implementing the corresponding artificial intelligence system, which
provides a search for “gaps” in interdisciplinary cooperation.

Therefore, the search for such pairs of scientific areas for which the indicated index is close to
zero guarantees, first of all, a high degree of scientific novelty of the development made at the
junction of these areas. In addition, there is every reason to expect that it is at the junction of such
disciplines that innovation can be created in the most simple and non-trivial way. Indeed, as the
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history of science and innovations unambiguously shows [14, 17], the generation of new ideas
(more precisely, new meanings) always ensures the appearance of fairly simple technical (or other)
solutions. Then the search for new solutions is inevitably complicated (everything that could be
done by simple means has already been done). This requires ever-increasing costs in every sense of
the word.

This statement is more correctly formulated as follows. Any scientific discipline that has taken
place is an already implemented project. A high degree of design is ensured when it comes to a new
project, which is most easily generated by means of interdisciplinary cooperation.

In this paper, using a specific example, additional evidence is presented that the search for pairs
of scientific fields with a low index of interdisciplinary connectivity, carried out by the method of
[9], really has immediate practical value.

We also note that there is every reason to argue that the development of technical disciplines is
subject to well-defined cycles [17]. Namely, each of them is based on the achievements of
fundamental sciences, which determine the development potential of each of the emerging areas of
technical knowledge. Sooner or later, this potential (compiled by a combination of ideas and
meanings obtained from fundamental science) is exhausted, the corresponding technical discipline
degenerates. New technical achievements are appearing less and less in it, and social inertia is
turning true "techies" into pseudoscientists. An obvious example of a degenerating technical
discipline is classical thermal power engineering, where no significant technical solutions have been
created over the past decades (in any case, nothing has been created that could be compared with
the achievements of classical thermal power engineering of the second half of the 19th century and
the first half of the 20th century).

The analysis carried out according to the methodology [9] showed that the index of
interdisciplinary connectivity between such areas as “additive printing systems” and “microwave
technology” is very low. Based on the ideas arising from the neural network theory of the
noosphere [22], it could be assumed that there should be technical solutions that fill this gap.

Such solutions were indeed discovered without much difficulty; one of them is described below.

One of its analogues is the additive printing method based on the use of photopolymerization —
curing of the polymer under the influence of ultraviolet or laser radiation. This method includes,
among other things, the use of specific photopolymers that are initially in a liquid state and harden
under the influence of laser radiation. The mobile platform is filled with a photopolymer to a
thickness of one layer, then photopolymerization is carried out, controlled by laser radiation. The
finished product is washed, and for final solidification they are kept under ultraviolet [23, 24].

The disadvantage of this method is the complexity of the technical implementation, determined
by the stringent requirements for the formation of the product from the original liquid material, as
well as the low printing speed of the final product.

Another analogue is the method of printing on an inkjet 3D printer, based on the use of
extruders, in which the manufacture of three-dimensional products is carried out through the
multilayer deposition of molten material that hardens at lower temperatures. This method of
additive printing has a typical design, including a print extruder head, a desktop, head movement
mechanisms, a frame for arranging print elements, and electronic control units [25, 26].

The main disadvantages of this method are the periodic clogging of the guide head for
configuring the product (extruder), the need to use expensive materials specifically designed for
three-dimensional printing, and the need to comply with increased safety requirements, which also
makes it difficult to use the system at home.
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There is also a method of forming a three-dimensional product in a microwave frequency field,
which includes the steps of forming a layer of powder material, applying a liquid reagent to a layer
of powder material with the configuration of the corresponding section layer of a digital model,
repeating these operations to form successive layers. To obtain a three-dimensional product, curing
is carried out using a microwave electromagnetic field. To implement this method, a standard 3D
printer and a microwave oven with three power modes with a magnetron were used [27].

The disadvantages of the known analogue are the difficulty of implementation, since in order to
ensure the normal operation of the magnetron and to prevent overheating of the microwave camera,
it is necessary to use a ballast tank with water, as well as high energy costs.

The closest analogue is the method of additive manufacturing of parts by direct deposition of the
material when controlling the electromagnetic field. The method includes direct precipitation of a
stream of granules of metal or non-metal powder from a storage tank into the molten bath on a
support table to form a part guided by the thermal energy of a laser or electronic heating source, and
crystallization of the melt to form the part. The deposition of powder granules is carried out under
the influence of gravity and electromagnetic forces to ensure that they acquire a positive or negative
charge in flight, while the path and speed of the powder granules in flight are controlled by means
of an electromagnetic field in accordance with a predetermined program. A device that implements
this method contains a vacuum chamber, which houses an electron beam gun with a focusing
electromagnetic lens and a deflecting electromagnetic lens of the beam, which in the specified
coordinates on the upper plane of the body of the part in the build zone melts the molten bath.
Where does the powder get in the form of granules, falling at a certain speed from the loading
hopper [28].

The disadvantages of this method are the design complexity, high energy consumption and
increased requirements for ensuring safety during the work.

Based on the above analogues, this work proposes an effective method of additive printing,
which, inter alia, allows you to utilize some of the main components of household waste using its
form of dry cold powder materials, from which the composite is made directly during molding of
the final product using heating the source material in a high-frequency electromagnetic field.

The proposed solution uses an electromagnetic deflecting system to control the trajectory of the
capsules of dry powder material, and the composite from which the product is molded is formed by
melting the dry powder material when the capsule stream passes through the high-frequency
electromagnetic field created by the inductive coil.

The functional diagram of the additive printing system of the proposed type is shown in Fig. 1,
where:

1 — storage hopper;

2 — capsules, which are a molded mixture of dry powder materials, which upon melting in a
high-frequency electromagnetic field form a composite;

3 — piston unit;

4 — dosing head;

5 —ring-shaped electromagnet;

6 — control unit ring-shaped electromagnet;

7 —inductor;

8 — control unit of the inductor;

9 — electromagnetic deflecting nodes;

10 — control unit corrective electromagnetic deflecting nodes;

11 — control unit additive printing system;
12 — molten particles (composite);
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13 — molded product;

14 — desktop for the formation of products (substrate);
15 — two-axis stepper motor.

Three-dimensional printing of the product is as follows.

N

.

Figure 1 — The functional diagram of the additive printing system

Capsules (2) are placed in the storage hopper (1), which is a molded mixture of dry powder
materials that, when melted in a high-frequency electromagnetic field, form a composite. In
particular, this dry mix can be made from dispersed waste plastic bottles, plastic packaging
materials, etc. with the addition of dispersed magnetic materials that can also be obtained from
waste (cans from canned drinks, etc.).

Under the pressure created by the piston assembly (3), the capsules (2) are sent to the dosing
head (4), and it is essential that the dosing head (4) is placed inside the annular electromagnet (5),
which is controlled by the unit (6). Next, the capsules (2) enter the heating zone, which is formed by
the high-frequency field created by the inductor (7) connected to the control unit (8).

The coil (7), creating a high-frequency electromagnetic field, is itself placed inside the correcting
electromagnetic deflecting nodes (9), which are connected to the control unit (10). The
electromagnetic deflecting nodes are controlled by the unit (11). The deflecting nodes (9) provide a
change in the trajectory of movement of the capsules, as a result of which the molten particles (12)
fall at different points of the formed product (13). The product itself lies on a rigid substrate (14),
which has the ability to move along two coordinate axes, which is provided by a stepper motor (15).

We emphasize that the accuracy of moving the desktop (substrate) in space can be relatively
small, since it is possible to directly correct the profile due to the amplitude of the current supplied
to the electromagnetic deflecting nodes (9).

The work of the invention is based on the following principles. The molded powder is heated by
absorption of the electromagnetic field by conductive inclusions, as a result of which sintering
occurs with the formation of a composite, which is a norplast (inorganic-organic plastic). The metal
particles included in the composition of the powder from which the capsules are formed (2) also
provide the ability to control the flight path of the capsules using an electromagnetic field.
Simplifying somewhat, the system under consideration includes an analogue of an electromagnetic
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gun, which distributes droplets of molten / sintered material over the surface of a molded product.
The purpose of the ring-shaped electromagnet (5) is to control the speed with which these particles
move inside the heating zone. If they are given the opportunity to move freely, then their speed will
be quite large, respectively, the time spent in the heating zone may not be enough for the materials
inside the capsule and its shell to melt.

The main advantage of the proposed approach to providing additive printing is the ability to
overcome one of the main disadvantages inherent in modern designs of 3D printers. This is the need
to supply molten material to the extruder head, which complicates its design, leads to its clogging,
and makes quite serious safety requirements. Only dry capsules are used here. The magnetically
active / conductive inclusions contained in the capsules are a filler of norplast. The substance that
provides the formation of products is a molten polymer, which can be used, for example, shredded
plastic bottles.

An advantage of the invention is the lack of the need for high-precision movement of the
mechanical components of the system in space. Molding of the product is carried out using
stationary structural parts, and layer-by-layer application of the material is controlled by an
electromagnetic control system; the stepper motor serves only for rough (with low accuracy)
movement of the substrate, which ensures that the product section enters the zone of action of the
electromagnetic deflecting nodes, which significantly increases the efficiency of the device.

An additional feature of this additive printing system is the ability to recycle some of the main
components of household waste. This possibility is due to the fact that the composite material used
for molding the product can be made by simple means from a mixture of crushed plastic with the
addition of particles from crushed waste containing iron.

Finally, since the additive printing system of the proposed type does not require high energy
costs and is quite safe to operate, it de facto satisfies the socio-economic criteria formulated above.
In particular, it can be used to implement IT art objects, which were discussed in [27].

Thus, the used artificial intelligence system, which focuses on the search for pairs of scientific
fields, the coefficient of interdisciplinary connectivity between which is close to zero, really
provides the creation of prerequisites for the search for very unexpected technical solutions. This, in
particular, shows the example of an additive printing system that can work with dry cold mixtures
of raw materials. Thanks to this, the design of a 3D printer can be greatly simplified while
drastically reducing safety requirements. Thus, the proposed approach also solves very important
social problems, including by making the concept of IT art, aimed at creative self-realization of
citizens, quite realistic.
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CPABHUTEJIBHBIN AHAJIN3 TPOU3BOINTEJIBHOCTH
IJIAT®OPM BJIOKYEWH

Cocuun K. A., llapanos H. A., Cemensikun H. B.
Anmamunckui ynusepcumem suepeemuxu u ceazu um. I'ymapoexa /laykeesa
Anmamei, Pecnyonuxka Kazaxcman

e-mail: kirill.0596 @gmail.com

Hannas cmamesi noceswyeHa CUCMEMHOMY AHAIU3Y MEXHOA02UU ONOKYelH U ee NPUMEHUMOCHU 8
cospemennblx peanusx. Paccmompenvt mamemamuueckue Mmoolenu u  aieopummvl Ol Pearu3ayuul
KOMROHeHmo8 OnoKkuetin. Kpamko npoananuzuposana 6Hympenmsisi 102uKka (uugposanue, KOHCEHCYC).
OcCHOBHOE 6HUMAHUE YOeleHO ONUCAHUIO 08YX Haubolee NONYIAPHBIX 8 HACMOsuee 8peMsl peuleHull Ha base
mexnonoeuu 6noxueun: Etherium u Hyperledger Fabric. Ilpousseden xkpamxuii 0630p 08yx Oanmbx
niam@opm, a maxdce NPeoCmasieHo CPAGHEHUe NPOU3BOOUMETbHOCMU MeCnOBbIX NPULOICEHUI,
nocmpoennvix Ha naamgpopmax Etherium u Hyperledger Fabric. Cpasuenue ocywecmensnoco no maxum
Kpumepusim, Kaxk 6pemsi 6blNOJIHeHUS MPAH3AKYUU, NPONYCKHASL CHOCOOHOCMb U 3a0epiicKa. B 3akniouenuu na
0CHOBE NPUBCOCHHBIX OAHHBIX 0eNAIOMCSL 8b1800bL 0 Npeumyuecmese naamgopmsr Hyperledger Fabric.

Kniouesvie cnosa: 6Onoxuetin, ancopumm KOHCEHCYCA, CMAPM KOHMPAKM, OCYeHmMpamu3ayus, Xoul
dyHyuu, nyoOIUYHLII U NPUSAMHBLI KIH0Y, MPAH3AKYUSL OI0KA OAHHBIX.

byn maxana blockchain mexnonocusaceln dicyilenik manday2a HcaHe OHBIH KA3Ipel oHcaz0atioassl
KONOAHbIYbIHA apHanean. Mamemamukanvlk mMooenvoep MeH OnoKueln KOMHOHEeHMMEDPIH Jicy3ece acvipy
aneopummoepi Kapacmuipwliean. lwki nosuxanviy (wugpnay, KOHCEHCYC) KblCKa mManddaybl HCYpei3iieeH.
bacmul nazap exi ey manviman blockchain mecizinoesi wewimoepoiy CUnammamacvliHa ayoapbliaobl.
Etherium owcone Hyperledger Fabric. Ocvl exi niamgopmaza KvlcKauia woy Hcacanobl, COHbIMEH KAmap
Etherium owcone Hyperledger Fabric niam@opmanapeinoa KYpacmulpblieaH CbIHAK KOCHIMULALAPbIHbIH
oHimOIniel canvicmuipvliovl. Canblcmulpy HCYMbICOIH MPAH3AKYUS YAKbImMbl, OMKi3y KaOliemminiei dscoue
Kymy yaxolmvl CUskmol eauemoep 6oublHuia sHeypeizindi. KopvimulHObiial Kene, YChIHbLIZAH MAAIMemmep
neeizinoe Hyperledger Fabric niamgopmaceiisly apmulKulblLiblabl AHLIKMALOBbL.

Tipex co30ep: O10KYeliH, KOHCEHCYC aneopumMmi, aKbliObl KeaiciM, OpMAanblKChi30aHObIPY, XIUUHS, AUbIK
JHCaHe JiceKe Kium, Manimemmep 01026l MPAH3AKYUSCDL.

This article is devoted to a system analysis of blockchain technology and its applicability in modern
realities. Mathematical models and algorithms for implementing blockchain components are considered.
Internal logic (encryption, consensus) briefly analyzed. The main attention is paid to the description of the
two most popular blockchain-based solutions: Etherium and Hyperledger Fabric. A brief overview of these
two platforms was made, as well as a comparison of the performance of test applications built on the
Etherium and Hyperledger Fabric platforms. The comparison was carried out according to criteria such as
transaction time, throughput and latency. In conclusion, based on the data presented, conclusions are drawn
about the advantage of the Hyperledger Fabric platform.

Keywords: blockchain, consensus algorithm, smart contract, decentralization, hash functions, public and
private key, data block transaction.
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Bseoenue. B mHacrosimiee BpeMsi BONPOCHI HAASKHOCTH CHUCTEM IPHOOPETAIOT Bce OoJbliee
3HaYeHHUE, 3T0 GOPMUPYET HOBBIE TPEOOBAHMIM K TEXHOJIOTHSAM OOpPaOOTKH M XpaHEHUS JTaHHBIX.
OcrtanoBuMcsi moapoOHee Ha aHanuse TexHonoruu OnokueiiH (blockchain wmmu block chain —
1erno4yka OJOKOB TpPaH3aKUMHA) — BBICTPOCHHOW 110 OINpPENeJEHHBIM IPaBUIaM LEMNOYKU U3
dbopmHpyeMbIX OJOKOB TpaH3aKLMM, OPUEHTHPOBAHHOW Ha o0OecledyeHue B3aUMOACHCTBUS
OOJIBIIOrO  KOJMYECTBAa IOJIb30BaTeNneil Mexay co0oil 0e3 HCIONb30BaHMs  «IOBEPEHHBIX
MOCPETHUKOBY [1].

BrniepBble TepMHUH MOSBUIICS KaK Ha3BaHME paclpene€éHHOW 0a3bl NaHHBIX, peaIu30BaHHOW B
KPUTITOBATIIOTE «OUTKOWHY». CIEQyIOIMUM 3TaroM CTOWT cumTarh Ethereum, kKoTopwiid, m100aBUB
YMHBIE  KOHTPAaKTbl B  CHCTeMy OJoKdYeiH, caenan mmiatrGopMy uis  pa3pabOTKU
JCLIEHTPATU30BaHHBIX MpuiIokeHuil. Takxke ctouT ormMeTuth npoekt Hyperledger, peann3oBaBimii
MOJyJIbHYIO CTPYKTYPY, KOTOpasl yNpolaeT MHTErpalyio C CYLIECTBYIOIIMMHU cucTtemamu [2]. B
OCHOBE IIPOTOKOJIOB 00JIe€ BBICOKOTO YPOBHSI JIEKUT MOHATHE «yMHBIH KOHTPAKT» — JIEKTPOHHOU
aJITOPUTM, OIMCHIBAIOLINI HAOOp yCIOBUIM, HEOOXOIUMBIX JUISl BBIOJHEHUS TPAH3aKIMH, KOTOPBII
XpaHurcs B y3nax cetd. llox TpaH3akuueld HOHMMAlOTCS JEHCTBHUS YYaCTHUKOB CHCTEMBI,
CBsI3aHHBbIE C B3auMojelcTBHeM ¢ JaHHbIMU [3]. Ilpu coBepiieHMH TpaH3aKLUUU €€ CIeAyeT
3auKcUpoBaTh B OJIOKYCHHE, IS STOTO TPaH3aKIUK MOMEMATes B 0yioku. Ho mist mobaBneHMs
HOBOro 0Jioka B OJIOKYEWH HEOOXOIMMO pa3peuieHHe OT IPYIHX YYaCTHUKOB CETH. AJITOPUTM
IIOJIYYEHUS ATOIO pa3peleHus MOIyYHl HA3BaHUE «KOHCEHCYC» [4].

OpHoll M3 TNaBHBIX IpoOJieM OJIOKYEHH SBIISETCS JOCTOBEPHOCTh IaHHBIX, ITO ONpEAeseT
HEOO0XOUMOCTh HNpUMEHEHUs A(PGEKTUBHBIX alropuT™MoB mmudpoBanus [5]. OHHM JOIKHBI
rapaHTHPOBaTh JOCTATOUYHYIO KPHUNTOrpaUyecKyr0 CTOMKOCTb A MHGOpMalLMU B I100aJIbHON
CeTH, a TAaKKe MO3BOJIATH pealn30BaTh LU(POBYIO MOANUCH [6]. PaccMoTpuM anroputm paboTbl
accumeTpuyHoro mudponanus RSA [7]. CHauana BbIOMparoTcs 1Ba NpOCTHIX yMciaa P u . Janee
HaxOoJATCSI MOJIYJIb JIJISl OTKPBITOTO M 3aKphITOTO Kitoua (1) u pyHkums inepa ot moayis (2):

n=p*q 1)
o(n) = o(pq) = (p-1)(g-1) 2)

[Tociie sToro BeIOMpaeTcsl 1enoe 4HMciIo e (OTKphITas 3KCIoHeHTa) oT 1 10 ¢(h), B3aUMHO
npoctoe ¢ ¢(n). OOBIYHO B KaYeCTBE € OepyT MPOCTHIE YUCIIA, COAEPIKAIINE HEOOIBIIOE KOTHYSCTBO
CANHNUYHBIX our B )IBOHqHOfI 3armcu, HO HE€ CJIHMIIKOM MallbI€, AJIsd 6I)ICTpOF0 BO3BCACHUA B
CTEIeHb. [§]

JHanee naxoautcs uncio d, orBevaromiee dhopmyre (3):

d*emod p() =1 (3)

Takum oOpaszoM, Qopmupyercss mpuBaTHeld Kimrou {d, n} W myOMuMYHBIA K04 {e, n}, npu
MIOMOIIIM KOTOPBIX MPOU3BOAMTCS MK(ppoBaHue (4) NTaHHBIX.

¢ = m®mod(n) 4)

IIpu MOTBITKE ke B3IOMATh (OZ0OPATH) 3aKPBITHI K0 MpHUAeTcs mepebpats 2N koMOuHarmii,
rae N — juinHa kirouya. Hampumep, npu juimHe kitoda B 256 OUT u ckopoctu noadopa naposeit 1024
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B cekyHay nmoTtpedyerca 1.23 X 10%7 jer, 510 oueHb, O4eHb MHOTO, Aa U UHDOPMALUS K TOMY
BpeMeHU OyJIeT y)Ke HE aKTyallbHa.

Taxke ucnonb3yroTcst Oojee mporpeccuBHble anroputmbl, Takue kak Elliptic Curve Digital
Signature Algorithm (ECDSA), xoTopbie paboTaT CX0KUM 00pa3oM, HO UMEIOT CBOU TOHKOCTH.
He meHee BakeH BONPOC CHEIMAIBHBIX aJTOPUTMOB KOHKYPEHTHOTO JOCTYNa W pa3pelieHust
KOJUIM3UU B CETH.

Huxe paccMoTpeHbl HEKOTOPBIE U3 HUX:

— PBFT — 3anpoc Ha no6aBiieHHe 0JI0Ka pacChUIaeTCsl BCEM y4YacTHHUKAM, M BCE MPOU3BOJIAT
BBIUMCIICHUS X3IIIa CIEAYIOIIEro 0JI0Ka, TOCIe Yero pacChlIaloT CBOE PEIIEHHE OCTAbHBIM
y4acTHUKaM, B UTOTe KaKIbI yYaCTHHK MOJy4aeT MAacCHUB OTBETOB M NMPHUHUMAET OTBET C
o0uum unciaom 6oinee 50 % 3a JOCTOBEPHBII, HEIOCTATOK — BPEMSI BBITIOJHEHUS TPAH3aKIIUU
YBEJIMUMBACTCS B 3aBUCUMOCTH OT pa3Mepa cetu [9];

— POW — y37nb1 cetu (MaiiHephl) pemaroT 3a7ady M0 BBIUMCICHUIO XJIIa cieayroniero 0joka ¢
OTpeIeTICHHBIM YCJIOBHEM, U KTO OBICTpEe MOCYUTAET X3III, TOTO OJIOK U OyJeT CIeAYIOUIIM.
MuHycbl — SHEProeMKOCTb W3-3a CIIO)KHOCTH BBIYHMCICHUI W TMPUCYTCTBUE HEKOTOPOM
LeHTpan3auu - Maitnepos [10];

— PoS — anprepnatuBa PoW, He TpeOyeT OONbIINX BBHIUUCIUTENbHBIX MOIIHOCTEN: YUaCTHUKU
CeTH HMEIOT BHYTPUCHUCTEMHYIO BalllOTy, M KTO Ooraue, TOT HMEET MPHOPHUTET IS
(dbopMupoBanus 0J10Ka, HEAOCTATKU — OTCYTCTBHE ciiyyaitHocTu [11].

CpaBHuUTe/IbHBIN aHAIN3 IIATGOPM

Ethereum — sto mardopma 1 o HOMMEHHAS KPUIITOBAIIOTA JIJIsl CO3[aHUSI CMAPT-KOHTPAKTOB U
JCIeHTPANIU30BaHHbIX — npuioxkenuil. [lmargopma  mo3BoisieT  co3aaBaTh  MOJHOLEHHBIE
JEIIEHTPAIN30BaHHbIE MTPUIIOKEHHUS C PELICHHUEM BONPOCOB 0€30M1aCHOCTH U MacIITaOUPyEeMOCTH U
WCIIOJIB30BaTh TI100aJBHYIO CETh IS TPaH3aKIUil JTI000ro ypoBHs ciokHOCTH. [12] [lpu a3TOoM He
HY)KHO co371aBaTh HH(MpacTpyKTypy OusHeca ¢ Hyis. [Ipo3paunas u HajgeKHasi TEXHOJIOTHS CMapT-
KOHTPAaKTa JaeT BO3MOXHOCTb pErucTpalMu JIOObIX CHEJIOK C AaKTUBAaMHU Ha OCHOBE
pacripesieieHHOW 0a3bl KOHTPAaKTOB, pEAIM30BAaHHBIX C HCIOJb30BaHUEM XdIIed OloK4eiH
Lerno4yek, He npuberas K TPaJUIMOHHBIM IOPUAWYECKHM HpoleaypaM. MHOrOYUCIeHHbIE
nojbp3oBarenn cetw Ethereum camu obecrneyar HeEOOXOAMMBIE BBIYHUCICHUS XOUI-CYMM IS
OJ10KueliHa, UCIOJIb3ys MOIIHOCTH CBOMX KOMIIBIOTEPOB, YTO MO3BOJIUT OTKA3aThCs OT BIOKEHUH B
anmapaTHoe U mporpammHoe obecnieuenne. Ethereum 6mokueiin obnagaeT BCTpoeHHBIM ThIOpHHT-
MOJIHBIM S3BIKOM IporpammupoBanus Solidity, B KOTOPOM MOJKHO MHCaTh CMapT-KOHTPAKTHI C
MIPOM3BOJBHBIMU IPaBUJIAMH BIIaJieHMs], (opMaTaMu TPaH3aKIMA U MPOU3BOJBHBIMU (PYHKIHUIMU
W3MEHEHUs cocTosHu [13].

Hyperledger Fabric (HLF) — muatrdopma ¢ OTKpBITBIM HCXOJHBIM KOJIOM, HCIOJIb3YIOIIAS
TexHoJoruto pacupeaenenHoro peectpa (DLT — distributed ledger technology), npenqnaznadennast
Ui pa3pabOTKH  TMPHIOXKEHWH, paboTarolux B cpele Ou3Hec-ceTeil, CO3MaHHBIX U
KOHTPOJMPYEMBIX KOHCOPLIMYMOM OpTaHU3alliil ¢ MPUMEHEHUEM MpaBMil JlocTyna (permissioned)
[14].

[Inardpopma mopnepkuBaeT cMapT-KOHTpakThl, B TepmuHax HLF — weitnkonpl (chaincode),
co3JaBaeMble Ha s3bIKax OOIIero HazHadeHus, TakuxX kak Golang, JavaScript, Java, B otnuume, oOT,
Hanpumep, Ethereum, B koTOpoMm Hcnonb3yercss KOHTPAKTHO-OPUEHTUPOBAHHBIN, OrpaHUYEHHBIH
no ¢pyHkiroHambHocTH s13bIK Solidity (LLL, Viper u ap) [15].

OO1m1ast apXUTEeKTypa IpecTaBiIeHa Ha pUCYHKe 1.
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Pucynoxk 1 — Apxurekrypa Hyperledger Fabric
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OCHOBHBIX JIOCTOMHCTBaX M HegocTaTkax Omokueiin miardopm Etherium u Hyperledger Fabric
(Tabauya 1).

Ta6muma 1 — Jlocrounctsa u Hemoctatku Etherium u Hyperledger Fabric

ITnarpopma Hocronncrsa Henocratku ST
Etherium HIMPOKOE PACIIPOCTPAHEHHE, oruata TpaH3aKIHid B Solidity,
T'HOKOCTbD, cetH (gas), BbICOKas Serpent,

HU3KHAN ITOPOT BXOKICHUS HATPYKCHHOCTR Mutan
Hyperledger OpPUEHTHPOBAHHOCTH Ha BBICOKHH TIOPOT Go,
Fabric KOPIOPaTUBHBIN CETMEHT, BXOKICHMS, Java,
pacTyuias 3KOCUucTeMa, IJ1aTHas O(I)I/IHI/IaJ'II)Haﬂ JavaSCript
KPYITHOE COOOIIECTBO MOJIb30BaTENEH IIONZIEPIKKA

B nenaBHem nccnenoBanuu [48] Oblia nu3MepeHa 3pPeKTUBHOCTD ABYX peau3aluii OJ0KYeiH:
Ethereum wu Hyperledger Fabric, Bappupyst kommuyectBo Tpanzakuuid (ot 1 go 10000).

HccnenoBanne npoBOAMIOCH HAa IPUMEPE MTPOCTOrO MPUIIOKEHUS, OCYIIECTBISIONIErO 3 OCHOBHbIE
byHKIMu:

— CO3JaHu€ YYETHOH 3amucH,

— IIOJIyYECHUE JICHET,

— IIepEBOJ JICHET.
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OyHKIUSA CO3aHNUs YYETHOM 3aHMCH UCTONb3YETCs Ul CO3/IaHUSl HOBBIX MOJIb30BATENEH, B TO
BpeMs Kak JBe Apyrue (QpyHKIUH MOTydeHus U TpaHcdepa JEeHET HCIOJIb3YIOTCs, COOTBETCTBEHHO,
JUI BBIAYM JICHET Ha CYEeT W IEepeBoja JCHEr OT OJHOTO IMOJB30BaTENs JApyromy. PesymbraThl
3TOrO 3KclepuMeHTa mokaszanu, 4ro Hyperledger mpeBocxoaut Ethereum Bo Bcex merpukax
OLIEHKU TPOM3BOIUTEIFHOCTH CHCTEMBI, TAKMX KaK BPEMsI BBIIIOJHEHHS TPAH3AKIMU, TPOITYCKHAsI
CIIOCOOHOCTH M 33JIEPKKa, YTO MOAPOOHO MOKa3aHO HAa PUCYHKaX 2—4.
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Pucynox 3 — 3ageprkka mpu 00paboTKe pa3ITuIHOTO KOJIMYECTBA TPAH3AKITUN
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Pucynok 4 — Ipomycknas criocobHocts iatdopm Etherium u Hyperledger Fabric

[lepexon OT 3KCTEHCUBHOI'O POCTa K MHTEHCUBHOMY POCTY OOyCJIaBIMBAaeT COKpallleHHE YHciia
CBOOOJHBIX HUII H, KaK CJIEICTBHE, KOOIIEPALIMIO MHOTHX, paHee He paboTaBIIMX cO00IIa, JIFOAeH U
opraHm3anuii. Y Kaxaoro cBos 0a3a u MH(paCTpyKTypa JaHHBIX, YTO MMOPOXKIAET HETOYHOCTH U
HEJ0CTOBEPHOCTh MH(pOpManuu. B Mupe, r/1e 1ieHa OMMOKHU BBIIIE, YeM IIeHa CUCTEMBI, TPEOyeTCs
TEXHOJIOTHS, yMEWIlas YHOpaBisATh U3JAEPKKAMU, CHIDKATh  HW3JEPKKH, 00ecrednBaTh
3¢ hekTUBHOCTH 0OMEHA TaHHBIMU U MUHUMHU3HPOBATh OLUTUOKH, 9YTO BO MHOTOM TO3BOJISIET AeNaTh
TEXHOJIOTHUS OJTOKYEHH.

3axnouenue. B paboTe mpelncTaBiieH aHAIM3 TEXHOJOTHU OJOKYEHH M OCOOEHHOCTEH ee
NPUMEHEHUs, pAacCMOTpEHa BHYTpEHHss Joruka (mudpoBaHHe, KOHCEHCYC) TEXHOJIOTHH,
npou3Be/ieH 0030p Hauboee MOMYIIPHBIX B HACTOSINECE BPeMs OJIOKYEHH TIaTGOPM C OTKPBITHIM
HCXOIHBIM KOZIoM. KpoMe TOro, MpoBelieH aHaan3 MPOU3BOUTEILHOCTH TexHooruid Etherium u
Hyperledger Fabric, pesymbTathl KOTOpOro TMO3BOJISIIOT HaM YBHIETh, 4YTO B BOINpPOCax
UCIIOJIb30BAHUSI B KOPIOpaTHMBHOM cermeHTe 1iardopma Hyperledger Fabric  o6namaer
[PEUMYIIIECTBAMU B CPABHEHUH CO CBOUMH TJIABHBIMH KOHKYPEHTaMH.
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Y3BbIH KAJFAH KE3JAENCOK KOJATAPABI ’KBLIJAM JEKOJTAY
OJIICIH 3EPTTEY JKOHE TAJJAY

YexxumbaeBa K.C, Myxamberkanu 7K. H.
Fymapbex [{aykeee amvinoagvbl Aimamul dnepeemuxa sHcane 6aiianvlc yHugepcumemi
Anmamul, Kazaxkcman Pecnybnuxacst
e-mail: k.chezhimbayeva@aues.kz , zhakonyas@bk.ru

Maxanada ceipmibl Kedepeinepliy acepinen aknapam aimacyobll HCoapbl CEHIMOINIZIH KAMMAMACHL3
ememiH Y3blH JHCANIEAH Ke30elicoK KoOmapobl me3 0eKOOMayobiy JHCana 20IiCIH dHcobanay JiHcaHe 3epmmey
Kapacmuipbliovl. Bi3 culzblkmbl Kaumanagvlid miz0eKmepimen KYpollean JICalean Ke30elucox KoOmapobly
AHCLLIOAM 0eKOOmAy J0ICIH KOAOAHAMbI3, OYI Oepekmepli mapamyovly Yu@pavly mapamy xHcyueiepi MeH
paouoxabap mapamy Jicylieniepin 0amvimyoda YaKeH Manbul30vl. Kanzan kesoelicox KOOmMapowiy KOO
V3bIHOBIELIHAH 20Pi Y3bIHOLIKMAP KeCIHOICIMeH 0exoomay2a MYMKIHOIK OepemiH, Cbi3blKmbl Kaumaiany
mizbeciniy Kameciz ceameHmin mabyoviy ywr 20ici 3epmmendi. Cumniexc-koomapovly 0eKoOmay
ancopummoepi xapacmuipeinaovl. Hapamempnepi (2°~1.13) 6ap cumnnexc (n, k) koomapwr yuwin exinix
CUMMEmPUSLIbL APHA apKblibl 0epy Ke3inde 0eKOOmAy YUliH wewim ceeMeHmi Y3bIHObIbIHbIY OHMAallibl
napamempiepi mabwiizaH. [{anendenzen 0exoomay 20iCiHiH WYbliza KAPCbl MYPAKMbLIbIZbL 3epmmeneoi.
O3zipaeHeen a0icmi icke acvlpyObly ecenmey Kypoeniniei 6a2aianaobl.

Tipex co30ep: dcanzan Ke30elcok Koo, KaoamoblK i30ey, NOIUXOMAMUSIbIK [30ecmipy, me3 0eKoomay,
eKiNiK CUMMEMPUSTIbL APHA, CUMNIEKCMI KOO, KejiciieeH Cy3ei, aliHa pesucmpi, KOOmMay pe2ucmpi, maza
CcecMeHm, UMNYTbCMIK PeaKyusl.

B cmamve paccmampusaemcs paspabomka u ucciedoganue HO8020 Memooda ObICMPO20 0eKOOUPOBAHUSL
ONUHHBIX NCEBOOCAYHALHBIX KOO08, KOMOPbLL 0Oecneuueaem 6blCOKyI0 HA0EHCHOCIb 0OMeHa uHpopmayuerl
noo eo3deticmeuem eHewHuUx npenamcmeutl. Mol ucnonvzyem memoo 6vICMmpoco 0eKOOUPOBAHUS OIUHHBIX
NCeBOOCIVUAUHBIX KOO0, CO3006AeMbIX YensmMu JUHEUHO020 NOSMOpumens, KOMOpulll umeem OO0abuLoe
npaKmuyeckoe 3HaueHue npu paspabomke cucmem nepeoavu Yu@pposuix NaxKemos OAHHbIX U CUCmEM
paouosewanusi. boviiu uccreoosanvl mpu memooa HaxoxcOeHus 0e30uuUbOUHO20 CeeMeHmMd NUHENHbIX
NOBMOPSIOWUXCSL Yenell, KOMopbie NO380A5I0Mm 0eKOOUPOBAmMb NCe8OOCIYUAUHbIE KOObL CO CPE30M ONUHbL,
He OnuHou K0008. Paccmompenvl aneopummol cumniexcnoeo koouposanus. Haiidenvt onmumanshvle
napamempuvl OnUHbL CecMeHma peuteniss 05 0eKOOUPOBanus yepe3 080UYHbIEe CUMMEMPUYHblE KAHALbL OIS
cumniexcuwvix (n, k) ko006 ¢ napamempamu (22~1.13). Hccnedosana nomexoycmoiiuueocnibs nposepentozo
Memooda dexoouposanust. QyeHusaemcs CLIONCHOCMb PEAru3ayuu paspabomanHo20 Memood.

Knioueevle cnosa: ncegoocnyuaiinviii KOO, NOWLA208bIU NOUCK, NOJUSOMAMUYECKUL NOUCK, Oblcmpoe
dexoouposanue, 0BOUUHBIL CUMMEMPUYHBIL KAHAT, CUMNIIEKCHbLI KOO, KO2ePeHmMHUbLl (DUlIbmp, 3ePKATbHbII
peaucmp, pecucmp KOOUPOBAnUsl, AKKYPAMHbBIL CecMenm, UMNYIbCHASL PeaKyusl.

The article deals with the design and development of a new method for rapid decoding long pseudo
random codes, which provides high reliability of information exchange under the influence of external
barriers. We use the method of rapid decoding of long pseudo-random codes created by linear repeater
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circuits, which is of great practical importance in the development of digital packet data transfer systems
and radio broadcasting systems. Three methods of detecting the error-free segment of the linear repeat
sequence, which allows decoding of false random numbers with a length segment rather than code length,
were investigated. Algorithms of decoding of simplex codes are considered. The parameters (2*3-1.13) have
the optimal parameters of the segments length for the decoding of the simplex (n, k) codes for binary
symmetric channels. The noise resistance of the proven decoding method is studied. Calculation difficulties
in implementation of developed method are estimated.

Keywords: false random code, step-by-step search, polychotamel search, fast decoding, binary symmetric
channel, simplex code, coherent filter, mirror register, encoder register, pure segment, pulse reactions.

XKanran kesneiicok xonrap Ti30eriHiH (a3achlH aHBIKTAyIbIH KapamailbiM ofici - KaZaMIbIK
i3ney. TipekTi curHanm ngen arajarblH, OEpUIETIH CHUTHAJABIH KellipMmeci KaObUigay OpHBIHIA
Kypbpuiagael. TipekTi curHamablH (a3ackl TaHJANAaabl JXKOHE TIpEeK IIeH Kipic KaTapiapbIHbIH
Koppensnusacel ecenteieni. Erep TipekTi curHayabiH pa3ackl Kipic CHTHAJIBIHBIH (ha3achlHa COMKeC
KeJice, OHJa KOPPEJSIIUs WHTEPBAJIbIHBIH MoHI (OWJI Karmaiga KOCBIH/ABI) Oenriii Oip HIEKTEeH
acanpl. da3aHbIH colikec KeJlMeyi JKaFJaiblHAa MICKTI MOHHEH acmaiinbl. by karmaiina TipekTi
TeHEePATOPBIHBIH JKaHa (a3ablK MOHIH aJlbIll, CBIHAKTHI KaiTanay KaxeT [ 1]

Kanmamaplk i37€y KapamadbM Typlie *KYy3ere achIpbUIabl *oHE Oenrici3fik aiMarblH Ti30€KTi
HEMece MapajuleNnbli TYpAEe — ajblH-ala TaHJalFaH Ti30EKTi TOPTINIEH HeMece Ke3leHCOK
IBIOBICTATYMEH Tanmaiabl. KamaMaelK i37€ymiH KenTereH Typiepi Oap, OoJapiblH HEri3rici —
OCNTUIEHreH YTl OJIIeMIMEeH, KEHIKTIpUIreH NIemiMIMeH, XYHWenl TalJayMeH, Kem CaTbUIbl
i3neymer. KagamapIk 13/1€y1iH OCBI )kKoHE OacKa TypJiepi CHUIaTTaIFaH.

Erep xate pIKTUMaIABIFBI (OTKI3IN Ki0epy HEMece KayFaH 1a0bl) HeJre jKaKblH OoJica, oHia 6ip
apHaJbl KOPPEISITOPMEH KalaMIbIK 137Iey/iH OpTallla yaKbIThI:

- n
T=T z iP;
i=1

MYHJarbl T — Oenrici3ik aiimarbpiHAa O1p HYKTEHI Tajujay yakbIThl, Pi caHbl Oap (a3anbIK aybIChIM
KaOBbUTIAFbIIBIHBIH KIPICIHE alpuOpU BIKTUMAJIIBIFBI.

dazanapapiy OIpKeIKi TapadybIMEH i3/Iey OpTallia ecenmeH N/2 KagaMMeH asKranasbl. MbIcabl,
erep N = 2% KOMIIO3UTTIK CHTHAJIBIH KOCAIKBI DJIEMEHTIHIH Y3aKTBIFBI To = 1 MKC 0oJica, JKoHe
131ey/AiH op KE3€HIHJErl Tajjay apaybiFbl KEe3eKTUIIK Ke3eHiHe TeH 0oJica, OHJa oprTaiia i3aey
YakpITHL N2 To/ = 536,9 =~ 9 mMuH, Gy Kasipri 3aMaHFbl paJMOTEXHHKA KyHelnepiHiH OaiimaHbIC
CEaHCHIHBIH Y3aKThIFBIHAH aChI KeTyi MYMKiH [2].

Kamamaplk i37ey Ke3iHIE »KajdFaH-Ke3[IeHCOK KoATap Ti30eriHiH (a3achlH (CHHXPOHH3ALUS
HYKTECIH) aHBIKTayFa apHAJFaH OPEKETTEepP CaHBIH JMXOTOMHS KaFUAAChlH KOJJaHY apKbUIbI
azaiiTyra Oomamel, Oyn Ke3le 13AC€yAIH op Ke3eHiHIe OyKin Oenrici3mik aiiMarbl eki OeliKke
OemiHenl, an nerekTop ¢da3aHbIH OCHI OOKTepAiH OipiHe JKaTaThIHBIH aHBIKTAMABI. by skarmaiiga
TEK «19» HEMECE «OKOK» JIETeH eKUIIK Xkayarl 6epineTiH 100g2n cypak Koo Kepek.

JINXOTOMUSHBI TaOWFU KAJIbUIAy MOJUXOTOMHMS OOJBIN TaObLIaAbl - OENriCI3AIK aiiMarbiH (
OemikTepre Oeny >k0HE (] JETEKTOpJAphIH KOJIIJAHA OTBIPBINT CHHXPOHJAY HYKTECIHIH OCHI
OenikTepaiH OipiHe »aTaThIHIBIFBIH aHbIKTay. JKenenaeTy YIIiH TejJeM KYPAEIUIiK OOk
TaObUIabI, SFHU JIETEKTOpPJIap CaHbIHBIH (| 1eHiH KoOeHTy.
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[TonmMXOTOMUSIIBIK 13A€CTipy KYPAETUIrl KaFblHAH KaJaMJbIK 13J€yMEH TeH, Oipak ofaH a3
YaKbIT KaKeT. [371ey yaKbITIHBIH KbICKapybl OCNTICi3AiK aiMaFbIHIAaFbl HYKTEIEPIiH KeKe 3epTTey
HYKTEJEpP JKUBIHTBIFBIH 3EPTTEYMEH alIMaCThIPBUIATHIHIBIFBIHA OalIaHbICTBI Oonambl. by
Kargaiima i3aey KagaMIaphlHBIH caHbl loQgN TeH Oonaapl. ©Op KaJAaMHBIH  Y3aKTHIFbI
WIFAUTBUTFAHBIHA KapaMacTaH, JKajIbl 137ley YakKbIThl KajJaMJap CaHbIHBIH KYpPT a3aroblHa
OailTaHBICTHI KBICKApabl. MbIcaibl, N = 220 V3BIHIBIKTBIH €KUTIK Ti30eri yiriH yaey mamamer 1700
per [3]

TJK omici ChI3BIKTHI KalTanaHy Ti30eri apKbUIbl IMakga OOJIFaH JKaJFaH KE3ICUCOK KOATapbI
nexkonTayra apHanrad. OCbl KOATapIbIH T'€HEPATOPIBIK CY3Tiiepl YIIH HONAIK Ti30eKTiH OOys
xoHe 1 kaapichkl 0ap JXK KOABIHBIH CHMBOJIAPBIHBIH KalTallaHy TOyeJAUIiri Oi3re Kareci3-Tasa
Y3BIH/IBIK KAMACBhIHJA KOJ KOMOWHAITMSCBHIHBIH Y3BIHBIFBIHIAFBl TO3UIIMSHBI AHBIKTAYFa JKOHE
Oacka nma OenrijepAl Typa jkoHe Kepi OarbITTa KalmblHA KelTipyre MyMKiHAIK Oeperi. byn cumar
JKaJIFaH Ke3JIeHCOK KOATap/IbIH T€3 ICKOITAYbIHBIH KaHa dJIiCiH jKacayFa Heri3 OOJIIbl.

Konray mporeci koaray T-OMTTIK peructpie skysere acbipbuiansl (1-cyperti kapadsi3). bi3
MYHJIall pEerucTpil eenepamop ¢hunvmpi nemn ataitMei3. EpkiH aybICBIMIAFbl aybICHIM PETUCTPiHIH
Ma3MYHBI, «KIJIT» apKbUIbI Kepi OallaHbIc KOCBUIFAH Ke3Jlle K00 ¢hazacwl Nen araiajbl. bacTamksl
yaKbpITTa aybICBIM PETHCTPIHIH Ma3MyHBI KOOmbulH Oacmankvl ¢azacel Aen atanaisl. Jlekonaray
MPOIIeIypachliH CUTIATTAY YIIiH | CypeTTe KOpCeTiireH aeKkoaep Tiz0erin KoyganaMei3 [4].

s
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1 Cyper — Kogray peructpi

TJK omici gexoaray *YMBICTaApbIH TOMEH]IE KOPCETIITEH KaJaMaapra colKec OpbIHIaiIbI.

1l-kamam. ApHanapjaH ajblHFAaH X 'KOJ €31 TaHOAJapMeH KeJICUITeH CaHAbIK (QriIbTpre
K10epiyiel, 071 KoJTay peructpi 6ombin Tadbbimaas! (2-cyperti Kapanbi3). Kemicinren cysrinig (KC)
OipiHII m TaHOANTApbIH aFaHHaH KeiliH Kareci3 KK konraybiHa xkayarn - HOJIIK TI30€KTI Kypanbl.

2-kanam. ColfKec KeNIeTiH CY3TiHIH IIBIFYBl Ta3a Tepe3e JACTEKTOPBIMEH TalfgaHaibl (2 CyperTi
KapaHsbI3). JleTeKTOpABIH MIHJAETI - X' CO31HIH «CEHIMLTIK» CETMEHTIH aHBIKTAy, OHBIH CHMBOJIIaPhI
apHaJa KaTeci3 KaObLIaHAThIH 00IaIbl.

Koparay Ti3zinimMiH 60ipkay HOTHXKeNEpiHe kKOHE albIHFaH apHa CUMBOJIBIHA OailylaHBICTHI, 013 Ta3a
Tepe3e IeTEKTOPBIHBIH KYMBICHIHBIH YIII aJITOPUTMIH OO alaMbI3:

1. «Ta3a cerment». Konrer X' ce3in KaObLIAay ypHiCiHAE, Ta3a TE€pe3e NETEKTOPHI KETICIITeH
CY3TiHIH KaTapblHaH HOJIK IIBIFBICHIH €CEeTITEHII.

2. «ImnynbeTik peakius». X' KOAbIH aly Ke3lHAe, Ta3za Tepe3e JeTeKTOPhl KeJICUIreH CY3TiHIH
IIBIFBICHIH/IAFBI TI30€KTI TaIai bl )KOHE OHBI Y3BIHIBIKTHI )KBUDKBITY PETHCTpPiHe jka3aasl (M + 1).
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3. «Ta3a cerMeHT + UMITYJIbCTIK PEaKIIUs»

Byn xympIc pexumi - OYpBIH KapacThIPbUIFAH €Ki PEXUMHIH OipyiecTiri OOMbIT TaObLIa b,
Koxarsl kabbiiay x' mpoiecinje, Ta3a Tepe3e JeTEKTOPhl KeMICUIreH CY3TiHIH IIBIFYbIHAH aybICHIM
perucrtpine AeiiHri Ti30eKTi jka3aabl. Opi Kapaii, Ta3a Tepes3e AeTeKTOPbIMEH OJI HONIIK Oenriiepai
O0ip yakpITTa ecenTeydl OacTailbl )KOHE aybICBIM PETUCTPIHJIEr1 PETTUTIKTI KeJICUIreH Cy3TiHIH
UMITYJIECTIK PEAKIIUSACHIMEH CATBICTBIPA/IBI.

3-kamaM. AifHa perucTpiHiH KOMeTiMeH 0acTanKbIFa opary

Taza Tepe3e nerekTopbl X' CeO31H/AE aHBIKTaFaH KOJTBHIH CEHIMJI (pa3achl aiiHa pPETUCTPIHIE
’a3puiasl [5]

Te3 mexoaray ofmiciHIH HIYybUTFAa Kapchl TYPaKTHUILIFBIH 3epTTey yuriH MatLAB optaceinga KK
koabiH KoaTayabl, ECA apHacel apKbuibl KoaThl Oepyai skoHe onbl TJIK nmekonepiMeH KanmbiHa
KeNTipyAl MOJENbJIEHTIH OaFrqapiamMalblKk MOJAETh JKacalabl. barmapiaManblK —JkacakTama
MOJIENIHIH KYPBUTBIMIBIK cyi10achl 1.3 cypeTTe KepceTiIreH.

3 cyperiHe colikec OarqapiamMalbIK MoJenb TOpT MoayabaeH Typaasl: 1) KK koablHBIH KOATAY
Osorel (KOATayIllibl); 2) JepeKTep apHachlH Mojenbaey Onorsl (AphHa); 3) KK koneiH Te3
JIEKOJITayFa apHaJIFaH OJIOK (1eKoep); 4) SKCIepUMEHTTI OacKapy OJI0ThI (aHATU3aTOD).

OkcniepuMeHT OapbIChIHIAa AHanM3aTop OJIOTBI Ke3[EHCOK TypJie aKMapaTThIK OJOKTHI KYpbIIH,
onbl Kozep OsiorsiHa oTKi3emi, OHIa 0J1 KOATHIK co3re aiHanaasl. Ockimad Keiin koaTeik ce3 ECA
apHaChIH MOJIENbJCHTIH ONIOKKAa ©Te/di, OHJa OHBIH Oenrinepi OypMarnaHbll, Aekonaep OJorbIHa
xi0Oepineni. [lexonep Onorel kaObuimanran apHa ce3in TJIK omici OoifbiHIIAa eHIeHIi *koHe
AHanu3aTopra JEKOATAIFaH aKMapaTThIK ce30eH Oipre «Jlekoaranasl - nekoATaydaH Oac TapTy»
HOTIKeCl TypiHzeri memiM Oepineni [6]. [Jlekonep nexonrayman Oac TapTharaH KaFaaija,
AHanuzatop Oyiorel mM(praHFaH aKMapaTTHIK CO3/[1 OEpiUIreH KOJMEH CalbICTBIPAIbl JKOHE
mdpiaanFad xabapiaaMaHblH TyphIC HEMECE JKajlFaH eKeHIr HeMece LIenlyeH 6ac TapTy Typaibl
mIennM KaObUTaiabl.
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3 Cyper — ECA apnacsinnarsl KK koabIH 1ekoaTayFa apHaJiFaH

OarapJiaMalIbIK YITIHIH KYPBUIBIMBI

Amnanmuzatop OJIOTBI KOATBIK €311 OipHeme peT apHa apKbulbl Oepyli YHBIMAACTBIPAJbL,
OCbUIalIia JEKOJEPIiH HOTHIXKENIepl Typalbl CTaTHCTUKA >KMHAKTalaAbl. bip KOIUPOBKAaHBIH
JIEKO/Iep apKbUIbl Oepidyl MEH AEKOATAlybl IKCIEPUMEHT TokipuOeci nem atanaibl. bapibik
SKCIIEPUMEHTTEP/Il asKTaFaHHAH KEWiH aHamu3aTop OJIOTbl OJlaH dpi OHJEy YUIIH CTaTHCTUKAHbI
(haiinra cakTanIbl.

3epTTey MakcaThlHAa JKeTy YmiiH OipieckeH okuraHblH Qruk(q) «Kare nexonray Hemece
nexonraynan Oac Ttapry» ECA  apHachIHJarbl CHUMBOJIFA KATBICTBI  KATENIKTIH OOy
BIKTUMAJIJIBIFBIHA TOYENAUTTiH amy Kaxer. On ymin TJK nexoxepinin OarmapiamaiblK MOJENIH
KojgaHa OThIpbil, QTak(q) OlpHemie ( HYKTENEpIH ecenTey KepeK, all ( HYKTEJEpiHIH CaHbI
aKnmapaTThIK TpapuKaHbl KYpY YLIIH KETKUIIKTI 001ybl Kepek. barnapiamanslk »kacakrama MOAesi
Oip HYKTere MoJebeyTre MyMKIH/IIK Oepei xoHe Por meH PowThIH Oaracein Gepeni [7]

Ocpuaitia, Qtak(q)= Porx +Pom ecentey kubiH emec. Qrak(q) Toyenaulirin cunarray yiiH N»
OipHele SKCIIEPUMEHT KYPri3y KepeK, OHbIH HOTHXeNepi OoibiHIIa kecte Qrx(Qi) camblH/Ibl, OHIA
I =1, 2, ... No. Hykrenepai Qux(Qi) Oainanbictbipa otbipsin, 013 TIAK nekomepiniH Ty3eTy
KaOUTeTTUIriHIH ~ TpaduriH  amaMmbI3, OJ  JEKOJEPIIH  HETI3T1  CUIATTaMachl  OOJIBIM
TaObUIAIBI.O3IPJIICHTCH OJICTIH €pEeKINeNIri - KO TI30€TiHIH TOJBIK €MEC Y3BIHJBIFBl OOMBIHIIA
mIenrim Kadpuiaay (IexKoaray).

Ocpiran 0aiiTaHBICTBI, OCHI Y3BIHIBIFBIH AHBIKTAYy MIHAETI TYBIHIAANABI - MIemiM KaObuimay
CETMEHTI.

Broktely emmemi n = 8191 TanbOa, am »ampl m = 13 OuT OOJATBIH CHUMIIIEKCTI KOITHI
kapacTeipaiiblk  (21°-1.13). KonrelH MyMKiH 6GonaThiH KeNMYIIETiKTEpiHiH ilTiHEeH eKeyiH
tarmaitvers: g1(X)=x2 + x12 + x10 + x% + 1 sxome go(x) = X2 + x2 + x% + x” + x 4 + x® + 1.1llemim
KaOpurmay yiriH L cerMeHTiHIH Y3BIHIBIFBIH TabaMbl3. PociMre coifkec >KYMBIC aiMarbIHBIH
mekapacel Jenr <0,07 TeHci3mikneH aHpikTanansl. biz ECA apHachlHa CUMBOJIBIK KaTETIKTEPIIH
BIKTUMAJIJIBIFBIH TaHIaFaHIa OCHI IIeKapara CyHeHeMis.

4-6 cyperre ECA apHachlHIarbl CUMBOJIIBIK KATCHIH TOPT BIKTUMAJIBIFbIHA MICIIIM
CEeTMEHTIHIH Y3BIHIBIFbIHA OAMIAaHBICTBl  JIEKOATayAaH ©Oac TapTy BIKTUMAJIbLUIBIFBIHBIH
AKCHEPUMETTIK TOYyeNiiiri kepceriaren [8,9].
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6 Cyper — «Ta3a cerMeHT » Heri3iHJe CUMILIEKC ACKOJIEPiHIH KOJIBIH 3epTTEY

1 xecrecinge ym THK nexoxepnepiniy 100-men 3000-ra aeifinri menriM CerMeHTIHIH
Y3bIH/IBIFbIHA apHAJFaH BIKTUMAIBIK cuniaTTamanapsl OeiiHenenred. Kecteniy op Hykreci N = 106
TOXKIpOMEN YII SKCIEepUMeEHTIeH ecenTenreH. Kecrenep mMeH rpaduKTepAeH HiennM KalObuigay
CeTMEHTIHIH Y3bIH/BIFbIHBIH YJIFAlOBIMEH, aKayJapiblH MICHIJIMEY bIKTUMAJABIFBIHBIH HOJre
YMTBUIATBIHABIFBIH Kopyre Oonanbl. byn nexonepaiH m CUMBOJIAPbIHBIH Y3bIHJBIFBIHBIH KaTeci3
CeTMEHTIH aHBIKTaybl HEMeCe Y3bIH CEIMEHTTE HMITYJIbCTIK PeaKkIUsHbl Taly BIKTUMAJIIBIFBI
apTybIMEH TYCIHAIpLIE .

1-3 Kectecinge ym THK npexkoxepnepinin 100-men 3000-ra neifiHri menriM CermMeHTiHIH
Y3bIH/IBIFbIHA apHAJFaH BIKTUMAJIBIK cuniaTTamanapsl OeiiHenenred. Kecteniy op Hykreci N = 106
TOXKIpOMEN YII SKCIepuUMeHTIeH ecenTenreH. Kecrenmep MeH rpaduKTepAeH MiennMm KaObuigay
CeTMEHTIHIH Y3bIHJBIFBIHBIH YJIFAIOBIMEH, aKayJdapAblH MICHIIMEY BIKTUMAIABIFBIHBIH HOJITe
YMTBUIATBIHABIFBIH Kopyre Oonanbl. byn nexonepaiH m CHMBOJIAPBIHBIH Y3bIHIBIFBIHBIH KaTeci3
CeTMEHTIH aHBIKTaybl HEMECE Y3bIH CErMEHTTE HMITYJICTIK peakIUsHbl Taly BIKTUMAJIbIFbI
apTybIMEH TYCIHAIpLIE .

Kopvimwvinowvr: TIIK omici CBI3BIKTHI KaiiTanaHy Ti30eri apKbUIbI Maiiia O0JIFaH KalFaH Ke3eHCoK
KOATap/Ibl IeKoATayFa apHaiFaH. OCbl KOATApAbIH T€HEPAaTOPIIBIK CY3rijiepi YIIiH HOJIK Ti30€KTiH
Oomybl koHE >kanpickl O0ap JKK KOIBIHBIH CHMBOJIIAPBIHBIH KaWTaldaHy TOyeNIUTiri 0i3re Koj
KOMOWHAIMSICBIHBIH Y3bIH IBIFBIHIAFbI TIO3UIIMSHBI aHBIKTAYFa JKOHE OacKa J1a Oenriiep/i Typa xKoHe
COJI KYHIHJIe KaJlIbIHA KENTIpyre MYMKIH/IK Oepemi. bys cumar skanFan Ke3/1eMCcOK KOJITapablH Te3
JIEKOJTAybIHBIH JKaHa dJICIH JKacayFa Heri3 OO IbI.
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1 — Kecte. qxanan=0.1 ECA apHachIHAaFBI CUMITJIEKC-KOJ] IEKOIEPIIEPIH 3ePTTEY

L Por «AIP» Porc «TC» Porc «UP+TC»

100 6,39E-01 + 7,50E-03 5,66E-01 + 6,86E-03 3,82E-01 + 8,94E-03
300 2,05E-01 £ 1,18E-02 1,38E-01 +2,59-03 3,45E-02 + 5,06E-03
500 6,42E-02 + 5,49E-03 3,37E-02 + 5,82E-03 3,36E-03 + 1,57E-03
700 2,09E-02 + 6,93E-04 8,02E-03 + 6,27E-04 3,13E-04 + 1,75E-04
900 7,19E-03 + 9,64E-04 2,00E-03 + 4,32E-04 1,00E-05 + 5,72E-05
1100 | 2,25E-03 + 8,27E-04 4,57E-04 + 8,73E-05 0+0

1300 | 7,00E-04 + 5,45E-04 9,33E-05 + 1,19E-04 0+0

1500 | 3,50E-04 + 3,45E-04 0+0 0+0

1800 | 4,67E-05 + 3,30E-05 0+0 0+0

2000 | 1,67E-05 + 3,30E-05 0+0 0+0

2500 | 0=x0 0+0 0+0

2 — Kecre. Qxanan=0.12 ECA apHacbIHIaFbl CUMIUIEKC-KOJI AEKOJIEPIIEPiH 3epTTEy

L Por «IP» Porc «TC» Por «IP+TC»

100 7,61E-01 + 9,80E-03 7,11E-01 + 8,73E-03 5,50E-01 + 5,88E-03
300 3,64E-01 + 9,61E-03 3,03E-01 + 4,39E-03 1,24E-01 + 4,86E-03
500 1,75E-01 + 9,40E-03 1,28E-01 + 5,89E-03 2,79E-02 + 4,70E-03
700 8,17E-02 + 7,60E-03 5,43E-02 + 4,22E-03 6,34E-03 + 6,00E-04
900 4,10E-02 + 7,00E-04 2,33E-02 = 1,80E-03 1,40E-03 + 3,72E-04
1100 | 1,89E-02 + 7,00E-04 9,70E-03 + 2,64E-03 3,77E-04 +2,01E-04
1300 | 9,40E-03 + 1,90E-03 4,23E-03 = 7,10E-04 8,67E-03 + 8,73E-04
1500 | 4,00E-03 +1,90E-03 1,83E-03 + 7,10E-04 0+0

1800 | 1,50E-03 + 2,00E-04 4,77E-04 + 2,31E-04 0+0

2000 | 8,00E-04 + 4,00E-04 1,97E-04 + 1,84E-04 0+0

2500 | 1,00E-04 + 2,00E-04 0+0 0£0

3000 [0=£0 0+0 0+0
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3 —Kecre. qxanan=0.07 ECA apHacbIHAaFBl CUMIUIEKC-KO JEKOJIEpIICPiH 3epTTEY

L Porx «IP» Porx «TC» Porx « IP+TC»

100 4,67E-01 + 1,01E-02 2,93E-01 + 6,62E-03 1,42E-01 + 5,89E-03
300 5,72E-02 + 7,10E-03 1,55E-02 +2,33E-03 1,22E-03 + 1,29E-03
500 7,40E-03 + 1,50E-03 7,97E-04 + 2,31E-04 6,67E-06 + 3,30E-05
700 1,00E-03 + 7,00E-04 3,67E-05 + 8,73E-05 0+0

900 1,00E-04 + 1,00E-04 0+0 0+0

1100 0+0 0+0 0+0

Jlexonray ypaici ekl Ke3eHHEH Typaibl: a) COoHKec KeJIMEreH CY3TiHIH IIBIFBICBIHIAFbI
UMITYJIBCTIK PEaKIMSIHbI Taljay Heri3iHAe KaTeci3 CerMEeHTTI ally MOMEHTiIH OekiTy; b) aliHaibl
perucTpiai KoiigaHa oOThIpbIin, KadTtapy omicimen JXK konmpiH gexonray (w koaray OWTTEpiH
AHBIKTAY).

KK xomern TIK omici apKbUTbI IEKOATAY KE31HJE €Ki BIKTHMAJABl OKUFA OOJAIbI: a) JEKOATaY
OpBIH ayIJibl; 0) KOJTaH Oac TapTy.

L mapamertpi - TAK nexopepiHiH KYMBICHI.

Konarelk OMOKTBI JEKOATAayAbIH KiJipici ailHa PETUCTPIHIH BIFBICY TE3[BIFIHA TOJBIKTAN
OaiinanbicTel. KoateiH ceHiMal (as3acblH aHbIKTAay apHa OenriiepiH KaObUiaay Ke3iHae mnaija
00a/1bI J)KOHE iC XKY31HJE NeKOATAYAbIH KiTipyiHEe ocep eTmeu/Ii.

Y3pmpiEel N = 281 sxome n = 2%—1 y3BIHABIKTarbl CHMIUIEKC KOATApHI YIIH EKiTK
cummertpusiiabl apHana TJIK omiciHiH mIybuIFa Kapchl TYPaKTBUIBIFBIH 3€pTTey Oyl 9ic Iy MeH
Y31KC13 XaOTUKAJIBIK UMITYJIBCTIK HIYABIH O1p ME3rijijie ocepiHe TO31M/11 €KEHIH KOpPCETTI.
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Smart contract platforms paired with blockchain technology obtain various potential aspects of
implementation in the industries in which the matter of security and safe storage has significant influence.
The information is changing in rapid form and probably on the targets is to get rid of intermediate parties in
the relation between two parties. The advantage can have some type possibly intangible such things as
vulnerable info as well as the people required might not be well-known to one another. The recent rapid
growth and adoption into real life allow to increase the demand and to challenge traditional methods of data
storage. Hence, it is extremely important to pay attention on the analysis of different technologies for the
smart contract platforms construction. The various platforms indicate different features and the ideas on
which the platforms are working. This paper provides with actual statistics, data charts in order to
investigate the advantages of analyzed platforms.

Keywords: blockchain technology, smart contracts, block, scheme, platform, public, private.

Axbirovl kenicimuwapm naamgpopmanaper blockchain mexnonocuscoivmen yiliece omuipvin, Kayincizoikmi
KAMMamacwl3 emy dHcone oepekmepoi ceHimoi cakmay mManbi30bl 006N MadblIamvlH caiaiapoa Koioanyovly
apmypni acnekminepi bap. Aknapam agvinbl YAKeH HCbLIOAMObIKNEH 032epin omblpaodbl, MYMKIH, d3ipiieHeeH
nAAmM@PopMaiapobly MaKkcammapvlHuly 0ipi - YuiHwi mapanmapovly eKincakmvl MaMIIeAePOeH WbI2APbLILYbL.
By sicagoaiioa ywinwi mapanmel anein macmayovlly apmulKUbLIbIZEL - el 0Call 0epeKmepOiH KYNUSIbLIbLEbL.
Texuonozusinvl Jcemindipy JHcaHe OHbl HAKMbL oMipoe KOJOAHY CYPAHbICHblL apmmblpbin, OepeKkmepoi
cakmayovly  dacmypai  20icmepine Kapcot mypa anaovl. CoHOLIKMAH — akbliObl — KeaicimMuapm
nAam@pOpManNapvin Kypyaa apHanizan apmypii mexHoI0SUaIaposl mandaya Hazap ayoapy eme mManwi3ovl. Op
mypai naamgopmanap apmypni MyMKiHOIKmep MeH uoesnapmer cunammanaosvl, oaiap niam@opmanapobsiy
JHCYMBICLIHA Heziz0enedi. byn maxanaoa mandanean niamgopmanapobly apmulKUbLIbIKIMAPLIH 3epMme)y
Yulin muicmi cmamucmura, oepekmep Kecmeci Oepineen.

Tipex co3zoep: blockchain mexuonocuscel, cmapm xommpaxm, 610k, cxema, niam@popma, KoSamowlx,

JCeKe.

Inamghopmvr cmapm-konmpaxmog 6 Kombumayuu ¢ mexnonozueil blockchain obnadaiom paznuunvimu
NOMEHYUATbHLIMU ACNEKMAMU NPUMEHEHUS 8 OMPACIAX, 8 KOMOPbIX 80NpOC OE30NACHOCMU U HAOEHCHO20
XpaueHus OAaHHBIX uMeem cyujecmeeHnoe 3Hauenue. Illomoxu uHpopmayuu meusomcs ¢ 60aLUWOLU
CKOPOCMbIO U, BO3MOJICHO, OOHOU U3 yenell paspadomanHuix NAam@opm A6AAemcs UCKIUEeHUE MPembux
CMOPOH U3 08YCMOPOHHUX COeNOK. B O0annom ciyuae, mpeumywecmeamu UCKIIOYEHUs. MPembUx CHMOpPOH
A67emMcsi  KOHPUOCHYUATLHOCMb  HAuboNee VA36UMbIX OQHHLIX. YCosepuleHCmEosanue mMexHoao2ull U
6HeOpeHUe 8 PeayibHyI0 JHCUHb HO360JIAI0M NOGLICUMb CIPOC U OPOCUMb 8b1308 MPAOUYUOHHBIM MEMOOaM
Xpanenus oaunvix. [losmomy Kpaiine 8ajxrcHO 0Opamumv 6HUMAHUE HA AHAIU3 PA3TUYHBIX MEXHOA02UU O
nocmpoenuss  niamgopm  cmapm-koumpaxkmos.  Paziuumnvie  naamgopmel  xapaxmepusyomcs
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PAZHOOOPAZHBIMU BO3MONCHOCHAMU U UOCSMU, HA KOMOPBIX OCHO8bleaemcs paboma niamgpopm. B oannoil
cmamve NpueedeHvl AKMydibHble CMAMUCIuYecKue OauHble, 2pauKu OAHHBLIX OISl  UCCIe008aAHU.
NpeUMyUecme aHaIU3UPYeMblxX niamepopm.

Knrouesvle cnosa: mexnonocus blockchain, cmapm xowmpaxm, 610k, cxema, niamgopma, nyoOIuyHbl,
3aKpbLIMbILL.

Introduction. These days blockchain technology attracts a lot of interest from social media
representatives and business-related people. As you may know, people are messing blockchain
technology with Bitcoin [1]. Blockchain is not much more that a brand-new kind of information
system however it represents far more that Bitcoin cryptocurrency.

Among the crucial options that come with blockchain is the reliable decentralized delivery of
general-purpose computation within the type of smart contracts, that are envisioned having a broad
range of uses at financial to the Internet of Things (IoT). There are a lot of research papers which
investigates the technological problems that smart contract developers face. However, only few of
them speaks about smart contracts itself with comparison tables of different types of smart contracts.

This research paper introduces smart contracts and describes characteristics of systems that could
change the construction principles of various types of transactions. In order to understand the basic
principles of smart contracts the familiarity with components is essential, therefore so Part One
provides a summary of what blockchain is and how it works and explains how blockchain is being
used in recent days, how it may be used in the near and long term, and why it is important to people
and organizations far from the front lines of technology. Part Two provides with information on the
various types of smart contract platforms and the applicability in modern life.

In order to understand smart contract, exploring the motivation behind its creation is essential to
understand basis of blockchain. The term blockchain refers to “chain of blocks” in Nakamoto’s
paper. This particular technological innovation allows digital cash to become expended from a single
get-together to the next with no participation associated with a third party. Within an extensive
feeling, blockchain is actually an immutable, append only linked listing of blocks which are actually
chained combinations within such a manner that this modification of an obstruct will modify the
consecutive blocks. Fig. 1 represents blockchain and how it works. Each block in a blockchain
contains transactions in blocks that are hashed with previous block’s hash. This way, the hashes are
actually connected collectively, rendering some modification of prior blocks additionally have to
modify the subsequent block.

Blockq.a Blocknq Block,

- Prevhash: hash({Blockn-3) ~ Prevhash: hash(Blockn-2) — Prevhash: hash(Blockn-1)
‘ Data: [Transactions), etc | Data: [Transactions), etc | Data: [Transactions], etc
Curhash: hash(Blockn-2) < Curhash: hash(Blockn-1) 4 Curhash: hash(Blockn)

Figure 1 — Illustration of a blockchain
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In the proposal paper of Bitcoin, Nakamoto proposed blockchain as a solution for double
spending problem by creating a cryptographically-secured immutable digital ledger that is stored in a
peer-to-peer manner by all involving party. Because Bitcoin aimed to be decentralized peer-to-peer
digital cash, it has to avoid double spending problem and to consider the possibility of sybil-attack to
its network. The network is secured from the sybil-attack by using a consensus protocol based on-—
albeit, not limited to—proof-of-work algorithm to make the attack very expensive to be performed
[2].

It converts available the identical technological innovation which underlies Bitcoin as peer-to-
peer electric cash, the blockchain, could be put on to a lot of additional areas like fiscal providers,
healthcare, industry and business, 10T, as well as authorized providers. Precisely, a number of tries
are produced on a number of instances like a public notary, correct managing, document 's proof-of-
existence, authentication process, storage space, anti-counterfeit, as well online apps [3].

However, if we consider blockchain as the technology we have to mention about the
fundamentals on which the blockchain technology is raised. By the word “fundamentals” we define
the platforms that instruct the users to develop structure on the basis of blockchain technology
named smart contracts.

According to US computer scientist Nick Szabo, the basic idea of smart contracts is that many
kinds of contractual clauses (such as liens, bonding, delineation of property rights, etc.) can be
embedded in the hardware and software we deal with, in such a way as to make breach of contract
expensive (if desired, sometimes prohibitively so) for the breacher. A canonical real-life example,
which we might consider to be the primitive ancestor of smart contracts, is the humble vending
machine. Within a limited amount of potential loss (the amount in the till should be less than the cost
of breaching the mechanism), the machine takes in coins, and via a simple mechanism, which makes
a beginner's level problem in design with finite automata, dispense change and product fairly. Smart
contracts go beyond the vending machine in proposing to embed contracts in all sorts of property
that is valuable and controlled by digital means.

The concept of smart contract

Smart contracts reference that property in a dynamic, proactively enforced form, and provide
much better observation and verification where proactive measures must fall short. And where the
vending machine, like electronic mail, implements an asynchronous protocol between the vending
company and the customer, some smart contracts entail multiple synchronous steps between two or
more parties [4].

Figure 2 represent the basic structure of the blockchain platform with implementation of the smart
contract mechanisms. Smart contracts often involve trusted third parties, exemplified by an
intermediary, who is involved in the performance, and an arbitrator, who is invoked to resolve
disputes arising out of performance (or lack thereof). Privity implies that we want to minimize
vulnerability to third parties.

As we mentioned to acquaint about smart contracts and its implementation in the real life, we
need to investigate the types of smart contracts that are already developed, what key features they
have and what are their main benefits in usage comparing to another smart contract platforms. The
criteria of accessibility are one of the main features that smart contract developers should consider
before developing the “product”.
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Figure 2 — Structure of the blockchain platform

So, what are the main two types of blockchain structures? Blockchain structure can be divided
into two types: public and private (permissioned) blockchain.

A Public blockchain is decentralized network. The access to this network can be granted to almost
every user since literally anyone can join the network. Users can connect their PC to this peer-to-
peer (P2P) network as nodes [5]. Every node has a record of the blockchain, which is stored on their
compulter.

The red spots on Figure 3 represent anonymous users and each user has a copy of the ledger and
participates in confirming transactions independently. The blue spots represent non-anonymous
users. Permission is required for users to have a copy of the ledger and participate in confirming
transactions.

Centralized Decentralized Distributed Ledgers

Figure 3 — Examples of ledgers for smart contracts

Almost all cryptocurrencies operate on public blockchains. Public blockchains include Bitcoin
and Etherium [6]. The main features of the public blockchain are the following: (i) far more
protected transactions; (ii) immutable ledgers; (iii) no one has ever hacked public blockchain
structures like Bitcoin or Ethereum; (iv) there is no centralized controlling system.
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Smart contracts can be used as a tool to create engagement agreements (contracts) on a
blockchain an execute them. However, blockchain is the system that cannot be corrected once
initialized. Therefore, you cannot change any information once you deploy it in the blockchain.

Several aspects of public blockchains make them unsuitable for mass adoption by big businesses.
This includes:

Long term process: every node on the Bitcoin blockchain is necessary to verify each team
motion;

Big data: every node on the network goes with the traffic history of the entire information;
Companies could suffer from major storage space restrictions;

Time consuming: some of the public blockchain platforms are working via proof of work
(POW) [7] consensus algorithm, that requires a “mining” procedure to be included. By term
“mining” we understand the research process of the hash of the prior block in order to create a
new block;

There is no governmental control to set up some standards or requirements for public
blockchain usage.

Private blockchain structures represent the following features:

Private access: Only appointed users are allowed to enter the private blockchain structures.
Performance: The enterprises that implement private blockchain structures can hardly process
with large amount of transactions per second (TPS). Thus, private blockchains have to scale
so they can send general performance appropriately.

Security: Private blockchains can follow up public blockchains on some of the hash standards
to personalize transactions and increase the authentication level of the structure.
Centralization: Private blockchain structures losses the blockchain feature of “decentralized”
system. As the nodes in the system should be only trusted private blockchain structure losses
the one of the main blockchain features of “decentralized” system.

Support: Private blockchain structure should be supportable. Support should include
administration, troubleshooting, bug fixing.

Implementation: Private blockchain structures should have some sort of programming
interface (APIs) [8] in order to have the bridge between users and business itself. Some of the
platforms with comparison table are listed in Table 1 below.

Regulation: Every business should develop methods, standards, procedures and tools to
operate with private blockchain.

Figure 4 represent the brief information about blockchain platforms that give user an opportunity
to evaluate the type of platform that may ideally fit to their purposes. Table compares these
platforms in different feature include consensus method, network type, smart contract language
[14]. The following are a few examples of private blockchains from the types provided in the above
table that are most commonly used nowadays.

Quorum. Quorum is the open-source version of Ethereum created by JPMorgan Chase&Co.
Quorum was developed for rapid transfer of assets into tokens with the help of blockchain
technology. The developed blockchain by JPMorgan should avoid third party’s involvement such as
brokers or broker’s boards. The essential differences from standard Ethereum protocol are: (i)
transaction privacy; (ii) new consensus mechanisms; (iii) efficiency.
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Table — Blockchain platform comparative analysis

Platform Consensus Public or Supports Smart | Smart Contract
Private Contracts Language
Bitcoin PoW Public Yes Ivy, RSK, BitML
Ethereum PoW and PoS [12] Both Yes Solidity, Flint,
SCILLA
Hyperledger [9] PBFT [13] Private Yes Go, Node.js, Java
Quorum [10] Raft-based and Private Yes Solidity
Instanbul BFT
R3 Corda [11] Flexible plug-in Private Yes Kotlin
feature for consensus
= BankB
' <>
Buyer Block Crypto-Hashing ¥ DRt § Trusted peering Seller

2 (transaction)

= 8+ ? 84 2

Buyer creates Transaction is distributed
transaction or a and validated via
block cryptographic hashing

Transaction is controlled by consortia

Figure 4 — Private blockchain

Seller receives
the transaction

Hyperledger Fabric. Hyperledger Fabric is a group founded by the Linux Foundation.
Hyperledger Fabric is actually made on a modular architecture that divides transaction processing
into 3 phases: distributed logical processing and agreement (“"chain code"), ordering of transactions,
and confirmation and verification of transactions. This separation provides several advantages: for
node types, fewer levels of trust and verification are actually required, and network decentralization

and performance are actually optimized (Figure 5).

The consensus mechanism explains the enterprise requirements and encompasses the entire
transaction lifecycle. It works as follows: (i) client nodes invoke transactions; (ii) ordered nodes
provide updates to the transaction data; (iii) peer nodes receive the update from the “orderer” and
maintain the distributed ledger; (iv) endorser nodes are peers who validate transaction validity such

as digital signatures.
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A platform specifically designed for the financial service industry is called R3 Corda. It is a
permissioned blockchain, with different access levels for different category of nodes that operate
according to different organizational roles and responsibilities.

Corda uses smart contracts, and a notable feature is that smart contracts in this platform have
specific legal expressions. This industry operates under stringent regulatory frameworks, therefore,
the legal expressions in the smart contracts are designed to give sufficient coverage and legitimacy.

The consensus mechanism involves ascertaining transaction validity and uniqueness. Smart
contracts address the validity portion. To ensure uniqueness, the protocol program in Corda checks
whether any other transaction has used any of the input states of this transaction. If no other
transaction has used any of the input states, that this transaction is unique.

Conclusion. As the result of this paper work we consider analysis of the modern smart contract
platforms. We studied about the (i) history of blockchain; (ii) initials of the smart contracts; (iii)
types of smart contracts; (iv) analysis of smart contract platform; (v) provide with comparative table
of smart contract platforms.

Smart contracts are gaining an increasing popularity in both public and private domains as they
enable peer-to-peer operation on public blockchains and have the potential to improve efficiency and
transparency in business collaborations. However, the current form of smart contracts is still limited
in their ability to full fill all expectations and more beneficial study is required in decision making
process to select the most suitable blockchain-based smart contract application to be adopted in the
environment.
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I'ymapbeka JlaykeeBa

MarucTpanT AJIMaTHHCKOTO YHHBEPCUTETA YHEPTETUKU U
cBs3u uM. ['ymapOeka JlaykeeBa

OakanaBp (aKyJIbTEeTa XUMUU U XUMHUECKOW TEXHOJIOTHH
Kazaxckoro HalMOHAIBLHOTO YHUBEPCUTETa HMMCHU
anb-dapadbu
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MPABWIA O®OPMJIEHUS CTATEA

1. Kypnan «M3BectusHTO «Kaxax» myOnuKyeTHaIIMCaHHBIE Ha PYCCKOM, Ka3aXCKOM, aHTJIMHCKOM H
KOPEHCKOM sI3bIKaX OpHUI'MHAIbHBIE CTaThH, 0030pbl. JKypHanm naer wuH(OpManMiO, CBS3aHHYIO C
JeSITeNbHOCTBIO O0IIEeCTBA.

2. B OpWrMHaJbHBIX CTaThsIX MOTYT PAacCMaTpPHBATHCS pPeE3YJIbTAaThl KaK TEOPETHUYECKUX, TaKk M
npukiaaasix HAP.

3. ABTOpBI, KeNalomue ormy0InKoBaTh 0030pHYIO CTAThIO, JOJDKHBI IPEIBAPUTEIHFHO COTIIACOBATh €€
TEMaTuKy, MPeACTaBUB aHHOTaUuio Ha 1-2 cTtp. B 0030pax cienyer ocBemaTh TEMBI, HpPEACTABISIONINE
JIOCTAaTOYHO OOITHH HMHTEpec IO BBIOPAaHHOW TEMAaTHKE MWW OTpaKaroIue KaKOH-THOO Ba)KHBIN aCTICKT
IIPUMEHEHUS! B TPOMBILIUICHHOCTH, CEJIbCKOM XO3s5iicTBe, MeauuumHe U T.1. Jlomyckaercs o6oOuieHue
Pe3yJIbTaTOB MHOTOJIETHUX MCCIEA0BAaHUI HayUYHBIX KOJIJIEKTHBOB.

4. OOwem crartbu He AopkeH npeBblmath 10 crpanun gopmara A4. CTaThsi TOJDKHA HAYMHATBCS C
BBeZICHUS. B HeM J0JDKHBI ObITh JaHBI: COAEpPIKaTeNIbHAsI IOCTAHOBKA PAcCMAaTPUBAEMOI0 B CTAaThe BOIPOCA,
KpaTKHe CBEACHUS 110 €r0 UCTOPUH, OTJIMYHUE MPeIaraéMon 3aJjauy OT YK€ N3BECTHBIX, WU MPEUMYIIECTBO
M3JIaraeMoro MeTojla MO CpPaBHEHHUIO C cyllecTBYIOmKMM. OCHOBHas 4acTh CTaThU JOJDKHA COJAEP)KATh
(GopMynUpOBKY 3aauyd M NOpeAjiaraeMblii METON €€ peIICHHs, 3aKJIIOYUTeNbHas 4YacTb — KpaTKoe
00CyXJIeHHE MOTYYEHHBIX PE3YyIbTAaTOB U, €CIM BO3MOXKHO, IPUMED, WILTIOCTPUPYIOLIHNHA UX 3 (HEKTUBHOCTD
U CTIOCOOBI TPUMEHEHHUSI.

5. Bce cTaThu NpoXoasaT UMEHHOE pPEeleH3MPOBaHUEHE MEHEE YeM JIByMs HE3aBUCHUMBIMH YYEHBIMH 110
COOTBETCTBYIOIIEH TEMAaTHKE, HE BXOASAIIMMH B COCTaB PEIAKLIMOHHON KOJUICTUH.

6. TpebOoBanusi K OTHKE NyONMKamMi: ABTOPBI HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH |
3HAYMMOCTh HAYYHBIX PE3yJbTaTOB, W AKTYaIbHOCTh HAYYHOTO coJiepaHusi paboT. Pykomucu cratei,
oITyOJIMKOBaHHBIX paHee, WK NepeAaHHbIX B APYTHE U3AaHUs HE IPUHUMAIOTCA.

7. ABTOpl MOTIYT MpPEIACTaBUTh  DJEKTPOHHYIO  BEPCHUI0  CBOCH  CTaTbMl MO  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus Kk 0popMIICHUIO PYKOIUCEH

CraThH MPECTABISIOTCS B 3JIEKTPOHHOM BHJIE B TeKCTOBOM penaktope Word 97, hopmyiiel HabuparoTcst
¢ momoinbio peaakropa MSEquation 3.0 (2.0) mam ChemDraw.

Ipudt Times New Roman 12 pt. MexcrpouHblii uHTepBaa oauHapHbId. [loms: Bepxuee — 2,0cM,
HmwxHee — 2,0 cm, geBoe — 2,0 cm, ipaBoe — 2,0 cM. Ab3arr — kpacHas ctpoka — 0,5 cm

TexcT cTaThu TOKEH HAYMHATHCS C YKA3aHHS:

c nesoti cmoponvi—-nuaexkcoB MPHTHU u YK, nuowe npuBoastcs:

—  Ha3BaHHE CTaThH (IPOIMMCHBIE OYKBBI, (POPMATUPOBAHKUE T10 LIEHTPY),

—  (¢damMuII¥ 1 HHUIHAJIBI aBTOPOB (TIPOITUCHKIE/CBETIIbIE, popMaTHpOBaHKE IO LICHTPY ),

—  Ha3BaHME OpPraHU3allid U €€ MECTOHAXOXK/CHHE,

—  e—mail aBTopoB

—  pesroMe (KpaTKoe H3II0KEHHE COJCp)KaHHs CTaThH, Jaloliee MpeACTaBlIeHHe O TeMe M CTPYKType
TEKCTa, & TAK)KE OCHOBHBIX pe3yiibTatax, /—10 mpenioxenmii),

—  KJIIOYEBBIC CIIOBA, 00ECIICUNBAIOIIHE MTOJHOE PACKPBITHE cosiepkanusi cTatbu (7—10 ciioB),

—  TEKCT CTaThH,

—  CIHCOK JIUTEPATypHl,

— @®.M.O. aBTOpOB, Ha3BaHUE CTATHH, PE3IOME, KIIOUEBBIC CJIOBA Ha TpeX s3bIKax (HA Ka3aXCKOM,
AHTJIMACKOM U PYCCKOM).

PucyHku 1omKHBI OBITh IPECTABICHBI B OT/ICIBHOM (Qaiire.

Crarps mpencrasisiercss B doc mim docx ¢opmare, a taxke uneHrtuuHas komus B pdf dopmare, nHa
AIIEKTPOHHBIN aJipec KypHaia, B OTACIBbHBIX (hailiax TyOnupyroTcs pUCYHKH, TaONUIbI, TPapUKH, CXEMBI, a
TaKXKe MPUBOMATCS CBEJCHUS 00 aBTOpax (MMs, OTYECTBO, YY€Hasl CTEleHb, YUEeHOE 3BaHHE, CIyKeOHBIN
azipec, MeCTO pabOThI, JOJKHOCTD U TeIe(OHBI IS CBSI3H).

CcpUIkM  Ha JIMTepaTypHble HMCTOYHMKM B  TEKCT€ TNPUBOAATCA B  KBAJAPAaTHBIX  CKOOKax.
Bubnuorpaduyeckuii CITHCOK oopmitsieTcst B COOTBETCTBHU c TpeOOBaHUSIMU
I'OCT 7.1-2003 «bubnuorpaduueckas 3anuch. bubnamorpaduyeckoe omucanue: oOmue TpeOOBaHUS U
MPaBUIIa COCTABICHUSD.
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