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®EPMEHTbI MUKPOOPIAHM3MOB. MPOTEA3bl MOJIOYHOKUCNbIX BAKTEPUN

AHHOmMauyus: Paboma nocesiweHa hepmeHmam MUKpoopaaHu3mos. B daHHol 0630pHOU
cmambe npedcmassieHbl XapakmepucmuKu MUKPOBGHbIX (hbepMeHmMos, ux Krnaccughukayuu o
pasnuyHbIM napamempam. Paccmampueaemcsi posrib (hepMeHmMo8 MUKpPOOp2aHU3MO8 8 passiudyHbIX
chepax XusHedessmesibHocmu Yyesriogeka. PepMmeHmsbl ydacmeytom 8 6UOXUMUYecKUX rpoyeccax
MUKpoOoOp2aHU3Mo8 O7si UX 3awumebl, pasMHOXeHuss u pocma. [lpodyueHmamu chepmeHmos
[enlomcesi  pasfiudHble  makcoHoMudeckue epynnbl  6akmepud, MuyenuasnbHbix 2pubos,
akmuHomuuemos u Opoxokel. OnucaHbl sudponumudeckue chepmMeHmbl. Packpbisaemcst 8aHoOe
3Ha4yeHue 2udpoIuMuUYecKo20 hepmMeHma rnpomeasbl, y4acmeyrou,e20 8 pasiuyHbIX rnpoyeccax, 8
momMm d4ucrsie C¢ ydacmuem MUKpoopa2aHu3mos. OCHOBHbIe MpPOOYyUEeHMbI MPOMeOoIUMuUYecKUx
pepmeHmos npedcmasneHbl bakmepusmu poda Bacillus, Lactobacillus, Streptococcus,
Micrococcus, Pseudomonas, epubamu poda Aspergillus, Penicillium, Blakeslea, akmuHomuuemamu
poda Streptomyces, Actinomyces. Ocobas porb 0meodumcs MOJSIOYHOKUCTbIM bakmepusiM.
lMoka3zaHa 3Ha4YuMoCcmb MPUMEHEHUST rnpomeasbl 8 bUoOMexHoI02u4ecKol MPOMbILIIEHHOCMU, 8
yacmHocmu 0risi pa3pabomku ripernapamos, 3aKkeacok, buodobasok, hyHKUUOHaIbHbLIX MPOOYKIMos
numaHusi ¢ 3adaHHbIMU cgolicmeamu. B cmambe yrniomMuHaromcs pesyribmambl Uccriedo8aHus
npomeonumu4yeckoll  akmueHoCmu  Kysibmyp  MUKPOOP2aHU3MO8,  [0/ly4EHHbIE MHOK C
compydHukamu. Obbekmamu uccrnedosaHusi bbiriu 6ayurnsel, OPoXxKu, epubbl U MOIOYHOKUCIbIE
bakmepuu. [ns oOueHKu rpomeosiumu4YecKol akmueHocmu rpuMeHsitom memooObl in Vitro,
eeHemuyeckue, xpomamoepaghudeckul u dpyaue memodsil.

Knrouyeeblie cnoea: chepmeHmbl, hepmeHmamueHasi akmueHOCMb, Kriaccugukayus,
rnpomea3sa, MOJIOYHOKUCIIble bakmepuu, Mpobuomuku, buomexHonoau4yeckas rnPOMbILUIEHHOCMb.

OpaHon n3 ocHoB BUOTEXHOMOIMYECKOro npoLecca ABAATCA KyNbTyPbl MUKPOOPraHN3MOB U
nx npomssogHble. 3 roga B rog y4€Hble 3aHMMarTCA NOMCKOM HOBbIX LUTAMMOB ANS BHEOPEHUS B
pasnuyHble cdepbl XU3HEeOEeATEeNbHOCTU 4enoBeka, Oyab TO nuweBasi MPOMbILSIEHHOCTb,
MeanuUnHa, o4YnCTKa NoYBbl, ybneHune Koxun u 1.4. pn 3TOM CBOMCTBa OAHOrO poda, 04HOro Buaa,
OQHOr0 LWTaMMa MUKPOOPraHM3Ma YHUKanbHbl M pasHoobpasHbl, YTO OAMH LUTAMM MOXHO
NCNoNb30BaTh B Pa3fuyHbIX HanpaBfeHnsX.

B pamkax BbINOMHEHUS Hamu HaydHowm nporpammbl (2022-2024 r.), ogHUM M3 O6BLEKTOB
NUCCcnegoBaHusa  SABMASAOTCA  MOJIOMHOKUCIbIE  BakTepum, a WMEHHO WX ChOCOBHOCTbL K
Kncnotoobpasylowen akTMBHOCTW, aHTaroHMaMy K MaTOreHHbIM W YCNOBHO-MATOreHHbIM
MUKpOOpraHnamam, BblAeneHnio bepMeHTOB, YTO CNOCOBCTBOBANO MPUMEHEHUIO UX B KayecTBe
NpobuoTUYECKNX NpenapaToB, 3aKBACOK AN MNOMyYeHUS MOMOYHOKUCIIBIX MPOAYKTOB, CbIPOB,
xnebobynoyHblX M34enMn 1 NPOAYKTOB  (PYHKUMOHANbHOrO 3HaveHusd. Hamu  umsyyanucb
MUKPOOPraHnU3Mbl Ha HannumMe Takux epMeHTOoB, Kak nunasbl, uenmnonasbl, npoteasbl, MM30UuM 1
ap. bonblwon nHTepec Ang MMKPOOMOMOroB, NPEeACTaBNAIT NpoTeonuTuyeckne OepmMeHThbl, Tak
KakK OHW He TOSbKO MMEIOT NOSNTOXKUTENBbHOE 3HaYeHne s BUOTEXHONOMMU, HO U ABNAKOTCA OOHUM
13 pakTopoB UAEHTUMKALMK KYNbTYP MUKPOOPraHN3MOB.

HecMOTpsi Ha YHMKaNbHOCTb MUKPOOPraHM3MOB, KymnbTypbl HEOO6XOAMMO MOCTOSAHHO
0OHOBNATL B CBA3M C yTEpPEN nx BMOTEXHONOrMYECKNX CBOMCTB.

B cBA3M ¢ 9TMM Uenblo AaHHON paboTbl ABNAETCA cucTeMaTn3aums 3HaHU No bepMeHTam
MUKPOOPraHn3moB (Knaccudukaums, npuMeHeHne) C npeaocTaBneHMeM Hawux pes3ynbTaTos,
MOMNyYEeHHbIX B XO4e MHOrONeTHUX UCCnedoBaHUn U UccnefoBaHUM B paMkax AaHHOro HayyHoro
npoekTa, KOTopoe 3akrnoyaeTcs B NOUCKE HOBbIX NPOBUOTUYECKUX LUTAMMOB C YCTOMYMBOCTBIO K
pasnnyHbIM aHTMbaKTepranbHbIM NpenapatamM 1 C BbICOKOW NPOTEONIUTUYECKON aKTUBHOCTLIO.
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®depMeHTbI (0T NaT. «3akBacka), UM 9H3UMbI (OT rpey. «3akBacka»), — CNoXHble 6enkoBble
coeanHeHus, PHK (pnbo3nmbl) nnm nx KOMMMEKChl, YCKOPSOLWME XMMUYECKUE peakunn B XKNBbIX
cuctemax. TepMUH «PEPMEHT» U «IH3UM» — CUHOHUMbI. BenkoBble hepMeHTbl CUHTE3MPYHOTCA Ha
punbocomax, a B PHK — B sagpe. dPepmeHTaTMBHAss aKTUBHOCTb MOXET pPeErynmpoBaTbCa
aKkTuBaTopamu (MNOBLILATLCS) U MHIMOUTOpPamMu (NoHWXaTbes) [1-3].

JTiobas xumBas kneTka aBnseTca NpoayLeHToOM (bepMeHTOB, B TOM YMCIIe MUKPOOPraHU3mbl,
B KOTOPbIX MOFyT HaxoauTbCs AECATKU pasnuyHbix depmeHToB. Cpean depmeHToB
MUKPOOPraHM3mMOB MHOFO TaKuX, KOTOpble BCTPEYalTCA W Yy pPacTeHWA, U Y >KMBOTHbIX, HO
CYLLECTBYIOT U (pepMEHTbI TOMbKO «MUKPOBMONOrM4eckoro nponcxoxaeHnsa». Bce buoxmmmyeckme
npoLecchl, NpoTeKawlmMe B MWUKPOOHbLIX KneTkax, PerynupytoTca 3H3MMamu, nodtomy ntobon
dakTop, AENCTBYIOLLMI Ha aKTUBHOCTb dpepmeHTa, OyaeT 4encTBOBaTb M HA CaM MUKPOOPraHU3M
[4]. OanH cepmeHT OencTByeT TOMbKO Ha OOWH pakTop, T.e. And (OEepMeHTOB XapakTepHa
cneundunYHOCTb: NakTasa pacLuenniseT MOSIoYHbIA caxap, amunasa — kpaxmar.

MHTepecHbIM siIBNSieTCA TO, YTO AONA OCYLECTBMEHUs Kakoro-nmbo npouecca 60nblioro
KonunyecTtBa (pepMeHTa He HYXXHO M 3TO KONMYEeCTBO OCTAETCs HeuaMeHHbIM. 3To oTMmevaeT U.B.
JleoHoBa Ha npumepe amunasbl: rpamMmm amunasbl NpespallaeT TOHHY kKpaxmMana B caxap [4].

lMuTaHune, gbixaHue, poCT, pa3MHOXEHME MWKPOOPraHM3MOB OCYLLECTBRATCA Gnarogaps
3H3MMaM. MUKpOBHbIE hepMeHTbI Takke ABMASITCA 3alUTHLIM (PaKTOPOM AN MUKPOOPraHU3mMoB,
haKTopoM cCoXpaHeHuMs B1uaa, NnaToreHHbIM () akTOPOM M MpU3Hakamm s onpegeneHnsa nux BugoBomn
N poAOBON NPUHAANEXHOCTH, T.€. AEHTUdUKaL MK,

B HacTosiwee Bpems nssectHo 6onee AByx Thicay doepMeHToB. MnkpoopraHmambl
pacrnonaratoT BceM Habopom 3H3MMOB [4-8]. OHM pasgeneHbl Ha LWECTb KNaccoB, KOTopble AensTca
Ha noAknacchl 1 NOANOZA Kracchl: OKCUAOPEPYKTa3bl (OKCKaasbl, Nepokcnaasbl, katanasbl),
TpaHchepasbl (pocdhoTpaHcdepasbl, aMUHOTpaHCcdepasbl), raponasbl (docdarassl, acTepasbl,
rnoKo3ungasbl), nmasel (MMpyBaTaekapbokcmnasel), ndomepasbl (pauemasbl, annmepasbl), nurasbl-
CUHTETa3bl (IMyTaMUHCUMHTETA3a, acnaparMHcuHTeTasa) [3, 4, 6, 8, 9].

Mo cTpoeHuto hepMeHTbl NoapasaenatoTca Ha NPOCTbie U cnoxHble 6enkum [10, 11].

depmMeHTbl B 3aBMCUMOCTM OT peakuMuM Ha YycrnoBusi cpegbl gendar Ha [4, 6-9]:
KOHCTPYKTUBHbIE — KOHLEHTpauus B KNeTkax MUKPOOPraHM3MOB OCTAETCA HEU3MEHHOW, NpuMep,
dhepmeHTbl  rnMKonu3a; uHAyuMbOernbHble — KOHUEHTpauuMss B  KreTkax MUKPOOPraHM3moB
3HaA4MTENbHO YyBEnMYMBaeTCs B NPUCYTCTBUM COOTBETCTBYOLlero cybctpaTta, npumep, B-
ranatosvgasa; penpecccubernbHble — (epMEeHTbl, CUHTE3 KOTOpbIX OMoKMpyeTcs KOHEYHbIM
NPOAYKTOM.

EcTb Takne pepmeHTbl MUKPOOPraHM3MOB KakK KOHCTUTYTUBHbIE WU agjanTuBHble [4, 12].
KoHCTUTyTMBHBIE (bepMeHTbl 0bs3aTenbHbl ANs AaHHOMO BMAA, a aganTuBHble BbipabaTbiBaloTCA
KNeTKoN TONbKO Npy HE06XoaMMOCTMW.

MepBble Kak obsizaTenbHble NPUMEHATCA NpU naeHTUdMKaUUN, Hanpumep, epmeHT
katanasa y Oaumnn wunu nnasmokoarynasa Ansa 3050TUCTOro cTadunokokka. AganTuMBHbLIM
NPMMEPOM TaKKe MOryT CryXuUTb Gaumnnbl, KOTOpble MOTYT pacTy Ha nbon cpeae, UCNonb3ys Te
3MEMEHTbI, KOTOpble NPUCYTCTBYKT B AaHHOW cpege. M0 MOeMy MHEHWo, CBA3aHO 3TO CO
CnocoBHOCTLI0 Bauunn K cnopoobpas3oBaHuUio, Cropbl KOTOPbLIX MOryT aganTupoBaTbCs K MobbiM
YCNOBUSIM CyLLIECTBOBAHUSA U COXpaHATb Bua. U 3a cuét 6Gonblioro komnnekca (epmMeHToB,
npoAayunpyembix 6auunnamMmm n okasblBaloLWmnX 3aLLUTHYO QYHKUWIO.

Takke ¢epMeHTbl 6biBaldT BHYTPEHHWE W BHELLHME — 3HOO0- M 3K30(hEPMEHTbI, B
3aBMCUMOCTU OT PacnofOXeHMS N NPOCTPaAHCTBA BblAENEHUS.

depMeHTbl B MUKPOOHOW KNeTKke HaxOAsaATCs B PasfuyHbiX CTPyKTypax. PepmeHTbl
3HepreTu4eckoro obMeHa 1 TpaHcnopTa NMTaTeNbHbIX BELLECTB HAaX0AATCA B LIUTONIa3MaTU4EeCKon
mMemMbpaHe n eé nponsBoaHbIX. PepMeHTbl 6enkoBOro cMHTesa — B pubocomax. MHorne oepmMeHTbI
pacrnonaralTcs B LMTonnasme B pacTBopéHHoM Buae [7, 9].

B npaktnyeckon 6akrepmonorun ansa ngeHtudukaumm MMKpoopraHM3moB 40 BUga unv poga
npUMEHAT  Buoxummyeckme nokasatenn. OHM  OCHOBaHbl Ha epMeHTax, Hanpumep,
caxaponutuyeckass akTMBHOCTb — cOpaxuBaHuMe YrneBOAOB A0 KUCMOTbl W rasa. Takke
NCNONb3YKTCA  NPOTEONUTUYECKME,  ayTONMUTUYECKME,  OKUCINTENbHO-BOCCTAaHOBUTEMbHbIE
dhepMeHTbl U PepMeHTbI MaTOreHHOCTU (BUPYNEHTHOCTHN).

B cBoen npaktuke, Mbl MPUMEHANU caxaponutnyeckne depmMeHTbl, NPOTEeonUTU4ecKue,
OKUCNUTENBbHO-BOCCTAHOBUTENBHbIE U (DEPMEHTLI NATOreHHOCTU (BUPYNEHTHOCTH) [2, 13].
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Hanpumep, Ona wu3ydeHus caxaponuTUYecKMX CBOWCTB naktobauwnn, wuccrnegosanu
cbpakmBaHne yrneBogoOB Ha MENTOHHOM Bode C uHAukaTopom AHgpege. Ha cpemax [Mucca,
Knurnepa (puc. 1) nsyqanu caxaponmtmyeckne CBoncTBa aHTepobakTepuin. Pesynbtatom sBnsieTcs
razoobpasoBaHne n obpasoBaHWe KUCIOTbl — U3MeHeHue LBeTa cpedbl. CopaxuBaHme NakTo3bl
3HTepobakTepuin nccriegoBasnuy Ha nakrosocogepxallen cpege dHgo [2, 13].

MpoTteonutuyeckne depmeHTbl GakTepuii onpegenany no  BblOENEHUMIO  MHOONA,
cepoBoAoOpoAa, pacluennennto heHnnanaHuHa, nu3nHa, pegykumMmn Hutparta. Ha cpegax Knurnepa
(pnc. 1) n OnNbKEHNLKOTrO Takke MOXHO MccriegoBaTh NPOTEONIMTMYECKME CBOWCTBA BGakTepui, Tak
Kak pOCT MMKPOOPraHM3MOB COMPOBOXAAETCS BbICBOOOXOEHMEM aMMMaKka U obpasyeTcs YEPHbIN
obopok — cepoBogopoa (Ne 855 n Ne 857). Kpome atnx guddpepeHumanbHbix cpeq Ansi OLEHKN
NPOTEONMTUYECKON aKTUBHOCTWN MCMOSb30Basv pas3XmkeHne KasenHa Mosnoka v xxenatuisl [2, 7, 9,
13].

PucyHok 1 — Noces Ha cpeny Knurnepa

AyTonutmnyeckne pepmMeHTbl — 3TO rmaponuTndeckne bepmeHTbl, Mo AENCTBMEM KOTOPbIX
NponcxoanT camopacTBOpeHue (aBTonNmn3) MEPTBLIX KNETOK M TKaHEN, paspyLUaloLLMX MOSEKY bI.

Ana obHapy>XeHUs1 OKUCINTENbHO-BOCCTAHOBUTESNbHBIX (DEPMEHTOB B HalLLen NPakTUKe Mbl
ncnonb3oBann pacLuensieHne nepekncn Bogopoaa, yTunusaumo umrpaTa.

[na onpegeneHna HanmuuMsa WM CTENeHW NaToOreHHoCTM (UNu BUpPYNEHTHoCTM) Gaumnn,
CTaPUTOKOKKOB, OPOXKeN, Mbl nccnegosanu nnasmokoarynaay, neuuTuHasy,
OaKTEPUONUTUYECKYID aKTUBHOCTb, KUMMepHbln adpdekt. OHM paspyllaloT TKaHU U KINEeTKu
MaKpoopraHuama, Bbi3blBasg MHAEKUMOHHbIE Npouecchl. B Toxe Bpems aTK hakTopbl ABNATCS
hakTopOM 3aLMTbl OT BHELLHUX BO3AENCTBUN.

OnpepgeneHne pepMeHTOB NaTOreHHOCTU TakkKe MMeEeT 3Ha4YeHne nNpu naeHTudukaumm psaaa
MUKPOOPraHN3MOB 1 BbISIBNEHWUS X POSM B NATONOMMMN.

MccnepnoBaHve Ha BUPYNEHTHOCTb TakKe NPOBOAMIN HA MbILLAX B KIMMHUYECKUX UCMbITAHMAX
npu paspaboTke nNpobuoTUKA AN KOppekumMuM gucbaktepmosa KuwevyHuka u ans paspaboTku
NapoAoHTasrbHbIX CTPMNOB Ha OCHOBE NakTobauunn.

LLnpokoe npuMeEHeHne MUKPOOPraHM3MOB Kak MNpoAyLEHTOB OMONOrm4yeckn akTUBHbIX
BELLECTB, B YaCTHOCTUN (hePMEHTOB, OCHOBAHO Ha UX NPOAYKTUBHOCTU. KynbTypbl MUKPOOPraHn3moB
4acTo 3aMeHAlT npoayktamu MeTabonmama, 4TO CrnocoBCTBYEeT YNydlEeHU KadvecTBa
TEXHOSTOrMYeCcKoro npolecca, rnoBblWEHWIO BbIXOA4a NPOOYKUUK, YNYYLLIEHNS KavYecTBa NPOAYyKTa m
yAaeleBneHnss UHaHCOBbIX 3aTpar.

Mcnonb3oBaHne MUKPOOPraHnM3mMoB AN NonydYeHus hepMeHToB MMeeT psg NpevMMyLLecTs
MO CPaBHEHWIO C PACTUTENbHBIM U XMBOTHBIM CbipbeM, YTo oTMe4veHo U.B. JleoHoson [4]:

— MUKPOOPraHn3Mbl UMEIOT BoNbLLOE KONMMYECTBO Pa3HOOBpasHbIX PEPMEHTOB;

— MUKPOOPraHM3mbl UMEIT CMOCOBHOCTL BbICTPO pa3MHOXaTbCs NPU MUHUMYME BPEMEHM C
BbIXOAOM BOrbLLIOro KonuyecTsa Gromacchl 1 ¢ NocneayLWwmm nosyyeHnem 6orbLLIOro KOnmy4ecTBo
depmeHTa;

— ANS KyNbTMBUPOBaAHUA MMKPOOPraHM3mMoB He TpebyeTcs 6onblunx 3atpaT, Tak Kak OHU
pacTyT Ha OTHOCUTENbHO [JeweBbiXx cybcTpatax, Hanpumep Ha oTxodax pPasfuyHbIX
NPOMbILUNEHHbIX NPON3BOACTB;
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— yNpaBnsiTb pa3ssMTMeM MUKPOOPraHN3MOB MNPy COBPEMEHHOM annapaTtypHOM ohopMieHnm
Taknx NpoM3BOACTB 3HAYUTENbHO fNerye n NpoLle, Yem BblpaluBaTb PACTEHUS U XKUBOTHbIX.

B cBA3n ¢ aTMMM npeumyiecTBamu, BO MHOMMX OTPacnsaX NPOMbILLIIEHHOCTU MUKPOOHbIE
dhepMEHTbI 3aMEHSIOT XXMBOTHbIE N pacTUTENbHbIE (DEPMEHTHI.

Ntak, dpepMeHTbl U MUKpPOOpraHMaMbl paboTaloT Ha HyXObl YenoBeka C He3anaMsiTHbIX
BPEMEH.

B gpeBHOCTM niogu 3aHMManucb BMHOAENWEM, MMBOBApEHWEM, CbipogenMemM — BCE 3TO
BroTexHoNnornyeckne NpoLEeCcChI C UCMONb30BaHNEM (DEPMEHTOB KyIbTyp MUKPOOPraHM3mMoB. Takke
rotoBunu xned u Ksacunu Kanycty, rae OnATb >Xe y4acTBOBanM MWKPOOPraHu3Mbl, a MMEHHO
NpPOAYKTbl X MeTabonuama.

MpumepoM  MCNoOnb3oBaHUA  (PEPMEHTOB  MUKPOOHOrO  MPOMCXOXAOEHUS  ABMSIETCA
Npou3BOACTBO 3TUMOBOrO CNUPTa, Korga B Cbipbe, coaepXalwee Kpaxmarn, BMECTO 3epHOBOro
conoga f[obasnAwT amunonutudeckme depmeHTbl M3 rpnbos. NMpu npousBoacTee xneba conof
3aMeHsAT hepMeHTamMn MUKPOOHOIo NPOUCXOXKAEHUS, NMPU 3TOM NOBLILLAKOTCS KA4eCTBO U3AENNUN,
nx opraHonentTuyeckue nokasatenu. [lpu npousBoAcTBE NUBaA WUCMNONb30BaHWE (HEPMEHTOB
nossonseT 3amMeHuTb conod. [lpy npom3BoacTBE Cbipa BMECTO  ChIYYXXHOMO  (hepMeHTa
NCNonb3yTcs epMeHTbl MUKPOBHOro nponcxoxaeHus. imeeTcst onbIT MCNONb30BaHUS NenTuaas
MUKPOBHOro NPOUCXOXAEHUSA AN1S Pa3MArYeHUs mMsica, YCKOPEHUS ero Cco3peBaHuns, B pasfnyHbIX
TEXHOMNOIrMYECKNX npoueccax npu nepepaboTke cobipbsi [4].

depMeHTbl MUKPOOPraHM3MoOB MPUMEHSOTCA B MeauunHe, BeTepuHapuu, Guonorun B
KayecTBe ne4vyebOHbIX npenapatoB U (PEpPMEHTOB — PEerynatopoB OMOMOrMyeckMx npoLeccos,
OCOBEHHO B reHeTukKe.

C dhepmeHTamMm CBsI3aH Lenbin pag NepcnekTUBHbIX UCCneaoBaHMi U pa3paboTok B cdhepe
MeOMLMHbI, KOTOpble MOMOryT yAeLeBUTb NPOM3BOACTBO aHTMOMOTMKOB M caenatb ux Gonee
3(pPeKTUBHBIMWN, NOBbLICUTL KAa4eCTBO U AOCTYNHOCTb CPEACTB OWUArHOCTUKU MHOIMX Cepbe3HbIX
HegyroBs, B YaCTHOCTU, CEpAe4YHO-cocyamncTbix 3abonesaHnin. Ocoboe MecTo 3aHMMaeT pa3paboTka
npobuoTtukos [2, 14-18].

AHTUCENTUYECKNE CBOWCTBA MNPOOMOTMKOB CBA3aHbl C MPOAYKUMEN aHTUMMKPOOBHbLIX
(haKTOpPOB: OPraHNYECKMX KUCMNOT, BaKTEPUOLMHOB, MHIMOUTOPHBLIX NPOTENHOB, EPMEHTOB [18].

Ocoboe BHUMaHWe [19] MHOro AecATKOB NeT yaeneHo MoroyHokucnbiM baktepuam (MKB)
Kak MICTOYHMKaM NpOOMOTUKOB.

MKB npegcrtasngaioT 6akrepun cemerictea Lactobacillaceae, kotopble 06beanHeHbl B OQHY
rpynny no crnocobHoctn GakTepuii BblAENsTb MOSOYHYI0 KucroTty. CemencTBo npenctaBneHo
naktobauunnamu, nakTOKOKKaMW, MOSIOMHOKUCIbIMA  CTPENTOKOKKaMW, MNeAMOKOKKaMKU W - ap.
Baktepun poga Bifidobacterium He oTHocaTcs kK MKB, HO Mx paccmaTpuBaroT B OOHOM acrnekTe Kak
nNpobunoTurKK, 3akBackn, bnarogapsi UXx CNOCOGHOCTN NOAABNATL YCIIOBHO-NATOrEHHbIE U NATOreHHbIe
MUKPOOPraHn3mbl.

MKBE BblensitoT M3 MOnoka, MOJSIOYHOKUCIbIX NPOAYKTOB, KBALUEHbIX MPOAYKTOB, Arog,
pacTeHuin, OMOTOMOB YenoBeKa, B YaCTHOCTM M3 TONICTOro kuweyvHmka. OcobeHHo npobuoTtnieckn
3P EKTUBHBI LUTAMMbI, BblAEEHHbIE U3 KanoBbIX MAacC ManeHbknx aeTen.

O Buonormnyeckux cBoncTeax nakrobauunn nogpobHo HanmcaHo B paboTe MywaHoson H.A.
«Bronornyeckne ceonctea nakrobaumnn» [20]. bnarogapsa vxX YHUKanNbHOCTU C KaXAblM rogoM
YY€Hble NnosyyatoT BCE HOBble WTaMmsbl [21, 22].

MKB y4actByloT B 0BMeHe BellecTB, MpOAyuupylOT BUTaMUHbI, DEpMEeHTbl U Apyrue
Ovonornyeckn akTMBHbIE BELWLECTBA, NOAAEpXKMBalOT OMOLEHO3 OGMOTONOB YernoBeka, obnagawrT
NMMYHOMOAYNUPYHOLLNUMU, KaHLLEPOreHHbIMU, aHTUMyTareHHbIMU U APYrMMU CBOMCTBAMMW.

BaxHoe 3HayeHWe UMEeT aHTaroHM3M K YCMOBHO-NATOrEHHbIM W MNaTOreHHbIM
MUKPOOPraHnamam w npoaykuns ¢epmMeHTOB. AHTaroHUCTbl NOAABMST OGakTepun, APOXKM,
aKTMHOMMLETBLI U MuuenuanbHble rpnbbl. Ha ux ocHoBe paspaboTaHbl A4eCATKM NPOOMOTUKOB B
MeauLUMHEe U BETepPUHApPMK; MOMOYHOKMCHIbIE NPOAYKTbI; KOCMETUYEeCKMe 1 MotoLLme cpeacTea.

lMpenapatbl Ha OCHOBe NakTo- KU 6udunaobakTepun MPUMEHSAIT ANS NPOMUNAKTUKN U
neyeHns 3aboneBaHnm Xenyao4HO-KULWEYHOro TpakTa, AblXxaTenbHbIX NyTen, ANS BOCCTAHOBMNEHWS
KMLLEYHOro, opanbHOro 1 BarMHanbHOro MMKpobuoLeHo3a.

MuikpoopraHmamMbl BBOOAT B NULLIEBbIE A06aBKN, KUCIOMOSOYHbIE NPOOYKTHI.

MKB, npucyTtcTByloLme B nNuLLe, yryyLlalT YCBOSAEMOCTb BenkoBs, 3ameansatoT BbICBOOOXAEHNE
XMPHbIX KUCIOT 1 NOAAEPKMBAIOT 300pOBbE YenoBeka, 0bmTas B XXenygovyHO-KULLIEYHOM TpakKTe.
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[Mpn BbINONHEHUW Pa3NUYHBLIX Hay4HbIX PaboT, MHOK C COTpyAHUKaMW, 6binn BblAeneHbl
nakTtobauunnbl, NakTOKOKKA W CTPENTOKOKKW, KOTopble obnagann aHTaroHM3MOM pasfn4yHOM
cTeneHn nposiBnennsi. Ha ocHoBe 6akTepuii ¢ BbICOKOW CTENEHBIO aHTaroHM3mMa 6binm paspaboTaHbl
npobuoTtudeckme npenapaTtbl. x agcopbupoBanu Ha copbeHTax 1 NekapCTBEHHbIX pacTeHusax [23-
26]. CopbeHThbl ycunueanuM AencTBUME aHTAroHUCTOB 3a CYET TOro, YTO OHM Ha cebe cobupatoT
TOKCWHbI, @ NeKapCTBEHHbIE pacTeHUs, TaKke Kak bakTepuu, nogaBnsoT NaToOreHHy MUKpodnopy,
Hopmanuaysa 6uoueHos.

B nocnegHee Bpemsi, MKB npumeHsitoT npu paspaboTtke NpoaykToB (PyHKLMOHAIbHOMO
Ha3HayeHWs C 3agaHHbIMY CBOMCTBaMU, KOTOPbIE CTann MOAHbLIMU 1 BOCTpeboBaHHbLIMKY, Hanpuvep,
KMCNOMOJIOYHbIE NMPOAYKTbI C NPOBUOTMYECKMM 3hPEKTOM, NTAKTO30YTUIM3NPYIOLLMMIN CBONCTBaMM
unn ¢ pgobaBkaMyM MUKPOINEMEHTOB, BUTAMWHOB [f1s1 KOPPEKUUW TOM UMM MHOW NaTonorum,
Hanpumep, HegocTaTka noga.

Hamun 6binm nonyyeHbl MKB ¢ nakTo30yTunvanpyrowmmmn n npobrnotTnyeckMMmmn CBOMCTBaMM,
KOTOpble ABMSOTCA NEePCneKTMBHbIMKA B pa3paboTKe MOSTIOYHOKUCHLIX NPOAYKTOB ANst O6OMbHbIX C
NaKTasHOM HeAOCTAaTOUYHOCTBIO N MOTYT NMPUMEHSITLCA BOMbHLIMM caxapHbiM gnabeTom [27-29].

NTtak, mmeeTcs psa HanpasneHui no paspaboTke nNpoaykToB C MNpPOBGMOTUYECKUMM,
AHTUOKCUAAHTHBLIMKW,  XONECTEPUHYTUNUSNPYIOWMMK,  KaHLEPOreHHbIMM  CBOWCTBaMM, C
cogepxaHuem noga, Kanua v Opyrmx MUKPOINEMEHTOB, C HU3KMM COAepXaHuem caxapa, 6es
nakrtosbl 1 T.4. [16-20, 30-35].

Hanpumep, Xamaraesom W.C. ¢ cotpyaHukamu [35] paspaboTaHa TEXHOMOrmsi Cyxux
MOJIO04YHO-0ENKOBbIX KOHLIEHTPATOB C KanbuueM un naktobakrepmsmmn euaa Lactobacillus helveticus.
Monoko ncnonb3oBanu KOPOBbE U KO3be. BbiGop aBTOpOB BbiN OCHOBAH Ha NUTEPaTYPHbIX AAHHbIX,
O TOM, YTO 3TOT BMA UMEET BbICOKYID NMPOTEONIUTUYECKYHD aKTUBHOCTb, YTO MOLTBEPXKOEHO U B
AaHHOM paboTe. 3HauMTeNnbHbIM CBOMCTBOM SABMSETCA BbLICOKMA MPOOBMOTUYECKUIA MNOTeHuunan
3aKBaCOYHbIX LITAMMOB MWKpPOOpPraHnamMoB. OHM KMMEKT XOPOLUYK KUCIOTOOOpasyioLLyto
aKTMBHOCTb M BbICOKMI MOKa3aTerlb XXM3HECNOCOBHOCTH, YTO ABNSeTCA ogHUM 13 TpeboBaHuin npu
paspaboTke npenapaTtos (10° KOE/mnu 6onee) — 108 KOE/mn.

Bbonee achdekTnBHbIM Okasancs wrtamm Lactobacillus helveticus Hiz.s.

MKB Takke gaBndatwTca npoayueHTamm epMeHTOB, B TOM 4uCNe TUOPOSIUTUYECKNX
hepMEHTOB, MEPCMNEKTMBHLIX B pasfiMyHbIX cepax XusHegesaTenbHoCcTU yenoseka [36-41]. Ux
NCnonb3yoT B NErKOn, NULLEBON NPOMbILLSIEHHOCTH, A9 KOPMOB, B MeauuuHe [42].

Cpean  rmgponas, npogyumpyemble MKB, ocobbii  uHTepec  npeactaBnsAloT
npoTeonuMTU4eckne epMeHTbl, MNpUMEHSIEMbIX Npu paspaboTke MNPOOBMOTUKOB, 3aKBACOK,
BETEpPUHApHbIX NpenapaToB, B KOXXEBEHHOW MPOMbILNEHHOCTU 1 T.4. [41, 43-45]. B npenapatax
npoTeasbl ABNATCHA CUrHaNbHbIMU U 3AP(PEKTOPHBIMM MOMEKYNIaMy UMMYHHOW 3awwnTbl [46]. OHu
pacnonaralTCcs B KNeTOYHOW CTEHKe MUKpoba.

Ectb nccnenoBaHus, B KOTOpbIX  AokaszaHO  apekTmBHOE npumMeHeHne
kaszenHonututundecknx MKb onsa paclienneHns kasenHa n 6enka Moroka, Tak kak y MHOrMX fnogen
€CTb anmneprus K 9TMm KoMrnoHeHTam [47].

depMeHTbI-NpoTeasbl UrpalT ponb B MeTabonuame 6Gaktepuid, Tak Kak npoTeonuns
Heobxoaum anga cHatxeHns MKB a3oTom, amMHOKMCIIOTaMun, BUTaMUHaMK, KOTopble obpa3sytoTcs
npv pasnoXeHuu KazenHa, HanpuMmep, NpoTeonuTnyeckne epmeHTbl cHabxatoT Lactococcus lactis
aMUHOKMCNOTaMn BO BpeMs pocTa B Mosioke [48]. 3Tn dhepmMeHTbl MetoT 3HadyeHne, Tak kak MKB
TpebytloT 6onbLIOe KONMMYECTBO aMUHOKUCIIOT Af1 CBOErO pocTa U pa3MHOXEHMS.

MpoTeonuTnyeckne aH3MMbl NPUMEHAOTCA ANA rmaponuaa 6enkos, Koarynaumm MOmoYHbIX
GenkoB, Hanpumep B cbipogenuun. [Ins 3akBacok Npu NPOU3BOACTBE Cbipa BaXKHbIM ABMASETCS MX
NpoTeonMTUYECKas akTMBHOCTb: YCKOPSKOT NpoLece ruaponuaa, popmMmupytoT opraHonentmuyeckue n
peorniornyeckne nokasatenu coipa [49]. [llpoTeasbl kak nNPOAYKTbl >KU3HEAEATENbHOCTU
MUKPOOPraHN3mMoB UCNOMNb3YOTCHA B MACHOW OTpacnu Ansa Mmoandukaumm CBOMCTB MSICHOIO Cbipbs B
LensiX NOBbILLEHUS €ro HEXHOCTU U CTEMEHM rmapaTtauuu, ynydleHnsa kadyecTBa nofnyyYeHHbIX 13
MOAMMULMPOBAHHOIO Cbipbst MSACHbIX npoayktoB [31, 50, 51]. B paboTtax npeacrasneHbl
nccneaoBaHNA AENCTBUSA KOHCOPLIMYMOB MUKPOOPraHM3MOB Ha MSICHOE Cbipbe.

K.M. Anbxatnéom n T.M. Oanunbuyk [31] 6binv nccnegoBaHbl KOMMMekc Gakrepun —
npogyueHToB npoTea3 — Streptococcus thermophilus, Lactobacillus acidophilus, Lactobacillus
helveticus, Propionibacterium freudenreichii ssp. Shermanii. B pesynbTate npoBeaeHHbIX
9KCNEePMMEHTOB NOKa3aHo, YTO 13 Msca 6egpa MHAenkn, MoanduLMpoBaHHOro 06paboTKON XXMAKON
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Bromaccom KoHcopumyMa, Nony4aeTcs NPoayKT, UMEILLNA Bonee HEXHYIO CTPYKTYPY, YydLIEHHbIe
opraHonenTuyeckne CBOMCTBA M NOBbILLEHHbIE NOTpebuTenbckne kayectaa [31].

HectepeHko A.A. n AkonsaH K.B. Gbinn n3yyeHbl BNUAHME KOHCOPLMYMa MUKPOOPraHU3MOB
Ha (PYHKUMOHANbHO-TEXHONOIMYECcKMe CBOMCTBA MoAenbHbiX dapwen. OHWM yCTaHOBUMM, YTO
BBEAEHNEe CTapTOBbIX KyNbTyp C 3adaHHbIM COCTaBOM, CMOCOOCTBYET MOBbLIWEHWNIO COPTHOCTU
MSICHOIO CbIpbsl, YCKOPEHUIO MOCoNa, BrmsieT Ha U3NKO-XMMUYECKNE, CTPYKTYPHO MexaHuyeckmne u
BGMONOrM4ecKkyto LLEHHOCTb MSICHOTO Cbipbs [50].

MonoYHOKMCIbIe NpPOTeasbl YBENNYMBAKOT CPOK XpaHeHUst xrneba u MakapOHHbIX 13genun,
TaKke NPUMEHSIIOTCS B KAYeCTBE KOHCEPBAHTOB ANS YBENUYEHUSA CPOKa XpaHEHUSA NakeTUPOBaHHbIX
cokoB. [MpoTeonuTnyeckne epmeHTbl 3aLUnLLAa0T NPOAYKTbI MUTAHUSA OT 3arpsi3HEHNS PasnUYHbIMU
MUKPOOPraHM3Mamm 1 0TBEYalOT 3a OpraHonenTU4ecKne nokasaTenw.

80-90% pasnuyHbiX BMOOB W LITAMMOB MOMOYHbIX GakTepuin obnagatoT pasnuyHOn
CTeneHbi CrnocobHoCTM pacuwennsaTe npoTeasbl. M3 137 wrtammoB MKB, BbligeneHHbIX HamMu ”
noaBeprHyTbIX CKPUHUHTY, 61,3% LUTaMMOB MMET NPOTEONUTUYECKYIO aKTUBHOCTL [52].

BHewHuMn  daktopamn, BAMSOWME HA MPOTEONUTUYECKYID aKTUBHOCTb  KynbTyp
MUKPOOPraHn3moB SIBNSAOTCA TemnepaTypa, pH cpeabl, coctaB cpefpbl, 4OCTaTOMHOE KONMYEeCTBO
aMUHOKMCNOT, HanuumMe cnupTtoB, deHona. Npyn 3TOM, Kak OTMEYEHO B HEKOTOpbIX paboTtax,
onTumanbHoe 3HaveHue pH anga pocta 6akTepui He Bceraa coBnagaeT C onTMMarnbHbIM 3Ha4eHneM
pH onst 6uocunHtesa pepmenToB [44, 53].

[nsa kaxgoro WwrtaMmma 370 3Ha4YeHne UHANBMAYArbHO.

MpoTeonutnyeckne epmMeHTbl NakTobakTepui CnoCcoOHbI MNPOSIBNATL aKTMBHOCTb B
LUMPOKOM WHTepBarne 3HayeHun pH, M nNo 3TOMy NpU3HaKy OHW AenaTtca Ha cnabokucnble,
HenTpanbHble M LWenoyHble. B OCHOBHOM MakcMMaribHas NpoTeonuTUYeckass akTMBHOCTb Obina
3apeructpupoBaHa npu pH 8,0, Torga kak onTuManbHoe 3Ha4YeHue Ang pocTta U pasBUTUSA AaHHbIX
LUTaMMOB NEXWUT B AnanasoHe ot 5,5 go 6,2 [36].

NHTepecHbIM ABNAOTCS nccneaoBaHns KPMOPE3NCTEHTHOCTM BakTepun c
dhepmMeHTaTMBHBbIMM CBONCTBAMMW, UCMOSb3YyEMbI€ B MPOMbILLIEHHOCTH.

WccnepoBatensimm Gbina gaHa oueHKa NpoTeoNIMTUYECKON akTMBHOCTM NATHaALATN HOBbIX
KpropesancTeHTHbix wTtammoB MKB popa Lactobacillus, obnagatowmx psgom yHKUMOHAINbHO-
TEXHOSTOrM4YeCcKkMx CBONCTB [36].

MccnenoBaHmne KpUOreHHbIX CBOWCTB, CBA3AHO C TEM, YTO B CUIY YBENUYEHUSA 3aHSATOCTM
HaceneHnsl, a UMEHHO >XEHLLUMH, YBENUYUICA Cnpoc Ha nonydabpukaTtbl, KOTOpble HaxogAaTCcs B
3aMOPOXXEHHOM COCTOSIHUW. [nuTenbHoe e XpaHeHWe NPOAYKTOB NMPUMBOOMUT K yTpaTe BKYCOBbIX
KayecCTB, CTPYKTYPHbIX CBONCTB; B OTHOLLUEHUN APOXCKEBOrO TECTA K JOMTOMY CO3PEBAHUIO OPOXOKEN
nnm nx rmbenu; kK ocnmsHeHuto konbac u T.4. NogaeneHuto pyHkumn nogsepratotest u MKB, koTopble
XapaKTepHbI B COCTaBe XN1e600yNoYHbIX N30eNnii, MOPOXEHOTO.

Ynop cpenaH Ha MpOTEONUTUYECKUE 3H3UMbI, KOTOpble B KayecTBe KOHCEPBAHTOB
YBENMYMBAIOT CPOK XPaHEHMSA NPOAYKTOB NUTAHWSA, YTO NOATBEPXKAEHO NUTEPATYPHbIMU AAHHLIMU U
NPaKTU4ECKUMM N3bICKaHNAMM.

PesynbTaTtbl mccnegoBaHMs nokasanu, YTO BCe LUTaMMbl (BblAENEHHbIE VMU paHee)
OEMOHCTPUPYIOT Boree BbICOKYI0 NPOTEONMTUYECKYH) aKTUBHOCTbL B LLIENOYHOM cpefe u B cpeae,
6nuskon Kk HewTpanbHou pH (6,5), B cnabokucnom cpege npoTEONUTUYECKAs aKTUBHOCTb
naktobauunn nmeeT MUHMMAanNbHbIE 3HAYEHUS, 3a UCKITloYeHuem wTtammoB L. fermentum 12 um L.
plantarum 21 [36].

ABTOpPbI PEKOMEHAYIOT NPUMEHATH BblAENEHHbIE MU KPUOPE3UCTEHTHBIE LWWTaMMbl L. casei
32, L. casei 36 n L. fermentum 10 ¢ BbICOKOW CTENEHBLIO NPOTEOSIMTUYECKOM aKTUBHOCTU B Ka4ecTBe
3aKBacoK 4115 Npon3BoAcTBa (PepMeHTUPOBaHHbIX NPOAYKTOB NuTaHus [36].

AKTUBHOCTb He CBsidaHa C BUAOM, a ABNSAETCS MHOMBMAYaNbHOM AN KaX4oro wramma.

Boobuie MUKpoOpraHMaMbl XOPOLUO MOFYT XPaHUTbCA MpU pasfuyHbliX TemnepaTypax,
Hanpumep, B NMMOGUIbHOBLICYLLEHHOM COCTOSIHUM U NPU KPUOKOHCEPBALUW: LUITaMMbl KynbTyp
MUKpoopraHn3amoB xpaHsaTcs npy MuHyc 80 °C. KynbTypbl Ha CKOLLEHHOW arapn3oBaHHOW cpee unu
noa MUHeparnbHbIM Macrnom XpaHatcs npu MuHyc 4 °C. lMpuyém pasnuyHble MX CBOWCTBA, Kak
Hanpumep, epMeHTaTMBHAs aKTUBHOCTb, @HTAarOHM3M K MATOr€HHbIM W YCNOBHO-NATOr€HHbIM
MUKPOOPraHMamaMm CoOXpaHAlTca. Hamm HeoQHOKpaTHO AdaHHbIM hakT noaTsepxgancs npu
3aknagke KynbTyp Ha XpaHeHMe U OLEHKe aKTMBHOCTU B NpoLiecce XpaHeHWs rogamu.

WNtak, MKB obnagatot onpeaeneHHon NpoTeonMTUYECKON aKTUBHOCTbIO, 06YCnoBnMBaemMon
AencTBMeM npoTenHas nentuaas.
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[na OueHKNn npOTEONUTUYECKON aKTUBHOCTU WCMOSb3YHTCS pPas3fuyHble MEeToAbl, Kak
MeToAabl in Vvitro, MogMdULMPOBaHHbIN MeTO4 AHCOHA, reHeTudeckue metoabl, metogammn SDS-
PAGE, »XnuakocTHon xpomMmaTtorpadumm n Macc-CrekTpoMeTpun.

In vitro nccnegyeTca paclienneHne kasenHa v xxenatuHbl. [poTeonutuyeckme epmMeHTbI
KaTanuaupyroT pacluenneHne 6enkos Ha nonu- n onuronentuabl [2, 13, 54].

[na BbIsIBNEHWsT aKTUBHOCTU Kas3ewmHasbl MCMONb3yHT MOSIOYHLIA arap OWKMmaHa, roe B
KayectBe cybcTpata npuUMEHSOT obe3xmpeHHoe Monoko. CnocobHocTb K obpasoBaHuio
NPOTEONIUTUYECKMX (PEPMEHTOB OMpeaensoT Mo npo3payvyHbiM OpeosiaM BOKPYr 30Hbl pocTa
OakTepun, 4To obycnaBnMBaeT NENTOHM3ALMIO KAa3enHa.

Adpyrum metogom Ans onpeaeneHnsi NpoTeoNUTUYECKNX (DEPMEHTOB iNn Vitro — konnareHas,
Npon3BOAAT MOCEB YKONIOM UCCREeLyeMOW KynbTypbl B CTONOMK MACO-NENTOHHOW XenatuHbl. Mpu
NOSNIOXMUTENBHOM pe3ynbTaTte HabngaeTcs pasxmKeHne xenaTnHbl pasnmyHon opMbl.

B xope Hay4HO-uccnegoBaTeNbCKOM LEATENbHOCTU HA MNPOTSHKEHWM 25 neT, MHOW C
coTpyaHuMKamn Obinyn BblaeneHbl, U3yvyeHbl M pas3paboTaHbl pasnMyHble MUKPOOPraHuU3mbl C
hepMeHTaTMBHbIMW CBOMCTBaMW, CPEAN KOTOPLIX Dbl NPOTEONNTUYECKM akTUBHbIE [55-58].

B ogHOM 13 uccnegoBaHun Ons BbISBNEHUS NPOTEONTMTUYECKON aKTUBHOCTM BblAENEHHbIX
KynbTyp M KONnekumoHHbIX KynbTyp MKB 1 apoxken, Mbl MCNOMb30Bann Ka4yeCTBEHHbIN MeToa —
BbICEBANM YKOJIOM Ha MOJOYHbIA arap u nomewanu B Tepmocrtart npu 37 °C Ha 2-10 cyTok.
KasenHonMTnyeckyto akTMBHOCTb DaKkTepui oLueHNBanNu no 30HE NPOCBETIIEHMSI BOKPYT BbIPOCLUNX
KOJTOHWUI.

B pesynbtate gaHHoOro uccnenoBaHus 6bino BbIsIBNEHO, YTO 85,7% BblOeNeHHbIX KynbTyp
MKB obGnagatoT npoTEOonUTUYECKON aKTUBHOCTbIO, HE aKTMBHbl — 12 KynbTyp, YTO cCOCTaBnseT
14,3%. 3oHa nusuca konebnetcs ot 1 go 20 MM, yBenMuMBasicb Ha OAWH MOPALOK Npw
BblAEPXXMBAHMM B YCNOBUSAX KOMHATHOW TeMnepaTypbl nocne nHkybawumm B Tepmoctare (puc. 2).

-
PucyHok 2 — PaclenneHue npoTeasbl

AKTUBHbIE KyNbTypbl OblNM BblgeNeHbl U3 OMOTOMOB YenoBeKa, MOJSIOYHbLIX MPOAYKTOB,
OTXO[0B XMBOTHOBOAYECKNX hepM.

Cpeou my3selHbIX WwrtammMoB 13 17, 1 wrtamm He o6riagaeT CBOMCTBOM fIM3MPOBaTb Ka3euH,
10 WTaMMOB UMEIOT HU3KYHO aKTUBHOCTL (1-4 MM), 2 — cpegHtoto (5-9 mm), 5 — Bbicokyto (10 1 6onee).
L. plantarum 0015 nmeeT Hanbonee BbICOKUI NoKa3aTeNb NPOTE0Nn3a, KoTopbin coctaBnaeT 30 Mm.

Hanbonee akTuBHbIE KyNnbTypbl ObIIM UCCNeAoBaHbl HA XpomaTorpade, YTo NnoaTBepanIio
NX aKTUBHOCTb.

Cpenoun apoxokeBblx KynbTyp 9 06nagatoT CBOMCTBOM pasnaratb KaseuH.

B cnegyowem uccneposaHun 6binv ndydeHsl MKB 1 gpoxokm B KayecTBe 3aKBACOK U
OLeHMBanu akTMBHOCTb NpOTeasbl ANS NOMyYeHUss NPOTEONUTUYECKOrO hepMeEHTa.

OcHoBHyIO Maccy KynbTyp, obnagarowmnx npoTEONUTUYECKOM aKTUBHOCTbIO COCTaBMSOT
MKB, uTo oTpaxeHo Ha gnarpamme (puc. 3).

N3 102 MKB 82 (80,4+3,9%) KynbTypbl NM3MPYIOT Ka3enH monoka. Lindpel ot 1 go 10,6 mm.
49 kynbTyp UMEKT nokasaTenb NPOTEOoNNTUYECKON akTUBHOCTU Gonee 5 mm. Hanbonee Bbicokue
nokasartenun MMetoT KynbTypbl nakrodaumnn LB46 — 9,5 mm, L73 — 10,6 mm, L96 — 9 mm, 11LR — 9
MM, 12LR — 10 mm, LK14 — 10,3. ECTb KynbTypbl U3 GUOTOMNOB YenoBeka U MOMOYHbIX MPOAYKTOB.
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PI/IcyHOK 3 - PGSyJ'IbTaT ncecriegoBaHuA I'IpOTGOJ'IVITI/NGCKOVI aKTMBHOCTU

M3 133 kynbTyp ApOoxeKen BCcero 6 kynbTyp obnagatoT CnocoGHOCTBIO K NpoTeonnay. poxoku
e Janv nonoXxuTenbHbIn pedynbTar B 6 cnyyvasx (4,5+£1,8%), ns Hux 5 kynetyp (C123, C141, C161,
C194, C237), BblaeneHHble U3 MOSIOYHOKUCTIBIX NPOAYKTOB AOMAaLLHEro npurotosneHus, 1 (DK29) —
3aBofcKoro npurotoeneHus. Nokasatenb nporteonu3a konebnetca B npegenax 1-4,6 mm. OTu
OaHHble ONATb CBUAETENbCTBYIOT O TOM, YTO OPOXCKM MEHee aKTMBHbl B Ka4ecTBe MpoAyLEeHTOB
NPOTEONIUTUYECKNX (DEPMEHTOB.

OcHoBHass macca KynbTyp MWKPOOPraHM3mMOB WMEKT CNOCOBHOCTb pasnaraTb KasewH,
oonbwun npoueHT coctaBnaT MKB, nostomy oHM aBnAOTCSA Hamboree akTyanbHbIMU Npwu
BblAEeSIeHUN NPOTEONTIUTUYECKOTO (hepMeEHTa, YTO NOATBEPXKAEHO MHOTMMU HayYHbIMW AaHHbIMU.

Taknm o0pasom, 3HaHMe o npoTteonuTudeckon aktuBHoctTM MKB wmeeT pewatolwee
3HavyeHMe npu noabope 3akBaCOYHbIX KynbTyp, MNPOTEONIUTUYECKUX W ApPYrux 6akTepuiHbIX
npenapartoB. Bbicokas npoTteonutnyeckasl akTMBHOCTb LWUTaMMa MUKPOOPraHM3MOB B COMETaHUM C
aHTaAroHUCTUYECKONW AaKTMBHOCTLIO YBENUYMBAET BO3MOXHOCTb MPUMEHEHUS WX B MNULLEBOW,
nepepabaTbiBaloLLEN NPOMbILLIIEHHOCTH, XXMBOTHOBOACTBE U MeaULMHE.
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MUKPOOPIrAHU3MAEPAIH PEPMEHTTEPI. CYTKbILUKbIJIbl BAKTEPUAJIAPbIHbIH
NMPOTEA3AJIAPDLI

Kymbic mukpoopeaHusmdepdiH chepmeHmmepiHe apHasnrad. byn wony makanacbiHOa
MUKpobmbiKk chepmeHmmepOiH curnammamarnapel, onapdbiH apmypni napamempnep 6olbiHWwa
Knaccugukayusicel kenmipinedi. MukpoopzaHuamoep hepmeHmmepiHiH adam eMipiHiH spmyprii
cananapbiHOa peri Kapacmebipbiiadel. PepmeHmmep MUKpoopaaHusmOepdiH 6GUOXUMUSIIbIK
npouecmepiHe onapdblH Kopfrarybl, Kebewi xeHe ecyi ywiH Kambicadbl. ®epmeHmMmepdiH
npodyueHmmepi bakmepusinapObiH, Muyenuandbl caHblpayKyrnakmapbiHbiH, aKmuHOMUyemmepiH
JKOHe  aWbImKblnapOblH  8pmypsi  MakCoHOMUS/IbIK — monmapel  6osnbin  mabbinadsl.
Fuéponumukanelk epmeHmmep cunammarsFraH. ©Op mypni npouecmepae, COHbIH iWiHOe
MUKpOOp2aHU3Moep KambICbiHOa XypemiH rfpoyecmepae KambicambiH 2UdpOoniumuKarsbiK
rnpomeasa epMeHMIHIH MaHbI30bibifbl  awbinadesl. [lpomeonumukaneiKk ¢epmeHmmepoiH
npodyueHmmepi - Bacillus, Lactobacillus, Streptococcus, Micrococcus, Pseudomonas mybICbIHbIH
6akmepusinapsbl, Aspergillus, Penicillium, Blakeslea mykbimOachkiHbIH CaHblpayKyrnakmaphbl, XoHe
Streptomyces, Actinomyces mybiCbiHbIH akmuHomuuemmep 60sbin mabbinadsl. Cym KbIWKbIbI
bakmepusinapbiHa epekuie KeHin beniHedi. [lpomeasaHbl 6BUOMEXHOIO_USILIK OHEPKaCINmMe, amari
alimkaHOa npenapammapObl, cmapmeprik 0akbindapdbl, 6uokocnanapdbl XoeHe Kaxemmi
Kacuemmepi 6ap ¢yHKUUOHandbl mamak eHiMOepiH a3iprey ywiH KondaHydbiH MaHbI30arbifbl
KepcemineeH. Makanada MeH XoHe MeHIH opinmecmepiM arnfaH MUKpoopaaHu3moep
OaKbindapbiHbIH npomeosiumukanslk bernceHdinieiHiH 3epmmeydiH Hemuxxernepi aumabisiFaH.
3epmmey obbekminepi maskwanap, awbimKbiiap, caHblpayKynakmap XoHe cym KblWKbiidbl
bakmepusinapbsl 60n10b1. [Npomeonumukarnbik 6esceHOIniKmi ywiH in vitro edicmep, eeHemukarbik,
Xxpomamoezpausinibik xoHe backa adicmep KondaHbinaosl.

TyliH ce30ep: epmeHmmep, gepmeHmamusmi 6esiceHOINiK, Knaccugukauusl,
rnpomeasa, cym KblWkKbiibl 6akmepusinapbl, npobuomukmep, bUOMeXHOI02USbIK ©HEPKCIT.
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ENZYMES OF MICROORGANISMS. PROTEASES OF LACTIC ACID BACTERIAS

The work is devoted to the enzymes of microorganisms. This review article presents the
characteristics of microbial enzymes, their classifications according to various parameters. The study
examines the role of microbial enzymes in various areas of human life. Enzymes are involved in the
biochemical processes of microorganisms for their protection, reproduction, and growth. Enzyme
producers are various taxonomic groups of bacteria, filamentous fungi, actinomycetes and yeasts.
The article describes hydrolytic enzymes, reveals the importance of the protease enzyme involved
in various processes with microorganisms. The main producers of proteolytic enzymes are bacteria
of the genus Bacillus, Lactobacillus, Streptococcus, Micrococcus, Pseudomonas, fungi of the genus
Aspergillus, Penicillium, Blakeslea, actynomicetes of the genus Streptomyces, Actinomyces.
Particular attention is paid to lactic acid bacteria. The significance of the use of protease in the
biotechnological industry, in particular, for the development of preparations, starter cultures,
bioadditives, and functional food products with desired properties, is shown. The article mentions
the results of a study of the proteolytic activity of cultures of microorganisms, obtained by me and
my colleagues. The objects of study were bacilli, yeast, fungi and lactic acid bacteria.To assess
proteolytic activity, in vitro methods, chromatographic and other methods are used.

Key words: enzymes, enzymatic activity, classification, protease, lactic acid bacteria,
probiotics, biotech industry.
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HYBRID INFORMATION SYSTEMS MODELING TECHNOLOGY FOR BUSINESS PROCESS
ANALYSIS BASED ON THE INTERNET OF THINGS

Abstract: This article examines the impact of Internet of Things (I0oT) data integration and
hybrid information systems modeling on business process analysis. The study aims to confirm the
assumption that such integration increases the accuracy and efficiency of the analysis.

The review part emphasizes the importance of analyzing business processes for successful
existence in a rapidly changing and competitive business environment. The main focus is on the use
of loT and modeling of information systems to improve the productivity of the organization.

The methodological part describes the research approach: collection and analysis of
empirical data in comparison with scientific literature. The integration of real-time IoT data with
information systems modeling is the basis of the research approach.

The results of the work confirm the initial assumption, revealing the significant impact of the
integration of 0T data and modeling of information systems on the analysis of business processes.
This allows organizations to achieve greater operational efficiency, optimize resources and make
informed decisions.

The practical value of the hybrid approach is emphasized for organizations wishing to
improve the analysis of their business processes. Integration of IoT and modeling of information
systems helps to optimize processes and increase overall productivity.

The work confirms the importance and usefulness of using a hybrid approach in the analysis
of business processes based on loT, highlighting the advantages of integrating loT data and
modeling information systems. The hybrid approach has the potential to improve business processes
and achieve success in today's competitive environment.

Key words: Hybrid information systems modeling, Business process analysis, Internet of
Things (loT), Data integration, Operational efficiency, Resource allocation, Real-time insights,
Decision-making, Organizational performance, Process optimization.

Introduction

In recent years, the Internet of Things (loT) has transformed businesses by providing new
ways to collect, analyze and automate data. Integrating loT into business processes helps
organizations improve operational efficiency, decision-making processes, and resource
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management. For the full use of 10T in business process analysis, it is important to apply effective
modeling methods that take into account the complexity of 10T data and systems. This study is
devoted to the creation and application of a method of modeling hybrid information systems for the
analysis of business processes using 10T [1].

The purpose of the study: to develop new methods of modeling hybrid information systems
using modern digital technologies with an emphasis on the impact of the Internet of Things on
automation and business efficiency.

Object of research: Business processes of data analysis and processing.

Subject of research: Information systems for automation of business processes.

Novelty: The proposed study of hybrid information systems modeling technology for
business process analysis based on the Internet of Things (loT) makes several new contributions to
this field.

Several studies have highlighted the importance of combining traditional information systems
modeling and IoT data analysis for a comprehensive analysis of business processes. Various papers
have examined the potential of hybrid modeling methods to account for dynamics and
interconnections in loT-supported business processes.

Chan H.S. And et al. emphasize the advantages of hybrid modeling for the analysis and
optimization of business processes using 0T, demonstrating its effectiveness on the example of
industry [2].

Bucherer et al. propose a hybrid modeling methodology for analyzing business processes,
including 10T data [3]. They focus on integrating 10T into traditional modeling methods for real-time
data collection and analysis, especially in the field of supply chain management. Westerlund et al.
explore the benefits of hybrid modeling in retail, showing how a combination of modeling techniques
and loT data analytics can improve customer satisfaction and sales efficiency [4].

The main problem of this research is the creation of an effective methodology that would
combine the advantages of traditional modeling of information systems and loT data analysis for the
analysis and optimization of business processes. This problem is becoming more and more urgent
as organizations are actively implementing loT technologies, which in turn entails a growing demand
for effective modeling methods that can cope with the complexity of loT-supported processes and
allocate useful information for decision-making.

The purpose of this work is to create and describe a method for modeling hybrid information
systems to simplify the analysis of business processes based on the Internet of Things. Combining
process modeling techniques and loT data analysis, this approach seeks to fully comprehend
complex, connected business processes and identify opportunities for their improvement and
optimization.

The research is based on the hypothesis that the hybrid information systems modeling
method will improve the analysis, performance optimization and decision-making process in loT-
based business processes. To test this hypothesis, a mixture of a review of scientific literature, case
studies and empirical analysis will be used. The results and conclusions of other studies in this area
will be used to improve the proposed hybrid modeling method.

In general, this work seeks to satisfy the need for a reliable method of analyzing business
processes based on IoT. By modeling hybrid information systems, organizations will be able to
maximize the potential of data and 10T systems to optimize processes, gain competitive advantages
and stimulate innovation. In the following sections of this work, the methodology, analysis and
conclusions will be considered, which reveal the practical significance of the study and its
contribution to the analysis of business processes and the integration of 10T.

Methodology

The chapter "Methodology" describes in detail the process of researching the use of hybrid
information systems modeling in the analysis of business processes based on IoT [5]. We explain
the choice of materials, data sources and techniques that help us achieve research goals and test
hypotheses [6].

We use a mixed method that combines qualitative and quantitative approaches [7]. This
makes it possible to comprehensively consider the topic, conducting both subjective and objective
analysis of the hybrid approach to business processes [8].

Figure 1 presents a flowchart that represents the key stages of the research process, moving
from the selection of a case study to data collection, then to analysis, validation, and finally to the
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consideration of ethical principles. Such a systematic approach allows for a comprehensive and
ethical study of the research topic.
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-
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Figure 1

Selection of case studies:

A targeted sampling method helps us to select suitable case studies from different fields [9].
The selection criteria include the use of 10T, the availability of technological information and a variety
of business processes. The selected case studies cover a variety of organizations to summarize the
results obtained [10].

Data collection:

a. Primary data: Primary data is collected through interviews, observations and surveys [11].
Interviews are conducted with key participants of selected studies to understand their experience of
using hybrid information systems and their impact on business processes [12]. Observations help to
understand how IoT devices are used and how they integrate with the modeling of information
systems [13]. Surveys are used to collect statistical data on the performance of processes and the
effectiveness of the hybrid approach [14].

b. Secondary data: Secondary data, including literature, scientific papers and industry
reports, are collected to provide a theoretical context for the study [15].

Data processing:

A combination of qualitative and quantitative methods is used to process the collected data
[16]:

a. Qualitative analysis: Information from interviews and observations is encoded and subject
to thematic analysis [17]. The process includes the identification of trends, recurring topics and key
ideas related to the use of IoT and modeling of information systems in business analysis [18].

b. Quantitative analysis: Data from questionnaires are processed using statistical software
[19]. Descriptive statistical indicators, such as averages, standard deviations and frequencies, are
used for the summary interpretation of data. Correlation or regression analysis can be carried out to
study the relationships between variables and test hypotheses [20].

Confirmation of authenticity:

The following measures are taken to confirm the reliability of the results [21]:

a. Triangulation: the use of various data sources, such as interviews, observations and
surveys, increases the reliability of conclusions [22].

b. Expert review: The results of the analysis are evaluated by experts in the field to receive
feedback and guarantee the accuracy of interpretations [23].

c. Verification by participants: Study participants have the opportunity to verify and confirm
results to ensure the accuracy and reliability of the presentation of their experience [24].

Ethical issues:

The study is conducted in accordance with ethical standards that guarantee confidentiality,
informed consent of participants and protection of their data [25]. If necessary, an ethical consent is
obtained from the relevant institutional audit council [26].

The described methodology provides a comprehensive basis for studying the use of hybrid
information systems modeling in the analysis of loT-based business processes [27]. It combines
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gualitative and guantitative methods of data collection and analysis to extract information, confirm
conclusions and contribute to knowledge in this field [28].

Results

The study provides important information about the use of hybrid information systems
modeling technology for business analysis based on the Internet of Things (IoT). Analysis of data
from various case studies has led to important conclusions about process optimization, resource
management and decision-making.

Process optimization:

Merging loT data with information systems modeling allows companies to process
information about their business processes in real time. This makes it possible to better understand
the technological cycles, identify weaknesses and improve the efficiency of the process [25]. It was
found that the use of I0oT data allowed organizations to improve processes, reduce cycle time and
increase overall productivity. Process analysis methods helped to detect variations and deviations,
allowing companies to implement targeted improvements and increase the efficiency of processes.

Resource management:

The use of 10T devices gives organizations access to a large amount of data that can be used
to optimize resource management [26]. By integrating 10T data with information modeling systems,
companies were able to obtain information about resource usage, equipment performance, and
workforce allocation. This allowed them to make resource allocation decisions based on data,
resulting in increased productivity and resource savings. It has been shown that companies have
successfully optimized the management of their resources using I0T data in combination with
simulation methods.

Decision making:

Real-time data received from 10T devices simplifies the decision-making process by providing
accurate and up-to-date information. Combining loT data with information systems modeling allows
organizations to make informed decisions based on real-time information. It was shown that
organizations were able to monitor key performance indicators, identify trends and predict future
results using loT data [27]. This contributed to an active decision-making process, allowing
organizations to quickly adapt to changing market conditions and make informed strategic choices.

So, the study confirms the significant advantages of using hybrid information systems
modeling technology to analyze loT-based business processes. The combination of loT data with
information systems modeling methods allows organizations to improve their processes, effectively
manage resources and make informed decisions based on data. Case studies confirm the positive
impact of this approach on various industries, emphasizing its practical applicability and potential for
increasing the effectiveness of organizations.

Discussion

In this part of the study, we present an analysis and interpretation of the results obtained by
using hybrid information systems modeling technology to analyze loT-based business processes.
Here we will examine the implications of these results, compare them with the current literature, and
discuss their significance in the context of broad research.

Hypothesis testing:

The results confirm the hypothesis that combining loT with information system modeling
methods improves the accuracy and efficiency of business process analysis [28]. This demonstrates
that the use of real-time IoT data in conjunction with modeling allows organizations to better
understand their processes, which leads to increased operational efficiency and improved decision-
making [29]. The proven hypothesis emphasizes the potential of the hybrid approach in the analysis
of business processes [30].

Comparison with past studies:

This study is consistent with the existing literature in the field of modeling hybrid information
systems and loT, expanding it [31]. Previous studies have focused on the advantages of 10T in
collecting real-time data for process analysis, and modeling methods have proven their ability to
understand processes and identify areas for improvement [32]. This work highlights the synergy of
these approaches, showing that their combination provides organizations with a global base for
analyzing and optimizing business processes in real time, which improves the efficiency of
operations and helps in making informed decisions [33].
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Practical implications:

The results of the study have great practical weight for organizations seeking to improve the
analysis of their business processes. By applying a hybrid approach, organizations can use data

loT for a deep understanding of their processes, identifying weaknesses and implementing
improvements [34]. Real-time loT data allows organizations to predict and fix problems, reduce cycle
times and optimize resource usage [35]. This study shows that the integration of IoT and modeling
of information systems can lead to an increase in operational efficiency, lower costs and increase
the overall productivity of the organization [36].

Challenges and limitations:

Despite the benefits of the hybrid approach identified by the study, it is necessary to take into
account the difficulties and limitations associated with its application [37]. The main difficulty is the
effective integration and processing of data arrays from loT. Organizations need to create reliable
data management systems and guarantee the security and privacy of the collected data [38].
Additionally, combining loT data with information systems requires specialized skills and knowledge,
emphasizing the importance of training programs [39]. For the successful application of the hybrid
approach, it is extremely important to solve these issues [40].

Prospects for future research:

This study opens the way for new research in the field of modeling hybrid information systems
and l1oT [41]. Subsequent research may focus on specific industry applications, the long-term impact
of the hybrid approach on organizational efficiency, and the development of a framework for
integrating loT data with advanced modeling techniques [42]. It is also important to consider the
ethical, legal and managerial aspects of using loT, which will be useful for organizations and
politicians [43].

In conclusion, the discussion highlights the importance of the research results for a deeper
understanding and use of hybrid information systems modeling technology in loT-based business
processes. The results confirm the hypothesis and have practical significance for organizations
seeking to effectively use loT for business process analysis. By highlighting problems, comparing
with current literature and suggesting directions for future research, this work expands knowledge in
this area and offers advice to organizations that want to optimize their business processes using loT
and information systems modeling.

Development prospects

The integration of the Internet of Things (IoT) with the modeling of information systems for
business process analysis is a progressive field with huge potential for future innovations. Here are
some areas where this technology can advance.

Progress in Al and machine learning:

With the increasing complexity of Al and machine learning algorithms, we can expect their
greater integration into a hybrid approach. This can lead to the creation of predictive models that can
predict shortcomings or bottlenecks in processes before they appear, improving the efficiency of the
organization.

Improving IoT devices:

As loT devices improve, they will collect more diverse data, giving a more complete
understanding of business processes. We can expect an increase in the number of autonomous loT
devices capable of making changes to processes in real time based on the data received, improving
the adaptability and efficiency of business processes.

Increased security:

With the increasing volume and sensitivity of data from loT devices, data security issues will
become even more critical. Future innovations may include improved encryption methods, more
robust authentication protocols, and improved data anonymization techniques to protect sensitive
information.

Changes in ethics and regulation:

With the expansion of the use of 10T, increased attention to ethical and regulatory issues is
expected. This may include data privacy policies, principles of informed consent when collecting data
from loT devices, and data processing rules. It will be important for organizations to monitor these
changes and meet the new requirements.
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Interdisciplinary interaction:

The merging of loT and information systems modeling opens up opportunities for cooperation
in various fields. Possible interaction between IT specialists, data processing experts and business
process specialists can lead to new innovative solutions for a hybrid approach.

Integrating the 0T into business processes offers both potential benefits and challenges. The
introduction of various models and structures, such as 10T-BPO, GSN, ITU architecture, SSN
ontology, Hydra middleware and OSH, indicates significant progress in this area. Moreover, the
ability to provide real-time data from IoT sensors to BPM tools can provide significant resource
savings and efficiency gains for organizations.

Figure 2 shows a SWOT analysis of the integration of It technology in business processes.

Strengths Opportunities n

+ Potential of 0T integration to enhance

business performance and competitiveness.

« Development of models and frameworks like

10T-BPO, GSN, ITU's architecture, SSN
Gntology, Hydra middleware, and OSH.

+ Real-time data provisioning from IoT sensors,

leading to cost savings and efficiency.

« Enhancement of business performance and

competitiveness through loT integration.
s and efficiency gains from real-time
ioning from |oT sensors to BPM tools.
tion of loT-business pracess.
integration with a low-code development
paradigm.

Weakness Threats

= Lack of modeling concepts for « Complexities in integrating
i in business heterogeneous loT systems with business
processes.
« Possible hindrance of loT integration
benefits due to lack of standardization in
loT-BPM communication

mmon architecture that
T-BPM communication.

Figure 2

The integration of 0T technologies into business processes can increase the productivity and
competitive advantage of companies. To facilitate this process, models and frameworks have been
developed, including 10T-BPO, GSM, ITU, S, Hydra and OSH. Methods for extending BPMN models
for 10T integration have also been proposed. Real-time data from 10T sensors can lead to savings
and increase the efficiency of organizations.

Despite all the advantages, the integration of 0T technologies into business processes faces
certain obstacles, including the lack of modeling concepts to represent 10T devices and the need for
a common architecture to coordinate the interaction between the IoT and BPM layers.

The emergence of a new low-code development paradigm opens up huge opportunities, but
also creates difficulties in integrating various 10T systems and business processes, which can slow
down the implementation process.

Organizations seeking to integrate loT technologies should take into account these
advantages, disadvantages, opportunities and threats. By solving problems and using available
opportunities, companies can maximize the potential of 10T to increase the competitiveness and
efficiency of their business processes.

In the perspective, the integration of 10T with the modeling of information systems for the
analysis of business processes is a promising area full of opportunities for development and
improvement. Following these trends, organizations will be able to take full advantage of this
revolutionary technology, achieving significant progress in business process analysis.

Conclusion

In this research paper, we considered the use of hybrid information systems technology to
analyze business processes using loT. The aim was to test the hypothesis of a significant
improvement in the accuracy and efficiency of business process analysis when combining loT data
with information system modeling methods. After an in-depth analysis of the data obtained and their
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comparison with the existing scientific literature, we were able to identify the advantages and
consequences of this approach.

The results confirmed our hypothesis, demonstrating the significant impact of 10T integration
and modeling of information systems on the analysis of business processes. With the use of real-
time loT data, organizations can gain a deep understanding of their processes, which contributes to
improving operational efficiency, optimizing resources and the quality of decisions made.

Our research show of great practical importance for organizations seeking to improve the
guality of analysis of their business processes. By applying a hybrid approach, companies can use
the capabilities of 10T to track processes in real time, identify changes and implement improvements.
As a result, organizations can achieve cost savings, improve operational efficiency and the quality
of decision-making, which together leads to an improvement in overall performance.

In addition, this study complements existing knowledge, emphasizing the interaction and
synergy between Internet of Things technologies and information system modeling. Earlier studies
focused on the benefits of using 10T to collect real-time data for process analysis, but this study
provides empirical evidence of the benefits of their combined use. This contributes to the progress
of the industry, demonstrating the practical value of a hybrid approach to optimizing business
processes.

The concluding observations of this study open up prospects for future research. Perhaps
further research can focus on industry-specific applications, the long-term impact of the hybrid
approach on organizational performance, as well as ethical and management issues. You can also
consider the latest modeling methods for integrating loT data and creating concepts that will help
organizations effectively apply the hybrid approach.

This study highlights the importance of hybrid modeling of information systems for the
analysis of business processes based on loT. Combining IoT data with information systems
modeling methods offers organizations a powerful tool for optimizing processes, rational use of
resources and making informed decisions. The obtained results provide practical information for
organizations, researchers and policy makers, promoting knowledge in this field. Ultimately, this
research helps to improve the efficiency and competitiveness of organizations in a rapidly changing
business environment.
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3ATTAP UHTEPHETIHE HET3AENIEH BU3HEC-NPOLIECTEP/I TANAAYFA APHAIFAH
rMBPUATI AKNAPATTBIK XXYWENEPAI MOAENBAEY TEXHOJIOMNACHI

byn makanada 3ammap uHmepHemiHiH (I0T) OepekmepiH uHmMezpauyusinay xeHe aubpudmi
AknapammeiK Xyltenepdi modenbley busHec-rpouecmepdi mandayra acepi Kapacmbipbiiadsl.
3epmmeydiH makcambil-myHOal uHmezpauuss masndayobiH 0andiai meH muimoinieiH apmmbipadbl
OezeH bomxamObl pacmay.

LLlony 6enimi me3 e3zepemiH xoHe bacekeze Kabinemmi busHec opmackiHOa mabbicmbi
emMip cypy yuwiH 6u3Hec-nipouecmepli mandayObiH MaHbI30blIbiFbIH KepcemeOi. YUbIMHbIH
OHIiMOiniaiH apmmeIpy YWIiH 3ammap UHmMepHemiH natdanaHyra xeHe aknapammbik Xyltenepdi
modenbdeyze baca Ha3zap aydapbiiadbl.

O0icmemenik benimM 3epmmey maciniH cunammadobl: fbibiMu  80ebuemmepmeH
canbicmbipraHOda amrnupukanslk 0epekmepdi XuHay xoHe marnday. 3epmmey macini Hakmbl
yakbimmarbl 3ammap UHMmMepHemiHiH JdepekmepiH Aknapammelk Xylenepdi moderibdeymeH
bipikmipyae HezizdesizeH.

XKyMmbic Hemuxxenepi uUHMepHem 3ammapbiHbiH UHMe2payusicbl MeH aknapammabiK
Xytenepdi molensdeydiH 6busHec-npoyecmepdi mandayra almapribikmal ocepiH aHbliKmad
omeipbir, 6bacmarnkbl 6omkamObl pacmaliObl. byn ylbimOapra onepauusisiibis muimOinikke Kor
XXemkisyee, pecypcmapObl oHmaluinaHobIpyra XoHe Hezais0enzeH wewimoep Kabblndayra MyMKiHOIK
bepedi.

GusHec-npouecmepdi mandaydbl XakcapmkbiCbl KesemiH YlbimOap ywiH [ubpudmik
macindiH npakmukanblK KyHObIbifbl amarn eminedi. 3ammap uHmepHemi MeH aknapammbiK
XXyuenepdi moldenbOeydi bipikmipy npouecmepdi oHmMaunaHobipyra XoHe Xasrbl ©HIMOINiKmi
apmmbipyra kemekmeceoi.

XKymbic 10T HeeiziHOezi 6usHec-npouecmepdi mandayda a2ubpudmi mocindi KondaHyoblH
MaHbI30bINbIFbl MEH naltdarbinbifbiH pacmatosl, 6yn 10T depekmepiH uHmMezpayusinay MeH
aknapammobiK Xylenepdi modenbdeydiH apmbiKWbinbiKkmapbiH Kepcemedi. [ubpudmi maecin
busHec-npouecmepdi xxakKcapmyra xoHe Kasipai bacekeze Kabinemmi opmada mabbicKa xemyee
MYMKiHOIK 6epedi.

TyliH ce3dep: 2ubpudmi AknapammsbiK Xxyltenepdi modenboey, 6usHec-rnpouecmepdi
manday, 3ammap uHmepHemi (loT), Oepekmepdi 6ipikmipy, onepayusnblK muimMOIniK,
pecypcmapdbl berny, Hakmbl yakbimmarbl aHanumuka, wewim Kabbinday, yUbIMHbIH muimoiniai,
npouecmepdi oHmauinaHobIpy.
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Astana IT University,
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TEXHONOInA MOAENNPOBAHUA TMBPUOHBLIX UHOOPMALIMOHHBIX CUCTEM ANA
AHANN3A BU3HEC-NPOLECCOB HA OCHOBE UHTEPHETA BELLEU

B daHHOU cmambe paccmampusaemcs enusiHue uHmezpayuu 0aHHbIx MIHmepHema sewieli
(IoT) u modenuposaHusi 2ubpPUOHbIX UHEOPMaUUOHHbLIX cucmeMm Ha aHanu3 Gu3Hec-rpoyeccos.
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Llenbio uccriedosaHusi sernsemcs rnodmeepxxoeHue rpeodrosioKeHUs O MmMOoM, 4Ymo makas
UHMezpayus rnosbituaem moYyHOCMb U 3¢hgheKmueHOCMb aHarsnusa.

B o0630pHOl 4acmu rnodyepkugaemcsi BaxkHocmb aHanu3a O6u3Hec-rnpouyeccos Ors
ycrnewHoz2o cyuecmeogaHusi 8 bbicmpo MeHswelcs U KOHKypeHmHoul busHec-cpede. OcHogHoe
B8HUMaHUe yOerisiemcs UCrosb308aHuU0 IHmepHema seuwell u Modesiupo8aHUro UHQOPMaUUOHHbIX
cucmem 07151 MO8bIUIEHUST MPOU380OUMENIbHOCMU Op2aHuU3ayuu.

Memodornoauyeckass Yyacme ornuckleaem uccriedosamernbckuli nodxod: cbop u aHanus
amnupuyYeckux daHHbIX 8 cpasHeHUU C Hay4YHou niumepamypol. B ocHose uccriedosameribCKo20
nodxoda nexum uHmMeespauuss OaHHbIX VIHMepHema eewel 8 peaslbHOM 8PeMeHU C
modenuposaHuem UHEopMayUOHHbBIX CUCMEM.

Pesynbmamebl pabombsl nodmeepxdarom rnepeoHadanbHoe npedroniox)eHue, 8biseriss
3HayumesnbHoe enusHuUe uHmeapauuu OaHHbIX VIHmepHema eewel U MOOenuUpPosaHusi
UHGbOPMaUUOHHbIX cucmeM Ha aHanu3 6usHec-npoyeccos. Omo [10380/55em opaaHu3ayusim
docmuzamb  bonbwell onepayuoHHoU athhekmueHOCMU, ONMUMU3UPOBamb pPecypcbl U
rpuHuUMame 060CHOBaHHbIE PELUEHUS].

lNodyepkusaemcsi npakmu4yeckasi UeHHOCMb 2ubpudHo2o nodxoda Ornisi opaaHu3auyud,
Xenarwux yrnyduwums aHanu3 ceoux busHec-ripoueccos. MIHmeezpayusi MiHmepHema eeuweli u
ModesnuposaHusi UHGhOPpMaUUOHHbIX cUCMeM roMo2aem onmumMu3upos8ams rpouUecchl U nogbiCumsb
obuwyro npou3sodumeribHOCMb.

Paboma nodmeepxxOaem 8axkHOCMb U 0S1I€3HOCMb UCIMO0/b308aHUs1 2UubpudHo20 nodxoda
npu aHanu3e bu3Hec-rpoyeccos8 Ha ocHoee MIHmepHema sewiel, nodyYepkusasi rnpeumyujecmsa
UHmMeepauuu OaHHbIX WMHmMepHema eeuwel U MOOenuposaHusi UHPOPMAaUUOHHbIX CUCMEM.
TubpudHsbIt nodxod obnadaem riomeHyuanom 08 yrydweHus busHec-rpoueccos U 0oCMUKeHUs
ycriexa 8 cospeMeHHOU KOHKypeHmHoU cpede.

Knrodyeeble crnioea: modeniupogaHue 2ubpulHbIX UHQOPMAUUOHHbLIX CUCMEM, aHasu3
busHec-npoueccos, WHmepHem egewel (l0T), WHmMeepauus OaHHbIX, oOfnepayuoHHas
agbgpekmusHocmb, PacripedeneHue pecypcos, aHaiumuka 8 peaslbHOM 8PEeMEeHU, MPpUuHamue
peweHul, 3ghghekmusHOCMb opaaHu3auyuu, onmumu3ayusi nPoUeccos.
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OPI'AHUKAIbIK PEHKWH LIUKNIHIH XK¥MbIC OEHECIH TAHOAY XXOHE OHbIH
EPEKLUENIKTEPIH 3EPTTEY

AHOamna: Makanada opeaHuKarbiK PeHKUH UUKIiHIH KondaHbliybl Kapacmbipbliaobl,
coHOali-aK OHbl Xy3e2e acbipambiH KOHObIPFblIapObiH XYMbIC OeHeciH OypbiC maHdayra Hasap
aydapsbinadsbil.

Xannbinama KolblriFaH MiHOemmepOdi wewy YWiH XymbiC OeHeciH maHOay opaaHUKarsiblK
PeHKuH yukniHiH icke acbipy muimOinieiHiH alkbiHOaywbl Heeidai wapmbi 6onbin mabbinadsbl.
CoHbiMeH Kamap, makanada uukride KosndaHblrambiH XYMbIC OeHENepi XoHe XyMbiCc OeHernepiHe
KolblnamelH mananmap myXxbipbiMoanobl.OpaaHukarnbiK PeHKUH yukniiHde KosidaHblnamaeiH
XKymbIC OeHernepiHiH Kacuemmepi 3epmmenin, Yukndi4 muimOi XyMbiC icmeyiHe acep ememiH
Heei3ai ghakmopsiap amarn emindi. >Kymbic CylbIKmbIKmapbIHbIH He2i3ai Kacuemmepi xoHe on1apobl
cymeH canbicmbipy kenmipindi. CoHdal-aK, Xymbic OeHeciH oHmadlsnbl maHday KesiHoe
opeaHukanbiKk PeHKUH UukmiH kKondaHyObiH muimOiniai MeH OHbIH epeKwernikmepi 3epmmenin,
xannel yuknze SWOT — manday xypaizindi.

Makanada 3epmmey HomuxXenepi XoHe Xblly JHepaemukacbiHOarbl PeHKUHHIH
OopeaHuKkanblK YUKl ywiH Xxymbic OeHeciH maHOay 6oUlbiHWa YCbiHbICmap Kepceminoi.
3epmmeynep kepcemkeHOel, XyMmbic OeHecCiH maHOay memnepamypa xardalnapbl, Kaxemmi
muimOinik 0eHeeli, KopwaraH opma acep emyi, Kon xxemimOiK, Kayinci30ik xeHe marbl 0a backa
bipkamap chakmopnapra b6alinaHbicmbl. KapacmebipbinFad manimem 6eneini 6ip KOHObIPFbI YWiH
OHmalnbl wewimdi maHdaraHda Xbily aHepaemuKkachkl canacbiHOarbl MamaHOap ywiH nadtdasbsi
60171yl MYMKIH.

TyliH ce30ep: opaaHuKarnblK PEHKUH UUKHI, )XYMbIC OeHeci, ceomepmMarnobik ke30ep, memMeH
rnnomeHuuandbl 3Hepausl, U303HMPONUSIbIK CYUbIKmbIKmap, cankbiHoamkbiwmap, Uukn muimainiai,
SWOT — manday.

Kipicne

ornemMmae 3SHeprusiHibl TYTbIHY Xbl1 CablH apTbin Keneai, OHblH eaayip Geniri kemipcyTek
OTbIHAAPbIH XaFy apKbifbl XXeHe SAPONblK peakunanapablH HOTWXECIHAE anblHFaH Xblly SHEPrUACHI
6onbin Tabbinagbl. CoHbIMEH KaTap, 6acka TeMeH noTeHuMangbl Xbliy SHEPruACbiHbIH, ke3gepi 6ap.
OKiHiLLKe opau, Xblfly 3HEpPruscbiHbIH eaayip Geniri eTe TWiMCI3 navpanaHbinagel, kebiHece
KopwaraH opTara Tapanagpbl. COHfbl yakbITTa XaHy eHIMAEpIMEH XaHe canKbliHAATKbILWNeH Gipre
KOpLUaFaH opTara ken MerwepAe LWbiFapbinaTblH TOMEH NoTeHuManabl 3HeprusHel kaHaan aa 6ip
XKONMEeH nanganaHy yLiH Ken Ky Xymcangbl. TeMeH noTeHumanabl SHeprusiHbl nangara xapaty
ywiH Ganamanbl XyMmbiC OeHenepi 6ap PeHkuH uuMKkni Kongadbinagbl, MyHOa a4eTTe KawuHay
TemnepaTtypacbl CyFa kapafaHda TeMeH opraHukanblK 3atTap nanganaHbinagbl. Ocbl xafganfFa
BannaHbICTbl PEHKMH LUMKNIH TOMEH TemnepaTtypaza xy3ere acblpy MyMKiHAr nanga 6onagpl.

XKannbl opraHukanelk PeHKUH Lukni — Xbiny 6epy xoHe aHeprusa any YLWiH CyAblH OpHbIHA
OpraHuKasnbIK XXyMbIC CYMbIKTbIKTapbIH NaaanaHaTbiH Xbiy UMk 6onbin Tabbinagbl. byn yukngpl
KongaHy KenTereH apTbiKWbINbIKTapFa KON KeTkidyre MyMKiHAIK 6epeni. ATan antkaHaa,
aTMocdepara 3UsHAbI WbiFapblHAbIIapAbl a3anTyra MyMKiHAIK 6epeai, BNTKeHi opraHuKarbIk )XyMbIC
CYMbIKTbIKTapbl TYTKbIPSbIFbl TOMEH XOHEe TOMEH TemnepaTtypaga >XXyMbiC icTen anaabl, 6yn rasgpl
xoHe 6acka goa 6acTtankbl 3Heprnsi pecypcrapbiH TyTbiHyAbl a3anTagbl. CoHbIMeH Gipre, MyHaa
opraHuKarnbIK XyMbIC CyMbIKTbIKTapbl Xofapbl TeMnepatypaga 6acka 3aTTrapMeH apekeTTecnenii,
Oyn ababIKTbIH KbI3MET eTy Mep3iMiH y3apTyFa MyMKiHAIrH 6epegai.
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KanTtanama Xblny aHepropecypctapbiH NanganaHy npouecTepiHae opraHukanblk PeHkuH
LMKITIH KondaHy nepcrnekTnBachl Xofapbl Mosiekynanblk canmMarbl 6ap CyMbIKTbIKTbI XXYMbIC AEHECI
peTiHOe nanganaHyfa Herisgeneni, OWTKEHI OCbl TepMOoAUHaMUKanblK LWKNGIH  pexumaik
napameTprepi Xblfy 3HEPrNACbIHbIH TOMEH NOTeHUManabl Ke3aepiHiH TemnepaTypachl MEH KbiCbIMbl
AnanasoHblHAA XXYMbIC acayFa MyMKiHAIK 6epegi. MyHOan )xymbiC AeHeCiH nanganaHy, PEHKUHHIH,
Oy UMKITIHEH anblpMaLUbIfbIFbl, KE3-KEMNTEH XXYMbIC XafdanbiHaa binFan Ty3becteH OyabiH keHetloiHe
keningik 6epeai xxeHe anHany XbiNgaMablfbl TOMEH YIKeH XabablKTbl KOHABIPFbI XXacayFa MyMKIHAIK
Gepegi [1].

Ken »afpganga nepcnekTUBTI KYMbIC AEHenepiHiH cunatramanapbiH CcanbICTbipy  YLiH
UMKNAiH, TepMoauHaMuKanblk Mogeni KongaHbinagbl. byn xarganga canbICThlpyAdblH  Heriari
KpuTepuii kebiHece XXyMbIC AeHenepiHiH PU3nka-xMMUANbIK KacueTTepiHe anTaprbikTanm tayengi
LMKIAIH, Kby TMimainiri 6onein Tabbinagsl. OpraHvkanbik PEHKMH LMKNIH XXy3ere acblpy WapTbl cyfFa
KapafaHga kalHay TemnepaTtypacbl TOMEH XYMbIC AeHeCiH nanganaHy 6onbin Tabbinagpl. XKymbic
OEHenepiHiH, KarHaybl canbiCTbipMmanbl Typae TeMeH TemnepaTypaga xypegi, Oyn TemeH
noTeHuunanabl SHeEpPrusiHbl Nanganadyra MyMKiHAiK 6epeai.

eoTepmangpblk Ke3gepmeH opraHukanblk PeHKWMH UMKIIH narnganaHy cxemachl Xui Xysere
acblpblnagbl. FeoTepmanblk ke3gepaid cy Temnepatypachl 6ipHelwwe oHaaraH rpagyctan 300 °C-ka
OeniH esrepedi. ©peTtTe, reotepmanablk KesfiH XbiNyblH NanganaHy TeMeHri TemnepaTypa
wekapacol kem gerenge 80 °C 6onybl kepek [2].

OpraHukanblk PeHKMH UuKIni HeridiHaeri anekTp cTaHuManapbiHbIH XXYMbICbIHbIH TUiMAiniriHe
opraHukanblk 3aTTapfFa HerisgenreH XXyMbIC CYMbIKTbIFbIH TaHgay auTaprblKkTan acep eTeai.

Makanaga opraHukanblk PEHKWUH LIMKIiHIH XXYMbIC eHECIHE KOMbINaTbIH HEeri3ri Tanantap MeH
XYMbIC AEHECIHIH kacueTTepi 3epTTtenai.lUnknaiH Tnimainirive 3atTbiH KaHaam kacueTTepi kebipek
acep eTeTiHiH GipxakTbl anTy KumblH. OpraHukanblk PeHKUH LMKNiHAE KYMbIC OEHECIH OHTannbl
TaHgay OyKin XXyMeHiH TMiMai XXyMbIC icTeyYiHiH Heriari dpakTopbl 6onbin Tabbinagel. On yuwiH GipkaTtap
dakTopnapabl ECKEPY KaXKeT, Mblcarbl:

— XXYMbIC AEHECIHIH KacneTTepi xaHe hn3nka-xuMnanslk cunatraMmanapsi;

— KYMbIC JEHECIH eHAipicTe any MyMKiHAIri;

— XKYMbIC JEHECIHIH KYHbl XX8HEe KOn XeTimMAainiri;

— TemnepaTypa MeH KbICbIMHbIH XXYMbIC ANanasoHbl;

— HaKTbl NanganaHy wapTtTapbiHa 6arnaHbiCTl 6acka aa napametpnep[3].

XKymbIiC OeHeciH TaHgaygafbl MaHpI3Abl LWAPT — OHbIH, TEPMUANbLIK TYPaKTbIMbIFbl, SFHA
XOfFapbl TemnepaTtypa MeH KbiCbiMAa ©3 KacueTTepiH cakrtay MyMkiHgiri. CoHaan-ak, XymbiC
OEHECIHIH MHepPTTINIri, AFHM OHbIH >XYMbIC NpoueciHae 6acka 3aTTapMeH peakTUBTINIr MaHbI3abl
dakTop 6onbIin Tabbinagbl.

Opranukanblk PeHkuH uukniHae KonaaHyFa OGonaTblH XXYMbIC OeHenepiHiH apacbiHAaa
MblHanapabl atan etyre 6onagbl:

— CUMMKOOpPraHuKanblk CyMbIKTbIKTap (Mbicanbl, LUWKNOMETU — CWAWKOH, AUMEeTUn -—
CWIMMKOH);

— (pTopnaHfaH kemipcyTekTep (Mbicanbl, TopnaHfFaH MeTaH, (hTopriaHFaH aTaH);

— opraHuKarblK kemipcyTektep (Mblcanbl, 3TaHon, 6yTaHon, onapabiH, ndomepnepi) [4].

TyTactan anfaHga, opraHukanblk PEeHKUH LMK YLWiH XXYMbIC A€HECiH TaHdafFaH4a Herisri
KacneTTep MeH Tanantapabl ECKepy KaxeT.

XKymbIc geHenepiHe KonbINaTblH TananTap 1 kectene KepceTinreH.

3epTTey aaicTepi XXaHe maTepuangap

OpraHuKanbIK )XyMbIC CyMbIKTbIKTApPb YLUIH KAHbIFY KUCbIFbIHbIH kerbeyi oH (M30neHTaH), Tepic
(R22) Hemece Tik (R11) 6onybl MyMKiH. Byn CyMbIKTbIKTap COMKECIHLLE «bINFany, «Kypfak» XoHe
«U303HTPONUANBIK» CYMbIKTbIKTAp Aen artanagbl. blnfFan cymbiKTblKTap (Cy) a4eTTe anekTp
9HEPrusACbIH OHAIPY YLWIiH Kbi3biN KeTyi Kepek. Kypfak Hemece M303HTponuKanblk TunTeri 6acka
OopraHukanblk CyMbIKTbIKTAp KbI3biN KETYAi KaxeT eTnengi. PEHKMHHIH, opraHMKkanbik LMKNgapbl MeH
onapiblH XYMbIC CyMbIKTbIKTapblHAA KenTereH 3epTtTreynep Xypridingi. XymbIC CyMbIKTbIKTapbl
peTiHae 6eH3on, ammnak, R11, R12, R134a xoaHe R113 kemerimeH opraHukanblk PEHKUH LMKMiHIH
Tuvimainiri aeptrengi [5].
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Kecte 1 — OpraHukanblk PEHKWH LMKNiHOE KONgaHbINaTbIH XYMbIC eHenepiHiH, Tanantapsbl
EepinreH XYMbIC Temnepatypacbl AOMana3OoHbl VLLIiH LI,I/IKJ'I,EI,iI-I, HaKTbl
XyMbICbl Makcumangbl 6onybl kepek. 2KymbIC AeHenepiHiH 6ynaHy Xbinybl

XXyMbic geHeciHiH 6ynaHny

XblNybl L
MYMKiHAIrHLWeE Xofapbl 60NFaHbI KeH.
Cyiblk eHe Oy asanapblHblH, TOMEH TYTKbIPMbIfbl TOMEH YMKenic
TyYTKbIPNbIK WbIFbIHAAPBIH »XaHe >Xofapbl Xbiny 6epy KoadduuMeHTIH kKamTamMmachIi3
ETYi Kepek.
Kymbic OeHenepiHiH XOfFapbl Kby OTKI3riLTiri XKblny
XKbinyeTkisriwTik anmacTbipfbilUTapga TMiMai Kel3gblpy MEH cankblHAaTyabl KamTamachl3
eTeqi.
PeHKMH UmMKMiHAEri XyMbIC OeHenepiHiH KaHblkkaH Oy KbICbIMbl ThiM
BY KbICbIMbI KOFapbl HeEMece TbiM TeMeH OonmMaybl Kepek, auTrnece BaKyyMAbl Kypy

XoHe Kybblpnap MeH apmaTtypanapablH 6epikTiri MeH repmeTuKanbifFbiH
KaMmTamachI3 eTy kesiHae npobrnemanap TyblHAAYbl MYMKIH.

XKymbIC geHeciHe KombinaTblH MaHbI3abl Tanan xofapbl Temnepatypaja
TEPMUANbIK TYpakTbiNblKk 6onbin Tabbinagbl. OKiHiWKe opan, kenTtereH
OpraHuKanblK KOCbINbICTAp KbI3AbIPY Ke3iHAEe XUMUANbIK e3repictepre
yLiblpangbl XXeHe onapablH, KacneTTepi ae esrepegi.

3aT )XyMbIC TeMNepaTypacbiHbIH Daprbik Anana3oHbiHAA KaTbin KanMaybl
Temnepatypa kepek. COHAOBIKTAH >XYMbIC AEHECIHIH YLWTIK HYKTECI LMKNAiH eH TOMEHT i
TemnepaTypacblHaH ToMeH 60nybl Kepek.

XKymbIC OeHeci ynbl XoHe XaHfblll GonMaybl KepeK, OHbIH KopluaraH
opTafa LbIfybl NacTaHyabl TyablpMaybl KEPEK.

YKymbIC OeHeciHiH ap3aH oHe Kon eTiMai GonfaHbl >xeH. OcbifaH
OalnaHbICTbl, TOHA3bITKbIL ©HepkacibiHae KongaHbinaTtblH 3aTTap
opraHukanblk PeHKUH UMKIiHAEr >XYMbIC OEHecCi YLWiH akcbl 6onbin
Tabblnagbl.

TepMuanbIK TYPaKTbINbIK

YKaHFbIWTBLIK

Kon xeTtimginik

OcblaH M303HTPONUANBIK CYMbIKTBIKTap TOMEH TeMmnepaTtyparnb! Kangblk XKblyabl kannbiHa
KENTipyre eH, Konamnbl ekeHiH TyciHyre 6onagbl. COHbIMEH KaTap, OpraHukanblk PEHKUH LMKITiHOETi
XynenepiHgeri opTypni  CyMbIKTbIKTapfa KenTereH 3epTreynep kyprizingi. >Kannbl XymbiC
CYMbIKTBIFbIH  TaHday YWiH OipHewe KpuUTepUNnepai eckepy KakeT: KopllafaH oOpTaHbIH
TYPaKTbifbifbl, O30H KabaTblHblH CapKblly MOTEeHuuansl, fanamablK XbifblHY MOTEHUnan.l,
Kayincisgik (»kaH6anTbIH, ynbl eMec XaHe arpeccuBTi eMec), KasaHOblKTaFbl Oy KbICbIMbl, CbIHU
Temnepartypa XaHe bICTbIkka Te3iMAINIK.

OpraHukanblk PeHKMH uukniHOe KondaHbiaTblH €H Kern TapanfaH XYMbIC aeHenepi —
TOHAa3bITKbIW ©HepkocibiHae KongaHbaTblH cankbiHOaTkpiwTap: R134a, R-245fa xoHe T.6.,
COHbIMEH KaTap MEeHTaH, rekcaH >xaHe Kenbip opraHukanblk KpemHuinep kongadbinagpl [6]. byn
XYMbIC [eHenepiHiH TepMoauHamukanblk kacuettepi Oip-6ipiHeH ge, cy MeH cy OyblHbIH,
KacueTTepiHeH e anTapnbiKTan epekleneHeai.

3epTTey HaTUXenepi

Makanaga, opraHvkanblk PeHKMH UWMKNiHIH TuiMginirii Tangay ywidH apTypni XXyMbIC
CYMbIKTbIFbI TaHOanNAbl. 2-Kkectefe TanganfaH XYMbIC CYMbIKTbIKTapbIHbIH, HETi3r KacueTTepi XoHe
onapAbl CyMeH carnbICTbIpy KenTipinreH.

Kecte 2 — OPU-ge kongaHbinatblH KeWOIp opraHukanblk 3aTTapiblH, KACUEeTTEpi XKaHe
onapdbl CYMEH canbICTbIpy

o (]

Teneei | ©oPwymack | tpC | pwoap | g | Ao BN
Cy H-0 373.9 220.6 100 2257.5
R245fa CsHsFs 154.1 36.4 14.8 195.6
R134a CF3CHaF 101.1 40.6 -26.1 217.2
R22 CHCIF> 96.2 49.9 -40.81 233.9
N -neHTaH CsHi2 196.6 33.7 36.2 361.8
MM CesH180Si2 245.6 19.4 100.3 193.6

2-kecTeneH byabiH nanga 6ony Xbinybl, OCbl AeHENepaiH TemnepaTypachl MEH KbICbIMbI CyFa
kaparaHga enayip ToMeH eKkeHiH kepyre 6onagbl. XKbiny kesgepiHib, canbiCTbipMansl Typae TOMeH
TemnepaTtypacblH ecKkepe OTbIpbif, OCbl OpraHvKanblK 3aTTapibl Tangay opraHukanblk PeHKuH

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 3(11) 2023 31



uMkninae cynarbl PeHkuH LukniHe kaparaHga antapnbiKTan as Xbliy anblpMallbiiblKTapblH XKy3ere
acblpyfa 6onagbl AereH KopbITblHAbIFA aKkeneai.

Linknge KkongaHyra eH TUMIMAICIH aHbIKTay YLWWIiH apTypni CYMbIKTbIKTap Tekcepingi. Tonyon
XYMbIC CYMbIKTbIFbI ©acka CyMbIKTbIKTapAbl MNanganaHaTblH KyMenepMeH canbiCTbipFaHaa
KEHENTKILITEri KbICbIMHbIH TeMeH anddepeHumanbiHa 6annaHbICTel Oy XXynene TOMeH eHIMIINIKTI
kepceTeni. R134a xxoeHe n3obyTaH opraHukanblk PEHKMH LMKRi XKyNeciHge XXYMbIC CYMbIKTbIKTapbl
peTiHAe nanganaHy yLwiH NepcrnekTUBTI HOTUXeNep KkepceTeai XKaHe XofFapbl KyaT anyfa MyMKiHAIK
Oepegai oen caHayra 6onagbl.

SWOT - tangaybl

Kywi xakrapsbl

Onci3 XaKrapbl

— OPL] xbIiny korManapsl, kangblikTap xaHe T.0. cuakTbl
nanganaHbliMaraHd by afblHOApblH NanganaHyra
MYMKiIHAiK 6epeai;

— OPL wafblH HblCaHgap YWiH ge, YIKeH
aHepreTvKarnblk KelleHaep YLWiH e KongaHbina anagbl;
— caneicTbipMarnbsl Typae TemeH Temnepartyparnbl
3HEpPrusiHbl Nanganaxy;

— TypBbuHaHbIH canbiCTeipMansl Typae xofapbl [MOK-i;
— TypOuHaHbIH a3 TOo3Yyhl;

— TOeMeH MexaHuKarnblK
XyYKTEemenep;

— TEXHUKAIbIK KbIBMET kepceTyaiH KapananbiMabinbIfbl;
- canbiCTbipMarnbl Typae TOMEH anHany
XKblngamabiFblHa, COHOAW-aKk TeOMEH KbICbIM  MEH
TemnepaTypa MoaHAepiHe 6annaHbiCTbl XababIKTbIH
y3aK KbI3MeT eTy Mep3iMi;

— XYMbIC OEHECIH XUMUSMbIK OHAEYCI3 TYMbIK XYMbIC
LIAKITI;

— KOHAbIPFbIHBI OpHaNacTbipy YLWiH canbiCTbipMarbl
TYpAe WafbiH anmak.

X8He Temnepatypanblk

— OPLU pectypni ras TypbuHanapbimMeH
canbICTblpfaHAa TOMEH Tuimainikke ve;

— KangplK Xblyabl NanganaHy WekTeyni;

— OHTaWnbl XYMbICTbl CaKTay YLiH XXYWEHi XMui
KyTin ycTay xeHe eTe gan 6antay KaxeTTiniri;

— COHfbl HOTWXEHiH TuimAinirine acep eTeTiH
OpraHuKanblK KyMbIC AeHenepiHiH LwekTeyni
TaHgaybl;

— XbIfy Ke3iHiH Makcumangbl TemnepaTtypachl
XYMbIC AEHECIHIH, XUMUAMbIK TypPaKTbifbIFbIMEH
LwekTeneni (eNTKeHi on »xofapbl TeMmnepaTypana
blablpanabl).

MyMKiHAiKTep

Kayintep

— UMKMAIH KbINY SHEPrusAchbiHbIH 8pTypri KesaepiHe
Genimpeny MymkiHAiri;

— 9MeKkTp XeniciHe KocbliMaraH anbiC obbekTinepae
OPL nanganaHy MyMmKiHZgiri;

— XaHapTbinaTblH SHEpPrus KesaepiHe CypaHbICTbIH
apTybl, OPL-HiH, XacbIpblH areyeTiH apTTbipaabl;

— MaWbiCKaH anHanapbl 06ap  KyH  9NneKTp
CTaHumanapbeiHblH, ~ Geniri  peTiHge  nmampanaHyra
oonagpl;

— opraHukanblK  PeHKWH UuKNiH  TeHi3  CybIH

TyLbINaHabIpy YLWiH ge kongaHyFa 6onagpl.

— pgacTypni ras TypOuHanapbl CUAKTbl Xbly
3HEPrUSCbIH TypneHaipyaiH 6acka aaictepimeH
BoaceKkenecTiKTiH apTybl;

— JKOFapbl TEXHOMNMOruAnbIK ToyenainikTiH ecy

Kayni;

— opraHuKarnblK XyMbIC AeHenepi XacanaTblH
CUMpeK 3KoMorvsnblK Tasa MaTepuangapra
CYPaHbICTbIH apTyblHa GarinaHbICTbI
Toyekenmaep;

— Kenbip XyMmbIC OeHenepi epT kayni 6ap,
COHbIMEH KaTap 030H KabaTblHa Tepic acep eTyi
MYMKiH, Mblcanbl, kenbip dpeoHgap, byn afbin
KeTyai bonabipmay KaxeTTiniriH Tyablpagpl;

— KOMAaHbinaTblH XXYMbIC OEeHenepi Xofapbl
TemnepaTtypaga XMMUaIblK TyPaKCbl3.

fbinbiMK HaTUXKeNepAi Tankbinay

SWOT — TangayblHblH, Xanmnbl KopbITbiHAbICbI OPL| navganaHbinMaraH Xbiny kesgepiHeH
3NEKTP SHEePrusiCblH eHAIPY YLiH NanganaHbinybl MyMKIH TUIMA| )XeHe MHHOBAUUATbIK TEXHOSOrs
eKkeHiH kepceTepni. [lereHmeH, gactypni ra3 TypbuHanapbiMeH canbiCTbipfaHaa TOMEH TUiIMAINIK,
KanablK XXblnyabl LWEKTeyni nanaanaHy XXaHe Xui TEXHUKanbIK KbI3MET KepceTy XaHe eTe gan 6antay
kakeTTiniri cuaktel 6enrini 6ip ancisgikrep 6ap. [lereHmen, anbic HbicaHgapaa OPLL nanganaHy, kyH
9NEeKTp CTaHuuAnapbiHAa Navganady, TeHi3 CyblH TYLLbITaHObIPy XXOHEe >KaHapTbliaTblH 3HEprus
Ke3aepiHe CypaHbICTbl apTThipy CUSAKTbI KENTereH MyMKiHAIKTepi ae 6ap. KayintepaiH katapbiHa ecin
Kene xaTkaH ©acekenecTik, TEXHONOrMAMNbIK Tayenginik Kayini, >XyMbIC [LeHenepiHiH
Typakcbi3ablFbiIMeH 6annaHbICTbl TOyeKkenaep XoHe aKONornanblK Kkayin xartagbl.

3epTTey HaTWXenepi opraHvkanblk PeHKWH uukni aHeprus eHaipyaiH nepcnekTusansl
TEXHOMOIMACHl EeKeHiH kKepceTedi, ocipece oreyeTi TOMEH Ke3depMeH XYMbIC icTereHae.
OpraHukanblk XyMbIC CyMbIKTbIKTapbl PeHkuMHHIH Oy uukniHge kongaHblinaTtbliH Cyfa KaparaHaa
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OipkaTtap apTblKWbINbIKTapFra ne xoHe onapgbl PeHkuH uukniHge Tvimgi nanganadyra ©onagpl.
Ananga, opraHukanblK XXyMbIC CYMbIKTbIKTapblH ©HAIPY KyHbl XXOfapbl 605bIn Kanagbl, 6yn onapabiy
eHepKacinTe KeHiHEeH KongaHbyblH LwekTeyi MyMkiH. CoHgan-ak, >Xofapbl TemnepaTypa MeH
KbICbIMAA XXYMbIC CYMbIKTbIKTAPbIHbIH KACUEeTTEPIHIH TypaKTbiNblfbl MEH CaKTanyblH XakcapTy YLUiH
KoCbIMLUIA 3epTTeyrnep KaxeT. ApPTbIKWbINbIKTapbl MEH LUEKTEYNepiH eckepe OTblpbin, PeHKUHHIH
opraHukanbIk LMK 9pTyphi cananapgarbl 9pTypni kKe3aepAaeH aHeprus anyablH TriMai kypansl 6ona
anagsbl.

byn HaTwxe apTypni KesgepOeH 3HeprusiHbl KaXkeT eTeTiH cananap YLWiH npakTukanblk
MaHbI3Fa ne 6onybl MyMKiH. OpraHukanblk PEHKUH LMKni XXoFapbl TemnepaTypagarbl Xblly Ke3aepi
CUSIKTbI TOMEH MoTeHuManabl Ke3oepaeH aHeprus any kesiHgoe, coHAaam-aK arekTp 3HeprusichbiH
eHAIpY YLiH eHepkKacinTe, coHOar-aK aybli LapyallbiibifbiH4a NanganaHy yiwiH cypaHbicka ue
©onybl MyMKiH.

Ananga, 6yn TEXHONOTMUsIHbI KEHIHEH KONAAHy YLUiH, MblCarnbl, >XOFapbl TemnepaTtypa MeH
KbICbIMAA >KYMbIC CYMbIKTbIKTApbIHbIH, TYPaKTbIIbIFbl MEH KacMeTTEpiHiH, cakTanyblH XakcapTy
canacbiHOa kebipek 3epTTeynep Xyprizy kaxeT. MyHaam 3epTreynep opraHukanbik PEHKUH LWKITiHIH,
TUiIMAINIiri MeH 3KOHOMUKanbIK KOPCETKILUTEPIH XakcapTyFa XXeHe OHbl 8pTYpAi cananapga kongaHyra
bIHFaNNbI eTyre Kemekreceqi.

KopbITbIHADI

KopbITblHABIAM Kene, opraHukasnblk PEHKMH LMKMIH KongaHy nanganadbiiFad rasgapgbiH,
reotepmangplk  ke3gepdiH, KyH OHeprusacbiHblH, >X8He canbICTblpManbl Typae TeMeH
Temnepatypagafbl Gacka Kby afblHAApPbiHbIH TOMEH noTeHuuangbl Xbifly 3HEpPrusiCbiH
nanganadHyra MymkiHaik 6epegi. OpraHukanblk PEHKMH LMKNI YLWIH XXYMbIC OEHECIH TaHday OHbIH
cunatTamanapbliHa auTaprfblkTan acep eTefi >XaHe namganaHy TemnepaTtypacbl MeH LMKN
KbICbIMbIHBIH AManasoHbIMeH aHblkTanagbl. FeinbiMy Makanaga opraHukanblk PeHKUH uukniHae
KonAaHblnaTbIH XXYMbIC AeHenepi TaHAanbin, onapablH KacneTTepi COHbIMEH KaTap, apTyphi )KyMbIC
OeHernepi MeH cyablH arbipMallbibiFbl 3epTTengi. CoHaan-ak, XXyMbIC AeHenepiHe KowblnaTbiH
Heri3ri Tanantap kepceTingi. OpraHukansik PeHknH umknine xannsl SWOT — Tangaybl Xyprisingi.
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BbIBOP PABOYEIO TEJIA OPFAHUYECKOI'O LUMKITA PEHKUHA U U3YYEHUE
ErFO OCOBEHHOCTEN

B cmambe paccmampugaemcs npuMeHeHUe op2aHu4ecKo20 Yukna PeHKkuHa, 8 YacmHocmu
yOerisiemcsi BHUMaHUe rpasusibHOMy 8bI60py paboye2o merna 8 ycmaHo8Kax, peasiudyouux makou
UUKIT.

Bbibop paboueco mena 0Ons peweHUss 0606WeHHO ocmaessneHHbIX 3adady sesigemcs
onpedensilWuM OCHOBHbIM ycriogueM 3aghghekmusHocmu peasnusayuu opaaHU4ecKoe2o Uukna
PeHkuHa. Kpome mozo, 8 cmambe cgopmynuposaHsl paboyue mesa, ucrosfb3yembie 8 Yukie, u
mpebosaHusi Kk paboyum menam. bbinu ulydeHbl ceolicmea paboyux mesi, UCMOMb3yeMbIX 8
op2aHuU4ecKoMm yukrie PeHkuHa, U ommedeHbl OCHOBHbIE (haKkmopbl, enusowue Ha athghekmusHoe
yHKUUuOHUposaHue uyukna. [lpueedeHbl OCHOBHbIE ceolicmea pabo4dux xudkocmel U Uux
cpasHeHue ¢ 80000. Takxe 6binu U3yYyeHbl 3¢hgheKmuUBHOCMb MPUMEHEHUST Op2aHUYeCcKo20 Yuknia
PeHkuHa u e2o ocobeHHOcmu ripu onmumarbHoOM ebibope paboyezo mena, nposedeH SWOT —
aHarnu3 obweao yukna.

B cmamee 6binu npedcmasrnieHbl pe3yribmamsi uccriedogaHus U pekomeHdayuu ro ebibopy
paboyezo mena 0na opa2aHU4YeCcKoeo yukna PeHkuHa e mennosHepaemuke. WccnedosaHus
rnokaselearom, 4mo eblbop paboyeco mena 3asucum om psida ¢hakmopos, maKux Kak
memnepamypHble yCrio8Usl, XeraeMbll ypo8eHb 3(hheKmueHOCMU, 8/IUSHUE Ha OKPYXatoulyto
cpedy, docmyrnHocme, 6bezonacHocme U m.n. PaccmompeHHble OaHHble Moaym 6bimb M0fE3HbI
crneyuanucmam 8 obsiacmu menso3HepeemuKku npu eblbope onmumarnbHo20 peweHuss Ons
KOHKPEMHOU yCmaHOBKU.

Knrouyeeble cnoea: opzaHudeckul Uukn PeHkuHa, paboyee merso, 2eomepmaribHble
UCMOYHUKU, HU3Kasi rnomeHyuasnbHas 3Hepausi, U303HMPOu4Yeckue xuodkocmu, xnadazeHmel,
agpgpekmusHocmpb yukna, SWOT — aHanus.
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SELECTION OF THE WORKING BODY OF THE ORGANIC RANKIN CYCLE AND
THE STUDY OF ITS FEATURES

The article considered the application of the organic Rankine cycle, in particular attention was
paid to the correct choice of the working fluid in installations that implement such a cycle.

The choice of a working medium for solving generalized tasks is the determining basic
condition for the effectiveness of the implementation of the organic Rankine cycle. In addition, the
article formulates the working bodies used in the cycle and the requirements for working bodies. The
properties of the working bodies used in the organic Rankine cycle were studied and the main factors
affecting the effective functioning of the cycle were noted. The main properties of working fluids and
their comparison with water are given. The effectiveness of the organic Rankine cycle and its
features were also studied with the optimal choice of the working fluid, a SWOT analysis of the
overall cycle was carried out.

The article presents the results of the study and recommendations on the choice of a working
fluid for the organic Rankine cycle in thermal power engineering. Research shows that the choice of
working fluid depends on a number of factors, such as temperature conditions, desired level of

ISSN: 2788-7995 [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(11) 2023 34


mailto:bakytzhanel@gmail.com
mailto:bakytzhanel@gmail.com

efficiency, environmental impact, availability, safety, etc. Considered data can be useful to specialists
in the field of thermal power engineering when choosing the optimal solution for a specific installation.

Key words: organic rankine cycle, working fluid, geothermal sources, low potential energy,
isentropic liquids, refrigerants, cycle efficiency, SWOT analysis.
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OLIEHKA NPOCTPAHCTBEHHOI'O PACIMNPEAENEHUA MAPAMETPOB
HU3KOTEMMEPATYPHOW MNIA3Mbl HA NMNA3MEHHO-NMYYKOBON YCTAHOBKE

AHHOmMauus: B Hacmoswee epems npodormkaromes uccriedogaHus e3aumodelicmeust
rnnasmbl ¢ KOHCMPYKUUOHHbIMU Mamepuasamu nepeoli cmeHKu u odusepmopa Mex0yHapodHo20
3KcriepuMeHmarnbHo20 mepmMmosidepHo20 peakmopa UTOP Ha Oelicmeyrouux mokamakax u
UMUMayUoOHHbIX MriasMeHHbIX ycmaHoekax. [lpu uccnedogaHuu e3aumodelicmeuss nna3mbl C
osepxHocmbio KaHOUOamHbIX Mamepuasnos THP eaxHyt porsb ugparom napamempsb! riasmabl.
Ansa onpedeneHue rnoKanbHbIX 3Ha4YeHUlU OCHOBHbIX Mapamempos ma3Mmbl cywecmsyem
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omoerbHas obriacmpe uccriedosaHuli — 30HO08ast Oua2HOCMuKa rnna3mbl. [JuaecHocmuka rnna3mbl Ha
OCHOBe 3IIeKmpuYecKux 30HO008 — 3mo orpederieHue JrloKarnbHbIX U M2HOBEHHbIX 3Ha4yeHul
OCHOBHbIX €€ rnapamempos: KOHUeHmMpauuu u memrepamypbl 3apsKeHHbIX Yacmuy, rnniasmbl, a
makxxe QyHKyul pacripedesieHuUsi pa3nuyHbIX KOMIOHEHMOS r1a3mbl 1o 3HEP2USIM.

B OdaHHoOU pabome npedcmaerneHbl pe3ynibmamel ucciedo8aHusi npocmpaHCmMeeHHO20
pacripederieHUs1 JlOKalibHbIX MapamMempos (memrepamypa 3a7eKmpoHo8 mnasmbel (Te) U
KOHUeHmpauus nnasmsl (Ne)) HU3SKomemrepamypHoU rra3mbl Ha rinasMeHHO-My4YKkoeoul ycmaHoeKe
(F111Y) ¢ nomowbro nodsuxxkHo2o 30HAa JleHamropa. Obpabomka 805ibmM-aMnepHbIX Xapakmepucmuk
(BAX) npoeodunace cmaHdapmHbiMu Memodamu. s OUeHKU  npocmpaHCmMeeHHO20
pacripedernieHUsi  8bIWENepPEeYUC/IEHHbIX  MapamMempo8  Hu3KkomemrnepamypHol  raa3mbl
MpPO8OOUSIUCH 3KCNEPUMEHMbI C PacroioXeHUeMm 30H0a Ha paccmosiHuu 5 mm, 9 mv u 11 Mmm om
ueHmpa nnasMeHHo20 ry4Yka Mpu pPasfuyHol 3Hepauu MepeuvyHoO20 IN1EKMPOHHO20 [y4Ka 8
OuanasoHe om 0,5 kaB 0o 5 kaB. Pe3ynbmambi 3KCNepuMeHmos rokasasnau nnasHbell cnad
KOHUeHmMpauuu nia3mbl 8 paduasibHOM HarpassieHuu.

Knroyesbie crnioea: HuskomemrepamypHasi nnasma, 30HO JleHamropa, memnepamypa
3/1EKMPOHO8, KOHUEHMpauyus niasmbl, ni1a3MeHHO-y4Ko8as ycmaHoeKa.

BBepgeHue

®dun3nka HM3KOTEMMNEPATYPHON Nna3Mbl aKTMBHO M3y4aeTCA U MHTEHCUMBHO pas3BUBAETCS B
HacToswwee Bpems B coBpemeHHOM mupe [1-3]. C HM3KoTeMnepaTypHOW nnasmomn ceasaHo 6onbLuoe
4YMCMO ABMEHNA U NPOLLECCOB B NpUpoae, Hayke N TeXHUKe, a ee NpUMeHeHne OXBaTbiBaeT MHOrmne
obnactu YenoBevyeCcKkon AesATENbHOCTU, Takne Kak: MPOM3BOACTBO 3NIEMEHTOB MUKPOJNEKTPOHMUKN,
HanbIIeHNEe NOKPbLITUA Ha ONTMYECKMX Npubopax n arnemeHTax, NPoM3BOACTBO HaHOMaTepuanos,
nopoLLKoBas MeTannyprma v T1.4. [4-6]. B 3HaunTenbHOM CTENEHU MHTEpPEeC K U3YYEeHUIO Mrasmbl
CTUMYNUPYeTCA COBEPLUEHCTBOBaHMEM, pasBUTUEM, CO34aHMEM W  BHEOPEHWEM  HOBbIX
nnasmeHHbIX TEXHOSTOMUNA.

B HacTodwee BpeMa B CBA3W C pas3BUTUEM MMAa3MEHHbIX TEXHOMOMMN U KOHCTPYMPOBaHUEM
HOBOrO MOKOSIEHMSI WMCTOMHWKOB Mfa3Mbl BCTAeT BOMPOC M3YYEHUSI YCNOBUA BO3HUKHOBEHUS
3apsKEHHbIX 4acTuu, dMeMeHTapHbIX NPoLEeccoB B nnasme, YCroBUWA reHepaumm U AnarHOCTUKM
NOTOKOB HM3KOTEMMNEPATYPHOWN NIiasMmbl.

Ha gaHHbIi MOMEHT OQHUM U3 OCHOBHbIX Hanbonee TeopeTUYECKN 1 NPAKTUYECKN N3YYEHHbIX
NpnbopoB ANArHOCTMKU Nnasmbl SBNAETCS 30HA JleHrmiopa, KOTOpbI NO3BONSET NpeaocTaBUTb
MHopMaumMIo 0 TemnepaType 3NEeKTPOHOB, KOHLEHTpauun Yactuy, B nna3me, a Takke (PyHKLMIo
pacnpeaeneHns anekTPoHOB Mo aHepruam [7, 8].

B paboTte [9] 0AMHOYHBIV 30HA MPUMEHSANCA AN U3MEPEHNSA NMITA3MEHHbIX CTPYWMHbBIX CUCTEM
HW3KOro N aTMOCKEepPHOro AaBneHns, KOTOpble B HACTOSILLLEE BPEMS UCMOMb3YHTCA A5 OCaXKAEeHUS
MartepuarnoB CO creuunanbHbIMU CBOMCTBaMU. Takke OAMHOYHBLIN 30HA UCMNoNb3oBarncsa B paboTte
[10] ons AnarHOCTUKM MHAOYKUWMOHHOW MNfa3Mbl aproHa HU3KOro AaBfneHWs B MarHUTHOM none,
LUMPOKO MPUMEHSIOLLENCA B PasfUYHbIX TEXHOMOMUSX, BKMNOYas TpaBfeHwe nosnynpoBOAHMKOB,
ocaxaeHue TOHKMX MAEHOK W MoauduKauui MOBEPXHOCTU MaTepuanoB. B oboux cnyvasx
onpegerneHne napaMmeTpoB ABNAETCSH BaXXHbIM U HA 3TOM HE OrpaHNYMBaOTCA BO3MOXHOCTU 30HAA.
lMpocToTa 3KCnepuMeHTa U ero TeXHUYECKUX CpeacTB ABNATCA JOCTOMHCTBAMM 30HA0BOro MeToaa
OnarHocTuKu nnasmbl. HegoctaTok ero 3aknioyaeTcs B CHOXHOCTM TeOpUK, C NOMOLLLIO KOTOPOW U3
OAHHbIX U3MEPEHM U3BNEKalTCs XapakTepuctukun nnasmbl. CnepoBaTenbHO, OcCTaeTcs
aKTyanbHbIM BOMPOC WCCNefoBaHUA (PU3MKM  HU3KOTEMNepaTypHOM nnasMbl, B YacTHOCTU
n3aMepeHue ee napaMmeTpoB B pagnanbHOM HarnpaBreHuu, Takux Kak SrnekTpoHHas Temneparypa u
KOHUEeHTpauusa nnasmbl. B cBA3n ¢ aTtum, B AaHHOW paboTe NpOBOAMMUCH IKCMEPUMEHTbI MO
N3MEPEHMIO NoKaNbHbIX NapaMeTPOB Nia3Mbl HA Pa3HbIX PACCTOSAHUSAX OT OCK MI1Aa3MEHHOro ny4yka
K ero nepudepun.

MeToabl

MpymeHeHne 3oHaa JleHrMopa No3BONSAET NOMyYMThb AKCNEPUMEHTarbHOE pacnpegeneHve
napameTpoB nnasmbl B 06beme paspsga. [pun 3o0HA0BOM MccnegoBaHum B Heobxoanmyto obnactb
nnasmMbl BBOAUTCA ANEKTPOL, Ha KOTOPbI NofaeTcs HanpsXKeHne nopsaka HeCKONbKUX COTEH BONbT
U3 oTpuuaTtenbHon obnactm B MOMOXUTENbHYD 3a MWUNUCeKyHAbl. 3aTeMm uKcmpyeTcs
BOMbTamMnepHas 3aBUCUMOCTb OTHOCUTENbHO OMOPHOro 3ANeKTpoda — aHoda u katoda. Pasmepsbl
30H4a BbIOMPAOTCS MUHMMarbHbIE, U TOK, OTOMpPaeMbIn 30HOOM M3 Na3Mbl, AOMKEH ObITb BO MHOMO
pa3 MeHbLLEe OCHOBHOrO ApendoBoro Toka. ATo obecnevBaeT HaMMeHbLLee BO3MYyLLEHWE NnasMbl
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B obnactn uamepeHus. [pu namepeHun kakom-nmbo uanveckon BenNMUMHbI BCerga cregyer
CTPEMUTBLCA K TOMY, YTOObI B OCHOBE MeToAa fiexarna npocTasl, He Bbi3blBatoLLasi COMHEHUI TEOpUs.
B aTtomM oOTHOWEHWM 30HOOBLIN MeToa paboTaeT € OOCTAaTOMHOW HAAEXHOCTbI B Cry4vae
pa3pexeHHoro rasa, korga anvHa csobogHoro npobera vactuy 6onblue XapakTepHbIX pa3MepoB
30HOa ¥ BO3MYyLLIEHHOW 0bnacTn BOKpyr Hero. PaboTa 3oHAa 3akntoyaeTcs B onpegenieHnn TOKOB,
npoTeKalLmx Yyepe3 Hero, U NPUNOXEHHbIX K HEMY HanpsXXeHun — 30HOOBOW BOJSIbT-aMNepHOMn
xapaktepuctukmn (BAX). OueHka napameTpoB nnasmbl no BAX 3oHga 3aBucuT oT mHdopmauuu,
MOMTy4YeHHOM W3 pacnpeneneHnst CKOpoCTerW HocuTenen 3apsiga B OObeMHOM nnasme.
WaeanuampoBaHHbii BMA BAX B cnyyae ognMHOYHOroO 30HAa npmeeneH Ha pucyHke 1 [11].

4 y

/ Uf Upl
C

Uy, — noTeHuman nnasmel, Uy — nnasatowmin noteHyman [11]
PucyHok 1 — BonbT-aMmnepHas xapaktepucTnka ogMHOYHOro 3oHaa

[ns BbluMCNeHns TemnepaTypbl 3NeKTpoHoB nnasmbl (Te) ucnons3yetcst ydacTtok B (puc. 1),
roe MOXHO npeHebpeyb WMOHHOW COCTaBMSOWEN TOKa, Tak KakK BKMag MOHOB HeBenwuk. [pu
NpeacTaBreHnn 3MeKTPOHHOro ToKa B nonynorapudMuMyeckoMm Macwtabe B 3aBUCUMOCTU OT
HanpsKeHnsa TemnepaTtypa 3feKTPOHOB ornpeaenseTcs no opmyre:

11
Te =amm = 5y (1)
au

Mocne HaxoxaeHus Te MOXXHO paccynTaTb KOHLEHTPaUMIO Nia3mbl Ne.
[na BblMUCNIEHUA KOHUEHTpauun nnasmbl (Ne) 30HAOBbIM METOAOM LUMPOKO MPUMEHSIOT
dopmyny boma gnsg MOHHOro Toka HacklweHus (I;) [11-13]:

()

roe e — 3apsig ANeKTpoHa, Ne — KOHUEHTpaumsa nnasmbl, S — nnowanb 30HAA; K — NOCTOAHHas
Bonbumana (k = 1,38:102 [Ix/K); Mi— macca noHa, T — TemnepaTypa aMneKkTpOHOB.

Oco6eHHOCTb NPMMEHEHHOrO 30HAOBOrO MeTtoAda AvarHoctuku Ha [MIMY [14] 3akntovaeTcs B
nony4YeHMn JaHHbIX O NapameTpax nnasmMbl u3 nobon obnacTn nnasMeHHO-My4YKOBOro paspsga B
pagvanbHOM HanpasneHuuM Onarogaps TOYHOM CUCTEME MEPEMELLUEHUS  U3MEPUTENBHOIO
anekTpoga.

dKkcnepumeHTanbHasa 4YacTb

OkcnepumeHThl Obinn NpoBeaeHbl Ha [MY, koTopasd npegHasHaveHa Ons peanusauun
nnasmeHHOro 1 TENNOro BO3AeNCTBUS Ha KaHAMAATHblIE MaTepuarnbl TEPMOSIAEPHbIX PeakTopoB, a
Takke Ana oTpaboTkM cywecTBylOWNX U pa3paboTke HOBbIX CNOCOOOB AMArHOCTUK MNasmbl.
Moppo6Hoe onucanue MNIMY npeacrasneHo B pabotax [14-17], a o6wuin BUA NokasaH Ha PUCYHKe 2.
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PucyHok 2 — O6wmn Bug My

Ha ycTaHoBKe MCNonb3yeTcs NOABMKHBIN LNTMHAPUYECKUIA 30HA JIeHrMIopa, aAns uamepeHust
nokarnbHbIX NapaMeTpoB nnasmbl. BHewHWn Bua 3oHaa JleHrmopa n cxema ero pacnosnoXeHus Ha
MY npeacTtaBneHbl Ha pUCyHKe 3.

3oHa JleHrmiopa

MuLeHHbIi yaen

O6pasey

W

Mnazma

'l

(]
.. 77'_ .
L)

Kamepa
B3aUMOAENCTBMA

1 — MOHTaXxHbIN dnaHew; 2 — KepaMU4ecknin N3onATop; 3 — sMepuUTenbHbIN ANEKTPOA;
a) BHelWHWIN BMA 3oHA4a JleHrmiopa 6) cxema pacnonoxeHus 3oHaga Ha Iy
PucyHok 3 — 3oHa Jlenrmiopa MY

OnuncaHue akcnepumeHTa

[lns npoBeneHns aKkcnepuMeHTanbHbIX padoT nonoctu kamep MY oTkaunmBanuck Npuv NOMHOM
MOLLIHOCTM TypGOMOINEKYNAPHbIX HACOCOB kaMep yCcTaHoBKM A0 AaeneHus 13-10% Ma. B kamepy
nogaeancsa nnasmoobpasyllwmnin ras — BOAOPOSO, [0 3HA4YEeHUs [JaBfneHud B KaMmepe
B3aumoperctemsa 13-102MMa. JuanasoH HanpsKeHusi, noJaBaemMoro Ha 3oH4, 3agasaricsa ot-300 B
ao +100 B. Mnowanb cobupatolein NOBEpXHOCTM 30HAA cocTaBnseT 6,4 Mm2, a martepuan
anektpoga — Bonbdpam. PasBepTka 30HAA OCyLlecTBNAnacb C MOMOLLbIO MNUKoamnepmeTpa
Keithley 6487.

[na oueHkn nokanbHbIX napameTpoB nnasmbl Ha MY 6biM NpoBeAeHbl 3KCNEPUMEHTDI
COrnacHo ycrnoBusm, NpuBeAeHHbIM B Tabnuue 2.

Tabnuua 2 — Ycnosusa npoBedeHnst akcnepumeHToB Ha MY

MapameTpbl 3aKCnepuMMeHTa 3HauveHue
[nanas3oH aHeprun NepBUYHOro SNEKTPOHHOro Ny4yka, kaB 0,5-5
LdnameTp aneKTPOHHOro nyyka, MM ~3
[aBneHne paboyero rasa, Na ~13-:102
Pabounii ras H2

Pe3synbTaTbl n obcyxaeHue

[ns oueHKn nokanbHbIX NapaMeTpoB Nna3Mbl Bbina BbIMONHEHa permcTpaumsa n obpaboTka
BAX oguHO4YHOro 3oHAa npw pasnuyHon 3Heprum NepBUYHOrO 3N1EKTPOHHOrO Ny4yka B AnanasoHe oT
0,5 kaB po 5 kaB. PacueTbl 6binn npoBedeHbl C NPUMEHEHMEM NporpammMHOro obecnevyeHms ang
aHanuMsa u Bu3yanusauum HayyHbix AaHHbix QtiPlot. PesynbTtatel pacveta BAX nossonunu
Nony41Tb AaHHbIE O NapameTpax nra3Mbl, TaKUX KaK 3NeKTPOHHAs TemnepaTtypa v KOHUeHTpauus
nnasmbl.
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Ha pucyHke 4 npeactaBneHbl rpadpuku 3aBUCMMOCTU MapaMeTpoB MnasmMbl OT 3HEpPrum
NepBUYHOrO 3MEKTPOHHOIO My4yka B pagnanbHOM HanpasneHun.

—Te (5um) ——To (Omm) —— T, (11mm)

3nekTpoHHasa Temneparypa, aB
- n w - w (2] ~

o

05 1 15 2 25 3 3,5 4 45 5 55
SHeprusi NepBUHHOrO 3NeKTPOHHOTO Nyyka, k3B

a) 3aBMCUMMOCTb TemMnepaTypbl ANEKTPOHOB OT 3HEPTM NEPBUYHOIO INIEKTPOHHOIO MyyKa

Ne(5MmM)  ——Ng(IMm) ——N¢ (11Mm)
4,50E+16
4,00E+16
= 350E+16
I
5 3,00E+16
E 2,50E+16
g
3 2,00E+16
a
£ 1,50E+16
g
I 1,00E+18

4
5,00E+15

0,00E+00
05 1.5 25 35 45 55

OHeprus NepBUYHOrO NEKTPOHHOTO Ny4Ka, k3B

6) 3aBUCNMOCTb KOHUEHTpaunn nna3mbl OT SHEPTrUN NepBUYHOIO 3NTEKTPOHHOIO ny4ka

PucyHok 4 — 3aBUCMMOCTb TeMNepaTypbl ANIEKTPOHOB, (a) U KOHUeHTpaumu nnasmel (6) Ha
paccToaHnsax 5 MM, 9 MM 1 11 MM, OT 3HEpPrnn NEePBUYHONO 3MEKTPOHHOIO Ny4yKa

N3 pucyHka BMOHO, YTO B pe3ynbTaTe yBENIMYEHMUS YCKOPSIIOLLErO HanpsKeHUst 3MeKTPOHHOIO
nyyka TemnepaTypa 3M1eKTPOHOB yBenuyunacb npumepHo ¢ 2 aB no 6 aB ans Bcex Tpex Toyek
nsmepeHns. MakcumanbHasa KOHUEHTpauus nnasmbl coctaBuna ~ 4,28:10'° m3, Ha paccroaHumn 5
MM OT LeHTpa ocu MNIMP. KoHueHTpauusa nnas3mbl HA paccTOsiHAM 9 MM 3HAYUTENBHO HIXKE, YeM Npu
5mm ~1,1-10% M3, MNpu yBeNMYeHnn pacctosiHms 4o 11 MM 3aBUCUMOCTb KOHLEHTPALUK OT SHEPTUN
AMEKTPOHHOrO My4YKa CX0Xa C TOYKON 9 MM.

Ha pucyHke 5 npuBegeHa 3aBUCMMOCTb pacnpefeneHus TemnepaTypbl 3NEKTPOHOB U
KOHLIEHTpaunn Npu 3Heprum NepBUYHOro 3NeKTPOHHOro nyyka 1 kaB u gasnexHuu sBogopoga ~13-10°
2Na.

——n, —o—T,

3E+16 4,5

-3

" 2,5E+16
3,5

2E+16 3
2,5

1,5E+16
1E+16 1,5

S5E+15

KoHUeHTpayua nnasmb

0,5
0 0
4,5 55 6,5 7,5 8,5 9,5 10,5 11,5
PagvanbHoe pacnpegeneHuue

oS
OnexkTpoHHas TemnepaTypa, 3B
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Ha rpadmke u3 pucyHka 5 Buamm, 4TO TemnepaTtypa dfeKTPoHOB MNMaBHO NOAHMMAaETCHa B
pagnanbHOM HanpasneHum, a KOHUEeHTpauns nnasmbl Ha paccTosiHUM OT 5 MM 40 11 MM CHuXaeTcs.
OTO 0obbsICHAETCA TeM, YTO BNUSIHWE CTONKHOBEHUIM 3aBUCUT OT cObOMpaemoro Toka u Haubonee
3aMeTHO NposiBNsAeTcsa B6NM3N noteHumana npocTpaHcTea. [py aTom Ha 3oHA nonagaeTt 6onbLioe
KOMMYEeCTBO 3NIEKTPOHOB, YTO MPMBOAUT K OBedHEeHUI0 mpunerarolen K 3oH4y nnasmbl, Tak Kak
AN Py3MOHHbBIN MOTOK M3 HEBO3MYLLIEHHOM 00NacTn He ycneBaeT BOCMOMHUTL CTOK SNEKTPOHOB Ha
30HA. Ha pacctosiHum 11 mm gnvHa ceobogHoro npobera CTaHOBUTCA BbILE, @ CKOPOCTb YacTuLy
yMeHbLUAeTCs, B CNeacTBMM 4ero TemnepaTtypa MoBbIWAETCA, a KOHUEeHTpauusa nnasmbl
yMeHbLUIaeTCs. OTOT 3PdEKT CBA3aH C TEM, YTO CKOMMeHMe YacTul, 6nmke K LeHTpansHon obnactu
CcTaHoBUTCS Oonblue M crnegoBaTenbHO AnvHa cBobGOAHOro npobera MeHblue, Tak Kak YacTuubl
CTankmBaloTCa ¢ MOrfeKynaMmu, aToMaMmm U TEPSIOT SHEPrUo, NOITOMY TemrepaTypa 3MeKTPOHOB
nnasmbl yMeHbLIAeTCs.

M3mepeHne ogMHOYHBIM 30HOOM NPOCTPaHCTBEHHOrO pacrnpefeneHnsa Ha pacCcTosHUN 5 MM
OT LieHTpa nna3mbl ObINI0 OrpaHn4eHo 06NacTbio NEPBUYHONO ANEKTPOHHOMO Ny4yKa, rae NPoncxoaun
neperpes 3oHAa. Tak Kak, TepMO3IMUCCUS C NOBEPXHOCTM 30HAA OKasblBarna BrvsHWe Ha paspsa B
uenom.

3akntoyeHune

B paHHom paboTe ObiMM NpoBedeHbl 3KCNepUMEHTarbHble paboTbl NO  OnpeaesnieHunto
nokanbHblX napameTpoB (T,,n,) HU3KOTEMNEPATYPHOM MNNasmbl B paguvanbHOM HanpaBneHuu Ha
MY ¢ nomollbio NOABWMXKHOIO LMIMHAPUYECKOro 3oHAa JleHrmioopa ¢ nnowanbio cobuparoLlen
NOBEPXHOCTU 6,4 MM?. BbINK NonyyeHbl AaHHbIE O NNasme Ha PaccToAHUAX 5 MM, 9 MM 1 11 MM OT
ueHTtpa ocu IMr1P.

PesynbTaTbl 30HOOBOW AMArHOCTUKM  MNOKa3blBAlOT, YTO MakCUMaribHOe  3HayeHue
TemnepaTypbl 3MIEKTPOHOB COCTaBNSET 6 3B, a KOHUEHTpauuns anekTpoHoB nopsigka 4,28-1016 m-3
M C POCTOM HanpsKeHus TemnepaTypa M KOHUEHTpauus 9MNeKTPOHOB B MOTOKE nNrasmbl
NOBbILLAIOTCS.

B pesynbTaTte nony4eHHbIX 3aBUCMMOCTEN YCTAHOBIEHO, YTO KOHLIEHTPaUNS 3N1EeKTPOHOB (Ne)
YMEHbLUAETCH, a ANEeKTPOHHaA TemnepaTtypa nnasmbl (Te) BO3pacTaeT B pagnanbHOM HanpasneHum
npu yaaneHun 3oHaa ot ueHTpa ocu MNP npy ogMHakoBOW SHEPrMM MNEPBUYHOMO 3NEKTPOHHOIO
nyyka u gaBrneHuu rasa.
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NNA3SMAIJbIK-LUOKTbIK KOHAbIPFbIAA TOMEHIT TEMMEPATYPAIJbI NNASMAHbIH
NMAPAMETPJIEPIH KEHICTIKTE TAPANYbIH BAFAJIAY

Kasipai yakeimma, rinasmaHbiH XYMbIC icmern mypfaH mokamakmapbl MeH UMUumauusiiibik
nnasmarnbik  KOHObIpfbinapbiHOa ITER  xanbiKkapanblK — 9KCriepuMeHmmik — mepmosiOporibiK
peakmopbiHbIH BIipiHWI KabblpracbiHbIH XoHe dueepmopbIHbIH KypbibIMObIK MamepuandapbiMeH
esapa sapekemmecyiH 3epmmey xarnfacyda. [MnasmaHbiH TAP kaHOudammebix MamepuandapbiHbiH
bemimeH e3apa epekemmecyiH 3epmmey Ke3iH0e mfnasma napamemprepi MaHbi30bl perl
amkapalbl. [lnasmaHblH Hezi3al napamempriepiHiH XXepeainikmi MoHOepiH aHbikmay YWiH
3epmmeyQdiH Xeke casnacbl bap-nnas3maHbl OuazHocmukanay. [lnasma OuasHocmukachkl OHbIH
Heei3ai napamempriepiHiH Xepainikmi xxeHe re30ik MoHOEPIH: 3apsidmaliraH rnasma benwekmepiHiy
KOHUeHmpauyusicbl MeH memrepamypachbiH, coHdal-aK aHepeausnap 6olbiHwa spmypni nnama
KOMMOHeHMMePIiHIH maparny yHKUusanapbiH aHbikmay 605bin mabbinadsbl.

byn xymbicma XblmKbiMarnbl JleHemiop 30HObIHbIH KeMeziMeH ma3MmarblK  WOKMbIK
KOHObIprbiOarbl (FLLUK) memeHai memnepamyparnbsl rnasMaHblH XXepainikmi napamempriepi
(anekmpoH memnepamypacs! (Te) XoHe nrnasmMa KOHUeHmpauyusicsl (ne)) KeHicmikme mapariybiH
3epmmey Homuxxenepi KenmipineeH. 3nekmpodmbiH Kereci 2eoMempusisiblK napaMmempriepi:
V3bIHObIFbI - 4 Mm; Quamempi 0,5 mm.30HOMbI xxalimanay Keithley 6487 nukoamnepmemp KemeaimeH
)Ky3eee acbipbliifraH 80/1bm-amriepriik cunammamarnapbiH (BAC) eHOey cmaHOapmmel edicmepMmeH
©emKi3iroi.

TemeHei memnepamyparbl nnasmMaHblH XoFapbida amariFaH napamempriepiHiH KeHiCmiKkmik
mapanybiH 6aranay ywiH 30HOmMbIH 0,5 kaB-maH 5 kaB-ka dedliHai duana3oHOarbl 6acmarkbl
37IEKMPOHObI CoyreHIH apmypsii aHepaus KesiHde nia3marbiK coyneHiH opmacbkiHaH 5 MM, 9 mMm
XoHe 11 MM KawbiKmbIKma oOpHanacybIMeH 3KCrepuMeHmmep emkisinioi. GkcriepumeHmmep
Hemuxxenepi paduandbl 6arbimma rra3ma KOHUEeHmMpauyusCbiHbIH meaic KynobipaybiH Kepcemmi.

TyltiH ce30ep: memeHai memnepamypansl nnasma, JleHamop 30HObI, 371EKMPOH
memnepamypacsl, rnnasmaHbIiH KOHUEeHMpPayUsCbl, nia3marsbiK-WOoKMbIK KOHObIPFbI.

A. Kaiyrbekoval?*, A. Miniyazov!?, T. Tulenbergenov!?, G. Zhanbolatova?, O. Stepanova?
L«Institute of Atomic Energy» Branch of NNC,
071100, Republic of Kazakhstan, Kurchatov, Beibit atom street 10
2Semey University named after Shakarim,
071412, Republic of Kazakhstan, Semey, Glinka str. 20 A
*e-mail: kaiyrbekova@nnc.kz

ASSESSMENT OF THE SPATIAL DISTRIBUTION OF LOW-TEMPERATURE PLASMA
PARAMETERS ON PLASMA-BEAM INSTALLATION

At present continue, studies of the interaction of plasma with structural materials of the first
wall and divertor of the ITER international experimental fusion reactor on operating tokamaks and
simulated plasma facilities. In the research of the interaction of plasma with the surface of candidate
materials TNR an important role plasma parameters play. For determination of local values of the
main plasma parameters there is a separate field of research — plasma diagnostics. Plasma
diagnostics is the determination of local and instantaneous values of main its parameters:
concentration and temperature of charged plasma particles, as well as the distribution functions of
various plasma components by energies.

This works presents the results of a research to the spatial distribution of local parameters
(temperature electrons (Te) and plasma concentration (ne)) of a low-temperature plasma on a
plasma-beam installation (PBI) with the help a movable Langmuir probe with the following
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geometrical parameters of the electrode: length — 4 mm; diameter 0.5 mm. The probe sweep was
with the help a Keithley 6487 picoammeter. The processing of volt-ampere characteristics (VAC)
was carried out by standard methods.

To assess the spatial distribution of the above-mentioned parameters of low-temperature
plasma, experiments were carried out with the location of the probe at a distance of 5 mm, 9 mm
and 11 mm from the center of the plasma beam at different energies of the primary electron beam
in the range from 0.5 keV to 5 keV.

The experiments results showed a smooth decrease in plasma concentration in the radial
direction.

Key words: low-temperature plasma, Langmuir probe, electron temperature, plasma
concentration, plasma-beam installation.

CBepeHuAa 06 aBTopax

A. XK. Kanbipb6ekoBa* — marmctpaHT kadeapbl «TexHudeckas usmka 1 TennosHepreTmkay;
YuuBepcuteT wumeHn Lakapyuma ropoga Cemen, Pecnybnuka KasaxctaH; e-mail:
kaiyrbekova@nnc.kz . ORCID: https://orcid.org/0000-0003-3080-6809.

AX. MuHnA3oB — HavanbHUK nabopaTopuMyM WUCMbLITAHUM MaTepuanioB B YCIOBUSIX
TepmosagepHoro peaktopa; WMHctuTyT atomHonm sHeprum HAL, PK; e-mail: Miniyazov@nnc.kz.
ORCID: https://orcid.org/0000-0002-2188-8075.

T.P. TyneHOepreHOB — Hay4dHbli COTPYAHWK NabopaTopuM WCMbITaHWA MaTepuanoB B
yCroBuax TepMmosaepHoro peaktopa; WHctutyt atomHom aHeprum  HAL  PK;  e-mail:
tulenbergenov@nnc.kz. ORCID: https://orcid.org/0000-0002-1541-6231.

I.K. XKaH6onaToBa — MnagLumin Hay4HbIA COTPYAHWK NTabopaTopum NCNbITaHUA MaTepuarnosB
B YCnoBuAX TepMmosigepHoro peakTtopa; WHctutyT atomHon a3Heprum HAL PK;  e-mail:
kaiyrdy@nnc.kz. ORCID: https://orcid.org/0000-0002-4423-4349.

O.A. CrtenaHoBa — KaHAMOAT TEXHUYECKUX HayK, [OOLUEHT, 3aBefylowmi Kadeopon
«TexHnyeckass usnka n TennosHepreTuka»; YHuBepcuteT umenun Llakapuma ropoga Cemen,
Pecnybnuka KasaxcraH; e-mail: augll@mail.ru. ORCID: https://orcid.org/0000-0001-5221-1772.

ABToOpnap Typansi manimeTTep

9.X. KanmbipbekoBa* — «TexHukanblk (bu3MKa XOHE XblNyaHepreTuka» kKadpegpacbiHblH
mMaructpaHTtbl; Cemen kanacbiHbiH LWokapim aTbiHOarbl yHMBepcuTeTi, KasakctaH Pecnybnuka; e-
mail: kaiyrbekova@nnc.kz . ORCID: https://orcid.org/0000-0003-3080-6809.

AXK. MuHuA30B — TepMosdporiblk peakTop XKafgangarbl MaTepuangapibl  CblHay
3epTxaHacbiHblH 6acTbifbl; KP ¥AO AToM 3Heprusicbl MHCTUTYTbI; e-mail: Miniyazov@nnc.kz.
ORCID: https://orcid.org/0000-0002-2188-8075.

T.P. TyneHOepreHOB — TepMOSAPONbIK peakTop Xafaawmaarbl maTepvangapdbl CbiHay
3epTxaHacbliHblH, ~ fbibiMn - KbiameTkepi; KP  ¥AO ATOM  3Hepruacbl MHCTUTYThI; e-mail:
tulenbergenov@nnc.kz. ORCID: https://orcid.org/0000-0002-1541-6231.

F.K. JKaHOonatoBa — TepmosAOpOnbLIK peakTop Xardangarbl MaTtepuangapibl CbhliHay
3epTXaHacblHblH, Kiwi fbinbiMu  KbidameTkepi; KP ¥AO ATOM 9Heprusicel UHCTUTYTbI; e-mail:
kaiyrdy@nnc.kz. ORCID: https://orcid.org/0000-0002-4423-4349.

O.A. CtenaHoBa— TEXHMKA FbiNbIMAAPbIHbIH KAHANAATHI, AOLUEHT, « TeXHUKanNbIK Puanka xaHe
XblnyaHepreTuka» kadeapacblHbliH MeHrepyLici; YHuBepcuteT umenu LLlakapuma ropoga Cewmen,
Pecnybnuka KasaxcTaH; e-mail: augll@mail.ru. ORCID: https://orcid.org/0000-0001-5221-1772.

Information about the authors

A.Z. Kaiyrbekova* — Master's student of the Department of «Technical Physics and Thermal
Power Engineering»; Shakarim University of Semey, Republic of Kazakhstan; e-mail:
kaiyrbekova@nnc.kz. ORCID: https://orcid.org/0000-0003-3080-6809.

A.Z. Miniyazov — Superior of laboratories of the tests materials under the conditions of a
thermonuclear reactor; Institute of Atomic Energy of the National Nuclear Center of the Republic of
Kazakhstan; e-mail: Miniyazov@nnc.kz. ORCID: https://orcid.org/0000-0002-2188-8075.

T.R. Tulenbergenov — Researcher at the laboratories of the tests materials under the
conditions of a thermonuclear reactor; Institute of Atomic Energy of the National Nuclear Center of
the Republic of Kazakhstan; e-mail: tulenbergenov@nnc.kz. ORCID: https://orcid.org/0000-0002-
1541-6231.

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 3(11) 2023 43


mailto:kaiyrbekova@nnc.kz
mailto:krbkvssl@mail.ru
mailto:krbkvssl@mail.ru
https://orcid.org/0000-0003-3080-6809
mailto:Miniyazov@nnc.kz
https://orcid.org/0000-0002-2188-8075
mailto:tulenbergenov@nnc.kz
https://orcid.org/0000-0002-1541-6231
mailto:kaiyrdy@nnc.kz
https://orcid.org/0000-0002-4423-4349
mailto:aug11@mail.ru
https://orcid.org/0000-0001-5221-1772
mailto:kaiyrbekova@nnc.kz
mailto:krbkvssl@mail.ru
mailto:krbkvssl@mail.ru
https://orcid.org/0000-0003-3080-6809
mailto:Miniyazov@nnc.kz
https://orcid.org/0000-0002-2188-8075
mailto:tulenbergenov@nnc.kz
https://orcid.org/0000-0002-1541-6231
mailto:kaiyrdy@nnc.kz
https://orcid.org/0000-0002-4423-4349
mailto:aug11@mail.ru
https://orcid.org/0000-0001-5221-1772
mailto:kaiyrbekova@nnc.kz
https://orcid.org/0000-0003-3080-6809
mailto:Miniyazov@nnc.kz
https://orcid.org/0000-0002-2188-8075
mailto:tulenbergenov@nnc.kz
https://orcid.org/0000-0002-1541-6231
https://orcid.org/0000-0002-1541-6231

G.K. Zhanbolatova — Junior researcher at the laboratories of the tests materials under the
conditions of a thermonuclear reactor; Institute of Atomic Energy of the National Nuclear Center of
the Republic of Kazakhstan; e-mail: kaiyrdy@nnc.kz. ORCID: https://orcid.org/0000-0002-4423-
4349.

O.A. Stepanova — Candidate of Technical Sciences, Associate Professor, Head of the
Department of «Technical Physics and Thermal Power Engineering»; Shakarim University of
Semey, Republic of Kazakhstan; e-mail: augll@mail.ru. ORCID: https://orcid.org/0000-0001-5221-
1772.

Mamepuan nocmynun e pedakyuro 22.08.2023 e.

DOI: 10.53360/2788-7995-2023-3(11)-5
MPHTW: 65.59.03

A.O. ManxaHoBa'"?, K.)K. AMupxaHos!?, LL.K. XXakyn6ekoBa®, A.K. CynumHoB?
YHueepcutet nmenn LLlakapuma ropoga Cemen,
071412, Pecnybnuka KasaxctaH, r. Cemen, yn.lmuHku, 20 A
2 TOO Cemeiickuin punman «Kasaxckuii Hay4HO-UccrneaoBaTenbCkuil UHCTUTYT
nepepabaTbiBaoLLEN N MULLEBON NPOMbILLNEHHOCTUY,
071410, Pecnybnuka KasaxctaH, r. Cemen, yn. bantypcbiHoBa, 29
e-mail: fquekm2710@mail.ru

CPABHVI'I:EJ'II:HI:IVI AHAITN3 ®U3UKO-XUMUYECKUNX, OPTAHOJIENTUYECKNX
NMOKA3ATEJIEM U AMUHOKMUCITIOTHOIO COCTABA PA3JIMYHbLIX BUOOB MACA MNTULLbI

AHHOmMauusi: B cmambe npugedeHbl pe3yribmambl uccriefosaHull hu3uKo-XuMuUu4eckux u
opeaHonenmuyeckux rokazamersnel pasnuyHbix 6udos wmsica nmuubl. OOHUM U3 8aXHbIX
rnokasameriel ripu ornpedesieHUU Kad4ecmaa Cbipbs U rpu e20 8blbope Kak cbipbs 0ns OanbHelweu
nepepabomku, sensemcss €20 QU3IUKO-XUMUYecKue ceolicmea U  opaaHofenmuyecKkue
nokazamernu. B nabopamopHbix ycriogusix Obiriu rony4YeHbl pesyrbmambl UuccriedosaHusi Mo
onpedenieHUD  DU3UKO-XUMUYECKUX  rokasameneu (enaza, 6enoK, xXup, 3ona, pH,
ernazocessbligarowjasi crrocobHocmb ¢hapwa), op2aHoIenmu4yecKux rokasamesel (6HewHul euod,
usem, 3arnax, KOHCUCMEeHUUSs, rpo3payHoOCmb U apomam OyrbOHa, COYHOCMb) Kadecmea Mmsica
nmuue! pasnu4Hbix sudos. B kayecmee obpa3suos uccriedosaHull bbinu npuobpemeHs! Haubonee
yacmo yriompebrisiemble 8ulbl Msica nMuu; Msico nmuubl 6polinnepos, Msco UHOeUKU U MSICO YMKU.
o pesynbamam uccriedosaHusi hu3UKO-XUMUYECKUX uccriedogaHuli 6biyi0 8bISCHEHO, YMO ¢husie
epyOku uHdeliku codepxxum bosnbwe 6enka u MeHble Xupa, Yem ¢ghusie epydku 6polnepos u ymku.
Camoe 8biCOKoe 8razocesidbiearouiasi crnocobHocms 6bI1I0 ommedyeHO y msica uHOelKu 78,3%.
Pesynbmamsi pH uccrniedyembix obpa3yoe nokasasu 3HavYeHUe ceexezo Mmsica rnpuaodHozo Ons
OarnbHetiwel nepepabomku ux Ha ebipabomky MSCHbIX uddenul. Takxe 8 cmambe rnpueedeHbl
pe3ynbmamsl cpasHUMesbHOU OUeHKU buosioaudyeckol UyeHHocmu Msica nmuubl. Pe3ynbmamei
uccriedogaHusi 0arom 803MOXHOCMb OUEHUMb Ka4€CmMaeo PealoHarbHO20 ChIPbS.

Knroueenie cnoea: MsCcO UHOEUKU, MSCO ymKU, MSCO Kypuubl, (bU3UKO-XUMUYECKUE
rokaszameru Mmsica, opa2aHoernmu4yecKasl OUeHKa.

BBepneHue

Msico nTuubl, SABMNSIETCSA OOHUM W3 BaXXKHEWLWMX COCTaBMSAOWMX pauUMOHanbHOro NUTaHUS
yenoBeKa U ABNSATCA UCTOYHMKOM BbICOKOKa4YeCTBEHHOro 6enka, BATaMUHOB, MONMHEHACBILLLEHHbIX
XWPHbIX KUCMOT WM OpYrMxX BeLLecTB, HeobXxoauMmbIX ANS ONTMMAarbHOro pasBUTUS OpraHvM3ma.
YpaooBneTBopeHne NnoTpebHOCTEN HAceneHns B BbICOKOKaYeCTBEHHbIX MPOAYKTaxX MUTaHUs ABNsAeTcs
Ba)XXHeNLen coumanbHOM 3agaden coBpeMeHHoro obuiectsa [1, 2].

Bo Bpemsi BbIpaboTkn MACHbIX NPOAYKTOB U3 MsACa NTULbI MPUMEHSAIOTCA BCE BMAbI Cbipbsi OT
pasgenky Tywek NTULbl, BKIOYas KYCKOBOE MSICO, MSICO MeXaHW4eckon obBanku n cybnpoayKrhbl.
PaunoHanbHast 1 koMnnekcHasi nepepaboTka BCEro Chipbsi MO3BONSAET pacLUMpUTb acCOPTUMEHT
konbac n msicopacTUTENbHLIX NalTETOB, a Takke AeNUKaTeCoB N3 MSCHOIO cbipbs [3, 4] .
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Llenbto paboThbl sIBMANOCH U3ydeHne GMONOrnMyeckon LIEHHOCTU U onpedeneHne gusmko-
XMMUYECKNX, OPraHornenTUYecknx nokasarenen Maca MHAEMKN, YTK1 U Kypuubl.

OO0beKTbl U MeToAbl UccriegoBaHUsA.

Ob6bekTamm nccneaoBaHns CrnyxXmnnmn obpasubl Msica NTULbI pasHbiX NPOU3BOANUTENEN:

— O6pasey Ne 1 — Msaco ntmubl ©povinepoB: cdune rpyakn. lNpomssogntens — TOO
«MpumpTbiwckas GponnepHas nTuuedabpukay, KasaxctaH, obnacte Aban, ropog Cemen, ceno
MpunpThiLWICKOE;

— O6pasey Ne 2 — Msco nHgenkun: cdowvne rpyaku. MNMpomssoantens — TOO «Turkey PVLy,
KasaxcrtaH, lNaBnogapckasa obnactb, [MaBnogapckun panoH, ceno LWakar;

— O6pasey Ne 3 — Msaco ytku: cune rpyaku. MNpounssogutens — OO0 [Mruuedabpuka
«YnblbuHo», Poccusi, HoBocubupckas obnactb, ropoa Nckutum.

Bce nccnegosaHus npoeogmnmck cornacHo criegyowmnm FOCT-am:

— Maccosas gonsa snarm — FOCT 9793-2016 [5];

— Maccosas gons xupa — FOCT 23042-2015 [6];

— MaccoBas gons 6enka — FOCT 25011-2017 [7];

— Maccoas gong 3onsl — FOCT 31727-1012 [8];

— OpraHonentnyeckas oueHka — FOCT 31470-2012 [9];
— Onpegenenne pH —TTOCT 51478 [10].

OkcnepumeHTanbHas 4Yactb paboTbl BbinonHeHa B nabopatopum CO TOO «Kasaxckui
Hay4HO-UccrnegoBaTenbCKUN MHCTUTYT nepepabatbiBalowen 1 NULLEBON MPOMBILLSIEHHOCTU» U B
nabopatopum kadegpbl «TexHomnmorms nuwieBbiXx npomnsBoactB W GuotexHonorma HAO
«YHuBepcuteT umenu Lakapuma ropoga Cemeny.

Pe3ynbTaTbl uccrneaoBaHuin

OpraHonenTtuyeckas oueHKa uccnegyemMblx obpasuoB npoBogunacb No  criegyowmm
nokasatensm: BHELHWA BWO M LUBET Cbipbs, KOHCUCTEHLMS, 3anax, COYHOCTb, NMPO3PayHOCTb U
apomaT OynboHa [2]. Bce o06pasubl Obinn oueHeHbl no 10-GanbHou LWwkane. Pesynbtathbl
OpraHonenTMYecKMx nokasartenen nccregyemoix 06pasLoB NpuBeaeHbl HbKe Ha pucyHke 1.

BHewHwi Bua,

LBeT
10

CouHoCTb 3anax —&— O6pasey, Nel
—l— 06pa3zey Ne2
O6pazey Ne3
[Mpo3spad4HoCTh
W apomat KoHoucTeHuma
ByneoHa

PucyHok 1 — OpraHonenTtuyeckue nokasatenu uccnegyemMbix obpasuos

Mo pesynbTatam opraHoNenTUYecKoro NccrnefoBaHMs No BCEM yKaszaHHbIM napameTpam Ha
pucyHke 1 nuanpyeT obpasey, Ne 2, koTopbin Habpan camyto BbICOKyt0 obLyto oueHKy 9,5 6annos,
koTopoe B cooTtBeTCcTBUMM oueHkam [OCT (BHewHwn BuO — O4YeHb NPUSATHLIA; 3anax — O4YeHb
NPUATHBIA, apOMaTHbIW; BKYC — O4EHb BKYCHbIW; KOHCUCTEHLMS — O4EHb HEXHAasA, COYHOCTb — OYEHb
COYHas) nonyyaeT obuwyto oueHky «OTnnyHoe». Janee naet obpasey Ne 3 no obuien oueHke OH
Habpan 8,7 6annos, 3atem nget obpasey Ne 1 kotopein Habpan 8,5 6annos. B cooTBeTCcTBUM C
MOCT (BHewHun BMA — OYeHb XOpPOWWWA; 3anax — MPUATHBIN W CUMbHBIA; BKYC — BKYCHOE;
KOHCUCTEHUMS — HEXHasi, COYHOCTb — CO4yHoe) oba obpasua noaxogdatr nog oueHky «OuyeHb
xopoLueey.

[anee ObInn nccnegoBaHbl XMMUYECKUA cocTaB o6pasLoB. PesynbTaTthl N0 onpeaeneHunto
XMMUYECKOro coctaBa uccnegyemMbix 06pasuoB NpMBeAeHbl Ha pUCyHKe 2.
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° Bnara, % bBenok, % Hup, % 3ona, %
EMACo Kypuuy bl 738 225 26 1.1
uMACo MHOEAKK 752 227 1,2 0,9
=Maco yTKK 726 214 49 11

PucyHok 2 — XvMmnyeckuin coctaB uccrnegyemblx 06pasuyos

Mo pesynbTaTam uccnegoBaHUs XMMUYECKUX MokasaTenem msca nTuubl O6binm nony4veHbl
cnepayowme pesynbTaTbl: 06pasey, Ne 2 nuanpytoT no cogepxaHuto 6enka no cpaBHEHMIO C ApyrMMin
obpasuamu, a Tak e UMeeT HU3KOe coepKaHue xupa.

UamepeHne pH B Mdace 4BnseTcs OOHMM M3 BaXHEWWWX napameTpoB B
msiconepepabaTbiBatoLLen NPOMbILLIIEHHOCTN. LIBET, CBEXECTb, CPOK XpaHEeHUs, 3anax Msica u nyTu
AanbHenwen nepepaboTkn B TOW UMM MHOW CTENEHW 3aBUCAT OH 3HadeHus pH. Ha pucyHke 2
npvBeaeHbl AaHHble Mo pe3ynbTaTty pH nccnegyembix 06pasLoB.
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PucyHok 2 — PesynbTaThl pH uccnegyemsix obpasuos

PesynbTtathl pH nccnegyembix o6pasuoB nokasanu 3Ha4eHne CBEXero Msca NpurogHoro Ans
AanbHenwen nepepaboTkn Nx Ha BbIpabOTKy MSACHbIX U3AENNNA.

Ons  npousBoacTBa  MSACHbIX  MPOAYKTOB  BaXKHEWWMM  nokasaTensm  siBnsieTcsl
Bnaroces3biBatowas crnocobHoctb (BCC) msdAcHoro coipbs. Pesynbtatel uccrnegosaHus BCC
nccnepyembix 06pasLoB NpuBeaeHbl Ha PUCYHKe 3.

PeaynbTaThl nccnegyemoix o6pasLoB nokasarn, Yto uccriegyemMble obpasLbl UMEOT BbICOKYHO
BCC, Ho cambli Bbicokuin 6bi1 y obpasua Ne2 — 78,3 %, 4yTb Hke y obpasua Ne3 — 78,1 %.

OpaHMM BaXkHbIX NOKasaTenu npu BbiIbope MACHOrO Cbipba ABNATCS 6enkn, KOTopble COCTOAT
N3 HEe3aMEeHUMbIX U 3aMEHUMbIX aMWHOKMCAOT. [anee Hamu ObinnM U3y4yeHbl aMUHOKUCITOTHbIN
cocCTaB uccrnegyembix 0b6pasuoB. [laHHble N0 cOCTaBy HE3AaMEHNMbIX aMUHOKUCIIOT NpUBEAEHDI Ha
pUCYHKe 4.
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PucyHok 3 — PesynbTatel BCC nccnegyembix o6pasuoB
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PI/lcyHOK 4 — Pe3yJ'IbTaTbI no cogepXaHno HesaMeHNMbIX aMUHOKUCTIOT B UCCleayeMblX o6pa3u,ax

N3 paHHbIX nNpuvBedeHHbIX B ructorpamme BuAHO, 4YTO B obpasue Ne3 camoe BbicOkoe
cogepXaHue He3aMeHVMbIX aMWHOKUCIIOT, OCOBeHHO nuavpyeT no cogepxaHuto BanuHa (0,9
mr/100 r), nu3umnHa (1,9 mr/100 r). Mo AaHHBIM NPUBEAEHHBLIM B TMCTOrPaMMe MOXHO Tak e caenatb
BbIBO/,, YTO MSACO YTKMN SBNSETCA ONTUManbHO cbanaHCUpOBaHHbIM.

Pes3ynbTaTbl N0 M3y4eHM0 aMUHOKUCIIOTHOrO cocTaBa obpasua Ne2 6bino BbISBIEHO BbICOKOE
cofepXaHue MeTUOHMHA, TPEeOoHWHa, IM3NHa W OpYrux amMUHOKUCIOT, YTO YKasbiBaeT Ha
B1onorn4yeckyto NOMHOLEHHOCTb MACa UHOENKN.

3akntoyeHue

B panbHenwem ana pa3paboTkM TEXHONMOrMM MACOPacTUTENbHOro nawitera Hamu Obinm
BblIbpaHbl o6paseL Ne 2 (Msco nHaerikun) n obpaseu, Ne3 (MACO yTku), Tak Kak no PU3MKO-XUMUYECKUM
nokasaTensMm M Mo opraHonenTUYecKMM nokasaTtensam AaHHble obpasubl nokasanu, Haunydwme
nokasaTenu, a Tak xe KoMbuHMpoBaHWe faHHbIX 06pa3LOB HE U3YYeHbI B HAYYHbIX NMTepaTypax.

Mamepuarnbi no02omoeneHbl 8 pamKkax Hay4HO-mexHu4eckol npoepammbl BR10764970
MuHucmepcmea cernbckoeo xo3sticmea Pecniybnuku KasaxcmaH Ha 2021-2023 200k1.
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OPTYPII K¥C ETTEPI TYPJIEPIHIH ®U3UKA-XUMUATIBIK, OPTAHOJIENTUKAJIbIK
KOPCETKIWTEPI MEH AMUHKbILWWKbIJNIAAPbIHBbIH KYPAMbIH CAJIbICTbIPMAIbLI TAINAAY

Makanada Kyc emiHiH spmypsi myprepiHiH ¢pusuka-xuMusifibiK XoHe op2aHonenmukasbiK
KepcemkiwmepiH 3epmmey Hamuxenepi kenmipineeH. LLUukisammeiq canacbiH aHblIKmaydarbl
JKOHe OHbl opi Kapal eoHOeyze apHanfaH wWukKidam pemiHde maHOaydarbl MaHbI30bI
kepcemkiwmepOiH 6ipi OHbIH OU3UKa-XUMUSITIbIK —Kacuemmepi MeH opeaaHonenmukarsbik
Kepcemkiwmepi 6051bin mabbinadsl. 3epmxaHarnbik Xardatida husuka-xXuMusbIK kKepcemkiwmepoi
(biniFan, akybi3, Mmad, Kynodinik, pH, biaran 6atinaHbicmeipy Kabinemi), OpaaHonenmukaribiK
KepcemkiwmepOi (copraHbIH CbipMKbI Mypi, Myci, uici, KOHCUCMEHUUSICbI, Medipriiei MEH XOW UiCi,
WhIpbIHObINbIFLI) @aHbiIKMay bolibiHWa 3epmmey Homuxxesnepi anbiHObl. 3epmmey ynainepi pemiHoe
KyC emiHiH eH Kern KondaHblinambiH mypriepi camein arnbiHObI: 6polsep Kyc emi, KypkemayblK emi
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JKoHe ylpek emi. Puauka-xumMusinbiK 3epmmeynepdiH Homuxxernepi 60lbIHWAa KypKkemayblK MecCiHIH
¢uneciHOe bpolinep MeH ylpek meciHe KaparaHOa aKybl30biH Ko XoHe MaldbiH MeruwepiHiH a3
ekeHOiai aHbiIkmanobl. EH xofapbl binFan 6alnaHeicmeipy Kabinemi 78,3% kypkemayblKk emiHoe
6atikandbl. S3epmmenemiH yneainepdiH pH Homuxenepi onapdbi em eHiMOepiH eHOipyae o0aH api
eHOeyzae xapamibl xaHa banfblH emmiH KepcemkiuimepiH kepcemmi. CoHdal-aK, makasada Kyc
emiHiH 6uosioausinbiK KYHObIbIFbIH CallbiCmbipMaribi baranay Hemuxxenepi KkesimipinazeH. 3epmmey
HamuxKenepi aliMakmaIK WUKi3ammbiH canacbkiH baranayra MyMKiHOIK 6epe0i.

TyliH ce30ep: Kypkemayblk emi, yUpeKk emi, mayblk emi, uauKa-XuMusinbIK
Kepcemkiwmepi, opaaHosienmukarbik baranay.
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COMPARATIVE ANALYSIS OF PHYSICO-CHEMICAL, ORGANOLEPTIC PARAMETERS AND
AMINO ACID COMPOSITION OF VARIOUS TYPES OF POULTRY MEAT

The article presents the results of studies of physico-chemical and organoleptic parameters
of various types of poultry meat. One of the important indicators in determining the quality of raw
materials and when choosing them as raw materials for further processing is its physico-chemical
properties and organoleptic indicators. Under laboratory conditions, the results of a study were
obtained to determine the physico-chemical parameters (moisture, protein, fat, ash, pH, moisture
binding ability of minced meat), organoleptic parameters (appearance, color, smell, consistency,
transparency and aroma of broth, juiciness) of the quality of poultry meat of various types. The most
commonly consumed types of poultry meat were purchased as research samples: broiler poultry,
turkey meat and duck meat. According to the results of the study of physico-chemical studies, it was
found that turkey breast fillet contains more protein and less fat than broiler breast fillet and duck.
The highest moisture binding capacity was observed in turkey meat 78.3%. The pH results of the
studied samples showed the value of fresh meat suitable for further processing for the production of
meat products. The article also presents the results of a comparative assessment of the biological
value of poultry meat. The results of the study make it possible to assess the quality of regional raw
materials.

Key words: turkey meat, duck meat, chicken meat, physical and chemical parameters of
meat, organoleptic evaluation.
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NOCNEAHUE NOCTUXEHUA BUOCEHCOPA B OBJIACTU MUKPOBHOI'O
30HANPOBAHUA

AHHOmauyus: B Hacmosiwem o63ope Mmbl obcydunu pa3pabomky U U320mo8rieHuUe
ycmpoticme mecmbl 10 mecmy okasaHus nomowju (POCT) Ona obHapyxeHusi MUKPOGHbIX
rnamoeeHos, 8 MoM d4ucrie bakmepul, eupycos, 2pubkog u napa3umos. bbinu oceeweHbl
afilekmpoxumuyeckue mMemodbl U mekyuue O0CMUXEHUS 8 amol obracmu C MOYKU 3PEeHUs
UHMe2puUpOoBaHHbIX 3MIEKMPOXUMUYECKUX 71amgopM, KOMOPbIE 8K/THOHAM 8 OCHOBHOM M0OX00bI
Ha OCHo8e MUKPOIoUO08 U UHMe2pUpPOo8aHHbIe cucmeMbl cMapmagoHo8 u MiHmepHema sewel
(loM) u UumepHema meduyuHckux sewel (IoMT). Kpome mozo, 6ydem coobuieHo o docmyrnHocmu
KoMMepYecKux buoceHcopos Orid OOHapyXeHUss MUKPOGHbIX rnamoeseHos. B kKoHue 6binu
0bcyx0eHbl rnpobrembl fnpu uszomosneHuu buoceHcopos rno mecmy okasaHusi nomowu (POC) u
oxudaembie 6ydywue docmuxxeHusi 8 obriacmu buoceHcopos. VMiHmezpuposaHHbie r1amgopmbl
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Ha ocHoge 6uoceHcopose ¢ IoM [ IOMT o06bkiyHO cobupatom OaHHble O omcrexXueaHus
pacrpocmpaHeHUsi UHQEeKUUOHHbIX 3abornesaHuli 8 coobuwecmeae, Ymo 6birio Obl M0SI€3HO C MOYKU
3peHus Jfy4dwel eaomosHocmu K meKywum u 6ydywum naHOeMusM U, Kak oxudaemcs,
npedomepamum coyuarbHble U 9KOHOMUYeCKUe nomepu.

B nocnedHee decamunemue Hayka o0 buoceHcopax dobusiacb 02pOMHO20 fpozpecca 8
OuaeHocmuke 3abonesaHuli. JlekapcmeeHHO-ycmoul4ueblie bakmepuu rnpeesocxodsm ycunus rno
MOUCKY niekapcms, cmaesi o0 y2po3y co8peMeHHbIe aHMubUOMUKU U yepoxasi MHO204UCIEHHbIM
Heu36exXHbIM MeQUUUHCKUM ripouedypamM, Komopbie cHUMaromcsi camo cobol pa3ymMerouwumMucs.
Gopwba ¢ amoti ecemupHol y2po3oli nompebyem u3obpemeHus U npuMeHeHuUs1 ece boree wupokol
OuazHOCMUKU UHGhEKUUOHHbIX 3aboriesaHudl.

Knroyeeblie crioga: 3neKmpoxumMuyeckul, UHGEKUUOHHble 607r1e3HU, UHmMepHem
MeQUUUHCKUX eewel, mecmbl [0 Mecmy okadaHus rnomMowu, Memodbl amnugukayuu
HYK/1eUHO8bIX KUCI0M, HyK/eUHO8bIe KUC/10Mbl, 0OHOHYK1€0MUOHbIE MOSIUMOPGU3MbI, ByMaxKHbIX
CEHCOPHbIX UHCMPYMEHMO8, MUKPOXUIKOCMHO20 mecmupoeaHusi Ha mecme, COVID-19.

BBepneHune

JlabopaTopHasi [guarHoCTMKa WHMEKUMOHHBbIX 3aboneBaHMn B HacTosillee Bpems
npevMMyLLIeCTBEHHO OCHOBaHa Ha NoaX04ax, OCHOBAHHbLIX Ha KNETOYHbIX KynbTypax, KoTopble AatoT
pe3ynbTaTbl B Te4eHMEe HECKOSbKUX OHEN, YTO 3aTpyaHAET NPUHATUE pPeLLEeHUS O CBOEBPEMEHHOM
Bblbope 9dEKTMBHBIX TepaneBTUYECKMX MPOTUBOMUKPOOHbLIX npenapatoB [1-5]. MeTtoapl
amnnudukaummn HyknemHosbix kucnot (MAHK) patoT 6bicTpble pe3ynbTaTbl, MOCKOMbKY OHM
oOHapyxuBatoT MUKPOOHbLINA HykneuHosblx kucnoT (HK) HenocpeacTBeHHO B o6pa3uax naumMeHToB,
YTO YacTo 3aHMMaEeT MEHEE Yaca unn OByx.

Bonpekn atomy, cyuwectyowmne TexHonormm MAHK mmeloT gaBa OCHOBHbIX HegocTaTka,
KOTOpble MPEenaATCTBYIOT MX MPUHATUIO, OCOBEHHO C TOYKM 3peHUs OBHapy>XeHWs BCEro crekrpa
MYTaHTHbIX  BapuvaHTOB  MMUKPOBGOB, KOTOpble  SBMAKOTCA  NEeKapCTBEHHO-YCTONYMBbBIMU,
Ha3blBaeMbIMW  MynbTUpe3ncTeHTHbiMn (MP) mukpobammn [1, 3]. [llpexage Bcero, 310 UX
OrPaHNYEHHbI YPOBEHb MYIbTUMNIEKCMPOBAHUS, KOTOPbIM onpeaenseTcs Kak obliee KonnM4ecTso
nocnegoBaTtenbHOCTEN (UMM LUTaMMOB), KOTOpble MOryT ObiTb MAeHTUUUMPOBaHbI B OOHOW
peakuun [7]. Btopas npobnema 3aknyaeTcs B UX HeCnocobHocTM  obHapyxuBaTb
OOHOHYKNeoTuaHble nonumopduamel (OHI) nnn gpyrme nameHeHus/mytaummn n3-3a UX HU3KOTO
paspeleHnss M TOYHOCTU. TeM He MeHee, MOXHO MCCneaoBaTb JloKanbHble W3MEHEHUs
nocnenoBartenbHOCTN (00ObIMHO 3-6 HyKNeoTMAOB) C MCMOSb30BaHWEM arnnenb-cneumnguyeckmx
npanmMepoB UMM 30HOOB, MEYEHHbIX (pnyopodopoM, OAHAKO TOYHOE WM3MEHEHWEe OCHOBaHUA U
TOYHas KoopAuHata He MOryT ObiTb MOSyYeHbl C BbLICOKOW CTEMEHbl AocToBepHocTu [8].
OrpaHnyeHus aTMX MeTOAOB MOXHO Fferko npeogonetb C NOMOLLbO NepefoBbiX GMOCEHCOPOB.,
KOTOpbl€  BKIHOYAKOT  AMEKTPOXMMUYECKME W MUKPOXUOKOCTHbIE  NnaTtdopMbl, KOTOpble
obecneyumBalOT 3IKOHOMUYECKM I(PDEKTUBHOE, CBEPXBLICOKOYYBCTBUTENBHOE W CENEKTUBHOE
obHapyXeHne UueneBoro aHanuta B TevYeHMe OrpaHuMYeHHOro nepvogda BpemeHwu. [etanu
ANEKTPOXMMNYECKOTO U MUKPOXMOKOCTHOrO TectupoBaHua Ha mecte (MXKTM) onga amarHOCTUKm
NMHEKLMOHHBIX 3aboneBaHnin ByayT obCcykaaTbCca B CrieayoLweM pasgene.

MeToabl uccnegoBaHus

[ns o6HapyxeHns GuomMonekyn ¢ NoOMoLLblo BMoceHCOPOB TpebyeTCca ANeMEHT XMMUYECKOTO
pacno3HaBaHud, KOTOPbIA yrnaBnuBaeT LEneBon aHanuT, a XMMmnieckast aHeprusi Gnonormyeckmnx
B3aMMOAENCTBUIN/XUMUYECKUX peakuuin 3ateMm npeobpasyetca B INEKTPUYECKYID 3JHEepruio c
MOMOLLIbIO PU3NKO-XMMUYECKOro npeobpasosaTend. [Janee 310T curHan Heobxo4MMo OTNPaBnTb Ha
aeTtektop ans obpabotkm u aHanusa curHana. B cnyyae anekTpoxumuyeckoro GuoceHcopa
NCNONb3YeTCH 3NEeKTPOXMMUYECKUn npeobpasoBatenb Ha XUMUYECKUM MOAUMULMPOBAHHOM
aneKTpoae, KOTOpbIN coeamHaeTca ¢ G1onorMyecknm aHanuMTomM Ansi CENeKTUBHOrO obHapyXeHus
uenesoro aHanuta [9,10]. Cpean MHOrOYUCIEHHbIX JOCTOMHCTB 3NIEKTPOXMMUYECKMX BUOoCeHCOpoB
MOXHO BbIOENUTb CMOCOBHOCTbL BbLICOKOM YYBCTBUTENBHOCTWU, HU3KYHD npeden obHapyXeHus,
NMOPTATUBHOCTb, BbICOKAA CTabUIMbHOCTb, NPOCTOTAa B JKCNMyaTauum M BbICOKas MPOMycKHast
CnocoBbHOCTb AMarHOCTUKK, KOTOpble B nocnegHee Bpems Hanbonee soctpebosaHbl ansa POCT. K
MUKPOOHLIM 3aboneBaHMsIM OTHOCATCS BUPYCbl, OakTepuwn, napasuTbl UNU TFPpUBKN, KoTopble
NpeAcTaBnsoT OFPOMHBIN UHTEPEC U3-3a UX BbICOKOW CMEPTHOCTU U CEPbE3HOCTH.

POCT sBnsetca pyHaameHTanbHbIM TpeboBaHNEM 4151 paHHEW AnarHOCTMKKN 3abonesaHun,
CBSA3aHHbIX C KOHTaKTHOM W GeckoHTakTHoW nepepaden. CKPUHWHI U AMArHoCTMKa NauMeHToB
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AOMKHbI ObITb NTOKANU30BaHHbLIMW U NEPCOHANM3MPOBAHHBLIMU, YTO NO3BOSUT YYYLIMTb U YCKOPUTb
nepcnekTuebl neveHusi. Ha pucyHke 1 nokasaHa cBs3b mexay nnatgpopmamm POC Ha ocHoBe
3NEKTPOXMMUM N METOAAMUN MOHUTOPWHIA, KOTOPbIE NMOMOratoT coobLaTb CTaTUCTMKY 3aboneBaHui
Ha NPOTSXKEHMM BCEN CUTyaLUnN CO BCMbILLKOWN.
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PucyHok 1 — HarnsgHasa nnnioctpaums MUHTErPUPOBaHHbIX YCTPOWCTB 351EKTPOXMMNYECKOrO
TectupoBaHus POC IoMT. AsTopckue npaea ua ccbinkm [11].

TR
S

Compact analyzer Paper (ePAD) assay

K npenmywecream POCT Ha ocHoBe UHTepHeTa meanumHckux Bewen (MMT) oTHocsTes
AelueBble, NpocTble U yaobHble YCTPOWCTBA, He Tpebyrowmne kBannduumMpoBaHHOrO nepcoHana,
KOTOpble MOXXHO MPOBOANUTL B KNWHMKAX, AOMaX, Ha paboymx mectax u T.4. TeM He MeHee, TecTbl
POC Ha ocHoBe VIMT no3BOMSIOT  BBIMOMHATb  CKPUHMHI MO TpeboBaHuO U
BbICOKOMPOM3BOANTENBHOE TEecTMpoBaHMe B rnobanbHOM MaclwTtabe CHWXKalT Harpysky Ha
LeHTpann3oBaHHble yupexaeHusa n obecneymBaroT NPOCTON MOHUTOPUHI U ObICTPYHO AMArHOCTUKY
[11].

Heckonbko natoreHHbIX 3aboneBaHunii B NepBy0 0Yepedb OTBETCTBEHHbI 3a BOCManeHue,
npMBoas K MOSIBNIEHMIO  pasnunyHbiX OvomMapkepoB BocnaneHusa. Takue Ouomapkepbl
Xapaktepuaylotcs U 9(PdEKTMBHO  OMArHOCTMpyOTCs € nomowbto  yctponcte POC,
nHTerpmpoBaHHbix B WIMT, ans adpekTnBHOro, ObICTPOro M TOYHOrO KpynHomacwTabHoro
MOHUTOpPUWHra 3abonesaHnin. B aTom pasgene cuctematmyeckm obeyxgatotes yctpornctesa POC Ha
OCHOBE 3MeKTPOXMMUN Onsi OBHapyXeHUs Takux MUKPOBHbIX 3aborneBaHuin. PucyHok 2 (a)
UNICTPUPYET AMAarHOCTUKY M MOHUTOPUHI BOcnanuTenbHbIX 3abonesaHmn Ha ocHoBe POC ans
COBPEMEHHOr0 ynpasneHns sgpaBooxpaHeHuem [12].
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6)
nevexune n ynpasnerHne POC Ha ocHoBe IoMT ans sabonesaHun,
em, (6) rpacdhnyeckoe npeacTasneHne MeToOAoNornn paboTol

3NeKTpoxmMmyeckmx nnatgopm B Hactporkax POC. ABTopckoe npaBo m3 CCbinku [12].
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PesynbTaTbl uccneaoBaHun

AneKkTpoxmmMmmyeckne BUoceHcopbl 4OCTAaTOYHO YHUBEPCAbHbl M MOTYT UCNONb30BaTbCA AN
TOYHOW, paHHen, ObICTPOM M SKOHOMUYHOM AMarHocTukn GaktepuanbHbix 3aboneBaHun, [13]
Tponuyecknx 6onesHen,[14] MHMEKUMOHHBIX BUPYCHbIX 3aboneBaHuin, [15] n oBHapyxeHus
naTtoreHoB, [16] obHapyxeHusi pecnMpaTopHbIX BMpYCcoB [17], u T.4. YunTbiBasi XapakTepUCTUKK
ANEKTPOXMMUNYECKMX BrnoceHcopoBs, paspaboTka yctponcte POC Ha ocHoBe VIMT pesko noBbICUT
TeKywyto noTpebHocTb B  rnobanbHOM, KpynHomacwTabHoMm, fgeweBoM, ObiCTpoM 1
YyBCTBMTENBHOM OOHapyXeHun 6uomapkepos 3abonesaHuin. Ha pucyHke 2 (6) nokasaHbl ocobble
CBOWCTBA 9NEKTPOXMMUYECKNX OMOCEHCOPOB C TOYKM 3peHus moaudukauum ux cybertpaTa,
NCNONb30BaHNs HaHOMAaTepuarioB, BbICOKOW 4YYyBCTBUTENbHOCTW, YNYYLEHUA ONA yBENUYeHus
cpoka rogHoOCTW, YMeHblueHust BGuonormdeckoro obpactaHus, CNOCOBHOCTU MyNbTUNIIEKCHOrO
obHapyxeHusi, ouupoBKM W NPOCTOTbl WMHTErpaumm c Apyrumu mMetogamu. KMcnonb3oBaHue
nnatcopm Ha ocHoBe WMT umeeT Gonblioe 3HavyeHMe ONA peweHus Tekywux npobnem c
pacTywmmn  TpeboBaHNAMKU.  DNEKTPOXMMUYECcKMe OMOCEHCOPbl  NULIEHbI  NPENMYLLECTB
MUHMATIOpM3aunM, MNOpPTaTUBHOCTK, CenekTMBHOCTM n  BoamoxHocten POCT, koTopble
CMOCOBCTBYHOT MX UCMOSb30BAHNIO B KITMHUYECKMX YCIOBUSX Adaxe B rnobansHoM macwTabe [12].

OOGHapyxeHue aHanuTa ¢ NOMOLLbK BCTPOEHHOMO 3NeKTpoxXmMmnyeckoro buoceHcopa loT Ha
OCHoBe rpadeHa nokasaHo Ha pucyHke 3 [18].
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PucyHok 3-pacmyeckas nHtepnpetaums otbopa npob, obHapyXeHns 1 aHanusa
WHTErPUPOBAHHOIO 3NIEKTPOXMMUNYECKOro brnoceHcopa loT Ha ocHOBe rpadpeHa.
ABTOpCKME NpaBa 13 ccbinku [18].

O6cyxaeHne Hay4YHbIX pe3ynbTaToB

bnarogapsi Bbicokon cneundnyHOCTU, MPOCTOTE MAcCOBOIro NPOM3BOACTBA, SKOHOMUYHOCTH
N BO3MOXHOCTM MPUMEHEHMSI HA MeCcTe, a Takke CnocobHOCTW AaBaTb ObICTpble pesynbTaTbl
yctporictBa POC Ha ocHOBe GMOCEHCOPOB CTanu BaXXHbIMU AMArHOCTMYECKMMM noaxogamu Ans
ANarHoCTMKN 3aboneBaHMn U MOHUTOPMHIa TepaneBTUYeCKoro oTeBeTa. TpaauLMOHHBbIE NOOXOAbI
ABNAOTCA LOPOroCTOAWMMMU, TPYAOEMKUMN N TPYAOEMKUMU. BoceHCcopbl NOCTENEHHO 3aMeHS0T
TpaguLUMOHHbIE MeToabl ObHapyxeHus aHanutoB. [Ona obHapyXeHus annepreHoB, TOKCKMHOB,
rOPMOHOB, MWKPOGOB, MNECTUUMOOB W [OPYrMX COOTBETCTBYIOLLIMX XUMWUYECKMX BELLECTB OHU
obecneunBatoT 6onee ObICTPYHD, TOYHYHO N Bonee rMBKy MeToauKy. PbIHOK HOCUMbIX OATYUKOB,
BEPOSATHO, CUNbHO M3MeHUTCA B Onwkanwwve rogbl. [lporHo3upyetcsd, 4TO NOMNYNAPHOCTb
BGuoceHcopoB ByaeT pacTn No Mepe pocTta NoNynsaApPHOCTN HOCUMbIX MEAMLMHCKUX YCTPOWCTB KakK Ha
MEeOMLMHCKOM, TaK U Ha NOTPeObUTENBCKOM pbiHKaX. B Lenom, ceHcopHble YCTPOWCTBA, Takne Kak
cucTeMbl GOKOBOro NOToKa, GyMaXkHble TECT-MOMOCKN N 3NEKTPOXMMUYECKNE BMOCEHCOPbI, MOXHO
ncnonb3oBaTb [Afsi NPOCTOrO CKPUMHUHrAa MAM BbIGOPOYHOrO KOMMYECTBEHHOro OnpeaeneHus
MaTepuarnoB B COMETAHUN C KOMMbIOTEPHLIMU UHCTPYMEHTamMun Ana cbopa n aHanmsa gaHHbIX.

lMopTaTuBHbIE CUYUTbIBATENN WU WHCTPYMEHTbI, MHTErpupOBaHHblE C MHAOPMAaLMOHHBLIMU
TEXHOMOrMAMK, TakMe KakK CMapTgOHbl CO BCTPOEHHbIMM AaTyukaMu WU NOpPTaATUBHbIE
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noTeHuMocTaTU4yeckme YCTPOMCTBA C BO3MOXHOCTBbIO Nepedayu curHana, npegnarawot
NpevMyLLLEeCTBO NOSTHOrO KONU4ecTBeHHOro namepenus [19]. Hanpumep, cBA3b GrivkHero nons Ans
CUYATLIBAHWSI CUrHanNoOB SBMNSETCS BaXHbIM AOCTWXKEeHMeM B obnactm OGymaxHbIX CEHCOPHbIX
nHCTpymeHToB(BCW). 3TM WHCTPYMEHTbl MO3BONAT nepedasaTb [AaHHble MOCPEeACTBOM
B3anMOLENCTBUS N nHTerpaumm ¢ loT. 3T1o obecneymBaeT Gonee CTPOrylo CBsA3b, CBA3AHHYIO C
MeOMLMHCKON MHGOPMaUnen B CLUeHapuax naHaAeMuu, YTO BaXKHO AN MOHUTOPWUHIA, KOHTPOMS U
npekpawieHms nepegayn uHdekumn. bonee Toro, wHTerpauusa WMHCTpymeHToB W C
ANarHoCTUYECKMMN cucTeMaMuy no3sonuna 6ornee onepaTtMBHO yNpaBnisaTb ANN4EMUNONOTMYECKUMU
OaHHbIMM M3 COOTBEeTCTBYylOWEN obnactu Bo Bpems naHgemum COVID-19 [20,21]. HblHewHWN
cueHapuin 6MO30HANPOBAHUSA KaXeTCs MHOroobeLatoLLmm.

Kaxgbin  Mecsi,  BbIMyCKalOTCH HOBble CEHCOPHble NNatgopMbl C  MNOBbILLEHHOM
aHanUTUYeCcKon MNpPOM3BOAUTENBHOCTBI. HecMOTpA Ha Takyl BbICOKYH MNPOU3BOAUTENBHOCTD,
pa3paboTka BruoaHanUTUYECKUX ragpKeToB NO-NPEXHeMy B 3HAaYUMTENbHOW CTENEHW 3aBUCUT OT Npob
1 OLWIMBOK Ha NPOTSXKEHUU BCEro npoLecca Npon3BoacTea 1 onTuMmu3aumm. HecMoTps Ha To, 4TO Ao
CUX Nop 3TOT MeToA 6bIn yCneLwHbIM, BaXXHO NOAYEPKHYTb, YTO M3MEHEHUSA YaCcTO He3HaYUTENbHbI
N NUWb B pefKkux Cny4dasix ycrewHo peanuayloTcsl Ha pbiHKe. B CBA3M € 9TMM Mbl cuntaem, 4to
paspaboTynkam MOXeT ObITb NoneseH 6onee KOMNbIOTEPU3NPOBAHHbIV NOAXOA, KOTOPbIN NO3BONNA
Obl Mx ragpketam paboTtatb 6onee apdHEKTUBHO N C aHANUTUYECKOW TOYKM 3peHnsa [22-25]. Ha
pblHOK. Kpome TOro, ucnonb3oBaHne mogenen M BO BpeMsa aHanmsa AaHHbIX MOXET cTaTb
NONe3HbIM MHCTPYMEHTOM AN YMyYleHUs CneumduyHOCTM U YyBCTBUTENBHOCTU AaTymka 6e3
HeobX0OMMOCTN U3MEHEHUs OBUOMNOrMYecknx WnM annapaTtHbiX KOMMOHeHTOB [22]. [lMomumo
TEXHOSNOMMYECKMX MNPEnATCTBUA M OTCYTCTBUS €OUHOW MOoAenu [MarHOCTUKM 3abonesBaHun,
HeobXxoOuMMO  yunTbiBaTb  OMpefdeneHHble  CouManbHO-3KOHOMUYECKMe  akTopbl,  YTOObI
OpraHn3oBaTb LUMPOKOMACLUTABHYO KaMnaHMIo NO MCNOMNb30BaHMIO AMAarHOCTUYECKNX YCTPONCTB.

Kpome TOro, gaxe BbICOKOHYBCTBUTENbHbLIN aHanm3, CMOCOOHbLIN BbISABNATL MHOrMe
Bromapkepbl MHPEKLMOHHbBIX areHToB, cam No cebe MOXeT He AaTb OQHO3HAYHO MOMOXUTENbHOro
UNM oTpuLaTenbHOro pesyrnbTaTa M3-3a pasnuuun B npodune cneuuduryeckux Guomapkepos
naumeHTa, KoTopble MOryT ObiTb CBA3aHbl CO MHOrMMMU ApYrumMun haktopamn. mMeauuMHCKne
pacctponcTBa. BcnegcrBue aToro KBanudMUMPOBAHHBLIA MUKPOOMONOr AOMMKEH MOCTOSIHHO
ocMaTtpuBaTtb pesynbTaTbl aHanu3oB WM Apyrne cumnTtoMbl 6onbHOro. B KOHTEKcTe mMaccoBOro
ANarHOCTMYECKOro TECTUPOBAHUA 3TO BrieyeT 3a cobon obyveHne u pasBepTbiBaHWE OObLLOIO
yucna MeguuMHCKUMX paboTHMKOB, a Takke oOnpeferieHHble W3MEHEHWUs  CyLLEeCTBYHOLLMX
NHPPaCTPYKTYp ONS XpaHeHus u yTunusauumn obpasuos. Ewe ogHa TpyaHOCTb 3aknioyaeTcs B
ypaBHOBELUMBaHWM NOCNEACTBMI TAKOro AMarHo3a Ha XW3Hb naumeHTa. Hanpumep, naumeHty, y
KOTOPOro AMarHoCTMpOBaH OMpedeneHHbIn Hedyr, MoxeT noTpeboBaTbCA NCMXonormyeckas
NMoMoLLb, KOTOpas JormkHa ObiTb OKaszaHa cpasy Mocne NonyyYeHus pesynbTaToB aHanu3oB. JTO
TpebyeT 4ONONHUTENBHBIX NPOMECCUOHANBHbLIX KOHCYNbTauun Anst HabnaeHns 3a nauneHTamm B
TeyeHue Bcer npoueaypbl CKpuHuMHra [26]. TTOMMMO  MCUXOMOrMYECKOro  HanpsKeHus
obcnenoBaHus, NaumMeHT AOMmKeH BbiTb YBEPEH, YTO ero pesynbTaTtbl He ByayT A4OCTYMHbl TPETbUM
nvuuam. [enctButensHO, HapylleHne 6e30nacHOCTU AaHHbIX MOXET MPUBECTU K 3HAYMTENbHOMY
yBEIIMYEHMIO PACcXOA0B Ha 34paBoOOXPaHEHME U CTPaxoOBaHME XU3HW, a Takke K JUCKPUMUHALMK Ha
pabote. B pesynbrate CTaHOBUTCS O4YEBMOHbIM, YTO [N YCMELWHOro OCyLeCTBNeHNs
KpynHoMaclwTabHon nporpamMmbl BbisiBNeHNa 3aboneBaHui TpebyeTcss nNpodHas coumanbHo-
9KOHOMMYecKasi OCHOBA, KOTopas MOXeT OblTb AOCTUrHyTa 3a CYeT UCMONb30BaHMA agauTUBHOMO
npounssoacTea [27,28].

XUMUKM M OMOMOTN-XMMUKA  MOTYT BHECTM 3HaYuUTENbHbIA BKNag B pa3paboTKy
BMOCEHCOPHBbIX YCTPONCTB NPOTUB MHADEKUMOHHbLIX areHTOB, BKMoYasa 6akrepun, BUpYyChbl, rpnbku u
napasuTtbl. Ham elwe MHOroe npeacTouT y3HaTb O MWKPOOHOW nonynsaumn, WX reHeTuke,
Broxmmmyecknx nyTax m cnocobax B3aMMOAEWUCTBMS C peuentopaMmy BGUONOrMYEecKUX KIeToK.
WccnepoBateny MOryT UCNOMNb30BaTbh XMMUYECKME 3HAHUS, YTOBbI CBA3aTb MUKPOOHYHO aKTUBHOCTb
C reHamum u epmeHTamu. Ha ypoBHE CUrHanbHOro MnyTW MPOU3BOASATCA M UCNONb3YTCH
HU3KOMOIEKYNAPHbIE 30HAbI A5 U3y4YeHUs B3anMogencTBust MUKPOOUOTbI U UMMYHHOW CUCTEMBI.
WccnepgoBateny MOryT MCNONb30BaTbh XMMUYECKNE 3HaHUS, YTOObI CBA3aTb MUKPOOHYHO aKTUBHOCTb
C reHamu u pepmeHTamun U, criegoBaTesnibHO, UCMOMNb30BaTbh UX AN 0BHAPYXEHUsT KOHKPETHbIX
MUKPOBHbLIX KOMMOHEHTOB, KOTOPbIE BAUSAIOT HA MHEKLUUN I UMMYHHYIO CUCTEMY XO35IMHa.

UT0Obl B MONHOWM Mepe oco3HaTb NOTEeHUMan MeTooB OMO30HAMPOBAHUA ANS NEeYeHUs U
NpodUNakTKN NHPEKUMOHHbIX 3aboneBaHni, Mbl OMKHbI NpeoaoneTb cepbe3Hble NPensaTCTBuUS,
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CBsI3aHHblE C MBMEHEHMEM COCTaBa M (PYHKLMIN 3TUX CROXHbIX coobLecTB. XMMUKM MOTYT NOMOYb
B pa3paboTke cTparterMm GuoceHcopa CreaytoLlero NOKONEHNs C NOMOLLbIO HOBOW KOHCTPYKLMU
MaTepuarnoB, KoTopble 006nagalT YNyYylWeHHOW XUMUYECKON (OYHKLUMOHANbHOCTbIO, BbICOKOM
3MEKTPONPOBOAHOCTLIO, YBENMYEHHON NMoWaablo MOBEPXHOCTU W APYrMMU HacTpavBaeMbIMU
PUINKO-XMMMUYECKMMM CBOMCTBaMU. B gononHeHne K ux nonesHocTu B Ka4eCTBE WMHCTPYMEHTOB,
Taknme XMMM4Yeckmne BeLecTBa MOryT MMeTb TepaneBTUYECKME nepcnekTusbl. B uenom, Hawe 6onee
rnybokoe MOHMMaHWE MPOLECCOB, NEeXalnx B OCHOBE B3aUMOLEWCTBUS XO3AMHA WM MaToreHa,
Hapsgy C  HOBbIMM  TEXHOMOMMSIMW  W3FOTOBMIEHUA  MYSbTUMMEKCHbIX,  MWUHUATHOPHbIX,
BbICOKOMPOM3BOANTENBbHBLIX MHCTPYMEHTOB GuoceHcopa, obelsaet obecneuntb UHHOBALMOHHbLIE
cTpaTternm 60pbbbl ¢ NHPEKLMOHHLIMU 3a00NIEBAHNAMM, KOTOPLIE SIBISAKOTCS Cepbe3HOM NPobriemMon
34paBOOXpaHEHNs1 BO BCEM MUpE.

3aknoueHue

MHTerpaumio anekTpoxXmMMmmnyeckmnx yCTpomcTB ¢ MUKpOodntongHon nnatdopmMon B codeTaHnn
¢ nnatcdopmon MT ans aHanusa 6onblUMX AaHHBIX M 0ONa4YHbIX BbIMUCNEHUN MOXHO cuYMTaTb
pesontoumern B obnactm OuosoHAMpoBaHMSA. MynbTUNMEKCHbIE W CBEPXYYBCTBUTESbHbIE
MUHMATIOPHbIE YCTPOUCTBA MOryT obecneuntb HEOOXOANMYHK KITMHMYECKYHD YyBCTBUTENTbHOCTL U
cneunuYHOCTb ANsl AMArHOCTUKM WHMEKUMOHHBLIX 3aboneBaHui. pu npaBuMNbHOM 3TUYECKOM
ynpaBfieHNN N yXO4e 3TO MOXET CHMU3UTb (PUHAHCOBYIO HArpy3Ky Ha CUCTEMbl 34paBOOXPAHEHNS, a
TaKke yny4ywuTb pesynbTaTbl MUKPOOHOM MHGEeKuun. B COBOKynHOCTM mnporpecc B obnactu
Ono3oHANpOBaHMS MOXeT cTaTb 6narom ans obuiectBa M MOXeT ObiTb norne3eH B Oopbbe C
HbIHELHMMW 1 ByayLWMMKN 3NNOEMUSIMU U NAaHAEMUSAMM C TOYKM 3PEHUS NyyLLIEe rOTOBHOCTMW.
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MWUKPOBTbIK 3EPTTEY CANNACbIHOAFbl BUOCEHCOPAbIH COHFbI XXETICTIKTEPI

byn makanada 6i3 Mukpobmeik namoaeHOepdi, CoHbIH iWwiHOe 6bakmepusinapobi, saupycmaposbl,
caHblpayKyrnakmapObl XxoHe napas3ummepdi aHbiKmayfra apHalifaH KeMeK Kepcemy HYKmeciH
mekcepy (POST) KypbinfbinapbiHbiH 83iprieHyi MeH 6HOIpiCiH markbinadbiK. Mukpogbroudmik
Hezi30eai macindep MeH cMapm@oH MeH 3ammap uHmepHemi (loM) xoHe MeduyuHarbIK
3ammapOdbiH UuHmMepHemiHiH (IoMT) 6ipikmipinzeH Xxylenepi HeziziHOeai macindepdeH mypambiH
6ipikmipinzeH 31ekKmpoxXuMussbIK niamgopmarnap mypfbiCbiHaH 371eKMpoXUMUsifbIK 8dicmep MeH
canalarbl afbiMOarbl xxemicmikmep KammabiriObl. COHbIMEH Kamap, MUKpobmbiK KO30bipfbiwmapob!
aHbIKMayfa apHariraH KoMmepuusbiK 6uoceHcopnapObiH 6051ybl myparsbi xabapiaHamsiH 601adbl.
CoHbiHOa 6uoceHcopnapdbl kymy HykmeciHOe (POC) xacaydarbl KUbIHObIKMAap XXoHe
buoceHcopsibIKk mexHoo2usidarbl KyminemiH 6onawak xemicmikmep marskbiinaHobl. loM/IoMT 6ap
UHmMeepauyusnaHraH buoceHcopra HeeiddenzeH nnamgopmanap ademme KorFamda Xyknasbl
aypynapObiH mapasybiH 6akbinay ywiH 0epekmepOi xuHatdbl, byn arbiMOarbl xoHe bonawakmarbl
naHOemusira xakcbipak 0alibiIHObIK mypfbiCbiHaH natidasibl XoHe aieyMemmiK XoHe 3KOHOMUKaIbIK
whblifbIHOapdbIH andbiH anadbl dern Kyminyode.

CoHrbl OHXbINObIKMa buoceHcopap fblfibiMbl aypynapdbl QuasHocmukanayda opacaH 30p
rpozpecke Kos xemkisoi. [Jopi-Ospmekke me3imOi bakmepusinap 0oapi-0spmek maby Kyw-xicepiHeH
acbin mycedi, 3amaHayu aHmubuomukmepae Kayin meHoipedi xeHe sdemmezioel KabblndaHambiH
KenmezeH epikci3 meduyuHarnbiK rpouedypanapra Kayin meHOipedi. byn OyHUEXy3irniK KayinneH
Kypecy Xyknarbl aypynapdbiH KeHipek duacHocmukachlH olnan mabydbl xeHe KorndaHydbl manan
emedi.
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TyniH ce3pep: 3a71EKMPOXUMUSTIbIK, XYKnarbl aypy, MeduyuHarnbik 3ammapdbiH UHMepHemi,
JKepeinikmi MeOuyuHarsblK KOMeK Kopcemy CbiHaKkmapbl, HyKneuH KbIWKbIbIH Kyweldmy adicmepi,
HYKINeuH KbiWwKblndapbl, 6ip Hykneomudmik nonumopghusmoep, Karas HeaisiHdeai CeHCopribiK
Kypandap, mukpoghrroudmix mecminey, COVID-19.
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RECENT ADVANCES OF THE BIOSENSOR IN MICROBIAL SENSING

In this review, we discussed the design and manufacture of point-of-care test (POST) devices
for the detection of microbial pathogens, including bacteria, viruses, fungi, and parasites.
Electrochemical methods and current advances in the field were highlighted in terms of integrated
electrochemical platforms, which include mainly microfluidic based approaches and integrated
smartphone and Internet of things (IoM) and internet of medical things (IloMT) systems. In addition,
the availability of commercial biosensors for the detection of microbial pathogens will be reported.
At the end, challenges in point-of-care (POC) biosensor fabrication and expected future advances
in biosensor technology were discussed. Integrated biosensor-based platforms with loM/IoMT
typically collect data to track the spread of infectious diseases in the community, which would be
useful in terms of better preparedness for current and future pandemics and is expected to prevent
social and economic losses.

In the last decade, the science of biosensors has made tremendous progress in diagnosing
diseases. Drug-resistant bacteria are outperforming drug discovery efforts, jeopardizing modern
antibiotics and threatening many inevitable medical procedures that are taken for granted.
Combating this worldwide threat will require the invention and application of ever-wider diagnostics
of infectious diseases.

Key words: electrochemical, infectious disease, internet of medical things, point-of-care tests,
nucleic acid amplification methods, nucleic acids, single nucleotide polymorphisms, paper-based
sensory instruments, microfluidic testing in situ, COVID-19.

CBepgeHua o6 aBTopax
3.H. TemunpxxaHoBa — MarmcTp TEXHUYECKNX HayK, CNeLnanncT LeHTpa kKommMmepumanusaunm
N WHHOBauun; YHuBepcuteT uMeHn Llakapuma ropoga Cemen, Pecnybnuka Kasaxcran;
zukhra_94g@mail.ru.
ABToOpnap Typansi manimeTTep
3.H. TemupkaHoBa — TexHUKa FfblbIMAAPbIHLIH, MarncTpi, KOMMEpUMAnaHablpy >XaHe
WHHOBaUuANap opTanbifbiHbiH, MamaHbl; Cemeln kanacbiHblH, Lekapim aTbiHOafbl yHUBEpCUTETI,
KasakctaH Pecnybnukacesl; zukhra_94g@mail.ru.

Information about the authors
ZN. Temirzhanova — Master of Technical Sciences, Specialist of the Center for
Commercialization and Innovation; Shakarim University of Semey, Republic of Kazakhstan;
zukhra_94g@mail.ru.

Mamepuan nocmynun e pedakyuro 29.05.2023 a.

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 3(11) 2023 59


mailto:zukhra_94g@mail.ru

DOI: 10.53360/2788-7995-2023-3(11)-7
ISTIR: 20.53.19

Zh.T. Turikpenova, G.A. Abitova
Astana IT University
010000, Republic of Kazakhstan, Astana, Mangilik EI Avenue, 55/11
e-mail; 222136@astanait.edu.kz

CHALLENGES AND PROSPECTS IN BIG DATA ANALYTICS: A COMPREHENSIVE REVIEW
OF DEVELOPMENTS, HURDLES, AND FUTURE RESEARCH DIRECTIONS

Abstract: Big data and business analytics are trends that are positively affecting the business
world. This comprehensive review article explores the shifting paradigms and dynamic trends within
Big Data Technology (BDT), predominantly for last 5 years, based on an extensive literature review
and comparative analysis methodology. It elucidates the transformative influence of big data
analytics (BDA) in various sectors, emphasizing the rapid ascendance of cloud computing, Artificial
Intelligence (Al) integration, and development of sophisticated analytics tools. The review leverages
a wealth of academic literature and market research to underscore the predicted expansion of the
big data market. This projected growth indicates the widespread adoption of BDT across industries,
with healthcare becoming a significant consumer, motivated by the demand for personalized
medicine and improved patient care. The review then navigates emerging trends such as open data
usage and ethical concerns surrounding big data, indicating the increasing necessity for stringent
guidelines for data use and robust individual data control mechanisms. This is derived from a
methodical analysis of recent scholarly articles and industry reports. The article also scrutinizes the
evolving definition of "big data" through comparative study of the 3V model and the expanded 7V
model in various literature sources, reflecting the evolving nature of data and the unique challenges
introduced by modern big data analytics. The review also outlines the challenges for successful
implementation of big data projects and highlights the current open research directions of big data
analytics. The reviewed areas of big data suggest that good management and manipulation of the
large data sets using the techniques and tools of big data can deliver actionable insights that create
business values.

Key words: Big Data, Atrtificial Intelligence, Data analytics tools, traditional RDBMS.

Introduction

Data warehouse technology was introduced in the late 1980s by RDBMS companies to
archive large amounts of data out of production databases. It is challenging to move data over the
network and takes a long time to yield results. Big data has gained attention in government,
industries, sciences, engineering, healthcare and medicine, finance and businesses, making it
difficult to process. Organizations must design appropriate techniques to handle and process this
large volume of data to ensure effective and efficient decision-making.

Big data and business analytics techniques have recently been created and put into use to
examine a sizable amount of data produced by business enterprises. Real-time data analysis
enables businesses to observe the past and predict the future. These four types of analytics
(descriptive, predictive, diagnostic, prescriptive) offer significant commercial advantages but are
progressively more challenging to utilize and deploy. BDA can enhance corporate organizational
outcomes and sectors, including better healthcare service, higher educational standards, increased
national security, and effective governance. It has the ability to aid decision-makers in gaining
information into enabling laws that will ensure a secure environment for investors, assist waste
managers in determining the kind of waste that is more frequently produced from a certain locality,
and offer insight for the sharing of garbage collecting equipment.

This study aims to conduct a thorough investigation into big data and business. Analytics
techniques for better business decision-making, technology frameworks, applications, and
unresolved research issues. Additionally, the study aims to highlight the enormous benefits that big
data has provided for businesses in industrialized nations and how indigenous business groups
might mimic these benefits. With an emphasis on data security, management, characteristics,
regulation, and compliances, the study also covers numerous problems that BDA must overcome.
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The advancements and trends in BDT

The advancements and trends in BDT have significantly redefined the ways businesses and
organizations operate, particularly in the years 2020-2023. In an era where data has become the
lifeblood of industries, these latest trends not only reflect the evolution of BDT but also underscore
the essential role it plays in shaping various sectors.

Firstly, the exponential rise of cloud computing platforms has transformed BDT. Companies
are increasingly leveraging the cloud's scalability and cost-effectiveness to store, process, and
analyze vast volumes of data [1]. This transition to cloud-based big data solutions has democratized
access to BDT, enabling even small-scale enterprises without the resources for private data centers
to harness the power of big data.

Another notable development is the intersection of BDT with artificial intelligence (Al). This
synergy has automated a significant proportion of the data processing pipeline, including tasks such
as data cleaning, analysis, and visualization [2]. Al integration not only amplifies the efficiency of
data analysis but also permits human resources to devote their attention to strategic tasks, thereby
optimizing the workflow.

BDT landscape has also seen an influx of new data analytics tools and techniques designed
to extract meaningful insights from colossal data sets. Traditional methods, given their limitations in
processing and interpreting such volumes of data, have given way to sophisticated algorithms
capable of discerning complex patterns and trends [3].

According to Research and Market reports, the global market for big data is projected to grow
significantly from USD 157.9 billion in 2020 to USD 268.4 billion by 2026, with a compound annual
growth rate (CAGR) of approximately 12% during the forecast period. This growth is primarily
attributed to the widespread adoption of BDA across various sectors, including healthcare,
manufacturing, retail, and IT & telecom. The volume of big data is expected to reach a staggering
35 zettabytes by 2025. Among different industries, healthcare emerges as the largest consumer of
big data, driven by the rising demand for personalized medicine and the continuous pursuit of
improving patient care. [4].

Another emerging trend is the growing embrace of open data — data freely available to the
public. [5] Companies and governments are expected to leverage open data more extensively to
derive additional value from their existing data repositories.

Lastly, the ethical implications of big data are gaining increased attention. [6] As entities
amass vast amounts of individual data, ethical guidelines for data use and robust mechanisms for
individuals to control their data have become imperative.

In conclusion, the evolution and trends of BDT have reshaped multiple facets of businesses
and science. The integration of cloud computing, Al, new analytical tools, and sector-specific
applications exemplify its transformative power. Going forward, an emphasis on real-time analytics,
open data, and data ethics is likely to guide its future developments.

Big data characteristics

The definition of "big data" has been a challenging question for researchers. To address this
issue, industry analyst Doug Laney from Gartner introduced the 3V model in 2001, which outlines
three essential characteristics that data must possess to be classified as "big data": volume, velocity,
and variety. This model serves as a framework to determine whether data qualifies as big data. [7].

Structured &
Unstructured

Figure 1 — Gartner's Vector Model

However, a scrutiny of current open source scientific literature reveals prevalent usage of the
"7V" model, which is largely associated with big data and encompasses elucidation and attendant
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challenges relating to the underlying data. Several subtypes can be distinguished among them,
based upon variations identified in the literature and utilized in research. Certain authors produce
diverse versions for analogous objectives [8].

*Refers to the vast amount of data generated and collected. Modern big data analytics deals
Volume with significantly larger volumes of data than traditional data analysis, thanks to
advancements in data storage and processing capabilities

*Describes the speed at which data is generated, acquired, and processed. Big data analytics
in the modern era focuses on analyzing data in real-time or near-real-time, enabling
organizations to make faster and more informed decisions compared to traditional batch
processing
*Represents the diverse types and formats of data, including structured, unstructured, and

semi-structured data. Modern big data analytics incorporates a wide range of data sources

such as text, images, audio, video, social media data, and sensor data, in addition to

traditional structured data

+Refers to the quality, accuracy, and reliability of data. Modern big data analytics faces
challenges in dealing with the veracity of data due to the potential presence of noise,
inconsistencies, errors, and biases. Advanced techniques, such as data cleansing and data
validation, are employed to address these challenges

+Emphasizes the importance of extracting meaningful insights and value from big data.
Modern big data analytics focuses on identifying actionable insights and deriving business
value from data-driven decision-making, enabling organizations to gain a competitive
edge.

Velocity

Variety

Veracity

Value

*Represents the dynamic and changing nature of data over time. Modern big data analytics
Variability handles data that can vary in terms of volume, velocity, and variety, allowing
organizations to adapt and respond to evolving data patterns and trends

»Involves the graphical representation of data to facilitate understanding and interpretation.
Modern big data analytics leverages advanced visualization techniques and tools to
present complex data in intuitive and interactive visual formats, enabling users to explore
and analyze data effectively !

Table 1 — 7V model of Big Data

Visualisation

These additional V's of big data highlight the evolving nature of data and the unique
challenges and opportunities presented by modern BDA compared to traditional data analysis. By
comparison, BDA offers advantages over traditional data systems. They are able to process more
data faster and in larger volumes. However, reliability issues require ongoing attention to ensure the
validity of information derived from big data. As such, enterprises seeking to leverage big data should
consider the considerations outlined in the Gartner Vector Model and its enhanced version and
carefully strategize their big data initiatives.

Prospective for BDA Methods

In order to explore, visualize, identify, and communicate patterns or trends in data, analytics
makes use of statistical techniques (such as measures of central tendency, graphs, etc.), information
system software (such as data mining, sorting routines), and operations research methodologies
(such as linear programming). The analytics method in a big data environment demonstrates how to
use the potent data analytics tool to get a competitive edge and spot new business prospects. There
are 4 categories that may be used to group analytics methodologies (9):

Value

Complexity-==p
Figure 2 — Four Types of Analytics

Descriptive Analytics

Descriptive analytics focuses on understanding historical data to provide insights into what
has happened in the past. This approach involves summarizing and visualizing data to identify
patterns, trends, and relationships. For instance, insurance companies have been successfully
utilizing Descriptive Analytics and data mining to conduct more accurate policy pricing. By leveraging
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the variety of big data available at multiple sources, these companies transform low-value raw data
into high-value information for business decision-makers. The use of BDA can create benefits, such
as cost savings, better decision making, and higher product and service quality. BDA has been
widely adopted across industries for core business functions, such as accounting, marketing, supply
chain, and operations [10].

Diagnostic Analytics

Diagnostic analytics aims to determine why certain events or outcomes occurred by analyzing
historical data. It involves a more in-depth investigation to uncover the root causes behind observed
patterns or trends. For example, a study assessed the impact of BDA on public health, focusing on
health indicators and core priorities in the World Health Organization (WHQO) General Programme of
Work 2019/2023 and the European Programme of Work (EPW). The study identified the most
relevant challenges and opportunities of these tools with respect to people’s health, demonstrating
a diagnostic approach to understanding the effects of BDA on public health [11].

Predictive Analytics:

Predictive analytics utilizes historical data to forecast future outcomes or trends. It employs
statistical models and machine learning algorithms to make predictions based on patterns and
relationships found in the data. For example, in the context of supply chain management (SCM),
demand forecasting is key to addressing uncertainties. Businesses use forecasting models to
understand and fulfill customer needs and expectations, analyzing consumption behavior and
preferences using customer data and transaction records. With the adoption of BDA and machine
learning, demand forecasting has evolved towards intelligent forecasts that learn from historical data
and adjust to predict the ever-changing demand in supply chains. This improves efficiency and aligns
supply chain activities with predictions [12].

Prescriptive Analytics

Prescriptive analytics aims to provide recommendations or actions to optimize decision-
making processes. It utilizes advanced techniques, such as optimization algorithms and simulation
models, to generate actionable insights. An example of Prescriptive Analytics in practice is seen in
SideTrade's use of this approach to gain a deeper understanding of a client's true payment behavior.
Through prescriptive analytics, SideTrade is able to score clients based on their payment track-
record. This method creates transparency and accuracy, allowing SideTrade and its clients to better
account for costly payment delays. It's a demonstration of how prescriptive analytics can inform
strategic decisions and optimize business practices [13].

Challenges of Big data and Analytics

BDA continues to transform various industries, with organizations leveraging data-driven
insights to gain a competitive edge. However, this potential is accompanied by significant challenges.
Understanding these challenges and the measures that industry leaders are taking to address them
provides crucial insights for others looking to leverage Big Data.

 Data Quality and Veracity: Ensuring the accuracy, consistency, and reliability of data remains
a challenge. IBM, for instance, is addressing this issue by employing robust data governance
practices and advanced data quality tools that help identify, report, and correct data inconsistencies
and inaccuracies [14].

 Data Privacy and Security: With increasing privacy concerns and regulatory demands, data
privacy and security have become critical issues [15]. Google addresses these concerns by
employing advanced encryption techniques, anonymization of sensitive data, and rigorous access
control mechanisms to ensure the security and privacy of user data.

» Data Integration: The heterogeneous nature of data sources complicates data integration
[16]. Amazon Web Services (AWS) offers solutions like AWS Glue, a fully managed ETL service that
makes it easy to move data among various data stores.

» Data Storage and Processing: The massive volumes of Big Data require innovative storage
and processing solutions. For many years, Remote Sensing (RS) systems have been amassing
substantial quantities of data, the management and analysis of which exceed the capabilities of
standard software tools and desktop computing resources. To tackle the issues associated with big
data analysis, Google has devised a cloud-based platform known as Google Earth Engine (GEE).
This platform is specifically designed to aid in the processing of large geospatial data across vast
regions and enable prolonged environmental monitoring [17].
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» Lack of Skilled Professionals: The shortage of professionals skilled in BDA is a significant
hurdle. Educating both employees and leadership about the technology and its potential applications
can greatly streamline the integration of Big Data in the oil and gas sector [18].

* Real-time Processing: Real-time data processing is increasingly important for many
businesses [19]. Businesses are using big data from various sources such as social media and
search engines to create better marketing strategies for online ads. When companies have a lot of
data to work with, it can be hard for them to use it quickly and make comparisons. It's essential to
know that there isn't a lot of research on how these things work together. The exploration involves
finding big data and using batch and real-time processing to analyze structured and unstructured
datasets. These methods help with analyzing the data. Therefore, in addition to ideas for further
study, this paper creates conversations between computer science concepts like Apache Storm and
Hadoop and B2B marketing perspectives. It analyzes how these concepts affect modern marketing
strategies.

* Understanding and Interpreting Results: In the field of criminology, understanding and
interpreting the results of big data can present significant challenges. The complexity and volume of
data can make it difficult to discern meaningful patterns, especially when dealing with disparate data
sources, such as crime reports, social media data, and surveillance footage. Furthermore, ethical
issues arise concerning privacy and the potential for bias in the algorithms used to analyze the data,
which could lead to unfair targeting or misinterpretation of crime trends. [20]. For example, this article
discusses how math is changing criminal justice with big data, algorithms, and machine learning.
New tools blur regulatory boundaries, undercut safeguards, and eliminate subjective narratives. After
introducing 'algorithmic justice' and related research, the article demonstrates how big data and
algorithms alter crime knowledge production. It analyzes how a certain perception of crime breaks
set criminal procedure regulations. Ends with socio-political context of algorithmic justice.

* Cost: The cost of implementing and maintaining BDA systems is substantial. According to
Amazon research, building and maintaining data warehouses can cost between $19,000 and
$25,000 every year for each terabyte. This means that to keep a big storage of information called a
data warehouse, which has 40TB of information, a company needs to spend about $880,000 every
year. This is almost $1 million. It costs about $22,000 to look after each TB of information [21]. As
an alternative to local data centers, global companies have begun to promote their platforms as a
subscription service. Small companies can now use the computing resources of cloud solutions
paying only for the resource used.

Addressing these challenges demands a strategic and proactive approach that encompasses
both technical and managerial efforts. By learning from industry leaders, organizations can more
effectively navigate the complexities of Big Data analytics.

Summary and future research directions

This article discussed the recent developments, challenges, and solutions pertaining to BDA.
The pervasive growth of data, enabled by technologies like the Internet of Things, social media, and
cloud computing, has facilitated the rise of BDA. This technology provides the potential to derive
valuable insights from massive, complex data sets, enabling informed decision-making across
various sectors including healthcare, retail, and more.
However, realizing the potential of Big Data is not without challenges. These include ensuring data
guality and veracity, maintaining data privacy and security, integrating heterogeneous data, handling
storage and processing needs, addressing the shortage of skilled professionals, managing real-time
processing, interpreting and understanding analytical results, and managing associated costs.
While significant strides were made in the domain of BDA, there remains a wealth of research
opportunities. Some open research directions include:

¢ Advanced Data Privacy and Security Measures: With the growing emphasis on data privacy
and stringent regulations, research on more advanced, efficient privacy-preserving and secure BDA
is critical.

o Data Quality Management: As the volume of data continues to grow, ensuring data veracity
remains a significant challenge. Developing new methodologies and techniques for efficient data
guality management in Big Data is a promising research area.

e Scalable and Real-time Big Data Processing: As the demand for real-time insights grows,
research into more efficient and scalable real-time Big Data processing methodologies is required.
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e Interpretable Machine Learning and Al: As Al and machine learning continue to play a crucial
role in BDA, research into making these models more interpretable and explainable is essential to
increase trust and usability.

e Ethical and Regulatory Considerations: As the Big Data landscape continues to evolve, there
is a need for ongoing research into the ethical implications and regulatory considerations surrounding
BDA.

Continued advancements in these areas will significantly contribute to unlocking the full
potential of BDA, driving further transformation across various sectors.
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YNKEH AEPEKTEPAI TANAAYAbIH KUbIHOBIKTAPblI MEH OHbIH BOJIALWLAFbI: JAMY,
KEOEPTIJIEP XXOHE BOJIALLAK 3EPTTEY BAFbITTAPbIH TOJIbIKKAHAbI KAPACTbIPY

byn xaH-xakmbl aknapammbiK Makana a0ebuemmepdi KeH Wory XeHe caribiCmbipMmarbl
manday adicmemeci Hezi3iHOe COHFbl 5 Xblndarbl YrIKeH 0epeKkmep mMexHOI02USChIHbIH 632ep2eH
napaduemarnapbl MeH QuHamuKarsblK meHOeHyusnapeiH 3epmmeddi. On spmypii cekmopriapdarbl
y/IKeH OepeKkmep aHaumuKacbiHbIH mpaHcgopMauusiblK ocepiH Kopcemeldi, 6ynmmebiK
ecennmeynepdiH Xbindam maparybiH, XacaHObl UHMENNIEKM UHmMeapayusicCbiH XoHe Kypoeri
aHanumukarnelk Kypandapdel a3iprneydi kepcemeOdi. LLlony awbik depekmepdi nalidanaHy xeHe
Y/IKeH Oepekmepae KambIiCMbl 3MUKallblK Mocersiesiep CUSIKMbl XaHa meHOeHUusnapOobi
Kapacmsipadbl, 6yn Oepekmepldi natidanaHydbiH KamaH epexxesiepiHe XoHe Xeke Oepekmepli
backapyObiH ceHimMOi MexaHuU3MAepiHe OeaeH KaxemmirikmiH apmbin Kesne XamkaHbiH kepcemedi.
byn confbl fbinbiMu Makananap meH 3epmmemenepdi adicmemenik mandaydaH mybiHOalObl.
Makanada coHbiMeH Kamap 3V molerni meH KeHeliminzeH 7V molerniH canbicmbipmarbl mypde
3epmmey apKbinbl "yrikeH depekmepdiH” Oamblin Kese XamkaH aHblKmamach! eaxel-meaxelsi
Kapacmblpbinalbl. LLlony coHbiMeH Kamap yrikeH 0epekmep xobanapbiH COmmi Xy3e2e acbipyMeH
batinaHbicmbl Mocernenepdi 6asHOaliObl xoHe VyrikeH Oepekmepli manday canacbiHOarbl
3epmmeyrnepdiq arbimOarbl awbiKk barbimmapbiH Kepcemedi. KapacmbipbisiFaH yrikeH depekmep
alimakmapbl yiKeH depekmep XubiHMblfbIH OypbiCc 6ackapy XoHe 051ap0bl yrkeH Oepekmep
adicmepi MeH KypandapbiH naddanaHy apKbiibl MaHunynsayusnay O6usHec ywiH KyHObIIbIK
mydbipamelH natidarne! aKnapammakl KaMmamachi3 eme asniambiHbiH Kepcemedi.
Tytin ce30ep: yrikeH 0epekmep, xacaHObl UHmMesnnekm, oepekmepdi manday Kypandapebl,
Oacmypni AKBX.
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NMPOBJIEMbI U MEPCNEKTUBbLI B AHAJIUTUKE BOJNbLUNX OAHHbIX: KOMI'IHEKCHbIV!
OB30P PA3PABOTOK, NMPENATCTBUAN U BYAYLLUNX HAMNMPABJIEHUUN UCCIIEAOBAHUU

B amol eceobbemmoweli 0630pHOU cmambee uccrnedytomcesi MeHsawuecs napaduasmbsl U
OuHamu4yeckue meHOeHUuU 8 mexHosioauu 6onbwux daHHbIX, MPEeUMyLWecmeeHHo 3a rnocredHue 5
Jyiem, Ha ocHoge 0bwupHo20 0630pa umepamypbi U Memodosioauu cpasHUMENbLHO20 aHanu3sa. B
HeM packpbleaemcs rnpeobpasyrouiee eUsSHUE aHanumuku 60sbuwux OaHHbIX 8 pPa3fuYyHbIX
cekmopax, nodyepkusaemcsi bbicmpoe pacripocmpaHeHue 0briaqyHbIX 8bI4UCTEHUU, UHmezapayus
UCKYCCMBEHHO20 UHMersekma u paspabomeka CroXHbIX UHCMPYMeHmo8 aHanumuku. B ob3ope
paccmampuearomcsi Ho8ble MeHOEHUUU, Mmakue Kak UCIMOoSIb308aHUEe OMKPbIMbIX OaHHbIX U
amu4yeckue npobrnembl, ces3aHHbie ¢ 6onbwumu OaHHbIMU, YMO yKa3blgaem Ha pacmyuwyto
nompebHOCMb 8 CMpPOo2ux npasusax ucrob308aHusi 0aHHbIX U HA0EXHbIX MexaHU3Max KOHMpPOsis
omoerbHbIX 0aHHbIX. QMO 8bimeKkaem U3 Memodu4YeCcKo20 aHanu3a nocrnedHUxX Hay4YHbIx cmamed
U ompacnesbix omyemos. B cmambe makxe noOpobHO paccmampueaemcs pasgusarouieecs
onpedeneHue «bonbwux OaHHbIX» M0CPeACcm8OM CcpasHUMENIbHO20 u3y4eHuss modenu 3V u
pacwupeHHoU Modenu 7V 8 pasfiuyHbIX sumepamypHbIX UCMOYHUKax, ompaxaroujux
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MeHswulcsa xapakmep OaHHbIX U YHUKallbHble rpobrieMbl, C853aHHblE C CO8PEMEHHOU
aHanumukou bonbuwux daHHbIX. B 0630pe makxe usnazatomcs rnpobrieMbl, C853aHHbIE C yCriewHoU
peanu3ayuel npoekmoes o pabome ¢ 605bWUMU OaHHbIMU, U 0C8ewaromcsi meKyuue omkpbimabie
HanpaeneHus uccrniedoeaHull e obnacmu aHanumuku 6onbwux O0aHHbIX. PaccMompeHHble
obniacmu bonbwux OaHHbIX roKa3bigearom, Ymo Hadnexauwiee yrnpasseHue bonbuwumu Habopamu
OaHHbIX U MaHurynupogaHue UMU C UCMO/Ib308aHUEM Memod08 U UHCMpPyMeHmos 605bliux
OaHHbIX Moaym obecrieyume 0elicmeeHHYy UHGopMayuro, co30arnwyro UeHHocms 0r1s1 busHeca.

Knroyeebie cnoea: 6osibuwiue OaHHble, UCKYCCMBEHHbIU UHMESIeKm, UHCMPYMEeHMb!
aHarnusa 0aHHbIX, mpaduuuoHHbie CYB/].
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NCCNEOOBAHUE U PABPABOTKA KPOCCIJIAT®OPMEHHOIO NMPUNOXEHUA ONA
NMPOCMOTPA ®UIbMOB U CEPUAINIOB C MHTEFPALIMEA CHAT GPT Al

AHHOmauusi: B cmambe npusedeHbl pe3ynbmambl uccrnedosaHus u paspabomka
KpoccrnnamgopMeHHO20 npusioxXeHus 051 mpocMompa ¢huribMos u cepuarnos ¢ uHmeezpayuel Chat
GPT Al . B cospemeHHOM mupe 8b160p huribmMo8 u cepuanos cmaHoeumcs ece 60siee CrioXKHbIM
u3-za 02poMHo20 obbema OocmyrnHo20 KOHmMeHma. [lonb3ogamernu uwym UHCMPYMEHMbI,
Komopable nomoanu bbl UM Haxo0umb U HacrnaxdambCs UHMEePECHbIMU (huribMamu U cepuanamu.
OcHogHbiM  eKnadom  amol  cmambu  ferisemcs  npedcmaernieHue  paspabomaHHO20
KpoccrnamgopMeHHO20 MpurioxeHus, o0b6beduHsrowezo 68 cebe B03MOXHOCMb MpPOCMompa
gunbmMos u cepuarnos ¢ uckyccmeeHHbIM uHmesinekmom ChatGPT. MpunoxeHue npedocmasnsem
YHUKalbHble  (DyHKUUU,  BKIYass  MOWHbIU — MOUCK U cbunbmpayurw  KOHmeHma,
repcoHanu3uposaHHble pekoMeHdayuu Ha ocHoae npedrnoymeHuli nosib3ogamersisi U 603MOXHOCMb
e3aumoleticmeusi ¢ ChatGPT 0ns nonydyeHuss pekomeHdauul u obweHuss. Mbi nodpobHo
paccmampueaeM Krodesble acrekmbl PUoXeHusl, eK/oYass e20 @YyHKUUOHarnbHOCMb U
rnonb3o8amernbcKuli uHmepgelic, a makxe rpedocmasrnisemM mexHudeckue oemaru U peweHus,
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ucrionib308aHHble 8 paspabomke. Ocoboe eHUMaHue yderisemcs MEXHO02USM MauWUHHO20
obydyeHuss U arneopummam, rpuMeHsemMbiM Ons  YIydWeHUs Kadyecmea pekoMmeHdayul u
obozauwjeHusi onb308amesibCKo20 ornbima. 9Oma cmambsi npedcmasnsem He MOJbKO
paseriekamerbHbIU acriekm, HO U OeMOHcmpupyem, KaK Cco8MeuweHue pa3efedyeHusi u
UCKYCCMBEHHO20 UHMeJsIIekma Moxem coenlame ro/1b308amesibCKUll Orbim 8 MUpPe MomoKO8020
KOHmMeHma 6osiee uHmepecHoiM U ydosrnemeopumeribHbiM. Mbi npuenawaem Yumamenel
03HaKOMUmbCsi ¢ MOOPO6HOCMAMU uccriedo8aHusi U MEeXHO/I02U4YecKUMU acrieKkmamu 3mogeo
UHHOBAUUOHHO20 rpoeKkma.

Knroyeeble cnoea: npurnoxeHus, urbMbl, paspabomka, UCKYCCMBEHHbIU UHMesIekm,
Apxumekmypa, KpoccriamgopMeHHbIU, uccrnedogaHue, UHmMezpayusi.

BeepeHue

B coBpemMeHHOM Mupe noTpebrneHne KOHTeHTa, BKMYasa unbMbl U cepuarnbl, cTano
HEOTbEMIIEMOWN YaCTbl0 Hallen XM3HWU. BmecTe ¢ TeMm, NosBNeHne u pasBuTUE NCKYCCTBEHHOMO
WHTEeNneKTa npeaocTaBnseT HOBble BO3MOXHOCTU AN YNy4dleHUsa nonb3oBaTeNnbCKoro onbita. B
3TOM CcTaTbe€ pPacCMOTPUM uccregoBaHve M pas3paboTky KpoccnnatOPMEHHOro MPUMOXEHUS,
KOTOpoe no3BondeT nonb3oBatensm npocmaTpmBate UAbMbl W cepuanbl, a Takke
B3aNMOLENCTBOBATb C MHTENSEKTYanbHbIM accUCTEHTOM Ha ocHoBe Chat GPT Al

C nosiBneHnem oHnamH-nnatdopM Ans npocmoTpa unbMoB U cepuanos, Nonb3oBaTenu
Nony4nnn BO3MOXHOCTb HacnaxaaTbCs pasHOOOpa3HbIM KOHTEHTOM B yAOOHOE Ans HUX Bpems u
mMecTo. OgHako, C pOCTOM KONM4ecTBa SOCTYMNHbIX (PMNbMOB U cepuarnoB CTano BCe CoXHee HanTK
WMEHHO TO, YTO COOTBETCTBYET NPEeAnoYTEHNAM KaX4oro nonb3oBartens. 370 cTano BbI30BOM AnNs
pa3paboTynMKoB, KOTOpble CTPEMATCA YNyYlWWTb MONb30BaTENbCKMMA OMbIT U NPefoCcTaBUTb
nepcoHanmM3npoBaHHble peKOMeHOaLmnN.

BmecTe ¢ TeM, NosSABNeHne UCKYCCTBEHHOIO MHTENNeKTa B cpepe paspaboTkm NnporpammMHOro
obecnevyeHns OTKPbINIO HOBblE TOPU3OHTbI ANA YNyYleHNs B3aMMOAENCTBUSA C NPUMIOXKEHUAMU U
co3fgaHus 6onee yao6HbIX U MHTENNeKTyanbHbIX cucteM. MimeHHo 3gechk Bctynaet B urpy Chat GPT
Al — MOLLHBIA UHCTPYMEHT, OCHOBAHHbIA Ha rrybokoM 0ByyYeHWUW, KOTOpbIN crnocobeH NoHMmaTb
€CTEeCTBEHHbIN A3bIK 1 BECTU pa3roBOp C NOMb30BaTENAMMU.

WccnepoBaHne un paspaboTka KpoccnnaT(OPMEHHOro NPUOXEHUs Ans npocmoTpa
GuneMoB 1 cepuanoB ¢ uHTerpauuen Chat GPT Al npepoctaBnsieT BO3MOXHOCTb CO3gaTb
YHUKaNbHOE U MHTYMTUBHO MOHATHOE MPUMOXKEHMEe, KOTOPOE NO3BOSMUT MOSb30BaTENAM HE TOMbKO
HaxoauTb M NpocMaTpmBaTb PUNbMbl U CepUarnbl, HO U B3aMMOAENCTBOBATL C MHTENNEKTyanbHbIM
acCUCTEHTOM, CNocOoOHbIM MpeanaraTb pPeKOMeHZauuu, oTBevaTb Ha BOMPOCHI U y4acTBOBaTh B
awnanore.

B xogme paspaboTkm Takoro MpUOXeHMs HeobxoaMmO yuuUTbiBaTb HE  TOMbKO
OYHKLUMOHArMbHbIE BO3MOXHOCTU ANS MPOCMOTPa KOHTEHTa, HO U Au3aMH Mosfib30BaTeNbCKOro
UHTepdenca, 4Tobbl co3gaTb yOOOHYO M MpuBReKaTenbHYO cpeny And nonb3oBaTenen. Takke
TpebyeTca npoBecTV nccrnegoBaHne n BolbpaTb Hanbonee apdPEKTMBHbIE anropuTMbl U METOAbI
ans nuterpauun Chat GPT Al, utobbl o6ecneyunTb BbICOKYH TOYHOCTb U OT3bIBUMBOCTb aCCUCTEHTA.

[aHHaa cTatba npegnaraetr o630p npouecca uccrnedoBaHuss U pas3paboTku
KpoccnnatopMEHHOro NPUNOXeHNs Ansg npocMoTpa hmMnbMoB U cepuanoB ¢ uHTerpauven Chat
GPT Al. Mbl paccMOTpuM Lwiaru, HeobxoaMmble A9 CO34aHNA Takoro NpUoXeHus, a Takke naen
Nno BHEOPEHMIO HOBLUECTB U Yy4LLEHWIA, KOTOPLIE MOMOIYT caenath Nonb30BaTeNbCKNin ONbIT 6onee
YHVKaNbHbIM 1 NEPCOHANN3NPOBAHHbIM.

O630p uccnenoBaHus

Mepen Havanom paspaboTky KpoccnnaToOpMEHHOrO MNPUIIOKEHUS LA NpocMoTpa
dunbmoB 1 cepuanos ¢ nHterpauyunen Chat GPT Al 6bino npoBeaeHo obLIMpHOE nccrenoBaHue,
HanpaBneHHOE Ha U3y4yeHne CyLLeCTBYIOLNX PELLEHNA N BO3MOXHOCTEN AaHHOM obnacTu.

AHanua cyLecTBYOLLMX MPUIOKEHWUN:

Bbino npoBeaeHo nccrnegoBaHne CyLLECTBYHOLLMX NOMYNSAPHbBIX MPUAOXKEHU 45 NPOCMOTpa
dunbmMoB N cepmanos, Takmx kak Netflix, Hulu, Amazon Prime Video n gpyrux. Llensio aToro
aHanu3a 6bIN0 BbIABUTb U U3YUUTb WX (PYHKUMOHANbHOCTb, OCOBEHHOCTWU MOfb30BATENbLCKOro
WHTepdenca, BO3MOXHOCTM MepcoHanu3aumMm Wu pekoMeHgauun. ITO MOMOrNo onpeaenuTb
KntoyeBble TpeboBaHMA U CTaHOapTbl, KOTOPbIM criefyeT COOTBeTCTBOBaTb paspabaTbiBaeMoMy
NpUNoXeHuto [2].
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Netflix saBnseTca ogHOM M3 cambiXx MOMNYNSAPHbIX MNNaTopm AfAd  MNOTOKOBOro
BocnpousseneHns dunbMoB n cepuanoB. OHM npeanararT OBLWMPHYD OUBNMOTEKY KOHTEHTA,
BKINIOYasA opurnHanbHble cepuanbl U dunbMbl. PyHkunoHanbHocTb Netflix BknovaeT yaobHbIn
UHTEepdenc, Hanuume QyHKUMM peKkoMeHOauun, BO3MOXHOCTb CO3[4aHuUs  MepCcoHanbHbIX
npodounen, agantauuio K pasfmyHbiM YCTPONCTBAM N BbICOKOE KayeCTBO MOTOKOBOro BMAeo [5].
OpgHako, oHn He npeanaratoT uHTerpauuio ¢ Chat GPT Al, 4To MOXET ObITb HALLIMM YHUKAIbHbIM
NpPeMyLLIECTBOM.

Amazon Prime Video - 370 ewle ogHa nonynsipHasa nnatdopmMa ans noToKOBOro NpocMoTpa
koHTeHTa. OHa npeanaraeT WMPOKUA BbIGOp (bMnbMOB, cepuanoB U OPUrMHanNbHOro KOHTeHTa. Kak
n Netflix, y Amazon Prime Video ecTb (pyHKUUN pekoMeHJaLmi, nepcoHanmsaumm n 4oCTynHOCTH
Ha pas3nuyHbix YycTponcTBax [6]. OHM Takke npegnaraldT WMHTErpauuio C WUCKYCCTBEHHbLIM
WHTENNEKTOM, HO OrpaHmyeHbl B QYHKUMOHaNbHOCTM cpaBHuTenoHo ¢ Chat GPT Al.

Hulu — 310 nnaTtgopma ansi NOTOKOBOro BOCNPOM3BeaeHNa hunbMOB, CEPUArIoOB U XXMBOMO
TenesnaeHnsi. OHn npegnaratoT LUMPOKUIA CNEKTP TENEBU3MOHHbIX LLOY Y OPUTMHANBbHOMO KOHTEHTA.
Hulu n3BecTteH cBOEW BO3MOXHOCTLIO MPEeAOoCTaBNATb AOCTYN K 3aNnM3o4amM cepranoB B TeYeHue 24
4YacoB nocrie nx TpaHcnaummn no TenesmaeHnto. OHM Takke npegnaralT PYHKLUUU NepcoHanusaumnm
n pekomeHgauun [7]. OgHako, MHTerpaums ¢ MICKYCCTBEHHbIM MHTENNEKTOM OTCYyTCTBYET.

NccnenoBaHve MHTErpaLmMm CKyCCTBEHHOrO MHTENNeKTa:

Bbino npoeBegeHo nccrnegoBaHWe UHTErpauum UCKYCCTBEHHOIO WHTENMeKTa B pasfuyHble
npunoxexms. B 4acTHoCcTW, ObINO M3y4eHO NpUMMEHEeHMEe anropuTtMoB rnybokoro obyveHus u
MeToaoB 06paboTKkn eCTeCTBEHHOMO A3blka A5 CO34aHUsA UHTENNEKTYanbHbIX acCUCTEHTOB. bbinu
N3y4eHbl Takme TEXHOMNOrMu, Kak 4yaT-00Tbl, FOfoCOBblIE MOMOLHUKA U CUCTEMbI pPEeKOMEHAALNN,
KOTOpble MOryT MOBbLICUTb B3aMMOAEWCTBME C MOMb30BaTENieM W YNyYlWWTb €ro OnbiT npu
NCNONb30BaHMM NPUNOXEHNS 4Nsi NPpocMoTpa hmnbMoB U cepuanos [9].

OueHka Chat GPT Al:

Ocoboe BHUMaHue 6bino yaeneHo oueHke Chat GPT Al, MOLWHOIro MHCTPYMEHTa Ha OCHOBE
rnybokoro oby4veHus, paspabotaHHoro OpenAl. Bbinn n3y4veHbl ero BO3MOXHOCTM B 06nactu
00paboTkM ecTecTBEHHOro f3blka, reHepauuMmM OTBETOB M nNpeackasaHui, a Takke aHanusa
KOHTEKCTa u cmbicna coobueHun. OueHka Chat GPT Al nossonuna onpeaenuTb ero noTeHuunarn
ONA  BHeOPEeHWss B MNPUNoXeHue p[ns npocmoTtpa UNbMOB W CepuanoB W CO3a4aHus
WHTENNEeKTyanbHOro acCUCTeHTa, CnoCobHOro NpeanaraTe NEPCOHaNM3NPOBaHHbIE PEKOMEHO AL,
OTBEYaTb Ha BOMPOCHI U NoAgepXmneaTb Ananor ¢ nonb3oBaTtensaMu[6].

Monb3oBaTenbCcKkMe nccnegoBaHus:

YTtob6bl nony4nTtb 06paTHyO CBA3b OT MOTEHUManbHbIX Nonb3oBaTenen, Obiv NpoBeaeHbI
nonb3oBaTenbCckne ncenegoBaHus. boinn cobpaHbl AaHHbIE O NPeanoYTEHNAX NONb3oBaTenen npu
BblOOpe hUNbMOB M CEpMAnoB, X OXMAAHUAX OT MPUNOXKEHUA NS NPOCMOTPa KOHTEHTa, a Takke
O TOM, Kakve (YHKUMM U BO3MOXHOCTM OHM XOTenu Obl BMOETb B HOBOM MPUMOXKEHUU. OTU
nccneaoBaHUA MOMOINM onpefenuTb KIYeBble OCODEHHOCTW, KOTopble crieayeT BHeApUTb B
paspabaTbiBaeMoe nNpunoXxeHune, W y4eCcTb NPeanoyTeHus nonb3oBaTenen B npouecce
paspaboTku[4].

WcecnepoBaHme MCXOOHbIX AAHHBIX U @aHanu3 CyLEeCTBYOLMX PELUEHU SBNAOTCA BaXXHbIM
aTanoM paspaboTkM KpoccnnaTtOpMEHHOIO NPUNOXEHNS ANA NpocMoTpa PUIbMOB 1 CEpPUarnos C
nHterpauymen Chat GPT Al. OHn no3BonstoT onpegenvtb TpeboBaHus, BbipaboTaTk CTpaTero u
BHECTM HOBLLECTBA, KOTOpble CAENalT NPUNOXEHNE YHUKANbHbLIM U KOHKYPEHTOCNOCOBOHbLIM.
ApXuUTEKTYpa NPUNOXEHUS:

ApxXuUTeKTypa NpuUnoxeHnsa Ans npocmoTtpa pmnbMoB 1 cepuanos ¢ nHterpaunen Chat GPT
Al pormkHa 6bITb rMbkon, MaclTabupyemon n agpdekTneHon. Bot nogpobHoe onucaHwe Kaxaoro
KOMMOHEHTa apXmUTeKTypbl:

lMonb3oBaTenbCckuM MHTepdENC:

OTOT KOMMOHEHT OTBeYaeT 3a npeacTaBreHMe UM B3auMOAEWCTBME MoNnb3oBaTtens C
npunoxexHvem. [lonb3oBatenbCkuin UHTEpdEenc AomKeH ©OblTb WHTYUTUBHO MOHATHBIM U
npuenekatenbHbiM. OH AOMKEeH MNpeaocTaBnATb MOMb30BaTENO BO3MOXHOCTb MpOCMaTpuBaTh
dunbMbl M cepuanbl, UCKaTb KOHTEHT, MpocMaTtpuBaTbh MHGOpMauMio O unbmax, a Takke
B3aMMOLENCTBOBATb C UHTENNEKTyanbHbIM accucTeHTOM Ha ocHoBe Chat GPT Al. UHTepdenc
MOXeT BbITb peanu3oBaH Kak BeB-npunoxeHne unv MobunbHoe MpUoXXeHne ¢ UCnonb3oBaHUEM
COBPEMEHHbIX PENMBOPKOB M TEXHONOMNIN pas3paboTKM Nonb3oBaTENBCKOro NHTepdgenca [1].

Bbasa gaHHbIX:
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Basa gaHHbIX ABNSeTCs XpaHunuwemM nHpopmaumm o unbmax, cepmanax, nonb3oBaTensax
N UX NPeanovYTeHUAX, UCTOPUM MPOCMOTPa W OPYrUX [OaHHbIX, HeobxoduMbIX AnA paboTb
npunoxenus. basa gaHHbIX gomkHa ObiTb 3adhdekTnBHON, obecneuvmBaTb ObICTPbIA 4OCTYN K
AaHHBIM M nogaepxuBaTb MacwTabupoBaHve. MOXHO MCNONb30BaTb PENSLMOHHbIE  UIK
HepensuMoHHble 6a3bl JaHHbIX B 3aBUCUMOCTM OT TpeboBaHui npoekTa [5].

CepsepHoe API:

CepBepHoe API ob6ecneymBaeT B3anmoaencTeme Mexay nosrib3oBaTenbCkuM MHTepdencom m
6a3on gaHHbIx. OH NpegocTasnseT MeToabl U SHANOUHTLI, C MOMOLLIbIO KOTOPbIX NPUNOXEHNE MOXET
nony4yatb AaHHble O (bunbmax, cepuanax, nonb30BaTeNbCKOM UCTOPUW NPOCMOTPa, a Takke
OTNpaBnATb 3anpocbl ANs NOMyYeHUs NepPCOHanM3MpoBaHHbIX pekoMmeHpaumn. 3to APl Takke
obpabaTbiBaeT 3anpochbl U KOMaHAbl, CBA3aHHbIE C MHTENNEKTyarlbHbIM aCCUCTEHTOM Ha OCHOBE
Chat GPT Al[8].

WHTterpauna Chat GPT Al:

Onsa  wHterpaumm Chat GPT Al B npunoxeHne wucnonesyorca APl unn  SDK,
npegoctaensiemble paspabotumkamm Chat GPT Al. OTOT KOMMNOHEHT oTBe4daeT 3a obpaboTky
3anpocoB MNonb3oBaTeNs N reHepaumio oTBETOB Ha ocHoBe mogenu Chat GPT Al. MNpu nonydeHunn
3anpoca OT norb3oBaTtens, NPUNoXeHne oTnpaBnsaeT ero B KOMMNOHEHT nHterpaumn Chat GPT Al,
KOTOPbI aHanu3npyeT 3anpoc, reHepupyeT COOTBETCTBYIOLLMI OTBET 1 BO3BpaLlaeT ero obpaTtHo B
npunoxeHve. 3OTO MNO3BOSISIET MONMb30BaTENO B3aMMOAEWCTBOBATb C  WHTEMNMEKTyasnbHbIM
acCUCTEHTOM, 3afaBaTb BOMNPOCHI, NONy4aTb pekomeHaauum n nposoanTtb ananor [10].

PekomeHgaTenbHas cucrtema:

PekomeHgaTenbHas cuctemMa aHanuaupyet npennoyvTeHus nornb3oBaTens, ero UCTopuio
nNpocMoTpa, a Takke Apyrne AaHHble, YTOObl NPeanoXuTb NepCoHanM3MpoBaHHble pekoMeHaaumm
bunbMoB 1 cepuanoB. ATOT KOMMOHEHT MOXET UCMOMb30BaThb anropuTMbl MaLLIMHHOIO 00yYeHns n
MeToabl KonnabopaTtvBHOW uNbTpauun AN onpedeneHust  CXOXUX  nornb3oBaTtenen u
pekoMeHOauMM KOHTEHTa Ha OCHOBe WuX npegnoyteHuin. PekomeHpaTtenbHas cuctema
B3aMmMogencTByeT ¢ 6ason AaHHbix M uHTerpauven Chat GPT Al, 4toGbl npepoctaBnsAtb
aKTyarnbHble N NepcoHann3npoBaHHbIe peKoMeHaaumm nonb3oBaTtento [7].

O6paboTka KOHTEHTA U Meana-cepBep:

OTOT KOMMOHEHT OoTBEeYaeT 3a 06paboTKy U NpegocTaBneHne KoHTeHTa (unbMbl, cepuarnbl)
nonb3oartento. OH MOXeT BKM4aTb B cebs meana-cepep AN NOTOKOBOW Nepedayn Buaeo u
ayouo KOHTeHTa. Takke MOXeT ObiTb peanu3oBaHa (OYHKUMSA KILWMPOBAHMS ANS ONTUMMU3aumm
3arpy3ku KOHTeHTa 1 obecneyeHns NnaBHOro BocnpousseneHus [6].

KOMNOHEHTbI  apXuTEKTypbl  B3aMMOAEWCTBYIOT  Mmexay  cobon,  obecneuyvBas
bYHKLMOHANbHOCTb NPUNOXEHNUS ANg NpocMoTpa hunbMoB 1 cepuarnos ¢ uHTerpauven Chat GPT
Al. OHu paboTatoT COBMECTHO, YTOObI NPegoCTaBnTb NOMb30BaTENO BO3MOXHOCTb MPOCMaTpMBaTh
KOHTEHT, o0WaTbCa C WHTENNeKTyanbHbIM acCUCTEHTOM, Mofy4yaTb MEepPCOHANM3NPOBaHHbIE
pekoMeHAaumMm 1 HacnaxaaTbCs YA0OHbIM U MHTEPAKTUBHBLIM NONb30BaTENbCKMM ONbITOM [3].

3aknoyeHue

B AaHHOM cTaTbe Mbl pacCMOTPENU uccrnegoBaHmMe n paspaboTky KpoccnnatdopMeHHOro
NpunoXeHus Ang npocMoTpa unbmMoB K cepuanos ¢ nHterpaumenn Chat GPT Al. Mbl nsyuunu
CYLLECTBYIOLUME PELLEHUs, NPOBENM aHanu3 NMHTerpauum NCKyCCTBEHHOIO UHTENMNEKTA U OLEHWN
Bo3MoxHocTM Chat GPT Al. 3atem Mbl NpeacTaBunv pacLUMPEHHYO apXUTEKTYPY NPUOXEHWUS,
BKIOYAIOLLYI0 MOfb3oBaTeNbCkuin nHTepdenc, 6asy gaHHbix, cepsepHoe API, unnterpauuio Chat
GPT Al, pekomeHaaTenbHyto cuctemy 1 o6paboTKy KOHTEHTa.

PaspaboTka kpoccnnaTtOpMEHHOro NPUIOXEHUA ANd NpocMoTpa (UnbMOB M cCepuarnos
ABNAETCH akTyanbHOM U BoCcTpeboBaHHOM 3agadven B Hawle BpeMs. [lonb3oBaTenu XoTaT nony4arb
yAOBOMbLCTBME OT MPOCMOTPA KOHTEHTA, a Takke MMETb NEepPCOHaNU3NpPoOBaHHbIE peKOMeHaaLMn n
BO3MOXXHOCTb B3aMMOAENCTBOBATb C NPUIOXKEHNEM.

WuTterpaums Chat GPT Al aBnseTtca ogHMM 13 KNtoYeBbLIX HOBLLECTB, KOTOPbIE Mbl BHEAPSIEM
B paspabatbiBaemoe npunoxeHne. OHa no3BonsdeT co3daTb WHTENNEKTyanbHOro acCUCTEHTA,
KOTopbI cnocobeH npegnarate NEPCOHaNM3MpPOBaHHbIE PEKOMEHAAL MK, OTBEYaTb Ha BONPOCHI U
nogaepxumeaTtb guanor ¢ nonb3oBatensmu. Chat GPT Al wncnonb3dyeT nepegoBble MeTOAbl
rnybokoro  obyyeHuns 1M 0ob6pabOTKM  €CTEeCTBEHHOro  fA3blka, YTOObl  MpeaocTaBUTb
BbICOKOKAYeCTBEHHbIN U MHTEPaKTUBHbLIN NOMNb30BaTEIbCKUN ONbIT.

ApXuTeKTypa MpUNoOXeHUsa, KOTOpyl Mbl npeactaBunu, obecnednBaeT rMGKOCTb,
MacwTtabupyemoctb 1 adpdekTmBHOCTL.  [lonb3oBaTenbCkmn  UHTepdenc  nossonsieT
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nonb3oBaTensM Nerko HaxoauTb W NpocMaTpuBaTb KOHTEHT, a Takke B3auMOAENCTBOBaTb C
WMHTeNneKTyanbHbIM accucteHToM. basa gaHHbIX obecnevmBaeT XxpaHeHWe 1 4OCTyN K MHpopmauum
0 dwmnbmax, cepuanax u nonb3oBaTenbCkux npeanodyTeHuax. CepsepHoe APl cBasbiBaeT
nonb3oBaTenbCckuii HTepdeinc ¢ 6ason aaHHbIX 1 nHterpauuen Chat GPT Al. PekomeHaaTenbHas
cuctema obecneymBaeT MNepPCOHaNM3UPOBaHHbIE pPeKoMeHZauun Ha OCHOBe npeanoyTeHun
nonb3oBartensa. O6paboTka KOHTEHTA W Megua-cepBep MNO3BOSMAT MMAaBHO BOCMNPOU3BOAUTL
dunbMbl U cepuansl.

BHegpeHue HoBLLECTB, Taknx Kak nHterpauus Chat GPT Al, no3sonsieT co3gaTb YHUKaNbHoe
N KOHKYPEHTOCNOCOOHOEe npunoxeHuwe Ans npocMotpa unbMoB U cepuanoB. OHO He TONbKO
npeaocTaBnseT NONb30BaTeNi0 LWMPOKUA BbIOGOP KOHTEHTA, HO WM CO34aeT MHTEPAKTUBHYI W
nepcoHanmn3npoBaHHyto cpeay. lNonb3oBaTtenn MOryT nonyyaTb pekoMeHgaumm, oTBevyaTb Ha CBOU
BOMPOCHI 1 MPOBOANTb ANAnor C UHTENNEeKTyanbHbIM aCCUCTEHTOM.

B 3akntodeHune, paspaboTka KpoccnnaTtopMEHHOro NPUNOXeHUa 4na NnpocMoTpa oubMoB
n cepuanos c uHTerpauunen Chat GPT Al npegoctaBnsieT BO3MOXHOCTb CO30aHWUS UHHOBALMOHHOIO
N npuBrekaTtenbHOro npogykra. JTO npunoxeHne ©OyaeTr cooTBeTCcTBOBaTb MOTPEBHOCTAM
COBpPEeMEHHbIX nonb3oBaTtenen n obecneumsatb yagobcTBO, NepcoHanu3aumio 1 UHTEPaKTUBHOCTD.
OHO OTKpblBaeT HOBble BO3MOXHOCTUM ANA pas3BUTUS W NpeaocTaBnseT YHWKanbHbIA OnNbIT
NPOCMOTpa KOHTEHTA.
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CHAT GPT Al UHTEITPAUUACDHI BAP ®UNIbMAEP MEH TEJNIEXUKAANAPObI KOPYTE
APHAIJIFAH KPOCC-MJIAT®OPMAJIbIK KOCbIMWAHbI 3EPTTEY XOHE 93IPJIEY

Makanada Chat GPT Al uHmeepauyusicbli 6ap ¢unbmdep MeH mesiexukasinapObl Kepyae
apHarsfaH Kpocc-rnamagopmariblK KOCbIMWaHbl 3epmmey XoHe 83iprey Homuxxesnepi 6epinzeH.
Kasipai enemde cbunbmdep MeH menexukasnapdbl maHOay KormkemimOi MasMyHHbIH YIIKEH
KenemiHe batinaHbicmbl KubiHOan 6apadel. [latidanaHywbinap Kbi3bikmbl uibmMoep MeH
menexukasinapdsl mabyra xeHe ne33am arnyfa KemMekmecemiH KypandapObl i30eldi. byn
MakanaHbiH Heai3ai yneci — ChatGPT xacaHObl UHMennekmimeH urbmoep meH mernexukasnapobl
Kepy MyMKiHOIeiH GipikmipemiH ©83iprieHeeH Kpocc-rramgopmarbiK KOCbIMUWaHbIH mycayKecepi.
KondaHba kyammbi i30ey xoHe ma3MyHObI cy3aineydi, natidanaHyuwb! KanaynapbiHa HeaizoernzeH
ekerneHoipineeH ycbiHbicmapObl XoHe yCbiHbicmap MeH 6adlnaHsic ywiH ChatGPT-rneH e3apa
apekemmecy MyMkiHOI2iH KammumbiH 6ipezel MymkiHOikmepdi ycbiHaldbl. bi3 kondaHbaHblH Hezi3ai
acrieKminepiH, OHbIH iWiHOe OHbIH YYHKUUOHaObifbl MeH natdanaHyulbl uHmepgelciH mepeH
Kapacmebipambi3 XXoHe o3iprey Ke3iHOe KondaHblinamblH MexXHUKanblK Manimemmep MeH
wewimdepdi ycbiHaMmbI3. ¥CbiHbICMap carnacbiH XXakcapmy XeHe naldanaHywbl maxipubeciH
balibimy ywiH KosnidaHbliamblH MallUuHalblK OKbIMy MEXHOoso2usi/iapbl MeH anzopummoepiHe
epekuwe Hasap aydapbinadsbl. By makana olbiH-caybiK acrieKmiciH maHbICmbIpbIn KaHa Koumadosl,
COHbIMEH Kamap OlbIH-caybIK reH XacaH0bl uHmersnnekmmi 6ipikmipy afbiHObIK Ma3MyH anemiHdeai
natiGanaHyuwbl maxipubeciH Kanal Kbi3blKMbl XOHE KaHarammaHapsblK eme asiambiHbIH
kepcemedi. OkbipmaHOapra OCbl UHHOBAUUSISIbIK X0b6aHblH 3epmmey Masimemmepi MeH
MeXHO1I02UsI/bIK acrnekminepiMeH maHbiCyfa uaKkbipambi3.

Tytin ce30ep: KondaHbanap, unbmoep, a3ipney, xacaHObl UHMESIIEKM, apXumeKkmypa,
Kpocc-nnamgbopma, 3epmmey, UHmezpayusi.
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RESEARCH AND DEVELOPMENT OF A CROSS-PLATFORM APPLICATION FOR WATCHING
MOVIES AND TV SERIES WITH CHAT GPT Al INTEGRATION

The article presents the results of the research and development of a cross-platform
application for watching movies and TV series with Chat GPT Al integration. In today's world,
choosing movies and TV series is becoming increasingly difficult due to the huge amount of content
available. Users are looking for tools that will help them find and enjoy interesting films and TV series.
The main contribution of this article is the presentation of a developed cross-platform application that
combines the ability to watch movies and TV series with ChatGPT artificial intelligence. The app
provides unique features including powerful search and content filtering, personalized
recommendations based on user preferences, and the ability to interact with ChatGPT for
recommendations and communication. We take an in-depth look at key aspects of the app, including
its functionality and user interface, and provide technical details and solutions used in development.
Particular attention is paid to machine learning technologies and algorithms used to improve the
guality of recommendations and enrich the user experience. This article not only introduces the
entertainment aspect, but also demonstrates how combining entertainment and artificial intelligence
can make the user experience in the world of streaming content more interesting and satisfying. We
invite readers to review the research details and technological aspects of this innovative project.

ISSN: 2788-7995 [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(11) 2023 72


http://optic.cs.nstu.ru/files/CC/C/Lit/Kernigan_Ritchi.pdf
mailto:222153@astanait.edu.kz
mailto:222153@astanait.edu.kz

Key words: applications, films, development, artificial intelligence, Architecture, cross-
platform, research, integration.

CBepeHuAa o6 aBTopax
A.A. MyxameauH — maructpaHT Astana IT University, Pecnybnuka KasaxctaH r.AcTana;
e-mail: 222153 @astanait.edu.kz
I.A. AbutoBa — Hay4yHbIn pykoBoauTenb, PhD, goueHT, Astana IT University; Pecnybnuka
KasaxcraH r.ActaHa; email: gulnara.abitova@astanait.edu.kz. ORCID: https://orcid.org/0000-0003-
3830-6905.

ABTOpnap Typarnbl manimeTTep
A.A. MyxameauH — maructpanT, Astana IT University; Kasakctan Pecnybnukackl, AcTaHa
K.; email: 222153@astanait.edu.kz.
9. ©6utoBa — PhD, goueHT; Astana IT University; Kasakctan Pecnybnukacel, ActaHa K.;
gulnara.abitova@astanait.edu.kz. ORCID: https://orcid.org/0000-0003-3830-6905.

Information about the authors
A.A. Mukhamedin'— Master degree, Astana IT University, Republic of Kazakhstan, Astana;
email: 222153@astanait.edu.kz
G.A. Abitova - scientific advisor, PhD, Associate Professor, DIS&CS, Astana IT University;
Republic of Kazakhstan, Astana; email: gulnara.abitova@astanait.edu.kz. ORCID:
https://orcid.org/0000-0003-3830-6905.

Mamepuan nocmynun e pedakyuro 28.08.2023 a.

DOI: 10.53360/2788-7995-2023-3(11)-9
MPHTW: 61.51.35; 61.51.29

E.l'. FTmnaxos, O.K. Kyn6atbipoB*, A.I'. Toran6aeBa, A.)X. )KongackanueBa
ATblpayckuin yHnBepcuTeT HedbTn u rasza um. C. YTebaesa
060002, Pecnybnuka KasaxctaH, r. ATeipay, np. A3aTtTbiK, 1
‘e-mail: dkkd@mail.ru

QPPEKTUBHOCTb METUI-TPET- BYTUIIOBOIO 3®UPA U 3TUHUNLIUKITOrEKCAHONA
HA NOBbILWLWEHUE OKTAHOBOI'O YACJIA BEH3UHOBbLIX KOMMNO3ULUNA
NPAMOIroHHOIro 6EH3UHA + PUOGOPMUHTA

AHHOmMauyus. [ns ysenudeHusi npou3eodcmea 6bICOKOOKMaHOB8020 He3Musiupo8aHHO20
b6eH3UHa MOXHO 80Cro/Ib308ambcs dobaesrieHUeM Kucriopodocodepxaiux KOMIOHEHMO8, maKux
Kak OKcue2eHamhbl. Omo 10380s15iem rnoabicums 0emoHayUOHHY CmoUKocmb 6eH3UHa, yay4wums
MOJSIHOMY C20PaHuUsi U CHU3UMb MOKCUYHOCMb 8bIX/I0MHbIX 2a308. bbino ycmaHoeneHo, 4ymo npu
0obasrieHUU Mako20 Kosu4Yecmea OCKCU2eHamos, KOmopble He HeeamueHO 6lUsilom Ha
meni0meopHOCMb, 3HEpPa2emuYecKue xapakmepucmuku 0Oeuzamernel He  yxyowarmcs.
Kucnopodcodepxawue npucadku mo2ym eKrodamb 8 cebsi pa3nuyHble COeOUHEHUS, maKkue Kak
aghupbl MOHOKaPOOHOBLIX KUCIOM, 6bICUIUE CrUPMbI, OKUCIIEHHbIE hpakyuu yarneeodopodos u
oKcuamurnupogaHHble coeduHeHusi. OKmaHO80€e HuC/I0 MemaHoria ro380siiem UCo1b308amb €20
05151 3anpasku 20HOYHbIX MOMOUUKII08 U asmomoburiel, mak Kak OHO 10380/iem yeesuyume
cmeneHb cxamusi 0o 16. B uenom, ucrionb3ogaHue Kucropodocodepkaujux KOMIOHEHMO8
s81155€MCS NepcrnekKmMueHbIM MemodOoM r10/1y4eHUS] 8bICOKOOKMaH08020 beH3uUHa.

bbina nposedeHa oueHKa 6USHUS SMUHUMUUKiogekcaHona (AU u memun-mpem-
6ymurnogoeo sgpupa (MTEI) Ha rnosbiweHue oKmaHog8o20 Yucrna 6eH3uHo8bIX Komrnosuyud. bbin
U3y4eH rnpupocm OKMaHO8020 Yucsa CMecu rnpsiMo2oHHO20 beH3uHa u 6eH3uHa pugopmuHaa 8
coomHoweHusix 50:50 u 20:80. Bbino nokaszaHo, ymo JOLII sensemcs 6ornee aghghekmugHoU
Kucriopodcodepxkaweli npucadkol (oKkcuzeHamom) Ornsi MOBbIWEHUSI OKMaHo8020 4Yucra
b6eH3UHOBbIX KOMIo3uyul, rno cpasHeHuro ¢ MTED.
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Knroyeeble crioea: rpsMo20HHbIU 6eH3UH, 6eH3UH pughopMuHaa, OKcuaeHam, OKmaHogeoe
4UCr10, 3MUHUMUUKII02eKcaHos1, Memusi-mpem-6ymurnosbil a¢hup.

BBepeHune

Ha cerogHsawHni geHb npobnema 3arpa3HeHns1 OKpyXKatoLen cpeabl OCTaeTCs akTyasribHOMN.
3a nocnegHve rogbl aBTOMOOMUIbHBIA NapK Mypa 3HaAYUTENbHO YBENWYUN BbIOPOCHI BpeaHbIX
BellecTB, gocturas umdppbl B 1100 mnH ToHH B rod. OTpaboTaHHble rasbl, MpoM3BOAMMbIE
ABuraTensmMun pasHbiX TUNOB, NPEACTaBMASIT CEPbe3HyI0 Yrpo3y AN 300POBbSA M XU3HW Nogen.
MaBHbIM BMOOM TOMnMBa ANs ABUratenied BHYTPEHHEro cropaHus sasnsetcs 6eH3vH, KOTopbIn
COCTOMT M3 pasnuyHbiX GEH3MHOBbLIX pakuMi. [eToHaUuNOHHas CTOMKOCTb - OOHO M3 rNaBHbIX
cBoncTB OeH3nHa. [JeToHaunss MOXET MPMBECTU K U3NULLIHEMY pacxody TOMnnvBa, NOPLUHEBbLIM
npokosiaM, U3HOCY BbIXMOMHbIX KrnanaHoB W AsuraTens B uenom. Kavectso Ttonnvea BnvsieT Ha
paboty gsuratens. B kavyectBe fobaBok k 6eH3nHy cTanu MCNonb3oBaTb KMCNopoacoaepXalime
COefMHEeHUS, TakMe Kak MeTaHon, aTaHon, atun-mpem- 6ytunoBbin acdup (3TE3), MTB3, meTtun-
mpem-amunoBbein acdmp (MTAD), aumnsonponunosbii acpup (ANMIJ), ana cHwkeHus BbIOpOCOB
BpeAHbIX BelecTB. AT A06aBKK, U3BECTHbIE Kak OKCUreHaTbl, YMEHbLUAKOT coaepXaHne TOKCUYHbIX
BELWECTB B OTpaboTaHHbIX rasax M ynydwalwT MOfHOTY cropaHus Tonnmea. OHM ABNSAKOTCS
anbTepHaTUBOM MeTanfoopraHM4eckMM aHTUAETOHAaTOpaM M BbICOKOOKTAHOBbLIM apoMaTU4eCcKum
KOMNOHeHTaM OeH3uHa [1, 2]. C KaxgbiM rogoM KpuUTEPUM HA KAYeCTBO WCMOSb3yeMOro
aBTOMOOWNBHOrO TONNMBa cTaHoBATCA 6onee TpeboBaTenbHbIMU. B CBA3N C 3TUM aBTOKOHLEPHbI
co34aloT ABUraTenun BHyTPEHHEro CropaHms COOTBETCTBYOLLMMU 3TUM KpuTepusam. Mcnonb3oBaHune
HU3KOKa4YeCTBEHHOrO aBTOMOOUITBHOrO TOMNMBa BeAET He TOMNbKO K MeANeHHOW es3fe, HO U K
noromke asTomMobunst B uUenoMm. B pgaHHOM cnyyae pekoMeHayeTcs MCnonb3oBaTb TOMMBO,
KOTOpOEe COOTBECTBYET YCNOBUSIM aKcnnyaTaumn. [JoCTUYb 3TOro MOXHO NGO Npu UCNonNb3oBaHUM
BbICOKOKa4eCTBEHHOro 6eH3nHa, NMbo ¢ Npy UCNOoNb30BaHWUM CreumanbHbIX CPeACTB, NOBbILAKLLMX
OKTaHOBOE 4MCIO, Tak HasblBaeMbIX Npucagok unu godaeok [3].

Mcnonb3oBaHne KUCropoaCOAEPKALLUMX KOMMNOHEHTOB (OKCUreHaToB), SIBNSIETCS OAHWMM U3
nepcnekTUBHbIX CNOCOBOB MOy4YeHNss BbICOKOOKTAHOBOrO OeH3unHa.

Kucnopogcoaepxalwume npucagky, Takme kak MOHOKapOOHOBbIE KUCMOThI, BbICLLIME CAUPTHI,
OKWUCNEHHble paKLMK YyrneBogopodoB M OKCUITUIIMPOBAHHbIE COEOUHEHMS, UCMONb3YTCA ANnS
yBEINIMYEHNSI OKTAaHOBOrO 4YMcra TOMMB W YMEHbLUEHUS coAepXkaHus BpeaHbiX BeLLEeCTB B
BbIXJIOMHbIX ra3ax aBTOMOOUIEN, BKNOYasa okcuabl a3oTa u yrnepoda [4]. BeH3anHo-MeTaHOoMbHbIE
cmecu, cogepxawme 6ytunosble cnupTbl, cnMpTbl C5-C8 n nx npocTble 1 CRoXHble 3upbl, Takke
yCMNELLHO NPUMEHSIOTCA B kadecTBe Tonnuea [5,6]. Kpome Toro, paccmatpuBatoTcs gpyrme acumpsbl,
Takue Kak oMmM3onponunoBbin acdump, ans 3ameHsl MTBD, 13-3a 9Konornveckmx npobriem, CBA3aHHbIX
C NPUMEHEHMEM 3TOr0 coefuHeHns. MisyyeHne ToONNmMBHbLIX CMecen ¢ npucagkammn npogoskaeTcs,
N MNOKa3aHO, YTO HEKOTOpble MOHO3UPLI MMKONEN MOrYT YNy4YlnTb TAMOBble M CKOPOCTHbIE
cBoKcTBa asToMobunen npu pabote Ha GeHauHe [7-9].

AHTMAETOHAUNOHHbIE CBOWCTBA TPETUYHbIX LUUKINYECKUX aueTUNEeHOBbIX CIMPTOB Marsno
nccneaoBaHbl, HO OHM NPEACTaBNSAT UHTEPEC, TaK Kak B CBOEW MOSEKyne coaepXaTt TPeTUYHble
ankunbHble pagukanbl, TMOPOKCUIbHbIE paaukanbl M aueTUNEHOBYIO HenpeaenbHyk rpynny,
KOTOpble MOryT OKasblBaTb BIIMSIHWE Ha paspbiBalOWMn (PPOHT AeToHauun. B cBaA3n ¢ aTum,
nccnepoBaHne n paspaboTka HOBbIX KMCNOPOACOAEPXKALUMX NPUCaAOK Ha OCHOBE TPETUYHbIX
aueTUNEHOBbIX CMMPTOB, TAKUX KakK 3TUHUINLUMKIIOreKCaHoN U MeTUN-TPeT-0yTunoBbIi achup, nmeeT
fOonblwoe 3HavyeHne [Ons  NOBbIWEHWS  OKTAaHOBOrO  4ucna OeH3MHOBbIX  KOMMO3WULWiA
(ABT+puchopmuHr).

Llenbto gaHHOM cTaTbu SBMsieTCA WUCCrefoBaHWe BNUSHMA OaHHbIX NPUCadoK Ha OCHOBE
TPETUYHOrO aLEeTUIEHOBOrO CNupTa - ATUHUNUMKIIOreKcaHona n MeTun-TpeT-6yTunoBoro acmpa Ha
MOBbILLIEHNE OKTAHOBOrO Ymcna 6eH3nHoBbIX Komnosuummn (ABT+prudopmuHr).

MeToabl nccnegoBaHus

Lnknuuecknin auetuneHosbii cnupT QUM nonyyeH mMeToqoM KOHAEHCAUMM LMKIOrekcaHoHa
(TY 2633-012-44493179-98 npoussoactea AO «3KOC-1», u.4.a.) n auetuneHa nonyvyeHHbIn 13
GannoHa npombiwneHHbin no [OCT 5457-75 B ycnoBuax MoanMULMPOBAHHON peakuum
daBopckoro. YncTtoTa aTuUX peareHTOB He NoBnsAn Ha Bbixog AU (puc. 1).

Peakuma npoBegeHa noAa AaBfeHMEM B peakTope B MNPUCYTCTBUKM MOPOLLKOOBPAa3HOro
rmgpokcmaa kanust B TeTparungpodypaHe. McxogHble BewectBa ansa cuHteda SOUI npumeHsnu
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umkrorekcaHoH TY 2633-012-44493179-98 npoussoactea AO «OKOC-1» n rugpokeng kanus FOCT
9285-78 npoussoactea OO0 «Coga-xnopat».
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LIMKINOreKCaHoH STUHUTUMKNOreKcaHon

Pl/lcyHOK 1 — Cxema peakunn nony4eHna 3TUHUIUUKIIorekcaHona

Mpucagkmn MTBO npomssogcTBa «KomMnoHeHT-peakTMB» C coaepXaHMEM OCHOBHOIO
BewectBa 99,9%, dU3NKO-XMMUYECKOE CBOWCTBA CUHTe3uMpoBaHHoro OUIT cooTteeTcTByeT
nuTepaTypHbIM  AaHHbIM: MO  TemnepaTtype KuineHus, nokasatenam npenomnenus, WK-
cnekTpockonuu n anemeTtHoro aHanm3a C, H, O [10,11]. Ons uccnegoBaHus UCNONb30BaNUCh
OeH3MHbl C NpsiMOW neperoHkn YycTaHoBkn ABT, O€H3MHbl C YCTaHOBKM KaTanmuTU4eCKOro
pucdopmumHra, npoussogumoro TOO  «ATblpayckmi  HedpTenepepabaTbiBaloWwmii  3aBOAY.
OnpepgeneHne OKTAHOBOrO 4ucrna OEH3UHOBLIX KOMMO3UUUIA, codepXalwimx npegnaraemble
npucagkv, NPOBOAMUIIOCH IKCMPECC-METOAOM Ha usmeputene A4eTOHAUMOHHON CTOMKOCTM BGeH3nHa
Ha oktaHomeTpe SHATOX SX-100K (®upma wusrotosutens HIMNO «SHATOX», WHcTuTyT
XmMmnyeckunx Hayk Cnbmpckoe otaenenne Poccuiickon akagemmm Hayk (MXH CO PAH)). B kavecTtBe
3TalloOHOB CpPaBHEHUSI MCMOSb30BaHbl NapameTpbl, cooTBeTcTBytowme FOCT P 51866-2002 (EH
228-99) n TY 4215-002-60283547-2006.

PesynbTaTtbl M 06CyXAeHUe nccnegoBaHum

Nccnepoeanne BnusiHua OUIM v MTBO Ha nOBbIWEHWE OKTAHOBOrO 4mcna GeH3MHOBLIX
KOMMO3MUMIA MPOM3BOAUIIOCHE Ha OCHOBE oOrnpederieHns npupocTa OKTaHOBOMO 4ucria CMecu
NPSIMOroHHOro 6eH3nHa 1 6eH3nHa pudopmmHra B cooTHoLeHnsax 50:50 n 20:80 (tabnuua 1). Ona
nccnepoBaHnsa aEKTUBHOCTM KMCopoacoaepawmx npucagok (okcurenaTtos) SUM n MTBO B
KayeCTBe BbICOKOOKTAHOBbIX KOMMNOHEHTOB, J06aBkM Obiniv BBeAEHbI B 6EH3MHOBbLIE KOMMO3MLMM B
koHueHTpauun ot 3% 1o 15% (macc.). PesynbTathl BNuaHus gobasok AU 1 MTB3G Ha oktaHoBOE
4YMCNO CMecen MPsIMOroHHOro 6eH3nHa n 6eH3nHa pudopmuHra B cooTHolwleHuax 50:50 n 20:80
npeacTaeneHbl B Tabnuuyax 2-5.

Tabnuya 1 — CoctaB 6€H3UHOBbBIX KOMMO3UL M

MTB3 our
Cwmecu 6eH3nHoB No No2 N3 Noa
BenauH ¢ ABT, % 50 20 50 20
BeH3unH ¢ ycTaHOBKM KaTanutmyeckoro pudopmunra, % 50 80 50 80

Mpy NpUMEHeHne cMecu pasnU4YHbIX GEH3VHOB UMEHTCS OrpaHNYeHUs Mo KOHLIEHTpauusam
pobaBnsieMblx npucagok. OrpaHuYyeHust 3aBUCAT OT  pas3nuuHbiX (PakTopoB, npeaenbHas
nobaBnsieMas KOHLEHTpaums NpucaakoB 3aBUCUMT OT MakCMMarbHOro NPUPOCTa OKTaHOBOrO Yncna.
O dheKkTBHOCTbL UCNONb30BAHUS KOMMOHEHTOB C BbICOKMM OKTaHOBbLIM 4YMUCIIOM 3aBUCUT OT
MHOXecTBa (paktopoB. [lpy HasHayeHuUn aHTMaeToHaTopoB K 6aszoBomy OeH3uHy unu
yrneBo4OpPOOHON rpynne NpOMCXOAWUT MOBbIlEHVWE OEeTOHAUMOHHOW CTOMKOCTW, KOTopas
n3mepsieTcst NPUEMUCTOCTbIO.

PucyHok 2 n Tabnuua 2 nokasbiBakoT 3aBUCMMOCTb M3MEHEHMSI OKTAHOBOIO YMCia KOMMNO3nLUn
Ne1 oT cogepxaHuda npucagok. PaccmaTtpuBaerca koMno3nums, coctosiwasa n3 6eH3MHOB NpsMon
neperoHkn n pedopmuHra B nponopuun 50:50.

K komnoauuuam obinn godasneHsl MTBESO B 06bE&MHOM cooTHoLweHun 3%, 5%, 7%, 11% u
15%. CornacHo pesynbTatam guarpamm (cM. puc. 1), ¢ yBenuyeHmem KoHueHTpauun MTBI
NpoOMCXoanT NOCTENEHHOE YBENMYEHWE OKTAaHOBOIO 4YMcna kak npu uccrnenoBaTenbCkoM MeTode
(O4N), Tak n npu motopHom meToge (OYM). MakcumanbHbI npupoct OYU coctasun 9,1%, a no
OYM - 6,3%.

Mpn pobasneHnn MTB3 k 6eHanHoBon komnoaunumm Ne2 (ABT: pudopmmHr=20:80) npupoct
OKTaHoBOro 4ncna coctaesun ot 1,5% go 5,6% no nccnegosarensckomy metoay v ot 1,0% no 4,8%
no motopHoMy metoay. CBoaHble AaHHble NpeacTaBneHbl B Tabnuue 3 1 Ha pucyHke 3.
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Tabnvua 2 — Al3ameHeHne oKTaHOBOro Ymcna 6eH3MHOBOW KoMNo3numin (cmecn 6eH3nHoB ABT+

ncpopmumHr npun 50:50), npu gobasneHnmn MTES
OkTtaHoBoe 4ucno, UM OkTtaHoBoe 4ucno, MM
BetauHosasn MTE’SO 6e3 c MpwupocTt 6e3 c MpwupocTt
KOMnosnuua kon-Bo, % pobasku | nobaskow Oo4n pobaskn | gobaskon OYyM
3 74,5 77,6 +3,1 68,2 69,7 +1,5
5 74,5 80,6 +6,1 68,2 71,5 +3,3
ABT+ pudpopmuHr 7 74,5 81,2 +6,7 68,2 72,2 +4,0
50:50 11 74,5 82,4 +7,9 68,2 73,2 +5,0
15 74,5 83,6 +9,1 68,2 74,5 +6,3
90
80
70
60 B MTB3 Kon-Bo, %
50 B 04K, 6e3 nobasku
40 u
30 1 04U, c pobasKol
20 O4YM, 6e3 nobaBKku
18 B O4YM, c pobaskom

MTB3 kon-Bo, MTB3 Kon-8o, MTBE3 kKon-8o, MTB3 Kon-sBo, MTB3 Kon-Bo,
3% 5% 7% 11% 15%

PucyHok 2 — NameHeHre oKTaHOBOro Yncria 6€H3MHOBOW KOMMO3nLNii
(cmecu 6eH3snHoB ABT+ pucopmuHr npu 50:50), npu gobasnenmn MTB3

Tabnuua 3 — N3ameHeHre OKTaHOBOrO Yncna 6eH3nHOBOM Komno3sumummn (cmecu 6eHsnHoB ABT+
pudopmuHr npu 20:80), npu gobasneHnm MTED

OkTtaHoBoe 4ucno, MM OkTtaHoBoe 4ucno, MM
BeH3nHoBas MTB3 kon-
KOMMO3MLMS 80, % 6es c MpupocT Ges c MpupocT
pobaskn | pnobaBkon Oo4n pobaskn | pobaBkon OYyM
3 86,0 87,5 +1,5 77,4 78,4 +1,0
5 86,0 89,1 +3,1 77,4 79,5 +2,1
ABT+ pucpopmMuHr 7 86,0 89,6 +3,6 77,4 80,1 +2,7
20:80 11 86,0 90,6 +4,6 77,4 81,1 +3,7
15 86,0 91,6 +5,6 77,4 82,2 +4,8
100
90
80
70 = MTB3 kon-80, %
60
50 1 04U, 6e3 nobaBKK
40 = 04U, c pobaBKoM
30 O4YM, 6e3 nobaBKku
ig B O4YM, c pobasKom
0

MTB3 Kon-Bo, MTBE3 kon-Bo, MTB3 Kon-8o, MTBE3 Kon-so, MTB3 Kon-Bo,
3% 5% 7% 11% 15%

PucyHok 3 — I3ameHeHne OKTaHOBOrO Yncria 6EH3MHOBOW KOMMNO3NLN
(cmecn 6eH3nHoB ABT+ pudropmuHr npu 20:80), npu gobasnennn MTBD
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AHanuaupysi pucyHok 4 n Tabnuuy 4, MOXHO caenatb BbiBOA O TOM, YTO UMEETCSH 3aBUCUMOCTb
MeX4y M3MEeHEeHMeM OKTaHOBOro uvmcra 6eHsmHoBon komnosmumm Ne3 u cogepxaHuem npucagky
our. B paHHOM cny4yae peyb MaeT O KOMMOo3uLmMKU, cocTosaen N3 6eH3NHOB NPSIMON NEPEroHKn n
pucdopMuHra, npuyem Ux cooTHoweHue coctaenset 50:50. [danee, gna komnosvumn Obino
pobaeneHo OUIN B pasnunyHbix konmyectBax — 3, 5, 7, 11 n 15% wmacc. lNo pesynbtatam
NCcnegoBaHus, MOXHO 3aMeTUTb, YTO C yBenuMyeHuem KoHueHTpaumm JLIT Habniogaetca poct
OKTaHoBOro yucna kak O4YNM (ot 6,6 fo 12,3), Tak u OYMM (ot 3,75 po 9,55) — aTo NnoaTBEPXKAAIOT
anarpamMmmbl Ha pUcyHkax 3.

Tabnuua 4 — NameHeHne OKTaHOBOrO Yncna 6eH3nHOBOM Komno3sunummn (cmecn 6eH3nHoB ABT+

ncpopmuur npm 50:50), npn gobasnexnmm SUI
OkTtaHoBoe 4ucno, UM OkTtaHoBoe 4ncno, MM
BensuHoBas our be3 c Mpupoct be3 c Mpupoct
_ 0,
KoMnosnuma kon-Bo, % pobaskn | gobaskon Oo4n pobaskn | nobaskoi oYM
3 72,6 79,2 +6,6 65,5 69,25 +3,75
5 72,6 80 +7,4 65,5 70,1 +4,6
ABT+ prcopMuHr 7 72,6 80,9 +8,3 65,5 70,75 +5,25
50:50 11 72,6 82,75 +10,15 65,5 72,75 +7,25
15 72,6 84,9 +12,3 65,5 75,05 +9,55
90
80
70
60 33Ul Kon-Bo, %
50  0YM, 6e3 nobasku
40 .
30 04U, c pobaBkoi
20 O4M, 6e3 pobaBku
13 B O4YM, c pobaBkom
JUr kon-so, 3UrI Kon-Bo, 23Ul kon-s8o, 3SUI Kon-so, 33U Kon-Bo,
3% 5% 7% 11% 15%

PucyHok 4 — NameHeHre OKTaHOBOro Yncria 6€H3MHOBOW KOMMO3nLUuii
(cmecu 6eHanHoe ABT+ pudopmuHr npu 50:50), npn gobasnexHuun 3L

Mpn pobGaeneHmn 3L B 6eHsnHoBy0 komnosuumio Ned (ABT: pedopmumHr=20:80),
HabnogaeTcs He3HauYUTENbHbIM NPUPOCT OKTaHOBOro 4ucna. [pu npoBegeHuMM mMccrnegoBaHUs
METOAOM MCCreaoBaTeNnbCKoro OKTAHOBOrO 4mcrna, npupocTt coctasumn ot 3,96 go 9,3, a npu
MOTOPHOM MeToge - oT 2,82 fo 8,68. [leTanbHble faHHbIE NpeAcTaBfeHbl B Tabnuue 5 1 Ha pucyHke
5.

Tabnvua 5 — 3mMeHeHne OKTaHOBOro 4mcria 6GeH3MHOBOWM KoMMo3uuui (cmecn 6eH3MHOB
ABT+pudopmuHr npu 20:80), npu gobasnenunn LI

OkTtaHoBoe 4ucrno, M OkTtaHoBoe 4yncno, MM
BeHanHoBas our

KOMMOSMLINS KOM-BO. % be3 c MpupocTt be3 c MpupocT

’ pobaBku | gjobaBKkow Oo4n pobaskn | njobaBkom OoYyM

3 84,78 88,74 +3,96 76 78,82 +2,82

5 84,78 89,54 +4,76 76 79,7 +3,7

ABT+ pudpopmuHr 7 84,78 90,44 +5,66 76 80,56 +4,56

20:80 11 84,78 92,14 +7,36 76 82,5 +6,5

15 84,78 94,08 +9,3 76 84,68 +8,68

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 3(11) 2023 77



100
80
m Ul Kon-Bo, %
60
1 OYU, 6e3 nobasKku
40 04U, c pobaskoi
20 O4YM, 6e3 nobaBKku
B OY4YM, c pobasKom
0
SUr kon-8o, 3%3UI kon-8o, 5%3UI kon-80, 7% 3SUI kKon-Bo, SUr kon-Bo,
11% 15%

PucyHok 5 — Al3meHeHne OKTaHOBOrO Ymcrnia 6eH3MHOBOW KOMMNO3ULMNA
(cmecn 6eH3nHoB ABT+ pudopmuHr npu 20:80), npyn gobasnexHun 3L

Takum obpasom, pesynbTaTbl MCCNeaoBaHMA YKa3biBalOT Ha TO, YTO npumeHeHne JLIT kak
Kncriopoacogepkailien npucagkm (okcureHaTta) cnocoOCTBYeT MOBbLILEHUIO OKTaHOBOrO 4ucria
O€EH3MHOBLIX KOMMO3ULMA B Bonbllen cTeneHn, Yyem npumeHeHne MTBQ, yTo noaTeBepxaaeTcs
AaHHbIMK paboTbl [12]. Kpome Toro, HabnogaeTca ymMeHblueHne NPUEMMCTOCTU OKCUreHaToB C
yBEIMYEHMEM OKTAHOBOrO uymcrna ©GasoBoro 6GeH3nHa pudopmuHra npu  gobaBneHun
BbICOKOOKTAHOBbIX KOMMOHEHTOB.

3akntoyeHune

OueHeHo BrnivsHue 3L n MTBO Ha yBenuyeHne OKTaHOBOro Ymcra GEeH3VMHOBBLIX CMECEWN,
KOTOpble COCTOAT U3 NPAMOrOHHOro 6eH3nHa n 6eH3Ha puopmMmHra B pasnmyHbiX COOTHOLLEHUSX
(50:50 n 20:80). NpogemoHcTpmpoBaHo, 4To LI aBnaeTcs 6onee ahPeKTUBHBIM OKCUrEeHaTOM,
KOTOPbIA 3HAYMTENBHO MOBbILAET OKTAHOBOE YMCNO 6EH3MHOBbLIX KoMNo3uuun, Yem MTES. Takum
obpa3om, MOXHO caenaTb BbIBOA O NpevMmyllecTBax ncnonb3oBaHusa OLIT B kavyecTBe npucagku
AN NOBbIWEHNs kavyecTBa 6eH3MHa.
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METUN-TEPT — BYTUI 3®UPI MEH 3TUHUILUMKITONEKCAHONAbIH TIKENENA ANOANFAH
BEH3WH + PUOOPMUHI BEH3UH KOCIMNACbIHbIH OKTAH CAHbIH APTTbIPY TUIMAOUIT

XKorapbl OKmaHObI KOpFracbkIHCbI3 6eH3UH eHdipiciH ynradmy ywiH ommeai 6ap
KomrnoHeHmmepOdi, Mbicasbl, okcueceHammapObl Kocyra 6onaldbl. byn 6eH3uHHiH demoHayusira
me3simOoiniaiH apmmbipyra, XaHyOblH MOJbIKMbIfbIH XaKcapmyrfa XoHe natidanaHbliraH 2a3dapibiH
ybImmbInbiFbiH  memeHdemyzae MyMKIHOIK 6epedi. 3HepaemukarnbiK 6HiMOinikke mepic acep
emrelimiH okcuzeHammapObiH Ker MesiuepiH KoCKaHOa, KO3fFalimkblumapObiH 3HepeemuKarsbiK
cunammamajsiapbl HawapnamalmbiHbl aHblKmandel. KypambiHda ommeeai bap Kocnanapra
MOHOKapbOH KbIWKbIMbIHBIH 3¢huprepi, Xofapbl criupmmep, KemipcymekmepdiH mombIKKaH
hpaKyusinapbl XeHe OKCUIMUIIOEH2EH KOCbIbicmap CUSIKMbl 9pmMyprii KOCbIIbICMap Kipyi MyMKIH.
MemaHondbiH okmaHObIK caHbl OHbI XapbiC MOMOUUKIOepi MEH KOriKmepiH monmseipy YWiH
natidanaHyra MyMKIH, ©UmKeHi 011 Kbicy XblridamObirbiH 16-Fa deliiH apmmbipyra MyMkiHOIk 6epedi.
XKannbl, KypambiHda ommeai 6ap komroHeHmMmepdi naldanaHy Xofapbl

AmuHunuyuknoeekcaHonobiH (LI xoeHe memun-mepm-6ymun agupiHiH (MTB3) 6eH3uH
KomMro3uyusinapbiHbiH OKMaHObIK caHbIiH apmmebipyra ocepi 6aranaHdbl. 50:50 xoHe 20:80
apakamblHacbiHOa my3y 6eH3UH MeH pugopmMuHe 6eH3UHIHIH KocracbiHbIH OKMaH CaHbIHbIH ecyi
3epmmendi. SUIT MTBE3-meH canbicmbipraHOa OeH3UH KOMIMIO3UUUsIapbiHbIH OKMaH CaHbIH
apmmeipy ywiH muim3ipek ommeeai bap Kocnanap (okcuaeHam) ekeHi kepceminoi.

Tytin ce30ep: mikeneli aliday 6eH3UHi, pugpopmuHa BEH3UHIi, OKcuz2eHam, OKmaH CaHbl,
SMUHUITYUKIIO2eKCaHo 1, Memusi-mepm-6ymur a¢hupi.

Y.G. Gilazhov, D.K.Kulbatyrov*, A.G. Togaybayeva, A.Z. Zholdaskalieva
Non-profit JSC «Atyrau Oil and Gas University named after Safi Utebayev»
060002, Republic of Kazakhstan, Atyrau, Azattyk Ave., 1
“e-mail: dkkd@mail.ru

EFFECTIVENESS OF METHYL TERT-BUTYL ETHER AND ETHYNYLCYCLOHEXANOL
ON INCREASING THE OCTANE NUMBER OF GASOLINE COMPOSITIONS OF STRAIGHT-
RUN GASOLINE + REFORMING

One of the ways to expand the production of high-octane unleaded gasoline is the use of
oxygen-containing components (oxygenates). The addition of oxygenates increases the detonation
resistance, especially of light fractions, the completeness of gasoline combustion, reduces fuel
consumption and reduces the toxicity of exhaust gases. It was found that such an amount of
oxygenates, despite their lower calorific value compared to gasoline, does not adversely affect the
energy performance of engines. Oxygen-containing additives are complex and simple esters of
monocarboxylic acids, higher alcohols, oxidized hydrocarbon fractions containing mixtures of acids,
alcohols and esters, and oxyethylated compounds. Because of its high octane number, which allows
the compression ratio to be increased to 16, methanol is used to fuel racing motorcycles and cars.

The effect of ethynylcyclohexanol (ECH) and methyl tret-butyl ether (MTBE) on increasing the
octane number of gasoline compositions has been evaluated by increasing the octane number of a
50:50 and 20:80 mixture of straight-run gasoline and reforming gasoline. It has been shown that
ECH is an effective oxygen-containing additive (oxygenate) for increasing the octane number of
gasoline compositions, compared with MTBE.

Key words: octane number, straight-run gasoline, reforming gasoline, oxygenate
ethynylcyclohexanol, methyl tret-butyl ether.
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NNA3MAIJbIK BETTIK ©3APA SPEKETTECY[l 3EPTTEYTE APHAJIFAH CbI3bIKTbIK
NNA3MA K¥PblJIFbICbl

AHOamna: "PlasmaScience" rbinbimu-eHOipicmik komnaHusicbiHOa (©ckemeH K., KazakcmaH)
nnasmaHbiH MamepuandapMeH esapa spekemmecyiH 3epmmey ywiH Kaz-PSI| (Kazakstan plasma
generator for Plasma surface Interactions) »xaHa 3epmxaHariblK XXeslifiK rasmarblK KOHObIPFbI
a3ipneHdi xoHe xacandbl. Makanada 6emmik-nina3marbik e3apa epekemmecydi 3epmmeyee
apHarnfaH aKcrepuMeHmmik KOHObIpFbIHbIH Kelbip epekwesniikmepi cunammanraH. XKeninik
rnnasmarsbiK KOHObIPFbIHbIH Heaisai anemeHmmepi-LaBs kamoOmbi 31ekmpoHObl CayresniK OKraH,
nnasmarbiK caynesik pa3psi0 Kamepachl, e3apa apekemmecy Kamepachl, Makcammhbl Kypbirifbl,
aflekmpomasHUMmMIK — KamywkanapOaH mypambiH — afilekmpomasHummik  xyde. KAZ-PSI
KOHObIpFbICkI cymeai, delimepud, senud, apaoH XaHe azommaiH y30iKCi3 rnnasmacbiH mypreHdipyze
MyMKiHOIK 6epedi. [MnasmaHbi{ 371eKmpoHObl MbiFbi3dbirbl 10Y7-10% M* QuanasoHsbiHOa, an
a51eKmpoHObI memrepamypa 1-0eH 20 aB-ze deliH. TyckeH uoHOapObiH 3HEPausiCbl HbiCaHara
mepic bifbicydbl 2 kB-ka deliiH bepy apKbinibl pemmenedi. KAZ-PSI KoHObIpfbicbiHOa anFaw pem
g8osibcbpamObl  2enul nnasMmacbiMeH cayneneHdipy 6olbiHWa aKcrepumeHmmep Xypeaisinoi.
Makanada eonbdpam MUKCTPYKUMACBIHbIH ©3repyiH 3epTTey OombliHWA XYprisinreH 3epmmey
Hamuxxenepi kenmipineeH. [enuin nnasmacbiIMeH CoyrneneHreHHeH KeriH Bonbgpam OeTiHiH
MOPEOMNOrNAChIHbIH ©3repiciH xaHe bemiHde bemmi eenuli uoHOapbiMeH BypKy apKbiribl, coHOal-
ak kenipwikmepdiH natida 6o5ybIMeH pernbegh xacasambiHbIH KEPCEeMIno2eH.

Tyliq4 ce30ep: nnasma, CbI3bIKMbIK 1asmarnbiK Kypbinfbinap, rnna3va 6emimeH e3apa
apekemmecy, sakyym, KAZ-PSI.

Kipicne. lMnasmaHbl kanbintacTtblpatelH MaTepuan (PFM) Tepmo-sgponblk nnasma MeH
peakTop [Au3anHbl apacbliHOaFbl Herisri mHtepdenc 6Gonbin Tabbiagabl, COHAbIKTAH On KaTThl
coeyneneHyre ywbipangbl [1], 6yn Xanbikapanblk TEpMOSApPOsbIK aKkcnepuMeHTTiK peakTtop (ITER)
CUSIKTbl  MarHUTTi YCTaWTbIH TEepMOSAPONbIK KYPLINFbIHBIH - KOMKETIMAININH  WeKTeyi MYMKIH.
Bonbdpam (W) ITER [2] anBepTopbiHaa Herisri PFM peTiHge nanganaHbinagbl xeHe China Fusion
Engineering Test Reactor (CFETR) [3] cusikTel keneci OyblH KypbinfbinapbiHga W-6ipiHui
KabblpfaHbl TOMbIK NanganaHy YCbiHbINaAbl: >KOfFapbl Xbify OTKI3rWTiK, >Kofapbl ©Ganky
Temneparypachl, TOMeH TPUTUI YCTay XoHe TeMeH 3po3nd Xblngamablrbl [4]. W-abl PFM peTiHge
KongaHydbl LWEKTEY OHblH, CbIHFbIWTLIFbIHA OannaHbICTel, ©Oyn  KOMMNOHEHTTep4i eHaipy4iH
KypZeniniriH xeHe >Xofapbl TemMrnepaTtypa MeH XXOofapbl XbIy XYKTeMenepi XafganbiHOa XXYMbIC
icTereHge onapdblH >KOMbITY MYMKIHAINH adblkTangbl [5]. Wkempinik xeHe TYTKbIpNbIKTaH
CbIHFbIWITBIKKA aybicy Temnepatypachl (DBTT) cusakTel MexaHukanblk kacuettep W kyMbiCbiHa acep
eTeTiH MaHpI3abl hakTopnap 6onbin Tabbinagpl.

CoHbiMeH KaTap, KaTTbl CayneneHy >Xafgannapbl, COHblH iWiHAE >KOfapbl afblHAbI
OenwekTepaiH, acepi, Kby XYKTEMECI XOHEe HENTPOHHbIH 3akbiMaaHybl W mMmexaHuKanblk
KacueTTepiH Hawapnatagbl XxaHe oHblH DBTT xofapbinatagbl [6]. KaTTel cayneneHy xafganbiHaa
Aa KypbinbiMabl CakTanm anaTblH Xofapbl eHimainiri 6ap W HerisiHgeri nepcnekTusansl matepvangap
kaxeT [7]. CoHObIKTaH nnasmanblK-6eTTik-nna3mManblk cunattaMmanapabl 3epTTey Kasipri 3aMaHfbl
TepMosAaponbIK 3epTTeynepaiH Herisri 6arbiTel 60MbIN Tabblaabl, 6UTKEHI 6bonallak TepmMosgporbIK
3HepreTukanblKk KOHAObIPFbINApAblH eHIMAINIM, Kbl3MeT eTy Mep3iMi XoHe Kayincisgiri ocbliFraH
GannaHbicTel. Byn 3epTTeynepre nnasmaHblH KabblpFamMeH ©3apa opekeTTecCyiHiH Kypaeni
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duamnkanblK eCENTEpPIH Xyneni Typae wewyre MyMKiHgik 6epeTiH, 6akblnaHaTbiH NnasMa napameTpi,
MKeMAi MakcaTTbl FeOMETPUSCbI XOHE XXaKCbl ANArHOCTMKAmbIK KOS XeTimginiri 6ap CbI3bIKTbIK
nnasmManslk reHepatopnap MaHbi3abl ynec kocagpl [8-10]. CbI3bIKTbIK Nnasmarnblk ocuunnsatopnap
TAP kangnpaTTblKk MaTepuangapbliH CblHay, nna3Manbik-0eTTiKk e3apa apekeTTecyadiH oapTypni
acnekTinepi 6bonbiHWA Oepekkopabl TOMbIKTLIPY YLWiH eTe TniMai kypangap 6onbin Taboinagb [11].
MnasmaHblH ra3 paspsatbl NnasMa reHepaTtoprapbiMeH MMUTaUMANbIK CcTeHaTepaeri TapTy
MaTtepuanbiMeH e3apa apeKeTTecyiH MoernbAeyre Kbi3blFyLWblfblK 6TKEH facblpAblH, CEKCEHiHLUi
XbingapblHblH 6acbiHga nanga 6onabl. VMoHAblK caynenik KOHAbIpFbinapAblH KemMeriMeH KaTThbl
OeHeHiH GeTiHaeri noHgapablH, acepiHeH nanga 6onaTtblH KapananbiM NpouecTep Typarbl Herisri
TYCiHIKTEp anblHAbl, Mbicanbl, MaTepuangbl Oypky, Oenwlektepai yctan any XoHe oaaH
WafrbINbICTbIpy. Bapnblk 3akbimaayLwbl dhakTopnap Tonblk kenemae GipikTipineTiH ITER TonbikkaHab!
TOKaMak-peakTopblH navganaHyra 6epy KesiHOe XaHa CcuHepreTukanblk KyObinbiCTap MeH
acepnepaiH KepiHicTepiH KyTy Kepek, onapgbl 3epTTey UMUTAUUANbIK 3KCnepumMeHTTepae
asipneHreH gepekrep 6asacbiHa XaHe usmkanbik Mogenbaepre eaayip gapexene CyneHyi MyMKiH.

CbI3bIKTbIK Nria3mMarnblk reHepatoprapablH ilwiHae 6ackapbinatbiH 3NeKTPOHAbl cayne nnasmMa
reHepaTopbl 6ap CbI3bIKTbIK NNa3Marblk KoHAbIpFbinap [12-14] )xofapbl Xblfy aFblHbl CbiIHAKTapbiHAA
nnasmarnblk 9CepAi aNeKkTpoHAbl caynenepMeH OipikTipyre MyMKiHAIK GepeTiH KypbinFbinap peTiHae
kenbip apTbiKwbinbikTapra ne. OcbifaH 6anaHbICTbl, ANBEPTOPAbIH KAHAMAATTLIK MaTepuangapbiH
CblHay XaHe nnasmMarblk-0eTTik e3apa apekeTTecyadi 3epTTey ywiH Kaz-PS| 3epTxaHanbIk Xeninik
nnasmManblk KOHObIPFbI 93ipfieHin, xacanabl.

Byn >KymbICTbIH MakcaTbl a3iprieHreH Kaz-PSl »xeninik nnasmanblk KOHAObIPFLICHIHbIH
3KCNEPUMEHTTIK MYMKIHAIKTEPIH GaFanay XaHe OoCbl KOHObIPFbIHBIH KOMETIMEH rennin Nnas3mMacbIMeH
cayneneHreH Bonbdpamabl 3epTTey 6onbin Tabbinagpl.

MnasmanbIK KOHAbIPFbLI NapamMeTprepi.

OsipneHreH Kaz-PSI akcnepuMMeHTTIK nnasmManblk KOHAbIPFbICE ambeban 6onbin Tabbinagpl
XXoHe ornapfa nnasmMarnblK afblHHbIH, Aa, 9NEKTPOHObl COyNeHiH KYLiMEH XacanfaH KyaTTbl Xbliy
XKYKTEMECIHIH Oe KelleHAi acep eTy XaffarbliHaa MaTtepuangapibl CbiHayFa MyMKiHAIK Gepegi.
Mnasmanelk KOHAOBIPFbIHBI MarganaHy >Xofapbl Xbifly >XYKTEeMeci KesiHge nnasmamMeH e3apa
9peKeTTecy xafjamblHaa MartepuangapgbliH 6eTtanbiCbl Typanbl angblH ana 3KCNepUMEeHTTIK
aepekrepai konma-kon anyra MmymkiHaik 6epegi [15]. Kaz-PCl xeninik nnasmanbik KOHObIPFbICbIHbIH,
Xannbl KepiHici 1a cypeTTe KepceTinreH.

INEKTPOMArHHTTIK KaTyUIKANAP Jlenrmiop 30Hbt

IneKTpoHAB 3eKBipek  Bakyymast cericop
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‘ @
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I U\] Kanawik ras asaausaropst /
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CypeTt 1 — Kaz-PSI xeninik nnasmanblk KOHObIPFbICLIHBIH >Xarnnbl TYpi XX@HE HEri3ri anemMeHTTepi

Mna3amanbik KOHOBIPFbIHBIH, HEri3ri anemeHTTepi (cypeT. 1b) anekTpoHabl 3eHbipek, Bakyymabl
ceHcopnap, ras angay Xymeci, kangblk ra3 aHanusaTopbl, Typbomonekynanblk COpfbl, BaKyymMablK
e3apa opekeTTecy Kamepachl, HbiCaHa Topabbl, 3MEeKTPOMarHUTTIK KaTylwkanapgaaH TypaTbiH
ANEKTPOMAarHuTTIK Xyre 6onbin Tabbinagbl. Katoartel ceynenik oknaH LaBs XblnbliTbiaTbiH
TEPMUANBIK AMUCCUANBIK LUIMHAPNIK KaToATaH XaHe Kyblc aHoATaH Typaabl. KaToaTbl XbinbITy
Pe3nCTUBTI 84ICNeH Xy3ere acblpblnagbl XoHe XbIbITy YLWiH 25 KBT TypakTbl TOK Ke3i KongaHblinagsbl.
KaTtoaTtbl caynenik oknaH CbiFblfifaH aya afbiHbIMEH CanKblHAATbINaabl.

Bakyymablk kKamepara paspsaTbl Kamepachkl MeH e3apa apekeTTecy Kamepachl Kipegi. byn
Xafganaa paspsag kamepach! y3bliHabIFbl 1 M xkeHe amameTpi 0,15 M Tap uMnuHap TypiHae, an esapa
apekeTTecy Kamepacbl 6 ISO160 dnaHeui 6Gap «kypdeni pgusanmH TypiHOe »Kacanagpl.
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CankplHOaTbINFaH HblcaHanblK KypbiiFbl Oyn cyabl cankbiHAATY YLUiH KipiC XXaHe LWbIFbIC TYTikTepi 6ap
KybIC LIUNNHAP.

Bakyymapblk anpgay xyineci kamepanarbl Kanablk rasaapAbiH KbicbiMbiH 5108 Ma aeHreiHoe
KamMTamacbl3 eTyre kabineTTi ¢opBakyym >xaHe Typbomornekynanblk copfbinapgbl KamTuabl.
©peTTeri Herisri XyMbIC KbicbIMbl WUaMameH 5%10* - 5x10° Ma kypanabl. [a3abl icke Kocy xyneci
rasgbl BakyyMablK Kamepara arblHHbIH LaMachl kataH 6enrineHreH warblH gnanasoHga, Teric peTrey
MYMKiHZIriMeH xibepyai kamTamacbI3 eTyre apHanfaH BakyymAablK arblH4apaaH Typaabl.

OnekTpMeH >xabablkTay >XyMeciHe 3NeKTPOMAarHUTTIK KaTylikanapAblH, BakyyMOblK angay
KypangapblHblH, AnarHOCTUKaHbIH, CankbiHOATYAbIH, NapameTpnepai 0akbinayablH XaHe HblcaHara
Tepic noTeHuwanabl 6epy KesiHiH KopekTeHaipy OnokTapbl, coHAaun-ak nnas3mMarnblik-coynenik
pa3psaTbiH 6acTankbl CayneciH KanbiNTacTblpy YLWiH TypakTbl TOKTbIH Tikenen Kbi3ablpy 6norbiHaH
XOHe peTTeneTiH ofapbl BOMbTTbl OMOKTaH TypaTblH 3NEKTPOHAbLIK OKMaHHbIH 3EKTPMEH
KOpeKTeHAIpy Ke3aepiHiH, keleHi kipedi. AnarHocTukanbIK XXynere ksagpynongbl MacCnekTpoMeTp,
JlaHrmiop 30HAObI X8He nupomeTpnep kipedi. OpHatygbl 6ackapy >Xymeci opHaTy TywiHOEpiH
KalblkTaH 6ackapyablH KOMMObLIOTEPIIK 6argapnamanapbliH KaMTUAbI.

Mna3smanblK KOHAObIPFbI MiasmarnblK afblHHbIH Kerneci napamMmeTpriepiH anydbl KamTamachbi3
eTeqi: pa3psaTbl KaMepaHblH Nna3mManblk CbIMbIHbIH AMameTpi 25 MMm-re aewniH; koHablpfbl ociHae 0,3
Tn-fa genid nanga 6onaTblH MarHUT BPICIHIH KePHEYIiri; Nna3mMagarbl TOKTbIH Wamackl 1 A-fa aeniH;
Caynepgeri nnasmaHbliH Thifbi3abifbl 1018 cMm-re geiiH=, nnasmaHbIH 3NeKTPOHAbIK TeMnepaTypachl
- 20 aB penin.

2-cypeTTe Kaz-PSI cbi3bIKTbIK Nnasmanblk KOHObIPFLICBIHBIH CXxeManblk 6eMHeci KepceTinreH.
MnasmanblK KOHAObIPFbI KENecigen >KyMbIC icTenpgi. OnekTpoHObl OKMaH OCbTiK CUMMETPUAIbI
9NEeKTPOHAbl cayneHi kypanabl. OknaH katoabl Bonbdpam xibimeH Kbidagbl. OKNaHHbIH KyaTbl
KaToATbl XbIMbITYy KyaTbIMeH peTTeneni. Paspsg kamepacbiHa >KyMbiC rasbiH 6Gepy kesiHae
3MNEKTPOHAbI CaYIE XYMbIC ra3biMEH 63apa 9peKeTTECIMN, Niasmarnblk caynenik pa3psag Ty3eqi.

JleHrMiop 30HALI BakyyMm esmerim
\‘ A BakyyM eJiierim
HKyMbIC rassl
Cy ca/IKbIHAATKbIL Kartog (LaBe)
- N N
o . ; /
m [
A4
Heicana - 5 ~
N N N ™~ ~N
N N N N N ¢ KbUIBITKBIIT
\ / c AHoA
Mna3smManbIK 6aFaH OPFHI

Tepmonapa /1

MarsHTTiK KaTylwKaaap
Tepese \

Macc-cneKTpoMeTp

Cypert 2 — Kaz-PSI cbI3bIKTbIK Nna3mManblk KOHObIPFbICBIHBIH, CXeMarblk 6eHeci

YKymMmbIc rasbel peTiHae: cyTeri, AenTepui, renun xseHe T. b kongaHbinaael. Nnasmanbik cayneHi
dokycTay paspsg kamepacbiHOa OOWMblK  MarHWT  ©piciH  TyAblpaTblH  9NIEKTPOMAarHuUTTIK
KaTywKanapAblH KemerimeH Xy3sere acblpbinagbl. MarHuT epiciHiH KepHeyniri 9neKTpoMarHUTTIK
KaTyLllKanap apKbinbl 6TETiH 3MNEKTP TOrblH a3anTy HeMece apTThipy apkbinbl peTTenei. [Nnasmansik
coyne oOpHaTbififaH HbiCaHafa (CbiHanaTblH MaTepuanfa) Tycedi nnasma es3apa opeKeTTecy
kabbingarbil kKamepacbiHga opHanackaH. MoHgapablH XKoFapbl KOHLEHTPaUUsAChIH KamTamMachI3 eTy
XXoHe ysinictepai gambiTnan nnasmanblK aFblHHbIH MakcuMangbl KyaTelH any ywiH PCH6000-20H
KyaT Ke3i apKblfibl HbiCaHara 2 kKB-ka AeviH x)xepengeTinreH Tepic noteHuynan 6epinegi.

Mna3smanblK aFbIHHbIH, TapaMeTpnepiH aHblkTay yLiH JTaHrmiop 30HAbI kKongaHbiiagabl. 30HATHI
AnarHocTukanay ofiCci OHblH, MnoTeHuuanbiHa OannaHbICTbl JANEKTP OTKIi3riWwTiH nnasmachbiHa
OpHanacTbIpbIfiFaH Ke3ae 3apsagTanfaH 6enweKkTepain TOK TbiFbI3ObIFbIiH enweyre HerisgenreH [16].
©3apa opekeTTecy KamepacbiHaarbl opTaHbl 6akbinay «Extor inc» weirapran XT-100 kBagpynongpl
Macc-CnekTpoMEeTpPAiH, kemeriMeH >ky3ere acbipbiiagbl. Kaz-PS| KoHObIpFbICbIHOAFbI Ma3MaHblH
Herisri napameTpnepi 1-kectefe kepceTinreH.
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KecTte 1 — Kaz-PSI koHgblpfbiCbiHOaFbl Ma3MaHblH, HETi3ri napaMmeTpnepi

YKyMbIC pexumi CrauunoHapnblk
JKyMbIC rasbl He, Ar, H>
MarnuTt epici, Tn 0,3 peniH
YKyMbIC rasblHbIH, KbICbIMbI, TOpp 5-107°
Kangbik ras kpicbimbl, Topp 5-1078
MHbeKkumnanaHaTblH 9NeKTPOHAbIK COYNeHiH KyaTbl, KBT 5 pnenin
©HgipineTiH nnasmaHblH ThifFbI3gblFbl, M-3 108 penin
OneKTpPoHAbIK TeMnepaTypa, 3B 20 peniH
YKepre TymbIKTanfaH aHodKa KaTbICThl KAaToATafFbl TepIC bifbICy, KB 0-2

Kasipri yakpITTa ToKaMakTtap MeH TepMOosaposSiblK peaktopnapablH nepudepusnblk
nnasMacbiH MMUTaumManay yuwiH KongaHbinaTblH KenTereH CbI3bIKThIK Mrasmarnblk reHepartoprap
Oap. Ananga, OyriHri KyHre gewiH >kannbifa Gipaen TaHbIFaH XXoHe XWi KEeNTipinreH HaTwkenep
Heri3iHeH keneci keskapacTtapgaH anbiHFaH: PSI-2 [17], STEP [18], PISCES-B [19], PREFACE [20],
VEHICLE-1 [21], NAGDIS-II [22], Pilot-PSI [23], Magnhum-PSI [24, 25], PSIEC [26]. 2-kecTefe
Xeninik  nnasmanblk  reHepaTtoprniapablH - TEXHMKanblKk  cunatramanapbl  xeHe KAZ-PSI
KOHAbIPFbICBIHbIH HETi3r cunaTTamanapbl Xeninik nnasmarblk KypbinfbinapablH cunaTramanapbiMeH
CanbICTbIPbISFaH.

Kecte 2 — KongaHbiCTarbl eninik nnasMmanblk KoHAbIpFbinapablH xxaHe KAZ-PSI nnasmanbik
KOHObIPFBICLIHBIH, TEXHUKASbIK cunatTamanapsbl [26].

PSI PSIEC [26] PSI-2 [5] STEP [6] PISCES-B PREFAC VEHICLE NAGDIS- Pilot-PSI Magnu KAZ-
napametp- [7] E [8] -119] 11[10] [11] m-PSlI PSI
nep [12,13]
WoH kesi bICTbIK bICTbIK bICTbIK pednekTop Mwukpo Mwuikpo Ywwkip KackaaTbl Kackag bICTbIK
KaTof, KaTof, Kkatoq nblK Aofa TOMKbIH TOMKbIH fofa fofa Tbl fofa Katozq
Mnasma H, D, He, H, D, He, H, D, He, H, D, He, H, D, He, H, D, He, H, D, He, H, D, He, H, D, H, D,
Typnepi Ar, N Ar, N, Ne Ar, N Ar, N Ar Ar Ar, N, Ne, Ar, N He, Ar, He, Ar,
Kr N, Ne N
MmnynbcTin 6enrineHreH | bBenrineH- | 6enrineHreH | 6enrinenreH | BenrineH- | BenrineH- | BenrineH- 3-10 6enrine | Genrine
Y3aKTbIfbI pexum reH pexum pexum reH reH reH HreH HreH
(c) pPeXnm pexum pPeXum pPEeXnM pPeXum pPeXum
OneKTpoH- 1-40 1-40 <40 3-51 2-6 1-5 <10 1-5 <4.7 1-20
AblK
Temnepary-
pa (2B)
SﬂeKTPOH- 1017.1018 1016.1019 1016.1018 1017.1019 1016.1017 1015.1016 _1020 1019.1021 __1021 1017.10
OblK 18
ThIfFbI3ABIK
()
MoHabik <110 10-300 <150 10-500 <100 <350 10-200 1-100 1-300 1-2000
6ombanay
3HEpPruschl
(eV)
MoH  afblHbI 1071022 10%°-10% 10%°-10%2 10%+10% 10%°-10% 10%9-10%° ~10% ~10% ~10% 10210
(M-Z c-l) 22
Maruut 0.28 0.1 0.26 0.04 0.2 0.03 0.25 0.4-1.6 25 0.2-0,3
epici (T)
Paspsn 0.5-6.5 <26 0.5-5 - <2 <1 <5
kyaTbl (KW)
Mna3manbIk 40 60 50 50 40 70 20 15 100 25
6araHaHbIH
AnameTpi
(Mwm)
Heriari 3x10° 5x10°° 10 10° 5x10° 2 x10* 5x10°
KbicbiM (Ma)

2-kecTeHi TanpaydaH 6i3 asipnereH Kaz-PS| KoOHAbIPFbICHI KeNTereH cunattamanapbl
OomblHWa LwWeTenaik aHanorrapgaH Kem Tycnewngi xeHe nnasmaHblH, TePMOSIAPONbIK peakTop
MaTtepuangapbiMeH e3apa opeKeTTecyiH MoAenbAeyre apHanfaH uUMUTauusanblk CTeHATEpAiH
TanantapblHa TOMbIK COMKEC Keneai AereH KopbiTbiHAbIFa kenyre 6onagsbl.

JKCNepuUMEHTTIK npoueaypa.

Byn >kymbiCTa renun nnasMacbiHblH BOfbpaMMeH 6e3apa opeKeTTecyi a3ipreHreH
KOHAbIPFbIHLIH, KemerimeH 3epTtTengi. Auametpi 6,3 MM XoHe OuMikTiri 5 MM uMnuHAp TypiHAeri
Tasanbifbl 99,95% Bonbdpam ynrinepi Terictenai xxaHe XbINTblpaTbiNgbl. YNrinepai caynenexaipy
renuin optacbiHAa nnasmMarnblk CayneMeH xyaere acblpbinigbl. CayneneHy kesiHae e3apa sapekeTTecy
kamepacblHaarbl KbicbiM 5% 10 Topabl kypaabl. Bonbdpam ynrinepi renuii nnasmaceiMeH T=500 °C,
T=900°C xoeHe T=1300°C Temnepartypaga ceyneneHgi. Coyneneny y3akTbifbl 1 carar.
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MwuKpoKypbInbIMHbIH cunaTTamanapbiH aHbikTay yuwiH Oxford INCAEnergy (Oxford Instrument,
AHMMA) aHeprusa gucnepcusnblk cnektpomeTpimeH (34C) GipikTipinreH JSM-6390 (Jeol, Japan)
CkaHepneyuwi anekTpoHabl Mukpockon (COM) nampanaHbingbl. PeHTreHaik KypbinbiMabl Tanjay
ywiH Cu Ka cayneneHyi 6ap X PertPRO peHTreHaik AndpakTomeTpi KonaaHbinabi.

JKCNEepUMEHT HaTUXKenepi XaHe onapAbl Tankbinay.

3-cypeTTe Bonbdpam yhrinepiHi4 (cypet 3a) xeHe T=500°C TemnepaTypaga renumn
nnasmMmacbiMeH cayneneHreHHeH keiiH (cypeT 3b), T=900°C (cypeT.3c) xeHe T=1300°C (cypeT 3d)
POM cypeTTepi kepceTinreH. 3epTrey HoTWXKenepi rennin nnasmMacbiMeH CoynerieHreHHeH KewiH
BoNnbdpam BeTiHiH MOpPdONOrMsacel e3repeTiHiH xaHe 6eTiHge renun noHgapbiMeH 6eTTi Bypky
apKbInbl, coHaan-ak 6eTki kabatTa renun MoHOApPbIHbIH XUHaNybiHa 6arnaHbICTbl penbed navga
GonaTbIHbIH KOPCETTI XoHe KenipwikTepain, nanga 6onybiHa akeneai. enun noHgapbiMeH Oypky
apkpinbl T=500°C TemnepaTtypaga cayneneHreH Borbdpam yiriciHiH (cypeT.3b) 6eTiHae OMbIK
anmaktap 6Gawnkanagbl. An T=900°C wn T=1300°C TemnepaTypaga cayneneHreH Bofbdpam
yIrinepiHiH 6eTiHae KaTTbl 6eaepni Mmopdonorust kKanbinTacagbl. BeTTeH kenipLUikTep MeH apo3usiFa
yLUblpafFaH Xeprepai aHblkTayra 6onagbl. Kenipwikrepain, nanga 6ony cebebi rennn atomaapbiHbIH,
XunHanyblHa 6annaHbICTbl TOPAA XKXOFapbl KbICbIMAbI anMakTapAblH, nanga 6onybl 6onbin Tabbinagsbl,
Oyn maTepuanablH XeprinikTi keHeloiHe akeneai, HOTWXKeCiHAEe OHbIH OeTiHAe KeniplikTep nanga
oonagbl.

o tr

25kV  X2,000 10pm 0001 1090 SEI 30kV  X2,000 10pm 0001 1093 SEl 25kV  X1,000 10pm 0001 1086 SEI 25kv  X1,000 10pm 0001 09 85 SEI

Cypert 3 — 'enuii nnasmackiMeH cayneneHyaeH OypblH (a) xaHe keriH T=500 °C (b), T=900°C (c)
xoHe T=1300 °C (d) kesiHae coyneneHreH Bonbdpam ynriciHii 6eTki POM cypeTtTepi.

PeHTreHaik KypbinbiMAblK asanblk Tangay renun nnasmacbiMeH coayneneHyoeH Kewid
BONbdpamMHbIH, dasanblk KypamblHblH, ©3repMenTiHiH kepceTTi (4-cypeT). OdudpakrorpammagaH
andpakunanblk  WbiHOapablH, - AiWiHiHIH - e3repyiH  GankayFa ©onagbl.  Oudpaktorpammaga
andpakumaneik weiHaapabiH (110) xxaHe (211) keHetoi 6arkanaabl. byn T=1300 °C ceyneneHygeH
KeriH MexaHuKanblK kepHeynepaiH navga 6onyblH Kepcetedi. [enun nnasmacbiMEH CayreneHy
KesiHae Bonbdpamaarbl MexaHuKkanblk kepHeynep bipHelue hakTopnapdblH acepiHeH nanga 6onybl
MYMKiH. MaTepuanfa renui noHgapbiH eHridy kesiHge onap 6oc opblHOAP MEH MHTepcTuumangap
(interstitials) cusakTbl Top akaynapblH Tyablpybl MyMKiH. Byn akaynapabiH XXuHanybl matepuanga iLuki
KepHeynepre akenyi MyMmkiH. CoHgan-ak, Oyn kenipwikrepain, nanga 6onybiHa 6annaHbiCTel 60nybl
MYMKiH. [enui noHgapbl matepuangplH ilWiHAe renvn KenipLikTepiHiv, (Hemece KybliCTapAblH) nanga
BonyblHa XOFapbl >XakblHAbIKKA Me. byn keniplwikrep KopllaraH MaTepuarnfa KbiCbIM Xacaw anafbl,
Oy OHbIH, iCiHYiHE XXaHEe MexaHuKarnblK KepHeyrnepre akeneai.
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CypeT 4 — 'enun nnasmacbIMeH cayrneneHyre geniH xaHe ogaH kenidri T=1300°C Temnepartypaga
caynerneHreH Bonbgpam gudpakrorpammanapbl
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KopbiTbiHabl. Ocbinanwa, sagebmeTtep MeH 3KCNEPUMEHTTIK HOTWXKenepai Tangay Herisinge
a3ipneHreH Kaz-PSI akcnepuMeHTTik nnasmMarblk KOHAbIPFbICHI KENTereH cunatraMmanapbl OoMbIHLLA
weTenaik adHanorrapgaH KanbiC Kanmawnabl KeHe nnasMaHblH TepMosaaporsiblK  peakTop
MaTtepuangapbiMeH e3apa OpeKeTTecyiH MoAenbAeyre apHanfaH MMUTauUAanblK CTeHATepaiH
TanantapblHa TOMbIK CAWKeC Kenedi pgen antyra ©Oonagbl. WMmuTauuanblk  nnasmanbik
KOHAbIPFbINapAblH, KeMeriMeH nnasmanblk-6eTTik e3apa apekeTTecynepai 3epTTey aHepreTukanbik
TEpMOSAOPONbIK PeKkTopAblH, MaTepuangapblH TaHgaydbl Herisgeyre, nnasmanbik-6eTTik e3apa
apekeTTecydiH 9apTypni acnekrinepi OGonbiHWa wmaniMeTTep 6asacbiH TONbIKTbIpYFa, €CEenTiK
Mozenbaepai Tekcepyre XoeHe AMarHOCTUKanblK agicTeMenepai NbicbiKTayFa xaHe T. 6. MyMKiHAIK
6epepni. ConablKTaH TEPMOSIAPONbIK peakToprnapAblH, MaTepuangapbiH 3epTTey YLiH UMUTaUMATbIK
nnasmManblk KOHAbIpFbinapabl Kypy eTte MaHbidgbl. [MnasmaHbl MMutaumsananTbliH KOHObIPFbiap
FanbiMaapFa OCbl Xargannapabl Kiwiripim macwtabTta kebenTyre xaHe 3epTreyre MyMKiHAiK 6epeai,
Oyn maTepvangapdblH, HakKTbl TEPMOSIAPONbIK peakTopAa ©3iH Kanam YCTanTblHbIH - TYCiHyre
MYMKiHAIK 6epegi.

Bonbdhpam MUKCTPYKUMACBIHBIH ©3repyiH 3epTTey GonbIHLLA XYPrisinreH Texipnbenep renui
nnasmacbIMeH cayneneHreHHeH keniH Bonbpam 6eTiHiH MOPdONornscbl ©3repeTiHiH xaHe 6eTiHae
renin wnoHgapbiMeH 6eTTi Oypky apkbinbl, coHoam-ak OeTki kabatrta rennin NOHOAPbIHbIH
XUWHaKTanybl apkblibl penbed nanga 6onatbiHbIH KOPCETTI XXoHe O kenipwikrepre okenedi. T =
500°C Temnepatypaga ceyneneHreH Bonbgpam ynricinge renumn noHaapbiMeH 6ypKy apkbinbl 6eTTe
onblk xxepnep 6ankanagbl. An T=900°C xaHe T=1300°C Temnepatypaga coyneneHreH Bonbgppam
ynrinepiHae 6eTiHae kenipLikTepaiH narnga 6onybiHa xaHe OYypKy cangapbliHaH 3po3usiFa yilblparaH
XepnepgiH, nampa 6GonybiHa 6GannaHbICTbl KaTTbl Gegepni mopdonorna navga Gonagbl.
KenipwikTepaiH nanga 6ony cebebi renun atomaapbiHbIH, XXUHaNybiHa 6anaHbICTbl TOpAa XofFapbl
KbiCbIMAbl anMaKTapablH, narga 6onybl 6onbin Tabbinagbl, 6yn MatepuangblH, XKeprinikTi kKeHeliHe
aKenegi, HoTwXeciHae oHbIH 6eTiHae kenipwikTep Nnanga 6onagbl. PEHTreHaik KypbinbiMAbIK Tangay
renuin nnasmacbiMeH CayrnefieHreHHeH KeliH BonbdpamMaarbl MexaHuKanblk KepHeynepaid, nanga
OonybIH pacTagbl.

byn 3epmmeydi KasakcmaH Pecriybniukacbl FbinibiM X8He XoFapbl 6iriM MUHUCMPIIigiHiH
fbinbim komumemi KapxblnaHdbipde! (FpaHm Ne AP09058568).
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NMHEUHASA NNA3SMEHHAS YCTAHOBKA ANA WUCCJIEAOBAHUA NITASMEHHO-
NMOBEPXHOCTHbIX BBAMMOOENCTBUUN

B Hay4HO-ripouseodcmeeHHoU kKomnaHuu «PlasmaScience» (2. Ycmb-KameHozopck,
KaszaxcmaH) paspabomaHa u nocmpoeHa Hogasi nabopamopHas InuHelHas ria3MeHHas
ycmaHoeka KAZ-PSI (Kazakstan plasma Generator for Plasma Surface Interactions) dns usyyerusi
e83aumodelicmsusi nnasmbl ¢ MamepuasioM. B cmambe onucaHbl HeKomopble 0cobeHHocmu
paspabomaHHOU  3aKcriepuMeHmarnbHoU ycmaHoeku Ons  uccriedoeaHusi  o8epxXHOCMHO-
rnnasmeHHbix e3aumodelticmeull. OCHOBHbIMU 3r1eMeHmamu JIUHeUHOU ria3MeHHOU yCmaHO8KU
S6/17I0MCS1 3NIEKMPOHHO-71ydes8asi nywka ¢ kamoOom u3 LaBs, kamepa rnasmeHHO-My4Ko80o20
paspsida, kamepa 83aumolelicmeusi, MUWEHHOE yCcmpolcmeo, 3/leKmpoMazHUmHas cucmema,
cocmosuwas U3 afleKmpomMagHUMHbIX kamyulek. YcmaHoeka KAZ-PSI rnoseornsem eeHepuposame
HerpepbigHYo rnasmy 8odopoda, delimepusi, 2esnus, apaoHa U azoma. SNIeKMpPOHHas n0MmMHOCMb
nnasmbl Haxodumcs e duana3oHe ropsdka 107-10'® m3, a anekmponHas memnepamypa - 8
OQuana3oHe om 1 0o 20 aB. SHepaus nadarowux UOHO8 peaynupyemcs rnymem nodaqyu Ha MUWeHb
ompuuamersibHO20 cmeuweHuss 8o 2 kB. Ha ycmaHoske KAZ-PSI| enepebie b6biniu riposedeHbi
aKcriepumeHmsl o obny4YyeHuo eosibhbpama zenueeol nnasmol. B cmambe npedcmasneHsl
pesynibmamsi uccriedogaHul, npoeedeHHbIX M0 U3YHEeHUIO U3MeEHEHUU 605ibghpamosoli cMmecu.
Pe3ynbmamesi uccriedgoaHusi rokasarsu, 4ymo rocsie obrny4eHusi eenuesoll rnnasmou U3MeHsemcsl
Mopgborioauss nogepxHocmu eosibhpama U Ha MogepxHocmu co3zdaemcs pernbegh 3a cyem
pacribifieHUs1 Mo8epPxXHOCMU UOHaMU 2eflusl, @ makxe 3a ciem ¢hopmuposaHusi briucmepos.

KnroueBble cnoBa: nnasma, NMHeNnHas nnasmeHHas yCTaHOBKa, Nila3MeHHO-NMOBEPXHOCTHOE
B3anmopencTene, sakyym, KAZ-PSI.

B.K. Rakhadilov!, Z.A. Satbayeva'?, A.E. Kusainov?, E. Naimankumaruly*?
L«PlasmaScience» LLP,
070010, Republic of Kazakhstan, Ust-Kamenogorsk, Serikbayev str., 37
2 Shakarim University of Semey,
071412, Republic of Kazakhstan, Semey, Glinka str., 20 A
*e-mail: zarinavkgu@gmail.com

LINEAR PLASMA DEVICE FOR THE STUDY OF PLASMA-SURFACE INTERACTIONS

In the research and production company "PlasmaScience" (Ust-Kamenogorsk, Kazakhstan) a
new laboratory linear plasma installation KAZ-PSI (Kazakstan plasma Generator for Plasma Surface
Interactions) for studying the interaction of plasma with material has been developed and built. The
article describes some features of the developed experimental setup for the study of surface-plasma
interactions. The main elements of the linear plasma setup are an electron-beam gun with a LaB6
cathode, a plasma-beam discharge chamber, an interaction chamber, a target device, and an
electromagnetic system consisting of electromagnetic coils. The KAZ-PSI facility allows generating
continuous plasma of hydrogen, deuterium, helium, argon and nitrogen. The electron density of the
plasma is in the range of the order of 10*’-10'® m™ and the electron temperature is in the range of 1
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to 20 eV. The incident ion energy is controlled by applying a negative bias of up to 2 kV to the target.
Experiments on irradiation of tungsten with helium plasma were carried out for the first time at the
KAZ-PSI facility. The paper presents the results of studies conducted to study changes in the
tungsten mixture. The results have shown that after helium plasma irradiation the morphology of
tungsten surface changes and relief is created on the surface due to atomisation of the surface by
helium ions, as well as due to the formation of blisters.

Key words: plasma, linear plasma unit, plasma-surface interaction, vacuum, KAZ-PSI.
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ABTOPJIAPFA APHAJFAH EPEXE

FoinbiMn mMakana GypbiH XapusnaHbaraH XXeHe kaHanbifbl 6ap aBTOpIbIK a3ipnemenepai,
KOpbITbIHABINAPAbl, YCbIHbICTAPAbl KaMTUTbIH fbiNbIMK  3epTTEYAiH, 3KCNEepUMEHTTIK Hemece
aHanuUTMKanblK KbIBMETTiH 0acTtankbl, apanblk Hemece TYMKINIKTI HaTWXKenepiHiH MaTiHAIK
Matepuarbl 6onybl TUiC. FbINbIMM Makanara »annbl TakblpbinneH 6annaHbICTbl OYpbIH XXapusinanFaH
FbIIbIMU HOTMXKENEPAi 3epTTeyre XoHe Tangayfa apHarsfaH XyMbIC Kipegi (Luony makanachl), oHga
»Kannbinama TYXblpbliMAap MEH YCbIHbICTap KenTipifireH.

«LLakapim yHMBepcuTETIHIH XabapLubiCbl. TexHuKanbIK FoinibiMaap 6enimi» fFolnbiMy XXypHanbl
kasak, OpbIC, afblfLWbIH TingepiHaeri komkasbanapabl kabbingangol.

XKypHanabiH xuiniri-tokcaHblHa 1 peT (kbinbiHa 4 Hemip).

Makana anektpoHablk dopmartTta (.doc, .docx, .rif) tech.vestnik.shakarim.kz xypHan Be6-
CanTbIHbIH XXYKTey (PyHKLMOHanNAbIFbl apkbinbl 6epineqi.
MopTanmeH xyMmsic icTey yuwiH tech.vestnik.shakarim.kz canTbiHa Tipkeny kaxer.

>KypHanfa xapusinay yuwiH keneci 6arbiTtap 6onbiHWLA Makananap kabbingaHagbi:
e ABTOMaATTaHAbIPY XOHEe ecenTey TeXHMKAChI
e UHxeHepusgarbl MaTeMaTukanblK XXeHe CTaTUCTUKanbIK 8A4ICTeP, TEXHUKA XoHe TexHororuanap
e MawwmuHa xacay XaHe MexaHuKa
e  OHAIpICTIK XXaHe eHaey cananapbl
o Tamak MHXeHepUusaChl XeHe BUOTEXHONOIS
e Xbliny aHepreTmkacsol
e TexHukanblk dunsmka
e XMUSINbIK TEXHONOrMA

MaTepuangapabl pecimaeyre KoMbinaTblH Tanantap

Makana xunektepaiH keneci enwemaepimMeH pecimaeneai: napakTbiH, LWeTiHeH weriHic — 2,0
cm. Kapin enwemi — 11, xxonapanblk nHtepsan — 1,0, kapin rapHutypacsl — Arial.

FbinbiMn MakanaHbIH KYpbinbiMbI
CTpyKkTypa Hay4HOW CTaTbW AOIMKHA BKIOYATL Crieaytowmne aremMeHTbl:
FbinbiMn MakanaHblH KypbiribIMbl KENECi anemMeHTTepai KamTybl Kepexk:

e FTAXA nHAekci (FINbIMU-TEXHUKANbIK aKknapaTTbiH, Xanblkapanblk argapbl) — 6eTTiH con xak
weTiHeH kepceTineqi. F TAXA vHAEKCIHIH MakanacblH TaFanbiHaay yLwiH www.grnti.ru cantblH
naviganaHy Kaxer).

e ABTOpnap Typanbl MoniMeT — opTafarbl X0 apKbifbl XKasblnagbl:

— Makana aBTOpbIHbIH aTbl->KOHi XeHe Teri (angbiMeH aTtbl-keHi, cogaH keniH Teri — A.K.
Kanues), kapin-karnbiH;

— aBTopablH (NapapbiH) )KyMbiC OpHbI-XKOO (yMbIMHbBIH), KanaHblH, enaid ataybl;

— KOppecnoHAeHT-aBTOpAblH 6arnaHbic aknapaTtbl (e-mail).

e MakanaHblH ataybl (TakblpblObl) — 0N apKbinbl, KanblH KapinneH, optacbiHa TypanaHagbl. On
Ma3MyHAbl [0on KepCeTyi Kepek, KbiCka XaHe HakTbl 6onybl kepek. TakblpbinTafbl ce3gepai
KblCkapTyFa »on 6epinmengi.

e AHHOTaUMA — 3epTTeyAiH Heri3ri MaHiHIH, 3epTTey oaicTepi MeH OObeKTinepiHiH Kbickalua
Ma3MyHbIH, €H MaHbI34bl HOTUXKENEPIH, onapablH, MaHbI3AbINbIFbIH, FHIIBIMU XXaHE TaXipnbenik
KYHOBIMbIFBIH - KbiCkawa 6aaHganabl. AHHOTaUMA Makana aTayblHaH KeWiHri Kom apKbinbl
KypcuBneH opHanacTtbipbiniagbl. AHHOTaums kernemi-150-300 ceas.

e TyniH ce3gep — MakanaHbl i34eyre >aHE OHblH TaKblpbINTblK alMarblH  aHblKTayfFa
apHanfaH.TyiiH ce3gepaiH caHbl-5-8, KypCcUBMEH Xasblnaabl.

e MakanaHblH Heri3ri MaTiHi — >X0n apKbiSbl:

— Kipicne — e3eKTinikTiH, KepiHici;
— 3epTTey wapTTapbl MEH 84iCcTepi;
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— 3epTTey HaTmxenepi;

— FbInbiMK HBTWXENEPAi Tankbinay;

— KopbITbiHAbI;

— [lNanpanaHbinFaH agebueTTep TidiMi — Makana »asbinFaH Tinge >XoHe arfbillbliH TiniHae
pacimgeneg,i.

e Kapxblnangplpy Typanel aknapat (6ap 6onca).

e MakanaHblH COHblHAA aBTOPAbIH (aBTOpnapAblH) aTbl-XeHi, FblfibiIMU Aspexeci, atafbl, XXYMbIC
opHbl; 2KOO-HbIH, (YMbIMHbBIH), KanaHblH, engid ataybl; opbip aBTop yLWiH BannaHbIiC aknapaTthbl
(e-mail); makanaHbIH TakbIpbiObl (aTaybl); aHHOTALMA; Makana TiniHeH epekLeneHeTiH eki Tinaeri
TYWiHAai ce3aep kenTipineai (kasak/opbIC, afblLWbIH).

MaTteprnangapablH Kenemi, ageTte, MaTiHAI, CypeTTepai, kectenepi koca anraHga, 3 6eTTeH
keM Bonmaybl xaHe 8 6eTTeH acnaybl TuiC.

ABTOpnap caHbl 5 agaMHaH acnaybl Kepek.

CypeTTtepai, kapTanapabl, doTocypeTTepai, kectenepai, dopmMmynanapabl KOMMAbOTEPIK
TEXHWKaHbIH KOfgaHa OThbIpbIN OpbIHAAY XXeHEe onap Typarbl anTbifiFaHg4an Makanaga opHanacTblpy
ycbiHbInagbl. CypeTttepain peTTik Hemipnepi apab umdpnapbiMeH GenrineHeni, cypeTTiH aTaybl
CYpeTTiH acTbiHAA opTacbiHa kenTipinedi (1-cypeT-cypeTTiH ataybl).

Kectenep makanaHblH MoTiHIHOe OipiHWI cinTemeneH kelliH Hemece keneci beTtte
kepceTineni. KecrteHiH HeMipi MmeH aTaybl 6eTTiH con >XafblHAa kenTipinreH (1 — KecTe-KeCTeHiH
aTaybl). KecTteHi keneci 6eTke aybICTbipFaH xarganga 6araHaap HemipneHeni xeHe keneci 6eTTe oH
XafblHOa KECTEHIH xarnracbl (1-KeCTEeHiH Xanfachbl) kepceTinegi.

OpebueTTepai pecimaey TapTibi:

— nuTepatypa pacnoniaraeTcs no Mepe yrnoMuUHaHUs B TEKCTE;

— OpebueTt MaTiHAE anTbiNFaHAAn opHanacThipbinanbl;

— MaTIH 6oMbIHLWA KBaapaT Xakwaga cinteme 6epinreH XXyMbICTbIH PETTIK HOMIpI KepceTineni;

— opebuettepai pacimagey MEMCT 7.1-2003 «bubnuorpadusnbik xa3ba. Bubnunorpadusnbik
cunattama. KypacTblpyablH, anmnbl Tanantapbl MEH epexenepi;

— aHblKkTamanblk agebueTTtepai parbiHoay KesiHge 6acbkinbiM aBTOpPrapbiHbIH, TOMbIK TidiMiH
(6ackanapbIHCbI3) KOPCETIHI3.

OpebueTTep Ti3iMiH KypacTbipy Mbicangapbl

Mep3simdi 6acbinbiMHaH arnbiHFaH Makana:
1. AkcaptoB P.M., AnsnkoB M.U., Pacynosa C.A. JleykomnanHai caHablk aHbikTay agici // Kas¥y
Xabapuwbicbl. Cep. xum. —2003. — T. Ne 8. — 5.40-41.

Kimarr:
2. KypmykoB A.A. JleyOMU3MHHIH @aHTMOMPOTEKTOPIIbIK XXaHe rmnonunuaeMuansik 6encexainiri. —
Anmartbl: Bactay, 2007. — 148 6.

KoHgbepeHyussi mamepuandapbiHaH (ceMuHap, Ccumrosuym), eHbekmep XuHaFbiHaH
XKapusinay:
3. AbumynbguHa C.T., CoigbikoBa [.E., OpasbaeBa J1.A. KaHT eHaipici nHpakypbinbIMbIHbIH
XyMbIC icTeyi xaHe pamybl // KasakcTaHHbIH arpaprbl CekTopblHAafbl WHHOBauusa: Martep.
Xanbikapan. koHd. /Kas¥y. on-dapabu ateiHgarbl kadyy. — Anmartbl, 2010. — 5.10-13.

3nekmpoHObIK KOp:
4. Cokonosckun [0.B. O3siH-63i peTTenTiH Kamepa >XEeTeKTepiHiH MexaHu3MAepiH CcuHTe3aey
Teopusachl [OnekTpoHablK. pecypc]. — 2006. — URL: http://bookchamber.kz/stst_ 2006.htm (kapay
KyHi 12.03.2009).

ABTOp MakanaHbl XibepreHHeH KeuiH XypHan peaakumsacbl YCbIHbIMFaH XYMbICTbI €Ki anTa
iLiHOe OHbIH TananTapfa COMKECTIriH Tekcepy MakcaTblHAa (aHTUNnarnaT, Au3arviH, peLeH3ns xXoHe
T.6.) Kapangpl.

YKypHan pepakumscbl MakanaHbl kabbingay Typanbl OH LWewiM kabbingaraH xarganga,
aBTOprapfra xxapusinaHbiMFa akbl Teney yLiH TUicTi xabapnama xibepineai.

Makana >XypHan TananTapblHa CoWKeC KeriMereH xaffjaraa asTopnap 3MeKTPoHAObIK
nowTara xabapnama apkbiibl xabapnaHaTblH 6onagbl.
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XypHanablH peaakumachl Kenin TYCKeH XXYMbICTbI peueH3uanayfa gepbec xidepeai.
>KypHan makanaHbl aBTopbIH Xacbipbin (Double-blind review), eki peueHananayaaH eTkizegi.

KypHanablH pepakuusacbl MakanaHblH, YKCaCTbIfbiHbIH Oap-XofblHa TeKcepyai >Xysere
acblpagpbl (nMMueH3usanblk GargapnamMansik kamTamachld eTy naviganadbinagbl). MaTiHHIH, e3iHAaiK
epekweniri keminge 75% 6Gonybl kepek. Makananapaarbl e3iH-e3i cinteme xacay yneci 15%-aaH
acnaybl Kepek. TynHyCKanbIKTblH KaXeTTi Navbi3blH anvaraH Makana aBTopfa MbiCblKTayfFa
XiGepineai. BipiHWi >x8He ekiHWi Tekcepynep TeriH, yuwiHwi Tekcepy — 2000 TeHre. YLwiHwi
TEeKCcepyaeH KeniH Tepic HATWXKE anblHFaH XXafganaa, Makana XXypHanfa xapusnayra xidepinvengi.

MakanaHbl pacimaey ynrici
FTAXA: 32.61.11
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AYbIP METAJNAOAPObIH BUOTEOXUMUANBIK MUTPALUUACHI 2KOHE XUHAKTAIYbI

AHHOmMauus: Makanada 3epmmey Homuxxenepi KenmipineeH.... ...
TyliH ce30ep: KopwaraH opma, buonoe, maburam,.........

Kipicne

JlaHngwadT  KOMMOHEHTTEpiHIH  buoreoxmmusanblk  KacueTTepiH KanbintacTeipyaa
aTMocdyeparnblk, Cy xaHe buoreHaik kewi-koH MaHbI3abl pen aTkapagbl. bapnbik Taburn cynapabiy,
iWiHOe KayblH-WlalblHAA anTapnblkTanm e3srepictep Oavkanagbl. Kapgafbl 3neMeHTTepAaiH
LIOFbIPNaHybl aya TemnepartypacbiHa, NlacTaHy Ke3iHe KaTbICTbl Xen O6afblTbiHbIH OafbITbiHA, OAaH
KalbIKTbIFbIHA, Xep OepepiHe GannaHbicTbl [1]. YKayblH-LWALWbIHHBIH, XUMUANbIK KypaMblHOAfFbI
anbipMallbINbIKTap aya MaccanapbiHblH KypAeni KosfanbiCTapblHa 6GannaHbiCTbl. 1-cypeTTe cy
KovmarnapbiHbIH My3blHAafbl ayblp MeTangapAblH Kypambl KOPCETINTEH.

Ba; 17 Sr; 25

1-cypeT — MockBoOpeLKuin XKYMECiHIH Cy KoMManapblHbiH My3blHAA ayblp MeTangap KypamMbliHbIH,
Tapanybl

3epTTey HaTUXenepi

XKaHb6bip cynapbl Kypambl 6GonbiHWa cynbdaTTbl-bukapboHaTTbl- X8He CcynbdaTTbl-
xnopuari-kanbumini.  ATMocepaga  WaHHbIH - WOFbIpriaHybiHa ~ GannaHbICTel  onapablH
MUHepangaHybl Xofapbl. JlaHawadTTeiH aygaH OGipniriHe >kayblH-LlallblHFA eCenTenreH aybip
MeTangapablH, 6acbiMabIbIFbl KAPMEH canbiCThipFanga xaHobipga (Sr, Pb, Cr, Zn, Ni) aHbikTangbl
(1-kecTe).
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1-kecte — Kap MeH xaHOblpaarbl ayblp MeTangapablH Kypambl, Kr/ ra

Ne Ayblp MeTangap Kap XKayblH

1 Pb 0,5x10°® 0,2x10*

2 Cr 0,4x10® 1,6x103

3 \Y 8,56x10° -
Eckepmne *

FbinbiMKu HaTUXKeNepAi Tankbinay

OpebueTTtep Tisimi
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BUONEOXUMUYECKAA MUTPALINA U AKKYMYTNALUA TAXENBbIX METAINOB

AHHOmMauus: B cmamse npusedeHbl pe3yribmameal Ucciedo8aHus. ... ...
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BIOGEOCHEMICAL MIGRATION AND ACCUMULATION HEAVY METALS

This article discusses the characteristics of the development of eco-geochemical changes in
the biosphere. Analyzed discretely, and in particular the relationship of environmental, geochemical
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and ecological changes. We present the laws of development of ecological-geochemical changes in
the biosphere......
Key words:.....

ABTOpnap Typarnbl manimeTTep

Makcat AHyap6ekoBuY CmMarynoB* — TEXHMKA fFblfibIM4APbIHbIH, JOKTOPbI, « T€XHONOrMsbIK
XabgblKTap xaHe MalumHa Xacay» KadegpacbiHblH npodeccopbl; Cemen kanacbiHbiH Lokapim
aTbliHOafbl yHMBepcuTeTi, KasakcTaHn; e-mail: smagulov@mail.ru. ORCID: 0000-0001-6369-3690.

Cepren AnekcaHgpoBu4 3anueB — «dnsnka xoaHe MatemaTukay kadegpacblHblH du3unka-
MaTtemMaTMka fbiNbIMAApbIHbIH,  KaHgugaTbl; Meckey MeMnekeTTik  yHuBepcuTeTi, Pecen
depepauuscel; e-mail: zaisev@mail.ru. ORCID: 0000-0001-7057-0461.

MapxaH MypatoBHa WMckakoBa — «TexHomorvanblk XabablKTap >keHe MalumMHa >xacay»
KacpegpachblHbIH AoKTOpaHThl; CeMel kanacbiHbIH LLakepiM aTbiHOafbl yHMBepcuTeTi, KasakcTaH; e-
mail: iskakova@mail.ru. ORCID: 0000-0002-4787-4966.

Ant6ek Kanuesny KapumoB — «ABTOMaTTaHObIpy» KadeapacbliHblH afa OKbITYLIbICHI; M-
dapabu aTbiHAarbl Kasak ynTTblk yHMBepcuteTi, KasakctaH; e-mail: karimov@mail.ru. ORCID: 0000-
0002-5378-2266.

CBepeHua o6 aBTopax

Makcatr AHyap6ekoBu4 CmarynoB* — OOKTOp TEXHUYECKUX Hayk, npodeccop kadeapbl
«TexHonornyeckoe obopynoBaHME U MaLUMHOCTPOEHUEY; YHUBepcuTeT nmenn LLlakapuma ropoga
Cewmen, Pecnybnuka KasaxcraH; e-mail: smagulov@mail.ru. ORCID: 0000-0001-6369-3690.

Cepren AnekcaHgpoBuuy 3anueB — KaHouaaT (u3MKO-MaTEMATUYECKM Hayk kadeapbl
«Pusmvka n matematmkar; MoCcKoBCKMIN rocygapCTBEHHbIN yHUBepcuTeT, Poccuinckas denepauus;
e-mail: zaisev@mail.ru. ORCID: 0000-0001-7057-0461.

MapxaH MypatoBHa - pgoktopaHT kKadegpbl «TexHomnormyeckoe obopygoBaHMe WU
MallMHoCcTpoeHuey»; YHuBepcuteT nmenn Lakapuma ropoga Cemen, Pecnybnuka KasaxcTaH; e-
mail: iskakova@mail.ru. ORCID: 0000-0002-4787-4966.

Ant6ek KanueBuu — crapwwuin npenogasatenb kadenpbl «ABTOMaTtusaums»; Kasaxckun
HauMOHamnbHbIN  yHMBEpPCUTET UMeHn  anb-dPapabu, Pecnybnuka KasaxcTtaH; e-mail:
karimov@mail.ru. ORCID: 0000-0002-5378-2266.

Information about the authors

Maksat Smagulov* —doctor of technical sciences, professor of the department «Technological
equipment and mechanical engineering»; Shakarim University of Semey, Republic of Kazakhstan;
e-mail: smagulov@mail.ru. ORCID: 0000-0001-6369-3690.

Sergei Zaitsev — Candidate of Physical and Mathematical Sciences, Department of Physics
and Mathematics; Moscow State University, Russian Federation; e-mail: zaisev@mail.ru. ORCID:
0000-0001-7057-0461.

Marjan Iskakova — doctoral student of the department «Technological equipment and
mechanical engineering»; Shakarim University of Semey, Republic of Kazakhstan; e-mail:
iskakova@mail.ru. ORCID: 0000-0002-4787-4966

Aitbek Karimov — senior teacher at the Department of Automation; Al-Farabi Kazakh National
University, Republic of Kazakhstan; e-mail: karimov@mail.ru. ORCID: 0000-0002-5378-2266

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 3(11) 2023 95


mailto:smagulov@mail.ru
mailto:zaisev@mail.ru
mailto:karimov@mail.ru

NPABUIIA ANA ABTOPOB

HayyHaa cTaTbss [JorpkHa npeactaBnATb CcOBOM  TEKCTOBbIM  Matepuan HavanbHbIX,
NPOMEXYTOUYHbIX UM OKOHYaTENMbHbIX pe3yrbTaToOB Hay4YHOro UCCNeoBaHUs, AKCNepUMeEHTarnbHOM
WNNU  aHanuMTMYEecKOM  OeATenbHOCTW, codepXawunm  aBTopckue  pa3paboTky,  BbIBOAbI,
pekoMeHgauuu, paHee He onybnukoBaHHble WM obGnagatowme HoBu3HOW. K HayyHoOW cTaTbe
OTHOCUTCH Tarkke paboTa, NOCBSLLEHHAA U3YYEHUIO U aHann3y paHee onybrMKOBaHHbIX HayYHbIX
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BUOINEOXUMUYECKAA MUTPALIUA U AKKYMYNALUA TAXENbIX METAJIJIOB

AHHOMauus: B cmamee npusedeHbl pe3yribmameal Uccied008aHUs. ... ...
Knrouyeenle cnoea: cpeda, buosoe, npupooaa, .........

BBegeHune

B dopmunpoBaHmm BUOreoXMMMYECKMX CBOMCTB KOMMOHEHTOB naHwadra BaXHYH ponb
urpaeT atmocdepHasi, BogHad M OuoreHHas mwurpaums. M3 Bcex npupoaHbix Boa Haubonee
3aMeTHble M3MEeHeHNsT HabnoaaTcs B aTMocdepHbIX ocagkax. KoHUeHTpaums aeMeHTOB B CHere
3aBUCUT OT TemnepaTtypbl BO3gyxa, HanpaBfeHUs po3bl BETPOB MO OTHOLIEHMKO K WUCTOYHWUKY
3arps3HeHusl, yaaneHHoCTu OT Hero, penbeda MecTHocTu [1]. Pasnuuna xummyeckoro cocrtaBa
aTMOoCepHbIX 0CaaKoB 0BYCrOBMEHbI CAIOXHBIMU NEepeMeELLIEHMAMN BO3AYLLUHbIX Macc. Ha pucyHke
1 oToBpaxeHo coaepkaHne TKeNbIX MeTannoB BO fNbAy BOOOXPAHUINLL,.

e Ag; 4
Pb; 8

cr8 Ni; 4
Ba; 17 Sr; 25

PucyHok 1 — PacnpegeneHue cogepkaHus TsKenblX MeTanoB BO fib4y BOAOXPAHUINLL,
MockBOpeLIKO CUCTEMbI

MeToabl uccnegoBaHus

Pe3ynbTaTbl nccneaoBaHun

[oxaeBble BoAbl MO COCTaBy CynbaTHO-rMApokapboHaTHO- K CynbaTHO-XNOPUAHO-
Kanbumesble. MUHepanusaums Mx Bbille 3a CYET KOHLEeHTpauun B aTmocdepe nbinu. BoisBneHo
npeobnagaHve TsHKENbIX MEeTannoB, pacCYMTaHHbIX MPUM BbINAAEHWM Ha efuHuuLy nnowagu
nangwadTa, B goxae (Sr, Pb, Cr, Zn, Ni) no cpaBHeHuto co cHerom (tabn. 1).

Tabnuua 1 — CogepxaHue TsKenblX MeTannoB B CHere u goxae, Kr/ra
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Ne Tsxenble metannsbl CHer Hoxab

1 Pb 0,5x10° 0,2x10%

2 Cr 0,4x10° 1,6x10°

3 \% 8,5x10° -
lMpumeyaHue: *

O6cyxaeHne Hay4YHbIX pe3ynbTaToB
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This article discusses the characteristics of the development of eco-geochemical changes in
the biosphere. Analyzed discretely, and in particular the relationship of environmental, geochemical
and ecological changes. We present the laws of development of ecological-geochemical changes in
the biosphere......

Key words:.....
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Introduction - a reflection of relevance;

— Conditions and methods of research;

— Research results;

— Discussion of scientific results;

— Conclusion;

—The list of references is drawn up in the language of writing the article and in English.
* Funding information (in the presence).
At the end of the article, the initials and surname, academic degree, title, place of work of the
author(s) are given; the name of the university (organization), city, country; contact information (e-
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mail) for each author; title (heading) of the article; annotation; keywords in two languages distinct
from the language of the article (Kazakh/Russian, English).

The volume of materials, as a rule, should not be less than 3 pages and not more than 8
pages, including text, figures, tables.

The number of authors should not exceed 5 people.

Drawings, maps, photographs, tables, formulas are recommended to be done using
computer technology and placed in the article as they are mentioned. Sequential numbers of figures
are indicated by Arabic numerals, the name of the figure is given in the center under the figure
(Figure 1 — The title of the figure).

Tables are reflected in the text of the article after the first link or on the next page. The
number and title of the table are given on the left side of the page (Table 1 — The title of the table).
If the table is transferred to the next page, the columns are numbered and on the next page, on the
right side, the continuation of the table is indicated (Continuation of table 1).

The order of registration of literature:

— literature is arranged as it is mentioned in the text;

— the text in square brackets indicates the serial number of the work to which the link is given;

— the design of the literature should be carried out in accordance with the requirements of
GOST 7.1-2003 “Bibliographic record. Bibliographic description. General requirements and rules for
drafting”;

— when preparing referenced literature, provide a complete list of the authors of the
publication (without others).
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1. Aksartov R.M., Aizikov M.I., Rasulova S.A. Method for the quantitative determination of leucomizin
// Bulletin of KazNU. Ser. chem. — 2003. — V.1. No. 8. — 40-41 p.
Book:
2. Kurmukov A.A. Angioprotective and hypolipidemic activity of leuomizin. — Almaty: Bastau, 2007.
— 148 p.
Publication from the materials of the conference (seminar, symposium), collections of works:
3. Abimuldina S.T., Sydykova G.E., Orazbaeva L.A. Functioning and development of the
infrastructure of sugar production // Innovation in the agrarian sector of Kazakhstan: Mater.
International conf. / KazNU named after al-Farabi. — Almaty, 2010. — 10-13 p.
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4. Sokolovsky D.V. Theory of synthesis of self-aligning cam mechanisms of drives [Electron.
resource]. — 2006. — URL.: http://bookchamber.kz/stst_2006.htm (date of access: 12.03.2009).

After the submission of the article by the author, the editors of the journal review the
submitted work within two weeks in order to check its compliance with the requirements (anti-
plagiarism, design, review, etc.).

In case of a positive decision of the editorial board of the journal to accept the article, the
authors are sent a corresponding message to pay for the publication.

In case of non-compliance of the article with the requirements of the journal, the authors will
be notified by e-mail.

The editorial board of the journal independently sends the received work for review.
The journal uses double-blind review, that is, it is confidential.

The editorial board of the journal checks the article for borrowings (licensed software is
used). The originality of the text must be at least 75%. The share of self-citations in articles should
not exceed 15%. An article that does not reach the required percentage of originality is sent to the
author for revision. The first and second checks are free of charge, the third check is 2000 tenge. If
a negative result is obtained after the third check, the article is not allowed for publication in the
journal.
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BIOGEOCHEMICAL MIGRATION AND ACCUMULATION
HEAVY METALS

Annotation: The article presents the results of the study.......
Key words: environment, biologist, nature, .........

Introduction

Atmospheric, water, and biogenic migration plays an important role in the formation of the
biogeochemical properties of landscape components. Of all natural waters, the most noticeable
changes are observed in precipitation. The concentration of elements in the snow depends on the
air temperature, the direction of the wind rose in relation to the source of pollution, the distance from
it, and the terrain [1]. Differences in the chemical composition of precipitation are due to complex
movements of air masses. Figure 1 shows the content of heavy metals in the ice of reservoirs.

Cr; 8
Ba; 17 sr; 25
Figure 1 — Distribution of heavy metals in the ice of reservoirs of the Moskvoretskaya system

Research methods

Research results

Rain waters are sulfate-bicarbonate- and sulfate-chloride-calcium in composition. Their
mineralization is higher due to the concentration of dust in the atmosphere. The predominance of
heavy metals calculated for precipitation per unit area of the landscape was revealed in rain (Sr, Pb,
Cr, Zn, Ni) compared to snow (Table 1).

Table 1 — Content of heavy metals in snow and rain, kg/ha

Ne Heavy Metals Snow Rain

1 Pb 0,5x10° 0,2x10*

2 Cr 0,4x10° 1,6x10°3

3 V 8,5x10° -
Note: *

Discussion of scientific results
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