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Ha obnoxke nsobpaxen Anexceli Braoumuposuu Cassamees
(1973), poccuitcknit MaTeMaTK M CIELUAIICT B MaTeMaTNYeCKOil
9KOHOMIIKE, IOIY/IAPU3aTOpP MaTeMaTUKI, BUe0O7IOrep; NOKTOP
¢usuKo-MaTeMaTIYeCKUX HAYK, YieH-KoppectonneHT PAH (2022),
npodeccop AJBITeNICKOT0 TOCYAAPCTBEHHOTO YHUBEPCUTETA, Be-
Iywuit HayqHblit coTpyaauk LIOMI PAH.

Anexceit Bragummposua pogmnca B Mockse. Ero men mo mate-
puHckoit mHMy — Vcaak Anexcanpposnd JIypbe (1890-1956) —
MaTeMatuK, Ipogeccop ¥ HadaIbHYK Kadepbl BbICLIEN MaTeMaTUKI
Boenno-umxeneproit akagemuy PKKA nvenn B. B. Kyii6siiuesa.

B 1990 rony CaBBaTeeB OKOHYIT MaTeMaTHUYeCKYIO Koy Ne 57,
HOC/Ie Yero MOCTYIIMI Ha MEXaHMKO-MaTeMaTHdecKuil (akynpret
MI'Y, xotopblit oxkoH4II B 1995 rogy ¢ ormranem. IIpogomkit 06-
ydenue B Poccuiickort skoHoMurdeckori mxose (POII), okonun ee B
1997 romry — TOXe C OT/IMYIMEM.

ITo oxonyanuu PO Anexcert Bnagymuposiy cran Maafmmm
Hay4yHbIM coTpynHMKoM LISMI PAH, rae B 2003 ropy samuTun fuc-
CEepTALMIO HA COVICKaHMUe YYEHOM CTENeHN KaH[MJaTa SKOHOMIYe-
CKIIX HayK 110 TeMe «MopenpoBaHue 100661poBaHIs U KOPPYILINK
B IIEPEXOHbIX 9KOHOMMKax» (creranbHocTh — 08.00.13 «Marema-
TUYeCKIe U MHCTPYMEHTA/IbHbIE METOIBI SKOHOMYKIL»).

ITocne samuTsl Mo mpuramennio npogeccopa Ilnomo Bebepa
CapBarees yexa Ha IONITOpa IOfja Ha IIOCTOKTOPAHTYPY B benbruio
B IlenTp nccnegoBans onepauuii 1 skonoMetpukiu. [Tocie Bosspa-
wennst B Poccuto 8 et paboran B POIIL

C 2009 mo 2016 rof MOCTOSIHHO HpOXKuBan u paboran B Vp-
KyTCKe, HaesfaMu paboras B MockBe, a 3areM Iiepeexal B MOCKBY,
npuHAB npurnamenne Muxanna Bukroposndya Ilopansdesa craTh
nepBbIM pekropoM YHusepcuteTa [Imurpus Ioxxapckoro. Anmexceit
BrnapuMupoBuy AB/AETCA OPraHM3aTOPOM HAYYHBIX ¥ HAY4YHO-TIO-
Hy/LIPHBIX MeponpuATuil, cpegn xoTopbix MACOII (esxeropHas
[Ixoma MeXAMCIMITIMHAPHOTO aHA/IN3a COLIMATbHO-9KOHOMITYECKIX
npotiecco), baiikanbckue yrenys, CTeKI0BCKII IecanT B VIpKyTcke,
COIMA/IbHO-TIONMUTIYECKIE ceMIHaphl YHuBepcureTa dmurpus Ilo-
KapCKOTO ¥ MHOT¥e€ ApyTHe. BHICTYIIaeT ¢ IeKIMAMM IO MaTeMaTuKe
B ropoziax Poccni, a Taxke Ha MHOTMIX 3VIMHMX U JIETHUX LIKOJIAX LA
CTapIIeK/TaCCHMKOB, BefieT MK «100 ypokoB MaTeMatukm» B Pummi-
noBckolt mkone. ITpenogaer B Yausepcutete [Imurpusa [oxxapckoro
Kypcbl «Teoprs urpy, «MaTeMaryka i1 TyMaHUTapyeB», «[PyIib n
reoMeTtpyus». Kpome Toro, sammcpiBaer B MOTH Bupieokypcbl 1o pas-
JIMYHBIM MaTeMaTH4eCKUM JYCHIUIIMHAM B paMKax HanyoHanbHol
1aTopMbI OTKpbITOro o6pasosanus u mpoekra Coursera — IJI0-

0a/IbHOTO TIpOBalifiepa OTKPBITHIX OHJIANH-KypcoB. Aekceit CaBBa-
TeeB ABAETCA aBTOPOM IpoeKTa «MarkybT-npuBeT!», 3aada Ko-
TOPOTO — CHEaTh MAaTeMaTMKy NPOCTOi LA JOOBIX KaTeropuii
YKETAIOIVIX IPMOOIINTHCS K LAPUIIE HayK.

«3ajja4a, KOTOPYIO CTaBUT Iepes] cobolt JAHHBII pecypc, — 310
HpuBJIeYDb AYLUTOPUIO, 3aAMHTEPECOBABIIYIOC BO3MOYKHOCTBIO IIPO-
JO/DKUTD CBOE M3y4YeHMe HAyKM MaTeMAaTVKM, I OO/erdnuTh TIOfAM
IOCTABJICHHYIO 3ajjady 3a CYeT JONOHMUTENbHON MH(OpManum 1
CTPYKTYPHOJ OpraHu3alyyl NeKIMI B IOpARKe CIEfOBAHUA TeM,
y4€Ta JIOTMYECKVX B3aMIMOCBA3EN JIEKUMIA ¥ KyPCOB JIEKLIMI MEXTY
o601, U T. IL.», — meT Anekceit CaBBaTeeB Ha IJIABHOI CTPaHMLe
3TOTO pecypca.

B 2013 rogy Anexceit BragmMupoByd 3amuTiu AUCCepTALNIO Ha
COMCKaHIe YYEHOII CTelleH! JOKTOpa (PM3MKO-MaTeMaTYecKIX HayK
10 TeMe «3ajiada MHOTOMEPHOTO Pa3MellleHNA: TeOPETUKO-UTPOBOI
IIOAXOm».

B 2021 rony Anexceit CaBBaTeeB IPUHUMAI Y4acTHe Ha BBIOOpaxX
B JocymapcrBennyto gymy mo 219-My ofHOMaHJATHOMY OKpyry (L.
Cesacromnonb) ot naptun «Hoble mopm». C 2022 ropa y4eHblit He
MOfIIEP>KMBAaeT OTHOLIEHVIA C 9TOV IapTHeNL.

Anexceit BraguMupoBud noiBepraeT 0CTpoii KpUTUKE CUCTEMY
MaccoBoro o6pasosanua B Poccun. Ilo ero MHeHMI0, OHa IOMTHO-
CTBIO paspylleHa ¥ HYXJjaeTCi B KOPEHHOM IIpe00pasOBaHMUM.
B 2022 rony CasBareeB omy6mmkoBan «MaHnugect craceHus mMac-
COBOIJI MKObI B Poccum», B KOTOPOM BBICTYNNUI 32 NOBbILIEHIE
CTaTyca Y4YMTeld, COKpallleHHe ero OIpOKpaTMdecKoll OT4éT-
HOCTY, BO3POXKJIEHME CUCTEMbI BBICIIETO HeJarornyeckoro oopa-
30BaHN, PEBUSNIO IIKOTbHBIX YUeOHMKOB U ITOCOOMIL, IPOTHB Ha-
CaXKJIeHMUs NUCTAHIMOHHOTO 00YYeHNA M HATACKUBAHNA YIeHNKOB
MCKTIOYNTENbHO Ha cauy EI'D, 3a 60/bIIIyI0 BApHATHBHOCTD 9TOTO
9K3aMeHa.

B 2005 romy Anekceii CaBBaTeeB CTayl /laypeaToM IIpeMUM
umeHy OBcyeBMYA «3a PabOTHI [0 MaTeMaTNYeCKOMY MOJEIUPO-
BaHMIO KOPPYIILNY, CBA3aHHOI C YKTIOHEHVEM OT YILIaThl HAa/IOTOBY,
B 2018 rogy — ¢uHamictom muteparypHoit mpemun «IIpocseTu-
Tefb» B HOMMHALMM «EcTecTBeHHbIe M TOUHbIE HAyKM» 33 KHUTY
«MateMatuKa [y ryMaHuTapyes. JKupble TeKINI».

B 2020 roxy CaBBarees noman B mopT-micT mpemun «IIpocsern-
Tenb. Digital» 3a mpoexr «Bexu Matemaryku: ot EBxmpa fo Tamyar.

Hnpopmayuto cobpana omeemcmeenHolil pedakmop
Examepuna Ocanuna
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XNMMNA

WUccneposanmne BAMAHMA YCNOBMIA CUHTE3A HA KaTaNIUTUYECKYIO
aKTMBHOCTb HaHomaTepuanos Cu/Fe304

[unb BaH Tak (Dinh Van Tac), KaHAMAAT XMMUYECKUX HAYK, NpenogaBaTteb;
By Txu 3yeH (Vu Thi Duyen), kKaHanZAT XMMUYECKMX HAYK, NpenofaBaTenb
Yuusepcuret [laHanra (The University of Danang — University of Science and Education) (BbetHam)

BeepeHue

3arpsAsHeHMe OKPYXKAIOIell Cpefbl, OCOOEHHO 3arpssHeHMe
BOJIbI, CTAHOBUTCS BCe bonee SKMBOTPeNeNylieli mpobneMoit Bo
BceM Mupe. [IpIuiHOI TaKoit CUTYaLUy ABSETCsST OBICTPBIIT POCT
IPOMBIIIIEHHOTO IIPOM3BOACTBA. Kak M3BecTHO, MPOMBIIIIEHHbIE
CTOYHbIE BOJIbI COAiEPKAT GO/IBIIIOE KOMNYECTBO OPTaHNIeCKIX IIHT-
MEHTOB, MIOHOB TSDKEJIBIX META/IIOB I MHOTUX APYTVX TOKCHYHBIX
BelIleCTB, OYAyT BHI3bIBATb 3arpsA3HEHNE BOJbI, €C/IV VX He OUMILATb.
Ecnu cToyHble BOABI He OyyT MPOXOAMUTDH OUYMCTKY, TO MX IIOIA-
laHMe B OKPY’KAIOLIYIO CPeNly MOYKET BbI3BATh HeTaTVBHBIE IOCIIEN-
CTBYA KaK [ 5KOCUCTEMBI, TaK U JIA caMoro denoseka. Ha cero-
IHAIIHUI TeHb CYLIeCTBYeT MHOXXeCTBO METOZ{0B OYMCTKI BOTHbBIX
PecypcoB, Takumx KaK OMOXVIMMYECKOTrO OKVCIECHNS, afcopOmi,
JOHHOTO 00MeHa, pOTOpasNIoKeHNs. .. VI3 BceX CleluaIbHbIX Me-
TOJIOB OUMCTKY BOJIBI, METOJ} BOCCTAHOB/IEHM IUTMEHTOB JI0 Hell-
TPAJIbHOIA, OECIIBETHOI 1 HETOKCHYHOI (POPMBI IPUB/IEKAET BHI-
MaHue MHOTHX UCCIIefloBarereil Bo BceM Mupe [1-5].

Brimo mokasano, uto manomarepuanst Cu/Fe,O,, cunTesnpo-
BaHHbBIe METOIOM 3€/ICHOI XMMUM U3 SKCTPAKTa 3e/IeHOTo Yas, 00-
NIaJAl0T XOPOIIeil KaTalTUTIIeCKOll aKTUBHOCTBIO B PEaKIMI BOC-
cranoBneHnss MB 6opruppugom Hatpust [2]. OpHako ¢axTopsl,
BIMAOIIME HA IPOLecC MONYYeHMA SKCTPAKTa 3€/eHOr0 4asd,
a TaxoKe Ha IPOLIeCC CHHTe3a, a CIefoBaTe/IbHO, I Ha KaTaIUTH4e-
CKYIO aKTMBHOCTb MaTepHaJIa, AeTalbHO He ObIIY CCIeOBaHbI.

Lenb HacToALIell pabOTHI — MCCTENOBaHMeE BIVAHNUSA YCIOBUIL
cunresa Cu/Fe O, u3 9KCTpaKTa 3€/EHOTO Yast Ha UX KaTanuTiyde-
CKYIO aKTMBHOCTb B PeaKIL[U{l BOCCTAHOB/IEHN METUIEHOBOTO CH-
Hero 60PTUAPUIOM HaTpPHAL.

JKcnepuMeHTaNbHasA YacTb

Cunres marepuanos Cu/Fe,O,: JKCTpaKT MOMyYnIu Ipy Harpe-
BaHUM 5-25 I IMCTbeB 3€/1eHoro Yasg B 200 MJI IUCTULIPOBAHHON
Bopbl pu 50-100°C B Tevyenue 5-50 muH. [lomectum 0,005-0,05 T
FeSO , B CTEKJIAHHDII CTaKaH, Cofepxkatiiii 10 M1 IMCTU/IMPOBAHHON
BOJ[bI, 11 00pabaTBIBA/IN YIBTPA3BYKOM B Te4eHe 15 MuH, 4To6sl Co-
siatpb cycnensuio Fe,O, B Bogie. Jlobasumi B cycrensmn 50 M pac-
tBopa CuSO, 1-10 MMo7b/11, 3aTeM 1-10 My 9KCTpaKTa 3€71EHOTO Yas,
ToMelIaa cMech MarHUTHOI Memrankoit mpu 40-70 °C B TeueHue
5-50 muH. [lonyuennsrit ocapok (Cu/ Fe30 4) U3BJIEKAIN C TIOMOI[BIO
MarHuTOB, TPOMbIBaN U cymuny mpyu 60°C B TedeHMe 4 4acos.

Karanus Boccranosnenns MB Goprugpuaom Hatpust: foba-
B 4 mr afcopbenta Cu/Fe O, B 50 mn pactsopa MB20 mr/n. ITe-
peMelnany cMecb MarHUTHOJ MeLIAKoll B TedeHue 60 MuH [0 1o-
CTIDKeHMA aficopOLoHHoro paBHoBecys. K cMemaHHOMY pacTBopy
no6asnm 1 mn pactsopa 0,2 M NaBH, 1 1,5 M NaOH. ITepemermamn
CMecb MarHUTHOM Mewasnkoil B TedeHue 20 mmH. Yepes xaxpble
4 MMH OTCachIBaIM IPYMEPHO 3 MJI PacTBOpA M M3MEPWIIN OCTaB-
mrytocs koHueHrpaumo MB B pactBope. Ilocne saBepmenus ¢o-
TOMETPUYECKIX M3MEPeHMIT PaCTBOP CNIUBAIU OOPATHO B peaKLy-
OHHYI0 KOTIOY.

06cyxneHue pesynbTaTos
1. BausiHue ycnosull 3Kcmpakyuu 3es1eHo20 Yas

3aBUCUMOCTh KOHCTAHTBI CKOPOCTM BOCCTaHOB/IECHIA MB 60p-
TUIPUIOM HAaTpUA OT MACChI 3€7IEHOT0 Yas IIPEACTaB/IEH Ha pUC. 1.
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Puc. 1. 3aBMCMMOCTb KOHCTaHTbl CKOPOCTU BOCCTaHOBNEHUA MB oT Macchl 3eneHoro yas

3 puc. 1 BupiHO, 4TO Macca 3e/IeHOTO Yas CUIbHO BIIVAET Ha Ka-
TaIUTIHIeCKYH0 akTuBHOCTh Matepuana Cu/Fe, O,. Ilpu ysemnaenun
MacChl 3€/IeHOTO 4YasA € 5T 10 25 T CKOPOCTb PeaKLuy BOCCTaHOB-
nernst MB 6bIcTpo Bo3pacTania, a 3aTeM MOCTEIEHHO CHIDKAMACh.
Hanbosbiiree 3HadeHme KOHCTAHTBI CKOPOCTH OBUIO ZOCTUTHYTO
TpY MCHOMb30BaHuy Karammsaropa Cu/Fe,O,, cMHTe3MPOBAaHHOTO
U3 9KCTpakTa ¢ cooTHomenueM 10 r senenoro yag Ha 200 M gu-
CTUITMPOBAHHOI BOIBL. ITO MOXKHO OOBACHUTD TEM, UTO IPY yBe-
NUYEHNM MACChl 3€7IEHOTO 4Yas COfiepyKaHMe BOCCTAHOBUTENIEH
B 9KCTpAKTe, C/IeJOBATE/IbHO, KOMIYecTBO 0bpasosasiuericst Cu yBe-
mranbaercs. Cu JefiCTByeT KaK KaTaIMTUYeCKUil IIeHTP, II0ITOMY
KaTa/IMTI9ecKas aKTMBHOCTb MaTepuana BospactaeT. OfHaKo Ipu
Macce 3e7IeHOTro Yas Bbille 10 T Ko4ecTBO BOCCTAHOBUTENA B 9KC-

0,2
’ (a)

10 20 30 40 50
t (min)

TpaKTe MOXeT OBITb C/IMIIKOM OONMBIIMM, B pe3ylbIaTe 4ero pe-
axims BoccraHoseHns Cu?* go Cu 6yneT mpoucXomuTb B 00beMe
pacTBopa, a He Ha noepxHoctu Fe,O,. YvMenbuienne cofepanus
Cu B MaTepuase sAB/AETCS IPUIMHOIN CHYDKEHNS KaTaIMTUYECKOi
aKTUBHOCTY MaTepyaJIa.

Bpems u TeMmeparypa SKCTPAKIMY TakKe CUJIBHO BJIMAIOT Ha
KaTalMTUYECKYl0 aKTMBHOCTh Matepuana Cu/Fe O,. Coorset-
CTBEHHO, IIpU YBEMYEHUN BpeMs SKCTPAKIMM 3eeHOro vas ¢ 10
MUH 0 50 MUH CKOPOCTb BoccTaHOB/IeHUs MB nocrosiHHO Bospa-
CTaja, a 3aTeM BHe3amHo cHypKanach (Puc. 2a). [Ipu mosbiutennn
Temneparypsl skcTpakiuy ot 50°C go 100°C ckopocTh BocCTa-
HOBJIeH)A MB ObIcTpO BO3pacTaeT, 3aTeM MeICHHO BO3pacTaeT
(Puc. 2b).

0,2

>
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T (°C)

100

Puc. 2. 3aBUCUMOCTb KOHCTaHTbI CKOPOCTH BoccTaHOBNEHUA MB ot BpemeHu (a) u Temnepatypsl (b) 3kcTpakumm

BnusHue BpeMeHM U TeMIIEPATyphbl SKCTPAKIMY Ha KaTaluTH-
YecKyto akTMBHOCTb Matepuana Cu/Fe,O, moxer GbITb CBA3AHO
C B/IMSAHMEM BPEMEHM M TeMIIepPATyphbl SKCTPAKLMM HA KOMMde-
CTBO BOCCTaHOBUTEILA, AuddyHIUpyIomero B 9KCTpakT. CooTBeT-
CTBEHHO, C YBE/IMYEHNEM BpeMeHM SKCTPAKLVI KOTMYeCTBO BOC-
craHOBUTeNd, AU(OYHAUPYIOEro B 9KCTPAKT yBEIMYMBACTCA.
OpHaxo, Korjia BpeMs SKCTPaKIUK CIIMIIKOM Benuko (t > 40 min),
BOCCTAHOBUTENM B SKCTPAKTe MOTYT PAsTOXUTbCA M IOTEPATH

aKTMBHOCTD. IIpy TOBBINIEHNM TeMIepaTypbl HpoIlecC MPOHMK-
HOBEHNsI PacTBOpUTENs OyIeT MPOMCXORUTb ObICTpee, MOITOMY
KOJIMYeCTBO BOCCTAHOBUTEILS, AU QYHANPYIOLIEro B 9KCTPAKT yBe-
JINYUBAETCH.

Taxum 06pasoM, HOEXOMAIMMY YCTOBUAMM 9KCTPAKUUU 3e-
JIEHOTO Yast [/ IOAroTOBKY 9KCTpakTa st cuntesa Cu/Fe O, sB-
maoTes: 10 T 3emeHoro yas Ha 200 MJI JMCTMIMPOBAHHONM BOJIbI;
BpeMs aKCTpakuuy: 40 MuH; TeMeparypa akcTpaxiym: 100 °C.
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2. BnusaHue yCﬂOBULIv CUHmMe3a HaHomamepuasios

Brytstrnte 06beMa 9KCTpaKTa, TeMIIEPATypbl i BpeMeHN CHHTe3a Ha-
HOMaTepuasios, KouteHTparm CuSO, u copepkanns Fe O, Ha Kata-
TIMTIYECKY0 aKTMBHOCTH Matepuanos Cu/Fe,O, 61710 nccnefoano.

Pesy/bTaThl 9KCIIEPMMEHTOB IIOKa3bIBAIOT, YTO OOBEM 9KC-
TpaKTa 3€IeHOTO Yas CHJIbHO BIMAET HA KaTaTUTHYECKYIO aKTHB-
Hoctb mMarepuana Cu/Fe,O,. IIpu yBenuyennn o6bema sKCTpaKTa
¢ 1 mm o 10 mn ckopocTb BocctaHoBNeHNA MB Bospacrara, a 3aTeM
TIOCTENEHHO CHIDKATIACK.

V (mL)

Puc. 3. 3aBUCUMOCTb KOHCTaHTbI CKOPOCTM BOCCTaHOB/EHUA MB oT 06bema 3KCTpaKTa

9TO MOXHO OOBACHUTD TeM, YTO yBelndeHue oObeMa 3KC-
TPAKTa 3€/IeHOT0 Yasl O3HAYAET yBEIMYeHMe COflepKaHMA BOCCTa-
HOBUTEIA, HOTOMY KaTalnuTHUeCcKas aKTUBHOCTb Matepuana Cu/
Fe,O, ypemmunpaercsa. OHako TpM CIMIIKOM 6GOMBIIOM KO-
4ecTBe BOCCTAHOBUTENA peakuusa BoccTaHopnenyusa Cu’* mo Cu
HpOMCXOUT OBICTPO, 06pasyromuecss JacTuipl Cu He yCIeBaoT

@

30 40 50 60 70
T (°C)

IPUKPENUTHCA K Hocuteno Fe,O,, a 0CTaioTcs BO B3BEIIEHHOM CO-
CTOSIHUM B PacTBOPE, II09TOMY KaTaauTUdecKasd akTUBHOCTL Cu/
Fe,O, cumxkaercs.

OKCIIEPMMEHTBI [IOKA3bIBAIOT, YTO BPeMsA U TeMIlepaTypa CHH-
Te3a HAHOMATePYa/IOB TAKXKe CUIbHO BIVMAIOT Ha KaTaIMTUYECKYIO
aktueHOCTh Cu/Fe,O,.

n

10 20 30 40 50
t (min)

Puc. 4. 3aBMCUMOCTb KOHCTaHTbI CKOPOCTU BOCCTaHOBNEeHUs MB ot Temnepatypsi (a) v BpemeHu (b) cuHTe3a HaHoMaTepuanos

3 puc. 4 BUHO, 4TO Y yBEMIYEHN TeMIIEPATypPbl I BpeMeHN
CHHTe3a HAHOMATepyasIoB KaTaMTI4ecKas aKTMBHOCTb MaTepyana
Cu/Fe O, yBenmunpaeTcs, a 3aTeM MOCTENEHHO CHIKAETCA.

Temmeparypa cuHTe3a BIUsET He TOJIBKO Ha CKOPOCTh 00paso-
Banus Cu, HO 1 Ha JIMCTIEPCHOHHYIO cIocO6HOCTb HocuTens Fe O,
B pacTBope. [ToBbimenne Temmeparypsl fo 40 °C yBenmmdnBaeT CKo-
poctb BoccraHoBIeHMsA Cu®*, MOITOMY KaTaluTU4ecKas aKTVB-
HocTb Cu/Fe O, Bospacraer. OfHAKO IIPM BHICOKUX TEMIIEPATYPAX
vactuipl Fe O, 6bicTpo koarynupyioT. CrejoBaTeNbHO, peaKius

obpasoBanna Cu Ha TOBEPXHOCTM HOCUTEA He OMaronpyATHa,
¥ KaTalTUTHU4ecKas aKTMBHOCTb TOTYYEeHHOTO MaTepuania CHIDKA-
eTCsL.

Brnusauane BpEMEHMN CMHTE€3a HaHOMaTepMa/IOB Ha KaTa/lInUTIde-
CKYI0 aKTMBHOCTb MaT€puajaa MOXKET 6bITI) CBA3AHO C BIVAHNEM
BpeMmeHy Ha coepxanne Cu B norydentom marepuane Cu/Fe,O,.
C yBenmmueHneM BpeMeHM peakIiy KomdecTBo obpasyromerica Cu
YBeNTMUMBACTCSA, KAK CIEACTBIE, KaTaTUTNYecKas aKTUBHOCTD Ma-
Tepuana nopbimaercs. OfHAKO, KOIZ]a BpeMs CHHTe3a CIIMIIKOM Be-
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Puc. 5. 3aBUCMMOCTb KOHCTaHTbI CKOPOCTH BoccTaHoBNeHUA MB ot KoHueHTpauun CuS04 (a) n maccbl Fe304 (b)

muko, kpuctamsl Cu, o6pasoasmmecs Ha Hocutenn Fe,O,, MoryT
CHOBA IIOITACTb B pacTBOp. C/IefloBaTe/IbHO, KaTaTNTIYeCKas aKTHB-
Hoctb Matepuana Cu/Fe O, cHikaercs.

Brusanne konnenrpanuu CuSO, u macct Fe, O, Ha KatanuTide-
CKy™r0 akTBHOCTb Matepuana Cu/Fe O, moxkasaHo Ha puc. 5.

OKCIIEPUMEHTDI TIOKA3bIBAIOT, YTO IIPU YBETNYEHUY KOHIIEH-
Tparm pactBopa CuSO, ot 1 MMonb/m 1o 10 MMOMB/M KaTamm-
TUYeCKas akTUBHOCTh Matepuana Cu/Fe,O, 6picTpo Bospacraer,
a 3areM pesko cHipkaetcs. [Ipu yBemaenuu maccot Hocurens Fe O,
ot 0,005 r o 0,05 r KaTanuTIIecKas akTMBHOCTD IIOJTyYEHHOTO Ma-
tepuana Cu/Fe,O, HesHaIMTENbHO BO3PACTasIa, 3aTEM MOCTETIEHHO
CHIDKATIACh.

Konnenrpanusa pacteopa CuSO, BmseT He TOMBKO Ha COlep-
JKaHMe, HO 11 Ha pasMep obOpasyromyxcs HaHodacuy Cu. CooTseT-
CTBEHHO, NPV HU3KNUX KoHIeHTpauuax Cu obpasyercsa B popme
Ko/monpiHbix yactuil. [lostomy copepxanne Cu B Cu/Fe,O, Hepe-
JMKO M KaTaJTUTM4ecKas aKTMBHOCTb MaTepuaia IUIoXasd. YBemu-
yenne konuentpamu CuSO, mpuBoguT K 06pasoBaHmio 6osbIiero
Komrdectsa Cu, T03TOMY KaTa/lTUTI9ecKas aKTYBHOCTDb MaTepyaa
3HAYUTEIbHO yay4duraercss. OXHAKO IPY CIUIIKOM OOJIBIION KOH-
nenTparun CuSO, peakuus CHHTe3a HAHOMATePUA/IOB MPOTEKAET
6bIcTpO, 06pasyiouecs vacTuipl Cu He HPWINIAIOT K IOBEPX-
nocru Fe,O,,
4ero KaTa/lnTiyecKas akKTMBHOCTD MaTepyaja CHIDKAETCL.

Kak usBectHo, Fe,O, meficTByeT KaK HOCUTENb, ONPENENss Mar-
HeTN3M, a ¢aza Cu BBICTYIIaeT KaK KaTaTUTUYeCKUIT LIEHTp, OIpe-

a 6BICTPO (IIOKY/IMPYIOT B pacTBope. B pesynbrare

JIureparypa:

JieTAs KaTaIUTIYeCKy o aKTMBHOCTD MaTepuana. B mpyHIume, yeM
6ornbine coniepxanne Fe O,, Tem HIDKe KaTamnTiyeckas akTUBHOCTb
Marepuana. OfHAKO B Ae/ICTBUTEIHOCTH, KOTT]a KOTIMYECTBO HOCK-
Te/Ist CIIMIIKOM Maro, YacTuiibl Cu, 06pasyrolyecs Ha IOBEPXHOCTH
Marepuana, OyayT MMeTb GOBLION pasMep I, CKOpee BCETro, BBI-
TAfyT U3 HOCUTE/A, TeM CaMbIM CHIDKAS KaTaTUTHYECKYI0 aKTVB-
Hoctb Matepuana Cu/Fe,O,.

TaxuM 06pasoM, MOAXORALIMMI YCIOBUAMM CHHTe3a HAHOMATe-
puanos Cu/Fe O, ABIA0OTCA: 6 MIT SKCTPAKTA 3€/IEHOTO Yast Ha 50 Myt
pactBopa CuSO, ¢ KoHIleHTpalueit 4 MMOJIb/JI; TeMIlepaTypa CHH-
tesa: 40 °C B Teuenne 20 MIH; Macca HOCUTENS Fe3O - 0,01r

3aknoueHune

DaxTopbl, BAMAIIIME Ha TIPOIIecC IKCTPAKIIUM, TaKie KaK Macca
3€JIeHOTO Yas, BpeM: I TeMIlepaTypa 3KCTPaKLMY, I Ha CMHTe3 Ha-
HOMATepHanoB, TaKie, Kak 00beM 9KCTPAKTA, TeMIIEPATypa 1 BPeMsI
cunTesa, KoHnenrpamysa CuSO, n macca Hocurensa Fe,O,, cumbHO
B/IVIAIOT Ha KaTaIMTIYECKYI0 AKTUBHOCTD IIOTYYeHHOTO MaTepyaa
Cu/Fe O,.

ITopxonAmuMy yCIoBUAMIY A/A CMHTe3a KaTaTUTHYeCKIX MaTe-
puanos Cu/Fe O, sBnstorcs: 10 T seneroro vas Ha 200 M1 AuCTUI-
JIMPOBAHHOI BOABI; BpeMsA SKCTpakuyu: 40 MuH; TeMIeparypa SKc-
tpaxyt: 100 °C; 6 M 3KCTpaKTa 3e7leHOro yas Ha 50 M/ pacTBOpa
CuSO, ¢ xoHueHTparueit 4 MMONB/TI; TeMnepaTypa cunTesa: 40 °C
B revenue 20 MuH; Macca Hocurens Fe O ,: 0,01 1.
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NHOOPMAIIMOHHBIE TEXHO/IOI'NU

Bemopmauuﬂ CNoB AN HEYETKOro NOUCKa B BOMPOCHO-0TBETHbIX CUCTEMAX

l'yceB Anekcanp CepreeBuy, CTyaeHT
HayuHblit pykoBogutens: buzsaHos EBreHuii EBreHbeBuY, KaHAMAAT TEXHUYECKUX HayK, LOKTOP 3KOHOMUYECKMX HayK, npodeccop
[loHGacckuit rocynapcTBEHHbI TEXHUYECKUit yHUBEPCUTET (r. ANYeBck)

B cmamve asmop uccnedyem npumerenie 6eKmMopUAUUL cr06 0718 HeemKo20 NOUCKA 8 60NPOCHO-0MBEMHbIX CUCEMAX, Ny meM yyH-
WEHUST MOYHOCML Hepe3 CoBPeMeHHble H00X00bL K 6eKIMOPUIAUUL CTI0B U NOUCK CEMAHMUYECKY OIU3KUX CT106.
Kniouesvie cnosa: NLE, Bag of Words, Word2Vec, cemanmuxa.

COBpeMeHHbIe CUCTeMBbI BOIIPOCHO-OTBETHOIT 00paboTKM MH(OpMALNI CTATKUBAITCA C IPoOIeMaM, CBSI3aHHBIMI C pa3HOOOpasuem
¥ HEYeTKOCTBI0 (OPMYINPOBOK II0NIb30BATENbCKIUX 3aIIPOCOB. Bompocl, cofepskaliiye CHHOHMMBI, MHOYKeCTBEHHbIe MHTEPIPeTaLUN
VTN HedeTKie KOHCTPYKLIM, YCIOXKHSIOT 3349y TOYHOTO BBIAENEHNS KOHTEKCTA Vi IIPEJOCTABTIEHIISI PelleBaHTHbBIX OTBETOB. B faHHOM KOH-
TEKCTe, SBOTIOLNS METOLOB BEKTOPM3ALMI CTIOB M KIACCH(UKALMHN BOIPOCOB CTAHOBNTCS BAKHBIM aCIIEKTOM Pas3BUTHUsI BOIPOCHO-OT-
BETHBIX CUCTEM.

TpapmunoHHble ORXOAbI, Takye Kak Bag of Words [1], neMoHcTpupoBau cBoto 3¢ peKTUBHOCTD, OTHAKO OHM OIPaHIYEHBI B ydeTe ce-
MaHTI9eCKOIt O/IM30CTH U KOHTEKCTA BOIPOCOB. [IJ1s1 peltieH s 3Toil mpo6ieMbl aBTOP TIpefiiaraeT IOfX0ji, OCHOBaHHbIe Ha MCIIOMb30BAHIN
KOHTEKCTYaTM3MPOBAHHBIX BEKTOPHBIX IIPEfCTABICHISIX.

B maHHOI1 cTaThe MCCIeRyeTCs MpYMeHeH e COBPEMEHHBIX METOLI0B BeKTOPHU3ALIMI CTIOB ¥ K/IacCuUKALMM BOIPOCOB C aKIEHTOM Ha
ydeTe He4eTKOCTH B QOPMYIMPOBKAX, Iy TeM pacimpens Mogenu Bag of Words.

Henp — mpemnoxutd 3 peKTUBHbIE PeLIeHNsT, CIIOCOOHbIE YIeCTh HEONPENEeHHOCTh B (POPMYIMPOBKAX BOIPOCOB 1 06eCIednTh
0osIee TOYHbIE OTBETDI, IPY MUHMMA/IbHBIX BBIYMCTUTEIbHBIX PECYpCax.

TpapuumoHHblii noaxoa Bag Of Words

B crarbe [2] «PaspaboTKa BOIPOCHO-OTBETHOI! CUCTEMBI C ICIIONIb30BAHMEM MAIINHHOTO 00yYeHNs» aBTOPBI PACCMATPHUBAIOT 3314y CO-
3[JaHVA ABTOMATV3VIPOBAHHOII BOIPOCHO-OTBETHOII CUCTEMbI, MCCIEY HECKOIBKO TIOIXOfI0B K PEIICHNIO 9TOI 3ajjadl, BK/II0Yas METOJ| Bek-
TOPHOTO IPECTAB/IEHNA CJIOB U METOJ, CMHTAKCUYECKUX JiepeBbeB. ABTOPBI IIPUMEHAIOT Takye TexHonoruy kak Bag Of Words, NLTK, u py-
morphy2. PaccMoTpuM TpaiMIIOHHBLI TOAXOF, KIaccuUKaIm, OCHOBaHHbI Ha TexHonoruu Bag Of Words.

Mermok cnos (Bag of Words) — 3To ympoleHHOe pecTaBeH1e TeKCTa, KOTOPOe IPUMEHseTCA B 00paboTKe eCTeCTBEHHBIX A3BIKOB
1 MHpOpMAIMOHHOM ToMcKe [1]. Mopienb «Mellka cloB» IpefiCTaB/sAeT TEKCT B BUie My/IBTUMHOXECTBA CJIOB, UTHOPUPYS TIOPSTOK CTIOB
U TPaMMATHKY. B 9T011 MOfienu Ka>KAbLit TeKCT (IpefIoyKeH e MM JOKYMEHT) IPefCTaB/IseTCs KaK HabOp ero CI0B, YIUThIBAs TOMBKO X KO-
mdecTBo [1]. 310 yro6HO st METOROB KITacCH(UKALIN JOKYMEHTOB, T7ie YaCTOTHOCTD BXOXK/IEHIIS CTI0BA UCIIONb3YeTCs KAK IIPU3HAK IS
00y4eHns KIaccudukaropa.

[Tpumep peamusaryy Melika c/IoB, €CTb jBa IIPOCTIX JOKYMEHTA:

IloxymenT 1: «VBaH mobut cMoTpeTtb ¢punbMbL. Mapust Toxe T00UT GUabMbl».

TloxymeHT 2: «/IBaH Takxke MOOUT CMOTPeTb GyTOONIbHbIE MATUIL».

14 KaXI0ro OKyMeHTa CTPOUM CIIICOK €T0 CIOB:

ToxyMeHT 1: «VBaH», <TIOOUT», «<CMOTPETD», «(pUIbMbD», «Mapus», «Toxe»

IlokyMeHT 2: «VIBaH», «TaKKe», <IIONT», «<CMOTPEeTb», «(pyTOOMbHDIE», «MaTUI».

3areM cosfaeM 00BEKTHI, TPECTABIAIONINE MEIIOK CIIOB:

Meruok coB mst Jokymenta 1 (BoW1): {«VBam»: 1, «1oo6ut»: 2, «cMOTpeThb»: 1, «dumbMbi»: 2, «Mapusi»: 1, «toxe»: 1}

Memrox cnos ans Joxkymenta 2 (BoW2): {«VBan»: 1, «taroke»: 1, «mobut»: 1, «cMoTpeThb»: 1, «pyTb0mbHbIe»: 1, «MmaTam»: 1}
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Ecnu 06beMHUTD 9TH f1Ba TOKYMEHTA, OMY4MM MEIIOK CJIOB I TPEThero JOKyMeHTa:

Meumrox cno gst Tokymenta 3 (BoW3): {«VBan»: 2, «mo6ut»: 3, «cMOTpeTh»: 2, «GumbMbD»: 2, «Mapusi»: 1, «toxe»: 1, «Taxxe»: 1, «pyT-
6onbHbIe»: 1, «MaTum»: 1}

B anre6pe nornke «o6beyHeHNe» ABYX JOKYMEHTOB — 3TO JU3BIOHKTHOE 0ObeIIHEHNE, CYMMUPYIOIIEe KPATHOCTH 9/IEMEHTOB.

Memox ¢/10B MCIONb3yeTCA I GOPMUPOBAHA IPU3HAKOB, Yallle BCETO €r0 UCIIOIb3YIOT YTOOBI HaliTI aOCOMIOTHYIO YaCTOTHOCTD C/IOB
B TeKcTe. Hampymep, MOXHO OCTPONUTD BEKTOPa a0COMOTHBIX YaCTOTHOCTEN! CTIOB J/LA KaXKJ0TO JOKYMEHTa:

Iokymenr 1:[1,2,1,2,1,1,0,0,0]

Iokyment 2: [1,1,1,0,0,0,1,1,1]

Kaxoe 4ncio B BeKTOpe COOTBETCTBYET KOTIMUECTBY HOSB/IEHIIT COOTBETCTBYIOLIETO CI0BA B TEKCTE.

Word2Vec Kak ceMaHTU4YECKMIl aHann3aTop

B obmactut o6pabotku ecrecTBeHHOrO s13bIKa Bag of Words (Merrok c/10B), IBIs€TCA MOLIHBIM METOLOM aHamu3a TekcTa. OfHAKO KTac-
CHYECKIT TIOAXOf He YYMTHIBAET CEMAHTUIECKYI0 MHAOPMALIMIO O CTI0BAX, YTO MOXKET IPUBECTH K IOTEPe BXXHOI MHPOPMALMH TPV aHa-
u3e TeKcTa. 11 IpeofoieHNs 3TOro OrpaHnyeH st ObUT IIPEIoXKeH M Pealn30BaH paciiMpeHHslit anroput™ Bag of Words, koTopsiit uc-
nonb3ayet rexuosorno Word2Vec [3].

Word2Vec — ato MeTon 06pabOTKI eCTeCTBEHHOTO A3bIKA, KOTOPBIL IIpeobpasyeT C/IoBa B BeKTOPLI B MHOTOMEPHOM IIPOCTPAHCTBE
TaKMM 00pa3oM, YTO CeMaHTIYeCKY OMM3KIe CI0Ba MMEIOT O7IM3KNe BeKTOpHbIe IPeACTaBIeH s [3]. OTo MO3BOLAET YIaB/IIBaTh CEMaHTH -
JecKyle CBOJICTBA CJIOB M X B3aXMOCBSI3) Ha OCHOBE KOHTEKCTa, B KOTOPOM OHM YIOTPeO/II0TCA.

Anroputm Word2Vec ocHOBaH Ha IPeAIIONOXKeHIH, YTO C/I0BA, KOTOPbIE YaCTO BCTPEYAIOTCS B OXOXKIX KOHTEKCTAX, MMEIOT CXOXKIIe
CMBIC/IOBBIE 3HaUYeHNSL. [I/1s1 00y UeHNsT BEKTOPHDIX IIPECTABICHNUII C/IOB MCIIONMb3YeTCs HelfPOHHAs CeTh, KOTOPas Ha OCHOBE KOPITyca TeK-
CTOBBIX IAHHBIX IIPEICKA3bIBAET KOHTEKCT C/I0BA IJIN CTIOBO II0 ero KoHTekcTy. ITocme 06ydenus mogem Word2Vec kaxoe cioBo u3 cio-
Baps IPeICTaBICHO BeKTOPOM OIpPefIe/NIeHHON pa3sMepHOCTI. B fa/bHeiflIeM, 9TH BeKTOpa MOXHO MCIIO/MIb30BaTh A 3ajad 00paboTku
TeKCTa, IIOVCK CeMaHTIYeCKY O/U3KIX CIOB, aHAJIM3 CMbICTIA IIPEeIOXKEe NI, KIacTepusalyis TeKCTOB I IPYTHe.

Paccmotpum MateMaTudeckyro Mopmens obydenns Word2Vec, ucnonbsys mpocreiiuryto apxutekrypy — Continuous Bag of Words
(CBOW) u Skip-gram [3].

1. Continuous Bag of Words (CBOW)

CBOW — 370 MOfIe/b, KOTOpAs IIBITAETCS MPEfICKA3aTh Le/ieBOe C/I0BO Ha OCHOBE KOHTEKCTa, B KOTOPOM OHO Haxomutcs. [y aToro
CBOW ncnionbayeT cpefHee 3HaUeHe BEKTOPOB KOHTEKCTHBIX C/I0B, BXOFHBIMY JAHHBIMI B TAKOM CITydae AB/IAITCA KOHTEKCTHBIE CIOBA
BOKPYT ILiefeBoro ciosa [3]. Hampumep, ecrm y Hac ecTb IpeIoKeHue «s OO0 TY/IATh B IapKe», 1 [eJIeBBIM CIOBOM SABJLAETCSA «TY-
JIATb», KOHTEKCTHBIMY C/IOBaMM MOTYT OBITb «s1», «IHOOTIO», «B», «Iapke». [l K&XXIOTO KOHTEKCTHOTO CTI0Ba GepeTcs ero BeKTOpHOe
HpeficTaBIeHNe, 3aTeM BBIUUCIAETCA CpefjHee 3HaUeHNe BeKTOPOB BCeX KOHTEKCTHBIX C/IOB, a TIOTy4eHHOe CpefjHee 3HaueHMe BeKTOPOB
KOHTEKCTHBIX CTI0B IOfaeTCs Ha BXOJ HelpoHHOI ceTnn. HelipoHHasA ceTb MpecKka3bIBaeT BePOATHOCTH /IS KaKIOTO CTI0BA 13 CTIOBAps
B KA4eCTBe LI/IEBOr0 C/I0BA. BepOSTHOCTH PacCYMTBIBAIOTCS C MCIIONMb30BaHeM QyHKuuu softmax. Mogens 06y4aeTcss MUHUMUSIPOBATD
OLIMOKY MEX[Y IIpefiCKa3aHHBIMY BepPOATHOCTAMM 1 MCTUHHBIMU MeTKaMu (one-hot encoding [4] neneBoro coBa) ¢ IOMOIIBIO METOAA
00paTHOTO PacIpOCTPaHEeHN OIIOKIL.

ITycTb maHO npepnoxeHne M_,,_;,0,, 0,0,

Ife ), — LiefleBoe C/I0BO, a M_,,®_;,®,, ), — KOHTEKCT.

BxopmHble BEKTOpbL: X = [tfz,tfl,tl,tz] ,

I7Ie K&K/l ; — BEKTOD-MHIMKATOP /I CIoBa ;.

Becosas marpuna: W pasmeproctu VN,

rie V — pasmep cnoBaps, N — pasMepHOCTb BEKTOPOB.

1 4
Hpe06pa3OBaHI/Ie BXOAHDBIX BEKTOPOB: h :ZZW . ti .

[penckasanue eeBoro cnosa: y =sofimax(h-W),
rne W — BbIxopHas BeCOBAs MAaTPUIA.

Skip-gram

Skip-gram — 3T0 MOJIe/b, KOTOpas MBITAETCS MPEACKA3aTh KOHTEKCTHBIE CI0BA HA OCHOBE L[ENIEBOTO CJIOBA, T. €. AelCTBYeT 0OpaTHo
CBOW. BxopubIMu JaHHBIMI 371eCh SBJIAETCS LieeBOe C10BO [3]. Kaxkoe coBo mpepicTas/isieTcst B Bijie BEKTOPA, HALIPUMeP, C UCIIONb30-
BaHyeM one-hot encoding [4]. BxogHoe c10Bo mogaeTcs Ha BXOJ| HSIIPOHHOJ CeTH, KOTOpas IMbITAaeTCs IPeCKa3aTb BePOATHOCTH I BCeX
KOHTEKCTHBIX CJIOB 13 CJIOBAPA Ha OCHOBE JAHHOTO L€JIEBOT'0 CJI0BA, /11 BBIYVCIEHNA BepOHTHOCTeI‘/'[ 3[1€Chb TaK)KE€ NCIIONIb3YETCA (byHKI_U/IH
softmax.

[IycTb jaHO Lie/ieBOe CTIOBO ().
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w(t-2) w(t-2)

w(t-1) w(t-1)
\ " w(t) w(t) — /

w(t+1) / \ wit+1)

w(t+2) w(t+2)

Puc. 1. Cxema pabotbl anroputma CBOW u Skip-gram [2]

BxopHoit BeKTOp: t:[tO ] ,

e I, —6eKMmop — VIH[JUKATOP C/I0Ba (),

[Ipeo6pasoBaHue BxopHOro Bektopa h=1-W .

[Ipenckasanue ueneBoro ciosa: y =softmax(h-W'),

rie W — BbIxonHast BecoBas MATPULIA.

Ha pucyske 1 mpefcrasiena CTpyKTypHast cxeMa pabotst anropurma CBOW u Skip-gram.

PacwupenHbiit Bag Of Words

Asnroputy™ pacumpentoro Bag of Words ucrionssyer Word2Vec [ijist oLieHKM ceMaHTUYECKOI CXOXKeCTH MEXLY CJIOBaMM B TeKCTe. Pac-
CMOTPUM TI0ApOGHee LIATH 3TOO A/ITOPUTMA:

IMar nepssrit, popmammsanus tekcra. [Tycts gan texct D , koro-psiit cogepxxur N cros:

D={o,w,,..0,},

I7le KK/BI (), SIB/IIETCS TOKEHOM.

Illar BTOpOI1, HOpManU3aLysL. [l KaXK/0ro CloBa (), B TeKCTe IpuMeHsieM QYHKIII0 HopMam3anuu Sfem(, ) , 4ro6sl IpuBeCT ero
K 6230B0it popme. ITomydeHHBIIT TEKCT OCTIEe HOPMAIU3ALN 0O03HAYNM KaK:

D ={stem(w,),stem(®,),...stem(®, )}.

TperbuM IIaroM SIB/SIETCSI CO3MAHNE MellKa CI0B. [IycTb nmeeTcst HaGOP BCeX BO3MOXKHbIX CTIOB:

w={o,w,..0,},

rne M — obujee KOMIYeCTBO YHUKATBHBIX C/IOB B KOPITyCE.

CospmaeM Melok cio B =[b1 ,by,..b,, ] ,

rie b, — vHEMKaTOpHAs [epeMeHHast, paBHast 1, eyt cI0BO O, IIpUCyTCTBYeT B TekcTe D , 11 0 B IPOTHBHOM CIydae.

b = Lecauw, e D

0,unaue

[ITar YeTBepTHIil, MONCK CeMaHTUYECKOI CXOXKeCTH. A KaX[Oro coBa (), B Mellke B mpoBepseM CeMaHTHYECKYIO CXOXKECTD C
KaXJ[bIM CToBOM ®; B Tekcte D ¢ momombio Mopemu Word2Vec. Ecnu cxoxkecTs Mexry @, 1 (O, TpeBbIIIaeT 3afaHHbli nopor 0, ycra-
HaBaem b, =1

b = {1, ecsu similarity(wi, wj) > 6 ans HekoToporo wj € D
¢ 0, uHaue

all_words = [«cTypeHT», «NpefoCcTaBuUTb», «0o6WEKNTHUE», «CTUMNEHANUS», «<Kypc» ... ]

test_sentence = [«npepocTaBnaTbca», «y4eHWK», «obuexnTne»]

v

bag_of_words = [0, 0, 1, 0, O, ...]

Puc. 2 Cxema paboTbl cTaHaapTHoi mogenu Bag Of Words
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1
= -
— = e - T T
~ e e
~ T =

s

_ W—"—‘-‘
test_sentence = [«npenOCTaBnnTbcn», «

all_words = [«cTygeHT», «nNpeOQCTaBUTB>» «CTUMEHONE» , «KYpC» ... ]
I -
=== - - = - == -
~ s

similarity(y4yeHuk, cTygeHT) = 0.68

similarity(npepocTaenaTbca, npepocTaBuTb) = 0.83

1
V
bag_of_words = [1, 1, 1, 0, @, ...]

Puc. 3 Cxema pabotbl paciumpenHoro Bag Of Words

:‘:1A" ) Bf

(O)=qan =
I8l 3 cay 3 @y

rae Au B — BEKTOPa, paCCTOAHNE MEXTY KOTOPBIMMI BbIYMCIAETCS, 0 — YTOII MEXTY HIMMN.

similarity =cos

Ha nocriefiHeM 1mare Bo3BpaiiaeM Oy 49eHHbII MELIOK c7I0B B B kauecTBe pesy/brara.
Ha pucynxkax 2 1 3 BusyanusupoBaHo CpaBHeHIe CTAHZAPTHOI 1 paciypenHoit mopeneit Bag Of Words.

Ha prcyrkax 2 u 3 BusyanusupoBaHO CpaBHEHIe CTAHJAPTHOI 1 pacumpeHHoit Mogieneit Bag Of Words.
Taxum o6pasom, Mopens pacumperHoro Bag of Words ¢ ncnonp3osarnem Word2Vec s movicka ceMaHTIYeCKOl 6/1M30CTH I03BOLAET
AKTUBMPOBATb TPUITEPDI, HENOCTYIIHbIE CTaHI[apTHOf/'I MOJIENN.

Pe3ynbTatbl UcCnepoBaHuA

Ilnst rectmpoBanust pacuperHoro Bag of Words 6s11 co3zian KOpITyc 9acTo 3a/jaBaeMbIX BOIPOCOB aOUTYPUEHTOB [P IOCTYIIEHIN
B YHUBEPCUTET, Coepkaliyit 20 TeM I KIaccupUKALVN ¢ FBYM:A IIPUMepaMI I KaK0ro k1acca, 1 100 TecToBbIx mpuMepos. Obydenne
IIPOBOAMTCSA Ha 3-X MOJEJIAX, IPMMEHAA CeMAaHTIUeCKOe COIIOCTAaB/IeHNe Ha Pa3HbIX 3Tallax:

model_with_study_w2v — mopens ¢ mpumenennem Word2Vec Ha stare o6ydeHus.

model_with_answer_w2v — mopens ¢ mpumeHenem Word2Vec Ha aTare IpefcKasaHms.

model_with_w2v — mozerns ¢ mpuMenennem Word2Vec u Ha sTarte 00y4eHNs I IPECKA3AHNA.

CrpykTypa Bcex Tpex MOjiereil IIPeficTaB/LA0T co60il IPOCTYI0 MHOTOCTIONHYI0 HelipoHHYI0 ceTb (MLP), cocToAmyo U3 Tpex cl1oes:
BXOJJHOTO, IBYX CKPBITBIX /1 BBIXOTHOT0. Pa3MepHOCTb BXOfIa OIIpefierLieTcs apaMeTPOM, KOTOPBIi yKasbIBaeT Ha KOMIYeCTBO CJI0B B 00y4a-
I0I1IelT BEIOOPKE, TPV TECTUPOBAHNM 3TO 3HaYeHVe cocTaBuyo 100 anemeHTOB. [IBa CKPBITBIX C/IOSL, 110 16 HEIPOHOB Ha KaXX{OM. I/t Kax-
JIOTO CKPBITOTO CTI0S1 IIPYMEHIeTCs /IMHelHOe IIpeobpasoBaHiie ¢ mocnenyomelt pyukiert aktusaruy ReLU. BeixogHoit coit coctout us
ofHOro cr1ost ¢ 20 HeiipoHaMIL. B TaHHOM crTy4ae, TOCKONBKY 3TO BePOATHOCTHAS KMacCHMKALMOHHAS 3a1a4a, Ha BBIXOFHOM CTI0€ He IpH-
MeHseTCs (PYHKIINS aKTUBAL[VIN, BMECTO HETO ICIIO/Mb3YeTCs INHElHOe IpeoOpasoBaHe.

Pesynbrarsl IpoBeieHHBIX NCCIENOBAHNIT IPEICTAB/IEHBI HA PUCYHKAX 4-5.

BbiBop,

B pesynbrate nccnegoBanms IpoOLeHT BepHbIX 0TBeToB Mofiem model_with_study_w2v mpu similarity = 0.65 He omyckancs Hivke 90%,
a JIyqIInit pe3y/ibrar focTur 98% Ha TeCTOBOI BBIGOPKe, 4TO Ha 4% IIPEBOCXOANT IYUIIIT Pe3y/IbTaT 6a30BOro MOAX0/a, OFHAKO B CPEHEM,
model_with_study_w2v onepexxaet 6a3osbiit Bcero Ha 2.5% model_with_w2v B aTOM nccenoBanmy mokasaa caMblii Xy pe3y/IbTar.
CreryeT TakKe OTMETHTD, UTO PaCIIMpeHHAsA MOJENb TydIle CIPABIAETCA IPU HeOOBIIOM KOMITIECTBE 00YIAIOIVIX JAHHBIX.

Mo>xHO cfienmaTh BBIBOJ, UTO IIpuMeHeHue Mopenyt Word2Vec i cpaBHEHMA CeMaHTIIECKOI CX0XKEeCTI MOYKET JIaTh TYIINIT pe3y/IbTaT
TPV IPABUJIBHO MOJ06paHHOM apamerpe similarity. [Tpy crmikom HUSKOM 3HaYEHWY, aKTUBUPYIOTCS JIOKHbIE TPUTITEPDI, UTO IPUBOJUT
K HeBEPHBIM OTBETaM MOJIe/. B Toxe BpeMs CTIMIIKOM BBICOKOE 3HaUeHIe MOXKET ObITh Hea)(peKTUBHBIM C TOUKY 3PEHIA 3aTPadeHHbIX pe-
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IIporneHT BepHBIX OTBETOB MoeNeH
KommecTtBo Tectos: 10
similarity: 0.65

8

o
%2}

o
(=]

MPOUEHT BEPHBIX OTBETOB, %
o]
8y}

o0
(=]

1 2 2 - 5 6 74 8 9 10

KonwnyecTso TecTos, WT.

e (23306614 BOW ==@==model with answer w2y ==@==model with study w2v =g==model with w2v

Puc. 4. NpoueHT BepHbIx 0TBETOB MoAenen npu similarity: 0.65

MpOLLEHT BEpHbIX OTBETOB MOAENEN
Konuyecteo Tectos: 10
similarity: 0.45

120

MpoLEHT BEpHbLIX OTBETOB, %
e [=a]
[=] {an]

M
o

(o]

1 2 3 4 5 6 o 8 9 10
KonuuyecTso TeCToB, WT.

=@ Ga308Bblii BOW =—@=—model_with_answer_w2v === model_with_study_w2v =——@=model_with_w2v

Puc. 5. NpoueHT BepHbIx 0TBETOB MoAenen npu similarity: 0.45

CYPCOB, TaK Kak, pe3y/bTaT Mofie/u OyfieT MACHTIYeH TPagULItOHHOMY MeTopy. Takoke, K/IOYeBYI0 PO/b MIPaeT TO, Ha KaKIX FAHHBIX ObUIa
obyyena mopenb Word2Vec. ITpu nnpaBujibHO O0OpaHHOM KOPITyCe JAHHBIX, COCTOSAIEM M3 CEMAHTMYeCKM ONM3KMX C/IOB, MOXKHO Y/Iyd-
LIATD Pe3y/IbTaT PACIIO3HABAHNA.
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AHanu3 KoHuenuuu big data B 06nactu 6a3 gaHHbIX

3y6Gapes AHfpeit AHOpeeBuY, CTYAEHT MarucTpaTypbl;
bouapos Makcum KOpbeBuy, CTYAEHT MarncTpaTypsl

HayuHbiit pykoBoguTenb: JlaHapiwes Bnagumup AnekcaHngpoBuy, KaHANAAT TEXHUYECKUX HAYK, LOLEHT
[loHcKoit rocyaapcTBeHHbIN TeXHUYecKUit yHuBepeuTeT (r. PocToB-Ha-[loHy)

B cmamve asmop uccnedyem xonyenyuio npumenumocmu big data 6 obnacmu 6a3 0aHHbIX.

Knouesvie cnosa: big data, CYB]], PostgreSQL.

BeepeHue

B coBpemenHOM Mupe Bce 60fIbllIe pacTeT MOTPEGHOCTb B Xpa-
HEHI 11 00pabOTKe JOCTATOUHO OOMBIINX PECYPCOB AAHHBIX, KOTOPbIE
HeJb35 PACTONIOKUTD B PaMKax OJHOro ycTpoiicTsa. Ha manHbIil Mo-
MeHT Bce 0oJblle HabupaeT HONYLAPHOCTh TexHonoruA Big Data,
KOTOpas B IePCIEKTUBE MOXET YCTPAHUTb HPOOTeMBI B CTPYKTY-
pusauyyu cBepxXO0bIINX 00BEMOB MHPOPMALINI BO MHOXECTBE 00-
JacTelt, Takue Kak, QMHAHCOBAsA Cpefia, MeAUIIMHA, arPOIPOMBILITEH-
HOCTb, 6aHKI, CTPAXOBaHIe, IOTUCTHKA, HAyKa, MAPKETIIHL.

B ofuiem crydae faHHAs TEXHOTOINs MO3BO/LIET CHCTEMATH-
3UpOBaTh JaHHblE, HAXONUTb IIPUYMHHO-CIECTBEHHbIE CBASY,
4TO B CBOIO OYepefb, IIOMOTaeT IIpy 00paboTKe OIpee/eHHbIX 3a-
IIPOCOB, KOTOPBIE TPYAHO Peann30BaTh B OOLIEIPUHATBIX CHCTEMax
XpaHeHNUs JaHHBIX. Ha mpyMepe JaHHOI TEXHONOTMH, MOXKHO OT-
C/IeUTD 3aKOHOMEPHOCTH B IIEPEABIDKEHII OIPe/e/IeHHO IPYIIITbI
II0/Ib30BATe/IelT arperaTopoB TAKCH WIM MHBIX IIEPEBO30K B paMKaxX
KOMMEPYeCKOro II0/Ib30BaHyA. [JaHHble, KOTOPbIe XPaHATCA O 110-
KYIIaTe/LAX, aBTOIapKe, IAPTHEPAX, COTPYAHMKAX, [ONb30BATELAX,
MOKHO CTPYKTYPUPOBATb /I 06pabOTKM 1 aHa/IM3a 3aKOHOMEPHO-
CTell, Oy 4eHHBIX 13 JAHHBIX OT IIAPTHEPOB, KOTOPbIE MOIYT IIpefi-
CKazaTb, KaKoJi IPyIIe IOb30BaTesell MpeIaraTh yCayru mapT-
HepoB Ha MCTOPUY MX 3aIIPOCOB MM IIOKYIIOK B cpepe YCIIyT.

[lnst obecriedenust XpaHeHns1 OFOOHOr0 06beMa JAHHBIX Tpe-
OYI0TCA 3HAYNTeNbHbIEe BBIYMCIUTENbHbIE MOLIHOCTY, YTO MOXET
BbI3BaTh (PMHAHCOBBIE M Ka[[pOBble TPYZHOCTM [/ KOMIIAHMIL,
0OCTYXMBAIOINX OTPOMHOE KOMMYeCTBO IOb3oBaTeneil. OpHa
U3 BeJYIIUX KOMIIAHMIT, Ubs IESITNIBHOCTD MPSMO CBSI3aHA C Iie-
pemadeit, xpaseHneM 1 06pabOTKOIT OrPOMHOr0 00beMa JIAHHBIX
B pas/MyYHBIX POpMax [0 BCeMy MUPY, OKa3blBaeT 3HAUUTEIbHOE
BIIVSHVIE Ha MH(MOPMALMOHHOE IIPOCTPAHCTBO 00IIeCTBa.

Tem He MeHee, cam1t 110 cebe 3TU TaHHbIe HET MMEKOT 3a co60iIt
TIPaKTUIECKO TIO/Ib3BI, €CINM He YMEeTb NMPABUIbHO UX UCIOMb30-
BaTh. [Ins moBbluteHns 3¢QEeKTUBHOCTY TPEAIPUITUI MIKPOKO
IpuMeHAeTCA aHa/IM3 OObIINX faHHBIX (Big Data), 4to oTKpbIBaeT
IIVPOKMIT CIIEKTP BO3MOXKHOCTEJ, TaKUX KaK IIPOTHO3MPOBAHIE
CIIpoca Ha OIpefieNleHHbIIl ToBap Wy ycnyry. brarogaps aHammsy
JIAHHBIX MOXKHO 3apaHee OLEHUTD YCIENUTHOCTb TPOAYKTA, elle 0
€ro BBIXOJIa Ha PBIHOK.

1. OnpepeneHne MeToA0OTUI AN UCCNEROBAHUA NO TEMe
«AHanu3 koHuenuuu big data B 06nactu 6a3 gaHHbIX»

Boita chopmymmpoBaHa TeMa MCCIEROBAHIA: «AHAIU3 KOH-
nermyu big data B o6mactu 6a3 FaHHBX».

BblsaBIeHa IpoGIeMa NCCIeOBAHNLA:

IIpu pabote ¢ 6O/BLINMI JAHHBIMIL €CTb IIPO6/IEMa CTPYKTYPH-
3L, T.K. MHGOPMALs MOKeT OBITh PASHOPORHOL, YTO B/IEYET 38
co601t IpobmeMy MacIITabupyeMOCTH, KOTOpasi, CKOpee BCero, sIB-
JIETCS] OHUM U3 K/IIOYEBBIX 3aTPYAHEHMNIT IPY peannsalii KOH-
ermy big data B o6macTu 6a3 faHHBIX.

Bbi/ta mocTaB/ieHa Cieayomas 1elb NCCTeTOBAHII:

[poaHamM3MpoBaTh B KAKOM KITIOYE TIPUMEHAETCS KOHIIETIVA
big data B o6mactu 6a3 gaHHBIX 13 06/ACTY IIPUMEHEHMs FAHHOI
KOHIIETILVIL.

Bbumn ompefienieHb! CIeyIoLie 3afaq:

— Ompenenutb MPUYMHBL UCIIONB30BAHNSA OOBIINX JAHHBIX
B chepe 6a3 JaHHbIX;

— Cdopmymposatb o6uyie TOHATHA KoHUenuy big data;

— Omcarp, B 061YX YepTax, IpOOIeMbl IIPY UCTIONB30BAHNIN
big data B cdepe 6a3 faHHBIX;

— IlpoananmmsnpoBaTh MOAXOAB! IpK paboTe ¢ big data B 06-
nacTy 6a3 JAHHbIX.

O6pbekT uccnegoBany: KoHuemnus big data B obmactu 6a3
JTAHHDIX;

ITpenmer mMccnemoBaHMA: M3Y4YeHVe TEXHOMOIMIT IIPU pean-
3aryu KoHuemnuyy big data B cpepje 6a3 JaHHBIX.

Tunoresa nccnegoBanms: IIpoanannsnpoBas HIDKEOIICAaHHbIE
MCTOYHUKI, MOXHO OyzeT copMy/InpoBaTh BBIBOJ O Lje1eco00-
PasHOCTY IIpyMeHeHy s KoHIenuyy big data B o6mactyt 6a3 JaHHBIX,
ONMMpPasICh Ha MHPOPMAIIHNIO U3 UCTOYHUKOB.

2. AHanus npepgMeTHoW 06nactu

B Hacrosiiee BpeMms, MIPOBOE AEIOBOE COOOILIECTBO YeseT
3HAYMTENbHOE BHVIMAHIE IHHOBAIAM KaK IOTEHIMATbHOMY ABY-
rarenmo pocta. Kaxpjas KoMIaHMA 0CO3HALT, YTO JIA OCTVDKEHV
LeJICTBUTEILHOTO YCIIeXa U KOHKYPEHTOCIIOCOOHOCTH B GBICTPO Me-
HAIOLIelicsT GM3Hec-cpefie HeOOXONMMO BK/IabIBATh B IHHOBALVIA.
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AHanys GONBIINX JAHHBIX CYMTACTCSA OFHUM U3 KITIOYEBBIX Ha-
TIPaBJIeHNIT COBPEMEHHDIX OM3HEC-MHHOBALMII C BBICOKIM MOTEH-
nuajgoM. B mocimenHee BpeMst 9TOT BUJ TEXHOTOIMM IIPMBJIEKAET
IIOBBILICHHBIIT IHTEPEC B [IETIOBBIX KPYTax 110 Bcemy Mupy. PasHoo6-
pasHble YIIpaB/IeH4eCKIe BO3MOXXHOCTH aHa/M3a OOTIBIINX JaHHDIX
Wit Beex YHKIMIT 1 OTpacieil OM3Heca, a TaKXKe [ePCIeKTUBBI OT
VICTIOZIb30BAHMS 9TOIl TEXHOMOTHY, NPUBIEKAIOT BHUMAHIE KOM-
TaHMIL.

Cor/1acHO CTaTUCTHKe, G0/Iee OIOBIHBI BCeX IPUMEHEHIT aHa-
ny3a OONMbUINX JAHHBIX CBA3AHBI C NMPOOIeMaMy, KacAIOMMMUCA
K/IMEHTOB. JTO MOYePKIUBAET BBICOKMIT CIIPOC KOMIIAHMIT Ha Map-
KETVHIOBBIE TIPVIOXKEHVIS TEXHOIOTMY aHA/M3a OOJIBIINX JJAHHBIX.
Takum 06pa3oM, BOIPOCHI, CBA3AHHbIE C MCTIONb30BAHNEM aHAIN3a
OOMBIINX JJAHHBIX B MapKeTHMHTe, TADMOHIYHO COYETAIOTCA C I10-
CTIETHVMI TEXHOMOTMYIECKMMIL BbI30BaMIL B cdepe OusHeca.

Il 6omee KOHCTPYKTUBHOTO aHa M3 110 TeMe big data, Heo6xo-
IVIMO pacCMOTpeTb IIOAXOf, K caMoll KoHIenyu big data ¢ pasHbIX
CTOPOH.

Kak msBecTHO, camo moHATHe big data gocraTouyHO HIMPOKO,
4TO SABJIACTCA HEOCHOPVMBIM IUTIIOCOM I paspaboTKu MHPOP-
MAI[MOHHBIX CUCTeM, CTPYKTYP I XpaHeHNUs JaHHbIX, aHATUTH-
4eckoit 6a3bl B 9KOHOMMYECKOil cepe, cuCTeMaX 0e30I1acCHOCTH,
OCHOBAHHbIX Ha JAHHOI TEXHOTIOTMIL. B HIDKe IPUBEJEHHBIX MICTOY-
HIKAX, PACCMOTPUM caMo moHsATye big data u ero mpumenee.

B cratbe «IIudpoBoii MapKeTHHT KaK COBPEMEHHbIl TPEH[»,
asroph! A.[l. Hasapos u H. [I. ToBMacsiH onmmcbIBalOT TepMUH «Big
Data» kaK «MeTORbI 00pabOTKM JAaHHBIX OTPOMHBIX 0OBEMOB, KO-
TOpbIE MO3BO/ANT AHAMU3UPOBATH ITY HHOPMALIMION.

HeoTbemneMoit 4acTbio mob6oro 6msHeca ABMACTCA HPUCYT-
CTBUe B OHJIAiH-peKIaMe, Oyap To mpoduib B SAupexc Mapkere,
Ha YouTube wmu B gpyrux coumanbhbix ceTsx. COBpeMeHHbIe BBI-
30BBI 9KOHOMUKM HOOYXKIAI0T KOMIIAHMHU TlepecMaTpyBaTh CBOM
peK/IaMHble KaMIIaHUM ¥ CTPATErUI IPOJBIDKEHNUS B CETH C YIETOM
11(POBBIX MAPKETVHTOBBIX TEXHOMOTHIL.

Taknm 006pasoMm, BO3HMK/IA HOBAas BETBb DPAa3BUTHMS MapKe-
tuHra — «Big Data Driven Marketing», rie Bce cTparermdeckne pe-
LIeHN s IPUHUMAIOTCS UCK/TIOYNTENbHO Ha OCHOBE aHA/MN3a JIAHHBIX
¥ TMOKOIT CerMeHTaIMy KIneHToB. [MOKas cerMeHTaIs KJIMeHTOB
HpefcTaBsieT 060l MHOTO(MAKTOPHYIO KIACTepPU3ALMIO TI0 MHO-
XKECTBY KPUTEPUEB, IIPEOf0/IeBast OrPAHNIEHNs] CTAHAAPTHBIX I1a-
PpaMeTpoB, TAKMX KaK IIOJT, BO3PACT I IPOdeccHs.

Ha ocHoOBe monydeHHO! MHPOPMALMI MOXXHO BBIJIETUTD de-
TBIpE CTAANN «3HAHM» K/IMEHTa B MAPKETIHTe:

- l-a cTagus: femorpaduis, JOXOf;

- 2-st crajust: oBefieHe ¢ call-rieHTpoMm, moBeseH e Ha caiiTe,
reofaHHble, IPOGUIN COLMAIBHBIX CETelt;

— 3-1 CTajus: MOWCKOBbIE JAaHHBIE IOb30BATENH, OIPOCHI,
B3aJIMOJeIICTBIe C KOMIIaHNeIl Yepe3 IPIIOKeHNs, Kpocc-fieliBac-
HOCTD;

— 4-A CcTajus: MCTOPMA OTBETOB HA MApKeTMHTOBBIE KaM-
aHNY, TIOTHOLICHHBI/ aHA/IM3 CKPBITHIX CBSI3ell MEX/Y PasHBIMU
TUITAMI JAHHBIX.

B cratbe «Cranpaprbl B 007acTy GONBIIVX JaHHBIX», OIYO-
mikoBanHol B 2016 T. (https://cyberleninka.ru/article/n/standar-
ty-v-oblasti-bolshih-dannyh), [I.E. Hamnor paccmarpusaer mpo-
OmeMy CTaHFApTU3aLMK OOMBIINX JAHHBIX. ABTOP JAHHOI CTaTbI

ONNCBIBAET, CYLIECTBYIONUIME CTAaHJAPTHI B 0OMaCTM OOMBIINX
AHHBIX HA MOMEHT ITyOIMKALINI CTaThIL

Hauborblimit MHTepec /11 aHaIM3a MPeICTaB/IeH B CTaHAapTax
Oonbumx gaHHBIX 0T NIST. B TaHHBIX TOKYMeHTaX, IPUBECHDI aK-
TyaJIbHbIe TeMBI B 00/1aCTb GO/IBIINX JaHHBIX:

— Texunyeckue TpebGoBaHMA M CTAaHAPTU3ALMA LA MeTa-
JIAHHBIX.

— SI3bIKM 3aIpOCOB, BKIOYAsA HEPE/LALVOHHbIE 3aIIPOCHI LA
HOIEPKKY Pa3/MYHBIX TUIIOB faHHBIX (Hanmpumep, XML, RDE
JSON, mynbrumenya) u 607bIInx 065eMOB JAHHBIX Oeparit (Ha-
HpUMep, MaTPUYHBIX OIlepaIii).

— TIIpobneMHO-OpUeHTHPOBAHHBIE A3BIKY /1A 3a7a4 OOMBIINX
JIAHHBIX.

— CemaHTHKa 1/ CMaboli COITACOBAHHOCTU ¥ COITIACOBAH-
HOCTH B KOHEYHOM CYeTe.

— Pacumpennsie ceteBble IIPOTOKONBI A 3 PEKTUBHOIL TIe-
penavy JaHHbIX.

— DBe3omacHOCTD M KOHTPOJIb JOCTYIIA.

— VYmaneHHble, pacpefieNieHHble 11 (efiepaTBHble aHATUTUKN
JJAHHBIX, BK/IIOYas METObI OOHAPYXeH!s 1 06pabOTKI Pecypcos,
a TAKKe METOfIbl MHTE/IIeKTYaIbHOTO aHa/IN3a JAHHBIX.

— OO6MeH 1 pasfeneHye JaHHBIX.

— CucreMbl XpaHeHN JAHHBIX.

— IlpencraBrenye pesynbTaToB aHa/MM3a HaHHBIX (CIOfja, ode-
BUJTHO, T0/DKHBI BXOJIUTD BU3Ya/TM3aIis M 0ObACHEHN).

— OmepreTuyeckas 3¢ PeKTMBHOCTb pabOTHI ¢ GOMBIINMIL JaH-
HBIMIL

— Vatepderic mexay peranyonspiMu (SQL) u HeperAnyon-
HbiM (NoSQL) XxpaHummiamMu JaHHbIX.

— OueHka KauecTBa U JOCTOBEPHOCTH JJAHHBIX.

IIpuBenieHHbIe B 3TOI CTaTbe CTAHAAPTHI IeMOHCTPUPYIOT aKTy-
Q/IbHBIIT BEKTOP Pa3BUTHA B 067IACTHU GOMBIINX JAHHBIX HA MOMEHT
2016 . Tax ke, aBTOp yKasblBaeT Ha IPOOIeMy B3aNMOJEICTBIU
ycraHoBuBIIerocs craufapra SQL 1 HOBBIX CTAHJAPTOB GOTIBIINX
IAHHBIX B cepe 6a3 jaHHbIX. He yneneHo BHUMaHMe TeXHIYECKON
CTOpOHE B BOIIPOCE CTAHAAPTU3ALMY B chepe XpaHeHM OOMbIINX
JIAHHBIX.

B crarpe «[Ipnmenenne Big Data mpu aHa/mi3e 601X TaHHBIX
B KOMITBIOTEPHBIX CeTsIX», olryO/mkoBanHoit B 2020 r. (https://cyber-
leninka.ru/article/n/primenenie-big-data-pri-analize-bolshih-dan-
nyh-v-kompyuternyh-setyah), Opnos I. A. npusen ocHOBHyI0 MH-
bopmanmio A1 CPaBHUTEILHOI XapaKTePUCTUKY TPagUIMIOHHBIX
0a3 gaHHBIX 1 big data. B maHHOII cTaTbe mpecTaBieHs! MHGOpMa-
TUBHbIE TaO/MNLIBI TPV cpaBHEHMN TpaxuiyioHHbix B]T n big data. Ha
pUCyHKax 1-2 mpefcTaB/IeHbl MHPOPMATUBHBIE TAGMILIBI /IS CPaB-
HeHyA TpaguuyoHHbIx b/l n big data.

Opros I A. focTaTo4HO IOEPOOHO IPeROCTaBIIT MHGOPMALINIO
1o peanusanyy big data B o6mactyt 6a3 JaHHBIX /1A pelleHys KOH-
KPETHOI1 3ajjauM, YTO HeMOHCTpUpYeT 3PPeKTUBHOCTD GOMBIINX
IaHHBIX IpK ucnonb3oBanuy NoSQL.

B cratbe «Big Data: OmacHOCTM U NeEPCIEKTHBbI», OMYOINKO-
BauHoll B 2019T. (https://cyberleninka.ru/article/n/big-data-opas-
nosti-i-perspektivy), paccmoTpeHa konuenuys big data co cropons
TIePCIeKTYB 11 OIACHOCTY TIPY peanusanuu B chepe yCIyr. 3akymnm-
coBa A.TO. mpuBoAuT MpUMepbI JBOAKOCTI MCIIONB30BAHM GOMBIINX
JJAHHBIX, T.K. C OJJHOVI CTOPOHBI KOMIIAHUII OIIEPUPYIOT MH(pOpMaLIHert
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Puc. 1. Tabnuua c xapakTepHbIMU 0COGEHHOCTAMM TPaAMLMOHHOI 6a3bl AaHHbIX U big data

Tatinuua cpassenin Ans Big Data

Tabiawga 2

AHLTHTHKS DOILITHX

XapakTepecTHEn SQL NoSQL BDA MAHHLX {CPABHHTCAEHLIC
XAPAKTCPHCTHEHN)
I KTHYHCCEHE COOMNC
OfnLekTHO- pa
; Boawonnm pazHsic XAPAKTCPHCTHEH HIVHACMEIX
OpPHCHTHPOBAHHOC a Her N
aporpassaspoasiie Bl BAPHAHTEI AILIKOE [IPONPasMMHEPORAHIE
porpa P Bt cymecTRCHHBIX 0TI
[TpaxTitcckie cxomne
MynETHMCAHHEIC THIIE XAPAKTCPUCTHEH HIVHASMBIX
- Ha Aa He orpaHiycHo dpakTcp -
JAaHHKIX AILIEOR I'[Pl]l'pﬂllu}!r!ﬁllﬂilllﬂ
02 CynICCTBEHHEIX OTIHHHI
fa 1a [MpaxTitecKHe cXomne
&
- ! TMpagTHseciin XAPAKTCPHUCTHEH NIVAEMBIX
Mage paisep Tabmim VESIATL paisMep YEAETE PAIMEp N
- HEC OIPAHEYCHO AILKOR MPOrPaMMEPOBAHIE
WHCIOM HHCIIOM

[ CYIICCTEBCHHEIX OTIHeEHE

Magc sucno Tabany 8 B He orpasirieHio He orpanitaecizo

He QrpaHH4CcHHD

EcTh OTAH4HA HO
HCITHAYHTCILHEIC

Magc gncno Tabnn Ha

He orpasrsicano
KXHAOE COCTHHCHMHE

He orpanisenso

He OrpaHi4cHRD

Ects omnwuns swo
HEIHAYHTENLHEC

Magc =Hcno nonszosaTencii

b1

He orpanmsesHo He orpansucHso

He orpanmacHso

EcTs omnHuHa HO
HETHANHTENLHBIC

Hamenneman
BCNHYHHA

HasiensemMan
BEMIMFIHL

PexoMeHAYCMAR CMEOCTR
OIT1 Ha ogHOro NILIOEITCIA

Hamensesan
BCIHYHHA

EcTs OTAH4HA HO
HCIHAYHTELHEIC

Puc. 2. Tabnuua cpasHeHus ans big data

0 IIO/Ib30BATEILAX, YTO HECeT CBOVI IUTIOCHI [/ aHATIUTUKI M KOPPeK-
TUPOBKM OUSHEC-TPOLIECCOB, HO CYILECTBYeT ONACHOCTh B yTEUKe
JAHHBIX [O7Ib30BATENell WM B He MPAaBOMEPHOM JICIIONb30BAHMN
JIIYHBIX JAHHBIX IT0/Ib30BATe/IeN TPeTHIMM JINLIAMUL.

B wurore 3akymucosa A.10. paccmoTpen AaHHyIO mpo6Giemy

Big Data:
Tens.

C TOYKY 3peHusi 0OIIecTBa, HO He VeI BHUMAHNE B cepe xpa-
HeHVISt OONBIINX TaHHBIX.

M.A. Cumakuna B cBoeit cratbe «OCOOEHHOCTM VICIIONb30-
BaHuA TexHonoruit Big Data B MapkeTuHTe» BbIfie/IACT PA IIpeUMYy-

«COOOIEHVISI» ¥ IPEIOKEHVISI TOTO VIV MIHOTO IIPOAYKTA.
3. IlepcoHanmusanys peKTaMHBIX COOOIIEHNIL.
4. OnryMusanyA IpOU3BOJCTBA M CTPATEryil pacipesieNieH .
5. Cospanne IppOBOro MapKeTHUHIA U PeK/TAMHbIX KaMIIaHUIL.

1eCTB, KOTOpbIe KOMIIAHMM MOTYT IIO/Ty4UTh, BHE/IPUB TEXHOMOTHIO
1. Cospanne Hanbomee TOYHOTO IOPTpPeETA LIe/eBOTO MOTPeOM-

2. TlpenckasaHue peakuum moTpebUTENE HA MAPKETHHIOBbIE
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6. CoxpaHeHue OO/BIIOrO 4KCTA KIMEHTOB IMyTeM Hau-
MeHBIINX TPAT.

7. TlonydeHne NydIiero mpeCTaBIeHNsI O COOCTBEHHOM IIPO-
JYKTe KOMITaHUIL.

Tem He MeHee, HEOOXOAMMO NOMHMNTB, YTO, KaK M B CIydae
C JTIOOBIM APYTHUM pelleHNeM, Y GO/bIINX JAHHBIX eCTb CBOM HEJ0-
CTaTKIL.

Bo-nepBbix, BosHMKaeT mpobreMa Macutabuposaus. Pabora
¢ 6ompumM 06beMOM MHGOPMALINH, XAPAKTEPHOI /IS GOMBIINX
JJAHHBIX, TPeOYeT He TO/IbKO 3HAYNTEIbHBIX 00BEMOB XPAHEHIS, HO
U TIOCTOSTHHOTO OCTYIIA K 9THM JaHHBIM. MHOTIe KOPIIOpaTHBHbIE
LEeHTPbI 060paboTKN MH(OpMaLY He ObIIN M3HAYATBHO CIIPOEKTH-
pOBaHbI /11 06pabOTKM TaKMX 00beMOB aHHBIX. ClIefjoBaTebHO,
KOMITQHMSIM TIPUXOUTCS He TONBKO PacCMaTpyBATh BOIIPOC O pac-
IIMPEHNN COOCTBEHHBIX KOPIOPATUBHBIX LIEHTPOB XPaHEHIUs, HO
U MCKATh ONTHMU3MPOBAHHbIE TIOJXO/bI, TAKME KAK IIEPEXOf K JC-
TIO/Ib30BAHMIO «OO/IATHBIX» XPAHVIINLL JAHHBIX.

Bo-BTOpBIX, HEO6XOVIMA IIPABIIbHAS HTErPALVSI JAHHBIX, KO-
TOpbIe ObIIM cOO6paHbI A0 Mcnonb3osanus Big Data. BaxxHo umern
HOCTYI K COOpaHHOII paHee MHPOPMALIN O KIIMEHTAX, YTOObI Horee
3 peKTUBHO ICIIONMb30BATD BCE IIPEUMYLIECTBA GOBIINX JAHHBIX,
OJHAKO IIPOIIJIbIE CHCTEMbl XPAHEHIsI He OBUIM PACCIMTAHBI IS
JICIIO/Ib30BAHMST VX B PeaIbHOM BPEMEHN, 9TO MOXKET HEraTMBHO
BIIMATH Ha paboTy TexHosoruu Big Data.

B-TperTbuX, maxke NpPM HaIMUMM OPraHM3OBAHHON CHCTEMBI
JAHHBIX, IpU cbOpe U aHa/MKM3e JAHHBIX HEOOXOAMMO IOHMMAaHIMe,
KaK IPaBIIbHO 1 3G eKTUBHO paboTaTh ¢ MOyIeHHOI MHPOpPMa-
LV€it, @ 3HAYNT OT/ETy MAPKETHHIA IPUAETCS HAYINTHCS KOOIEPH-
POBATHCS CO CIIEIMAMVICTAMI AHHOI 00/IaCTI.

3. OcHoBHble npo6nembl, CBA3aHHbIE C UCMONb30BaHMeM Big
Data

I[Tpobremsl, cBsI3aHHBIE C ICIOMb30BaHMeM crcTeMsl Big Data,
MOTYT OBITh pasfiefieHbl HA TPYM OCHOBHBIX KAaTErOpumi: 00beM
JAHHBIX, CKOPOCTb OOPabOTKM U HEeCTPYKTYPUPOBAHHOCTH. ITH
Tpu «V» — 06beM (Volume), ckopocts (Velocity) u pasnoobpasue
(Variety) — npepcTaBisi0T co60i1 K/ToueBble aCIIeKThI, Ha KOTOPbIE
crefiyet o6paTuTh BHMMaHuUe mpu pabore ¢ Big Data.

Yipasyenne 06mypHbIMU 06beMaMyt MHPOPMALIIL IIPECTaB-
JAeT co00IT CIOXKHYIO 3a1aqy, TPeOYIOLIYIO ClIelaI3/iPOBaHHbIX
YCTOBUIT U PecypcoB. Bompocsl, CBS3aHHbIe C HPOCTPAHCTBOM
¥ BO3MOXXHOCTAMM, CTAHOBATCA KpuTHdeckyumu. CKOpOCTh 06pa-
GOTKM JaHHBIX Ba)KHA He TOJIbKO /I YCTPAHEHNs 3a/IepyKeK 1 110-
BBIIIEHIST IPOU3BOAUTENIBHOCTI, HO TaKXe [/ 0becreyeHns uH-
TEPAKTUBHOCTU ¥ OIEPATUBHOIO PeArnpoBaHIsI Ha TPeOOBaHMs
PBIHKA.

[Ipo6remMa OTCYTCTBMS CTPYKTYPUPOBAHHOCTH JAHHBIX BO3-
HUKaeT 3-3a PasHOOOpasysA MCTOYHMKOB, POPMATOB 1 KauecTa
nndopmarn. [nsa addexTiBHOM 00pabOTKM TaKMX HAHHBIX He-
00XOIMMO IPUBECTH VX K eAMHOMY (POPMATY U JCIIONIb30BATb CIIe-
LIMA/IM3NPOBAHHbIE AHATTUTIYECKIE MHCTPYMEHTBI Vi CHCTEMBL.

Tem He MeHee, CyliecTByeT 1 po0/eMa, CBA3aHHAA C MACIITa-
6amy paHHbIX. OmperesieHne TOYHOTO «0ObeMa» AAHHBIX SIBIIA-
eTCA CTIOKHOII 3ajiaueli, 1, CNIeIOBaTeNbHO, 3aTPYIHUTENbHO TIpefi-
CKa3aTbh HeOOXOAMMble TEXHOMOTHI ¥ (PMHAHCOBBIE BIIOXKEHMS IS

Oynymiyx paspaboTok. TeM He MeHee, yrKe celfdac CYLIECTBYIOT UH-
CTPYMeHTBI 06pabOTKI JAaHHBIX, CIOCOOHBIE CIPABUTHCS C KOH-
KpeTHbIMM 06beMamMu HHpopManyn (HalpuMep, Tepabaiit), 1 9T
MHCTPYMEHTBI IIPORO/DKAIOT AKTHBHO Pa3BUBATHCSL.

OpHOIT 13 CITOXHOCTE SIB/SIETCST OTCYTCTBUE YETKUX IIPUH-
IUI0B B 06paboTKe TaKOro 06'beMa JAHHBIX, CBSI3AHHOTO C Pa3HO-
00pasieM IOTOKOB. Bo3HIKaeT BIIOJIHE TOTMYHBII BOIIPOC O TOM,
KaKJle JaHHbIe CTONT COOMPAT U COXPAHATD, & KaKie MOKHO IIpeHe-
Opeub, YTOOBI M3B/IEYD LjeHHBIE CBefeHNs. IT0 TpebyeT paspaboTku
HOBBIX METOJOB QHAIN3a OOMBIIMX JAHHBIX 1 (HOPMUPOBAHI
HOBBIX 00/acTeit, Harpumep, Hayku o Big Data, kax ykasbIBaroT yic-
C/IeI0BATE 13 HEKOTOPBIX AMEPVKAHCKIX YHVIBEPCUTETOB.

BpemenHble 3afiepyXKu B pean3aryn npoektos Big Data B koM-
MaHMAX 06YCIOBIEHBI He TO/BKO BBIIIEYKa3aHHBIMU (HaKTOPaMIL,
HO TAKXKe BBICOKMMI PECYPCHBIMM 3aTpaTaMu. BeIOOp JaHHBIX
st 06pabOTKM ¥ OIpeMIeNeHNe aIrOPUTMOB aHANM3A TIPENCTaB-
JLTIOT CO60IT OTHEIbHbIE TPYAHOCTH, IIOCKO/IBKY YACTO OTCYTCTBYET
SICHOE TIPEJICTAB/IEHYIE O TOM, KaKII€ JAHHBIE IB/IIOTCS 3HAYMMBIMIL,
a Kakye MOKHO IIPOMTHOPUpOBarhb. TakKe, OGHOI U3 Cepbe3HBIX
IpO67IEM TaK)Ke B/IIETCS HeXBaTKa KBaIM(MIMPOBAHHBIX CIIela-
JIUCTOB, CIOCOGHBIX IPOBECTHU [IYOOKIIT aHA/IN3 JAHHDIX, CO31ATh
OTYETHI ¥ U3BJIeYb BHIrOfly U3 Big Data.

OTydecKnil KOMIIOHEHT TakoKe IPeACTaB/sieT coboil IpobieMy
B obmactu pabotsl ¢ Big Data. C6op maHHBIX, 0cO6eHHO 6e3 co-
I7IaCKs1 TIOIb30BATE/IEl, MOYKET PACCMATPUBATHCA KaK HapylleHIe
NUYHOI Xu3HN. HeKoTopble MONCKOBbIE CHCTEMbI aKTHBHO COOM-
paroT MHGOPMALINMIO O TIOIb30BATENISAX, BKIIOYAs MX MHTEPECHL, 0~
KYIIKI ¥ /IMYHbIE JAHHBIE, C LE/IbI0 IIPEeOCTAB/ICHIsT KOHTEKCTHOI
pexmaMbl. BosHIKa€eT BOIPOC O TOM, I/ie IPOXOAMT IPAHNIIA MEXTY
c60pOM [JaHHBIX I HAPYILIEHVeM IPUBATHOCTI. Be3omacHoCTh xpa-
HEHIIs 11 VICTIONIb30BAHN JAHHBIX TAKXKe CTAHOBUTCS aKTYaIbHOI
Mpo6/IeMOlT, YIUTBIBAs COBPEMEHHblE YIPO3bl BMPYCHON aKTHB-
HOCTH ¥ XaKEPCKIX aTak.

B obmewm, crcrema Big Data mpegcraBisieT CBOM CTOXHOCTH
¥ TIOPOXAeT MHOXECTBO BOIPOCOB. TeM He MeHee, C MCIIONb30-
BaHIEM COOTBETCTBYIOLINX METOJOB aHA/MN3a, Pa3pabOTKM HOBBIX
MHCTPYMEHTOB U 00eCIIedeH s 3TUYHOI 1 Oe30macHoit 06paboTku
[JaHHbIX, Big Data MO)XeT CTaTh MOLIHBIM MHCTPYMEHTOM JI/LSl TP -
HATYA 060CHOBAHHBIX PEIleHNil B MAPKETIHTE I FPYIUX 06/IacTsX
6msHeca.

4, Yem otnnyaerca SQL B 6onbLumx gaHHbIX oT 06b14HOro SQL.

Kax ynmommnamocs panee, ijist 06paGoTKy GOMBIINX JFaHHBIX
LIMPOKO JCIONB3YeTCs. TMOJXOR C PACIpee/leHHbIMI BBIYICTIE-
HISIMI. BbIumcnTebHble 3afadil PAcCIpefe/sioTcs MeXHy He-
CKOZIbKIMI CepBepaMi, Ifie OfHa 6a3a JaHHBIX pasMellieHa Ha He-
CKOJIbKIX y371aX. Pesy/IbTarsl 3aIpOCOB BHIYMC/IAIOTCS APa/IIeNIbHO
HecKonmbkumy cepepamit. ITapagurma MapReduce omucsiBaer ain-
TOPUTMBI PacIpefie/IeHHbIX BBIYMCTIEHNI.

IIpu pabote ¢ GompIMMI 0OBEMaMI JAHHBIX BaXKHO Y4ECTb,
YTO MPAKTUIECKN KaX/as 6as3a JaHHBIX XPAHUT MH(POPMALNIO Ha
HECKOZIbKIX cepBepax. JIonyCcTiM, MMeIoTCs TP cepBepa 11 Tabmia
K/IMeHTOB. Best Tabimia paBHOMEPHO pacrpefienieHa MeXy 9TUMI
cepBepaMI, TaK YTO KaK/BII U3 HUX XPaHUT TpeTb 0611ero oGpemMa
[AHHBIX. [[/IsI TIONy4eHUsT pe3y/bTaTa 3ampoca HeoOXOMMO 13-
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BJIeYb KXK/YI0 YaCThb JAHHBIX C KOXKIOTO CepBepa 1 00beHNTD UX
Ha OfHOM cepBepe, rfie 6yzeT copMMpOBaH MTOTOBBI PE3Y/IbTAT.

ITpumep mpocreiturero SQL-3ampoca A7 Takoit CTPYKTYPbL:

SELECT * FROM CLIENTS;

[Jlaske TaKoit aMeMeHTapHblit 3aIIpOC pa3dyBaeTcst Ha Tpu 06s13a-
TenbHble yacTi MapReduce:

— Map

— Shuffle

— Reduce

Kaxpast 13 mepedncieHHbIX Oepaiiii NMeeT CBOM 0CoOeH-
HOCTY B pacIpee/IeHNN 11 IapaJUIeNu3alyiy, YTo AelaeT BaXHbIM
HOHMMaHMe VX CYTH.

1. Cragmsa Map. Yacto mpepcTasiisieT co6oil YTeHye JaHHBIX
C YKECTKOTO AucKa. KpoMe uTeHust, 3[eCh MOTYT BBILIOMHATBCS Ofi-
HOCTpOYHBIe TpaHChHOpMaImyt U QUIBTPHL, TaKue Kak OIeparjui
6e3 omepanzios distinct, join, group by, order by, u 6es arperupy-
touyx ¢yHkiumit. Onepauyy Ha 3TON CTaAMM OTIMYHO Iapajyle-
JIATCA Y He HaIpyXXaloT 6asy JaHHBIX, IIOCKONIBKY KaK/Iblil cepBep
YTAaeT TOJBKO TY YacTh JAHHBIX, KOTOpas XPaHMUTCA Y HEro Ha
XKeCTKOM fucKe. JJaHHDbIe 0OBIYHO pacrpefesieHbl paBHOMEPHO Ha
KaXJIOM cepBepe, 9To 0becrednBaeT paBHOMEPHOE PacIpefieneHe
HAarpy3KJ MeXJ[y BCeMI CepBepaMIL.

2. Crapus Shuffle. Ha aroit cragmm He POMCXOUT HUKAKUX
BBIYJMC/ICHNIT, HO BCe NaHHBIE MEPEeMeLIAloTCs MeXAy cepBepaMu
TaK, YTOObI VX MOXKHO OBUIO MCIONB30BaTh I HOPMUPOBAHIL
OKOHYaTeNbHOro pesynpraTa Ha craguu Reduce. IlomHoe moHM-
MaHIe 9TOTO IIara CTAHOBUTCS SICHBIM TOMBKO HOCTIE BXOXKIEHIS
B craguio Reduce.

3. Crapusa Reduce. Reduce moxer BbI3BaTh 3aMeTHbIE IPO-
O71eMBI C TIPOM3BOAUTEILHOCTBIO 6a3bl JAHHBIX. 37ech BBIIOMHA-
I0TCSl TPYNIMPYIOLIMe OIepalyy U OIepaLyy, 3aliCbIBaloLiye

Map

Host

Host

Shuffle

pesynbrar. HekoTopble omepanyy He MOTYT BBIIOMHATBCSA Mapai-
JIeTIbHO Ha HECKOMIBKIIX CepBepax, II09TOMY JL UX BBIIOTTHEHNs He-
o6xozMo cobpatb Bech 00beM TAHHBIX Ha OTHOM cepBepe. Ecmu
[JAHHBbIE He yMEIIAITCS HA OJVH CepBep, 3aIPOC MOXKET BbI3BATH
OIIVOKY.

Vcnionb3oBanue 3 HEKTBHBIX CTPATETHIT 3aIPOCOB I OIITUMII-
3arym yis1 yerpanerus omn6ok tuna «Out of Memory» — BaxkHast
sajaya. OfHUM M3 IOJXOMIOB MOXKET OBITb JM3MEHEHMe 3alpoca
TaKuM 00pasoM, YTOObI CHM3UTh HATPY3KY HA CepBep, BBIMOMHS-
I0LUIT 3ampoc. B mprBeeHHOM BaMu IIpuMepe IpeIaraeTcst co-
3math otaenbHylo Tadmuy, CLIENTS_RESULT, xotopas Oygmer
XpaHuUTb faHHble 13 ucxopHoit Tabmuipl CLIENTS. 1o mosBomnt
COKPAaTUTb Harpy3Ky IPY BHIBOJIE PE3Y/IbTATOB 3alIPOCca Ha cepBepe.

S dexTUBHbIIT 3aIIPOC MOKHO IPEACTABUTD Kak:

INSERT INTO CLIENTS_RESULT

SELECT * FROM CLIENTS;

COMMIT;

IIpu Taxom nopxope tabmuua CLIENTS_RESULT 6yner xpa-
HUTBCSA Ha TpeX CepBepax, YTO JaeT BO3MOKHOCTD 3aINCHIBATH
JIaHHBIE C K&K/IOTO CepBepa [0 OTZIENBHOCTI. ITO MOKET YIy4LIUTD
IPOU3BOANTENBHOCTh HpU 00pabOTKe 3ampoca M CHUSKUTH PUCK
BO3HVKHOBEHIA aHOMAJINIT IIPU IIPaBIIBHOI 06paboTKe OIepaLyn
[00aB/IEHIIST HOBBIX JAHHbIX.

B TakoM crydae HEOOXOAMMOCTD B L{eHTPA/IM3ALUI JAHHBIX OT-
CYTCTBYET, i BCE BBIUNCIEHNA OYYT 9P EKTUBHO PacIIpefieNAThCA.
®dasa Map ycrenrHo napannenusupyeTcs, B To BpeMs Kak ¢asa Re-
duce (3amucp pe3ynbTaToB) Temepb BHIIOMHACTCS PacIIpefie/ieHo Ha
cepBepax, Ifie AaHHbIe ObUIM NSHAYABHO IPOYUTAHBL. JTO MO3BO-
naeT usbexars srama Shuffle (meperaya faHHBIX MeXy cepBepamu
Tleper; 3aIVChI0 PE3Y/IBTATOB), YTO JJOLOMHUTENBHO YCKOPSIET BbI-
4MC/INTENTbHBII mpolecc. ITporiecc onycan Ha pUCYHKe 3.

Reduce

Host
M output
w
M
Host w
w
M | W
M
Host

Puc. 3. Mpouecc BbIGOPKU 1 uTeHNA AaHHbIX No napagurme MapReduce
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Taxum o6pasom, mpumeHeHye mapagurmMbsl MapReduce nerne-
co00pasHo AyIs mapaenusanum 00paboTKY 3aIPOCOB, YTO TTOBBI-
IIaeT CKOPOCTb 0OPabOTKM IPH MCIIONb30BAHMI HECKONBKIUX Cep-
BEpOB s 00paboTKy 0OUMPHBIX FaHHBIX. CIeyeT OTMETUTb, 9TO
Heo0XOIMMO YUUTBIBATh BO3MOYKHBIE OIIMOKM, KOTOPbIe MOTYT BO3-
HUKHYTb IIpY paboTe ¢ 0OIIVPHBIMY JAHHBIMI, HAIIPUMEP, IIPY BbI-
60opKe ZaHHBIX B paMKax mapaxurmel MapReduce.

Taxoke CTONT yIOMSHYTD, 4TO B chepe 6a3 JaHHBIX CYILIECTBYET
HECKO/IbKO TIOfIXOfIOB K MCIIO/Ib30BAHMIO GOTBIINX JAHHbIX B Peisi-
IOHHBIX 1 HeperAnyoHHbIX CYDB/I. Oy u3 KTo4eBLbIX aCIIeKTOB
npu pabore ¢ SQL — MaciuTabupyeMocTs 1 ontuMuzanys. B crygae
NoSQL mpo6ema OITUMU3ALMN PENTAETCS 32 CUET PaCIIpe/ieeH st
0a3pl JaHHBIX MEXJy HECKOMbKVMM y3/IaMyi, 4TO Y/IydllaeT Mac-
LITA0MPYeMOCTb U CHIDKAeT HarpysKy. it peammsaryuy Hepens-
muonHoy CYB]I ¢ ucnonb3oBaHueM KOHIEIIM GOBIINX JaHHBIX
npumenserca BDA. ltaBHOe oTnmuye 3aKI04YaeTcsa B TOPU3OH-
Ta/IBHOV MACIITa0MPYeMOCTI U IUHAMIYECKOV CXeMe JaHHBIX, YTO
ycTpaHAeT He0OXOAMMOCTD B MU3MEHEHNN CaMUX JJAHHDIX.

B mpencTaBneHHBIX MCTOYHMKAX YHOMUHAETCSA MHTETpalys
Gonpumx ZaHHBIX B pemsiumoHHsle CYBl, 4To BbI3BIBaeT TPYA-
Hoctu ¢ SQL CYB]I. bonbie npepmoutennit ypenserca NoSQL
CYDB/I n3-3a X COBMECTMMOCTM 11 OTKPBITOTO MICXOJHOTO KOJIA, KO-
TOPBIIL JOCTYIIEH B CBOOOJHOM JOCTyIIe. Takke BaKHYIO pO/Ib UI-
paeT aKoHoMumueckas 9 peKTUBHOCTD Ipy McIonb3oBaHuy NoSQL
u SQL CYB]I, rme NoSQL oxasbiBaetcs B 2 pasa 6onee apdek-
TUBHOII C TOUKM 3peHus okymnaeMocTy. CiefoBaTenbHO, [/id UH-
Terpauyy OGONBIINX FAHHBIX MHPEIHOYTUTEIbHEE JICIIOMb30BATh

NoSQL CYB/.

5. Peanusaumsa nopgxopa SQL B koHuenuuu big data,
c ucnonb3osannem NoSQL cTpykTyp.

Jlna peammsanuy xoHuenuyy Big Data, MOXHO MCIIONb30BaTh
peraunonnylo CYB]I Postgresql, koTopas mopuep>xuBaeT HeKo-
TOpbIE ACIIEKTDI, /11 pe€ann3annm METOOB O6pa6OTKI/I VI XpaHEHNA
OOMBIINX 00'HEMOB JJAHHBIX.

OnyH 13 BO3MOXHBIX BapMaHTOB pealM3alyi Ha IpPaKTHKe
JAHHOIT KOHIIETIIVN, 9TO XpaHeHNe JAHHBIX B BUJle 0OEKTOB, Ha-
npumep JSON. ITpu TakoMm mopxozie, MOXKHO JOCTUYD CTPYKTYpPH-
POBaAaHHOCT) [NAHHBIX U I‘I/I6KOCTI/I opraHm3anny CTpyKTyp C IaH-
HbIMI, B 3aBUCUMOCTU OT H€O6XOHI/IMOCTI/L Opraﬂmaauvm HOaHHbIX,
KaK CTPYKTYp MIN 06’beKTOB, MOXET 1aTb 60J'IbIJ_IyIO IMOKOCTh I
MOJIEpPHM3ALMY APXMUTEKTYPBl XPAaHWINIIA JAHHBIX MM OpPraHy-
3aIMM KaKOI-N1O0 CUCTeMBbI XpaHeHNs, 00pabOTKI PasIUIHOI MH-
dopmarun.

st mpumepa peanusaryy KoHuentym big data, 6s11 B3siT Habop
JaHHbIX, IPeICTaB/IAIOLINIT COOOI, NHPOPMALIIO O JINTePaTypPHBIX
TIPpON3BENIEHNIAX, C OT3bIBAMU U peﬂT]/IHFOM OT pa3/INYHbIX ITO/Tb30-
BaTeslell, KOTOPbIe B3aNMOJIeJiCTBOBAIN M/IM 3HAIOT O JAHHOJ KHUTe
wnu aBTope. Takke, B JaHHOM Habope MPUCYTCTBYIOT KaTeTOPUIL,
KOTOpbIE OTHOCATCA K ONpeJe/IeHHbIM IMTePaTyPHBIM IIPOU3BEfe-
HUAM.

ITpu nomouy cpepcts Ha 6asze CYB]I Postgresql, nanHblit Habop
JAHHBIX paclpefienieH B 6ase faHHbIX data, KOTOpas IpeNCcTaBIAeT
c060i1 TPMMEPOM, KaK peannsaris XpaHeH!s 00beKTHO-OpYEeHTH -
POBAHHOJT CTPYKTYPBI B Cepe peNALMOHHOI 6a3bl JAHHBIX

Ha pucynke 4 mpencraBneHa cTpykrypa 6asbl maHHbBIX data
B CYB]I Postgresql, B koTopyto Bxoput cxema books, copepxaras
C/IeRYIONINIL TTepedeHb Tab/MmL:

- books.answers;

- books.books;

- books.books_tags;

- books.ratings;

- books.reviews;

— books.tags.

Kaxgas Tabmma B cxeme books mmeer omm arpubyt data,
npencTaBsionmit coboit tun ganHbix Gopmara JSON. Ilpumep
OJIHOJI 3amucy U3 Tabmuibl books.books:

«preitem_idr«: 16827462, »«URLiv«: »«https://www.goodreads.
com/book/show/11870085-the-fault-i11235712Nan11235712-our-
stars»«, »«titlen«: »«The Fault in Our Stars»«, »«authors»«: »«John
Green»«, »«lang»«: »CENG»«, »«img»«: »«https://images.gr -assets.
com/books/1360206420m/11870085.jpgr«, »«year»«: 2012, »«de-
scription»«: »«There is an alternate cover edition \u0001.\n\»«I fell
in love the way you fall asleep: slowly, then all at once.\»«\nDespite
the tumor-shrinking medical miracle that has bought her a few years,
Hazel has never been anything but terminal, her final chapter in-
scribed upon diagnosis. But when a gorgeous plot twist named Au-
gustus Waters suddenly appears at Cancer Kid Support Group, Hazel’s
story is about to be completely rewritten.\nInsightful, bold, irreverent,
and raw, The Fault in Our Stars is award-winning author John Green's
most ambitious and heartbreaking work yet, brilliantly exploring the
funny, thrilling, and tragic business of being alive and in love.»«}»

V13 BBILIENIPYBEIEHHOTO MPUMePA MOXKHO CHENMATh IIPEIIONo-
JKEHIe, YTO KaK/as 3aINUCh B TAKOI Tab/MIiIle MOXET MMETh Pas-
JMYHBIe 0OBEKTHI B BIJie K/IIOY-3HAYEHIIE, YTO MPefaeT IMOKOCTH
¥ HeOTHOPOJHOCTM JJAHHBIX, KaK Impy paboTe ¢ Qailmamu, MMer-
MMM BETBUCTYIO CTPYKTYpy. Takue 0ODBEKTBI MOIYT COTEpPXKATh
B cebe MHOXECTBO HECBSI3AHHBIX MEXJY cO0Oil Map K/II04-3Ha-
YeHIle, YTO TAK JKe BefeT K M30bITOYHOCTH JAHHBIX TIpK 06paboTKe
VIV XpAHEHVN TI0/IE3HOI MH(POPMALIIL.

CTouT YIOMSIHYTb, YTO JAHHBIN HAOOP FAHHBIX U3 TAG/MNIIBI
books.books cBsi3aH ¢ gpyrumu Tabmuamu yepes napy Kiod-3Ha-
yeHne «item_id»: value, rpe «item_id» — kimiod, a value 3Hauenwe,
KOTOpOEe MOXET OBITb IPECTABNIeHO KaK CTPOKA, YICTIO, CChUIKA,
myTh 70 (aiiia, mormdeckuM sHadeHneM (true/false).

Ilna paborsl ¢ Taxyumu gaHHbIMY cpepcTBamu CYDB]T Postgresql
TIPefCTABIISIET CIEAYIOIIT IIPUMep, IIPUBEIEHHbIIT Ha PUCYHKE 5.

EcTb ompepieneHHbIe JOCTOMHCTBA M HEJOCTaTKY Ipy paboTe
C TaKOJ1 OpraHu3alyeil JaHHbIX:

— Ilpu pabote ¢ obbeKTaMy MOXKHO uconb3oBarb ORM cu-
CTeMBI Ha TIpMMepe PasIMIHbIX (PPEIMBOPKOB, KOTOPBIE HOAED-
xuBaor ¢popmar JSON, 4To B CBOIW ovepenpb n36aBuT paspabor-
yyka [1T10 ot Heobx0AMMOCTY PAbOTDI CO CTPOKAMIU KITACCUYECKOI
PeILAIMOHHON 6a3bl JAHHBIX;

— HyXHO yuuTbIBaTh IPOONEMBI C ONTMMU3ALIMEIL, TIPU BbI-
OOpKH OTPOMHOTO HaboOpa Pe3yNIbTUPYIOLINX CTPOK, He OTCOPTH-
POBAHHBIX WM He HPOMHAEKCHPOBAHHBIX 3HAYEHMI, C OJXOfOM
BBIOOPKI 3HAYEHIIT KOXKOTO KIII0Ya Vi [IPeoOpasoBaHIeM B CTPOKY
VTV 9VICTIO;

PaccMOTpyM cUTYalIMIo, B KOTOPOIT HYXKHO IIOMTYYNTh 13 Habopa
IAHHBIX MHQOPMALNIO, KOTOpas CBA3aHA depes IMapy KIII0Y-3Ha-
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Puc. 4. CTpyKTypa 6a3bl faHHbIx data u nepeyHem Tabnuw B cxeme books

1 select distinct
2 data->>'item_id' as book_id,
3 data->>"title' as title,
4 data->>'authors' as author
5 from books.books
Data Output

Coofwenna  Notifications

o BvO as]s)|~

book_id 8 title
text text

1 48574866 Today Will Be Different
| 2 10140384 The Cookbook Collector
3 42002485 Stella by Starlight
4 15184744 The Shoemaker's Wife
5 3315115 Born Standing Up: A Cemic's Life
G 5768221 The Children's Book
7 42071244 Reckless (Forever, #6)
8 17043623 Keep Holding On
9 24961863 Playlist for the Dead

10 18127772

The Hero's Guide to Saving Your Kingdom (The League of Princes, #1)

author
text

Maria Semple
Allegra Goodman
Sharon M. Draper
Adriana Trigiani
Steve Martin

AS. Byatt
Priscilla West
Susane Colasanti
Michelle Falkoff
Christopher Healy

Puc. 5. 3anpoc Ha BbIGOpKY 13 Tabnuubl books.books B cxeme books

weHNsI B pasHbIX ¢arinax Ha mpumepe Tabmur; books.books, books.
books_tags u books.tags.

IIpy mcronb3oBaHMM 00BEKTOB MOXKHO JICIIONIB30BATh IIOA3a-
HPOCHI [yIs1 BEIOOPKYL 3HAYEHNIT B BpeMEHHYI0 Tab/mity, popMupyo-
LIYIOCS B [IOf{3AIIPOCE, Y CBSI3BIBATH 3HAYCHIIS HATIPAMYIO depes join
KOHCTPYKLIMIL B 3aIIpOCE.

Ha pucyHKe 6 mpuBefieH 3aIpoC, KOTOpBIl BKIIOUaeT B cebst
TOfI3AIPOCHI M3 KaXKIO Tab/mmiisl, KoTopast B 6moke where 3aBsi-
3BIBAETCS C APYIMMY TAab/MMIaMy Yepe3 arpubyThL, KOTOPbIe HAXO-
IATCA B APYIUX TAONNUIIAX.

Ha pucyHke 7 mpuBefieH 3alpoc, KOTOPbIIT HAIPSMYIO CBSI3BI-
BaeT TaO/INIIBI Yepes join KOHCTPYKLINIO, MCIIOb3Ys PABEHCTBO Iap

K/TI0Y-3HAYeHIe B KaXX/0il Tab/uLe ¢ IpUpaBHIBAHIEM 3HAYEHMIT
arpu6yroB JSON o6bexTa.

V3 Bble NpMBeJEHHBIX NMPUMEPOB, MOXKHO CJe€NaTh BBIBOJ,
0 TOM, YTO MOKHO MCIIO/Ib30BaTh pasHble IIOAXOMbI K BEIOOPKe, KO-
TOpbIe YOOHBI [/ HAIMCAHUsA KOMITAKTHBIX 3aIIPOCOB, TaK U I
0o/ee ONTUMUBMPOBAHHBIX 3 CUET MCIIOMb30BAHMSA CTAHJAPTHBIX
npuemos pu pabore ¢ CYB]] Postgresql.

Crout 3aMeTHTb, YTO CYI[ECTBYeT MHOYKECTBO PA3/INYHBIX CIIO-
CO00B ONTMMM3AIVY 3aIPOCOB 3a CYET pacTapayIeNyBaHNuA TIpo-
IIeCCOB YTEHMsA ¥ 3aIJICK HAa HECKONbKO KIacTepOB WM Y3JIOB
B 6a3ax JaHHBIX, KaK IPUMep, ICTIONb30BaHME BBIIIEOICAHHO Ta-
panurmbl MapReduce 1 He TOTBKO.
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1 select distinct
2 tg.tag,
3 b.title,
I 4 b.author
5 from(
I 6 select distinct
7 data->>'item_id' as book_id,
8 data-=>'title' as title,
9 data->>'authors' as author
18 from books.books
11 1b,
12 (
13 select distinct
14 data->>'item_id' as book_id,
15 data->>'tag_1id' as tag_id
16 from books.books_tags
17 Jbtg,
18 (
19 select distinct
28 data-=>'id' as tag_id,
21 data->>'tag' as tag
22 from books.tags
23 itg
24  where b.book_id = btg.book_-id
25 and tg.tag_id = btg.tag_id

Total rows: 1000 of 239252  Query complete 00:00:05.847

Puc. 6. BoiGopKa 3HaYeHuii ¢ noa3anpocamu

select distinct

tg.data-»>="tag' as tag,
b.data->>"title' as title,
b.data->>"authors' as author

books.books_tags btg
left join books.books b on (b.data-=>"item_id' = btg.data-=>"item_id")

1

2

3

4

5 from
6

7

8 left join books.tags tg on (tg.data-:>'did' = btg.data->="tag_id')
2]

Data Output  Coofwenus  Notifications

= R0 8|S |&)|~

o B e 8 L 8
1 18th century 1776 David McCullough
2 18th century | A Breath of Snow and Ashes (Outlander, #8) Diana Gabaldon
3 18th century A Desperate Fortune Susanna kKearsley
4 18th century A Modest Proposal Jonathan Swift
5 18th century Ahab's Wife, or The Star-Gazer Sena Jeter Maslund
] 18th century | Alex and Eliza (Alex & Eliza #1) Melissa de |a Cruz
7 18th century Alexander Hamilton Raon Chernow
8 18th century America's First Daughter Stephanie Dray, Laura Kamoie
9 18th century | An Echo in the Bone (Outlander, #7) Diana Gabaldon

Total rows: 239252 of 239252  Query complete 00:00:07.513

Puc. 7. BbibopKa 3HaueHuil C KOHCTPYKLMeit join
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3aknoueHune

Vicxonst 3 BCero BBILIEIIEPEUNCIEHHOTO, MOXXHO BBIJBUHYTDH
HPELIIONIOKEHNE O TOM, YTO KOHIEIIVs GONMBIINX JAHHBIX MOXET
ObITh peam3oBaHa B pasmraHbix CYB]] ¢ mcnonb3oBaHnem He-
CTPYKTYPUPOBAHHBIX JAHHBIX 110 TUITY K/TI04-3HAYeHMe Ha IpUMepe
JSON 00beKTOB.

M HaHHbBIE MMEIT PasHOPOLHYIO U He CTPYKTYPUPOBAHHYIO
MH(OPMALINIO B OTPOMHbIX KOTMYECTBAX, YTO CO3[IAET MPOobIeMy
IIpY pea/M3aliy STUX JAHHBIX B TPafuIMOHHbIX B, T.K. perany-

onnble CYDB]I Ha 6ase SQL uMer0T Ipo6/IeMbl ¢ MacIITabupyemo-
CTBIO U ONTUMMU3ALINEI!, OTPAaHIYMBAIOLYe BOSMOXHOCTH TIPI JC-
TIO/Ib30BAHMM OOMBIIINX JAHHBIX.

[na peammsauym big data mopoiiner peranmonnas CYDB]l Ha
6asze NoSQL, n3-3a cBoero IoTeHIa/Ia K MacIITa0MpyeMOCTH I He
CTPOTOJI CTPYKTYpe IIpY paspabdoTKe CXeM JaHHbIX.

Takke paccMOTpPEHBI HEKOTOpble BOSMOKHOCTM IUIA peasn-
saryu Kouuenuuy big data B CYB]] Postgresqgl ¢ memoncTpanmeii
CTPYKTYpBI 6asbl JAHHBIX, COCTOSIILEI U3 MepedHeil Tab/uI, Ko-
TOpBIe cofiep>KaT B cebe 00bexThl popmara JSON

JIureparypa:
1. Bex xauectBa. ®eHomen big data. URL: https://cyberleninka.ru/article/n/fenomen-big-data (gata obpammenns: 22.10.2022).
2. JI.E. Hammor u ip. International Journal of Open Information Technologies. CraraapTst B o6mactu 6ombumx ganusix. JI. E. Hamnor,

B.II. Kynpusros, [I.E. Huxomoaes, 3y6apesaE.B., URL: https://cyberleninka.ru/article/n/standarty-v-oblasti-bolshih-dannyh
(mata obparerns: 22.010.2022).

3. OpnosI. A. u gp. HaykoeMkie TeXHOMOIMM B KOCMUYECKNUX MccmenoBanmax 3emu. [Ipumenernue Big Data mpy ananmmse 60onpummx
IAHHBIX B KoMIbloTepHbIX ceTsx. / Opnos L A., Kpacos A.B., Tonbdang A. M., URL: https://cyberleninka.ru/article/n/primene-
nie-big-data-pri-analize-bolshih-dannyh-v-kompyuternyh-setyah (zara obparenns: 22.10.2022).

4. 3akymcosa A.10. MexyHaponHblii >KypHaJl IPUK/IIHBIX HAyK 1 TexHonmornmit «Integral». Big Data: ormacHOCTH! 1 IepCIeKTUBBL
URL: https://cyberleninka.ru/article/n/big-data-opasnosti-i-perspektivy (mara o6parmenust: 22.10.2022).

5. Hasapenxko 0. JI., European science. O630p Texnonoruu «6onbie faHuble» (Big Data) ¥ mporpaMMHO-aIapaTHbIX CPECTB,
TpUMeHAeMBIX A X aHamsa u obpaborkn. URL: https://cyberleninka.ru/article/n/obzor-tehnologii-bolshie-dannye-big-da-
ta-i-programmno-apparatnyh-sredstv-primenyaemyh-dlya-ih-analiza-i-obrabotki (gara o6pamenns: 22.10.2022).

6.  Korenko I1. B., Vmakos 1. A. Basbl aHHbIX 6e30macHOCTH KopropaTyBHoit cetu: npumererne SQL u NoSQL rexnomnornuit // Pe-
TMOHa/IbHAs MH(POPMATIKA U MHPOPMALIMOHHAs 6e30IacHOCTD: COOPHNUK TPyHOB. 2017. Ne 4. C. 254-255.

7. Hasapos A. ], Tosmacsan H. JI. LludpoBoit MapKeTHHT KaK COBpeMEHHBIIT TpeH] // MOCKOBCKMit SKOHOMITYeCKUIt >KypHaL. 2020.
Ne 6. URL: https://cyberleninka.ru/article/n/tsifrovoy-marketing-kak-sovremennyy-trend (nara o6pamenns: 22.10.2022).

8. Bombie gannsie // Bukunenus, 2017. URL: http://ru.wikipedia.org/?0ldid=87934960/ (zara ob6pamerus: 29.09.2021).

9. Meperos A. A. Tepmun Big Data 11 cioco6s! ero npumenenns // Monogoit yaensrit, 2016. Ne 11. C. 207-210.

10. Hamwort [I. E., [lxemnc-IIxerre M. A. O6 oTedecTBEHHBIX cTaHAAPTAX /i1 YMHoro Topopa // International Journal of Open Infor-
mation Technologies. 2016.— T. 4.— Ne 7. C. 32-37.

11.  BSI Big Data and standards market research, 2016

12.  ITU Big Data http://www.itu.int/en/ITU-T/techwatch/Pages/big-data-standards.aspx (gaTa o6pamerus: 28.09.2022).

13.  Tene, Omer, and Jules Polonetsky. «Big data for all: Privacy and user control in the age of analytics». Nw. J. Tech. & Intell. (2012): xxvii

14.

Smith, John R. «Riding the multimedia big data wave». Proceedings of the 36th international ACM SIGIR conference on Research
and development in information retrieval. ACM, 2013.

Yro Takoe DDM u yto gupKuTan-cneymuanmcTbl AONMKHbLI NPO HEro 3HaTb

Konocosckas Enusaseta BanepbeBHa, CTYAEHT
HaunoHanbHbIi nccnefoBatenbckuil yHuBepcuTeT «Boiciwas wkona 3koHommukmuy (r. Mocksa)

CupasetguHosa t0nus OnerosHa, CTyAEHT
MockoBcKuit rocyfapcTBeHHblit yHnBepcutet umexn M. B. JlomoHocosa

Banoxy 1U(POBBIX TEXHOMOTIIT KOHIIEIIIVSA «OOMBIINX JAHHBIX»
CTa/la KIIOYEBBIM 9/IEMEHTOM B DasBUTHMM MAapKETUHIOBBIX
crpareruit. Borble gaHHbBIE IPEACTABIAIOT COOOI OTPOMHOE KO-
4ecTBO MHQOpMaIMy, KoTopas Ipyu 9(QeKTUBHOM aHanu3e
MOXXeT BBIABUTb IOTPeOUTENbCKME MONENMM, CIPOTHO3MPOBATh
PBIHOUHBIE TEHJECHIMM U 00ecreunTh KOHKYPEHTHOE TIpeyMyllie-
cTBO 6usHecy. I[Ipeo6pasyiowinmit MOTEHIMAT AHATTUTUKY GOMBLINX

[AHHBIX 3aK/TIOYAETC B ee CIOCOOHOCT MpeBpaliath Heobpabo-
TaHHBIE JaHHBIE B PEXIMe PEaTbHOTO BPEMEHN B MPAKTIIECKIIE
MHCAITBI, OKA3bIBAsI TEM CaMbIM [IyO0KOe BiIvsiHYE Ha 3 peKTHB-
HOCTb ¥ IPUOBUIBHOCTD Opranmsaiyu [1]. Axamutika 60mbInx
[JAHHBIX BK/TIOYAeT B Cebs1 [IepefjoBble aITOPUTMBIL, MICKYCCTBEHHBII
unteekt (VM) u mamunnoe o6ydenne (MO) ans 6sicTpoit 06-
paboTKM U MHTepIIpeTALN CIOXKHBIX HabopoB uHOpMarmu [3].
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B artom acce Oymer paccMoTpeHa MHTerpauys OGOMbIINX AAaHHBIX
B MapKETIHTOBBIE CTPATETII, HAUMHAS C X cOOpa U 3aKaHIMBasI
IpUMEHEHNEM JHCAITOB, IOJyYeHHBIX B pe3y/IbTaTe aHAIN3a.
Boree Toro, B Hem 6yAyT paccCMOTPEHbI HIOAHCHI IIATOPM YIIpaB-
nennsi gaHubiMu (DMP), cuneprusi oHmaiiH- U oduiaitH-TaHHbIX,
a TaKoKe poyib MCIOMb30BAHNM BCErO MOTEHIMAMa TAKOTro MHCTPY-
MeHTa B O13Hece.

Victounnkn u MeToppl c60pa OONBIINX FAHHDIX, SBISIOLINKCST
OCHOBOI1 T060IT MapKETHHIOBOII CTPATErN, OCHOBAHHOI Ha HIIX,
CTOJb e PasHOOOpasHBI, CKO/Ib 1 OOMIMpHBL B amoxy, korma co-
3/jaHVie JAHHBIX PACIPOCTPAHAETCS OeCIperiefleHTHBIMIL TeMITaMIL,
MapKeTOJIONM MOTIYT WCIIO/Ib30BaTh MHOXECTBO KAaK CTPYKTYpU-
POBAHHbIX, TaK ¥ HECTPYKTYPUPOBAHHBIX MCTOYHMKOB JJAHHBIX.
CrpyKTypupoBaHHbIe ICTOYHNKI — 9TO [JAHHBIE, YIOPSAOICHHbIE
9eTKO ¥ CHCTeMAaTndecKy, Hampumep, nHdopMarsa B 6asax, rje
KOX/bIIT 97IEMEHT MMeeT CBoe Mecto u Qopmar. Hecrpykrypu-
pOBaHHBIE JaHHbIE He MMEIOT TAKON OPraHM3aLUi U BKIIOYAIOT
TeKCTbI, BUJIE0 U JaHHBIE U3 COLI. CeTel, KOTOpbIe CTIOKHee aHa/IM3Y-
posarb. O6a Bia JaHHBIX IPEFOCTAB/IIOT BXKHYIO MHPOPMALINIO
IULsI IOHVIMAHS PBIHKA U TOTPeOUTENbCKIX IPEAIOYTEHI.

OH/IaifH-KaHAIBL 00eCIeYnBAlT HEIPEePbIBHbI MOTOK LN-
(pOBBIX C/IEI0B, OCTAB/IEHHBIX IIOTPEOUTENAMIL, & OQIIAITH-B3ANMO-
EICTBIS JAIT LEHHYI0 MH(POPMALMIO O TOBEEHNI, KKABLI U3
KOTOPBIX CIIOCOOCTBYET LIeIOCTHOMY HPEeCTaBIeHNIO O Iy TH IIOTpe-
611Ters1 11 0 PhIHKE B Le7oM. [I7151 3 eKTHBHOrO MCIONb30BAHISA ITHX
[AHHBIX HEOOXOAMMBI HafieXKHbIE ITATQOPMBL, CIIOCOOHDIE HE TOMHKO
arpernpoBaTh ¥ XPaHNTD OTPOMHBIE 00beMbI MTHPOPMALII, HO TAKXKe
ofecreunBaTh ee Ka4ecTBO U JJOCTYIIHOCTD [y aHa/m3a. [lnaTdopmsl
ynpasierus ganupiMu (DMP) cramn HeoTbeMIeMOIT 4acTbIo 9TOrO
Tpoliecca, obecreurBas He0OXOIUMYI0 MHPPACTPYKTYPY A/ KOH-
COTMAALINY JAHHBIX U3 PASTMYHBIX ICTOYHMKOB, CETMEHTIPOBAHIA
AyUTOPIIL ¥ 067IErdeH st MaPKETHHIOBBIX KaMITaHIL.

ITnaropMbl yIpaB/IeHs JAHHBIMY IIPEACTABIAIOT COO0IT KOM-
IIEKCHbIE CUCTEMbI, KOTOPble MHTETPUPYIOT U CTPYKTYPUPYIOT
OTPOMHBIE TIOTOKM JIAHHBIX, IIPOMCTEKAOIIE 3 MHOXECTBA -
IPKNUTAT- U OQIAiH-NCTOYHNKOB. OHM INIPUMEHSIOT aTOPUTMbI
MAIIVHHOTO 00y4eHNMs 1 MCKYCCTBEHHOTO MHTe/IeKTa A obpa-
OOTKM ¥ aHa/m13a MHPOPMALVH, BBUIB/IAS B HUX 3aKOHOMEPHOCTH
U CTpaTerndecKu 3HauMMble NHCANThL. Cpefyt KIIIeBbIX (YHKIMI
DMP — arperarus JaHHBIX, X CErMEHTAINs, a TaKkxKe Mpoduin-
pOBaHIe ayANTOPHI, YTO MO3BOJIAET ONTUMM3VPOBATH TAPTETIHT
peKIaMHbIX Kammauuit. Baxuoit ocobennoctsio DMP siBstercs
coOmofieHNe IPOTOKOZIOB 6e30IacCHOCTY JAHHBIX, BK/IIOYAs IIN-
¢posanne n koHTpONb goctyma. dddexrnBHOCTs DMP 06yCmos-
JIeHa UX CIIOCOOHOCTBIO K MHTErpaImy C APYTMMU MapKeTHHIO-
BBIMI TEXHOJIOIMSIMIL, TaKuMM Kak cuctemsl CRM, 1 mratdpopmamu
ABTOMATM3ALMI MAPKETVHTA, 9TO 00eCIeunBaeT Co3fanme yHugu-
LMPOBAHHOIL, IMHAMITIECKN OGHOBIISIEMOIT 6a3bI JAHHBIX /S TIPK-
HATIUSE 000CHOBAHHBIX MAPKETUHIOBBIX PeIIeHMIL.

VictnHHOE TpemMyliecTBO OONBIINX [AHHBIX 3aK/IIOYAETCS
B VX aHAIUTMYECKUX BO3MOXKHOCTSIX, KOTOpbIe IIPe0OpasyioT pas-
PO3HEHHBIE TOUKM [JAHHBIX B IIOCTIEOBATE/IbHbIE HAPPATHBbI, KO-
TOpble CTUMY/IMPYIOT TIPVHATIE CTPATETMYeCKNX pelreHnit. Poct
aHanmutvku Oonpiux gaHHBIX (BDA) B oTpaciu 6bin cTpemu-
Te/IbHBIM, 03HAMEHOBAB IIEPEXOf; K 607ee TOHKOMY, OCHOBAHHOMY
Ha JaHHBIX ITOAXORY K MapKeTWHIY, KOTOPbIl OMMPaeTCs Ha UH-

dopMupoBaHHOe TIOHMMaHMe, a He Ha MHTyMumio [5]. OTu aHa-
TUTUYECKYe IPOLIECCHl MONKPEIUICHBI CIOKHBIMU aJTOPUTMAMU
¥ VICKYCCTBEHHBIM MHTE/IEKTOM, KOTOPble MOTYT aHalTU3MPOBATh
OTpOMHBIe HA0OPbI JJAHHBIX I BBIABICHNA 3aKOHOMEPHOCTEIL,
IPOTHO3MPOBAHMA HOBEeHNA MOTpebuTeNell U MepCcoHaIM3aly
MapKeTUHTOBBIX ycymuii [3]. Boree Toro, aroputMsl MalMHHOTO
00y4eHNA co BpeMeHeM COBEPIIEHCTBYIOT STH MPOLIECCHI, OBbIIIAs
TOYHOCTh MAPKETMHTOBBIX KaMIaHMil i 3 (eKTUBHOCTb pacipe-
nemeHns pecypcos. Takast paciivpeHHast aHAIUTIKA He TOTBKO OIl-
TUMM3VPYeET B3aUMOJEIICTBIE C KIMEHTaMI, HO 1 COBEpIICHCTBYeT
MapKeTIHTOBYIO BOPOHKY, 00ecIieurBas HOBbIIIEHIe KadecTBa 06-
CITY>KMBaHIS K/IVIEHTOB.

KpoMe Toro, aHa/mTIKa 60MBIINX JAHHBIX CIOCOOCTBYeT 6onee
9} PeKTUBHOMY YIIpaBIeHNIO LIeIIOYKaMI TOCTABOK, ONTHMU3ALNN
1eH00Opa30BaHIs 11 Pa3paboTKe HOBBIX MPOAYKTOB. VHTerparus
BDA ¢ MHHOBaMIOHHBIMM TEXHONOTMAMY, TaKMMMU KaK MCKYC-
CTBEHHBIII MHTEJIEKT, obmaka u nnteprer Beteit (IoT), gomonuu-
TeIbHO YCUIMBAET UX CIOCOOHOCTb NIPMBOAUTD K Ka4eCTBEHHOMY
CKauKy B 06/1acTV MAPKeTMHTOBOJ aHATTMTUKY Y IPUHATIUA JAHHBIX
B KaueCTBe OCHOBBI /I CTpaTernueckux pemrennit [9]. B murepa-
Type TOBOPUTCS, YTO OPTaHM3ALMM, NHBECTUPYIOLIVe B Pa3BUTHE
BO3MOXKHOCTell BDA, jryuIie cIioco6HbI OpHEHTIPOBATLC B CIIOXK-
HOCTAX COBPEMEHHOTO PBIHKA, MCIIONb3Ys JaHHbIE He TONBKO Kak
pecypc, HO ¥ KaK CTpaTeryecKuit akTus [5].

Peanusariyss MapKeTMHTOBBIX CTPATEINif, JOMONTHEHHBIX 6O/b-
LIMMM JaHHBIMI, TPEfCTaBIIsIeT co00It mpeobpasyrouit IpoLiecc,
KOTOpBIiT TpebyeT KaK TEeXHOMOTMYeCKOl MHPPACTPYKTYpbI, TaK
¥ CTpaTern4eckoro MpluyteHns. OH HaYMHAETCA C MHTEIPaLyy aHa-
JM3a OOJBIINX JAaHHBIX Ha 9Talle MapKeTUHIOBOTO ITAHMPOBaHIL,
I/le BBIBOJIbL, IIOMTYYeHHbIe Ha MX OCHOBE, MICIONB3YITCA A dop-
MUPOBaHNsA MapKETUHTOBBIX Iie/ell, ONMpefeNeHNs ayAUTOPHBIX
CErMEHTOB U afianTayy coobmennit. [ubkocTs, obecreunBaemas
0O/IBIIMMI JAHHBIMIL, TIO3BOJIAET MApKETOIOraM afalTUPOBATHCS
K OBICTPO MEHSIOMVMCS TTOTPeOUTEIbCKIM MIPEAIOUTEHISIM I [V
HaMJIKe PbIHKa, CIIOCOOCTBYA O0sTee IMOKOMY M IMHAMUYHOMY IOJ-
XOfy K MapKeTHHIY [2]. DTa MHTerparus Takke CIy)XUT MOCTOM
MEX/Ty OHJIiTH- 1 OQaliH-KaHa/IaMM, CO3/aBasi eAMHbI OMHMKA-
HaJIbHbIIT OIIBIT, KOTOPBIIT COOTBETCTBYET MHOTOTPAHHOMY ITyTH I10-
Tpeburens. Crparerndeckoe MpUMeHeHMe GOMBIINX JJAHHBIX BBI-
XOIUT 3a PaMKI IIPOCTOTO IIPYBJIeYeHA K/IVIEHTOB; OHO BK/IIOYAeT
B cebs yhep)kaHMe KIMEHTOB, I7ie IPaBI/IbHAA aHATUTIKA MOXKeET
IPOTHO3MPOBATh Oyayliiee OBefieHNe OTPeONTeNel! U OLPeNeNATh
BO3MOXXHOCTH A1 pocTa [8].

O peanbHOM IpUMEHEHMN ITUX CTPATeryii CBUETENbCTBYIOT
KOMITaHUY, KOTOPBIE HCIIO/Mb3YIOT OOTIbIIINe JAHHbIE /IS COBEPILIEH-
CTBOBAHMSA CBOVX IPOJYKTOBBIX IPE/IOXKeHNIT, HACTPOIKI IO/b-
30BaTe/IbCKOTO OIIBITA U, B KOHEYHOM UTOTe, LI CTUMY/IUPOBAHILA
pocta foxopoB. TeM He MeHee, yTb K YCIIELIHON MapKeTIHIOBO
cTpareruy OONbIINMX JAHHBIX He JIMIIEH MPEIATCTBUIL; IS 9TOTO
Tpe6yeTcst KyNbTYPHBI CABUT BHYTPYU OpTaHU3ALMIL, YTOOBI IpK-
HATD MPOLIECC MPUHATHSA PelIeHNIT Ha OCHOBE JAHHBIX U IPUBEp-
JKEHHOCTD [IOCTOSTHHOMY O0YYeHIIO I AL TALIIN IT0 MEPe TOT0, KaK
manpuadT JaHHBIX TIPOLO/DKAET Pa3BUBATHCS [6].

[IoMyMO TEXHONOIMYECKMX TPUYMPOB, KOTOpble IIpemyIa-
TaloT CTpaTerny MapKeTMHTa GOMBIINX JJAHHBIX, OHM TAKXKe MOpo-
XKJIAIOT CTIOXKHBIIT KOMIUTEKC I0PMIMYECKUX 1 STHYeCKUX IIpo6TIeM,
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C KOTOPBIMU OPTaHM3ALVAM IIPUXOMUTCA CIPABIATHCA. VICTONb-
30BaHMe JJAaHHBIX OTPeOUTeNIeN! epeceKaeTcst CO CTPOIUMMU 3aKO-
HaMI O 3alllUTe JAHHBIX, TaKMMH Kak OOLInit perlaMeHT 110 3aIuTe
mansbIx (GDPR') B EBporte, KOTOpBII IIO{YepKIBaeT BXKHOCTD CO-
IJIacKA U IIpaBa Ha HENPYKOCHOBEHHOCTb YaCTHO XKU3HM. DTIde-
CKasd MapKeTMHIOBas IIPAaKTMKa BBIXONWUT 33 PaMKU COOMIONEeHNS
3aKOHOJATENbCTBA; OHM IIPEAIIONATAOT OTBETCTBEHHOE VCIIONb-
30BaHMe JaHHBIX, IPO3PAYHOCTD Iepes] HOTPEOUTEAMI METONOB
cOopa JaHHBIX U 3ALIUTY TMIHOI MHGOPMALIL OT B3/IOMA. ITHUe-
CKOe yIIpaBJIeHNe JAHHbIMI — 3TO He IIPOCTO HOPMATHBHOE TPe6o-
BaHe, HO V1 KPAaeyTrO/IbHBII KaMeHb T0BepIs HOTpeOyTeNelt U pery-
tauym 6perna. [loaToMy KOMIIaHUY JO/DKHBI BHEPUTD HafIeXKHbIE
CHCTEMBI YIpPaB/IeHNS JaHHBIMHU, KOTOpble O0ecredaT STUYHBIN
c6op, XpaHeHe U UCIIONb30BaHME OOMBIINX JAHHBIX, C YETKOII 110~
JIUTUKOI XPaHeHMst, TOYHOCTH U JOCTYIIA K HIM.

B saxmoueHne, MapKeTMHI OOJBIINX JAaHHBIX BO3HMKAeT He
IPOCTO KaK 06/1acTb IPAKTUKIL, HO U KaK CIBUT ITApafiUrMbl B IIOHY-
MaHVI U B3aMMOJIEJICTBIY C TOTPeOUTETIAMIL

JIureparypa:

[ockonbky 1mdpoBoit maHAIIAdT MPOO/IKaeT Pa3BUBAThCS, HA
MapKeTO/IOTOB M OPTaHM3ALMM JIOKUTCA OTBETCTBEHHOCTb COXpa-
HATb IHOKOCTD, AIITUPOBATHCA K HOBEIIIINM TeXHOIOTVSM U TOf-
iep>)KMBaTh IPUBEPKEHHOCTb ITUYHOMY JICIIONb30BAHMIO JaHHBIX.
Bynymee mapkeryHra B cepe OONBUIMX JaHHBIX — 3TO MO3auKa
VIHHOBALIWII U PETyIYPOBaHN, OaTaHC MEXY CIIONb30BaHMEeM MH-
bopmarmm I HOMydeHNs KOHKYPEHTHBIX IPeUMYIIECTB U TOj-
JiepXKaHMeM JIoBepys ¥ KOHPUIEHIIMATbHOCTH IOTpebuTeneit. 910
Oynyiee, KOTOpoe He SB/IIETCS (DMKCUPOBAHHBIM, HO MOCTOSHHO
MeHseTcs O/Iarofaps JOCTIDKEHAM B 00/IACTY aHA/IUTUKI, UCKYC-
CTBEHHOT'O VHTE/UIeKTa Y MALIMHHOTO OOydYeHVs, a Taloke MeHdA-
IOLIMMCST HACTPOCHMAM HOTpeOuTeNell U 3aKOHOAATENIbHOI 6asbl.
Korga MbI cTOMM Ha 3TOM IEpPeKpecTKe, CTAHOBUTCSA ACHO, YTO pa-
3YMHOe JCIIO/Ib30BaHNMe OOMBIINX JaHHBIX CTAHET OIPEfe/IAOIIIM
(axTopoM ycrexa MapKeTHHIOBBIX ycumit. [ToaTomy opranusaryu
O/DKHBI MCIONIB30BATh BO3MOKHOCTH GOJBIINX [JAHHBIX HE KaK
Ile/Ib, @ KaK CPEACTBO IIOCTPOEHNS O0jIee 3HAYVMMBIX, JYHAMITYHBIX
¥l YB&KUTE/IbHBIX OTHOLIEHMNIT C HOTPeOUTEIAMIL.
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0630p anropMTMOB 6aNAHCUPOBKU HArpy3KU B 00J1aYHbIX BbIYMCIUTENBHDBIX CUCTEMAX

MoHomaperKo [iMuTpuit Hukonaesmy, acnupant
[loHcKoii rocyaapcTBEHHbIN TeXHUYeCKUit yHuBepcuTeT (r. PocToB-Ha-[loHy)

Asmomamuveckas 6anaHcuposka HAzPy3KU 6 00TAUHbLX BbIMUCTIEHUSX SBTISTEMCS KII0UeBbIM dTIeMeHOoM 00ecneueHust IPPexmusHo pa-
6ombl pacnpedeneHHblx BLIMUCIUMENbHVIX CUceM. B cmamve npedcmasnen 0630p pasnuutvix n00X0006 U Mermooos 6anaHcUuposKiL Hazpy3Ku,
1NpeOIoHeHHbIX OmeHecBeHHbIMU U 3aPYOeNHLIMI UCCTE008AMENSIMU. ABIMOPOM PACCMAMPUBAOMCS cmamuyeckue, OUHAMUHecKUe U 600X-
HoB7IEHHbIE NPUPOO0L MemoovL. IIpedcmasnenHuiti 0030p nomodcem HUmMAamensm nOHAMY, Cymv npoonemMvl 6ANAHCUPOBKI HAZPY3KIL 8 06TIAUHbIX
Ccpedax, 03HAKOMUMBCSA ¢ NePed0BbIMU MeMO0amMU Petterts IMoti 3a0auu, a maxice y3Hamo 0 npobenax 6 OaHHOL 007acmU UCCTIE006aAHUL.

Kmouesvie cnosa: 0071auHvie 8bMUCTIEHUA, NIAHUPOBAHUE 3A0a4, OANAHCUPOBKA HAZPY3KU.

Ga4Hble BBIYMCIEHNA — 3TO mapagnrMa IpefoCTaB/ICHIA CEPBEPDIL, CETEBDIE PECYPCHI, IPUIOKEHVA N YCITYI N, Y€PE3 MHTEPHET.

BBIMMIC/INTENIbHBIX PECYPCOB, TAKUX KaK XPaHNMINIIE JAHHBIX, Omna npennonaraeT IpefoCTaB/ICHNE II0b30BATENAM [NOCTYIIa

1

Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the protection of natural persons with regard to the processing
of personal data and on the free movement of such data, and repealing Directive 95/46/EC (General Data Protection Regulation) [2016] OJ L 119/1
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K 9TMM pecypcaM Io TpeboBaHumio 6e3 HeoOXOIMMOCTI BIaieHNs
¥ yIpaB/ieHys GUSUYECKUMI BbIYMCIUTEIbHBIMU YCTPOVICTBAMI.
O6]Ia'~IHbIe BbIMMC/IEHN IIPENOCTAaB/LAIOT HECKOTIDKO TUIIOB YCIIYT,
Biovast: nHGpacTpykrypy kak yoryry (laaS), mmarpopmy xax
yenyry (PaaS), n nporpammHoe obecriedenne kak ycnyry (SaaS). IaaS
TIpenoCTaB/IAET BUPTYaNbHbIE BbIYMICINTENIbHDIE PECYPChI, TaKle
KaK BMpPTya/lbHble MAIIMHBI U XPaHWINIIE AaHHBIX, PaaS mpeno-
CTaB/IsIeT CPefiCTBA I PaspabOTKIM HPUTOXKEHMIT U UX PasBePThI-
BaHMA, B TO BpeMs Kak SaaS MpefocTaB/AeT TOTOBbIE K UCIIOMb30-
BAHIIO [IPOTrPAMMHbIE IIPOAYKThI Yepes 06/1aKo.

HpeI/IMyHICCTBa 00IaYHBIX BBHIYMCIEHNIT BKIIOYAIOT TMOKOCTh
pecypchl
N0 TpeGOBAHNIO), SKOHOMMYHOCTb (NIPEANPUATUA MOTYT IIIA-
TUTb TOTBKO 33 Te BBIYUCTUTENbHBIE PECYPCHI, KOTOPbIE OHU MC-

(BO3MO)I(HOCTb MaCI_HTa6I/[pOBaTb BbIYMC/IUTEIbHDBIE

HOHbSY}OT), TIOBBIIEHHYIO OCTYITHOCTD U 6€30IMacHOCTD OAaHHBIX,
a TaKKe yIpoLIeHHoe 00CIyXuBaHue 060pysoBanust. B neom, 06-
JIQYHBIE€ BBIYNCIIEHUA IIPENCTAB/IAIOT coboit MOHleIi[ VHCTPYMEHT
UL GM3Heca, IPOMBIIICHHOCTU Y OTpeOyTeNell, II03BOAIONI
VM Y/IYYIIUTh THOKOCTD, MACIITAOUPYeMOCTb U ZOCTYIIHOCTD BBI-
YVCIUTEbHBIX PECYPCOB.

B o6maynbix BBIYMCIICHUAX, I'TE 60MbIIOE KOMMIECTBO BBIUMC-
JIUTE/IBHBIX PECYPCOB MOXKET OBITb MACIITAOMPOBAHO B PEXIME Pe-
QJIbHOTO BPEMEeH! BaXKHYIO PO/b UIPAeT O6ANAHCUPOBKA HAZPY3KIL.
OTOT mpoLecC HAIPaB/IeH Ha ONTUMMUBALMIO VCIONB30BAHNSA J0-
CTYIIHBIX PECYpCOB 1 obecIiedeH e paBHOMEPHOTO PacIpefesieHIst
HATPY3KI MEX][Y Pas/TIIHbIMI CePBEPAMIL 1 YCTPOIICTBAMI B LETIAX
ONTUMM3alUVN IPOV3BOANTETPHOCTI M JOCTYITHOCTI HpI/UIO)KeHI/HZ.

K ocHoBHBIM 3a5auam 6aaHCHPOBKI HATPY3KIL B OOTAYHBIX BbL-
YMCIECHUAX OTHOCAT:

1. Onmumusayuio npoussodumenvrocmy: OGalTaHCHPOBKa Ha-
TPY3KII HAIpaB/ieHa Ha obecriedeHye BbICOKOI IPOM3BOIUTEbHOCTI
CHCTeMBI ITyTeM PAaBHOMEPHOTO PACIIPeeNieH s HAPY3KI MEX/Y Bbl-
UNC/INTE/TbHBIMU Y3/TaMI. He}Ib COCTOMT B TOM, YTOOBI N30EXKaTh nepe-
TPy30K KOHKPETHBIX PECYPCOB 11 CO3[aThb ONTVMA/IbHbIE YC/IOBIA LA
00pabOTKI 3aIIPOCOB OT MO/Ib30BATENEN 1 IIPYIOKEHMNIL.

2. Macumabuposanue pecypcos: GaaHCHPOBKA HATPY3KI TAKXKe
WIPAaeT BOXHYIO POTb B MACIITAOMPOBAHMY BBIYMCTUTENbHBIX pe-
cypcos B obnaxe. IIpy Bo3pacTaromeil Harpyske cicTeMa aBTOMATH-
YECKM [TO/DKHA BBIICIATD WIN OCBO60)KI[aTb BbIYMCTIATENDHDIE PE-
CypcBL, 4TOOBI 0becrednTs TpedyeMyto IMPOU3BORUTENIBHOCTD. JTOT
TIpOLIECC MOJKET OCYIECTB/IATHCA NUHAMIYECKN B P€a/IbBHOM BpEMEHIL.

3. Obecneuenue omKkazoycmoiiMusocmuy u HadexHocmuy: GamaH-
CIPOBKa HATPY3KM IO3BOJSAET HOBBICUTH [OCTYIHOCTH CHUCTEMBI
IIyTeM IepepacIpesieieHyisi HarpysKil B C/lydae OTKas3a OHOTO VN
HECKOIbKMX BbIYMICIIUTENIbHDBIX Y37I0B. ITO TakKe BK/IIOYAET B cebs
Ppe3epBUPOBAHIIE I PEIUTMKALIMIO JAHHBIX [T 00eCTiedeH s Halex-
HOCTH.

4. Spgexmusnoe ucnonv3osarue pecypcos: GamaHCUPOBKA Ha-
TPy3KIL MMeeT Liefb obecrednTs 3¢ HeKTUBHOE UCTIONb30BAHIIE BbI-
YYC/IUTENbHBIX PECYPCOB, MPEROCTABIIAA IPUIOKEHNAM U HOMb-
30BaTesAM HeOOXOfMMbIE PeCYpChl B 3aBUCHMOCTH OT TeKyliel
HAarpyskit. 9T0 IIOMOTaeT COKPATUTD M3JIEPXKKIL HA 0OCTyXIBaHIe
W yIydImaeT 061y 5GGpeKTHBHOCTD CUCTEMBL.

Taxum 06pasoM, 6amaHCUPOBKA HAIPY3KM B OOJTAYHBIX BBIYNC-
JIEHVSIX UTPaeT KIII0YeBYI PO/b B 0OecredeHn IpON3BORUTENb-
HOCTH, JOCTYIHOCTH ¥ HaJEKHOCTH BBIYMC/INTENBHBIX PECYPCOB,

a TaKKe B ONTUMM3ALINM UCIIONb30OBAHMSA THX PECYPCOB AN YAO-
BIETBOPEHNA TPeOOBAHMIT MOMb30BATENE U TIPUIOXKEHNIT TyTeM
obecredeH s HEMPEPBIBHOI OCTYIHOCTI TIPIUIOXKEHNIT U YCTIYT.

Mertoppl 6aTaHCHPOBKY HATPY3KM MOXKHO KIaCCHU(UIMPOBATH
Ha crnamuueckue, OUHAMUHeCKUe VI METOJIBI, 600XHO6/IEHHbIE NPU-
podoii.

Cmamuueckas 6amaHCUPOBKA HArPysKM OCHOBAaHA HA 3apaHee
OIIpefieNIeHHBIX TIPABM/IAX U CTPATETVAX PacIpefeNieHUs HarpysKu
MEK/Ty BBIYMC/INTEIbHBIMU pecypcamit. CTaTiueckie MeTObI MOj-
PasyMeBaIOT [IPeOIpe/ie/IeHHbIe HACTPOIKN 1 KOH(UIYpALHL, KO-
TOpble OOBIYHO He MEHSIOTCS B PeaIbHOM BPeMeHN, eC/I TOMbKO
HeT HeOOXOMMOCTY B PYYHOM BMeIIIATebCTBE.

[Junamuueckas 6amaHCUPOBKA HATPY3KM OCHOBBIBAETCA HA W3-
MeHAIIVXCA YCTOBIUAX U TpeboBaHmsx. OHa M3MeHseT pacIpesie-
JIeHIe HATPY3KI B PeaibHOM BPeMEHN B 3aBUCHMOCTH OT MOHUTO-
PUHra Harpy3Ki, IIPOM3BOANTENLHOCTH 1 JOCTYIIHOCTH PECypPCOB.
JuHaMIT9ecKie MeTofbl OOBIYHO ABTOMATU3MUPOBAHBI JI MOTYT JC-
II0/Ib30BATh TEXHO/IOTVY MAIIVHHOTO OOYYeHNs WM arOPUTMbI
00paTHOIT CBA3M [UIA afiaNTAlNM K M3MEHEHNAM B Harpyske 1 pe-
cypcax.

Mertoppl 6anaHCHPOBKYU HAIPYSKH, 800XHO6/EHHbIE HPUPOOOT,
9aCTO OIMPAIOTCS HA AHAIOTUN U3 IPUPOIHBIX CUCTeM U GHOIOrN-
YEeCKMX OPTaHM3MOB A/l yIydineHus 9(peKTMBHOCTI pacipene-
JIEHVS] HATPY3KI.

B 06/mayHbIX BBIYMCIEHNAX BCe KATETOPUM METOJ0B MOTYT MC-
TONIb30BAThCA KAK CAaMOCTOATENbHO, TaK M B KOMOMHALIMM ApYT
C IPYTOM B 3aBUCUMOCTH OT MOTPeOHOCTelt cucTeMbl. HekoTopbie
CLIeHApUI MOTYT TPeOOBATh CTATHYECKOIT GaTaHCHPOBKI /Ist Horee
TIPefiCKa3yeMbIX ¥ CTAaOMIBHBIX HATPY30K, B TO BPeMs KakK JMHa-
MumyecKas O6amaHCHPOBKa MOXKeT ObITh abdeKTUBHOI /I Mofep-
JKaHUS OT3BIBUMBOCTY CUCTEMbl B YCTOBUAX M3MEHUMBOI U He-
TIpeficKa3yeMolt HarpysKIL.

PaccMOTpUM HEKOTOpBIe aIrOPUTMbI Ha/TAHCHPOBKY HATPY3KH,
Ipe/IoXKeHHbIe B COBPeMEHHOII TUTepaType.

Anroputm uuknu4eckoro nepeéopa Round Robin (RR)

BamancupoBka Harpyskm Ha ocHoBe amroputMa RR sBrisercs
OJTHIM U3 IPOCTBIX I IIMPOKO HCIIOMb3YeMbIX METOJOB [I/Is1 pacIipe-
[ieTIeHNsT HATPY3KI MEK/Y CepBepaMIt B 00/IAIHBIX CCTeMaX. TOT
QITOPUTM IOfjpasyMeBaeT LMKIIMYeCcKoe pacpefieieHNe 3apocoB
MEXJy ZOCTYIIHBIMIL CepBepaMy 10 KPyroBoli cxeMe. XOTs METOR
RR npoct B peanusanyn, ero HeFOCTATOK COCTOUT B TOM, YTO OH He
YUUTBIBAET PA3TUYHYIO [IPOM3BOLUTENBHOCTD MM HATPY3KY cep-
BEPOB, YTO MOXKET HPUBECTU K HEPABHOMEPHOMY PacIIpefieNieHIIO
Harpysku 1 norepe s QekTuBHOCTH.

Yny4menne RR ¢ ncnonpsopanyueM Nofxozia TeHETUYECKOTO aJl-
ropurMa (RRGA) mpencrasneto B pabore [1]. YTo6sI permts mpo-
6nembl RR, 9TOT IOAXOR pacipefensieT 3ampockl MyTeM CKaHUpPO-
BAHM Xelll-KapThl, KOTOPasi COREPIKUT BCe BUPTYaIbHbIe MAIIMHbL.
Ecmn BupTyanpHas MaiiiHa JOCTYIIHA, 3ajada pacIpeeseTcs,
B IIPOTMBHOM CJIydae Jydllasi BUPTYajAbHAs MALIMHA OyfeT BbI-
OpaHa ITyTeM aHa/IM3a Hauboee MOAXOMAVX 3a/iad C VICIIOIb30Ba-
HueM GA. Pe3ybTaThl OKa3bIBAIOT, YTO A/ITOPUTM 3HAYUTEIBHO CO-
KpaljaeT BpeMs OTK/nKa cepepoB. OpHako GA uMeeT TeHEHIINIO
YCTIOXKHATDCS, KOT/A IPOCTPAHCTBO HONMCKA YBEIMUMBACTCS.



“Young Scientist” « #12 (511) - March 2024

Information Technology ‘ 23

Vccneposareny B craTbe (2] ynydqmmmm KadyecTBO 0OCTYXU-
BaHMA B OONMAUHBIX IIPUIOXKEHWUAX, PVHAB BO BHUMAHNUE IIPO-
Oemy mmakeTHO! pabodueit Harpysku. Jto mpobrmema OajmaH-
CHPOBKM HArPy3KHM, KOTOpas BO3HMKAET W3-3a BHE3AIHOIO
YBE/IMYEHNs YNCTIa II0/Ib30BATeNell OO/AIHbIX CepBUCOB. TakuM
00pasoM, IpeaiaraeTcsi arOpuUTM affAIITUBHOI OaTaHCHPOBKY
narpysku (Adaptive LB (RR + Random)) s o6ecniedenus pas-
HOMEPHOTO pacIIpefieieHNs IOy YeHHbIX 3a/1a4 [0 BUPTYaIbHbIM
MalllHaM Py 60/IBILO ([epUOANIeCKOlt) Harpy3Ke IIyTeM mepe-
KiodeHns Mexay Random (ecim paboyas Harpyska HopMaibHas)
u RR (ecnu paboyass Harpyska HU3Kas) IOMUTUKAMU IVIAHMPO-
BaHIS 3a75a4.

B3Bemenusiit puxmyeckuit anropurm (WRR) [3] — mopxop,
aHaJIOTMYHBII TPaAUIMOHHOMY RR, OfHAKO 3TOT a/ITOPUTM YIUTBI-
BaeT BeC KOO0 y371a. XOTs 9TOT aITOPUTM OT/IMYHO TTOAXOMNUT
VIS OLEHKV BPEMEHM OXXIJAHIS, OH He VYUTBIBAET PAas/INIHYIO
IVIMHY 3a/jad, KOTOpble HEOOXORMMO BBIE/NTD A/ISI COOTBETCTBY-
IoLIel BUPTYya/IbHON MAILVHBL

ABTops! [4] mpenyIoxxuny MeTOR, U3BeCTHbII kKak MeTof, MEMA,
KOTOPBIIl YUMTHIBAET 3aIIPOChI C IPUOPUTETOM (BCe 3aIPOCHI fie-
JIATCSE Ha OOBIYHbIE U CPOUHbIe). [JaHHBIT METOJ, MICTIOIB3YET A/Ir0-
PUTM B3BELIEHHOTO LMK/IIecKoro nepedopa (WRR), mpr kotopom
Ka>X/Ias1 BUPTYa/IbHAS MAIIVHA OTIIPABTISIET CBOIT BeC Ha cepBep (KO-
TOpBII HA3bIBAETCs OATAHCHPOBIIMKOM HArPy3Ki), YTOOBI OIpe-
JIeTUTD KOMMYECTBO 3aIIPOCOB, KOTOPbIE MOXKHO BBIZIETUTD HA 3TY
MaryHy. [Togxon uMeer orpaHnyeHne B Bujie OOJbIIETO BpeMeHN
BBINIO/IHEHNA 110 cpaBHeHMI0 ¢ WRR.

ApoccenbHblii anroputm (TA)

B TA anropurMe 6a/aHCHPOBILVK HATPY3KHU HOAieP>KMUBAET Tab-
JIUITY MHAEKCOB BUPTYa/TbHBIX MAIIVH, @ TAKXKe MX COCTOAHNSA (Ha-
npuMep, OCTYIIHA/3aHATa/oxupaet). Ec BupTyanbHad MaiiHa
IOCTYIIHA U ¥IMeeT JOCTATOYHO MeCTa, 3a/jaya IPMHIMAETCS U Pac-
IpefenaeTcs I 9TOV BUPTYaIbHON MamyHbl Ecm focTynHas
BYPTYa/IbHas MalllMHA He HallleHa, 3aIIpoc CTaBUTCA B odepens. ITo-

[OOHO TPAMIMOHHOMY anroputMy TA, MOAMQUIPOBAHHBIIT al-
roputy™ perynuposanns (MTA), mpennosxeHHsIi B paboTe [5] moz-
[iepXKUBaeT NHAEKCHYIO TAOINUITY BCeX BUPTYaTbHBIX MAIIIIH BMeCTe
C VX COCTOSAHVAMY, OfHAKO aBTOPBI KCIIEPUMEHTUPOBA/IN B OTHO-
IIeHUV BpeMeHM OTK/IVMKA VI MCIIOTIb30BaHWA BUPTYa/IbHbIX MallINH,
BbIOVpas BUPTYalbHYIO MAIIMHY IO IIEPBOMY MHJEKCY, €C/M OHA
pocrymHa. [Tocie BbI6Opa MepBOro MHIEKCA IPOUCXOAUT TepeMe-
IIleH)e BUPTYaIbHBIX MAIIMH. ITO OTINYAETCS OT TPAJMLVIOHHOTO
TA, rne mepBast BUpPTya/IbHas MAIUMHA BBIOMpPAeTCA KaXHbll pas
IpY NOCTYIIICHNY 3aIIPOCa.

Wccnenosarenu B [6] mpencTaBmiy MpMOPUTETHBIN TIOfXO,
OCHOBAHHDbIII Ha MOTU(DNUIMPOBAHHOM aIrOPUTME PETYIUPOBAHIA
(PMTA) c ynydineHHBIM BpeMeHeM BBITOTHEHNUS IO CPaBHEHMIO
¢ cymectByommM anroputMoMm. OH Qokycupyercs Ha pacipesie-
JIEHNM BXOJALIMX 3afjad C JICIOJIb30BAHMEM OdepeNy IepeKiIo-
4eHM, YTOOBI OCTAaHOBUTH BBINOJIHEHVE 3afjad ¢ HUSKUM IpUO-
PUTETOM M CHa4ajIa 3alyCTUTD 3afjaull C BBICOKUM IPUOPUTETOM,
a TaKoKe pacIpele/nTh paBHYIO0 paboUyIo HATPY3KY MEXY HeCKO/b-
KMMJ BUPTYQJbHBIMU MAIIMHAMM. XOTA STOT HOJXOJ YTyHIIT
BpeMsI OTK/IMKA 1 BpeMs OKMJAHUA [0 CPaBHEHMIO C CYIECTBY-
oMy anroput™amn TA u RR, oH Bce paBHO MOXeT IIpUBECTH
K IPOCTaMBaHMUIO J YBEIMYEHNUIO BPEMEH) OTK/IVKA A 3aJaHuil
¢ HU3KuM npuopuretoM [7]. Ha pucynke 1 npuseneHa 0710K-cxeMa
PaboTbI FPOCCENBHOTO aNrOpUTMA.

Anroput™ paBHOMEpHOro pacnpeaeneHus TeKyLyero
ucnonHenusa (ESCE)

ESCE — 970 fyHaMIT49ecK i airopuT™ 6aTaHCUPOBKI HAIPY3KIL.
On paccMaTpuBaeT pasmep 3aflaHNsA KaK IPUOPUTET, @ 3aTeM CIIy-
YalfHBIM 06pasoM pacrpefienieT pabouyio Harpysky Ha BUPTY-
QIPHYI0 MAIIMHY ¢ Hebonpoit Harpyskoit. ESCE 3aBucut ot uc-
TI07Ib30BAHNA O4YepeaH Ll XpaHeH! 3alIPOCOB 1 pacrpefieneHnsa
Harpysky Ha BUPTYaJbHble MalIMHBL PacmpocrpaHeHHON Ipo-
071eMOJ1 5TOr0 AITOPUTMA HATPY3KM AB/LAETCA TO, YTO OH MOXKET BbI-
3BaTh HaK/IaJHbIe PACXObl IIPY OOHOBIEHMY TaOMIIBI HEKCOB.

Crapt
> [onk3oBaTtent Her
Index++
3anpoc

*
LlenTp . Ha If

oBpaBoTiu Eanzgcwgic::u.mx Haitn nepaglh?l HaﬁBn:Ha'? B‘egkgl\;b (index =
AaHHBIX Py HEERLLD AeHar TableSize-1)

HeTl l Ja
BepHyTb -1

Puc. 1. Bnok-cxema pa6oTbl ApOCCeNbHOr0 anropuTMa
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l

HawTtu goctynHyto
BM

T Het
l

BepHyTb -1

_ Hainpena BM Oa BepHyTs 1D
[MpoBepUTL TeKyLA 0BbeM BelaeNeHns C HauMeHbLLEd — BM
BM 1 BbigenuTe BM, ecnnt He 4OCTUTHYT Harpyskoii?
npegen l 1 HeT
l ESCEE Hanpasnset BM fla PSP TENTIL [PE0 L T
Ecnun goctynHas BM He BbigeneHa, 3anpoc Ha BM neperpyxera? ——> Harpysky Ha Apyryl MeHee

co3gaTb HOBYHO

v
l LlenTp
obpaboTku
MNogcuwmTatb AAHHbIX

aKTUBHYIO Harpysky Ha kaxaywo BM

3arpyxeHHyro BM

3anpoc

Onpegenute 3anpoc Ha BM n
00OHOBUTL o4epedb

Puc. 2. Bnok-cxema pa6oTbl aropuT™Ma paBHOMEPHOr0 pacnpeaeneHmns TeKyWero UCNoHeHUs

Ha prcynke 2 npepcrasieHa 6/10K-cxeMa pabOTBI aITOPUTMA PaB-
HOMEpHOT0 pacIpefie/ieHNs TeKyILIero VICIOMTHEeHNA.

Tu6pupnsni nogxon (Hybrid LB (TA & ESCE), coueraromuit
B cebe kak ESCE, tak n TA, npennoxxen asropamu B [8] ans co-
KpallleHVsl BpeMeHN) OTBeTa B 0O/MaYHBIX BbIYMCTeHNAX. BanaHcn-
POBIIMK XPAHUT CIMCOK IO/Ib30BATENLCKMX 3AMPOCOB 1 MPOCMa-
TPUBAET STOT CIIVICOK B IIOMCKAX IOCTYIIHOI BUPTYa/IbHOM MAIVHBL
B oTmruve ot TA, rjie oH Bo3Bpamaert 1, eciy BUPTya/IbHble MAIVHbI
3anAThI, ESCE ncnonbayeTcs 1 M0MCKa MalllMHbI C MMHMMA/IbHON
HAarpysKoii ¥ Ha3HaueHu efi 3a/jaunt. JIpyroli aHamorMYHbII MOAXO,
npennoxeHHblit aBTopamyt B [9] — Enhanced LB (TA u ESCE)
IIpefHa3HayYeH /I JJalbHeIIell ONTUMU3aLK pecypcoB. Bmecto
TOTO, YTOOBI COXPAHSTH OYePeb Ha CIydall, eC/IM BUPTYa/IbHbIE Ma-
IIVHBI 3aHATDI, OH CTPEMUTCA UCIONb30BaTh (PYHKIUIO CO3JaHILA
HOBOT'O XOCTa, YTOOBI COKPATUTh BpeMsi OKuaaHust B ouepemit. Oba
QITOPMTMA XOPOIIN /I COKpALieHNs BpeMeH!U OTKIMKA, OFHAKO
006a He yYMTHIBAKT MUIPALMI0 BUPTYaJIbHOM MALIMHBI B CIydae
BO3HUKHOBEHNSI KaKOJ-TO0 HEMCIIPAaBHOCTH.

[lpyroit ru6pupHbLl Noxxop, ¢ ucnonbsopannem TA 1 ESCE
(LBHM) npemnoxxer B [10] 111 yMeHbIIHNA BpeMeHYU OXXITAHVA
IIpY yBe/MYEHNN KOMMYeCcTBa 3aad. B oT/mune oT paccMOTpeHHBIX
paHee IIOAXOMOB, TUOPUAHAS MOJENb GanaHCUPOBKYU HATPY3KU VIC-
IIO/Ib3yeT [OPOrOBOe 3HAYEHMEe I KAKHOM BUPTYAIbHON Ma-
IIVHBI, OpefieisieMoe Ha OCHOBe ee eMKOCTH. OfHAKO METOf He
MO>KET XOPOIIO paboTaTh B C/Iydae OTKa3a Y3/I0B.

Amnanornysslit mogxop npepnaraetcs B padore [11] — Hybrid
Approach (TA & ESCE). Anroput™ mpepiaraeT COXpaHsTh IOpo-
roBOe 3HaYeHMe B Ka4eCTBe IPMOPUTETa /IS KaXKO0I BUPTYA/IbHOM
MAIIVHbL I PABHOMEPHOTO pacrpenenieHis pabodeil HarpysKiu.

ITomumo COKpalllEeHMsA BPEMEHM OTK/INKA, 3TO TaKXX€ BBIIOAHO
C TOYKM 3p€HUA HU3KOI CTOMMOCTIA.

banaHcMpoBKa Harpy3Ku Ha 0CHOBE aNropUTMa MeJOHOCHBIX
nyen Honey Bee (HB)

Asroput™ 6amaHcypoBKy Harpyskyu HB B 067auHbIX Bbrdmc-
JIEHVSIX BJOXHOB/IEH TOBEMIEHNEM IIYeN B IIPVPOJE 1 VICIIOTIB3YeT
AHAJIOTMY U3 X CUCTEMBI sl 9 HEKTUBHOTO pacrpee/ieHyis Ha-
TPY3KM MEK/Y Y3/aMy B 00IaqHOI1 cpefie. ITOT aIrOpUT™M OCHOBAH
Ha Mfiee KOJUIEKTUBHOI MHTE/UIEKTYalIbHOII CUCTeMBI, Te TPYIIa
«IrderT» (MM aTeHTOB) paboTaeT BMecTe /I ONTUMM3aLuy 6amaHca
HAarpysKut. [IpMHIIT BK/IIOY9AeT CIeyIOIyie Mari:

1. VMHnnwammsanus yaba (KONOHWM): NepBOHAYaIbHO (op-
MUPYeTCsT «yei» (MM TPYIIA areHToB), KOTOPBII IPeCTaBIsAeT
CO0OI1 TIOMY/ISLNIO BUPTYA/IbHBIX «ITYe/». DT areHTbl MOIYT HPef-
CTaB/IATb Y3/Ibl 006MaYHOI MHQPACTPYKTYPBI, CMOCOOGHDIE BBIMON-
HATD BBIYICTIEHNS WM 0OPabaThIBATD 3aIIPOCHL.

2. Bpi6op 1MCXOIHOTO y3/1a: HauMHaA C HOABJICHNA HOBOTO 3a-
mpoca Wi 3ajadi, anroput™ HB MoxxeT BbIOpaTh MCXOFHBIIT y3er
W Habop y37I0B A1 06paboTku 9Toit 3azaun. Beibop ncxopHoro
y371a MOXKET OCYILIECTBIATBCA Ha OCHOBE JOCTYITHOCTU PeCypcoB,
TEeKYIell HATPy3KM 1 APYTUX (PaKTOPOB.

3. Pacmpepenenue 3ajad — aaroput™M MOXKET MCIIONb30BATh
MeXaHM3M KOMMYHUKALIMI U COBMECTHOI PabOThI areHTOB (Irder)
IV IIPUHATHS PELIeHNsT O TOM, KaK PACIIPERe/NTh 3aAaqy MEX/Y
y3nmamu. JTO MOXeT BK/IIOYaThb oOMeH MH(pOpMauueil 0 JOCTyI-
HOCTU PeCypcoB, MPOIYCKHOI CIIOCOOHOCTM CeTH, TeKyllell Ha-
Tpy3Ke U T.J.
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Puc. 3. bnok-cxema paboTbl anropuTMa MefOHOCHbIX Nues

4. O6parHast CBSA3b U afaNTALNs — B IPOLECCe BHIOTHEHNs
3ajia4 a/ITOPUTM MOXKET IIOy4aTh OOPATHYIO CBA3Db OT Y3/IOB U IO-
CTEeIIeHHO aJIalITYPOBATh CBOJ PELIeHNs, YTOObI YIY4IINTD OajTaH-
CHPOBKY Harpyskiu 1 3¢peKTVBHOCTD CHCTEMBI B LIe/IOM.

[Ipeumymecta amroputMa HB BKmoYalT CrOCOGHOCTD
areHTOB PabOTaTh KOJUIEKTUBHO I afjaNTAllNK K M3MEHSIoIelics
Harpyske, OINTMMU3ALNA paclpefeNeHNs 3a/jad B 3aBYCUMOCTH OT
PecypcoB U IPOIYCKHOI CIOCOOHOCTH, @ TaKKe YCTONYMBOCTD
K oTKazaM. OfHaKo, KaK 1 C JTI0OBIM METOZJOM 0a/laHCUPOBKI Ha-
IPY3KM, B&XKHO YYMTBIBaTb, YTO peayM3alys 9TOTO aIropuTMa
MOJKeT OTPe6OBATh JOTOMHUTETbHBIX BBIYMCTUTENBHBIX PECYPCOB
¥ CTIOXKHOCTe! B YIIpaB/IeHUN KOJIEKTUBHOI CHCTEMOIL.

Anroputmbt Ha ocHoBe HB mpenmoxkenst B paborax [12], [13], [14].
Ycosepmencrsosanne anroprurma HB cienano B [15], B pabore mpes-
noxxen anmroput™M Honey Bee Behavior Load Balancing (HBB-LB),
IJle TaloKe YYUTBIBACTCA IPUOPUTET 3afaHMA. AJNTOPUTM IIpefHa-
3HAYeH I COKpAIlleHNsA BpPeMeHM IOVCKA Hpy pacIpesieNeHunn
3agay. Ilocme pacyeTa HArpysku Kak[oil BUPTYaIbHON MaIIVHBI
y6/IaHOe 06/1aKO PAsHe/AeTCst Ha TPY CeKTOPA — HELOTPYIKEHHBDIIT,
cOa/IaHCHPOBAHHBIIT U [IEPETPY>KeHHBIIL. 3aTeM AITOPUTM BHINUCIIET
PasHMUIYY MeXy Harpy3KaMu, ICXOZA U3 TOTO, YTO eC/IM OHa OoIblie
Hy7IA, TO nepeMelnienyie BM us ogHoro cexkropa B ipyroii He Tpe6y-
ercs. OH Takoke paccMaTpyBaeT CKOPOCTb 1 CTOMMOCTD KaK IPHOpPH-
TeTHbIe 3HAYEHNA /L BUPTYa/IbHBIX MALIIH, OFHAKO He IIPeoCTaB-
JIAeT pellenye I CIydast JBYX CXOXKIX IPUOPUTETOB.

Asropamu [16] mpepyraraeTcs ruG puAHbII IOAXOJ AITOPUTMOB
HB u RR (HB + RR). PaboTa 00bsCHSET, KaK 9TOT 9BOMIOI[VIOHHbII
QITOPYUTM MOYKHO MCIIONIb30BaTh /11 3 eKTUBHOI OanaHCUpOBKY
HarpysKiu B KOHTEKCTe HoBefieHyA muerl. ITofxoy; Harmpas/ieH Ha pe-
LIIeHNe TIPMOPUTETHOIT pobneMbl anropyutMa HB, ogHako ncnomnn-

3oBanye RR mo-mpexxHemy OyfeT BBI3BIBATH HPOOIEMBI C MHOTO-
3a/JaYHOCTDIO M3-3a CTATMYECKOTO KBAHTA, UCIONIB3YEMOTO B 9TOM
a/ITOpUTME.

BanaHCcMPOBKaA Harpy3K1 Ha OCHOBE reHeTUYECKOro
anroputma

TeHeTieCKIe aIrOPUTMBI 6aTAHCHPOBKI HATPY3KIL B OO/IAIHOI
Cpefie VICIIONIb3YIOT KOHIIEIILVIV 13 TeHeTUKY VI 9BOJIIOLIVM /LSl OIITH-
MU3alMM pacIpee/ieHyis Harpysku Mexay cepsepamu. OcHOBHas
CyThb 3aK/IIOYAETCS B CO3JJAHNMY TIOIY/ALVM HOTEHIMATbHBIX pe-
IeHut (KaK B Cydae ¢ TeHaMM B TEHETMKe) U IPUMEHEHNUN OIle-
patit MyTauuy, CKpeluBaHus U 0TOOpa I CO3AHNUA U YIyd-
IIeHA ONITHMA/IbHBIX PaCIIpefie/IeHNIT Harpy3Ki.

Tenetnueckmii anroput™ (GA) npemioxet B [17]. Anropurm
paboTaeT XOpOILO, TOCKONBKY OH He (POKYCUPYeTCs Ha OXHOI TOUKe
U pelaeT IpobneMy HeXBaTKU PeCcypcoB, YTO IPUBOAUT K MHOTO-
KpurepyanbHoil ontymusanym. OgHako anmroput™ GA nMeer TeH-
JIeHIIMIO YCTIOXKHATDCA IIPY YBEMMYeHNH IPOCTPAHCTBA IOUCKA, YTO
JieTaeT ero TpygoeMKuM [18].

B [19] aBTOpSBI Ipemnoxuu 06befuHITh GA C aITOPUTMOM JI0-
KaJIbHOTO IIOMCKa IpaBUTalmoHHoi amynauuu (GLS), cospas ru-
OpupHbL TOAXOR, M3BecTHDI Kak GA-GEL. Anroputm GLS ne-
MOHCTpUPYeT TPaBUTALMOHHOE TIPUTSDKEHNE B IIPOCTPAHCTBE, I7ie
3afelICTBOBaH TOMCK. VICIIONB3yA paccuMTaHHOE 3HAYEHNUE CKO-
POCTY XPOMOCOMBI, STOT A/ITOPUTM MHULMMPYET MOMY/LALMIO LA
GA. Ananornyno GA, rnie ;i 0T60pa UCIOIb3YeTCs IPUTOTHOCTD,
IPUMEHAIOTCS CKpelMBaHue ¥ MyTauydA. Takoil IIOAXof 3HAuM-
TEIbHO COKPATII BpeMsI OTBETa, OfHAKO aBTOPBI HE PACCMATpPUBAIOT
KaKoJ-n160 IPUOPUTET 3ampoca.
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banaHCMPOBKa Harpy3K1 Ha OCHOBE aNrOpUTMa Pos YacTUL
(PSO)

Anropurm Ha ocHoe PSO npemnoxen B [20]. On gemoHCTpHM-
PyeT ecTecTBeHHOe CKoIUIeHVe momy/anyy. Hanpumep, npu Mope-
JIVIPOBAHII KOPMOBOTO [IOBEJEHIIST IITHL] MY €Y TOK, COOMPAIOLINXCS
B ITOMCKaX efibl». [Tomy/srueit 3mech HasbIBaeTCsA PO, @ YACTHUIIBI —
39TO YTKH, NPEICTABISIIONINE 0c00eil B poe. ITI YacTULBI OYAYT Ie-

peMeIaThest I06ambHO, UCTIONb3YH 3a[aHHYI0 CKOPOCTD, 1, TaKIM
00pa3oM, MOTYT UBMEHUTb 11 OOHOBUTb cuTyarmio. [lokasaHo, 4TO
3TOT TUII OITUMM3ATOPA OUEHD II0/Ie3eH B IPUIOKEHNAX HePOHHBIX
cerett. OH MOXOX Ha TeHETHYECKMIl anropuT™, ogHako PSO mmeer
Oomee mpocTble IpaBwia, 4eM GA, IIOCKO/IBKY OH He BBINOJHAET
HUKAKMX OIepanyii MyTauuy wmm ckpemusanyua. PSO crpemntcs
HAJITV ONTMMA/IbHOE PellieHNe ITyTeM BBIONTHEHNA UTePaIyil 1 uc-
T07Ib3YeT (QYHKIMIO IPUTOFHOCTH IS OLIEHKM KauecTBA PelIeHNs.

Crapt
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Puc. 4. Bnok-cxema pa6otbl anroputma pos yactuy, (PS0)

B [21] npepoyxeHa onTHMU3ALMA POS YACTIL] /IS IIOCTPOCHMSA
QITOPUTMA pelLieHNs IPOOIeMbl 6anaHCUPOBKM HATPY3KU B BUPTY-
a/bHON cpepie. Llenb0 HaHHOTO MCCIeNOBaHNA ABJAETCS OrPaHMU-
JeH)e BpeMeH BBINOJIHEHNA 3aianuit. B [22, 23] onrumusanus post
JacTUI] IPE/IaraeTCs i YMEHbIIEHNSA CPEIHEr0 BpEMEHM BbIIO/-
HeHJA paboT M NOBBIIIEHN K09 UIMEHTa JOCTYITHOCTI aKTUBOB.

BanaHcuMpoBKa Harpy3Kku Ha OCHOBE anropuUTMa ONTUMU3ALUM
MypaBbUHoi KonoHuu (ACO)

Onryvusanys MypasbuHoit Kononun (ACO): Motusauus an-
TOpUTMA ONTVMMM3ALMM MYPaBbUHOM KOJIOHMM OCHOBAaHA Ha IO-
BeIleHNI MYPaBbeB BO BPeMsA OXOTHI 3a efoitl. Mypasbu 6ecriops-
IOYHO ITYTEIeCTBYIOT B IOVCKAX efibl, U1 KOI/Ia OHJ BO3BPAIIAIOTCA,
OHI BBIFE/IAIOT ONpefie/IeHHOe KOMIMYECTBO XIMMIYECKVX BelleCTB,
U3BECTHBIX KaK (pepoMOHBL Takoe KOMIYeCTBO ONpefenseT Kpal-
Yajilyil IyTh OT THE3[jd K MCTOYHVKY IUIIM, IO KOTOPOMY MOTYT
C/IefloBaTh Apyrye MypaBbi. XOTA 9TOT NOAXOH XOPOLI JIA OITH-
MU3ALMN PECYPCOB, OH IPMBOJNUT K 3aMeJl/IEHIIO BpEMEHM OTK/INKA
¥ IPOU3BOUTENIBHOCTIL.

Yrobsr obecrieunth 3bdeKTNBHOE IIAHMPOBAHME U PaBHO-
MepHOe pacIpefie/ieH1ie MeXy cepBepaMit, aBTOpbI [24] mpepcra-
BWIM TMOPUAHBLA anroputM, coderaromyii ACO ¢ aaropurMom
npropuretra ABC (ACO_ABC) 151 6071ee BBICOKOIT TIPOU3BOIN-
TenbHOCTH. [IpnoputeT mpucBamBaeTcs 3ajjayaM Ha OCHOBE KpU-
Tepus Kpardaiiiero sajanus. [Iofo6HO IMOBEEHMIO MYpaBbeB
U TT9e7T, MeK/TY y3/IaMJ YCTaHABIMBAeTCA KpaTyaiflilee pacCTOSHIe.
IIpepraraeMblil aITOPUTM COKPAILAET BpeMsA OTBETa, OFHAKO Tpe-
OyeT HabHENINEro COBEPIICHCTBOBAHVA LA COKpAlleHVsA Bpe-
MeHJ 00pabOTKI B LieHTpe 00pabOTKYL JAHHbIX.

I pyroit moaxor, B koropom ACO ncnonbayeTcs /s AMHaMu4e-
ckoit bamancuposky Harpysku (Dynamic Novel Approach ACO),

npennoxeH B padote [25]. Mypasbu (BM) renepupyiorcs B cydae
HeJOTPY3KM M/ Heperpysku B o0maxKe, a 3aTeM PUMEHseTCst Ipo-
Iefypa MoucKa i MONCKA JI4IIero y3/a-KaHauaara Ay 6aman-
CHPOBKI. AJITOpUTM 06ecredrBaeT BBICOKUII YPOBEHb KadecTBa
06CyX1BaHus B 00/IaKe, OHAKO TECTHPOBAHIE IIPOM3BOLNUTENb-
HOCTII, TAPAHTHPYIOLIee 3TO, He IPOBOAUTCS.

HACOBEE, npenyioxxeHHslit B [26] mpepncTaBnsger coboit ru-
OpupHbLt anroput™, codetatoumit ACO M MCKYCCTBEHHYHO ITde-
JIMHYI0 KOTIOHMUIO, Tle MyPaBbH ONPEE/IOT HATPY3KY, a TUenHast
KOJIOHIISI HAXOAUT Hayboriee IOAXOMSIIYI0 BUPTYA/IbHYIO MALINHY
VI pacipenenieHnst 3ajad. MeTOR TakKe CHAYaIa JVCIOTb3YeT
camoe KOPOTKOe 3a/IaHMe, YTOObI OIPEeITh IPUOPUTET 3afad Ha
9Tale VHMUIMAMN3ALMY. ATTOPUTM XOPOLI A7 COKpAILeHNs Bpe-
MeHM OTK/IMKA, OfHAKO OH MOXKET He paboTaTb B [MHAMUYECKOIL
cpere.

BanancupoBka Harpysku co B3BeLIEHHBIM aKTUBHbBIM MOHH-
topunrom (WAMLB) [27] — arot nozxox xopouro paboraer s
reTepOreHHOI CPEMIBL, Ijie BeC KXKOil BUPTYAIbHOI MAIIVHBI pac-
CUNTBIBACTCS C YYETOM €€ IIPONYCKHOI CIOCOOHOCTH, KOMIYeCTBa
IPOLIECCOPOB ¥ CKOPOCTH. BbiOypaercss BMpTyaabHas MaIIHA
C HarOO/BLINM BECOM, MAEHTI(UKATOP OTIPABMIAETCA B LIEHTp 00-
paboTKM AaHHBIX, a Tab/mma pacrpefeneHust 0OHOBIAETCS. DTOT
TIO/IXOJ HATIPAB/IEH Ha COKPallleHIe BpEMeHM OTK/INKA B 0071aKe, Off-
HAaKO He YYUTHIBAET 3aTPY’KEHHOCTb BUPTYa/IbHBIX MAILIH.

ViyuireHHbIT — IeHTPaNbHBII  (GamaHCHPOBIIMK  Ha-
TPY3KH [28] — 9TOT aTOPUTM UCTIONB3YET CUCTEMY TIPHOPUTETOB
IV COKpAILEHS TTOTEPb PECYPCOB B 06/IAYHOM LieHTpe 06paboTKI
JAHHBIX. MeTOJ ITO3BOJLAT CHCTeMe BBIOPATD Y UIIIYI0 BUPTYAIbHYIO
MAIINHY [7151 00CTy)KMBAHNS OCTYIAIOIIVX 3AIIPOCOB, YTO COKPa-
IjaeT BpeMs 0TBeTa I CTOMMOCTD 110 cpaBHeHuo ¢ ACO, ofiHaKo aB-
TOPBI He [ieTATCA MH(OpMAaLmelt 0 TOM, Kak paboTaeT BBIOOP TIpyo-
puUTeTa B 3TOM IOAXOTE.
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Puc. 5. bnok-cxema 6anchup03Ka HarpysKu co B3BewweHHbIM aKTUBHbIM MOHUTOPUHIOM
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(HBLBA) piist Mopienu laaS mpencrasnet B [29]. O HampaBsieH Ha
peltieHye Ipo6/IeMbl HEIIPABIUIBHOTO pacIpene/leHNs 3a1a4 MeXAY
BUPTYaIbHBIMY MallMHAMM ITyTeM HACTPOVKMU CepBepOB B 3aBM-
CHMOCTH OT KOJIM4eCTBa 3a/jad, pasMepa I COBMECTUMOCTH BUPTY-
QIbHBIX MAIlIVH, YTOOBI OBBICUTD 3P (EeKTUBHOCTD U HAITH HOJ-
XOJSIIIYI0 BUPTYATIbHYIO MALINHY. DTOT HOAXOA OTIMIHO PaboTaeT
VIS HeGO/BIIIOTO KOMIMYECTBA 3314, II09TOMY MOXKET OBITh Head-
(exTVBHBIM, KOTA B cHcTeMe OO0/bIIOoe KOMYeCTBO 3afad. Tawoke
JICIIOTIb30BAHME OLONHUTEIbHONM MHPOpMALyK O KOHGUTYpaLun
MO’KET 3aMeJTUTD TIPOLIeCC.

B pabore [30] obcyxmaercs rmbpupHas crparerus GanaHCu-
posku, usBectHasd Kak HSLJF. [IpennoskeHHas KOHIENINA Ipen-
craBysieT coboit cMech Shortest Job First (SJF) n anmropurma Longest
Job First (LJF), yuurbiBarouiyo Kak IpOAODKUTENBHOCTD 3aayl,
TaK M HAaTPy3Ky Ha pecypchl. 3aaun COPTUPYIOTCS B IBE OUepenyt,
OJIHA JI/Is1 KOPOTKIX 3a/1a4, APYTast /s [TUTEBHBIX, C LIeIbI0 MAKCH-
MUBALIIL UCTIONIB30BAHIS PeCypcoB. Tem He MeHee, JAHHbIT METOR
He YUMTHIBAET 3aTPAThl Ha BBINOTHEHNE 3aad Ha OO/MAYHBIX pe-
cypcax.

CepBICHBIIT GpOKep € yIeTOM JIMHAMIYECKOII CTOMMOCTH Ha-
rpy3ku (DCLASB) [31] — s obecredeHnst BHICOKOTO KayecTBa
00CTyX1MBaHNs aBTOPbI B 9TOM MCC/IETOBAHNY TIPEIOXKIIIN AUHA-
MITIeCKUIT QITOPUTM, KOTOPBIIT yIUTBIBAET 3aePXKKY ceTH st 6a-
JIAHCHPOBKY HArPY3KU. BupTyajbHbIE MAIIMHBI COPTUPYIOTCS IO
ckopocty, BM BbIOMpaercst o e 3ampoca. Beibupaercs ma-
Ta-LIeHTP C HaMMEHbLIMM BpeMeHeM 00pabOTKM, CpaBHMBAETCH
3alep)KKa 1 PacCMaTpPUBAETCA JaTa-LieHTP C HAMMEHbIUNMU 3a-
TpaTamu. AJITOPUTM MO3BOJISIET [OOUTHCS 3¢ HEKTUBHOI IPOU3BO-
JUTEIBHOCTHU B OOJIaKe, OfHAKO OH He YYUTHIBAET IPUOPUTETHI 3a-
IIPOCOB I10/Ib30BATENEN.

HekoTopble pa6oTbl 1o MHOroypoBHeBOi GanaHcMpoBKe
Harpy3Kku

MHoroypoBHeBas 6aTaHCHPOBKa HAIPy3Ki B 00/Ia4HOI! cpefie —
9TO IMOJAXO/I, KOTOprI?ll YYUTBIBAET HECKO/IDKO ypOBHeﬂ a6CTpa1<uI/m
U yIIpaBieHys pecypcamu s 9 eKTUBHOTO paclpefeneHus pa-
Gouell Harpysku B obmake. OTOT MeTOf, GanaHCUPOBKU HAarpysKu
UCTIONb3YeTCA [/ ONTUMMU3ALUM MCTIONb30BAHNA PECYPCOB U I10-

BBILIEHVST TIPON3BOAMTEIBHOCTI CUCTEMbI B YCTIOBUSIX PasHOOO-
Pa3HBIX I AMHAMIYECKNUX PabOUNX HATPY3OK.

Ha camMoM BBICOKOM ypOBHE MHOTOYPOBHEBOU apXUTEKTYpHI
00/IavHOIT Cpefbl pacIoNaraeTcss IVIAHMPOBAHME U YIPaB/IeHMe
obmymMu pecypcamu 067aka. ITOT YpOBeHb OOBIYHO BK/IIOYAET
I7106a/IbHYI0 KOOPAMHALINIO U BBIIE/ICHIE PECYPCOB MEK/Y Pas/ind-
HBIMI K/IMEHTaMI I IPUJIOXKEHVISIMIL

Ha crepyromeM ypoBHe HAaXORUTCA 0anaHCHpPOBKA HArpysKu
MEX/Ty Pas/IMYHBIMY IIeHTPaMu 06pabOTKM JaHHBIX U CePBEPAMIL.
3pech ocyllecTBIsAETCS pacIpeieneHne pabounx s3afgad u obpa-
00TKa 3aIIpOCOB Ha yPOBHE KOHKPETHBIX KOMIIOHEHTOB 0O/IadHOI
MHQPACTPYKTYPBL.

[lantee, MHOrOypOBHeBast 6alaHCUPOBKA HAPY3KI MOXKET BKJIIO-
9aTh YIIpaB/IeHIIe 1 pACIIpe/ie/ieHyie HArPY3KI Ha YPOBHE OT/IIBHBIX
BBIYMC/IUTETBHBIX Y3/IOB, TAKMX KaK (U3MUECKIe CepBepbl, BUPTY-
a/IbHble MAIIMHbI MY KOHTEITHEPbL.

B wmccnepoBanmy [32] mpepcraBiieH HOBBI AMHAMITYECKMIT
U VMHTETPUPOBAHHBIN AITOPUTM IUIAHUPOBAHMS PeCypcoB
(DAIRS) ms 6amaHCHpOBKY BUPTYalIbHBIX MallVH B 0071ake. TOT
QITOPUTM YUUTHIBAET TIPOLIECCOP, AMSTD I HPOITYCKHYIO CIIOCO6-
HOCTD CeTH B Ka4eCTBe MHTEIPYPOBAHHOTO PECYPca C y4eTOM MX Be-
COBBIX K0a(duimeHToB. B pamMkax aToro ucciefoBanus 6bta pas-
paboTaHa HOBast MeTpPUKA — CPeIHMUIT yPOBeHDb AMcOaIaHca Bcex
XOCTOB IS OLEHKH IIPOM3BOAUTENBHOCTY HPHU IUIAHMPOBAHNN
HecKonpKnx pecypcos. DAIRS sABseTca ogHNM M3 paHHNX ajro-
PUTMOB, KOTOpBIE VICC/IEOBA/IM Pas/IMdIHble TUIIBI PECYPCOB, Pac-
CMaTpyBas MX KaK MHTETPUPOBAHHYIO IeHHOCTD. OJTHAKO ITIaBHBIM
HeoctaTkoM DAIRS siB/sieTcss MTHOpMpOBaHNMEe KOMMYHUKAIIU-
OHHBIX U3JIePXKEK MUTPALINIL.

ABTopsI [33] mpemioxxiy cxeMy 6aTaHCHPOBKIL HATPY3KIL, feii-
CTByOIIyI0 Ha Tpex ypoBHsx: Llenrp O6paborky JlaHHBIX, XOCT
1 obpabarbiBaloLyie MeMeHThbl. banaHcupoBKa 06/1aka KOHTPOIY-
pyercs Qu3NYECKUM PeCcypCHBIM 00BEKTOM, BKIT0Uas LIeHTPbI 06pa-
OOTKM JJaHHBIX, XOCThI 1 PE (IIporjeccopHble a/leMeHTbI), HCIIONb3Ys
MUHIMAaJIbHble 3HAYeHNs CTAaHAAPTHOrO OTK/IoHeHNsA. CTaHapTHOE
OTKJIOHEHYE HATPY3KJ MOXKET OBITh YBETIMYEHO MIV YMEHbIIEHO 10
CPAaBHEHMIO C MICXOHBIM COCTOSIHIEM IIepef ITAHNPOBAHIEM.

Vccneposatemt B [34] mpemioxxuy 6anaHCUPOBKY HAarpysKu
B TPEXyPOBHEBOIl apXUTEKType OOMAaYHBIX BbIYMCIEHWIT. Tpernit
YPOBEHDb IPEACTABMAET COOOIT CepBUCHDI Y3el, JMCIOIb3yeMblit
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JULS BBIIIOJIHEHVS TIOAi3a/jaull, B TO BpeMs KaK BTOPOil YPOBEHb —
39TO JUCIETYEp CIYX0, KOTOPBIT 0OBIYHO pasfensieT 3afady Ha He-
CKOJIbKO JIOTVMYECKI HE3aBYMCHMBbIX TTOfI3a/1ad.

Jlpyroit K/IacTepHbI aITOPUTM GaTaHCHPOBKI HATPY3KM B 00-
NIAYHBIX Cpeflax MpeioXkeH B pabote [35] 1 mperHasHaveH it He-
CKOJIBKMX BE[YILVIX I HECKOIBKUX BeOMBIX apxutektyp (MMMS),
T/Ie CeTh JIe/MNTCA Ha KJIACTEPDI C UCIIO/Ib30BAHNEM a/ITOPUTMA KIla-
CTepus3aLMM TAKIM 00pasoM, YTO KK/BI y3en (BeyIwit) B ceTH
IPUHAIVIEKNT POBHO OFHOMY KiIacTepy. HoBble y3ibl, BXopAmiye
B CeTb, HA3HAYAOTCA CYIECTBYIOIIEMY K/IaCTepy I HOBOMY KiIa-
CTepY, eCTN CYILIeCTBYIOVII K/IaCTep TIOTHOCTHIO 3aHAT, B COOTBET-
CTBUY C MCIIO/Ib3YeMOJI CTpaTeruell KacTepyu3aLyiL.

/13 aKTya/bHBIX OTeYeCTBEHHDIX MICCIEIOBAHMIT MOXHO BbIfie-
nuthb paboTtsl Xautumuposa P. 1. [36,37]. CornacHo BbIBO#aM faH-
HOTO MCCTIEfi0BaTelLs, HPOM3BOANTENIbHOCTD PaHee peann30BaHHbIX
QITOPUTMOB (aTaHCUPOBKIM HATPY3KM B OO/IAYHBIX BBIYVMCIEHISIX
He COOTBETCTBYeT TPeOOBaHUAM 9TOM cpefbl. B cBA3M ¢ 9TMM m1a-
HUpYeTCS BHECTYM WU3MEHEHUs B aITOPUTMBI 9KCIIOHEHIVA/lb-
HOTO IITABHOTO TpOrHosa, anroput™ Weighted Least Connection
1 Makc-MuH anroput™ 6amaHCHPOBKM HArPY3KH, C Lie/IbIO TTOBBI-
IIeHs UX IIPOM3BOUTEIBHOCTH U Yy 4IleHNs 0011elt IPOM3BOLI-
TEJIbHOCTH 06/1aKa.

Vccnenosatens Ilerpos [I. 1. [38] mpepoxxun anroputm 6anaH-
cupoBky Harpysku (BAT), coxpalarolyii HHTepBal BpeMeH! OT-
KJIVKQ U BBIIOTHAIOLINIT 6a/TAHCHPOBKY HAarpysku 6e3 Kakoii-nm6o
3a/Iep)KKIL [0 BpeMeHM. AJITOPUTM Takxke MOXeT 3¢ eKTUBHO pac-
IpefeATh Harpy3Ky Ha HeCKOJIbKO BYPTYa/IbHBIX MaIlIVH.

B paborax [39,40,41] uccnemoBarens Xomap A.A. mpepmaraer
HOBBIl TeHeTHYeCKNIT aITOPUTM ONTUMAIBHOTO pacIpefieneHus
HOBBIX BUPTYa/IbHBIX PeCyPCOB, OTIUYAIOUINIICS pean3alyieli ApeBo-
BUJTHOII CTPYKTYPbl XPOMOCOM C COXPaHEHMeM BBICOKOHATPY>KEHHBIX
Y3710B, 00eCriednBaIIi MOBbILIEHNe KauecTBa OaTaHCHPOBKM Ha-
TPY3KM ¥ yMeEHbIICHNEe AVHAMIYECKOrO IlepeMeIeHNS pecypcoB,
a TaKKe ITOPUTM ONTHMMA/IBHOTO PACIpefelieHNs 3ajjad Ha BUPTY-
aJIbHble MAIIVHBI, OTIMYAIOMNIICA IPYMeHeH)eM IIPOLefypPbl ONTH-
MU3ALUK POST YACTUL] ¥ 00eCIednBaIONINIT HAXOXK/IeHNE ONTHMATb-

JIureparypa:

HOTO pelleHNs He TONbKO C TOYKM 3PEeHNs U3JEPKeK, HO U C TOUKM
3peHus 001ero BpeMeH BBINOMHeHNA. ABTOp OTMeYaeT, 4TO HalpaB-
JIEHIST IATBHENIIINX UCCIeOBAHMIT MOTY T 3aK/TI04aThCst B pa3paboTke
HOBBIX IOfIXOfIOB K JICCIEAOBAHNMIO COCTOSIHMIT HATPY30K Y3/I0B CH-
CTeMBI C YICIIOIb30BAHVeM HeCKOJIbKIIX LIeHTPOB 06pa0OTKI JaHHBIX.

Crmippia AL A. B [42,43,44] mipepmaraet 9BpUCTUYECKUIT a/Iro-
PUTM IJIAHMPOBAHNA 3afjad B o6/IaKe ¢ TIOMHOMUAILHOI 1O Bpe-
MEHU CIOXXHOCTDIO, OTIMYAIOMMIICA JeKOMIIO3UIMEN OOMbIINX
3ajlad Ha T0/3ajjauM 110 CIIEL[MaTbHOMY KPUTEPUIO 1 0becrednBa-
IOLIMiT COOMIONeHNe PerAMeHTHBIX CPOKOB UCIIOJIHEHVA 3ajjay,
KpOMe TOTO aBTOP OIMCBHIBAET MEPAPXIIECKYI0 CTpATernio 6aaH-
CUPOBKI Harpy3K I 06NIauHBIX MHOTOK/IACTEPHBIX LIeHTPOB 06-
pabOTKM JaHHBIX, OTIMYAIONIYIOCS TPMOPUTH3ALINENl JOKaTbHOI
0anaHCHPOBKYM HATPY3KM CHAYa/la BHYTPM K/IacTepa, a 3aTeM
BHYTpM LieHTpa 00pabOTKM JaHHBIX U 00eCIeqnBALIell YMeHb-
IIIeHIe CPEHETO BPEMEHN OTK/IMKA I CTy>KeOHBIX M3[IepKEK MeX-
K/1aCTE€PHON KOMMYHMKaLIUIA.

BbiBOA

Ha ocHOBaHMM pacCMOTPEHHONM JUTEPATYpbl MOXHO Cfie-
JIaTh BBIBOJI, 4TO BCE €llle CYI[eCTBYIOT OTKPBITBIE MCC/IeHOBATEIb-
CKJIe BOIPOCHI, KOTOpbIe IIPeACTOUT PelNTh B OynymeM. B xage-
CTBe O0JIacTell yIy4IleHys alTOPUTMOB Oa/IaHCUPOBKY HATPY3KU
B OYAYIIMX MCCTENOBAHMAX MOXKHO BBIICTUTD: OMKA30YCHIOLYU-
80ctb — GONBIIMHCTBO PACCMOTPEHHBIX aITOPUTMOB, He YIMUTBI-
BAIOT BO3MOXKHBIE COOU B CUCTEMe; MUZPAYui0 3aday — IpPOLecc
Bce ele TpebyeT OONBIINX 3aTPaT BpeMeHN; HEKOTOPbIE HOJXOJbI
TIO-TIPeXXHEMY MPUBOJAT K YBETIIEHIIO 6PEMeHl 0HUOAHIS 3-32
VICTIONIb3YE€MbIX 0a30BBIX CTATNYECKUX A/ITOPUTMOB, TaKIX KaK RR.

Taxke cTOMT OTMETMTH HPOGENbl B UCCIENOBAHNUAX, MOCBSA-
IIIeHHbIX MHOTOYPOBHEBOJ1 Oa/IaHCHPOBKY HArpy3KM B cpefie 00-
JTAYHBIX BBIYVICTIEHNI. ,Ha]IeKO He BC€ MCCIEN0BAHNA YINUTBIBAIOT
AVMHAMIYIECKYI0 M3MEHYMBOCTD HArpy3Ki, BbICTPaNBaIOT COIVIACO-
BaHHOCTb MEXJY Pas3NMIHbIMI YPOBHAMMU M pacCMaTpMBAIOT ac-
TIeKT 6e30ITaCHOCTH.
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HeyeTkune TeH30pHbIe MOAENM aHaNU3a TEXHUKO-3KOHOMMUYECKOM MHd:)OpMal.l,MM

YeuepuH Bapum Tumodeesuy, cTyaeHT

HayuHblit pykoBoguTtens: busaHos Esrennii EBreHbeBuY, KaHLMAAT TEXHUYECKMX HayK, npodeccop
[loHbacckuit rocyapcTBeHHbIN TeXHUYECKMIT yHUBEPCHUTET (r. ANyeBcK)

B cmamve paccmampusaemcs npumeHeriie HedemKux meH30pHbIx MoOesiell 8 AHATIU3E MeXHUKO-IKOHOMUUecKol ungopmayuu. Heuemxas
TI02UKA U MeH30pHble MoOeu npedCmasiaom co0oti IPPexmusHvlil uHCMpymeHm O pabomvl ¢ MHOZOMEPHLIMU U HeuemKUMU OaHHbIMU,
umo denaem ux 0CO0EHHO NOTE3HLIMU 6 IKOHOMUKE U ynpasienuu. Paccvompenol npeumyusecmed u npumepol nPUMeHeHUs HeuemKux mem-
30pHbIX MOOenetl, maxie KaK NpoZHO3UPOBAHUe CNPOCA HA HPOOYKIUI0, AHANU3 dPPeKMUBHOCINU NPOUIBOOCINBEHHBIX NPOLECCO8 U NPUHAMUE
peuierutl 0 pacnpedenenuu pecypcos. B 3axnouenuu noouepKHyma nepcnexmusHoco UCnonb308aHUS HeHemKUX meH30pHbIX MoOereli 6 aHA-
71U3e OAHHDIX OIS NPUHAMUS 000CHOBAHHDIX U IPPEKMUBHDIX petteHUT.

Knrouesvie cnosa: newemkas nozuxa, MeH30pHvle Moae/m, aHanus adHHblx, MeXHUKO-IKOHOMU4ecKas MHQSOPMQMM}I, npozHo3uposarue,

onMmumu3auuA.

1. BBepeHue

AHanM3 TeXHMKO-3KOHOMIYECKOI MHPOPMAIMM UTPAeT KIIko-
4eByI0 pPO/b B COBPEMEHHOM OusHece u ympasiaeHun. OfHaxo,
B KOHTEKCTE AMHAMIYHO MEHAIOLIEIIC 9KOHOMUYECKOI Cpefibl, Tpa-
JMIMOHHbBIE METO/IbI aHa/M3a, OCHOBAHHbIE HA TOYHBIX YVMCIIOBBIX
JaHHBIX, MOTYT OKa3aTbCS HEJOCTATOYHO IMOKVMMM I ydeTa He-
ONpeieeHHOCTH ¥ Pa3MBITOCTH, XapaKTEPHBIX /711 MHOTUX 9KOHO-
MMYECKUX ABJIEHNUIA.

B nocnenHume rofbl HeveTKas IOTMKA i TEH30PHbIE MOJIENN ITpH-
BJIEKAIOT BCe OOJIblllee BHMMAHME VCCIEOBaTeNell U MPaKTUKOB
B 007macTy aHamM3a AaHHBIX. HedeTkne TeH30pHbIE MOREIN HIpel-
CTaBJAT 00011 3 eKTVBHBI MHCTPYMEHT LT pabOThI C MHOTO-
MEpPHBIMM JJAHHBIMY, YYUTHIBAIOLINIT He TONMbKO 3HAYeHNs MapaMe-
TPOB, HO I KX B3aMMOCBSA3IL.

[lenbio JaHHON CTAaTby ABJAETCA PAaCCMOTpEHME MPYMEHEHNA
HEYeTKMX TEH3OPHBIX MOJeneil B aHamM3e TeXHUKO-3KOHOMMYe-
cKkoit nHpopManyy. Mbl pacCMOTPYM OCHOBBI HEYeTKOIl JIOTVMKY
U TEH30PHBIX MOJIeNell, ¥X MPeMMYIIeCTBa 110 CPaBHEHUIO C Tpa-
IMIVOHHBIMM METOfJaMM aHanM3a JaHHbBIX, a TAKXKe KOHKPETHbIe
IIpUMepbl TIPUMEHEHNs B PasNINYHbIX cepax OM3Heca U yIpas-
nenus. [3]

2. OCHOBbI HEYETKOIA JIOTMKMN U TEH30PHbIX MoAenen

HeueTkas 7oruKa 1 TeH3OpHbIE MOJENN TIPEACTABIIAIOT COOOIT
JiBa Ba)KHbIX aCIIeKTa COBPEMEHHOTO aHa/IN3a JAHHBIX, 0COOCHHO
B KOHTEKCTe aHa/IM3a TEXHUKO-9KoHOMMm4YecKoit nHdopmarm. He-
YeTKas JIOTMKA II03BOJAET ONEPUPOBATh HEYETKMMM HOHATUAMU
U 3HAYEHMAMY, YTO IIO3BOMAET YYUTBHIBATb HEONPENEEHHOCTDh
U pa3MbITOCTD [JAHHBIX. TeH30pHbIE MOJIE/N, B CBOK OYepelb, I0-
3BOJIAIOT PA0OTAaTh C MHOTOMEPHBIMY JAHHBIMI, VYU THIBAS B3aVIMO-
CBSA3Y MEX/TY Pas/INYHbIMY ITapaMeTpaMi. [1]

0, ecau x He MpHHALJIEKHUT A
Lex = {f(x),ecnu x YaCTUIHO NIPUHAAJEKUT A
1,ec/ny x TOJTHOCTBHIO IPUHAJIEKHT A

Te X — YHKINA IPYHAIEKHOCTI S/IeMEHTa X MHOKECTBY
A, a f(x) — HeveTKass QYHKINA IPUHATIEKHOCTH.

Heuerxkasi 10r1Ka OCHOBBIBAETCS Ha Mjiee IPUHAIEKHOCTI 971e-
MEHTa K MHOXKECTBY C OIPe/Ie/IEHHOI CTENEHbI0 IPUHA/IEKHOCTIL,
B OT/IN4IE OT K/IACCHYeCKOil OMHAPHOI JIOTUKIL, Tfie 3/eMeHT 160
IPYHAIEKNT MHOKECTBY, MO0 He TPUHALIEKNT. TaKoi IOAX0N
103BO/IsIET G07Tee TMOKO MOEINPOBATD PeasibHble CUTYALN, Tfie
TIOHSTHS He BCErAa MOTYT OBITh OFHO3HAYHO ONpefieIeHsL. [2]
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TeH30pBI IpeACTaBIIOT CO00i 06001eHe MaTpull Ha Gomee
BBICOKIE Pa3MEPHOCTI U MO3BOJIAIT KOMIIAKTHO XPaHUTDb U aHa-
JIU3MPOBATh MHOTOMepHBIe aHHble. OHY HAILIIN HIMPOKOE TIpUMe-
HEHIe B Pas/IMIHBIX 007IACTSIX, TAKIX KaK 00paboTKa M300pasKe it
¥ CHTHAJIOB, T7je HEOOXOJIMO YUNTHIBATH He TOTIbKO OT/E/IbHBIE 3Ha-
YeHIIsI, HO Y1 MIX CTPYKTYPY U B3aNMOCBSI3IL. [3]

HeueTkne TeH3OpHBIE MOJIENN COYETAIOT B cebe IMpenMylle-
CTBA HEYeTKOI1 JIOIMKY 1 TeH3OPHOTO aHA/IN3a, MO3BOJIAA aHAIIN-
3MPOBATh CIOXHBIE CTPYKTYPBI JAHHBIX, YIUTHIBAS MX HEOIpefie-
JIEHHOCTD U Pa3MbITOCTh. Takne Mogenyt MoryT ObITb 9(peKTUBHO
IpVMeHEHbI B aH/IM3€ TEXHMKO-9KOHOMMYIECKOiT MH(OpMALIiN /Ist
[POTHO3MPOBAHNS, ONTUMU3ALMN U TIPUHATHS PEIleHNiT B yC/Io-
BIUSAX HEOIIPEIeIeHHOCTI M Pa3HO006pasyis mapamMeTpos. [4]

3. NpuMeHeHNe HeYETKUX TEH30PHbIX MOAENEN B aHanu3e
TEXHUKO-3KOHOMMYECKOIi MHhopMaLmu

AHanmu3 TEeXHUKO-9KOHOMUYECKO I/IH(l)OpMaLU/H/I BKJ/IIOYaeT
B ce0s1 OLIEHKY IIPOM3BOfCTBEHHBIX IIPOLIECCOB, IPOTHO3VPOBAHIE
CIIpoca Ha TIPOAYKINIO, ONTUMU3ALNIO PECYPCOB ¥ MHOXKECTBO
IpPYTUX 3aja4, KOTOpble TPEOYIOT ydeTa MHOXKECTBA [apaMeTPOB
M MX B3aMMOCBSI3€il. B KOHTEKCTe TaKoil CITOXKHOI M pasHO06-
pasHoit MHpOpManMy HedeTKye TEeH30pHbIE MOJENN IMpPefCTaB-
JIA0T cO60IT MOIJ.{HI)II?[ VIHCTPYMEHT [/11 aHa/In3a J IpUHATUA pe-
HIEHWIA.

[l IpOrHO3MPOBaHNUA CIPOCA HA MPOAYKIMIO C MCIIONb30Ba-
HIJIEM HEYETKNX TEH30PHbIX Moneneﬁ[ MO’KHO BOCIIO/Ib30BAaTbhCA CIIe-
mymorer GOpMyION IId OLeHKM IPUHAIJIEKHOCTH 3lIeMeHTa K Ka-

TETOPUIA:
——
TGO
Tae:

— X — 3HayeHMe mapamerpa (HampyuMmep, IieHa, PeKIAMHBII
OIOIPKET 1 T.11.);

— C— LIeHTp KaTeropuiu (HampyuMep, ONTUMA/IbHA [IeHa);

— a — mMpKHa Kateropuu (4eM MeHblile, TeM 007iee pesKuM
OyneT Iepexof; MeXy KaTeropusMIL);

— b— mapamerp, onpeeIOLINIT «<KPYTU3HY» IePeX0ia MEXXTY
KATErOPUSAMIL

Takast QYHKIWST IPUHAIEXHOCTIL MOXKET OBITh MCIIONb30BAHA
IULsL OIIpeNeNeHVsl CTeleHV IPUHAJIOKHOCTY KOXKHOTO 3HAYeHNs
mapaMeTpa K KaXK[oil KaTeropuy crmpoca (Hampumep, HM3KMIL,
CpeHMIL, BBICOKMIA).

17151 IpOTrHO3MPOBAHYISL CIIPOCA MOXKHO MCIIONIb30BATh HEYeTKIIe
IIpaBIIa, KOTOpBIE OLPEAeNAIT CBA3M MEXIYy 3HaYeHUAMM pas-
JVYHBIX TTAPaMeTPOB 1 YpoBHsAMM crpoca. Hampumep, ecmn neHa
HU3Kas U peKTAMHBII OI0[PKeT BBICOKMIL, TO CIIPOC BHICOKMIL

[lanee, ¢ mMOMOIIBIO OmEpALiT TEH3OPHOTO YMHOXEHMS U ar-
peranyu MOXXHO OODBEIMHUTD BCe HEYeTKe MPaBIIa U OIpefe-
JIUTD OOIIYIO CTEIIeHb IIPMHAIEKHOCTI KaXKIOTO CLIeHAapUA K pas-
JIMYHBIM YPOBHSIM CIIPOCA.

[IpenMyIecTBa MCIOMb3OBAHNMS HEYETKMX TEH30PHBIX MO-
menmeit B TEXHJKO-9KOHOMMYECKOII  MH(popMaImu
OTPOMHBI. Bo-TIepBbIX, OHV MO3BOJIAIOT YYMUTBIBATH HeOIperne-

aHa/In3e

JICHHOCTb M Pa3MbITOCTD JaHHbIX, YTO 0COOEHHO BXKHO IIpHU pa-
60Te ¢ peanbHBIMI 9KOHOMUYECKIMIL JAHHBIMIL, T7ie MHGOPMALHs
MOYKET OBITh HEIIOTHOI M/IM HEeTOCTOBEPHOIL. Bo-BTOPBIX, 911 MO-
Jie/u CIIocoGHBI 06pabaTbiBaTh MHOTOMEPHbIE AHHBIE, YIUThIBAS
He TONIbKO OT/IeIbHBIE TAPAMETPBI, HO U MX B3AUMOCBSI3M, ITO T10-
3BO/IsIeT Gosee TOYHO MOJIENIMPOBATH CIOXKHBIE SKOHOMIYECKIIE
nporeccsl. [10]

4. KoHKpeTHble npuMepbl NPUMEHEHUA HEYETKNX
TEH30pPHbIX MopeneN

[TpuMeHeHMe HEYETKNX TEH30PHBIX MOJie/iell B aHA/IN3e TeX-
HUKO-9KOHOMIYECKOI MHAOPMAIMU MOXET OBITh MITHCTPHU-
POBaHO PAZIOM KOHKPETHBIX 3a/jay 1 CIIeHAPYEB, ITie 3TU MOJEIN
HPOSIBIISIOT CBO0 9 PEKTUBHOCTD. PacCMOTPIM HECKOIBKO HPH-
MEepOB:

I[TporHosmpoBaHye crpoca Ha mpopykiyio: IIpexcraBum, 4To
KOMITQHUS 3aHVMAETCS HMPONM3BOACTBOM INEKTPOHMKY ¥ IIIAHU-
pyer BBIYCK HOBOII Mozien cMapTdoHa. Hewyetkas TeHsopHas Mo-
JieTtb MOYKET VICTIONIb30BATLCSA /I aHa/IM3a MCTOPUYECKMX JJAHHDIX
0 MpoJaKaX, MApPKETMHIOBBIX aKIMAX, 9KOHOMIYIECKMX IOKa3a-
Te/LSIX U PYTUX (PAKTOPAX, ITOOBI IIPELCKA3AT CIIPOC HA HOBYIO MO-
Jie7b CMapTQOHa B PasIMYHbIX CLleHapyAX. [/11 IporHosupoBaHuA
CIIpOca Ha TIPORYKLMIO C UCIO/Mb30BAHVEM HEUeTKNX TeH30PHbIX
Moyienielt MOYKHO IIPMMEHUTb METObl HeYETKOJ TOTUKM U TEH30P-
Horo aHa/m3a. OfyH 13 TI0JX0/10B OCHOBAH Ha MCIIO/Ib30BAHNN He-
YeTKMX IIPABI/I ¥ HEUETKIX TEH30POB.

Hamnpumep, ectb HeyeTkme pasuia Buja «Ecm X1 — Bbicokmii,
X2 — cpepmit, X3 — HU3KMUIL, TO CIIPOC — BBICOKMID». Taknme mpa-
BIJIA MOYKHO 3aIINICaThb B BIIfie TEH30Pa, Tfie KOKIOMY IIPaBIITY CO-
OTBETCTBYET 7IEMEHT TEH30pa.

Iartee, MOXXHO IIpeCTaBUTH 3HaUeHNs TapameTpos (X1, X2, X3)
B BUJIe HEYETKUX YUMCEN ¥ BBIYMCIUTD CTEIeHb IPUHAIEKHOCTI
Ka)KIOMY 13 HUX K OIPEIE/IEHHON KaTeropuu (BBICOKMIT, cpemHui,
HUSKII).

C moMolIpIo onepanuii TEH30PHOTO YMHOXKEHNS U arperanmumn
MOXKHO 00BEIMHNTD BCe HedeTKNe IPaBIIa 1 ONPEAeNTD 001IYI0
CTeleHb IPMHAJIOKHOCTY KaXXJOro CLeHapus K pasIuyHbIM
YPOBHAM cripoca. [4]

Ana;m3 9 QeKTUBHOCTY IIPOM3BOACTBEHHBIX IIPOLIECCOB:
ITpenmomoxuM, YTO KOMITAHMA 3aHMMAETCS TPOM3BOZICTBOM aBTO-
MOOWIIeN ¥ CTPEeMUTCA OITUMU3UPOBATH IIPOM3BOLCTBEHHbIE IIPO-
IIeCCBI 7S yaydeHys 3 eKTUBHOCTI.

[ycrs X1X3 ... Xy, — dakropsl, Bmsoue Ha 3¢hdexTus-
HOCTb IPOM3BOACTBA (HAIpUMep, CKOPOCTb, KauyeCTBO, 3aTPATHI
U T.1.),a Y — rokasarenb 3 HeKTHBHOCTI IIPOM3BOJCTBA.

Ina X,

1,ecnu x < 20

30 —x
.uxll-maxnﬁ(x) = g ,ecnu 20 < x = 20
0,ecnu x > 30
0,ecnd x = 20 uau > 50
X 29 20 <x < 30
——— ,eciau <x =
Xy cpe,qHHﬁ(X) = 10
x—20

——ecnu 30 < x = 50
10
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O,ectux = 30

x —
Xy Bmcoxnﬁ(X) - ,ecan 30 < x < 50
1lecinx > 50
Mna X,
1,ecnn x = 100
150 —x
WX e (X) = % ,ecad 100 < x = 150
0,eciu x > 150
0,ecinx = 100 wau > 200
X~ 100 100 < x < 150
BX2 cpenunn (X) = 50 e =X=
200 — x
—— e 150 < x = 200
50
0,ecmux = 150
x — 150
1X pcomnin(X) = 50 ,ecid 150 < x = 200
1eciun x > 200
HOna Y
l,ecany = 70
100 —
MYHHSKHﬁ(y) = % ,ecnu 70 < y = 100
0,eciny > 100
0,eciny = 70 uau > 130
y—70
_ ) —— ,ecmu 70 <x = 100
nuYCpE.‘,E[HHﬁ(y) - 30
130 -y
——— ecqu 100 <y = 130
30
0,ecimy = 100
x— 100
MY arcormis (V) = 3 oo 100 < x = 130

lecimy > 130

Torga, MOXXHO OIIPeNeNUTh CTEIIeHb IPUHALNIEKHOCTI KaXI0T0
daxTopa K onpeneneHHol KaTeropuy (HanpuMep, HU3Kas, CpeHsi,
BBICOKAsI) C HOMOIIBI0 (DYHKIMM IPUHAMIEKHOCTI HEYeTKOIT JI0-
TVIKIL.

[Tocre 3TOro, MOXKHO WCIIONB30BATh HEYETKNE TpaBuIa [t
OIIpefieNIeH s CBsI3ell MeXX/Ty 3HaYeHMAMI (paKTOPOB ¥ YPOBHEM 3¢-
¢exryBHOCTH pON3BOACTBA. Hanpumep, «eciyt CKOPOCTD BBICOKAsT
1 Ka4ecTBO cpefHee, TO 9P HeKTHBHOCTD BHICOKAS».

[lasnee, € TOMOIIBIO TEH30PHOTO YMHOKEHIS 1 ATPETALINI MOKHO
O0OBEMHNTD BCe HeYeTKIE IPABIUJIA U OPELEUTD OOLIYIO CTelleHb
HPUHATIEKHOCTH KKAOTO CLeHApYs K Pa3INIHBIM YPOBHAM 3h-
(bEKTMBHOCTH TPOM3BONICTBA.

Taxum 06pa3oM, HedeTKIe TeH3OPHbIE MOIE/I II03BOTIAIOT Y4H-
TBIBATh MHOTOMEPHOCTD [JAHHBIX U CJIOKHBIE B3aMMOCBSA3Y MEXLAY
PasTMYHBIMH [TapaMeTPaMi TIpH aHamu3e 3G QeKTUBHOCTI TIPON3-
BOJICTBEHHBIX IIPOL[ECCOB.

HeueTkne TeH30pHBIE MOJEIM MOTYT OBITH VCIIOIB30BAHBI
IUISL AHA/IM3A JIAHHBIX O TPOM3BOICTBEHHBIX OMEPAINSAX, UCIIOMb-
30BAHMI PECYPCOB, KaueCTBe HMPOXYKLMM U APYIUX HapaMeTpax,
4TOOBI BBIABUTD Y3KHE MeCTa U ONTMMMUSMPOBATh IIPOM3BOJ-
CTBEHHBIE IIPOIiecchl. [8]

JIureparypa:

[IpuHATHE pelleHMiT O pacupemeneHun pecypcos: B ycro-
BISIX OTPAHMUYEHHOCTI PECYPCOB ¥ HEOHPEHeNeHHOCTH BHELIHNX
YCTTOBMIT KOMITAHU 9aCTO CTA/IKUBAIOTCS C HEOOXOAMMOCTBIO TIPH-
HATIA pellleHNi 0 pacripenenieHnut pecypcos. HedeTkie TeH3opHbIe
MOJIe/II MOT'YT II0OMOYb aHA/IV3UPOBATD JAHHBIE O TIOTpeOIeHNN pe-
CYpCOB, 3aTparax, IPOU3BOLCTBEHHDIX MOLIHOCTAX U APyrux dax-
TOpax, 4TOOBI ONTUMU3MPOBATD PaCIpefieNeHne PecypcoB U Ho-
CTVYb HAVWTYUIINX PE3YIBTATOB.

[IporHosupoBanne (MHAHCOBBIX MOKasatereit: [as1 ¢uHaH-
COBBIX QaHAJIMTUKOB ¥ MEHEKEPOB BAXHO MMETb HaJIeKHBbIE TIPO-
THO3BI (PMHAHCOBBIX ITOKa3aTeNlell, TAKUX KaK BBIPYYKa, IPUODIID,
3arpathl. HeueTkyie TeH30pHbIe MO MOTYT UICIIOIb30BATbCS LA
aHa/mM3a (UHAHCOBBIX NAHHBIX, y4eTa B3aMMOCBA3ell MEXAY pas-
JUYHBIMY (aKTOpaMIL ¥ IIPOTHO3MPOBaHI (PMHAHCOBBIX ITOKa3a-
Tetelt B Pa3MMIHBIX CLIEHAPWISIX.

B 1enoM, HeyeTKye TeH30pHbIE MOJIEM MPENCTABIISIOT CO00i
MOLLIHBI MHCTPYMEHT I aHa/IU3a TeXHUKO-9KOHOMIYECKON MH-
(bopmary, KOTOPBII T03BOMAET YUUTBIBATD CTIOKHOCTD 1 HEOIIpe-
JIe7IeHHOCTD PEanbHbIX S9KOHOMIYECKIX IIPOLIECCOB U IPUHIMATD
000CHOBAHHbIe peLIeHNsI B YCIOBIAX HEOIPENe/IeHHOCTH 1 MI3MeH-
YUBOCTH. [7]

5. 3aKnioueHue

B naHHOII cTaTbe OBIIO PACCMOTPEHO NpMMEHEHNEe HedeTKUX
TEH30PHBIX MOJIe/Iell B aHa/IM3e TeXHUKO-9KOHOMIeCKOll MHPOp-
Manyy. HedeTkas JIOTMKa ¥ TeH30pHbIE MOJENN IPEACTaB/IAT
c060i1 MOLJHbIE THCTPYMEHTBI A/Isl PAOOTHI C HEYETKOI I MHOTO-
MepHOII MH(pOpMAaLVeli, YTO Je/aeT UX 0COOCHHO MOJIe3HbIMY LA
aHa/IM3a JaHHBIX B cepe SKOHOMYKIY U YIPABTICHMUAL.

OpHMM 13 OCHOBHBIX TIPEMMYILIECTB HEUETKIX TeH30PHBIX MO-
fieTelt ABACTCA MX CIMOCOOHOCTb YUUTHIBATh HEOIpENENIeHHOCTD
U PasMBITOCTb [JAHHBIX, YTO MO3BOJIAET GOJIee TOYHO MOJEIUPO-
BaTb C/IOXKHbBIC SKOHOMIYECKIUEe HIPOLeCChl U MPYHIMATh 000CHO-
BaHHble pelneHysA. Kpome Toro, st Mojie/y IO3BOJIAIOT aHAIM3U-
poBaTh MHOTOMEpHbIe JaHHBIE, YYUTbIBas B3aMMOCBA3U MEXIY
PasMMYHBIMU [TapAMETPaMI, YTO AenaeT UX 9 EeKTUBHBIM MHCTPY-
MEHTOM JIA NIPOTHO3UPOBAHNA, ONTMMU3ALUM Y IIPUHATUA pe-
LIIEHNIT B YCTIOBUSX HEOTPe/ieNIeHHOCTH U PasHo006pasyis pakTopoB.

IIpnmeppl NMpyMeHeHVA HEYETKUX TEH3OPHBIX MOJENeil BKIIO-
YalOT IIPOTHO3UPOBAHME CIIPOCA HA IPOAYKIMIO, aHa/M3 9 QeKTIB-
HOCTY IIPOM3BOJICTBEHHBIX IIPOLIECCOB, IIPYMHATIE PELIeHNII O pacIipe-
JIeTIeHNN PeCypCcoB U MPOTHO3MPOBaHMe (MHAHCOBBIX MOKA3aTerNell.
B kax[oM 13 3TUX CTy4aeB HedyeTKye TeH30pHbIe MOEMI MOTYT II0-
MOYb BBIABUTD 3aKOHOMEPHOCTH M B3aMMOCBA3U B JAHHBIX, 4TO IIO-
3BOJINT IPUHUMATD 607Iee 060CHOBaHHbIE 11 9 (eKTHBHBIE PELIEHIIS.

Taxum 06pa3oM, HedeTKye TEH30PHbIE MOJEI IIPeACTAB/IAIT
co6011 MepCreKTUBHOe HAIpaB/eHMe Pa3BUTIUA aHAIN3A JAHHBIX
B chepe SKOHOMMKM U YIIPaBIEHUs, KOTOPOE MOXKET 3HAYNTETBHO
YIY4IINTD Ka4eCTBO IPUHUMAEMbIX PeLIeHNIT 1 TOBBICUTD 3 deK-
TUBHOCTb GM3HEC-IIPOLIECCOB.

1. Pomanenko B.A.HeueTkas TeXHMKO-3KOHOMUYECKas MOJeNb cuUCTeMbl o6paboTky Oaraxa aspomopra / B.A.PomaneHko,

M. A. Cxopoxof
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TEXHUYECKUWE HAYKU

MpumeHeHMe HeMPOHHBIX ceTel B CO3AaHUM LU POBOro
ABOMNHUKA KOJNIOHHBI (hPaKLMOHUPOBAHUA

Avigarynos Papuk AlipaToBuy, CTyAEHT MarncTparypbl
YbumcKknit rocynapcTBeHHbI HehTAHON TEXHUYECKNIA yHUBEpCUTET

B cospemennom mupe ananus u usyuenue pususeckux 00vexos ¢ NOMOULbI0 UUPposbLx MexHON02Ul UMeIM 6bICOKYI0 AKNYAbHOCb
U3-30 OMHOCUMENbHOU OewesusHbl U npocmomol npovecca. OOHUM U3 KIIOUeBbIX HANPABIEHUN UCNONb306aHUT UUPPOBDIX MeXHOM02UiL
6 cihepe HemexuMU1eckoll NPOMbIUITIEHHOCU A6IAEMCS ONMUMUSAUUS NPOUECCA C KIHHeBbIMU 3A0a4aMU, KAK yeenuHenue 6bix00a Lere-
8020 NPOOYKIMA, CHUNEHUE IHEP2EMUHECKUX 3AMPA NPOUECCA HA PeanbHbIX ycmaHosKkax. Modenu, co3danHvie npu nomousu yuPposix mex-
HOZO2UTL, HA3bLBAIOM UUPPOBLIMU 0BOLIHUKAMU. VIX 271ABHIM NPEUMYU4ECIBOM SBTIAEIMCS B03MONCHOCD NPEOCKA3bIBATNL Pe3yTbmarmbl Hpo-
yecca, 0CHOBbIBAACH HA COOPAHHOTLL ba3e OaHHDIX, KOMOPAS, 8 C6010 04epedb, OOTHHA UMemMb GONbUI0e KOTUHECIBO KAYECHBEHHbIX OAHHDLX.
[nst amozo Heo6xo0umo marice e€ GHATUIUPOBAMD U BIOENAMY AHOMATIbHbIE NAPAMEMPBL, KOMOPble ¢ PeanbHOCbIO He UMem HuHezo 00-
wjezo. C 60IbUUM KOTUHECTNBOM UH(OPMALULL HeTloBeKY HeoOX00UMO 60MbUL0E KOUHECE0 BPeMeHU HA AHAUS AKX 643 0aHHbLx. B makom
cnyae 100U 0717 YCKOPEHUS NPOLecca AHANU3A NPUMEHSIOM HelipOHHble Cemi, KOmopble CNOCOOHbL NPOAHATUZUPOBANb 6A3Y OaHHbIX U 6bl0e-
TUMb AHOMATIbHYIE SHAMEHUS] 6 CHUMAHHDbLe CeKyHObL. B 0anHotl pabome paccmampusaecst npouecc co30aHUs uugposozo 060HUKA KOTOHHD

PPaKUUOHUPOBAHUS C NPUMEHEHUEM HELPOHHDIX cemeil.

Knouesvte cnosa: yugposvie mexHonozuu, yugposvie 080UHUKY, HellpOHHbIE cerm, 06yHeHUe HellpOHHbLX cemeti.

1(POBOII ABOJHMUK, KAK MOXKHO [IOHSTH U3 HA3BAHN, 9TO LN~

¢bpoBas Wiy BUPTyanbHas MOLEIb PEANTbHOIO 00DBEKTA, CH-
CTeMa WM TpOLiecca, KOTOpas MOTHOCTbI0 OTBEYAET CBOMM pe-
QIbHBIM IPOTOTMIIAM IIPM IIOMOLIM CUCTEM MaTeMaTUYeCKUX
ypaBHeHnI1 1 3aBucumocreit [1]. Takue Mozen cosfaoTcs ¢ Lebio
UCCTIef0BaHNA 00beKTa B PasIUYHbIX YCIOBYAX [/ aHA/IM3a BO3-
MO>KHBIX IIOCTIECTBII, /LS ONTUMM3ALIUY IIPOLecca WK L Ipef-
OTBPpAILIeHs] HeXXeMaTeNbHbIX CIy4aeB. B Haire Bpems 1ydposble
IBOVHUKI MMEIOT OYeHb BBICOKYI0 BOCTPEOOBAHHOCTb BO MHOTUX
chepax JiesTebHOCTH, TaK KaK IIPYU MX HOMOIIY Ha OCHOBE NMeI0-
mericss MHGOPMALMY MOKHO IIPefiCKa3bIBaTh, TaK KaK y HUX MMe-
eTCSl MHOXKECTBO Pas/IMYHBIX PUMEHEHNIT, KOTOpBIE elé He ObIn
YIOMAHYTBL. B HedTsAHOM HpOMBILITIEHHOCTH LyipOBBIE ABOIL-
HIUKJ MMEIOT MHOKECTBO TIPYMEHEHNIL: TOMUCK HeTAHBIX MECTOPO-
XpeHuit [2], o6ydeHne CrelamicToB B Pas/INIHbIX CLieHapsX [3],
aHa/IN3 1 OITUMM3ALNS CYIECTBYIOIEro obopysoBanmst [4] u T.4.
Ha ocHoBe 111()pOBLIX [BOIHUKOB He TONMBKO OITUMIBUPYIOT yiKe
CyLeCTByIOIe OOBEKTbI, HO TAKKe CO3JAI0T HOBBIE C YYETOM
OIIBITA IKCIUTyaTaLUy IIOXOXKNUX 00beKkToB. Takyum 06pasoM, KOM-
IIAHWY He TOZbKO 9KOHOMSAT Ha IOCTPOEHUM MOfeny 00beKTa, HO
M 9KOHOMST BpeMsI Ha Peam3ariyii CaMOro IIPOeKTa.

B Hameit pabote MBI BOCCO3[a/m MOJIEIb KOTIOHHBI (DpaKIio-
HUpOBAHNUA Ha ycTaHOBKe pudopmuura. CplpbeM KONOHHBI SAB-
nAeTcA CcTabwiIbHbLI pudopMar mocne mponecca pudOpMUHTa.
[IpopykTaMyt KOMOHHBI ABJIAIOTCA a3 OCTATOYHBIX JIETKNX YITIEBO-
[OpPOJOB, KOTOPbIIl HALpaB/sieTCst Ha dake, ppakiyuy OT HavajIa

kunenus (HK) o 62°C, koTopblit IpuMeHAeTCs B Ka4eCTBe KOMIIO-
HEHTa TOBAPHOTO OeH3MHa B TOProBo-ceppucHbIx HeHTpax (TCI),
¢paxtum ot 62 o 90°C, KOTOPBIIT IPUMEHAETCS KaK ChIpbe TIPo-
MBIIZIEHHBIX YCTAaHOBOK UL IOMYYeHNMSA apOMATUYECKNX YITIeBO-
JOPOZOB )1 KaK KOMIIOHeHT ToBapHoro Oensyuna B TCLI, u ppaxipym
ot 90°C 1o konra kumenus (KK), kotopbie MMeIOT TaKoe >Ke mpu-
MeHeHe, KaK dpakimn 62-90°C. LeneBbIM MPOAYKTOM SAB/IAIOTCS
¢paxun 90-KK°C, moaromy B Hamelt paboTe GyaeT BHIIOTHATHCS
aHA/IN3 C 11e/IbI0 YBEMMYEHs BbIXOJIA IMEHHO 9TOTO IIPOYKTA.

B KadecTBe MCXO[HBIX JAHHBIX OB B3ST PEITIAMEHT YCTAHOBKM
pudOpMIHTa, PeKVMHbIE JUCTBL I HOPMBI TEXHOTIOTMYECKOTO pe-
XIMMa pabOoThI YCTAHOBKIL.

MeropuKy cosfans IMPpPOBOTO ABOIHMKA IPEACTABUM Ha PU-
cyHke 1.

Hlaree 10 IIyHKTaM IPeACTaBUM IIPOLieCC CO3AAHIs LIpPOBOrO
TBOJHMKA:

1. Kak 6510 cka3aHO paHee, 3a OCHOBY MOJie/I ObUT B3ST periia-
MEHT YCTaHOBKM pr(OpMIHTa I ero pexXuMHble CThL. Ho Ham He
ObII HEM3BECTEH COCTAB ¥ CBOVICTBA ChIPbs KOJIOHHBI (DPAKIMOHM-
POBaHNs, O3TOMY OBUIO MPEANPUHATO PellleHNe BOCCO3[aTh MO-
JieTb YCTAaHOBKM PU(OPMIUHTa BIVIOTb 10 KOTOHHBI (PPAKIMOHUPO-
BaHMA. B kadecTBe cpelbl MOfeNMpoBaHNA OblIa B3ATa IIPOrpaMMa
UniSim Design, tepMonunamideckuit maketr — «Peng-Robinson».
B xauecTBe CBIpbs YCTaHOBKM CO3JaBajnach Impoba HedTy Mo pe-
KMMHBIM JIICTaM C YYeTOM COfiepyKaHNs pasTM4HbIX Ipumeceit. Ha
HPOTSKEHNY BOCCO3[[AHMSA MOJIENM, MHOTE 9/IEMEHTDI 3a1aBalich
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1. Co3ganne Mozenn yCTAaHOBKU PH(OPMIUHIA B

Cpeac MOACIHNPOBAaHIIA

2. HpOBepKa AJCKBATHOCTH MOJCTII

=

3. COop 0azpl JaHHEIX HAa OCHOBE CO3IAHHOII

MOJCIIH

-

4. OobyueHne HelpoHHOH CeTH Ha OCHOBE
coOpaHHOIT a3kl JTaHHBIX

Puc. 1. MeTouKa co3panusa uugpoBoro ABOHUKA

CTPOTO IO PerTaMeHTY, YTOOBI IOMY4UTb Hanbomee peamicTuyHble
COCTAB I CBOJICTBA CHIPbsI KOMOHHBI PPaKIMOHNPOBAHILL.

2. Tlocne cosmanys Mofeny OblIa BBHIIIOTHEHA OLIEHKA afleKBaT-
HOCTY Mofienu. B pesynbrare, Bce mapaMeTphl M YCTIOBUA Hporiecca
ObUIY BBINOJIHEHBI B JOIYCTVMBIX 3HAYECHNAX PeIJIaMeHTa U COOT-
BETCTBOBA/IM 3HAYEHUAM U3 PEKUMHOTO JIMCTA C YI€TOM NOrpeml-
Hoctit B 5%. [Tocme Toro, kKak Mbl yOeRUIICDh B aleKBaTHOCTH MO-
TIe7IHA, C LIeTIBI0 ONITHMM3ALINI U YCKOPEeHs Iporjecca cOopa JaHHBIX,
OBUTO PeIleHO U3 BCeil MOMENU OCTABUTb TONBKO ChIPbe KOMOHHbI
bpaKLVOHNPOBAHNA U CaMy KOJIOHHY HemocpefcTBeHHO. Ilpen-
CTaBUM IOTYYEHHYIO MOJIE/Tb Ha PUCYHKE 2.

3. Jns cO6opa maHHBIX ObUT HAMICAH AITOPUTM Ha 6ase s3bIKa
nporpammupoBanys Python ¢ ucrionb3oBaHueM Takux 6u6NNOTEK,
KaK NUMpy — A/ CO3TAHMSA MAcCHBOB, B KOTOpble OYAYT 3armm-
CBIBATbCs 3HAYEHNS U3 CPEIBl MOTEMMPOBAHIS TIPK Tlepebope Tie-
PEeMEHHBIX, U CSV — ISl CO3HAHNUsI YIOOHOIT 6asbl JAHHBIX B BIJE
Tabmnpsl B opmare.csv. Ha pucynke 3 IpefcTaBieH aaropuIM
poliecca co3fanisi 6asbl JAHHBIX B BijE 6T0K-CXEMBI.

4. CobpanHas 6a3a JaHHBIX Ha JAHHBLT MOMEHT COCTONT 13 13781
CTpodeK U 13 psAfioB, B KOTOPbIe ObUIO 3aIMCAHBI TEMIIEPATYPHbIIL
PEXUM KOTIOHHBI, 00'beMHbIe I MAaCCOBBbIE PACXOfBI TOTOKOB, & TAKXKeE
HArpysKy Ha peboiiep u KoHpeHcaTop. Takke, Ha JAHHbBII MOMEHT
aHa/IN3 MPOBONVICA IIPU CTATMYHOM MAacCOBOM PacXofie ChIpbs KO-
JIOHHBI GPAKIMOHMPOBAHIIS, @ TAKXKE TEMIIEPATYPbI OpoLeHNsL. B 6y-
JyllieM TIpeAnonaraeTcs paciupenue 6asbl JaHHBIX C Y4eTOM Bapb-
POBaHNsA ITUX ABYX IAPaMETPOB, YTOOBI IIONTYIUTh HaMOONee IOTHBIIT
1bpOoBOIt FBOITHIK KOMOHHBI GPAKIIMOHMPOBAHILL.

Jlist aHanmM3a JAaHHBIX IIOMMMO PaHee 03BYYEHHBIX OMOMMOTEK
ObU1a BoIOpaHa scikit-learn — npocTas n aexryBHAsA GubMIOTEKA
VI MAIIVHHOTO OOYdYeHVs ¥ HPeIVKTMBHOIO aHA/IM3a [JAHHBIX.
OHa TpyMMeHAETCA B PAs/IMYHBIX LIeNAX, OCHOBHBIMM BBINEIAIT
kmaccudykaumio u perpeccust. bubmorexa scikit-learn mpemma-
raeT HaM OOJIBIIOE KOMMYECTBO PASTMIHBIX METONOB OOydeHNs,
KOTOpBbIe IIPUMEHSIOTCS TPV PAsHbIX YCTOBHUAX AHAIN3A [JAHHBIX,
a TaKXe B 3aBUCYMOCTY OT BBIOPAHHOTO METOAA OyZieT pasHUTBCS
Y TOYHOCTD NIpeJiCKa3aHyil HelpOHHOIL CeTN.

u—y
Q E:nz as_to_flare
Gas_K3 4 Reflux
"= Condensator Volume
————
@ coni L
’ -
5 HK-62
* - - MIEX-101
1 Exep.
Feed Frac_column —\— Exep
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Puc. 2. Mogenb KONOHHbI hpaKLUOHMPOBAHMA
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TMoxkmogaeMcs K cpelie
moemrpoBans UniSim Design

yerpoitcream UniSim Design

TTogxmouaeMcs K AKTHBHBIM TaOIIIAM I

/n N

aphIpyeM BXOJHBIE TapaMeTPEL

1. HCpCHHCBIBaCM 3HAYCHH IIapaMeTpPOB IIOTOKOB

2. COXpﬁHF[CM IMOTYYEHHBIC 3HAUCHNS I BHOCUM

HJIA alIapaToB

B 0a3y JaHHBIX

3aBepmaeM IporpaMMy

Puc. 3. Bnok-cxema anroputMa npouecca c6opa 6asbi gaHHbIX

[IpenBapuTenbHO Ieper OOyYeHMEM HEPOHHOIN CeTH IIpu
nomomy 6ubmrotexn seaborn BM3yanM3MpyeM 3HAUeHMA 6asbl
JAaHHBIX [UIA TOTO, YTOOBI BBIE/IUTh aHOMAjbHble 3HAYEHMUH, KO-
TOpble MOTYT IIOCTY>XUTb YXyALIEHMEM TOYHOCTM IIPEfCKa3aHMil
Harelt HeltpoHHoII cetnt. Ha pucyHke 4 mpencraBum rpaduk saBu-
cumocTu 06beMHoro pacxopa ¢paximit 90-KK°C or Harpysku pe-
6ortepa.

Regression plot of Q reb.

Kak mbr BupyM, 6a3a JaHHBIX MMeeT HECKOJIbKO aHOMAJIbHBIX
Pe3y/IbTaToB, KOTOPBIE CUIBHO OTIMYAITCA OT OOMBIIMHCTBA.
Takue »ke/matenbHO 13 6a3bl JAHHBIX YAQJIATH C LIE/IbIO OBBIIIEHN
Ka4yecTBa M TOYHOCTY HEMPOHHOI ceTy. ITO MOXKHO CHEaTh Kak
BPYUHYI0, K IIPVMepY, IPU IOMOLY 0pUCHOro mpuioxerus Mi-
crosoft Excel, kotoperit crocobeH B CBOeil Cpele MpefCTaBIATH
manHble.csv Gopmara. Ho ecny Mbl MMeeM Jieno ¢ GOIBLIMM Mac-

kcal/h and Volume_bot. m3/h

58 A

57 A

Ln
(=]
i

Volume_bot. m3/h

g

Q_reb. kcalth

4 5

leb

Puc. 4. 3aBucuMoCTb 06beMHOro pacxoaa dpakuuin 90-KK°C ot Harpysku pe6oiinepa



“Young Scientist” « #12 (511) - March 2024

Technical Sciences | 37

CUBOM JIaHHBIX, TO BPYYHYIO 3TO fieflaTb OYeHb JOMTO, TOITOMY
6o7Tee ONMTMMAIbHBIM METOIOM SIBIAETCS HEMOCPENCTBEHHOE JC-
TI0/Tb30BAHNA OT/IETbHOTO IIPOTPAMMHOT0 KOJIa, IIPJ IIOMOIIM KOTO-
POro MOXHO Gy/eT HAXOAUTD 1 YHA/LITh IIOKOOHbIE AHOMAIIIL.
[Tocme Bcex BBILICYKa3aHHBIX AEICTBUIL, OBUI CO3JjaH ajro-
pUTM 00y4eHMs HelIPOHHOII ceTt. B kadecTBe MeTOROB 00yYeHNA
ObUTM MCIIONB30BaHbL: LinearRegression — KOTOpBIt COOTBET-
CTByeT MHeIHOIT Mogent ¢ Koaduumentamu, RandomForestRe-
gressor — KOTOPBIIT [IOfI01paeT psifj perpeccopoB fiepeBa pelreHni
VIS Pa3IMYHBIX TOABBIOOPOK Habopa mauHbIx u GradientBoost-
ingRegressor — KOTOpBII CTPOUT afANTVMBHYIO MOJielb IIO-
stamHo [5]. Heckonbko MeTOp0B 00y4YeHNst ObUIN B3ATDI C 1Ie/IbIO
BBICHUTD, KaKOIl METOR, /1Al Hac Hanbosee nopxonsmwuit. s 06-
yUeHMVsI HeIIPOHHOI ceTy ObUIM CO3HAHBI IBA MaccuBa — X 1 .
B maccuB X MbI BKTIOUNM 3a/jaBaeMble HaMI ITapaMeTphl — TeM-
[epPATYPHBII PEXIM KOIOHHBI I KeIAeMBblil [OTydaeMslil 00b-
eMHbliT pacxon ¢paxuwmit 90-KK°C. B 6ynywmem npennonaraercs
3aMeHUTb 3afiaBaeMblit 06 beMHbIIT pacxon dpakuuit 90-KK°C Ha
3Ha4yeHye MaCCOBOIO PacXofja CBIPheBOr0 IMOTOKA KOIOHHBI hpak-

IMOHMpPOBaHUsA. B MaccuB y 6bUmM HO6GaBNIeHBI BCE OCTANTbHbIE
pAAnbI 6a3bI JAHHbIX.

B pesynbrate 06ydeHMsi HEMPOHHOI CeTM, Mbl BBIIOMHIIIN
OLICHKY TOYHOCTY €€ IIPefUKTUBHBIX CIOCOOHOCTEIL:

- LinearRegression: 61,1% To4HOCTH;

- RandomForestRegressor: 73,5% TouHOCTH;

- GradientBoostingRegressor: 74,8% TounocTu.

Kak Mbl BUAUM, NPEATIONOXUTENbHO, Hanbomee TOYHBIM Ha
JaHHBIT MoMeHT sABnderca Merof GradientBoostingRegressor.
Yro6bl yOEauThCS B 9TOM, OBUIO BBIIOTHEHO CPABHEHNE PE3YIb-
TaTOB, IOZTyYeHHBIE B cpefie Mofenposanmusa UniSim Design ¢ pe-
3y/IbTaTaMy IIPefiCKa3aHmil BCeX TPeX HeJfpOHHBIX CeTell.

K npumepy, BosbMeM ciefyromiye apaMeTphbl:

Temneparypa Bepxa: 67,32°C;
Temneparypa 6oxoBoro or6opa: 97,52°C;
Temneparypa peboitnepa: 150,1°C;

- IlpepnonoxxuTenbHbI 06BEMHBI PAcXoOf, HIDKHETO IIpO-

IyKTa: 56 M*/q

PesymbTatel mpecTaBuM B Tabmiie 1.

Tabnuua 1. CpaBHeHWe pesynbTaToOB NPeACKa3aHusA C MOAEbio
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o o = = =
UniSim Design 120 2,12 2,99 0 1386 1962 40652 805765 1352229
LR 114 3,67 2,97 550 1365 1969 40636 778472 1458789
RFR 117 2,17 3,05 0 1351 2019 40630 750372 1392300
GBR 115 3,87 3,02 245 1284 1963 40627 736478 1393426

Kak MbI MokeM HabmrofaTh, Hambonmee G/MM3KME Pe3yIbTATHI
OBV IOy YeHbI TpY oMoy MeTozia obydenns RandomForestRe-
gressor.

BoiBop: Ha aHHBIT MOMEHT co3/jaH LM(POBOI ABOMHMK THUIIA
1M(ppoBas TeHb, TO €CTh TaKoil N(POBOIL ABOIHIK MOXET C OIIpe-

JIureparypa:

JieTIeHHOI TOYHOCTBIO IIPEJCKa3bIBATh PE3Y/IBTATHI TO/IbKO B PAMKAX
IIpeJiCTaB/IeHHOIT 6a3bl aHHBIX. /11 pacIMpeHNs MPeIUKTIBHBIX
CII0co6HOCTel MPPOBOro [BOMHMKA OyAeT paciIMpeHue Cylie-
CTByIOLIell 6a3bl [AHHBIX C yIETOM PA3HOIl HOfAYM CBHIPBSI B KO-
JIOHHY (PAKIMOHNPOBAHNSI I PAa3HOI TeMIIEPATYPBI OPOLIEHIIS.
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To analyze the flow characteristics of the gas-mixed high solids an-
aerobic digestion system and optimize the mixing performance,
the mixing performance of gas and non-Newtonian fluid in the system
was investigated using the simulation. The mixing energy magni-
tude, input pattern and nozzle inlet angle were optimized by evalu-
ating available mixing indices. The performed experiments showed
that the non-Newtonian fluid properties and consistency index of
the food waste increased as the total solid increased. Moreover, it was
found that the higher the reactor diameter, the greater the input energy,
the smaller the dead zone, and the higher the global velocity gradient.
Under specific input energy conditions, more mixing was achieved
with the gas dispersed inlet compared with the centralized inlet. The
obtained results demonstrate that is a powerful tool to optimize the
mixing performance in high solids anaerobic digestion systems.

The reduction in energy consumption and the increasingly de-
manding emissions regulations have become strategic challenges for
every industrial sector. In this context, the glass industry would be one
of the most affected sectors due to its high energy demand and emis-
sions productions, especially in terms of NOx. For this reason, various
emission abatement systems have been developed in this field and one
of the most used is the air staging system. It consists in injecting air
into the upper part of the regenerative chamber on the exhaust gases
side in order to create the conditions for combustion that reduces NOx
emissions. In this work, the combined use of CFD with data analysis
techniques offers a tool for the design and management of a hybrid air
staging system. Surrogate models of the bypass mass flow rate and uni-
formity index in the regenerative chamber have been obtained starting
from DoE based on different simulations by varying the air mass flow
rate of the two injectors located in a bypass duct that connects the two
regenerative chambers. This model allows a UQ analysis to verify how
the uncertainty of the air injectors can affect the bypass mass flow rate.
Finally, an optimization procedure has identified the optimal condi-
tion for the best bypass mass flow rates and uniformity of the oxygen
concentration in the chamber. High values of the mass flow rate of the
pros injector and medium-low values for the cons injectors are identi-
fied as operating parameters for best conditions.

The determination of uniformity of layer homogeneity indices
in unsteady regimes is a critical aspect of various fields, including
fluid dynamics, environmental engineering, and geosciences. Un-
derstanding the distribution of properties within layers of heteroge-
neous materials under unsteady conditions is essential for optimizing
processes, predicting behavior, and mitigating risks. This essay delves
into the methodologies and significance of evaluating uniformity in
layer homogeneity indices under unsteady regimes, exploring its ap-
plications and implications across different disciplines.

Understanding Layer Homogeneity Indices: Layer homogeneity
indices refer to parameters that characterize the uniformity or het-
erogeneity of properties within stratified layers of materials. These
properties may include density, porosity, permeability, concentration
gradients, or mechanical properties, depending on the specific con-
text of the study. Homogeneity indices provide quantitative measures
of the degree of uniformity or variability within layers, aiding in the
characterization and analysis of heterogeneous systems.

Challenges in Unsteady Regimes: Unsteady regimes present
unique challenges for assessing the uniformity of layer homoge-
neity indices due to temporal variations, transient phenomena, and
evolving conditions. In such dynamic environments, the distribution
of properties within layers may fluctuate over time, influenced by fac-
tors such as flow dynamics, sediment transport, chemical reactions,
or external perturbations. Traditional steady state approaches may be
inadequate for capturing the transient behavior and temporal vari-
ability inherent in unsteady regimes.

Methodologies for Determination: Several methodologies are em-
ployed to determine the uniformity of layer homogeneity indices in
unsteady regimes, leveraging mathematical models, numerical simu-
lations, experimental techniques, and data analysis approaches. Com-
putational fluid dynamics (CFD) simulations enable the modeling of
fluid flow and transport processes within heterogeneous layers, pro-
viding insights into the evolution of property distributions over time.

Experimental methods, such as tracer studies, geophysical im-
aging, or sensor networks, allow for direct measurements of property
variations within layers under unsteady conditions.

Indices for Quantification: Various indices are used to quantify the
uniformity of layer homogeneity under unsteady regimes, encompassing
statistical metrics, spatial analysis techniques, and time dependent pa-
rameters. These indices may include coefficient of variation, standard
deviation, spatial autocorrelation functions, fractal dimensions, or en-
tropy measures, depending on the specific characteristics of the system
and the objectives of the analysis. By evaluating these indices, researchers
can assess the spatial and temporal variability of layer homogeneity and
identify patterns, trends, or anomalies within the system.

Applications and Implications: The determination of unifor-
mity of layer homogeneity indices in unsteady regimes has wide
ranging applications across diverse fields. In hydrology and ground-
water modeling, understanding the heterogeneity of aquifer proper-
ties under transient flow conditions is essential for accurate predic-
tion of contaminant transport, water quality dynamics, and resource
management strategies. In geotechnical engineering, assessing the
variability of soil properties in unsteady slopes or embankments is
critical for slope stability analysis, risk assessment, and infrastruc-
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ture design. In environmental monitoring and remediation, char-
acterizing the spatial and temporal distribution of pollutants within
heterogeneous media helps in identifying sources, assessing impacts,
and designing effective remediation strategies.

The determination of uniformity of layer homogeneity indices
in unsteady regimes is essential for understanding the distribution,
dynamics, and behavior of heterogeneous systems across various
disciplines. By employing appropriate methodologies, quantifying

References:

relevant indices, and analyzing spatial and temporal variations, re-
searchers can gain insights into the underlying processes, optimize
operations, and make informed decisions in complex and dynamic
environments. As advancements continue in modeling, experimen-
tation, and data analysis techniques, the characterization of layer ho-
mogeneity under unsteady conditions will further enhance our un-
derstanding of natural and engineered systems, driving innovation
and sustainability in diverse applications.
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HayuHblin pykoBogutens: KounH AnekcaHap EBreHbeBnY, KaHANAAT TEXHUYECKUX HAYK, LOLEHT
PocToBCKuMi rocyAapCTBEHHbIN YHUBEPCUTET NyTeit CO06LLeHus

1. Tuppo3HepreTuka

Bopa — opmH n3 caMbIX peBHMX MCTOYHMKOB 9HEPIMH, Pas-
paboTaHHBIX YenoBeKOM. Ha IPOTSKeHMy ThICAYeNeTHii TUApo-
SHEprUA UCHONb30BaNaCh /A OPOIIeHNA ¥ NpMBEleHU:A B Jeil-
CTBIUE Pa3/MYHBIX MEXAHMYECKUX YCTPOJICTB, TAKMX KaK BOJAHbIE
MeTIbHUIIBI, IECOIMIKY, OKOBblE KPaHbl U IOFbeMHUKHU. [Uppo-
9HepreTukKa ObUTa OTHUM U3 NEPBBIX U300pEeTeHNIT YeoBeKa s
nony4yeHns sHepruu. B 20 Beke MOIIHOCTD IU/JPOIHEPIETUKY 3Ha-
YYTETIHO BO3POCIIA, VI 1O KOHIIA BeKa OHa ObI/Ia CAMBIM BaXKHbIM VIC-
TOYHJKOM BO30OHOB/IAEMOI SNIEKTPOSHEPTHIL.

CerofiHa TUAPO3HEpreTHKa ABIAETCA Hamboree IIMPOKO WC-
TI07Ib3yeMbIM BO30OHOBIIIEMBIM MCTOUHMKOM SHEPTUN, ee BKJIaJ
Goree 4eM B /IBa pasa IpeBBIMIAET BK/IAJ BCEX PYTUX BO30OHOB-
JIAEMbIX MICTOYHMKOB S9HEPIMY BMECTE B3AThIX.

Ha pmomio rupposnepretukm npuxopurcss 16-17% mmposoro
TIPOU3BOJACTBA 37MeKTposHepruy. OfHAKO B HEKOTOPBIX CTpaHaxX
3TOT IOKasaTenb ropasyo Boiute. Hampumep, 8 Hopseruu gons rup-
poasHepreTHKy cocTasseT 99%, a B lIseitapuu u Kanage — 60%.

Tupposneprusa mpoussoautcs B 150 cTpaHax, mpyu 3ToM A3u-
aTcKo-TMXOOKeaHCKMIT pervoH Hpou3BOgMUT 32% MUPOBOI THA-
posHeprun. KpynmHejmymMyu cTpaHaMU-IIPOUSBOAUTENAMY TUJPO-
sHeprun AsnATca Kuraii, Kanaga, bpasummsa u CIIA.

CymjecTByeT ceMb I'MPO3NEKTPOCTAHIINIT MOLITHOCTBIO 6oree 10
I'Br. Yetbipe 13 nux HaxopaTca B Kutae — Tpu yuiennbs, baiixerasn,
Cunony n Ynyune; ise B bpasumin — Vraiiny n bpymonTu; n ogHa
B Benecyane — Iypu.

[MpOaIeKTPOCTaHIMYL MOTYT IIPOU3BOAUTD SHEPIUIO OBICTPO
U C HM3KUMU 3aTpaTaMyi, OCKONbKY ChIpbe — BOJAa — IPaKTH-
deckn becrmarHoe. Kpome Toro, [/ sKCITyaTalum rUgposnIeKTpo-
CTaHINIT TPeOYeTCs MeHblIIe PeCypCoB.

2. lpeumywecta U HeOCTaTKN rMAPOIHEPreTUKM

[MPOSTIEKTPOCTAHINN He 3arpssHSIOT arMocdepy, obecre-
YYBAIOT KUCTIOPOJIOM BOJHBIN IOTOK, He TPeOYIOT TOIIVBA, Oe3-
OTXOffHBI M UPE3BBIYAITHO 0€30MacHBL. [MOKOCTh IMOKpPBITHS
HOTpe6/IeH s U CIOCOOHOCTD HAaKaIUTMBATh SHEPTHIO (B CITydae THj-
PO3MEKTPOCTAHINIT) OBBINIAET 9P (EKTUBHOCTD SHEPTOCHCTEMBL.

[MPO9IEKTPOCTAHIUN TAKXKe MOTYT MCIIONIB30BAThCA /I Ha-
KOIUICHIST 9HEPIUH 13 PYTVX MCTOYHIKOB, HAIIPUMEP, COTTHEHOI
VLY BETPOBOI SHEPTUHL.

[MEpoakKyMymMpylolyie pesepByapbl YIyYLIAOT KadecTBO
BOJIBI U CTTY>KaT MICTOYHMKOM BOJIBI /I/Is OPOILIEHMA/OUICTKY TeXHO-
JIOTMYeCKIX IIPOLIECCOB U MUTHEBOIT BOJIBL

Brarogapst cBoelt ClIoCOOHOCTH HAKAIIIMBATH BOLY OHM TAKXkKe
CHIDKAIOT PYMCK HABOTHEHWII 1, HA000POT, YIYYIIAT YCIOBUA CY-
JIOXOICTBA Ha PeKaX BO BpeMs 3aCYXU, YBeIUYNBas MUHIMA/IbHBIIL
pacxop Boppl. He Gymem 3a0bIBaTh U 0 BaXHOII peKpealliOHHO
byHKImN.

Ocoboe BHMMaHMe CIefyeT YAEMUTb paboTe TMAPONEKTPO-
cTaHIit. [MpOsMeKTPOCTaHIMY XapaKTepu3yTCs OBICTPOIL pe-
aKIuell Ha 3aIlycK, BpeMs 3aIyCKa COCTABJIAeT BCErO HECKOIbKO
cexyHpi. Kpome Toro, oHm cnocoGHbBI IOfepXXUBAaTb HPAKTU-
vecky nocrossHHbI KIIJI Bo BceM fimanasoHe MOLIHOCTY, KOTOPBIIL
MO>XHO PEery/IipoBarh B IIMPOKNX Ipefenax.

Takum 06pasoM, TMPOIHEpreTUKa SBIACTCA TMOKUM MCTOY-
HIKOM IIPOM3BOJCTBA IMEKTPOIHEPTNM, CIIOCOOHBIM TMOKO pea-
TMpPOBATh Ha M3MeHeHu:A crpoca. Cpemy Apyrux NpeuMyLiecTB —
HM3Kas CTOMMOCTD TOIUIMBA Y OTCYTCTBYE 3arpsA3HEHNA BO3LyXa.

OpHAaKo Takue YCTAHOBKM NMEIOT HEKOTOpble HeOCTaTKI,
TaKye KaK BBICOKIIE IHBECTUI[VIOHHBIE 3aTPAThI, OIPefie/IeHHAsA CTe-
TIeHD CTYYaifHOCTH U OTPAaHMYeHNs B KOJIMIECTBE JOCTYIIHOIL Tep-
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BUYHOII 9HEPIUN, @ TaKXKe HeOOXONMMOCTD 3aTOIUIEHNUs GOMbIINX
TEepPUTOPHIL, YTO HETaTMBHO CKa3bIBAETCsl HAa OKPY Kalollell cpefie.

KpymHoMmaciTabHble POEKTHI MOTYT JIETKO PaspyLINTh KO-
CHCTEeMBI I OKpy>Katolye coobmiectsa. IIpumepom ToMy siBIIsteTCs
mnotuHa «Tpu ymenbsa» B Kutae, koTopas mepecenia okomno 1,2
MIIIVIOHA YeJIOBEK Vi 3aTONN/Ia COTHM JiePEBEHD.

B pesynbrare pasnoxeHns opraHM4ecKMX BeLeCTB B BOJOXpa-
HIINIIAX 00pa3yeTcs MeTaH, KOTOPBIIT TaKKe ABIACTCS IIPUIMHOI
rno6anpHoro noteriennsa. OgHaKo BO3IECTBIE TUJIPOSHEPTETUKI
Ha OKPY>KAIOLIYIO CPefy MOXKeT ObITb CMATYEHO I OCTAeTCSA HUBKIM
10 CPAaBHEHUIO CO CKMTaHMEM MICKOIIaeMOT0 TOILIVBA.

Kpome Toro, TypOuHbI Ha 971eKTPOCTAHINAX TO3BOMAIOT J06aB-
NATb B BOJY KMC/IOPOJ, TI03TOMY MCIONb30BaHHAsA BOJA BO3Bpa-
I[AETCA B PeKy C MYYLIMM KadecTBOM. BMeluaTenbcTBa B IPUPOLY,
TaKJe KaK U3MeHeHIe TeUeHIs PeKI, OTIONHAIOTCS, HallpJMep, KO-
nbeMeTaHueM. ITO TO3BOJISAET BOTHBIM JKMIBOTHBIM II€PEMEIATHCA
BBEPX 110 TEUCHNIO [I/IT HEPECTaA. KpOMe TOT0, TOIKO YaCTb PEKM MC-
HOTIb3YETCAA B Ka4eCTBE 9NEKTPOCTAHLVIL

BenmyTcs vccmenoBaHms, YTOOBI CAleNaTh TMAPONEKTPOCTAHIINN
Goree «IPYKeMIOOHBIMI» K OKPYKAIOIIElT IKOCUCTEME.

3. f'uppo3neKTporeHepartopbl

[uapoaneKTporeHepaTopsl — 3TO HUBKOCKOPOCTHBIE JIBUIa-
temu. OHM PacCYNUTAHbI HA MEHBILIYIO CKOPOCTD, 4eM TypOoreHepa-
TOPBL, 1, B OT/INYME OT TIOC/IEAHIX, CKOPOCTD TYPOUHBI 3aBICUT OT
HAIopa 1 TeYeHMs B PeKe 1 MOXKeT KOebaThesi OT HECKOMbKIIX fie-
CSITKOB JI0 HECKO/IBKIIX COTEH 000POTOB B MUHYTY.

B 3aBMCHMMOCTY OT TTO/IOXKeHVIsI Bajla TUAPOreHePaToOPhl MOXKHO
pasfesnTh Ha BEPTHUKATIbHBIE ¥ TOPM30HTA/IbHbIE TUIIBL. [VIporeHe-
PaTopbI cpefHet 1 GOMBIIOI MOLIHOCTH HPOEKTUPYIOTCS KaK Bep-
TUKA/IbHbIE, 4 TUPOTeHePaTOpPbl MajION MOLIHOCTY — KaK TOPYM30H-
TaJIbHbIE.

BepTukanbHble TeHepaTopbl MMEIT IIOAIIMIHVMKOBBIA y3el
(YIOpHBIiI TOAIIUITHIK), KOTOPBLIL ABAETCA OOLIMM JI BCei T -
POTEHEPATOPHOIl YCTAHOBKM. DTOT IOAUIMIIHUK BOCIPYMHUMAET
OorbliMe HArpysku OT POTOpa TeHepaTopa, TYpPOMHHOrO Konmeca
¥ BEPTUKA/IBHOI YaCTH PeaKI[1I BOTDL.

BepTukanpHas 4YacTb CUIBI peakumy BOXBI TEPefaeTCs Ha
POTOP, KOTOPBINT Ha3bIBAETCA OIOPOIL. PajmanbHble CUIbL, TEiCTBY-
I0IIVie Ha POTOP, HepelaloTCs BYMs HAIlPaB/IAIOLIMMI IO IIITHYI-
KaMy. ITO TaKoke obecredrBaeT BepTUKATIbHYIO OPUEHTALMI0 PO-
topa. 1o pacronoXKeHn 0 MOAIIMIIHIKOB PAs/MyaioT IOfBECHbIE
¥ 30HTMYHble TypOoreHeparopbl. IIOfUIMITHUKOBBIE OMOPBI pac-
TIO/IOXKeHbI Ha KPOHILTETHe HaJj POTOPOM B TIOJIBECHOM THIIE 1 HA
KPOHIITEJHE IO} POTOPOM B 30HTHYHOM THIIE.

4. Tunbl rnpporeHepaTopoB U UX XapaKTePUCTUKM

[upporeHepaTopsl 3aHNMAIT 0C000€ MONOXKeHMe CPefyt BCex
TUIOB JMEKTPUYECKNX MAUIMH. JTO OODBACHAETCS TeM, YTO OHIA,
KaK ¥ TypOOreHepaTopsl, SB/ISIOTCS Hanbo/Iee MOIHBIMIL IEKTPH-
YeCKMMM MAIIVHAMU 1, O/arofapsi 04eHb HUBKOI HOMMHAIBHOM
9acToTe BpallleHNA, NPEBOCXOJAT BCe JApYyTUe 3/MeKTPUYecKie
MAIIVHbI 110 BeMTMYIHe KPYTALIEr0 MOMEHTa, PayiaIbHbIM U rada-
PUTHBIM pasMepam, Macce BPALIAIOIINXCS JacTelt u o6mieit Macce

MaIUVHbI, AMHAMUYECKOMY MOMEHTY MHEPLIMM, HaTPY3KaM Ha 107 -
IIVITHYAKY M PACXOY OX/IaXK/JAIOIEN BOJbL.

Pasmeps! IuporeHeparopa, Kak Haubojee MaTepuaso- u Tpy-
JIOEMKOJ1 STeKTPIIECKOIl MAIINHBI, 00YCIaBIMBAIOT [TUTENbHBIN
IMKJI €ro IPOM3BOJCTBA U TPeGYIOT HOMBIIOTO KOMIMIeCTBa CIIeIH-
Q/TbHBIX U3MEPUTENbHBIX IPUOGOPOB, KOTOPbIE IPUXOJUTCA paspa-
6aThIBaTh 3aHOBO I KOXKIOTO HOBOTO TUIIA MAIIVHbL

Jlnst IpOM3BOLCTBA TUPOTEHEPATOPOB TPeOyeTCs IIMPOKMIL
CIIEKTP CTAHKOB, BK/II0Yas MOLIHbIE KPAHBI, TPECCHI, Ky3HEUHOE, Tep-
MI4ecKoe 000pyoBaHIe, TUTbe, CBAPKY, IITAMIIOBKY 11 M3O/LALIMIO.

ITockompKy pasmepbl I BeC THPOTeHepaTopa He IO3BONSIT
TPaHCIIOPTUPOBATH €r0 Ha TMPOINEKTPOCTAHINIO B COOPaHHOM
BIJIe, OCHOBHAs paboTa 110 cOOpKe BCeX KPYITHBIX Y3/I0B U BCeil Ma-
IIVHBI IPOMCXOAUT BO BPeMA MOHTaKa TMJpOTeHeparopa, 1o Cy-
IECTBY, ITPOJIO/DKAsA IIPOU3BOLCTBEHHO-TEXHNYECKIUIT ITPOLIECC, Ha-
YaThlil Ha 3aBOJIe.

CrpoutenbcTBO ¥ BBOJ, B 9KCIUTyaTalMIo THIPOTeHepaTopa AB-
JIAETCS OJIHMM M3 LIEHTPa/IbHBIX 9TAIIOB CTPOUTENbCTBA TUPOSTIEK-
TPOCTaHIUM, CTPOUTENBCTBO KOTOPOJ BCETfA SABMAETCA KPYITHBIM
COOBITIEM B Pa3BUTHI LIe/OIT SKOHOMUYECKOIT 30HEL.

TupposnexTporeHepaTophl, KaK IPaBUIIO, ABIAKTCA MaJora-
0apUTHBIMM VTV OJHOPA3OBBIMM MAIIMHAMM, TaK KaK YCTOBHA
BOJIOTOKA KaX[bIil pa3 TpebyOT HOBOTO THIIA arperata IIpy
CTPOMUTENBCTBE TUAPO3NEKTPOCTaHIMM. Il0sTOMY KOHCTpyKImA
THJIPOTEHEPATOPOB  COBEPIIEHCTBYeTCSA OBICTpee, UeM JIPYTUX
KPYIIHBIX 9/IeKTPIYECKMX MAIINH, Ha OCHOBE OIIbITA I Pa3paboToOK
B COOTBETCTBYIOLINX TEXHNYECKUX 00/IaCTsX.

ITo 5Tolt mpyYMHE TUAPOIHEPreTUKA MMEET TOT ACIIEKT, YTO OHA
ABJIACTCA OTPAC/IBIO OOJBIION TTeKTPOTEXHIKY, O KOTOPOIL CYHAT
TI0 OIIBITY IPOM3BOJCTBA TUIPOT€HEPATOPOB.

Hecmorpst Ha pasHOOOpasie KOHCTPYKIMIT TMIpOTeHepaTopoB,
B HaCTOsIIIIee BpeMs He CYIeCTBYeT UX KIaccu(uKarmim. ITo CBA3aHO
C TPYJHOCTBIO ONpefie/TeH s Hauboee BaKHBIX XaPaKTePUCTHK, OIIpe-
flenAomyx 0a3oByl0 KOHCTPYKIMIO. B KayecTBe TakuX HPU3HAKOB
OOBIYHO YKA3BIBAKTCA KOMIMYECTBO ¥ PACTIONOKEHE TIOIINITHIKOB
OTHOCHUTENLHO POTOPA, CUCTEMBI OXJTXK/IEHNA 1 BO3OY K/IeHNA.

OpHMM 13 OCHOBHBIX (PaKTOPOB, ONPEAE/AIONINX KOHCTPYKIHIO
TUJPOTeHepaTopa, HECOMHEHHO, AB/IAETCA DACIONOXKEHNE BajloB
B ero ocepoli nepepave. [lo sToMy mpusHaKky Bce TMAPOTeHepa-
TOPbI MOXKHO Pa3JIe/INTh Ha JIB€ IPYIIIIbL: BEPTUKA/IbHbIE U TOPUB3OH -
TajIbHBbIE.

I[TonansAtomee OOMBIIMHCTBO TUAPOTEHEPATOPOB CTPOMUTCA
C BEPTUKA/TBHBIM BaJIOM, YTO 0OYCIIOBIEHO 0COOEHHOCTAMY TIPH-
BOJIa, TMAPOTYPOUHDI, PeHTAOENTBHOCTBIO I, BO MHOTUX CIy4Yasx,
HEBO3MOYKHOCTBIO CTPOMTENBCTBA KPYIHBIX THUAPOTEHEPATOPOB
B TOPM3OHTAJbHOM MCTIONTHEHMN ¥3-32 TPeOOBAHMII COXpaHEHN
HeOoOXOZIMMON JKeCTKOCTY CTaTopa M pOTOpa, YCTAaHOBKM IIO-
IIMIHMKOB C JOCTaTOYHOM IPy3O0IOfbEeMHOCTBIO 1 T.II. B pesyip-
Tate OBUIO TIPEAyCMOTPEHO Crefyiolee. KpymHble BepTUKaIbHbIe
MAIIMHBI TIpolle B cOOpKe, SKCIUTyaTalluy U PEMOHTE, 4eM TOpH-
30HTajbHble. OJHAKO 13-32 BEPTMKAILHOTO PACIIONIOKEHNA BasIo-
IIPOBOJA B KOHCTPYKIIMY THIPOTreHePaTOPOB JOIDKHBI ObITD IIPeTy-
CMOTPEHBI OTIOPHbIE 37IEMEHTBI, TaKie KaK yIOPHbIe MOMIIAITHUKIA,
a4acTo ¥ ONOPHbIE KPECTOBUHBI /I BOCHPUATHA MaCChI Bpalllal-
IIMXCSA YacTelf TeHepaTopa 11 TYPOMHBI U CHJT, BOSHMKAIOIINX M3-3a
peaxiuy BOABI Ha UX paboure Konmeca. BepTyKambHbIE TUIPOITIEK-
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TPOTeHepaTOpbl MOYKHO PasieNUTh Ha JBa TUIA: 30HTMYHBII THII,
KOIJ]a HIDKHASA ONOPHAA IUINTA POTOpA KPENUTCA K HIDKHeN Kpe-
CTOBUHE W/IM CTOVIKe Ha KPBIIIKe TYPOIHBIL, U OJBECHOIT THIL, KOIZja
BEPXHAA OLOpHAs IUINTA POTOPA KPEINTCA K BepXHeil KpeCTOBMHE.
YeTKyX IpaHul] B 001aCTV IPUMEHEHNUS TUX JIBYX TUIIOB BEpPTH-
Ka/IbHBIX TYJIPOTeHEPATOPOB He CYIIECTBYET, M BO MHOIUX CTy4asx
MOTYT MCIIONTb30BaThCA 06a. [eHepaTophl ¢ HUSKOIT 11 CpefHelt CKo-
poctbio Bpaens (fo 150 06/M1H) B OCHOBHOM OTHOCSTCA K 30H-
TUYHOMY THUITY, XOTS eCTb IPUMepPbI JOCTIDKEHNs ropasfo Goree
BBICOKIX CKOPOCTelT, C IOCTEIICHHBIM IIePEeXOfiOM K 30HTUYHOMY
TUITY 1A Bce 6oyee GBICTPBIX MamyH. Ilocnenuue, Kak npaBuo,
OTHOCATCA K IIOfiBECHOMY THUITY.

B MexxyHapomHON NMpPAKTHKe MHOIZA PaslIvyaloT 30HTMYHBIE
¥ TIOTTy30HTIYHbIE TUIIBI, TIepBble MOHMMAKTCA KaK YCeYyeHHO-KO-
HIYeCKIe POTOPHI U3-3a VX M30THYTOJ KOHCTPYKLIVIIL

[lo HemaBHEro BpeMeHM TOPM3OHTA/IbHbIC THUIIBI B OCHOBHOM
JVICIIONIb30BA/IICh B BBICOKOCKOPOCTHBIX TUJPO3/IEKTpOreHepa-
TOpax, 00BIYHO B ITape C OFHOI VTN BYM:A KOBLIOBBIMY TYpOMHAMY
(1o obe cTopoHbI arperara). [op3oHTaIbHbIE THPOINEKTPOreHe-
paTopbl OKas3amuch Ooee KOMIAKTHBIMM U JIETKUMY, YeM BEPTH-
Ka/IbHbIE TUIIBI IIPJ OTHOCUTETHHO BHICOKVX CKOPOCTX.

TopusoHTaIbHOE PACIONOXKEHNE Bajla TAKXKe UCIOIb30BAI0Ch
IV CO3JAHMA HeCKONbKUX TUIIOB HeOONBIINX arperaTos IOCTO-
SHHOTO U OJIVDKHETO JIeJICTBYA, HO OHM He TOJyYWUIV 3HAUMUTe/Ib-
HOTO PAacIpOCTPAHEHM s U He MMM BBICOKOJ SHepreTUIecKOl 1eH-
Hocti. C IpyToli CTOPOHBI, Pa3BUTHE YCTAHOBOK MIOCTOSHHOTO TOKA
IpUBENO K CO3LAHMI0 HOBOTO THUIIA 9HEProreHepUpyIoleil ycTa-
HOBKJI — KAIICy/IbHOTO TM/IPO3/IEKTPOreHepaTopa, KOTOPLIl code-
TaeT B cebe KaIllCY/IbHBII TUPOTIEKTPOIeHePaTop ¥ POTOPHO-JIO-
IIACTHYIO TYpOVHY U yCTaHABIMBAETCS IIOF, BOZOIL.

KamncynbHble TuipoaieKTporeHepaTophl IMPOKO MCIONb3YITCA
Ha HM3KOHAIIOPHBIX IIPOTOYHBIX I NIPVM/IMBHBIX 3/MeKTPOCTAHIMAX.
OHM XapaKTepy3yITCsl OTHOCUTENBHO HU3KOI 4aCTOTOI! BpalljeHns
U MICKYCCTBEHHO MaJIBIM PAJIIIyCOM Ie€HepaTopa, YTO JOCTUTALTCS 3a
CYeT MCIONMb30BaHuA 60ee 3 PeKTUBHOI CUCTeMbI IPUHYAUTE/b-
HOTO OXMaXHeHMS. ENVHMYHAA MOLIHOCTD KAICYJIbHBIX TUApPO-
3NMEKTPOCTAaHIMIT He mpeBbimaeT 50 MBT, HO mpu Heo6xoMMOCTH
MO3KeT OBITh 3HAYNTENIbHO YBeTMICHA.

Bce w3BecTHBle KOHCTPYKIMM BepTUKAIbHBIX IMApOTeHe-
PaTopoB COOTBETCTBYIOT YCOBEPLICHCTBOBAHMAM KAIICY/IBHBIX
MamyH. [ToBecHOI TUII COCTOMT M3 YIOPHOTO ¥ KOHTPIIOAIINII-
HIKa MeXJy TypOVHOII 1 FeHepaTOpOM, a KAICY/IbHBII — U3 YHOp-
HOTO U KOHTPIOJIIMITHMKA HA IIPOTUBOIONOXKHOI CTOPOHE Typ-
OMHBL

JIureparypa:

B oueHb pelKyx cIydasx BCTPEUAIoTCA TaKke HeOOMbIIME TH]-
poarperathl ¢ HAKTTOHHBIMI BaTaMIL.

[pporeHepaToOps! MOKHO KIaCCU(HUIMPOBATD He TOMBKO 10 Pac-
HOJIOKEHNI0 BPAIIAIOErocs Bala, HO U 10 X (YHKIMOHATIBHON
po/IM B sHEprocucreMe. B aTOM OTHOLIEHNMM Bce TMAPOTEHEPATOPHI
MOXKHO pasfeluTh Ha JBe TPYIIbL: TeHepaTopbl OOLIYHON KOH-
CTPYKINY, IPeJHA3HAYCHHbIE B OCHOBHOM JI/If BBIPAOOTKY 37IEKTPO-
SHEPIMN JL CeTH, U 0OpaTUMble MALIVHBL, KOTOPble B PAa3HOE BpeMst
paboTaioT B pexxume renepatopa (TypOMHBL) Wiyt FBUTaTeNs (HAcoca).

PesepcuBHble rmppoanexrpoctaniuy (I9C), Taroke MHOIzA
HasblBaeMble HACOCHO-aKKYMY/IVPYIOUMMY  37eKTPOCTAHIMAMY
(HASC), ncnonbsyiorcs it MOKPBITHA UMKOBOII HATPY3KYU 9Hep-
TOCHCTEMBI WM TIEPEBONATCS B PEXKMM aKTMBHOTO NOTpPeOIeHNMA
97MeKTPOSHEPIUN /s BBIPaBHUBAHIS Ipadyka HarpysKu Beit cu-
CTeMBI I IePeKAINBAIOT BOLY U3 HIDKHEro Obeda B BepXHMIL.

PeBepcuBHbIe TMApOArperaThl MOTYT OBITh YeTHIPeXMAIIVH-
HBIMYL, TPeXMAIIVHHBIMY VI JByXMAIIHHBIMIL, B 3aBUCUMOCTY OT
TOTO, COBMEIIAIOT /I BXOJAIME B VX COCTAB arperaTsl pasjuyHble
¢ynkuyn. IlocnegHuit BapyuaHT (Typ6yHa/HACOC U TeHEPaTOp/ ABI-
raTesib) OOBIYHO NPEIOYTUTEIbHEe, TOCKONbKY OH Hanbosee KoM-
TAKTEH, HEOPOT 1 IIPOCT B 0OCTY>KMBAHMNIL, A TAK)Ke Hanboree Im-
POKO IIpUMeHseTCs 6/1arofaps pa3BUTIIO PeBEPCUBHBIX MAIIIVH.

PeBepcuBHBIE TMPOITIEKTPOreHEPATOPBI MOTYT OBITH BEPTH-
Ka/JIbHBIMM WM TOPU3OHTAJIbHBIMM, 3OHTMYHBIMY JIU IOABEC-
HbMI. K 0cO6EHHOCTSIM reHepaTopOB 30HTUYHOTO TUIIA OTHOCATCA

ACUHXPOHHBIE THporeHepaTopbl (AS-reHepaTopbl), KOTOPEBIE,
B OT/IM4ME OT OOBIYHBIX CHHXPOHHBIX MAIIVH, BPAIIAIOT MALINHY
C Pa3HOI CKOPOCTBIO CKOMIbKEHIL OTHOCUTEIBHO CHXPOHHOII CKO-
POCTY U TOAJEPKVBAIOT MOCTOSHHYIO ¥ HOMUHAJIBHYIO 4acTOTY
CeTH, II0Ka MMEIOT Pa3oBOe IPUMeHEHNe, HO 3aCTy>KUBAIOT OTHE/b-
Horo paccmorpenns (I9C Aitosa). lowa Hydroelectric Power Sta-
tion). 910 JocTHMraeTcsA MyTeM CO3TAHMS MarHUTHOTO TOTS BO3-
OyXXfeHNs, MNeMCTBYIOLET0O OTHOCUTENBHO POTOpAa HA YacTOTe
CKOJIL>KEHVIA.

leneparop mepemenHoro Toka I'9C AjioBa oTmMyaeTcs OT
OOBIYHBIX MAIIVH TeM, YTO B €I0 KOHCTPYKILIMY MCIIO/Ib3YeTCSA POTOP
C TEMHBIMU TTOTTIOCAaMU ¥ IBYMsI PacrpefieNeHHbIMM 0OMOTKaMM, KO-
TOpbIE YAalIeHbl IPYT OT Apyra Ha 90 rpagycos. beicTpomelicTBy-
IOIjast CUCTeMa, KOTOpas PEerylIupyeT TOK BO3OYXKAEHMs KXol
OOMOTKM B COOTBETCTBMU C OIIPEfie/IEHHBIMI 3aKOHAMM, aBTOMa-
TIYecK) 00ecIednBaeT, YTOOB! CKOPOCTb IOJIA poTopa (C ydeToM
€T HaIlpaB/IeHVs) OTHOCUTEILHO CaMOTro poTopa OblIa paBHa pas-
HOCTU MEXJy 4aCTOTOI CMHXPOHM3ALMU M CKOPOCTBIO BpallleHNs
poropa.

1.  Tpy6buuuna, H. A. ITpunimn feficTBYA ¥ KOHCTPYKLVA SMEKTPUYECKIX MAIIVH Y TPaHCHOPMATOPOB: METOR,. yKa3. K 1ab. paboTam
TI0 AUCLMITIMHAM «O7eKTp. MamyHel 1 snekrpornpusopy» / H. A. Tpyouunna, M. A. Tpy6ounus, A. P. [llaitxues; PIYIIC.— Poctos

u/1I, 2006.— 23 ¢

2. ComomuH, B. A. MamyHsl epeMeHHOT0 TOKa: yueb.-MeTof. mocobue k 1ab. paboram / B. A. Comomun, H. A. Tpy6uriuna, JI. J1. 3am-

myHa; PIEOY BO PI'VIIC.— Pocros w/[1, 2015.— 24 c.

3. ComnomuH, B. A. MamyHbI iepeMeHHOT0 ToKa: y4e0.-MeTof. mocobue k 1ab. paboram / B. A. Conomun, H. A. Tpy6unyna, JI. J1. 3am-

mmHa; @I'bOY BIIO PTYIIC.— Pocros u//1, 2014.— 23 ¢.
https://studfile.net/preview/4520439/page:11/
5. https://electricps.ru/gidrogenerators
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AHanM3 CTaTUCTUKM NOXKapoB, NPOU3O0LLEALINX HA NPOMbILUAEHHbIX
npeanpuATUAX Ha TeppuTopuu Poccuitckon ®Pepepaunu

Mopo3osa Bepa CepreeBHa, CTyLeHT MarucTparypbl
Ypanbckuit uHcTuTyT FOCyAapcTBeHHOI NpoTMBonoXapHoit ciyx6bl MYC Poccum (r. Ekateputbypr)

B danmoii cmamove npousseder aHanu3 cramucmuky noxapos, npousoueduiux Ha meppumopuu Poccuiicxoti Gedepavuu 6 2018-2022 ee.

U Komuuecmea nozubuiux Ha o0vexmax npOM360()Cm8€HHOZO HAa3Ha4eHuA. Hposebé;—t CpaBHumeﬂbelljl AHANU3 0CHOBHLIX NPUHUH NOHAPOs

u eubenu modeii. Paccmompetvt Haubonee xapaxmepHole Mecma 803HUKHOBeHUs noxcapos. IIpednoservl Meponpuamus no CHUMEHUIO 8epo-

AMHOCMU 8603HUKHOBEHUS NOHAPOONACHBIX cumyauuﬁ.

Kmouesvie cnosa: npomvlidieHHvle npebnpuﬁmuﬂ, noxapul, 2u6€ilb, O0CHOBHbLE NPUUUHDBL, MeCA 603HUKHOBEHUS, CUCIEMA obecneyerus

noxapHoii 6esonacrocmu.

Kmoquyfo Porb B obecreveHnn OTpe6HOCTEI! Trofeit Heobxo-
IVIMBIMI TIPEAMETaMI O00MXOfA UIPAIOT MIPOU3BOACTBEHHBIE
HpefnpuATIA, TPOU3BOLAIIME BOCTPeOOBAHHYI0 Ha PBHIHKe IIpO-
IYKINIO, a TaK)Ke OKa3blIBalollye YCIyTH [/ YAOBNeTBOPEHNUA T10-
TpeGHOCTeI! TTofet.

Ha npombimiennoit kapre Poccuu o cocrosnmio Ha 2023 rog
qucutcsa 19837 IpOMBINIIEHHBIX MPENIPUATHI, IIPOU3BOJCTB,
Gbabpux, 3aBof10B, hepM — OT KPYIIHBIX, O CPEHIX U Ma/IbIX. V] He-
MaJIO TIPeAIPHATHUIA ellé HAXOJUTCS B CTa[MI CTPOUTENbCTRA. [1]

YBenudyeHne KomM4ecTBa ITPOU3BOLCTBEHHBIX HPeNIpPUATHIL
B CBOIO 0Yepefb BIEYET BO3PACTAIOIIYI0 BEPOATHOCTD BOSHMKHO-
BEHMs KO/MYECTBa TI0KapOOIIACHDBIX CUTYaLMil Ha 3TOI KaTeropuu
00BEKTOB.

ITo>xappl IPOMCXOAAT ©KEFHEBHO KaK B XKI/Ibe, TAK M Ha IIPO-
usBopcTBe. OHN ABJIAIOTCA JOCTATOYHO PACIIPOCTPAHEHHON Ypes-
BbIYAiiHOI cuTyaryeil. IIpuuém B cyyae MPOMBIIUIEHHBIX Mpefi-
IPUATHIL TIOXAapbl HECYT € cO0OIl, KaK IpaBMIO, 3HAYUTETbHbIE
MatepuanbHble oTepn [2].

B tabmuie 1 mpuBeneHO pacIpeneeHie YicIa MoXXapoB I Ko-
JIYeCTBA MOrMOMINX IpYU IOKapax Ha 00beKTax MPOU3BOLCTBEH-
HOT'O Ha3HAYeHus 3a mocaennue 5 ner [3].

Hecmorpst Ha HaOmopaeMoe yMeHbIIeHNe KOMUYeCTBa 0XKapOB
K 2022 ropy, a TaK)Ke MOTMOLINX JTIOfelt, BOSHIKHOBEHIE TI0KapOB
Ha HPOMBILIIEHHBIX NPENIPUATUAX MONTHOCTHIO UCKIIOYUTD He
ymaércsa. OHM NO-TIPeXXKHEMY TPOUCXONAT, UX KONMYECTBO SABIA-
eTcs1 GO/BIIVM U TIOXKaPhl BIEKYT 3a OO0I 3HAYMTE/IbHBII MaTepu-
QJIbHBI yIIepo.

3a nocnepnye AT neT (Tabn. 1) B 2021 Tofy NpousoIIo Hau-
Gonblee KOMMYECTBO ITIOXKApPOB B IIPOM3BOJCTBEHHBIX 3JaHMAX
(3589 moxapoB), TaKKe B 3TOM TOAY 3aMKCUPOBAHO MAKCH-
Ma/IbHOE 4YMC/IO0 TIOTVMOLINX JTIOfieit py moxkapax — 110 wenmoBek 3a
TIOC/IeHME 5 JIeT.

OTH CTATUCTMYECKUE aHHbIE OYeHDb Ja/IeKM OT HOPMATUBHbIX
3HAYEHMII BENMMYVMHBI NUHAMBHUIYaTbHOTO MOXXaPHOTO PUCKa, YCTa-
HOB/IEHHBIX CT. 79 DepmepanbHoro 3axkoHa «TexHMYecKMil pernma-
MEHT 0 TpeOOBaHILAX IOKaPHOI 6e30macHoCTI» oT 22 1o/ 2008 T.
Ne 123-@3, rpie ckasaHO, YTO MHAMBUYANbHBIN TOXKAPHBIN PUCK
B 3[JaHIAX I COOPY>KEHVAX He JJO/DKEH IIPEBbIIIATh 3HAUeHNe OJHOI
MIIIOHHOI! B TOJ} IPU pa3MellleHN) OT/eNIbHOTO YeloBeKa B Hall-
Ooree yra/I€HHOII OT BBIXOJIA 113 3[AHVA U COOPY)KEHIA TOUKe. [4]

Ha pucynke 1 npefcTaBieHo pacrnpefienienne IpUYyH MOKapoB
Ha IPOM3BOJCTBEHHBIX 00BeKTax 3a mocnenuue 5 mer (¢ 2018-
2022 1r.) [3].

OcHoBHbIe IPYYMHBI II0)KAPOB B POM3BOACTBEHHDBIX 3aHMAX
B 2022 rofty pacrpefienuiich CIeayommM 06pasom:

— HapylIeHyUe IPaBU/ YCTPOMCTBA M SKCIUTyaTalluy 97IEKTPO-
obopynoBanua — 1396 ciy4aes;

- HapylleHye IPaBUI IIOXKapHOJ 6e30IacHOCTI P HpOBe-
JICHUY 37IEKTPOTa30CBAPOYHBIX I OTHEBBIX paboT — 794 cirydaes;

- HapylleHue IpaBUI YCTPOICTBA U SKCIUTyaTaluy medert —
307 cmyvaes;

- HeoCTOpOXHOe oOpalreHye ¢ oruéM — 240 cirydaes;

- 10 TeXHOJIOTMYEeCKUM IIpMYMHAM (HEMCIPAaBHOCTb IIPOV3-
BOJICTBEHHOT'O 000PYHOBaHYIA, HAPYIIEHI TeXHOIOTMYeCKOTO IIpo-
Iiecca IIPOU3BOACTBA) — 228 crryyaes;

— HapylleHue IPaBIUI YCTPOIICTB U 3KCIUTyaTalMM TeTIoreHe-
PUPYIOIIMX arperaToB I YCTAHOBOK — 36 CTy4Jaes;

- IIpoYMe HeYCTAaHOB/ICHHbIE IIPMYMHBI — 19 cirydaes [3].

To ectb OCHOBHOII IPMYMHOJN IIOXKAPOB HA IPOMbIIIIEHHBIX
NpefnpUATUIL B MOCIEfHNE TOAbI CTaaa HapylleHNe MPaBUI IKC-
ITyaTaliy 571eKTPO06OPYIOBaHMAL

Pacnipenenenne moxapos B 2021 rogy 1mo MecTaM BO3HMKHO-
BEHILA IIPEICTaB/IeHO Ha PUCYHKe 2. [5]

Tabnuua 1. Yncno BO3HMKHOBEHUA NOXKapOB B NPOU3BOACTBEHHbIX 3AaHuAX B 2018-2022 rr.

poM3BOACTEEHHbIE 30aHMA A6conioTHbIE AaHHbIe 3a rog,
2018r. 2019r. 2020r. 2021r. 2022r.
KonnyecTBo noxapos, ea. 2813 3546 3438 3589 1949
Konuyectso nornbwmx nogei npu noxapax 11 - 43 110 32
B MPOM3BO/CTBEHHbIX 30AHUAX, Ye.
Yuiep6 oT noxapos, Thic. py6. 1343463 2089945 7132712 1783532 376482
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B HapylueHue npaBun ycTpoicTea U
IKCAyaTauum
anekTpoobopyaoBaHuA

B HapylueHue npasun NoKapHoi
fe30nacHOCTH NPU NPOBEASHUM
3MIEKTPOrasoCcBapOYHbIX U OTHEBbIX
pabor

B HapylueHWe NpaBuA ycTpoicTea U
IKCMAYaTaLUMKU Neyei

Puc. 1. puUumHbI N0}KapoB Ha NPOM3BOACTBEHHbIX 06beKTax B 2022 rogy

OcHoBHOE npoussoacTseHHoOe
nomeLwieHue

= [TOTONOK, Kpbila,
KpOENA,
BecuepaauHoe
NoKpeITHE

m [lon, HacTvn,
bepma, Ganka,
NpOroH

= CTeHa,
neperopogka

S

Mpoem (okHO,
JBepb, BOpOTa,
THoK)

= JIeCTHWYHBIA
MapL, NAoWwaaKa

MNopcobHblie M BcnomoraTenbHbie
NpousBOACTBEHHbIE MOMELLEHHUA

= [TOTONOK, Kpbilia,
KpOBAA,
BecueppauHoe
NOKpBITHE

= [1oA, HacTKA,
dbepma, banka,
7 0 NpOroH

= CTeHa,
neperopogka

=

MNpoem (okHO,
ABepb, BOPOTA,
NIoK)

= [IeCTHUYHBIA
MapLy, NAoWaaKa

Puc. 2. Pacnpepenenne KoNMYeCcTBa NOXapoB N0 MeCTaM X BO3HUKHOBEHUA Ha NPOM3BOACTBEHHbIX 06beKTax B 2021 roay, ep.

ITo gyarpamme Ha puc. 2 BUHO, uTo B 2021 romy Ha 24% dame
HOKapbl MPOVCXOAWIN B IOZCOOHBIX M BCIIOMOTATENbHBIX IO-
MeIIeHISX, UX YUCTI0 COCTABUTIO 966 eff. (B OCHOBHBIX HPOV3BON-
CTBEHHBIX MoMelreHus1Xx — 781). CaMbIMM PacIIpoCTpaHEHHBIMY
MeCTaMJl BO3HIKHOBEHISI II0)KAPOB Ha IPOM3BOACTBEHHBIX 00b-
€KTaXx AB/IAIOTCA 1O U CTEHBL.

TaxuM 00pasoM, aHa/mM3 MPOM3OLIEHUINX NOXKapoB B 2018-
2022 rr. Ha Tepputopun Poccuiickoit ®emepanyn nokasa, 4to 3a
paccMarpuBaeMBlil epyoy Ha 06beKTax MPOU3BOJACTBEHHOTO Ha-

3HAYeHNA 3a 5 JIeT IPOU3OIIIIO JOCTATOYHO OOTIBINOE KOMIMIECTBO
HOXapoB 15335, Ha KOTOPBIX MOrMO/IN 368 YenoBex.

OTO CBA3aHO KaK C YBeMMYEHMEM KONMMYECTBA IIPOM3BOJ-
CTBEHHBIX OOBEKTOB, TaK U C HeCOOMOfieHMeM Ha TeppUTOPUM
U B [OMELIEHISIX IPEIPUATHIL TpeGOBaHMIT HOPMATHBHBIX TOKY-
MEHTOB II0 II0KapHOII 6€30IMacHOCTIL.

Boisopgp1. CornmacHo CTaTuCTIYeCKMM JaHHBIM O IPOM3OMIEIINX
MOXKapax MOKHO CJIeNIaTh BBIBOJ, YTO OPTaHM3AINA CUCTEMBI 06ec-
TeUeHNs OKAPHOIT 6e30IIaCHOCTY Ha IIPOMBILIIEHHDIX TIPeAIpHs-
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TisAx Poccun He coBepleHHA M HAXOMTCA HA CaboM ypOBHE, TaK
KaK [PV BCelT [IO/THOTe BBIIIOTHEH IS TPeOOBAHMIT He MCKTI0YaeT BO3-
MOXXHOCTY BOSHUKHOBEHVIS [I0>KAPOOIIACHBIX CUTYaLHIL.

Jlns obecredeHusi MOXAPHOI 0E30MACHOCTM HA IPOMBIII-
JIEHHBIX TIPENPUATISAX HeoOXOVMO IPOBECTH AHAIN3 U BbI-
SIBUTD BO3MO)KHBIE IIPUYMHBL, KOTOPbIe MOTYT IPUBECTI K BO3HNK-
HOBEHUIO IIOKapoB U (M/IM) B3PBIBOB Ha MpeRnpustiax (ocoboe
BHJIMaHe He0OXOAMMO 06PATUTb HA 3AIIUTY CTPOUTENBHBIX KOH-
CTPYKLMIT — CTeH, TI07I0B, TAaK KaK B 3TUX MECTAX Yallje BCero mpo-
MCXOAUT BO3HIKHOBEHNE BOSTOPAHMII); HPOBECTH 0oOydeHme pa-
GOTHVKOB [IEJICTBISIM B C/ydae [0XKapa; PelINTh KaKiuM o6pasom
Oy/ieT OCYLIeCTB/LIThCS TYLIEHNE B KpaTYaliiie CPOKI BO3MOYKHBIX

JIureparypa:

BO3TOPAHUIT; [PEJYCMOTPETh MEPOIPUATHS, [PELOTBPALIAIOLe
PacIpoCTpaHeHNe OTHs B CMEXXHble [IOMELIeHIs I COCEIHIUE ¢ HUM
3aHUA 1 JIp.

V1 Ha OCHOBAHMI 3TOTO aHA/IM3a HeobxomuMo Oymer paspabo-
TaTb KOMIIJIEKC H€O6XOHI/IMBIX OpPraHn3anOHHO-TEXHNYECKNX Me-
pONPUATHIL TI0 06€eCTIEYeHNI0 TIOXKAPHO 0€30MaCHOCTH, HAIIPaB-
JIEHHBIIT Ha VICK/TIOYeH)ie BO3HUKHOBEHS JIOOBIX II0KAPOOIIACHBIX
CUTYaLVIL.

Taxxe PyKOBOAWUTE/IM IIPOMBIIITCHHBIX IPEAIPUATII He0H-
XOIMMO 103200TUTHCS 06 0OeciedeH N OXKaPHOIT 6e30IMaCHOCTI
Ha CBOMIX IIPENIIPUATIAX HYTéM COBEPIIEHCTBOBAHNA CUCTEM IIPEN-
OTBpaIeHN II0XKapoB 1 HpOTI/IBOHO)KapHof/'I 3alUThI.

IMomos E. Hossle mpoussogcraa Poccrn — 2023 (https://tenchat.ru/media/1444564-novyye-proizvodstva-rossii-2023).
2. CamuxosaA. X, [IIBapes E. A., Muxanus B. H., JTasapes A. A., Camorinos [I. b. AHanus u cucteMaTn3ammsa CTaTUCTHYECKIX JAHHBIX
0 TI0XKapax Ha IIPOM3BOCTBEHHBIX 00beKTax // CoBpeMeHHble TPO6/IeMBbI IPaKaHCKOII 3a1UTEL. VIBaHOBO, 2022. Ne 2(44). ¢. 60-66.
3. Tloxapsl 1 oXxapHas 6e3omacHocTb B 2022 ropy: cratuct. c6. bamammxa: ®I'BY BHMUIIO MYC Poccun, 2023.— 80 c.
. DenepanbHblit 3aKk0H 0T 22.07.2008 T. Ne 123-03 «Texundeckuit permaMeHT 0 TpeOOBAHMAX IOXKAPHOIL 6€30IacHOCTI».
5. Tloxapsl 1 moxxapHast 6e3omacHOCTb B 2021 roxy: craruct. c6. bamammxa: ®I'BY BHUMIIO MYC Poccun, 2022.— 114 c.

TexHMKO-3KOHOMUYECKOe 000CHOBaHWE BAPUAHTOB 3aLUUTHbIX OrPAXKAEHUI ANA NApKa
XpaHeHus 6eH3uHoB AnbMeTbeBckon Hedte6asbl 000 «TatHedTb-A3C LieHTp»

HaguH Aptem HukonaeBuy, ctypeHt
MBaHoBCKas noxapHo-cnacatensHas akagemus MMCMYC Poccun

B cmamve npebcmasﬂeﬂo MeXHUKO-IKOHOMUYECKOe 000CHOBAHUE npeaﬂOﬂCEHHblx B8a4PUAHMOB COBCPUICHCINBOBAHUS CUCTEMDL obecne-

YeHuAa l’lO?f[apHOi;l besonacHocmu napxa OeH3uHO08.

Kntouesvie cnosa: Oensun, Hegmebasa, nosapras 6e3onacHocme.

purepueMm 9KOHOMMYECKOI Sq)(l)eKTI/[BHOCTI/I cucTeM obecredenns r[0>1<apH017[ 6e30IacHOCTI CTY)KUT I/[HTeI‘pa)'IbeH‘/'[ 9KOHOMMNYE-

CKIIA 3¢)¢)€KT, Y‘lI/ITbIBaIOH.H/II?I MaTepyabHbI€ IIOTEPN OT MMOXKAPOB, KAIIMTA/IPHBIE BIOXKEHNA M TEKYIVIE 3aTpaTbl Ha T€ VJIN IHbIE M€~

pONpUATHSA CUCTeM obecIedeHNs oXapHoit 6esomacHocTn. Ecru skoHoMurdeckuit addekt () oT UCHOMb30BaHNSA CHCTeM 00ecredeHNs

HOKapHOIT 6€30IaCHOCTI SB/IAETCS TONOXKUTEBHBIM, TO IPUHATOE pellleHie AB/steTcss 9QpeKTUBHBIM (IIpK JAHHOI HOpMe [IUCKOHTA)

T MOXKET pacCMaTpyBaTHCA BOIIPOC O €TI0 IIPUHATIINL.

B pamkax JaHHOII CTaTby IIpefjIaraeM pacCuUTaTh P GEeKTUBHOCTD BHEPEHNA OTPAXKAIOLIEN CTEHDI C OTOOIHBIM KO3BIPbKOM LA JI0-

Ka/M3anuum pas3anBa He(l)TerOJIyKTOB IIpY BHE3AITHDBIX ITIO/THBIX Pa3pyLIEHNAX pE€3€PBYapOB B IIapKe XpaHEHA OeHsuHOB AbMEThEBCKOIT

Hedrebassl OO0 «Tarnedrn-A3C LenTp».

ITo cocrosiHmio Ha Havato 2024 ropa croumocts pesepsyapa PBCII-2000 ¢ TOHTOHOM € y48TOM MOHT@XHBIX paboT, CTOMMOCTI 060pY-

IoBaHust (ApMATYpBI), HAK/TAZHBIX PACXOJI0B, IIAHOBBIX HAKOIUTCHMI (CMETHOI IPUOBIIN CTPONTETbHO-MOHTaXXHBIX OPraHMSALINIT) U IIPO-

eKTHBIX pabOT COITIACHO MOTYYeHHbIM Ha 00'beKTe JAHHBIM COCTaB/IsieT Horee 3,5 Myt py6. Hopma aMOpTH3AIIMOHHBIX OTUVC/IEHII /IS Me-

TaJUINYECKVX pe3epByapoB IIPUHATA PaBHOIL 5% rox .

CrouMoCTb OCTaTKOB, FORHBIX JI Ha/IbHENIIIero MCIONb30BaHuA (MeTatonoMa), cocrapnaeT 874080 py6. Cpok cysx6sr PBCII-2000

npyHNMaeM paBHbIM 20 rofgam. COITACHO CTATUCTMYECKUM JaHHBIM 4acTOTa BOSHMKHOBeHMs moxapa Ha PBCII-2000 ¢ moHTOHOM A =

1,09-10-°. CreoBatenbHO, eCityt II0XKap BO3HUKHET B KOHIIE CPOKA €ro CIIy>KOBI, TO MoTepyu 6YAyT MUHUMA/TbHBIMI.

[Tpyu TaKoit HeOIpeneNEHHOCTH, BOSHUKAIOIIE! 13-3a 04eHb OOJIBIINX MHTEPBATIOB MEXK/Y oKapaMt (06paTHas Be/IMUIHA YACTOTHI 110~

KapoB) IPUHMMAIOT BE/MMYVHY M3HOCA OCHOBHBIX (DOH/IOB [0 IIEpIOfia MaTEeMaTNYeCKOrO OXXIIAHVA TI0XKapa, COOTBETCTBYIOLIETO T0TI0-

BJHE CPOKa CTTYKOBI pe3epByapa.

V,;=3565400(1 - S;TI(;)) —18-48560 =908620 py6.,
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rie 18 —mena 1 kr cramu mapku I'2C, 48650 — Macca MeTa/IOKOHCTPYKIuii pesepyapa PBC-2000.
[Ipu aBapuitHoM paspyutenyn PBCII-2000 yHuYTOXaeTCs Bech MPOAYKT, HAXOAALMIICS B pesepByape. [Ipu atom yiep6 onpenensieMm
u3 BeIpaxkenus (1):

k.
\ :200010‘0pll, (1)
r7ie K, = 95% — creneHb 3an0/HeHNs pesepByapa;
p — IVIOTHOCTb OeH3MHA, IPUHATAS PABHOI [0 CLIPABOYHBIM JAHHBIM
0,736 1/M%

I]— nena 6ensyHa, npuHsTas pasHoit 20000 py6./t.

Torpa:
V. =2000-0,95-0,736 - 20000 = 27968000 py6.

O6umit yimep6 oT paspyureHns ogHoro pesepsyapa PBCII-2000 ¢ yuérom yuiep6a, HaHecEHHOTO IPUPOJHOI Cpefie, COCTABUT (2):
V.=V, +V, +V,., =908620 + 27968000 + 5049014 = 33925634 py6. (2)

[lepeyeHb 3MaHIIT 1 COOPYXKEHMIT, KOTOPble OKXKYTCs B 30He IIOXKapa (0e3 BHEAPEHNS 3alIUTHOI CTEHKM), @ TAK)Ke 3HAYeHNs yliep6oB
npuBeneHsl B Tabmue 1.

Tabnuua 1. MepeyeHb 3aaHNIT U COOPYIKEHUI, KOTOPbIE OKAXKYTCA B 30HE NOXKapa

31aHUA U COOpPYIKEHUA Viep6, MnH py6.
14 Pe3epByapos ¢ 6eH3nHoMm AN-92 u AN-95 153,822
8 Pe3epByapoB C fu3eabHbIM TONIUBOM 83,637
HacocHas gna nepekayku HeTenpogyKToB 1,4
INeKTpoLWMTOBaA U onepaTopHas 1,3
EmkocTu c6opa yTeyek 0,8
Bcero: 240,959

CornacHO MCCIEOBAHNAM, TIPOBEIEHHBIM COTPYAHMKaMM LleHTpanbHOrO HAayYHO-MCCIENOBATEMbCKOTO 1 IIPOEKTHOTO MHCTUTYTA
CTPONTENbHBIX MeTa/TTOKOHCTPYKImit M. H. 1. MenbHUKOBa, YCTaHOB/IEHO, YTO YaCTOTa MONHBIX paspymernit PBC omennBaercs sHave-
HueM 3-10-*rox .

[Tomo6HbIe aBapuy ¢ MOKapaMyl CKa3bIBAlOTCA HA SKOHOMMKe TOTO MM MHOTO PETVOHA, Tfie BBIIOMH:NA CBOU (QYHKIMM HeTebasa.
B pacyerax npuHuMaeTcs cpefHeoTpaceBoit koadduuneHT KocBeHHbIX moteps (k = 5,8). Torpga ob1iye moTepy COCTABT:

V,=58-240,959-3-10" + 33,926 = 0,4783 mrH py6./ror;

(478299 py6./rog).

ITpy BHepeHWUY 3aIUTHOI! Iperpajibl B BIie 6€TOHHOI CTEHDI ¢ OTOOIHBIM KO3BIPHKOM B 30HY BO3MOYKHOTO II0YKapa IOy T TONbKO Te
pesepByapbl, KOTOpPble HAXOMATCS B OfHOM 00Ba/IOBAHII C paspyMBIINMCA pe3epByapoM. C yuéToM ahpeKTHBHOCTY pabOThI yCTaHOBKY
TIEHHOTO TI0XXapOTYIIeHNs ToXap B TedeHue 10-Ti MUHYT OyfieT moTyureH. bonbras yacTh 6eHsyHa (opueHTNpoBOYHO 0 80-T1%) ocTa-
HETCA B Kape 00Ba/IOBaHNsA 1 B Aa/IbHeIlIIeM MOXKeT ObITb MCIIOIb30BaHA B TEXHOMOTMYECKOM ITporecce [2].

B atom cryuae, o6umit yutep6 mpu monHoM paspyiuenun PBCIT-2000 u mocenyomieM oxape cocrasur (3):
V,=(,,+V,.-02)-3-10" = (908620 + 27968000 - 0,2) - 3 - 10" =1951 py6/ron (3)

OmnpepensaeM MHTerpaIbHBI SKOHOMIYeCKII 9P (eKT 0T peausaliyy BO3MOXKHBIX BAPUAHTOB IIPOTUBOIIOKAPHON 3aIVIThI.

B xauectBe 6a30BOr0 BapuaHTa IPYHMMAET BAPUAHT 3aLUTHI Pe3ePBYapHOro apka HOPMaTUBHBIM 3eM/LIHBIM 00BaIoBaHMeM 6e3 BHe-
IpeHMA YCTAaHOBKM IIEHHOTO TI0KapOTYLIEHA.

B kauecTBe IIPOEKTPYEMOro BapiaHTa IPUHIMACTCS BAPUAHT 3allUTBI pe3epBYapHOTO MapKa JKelme300e TOHHOI CTEHOI ¢ OTOOIHBIM
KO3BIPbKOM, YCTAHOB/IEHHOIT Ha MMeIoIIeecsi HOPMATUBHOE 3eM/ITHOe 00BaIOBaHIe, C BHEPEHIEM YCTAHOBKI [IEHHOTO TT0XKaPOTYIICHNL.

KammranbHble 3aTpaThl IO BapMaHTaM 3aIVThI:

HopmaruBHoe 3eM/IAHOe 06BaIOBaHue:

— nepumerp— P =2-(91,2+25,4)=2332 M

— BbIcOTa— 1,5M

— KO/MM4ecTBO rpyHTa Ha 1 M/m— 10 M*

— nenasa 1 M*780 py6 [3]

— obwas croumocTs 06BanoBanust — 233,210 780 = 1818960 py6.

— 0011as CTOMMOCTb C YYETOM CTPOUTEIBHO-MOHTaXXHBIX pabOT:

K, =1818960-1,8 = 3274128

(3mecn 1,8 — K03 PUIMEHT, YINTBIBAIOIINIT CTOMMOCTD CTPOMTENTbHO-MOHTAXXHBIX PAabOT, HAK/IaJHBIX PACXOJIOB, ITAHOBBIX HAKOII-
JIEHWIT U TPAHCIIOPTHO-3aTOTOBUTEIBHBIX PACXOJIOB);
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JKenesobeToHHas cTeHa ¢ 0TOOIHBIM KO3BIPHKOM, YCTaHOB/IEHHas! HA HOPMaTUBHOE 3eMILTHOE 00BaIOBaHIe:

— mepumerp P =2-(91,2+25,4) =233,2 m.

— BbIcoTa— 2,24 —1,5=0,74 m.

— Koymm4ecTBo 6etoHa Ha 1 M/m— 1,7 M*

— nena3a 1 M* (M:400) — 2500 py®6. [3]

— 1IjeHa 3a apMaTypy Ha 1 m/m— 800 py6. [3]

— obmas crommocTb — 1818960 + 233,2 - (4250 + 800) = 2996620 pyb.

— 001as CTOMMOCTB € YYETOM CTPOUTETBHO-MOHTKHBIX PaboT:

K, =2996620 -1,8 = 5393916 py6.

(3mecnp 1,8 — K03 UIIMEHT, YINTHIBAIOLINIT CTOMMOCTD CTPOUTETBHO-MOHTKHBIX PAabOT, HAKIAJHBIX PACXOJOB, [TAHOBBIX HAKOII-
JIEHVIT Y TPAHCIIOPTHO-3aTOTOBUTEBHBIX PACXOIOB).

OKCITyaTalIOHHbIE PACXOHBI (4):

¢=C,+C,, (4)
re C  — aMOPTU3AIMOHHbIE OTYUCTIEHNS (5):
Ca,w = Ki : HaMi / 100 (5)

(3pmech H_ — HOpMa aMOPTU3ALMOHHbIX OTYMC/IEHUIT [Is1 COOTBETCTBYIOLIErO BApUaHTa 3aluTHON nperpans: H = 1%; H = 1%);

Crp — 3aTparTbl Ha TeKyLIMii peMOHT 1 o6cmyxuBanye (6):

C,=K -H, /100 (6)

(3mech HTpi — HOpMa OTYMCIEHWIT Ha TEKYIVII PEMOHT ¥ TeXHI4YecKoe 0OCTy>KMBaHNe A/ COOTBETCTBYIOIIETO BAPMAHTA 3allUTHOM
nperpagst: H | =3%; H_, =2,5%).

Torga:

C,. =3274128-1/100 = 32741,28py6/rox;

C,, =5393916-1/100 = 53939,16 py6/rom;

am.

C,, =3274128-3/100 = 98223,84 py6/rox;
C,,, =5393916-2,5/100 = 1348479 py6/rop.

ODKCIITyaTalIOHHbIE PACXOIBI Ha COflepXKaHIe I PEMOHT 3aIJITHBIX OTPAXKHEHMIT COCTABAT:
C, =32741,28 +98223,84 =130965,12 py6/rop;

C, =53939,16+134847.9 =188787,06 py6/rop.

Ta6auua 2. CyMmMapHas BeAMYNHA MHTErPaNbHOro 3KOHOMUYECKOro 3(deKTa Npu NOCTOAHHON HOPME AUCKOHTA,
B 3aBMCMMOCTH OT ro/Aa OCYLLECTBIEHUA 3aTpaT

Fop ocyuecTenenmns (AY— AC)-D TbIC.
npoekTa AY, Tbic. py6./rog AC, Tbic. py6./rog D ny6./ron
1 476,348 57,822 0,909 380,441
2 476,348 57,822 0,826 345,703
3 476,348 57,822 0,751 314,313
4 476,348 57,822 0,683 285,853
5 476,348 57,822 0,621 259,905
6 476,348 57,822 0,564 236,049
7 476,348 57,822 0,513 214,704
8 476,348 57,822 0,467 195,452
9 476,348 57,822 0,424 177,455
10 476,348 57,822 0,386 161,551
11 476,348 57,822 0,350 146,484
12 476,348 57,822 0,319 133,510
13 476,348 57,822 0,290 121,373
14 476,348 57,822 0,263 110,072
15 476,348 57,822 0,239 100,028
16 476,348 57,822 0,218 91,239
17 476,348 57,822 0,198 82,868
18 476,348 57,822 0,180 75,335
19 476,348 57,822 0,164 68,638
20 476,348 57,822 0,149 62,360
Bcero 3563,333
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Taxum 06pasom, OCHOBHbIE BeJIMUYMHBL, BXOASIIE B GOPMYITY OIpeieieHNs MHTETPATbHOTO SKOHOMIYeCKOro addexra coctassr (7)-(9):

AY =V, =V, = 478299 —1951 = 476348 py6/ron

AC =C, —C, =188787,06 —130965,12 = 57821,94 py6/rox

AK =K, - K, =5393916 —3274128 = 2119788 py6/ron

7)
(8)
©)

Pe3y}IbTaTbI paC‘{éTHOI‘O OIIpeNENeHNA CyMMapHOI?'[ BEIMYVHBI MTHTETPA/TbHOT'O 9KOHOMMYIECKOTO 3(1)(1)€KT3 pn MOCTOSTHHOM HOpME Tnc-

KOHTA, IIPYHATOrO PaBHbIM 0,1, B 3aBUCHMOCTH OT TOfja OCYIIECTBIIEHN 3aTPaT Ha 3aIITHBIE COOPY>KeHISI [IPECTAB/IEHbI B Tab/Ile 2.
Torga, sxoHOoMIdeckuit 3¢ ekt oT BHeApeHMs 6eTOHHOI CTEHBI ¢ OTOOIHBIM KO3BIPbKOM cocTaBuT (10):

3 =[X(AY-AC)D]-AK
Orcioga:

9=3563,333-2120 = 1443,333 TbIC. py6. (1 MmH 443 ThIC. 333 PYO.).

(10)

ITpoBenéHHOE TeXHIKO-9KOHOMIYECKOe 000CHOBaHe IPMHATOTO pellieHNs 00ecIiedeHIs I0XKAPHOIT 6e30I1aCHOCTI TEXHOTIOTMYECKOTO

Tpoliecca O0Kasaso, 4YT0 OKIUaeMBblil SKOHOMIYECKII 9 (PeKT OT BHEAPEHNA OTPaXKAIOLIETT CTeHbI ¢ OTOOIHBIM KO3BIPbKOM B IIapKe OeH-
3uHOB AnbMeTbeBcKoiT Hepre6assr OO0 «TatHed1p-A3C Lentp» cocrasmser 1 MiH 443 Thic. py6. a 5KOHOMIYECKIIT yiiep6 OT 3arpss-
HeHMA OKPY>Kalolllell IPUPORHOI Cpefibl B CTy4Yae IIOTHOTO paspyLIeHs pesepByapa cHu3uTCcA B 1086 pas.
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PacTutenbHoe MONOKO: BAUAHME TEXHONOTUM npoun3BoacCTBa
Ha COXPaHHOCTb roToBOro NPpoAyKTa

Poauerko Anekcanap BUKTOpOBWY, CTYAEHT MarncTparypsl;
Monaxckuit Uropb AnekcaHapOBWY, CTYAEHT MarncTpaTypsl;

TapacoBa BepoHuka BnagummpoBHa, KaHgMAAT TEXHUYECKUX HAYK, LOLEHT
Poccuiickuit 6uotexHonoruyeckuit yuusepcutet (POCBNOTEX) (r. Mocksa)

B cmamve asmop paccmampueaem pacmumenvHvle AHAI02U MOTIOKA U PA3TUYHDLE MEXHOTI0ZUU €20 npou3sobcm6a
Knroueswvie cnosa: Hanumxu Ha pacmumeﬂhﬂoﬂ 0CHO8¢€, MexXHON02UA npoussoacmaa, coA.

Plant milk: the influence of production technologies on the safety of the finished product

Rodchenko Aleksandr Viktorovich, student master’s degree;
Polyansky Igor Aleksandrovich, student master’s degree;

Tarasova Veronika Vladimirovna, candidate of technical sciences, associate professor
Russian Biotechnological University (ROSBIOTECH) (Moscow)

In the article, the author examines plant analogues of milk and various technologies for its production.

Keywords: plant-based drinks, production technology, soy.

OJIHI/IM U3 NIEPCIIEKTUBHBIX 1 OBICTPOPA3BIMBAIOIINXCS HAIIPAB-
JIEHMIT COBPEMEHHOIT IIepepabaThIBAMOIIEN OTPACTH SBAETCS
TIpOM3BOACTBO IIPOAYKTOB INTAHNA C VICIIONTb30BAHNIEM PACTUTEND-
HOT'O CbIpbA. B cBasu ¢ atuMm pacTeT cupocC Ha aHAI0T MOJIOYHBIX
TPOAYKTOB — pPAcTUTe/IbHbIe HANUTKM, KOTOpble B HACTOsAIlee
BpeMs MpefiCTaB/IeHbl B IIMPOKOM aCCOPTUMEHTE.

HanuTku Ha pacTUTENbHON OCHOBE IO3BOJIAIOT PacIMPUTD pa-
IVMOH NWUTAHMA M TNPEJOCTABIAIT BO3MOXXHOCTb HACTaXKIaThCA
BKYCHBIMM, TIETKMMM ¥ CBITHBIMU HAaIUTKaMM, KOTOPbIE OTINYHO
HOAXOAAT TeM, KTO IPUAEPKMBAETCA MPaBU 3[[0POBOTO MUTAHNA
s ce6s M CBOWX JieTell, BereTapMaHCKOro M CIIOPTUBHOTO 00-
pasa XusHy, a TaKKe AueTsl. PyHKIMOHATbHbIE HAIIUTKY, U3TOTOB-
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JICHHBIE HA PACTUTENbHOII OCHOBE, OYeHDb 6OraThl GenKaMy U KIeT-
YaTKOIl, OHM MOTYT OBITb OOOTAIIIEHbI PAas/IMYHbIMI KOMIUTEKCAMI
BUTAMIHOB, 4YTO [Jld€T 3TOT IPONYKT ewlé Oojiee IpUBIIEKa-
TeJIbHBIM CO CTOPOHBI HOTpeduTena. OpMeHTNPOBAHHOCTD Ha 310-
POBOE IMTaHNE TIOBBILIAET CIIPOC Ha PACTUTEIbHbIE TPOIYKTHI, U KX
HPOM3BOJICTBO aKTMBHO pacTeT. KpoMe aToro, yueHble obpamaroT
BHUMAHM€e Ha Bpefl, HAHOCHMBbIiT OKpYy>Karomel cpefie >KMBOTHOBOJ-
4eCKMMM (pepMaMIL

Haunnas ¢ 2019 roga MHOTME IPEAIPUATIA MOTIOYHOI OTPACIN
CTaly BCe 4Yallle C MHTePecoM 00paljaThcsd K IPOMU3BOACTBY Ha-

IIMTKOB Ha PaCTUTENTbHOI OCHOBE — B OCHOBHOM 3TO OBIIO JKeTaHue
PaCIIMPUTD ACCOPTUMEHT HPOA YKL

17151 Tpou3BOACTBA HAITUTKOB Ha PaCTUTENLHOI OCHOBE UCIIOND-
3YIOT Ce/TbCKOXO3/ICTBEHHbIE KY/IbTYPBI: ITIIEHNITY, POXKb, OBEC, 4-
MeHb, ITPEUNXY, COI0, AMAPaHT, KOHOIIII. broxuMirdeckmit cocTas,
COOTHOIIIEHVe MaKpO- Il MMKPOHYTPIMEHTOB B YKa3aHHBIX BIJAX pa-
CTeHWII 3HAUMTEeNbHO pasnuyaiorcsa. CregoBaTenbHO (GU3NKO-XU-
MIYecK1e CBOIICTBA, OPraHOMENTIYeCKe TTOKa3aTeNn U MuIeBasdt
IIEHHOCTb TIOTy4aeMbIX HAMUTKOB GYAyT HEOAMHAKOBBI (CM. Tab-

iy 1). [1]

Tabnuua 1. XMMUYeCKuit COCTaB CeNbCKOX03ANCTBEHHbIX KynbTyp [1]

CopepxaHue B cemeHax (3epHax) pacTeHus, B mepecyeTe Ha cyxoe BelwecTBo,%
Bua KynbTypbI
benku Xupbi VYrnesopabl Muuesbie BONOKHA MuHepanbHble BewecTsa

MweHnua 10,1-12,3 1,7-2,3 70,0-71,5 1,6-2,2 1,7-2,2
Poxb 7,4-8,2 1,5-2,1 73,2-74,8 1,6-2,2 1,5-2,0
AymeHb 9,5-11,2 2,1-2,7 67,0-69,0 3,5-4,1 2,5-3,0
OBec 10,4-11,6 4,2-5,1 58,3-61,8 10,2-12,1 3,6-4,1

Cos 35-40 18-27 15-17,3 6,5-13,5 5,0-5,5

B xopie uccnenoBanys plHKa ObIIN BBIABIIEHBI CIIEYIONINE Pas3-
HOBMJHOCTY PaCTUTETbHBIX HAIIUTKOB:

— 13 OpeX0B: MUHJAJIbHbIE, KeAPOBbIe, KOKOCOBBIE, 113 KELIbIO,
¢ucrairex, MakafaMuiL, U3 OPasIIbCKOrO Opexa, IPELKOro opexa,
IIeKaHa, KaIITaHOB U yHIyKa;

— U3 3epHOBBIX U 0OOOBBIX: puCOBble (M3 0€nOro, KOpudHe-
BOTO U INKOTO PICA), COEBbIE, OBCAHBIE, TPEUHEBbIE, TOPOXOBLIE, U3
CIIETIBTBI, UMEHs, IPOCa, KIHOA, 113 apaxuca, Tedda, aMapaHTa 1 p.;

— M3 ceMeyeK: MAaKOBble, KYH)KYTHbIe, KOHOIULAHBIE, U3 CeMAH
4J1a, TIOJCOHEYHIKA J TBIKBEHHBIX CEMeYeK.

CeropjHs Ha IO/IKAaX MarasMHOB MOXXHO HAUTY IIPaKTUYeCKu
BCe BBIIE IePEYNCIEHHDbIe BUbBI PACTUTEILHBIX AHAJIOTOB MO-
noka. OpHako Hambormee PacrpOCTPaHEHHBIM SB/ISAETCA COEBBIN
HAIIMTOK, IIOCKOJIbKY B HAIlleil CTpaHe COS ABAETCS MIMPOKO BO3-
JIETbIBAEMOI CENTbCKOXO03AMICTBEHHOI KY/IbTYPOIl, KOTOpas UCIONIb-
3yeTCst BO MHOTMX OOZACTSAX IMepepabaTbiBAIOIIEll IIPOMBIIIIEH-
HOCTIL. B yacTHOCTH, 9TO IIEPCIIEKTUBHOE ChIpbe [/ U3TOTOB/ICHILA
PaCTUTENBHBIX HATIUTKOB. [3]

Coa — 3TO CeNbCKOXO3ANCTBEHHAA KY/IbTYPa, COYETAIOI[As
B CBOEM COCTaBe BBICOKOE COfiep)KaHue Oenmka co cOamaHCupo-
BaHHBIM IIOYTYM II0 BCEM AMMHOKMCIOTaM COCTaBOM; HEHAChI-
IIEHHbBIX JKIPOB, COTEPXKAMUX B OArOMPUSITHOM COOTHOIIEHNN
oMera-3 n oMera-6 [TH)KK; BuraMuHOB; MyHepa/IbHbIX ¥ (pUTOIN-
TaTeNbHBIX BelecTB. OTINYUTENbHON 0COOEHHOCTDIO COM SABJIA-
eTcst BBICOKOe cofiepkatue $oconummzos; Tokodeponos — 61o-
JIOTMYECK) aKTUBHBIX BEIl|eCTB, 00IaalONINX aHTYOKCUJAHTHBIMY
coictBamu. CeMeHa COM CofepKar u30(/IaBOHBL, KOTOpbIe 06/Ia-
JAIOT CTPOTE€HHOI AKTMBHOCTDBIO. YIJIEBOAbI COM IPENCTAB/IEHbI
PacTBOPUMBIMM CaXapaMi, KPaXMaJIoM I HepaCTBOPYMBIMY CTPYK-
TYPHBIMY NOJIVICaXapupaMil. [2]

JlocTaTOYHO YacTO OpraHONENTUYECKME XapPAKTEPUCTUKU pa-
CTUTE/IbHBIX HAIMTKOB He OTBEYAIOT 3aIPOCAM IOTpeOuTeNelt, 4To

OTpaHMYMBAET UX pacmpocTpaHeHue. [Ipeamonaraercs, 4To pacTu-
Te/IbHBIE a/IbTePHATUBBI KOPOBbETO MOJIOKA JO/DKHBI OBITH UX aHa-
JIOTaMI C TOUKM 3PEHNs IBETa, TEKCTYPbI U MHUILEBOI LIeHHOCTH.
OpHaKo HETOCTaTKOM PAcTUTEIbHBIX HAIMTKOB ABJIACTCA HeXa-
PAKTepHBIil IIPUBKYC U 3aIaX, HU3KOe COTEep)KaHMe KaIblus, pas-
PYLUIeHMe SMYIbCUY IIpU XpaHeHUH. [109TOMY IIPOMBIIIIEHHO BbI-
pabaTbiBaeMble PacTMUTENbHbIE HANMTKYM BKITIOYAIOT Das/IMYHbIe
[06aBKM, B TOM YMC/IE TEXHONOTMYECKMe, obecreunBaoliye Cra-
OM/IBHOCTD 9MY/IbCHOHHOI CHCTEMBI IPONYKTA.

OG61ye 9TaIbl IPOM3BOACTBA PACTUTENBHBIX HAIMTKOB BKIIIO-
YakoT CTIEAYIONYe TeXHOIOTMYeCKIe IPOLECCHI: TIOATOTOBKA CHIPDA
(mpoMBbIBKa, IIeTyLIeHNe, 3aMad/BaHNe, IPOPALLBaHIe), MOKPBIi
W CyXO¥l TIOMOJI, SKCTPAKIVA, MHOTOCTYIeHYaTass QUIbTpaLys,
[06aB/IeHIe MHTPEYEHTOB, CTEPUIU3ALINsT, TOMOTeHN3ALINs, acell-
TUYEeCKast YIIAKOBKa 1 XpaHeHue. [/t GOpMUpOBaHIUs CEHCOPHBIX
CBOJICTB HAIIMTKOB VCIIOIb3YIOT MOAC/IACTUTEIN, BKYCOApOMATIde-
CKVle J00aBKI; I IIOBBIIIEHNA 3MY/IbCUOHHOI CTaOJIBHOCTY —
CTabMIM3aTOPBI U SMY/IbIATOPBL: JIELWUTIH, KaMefl, KpaxMajolpo-
IYKTBL [l yydinenys cTabuIbHOCTY HAITUTKOB Ha PaCTUTETbHOM
OCHOBE I MCK/IIOYEHNUs VCIIOMb30BAHNA CTAOMIMSMPYIOLNX JO-
6aBOK IIPUMEHAIOT NHHOBAI[VIOHHBIE TEXHOTIOTUI, B UJC/Ie KOTOPBIX
YIbTPa3BYKOBOE BO3JIEIICTBIE, MMITY/IbCHBIE 9/IeKTPUYeCKIie O,
OMIYECKUII HAarpeB, TOMOTEHM3ALNA [P CBEPXBBICOKOM 1 BbI-
COKOM JIaB/IeHNIA.

IIpu mpousBOACTBE PACTUTENBHBIX HAIMUTKOB BaXKHOIT 3ajjadel
SABJIAETCS BBIOOP PAIIMIOHATBHBIX METOOB AKCTPAKIMM 1 TOMOTe-
HIU3ALUN, KOTOpble obecredar B AajbHefleM KO/VIOMJHYIO CTa-
OWIBHOCTD KOHEYHOTO IPOAYKTA, a TAKKe MUHMMU3UPYIOT IO-
TPeOHOCTb B TEXHOMOIMYeCKMX pobaBKax. PaspabaTbiBaeMble
TeXHOJIOTMM HAIPAaBleHbl HAa VHAKTMBALMIO MMUKPOOPIaHU3MOB
1 (epMEHTOB, YMEHbIIEHNEe Pa3sMepOB YacTUI] U CHIDKEHME BA3-
KOCTM 9MY/IbCUM [/l IOBBIIIEHNS HUINUECKOI CTAOUIBHOCTI.
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YnbrpamnacTepusarys — 3To IPOLecc TeMIepaTypHoit 06paboTku
IIyTeM IPAMOTO BIIPBICKA Tapa (CTENEeHBI0 OYMCTKM JIO KYTMHAP-
HOT0) B IPOAYKT IIpu TeMneparype 137 °C, gaHHbI mporecc obec-
IIeYNBAET TeMIIEPATYPHYI0 0OpabOTKY COXPAHsIs BCe CBOIICTBA IIPO-
IYKTa He paspyLias CTPYKTYpy Oe/IKa, 4To OMOXKITEIBHO BIVsAET Ha
BKYCOBbIE€ Ka1€CTBa I'OTOBOTO IIPOAYKTA ¥ IJINTEIbBHOCTY XpaHEHNS,
fialee TPOAYKT TOCTYIAeT IO TPYyOOIPOBOZAM HA YIAKOBOYHYIO
JIVHUIO T/ie IIPOMCXONUT YIIAKOBKA B ACIITUYECKUX YCIOBIUSAX.

YnbTpanacrepusanysa NPOM3BOAUTCA Ha KOMIIIEKCHBIX IPO-
M3BOACTBEHHDIX NPENNPUATIAX, KOTOPbIE BBIIIOTHAIT HECKOIBKO
9TAIIOB O6pa6OTKI/I VI YIIAaKOBKM INIIEBBIX ITPOSYKTOB aBTOMATI-
4eCKM ¥ TIOCTIefjOBaTeNbHO: HarpeBaHue, ObICTpoe OXTaXIeHNe, TO-
MOTEHM3aIIVs, aCEITUYECKOe YITaKOBbIBAHIIE.

Ha cragum HarpeBaHus 00pabOTaHHYIO >KMKOCTb CHaYanma
NIPENBAPUTENIBHO HATPEBAIOT [0 HEKPUTUYECKON TeMIIepaTyphl
(70-80°C), a sareM OBICTPO HArpeBAIOT O TEMIIEPATYpbI, Tpe-
6yemoit mporieccoM. CyImecTByeT /iBa THIIA TEXHONOTHII Harpesa:
HpﬂMOI?I, KoOrIma mpofyKT HaXOUTCA B HEIIOCPENCTBEHHOM KOHTAKTE
C TOPYMM ITAPOM, ¥ KOCBEHHBbIIT, KOT/Ia IPOAYKT 1 TEIUIOHOCUTEb
OCTAIOTCA Pasfe/leHHBIMU KOHTAKTHBIMU MOBEPXHOCTAMU 000pYy-
OOBaHMNA. OCHOBHBIMI nensaMy KOHCTPYKINM, KaK € TOYKM 3pEeHNA
KadeCTBa IIPOAYKTA, TAK ¥ C TOUKY 3PeHIst 3P (EKTUBHOCTH, SIBJIS-
I0TCA NIOAAEPp)KaHNE BBICOKO1 TEMIIEPATYPDI IIPOAYKTA B TE€IEHIE
MaKCHMajIbHO KOPOTKOTO Iepyofa 1 obecrieyeHne paBHOMEPHOTO
pacIpefienieH s TeMIIepaTyphl.

"pﬂMble CUCTEMbI Harpesa

ITpenMy1ecTBO NPAMBIX CHCTEM HarpeBa 3aKIIOYaeTCs B TOM,
YTO IPOAYKT BbIJEP)KMBAETCA IMPY BBICOKOI TeMIepaType B Te-
deHye 60Iee KOPOTKOTO TepHOfia BpEMEHM, YTO CHIDKAET TETNIOBOe
TOBPEXJIeHNE IyBCTBUTENbHBIX IIPOAYKTOB, TaKMX KaK MOJIOKO.
Ectb f1Be TpyIIIbI IPAMBIX CUCTEM HarpeBa.

— Ha ocHoBe BIpbICKa, Il Tap BBICOKOTO JIABIEHMA BIIPHI-
CKMBAETCS B XKIUJKOCTb. ITO IO3BOJIAET OBICTPO HArpeBaTh U OXJIa-
JKJIaTh, HO TOJXOUT TOMbKO 711 HEKOTOPBIX TPOAYKTOB. [TocKONbKY
IPOAYKT BCTYIAeT B KOHTAKT C ropsdelt GOpPCYHKOIL, CYIIeCTBYeT
BEPOATHOCTD JIOKA/IbHOTO TIeperpesa.

— VHuysnoHHBIL, Toe XUAKOCTh 3aKadnBaeTcs depes pop-
CYHKY B KaMepy C IapOM BBICOKOTO JJaB/IEHMA C OTHOCHTENHHO
HM3KOJl KOHIIEHTpalyel, obecreynsas GONbLIYIO IVIOM[Ab KOH-
TaKTa C MOBEPXHOCTBIO. JTOT MeTOf, obecreunBaeT MOYTU MIHO-
BEHHBI/I HarpeB, OXMaXKJIEHVME U PAaBHOMEPHOE pacIpeieieHIe
TeMIIepatTypsbl, usberas NOKaJIbHOrO Ieperpesa. Ilopxomut mis
JKUIKOCTEN KaK HU3KOIA, TaK 1 BBICOKOI BS3KOCTIA.

JIureparypa:

Cucrema HenpsAMOro Harpesa

B cucremMax HempsMOro HarpeBa IPONYKT HarpeBaercs
TBEPAbIM TEITIOOOMEHHIKOM, aHA/TIOIMYHBIM TeM, KOTOpbIE JC-
nonmb3yroTcst st mactepusanuy. OFHAKO, OCKOIBKY HPUMeEHs-
10TCs1 Go7ee BBHICOKIME TeMIIepaTypsl, HEOOXOAMMO UCIIONb30BATh
Goree BBICOKME HaBIEHNS I HPefOTBpAleHys KumeHus. Vc-
IIOZIb3YIOTCSL TPY THIIA TEIVIOOOMEHHNUKOB: [IACTUHYATbIE, TPYO-
varble, IHeKoBbIe. [ Gomee BBICOKOI 3(deKTMBHOCTH BOIa
VI TP TIOf AAB/ICHIEM VICIIO/Ib3YIOTCS B Ka4eCTBe CPeibl /LS Ha-
rpeBa CaMIuX TeIIOOOMEHHNKOB, BMECTe C YCTAHOBKOI pereHe-
pawyu, 9TO MO3BOJISAET IIOBTOPHO MCIIO/B30BATh CPERY ¥ SKOHO-
MITb SHEPIUIO.

MrHoBeHHoOe oxnaxpaeHue

Ilocre HarpeBaHust TOPSYMIT IPOXYKT IOCTYIAET B YAEPXKIBa-
IO TPYOKY, a 3aTeM B BAKYYMHYIO KaMepy, Ifie OH MTHOBEHHO Te-
psieT Temieparypy 1 ucrapstercs. IIpolecc, HasbiBaeMblil MIHO-
BEHHBIM OX/TX/ICHIIEM, CHYDKAET PUCK TePMUYECKOrO OBPEKEHNS,
YAAJIAET YacTb VTN BCIO M30BITOYHYIO BOAY, IIONYYEHHYI0 B PE3Y/ib-
TaTe KOHTAKTa C IAapoM, 1 yAa/LieT HEKOTOpbIe JeTydue COeu-
HEHIIs1, KOTOPbIe OTPHUIIATEBHO BIIMAIOT HA Ka9eCTBO IPOxyKTa. CKo-
POCTb OX/IXKAEHNS V1 KOIMYECTBO YA/IEMOIT BOFIBI OLPeMe/IIOTCS
YpOBHEM BaKyyMa, KOTOPBIi JO/DKeH [OfBepraThCs TIIATENbHOI Ka-
THOpOBKe.

AcenTuyeckoe ynakoBbiBaHUe

AcenTuyeckas yIakoBKa OTHOCUTCA K METOAMKe, B KOTOPOIL
IPeBAPUTENIbHO CTEPUIN30BAHHOE MOJIOKO ACENTHYECKU YIaKo-
BBIBAETCS B CTEPU/IDHYIO YIIAKOBKY U TePMETUYHO 3aIIeYaThIBAeTCS
IV TIPOJIEHNsT CPOKA TOFHOCTH JIXKe B YC/IOBVSX OKPYXKaloliert
CpefplL.

[Ipobnema COBEpIIEHCTBOBAHMS TEXHOMOIMIT IPOU3BOACTBA
QHAJIOTOB MOJIOKA Ha PaCTUTENBHOI OCHOBE OCTAaETCs aKTYa/IbHOM
B CBA3Y C HOTPEOHOCTBIO YIYYIIATh XMMUYECKNIT COCTAB IIPOAYK-
TOB-3aMeHMTeNel, MX QU3UKO-XUMITIECKIIe U OPTaHOJIeIITIIeCKIIe
KadecTBa. IIprMeHeHMe TeX WM MHBIX TPASMUIMOHHBIX METOTOB
00pabOTKY 3aBICUT OT BBIOOPA CBIPbS I MOXKET BK/THOYATD VI HE
BKJIIOYATh TaKe 3TAIlbl, KaK KUCIOTHO-1eN0YHass 00paboTKa, BbI-
MadyBaHIe B BOJie, CYILIKa, 0OKapKa 1 OnaHumpoBanye. Taxoke it
YIy4LIeH)s CBOJCTB KOHEYHOTO IIPOAYKTA B IIpoLiecce IPOU3BOJ-
CTBa MOTYT IPUMEHATHCS MHHOBALMOHHbIE TePMIYeCKIie I HeTep-
MIYeCKIe CIIOCOOBI BO3ZIEMCTBIS Ha IPONYKT. [4]

1.  Tamownosa/l. B, Pamkus K. A., Kapamuosa C. A. DyHKIMOHATbHbIE HAITMTKY HA OCHOBE PaCTUTENbHOTO ChIpbs // TlepepaboTka Mo-

foka.— 2022.— Ne 1 (267).— C. 68-69.

2. Mepenkosa, C.II. AKTya/nbHbIe aCTeKThI IPOM3BOJCTBA HAIIMTKOB Ha pactuTenbHOM chipbe / C.IT. Mepenkosa, H. B. Annpocosa //
Bectaux FOYpI'Y. Cepust «Ilumessie u 6uorexnonorum». 2018. T. 6, Ne 3. C. 5767.
3. TynakosaT.B., bypasosa H. A., Konecunkosa A. A. PacTuTenbHble anbTepHATUBbI TPAAUIIVIOHHOTO MOTIOKa // BecTHMK Megnmma-

CKOTO MHCTUTYTA HeTlpepbIBHOTO 06paszoBanmst.— 2023.— 3(1). C. 107-112.
4. Mwumxkuna [I. V., Htosxyn A.J1., Kneiin E. 9., bepketosa JI. B. CoBpeMeHHbIe TEXHOMOTHY ITPOU3BOCTBA aTbTEPHATUBHOTO MO-
710K U3 pacTUTENbHBIX popyKToB // Becthyk BIVUT. — 2022.— T. 84, Ne 4.— C. 141-148.
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"pOﬁﬂEMbI BHeApeHUA aBTOMAaTU3UPOBAHHbIX CUCTEM B NPOU3BOACTBO

YepHbix Muxann AnekcaHapoBuy, BegyLnil MHxeHep
A0 «CeBepo-3anafHslit pernoHanbHbli LeHTp KoHuepHa BKO »Anmas-AnTeii« — 06yxoBckuii 3aBop» (r. CaHkT-MeTepbypr)

BeepeHue

ABTOMaTHM3aIMA JaBHO yXxe cTanma npeo6na,ua}0me171 TEeHJIeH-
L€l B COBPEMEHHOII IPOMBILIIEHHOCTI, KOTOpast obemana mo-
BBILIICHNIE 3(1)(1)6KTI/IBHOCTI/I, CHIDKEHNE 3aTpaT U MOBBIIIEHNE ITPO-
V3BOIUTENIPHOCTY, 3a CYET BHENPEHMA aBTOMaTHU3alVN. O].IHaKO,
BHEJIpeHME ABTOMATU3MPOBAHHBIX CUCTEM B IPOM3BOJNCTBO CO-
IPSKEHO C ONPEe/IeHHBIMY TPYAHOCTAMY, C KOTOPbIMU TaK MIIN
MHaye IPUIIIOCh CTONKHYThCS. B 9T0it cTaThe 6yAyT paccMOTpeHbI
HpO6HeMbI, KOTOpbI€ BO3HMKAIOT ITPVI BHEAPEHNI aBTOMATU3al N
B IIPOM3BOACTBEHHBIE IIPOLIECCHI.

OpHOJ 113 OCHOBHBIX IIPO67IEM, CBSI3aHHBIX C BHEPEHIEM aBTO-
MaTH31POBAHHBIX CICTEM, SIBIAETCS TOTEHIMA/IbHAS BOSMOXKHOCTD
nepemetteHst pabounx Mect. IIockonbKy MatHsl 6epyT Ha cebs
3aj1aus, KOTOpBIE PaHee BBIIOHSIIVCH TIOAbMI, IMEET MeCTO PUCK

Mpobnembl BHeapeHUA
aBTOMATU3UPOBAHHDbIX
cUcTem B NPOU3BOACTBO

YBOJIbHeHMi1 11 6e3paboTuiibl. ITO MPUBOANUT K COLMATIBHBIM 11 9KO-
HOMJIYECKMM Mpo67eMaM BHYTpY OOLIeCTBa, OCKO/IbKY IepeMe-
LIleHHbIe PAOOTHIUKI C TPYHOM HAXOAAT HOBbIE BO3MOXHOCTI TPY-
JIOYCTPOIICTBA.

Ilpyroit Ipo6/eMoit, KOTOpast BO3HMK/IA TIPU BHEPEHII aBTO-
MaTH3MPOBAHHBIX CHCTEM, SIB/ISIETCS TIEPBOHAYA/IbHASI CTOMMOCTD
BHEIPEHNMsA. YCTaHOBKAa aBTOMATM3MPOBAHHOTO 000pY/OBAaHNUA
M cucTeM TpeGyeT 3HAYMTENbHBIX KaIMTAIOBIOXKEHMNIT, KOTOpbIe
OKa3bIBAKTCS HEIIOMEPHO BBICOKMMM Il HeGO/BIINX KOMITAHMI
WIN TPeJUpUATHIL, PAbOTAOMINX C OTPAHNIEHHBIM GIOMKETOM.
Kpome Toro, st paboThl ¢ aBTOMATM3MPOBAHHBIMIL CUCTEMAMI
CBsI3aHBI TEKYIIME PACXOfbl HA TEXHIYECKOe 0OCTyKuBaHme i 00-
ydeHue 00CTy)KIBAIIEr0 ePCOHAa, YTO elie HO/bIie YBeTudn-
BaeT (uHAHCOBOE OpeMsL.

Kpome T0r0, BO3HMKAIOT TEXHINIECKUX ITPOOIEMBI 1 cOou B pa-
60Te aBTOMATU3MPOBAHHBIX CHCTEM, KOTOPbIE HAPYLIAIOT IIPOM3-
BOJICTBEHHBIE TPA(VKIL ¥ IIPUBOAAT K FOPOTOCTOSIIVM IPOCTOSM.
ObecriedeHne HaIeXKaIero TeXHNYECKOr0 0OCTY)KMBAHNUA aBTO-
MaTHU3MPOBAHHOTO OOOPYAOBaHNUs MMeeT BaKHOEe 3HAYEHMe s
IIPefOTBPAILEHNS STUX IPO6/IeM, HO 3TO AB/IAETCS JOPOrOCTOALINM
¥ OTHMMAOIIIM MHOTO BPeMEHI [IPOLIECCOM.

HecmoTpst Ha TO, 4TO BHEHpPeHME ABTOMATU3MPOBAHHBIX CH-
CTeM B IPOM3BOJCTBO JI/I0 MHOTO IIPEUMYIECTB, OHO TAKXKe OBIIO
CBA3AHO C PALOM IIPO6IeM, KOTOpbIe HeOOXOAMMO TIIATEILHO Pac-
CMAaTpMBATh 11 pelaTh. [IOHVMMast U TIAHNUPYS 9TU TIOTeHIJa/IbHble
IpO67IEMBI, IPOM3BOAUTENN MOIYT JIy4lile OPMEHTIPOBATHCS IIPK
Iepexofie K aBTOMATV3ALUI ¥ MAKCUMI3UPOBATh BBITOBI, HA KO-
TOpbIe OHM PACCIUTHIBA/IN, BHEAPSISL B CBOE IPOM3BOACTBO ABTOMA-
TU3MPOBAHHBIE YCTPOICTBA ¥ IPOLIECCHL.
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06paweHue K nepeoii npobneme

OpHMM U3 ITIABHBIX aPTYMEHTOB B II0/Ib3Y 3aMEHBI PA0OUNX MECT
ABTOMATM3VPOBAaHHbIMM CUCTEMaMI ABIAETCA IOTEHIMAT IIOBbI-
1reHst 3P eKTHBHOCTI. MallMHbI MOTYT pabOTaTh KPYIIIOCY TOYHO
Oes TIEpEPBIBOB VIV OTADIXA, YTO NPUBOANUT K YBETNIEHNIO IIPON3-
BOAUTENIPHOCTNT VI CHIVDKEHMIO 3aTpatr [Jid HpeﬂHpI/IHTI/If/'I. KpOMe
TOT0, aBTOMATH3ALIV MOXKET CHUSUTD PUCK YeOBEUECKIUX OMINOOK,
4TO IIPMBONUT K TOBBIIIEHIIO Ka4eCTBA IIPOAYKTOB ¥ YCIIYT.

Opnako IIMpOKOe BHEMpEHME aBTOMATM3MPOBAHHBIX CUCTEM
TaK)XXe BbI3bIBAET OIIACEHNMA IIO IIOBOAY BbITECHEHINA paGOTHI/IKOB-
mopeit. ITockobKy ManmHbl GepyT Ha cest 3agadn, KOTOPbIe KOIZiA-TO
BbITIOTHA/INICH JIFOADMI, MHOI'MIE€ TIOAM MOT'YT OKa3aTbCA Oes pa60TbI.
OTO MOXeT IPUBECTH K POCTY YPOBH: 0€3pabOTUIIBI U SKOHOMIUYe-
CKOJf HeCTaGMIbHOCTH B COOOIIECTBAX, KOTOPBIE B 3HAYUTENIBHOI! CTe-
TIEHV 3aBUCAT OT TPAANLIVIOHHBIX OTpaCHeﬁ[ IPOMBIIIIEHHOCTN.

Kpowme Toro, nipu 3ameHe pabounx MeCT aBTOMAaTU3MPOBAHHBIMY
CHCTeMaMJl HeoOXONVMO YYUThIBATb 3TIYecKue coobpaxenus. Vc-
TI07Tb30BAHNE MAIIVH [JI1 BBIIIOTHEHUA 3alad, KOTOPbIE KOITa-TO
BBITIOTHSA/INCH JIOABMY, TIOFHMMAET BOIPOCH O LIEHHOCTHU YeoBe-
4eCcKOro TPyAa 1 poiu paboTHUKOB B 061IecTBe. BaXXHO Y4NTHIBATH
COLMA/TbHBIC IIOCTIEACTBUA ABTOMATU3 AN 06eCH€‘{I/ITb, YTOOBI I1€-
pexon Ha aBTOMAT/3MIPOBAHHbIE CHICTEMBI OCYILIECTB/LAJICA TaKNM 06-
PasoM, 4TOOBI BO IVIABY YIVIa CTABIJIOCH O/IAroIOTyyye pabOTHIKOB.

XoTh 3aMeHa pa60q1/[X MECT aBTOMATM3VPOBAHHBIMU CUCTE-
MaMU MOTEHI[MaTbHO MOXKET MOBBICUTD 3 (EKTUBHOCTD U POLYK-
TUBHOCTD, OHA TAK)XKe BBI3BIBAET CePbe3HbIE OIACEHMs IO MOBOLY
Ge3paboTuibl 1 00eCleHNBAHUS YeTIOBEYeCKOro Tpyma. Kpaiine
Ba)XHO, YTOOBI IIOJIUTUKY I NpennpuATIA TIIATEIBHO N3YydasIl 110~
C/Ie[CTBISI ABTOMATV3ALIMN 1 PabOTA/IN HaJl PELIeHNsIMI, KOTOpbIe
OIpeNenAT NPUOPUTETHOCTD HOTpe6HOCT€]7[ paGOTHI/IKOB BO BCE
6oree aBTOMATH3MPOBAHHOM MIPe.

06paweHue Ko BTopoi npobneme

OpHOI 13 OCHOBHBIX IIPO6/IEM, C KOTOPOIT CTAIKMBAIOTCS TIPef-
OpUSTHS TIPY PACCMOTPEHMM BOMPOca 00 aBTOMATU3MPOBAHHBIX
CUCTEMaAX, AB/IAETCA BBICOKAs IIE€PBOHa4Ya/IbHAA CTOVMOCTD. HPI/I-
obpeTeHye HeOOXOTUMOrO 000PYOBaHNA U IPOrPaMMHOTO 00ec-
II€YCHMA, a TaKXKe o6yquI/[e COprI[HI/[KOB JICTIONIb30BAHIIO HOBOIL
CHCTeMBI MOTYT IIOTPEe60BATh 3HAYMTEIbHBIX MHBECTUIMIL. [lj1s1 Ma-
JIOTO WK CpefjHero OM3Heca C OrpaHMYEeHHBIM OIO[PKETOM 3TH 3a-
TpaTbl MOFYT 6bITb HETIOMEPHO BbICOKMMMU.

KpOMe TOr0, 3aTpaThbl HA BHENPEHNE aBTOMATN3VIPOBAHHBIX CII-
CTeM BBIXOJAT 32 PaMKJI [IepBOHAYa/IbHBIX MHBeCcTULMIL [ obec-
II€YEHMA HaJIEeXKalEro q)yHI(LU/IOHI/IpOBaHI/IH CUICTEMBI HeO6XO—
MBI TIOCTOSIHHOE TeXHM4Yeckoe 0OCIyXuBaHue ¥ OOGHOBIEHNS.
910 MOXKeET YBeMMYNTH OOLIYIO CTOMMOCTD CUCTEMbI 1 IIOTpeGoBaTh
oT HpeI[HpI/IHTI/H‘/‘[ BBIJICTICHNA OOIIOTHUTENbHBIX pecprOB Ha 1I0f-
JIEPXKKY I TEXHIIECKOe 00CTy)KIBAHNE.

HeCMOTpH Ha MIOTE€HUMAJIbHBIE TOITOCPOIHDBIE HpeVIMyHleCTBa
ABTOMATU3MPOBAHHBIX CUICTEM, TAKJE KaK IIOBbILIEHNE 3(1)(1)CKTI/IB-
HOCTY ¥ TOYHOCTH, MHOTMM IIPEATIPYATISM TPYAHO OLPAB/ATH Pac-
xombl. OTHa4a OT MHBECTULMIT MOXKET ObITh OYeBU/IHA HE CPa3Y, YTO
3aCTaB/IeT HEKOTOPbIe OPraHM3aLMy KoneGaThCsl, KOrja Jeno 10-
XOJUT 0 Iepexofia K aBTOMATH3aLINN.

XoTb ABTOMATN3VPOBAHHbBIE CUCTEMBI IIPE/Iaral0T MHOXKECTBO
Hpe]/[MyH.[eCTB NpenupuATUAM, CTPEMAIINMCA YITy4qLIINTD CBOIO €A~
Te/IbHOCTD, CTOMMOCTD BHEIPEHNs OCTAETCS CYIECTBEHHBIM IIpe-
msarcrByeM. OpraHu3anysaM BaKHO TIIATEIbHO B3BECUTb OTEHLIN-
aJ/IbHbI€ BBITOOBI C Y‘IeTOM TIEpBOHAYATIbHBIX 1 TeKyIJ.U/IX pacxopos,
IpeXe 9€M IPUHNMATD PEIIEHNE THBECTVPOBATD B aBTOMATN3M-
pOBaHHBIE cHCTEMBL. TOMBKO € IOMOIBIO TIIATENBHOTO AHA/IN3A 3a-
TpaT 1 BBITOJ IIPEJIPUATIA MOT'YT OIIPEAETNTD, ABIACTCA I aBTO-
MaTH3aLsA IPABIJIbHBIM BEIOOPOM ISl HUX.

0O6palieHue K TpeTbei npobneme

OpHOlt M3 PacHpOCTPAaHEHHBIX TEXHUYECKUX IIpoOIeM sB-
NAI0TCA TIPO6NEMbl COBMECTUMOCTM MEX[Y PasIMYHBIMU IIPO-
TPaMMHBIMM U AIIIAPaTHBIMY KOMIIOHEHTaMU. [I/11 paBUIbHOTO
(bYHKIMOHMPOBAHMSA aBTOMATUSUPOBAHHBIX CUCTeM Tpebyercs
KOMOMHAI[VS IIPOTPAMM U AIIAPaTHBIX yCTpoiicTs. Korna atu koM-
HOHEHTbI HECOBMECTUMBI JAPYT C IPYTOM, 3TO MOYKET IIPUBECTH K CH-
CTEeMHBIM COOSIM U HeTloMafikaM B pabore.

Jlpyroit TexHMYecKol MpoOneMolt ABNAETCA OTCYTCTBUE Hafl-
TIeXallero TeCTMPOBaHNsA Mepey] pasBepThiBaHMeM. TecTupoBaHIe
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ABJIAETCS BAKHBIM 3TAIOM IIPOLlecca BHEAPEHNS JUIA BBLABNCHNA
¥ yCTpaHeHN TIOOBIX OTEHIMATBHBIX ITPOO/IeM Wit «6aroB» B Cit-
cTeMe. Bes TIaTe/IbHOTO TeCTHPOBAHIL ABTOMATUBIPOBAHHbIE -
cTeMbl ¢ 0Obliell BEPOATHOCTBIO CTONKHYTCHA C TEXHUYECKMMMU
npobeMaMit OC/Ie MX BBOJA B SKCILTYATAIMIO.

Kpome Toro, HefocTaToyHass NOJTOTOBKA IEPCOHANMA TAKKe
MOXET CIOCOOCTBOBATh BO3HMKHOBEHMIO TEXHMUECKMX HPOOIeM
B aBTOMATU3MPOBAHHBIX cucTeMaX. COTPYFHMKH FO/DKHBI OBITb
JO/DKHBIM 00pa3oM 00ydeHbl TOMY, KaK UCIONb30BaTh 1 00CIy-
XKMBATh CUCTeMy, YTOOBI IPEIOTBPATUTD BO3HIKHOBEHME TEXHM-
deckux npobmem. HegocraTodnast MOAroTOBKa MOXET MPUBECTH
K ounOKam 1 HeahHeKTUBHOCTH, KOTOPbIE BIMSAIOT Ha IPOM3BOMM-
TE/TbHOCTD CHCTEMBL

YTOOBI pelmMTh 3TH TEXHMUECKHe MPOOIeMbI, OpraHM3aII
O/DKHBI HBECTHPOBATb B Haf/leXalljee IIAHNPOBAHIE, TECTUPO-
BaHMe U 00y4YeHue B XOfie BHE[PEHN:A aBTOMATU3MPOBAHHDIX CU-
creM. ObecreunBas COBMECTUMOCTb KOMIIOHEHTOB, IPOBOJA TIIja-

JIureparypa:
1.  ABroMarmsauus

npegnpuatuit  // Apmallpo

T€IbHOE TECTUPOBAHNE U obecreunBas HaJIIeKalee O6y‘{€HI/Ie
COTPYAHMKOB, MPEANIPUATIA MOTYT CBECTU K MUHMMYMY T€XHUNYE-
CKne HPO6HCMI>I 1 MaKCMM3NPOBATDh IPENMYIIECTBA aBTOMATU3M -
POBAaHHBIX CUCTEM.

3aknoueHune

HecMoTpsi Ha TO, 4TO BHEf|peHNe aBTOMATU3HPOBAHHDIX CICTEM
B IPOM3BOJCTBEHHbIE MPOLIECCHI /JA€T MHOTO IIPEVMYIECTB, OHO
TAK)Ke COLPSDKEHO C PSIAOM IIPOO/IEM, KOTOPBIMI HeOOXOZMMO TIIfa-
Te/IbHO YIIPAB/ATH. Pelrrast Takue mpobeMsl, KaK [epeMeleHye pa-
004X MeCT, BBICOKIIE 3aTPAThI I TEXHIYECKIe COOM, TIPEATIPUATIS
MOTYT MAaKCHMAajIbHO MCIIO/Ib30BaTh MOTEHIMAN STUX CUCTEM IIPK
MVHIMU3ALMN pucKoB. Tonbko Omaropapsi MPOAYMaHHOMY IUTa-
HUPOBAHMIO ¥ CTPAaTErndyecKoll peanyusaliy KOMIAHMM MOIYT
B IIOJIHOIT Mepe pean30BaTh IPENMyIIeCTBA ABTOMATH3ALNIN B CO-
BPEMEHHOM [IPOMBILIIEHHOM JTaHAIIadTe.

URL:  https://arma.pro/?utm_referer=geoadv_search_yabs&utm_ya_cam-

paign=73921073693&yabizcmpgn=17083714&utm_source=geoadv_search_yabs&utm_candidate=59135640324&utm_con-
tent=15952583720&yclid=15735609660373991423 (nara obparenus: 20.03.2024)..
2. C.B.Yyma4enko ABTOMaTH3alNA TEXHONOIMYECKMX poneccoB.— Kocranaii, 2021.— 136 c.

3. B.B.DBaryes ABTOoMaTH3aINs IPOU3BOACTBEHHBIX IPOIECCOB B MAIIMHOCTpoeHNN. — Yensabunck: Visnarenscknuit nentp I0YpI'Y,

2015.—41c.
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APXUTEKTYPA, IU3AVH M CTPOUTEINBCTBO

Assessment and safety criteria of hydro technical structures of the Yavan HPP

Ruziev Zafardzon Umardzhonovich, student master’s degree

Scientific advisor: Krutov Denis Anatolyevich, candidate of technical sciences, teacher
Kazakh-German University (Almaty, Kazakhstan)

This article provides a comprehensive assessment of the Yavan Hydroelectric Power Plant’s (HPP) hydro technical structures with a primary
focus on safety criteria. The study encompasses an in-depth analysis of the hydraulic structure’s characteristics, specifications, and parameters. De-
tailed attention is given to the concrete spillway dam construction, including its main features and functions. Hazard identification associated with
the HPP’ operation is systematically conducted, evaluating the probability of various emergency situations and assessing potential consequences
on the economy and human life.

Environmental Impact Assessments (EIAs) are integrated into the study to gauge the ecological implications of the HPP’ activities. The research
further delves into the development of safety criteria for the hydraulic structure, scrutinizing the current state for compliance and proposing nec-
essary measures to ensure adherence to these criteria. A comprehensive set of measures to prevent emergencies and minimize consequences is out-
lined, accompanied by an evaluation of their effectiveness and recommendations for improvement.

Drawing on a review of best practices and experiences from other hydraulic structures, the article concludes with a synthesis of findings and a
strategic perspective on enhancing the safety and sustainability of the Yavan HPP. This research contributes to the broader field of hydraulic engi-
neering, emphasizing the importance of robust safety criteria and proactive measures in the operation of hydro technical structures.

Keywords: Hydro technical structures, Safety criteria, Concrete spillway dam, Environmental Impact Assessment, Emergency prevention, Hy-

draulic engineering.

1.1. Characteristics of the hydraulic structure
of the Yavan HPP

Yavan HPP is a hydraulic structure located on the Zervshvan
River in Tajikistan. It will be built to generate electricity and im-
prove irrigation in the area. Yavan HPP has an installed capacity
of 144 MW and consists of 4 hydraulic units. It is one of the key
sources of electricity in the region and plays an important role in
the economic development of Tajikistan. However, like any hy-
draulic structure, Yavan HPP is at risk of emergency situations that
can have serious consequences for the environment and the pop-

ulation. To ensure the safety of the structure, an assessment and
safety criteria are necessary, as well as the development of appro-
priate measures. [6]

1.2. Specifications and parameters HPP

Technological equipment, HPP capacity and power generation —
The justification and selection of the parameters of the hydraulic
power equipment were made on the basis of the initial data for the
variant of the hydroelectric complex adopted in the feasibility study
(section I-I) with a control dam on the Zeravshan River.

Table 1. Technological equipment, HPP capacity and power generation

1.1 Installed capacity of hydroelectric power plants, MW 36x4=144
1.2 The capacity of hydroelectric power plants during the operation of 4 MW turbines -135,33
1.3 Guaranteed HPP capacity, MW -36
2.0 Estimated upstream levels, m -1230
2.1 Normal retaining water level (NPU), m -1230
2.2 Energy triggering, m -15
2.3 Lowest level (UMO), m -1215
3.0 Calculated levels in the downstream, m -1155,8
3.1 Flood level, 0.01%, m -1160,08
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Table 1 (Continued)
3.2 The lowest level of low water, m -1154,13
4.0 Pressure losses in the derivational conduit during operation of 1 agr., m -1,08
5.0 Heads «net» when working 1 agr., m: -73,12
5.1 Largest, m -74,2
5.2 Weighted average, m -71,07
5.3 Calculated at work 1 agr., m -73,12
5.4 Minimum, m -64,54
6.0 Number of hours of use (by watercourse) of installed capacity, taking into account the 4584

) operation of hydroelectric power plants in the daily reqgulation mode, h

7.0 Electricity generation, MWh
7.1 Annual average, including:

— Summer -576,0

— Winter -84,0

— the ratio of winter production to the average annual -660,0

8.0 Requirements of the power system for the operating modes of hydroelectric power plants

1.3. Characteristics of the route and construction site
in the HPP

The hydroelectric power station is an integral part of the hy-
droelectric complex, which, in addition to the station, includes wa-
ter-lifting and spillway structures, protective structures, reservoirs
and upstream of water intake nodes.

The type of hydroelectric power station, its location and the com-
position of structures were determined by the purpose of the hydro-
electric complex, its parameters, the natural conditions of the site for
the location of the hydroelectric complex on the basis of a technical
and economic comparison of possible options for a technical solu-
tion.

After carrying out fitting work on the Zeravshan River, the loca-
tion of the alignment in question and its technical parameters were
finally clarified. [4]

Description of the alignment of the hydroelectric power
station

The structure of the hydroelectric complex includes:

— The building of the hydroelectric power station.

— Spillway dam (aka water-lifting).

— Water intake facility.

— Derivation tunnel.

— Block of water intake structure of construction and opera-
tional spillway

— Construction and operational spillway (CMEA).

— Diversion channel from the exit portal of the construction
tunnel to the Zeravshan River

— River flow control basin and enclosing dam.

— Diversion channel from the building of the hydroelectric
power station.

The presence of a gravel-pebble base allows you to have a building
of a hydroelectric power station, a SEC of any number of storeys.

The issue of switching the Zeravshan River to a construction and
operational spillway (CMEA) for the construction period is being re-
solved positively.

The creation of a reservoir of small capacity (77.545 million™?),
located in the canyon of the Zeravshan River, causes minimal alien-
ation. [4]

2.1. Assessment of hazards associated with the operation
of a hydraulic structure

Assessment of the hazards associated with the operation of the
hydraulic structure is an important step in ensuring the safety of the
Yavan HPP. As part of this work, it is necessary to analyze the po-
tential hazards and risks associated with the operation of the Yavan
HPP, as well as to determine the possible consequences and the like-
lihood of their occurrence. Based on this assessment, recommenda-
tions will be developed to eliminate and minimize dangerous situ-
ations.

The main objectives of this stage:

— Assessment of the probability and consequences of possible
accidents and emergencies associated with the operation of the Yavan
HPP.

— Analysis of factors that may contribute to the occurrence of
dangerous situations.

— Evaluation of the effectiveness of existing security monitoring
and control systems, as well as the development of recommendations
for their improvement.

— Development of measures to prevent and minimize the con-
sequences of possible accidents and emergencies.

Conducting a hazard assessment will not only improve the safety
of the Yavan HPP, but also reduce the likelihood of negative envi-
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ronmental consequences that may occur in the event of accidents or
emergencies. [2]

2.2, Identification of possible threats and dangers

Identification of possible threats and hazards is one of the most
important tasks in assessing the safety of a hydraulic structure. To do
this, an analysis of man-made and natural factors that may affect the
operation and safety of the Yavan HPP is carried out. Techno genic
factors include emergency depressurization of hydraulic structures,
failure of electrical equipment, personnel errors, etc. Natural factors
include floods, earthquakes, landslides, etc.

As aresult of the identification of threats and hazards, a list of po-
tential emergency scenarios that may occur at the Yavan HPP will be
determined. This will make it possible to develop measures to pre-
vent such situations and minimize possible consequences. 7]

2.3. Assessment of the probability of occurrence of various
emergency situations

Assessment of the probability of occurrence of various emer-
gency situations is an important step in assessing the safety of the hy-
draulic structure of the Yavan HPP. For this purpose, an analysis of
the history of operation of similar structures is carried out, as well
as possible climatic and geological conditions of the region in which
the Yavan hydroelectric power station is located are taken into ac-
count. Assessment of the probability of occurrence of emergency sit-
uations allows you to determine the most likely scenarios and de-
velop measures to prevent and eliminate the consequences of these
situations. 5]

2.4. Assessment of possible consequences for the economy
and human life

Assessment of possible consequences for the environment,
economy and human life is an important task in assessing the safety
of the hydraulic structure of the Yavan HPP. To do this, it is necessary
to analyze various emergency scenarios that may arise during the op-
eration of the dam and hydroelectric power station.

As a result of this analysis, it is possible to determine the prob-
ability and scale of possible consequences. For example, if a dam
breaks, there can be serious consequences for the environment, such
as flooding and flooding, as well as threats to human life and eco-
nomic facilities downstream. Destruction of hydraulic structures can
also occur, which can lead to large economic losses.

Assessment of possible consequences is a necessary step for the
development of measures to prevent emergencies and minimize their
consequences. [2]

2.5 Environmental Impact Assessments (EIAs)

This report outlines the preliminary findings of an environmental
and social survey for the Yavan Hydroelectric Power Plant (HPP) in
the Aini district of Tajikistan. The construction aims to harness the
Zeravshan River’s hydropower potential, addressing energy short-
ages in the region. Tajikistan faces a significant energy crisis, im-

pacting both urban and rural areas. The planned HPP undergoes En-
vironmental Impact Assessment (EIA) in line with environmental
protection laws. The study focuses on analyzing the study area’s nat-
ural features, historical heritage, and ecosystem state. The goal is to
inform optimal design solutions ensuring a balance between social,
environmental, and economic aspects. Preliminary environmental
impacts are discussed, guided by compliance with existing standards
and taking into account the region’s natural conditions. Data from
Nurofar Institute’s specialized departments contribute to this report,
providing insights that can be refined during the ongoing study. [5]

3.1. Safety criteria for the hydraulic structure of Yavan HPP

The safety criteria for the hydraulic structure of the Yavan HPP
may include the following aspects:

1. Hydraulic safety: assessment of the resistance of the hydraulic
structure under normal and emergency operating conditions, evalu-
ation of the effectiveness of the water flow control system.

2. Geotechnical safety: assessment of the stability of the dam,
foundation and other geotechnical elements, analysis of the impact
of environmental factors (earthquakes, seismic waves, floods) on ge-
otechnical resistance.

3. Environmental safety: assessment of the impact of hydraulic
structures on the environment (water, terrestrial and air ecosystems),
analysis of possible consequences of pollution of water, soil and at-
mosphere.

4. Technological safety: assessment of risks associated with
the process of electricity production and hydraulic structure man-
agement, analysis of possible emergency situations and their conse-
quences.

5. Social security: assessment of risks associated with the life and
health of people in the area of operation of the hydraulic structure,
analysis of measures to protect the population from possible dangers.

6. Economic safety: assessment of the degree of economic effi-
ciency of the hydraulic structure, analysis of possible economic risks
and losses associated with its operation. [7]

4.1. Measures to ensure the safety of the hydraulic structure
of the Yavan HPP.

To ensure the safety of the hydraulic structure of the Yavan HPP,
it is necessary to implement a number of measures that would guar-
antee reliable protection of human life and health, the environment,
as well as the hydraulic structures themselves.

The first step should be regular inspection and monitoring of the
condition of all elements of the HPP, including the dam, hydraulic
turbines, generators, control systems, etc. This will allow you to
quickly identify potentially dangerous defects and take measures to
eliminate them. [4]

To ensure the reliable operation of hydroelectric power plants,
it is also necessary to ensure its effective automation and a control
system that would promptly respond to possible emergency situa-
tions.

Also an important aspect is the training of HPP personnel in the
rules of safe operation, as well as regular training on evacuation and
actions in emergency situations.



56 | ApxuTeKTypa, AU3aiH U CTPOUTENBCTBO

«Monopoit yuéHbiiiy « N2 12 (511) « Mapt 2024 .

An important role in ensuring safety is played by the system for
monitoring the water level in the river on which the hydroelectric power
station is located. To do this, it is necessary to install automatic sensors
that would promptly report a possible increase in the water level.

Also, to ensure safety, it is necessary to take into account the
opinion of experts and the public, hold regular public hearings and
inform the public about possible risks.

In general, ensuring the safety of the hydraulic structure of the
Yavan HPP requires an integrated approach and the implementation
of many measures. An important aspect is the constant monitoring
and updating of security measures in accordance with changing con-
ditions and requirements. [4]

4.2. Development of measures to prevent accidents and
minimize the consequences

To ensure that the hydraulic structure meets safety criteria, it is
necessary to develop measures to prevent possible emergencies and
minimize their consequences. These measures may include:

Development of a program of regular inspection and mainte-
nance of the facility with the participation of experienced special-
ists and the use of modern equipment to detect and eliminate poten-
tial problems.

Installation and use of automatic monitoring and control systems
that allow you to quickly identify any deviations in the operation of
the structure and take measures to eliminate them.

Training of personnel responsible for the operation of the facility
in the technical skills and knowledge necessary to ensure safe opera-
tion and prompt response to possible emergencies.

Application

Paspes 2-2

Development of evacuation plans and emergency measures that
will minimize the consequences of any emergency situations.

Determination of spare capacities and backup systems to en-
sure non-operational operability of the structure in case of emer-
gencies.

Development of plans and measures to protect the environment
and wildlife from possible negative impacts associated with the oper-
ation of a hydraulic structure.

All these measures should be carefully designed and taken into
account when developing a strategy for ensuring the safety of the hy-
draulic structure of the Yavan HPP. [10]

Conclusion

In conclusion, the article on the topic «Assessment and safety
criteria of the hydraulic structure of the Yavan HPP» typically sum-
marizes the study’s results, presenting key findings, and formulating
main conclusions and recommendations. It is crucial to highlight
the obtained results, underscoring the significance of evaluating the
safety of hydraulic structures, particularly in the context of the Yavan
HPP, and stressing the necessity for continuous monitoring and en-
hancement of safety measures.

Furthermore, the conclusion may delve into key recommenda-
tions aimed at improving safety criteria and ensuring their compli-
ance. Additional measures to prevent accidents and minimize poten-
tial consequences should be proposed. Emphasizing the importance
of exchanging experiences and adopting best practices from other
hydraulic structures becomes pivotal in shaping effective safety mea-
sures and preventing emergencies in the future.

|
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Fig. 1. Longitudinal section of the Yavan HPP
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Fig. 2. Cross section of the Yawan HPP
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Sustainability of construction attracts much attention in construction industry. One of the factors driving this requirement is application of ma-

terials and components through modern methods and technologies. Modern methods of construction can be the way to obtain buildings assisting
in minimizing the negative impact of construction industry on the environment.

Keywords: collection of well products, including oil, gas

he collection of well products, including oil, gas, and other valu-

able resources, is a cornerstone of the energy industry. Over the
years, advancements in technology and innovation have revolution-
ized the methods used to gather and transport these products from
wellheads to processing facilities. This essay explores the evolution
of modern methods for collecting the products of wells, highlighting
key technologies, techniques, and their implications for the industry.

Early Methods of Well Product Collection: Historically, the collec-
tion of well products relied on rudimentary methods, such as manual
extraction, bucket systems, and basic pipelines. In the early days of oil
drilling, manual labor was often employed to extract crude oil from
wellheads, requiring considerable manpower and time. As the industry
evolved, simple pipelines and storage tanks were introduced to trans-
port oil and gas from well sites to refineries and distribution centers.
However, these methods were often inefficient, prone to leaks, and lim-
ited in capacity, hindering the scalability of oil and gas production.

Evolution of Collection Technologies: The advent of modern
drilling techniques, including rotary drilling, hydraulic fracturing,
and directional drilling, revolutionized the extraction of oil and gas
from underground reservoirs. Concurrently, advancements in col-
lection technologies have enabled more efficient, cost-effective, and
environmentally sustainable methods for gathering well products.
Some notable developments include:

1. Flowline Systems: Flow line systems consist of interconnected
pipelines, valves, and control equipment designed to transport oil,
gas, and water from wellheads to processing facilities. These systems
utilize gravity, pressure differentials, or pumping mechanisms to fa-
cilitate the flow of fluids over long distances. Flow line systems are es-
sential for optimizing production rates, minimizing transportation
costs, and maximizing operational efficiency.

2. Multiphase Flow Meters: Multiphase flow meters are special-
ized instruments used to accurately measure the flow rates of oil, gas,
and water streams from wellheads. These meters employ advanced

sensing technologies, such as ultrasonic, electromagnetic, or gam-
ma-ray detection, to differentiate and quantify the individual phases
within a multiphase flow. Multiphase flow meters provide real-time
data on production volumes, fluid composition, and well perfor-
mance, enabling operators to optimize production processes and al-
locate resources effectively.

3. Subsea Production Systems: Subsea production systems are
underwater equipment installations deployed on the seabed to col-
lect, process, and transport hydrocarbons from offshore wells. These
systems include subsea wellheads, manifolds, pipelines, and control
modules, interconnected with surface facilities via umbilical’s and
risers. Subsea production systems offer several advantages, including
reduced environmental footprint, enhanced safety, and improved
reservoir access in deep-water and ultra-deep-water environments.

4. Artificial Lift Technologies: Artificial lift technologies, such
as electric submersible pumps (ESP), gas lift systems, and progres-
sive cavity pumps (PCP), are utilized to enhance the productivity of
wells by overcoming natural reservoir pressure declines. These sys-
tems inject gas, fluids, or mechanical energy into the wellbore to lift
hydrocarbons to the surface, increasing flow rates and extending well
life. Artificial lift technologies are essential for optimizing produc-
tion from mature or low-pressure reservoirs and maximizing hydro-
carbon recovery.

5. Integrated Production Networks: Integrated production net-
works leverage advanced modeling, optimization, and automation
techniques to manage and optimize the collection, processing, and
transportation of well products across interconnected assets.

These networks integrate data from various sources, including
well sensors, flow meters, and control systems, to optimize produc-
tion scheduling, minimize downtime, and improve asset perfor-
mance. Integrated production networks enable operators to adapt
quickly to changing operational conditions, optimize resource allo-
cation, and maximize economic returns.
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Implications for the Industry: The adoption of modern methods
for collecting well products has profound implications for the energy
industry, including:

1. Enhanced Efficiency and Productivity: Advanced collection
technologies enable operators to maximize production rates, min-
imize downtime, and optimize resource utilization, leading to en-
hanced operational efficiency and productivity.

2. Improved Safety and Environmental Performance: Modern
collection methods prioritize safety, environmental sustainability,
and regulatory compliance, reducing the risk of accidents, spills, and
emissions associated with traditional extraction techniques.

3. Cost Reduction and Profitability: By streamlining production
processes, minimizing transportation costs, and optimizing asset
performance, modern collection methods contribute to cost reduc-
tion and improved profitability for operators.

4. Access to Remote and Challenging Environments: Subsea
production systems and advanced artificial lift technologies enable
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operators to access and develop hydrocarbon reserves in remote,
deep-water, and environmentally sensitive areas, expanding the in-
dustry’s reach and resource base.

5. Technological Innovation and Collaboration: The ongoing
evolution of collection technologies drives technological innovation,
collaboration, and knowledge exchange within the energy industry,
fostering a culture of continuous improvement and excellence.

The evolution of modern methods for collecting the products of
wells represents a transformative shift in the energy industry, enabling
operators to optimize production, enhance safety, and minimize en-
vironmental impact. From flow line systems and multiphase flow me-
ters to subsea production systems and artificial lift technologies, ad-
vancements in collection methods have revolutionized the way oil,
gas, and other resources are extracted, transported, and processed. As
technology continues to evolve and industry best practices evolve, the
future of well product collection holds promise for further innovation,
efficiency gains, and sustainable growth in the global energy sector.
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Strategies for Mitigating the Decline in Productivity of Irrigated Wells
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Over-irrigation to ensure high crop yields in North China Plain (NCP) has led to a sharp groundwater table decline over the past decades. We
conducted a scenario analysis from1980 to 2017 with 12 irrigation strategies from TIWOMO to TI2W3M2 (T is treatment and numbers of irriga-
tion times in wheat (W) and maize (M) seasons, 75 mm each) for the dominant winter wheat-summer maize rotation using the soil-water-atmo-
sphere-plant (SWAP) model in the NCP. After model calibration and validation with 4-year experimental data, we analyzed the long-term simu-
lated annual crop yield, actual evapotranspiration (ET ), water productivity (WP), groundwater table change and economic benefit to the different

irrigation practices.
Keywords: irrigation strategy, rained treatment.

he optimized irrigation strategy is based on an integral anal-

ysis for different precipitation year-types. Results showed that
annual yield and WP increased with increased irrigation until
these reached a plateau. Treatment T4W2MI was the turning
point with an annual yield of 15335 kg-ha-1, significantly higher
than T2W1M1 (26%) and TIWOMO (63%), but not significantly
different from 4 to 5 irrigations in wet and normal years. ETa in-
creased with increased irrigation from 456 to 644 mm yr-1. The
annual WP followed a similar trend as annual crop yield for all ir-
rigation schedules. TAW2M1 had an annual WP of 2.47 kg cm-3,
significantly higher by 15% than T2ZW1MI and 24% higher than
T1WOMO, with no significant difference seen with 4-5 irrigations.
The rained treatment mitigated groundwater table decline the best,
even reversing the trend during the past four decades to 0.11 m yr-1
rise. This was followed by two irrigation treatments (-0.30 m yr-1),

three irrigations (-0.55 m yr-1), four irrigations (-0.72 m yr-1),
and five irrigations (-0.86 m yr-1). The latter corresponds to typical
farmer practice. Using the productivity indicators, including irriga-
tion WP, marginal benefit and economic index, T4W2M1 showed
the best performance. Therefore, we recommend T4W2M1 (two ir-
rigations at pre-wintering and jointing stages for wheat and one ir-
rigation at maize sowing stage) as the best irrigation strategy for the
wheat-maize rotation to mitigate groundwater table decline, and
sustain grain yields and water productivity in the NCP; another a
thesis irrigation for winter wheat is reccommended during extreme
dry years to sustain grain yield.

Irrigated agriculture plays a pivotal role in global food security,
providing sustenance for billions of people worldwide. Central to
this system are irrigated wells, which supply water to crops, ensuring
their growth and productivity. However, over time, the productivity
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of irrigated wells can decline due to various factors, posing a signif-
icant challenge to agricultural sustainability. This essay explores the
causes of declining productivity in irrigated wells and proposes strat-
egies to mitigate this issue.

Causes of Declining Productivity in Irrigated Wells:

1. Over-Extraction of Groundwater: One of the primary reasons
for the decline in productivity of irrigated wells is the over-extraction
of groundwater. As water is continuously pumped from aquifers to
irrigate crops, the water table drops, leading to decreased well yields
and increased pumping costs.

2. Aquifer Depletion: The excessive extraction of groundwater
can result in the depletion of aquifers, reducing the overall water
availability for irrigation. As aquifers are depleted, the remaining
water may become more saline or contaminated, further impacting
crop productivity.

3. Sedimentation and Clogging: Irrigated wells are susceptible to
sedimentation and clogging over time, especially in areas with high
sediment loads or poor water quality. Sedimentation reduces the ef-
fective capacity of wells, leading to decreased water flow and lower
productivity.

4. Infrastructure Degradation: Aging infrastructure, including
well casings, pumps, and distribution systems, can contribute to de-
clining productivity in irrigated wells. Leaks, corrosion, and mechan-
ical failures can reduce water delivery efficiency and increase opera-
tional costs.

5. Climate Change: Climate variability and change can exac-
erbate the challenges faced by irrigated agriculture, affecting both
water availability and demand. Shifts in precipitation patterns, in-
creased temperatures, and more frequent droughts can strain water
resources, leading to reduced productivity in irrigated wells.

Strategies for Mitigating Declining Productivity:

1. Sustainable Groundwater Management: Implementing sus-
tainable groundwater management practices is essential for pre-
serving aquifer health and maintaining well productivity. This
includes setting pumping limits, promoting water conservation mea-
sures, and implementing groundwater recharge initiatives.

References:

2. Improved Irrigation Efficiency: Enhancing irrigation effi-
ciency can help reduce the demand for groundwater and alleviate
pressure on irrigated wells. Adopting precision irrigation techniques,
such as drip irrigation and soil moisture monitoring, can optimize
water use and improve crop yields.

3. Rehabilitation and Maintenance: Regular maintenance and
rehabilitation of irrigated wells and associated infrastructure are
crucial for ensuring optimal performance and longevity. Cleaning,
desilting, and repairing wells can help mitigate sedimentation and
clogging issues, restoring productivity.

4. Investment in Modern Technologies: Investing in modern
technologies, such as solar-powered pumps, efficient irrigation sys-
tems, and remote monitoring devices, can enhance the efficiency and
reliability of irrigated wells. These technologies can reduce energy
consumption, improve water management, and mitigate the impacts
of climate change.

5. Integrated Water Resource Management: Adopting an inte-
grated approach to water resource management can help balance
competing demands for water and ensure its sustainable use across
sectors. This involves collaboration among stakeholders, including
farmers, policymakers, and water resource managers, to develop and
implement comprehensive water management plans.

6. Promoting Crop Diversification: Encouraging crop diversifi-
cation can help reduce the reliance on water-intensive crops and al-
leviate pressure on irrigated wells. By promoting the cultivation of
drought-resistant crops and implementing agroforestry practices,
farmers can improve resilience to water scarcity and enhance overall
agricultural sustainability.

The declining productivity of irrigated wells poses a significant
threat to global food security and agricultural sustainability. Ad-
dressing this challenge requires a multifaceted approach, encom-
passing sustainable groundwater management, improved irrigation
efficiency, infrastructure rehabilitation, technological innovation, and
integrated water resource management. By implementing these strat-
egies, stakeholders can mitigate the impacts of declining well produc-
tivity and ensure the long-term viability of irrigated agriculture.

1. AliyevZ.S. etc. Technological modes of operation of gas wells. M., Nedra, 1978.
2. Shirkovsky A.I. Development and exploitation of gas and gas condensate fields. Textbook. M., Nedra, 1979.
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This article discusses gas condensate reservoirs and their economic value. It also introduces the challenges that face practicing engineers in pro-
ducing gas condensate reservoirs. The economic value of gas condensate reservoirs depends largely on the richness of the gas (how much condensate
drops out from the gas when it reaches the surface) and the production and management techniques of the reservoir. It introduces the plant prod-
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ucts and how they can be calculated with examples. It also explains gas in place calculations for gas condensate reservoirs using material balance
equations and the role of pressure, volume, and temperature properties in these calculations. Applications and needed calculations for managing

gas condensate reservoirs are explained with practical examples.

Keywords: gas condensate wells, achieving optimal performance and reliability.

Gas and gas condensate wells are critical assets in the energy
industry, supplying natural gas and valuable condensates for
various applications. However, maintaining optimal production
levels and ensuring the longevity of these wells can be challenging,
particularly when operating under abnormally low pressures. In
such conditions, the risk of wellbore damage, productivity decline,
and equipment failure increases, necessitating a balanced main-
tenance approach. This essay examines the complexities of main-
taining gas and gas condensate wells under low-pressure conditions
and explores strategies for achieving optimal performance and re-
liability.

Challenges of Low-Pressure Operation: Abnormally low pres-
sures in gas and gas condensate wells pose significant challenges to
maintenance and production operations. Some of the key challenges
include:

1. Reduced Production Rates: Low reservoir pressures result in
decreased gas flow rates and condensate recovery, limiting overall
production levels and revenue generation.

2. Liquid Loading: As reservoir pressure declines, the ability to
lift liquids to the surface diminishes, leading to liquid loading in the
wellbore. Liquid accumulation reduces gas flow efficiency and can ul-
timately lead to well shutdown or gas locking.

3. Formation Damage: Low-pressure conditions increase the
risk of formation damage due to the influx of formation fines, clay
swelling, or liquid blockages in the reservoir matrix. This can impair
well productivity and necessitate costly remediation efforts.

4. Equipment Limitations: Surface equipment, such as compres-
sors, separators, and pumps, may be operating beyond their design
limits under low-pressure conditions, leading to reduced efficiency,
increased maintenance requirements, and higher energy consump-
tion.

Balanced Maintenance Strategies:

Achieving balanced maintenance of gas and gas condensate wells
under abnormally low pressures requires a multifaceted approach
that addresses reservoir, wellbore, and surface equipment consider-
ations.

Key strategies include:

1. Reservoir Management: Implementing reservoir manage-
ment techniques, such as gas cycling, pressure maintenance, or en-
hanced oil recovery (EOR) methods, can help sustain reservoir pres-
sure and prolong productive life. Gas injection, water alternating gas
(WAG) injection, or polymer flooding are common EOR techniques
employed to mitigate pressure decline and enhance hydrocarbon re-
covery.

References:

2. Liquid Unloading: Deploying effective liquid unloading tech-
niques is crucial for mitigating liquid loading and maintaining gas
flow rates in low-pressure wells. Gas lift systems, plunger lift systems,
intermittent gas injection, or chemical treatments can be utilized to
remove liquids from the wellbore and restore productivity.

3. Artificial Lift Optimization: Optimizing artificial lift systems,
such as gas lift, electric submersible pumps (ESP), or rod pumps, is
essential for overcoming the challenges of low-pressure operation.
Selecting the appropriate lift method, optimizing operating parame-
ters, and monitoring well performance are critical for maximizing ef-
ficiency and reliability.

4. Well Stimulation: Performing well stimulation treatments,
such as acidizing, hydraulic fracturing, or matrix stimulation, can
improve reservoir connectivity, remove formation damage, and en-
hance well productivity in low-pressure environments. Targeted
treatments can help restore reservoir permeability and increase hy-
drocarbon flow rates.

5. Surface Equipment Upgrades: Upgrading surface equipment
to handle low-pressure conditions is essential for ensuring reliable
production operations.

Installing high-efficiency compressors, separators, and pumps,
as well as implementing advanced control systems and monitoring
technologies, can improve system performance, reduce downtime,
and minimize maintenance costs.

6. Integrated Asset Management: Adopting an integrated ap-
proach to asset management, incorporating predictive maintenance,
condition monitoring, and risk-based inspection strategies, is essen-
tial for optimizing the performance and longevity of gas and gas con-
densate wells under low-pressure conditions. By proactively iden-
tifying potential issues and implementing timely interventions,
operators can minimize downtime, maximize production uptime,
and extend asset life cycles.

Balanced maintenance of gas and gas condensate wells under ab-
normally low pressures is crucial for sustaining production, mini-
mizing operational risks, and maximizing asset value. By employing
a comprehensive approach that encompasses reservoir management,
liquid unloading, artificial lift optimization, well stimulation, surface
equipment upgrades, and integrated asset management strategies,
operators can overcome the challenges associated with low-pres-
sure operation and ensure the long-term viability of their assets. As
technology continues to evolve and industry best practices evolve,
the maintenance of gas and gas condensate wells will continue to ad-
vance, enabling operators to achieve optimal performance and reli-
ability in even the most challenging operating environments.

1. Aliyev Z.S. etc. Technological modes of operation of gas wells. M., Nedra, 1978.
2. Instructions for complex exploration of gas and gas condensate reservoirs and wells. (Edited by G. A. Zotova, Z.S. Aliyeva). M.,

Nedra, 1980.
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The petroleum industry has made significant investments and extensive research to rectify structural well integrity issues, one particular failure

mode relates to the migration of hydrocarbon fluids to surface through microchannel, due to poor cementation, resulting in the inability to provide in-

tegral barriers in the 9%« casing X 12%» hole annulus; therefore, these wells are being abandoned. Section milling and external casing patches are two

of the widely-utilized approaches to restore annulus integrity; however, they add complexity associated with excessive steel cuttings and re-entry risk.
Keywords: crucial sources of water, disrupt water supply, to reduced water pressure in wells.

echnology is one of the innovative approaches that can be uti-

lized in wells to provide strong integral cement barriers behind
the 9%« production casing to prevent reservoir fluids migrating to
surface. As a consequence, the well life can be extended and the older
wells can be restored back to production and injection. This approach
is gaining increased popularity due to a number of economic and en-
vironmental advantages such as restoring the well production/injec-
tion with minimum workover costs and risk due to less complex op-
erations, mitigate environmental concerns by avoiding excessive steel
cuttings like section milling and eliminating the complexity associ-
ated to re-entry risk as incase of section milling. The research uti-
lizes a novel technology to execute a repair of wells with failed An-
nulus-B barrier integrity by providing integral cement barriers in
the 9%» x 13%x« casing annulus above the reservoir for wells experi-
encing migration of hydrocarbons from reservoir through the 9%»x
13%« casing annulus. The planned methodology starts with comple-
tion recovery followed by running noise, temperature and cement
bond logs in order to evaluate the cement quality behind 9%» casing
above the reservoir. Findings from the noise/temperature logs and oil
sample evaluation indicated that oil is migrating from the reservoir,
through 9%« x 13%» casing annulus, dripping at surface through the
30" conductor pipe. The cement bond logs indicate poor cement be-
hind 9%” casing above the reservoir. Therefore, the aforementioned
remediation technology was successfully utilized as it delivers effec-
tive jet washing and subsequent cleaning of the annular space using
specialized tools and thereafter spraying cement to create a 100-feet
competent cement barrier behind the casings for effective isolation
and the prevention of pressure communication to the surface via An-
nulus-B.

Wells are crucial sources of water for various purposes, including
agriculture, industry, and domestic use. However, when wells expe-
rience abnormally low pressure levels, it can disrupt water supply,
jeopardizing essential activities. Addressing this issue requires inno-
vative techniques that effectively restore wells to optimal operating
conditions. This essay explores the causes of low-pressure in wells
and examines cutting edge strategies for repairing them to ensure
reliable water supply. Causes of Low Pressure in Wells: Pump Mal-
function: Malfunctions in the pumping system, such as worn-out
components, clogged filters, or motor issues, can lead to reduced
water pressure in wells. These problems hinder the pump’s ability to
draw water from the aquifer efficiently, resulting in decreased flow
rates. Well Clogging: Accumulation of sediment, debris, or mineral

deposits in the wellbore or screen can restrict water flow, causing
low pressure in wells. Clogging is often exacerbated in areas with
high sediment loads or poor water quality, leading to diminished
well performance.

Aquifer Depletion: Over-extraction of groundwater from aqui-
fers can lower the water table, reducing the available pressure head
and causing wells to operate at abnormally low pressure levels.
Aquifer depletion is a widespread concern in regions where water
demand exceeds sustainable recharge rates. Hydraulic Fracturing: In
areas where hydraulic fracturing (fracking) operations occur, the in-
jection of fluids at high pressure can disrupt groundwater flow pat-
terns and compromise well integrity, resulting in decreased pressure
and potential contamination.

Infrastructure Damage: Damage to well infrastructure, such as
casing corrosion, screen deterioration, or leaks in the distribution
system, can contribute to low-pressure conditions. Aging infrastruc-
ture is particularly susceptible to degradation, requiring prompt re-
pair and rehabilitation. Innovative Techniques for Repairing Wells at
Abnormally Low Pressure:

Hydro fracturing: Hydro fracturing, also known as water well jet-
ting or hydro jetting, is a technique used to improve well produc-
tivity by creating fractures in the surrounding aquifer. High-pres-
sure water is injected into the wellbore, creating fissures that enhance
water flow and increase pressure. Hydro fracturing is particularly ef-
fective in unclogging sediment-laden wells and revitalizing under-
performing aquifers.

Chemical Rehabilitation: Chemical treatments can be applied to
dissolve mineral deposits, dissolve organic matter, and remove bac-
terial biofilms that contribute to well clogging and reduced pressure.
Acidification, oxidation, and biocide treatments are commonly used
to restore well productivity and improve water quality.

Borehole Camera Inspection: Borehole cameras equipped with
lights and sensors can be deployed to inspect the interior of wells and
identify sources of clogging, damage, or other issues affecting pres-
sure levels. Real time video footage allows for accurate diagnosis and
targeted remediation efforts, minimizing downtime and optimizing
repair outcomes.

Air-Lifting: Air-lifting involves injecting compressed air into the
wellbore to agitate water and dislodge obstructions, such as sediment
or debris, that impede flow. The agitation creates a temporary in-
crease in pressure, facilitating the removal of blockages and restoring
optimal well performance. Air-lifting is a cost-effective and environ-
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mentally friendly method for addressing low-pressure conditions in
wells.

Rehabilitation with Polymer Gels: Polymer gels can be injected into
wells to improve water flow and increase pressure by reducing fric-
tional losses and stabilizing formation particles. These gels form a tem-
porary barrier that selectively blocks high-permeability zones while
enhancing flow through low permeability zones, effectively restoring
well productivity without the need for extensive physical interventions.

References:

Addressing abnormally low pressure in wells is essential to ensure
reliable water supply for various applications. Innovative techniques,
such as hydro fracturing, chemical rehabilitation, borehole camera
inspection, air-lifting, and polymer gel rehabilitation, offer effective
solutions for restoring wells to optimal operating conditions. By de-
ploying these cutting-edge strategies, stakeholders can mitigate the
impacts of low pressure conditions and safeguard water resources for
present and future generations.

1. M. Gafurova, O. Garaeva. Transcripts of general, practical lessons from the course on mastering gas and gas-condensate stoves. Ash-

gabat, TPI, 2006.

2. Shirkovsky A.I. Development and exploitation of gas and gas condensate fields. Textbook. M., Nedra, 1979.
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QKOIO0Inga

0 HeKoTOpbIX NpoGAEeMax yTUAN3ALMU TBEPAbIX KOMMYHANIbHBIX
0TX0A0B Ha npumepe Pecny6nnku bawkopTocTaH

AnbmyxameToB UnbpaH pukosuy, cTyaeHT

HayuHelit pykoBoauTtens: Vimaesa 0nus bopucoBHa, KaHAKAAT IOPUAMYECKUX HAYK, AOLEHT
balwkupckas akapemus rocyaapcTeeHHoi ciyxObl 1 ynpasaeHus npyu [nase Pecnybanku bawkoptoctat (r. Yoa)

eMe JCCTIEOBaHMA 9KONOTMYECKIX MPOOIeM YaemseTcs: BCé
6oblite BHUMAHS, YTO OOYCIOB/IEHO TeM, YTO SKONOIMYecKast

00CTaHOBKA 11 OKPY>KAIOIIast Cpefia HePA3PLIBHO CBSA3AHbI C JKU3HE-
ZeATeNnbHOCTBIO yenoBeka. Ct. 47 Konctutyrmu PO mpefocrasser
KOKJJOMY IIpaBO Ha O/IarONPUATHYIO OKPYKAIOLIYIO CPeny, OCTO-
BEPHYI0 MH(OPMALIUIO O ee COCTOSHUY ¥ Ha BO3MelljeHue yiepoa,
IPUYVHEHHOTO €r0 3[0POBBI0 VWJIM VIMYIIECTBY 3KONOTMYECKUM
npaBoHapylIeHueM. V3 aToro cienyer, YTO0 3HAYMMOCTD SKOJIOTH-
4ecKolt 0OCTAaHOBKM 3aKpeIUIeHa Ha eflepaIbHOM YPOBHE, a Ipo-
O7IeMBI JOJDKHBI PENIAThCs He3aMeTUTeNnbHO. Tak, OTHOI 13 mpo-
O7eM ABIAETCA YTWIM3ALMA TBEPAbIX KOMMYHAQ/IBHBIX OTXOLOB
(mamee — TKO). [lanHblit BoIpoc paccMoTpuM Ha mpumepe Pec-
my6/mky balkopTocTaH: mocTapaeMcsi BBIIBUTD NIPOG/IEMBI, BO3-
MOXXHbIE ITyTI UX PeleHNs], a TAkXKe VIMEIOIVecs] II0NOKIUTebHbIe
TeH/IEHIINN

[l Havama CriefyeT ONpeReNnuTh, YTO OTHOCUTCA K TBEPHBIM
KOMMYHa/IbHBIM OTX0fiaM. B coorBercTBuM co cT. 1 Penepanp-
HOro 3akoHa oT 24.06.1998 Ne 89-D3 «O6 orxofax MPOU3BOJCTBA
¥ IOTpeb/IeHNs» OTXOfbI, 00PA3YIOIVecs: B XKIUJIBIX TOMELIeHNAX
B Ipoliecce HoTpedenys GusnIecKMI IMLAMY, @ TAKKe TOBapbl,
yTpaTuBIINE CBOM TIOTPeOUTEIbCKIE CBOICTBA B IIPOLIECCe UX VIC-
HO/Tb30BaHM QU3NIECKUMIU U IOPUANYECKMMIU TULAMU B XKMIBIX
IOMeIeHNAX B LEIAX YHOBIETBOPEHMSA JIMYHBIX M OBITOBBIX
Hyxz [1]. To ectb, jaHHDBIe OTXOABI 0OPa3yIOTCA KAKJbll [IeHb,
U B CBSI3Y C 9TUM CTAHOBUTCSI HEOOXOIVIMbIM ITOCTABUTD 3a/1aul, Ha-
TIpaB/IeHHbIE Ha pellieHNe IPO6IeMbl UX YTUIH3ALVIAL

ITo oueHKaM 3KCIepTOB, B TOf, Mbl HakalmBaeM oT 50 mo 60
MIUIMOHOB TOHH TaKOTO MYCOPa,  II0 JaHHBIM CyObekToB PD, Ha
00paboTKy 3a 6 Mecsnes 2023 roxa HampasieHo 52,9% TKO, Ha
yrwmsamuo — 12,6% [2]. [Ipobnema yTuamsauum OTXOHOB SB-
TA€TCA IT00aIbHO, MOCKONBKY OrpaHMYeHHbIe NPMpPOJHbBIE pe-
CYpPChI He BBIAEp)KMBAIOT NMOBBIIIAIONINECS C KOK/IbIM TOIOM IIPO-
IYKTBI JKM3HENEsTENbHOCTN demoBeKka. [Ipobmema 3akmodaercs
B 3eMe/IbHBIX YYACTKAX, KOTOPbIE 3aHAThI CBATIKaMI, YTO MICK/TIOYaeT
TaK/e YYacTKM U3 HPORYKTUBHOTO 3eMJICIIONIb30BAHMA, a TAKKe
OTpaBJLAeT IOYBY Ha IO/ITOE BpeMs.

B Poccmiickoit @emepanyn paspaboTaH psf IpOrpamM, Ha-
IIpUMep, HALMOHAMBHBIN MPOEKT «IKONOIs», TpefCTABICHHbII

B 2018 roxy, rie omHON U3 3ajad SABIAIOCH apdeKTHBHOE 00pa-
IIeHVe C OTXOfaMyi TPOM3BOACTBA U HOTpeO/IeH s, BKII0Yas /-
KBIJJALIMIO BCEX BbIAB/IEHHBIX Ha 1 AHBaps 2018 rof HecaHKIVIOHN -
POBAaHHBIX CBAJIOK B IPaHNUI[aX FOPOKoB. [JaHHas mporpamMma Oblra
paspaborana 1o 2024 royia u IpuHeCIa CBOM OTIOXKUTeNTbHbIE IIIOfIbI
B pAfie PerMOHOB. B ¢BA3M ¢ 3TMM Noj1araeM 060CHOBaHHBIM 00pa-
TUTbCA K MPAKTUKe YCIEeUIHbIX PErMOHOB, IZie TOCY/APCTBEHHbIE
IpOrpaMMbl Ia/Ii MOJIOXKUTe/IbHbIE Pe3y/IbTaThl.

Tak, B 2023 TOfy B PEIITUHT CaMBIX YCIELUIHBIX TOPOJIOB 0 00-
pAIEHNI0 C TBEPAbIMM KOMMYHANbHBIMM OTXOfaMy Boumm Mo-
ckoBckas, Tymbckas n Hinkeroponckas obmactu. ITpy aToM cambIx
3aMETHBIX TIO3UTUBHBIX CIBUIOB B PEIITMHTE PErMOHOB IO 3 dex-
TUBHOCTH PaboThI B chepe 0OpaleH s C OTXOAAMI YAAIOCh JOCTIYb
Pecry6uke BankoprocTaH: periio MoRHsICs Ha 9-e MecTo, Habpas
47 nyHkTOB B Tabmue 3eneHoro peirruara [3]. Pecry6nyka Bam-
KOPTOCTAH aKTMBHO HabypaeT 060poT B 00/IACTY YTI/IN3ALNIL OT-
XOJJ0B, HO TIPM 9TOM OCTAIOTCA U OTKPBITHIMY HEKOTOPbIE BOIIPOCHI,
TI03TOMY aHajIM3 MIPaKTUKM 9TOTO PETMOHA TIOMOYKET JIeTaTbHO BbI-
SBUTD POOTIEMHBIE ACTIEKTHI I BO3MOXKHBIE ITYTH PEIIeHNs.

Haunnas ¢ 2019 ropa B bamkoprocrane unéT akTMBHas TMKBY-
Jlaliyisl HeCAHKLMOHMPOBaHHbIX CBAJIOK. Y Ke IMKBUAMPOBAHbI 2675
HE3aKOHHBIX CBA/IOK, 13 Hux 824 — B 2022 rogy, TakXxe B IIaHAX
CTOMT MMKBUJAIMA emmé 852 cBaoK, M cormacHo ykasy Imasbr Pec-
ny6mky bamkopTocTas, 3Ta paboTa JO/DKHA 3aBepIINTbCs B 2024.
CraTuctiyeckyie JaHHbIe OKA3bIBAKOT, 4TO B Pecrybmike mpous-
Boputcs 20,29% 0Tx010B 0T 0611ero o6pema [IpuBomxckoro Pexe-
PaIBHOTO OKPYTa, YTO e/IaeT ee TPEThIM 10 00beMy 00pasoBaHms
0TX07{0B. VI3 06111ero KommdecTBa 06pa3oBABIINXCS TBEPABIX KOM-
MyHaIbHbIX 0TX010B (TKO) yriwmsupyercsa mumb 57,23% [4].

Pecriy6muika balkopTocTan akTUBHO BELET ieATEIbHOCTD, Ha-
IPaB/IEHHYIO Ha YTy 4IleHIe 9KOMOTMIeCKO 00CTAHOBKM, IOITOMY
YZIa70Ch MEePeBLINOTHUTD TJIAH MO0 HeCKONbKMM MokasarernaM. Ha-
IpuMep, IPOLEHT OTXOMO0B, OTIPABIEHHBIX Ha YTUIN3ALMIO TTOCTIe
pasmenbHOro cbopa um 06PabOTKM TBEPABIX KOMMYHA/IBHBIX OT-
XOJI0B, COCTaBII 6,3% 10 CPABHEHMIO C ITAHOBBIMY 5,8% OT 0011€eTt
Macchl 00pa3oBaHHbBIX TBEPABIX KOMMYHAIbHBIX OTXOMOB.

Camas IVIaBHasI 3afjaqa MYCOPHOIT pehOpMbI — 3TO CHIDKEHIE
KO/MYeCTBA OTXOJ[OB, KOTOpble IOA/NEXAT 3aXOPOHEHMIO Ha My-
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COPHBIX IO/MUTOHAX, MX MaKCUMajbHas IepepaboTka U MOCIeny-
Iolljee JCIIO0NIb30BaHNe B Ka4ecTBe BTOPCHIPbs. [10aTOMy B pernone
aKTMBHO Pa3BUBAETCS MHPPACTPYKTypa MO 006paboTKe M KIaccu-
¢uxarym orxonoB. OFHAKO /s CTAONIBHO MOMOXKUTE/IBHBIX Pe-
3y/IbTaTOB HEOOXONVIMO HOPMA/IN30BaTh CUTYALVIO C Pas3ie/bHON
COpTMPOBKOIT 0TX0f0B. HecMoTps Ha To, uTo Pecrry6muka banrkop-
TOCTaH BOIIA B PE/TUHT PEIMOHOB 110 IPOTPeccy B yTUIN3ALUN
TKO, onHoit 13 CTOXXHOpeNIaeMbIX IIPo6/IeM 0CTaéTCs COPTIPOBKA
mycopa. [laHHast mpo6eMa CBs3aHA C BOCIPMATMEM HACeTeHNUs
HOBOII pepopMsl, e HeoOxofnMa ObUIa MHPOPMALIMOHHO-PA3b-
ACHUTeNMbHAs paboTa ¢ HacemeHyeM. [ TOCTVDKEHVIA IIOJIOXKY-
TebHBIX Pe3y/IbTAaTOB Iepef] YCTaHOBKOI pa3/eNbHbIX KOHTEeITHEPOB
HeoOXOIMO ObIIO [ONTOAA PAa3TOBAPMUBATh C IOLbMI, TOCTABUTD,
BO3MOYKHO, CHaya/la KOHTEITHep OfJHOTO 1[BETa, II0TOM JIPYToro»,—
OTMeYaeT COIpeICcefaTeNb PernoHanbHoro mraba Ob1ecTBEHHOTO
HapopHoro ¢pponrta Mypax llladukos [5].

Taxoke ceppesHass mpobmema — 3TO HeTOOPOCOBECTHAs Jiesi-
TETIbHOCTb PETVMOHATbHBIX OIEpaTopoB, KOTOpble HE COPTHUPYIOT
MyCOp IIp¥ BbIBO3€, IIOCKOIbKY I 3TOr0 HEOOXOMMO cofep-
XKaTh JIOIOJTHUTE/IbHBIN aBTONAPK, @ 3TO, KaK IIPABUJIO, JJOTIOMTHN-
Te/IbHbIE 3aTPATHI WK HOBbIeHNe Tapuda. [IpeHebpexnTenbHast
JIESITENIBHOCTD PErOIIePaTOPOB YoKe HaHEeC/IA 3HAUNTEIbHBII yirepo.
B kavecTBe MITIOCTpAIMM MOC/IEACTBIII STOTO HETaTMBHOTO IPH-
Mepa MOXHO mpuBectu Pacnopspkenne Imasbr Pecriy6onuku bami-
KopTocTaH oT 7 miona 2023 roga Ne PI-193 «O BBeienuu pexuma
YPe3BbIYANTHON CUTYAMM Ha TEPPUTOPUAX OT/ETbHBIX MYHMUIIU-
a/IbHBIX PAlOHOB 1 TOPONCKMX OKpyroB Pecry6rmuxu Barrkop-
ToCTaH». JJaHHas Mepa OblIa BBI3BAHA B CBSI3U C IIPEKPALICHIEM
cbopa 1 BBIBO3a OTXOZIOB U3 MYHULVIIQ/IMTETOB PEroIepaTopoM
00O «[JI0pTIONMMETMOBOACTPOIL», YTO CO3/ATIO YTPO3Y LA KU3HI
U 3[J0POBbSI UE/lOBEKA, a TAKKEe BO3MOXXHOCTb BO3HMKHOBEHMS
¥l pacIpoCTpaHeHus 3aboeBanmit. 3a JaHHOE HapyIIeHNUe perorne-
paropaM IpegycMOTpeH P HaKa3aHMIT, ONHO U3 KOTOPBIX 9TO /IN-
IIeHNe JINIEH3NM Ha OCYILIeCTBJIeHNe AeATenbHOCTH. OCHOBaHMA
I M3DATHA JuIeHsyuyu ycraHosneHbl [locranosmenyem IlpaBu-
tenbcTBa PO o1 12.11.2016 Ne 1156. V3 Bcero BbIleCKa3aHHOTO Crie-
LyeT, 4TO PEeroIepaTopbl CYLIECTBEHHO OC/IOXHSIIOT IIPOJIBIDKEHNE
pedopMmsL.

[maBHas mpobmeMa 3aKTIOYaeTCs B TOM, YTO Ha TEPPUTOPUA
Peciy6nuku BamkoprocTaH feficTByeT MHOXECTBO KOHKYPHUPY-
IOLIVX KOMITaHMIA, OCYLIeCTB/IAIOIX cOOp, TPaHCIOPTUPOBAHIE,
00paboTKYy, yrummsaruio, o6e3BpexxyBanue u saxoporenne TKO.
U, xak crepcTBue, 3HAUMTeNbHbIT 06beM TKO mepetexaer B uHble
BUJBI OTXOJOB, He MOABEPrasich COPTUPOBKE U HepepadoTKe. ITO
CBA3AHO C TeM, YTO XO3SIICTBEHHbIE CYOBEKTbI CAMOCTOSATENILHO OT-
HOCAT 06Pa3yoIMecs] Y HUX OTXOBI K TeM IIN MHBIM BUJIAM, 9TO

Jlureparypa:

BIIOCTIEICTBUM ABJIAETCA IPUYMHON MACCOBBIX HECAHKLMOHMPO-
BAHHBIX CBJIOK. [l pellleHust JAHHOI MPOO/IeMbl MOKHO B3STb
HONOXUTENbHBLI IpyuMep Pecriy6mykn Bemapycs, roe nmeercs ro-
CYiAPCTBEHHDII ONEpPaTop BTOPMYHBIX MaTepHa/IbHBIX PeCypcoOB,
B (YHKIMY KOTOPOrO BXOAUT U IIMpPOKas MH(OpMAILMOHHAsA pa-
6ota cpeny Hacenmenns. B Peciry6nmke bamkoprocTaH cymecTsyer
HECKOJIbKO TIPEANPUATUI, KOTOpble 3aHMMAIOTCA IepepaboTKol
COpTMPOBAHHOTO MYCOpa, II03TOMY BHEPEHME OIEePaTOpoB BTO-
PUUHOTO CBIPbsI B 3HAYMTE/IBHOI CTETIEHN IIOMOTIIO OBl YIPOCTUTH
3ajjaqy II0 OCTPOEHII0 S3KOHOMMKY 3aMKHYTOro uukia [6]. Taxoxe
HeoOXOIVMO COKPATUTb YMUCIO PEronepaTopoB IyTEM JIMIICHIA
VIX JIALIEH3UM 32 HapyIIeHNs 3aKOHOJATeNbCTBA O IpaBIIaX 00pa-
ILIEHNS C OTXOJaMMU.

B uenom, crefyeT OTMETUTD TIOJIOKUTENbHBIE pe3ynbTarThl Pec-
nyonuky BalkoprocTaH: MAET aKTUBHAs NTUKBUAALSA HECAHK-
ILMOHNMPOBAHHBIX CBAJIOK, IIOCTPOIIKA HOBBIX IIlepepabaThIBAIOIINX
HpeANpIATII 1 BHEIPEeHe MOJIMTUKI O COPTHPOBKe Mycopa. Pe-
mmTh npobnemy yruwmsanuy TKO MoxeT MakcuManbHOe Bblfe-
JIeHVe M3 OTXOJI0B MONIe3HbIX (PPaKINil — BTOPCBIPDS, IIPUTOTHOTO
VLA TiepepaboTKi. MUHIKOIOTMY COBMECTHO C yueHbIMHU Bamkup-
CKOT0 arpapHOro YHUBEPCUTETa PaspaboTasu KOHIETIINIO Pase/b-
HOro cO60pa OTXOHOB, KOTOPYIO HPENCTABIIN Ha JKOMOTMIECKOM
¢dopyme B Ve. [JaHHAA KOHLEHIMA JO/DKHA IOMOYb VM3MEHUTDH
KY/IBTYPY 00palLeHNs C MYCOPOM.

K 2030 ropy Pecriy6myika fo/mkHa JOCTIYb IOTHON COPTIPOBKY
BCeX 00pasyloLUXCs OTXOAO0B. JTa ImobanbHast Lemb ObITa ycTa-
HoB/ieHa B YKase IIpesupienta PO ot 21 mrona 2020 1. Ne 474 «O Ha-
LVIOHA/IbHBIX Le/IAX pasButus Poccuiickoit Pefepanynm Ha mepuon,
10 2030 roga» [7], 1 LA ee [OCTIDKEHNA IVIAHUPYeTCA 3aKTI0YeHYIe
KOHIIECCHIOHHBIX COIVIALIEHNII O CO3[JaHMM TPeX INepCreKTUBHbBIX
00beKTOB B 06/macTy o6paleHnsa ¢ oTxofaMu B YPUMCKOI aryo-
Meparui, a Takke B JllopTiomiHcKoM 11 KpacHOKaMCKOM paiioHax.
Ilenb x 2030 rogy — aro He TonmbKO 100% ypoBEeHb COPTUPOBKI
TKO, 1o n B 2 pasa causutb 06péM TKO, KoTOpbIit HampassteTcst
Ha TIONMTOHBI. JTOCTIYKEHMe TaKuX MOKa3aTe/ell HeBO3MOKHO 6e3
HOCTPOEHNS SKOHOMMKY 3aMKHYTOTO LIVIKJIA.

Takum o6pasom, Pecrry6rmika bankoprocTan IPHHOCUT HONMO-
JKUTE/bHbIE Pe3y/IbTAThI B PElleH e TPOOIeMbl IO YTUIU3ALNI OT-
xonoB TKO. 3agada KaXoro perioHa 3aKmodaeTcsi B TOM, YTOOBI
npubmsuThca K 100% mokasaTeAM M BBIATU Ha SKOHOMMKY 3a-
MKHYTOTO I[MKJIa, KOTOpas B CBOIO OYepefb CHU3UT HebIaromnpu-
ATHOE BO3JIeJICTBC HA OKPY>KAIOLILYI0 CPELY, IIPOJ/IAT CPOK CITYKOBI
IPOAYKTOB, COKPATUT AOOBIYY IPMPORHBIX pecypcos 1 o6paso-
BaHNe OTXOAOB. [[/I 9TOT0 HEOOXONMMO IEePeHMMATb MPAKTHKY
0oJTee YCIENUIHBIX PETMOHOB, TAK KaK COXPaHEHNE 9KOMOTMYECKON
6€e30I1aCHOCTY ABJIAETCS HALMOHA/IBHOM 3ajadel.
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