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TBOPYECTBO UO3E®A CTEHBUKA B JIEHUHI' PAJICKOM OBJIACTH

Chernova E.S.

Saint Petershurg State University of Architecture and Civil Engineering

THE WORKS OF JOSEF STENBACH IN THE LENINGRAD REGION

Annomayus.

B cmamve onucano meopuecmeo punckozo apxumexmopa u undxcenepa Hosega Janusna Cmenouxa 6 Jle-
HuHepaockou obnacmu. Pacckazano o e2o npoekmax: 6 Kakux 2opooax onu Obliu cO30anbl, MAMepuaiax 30aHus.,

u danvHetuel cyobhe TIOMePaHCKUX KUpX.
Abstract.

The article describes the work of the Finnish architect and engineer Josef Daniel Stenbik in the Leningrad
region. Itis told about his projects: in which cities they were created, the materials of the building, and the further

fate of the Lutheran churches.

Knrouegwie cnosa: xupxu, apxumexmypa, Hozedp Cmenbux, Jlenunepaockas obracms, namamuuk apxumex-

mypeoi.

Keywords: church, architecture, Joseph Stenbik, Leningrad region, architectural monument.

Kupxa unu kupka OpoHCXOAUT OT HEMELKOIO
cioBa (Kirche), opuruHanbHBIM 3HAYEHHEM SIBJISIETCSI
LIEPKOBb, JIIOTEPAHCKOE KYIbTOBOE COOpYXKeHHe. B
CTPOUTENILCTBE HCIOJI30BATUCH Pa3HbIe apXUTEKTYyp-
HbIE CTUJIU: POMAaHCKUI, TOTUYECKUNA, MOJIEPH, KJIaCCH-
IIU3M, peHeccaHc, 6apoKKo.

B nroTepaHCKHX COOpYKEHHUSIX TakKe, Kak U B
JIPYTUX KOH(MECCHUSIX Pa3In4aloT TPH OCHOBHBIX THIIA
3MaHUSA: COOOp, IEPKOBB, Kareyia Wi YacOBHS.

Cobop, darie Bcero, MpeacTaBisieT co00l MOHY-
MEHTAJIbHOE LIEPKOBHOE 3[]aHUe, TJe pa3MelleHa Ka-
(enpa emmcKoma, €CIH MPH CMHUCKOMAIBHON crcTeMe
IIEPKOBHOTO ycTpoiicTBa. Ecmu kadempa korma-to
HaXOJMJIACh U YXKE yTpaueHa, 3JJaHue TaK UMEET CTaTyC
cobopa.

IlepkoBr — TIJIaBHOE TPUXOJICKOE COOPYKECHHE.
Jlutyprudeckux paziauuui Mexay 34aHUSMU HE Cylie-
CTBYET, IOITOMY Karejia UMEeeT alITApHYIO 4acTh, 9TO
JIaéT BO3BMOXKHOCTBH MPOBOIUTH OOTOCITYKCHHUS, TaMH-
cTBa, 00psapl. OHAa MOXKET SIBISATHCS YAaCTHIO OOJBIIOTO
XpaMa, HO Yallle BCEro SBJISETCS OTAENIbHBIMH COOPY-
JKEHUEM.

BONBIIMHCTBO CBOMX 3aHmil Mosed Crenbek mo-
ctpoun Ha Teppuropun PunnsHauu u Kapenbckoro
nepemeiika. B JIeHUHTpaackoil 00JacTH HACUUTHIBA-
€TCSl TPH KUPXHU B TBOPUYECTBE (PMHCKOTO apXUTEKTOPA.

IIpumopck 10 1948 stoT ropox mmen QuHCKOE
Ha3BaHue KoHBHCTO M mepBas Kupxa MOSIBUJIACh Ha
stux 3emiisix B XIV Beke. Bcero HacuuThIBaeTCs 11€CTh
LepKBeH, pacnonoxeHHbIX B [Ipumopcke. Ilsaras nep-
KOBB OBLITa IEPEBIHHON U UMeJIa HeOOBIIYIO IUIOMIA
BHYTPEHHETO TPOCTPAHCTBA, MOTOMY OHa OBLIa He-
croco0OHa pa3MeCTUTh BCEeX MPHUX0XkKaH. borocmyxeHust
OBUIO BBIHYXKJICHO TIPOBOMThH HA YIUYHOW IJIOMIAJIKE,
BHE CTEH 3/1aHusl. ABTOPOM MOCIEAHENH U IIECTON 1Mo
CUeTy, SBIETCS (UHCKHHA apXUTEKTOP W HHXKCHEP

Hozed danmdas CrenOek, pabortaBmmM B Poccwuii-
CKOH UMIIEpUU, B IIOCIEAYIOLIUE TOAbl B HE3aBUCUMOMN
Ounmsaaun Kupxa Cestoit Mapun Marnanuss! nep-
BOE€ 37JaHHUE apXUTEKTOpa, KOTOPOE OH CIIPOEKTHPOBAT
B JIeHHHIpaaCcKOi 007acTH. APXUTEKTOP Havaa pabo-
TaTh HaJ yepTexxamu xpama B 1900 romy u B KoHIE
1901 roga yxxe ObIT TOTOB TpoeKT. HOBEI Xpam OBLI
paccuutan Ha 1800 dYenoBek, 4TOOBI BMECTHTH BCEX
npuxoxad. B 1902 rony Hadanoch CTpOUTENBCTBO U
JUTMIIOCH OHO JBa Toxa. 18 mexabps 1904 roma kupxa
Obl1a OCBEIlCHA M B HEW Ha4ajM IPOBOJUTH CITY>KOBI.
BeimonseHo oHO B cTmiie (PMHCKOTO HAIMOHAIBHOTO
pOMaHTH3Ma, CEBEPHON pPa3sHOBUAHOCTH MOJEpHA.
LlepkoBb BBINMOJNHEHAa W3 KaMHS, HapYyXHbIE CTEHBI
OBUIH CO37aHBI U3 KPACHOBATOTO TPAHNTA, BHYTPEHHHE
u3 kuprimya. Kpoist u3 ranpBaHndecku 00paboTaHHO
*KecTu. B mmaHupoBke miaHa JeXUT (popma Kpecrta.
Huxkoumnaii || BMecTe co cBoei CBUTOI MOCETIIT KUPXY U
TIOJIapyII NPUXOJTY JICHBI'H, HA KOTOpPBIE OBUT M3TOTOB-
JIEH OpraH Ha TPUALATb OJUH peructp B OunngHauu.
B nenrtpe xpamoBo#i yacTu 31aHUS OblUla pa3MeleHa
CKyJBIITYpa cynHa 1785r., koTopast Oblia epeHeceHa
n3 npensiayieit nepksu. Ha BHyTpeHHue cTeHBI ObliIa
HaHeceHa ()pecka, BHITIOIHEHHAS )KEHOI apXUTEKTOpa,
Annoit CtenOek. I'paHano3HOe 31aHHE MMEET BBICO-
KW{ TG U OaleHKH, KOTOPBIE IIOTHUMAIOTCS BBBICH
Hajg cuHeBOH Mopsi. OrpoMHBIE NMPOEMBI OKOH OBUTH
yKparieHsl Butpaxamu B 1928 roxy. Burpaxuct Jlen-
Hapt CerepcTpoiie co3/al B OKHE 3amagHoro (acaaa
BUTpax ¢ M300paxkeHneM OnbIeiickoro croxkera «Xpu-
croc u 4 aHrenay. M3o00pakeHne sIBISIETCS CaMbIM
6onpmiuM B OuHIgHANH, [I0IIaaAb0 45 kB.M. Ha an-
TApHOM OKHE pacnosiokeHa Mapus Marpanusa, B
4YeCTh KOTOPOW BO3BEIH JIIOTEPAHCKYIO KUPXY, U H300-
paxenue sBiaeHus el Xpucra. Han 103HBIM IpoeMoM
pabotai BuTpaxxuct Jlaypu Bsike, riae oH co3man BUT-
pax «Iletrp u [TaBem».
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ITocne 3mMHe# BOIHBI Bce BHYTpEeHHEH yOpaH-
CTBO Xpama OBIJIO YHHUYTOKEHO, HA MECTE OpraHa cje-
JaJu KUPIUYHY0 OyAKy 1 kuHompoektopa. ITocne
Bo3BpateHus: GuHoB B 1941 rony, kupxa Obu1a oTpe-

:‘ = S =

Puc.1 Kupxa Ceam

IlTocne oxoOH4YaHUS CTPOUTENIBCTBA KEJIE3HOM H0-
pOTrH, OBIBIIIAs ACPEBHSI MPEBPAIIACTCS B 0)KHUBICHHBIN
neHTp. B 1904 roxy Tepuifokax (B HacT. BpeMs 3eie-
HOTOPCK) TOSBISAETCS JIOTepaHCKui mpuxon. Mosed
CTeHOMK HAYMHAET CO3/1aBaTh IMPOCKT JIOTEPAHCKO-
eBaHTemIeckoi epku. OHa ObLTa Bo3BeneHa B 1907-
1908 ronax u ocBemiena. B aTom ke rogy Ha TeppuTo-
pun ObUTO co3maHo Kiaadumie. CTEHBI CO3MaHBI U3
KaMHs, BHYTpeHHHE u3 Kupnuda. OHa Takke BBIMTOJI-
HEHa B cTWIC ()MHCKOTO HAIIMOHAJIHLHOI'O POMAaHTH3MA.
AnrtapHas 4acTb ObUla yKpalleHa KapTHHAMH XYI0X-
Huka Wnmapu Jlaynuca «Cratue Crnacutens co kpe-
cra». Opras [t Kupxu ObLT 3aKa3aH B [ epMaHuu.

ou Mapuu Mazoanurol

CTaBpUPOBAHA W OTKPHITA IS MIPUXOXKAH, HO B ITOCIIE-
BOEHHBI COBETCKUH TEpHOa OHA CHOBa ObLIa OT/JaHa
ol (YHKIIMIO KHHOTeaTpa. B HacTosiiee BpeMs B 0j1-
HOM YacTH 3/1aHusl PACIOJIOKEH My3el, B Ipyroi mpo-
BOJISITCS LIEPKOBHBIC forociyxKeHusl.

B 1940 rojie! iepKOBb OU€Hb CUIIBHO OCTpaaaa:
KOJIOKOJIbHSL Oblla paspyiieHa, a B mae 1944 roma
Kupxa Oblia 3aKkpbiTa. D3/u SlaTHHEH HaIKMcal HOBYIO
anTapHyro kapTuHy. [locie nmpoctpaHcTBo ObLIO mepe-
obopymoBano moxa kuHoTearp. M B 1990 romy B 3erne-
HOTOPCKE OBUT O(MUIMAIFHO BOCCO3JAaH CBaHTEIINYC-
CKO-JTIOTepaHCKui mpuxoj. Kupxe nprucBonim 3BaHUE
MAMATHHAKA apXUTEKTYPBI-00BEKT KyJIETYPHOTO Hace-
must Poccun pernoHanbHOTO YPOBHS OXpaHbl. Takxke B
HaCTOAIIEC BPEMS ITPOBOAATCA MY3bIKaJIbHBIC BEUCpa U
(becTuBam.

Puc. 2 Kupxa npeobpasicenus ' ocmnoous

Hauano nmocTpoiiku 3THX TI0TEpaHCKUX LIEpKBEN B
o0uacTu, IOJIOXK KA TIepBast Kupxa Psiiicsuis, Bo3BeeH-
Hast B 1635 rony B MenbHUKOBO. TpeThst 1epeBsHHas
KHpPXa, pacIoI0oKeHHas Ha 3TOM MecTe, cropena B 1910
roxy. [Tocinenuee 3panue 6pUT0 IocTpoeHOo B 1910 roxy
Hozedom CrenbekoM. Kupxa siBiisieTcst 00bEKTOM pe-
THOHAJIFHOT'O 3HAYECHUS U OJHUM H3 CAMBIX 3HAYMMBIX
coopyxeHuit B [Ipno3épckom paiione.

ApPXUTEKTYpHBIA CTHIIb, B KOTOPOM BBIITOJTHEHA
[EPKOBB, (GPMHCKHUH HAIMOHAIBHBIA POMaHTH3M, Pa3BU-
Baroluiica B Hauasle XX BeKa I10J BIMSHUEM IIBEI-
CKOH M B OCOOCHHOCTH (PMHCKOH apXHUTEKTYPBI. DTOT
CTUJIb MEPEOCMBICISIET HALMOHANBHYIO CPEIHEBEKO-
BYIO apXMTEKTypy B MOJAEpHE, MO3TOMY MpHU CTPOU-

TEJIbCTBE HAPYXHBIX CTEH KUpXU Psicsuis ucnoibiy-
I0TCS KaMHHM M3 MECTHBIX HOPOJ KPAacCHOTO TpaHMTA.
BHyTpeHHHE CTEHBI BO3BEICHBI U3 KHUpIIUYaA, (POH-
TOHBI HM3TOTOBJEHHI W3 OeToHa. OCHOBaHUE IICPKBU
BO3BEICHO W3 MPUPOTHON CKAIBI M CIYXKHUT MOTPeOoM.
KpoBinst M3roToBieHa W3 ralbBaHHYECKU 00pabOTaH-
HOM *ecTH. AnTapHasi 4acTh Obljla HalMcaHa MPUIBOP-
HBIM XyJI0KHUKOM P.DKxMaHOM.

B 1941 romy xupxa mocTpamaiga OT CHapsIOB,
ObUTM 3a7€eThl (GPOHTOH W Kpbima. Kosokosna OblIH
CHSTHI, 00CTAaHOBKA Xpama BbIBe3eHa. XpaM ObLT OTpe-
MOHTUPOBaH (PMHHAMH, BEPHYBIIMMCS B CBOHU JIOMa Ha
Tpu rofa. B nanpHeimii nepuosi Ha3HaYeHUE LIEPKBU
MEHSJIOCh, U B HACTOSIILIEE BPEMSI B 3JJaHUU Pa3MEILEHbI
JIOM KYJbTYpPbl, Mara3ut, CKJai.



6 ARCHITECTURE / «COLLOQUIUM=JOURNAL» #1(88), 2021

Puc. 3 Kupxa ¢ Menvnuxoso

Cnucok 1uTeparypsl 3. IlIxaposckuit M. B.,Yepenenuna H. 0. Hcro-
1. bamamoB E. A.Kapensckuii mnepemeex —  pus EBanrennuecko-Jlrotepanckoit llepken na Ce-
3emiis HemsBeAanHas. — CII6, 1996 r. Bepo-3amnane Poccun. 1917—1945.CI16, n3naTeabcTBO

2. Kuszesa E. E.,ConoBeéBa I'. @. Jltotepanckue  «mutpuit Bymanuny», 2004, c. 252.
nepksH u npuxosl B Poccru XVIII—XX BB. UcTopu-
yecknii cnpaBouHuK. Yacte I, CIIO, m3maTembcTBO
«Jutepay, 2001, c. 149.

Honawoea /1.B.
Canxm-Ilemep6ypeckuii I'ocyoapcmeennuiii Apxumexmypro-Cmpoumenvhviti Ynueepcumem
DOI: 10.24412/2520-2480-2021-188-6-8

BJHUSIHUE PYCCKOM KYJIbTYPbl HA APXUTEKTYPY JIAIIAHOB.
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Saint Petersburg State University of Architecture and Civil Engineering

THE INFLUENCE OF RUSSIAN CULTURE ON THE ARCHITECTURE OF THE DATSANS.

Annomauyusn:

B oannoii cmamve pacckasvisaemcs ucmopus popmuposarusi 6y0OUliCKoU OUACnopsbl Ha MeppuUmopuu co-
GpeMEHHOIJ Poccuu. ﬂauan paccmampueaemcst KaK K)J1bnoeoe COOpPYHCeHUe U paccmampueaemcs eco Buauu-
MOcmb 8 6Y0OULCKOU UOEON02UU.

Abstract:

This article tells the history of the formation of the Buddhist diaspora in the territory of modern Russia. The
datsan is viewed as a religious building and is considered its significance in Buddhist ideology.

Kniouegwie cnosa: oayan, apxumexmypa, 6y00usm
Keywords: datsan, architecture, Buddhism
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Janan (TuO. ==, MOHT. JalaH, Xuiizi, 6yp. nacas,
TYB. JaCChIH) — OYAIUHCKHIA MOHACTHIPb-yHUBEPCH-
TET y poccHicKuX OypAT. B tnberckoit Tpanuuum na-
[[aHAaMH HA3bIBAIOT OTHACNbHBIC «(DaKyIbTETB» Oyn-
JUACKHAX MOHACTBIPEH.

o pesomroruu 1917 rona B Poccun HacuuThiBa-
noch 35 mamanoB (32 — B 3abalikanbckoit obmacTu, 2
— B Upkyrtckoit rybepann, | — B Cankr-Iletep-
Oypre); B Hawane XXI Beka GpyHKIIHOHIpYET 0Koio 30.
B Oynnuiickoii KynpType JlanaH - 3TO KyJIbTOBOE CO-
Opy’KeHHe, KOTOPOE CIY>KUT U KaK Xpam it borociy-
JKCHUH, ¥ KaK y4eOHOe 3aBe/IcHHE.

Kaxk O0ynnmusm 3apoauniics Ha Teppuropun Poc-

cuu?

B nepByto odepens CTOUT CKa3aTh O TOM, 4YTO Ta-
koe Oynmn3Mm. bynansm - ucTopudecku nepBast MHPO-
Bas pENWIWs W OJHA M3 TPEX OCHOBHBIX DPEIUTUI
Hapsy ¢ XpUCTHAHCTBOM U UciaMoM. OCHOBOIIOJIOXK-
HUK Oynau3Ma — peanbHas NCTOPHYIECKas TMIHOCTh —
Cunnxaprxa ['ayrama, poauscs u xun B CeBepHoii 1H-
JIMH, TTI0 MHCHHIO UCCieaoBaTene, B 566-473 roasl 10
H.3. [Ipyroe ums - lllakpsiMyHH - HAIPSAMYIO CBA3aHO C
MECTOM POXJAEHHS U POJCTBEHHBIMH OTHOIICHUSMHU
Oynymero byaner.

Brnepseie Ha Tepputopun Poccun Oynausm mo-
SIBUJICS U3 HbIHelHed Monroyimu B 16-17 Bekax depes
KOYCBHHUKOB-KAJIMBIKOB, KOTOpPBIE OOOCHOBaINCH Ha
3emisix bypsarun. OdwurmmansHo Oynmusm B Poccun
MpPU3HAIH TOJIBKO BO BpEMEHA MpaBlIeHUs Enn3aBeTsl
IlerpoBubl. B 1741 rogy uMmmneparpuua uzgaiga ykas,
COJIaCHO KOTOPOMY MpPU3HABANIOCh CYILECTBOBAHUE
JJaMauCTCKOM Bepbl M yTBepxkaaioch 11 gananos. [lan-
Has JlaTa CUMTaeTcs O(QHUUIMAILHBIM THEM MPU3HAHUS
O6yanmsma B Poccun. OcoGEHHOCTH apXHUTEKTYpHI Oy-
pATCKUX JanaHoB B apxurektypbl Poccuiickux nana-
HOB JIEJTUTCS HA HECKOJILKO THUIIOB: THOETCKMI, KMTai-
CKHH U 1opTa.

Heo6xoanmMo oHNMaTk, 94TO Ha apXUTEKTYpy Oy-
PSATCKUX JIaI[aHOB TIOBJIMSUIO HECKOJIBKO (haKTOPOB:

*TeppUTOPHATIBHAS N30JISIIHS

*OTCyTCBHE UHOCTPAHHBIX CIICIIUATUCTOB
* KnumaTuyeckue 0COOCHHOCTH PErHOHA

ITepBble OamaHbl CTPOMIINCH IO BIMSHHUEM pYC-
CKOTO ITPABOCIIABHOTO 30AYE€CTBA U C UCIOIb30BaHUEM
HAaIlUX MOPHUPOIHBIX MATEepHajoB, IO3TOMY 3HaHUS
ObuUIH B IIaHE KPECTOOOpasHBIe, a K KBaJIpaTHOMY
3ally, IPUCTPanUBaNach aaTapHas 4acTb C CEBEPA, Be-
CTHOIONB C I0Ta, BOCTOYHBINA W 3alaTHBIH MPUCTPOUKH
CITY)KHMJIH JJIsl BCLIOMOTaTeNbHbIX neneil. FOxHbIi da-
caJl CUMTAJICS TJIABHBIM, IIOATOMY OH ObLI Hauboiee
yKpameHHbIM. TamMOyp— 3TO OTJIMUMTENbHAs Yepra
OYpATCKHX JIallaHOB. DTO CBSI3aHO C KIMMATHYECKUMHU
0COOEHHOCTSIMM PETHOHA, OH HYXXEH Al OTCeUeHHS
XO0JIO/a C YJHIBL.

Hax xaxxapmv 066EMOM (TIpUCTPOEM) 3TaHUS BO3-
BoUTCS Kpbima. Kpast kpbIln BHa9aIe ObUIH IPSMBIMH,
HO TO3JHEE MX HAayald JelaTh C NPUIOAHATBIMU yT-
nmamu. OHAKO cO BpeMEHEM 00BEM 31aHus ObLT Iepe-
paboTaH, u Oojee HOBBIC XpaMbl MPHOIMKAIOTCSA TIO
(dopmMe K KBajpary, 34aHusl CTaIH CTPOUTHCS CTYICH-
YaTbiMH 1O ()OPME C KOJOHHAIOW M KPBIIIA KUTAM-
ckoro Tumna. VIMEHHO 3arHyTBHIE YIJIbI MIOMOIJIH OTJIH-
YHUTh KYJIBTOBOE COOPYKEHHUE OT OOBIYHOTO. APXUTEK-
Typa JalaHa CHMBOJHM3HUPYET OO0KECTBEHHOE TEJo
Bynnel. B BypsaTun XxpaMbl CTPOUINCH U3 JEPEBA, TaK
KaK 9TO OCHOBHOM CTPOUTENBHBIM MaTepHall Ha TEPPHU-
Topuu Poccum, O4eHb penKo AanaHbl CTPOMIIUCH U3
KaMHs, X0Ts B Monromun u Tubere Xpambl Bcerza
CTPOMINCH U3 KaUHS 1 3TO BIIKSJIO HA UX OCHOBHYIO ap-
XUTEKTYPHYIO 4epTy - HAKIIOHEHHBIE BHYTPb CTECHBI.

Iomy4aercsi, 4TO poccuiickas KyJbTypa IOJIHO-
CTBIO TIPUHSJIA U aIalITUPOBaa 1Mo ce0s Oy IIICKy 0
apxutexTypy. Jauan B bypsTuu u ganaH B IOHUMaHUU
MOHTOJIbCKUX OYJIMCTOB- 3TO JBa COBEPLICHHO pas3-
HBIX COOPYKEHUS, ClIyKamux oqHou nenu. Ha ananra-
[UI0 apXUTEKTYPbl POCCHHCKHUX JallaHOB B OOJIbILEHT
CTETICHH MOBIHSIN KIMMATHYEeCKHe yCIIOBUS M Hallu-
4ylhe CTPOMTENBHBIX MATEPHANOB, MO3TOMY apXHUTEK-
Typa pOCCHICKOro Oymau3Ma mpuodpena CBOH yHH-
KaJbHBIN XapakTep U HETIOBTOPUMBIH OOJINK.
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CRISPAR-CAS9 — INTRODUCTION, HISTORY AND DEVELOPMENT PROSPECTS

Annomauyus.

B oaunou cmamve paccmampusaemces enusnue Ha eeHnylo unacenepuio npopwisnot mexnonocuu CRISPR-
Cas9. Paccmompum ucmopuio co30anusi, HOAmMopcmeo Mot MexXHOL02Ul, a MaKdice NePCneKmuebl Pa3guniist
amotl mexnonoz2uu. Kpamko paccmompum ucmopuio 2eHHOU UHICEHePUU.

Abstract.

This article examines the impact of the breakthrough CRISPR-Cas9 technology on genetic engineering. Con-
sider the history of the creation, innovation of this technology, as well as the prospects for the development of this
technology. A quick look at the history of genetic engineering

Kniouesvie cnosa: I'ennas unsicenepus, JJHK, eenom, supyc, baxmepust, mexuonio2ust.
Keywords: Genetic engineering, DNA, genome, virus, bacteria, technology.

JItoam poeKTHPOBAIH KU3HB ThHICSYEneTusIMu. C
MOMOIIBIO CEJIEKIIMY MBI yIyYIIadd TOJe3HbIE CBOU-
ctBa Pactenuii 1 »KMBOTHBIX. MBI HAYYHJIUCh OUYEHB XO-
pOIIO 3TO JenaTh, HO HHUKOTIA HE TOHUMAIH, Kak
HMMEHHO 3TO paboTaeT MOKa He OTKPBIIH KO *KU3HH —
Je3okcupubonykienHoByro kucioty (JAHK).

JJHK — makpomonekyna (oHa U3 TpEX OCHOB-
HBIX, aBe apyrue — PHK u 6enxn), obecieunBatomas
XpaHEeHHe, Nepeady U3 MOKOJICHHUS B IOKOJICHHE U pe-
ANM3aLUI0 TEHEeTHYECKOW IpOrpaMMBl DPa3BUTHS U
(hYHKIIMOHUPOBAHUS >KUBBIX OpPraHU3MOB. Molekyia
JHK xpanuT Ounosiornyeckyro MHGOPMAIHIO B BUJE
TEeHETUYECKOr0 KOJa, COCTOSILEro U3 MOCIe0BATENb-
HOCTH HYKJIEOTUJIOB.

Xote IHK u Ob11a BoisiBniena 1869 roxy ®@punpu-
XOM MHuIepoM, akKTUBHOE HCCIIE0OBaHUE HAYAIIUCh B
1960-x romax. YueHble 0OJyd4aqd pacTECHHs paada-
IIeH, YTOOBI BBI3BATh CIIyYaifHbIE MYTAIlUN B T€HETH-
yeckoM Koze. Mies cocTosna B aDCOIOTHO CITydaifHOM
MOJyYeHNH MOJEe3HOTo Ipr3Haka. VHorma 3To Jake
cpabateiBania. B 70-¢ y4eHble BCTaBIsii B OakTe-
pPHUH PACTEHUS U KHUBOTHBIX, YTOOBI U3y4aTh M MCHATH
WX JUIsl UCCIIEI0BAaHUN, MEAMILIMHBI, CETLCKOTO XO35M1-
CTBa W MpOCTO s 3a0aBel. [lepBoe reHeTHYECKH MO-
J(UIIPOBaHHOE KMBOTHOE pOJMiIoch B 1974, uto
CAEeNaso MbIIIEe CTaHAAPTHBIM CPEACTBOM Ul HCCIIe-
JIOBaHMMH, CIIACIINX MUJUIMOHBI Xu3Hel. B 80-e¢ Obu10
Hai/IeHO KOMMepUecKoe MpUMEHeHHe — ObUT BBIIAaH
MaTeHT Ha MUKPOOOB TOTJIONIAIOIINX HE(Th.

CerostHsi MHOXKECTBO BEILECTB INPOM3BOANTCS C
TIOMOIIBI0 MOANGHUINPOBAHHBIX OpraHu3MoB. Hampu-
Mep, (haKTOphI CBEPTHIBAHMS KPOBH, TAPMOHHU POCTa U
WHCYIIUH, KOTOPBIH 10 3TOTO HPUXOJUIOCH JOOBIBATH
U3 OPTaHOB KHBOTHBIX.

[MepBast MogudUIIPOBAHHAS MHUILA TTOSIBUBLICECS
Ha NpWJIaBKax MosiBUIac Ha npuiaBkax B 1994. Flavr
Savr (Taxxe u3BectHblit kak CGN-89564-2; npousHo-
cHUTCA Kak "apomatu3aTop'), FTeHeTHUECKH MOAU(UIH-
POBaHHBIN TTOMHJIOP, OB MEPBBIM KOMMEPYECKH BbI-
pAIlleHHBIM T'€HETHYECKH MOIU(PHUIIMPOBAHHBIM IPO-
JYKTOM TIMTaHUS, TMOJYYMBIIUM JIMLEH3HIO Ha
norpedienue yeiaoBekoM. OH ObUT IPON3BEAEH KajM-
¢dopHniickoii kommanmeit Calgenenm mpezncraBieH
VYTpaBieHUIo 0 KOHTPOJIO KadecTBa ITUIIEBBIX HPO-
nykroB u menukamentoB CIIIA. 90-e ormerninuch
KpPaTKUM 3KCKYpCOM B MHXXEHEpHIO denoBeka. [l je-
YeHHS JKEHCKOTO OECTIIIONMS 3apOABIIIN HaACTHIIN Te-
HaMH TpeX YeJIOBEK, TaKUM 00pa3oM BIIEPBBIE POIH-
JIUCH JIIOOU C TpeMs OMOJIOTHYECKHMHU POTUTEIISIMH.
CeromHs CyIIECTBYIOT JIOCOCH aKCeleparthl, Iepeka-
YEeHHBIE CBHHBH, JIBICHIE IBIIIIATA U MPO3PAYHBIEC JIsI-
rymwku. Jlns 3abaBel MBI crenaiii (hIIyopecieHTHBIX
KMBOTHBIX — PbIOY 3¢0pY MOKHO KYIIUTh B OOJIBIINH-
CTBe 300MarasuHax. Bce 370, KOHEUHO OUEHb XOPOIIO,
HO JI0 HEAABHEro BPEMEHH HW3MEHEHHE TI'€HOB ObLIO
KpaiiHe JOpOrMM, CJIOXHBIM W 3aHHMMAJIO MHOTO Bpe-
MeHu. Bce m3MeHminoch Oiaromapsi peBOJIOIIMOHHON
texnonorun CRISPAR.
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CRISPR (or anru. clustered regularly interspaced
short palindromic repeats — xKopoTK#e najTuHIPOMHBIE
MOBTOPBI, PETYISIPHO PACIOJOXKCHHBIC T'PYIIAMU).
OTH MOCIEOBATEIEHOCTH TOJYYCHBI U3 (hParMeHTOB
JIHK Gaktepuodaros, KOTopbie paHee HHOUIIUPOBAIH
npokapuoT. OHU HCHONB3YIOTCS Ui OOHAPYKEHUS U
yanutoxkenuss JTHK mono0HbIX OakTeprodaroB BO
BpeMs ocieAyomux nabekuin. ClneaoBaTebHO, 3TH
MOCJIEIOBATEIEHOCTH UTPAIOT KIFOUEBYIO POJIH B IPO-
TUBOBHPYCHOU (TO €CTh aHTH(AroBOil) 3aIIUTHON CH-
CTeMe TIPOKapHOT.

Ilocne OTKpBITUS 3TOH TEXHONOIMH CTOMMOCTH
TeHHOH wWHXeHepu: ymaino Ha 99%. Temepp BMecTo
roja s SKCICPUMEHTa JOCTATOYHO HECKOJIBKHX
Henenb. M npakTuuecku Jr000H MOXKET 3aHAThCS TCH-
HOW wHXeHepued. CJOXHO TmepeaaTh HACKOJIBKO
CRISPAR peBomntononHa. OHa UMeeT MoTeHInal us-
MEHHTH YeJOBEUYECTBO HABCETAA.

Hcropus CRISPAR Hauamachk 3a J0JIT0 J0 MOSB-
JICHWS YelloBeKa. bakTepuu 1 BUPYCHl CONEPHUYAIOT C
CaMoro TOSABICHUS XW3HHU. Tak Ha3pIBaeMble OaKTe-
puodaru oxotarcs Ha Gakrepun. B okeaHe oHu yOwH-
BaroT 40% oT 00mero ynciia 0akTepuil KKl ICHb.
Bupyc nemaet 3To BCTaBIISAA STOT TCHETHUECKUI KOJ B
OakTepHro s YBEHYCHUN CBoel momyisiun. bakre-
pun Ge3yCIHEIHO IBITAIOTCS CONPOTHUBIIETCSA, HO B
OOJBIIMHCTBE CIYyYaeB WX 3alMUTHBIC MEXaHU3MbI OKa-
3LIBAIOTCS CHIIKOM ciabbiMu. OnmHako, MHOrAa Oakre-
pUM BBDKHMBAIOT U TOTJA OHH MOTYT aKTHBHPOBATh
OJTHY M3 caMbIX 3()PEKTUBHYIO POTHBOBUPYCHYIO CHU-
cremy. OHu coxpansitor yacte JIHK Bupyca B cBoem
reHetnueckoM kozae B apxue CRISPAR. 3necy ona
XpaHUTCSA 10 HeoOXxoamMoro MomeHTa. Korma Bupyc
cHoBa arakyet O0akrepus co3naet PHK xormro w3 JTHK
apxuBa, manee Oemok Cas9 ckaHmpyer OakTepwio Ha
MpeIMeT BMEIIaTeIbCTBA BUPYCa, CPABHUBAS KAXKIYIO
gacts HaiigenHoro JIHK ¢ apxuBom. Korga Haxonutces
100% cootserctBue, Cas9 orpesaer JIHK Bupyca, ne-
Jiast ero OECIoJIe3HbIM, TAKUM 00pa3oM 3amiuiias 0ak-
teputo. Yto xapakrepHo Cas9 oueHb TOUEH.

PeBouttorust mpon3oIiia, KOrAa yueHble MOHAIH,
yro cuctema CRISPR-Cas9 nporpammupyema. Bor Mo-
s)kete npocrto nate konuto JHK, kotopyro HyX HO u3-
MEHHTh W TIOMECHTH CHCTEMY B XXHBYIO KIETKy. Ilo-
MHMO TOYHOCTH JCTICBU3HBI M MIPOCTOTHI UCIIOIB30Ba-
HUA CRISPR-Cas9nozBonsier BBIKJIFOYATh 51
BBIKJTIOYATh TE€HBI JKUBBIX KIIETOK M U3y4aTh KOHKpPET-
HbIe TocaenoBatenbHocTh JJHK. DTOT MeTo pabotaet
¢ JMOOBIMH KJIETKAMH: MHUKPOOPraHU3MaMH, pacTeHHU-
SIMH, JKABOTHBIMH HJIH JIFOBMHU.

Hecmotps Ha pesosounonHocts CRISPR-Cas9
JUT HAYKH eIle HHCTPYMEHT IIepBOTO TIOKOJICHHS. YKe
cefdac CO34ar0TCsl HOBbIE HHCTPYMEHTHL.

B 2015 B cratse Nature Communications uccie-
JIOBATEN OIHCAIN, KaK OHH TECTHPOBAIH JBYX)Tall-
HBIN ITOJIX0J1 Ha MbIIIax ¢ yenoBeyeckum BUY.

ABTOpBI OTMEUAIOT, YTO Y MBIIIEH, TOTyYaBIINX
anTupeTpoBupycHyto tepanuto LASER (dpopma aHTn-
PETPOBUPYCHOW TEpamuud MEIJICHHOTO BBICBOOOXK/IC-
HUS JAJIMTENBHOTO JAEUCTBUSA) C MOCIEIYIONINM PEelaK-
TUpoBaHuEeM TeHoB (yaaneHue BupycHor JJHK c wuc-
MTOJIF30BAaHNEM MHCTPYMEHTA PENaKTUPOBAHUS T'CHOB,
HaszpiBaeMoro CRISPR-Cas9). Bupyc Obut ynaneHn y
TpeTell JacTH OT OOIIero KOJMYEeCTBa HCIIBITYEMBIX
Mblei. Bo3MoXHO depe3 HECKOJbKO NECSATHIIETHH C
romotbio cuctemsl CRISPR ot BUY u gpyrux perpo-
BHUPYCOB.

Cuctemy CRISPR-Cas9 yxe mbITatoTcss mpume-
HATH JUTS JICUCHHST HEKOTOPBIX 3a0oneBanuil. [Toka 3tu
paboThl HAXOAATCS HAa CTAAMM JOKIMHUYECKUX U KITHU-
HUYECKUX HCCIICZIOBAaHUM, HO BIIOJHE MOYKHO Haje-
SIThCSI, YTO UX MPOTPECC HE 3aCTaBUT cebs xaaTh. Taxk,
BecHo# 2020 roaa 6p110 00BsiBIIeHO (H. Ledford, 2020.
CRISPR treatment inserted directly into the body for
first time) o mepBom BBeneHuu cucteMsl CRISPR-Cas9
HAIpSMYI0 B CETYATKy MAIMCHTAa, CTPAJAroIIero OT
amaBpo3a Jlebepa — HacieACTBEHHOTO 3a00JeBaHus,
MIPUBOAAIIECTO K TOTEpe 3peHus. A COBCEM HEIaBHO B
xypHasie New England Journal of Medicine Obuin
OMyOJIMKOBaHbl PE3yJbTaThl YCHEIIHOW KOPPEKIUU
MyTalui y TanueHToB ¢ Oera-tamaccemued (Beta-
thalassemia) u ceproBuaHOKJIEeTOUHON anemueil (H.
Frangoul et al., 2020. CRISPR-Cas9 Gene Editing for
Sickle Cell Disease and -Thalassemia).

CRISPR-Cas9 neiicTBUTETHHO SBISCTCS TPOPHI-
BOM B I€HHOH WH)XEHEPUU. YK€ CETOJHS C TIOMOIIHIO
ATOH TEXHOJIOTHH POU3BOIATCS BEIIMKHE HAYIHBIC OT-
kpeITus. B ckopom Genyrormem ¢ momombio CRISPR-
Cas9 MBI cMOkeM H30aBHTCS OT MHOTHX, PaHee Ka3aB-
MIMXCS Hepa3pelInMbIX MpoOJIeM B CEITBCKOM XO3Si-
CTBE, MEIMIIMHE U Jake SKOHOMHKe. Ham HyXHO mpo-
JOJDKaTh MccienoBate u MojaepHusupoBaTh CRISPR-
Cas9. Benp npoektupys JJHK mb1 npoexktupyem Haie
Oynyiee.
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Annomauyus.

HsyweHue pAa3iudrblx ([)epmeﬂmos, CUHMEIUPYEMBIX MUKPOOP2AHUSMAMU, U 603MONICHOCMU UX npaAKmuie-
CKO2O NPpUMEHEHUS A6151emcsi OOHUM U3 aKmydajlbHblX Hanpaeﬂeyuﬁ OuomexHono2uu. HejlbIO Hacmo;zu;eﬁ pa6ombz
A6JIAI0CH U3YYeHUue CMadbUILHOCMU KOANAEHOIUMUYECKOU AKMUBHOCMU KOJIIEKYUOHHBIX WUMAMMOE MUyeiuaib-
Hovix 2puboe poda Aspergillus. Ioxazamno, umo ece uzyuennvle Mukpomuyeml pociu Ha cpede Yanexa ¢ 3amenou
caxapo3svl Ha KOJNACeH, 06pa303bzsaﬂ 3amemmuwie 301l auzuca. Ommeyenwl cyujecmeeHHble 6U008ble U UUMAMMO-
8ble pas3iudust CKOpOCWIelZ pocma u UHOEKCO8 TU3UCA MUKpOMUYenos npu KyJabmueupoeaHuu Ha cpede C KoJiace-
HOM. Hodmeepofa)eﬁa CMabUIbHOCMb KOMLIA2CHOAUMUYECKUX CEOLUCNE 2pu606 6 npoyecce ONUMENIbHO20 xpane-
HUA. chanoeﬂeﬂo, umo ece Kyjibmypbol cnocobmwi eudpwzuao@amb KoJllaeeH npu no8EPXHOCNHOM KYyJ1bmueupo-
BAHUU U MO2YM PACCMAMPUBAMbCA 6 Ka4ecmee NOMmeHYyualbHblX npodyueHmoe KoJjlllazceHas.

Abstract.

The study of various enzymes synthesized by microorganisms and the possibility of their practical application
is one of the most relevant areas of biotechnology. The aim of this work was to study the collagenolytic activity
stability of mycelial fungi collection strains of the genus Aspergillus. It is shown that all studied micromycetes
grew on the Chapek medium with the replacement of sucrose to collagen, forming noticeable lysis zones. Signifi-
cant species and strain differences in the growth rates and lysis indices of micromycetes were observed when
strains cultured on a medium with collagen. The collagenolytic properties stability of fungi during long-term stor-
age was confirmed. It is established that all cultures are capable to hydrolyze collagen at surface cultivation and
can be considered as potential producers of collagenases.

Knwuesole cnosa ASpergi"US, KOJllaeeH, KoJuldeeHoaumu4ecKkas akmueHocms, N0O6EPXHOCMHoe KYJ1bmusupo-

8daHue
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Uzydenue pa3nuvHbIX (EpPMEHTOB, CHHTE3UpYE-
MBIX MUKPOOPTaHU3MaMH, ¥ BO3MOKHOCTH UX MPaKTHU-
YECKOT'O IPUMECHEHUS SIBIISICTCSI OTHUM U3 aKTyaJbHBIX
HanpaBiieHu# OunorexHomoruu. K guciy takux dep-
MEHTOB OTHOCSITCSl KOJUIareHa3bl - 3HJONENTUAA3BI,
paCHICTIISIONINE TPOHHYIO CIIUPalTb MOJIEKYJIBI Hepac-
TBOPUMOT'O TIPUPOAHOTO Oenka KojurareHa [1-4]. Vike
JIOCTaTOYHO  JIaBHO  MPOBOJATCS  UCCIICIOBAHMS,
HamnpaBJIEHHbIC Ha Pa3pabOTKy Ha OCHOBE ATOTO dep-
MEHTa Pa3lIMYHbIX JIEKAPCTBEHHBIX CPEICTB U KOMIIO-
3UIUI IS JISYeHUs paH U pyouos [5-9], oxoros [10].
KomnareHassl ycHemrHO MPUMEHSIOTCS JUIS JICYCHUS
cTeHo30B ropran# [ 11], opranemonornueckux 3adoire-
BaHui [2]. [IpuBeneHHbIE TaHHBIE O BO3MOXKHOCTH IIIH-
POKOr0 HCHOJIb30BaHUSl KOJUJIareHa3 B MEIULUHE U
JIPYTUX OO0NACTAX >KU3HEICSITEIbHOCTH YEIOBEKa, a
TaKkKe OOJBIIOEe KOJUYECTBO pPadOT, MOCBAMICHHBIX
yKa3zaHHOH TpoOieMe, [eNaeT aKTyalbHBIM IIOMCK
KYJIBTYp, O0JIAAafoNNX KOJUIAar€HOMUTHICCKON aKTHB-

HOCTBIO, a TaKKe CPaBHUTEIHHOE M3yUCHHE CTaOMIIb-
HOCTH WX KYJNbTypalbHBIX ¥ THAPOIUTHUYSCKUX
CBOWCTB B ITPOIECCE XPAHEHHUS, YTO U SIBIBLIOCH LIETBIO
HACTOSIIETO HCCIIeJOBAHUS.

OOBEKTOM HCCIECIOBAHUS SBISLINCH 6 IITaMMOB
3-X BHI0B MHUKPOMHIICTOB M3 KOJUICKI[MH MHKPOOpPTa-
uu3moB ®I'BHY BUJTAP, otHOCsmuecs k poxy Asper-
gillus: A. repensF 5, 6, 7, 31, A. ruber F 4, A. versicolor
F 20, 26.

CocTtaB arapmM30BaHHOM NHTATENBHONH CpPEIs
UYarmeka Al BBIPAIIUBAHHS CIOPOBOTO MaTepHaia
kynsTyp (%): NaNO3z - 0,2; KH2PO4 - 0,1; MgSO4 X
7H,0 - 0,05; KCI - 0,05; FeSO.x 7H,0 - 0,001; CaCOs3
- 0,3; caxapo3a - 2; arap — 2.

CoctaB arapu30BaHHOM MUTATEIEHON MOAADUIIH-
posanHoii cpensl Yaneka (%): NaNOs - 0,2; KH2POq4 -
0,1; MgSO4x 7H20 - 0,05; KCI - 0,05; FeSO4x 7H,0 -
0,001; CaCOs; - 0,3; komnareH - 2; arap — 2.

MyseiiHble KyJIbTypbl XpaHUIU Ha cpene Yameka
noj BazeauHOBBIM Maciiom npu 4°C B Teyenue 4 ner.
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ITocne xpaHEeHHS MHUKPOMHMIETHI TIEPECEBATH HA CKO-
IIEHHBIE TOBEPXHOCTH arapu30BaHHBIX cpex Yamneka u
KyJIbTHBUPOBaIM B TeueHue 14 cytok. XKuznecrnocoO-
HOCTh KyJBTYp IOCJII€ XpaHEHHMsS U IlepeceBa OICHU-
BaJIM 110 3aII0JIHSAEMOCTH Fa30Ha B IIpoliecce KyJIbTUBU-
POBaHUS U OLIEHUBAJIU B MPOLEHTAX. 3alOJHEHHOCTh
1/4 razona — 25, 1/2 razona — 50, 3/4 rasona — 75, nox-
Has 3anoHeHHOCTh — 100%.

Ilocme KynbTHBHPOBaHMS TIPOBOJWIM IOCEB
Tpemsl yKoJlaMH Ha Jamku [letpu ¢ Mmogupunmposas-
HOM arapu3oBaHHOW cpenoil. KosnareHasHylo akTuB-
HOCTb MUKPOOPTaHU3MOB OIICHUBAJH [0 TUAMETPY KO-
JIOHWH, 30H JIM3HCa, CKOPOCTH POCTa W MHAEKCAM JIH-
3uca. JluaMeTp U3Mepsuld B ABYX HNEpHEHIUKYISIPHBIX

HaIpaBJICHUSX, pACCUUThIBas MHAEKC nusnca (M) mo
dopmyne: Vin = In?/JIx%, rae dn u JIk — cpeanue aua-
METPHI 30H JIU3UCA U KOJIOHUI COOTBETCTBECHHO.

HecmoTpst Ha MOCTOSIHHOE YriTyOJieHHE 3HAHUIA B
00JTaCTH TEHETUKH, OMOXUMHUH, (PU3HOIOTHU U IKOJIO-
THH MUKPOOPTaHU3MOB, MBI BCE €II¢ JaJICKU OT MTOHU-
MaHUsI MOJHON KapTHHBI MPOIECCOB, OTBETCTBEHHBIX
32 00paTHUMBIA TEPeX0/ KICTOK MUKPOOPTaHH3MOB B
aHabmoTHdeckoe cocrosiaue [12]. B cBs3m ¢ atuM, o1-
HUM W3 BaKHBIX HaIpaBJICHUH mpu paboTe ¢ KOJUICK-
OUOHHBIMHU IITAMMaMHU-TIPOTYIIEHTAMHU SIBIIACTCS H3Y-
YeHHe BIUSIHUSA JNTUTEITFHOCTH KOHCEPBAI[A MUKPOOD-
TaHW3MOB Ha COXpPaHCHHWE WX >KU3HECTOCOOHOCTH W
CEKPELMOHHON aKTUBHOCTH (puc. 1).

3anonHEeHHOCTb ra3oHa, %

O = N W B U0
L

4 5 6

KoaunyecTteo wirtammoB

Bpemsa KynbTUBUPOBaAHUA, CYTKU

B0 @25 O050 875 B100%

7 8 12 14

Puc. 1. Bvicusaemocmos mukpomuyemos pooa Aspergillus nocre 4 nem xpanenus na azapuzosannoii cpede
Yanexa npu 4°C u nepecesa

Ha pucynke | moka3aHo M3MEHEHHE KOJIHMYECTBA
IITAaMMOB C Pa3HOM 3aIllOJTHEHHOCTBHIO Ta30HA B IIPO-
1ecce KyJIbTHBUPOBaHUSA. MOXHO BHAETh, YTO B IIPO-
1ecce KyJIbTHBHPOBAHHS MOCTETIEHHO YBEINYHMBACTCS
KOJINYECTBO LITAMMOB C OOJIBIIEH CTENEHBIO 3aMOJIHS-
eMocTH razoHa. Tak, K eCThIM CyTKaM KyJIbTHBUPOBa-
HUS y TpeX ITaMMOB M3 CEMH OTCYTCTBOBAJ POCT, TO-
rza kak y tpex rpu6os: A. repens F 31, A. versicolor F
20, 26 ¢uxkcuposanacs 100% BbDKHBaeMocTh. Haun-
Hasg ¢ 12 cyTok, BCe KyJBTYPbl YBEPEHHO POCIH Ha
cpene Yaneka, a k 14 cyTkaM TOABKO y ABYX IITAMMOB
—A. ruber F 4 u A. repens F 7 3amoiHeHHOCTh Ta30Ha
orieHnBasiach paBHoi 50 u 75% cootBeTcTBeHHO. OfI-
HaKoO, KaK BUJIHO U3 PUCYHKa 2, KYJIbTYPbI BBITJISICIH
BITOJTHE JKM3HECIIOCOOHBIMH, YTO M MOITBEPAWIH IIO-
CIIEYIOIIHNE SKCTIEPIMEHTEHI.

J17151 OLIEHKU MPOTEOTUTUUECKOM aKTUBHOCTH KOJI-
JICKIHOHHBIX IITAMMOB MHIIEIMAIBHBIX TPUOOB paHee
HaMHM OBIJT MPEJIOKEH KOMITIEKC TOKazaTesei, BKIIo-
YaloIUi ONpeIeJIeHne CKOPOCTEeH pocTa M HMHJEKCOB
JIM3Kca TpU TTOBEPXHOCTHOM KYJIbTHBUPOBAHUH HAa MO-
TUQHUIIPOBAHHBIX Cpelax C 3aMEHOU caXapo3bl Ha CO-
otBercTBytommme Oenku [13, 14]. [IpoBexenue momoo-
HBIX CKPUHMHIOBBIX HCCJIEOBAaHUI MO3BOJIUJIO BBI-
SIBUTh NOTEHLHUAIBHBIX MPOAYLEHTOB MpPOTEHHA3, a
3aTeM BBIICIHTH M OXapaKTepHu3oBaTh hepMeHTHI [13,
15, 16]. B cBs3u ¢ 3TUM, A5l U3YUEHUs! BIUSHUS M-
TENHHOTO XpaHEHUsS Ha MPOTEOJUTUIECKUE CBOWCTBA
MHKPOMHUIIETOB, [Iejiecoo0pa3Ho ObUIO MPOBEICHHUE TT0-
JMOOHBIX WCCIIENOBAaHUM TPU MOBEPXHOCTHOM KYJIBTH-
BHPOBAaHUH TPUOOB.
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Puc. 2. Pocm mukpomuyemog pooa Aspergillus nocre xpanenus 6 meuenue 4 1em u nepecesa (cieea —

nanpaseo): A. repens F 31, A. versicolor F 20, 26 (6 cymku), A. repens F 7 (14 cymku kynomusuposaniisi)

W3BecTHO, 9TO pOCT MHKPOOPTAaHH3MOB B YCIIO-
BUAX IMOJIHOM WJIM YACTUYHOI 3aMEHBI JIETKO yCBOsE-
MOT0 MCTOYHHKA YIJIEPOJia Ha TPYIHO METabO0IU3UpYy-
eMbIe OHOMOJIMMEPHI, HAPUMEP KOJIIAreH, MO3BOJISCT

OIICHUTH UX THAPOJIUTHYECKYIO aKTUBHOCTB. PocT rpu-
00B Ha cpeiax ¢ KOJJIareHOM CBHIETEIBCTBYET 00 UX
CHOCOOHOCTH YTHIIM3UPOBATH OEJIOK MOCIE ero rHApo-
nu3a (puc. 3), a HaTMYUe BBIPAXKCHHBIX 30H JIU3UCA SB-
JIeTcs MPU3HAKOM ceKpennu nporeunas [17].

Puc. 3. Kononuu u 3ouut ausuca 2pubos pooa Aspergillus npu kyremusuposanuu na cpede ¢ xonnazenom: A. re-
pens F 7, A. ruber F 4, A. versicolor F 26 (6 cymxu)

MoxHo BuaeTh, uto Tpubbl poma Aspergillus
pOCII Ha Cpejie ¢ 3aMEHOM caxapo3bl Ha KOJUIareH U
00pa30BBIBAJIM XOPOIIO BBIPAKEHHBIE 30HBI JIHM3HCA
(puc. 3), omHaKo pa3Mepsl KOJIOHHUH, 30H JIN3UCA U CKO-
pocTH paananbHOro pocra (puc 4) cymecTBEeHHO OTIIH-
YaJMCh Y pa3HbIX BUJIOB. Y BCEX IITaMMOB BHja A. re-
pens MUHMMalIbHbIE CKOPOCTH POCTa HaOMIOJaliCh Ha
HAa4yalbHOM JTale KyJIbTHBHpOBaHMA. Uepe3 CyTKH

CKOPOCTH pOCTa 3HAYHUTENILHO, OoJiee 4eM B 2 pasa yBe-
JIMYUBAJIACh, OCTaBasCh B JalbHEHIIEM Ha TOM Xe
ypoBHe. Y oboux mtammoB A. versicolor ckopocts pa-
JIMaJIEHOTO POCTa OYEHb HE3HAYUTENILHO H3MEHsIIach B
nporecce KyIbTUBHPOBaHHs, TOra Kak y A. ruber yka-
3aHHBIH TIOKa3aTeNb OCTENIEHHO YBEJIMUUBAJICS B TUa-
ma3one ot 1,8 1o 3,0 Mm/cyTku ¢ 4 10 7 CyTOK pocTa.
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Puc. 4. Hzmenenue ckopocmu paouansHozo pocma mukpomuyemos pooa Aspergillus ¢ npoyecce kynomueuposa-
HUU HA cpede ¢ KOLA2EHOM

CKOpOoCTh pOCTa MHUKPOOPTAaHW3MOB Ha Cpelax ¢
3aMEHOM JIETKO YTHIM3HPYEMOH caxaposbl Ha TPYIIHO
METa0OMIM3UPYEeMBIii HEPACTBOPUMBIN OCIKOBBIN CyO0-
CTpaT MOXET SBJIATHCS MOKa3aTeNIeM aJaNnTaliOHHOTO
noTeHuuana KyabTyp [17] ¥ cayXUTh OTHUM U3 KpUTE-
pHeB At 0TOOpa NPH MOKMCKE NOTEHIMAIBHBIX MTPOTY-
LIEHTOB T'HJpOJa3 COOTBETCTBYHOIUX OenkoB. Ilpu
CPaBHEHUH CPEJHMX 3a BCE BpeMs KYJIbTHBUPOBAHUS

CKOpocTeit pocta rpuOOB (pHC. 5) MaKCHMANBHBIN T10-
KazaTenb 3aukcupoBaH y A. ruber F 4, MuHUMATIBHBIN
— y oboux mrammoB A. versicolor. Cpenaue ckopocTH
pocta tpex mrtammoB A. repens (F 5,7 u 31) cratuctu-
YECKH JOCTOBEPHO HE OTIMYAIOTCSA OT MAKCHMAJIbHOTO
mokKasareJis, Torjaa Kak ckopoctb pocta A. repens F 6
CTaTHUCTHYECKHU JIOCTOBEPHO HIKE.
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Cpeonue ckopocmu pocma muxpomuyemos pooa Aspergillus npu kyremusuposanuu na cpede ¢ koanazenom
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Puc. 6. Hzmenenue unoexcog nusuca muxpomuyemog pooa Aspergillus e npoyecce kyrvmusuposanuu Ha cpede ¢
KOJIA2eHOM

Hapsiiy ¢ Takumu mapameTpamMu pocTa MUKPOOP-
TaHU3MOB, KaK JAUaMETP KOJIOHUM, 30H JIH3HCa, CKOPO-
CTell pocTa Ba)KHBIM IIOKa3aTENIEM SIBISCTCS HMHICKC
nu3uca. MHeKc au3uca onpeesaeTess COOTHONICHHEM
IUTOIAM KOJIOHHY M IUIOIIAU 30HbI JIU3KCA U XapakK-
TEPU3YET YACIbHYIO MPOTCOUTUUCCKYH) aKTUBHOCTh
KYJIbTYpBl, TaK KakK IUIOIIAAb KOJIOHHUU MPOTOPIIHO-
HaJbHa ee OMoMacce, a IUIOIIAaAb 30HEI TU3HCA — AKTHB-
HOCTH CEKPETUPYEMBIX MPOTenHa3. B cBsi3u ¢ aTuM Ha
CIIE/IYIOIIEM JTare HCCIEeIO0BAHUS ObLTH PAaCCUYUTAHbBI
MHJIEKCHI JIN3UCa MUKPOMHUIIETOB IIPU POCTE Ha Cpejiax,
COJIepKAIIX KoJUTareH (puc. 6).

MOXHO BHJIETh, YTO y BCeX IITaMMOB A. repens
MaKCUMaJIbHbIC MHJCKCHI JIM3Kuca (PUKCHPOBAJIKCH HA

HAYallbHBIX JTanax KylbTUBUpOBaHUs. OOHApYyKeH-
HBIH (DaKT CBUIETEIBCTBYET, MTO-BUAUMOMY, 00 HHTCH-
CHUBHOH CEKpEeIMU MPOTEHHA3 Ha ITUX Tanax, Heo0Xo-
JUMOM U1 afanTaluu KyJIbTyp K TPYIHO YTUIH3HPY-
eMoMy cyoctpary. Ha 5 — 7 cyTku KyJIbTUBAPOBAHHUS
WHJIEKC JIM3HCA PE3KO CHMXKAJICS, OCTaBasCh Ha OTHO-
CHUTEJIBHO MOCTOSHHOM YpOBHE. Y JIBYX HITaMMOB A.
versicolor B Hauanme KyJbTHBHPOBaHHs, HA000pOT,
HaOI0JATMCh MUHUMAITbHBIC 3HAYCHUS] UHIICKCOB JIH-
3McCa, 3aTeM OHH WM IOCTeneHHo nosbimanuck (F 20),
WIN TOBBIMIAIKCH, & TOTOM BO3BPAIIAINACH K HCXOJI-
HbM 3HaueHusM (F 26). Y rpuba A. ruber Ha Bcex 3Ta-
nax KyJbTUBHPOBaHUS (PUKCUPOBAIMCH HU3KUE MPAK-
THUYCCKH HE MCHSFOIUECS WHICKCHI JIM3HCA.
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Puc. 7. Cpednue undexcwl auzuca muxpomuyemog pooa Aspergillus npu xyremusuposanuu na cpede ¢ konnaze-
Hom 00 (2016 2) u nocne xpanenus u nepecesa (2020 2)

JIJisl OLCHKH KOJIJIArCHOJIMTHYECKON aKTHBHOCTH
rpu0OB aHAIN3UPOBAIKMCH CPEIHUE 32 BCE BPEMS KYJIb-
THBHPOBAHMS MHIEKCHI Jin3uca (puc.7). MakcuMmab-
HOE 3HAYCHHE YKa3aHHOTO MoKa3arelis 3a()UKCUPOBAHO
y A. versicolor F 26, munumansroe — y A. ruber F 4. Y
pa3HbIX ITaMMOB A. Fepens UHIEKC JIN3Kca MCHSUIICS B

cnenyromeM psaay: F6>F 31 >F 5> F 7 B quanazone
ot 6,80 1o 3,97. Cienyer OTMETUTh, YTO Ja)KE€ MHHH-
MaJbHBIA WHAEKC JI3Wca, paBHBIA 2,41 CBHIETENb-
CTBYET O 3HAYMTECIBHOM KOJIJIArCHOIMTHYCCKON aKTHB-
HOCTH MHKPOOPTaHH3Ma.
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CpaBHeHHUE CpeHUX UHICKCOB JIM3UCa TPHOOB 10
Y TIOCJIE YeThIPEeX JIST XpaHeHus (pucC. 7) oKa3aio cra-
OMJIBHOCTh MX KOJIJIAr€HOJMTHYECKOH aKTUBHOCTH.
MO3KHO BHIIETh, YTO y IIECTH MTaMMOB poaa Asperdil-
lus uHAEKCH MHU3KCca OBUTH BBIIIE, YEM A0 XPaHCHUSL.
Tonbko y omHoro mtamma — A. ruber F 4 unnekc cuau-
xKajcs B 1,5 pasa, ocraBasch BCe-Takd 3HAYMTEIHHO
BBILIE EIUHUIBI.

BroiBoabI

1. TlokazaHOo, 4TO Bce HM3yUCHHBIC MpPEICTABHU-
temu poaa Aspergillus pocin Ha cpene Yarneka ¢ 3ame-
HOW caxapo3bl Ha KOJUIAreH, 0Opa30BEIBasl 3aMETHEIC
30HBI JIN3HCA.

2. OTMeYeHBI CYIIECTBEHHbBIE BUIOBBIC U LITAM-
MOBBIE Pa3JIMuMsl CKOPOCTEH POCTa M MHIECKCOB JIN3UCa
MHUKPOMHUIIETOB MPU KyJIbTUBUPOBAHUHU Ha CPEJIE C KOJI-
JIaT€HOM.

3. TlonTBepkaeHa CTaOMIBHOCTH KOJUIAr€HOJH-
THUYECKHX CBOWCTB IpHOOB B Mpolecce UIUTEIBHOTO
XpaHCHHS.
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PREPARATION OF COMPETENT SPECIALISTS — ONE OF THE PERSPECTIVE DIRECTIONS
FOR THE DEVELOPMENT OF NURSERY AND GARDENING

Annomauyus.

Aemopul no aumepamypuvim UCMOYHUKAM NPUBOOSIM KPAMKULL AHAIU3 COCMOSIHUSL NUMOMHUKOB0OCBA U
cadosoocmea 6 Poccuiickoii @edepayuu u na Kybanu. Iloduepxusarom snauenue raghedpvi nio0osoocmsd
Ky6I'AY ¢ nodzomoske 8blcOKOKEATUPUYUPOBAHHBIX CREYUATUCHIO8 HA O8YX YPOGHSX U OCEOCHHBIX MEMOOAX Npo-
eKMmuUpPOBAHUsL NI0O0BO20 NUMOMHUKA U NPOMBIULIEHHO20 HA0008020 CA0A C INEMEHMAMU UHHOBAYULL.

Abstract.

The authors of the literature provide a brief analysis of the state of nursery and horticulture in the Russian
Federation and the Kuban. They emphasize the importance of the Department of fruit growing of KubGAU in
training highly qualified specialists at two levels and mastered methods of designing a fruit nursery and an indus-

trial orchard with elements of innovation.

Knroueswie cnosa: baxanaspol, mazucmpanmsi, ca00800Cme0, NA000GbLI NUMOMHUK, NPOEKMUPOBAHUE.
Keywords: Bachelor's degree, master's degree, horticulture, fruit nursery, design.

[HocranoBnenuem I[pasurensctBa PO ot 25 aBry-
cra 2017 roma Ne 998 VrBepxknena denepanbHas
Hay4HO-TEXHHUYECKas MPOrpaMMa Pa3BUTHS CEIILCKOTO
xo3siicTBa Ha 2017-2025 ronwr [1,2].

B pamkax ¢enepansHOW Hay9IHO-TEXHHYECKOM
MPOrpaMMBbl Pa3BUTHS CEIbCKOro xo3siiicTBa Ha 2017-
2025 roxs! 6bu1a pazpaboTaHa moanporpamMma «Pa3su-
THE TUITOMHUKOBOJICTBA U CaioBojicTBa PD» [5,6].

ITo pacueram crenMaINCTOB, €KETroAHas MOTPed-
HOCTh B MOCaJ0YHOM MaTepuaie B PO He menee 24
MiH T. B Poccnn nponssoautcst 10 MITH cajkeHIEB, a
BBO3UTCS — 13 MIIH IIT. UMIOPTHOTO MTOCAOYHOTO Ma-
tepuana. Ilo panHpiM @enepalbHON TaMOXKEHHOU
ciryk0bl, B 2018 ToxMy TONBKO 3a IEpBOE MOJIYroane
umnopt B Poccutro cocraBun 19,8 miH caxkeHues. 3a-
BHUCHMOCTH OT 3apyOe)KHOTO MOCaJ0YHOT0 Marepuaia
MIOKa OCTaeTCsl CepPbEe3HOW MPOOJIEeMON Al pa3BHTHS
canoBojcta Poccum [5,7].

ITo nannbiM MuHcensxo3a Poccun, npousBoj-
CTBOM IIOCAZI0YHOTO MaTepHaia 3aHHMAloTcs Ooiee
200 opraHM3anuii — HAyYHO-HUCCIEN0BATEIbCKUE HH-
CTHTYTHI, CEILCKOXO3SIMCTBEHHBIE OPraHU3aINH, Kpe-
cThsHCKUE ((epMepcKre) XO3SHiCTBa, TMPOU3BOISIINX
HIMPOKUH aCCOPTHUMEHT HMUTOMHHMKOBOIYECKOH Mpo-
JTYKIUH.

B 2018 r., mo mamaeiM PI'BHY «Poccenbxos-
LEHTP», B CTPaHE HACUUTHIBANIOCH 184 MUTOMHHUKOBOJI-
YECKHMX XO03siicTBa 00miel miomaaso 2116,3 ra, mo-
STOMY AJIsl BBINOJIHEHUS LieJeBoro uuaukaropa «llmo-
Mmanb  3aKiMaJKd  MHOTOJETHHX  HAaCaKICHUI»

TocporpaMMel HOpMaTHBHAsE MOTPEOHOCTH B IOCA-
JOYHOM Matepuane cocraBiser B 2019 r. — 23634,5
ThIC. T., B 2020 1. — 243989 ThIC. 1IT. 1151 BHITIOJHE-
HUS JaHHBIX TOKa3aTeliel MOTpeOHbIe IUIOMIaIy ITH-
TOMHHUKa caeayromue: B 2019 r. — 623,2 ra, B 2020 1. —
643.8ra [5,7].

Cpean OCHOBHBIX MPOOJIEM pPa3BUTHS MUTOMHHU-
KOBOJICTBA W CaJIOBOJICTBAa pPa3pabOTUMKU TOJIPO-
rpaMMBbl OTMEYAIOT HEAOCTATOK BHICOKOKBATH(HUITHPO-
BaHHBIX CHEIMATMCTOB JIJIsl TUTOMHKOBOJICTBA U CaJI0-
BOJICTBA, Tak Kak JUTST MOIOTPaCIH
MUTOMHUMKOBOJICTBA HEOOXOIUMBI BBICOKOKBaIU(H-
OUPOBAHHEIC KaAPBL. Takue CIeIHaIiCThI TOJKHEI 00-
JIaIaTh YHUBEPCAIHHBIMU 3HAHUSIMH, OBITH B KypCe I10-
CJICTHUX MHPOBBIX JOCTIXKCHHH, TaK KaK 3apyOeKHBIC
pa3paboTKK He BCEr/ia MOXKHO aJalnTHPOBATh K YCIIO-
BHUSIM OTE€YECTBEHHOI'O MPOM3BOJACTBA, a UX MIPOCTOE
KOIIMPOBAHUE MOXET MPUBECTU K OTPUIATESIHHBIM pe-
3yabTatam [7,8].

Benympe yuensie U CIEIIMATUCTBI OTPACITA OTME-
4aloT, YTO 0COO0TO BHUMAHUS TPEOYIOT KaJIpoBas IO-
JIMTHKA W TIOATOTOBKA CIEIMAIUCTOB BBICOKOTO
YPOBHSI, TaK KaK HOBBIE TEXHOJIOTHH BKIIIOYAIOT B ce€0s
COBpEMEHHBIE 3HaHUs U MOJIXO0/bl K BOIPOCaM MUTOM-
HUKOBOJICTBA. J[)is 3TOr0 HEOOXOIUMO YCTAaHOBUTH 00-
Jiee TECHOE COTPYAHUIECTBO MATOMHUKOB C MPO(UITB-
HeiMu BY3amu u HUU ctpansl. Bonpocsl, Beraromue
nepen MPOW3BOACTBEHHUKAMU, JOJDKHBI PelIaThCsl ¢
MIPUBJICUCHUEM HAyYHBIX COTPYIHHUKOB, BXOJHUTh B TE-
matuky HUP u ydeOHble mmanbl arpapHeix BY3o0B, a
MPAaKTHKa CTYACHTOB W IOATOTOBKA CIEIHATICTOB —
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pa3palaTbIBaThCS C OPUCHTALNEH HA COBPEMEHHBIC TTH-
TOMHHKOBOJYECKHE TIPEIIPHUSITHSL.

[IpenBuas NepCcreKTHBHOCTh W HEOOXOAMMOCTH
MOATOTOBKH 1O canoBoAcTBy, B KyoI'AY umenu U. T.
TpyOununa Ha kadenpe mionoBoacTBa (akyabTeTa
TUIOJJOOBOILEBOACTBA M BHHOTPaAapcTBa OOJbIIOE
BHHMaHHE Y/IeNsIeTCs II0ITOTOBKE OaKkaIaBpoB U Maru-
ctpoB 1o HampasieHusMm 35.03.05 u 35.04.05 «Cano-
BOJICTBO» MMEHHO Ha Kadeape IUIOIOBOICTBA OBLIN
TOJTOTOBJICHBl W W3JAaHBI THUHOTPApCKUM CIIOCOOOM
yae6nble TocoOust [110g0BOICTBO (TUTOAOBBIN TUTOM-
HUK). ABTOpHI Ipodeccopa kadeaps! mioaoBoacTsa b.
C. I'ereukopu. T. H. lopomenko, C. C. YymaxoB s
noaroroBku BKP B Buae pabouero npoekra u yueOHoe
nocobue «3aknaaka IIoJOBBIX HACAKICHUID» TEMH jKe
aBTOpaMH ISl pa3paboTKK POEKTa OpraHU3aluy Tep-
pHUTOpUH IIOJOBOTO cafa HanmpasieHus 35.04.05 «Ca-
JIOBOZICTBOY» YPOBHS MarucTpatypsl [3,4].

®denepalbHBIN roCyIapCTBEHHBIH 00pa3oBaTelib-
HBII cTaHAapT BhIcmiero obOpaszoBanus (manee OI'OC)
— MarucTparypa IO HaIpaBJICHHIO MOATOTOBKU
35.04.05 «CanoBoACTBO» NpELyCMAaTPUBAET MOJTrO-
TOBKY MAarucTpaHTOB K IPOCKTHO-TEXHOJIOTHYECKUM
BUJIaM JEATEIBHOCTH, OJJHAKO B TIEPEYHE TUCIUIUINH B
«bnoke 1» kak 6a30Basi, TaK W BapuaTHBHAs 4acTU HE
npeaycMaTpuBaloT Oojiee INTyOOKYH0 TEOPEeTHYECKYIO
MOATOTOBKY I10 MPOEKTHPOBAHUI0 MHOTOJETHUX IIO-
JIOBBIX HACAXKICHUU.

Mpl, Oyayne CHelnuaiucThl 110 HalpaBlIeHUAM
35.03.05 u 35.04.05 «CanoBoacTBO» Ha ypoBHE Oaka-
JlaBpHaTa U MarucTpaTypbl BUAUM B Y4YEOHBIX IMOCO-
6usix xadeapsl mI010BOACTBA OOJBIIYIO IEPCIIEKTHBY.

ITpu Bemmonnenun HUP B Buze pabouero mpoekra
10 OpPTraHM3aIMK MPOU3BOJICTBA MOCAIOYHOTO MaTepH-
aJia IPeBECHBIX IUIOIOBBIX KYJIBTYD MBI [I03HAJIH BCE T
TpeboBaHus, KOTOPBIE NPEIBIBISIOTCS K CepTH(UIN-
POBaHHOMY ITOCaI0YHOMY MaTepuaiy. Kak n3sectHo, B
KpacHogapckom Kkpae MOYTH HE OCTAINCH IUIOJIOBBIE
MUTOMHHUKH JIPEBECHBIX KYJIBTYP C TOJIHBIM IIMKJIOM
MPOU3BOJICTBA (MATOYHO-CEMEHHbBIE U MAaTOUYHO-UEPEH-
KOBBIE CaJbl, OTHEJCHHS pPa3MHOXKEHHsS, OTICICHUS
tdhopmupoBanus). Bemmomaerne BKP B Bune pabouero
MPOEKTa M0 OpraHU3al|H IJI00BOr0 MUTOMHHKA JIaXKe
C HETOJIHBIM I[UKJIOM SIBJISIETCS 3all0JIHEHHE TOTO IPO-
6era, KOTOPBIM MMeeTcs B MPOTrpaMMe Hamled MOoAro-
TOBKH.

JAnst MarucTpaHToOB, KOTOPHIE JOJDKHBI OBITH 1MOJI-
TOTOBJICHBI KaK K Hay4HO-HCCIIEIOBATEIILCKUM, TaK U
MPOEKTHO-TEXHOJOTUYECKIM BHIAaM J€ITEILHOCTH,
OYEeHb TMOJIE3HBIM OBLIO MTO3HAHUE 0COOCHHOCTEH Mpo-
EKTHPOBAHMSI MHOTOJETHHX HACaXKAECHUH C 3JIeMEH-
TaMH{ MHHOBALlMil M pecypcocOepexeHus MpH HHTCH-
CHBHBIX T€XHOJIOTHSIX BO3JIEJIBIBAHUS TUIOJIOBBIX KYJIb-
Typ B ycnoBusax KyOann.

[Tocne Takoit MOATOTOBKM MBI YMEEM pa3padaThl-
BaTh MPEANPOEKTHYIO TOKYMEHTAIHIO B BH/IE TEXHUKO-
skoHOMHuueckoro obocnoBanus (TIO) mpoekra. Mbl
HAYYWJINCh BBIOMPATh y4YacTOK MOJ| TUIOJOBEIN caf,
noAOGHpaTh KyJIbTYphI, COPTA U COPTO-TIOABOHHBIE KOM-
OWMHAIMH, OPTraHU30BBIBATH TEPPUTOPHUIO B MATBIX (ep-
MEpCKHX IIIO/IOBBIX X03sHcTBax. CamMoe TriiaBHOE, MbI
1ocJie TITyOOKOTO M3Y4eHHSI METOJMUYECKHX PEKOMEH-
naunit ®TBHY «Cesepo-KaBkaszckuit ¢enepanbHbiit

Hay4YHBIH LIEHTP CaJ0BOJCTBA, BUHOIPAaJapcTBa U BH-
Homenus» [5,6] mox pykoBoacTBoM mpodeccopa b. C.
I'ereuxopu, y xoroporo 50-nmeTHuil craxk paboTel B
MIPOEKTHPOBAHNN MHOTOJICTHUX HAaca)XICHUH, Haydn-
JINCh PAacCUMTHIBATH BCE MaTepUANbHBIE M JICHEXKHBIE
3aTpaThl TP BEIOOpE ydacTKa U MPEAIoca109HON Mo -
TOTOBKE ITOYBBI, 3aKJIa/IKU BCEX OT/EIECHUH IIJIOOBOTO
MMUTOMHUKA C  KyJIbTYypoOOOpPOTOM,  YCTPOHCTBY
OIIOPHO-IINAIIEPHONH KOHCTPYKLIMH M MEIHOPATUBHOM
CHCTEMBI M IPYTUM paboTaM.

Kak n3BecTHO, OTpacip caloBOJCTBa BO MHOTOM
3aBHCHUT OT COCTOSIHHAS M Pa3BUTHA MHUTOMHHKOBOJ-
CTBa, KOTOPOE SIBIISIETCS] OCHOBHOM 0a301 JIsl 3aKIIa 1K1
IUIOIOBBIX CAaZl0B YHCTOCOPTHBIM CepTU(UIINPOBAH-
HBIM [10C3/I0YHBIM MaTEPUAIOM.

Pa3pabaTriBaeMasi HaMH TEXHOJOTHYECKas MPO-
eKTHas JOKYMEHTaLUsl 0TOOpa)kaeT pe3ysbTaThl H3bIC-
KaHWH, HOBEWIIWE JOCTIKCHUS HAYKH W TPAKTUKH,
crienuduueckue TpedoBaHUs K OpraHU3aluK 1 IKCILTY-
aTalliy HaCAXKACHUH KYIBTYP U COPTOB, OCOOCHHOCTH
OpraHM3aliy IJI0A0BBIX TUTOMHHKOB.

Takum o6pa3zom, BemonHsAs BKP B Buge padounx
MIPOEKTOB, MBI Hapsay ¢ OOLICKYJIBTYPHBIMH U 001LIe-
podeCCHOHANBHBIME OCBOWIIN U MPO(ECCHOHATbHBIE
KOMIICTEHIINH, BJIAJCHAE KOTOPHIMU BIIOJHE oOectie-
yaT BBIIIOJHEHUE 3a/1a4 B cOOoTBeTCcTBUH ¢ [locTanoBe-
HueM IIpaBurensctBa PO Ne996.

CnHCOK HCI0JIb30BAHHBIX HCTOYHUKOB:

1. Vka3 Ilpesugenta PO «O mepax peanuzanuu
rOCyJJapCTBEHHOW HAy4YHO-TEXHUYECKON MOJUTHUKH B
WHTEpEeCcax pa3BUTHS CENBCKOTO Xo3siicTBa» oT 21
utonist 2016 roga Ne 350 [DnexTpoHHBIH pecypc].

2. @enepanpHas HayYHO-TEXHUYECKas TIPO-
rpamma pa3BHUTHS CEJIbCKOro xo3stiicTa Ha 2017-2025
ronel. — M., 2017. - 52 c.

3. T'ereuxopu b. C. IImonoBoacTBO (MIOZOBBIN
MUTOMHIEK). YueoHoe mocobue / b. C. ['ereuxopu, T. H.
Hopormenko, C. C. Yymakos // Kpacuomap. KyoI'AY,
2018.—-112c.

4. T'ereuxopu b. C. IlnomoBoncTBO (3aKimaaxa
IJIOJIOBBIX HacaxaeHui). YueOHnoe mocooue / b. C. I'e-
reukopu, T. H. lopomenko, C. C. Hymakos // KpacHo-
nmap. KyoI'AY, 2019. - 116 c.

5. OpraHuzaiys TEXHOJIOTHYECKHX IIPOIECCOB
MPOU3BOJICTBA TIOCAJIOYHOTO MaTepraia IDIOHOBBIX
KynbTyp : MoHOrpadus / E. A. Eropos, XK. A. Illagpuna
[u ap.]. — Kpacnomap : CKOHLICBB, 2019, —243 ¢

6. OpraHm3anys TeXHOJIOTHYECKHX MPOIECCOB B
npoMblieHHOM 10a0BoAcTBe (CeBepo-KaBkazckuii
peruoH Poccuiickoit @enepanun). MeToaudeckue pe-
xomenganuu. — Kpacnogap: CK3HUUCuB, 2016. —
283 c.

7. ®enopenko B. @. AHanu3 cocTosHUS U mep-
CIICKTHBEI HAIIPABJICHUS Pa3BUTUS TUTOMHHUKOBOJICTBA
u cagoBojactea / B. @. ®enopenko, H. I1. Mumypos,
O. B. KongparteeBa, A. JI. ®enopos, O. B. CiuHbko.
Hayunsrit ananmutnyeckuii 0630p. M. ®TBHY «Pocun-
¢dopmarporex» 2019. — 88 c.

8. Uexmapes I1. A. O cocTosHUYM U pa3BUTHU Ca-
JIOBOJICTBA ¥ MUTOMHHUKOBOJCTBA B Poccuiickoii Dene-
pauuu: Marep, AokI. Ha Beepoc. BricTaBke «/leHb ca-
noBona» (21 centsiops 2018 r.) MuuypuHCK-HayKo-
rpan PO, 2018. - 30 c.

9. Yexmapes II. A. CocTosiHHE OTE€YECTBEHHOTO
Ca/IOBOJICTBA M MUTOMHUKOBOJICTBA: MaTepHaIIBl TIpe-
3enTaiuy / Muncensxo3 Poccun. — M., 2018. — 18c.



«COLLOQUIUM=JOURNAL» #1{88), 2021 / PHYSICS AND MATHEMATICS 19

PHYSICS AND MATHEMATICS

YK 532.5.031

Koroleva Yulia,

Department of Higher Mathematics, Russian Gubkin State University of Oil and Gas

Moscow, 119991, Russia
https://orcid.org/0000-0003-0290-5236
Korolev Alexander,

Department of Higher Mathematics, Russian Gubkin State University of Oil and Gas

Moscow, 119991, Russia
https://orcid.org/0000-0001-9339-4974
Amit Kumar Verma

Department of Mathematics, Indian Institute of Technology

Patna, 801106, India
https://orcid.org/0000-0001-8768-094x
DOI: 10.24412/2520-2480-2021-188-19-26

ANALYSIS OF HERSCHEL-BULKLEY MODEL OF BLOOD FLOW THROUGH ROUGH VESSELS

Abstract.

The paper deals with Herschel-Bulkley system describing a two-phase flow of blood trough vessels with rough
walls. We analyze a stationary case with a variable viscosity depending on the boundary roughness. We derive the
asymptotic formula for the blood velocity behavior in the limit when both vessel’s radius and the roughness period
are small. Theoretical results are approved by numerical simulations. It turned out that the high boundary
oscillations of vessel’s wall cause rapid oscillations of velocity.

Keywords: hemodynamics, Herschel-Bulkley system, small parameter, flow of variable viscosity, stress ten-

sor, non-newtonian fluid

1. INTRODUCTION

The object of the presented study is a problem on
two-phase liquid flow through thin tube with roughness
on the boundary. More precisely, we discuss the Her-
schel-Bulkley model (see [1]) for viscous flows.

Our focus is done on the application of this theory
to the blood flow in thin vessels. We use Herschel-
Bulkley model to describe mathematically the behavior
of blood passing through vessels with rough walls.

The research of hemodynamics [2] shows that
blood is a Newtonian fluid when it passes through ar-
teries of wide diameters at high shear rates. However,
this flow becomes a non-Newtonian one in the case of
a path through small diameter arteries at low shear
rates. In addition, there is a region in the center of arte-
ria where the concentration of erythrocytes is high. The
flow in this zone is subject to another rheological prop-
erties characteristic for non-Newtonian fluid. The best
representative of blood flow is a two-phase liquid
model (see [3,4]) because blood vessels can be de-
scribed by combined two-layers: the one where the
flow consists of the plasma with erythrocytes, and the
other one near-wall layer is the pure plasma.

The rough structure of vessels walls can be caused
by a certain disease. For example, it is important for
medicine to understand possible issue of the stenosed
arteria and vessels. This topic of research was analyzed
by mathematicians well enough. The case of simply
stenosed arteria was studied in [5] under the assumption
that flow is governed only by Newtonian model. Simi-
lar approach based on just Newtonian blood represen-
tation one can find in [6]. Here the author treated the
case of blood flow through an axially asymmetric ste-
nosed cylinder. More complicated geometry of stenosis

having a dilation was considered in [7]. A perturbation
method was used to study the influence of varying ar-
teria’s geometry in [8,9]. Papers [10,11] deal with
flows through tapered stenosed arteria where power-
law blood model was assumed. This model is known as
Herschel-Bulkley system and it has two parameters:
flow index and yield stress. The effects of pulsality and
stenosis were considered in [12] where the blood flow
was represented through power-law Herschel-Bulkley
model. A similar approach was considered in [13,14]
for the case of catheterized arteria.

There exists another non-Newtonian fluid model
named after Casson [15] which could be used to blood
representative. In that approach blood is a non-Newto-
nian fluid which has the only yield stress as a parame-
ter. This model was studied extensively in the literature,
see e.g. [16-18].

There exist a number of works dealing with com-
putational research in hemodynamics. In paper [19] the
authors developed an anatomically detailed computa-
tional model of the arterial vasculature. They have used
computational fluid dynamics to simulate blood flow
and wave propagation phenomena in such arterial net-
work. Some results of numerical study of two-phase
blood flow are given in [20].

A new research around Herschel-Bulkley blood
model is an analysis of a visosity depending on vessel
radius. In paper [21] we have derived some apriori es-
timates for the solution to both Herschel-Bulkley and
Casson’s blood models. In particular, it was justified
rigorously that the velocity of flow reduces when the
viscosity increases. Authors have developed methods
of estimations for parameters of variable viscosity
flows in [21,23] and applied it to the present problem.
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Let us mention that we discuss here a two-phase
model of a laminar blood flow which occurs in thin ves-
sels. The paper [24] studies a question on the possibility
blood flow to be turbulent. The experimental investiga-
tions in [24] show that this case may occur only for flow
in aorta which is out of our study. In general the turbu-
lence of flow does not occur in the human circulatory
system except in the aorta. This effect might be caused
by a reduce in the viscosity or by an increase in the ve-
locity as was the case in anemia disease. There are two
facts important for possibility of the turbulence: a
Reynolds number of 2000 and a peak (not mean) veloc-
ity. Experimental measurments lead to the conclusion
that the turbulence occurs when Reynolds number was
below 2000. In the present paper we consider only the

case of laminar flow what excludes the case of turbu-
lence.

The novelty of this manuscript is a theoretical
analysis of the Herschel-Bulkley model for all possible
types of rough vessel walls and the derivation of as-
ymptotic formulas for the solution. These knowledge
would help to understand the flow behavior. We have
chosen the vessel’s radius and the wavelength as small
parameters. Our investigation considers different types
of roughness effecting on the flow. We justified rigor-
ously how asymptotics of both velocity and blood re-
sistance depend on the ratio between vessel radius and
the wavelength of vessel walls. It was discovered that
high boundary oscillations lead to a significant velocity
variation.

2. STATEMENT OF THE PROBLEM AND PRELIMINARIES
Let us consider blood flow as a viscous flow of variable viscosity p(r) through the thin cylindrical vessel

Q, of the length L and radius R, (z), where Q_={(z,r), 0<z<L, 0<r<R_(z)}. Here (r,z) arethe

cylindrical coordinates. Vessels” boundary I = RE(Z) is assumed to be an oscillating function depending on a

small parameter & which describes the wall’s roughness.
¥ L

L
R,<r<R. @

Fig. 1: two-phase geometry of vessel

We shall analyze the stationary symmetric flow caused by constant pressure gradient. We assume that only
one component of velocity u(r, z) = (u,,u,,u,) isnon-zero: U, =u, =0, u, =u,(r). Letus denote further
u, (r) by u(r) for simplicity. Mathematical model describing this flow is the following Herschel-Bulkley sys-
tem (see e.g. [12-14]):

1

1 n
r:ry+(u(r))n(—%j , If 1217, SR (1) <Ir<R.(2)

Equation Section (Next)(1.1)

Z—Lrj:O, if 1<1,& 0<r<R(z,)

Here U is the unknown flow velocity, P isthe pressure, T is the stress tensor, T is the yield stress, p(r)

(1.2)

is the viscosity, N >1 is a flow index. We assume that all functions and variables are dimensionless.
Herschel-Bulkley system characterizes flow as a two-phases motion governed by (1.1) and (1.2) correspond-

ingly. Indeed, there is a domain Q""" ={(z,r), 0<z<L, 0<r< R,(t,)}, where the concentration of

eretrocitus is comparatively high. The flow is Newtonian one in this area and velocity does not depend on vessel’s
radius (see (1.2)). The boundary Rp ('cy) between Newtonian and non-Newtonian flow regimes depends on limit

stress T, thorough the formula ©(R(t,),2) =1,.

In a common case the pressure of flow is related to velocity via momentum equation

u_op 10

ot oz Far(rr) 43
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Moreover, we assume natural boundary conditions: a given pressure on the lateral surface of the vessel, no-
slip conditions on the vessel’s walls and a finite stress in the center of vessel:

t<oasr=0
u=0asr=R(z) (1.4)
p(O) = Pos p(l—) =P

Apriori estimates

Due to zero boundary condition on vessel walls one can derive an a-priori estimate for velocity in the domain
with non-Newtonian behavior of blood.

Lemma (Friedrich’s inequality)

The velocity satisfies to the estimate

Rf)uZdrSC(Rp,R(z))Rf)(%j dr, C=max{2R,(R(2)-R)),(R(2)-R,)2} (1)

Inequality (1.5) and formula (1.1) lead to estimation of velocity via stress and viscosity of blood:

Corollary

coft=n) . (16)

”u”Lz(Rp,R(Z)) n

L (Rp.R(2))

The detailed derivation of Lemma and Corollary are given in [21].
Estimate (1.6) proves that velocity of flow reduces when the viscosity increases. In addition, the closer stress

approaches to value Ty, the smaller values can take the velocity. One more important observation is that velocity
norm depends on size of the non-Newtonian layer since constant C in (1.6) is proportional to max(R(z) — R,),
see (1.5). Hence, the thinner the layer nearby vessels wall the lower values velocity achieves.

3. STATIONARY FLOW

In stationary case we obtain analytical formulas for velocity function and some other flow characteristics.
Indeed, the momentum equation (1.3) reduces to the following system:

Z—? =0, % + %%(rt) =0. Equation Section (Next) (2.1)
Theorem
The stationary solution to problem (1.1)-(1.4) is represented as
R(z) n
u(r,z) = 1 (—r& -1, | dras R <r<R(z) (2.2)
(y 2
R(z) 1 p n
u(z) = —((—I’—SJ—IJ dras0<r<R,. (2.3)
2, u(r) 2

-p
The boundary Rp between flow phases satisfies
21,
R, =—2. (2.4)
_pS
Proof.
Using the boundary condition U(R(z),z)=0 and the Newton-Leibnitz formula, we derive for

R, <r<R(z)

B ey
—u(r,z) =u(R(z), 2) -u(r,z) = j gdr. (2.5)

r
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Hence,
R(2)

u(r,z):j—g—‘:dr for R, <r<R(z). (2.6)

Equation (1.1) implies that

ou 1 n
-——= - for R, <r <R(2). 2.7
p= y(r)(T z,) ) (2) 2.7)
Combining (2.6) and (2.7), we derive the formula
R(z)
1 n
u(r,z)= | ——I(z—7,) dr for R, <r <R(2). (2.8)
a ,u(l’)( y) p

Multiplying equation (2.1) by r, integrating it over [0, r] and taking into the account the known pressure

_Op .
gradient — = [, one obtains
574

0= j(rpﬁ— rr)]dr=% p,+rz(r,z) = r(r,z)_—&r
0

Thus,
2T
7, =—Rp& < R =——2. (2.9)
2 P
Substituting (2.9) into(2.8), we obtain the velocity function in region R p SIr=s R(2):
R(z) 1 p
u(r,z)= J ( r—=-—r ] dr for R_<r<R(2). (2.10)
r) 2 P
T (
The condition (1.2) implies that U does not depend on r as 0 <r <R . Therefore,
u(r,z)=u(z) as 0<r<R,. (2.12)
Since function U is smooth, formulas (2.10) and (2.11) must coincide at r = Rp. Therefore,
R(z)
1
u= j ( r&—rj dr 2.12)
r, MO\ 2

inthe layer {0<r < Rp}. The proof is complete.

Other important flow characteristics are the volumetric flow rate

R(z) Ry R(2) D, R(z) R(2) 1 P n
Q= ZnI rudr =2n J' J. ( r—=— j drdr+j I —(—r—s—ryj drdr |, (2.13)
0 0 p(r) 2 R, T w(r) 2
which shows the volume of blood passing through the vessel’s segment, and blood resistance:
A= M. (2.14)
Q

4. ROUGHNESS EFFECTS
Consider a small parameter €, 0<g << 1. Assume that the vessel radius as small as the order of €:

R.(z) = O(e). Introduce another parameter v(g) which is the length of the wall’s wavelength (see Fig. 2).
We suppose that v(g) — 0 ase — (. The goal now is to analyze the blood flow behavior for all possible rela-

tions between vessel radius and its wavelength. For this reason we define the parameter K = IirT(} % Different
Pt d V 8
types of roughness are possible depending on this value:
e thecase O <k <oo corresponds to «middle oscillations» which means that the roughness period as small
as vessel radius;
e the value k=0 corresponds to «small oscillations» which means that the vessel radius is much smaller
than the wavelength;
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e if k=oothen one deals with the «high frequency regime» which describes the case when the roughness
period is much smaller than the vessel radius.

Assume that rough vessels wall is modeled as an oscillating function
z
R.(z) =eh,(z)teh | — |,
v(e)
where h0 describes the global geometry of wall while h8 notes periodically oscillations of wavelength v(g)

. Denote further P = —% . Taking into the account the derived analytical formula for blood velocity, one can

observe the dependence of limits of the integration on roughness:

eh, (z)+ghg[%s)J

u(r,z) = j E(rp—ry)ndr as R, <r <R(2),
oy (2)veh [Lj Equation Section (Next)(3.1)
“\ v(e)
1 n
u(z) = J E(rp—ry) drasO0<r<R,.
P

Below we derive the asymptotics with respect to & — O for the velocity and the blood resistance.
r

v(e)

Fig. 2: geometry of vessel

Asymptotic formula
Lemma. The velocity and resistance of blood flow satisfy to the following asymptotics as € —> 0 :

r _ n
o (1)
re[R,.R(2)] “(r)

-1

rp— n

7»%% maxXx (p—ry) (3.3)
k? | relR,.R(2)] u(r)

u=k : (3.2)

Proof.
Applying the Lagrange formula to integrals in (3.1), we obtain an estimate

(rp-1,)" o z (rp—t,)" e .
USm?XWE 8h0(2)+8h8(@j Smgw(gmza)(ho +@m?xhs) (3.4

Due to regularity of functions hy, h_and compactness of the domain there exist constants K, K, such that

: & . €
emax hy = eK;, ——maxh, ~
z

v )

Passing to the limit in (3.4) and having in mind (3.5), we derive asymptotics (3.2) for velocity as € — 0. In
a similar way, applying Lagrange theorem and (3.2) to (2.13) and (2.14), one justifies (3.3):

K,. (35)
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-1
rp—t,)" rp—t,)"
sz3max(p—y), 7»%% maxu
L ()
5. NUMERICAL VALIDATION OF THE RESULTS AND CONCLUSIONS
In this section we prove our theoretical results on asymptotics by numerical computations for a particular

. z
choice of the viscosity function. We model our problem with rough boundary R, (z2) =3e+esin ((—)j , Where
v(e

v(e) =g, v(e) = \/Z, v(€) = €” which could correspond to one of the situation: 0 <k <oo, k =0, k = oo,
The viscosity is assumed to have the polynomial growth: p(r)=r".

Figures 3 and 4 demonstrate plots for velocity: the solution u(z) is plotted on Fig. 3 and u(r,z =0.5) is
shown on Fig. 4. Analyzing the roughness effect, one can observe that the velocity behavior is similar to the
behavior of oscillations: small boundary oscillations (v(g) = Je) give the slow growth of velocity. The variance

of velocity is more rapid in case of middle oscillations (v(&) = &) and one can observe the change in monotonicity
regime. Finally, the high oscillations (v(g) = &?) effect more significantly: the graph for velocity is a rapidly os-
cillating function as well. Numerical validations show that the bigger the value of yield stress T, the smaller the

blood velocity what is agreed with the estimate (1.6). Moreover, one can see from Fig. 3 that bigger value of flow
index n give greater velocity values (compare n=3 and n=5). Figure 4 demonstrates the velocity behavior
depending on radius in the layer near the walls (in non-Newtonian layer) for different roughness types. The bigger
the radius (i.e. the wider the non-Newtonian layer) the smaller the velocity. One can observe also the roughness
effects on how fast the velocity decreases.

Analogous conclusions are valid for dependence of the volumetric flow rate (Fig. 6) on roughness, since Q

is strictly proportional to the velocity. However, the behavior of blood resistance (Fig.5) is the opposite one. The
more intensively roughness oscillates the greater variations of the resistance. Small and middle roughness regime
give a significant reduce of the resistance. The viscosity effect is also important: high viscosity leads to small
resistance while more viscous flow has greater resistance.

n=3
velocity u
2500 EZ
£
1500 F
1000
500
: variable z
02 04 06 08
N=5
velocity u
G000
4000 Ve
£
2000 e
variable z

02 04 06 08

Fig. 3: Blood velocity regimes for different oscillation regimes for
n=3and5 £=0.1, a=4.1, r,=0.1 p=10
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Fig. 4: Blood velocity depending on radius in the non-Newtonian layer:
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STRATEGIC DIRECTIONS OF INCREASING THE COMPETITIVENSS OF AGRICULTURAL
ENTERPRISES

Abstract.

The article considers issues related to increasing the competitiveness of domestic agricultural enterprises.
Internal and external factors influencing the increase of competitiveness are determined.

Research has shown that the assessment of the competitiveness of the enterprise is an important tool of stra-
tegic management, without proper attention to which it is almost impossible to optimize their activities and in-
crease the degree of competitiveness for further promotion in other markets.

Particular attention is paid to the factors that have the greatest impact on improving the competitiveness of
the enterprise, taking into account the peculiarities of the modern agricultural market. Measures are proposed
that have a direct impact on increasing the competitiveness of the organization.

Keywords: market competition, competitiveness, the world globalization, competitive advantages, market

mechanism, innovative activities.

Formulation of the problem.

It is generally accepted that competitiveness is the
ability of enterprises, regions, and countries to compete
in the domestic and world markets. In one way or an-
other, the issue of competitiveness is presented and in-
terpreted in various publications of domestic and for-
eign scientists [1].

Analysis of the problem showed that there is no
clear definition of "competitiveness”. According to our
estimates, there are more than 400 definitions of this
term in the literature. The difficulty in clearly defining
this issue is mainly due to the fact that competitiveness
can be considered at many levels.

The relevance of this research is to find ways to
increase market competition in the national economic
system of Ukraine, given the urgent need of domestic
agricultural enterprises to increase their competitive-
ness to avoid further negative consequences that could
significantly affect the sustainability and dynamics of
agrarian business.

The purpose of the scientific article is a study that
can be used to assess the competitiveness of the enter-
prise and develop methods to improve it. The scientific
novelty of the study is to develop strategic directions to
increase the level of competitiveness of agricultural en-
terprises to strengthen the economy of Ukraine.

Analysis of research and publications.

Currently, one of the most urgent tasks of improv-
ing the domestic economy is the successful develop-
ment of the agricultural sector, which has historically
been considered a priority and strategically important
for Ukraine. The role of agriculture in the economy of
any country is of great importance.

The changes taking place in society are focused on
finding ways to increase the competitiveness of enter-
prises and the entire economy, improving production
relations for more effective development of productive
forces.

The competitiveness of agricultural enterprises is
related to the ability of enterprises to meet the needs of
consumers, taking into account changes in the market
environment and ensuring the development of the state
economy as a whole, which contributes to the constant
search for strategic tools for their development and im-
provement.

The competitiveness of the enterprise has been
studied by numerous scientists of scientific thought,
such as: A. Smith, J.S. Mill, K. Marx, J. Keynes, D. Ri-
cardo, J. Schumpeter and their followers. To date, many
domestic and foreign scientists are studying this issue,
especially: M. Porter, W. Stevenson, T. VVoznyuk.

Many domestic scientists have considered the the-
oretical problems of competition and increase the com-
petitiveness of the enterprise, such as: L.I. Piddubna,
O.E. Kuzmin, P.S. Zavyalov, O.G Yankovy, O.V. Fish-
ermav, M.Y. Malik [6] and others.

However, the issue of determining strategic direc-
tions for increasing competitiveness still remains debat-
able, which needs further clarification and discussion.

Research results.

The competitiveness of the enterprise is the ad-
vantage of the enterprise in relation to other enterprises
of the same industry both inside the country and abroad.
The main purpose of the analysis of the competitive-
ness of any enterprise is to determine the position of the
enterprise in the studied market.
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The problem of competitiveness in market condi-
tions appears at a time when several manufacturers en-
ter the market with a similar product and the company
needs to increase the competitiveness of its products to
gain a foothold in the market and make a profit [2].

It is necessary to understand that in the conditions
of fierce competition it is necessary to determine not
only the degree of popularity of the enterprise, market
share and segments occupied by the enterprise, but also
to know clearly about the changes that occur or may
occur in the near future. Also, the level of competitive-
ness of the enterprise is significantly influenced by the
scientific and technical level and degree of perfection
of production technology and its range, the introduction
of modern means of automation of production, the use
of new inventions and discoveries.

Based on the criterion range, the following levels
of economic competitiveness are distinguished:

- megacompetitiveness - at the level of groupings
of countries;

- macrocompetitiveness - at the level of the na-
tional economy;

- mesocompetitiveness - at the level of industries;

- competitiveness of clusters;

- microcompetitiveness - at the enterprise level,

- competitiveness at the level of goods and ser-
vices.

In addition, there is competitiveness at the re-
gional level, at the global level and at the lowest level
of the organization (for example, between employees)

[3].

Agriculture is the main component of Ukraine's
economy, with the appropriate policy, support and ap-
propriate regulatory framework, it can become an en-
gine for economic growth and competitiveness of the
country on international markets.

The domestic agricultural sector has been gaining
stable positive dynamics in agricultural production in
recent years. The positive dynamics of Ukraine's agri-
cultural development is manifested in the reduction of
poverty, the creation of new jobs, industry is provided
with raw materials, and the population with food.

The Association Agreement with the European
Union significantly improves Ukrainian quality stand-
ards and gradually allows to move to the European level
- in particular, in agriculture, to eventually export not
only raw materials but also value-added goods. Further
development of one of the most important sectors in the
economy of Ukraine requires qualitative changes, the
implementation of which depends on increasing the
competitiveness of agricultural production and food se-
curity of the state [4].

Ensuring and maintaining a stable competitive po-
sition of the enterprise in the market is determined by
its customer orientation, competencies, innovation, and
the value of competitive potential. This approach also
assumes that the products offered on the market are the
result of a new competitive policy and behavior of the
enterprise, which, in turn, are based on the values, re-
sources, competencies, innovations that the company
has.

Values, resources, competencies, product, innova-
tion become integral parts of an one piece. Accord-
ingly, a new paradigm of "values - resources - compe-
tencies - innovations - behavior - results” is formed.
The competitiveness of the enterprise in the long run
depends on the harmonious sequence of the chain and
the combination of these components and the ability to
carry out customer-oriented management better, more
original and faster than competitors.

In particular, according to W. Burr, to maintain a
stable competitive advantage, it is necessary to take into
account all the characteristics of resources and the ex-
ternal environment [5].

The competitiveness of agricultural enterprises
has certain features associated with the characteristics
of other agricultural enterprises: business activity; high
level of competition among agricultural producers;
large number and variety of manufacturers. It is im-
portant for each manufacturer to analyze competitive-
ness and develop effective ways to increase competi-
tiveness.

Malik M.Y. notes that the competitiveness of ag-
ricultural enterprises is the ability of economic entities
to adapt to new economic conditions, use their compet-
itive advantages and win the competition in the markets
of agricultural products and services, use land resources
as efficiently as possible, to meet the needs of the buyer
analysis of market structure and flexibly respond to
changing conditions [6].

Mansurov R.E. believes that competitiveness is an
activity aimed at forming a number of management de-
cisions, which, accordingly, should be aimed at con-
fronting possible external influences to achieve leader-
ship in accordance with the strategic objectives [7].

By definition H.A. Fashiev and E.V. Popova, it is
necessary to take into account primarily the internal
factors that directly affect the competitiveness of enter-
prises: economic potential and efficiency; management
level; financial environment; research potential produc-
tion and sales potential; reputation of the enterprise,
market strategy, innovative activity; condition and
qualification of labor resources; assets, fixed capital,
equity and debt capital, sales, market share, profit; or-
ganization and direction of scientific research, annual
costs for research and development work, number of
patents for awards; forms of organization and experi-
ence of functioning of elements of the economic mech-
anism from a position of innovations and responsibil-
ity; solvency, creditworthiness, capital structure; avail-
ability of raw materials, production and sales capacity,
the amount and direction of investment, which deter-
mine the production policy of the enterprise and others
[8].

The competitiveness of agricultural enterprise is a
quantitative measure, that is relative indicator that re-
flects the ability of the enterprise to withstand compet-
itive pressure in the agricultural market over a period of
time [9].

The competitiveness of entrepreneurial activity is
also considered as a set of characteristics of the organ-
ization, determined by the level of use of its potential,
external socio-economic and organizational factors that
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allow to create products that are more attractive to con-
sumers in terms of price and non-price characteristics.

Thus, the analysis of the literature on the studied
problem allows us to conclude that there is no generally
accepted definition of the competitiveness of enter-
prises that satisfies all participants in market relations.

Taking into account the existing definitions of the
competitiveness of the enterprise and their shortcom-
ings, we can note the following positions, which should
reflect this category:

- Competitiveness of the enterprise - can not be
equated with the competitiveness of the product, be-
cause these concepts are correlated as part and as
whole;

- Competitiveness of the enterprise - the value is
not constant (“winner" in the competition is determined
at a specific time);

- The competitiveness of the enterprise should re-
flect the ability of the enterprise to adapt to the ever-
changing conditions of the external and internal envi-
ronment;

- The competitiveness of the enterprise is a com-
plex of indicators, as its assessment cannot be reduced
to the definition of one indicator.

Analysis of the competitiveness of the enterprise
also involves the study of certain factors. Under the fac-
tors of competitiveness of the enterprise understand
those phenomen or processes of production and eco-
nomic activity of the enterprise and socio-economic life
of society, which cause a change in the absolute and
relative value of production costs, and as a result - a
change in the competitiveness of the enterprise [10].

According to French economists A. Olivier, A. Di-
ana and R. Urce, the company must ensure level of
competitiveness on eight factors:

1) the concept of goods and services on which the
activity of the enterprise is based;

2) quality, which is expressed in terms of product
compliance with the high level of goods of market lead-
ers;

3) the price of the goods with a possible mark-up;

3) the price of the goods with a possible mark-up;

4) finance - own and borrowed;

5) trade - in terms of commercial methods and
means of activity;

6) after-sales service, which provides the company
with a permanent clientele;

7) foreign trade of the enterprise;

8) pre-sales training, which demonstrates its abil-
ity not only to anticipate the demands of future consum-
ers, but also to convince them of the exceptional ability
of the enterprise to meet these needs [11].

By assessing the level of competitiveness, the
company's management is able to objectively assess
their strengths and weaknesses, which will form a new
strategy for their business.

Ensuring the competitiveness of entrepreneurial
activity is associated with solving many problems:

- competitiveness of production and technology -
acts as a degree of adequacy of production and tech-
nical structure to the requirements of marketing strat-
egy, the ability to effectively on the principles of re-
source conservation to produce quality and economical

products;

- competitiveness of business staff is the degree of
awareness of employees of marketing strategy and its
objectives;

- the competitiveness of the regulatory framework
acts as a set of regulations, methodological, design and
technological documentation, as well as external and
internal qualities of products;

- competitiveness of information resources is ex-
pressed in their specificity, practical applicability,
power of attorney, systematic.

The concept of competitiveness of agricultural en-
terprises is much more complex and interpreted ambig-
uously. According to Kulaets M.M, the analysis of the
competitiveness of the enterprise should be carried out
on such factors as market position, profitability, attrac-
tiveness to investors, image among consumers and var-
ious businesses [12].

According to Amons S.E., agribusiness is the lo-
comotive of the Ukrainian economy. Ukraine has his-
torically been called the granary of Europe, because
there is about 25% of the world's chernozem soils,
known for their high fertility. The country is also the
world's largest exporter of sunflower oil and one of the
largest exporters of grain. In favor of this thesis can be
cited the fact that Ukraine today is in the top 3 largest
suppliers of agricultural products in the EU and occu-
pies an equally important place in world trade in agri-
cultural products [13].

The main crops that make Ukraine one of the
world leaders are cereals and fodder crops, including
wheat, corn, barley, sunflower, sugar beet, tobacco,
legumes, fruits and vegetables.

According to the State Statistics Service, the aver-
age grain yield in 2019 increased by 2.2 centners per
hectare. If in 2018 it was equal to 47.4 centners per hec-
tare, in 2019 it reached 49.1 centners per hectare.
Yields of some other crops also increased markedly:
winter wheat - 41.7 ¢ / ha, barley - 34.8 c / ha, corn -
71.4 ¢/ ha, buckwheat - 13.3 ¢ / ha, millet - 18.1 ¢ / ha,
sunflower - 25.1 ¢ / ha, soybeans - 23.5 ¢ / ha. Produc-
ing 90-100 million tons of grain crops annually,
Ukraine maintains a leading position in the world. The
country is the third largest exporter of grain in the world
(annual exports are 50-60 million tons). Thus, accord-
ing to the State Customs Service at the end of April
2020, Ukraine has already exported about 50 million
tons of grain, legumes (with products of their pro-
cessing) and flour [14].

The relatively low economic condition of
Ukraine's current agriculture is due to its low competi-
tiveness, but this can be remedied if the state provides
significant support. As you know, the domestic agro-
industrial complex provides food and economic secu-
rity of the country, so the refusal of state support for
this industry, as uncompetitive, is simply impossible.

The main goal of the development of the agricul-
tural sector of Ukraine's economy is to achieve compet-
itive innovative self-sufficient and export-oriented ag-
ricultural production, which in turn will be able to en-
sure food security of the country. But to achieve this
goal it is necessary to solve a number of problems, such
as:
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1. creation of institutional and infrastructural en-
vironment;

2. creation of an innovation environment, which
also includes the introduction of innovations;

3. improving the investment climate;

4. development of science and scientific support;

5. training of highly qualified personnel.

From the analysis we see that agriculture is a pri-
ority in determining the economic specialization of the
region. Almost a quarter of the effective indicators of
production and logistics in the regional economy of
Ukraine falls on this industry, which shows the signifi-
cant potential and resources for the formation and in-
crease of competitiveness of agricultural enterprises.

Scientists [15, p.25] emphasize that the solution to
the problem of increasing the competitiveness of agri-
cultural enterprises is to determine the criteria of com-
petitiveness and the formation of a system of indicators
for its measurement; development of methods for as-
sessing its level; development of methods of formation
of algorithms (programs) of increase of competitive-
ness.

It should be noted that a large number of Ukrainian
agricultural enterprises use imported machinery and
planting material. This does not reduce costs at all and,
accordingly, does not create preconditions for increas-
ing profitability and industry efficiency.

Another problem of innovative development of
the domestic agro-industrial complex is the underdevel-

opment of the institutional environment, which is man-
ifested, for example, in the lack of information and con-
sultation centers, while one highly qualified consultant
may well replace the work of relevant specialists 10-12
medium farms.

According to scientists [6], in order to increase the
competitiveness of production in the agro-industrial
complex it is necessary to introduce a mechanism of
state support for agricultural production through the use
of preferential taxation, price regulation, regulation of
parity development, production motivation, innovation,
etc.

The competitiveness of agricultural enterprises
can consider two aspects: external (assessment of en-
terprises in the market) and internal (assessment of eco-
nomic performance of the enterprise). Moreover, the
competitiveness of the enterprise can be determined by
the following factors (Fig. 1).

Analyzing the competitiveness of agricultural en-
terprises in the market, external and internal factors di-
rectly affect the attitude of consumers to products and
enterprises in general, which in turn affects the change
in market share. External factors are understood as a set
of economic entities, economic, social and natural con-
ditions, national and interstate institutional structures
and other external conditions and factors that operate in
the global environment and influence or may affect the
functioning of the enterprise [12].

High quality Availability of an High level of staff and
products and services effective marketing management skills
strategy

Logistics system at the

Factors that determine the
competitiveness of the

Financial stability of
the enterprise

enterprise enterprise
High technological level Availability of funding Taxes
of production sources environment

Fig.1. Factors that determine the level of competitiveness of the agricultural enterprise

Factors that determine the level of competitive-
ness of the enterprise allows to solve the following most
important issues:

1) determine their position in the market;

2) develop strategic and tactical measures for ef-
fective management;

3) select partners for the organization of joint pro-
duction;

4) to involve objects in perspective production;

5) to compile programs for the company's entry
into new markets, etc.

However, this is possible only in the case of ob-
jective methods of assessing the activities of the enter-
prise, the level of competitiveness and effective organ-
izational and economic measures to manage competi-
tiveness in order to increase it.

The most important tasks to increase the competi-
tiveness of agricultural enterprises are: studying the
market of producers and consumers for a particular
product, providing a comparative assessment, the level
of competitiveness of the enterprise and its products;
forecasting market requirements and developing a mar-
keting strategy to increase the competitiveness of the
enterprise.
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For the enterprises of an agro-industrial complex
for the decision of such tasks the organization of mar-
keting activity is necessary:

- resumption of agricultural production;

- maximum consumer satisfaction of the need for
vital food products (in terms of quantity, quality and
consumer properties);

- ensuring interregional exchange;

- access to domestic and foreign food markets.

To increase the competitiveness of agricultural en-
terprises, it is necessary to identify the main strategies
for gaining competitive advantage, outlining the fol-
lowing areas:

1) Differentiation strategy, according to which the
company focuses its efforts on creating products and
developing a marketing program that is better than
other competitors, it allows the company to become a
leader in the industry through a certain group of prod-
ucts and thus ensures its increased demand for market.

2) Low cost strategy, which is focused on achiev-
ing competitive advantage through cheaper production
and distribution of goods. As a result of such a policy,
it is possible to increase market share, but not profit. In
addition, this strategy can be risky for a company that
lacks resources, as it can lead to a temporary reduction
in the number of consumers who use the company's
products.

In our opinion, the areas that increase the compet-
itiveness of the enterprise include:

- improving the quality of management, taking
into account the available opportunities, improving the
training of management staff, the use of modern meth-
ods and models in making management decisions;

- analysis and monitoring of the micro and macro
environment of the enterprise, with the receipt of oper-
ational and reliable information that will allow the com-
pany to adapt to it;

- introduction of high quality products and crea-
tion of new products using high-tech equipment;

- adaptability to market positions, forecasting sup-
ply and demand, which goals to provide the company
with a competitive advantage in the market;

- wide introduction of innovative technologies that
will ensure the company to produce competitive prod-
ucts;

- implementation of measures for effective use and
improvement of production, marketing, financial po-
tential of the enterprise;

- expansion and development of logistics, organi-
zational and technical level of production through the
improvement and renewal of fixed assets of enterprises
using advanced production methods and its automation.

Improving the competitiveness of enterprises is a
continuous process that is implemented in enterprises
and interacts with the development and implementation
of strategic directions for future development.

Competition is the most important way to increase
the efficiency of enterprises and its individual parts in
particular, as well as an incentive for employees, as it
is a form of struggle for survival - a civilized form of
liberty that accompanies competition.

In our opinion, the strategy is a formalized set of
actions that companies are going to take in the market

in order to compete successfully today, as well as the
formation of long-term competitive advantage. All
these actions must be logically and resource-wise inter-
connected in the sequence of execution and mutual
compliance.

Competitive advantage is a profitable position that
a company seeks in order to be more profitable than
competitors. To gain and maintain a competitive ad-
vantage, companies must be able to demonstrate a
higher comparative or differential value than competi-
tors, and transmit this information to the desired target
market. Businesses must be able to act quickly, taking
into account their capabilities and barriers in their way.

The conducted researches allow us to state that
modern conditions motivate entrepreneurs to con-
stantly control the level of competitiveness of the en-
terprise. Ability and effectiveness of adaptation of the
enterprise to the conditions of the competitive environ-
ment, which depend on the level of its competitiveness.

Competitive strategy in the activities of enter-
prises is used to attract customers, gain an advantage
over competitors, increase market share and strengthen
its position, as well as expand business on a larger
scale. The competitiveness of the enterprise includes
the following components - the competitive potential of
the enterprise, the competitive position of the enterprise
and the competitive strategy of the enterprise.

Conclusions. Competition between entities,
which means access to resources to transform them into
products and services that meet the broad requirements
of consumers, is a characteristic feature of the market.
To be competitive means to ensure sustainable devel-
opment of the enterprise.

There are many ways to increase the competitive-
ness of the agricultural enterprise, but their implemen-
tation is possible only if the company has qualified per-
sonnel, a high level of organization of the production
process, appropriate qualifications and authority of the

management.
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FUNDAMENTALS OF INTERNAL AUDIT IN THE ENTERPRISE

Annomayus.

B cmamve paccmompensvi meopemuyeckue 0CHO8bL 6HYMPEHHE20 ayOuma Ha NPeonpusmuu; packpulimst Oc-
HOGHbIE XAPAKMEPUCMUKU BHYMPEHHE20 ayOUumad,; ONUCAHbl 21A6Hble 3a0a4U, peuaemble 6HYMPEeHHUM AYOUmom,
onpeoenenvl QYHKYUU U UxX CyWHOCMb, NPpOeOeHd CPABHUMENbHASL XAPAKMEPUCMUKA 6HYMPEHHE20 U BHEUUHE20

ayouma.
Abstract.

The article discusses the theoretical foundations of internal audit at the enterprise: discloses the main char-
acteristics of internal audit; the main tasks solved by the internal audit are described; functions and their essence
are defined; a comparative characteristic of internal and external audit was carried out.

Knrouegovie cnosa: enympennuii ayoum, npeonpusimue, dKOHOMUKA, Oyxeanmepckuil yuem, huHaHcosbvle

PUCKU, cucmema ynpaeieHusl.
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Ha ceroansiinuil JeHb B YCJIOBUSIX PBIHOYHOMN
9KOHOMUKHU BHYTPEHHUH ayJUT SBISETCS OHUM U3 Ca-
MBIX MOITHBIX HHCTPYMEHTOB TOBBIIICHUS 3P PEKTHB-
HOCTH JESTEIILHOCTH MPEANPHUATHI MOCPEICTBOM BBI-
TIOJTHEHUS CBOUX 3a/1a4 U QYHKIMI. AKTYaIbHOCTh HC-
MOJIb30BaHUsI CUCTEMBI BHYTPEHHETO ayauTa B Poccun
BO3HUKAET B CBSI3U C TE€M, YTO Ha PHIHKE YBEIMYWBA-
€TCSl KOJIMYECTBO CPEIHUX U KPYHHBIX NPEANpUATHH,
KOTOPBIM HEOOXOJMM BHYTPEHHHU ayIuT IS oOecIie-
YCHHsI HAJC)KHOCTH W JOCTOBEPHOCTH HH(OpMAIIWH,

HCIONb30BaHUSI YKOHOMHUECKUX PECYPCOB Ha Mpes-
MIPUATUH, IOCTAHOBKA U pelIeHue 1eneil u 3aaad [4, c.
100].

BHyTpeHHuUI ayuT - 3TO AEATEIbHOCTh, KOTOpas
3aKIJII0YAeTCs] B TIPEAOCTABICHUN HE3aBHCUMBIX, 00b-
€KTUBHBIX FapaHTUH U KOHCYJIbTAlMM OT ayAauTopa C
LIEJTBI0 COBEPIICHCTBOBAHUS EATSIBHOCTH MPEIIPUs-
TUSL.

BHyTpeHHUI ayquT Ha NpeANpUSTHH HUMEET He-
CKOJIBKO OCHOBHBIX XapaKTEPUCTHUK, MPEACTaBICHHBIX
Ha puUcyHke 1.
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OCHOBHEIE XAPaKTEPUCTHEN
EHYTPEHHErD ayauTa

h A
COBEpLUEHCTEOEEHWE " -
HeaaeucumocTs u ﬂquEﬂbHDCTH MpegocTaENeHWe rapaHTHA 1
O0OBEKTHEHOCTE ODraEHMIALMMN KOHCYNEeTaLWMK

Puc. 1. Ocnosnvie xapaxmepucmuku 6HympenHezo ayouma

PaccmoTpum
JIpOOHO:

1. HezaBucHMOCTD M OOBEKTHBHOCTB. JTO JIBE OC-
HOBHBIE XapaKTEPUCTUKH HE TOJBKO BHYTPEHHETO
ayaWTa, HO M Ba)KHBIE KA4EeCTBA CaMOTO CIICIHAINCTa-
ayautopa. He3aBHCHMOCTB 3aKIIOYacTCs B CTEIECHHU
MOAYMHEHHOCTH CITyXOBI BHYTPEHHETrO ayIuTa Ipes-
MPUATHIO, 3 OOBEKTUBHOCTD B JAHHOM CIIy4ae HCIIOJb-
3yeTcsi Kak XapaKTepPHUCTHKa BHYTPEHHEro ayIuTopa,
KOTOpI:Iﬁ JOJDKEH BBIHOCUTL OLICHKY W BBIBO/JIbI 6ec—
MPUCTPACTHO.

2. CoBepIIeHCTBOBAHUE ACATEIIBHOCTH OpraHu3a-
nuu. BHyTpeHHMII ayAUT HAaIIpaBJIEH HE HA BBISBIICHUE
OIMOOK ¥ HapYIIECHHUH C IEeTIbI0 HaKa3aHUsI BHHOBHBIX,
a Ha OLEHKY PHCKOB, BBIIBICHHE CIAOBIX MECT Ha
NPEANPUSATHN C JaJbHEHIINMH PEKOMEHAAIMAMH 110
UX YCTPaHEHWIO W TOBBIMIECHHIO 3((EKTHBHOCTH pa-
OOTHL

3. IlpenocraBneHue rapaHTHl U KOHCYJIbTaLlUH.
JlaHHasi XapakTepHUCTHKa OTpa)kaeT CYIIHOCTh BHYT-
PEHHEN ayIUTOPCKOM AeSATEIbHOCTH Ha MPEeAIpPUITHH.
I'apanTuy npu NpOBEJEHUM BHYTPEHHEIO ayJuTa 3a-

KaXKIAYI0 XapaKTCPpUCTUKY  IIO-

LEeNbIO MOJTYYEHHs HE3aBUCUMOM OLIEHKH JESITEIbHO-
cTu obuiecTBa. Pa3Huna Mexay KOHCyIbTallMen u ra-
paHTHeH 3aKIFoYaeTcs B CileayomeM: 00beM paboT u
UX XapakTep BO BpeMsI KOHCYJIBTAllMH ONPEIEIIETCS
3aKa3unkoM (opraHmsanmeii) [2, c. 35].

OCHOBHBIMH 33/1a4aMH BHYTPEHHETO ayauTa SB-
JSIFOTCS:

1. Ouenka 3 GeKTHUBHOCTH yNpaBICHUS PUCKAMH
Ha MPEANPUITHH.

2. OueHka pabOTHl CUCTEMBI BHYTPEHHETO KOH-
TPOJIsL B BONpOCax COONIOACHUS] HOPMAaTHBHO-IIPABO-
BBIX aKTOB, JJOCTOBEPHOCTH MH(QOpPMAIIUH, a TAKXKE CO-
XPaHHOCTH aKTHBOB.

3. Aymut uapopmarnmoHHbIx cucteM (MUC), koto-
PBIii IPOBOIUT aHAIIN3 JCHCTBYIONIEH HA IPEATIPUATHN
WHPOPMALMOHHON CUCTEMBI U €€ d3PPEKTUBHOCTE.

4. OneHka CHCTEMBI KOPIOPATHBHOTO YIIpaBie-
HUSL.

OyHKINN BHYTPEHHETO ayAuTa CIeIyeT pasze-
JIUTh HA TATh HaIlpaBJICHHH, KOTOPBIE TPEICTABICHBI
Ha pUCYHKe 2.

KIIIO4Yar0TCd B NPOBCACHUU O00OBEKTUBHOI'O aHaJin3a C

@YHELIMA BHYTPEHHEMD ayOmMTa

MHDOpMBLMOHHAR

AHANWTUYECHKAR

KOHCYNETaUMOHHEA

KOHTpONEHEA

J3WMWTHAA

Puc. 2. @ynxyuu nympenueco ayouma

1. Undopmannonnas ¢pynkius. OHa 3aKIH04aeTCs
B IIPEJJOCTABIEHUH CBEJICHUH O (haKTUUECKHX PE3yJib-
TaTax MPOBEPKHU.

2. Anamutnueckast QyHkims. JlaHHas (yHKIUS
MO3BOJISIET MPOBECTH aHAIU3 MPOLECCOB M IOKa3are-
JIeH X035 UCTBEHHON NEATEIILHOCTH IIPEANIPUATHSL.

3. KoncynbpranuonHas GyHKIUA. 3aKiIto4aeTcsl B
(hopMHUPOBaHNH U TIPEIOCTABICHUN PEKOMEH AN 110
BEZICHUIO ICATEIEHOCTH PYKOBOIUTEITIO.

4. KontponbHas ¢pyHkus. [1o3BosseT npoBepuTh
MIPOLIECCHl U TOKA3aTeNId XO3SIICTBEHHON AEATENbHO-
CTH NPEIPUSITHS.

5. 3amurHas ¢yHkius. HeoOxomuMocTs 1aHHON
(GYHKIMM 3aKII0YaeTcsi B COXPAaHEHWH HMYIIECTBa
MIPEIIPUATHS TIOCPEACTBOM CBOEBPEMEHHOTO BBISBIIC-
HUS OTKJIOHEHUI U HapyLIEHUH B JESTEIbHOCTH.

IIpoBeneM CpaBHHUTENBHYIO  XapaKTEPHUCTHKY
BHEIITHETO ¥ BHYTPEHHETO ayJUTa 110 HECKOIBKUM KPH-
TepUsIM, TPeACTaBIeHHBIX B Tabmuie 1 [3, 33].
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Ta6nua 1
CpaBHHUTe/IbHAS XapaAKTePUCTHKA BHYTPEHHET0 H BHENITHET0 ayIuTa
Kpurepuii Buewnuii aynut BuyTrpennunii aynut
Or1eHKa TOCTOBEPHOCTH ACATEIBHOCTH
Ienn Iposepka npasubHOCTH Beﬂeﬁ Wi ydera, a npeanpusaTis U 3pdekTuBHOCTH €ero
TaKXKe MPaBIUBOCTH (PMHAHCOBOM OTUCTHOCTU
paboThl
B cooTtBeTcTBUM C TpeOOBaHMAMH 3aKOHOJA-
Kpamuduxanus TENBCTBA U ayJJUTOPCKOM caMoCcTosATeNIbHOU op- | Ha BBIOOp pykoBoauTeNs
raHu3aIuu
Hcnonuurenu CrienuaaicThl HIMPOKOTO MPOduIIs IlITaTHBIE COTPYTHUKU
OtBerctBeHHOCTH | [lepen 3aka34rKoM U 3aKOHOJATEIHCTBOM Ilepen pykoBoACTBOM
Omutarta yciyr ITo norosopy B pamkax okJsiaza uiam npeMuu
Wuunumatop CoOCTBEHHHK PykoBoacTBo
IleprognunocTh PazBrox B Teuenue rona
3aKIItOuCHHE MoskeT OBITh OITYOJIMKOBAHBI Ilepenaercst pykOBOACTBY

CXO0JICTBO BHENIHETO W BHYTPEHHETO ayJauTa 3a-
KITFOYaeTCs B TOM, 4TO 00a B2 HAIPaBJICHEI HA OIpe-
JIIICHIE JOCTOBEPHOCTH HAHHBIX B (PHHAHCOBOW OT-
YETHOCTH W BBIABJICHHE OYXTalTepCKUX OIHMOOK. 3a-
KIIIOYCHHE ayAWTa IIO3BOJNIUT CHAEJaTh BEIBOL 00
SKOHOMHYECKOW CHTyanud U 3(PPEeKTUBHOCTH XO35ii-
CTBEHHOM JesATeNIbHOCTH npeanpusTus [1, c. 27].

Pemenne Bcex 3a1ay, BO3JI0KEHHBIX HA BHYTPEH-
HUI ayauT MyTeM peanu3anuu ero QyHKIUH, CO3acT
METOJIOJIOTHYECKOE  00ECICUCHHE  OCYIICCTBICHHUS
BHYTPEHHETO KOHTPOJISI U CO3AAcT MPEANOCHUTKU IS
JanbHeimero pa3Butus aynura B Poccun. Takum 00-
pasom, clieayeT OTMETHTh, YTO HA COBPEMEHHOM 3Tarie
pPa3BUTHS SKOHOMMKHM CYLIECTBYIOT BCEBO3MOKHBIE
OIarompHUATHBIC YCIOBUS IUISI COBEPIICHCTBOBAHHS U

YIK: 331.01.3

HCIIOJBb30BaHUs BHYTPEHHETO ayIuTa JUIS MOBBIIICHUS
3¢ GeKTHBHOCTH pabOTHI IPEIIPUATHIA B TF000# cepe
JeATETbHOCTH.
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CUCTEMA MOTUBAIIMU 1 CTUMYJINPOBAHUS TPYIA

Baicherova A.R.,
Kulakova K.1.
Stavropol State Agrarian University

THE SYSTEM OF MOTIVATION AND STIMULATION OF WORK

Annomauyus.

ﬂaHHCl}Z cmambvs pacemampueaent ocyuiecmeiieHue momusayuu u Cmumyaupoearus mpyda nepconaja, ux
npakmuveckas npumeriemocms, a makxoHce KOMNIEeKC mep, NO360JANWUX Yeeludunsb np0u360()umeﬂbyocmb

mpyoa.
Abstract.

This article examines the implementation of motivation and stimulation of staff work, their practical applica-
bility, as well as a set of measures to increase labor productivity.

Knrouegvie cnosa: mpyoosas dessmenbHOCHb, CIMUMYIUPOBAHIE, MOMUBAYUS, NPOUZBOOUMENLHOCHIbL MPYOd,

PIHOYHASL IKOHOMUKA, P PeKMUBHOCb.

Keywords: labor activity, stimulation, motivation, labor productivity, market economy, efficiency.

B ycnoBusix coBpeMeHHOM phIHOYHOM 3KOHOMUKHU
Y COBEPILIEHHONW KOHKYPEHIIMH, CUCTEMa B3aUMOOTHO-
IICHHH TpeANpPHHUMATEb-pa00THUK TIpEeTepIeBacT
MOCTOSHHBIE M3MeHeHus . OTHAKO yIIOBIETBOPEHUE
HMHTEPECOB KAKI0TO U3 HUX SIBJISIETCS aKTyalbHOM MPO-

6memoit u 1o ceit neHs. [’ paMoTHOE ympaBieHue opra-
HI/IBaHI/Ieﬁ CTPOUTCA HA BO3SMOKHOCTHU JOCTUIXECHUA 1€~
JIel, KaK MPeANPUHIMATEIEM, TaK 1 paOOTHUKOM Opra-
HU3ALUH.
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JelicTBytomasi B opraHu3almsaX CUCTEMA CTHMY-
JMPOBAHMA ¥ MOTUBAIINH XapAKTEPU3yETCS HEMPEPHIB-
HOCTBIO M IIMKJIMYHOCTBIO, @ TaKXKe MPEJICTABIAET CO-
00i1 BakHEW 3JIEMEHT YNpPaBJCHUS NEPCOHATIOM. JTO
BBI3BAHO ITOCTOSTHHOW M3MEHYMBOCTBIO PHIHOYHOH HKO-
HOMHKH U €€ (JaKTOpOB, KOTOpPBIC BBIABUTAIOT HOBHIC
3aJayy, KOTOpBIC €KEIHEBHO IIPEACTOUT pellaTh
CTPYKTYPHBIM I10/Ipa3/IeIICHUSIM OpTaHH3aLHH.

JlaHHasi cHCcTeMa MO3BOJISIET PYKOBOIUTEISIM pe-
IIaTh BONIPOCHI COTJIACOBAHUS JIMYHBIX HHTEPECOB CO-
TPYIHHUKOB, HHTEPECOB MOIPa3AeICHUI 1 COOCTBEHHH-
KOB (DMPMBI, TEKY4YECTH KaApOBOTO COCTaBa U COKpa-
IMIEHNUs PAacX0J0B Ha MOATOTOBKY HOBBIX PAOOTHHKOB.

CoBpeMeHHBIMU TEHCHIMSIMU 00YyCIIOBIICHO BO3-
pacTaHue poJM JMYHOCTH pabOTHHMKA. B pesynbrare
9TOTO NMPOMCXOAUT CMELICHUE 3a]ad, CTOSIINX Iepen
YIPaBISIIOLIMM COCTaBOM, KOTOPBIE BBIHY>KACHBI HC-
KaTh HOBBIE IOTPEOHOCTH U HHTEpPECHl PaOOTHHKOB,
KOTOpBIE MOKHO HCIIOJBb30BaTh KaK MPEIMET CUCTEMBI
MOTHBAIIIH COTPYTHUKOB. OCHOBHBIMU (pOpMaMHU BO3-
HarpaXJIeHUH ABILSIOTCS (UHAHCOBOE W HEMATEpHAIIb-
HOE CTUMYJIUPOBAHHE.

Kaxaplii pykoBOANTENs CaMOCTOSTEIBHO BBIOH-
paeT (OpMBI CTUMYJTHPOBAHHS HA OCHOBAaHUH JICHCTBY-
fomux (GopM HadMCICHUS 3apabOTHOM IUIATHI, peanu-
3yeMOro COIMAJIHOTO IaKeTa U MO pe3yibTaraM U3y-
YCHU HEMATCPUAJIBHBIX UHTCPECOB COTPYAHUKOB.

CrumynupoBanue  sBisiercst  3(PQEKTUBHBIM
TOJIBKO, €CJIM B PE3yJIbTaTe HEro COTPYAHUK MOXKET
YAOBJIETBOPUTH HOTpe6HOCTI/I B IPU3HAHUH CBOECTO
BKJIa/1a B BBIIIOJIHEHHYIO paboTy. BaxHBIM aciekToM B
CHCTeMEe CTUMYJIMPOBAHUS SIBISIETCS IPOBEpPKA €e pa-
60TOCTIOCOOHOCTH B pe3yJIbTaTe MOCTOSIHHO N3MEHSIO-
IIMXCSl YCIOBUH W HAIlPaBIEHHOCTh Ha JIOCTIIKCHHE
HeJel 1 3a7a4 OpraHu3aliy.

3a nociennee BpeMs 3PPEKTUBHOCTH UCIIOIH30-
BaHW MOTUBALIMOHHBIX CTUMYJIOB IIPU3HAHAa BO BCEM
mupe. OJTHAKO 3a4aCTy0 KOMIIAHHH OIPaHUYHUBAIOTCS
€€ MOBEPXHOCTHBIM HMCITIOJIb30OBAHUEM Ha YPOBHE IIpE-
MUAJIBHOI'O0 BO3HArpaXXac€HusA, MNPONOPIUOHATIBHOTO
00BeMy peaTM30BaHHOTO MPOAYKITUH.

[IpuBenem ocHOBHbBIE TpPeOOBaHUS, MPU MPaKTH-
YEeCKOW peaqu3aluil KOTOPBIX 3HAYMTEIHFHO MOKHO
YBEIMYHUTh 3aMHTEPECOBAHHOCTH PAOOTHUKOB B YBEIIH-
YEHUH CBOEH MPOU3BOANTEIHHOCTH:

— OcyniecTBIsATh BO3HArPaXKICHUE JESITEIHHO-
CTH, IPUBOAAIILYIO K POCTY IPOU3BOAUTENHLHOCTH U 3(h-
(heKTHBHOCTH AEATEIHLHOCTH OPTaHU3ALIH;

— HedopmanbHoe moompeHne pabOTHUKOB
HeMOoCPEe/ICTBEHHBIM HA4YaILCTBOM B BHJIE OJ1aroiapHo-
CTH, TTIOXBAJIbI TN OJ00PEHHUS;

— IlonyyeHue cOTpyAHHKAMU MOOIIPUTEIBHBIX
BBITUIAT B PE3YJIbTATC HaApaIlIUBAHUA ITPOU3BOAUTEIIb-
HOCTH TPYZAa IPEIIPHUITHS B LIEJIOM.

— TloompeHne MHUIMATHBBI COTPYAHUKOB II0
BBIPA0OTKE CHUCTEMBI JIOCTOBEPHOTO OLICHWBAHHMS pe-
3yJIbTATOB JIESITEIbHOCTH PAOOTHUKOB.

— KoHuenTpauus BHUMaHUs Ha rpodiemax py-
KOBOJAUTEISI CPEAHET0 3BE€HA, KOTOPHIE BOZHHUKAIOT B
pe3ysbTaTe peanu3aliy MPOrpaMMbl NMEPECTPOHKH U

VIIYYIIEHUST TOJDKHOCTHBIX O0S3aHHOCTEH M pabodmx
MECT;

— IlIpoBesneHne nomuUTUKN GUPMBI, IPH KOTOPOI
eI WM HWHTEpEeChl OpraHu3anud OyIyT BEKTOPHO
HarpasJIeHbl C HHTEpecaMu paboYmXx;

— He ycyry0Onstsb pa3pbIB MexKIy JeKJIapanusimMu
PYKOBOJCTBA M peaJIbHO JIEHCTBYIOIIMMHU BO3HArpax-
JICHUSAMU.

— IlporpamMma yBenW4eHHsS NPONU3BOJUTEIHHO-
CTH TpyJa HE HampaBJecHa Ha HAPACTAHUE YJOBIIETBO-
PEHHOCTH PabOTOH U €€ 3HAYNMOCTH.

— OrtKa3 OT MPUBMIICTUPOBAHHBIX CHCTEM ITOOIII-
PEeHUsT UI1 PYKOBOAAIIEIO COCTaBAa, PACIIMPSIIOLINX
Ppa3phIB MEXy YIPaBIISIOIUMU U paOOTHIUKAMH MIpe-
MIPUATHSL.

Peanuzanus qaHHBIX peKOMEHIAIMHA PYKOBOIUTE-
JIEM OpTraHU3aIMY B 3HAUUTEIBHON CTENICHH TIOBBIIIIAET
3¢ PEKTUBHOCTH CTUMYJIMPOBAHUS, a TAK)KE COKpaIaeT
YpOBEHb KOH(JIMKTa HMHTEPECOB, BO3HHMKAIOILETO B
KO MOTHBAIIMOHHOHN MOJIENH yIIPABICHUS.

B cBs3uM ¢ TeM, 9TO MEXaHW3M CTUMYJIUPOBAHUS
HalpaBJIeH Ha 00ecTeYeHNe CIUIHUA LeNeH mpeanpu-
HUMaTeJIed W UX pabOTHUKOB C MOMOIIBIO BHEAPECHUS
Pa3JIMYHBIX BHJIOB COIMAIBHOT0, MOPAJIBHOTO, M MaTe-
PHATBHOTO MOOIIPEHHMS, BaXKHAsI POJIb B TAHHON CTPYK-
Type OTBOJAUTCS METOAaM MOTHBAIUH, ITOCTPOSCHHBIM
Ha COLMATIbHO-TICUXOJIOTHYECKHX 0COOCHHOCTSIX Yello-
BEYECKOH JINYHOCTH, a TaKKe pa3pabaThIBaeMBIM IS
JAHHBIX 3a/1a4 COLHAIbHO-TICUXOJOTMYECKHe U opra-
HU3AI[OHHBIC MEPOIPUATHSL.

OnHO U3 11e1ec000pas3HbIX MPEAJIOKEHHH N0 CO-
BEPILIEHCTBOBAHUIO CHCTEMBI MOTHUBAIIU CTPOUTCS Ha
CO3JIaHUE ITyTEM OPTaHU3AI[IOHHBIX I3MEHEHUH B paMm-
KaxX OpraHu3alui, yYpeKIeHUN W MpedrnpHusITHil crie-
LMAJBHBIX [EHTPOB MOTHBAIMM TepcoHana. /laHHble
OTAENBl HE SBIAIOTCS HOBOBBEICHMSAMH, W HX YXKe
YCIEIHBIM 00pa3oM pean3yroT B HEKOTOPBIX (hupmMax
Ha Tepputopun P®. Ho BennurHa Takux npeanpusTui
He3HauuTenbHa. TakuM oO0pa3oM, HEoOXOAMMO Kak
YCKOPHUThH PacHpOCTpaHEHHe MpoIecca BHEAPEHHUS OT-
JIeJIOB MOTHBAITUH.
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AHAJIM3 JESITEJBHOCTH YIIOJTHOMOYEHHBIX SKOHOMUYECKHUX OITEPATOPOB B
POCCUMCKOMN ®EJEPAIIMA U B TOCYJAPCTBAX - YWIEHAX EBPA3ZUMCKOIO
3KOHOMMWYECKOI'O COIO3A

Petrushevskaya A.V.
North-West Institute of Management RANEPA

ANALYSIS OF THE ACTIVITIES OF AUTHORIZED ECONOMIC OPERATORS IN THE RUSSIAN
FEDERATION AND IN THE MEMBER STATES OF THE EURASIAN ECONOMIC UNION

Annomauus.

B cmamve nposedén ananuz pazeumusi UHCMUMYma yROJHOMOYEHHO20 IKOHOMUYECKO20 ONepamopa 8 20Cy-
dapcmeax-yyacmuuyax Eepazuiickoco sxonomuueckoeo coiosa. AGmopom vloesenvl NoI0NCUMENbHble MeHOeH-
YUl USMEHEHUsT MAMONCEHHO20 3AKOHOOAMENbCMEad U Clabble CMOPOHbL, 803MOICHbIE Y2PO3bl OJisl UHCMUMYma
VYNOIHOMOUEHHO20 IKOHOMULECKO20 onepamopa. B cmamve npugedenuvl pexomenoayuu no co8epuieHCmeo8aHu0

aoMuUHUCMpamusHo-npagogoco cmamyca ¥Y30.
Abstract.

The article is dedicated to analyze the development of the institution of an authorized economic operator in
member states of the Eurasian Economic Union. The author highlights positive trends in changes in customs leg-
islation and weaknesses, possible threats to the institution of an authorized economic operator. In the article are
considered recommendations for improving the administrative and legal status of AEO.

Knioueswie cnosa: ynonnomouennwiii sxonomuueckuu onepamop, EASC, benapycw, Poccutickas @edepayus,

63AUMHOE npu3HaHue, Kazaxcman

Keywords: authorized economic operator, EEU, Belarus, Russian Federation, mutual recognition, Kazakh-

stan

B Hacrosiiee BpemMst TAMOXHHU Pa3IMYHBIX CTPaH
pa3pabaThIBalOT M BHEIPAIOT HanOoiee MpOrpeccHB-
HbIe ()OPMBI TAMOKEHHOTO a/IMHHUCTPUPOBAHUS C Iie-
JBI0 YCKOPHUTH NPOIIECC NEepeMEIEHHsI TOBApOB Yepe3
TPaHMILYy ¥ yNPOCTUTH B3aNMOOTHOIICHHUS C y4acTHH-
kamu BOJI.

MesxayHapoIHbIe CTaHIApThl COBMECTHO C MHO-
TOJIETHUM OIIBITOM JIPYTHX TOCYAApCTB B chepe Tamo-
JKEHHOTO PEeryIHPOBAaHHS JEMOHCTPUPYIOT MOJI0XKH-
TEJNBbHOE BIUSHUE WHCTUTYTA yIOJHOMOYEHHOTO KO-
HOMHUYECKOTO omeparopa (manee — VYI0) wu
3¢ PEKTUBHOCTH TAHHOTO WHCTPYMEHTA B YIIPOIICHUHN
TaMOXEHHBIX (hopManbHocTel. Hanmume cratyca YOO
BBICTYIAET MIOKa3aTeJIeM BBICOKOTO YPOBHS JOBEPHS CO
CTOPOHBI TAMO>KEHHBIX OPIaHOB.

AXTYaJIbHOCTB TEMBI HCCIIE/I0BATENLCKOM PaboThI
00yciioBiIeHa 0COOCHHOCTSIMH CTaHOBIICHHSI U Pa3BH-
i nHCTHTYTa YOO Ha mpocTpaHcTBe EBpasuiickoro
sKOHOMHYECKoro coro3a (mamee — EADC). UacTuTYT
VY320 cran BHEAPSITHCS POCCUHCKUMH TaMOKEHHBIMH
OpraHamM# ¥ JpyTUMH cTpaHamu-ydacTHuIaMu EADC
— benapyceto, Kazaxcranom, Apmenueit u Kuprusuei
—B2010 rony ¢ MOMeHTa NPUHATUS TaMOXKEHHOTO KO-
nexca TC. Hoas mporpamma Oblia mpejicTaBieHa
ToJbKO B 2018 roay ¢ NONOIHEHUSAMH U U3MEHEHUSIMU
HOAX010B K HHCTUTYTY YOO - ¢ npuHsaTHEM TaMOXKeH-
Horo kojekca EADC.

CoOTBETCTBEHHO, HAJTMYUE HOBBIX HOPM, PErYIIH-
pyomux pabory wHCTHTyTa YO, ompenenser Io-
TPeOHOCTh B MX M3YUCHUH U aHAIn3e. Taxke BOMPOC
pakTHIeckor peanu3anuu uHCTUTYTa YOO B EADC

SIBIIIETCS TAKUM K€ aKTyalbHBIM, KaK U €r0 TeOpEeTH-
yeckas cocraBsgomas. [lockonbky B HacTosIee
BpeMsi JesTeNbHOCTh ydyacTHUKOB BDJl co crarycom
VY30 u ux perynupoBanue B EADC Haxogutcs Ha
9Tare aKTMBHOTO Pa3BHUTHS, HEOOXOIUMO ONPENEIUTh
kakas pabora Benercs ceiiuac EDK u ®TC Poccun
HapsAAy C JAPYTUMH 3aMHTEPECOBAHHBIMH CTOPOHAMHU
rocygapcTBa M OM3HEca M0 pean3aI[H MPOrpaMMBbI
¥30.

Ienplo uccnenoBaHus SBISAETCS KOMIUIEKCHOE
u3zyueHne uHcturyra YOO B Poccun, benapycu, Ka-
3axcraHe, ApMeHnny U Kuprusuy, BeIABICHHE U aHATIN3
OCHOBHBIX ITPO0JIEM NPaBOBOTO PETYINPOBAHUS, pa3-
paboTKa BCECTOPOHHMX TOJIXO/I0B M MEp 110 AaIbHEH-
1IeMy pa3BUTHIO JAHHOTO UHCTUTYTa B pamkax EADC.

CranoBnenue uHCTUTYTa YOO B MUPOBOIl Ipak-
tuke npoucxoamio ¢ 18 mas 1973 ronma, ¢ MmomeHra
paspabotku BcemupHOW TaMOXEHHOW OpraHu3aIfeit
(manee — BTamO) PamMo4HBIX cTaHAapTOB O€30MacHO-
ctr Knotckoit KOHBEeHINH 00 yIPOIIEHNH U TapMOHU-
3allMM TaMOXKEHHBIX TIPOLEAYp, TJie BIEpPBBIE OBII
OTIpeJIeNIeH ITPABOBOM CTAaTyC NEATEILHOCTH HHCTUTYTA
YIOJIHOMOYEHHOTO  3KOHOMHUYECKOTO  Omeparopa.
Taxxe npaBoBast ocHOBa HHCTUTYTa YOO 3aliokeHa B
Mex1yHapoTHOI KOHBEHIIMH 00 yIPOLIEHUH 1 TapMO-
HU3aLH TAMOXEHHBIX Npoueayp ot 26.06.1999.

B Poccuiickoii @enepanmu uHctutyT YOO OBII
BeBegeH B TK TC. Cnenyer mog4epkHyTh, 4TO B poOC-
CHMCKOM TaMOX>XEHHOM 3aKOHOJATEIbCTBE BMECTE C
JPYTUMH OTpacisIMH IPaBa, CXOXKEH KOHCTPYKIUH HE
CyIIecTBOBano. Takke B CBS3H C POCTOM OOBEMOB
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BHEITHEH TOPTOBIN HEOOXOAMMO OBLIO CO31aTh MHCTH-
TYT, KOTOPBIH CHU3MI OBl TPYA03aTPaThl TAMOXKEHHBIX
OpTaHOB Ha COBEPIICHHE TAMOXKEHHBIX OIEPAIUi U CO-
XPpaHWI MIPY 3TOM HA/UIEKAIIMH BBICOKUH YPOBEHB Ta-
MOXEHHOTO KOHTPOJISI.

CnocoboM pelieHHsl TaHHOTO BBI30BA BPEMEHH
cTaio oOpaieHue k PaMouHbIM ctangapram Gesonac-
HocTH KnOTCKO# KOHBEHIIMH 00 YIPOIICHUH U TapMO-
HHU3alUM TaMOXKEHHBIX Hpolenyp. Bsenenue wmHCTH-
tyra YOO Ha Teppuropun Poccuu cramo HagamoMm mo-
CTPOEHUS MAPTHEPCKUX OTHOILEHUH MEKIY TaMOKHEHN
u nobpocoBecTHRIMU yaacTHHKamMu BOJI. B mpomecce
JTAHHBIX OTHOIICHUI BBIMTPHIBAIN 00€ CTOPOHBL: H00-
pocoBecTHBIM ydacTHHUKaM BDJl mpenocraBisuimch

TIPaBOBBIE JIBTOTHI, & JOJKHOCTHBIC JINIIA TAMOXKEHHBIX
OpTaHOB CMOTJIHM KOHIIGHTPUPOBATHCS HA JHIAX C BbI-
COKOH CTENEeHBIO PUCKA.

B nacrosmuii momentr TK EADC sBasercsa oc-
HOBHBIM HOPMAaTHBHO-TIPaBOBBIM aKTOM, PEryJIUpYIO-
M restenbHocTh YOO B Pecniyonuke benapych, Ha
teppuropun Kazaxcrana, Apmenun, Kupruszuu u Poc-
cuu. Heo0xoauMo OTMETUTh W3MEHEHHS, KOTOpbIE
6putn BHeceHHI 1 oTpaxkeHsl B TK EADC mo cpaBHe-
auto ¢ TK TC, B Bompocax perymupoBarus Y3O.
CpaBHHTENIbHAS XapaKTEPUCTHKA IIPECTaBICHA B Ta0-
quaue 1.

Tabmuna-1

CpaBHHTe/JIbHAsI XaPAKTEPUCTHKA MIPABOBBIX HOPM, PeryJHPYIOIINX JeATeJbHOCTh YO, yCTaHOBJICH-

HbIX TK TC u TK EADC

TKTC

TR EA3C

HopmatHBHO-
npaBoeag 6aza

4 crateu Kogexkca (38-41)

2 Pemrenna ESK

1 rmaea Kogekca
15 crareii Kogexca (430-443, 465)
8 pemennit EDK

JIama, AMenImae
OpaBo Ha HOJIyIeHHe
craTyca YO

JexaapanT

JexnapasTt (3xcmopTépsL, HMIOPTEPEL)

IlepeBozunkn

TaMo:KeHHBIE IPEICTABHTETH
Baagemsnbr TaMoXKESHHBIX CKIAI0B
Bragensuer CBX

Tuns: CEHIETE/AbCTE H

1 Tun CBHOeTeIbCTBA —

3 tuna CBHIeTeIbCTBA:

00A3aHHOCTH IO
yIiaTe OyaTeskel
¥30

BEIHOYEHHH B peecTp Y0
H ]l oCyIIecTBIAST
IeAaTenbHocTs ¥ 30

KOJTHYEeCTBO 4 ynpomeHHA 1 D — 7 yOpormeHHH
CHeNHATBHBIX 2 THN — 6 yOpormeHHi
YOpOImeHHH 3 an — 13 yopomenmnii
YcnoBHA BRIKNYEeHAA . .

7 yclnoBHIL 11 yenoeuit
B peectp Y20
Tpebosanaa Ha teppuropuu Ha teppuTopnn Beero Corosa
OTCYTCTBHS rocyJapcTBa, B KOTOPOM
HEHCIOJIHECHHOH IIOJAHO 3aABIICHHE O

OGecnedeHHe YIUIATEI
TaMOReHHBIX

mOoIIJIHH, HAJIO0TOB

1 mH eBpO

150 TtBIc. eBpo (mmA mH,
OCYIIECTRIIAIONINK
JAEATEIBHOCTD [0
TIPOH3BOICTBY TOBAPOB H
(MIIH) 3KCTIOPTHPYIOLIHX
TOBApEL, K KOTOPBIM HE
TIPHMCHAFOTCA BEIBO3HEIS
TAMOMKEHHBIE TONLTHHE])

1 mumH. eBpo (B TeueHne 2-x et 63
[IPHOCTAHOBJICHHA JEATEIBHOCTH)

700 tBIC. €Bpo (¢ 3-ro roga)
500 ThIC. €Bpo (¢ 5-ro roga)
300 tBIC. eBpo (c 6-ro roga)

150 tBIC. eBpo (¢ 7-ro roma 6es
[IPHOCTAHOBISHHA JEATENEHOCTH)

[ToxBons UTOT, MOXKHO 3aKJIIOYUTD, YTO IPABOBOE
perynupoBaHue HHCTUTYTa Y DO periiaMeHTUpyeTcs B
COOTBETCTBHUH C PA3IMYHBIMU YPOBHAIMHU HOPMAaTHBHO-
3aKOHOJIATETIFHOM 0a3bl: MEKAYHAPOJHBIM, 3aKOHOAA-
tenscTBOM EADC u HaunoHanbHBIM. JlaHHBIE YPOBHU
HaXOJATCS B B3aMO3aBUCHUMOCTH, IOCKOJIBKY KasKIbII
MNOCIEAYIOUNI ypOBEHb COCTABISUICA HAa OCHOBE
npeasLayIero. MexayHapoJHO-IPaBOBbIE aKThI, Ka-
caroIuecs: TaMOXKEHHOI'O PETyJIUpOBaHUS, SBISIOTCS
YHHUBEPCAJIbHBIME M YCTAaHABJIMBAIOT MHMHUMAJIbHBIE

CTaHIAPTHI B JTaHHOH cepe, majsee HOPMATUBHO-TIPaA-
BoBbIe akThl EADC KOHKpPETHU3UPYIOT O0IIHE MOJIOKE-
HUSI MEXIYHAPOIHBIX aKTOB, YIUTHIBas OCOOCHHOCTH
ctpan-wieHoB EADC. U Ha mocneqHeM ypoBHE — HAIlH-
OHAJIBHOM — 0a3y peryJupoBaHHs COCTaBISIIOT (eje-
palibHbIE 3aKOHBI U TI0/13aKOHHBIE aKkThl. O0mmas cxema
IIPaBOBOrO perynupoBanus nHctutyTa Y0 B Poccuii-
ckoit @enepanun, benapycu, Kazaxcrane, ApmeHuu u
Kupruszun nzodpaxena Ha pucyHke 1.
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YI]OBBHB Hazpanne HOPpMATHBHO-IIPABOBOT'0 aKTa

— Pamowunsle cTanmapTh OezonacHocTH KnoTekoi

Mes/ayHapo/HOE KOHBEHIIHH 00 YIPOIIEHHH H TapMOHH3AIIHH TAMOJKEHHBIX
TaMOKEHHOE |\*> poneyp
co00IIECTBO

— MesxyHapoJHAS KOHBEHITHS 00 YIIPOIISHHH 1

rapMOHHI3ALHH TaMOKEHHBIX Iponeayp oT 26.06.1999.

\/ — TamoxkenHEIH Komeke EADC;
EABC |

A

Pemenne Komneruu EDK o1 26.09.2017 Ne 128 «O

3adABJICHHI O BKIIIOUEHHH B PEECTP YIIOIHOMOYEHHBIX

= 9KOHOMHYIECKHX OIICPaTOPOB»;
— Pemrenne Komnernu ESK ot 26.09.2017 Ne 129 «O ¢dopme

CBUIETEILCTBA O BKIIOUEHHH B PeecTp YIIOIHOMOYEHHBIX

HKOHOMHUECKUX ONEPaTOPOB H IIOPSAKE €€ 3aII0NHEHHSD);

v — Pemenne Coeera EQK ot 15.09.2017 Ne 65 «O0
yTRepx/IeHud ITops/ika onpeseneHns (PHHAHCOBOI
VCTOHYHEOCTH IOPHIHYECKOTO JHIA, IPeTEEIYIOMETO HA
EEMIDYEHHE E PEECTP YIOTHOMOTEHHBIX 3KOHOMHTIECKHE
OTIEPATOPOE, H 3HAUEHHH, XapaKTepH2VIOMHY QHHAHCORYIO
YC'IDﬁ"{HRQC‘IB H HBOGXOJIHMLIX 14 BEMEQYEHHA B 3TOT
peecIp»;

Pemenne Konneran ESK ot 19.12.2017 Ne 186 «O dopme

!

EA3C PEECTpa YIOMHOMOTEHHEIX IKOHOMHIECKHE ONIEPATOPOE

rocygapcTea - IneHa Fepasmifckoro s3KoHOMHIECKOTO
= COZaR
— Pemenne Konneran EDK o1 19.12.2017 Ne 187 «D0
oDmen peecTpe YIOMHOMOTEEHEX 3KOHOMHEIECKHR
OIEPATOPOE TOCYIAPCTE - 9neHoE Erpazniickoro
SKOHOMHTIECKOT0 COR3aR.

PoccaiicKas ::> $epepaneuriit 2axon or 03.082018 Ne 289-@3 «O

eacpanma TAMOXKEHHOM PEryNHpoEaHHH B Poccrfickoll Penepanys B
0 BHECEHHH H3MEHEHHH B OTJENLHEIE 3aK0HOJATEILHEIE
akTH B Poccuiickol ©egepammms

— IIpukaz PTC Poccur ot 30.12.2010 Na 2709 «D0
VIECPEICHHE opM  OTHETHOCTH  YHOOMHOMOYEHHOTO
IKOHOMHYECKOTO OIIEpaTOpaR

Pecoyommsa :> 3axon Pecnybmukn Bemapycr ot 10.01.2014 Ne 1290-3

Beaapycs «0 TAMOEHHOM PETVAHPOEAHHH B Pecoybmnke bemapyce»

Pecnybmmaxa => Kogexc PecnyOnmen Kazaxcran ot 26 gexabpa 2017 roma

Kasaxcran Ne 123-V1 «O tamo:eHHOM PETYIHPOEAHHHE E PecmydmHke
Kazaxcramy

PecniyOmHEa I:> 3axoH PecmyOmaxn Apmenus ot 30 gexadps 2014 roma

Apenns Ne3P-241 «0 TaMOEEHHOM PeryIHPOEIHHEY

iecrryﬁma => 3axon Kuprerzcrofi Pecnyonurn ot 24 anpens 2019 roga

HPTH3HA

Ne 52 "0 TaMoXeHHOM PervIHPOEAHHH" .
Pucynox-1
Ilpasosoe peeynuposanue uncmumyma Y30
6 Poccuiickou @edepayuu, Berapycu, Kazaxcmane, Apmenuu u Kupeuzuu
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Ha pucynke 2 mpeacTaBieHO COOTHOIICHHE KomdecTBa yyacTHHKOB BOJl PO co crarycom YOO k umcmy

npyrux cTpa — yaactHHI EADC. MoKHO 3aKITIOUUTB, 9TO camasi pa3BuTas cetb Y DO pacnonoxeHa B bemapycn
TI0 CPAaBHEHUIO C OCTANbHBIMU CTpaHaMu — wieHaMu EADC.

Apmenna; 1

W Poccua
M KasaxcraH

H Kbiproictan

H benapycb
HA
Kazaxcran; 7 prmerna
Kblproictan;
2

Pucynox-2
Yucno YO0 6 cmpanax-yuacmuuyax EA2C 6 2019 e.

Craructndeckue nanasle 3a nepuox 2012-2020 rr. cBHAECTENBCTBYIOT O pocTe KonudecTBa YO Ha Teppu-
topun P® 1 oToOpakeHbI Ha pUCYHKE 3.
200
180

187
175 175
161
160
138
140 =i
120 1o
o 97
79

)
4
20

0

2012 ron 2013 rox 2014 rox 2015 rox 2016 roax 2017 rox 2018 rog 2019 rox 2020 ron
(no
COCTOAHHIO
Ha 1
AHBApPA)

o>
E 288

Pucynok-3
Junamuxa exnrouenus @TC Poccuu ¢ peecmp YO0 3a 2012-2020 ze.

HawuGomnbiiee konuuectBo YOO, cpean BKIOUEHHBIX B Peectp, Obl10 3adukcuposano B 2019 r. B LienTpains-
HOM TamokeHHOM ympasieHnn @TC Poccun, 9T0 moka3zaHO Ha pHCYHKe 4.
UenTpanbHoe TY

Cesepo-3anagHoe TY
OxHoe TY
Mpusomxckoe TY
Ypanbckoe TY
Cubupckoe TY
NanbHesocTtoyHoe TY

Cesepo-Kaskasckoe TY

KanuvHuHrpaackas obnacrHas
TaMOXHS

T T T T v

0 20 40 60 80
Pucynox-4
Yucno Y20, enecennvix 8 Peecmp, no PTY @TC Poccuu
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CunbHele u cnabbie ctopoHsl YOO B Poccuniickoit @enepannu, benapycn, Kazaxcrane, Apmennn, Kupruzun
npezncrasieHsl B SWOT-ananmse Ha pucyHke 5 Kak 0000IIeHHBINH aHaTH3 HH(pOpMaIun 1Mo npodiemMaM QyHKIH-

onupoBanust YOO Ha yposae EADC.
CrabHBIE CTOPOHBI

f 1

-
Caabuie croponst

-

( - pacImEperse EpyTa

MOTEEIHATEEEX VEACTEHEOE,
3aHHTEPECOBAEHEIX B MpOTpae
V30, DoSEQIEET OEHTAaTECE K
cosazEEr0  GesomacEoE — mems
TIOCTZECE, TpeIycMOTPEHHEX
Pamowmenos cragnaprass Blan0;
TexsomoreE Y30 310
VEHEATHHEIR HECTPYMEET,
EOTODEE  MOSBOVMINET  pemmars

~
K SaTPaTHOCTG MOJYYSEHR CTaTyca
¥30 E TIepeperECTpames
aeficteyromEx Y20 COrnacH0 HOBBIM
TpedoBaHEmy;
— OICYICTEHe BsamMocEmsE Vo0
TEMOEEHENX OpraHOS 5  TacTH
EEdOPMEPOSaHET H  pashACHEHHS
32KOHOIATENBCTER;
— OTCYTCTEHE CECTEMEl 3NEETPOHEOTO
JoxymerTOoO0OpoT2 Mexay YOO E

3a7a7H, CEASAHEHE C MOBBIIEEHEM TAMOEEHERMHE OpraEaM;
3¢¢eXTHEEOCTH B KoMmaEmit-V 30, - mecosepmencteo CYP = wactm
\ H KOETPOTHDYIONIHX OPTaHoE. ZETOMATHIAIEH KOHTPOLE )
/ aeATensEOCTE ¥I0.
N —
SWOT-anaans

KOHUENTYAIbHOH MoJeIn passaTHa Y0

~
K YIPOMERHE  TAMOEERHBIX \
OMepamHi B COTSHCTEHE TOProsIe, a
TaEKHe cosgaEme  3ddexTHEREOER
CHCTEME! TZMOZEEHEOr0 EOHTPOIX H
TAMOEEHEOTO AIMHHECTPEPOBIEHA
IIPH OCYIIECTETEHHH IOPHIHIECKEME
mEmanE oneparsE & cdepe B,
~ YCKOpEHHE OPONECCA COEEPIICHHA

/Monono.mmx PHEE2 Bﬂ\

TOproEmE pEzoM
yuactEEEos B3I;

- HATHYHE DHCKOB HCHOOIbSOBZHHA
EeI00pOCOBECTERIME V30

VOpOmeEsE, OpeTyCMOTPeHERX
TAMOKEHERM 33K0HONATENECTEOM, ©
HeTB0 YXO0ZA OT TAMOEEHEOrO

BJWUIIme BOIMOZEHOCTH J

-

TAMOEEHEEIX  ONEpalEE, 910 )
T — omTEMEEpOBaTL EOFTPOAI B VIZTH T2MOEMERREX
CEXSaHEHERI2 c IATEREH.
nepeuemem{en TOBZpOE  depes
Qoaeua}w rpareny EA3C. / \ /
-
Bosaoxssie yTposs

S

Pucynox-5
SWOT-ananusz xonyenmyanvroii modenu pazeumus Y30

OmHMM U3 BaXXHBIX HAIIPABICHUN COBEPIICHCTBO-
BaHUs aIMUHUCTPAaTUBHO-TIPaBoBOro cratyca YO sB-
JsieTcs B3aMMHOE Ipu3HaHue craryca YOO TaMoXKeH-
HBIMH OpTaHaMH HMHOCTPAaHHBIX TrocyaapcTB. CoBcem
HefaBHO B pamkax EADC Havanma NneHCTBOBATH IMPO-
rpaMma Mo B3auMHOMY NpU3HaHHUIO craTyca YOO Ta-
MOJKEHHBIMH CITy>K0aMu rocyaapctBa-aieHoB EADC u
Obuta 00O3HAa4YeHa BO3MOXHOCTH TNPH3HAHMS MNPaBO-
Boro cratyca YOO ¢ TpeTbuMHU cTpaHaMu. TeM He Me-
Hee, Ha NPAKTUKE Ha JaHHBII MOMEHT 3Ta BO3MOX-
HOCTB emi¢ He Obla pealn30BaHa.

Hambonpmmit mHTEpEC NpencTaBiseT B3aHMHOE
npuzHanue Y20 EADC co crpanamu EC, KHP wm 3a-
KITIOYEHHE TaKuX JoroBopoB Pecnybnukoii benapychio
co crpaHamu Asmarckoro pernona u EC. OTnuaHbIM
pemenneM kak aiis crpad EADC, Tak u mist ctpan EC

1 A3MaTCKOTO pernoHa CTaHeT B3auMHOE MPU3HAHKE C
Y30 Pecny6nukun benapyck, NOCKOJIBKY JaHHas
CTpaHa HaXOJAUTCS Ha «CTBHIKE COI030B». DTO MO3BOJIUT
co3nate Tak HaszpiBaemylo «AEO supply chainy, rue
Pecniyosiuka Benmapych, B cuily cBoero reorpadude-
CKOT'O TIOJIOKEHHMSI, CTAHET CBS3YIOLINM 3BEHOM B 0e3-
onacHoi Toprosiie Mexx1y Asueit u EBponoit. [Tomumo
0€e30I1acHOM TOPTOBIM NPEUMYIIECTBAMH TAKKE SIBJISI-
IOTCSI BBITOJIHBIE YCJIOBHSI YCKOPEHHOTO TaMOXKEHHOTO
oopmiteHns1, ObICTPOE NMPOXO’KAECHHE TPAHML, IKOHO-
MUYECKH OIpPaBJAaHHOE HCIIOIBb30BAaHUE IKEIE3HOIO-
POXHBIX M aBTOMOOMIJIBHBIX IMEPEBO30K IJISI COOTBET-
CTBYIOIIIUX KaTeTOPHil TOBAPOB.

B cBs31 ¢ 3THM TpecTaBIsIETCS aKTyalbHBIM pe-
KOMEHJIAIN aBTOPOM «Y3JIOBBIX» YIPOUICHHUH, Mpe-
CTaBJICHHBIX Ha pUCYHKE 6, YOO M3 pa3IudHBIX CTPaH.
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* COBEpIIEHHEe
TIOPAJIKE,

* IPOBCACHHC

Ha nepsom TOPSLIKS;

aTare

TaMOXCHHBIX

TaMOKCHHOI'O

olepalMii B I1epBOOYEPE/THOM

KOHTpOJII B  ICPBOOUCPCAHOM

* MOMEIICHHE

Ha ropom
aTane

* B3aMMHOE NPH3HAHHE PE3YJBTATOB IPOBEICHHS TAMOMKEHHOIO
KOHTpOJIA B OTHOIIEHHH Y2O;
TOBApOB  TIOA
TaMOJKCHHOTO TpaH3HTa ©e3 mpelocTaBlIeHHA O0OCCICUCHHA

YILTATBI TAMOYKCHHBIX ILTATEKEH.

TAMOXKECHHYK) — IIPOLEAYPY

Pucynox-6
«Y3n086vien ynpowernus ona YO0 npu 3axkmouenuu 002080pa 0 63auUMHOM NPUSHAHUY

IIpakTHdeckas peanu3anus JaHHBIX PEKOMEH[aA-
IIMH TTOKaKET UX CHIIbHBIC U CTI1a0ble CTOPOHBI H TT03BO-
JIUT CKOPPEKTUPOBATh UX, C yueTOM HHTepecoB YOO u
BCEX TOCYNApCTB — yYaCTHHKOB TaKOr'O JIOTOBOPA/CO-
TJIAIIeHUs O B3aMMHOM NpH3HaHUU. Takxke ocyIiecTs-
JICHHe TIPOTrpaMMBbl B3aMMHOTO Mpu3HaHus YOO He
MPECTaBIIETCS BO3MOXHBIM 0O€3 CO3JaHUs €IUHOMN
MH(OpPMAaLMOHHON CHUCTEMBI B3aUMOJCHCTBUS TaMo-
JK€H M 9KOHOMHUYECKHX OIepaTropos [2].
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METHODOLOGICAL ASPECTS OF THE INDUSTRIAL DEVELOPMENT STUDY

Abstract.

The article outlines the author’s approach to the study of industrialization process, including the identifica-
tion of the stages of a country's industrial development based on the analysis of the quantitative and qualitative
parameters of its industrial sector. The main characteristics of each stage are given and a system of indicators for
determining a stage of industrial development of a country is proposed.

Keywords: industrialization, stages of industrial development, degree of industrialization, competitive indus-

trial performance index.

Industrial sector is the foundation of material pro-
duction, which creates demand for wide range of goods
and services including capital goods. Industrial sector
development significantly affects the economic situa-
tion and the standard of living of the population in any
country in the world [1; 2]. As a result, the issues of
supporting and stimulating industrial development are
among the priorities. This actualizes the problem of in-
vestigation scientific approach to the study of the pro-
cess of industrialization of a country and substantiation
of criteria for assessing its effectiveness.

Within the framework of this study industrial de-
velopment or industrialization is defined as the process
of socio-economic transformation of the economic sys-
tem through the transition from a traditional (agrarian)
socio-economic formation to an industrial one with a
predominance of industrial production in the economy.
In the process of industrialization the secondary sector
(industry) begins to dominate over the primary sector
(agriculture). The result of industrialization is develop-
ment of a large, technically advanced industrial sector;
a noticeable increase in its share and role in the coun-
try's economy. The attributes of industrial development
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are the quantitative growth of industrial production, the
improvement of the conditions and quality of life of the
population.

Like any type of development, industrial develop-
ment is uneven, including periods of growth and quali-
tative changes, positive and negative trends. Therefore,
the analysis of industrial development is possible to
carry out only in medium- and long-term periods.

According to the author's approach, the process of
the country's industrial development goes through cer-
tain stages: early industrialization, mature industriali-
zation, late industrialization.

The early stage of industrialization is the initial
stage of the country's industrial development, associ-
ated with the formation of its industrial sector. The pur-
pose of this stage is to accelerate industrial potential for
further qualitative transformation of country’s indus-
trial sector. The most important targets that should be
resolved on this stage are the choice of priorities for in-
dustrial development and industrial sector structure, the
formation of the production capacity and corresponding
infrastructure, creation of the basis for further industrial
development. The industrialization process proceeds
through the development of "primary™ industries: raw-
intensive or (and) labor-intensive, not requiring signif-
icant investment and capital formation. The industry is
mostly low-tech.

The mature stage of industrialization is the second
phase of the country's industrial development. The
country already has had the experience of industrializa-
tion and has formed a basis for industrial development.
The purpose of this stage is the formation of an indus-
trial structure capable to provide an increase in industry
value added. The emphasis is the development of man-
ufacturing industries. The dominance of raw-intensive
and labor-intensive industries is being replaced by cap-
ital-intensive industries. The development of capital-in-

tensive industries become possible due to the accumu-
lation of a sufficient amount of capital at the early stage
of industrialization. The main features of the produc-
tion on this stage are an increase in the technological
level of production; the depth of raw materials techno-
logical processing; an increase in the share of medium-
tech industries and a simultaneous decrease in low-tech
ones in the structure of industrial sector. The basis for
the innovative nature of industrial development is be-
ginning to be laid through the creation and development
of its technological base.

The late stage of industrialization today is the
highest phase of industrial development. Being on the
late stage imply to an existence of developed industrial
base. The goal of this stage is to provide economic
growth through the technological transformation on the
bases of knowledge-intensive industries with high
added value. Therefore, majors for the stage could be
define as increasing the efficiency of the used produc-
tion factors, increasing the technological efficiency of
industry, stimulation growth of high-tech industries.

The industrial sector ceases to be an autonomous
economic unit and becomes part of the “science-educa-
tion-production” chain. The development of human
capital, as well as the creation of opportunities for inte-
gration into industrial global value chains becomes the
priorities.

Stages of industrialization are determined based
on the quantitative and qualitative parameters of the
state of country’s industrial sector (see table).

For aggregate quantitative assessment of the coun-
try's industrial development, it is proposed to use the
author's indicator “degree of industrialization” (DI),
which demonstrates the ratio of the value added of in-
dustry and agriculture. For aggregate qualitative assess-
ment of industrial development, “Competitive Indus-
trial Performance Index” (CIP) calculated by UNIDO
could be used.

Table 1

Characteristics of industrial sector in different stages of industrialization

Stage of industrialization
Parameter
early mature late
1 2 3 4
Share of industrial sector in GDP, % less 30 more 30
The ratio of th_e shar_e of people employed in industry to the share of peo- less 1 vore 1
ple employed in agriculture
The share of the manufacturing in the industrial sector structure, % less 30 30-90 mgoore
Share of capital-intensive industries in industrial sector, % less 15 15-50 mEf)Ore
Labor productivity in industry related to labor productivity in agriculture less 1 more 1
Labor productivity in industry related to GDP per capita less 1 morel
The level of accumulated capital in industry related to the gross value less10 10-95 more
added of the industry, % 50
Dominant industries in industrial sector structure / industrial exports by . .
. low- middle- high-
technological level
Competitive Industrial Performance Index (CIP) [0; 0,03) | [0,03;0,3) |][0,3;1]
Degree of Industrialization(DI) [0; 1] (1;15] (15; )

Source: [3]
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The process of industrial development is linear.
The transition to the next stage of industrial develop-
ment is impossible without the implementation of the
previous stage, since each stage forms a basis and ac-
cumulates resources for the next stage passage. The
transition to the next stage of industrial development
takes a long time, since the change in the parameters
characterizing the stages of industrial development
does not occur simultaneously. As a result, the state of
development of the country's industry can have the
characteristics of various stages. Based on this fact, it
is possible to distinguish three different types of states
within each stage of industrial development: sustaina-
ble (industrial indicators correspond to the characteris-
tics of stages given in the table), unstable (industrial in-
dicators correspond to two adjacent stages); impossible
(industry indicators correspond to two non-contiguous
stages).

The opposite of industrialization is the process of
deindustrialization, which leads to the loss of produc-
tion and technological potential, the destruction of the
production base, and the outflow of labor resources to
other sectors of the economy. With a long process of
deindustrialization, the country may lose the stage of
industrial development achieved and move to previous
stages of industrial development.

YK 338.439

Thus, industrial development is proposed to be
considered as a sequence of stages (early industrializa-
tion, mature industrialization, late industrialization),
within the framework of which a qualitative transfor-
mation of the industrial sector is carried out and its im-
portance in the country's economy increases. Each
stage of industrial development has specific features,
the degree of compliance with which determines the
type of state of industrial development (stable, unsta-
ble, impossible). To assess the process of industrial de-
velopment, it is proposed to use the author's indicator
of the degree of industrialization (quantitative assess-
ment), competitive industrial performance index (qual-
itative assessment).
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FOOD SECURITY OF THE STATE: THE MAIN PROBLEMATIC ASPECTS

Abstarct.

The article reveals the essence of the concept of "food security” and substantiates its fundamental role in
ensuring the economic, and hence the national security of the state.
There was a difference in the approaches to assessing the food security of the Food and Agriculture Organ-

ization of the United Nations and Ukraine.

The assessment of the state of food security at the country level was carried out on the basis of the application

of the “Methodology for determining the main indicators of food security” approved by the Resolution of the
Kabinet of Ministers of 05.12.2007. The indicators of consumption adequacy for individual products were calcu-
lated and the conclusion was drawn on the imbalance of the population’s nutrition. It was established that the
availability of food is limited, first of all, by low solvency of citizens. The results of the research in the dynamics
proved that the domestic food market is little dependent on imported food products, with the exception of such
food groups as “'fish and fish products”, “fruits, berries and grapes”.

It was proposed to supplement the list of food security indicators with such indicators as “the level of quality
and food safety” and a list of indicators for its assessment.

The need to improve the quality characteristics of food for the population was noted and the main reasons
for the decrease in the quality of food.

Keywords: food security, national security, food, agrarian sector, availability, adequancy of consumption,
import dependence, food quality.
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Formulation of the problem.

The issue of food security is one of the puzzles of
overall national security, but the key one, because it is
the pledge of internal national stability and the basis for
the reconstruction of the labor force. The need of each
person for nutrients and energy belongs to the basic
physiological needs, the provision of which is an un-
conditional obligation of a state functioning on the prin-
ciples of the Constitution.

Research results.

In recent years, the issue of food security has come
to the forefront of economic and agricultural develop-
ment strategies in most countries of the world. There is
a tendency to increase the requirements for food qual-
ity. The strategy for the development of the agrarian
sector of the economy for the period up to 2020 [1] and
the Concept of the State Target Program for the devel-
opment of the agrarian sector of the economy for the
period up to 2020. [2] the main strategic goal of agri-
cultural policy was defined as guaranteeing food secu-
rity of the state in the context of globalization and
strengthening the presence of our state in the world
market of agricultural products and food, and also
noted the possibility of the agricultural sector not only
in providing quality and affordable food for its own cit-
izens, but also in the possibility of achieving positive
developments in addressing the global food security [1;
2].

The presence of the global world hunger problem
poses a challenge to Ukraine, as a state with powerful
potential resource opportunities, and at the same time
provides an opportunity to demonstrate itself in the role
of a decent and competitive "player™ in the world food
market. And before becoming an honorary member and
taking a leading position in the "camp" of exporters of
agricultural products the state must ensure the constitu-
tional right of its own citizens to exist, safe and suffi-
cient food [3]. Thus, the logical question arises in the
following, can we call the system of food security of
Ukraine stably and effectively functioning?

The definition of food security was provided by
the Rome Declaration on World Food Security adopted
during the World Food Summit on November 13, 1996
in Rome. The concept of "food security" was proposed
to understand the state of the state economy, in which
the population of the country as a whole and every cit-
izen is guaranteed access to food, drinking water and
food products in the quality, assortment and volumes
that are necessary and sufficient for physical and social
development of the individual, ensuring the health of
the population [4].

Providing a definition of the concept of food secu-
rity as one of the components of the economic security
of the country in the legislative and legal framework of
Ukraine are outlined in the Law "On State Support of
Agriculture”. According to the law, food security is the
protection of vital interests of a human being, which is
expressed in the provision by the state of unimpeded
economic access to food in order to to maintain his
usual life activity [5].

The FAO (Food and Agriculture Organization of
the United Nations) food security assessment method-
ology combines analysis on more than 20 indicators.

Each country sets its own priority food security assess-
ment indicators. The assessment methodologies created
on the basis of existing indicators are also diverse and
their structure largely depends on the views of a partic-
ular state, international organization or researcher [6].

According to FAO general approaches, the food
security of a country is considered secured if it:

- it produces almost 80% of the food consumed,
or if a country specializes in the production of a type of
food, the export of which allows it to obtain a positive
balance of foreign trade in food, i.e. the volume of
world trade depends to a significant extent on the sale
of this commadity and the country is able to influence
the world market.

- in addition to the production of the necessary
amount of food, additional output is carried out in the
volume of the insurance reserve to be filled at the level
of developed countries of the world (more than 20%).

- if certain types of food are not produced or their
production is limited, it is possible to buy them in other
countries, while not allowing the emergence of food,
political or other dependence on a particular exporting
country in terms of missing food [7].

When we turn to the Global Food Security Index,
which was proposed by the Economist Intelligence
Unit, which looks at key factors of food security related
to indicators such as economic and physical availability
of food, as well as its quality and safety, the research
shows the following situation: in 2013 Ukraine ranked
47th in the world, and already in 2019 - only 76th posi-
tion among 113 countries: 6 years and minus 29 posi-
tions.

Such a significant deterioration of the situation in
the agrarian country, in a country that collects record
harvests of grain is difficult to explain by one reason.
However, the unfavorable political situation, military
actions in the east of the country, temporary expansion
of the Crimean peninsula, disinterestedness of state of-
ficials to solve urgent and primary issues of existence
of the country's population in accordance with certain
standards, caused a deepening of the socio-economic
crisis, which was reflected in a decrease of stability of
such a fundamental indicator of national security of the
country as food security.

According to the Decree of the Cabinet of
Ministers of Ukraine Ne 1379 the main indicators of
food security in Ukraine include:

1) the daily energy value of a person's diet, which
is defined as the sum of the products of the unit weight
of certain types of products consumed by a person
during the day, and their energy value. The limiting
(threshold) criterion is set at 2500 kcal per day,
whereby 55% of the daily diet must be provided by the
consumption of food of animal origin.

2) provision of the human diet with basic types of
products, which is defined as the ratio between the
actual consumption of an individual product and its
rational norm.

3) sufficiency of grain reserves in state resources,
which is defined as the ratio between the volume of
food grain in the state food reserve and the volume of
domestic consumption of bread and bakery products in
terms of grain by the population. The limiting



«COLLOQUIUM=JOURNAL» #1{88), 2021 / ECONOMIC SCIENCES 45

(threshold) criterion for this indicator is considered to
be its 17% level corresponding to 60 days of
consumption.

4) economic affordability of products, defined as
the share of total expenditures for food in the total
aggregate expenditures of households. The limit
(threshold) criterion for this indicator is its 60% level.

5) differentiation of food costs by social groups,
tracked in the dynamics and calculated as the ratio
between the cost of food for 20% of households with
the largest incomes and the cost of food for 20% of
households with the lowest incomes.

6) domestic market capacity of individual
products, tracked over time and defined in physical
terms as the product of consumption of a particular
product and the average annual number of population.

7) food independence by individual products,
defined as the ratio between the volume of imports of a
particular product in kind and the capacity of its
domestic market. The limiting (threshold) criterion for
this indicator is its 30% level [9].

The national food security as a general goal of
agricultural policy of Ukraine, let us consider the
current state of its main components.

So food security can be defined as the obligation
of the state to provide its own population full, balanced,
high-quality and safe products, with the provision of
criteria of its physical and economic accessibility.

The limiting (threshold) criterion of daily caloric
intake in Ukraine is 2500 kcal per day, with 55% of the
daily diet should be provided through the consumption
of animal products (table 1).

In general, if the total caloric content of food
consumption, although gradually decreasing during the
study period, still exceeds the limit by 8.3% (in 2018),
the situation with the consumption structure is quite
different. In Ukraine, the norm of providing 55% of the
daily diet through the consumption of products of
animal origin is not fulfilled. During the entire study
period, it did not exceed 29%, and there is a further
decrease in this indicator.

Table 1
Dynamics of the average daily caloric intake of food by the population of Ukraine per person, kcal

Indicator 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Calorie total 2969 | 2939 | 2799 | 2742 | 2707 | 2706
% up to the limit (limit is 2500) 118,6 | 117,6 | 111,9 | 109,7 | 108,3 | 108,3
Calorie content of food of animal origin 868 849 791 790 781 787
% to total calories 29,2 | 289 | 28,3 | 28,8 | 28,9 | 29,1
Caloric value for food of vegetable origin % to total calories | 2101 | 2090 | 2008 | 1952 | 1926 | 1919
% to total calories 708 | 71,1 | 71,7 | 71,2 | 71,1 | 70,9

Source: Own calculations based on data from the State Statistics Service of Ukraine[10].

So about 71% of the total energy balance of the
population comes from the consumption of foods of
plant origin. As is known, an imbalance of saturated
and unsaturated fat consumption leads to an increase in
"bad" cholesterol, which, in turn, is one of the driving
forces behind such diseases as coronary heart disease,
heart attacks and strokes. Over the last decade, Ukraine
has been a "leader” in the number of deaths caused by
these diseases.

According to the level of average daily nutrition,
the situation is considered optimal if the actual
consumption of food by the person during the year
corresponds to the rational norm, that is, the ratio
between the actual and rational consumption is equal to
one [6].

According to the data of Table 2 in 2018 in
Ukraine for the majority of the main types of food the
actual consumption was below the rational norms, and
for such commodity groups as meat, milk, fish and
fruits-berries was below the minimum consumption
norms established by the Ministry of Health Ukraine
by: 34% for meat, 48% for dairy products, 41% for fish.
At the same time there is a gradual increase in the
consumption of potatoes. In 2018, 12% more than the
norm Ukrainians picked up the lack of calories in their
own diet with potatoes. It should also be noted that the
volume of consumption of vegetables and potatoes are
correlated values and have a seasonal dependence on
the seasonal production in the households of the
population.

Table 2

Assessment of sufficiency level of food consumption

Consumption rate, kg per year *)Actual consumption, kg per year| Adequacy level,%
Types of products rational minimal | 2013 | 2016 | 2017 | 2018 [2013201620172018
Bread and bakery products| 101,0 94 108,4 | 101,0 | 100,8 | 99,5 |1,07{1,00(0,99(0,98
Meat and meat products 80,0 52 56,1 | 51,4 | 51,7 | 52,8 |0,70/0,64|0,65|0,66
Milk and Milk products 380,0 341 220,9 | 209,5 | 200,0 | 197,7 |0,58|0,55|0,53|0,52
Fish and fish products 20,0 12 146 | 96 | 10,8 | 11,8 |0,73|0,48/0,54/0,59
Eggs, pcs. 290 231 309 | 267 | 273 | 275 |1,06/0,92/0,94/0,94
'Vegetables and melons 161,0 105 163,3 | 163,7 | 159,7 | 163,9 {1,01{1,02(0,99(1,01
Fruit, berries and grapes 90,0 68 56,3 | 49,7 | 52,8 | 57,8 |0,63|0,55|0,59|0,64
Potatoes 124,0 96 135,4 | 139,8 | 143,4 | 139,4 |1,09|1,13|1,16|1,12
Sugar 38 32 37,1 | 33,3 | 30,4 | 29,8 |0,97|0,88|0,80|0,78
Oil 13 8 133 | 11,7 | 11,7 | 11,9 |1,02/0,90/0,90/0,92

* According to the norms of the Ministry of Health

Source: Own calculations based on data from the State Statistics Service of Ukraine [11]
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Only potatoes, bread, vegetables, and eggs
reached the rational consumption norms in 2018. In
total, there are 15 g of meat, 61 g of milk, 10 g of hard
cheese and 2 g of fish per day per person. All this can
hardly be called a complete and balanced diet.

The level of self-sufficiency in Ukraine (table 3),
that is, the ratio of production volumes and domestic
use according to 2018r more than fully met domestic
demand: for grain was 292.9%, meat and meat products
- 95%, milk and dairy products - 121%, for vegetables
and melons - 143%.

Table 3
Indicators of sufficiency of basic food production to consumer needs of the population in 2018, thsd kg
Product name Actual production | Actual consumption | Adequacy index % Ch\zﬁﬁgnmc
Grain (in terms of flour) 12550 4285 292,9 optimum
Meat and meat products 2355 2232 0,95 optimum
Milk and milk products 10064 8355 120,5 optimum
Fish and fish products 160 460 34,8 critical
Eggs, pcs. 932 11624 80,2 optimum
Vegetables and melons 9940 6927 143,5 optimum
Fruits, berries and grapes 3039 2444 124,3 optimum
Sugar 1754 1260 139,2 optimum
Oil 6243 501 1246,1 optimum

Source: Own calculations based on data from the State Statistics Service of Ukraine

From the above analysis we can conclude that
Ukraine is able to provide the population with products
of own production for rational consumption. So the first

reason of imbalance in consumption of main food
groups is insufficient level of household income.
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Fig. 1 Evolution of minimum subsistence level and minimum wage by year

Source: Own calculations based on the data of the
Ministry of Finance of Ukraine [20]

The level of income of citizens is one of the main
indicators of economic affordability of food. The
threshold level of the affordability indicator is 60%. In
2015, it was 53.1%. By 2018, the value of the indicator

has improved to 47.9%. That is, the level of income at
a small rate, but increasing, but still today its value is
the lowest among European countries (fig. 1).

Stable ability to purchase food in the required
quantity and quality is expressed through such an
indicator of food security as affordability (table 4).

Table 4
Economic accessibility of food
Indicator and unit of measurement 2015 2016 2017 2018
Average monthly aggregate expenditures per household, UAH 4952,0 | 5720,4 | 7139,4 | 8308,6
Aggregate monthly expenditures on foodstuffs per household, UAH 2629,5 | 2848,8 | 3419,8 | 3963,2
Share of expenditures for food and non-alcoholic beverages in the
structure of total household expenditures,% 531 49,8 47,9 A1

Source: Own calculations based on data from the State Statistics Service of Ukraine
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Inconsistency of the subsistence minimum with
modern conditions generates disorientation in the
income policy of citizens. The value of the subsistence
minimum should ideally provide such a state of
existence of society, which allows to maintain normal
processes of reproduction of labor force, the possibility
of obtaining education and medical care, as well as
other social guarantees.

As the graph shows, the dynamics of changes in
the living wage and the minimum wage underwent
significant fluctuations in the downward direction
during 2013-2016 (fig. 2). In 2019, the level of the

minimum wage was 143 euros, which is almost 2 times
lower than the corresponding figure in Bulgaria, where
it is 281 euros and the lowest among the European
Commonwealth countries. In other words, by the end
of 2019, Ukraine was able to exceed the poverty level
defined by the UN at $5 per day by the volume of the
minimum wage.

The low level of income leads to the consumption
of cheaper food, in the long run leads to health
problems and, accordingly, is one of the factors that
reduce life expectancy.
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Fig.2 Evolution of minimum subsistence level and minimum wage in terms of USD per year.
Source: Own calculations based on the data of the Ministry of Finance of Ukraine [20]

Differentiating the cost of food by social group is
done in order to determine the difference between the
food costs of 20% of high-income households and 20%

of high-income households. The greater the value of
this indicator is one, the greater the social stratification.

Table 5

Differentiation of the volume of food consumption.
(Average monthly per person, kg)

Consumption per quintile (20%) groups according to the
Name of product _ __ size of total income _ Ratio of top gnd
first quintile last quintile bottom quintiles
(below) (highest)

Bread and bakery products 7,9 8,6 1,08
Meat and meat products 3,5 6,0 1,71
Milk and dairy products 14,7 23,9 1,63
Fish and fish products 1,0 1,5 1,50
Eggs, pcs. 18 22 1,22
Vegetables and melons 7,1 10,8 1,52
Fruit, berries and grapes 2,4 4,9 2,04
Potatoes 6,0 6,3 1,05
Sugar 2,4 3,1 1,29
Oil 14 15 1,07

Source: Own calculations based on data from the State Statistics Service of Ukraine

The greatest differentiation in consumption within the highest and lowest quintiles is traced for products of
animal origin: meat (1.71), milk and dairy products (1.63), fish (1.5) and fruit and berry group (2.04 times)

(table 5).
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Table 6

Estimation of the capacity of the domestic food market, thousand tons

0
Name of product 2013p. | 2015p. | 2016p. | 2017p. | 2018 p. 201;”?2"‘0582'0/1"3 5

Bread and bakery products 4933,2 44228 4308,7 42845 | 4198,5 -14,9
Meat and meat products 2550,0 2178,7 2195,0 2195,0 2478,6 -3,1

Milk and dairy products 10050,0 | 8995,0 8942,0 8496,1 | 96615 -4,2

Fish and fish products 662,5 367,2 410,2 460,0 708,2 +6,9
Eggs, pcs. 14075,8 | 12014,8 | 11409,1 | 11594,0 | 9610,9 -32,8
Vegetables and melons 7430,5 6889,8 6984,1 6783,0 | 4502,0 -39,5
Fruit, berries and grapes 2560,1 21789 2118,7 22415 19222 -25,1
Potatoes 6160,6 5891,5 5966,3 6090,5 | 3186,8 -48,3
Sugar 1686,0 1527,6 1420,4 1290,4 | 1365,8 -19,1
Qil 603,5 525,1 497,3 496,5 758,8 +24,3

Source: Own calculations based on data from the State Statistics Service of Ukraine

As noted above, the domestic market capacity is
one of indicators of food security and is defined in
physical terms as the product of consumption of a
particular product and the average annual number of
population.

Estimation of domestic consumer market capacity
is an important step in drawing up balances of supply
and demand for food and agricultural products markets
(table 6). Tracking the dynamics of changes occurring
in the food market makes it possible to take timely
measures to balance supply and demand in the food
market.

In 2018 compared to 2013 there is a decrease in
the diet of Ukrainian products from all food groups.
Most of all it concerns those groups for which there is
a lag in consumption from rational norms.

In terms of purchasing power, satisfaction of the
population in food is provided at the expense of
domestic production.

However, the value of the import dependence
indicator exceeds the maximum allowable 30 percent
criterion for the three groups. The highest level of
import dependence is characteristic of the group "fish
and fish products", - 73.5%, which is explained by a
partial lack of certain natural resources (access to
marine economic zones). The next group is the group
"oil" - the primary level of import dependence at 18%
of the limit. This situation is due to imports of palm and
coconut oils, which have found an active use of
domestic producers in the food industry. And the
exceeded value of the indicator for the group "fruits,
berries and grapes" is explained by the import of
significant volumes of exotic fruits, the cultivation of
which is not natural for climatic zones of Ukraine (table
7.

Table 7

Food independence by individual products

Name of product Zollrgport gggzndenggir;d|cat(?2r0|1n7‘ﬁ>iK Deviation 2018 to 2013, %.

Bread and bakery products 2,4 3,2 3,3 3,7 0,36
Meat and meat products 13,0 7,3 8,3 10,6 -0,18
Milk and dairy products 5,5 0,9 1,2 1,6 -0,71
Fish and fish products 73,0 64,6 74,6 73,5 0,1

Eggs, pcs. 0,6 1,6 0,8 1,0 0,4

Vegetables and melons 3,2 1,4 19 19 -0,41
Fruit, berries and grapes 45,8 27 34,5 36,5 -0,21
Potatoes 0,4 0,3 0,5 0,3 -0,25
Sugar 0,7 0,3 0,4 0,5 -0,29
Qil 49,0 30,5 44,1 48,2 -0,02

Source: Own calculations based on data from the State Statistics Service of Ukraine

Representatives of state authorities confidently
declare a satisfactory state of food security in the
country. However, in our opinion, the governors,
stressing such a "rosy" state of affairs, most likely do
not fully interpret the depth of the concept of "food
security", referring to it the volume of grain harvest and
the volume of grain in the State Reserve. Indeed, at the
end of 2015, there were 1,500,000 grains in the State
Intervection Fund. Taking into account that the
domestic consumption of bread and bakery products by
the population in terms of grain was 6 mln tons, the
indicator of sufficiency of grain reserves was 23%,

which really exceeds the criterion for this indicator of
17%. Grain reserves through sales without further
stocking in 2016 dropped to a catastrophic 140
thousand tons.

The growth of debt of the states of the leading
countries of the world is several times greater than their
gross domestic product. Today most of the Central
Banks of the leading countries view the system and
mechanisms of formation of foreign exchange reserves
not in favor of paper money. In the central banks of the
U.S. and leading European countries gold accounts for
more than 70 percent of reserves. However, the
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dynamics of rising prices on gold and the complexity
of its acquisition makes the formation of reserves in
gold problematic for Ukraine as well.

Dynamics of FAO price indexes for main kinds of
foodstuff in the world (especially grain index) proves
vitality of idea of additional state and world reserves
formation in grain, proposed by native scientists. In
favor of 1 ton of grain as a new standard of value and
means of accumulation the dynamics of rapid
depreciation of world money (dollar, euro and others)
witnesses. The essence of values belongs to filling with
new content: living to make a measure of inanimate,
and not vice versa. The functions inherent in the
monetary approach should be subordinated to the
service of the agrarian sector. Investments in
agriculture can and must be increased without causing
inflation. The institutional tendency of Ukrainians to
farming is important for this idea. Therefore, an
increase in grain surplus can be considered the most
important of the absolute goods. The same criterion
belongs to measure the results of reforms, considering
its effectiveness as an increase in the volume of this
surplus with a simultaneous increase in the production
of livestock products and land fertility [12].

An important task of food security is to increase
the quantitative and qualitative characteristics of
nutrition of the population while reducing the share of
expenditures on food in the family budget [13].

The national level of food security in the direction
of growth of own agricultural production should be
based on the principle of quality, environmental
friendliness and conservation of agro-biodiversity and
natural resources, their rational use [14].

The fundamental task in the development strategy
of the agricultural sector for 2020-2030 is not the
growth of production, but ensuring a sufficient level of
profitability of production. After all, only an efficient
producer can afford to produce a large amount of,
above all, high-quality and safe products.

Safety of food and raw materials is considered to
be the main factor determining the health of the
population, because about 70% of all contaminants get
into human body with food products, which as a result
have negative consequences and form violations of the
gene pool of the nation. Scientific and technological
progress covers all elements of the production process
and directly affects the main factors that form the
quality of products. Such factors include: state of
breeding, seed breeding and pedigree; quantity and
quality of means of production; technology and
organization of production; level of certification and
standardization; system of economic incentives,
procurement and transportation of products. All this
affects the quality of crop production, and further
through the quality of fodder on livestock products and
soil quality [15].

International food trade has been going on for
thousands of years. However, the chain from producer
to consumer only increases every year, and consumers
who know who produces the products they consume are
becoming fewer and fewer. Food standards are vital to
ensure safety, quality and a level playing field in trade.

The main causes of food quality deterioration are:

- low level of sanitation and production culture;

- the use of raw materials of unsatisfactory quality
and low cost in production processes;

- inefficiencies in the functioning of agricultural
markets;

- lack of quality and safety in the production
process due to the lack of control and systematic
monitoring of the production process by the competent
supervisory bodies;

- non-compliance of the food safety system with
European and international practices;

- systematic adulteration;

- misuse by the producers of food additives, some
of which have a negative effect on the human body;

- wear and tear and obsolescence of the fixed
assets of the food industry enterprises;

- unregulated use of adulterated agrochemicals
and pesticides.

This indicates, firstly, the low level of control over
the processes of production of food raw materials and
food products by producers, and secondly, the lack of a
system of state supervision over the safety and quality
of food products.

Since the liquidation of the State Sanitary
Epidemiological Service, the situation with the quality
and safety of food has significantly worsened due to the
"non-transfer" of its powers to
Derzhprodspozhivsluzhba and the introduction of a
special inspection regime [16].

Since January 1, 2016, almost 11,000 State
Standards regulating the quality and technique of
production of goods, particularly food products, have
been abolished in Ukraine. Such a course of action the
authorities explained by the need to transition to new
international technical standards and the opening of
additional opportunities for business through the
removal of restrictions and standards for the production
of goods and services. Producers were given 2 years to
execute the transition. So there is a question of
compliance with new quality standards during the
transition period.

Every year, farmers take all the necessary
measures that have helped produce bountiful harvests.
The use of pesticides and agrochemicals has long been
the norm in the agricultural reproduction process.
Pesticides, while actively fighting all kinds of pests,
when closely examined, are found to be either
mutagenic or otherwise adverse to wildlife and humans.
90% of all fungicides, 60% of herbicides and 30% of
intercicides are carcinogenic, meaning they can cause
cancer, and are extremely toxic to the environment.
There are alternatives to the use of pesticides, which are
just as effective, but more environmentally friendly
[17].

It is known that pesticides have a wide range of
effects on the human body and, in particular, affect a
complex of different types of biological activity -
cytogenetic, carcinogenic, teratogenic, embryotoxic,
etc. Observations and studies of domestic scientists
demonstrate a direct correlation between the rates of
general upper respiratory tract cancer and soil loading
with pesticides by regions [18].
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Annual demand of the Ukrainian agricultural
sector for pesticides amounts to more than 100
thousand tons, which in monetary terms corresponds to
USD 2 billion. This sector is extremely attractive for
counterfeit pesticides. According to the estimates of
international organizations, the share of counterfeit
pesticides in the Ukrainian market is about 25-30%,
and more than 50% of the well-known brands are fixed
in the retail trade. Today in Ukraine, two dozen
pesticides are approved, which are recognized toxic and
banned for use in European countries [19].

According to WHO, about 25 million pesticide
poisonings are registered annually in the world. The
dynamics of increasing agricultural land logically leads
to an increase in the use of agrochemicals. So the
question arises about the regulation and quality control
of agrochemicals in Ukraine. The highly developed
countries of the world quite strictly regulate the use of
pesticides in their own territories by limiting
agricultural producers by law and a rigid system of
control. The situation in Ukraine is diametrically
opposite - control is weak or absent.

Analyzing the current situation with the
unsatisfactory quality of food, we consider it necessary
to supplement it with such an integral indicator in our
"nakoruch made and sold present" as the level of food
safety and quality, whose value can be assessed by the
following indicators:

- compliance of the manufactured products with
international quality standards;

- the state of control over the observance of the
quality of raw materials for manufacturing products
and the manufactured products themselves;

- the level of morbidity of the population due to
the use of low-quality food products;

On July 1, 2017 by the decision of the Cabinet of
Ministers the state regulation of food prices was
removed. Some of the scientists see this as a threat to
reduce the availability of such categories of food for
low-income segments of the population. However,
from the economic point of view, this step is absolutely
reasonable and expedient. State regulation of prices
generates a process of distortion of competition and the
emergence of a deficit in the market of those goods
whose prices are subject to regulation. State regulation
or so to say "restraint™ of prices leads to a more intense
increase in prices for products of "social" categories
than for other products. The experience of European
countries shows that a more effective mechanism of
price regulation is the establishment of the maximum
level of trade margins and reduction of VAT.

An auxiliary indicator, which is used by the FAO
to assess the physical availability of food indicator
density of roads. Sufficient concentration of
infrastructure connections provides the possibility of
fast and uninterrupted supply of food to all corners of
the country. According to official data of the Ministry
of Infrastructure of Ukraine, due to limited funding
about 90% of public roads have not been repaired for
more than 30 years. Therefore, public roads (169.6
thousand km) do not meet modern requirements both in
durability (39.2%) and equality (51.1%) [21].

Conclusions.

The consequence of ensuring food security at the
regional and state level will be the growth of the
national economy in the following main directions: the
volume of food production and sales will increase, and
consequently, the budget revenues will increase; the
growth of food production and market infrastructure
development will increase the demand for labor
resources, will have a positive impact on employment
[22].

The results of the study show that, according to the
existing legislative assessment methodology, the
necessary level of food security of the country (for the
period analyzed) has not yet been achieved. The main
threats to food security in the country include the
following:

-low level of income of the population, which is
reflected in the level of purchasing power;

- failure to achieve rational norms of food
consumption and low consumption of food of animal
origin;

- decrease in the average daily caloric intake;

- imperfect quality control systems for products
and raw materials.

The current situation indicates the irrational use of
the agrarian potential of the country to produce the
necessary amount of agricultural raw materials and
food and the lack of socio-economic development of
the country.
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VULNERABILITIES OF WIRELESS NETWORKS

Annomauusn

B O0annoii cmamee paccmampusaromes Xapaxmepucmurku nepcnekmuehbix 6 nauwu onu cemei 5G u cmpo-
umesa ux mamemamuyeckas mooenv. A makoice, paccmampuearomecs 803MONHCHbIE VAZGUMOCU, AGIAIOUWUECs
Haubonee 8epPOAMHLIMU, U NPUMEHUMBIMU K CEMAM 5-020 NOKOAEHUSL.

Abstract.

This article examines promising 5G networks and their characteristics, and builds their mathematical model.
In addition, possible vulnerabilities that are most likely and applicable to 5th generation networks are considered.
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B Hacrosmiee Bpems Hally >KH3Hb YK€ TPYIHO
MpeJCTaBUTh 0e3 TEXHOJOTHH OECIPOBOAHBIX CETEH.
becnipoBoHas ceTh BINOJIHSAET Bee (PyHKIMHM NPOBOJI-
HOW CeTH ¢ MOMOIIBIO0 PaJHUOBOJIH (TO €cTh Ieperaya
JAHHBIX TPOUCXOJHUT IPH TOMOIIM paJUOKaHAIOB
ompeieNieHHo 4acToThl). OHA JaeT BO3MOXKHOCTh 00b-
eAMHATh aOOHEHTCKHE YCTPOWCTBA B TPYIIIEI M 0OMe-
HUBAaThcs MH(OpManue, Ipu TOM M0JIb30BATEIN MO-
T'yT CBOOOZHO NEpEMEIAThCsl, OCTABAsICh B CETH.

B 3aBucumocTn oT TexHOJOTrHMH OecnpoBOIHbBIE
CeTH JIeNISTCS Ha TPH THIIA:

- JIOKaJbHBIE BEIYUCIIUTEIILHBIE CETH;

- pacuIMpeHHbIe JOKaJIbHbIE BBIYMCIMTEIbHbIE
ceru;

- MOOWIBHBIE CETH.

OnHU U3 caMBIX PacTIpOCTPAHEHHBIX CETeil B mep-
BBIX JIBYX IAHHBIX TUTax sBisiiorcest cetn Wi-Fi, koto-
pble ommchiBaOTCs B mpotokomax 802.11x (802.11a,
802.11b, 802.11g, 802.11nu T.1.). [TockoabKy HH OTMH
M3 TOApa3/elioB JaHHBIX NPOTOKOJOB HE obecreydn-
BaeT abcomoTHOU Oe3onacHocTu cetr Wi-Fi, Hapymu-
TENIM aKTUBHO SKCIUTyaTHPYIOT YSI3BUMOCTH JaHHOTO
Tuna cereil. Hampumep, u3-3a ysa3BUMOCTEH MOXKET
MPOM30HUTH yTeuka MH(OPMALUK OIPaHUYEHHOTO J0-
CTyla, a UMEHHO KOH(HIEHIMaIbHAs WHPOpMAITHs,
MIepCOHABbHBIE JAHHBIE, TOCYJApCTBEHHAS TaliHa U T.JI.

3T0 MOXKeT NoBJeYb 3a co0O0il psx NpodIeM U HenpH-
ATHOCTEH, OT KOTOPBIX CTOMT 3aIUIIATHCS.

MoOunsHBIE CETH TakXke ys3BUMBI. B HacTosmiee
BpeMsl TOYTH KaXJbI YENOBEK HA IUIAHETE HMEET
SJIEKTPOHHBIN JeBaiic, MOIKIIOUEHHBIH K MOOUIHHBIM
ceraM. OnepaTopsl He MOryT aath 100% 3amury, 9to
BCE HAIIIM [IePCOHAbHBIC JAHHbIC 1 JIHYHAas HHOpMa-
LHs He CMOTYT HOIACTh B PYKH K 3J0YMBILICHHHKAM.
B naHHBII MOMEHT aKTyaJIbHBIMH SIBISFOTCS CETH 4-T0O
nokosiernst — LTE, HO u3-3a ycTapeBaromumx xapakTe-
PHCTHK HOCTENIEHHO BHEAPSIETCS Tepexo/] Ha ceTu 5G.
310yMBILIICHHUKAM MPEICTABISFOTCS] HOBBIE BO3MOXK-
HOCTH JUIS B3JIOMa CeTeld, Tak Kak 5G — 3T0 HOBLIECTBO,
elre He U3BeIAHHOE Ha JBIPHI U aTaKu.

1. Vsassumoctu Wi-Fi

Vaszsumocts ceteit Wi-fi 3akimouaercs B ToM, uro
9T0 BECIIPOBOIHAS CETh, TO €CTh IS Iepeaadn HHHOp-
Mallii KCIOJb3yeTcsl Bo3ayliHas cpena. OTcroa cie-
JyeT, 4TO JIF0OOH MOATOTOBIICHHBIH YENOBEK, UMEK0-
LW 1eNb 3aBIaAeTh JAHHBIMH, MOXKET MOIYyYHTh UX.

OnHO#i M3 caMBbIX pacnpOCTPaHEHHBIX aTaK SBIIS-
ercst — Wardriving. Oto aTaka, B X0/ KOTOPOH 3710-
YMBIIUICHHUK nepexBateiBaeT Wi-fi curnan mepeme-
masi KOMOploTep (HOYTOYK), HAMpUMEp, ¢ MOMOLIBIO
asromobmis. B ocHosHom Wardriving cpaGarbiBaeT
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TOJBKO CO CJIa0O3aIUICHHBIME WM HE3alUIICH-
HeiMA Wi-fi ceramm. CraTmcTHKa IOKA3BIBAE€T, 4TO
OOJNBIIMHCTBO MEIKUX M CPEIHUX KOMITAHHWH JUIs 3a-
muThl ucnons3ytor anroputmbl WEP n WPA (onn
OMKCHIBAJIMCH PAHEE) WM HE UCTIONB3YIOT 3aIUTY BO-
o6me. Tak, Harpumep, B JIonnoHe ysa38umsbl 70% KoM-
TAHWH U aTaKU MPOU3BOAATCS 110 CCH JICHB.

Crenyromiasi ys13BUMOCTb — 3TO KPUTHYCCKAS ysi3-
BumMocth KRACK B crannmapre 3amutsl WPA2. Jlan-
Hasl ySI3BUMOCTb MO3BOJISIET 3JI0yMBIILICHHUKAM, HaXO0-
JSIIIAMCS B 30He ieiicTBrst Wi-fi 30HBI sKepTBEI, BBITION-
HUTh BBIHYX/ICHHYI) PEHHCTAJULIMIO YHHKaIbHBIX
KIIfouell mudpoBaHus, KOTOPHIE 3aIHIIAIOT Tpauk
WPA2. NcnpaBnenne 1aHHOH ySI3BUMOCTH — OOHOBIIE-
HUC aJqropuTMa pabdoThl, a UMCHHO, KAXJIBIH KIIIOY
mdpoBaHUs TOJHKEH HCIIONB30BaThCS OJTUH pas.

B 1e0M MOXHO BBIJICIIUTh HECKOJIBKO CTaHIAPT-
HBIX ys3Bumocteir Wi-Fi ceteit, KoTOpble KaKmblid
T0JIB30BATEIIb MOXKET U30€XKaTh:

- HEBEpHO CKOH(HI'YPUPOBAHHBIC YCTPOMCTBA
Y TOYKH JIOCTYIA — «HACTPOUKH M0 YMOIYAHHIOY,

- cmabsie ctagmaptel 3amutsel — WEP, WPA,

- yreuka WHPOPMAIMH M3 MPOBOJHOW CETH —
KaK MPaBUIIO OECTIPOBOIHBIC CETH COSTUHSIIOTCS C TIPO-
BOJTHBIMH.

2. Moo6unbHas cBsi3b 5G

Jloiroe BpeMsi CUMTANOCh, YTO CKOPOCTh IMepe-
Jlauu JaHHBIX 10 Wi-Fi 3HaYUTEIHHO MPEBBIIIAET CKO-
pocTh MOOWIBHOM CBsi3u. OHAKO CHUTYaIlUs U3MCHH-
nack. 3aMepsbl, NPOBeJIeHHbIe bpuTancKoil koMnanuen

MonHo4b
1 yac

2 vyaca

3 yaca

4 vyaca

5 yacos
6 4acos
7 yacos
8 vacos
9 yacos
10 vacos
11 vacos

9
15.4 152

MonpeHs

B 80 crpaHax Mupa, MOKa3aiu, 4To B 33 W3 HUX CKO-
POCTB JOCTYyTIa B HHTEPHET B MOOMIIBHBIX CETAX CTala
BhIie, yeM o Wi-Fi. CrienuanucTsl caenand BBIBOM!
4yeM HOBEe IIOKOJIGHHE ceTell COTOBOM CBSI3U, TeM
OoJbpIe TPEUMYIIECTBO Mo ckopoctu Hax Wi-Fi. B
HACTOsILee BpeMs HCIHOJIb3YIOTCSA CETH 4 MOKOJIEHU,
KOTOpbIE HE MOTYT B HOJIHOW Mepe o0ecreduTh IMo-
TpeOHOCTH HaceleHHs (HampuMmep, Hallled CTpaHsbl).
Cern 5G mauanm paspadareiBatecs ¢ 2010 roma. Oc-
HOBHOM HX 3aJjaueil IBJISETCS yBEJIMYEHHE CKOPOCTU U
MIPOIYCKHOM CHOCOOHOCTH coenuHeHus. Ho cocraBut
T OHO PEeasbHYI0 KOHKYPEHIHIO IIHPOKOIIOIOCHOMY
JoMalrHeMy coenuHeHHIo mocpenctsom Wi-Fi? Ha
STOT BOIPOC MOKAa HET TOYHOI'O OTBETA, €CTh TOJBKO
MIPEITIO0TI0KEHUSL.

B cetsix 4-oro nokosneHus Ha MPOTAKEHUH IIEJI0TO
JIHSI TIOCTOSTHHO TIPOUCXOAMUT U3MEHEHUE CKOPOCTH I1e-
penauu. Ileperpy3ku B cetsix 4G orpaHMUMBAIOT CKO-
pocTh 0OMeHa HH(POPMALIUEH, YTO JIUIIHUHN pa3 JeMOH-
CTpUpPYET HEOOXOMUMOCTh CO3IaHWs HOBOH 5G cern
JUISL CHSITHSL HATPY3KU.

Amnanutnueckass kommanus Opensignal mposena
uccienoBaHus ckopocreid 4G ceTeil B TeUeHHE CYTOK B
pa3HbIX cTpaHax. OKOJI0 MOJOBUHEI paCCMaTPHBACMBbIX
CTpaH OTMEYaHCh KOJICOaHNIMH CKOPOCTH IPUMEPHO
B JIBa pa3a B TeueHUe AHs. B OoJbLIMHCTBE CcTpaH ca-
MBI€ BBICOKHE CKOPOCTH 3arpy3Ku (pUKCHpPOBAIUCH I10-
cJIe ITOJTYHOUH U OBUIH IPUMEPHO B 2.5 pa3a BhIIIE, UeM
JHEM U B BEUEPHUE YaCHI.
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Puc.1.1. 3asucumocmu cpedneti ckopocmu coeOuHeHUs 0m 8pemeni CYmox.

TpeboBanus k crannapry 5G:

- BBICOKAsl CpEAHAA CKOPOCTh IEpeaavu JaH-

HEIX — oT 1 I'0ut/c;

- CpeaHee KOJIUYECTBO OAHOBPEMCHHBLIX MOMA-

KITI0YeHHH — | MIIH Ha KM?;

- 3a/IepiKKa — 10 1 MC;
- BBICOKAs DHEPTETUYICCKAA B(b(bCKTI/IBHOCTL;
- 0e30MacHOCTh JJI 310PpOBbA UCJIOBCKA.
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Tabmuma 1.
CpaBHeHHe XapaKTepUCTHK MOOUIBHBIX ceTeid.
Tox TexHoMOrmI Max ckopocT Cpennsisi cko- Cpennss 3a- | /Iuanma3on yactor
POCTH I0CTYNA JepIKKa ISl paéoThI
CDMA2000, 3,6 Mour/c (no
3G | 2002 UMTS 42 Mow/c) 500 Kowut/c 150 mc 600 MI'm — 3 I'T'y
4G | 2010 | LTE, WiMAX 1 T'6ur/c 10 M6wur/c > 10 mc Jo 6 I'Ty
IMT-2020, 24 T'our/c (no 35
5G | 2018 MIMO Tour/c) 100 M6ur/c < 5mc 4,5-300IT

Kazanochk 0bl, 4TO TEXHOJIOTHH HCIIOJIb3yEeMbIE B
5G [OMDKHBI PEMINTH MPOOJIEMY Meperpy3ku ceteil, Ho
CYIIECTBYET psifi IPOOJIeM, CBSI3aHHBIX C HCIIOIB30Ba-
HUEM KpaliHe BBICOKUX 4acToT. K HUM oTHOCHTCS 3aTy-
XaHHWE CHUTHAlla Ha PAcCTOSHUSAX HECKOJIBKHUX COTEH
METPOB M UYYBCTBHTEIBHOCTH COCIUHEHHS K OJIOKH-
POBKE IMPSAMOI BUIUMOCTH yCTPOICTB.

Eme oxna mpobiema cetell 5-0ro moKoJieHHs 3a-
KIfo4aeTcst B 3((EKTUBHOM HCIIOJIB30BAHUU YaCTOT-
HOTO JHana3oHa. AKTyanbHBIM CTaHAApT 4-0To MOKO-
JICHUS, SBJISIFOITUICS OCHOBOM 5G, Ha JaHHBI MOMEHT
[IPAKTUYECKU HcYeplial CBOM YaCTOTHBIA AHMANa3oH,
CJIe/IOBATEINILHO, JUIs oOecneueHns: TpeOoBaHUN ceTeit
5G He XBaTaeT paguovyacToT.

ITomumo 3TOTO, OUEpenHast MpodiieMa B CETAX 5-
OTO TIOKOJICHHS CBf3aHA C HEOOXOIMMOCTBIO MPSMOH
BUIUMOCTH OOBEKTa OT CTAHIUH.

[Tpu4nHBI BO3MOKHOT0 OCNIabIEeHNs CHUTHAJIOB B
KaHaJIaX CETeH MATOTO MOKOJIEHHS CBSA3aHBI C:

-ocnablieHueM paanoBOJH B CBOOOJHOM IIPO-
CTPAHCTBE;

-IOTIOJIHUTEIIFHBIM OCJIa0JICHHEM PaIuOBOJH IPH
pacnpoCTpaHeHNH B ra3ax aTMOChepHl;

-oTepel PHEPTUM PAJAMOBOIH HPU PacIpocTpa-
HEHMH U3-3a JIOKAEH U IPYTUX THIPOMETEOPOB;

-3aTyXaHUEM CHUTHala ceTeill 5-0ro MOKOIEeHUs
IPU PacIpPOCTPAHEHNUH Yepe3 JIUCTBY JEPEBLEB U MPO-
yre 00BEKTHI.

3. Ysa3zsumocrtu cetn 5G

1. DDoS-ataku — aTaku Ha BBIYHCIHTEIBEHYIO
CHCTEMY C LIEJIBIO IOBECTH €€ 10 0TKa3a U Peaan30BaTh
3aMbicen. Ipumep: ciexka 3a MOOMIBHBIMH YCTpPOM-
CTBaMM, MAHUIYJISIIUU C TPA)UKOM.

2. IIpoGaemsl kKoHbUaeHIMAIBHOCTH. K ceTsaMm
5G OymyT MOAKIIOYECHBI YMHBIC IOMa, aBTOMOOWIIH,
NEPCOHAIBHBIE U MEAMLIMHCKHUE ycTpolcTBa. Ilocras-
MKW YCIIYT CBS3W JOJDKHBI OyIyT rapaHTHPOBATH CO-
XPaHHOCTh 3TOH MH(OpMaLHH.

3. Ileperpyska. IlosiBieHHE MHOXXECTBa HOBBIX
0a30BBIX CTAaHIMH, Y KOTOPBIX COKpalIaeTcs pajiyc
JeHcTBUS  H3-32 MCIOJB30BaHUS MMIUIMMETPOBBIX
BOJIH.

4. Mopeas ceTeii 5-ro noxkoJieHus

Tpadux MEXMAIIMHHOTO B3aMMOJIEHCTBUS
(M2M-1paduk) nocie Toro, kKak OyzeT oOCIyKeH 0JI-
HOW m3 0a30BbIX cTaHIMi nepenaercs Ha MME-y3en,
KOTOPBIH 3aKkperieH 3a 0a3oBoi craHmueit. s Toro,
4TOOBI TPOJIEMOHCTPUPOBATE paboTy aaropuTMa Hc-
cireyercst yyactok cetu 5G ¢ J 6a30BbIMH CTaHIMAMHU
u K y3namu ynpasiieHuss MOOWIIBHOCTEIO.

PaccmMoTpuM MHOXECTBa, KOTOpPBIE HCIIOJB3Y-
I0TCS JUISl OIMCAaHMWsT MOJIENIM: MHOXECTBO 0a30BBIX

cranmmit J ={eNB,,...,eNB;,...,eNB,} 1 MmHozxe-

CTBO MME-y3108B
K ={MME,,..., MME,,..., MME, }- Jomnonuu-
TENbHO: ], — k-as Ga3oBasi craHIMs MepearoIast

Harpysky Ha K-stii MME, -y3en, k=1,...,K u K, -

MHOJKECTBO y3JIOB YIPABJICHUS MOOMIBHOCTBIO, KOTO-
phIe IPUHUMAIOT BXOASIINIA TpaduK OT OHOM 13 6a3o-
BbIX CTaHUIMHI eNBj, ] =1...,J . Ynpasnenue Tpadu-

KOM, KOTOPBIH IIOCTYTAeT OT 0a30BBIX CTAHIUH K y3J1aM
YIipaBJICHUA MO6I/IJ’II)HOCTI), MOJKET OBITh OINITUMU3UPO-
BaHHO TOJBLKO TOTJAa, KOraa 3a 60a30BOM CTaHIMEH 3a-
KpEeIUICH He OJVH Yy3el YIpPaBJICHUS MOOWIHLHOCTHIO,
T.€. |Kj | > 2. Tpauk pacnpenenseTcs coraacHo Bepo-

SITHOCTHOM cTparteruu. Bee y3ibl MMEk B OIpEIEIICH-

HbIC, 3apaHee OIPE/ACICHHBIC HHTEPBAIbl BPEMCHU
MPOU3BOJAT H3MEPECHHUEC YPOBCHb 3arpy>KCHHOCTH.
JanHast uH(pOpMAIHs epeIaeTcsi BeceM 0a30BbIM CTaH-
wisim J, k =1,..,K. J-as 6a3oBas craHIus eNBj,

MPUHUMAET 3Ty WHGOPMAIHMIO, aHAIU3UPYET 3arpy-
YKCHHOCTB Y3JIOB YIIPABICHUSI MOOMIBHOCTHIO U3 MHO-
JKeCcTBa Kj, ] =1,...,J , IOCJIe Yero IPOUCXOJUT IIepe-

pacripezieneHie OTOKOB TpaguKa, KOTOPHIH B CBOIO
odepesib epeaeTcs Ui JalbHEHIero 00CTy)KUBaH!e
Ha OJIMH U3 y3JI0B MHOKECTBA Kj . lHTepec BhI3bIBaET

BJIMSIHUE BPEMEHHBIX IPOMEXKYTKOB, COIVIACHO KOTO-
PBIM M NPOUCXOIUT M3MEHEHHE JaHHBIX O 3arpyKeH-
HocTu ceTd. C LENbl0 NpeABAPUTENbHOI OLICHKH U
ONpeIeIeHNs] BO3MOKHOCTH HCIIOIB30BAHUS IIPEIIIO-
JKEHHOI'0 aJlfOPUTMa PacCMOTPUM YNPOLICHHBIA CIy-
Yaii: Ha y3eJ YIpaBIeHUS MOOMIEHOCTHIO MME, no-

CTyMaeT MyacCOHOBCKUN MOTOK M2M-cooOmiennii ot
0a30BOH cTaHIMU eNB; c¢ wnTeHCHBHOCTBIO 7, ,
BpeMsi 00CITy)KMBaHUs Ha y3Je MME, onpeznensercs
OKCIIOHCHIHABHBIM 3aKOHOM C IapamMeTpoM 4y, . Be-
POSITHOCTB TIEPETPY3KH PCong [k]ysma MME, ompene-

JISIETCS, UCXOJI1 U3 MAaTEeMaTHUYeCKON TEOpHUH TejeTpa-
¢uka. 3asBKM MOCTYMAIONIMX Ha y3el l\/IMEk C ux

TMOJICZICYIOIMM OOCITY>)KUBAHHEM PacCMaTPUBAIOTCS B
BHJIE CHUCTEMBI MaccoBoro obcmyxkuBanus (CMO)
M|M|1|R,H, rre R<oo,H - noporosoe 3maue-
uue B Oydepe. [Tycts X (t) — KonmyecTso 3asBOK, 110~
crymusmmx B CMO B moment Bpemenn t,t > 0. ITycts
X — mOpOCTPaHCTBO, MPHHAIICKALICE CIAy4aiHOMY
npoueccy (CII), torna X (t) Oyzmer npencrasineno B
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crenyromem sune: X ={0,...,R+1},R <oo. Cuy-

YaliHBINA MTPOIIECC {X (t),t > 0} SIBIISIETCST MAPKOBCKUM

npoueccom (MII).
IIpennonoxumM, 4to B MOMeHT Bpemenu t B8 CMO
ObLIO HepesiaHo N 3as1BOK, N € X , TorAa p, — BEpOsT-

HOCTb TOI'0, YTO B CUCTEME HAaXOJUTCS POBHO N 3a5BOK,
N e X , cyMMapHas Harpy3ka Ha y3el MME, cocras-

JACT: p= A, / 4, A, — TOIyICHHOE PAaBCHCTBO NpEJ-

CTaBIIsieT COOOH CyMMapHYI0O MHTEHCHUBHOCTD 3asBOK,
nocrynarouyx Ha ysen MME, , dopmyina (4.1).

n 1_
ERas!
P = 1 (4.1)
p=1
R+2

[Ipeanonoxum, 4Tto BCe Y3ibl |\/||\/|Ek HUMEIOT
OJVHAKOBBIE XapaKTEPUCTHUKHU, TOr[a 3a1aIlUM BEPOT-
HOCTb IIEPErpy3KHU PCong [k] y3ma MME, B Buze dop-

MyJbl (4.2), rie H — mopor oOHapyXeHuUs Teperpy3KH.

R+1

RmezmeH}=§:szHsR (4.2)
n=H

Ucnone3ys popmynet (4.1) u (4.2) umMeeM BeposT-
HOCTB IIepPETPy3KU B BUIE GopmyIsl (4.3).

240
]

200

TpadwmK
=

o io 0 30 40 50 60 w BD a0 100

H(1_ pR-H+2
. g.— pR+2 )’p;tl’
Preong [K1= P (4.3)
R+2-H 1
R+2 7T

Onpenenum BEpOSITHOCTh PCong [ j,k] meperpysku
y37a MMEk HArpy3KOH, MOCTYIMHBIICH TOJIBKO C j — i
0a30BOM CTAHIIMH eNBj, i=1..,J,k=1..K.
pH (1_ pR—H+2)

1_ pR+2
R+2-H
R+2

YUYUTBIBACT TOJIBKO HArpyskKy, I1O-

P #L

PCOng[j’k] = (44)

=1

rae p= ﬂ’jk
Hy
CTYHAIOIIyI0 TOJNBKO ¢ j — U 0a30BOM CTaHIUHU

eNB;, j=1,...,J-

[leperpy€HHOCTh Ka)XXJIOTO y3Jla yIpaBJiICHUS
MOOMIIBHOCTBIO |\/||\/|Ek Oymer ompenensiTbCs Co-

TJIACHO YCIOBHIO (4.5): MpOBOAUTCS CpaBHEHHE BEPO-
SITHOCTH TIEPETPY3KH C 3apaHee ONpEICICHHBIM 3HaYe-

HHUEM IIOPOrOBBIM 3HAYCHUEM IIEPETPY3KH
p perpy PCong_TreshoId

PCong [k] 2 PCong _Treshold (45)

Jonyctumas Harpyska B CEKTOPE OJHOHW COTHI
OIIPEAEIAeTCS B COOTBETCTBHUH C MOJAENBIO DpIiaHra.

P3=002

P4=005

—e—P5=01

110 130 140 130 160 170 1BD 190 20

Yucno KaHanoe N

Puc.3.1. 3asucumocmv mpagurxa om uucia Kauaio8 oasa pasiuyHuIX 6ePOIMHOCHEN OMKA3d.

Jomyctumas Harpyska npuHHMaeTcs paBHoOM 50
Opin.

KonuvectBo aOOHEHTOB, KOTOPBIX CIocoOHa 00-
CJIy)KMBaTh OJlHa 0a30Bas CTAHIMS ONPEIEIIETCs I10

dhopmyie (6).

N (4.6)

Ab.eNB = cex

Mxh
A

rac
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N . ,yz— KOITHICCTBO a0OHEHTOB, OOCITy)KHBae-

MBIX B 0J1HOM eNB;
M., — KOIHYECTBO CEKTOPOB eNB paBHoe Tpewm;

A, — JOmyCTHMas Harpyska B CEKTOPE OJHOi

C
COTBI;
A — cpenmsisi aDOHEHTCKAsi HAarpy3Ka OT OJHOTO
aboHeHTa, mpuHUMaeTcs paBHoi 0,05 Dpi.

Heobxonnmoe 4gmcino 0a30BBIX CTAHIMNA paccyu-
ThIBaeTCs 10 popmye (4.7).

N
_ A5
Nexg = N— (4.7)
AE.eNB
rae
N — HEOOXOIMMOE YHCIJIO 0a30BBIX CTAHIIMI;

eNB
N ,, — TNOTCHIMAIBHOE KOIMYCCTBO a0OHEHTOB,

paBHoe npumepHo 20% OT HaceleHusl.

N, ,vp — KOTHICCTBO a0OHEHTOB, 00CITy)KHBac-
MbIX ogHOM eNB.

Heo0Oxoanmoe koanuecTBO 0a30BBIX CTAHIIHIM:

3noymbiluneHHnK
GTP-C
elete Bearer Request

= GrPc
ld| Delete Bearer Response

Komnbiotep
3N0OyMbllWNEHHNKa
8 Kavecree S-GW

noamena IP-aapeca

Moteps
coepuHen

CpenHsis mpoIrycKHas CIOCOOHOCTH CETH OIpee-
nsieTcst popmynoit (4.8).
RN = (ReNB,(UPLINK) + ReNB.(DOWNLINK)) x NeNB Mbéur/c (4'8)

rue

R, — IPOIYCKHAsl CIIOCOOHOCTb CETH;

R.\s — TPOIYCKHas CIIOCOOHOCTH 6a30BOM CTaH-
WY,

N _ . — 4HciIo 6a30BBIX CTAHIMH.

eNB
B kauectBe MojenupoBanus OyJeT NMPOU3BEICHO
HCCIIEIOBAaHUE Ha OJHOBPEMEHHOE KOJNUYecTBO abo-
HEHTOB, KOTOPBIE MOT'YT ITOJIb30BaThCs ycIyramu 0a3o-
BOM cTaHIMK. DTa MHPOpMAIMs HEOOXoauMa IS MO-
HUMaHHS BO3MOKHOCTU peajlM3allii aTaku «OTKa3 B
00CITy’)KMBaHHN», TaK KaK HUMEHHO TaKas aTaka UMeeT
HanOONbIINE MIAHCHI Ha YCIEX B SAApE MAaKEeTHOH cH-
crembl i EPC. Tem Gosee B JaHHOW apXHTEKType
OCYIIECTBUMBI HECKOJIBKO CIICHApHEB MPOBEICHUS
aTaky TaKOTO THUIIA, IPU KOTOPOH IMPOUCXOIUT OJIOKH-
poBka 560 HHTEpHET-COEIMHEHNE OIPENECICHHOTO
aboHeHTa, JTM0O0 BBIXOJ] U3 CTPOsi 0A30BOM CTAHIIMH.

Monb30BaTensekuit TPagux

Monb3osarens

Puc.3.2. Amaxa na abonenma

3noymbinennuk

S
H
e—

Komnsiotep
3NOYMbILLINEHHUKA

MoNb30BATENLEKUA TPADUK

@ Tpadmx

esale]e
Ke ee

Puc.3.3. Amaxa na onepamopa

YhpoieHHas CTPyKTypa sapa MaKeTHOH CEeTH co-
34T IS 3JI0YMBIILICHHUKOB BO3MOXHOCTb HCIIOJb-
30BaTh IIMPOKUM CIEKTP HHCTPYMEHTOB IJisi OCY-
IIECTBJICHUS TIEPEUYHCIICHHBIX aTakK, C IeJbl0 Iepe-
xBaTa WH(QOpMAIMH WU OJIOKUPOBAHUS CBSI3H IS
A0OHECHTOB CErMEHTA CETH.

Hekotopbie yrpo3bl BO3HUKAIOT U3-3a HEIOCTAT-
KOB B HACTpolike oOopynoBaHus. Jlaxke OTCyTCTBUE
31eMeHTapHOH npoBepku [P-anpeca naer atakyromemy
BO3MOXXHOCTb ITOJIMEHSTh aJpeC OTIIPABUTENS UIH CO-
3/1aBaTh, IEPEXBAThIBATh M 3aBEpIIATh CECCHH OT
nMeHu aboHeHTa. Takue mpobaeMbl BO3MOXHO OTiepa-
THUBHO HCIpaBuTh. Ho npyrue mpobiemMbl SIBISIFOTCS

CIIEZICTBHEM OTCYTCTBHUS MIH(pPOBaHUS HA MHTEp(eii-
cax TMOJIb30BATENILCKUX YCTPOMCTB, YTO JaeT 3J0-
YMBIIIJICHHUKY BO3MOXHOCTH HCIIONIB30BaTh CIyXKe0-
HYI0 HH(OPMAILHIO OTIEPATOPOB B CBOMX LIEIISX.
VYpolieHue 3aiiTHBIX MEXaHU3MOB HITH TTOJTHOE
UX OTCYTCTBHE — 3TO B IIEPBYIO OUepeab BBHIOOp cre-
JIAaHHBIA pa3paboTyruKamMu 000PYIOBaHUS U IPOTPAMM-
HOTO 00ecredeHus], KOTOPBI HCIIOJIb3YETCs B MOJIb3Y
COKpAIIICHHS 33JICPXKEK MPH PabOTOCIIOCOOHOCTH CETH,
KOTOpasi U TaK UCTIBITHIBACT MIOCTOSIHHBIE TIEPETPY3KH B
YCIOBUSIX TJI00aJIbHOTO YBEIUYCHHS YCTPOICTB, H MO-
BBIIIICHHUS CKOPOCTH 00pabOTKH JaHHBIX. CeroIHs KOH-
KypeHLusI B cdepe TeICKOMMYHUKAIMH BBIHYKIAET
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OIIepaTOpPOB COTOBOM CBSA3M MTHOBEHHO BHEIPSTH HO-
BBI€ TEXHOJIOTUH (PEIKO YUHUTHIBACTCS 3aIIUIICHHOCTD
aboneHTOB). U 0ueBHIHO, YTO MCIIOJIB30BAHHUE JIIOOOTO
3aLIMTHOTO dJIEMEHTa OYAET CO3/aBaTh ONpPECIEHHYIO
3aJIepIKKY IS [TOJIb30BaTEIICH.

Pabota BIMONHEHA IPU (UHAHCOBOI MOJIEPKKE
Poccuiickoro ¢oHna ¢yHaaMeHTaIbHBIX HCCIIENI0Ba-
Hu# (poekt Ne19-07-00525 A).
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5G SECURITY THREATS

Annomauyus.

B ecmamve nposeden ananuz yepos bezonacrnocmu unghopmayuu 6 cemsx nepedauu danHvlx cmandapma 5G.

Paccmompenvt yeposwl, 0bycrosiennvle delicmauamu 310yMblulieHHUK08 6 cemsax cmaunoapma 5G. Onucana mo-
Oenb naubonee onacholi ona cemei 5G DDoS amaku na yenegoil cepgep dcepmasl, paccMOmpeHvl paziuiHvle
cyenapuu amakxu, npusodﬂmue K UucmoueHuro npOI’lyCKHOﬁ cnoco6Hocmu UIU UCMOWEHUIO naMAmu yeiesoco cep-
sepa. Chopmynuposannvl 0bwue peKomeHoayu o HeUMmparu3ayul yepo3 6€30nacHocmu UuHopmayuu npu cmpo-
umenvcmee cemeu cmanoapma 5G.

Abstract.

The article analyzes information security threats in 5G data transmission networks. Threats caused by the
actions of intruders in 5G networks are considered. The model of the most dangerous DDoS attack on the target
server of the victim for 5G networks is described, various attack scenarios leading to bandwidth depletion or
memory depletion of the target server are considered. General recommendations for neutralizing information
security threats in the construction of 5G networks are formulated.

Knrouegvte cnosa: 6esonacnocmo ungpopmayuu, cemu 5G, yeposuvl bezonacnocmu ungopmayuu, Humepnem
sewell, Heumpaiu3ayusi yepo3 6e30nacHoCmu.

Keywords: information security, 5G networks, information security threats, Internet of Things, neutralization
of security threats.




58 TECHNICAL SCIENCE / «COLLOQUIUM=JOURNAL » #1(38), 2021

CoBpeMeHHOE OOIIECTBO HEBO3MOXKHO IPEICTa-
BUTH 0€3 COTOBOM CBSI3W: MOKYIIKH, 3aIIUCh K Bpadam,
orjiaTa KOMMYHAJIBHBIX YCIYT U 0030p HOBOCTEH; MBI
HayMHAEM U 3aKaHYMBAeM CBOM JIEHb C COTOBBIM TeJle-
(oHoM B pykax. Bce 3T0 3amaeT onpenesieHHbI PUTM
Y TEMII HaIlleH KHU3HH.

PazButne cucteM COTOBOM CBSI3U, CPABHUMO JIMIIH
C POCTOM MPOMU3BOJICTBA TIEPCOHANBHBIX KOMITBIOTEPOB
U dBoNIonH VIHTepHEeTa, HE 3aMeUIIeTCs yXKE deT-
BEPTh BEKa M BKIIIOYAET B ce0s HECKOIBKO MOKOJICHHUH.
Buenpenmne cereit msroro mokoienus (5G), TO3BONUAT
paboTaTh  MHOXECTBY  CaMBIX  Pa3HOOOpPA3HBIX
ycTpoicTB. datyuku OyayT HE IPOCTO IepeaaBaThb Co-
OpaHHBIC JaHHBIC B IICHTP cOOpa TAaHHBIX, HO U MPHHU-
MaTh PCHICHUS IO YIPABICHUIO, OOBCAMHSACH B
TPYIIBI «YMHBIH JOM», «YMHBIH KBapTad» WIH «yM-
HBIIl TOpOI», 3aMbIKasi Ha ce0e MHOXKECTBO Ba)KHEMH-
HIMX TPOLECCOB U 00eCTIeurBasi pallMOHAIBHOE yIpaB-
JIEHWE TeXHUKOU. Bce 3TH acneKThl MOBBIIIAIOT UHTE-
pec 3IOYMBINUICHHUKOB K TaKUM TEXHOJIOTHYCCKUM
HOBOBBEJICHUSM U TIOJIBEPTalOT YCTPOUCTBA ITUPOKOMY
Kpyry yrpos.

HecmoTps Ha TO, 9TO MOOMIIBHBIE CETH IISITOTO I10-
KOJICHUSI TIO3UITHOHUPYIOTCS KaK 3aIlIUIICHHBIC, CTICIIH-
ANHCTaM TI0 KHOepOE30MaCHOCTH YAaJIOCh OOHAPYKUTh
B HEM DSl YSI3BUMOCTEH.

Cetb cBa3u 5G COCTOMT U3 CIEIYIOLIIUX OCHOB-
HbIX KOMIIOHCHTOB:

- abonentckoro obopynosanus ¢ USIM-kapTamu;

- cetu paguonoctyna (RAN), Bkmrouas ceTh
backhaul u fronthaull;

- sapa cetu (5GC).

ITo cpaBuenuto ¢ cerssmu 3G u 4G, 5G Oyzmer
mpeJiaraTh Topasao 0oiee BBICOKYIO CKOPOCTh Iepe-
Jla9d TaHHBIX, MEHBITYIO 3a/IePKKY U OoJiee HaIe)KHBIC
COCIMHEHUS. JTH TOCTOMHCTBA TO3BOIAT IMPEIIpPHUs-
TUAM TOBBICUTH TPOU3ZBOAUTCIIBHOCTE U YCKOPUTH
MPEJOCTaBICHHE YCIIYT, YBEIMYMB HMX KadecTBo. 5G
nuMeeT 00Jiee BRICOKYIO MPOITYCKHOM CIIOCOOHOCTb, UTO
MO3BOJISIET MOJAKIIOYATh 3HAYUTENLHO OOJIBIIIE MOJIB30-
BaTeyiel U yCTPOUCTB.

Opnaxo 5G IPUHOCHT MOJIB3Y HE TOJIBKO MOJIB30-
BaTeISIM U IPEANIPHUATHAM, HO ¥ KHOSPIIPECTYITHUKAM.
Hauboiee ceppe3nbie yrpo3bl 0€30MacHOCTH, CTOSIIIHE
nepes MoTPeOUTEISIME U IPEANIPUATHSAMHE B ceTax 5G:

1. CymecTBeHHO OObIIas MOBEPXHOCTh aTaKH.
Iockonmbky cern 5G OynyT mnoaxio4aTh OoOJIbIIE
ycTpoiicTB MIHTepHeTa Belel, Touek BXoaa Juis Lese-
BBIX aTak Oyzert ropasno 6omsire. KommaecTBO yMHBIX
yCTpOﬁCTB YBEIMYMBACTCA C KAXIbBIM JJTHEM, U KaXX10€
U3 HHUX MOTEHIUAIbHO MOXET CTaTh LIEJIbI0 HIH OpY-
KUEM JIJIA XaKEpPOB.

2. Bompmue mocnencTBus ot kmbeparak. [Ipen-
npuATHS U UHPPACTPYKTYpel OyayT 3aBuceTh OT 5G
3HAYHTEIEHO OOJIBIIIE, YeM OT €0 MPEIIIeCTBCHHUKOB.
ABnacooOIIeHne, yMHBIE aBTOMOOWIH, OOJNBHUIBEI U
MHoOTroe ipyroe 0yayt 3aBucetb ot 5G. C TakuM KO-
YECTBOM B3aMMOCBSI3aHHBIX YCTPOUCTB MHTEpHETA Be-
meil 1 nHQpacTpyKTyp HapylleHHe 0e301acHOCTH B
OJTHOM M3 00ylacTell MOKET CTaTh KPUTHIECKOU yrpo-
3oii. [locmencTBusi kubOepaTak Ha He3aIIWIIEHHBIC
YCTpOHCTBa MOTYT OBITH OoJiee KaTacTpOPUICCKUMH,

4eM Korja-aubo Mpexe, U laxe 3aTpoHyTh Oe3omac-
HOCTB OOIIECTBA.

3. Iorenuuan mis Gonee arpecCHMBHOIO IMIMTHO-
Haxa. [IpousBoguTen MOryT HUCHOJIB30BATh PACIIU-
pEHHbIE  BO3MOXKHOCTM  MOJK/IIOUEHHS  CBOHUX
yerpoicTB SG ai1st CIIeXKH 3a notpedutessiMu. Jlrodoe
HHTEJUIEKTyalIbHOE YCTPOHCTBO C KaMepol M ayauo
BO3MOXKHOCTSIMH MOJKET OBITH HCIIOJIb30BAaHO KHOep-
MPECTYITHUKAMH WU TPOU3BOJUTEISIMH JUIS TIPO-
CMOTpa M MPOCITYIINBAaHNUS HEOCBENOMIIEHHBIX MOJIB30-
BaTelnen.

4. ATaku MOHHWTOpPWHTa aKTHBHOCTH aOOHCHTOB.
AHanus, MpOBEIECHHBIH MEXIYHAPOIHOMN IpyNIon Hc-
clieZioBaTeNcH, MoKa3a, YTO HOBBIA BHJ yrpo3 0e3-
OTNaCHOCTH MOXET HUCIOJIb30BaTh ySI3BUMOCTH BO BCEX
npotokosnax AKE, Bkmrouas mpoTtokonsl 5G, u BTOp-
raThCs B YaCTHYIO )KH3HB IOJb30BaTENEH MOOHMIBHBIX
YCTPOMCTB, HaHOCS 0OJI€€ CEephE3HBI YPOH, HEXeln
panbiie. Takue aTaky "MOHUTOPHHIa aKTUBHOCTH a00-
HEHTOB" HCIIOJIB3YIOT MOJEIbHBIC aTaKh Ha 0a30BbIC
CTaHIUH, KOTOPBIE 3IOYMBIIUIEHHUKH HCIOIb30BAIH
JUI HalleNUBaHHsA Ha ysA3BUMbIe npoTokonsl AKE u
yTeuku Oe3omacHOCTH B ceTiax 3G u 4G, a Takke ys3-
BUMOCTH B mu¢ppoBanmn 111 SQNs (TIOPSIKOBBIX HO-
MepoB). Xots npotokonsbl 5SG AKE yiydmmimm 3ammry
OT MOJACJIBHBIX aTak 0a30BBIX CTAHIMM, HCCIENOBa-
TEJIM MPOJIEMOHCTPUPOBAIIH, YTO PETPAHCIALHOHHBIC
aTaku MOryT HapymmTh 3ammry SQN 5G, cuenas ee
Oecrioyie3HOH. DTH aTaku XyXKe NpEeAbIIYIINX, BeIb
OHHU HMEIOT BaKHYIO OCOOCHHOCTB: paHee IO0JIb30Ba-
TeNlb MOT' M30€)KaTh BTOPIKEHUS, TIOKMHYB 30HY aTaKH,
ceiluac ke Xakepbl MOTYT MPOJOJDKAaTh OTCIEKUBATDH
AKTUBHOCTH I0JIb30BATENs, JaK€ €CIH OH IMOKUHYI
JMana3oH MOAJENbHOM 0a30BOM CTAHLINH, MCIHONB3YS
HOBYIO HOJIENBHYIO aTaKy.

5. Bonee omacupie DDoS-arakn. B kubepaTtakax
MOJKET OBITh HCIIONIb30BaHA Oojiee HU3Kas 3a7eprkKa
5G B nendx yMEHBIICHUS KOJIMYECTBAa YCTPOUCTB, He-
obxomumeix ans DDoS-ataku. Tak, xakepbl cMOTYT
HAaHOCHUTD YJaphbl ObICTpEe - B CYMTAHHBIE CEKYHJbI, a
HE MUHYTHI, - ¥ IO3TOMY OTBETHBIE MEPHI 110 IPOTHBO-
JICUCTBUIO 3TUM aTakaM JIOJDKHBI CTaTh elle OoJee
obicTpeiMu. Kpome Toro, xakepam OyaeT JOCTYITHO
Oonbmie yerpoiictB HTEpHETA Beme A coopa u uc-
nosib3oBaHud ux ans DDoS-arak, 4yTo cTaHeT nmpu4u-
HOW yBEIMUYEHHs] YaCTOTHI TAKUX aTaK.

BBenem obo3HaueHMs:

Ta— BEpOSTHOCTH MOJHOTO MOTpPEOIEHUs pecyp-
COB KEPTBHI aTaKOM;

P# — BeposTHOCTB HCUEPIAHMS TPOITYCKHOI CIIO-
cOOHOCTH;

Ba — TpOITyCKHast CIIOCOOHOCTb, TOTpedisieMas
aTaKYIOLIVMU T0J1b30BaTeIsIMY;

By — TIPOIyCKHasi CIIOCOOHOCTbH, MOTpediisieMast
3aKOHHBIMH TIOJIE30BATEISIMH;

Btotar -CyMMapHas mnoTpeOisemas IpOIyCKHas
CITOCOOHOCTB;

8p4 — pa3Mep IiepeiaBaeMoro nakera Jyisi aTaKy-
IOIIUX IOJIb30BaTeNel B KOHTEKCTE MPOMYCKHOM CHo-
COOHOCTH;

Spy — pa3Mep IepeiaBacMoro naxkera Jjisi 3aKOH-
HBIX T10JIb30BaTEJICH B KOHTEKCTE IPOITYCKHOMN CIIOCO0-
HOCTH;
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Tp4 — YACTOTA MOSBICHUS ATAKYIOILErO MMOJIb30Ba-
TeJs;

Tpy — YacTOTa IIOSIBJICHUS! 3aKOHHOTO I10JIb30Ba-
TeJs;

C — KOJIMYECTBO OTKPBITHIX KaHAJIOB HJIM HEUC-
MOJIE3YEMOM TI0JIOCHI TIPOITYCKaHHMSI;

M ptqr — 0OIIHIT 00BEM TTAMSATH JKEPTBHL,

PM — BepOATHOCTB MCUEPTIAHHUS MAMSTH;

M, — namsiTh, motpedisieMast aTaKyIOIUMHE TOJTb-
30BaTEISIMH;

My — namsTh, moTpedsieMast 3aKOHHBIMH MOJIh30-
BaTeNISAMU;

Spma - Pa3Mep IepeaBaeMoro nakera Jyis aTaKy-
IOIINX TI0JIb30BATENEeH B KOHTEKCTE MaMsTH;

Spn — pa3Mep IepeaBaeMoro ImakeTa Jyis 3aKOH-
HBIX TI0JIb30BATEIICH B KOHTEKCTE MaMsITH;

Tya — YACTOTA IMOSIBJICHUS ATAKYIOIIETO MOJIb30-
BaTeIs B 3aBEPILICHUY aTaKH;

Tyy — YacTOTa IMOSBJICHUS 3aKOHHOTO MOJh30Ba-
TEIsl B 3aBEPIICHUN aTaKu.

DDoS-ataka Ha cepBep-)KepTBY HCTOIIACT pe-
CYpCHI 1I€JIEBOTO CEpBEpa, YTO 3acCTaBJIsIET CepBep-
JKEPTBY OTKA3bIBATHCA OT MOAKIFOUYCHUSA K HOBBIM KJIH-
eHTaMm. McuepmaHue pecypcoB cepBepa MOXET ObITh
CBsI3aHO JIUOO C MPOMYCKHOW CIIOCOOHOCTHIO, OO C
pa3mepom Oydepa cepBepa-kepTBbl. YpasHeHue (1)
Jaet OOIyI0 BEPOSTHOCTh UCTOLICHHS PECYpCOB Ha
CTOPOHE JKEPTBBI:

Ta= 1-(1-PB) (1-PM). (1)

OmnuiieM MOJENbh aTaku, PACCMOTPEB Pa3IHYHbIC
CIIEHAPUH MCTOIIEHHUS TPOITYCKHOM CIOCOOHOCTH H HC-
TOILIECHHSI MAMSTH [[EJICBOT0 CepBepa.

IlepBrlii cLieHapuii: UCTOLLEHUE IPOITYCKHOM CIIO-
COOHOCTH.

BeposITHOCTB MCTOILEHHUS IPOITYCKHOM CIIOCOOHO-
CTH ONPENIeNSETCs] YPaBHEHUEM:

(%)

PP =20,
Zﬁdﬁ
_ BatBN _ OBA , BN
roe a = B - (_ + )/IBTotal-
total TBA  TBN

HpeZ[HOHO)KI/IM, YTO pa3MeEp MmaKkeTa 6yz[eT OJHHa-
KOBBIM B CJIy4a€ aTaKu U HOPpMAJIbHOT'O Tpa(bI/IKa, T. €.
6314 = 5BN = 53, TOTAa:

5 1 1 1 6 1
@=E (4 ) =K x—— 22 = K= 5 0,
Btotal \TBA  TBN TBA PBtotal TBN

rae K — KoHCTaHTa.
Torna:
1
a K —,
TBA

Bpemst Mexay npuOBITHAMH OIpenenseTcs Kak
BpEMS MEXy ABYMsI COCEAHUMMU MMAKETAMH OT OJHOTO
M TOTO K€ ITOJIF30BaTeNs. JTO MPHUBOANUT HAC K JBYM
BBIBOJIAM:

1
Ph=_,
C

1
PP o aoc —.
Tpa
Bropoii cuienapuii: ucToIleHUE TaMSITH.
BeposTHOCTh McUepmaHus mamsTH Win Oydepa

3a1a€TCsA YpaBHCHUCM!
MTotal

P = (/2

Mtotal

i
Mtotal Y~
=0

rac:

[ S
y=MA+MN=ﬁ+M,

TMN
rac:
Sma SMN
MA = ) MN = [
TMA TMN
1 1 Sm
vy = Sy (24 L) = B
14 M\tya * tun TMA
1
I‘,He(SMA = 6MN = (SMI/I__) 0.
TMN
Torma:
“ —_—
TMA
M _
P" = E,l
PY «y oc —,
Tma

IToydeHHBIE pE3yIbTaThI O3BOJLIIOT chopMynu-
pOBAaTh CIEAYIOIIUE BHIBOJBI:

1. Korna Bpemsi Mexy NpUOBITUSIMHA HEBEJIHKO,
YHCIIO OTKPHITHIX KAHAJIOB HEBEJIMKO U pa3mep Oydepa
JKEPTBBl HEBEJIHK, TO BEPOATHOCTH MOJIHOIO HCTOIIE-
HUS, 3aaHHasg ypaBHeHHeM (1), Benuka, T.e. Ta cTpe-
MHUTCS K OOJIBIIOMY 3HAUEHUIO.

2. Ecnu BpeMsi MeXIy NPHOBITHAME BEITHKO, KO-
JIMYECTBO OTKPBITHIX KaHAIOB M pa3Mep Oydepa Be-
JIMKH, TO BEPOSTHOCTH MOJTHOTO MCYEPIIaHNS, 3a/1aHHAS
ypaBHeHHeM (1), HeBenmuka, T.e. Ta CTpeMHUTCS K Ma-
JICHPKOMY 3HaUCHHIO.

3. Korza Bpemst MeX 1y NPUOBITHAMH Mo, a KO-
JIMYECTBO OTKPBITHIX KaHAIOB M pa3Mep Oydepa Be-
JIUKH, TO BEPOSITHOCTH ITOJIHOT'O CUepIIaHUs, 3a/JaHHAs
ypaBHeHueM (1), moj yrpo3oi, Tak Kak cepBep MOXKET
BBIIEpKaTh aTaKy B TEUYCHHE HEKOTOPOT'O BPEMEHHU.

OCHOBBIBAsICh Ha OTBITE U3yUEHUsT 0€30MaCHOCTH
ceTel MpeIbIIyIero MOKOIEeHNUS, a TAK)Ke Ha YKe OIu-
CaHHBIX MOTEHIMAIBHBIX IpobieMax Oe30macHOCTH
cerel 5G, MOXXHO [aTh CIEAYIOLUIME PEKOMEHIALUU
U OyAyIIUX orepaTopos ceteit SG.

1. Komnaexchwiii nooxoo k sawume cemu. Onepa-
TOPBI JIOJDKHBI HEMEAJICHHO HayaTh aHaJIU3 BCEH CHUT-
HaJIbHOW MH(OPMALMHK, NEepeceKaroliell rpaHuly HX
JIOMaIllHEH CeTH, YTOObI 00ECIeUnTh 0€30IaCHOCTh U
OJIOKUPOBAaTh HE3aKOHHBIM Tpaduk. DTOT aHaIM3
NPEAOCTABIACT JaHHBIE, HEOOXOAUMBIEC I MOJIEP-
YKaHHS TTOJUTHKH 0€30TTaCHOCTH B aKTyaJIbHOM COCTO-
SHUHU. DTOT KOMIUIEKCHBIH M CHCTEMaTHYECKUH TTOAX0T
MOJKET IO3BOJIMTH 00eCIeunTh Oe30macHoCTh ceteit SG
C CaMoro nepBoro JIHs.

2. Ayoum 6ezonacnocmu cemu. CepBUC-OPUSHTH-
poBaHHas ceTeBas apxurekTypa 5G mpenocTaBiseT
orepaTopamM TMOKOCTb, HEOOXOAUMYIO Ul OBICTPOM
aJlanTalyy UX ceTeil K TpeOGOBaHUAM PhIHKA, HO HEZO-
CTaTKOM SIBISIETCS CJIOKHOCTH YTIPAaBIICHHUS BCEM MOJ-
psa. OTO MOBBHIIAET BAXKHOCTH ayAWTa 0€30MacHOCTH
JUTS BBIABIICHHS YSI3BUMOCTEH U IIPOBEPKH MPABIIIBEHO-
CTH HACTPOWKH U IPUMEHEHHS IMOJTUTHK 0€30I1acHOCTH.
Aynut 6e30MacHOCTH CIIEAyeT MPOBOAUTH ITEPHOINIE-
CKH, KaK BO BpeMs MEPBOHAYAIFHOTO Pa3BEPTHIBAHUS
cetd 5G, Tak ¥ BO BpeMsI 00BIYHOH orlepanuu. 1o 1103-
BOJISIET OTCJIE)KMBATH N3MEHEHHS B 0€30ITaCHOCTH CETH
U CBOEBPEMEHHO NIPUHUMATh KOHTPMEPHI.

3. Hocmosaunoe cogepuiencmeoganue cucmembl
bezonacnocmu. be3onacHOCTh — 3TO MPOLIECC, a HE OJ1-
HOpa3oBoe coObiTHe. HecMoTpst Ha GoJbIioe KoJude-
CTBO paboT mo obecredyeHnro OezomacHoctd 5G Ha



60 TECHNICAL SCIENCE / «GOLLOQUIUM=JOURNAL » #1(88). 2021

YpOBHE CTaHAapPTOB, MHOTHE HEM3BECTHBIC YTPO3BI IMO-
MPESKHEMY OCTAIOTCS HEW3BEeCTHBIMH. OrepaTtopsl
JIOJDKHBI PETYJISPHO M3Yy4YaTh M BHEAPATH PEKOMCHIA-
MM IO 3aluTe cBoux cered 5G. Pexomenparuu
JIOJDKHBI BBITIOTHATHCS PO IyManHo. OHHU 0OBIYHO 5B-
JSIOTCS  YHUBEPCANBHBIMH, HO KaXIas CEeTh YHH-
KalbHa. V3MeHeHuss B IIOJIMTHKE O€30MacHOCTH
JIOJDKHBI OBITH 4YacThlo oOmiero mpouecca. I[IpoBepka
JOJDKHA TIPOBOIUTHCSA IO M TIOCJIE BHEIPEHHUS HOBBIX
pemennii. Takum oOpaszom, 6e3omacHOCTE ceTeit SG —
9TO HE MPOCTO HAJIMYNE MPAaBUIBHOW apXUTEKTYPHI WIIH
obopynoBanus s obecnieueHus 0€30MacHOCTH, a CO-
3IaHue PadOYHX MPOIECCOB, MPOIETyP U COBMECTHAS
paboTa MEXIy KOMaHIaMH.
3akiaouenue

Kaxxnoe HOBOe ITOKOJIEHHE MOOMILHEIX CETEH
HUMEeT TCHACHIUIO CHIDKATh PUCKU MH(GOPMAIIMOHHOM
6e3omacHocTH. 3BecTHBIC TPOOIEMBI IPOTOKOJIOB 00-
MCHA JaHHbIMU ceTeﬁ npem)mymero TIOKOJICHUS 6])1.]'[1/[
VYTEHBI TpH pa3paboTKe CeTeBOW apXUTEKTypel S5G.
Opnnako HOBbIE TeXHOJNOTHH 5G, Takue Kak BUPTYalH-
3anus ¥ HOBBIC BapHaHTHI HCIIOJH30BAHUS, HECYT HO-
BBIC BBl YTpo3 0€30IIaCHOCTH JIJIsI CETEBBIX OIIepaTo-
poB. HecMoTps Ha Bce MeXaHU3MEI o0ecriedeHus 0e3-
OITacHOCTH B ceTIX 5G, MOCTMKEHUE TOITOBPEMEHHOM
0€30MacHOCTH TOTPEOYEeT MOCTOSHHBIX YCHIMH TIO-
CTAaBIIUKOB TeﬂeKOMMyHI/IKaL[I/IOHHbIX yCJ'IyF, OTBECT-
CTBCHHBIX 332 BHEIPCHUE CTAHIAPTOB, M CAMHUX OIepa-
TOPOB, OTBETCTBEHHBIX 3a NPaBHIbHYIO KOH(Hrypa-
LIUIO U COOJIO/ICHHE PEKOMEHTAIUH.

TexHonorus ceTer NATOTO0 MOKOJCHUS MOXKET
VIIyYIINTE CBSI3b U B3aMMOACHCTBHE MEKIY JIFOABMU, a
TaKkXkKe OOCCIICYHTH YIIyUYIICHHE KadecTBa YCIYT IUIs

VIIK 691

OJIB30BATENECH 0 BCeMy MUPY. ITO 0COOCHHO BaKHO
JUIsL BHEAPEHMS B KHU3HD OOIIECTBA «YMHOTO IOPOJay,
«yMHOTO noMa». Bce 0Goiee ocTpbM CTaHOBHTCS BO-
npoc Oe3omacHocTu ceTedd SG, K KOTOPOMY HYXKHO
MIOJIXOJUTh OCTOPOKHO, OJANTEIBHO U C TIOHMMaHHEM
noreHuyana 5SG, OTKPBIBAIOIIETO MIMPOKOE I0JIE Jes-
TENBLHOCTH JUIsl KUOepaTak W BTOP)KEHHH B YacTHYIO
*u3Hb. [lepexon Ha 5G MPHUHOCUT MHOTO BO3MOYKHO-
CTeH, HO TaKke M MpoOiieM, MO3TOMY HEOOXOAUMO
MIPUMEHSTh MEPBl 0E30MMACHOCTH, YTOOBI CETH ISITOTO
TIOKOJIEHUS HE CTaJIU YIPO30Hi.

Pabota BrImoHEeHA TIpH (PMHAHCOBOH MOJIEPIKKE
Poccuiickoro ¢orma QgyHIaMEHTANBHBIX HCCIIEIOBA-
Huii (mpoekt Nel19-07-00525 A).
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ONPEJAEJIEHUE TEPMO®JIYKTYAIIMOHHBIX KOHCTAHT IYTEM NIEPECTPOEHUSA
SKCIIEPUMEHTAJIBHO ITIOJIYYEHHBIX TPA®UKOB
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Erofeev A.V.
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DETERMINATION OF THERMAL FLUCTUATION CONSTANTS BY REALIGNING
EXPERIMENTALLY OBTAINED GRAPHS

Annomauus.

Paccmompensi ocHognble KOHCmManmul 0606WéHHo020 ypasuenus JKypkosa. [lokasana memoouxa epaghoana-
JUMUYECKO20 OnpedeneHus mepMOGIyKmyayuoHHbIX KOHCMAanm 00606wenno2o ypasnenus JKypkosa nymem ne-

pecmpoernust 9IKCNepuUMennailbHo noly4€eHHblX epad)ukoe.

Abstract.

The main constants of generalized Zhurkov equation are considered. Method of graphical analytics determi-
nation of thermal fluctuation constants of generalized Zhurkov's equation by realignment of experimentally ob-

tained graphs is shown.

Knrwouessie cnosa: epagpuueckas anarumura, 001208e4HOCHb, MeMNEPAMypPHAsl 3d8UCUMOCTb, MEPMOGDIYK-

myayus, ypasnenue Kyprosa.

Keywords: graphical analytics, durability, temperature dependence, thermal fluctuation, Zhurkov's equation.
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I'padoananmTudeckuii MeTOn SBISETCS OCHOB-
HBIM METOJIOM TIOMYYEHHUs] TepMOGUIyKTyarMOHHBIX
KOHCTaHT 00001eHHoro ypaBHeHus XKypkosa [1].

Meron ompeneneHUusT TepMOQIIYKTyallHOHHBIX
KOHCTaHT 0000IIeHHOTO ypaBHeHHs JKypKoBa ITyTeM
HepecTpoeHus TpahuKOB OKa3bIBACTCS JJOBOJBHO TPY-
JoeMKHM. JInsi monydeHusi HaJe)KHBIX pe3yJbTaTOB
HE0OX0IMMO HM3MEPUTh 3aBHCUMOCTD JIOJTOBEYHOCTH
OT HaNpsDKCHMS HE MEHEE YeM IIPH TPEX Pa3IUIHBIX
TemrepaTypax ucnbiTaHusd. [IpuHMMas BO BHUMaHUE,
YTO MPU KAXKJION TEMIIEpaType JKEIaTelNbHO MPOBECTH
ombITH He MeHee 4eM Ha 30...40 obpa3max (Uit Kakaoi
TEeMITepaTypsl MUHIMYM 5 TOYEK, IPHYEM JUIS TTOITyde-
HUS KaX/IOW TOYKH TpeOyeTcs WCIBITaTh B OJAMHAKO-
BBIX YCJIOBHSAX He MeHee § 00pasloB), TO CTAHOBHUTCS
SICHBIM, YTO JUIsl ONIPE/ICIICHHS] BCEX UCKOMBIX KO3 du-
IUCHTOB HEOOXOIUMO UCTIBITATh OOJIee cTa 00Pa3IOB.

JlocToBEpHOCTh 3HAYEHUH BCEX TEPMOQIIYKTya-
IIHOHHBIX KOHCTaHT 0000LIeHHOro ypaBHeHus XKyp-
KOBa OIPEAEIACTCS TOYHOCTBIO HCXOIHBIX TaHHBIX U3-
MEpEHHs], KOTOPbIEe 0OBIYHO HAHOCST Ha TpadyK B KO-
OpAMHATAX «IOrapu(M BpeMEHH — HAIPSHKEHHE» NPU
3a/1aHHOM TeMnepartype [2].

igr, ¢

OKcHepuMeHTaNbHbIE JaHHbIC, IIOJTyICHHBIE B KO-
OpIWHATAX «IOTapu(pM BpEeMEHHU — HaINpsHKEHHUE) (pH-
CYHOK 1), mepecTpauBalOTCs B KOOPIMHATHI <«JIOTa-
pudm Bpemenun — temmeparypa» (pucyHok 2). Kon-
CTaHTBl Tm M Im HAaXOZISTCSA M3 IMOJOXKEHHS IOJIOCa.
YToObI omnpesenuTh ABe ocTaBiuuecss KoHCTaHTel Ug 1
Y HE0OX0AMMO AJIS KaXKT0H IPSMOM pacCUUTATh 3HAUE-
HUE DHEPIHU aKTUBALUH, TI0 GopMmye:

U(o)=2,3R 2097 _
A(10°/T)

Jlanee 1o mosy4eHHbIM JaHHBIM CTPOUTCS TpaduK
B KOOpPAMHATAX «IHEPTHs aKTHBAIMU — HAINPSHKEHUE)»
(pucyHOK 3). DKCTpanonupys Ha JIHHUIO, TIe HampsDKe-
HUS OTCYTCTBYIOT, OIIpEeIseTCS MaKCUMaJIbHAas SHep-

M)

T'usd aKTUBallU UO . Tanrenc yrjia HaKJIOHa HpHMOﬁ

U — o 6yner paBHATBCA BeTMUMHE CTPYKTYPHO-Me-
XaHUYECKOU KOHCTAHThHL ) .

PucyHOK 1. 3asucumocms doneoseunocmu om HAanpsdCcenus

lgt, ¢

& 3 8
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Pucynox 2. 3asucumocmov doneoseunocmu om oOpamuo memnepamypvl
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U wfx/mans
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PMC)/HOK 3. Basucumocmo IHepcUuU akmueayuu om HanpsAsNCeHusl

Algr
JLst mapanienbHbIX OPSAMBIX, KOHCTaHTa /3 HAXOJUTCSA M3 COOTHOIICHHMS ,B = —A B KOOPJHMHATAX «JIO-
o
rapudM BpeMeHH — HanpspKeHue» (PUCYHOK 4).
lgt, [c]
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Pucynox 4. I'pagux onpedenenuss mepmo@paykmyayuuoHHbIX KOHCIAHM 8 KOOPOUHAAX (102aPUPM 8peMeHU —
Hanpsxcenuey O 3a6UCUMOCIU C NAPATIETbHBIMU NPAMbIMU

3nauenue koHcTaHThl U Takike OIIPEACIIACTCSA 110 TAHI'CHCY YyIJla HAKJIOHAa B KOOpJAWHATaXx ((J'IOFapI/I(i)M BpeE-

MeHH — Temmnepatypay (pucyHok 5). Koncranta Tx MOKeT ObITh onpe/ienena no GpopmyJie:
7. =7, eXp(f-0y,) )

)_IJ'IH OTOT'0 HYXXHO 3a4aTbCAd 00 , OKCTPAIIOJIMPOBATH HA Ig 7 MpHU 3aJaHHOM HAIIPSY)KCHUU.
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Pucynox 5. I'paghux onpedenenus mepmo@aykmyayuoHHbix KOHCMAHM 8 KOOPOUHAMAX «JI02apupm gpemeHu —
memnepamypay 01 3a8UCUMOCIIU C NAPATNETbHLIMU NPAMbIMU

[ns  mapanneiabHBIX —HPSAMBIX,
YpaBHEHUEM:

OIIMCBIBACMBIX

-m
r=B.o -exp(—R T) 3)
TaK KaK 3aBUCHUMOCTH AJOJITOBECYHOCTU OT HaHpH—
JKEHUs HeIMHEHHas, TO KOHCTaHTy M Ompejessercs
KaK erH HaAKJIOHAa HpHMLIX B KOOpI[I/IHaTaX «J‘IOFapI/I(I)M
BPEMEHH — JIOTapU(M HAIIPSIKEHUD):

m=Algr
Algo

KoncranTa B onpenensercss B KoopauHaTax «JIo-
rapumM BpeMeHH — TeMIepaTypa» (pUcyHOK 1.5, ) u3

(hopMyIIBL:

(4)

m
B=r,0, (5)

3naveHune koHcTaHThl U ToXe ompenensercs u3
ceMeicTBa MPSAMBIX B KOOPJAMHATAX «JIorapum Bpe-
MEHHU — TEMIIEPATypay.

OMNUpUYecKUe KOHCTAHTHI ISl Cilydast «o0pat-
HOTO ITy4Kay» OINPEACIISIOTCS] aHAJIOTUYHO KOHCTAaHTaM
JUISL KTIPSIMOTO MYYKay.

Jns oneHkn pabOTOCTIOCOOHOCTH W3 TPEAbIay-
muX GOPMYJ MOXKHO BBIPa3HUTh JIBa OCTABIIMXCS Mapa-
MeTpa: MPOYHOCTh U TEPMOCTOHKOCTH [3].

VYpaBHEHHE TPOYHOCTH IIPU KIPSIMOM ITyUKe»:

1 2,3RT g~

oc=—|U,————Ilg— (6)
ylo T, O,
ypaBHeHI/Ie TepMOCTOfIKOCTPI nopu  «apsamMoM
ITYYKE»:
1
1 2,3R
T 2 25R g m )
T, Uy—yo "1,
VYpaBHEHHE TPOYHOCTH NIPU «OOPATHOM ITYUKE»:
1, - RT T
c=—|U;-2,3——Ilg— (8)
T, /T-1"7, |

YpaBHEHHE TEPMOCTOMKOCTH NpPH «OOpaTHOM
My4Ke»:

T=(—A+\/_A-,/A+2Tn:)-1o3 ©)
A:M (10)
2.2,3Rlg-~
T

m
YpaBHEHUE IPOYHOCTHU TIPU «I1aPAJLJIEIIBHBIX IIPsI-
MBIX»:

1 U T

B\ 2,3RT

YpaBHEHUE TEPMOCTOMKOCTU IPU «I1apaJLIEIIb-
HBIX IPSMBIX»:

T*

(1)

-1

V 9=+ go

T=—
2,3R| "z,

(12)

[epBast npobiiemMa, ¢ KOTOPO NMPUAETCS CTOJK-
HYTBCS NIPU OTPE/ICICHUN KOHCTAHT, — BHICOKOE KOJIH-
YECTBO MPOBOANMBIX KCIepruMeHTOB. OHO Tpedyercs
JUISL TIOJTyYEHUS! a/IEKBAaTHBIX JAHHBIX M IIOCTPOCHUS
BEPHBIX rpaduKoB. Jlaske B He caMbIX OOJIBIINX MO 00b-
€My HCCJIEJOBAaHMAX YUCIO HEOOXOIUMBIX IKCIEpH-
MEHTOB IIEpPEBAINBAET 33 COTHIO. DTOT ()AKT HE CHIILHO
CKa3bpIBaeTcsl MpH paboTe ¢ OBICTPOPA3PyIIAFOIIIMCS
MaTepHalioM, HO C YBEJIMYCHUEM JI0JTOBEYHOCTH MaTe-
pHaia CHIIbHO yBEJIMYHMBAECTCS BPEMsi Ha IPOBEICHHE
€IMHUYHOTO OmbITa. Bee 3TO BbUIMBAETCS B OOJIbIIINE
TPYI03aTPaThI MPH MOJTYISHUN BXOIHBIX TaHHBIX [4].

Ko BTOpOI# mMpobiieMe MOKHO OTHECTH TPOIIECCHI
00paboTKK IOJy4eHHBIX NaHHBIX. [IpH mocTosHHOM
MIepecTpOeHUH TpaduKoB rpaoaHaTUTHYECKUM CIIO-
co00M HEen30eXHO HAKOIUICHWE IOTPELIHOCTEH B pe-
3yJIbTaTe HECOPA3MEPHOCTH MacITab0B rpa) uueCcKoro
n3o0paxkeHus: 1 HeoOoxoaumol TounoctH. [Tpu orpene-
JICHUH TepMO(MIIYKTYallMOHHBIX KOHCTAHT 0000IIeH-
HOro ypaBHeHHs JKypKoBa OOJBLIYIO POJIb B TOYHOCTH



64 TECHNICAL SCIENCE / «GOLLOQUIUM=JOURNAL » #1(88). 2021

UX HaXOXAeHHS OyJeT UMETh KBATH(UKAIINS NCCIIEN0-
Barensl, T.e. CyOBEeKTUBHBIN (akTop. Tak e mpu mo-
CTpOeHHHU rpadyKa UCIIOJIBb3YETCs MPEIIONI0KEHUE O
JIMHEHHOW 3aBHCHUMOCTH Jorapupma J0JTOBEYHOCTH
oT HampspkeHuil. SIcHO, uTo ommOka Oyner Tem
Oouible, YeM MEHbIIE TMana30H H3MEHEHHI BEJIMINHBI
JIOJNITOBEYHOCTH M Y€M MEHBIIIee KOJIIMUECTBO 00pa31ioB
UCTIBITBIBAJIOCH JUUISL HAXOJK/ICHHS [TapaMeTPOB ypaBHe-
HUSL
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CHOICE OF GTP FOR BOILER PK-47

AHnnomauus.

Cmambus nocssiuyena uzyueHuio 603MOACHO20 8blOOPA 2a30MypOUHHOU YCMAHOBKU 011 naposo2o komaa I1K-
47. Taxk sice npuseden mennosot pacuem napoeozo komaa I1K-47.

Abstract.

The article is devoted to the study of the possible choice of a gas turbine unit for the PK-47 steam boiler. The
thermal calculation of the PK-47 steam boiler is also given.

Knroueenie cnosa: 2a30myp6uHHaﬂ ycmarnoeka, napoeoﬁ Komei, MOWHOCmb, memnepamypa 2a30e6.
Keywords: gas turbine plant, steam boiler, power, gas temperature.

IIpsimoTtounsnii koten IIK-47, W3roTOBICHHBIN
ITo10MBCKUM  MAITMHOCTPOUTENBHBIM 3aBOJAOM M.
Op/KOHUKHI3E, IBYXKOPITYCHOTO MCIIONHEHUS, CIIPO-
€KTHPOBAHHBII B COOTBETCTBUH C JaHHBIMU JIM3 - 3a-
Boja-mroroBurens Typounsl K-200-130, umeer cie-
JYIOIME pacuyeTHbIC JaHHbIE:

TIpOU3BOAUTETBHOCTD ..vevvvienireeireaieens 640 T1/4ac;
[Jasnenue napa 3a KIIII-2 ................. 140 xrec/cm2;
Temneparypa DUTATEILHOU BOABL ............... 242°C,;
JlaBieHre nNHUTATENIbHOW BOJABI Ha BXOJE B KO-
1S TR 180 krc/cm2;
Temneparypa Neperperoro napa ................ 545°C;
Pacxon depes BTOpHMYHBIN maporieperpeBarelib
................................................................. 5441/qac;

JlaBitleHre BTOPUYHOTO Tapa Ha BXOJE B KOTeN ... 25
Krc/cM2;
JlaBiieHHEe BTOPHYHOTO TIapa Ha BBIXOAE W3

KOTIIA 1vveeuveeeessireeeeaniieeesnnnneeesnseeesssneeeeas 23 krc/em2;
Temreparypa BTOPUYHOTO TIapa Ha BXOJE B KO-
TEIT cuvvrreeeeeeseesrtreeeeeessaiarrereeeessaastreeeeeessasneres 350°C;
Temmeparypa BTOPHYHOIO Iapa Ha BBIXOAC W3
X0 01 R, 545°C;
KITT KOTHA evveicvveeeeeiiee e He meHee 91,5%.

Jlst BeIOOpa razoTypOuHHOMN ycTaHoBkH aist [1K-
47 HeoOX0aMMO TPOM3BECTH TEIUIOBON pacyer mapo-
BOTO KOTJIA!
1. KonmyecTBO TEIDIOTH HEOOXOAUMOE KOHTYPY
BBICOKOTO JTABJICHHS:
QBJ:L = DBJ:L ' (lgﬁ - llgl;) N
rae ¢ = 0,994 — 0,996 — koaddunueHT coxpane-
Hus TeroThl B KY; aHTaNbnuio BoIbI OCHE MUTATENb-
HOTO HAacoca BBICOKOTO JaBJICHHs OTMpereiseM IO
P = 25 MIla u t5; = 158°C : ig) = 681,704 x/lx/
KT
2. Temmeparypa mHeperperoro mnapa BBICOKOTO
JIABJICHUSI TTOCJIe KOTJIa — YTHIIM3aTopa:
tor =ty +5
5°C — cHIDKEHHE TeMIepaTypsl apa u3-3a HoTephb
TEIUIOTHI B TPYOOIPOBO/IE OT KOTJIA — YTHIM3AaTOpa 10
TYpOMHBI:
tyr = 545+ 5 = 550°C
3. DHTaNkNUs MEeperpeToro mnapa BHICOKOrO J1aB-
JeHus Tocle Kotna ig; = 3460,987 k/lx/Kr, onpene-
nsem 1o Py = 14 MIla u t;; = 550°.
Qs = 177,8-(3460,987 — 681,704) - 0,995
= 491685,73 kBT
4. Pacxon mapa Ha jea’paTop:
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D = (DBA + DHA) ) (ia — irmc)
=

Lin ~
D (177,8 + 151,7) - (640.185 — 554.409)
A 2904.203 — 640.185
= 4,05 kr/c
5. KomnuecTBo TemioTsl HE0OXOJMMOE KOHTYPY
HH3KOTO JIaBJICHUS:
Qua = (DHn + Da) ) (ifiﬁ - igﬂH) P
Qu, = (177,8 + 151,7) - (3460,987 — 1631,55)
0,995 = 599785,49 kBT
6. KomnuectBo TemioTHl HEOOXOAMMOE JUIA
Harpesa Iapa B KOTJIe:
Qll;ly = QBA + QHLL
Qxy = 491685,73 + 599785,49 = 1091471,22 kBt
Tax xa xoren [1K — 47 mMeeT IByXKOPITyCHOE HC-
MOJIHEHHE, TO KOJMIECTBO TEIUIOTHI JUI HarpeBa mnapa
B OZTHOM KopIryce OyJer:
1091471,22
— = 545735,61 kBt
7. OnpenenumM TEII0OEMKOCTb Ta30B MU TeMIlepa-
Type Ha Bxone T4 = 770 K u Boixone Tyx = 383K u3
KOTJIa.
<—1,9967302 1078
Cp =

2,763
+
1,2388764 - 107*
2,73
0,0667197
2,763
[pu 3ToM K03 huIIeHT H30BITKA BO3yXa COCTA-
BUT 2,763, a TCINIOEMKOCTH Ia30B HA BXOJIE€ M BEIXOJIE

—5,2362808 - 10_8> - 7702

X 2,730444 - 10_4> =770 +

+0,9138913 = 1,234 k/Ix/(xr - rpax)

VK 624.05

kotma  Cpy = 1,15 k/bx/(kr-rpag) wu (5 =
1,052 x/>x/ (KT - rpaj;) COOTBETCTBEHHO.
8. Ompenensem pacxox razoB ['TY
545735,61
GPP™* = =1130,8 kr/c

"~ (1,15-770 — 1,052 -383)

AT=476°C-Cp-AH

AH-G=Q=310-2=620MBT1

W3 pacueToB MOXHO CAENaTh BBIBOA, YTO AJIS Ia-
posoro kxorna IIK-47 nopoiiaer ycranoBka 2-x I'TY
Mitsubishi - MW701F.

Texunueckue xapaxrepuctuku I'TY MW701F
Mitsubishi:

MOIIHOCTD ..evveeeeeeeiiieieee e 270,3 MBT;
KIIJL oo 38,2%;
CTEIEHD CHKATHS ..oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 17,0;
PacXom BO3AYXA ...ccovvvviieeieeieeieene 652,4 kr/c;
Temneparypa ra3oB Ha BBIXOJE ..........cve..... 586°C.
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HCITIOJB30BAHUE CBEMHBIX OITAJITYBOK U3 MEHOITIOJHUCTEPOJIA JJI51 BO3BEAEHUA
MOHOJIMTHBIX KOHCTPYKIMI CJIOXKHON ®OPMBI

Petrenko Aleksei Olegovich
Undergraduate

Saint Petersburg State University

of Architecture and Civil Engineering

USAGE OF REMOVABLE FORMWORKS FROM POLYSTEROL FOAM FOR CONSTRUCTION OF
CONCRETE STRUCTURES

Annomayus.

Hcnonvzosanue cnoacrovlx ¢OpM Ha ce200HAWHUL OeHb A6IAeMCA 0OOHOU U3 OMIUYUMEIbHbIX 0COOeHHOCmell
coBpeMeHHOU apxumexmypbl. Ilenonoaucmupon noayuunl wupoxKoe pacnpocmpamnenue npu UCHOTb308AHUU
HeCHeMHOU OnanyoKe JeHmoyHbIX PYHOAMEHMOB U 02PANCOAIOWUX KOHCMPYKYULL 01a200apst Meniou30NayuoH-
HbIM colicmeam mamepuana. /s 6036e0eHust MOHOIUMHBIX KOHCMPYKYULL CLOANCHOU (DOPMbL HACMO UCHOIL3YION
UMEHHO CbEeMHYIO onaﬂy61<y u3 neHonoucmepoJa. Duszuyeckue xapakmepucmuKku neHonoaucmepoia u passumue
KOMNBIOMEPHO20 MOOEAUPOBAHUS 0OECNEeUUBATOM 1e2KOCHb 8 NPUOAHUU HYIHCHOU OPMbL MAMEPUATY.

Abstract.

Usage of complex shapes today is one of the distinctive features of modern architecture. Polysterol foam is
widely used when used in permanent formwork strip foundations and enclosing structures due to the thermal
insulation properties of the material. For the construction of monolithic structures of complex shape, it is often
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the removable polystyrene foam formwork that is used. The physical characteristics of expanded polystyrene and
the development of computer modeling make it easy to shape the material.

Knwuesvte cnosa: 6em0Hup06aHue, KOHCMPYKMU6Hble PEeUEeHUA, onaﬂyﬁka, bemonnas CMeCb, mexrnoocus

cmpoumenbemed, OU3ain.

Keywords: concreting, constructive decisions, form, concrete blend, construction technology, design.

Co3aHue MOHOJIUTHBIX KOHCTPYKLUH CJIOKHOM
dopMel TpeOyeT NPUMEHEHHS OMaTyOOK, WHAWBUIY-
aNbHO pa3zpabaThIBaeMBIX IO/ ONPEACTICHHBI OOBEKT.
Tak Kak MCHONB30BaHUE IIUTOBBIX ONATyOOK, UMEI0-
X IIHPOKOE PacIpOCTPaHEHUE U BEICOKYIO 000patn-
BaeMOCTb, 9aCTO HE MO3BOJISIET JOCTUYb ONIPEICICHHOMN
CJIOKHOCTH T€OMETPHH U IIJIABHOCTH JIMHUH MOHOJIHT-
HOM KOHCTPYKIMH, NTPUMEHEHHE CHEMHBIX ONaTyOoK
U3 IOHEIOIUCTEepOoIa CTAHOBUTCSA Bee Oonee BocTpedo-
BaHHBIM [2].

Co3fanue CbeMHOH OnaylyOKH W3 NEHOIONUCTE-
poia HaunHaetcs ¢ 3D mpoekTupoBaHus onany60YHON

KOHCTPYKIUH U ()OPMUPOBAHUSI CXEMBI CTBIKOBOYHBIX
IIBOB U PAcIOJIOXXEHHUsS aHKepoB. sl co3maHUsI MO-
J€TIM 13 TICHOIIOJIMCTEPOIIa MOKET HCIIOJIb30BATHCS TIe-
gatb Ha 3D mpunHTepe mmubo MexaHMYecKas oOpadoTKa
0JI0KOB M3 TEHOMOJIHUCTEPOIA ISl IPUIAHMS MPOEKT-
HOH ()OPMBI C MOCIEAYIONMM HAaHECCHUEM ITOJIMMEp-
HOT'O MOKPBITHS Ha BCIO OMAIyOKy.

INTopaepxka TOTOBOM onayOKu OCYIIECTBILETCA
C MOMOIIIBIO ONOPHBIX JIECOB U YCTAHOBKM JOIOJHU-
TEJILHOM KPYIHOLIMTOBOH omnanyOku. Paccmorpum
MIpUMEpP Ppa3MEIIeHUs MOJACPKUBAIOIINX KOHCTPYK-
it omany6oku DokaShape [4].

=

Puc. 1. Tpexmepuas onanyora DokaShape:
A — 0bwuii 6u0 onanydxu ¢ no0OepHCUBAIOWUMU dTeMEHMami,
b — 6u0 nocne pacnanyoxu eepxmeti yacmu KOHCMPYKYUU U3 NEHONOUCMEPOILd.

BokoBast moaepxkka KOHCTPYKIIUH OCYIIECTBIISI-
eTcs ¢ MoMOIII0 OanovyHoit onayoku Doka Top 50,
COCTOSIIIICH W3 CTAaHIAPTU3UPOBAHHBIX MOIYIBHBIX
JJIEMEHTOB, (opMa U pa3Mepbl KOTOPBIX aJanTHPY-
I0TCS K KOHCTPYKIIMH cOopyxaemoro o0Obekra. Ha

pHC.l IIOKa3aHbl IOJAMaCTH IJIsA 6eTOHI/IpOBaHI/I$I C OT-
JACJIbHBIMH YHUBCPCAJIbHBIMU KOHCOJIAMHU B pasMepax,
MNPUBCICHHBIX B Ta6nnue 1.

Tabnuma 1
Monens [Mupuna (MM) Bricora (Mm)
YuuepcaibHas KoHCOJIb 90 870 1600
YuuBepcaiibHas KOHCOJIb 60 570 1060
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B xauecTBe npumMepa NpUMEHEHHsI CbEMHOM OIa-
JTyOKH U3 NIEHOIIOINCTEPOIIa PACCMOTPUM HCIIOJIb30Ba-
nue omanyoku DokaShape crpoutensHoi#t opranu3sa-

et Skanska AB (IlIsenwst) py BO3BEICHUH MOHO-
JIMTHOTO KYIIOJIa Ha/l BXOJOM B CTOJIOBYIO My3bIKajb-
Hoii akagemun umenn Cubenuyca (Sibelius Akatemia)
B I'. XeJIbCUHKHI ((DI/IHﬂ;IH,uI/I;I)

Puc 2. Koncmpym;uﬂ 0mmy61<u MOHOIUMHOZ0 Kynoaa.

JI1st ToAep kKN OnayOKH MOTOJIKa MCIOIB30Ba-
nuck onopusie eca Doka Staxo 100 ¢ BbICOKO# Hecy-
meil crocobHocThi0. Ha ocHOBe HMX OblIa cO3aaHa
KOHCTPYKLUS JUIS [IEPEONHPAHUS Pa3INYHBIX HATPY30K
ot OetoHa Ha 3D-onanyOKy W U TOAEPIKKU JICTKO-
BECHBIX 2JIEMEHTOB M3 IEHOMONUCTHpoa [5]. BBHYT-
PeHHSIS OAIePIKKA KOHCTPYKIIMH OCYIIECTBIIsIIach Oa-
noyHo# onamyokoit Doka Top 50.

Ilepen ycraHOBKOH BepXHEH dacTH oOnaryOKu
yCTaHaBJIMBAETCSl ApMUPOBAHHUE, 3aTEM OIaTyOKa MoJI-

HOCTBIO cobmpaetcs [7]. BetoHnpoBaHue oCyIIecTBIsI-
eTcsl Yepe3 CIEHHalbHbIE KaHaIbl CaMOYIOJIOTHSIO-
IUMCsT OETOHOM.

B pamkax yciyru mpeaBapuUTENIbHOTO MOHTaXa 1
JIEMOHTaXka ONajyOku KBanu(HUIMPOBAHHBIN Iepco-
HaJl OpraHU3alUuU-ITPOU3BOIUTEINS ONATYOKH B TECHOM
COTPYIHUYECTBE CO CTPOUTEIBHOM KOMIIAHUEH BBIIOJI-
HSIET MOHT@X CIEHHAJIBHOTO OOOpYNOBaHHS W OIa-
JyOKy TIpsIMO Ha CTPOMTEJIBHOMN IIIOIIAAKE, YTO B KO-
HEYHOM I/ITOFG MOJKET BJIUATH HA CTOMMOCTb CTpPOH-
TEJILCTBA [

= IIY
] . R

Puc. 3. Koncmpykyus MOHOIUMHO20 KYNOILA 60 8PEMsL HAHECEHUsL 2UOPOUZOTAYUU.
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B pesynbTaTe npoBeeHHOTO aHaIu3a MOXKHO CIe-
JIaTh BBIBOJ, YTO HCIIOJB30BAHHUC MTAHHOI'O THIIA OIla-
JTyOKH HapaBHe C TUIFOCaMH HEceT B ce0e HECKOJIbKO He-
JOCTAaTKOB:

1. BBICOKAas CTOMMOCTb H3TOTOBJIEHUS HWHIUBU-
JyaJIbHOH omanyOKu;

2. ):[OHFI/Iﬁ CPOK MOACIUPOBAHUA U H3IOTOBJIC-
HUS OTIAITyOKH;

3. BBICOKHE TpeOOBaHUSA K KBaNMH(pUKAIMH pa-
OOTHHKOB, OCYIIECCTBIBIIONINX MOHTaX JAaHHOTO BHIA
OTIaTyOKH;

4. Hu3Kasg 00OpPaYMBACMOCTH ONMANYOKH M, Kak
CJIICACTBHC, 0O0JIBIIOE KOJIMYECTBO MaTe€puajia Ha yTH-
JIN3ALHIO;

HeCMOTpﬂ Ha BCC MPCACTABJICHHBIC MUHYCHI OIla-
J'Iy6KI/I 13 MCHOIOJUCTUPOJIA HACTO OHA ABJIACTCA CAUH-
CTBCHHBIM PCHICHUEM IMPHU BO3BCACHUHW MOHOJIUTHBIX
KOHCTPYKLIUI BBICOKOH CJIOKHOCTH.
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FEATURES OF GERODIETIC NUTRITION

Annomauyus.

Tumanue uenosexa s1615emcsi OOHUM U3 OCHOBHBIX (PAKMOPOS BHEUIHEl CPedbl, ONPeOeNTIOUUX €20 300P08be,
HOPpMANbHBIL pocm U pazeumue, QU3UYECKYI0 U YMCMBEHHYI0 pabomoCcnocoOHOCHb, NPOOOIHCUMENLHOCMb
JHCU3HU, CONPOMUBTACMOCMb OP2AHUIMA UHPEKYUAM U 8PEOHbIM PAKMOPAM OKpYAHcatoujell cpeobl.

Abstract.

Human nutrition is one of the main environmental factors that determine their health, normal growth and
development, physical and mental performance, life expectancy, resistance to infections and harmful environmen-

tal factors.

Knroueswie cnosa: numaxue, zepoduemul{eCKoe numaxdus, ckopayna, mMAcCo, K'a]lbl,ﬂ/lﬁ
Keywords: nutrition, elderly persons nutrition, shell, meat, calcium

B nocnennue rospl Bo BCEM MUpPE MOTYIHIO HIH-
pOKOe pa3BHTHE TaK Ha3blBaeMoe (PyHKIIMOHAIBHOE
MUTaHUE, IO KOTOPBIM HOJPa3yMeBaeTCs CHCTEMAaTH-

YeCcKoe YIOTPeOICHHE ITHIIEBRIX IIPOTYKTOB, OKa3bIBa-
OIIee Peryupylomiee AeHCTBIE Ha OPTaHU3M B LIEJIOM
WM Ha €70 OTAEIBHBIC CUCTEMBI X OPTaHHI.
OYHKIINOHANBHBIC TIPOAYKTHl MUTAHUS COIAEPKAT
B ce0e TOJBKO MOJIe3HBIE BEIECTBA, HE IMEIOT B CBOEM
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cocTaBe KaKUX-IHOO BPETHBIX XUMHIUYECKUX COCIIHE-
HUHR W SBJSIIOTCST aOCOMIOTHO Oe30MacHbIMH. B mpous-
BOJICTBE ()YHKIIMOHAJBHBIX MPOIYKTOB UCIIOIB3YIOTCS
YHHKAIIbHbIC OMOTEXHOJIOTHH, MO3BOJISIONINEC MaKCH-
MaJbHO YIYUIIUTh U COXPAHUTH MOJIE3HbIE PUPOIHBIE
CBOICTBa, HCIONb3yeMbIE MPHU H3TOTOBIEHUU PACTHU-
TEJBHBIX WK )KUBOTHBIX KOMIIOHCHTOB. B oTinuune ot
OOBIYHBIX MPOJYKTOB THTaHU, (QYHKIHOHAIBHASL
MUIIA COACPIKUT ropa3fo OOoJbIIe KU3HEHHO BaKHBIX
OHMOJIOTHYEeCKH aKTHBHBIX BEHIECTB, KOTOPHIE BCeraa
XOpomIo cOaaHCHPOBAHBI MEXIY COOOH.

CrapeHne opraHnn3Ma - 3aTpyAHUTECIBHBIN H MHO-
TrOrpaHHbIi Ipolecc, 3aBUCSILUNA OT MHOXKECTBA MeXa-
HU3MOB. B craperoniem opraHuzMe BO3HUKAET Psf
MOp(OJIOTHYSCKUX W3MeHeHud. Hapymarotrcs Takue
JKU3HCHHO Ba)KHbIC (DYHKIIMU KaK alaliTHBHAS U METa-
Oonmyeckas. BcenenctBue 3Toro 3amemsieTcss oOMeH
BEIIIECTB B OpPraHU3Me, IPUBOIAIINN K HAPYIIICHUIO 00-
MEHHBIX IPOIIECCOB U (PU3MUCSCKON ACATSILHOCTH.

IponykTsl (HYHKIMOHATHHOTO TEpPOIHMETHYE-
CKOTO HAIpaBJICHUS TMpeTHAa3HAYCHBI IS JIUI] TTOXKHU-
soro (60 — 74 rona) u crapueckoro (75 — 89 xer) Bo3-
pacra. B HacTosmiee Bpems B Poccun mpoxwuBaet 60ee
40 MITH YeNOBEK TaKOTO BO3pacTa, UX JOJsI B oOmIei
YUCJIEHHOCTH HaceneHus npespiaet 20 %.

HapymieHust cucteMbl NMUTaHHSA, KOTOpbIE 00Y-
CJIOBJIEHBI HEJOCTATOYHBIM TMOTPEOJICHUEM BHUTAMHU-
HOB, MUHCPAJIBHBIX BEIIECTB, MOJTHOICHHBIX OCIKOB U
HEPAIMOHAIBHBIM WX COOTHOIIIEHUEM BBHISBIISIOTCS 1O
Gonpliel yacTu y JMofeil MpeKJIOHHOro Bo3pacra. B
CTaperolIeM OpraHu3Me IIOBBIIIAECTCS UYYBCTBUTEIb-
HOCTB KIIETOK K TOKCHYECKHM BellecTBaM, 00pa3yro-
IIMMCS B KETYJOYHOKHIIICTHOM TPaKTe. 3a CYeT CHU-
JKCHHUST HHTCHCUBHOCTH OOMEHA BEIIECTB Y ITOKHIIBIX
JFO/Iell BOSHHUKAET MOTPEOHOCTH B pa3padoTKe MPOIyK-
TOB, HE OTSTOMIAIOIIUX MUIIEBAPUTEIFHBIE TIPOLIECCHI.

OrpaHuveHus SHEPTeTUYECKON IIEHHOCTH THIIe-
BOTO paIlMoHa JIS)KUT B OCHOBE U3BECTHOTO B TEPOHTO-
goruu (pakTa: HU3KOKAJIOPHiHAS IHETa 3aMeIisieT
TEMITbI CTapPEHHSI.

Konnenmus JieueOHO-TPOYUITAKTUIECCKOI
HaANpaBJIEHHOCTH MUTaHUS OOYCIIOBJIIEHA Pa3BUTHEM
BO3PACTO3aBUCUMBIX 3a00JEBaHUI: aTepOCKIIEPO3a,
WHCYJIMHHE3aBIUCHMOTO CaxapHOTO Juadera, OXKUpe-
HUS, OCTEOII0P03a, apTePHaIHHON THIICPTCH3UH, PAKO-
BOT'0 NIEPEPOKACHUS U AP.

PaszpaboTka repoiMeTHYECKOrO MHTAaHUS Haya-
Jlach Ha OCHOBE IMPOJYKTOB Ha MOJIOYHOM OocHOBe. B
HACTOSIIEe MMPOKas BPeMS CO37aHa IOBOJILHO IHPO-
Kasi cepysl TAKUX MPOTYKTOB.

PexoMenianinu repoiueTnyeckol OrpaHuyeHuIo
HaANpaBJIEHHOCTH CBOJIATCSA K OTPAHUYCHHIO TPOUC-
XOXKICHHSI OEJIKOB, KHUPOB YTIIEBOJOB KUBOTHOTO MPO-
HCXOXICHHUS, COJIM JIETKOYCBOSIEMBIX YTJIEBOJIOB, pa-
[IMOHA IIOBapEHHON COJH, OOJiamaromMu oboraiie-
HUIO  palMOHa  BUTaMUHAMH,  OOJaJarOIIUMH
JUIOTPOIHBIMU CBOMCTBAMH, B TOPMO3SIIUMHE (HOPMHU-
poBanue atepockiieposa (B6, E, F, xonun, nnosur, ¢o-
JMeBasi, aHTHOKCHUAAHTAMH TAHTOTEHOBAs KHUCIIOTHI),
OKHCJICHHIO BHTAMHHAMHU-aHTHOKCHIAHTAMH, W TIpe-
MATCTBYIOIIMMH OKHCICHUIO TICUCHH JHIHAIOB U C
oxupennto nedenn (E, C, P - kapoTuH), onpenencH-
HBIMH MUHEPAJIbHBIMH BEIIECTBAMH.

HemHuorue antnokcuaanTsl (Butamuusl C, E, A)
HCTIONB3YIOTC B TEPUATPUUYECKON acCKOpPOWHOBOM
npaktuke. [Ipu Ha BO3ACHCTBIM aCKOPOMHOBOM MOCIE
KHCJIOTHI Ha HAOJTIOANIOCh JIFO/ICH Tocie 75 cTaTucTu-
YECKOTO JIET HAOJI0AIOCh YBEJIWYCHUE CTATUCTHYC-
CKOTO TMOKa3aress JUIMTEILHOCTH MECALEB MPEeCTOs-
et ®u3HU AnuTensHocTr A0 102 Mecsies B pu K-
TenbHOCTH 70 rpymme MecsleB B OCHOBaHUHU
KOHTPOJBHOH rpynme. naHHpXx Ha ocHOBaHMH obora-
oIaTh TPUBEACHHBIX NAHHBIX, IeecooOpa3Ho obora-
oaTh MPOAYKTHl T€POIHETHIESCKOTO MPO(WIs HATy-
pABHBIMU aHTHOKCHIAHTAMH

AHTHOKHCIUTENFHBIMA CBOMCTBaMHU 00JIaJaroT
MPSIHO-apOMATHYCCKHE PACTCHUS: UMOUPH, KypKyMa,
JYIINIA, PO3MAPHH, Yabpell U ApyTHe.

VIcTOYHUKOM HPUPOTHBIX AHTUOKCHIAHTOB SBJIS-
FOTCSI CeMeHa (KOCTOYKH) BHHOTPaa, COJCpIKAIINE B
ceOe MUPOKUH KOMILICKC He3aMEHUMBIX W OMOJIOTHYE-
CKH{ aKTHUBHBIX BEUIECTB, HCOOXOUMBIX IS TIOJTHOLICH-
HOTO (PYHKIIMOHMPOBAHUS OpPTaHM3Ma YesioBeka. B ko-
CTOYKaX BHHOTPAJa BBEICOKOE COACpIKaHHE aHTHOKCH-
JTAHTOB - 0m0(TaBOHOU/IOB, Ha3bIBaEMBIX
NPOAHTOLIMAHUAMU, AeiicTBUe KOTOpeIx B 50 pas
CUIIbHEE NIEHCTBUS aCKOPOWHOBOM KUCIIOTHI H TOKO(e-
pouna [4].

Jlons yrineBollOBB parioHe MUTAHHUS TTOXKHIIBIX
JIIOJIEN TOJDKHA COCTaBIATh 55 — 60 % oT o01mel sHep-
TEeTHYECKON IIEHHOCTH MUIIEBOTO paIlioHa. Y CTapbIX
U TIOKUJIBIX JIIOJIEH OTMEYaeTcs JOCTaTOUYHO BBICOKAs
aKTUBHOCTHh aMmuia3. B cBs3u ¢ 3TuM ObutH pazpabo-
TaHbl PEKOMEHJIAIIUU 110 YBEITUYCHHUIO JIOJIU CIOKHBIX
YIJIeBOAOB (KpaxMaia) ¥ YMEHBIICHHIO JTOJU IPOCTHIX
YIJIeBOAOB (caxapa) B pallioHEe MUTAHUS 3TOW TPYIIIIBI
JIOAEHN.

Jis yBenmudeHUs coAepikaHUs KallbIlUs B Opra-
HU3ME MTOKUIIOTO YeJIOBEKa HY)KHO IPUMEHSITh B JIHETE
SMYHYIO CKOPIIYITY.

SudHas ckopiyma - 3TO KECTKOE BHEIIHEee IMO-
KpbITHE siiitia. OHO COCTOUT B OCHOBHOM W3 KapOoHaTa
Kanplus, o0meit Gopmer kanmbims. Takke COMACPKUT
6en0K, HeOOJBIIOEe KOIMYECTBO APYTMX MUHEPAJIOB,
BKIIIOUasi CTPOHIMMA, (GTOpUA, MarHuii U ceneH. Kak u
KaJbIUIA, 3TH MAHEPAIBI MOTYT IIPHHECTH MOJB3Y 370-
POBBIO KOCTHO CHCTEMBI YeIIOBEKa.

Kanpumii siBnsieTcss BaKHBIM MHHEPAIOM, KOTO-
PBIT COAEPIKUTCS BO MHOTUX IPOIYKTaX MUTAHUS, OCO-
OCHHO B MOJIOUHBIX IIPOyKTax. bonee HU3KOE KOMHYE-
CTBO KaIIBIHSI TAKXKE COJICPIKUTCS BO MHOTHX JIUCTO-
BBIX U KOPHETIJIOJHBIX OBOIIAX.

ITopomok AUYHON CKOPJIYIBI B OCJIEIHUE AECA-
THJICTHSI, TIOJYYCHHBIA U3 KYPUHBIX SUI[, aKTHBHO HC-
MOJI3YeTCSl B KadecTBe HATYPAIbHOTO HWCTOYHHUKA
KaJbIMA. SIMdHas cKopiTyma coaepxut npuMepHo 40 %
KaJbIMs, IPUYEeM KasKIbIi TpaMM CKOPITYyIbl faeT 381
— 401 Mr KaJabIus.

SluyHasi cKopiIyIia MOJIOBUHEI sTiflla MOXeT obec-
MIEYUTH JIOCTATOYHOE KOJHYECTBO KaNbLHUSA IS YIO-
BIICTBOPCHUS CKCIHEBHBIX MOTPEOHOCTEH B3POCIBIX,
yto coctaBisgeT 1000 Mr B AeHb.

Ha mpownsBoacTBe JydmriM BapHaHTOM SIBIISETCS
MIPUMEHEHHE TTOPOIIKA U3 SMIHOW CKOpITyTsl [1].

Taroke He0OXO0IMMO MTPUMEHSTH COJIb C TIOHIKEH-
HBIM COJEp)KaHHEeM HaTpusi. TaKyio COJb Ha3BIBAIOT
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po¢UIaKTHIECKON ¢ TOHMKEHHBIM 110 30 % comepika-
HHEM HaTpHSL.

CoctaB comu, %:
MgSO4 - 5,3.

Takum 00pa3oM, MPOAYKTH (PYHKIMOHAIBLHOTO
MUTAHUS TEPOUCTUICCKON HAPABICHHOCTH OTKPHI-
BaIOT [IMPOKKE BO3MOKHOCTH MAaKCUMHU3AIUHU TUTAHUS
MOXKHIIBIX JIFOJICH, MTOBBIIICHUS TOTCHIIMANA UX 370PO-
BbSl, IPHOCTAHOBKH B LIEJIOM Pa3BUTHS MPEIKICBPEMECH-
HOTO CTapeHHsI, TOPMOXKEHHUSI BO3PACTO3aBUCHMOIA T1a-
TOJIOTHH.

NaCl — 68,4; KCI - 26,3;
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