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Hpe,Z[CTaBHeHLI pe3yabTaTbl UCCICAOBAHUA PAZITUIHBIX MOp(I)O(I)I/ISI/IOHOFI/I‘IeCKI/IX IoKasaTesei CTYACHTOB

nepsoro kypca AIIOY KO «Kamyxckuil KOJuleIK SKOHOMHUKH M TE€XHOJIOTHil». BbIABIEHO, 4TO MOKa3aTenn
JJIMHBI 1 MAaCChI T€Jia, JKM3HECHHON €MKOCTH JICTKHX CTaTHCTHYECKH JAOCTOBCPHO BBILIC Y JIMI MY?KCKOI'O I10JIa 11O
CPaBHCHUIO C KCHCKHM, a4 IOKA3aTCJIM 4YaCTOThI CEPACHYHBIX coxpameHHﬁ U MHJACKCAa MAcCChl T€jIa HE 06J'Ia,I[aIOT
CTaTUCTHYECKH 3HAYUMBIMH Pa3IHUUSIMH MEXy BBIOOPKaAMH pa3In4HOro nosia. HopMaasHOMY pacnpeneneHuio
COOTBETCTBYIOT BCE€ M3y4EHHBIE IOKa3aTeNlu NpH JuddepeHnrpoBKke BEIOOPOK MO MOJIOBOMY IpHU3HAKY. B coB-
MECTHOM BBIOOpKE IOHOIIEH U AEBYIIEK HOPMAIFHOMY paclpele/IeHHI0 COOTBETCTBYET JIMIIb JJHHA Tella 1 KU3-
HCHHAasA €EMKOCTbH JICTKHUX.

Abstract

The results of the study of various morphophysiological indicators of first-year students of the Kaluga College
of Economics and Technology are presented. It was revealed that the indicators of body length and weight, vital
capacity of the lungs are statistically significantly higher in males compared to females, and the indicators of heart
rate and body mass index do not have statistically significant differences between samples of different sexes. All
the studied indicators correspond to the normal distribution when differentiating samples by gender. In the joint

sample of boys and girls, only body length and lung capacity correspond to normal distribution.

KiroueBble ci1oBa: MOAPOCTKH, CTYACHTDBI, FOHOLIW, ACBYIIKH, JAJIMHA TCJIa, MaccCa TeJid, )KU3BHECHHAs EMKOCTb
JICTKHUX, 4aCTOTa CEPACHYHBIX coxpameHHﬁ, HWHJCKC MacCChI T€J1a.

Keywords: teenagers, students, boys, girls, body length, body weight, vital capacity of the lungs, heart rate,

body mass index.

B nacrosimee Bpems o0ydeHne B yU4eOHBIX ydpe-
KJICHUSX CBS3aHO C TIOCTOSIHHBIM TTOBBIIIEHUEM HHTEH-
CHBHOCTH Y4€OHOTO ITpOIlecca, a TaKkKe OOHOBICHHEM
bopm 1 MeTonoB 00yuenus [6, 7, 9]. Be€ ato, ¢ oqHOM
CTOPOHBI, MPUBOJINT K JUCOaTaHCy Y4eOHOW HAarpy3KHy,
a C JIpyroil CTOPOHBI, K HANPSDKCHUIO a1allTallHOHHBIX
MEXaHN3MOB o0yJaromuxcs. B nepnosi ”HTEHCHBHOTO
pocTa M pa3sBUTHS MOXKET MIPOU3OUTH CPHIB aJarTaly-
OHHBIX MEXaHH3MOB, UTO BJICYET B CBOIO OYEepPEIb HAPY-
IIEHHE POCTa U Pa3BHUTHSL.

CTyaeHdYecTBO COBMAJaeT C IOAPOCTKOBBIM U
IOHOIIIECKMM TIEPUOZIOM POCTa M Pa3BUTHS UEJIOBEKa.
W3BecTHO, 4TO B AaHHBIE BO3PACTHBIC MEPHUOIBI GOp-
MHUpoBaHHEe MOP(HO(yHKIMOHAIBHOTO COCTOSHHUS IIPO-
UCXOJAUT TOpa3i0 UHTCHCUBHEE, YEM B HEKOTOPBIE APY-
rHe BO3pacTHbIE nepuoasl [2, 10].

CornacHO CTaTHCTHYECKOMY COOPHHKY «31paBo-
oxpaHenne B Poccum» [8], mocnennee necaTuieTne xa-
pakTepu3yeTcss YXyIIICHHEM 3J0POBbS HACEJICHUS
Poccuiickoit denepanuu B LENOM, a Takke AeTed U
MTOJIPOCTKOB, B YaCTHOCTH.

Hexas padoTsl — uccuenoBath MOpHoHU3NOIOTH-
YecKWe IOoKa3aTeldW CTYJICHTOB IIEPBOIO  Kypca
T'ATIOY KO «Kamyxckoro koJjuteIa 3KOHOMHUKU U
TEXHOJIOTHID.

B cootBeTcTBHE C 11€1BI0 OBLTH CHOPMYITHPOBAHBI
CIIEAYIOIINE 3a0a4H:

1. Amanm3 nuTepaTypHBIX HCTOYHHKOB IO TEME
HCCIICTOBAHHUS.

2. ®opMupOBaHUE BEIOOPOK UCIIBITYEMBIX.

3.0160p MeTonMK cOOpa MEPBUYHBIX IAHHBIX U
cOOp NEPBUYHBIX TAHHBIX.
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4.Ocy1iecTBiIeHUE NIEPBUYHON 00pabOTKH IOJTy-
YEHHBIX JTaHHBIX: BBIYHCIICHHE CPETHHUX apudmeTHnde-
CKUX BEIHMYHMH IIOKa3aTelsieil, OmpeneseHne COOTBET-
CTBHS TIOKa3aTesieil HOPMAalTbHOMY DPAacCHpEENICHUIO,
BBISIBJICHHE HAIMYHS JOCTOBEPHBIX Pa3JIMIHil IO MOKa-
3aTensiM MEXIy IBYMsI HE3aBHCHMBIMH BBIOOpKaMH
JIMI MY>KCKOTO | )KEHCKOTO IT0JIa.

Marepuaibl 1 MeTOABI

B uccnenosanuu yyactBoBanu 116 yenosek 15 —
18 net. U3 Hux 86 — neByuiku u 30 — roHOIIU. Y CIOBHO
B JJaHHOW pa0oTe Ha3blBaeM HMX IOHOIIAMH W JIEBYII-
KaMH Ul ynoOCTBa HMCIIOJIB30BaHHUS TEPMHUHOJIOTHH,
HECMOTPS Ha TO, 4TO ¢ 13 1o 16 jer y JuIl MyKCKOTO
nosia v ¢ 12 o 15 net y nuu >keHCKOro mona no npu-
HATOH BO3pPAcTHOW MepHoAn3annu [4] MpHXoauTCs Ha
MIOJIPOCTKOBBII BO3pacT.

AnanmsupoBanu ciexyromue mMopdoduznonorn-
YecKrue mMapaMeTpsl (IOKa3aTelH, NMPU3HAKH): UTHHY
Tena, CM; Maccy Telna, KI; 4acTOTy CepACYHBIX COKpa-
menuid (UCC), ynapoB B MUHYTY (yI/MHH); KU3HEH-
Hyto eMKocTb Jerkux (OKEJI), m; uHIexc macchl Tena
(UMT), kr/m? JInuMHY Tela M3MEPSAIHM POCTOMEPOM

«nakomc 19459», maccy Tena — BecaMu MEAMIIMH-
ckumMu HanonbHeiMu «TBec BMDH-150-50/100-712-
Ay, gacToTy cepreunsix cokparenuii (UCC) ompene-
JSUT € TIOMOIIBIO CEKyHIOMEpa MEXaHHIECKOTO
«COCrp - 26 - 2-000» mampIaTopHO Ha JTy4eBOii apTe-
pHUH B TEUEHHE MUHYTHI, )KU3HEHHYIO €MKOCTb JIETKHX
OTIpeNeIsIn  crpoMeTpoM  cyxoBo3nymHeM  CCII,
HHJIEKC MacChl Tejla PacCYUTHIBAIH IO GopMmyIie:
m
I = h—z,

rae | — UMT; m — macca Tena, kr; h — muna Tena,
CM.

Jlnst 00pabOTKM J@aHHBIX HCIIOJIBb30BAJICS CTaTH-
cThUueckuit mporpammublii maker IBM SPSS Statistics.

Pe3yabTaTsl Hccae10BaHUS

B Tabnune 1 mpencraBiieHbl cpeHUE BETHYHHBIL
N3y4aeMBbIX [TapaMeTPOB ISl FOHOLIEH U AEBYIIEK COB-
MecTHO 0e3 reHnepHo# nuddepernnpoku. B mpoana-
Jnu3upoBaHHOM autepatype [1,3,5,11] He BcTpeuanuch
omucaHusd MOP(HOPHU3NOTOTUIECKUX MTOKA3ATENCH JINI]
15 — 18 ner 6e3 pa3meneHus 1Mo MOJIOBOMY IIPH3HAKY.

Tabuuma 1

Mopdoduznonornueckue napamerpst jaun 15 — 18 ser

TTapaeTphi CpenHsis apuhMeTHUECKast BEUYMHA U €€ CpenHekBagpaTHYHOE OTKIOHCHHE U €r0
omunoKa omuoKa
JlnmuHa Tena, cM 167,54+0,84 9,05+0,84
Macca tena, Kr 60,71+1,15 12,33+1,15
UCC, ya/mMun 80,63+1,49 15,99+1,49
JKEJL, n 3,70+0,10 1,08+0,10
UMT, xr/m? 21,58+0,33 3,53+0,33

[Mpumeuanue 3neck u ganee: YCC — yactora cepeunbix cokpamiennid, JKEJI — xu3neHHast eMKocTh nerkux, UMT

— MHJCKC MacCChI T¢CJ1a.

Jlis onpeneneHns HOPMaIbHOCTH PAcIpeieeHns] H3y4aeMbIX BEIMYHH HCIIONIb30BasIcs KpuTepuii Konmo-
ropoBa-CMHUpHOBa. Pe3ynbTaThl npeAcTaBiIeHb! B TA0IHIE 2.

Tab6muma 2

3HaunMocTh kputeprsi Kommoroposa-CMHUpPHOBA JUTSI COBMECTHON BBIOOPKH FOHONIEH M fAeBymek 15 — 18 et

TlapameTpsl 3HaunMOCTS (P)
JlnuHa Tena, cM 0,200"
Macca tena, Kr 0,000

UCC, yn/mMuH 0,012
JKEJL, 0,064*
UMT, xr/m? 0,004

[Ipumeuanue: COOTBETCTBHE HOPMAIBHOMY pactpesenenuto mpu p=>0,05 (*) ypoBHE 3HaUHNMOCTH.

Kak BHaHO M3 TaOJIUIIBI, COOTBETCTBHE HOPMAJIb-
HOMY pAaCIpe/e/eHUI0 HaOJII0AeTCsl TOJBKO JUIMHBI
tena u JXKEJI. B mpoananusupoBaHHON nuTepartype
[3,5,11] onucanue pacnpenenenus i 15 — 18 ner 6e3
nosoBo# M hepeHInpoBKH HE BCTPEYaIoCh.

Jasnee coBMecTHasi BBIOOpPKa IOHOIIEH U JIeBYILIEK
Obl1a pazesneHa 1o reHepHoMy Ipu3HaKy. B rabmuie
3 mpencraBiieHbl cpeiHie apudMeTHecKue 3HaYCHUs!
BCEX M3YYEHHBIX IOKa3aTesleil OTIEeNbHO Y JINI MYX-
CKOT'0 M )KEHCKOTO I10J1a C UX OLINOKAaMHU, a TAKKe CPe/i-
Hee KBaJpaTHYHOE OTKJIOHeHWe ¢ omubkamu. [lomy-
YeHHBIC JJaHHEIC 110 JuHe, Macce Tena v JKEJI B iestom
COTJIACYFOTCS C IJaHHBIMH (HE MMEIOT JI0OCTOBEPHBIX OT-
muauid 1o kputepuio CThIOJIEHTA), PEACTABICHHBIMH
Jpyrumu aBTopamu, Hampumep, Lllectépoit A.A. mo
Mostonéxu T. Bnamusoctoka [11]. AHajorudHo, maH-

HBIC MTOJyYCHHBIC B HACTOSIIEM UCCIICIOBAHUH COTIIa-
CYIOTCSI C IaHHBIMH TIO JUTHHE M Macce Tena Kycenb-
mana A.U. no pernonam P® [5]. Haunsie bauHoBo#
E.I'. mo macce n qnmue tena, XKEJI, UMT (nipu HOp-
MaJIBHOM Macce Teja) TaAKKe HEe HMEIOT CTATHCTHYCCKU
3HAYMMBIX OTJHYUN C JaHHBIMH, TMOJYYCHHBIMH B
HacTosieM uccienoBanuu [3]. Onnako, YCC B mpo-
aHaM3UpOBaHHOU JuTepatype [3,5,11] He onmcana.
Kak 1 oxxupganoce, cynecTByloT TeHJIepHbIE pa3-
maust uecneayeMuix (p<0,05) mo muHe, Macce Tena u
JKU3HEHHOM €MKOCTH JIETKHX, YTO COTJacyeTcsl ¢ JAaH-
HBIMH TOJIYYCHHBIMH paHee NPYyTruMU aBTopamu. Tak,
binnosa E.I'. numier, 4to «...MoKa3aTesu pocTa, Ku3-
HeHHoi emkoctu Jierkux (JKEJI), Beca ... y 1oHOIIEH 1
JICBYIICK C HOPMAaJIbHOM M M30BITOYHOW MacCoil Tea,
UMEJTH CTAaTUCTHYECKH 3HAYUMBIE pas3audusd [3].
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Tabmuua 3

Mopdoduzronornueckne mokazaTeny HOMIEH 1 aeBymek 15 — 18 mer

Mapaverpsi [[oa{N Cpennss apupmMerndeckas Benndanna u eé |CpeaHee KBaIpaTHIHOE OTKIOHEHHE H €r0
onnoKa onnoKa
JauHa Teja, | K 86 163,92+0,69 6,39+0,69
cm* M |30 177,93+1,34 7,34+1,34
Macca Tena, | & [86 57,64+1,07 9,89+1,07
Kr* m |30 69,50+2,64 14,43+2,64
* |86 80,77+1,78 16,51+1,78
HCC, ywhmn 705, 80,2342,67 14,62+2,67
+ =+

KEJL, ot K |86 3,35+0,09 0,81+0,09
M [30 4,70£0,21 1,13+0,21
) K |86 21,47+0,36 3,34+0,36
UMT, o™ 170715 21,90+0,74 4,06+0,74

[Tpumeyanue: M — My»KCKOM 1101, % — )eHCkui moi1; N — KonmuecTBo uccienyembix; * — p<0,05 — cratuctuuecku
3HAYMMOE pa3ludue IoKa3aTeNs MeXIy I0HOIIaMHU U JeByIIKamMu 1o kpureputo U MaHHa-YUTHH.

Tak>ke OHa yKa3bIBaeT Ha FT€HAEPHBIE PA3IUUMsI IO
HWMT y cTyneHTOB ¢ HOpMaJIBHOW Maccou Tena, HO He
¢ n30BITOYHOH. B HacTosmem uccienoBaHuy He OBLIO
MOJIyYE€HO CTATUCTHUYECKU JOCTOBEPHBIX PA3NUYHUIl 11O
NMT wmexnay rpynmnamu toHomed u aeBymiek. CTouT
OTMETHTbh, 4TO 37€Ch HE Pa3JIeNIAIN UCCIEAYEMBIX JIUI]
Ha TpyNIbl HOPMaIbHONH M M30BITOYHOW Macchl Telna.

YacroTa CepAEUYHBIX COKpAIEHUH TaKKe CTaTUCTHYE-
CKH JIOCTOBEPHO HE OTIMYAETCS MEXIy IpynmnamMu
IOHOMIEH ¥ AEBYIIEK U HE OBLIN ONMCAHBI B IPOAHAIIH-
3UpOBaHHOM nuTeparype [3,5].

CooTBeTCTBHE HOPMAIbHOMY  PacHpeAeICHUIO
HU3ydaeMblIX II0Ka3aTeNlel y IOHOLIEH U AEBYIIECK NIPE-
cTtaBieHo B Tabnuue 4. Ha pucynkax 1 — 3 npeacras-
JIeHBI TPa(UKH pacipeaeieH st IPU3HAKOB.

Ta6muua 4
3naunmMocts Kpurepus Konmoroposa-CMupHOBa 1151 IeBYLIEK U IOHOIIEH
MapameTpol OnunHa Tena Macca Tena 4yccC KEN UMT
leByLwKn 0,087* 0,117* 0,098* 0,098* 0,102*
HOHowKn 0,096* 0,135* 0,132* 0,103* 0,160*

[Ipumedanue: COOTBETCTBHE HOPMAILHOMY pacnpeaeneHuto npu p>0,05 (*) ypoBHe 3HAUUMOCTH.

[TonmyuyeHHbIE JaHHBIE TOKA3BIBAIOT, YTO JUIS KaX-
JIOH TEeHIEPHOW BBIOOPKM XapaKTepHO HOPMaIbHOE
pacmpesieneHue Mo BCeM U3YUCHHBIM IT0Ka3aTelIsiM IpH

OJIMHAKOBOM YpOBHE JocTtoBepHOCTH (P=0,05), uTO
MOJITBEPIKIACTCS UCCIISIOBAHUSIMU PYTHX aBTOPOB.

25
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54

3
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Puc. 1. Pacnpedenenue maccol mena y oesyuiex (a) u ionouteti (6): no ocu abcyucc — macca mead, ke, no ocu
OpOuUHAm — Yacmoma 6CmpedaemMoCmu NPUHAKA.
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Puc. 2. Pacnpedenenue onunvl mena y oesgywiex (a) u ronowetl (6): no ocu abcyucc OnunHa meida, cm; no ocu op-
OuUHAmM — 4aCmMoma 6CmMpeHaemocnu RPU3HAKA.
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Puc. 3. Pacnpedenenue noxazamens scusnennou émxocmu aeekux (JKEJI) y degyutex (a) u ionowett (6): no ocu
abcyucc JKEJL 1; no ocu opounam — uacmoma ecmpeuaemMocmu nPUsHaKa.

Taxk, no AprémenkoBy A.A. HOpMalbHOE pacipe-
JieJleHHe HaOuroaeTcs 10 JUIMHE M Macce Teja y UCIIbl-
TyEeMBIX IOHOIIIEH 1 ieBymIeK B Bozpacte 18-20 mer [1].
ITo Illectépe A.A. HOpMaibHOE paclpeeIeHNe
HaOJIIoaeTcs M0 BCEM HCCIEAYyEeMBbIM NpPHU3HAKaM, B
4aCTHOCTH, 10 JUIHHE Tena, macce Tena u JKEJ, y uc-
MIBITYEMBIX IOHOILEH U [eBylIeK B Bo3zpacte 15 — 18 ner
[11]. B npoananusupoBanHoi nutepatype [1,5,11] He
oOHapyxeHa WH(OpMaUUs M paclpene’eHUH TaKhX
noka3zareneit, kak UMT u UCC.

BriBoabl

1.]JInnHa Tena u )KM3HEHHAst EMKOCTh JIETKUX CO-
OTBETCTBYIOT HOPMAIBHOMY PaclpeeNeHUIo y i 15
— 18 et 6e3 yuera resjepa.

2.Macca Texna, yactoTa CepIeUHbIX COKpAIICHHIH,
HMHJEKC MACcCHI TeJla He COOTBETCTBYIOT HOPMAaIbHOMY
pacmpeneeHu0 COBMECTHON BIOOPKH IOHOIICH U Jie-
Bymek 15 — 18 ner.

3.lnuHa Tena, Macca Telja, 4acToTa CepACYHBIX
COKpAIIIeHUH, XW3HEHHAas €MKOCTh JIETKHX, WHIEKC
Macchl Tela COOTBETCTBYIOT HOPMAJIILHOMY pacrpeze-
JICHHIO B OTJCIIBHBIX BEIOOPKAX FOHOIIEH U JIEBYIIICK.

4. ]InvHA ¥ MacCHI Teja, YKU3HEHHAsi eMKOCTB JIeT-
KHX CTATUCTHUYECKH JOCTOBEPHO BBIIIE Y JIUI[ MYX-
CKOIO I0JIa [0 CPaBHEHHUIO C >KEHCKHUM IIOJIOM CO-
rnacHo kpureputo U Manna-Yurthu (p<0,05).

5.YacTtoTa cepIevHBIX COKpAIICHWA W HHICKC
Macchl Tella He 00JIaIal0T CTATUCTUYECKU 3HAYMMBbIMU
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pa3nIusIMU MEXKy BHIOOPKAMH PA3IUYHOTO TI0JIA 110
kpureputo U MaHHa-YuTHH.
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Abstract
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This article describes the main points of the development of beekeeping in the Krasnodar region. It is estab-
lished that despite the problems existing in the industry, there are all prerequisites for its further development, and

even prosperity.

Keywords: Beekeeping, pedigree structure, breeding work, products of beekeeping, prospects of develop-

ment.

Beekeeping in the Krasnodar Territory is going
through a difficult time. If at the end of 2000 about 350
thousand bee colonies were registered, then 10 years
later, in 2010, their number decreased almost 5 times,
amounting to about 70 thousand. After another five
years, in 2015, the number increased 2 times , reaching
the mark of 140 thousand families.

Such leaps in the development of the beekeeping
industry are explained by the complex territorial loca-
tion of the region, divided by the Kuban River into
northern (plain) and southern (foothill and mountain-
ous) parts, as well as by a varied climate: temperate

continental (over most of the region), semi-dry Medi-
terranean (on the Black Sea coast ) and humid subtrop-
ical (south of Tuapse).

During the calendar year, fluctuations in air tem-
perature are also observed: from -5 to -30C in January
on the plain and up to +60 C on the Black Sea coast. In
summer, the temperature regime fluctuates throughout
the territory of the region in almost the same range from
+22 to +240 C, both on the plain and in the mountains.
Significant differences can be noted in the annual
amount of precipitation: from 400-600 mm in the plain
and up to 3200 mm in the mountainous part. Floods are
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often observed in spring. In general, the Krasnodar Ter-
ritory is characterized by hot summers and mild win-
ters.

The fodder base used by beekeepers to obtain bee-
keeping products is quite diverse. Firstly, the Krasno-
dar Territory is the most important region of the Rus-
sian Federation engaged in the cultivation of agricul-
tural crops, such as, for example, sunflower, which
gives valuable sunflower honey, which contains a lot of
glucose, proteins, vitamins (PP, E, C, K), minerals (po-
tassium, iodine, phosphorus, selenium).

Secondly, a lot of acacia grows on the territory of
the region, which occupies up to 50% of the entire ter-
ritory of forest belts. Acacia honey contains fruit acids,
participates in metabolism, does not have fat, contains
vitamins (C, E, PP, vitamin B), contains biologically
active substances, minerals (potassium, magnesium,
iron, fluorine, copper, phosphorus), does not contain
sugar, it contains a lot of carotene and enzymes im-
portant for digestion [1, p. 280].

Thirdly, on the coast, in the foothill and mountain-
ous regions, a large number of wild-growing mellifer-
ous plants grow.

Hence, the density of distribution of bee colonies
throughout the region is diverse. Least of all bees are
bred in the northern and northeastern parts, more in the
southeast and a lot in the foothill part.

The most valuable varieties of honey in the region
are honey from chestnut, linden, acacia, ivy, and of
course from sunflower [2, p. 75].

As for the bee breeds that are bred in the Krasno-
dar Territory, we can say that the range is quite exten-
sive [3, p. 237]. Historically, in the region, the Kuban
breed, the gray mountain Caucasian breed in the moun-
tainous regions and the Carpathian breed in the steppes
were bred on the flat territory [4, p. 205].

In addition to the historically bred bees, other
types of bees are also imported to the region: Italian,
Ukrainian steppe, karnik. The best developing breed
was the Ukrainian steppe [5, p. 52].

Due to good climatic conditions, beekeepers use
not only imported bee breeds, but their different hy-
brids [6, p. 142]. There is usually no territorial isolation
when growing bees, hence among bee individuals you
can often find a wide variety of hybrids that do not dif-
fer in the best characteristics, that is, they are swift, un-
stable to diseases, poorly winter-hardy and unproduc-
tive [7, p. 98; 8, p. 271].

At the same time, the Krasnodar Territory is still
the main breeding center for purebred gray mountain
Caucasian bees, as well as purebred Carpathian bees [9,
p. 83].

In general, the development of the beekeeping in-
dustry takes an important place in the development of
the agro-industrial complex of the Krasnodar Territory
[10, p. 44]. To solve the problems arising in the bee-
keeping industry in the region, the Regional Society of
Beekeepers and the Krasnodar Regional Coordination
Council were created.

The most powerful scientific bases operate on the
basis of the Krasnopolyanskaya experimental station of
beekeeping under the leadership of Fomin Anton Ser-
geevich and the educational-scientific-production API

laboratory of the Kuban State University, headed by
Doctor of Biological Sciences, Associate Professor
Moreva Larisa Yakovlevna.

FSBSI KOPS is engaged in research in the field of
technologies for keeping, breeding and genetics of
bees. The result of these studies was the breeding of
gray mountain Caucasian bees. Also, thanks to the ef-
forts of the laboratory staff, a completely new stable
breed type called «Krasnopolyansky» has appeared.

Researchers at the KSU API laboratory check the
quality of bees from the Krasnodar Territory and honey
obtained from the apiaries of the region, train beekeep-
ers at advanced training courses.

Also, on November 19, 2003, the leadership of the
region adopted the Law of the Krasnodar Territory «On
beekeeping» Ne 637-KZ.

But despite all the advantages, beekeeping still has
many problems. The main reasons hindering the devel-
opment of the beekeeping industry in the region are:

- lack of a stable sales market for means of pro-
duction and finished products;

- lack of competent personnel;

- a difficult situation with bee diseases, in particu-
lar parasitic ones;

- lack of coordination activities between disunited
commodity producers.

At the same time, despite the listed problems, the
development of beekeeping in the Krasnodar Territory
has great prospects for further prosperity, due to an in-
crease in the number of bee colonies, and as a result, an
increase in the obtained beekeeping products. This is
facilitated by the climatic conditions favorable to the
receipt of early bee packages and queen bees, and an
excellent base for carrying out scientific developments
and experiments. Also, there are all the prospects for
the reconstruction of large bee nurseries, which could
provide the entire southern region of the Russian Fed-
eration with good breeding material.
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B nannO#1 cTaThe 6bUIa 3aTpOHYTa MpobieMa yBenndeHUs 3 HEKTHBHOCTH IIEOJINTOB KaK KaTalu3aTOpPOB U

HMOHOOOMEHHHKOB; OBIJIO HAHAEHO peIIeHHe 3TOW NMPOoOJIeMBI, KOTOPOE COCTOUT B BKIIOUEHHH HEPapXUUIECKOil
CTPYKTYPBHI B IIEOIUTHI. [103HAaKOMMIINCH C COBPEMEHHBIMU PAa3HOBUIHOCTSIMHU IIEOJINTOB — HEPAPXUIECKUMH 11€0-
JIUTaMM — U UCCIIEA0BAIIU UX II0JIE3HbIE CBOMCTBA. PaCCMOTPEHBI COBPEMEHHBIE METOBI CUHTE3a UEPAPXUYECKUX

COJIUTOB.
Abstract

In this article, the problem of increasing the efficiency of zeolites as catalysts and ion exchangers was ad-
dressed; a solution to this problem was found, which consists in including a hierarchical structure in zeolites. We
got acquainted with modern varieties of zeolites-hierarchical zeolites - and studied their useful properties. Modern
methods of synthesis of hierarchical zeolites are considered.

KoaioueBble ciioBa: BTOpUUHAs IOPUCTOCTD, IBYX(DYHKIMOHAIBHBINA IA0JIOH, KECTKUH M1a0JIoOH, nepapxu-
YeCKHe TICOJTUTHI, MATKHUI Ma0JIOH, CAMOCTOSIIHIICS HePaAPXUIECKHUNA IIEOJIUT.

Keywords: secondary porosity, two-function template, rigid template, hierarchical zeolites, soft template,

self-standing hierarchical zeolite.

Beenenne

LeonuTsl - 3TO 3KOJOTHYECKH U HKOHOMUYECKHU
MpUeMJIEMble TUAPATUPOBAHHBIE AIOMOCUIMKATHbBIE
MaTepHaJbl C UCKIFOYUTESIFHBIMA HOHOOOMEHHBIMU H
copbunoHHBIMU cBOMCTBaMU. [1] LleomuThl SBISIOTCS
MEePCIEKTUBHBIMU KaTalIU3aTOPAMHM, KOTOPbIE IIUPOKO
WCTIONIB3YIOTCS B HEPTEXUMUIECKOU, He() TIHOH U Ta30-
BOU IPOMBINIICHHOCTH OJ1aroiapsi CBOUM YHUKATBHBIM
XapaKTePUCTUKAM, TAKUM KaK yIOPSI0YEHHbIE MUKPO-
MOPUCTBIE CETH, XOpOoIIas TUIAPOTepMUYECKas CTa-
OWIBHOCTD, OOJBINAS TUIOMAAh MOBEPXHOCTH, HACTPa-
MBaeMas KACIOTHOCTb M CEJIEKTHBHOCTH (opMbl. Tem
HE MEHee, CAMHCTBEHHOE MPUCYTCTBUE MHUKPOIIOpPHU-
CTBIX KaHAJIOB B I[COJMTAX HEU30EKHO OTPaHUYMUBACT
TUPPy3HI0 TPOMO3IKHAX PEAreHTOB W MPOAYKTOB B

MHUKPOTIOPHCThIE CETH U U3 HHX, YTO MPUBOJHT K 3a-
MEUIEHHIO CKOPOCTH PEAKLUK WU JIe3aKTUBAlNH Ka-
tanmzatopa. [2] OTta mpobiieMa MOXKET OBITH pelieHa
IyTeM pa3padOTKH NepapXUIECKHX LEOTHUTOB.

Hepapxudeckue 1EONUTHl — 3TO LIEOJIUTHI, KOTO-
pBle TIOMUMO MHUKpPOIIOpP COJAEPAT JOMOJIHUTEIbHBIC
opsI 6osbIero pasmepa. OHHU BKIIIOYAIOT B ce0S Me3-
OTIOPUCTHIE M MaKPOIOPHUCTHIE CeTH. Me30 - U Makpo-
MTOPUCTOCTH MOTYT YCHJIMBAaTh MAacCOBBIH TPaHCIOPT
MOJIEKYJT U OJHOBPEMEHHO MOJICPKUBATh BHYTPEH-
HIOIO CEJIEKTHBHOCTH (DOPMBI MHUKPOIIOPHCTOCTH II€0-
muta. Vepapxudeckre EeoJUTh B OCHOBHOM pa3pada-
TBIBAIOTCS ITyTE€M IIOCTCUHTE3a U MIPEJCUHTE3a U MO-
IubuKaUu HeonuToB. [3]
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Pucynox 1. Cxemamuuecxoe uzobpasicenue oepanuyenuti docmyna u mpancnopma/ ouggysuu 6 00biunbIx U
UEPAPXUHECKUX YeONUMAXx.

Bkilouenue uepapxuu B OObIYHBIEC LEOJHTHI
[2]

BkiroueHne nepapxn4eckon CTpyKTypsl B OObIU-
HBII IEOIUT MOJKET OBITh TOJIyYEHO ITyTeM I'eHepauu
100 MEXKPUCTATITMYECKHX, TUO0 BHY TPUKPUCTAIIH-
yeckux Mmesonop. Kpome Toro, mepapxuieckue Leo-
JIMTBI MOT'YT UMCTh KaK MUKPOIIOPEBI, TAK 1 MaKpPOIIOPhI.
Ha nepapxuueckyto mopucTocTb B OCHOBHOM BIIUSIOT
METOAbI CUHTE3Aa. BTOpI/I‘IHaH TMOPUCTOCTDH, BBEACHHAA
B MEpapXU4ecKHe LEONNTHI, 00eCIIeYnBacT yIydIeH-
HbIE KaTAJINTUIECKUE XapaKTEPUCTHKH, KOTOPbIE B OC-
HOBHOM OOBSCHSIOTCS nuddy3meid 6e3 mpensTcTBUi
KPYIHBIX COEANHEHUH B aKTHBHBIE LIEHTPHI, TPHUCYT-
CTBYIOIIMIE BHYTPH KaHasoB. OOMIENPUHATO, UTO CTa-
JIMel peryJIMpOBaHMs CKOPOCTH B KaTAIUTHUECKHUX pe-
AKIIUAX C HCIIOJIBb30BAHUEM IICOJIMTOBBIX KaTaJIHU3aTO-
POB SIBJIETCS BHYTPUKPUCTAIIIMYECKUM TPAHCIOPT B
TOM cjlydae, Korja pedb HIET O TPOMO3AKHUX MOJIEKY-
nax. Mepapxndeckue [EOIUThI MPEAIaraloT KOPOTKYIO
JUIMHY TU(QQY3UOHHOTO MYTH, U TAKUM 00pa3oM orpa-
HUYeHUe AUPPy3ud MOXKET OBITh CBEIEHO K MHUHH-
MYMY; 3TO MOXET OBITh pa3pabOTaHO C HCIIOJIB30Ba-
HueM auddysun Knyncena. Cunraercs, 4To nepapxu-
yeckass ~MoauduKanuMs ~— I1I€oJMTa  NPUBOJUT K
YMEHBIICHUIO CTEPUYECKUX MOMEX 3a CUET BBEICHUS
BTOPHUYHBIX TIOpUCTOCTEH (Me3omop 1 Makponop). Ta-
KUM 00pazoM, pa3Mepsl MOJIEKYJ MOTYT OBITh yBEJH-
YeHBI J0 TOpa3mo OOJNBIIEro auamna3zoHa, HeoOXOmu-
MOT'0 JJId pE€aKIu, 9YTO pacCiiupA€T MPUMEHCHUEC 1I€0-
JUTOB Ha Oornee mupokne obmactn. B ceTsax
BTOPUYHON IOPUCTOCTH MOTYT CYIIECTBOBATH [BA
TUIIAa AKTUBHBIX HCHTPOB, OCHOBAHHBIX Ha MX pa3jny-
HOM DAcCIIOJIOKEHUH: aKTUBHBIE LIEHTPBI, JJOCTYITHBIE C
BHEIIHEH MOBEPXHOCTH IO BTOPHYHBIM KaHalaM K
YCTBIO MHUKPOTIOPUCTOH CETH, NMOYTH HE OyAyT UMETh
CTEPUYECKUX MOMEX; OJTHAKO aKTHBHBIE YYaCTKH, pac-
MIOJIOKCHHBIE Ha BXOJ/I€ B MHKPOIOPHUCTYIO CETh, MO-
TCHIMAIbHO OyAyT MMETh HECKOJBKO CTEPUYECKUX
OTPaHWYICHUH U BIUATH HAa JOCTYHMHOCTh TPOMO3IKHX
MoJieKyJl. CelIeKTHBHOCTH ()OPMBI IIEOJIUTOB, BOHHKA-
IOlasi U3 UX YNOPSIOYEHHON MHUKPOIIOPUCTOM CETH,

MOJKET OKa3bIBaTh HETATHBHOC BIMSHIE HA CEIICKTHB-
HOCTB TIPOAYKTA, HAIIPUMED, HePAPXIUUCCKIE IEOTUTEI
JEMOHCTPHPYIOT CHIDKCHUE CENICKTUBHOCTH TT-KCHIJIOJIA
0 CPAaBHEHHIO C OOBIYHBIMH IiconuTamu. epapxudie-
CKHE LIEOJHUTHI 001a1al0T Oosee BHICOKOH yCTOHYUBO-
CTBIO K OCKICHHIO yriiepojia T00 3a CYET OrpaHnye-
HUsI BTOPHYHBIX PEAKLUi, KOTOPbIE B OCHOBHOM CIIO-
COOCTBYIOT 00pa30BaHHIO KOKCa, JHOO 3a CUeT
OGCCHe‘IeHHﬂ AJIBTCPHATUBHBIX aKTUBHBIX IICHTPOB Y€~
pe3 Me3omopsl. [Ipu 3TOM KOHTPOIHPYETCs Je3aKTHBA-
WS, BO3HUKAIOIIAs B PE3yNbTaTe OCAXICHHUS KOKCa.
CymecTByeT TpH crioco0a, KOTOPEIMHE 00pa30BaHUE yT-
JIepo/ia MOXET BEI3BATh JI€3aKTHUBAIHIO: 1) MOKpPHITHE
AKTUBHBIX YIaCTKOB; 2) IOTEPs BHEIITHEH TOBEPXHOCTH
M3-3a OCaXIIeHHS KOKca; 3) 3aKymopka MUKporop. O0-
LIENPU3HAHO, YTO MHUKpPOpa3MEpHbIE LCOJUTHI Oolee
CKJIOHHBI K KOKCOOOpa30BaHUIO, YeM HaHOpa3MepHbIC
neonuThl. OXUAAeTCsl, YTO HePapXUYECKUE LIEOUTHI
OyZIyT NE€MOHCTPUPOBATh AHAJIOTMYHOE IIOBEJICHHUE.
Baxxno OTMETHUTD, YTO BTOPUYHAA TOPUCTOCTH B U€pap-
XMYECKUX LEOJIUTaX MOXKET COJepKaTh OOJIbIIe OTIIO-
JKCHHH YTIIepo/a, YTO MPUBOIUT K OoJiee BEICOKOMY
YHUCTOMY COJ/IEPXKAHHIO KOKCa 10 CPaBHEHHUIO C OOBIU-
HBIMH IIeoJIUTaMu 0e3 Me3ornopucrocti. B 3aBucumo-
CTH OT pa3Mepa nop U AU GY3MOHHOH JUMHBI TPO-
MO3JIKHE MOJIEKYJIBI MOTYT JIETKO BBIXOJMTH M3 TOD,
YTOOBI IPEOTBPATHTH 00pa30BaHUE KOKCA, yMEHbIIast
ey UGG Yy3M0HHOTO TYTH WM UMES COOTBETCTBY-
FOIIMI pa3mMep Mop LEoJIuTa.

Hepapxuueckue ueoautsl [4]

IleosnuTel ¢ MO MEHBIIEH MeEpe ABYMsl YPOBHSIMU
JUaMETPOB TOp, T. €. <2 HM (MHKpOIOpHI) U >2 HM
(Me30-/MaKpoIophl), paccMaTpUBAIOTCS KaK “Hepapxu-
YEeCKU CTPYKTYPHPOBaHHBIC [EOJUTHI . JIpyrumMu cio-
BaMH, HEPAPXMUECKHE IIEOJIUTHI 00J1aJaloT HE TOJIBKO
BPOXKJICHHOH MHUKPOIIOPHCTOCTHIO, HO X ME30IIOPUCTO-
CTBIO WJIM JTa)K€ MaKponopucTocTbio. OHaKo B 60JIb-
LIMHCTBE CJIy4aeB BTOPUYHAs IOPUCTOCTB JIEKHT B Me-
30MOPHCTOM JHWama3oHe. lepapXxwyecKue IIeOTUTHI
OOBIYHO MOTYT OBITH TIONyYEHBI ITyTEM T€HEpaIlui
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BHYTPHUKPUCTAJUIMYCCKAX ME30MOp BHYTPH MHKPOIIO-
PHUCTOM CTPYKTYpHI IIEOJHTA WM BBEICHUS MEXKPH-
CTAJUIMYECKUX ME30T0p B MPOCTPAHCTBA, KOTOPEIC
CpacTaroTCs HAaHOPa3MEPHBIMH KPHCTALIAMH IEOJIHTA.
MeTomp!l cHHTE3a HTPAIOT OYEHb BaKHYIO POJIb Ha pas-
JMYHBIX YPOBHIX HEPApXUUECKON IIOPUCTOCTH.

Hepapxudeckne IEOINTH AEMOHCTPUPYIOT YIIyd-
IICHHBIE KAaTAJIMTUUYECKHE XapaKTEPUCTUKH 110 CpaBHe-
HUIO ¢ OOBIYHBIMU MUKPOTIOPUCTBIMH [IEOTUTAMHU. ITO
VIIy4IICHUE B 3HAYUTEIBHON CTCICHH OOBACHICTCS
y4acTHEeM KPYIHBIX COCIWHCHHMU, TaK KaK BTOPHUYHAS
MOPHUCTOCTh TIO3BOJIACT UM OECHpPEHSITCTBEHHO Iu-
(hyHIUpOBATh B aKTHBHBIC YYaCTKH BHYTPU KAaHAJIOB.
Hwmxe mpuBeneHsl HEKOTOPHIE O0IMINE TPEUMYIIECTBA,
CBSI3aHHBIE C HEPAPXUUSCKUMH [EOTUTAMH.

CoBpeMeHHBIE CTPaTerny CHHTe3a Hepapxuye-
CKHX I1€0JTUTOB [2,4]

Mapwpym c srcecmrxum wabioHom

YrnepoaHsie MaTepuaibl 4acTO UCTOIB3YIOTCS B
KauyeCTBE KECTKUX MIa0JI0HOB JIJIsl CHHTE3a HepapxXuye-
CKHX IEOJIUTOB, MMPOCTO MOTOMY, UTO OHHU MOTYT OBITh
JIETKO COMOKEHBI TOCTe CHHTE3a JJISl MOMyUYeHUs Me3-
OTIOPUCTOCTH, CYIIECTBYET JiBa TUIIMYHBIX CIICHAPHUS
JUTSL 5TOTO MapIIpyTa:

1) menmkne aMop(HBIE YaCTHIIBI YTIIEPOa, HApH-
Mep YacTHUIIBI CaKU Pa3MEpPOM B ICCATKH HAHOMETPOB,
TUCTICPTUPYIOTCA B CHHTETHYECKOM Teje IeosmTa. B
mporiecce KPHUCTAIUIM3AlUU IEOJIUTa B KPHUCTAILIBI
BKITIOYAIOTCS YACTHIIBI YTIIEPOAa, KOTOPBIE TIPH MPOKa-
JMBAHUN CO3JAI0T ME30TIOPUCTOCTH.

2) npyras CTpaTerusi 3aKJI04aeTcsl B OTpaHUYCHUN
pocTa 1eoNnuTa B MyCTOTax B MOPUCTOM yTiepoae (yr-
JIEPOAHBIA MaTepHall MPEJCTABIAET COOOM HENPEPHIB-
HYI0 (pa3y) AHAJOrMYHO, YIIIEPOIHAS MATPHUIA MOXKET
OBITh yAalieHa MOCIEAYIONUM MIPOKATTMBAHUEM JJISI TIO-
JMYYCHUST TIOPUCTOCTH MEXITy KpUCTaIaMH ICOJIHTA.
IopucTteie yriaeponHble MA0IOHBI MOTYT OBITH MOJY-
YEeHBI C IIOMOIIBIO IPYTO# MPOLeayphl TEMILIATHPOBA-
HUSA-CHHTE3a U3 COOPOK YACTHIl KpeMHe3eMa HIH MU-
[EeIJT TOBEPXHOCTHO-aKTHBHBIX BEIIECTB. JTa CHHTeE-
THYECKass CTPAaTerus OTPAaHWMYCHHOTO MPOCTPAHCTBA
OKa3bIBAETCS B IIEJIOM MPUMEHUMOU K Pa3IUYHBIM BU-
nam neonutoB (MFI, BEA, LTA, FAU u LTL). D10
00BSCHSIETCS U3-3a PA3INUUs OTHOCUTEIHHON BETUYU-
HOW HyKJICAIIMH U CKOPOCTBIO POCTa KPUCTAILIOB.

B nmomomHeHWe K YIVIEPOIHBIM MaTepHhaiaM,
Cac03, KPEMHE3EeM U TOJIMCTHPOJIBHBIE ChEephl TakxKe
UCIIOJIE30BAIMCH B KAYECTBE TBEP/BIX IMAOJIOHOB IS
MOJIyYEHUs] HepapXUUECKHX LIeoIUTOB. B 1iemnom, sxect-
KA Ia0JIOHHBIA MapHIpyT OOBIYHO MPUBOIMUT TOIBKO
K OrpaHUYE€HHON ME30MOPUCTOCTH, U HU3KHUH BBIXOJ
MEePapXUUECKOro LIEOJINTA SIBJSIETCS €lle OJHOM Mpo-
0JEMOM, CBSI3aHHOM C 9THM METOJIOM.

Cunme3 ¢ ucnonv3o8anuem CMeuanHblx waobuo-
HO8

ITo cpaBHEHHIO C )KECTKHM IAa0JIOHOM, “MSATKUN
mabJIoH” sBysieTcs 6oJiee 0000IIEHHBIM METOJIOM, KO-
TOPBII NCTIONB3YET OOMBIINE OPTAHNIECKUE MOJICKYJIBI
B Ka4yecTBE IIa0JIOHA ME30TOp U JOCTIKEHUS JTyd-
Iero KOHTPOJIsl pa3Mepa Me30Mop U CBSI3HOCTH TOP.
IlepBoHaYaNBHBIC MOMBITKH MSITKOTO TEMILTUPOBAHUS
MyTH OBUTH OCHOBaHBI HA HCIIOJIh30BAHUU CMEIIAHHOTO
11a0JIOHa MOJICKYJI IOBEPXHOCTHO-aKTUBHBIX BEIICCTB

U MaJIbIX KATHOHOB, KOTOPBIE AEHCTBYIOT KaK CTPYKTY-
poobpasytomuii areHT (SDA) meonura, ¢ eIbIo OTHO-
BPEMEHHOTO (hOPMUPOBAHHUSA ME30TIOPUCTHIX H MUKPO-
MTOPUCTHIX IEOJIUTOBBIX CTPYKTYP B OTHOM MaTepHae.
Wnes wucmonb30BaHMS IMOBEPXHOCTHO-aKTUBHBIX Be-
oIeCTB B KadyecTBE IMAOJIOHOB UII MeE30MOPHUCTON
CTPYKTYpBI YHAcJeIOBaHA OT CHCTEM ME30IOPHCTHIX
KPEMHE3eMOB, B KOTOPBIX CIIOCOOHOCTH IOBEpX-
HOCTHO-aKTHBHOTO BEIIECTBA K CAMOCOOPKE HUCIIOIB3Y-
eTcsl Ul HampaBlieHHs (OPMHUPOBaHMS YHOPSJOUEH-
HBIX Me30CTpYKTYyp. O/HaKO OKa3ajoch, YTO B 0OJb-
LIMHCTBE CIIy4yaeB IPOCTOE CMEIICHHWE IBYX THUIIOB
1a0JI0HOB J]aBajl0 TOJIBKO CMECh KPHCTAIIIOB IIEOIHTA
¢ aMOPGHBIM ME30IIOPUCTHIM KPEMHE3EMOM B Pe3yIib-
Tare pasaeNeHus Ga3, 00yCIOBICHHOTO KOHKYPEHITUEH
MEXIy ABYMS DPa3MUYHBIMH CHCTEMaMH IIa0JIOHOB.
YT00BI IPEOI0ICTH 3Ty MpobIeMy, OBUIO pa3paboTaHO
YHHUKAJIFHOE MOBEPXHOCTHO-aKTUBHOE BEIIECTBO, KO-
TOPOE COJCPIKUT TPYIITY AJIsl yCUIICHHS €€ B3aUMOJIeH-
CTBUSI C PACTYILIMMHU KPHCTAJUIAMHU LIEOJINTA B IIPOLIECCE
camocOopku. TakuM 00pa3oM, 3TOT MIAOIOH MOMKET
obecreynTh “MOCT” MEXIY ME30IOopaMu U LEOJIUTO-
BBIM KapKacoM, 4TOObI H30exaTh pasaencHus das.

[TpumeHeHre CMEUIaHHOTO WIA0JOHHOTO Mapii-
pyTa (0e3 pa3neneHus ¢a3) BKIOYAOT HCIIOJIb30BAHNC
6o TTAB, mubo momuMepoB 0e3 MOBEPXHOCTHO-aK-
THUBHBIX BEIIECTB. TO BO3MOXKHO IIOTOMY, YTO TIEPBBIH
MaKCUMH3UPYET B3aUMOACUCTBUE MEX Y IIA0IOHOM U
LIEOJIMTOBOM CTPYKTYpPOH, B TO BpEMs KaK BTOPOU MH-
HUMH3UPYET B3aUMOJCHCTBHE MEXKAY MOJEKYIaMu
storo mrabmona. Ob6a 3tux 3¢ddekra momoraroT u3de-
xKath pasjeneHus ¢as3. Hampotus, ucnoib3oBaHHe
OOBIYHBIX MMOBEPXHOCTHO-aKTHBHBIX BELIECTB B Kaue-
CTBE CO-IIA0JIOHOB BCeria MPHBOAUT K pPa3ZeeHHI0
ME30CTPYKTYPBI M LIEOJMTOBOH CTPYKTYpBI M3-3a HMX
CHIIFHOU TeHICHIIUU K caMOCOOpKe.

Jeyxgpynryuonanvuvie wadiousl Ha OCHOBe NO-
BEPXHOCMHO-AKMUBHBIX 8eUjeCms

PazymuO oxumate, yto Hanboiee 3¢ pekTHBHBIM
crioco0oM m30exath pasaencHus Ga3 OyaeT UCTIONB30-
BaHWe IabiIoHa "1MBa B OXHOM", KOTOPBIH oOIamaet
JIBOMHBIMU CTPYKTYPHO-HAMPABISIIOIMMHU CHOCOOHO-
CTSMH B JIBYX Pa3iIM4HbIX Maciurabax JumHbl. C 3Toi
1eJIbI0 OBl pa3paboTaH HOBBIM KJIACC MOBEPXHOCTHO-
AKTHBHBIX BEUIECTB, KOTOPbIE MMEIOT THAPO(UIbHbBIE
MYJIbTHAMMOHHIHBIE TPYIIIIBI, KOBAIEHTHO CBSI3aHHBIE
C JUIMHHBIMHU TUIPOPOOHBIMH YIIIEBOIOPOAHBIMHU XBO-
cTaMH. B 3THX HOBBIX NOBEPXHOCTHO-aKTUBHBIX Bellle-
CTBaxX C 3THMH IpyNIaMy UMEIOT CXOIHBIE CTPYKTYPbI
C OOBIYHBIMH IEOJUTHBIME SDAS (4eTBepTHYHBIE aM-
MOHHUH) H, TaKMM 00pa3oM, MOTYT JAEHCTBOBaTbH Kak
SDAS 11 IEOJIUTOBBIX CTPYKTYpP, B TO BpeMsI Kak UX
JUITMHHBIE XBOCTBI MOT'YT TEHEPHUPOBATH ME30CTPYK-
TYpHI IIyTeM CaMOCOOPKH, TOYHO TaK ke, KaKk OOBIYHBIE
MOBEPXHOCTHO-aKTUBHBIC BEIIECTBA JAEIAIOT 3TO IS
CHHTE3a ME30MOPHUCTHIX KPEMHE3EMHCTBIX MaTepHa-
70B. C MOMOIIIBIO ATOH cTpaTernu GyHKIHOHATBHOCTh
neosimta SDA u QyHKIMOHANBHOCTH MIA0JOHA ME30-
CTPYKTYpPbl KOBAJCHTHO CBSI3aHBI B OJJHOM MOJIEKYJIe
MIOBEPXHOCTHO-aKTUBHOTO BELIECTBA, KOTOPAsk MOXKET
JICWCTBOBAaTh KaK MIa0JIOH JBOWMHOM (yHKIMK (IBa B
OJTHOM) JJIsl U3TOTOBJICHHSI NEPAPXUYECKUX IIEOJUTOB
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6e3 HEOOXOAMMOCTH HCHOJIB30BaHUS OTJEIbHBIX 11E0-
muTOBBIX SDAS (MaJbIX KATHOHOB).

Heyxghynkyuonanshvie wadronvl Ha ochose nou-
Mepos

[lepBoHauanpHBlE  TOMBITKH  JABYX-B-OJHOM
(IBYX(YHKITMOHATBHBIX) IA0JIOHOB OBUIH OCHOBAaHBI
UCKIIIOYNTETBHO Ha MOBEPXHOCTHO-AKTHUBHBIX BEIIE-
CTBaxX. JTO, BEPOSATHO, 0OYCJIOBIICHO IaBHO Ipeciemy-
€MOH LIeNbI0 MONTy4eHHUs! yNOPSJ0YEHHBIX ME30M0puU-
CTBIX MaTE€PHAJIOB C KPUCTAJUTMYECKUMH 1IEOTUTHBIMH
CTEHKaMH, YYHTBIBas O0COOYIO CIIOCOOHOCTH ITOBEPX-
HOCTHO-aKTHBHBIX BEILIECTB OOpPa30BBIBATh YHOPSIO-
YEHHBIE ME30CTPYKTYPHI IyTEM CYNEPMOJIEKYISIPHON
caMocOOpkHd.  XOTS  CTpaTerusi  HCIOJB30BAHUS
IBYX()yHKIMOHAIBHBIX [IA0JIOHOB BMECTO CMEIIaH-
HBIX MTa0JOHOB YCIIENITHO YCTPaHSET MPo0JIeMy pasjie-
neHust (a3, B CHHTETHYECKOH CHCTEME BCE €IIe OCTa-
I0TCS IBa OCHOBHBIX ITpOIIecca:

1) KOHIEHcalMsl aTIOMOCHIIMKATOB ¢ 00pa3oBa-
HHEM IIE0JIMTOBOTO KapKaca;

2) cbopka MOJIEKYJ MOBEPXHOCTHO-aKTUBHBIX Be-
IeCTB ¢ 00pa30BaHUEM ME30CTPYKTYPHI.

OTH 1Ba mpolecca, Kak TePMOAMHAMHUYECKH, TaK
U KHHETHYECKH, HECOBMECTUMBI APYT C JPYTOM: HaJlU-
YK€ HEeIUTACTHHYATHIX ME30IIOPUCTHIX CTPYKTYp (KaHa-
JIOB W/HMIIH KJIETOK) B KPHUCTAJIE IIEOJIMTA BHI3BATIO OBI
CHIIbHBIE JlepOpManny, KOTOPHIC HAKAIUIMBAIOTCS C
IUIOTHOCTBIO ME30IIOpP; ME30CTPYKTypa MOXET OBITH
chopMupoOBaHa 3a CANTAHHBIC MUHYTHI, B TO BPEMS KaKk
KPHUCTAJUTM3alUsl [IEOJUTOB OOBIYHO 3aHMMAacT He-
ckonpko gHed. CrienoBaTenbHO, OUY€Hb TPYAHO, €CIU
BOOOIIE BO3MOXKHO, JIOCTHYb J0JITOCPOYHOI0 MOPSIKA
KaK JJIS IEOJIMTOBBIX, TaK U IS ME30IIOPUCTBIX CTPYK-
Typ OJHOBPEMEHHO, Ja)ke HCIIONb3ys HIa0JI0H IBOM-
HOM (DyHKIUH.

YauTeiBass HEN30€KHBIH KOMIIPOMHCC MEXIY
[IEOJINTOBBIM KapKacoM M ME30TIOPHCTON CTPYKTYpOii B
YIOPSOYCHNN CTPYKTYPbI, MOXXHO 0XKHAATh 1BA MPO-
THUBOMOJIOKHBIX cleHapus. [lepBeiii n3 HHX 00CYyX-
Jancs BhINIE, I7ie CIIOCOOHOCTH IMa0JioHa TOBEpX-
HOCTHO-aKTHBHOTO BEIIECTBa K caMocOOpKe Crioco0-
CTBYeT (hopMupOBaHHIO YIOPSI0YCHHOU
ME30CTPYKTYpBl 3a CUeT MOTEepPH HOITOCPOTHOTO
CTPYKTYPHOTO YIOPSAOYEHHS B LIEOJUTOBOM KapKace.
Bo-BTOpBIX, MOXXHO MOJYyYUTh KPYIHbIE MOHOKPH-
CTaJUTBI IEOJINTA, COAEPIKAIINE HEYIOPSIOYCHHEIE Me-
30M0PBI, €CNIM B3aMMOJEHCTBHE MEXIy MOJEKyIaMu
mabJioHa CBEJIGHO K MHUHUMYMY, Harpumep, IpH Hc-
MOJIG30BAaHUM MaKpOMOJIEKYJI 0e3 TOBEepXHOCTHO-aK-
THUBHBIX BEIIECTB B KayecTBe HIadioHa. B mocneanem
cilyyae MakpOMOJIEKYJIbl He SBIISIOTCS "mabioHoM" B
TPaJULIMOHHOM CMBICIE, MOCKOJIBKY OHH HE HMEIOT
(yHKIMK HampaBiiATh (HOPMUPOBAHHE YETKO OIpere-
JICHHOW M€30CTPYKTYPHI, HO BMECTO 3TOT0 OHH ITPOCTO
JEHCTBYIOT JJIS CO3TaHMS ME30IIOPHCTOCTH. B KOHTEK-
CT€ TOTO, YTO ME3OIIOPHUCTHIE IIEOJIUTHI SIBIIAIOTCS TI0-
TEHIMaJIbHBIMH T€TEPOTeHHBIMHU KaTalIn3aTOpaMu ISt
KoHBepcHuH HeTu 1 HeTenepepaboTKH, Te yIopsAI0-
YeHHE ME30CTPYKTYpPHl HECYIIECTBEHHO, HO CTaOWIIb-
HOCTb KaTajnu3aTopa SBISETCS pEIIAarolMM KpHUTe-
pHeM, BTOPOH CLIeHapuii MOXKET OBITh OoJiee sKenaTesb-
HBIM, [TOCKOJIbKY JIy4lllasi CTPYKTypHasi [IeIOCTHOCTh B

aTOMHOM MaciuTade MNpHHECET OOJBIIYI0 CTa0MIIb-
HOCTBH MaTepHay.

JlommoTHUTEIbHBIE TPEUMYIIECTBA HCIIONIB30Ba-
HUS Ma0JOHOB HAa OCHOBE TOJMMEPOB U CHHTE3a
HePapXUIECKUX [IEOTUTOB:

Bo-mepBrIX, mHONMMMEpHBIE WM MOTYT OBITH
JIETKO MTPUBUTHI QYHKIIMOHAIBEHBIMHU TpyTIiaMu. Takmm
00pa3oM, pa3nuyHble (GYHKIIMOHAIbHBIE BO3MOKHOCTH
(nampumep, aacopOIMOHHAS CIIOCOOHOCTD, KAaTalUTH-
Yyeckasi aKTHBHOCTb, CIIOCOOHOCTH MOJIEKYJISIPHOTO
pacrio3HaBaHusl W/WIK (IIyOpECEHINsI) MOTYT OBITh
“riepeHeceHsl”’ B UEpapXUUECKUE LEOJUTHI AJS MOIy-
YeHWsST MHOTO(QYHKIMOHAIBHBIX MAaTEPHUANIOB ITyTEM
MOAM(UKAITUH TTOJTUMEPHOTO MMabJI0OHa COOTBETCTBYIO-
oMHA (GYHKINOHATBHBIMHA TPYIIIAMH.

Bo-BTOpBIX, B 0TiIMYHE OT OOBIIHBIX SDAS 11eonn-
TOB, KOTOPBIC SBISIOTCS CBOOOTHBIMH KaTHOHAMH B
pacTBope, IIa0IOHEI HA OCHOBE MTOJIMMEPOB MOTYT 3a-
KpEeIUIAThCS Ha CYLIECTBYIONIEH MOBEPXHOCTH, YTOOBI
HHAYIIMPOBAThH TeTEPOTCHHOE 3apO’KACHUE LIEOJIUTOB B
Hed. Mcrnosp3yss 3TO NpPEeUMyIEeCTBO, B IPHUHIIUIE
MOXHO HU3IOTOBUTh HEIPEPBIBHBIA ME30I0PUCTBIN
LICOJIUTOBBIN CJIOM HAa IOBEPXHOCTAX Pa3IMUYHBIX MaTe-
pHaJIoB, IPU YCIOBHHM, YTO MaTepHal MOXKET BEIKUTH B
THIPOTEPMAITBHBIX YCIOBUX, UCTIONB3YEMBIX IS CHH-
Te3a IIE0JIUTOB.

Camocmoswuecs uepapxuieckue yeoaumsl 6e3 wao-
JIOHO8

[Tpu ucnonp3zoBanne 90° BpamaTeabHbIE Cpalln-
BaHUs [EONUTA i mirotoBieHus «KapTouroro mo-
MHKa» M3 CaMOCTOJOYATBHIX ILEOJMTOBBIX HAHOCIIOEB
MFI ¢ me30mopucTocThio, cHOpMHUpPOBAHHON cCpeau
HaHOCJI0eB (hopMHUPOBaHHE TAKOH YHHKAIBHOH MOPQO-
JIOTHH OOBSACHSETCS OPTOTOHAJIBHBIM CpaIliBaHHEM
MFI (MFi twins), KOTOpOo€ HHAYLHUPYETCS] CETMEHTaMHU
mel KapkacHOTO THIIa ¢ OoJiee BBICOKOW CUMMETpHEH
Ha TpaHHWIaX OJM3HENOB. DTa BpallaTeNbHAs CTpare-
THS CpacTaHUs ObUTa MPHMEHEHA IS M3TOTOBJICHUS
nepapxudeckux neomutoB FAU / EMT. Dror meron
0e3 mabIoHOB MpocT U 3PPEKTUBEH, HO OH OTpaHIYCH
OYeHbh HEMHOTUMH THUTIAMH IICOIUTOBEIX KapKacoB, KO-
TOpBIE UMEIOT CHJIBHYIO TEHICHIMIO K MOBTOPSIOIIE-
Mycs BpallaTelbHOMY CPacTaHHIO.

3akii0ueHue

Hepapxudeckne EOTUTHI BEI3BIBAIOT HHTEPEC HU3-
3a psiia TOJE3HBIX CBOWCTB, MOIXOASIINX JJIS Kara-
nu3a. Beeenne 1onoHNTENEHONH ME30- M MaKpOIIOpH-
CTOCTH B LIEOJUTHI C MPHUCYIIEH UM MHKPOIOPUCTO-
CTBIO JIeNIaeT MX MHOTO(YHKIHMOHAIEHBIMUA MaTepua-
namu. BropudHas mopuctocts obnerdaer auddysuto
peareHToB U NPOAYKTOB B CTPYKTYypy LI€OJIUTA U U3
Hee, B TO BpeMsl KaK BHYTPEHHSISI MHUKPOIOPUCTOCTH
MTOJIAEP)KHUBACT pa3Mep, GOPMY U CEeIEKTUBHOCTH Iepe-
XOJTHOTO COCTOSTHHS [ICOJINTOB.

BoiBoabl: B pabote paccMOTpeHBI Hmepapxude-
CKH€ IICOJIUTHI, UX CBOMCTBA, Pa3INYHbIE COBPEMEHHBIE
METOJIBI X CHHTe3a. [IpuBeieHo omicanne pa3TnaHbIX
METOJIOB CHHTE3a, & TAK)KE PACCMOTPEHBI UX MPEUMY-
LIECTBa U HEAOCTATKU
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Hammune B HeTH, mocTymaromei Ha mepepaboTKy, BOJBI M COJIEH BPEIHO CKa3bIBaeTCs Ha paboTe Hedremne-
pepabarsiBatomiero 3aBoja. IIpu GodbIIOM comepskaHUH BOJBI MTOBBIIIACTCS JABICHNE B alllapaType yCTaHOBOK
MeperoHKy HeTH, CHIYKAETCS UX MPON3BOAUTEIIEHOCTD, PACXOAYETCs M3JHIITHEE TEIUIO Ha IIOA0TPEB M HCIIapeHUEe
BOZBI. Bosly 1 conu yaanstoT HEMOCPEACTBEHHO MOCIIe W3BJIeUeHHs He(hTH 13 3eMHBIX Hellp (Ha MPOMBICTIax) U Ha
HedTenepepabaThBaromnX 3aBogax. CymecTByeT 1Ba THUIIA TEXHOJIOTHYECKHX ITPOLIECCOB YAAJICHUS BOJIBI H CO-
neit - ob6e3BoXKMBaHUE U obecconnBaHue. B ocHOBe 000MX MPOLECCOB JISKHUT pa3pylIeHHe HEPTIHBIX IMYIIbCHH.
OpnHako npy 00€3BOKUBAHUY PAa3pyIIAIOTCS IPUPOAHBIE IMYJIBCHH, T€, KOTOPbIE 00pa30BaIUCh B PE3yJIbTaTe NH-

TEHCUBHOTO NepeMeIInBaHus He(TH ¢ OypoBOil BOJIOH.

B ZIaHHOfI CTaTbC PAaCCMATPUBAIOTCA MOJYUYCHNUC U pa3spylHICHUC 3MyJ'ILCIdI>i B CUCTEMC IIOATIOTOBKH He(l)TI/I.
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Abstract

The presence of water and salts in the oil supplied for processing adversely affects the operation of the refin-
ery. with a large water content, the pressure in the equipment of oil distillation units increases, their productivity
decreases, and excessive heat is consumed for heating and evaporation of water. Water and salts are removed
immediately after the extraction of oil from the earth's interior (in the fields) and in oil refineries. There are two
types of technological processes for removing water and salts - dewatering and desalting. Both processes are based
on the destruction of oil emulsions. However, during dehydration, natural emulsions are destroyed, those that were

formed as a result of intensive mixing of oil with drilling water.
This article discusses the production and destruction of emulsions in the oil treatment system.
KiroueBble cioBa: OMYJIbCHUA, AUCHIEPCHAA CUCTEMA, OMYJIbIraToOp, ACOMYJIbraToOp, NOArOTOBKA He(l)TI/I.
Keywords: emulsion, dispersion system, emulsifier, demulsifier, oil preparation.

CKkBa)XMHHAsI TIPOIYKIHUS TIPENCTAaBISET COOOH
cMech ra3a, HeTu u BoAbl. Boma u HepTh IpU 3TOM
00pa3yroT SMYIBCHH. DMYIBCHHU TIPEICTABILIIOT COO0I
0COOBIH BHJI B TUCTIEPCHBIX CHUCTEM, AUCHepcHas ¢asza
U TUCTIEPCHOHHAS Cpella KOTOPHIX SBJIAIOTCS B3aMMHO
HEPACTBOPUMBIMH HJIH TUIOXO PACTBOPHUMBIMHE JKHAIAKO-
CTSIMU. ITO OOCTOATENTHCTBO M O0YCIOBIUBAET CIICIIU-
(uveckoe CBOWCTBO OSMyJbCHii 00pa30BHIBATH CH-
CTeMBl €O C(epUvYecKUMH 4YacTHLAMH JUCIIEPCHOM
(a3bl B mpokoM jauanazone kouuentpauuu (ot 0,001
110 90%) ¥ uxX crocoOHOCTRIO K oOparienus da3. [Tomy-
YEHHE, YCTOMUUBOCTb U pa3pyllEeHUE dMYJIbCUHN OIpe-
JIEIIOTCS 0COOCHHOCTSIME TpaHuIls! pazaena XK-K [1].

OMyIBCHH, KaK U APYTUE TUCIIEPCHBIC CHCTEMEI,
MIAPOKO MPUMEHSIOT B PA3IMIHBIX OTPACIIIX POMBIIII-
JICHHOCTH; OHHU OIPENCISIIOT CBOWCTBA HEKOTOPBIX

MpoxyKToB muTaHus. Hanbomsinee pacmpocTpaHeHne
MOy YWJIN OMYJIBCHH, B KOTOPBIX OAHON M3 (a3 ABIA-
ercsi Boja. B aTux ciaydasx BTopyto a3y npencTaBiseT
HeToJsIpHast (MJIM MaJIOTIOJISIpHAs ) )KAIKOCTh, Ha3bIBa-
emas B o0mIeM cirydae MacioM. B Hamrem cirydae — 310
HedTh. B 3aBHCHMOCTH OT cocTaBa qUCIIEPCHOH (a3l
U JAMCIIEPCUOHHOM Cpelibl MOTYT OBITh IpsIMbIE 00pat-
Hble dMynbcuu. [Ipsimble aMynbeun tuna M/B — ato
JUCTIEpCUU Maclia B Boje. Pa3apoOiieHHO# (a3oit B
NPSMBIX  3MYJIbCUSIX sBJsieTcst Mmacno. OOparHble

sMynbcuu TUna B/M — 3To aucnepcuu BoJpl B Maclie, B
HUX YaCTHUIIBI BOJBI PacHpeiesieHbl B MAacIsTHOI cpefe.
[psimoit smynbcueit sBIseTcss Monoko (puc.l-a), a
MaprapuH 1 HeTb (puc.1-0) MOKHO OTHECTH K 00pat-
HBIM 3MYJbCHSM [2].

Pucynox 1. Tunvl somynvcutl: a — npamas, 6 — oopamuas.

Hed1s, m3BIekaeMas U3 CKBa>KUH, BCET/a COMCP-
JKUT B ceOe MOMyTHEIH a3, MeXaHH9IeCKHEe IMPUMECH U
IUTACTOBYIO BOJY, B KOTOPOW PACTBOPECHBI Pa3InIHEIC
COJIH, Yallle BCETr0 XJIOPHIBl HATPUS, KAJIBIUSI U Mar-
HUS, pexe - kapOoHatsl M cynbdarsl. OObIYHO B
HavyaJIbHBIN Nepuoa SKCIUTyaTallui MECTOPOKIACHUA
noObIBaeTCs 0€3BOHAS UITH MalloOOOBOTHEHHAS HE(DTh,
HO TI0 Mepe JoOBIYH ee 00BOTHEHHOCTD YBEIINIHBACTCS
n gocturaer 10 90...98%. OdeBuIHO, YTO TaKYIO
«TPS3HYIO» H CHIPYIO He(DTh, CONEPIKAILYIO K TOMY JKe
JIETKOJIETYYHEe OpTaHUYecKue (0T MeTaHa 0 OyTaHa) U
Heopranmueckue (HoS, CO.) ra3oBble KOMITOHEHTHI,
HEIb3s TPAHCIIOPTUPOBATh U NiepepadarbiBath Ha HII3
0e3 TIIAaTeNEHOM e MPOMBICIOBOM MOJATOTOBKH.

UYucras He(Th, HE COEprKalias HeyriIeBoI0POa-
HBIX IIPUMeECEH, 0COOCHHO COJIell METAIIOB, U ITpecHast
BOJIa B3aMMHO HEPACTBOPUMEI, U MPH OTCTAUBAHHH 3Ta
cMech JIeTKO pacciamBaercs. OJHAaKO IpH HAJHYUH B
He()TH TAKOBBIX MpHMecel cucTemMa HeTh—BoJa 00-
pa3yer TpyIHOPA3AeIUMYI0 HEPTIHYIO SMYIIBCHIO.

IOMYJABCHH TIPEACTABISIOT COOOH HUCIIEpCHBIC
CHCTEMBI U3 ABYX B3aHMHO MaJIO- MJIN HEPACTBOPHMBIX
XKHMJKOCTEH, B KOTOPBIX O/lHa AWUCIEPTrHpOBaHa B Jpy-
roil B BUJIE MEIbYANIINX Kareib (T700y:i). JKuaKocTs,
B KOTOPOH pacmpe/ieneHsl r100yIIbl, SIBISETCs AUCTIep-
CHOHHOH Cpeloi, a AWCIEeprHpOBaHHAs XKHUIKOCTH -
JHUCTIEPCHOM (ha30i.

Pazmmuator 1Ba THmAa HEPTSIHBIX O3MYJbCHIL:
HedThr B Bose (H/B) ruapodmnsHas u Boja B HEDTH
(B/H) — ruapodobras. B mepsom cimyuyae HedTSIHBIC
Karmm o0pa3yloT AucHepcHyo a3y BHYTPH BOJHOMN
Cpe/ibl, BO BTOPOM — KaIliIM BOJIbI 00pa3yroT aucrepc-
Hyto ¢a3y B HedTsiHOH cpene [3].

OO6pazoBaHue 3MYJIbCHI CBSI3aHO C IMOBEPXHOCT-
HBIMH SIBJIGHUSIMU Ha TpaHulle pasnena ¢as aucnepc-
HOW CHCTEMBI, IPEXKJIE BCEr0 IOBEPXHOCTHBIM HATSIXKE-
HUEM CHJIOH, ¢ KOTOPOH KHUJIKOCTb CONPOTUBIIAETCS
YBEIIMYEHUIO CBOEH MOBEPXHOCTH. [l0BEpXHOCTHO-aK-
tuBHBIe BemecTBa (ITAB) 00mamaroT crmocoGHOCTHIO
TIOHIKAaTh TMIOBEPXHOCTHOE HATSDKCHHE. JTO CBOWCTBO
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o0ycioBieHo TeM, uyTo noOasieHHoe ITAB wm3bmpa-
TEJIHHO PACTBOPSETCS B OMHON U3 (a3 TUCTIEPCHOM CH-
CTEMBI, KOHIIEHTPHUPYETCS M 00pa3yeT aacopOIMOHHBII
cioii - mieHky [TAB na rpanure paznena ¢a3. CHmke-
HHUE MOBEPXHOCTHOTO HATSHKEHUS CIIOCOOCTBYET yBe-
JIUYCHUIO TUCTICPCHOCTH TUCTIEPCHOM (a3bl, a 00paso-
BaHHE aJCOPOIIMOHHOTO CIIOS - CBOSOOPAa3HOTO TaH-
IUps Ha TOBEPXHOCTH IJIOOYN - MPEISTCTBYET HX
KOAJIECLCHIIH TIPH OTCTAWBaHUH,

BemectBa, crocoOcTByone 00pa3oBaHUIO M
CTa0MJIM3allM 3MYJIbCUH, Ha3bIBAIOTCS HIMYJIBIaTo-
paMu; BELIEeCTBa, pa3pyllaroliie TOBEPXHOCTHYIO aj-
COPOLIMOHHYI0 IUICHKY CTOMKHX SMYJIbCHA — Je-
SMYJIBTaTOPaMH.

IMyabratopamMu OOBIYHO SIBJISIOTCS TOJISIPHBIC
BelecTBa He()TH, Takue KaKk CMOJIBI, achaabTeHbI, ac-
(habTOTCHOBBIC KUCIOTHI M UX aHTUAPHUIBL, COIH Had-
TEHOBBIX KHCJIOT, a TaKXKe PaziIMyHbIE OpTraHUYeCKHe
NpUMecH. Y CTaHOBJICHO, YTO B 00pa30BaHUU CTOMKHX
3MyJILCPII>II MPUHUMAIOT YYaCTUEC TaKXKE pPa3JINIHbIC
TBEpAbIE YIJICBONOPOABI — MapauHbl U LEPE3UHBI
HedTel. Tun 0Opa3yromIelcs 3MYJIbCUH B 3HAUUTEIIb-
HOM CTENEHU 3aBUCUT OT CBOICTB AMYJIbraTopa: SMyJjib-
ratopbl, oOnanaromue ruapodoOHBIMU CBOMCTBaMHU,
obOpasyror amyascuio Tuma B/H, To ecth rumpodo06-
HYIO, @ OMYJIBraTopbl TUAPO(MUIbHEIE — THAPODUIb-
HyI0 MyJbcuto Tama H/B. CrnemoBatensHO, SMyIbra-
TOPBI CIOCOOCTBYIOT 00Pa30BaHUIO AIMYIBCHU TOTO JKE
TUTA, YTO U THII SMyJbraTopa. B mpoMbIcioBoit mpak-
THKE YaIe Bcero oopasyercs runpodoOHas SMyITbCHS,
TaK KaK dMYyJIb['aTOpaMH B 3TOM Cliy4ae SIBJISIFOTCS pac-
TBOPHMBIE B HE(TH CMOJIUCTO-ac(halbTEHOBBIE Belle-
CTBa, COJIM OPTaHWYECKUX KHUCIIOT, a TAK)Ke TOHKOU3-
MCECJIBYCHHBIC YaCTHUIIbI I'TMHBI, OKUCJIOB METAJJIOB U JIP.
OTU BelecTBa, aJcopOUpysCh HA TMOBEPXHOCTH pa3-
Jeta HeTb—BO/Ia, MOTAAI0T B TOBEPXHOCTHBIN CIION
CO CTOPOHBI HE()TH U CO3JAIOT IMIPOYHYIO 000IIOUKY BO-
KpyT "9actuil Boasl. Hao00opoT, XOpomio pacTBOPpUMEIE
B BOJie W XyXe B YIICBOAOPOAaX THUAPO(UILHEIC
SMYJIBraTOPBl THUIMA INEIOYHBIX METAJUIOB HE(TSHBIX
KHACJOT (MPOAYKT pPEakIUH MPH MIETOYHON OYHCTKE)
a/ICOPOUPYIOTCSI B IOBEPXHOCTHOM CJIO€ CO CTOPOHBI
BOJHO (ha3bl, 0OBOJIAKMBAIOT KaNelbKH HEPTH U Ta-
KM 00pa3oM CIIOCOOCTBYIOT OOpa3sOBaHHIO THIPO-
¢unbHOM HedTIHON dMynbenu. [Ipu HaMUYNK SMYITB-
raropoB 00OMX THIIOB BO3MOXHO OOpalieHUe dMYJb-
CHH, TO €CTh IEPEX0/1 U3 OJHOTO THIA B IPYToil. DTUM
SBJICHHEM TIOJIB3YIOTCSl MHOTZA TpH pa3pyIIeHUH
aMynbeuid [4].

Pazpymenne HeTIHBIX SMYJIbCUI TPUMEHECHUEM
JIeIMYJIBIaTOPOB, NPEJICTABIAIONIMX COOOM CHHTETH-
yeckue [TAB, obnagaromux mo cpaBHEHHIO C COAEpKa-
IIUMHUCS B HEPTIX HNPUPOAHBIMH dMyJIbraTropamu 6o-
Jiee BBICOKOM MOBEPXHOCTHOM AKTHMBHOCTHIO, MOXKET
OBITH Pe3yIBTATOM:

1) ancopOLUMOHHOTO BHITECHEHHS C TIOBEPXHOCTH
00y BOJBI  AMYJIBraTopa, CTAOMIU3UPYIOIIETO
IMYJIBCHIO;

2) 0Opa3oBaHusI HECTAOMIIBHBIX AMYJIbCHI MPOTH-
BOIIOJIOXKHOTO THIIA;

3) XUMHYECKOTO pAacTBOPEHUsI aACOPOILMOHHON
TUICHKH.

DNeKTpooOpaboTKa 3IMYJIBCHI 3aKI0YacTcsl B
MIPOIYCKAaHUH HE(TH depe3 IEKTPHIECKOoe MoIe, mpe-
HMMYIIECTBEHHO MTEpEMEHHOE TIPOMBIIIIICHHOW YaCTOTHI
" BbIcOKoro HampspkeHus (15...44 kB). B pesynbrare
HHAYKIUH 3JIEKTPUIECKOTO TOJS AUCTIEPTHPOBAHHBIC
KaIlTH BOZBI TOJSIPU3YIOTCA, AeopMUPYIOTCS (BBITA-
THBAIOTCS) C pa3pylIeHHEM 3aIlIUTHBIX IUICHOK, W TPH
4acTOW CMeHe MOJIIPHOCTH 3JeKTpoaoB (50 pa3 B ce-
KYH/1y) YBEITHIHBACTCS BEPOATHOCTh UX CTOJKHOBEHUS
U YKPYIHEHHUS, U B UTOTe BO3pacTaeT CKOPOCTh Oca-
XKIeHus rno0yi ¢ obpa3oBanueM oTaeabHON dasbl. [1o
Mepe YBEIMYCHHS TIyOHHBI 00€3BOKUBAHUS PACCTOSI-
HUS MEXIY OCTaBIIAMUCS KAIUIIMH YBEINIHBAIOTCS U
KoayrecrieHnus 3amersaercs. [lo3ToMmy KOHEdHOE CO-
JiepKaHue BoAbI B He(pTH, 00pabOTaHHOI B DJIEKTpHYC-
CKOM TIOJIE TIEPEMEHHOTO TOKa, KOJIEOJIETCS OT CIIe0B
mo 0,1 %. KoanecueHIuIo OCTaBIIUXCS Kameidb BOJBI
MOJKHO YCWJIHTH TOBBIIICHAEM HAIPSDKCHHOCTH DIICK-
TPUYECKOTO MOJIA N0 OmpeiesieHHOro mnpezaena. Ilpu
JATbHEHIIIEM TIOBBIIICHUN HAIPSXKCHHOCTH IMOJIS YCKO-
PAIOTCSL HEXKeJIaTeNbHBIE IPOLECCHl AIEKTPHUYECKOro
JUCTIEPTUPOBAHUSA Kalleslb U KOAJECLEHIUI CHOBA 3a-
MemseTcs. [103ToMy NpUMEHHUTENFHO K KOHKPETHOMY
THITY OMYJILCHH LIeJIecO00pa3Ho NOAOHPaTh ONTUMAb-
HBIE pa3MepHI AIEKTPOIOB M PACCTOSHIS MEXY HAMU.
KommgectBo octaBmmxcs B HeTAX COJCH 3aBUCHUT KaK
OT COJIepKAaHUS OCTATOYHOHW BOJBI, TaK U OT €€ 3aCo-
neHHOCTH. [103TOMY ¢ LIeNbI0 TOCTHKECHHUS TIIyOOKOTO
00eccoNMMBaHMs OCYIIECTBIIAIOT MIPOMBIBKY COJICH IT0-
nadeil B HETh ONTUMAIFHOT'O KOJIMYECTBA ITPOMBIB-
HOH (mpecHo#t) Boasl. IIpu upe3smMepHOM yBEITHYEHUH
KOJIMYECTBA MPOMBIBHOW BOJBI PAacTyT 3aTpaThl Ha
obeccosnBaHue HE(YTH U KOJIMYECTBO 0OPa3yrONIUXCsI
CTOKOB. B 3TOH CBA3M, ¢ LEJIBIO SKOHOMHMH IIPECHOMI
Bojbl, Ha DJIOY muorux HII3 ycmemHo nmpuMeHsIOT
JBYXCTYIIEHYATHIE CXEMBI C IIPOTUBOTOYHON TMOqadei
TIPOMBIBHOH BOIBL.

TemnoBast 00paboTKa SMYIBCHI 3aKITIOYAETCS B
MTOJTOTPEBE JI0 ONTHMANBHOW Ui TaHHOW HeTH TeM-
mepatypsl (60...150 °C) B 3aBHCHMOCTH OT €€ TUIOTHO-
CTH, BS3KOCTHO-TEMIICPATYPHOH XapaKTePHCTHUKH,
THUIIAa AMYJIbCHU W JABJICHUS B 3JIEKTPOIETHAPATOpE
WY OTCTOMHHMKE TEPMOXUMUYECKOT0 00E3BOKUBAHUSL.
[loBplmmeHue TeMmIepaTypbl 10 ONPEAETICHHOTO IIpe-
Jena CIocoOCTBYeT HMHTEHCH(HKAIMU BCeX CTaaui
mporiecca Je3My I HPOBaHUS: BO-TIEPBHIX, JeCTaOMIH-
3al[K IMYJIbCHI B Pe3yJIbTaTe MOBBILICHHUS PACTBOPHU-
MOCTH IPUPOJIHBIX SMYJIBIaTOPOB B HEYTH U PACILIAB-
JIeHUs. OPOHUPYIOMIMX KPUCTAJUIOB mMapaduHOB W ac-
(aNbTEHOB ¥, BO-BTOPBIX, BO3PACTAHUIO CKOPOCTH
OCaXKIICHUSI KaIleJIb BOJIBI B PEe3yJIbTaTe CHIKCHUS BSI3-
KOCTH H TUIOTHOCTH HE()TH, TEM CAMBIM YMEHBIIICHHIO
TpeGyeMoro pacxoaa Ae3MyIbraTopa.

OOBIYHO KaK ONTUMANIBHYIO B IETHAPATOPAX MOJI-
OMparoT Takyl TeMIIepaTypy, IpHU KOTOPOI BS3KOCTH
Heptu cocrapmser 2.4 ¢cCt. MHorue HeTH IOCTa-
TOYHO Xxopoio odeccommBaroTcs mpu 70...90 °C. Tpu
MOBBIIICHUN TEMIIEPaTyphl HarpeBa HedTH mMpHUxo-
JUTCS. OJTHOBPEMCHHO TIOBBIIIATH M JABJICHUE, YTOOBI
TIOJI/IEPKUBATh KUIAKO(PA3HOE COCTOSIHHE CHCTEMBI U
YMCHBIINTh TOTEPU HEPTH U moxKapoonacHocTh. On-
HAKO IOBBIIICHUC JaBJICHUS BBI3BIBACT HEOOXOMIH-
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MOCTh yBEJIMYEHHs TONIIHMHBI CTEHOK arnmaparoB. Co-
BPEMCHHBIC MOJENN 3JIEKTPOJETUAPATOPOB PACCUHU-
TaHbI Ha AaBieHue a0 1,8 Mma [5].

B Hacrostee BpeMs B porieccax JOObIYH U TIepe-
pabotku He()TH U3-3a MPUCYTCTBUS 3HAYUTEIHHOTO KO-
JUYECTBA BOJBI U ITOBEPXHOCTHO-AaKTHBHBIX BEIECTB
00pa3yroTcs yCTONYUBBEIE BOJOHE(TSIHBIE SMYJIBCHHU,
KOTOpBIE OCJIOXHSIOT MX pasjeieHue. Ha mpakruxe
IpU NepepaboTKe BHICOKOBA3KUX CMOJIMHUCTONapadu-
HOBBIX He()TeH HMCIOJIB3YIOT ra30BbIi KOHAEHCAT, KO-
TOPBII CYIIECTBEHHO CHMU)KAET IFIOTHOCTh HEDTH U TEM
CaMbIM OCJIOXKHSET pacciavBaHHE YCTOHYMBBIX BOJO-
HEPTIHBIX YMYJIBCHHA. YUUTHIBAS 3TO, aBTOPOM [6] 13y~
YeHBl M3MEHEHUS Pa3HOCTH IUTOTHOCTEH (Ap) BOIBI U
He(TH B 3aBUCHMOCTH OT JOJH BBEACHHOTO T'a30KOH-
JeHcaTa. Y CTaHOBIICHO, YTO mpH nodasneHnn 10 % ra-
30BOT0 KOHJICHCATa nepepabaTbiBaeMast BOTOHEDTSIHASL
SMYJBCHS U3 JIETKOPAcCIanBacMON MEPEXOIUT B pac-
clauBaemyto, a npu gobasiaeHun 20 % razoBoro KoH-
JIeHCaTa — U3 pacciauBaeMol — B TpyJHOpaccianBae-
MYIO 3MYJIbCHIO. DTO ellle OOJIbIle OCIOXKHSET yaae-
HUEC BJIaru U3 BO}IOHC(bTeFaBOKOHI[eHCaTHOi/lI OMYJIbCUU
B DJIOY. IlosTOMy BO3HHKAaeT HEOOXOJUMOCTh HUH]IU-
BUJIyaJIbHOTO 110J100pa JeIMYJIbIaTOPOB B KOHKPETHOM
cTaguu 00e3BOXUBAHMA M 00€CCONMBAHUS BOJOHE(TS-
HOHM sMmynbenn. CrienoBaTenbHO, MOAOOP IeIMyIIbra-
TOpa WM €T0 KOMIIO3UIIMH JUISl KaXIOH CTaguu 00e3-
BOXKMBAaHUS M 00€CCOIMBAHUS BOZOHE(PTSIHOW HMYJIb-
cun (B Mmectopoxnennn YIIH u DJIOY) tpebyer
MPOBEICHUS PAA SKCIICPUMEHTAIBHBIX UCCIIEI0BaHNH
C [eJNbl0 ompeneneHuss Haubosee 3(h(HEeKTUBHOTO M3
HHUX. ABTOpOM Ha OCHOBE BTOPUYHBIX IPOAYKTOB U OT-
XOJIOB MacCJIOKUPOBON MTPOMBIIIJICHHOCTH OBLIH MOJTY-
YeHbl 3 aKTHBHBIX JEIMYJbraropa ¢ MOJU(PYHKIHO-
HanbHBIMU cBolicTBamu: [1/1-1, IT/1-2 u [1/1-3, koTopsie
OBUTH MCTIOJIB30BAaHBI HA PA3JIMYHBIX CTAAMAX 00€3BO-
JKMBAaHUS 1 00€CCOIMBAHMS BOJOHE(TIHBIX U BOJOHE-
(hTEera30KOHAEHCATHBIX YMYJIBCHHA. Y CTAaHOBICHO, YTO

JUISL TIEPBOM CTaauu 00€3BOKMBAHUS M 00ECCOIMBAHNUS
BOJOHE(DTAHON dMyJbCcUU Hambonee 3>(P(HEKTHBHBIM
oxazazcs I1/1-3, nns Bropoil u tpetbeit — I1/1-2, a me-
Hee akTUBHBIM oKazaiucs [1/[-1, koTopblil HE Jan OXu-
JACMBIX Pe3yJIbTAaTOB IpH 00E3BOKUBAHUH H 00€CCO-
JIMBAaHUH BOJOHE(DTIHON SMYITBCHU.

BuiBoasl: B pabore paccMOTpeHBI TEXHOJOTHH
SMYJIBCHH B CUCTEME TIOATOTOBKU HE(TH, a TaKKe pac-
CMOTPEHBI BUJIBI ¥ MIOJTy4YEHHE IMYJIbCHH.
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Abstract

The formation of the process block of stochastic networks is focused on a complex human-oriented process
with the result at the output in solving and implementing in time synergistic complex tasks in the systematic man-
agement of digitization projects within the state existing industries. There are computer technologies for finding
solutions to approximation problems using stochastic networks, but the cost of such calculations is usually too
high. Both the collection of the necessary numerical data and the construction of a stochastic network are very
expensive. Therefore, the use of stochastic network methods is justified in solving large-scale and important prob-
lems. An additional condition for the proper use of the discussed technology is the availability of appropriate
information systems, which continuously accumulate data on the subject area and similar design work required to
calculate or estimate the probabilities. The recalculation of stochastic networks is quite complex due to the cum-
bersome mathematical apparatus. There are attempts to use simpler mathematical expressions for calculations or

to simplify complex formulas. actual execution.

Keywords: digitization, digitization projects, stochastic networks, approximation.

Introduction. Our research is related to the devel-
opment of a formalized model of the formation of the
process unit of the digital project management system,
where stochastic networks are widely used in practice
[1, 2]. GERT technology, designed to describe and
study a variety of scientific and technical measures,
measures in the actual implementation of the actual
tasks in their actual performance, allows you to deter-
mine the duration (or characteristics of another kind)
and the probability of implementation of sequences of
events. The application of GERT network models for
planning and management of research and design work,
and in fact their implementation allows:

- provide much greater compactness than when us-
ing other methods;

- rank decisions on the probability of success;

- quickly determine the impact of new information
about the values of the parameters on the final event
through the use of computer technology;

- apply simulation to evaluate research and design
activities;

- to determine the exact execution of actual works
with possible ways of their deviation and to receive
concrete terms of the end of actual performance of
works;

- dynamically optimize the modeled structures;

- modify the analyzed processes;

- to create visual graphical representations of the
process of implementation of the whole event (as well
as when using traditional technologies, such as CPM
and PERT).

The method of graphical evaluation and revision
of programs (GERT), allows you to take into account
the risk of changes in the composition of work at the
occurrence of certain events or the results of previous
work. The GERT network model can create branch
points or selection points, after which several independ-
ent chains of work are planned, not all of which are per-
formed.

The GERT method allows to determine the ex-
pected duration (OT) of the project on the basis of three
probabilistic estimates of time. The network model is a
reliable network that takes into account the possibility
of different composition of the project.

Thus, it is possible to take into account not only
the risks (uncertainty) at the level of individual works,
but also at the level of the project as a whole.

The accounting of risks affecting the duration of
work is carried out in the same way as in the PERT
method, i.e. based on the results of the calculation of
the weighted average duration estimate on the basis of
three estimates issued by experts.

The result of GERT modeling will be several
graphs that take into account the probability of different
durations and the uncertainty of the project.

The complexity of the problem of finding a solu-
tion is solved by using a simulation solution based on
the Monte Carlo method.

The purpose of the article. The aim is to study
the formation of the process unit using stochastic net-
works in the digital project management system.
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Modelling of digitalization project manage-
ment. At the decision of the set task and as a result of
the researches carried out by me, in the directions of the
field of researches and software development for a sys-
tem of management of projects of digitalization - it is
possible to use such methods of acceleration of realiza-
tion of all project at the minimum expenses.

Let consider the following method, PERT-COST
technology.

Considering this method, it is necessary to con-
sider and assume that it is impossible to reduce the du-
ration of the work included in the project. However, the
use of additional tools and resources usually speeds up
some work, for example, when using more powerful
equipment or by attracting additional staff. However,
such actions require additional costs and are not always
economically justified. If the company is threatened
with significant financial sanctions if the project is not
completed or if the project is associated with high fixed
costs, then raising additional funds will be the right de-
cision. However, how to determine what work can be
accelerated, how much will such acceleration cost, will
it reduce the performance of a particular job and the
time of the project as a whole? The ideal solution would
be to develop a method of accelerating the implemen-
tation of the entire project at minimal cost. To do this,
a modification of PERT technology, called PERT-
COST. It is designed to find the optimal reduction in
project duration in PERT networks at minimal cost.

Optimization of the duration of the project is based
on the principle of reducing the time of work, according
to which the greatest reduction is the duration of those
critical works, the implementation of which is associ-
ated with the lowest costs. When using PERT-COST
technology, the cost curve will be a function of several
parameters of each specific work (a, m, b, te, 6). In ad-
dition, PERT-COST technology operates with the fol-
lowing notation:

ten - the expected normal duration of work n, which
corresponds to the lowest cost Kp;

tegr - the expected maximum duration of work n,
i.e. the minimum time of work,

due to technical and technological constraints,
which correspond to the marginal cost Kg

According to the conditions of PERT-COST tech-
nology, the cost of work depends linearly on its dura-
tion, so they increase in proportion to the change in du-
ration from normal to the limit value. For each work,
you can calculate the average cost gradient S, which
characterizes the increase in the cost of work caused by
reducing its duration by one unit of time:

Kgr—Kr

Sn =

1
ten_tegr

An additional condition of the considered technol-
ogy is the constancy of the relations of durations of
each concrete work, which are equal to:

- for optimistic duration:

a, _ Agr _
= =1,
ten tegr

- for pessimistic duration:

by by

= = ‘)"2,
ten tegr

From these relations it is possible to deduce values
of a standard deviation for reduction of duration of per-
formance of work n:

n—-n

G =
36

* g

where tes - reduced duration of work (after the
emergence of additional costs).

The cost of accelerating each specific work is cal-
culated as multiplying the gradient of the cost of this
work by the number of units of time for which the du-
ration of the work was reduced:

Kn = (ten - tes) * Sn.

The following stages of application of PERT-
COST technology can be distinguished:

1. Determining the completion date and critical
path based on the expected normal durations of work
(by analogy with PERT technology).

2. Selection of critical works and calculation of
cost gradients for them.

3. Exclusion from the set of critical works for
which the average cost gradient does not exist, i.e. ten -
tegr.

4. The beginning of the process of reducing the
duration of work on the critical work that has the lowest
cost gradient.

5. Reducing the duration of work by as many units
of time as possible, taking into account two restrictions:

- the maximum duration of this work tegr,

- the emergence of a new critical path - if the time
reserve in the sequence of non-critical work disappears.

6. If there are two or more critical paths in the net-
work, the durations should be reduced by the same
amount on all parallel critical paths.

7. The shortest duration of the project is achieved
when the duration of all works that lie on the critical
path, reach the value of tey. Further reduction of the du-
ration of the project is no longer possible.

8. Acceleration costs at each stage are calculated
as multiplying the cost gradient of a particular job by
the number of units of time for which this critical work
was reduced: Ky = (ten - tes) * Sp. The total cost of ac-
celerating the implementation of the project is the sum
of the costs of accelerating individual works.

8. Acceleration costs at each stage are calculated
as multiplying the cost gradient of a particular job by
the number of units of time for which this critical work
was reduced: Ky = (ten - tes) * Sn. The total cost of ac-
celerating the implementation of the project is the sum
of the costs of accelerating individual works.

Case study

In the already mentioned project "Constructive de-
velopment of product X", the company's management
set a task for the project team to create a new product
as soon as possible, for which it allocated additional
funds. The company was forced to increase costs, as the
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expected conclusion on the market of a new product of

the main competitor can greatly weaken the position.
The maximum duration of each tegr Work was as-

sessed in consultation with the specialists responsible

for the implementation of specific stages of the project
so0 as to actually bring them closer to the technically and
technologically acceptable limits. The obtained esti-
mates are presented in the sixth column of Table 1.

Table. 1.
PERT-COST technology. Calculation of project costs
Activity _ EstlmartTt]ed time - t - K, Keg:
A 2 3 4 3,00 2 100 120
B 7 8 10 8,17 6 600 800
C 3 4 5 4,00 2 250 350
D 1 1 2 1,17 1 150 160
E 1 2 4 2,17 1 150 200
F 3 5 8 517 3 100 120
G 4 6 9 6,17 4 800 1000
H 10 12 15 12,17 8 1200 1800
I 2 2 2 2,00 2 100 100
J 4 5 6 5,00 3 200 300
K 12 16 21 16,17 10 1400 2000
L 7 9 10 8,83 6 900 1100
M 1 1 1 1,00 1 150 150
N 2 3 4 3,00 2 100 110
0 2 3 4 3,00 2 300 350
P 5 7 10 7,17 4 650 800
Q 1 2 2 1,83 1 100 110
R 7 8 10 8,17 6 500 700
S 2 2 3 2,17 2 200 210
T 1 2 3 2,00 1 100 120
U 4 5 7 517 4 400 550
PA3OM - - - - - 8450 11150

In addition, the project team calculated the normal
costs of each work K, i.e. the cost of their implementa-
tion during the expected period, as well as the marginal
cost Kgr - the highest cost of work during the deadline
with maximum use of forces and means. Next, for each
work was calculated the average cost gradient, as well
as the ratio of optimistic and pessimistic durations. The
results of these calculations are presented in table 2.

The critical path of the project is a sequence of
works A-B-C-F-G-H-K-L-P-R-S-U with an expected
duration of Te = 86.36 weeks. When using the criterion
of the minimum cost gradient S, the reduction will start
with the work F and will consistently cover the work: A,
P,C, S, L, B, G, R, K, U, H. The expected duration of
the measure after each step is reduced by more than the
difference between the expected and the maximum du-
ration of the relevant work. In the table. 3.P. the se-
quence of reducing the duration of work and the esti-
mated additional costs are presented.

Further reduction of the duration of the project is
impossible, as the duration of all works that lie on the
critical path A-B-C-F-G-H-K-L-P-R-S-U have reached
critical values. The standard deviation of the expected
duration of the project implementation 6. The decreases
after each step, as the value of the standard deviation 6
for reduced works also decreases, even if for other
works that are on the critical path, the standard deviation
6; will remain unchanged. Table 4 presents the calcula-
tion of the expected durations of the various paths of the
project "Constructive development of product X" after
each step of reducing work.

After each reduction of the next works the way A-
B-C-F-G-H-K-L-P-R-S-U remained critical, therefore it
was possible to continue reduction of the works lying on
it. In other projects, new critical pathways may emerge
in the process of reduction; in such cases, work on these
or parallel critical paths should be reduced.
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Tab.2.
Calculation of cost gradients and ratios of durations of project works
Estimated time Average gradient of cost Relation .
.. tegr Kgr —Kr a Relation b
Activity A m b te Kn | Kgr S, - ) Ra=
te
fen - tegr fe
A 2 3 4 ]300 |2]|100| 120 20 0,67 1,33
B 7 8 10 | 8,17 | 6 | 600 | 800 92 0,86 1,22
C 3 4 5 | 4,00 |2]| 250 | 350 50 0,75 1,25
D 1 1 2 | 117 | 1| 150 | 160 60 0,86 1,71
E 1 2 4 1217 | 1] 150 | 200 43 0,46 1,85
F 3 5 8 | 517 |3| 100 | 120 9 0,58 1,55
G 4 6 9 | 6,17 | 4| 800 | 1000 92 0,65 1,46
H 10 | 12 | 15 |12,17| 8 |1200| 1800 144 0,82 1,23
I 2 2 2 |200]|2]|100 | 100 - - -
J 4 5 6 | 500 |3]| 200 | 300 50 0,80 1,20
K 12 | 16 | 21 |16,17 (10|1400| 2000 97 0,74 1,30
L 7 9 10 | 8,83 | 6 | 900 | 1100 71 0,79 1,13
M 1 1 1 ]1,00 (1] 150 | 150 - - -
N 2 3 4 3,00 |2]|100 | 110 10 0,67 1,33
o] 2 3 4 3,00 |2]|300]| 350 50 0,67 1,33
P 5 7 10 | 7,17 | 4 | 650 | 800 47 0,70 1,40
Q 1 2 2 1183|1100 | 110 12 0,55 1,09
R 7 8 10 | 8,17 | 6 | 500 | 700 92 0,86 1,22
S 2 2 3 |217|2|200 | 210 60 0,92 1,38
T 1 2 3 |200]|1]|100| 120 20 0,50 1,50
U 4 5 7 | 517 | 4| 400 | 550 129 0,77 1,35
IPazom - - - - - 18450 11150 - - -
Table 3.
Reduction of duration of works and costs of reduction, as well as the duration of the project.
. . Project duration
Step Action Reduction costs (Weeks)
1 Ckopouensst tr Ha 2,17 Ke=2,17x9=19,53 T.= 84,19
2 Ckopouenns taua 1,00 Ka=1x20=20,00 Te= 83,19
3 Ckopouenns t, na 3,17 Ky =3,17 x47=148,99 T.= 80,02
4 Ckopouenns t. Ha 2,00 Kc=2x50=100,00 Te= 78,02
5 Cxkopouennsi s Ha 0,17 Ks=0,17 x 60 = 10,20 Te= 77,85
6 Ckopouenns t xa 2,83 Ki1=2,83x71=200,93 Te= 75,02
7 Cxkopouenss {g va 2,17 Kg=2,17x92=199,64 Te= 72,85
8 Ckopouennst {g Ha 2,17 Ke=2,17x92=199,64 Te= 70,68
9 Cxkopouenss tr va 2,17 Kr=2,17x 92 =199,64 Te= 68,51
10 Ckopouenns ik Ha 6,17 K« =6,17 x 97 = 598,49 Te= 62,34
11 Ckopouennst ty Ha 1,17 Ky=1,17x129=150,93 Te=61,17
12 Ckopouenns ty ma 4,17 Ku=4,17 x 144 = 600,48 Te=57,00
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Table 4.
Calculation of expected durations of different project paths after each step of work reduction
Path / Step 0 |12 3 |4|5|6|7]| 8 9 |10 1112
A-B-C-E-G-H-J-N-Q-R-S-T 57,9 [57,956,9 56,9 [54,9554,754,752,550,34 48,17148,17/48,17/44,00
A-B-C-E-G-H-J-N-Q-R-S-U 61,0 61,0160,0 60,0 [58,057,9/57,9/55,7/53,51 |51,3451,3450,17{46,00
A-B-C-E-G-H-K-L-P-R-S-T 80,2 [80,2[79,2[76,0 [74,0[73,9]71,068,9/66,68 [64,5158,3458,3454,17
IA-B-C-E-G-H-K-L-P-R-S-U 83,4 83,4182,4[79,2 [77,2[77,074,2]72,069,85 67,68/61,51/60,3456,17
IA-B-C-E-G-H-K-M-0O-P-R-S-T 75,4 [7154[714,4[71,2 169,2/69,0/69,0(66,9/64,68 [62,5156,3456,3452,17
A-B-C-E-G-H-K-M-0O-P-R-S-U 78,5 [7185[717,5([714,4 [72,4[72,2]72,2]70,067,85 [65,6859,51558,3454,17
A-B-C-E-G-H-I-S-T 41,9 141,9140,9140,9 [39,9138,7|38,7|36,534,34 [34,34/34,34/34,34{30,17
A-B-C-E-G-H-I-S-U 45,0 145,044,044,0 42,041,9141,939,7|37,51 [37,5137,5136,34{32,17
A-B-C-F-G-H-J-N-Q-R-S-T 60,9 58,7 57,7 57,7 [55,7/55,555,553,351,17 49,0049,0049,00144,83
IA-B-C-F-G-H-J-N-Q-R-S-U 64,0 61,9160,9 60,9 [58,9/58,7/58,7/56,554,34 |52,1752,17/51,00146,83
A-B-C-F-G-H-K-L-P-R-S-T 83,2 81,0180,0[76,9 [74,9[74,7[71,969,7/67,51 |65,3459,17/59,17/55,00
A-B-C-F-G-H-K-L-P-R-S-U 86,4 |84,2183,2/80,0 [78,0[77,9]75,072,9(70,68 |68,5162,34)61,17/57,00
A-B-C-F-G-H-K-M-0-P-R-ST 78,4 [76,2[75,2[72,0 [70,0/69,9/69,9/67,7/65,51 |63,3457,17/57,17/53,00
A-B-C-F-G-H-K-M-0-P-R-S-U 81,5 [79,4[78,4[75,2 [73,2[73,073,070,9/68,68 |66,51/60,34/59,17/55,00
A-B-C-F-G-H-I-S-T 44,9 42,741,741,7 [39,7139,5139,5137,3/35,17 [35,17/35,17/35,17[31,00
A-B-C-F-G-H-1-S-U 48,0 14594491449 142,9/42,742,740,5/38,34 [38,34/38,34{37,17[33,00
A-D-E-G-H-J-N-Q-R-S-T 46,9 146,945,9145,9 145,945,745,745,743,51 41,34/41,34141,3437,17
A-D-E-G-H-J-N-Q-R-S-U 50,0 [50,049,0 49,0 149,0148,948,948,9146,68 44,51144,5143,3439,17
A-D-E-G-H-K-L-P-R-S-T 69,2 169,2168,2 65,0 165,0/64,962,0/62,0559,85 |57,6851,51/51,51147,34
A-D-E-G-H-K-L-P-R-S-U 72,4 [712,4[71,4 68,2 168,2/68,065,2/65,2/63,02 |60,9 [54,6853,51149,34
A-D-E-G-H-K-M-0-P-R-S-T 64,4 64,4163,4 60,2 160,2/60,0/60,0/60,0557,85 [55,68149,51}49,51145,34
A-D-E-G-H-K-M-0-P-R-S-U 67,5 |67,5166,5 63,4 163,2/63,2/63,2/63,2/61,02 [58,85552,6851,51147,34
A-D-E-G-H-I-S-T 30,9 [30,9129,9 29,9 [29,9129,7[29,7[29,7[27,51 |27,5127,51)27,51123,34
A-D-E-G-H-1-S-U 34,0 [34,0133,0 33,0 [33,0[32,9/32,9/32,9/30,68 [30,68/30,6829,51125,34
A-D-F-G-H-J-N-Q-R-S-T 49,9 47,7 46,7 46,7 |46,7/46,546,546,5144,34 142,1742,1742,17]38,00
A-D-F-G-H-J-N-Q-R-S-U 53,0 [50,9149,9 49,9 149,949,7149,7149,7147,51 45,34145,3444,17/40,00
A-D-F-G-H-K-L-P-R-S-T 72,2 [70,0169,0 65,6 165,9/62,9162,9162,9/60,68 [58,5152,3452,3448,17
A-D-F-G-H-K-L-P-R-S-U 75,4 [73,2[72,2 69,0 169,0/66,0/66,066,0/63,85 61,68/55,5154,3450,17
A-D-F-G-H-K-M-O-P-R-S-T 67,4 165,2164,2 61,0 161,0/60,9/60,9/60,9/58,68 56,5150,3450,34146,17
A-D-F-G-H-K-M-0O-P-R-S-U 70,5 68,4167,4 64,2 164,2/64,0/64,0/64,0/61,85 59,68/53,5152,3448,17
A-D-F-G-H-I-S-T 33,9 [31,730,7 30,7 |30,7]30,530,530,5/28,34 28,3 [28,34[28,34124,17
A-D-F-G-H-I-S-U 37,0 [34,9133,933,9 [33,9]33,7]33,7|33,7/31,51 31,5 [31,5130,34126,17
Table 5.
Calculation of total costs to reduce the duration of the project
Step Te K AK 6T,

0 86,36 0,00 0,00 2,5004

1 84,19 19,53 19,53 2,4119

2 83,19 39,53 39,53 2,3991

3 80,02 188,52 188,52 2,2973

4 78,02 288,52 288,52 2,2791

5 77,85 298,52 298,72 2,2782

6 75,02 499,72 499,65 2,2484

7 72,85 699,29 699,29 2,2290

8 70,68 898,93 898,93 2,1303

9 68,51 1098,57 1098,57 2,1031

10 62,34 1697,06 1697,06 1,7418

11 61,17 1847,99 1847,99 1,7129

12 57,00 2448,47 2448,47 1,5936

Table 5 presents the expected duration of the pro-
ject "Constructive development of product X" after each
step of reducing work, along with the associated addi-
tional costs. The last column shows the calculated stand-
ard deviations of the duration of the project (the square
root of the sum of the squares of the standard deviations
of the duration of the work, are on the critical path).

Now, let consider the technology of GERT.

To achieve the goals of any project requires the
correct interaction of contractors and optimal use of re-
sources in each phase of its implementation. To do this,
there must be a possibility of redistribution of funds in
accordance with the current situation, and such redistri-
bution must be rational. In this case, it may be useful to
use stochastic networks, as an example of which we
consider the GERT network. These networks are, of
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course, more complex than deterministic networks
(used, in particular, in CPM and PERT technologies),
but they allow us to consider different dependencies be-
tween events in the same network, as well as freely
choose in the project implementation paths that differ
from certain in advance.

Stochastic network technologies can be used in all
situations where PERT technology is used. Construction
of a stable PERT network and triple evaluation of the
characteristics of each of its arcs, as a rule, simplify the
described reality. Stochastic network technologies pro-
vide much greater and more diverse opportunities for re-
ality analysis. Technologies based on stochastic net-
works introduce probabilistic types of events in the form
of logical combinations of works by the "OR" operation,
which allow to consider alternative solutions [1, 3].

Used in PERT technology, three estimates of the
duration of the work, often reflecting three aspects of the
problem (e.g., labor, material, cost), obscure the picture
of the use of specific resources. Attempts to improve
PERT technology have led to several new methodolog-
ical proposals. Representation of various networks be-
came possible due to the introduction of a new type of
event. This event differs from the ones used in CPM and
PERT networks in that the moment of its occurrence al-
lows to determine the beginning of only one work, and
not several at a time, as previously predicted. H. Eisner's
concept, which consists in the introduction into the net-
work of decision-making units and the possibility of
various exits from events, allowed to begin to create net-
works for sets of activities, which so far, given the alter-
native nature of decisions required separate planning.

However, the introduction of events of this type
was also insufficient. Soon SE Elmaghraby [1, 2] pro-
posed a further expansion of the set of logical intranet
dependencies and the main types of events and mathe-
matical relations caused by these dependencies. He in-
troduced the GAN (Generalized Activity Networks)
network. SE Elmagrabi proposed to further increase the
flexibility of network technology by introducing sepa-
rate event outputs. In GAN technology, an event con-
sists of two parts: the input side and the output side. In
addition to the advantages in the form of alternative out-
comes of events, the discussed technology allows to
streamline the probabilities of work and determine the
parameters that more accurately characterize these
works, such as the duration of their implementation. The
advantage of GAN technology is also the admissibility
of cycles and feedback in the network.

Among the technologies based on stochastic net-
works, the technology GERT (Graphical Evaluation and
Review Technique) deserves attention. It uses as ele-
ments of the algebra of graphs SE Elmagrabi and the
GAN network. Of particular importance is the account-
ing in the network of alternative works in the case when
it describes a project of a stochastic (random) nature. In
the implementation of such projects there are various
perturbations, as a result of which the characteristics of
specific arcs of the network (i.e. parameters describing
the relevant work) take on new, different from the
planned values. In addition, such perturbations force
changes to be made to the network in the form of new

arcs and vertices representing alternative works. Expe-
rience with the use of network methods shows that it is
more effective to enter into the network all possible al-
ternative works before the start of the project than to ad-
just the network in the process of its implementation.
The discussed technology can be applied to any com-
plex projects and in unclear management situations. Ex-
amples include research or design work.

The procedure for applying GERT technology can
be divided into the following stages:

1. Description of the project by a stochastic net-
work.

2. Collection of numerical data characterizing each
arc of the network.

3. Minimization of the constructed stochastic net-
work.

4. Transformation of the replacement network (or
function) into a form that allows you to determine the
duration and probability of project implementation, as
well as the calculation of these durations and probabili-
ties.

5. Analysis and evaluation of results obtained
through network simplifications.

Project description by stochastic network. Used in
stochastic networks, the concept of "event™ is expanded
compared to its previous understanding in technologies
based on networks of deterministic structure. There are
two main types of events in the GERT network: deter-
ministic, presented in the form of a circle, and probable,
presented in the form of a "drop”. It should be noted that
all arcs (branches) that come from deterministic events,
corresponds to the probability of realization p = 1, i.e.
they must be performed in order for the project to be
recognized as implemented. At the same time, from all
branches coming from the probabilistic event, only one,
which has a certain probability p, will be sufficient to
bring the project to a logical conclusion.

In [3, 4, 5] proposed a generalized GAN network
and a typology of network vertices. Logical forms of
vertices from the input side in GAN networks are de-
fined as follows:

— a vertex of type "I" for events that occur if and
only when all their previous work is completed, i.e. the
first work "AND", the second work "AND" and so on.
In this case, the logical operation "AND" is imple-
mented. For example, the completion of work on the de-
sign of the prototype, the manufacture of elements of the
prototype and the choice of technology for its assembly
allow you to properly assemble the prototype;

— top type "OR" - for events that occur when at
least one of their previous work is completed; the timing
of such events is due to the shorter duration of the work
leading to them. The logical operation "OR" is imple-
mented. As an example: meeting the expectations of one
of the designed products can, but should not interrupt
further research. Upon receiving positive results from
the application of one technology in the production pro-
cess, research can be continued to create an alternative
technology, which is characterized, for example, less re-
source consumption;

— top type "exclusive OR" - for events that occur if
and only when exactly one of the previous works will be
performed. Events are preceded by mutually exclusive
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events. The moment of occurrence of the event means
the completion of one and only one work. The logical
operation "exclusive OR" is implemented. For example,
the acquisition of a license makes it impossible to
change the documentation without the consent of the
owner of the technology, and the development of its
own optimal design eliminates the need to purchase a
license.

Logical forms of vertices from the output side in
GAN networks are practically limited to two types:

— "AND" - the so-called deterministic output asso-
ciated with events, the occurrence of which means the
performance of all subsequent work on such events.
There must be one or more jobs after the event node.
The moment of the event means the possibility of start-
ing all these works. The logical operation "AND" is im-
plemented. For example, the moment of creation of a
prototype allows to begin research of this prototype.

— "OR" - the so-called probabilistic outcome asso-
ciated with events, the occurrence of which entails the
performance of at least one of the subsequent works.
From several initial works one or several can be real-
ized. As an example: the use of one or more concepts of

product development to continue design developments.
In the case of alternative solutions, the sum of their
probabilities at the output-solver must be equal to step
1.

For these logical forms of network vertices, de-
pending on the proposed graphic notation. All practi-
cally applied types of vertices are shown in fig. 5.

Both inputs and outputs of events of deterministic
networks have a logical form "AND". In a generalized
GAN network, the logical description of the input side
determines the condition of the event. The description
of the output side can be crucial. After the event in ac-
cordance with this function is determined by the fate of
subsequent work. The nature of the decisions made is
considered deterministic, because the implementation
of the network depends on the implementation of all
subsequent work. If the description of an exit from an
event allows to realize only some works, then in relation
to the following works it is possible to speak only about
their probable performance. This network is called a sto-
chastic network, it is based on GERT technology. The
sum of the probabilities corresponding to each branch
coming from the probabilistic event must be equal to
step 1.

[Determine

e AND:

of the nods

Probable
R

Input
of the node

D

The event will take place,
if all iz over (

previous works - "TAND",

works - "OR"

The event will oceunr if
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if it endz <>
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Fig.5. Characteristics of vertices used in stochastic networks

Along with the presented models of events, called
indirect events, in network models GERT it is possible
to allocate initial (initial) and final events. The initial
event can be deterministic or probabilistic [7, 8, 9]. Final
events are always deterministic. A characteristic feature
of GERT maodels - contours, called feedback or loops.
They indicate that certain actions or events may be per-
formed or occur more than once. The GERT network
indicates the number of repetitions of work (counter)

[10, 11, 12]. A contour begins in a so-called statistical
event, and an event in which the contour leads to a nor-
mal duration of work is called a selected event [13, 14,
15,16].

Conclusions

The solution of GERT network models by the
method of sequential network reduction in practice is
very time consuming. The complexity of the problem of



The scientific heritage No 71 (2021)

25

finding a solution for a GAN-type network has led to the
need to use for this purpose simulation solutions based
on the Monte Carlo method. An example of such a com-
putational approach is the technology GERTS (Graph-
ical Evaluation and Review Technique Simulation).

The scheme of application of this technology is as
follows:

1. We use random number generators available in
software packages on most computers, with the follow-
ing purpose:

a) for nodes with alternative outputs, we generate
random numbers according to the probability distribu-
tion at these outputs; these numbers uniquely define the
subnet, which is one of the possible options for the
event;

b) for each work of the subnet obtained in para-
graph a), we generate a random number according to the
probability distribution that characterizes the duration of
this work.

2. Considering the data received in item 1 as deter-
mined, we calculate characteristics characteristic of us,
for example, term of completion of the project and time
reserves. For this purpose, technologies are used that
correspond to deterministic models, in particular CPM.
The results obtained at this stage are recorded in com-
puter memory. The presented steps are repeated a given
number of times to obtain fairly accurate estimates of
the parameters of interest to us. Examples of parameters
calculated by GERTS technology include the probabili-
ties of realization of final events, as well as the average
values and variances of the distribution of the timing of
these events.

Stochastic networks are widely used in practice. A
very important step for the formation of a process unit
using stochastic networks in the public sector digital
project management system is GERT technology, which
is designed to describe and study various scientific and
technical measures, to determine the duration (or char-
acteristics of another kind) and probabilities of follow-
ers. Application of GERT network models for planning
and management of research and design works allows:

- provide much greater compactness than when us-
ing other methods;

- rank decisions on the probability of success;

- quickly determine the impact of new information
about the values of the parameters on the final event
through the use of computer technology;

- apply simulation to evaluate research and design
activities;

- dynamically optimize the modeled structures;

- modify the analyzed processes;

- to create visual graphical representations of the
process of implementation of the whole event (as well
as when using traditional technologies, such as CPM
and PERT).
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Jannas paboTa MOCBSIIEHa PACCMOTPEHHUIO M aHAIM3Y KOHCTPYKLHUI pOTOpa CHHXPOHHBIX MAIIHMH C IIOCTO-
SIHHBIMH MarHuTamMu. PaccMarpuBaeTcs 1Ba BUa Pacloyio>KEHHsI TOCTOSHHBIX MarHUTOB Ha POTOPE: pajnanbHOe
U TaHT'CHIMAJIBHOE PACIIONIOXKEHHUE MMOCTOSHHBIX MarHUTOB. AHATM3UPYyeTCs KaXIbli BHJ Ha NMpeIMeT BO3ei-
CTBHSI ITyJIbCAIIMM MOMEHTA Ha POTOP CHHXPOHHOW MAaIlIHEI.

Abstract

This work is devoted to the consideration and analysis of the rotor designs of synchronous machines with
permanent magnets. Two types of arrangement of permanent magnets on the rotor are considered: radial and tan-
gential arrangement of permanent magnets. Each type is analyzed for the impact of the pulsation of the rotor of a

synchronous machine.

KuroueBblie ciioBa: CUHXpOHHAs MallliHA, CAHXPOHHAs! MalIMHA C OCTOSIHHBIMU Maruutamu, CMIIM, pa-
JMAbHOE TI0JIe, TAHTCHIIMAILHOE T0JIe, MYJIhCAIIISI MOMEHTA.
Keywords: synchronous motor, permanent magnet synchronous motor, PMSM, radial field, tangential field,

moment pulsation.

Vcnosnp30BaHUe CHHXPOHHBIX MAIIWH C HUCIOJIb-
30BaHHEM B KAa4eCTBE BO30YIUTENS MOCTOSHHBIC Mar-
HuTE (CMIIM) B ociieiHee BpeMst Bee OoJiee MUPOKO
npuMeHstoTcss. OOBICHIETCS 3TO TOSBICHUEM PEIKO-
3eMEJIBHBIX MaTEPUANIOB, TAKUX KaK caMapHii-KoOab-
ToBble criaBel U coenuneHus NAFeB (Heomum-ixke-
ne30-60p) [1]. Mcrmoms30BaHME MOCTOSHHBIX MAaTHUTOB
MO3BOJISIET BBIMOJIHATH MAIIUHBI C JIyYIIAMH Maccora-
OapUTHBIMHU ITOKA3aTE/SIMH, & TAK)KE MCKIFOYACT JICK-
TPUYCCKHE MOTEPH Ha BO30YKICHHUE, YTO IOJIOKH-
TEJIHHO CKa3bIBa€TCA Ha KOIPQPUIIMEHTE IOJIE3HOTO
nercrBus [2].

HemocTaTkoM B HCITOJIB30BAHUN CHHXPOHHBIX Ma-
IIMH C TOCTOSTHHBIMU MarHUTaMU SIBJSIETCSL OTCYTCTBUE
BO3MOXKHOCTH PErYJIMPOBAaHUS MMOTOKA BO30YKICHUS.
B OCHOBHOM CHHXpPOHHBIC MAIUHBI C MOCTOSHHBIMU
MarHUTaM{ HMCIIONB3YIOTCS B CHUCTEMax peryjHpye-
MOTO 3JICKTPONIPUBOAA. B Takux MalmuHax myJiabCaiuu

9IEKTPOMarHUTHOTO MOMEHTa YacTO OKAa3BIBAIOTCS
BEChMa 3HAYUTEIbHBIMH.

[Tynbcaunu MoMeHTa, 00yCIOBICHHBIE THCKPET-
HOCTBIO CTATOPHOM ¥ POTOPHOI YacTe MarHUTHOM CH-
CTEMBbI MalIMHBI, IPUHITO Ha3bIBATh 3yOIOBBIMH. 3y0-
LOBBIE ITyJIbCALIUM MOMEHTA MOTYT HETaTUBHO CKa3bl-
BaThCs HAa XapaKTEPUCTUKAX IEKTPUUECKON MaIIUHBbI.
Crenyer 3aMeTUTb, UTO ACUCTBUE MOCTOSHHBIX MarHu-
TOB HE MPEKpaIaeTcst MpHU OTKIFOUYEHNH MUTAHUS Ma-
mHEL. CliegoBaTeNbHO, 3TOT 3(h(HEKT MPUCYTCTBYET U
pu 00eCTOUEeHHOH 0OMOTKE SIKOPS,

CyImecTByeT MHOXXECTBO BapHaHTOB KOHCTPYK-
OUH POTOpa C TOCTOSHHBIMH MAarHWTaMH, KOTOPBIE
MOKHO Pa3JIe/IUTh HA JIBa OCHOBHBIX THIA: C MOBEPX-
HOCTHOM YCTaHOBKOIl NMOCTOSIHHBIX MarHUTOB Ha PO-
TOpe (PUCYHOK 1) M KOHCTPYKILIMH CO BCTPOSHHOH yCTa-
HOBKOHM MarHutoB Ha portope (pucyHok 2). Kak mpa-
BUJIO, B TIEPBOM CIIyyae MarHUTHI UMEIOT PaJuaIbHO
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HAIPaBJICHHYI0 HAMArHUYCHHOCTh, @ BO BTOPOM — TaH-
TeHIIMAIBGHO HamlpaBieHHYyo [3].

B MammHax ¢ poTOpoM paJdaibHOTO THIIA Mar-
HHUTBI PACIIONIAraloT Ha MOBEPXHOCTH poropa. [llupuHa

MarHUTOB MOXKET OBITh MEHBILIE WM paBHA IOJIOC-
HOMY HeJeHHI0. Tarxke MOKeT OBITh paszINdHOU U
(hopMa MarHUTOB.

Puc. 1. Koncmpykyus pomopa ¢ n08epXHOCMHBIM PACHOJIONCEHUCM MACHUMOG

B mMammHaxX ¢ TAHTCHIUAIEHBIM PACIIONIOKEHIEM
MarHUTOB Ta3bl 110 MarHUTHI BBIOJHSIOTCS 3aKpPHI-
TBIMHA WITH OTKPBITHIME (PHCYHOK 2).

Puc. 2. KOHcmpym;wz pomopoe ¢ maH2eHYUaIbHblM PACNON0HCEHUEM MACHUMOE

KoHCcTpykuus ¢ paanalbHBIM PaCIOIOKEHHEM
MarHUTOB UMeeT MUHUMAJbHBIC TONS paccesHus. Ho
BO3HHUKAIOT TPYAHOCTH C 3aKPEIUICHUEM MarHHTOB Ha
MOBEPXHOCTH poTropa. HeoOXoamMo UCIOIB30BaTh
pa3n9IHbIe COCOOBI I 3aKPEIUICHUS MarHUTOB Ha
MOBEPXHOCTH poOTOpa. BO3MOXHO HCIIOIB30BaTh
CKJICHWKY HJIH 3aKPETUISATh C HCIOJIh30BaHUEM OaHIakKa,
YTO B UTOI'C HpI/IBO,Z[I/IT K yBeJ’II/I‘-ICHI/IIO B03I[yIHHOFO 3a-
30pa, a, CJICJ0BATEIbHO, U YBEIMYCHUIO MAarHUTHOTO
COIIPOTHUBJICHUS.

KoHCTpykuns ¢ TaHT€HIUMAIBHBIM PAcIOIOXKe-
HHEM MarHUTOB UCKJIFOYAaEeT HEOOXOAUMOCTE B CKIIEHMKE
WM 3aKpeTJICHUH C UCTIONIb30BaHueM Oannaxa. Cyiie-

CTBYCT BO3MOKHOCTb BBIIIOJIHUTH MAIrHUTHI C H.IPIpPIHOﬁ

00JIBIIIE TIOJFOCHOTO JS/ICHHS 33 CUET UX YIIIyOJeHUs B
poTope. DTO MO3BOJISIET CKOHLEHTPUPOBATH MAarHUT-
HBIM IOTOK B MOJIOCE U NOJHATh BEIMUMHY MarHUTHON
MHIYKIUK BO3AYIIHOrO 3a3opa. Takke MNOsABISETCS
BO3MOXXHOCTh MHCIIOJIb30BaHMSI MarHUTOB B pOTOpax
Oonpmero auamerpa. CieoBaTeNbHO, MalIiHA OyIeT
AMETH OOJBITYI0 MOITHOCTD.

Jns MonenupoBaHUS UCHOJIb3yeM MOJIEIb CHH-
XPOHHOW MAIlIUHBI ¢ paUabHBIM U TaHT€HIIUATBHBIM
Pacroio)KeHUEM MarHUTOB M CPABHHUM JBE STH MOJICITH
Ha IpeIMeT Bo3aeicTBust MomeHTa. MlcxoaHas reomer-
pus IpesicTaBlIeHa Ha PUCYHKE 3.

Puc. 3. Feozwempwl CuprOHHOZZ MAaAUHbL cpa()uaﬂbnbm/t pacnojiodceruem mMmacHumos
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PaccmoTpum pexum xonoctoro xoaa. Tok B mazax
CTaTopa TpPHHUMAaeTCs paBHBIM Hyito. Ilynbcanmu
3JIEKTPOMAarHUTHOTO MOMEHTa OOYCIJIOBICHBI B3aHMO-
nericreuem rapmoHnk MJIC ¢ rapMOHHKaMH TIPOBOIH-
MOCTH cTaropa. B pexume Harpys3ku B3auMOJEHCTBUE
YKa3aHHBIX FAPMOHMK OyIET MACHTUYHBIM U ITyJIbCa-
MM MOMEHTa coxpassaTcs. PopMa ma3oB — Tparere-
uyanpHas, 3yOLoB — IpsSMOYyTroibHast. MarHuThl pacmo-
JIOXKEHBI O0OYEPETHO HA MarHUTHOM BTYJIKE U3 JIEK-
TPOTEXHUUECKON CTally, KaK M MaTepuas cepacuHuKa
cTaTopa.
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[TonyuenHas KapTHHA MarHUTHOTO T10JIS1 B 00beMe
JIEKTPUUECKOI MaIlIMHBI IPEICTABICHA HA PUCYHKE 4.
WHnykuns B 3y0Iax CHHXPOHHOM MaIIMHBI C IOCTOSH-
HBIMH MarHuramu coctasnseT 1,4 Tu, 9Tto sBisercs
MIPUEMIIEMBIM JUIS JQHHOTO THHa MamuH. s amek-
TPUIECKUX MAIIVH, IPH TPOSKTUPOBAHUH, PEKOMEHTY-
eTcs npuaepxkuBatbes quanasona 1,3-1,8 Tn. Muayk-
LU B 3a30p€ CHHXPOHHOM MAIIMHBI C NOCTOSHHBIMU
MarautaMmu coctanisgeT 0,65 Ti.
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Puc. 4. KapmuHa noJisi CuprOHHOIZ MAUUHbL cpaduaflbﬂo 3AaKpenjieHHbIMU MACHUMAaMu

PaccMoTprM KpHBYIO HHIYKINH B BO3AYIIHOM 3a-
30pe CIPOEKTUPOBAHHOW CHHXPOHHOW MAalIMHBI C MO-
CTOSIHHBIMH MarHutamu (pucyHok 5). Kak BumHO M3
PHCYHKA, MHIYKIHUS B BO3AYIIHOM 3a30p€ HMEET MPaK-
THYECKH CHHYCOHMJIaJIbHOE pacnpenenenne. Hekoropoe

1

0.5

HUCKaXXCHUC KpHBOﬁ B 3KCTPEMAJIbHBIX TOYKAaX BO3HU-
KaeT BCJICACTBUC HCpaBHOMepHOﬁ MIpOBOAUMOCTH BO3-
AYIIHOTO 3a30pa BCJICACTBUEC HAJTUYUA 3y6‘IaTOCTB Ha
crarope.

B.n, Tesla

-1 T T
200
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Puc. 5. Macnumnas unoyxyus é 6030YutHOM 3a30pe CUHXPOHHOU MAWUHbL C NOCMOSHHBIMU MAZHUMAMU C paou-
AbHO 3AKPENIeHHLIMU MASHUMAMU

Jlanee paccMOTpUM CHHXPOHHYIO MallMHY C IO-
CTOSHHBIMH MarHuTaMH C TaHT€HIUAIbHO PacIoio-
JKEHHBIMHM MarHuTamu (pucyHok 6). Ha ocHoBe pe3yib-
TaTOB MPOEKTHPOBOYHOTO pacyera ChOPMHUPYEM Teo-
METPUI0 CHHXPOHHOM MAIIMHBI C TOCTOSHHBIMHU

MarsvuTaMy M 3agaaum CBOIicTBa MaTepuaioB. B xaue-
CTBC MaTepurajia MarHuTorpoBoaa UCIIOJIb3Yy€CTC JJICK-
TPOTCXHUYECCKas CTallb.
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PucyHOK 6. Ucxoomnasn ceomempusi CUHXPOHHYIO MAWUHY C NOCMOAHRHbIMU MACHUMAMU C MAH2EHYUATbHbBIMU MAc-
Humamu

CHHXpOHHas MalIMHy C IMOCTOSHHBIMH MarHu-
TaMHM C TAaHTCHIHUAJIBHO PACIOI0KEHHBIMH MarHUTAMHU
uMmeeT Oonpmmii nuamerp. Paboumii 3a30p okasbIBa-
€Tcsl MEHBIIINM, BCIIEJCTBUE YETO ITyJILCAIITA MOMEHTA
JIOJDKHBI TIPOSIBISAThCS Oosiee BeipaxxeHo. [TocTosiHHBIE
MarHMThl UMEIOT MPAMOYTOJbHY0 hopmy. [lon MarHu-
TaMM JIOJDKEH OBITh BBIITOJHEH HEMarHUTHBIN CIIOH B
BHUJI€ BTYJIKH, TUOO HCIIOIB30BaThCS CIIEIHaIbHAas KOH-
CTPYKIMA sIpMa POTOPA ¢ MOCTUKAMHU HACBHIIECHUS IS
TOTO, YTOOBI OCHOBHOI MarHWTHBIH MOTOK ITPOXOJIHII

10 BO3IYIITHOMY 3a30pY, 8 HE PacCEHBAaJICS BOKPYT Mar-
HHTA.

Ha pucynke 7 mokakeM pacmpeneleHre Mo B
ANeKTprdeckol mammee. MHgyknus B 3yOmax CHH-
XPOHHON MaIlIMHY C TOCTOSTHHBIMU MarHUTaMH COCTaB-
nset 1,6 T, uTo sIBNSE€TCS MPUEMIIEMBIM JIs1 JAHHOTO
TUTIA MaIIUH. [[J1s1 SIeKTpUIeCKuX MalliH, TP MPOeK-
TUPOBAHUU, PEKOMEHyeTCS MPUACPKUBATHCS JUarna-
30Ha 1,3-1,8 Tn. Unaykius B 3a30pe CHHXPOHHOM Ma-
IIMHY C MOCTOSIHHBIMU MarHutamu cocrasisger 0,75

3.522e+000 - =3 707e+000
3.337e+000 - 3 522e+000
3.151e+000 - 3.337e+000
2.966e+000 - 3.1561e+000
2.781e+000 - 2 966e+000
2595e+000 - 2.781e+000
2.410e+000 - 2 595e+000
2.224e+000 - 2.410e+000
2.039e+000 - 2 224e+000
1.854e+000 - 2.039e+000
1.668e+000 - 1.854e+000
1.4832+000 - 1.668e+000
1.298e+000 : 1.483e+000
1.112e+000 : 1.298+000
9.269e-001 : 1.112e+000
7.415e-001 : 9.269¢-001
5.567e-01 7.415e-001
3.707e-001 : 5.561e-001
1.854e-001 - 3.707e-001
<4 346e-006 - 1.854e-001

Density Plot: [B], Tesla

Puc. 7. KapmuHa noJjisi CuHXpOHHOL‘Z MAWUHY C NOCMOAHHbIMU MACHUMAMU C MAHSEHYUATIbHO 3AKPENJTEHHbIMU
mazHumamu

PaccMoTpuM KpUBYIO HHAYKIMH B BO3AYLIHOM 3a30p€ CIIPOEKTUPOBAHHON CHHXPOHHON MAILLUHY C IIOCTOSIH-

HBIMH MarHuTaMu (PUCYHOK §).
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Puc. 8. Maznumnas unoykyus @ 6030yutHOM 3a30pe CUHXPOHHOU MAWUHY C NOCIOAHHLIMU MASHUMAMY C MAH-
2EHYUANLHO 3AKPENTSHHbIMU MACHUMAMU

WHayknus B BO3AYLIHO 3a30pe€ YBEIMUYMWIACH HA
0,1 Tn BcreacTBHE MEHBILIETO BO3AYIIHOTO 3a30pa.
KpuBas uHAyKIMM TIPH 5TOM UMEET MEHee BBIPAKEH-
HYI0 CHHycOUIanbHy0 (opMmy. bosee BbIpakeHHBIMHU
CTaJIM IIPOBaJbl B KPUBOM BCIEACTBUE HEPABHOMEPHOU
MIPOBOJAMMOCTH BO3AYIIHOTO 3a30pa.

CUHXpOHHas MalllMHa C TMOCTOSHHBIMH MAarHu-
TaMU C paJuaJIbHbIM PacloIOXEHUEM MarHUTOB Ha po-
Tope obnamaet Oonee HU3KUMHU MYIIHCALUIMHE IO CPaB-
HEHUIO ¢ KOHCTPYKLHEN C TaHT€HUUAIbHBIM Pacmoio-
JKEHHEM MarHuToB, a Takxke Oojee BbicokuM KIIJI m
HU3KAMH MaccorabapUTHBIMH ITOKa3aTeIIIMH.
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Jlesiki acrieKTH MOPCHKOTO MpodeciifHOTr0 XUTTS MOXKYTh CTaTH IPUUYUHOIO CEPHO3HUX CTPECOBHX CUTYaIliil
JUISL MOPSIKIB, CTBOPIOIOYH PEaKIlii, 0 CTaBIIATH il 3arpo3y iXHE Qi3nyHe 310pOB's, OJIAromnoaydusi, a TakokK Mo-
panbHHIA cTaH Ha pobovyomy Micti. [le 0THaKOBOIO MipO¥O BIIHOCHTHCS SIK JIO MOPSIKIB, IO 3AIHCHIOIOTH TPUBAII
MOPCBKi MEPEeXOaH, TaK i 10 THX, XTO 3aWHATHHA y KaOOTa)KHOMY CyTHOIUIABCTBi a00 Ha CyJHAX IIO KypCYIOTb B
Me)Xax BHYTPIIIHIX BOJAHUX HNUIAXiB. DaKTOp CTPECY € OAHUM Cepell OCHOBHUX «IHIWBIAyaIbHUX YHHHUKIB JIFO]-
cpKoro (akropy». CTpec Tako BIMBAE HA CTaH 37I0POB’sl Ta CTBOPIOE YMOBH, ITPHU SIKMX MOPSIKH CTAIOTh BPA3IIH-
BUMH JI0 IICUXIYHUX 3aXBOPIOBaHb. EKCIIEPUMEHTANILHO JIOBEJICHO, 1110 MOPSKH CTPXKIAIOTh Bijl ICHXOJOTIYHUX
nmpobieM OUTBII HIX MPeACTaBHUKY iHIMX npodeciit. Tomy 3axoau 1m0 cupsMoBaHi Ha (GOPMyBaHHS HOBHUX Mij-
X0JIiB y cdhepi MOPCHKOT OCBITH 1 pO3pOOIEHHSI HOBUX METOJIiB 1010 3HIKEHHS PU3HKIB Ta YHUKHEHHS aBapiiHUX
CHUTYyalill, IUIIXOM ONTHMI3alii NpoleciB HaBYaHHS 1 TPEHYBAaHHS MOPSKIB B HABYAJIBbHUX 3aKiIaaax 1 HEHTpax
HiATOTOBKH MOPSIKIB, Cepell 3aBJlaHb, 10 MAalOTh BUCOKUH CTYIIEHb aKTyaJIbHOCTI.
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Abstract

Certain aspects of professional life at sea can cause severe stress for seafarers, creating reactions that endanger
their physical health and welfare as well as their workplace morale. However, this applies both to seafarers engaged
in long sea voyages and to those who are engaged in coastal shipping or on ships on the inland waterways. Stress
factor is one of the main "individual human factors". Stress also affects health and creates conditions under which
seafarers become susceptible to mental disorders. It was experimentally proved that seafarers suffer from psycho-
logical problems more than representatives of other professions do. That is why the measures aimed at formulating
new approaches in the sphere of maritime education and developing new methods for reducing risks and avoiding
accidents by optimizing the processes of training and practicing seafarers in educational institutions and seafarers'

training centers, among the tasks that have a high degree of relevance.
Kaiouosi ciioBa: dakrop cTpecy, MOACEKUIT eneMeHT, Oe3IeKa Cy/ JHOIIJIaBCTRa.
Keywords: stress factor, human element, shipboard safety.

IHocranoBka npodaemu.

Pobora Ha ¢noTi Mae cBoro crernudiky i BBa-
JKA€THCS OJHIEI0 3 BaXXKHUX Tpodeciid. Llpomy crpuse
MiABUIICHAN DPIiBEHb BigNOBIJAIFHOCTI, BHCHAXINBA
pPO3yMOBa HisTBHICTH, Bakka (hi3WYHA Tpard, YMOBU
peanbHOI 3arpo3u Ui KHUTTS 1 370pOB's, BIIMOBA BiJ
0araTb0OX CKJIQJIOBUX ICHUXOJIOTIYHOrO KoMbopTy. Bee
11¢ He3MIHHO BILTUBA€E HA PiBeHb OE3MEYHOT eKCILTyaTa-
il SIK CyZIHa TaK ¥ CYJHOIJIaBCTBa B Iiiyiomy. Tomy 3a-
BIAHHS, M0 NOTpeOy€e BHPINICHHS I¢ ITiBUIICHHSI
PiBHIO 00I3HAHOCTI IIO/I0 JIFOJICBKOTO SJIEMEHTY Cepen
MOPSIKIB Ta YCBiIOMJICHHS €MOIIIMHNX TIpo0eM i cTpe-
COBOTO HABAaHTAXXCHHS 3 SKUM JIOBOJUTHCS CTHKATUCS
MOpSIKaM IIiJ] 9ac POOOTH B MOPi 1 NIISXHU TTOJOJIAHHS
HACITAKIB IIUX TIPOOIIEM.

AHaJli3 OCTaHHIX Aoc/igxkeHb i myOaikauii, B
SIKUX 32al109aTKOBaHe PO3B’Si3aHHSl ONMUCAHOI MPO-
0J1eMH, ONMMMCAHHS HEeBUPIlIEeHUX PaHillle YACTHH 3a-
rajbHOI npo0JemMu, KOTPili NMPUCBIYYETHCA 3a3HA-
YyeHa CTaTTH.

BuBueHHs nutanb crpecy B npodeciiiniil misuib-
HOCTi MOpsika Ta (a3 3arajJbHOTO aJanTalliifHOTO CHUH-
IpoMy npexacrtaBieHo y [1]. Po3yMmiHHS cyTHOCTI peak-
il Ha TOBCAKICHHI CTpec-(paKkTopH 1 HaA3BUYAIHI CH-
Tyamii, SKi HAJarOTh BEJIMYE3HUH BIUTUB Ha piBEHBb
KUTTS 1 Oe3meky MopskiB Ha OopTy cynHa y [2]. Cy-
YacHa METOJIMKA OIIHKHU PiBHIO O€3IeKH CyIHA 1 NUIIXU
HOTO MiBUIICHHS Ta OI[IHKA PHU3HKIB, K CIEMEHT 3a-
OesneueHHs Oe3neku pyxy cyaHa y [3-4]. [Ho-
CJII/DKEHHS BIUIMBY CTPECy HAa MPUYHHA BHHUKHCHHS
IHIIMAGHTIB Ha MOpi, CTpec Ta HOro 3B’s30K iX 3 Oa-
raTbMa BiJOMHMH TICHXOJIOTIYHUMH (PaKTOpaMu, IO-
KITMKaHUMU TPUBAJIOIO 130JIAIII€I0 MOPSKIB Ta CIICIH-
(hikoro ix mpoceciifHol AisUTBHOCTI a TAKOXK MOPIBHSIIB-
HUHA aHai3 pIBHIO CTpecy MDK MOpsKaMu Ta
npaniBHuKamMu OeperoBoro cexropy y [7-11]. Ormsan
JTepaTypHUX JHKEPEIl 3a TEMOIO TOCIIKCHHS BKa3ye
Ha TOW (haKT, M0 MPOOIeMa CTPECY 3AIUIIAETHCS aKTY-
ANBHOK HA MUIAXY 3a0€3IeYeHHsT HEOOXITHOTO PIBHIO
0e3MneKn CyTHOTIaBCTBA.

®opmyBaHHA Hijeil cTaTTi (MeTa po6oTH).

Mertoro gaHOi poOOTH € BU3HAYEHHS CKIIAIOBHX
(haxTopy cTpecy, TOCIiHKEHHS 0COOIUBOCTEH BILUIUBY
CTpeCy Ha pe3yJbTaTH AISUILHOCTI 0ci0 sIKi € uieHaMHU
eKila)ky MOPCBKHX CYy/€H, a TaKOX IOPiBHSIBHOTO
aHaJli3y pe3yJbTATiB OTPHUMAHUX B XOJi OMUTYBaHHSI

070 CTYTICHIO PO3YMIHHS BHIIIB CTPECY cepel yKpaiH-
CHKUX MOPSIKIB Ta 3aCTOCYBaHHS PECYPCiB OO0 3MEH-
IICHHS ICHYIOYOTO PIBHIO CTpeCy Mija 9ac 3MiHCHEHHS
peicy.

BukJiag ocHOBHOro MaTepiajny A0CJHiIKeHHS.

Crpec, mopsi1 i3 3aXUCHOI0 (DYHKLIEI, MOXKE MPH-
BOJIUTH 1 JIO MOIIKO/KEHHsI OpraHizMy. SIKIIo y TBapuH
CITioM 3a MoOimi3aifiero ((paza TPUBOTU) HACTAE MO-
TOpHA peaKllisi, TO Y JIIOJMHU B Cy4acHHX yMOBax, 0e3-
rocepesiHi MOBEAIHKOBI peakiii mo Tumy arpecii abo
BTEYi, B OUTBINIOCTI BUMIAKIB BincyTHi. Ile Beae 10 mo-
PYLICHHS peryTOBaHHS BHYTPIIIHIX OpraHiB i, Hape-
mITi, 10 X TMOpa3Ku. BUeHi BUOIIMIN LUIHHA psA Tak
3BaHUX (IICHXOCOMAaTHYHNX» 3aXBOPIOBaHb, SKi CTPEC
3MaTHUM BHKIMKATH 1 TOCWIIIOBAaTH (3aXBOPIOBaHHS
CEepIEeBO-CYMHHOI CHCTEMH, LUTYHKOBO-KHIIIKOBOTO
TPakTy Ta iH.) SIke came 3aXBOPIOBaHHS BUHUKHE Y JIIO-
JIMHY, 3QJIS)KUTh BiJI YPa3JIMBOCTI OKPEMHX HOTO Op-
raHiB (B opraHiami, ik B JIaHII031, pBeThcs ciiabka
JIaHKa, XO04Ya BCl JaHKKA OJHAKOBO 3HAXOIATHCS ITij
HaBaHTaXeHHsM) [1].

IinkoM BiZOMO, IO JJIsl 3HU)KEHHS BIUTUBY HEra-
THBHOTO CTPECY, PEKOMEHIO0BAHO 301JIbIITYBAaTH YaCTKy
MMO3MBHOTO CTPECY B MOBCAKICHHIM IisUTBHOCTI Ha
0opry cynHa. [IificHO, MOHSATTS «IO3UTHUBHHUHA CTPEC)»
(eustress) o3Hauae «moOpuWil cTpecy» (MMOXOIUTH BiA
TPEIBKOTO «eu» mo o3Havyae nobpe). He Bci ctumymmn
cTpecy 3ryOHi. IcHye Bemmka KUTBKICTh CTHMYIIB, 3
SIKUMH KOYKHA JIFOJIMHA B3a€EMOJIIE€ MIOMHS, 11e: CMIX, T'y-
MOD; MIPUEMHI CEHCOPHI CTUMYJIH, Kpaca HaBKOJIO HAc,
YEeMHICTh; NPHEMHI YMOBH pOOOTH: TeMIeparypa,
LIyM, JEKOp, PeryjisipHi IepepBH, NpaBHJbHE Ija-
HyBaHHS; 4iTka poOoya  30HA;  3amoOiraHHA
BiJIBOJIIKAHHIO, Bi3yaibHa TapMoHis, Ta iHme. «llo3n-
THUBHHUH CTpecy Jyxe KOpUCHHH. J{esiki nepeBaru Hako-
MTMYYIOTBCS: BiH PO3PIIKY€E KPOB, BUIUISIOUH TEPaAIIeB-
THYHI TOPMOHH; OYMIIAE OTPYTH B KPOBI; MOKpAIIye
MOJKJIMBOCTI BHPILIEHHs NPOOJeM; MiJBHUILYE CHUTY-
aniiiHy 0O0i3HAHICTh; NOKpAlly€e MOTHBALIIO; CIIPUSE
Kpamiiii rapMoHii MiX YJIeHaMH KOMaHIH; CTBOPIOE
Kparie poOoue cepeloBHINe; 3MEHIIye TCUXiuHI Ta
¢izngHi posnany; 3abe3nedye JOBrOBIYHICTS.

3a pe3ynbTaTaMd ONWTYBAHHS, MPUBEICHOTO Ha
PUCYHKY |, BCTAaHOBJIEHO CTYHiHb PO3YMIHHS «IO3H-
THBHOTO CTPECY» cepell YKpaTHChKHX MOPSIKIB.
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UM BUKOPHCTOBYETE BH TO3HTHBHHUIA
CTPEC B IOBCSIK/IEHHIN JISLIBHOCTI?

92.6
86.2
! ! 80.8

74

—

20-30 WRN
POKIB

™ Hi

13.3 192

—
oumsm 50 pokiB

Tax

Pucynoxk 1. Po3yminns no3uenoeo enaugy cmpecy cepeo yKpaincokux mopsikie [5]

OTpuMaHi pe3ynbTaTH MOXKHa BBaKaTH He3a-
JOBUTbHUMH, Tak sik MeHie 20% MOpSIKIB CTapIIoro
MOKOJIIHHS BIAMOBUIA CTBEPJHO HA JaHE MUTAHHSA, B
TOM Yac K cepel MOJIOJIOTO IOKOJIHHS - TPOXH OinibIie
7% minTBEPIWIIM PO3YMIHHS i BUKOPUCTaHHS "TO3H-
THUBHOTO CTpecy" B MOBCAKIEHHIH poOoTi. Lle Bka3ye Ha
onnH 3 0araTh0X HEBUKOPUCTOBYBAHUX PECYPCIB MO0
BUKOHAHHS 3MCHIIICHHS iCHYIOYOTO CTPECY IIiJ] 9ac BH-
KOHaHHS peicy.

Crmig TakoX MiOKPECIWTH, IO PIBEHb CTPeCy
MoOJke OYTH 3aHAATO MaJIUM, a0 3aHATO BEJTUKUM. 3a-
HaJITO MaJIMii CTPeC MOPOJDKYE 3aBIaHHs abo orepario
sIKa Ma€ HU3bKHI TPIOPUTET; HU3bKUI MOTHBALIITHUI
piBeHb; BHMKOHYETbCS MOBTOPHO 0€3 3BOPOTHOTO
3B’s13Ky. Konu cTpecy 3aHajTo Majo, JIIoau ado WIeHH
eKila)Xxy MOXYTb: CTaBaTH CaMOBJIOBOJICHUMH; He
MiIO3PIOIOTh PO CTUMYJ, HHU3bKE HaBaHTa)KEHHSI
MOXe€ TIOTiPIINTH MPOAYKTHBHICTH 3a 20-30 XBMINH;
MOPSIKA HE BXKHUBAIOTh HEOOXITHHUX 3aXOJiB OE3MeKH.
Jlronu pearyioTh, a He Iepen0adaroTh.

3aHanTO BENUKHUI CTpEC BUKIMKAE 3aBAaHHS a0o
orepanii sKi: BHIIE HDK 3JaTHICTh KOMaHIU CIIPaB-
JISITHCS 3 CUTYAII€I0; 1€ PIIKO 1 «HEe3HAHOME» IS KO-
MaH/I{; [1e TPIOPUTET 1 BaXKIIUBO; 1[¢ BUXOUTH 38 MEXI
3HAaHb Ta JIOCBily WICHIB KOMaHIW. 3aHAaATO OaraTto
CTpecy BIUIMBA€E Ha PE3yJIbTATH AISUIBHOCTI JIIOJIEH Ta
YJICHIB €KilaXx<y: CTBOPIOETHCS TYHEIbHUH 3ip 1 PoKyc
3BYXYETBCS; 3[aTHICTh POOUTH BUCHOBKH TIPO T€, II0
BiZIOYBA€THCSI HAaBKOJIO CyJHA 3MEHIIYETHCS; CHUTY-
arfiiiHa 00i3HAHICTh BTPAYAETHCS, HE MMOMITHO T€, IO
MIOMITHO JIFO/ISIM, SIKi 3a3HAJIM MEHIIOTO CTPECY; BUHHU-
Kae IUTyTaHWHA; JIOJWHA 3aKpUTa JJIs OOTOBOpPEHHS
pI3HHMX BapiaHTIB; YacTo peaji3ye HepIIMid po3ris-
HYTHIl BapiaHT; BUKOHYIOTHCS IHCTHHKTHBHI peaxiii;

IHIIUBIJI TOBEPTAETHCS JO MUHYJIOTO JIOCBIY JUISl AJlb-
TEpHATUBH, 110 Haraaye pilleHHs, 3HaiineHe s
noi0HOT MpobJIeMU B MUHYJIOMY; HalKpally ajabTep-
HATHBY MOXXHa HE IOMITHTH; TilCPAaKTUBHICTH IO-
BEIIHKH; KOMIIYJILCHUBHUI po3iajy 1 ONU3BKUHA 10
MaHIK{; OCOONMBO B HAA3BUYAWHUX CHTYaIisX, KOIU
HAJIXOIUTH CyHepewInBa iHGpOpMAaLlis; pO3Ciloe yBary;
00MeXye KOHIICHTpAIilo; MepeBaXkae “TPyIOBE MIC-
JICHHA’; TIPOTATOM TPHUBAIHUX CTPECOBHX IEPIOIiB KO-
MaH/a TMepeKafac CBOI METY BiJ BHpIIICHHS IIPO-
0JIeM 10 JIOCSATHEHHS KOHCEHCYCY y CBOIX PIllICHHSIX;
KOODPJIMHAIlISI KOMaHH IIBUJIKO HOTIPIIYETHCS; YICHU
KOMAaH/TU MPAIOITh Y «30HI aBapii.

Hapsimy 31 30iJbLICHHSIM IUIOLII  CyMapHOTO
CTpeCy IS CTPECy, OB’ A3aHOTrO 13 3aBaaHHsaM (Puc. 2),
JTy’Ke BOXKITUBUM JIJ1s1 3a0e3MeueHHs 3arabHo1 Oe3eKku
CYZHOILIIABCTBA € TINTAHHS 30€peKEeHHs BIACHOI CIIpo-
MOYKHICTb JIFOAMHH CIIPABISITUCS 31 CTPECOBUM HaBaH-
TaxeHHsM. [Ipanioroun Ha Cy/iHi, KaliTaH He Ma€ MOX-
JMBOCTEH U1 BiOOPY MOPSKIB 3 BEIMKHM pPiBHEM
crpecocriiikocti. ToMy, mix Yac BHKOHAaHHS pEWcCy,
Jy’Ke BEJIMKE 3HAUCHHS M€ 3[JaTHICTh MOpSIKa MiATpH-
MYBaTH CBOIO CTPECOCTIHKICTh Ha MaKCHMaJlbHOMY
PIiBHI POTArOM HEOOXiTHOTO TepMiHy. Jlist 1iboro Ha
CHOTOJIHIIITHIH JIeHb BiAOMI NN psiJT cTOCO0iB, SKi HE
BHMAraloTh MPUCYTHOCTI CHEIiaJbHOTO 00 HaAHHS
gy npuminieHas. OTHaK BUKOPUCTAHHS WX CIIOCOOIB
JIOTIOMAarae MOpSIKY IiITPUMATH CBOKO CTPECOCTIHKICTh
Ha MaKCHMAJILHOMY DiBHI NPOTSTOM TPHBAJIOTO 4Yacy.
Sk ykpaiHCBhKi MOPSIKM PO3YMIIOTB 11i CLIOCOOH, 1ocTaT-
HBO MOJMBHUTHUCS Ha TaOuiro 1, ne 3BedeHi BiAmoimi
Ha 1€ TUTaHHS.
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Tabmuus 1.

3acobu 3ano6iraHHs BIUIMBY CTPECY cepell YKPaiHCEKHX MOPSIKiB
(3a pe3yIbTaTOM BUKOHAHUX CIIOCTEPEKEHB )

3/m HaiimenyBaHHs cnioco0y
1 He 3Haro
2 Con
3 BigmoumHOK
4 CriJgKyBaHHS, BiABOJIKaHHS
5 XapuyBaHHS
6 3aHATTSI CIOPTOM
7 3BUIBHEHHS Y MICTO
8 YUuTaHHS KHAT
9 [epermsig dhimpmi
10 PosBaru
11 Xo0i
12 MenukaMeHTO3HHH
13 AyTOTpEHIHT
14 My3uka
15 Kypinas
16 ["apsyi Hamoi
17 JluxanpHa riMHACTHKA
18 AJTKOTOJTh
19 Bogani nporenypu

3 HaBe/ICHHUX JIAHUX BHUJHO, 1[0 HisKOT cepiio3HOT
MiATOTOBKU OO OIIOPY BHCOKOMY PIBHIO CTpecy y
YKpalHChKMX MOpSIKIB He BHCTadae. B  1inomy,
BiZIOBii HAOIKEHi 10 iICHYIOUHX ChOTOIHI IPHHOMIB
I10J10 3HW)KEHHS CTPeCy, MPOTe BiZICOTOK MOPSIKIB, SIKi
3rafajy TOW M IHIMHUN (aKTOp TOBOPUTH MPO Te, IO
IIMPOKOTO PO3YMiHHS B IbOMY NUTaHHI Hemae. [To3u-
THBHHM € TUIBKH OJMH ITIOKa3HHUK - 11€ 3HMYKEHHS KiJIb-
KOCTI PECIIOHICHTIB, SIKi BBa)XKAIOTh BIKHBAHHS aJKO-
TOJII0 Ii€BMUM 3acobom OopoTreOM 31 crpecoM. Ha

% BignmoBinei
17,1
20,5
29,4
32,8
04,5
17,1
03,7
09,7
11,8
04,7
04,2
03,4
09,7
08,1
01,8
02,4
01,8
02,4
00,5

CHOTOJIHI BiH JOpiBHIOE 2,4%, a Iie Jy’Ke XOpollla HO-
BuHA. lle cBiqunTH Tpo Te, IO MocTiiiHa O00opoThOa 3
BHUKOPHCTAHHSAM aJKOTOJI0 HA MOPCHKUX CYIHAaX Ja€e
CBOI pe3yJbTaTu.

Taki pe3ynbTaTH ONMUTYBaHHS HE BUKIHMKAIOThH
3MUBYBaHHS, TOMY, IO MiJl Yac Mapaje’lbHOrO OIHTY-
BaHHS Ha 3alUTaHHS PO BUBYAHHS (haKTOPY CTpeECy,
Oyma oTpuMaHa Taka kaptuHa (Puc. 2).

UM 3HAMOMIIH BA3 3 IOHSITTSIM "CTPEC" ¥V
HABYAJIbHOMY 3AKJIAJII UM TIIIM?

85.9

98.3

¥

Pucynox 2.
Pezynomamu onumyeanHs yKpainCoKux MOpsKi6 0 npoXo0diceH i Haguanns 3a pakmopom cmpecy [5]

[IpuBeneni naHi BUKIMKAIOTH 3aHETMOKOEHHS, 3
NPUBOAY TOTO IO JIOCTATHS KUIBKICTH KypCiB TpeHa-
JKepHOi MiATOTOBKM MOPSKIB 0a3ylOThCsA HAa BHMOTax
MmozenbpHuX KypeiB IMO, Takux sik 1.21 «IlepconansHa
Oesneka Ta comianbHa BiamoBiganbHiCTE» (Personal
safety and Social Responsibilities), 1.39 «JlinepcTBo Ta
pobora y cxmami xomaHmm» (Leadership and
Teamwork) Ta 1.40 «JlinepcTBO Ta HaBUYKH KepiB-
auka» (Use of Leadership and managerial skills). ¥V
IUX TPHOX MoJIeNbHUX Kypcax IMO npsiMo BKa3yeTbest
Ha HEOOXiHICTh BHBYaHHS iHAWBITyalIbHUX (aKTOPiB

JIFOJICHKOTO €JIEMEHTY T1iJ] YaC HaBYaHHS Y TPEHaXep-
HUX IIEHTpax 3a HarpsiMamHu: «Pecypcu yrpaBitiHHS po-
60TOI0 HaBiramiHHOTO MicTKa», «Pecypcu ynpaBiiHHS
poOOTOI0 MAIIMHHOTO BigAUIEHHS», «O3HalloMIICHHS
MOPSIKIB 3 TIUTaHHSIMU O€3IEKW», TOMY B LIbOMY IH-
TaHHI € MEBHI MPOTAJMHU SKI BUMararTb KOHCTPYK-
THBHHX KPOKIB.

BucHoBku.

PesynpraTi oTpuMaHi y X0l AOCHTIIKEHHS siC-
KpaBo CBIIYaTh NPO CYTTEBI HEJOMIKY Y TUIAHYBaHHI Ta
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3I1MCHEHHI MIATOTOBKY MOPSIKIB Y MOPCHKMX HaBYaJb-
HUX 3aKnagax Ykpainu. Tex camuii Hemomdik, Oyio
BU3HAYCHO IIiJ{ YaC aHKETYBAaHHSI MOPSKIB Ta MiJ 4yac
OMUTYBAHHS 1X MMPO BUBUYCHHS L[OTO (HAKTOPY, MPOTS-
TOM HaBYaHHS Y MOPCBHKHX TPEHAXKEPHUX ICHTPax
miAroToBKH. ToMy, HEOOXiTHO 30CEpPEIUTH yBary Ha
MiJIBUIICHHI PIBHIO MIATOTOBKH SIK KaJPiB IUTABCKIIALY
Tak i kBamikamii BUKIagadiB, TUITXOM BKIFOYEHHS 10
OpOTpaMK TiJrOTOBKM HOBHUX HaBUYAILHUX MOJYJiB
1010 BUBYCHHS iHAWBITyadbHUX (PAKTOPIB JTOJACHEKOTO
CJICMCHTY.

Jiroda cucrema miAroOTOBKH MOPSKIB B 3aTaJIbHAX
pHcax BilnoBizae norpedam cyIHOIUIABHOT rajys3i, ane
MOPSiT 3 TOCTIHHUM TTOHOBJICHHSM MDXHApOIHHUX BU-
MOT J10 3a0e31eueHHs Oe3MeKH CYTHOIUIABCTBA, BOJHO-
yac TMOBHWHHI (OpMyBaTHCS i HOBI BHMOTH /O HaB-
YaJIbHO-TPCHAXKEPHOI MIATOTOBKU PSIIOBOTO 1 KOMaH/I-
HOTO CKJay MOPCBHKHX CYIEH, TOMY IOBHHHI
3MIHIOBATUCH 1 MIJAXOIU 1O HaBUAHHS, CIIEKTP MPOIO-
HOBaHHX HABYAILHHUX KYPCIB i Iporpam.
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AHoTaNIisA

B poboti mpencraBieHHi pe3yNbTaTH OOCTiIKEHHS B3a€MOJii TpaHATH PEAKTHBHOTO IMPOTHTAHKOBOTO
rpaHaToMeTa i3 KOCHTPYKIIE€I0 3aXHCHOTO MPOTHKYMYJTHBHOTO €KpaHy OOHOBHX OpOHBOBAHHMX MAIIWH.
PosrnsHyTO 1Ba BapiaHTH BUKOHAHHS KOHCTPYKIII] 3aXHCHOTO IPOTHKYMYJIATUBHOTO eKpaHy — 3i cram Cr3cm Ta
30XI'"CA. Ha ocHOBi OTpUMaHHX PE3yJbTaTiB BCTAHOBIEHO OCOOIMBOCTI B3a€MOIIii TpaHATH i3 KOHCTPYKIIEO
3aXHCHOTO NMPOTHKYMYIIATHBHOTO €KpaHy, IO JO3BOJIIE c(hOPMYBaTH PeKOMEHAAIIii 10 ii BMOCKOHAJICHHS.

Abstract

The paper presents the results of the study of the interaction of a grenade of an anti-tank grenade launcher
with the construction of a protective anti-accumulation screen of combat armored vehicles. Two variants of the
design of the protective anti-accumulation screen are considered - from steel St3sp and 30HGSA. Based on the
obtained results, the peculiarities of the interaction of the grenade with the design of the protective anti-

accumulation screen are established, which allows to form recommendations for its improvement.
Kurouosi ciioBa: rpanara PIIIT, 3axucHII NpOTHKYMYJISITUBHIH €KpaH, OpOHbOBAHI MaIlIMHU.
Keywords: RPG grenade, protective screen, armored vehicles.

Beryn. Iposemenns Omeparii 00’e€qHaHUX CHI
(OOC) BiKpWIO HEBIANOBITHICTH ICHYIOUOTO PIiBHA
3axucty OoioBux OponpoBaHmx MamuH (BBM)
cydacHuM 3arposam. Ile cnpuunnuio Brpatu bBM Ta
0CcO0OBOTO CKJIAAy BHACHIIOK OOHOBHX MOIIKOIKEHB
pI3HOI0 HOMEHKJATypol 3aco0iB  ypakeHHs. 3a
naHumu podotu [1] ocHoBHa yacTuHa BBM 3HMIIEHA
BHACJIIZIOK MaCOBaHUX apTUIICPIHCHKUX OOCTPILNTIB, IO
BEJINCh, B TOMYy uHciHi, ¥ 3 Tteputopii Pociiicbkoi
Denepartii.

1106 006'eKTHBHO BU3HAYUTH OCHOBHI 3arpo3H IS
BBM B xozxi OOC, mouissHO HE BPaxOBYBaTH BTPATH
Bil apTOOCTPUIiB Tak K 3aXHCT BII HHAX
3a0e3meuyeTscsi  IHKEHEpHOI — MIATOTOBKOKD — Ta
TaKTHIHUMH JiIMH.

3a gqanumu poooTH [ 1] ocHOBHUME 3ac00amu ypa-
sxeHHst BBM nipu nposeaenni OOC € 1Bi MpoTHIIEXKHI,
SK TI0 TEXHIYHOMY DIBHIO, TaK i IO CIIOCO0Y 3acTocy-
BaHHs1, IPyNU 3ac00iB ypaXKeHHsI: Mepila — MiHU Ta ca-
MOpOOHi BHOYXO0BI mpuctpoi i apyra - PIII, TITPK,
CIII'. Tomy, came 1i 3acobm € HaiiOLIBII HeOe3meu-
HUMHE 1711 BBM, 110 € XapakTepHHUM 1 [T 1HIINX JTOKa-
TpHUX KOH(DIIKTIB. [TiATBEPIKEHHSIM IIHOTO € PE3yIIb-
TaTH eKCTIIePTHOTO onuTyBaHHs yuacHuKiB OOC, 3a pe-
3yJNbTaTaMU SKOTO BCTAHOBJICHO, IO 3axucT Bix PIIT
TMIOCi/Ia€ BayXJINBY MICIIE B TIEPCTIEKTHBAX ITiBUILCHHS
ix 3axurieHocri [2].

OnHUM 13 HANPSIMIB IMiBUINCHHS 3aXHUIIECHOCTI
BBM Bix peakTHBHUX HNPOTUTAaHKOBHX I'paHaT Ta rpa-
HAT PeaKTUBHUX MPOTUTAHKOBUX TPAHATOMETIB (Haji —
PIIT) € 3acTocyBaHHS B IX KOHCTPYKIIii 3aXUCHUX IIPO-
tukymynatuBHUX expaHiB (3[IKE). Oxnak, Baromoro
XapaKTEepPUCTHUKOI, MIO BH3HA4YAa€E EPEKTUBHICTb PO-
6otu 3IIKE € xopcTKicTh HOro 4apyHKH, 1110 3a0e3re-
YHUTh Ha/liiHE pyHHyBaHHs OoiioBoi yacturu (bY) rpa-
Hatu PIII'. B npotunexHomy BUNaAKy, IPU HEJOCTAT-
Hiii kopcrkocti wapyHku 3IIKE, pyiiHyBaHHS
(medopwmariisi) rpaHatM He 3a0e3MEUYUTh 3aMHUKAHHS
CTPYMOIPOBITHOTO KOHTYpPY MiApHBada, Ta SK Haci-
Jok mpu3Bene 1o miapuBy bU Ha xoncTpykmii BBM.

Hageneni B po6otax [3-5] cToxacTiHuHi MaTema-
tiaHi Mojeni omniHku edexktuBHOCTI 3IIKE rpyHTY-
IOTBCSI HA BH3HAYECHHI IMOBIPHOCTI mizpuBY 60#0BOI
yactinau (BY) rpanaru PIIT" abo ii pyiliHyBaHHA Ta J10-
3BOJISIIOTH ITPOBECTH OL[IHKY BIUIUBY OKPEMHX r€OMeT-
prunnx napametpiB 3[IKE Ha 1o iMoBipHicTh. OtHaK
BU3HAYCHHS JKOPCTKICHUX XapaKTEPUCTUK 4YapyHKH
3I1IKE B 1iux po6oTax BicyTHi.

B po0ori [6] 32 1OOMOr0I0 MPOrPaMHOTO KOM-
mwiekcy LS-DYNA BusHaueHUil BIUIMB (HOpMU IIepe-
pizy npyTkoBHX pobounx enemenTiB 3IIKE Ha edexTn-
BHicTh pyiinyBanus bY rpanaru PIIT. Ilokazano, mo
NIPYTKU KBaAPaTHOTO Mepepisy MaloTh MEBHI NepeBaru
HaJl KPYTJIMMH TIPYTKaMH.

B [7] 3a aHanOriYHOK METOIUKOIO0 TOCHIIKCHA
pYHHIBHA Jisl IO KyMYJISITHBHi# rpaHati poOo4HX ene-
menTiB 3IIKE, siki manu ¢opmy kyTHuKiB. BeTanos-
JICHO, IO BapiaHT, AKWil mepenbaydae po3TallyBaHHS
poOoUuX eneMeHTiB KyToM BIiepen 3abe3mnedye OUThII
edpexTuBHe pyitHyBaHHI BU KyMyIsTHBHOI rpaHaTH.

ABtopamu [8] 3a pe3ynbpTraTaMH CKiHUEHHO-CIe-
MEHTHOTO MOJIENIIOBAaHHSA ONTHUMIi30BaHI I'€OMETPUYHI
mapameTpu citdactux 3[IKE Ttumy SidePRO-LASSO
ta Q-Net a5t pi3HUX KyTiB 3ycTpiui rpanaru [1I'-7BM
3 IUIOLIMHOIO €KpaHiB. BimMideHa He3HA4HO Oijblia
(mpubnuzHo Ha 2%) po3paxyHKoOBa e(heKTHBHICTD €K-
pauiB tTuny Q-Net y nopiBHsHHI 3 ekpanamu SidePRO-
LASSO.

VY poborti [9] mpoBeaeHa MOPIBHSUIBHA PO3paXyH-
koBa omiHka edexTuBHOCTI citdactoro 3[IKE Tumy
SidePRO-LASSO ta pemitaacroro 3I1IKE. 3a pe3yiib-
TaTaMH MOPIBHSUIBHOTO aHalli3y ONTHMI30BaHI TeOMeT-
puaHi posmipu pemritdyacroro 3IIKE. BcranosneHo,
10 B MEXaX 3Ha4eHb KyTa BIAXWICHHS TPA€KTOPii Mo-
JOTY TpaHatu Bix ropuzonTami 0...30° Ta a1 BCix
3Ha4YeHb KypCOBOTO KyTa 3yCTpiui IpaHaTu 3 IUIOLIH-
Hoto ekpany, 3[IKE pemrituacroro Tumy MatumyTh Oi-
JIBIII PO3MipH KOMIpKH (OLTBIINHA KPOK MiX pOOOINMHU
eJIEMEHTaMH), HK eKpaHH ciT9acToro Tuiy. [lepeBara
cituactux 3IIKE crae Ginpin cyTTeBORO Jinmie mpu Oi-
JBIIMX KyTaX BIIXWJICHHS TPAEKTOPIT MOJIBOTY TPaHATH
BiJl TOPM30HTAI, SIKi MATUMYTh Miclle B yMOBax Mich-
Koro 00ro.

Bci ni po6otu [3-9] rpyHTYIOTBCS Ha IMOBIpHIC-
HHUX MaTeMaTUYHUX MoJeIsiX. B aeskux 3 Hux [6-7] uu-
CellbHE MOJICJIIOBAHHS 3aCTOCOBYETHCS JJIsSI IEPEBIPKHU
MIPUHHATOTO Ha OCHOBI IMOBIpHICHOI MO piIlIeHHS.
Kpim Toro, B iux TOCIiIKEHHSX BiJICYTHE BpaxyBaHHS
3BapHOTO 3’€THAHHS MPH YHUCEITHHOMY MOJEIIOBaHHI.
OnHak, BaroMor0 XapakTEPUCTHKOI, IO BH3HAYAE
edextuBHicTh podotu 3IIKE € sxopcTkicTh Horo uapy-
HKH, 110 3a0e3neunTh HajiiHe pyiHyBanHsS BU rpa-
Hatu PIII". B npoTunexxHoMy BUNAAKY, IPU HEJOCTAT-
Hiit sxoperkocTi yapynku 3IIKE, pyiiHyBauHus (nedop-
Malis) rpaHaTH He  3a0e3NeYuTh  3aMHUKaHHS
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CTPYMOIIPOBITHOTO KOHTYpY MiAipuBava, Ta SK HaCIi-
Jok mpu3Bene 1o miapuBy bU Ha xoncTpykmii BBM.

MeTo10 pO6OTH € OCITIHKEHHS KOPCTKOCTI Ya-
pyrku 3I1KE i3 BpaxyBaHHAM 3BapHHX 3’ €IHAHB.

Martepiaau Ta MeToaM.

BukopucTaHHS METOAIB YHCEITBHOTO MOJEIIO-
BaHHA IS 3a7a4 BUCOKOIIBUIKICHOTO HEHIHHOTO Jie-
(hopmyBaHHS MaTepiaiiB A03BOJSIE YHUKHYTH HEZOJi-
KiB HaTypHHUX BUIPOOYBaHb 1 € OJJHUM 3 HAWOLIBII ede-
KTUBHUX CIIOCOOIB OI[IHKH MIITHOCTi, POTHO3YBaHHSI
cTiikocTi ¥ onTuMi3auii KOHCTPYKUIH NpPH yTapHHUX
HaBaHTAXKCHHSIX.

Came TOMY, BpaxOBYIOUH CYYacHi MOXKIIHBOCTI
KOMIT'FOTEPHOI TEXHIKH, BCE YACTIiIIe BAAIOTHCS 10 IIPO-
BE/ICHHS YHCENbHUX EKCIIEPUMEHTIB, B TOMY YHCII IPH
JOCTIDKeHH] quHaMivaux tporecis [10,11].

3a3BH4ail CIIOYaTKy €KCIEPUMEHTAIFHO BH3HAYA-
IOTh TTApaMeTPH MOJETI TOBEAiHKH MaTepiany i Ha oc-
HOBI IIMX JTAaHUX MPOBOJSATH YUCENbHE MOJICIIOBAHHS,
Pe3yJbTAaTH SKOT'O MAIOTh HE TUIBKHU SIKICHE, a i KiJIbKi-
CHE CHIBMAiHHS] 3 eKCIICPUMEHTAILHUMHE JaHUMH. [le-
TaJIbHO TOCIIIIOBHICTh CTBOPEHHS Ta OLIHKH YUCEIb-
HOI MoJIeJTi HaBezieHa B poboTrax aBropis [12-36], Ta 3a-
CTOCOBYBAJIACH 1 P MPOBEACHHI I[LOT'O TOCIIIKCHHSI.

IIpoBenene unciioBe MOJETIOBAHHS B3a€MOJIT
rpaatu PIIT" i3 3IIKE 3 BUKOpUCTaHHSAM TBEpPIOTLNIb-
HHUX CKIHYCHHHX EJIEMEHTIB Ta ypaxyBaHHSIM 0co0mIu-
BOCTEH MaTepiany Ta KOHCTpyKiii rpanatu PIIT.

UncenpHEe MOAETIOBAHHS HNPOBOIMWIN 3 BUKOPHC-
TaHHsIM Mozeni Mmarepiany J[xoHncona-Kyxka [37-38] i
Kynepa-Caiimonpca [39] ansa neraneit rpanatu PIIL,
1110 HE MalOTh 3HAYHOTO BKJIAJly B PE3yJIbTaTH B3aEMO-
nii 13 koncrpykuieto 3[TKE. Lli mozaeni € ogauMy 3 3a-
rajJbHOBXHMBAaHHUX JJIsI YUCEIbHUX PO3PAXYHKIB JWHA-
MIYHHX [IPOLIECIB B METAIIEBUX MaTepiaax.

Mogems [IxoHcoHa-Kyka omucyeTbes piBHSH-
HSIMH:

o, =(A+B&")-(L+chs)-0-T™),

ne A, B, C, n'i m — xoucrantn Matepiany; & " -
edextuBHa mmmacTH4Ha Jedopmaris; g — P/ g,
MIBUJIKICTh €(EKTHBHOI IIACTHYHOI aedopMarii ams
‘c’.‘o = 1571; T* = (r _Troom) /(Tmelt _Troom) — ToMOJI0-

riyHa TeMmneparypa.

Jedopmarist npu pyiHyBaHHI 3a1a€ThCS 3aJI€MKHI-
CTIO:
¢' =[D,+D,expD,c’|-[L+ D, In&" |- 1-T"]

€~ — — CHIBBIJHOIIEHHS TUCKY A0 €(EKTU-
o =plo, A y 1o ed

BHHX HaIlpy>KeHb.
PyitHyBaHHS BinOyBa€eThCS 32 YMOBH, SIKIIO ITapa-
MeTp pyiHyBanHsi D = )" g° [¢' mocsrae sHaueHHs 1.

[Tpu BuKOpHUCTaHHI 00’ €MHUX €JIEMEHTIB 3aCTOCO-
ByBaJIOCs PiBHSHHA cTaHy Mi-I'proHaiizeHa:

0| Pl oy 1Du-al 2]
2 3

U )%
1-(8, D=8, =8, L

ne C — xyroBuit koedinient kpuBoi Vs-Vp; Si, Sz,
S3 - xoediuienTH Haxmity KpuBoi Vs-Vp; o - mocTiiiHa
['pronaif3ena; a - Kopekuis 00’eMy HEpIIOTO MOPSAKY
Yo; u=plpo-1.

Monens Kynepa-CaliMoHACa ONTUCY€ThCS HACTYTI-
HUMH PIBHSHHSIMH:

+(7, +au)E,

1/p

&
o, =1+| =

o) |lovrrEel)
E,=EE/E-E,)

1/2

g =j géﬂp dt,

ne p i C— mapamerpy mBHAKOCTI Kepopmartit; &
— mBHAKicT nedopmaniit; Oy, O — CTaTHYHA Ta 1H-

HaMiqHa TpaHHIs IWIMHHOCTI; E — Momyss mpysHo-
CTi; Etg

[IBuaKicTs MmaacTU4HUX Aedopmariiii BU3HAYA-

€THCS SIK PI3HUL MDK IIBUAKOCTSIMH ITOBHUX 1 NPYK-
HEX Jge(opMarii g"ijp = é‘ij — g:

[Tpu nux nocmimpKkeHHsIX 00y 10BaHa TPUBUMIpHA
reomerpudHa Mozens rpantd PIIT — IT'-7BJI (puc. 1)
Ta TpuBUMipHa 00’ emHa Monenb 3ITKE. s yapyHkH,
110 B3aEMOJIISITUME 3 TPAHATOIO, CITPOILEHO 3a/IaHe 3Ba-

pHe 3’€THaHHS 3 KATETOM IBa 4 MM.

- MOJIYJIb 3MIIIHEHHSI.

Pucynok 1. l'eomempuuna moodenw epanamu I11-7BJ1

Ha ocHoBi reomerpnuHux Mmojened po3poOneHi
CKiHYCHHO-eJIeMeHTHI Mojeni rpanatu PIIT ta cekmil
3IIKE. IlopiBHsHHSA XapakTepy pyHHIBHOT Aii pobounx
enementiB 3IIKE 3i crami Ct3cm ta 30XI'CA mpoBoau-
JIOCh UII YMOB YHCEIHHOTO MOJETIOBAHHS 3yCTpidi
TpaHaTH 3 IUIOIIMHOIO €KpaHy B LEHTPI YapyHKH IIiJ{
npsamuM KyToM. [lIBunkicts rpanaru PIII mpu 3yctpidi

i3 3I1KE npu uncensHOMY MOJIETIOBaHHI JOPiBHIOBaa
200 m/c.

PesysbTaTi Ta iX 06rosopenns. Ha puc. 2 npen-
CTaBJICHI pe3yJIbTaTH YUCEIHFHOTO MOJCIIIOBAHHS B3a€-
moxii rpanatu [1'-7BJI 3 3axuicHUM €KpaHOM 3i CTali
Cr3cm ta 30XT'CA.
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Pucynox 2. Ilpoyec 63aemo0ii epanamu I11-7BJ1

OtpuMaHi 3Ha4yeHHst 3MiHM wmBHIKocTi BY rpa-
Hatu ripu B3aemoii i3 3[IKE ta nepemimnieHHst KOHTPO-
JbHUX TOYOK Ha 4YapyHI[l HaBeJEeHHI Ha puc.3 Ta
puc. 40mmnoka! UcToYHUK CCHIJIKH He HaiileH. Bil-
MOBIZIHO. 3 OTPUMAaHKUX Pe3yJIbTaTiB BHIHO, 110 3MiHa
mBHUAKOCTI TpanaTd npu B3aemoxnii i3 3IIKE 3i crami
Cr3nc BinOyBaethbes piBHOMIpHO. [Ipu npoMy BHaci-
Jok mractnaHoi nedopmanii yapynku 3I1KE BinOysa-
€ThCS [1BA TEPIOAM PI3KIIIOTO 3HMKEHHS IIBHIKOCTI.

a5, TTLIME LT .

199.5-

198.5-

Lsuoxicms epanamu, m/c
¥

197, | I I

Lsuoxicmos epanamu, m/c

01 02 03 04 08

Yac,mc
a

Ar-7n_3MKE_30XrCA |

t=0,00063 c
o
i3 3IIKE 3i cmani Cm3nc (a) ma cmani 30XI'CA (6)

[Tpu B3aemonii rpanatu i3 3IIKE 3i crani 30XI'CA Ha
TIepIIOMY TIepiozii BifOyBa€eThCs piIBHOMIPHE 3HIKEHHS
MIBUAKOCTI MICJsl YOTO MIBUAKICTH 3pocTae. [ToscHio-
€Tbes 11e npyxkHOoIo nedopmaniero yapynku 3I1KE Ta
HasIBHICTIO e()eKTy «OUIbsSIp/y», BHACIIIOK YOTo I1Iac-
TUHM YapyHKHU Pi3Kille MepeMillatoThCsl BEPTUKAIBHO
Ta He 1e(OPMYIOTh CTPYMOIIPOBIHUIT KOHYC I'paHaTH,
PO IIO CBIAYMTH XapakTep NepeMillleHb B KOHTPOJIb-
uux Toukax yapyHok 3IIKE (puc. 4).

0 Mr-7_3NKE_30XrCA

200

199

198

\/\

196

0 02 04 06 08

Yac,mc

7

Pucynox 3. [ladinns weuoxkocmi epawmu npu ii 63aemo0ii i3 3[IKE 3i cmani Cm3nc (a) ma cmani 30XI'CA (6)
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Pucynox 4. I'paghix nepemiugernss KOHMPoabHUX Mo4ok uapyuku 3i cmani Cm3cn (a) ma cmani 30XI'CA (6) nio
uac e3aemo0ii 3 epanamoio I11-7BJ1

3 pe3ynbTaTiB YUCENEHOTO MOJCTIOBAHHS MOXKHA
Oagurtw, mo y pasi surorosienHs 3[1KE 3 Bucokomilr-
Hoi craini 30XT'CA He 3a0e3MedyeThCsl TapaHTOBAHOTO
3aMHUKaHHS CTPYMOIIPOBIIHOTO KOHTYpY rpaHatd. B
TOW yac sk OOTIYHMK TpaHaTH 3a3HAE IUIACTHYHOL Jie-
(hopmariii Ta 4aCTKOBO PyHHYETHCS, CTPYMOIPOBITHUMN
KOHYC 3aJIMIIAETHCS HEYIIKOpKeHnM. Jluine Kymyiis-
THUBHA BOPOHKA 3a3Ha€ HE3HAUYHUX ITOIIKO/KEHb Ha Ki-
HIIEBiM cTajii NPOXOKEHHS I'paHaTH Kpi3b KOMIpKY
ekpaHy. BoueBuap 11e OB’ s13aHe 3 BUCOKOIO TPAHHUIICIO
TUTMHHOCTI MaTepianxy, BHACTIIOK YOro BigOyBaeThCs
MepeBAXHO IPYy’KHA AedopMallis YapyHKH BiJ] B3a€MO-
il 3 TpaHaTOIo.

V¥ Bunanky surotosiieHHs 3I1KE 3 HuzbkoByrIe-
neBoi ctani Ct3cn KiHeTHYHOI eHeprii rpaHaTH BUSB-
JISIETHCS JIOCTATHBO JJIS TUIACTUYHOT nedopmartii miac-
TUHU YapYHKH, IIBUJIKE SMUHAHHSI SIKOT MMiJICUITIOE PYii-
HyBaHHS 4YacTUH TIpaHaTH Ta 3aMHUKaHHA i
CTPYMOIIPOBITHOTO KOHTYPY.

BucnoBku. 1. [IpoBeseHi napamerpuuHi nocii-
JoKeHHs1 B3aemonii rpaHatu PIIT i3 wapynkoro 3IIKE.
Ha nepmomy erarti )kOpCTKICTh YapyHKH BU3HAYAJIACh
IJISIXOM YHCEIbHOTO MOJISITIOBaHHS Aii CHIIM Ha cerMe-
HTH YapyHKH. [Ipy npoBeieHHI napaMeTpu4HUX JOCITi-
JUKEHb BapiloBaJIOCh 3HAYEHHS TOBIIMHY IIACTHHY Ya-
pyHku 3[IKE. 3 oTpuMaHuX pe3yibTaTiB MOXXHa 3po-
OMTH BUCHOBOK, 1110 30UIBIICHHS TOBIIUHH IIJIACTHHU 3
4 MM 10 5 MM NIPU3BOJIUTH JI0 3HAYHOTO 3POCTAHHSI KO-
PCTKOCTI, IpH 11boMy pizHHuI 1t Matepiany 3IIKE 3i
cram Cr3nc Ta cram 30XT'CA BctaHOBIIGHO HE OYII0.

2. Ilpu mpoBeneHHI IPyroro eramy 4YHCcelbHOrOo
MoentoBanHs B3aemoii rpanaty PIIT i3 3T1KE 3acTo-
cosano mojeins 3I1KE i3 06’eMHNX BOCEMH BY3JIOBHX
€JIEMEHTIB. 3a pe3yJbTaTaMH JOCITiJUKEHb BCTAHOB-
neHo xapakrep B3aemoii rpanatu PIII i3 3IIKE 3 piz-
HuX cTtaneii. Becranosneno, o 3I1KE Burotosienuii 3i
crani 30XI'CA mae ripiui noka3HUKY pyHHYBaHHS rpa-
Hatu PIII" nopiBasHo i3 3TIKE 3i crami Cr3mc.

3. Po3pobnena uncenpHa momenb rpanatu PIIT
MOke OyTH 3aCTOCOBaHA JUIS OIIHKA 3aXUCHUX MPOTH-
KyMYJIATUBHUX €KpaHiB Pi3HOTO THITYy Ta KOHCTPYKIIii,
10 1 € HAITPSMOM TTOIAJIBIIINAX JTOCIIIKCHb.
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BAapUAHTOM C TOYKH 3PCHUA 3(1)(1)6KTI/IBHOCTI/I, TCXHOJIOTMYHOCTH, a TaAKXC SKOHOMHYECKOH TOYKH 3pCHUA. Merto-
JOM HacCcTOAMETO HCCICAOBAHWA BBICTYIIACT UTECPALTMOHHOC MOJACITIMPOBAHUC, MOJACITIUPOBAHUEC C IMTPOBCIACHUEM
MHO’KECTBA UTEPALIMM pACUETOB C IENBIO MOIYUEHUSI ONTUMYMa PE3YIHTATOB MOJIETH.

Abstract

This work is devoted to the development of the concept of a channel liquid cooling system for power thyristors
and diodes of a tablet design. The hypothesis of this study boils down to the statement that channel liquid cooling
systems are the most optimal option in terms of efficiency, manufacturability, and economic point of view. The
method of this study is iterative modeling, modeling with a set of iterations of calculations in order to obtain the

optimal results of the model.

Karouesnie ciaosa: Comsol Multiphysics, xonmenius kaHaIbHON CUCTEMBI OXJIAXKACHUS, CUJIOBBIC TUPHU-

CTOPBI, OTBOA TCIIOTHI OT 3JICKTPOHHBIX HpH60pOB.

Keywords: Comsol Multiphysics, the concept of a duct cooling system, power thyristors, heat removal from

electronic devices.

B HacrosIeM uccie10BaHNN IPEACTABICHA KOH-
LETIHsI KaHAJIBHOTO JKHAKOCTHOTO OXJIaKAcHus. B Ka-
YECTBE MCTOYHHKOB TEIUIa, KOTOPBIC HEOOXOIHMO
OXJIX/IATh M MOAJCPKUBATH B ONMPEICIEHHOM IHAIla-
30HE TEMIICPATYP, BBICTYIAIOT CUIOBBIC THPHCTOPHI C
pabounm Hampspkeruem 10 1200 Bomsr (SKT 1200)
[1].

ITOCKONIBKY OXJIAXK/ICHHE CHIIOBBIX THPHUCTOPOB
KaK TaKOBBIX JIMIICHO BCSIKOTO CMBICIA, B HACTOSIICH

paboTe paccMoTpeHa cOOpKa U3 MECTH BIMICYTIOMSHY-
TBIX THPHCTOPOB.

[Ipennaraemas B JaHHOW pabOTe KOHIICTIIHS CH-
CTEMBI OXJIaXKICHISI OCHOBEIBACTCS HA IPUMEHEHUH Ta-
KO0 KOHCTPYKTHBHOTO 3JIEMEHTA, KaK IIUHA-0XJIa M-
tenb. Ha pucynke 1 u Ha pucyHke 2 IpOIeMOHCTPUPO-
BaH SK3EMIUIAP TAKOW JETald KOHIICNTa CHCTEMBI
OXJIKICHUS.

Pucynox 1 [lluna-oxnaoumens

[una-oxnaaureslb CHa0XKEHA MHOXKECTBOM OT-
BepcTuil. TonmuHa 3TON IUHBL, BKYIE C OCTAJIbHBIMU
[IMHAMU B COOpPKE CHUCTEMbI OXJIAXKICHHS M N30JISIIH-
OHHBIMU IIPOKJIAJIKAMU MEXJy HUMH M 33Jal0T OXJIa-
JKIAIONIMe KaHAJBL, 110 KOTOPBIM TEYET NUCTUIIIMPO-
BaHHas Bojaa. HeTpyIHO BUAETH, YTO OT JUCKa LIMHBI
OTXOJWT NIacTuHa. B cymHoCTH cBOEH, 3Ta mIacTuHa

Pucynox 2 lluna-oxnaoumens, 8uo ceepxy

U SBJSIETCSl LIMHOM B 2JIEKTPOTEXHUYECKOM CMBICIIE
aToro cioBa. Cam e JTUCK TakKe MPOBOIUT IIEKTPHU-
YECKUI TOK, HO OH €1LI€ U BBIMIOJIHSIET pOjb paauaTopa.

Ha pucyske 3 u Ha pucyHke 4 mpoaeMOHCTPHPO-
BaHa M3OJILMOHHAS IPOKJIAJKAa KOHLENTa CUCTEMBI
OXJIQXKICHUSI.

PucyHOK 3 H30ﬂ}lquHHa}l npomadka KOHYyenma cucnembvl OXNANCOCHUS.



42

The scientific heritage No 71 (2021)

Pucynox 4 Hzonayuonnas npokaaoka KOHYenma CUCeMbl OXAAANCOeHUs, U0 C8epX)y

[Mockonbky, B HacToAmmIeH paboTe UAET peds 00
OXJTaXKICHUH TOJTYIPOBOJHUKOBOM COOPKH, - KaXKIbIH
CUJIOBOHM DJICKTPOHHBIN MPUOOpP MOKEH OBITh 3JICK-
TPUYCCKH H30JHUPOBAH OT OCTAIBHBIX TAKUX JKE€ MPHUOO-
POB, IOTOMY KaK B MPOTHUBHOM CJIy4ae BO3HUKAET KO-
POTKOE 3aMBbIKaHUE 3TUX MPHOOPOB APYr Ha Jpyra.
MMeHHO 10 3TOM MPUYMHE B KOHCTPYKI[MH KOHIICTITA

CHCTEMBI OXJIAXICHUS B paMKaX JaHHOW paOOTHI Oblia
BHEAPECHA W3OIIAIIUOHHAS MTPOKIIAIKa.

B coOpanHOM BHIE, ACTaIM CHCTEMBI OXJIAXK/C-
HUSL ¥ CAaMH TUPUCTOPHI 00pa3yroT KOHIENT TpEéxdas-
HOTO BBIIPSMUTENS, KOTOPBIA HUMEET >KHUIKOCTHOE
OXJIQXKJIEHUE AUCTUUIMPOBAHHOW BOJOH. DTOT KOH-
LEeNT n300pakEH HA PUCYHKE 5.

Pucynox 5 Konyenm xananohotl #cu0K0CmHOU CUCEMbL OXAANCOCHUS]

Ha pucyske 5 oT4€TIMBO BUAHO, YTO KOHIENT CH-
CTEMBI OXJTAKACHHS, N300pKEHHBIN Ha HEM, 0ONazaeT
KOHCTPYKLMEH MOAYJIBFHOTO THMA. DTO O03HAYAET, 4TO
HCTIONB3YS HACTOAIIYIO CHCTEMBI OXJIQXKICHHUS, CyIIle-
CTBYET BO3MOXKHOCTh COOPKH HE TOJBKO TpEX(Pa3sHOTO
BBINPSIMHATEIS, HO 1 MHOXKECTBA JIPYTHX MOIYIIPOBOI-
HUKOBBIX YCTPONCTB.

Taxoke, Ha pECyHKe 5, B IpaBoii ero yactu, n3o0-
PaKEHO CEUCHHE KOHIICTITA CUCTEMBI OXJIAKICHUS. ITO
cedeHue Na€T MOHUMAaHUE O MECTE PACIIONOKCHUS TH-
PHUCTOPOB, OXJTAXKIAIONIMX KAHAIOB, a TAKXKE MOHUMA-
HHE 0 IMHUPKYJIINN XJIAZAareHTa M0 KOHTYPY OXJaXKae-
HUS.

Crenyer 3aMeTHTh, YTO KOHTAKTHOE Ha)KaTHe,
CTOJIb Ba)KHOE JIJIs1 00ECTIEUCHNS MaJIbIX 3HAUEHUN KOH-
TaKTHBIX CONPOTHUBICHHH B MeECTaX 3JIEKTPUYECKHX
KOHTAKTOB TPEX(a3HOro MOCTa, 00ECIIeUNBAETCS pac-
MIOPOYHBIM OOJTOM, KOTOPBIH HETPYIHO BHIETh B Ipa-
BOIl WacTH pUCYHKa 5, oA HIKHEH TpyOoil KOHTypa
OXJIQXKJCHUSL.

Jist onieHKH paboTOCIIOCOOHOCTH B NIEPBOM IIPH-
OMKEeHUH OBUTH MCTIONIB30BaHbI opMyiisl 1-5. Cpenu
HUX ypaBHeHue HproToHa-Puxmana [2], koaddurrent
terootaayn, Yucno Hyccenbra mnst TypOyJIeHTHBIX
motokoB [3], Uncno Ilekne, a Taxke pacxoxm Xiaaa-
TEHTa B KaHaJIe, COOTBETCTBEHHO.

Py = aS(9s5 — 9y) (1)
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I'ne:

Py — OTBOIMMAast KaHAIOM SHEPIUs

o — KO3 PUIUEHT TeIIO0T/Aa4H KaHana

S — momaab MOBEPXHOCTH TEIUIOOTaYM KaHaja
(momans OOKOBOH MOBEPXHOCTH LIMIIMHIIPA)

dg — Temmeparypa KaHaja

9, — Temmeparypa cpeabl

Beipakenue st pacuéra ko pHULIMeHTa TEIo-

oTAauH:
Nui (2

I'ne:

Nu — uncno HyccenbTa

A — koo UIMEHT TEIIONPOBOAHOCTH  XJaja-
TeHTa

d — SKBHBaJICHTHBII HaMeTp

Beipasxenue nis pacuéra uucia Hyccenbra:
1

3 0.14
Nu=1.5 (Pe 9)3 (ﬂ) € ®)
17 \puw
T'ne:

Pe — yucmo Ilexne

d — SKBUBAJICHTHEIN JHAMETP

| — nuua kanana

Hig — KOODOHUUMEHT IMHAMUYECKOH BA3KOCTH

XJIalareHTa Npu TeMIeparype xjaaaarcHra

mm
Surface: Temperature (degC)

Wy — KOO(OHUIMEHT JUHAMHYECKOH BS3KOCTH
XJIaJlareHTa MpH TEMIEPAType CTEHKU KaHaa

€ — Koo (HUIMEHT M3MEHEHHs pacCesiHMs Terlla
BJIOJIb KaHaja

Yucno Ileke:
4G-Cy-1 4)
Pe = ———
nd?A

I'ne:

G — pacxon XxJajareHTa B KaHale

Cp — yZenbHas TEMIOEMKOCTD XJIalareHTa

| — nnuHa xaHana

d — SKBUBAJICHTHBIH AUAMETP

A — k0o HUIKMEHT TEIIONPOBOAHOCTH  XJIaja-
reHTa

Pacxon xnmapareHTa B KaHale:
nd? (5)
G=pw—
4

I'ne:

p — IJIOTHOCTH XJIaJarcHTa

W — CKOPOCTb TE€UCHUS XJIaJareHTa B KaHajle

[Mocne ycnemHoit oueHku 3()(HEKTUBHOCTH KOH-
LIETITa CHCTEMBI OXJIXKICHUS, OBLIO IIPOBEICHO €TO MO-
JenupoBaHue. Pe3yapTaThl MOICTUPOBAHHS IPEICTAB-
JIEHBI HA PUCYHKaX 6 U 7.
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Ha pucynkax 6 u 7 n3o0paxeHa KapTuHa TeMIIe-
paTypHOTO paclpeieleHus] M0 OZHOMY W3 MOZIyJei
KOHIIETITA CHCTEMBI OXJIAXXICHUs. MozennpoBanne
BCEH KOHCTPYKLUH TEXHHIECKH HEBO3MOXKHO Ha CIIe-
IIMaJIbHO HETIOATrOTOBICHHBIX OBM BBHIY HEZOCTaTKa
UX BBIYHCIIUTEIEHON MOIITHOCTH.

Kak MOHO 3aMeTHTh, TEMIIEpaTypa HarpeBa Mo-
JIyJIsl KOHIIETITAa CUCTEMBI OXJIaXKACHUS HE TPEBBIIIAeT
74 rpanycoB no mkane Llenbcus, 94To yAoOBIETBOPSAET
TpeOOBaHUM IKCILTyaTaLlUH IT0JI0OHOTO POA N3AEINI

[4].
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Recently, amaranth seeds are called the grain of the 21st century. Amaranth seeds contain a large amount of
iron, calcium, magnesium, phosphorus and potassium, which are one of the important elements in the diet of
pregnant women and diets in the treatment of diseases of the nervous and musculoskeletal systems.

Amaranth seeds are characterized by a high content of vitamins B and A, E and C, their content is twice as
high as in fiber and oat bran. Therefore, amaranth flour is widely used in food production.

We investigated the effect of amaranth flour on the properties of noodles to increase the nutritional value of
the product and develop recommendations for their production

Keywords: amaranth powder, drying, cooking, nutritional value, noodles.

Amaranth is classified as a pseudo-cereal grain,
meaning it is not technically a grain like wheat or oats,
but it has a comparable nutrient profile and can be used
in a similar way. Its nutty flavor perfectly complements
a variety of dishes: cereals, curries, salads, sweet and
savory pastries. This nutritious grain is gluten free and
rich in highly digestible protein, fiber, trace minerals
and antioxidants. Amaranth flour is rich in calcium,
magnesium, iron, cretinoids and fiber. In addition, the
content of vitamins A, B, C and E is twice that of oat
bran. It also contains high-quality, easily digestible
protein, which is twice as large as in wheat or corn. 100
g of amaranth contains 14 g of pure protein, which is
20% of the daily protein intake for an adult.

Plant lectin ACA (Amaranthus caudatus aggluti-
nin) is a plant lectin that exists in amaranth seeds and is
a storage protein. It was originally recognized as a pro-
tein with high nutritional value in South America
(11 The lectin is rich in essential amino acids such as ly-
sine, tryptophan and some other sulfur-containing
amino acids. It is a protein with high nutritional value,
and compared with the standards of essential amino ac-
ids recommended by the World Health Organization
for different proteins, The amino acid composition of
ACA protein is in line with human requirements for es-
sential amino acids. The experimental results of feeding
the purified ACA protein in vitro show that it has a high
inhibitory or toxic effect on the tested aphids 1. It plays

an important role in the specific recognition of tumor
cells, tissue identification and tumor treatment.

Amaranth contains 18 kinds of amino acids, in-
cluding 8 kinds of amino acids that are necessary for
the human body, E/E + N = 41,6%, E/N = 0,71, which
is close to the E/lE + N = 40% proposed by
WHO/FAORI, The reference protein model whose E/N
should be above 0,6. Comparing the essential amino ac-
ids in amaranth with the 1973 WHO/FAO essential
amino acid scoring model, it can be seen that the sulfur-
containing amino acid in amaranth is the first restricted
amino acid, threonine is the second restricted amino
acid, and the remaining amino acids are closer to the
scoring model™l,

Amaranth is rich in calcium that is easily absorbed
by the body, which can promote the growth of teeth and
bones, and can maintain normal heart activity and pre-
vent muscle spasms (cramps). It is rich in iron, calcium
and vitamin K, which can promote blood coagulation,
increase the content of hemoglobin and increase oxy-
gen carrying capacity, and promote hematopoiesis and
other functions. It is also the protagonist on the table for
weight loss. Regular food can help you lose weight,
promote detoxification, and prevent constipation®l.

Amaranth processed products are widely used in
food production (bread, confectionery, culinary prod-
ucts, food concentrates).

Since noodles are a popular product among the
population, because they are well saturated and have
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high organoleptic properties, our goal was to study the
effects of amaranth flour on the properties of noodles
and the technology of its preparation.

The production of noodles has been developed so
far, and it has been continuously improved and inno-
vated on the original basis, such as the selection of raw
materials, production technology and reaction condi-
tions.

The amaranth noodles developed by this project
have no food additives, which is in line with people's
preference for green food and has a good taste 61,

Noodles were prepared using a cold kneading
method (less than 30 °C), for kneading the dough we
use a solid dough, the dough was prepared with a mois-
ture content of 28,0-29,0 %.

Noodles were prepared in the form of a control
sample and three types with the replacement of wheat
flour with amaranth in the amount of 5,0; 10,0 and 15,0
%.

Food sensory index analysis score

Color
LR

Appearance <

Fig. 1.

Control sample without the addition of amaranth flour

Food sensory index analysis score

Color
g

Appearance

Fig. 3.
Noodles with a replacement of 10% wheat flour

Organoleptic evaluation of finished products with the
addition of amaranth flour showed that the best quality in-
dicators have the third sample with the replacement of
wheat flour with amaranth in the amount of 10%. The
products are easily formed, there is no crunch when
chewed, they have a cream color and a pleasant grassy
smell. The products have a smooth surface, regular shape,
without cracks and damage.

Kneading the dough is carried out by mixing
wheat flour with amaranth flour. The kneading time of
the dough is 10-15 minutes. Then leave the dough to
ripen and swell the gluten for 15-20 minutes.

Then the dough is sent for molding. Roll out the
dough, forming a layer 1-2 mm thick, and adjust the
pitch of the roller and the thickness of the noodle strip,
cut the dough into strips 4-5 mm wide and 5-6 mm long.
After formation, the noodles are dried by medium-tem-
perature and medium-speed drying.

Evaluation of the quality of noodles with the addi-
tion of amaranth flour in comparison with the control
sample without the addition of amaranth flour was per-
formed by organoleptic evaluation of the quality of fin-
ished products, determination of physicochemical and
cooking properties of noodlest.

Determination of organoleptic parameters of fin-
ished products is presented on profilograms (Fig. 1-4).

Food sensory index analysis score

Fig. 2.
Noodles with a replacement of 5% wheat flour

Food sensory index analysis score

Color
5

Fig. 4.
Noodles with a replacement of 15% wheat flour

Of the physico-chemical parameters, the maximum
mass fraction of moisture is important, which is provided
for baby food -12%, and for the rest - 13%, and the acidity
of products for all is - 4 degree of acidity, and with the
addition of tomato products is - 10 degree of acidity. The
results of determining the physicochemical parameters are
presented in table 1.

Table 1

Physico-chemical quality indicators of noodles

Mass fraction of

Sample name moisture, % Acidity of noodles, degree of acidity
Control sample without the addition of amaranth flour 7,0 25
Noodles with a replacement of 5% wheat flour 8,0 2,8
Noodles with a replacement of 10% wheat flour 11,0 57
Noodles with a replacement of 15% wheat flour 13,0 6,4
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Determination of physicochemical parameters
indicates that the mass fraction of moisture in the noodles
with the addition of amaranth flour is within normal limits,
and the acidity of the products increases in proportion to
the addition of amaranth flour and does not significantly
exceed certain norms. According to international stand-
ards, the water content of noodles is 5%-15%, and the
acidity of the noodles is less than or equal to 6. In noodles

with amaranth powder content of 10%, the above stand-
ards are met. According to the above data, when the con-
tent of amaranth powder is 10%, the humidity is 11% and
the acidity is 5,2, which meets international standards.

Determination of cooking properties of pasta was
carried out by determining the duration of cooking and the
amount of absorbed moisture. The results of the studies
are presented in table 2.

Table 2
Cooking properties of noodles
Sample name Duration of cooking _of products to readiness, Weight gain, K
minutes
Control sample without the addition of amaranth flour 18,0 1,6
Noodles with a replacement of 5% wheat flour 20,0 1,72
Noodles with a replacement of 10% wheat flour 23,0 1,82
Noodles with a replacement of 15% wheat flour 26,0 2,0

Adding amaranth flour in an amount of 5 to 15%
leads to a slight increase in cooking time, increase wa-
ter absorption capacity. The more amaranth powder, the
more time it takes to cook, the higher the water absorption
and the larger the volume ratio. The reason is that the
higher the content of amaranth powder, the greater the
change in the original properties of the noodles.

From the sensory evaluation data, it can be seen that
when the content of amaranth powder is 10%, it is the best,
because 10% amaranth noodles have the fragrance of am-
aranth, but also maintain the toughness of the noodles,
making the noodles taste better rich.

The nutritional value of noodles with the addition of
10,0% amaranth flour is presented in table 3.

Table 3
Nutritional value and macro-nutrient composition per 100g of amaranth flour noodles
Noodles with a replace- | Moisture content Fat content Protein content Carbohydrates
content
ment of 10% wheat flour
Grams (g)
100g 11,0 | 0,6-0,7 | 30,5-30,7 | 56,1-56,8
Mineral content
Minerals ca | cu | Fe [ Mg ] Mn | P | K [Na]2zn
100g 233 | 244 | 545 [3498| 133 | 4046 | 1136 14,7]4,06
Vitamin content
Vitamin composition A | Bi2 | B6 | ¢ | ng | E | K
100g 0044 | o | 044 [ 433 ] o | 09 | 0,019

The data can show that noodles with amaranth pow-
der content of 10,0 % are the best. This ratio of amaranth
flour noodles has a high overall score. After adding ama-
ranth flour, the flour quality of the mixed dough becomes
worse, the formation time and stabilization time are short-
ened, the weakening degree increases, and the evaluation
value and water absorption rate decrease. The test found
that the addition of 10,0 % amaranth flour, the dough still
has the floury characteristics of wheat flour. When the pro-
portion of amaranth flour added reaches 15,0 %, the mixed
dough has largely lost the dough characteristics of wheat
flour. When the content of amaranth powder is 10,0 %, the
finished noodles have a refreshing color, unique flavor,
soft and refreshing, rich nutrition, aromatic odor and good
taste.

The bulk of pasta are carbohydrates, especially starch
and dextrins. The content of starch and dextrins in them is
in the range of 55,0-57,0%. However, the addition of am-
aranth flour in the amount of 10,0% allows to increase the
protein content to 30,0%, to enrich the noodles with min-
erals (ash content is up to 1,5%) and vitamins. As noodles
are popular among consumers, the use of new raw materi-
als of regional importance, including amaranth flour, will

expand the range of functional products, increase their nu-
tritional value and give products new organoleptic proper-
ties.

These products, taking into account all technological
requirements, can be manufactured for small workshop
production and industrial production and prepared in res-
taurants.
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Abstract

This article discusses the types of one-story industrial buildings and the types of coatings used in their con-
struction. It has been established that to facilitate the construction of such buildings, it is necessary to design their
simple shape (square, rectangular), it is obligatory to take into account the dimensions of the spans, the height of
the building and carefully approach the choice of materials for their construction. It was also found that there are

different types of roofs (gable and others).

Keywords: one-storey industrial building, span, axis, column, flexible building, cover.

One-story buildings in industrial construction in-
clude buildings used for production processes, the man-
ufacture of large-sized items, with the use of heavy
bulky equipment [1, p. 25]. Such buildings are usually
erected one-story.

To support coatings in such one-storey industrial
buildings of a large area, it is always necessary to erect
columns, which are usually arranged in regular rows.
The columns divide the territory of the building into the
required number of spans located parallel to each other.

In some cases, determined by the technological
process of construction, a mutually perpendicular ar-
rangement of spans is required. In this case, spans of
one direction are called longitudinal, and perpendicular
to them are called transverse.

In the plan, the main dimensions of the building
are measured between the center lines. The axes run-
ning along the spans of the building are called longitu-
dinal; crossing spans — transverse. The system of inter-
secting axes forms the alignment axes. Columns in such
cases are placed at the intersection of the axes.

The distance between the longitudinal axes (span
width) is called the span, the distance between the col-
umns in the longitudinal direction is the column pitch.
The usable size of the spans is determined by techno-
logical requirements, the level of development of con-
struction equipment, the cost-effectiveness of the solu-
tion and other factors.

The dimensions of the spans and the spacing of the
columns are strictly normalized in accordance with a
single modular system in which the spans should be
taken: for spans up to 12 m — multiples of the enlarged
module of 3 m, and for spans over 12 m — 6 m. In other
words, spans can be equal to 6; nine; 12; eighteen; 24;
30 m, etc. after 6 m, but usually no more than 36-42 m
[2, p. 47].

The dimensions of the column spacing are taken
as multiples of 6 m. The most commonly used spacing
is 6 and 12 m. When the column spacing is enlarged,

the number of mounting elements of the frame and
coating decreases, which allows not only to save pro-
duction space up to 8-10% due to the sparse arrange-
ment of the columns, but and increase the planning
flexibility of buildings.

«Flexible» buildings are widely used in light in-
dustry, since in them the technological flow can be di-
rected both along and across the spans, which allows,
over time, to modify technological processes, to rein-
stall and replace equipment with a new or more modern
one [3, p. 57].

In some cases, the column spacing has to be in-
creased if large equipment is placed [4, p. 66]. For ex-
ample, in modern open-hearth shops with spans of 24—
30 m, column spacing of up to 48 m is encountered.

The height from the floor to the bottom of the sup-
porting structures of the covering of a one-story build-
ing is the general height dimension. The following
range of sizes is established for the height of buildings:
3,6; 4,2; 4,8 m (module 0.6 m); 6,0; 7,2; 8,4; 9,6; 10,8
m (module 1,2 m); 12,6; 14,4; 16,2; 18 m and more
(module 1,8 m).

To indicate the height, builders, in addition to the
usual dimensions, use marks indicating the height of
the location of one or another plane or line above the
zero level (conventionally, this is the floor of the first
floor). These marks can be positive or negative [5, p.
46].

The system of alignment axes and elevations
forms a three-dimensional coordinate system that al-
lows you to determine and fix the position in space of
any point, line, plane in the technical drawing.

To simplify construction, when designing one-
story buildings, it is necessary to strive for simple
shapes of buildings in the form of a square or rectangle,
the same height of spans and not allow the device of
transverse spans. It is also necessary to strive to block
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production, that is, to locate a larger number of work-
shops in one building, since one large production build-
ing is always cheaper than several small ones.

Here are some examples of one-story buildings.

Single-storey frameless buildings with load-bear-
ing walls are used for relatively small spans (up to 12,
rarely 18), low heights (up to 9 m), and in the presence
of bridge cranes — with a lifting capacity of no more
than 5 tons [6, p. 81].

In such buildings, the walls simultaneously per-
form two functions: fences and supporting structures
(supports). To ensure the supporting function, the walls
are positioned so that their inner edge is at a distance of
250 mm from the alignment axis.

The gable form of the coating provides a conven-
ient drainage of rain and melt water. The main vertical
dimension of the building is determined by the techno-
logical purpose of the building.

At a higher building height and in the presence of
an overhead crane, the walls are reinforced with pilas-
ters, which are placed between the windows on center-
lines. In this case, the supporting structures of the cov-
ering are supported by pilasters and the walls are posi-
tioned so that the inner edge of the wall coincides with
the alignment axis.

In a building with an overhead crane, the pilasters
must be large enough to support the crane girders. In
the absence of an overhead crane, the dimensions of the
pilasters in the plan are prescribed based on the require-
ments for the strength and rigidity of the wall.

In single-storey industrial frame buildings with
overhead cranes, it is fundamentally important to align
the dimensions of the building in the transverse direc-
tion and in height with the standard dimensions of over-
head cranes.

Such values are necessary so that the length of the
«tail» part of the overhead crane, protruding beyond its
span, is located between the axis of the crane girder and
the inner edge of the upper part of the column with a
gap of at least 60 mm wide. At the same time, the upper
part of the column must have cross-sectional dimen-
sions that ensure its strength. To do this, the outer side
of the extreme column is taken from the alignment axis
to the outside by an amount called anchor. In this case,
the inner face of the wall also has the same snap. The
dimensions of the bindings are observed very strictly in
precast concrete structures.

A single-storey multi-span frame building with
overhead cranes at a height of up to 9,6 m is character-
ized by a simple design scheme: the columns have a
constant cross-section along the entire height, there are
no crane beams. Suspended cranes move along steel
girders suspended from the roof supporting structures.
But such buildings have a drawback — it is the limited
lifting capacity of overhead cranes, which currently
does not exceed 5 tons.

In single-span buildings with a span of up to 24-
30 m, natural lighting and ventilation are provided by
installing windows with opening sashes in the outer
longitudinal walls. Removing rain and melt water from
the coating is also not difficult.

In multi-span buildings with a width of up to sev-
eral hundred meters, the solution to these issues is

somewhat complicated. Until recently, for such build-
ings, a multi-slope covering with longitudinal lanterns
was used, which provided natural lighting and aeration
of the middle spans, and rain and melt water was re-
moved from the covering through internal drains into
the sewer [7, p. 72].

In recent years, due to the pollution of glass in the
lanterns and, consequently, the decrease in illumina-
tion, as well as the high cost of such buildings, they be-
gan to use coatings without lanterns.

In lampless buildings, artificial lighting with fluo-
rescent lamps and artificial ventilation are used.

For easy drainage, the coating is made multi-slope
with the same internal gutters as in buildings with lan-
terns, and flat (without slopes), with internal gutters or
without gutters — based on the evaporation of rain and
melt water. Flat surfaces without lanterns and without
slopes are simple in design. However, the need to pro-
vide a higher reliability of the roof reduces the eco-
nomic effect achieved by simplifying the structures.

In general, taking into account the initial costs and
operating costs, buildings with and without lanterns dif-
fer in cost insignificantly and therefore, lampless build-
ings are advisable only for industries in which a certain
temperature and air humidity are decisive for the qual-
ity of products. Such buildings are designed with air
conditioning and no windows in the outer walls.

The coatings of industrial buildings are usually
made without attic.

The enclosing structures of the coating are located
on top of the load-bearing structures, and the load-bear-
ing structures protrude into the building. The height of
such rooms is considered to be the size from the floor
to the bottom of the supporting structures.

With a high height of the supporting structures, the
space within their height is used to accommodate aux-
iliary rooms (household, office, etc.) and bulky com-
munications (large ventilation ducts).

Thus, the following conclusions can be drawn:

— single-storey industrial buildings are recom-
mended to be designed rectangular in plan, with the
same spans, without height differences in order to avoid
snow bags;

— the question of the choice of the material of the
supporting frame should be decided on the basis of a
technical and economic analysis;

— the main material for single-storey industrial
buildings is precast concrete, from which up to 85% of
production areas are erected, while from metal — 12%,
from other materials — 3%;

— steel supporting structures are recommended for
use with large spans and heights of the building, in
buildings with heavy crane equipment, if it is necessary
to install overhead cranes in two tiers, during construc-
tion in remote areas.
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A study of the method of minimizing energy costs in the technology of sea water demineralization by reverse

osmosis has been carried out. It is proposed to use the preliminary treatment of water by the method of electroac-
tivation, as a complex effective process of demineralization with associated purification from organic substances
and prevention of deposits on membranes. The dependences of the parameters of electrochemical action on the
composition of seawater have been determined, graphical dependences of the degree of water purification on var-
ious parameters (current strength, voltage, distance between electrodes, time of electroactivation, volume of sam-
pling of acidic water in the process of unipolar electroactivation) have been obtained. The analytical control of the
process was carried out and the technology of demineralization was proposed as a method of using the electro-

chemical activation process in the preparation of seawater for the stage of membrane purification.
Keywords: sea water, electroactivation process, degree of purification.

State of the problem

One of the main problems of the integrated pro-
cessing of seawater into technological (for example, for
the Port Plant, Odessa) is their high mineralization, as
well as organic and biological deposits during demin-
eralization at the stages of ultrafiltration and reverse os-
mosis.

Today, about 90% of the total capacity of desali-
nation plants in the world is provided by distillation sin-
gle-, multi-stage and thermocompression plants. The
distillation method is energy-intensive, therefore, the
use of installations is advisable in those regions of the
world that have sufficient energy resources. If distilla-
tion, freezing or reverse osmosis are effective for water
with a salt content of more than 10 g/ |, then at a lower
salt content (2 ~ 3 g / ), the ion-exchange method is
recommended, and in the salt concentration range of
2.5~10 g / | - electrodialysis or reverse osmosis. Each
of these methods has both positive and negative qual-
ities and is applied within certain concentration limits.
New developments carried out by the ICCWC of
Academy of Sciences of Ukraine for the production of
demineralized water offer complex multistage water
purification schemes with the processing of concen-
trated brines. The most difficult part of the salt extrac-
tion technology is to reduce the content of. CO3%,
S0.%, CI-ions with 25000 21000 mg/dm? till 2500mg/
dm?3. These processes are very energy intensive and
costly. In addition, methods such as electrodialysis,

reverse osmosis, sodium cationization are economi-
cally feasible to apply only when the mineralization is
below 25004100 mg/dm?. Thus, the urgent task is to
prepare seawater for membrane technology by prelim-
inary demineralization.

Proposal of the problem solve

It is proposed to use the complex preparation of
highly mineralized water by the method of electro-
chemical activation.

Electrochemical activation is a physical-chemical
process, a combination of electrochemical and electro-
physical effects on water in the space discharge zone on
the surface of the electrodes. In this case, a nonequilib-
rium state in the solution is achieved due to the transfer
of charge across the “electrode - membrane - electro-
lyte" interface.

One of the advantages of the method is the direc-
tional movement of hydroxyl ions in the electroactiva-
tor. Hydroxyl ions, which are formed on the electrode,
when using permeable membranes, are not associated
with hydrogen cations, but increase the pH of the cath-
ode volume to 10-12. In this case, 70-80% of the cur-
rent efficiency is achieved, for example, by reducing
the hardness of the water. Several competing reactions
occur under the influence of free hydroxyl ions in the
cathode region and at the cathode surface:

Ca? +20H"~ — Ca(OH),;
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2Ca®" +20H" +S0,% — Ca(OH),SO0,
OH™ +HCO, —CO/ +H,0;

Ca® +CO.} — CaCo;;

Mg®* +20H~ — Mg(OH),;

Fe* +30H~ — Fe(OH),.

Due to the high concentration of the chlorine ion
in the anodic region the CI" and on is oxidized and a
number of oxygen-containing ions are formed accord-
ing to the known mechanisms of electrode reactions:

2Cl =2 +H,0 —»2CI0" +2H";
6Cl~ +60H —6e — 2ClO, +4Cl™ +3H,0

An increase of the active chlorine concentration
leads to the disinfection of seawater. The synthesized
hypochlorite ion oxidizes dissolved organic substances
in the anode region, suppresses the vital activity of mi-
croorganisms, which simplifies the technology of water
treatment. The drop in the concentration of organic
compounds is also associated with their adsorption and
coprecipitation on freshly formed colloidal particles of
hydroxides of the cathode region.

Thus, the electrochemical purification method is a
universal method for preventing calmatation (sulfate

deposits), as well as membrane biofouling, which is ef-
fective for water purification technology with further
use of the reverse osmaosis stage.

The advantages of the method are - the possibility
of using the method under atmospheric pressure, in the
presence of organic compounds; replacement of semi-
permeable membranes with permeable ones; simplicity
of design; the possibility of improving the design.

Purpose of the work

Study of the electroactivation reduction of the sa-
linity of seawater by 45-50% and the development of a
technology for complex purification and demineraliza-
tion of highly saline waters at the stage of pretreatment
by the method of unipolar electrochemical activation to
prevent various deposits at the stage of final deminer-
alization of water by membrane methods.

Main material presentation. For the study, we
took the seawater of the Tiligul estuary (near the city of
Odessa).

Water analysis was carried out by the following
methods: total water hardness was determined accord-
ing to DSTU 1SO 6059:2003 (ISO 6059:1984, IDT)
Water quality — Determination of the sum of calcium
and magnesium — EDTA titrimetric method); for deter-
mination of in the studied water was applied Silver ni-
trate titration with chromate indicator (Mohr's method)
method in accordance with DSTU ISO 9297: 2007; he
dry residue was determined by the gravimetric method
according to GOST 18164-72; the sulfate content was
determined by the turbidimetric method according to
GOST 4389-72, and the determination of pH was car-
ried out by potentiometric method.

Table 1

The composition of water from the Black Sea near the Tiligul estuary

. The content of cations
Cations
mg/| mg-eq/l
Ca?* 370 18,5
Mg?* 715 58,8
Na* 2985 128,6
K* 730 18,7
Total 4773 224.,6
. The content of anions
Anions
mg/| mg-eq/l
Cl 868,77 19,8
SO 1,092 475
HCOs 341 5,6
Bcroro 2301,77 72,9

The total mineralization of water is P = 7075 mg/l or 7,1 g/1; pH of the water is 7,5.

Figure 1 shows a laboratory installation for sea-

water treatment by electroactivation. Before feeding
the test water to the installation, it was pre-filtered
through a paper filter to remove coarse suspended sol-
ids.

A laboratory demineralizer has been developed
and created, its operation has been studied in various
modes using model solutions. The research results were
used to create a stand apparatus - an electrochemical
activation reactor.
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Figure 1 Scheme of a laboratory installation for water purification by the method of electroactivation.
1 - electroactivator case (cathode) 2, 3 - electrodes (anodes) 4,5 - tarpaulin bags for electrodes; 6 - tank for
anolyte; 7, 8 — pumps; 9,10 - taps for anolyte sampling; 11 - power supply unit; 12, 13, 14, 15 - anolyte sam-
pling pipes.

With a current of 6 A, a voltage of 10 V, the water was purified from a number of impurities. The research

results are listed in Table 2.

Table 2
Purification degree of model solutions.
Indicators : Purificatiqn degree, % .
Experiment Nel Experiment No2 Experimen Ne3

Salt content 45,3 50,64 59,39
Hardness 48,05 67,21 74,15
Oxidation 76,06 78,40 80,10
Sulfates 40,4 54,89 56,22
Chlorides 49,28 58,61 58,99
Bicarbonates 80,40 81,60 87,00
Ca? 69,70 69,50 70,45
Mg? 56,30 58,12 60,11
Fe®* 95,2 96,2 98,4

Complex cleaning of model solutions is made at
the following technological indicators: current density
1,0 — 1,5 A/dm?, the amount of electricity by experi-
ments (KW-h /m3): Nel — 2,5, Ne2 — 3,8, Ne3 — 5,1. As
follows from table 2, a high degree of primary demin-
eralization of the source water is achieved with one-
stage treatment. The power consumption according to

the experiments was (KW-h /m3): Nel — 4,6, Ne2 — 8,9,
Ne3 — 14,2

For stand tests, a continuous flow apparatus with
electrodes of a special design was developed, which al-
lows processing 3 m® /h aqueous solution.
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Figure 2. Photo of a stand installation of water electrical activation.
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Figure 3. Scheme of a stand installation of electrical activation
1 - power supply; 2 - main container; 3 - container for catholyte; 4 - tank for anolyte; 5 - test water container;
6 - tap 7 - water drainage chamber; 8 - water supply chamber; 9 - choke; 10 - anolyte sump.
During chemical electroactivation, various param- Figure 4 shows the data on the reduction of the or-
eters were changed: amperage (I, A), voltage (U, V), ganic compounds and microorganisms content.
time (t, s), acid water sampling volume (V, dm3), as
well as the distance between the electrodes (L, mm).
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Figure 4 Dynamics of the decrease in the organic compounds content to time (in minutes).

Concentration of Ca?* and Mg?* ions decreases in
time by a factor of 10 in the process of electrical acti-
vation of seawater; solids content - by 28-30%; the con-
centration of sulfate ions decreases by 73-75%; bicar-
bonate ions - by 67- 69%; concentration of iron and

heavy metals - by 67-72%; organic compounds - by 58-
65%, microorganisms - by 89-94%.
The data obtained were summarized in Table 3.

Table 3

Results of primary water purification by the method of electroactivation

Water quality indicators Test results ——
Source water| TTocie ounctkr MeTooM dnekTpoaktuBaiu | degree of purification, %

Dry residue, mg/dm?® 9806 4665 52,4

Sulfates, mg/dm?® 450 270 40

Chlorides, mg/dm?® 2958 700 76,3

Total hardness, mg/dm3 43,8 20,5 53,2

Electricity consumption for demineralization and
water purification is equal 12,0-12,8 kW-h /m3. This is
the sum of energy consumption for the transportation
of water at the stage of electroactivation and electrodi-
alysis, 38—45% of which falls on the stage of electroac-
tivation.

A technological scheme for desalination, disinfec-
tion and reduction of organic matter content in catho-
Iyte and anolyte after seawater purification is proposed.
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Figure 5 Technological scheme of seawater purification using an electroactivator

The water coming from the seawater collector is
directed to the collector 1... The pump is fed through
the filter 2 to the water seal 3. then it is fed into the
electroactivators 4,8 where the primary cleaning pro-
cess occur. During the cleaning process, gas is formed
in the anode space, which flows through the pipeline
into the gas holder 17. The gas formed at the cathode
enters the gas holder 18. The formed anolyte enters the
collection of the anode water flow 5,9; catholyte solu-
tions - into the collecting tank of cathode water 6,10.
Add coagulant from hopper 7 to the collection of cath-
ode solutions. After that, after settling and filtration, the
anolyte and catholyte enter the neutralizers 20, where
water is mixing and neutralized. Further, purified water
is prepared for the membrane desalination stage. The
purified water flow enters through additional sedimen-
tation tanks 11,12 and quick filters 13,14 in the collec-
tor of purified water 15. by pump through the filter 18
from the tank 15 enters the stage of demineralization by
reverse 0Smosis.

The resulting sludge from the settling tanks 11,12
is sent for disposal.

Conclusion. When using the electroactivation
stage as the primary stage of water preparation for the
membrane system, it is possible to reduce energy con-
sumption by 35-40%.
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The article presents the definition and concept of the developed system of target models for integrated risk

management for IT-projects management. There is presented the mathematical model for the developed system of
target models for integrated risk management for IT-projects. It is considered the complex nature of risk with
corresponding distinguished components related to project constraints. There are performed calculations for the
ordinary IT-project within detected threats and opportunities based on the developed approach. The analysis of the
small IT-project was carried out taking into account the developed system of target models for integrated risk

management.
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Introduction. There is a vast variety of the models
for the risk management that helps to achieve project
success [8, 9]. However, there is the room for
improvement for any project. That is why it was
decided to research the complex nature of the risks,
both threats and opportunities, and use the approach for
target models applying to the risk management with the
analogy of medicine. The target models of the
integrated risk management concept originated from
the targeted therapy for the cancer treatment in the
medicine [7]. Each risk whether this is threat or
opportunity should be ranked and placed in the target
model for each project constraint to calculate the sum
risk for each project constraint and make the decision
for project management.

Review of publications on the topic. The analogy
of the medicine and project management has been
established in the various papers. The authors have a
classification of deviations based on the "diseases"
from threats in projects, which built by analogy with

the classification of diseases in medicine [4, 5, 6, 10].
Also, there was developed a model that allows to
estimate the relative and absolute synergistic effects of
deviations from threats and opportunities in the project
and general synergetic effect between threats and
opportunities in the IT project [5, 9]. The author has
certain analogies between project management and
medicine, as well as features of deviation management
in projects that allow such analogies [10].

The aim of this study is to develop and apply the
target models of the integrated risk management for the
IT-project based on the complex nature of risks
depending of the project constraints.

Results and discussion.

The classical risk management identifies risk as an
uncertain event or condition, if it occurs, has a positive
or negative effect on a project's objectives [1]. This
statement could be described by the following formula

Ri=3L, PV, &
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Where i — value from 1 to n, n — number of risks
in the project, R; — th risk in the project, P; — probability
for risk occurrence that measures from 0 to 1, V; — value
of risk’s effect or impact on the project.

As per the Practice Standard for Risk Management
from PMI the definition of project risk also
encompasses uncertain events which could have a
negative effect on project’s objectives, as well as those
which could have a positive effect. These two types of
risks are called threats and opportunities respectively. It
is important to address both threats and opportunities
within the risk management. Such risk management
allows for gain of synergies and efficiencies such as
addressing both in the same analyses and coordinating
the responses to both if they overlap or can reinforce
each other [2, 5, 10]. That is why it is important to
distinguish threats and opportunities in management
and project forecasting which nature could overlap and
reinforce each other and project results in general.

R ={D; C} )

Where D — project threat and C — project
opportunity.

Each project can be measured by the project
objectives or its constraints. The project constraints are
budget, time or schedule, scope, and quality in this
paper and as per the classical project management
theory [3]. They are the most important in project
management and can help to manage and report the
current project status. Thus, taking into account the
constraints importance for the project success we will
consider that each risk or opportunity has an impact on
each constraint. Therefore, it has a corresponding
component that shows risk effect on the constraint.
Such complex nature of threat and opportunity could be
presented by the following formulas

D; = Xie1 Pia* Viap + Viae + Vias + Vigg) (3)

Ci =221 Pic " Viep + Vier + Vies + Vicq) (4)

Where i — value from 1 to n or m, n — number of
threats in the project, D; — i-th threat in the project, Py
— probability for i-th threat occurrence from 0 to 1, Vi,
— value of i-th threat’s impact on the budget from -10
to 0, V;4, — value of i-zh threat’s impact on the time or
schedule from -10 to 0, V;;s — value of i-zh threat’s
impact on the scope from -10 to 0, V;4, — value of i-th
threat’s impact on the quality from -10 to 0; m —number
of opportunities in the project, C; — i-th opportunity in
the project, P,.; — probability for i-z& opportunity
occurrence from 0 to 1, V;.4 — value of i-th opportunity
impact on the budget from 0 to 10, V;., — value of i-th
opportunity impact on the time or schedule from 0 to
10, V;.s — value of i-th opportunity impact on the scope
from 0 to 10, V;., — value of i-zh opportunity impact on
the quality from O to 10.

All the
Pid: Picx Vidbx Vidt: Vidsx Vidqt Vicb' Vict: Vics' Vicq val
ues for risks and opportunities were detected with the
help of the expert assessments.

Project management in the software development
industry requires more sophisticated tools and methods
in each domain to achieve project objectives
successfully in the competitive market. The proper
organized project management domains help
presenting company in the market, selling products and
services, improving output projects results to
increasing company revenue accordingly [9].
Therefore, it is necessary to investigate and research
new approaches for improving IT-project results taking
into account the complex nature of project objectives in
terms of integrated risk management (3), (4).

There were detected the threats related to the IT-
project on the Table 1. Each threat was evaluated by the
following characters:

P, — probability for threat occurrence from 0 to 1,

V4, — value of threat’s impact on the budget from -10
to 0,

V4 — value of threat’s impact on the time or schedule -
10to 0,

Vs — value of threat’s impact on the scope -10 to 0,
Vaq — value of threat’s impact on the quality -10 to 0.
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Table 1
Detected threats of IT-projects with the characters

#i’ Risks — Threats Pia | Vido | Vidt | Vidgs | Vidg

1 Appearance of an alternative product or new more proper technology on 08| -9 |-10| -4 0
the market

2 | Conflicts between project objectives and departments interests 07] -9 |-10] -5 -5
3 | Conflicts between project stakeholders and project members 05| -3 -7 -6 -3
4 | Alarge number of simultaneous issues and changes in the project 05| -8 |-10| 4 -7
5 | Absence of change management in the project 05]-10]-10|-10| -5
6 | Absence of risks management in the project 05| -9 -7 -7 -9
7 | Customers, sponsors or stakeholders changes 02| -5 -1 -1 -9
8 | Insufficient support by top management 01] 10 | -1 -1 0
9 | Failure to meet deadlines and terms in the project 04| 0 |-10] -1 0
10 Inﬂexiblg labor laws and changes in tax legislation could significantly re- 05| -10 | 5 0 0

duce savings

11 | Violation of security or confidentiality 05]-10 | -9 0 -7
12 | Political instability within the country 05]-10 | -9 0 0
13 | Turnover of rare developers' resources 05| -10 | -10 0 -9

14 | Burnout of employees 06| -3 |-10] 0 | -10

15 | Low communication skills, weak information connections in the project | 0,4 | -3 -8 | -1 | -10
16 | Time zone difference 06| -8 |-10| -1 -3

17 | Issues in documentation, design and specification 04| -9 -8 | -7 | -10
18 | Frequent changes in scope and project strategy 03] -10]-10|-10 | -7
19 | Hardware and software failure 0,2 -6 -8 -1 -4
20 | Blockers from the 3rd part 0,7 -2 | -10 0 -6

Based on the concept of targeted therapy in the
medicine, where it is a type of cancer treatment that
uses drugs or other substances to precisely identify and

attack certain types of cancer cells [7], it is proposed to
make an anology with the risk management and
medicine [6, 7, 11], see Table 2.

Table 2
Proposed analogy between targeted therapy and risk management
Medicine Risk management
Cancer cell Threat
Healthy cell Opportunity
Drugs and substances attack Risk responses
Treatment Management
Part of body or organ Project constraint (e. g. budget, time, scope, and quality)

Where the target models for threats and
opportunities are built for each constraint showing the
degree of risk impact for each constraint. Building such
targeted models help project manager to distinguish the
main project areas with the threats or opportunities.
Thus, project manager could evaluate the most
dangerous or profitable and successful side of the
project and prepare the best treatment or risk response
depending on other targeted models. This information
could help to manage project and achieve project
success depending of the customers or stakeholders
needs.

Taking into account the analogy, the managing
threats will be held in terms of target models by each

project constraint: budget, time, scope and quality, see
Fig. 1 — 4. Where they could be described by the
corresponding formulas:

Dy = Z?:1 Pig * Vigp = - 65,60 (2)
Dy =X Py Vg =- 82,80 3)
Dy = ¥iq Pis * Vigs = - 27,90 (4)
Dg = XiL1 Pig " Vigq = - 48,20 (5)
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. D7t.

Figure 1 — Target model for threats for budget
constraint
D
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Figure 3 — Target model for threats for scope
constraint

Comparing Dy, Dy, Ds and D, the project manager
could evaluate which area is the riskier and require
additional actions and management, see Fig. 6. Project
timeline is the most affected by the threats, that means
that expected delivery dates could not be met timely.
Then project budget could be increased due to threat
impact if there would not be risk response or necessary
actions. While quality and scope are quite steady and

Figure 2 — Target model for threats for time
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Figure 4 — Target model for threats for quality
constraint

not affected by project threats. Timeline and budget are
the most important constraint for all projects [8]. Any
change or threat affects project budget where only the
question in what degree.

Along with the threats there are always
opportunities that should be thoroughly managed by
project manager, gaining all the benefits from them, the
main project opportunities detected by experts can be
found in the Table 3.
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Table 3
Detected opportunities of IT-projects with the characters
#, Risks - Opportunities Pic Vict | Vies | Vicg
i Vieh
Appearance of an alternative product or new more proper technology on
1 0,8 7 1
the market
2 | New connections with project objectives and departments interests 0,7 1 8 2 2
3 | Strong relationships with project stakeholders and project members 0,8 1 9 1 9
4 | Profitable changes in the project 07| 8 7 10 4
5 | Strong change management in the project 08| 5 9 10 1
6 | Strong risks management in the project 07| 6 8 7 5
7 | Customers, sponsors or stakeholders profitable change 07] 5 2 4 1
8 | Sufficient and strong support by top management 03] 10 2 1 1
9 | Meeting deadlines and terms in the project 08| 5 10 0 8
10 | Flexible labor laws and changes in tax legislation 04| 10 | 10 1 1
11 | Strong security or confidentiality complience 06| 8 10 3 10
12 | Political stability within the country and support of IT-sphere 05| 10 | 10 1 4
13 | Successful retention of rare developers' resources 05| 10 8 1 10
14 | Satisfied employees 05| 5 10 0 10
15 Professional communication skills, great information connections in the 05| 5 101 o 10
project
16 | Time zone difference that helps to reduce project duration 04| 8 10 7 1
17 | Clear documentation, design and specification 06| 5 10 | 4 10
18 | Stable scope and project strategy 04| 9 10 | 10 8
19 | Reliability of hardware and software 0,8 8 10 0 9
20 | Fast response from the 3rd part 05| 7 10 0 10

corresponding formulas

Counting project constraint opportunities with the

Where again among the riskier area — timeline — it
is a full of opportunities. This evidences that time and

schedule is the most important project domain for

Cp =211 Pic " Viep = 75,7 (7) project manager from all perspectives. First of all, all
the customers and stakeholders are interested in
Ce =2 Py Viey =102,1 (8) timeline and budget, and only then they will check, ask
and agree the scope and quality. These areas are
Cs =3, Py Vies =40 (9) fundamental for each project and are initially used for
project management. There can not be imagine the
Cq =21 Py Vieg =69,1 (10)  project manager who does not use schedule for his

every day activities, as the customer who does not care

Comparing the main constraint opportunities, we  about his budget.

cansee C, > C, > C, > C (11).

Q, quality — max

T, time — min

Figure 5 — Project management triangle with the constraints

S, scope — const

B, budget — min

The managing opportunities will be held in terms of target models by each project constraint: budget, time,
scope and quality, see Fig. 6 — 9.
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Figure 6 — Target model for opportunities for
budget constraint

A2 T
&
Y
g .
@
Q
‘o
%
O

Figure 8 — Target model for opportunities for scope
constraint

Results and discussion. The analogy with
medicine and project management can help to build
the new alternative approach for managing project
risks, both threats and opportunities. Based on the
target model of the integrated risk management time-
line (2, 7) and budget (3, 8) constraints that form cor-
responding project domain are the most sensitive and
require the proper management. They simultane-
ously the riskiest and are full of opportunities that
could lead to the planned project outcome and bring
some benefits to the project. With the help of target
models graphics and calculated data the project man-
ager could make a quick and accurate decision that
correspond initial project constraints.
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