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CPABHUTEJIbHBIN AHAJINU3 S13bIKOB PYTHON, C++ M JAVA J1JIs1 OBYUYEHMSI
CTYAEHTOB ITPOTPAMMMWPOBAHUIO
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Aliyeva E.Z.
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COMPARATIVE ANALYSIS OF PYTHON, C ++ AND JAVA LANGUAGES FOR TEACHING
STUDENTS IN PROGRAMMING

AnHotanusi. CtaThsi NOCBSIEHA N3YyYEHUIO MPOOJIEMBI BBIOOPA s13bIKA MPOrPaAMMHUPOBAHHUS PU 00yYEHUN
CTYJEHTOB OCHOBaM porpaMMHUpOBaHMS. PaccmarpuBatorcs pa3IM4HbIC METOJUKH 00yueHUs
MPOTPAMMHUPOBAHMIO U A3BIKU MPOTPAMMHUPOBAHMSA, UCIIONB3YEMBbIE B PaMKaxX JAaHHBIX METOIMK. AHAIN3UpyeTCs
MOMYJIAPHOCTh COBPCMCHHBIX SA3BIKOB MNPOrpaMMHUpPOBAHUSA MW BO3MOXHOCTH HCIIOJB30BaTh HUX B Ka4YC€CTBC
OCHOBHOTO sI3bIKa MPU 00yUYSHHUH TPOrPaMMHUPOBAHHUIO CTYJCHTOB B paMKax 0a30BOro Kypca HH(GpOpMaTHKH.

Abstract. The article is devoted to the study of the problem of choosing a programming language when
teaching students the basics of programming. Various methods of teaching programming and programming
languages used in the framework of these methods are considered. The article analyzes the popularity of modern
programming languages and the possibility of using them as the main language in teaching programming to

students within the framework of a basic computer science course.
Kntouesvie cnosa: npocpammuposanue, A3bIKU HPOSPAMMUPOBAHUs, OOYUeHUe NPOSPAMMUPO-BAHUIO,

baszosvie Kypchi.

Key words: programming, programming languages, teaching programming, basic courses.

CamMO0 CyIIecTBOBaHME CETEBBIX TEXHOIOTUMH
U3MEHWJIO TpUpOAy 00pa3oBaTeNnbHOro Ipoliecca.
CoBpeMEeHHbIE CETEeBbIE TEXHOJOTHH  YIy4IIAloT
CIIOCOOHOCTh  OOWIEHMSI  KaXJOro dYeJoBeKa |
MPEIOCTABIISIOT JIIOMIM BO BCEM MHpE HEOBIBAJIBbII
Joctyn K wuHpopManuu. CeromHss OHM CTallk
HEoOX0oAnMBIM (pyHIaMEHTOM KOMITBIOTEPHOHW HayKH,
MO3TOMY HEBO3MOXKHO HPEICTABUTH cebe MporpamMmy
o0y4enuss mHpopMmaTuke, B KOTOPOH 3TOH TeMe He
yaemsuiock  Obl  3HAUMTENbHOE  BHHMaHHe. B
GONBIIMHCTBE yYEOHBIX MPOTpaMM Ha CETOMHSIIHUI
JIeHb — HE TOJbKO B MH(OpMATHKe, HO TaKke U B
JIpYyTUX O00JacTAX — CEeTEeBble TEXHOJOTHH CTald
BaXXKHBIM I€1arOTMYECKUM HHCTpYMeHTOM. [lockonbky
npu MPOEKTHUPOBAHUHI HOBOTO MOKOJIEHHS
00pa3oBaTeNbHBIX CTAHIAPTOB €CTECTBEHHO UCXOINTh
U3 CaMBIX TOCIETHHMX NOCTHXXCHUH MHPOPMATHKH U

CYILIECTBYOIIUX TeHI[CHI.[PIfI €C pa3BuTHA, TO
HEO 6XO,HI/IMO KpaTko IPOAHAJIU3UPOBATD, KaKkue
ACIICKTHI I/IH(I)OpMaTI/IKI/I HU3MCHHUIIUCb 3a BpeMs,

NpoIIe/liiee OCae HPUHATHS HBIHEIIHETO TOKOJICHUsI
CTaH/apTOB. Bce 3TM W3MEHEHHMs JEeNsATCS Ha JBE
KaTeropyH, TEXHUYECKYIO M KYJbTYpPHYIO, Kaxaas U3
KOTOpPBIX OKa3bIBa€T CYLIECTBEHHOE BIMSHUE Ha
oOpasoBaHue B chepe HHOOPMATHKH.
OO0pazoBarenbHBI Kypc MHPOPMATUKHA COCTOUT
u3 HECKOJIBKUX COJIePKATEITBHBIX JTUHHN:
nHdopmanms; QGopManuzanus W MOAEIMPOBAHUE;
ANTOPUTMU3AIMS ¥ IIPOTPaMMHUPOBAHUE; KOMITBIOTED;

nH(popMaMOHHbIE TEXHOJIOTUHU. OcHoBHOH
MpeAMETHON 1ebl0 paziena «AJTOpUTMHU3ALUSA U
NpOTpaMMHUpPOBaHMUE» ABIseTCd (QOPMHPOBAHUE y
CTYACHTOB YMEHUS HCIOJH30BATh SI3BIKA
MPOTPaMMHPOBAHU IJIT MOJCIHPOBAHUS CUTYAIHH U
pemreHus 3amad. PemieHne anroOpuTMHYSCKHX 3agad
Pa3IMYHOTO YPOBHS CIOXHOCTH TIO3BOJISICT OLCHHUTH
HE TOJBKO YPOBEHB IPEIMETHHIX HABBHIKOB U YMCHHUH,
HO ® YpOBEHb pA3BUTOCTH  IIO3HABaTEIHFHOU
CaMOCTOSITEIIBHOCTH CTYACHTOB.

KommproTepsl uamie BCETO HCIONIB3YIOTCA IS
pa3IMYHBIX LeJed B MHXKCHEPUH M HayKe, BKIIOUYas

praBHeHHe, aHaJIn3 JaHHBbIX, MO}IGJ’II/IpOBaHI/Ie u
ONTHMHM3ALIMIO JIU3alHA.
IIporpammupoBanne - 3T0 (QyHAaMEHTaJIbHAS

CIIOCOOHOCTP AJIsI CHENHATNCTOB 0 MHpopMaTHke. B
MHpE CYHIeCTBYeT Oojee TBICSYM DPAa3HBIX S3BIKOB
porpaMMHpoBaHus. HekoTopble U3 HUX 4yTh MEHBIIIE,
YeM  MOJHOCTbIO  OecroJie3HsI. Y 43bIKOB
MIPOTrPaMMHPOBAHUS €CTh OJlHA OCOOEHHOCTh — €CIIN
JIBa s13bIKa MMEIOT CXOJCTBO B Napajurmax, To, Kak
NIPaBUJIO, OHU CXOKU U B CUHTAKCHCE.

[Tapangurma ABTISICTCSA HHCTPYMEHTOM
rpaMMaTHYEeCKOTO OMUCaHuA (AKTOB, SBICHUH U
MIPOIIECCOB, COOBITHH, BOSMOXKHO, HE CYIIECTBYIOIINX
OHOBPEMEHHO, HO WHTYWTHUBHO OOBEIWHSEMBIX B
obmee mnoHstue. Ilapamurma mpeacTaBiIsieT |
OIpeNeNIeT TO, KaK IPOrPaMMUCT BUJUT BBIIOJTHEHUE
IIaHA PELICHUs TOCTaBICHHON MPOTrpaMMBI.
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HyxHo OTMETUTB, 4TO napagurma
IpOTPaMMUPOBAHMS HE OINpPEAEeNieTcsl OJHO3HAYHO
S3BIKOM ~ IPOTPAMMUPOBAHMS; TPAKTHUECKH  Bce
COBpPEMEHHBIE S3bIKM MPOTPAMMHUPOBAHMSA B TOH WM
UHOH CTETEeHU JIOTTyCKaroT HCIIONb30BaHUE
MyJbTUIIAPAJUTMAIbHOE NporpaMMHupoBaHue. Todku
3peHUs] co3maTenel SA3BIKOB TIJACHT, YTO HHU OJHA
mapagurmMa He MOXKeT OBITh OJUHAKOBO 3((HEKTHBHOM
JUIS BCEX 3aj]ad, U CIEAYET MO3BOJIATh MPOTrPaMMHUCTY
BBIOMPATh JIyUYIIUH CTHIb NPOTPAMMHPOBAHMS I
peLIeHUs] KaKIOU OTAENbHOM 3aauu.

B yuebHOI mporpamMMe 1O IPOTPaMMHUPOBAHHIO
UCTIONIB3YIOTCSl TPaAUILMOHHBIE SA3bIKH, Takue kak C,
C++ unu Java, B kauecTBe IEPBOTO SI3bIKa 00yUEHUs
JUIL  CTYyZIEHTOB, KOTOpble  d(QeKTHBHBI ISt
pa3pabOTKM peaybHbIX HPWIOKEHUH U MOITOMY
HOMyJSIPHBl B IPOMBIIUICHHOCTH. TeM He MeHee

CIIOKHBIM ~ CHHTaKCHC 3THX  S3BIKOB  SIBIISIETCS
npobiieMoil AN HOBMYKOB, 4YTO  CTAHOBHUTCS
MPENATCTBUEM ISl 00yUYECHUS CTYACHTOB.

Hecmotpsa Ha eNHBIC TpeboBaHUs

00pa30BaTEeNBHOTO CTAaHAAPTa, y KAXIOTO CTyJCHTa
cBOI Habop TpeOOBaHMII K A3BIKY IPOTPAMMHUPOBAHNS.
OTo MOXeT OBITh YAO0OHas, APYXKeNoOHas cpena
pa3paboTKu; MNPOCTOH, WHTYUTHBHBIH CHHTAaKCHC;
KpocciuiaTpopMeHHOCT, W Apyrue. Bce 310 He
OTHOCHTCSI K METOJIWKE, HO SBISETCS BaXKHBIM
(hakTOpOM, KOTOPBIN BIUSCT HAa BHIOOP si3bIKa. UTOOBI
000CHOBaTh TPEOOBAHMS K SI3BIKY IPOTPAMMHPOBAHHS,
HE0OX0ANMO, B TIEPBYIO OYEpeib, ONPENCIHTh LETb
M3y4deHUsl mporpammupoBanusi. K cokanenuio,
HaJIM4YKe YETKUX IIeel He JAaeT HaM €AWHOTO OTBETa
Ha BONPOC, KAKOW SI3BIK NPOTPaMMHUPOBAHUS JIydIe
U3y4aTh CTYJCHTaM, TaK KaK MHOTHE U3 COBPEMEHHBIX
SI3BIKOB MPOTpaMMHUPOBAHUS JIETKOCTBIO
YAOBIETBOPSIOT KAXKABIM W3 YKa3aHHBIX IEJIEBBIX
ACTIEKTOB.

Python wumeer OoJjee mNPOCTOH CHUHTAaKCUC WU
CTPYKTYPBI JAHHBIX BBICOKOTO YPOBHS, MO3BOJISIONINE
CO3/1aBaTh C)KaTble IPOrpaMMbl. MHOXECTBEHHBIE
napagurmel Python Taxske penoCcTaBiIsIOT CTyI€HTaM
BO3MOXKHOCTb ~HM3yd4aTh Ppa3IMYHbIE OCOOEHHOCTH
A3BIKOB NporpaMMupoBanus. Takum obpazom, Python
MIOCTENIEHHO CTAaHOBHUTCSI HOBBIM BapHaHTOM IIEPBOTO
A3bIKa JUIS W3y4YeHWS. YUHTHIBas BBIIIECKa3aHHOE
MOXHO 00paTUTh BHUMaHHE Ha OCOOEHHOCTH IIEPBOTO
o0yuaeMoro s3plka INPOTPAMMHPOBAHUS  IyTeM
cpaBHeHust Python ¢ momynsipHbIMH  SI3BIKAMH
obyuenus C++ u Java.

SA3pik  mporpammupoBanue C++  oTim4aeTcs
3 PEKTUBHOCTBIO KaK OOBEKTHO-OPUEHTHPOBAHHBIN
SI3BIK; XOTA OH TIOJJEPKUBACT HEKOTOPBIE SJIEMEHTHI
(DYHKIIMOHAJIBHOTO MNporpaMMHpoBaHus. JlokazaHo,
YTO «pa3pbIB B CKOpOCTH Mexay Java u C++ MOXKHO
OOBSCHUTH Goiee MeIJIEHHBIMA METOoJlaM1
yIpaBJICHUs] TaMATBIO B BHUPTYaJbHBIX MalIMHAX
Java». D10 Havanoch Kak pacIIMPEeHHOE YIydIlIeHHE
s3pika C. OH wmcmonp3yeT (alimbl 3arOOBKOB U
JUPEKTHUBBl  Tpemporeccopa. Ero  BelmomHeHHe
IpOrpaMMbl OOBIYHO HauuHaeTCst ¢ GpyHKuu main ().
OT0 O4YeHb OBICTPHIA S3BIK NMPOTPAMMHUPOBAHUS, TaK
Kak OONBIIMHCTBO €ro MOIyJeH HamuCaHbl Ha

MAaIIMHHOM SI3bIKE U MOTYT 3()(heKTHBHO paboTaTh Ha
orpeaeseHHbIX ManrHax. OH BKJIIOYaeT B ceds1 Habop
(GYHKIMHA Kak BBICOKOTO, TaK M HHU3KOT'O YpOBHS,
YIPOIIAIOIIUX aNlapaTHYIO pealn3aliio. ITO 3aBUCUT
OT CHCTEMBI; OJHAaKO Ul peaau3allud MOTyT
UCIIONIb30BaThCSl  ONpe/esIeHHbIe  OMONMOTEKH U
cucteMHble YTHIUTHL. C TOYKH 3peHHs 0e30MacHOCTH
9TOT SI3BIK ySI3BUMBI IS B3JIoMa yKazaTenel. OH MeHee
OJIM30K K €CTECTBEHHOMY SI3BIKY 110 CPAaBHEHHIO C Java.
Xoras C++ 3aHMMaeT CpaBHUTEIFHO  MEHBIIE
KOJIMYECTBO  CTPOK  KoOJa. C++ He XxBaraer
3¢ ($EeKTHBHOCTH YIPABICHUS AMATHIO IO CPABHEHHUIO
C HEKOTOPBIMHU JIPYTUMH SI3bIKaMH, TAKUMH Kak Java.

Crapsle Bepcuu Java, UMEIOT 0oJjee JUIMTETbHOE
BpEMsl BBIIIOJIHEHHUS TI0 CPABHEHHIO C TaKUM SI3BIKOM,
kak C++; X0Ts peanu3aly HEYKJIOHHO YIy4IIatTcs C
ucnons3oBanreM kommwrsinuu JIT (Just-In-Time) un
TakuxX oOJacTell, Kak Mporeaypsl cOOPKH Mycopa. ITo
S36IK, B KOTOPOM €CTb  HHTEPHPETaTOpPhl U
KOMITWJIATOPBI, TPHYEM TEpBbIE  OTHOCHTEIHHO
memieHHee. Java uw C++  HMEWOT  MHOIO
CHHTaKCHYECKOTO W  CEMaHTHYECKOTO  CXOJCTBA.
Jloka3aHo, 9TO BpeMsI BBIIOIHEHHUS Java IPUMEPHO B 2
pa3a MeJUIeHHee, ueM BpeMs BhinoaHeHus C ++.

Java ynacnemoBan cuntakcuc ot C/C++, xors
MEPBBIA MOYTH HOJHOCTHIO OOBEKTHO-OPHEHTHPOBAH.
BOJIBIIMHCTBO €ro NPUMHUTHBHBIX THUIIOB SIBJISFOTCS
(GYHKUMSAMY, 3HAu€HHs B OCHOBHOM  SIBJISIOTCS
00bEKTaMH, a MepPEMEHHbIE TIPUHAJICKAT HA 3aHSITHSL.
ITporpammsel He 3aBuCAT OT MIaTdopmsl. [Iporpammel
CHayvajga KoMIWwinpyrorcss JVM B mpoMexyTOuHbII
SI3BIK, HA3bIBACMbIH OaWT-KOZaMH, a 3aTeM B KOJBI
MAaIIMHHOTO A3bIKa. Ero MOXXKHO 0XapakTeph30BaTh Kak
TIEPCHOCUMBIH SI3BIK TaK Kak, HalMCcaHHOEe Ha Java
MIPUIIOKEHNE MOKHO 3aITyCTHTh Ha JII000# mardopme,
€CJIM Ha Hel yCTaHOBJIEHA Cpela HCIOJHEeHus Java
(JRE, Java Runtime Environment).

OTOT  S3BIK  MCIONB3YyeT  aBTOMATHYECKHUN
coopimk Mycopa min garbage collector B xauectse
(hOHOBOTO MOTOKA, YTOOBI rAPAHTHPOBATD, YTO NAMSIThH
JOCTYIHAa TI0 3ampocy VIS JIOCTHXKEHUS BBICOKOTO
MIPOM3BONTENbHOCTh. Korzma co3paHHbIE OOBEKTHI
pa3paboT4MKaM IepecTaroT Hcroib3oBaThesi, JRE ¢
MOMOIIBI0  cOOpIIMKAa MycOpa OYHIIAET IaMsTh.
Taxoke, MMeeT HaleXHYI0 CHUCTEMY O€30IacHOCTH.
[IporpaMMuCTEI MOTYT UCTIONB30BaTh Habop API ms
JOCTIDKEHHMSI ~ BBICOKMH  ypOBEHb  0€30MacHOCTH.
OCHOBHYI0 CYHIHOCTh f3bIKa Java COCTaBISIOT
6ubnamorexu (haioB, Ha3pIBaEMbIe KJIACCAMM, KaXIbIH
U3 KOTOPBIX COACPKUT HeOOoIbIINEe (pParMeHTHI
IIPOBEPEHHOI0, TOTOBOI'0 K BBINOJIHEHUIO Koaa. JVM
KaKk MeHeKep Oe30MacHOCTH TakKe yJaamseT He
JIOBEPEHHBIE KOJbl U3 ONEpalUOHHON cucteMmbl. OH

HCIONb3yeT TMOTOKM U  HEKOTOPhIE  A3BIKOBBIE
paciupeHust A OPOJBUXKEHHUS  MapajielbHOro
nporpaMMupoBaHusi. COKETHI - 3TO HU3KOYPOBHEBBIE
nHTepdeicl, HCHOJb3yEMBbIe B CETEBOM
MPOrPpaMMHPOBAHUM  JUII  TIOTOKOBOW  Ieperadu
JTAHHBIX.

Java OTHOCHTCSI K sI3bIKaM HpPOrPaMMHUPOBAHUS
obmero HazHaueHus. CTylneHTaM HY)KHO 3HAaTh, BCE
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BO3MOXKHOCTH Java, 4ToOBI ONpeaeauThCst ¢ BEIOOPOM
SI3BIKA.

SA3pixk  Java cuumraercd ApPY>KECTBEHHBIM I
HaunHaromux. Ho, oH He TakoW JIaKOHWYHBIA, Kak
Python. Onnako co3parenu Java cTpeMUIIUCh ceIaTh
SI3BIK TIPOCTBIM U JIETKUM AJIS U3YUYEHUS.

Python Hamnbomee MIPUOIIMKEH K
ITOPUTMUYECKOMY S3BIKy TporpammupoBaHus. He
UMEET CTPOTMX CHHTAKCHYECKUX IPABUI, SBISIETCS
Gosilee COBPEMEHHBIM S3BIKOM IPOTPAMMHPOBAHM,
YeM BBI3BIBACT OOJBIINH MHTEPEC Y CTYACHTOB. SI3BIK
Python cumraercst sI3BIKOM BBICOKOTO YPOBHS W IS
peleHus MaTeMaTHuecKux 3ajgad. Ha mepBelif B3rmsn
oueHb mnoxoxuii Ha MATLAB: untepnperupyercs,
UMeeT UHTEPAKTHBHYIO  IOACKa3Ky, II03BOJIET
JUHAMHMYECKYI0  THNU3alMIl0 H  obecrieyuBaeT
ABTOMAaTHYECKOE YTNpaBlIeHHE MNaMATb0 (M HMeeT
BCTPOCHHBIN KOMIIJIEKC YHCEIT).

Python maer HECKONBKO MpPEHMYIIECTB HaJ
MATLAB B koHTekcte oOyuenms: Python umeer
OUYCHb YETKHH, HEIBYCMBICICHHBIH M WHTYHTHBHO
MOHATHBI CHHTAKCHC W HCIOJNB3YEeT OTCTYINBI IS
TPYNIHUPOBKU OJIOKOB OIEPaTOPOB; MMEET HEOOIbIIOE
SAOpO KOMaHJ, KOTOpble OOECHeuMBalOT IIOYTH BCE
¢$yHKIMH, KOTOpbIe OTpeOytoTest cTyaeHTam; Python
MOXXHO HCIIONIb30BAaTh KaK TIOJHOCTBIO OOBEKTHO-
OPHUEHTUPOBAHHBIM $I3bIK, KOTOPBIM IOAJLEPKUBACT
pa3HbIe CTWIN KOJUpOBaHus; HHTepnperatop Python -
3T0 OecmyiaTHOE TNpOrpaMMHOe obecrieueHHe (T.e.
JIETKOZOCTYTIHOE), KOTOPOE CYLIECTBYET HPaKTHIECKU
Ut Beex miatdopm (Brrodas Windows, Linux / Unix,
Mac OS).

Croutr ormeruth, yto x0T Python noBoibHO
MOJIO/ION S3BIK, 3TO OTHOCHTEIBHO CTaOMIBHBINA S3bIK,
KOTOPBIH BCe Yalle HCIO0Ib3YETCs B IPOMBIIIIEHHOCTH
u akagemuueckux kpyrax (Philips, Google, NASA,
BMC CHIA u Disney). O Takxe obecreunBaeT
OCHOBY ISl CO3JIaHMs OOJBIINX MOJYJBHBIX KOJOB H
YIPaBJICHUS UMH.

W3 ananm3a TOMCKOBBIX 3alpoOCOB  MOXHO
BBISICHHUTb, 4TO y Java 1 C++ ObUIH B3NETHI U MTA/ICHHUS.
A peiituar Python mocteneHHO poc, OH CTal YyTh JTH
HE CaMbIM TOIYJISIPHBIM SI36IKOM IIPOTPaMMHUPOBAHMS.

B By3ax 00OBIYHO ydar SI3BIKAM
NPOTPaMMHUPOBAaHUsI B paMKax MpPEAMETOB 110

WH(QOPMALMOHHBIM TEXHOJIOTHSIM, KOTOPBIE YacTo
BBRITJIAAAT Kak JIONOJIHEHHS K MaTeMaTHYECKHUM
KypcaM, Ju0O TpuBs3aHBI K HEKOeH OCHOBHOM
CIIEI[MATIBLHOCTH, CKaKEM, K DJIEKTPOTEXHHUKE.

Kak He cTpaHHO, OOJBIIMHCTBO Y4EOHBIX
3aBEJICHUN  CTaBAT  3HAK  PABEHCTBA  MEXKAY
IPOrpaMMHPOBAHHEM " nH(pOpManNOHHBIMHA
TEXHOJOTHSIMHA, a WH(GOPMAIMOHHBIE TEXHOJIOTHH
NPUPABHUBAIOT K MAaTEMATHUKE.

MHorue mporpaMMHCTBI COTJIACATCA € TEM, 4YTO
BBICOKOYPOBHEBEIE CKPUITOBBIE A3BIKM CPABHUTEIHHO
JIETKH B M3y4eHnn. Kak 0ObIYHO OHM yTBEPIKAAIOT, 9TO
C++ oTIMYHO MOAXOANT I pa3paboTku urp, a Python
HET PAaBHBIX B HAYYHBIX U CTATUCTUYECKUX pacuérax U
KOHEYHO e Java MpUroamrcst TeM, KTO BUIUT ceOs
NIPOrPaMMUCTOM B KPYITHOW KOMIIAaHUHU.

B xoHIIe MOXEM CHENIATh 3aKIIOUYECHUE, YTO KIII0Y
K yCIIeXy - IPAaKTHUKa, CO30ABANTE CBOM MTPOEKTHI.
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OCOBJUBOCTI POBOTH CUCTEMHU CEJJUMEHTAIIMHOI' O BITHOBJIEHHSI
CTIYHHUX BOJ MICTA.

B.U./]lonenko, A.H.Hazapenko,
U.A. Hazapenko, H.C.Konosanvckas.

OCOBEHHOCTHU PABOTbI CUCTEMBI CEJJUMEHTALIMOHHOI'O BOCCTAHOBJIEHHUS
CTOYHBIX BOJ IT'OPO/IA.

V.l. Donenko, O.M. Nazarenko,
IL.A. Nazarenko, 1.S.Konovalska.

FEATURES OF THE PROCESS OF CITY SEDIMENTATION WATER
RECONSTRUCTION SYSTEM .

AHoTanis. PoboTa mpoekTye cucteMy BUPOOHHINX KOMIIOHEHTIB MiChKOI iHPPACTPYKTypH I CTBOPCHHS
eHeproeeKTHBHOTO MicTa. JIOCHiPKEHO TiIpaBIivHi, TiAPOJIOTIvHI, TEIUIOOOMIHHI HpoIeci B3aeMOIii BOAHOI
CTPYKTYpH Ta €JICMEHTIB OYUCHUX KOHCTPYKIIH IS BIALIECHTPOBOTO OCAPKEHHS 3aBUCINX peYOBUH. Po3paxoBaHO
3aJIeKHO BiJI CTYNEHs 3a0pyJHEHHs amapaTtd Ui BiZHOBIECHHS pecypcy. [lochmifxkeHO TpHUBAICTh omepariit
BiJTHOBJICHH:1. BU3HAYEHO TEXHOIOTTYHHIIA IIMKJI BiTHOBJICHHS IIOBTOPHOT BOJIU Ta KUIBKICTh ITUKIIIB KaBITAI[IIHHOTO
reHeparopa Jjisi KepOBaHOTO KOHJUIIIFOBAaHHS YMOBHO YHCTHX Ta OpyAHHUX BOJ. JloCiiPkeHO anapaTti 3B0pPOTHOTO
oCcMOCY JUIsl BIJIHOBJIGHHS YMOBHO YHMCTHX BOJ. Kareropm3oBaHi MOTEHLIWHI CTOKM ITPOMMCIIOBHX BOJ 32
JOUUTBHICTIO BiJgHOBJIEHHs. OTPUMaHO 3pa3KM EKCIIEPUMEHTAJIbHUX OcCaliB Uil 1OoTped OyIiBeIbHOro
rOCIOapCTBA MPH POOOUNX Ta HATKPUTHUHUX PEKUMAX pOOOTH TEXHOJIOTIUHOT IIiBKU. P03pobiieHa MaTeMaTHYHA
MOJCJIb HpO,I[YKTI/IBHOCTi 3POLICHHSA anOHeHTpiB B YMOBAX 3aCyXHU KpaleJIbHUM 3pOHICHHAM IMOBTOPHOI BO/OIO.

AnHoTanus. PaboTa npoekTupyer cucteMy Ipou3BOACTBEHHBIX KOMITOHEHTOB TOPOACKOI HHPPaCcTPYKTYPHI
JUIA CO3aaHUsA 3Hepl"03(1)(1)€KTI/IBHOFO ropozja. I/IccneszaHa TUAPABINYCCKUC, THAPOJIOTHICCKUL, TEII000MEHHBIE
nporuecce B321PIMOI[CI7[CTBPI$[ BOZ[HOI‘/'I CTPYKTYPBI U 3JIEMCHTOB OYHCTHBIX KOHCTp}IK].[I/Iﬁ JUIA I.[eHTpO6€)KHOFO
OCaXKACHUA B3BCHICHHBIX BCIICCTB. Paccuntanbl B 3aBHCHMOCTH OT CTEICHH 3arps3HCHUA  almnaparbl 1JId
BOCCTAHOBJICHUA peCypca. I/ICCHG,I[OBaHa IPOAOJDKUTEIIBHOCTD onepaunﬁ BOCCTAaHOBJICHHU. OHpeZ[GJ'IGHBI
TEXHOJIOTHYECKUI ITUKJI BOCCTAHOBJICHUS HOBTOpHOfI BOJIbI M KOJIMYCCTBO HUKJIOB KaBUTAIITMOHHOTO I'€HEpaTopa
YOpaBiIA€MOTro KOHIAUIIMOHUPOBAHUA YCJIOBHO YHCTBIX W T'PA3HBIX BOM. I/ICCJ'Ie}Z[OBaHa arnmnapaTbl 06paTHOFO
ocMoca i BOCCTAHOBJICHHUA  YCIIOBHO  YHMCTBIX  BOJ. KaTeFOpI/ISI/IpOBaHHLI IIOTECHIIMAJIBHBIE CTOKH
IMPOMBINIJIEHHBIX BO/JI 11O HCJ’ICCOOGp&BHOCTI/I BOCCTAHOBJICHUA. HOJ’Iy‘IeHbI 06pa3111,1 OKCIICPUMEHTAJIbHBIX OCa/IKOB
JUI HY’KI CTPOUTENIFHOTO XO3SIMCTBA NMpU pabOYMX U CBEPXKPUTHUECKUX PEXKHMaxX pabOThl TEXHOIOTUYECKOH
nernouku. Pa3paboTana maremMaTHdeckas MOJENb NPOAYKTUBHOCTH KalleIbHOTO OPOIICHHS arpOIEHTPOB B
YCIIOBHAX 3aCyXH IOBTOPHOM BOJOH.

Abstarct. The work designs a system of production components of urban infrastructure to create an energy
efficient city. Hydraulic, hydrological, heat exchange processes of interaction of water structure and elements of
treatment structures for centrifugal deposition of suspended matter have been investigated. Depending on the
degree of contamination, devices for resource recovery are calculated. The duration of recovery operations was
investigated. The technological cycle of re-water recovery and the number of cycles of cavitation generator for
controlled conditioning of conditionally clean and dirty waters have been determined. Reverse osmosis devices
for the recovery of conditionally pure water have been investigated. Categorized potential effluents of industrial
waters as appropriate for restoration. Samples of experimental sediments for the needs of the construction industry
at operating and supercritical modes of operation of the technological stream were obtained. A mathematical model
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of the productivity of irrigation of agro-centers in drought conditions with drip irrigation by repeated water has

been developed.

Knrouesvie cnosa: noemopHbsle GOabl, AKKymyaupoeaHnue, Kaeumat;uOHanZ ceHepamop, 636€uleHHble
eeyecmea, mexanuveckas 3po3us, 60O0HMbIU 6anch, memnepamypa, cucmema.
Keywords: recurrent water, accumulation, cavitation generator, suspended matter, mechanical erosion,

water balance, temperature, system.

Knrouosi ciosa: nosmopri 600u, akymynosants, KagimayiiHuil 2eHepamop, 3a8Ucii peyosuru, MexaHiyHa

epo3is, B0OHUlL banauc, memnepamypa, Cucmema.

Bemyn.  ExocuctemMm  MICT — CKIIafarOTbes 3
IUBOBIDKHMX  B3a€MOJIH JKMBUX  OpraHi3MiB 1
ablOTHYHOTO CEpelOBHINA, CTBOPIOIOYM TUHAMIYHI
IUKJIM TOXMBHUX PEYOBMH 1 eHeprii. 34aTHICTbH
JIFOJIMHU BUTICHATH 1 OpMYBaTH NPHPOIHI NPOLECcH
MOKpAIINIAcs, aje TpoMajia MPOIOBIKYE 3aJISKATH Bil
TOBapiB 1 MOCHYr, IO HAJalOThCd EKOCHCTEMaMH.
CTpyKTypa €KOCHCTEMHHUX MOCIYI YTOYHIOE 3B'SI30K
MiX JO0OpoOyTOM JIFOAWHU Ta (YHKIIEI €KOCHCTEMH.
ExocucTeMHI TOCIYrH HaJalOTbCS EKOCHCTEMI IS
miaTpuMka  1o0pobyTy rpomamu[l]. TexHomoris
€KOCHCTEMHOI MOCIYTH CTBOPIOE 3BOPOTHHUII 3B'I30K,
SKAHA CIIpHUA€ SK EKOCHUCTEMi, TaK 1 OJIAarOMOIyddro
rpomanu[2]. Y ibOMy KOHTEKCTi O4€BHIHO, III0 PU3HKU
JUISl IPUPOJTHUX peCypCiB IMOMIOHI IPyHTaM i BOJHHUM
pecypcaM MaroTh psAMi HaCTiAKK it TpomMaau[3].

JlocmipkeHHsI TIOTIOBHEHHS BOJHOTO OanaHcy
MICTa BaKJIHBO, OCOOJMBO B MIBACHHHX pEriOHaX
VYkpainu, Je 3acyXu MOpYUIyIOTh CTaOlIbHICTh
MPOLIECIB Ta NPUBOAATH JIO COLIAIBHOTO HAIPYKEHHS
B rpomai[4].

Mamepianu i memoou oocnioxncenv. B pobGoTi
MPOJOBXKYETHCS  TIAPOJOTIYHI  JOCTKEHHS  Ta
MaTeMaTHYHI MOIIyKyBaHHS TaKMX BYCHHX, SK
Mpanaaros 1., Xocokara T., [Bacaki M., Psdenko O.A.,
[xaii A.A., Enosa C.M., [Taarensar I'.C., Manbko B.T".,
KpaBuyk C.M., Crompbepr @.3., Kaparayp A.C.
TpanuuiiHO riIpooriyHi BUMIPIOBaHHS MTPOBOASTHCS
B MPHUPOJHUX  yMOBax, aBTOPH  IPONOHYIOThH
BUKOPHCTAHHSI TEXHOI€HHHUX NOTOKIB JUIS TiIBUICHHS
eHeproe(eKTUBHOCTI CHCTEMHU BOAONOCTa4YaHHsA[S].

Mema ma 3aé0anna. Jlana po60Ta BUKOHYBaJIaCh

eKOHOMIYHOTO PO3BUTKY MicT[6]. BpaxoBani Bumoru

3a0e3nmeueHHsT CTaJlOCTI PO3BHUTKY IPICHOBOTHHX
pecypciB  mporpamu  «lHTerpoBaHe  ympaBIiHHS
BOJIHHMH pECypCaMmu».

Mera poGotn — JlocmipKkeHHS IOTIOBHEHHS

OajaHCy CHCTEMH BOJOIIOCTaYaHHS Ta 3HIMKECHHS
TEXHOT'€HHOT'O HaBaHTAXXCHHS Ha PIUKOBUI OaceiH.

3aBnanHs poboTn — OnTHMi3anis BUKOPUCTaHHS
TEXHOTCHHHX CTOKIB /IS IIOTIOBHEHHS 0aaHCy BOIHOI
CHCTEMH.

Ocnosna wacmuna.

CrpykTypa SKOCHCTEMHHUX TOCITYT €
IHCTpYMEHTOM, SIKUH MOXXHa BHKOPHUCTOBYBAaTH B
MeXax CTPATEridYHOro KepyBaHHS BOZOCIIOKUBAHHIM
MiCTa Ta peryJroBaHHs O0acelHiB piuok[7]. [uctpyment
Jornomarae perysisropaM OLIIHUTH BUAH
3eMJICKOPHCTYBAaHHS Ta 3axXOAM 3MEHIIeHHS abo
3a00pOHM TEXHOTEHHOTO BIUIMBY Ha PO3BHTOK
rpomamu. IligXig EKOCHCTEMHHMX TOCIYyr HE Mae
3aJy4eHHs! TPOLIOBOI OIIHKH, aJie IIIIXOM CTBOPEHHS
oOMeXeHb, BIH pO3MHUPIOE  IHCTPYMEHTH, IO
3HAXOMAITHCS Y PO3MOPSUDKEHHI perynsTopa [8-11].
OOroBopeHHs HACHIKIB TEXHOTCHHHX CIICHAPIiB
PI3HHUME TPYyIIaMH €KCHEPTiB Ta 3aliKaBICHUX CTOPIH,
MOe OYTH JOCTaTHbO JJIsl 3HAXOJKEHHS KOMIPOMIiCiB
TIPY Pi3HUX CLIEHAPISIX BUKOPUCTAHHS TEPUTOPIil.

JlocimimKeHHsT PU3UKIB 1e0anaHCcy BOJAOCXOBHIIA
Ba)KJIMBO JIJIsl PO3YMIHHSI MEX TEXHOJIOTYHOT CXEMH Ta
BU3HAYCHHS IHCTPyMEHTapito crabimizanii OaceitHy
micra[12]. IIpu BUmycky BOjAa NPOXOAUTH JIOKAJIbHE
KaBiTalliiiHe OYMIIeHHS Ta B pa3i HeoOXiHOCTI XiMiuHe
BTpYYaHHs JJIs1 KoperyBanHs pH (IpoMucIoBi paiioHu)

OYMINEHHS 0 7, KOPCTKICTh 3MEHIITY€ETHCS 10 2,88 MT-

Yy BIONOBIOHOCTI JO BHUMOT HamiHOCTI cucreM  (Tabm 1).
BOJIOIIOCTaYaHHS  Ta  3a0e3leueHHs CTaJIoCTI
Tabmmms 1
Ioka3HMKH YMOBHO YUCTOI BOAM NPU 00po0Li KaBiTALIIHUM reHepaTopoM
[okazHuk Kyt 5° Kyt 12°
JKopcTkicTh moyaTKOBa, MT-€KB/JI 421 421
ZKopctkicTs ocTaTouna, | MK, MI-eKB/IT 3,3 3,43
JKopcTkicTh ocTaTouHa, 7 IMKII, MI-SKB/JT 2,88 2,98
JIy>XHICTh IOYAaTKOBA, MI-CKB/JT 3,2 3,2
JIy>xHICTB OCTaTOYHA, | IMKIL, MT-€KB/TT 2,42 2,12
JIy>xHICTB OCTaTOYHA, 7 UKL, MT-CKB/JT 2,03 1,97
pH nouaTkoBa 74 74
pH 7 uukn 6,4 7,12
ConeBMicT, MI/J1 275 275
ConeBMmicT, 1 UK, MI/JT 221 205
CoseBMICT, 7 LUK, MI/IT 238 212
PesynbTate MOCTiPKEHHST TOBOJSATH MOXKJIMBOCTI ~ ©KB/JI,  JYXHICTh  jgopiBHIoe 2,03  Mr-exB/I,
BIITBOPEHHSI XIMIYHUX IMOKa3HHUKIB SKOCTI BOJW HA  MiJABUIIYETHCS COJEBMICT 110 238 Mr/II.
1...3 mmximax). Ilpm 36imbIIeHH] KITBKOCTI IUKIIB HoBoyTBopeHHS 030HY TIpH  TemIeparypi

(105...107)°C (xyT 5 TpamyciB), KWl B XOAi peakIlil
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Oaratopa3oBO B3aeMOZi€ B yMOBax TypOyJeHTHOI
peakuii 3 MoJIeKyJIaMH 3a0py/HIOBaYa Ta 3HEIIKOKY€
ix B cTaii aacopOuii.

[IporonyeTbcss  AMCTAHUiIHHE  BUMIpPIOBAHHS
JKOPCTKOCTI, Jy>XHOCTI Boau, pH, coseBmicTy Ta
KOHLIEHTPAI[II0 MOXIIMBHX TOKCHYHHX DPEYOBUH 32
JIOTIOMOTOI0  €JIeKTpOoHHOTO 070Ky Arduino. Ilpm
BUHUKHECHHS PHU3WKIB B 30ipHHX BOIOBOJIAX CHCTEMa

—o— KaTeropua 1-25%

—B— Kateropusa 2-50%

Ja€ CHTHAJ Ta HANa€ THY4YKy XiMiYHy JOMOMOTY B
pallOHHUX HACOCHHX cTaHLisnx[13].

Binbin crnpaBemnBO Al MPUMHATTS Baj)KITHBUX
pillIeHb 3aTy4eHHs eKCIIEPTIiB 30BHILIHIX Ta HAYKOBOTO
CepeloBUINA JJIsl MOJENIOBAHHS CIEHApiiB BOJHHX
PH3HKIB Ta CTYMIHIO TEXHOTEHHOT'O HABaHTa)KCHHS HA
paiioH Ta perioH.

—i=— KaTeropus 3-75%

100% -
90% S~ —
\/
< 80% \\-
N R \
E 70% \ ——— |
g 60%
a \
2 50%
G \
T 40% S - —
8 30%
S
= 20%
10%
O% T T T 1
KnacuuHuii cuenapiit Mpomucnosui 3eneHu cueHapii  IHTerpanbHU Niaxis
cueHapin

CryniHb Hacniakis

Puc. 1. Hacnioku pusukie 6000nocmayants no cyeHapisx.

JocitipKeHHS BAKOPUCTaHHSL YMOBHO YHCTHX BOJ
BUSIBWJIM TJIMOMHY TPOCOYEHHS BOJIOTH B 3aropi3bKiil
o0OsacTi 10 18 cM, B J[HinponeTpoBchKiit 001acti 10 36
CM.

JlocniKkyBaHi BIIaCTUBOCTI TPYHTY CIMPAJIHCS Ha
TEKCTYypHI 1HIUKATOPH TOPOJ-TICOK, TIJIHHY, MY,
KBapIICBHI ICOK, a TAKOX Ha OOCAT NUISHKH, TOYKY

Jus  TpyHTIB 3  TJHHOK  MEHIIE
criBBigHomeHHs s Kb BKIItoYae fBa mapaMeTpu st

3MICTY MICKY :

JocmimkeHHs
MPOTHO3YBAHHS MOJICNII 3 BUKOPHUCTAHHSAM ajamnTarfil
piBHsHHS 3MimaHoi cymimni Uit 1,5 TOIMHHOTO
NpOMiXKKa Yacy, B CLeHapii YMOBHO OpyaHHX Ta
YMOBHO YHCTHX BOJ arponanmadry[15].

MIPOAEMOHCTPYBAJIO

300py, KOHIEHTpAIii pEe4YOBHH, EMHICTH KaT
ioHo0OMiHy[14]. OnuH 3 OLTBLI YYTIMBUX HapaMeTpiB
TPYHTY - HacuueHa TiJpaBlliyHa MPOBIIHICTS.

BupisieHHs 'pyHTIB Ha JBa KJacd Ha OCHOBI BMICTy
[JIMHU, Ma€e TependavyBaHe BijHoOUIeHHs Oubiie 40

BiZIcOTKIB.  P0o3po0iieHO  pIiBHSIHHSA  TiJgpaBligHOT
MIPOBITHOCTI TJINHU:
244
Ky = 0,0066exp || (1)
40%,
K, = —0,265 + 0,0086%mnicok™® + 11,46CEC™*7> (2)
ycrimiHe Po3paxoBaHa  muTOMa  BOJIOTICTH  TPYHTIB
3amopisbkoi obOmacti B Mexax 0,5 cm/roauny,
[MonraBcbkoi obnacti 1,2 cm/ronuny. IlonboBi
JOCIII/DKEHHS TiJPOJIOTIYHUX TMapaMeTpiB BOJIOMMHUIIL
HaJaau pIiBHIHHA TIOTOKY TIPICHOI TOBEPXHEBOI
piauHU:
9Q? d
—— et [pu + a(pu)dx] dzdtn 3

a 92
(P)x = pu + e (puw)dx + %2 (pu)

Ilpn pmochmimax KOHIMIUIOBaHHS YUCTUX Ta
OpyIHMX BOJI 3aBUCIIi pEYOBUHHU OyAyTh BijcenapoBaHi
B KaBITaI[IHHOMY yCTaTKyBaHHi:
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|/

m(t + dt) = (p + ";—‘;dt)dxdydz (4)

9
dm = <p + 6—$dt> dxdydz — pdxdydz

dm =

Koedinient nudysii Mac BU3HaUaeMoO:

ap
at

dtdxdydz

d%¢ . 9%c = 9%¢
-, (£ + s %) dxdydzat (5)

9 ue) + 2 (we) + 2 dxdydzdt = 25 dxdydzdt
a(uc) @(vc) E(wc) xdydzdt = — dxdydz

% = D V?c
BOJIOWMHILIA
Barato¢yHkIioHanbHa KOHIIEISI BAKOPUCTOBYE
CHCTEMYy JUIS TMIATPUMKH €KCIEpPTIB Yy pPO3BUTKY
3B’513KiB MK OQJIaHCOM CHCTEMH BOJOIOCTaYaHHSIM Ta

YHCJICHHUMH TIepeBaraMu inrerpariii (tadi. 2).

30epeKeHHsT ~ Macu  IOTOKY

PesynbraT cBimgath, I0 YMOBHO YHCTI BOIU B
METaNypTiiHill MPOMHUCIOBOCTI MAalOTh IEPECHICHHS
mo kapOoHaTy Kamiblifo 1o 68,41 pasiB, Ta 1O
rizpokcuay marHiro 1o 120 pasis. [ToTpi6HO 42 mHKITH
poOOTH KaBITAIHHOTO TeHepaTopy IS JOBEICHHS
pecypcy 10 MUTHOT SIKOCTI.

Tab6mn. 2
BusHauyeHHs nepeBar celMMeHTalliHOI KaBiTawii
JKopcTkicTb mr- JlyxHicTh ConeBmicT Ns caco Ns N—
eKB/IM® MI-KB/IM® MT/TT 3 MgOH 1
Jleria 75 6.8 570 275 119 35
MIPOMHCIIOBICTD

Meranypriiina (y.4.) 12 11,2 630 68,41 120 42
Meranypriiiaa (y.0p.) 14 9,8 1120 78,19 261 78
Xapuosa 7.8 57 563 19,67 14,5 10

AHAIIOTIYHO 110 YMOBHO OpYIHHM BOJAM JOCIiAH
HaJaJd Pe3yJIbTaTH NePECHYCHHS KapOOHATy KaJbLiko
78,19 pasis, no marHito 261 pazis. B upomy BUMajaky
NPaKTHYHO MOXKIIMBO JIOBECTH pecypcy 10 NHUTHOL
SIKOCTI Tpu 78 IuKiIax poOOTH reHeparopy, a0 248
rojuH, T00TO Ha mpoTs3i 10 1i6.

[Mporonyema cucrtemMa IMOINEPEHKEHHS PH3HKY
BOJHOTO CepelloBHIa BCceOIYHO aHallizye CTaH
HaBKOJIMIIHHOTO cepeIoBHIIA Ta nae
MoTepeKyBallbHI CUTHAIH (ITOOAMHOKI IHANKATOPH Ta
CyMapHi iH/IEKCH).

OrmiHKa CcTaHy pPEriOHATBHOTO EKOJOTiYHOTO
PO3BHUTKY CKIIAAETHCS 3 IT'SITH OTlepariii:

1) 3arampHa omeparis yrpaBiiHHI OaceliHOM

[IpeacraBneHHss pU3NMKYy BOAHOrO  OaceiiHy
MOKa3aHO Ha Bi3yalbHOMY iHTep(eici, BKIHOUYarOuu
3arajbHy perioHajbHy CHTYAIlll0, CTaH PIYKH Ta 30HY
BogHoro Oydepy, 10 Hagae  KOpPHUCTyBauam
iHpopMamito  ©po  reorpadiuHe  TOJIOKEHHS,
TiIPOJIOTiI0 Ta METEOPOJIOTiI0, CTaH Ta PO3TAIIyBaHHS
BOJHHX (DYHKI[IOHAJIbHHUX 30H.

2)Omeparrist OI[IHKH BOJIHOTO CEPEOBHUIIA

Le#t mporec OIiHIOE 3MIHU SKOCTI BOAH B
KO’)KHOMY TIepeTHHi OaceiiHy 3 YacoM, CBO€YacHO

JOCHIJDKYE TpaBWiia pO3MOJUTy BOIHM, TEHEpYe
JiarpamMu po3noxisy OCHOBHHUX KaTeropii
KOPHUCTYBadiB, KJIacHU(PiKOBAaHUX 32 OCHOBHUMHU

MOKAa3HUKAMH 3a0pyJHEHHS y BHOpaHUX NepeTHHAX

MOHITOPHHTY, OOYHCIIIOE IHIUKATOPHI KOeQilieHTH
TIEPETHHIB.

3) Ormepatiis ynpaBiiHHs BiAX0JaMu

Indopmaniss mpo BOAO BIJBOAM BCIX PIYOK,
OOYHMCIIIOIOYY HAUIMIIKOBY €EMHICTh (DyHKIIOHAIBHHUX
30H Ta KUIBKICTh 3a0pY/JHIOIOYHMX pedoBHH. Moayib
MOXE€ IMITyBaTH KOHLEHTpAalil0 3a0pyAHIOIYHX
PEYOBHH Ha IISIHIN BOI03a00py HIKYE 3a TEUIEI0
micns iX merpanmarnii Ta gudysii Ta BiICTaHb BIUIHBY
3a0pyJHIOIOYHX PEYOBHH.

4) INocTtynoBa mporpecist MornepeKeHHs] PU3HKY
BOJIHOTO CEpPEIOBHINA

Ha ocHoBi anamizy armocepHHX oOmamiB Ta
MIONUTY Ha BOJXYy IMIPOLEC IOEAHYE 3 JaHUMHU IIPO
KUJIBKICTh BOJM, pIBEHb BOJH Ta SKICTh BOJIM;
BU3HAYHUTH CTAH MICLIEBUX BOJIHUX PECYPCIB Ta CTYIIiHb
3a0pyAHEHHS BOJHUX 00’ €KTIB.

[ToriMm BIH MNPOTHO3ye MOXIIMBI  pe3epBU
JKMBJICHH:I OaceliHy Ta 3/1iiCHIOE PaHHE MOTIEPEIKSHHS
BOJIHOTO cepefoBuina (Tadi..3).

B xoxi mocnijpkeHs pekpeariiiHoro osepa micra
BHU3HAYeHO TypOYJEHTHY B'SA3KICTh 3a JONOMOTOIO
JIBOPIBHEBOI MojeNi TypOYJIEHTHOCTI KIHETHYHOI
ereprii (k) Ta mBuakocti T poscitoBaHHS (g).
OTpuMaHO TOJIOBHE pIBHSHHS KIHETHMYHOI €Heprii
TypOyJIEHTHOCTI Ta PO3CiIOBaHHS IIBUAKOCTI MOTOKY
JUIsl TIPAKTUYHOTO 3aCTOCYBaHHsS JI0 CTaHAapTHOI K-g
MOJ€ENI Ta HU3bKUX 3HaueHb PeliHonbaca:
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a d (Me OK) _
7 (Puik) — a—xi(c—ka—xi) =G-p(e+D) (6)
9 _ 0 (re0e) _ _ £
o (oui®) =5 (2275) = (GG~ Cofpe) |+ pE %)
TypOyJieHTHA B'SI3KICTh |1t IOTOKY:
c.f.pk
= """ 8)
VY npsiMHX piukax, Mpu JpKepelni 3a0pyJHEHHS B
HEeHTPi piuky, OivHA BiACTaHB:
0,213XuxB?
2, = B ©)
y
Jlxepeno 3a0pyaHeHHS Ha Oepesi piukH:
2
a1, = 0,716xXuxB (10)
Ey
Jde JIm - momepeyHa JOBXKHMHA TEpPEMIIIyBaHHS B - cepenns mupuHa pycina piuku (M);
3a0py/THIOIOUHX PEIOBHH (M); Ey - xoediuienT 6iunoi mucnepcii (M%/c).
U - cepesiHs LIBUAKICTH PIYKOBOTO MOTOKY (M/C);
Ta6muus 3
Curnana nonepenkeHHsi 3a0pyAHeHHsI 6aceiiHy piukn
IlonepeKeHHS pU3UKY
Piuka IHuKaTop [epernn 3HayeHHs
Tun 3a0pyaHIOBaYa CauHelb KoHueHtpartis 0,5
Biopgerpaaitis 3a0py/IHIOBaua Tak He Gionmerpanariis Hi
IosuitionyBaHHs A2 Brums curyarrii A2
3acyxa >30 KirouoBi micTa
3acyxa <20 perioH
3acyxa <10 Kpaina
3acyxa <3 Tepuropis
Tpancdep A3 EKOHOMIYHI BTpaTH CKHIY A4
Orrinka tpancdepy >10000 IpsiMa eKOHOMIYHA BTpaTa >10 miH
CrymiHb pU3HKY 1l Cepenniit
250
g /\ /
2 200
x
[=
o
S
g 150 e
-
-]
©
I
Z 100
a
[™
)]
2
E 50
T,
0 T T T T T 1

1-2=500 m 2-3=1000 m 3-4=1500 m 4-5=2000 m 5-6=2500 m 6-7=3000 m 7-8=3500 m

+BaTMMeTpMHHa BeCHAHAa cepeaHA

EkonoriyHmi piBeHb

MoToYHMI piBEHb

TexHOreHHWUI piBeHb 3 NOTENIIHHAM

Puc. 2 Pigui docmynnoi 600u 6 pisnux nepemunax piuku /[Hinpo (acpapruii ceecmenm)
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|/

[lpu GaTUMETPUYHUX pPO3PAXYHKAX PIBHSI BOAH
piuku JIHimpo (CTOK BOAM) pO3pOOJICHO MOJIEINb
HecTablIbHOT IKOCTI BOJIU:

Cx,y,t) =

Je M - BUTIK 3a0py/JHIOIOYHMX pedoBUH (T);

H - rmbnHa gingHKy piuka (M);

t - 9ac IpoOrHO3yBaHHS;

Ch - mowaTkoBa KOHIICHTpAIlis 3a0pyIHIOI0YNX
PEYOBHH y piuti (Mr / 11);

EX - xoedimieHT m0310BKHBOT quy3ii (M?% ¢);

K - koeogimieHT nerpanmamii 3a0pyIHIOIOUNX
peuoBuH (11/ ¢);

—(x—ut)z_i_
e e 2+ Ca (A1)

M
ex
H4,24mt /ExEy p

X - BepTHKAJIbHA BIZICTaHb MK TOUKAMU CKUJAHHS
JIO CTIO’KMBAaHHSA (M);

Y - TorepevHa BiJCTaHb BiJ TOYKH CKUIAHHS 110
3a0opy Boau (M).

Po3pobnena MaTeMaTHIHa
CeIUMEHTAIIIITHOT MOIEII OYMCTKH BUTIISALAE:

MOJIENTh

Y =46,062-7,172x2-16,745x3-25,898x22+2,738x3%2+14,137x2x3

ne X1 — JKOPCTKICTb BOJIU, MT™-€KB/JT;

X2 — IPOAYKTHBHICTH TpoLiecy, %,

VY - KinbKICTh 1UKIIB — 15-74 pasu.

Pesynberatu PIBHSHHS 00pobeHo o
cratucTiyHuM Kputepism Koxpena, CrbroneHTa Ta

Qimepa, sKi TOKa3anW aICKBATHY MaTeMAaTHIHY
MOJIeNIb T2 MOXKJIMBICTh BIPOBAPKEHHSI Y HApOJHOMY
roCIoIapCTBi

\}DM\MM\
s

LI —
LA k]

i \

/

Puc. 3 - [liaepama niniii pienoco pigus

Bucnoeku. JlocmimxeHHS HaTalOTh pPe3yJIbTaTH
[0 BiJHOBJICEHHIO IPOMHCIIOBHX Ta arpapHUX CTOKIB.
IlopiBHAHHS KyTa KpyTKH KOHyca BeHTypi npu
OYHIIEHH] CTIYHUX BOJ HAJalOTh BEJIMKI MEXI s
poboTH KOMyHamBHOTO TocmomapcTBa. [loTouni
JIOCITIPKEHHS HaJal0Th MOXJTMBOCTI JUIs
BIPOBAJPKEHHS CUCTEMH BiIHOBJIEHHS IIOBTOPHUX BOJI,
110 KomrieHeye 10 37% nebanancy BOJHOTO OacelHy.
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IMPROVEMENT OF THE STATE MANAGEMENT AND TRAINING SYSTEM IN THE SPHERE OF
PHYSICAL CULTURE AND SPORT BASED ON THE SOFTWARE COMPLEX
"UNIFIED CALENDAR PLAN"

bypnakoe Muxaun Eezenvesuu

KaHOUOam mexHu4yecKux HayK, 00yeHm Kagpeopol
bezonacnocmu ungopmayuonnvix cucmem,

Camapckuil HAYUOHATLHBILL UCCTe008AMENbCKULL YHUGEpCUMEe
Kybeee Anexcanop Braoumupoeuu

Kanouoam neodazo2uieckux Hayk, 0oyenm,

Bcepoccutickuii nayuno-ucciedosamenbckuil

Hnemumym @usuueckoii Kynomypot u Cnopma (Buuugx)
Aébpapoeé Pagarne Pawmumosuu

abumypuenm 8 acnupanmypy,

Camapckuii HAYUOHATLHBLU UCCTE008AMENLCKULL YHUBEPCUMEm

COBEPIHIEHCTBOBAHHUE 'OCYJAPCTBEHHOM CUCTEMBI YIIPABJEHUS U TOJATOTOBKHA
B COEPE ®U3BUUYECKOM KYJIBTYPHI U CIIOPTA HA OCHOBE IPOIT'PAMHOI'O
KOMILJIEKCA
«EJIMHBIA KAJEHJIAPHBINM IIJIAH»

Summary. The article presents the results related to design, high-level development and potential integration
of the Unified Schedule software package. The scheme of integration of system interfaces, functional and
architectural diagrams of the software complex is demonstrated, the principle of operation and data visualization
is presented with a step-by-step description of the features of data transfer between the modules and the software
used. An integration scheme is shown within the framework of the current reporting transfer processes of unified
calendar plans, as well as the solution of management and training issues in the field of physical training and
management by the applied software package.

AHHoTanusi. B crarbe mpencTaBiIeHBl PE3yJbTaThl, CBA3aHHBIE C BOIPOCAMH IIPOCKTUPOBAHUS,
BEPXHEYPOBHEBON pa3paOOTKM W TOTEHIMATbHOW WHTETpPAllMd MPOTPaMMHOTO KOMIUlekca «EIUHBIHA
KaJleH/1apHbIH 11any. [IponeMoHCTprpOBaHa cXxeMa HHTErpallui CUCTEMHBIX HHTep(elcoB, pyHKIMOHAIBHBIE 1
APXUTCKTYPHBIC CXEMBbI IIPOTPAMMHOTO0 KOMIUICKCA, NPEACTABJIICH ITPUHIUIT pa6OTbI 1 BU3yaJIM3allMU JaHHBIX C
[IOIIArOBBIM OIIMCAHHEM OCOOEHHOCTEM nepegaynu JaHHbIX MEXKAY MOAYJSIMHU U MPUMEHSACMBIM IPOTrpaMMHBIM
obecrieueHueM. [lokasana cxema HUHTEIrpallii B paMKaxX TEKYIIHUX HNPOLECCOB Nepeaadd OTUYCTHOCTHU CIUHBIX
KaJICHAAPHBIX IUIAHOB, @ TAKKE PCUICHUS BOIPOCOB YHPABJICHUSA U NOATIOTOBKU B (xbepe dOKuC MMPpUMCEHACMbBIM
MPOrpaMMHBIM KOMIIICKCOM.

Keywords: UCP, automation system, software, Ministry of Sports of the Russian Federation.

Knroueswie crosa: EKIY, cucmema asmomamuzayuu, npoepamMmHoe o6ecnelteHue, Mulmcmepcmeo cnopma
Poccuiickoii @edepayuu.
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Brenenne CIIOPTHBHBIX ~ COOpHBIX  KoMmaHA  Poccuiickoii
B ycnoBusix  cTpemurensHoro  pasButus =~ Defgepanuu  Au8  MX  YCHELIHOTO  y4acTUsl B

1 poBBIX TeXHOIOTHIT HOBBII BekTop B cpene PKuC
6asupyercs Ha KOHIIETIIUH nuQgpoBU3aLuU
TOCYZapCTBEHHON CHCTEMBI ITOJITOTOBKH M YIIPABIICHUS
B cdepe (usnueckoil KynbTypbl M cropTa (IpHKas3
Ne971 ot  25.11.2019 [1]). «UudpoBusamus
YNpaBICHUS» MPEAIoaraeT Mepexoi Ha oOmadHbe
TEXHOJIOTHH, 9TO MO3BOJISIET OpraHU30BaTh
3¢ dexTHBHOE B3aMMOJICHCTBHE YY4aCTHHKOB
(hM3KYNBTYpHO-CIIOPTUBHON [EATEIBHOCTH B cdepe
OKuC, a Takke ONTUMI3HPOBATH (HHAHCOBHIE U
BpEMEHHBIC 3aTpaThl Ha CO3JaHHE W TIOMIEPKKY B
aKTyaJIbHOM COCTOSIHUM BCeX HH(OPMAIMOHHBIX
CHCTEM, HCIIOJIb3YEMBIX B IPOLIECCE YIIPABIICHUS.

Peamuzanmst HOBOW  KOHUENUMH  IU(PPOBOI
tpancdopmanuu B chepe ®KuC, B pamkax crpareruu
pa3BuTHA HHpOpPMAHOHHOTO obmiecTBa PO, Tpebyer
CO3JaHUSI  CIMHOM  3JNEKTPOHHOH  TuIAaT(opMBbI,
peann3oBaHHON B BHJE NPOrPaMMHO-aNIapaTHOTO
KOMIUIEKCa, WHTETPHPOBAHHOTO B  JIICKTPOHHYIO
nH(pOpMaIMOHHO-KOMMYHHKAIIMOHHYIO Cpeny B chepe
OKuC, Brmoyammym B ceds KOMIOHEHTHI 10
YIPaBIECHUIO COIEp)KaHUEM, MPOIIECCOM, PEeCypcaMi,
KOHTHHI'CHTOM, q)HHaHCElMI/I n Ka4uyCCTBOM
HCIIOJIB3YEMBIX ITpOrpaMM.

®opmupoBanue EQuHOro KalaeHIapHOroO ILIaHa
MEKPETUOHAIBHBIX, BCCpOCCHﬁCKHX u
MEXKAYyHAPOIHBIX (HU3KYJIBTYPHBIX MEPOIPHATHH U
cnoptuBHBIX Mepompustuii (mamee — EKII) — »t0

MHOTOCTOPOHHHUH Tporecc, UMEIOLITNN
crerduieckoe coaepikanne U GopMy OopraHM3aINH,
perynmpyeMsIi HOPMaTHBHO TIPaBOBBIMHU

JIOKyMeHTaMu [2-7] Ha ocHOBe DenepalbHOro 3aKOHA
o1 04.12.2007r. Ne329-D3 "O duznueckoit KyabType U
cniopte B Poccuiickoit denepanun [8].

OcHoBHbIMH 3ajauamu  ¢opmupoBanust EKII,
cornacHo mpukasy Ne289 ot 08.05.2009 [9], sBastroTCs:

*  CO3JaHHE LIEJIOCTHOM CHCTEMBI
(DU3KYNBTYpHBIX ~ MEPOIPHUATHH, CIIOCOOCTBYIONIEH
Pa3BUTHIO MAacCOBOW (DM3UYECKON KYIBTYPHI Cpeau
Pa3IMYIHBIX TPYIII U KaTETOPUI HACCIICHS,

*  CO3JaHHE LEJOCTHOW CHCTEMBI CIIOPTHBHBIX
MEpPOTIPUATHI MO0 BUAAM CIOPTA, B IENAX Pa3BUTHA
BUJOB CIIOPTa, OTOOpa CIIOPTCMEHOB B CIIOPTHUBHBIC
coopHele KomaHABl Poccuiickoii ®Demepannn u
obecreueHus LeJIeHanpaBIeHHON MOJArOTOBKU

KpYNHEHIINX MEeXIyHapOAHbIX COPEBHOBAaHHUAX —
Onumnuiickux, Ilapamumnuiickux, CypamIuMnuicKux
Urpax, 4eMIHOHaTax U NepBeHcTBax Mupa u EBpomnsr;

*  KOOpJAWHALUSL B3aMMOJIEHCTBUS
OpPTraHM3aTOpoB  (DU3KYIBTYPHBIX MEPONPHATHH |
CHOPTHUBHBIX MEPOIPHSATHIA.

B Hacrosimiee Bpems mporecce (hopMHpOBaHUSA
EKIT mpencraBnsier co0Oi  CIOXKHOE CHCTEMHOE
B3aMMOJICHCTBHE U pabOTy Pa3IMIHBIX (PU3KYIBTYpPHO-
CHOPTUBHBIX OpraHu3auuii U MuHHCTEpPCTBa cropTa
Poccuiickoit ®enepaunu. IIpu 3TOM, HCXOAS U3
COBPEMEHHBIX TeHACHIMH ri100anbHoi udpoBu3annu
U TOPEACTOSsILEr0o  Iepexoja BCEro  CerMeHra
yIpaBJIeHUs Ha OJIEKTPOHHBIA JIOKYMEHTOOOOpOT,
MOYKHO TOBOPHUTH O TOM, 4To popmuposanue EKII Tax
e JIOJDKHO OBITh OCYIIECTBIICHO B IU(POBOH cpere ¢
COOTBETCTBYIOIIMMH  TPEOOBAHMSMH 110  3aIINUTE
U(POBBIX TAHHBIX C OJHOW CTOPOHBI ¥ TOCTYIHOCTBIO
u MIPOCTOTON HCIOIb30BAHUSA (cbopa,
CHCTEMAaTH3aINH, aHAJIN3a ¥ NPEICTABICHHUS JaHHbIX )
C IpYyroil.

[Ipoext mporpammuoro komiuiekca (ITK) EKII
3aKro4yaeTcsi B OOECIEYeHUH  B3aUMOACHCTBUS
00ILEPOCCHICKUX CHOPTUBHBIX (enepaluii, OpraHoB
HCIIOJTHUTENIbHON BiacTH cyobekToB PO, MuHcnopra
Poccun, uHBIX opraHuMzanuii npu (HOPMHUPOBAHUH M
peanu3anyyM  KOHIENUMHM EIWHOrO KajeHIapHOro
m1aHa. Peanusanus npoekra oCymecTBISIETCS 3a CYET
aBTOMAaTH3allMM MPOLECCOB CO3JaHMs KaleHOapeu

CIIOPTHBHBIX ~ COPCBHOBAHHM W MEpONPHUITHI
Pa3IMIHOTO cTaryca, obecrieueHns
LEHTPAIN30BAHHOTO coopa  mHDOpMaUH 0

peanuzanuu Meponpustuit EKII u xoHTpons Takoi

peamuzanuu. B kauecTBe  MTOroBOM  TOUYKH
paccMmaTpuBaeTcs ONTUMU3ALUS IIPOLIECCOB
¢dopmupoBanus EKII, BHeCeHUsT B HErO U3MCHEHUH W
KOPPEKTHUPOBOK.

C  mempl0  peanM3allUid  BBIIIEYKa3aHHbBIX
B3aMMOJEHCTBHH  pa3paboTaH TMPOEKT B  YacTH
MPOEKTUPOBaHUSI M CO3/JaHUA  NPOrPaMMHOIO

KoMmIuiekca «EMWHBI KameHmapHBIH Tutany. OOmas
cxema peaynnzanuu 1K «EnuHplii kaneHaapHbIN I1aH»
B paMKax TEKyIeH CTPYKTYphl B3aMMOACHUCTBHUS W
(hopMUpPOBaHHUS YTBEPKACHHBIX IIAHOB TIPEICTABIICHA
Ha puc. 1
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Puc. 1. Cxema unmeepayuu I1K EKII ¢ pamkax mexyueti cxemvl (PyHKYUOHUPOBAHUS
npoyeccos u NAaH08 Meponpusimuil
Fig. 1. Scheme of integration of the PC EKP within the current scheme of functioning
of processes and action plans

C ¢yukunonansHoi Touku 3peHus, [TK «EKID»
Ha Ka)K/I0M 3TaIle peaiu3yeT KOHTPOJIb MOCTYIUICHUS 1

00paboOTKM  KOJMYECTBEHHBIX M  KaueCTBEHHBIX
xapakTepucTuk  3asBok. IIK  HampaBmeH  Ha
ONTHMAJIBHBIN MMOJA0Op peXUMa B3aUMOJIEHCTBUS

cyobektoB  cheppt @KuC, KOHTPOIb BHOCHMBIX
W3MEHEHHH, U PEryJINPOBKY peXHUMa paboThI, 4YTO, B
CBOIO OUepe/ib, HANPABJICHO Ha CHI)KCHHE MPOCTOEB U
HaKJIaJIOK B paMKax OCYIIECTBIICHUS JIESTEIbHOCTH B
cpepe OKuC, a Takke TOBBIIICHHE KadecTBa
OKAa3bIBAEMBIX YCIIYT U YBEINYEHHS PEHTA0EIbHOCTH 1
KII cnopTUBHBIX OOBEKTOB.

IIpoexTupoBanue u peanuzanus INK EKIT

IIpu npoextupoBanuu IIK EKII yuuThiBanace
HEOOXOAUMOCTh O0BEANHEHUS CIIEAYIONINX (HAKTOPOB:
COBPEMEHHOCTH, aKTYaJIbHOCTH U OTKPBITOCTH CPEJICTB
pa3paboTKM ¥ BO3MOXKHOCTH pPa3BEPTHIBAHUS, U
HCTIOB30BaHUs MOJOOHBIX CPEACTB Ha IUTATGopMax
OTEYECTBEHHOTO MPOTPaMMHOI0 00ECIIEUYeHNUS B YacTH
OIIEPAllMOHHBIX cHUCTEeM. IlepeueHb HCHONB3YyEMBIX
MIPOTPaMMHBIX CPE/ICTB Pa3pabOTKH MpEeICTaBlICH B
Tabmure 1.

Tab6numna 1.

ITepeuyeHb HcNOAB3yeMbIX POrpaMMHBIX cpeacTs pa3padorku IIK EKII

Table 1.

List of software tools used for the development of PC UCP

[porpammMHoe obecreueHne Bepcus TexHuueckas 3aMeTKa
OrnepanoHHas CHCTeMa BepcHs sapa OrtxkpbItast miatdopma, KOTopasi COBMECTHMA C OT€YECTBEHHBIM
Linux Debian HE HIKE 4.X anayioroMm Alt Linux [10]
SBnsercst 6a301 JaHHBIX HA OTKPBITOH TIIaTdopme
Baza nannbx PostgreSQL He HIKe 9.X o N Tip (bope,
smuensupyemoii B pamkax @CTOK [11]
. OTKpBITOE MPOrpaMMHOE 00ECTIEYEHHE, TOCTABIISIONIEE B TOM
IIpoxkcu Beb-cepBep Nginx ¢ P POrP N tmee B
He HIke 1.X Yycie B BUIE TIAKETOB MHCTAJUBIIMN B OTEUECTBEHHBIX Linux
moxynem PHP-FPM
iatdopmax
OnmH 13 HanboJee pacIpOCTPAHEHHBIX, OTKPBITHIX SI3BIKOB
S13bIK IpOTrpaMMHUpPOBaHHS A pactpocip %, OTIP
PLIP He HIKe 7.X MPOTPaMMHPOBAHMS, TIPEAHA3HAUEHHBIH [ IPOSKTHPOBAHUS
BBICOKOHAIPY>KEHHBIX peleHuit [12]
. JavaScript-ppeliMBOPK ¢ OTKPBITBIM HCXOIHBIM KOJIOM ISt
DpeiimBopk Vuels He HuKe 2.5 pt-p P TP N A
CO3JIaHMs MOJTB30BATENBCKUX HHTEp(ericos [13]
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dpeiimsopk Laravel He HIDKE 6. PHP Be6-(ppeliMBOpK ¢ OTKPBITHIM KOJIOM, npeuz[Ha3Haquan71 TUTSt
pa3pabOTKH C UCTIONIb30BAaHUEM apXUTEKTypHOI Mojiert MVC [14]
@peiimBopk React Native He Hke 0.6X |  OtkpsiTast mardopma 11 pa3paboTKX NPOrpaMMHBIX IIaTdopm
OOmwmit sxu3HeHHbIH 1k pazpadotku [TK EKII 5. Konuposanue.
MPEeJCTaBJICH IOIIaroBO HUXKeE: 6. OTnaaka U TECTUPOBAHUE NIPOTPAMMBIL.
1. IloctaHOBKa 3aaa4H. 7. AHanu3 pe3ynbTaToB.
2. AHanu3 3aJ]auu U MOJICITUPOBAHUE. 8. ConpoBoXJIeHUE MPOTPaMMBL.
3. PazpaboTka mnu BHIOOp alNroputMma perieHus CrpykTypHas cxema KIIMEHT-CEPBEPHOTO
3a/1a4H. B3aMMOJIEHCTBHA ¢ PYHKIMOHANEHBIM pa3zouenuem [1K

4.  TIpoextmpoBanme  obmeii  crpykrypsr EKII mpencraBnena Ha puc. 2.

MPOTPaMMBI.

Beb warepdenc EKI

v

API

v

Mginx + PHP-FFM

'

Anpo nnatgopMel Ha peiMBOpKE

Cepeep EKI

Laravel (PHP)

'

Onepau1oHHan cucTema Ha Hase
Appa Linux

", .

Puc. 2. Cmpyxmypuas cxema 3aumooeticmsus ¢ I[IK EKTI

Fig.2. Structural diagram of interaction with the PC UCP

OOmas cxema 3anpocoB MPH KIHEHT-CEPBEPHOM
B3aUMOJIEHCTBUM C  OOO3HaUYCHHWEM  JIOTHYECKHUX
KOHTYpOB 0003Ha4YeHa Ha pHc. 3.
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Puc. 3. Obwas cxema 3anpocos u nocuveckux KOHMypos npu Kiuenm-cepgeprom e3aumoodeticmeuu [1K EKTT
Fig. 3. General scheme of requests and logical loops for client-server interaction of the PC UCP

B kauecTBe OCHOBHBIX oOmepamui 1Mo paboTe C
JaHHBIMH BBIICISIIOT clexyomee (yHKIMOHAIbHBIC
npeoOpa3oBaHMs:

*  BaJMJAUMs — MPOILECC, MPU KOTOPOM JIaHHbIE,
MOJyYeHHbIE  OT  KIHMEHTa, [pOBEPSIOTCS  Ha
KOPPEKTHOCTh  (POPMYJIMPOBKM W  COOTBETCTBHE
TpeOOBaHUIO CTPYKTYPHI PaOOTHI;

* 00paboTka — mporecc TpaHC(HOpMaIHH, NPH
KOTOPOM  3alpollleHHbIE OT KIHEHTa JaHHbBIC
npeoOpa3yloTcs B HA0Op JIOTHYECKHX KOMAaHI,
HAaIpaBIsIEMBbIX C LIEJIBIO MOTYYEHHS JaHHbBIX COTJIACHO
3alpOLIEHHOH CTPYKTYpE;

*  3ampoc AaHHBIX — IpOLeCcC, HAapaBJICHHBIN Ha
(opMHpOBaHME JIOTMKM TIONYyYCHUS JAHHBIX U3
MCTOYHHMKOB HEOCTYITHBIX JIJIsl KOHEYHOTO KJIMCHTA;

*  MOJy4YeHHE JaHHBIX — Ipolecc, IIPH KOTOPOM
JIAHHBIE TOJIyYarOTCSl U3 HCTOYHHKOB, CKPBITHIX OT
KOHEYHOT'0 KJIMEHTa (HarpuMep, u3 6a3bl TaHHBIX);

+ oOpaboTka TaHHBIX — mporiecc
mpeoOpa3oBaHus NTAHHBIX U3 CTPYKTYPHl HCTOYHUKOB,
CKPBITBIX OT KOHEYHOTO KJIMCHTa B OOBCKTHBIC
CTPYKTYPHI [UIs AajbHeIIel 00paboTKy;

e ¢opmamuzanms ~ JaHHBIX  —  MPOIECC
npeoOpa3oBaHus JaHHBIX B CTPYKTYPbI, KOPPEKTHBIC C
TOYKH 3PEHUS MM0JIb30BATEIBCKON JIOTHKU PaOOTHI.

Heotsemnemoii yacteio I1K EKII siBnsercs 0a3a
masHblXx  (B/]), koTopyro MOXXHO pa3menuTh Ha
CIPAaBOYHYIO U JIOTHUYECKYIO YacTH. CIpaBOYHAS YacTh
OTBeYaeT 3a (OPMHUPOBAHUE CIIPABOYHUKOB — HAOOPOB
JAHHBIX, HMEIOMHX IUIOCKYI0  CTPYKTYypy H
MIPEOCTABIIIONIYIO (hyHKIHFO (dbopmupoBaHUs
CTPYKTYPHUPOBAHHBIX 3HAHHI O TOW WM WHOU O0JIACTH
II0 EKII. Jloruueckas 4YacThb OTBE€YaeT 3a
(GhopMUpOBaHHE JIOTHKH DPEaM3alidd [IPOrPaMMHOTO
obecrieyenusi. IlepedeHb CIPABOYHBIX U JIOTHYECKUX
TabJIHII IpeIcTaBIeH B Tabnuie 2.
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Tabnuna 2.
Ilepeuens cnipaBoyHbIX U Jornyeckux Tadaun IIK EKII
Table 2.
List of reference and logical tables of the PC EKP
HanmeHoBaHue Tabnuibl [osicuenne
team_types Tun cocraBa
age Bospact
disciplines CropTHBHBIC UCIUILIHHBI
event_types Tun MeponpusTus

event_organizations

OpraHusaTop MepOIpHATHS

calendar_changes

I3MeHeHus B KaJieH1ape

base_sport Cas13b 0a3bl C BUIAMH CIIOPTA
federations_sports Cssi3b criopTa ¢ heiepatisaMu
sport_csp Cgsizp LICII u Buzia ciopta
sport_types Tun Bua cnopra (BeIOMCTBEHHBIH U T.11.)
attachments Pabota ¢ daiinamu
failed_jobs CucTeMHBIe 33/1a4H HE BHIMIONHEHHbBIC B pamKax siapa [10 EKIT
months Mecsipl
seasonality Ce30HHOCTh
sport_classification Krnaccubukalms BHIOB CriopTa
athlete types ITon
event _classification Knaccuburalms MeponpHsTHii
finance type DrHaHCHPOBAHKE
organizations Opranuzaimu
Ccsp Ynpasnenue [ICI1
locations CrpaHa, OKpYT, perHoH
event files DailITbl OTYETHOCTH MEPOTIPHUSATHS
users INomp3oBatenu 110 EKTI
events IlepeueHb MeponpusTHid
federations CropruBHbIe heeparmn
sport_finance DuHaHCUPOBAHKE BU/IA CIIOPTA
sport_bases CropruBHbIe 6a3bl
BaXHBIM MOMEHTOM SIBJISICTCS TO, YTO JUIS JIOTIONHUTENBPHO B PEANM3al{i0 IPOrPAMMHOTO
3¢ heKTHBHOTO yIpaBJIeHUs OpOIECCOM  MPOAYKTa 3al0XKEHA pOJeBas MOJEIb C Lo
(bopmupoBaHms EKII, SIBISIETCS XpaHEHHEe  peau3alHy IO0/XO0[a Pa3srPaHUYCHHS IIPaB IOCTYIIA.
(buHaHCOBOMN uHbOpMaLHH - konuyectBa  OOIIas cxema pOJIEBOIM MOJENH, a TaKkXkKe IepedyeHb
3alPOLICHHBIX HA peain3amuio u  (pakTHdecKku  TaOJMII IPeICTaBieH Ha PUC. 4.
3aTpaueHHBIX JICHEXKHBIX PECypcoB.  YKa3aHHBIN

aCIEeKT TaKXKe OTpaXkeH B Tadiuie 2.

model_has_permissions

< permission_id
= model_type
= model_id

role_has_permissions

< permission_id
Z role_id

model_has_roles
< role_id
= model_type
< model_id

*® permissions
& id
name
guard_name

created_at
updated_at

M roles
2 id
name
guard_name

created_at
updated_at

Puc. 4. Cxema u nepeuenv mabauy o1s pearusayuu ponegou mooenu ¢ IIK EKTI
Fig. 4. Scheme and list of tables for the implementation of the role model in the PC UCP
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I[NIK EKII ¢yHKunoHaNIbHO HamNpaBieHO Ha
obecrieueHne Ka4yeCTBEHHOIO B3aUMOJeHCTBUSA
MOJIb30BaTeNEN CUCTEMBl B paMKaxX IUIAHUPOBAHUS U
peanu3anuu (U3KYIBTYPHO-CIOPTUBHBIX
MEpPONPUSATUH I NPEAOCTaBICHUS TEXHUYECKOM
BO3MOXHOCTH  HPEANPHUATUAM, OCYLIECTBIISIIOLIUM
nesrenbHOCTE @KuC, B TOM 9mcie MPeNCcCTaBUTEISIM
pernoHanbHEIX  cTpykTryp DPKuC, yupexnenusm
3/[PaBOOXPAHEHUSI U TIP. TIOCPEICTBOM CTAIMOHAPHBIX
1 MOOWJIBHBIX IUIATPOPM.

Takum ob6pazom, IIK EKII obecneunBaer
aBTOMATH3ALHNIO IIPOIECCa CHHXPOHM3AIMH JIaHHBIX
(xonTpons  ¢dopmupoBanuss  EKII,  u3meHeHus,
KOppEeKIMM, aHalM3a HUTOTOB  pealu3alu) C
NpeJOoCTaBIeHHEeM  JOCTyNa K  BHU3YaJIbHOMY
uHTep(eiicy mnoip3oBaTeNeil C PpOJEBOH MOJIEINBIO
ynpasnenusi. Metoasl qoctaBku 11K EKIT xoneuHbiM
MOJTE30BATEISAM:

- CTalMoOHapHbIE IUIaTGOPMBI (CTalMOHAPHBIE
KOMITBIOTEPBI, MOOMIIBHBIC KOMITBIOTEPHI, CEPBEPHI);

- MOOWIbHBIE TIATGOPMEI (TOJ YIIPaBICHUEM
omepannoHHBIX cucteM Android u 10S).

3AK/IIOYEHUE

IIpoBomuTCs aKTHBHOE TPOEKTUPOBAHHE W
pa3paboTka IPOrpaMMHOTO KoMIUiekca «EmuHbIi
KaJCHIapHBIH IIaH», MPEJCTABIAIOIEro H3 cebds
TEXHUYECKHH KOMIUIEKC, CIOCOOHBIN HaKaIlIMBaTh,
0o0pabaTbiBaTh M XpaHWUTh JaHHBIC, O0CCIICUYHMBATH
MeXaHU3M yIpaBIeHUs OpraHU3aIlMOHHBIMU
nporeccamu B chepe ®KuC, rae ynpasneHue u coop
CTaTHCTHYECKUX NAaHHBIX HAET 0€3 HCHOIb30BaHUS
CTOPOHHHX KOMIIOHEHTOB ¢ mnpuMmeHeHueM [1O,
OopueHTHpOBaHHOTO Ha ceprtudpukammo DOCTOK.
IIporpammusIi KOMIIIEKC obecrieuynBaeT
(YHKIMOHAJIBHYI0O BO3MOXKHOCTH  IIPEIOCTABJICHUS
BU3YaJIbHOTO JIOCTYyTIa TIOCPEICTBOM CTallMOHAPHBIX U
MOOWJIBHBIX TUIATGOPM K XpaHSAMIUMCS JIaHHBIM,
MoJCUCTEMaM  aBTOMAaTH3allMK M MeXaHU3MaM
MOCTPOCHUS JIOTHYECKHX IIeTeH I0JIb30BaTelsM,
HUMEIOIIUM  COOTBETCTBYIOII[E CHCTEMHbIE IIpaBa
JIOCTyTIA.

B nanmbHelmeM mpezmosiaraeTcsi MOCTPOCHHUE
MHTErpaloHHbIX 3yieMeHToB Ha rpanuue [10 EKIT u
JIPYTUX TIOACHCTeM TporpaMMHON Mmiatdopmer ['C
O®OKuC, rae ogHUM U3 NPUOPUTETHBIX HANPABICHUH
ABJISIETCS MOAYJb «CIOPTHUBHBIE COPEBHOBaHMS Ha
tepputopun P®», a Takke MOIyJb ydacTHs B
MEXTYHapOJHBIX CIIOPTUBHBIX COPEBHOBAHMSIX.
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ANALYSIS OF THE CONDITIONS OF OPERATION OF A MODERN AND HISTORICAL
COSTUME FOR DIFFERENT REGIONS OF THE COSSACK'S LIFE

bonowvipesa Jleca Muxaiinosgna
cm. npenooagamers

@I'EOY BO Apmasupckutl 20cy0apcmeenHulil neda2o2uyeckuil yhugepcumen,

Kpacnooapckuii kpati, e. Apmasup
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0.m.H., npogeccop ®I'HBOY BO PI'Y um. A.H. Kocvleuna

(Texnonoeuu. Jusaiin. Mckycemao), e. Mockea
TI'onoexo Céeemnana Heanosna

nedazoe oonoanumenvhozo oopasosanus MBY JJO JJIIOT 2. Apmasup,
mazucmpanm 2 kypca PI'EOY BO «Apmasupckuii cocyoapcmeenviil

neodazo2udecKuil yHusepcumemy

AHAJIN3 YCJIOBUM IKCILTYATAIIAA COBPEMEHHOI'O U HCTOPUYECKOI'O KOCTIOMA
JJIS1 PASBHBIX PETMOHOB )KU3HU KA3ZAYECTBA

Summary. The article examines and systematizes the scattered data on the regions of residence of Cossack
women. Based on the results of the analysis, a classification of historical female Cossack clothing was developed
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for 18 regions of Russia. The features of the assortment of women's historical products in each region of our

country are revealed.

AHHOTalIl/Iﬂ. B cratbe PacCMOTPEHbBI U CUCTCMATU3UPOBAHBI PA3PO3HCHHBLIC AAHHBIC OTHOCUTCJIBHO
PErMOHOB NPOKUBAHHNS KCHIUH-KAa3a4€CK. Ilo pe3yjIbTaTaM aHaln3a pa3pa60TaHa KJ'IaCCI/I(l)I/IKaI_II/IH HCTOpI/I‘IeCKOﬁ
JKEHCKOM Kas3aubeH OACXKAblI 1A 18 PETruoOHOB Poccun. BoisgBieHsl 0coOeHHOCTH ACCOPTUMEHTA JKCHCKUX
HUCTOPUICCKUX I/I3Z[GJ'II/Iﬁ B KaXXJI0M pETUOHC Hameun CTpaHbI.

Key words: clothes, cossack women, regional peculiarities of residence, systematization of information.

Kniouesvie cnosa: ooeocoa,
cucmemamuzayust UHGopmMayuu.

Onexnma Kasauek pasHooOpasHa, 4qTo
00yCTIOBJICHO MIMPOTOH pacceleHus, pa3THIHBIMU
KITMMATUYCCKUMU YCIOBHUSAMU MPOKUBAHUS, HATUIUEM
MPUPOJHBIX PECYPCOB B PETHOHAX, pPa3HOOOpasueM
TpylOoBOi  gesTenbHOCTH. (OCHOBHBIM  3aHSITHEM
JKCHIMUH ~ OBUTO  3eMJIelieiue, B TOM  YHCIE
BBIPAIMBAINACH KYJIbTYPHI JJI1 U3TOTOBJICHUS TPSIKH:
néH 1 KoHOTIIA. CKOTOBOJICTBO JJaBAJIO MIEPCTb.

BaxxHas xapaktepHas 0COOCHHOCTh — JKCHIIIHEI-
Ka3a4KH, KaK HapOJHOCTH, IMEIOMIeH eTNHbIC KOPHU 1
HICOJIOTHYECKYI0  OCHOBY, HO TEPPUTOPHUAIBHO
MPO’KUBAIOMICH B pa3HBIX paifoHaX HOCHUTH OACKAY U
TOJIOBHBIC YOOPHI, OTIINYAIOIINECS OT/ICIbHBIM, HHOT1a
CYIICCTBEHHBIM JICKOPATUBHBIM O(QOPMIICHHEM U
KOHCTPYKTUBHBIM pemienneMm [1]. [lox BausHuEM

HCEHUWUHbL-KA3A4YKU,

pecuoHalbHble ocobennocmu npodHcuearnusl,

HUCTOPHUYECKHX, COLHUAIBHBIX, Treorpaduiecknx u
IpYTuX (paKTOPOB MPOU3ONLIO CMELICHHE PA3IHIHBIX
HalMOHAJIHOCTEH M COOTBETCTBEHHO — OOIIHOCTEH
KynbTyp. C Ienplo cUCTeMaTH3allMU Pa3pO3HEHHBIX
JAHHBIX OTHOCHUTENBHO TEPPUTOPUANIBHBIX DPA3IUUUi
BIIEpBBIC pa3paboTaHa KiaccH(UKAIMOHHAs CXeMa,
KOTOpass MMeeT 4YETKyl CTPYKTYypy M HarJsaHo
OTpaXkaeT  BO3MOXKHBIE  PETHOHBI  IIPOKUBAHUS
KEHIIMH-Kazauek (pucyHok 1). Cxema BKIIOYaeT B
cebs 18 permoHOoB W HAaNIAAHO  JIOTOJHEHA
(hoTON300pAKEHUAMH. Taxoe MIPEACTaBICHUE
MIO3BOJISICT 3PUTEIHHO HM3YYHTh KOCTIOM Ka3adkKd M
paccMOTpeTh Hanbojee XapaKTepHbIE OTIINIUTEIbHBIC
3JIEMEHTHI BHEIIHETO BUJA.

KaaccudhukauuoHHan cxema Ka3auveil HapoOHOU (HAUUOHATLHOW) 00eHCObL

l—l—|

ITo pezuonaavroMmy npusHaxy

—_ -

4. Cubuperus
KazawEm

[

:Li_:

12. Jomckna

13. KyGamcrue 14. Tepcrme 15.T'pebencrns

E3ATER

Pucynox 1 — Knaccughuxayus npeocmagumeneii kasauecmea,

nposs#cuUsarowyuUx 6 pasiudHoblx pecuonax Poccuu

WndopmarnBHas GyHKIHSA, KOTOPYIO BBIIOIHSIA
HCTOpUYECKas O/IeXK/Ia Ka3aueK, ABUIaCh 3HAUUMON 1
OoTpakajia JaHHBIE O JKCHIIMHE OTHOCHTEIBHO
BO3pacTa, TEPPUTOPHH TPOKUBAHMSA, COIHAIHHO-
SKOHOMHUYECKOTO  CTaryca, MPHUHAUICKHOCTH K
OIpENIENIEHHON COCIIOBHOI IpyMIe, 3aMy>KeCTBa, poja
JIeITeIbHOCTH W TOJIOKeHust B oOmectBe. Yepes
npeaMeTsl  rapaepo0a, HampuMmep, 3HAYUTEIHHO
HOPOSIBJIATINCHE BO3PACTHBIE Ppa3IM4YUs — MOJIOJbIE
JKEHIUHBI WM JEBYIIKM OJIEBAIM KOCTIOMBI SIPKHE,

pa3HOIIBETHbIE U3 KaueCTBEHHOro MaTeprana. Kazauku
cTapme 35 JIeT TpeAloYMTald OJAeBaThCsl B Ooiee
TEeMHYI0, OJHOTOHHYIO OJEXIy HPOCTOIO KpOSL.
Hcnonp3oBaHWe  KpacHOIO I[BeTa B KOCTIOME
CUHUTANIOCh 0COOOM POCKOIIBIO.

Hcropuueckuii KOCTIOM, SIBJISIETCS MCTOYHHUKOM
nHdopmannu 0 YeJIoBeKe, u BBISBIISIET
TIPUHA/UIC)KHOCTD JKEHIMHBI K ONPE/IeICHHON TpyIIe
Ka3ayecTBa, IIPU ITOM YyKa3blBas Ha IIOJIOXKEHHE B
o0IecTBe M COUMANIBHYIO poiib. OIHAKO, MPEIMETHI
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OJIEXKJbl Ka3aueK MOINIM CYLIECTBEHHO OTINYAThCS
Mexay coboi. Hampumep, rapmepo06 KyOaHCKO#
Ka3zauykd (OpPMHUpPOBANACh I0J] BIMSHUEM KaBKa3CKHX
MOCENEHUN U ¢ yUeTOM MecTa JIOKaTU3alu1 Ka3aubero
BOWCKa. B rapgepobe  JOHCKUX  Ka3adek
MPOCIEKUBAIOTCS  XapaKTepHble 4YepPThl TOPCKHUX
HapozioB. CyIleCTBEHHOE BIIMSHHE HA TPaJUINOHHBIHA
KOCTIOM OKa3blBajla COCJIOBHAsl IPHHAJICKHOCTD
JKCHIIMHBI, HalpuMep: HIKHEIOHCKHE — Ooiee
MIMPOKKN MOKPOH mepenHei M 3amgHel dacTell OpIoK;
BEpPXHEOHCKHE — OoJiee y3KHWH NMOKpOW mepemHed u

3amHeit wacteir Oprok. Ha KybGamm kazaukn
NPEANOYUTATN HOCUTH OOBIYHBIE IIAPOBAPHI.
3a NPE/ICTaBUTEISIMHU Ka3avecTBa,

MPOXUBAIOUIMMHU B Pa3IMYHBIX peruoHax Poccuwy,
3aKpenuiICsl OMpeeNIeHHBI CTePEOTUI MOBEACHUS U
XapakTepa, 4To OTPa3UoCh B HAPOJHOM TBOPYECTBE,
yKJIaJie )KU3HH, OBITE, MaHEPE 0ICBATHCS U IOBEICHHH.
B 80-e roma XIX crojeTHs Ka3aKHh >KWJIM U HECIH
CITy’XO0Y B CIIEAYIOMIHX TYOSPHHUAX U 00IaCTAX, a TAKXKE
ye3aax U OKpyTrax:

Jlonckoe kazauve soticko — B 00yactu JJoHCKOTO
(Muycckut, JIoHCKOH, Xonepckuii,
Yeremensenunkuii, 1 n 2 Jlonenkue u Yepkacckuit
paiioHsI) Boiicka [2].

Kybanckoe xazauve e6oticko — B KyOGaHckoit
obnactu (Exarepunonapckuii, Elickuii, Temprokckui,
Maiikonckuii, baranmuamunckuii, KaBkasckuii wu

3akyOaHckuii paiionsl) [3].

Tepckoe kasauve soticko — B Tepckoit obmactu
(Ilaturopckuii, BmanmkaBkasckuii, ['po3HeHCKHU U
Kusnsipekwii pationsr) [4].

Acmpaxanckoe kazauve 801icko — B TYOepHHAX: 1)
CaparoBckoit  (CaparoBckuif, KamprmmHCKUIT U
Hapunsiackuii), 2) Camapckoit (HoBoy3eHckuil yesn,
COOCTBEHHO OJHH 3eMJIM, T[OCEJICHUH HeT);, 3)
AcTpaxaHCKOif (IlapeBckwmit, YepHozepckuil,
EnotaeBckuii u ActpaxaHckuit paiioHsl) [5].

Ypanvcroe kazauve 6oticko — B YpanbcKou
obmactu (Ypansckuii, KanmsikoBckuilt u I'ypbeBckuit
paiionsr) [6].

Openbypeckoe kazauve goticko —B OpeHOypreKoi
ryOepHUN (Openbyprexwid, Opckwid,
Bepxueypansckuii, YensOunckmit u  Tpowumkuit
paiionsr) [7].

Cubupcroe kazauve 6oucko — B obmactsax: 1)

AKMOIMHCKOH (Omckwuid, [TerponaBioBckuit,
KokueraBckuii, Capplcyckuifi ¥  AKMONHMHCKHUI
pationnl), 2) Cemunanatunckoit (IlaBmogapckmid,
Kapkapanunckuit, CeMmanaTHHCKHH,
YceTbKkaMeHOropeKuil paiioHbI u
3aiicanckoenpucTtaBctBo) 3) Tomckoit ryOGepHUH
(buiickwii paiion) [8].

Cemupeuenckoe  kazauve  6OUckKO — B
CemupedeHckon obxacti (CepruononabCkui,

Komnanbsckuii, BepreHcknit 1 MICBHIKKYJIBCKUI paiioHbI)

[al.

3abaiikanvckoe  Kaszauve  60UCKO  — B
3abaiikansckoit oonactu (CeneHruHCKUi, YN THHCKUH,
Hepuunnckui, Bepxneynunckuii,
HepuunHckozaBoackui, TpounkocaBckuit "

AxmHCKW paiions) [10].

Amypckoe u Yecypuiickoe xazauvu 6ovicka — B
obnactsix AMypckoit u [Tpumopckoii [11].

C XVIII Beka s 3alMThl  TOCTOSIHHO
PACIIUPSBIIMXCS TPAHMI TOCYIaPCTBA MPABUTEILCTBO
oOpa3dyer HOBBIe Ka3aubM BoMcka: OpeHOyprckoe
HeperyisipHoe (1748 r1.); Actpaxanckoe (1750 r.)
(mepBoHavanbHO, ACTpaxaHCKHH Ka3adWil IIOJK),
npeobpazoBarHoe B 1776 1. B AcTpaxaHCKOoe Ka3aube
BO¥CKO, B 1799 r. — cHOBa B 110JIK, a B 1817 I. — BHOBB
B Boticko; UepHoMopckoe (1787 r.); Cubupckoe (1808
r.); KaBkasckoe nmuetinoe (1832 r.); 3abaiikanbckoe
(1851 r1.); Amypckoe (1858 r.); KaBkazckoe wu
YepHOMOpCKoe, To3xke IpeodpazoBaHHble B Tepckoe n
Ky6anckoe (1860 r1.); Cemupeuenckoe (1867 r.);
VYecypuiickoe (1899 r1.). B mnHauane XX Beka
cymectBoBao 11  kazaupux Boiick: J[oHCKoe,
Kyb6anckoe, Openodyprckoe, Tepckoe, 3adaiikanabckoe,
Cubupckoe, VYpamsckoe (Sumkoe), Amypckoe,
CemupeueHckoe, AcTpaxaHCKoe, YcCypuickoe, a
takxke Upkyrckuit u  KpacHosipckuit  kazaubu
TUBU3HOHBI (eToM 1917 T. w3 HuUX oOpa3oBaHO
Enuceiickoe ka3adybe BOWCKO), SIKYyTCKHH TOPOIOBOM
kazaunid nemuid nmoiak MBJl m mectnas Kamuarckas
ropojcKasl Ka3adbs KOoHHasi komanna. OOpas3oBaHue
HOBBIX Ka3a4ybHUX BOWCK OTPa3sHOCh M Ha MPEIMETax
rapyepo0a CorjacHO perHoHaIbHON MPUHAIICKHOCTH.

Kazaumiif KocTIOM — Kak MYy»CKOMH, TaK U >KeHCKHUH
—  3aMMCTBOBaJ  XapakTepHble  HaI[OHAJbHBIE
O0COOEGHHOCTH TEPPUTOPUM JIOKAJIU3aI[MM  BOMCKA.
OpHako Kak[asi CTaHWIA U PO MMEIH OCOOBIN Hapsiy
U TOJNOBHOW YOOp, KOTOpPBHIA MPEHUMYIICCTBEHHO
OTIHMYANICS  JETaNsaMH. [paJWuIiOHHBIH  KOCTIOM
MIPECTaBIUT cOO0M KOMILTEKC OJCKIIBI, XapaKTePHBIH
JUIL  OTIpeNeleHHOW MeCTHOCTH. OTINYusS MOXKHO
MPOCJIEIUTh B KPOE, KOMIIO3UIIMOHHO-TUIACTUYECKOM
peumeHun,  GakType M [BETOBOM  PCIICHHU
HCTIOJIB3YEMOT0 MaTepHaa, JIEKOPAaTHBHOM
odopmieHnu (Y30pbl, MOTUBBI i TEXHHKA BHITIOJTHEHHS
OpHAMEHTa), a TaKXKe COCTaBe NMPEeIMETOB KOCTIOMA M
Croco0e HOLIECHHUS Pa3INuHbIX YacTeil.

KymbTypa Ka3adecTBa COXpaHHJIA UENBIA Psij

CaMOOBITHBIX HCepT. B HacTodlIee BpeMs Ha
TCPPUTOPUIX HUCTOPUYECCKOTO MIPOKMBAHU
TIOABJIAOTCA MHOT'OYUCIICHHBIC JANACIIOPbI nu

STHHYECKHE OOIIUHBI, COCTOSIINE U3 MMPEICTABUTEICH
Ka3aKOB W IIOTOMKOB. 3a4acTyi0 MOJIOJCKHb BCEMHU
CWJIaMH CTapaeTcss BO3POXKAAThb M MOJJACPKUBATH
TPaJWIHMKA CBOMX IIPEIKOB, T€M caMbIM (HOpMHDPYs
HOBBII IUIACT HALIMOHAIbHON KyJIBTYPBI U BOCIIUThIBASI
YyBCTBO MATPUOTHU3MA Y TIOJPACTAIONIETO MOKOJICHHSI.
Bo3geiicTBue HapoAHOrO KOCTIOMa Ha COBPEMEHHOE
TBOpquTBO BCIIMKO, 4YTO HO}ITBep)KJIaGTCH TCCHOI71
CBS3BI0 C OOBIYAsMHU, OOpSIAMH M HCTOPHYCCKUMH

UCTOYHMKAaMHU  KyJbTypbl. Co3naHHble — pyKaMu
YeJoBeKa, IpeaMeTsl OblTa, IIBEHHBIC W3JEIHS,
9JIEMEHTBl  JIeKOpa,  akKceccyapbl, H300paskeHus

TO3BOJIAIOT TI0Jy4aTh 3CTETUYECKOE HACIaXICHUE,
IpU 3TOM OCO3HaBaTh BAXKHOCTh M 3HAYUMOCTh
HallMOHAJILHON KYJIBTYPHI.

JleranbHoe H3ydeHHE TPAJUIIMOHHOTO KOCTIOMA,
KaK 00beKTa MPOM3BEACHUS HCKYCCTBa, BCE OOJBIIE
BBISIBIISIET [IEHHOCTh M OOPa3HYIO JIETOMHUCH MPEIKOB,
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MOCPEACTBOM  s3bIKa  L(BETa, (OPMBI,  JIEKOpa, 4 Tepckue xasaku. Ccbulka Ha  CalT:
OpHaMEHTa, pacKpbIBaeT MHOTHE COKpPOBEHHbIC TaiiHbl  https://ru.wikipedia.org/wiki/repckne xazaku. Jlata

Y 3aKOHBl KpacoThl HApOJHOTO HCKycCTBa. Takum
00pa3oM, TpaJuIMKi HAPOJHOTO KOCTIOMA CTAaHOBSTCS
3HAUMMBI, U MIPEICTABISAIOT 3BEHO, KOTOPOE CBA3BIBAET
HCTOPUYECKOE XYIOXKECTBEHHOE MPOLUIOE Haponaa ¢
HACTOSIINM U OYAYIIHAM.
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PHYSICAL-CHEMICAL PROPERTIES OF WATER UNDER ACTION OF HIGH VOLTAGE

T'aiioykesuu Ceimnana Bacuniena

cmapwutl 6uK1aoay,

Biooxkpemnenuii nioposoin Hayionanenozo ynisepcumemy 6iopecypcis i RpupooOKopUcHy8aHHs.
Yrpainu “Bepeorcancokuti acpomexuiunuti incmumym”

Cemenoesa Haodin Ilagniena

cmapwutl 6uK1aoay,

Biooxkpemnenuii nioposoin Hayionanenozo yHisepcumeniy 6iopecypcis i npupoO0OKOpUCHy8aHHs
Yipainu “Bepeocancokuti acpomexuiunuti incmumym”

®I3UKO-XIMIYHI BJIACTUBOCTI BOJIHU I JIEFO BUCOKOI HAIIPYTH

Summary. The results of researches are considered from the study of influencing of the electromagnetic field
of high voltage on physical-chemical properties of water and effects, that they are accompanied. Information is
resulted about basic factors which can influence on properties and structure of water and facilities are developed
for its ionization.

AHOTalIiH. POBFJ’IHHYTO pe3ybTaT IlOCJ'IiZDKeHL 3 BHUBYCHHS BIUIUBY eJ'IeKTpOMaI‘HiTHOFO MoJIsi BHCOKO1
Harpyru Ha (i3UKO-XiMiUHI BIaCTHBOCTI BOJIM Ta e(eKTH, 0 iX CyHmpoBOJUKYIOTh. HaBexeHo BimomocTi mpo
OCHOBHI (haKTOpH, SKi MOXYTh BIUIMBATH Ha BJIACTHBOCTI 1 CTPYKTYpPY BOJIM Ta pO3poOiIeHO 3acodm aist il
030HYBaHHS.

Key words: high tension, water, properties, factors.

Kniouosi cnosa: sucoka nanpyea, 8600a, 61acmudocmi, paxkmopu.
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IMocranoBka mpodaemu. Boxa - nie opranism, 0e3
SKOTO HE MOXe OOINTHCS Hi OJIHA POCIMHA, Hi OJHA
JKUBa ICTOTA. | CKIJIbKU BYCHUX HE TOCIIIKYBATH BOJY,
aJie HIXTO He MOJKe TOsICHUTH Oararto (akTopis. Bei Mu
3HAEMO, 110 BOAA - 11 piguHa 0e3 KoJbopy 1 3amaxy,
YHIKaJIBHICTB SIKOT MOSICHIOETHCS 3IaTHICTIO 11 MOJIEKY T
YTBOPIOBATH MIKMOJICKYJISIPHI acoIliaTH 3a paxyHOK
BOJHEBUX 3B’S3KIB 1 Opi€HTAIifHUX, IHAYKIIAHUX 1
JUCTIepCIHHUX B3aeMofiil (cwim Ban-nmep-Baansca).
Mornekynu BOAW YTBOPIOIOTH SIK acomiaTH (IO He
MalOTh BIIOPSIKOBAHOI CTPYKTYpH), TaK 1 KIIACTEpPH
(mo wMatote cTpykTypy) [1, c. 612]. Boma
XapaKTepU3yeTbCs  BHCOKOIO  TEIUIONPOBIIHICTIO,
BUIIAPOBYBAHICTIO, BEJIMKOIO MTUTOMOIO TEIUIOEMHICTIO
1 Mae XapakTepHICTb IIiJ BIUIMBOM pi3HOMaHITHHX
¢iznuHNX  QakTopiB  3MiHIOBaTH  (hi3UKO-XiMIuHI
BJIACTHBOCTI, 110 CYIPOBOKYIOTHCS PSIOM e(eKTiB,
MEXaHI3MH SIKUX Ha CHOTONHIIIHIN TeHb 3aJIMIIAI0THCS
HEBIJOMUMH.

AHaJi3 OCTaHHIX JOCHiKeHb i nmyOaikaunii. Y
BOJIi OZTHOYACHO IO€AHYETHCS NPOCTOTA 1 CKIAHICTB,
1110 HEMA€ HayKOBOT'O TIOSICHEHHS, & CYTHICTb SBHIL, [II0
B HIli BHMHMKAIOTh, IO KIHII He 3’scoBaHi. bararo
BITYM3HSHUX  BYEHHX,  PI3HOMAHITHUM  YHHOM
JOCHIDKYIOUM BOAY 1 3Hato4M ii OyAoBY, HisIK He
MOJKYTb 3pO3YMITH SIK B3aEMOIIFOTh M) COO0I0 aTOMH,
3 SIKUX BOHA CKJIaJIa€ThCsl.

AwHani3z JiTepaTypHUX JOKeped IOoKasaB, IIo
BeJIMKa yBara MNPHUAUIETBCS XIMIYHIN, (QI3UuHIA 1
KoMOiHOBaHIH 00poOmi Bomm. HaiiGimpmmit iHTEpec
MPEICTaBISIOTh (i3WdHI crocoOu o0poOku Bomu 3
METOI0 3He3apaxyBaHHA. Jlo (i3MYHMX METOmiB
00poOKH MOKHA BITHECTH: JIa3epHE, yIbTpadioaeToBe
Ta i0HI3yIOUE BHIIPOMIHIOBAaHHS, 00pobKka
€JIEKTPOMarHiTHUMH TMOJISIMHU, TepMiuHa 00poOKa Ta iH.
Bu3Hauarouu 3MiHU y BIACTHBOCTSIX BOJIH I1iJ] BILTHBOM
X PI3HOMaHITHUX (Pi3MYHKX (PaKTOPiB BUSBWIH, 11O
BOJa MIJNAEThCS OOpOOI, MPU YOMY 3MIHIOE CBOI
¢i3uuHl BrHacTHMBOCTI 1 1 NpUTamMaHHA I1aM’STh.

Oco61mBoi yBaru 3aciyropye o0poOka BOJH BUCOKOIO
HAaIpyrow NOCTIHHOTO CTYMY, TaK SIK MEXaHi3M TaKoro
MIPOLIECY HEAOCTATHRO BUBUCHMH 1 HE MA€ BUUEPITHOTO
HAyKOBOT'O MOSICHEHHS IOJI0 CTPYKTYpH Li€l Bomu. A
TaKOX HE JOCTATHHO IOBHO BHSIBJIEHO BILIMB BHCOKOT
Hanpyru Ha (i3MKO-XiMiYHI BJIACTHBOCTI BOJH, LIO
SIBISIETBCS HAWBAXUIMBIMIO TPOOIEMOI0 CydacHOI
HayKH.

Mera fpocaiizkeHb — BU3HAUYCHHS BIUTHBY BHCOKOL
HaIpyTd TOCTIHHOTO CTpyMy Ha (i3UKO-XiMidHI
BJIACTHUBOCTI BOIH.

Buknang ocHoBHoro matepiaay. B mabGopatopii
CJICKTPOTEXHOJIOTI  Ha  MpOTsA31 I'STH  POKIB
MIPOBOASATHCS EKCIEPUMEHTH [Iii €JeKTPOMAarHiTHOro
MoJsi BUCOKOI HAmNpyrW INOCTIHHOTO CTpyMy Ha
CXOXICTh 1 IPOPOCTaHHS HACiHHS ToMariB. B pamkax
MIOUIYKY HOBUX EKCIEPUMEHTAIBHHUX MiAXOIIB IIOA0
BIDIMBY 0OpOOJIEHOI BHCOKOBOJIBTHUM TOJIEM BOIU Ha
PICT POCIMH NMPUHAHATO pIilIeHHS MpPOaHAaNi3yBaTH, SK
BIUIMBAa€ BHCOKa HAIpyra IOCTIHHOTO CTpyMy Ha
(i3UKO-XiMI4HI BIACTUBOCTI BOMU. 3 TOHEPEIHIX
JOCHTIKeHb OyJIO BHSABICHO, IO A Hi€I0 BHUCOKOI
Hampyru Boja 30aradyeTbcs O30HOM. IIpHCYTHICTB
030HY B OIPOMIHEHI# BOJII 1a€ MOKJIUBICTh JJOJATKOBO

FCHEPYBaTH  aKTHUBHI  OKHCIIOBAJIbHI  YaCTHUHKU.
BHacnmimok 1pOro CcTa€ MOXKJIMBUM  3J1MCHEHHS
JIAHIIOTOBUX  XIMIYHMX  TPOLECIB  OKUCICHHS

OpraHiYHUX PE4OBHH [2, c. 29].

O30HOBaHy BOJy OTPHUMYBAJIM 13 3BUYAHHOL
IIUTHOI BOAM, Ky OOpOONSIN BHCOKOI HaIpyroro
MOCTIHHOTO CTPyMy HACTYIIHHM YHHOM: B JIOTOK 3
BOJIOI0 3aHYpIOBalM Ha 2 CM BiJ IIOBEPXHI BOIHU
CTalbHY A3€pKalbHy IUIACTHHY, A0 SKOI IMiIBOAUBCS
TIO3UTHBHUI TOJIIOC 1 BOHA SIBISUIACS OCAIKYIOUNM
CJICKTPOIOM, 3BEpPXy HaJ BOJOI0 2 CM PO3MIIIAIH
€JIEKTPOJ, SKHUH SIBISBCS KOPOHYIOYHMM 1 JIO HBOTO
IiIBOJIMBCS BiJI reHepaTopa BHCOKOI Hampyru 25 kB
HeraTuBHUH nojroc. [Tpu nogadi sKUBIICHHS MK IBOMa
€JIEKTPOIaMHU TIPOXOUB KOPOHHMIA po3psia (puc. 1).

0)
Puc. 1 — 3acanvruii suensio ycmanogxu 0isi 00poOKu 800U 8UCOKOIO HANPY2010 ROCMILHO20 CINPYMY
a — ycmanogxa 07151 00pooKu 800uU; 6 — KOPOHHULL PO3PSLO MidC 0BOMA eIeKMPOOaMU,
1 — pH memp; 2 - nomok 3 600010, ujo 06pobasicmucs,; 3 — eeHepamop UCOKOI Hanpyau ROCMIIHO20 CMPYMY; 4 —
KOPOHYIOUULL e1eKmpo0 (He2amusHuil NOMeHyian);
5 — KoponHutl po3pso; 6 — ocadocyrouutl enekmpoo (NO3UMUSHUN NOMEHYIA)
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A30T, KW 3HAXOJUTHCSA B IMOBITPI HAaJ BOJIOO,
MEPEXOIUTh B CTAH 10HIB OKCHUJIB a30Ty, 30araTHBIIN
BOJy [MMHU 10HaMH, SKi JIETKO 3aCBOIOIOTHCS
pOCITHHAMU, aJpKe BiJOMO, IO BHUCOKOSKICHE a30THE
JIOOPUBO CIIPUSIE POCTY POCIIHH.

OcHOBHUMH (haKTOpaMH, 1O SIKMX OI[IHIOOTHCS
BIIACTHBOCTI €JIeKTPOAKTHBOBAHUX pO34UnHIB
SIBIIIETBCS BOJHEBUM NOKazHUK pH, 1o nokasye

A4)
Puc. 2 — Ilposedenns 3a2anbno20 ananizy 600u
A — npunadu euxonanus ananizy, b — pesynomamu ananizy 600u, a- naseuicme xi0puois,
6 — emicm IOHI6 AMOHIIO; 8 — OKUCHIOBAHICMb 600U,
1 — Heobpobrena 6oda; 2 — 0bpobrena 600a UCOKOIO HANPY20H0 NOCMIUHO20 CIPYMY

Ha miacrasi pe3yIbTaTiB IOCIIIDKEHHS
MPOAHAJII30BaHO BIUIMB BHUCOKOI HAmpyTd Ha (pi3uko-
xiMiuHI BracTuBOCTI Bomu. B Tabmmmi 1 mpuBenmeHi
TOPIBHSUIBHI  Pe3yJbTaTH XIMIYHOTO aHAlli3y BOIU
KOHTPOJLOBaHOI (IIPOCTa MUTHA BOAa) i 0OpoOICHOI
BHCOKOIO HAaNpyrok MOCTIHHOTO CTPyMY.

3 Tabmwuii 1 BUAHO, IO TPU O30HYBAHHI BOAM
migBuiyerbess pH, TOOTO Iy XKHICTh 30UIBLIYETHCS.
IIpu upomy, 30LIBLIYETHCS KUIBKICTh 10HIB KHCHIO,
3MEHILYETBCS KOHIEHTpAllish HITPATiB, 3MEHIIYETHCS

Mipy akTHBHOCTI ioHiB BojHI0 (H*) B po3uuHi, ToO6TO
CTYIIHb KHCJIOTHOCTI a00 JIy’>KHOCTI LIbOTO PO3YUHY i
3HAQUEHHS OKHCIIIOBAIBLHO-BIIHOBHOTO  TOTEHIiaLy
(penokc-moTeHtian o) [3, c. 92].

Ilicnss ompoMiHEHHS BOJIU BUCOKOI HATPYTOO
MIOCTIHHOTO CTPYMY HMPOBOAMIIMCS €KCIEPHUMEHTAIBHI
IOCIHIHKEHHS U1 BU3HAYEHHS 3arajlbHOro XiMI4YHOTO
aHamizy (puc. 2).

KOHIICHTpALIisl XJIOPY, TEMIIepaTypa MiIBUIIYETHCS, IO
MIPU3BOANTE 10 3MEHIICHHS IHTOMOTO OIOpPY BOJM,
3pOCTa€  eNeKTponpoBinHicTe. OnpomiHeHa Boxa
HaOyBae OaKTEepPHUIUIHI BIACTUBOCTI.

Tak sk 030HOBaHOI BOIM, sKa Oyia onepaHa
ma00paTOPHUM METOJOM, BHCTAdall0 [UIS IOJHUBY
pOCHI/IH Ha TpI/I JHsA, TO BHWHHUKAJIO IHWTAHHI YH
3MIHIOIOTHCS (DI3UKO-XIMIUHI BJIACTHUBOCTI Ili€i BOAU
py 11 BiZICTOIOBaHHI.

Tabmuis 1
Pe3yabTaTH XiMiuHOr0 aHaJi3y BOIH
He o6po6nena Boga Bosa onpoMiHeHa BHCO-KOI0 HAMpPYTOr0 MOCTIHHO-TO
[Nokaznuku P A fia orp yr
(KOHTpOJIbHA) CTpyMy
pH 7,38 7,58
TeMmeparypa 15°C 17,2°C
SO# BiICYTHil BiICYTHil
OutbIme .
) . 3MCHIIICHA HACHYCHICTh
Cl (po3umH MyTHOTO OiyIOTO L . .
(po3unH HabaraTo YKMCTIMINI, HATTIBIIPO30PHIA)
KOJIBOPY)
KOHIICHTpALIist
HITpaTiB 3,37 Mr/m 3,33 Mr/m
NOs
OKHCITIOBAJIbHICTh 4 mr/n 2,5 Mr/n
Tomy Oyno mTpoOBENEHO EKCIIEpUMEHTAJIbHE 4) 06po6iieHOT BUCOKOK HAMPYTOH MOCTIHHOTO
BU3HA4YCHHS  (I3MKO-XIMIYHUX  TOKAa3HUKIB Ta  CTPyMy, sika BUCTOsIacs 3 JHS 1 JOIOHI30BaHA TpH

CTPYKTYPHHUX OCOOJHMBOCTEH y HACTYNMHHMX 3pa3KiB
Boau: (puc. 3):

1) IucTUILOBAHOI,

2) KOHTPOJILOBAHOI (ITPOCTa ITUTHA);

3) o0pobneHoi BHCOKOIO HANpYrolo MOCTIHHOTO
CTPYMY, sIKa BUCTOSLIACS 3 JHSL;

TOJIMHH.

Jociian 3 AUCTHIBOBAHOI BOJIOO MTPOBOAMINCS
3 MOJKJIMBICTIO TIOPiBHSHHS.

PiBens pH 3paskiB Bogu BusHauaBcsi pH-meTpom.
Haii6inpmmii moka3Huk B 4-My 3pasky, sSIKMH CBITUUTD,
OI0 JIyXXHICTh A [0 eJeKTPOMArHiTHOTO MOJIs
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BHUCOKOI Hampyrd 30UIBIIYETHCS, OKHCIIOBAIBHO-
BiTHOBIIFOBAJILHUI NIPOIIEC € HEraTUBHHUM, TOOTO Y BOJII
3aJIMIIAETHCS. HAIUIMIIOK EJISKTPOHIB 1 BOHA crae ix
JoHOpoM. YuMm Oinbllle BIIBHUX €JIEKTPOHIB, THUM
neratuBHime ORP (OBII) Boau i THM BOHA «KHBIIIaY.

Bu3HaueHHs OKHUCIIOBAaHOCTI Bomu (puc. 3, a)
IPYHTYETbCS Ha OKHCICHI PEUYOBHH-BITHOBHHUKIB Y
BUIE BKa3aHUX 3paskax. s mporo y mpoOipku 3i
3paskamu gommBanmd mo 0,3 Mi po3dmHY CcipyaHOl
kucnotd HoSO410,5 Mt 0,01H. po3unHy niepMaHraHaTy
kamito KMnOy4. Otpumani cywmimi mepeMinryBamu i
gepe3 20 XBWIMH N0 iX KOJBOPY BH3HAYAIN

oxc)
Puc. 3 — Iposedenns pozuupenoco @izuko-xXimMivno2o ananisy 600u
a — oxucnioganvhicmy, 6 - nasenicms Cl - ; 6 - nasenicmo Fe3+ | 2 - nasenicmos SO42- ; 0 — meepdicmo;
JHC — KOHYEeHMpayis Kaavyito; 3 — npuaaou 014 eusnauenus nasenicmes Cul+;
1 — oucmunvosana 600a; 2 — konmpoavosana (npocma numua) 600a; 3 — 06pPodIEHA 800A BUCOKOIO HANPY20I0
nocmitino2o cmpymy, axa eucmosinacs 3 Ous, 4 — 06pobiena 600a BUCOKOIO HANPY2010 NOCMITHO20 CIPYMY,
KA sUCmMosacs 3 OHs i O0IOHI306aHA wje Mpu 200UHUL, 5 — peazeHmu

[lpu Bu3HaueHHs ioHIB 3amiza (puc.3, B) [0
mpoOipok i3 3pa3kaMd BHOCWIM 10 JBI Karuli
KoHIeHTpoBaHoi 24% comsuoi kucmotu HCI, ximbka

OKHUCITIOBAaHICTh BOJAU KOXKHOI mpoOu. BcranoBneHO,
110 OKHCHIOBAHICTh BOJH, sIka O0OpOOJIeHa BHCOKOIO
HAlpyrorw MOCTIHHOTO CTpyMy HabaraTo HIDKYa HIX
3BUYAiHOT MUTHO1 BOJIU.

Jlns BU3HAueHHS HasBHOCTI xyopy (puc. 3, 0)
JIOCHIZPKYBaHy BOJY IMiJIKHUCIIOBAJIH JBOMa KparisiMu
a30THOI KHCJIOTH 3 JOJABaHHAM JEKIJTBKOX Kparesb
a30THOKHUCIIOTO cpibia. Tak K y MUTHIH BOJI HEBETMKa
KUTBKICTh XJIOPHCTHX COJICH, TO yTBOpIOBajocs Oine
MIOMYTHIHHS BOAX. B 030HOBaHIii BOIi KOHIEHTpAIlis
MyTHOCTI Oyma Habarato MeHIIA i3-3a 3MEHIICHHS
xmopy CI'.

KpHCTaJIiB nepcyJibhaTy aMoHito (Juis okucienns Fe?*
B Fe** ) i 0,2 man 50% popaniny xaniro KSCN. B
00po0ueHiit Boai BusiBuiiocs no 1,0 mMr/n ioHiB 3ami3a
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HOpiBHﬂHO 3 JUCTHJIbOBAHOIO, IIIO CBiZ[‘lI/ITI) npo

30arayeHHs 10HI30BaHOI BOAM 1OHAMHM 3aji3a B
pe3ynbTarti eposii eneKTpoIiB.
ITousarrs TBEPIOCTI BOJU MePEBaXKHO

BHM3HAYA€TLCS BMICTOM KaTioHiB kambmito (Ca?* ) i
marnito (Mg@?* ), Xoua yci JIBOBaJIEHTHI KATiOHU Ti€rO
YH iHIIOIO MipOIO BILTMBAIOTH Ha TBEPHICTH [4, c. 177].
Bucoka Hampyra moCTiHHOTO CTpyMy HE BIDIMBa€ Ha
KOHIICHTpAIlil0 KaJbIlifo (puc. 3, X) i Ha TBEPHICTh
3paskiB Boau (puc.3, m).

[Ipu Bu3HAYEHHI HAsIBHOCTI y BOJI 3pa3KiB iOHIB
Migi (puc. 3, 3) mo Yep3i y MOPIEITHOBY YaIIKy

MOMIIAIK 10 3 MJI JOCHTIJ)KYBAaHOi BOIW 1 Micis
BUIIAPOBYBaHHS JI0ZIaBaJIN 1 Kparuio
KOHLIEHTPOBAHOT'O PO3YMHY aMiaky. Y BCiX 3pa3Kax He
Oyno BusiBIeHO i0HIB Mifi Cuz® Tak sIK KOJMip pO3YUHY
amiaky y BCiX 3pa3Kax He CTaBaB CHHBOTO KOJILOPY.

VY naHux 3pa3kax He OyJiOo BUSBICHO OpPTraHiYHHX
pEYOBHH, TaKk SK BOJA YCIX 3pa3KiB 3anumianacs
HACHYEHOTO POYKEBOTO KOJIBOPY IIPH JOAaBaHHI Kparuti
COJISTHOT KHCJIOTH 1 AeKiTbKa Kpamnens po3duray KMnOa.

B TaOIUII 2 TOJTaHO MOPIBHAIbHY
XapaKTepUCTHKY XIMIYHOTO aHaIIi3y 3pa3KiB BOJM.

Tabmuus 2
Pe3yabTaTn XiMiuHOr0 aHaJi3y BOaH
Ha puc.3 TToxazHuku 3pazok 1 3pazok 2 3pazok 3 3pazok 4
pH- metp pH 6,9 7,38 8,39 8,41
pH- meTp TeMmeparypa 16 °C 16 °C 16 °C 16,7°C
a OKHCITIOBAJIbHICTD 5,5 Mr/ 4 mr/n 2 Mr/n 2,5 Mr/n
HaMOLIbIIIe
3MEHIIIEHA 3MEHIIIeHa
(po3unH
. i . - Hacuue- Hacuue-
6 HasiBHICTH Cl BIZICYTHIN MYTHOTO . .
. HICTh HICTh
6inoro
KOJIbOPY)
. 3+ mentue 0,05
B HasBHICTh Fe MO/ 10 0,5 mr/n 10 0,8 Mr/n 1o 1,0 mr/n
r HasBHICTS SOsZ BiZICYTHIH BiZICYTHIl BIJICYTHIH BIICYTHIH
I Ha TBEPICTh HE BIUTMBAE HE BIUTMBAE HE BIUTUBAE HE BIUTHBA€E
Ha KOHIICHTPA-IIif0
K . os HE BIUTMBAE HE BIUTMBAE HE BIUTUBAE HE BIUTHBA€E
KaybIiio Ca
3 HassHict Cuy* BiZICYTHIl BiZICYTHIH BIJICYTHIH BIJICYTHilH
. . KOHIIEHTpALIisl HITpaTiB
HiTpaToMip a HTPN(L; 1 HITD 4,03 Mr/m 3,53 Mr/™m 4,05 mr/m 2,19 mr/m
3
HasIBHICTh Opra-HiqHUX
- PCUOBHH BIJICYTHBO BIJICYyTHBO BIJICYTHBO BIJICYTHBO
BractuBocTi Bosu 3aiiekath BiJ i1 CTPYKTYpHOI Ta BucHoBkM i npono3uuii
130TOITHOT HEOAHOPIHOCTI. OnpomiHeHa  BOJa  BHCOKOK  HAMpyror

IMo Ttabmuii 2 MOXHA MPOAHANI3YBaTH, IO
iOHI30BaHa BoOJia Ma€ Habarato Kpaili MOKa3HUKU Ha
BIZIMIHY BiJl IPOCTOT MUTHOT BOJIH.

EnexTpuunmii po3psi MiX €IeKTPOIaMH CITYKUTh
HEe TUIBKM JUIi CTBOPEHHS O30HY, aje SBISETHCS
JDKEPEJIOM psily KOPOTKO 1CHYIOUHX YacTOK, TAKUX SIK
rizpokcuinpHnil pagukan (OH), aTtomapHuWii KuceHb
(O), aromapuuit Bogers (H), H>O> i in. B pesymnbpraTi
MOTY)KHUX BHCOKOCHEPTeTHYHHMX B3a€EMOJIN 3 BOIOIO
PYHHYIOTBCSI BOJHEBI 3B'SI3KH, YTBOPIOIOTHCS BiIBHI
paauvKanM, 3MIHIOIOTBCS CTPYKTypH KJIAacTepiB -
PO3pHBAIOTHCS AOBTI MOJIeKyJsipHi naHmoxku (H.0)n
[2, c.29].

OcobnuBocTi (i3MYHUX BIACTHBOCTEH BOIU i
YUCIICHHI KOPOTKOTPWBANI BOJHEBI 3B'SI3KH MIX
CYCIIHIMM aTOMaMHt BOJHIO 1 KHCHIO B MOJIEKYJIi BOJIH
CTBOPIOIOTh  CHPHUSTIMBI YMOBH JUIS  YTBOPEHHS
0coOJIMBHX KJIACTEpiB, SIKI CHPUIMAIOTh, 30epiraroTh i
nepesaroTh pi3HOMaHITHY iH(opMariro.

Bona, mo ckinagaeTbes 3 0e3mivi Ki1acTepiB pisHUX
THUIIIB, YTBOPIOE iepapxiuny MIPOCTOPOBY
PIAKOKPHCTANIYHY CTPYKTYPY, SIKa MOXE CIPHUIMATH i
30epiratu Benuki 00'emMu iHpopMarii.

NOCTIIHOTO CTPYyMy 3MIHIOE CBOi (pi3UKO-XIMIiUHI
BJIACTUBOCTI 1 IIPU I[LOMY JIOBOJII JOBIO iX 30epirae. B
HpolLIECi eKCIIEPUMEHTYBaHHSI 3 10HI30BaHOIO BOIOIO
3’sicyBaocs, IO Taka BOJA SBJIAETHCS CTUMYJIATOPOM
POCTY POCIHH.

Emextpuyni po3psmy y BOAI HE3aJEKHO BiX
SHeprii po3psay MarTh 3[aTHICTh OYUILATH BOJY BiJ
MIKpOOHOTO i XIMIYHOTO 3a0pyIHEHHSA, 0 TPUBAIUH
yac 30epirae OaKTEpUIIUAHI BIACTUBOCTI BOJIH.
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EVALUATION AND EXPRESS-CONTROL OF RISK TO HUMAN HEALTH ON
THE URBAN RECREATIONAL AREAS

Bopucos A. A.

uHIICEHep No oxpawne oxkpyscarouel cpedvl

Kogpanoesa E. B.

O00KMOP Nedazo2uyeckux HayK, KaHOUuOam XuMU4eckux Hayx,
npogheccop, npogpeccop Hayuonanvrnoeo mexunuueckozo
yHugepcumema Ykpaunvl "Kuesckuii noaumexuuyeckuii
uncmumym umenu leopsa Cukopckozo”

Eemeesa JI. H.

KaHOUOam mexHu4ecKux Hayk,

cmapwutl npenodasamens Hayuonanbno2o mexHuueckoeo
yuugepcumema Yxpaunwvl "Kuesckuui nonumexnuueckui
uncmumym umenu leops Cukopckoeo”

Kogpanos A. E.

KaHOUOam mexHu4yecKux HayK, Kanouoam 3KOHOMUYECKUX HAVK,
cmapwuti npenooasamens Hayuonanvno2o mexHuueckoeo
yHugepcumema Yxpaunwvl "Kuesckuii norumexuuyeckuii
uncmumym umenu leopsi Cuxopckozo"

OIIEHKA M OKCITPECC-KOHTPO.Ib PUCKA JJI51 3/IOPOBbSI JIIOJEN HA PEKPEAITMOHHBIX
TEPPUTOPUAX TOPOJA

Summary. The scientific paper describes the results of a study aimed at assessing the impact of motor
transport pollution on the ecological state of recreational areas of cities. The paper assesses the non-carcinogenic
risk to the health of people resting in the investigated urban recreational areas. The comparison of the obtained
results with the data on the developed by the author complex indicator of technogenic load CITL was done. It was
concluded that predicting the dangerous levels of recreational areas located nearby roads requires precision
monitoring data on the content and volumes of emissions of the main environmental pollutants, knowledge of their
chemical and physico-chemical properties, potential toxicological effects on human health, etc. The results of the
corresponding calculations are presented. The objects of study (recreational areas), which are the most attractive
for urban residents (containing a water body or a park zone), and at the same time are susceptible to significant
effects of emissions from motor vehicles and can be potentially dangerous for the population, have been identified.

AHHOTalIl/Iﬂ. OmnucaHbl PpE3yJabTaTbl OLICHWBAHUA BJIUAHUA ABTOTPAHCIIOPTHOI'O 3arps3HCHUSA Ha
9KOJIOT'MYECKOE COCTOAHNUE PEKPCALIMOHHBIX TeppI/ITOpI/Iﬁ TropoaoB. B pa60Te OLICHCH HeKaHHepOFeHHHﬁ PUCK [JI
3710pPOBbsI JIFOIEH, OTABIXAIOIIMX HAa MCCIEAYEMBIX TOPOACKUX TEPPUTOPHSIX PEKPEALMOHHOIO HAa3HAYECHUS,
MPOBEJICHO CpPaBHEHHE C pa3pa0OTaHHBIM ABTOPCKAM KOMILUIEKCHBIM TOKA3aTeieM TEXHOTEHHOW Harpy3KH.
CnenaH BBIBOJI O TOM, YTO IJIsA IPOTHO3UPOBAHUA ypOBHefI OIMaCHOCTH NPHUJICTAIOUINX K JOpOoraM peKpCaiuOHHBIX
TeppuTOpuil TPeOyIOTCS NPEIM3UOHHBIE MOHHTOPWHTOBBIE JAaHHBIE 10 COACPKAHHIO W 00BEMaM BBIOPOCOB
OCHOBHBIX 3anﬂ3HI/IT€J'leI\/’I oxpynca}omeﬁ Cp€abl, 3HAHUEC HX XUMHUYECKUX H (bPISI/IKO-XI/IMI/I‘{eCKI/IX CBOI\/'ICTB,
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MOTEHIMATbHOTO TOKCUKOJIOTUYECKOTO BO3AEHCTBUS Ha 370poBbe mroAed. IlpuBeneHbl pe3ynbTaThl
COOTBETCTBYIOIINX pacueToB. OrnpeseneHbl 00bEKThI HCCIeJ0BaHNs (PEKPEALIOHHBIE 30HBI), KOTOPBIC SBIISIOTCS
HanOosee pHUBJIEKATEIbHBIMU JJIsl TOPOJACKUX JKUTENeH (CoaepKaT BOJHBIH 00BEKT WIH MAapKOBYIO 30HY) U IPH
9TOM MOJJIAIOTCSl 3HAYUTEIHLHOMY BO3ACHCTBUIO BHIOPOCOB JBHTraTeliedl aBTOTPAHCIIOPTHBIX CPEICTB M MOTYT

OBITh IIOTCHIHAJIBHO OIIAaCHBIMMU JJI1 HACCIICHU.

Keywords: environmental safety, risk, saline contamination, exhausted gases pollutants, recreational
territories, traffic flow, vehicle emissions, technogenic load.

Knouesvie cioea: JKoJiocuvecKkas

bezonacrHocme,

PUCK, conesoe 3acpsA3HeHue, 6bl6p0Cbl

A6MOMPAHCNOPMHBIX CPEOCME, PEeKPeayuoHHble Meppumopul, agmompaHcnoOpmublii NOMOK, 6blOPOCshl Om

asmompancnopma, mexHoceHHas Hacpys3Ka.

Problem statement. Environmental pollution
significantly affects the processes that occur in
ecosystems. Anthropogenic load on the natural
ecosystems, including from the motor transport
complex (MTC), in particular from vehicles, degrades
the quality of soils, surface and groundwater,
residential areas, etc., and, therefore, poses a significant
threat to public health, especially in recreational urban
areas designed for relaxation and recovery of citizens.

Literature review and methods of research.
Information on the state of the environment and the
health of the population living in a certain area is
necessary for solution of the environmental protection
problems at both the national and local levels. And the
quantitative assessment of the potential health risk for
the population of citizens, who during their lives rest in
urban recreational territories, many of which are
located near roads and motor transport infrastructure
objects is especially important today.

It was determined that the development of the city
of Kyiv has an environmentally unfavorable structure
of the road network, especially in the central areas of
the city, including the recreational territories (parks,
squares, water bodies etc.). Additional ecological
problems are created by the almost undeveloped car
parking system in the capital of Ukraine, which, in turn,
contributes to the formation of traffic jams, reducing
the speed of vehicles. A serious threat is posed by the
growth of road areas, reduction of greenery, and the use
of anti-icing agents in winter, in particular, sand-salt
mixtures. All these factors cause the deterioration of the
ecological state of the territories located near highways,
degradation of groundwater and surface water bodies,
has a negative impact on wildlife, human health, etc.

Gichev Yu. P. [1] has developed a classification of
ecologically significant human diseases and identified
three main groups of pathological processes that
depend on the state of the environment. These include:

— indicator ecological pathology (oncological
diseases, perinatal mortality, congenital pathology,
genetic defects, occupational diseases, allergic
reactions, etc.);

— ecologically dependent pathology, indicators of
which are mortality of infants and young children,
general infant mortality, chronic bronchitis and
children pneumonia, secondary immunodeficiencies,
exacerbation of major respiratory and cardiovascular
diseases because of the meteorological conditions
worsening in cities;

— ecologically determined pathology, for the
characterization of which statistical data on pathologies

of pregnancy, chronic bronchitis diseases and adult
pneumonia, children anemia, major diseases of the
cardiovascular system, etc. can be used.

The method described in [2—5] was used to
determine the technogenic load from the emissions of
vehicle engines on the urban recreational areas. Data on
the harmful effects of the vehicle exhausts ingredients
on human health have been analyzed in [6]; methods of
sampling and application of methods of express-
analysis are discussed in [7, 8]. Methods of express-
analysis of environmental components (in particular,
methods of conductometry, potentiometry, optical
methods and methods of analytical determinations, as
well as densimetry, viscosimetry and stalagmometry)
in combination with mathematical modeling methods
are especially important for the study of geoecological
state of urban recreational areas. This is due to the fact
that the express determination of abrupt changes in the
characteristics of a particular object of study (water
body, soil cover, precipitation, etc.) allows to identify
sources of pollution and make the right (and, if
necessary, even urgent) management decisions [6, 9].

For example, the study of changes in the specific
conductivity of aquatic environments over time makes
it possible to conclude about the presence in the water
body (from the soil, precipitation, etc.) of electrolyte
substances, their accumulation or, conversely,
neutralization, deposition, etc. The pH value is also an
important characteristic of the quality of the
environment, as the hydrogen index of natural water or
soil solution is usually a constant value. This is due to
the presence of a buffer system consisting of an
aqueous solution of carbon dioxide and bicarbonates.
Therefore, any noticeable changes in the pH of the
medium are a signal of water pollution, for example, by
domestic and/or industrial effluents, the impact of
MTC, etc.

In this case, the simultaneous entry into the water
body or soil environment of both electrolytes and
surfactants through the formation of a double electric
layer on the surfaces of colloidal particles significantly
worsens the geoecological state of the natural object.
Therefore, optical methods were used for express-
analysis, in particular, refractometry, which allows,
firstly, to identify the contaminant, and, secondly, to
quickly control the quality of the investigated
environment and on this basis to make decisions about
sources of toxicants possible appearance and their
neutralization, potential impact on the human health,
etc. [10, 11].
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Thus, the generalization of the existing in national
and international practice approaches and methods of
assessing the geoecological conditions of urban areas
(including recreational territories), measures to
improve their ecological safety proves the need and
relevance of improving the system of environmental
monitoring of urban areas located nearby roads, using
methods of express-analysis and comprehensive
assessment of technogenic load.

Determination of the previously unsolved
aspects of the problem. The implementation of the
concept of sustainable development on urban areas
involves the use of reliable mechanisms for managing
the environment, human health and natural balance on
the basis of precise monitoring data. In this regard, we
have chosen for investigation recreational urban areas
(on the example of the city of Kyiv), near which the
roads are located. Particular attention was paid to
recreational areas, where there are also natural and
artificial water bodies, park areas, etc. near the roads.

Harmful substances can get into the natural
environment in different ways and in different
aggregation states — from atmospheric air, with
precipitation and groundwater, because of anti-icing
agents usage, etc. Among the main air pollutants there
are oxides of Nitrogen, Carbon and Sulfur, polycyclic
hydrocarbons  (in  particular,  benzo[a]pyrene),
formaldehyde, and other aldehydes. Compounds of
heavy and other metals (Pb, Cd, Ni, Mo, Zn, Cu, Hg,
Sn, Fe, etc.), as well as dust of various origins can be
present in the fine state too.

Soils and the aquatic environment are also
polluted with nitric and sulfuric acids, sulfates, nitrates
and other toxicants. As a result, there is a significant
change in acidity — hydrogen indicator pH, salt
composition, etc. Due to the possible chemical and
biochemical transformations, the toxicity of primary
pollutants in the environment can increase
significantly, creating additional threats to human
health.

The aim of the study is to investigate the level of
ecological safety of urban recreational areas located
near motor transport roads, as well as to improve the
system of their ecological monitoring and control
through a comprehensive assessment of technogenic
load depending on the type of human activity and
recreation.

Results and discussion. In the system of
ecological monitoring of the city a very difficult task is
the control of the whole spectrum of environmental
toxicants.  Therefore,  electrical conductivity
(conductometry method), pH acidity (potentiometry
method) and optical properties of natural solutions (in
particular, using refractometry) were chosen as
indicators in order to assess the ecological safety of the
studied areas and to investigate the dynamics of
changes in the quality of environmental components.
Such physico-chemical analysis methods as density
(densimetry), viscosity (viscosimetry) and surface
tension (by stalagmometry) determination were also
used. Organoleptic characteristics of samples were also
studied for water bodies.

These characteristics were chosen because, firstly,
they fairly accurately characterize the complex impact
of many factors on the quality of environmental
components, and, secondly, they can be easily
measured, including with the help of portable devices.

It is known that the dispersion of pollutants in the
air is influenced by temperature and humidity, wind
regime, orography of the area (including the data on the
nature and density of urban development, if available).
Therefore, to study the dispersion of motor transport
emissions ingredients and to assess environmental
risks, the climatic conditions of the city of Kyiv were
analyzed, the orography of the studied areas, as well as
the features of urban development were studied. This
allows to predict the level of technogenic load on the
surface air from the emissions of motor transport
engines (taking into account meteorological conditions
and orography of the particular territory) using methods
of mathematical modeling and computational
experiment and on this basis to comprehensively assess
the level of environmental hazards for recreational
areas and risk to human health using express analysis
methods.

As a quantitative criterion of salt contamination in
the soil solution the indicator Ks.. (%) was used, which
was defined as the ratio of the concentration of chlorine
ions in the soil extract of the sample taken at a certain
observation point C(CI"), to the value of the background
concentration of ions CI- C+(ClI") at the control point:

Kse. = C(C1) 100 % / C«(C1). (1)

As a consequence of the acid-salt contamination
of the soils of the studied areas in the spring, after the
snow melting, a significant change in the acidity of soil
solutions was recorded in the range from (5.9... 8.0)
units (at a control value of 5.7) to (7.5...9.0) units (at a
control value of 6.1). So, in almost all studied areas
alkalization of the soil was observed after the snow
cover melting leading to the pollution of the territory by
the remnants of anti-icing reagents.

Qualitative and/or quantitative analyzes of the
content of mobile forms of chemical elements in the
soil solution and water samples, which are the most
bioavailable and therefore the most dangerous for
humans, other living organisms and the natural
environment, were used to assess the degree of
pollution of recreational areas [12]. For determination
of the degree of ecological load on the recreational
areas of the city of Kyiv, the content of such chemical
elements as Pb, Cd, Hg and Zn (first hazard class), as
well as Cu and Cr (second hazard class) was assessed.

Insoluble (immobile) forms of chemical elements
are also not completely safe for living organisms and
the environment, because in the form of fine dust and
due to adsorption on the soot particles they can enter
the respiratory system of humans, higher animals, etc.,
and be transported over long distances, form local
hazardous areas of secondary pollution and then under
the new environmental conditions they can turn into
water-soluble, bioavailable forms.

In order to establish the level of air pollution in
urban recreational areas, field observations on the
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characteristics of traffic flows moving on the roads
located near the studied areas were conducted. Then, by
the mathematical modeling method using the
differential equation of turbulent diffusion [13, 14] in
the MathCad software environment, a computational
experiment was performed in order to predict the
pollution levels of the air and adjacent to the roads areas
in different weather conditions.

The results of the research have shown that due to
the refusal to use leaded gasoline for MTC power
supply in Ukraine, as well as due to significant renewal
of the Kyiv car park, the share of water-soluble forms
of heavy metals (HM) in the soil generally has not
exceeded the permissible norms. This means that
mobile, biologically active forms of HM, although
involved in technogenic flows and food chains, do not
pose a significant threat to biota. However, the same
cannot be said, for example, about soil solutions and
surface waters, especially intended for swimming.
Although the studied water bodies on average have
shown safe concentrations of water-soluble compounds
of HM, they can be potentially dangerous for aquatic
organisms and plants, for example, due to a
bioaccumulation and sorption in bottom sediments.

According to the empirical data on the acid and
salt contamination of surface water samples and soil
extracts [7], the indicator of acid-salt contamination
(Kasc) was calculated. It was determined for each
observation area separately at different periods of the
year as an unweighted sum of the change of the acid-
base equilibrium of the studied area (in terms of
pHi/pH:) and the relative indicator of salt
contamination of the soil (Csaii/ Csaf), Which was
determined similarly to the rate of Ksc. (formula (1)).
The linear dependences of Kasc from salt
contamination of the soil of the studied recreational
areas (R? is approaching 0.99) were obtained:

— in the autumn-winter period of the year:

Ka-se. = 1.0391 Csaii / Csair+ 0.9616; 2
— in the spring period of the year:
Ka-sc = 1.0136 Csaii / Csair+ 1.1399. 3)

For the acid contamination, similar dependences
also have a linear character, except for those areas
where there is an increase in acidity both in the autumn-
winter period of the year and in the spring period, after
the snow melts. This, in our opinion, is caused by
special conditions of location and specific types of
anthropogenic activity near the studied territories.
Thus, we conclude that there is a close interdependence
of acid and salt contamination, especially in the spring.

The qualitative chemical analysis revealed the
presence of HM ions in some soil and water samples,
such as Zn, Cd, Pb (first hazard class) and Cu (second
hazard class). The content of these ions increases
significantly in the spring, which is due not only to
emissions from vehicle engines, but also because of the
rotary transshipment of snow on roadside soils, which

takes place in Kyiv. Hg?* ions were not detected in the
studied samples. In addition, no radiation
contamination was found in any of the studied
territories.

Environmental risk assessment usually includes
such basic steps as: hazard identification; establishing
the dependence "dose/concentration — response";
assessment of the impact (exposure) of chemical
compounds on humans and risk characterization;
comparison of the calculated risks with acceptable
levels; ranking of risks according to the degree of
significance; setting priorities, as well as those risks
that need to be reduced to an environmentally friendly
level or even prevent their occurrence [15]. In this case,
depending on the purpose of risk assessment, the
number of stages may vary; sometimes it is sufficient
to conduct, for example, only a screening evaluation.

In the study, the non-carcinogenic health risk from
the appearance of harmful substances (ingredients of
MTC emissions) into the human body during rest was
assessed using inhalation exposure [16-18]. To
determine the risk to the health of the population resting
in the studied areas, the monitoring data from the Borys
Sreznevsky Central Geophysical Observatory on the
ingredients of air pollution of the capital were analyzed.
Within the studied recreational areas, averaged
concentrations of pollutants were calculated — for
Carbon monoxide, Nitrogen oxides in terms of NO,
particulate matter PM up to 10 um in size. The
computational experiment was used to predict the
levels of exceeding the maximum permissible
concentrations of pollutants in the investigated areas, as
well as to establish environmentally friendly distances
from the road at which the harmful effects of MTC
pollution are almost absent.

Quantitative assessment of non-carcinogenic
effects was carried out according to the method
described in [19-21] by calculating the hazard factor
HQ for a particular pollutant during its inhalation:

HQ = C(X) / RFC(X), (4a)

HQ = AD / RiD, (4b)

where C(X) is the average concentration of the
substance, mg/m?; RfC(X) — its reference concentration,
mg/m?; AD — average dose, mg/kg; RfD — reference
pollutant dose, mg/kg.

In the process of the risk assessing, it was
considered that if the HQ does not exceed the value of
1, the probability of appearance of harmful effects for
humans from exposure to the toxicant over a period of
time is negligible. Otherwise, the probability of
negative effects on human health increases in
proportion to the value of HQ (Table 1). To assess the
risks due to chronic exposure to harmful substances, we
used the average annual concentrations of toxicants, as
well as their upper 95 % confidence limits. When
determining the risks of acute effects (up to 24 hours)
we have used the maximum concentrations of
pollutants [19-21].
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Table 1
Criteria for non-carcinogenic risk of toxicants [15]
Risk characteristics Risk factor HQ
The risk of negative effects is considered to be negligibly small <1
A limit value that does not require urgent action, but cannot be considered as 1
enough acceptable one
The probability of developing negative effects increases in proportion to the >1
increase in HQ value

The peculiarity of this methodology of health risk
assessment is that the emphasis is on the long-term
exposure to relatively low concentrations of the
pollutant, such as chronic exposure to the particular
substance every day or in our case — during the rest-
time. Exceeding the reference dose does not always
lead to harmful effects on human health, but it is
necessary to emphasize that the higher is the exposure
to the pollutant and the more times it exceeds the
reference dose, the greater is the likelihood of harmful
effects for the humans and population in general.

The magnitude of the danger to human health is
assessed using the dose-response relationship and the
study of the full range of harmful effects [19-21].
Therefore, the result of exposure assessment based on
reference doses and concentrations of pollutants are
hazard factors for individual ingredients of the mixture,
which is harmful to the human body, HQ; (formulas
(4a) and (4b)) and hazard indices HI, which are
determined in the case of combined exposure to
pollutants:

HI = > HQ,
i )

Analysis of the literature shows that most often
(but not always) the combined effect of toxicants is
manifested by the effect of summation, i.e. there is an
additive harmful effects of pollutants on the human
body [19]. Therefore, taking into account the
summation effects, although can provide slightly
higher values of danger to human health, but, according
to the international experts, has certain advantages over
assessing the impact of each pollutant individually.

The resulting stage of health risk assessment is to
inform the public in general, public organizations, and
local governments about the risk. In particular, in our
study, when calculating the risk of non-carcinogenic
effects in the population, it was found that for the two
studied recreational areas of Kyiv city, the ecological
risk was unacceptable for the population (under the
previously mentioned conditions of exposure to

pollutants). This allowed to focus attention of the
management on eliminating the drawbacks and
providing environmentally friendly conditions for
recreation of the urban population in these areas.

In a further study, the results of risk assessment
were compared with the values of the developed
complex indicator of technogenic load (CITL), which
takes into account the type of human activity and
recreation and was proposed by us to establish the level
of environmental hazard of urban recreational areas.
CITL was calculated on the basis of pre-established
indicators of geochemical pollution of individual
components of the environment — air, soil, natural and
artificial water bodies, etc. by the following formula:

CITL =)k - X,
i1 (6)

where n is the total number of indicators included
in the CITL; ki — weighting coefficient for each of the
studied indicators; x; — the value of each of the
contamination indicators that form the CITL.

Indicators of geochemical pollution of soils and
water bodies were determined using express-analysis
methods (conductometry, potentiometry, optical
research methods, stalagmometry, densimetry and
viscosimetry), as well as using the method of analytical
determinations. Levels of geochemical pollution of
atmospheric air and, as a consequence, areas located
nearby roads were established by field observations of
traffic flows and by modeling the dispersion fields of
pollutants — the main ingredients of vehicle engine
emissions. Using a computational experiment and the
created fields of dispersion of toxicants in the surface
air layer of the studied recreational areas (modeled
under different meteorological conditions), the
multiplicity of exceeding the maximum permissible
concentrations was established and on this basis the
conclusions about the level of their environmental
hazards in the inhalation of the pollutants were made
[22]. The results for risk and CITL calculation are
presented in Table 2.
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Table 2.
The results of the assessment of the non-carcinogenic risk to the health of humans resting
in the studied urban areas and data on CITL
Acceptability
Cl of the
Objects of research Object characteristics TL | non-carcinogenic
* risk to human
health
Recreational area near the The status of the lake — it is a landscape reserve of local 5 Extremely
lake (1) significance acceptable
Recreational area near the | Located in the residential area; the lake was formed as a result Extremely
. . . . 4
lake (2) of alluvium for the construction of a residential area acceptable
. Located in the residential area; located
Recreational area near the . Unacceptable for
next to a loaded highway of 6 :
lakes (3) X . - the population
international importance
Recreational area near the Located next to a loaded highway 5 Extremely
lake (4) acceptable
Recreational area near the The area is polluted with household waste 4 Extremely
lakes (5). acceptable
Recreational area near the |  Itis located in a residential area, a park is planned to be built 4 Extremely
lake (6). near the lake acceptable
Recreational area near the | Located in a residential area, it is planned to build a fitness park 6 Extremely
lakes (7). near the lake acceptable
Located in the residential area, the area is contaminated with Extremely
The system of ponds (8). 6
household waste acceptable
Pond (9) Located in the suburbs, it is a place of rest for residents of the 5 Extremely
' capital, the area is contaminated with household waste acceptable
Recreational area near the Itis located in a residential area, a loaded highway passes 6 Unacceptable for
lake in the park (10). nearby the population
Recreational areas on the Extremel
banks of the Dnieper The area is polluted with household waste 4 Y
. acceptable
river (11).
Recrgatlonz_al areas on the The area is clean enough, Extremely
Dnieper river seafront . L - 4
(12), next to it a residential area is located. acceptable
Park in the city center The area is located next to a loaded highway of international Extremely
. . . f 5
(13) importance, near the residential area is located acceptable
Park in the city center The area is located next to a loaded highway of international Extremely
. . . f 5
(14) importance, near the residential area is located acceptable
Recreational area in the The area is located next to a loaded highway of international Extremely
. . . f 5
park (15) importance, near the residential area is located acceptable
The area is located next to a loaded highway of international Extremel
Mini-park (16). importance and intersections in two levels, near it the 4 Y
L . acceptable
residential area is located

Note. *without taking into account the pollution of water bodies and their use for swimming.

Conclusions. Thus, the analysis of the scientific
literature, as well as our own experimental studies
have led to the conclusion that in order to predict the
level of environmental danger for the recreational
areas located nearby roads, we need the accurate
monitoring data on the content and emissions of major
pollutants, knowledge of their chemical and physical
properties, potential toxicological effects on human
health, as well as data on the life time of toxicants in
the environment, their possible transformations under
the influence of various factors, the average time of
development of these processes, etc.

It was found that important information can be
taken from the study of motor transport emissions from
traffic flows along the studied areas. As for recreational
areas outside the city, located near the loaded traffic

"arteries", these observations in Ukraine are now
almost unorganized. Therefore, all this requires
additional research in the field of studying the impact
of traffic flows on urban and suburban recreational
areas, as well as in the field of risk assessment for the
health of people who rest in these areas.
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BbIBOP KATAJIMTUYECKOI'O IIOKPBITUA T'A3OJJUDPY3UOHHOI'O KATOJA JIJIA
IJEKTPOXUMUNYECKOI'O CUHTE3A NACLO

Summary. To increase the concentration of aqueous solutions of sodium hypochlorite obtained by the
diaphragmless electrolysis of sodium chloride solutions, a gas diffusion cathode with a catalytically active coating
was developed. The following materials were studied as a catalytically active coating material: manganese oxides,
cobalt oxides, ruthenium oxides. A study of the kinetics of combined cathodic processes in the electrochemical
synthesis of sodium hypochlorite showed that metal oxide coatings inhibit the process of cathodic reduction of
hypochlorite ion. Catalytic activity increases in the series MnO; > C0,03; > RuO,. The intensification of the process
of molecular oxygen reduction in an aqueous NaCl solution is achieved through the use of a gas diffusion cathode.
The study of the influence of the gas diffusion regime on the kinetics of cathodic processes made it possible to
substantiate the ranges of potentials and current densities in the electrochemical synthesis of NaClO. Due to the
use of the developed gas diffusion cathode, it was possible to achieve a concentration of NaClO of 28...30 g/dm?
with diaphragm-free electrolysis of sodium chloride solutions.

AHHOTalIl/Iﬂ. ):[J'IH YBCJIMYCHUA KOHIICHTPAlIU BOAHBIX PACTBOPOB I'MNOXJIOPUTA HATPUS, TOJTYHYECHHOI'O ITPpU
Oe3nuadparMEHHOM 3JIEKTPOJIM3E PACTBOPOB XJIOpUAA HATpus, pa3dpadoTaH razonuddQy3uoHHBIH KaTox c
KaTaJIUTUYCCKNU AKTHUBHBIM ITOKPBITUEM. B kauectBe Marepuajia KaTAIUTUYCCKHU aKTUBHOI'O IMOKPBITHUA OBLIIN
HCCJIENOBAHBI: OKCHUABI MapraHia, OKCUIbL K06aJILTa, OKCHUIBI PYTECHHUA. I/ICCJIG,ZIOBaHI/Ie KHMHCTHUKH COBMCIICHHBIX
KaTOJHBbIX IponeccoB B JJICKTPOXUMHNICCKOM CHHTC3C TUIIOXJIOpUTA HaTpus IIoKasalio, 4qTOo
OKCUIHOMCTANIMYCCKHUEC TMOKPBITHA TOPMO3AT TMPOHECC KATOAHOTO BOCCTAHOBJICHUA T'HIIOXJIOPHUT-HOHA.
Karanutugeckass akTUBHOCTH Bo3pactaeT B piagy MnO»>C0,03>RuO,. HWuTeHcnpukamus mporecca
BOCCTAHOBJICHUA MOJICKYJIIDHOI'O KHCJIOpOAa B BOAHOM pacTBOpE NaCl AOCTUTACTCA 34 CUCT IIPUMCHCHUSA
razomudy3noHHOTO Karonaa. VcciemoBaHne BIUSHUS Ta30au(pPy3HOHHOTO peXKMMa Ha KHHETHKY KaTOIHBIX
IMPOLECCOB MMO3BOJINIIO 000CHOBATh JAuara3oHbl IOTCHIIMAJIOB U IUIOTHOCTEN TOKA B QJICKTPOXUMHUYCCKOM CUHTE3C
NaClO. 3a cuer wucmonp30BaHusi pa3paboTaHHOTO ra30aAud(y3MOHHOTO KaToma YAAlIOCh JOCTHTHYTh
xonnenrtpanuu NaClO 6onee 30 r/aqm® npu 6e3auadparMeHHOM SIIEKTPOJIN3E PaCTBOPOB XIOPHIA HATPHS.

Key words: oxygen reduction, gas diffusion electrode, electrosynthesis, cathode depolarization, sodium
hypochlorite, current-voltage dependence

Kniouegvie cnosa: eoccmanogienue Kuciopooda, 2azooup@y3uonnvlii  91eKkmpoo, dIeKmpOCUHmME3,
denoaapuzayusi KAmooHO20 NPoyeccd, 2UNOXIA0PUNM HAMPUS, BOLbIM-AMNEPHAs 3A8UCUMOCTb

BBenennme. B cBiI3m ¢ pocroM uYmMCia  BO3MOXHOCTh CHHTE3UPOBaTh BOIHBIC PAaCTBOPHI
3a0oneBaHn, CBA3aHHBIX C BHPYCHBIM WM THOOXJIOPUTa  HATpUsI ¢  Oolee  BBICOKHMH
OaKkTepHaIbHBIM 3apa)KCHHEM, OONBIIOC BHUMAaHHE  KOHIICHTPAaIMsAMH. A CHIDKCHHE TOTCHIHAla KaTona
yAeTSIeTCS ~ MPOU3BOJACTBY  NC3UH(DHUIHUPYIOMIEIO  MPHUBEACT K CHIDKCHHIO HAMPSDKCHHS 3JICKTPOJU3a B
pacTBOpa THUIOXJIOPUTAa HATPUS B  JIOKAJIBHBIX  IEJOM.
YCTaHOBKaX, HEMOCPEACTBEHHO HA MECTE MIPUMEHEHUS ITosTomy wucnons3oBanue Tazoanp Hy3HOHHOTO
TaKux PacTBOpPOB. JlokanbHbIe YCTaHOBKM  KaToja Ipu Oe3auadparMeHHOM 3JIEKTPOIHN3€E BOJHOTO

AIEKTPOXUMUYECKOTO CHHTE3a THUIOXJIOPUTA HATPHS
paboTaroT, B OCHOBHOM, 10 Oe31nadparMeHHOM cxeme.
MaxkcumansHO BO3MOYKHOE COJIEpKaHUE THIIOXIOPHUTA
HATpHUs, IONYYCHHOTO B TaKWX  yCTAHOBKAaX,
cocraBmsier  10...14 r-om2.  JlanpHeHmwiA poct
KOHIICHTPAIIMHM TUIOXJIOPUTA HATPHUS JIMMUTHPYETCS
KaTOMHBIM  BOCCTAHOBIICHHEM THIIOXJIOPHUT-HOHOB.
OpmHuM u3 myTei YCOBEPIICHCTBOBAHHUS
CYIIECTBYIOIIUX  METOIOB  AJIEKTPOXHMHUIECKOTO
cuHTe3a BOAHbIX pactBopoB NaClO  sBusiercs
pa3paboTka 3IEKTPOAHBIX MaTEpHUaIoB, 00IaJaI0NTNUX
BBICOKOM 3JIEKTPOKATAIMTHUYECKON aKTUBHOCTHIO H
crabumbHOCTBIO [1-4].

Tak >xe, BaxKHOM 3aJadcii ABISIOTCA CHIDKCHHE
YACTLHOTO pacxojia JJIEKTPOIHEPTHH, TIOBBIIICHUE
CEeJIEKTUBHOCTHU INEKTPOIHBIX MPOLIECCOB,
cTaOMILHOCTh TOKa3aTellell 3iekTponm3a. Hambomnee
MEePCTIEKTUBHBIM criocobom WHTCHCU(DUKAINN
9JIEKTPOXUMHUYECKOTO CHUHTE3a BOIHBIX PacTBOPOB
NaClO sBnsieTcss HWCHONB30BaHUE EHOISPU3AIHH
KaTOAHOIrO mpouecca. A HMEHHO — MpUMEHEHHE
KHCIIOPOMHOW  (BO3AYNIHON) JCTONSIPU3AINNA  TIPH
WCIIONB30BAaHUHM  TIOPHUCTBIX  Ta30au((y3HOHHBIX
anekTposioB  [2-5]. Takum 00pa3oMm, MOSBISETCS

pacTtBopa NaCl MEPCTIEKTUBHBIM
HarmpaBJICHUEM COBEPIIICHCTBOBAHUS
6e3nuadparMEeHHOT0 CHHTE3a THIIOXJIOPHTA HATPUS

[3].

SABJISACTCA

[ocranoBka 3agaum. [{ng  ycraHOBIEHUS
BO3MOKHOCTH  TIPUMEHEHHS  Tra30au(pPy3HOHHOTO
Karola B JJIEKTPOXMUMHUYECKOM CHHTE3¢ BOJHBIX
PacTBOPOB THUIIOXJIOPHTOB HE0OXOAMMO 00OCHOBAThH
coctaB razoAu(y3uoOHHOTO KaTojaa, HCCIeN0BaTh
BiMsHUE Ta30Au((Gy3HOHHOTO PEKUMA HA KUHETHKY
KaTOJHBbIX IMPOIECCOB, OINpECACINTD JAuara3oHbl
IIOTCHIIMAJIOB n IIJIOTHOCTHU TOKa MMPOTCKaHUA
COBMCIICHHBIX KAaTOAHBIX peaKHHﬁ.

Jnst  wHTeHCH(HKAIMK  3IIEKTPOXUMHUIECKOTO
CUHTE3a BOJHBIX pacTBOpOB TUIIOXJIOPUTOB
HE00XO0AUMO TOA00PaTh U ONPEISIIUTh ONTUMATBHBIN
COCTaB AaKTUBHBIX TOKPBITHHA Ta30au(Hy3HOHHBIX
3JIEKTPOIOB, 00eCTIeYnBAIOIINX MaKCHUMaJIbHOE
CHIDKEHHE [MOTEHLMajda »SJEKTPOJa, €ro BBICOKYIO
3JIEKTPONPOBOJHOCTh M U3HOCOCTOMKOCTH. B KauecTBe

TIEPCIICKTUBHBIX KaTaJIUTUYCCKUX l'lOKpBITI/II\/’I
ra3oauPpy3noHHOTO BJEKTpoAa ObLIM  BBIOPAHBL:
OKCHbI Maprasia, OKCHbI KO6aJ'[BTa, OKCHbI

pyrenus [5-9].
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Metoauka. [0 uUCClefOBaHMS  KUHETHKU
JNEKTPOJHBIX TPOLECCOB UCIIOJIBL30BAIN TPA(UTOBBII
razoan¢y3noHHbIH 35eKTpoa. B kauecTBe nmopucroro
TOKOMOJBOJA  JUId  IPOBEJNEHHS  HCCIeIOBaHUMN
UCTONB30BaM  mopucteii  rpadpur  TII-50 ¢
3aKpeIUIeHHOH ¢  (pOHTaJIbHOW CTOPOHBI CETKOM
nonoTtHsHOTO TwieTeHns w3 08X18H10T. I'padur I
50 o06mamaeT BBICOKOH XHMHYECKOM CTOMKOCTBIO B
HIMPOKOM [HUAaNa3oHe KOHLEHTPAlui, IMOPUCTOCTh
coctaBisieT 50 %, 4TO MO3BOISCT HCIOIL30BAaTh €T0 B
KadecTBE OCHOBHI Ta301u(p(Qy3HOHHOTO 3JIEKTPOJIA.
Karonusiit mpomecc npotekan B rerepodasnoii cpeae
Ha IOBEPXHOCTU CETKU IOJIOTHAHOTO IUICTEHUS U3
08X18HI10T. IloBepxHOCTh CETKM aKTUBUPOBAJIACDH
KaTAIUTUYECKUMH B KHUCIOPOAHOM  peakuuu
MarepuaiaMy: OKCHIbl MapraHua, OKCHAbl KoOajbTa,
OoKcHbl pyTeHHus. HaHeceHue OKCHIHBIX MaTepualloB
OCYIIECTBIISIIH TEPMUYECKHM pasnoKeHueEM
COOTBETCTBYIOIINX MOKPOBHBIX PACTBOPOB.

INogaya kwucmopoma OblTa OpraHM30BaHa OT
BO3AYIIHOTO KOMIIpeccopa C TBUIBHOM CTOPOHBI

rpaguToBOro IEKTPOAA c BO3MOXKHOCTBIO
yIpaBJIeHUs [10JJaBaeMOTr0 00bEMOM BO3/yXa.

HaHeceHue KaTaJMTHYECKH AaKTUBHOIO CIIOS
OKCH/IHOMETANIMYECKUX TOKPBITHIH OCYIIECTBIUIOCH
METOJIOM TEPMHUYECKOTO PA3JIOKEHUSI ITOKPOBHBIX
pacTBOpOB. Hns YITy4IIeHUS aare3un
KOMITO3UILHOHHOTO TIOKPBITHSI ~ CTaJbHYI0 OCHOBY
TIOJIBEPTANIN SIEKTPOXUMUIECKOMY 00€3)KUPUBAHUIO B
pacTBope (r-am3): NaOH — 30, NazPO,4 — 30, Na,COs
— 30. InotHOCTL TOKa 5 A-M 2, TemnepaTypa 303 K,
Bpemst 00paboTkn 3 MHUHYTHI. TpaBlieHHE OKCHIHBIX
IUICHOK C TIOBEPXHOCTH CTalbHBIX  0Opa3IoB
HPOBOIMIM XUMHYECKH B pacTBope (r-am°); HNO; —
100, KF — 50. Bpems o6paboTku 15 munyT [2].

Ha cyxyo MOArOTOBJICHHYIO MOBEPXHOCTh
o0pasia, ¢ MOMOIIBI0 KUCTH, HAHOCHICS TOKPOBHBIM
pacTBOp Tak, YTOOBI KOJMYECTBO IOKPOBHOIO
pacTBopa He MPHBOAWIO K OOPa30BaHHIO Kameib U
HaIlJIBIBOB. COCTaBI)I paCTBOpOB Hpe}lCTaBJ’IeHLI B
TaOIHIIE.

Tabmuma 1

CocraB PACTBOPOB J1JIl HAHECCHUS AaKTHBHOI'0 OKCUTHOMETAJIMNIECCKOI0 MOKPLITUH

IToxpeiTue KomrmoHeHTHI pacTBOpa CozeprkaHne KOMIIOHEHTOB, (1M °)
Ru(OH)Cls 150
RuO; HCI 36
CsHsO 3
Mn(NO3), - 6H:0 300
MnO. CsHO 3
COzO3 CO(NOg)z -6H,0 300

ITocne HaHECEHUS TOKPOBHOT'O PacTBOpa 00pa3LIbl
MOMEIAJINCh B CYIIMJIBHBIA IIKa() M CYIIMWIUCH J0
MOJTHOTO  yAaJeHUs BJIarud TIpH  TeMIeparype
313...323 K. 3areM, o0O0pasmsl ITOMEIIANNCH B
My(QenpHYyI0 TIedh W TOIBEPrajiCh TEPMHUYECKOM
o0paboTke npu Temmepatype 593...673 K.

[IpenBapuTenpHas CyImIka MOKPOBHOI'O pacTBOpa
MO3BOJISIET M30€KaTh PACTPECKUBAHUS TOKPBITHS TP
HarpeBaHWu oOpasna B My(QeTbHOH IeYd BBIIIC
TEeMIepaTypbl BCKHIIAHHS TOKPOBHOTO PpacTBOpA.
[Tocne oxiaxaeHHuss IHMKI 0OpabOTKH IMOBTOPSIIA
3 pasza.

BonbT-aMIiepHble  3aBHCHMOCTH TOJIyYalid C
MOMOIIIBI0 UMITYJILCHOTO TIoTeHnoctata MTech PGP-
550M. Cxkopocthb pa3BepTku moTeHmuaiga ot 10 mo

100 MmB/c. Karom - razomudysnoHHuii, aHom -—
[JIATUHOBBIH. DnexTpon CpaBHCHHS —
xJopcepeOpsHbIi. Bce 3HaYeHHS  TOTCHIHATIOB
MePECUYUTAHBI OTHOCHTEIEHO BOJIOPOIHOTO SJIEKTPOIA.

Pe3yabTarsl. B BOJHBIX pacTBopax
THIOXJIOPUTOB, JO  IOCTIDKEHHS  [OTCHIIMATIOB

BOJIOPOJTHOM pEaKIUMU, PeaIu3yeTcss BOCCTAHOBIICHUE
MOJIEKYJIAPHOI'O0 KUCJI0pOaa o CICAYOIINM PEAKITUAM
[4-5]:

02 + 2H20 +4e < 40H-, Ec = 0,401 B, (1)

WIHA Yepe3 MPOMEXKYyTOYHOEe 00pa3oBaHKE NMEpOKCHIA
BOJIOpOJA:

B 1iesiouHoM cpese Oz + 2H20 + 2e < HO2- + OH-,
Eo, = 0,080 B, (2)

B kucJyiol cpefie 02 + 2H+ + 2e << H202, Eo =0, 0 B.
3)

HcerenoBanust METOJOM MEYEHBIX aTOMOB [4-5]
MOKa3ajny, 4To MexaHusMel (2) u (3) sBmsroTCA
SHEPreTHUECKH 0oJiee MPEANOUTUTENbHEI. Peanu3anus
Mexanu3Ma (1) HEBO3MOXHA H3-3a HEOOXOJIUMOCTH
OTHOBPEMEHHOT'O TIEPEHOCA YETHIPEX DIIEKTPOHOB 3a
OJTMH AIEKTPOXUMHUICCKAHN aKT.

Brigenenne Bomopoda Ha KaTOAE OIMCHIBACTCS
clenyromen peakuueit:

2H20 + 2e = Hz + 20H-, Eo = 0 B. 4)

[Ipu aHanM3e MOMYYCHHBIX IUKIAYCCKUX BOJBT-
aMIIepHBIX 3aBHCHMOCTEH HEOOXOOUMO YYUTHIBATH
3HAUEHUE PABHOBECHBIX IOTEHLIHMAJIOB KaXXIOrO U3
TIPUBEACHHBIX MPOLIECCOB IS OTIpe/IeIICHUS
JOUaIrmasoOHOB IIOTCHIINAJIOB n HHOTHOCTeﬁ TOKa
HpOTeKaHI/IS{ JAaHHBIX HpOHeCCOB.

HccnenoBanre BOCCTAHOBIICHHS KHCIOpOJa Ha
ceTke TmoJoTHsHOTO Ttuierenns w3 08X18HI10T
MO3BOJIMJIM OIPEAETUTh JTMana3oHbl MOTEHLHUANIOB U
IJIOTHOCTEH TOKA, HAa KOTOPBIX MPOTEKAIOT: TOJILKO
BOCCTaHOBJICHHE KHUCIIOpOAa, BOCCTAHOBJICHHE
KHCIIOpoaa " BBIZICTICHHE BOAOPO/JA, Hu
MpeMMYyLIECTBEHHOE BblAeNIeHUe Bojgopoaa. Ha nmepBoix
JByX JMana3oHax KaTOAHBIE MPOILECCHl MPOTEKAIOT C
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HU3KOW  ckopoctblo.  Tak, g ;AuanazoHa
BOCCTAHOBJICHMsSI ~ KHCJIOpPOJa  IUIOTHOCTH  TOKa
nocturaeT 3 MA/cm?. Ha ywacTke COBMENIEHHOTO
BOCCTAHOBJICHHSI KUCJIOPOJa M BBIJIEICHUS BOJOPOJA
IJIOTHOCTh TOKa pjocturaer 8 MA/cm? [3]. Takue
HE3HAUUTEIBHBIC 3HAYCHHS TUIOTHOCTH TOKa TPEOYIOT
MOWCKAa HOBBIX MAaTEPHAJIOB, KOTOpBIC IIO3BOJIAT
MOBBICHTH CKOPOCTh KaTOAHOTO Iporecca. [loaTomy,
JUTS MHTCHCU(UKAIIH ANEKTPOXUMHUIECKOTO
BOCCTAaHOBJICHHSI MOJEKYJSIPHOTO KHCIOpona ObLTH

noaoGpaHm QJICKTPOAHBIC MaTepHajibl € HU3SKUM
NEPCHANPAKCHUEM KHCHOpO[[HOﬁ ", OJHOBPEMCHHO, C
BBICOKHM MEPCHAIPAKCHUCM BO[[OpOZ[HOﬁ peakuuu, a

MMEHHO: OKCHJIBl MapraHia, OKCHJABI KoOalbTa,
OKCHJIBI PyTEHUSL.

Pesynbratst 00paboTku BOJIbT-aMITEPHBIX
OUKJIMYECKUX ~ 3aBHCHUMOCTEH  Ha  HaHECEHHBIX

OKCH/IHO-METAJUINYECKUX TOKPBITHAX KaTOJOB B
3 mose/am® NaCl 6e3 mnomaun BO3IyXa W C Iogavyent
BO3IyXa MPEICTaBICHHI B TabM. 2—4.

Tab6muma 2

BoabT-amMnepHble 3aBHCHMOCTH B 3 mouw/am° NaCl 6e3 mogauu BO31yXa U ¢ mMoJaveil Bo3ayxa
npHu ckopocTu pa3septku — 100 mB/c

j, MA/cM?
E,B Cerka u3 08X18H10T Okcujibl Maprasua OxcHipl KoOaIbTa Oxcujibl pyTeHus
0. BO3. BO3. 0. BO3. BO3. 0. BO3. BO3. 0. BO3. BO3.

0 0,25 0,07 2,45 2,29 1,67 0,99 141 0,97
0,1 0,52 0,29 457 4,31 3,22 3,33 2,29 1,96
0,3 141 0,92 8,53 8,43 6,47 7,08 4,11 3,93
0,5 2,71 2,85 12,81 13,27 10,35 11,39 6,15 6,03

-1 5,76 6,51 24,98 26,82 22,33 24,21 14,07 1391

Hcxons  w3maHHbIX — Tabn. 2, g BCEX  NPAKTHYECKH MOJHOCTBIO OMPEAEISETCS CKOPOCTHIO

UCCIeyeMbIX MarepuaioB HaOMIOJAl0TCSl  BBIAGIEHUS BOJOPO/A.

OIpe/ieJIeHHbIE YYaCTKH BOCCTaHOBJICHHS KHCIOPOIa U B cmyuwae peanmzanum razoaunddy3uoHHOTO
COBMECTHOI'O  BOCCTaHOBJICHMS ~ KHCIIOpOJAa M pEXKHMa XOJA  3aBHCUMOCTEH  3HAUUTEIBHO  HE
BBIZICTICHHUC BOJIOPOJIA. [epBsrit y4acTok  m3MeHwIca. OTCyTCTBHE 3HAYMTEIBHOTO BIMSHUA
BOCCTAaHOBJIEGHUs ~ KHCIOpoja  HaOmiomaercss 0  OOBACHAETCS ~ OONBIIOM  CKOPOCTBIO — Pa3BEpPTKH

PaBHOBECHBIX ITOTEHIINAJIOB BOJOPOJHOW PEaKIUu
(mpubmmurensao —0,42). CKOPOCTh BOCCTAHOBIICHUS
KHCJIOpO/1a HeOOIbIIasi ¥ COCTABISIET 3...5 MA/cm2. Ha
BTOPOM  ydacTKke (mpH  TOTeHOWamax  Oolee
OTPULIATENIbHBIX, YE€M pPaBHOBECHBI BOJOPOIHON
peakiuu) HabII0AaeTCs 3HAYUTEIbHBIN POCT CKOPOCTU
KaTOJHON peakIMh 3a CUeT BBIJIETCHHUS BOJOPOJA.
Kucnopon, mnpu dsToM, BOCCTaHaBIUBAaeTCsS Ha
mpelenbHON IIOTHOCTH Toka. Ha Tperbem yuacTke
(6omee -1,5B) ckopocTh KaTtomHOTO TMpoIecca

moteHImana (100 MB/c), mpu KOTOpPOit AIIEKTPOIUT HE
ycrieBan 00CIHETh 10 PACTBOPCHHOMY KHCIOPOIOMY.
Jns  ompeneneHWs — BIWSHUS — KOHLCHTPALMH
KUCIIOpOJa, PAaCTBOPEHHOIO B BIICKTPOJHTE, OBLIN
MOJy4eHbl  BOJBT-aMIEPHbIE  3aBHCHMOCTH  CO
CKOpOCTBIO pa3BepTku moreHimaza 10 mB/c. Bonbt-
aMmIiepHble 3aBUCHMOCTH KaTOJHOIO IIpolecca Ha
HOJIyYSHHBIX ~ OKCHAHOMETAJUTMUECKHX  IMOKPBITHSX
HpecTaBiIeHbl B Ta0. 3.

Tabmuma 3

BoJabT-amMnepHbie 3aBUCMMOCTH B 3 mouw/am3 NaCl 6e3 mogauu BO3/1yXa M C oia4yeil BO3ayXa npu
ckopocTu pa3eptku — 10 mB/c

j, MA/cM?
E,B Cetka n3 08X18H10T Oxcuzpl Maprasia Okxcuapl KoOalbTa Oxcupl pyTeHust
0. BO3. BO3. 0. BO3 BO3. 0. BO3 BO3. 0. BO3 BO3.

0 0,27 0,19 0,94 0,31 0,46 0,07 0,58 0,44
-0,1 0,59 0,53 1,85 1,21 0,99 0,87 0,91 0,88
-0,3 151 1,55 3,46 3,08 2,29 2,32 1,73 1,93
-05 2,71 2,88 511 5,05 4,03 4,16 2,75 3,14

-1 6,39 7,12 10,35 10,44 9,65 10,09 5,98 6,77

B YCIOBHSAX o0eTHeHUS JJIEKTPOJIUTA  y4acTKe 3HAYUTENIHEHO YMCHBIIAeTCs, a

PacTBOPEHHBIM KHCIIOPOJIOM 3HAa4YCHHE IUIOTHOCTH  BOCCTAHOBIJICHHE KHCJIOPOJa, COOTBETCTBEHHO, PACTET.
TOKa B HCCIEAYyeMOM Juamna3oHe [OTEHIHAJIOB Crnenyromelt cTraawe WCCIEAOBaHUN — CTajo
3HAYUTENbHO M3MEHWINCh (Tabu. 3). Peamm3amms  ompeneneHHe BIMSHUS Ha CKOPOCTH COBMEIIEHHBIX

ra3ouGPy3nOHHOTO pexuMa paboThl MOPHCTOTO
Karoda IOBJIMAJIA JIMIIb HAa TPETHIO YYaCTOK BOJIbT-
aMIIEpHOM  3aBUCHUMOCTH —  MPEUMYIIECTBEHHOE
BBIJIEJICHUE BOZOpo/ia. KaToqHbIH TOK Ha 3TOM y4yacTke
Ob11 3HAYUTEIBHO CHIDKEH. Paccunrannsie
HapluaibHbIe BOJIbT-aMIICpHBIE 3aBUCHMOCTH
MOKa3aJIM, YTO BBIXOJ IO TOKY BOJOPOAA Ha 3TOM

peakuuii KaToJHOTO mpolecca npu J00aBlIeHUH B
XJIOPUJHBIM  pacTBOp TUIOXJOpPUTa HATpusl B
komaectse 0,08 mons/nme (Tabi. 4).

JlobaBiieHNE THITOXJIOPUAT-HOHA MPAKTHYCCKH HE
BIMSIET Ha IUIOTHOCTH TOKAa HAa IEPBOM H BTOPOM
ydacTKax BOJIbT-aMIIEPHBIX 3aBHCUMOCTCH.
Habnromaercss cCHIDKeHHE KaTOMHOW IIOTHOCTH TOKA
Ipu  TOTCHNOWANaX, Oollee  HETaTUBHBIX  OT
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PaBHOBECHOT'O MOTCHIMAJIa BO[[OpOIIHOﬁ pCakuun. 910
YKa3bIBA€T Ha OHNPECACJICHHOC TOPMOKCHHC IIpoLecca
BBIJACJICHUA BOAOPOJA.

Tabnuua 4

BoubT-amnepnble 3apucuMocti B 0,08 Moun/mv® NaClO Ge3 mogaqm Bo3Iyxa U ¢ mogaveil Bo3ayxa.
Cxopoctb pa3Beptkn — 10 mB/c

j, MA/cM?
E,B Cerka 3 08X18H10T Oxcujibl Mapratua Oxcuibpl KoOaIbTa OKcusibl pyTeHust
0. BO3. BO3. 0. BO3. BO3. 0. BO3. BO3. 0. BO3. BO3.
0 0,41 0,44 1.52 1.13 1.52 2.01 0,62 0,67
0,1 0,55 0,60 2.34 1,76 242 3.45 0,90 0,93
—0,3 0,94 1,07 4.46 3,26 4.56 591 1.80 1.56
05 171 1,85 6.57 4.85 7.01 7.98 3.39 2.54
-1 5,39 4.80 1349 10.57 14.21 14.62 8.94 6,19

Ha TperbeM yuwacTke IUIOTHOCTH TOKa TOXKE

OTO0 yKa3bIBaeT

Ha TIOJOXWTEINbHBIH  PE3yJbTAT

yMenbIaercs (Tabi. 4). OTo 3HAYHUT, YTO THIOXJIOPHUT-
uoHbl B KomuuecTse 0,08 MOJB/AM® He HNPUHUMAKOT
ydJacTHe B  KaTOJHOM  BoOccTaHOBIeHMH. Ilpm
UCTIONIb30BAaHUN  IUIOCKHMX  3JIEKTPOJOB B 3THX
Jana3oHax NOTEHIHAJIOB yXKe IMPOUCXOAUT KaTOIHOE
BOCCTaHOBJICHUE runoxyioput-uonos ¢ BT 10...15 %.

MPUMEHEHHS Ta30ayPQPy3MOHHOTO pPEKUMa pPabOTHI
KaTola B JJICKTPOXUMUYECKOM CHHTE3€ THIIOXJIOPUTA
HATpPUSL.

BimsHue nmonaun Bo3ayxa B ra3oqudy3HOHHBIH
KaToJl HaOII0AaeTCs IPU CPaBHEHHU OOPaTHOrO Xoza
MUKITHYCCKUX BOJBTAMIICPHBIX 3aBHCUMOCTEH Tabi. 5.

Tabnuna 5
OOpaTHBI X0 BOJBT-aMIIepHBIX 3aBucuMocTH B 3 Moan/am° NaCl npu j=0 mA/cm?
CxopocTb Cerka 3 08X18H10T OKcujibl MapraHua OkcHjibl KoOalbTa OKcuJIbl pyTeHus
pa3BepTKU be3s Bo3 . Bosn. be3 Bo3 1. Bozn. be3 Bo3 . Bosn. be3 Bo3 1. Bozn.
10 0,74 —0,58 —0,58 0,42 —0,75 —0,68 —0,75 —0,48
100 —0,94 —0,94 —0,55 —0,53 —0,74 0,73 —0,82 —0,69
Ha moBepxHOCTH cTanbHOW ceTku HaOmomaercss — razonuddysrnoHHOrO EKTPOAA. Pe3ynbraTh!

POCT TOKa 0OpaTHOTO XO/a B AWAIa30HE MOTCHINAIOB
—1,0 no 0 B (ta6x. 5). Uro ykas3pIBaeT Ha yBeIHYCHHE
a/1cOpOMPOBAHHBIX YACTHII, yIACTBYIOIINX B KATOIHOM
npouecce. Kak ObUTO NOKa3aHO paHee, 3TOT JHANa30H
MOTEHLIMAJIOB COOTBETCTBYeT 1-H W 2-il ydacTkam
MOJIyYEHHBIX 3aBHCUMOCTEil (Tabn. 2—4), Ha KOTOPBIX
MPOUCXOJAIT TPEHMYILIECTBEHHOE BOCCTAHOBJIICHUS
kucinopoaa. [Toaromy, poct Toka 06paTHOTO X074, IpU
moTteHnuaigax mosutusHee —1,0 B, MOXHO OOBSICHUTH
BIIMSTHUEM aJICOPOLIMM KHCIIOpOJia Ha MOBEPXHOCTH
ra3olpPOHULIAEMBIX CETYATBIX CTAIBHBIX KaTOAOB HPHU
nojade Bo3ayxa. JJyist KaTomoB ¢ HOKPBITHEM OKCHAAMH
MeTauioB 3(QQEeKT OT MoJadyd Bo3ayXa Hamboiee
nposieiieH Ha Co203, MnO,. Ha RuO» nonaga Bo3myxa
He TpUBeJia K yBEIMYEHHIO TOKa 00paTHOTO X0a.

Ananm3  0oOpaTHOTO  XOJa  BOJIBT-aMIIEPHBIX
3aBUCHMOCTEH YKa3blBaeT Ha CHIDKCHHE aJcopOunnu
BOJIOPO/JIa TIPY MOTEHIIMaIax obpaTHoro xoaa 10 —1 B,
YTO yKa3blBaeT HAa YBEJIMYEHHE BBIXOJA IO TOKY
COBMEIICHHON peaKI[Mi BOCCTAaHOBJICHHUS KHUCJIOPO/Ia.

Takum 00pa3zoM, BCe TPH OKCHIHOMETAITUUECKHUX
MOKPBITHSL  [O0Ka3aJd BO3MOXXHOCTh  YBEIHYCHUS
TUIOTHOCTH TOKa Ha BCEX MCCIIE/IOBATENLCKUX YIaCTKax
BOJIbT-aMIIEPHOM  3aBHCUMOCTH  Tpu  pabore
razoandy3noHHOTO Karona. B mopske Bo3pacranus
KaTOJHOW TUIOTHOCTH TOKAa MX MOXKHO PacHOJIOKHUTD B
CJIC/TYFOLITMH PSIL: OKCUIBI PYTEHHS, OKCHIIBI KOOalbTa,
OKCH/IbI MapraHua.

[Mony4eHnsie LUKIINYECKHE 3aBUCHMOCTH
MO3BOJIMIIM ONPE/CIUTh JHANa30Hbl MMOTEHINAIOB U
TUIOTHOCTEH TOKOB JJIsl Pa3iIMuHbIX PEKUMOB PabOTHI

YKa3bIBaIOT Ha paclIUpeHue IUala30oHa IOTCHIUAIOB,
B KOTOPOM BOCCTaHOBJICHHSI KHCIIOPOJa NPOTEKaeT ¢
BBICOKHM BBIXOJZIOM IO TOKY.

[IpoBeneHHbIE BOJBT-aMIICPHBIE HCCICIOBAHUS
MO3BOJIMIIA YCTAHOBUTB TEXHOJIOTHYECKHE ITOKA3aTeNN
JNIEKTPOXMMHUUYECKOTO CHHTE3a BOJHOIO pacTBopa
NaCloO, HOJIyYeHHOTO 6e3nuadparMeHHbIM
3IEKTPOJIN30M BOAHOro pactsopa 3 monb/am® NaCl ¢
JICTIOJISIpU3allMeil KaToHOTO Mpolecca KHCIOPOJOM
Bosayxa. Tak, mpu j = 0,2 A/em?, T = 290 K 6bun
CHHTE3WpOBaH  BOmHbBIA  pactBop NaClO ¢
KOHIIeHTpanueir  Oomee 30 /v, [Tonyuennas
KOHILICHTPALUsl THIOXJIOpUTA HATPHs MPEICTABISLET
KOMMEPUYECKHUI HHTEPEC U MOXKET OBITh pPeau30BaHa B
JIOKaJbHBIX yCTAHOBKAaX CHHTE3a BOJIHBIX PacTBOPOB
NacCloO.

BuiBoaBI. Uccnenosanue KUHETUKHA
COBMEIICHHBIX KaTOJIHBIX MPOLIECCOB Ha
ra3oan(pQpy3MOHHOM 3JIEKTPOJE B BOIHOM DacTBOpe
3 mosn/am® NaCl No3BOJIMIIO YCTAHOBUTh JHANIA30HbI
ANIEKTPOJHOTO  TMOTEHIMaNa,  IUIOTHOCTh  TOKa
MPOTEKaHMsl pPEeaKIMd BOCCTAHOBJICHHS KHCIOPOJa,
COBMEIIICHHOTO  BOCCTaHOBIIGHHS  KHCJIOpOJa U
MIPEUMYILECTBEHHO BBIJIEJICHUS BOJOPO/IA.

OOOCHOBaHHO COCTaB aKTHBHBIX IOKpPBITHI
ra3oan(pQpy3uOHHBIX 3JIEKTPOAOB, O00ECIICUNUBAIOIINX
MaKCHMaJIbHOE CHIDKEHHUE MOTEHIMAJA 3JIEKTPOAIa, €ro
BBICOKYIO 3JIEKTPOIIPOBOAHOCTh M M3HOCOCTOMKOCTB.
ITo mokasarensiM TOka 0OMEHa KaTOJHOTO Ipoliecca B
3 mosn/am® NaCl kaTanuTHYECKH aKTUBHBIE OKPHITUS
PAaCIIOJIOKUIINCH B CIELyIOIIMH pan



42 East European Scientific Journal #9(63), 2020

|/

MnO,>C0,03>RuQ,. [lnst cer4yarsix KaToOAOB C
MOKPBITUEM OKCHIAMHU METAUIOB 3(P(EKT OT momayu
BO3yXxa Hauboee nposiBieHHbIH Ha Co203, MNO,. Ha
RuO; nogaya Bo3yxa He pUBeIia K YBEITMUCHUIO TOKA
obpaTHOro xonma. B pacTtBope rumoxmnopura HaTpus
HauOONBINMN  TPENeNbHBIA  TOK B pEaKIuu
BOCCTAHOBJICHUSI KHCIIOPOJA BBISBICH Ha OKCHIAX
KoOaixpTa. OTO yKa3pIBaeT, YTO HAMOOJBIIYIO
KaTaJUTHYECKYI0 aKTHBHOCTh HMEIOT  CETYaThle
ANEKTPOJbI C KATATUTUYECKH AKTUBHBIM MOKPBHITHEM
Co0,0:s.

PekoMeHI0BaHHON  IJIOTHOCTRIO  TOKa, IS
UCCIeIyeMOi  KOHCTPYKIHMH  ra30An¢y3nOoHHOTO
Katoja cocraBisgeT 15 mMA/cM? npu  Temmeparype
291...293 K. KaToHOE BOCCTaHOBJICHUE T'HITOXJIOPHT-
WOHOB, TIPY 3TUX YCIOBHAX, CHIDKaeTcs Ha 55...60 %.
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OSCILLATIONS IN HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

Abstract. A structured model of the HPA axis that includes the glucocorticoid receptor (GR)is considered.
The model includes nonlinear dynamics of pituitary GR synthesis. The nonlinear effect arises from the fact that
GR homodimerizes after cortisol activation and induces its own synthesis in the pituitary. This homodimerization
makes possible two stable steady states (low and high) and one unstable state. The model includes also delay on
stress. It is shown that concurrence between trajectories of dynamical system, which are produced by the unstable
manifold and the value of delay time t produce slow oscillating asymptotic periodic oscillations of cortisol with a
period, which is grater then 2t . It is shown that such oscillations exist only in an interval t1 <1 <12, where exact
formulas for 11 and 12 has been obtained. Such oscillation arise when an initial values of stress are lager of some

threshold.

Keywords: hypothalamic-pituitary-adrenal axes ¢ asymptotic periodic oscillations * negative feedback ¢

difference-differential delay equations * normal state.

Introduction

We consider HPA dynamics which includes
stored CRH, circuiting CRH and ACTH, cortisol and
glucocorticoid receptor that plays a role of 'dispatcher’
that drives by distributions of hormones in the system.
Our model incorporate a self-upregulation of CRH
release, a negative and positive feedback effect on
cortisol in CRH synthesis and a delay in ACTH-
activated on cortisol synthesis [12]. Remind that
hypothalamic-pituarity-adrenal ~ (HPA) axis ia
neuroendocrine system that regulates hormones. The
regulation is mediated by the inhibition of peptide
hormones such as corticotropin-releasing hormone
(CRH) and adrenocorticotropic hormone (ACTH) by
circulating glucocorticoids such as cortisol (CORT).

Notice that in this paper, we have not begun with
local linear stability theory, because as noted by our
experience suggests that, while as sited in [14]: 'Many
experimentalists have excellent intuition about rates of
change at their fingertips, the abstraction of
eigenvalues presents a road block'. Our model includes
three equilibria states for HPA system, one of which is
unstable and another two are stable. We developed a
dynamical model of HPA axis to describe interactions
between key hormones and the glucocorticoid receptor
(GR). Notice that well known mediate feedback activity
of cortisol. For example, in [8] it has been considered a
model when in HPA system arise two attracting limit
cycles over which cortisol andthat ACTH oscillate with
anultraradian (hourly) rhythms. Forour model, there are
two oscillating states, one with lower cortisol level is
associated with the normal state. Within this model,
stress-induced secretion of CRH can trigger transition
between normal and diseased states, respectively. Such
simple attractor of the dynamical system of hyperbolic
that contains two attractive fixed points and one
repelling fixed point of codimension 1 (saddle type

point) forms slow oscillating asymptotic periodic
oscillations of cortisol in the HPA axis.

In the present paper, we follow to [11] and discuss
HPA axis model of [12] that capture the basic feedback
mechanism and includes an intracellular glucocorticoid
receptor GR as one of the four state variables of the
dynamical system, where variables [CRH], [ACTH],
[GR] and [COR] define concentrations. Here, [GR] is
bounded to cortisol. The resulting complex COR- -GR]
determines general behavior of solutions of the model.
It turns out that GR := ®[CORY]), where @ is a given
nonlinear function (see, [11], Fig.1) which plays the
mane role in the quantitative behavior of Ilimit
distributions of cortisol in a physiological system.

We de ne [GR] := u and assume that: (1) ®(l) c |
for each uel, where I is an open bounded interval. Then
from (1) it follows that all solutions of the problem are
bounded for all t > 0. The phase diagram [11] shows
that a state variable [GR] is a cubic type function of the
concentration [COR] := u of cortisol. Hence, for a
certain stress region, the system exhibits two stable
steady states and one unstable steady state.

It will be shown that a corresponding dynamical
system in R® (3D - dimensional space) can be reduced
to the planar system with two delay equations:

(O =y(0-px(D), €y
Y (O=-x(t-1))-p2y(D), (2)

where p; and p. are given parameters. A
function f is determined from a graphics of a
function ®: I— I, which is determined from phase
diagramof 'pitchfork'typethatfollows from computer
experiments in[10].

Thus, HPA mathematical model can be reduced
to the study of solutions for system (58,59).
Equivalently, the planar system can be reduced to an
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autonomous second order differential-difference delay
equation:

X (o1t p) X+ proex(D = -L(x(t-1)), T7:=1(3)

that explains oscillating behavior for solutions of
delay differential difference equations. Itis known that
the delay system has a nonconstant periodic solutions
with a period grater then 2 [9].

Below, using these mathematical results, we found
that (for the HPA axis) there are slow oscillating
asymptotically periodic solutions, which describe
distributions of cortisol. It will be found a role of delay
in the HPA problem. It turns out that oscillating
solutions are stable if and only if

T1<T< T2 4

where delay 71 and 7, are estimated exactly and
ones depend on given parameters of the physiological
problem. It will be found exact analytical formulas for
71 and 7, depending on parameters.

Postulation of problem

The HPA axis has three components which
represent the hypothalamus, pituitary and adrenal. The
equation for the hypothalamus is:

dC _ Kc+F
=0
ar  1-9
I

— KeaC )

where — KC describes a constant degradation
rate of CRH. Following [12] we assume that Ki < 1.

Then from (5) we arrive et
ac o
L= +F)(1+ ) = KeaC. (6)

(Here, all undetermined constants can be found in
[12]). Next, from (6) it follows that if C = ££ then

Kea '
dac - (0]
we can put - = 0 with accuracy O(e), where € = o
n

We write for the hypothalamus [12]

1+f

¢ =155~ ke, %
k1
for the pituitary
= _
a= 1+% kqqa, (8)

Equation (8) models the degradation rate of ACTH
and ACTH production terms with a cortisol inhibition
factor,

(or)?

= k+(or)?2 + ke — kyar €)
For the adrenal we have
o0=—-o0+a(t—1) (10)

with delay response z .

If in (8) we put ¢ := a (for unification with [5]) and
consider only equilibrium ¢ = 0, then we obtain the
well-known model [5]

A

@ = o~ Psal), (11
. _ Pa _
7(t) = reoroy 1+ps—per(), (12)
o(t) = —o(t) +a(t —1). (13)

as a particular case of the model [12] to the
model [5]. Thus, we have a projection of trajectories of
the dynamical system from R* into R3. The assumption
¢'=0 determines only c- null-cline that describes a

curve
% —k.,c=0

Lt

(14)

The projection on R® require that must be at least
ki<< 1. We neglect this small term in the first
1

approximation.

Remind [12] that stress to the HPA axis (f)
stimulates the hypothalamus to secrete CRH(c).
Further, CRH(c) signals the induction of ACTH
synthesis (@) in the pituitary. Thus, our assumption
means that a velocity of stimulation of ACTH signals

isconstant, i.e. ¢ = t:f. Mathematically, it means that

cd
the function x=orcan be considered as a parameter (et

lest asymptotically). Effect of changing of parameters
on c¢ - null-cline has been considered by Kim et. al. [8].

3 Determination of fixed points for the HPA
problem

It is known that these equations have three positive
steady states (there is also negative state which is not
used). These steady states arise beacons of
homodimerization of the GR with cortisol. From ([12],
Fig.1) it follows that o = fi(ps) and r = f»(pe), Where
another parameters are fixed. Here, f, and f, are
multivalued functions.

ac

L= K +F)(1+ Kin) — K.4C. (15)

Next, from (6) it follows that if ¢ = K;”

, then we

cd
can put % = 0 with accuracy O(e), where € = Ki.
n
As a result, we can consider the following
approximation [5]:

) = A
0(0) = A= paa(®,  (16)
- N o S _
(t) = et @) +1+ps—per(t), (17)

o(t) = —o(t) + a(t — 7). (18)
The main role hear plays equation (17), which
describes the production of GR in the pituitary. The

term ———2%— + 1 is in Michaelis-Menten form
pa+(o(®)r(t))

(see, [12] beacons we assumed that the bound
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glucocorticoid receptor (or) in the dimensionless form
dimerizes with fast kinetics, so that the amount of dimer
is in constant quasi-equilibrium and ones depends on
the excess of or. The model also assumes that cortisol
(o) and the glucocorticoid receptor (r) bind to each
other with very fast kinetics, which is compared to the
rate of change of the 4 state variables (A, C, O, and R),
so that OR stays in quasi-equilibrium as well. These are
reasonable assumptions, given that high affinity
receptor-ligand kinetics are often much faster than
enzyme kinetics, as is assumed in the Michaelis-Menten
equation (see, [12]. Equation (17) models a linear
production term Kcr and a degradation term KR for
pituitary GR production. Below, in the dimensional
form for the model, these coefficients are defined as 1
and pe, respectively.

4 Remark 1

Notice that (c) represents the level of circuiting
CRH, (a) defines the level of circuiting ACTH, (r)
describes the level of glucocorticoid receptor in the
pituitary, and (o) is the level of circuiting cortisol. In
equations for (a) and (r), the cortisol - receptor complex
(or) is assumed to form and dissociate under fast
dynamics [8]. Below mathematically it will be proved
that it is indeed true beacons there are so-called slow
oscillating distributions of cortisol [8]. It has been
shown that this level can be approximated as 'steady
state' by the production (or).

Indeed, letusde ne u =or. Thenthe origin problem
in R® can be unfolds as the system in R3, so that

A
Q=—pa,  (19)
O ) _
T = ——" + 1+ ps —per, (20)
o(t)=—o0+a, 21
L= or +7o. (22)

where, in (21), a:=a(t) or a:=a(t-7).
From these equations it follows that fixed points
lie on the curves

a= i(l‘;z#)’ (23)
r=—(--Eot14p) (24)

Since fixed points lie on diagonal o = a,
multiplying these relations and substituting o = a, and
putting at a fixed point 4 = 0, we obtain that x is a
solution of 4 order algebraic equation. Indeed,

n=— (=) (-2 + 1+ ps). (25)

" peps \1+pau Patu?

or =

Letv = ﬁ.Then from (25) we arrive atp,u* +
6F3

13 + (p2ps — (L + ps))u® + papt — vpsps = 0.
(26)
From Descartes' rule it follows that this equation
has 3 or 1 positive roots and 1 negative root which can
not be considered. Descartes' rule means that the

number of positive roots of the polynomial is either
equal to the number of sign differences between
coefficients, or is less than it by an even number. From
this property it follows that if we assume that
peps <1+ ps, (27)
then (26) has 3 positive roots u1, u2, u3. Then from
(23),(29) we can find three fixed point of the problem.
Thus, there are on the hyperplane g = 0 in R* -
space that is included in R* - space, where u can be
considered as a parameter. Since the basis in R*is not a
family of independent vectors, we can use this
observation to find conditions when trajectories of the
dynamical system in R* are attractive by trajectories in
R3. If this is true, then the function u(t) in R* is a
constant function in R3. A condition when it is possible
can be easy found. Indeed, let 11, A2, A3, A4 be
eighenvalues of the problem. It meansthat

a = a, rI=A2r, 6= 30, u= Aspt0. (28)
From these equations it follows that
U= Ayt =or=_(Al2+A3)A (29)

It follows that if A, + A3 < 0,thengg — O0ast —
+oo. It means that p can be considered as a parameter
in asymptotic sence.

5 Geometric method of determination of
fixed points of the problem

Now we assume that there is a component 0 = 0" of
a fixed point in R%. Then from equation (20) for cortisol
we see that r=0 if G(r, 0) = 0, where find from (17) the
(o, r) - nullcline structure that is determined as a curve
r :=r(o0) such that G(r(0), 0) = 0 for each admissible o
from some interval (corresponding numerical
simulation is in ([8], Fig.4)). To make it, we assume
that there is a component of fixed

G(r,0):= —pes0?rP+(1+ ps) 0?2 —paper+ paps =0,
(30)

where o can be considered as a parameter. Thus,
there is (multi-valued) curve r := r(o0) such that G(r(0),
0) 0 for each positive fixed 0. This curve has been found
by numerical simulation in ([8], Fig.4)). The curve has
S form as graphic of a cubic polynomial.

6 Applications of the singularity theory for
the HPA problem

If we find from (30) the curve S =r(0), then on this
curve r = 0 that follows from the second equation of the
HPA problem for the function r(t). Results of
computer experiments can

be found in [8]. On this curve, which has S - form
(that leads to bistability), the function r(t) is constant.

The behaviour of the RG receptor can be analyzed
by the singulary theory [13]. The graphic r := r(0) is
multi-valued, and ones form S - form curve as shown,
for example, in ([10], Fig. 3). From [13] it follows that
there is irreversibility if

G=Gr =Grr = O,

Grrr # 0. (31)
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From equation G(r, o) = 0 it follows that there are y t—t)=—f[o(t—T1)]—p3y (D), (41)

one or three fixed points for each fixed positive a. From

equation Grr =0, i.e., Y (= y(0—x(9. (42)

—3ps0%r + (1 + ps)0? = 0,Gppy # 0 (32)

it follows that we have here the vertical inflection

. 1+ . ..
point value r = 3;’5, which is independent on o as a
6

parameter. Ignition and extinction points in the (» — 0)
locus (see, [10]) are determined by the solutions
G =Gr=0with G, =0.

They satisfy to the quadratic equation

—(1 + ps)o®r? + 2p,psr — 3paps = 0.(33)

that leads to the values

_ ~Papst (0aps)2-3(1+p5)paps (34)

T-
12 -(1+ps)

In the cae of bistability, these points separate three
fixed states (one unstable saddle point is between two
stable states). From here we see that the inequality

(prps)? 23(1+ps)psps  (35)

must be satisfied (it is necessary condition) for the
bistability to exist.

Notice that according to Descartes' rule of signs
the number of the positive roots of a polynomial is
equal to the number of sign changes in the coefficients
or less than the sign changes by a multiple of 2. Hence
polynomial (30) has one or three positive roots. These
roots lie on the curve r(0). Intersection of this curve with
the line 0 = a (which follows from (18)) we obtain that
u = ar(a). Here, u = (u1, 2, us). Using (52,) we find
fixed points of the problem, which are px = (a, a*, r< =
r(a¥)), k=1,2,3.

Notice also that according interpretation in ([12],
Fig. 3) it has been obtained the variations of steady
state for GR and cortisol r, respectively, with a as the
parameter. There are three intervals 11, I3 and .. Ifa €
11 U I3, then there are two attractive fixed points. If a €
I, we obtain a repelling fixed point.

7 2D nonlinear dynamics

Let us consider the system of equations

o= —o(d+a(t—1), (36)
a®) = —flo(®) — psa(®)]. (37)
Then
a(t—1) =—flo(t —1) —psa(t—1)]. (38)

Define a(¢ — =) = y(t). Then from (60) it follows
that

y(t—1) =—flo(t = 1) = pzy(O)].

In (58) we define (for unification with [9])
o(t) = x(t). Then (58), (61) can be written as

X =y(t) -x(1),

(39

(40)

Consequently, the first equation can be written as

. A
YO = s orem ~ PO (43)

Notice that on each plane y'(t) =0 the following
functional relation r(t) = ®(o(t)) is satisfied, where @ is
known irreversible function. Remind that a function ®
represents the glucocorticoid receptor (GR) that is
included in the HPA axis (see, [12], Fig.3(a)) that
includes the glucocorticoid. The nonlinear effect arises
when GR homodimerizes (aftercortisol activation) and
induces its own synthesis in the pituitary. The form of
graphics ®(0) plays the main role in the qualitative
study of solutions. The graphic has S form that allows
to find three fixed points. Two of these fixed points are
attracting, but one of the points 0. must be repelling in
RZ.

Indeed, below it will be shown that if o. is
attracting, then there in reality four fixed point (see prev
stable solutions. So that there are no of oscillating
solutions. If a unique

fixed point o« is repelling then this point plays role
of separator. Behaviour of a solution depends on an
amplitude of initial data which is given on interval [z,
0). Let h(t) be an initial function on [z, 0). Then if 0
< h(t) < o a solution tends to a constant solution
o(t)— 01 < 03 as t — +oo . If h(t) > 0. on interval [,
0) then o(t) — 01 < 03 as t — +oo. As a result, existence
both of delay and repelling fixed point leads to the
possibility of oscillating solutions of the problem if the
initial data on [—z, 0) are largeenough.

8 Planar case on RG null-isocline

Now, we return to the mathematical aspects of the
problem. As shown above, there is i.e., to the equation
(43). Define

A
1+pyor(o)’

—f®) = (44)
where r(0) is defined by RG form of the RG curve.

Then equation (43) can be rewrite as

y(@) = —f(0) —p3y(t).

Next, an important observation is that both
equations (43) and (60) are equivalent to the system of
equations

(45)

x(t) = y(t) — p1x(0), (46)

y(@) = —f(x(t — 1)) — p2y ().

where for (46) we put p1 =1, p» =ps, ¢ =1. Then
from [9] it follows that system (46), (50) has a
monotonic periodic solution with a period grater then 2
and, respectively, 2z for the origin physiological
problem.

Here, the following conditions must be satisfied:
(i)aandb are positive constant, 0(ii) u f(u) >0 forallu

(47)
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#0, (iii) there is a positive constant y such that f(u) >
—yx forall u,

; (p1+p2)Y
O >=-" (48)
where y satisfies 0 <y <z, and
1
cothy =2y = p1p2) (P1 + P2)- (49)

Remind that, for the physiological problem, p1 =1
and p> = ps. Hence, the condition (i) is satisfied. Next,
the inequality (60) becomes

f(O) > (1+p3)y

siny (50)

Notice that in [9] there is only a unique fixed point
0. In our situation, there are three fixed points (01, 02,
03), where 01 and 03 must be attractive fixed points, and

02 =o0~be arepelling fixed point. So that inequality (62)
becomes

f(o ) > (p1t+p2)Y

siny

GD

Further, the point o~ must be repelling. For

example, in the limit y — 0 we obtain f (0-) > 1 + ps
and, hence, the condition of the local unstability is
satisfied. Since, ps >0, this fixed point must be repelling
at least for small . In conclusion, the condition (iii) is
the condition of local instability as it will be shown
below.

9 Analyses

Define a = p1 + pa,f = pip2, v = f (0). Then the
characteristic equation is
A+ al+ f+ve?=0, (52)

where we assume that 7 = 1. If z # 1 then the
problem is reduced to the characteristic equation:

W W
| | w=0°(g)
1|\ #=®'@ | ()
| 2N, i B ,8 | agn L
-’Sll irszvﬁl ] ? 1'81 ,82
: A ! 1€ & |es) g
1 : : | '
Y I '
I - — - - | ﬁB -
______ w=%g) K
g
Dk
aN_ . [T i
—_<#<—— 1 3 4 £
’81..
Bt
A

Figure 1: Slow oscillating distributions of cortisol.

z2 + arz+ B2 +vrie =0, (53)

where z = ir, v—vr?, a—ar ,and f— 72, and we
assume that z # 0.

Further, we use results from ([9], Lemma 1). If «,
B, v be positive, andif a?>2p, then the following three
conditions are equivalent: (1) Equation (52) has at least
one solution.

The characteristic equation has precisely one
solutionA with RA > 0 and J0 </ < =.
The following inequality is true

V1

(54)

sinv,’

where 0 < v <7 and

cothv, == (v, = £), (55)

Notice that there are many details about behaviour
of trajectories of the dynamical system. We formulate
this behaviour as distributions of concentrations of
hormones a and o on the (o — a) - plane, where o is the
distribution of cortisol. For example, there is an
estimation

P1P2

) > (56)
where 0 — o= and p1 = 1, p2 = ps, so that
f0) > Zmton 7
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Then a component o(t) has properties as follows:
(1) Zeroes for a graphic o(t) form an infinite series
t, k =1, 2, .., with o(ty) = 0, tkn-t« > 1 and
0'(tz-1) < 0, 0'(ta) > 0, and 0'(tz—1) < 0, 0'(tx) > 0, and
alty-1) < 0, a(tx) > 0, and a(ty—1 + 1) < O,
a(ta +1) > 0;

(2) A function e*o(t) is monotonic increasing on
an interval (tx, tzx + 1) and monotonic decreasing on
(toi-1, ta—1 + 1), where a = 1 + ps (see, Fig. 1)

10 A necessary and sufficient condition for
existence of slow periodic solutions

If £ # 1, then we obtain the characteristic equation

z2 +atz + B2 +vrie =0, (58)

where z = Az . Define @ = ar,f = B2 and
¥ = vr2. Next, we must verify the assumption @2 > 2
from ([9], Lemma 1). Evidently that this assumption is
satisfied for each  #0.

Further, we assume that

w2+ & - g2 >0, (59)
From (59) it follows the necessary condition on
delay

21

Jap-a?’

From (60) we obtain that must be 23 < o? < 44 that
leads to the natural condition ps > 1.

The condition (59) allows to apply Lemma 1 from
[9]. It means that characteristic equation (58) has
precisely one solution zwith Rz >0and 0 < J z < x.
Here, Ymust be such that

T<

(60)

avy

sin vy’ (61)
where 0 < 3 < &, and
=1(57~_E
cothv; = - (v1 17;)’ (62)

(see, [9], conditions (2),(3) from Lemma 1). From (62)
it follows that

3
yr2 > At (63)

sinv, 72’
In the limit z — 0, from (63) it follows that

r>%+0@ﬁ. (64)

Remind that v = f (o~), where o« is repelling
fixed point of f. Together with (62) it gives

1+p3 21
f(0.) < Japg-a?’ (65)

Inequality (65) gives necessary and sufficient
conditions for existence of slow periodic solutions for
the HPA problem in 2D approximation.

11 Conclusion

In this paper, it has been considered physiological
and mathematical mechanisms of formation of
ultraradian oscillations in the HPA axis. It is shown
that here the main role plays the nonlinear connection
between cortisol COR and the glucocorticoid receptor
GR that forms a homodimer [3]. A coception of
transcriptional regulation is that the GR feedback
control works rather slowly compare to other cellular
processes.

The corresponding differential-difference
equations with delay argument have slow oscillating
periodic solutions. The delay has been included
because, for example, mammalian cells one can expect
at least a delay of the down regulation in the range of
15 minute up to 2 hours (see,[14, 11]. It is proved that
at least mathematically) this hypothesis has been
confirmed as slow oscillating 2z (or larger) periodic
distributions of cortisol (Fig.1). Here we follows to a
mechanistic ODE system model of the glucocorticoid
feedback mechanisms within the anterior pituitary
gland cell, adding to this model the delay .

It is shown that important factor is the
consequence between extracellular events such as
changes in the CRH and cortisol induced inhibitory
effect on anterior pituitary gland cells, which already
occur after a few seconds [4, 1]. As a result, the slow
oscillating periodic solutions of the mathematical mode
explains qualitatively a phenomenon that can not be
explained means of the genomic feedback mechanism
[11]. An exact interval 71 < 7 < 1 for existence of slow
oscillating periodic distributions for cortisol it has been
found.
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