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TEXHWMECKH/IE HAYKU
Kacymoea A.M.
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CPABHUTEJIbHBIN AHAJINU3 A3bIKOB PYTHON, C++ M JAVA JIJ151 OBYYEHMSI
CTYAEHTOB ITPOTPAMMMWPOBAHUIO

Kasumova A. M.

PhD in pedagogy,

Aliyeva E.Z.

Azerbaijan State Pedagogical University, Baku

COMPARATIVE ANALYSIS OF PYTHON, C ++ AND JAVA LANGUAGES FOR TEACHING
STUDENTS IN PROGRAMMING

AnHotanusi. CtaThsl NOCBSIIEHA N3YYSHUIO POOJIEMbI BBIOOPA S3bIKA TPOTPAMMHPOBAHUS TIPH 00Y4YEHUH
CTYACHTOB OCHOBaM IporpaMMUpOBaHM. PaCCManI/IBa}OTCH pa3IMIYHbIC METOOUKH o6yqu1/1;1
MPOTPAMMHUPOBAHMIO U A3BIKU MPOTrPAMMHUPOBAHMSA, UCIIONB3YEMBbIE B PAMKaxX JAaHHBIX METOIMK. AHAIN3UpyeTCs
MOMYJIAPHOCTh COBPCMCHHBIX SA3BIKOB MNPOrpaMMHUpPOBAHUSA MW BO3MOXKHOCTH HCIIOJB30BATH HMX B KadCCTBE
OCHOBHOTO sI3bIKa MPU 00YUSHHUHU MPOTPAMMHUPOBAHHIO CTYJICHTOB B paMKax 0a30BOro Kypca HHpOPMaTHKU.

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 NPOSPAMMUPOBAHUS, O0DVUeHUe NPOZPAMMUPO-BAHUIO,

baszosvie Kypchi.

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

CamM0 CyIIecTBOBaHME CETEBBIX TEXHOJIOTUM
W3MEHWJIO TpUpoAy 0Opa3oBaTENbHOTO IIpoIiecca.
CoBpeMEHHbIE CETEBbIE TEXHOJOTHH  YIy4IIAloT
CIIOCOOHOCTh ~ OOWIEHMSI  KaXJOro 4YeJloBeKa U
MPEIOCTABISIOT JIIOAIM BO BCEM MHpE HEOBIBAJIBbII
goctyn K wuHpopManuu. CerogHss OHM CTallk
HEoOX0oanMbIM (pyHIaMEHTOM KOMITBIOTEPHOH HayKH,
MOATOMY HEBO3MOXKHO HPEICTABUTH cebe Imporpammy
o0ydenuss mHpopMmMaTuke, B KOTOPOH 3TOH TeMe He
yaemssiock  Obl  3HAUMTENbHOE  BHUMaHue. B
GONBIIMHCTBE yYEOHBIX MPOTpaMM Ha CETOMHSIIHUI
JIeHb — HE TOJbKO B MH(OpMATHKe, HO TaKke U B
JIpYyTUX O00JacTIX — CEeTEeBble TEXHOJOTHH CTaln
BaKHBIM I€1arOTMYECKUM HHCTpYMEHTOM. [Tockonbky
npu MPOEKTUPOBAHUU HOBOT'O MOKOJICHUSI
00pa3oBaTeNbHBIX CTAH/IAPTOB €CTECTBEHHO MCXOHUTh
U3 CaMbIX TOCIETHHX NOCTHXXCHUH MHPOPMATHKU U

CYILIECTBYIOIIUX TGH,HGHIII/Iﬁ €C pa3BuTHA, TO
HEO 6XO,HI/IMO KpaTKO  MPOAaHAJIU3UPOBATD, KaKHne
ACIICKTHI I/IH(I)OpMaTI/IKI/I U3MCHWIUCH 3a BpEMH,

NpoIIe/Iiiee TOCAe HPUHATHS HBIHEIIHETO TOKOJICHUs
CTaH/IapTOB. Bce 3TM W3MEHEHHMs JENATCS Ha JBE
KaTeropyH, TEXHHYECKYIO M KYJbTYpPHYIO, Kaxaas U3
KOTOpPBIX OKa3bIBa€T CYLIECTBEHHOE BIMSHUE Ha
oOpasoBaHue B chepe HHOOPMATHKH.
OO0pazoBarenbHBI Kypc UHPOPMATHKU COCTOUT
u3 HECKOJIBKUX COJIePKATEITBHBIX JTUHHN:
nHdopmanms; QGopManuzanus W MOAEIMPOBAHUE;
ANTOPUTMU3AIMS ¥ IIPOTPaMMHUPOBAHUE; KOMITBIOTED;

UH(OpPMALMOHHBIE TEXHOJIOTUHU. OcHoBHOH
MPEeIMETHOW NEeNbI0 paziena «ANrOpuTMU3alUsS |
IpOTPaMMHUpPOBaHMUE» SBISETCA (OPMHUPOBAaHUE Yy
CTYJICHTOB YMEHHS UCIIOJIb30BATh SI3BIKH
MIPOTPaMMHPOBAHUS 1JIs1 MOJEITMPOBAHMS CUTYyalnil U
pemieHust 3a1ad. PemieHne anroputMH4YecKux 3anad
Pa3IMYHOTO YPOBHS CIIOKHOCTH TO3BOJISIET OLEHHUTH
HE TOJIKO YPOBEHb IPEIMETHBIX HABBIKOB W YMEHHH,
HO W YpOBEHb pa3BUTOCTH  IO3HABAaTEIbHON
CaMOCTOSTEIFHOCTH CTYCHTOB.

KommbroTeps! ualmie BCEro HCIONIB3YIOTCA IS
pa3IMYHBIX LeJed B MHXKCHEPUH M HaykKe, BKIIOYas

praBHeHI/Ie, aHaJIn3 JaHHBbIX, MO}IeHI/IpOBaHI/Ie u
ONTUMH3ALIMIO JIU3aiHa.
[IporpammupoBanue - 3TO (QyHAaMEHTAJIbHAS

CIIOCOOHOCTB JJIsl CHENHAIICTOB 10 MHpOpMaTHKe. B
MHpE CyHIecTByeT Oojee TBICSYM pPa3HBIX S3bIKOB
nporpaMMupoBaHusl. HekoTopble 13 HUX 4yTh MEHBIIIE,
YeM  IOJHOCTbIO  OecroJie3Hsl. Y a3bIKOB
MIPOTrPaMMHPOBAHUS €CTh OJlHA OCOOEHHOCTh — €CIIN
JIBa s3bIKa MMEIOT CXOJACTBO B Napajurmax, To, Kak
NIPaBUJIO, OHU CXOKU U B CUHTAKCHCE.

[Tapanurma ABTISICTCS HHCTPYMEHTOM
rpaMMaTHYECKOTO ONWCaHuA (aKTOB, SBICHUH U
MIPOIIECCOB, COOBITHH, BOZMOXKHO, HE CYIIECTBYIOIINX
OJTHOBPEMEHHO, HO WHTYHTHUBHO OOBEIWHSEMBIX B
obmee mnousrue. Ilapagurma mpezacraBisier U
OIpeNeNIAeT TO, KaK IPOrPaMMUCT BUJUT BBINOIHEHHE
IJIaHA PEIICHUs TOCTABIEHHON MPOTrpaMMBI.
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HyxHo OTMETHTD, 4TO napagurMa  MallMHHOM sI3bIKe U MOTYT 3¢ ¢eKTuBHO paboTarh Ha
MNporpaMMUpOBaHrs HE OMNPCACIICTCd OAHO3HAYHO OIPCACIICHHBIX MalllHAX. OH BKJIIOYAET B ce0st Ha60p
SI3BIKOM mporpaMMupOBaHUA; MPaKTUICCKU BCC (byHKIlI/IfI KaK BBICOKOI'O, TaK W HHU3KOTO YPOBHA,
COBPCMCHHBIC SA3bIKHM MPOrpaMMHpPOBAHUSA B TOU WU YHOpouarimux anmapaTHyro peajan3anuro. 9TO 3aBUCUT
WHOU CTCIICHU JOIMYyCKaroT HUCIIOJIb30BAHUEC OT CHUCTCMbI; OJHAKO g pealn3aliuu MOryT

MYJIbTHIIApaAUTMAIBHOE MpOTpaMMupoBanue. Touku
3peHUsl co3maTenei SA3bIKOB TIJACHT, YTO HH OfHA
mapagurMa He MOXeT OBITh OJUHAKOBO 3 (EKTHBHOM
JUIS BCEX 3aj]ad, U CIEAYET MO3BOJIATH MPOTPaMMHUCTY
BBIOMPATh JIyYIIUH CTHIb NPOTPAMMHPOBAHHS IS
peLIeHUs] KaKIOW OTAENbHOM 3aauul.

B y4ebHOI mporpamMMe Mo IpOTrpaMMHPOBAHHIO
UCTIONIB3YIOTCS TPaAMIMOHHBIE S3bIKM, Takue Kak C,
C++ wmm Java, B KauecTBe MEpBOTO S3bIKa 00Y4EHHS
JUIL  CTYyZIEHTOB, KOTOpble  d(QeKTHBHBI ISt
pa3paboTKM peasbHbIX HPWIOKEHUH M IMOITOMY
NOMYJISIPHBI B TPOMBIIUIEHHOCTH. TeM He MeHee
CIIOKHBIH ~ CHHTaKCHC 3THUX  S3BIKOB  SIBIISICTCS
npobiieMoil AN HOBMYKOB, 4YTO  CTAHOBHUTCS
MPENATCTBAEM ISl 00yUYECHNUS CTYICHTOB.

Hecmotpsa Ha eANHBIC TpeboBaHUs
00pa30BaTENBHOTO CTAaHAAPTa, y KAXKIOrO CTyJICHTa
cBOI Habop TpeOOBaHMII K A3BIKY IPOTPAMMHUPOBAHHSI.
DT0 MOXKeT OBITh YAO0OHas, APYXKeIoOHas cpena
pa3paboTKu; MNPOCTOH, WHTYUTHBHBIH CHHTAKCHC;
KpoccruiaTGpopMeHHOCTh W Apyrue. Bce 3To He
OTHOCHTCSI K METOJIWKE, HO SBISETCS BaXKHBIM
(hakTOpOM, KOTOPBIN BIUSCT HAa BBIOOP si3bIKa. UTOOBI
000CHOBaTh TPEOOBAHMS K SI3BIKY POrPAMMHPOBAHHS,
HE0OX0ANMO, B TIEPBYIO OYEPEAb, OMPENCIHUThH LENb
M3y4deHUs: mporpammupoBanusi. K cokanenuio,
HaJIMYKMe YeTKUX [eNel He JaeT HaM €AMHOTO OTBETa
Ha BONPOC, KAKOW SI3BIK NPOTPaMMHUPOBAHUS JIydIle
U3y4aTh CTYJEHTaM, TaK KaK MHOTHE U3 COBPEMEHHBIX
SI3BIKOB NpOrpaMMHUPOBAHUS JIETKOCTBIO
YAOBIETBOPSIOT KAXKABIM W3 YKa3aHHBIX IENEBBIX
ACTIEKTOB.

Python wumeer Gosnee TPOCTONH CHHTAKCHC U
CTPYKTYPBI JaHHBIX BBICOKOTO YPOBHSI, TO3BOJISIIOIINE
CO3/1aBaTh C)KaTble TPOrpaMMbl. MHOXECTBEHHBIE
napaaurmbel Python taxoke mperocTaBiIsSIOT CTyICHTaM
BO3MOXXHOCTb ~HM3y4aTh pa3iIW4YHblE OCOOEHHOCTH
S3BIKOB TporpammupoBanus. Takum obpasom, Python
MIOCTENIEHHO CTAaHOBHUTCSI HOBBIM BapHaHTOM IIEPBOTO
A3bIKa JUIS W3y4YeHUS. YUHTHIBas BBIIIECKa3aHHOE
MOXHO 00paTUTh BHUMaHHE Ha OCOOEHHOCTH IIEPBOTO
o0yuaeMoro s3plKa IMPOTPAMMHPOBAHUS  IIyTeM
cpaBHenmst Python ¢ momymsipHbIMH  sS3BIKAMHA
obyuenns C++ u Java.

S3pik  mporpammupoBanue C++  omimuaeTcs
3¢ HEKTHBHOCTEIO KaK OOBEKTHO-OPHEHTHPOBAHHBIN
SI3BIK; XOTA OH TIOJJIEP)KUBACT HEKOTOPBIE 3JIEMEHTHI
(YHKIIMOHAJIBHOTO MNporpaMMHpoBaHus. JlokazaHo,
YTO «pa3pbIB B CKOpOCTH Mexay Java u C++ MOKHO
OOBSCHUTH Goiee MeIJIEHHBIMA METOJlaMU
yIpaBJCHUs] TaMAThIO B BHUPTYalbHBIX MallMHAaX
Java». D10 Havanoch Kak pacIIMpPEeHHOE YIydIleHHE
s3pika C. OH ucmosb3yer (ailiibl 3aroJioBKOB U
JUPEKTUBBl  Tpemporieccopa. Ero  BelmomHeHHe
IpOrpaMMbl OOBIYHO HauuHaeTCst ¢ GpyHKuuu main ().
OTO O4YEeHb OBICTPHIA A3BIK NMPOTPAMMHUPOBAHUS, TaK
Kak OONBIIMHCTBO €ro MOIyJel HamucaHbl Ha

UCIIONIb30BaThCSl  ONpE/eNICHHbIe  OUONMOTEeKH U
cucTeMHble YTHINTHL. C TOYKH 3peHHs 0e30MMacHOCTH
9TOT SI3BIK ySI3BUMBI IS B3JIoMa yKazaTeneld. OH MeHee
OITM30K K €CTECTBEHHOMY SI3BIKY IT0 CpaBHEHHIO C Java.
Xoras C++ 3aHMMaeT CpaBHATENBFHO  MEHBIIE
KOJIMYECTBO  CTPOK  KoOJa. C++ He xBaraer
3¢ (eKTUBHOCTH YIPABICHUS TAMATHIO IO CPABHEHHUIO
C HEKOTOPBIMHU JIPYTUMH SI3bIKaMU, TAKUMH Kak Java.

Crapsle Bepcuu Java, uMeroT 0ojee JIUTEeNbHOE
BpEMsl BBIIIOJIHEHHUS TI0 CPABHEHHIO C TaKUM SI3BIKOM,
kak C++; XOTs peann3alyy HEYKJIOHHO yJIyYIIaroTCs C
ucnonpzoBanreM kommumsinuu JIT (Just-In-Time) u
TaKUX 00JacTel, Kak Mmpoueaypsl cOOpKU Mycopa. ITo
SI3BIK, B  KOTOPOM €CTb  HHTEPHPETaTOpPhl U
KOMITWJIATOPEI, ~TpPHUYEM  TEpBbIE  OTHOCHTEIHHO
memieHHee. Java uw  C++  mMeoT  MHOTO
CHHTaKCHYEeCKOTO M  CEMaHTHYECKOTO CXOJCTBa.
JloxazaHo, 4TO BpeMsI BBIIIOIHEHHMS Java MPUMEPHO B 2
pasa MeuIeHHee, 4eM BpeMs BeinonHeHust C ++.

Java ynacnmemoBaH cuHTakcuc ot C/C++, xors
HEPBBIi MOYTH IOJHOCTBI0 00BEKTHO-OPUEHTUPOBAH.
BoJIBIIMHCTBO €ro NPUMHTHBHBIX THUIIOB SIBIISFOTCS
(GYHKUMAMHM, 3HAueHHs B OCHOBHOM  SBIISIFOTCS
00bEKTaMu, a MepEeMEHHbIC IPUHALJISKAT Ha 3aHATHS.
[Iporpammsel He 3aBuCAT OT MIaTdopmsbl. [Iporpammel
cHavana koMmumupyiores JVM B IpoMexyTOUYHBII
SI3BIK, HA3bIBACMbIH OaWT-KOZaMH, a 3aTeM B KOJBI
MAaIIMHHOTO A3bIKa. Ero MOXHO 0XapakTepr30BaTh Kak
MIEPEHOCUMBIH SI3BIK TakK Kak, HalMCcaHHOE Ha Java
NPUIOKEHUE MOXKHO 3aIlyCTHTh Ha JIt000ii mardopme,
€ClIM Ha HeW YCTaHOBJIEHa cpeja MCIOJIHeHus Java
(JRE, Java Runtime Environment).

OTOT  s3BIK  HCIOJB3YeT  aBTOMAaTHYECKHii
cOopiuk Mycopa miu garbage collector B xauectse
(hOHOBOTO MOTOKA, YTOOBI FAPAHTHUPOBATbH, YTO MAMSTh
JOCTYIHA TI0 3ampocy JUIS JIOCTHKEHUS BBICOKOTO
MIPOM3BOANTENBHOCTh. Korma co3maHHBIE OOBEKTHI
pa3paboTdymkaM IepecTaroT Hcmois3oBatbes, JRE ¢
MOMOIIBI0  cOOpIIMKAa MycOpa OYHIIAET I1aMsThb.
Takxe, nMeeT HaJeKHYIO CHCTEMY O€30IacHOCTH.
[IporpaMMuCTEI MOTYT UCIIONB30BaTh HaOop APl mis
JOCTHKEHHS  BBICOKHH  ypOBEHb  0€30MaCHOCTH.
OCHOBHYIO CYIIHOCTh S3bIKa Java COCTaBISIIOT
6ubmmorekn (haiioB, Ha3bIBaEMbIC KJIACCAMH, KaX bl
U3 KOTOPBIX COMCPXHUT HeOompImne (QparMeHTH
MIPOBEPEHHOT0, TOTOBOTO K BBINONHEHHUIO kKoxa. JVM
Kak MeHe/pkep Oe30MacHOCTH TakXkKe ylalsieT He
JIOBEpEHHBIE KOJABI M3 ONEpalroHHOW cucTeMbl. OH

HCIONb3yeT TMOTOKM U  HEKOTOPhIE  A3BIKOBBIE
paciiupeHust A OPOJBUXKEHUS MapajielbHOro
nporpaMMupoBaHust. COKETHI - 3T0 HU3KOYPOBHEBBIE
nHTepdeichl, UCTIONb3y€EMBbIe B CETEBOM
MPOrpaMMHPOBAHUM  JJIsI  IOTOKOBOW  Tepesadu
JTAHHBIX.

Java oTHOCHTCA K SI3BIKaM IPOTPaMMHPOBAHUS
obmero HazHaueHus. CTylIeHTaM HY>XHO 3HAaTh, BCE
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BO3MOJXKHOCTH Java, 4ToOblI ONpEeIUThCS ¢ BEIOOPOM
S3bIKA.

S3pIk  Java cuuTaercs JpPY’KECTBEHHBIM  JUIS
HauvHaomux. Ho, OH He Takod JaKOHUYHBIM, Kak
Python. OxHako co3marenu Java CTpeMUIHCh CAETATH
SI3BIK ITPOCTBIM M JIETKUM JUTS U3YYEHUS.

Python Hanbosee TPHOITIKEH K
AITOPUTMUYECKOMY S3BIKY IIpOrpaMMHpoBaHus. He
HUMEET CTPOTUX CHHTAKCHYECKUX MPABHI, SBISCTCS
Oonee COBPEMEHHBIM SI3BIKOM IIPOrpaMMHpPOBAHHU,
4YeM BBI3BIBACT OONBINMH MHTEpEC Y CTYAEHTOB. SI3BIK
Python cumtaercst sI3bIKOM BBICOKOTO YPOBHS W IS
pelieHust MaTeMaTHuecKux 3anad. Ha nepBuiit B3y
oueHp noxoxuit Ha MATLAB: wuHTepnperupyercs,
UMEeT HWHTEPaKTHBHYIO  IIOJICKa3Ky, IIO3BOJISIET
JUHAMHMYECKYI0O  THNU3alMI0 M o0ecrieyrBaeT
AaBTOMATHYECKOE YINpaBIeHHE NaMsAThio (M HUMeeT
BCTPOCHHBIN KOMIUIEKC YHCEN).

Python nmaer HeckonpkOo NPEUMYIIECTB Hal
MATLAB B konrekcte oOyuenusi: Python wumeer
OYCHb YETKWi, HEIBYCMBICICHHBII W WHTYUTHBHO
NOHATHBIA CHHTAKCUC ¥ HCIOJNB3YeT OTCTYIBI JUIS
IPYNIIUPOBKHU OJOKOB ONEPATOPOB; HMEET HEOOJBIIOE
SAOpO KOMaHJ, KOTOpble OOECHeuMBalOT IIOYTH BCE
GbyHKIHH, KOTOpBIe TIOTpedyroTes cTyaeHTam; Python
MOXHO HCHOJIB30BaTh KaK IOJHOCTBIO OOBEKTHO-
OPHUEHTUPOBAHHBIM $3bIK, KOTOPBIM IOAJEPKUBAET
pasHble CTHIIN KOAUPOBaHuUs; uHTeprperarop Python -
3T0 OecmyiaTHOE TNpPOrpaMMHOe obecrieueHue (T.e.
JIETKOJIOCTYITHOE), KOTOPOE CYLIECTBYET MPaKTUYECKU
Jutst Beex miatdopm (Brmouas Windows, Linux / Unix,
Mac OS).

Crout oTMeTHTh, 4TO XOTsA Python moBonbHO
MOJIOJIOH SI3BIK, 3TO OTHOCHTEJIBHO CTAOMIBHBIN SI3BIK,
KOTOpBIH BCE Yallle UCIOJIb3YETCs B IPOMBIILICHHOCTH
u akagemuueckux kpyrax (Philips, Google, NASA,
BMC CHIA wu Disney). On Ttakxe obecrneunBaer
OCHOBY JUIsl CO3/IaHMsI OOJIBIINX MOAYJIBHBIX KOJOB M
YIpaBICHUS UMH.

W3 aHanu3a TIOMCKOBBIX 3alPOCOB  MOIKHO
BBISICHUTB, 4TO y Java u C++ ObuIH B3JIETH U NaCHHUS.
A peittunar Python nocreneHHo poc, OH cTan 4yTh J1
HE CaMbIM IIOITYJISIPHBIM S3BIKOM IPOTPaMMHUPOBAHUSL.

B By3ax 00BIYHO y4ar SI3BIKAM
NpOrpaMMHUpPOBaHUsl B paMKax IPEIMETOB IO

WHQOPMALMOHHBIM TEXHOJIOTHSM, KOTOpBIE YacTo
BBINIAAT Kak JONOJHEHHMS K MaTeMaTHYECKUM
KypcaM, Ju0O TIpuBs3aHBI K HEKOeH OCHOBHOM
CIEIHAJIBHOCTH, CKaXKEeM, K JJIEKTPOTEXHHKE.

Kak He cTpaHHO, OOJBIIMHCTBO Y4EOHBIX
3aBeJIcHMH  CTaBAT 3HAK  paBEHCTBA  MEXAY
POrpaMMHPOBAHHEM u HHGOPMAITMOHHBIMH
TEXHOJOTHSIMH, a WH(OPMAIMOHHbIE TEXHOJIOTHH
NPUPABHUBAIOT K MATEMAaTHKeE.

MHorHe nporpaMMHECTEI COTJIACATCS C TEM, 4TO
BBICOKOYPOBHEBBIE CKPHIITOBBIE S3BIKH CPABHUTEIHHO
JIeTKY B M3y4eHUH. Kak 00BIYHO OHU yTBEPIKIAIOT, YTO
C++ OTIMYHO MOAXOAUT [UTs pa3paboTku urp, a Python
HET PaBHBIX B HAYYHBIX U CTATUCTUYECKUX pacuérax u
KOHEYHO e Java IpUroaurtcst TeM, KTO BUIUT cels
MIPOTrPaMMHCTOM B KPYITHOH KOMITaHHH.

B koHIle MOXXEM clienaTh 3aKIIUeHNe, YTO KITI0Y
K YCIIeXy - IPaKTHKa, CO34aBaiiTe CBOM MPOCKTHI.
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OCOBJHUBOCTI POBOTH CUCTEMH CEJJMMEHTAIIMHOI'O BITHOBJIEHHSI
CTIYHHUX BOJ MICTA.

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

OCOBEHHOCTHU PABOTbI CUCTEMBI CEJJUMEHTALIIMOHHOI'O BOCCTAHOBJIEHHUSI
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 nmpoektye cucteMy BUPOOHHINX KOMIIOHEHTIB MiCBKOT iHPPaCTPYKTYpH I CTBOPEHHS
eHeproepeKTHBHOTO MicTa. JIOCHiPKEHO TiIpaBIivHi, TiAPOIOTIYHI, TEIUIOOOMIHHI TpoIeci B3aeMOIil BOAHOI
CTPYKTYPH Ta €JIEMEHTIB OYUCHUX KOHCTPYKIIH /IS BIALICHTPOBOTO OCAKEHHS 3aBHUCIIUX PEYOBHH. Po3paxoBaHO
3aJIeKHO BIJI CTyNEHs 3a0pyJHEHHs amapaTtd JUisi BiHOBIEHHsS pecypcy. JlocCiijpkeHo TpHBalicTh onepariit
BiJTHOBJICHH:1. BU3HAYEHO TEXHOJIOTTYHHIIA IIMKJI BiTHOBJICHHS IOBTOPHOT BOJIU Ta KUIBKICTh ITUKIIIB KaBITAI[IITHOTO
reHeparopa Jjisi KepOBaHOTO KOHHUIIIFOBAaHHSI yMOBHO YHCTHX Ta OpyIHHUX BoJ. JocmipkeHO anapaTti 38B0pOTHOTO
OoCMOCY JUIsl BIJIHOBJIGHHS YMOBHO YHMCTHX BoJ. KaTeropm3oBaHi MOTEHLIWHI CTOKM IPOMMCIOBHX BOJ 32
JIOUUTBHICTIO BigHOBJIEHHs. OTpUMaHO 3pa3Ku EKCIEPUMEHTAJIbHUX OcaliB Juisi 1OTped OyIiBeIbHOro
rOCIOapCTBA MPHU POOOUMX Ta HATKPUTHIHUX PEKUMAX POOOTH TEXHOJIOTIUHOT 1iBKU. PO3pobaeHa MareMaTnaHa
MOJCJIb HpO,I[YKTI/IBHOCTi 3POLICHHSA anOHeHTpiB B YMOBAX 34CyXHU KpaleJIbHUM 3pOHICHHAM IMIOBTOPHOIO BO/OIO.

AnHoTanus. PaboTa npoekTupyer cucteMy Ipou3BOACTBEHHBIX KOMITIOHEHTOB TOPOACKOI HHPPACTPYKTYPEI
JUIA CO3aaHUsA 3Hepl"03(1)(1)€KTI/IBHOFO roponaa. HCCHCI{OBaHa TUAPABINYCCKUEC, THAPOJIOTHICCKUC, TENI000MeEHHEIE
npouecce B321PIMOI[CI7[CTBPI$[ BOZ[HOI\/'I CTPYKTYPbI U D3JIEMCHTOB OYHCTHBIX KOHCprKLII/Iﬁ JUIA ].IeHTpO6e)KHOl"O
OCaXKXACHUA B3BCHICHHBIX BCIICCTB. Paccuntanbl B 3aBHCHMOCTH OT CTEICHH 3arpsA3HCHUA  almaparbl g
BOCCTAHOBJICHUA pecCypca. I/ICCHG,I[OBaHa MNPOAOJZKUTCIIBHOCTD onepaunﬁ BOCCTAaHOBJICHHUA. OHpeZ[GJ'IGHBI
TEXHOJIOTHYECKU I ITUKJI BOCCTAHOBJICHUA HOBTOpHOﬁ BOJIbI 1 KOJIMYECTBO HMKJIOB KaBUTAITMUOHHOI'O T€HEpATOpa
YHOpaBIAEMOTO KOHIAUIIMOHUPOBAHUA YCJIOBHO YHCTBIX W T'PA3HBIX BOM. I/ICCJ'IC}IOBaHa armaparhl O6paTHOFO
ocMoca I BOCCTAHOBJICHHUA  YCIIOBHO YHMCTBIX  BOJ. KaTeFopI/BI/IpOBaHHBI IIOTCHIMAJIBHBIEC CTOKH
IIPOMBINUICHHBIX BO/JI 11O HCHCCOO6pa3HOCTI/I BOCCTAHOBJICHUA. HOJ’Iy‘{eHBI o6pa3u1)1 OKCIICPUMEHTAJIBHBIX OCa/IKOB
JUIA HY’KJ CTPOUTENIFHOTO XO3SIMCTBA MPU PabOYMX M CBEPXKPUTHYECKHUX PEXKHMAaxX PaOOTHl TEXHOJOTHYECKOU
nernouku. Pa3paborana maremMaTHyecKas MOJENb TNPOAYKTUBHOCTH KalleIbHOTO OPOIIEHHS arpoleHTPOB B
YCIIOBHSX 3aCyXU TIOBTOPHOM 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 600bl, AKKymyaupoesanue, Ka@umaquHHbllJ cenepamop,

636€UIEHHbLE

eeyecmea, Mmexanuveckas 3po3us, 600D 6ajzch, memnepamypa, cucmema.
Keywords: recurrent water, accumulation, cavitation generator, suspended matter, mechanical erosion,

water balance, temperature, system.

Knrouosi ciosa: nosmopri 600U, akymymosants, KasimayiliHuii 2eHepamop, 3a6Ucii peyosuHU, MexaHiuna

epo3is, B0OHUU banauc, memnepamypa, CUcmema.

Bemyn.  ExocucteMm MICT — CKIQAarOTBCA 3
IUBOBIDKHMX  B3a€MOMIH JKHBHX  OpraHi3MiB 1
ablOTHYHOTO CEpelOBHINA, CTBOPIOIOYM TUHAMIUHI
IUKJIM TOXMBHUX PEYOBMH 1 eHeprii. 34aTHICTbH
JIFOMHU BUTICHATH 1 OpMyBaTH NPHUPOAHI MPOLECH
MOKpALINIacs, aje TpoMaja MPOIOBKYE 3aJICKATH BiJ
TOBapiB 1 MHOCIYT, IO HAJalOThCI EKOCHCTEMaMH.
CTpyKTypa €KOCHCTEMHHUX MOCIYI YTOYHIOE 3B'SI30K
MiX JOOpoOyTOM JIOAWHU Ta (YHKIIEI SKOCHCTEMH.
ExocucTeMHl TOCIYrM HaTarOThCSl €KOCHCTEMI IS
miaTpuMku  1oOpoOyTy rpomamu[l]. TexHomoris
€KOCHCTEMHOI MOCIYTH CTBOPIOE 3BOPOTHHUH 3B'A30K,
SKAHA CIIpHUA€ SK EKOCHUCTEeMi, TaK 1 ONaromoixyddio
rpomanu[2]. Y ibOMy KOHTEKCTi O4€BHIHO, III0 PU3HKU
JUISl IPUPOJTHUX peCypCiB IMOMIOHI IPyHTaM i BOJHHUM
pecypcaM MaroTh psiMi HaCIiAKK it rpomau[3].

JlocmikeHHsI TIOTIOBHEHHS BOJHOTO OainaHcy
MICTa BaXKJIMBO, OCOOJMBO B MIBJACHHHX pETiOHAX
VYkpaiHu, Je 3acyXxu MOpYILIyIOTh CTaOUIbHICTH
MPOLIECIB Ta NIPUBOAATH IO COLIATBHOTO HAIPYKEHHS
B rpomai[4].

Mamepianu i memoou oocnioxncens. B pobGoTi
MPOJOBXKYETHCS  TIAPOJOTIUHI  JOCTIKESHHS  Ta
MaTeMaTHYHi MOIIyKyBaHHS TaKUX BUCHHX, SK
panaarms 1., Xocokasa T., IBacaki M., Psoenko O.A.,
[xaii A.A., Enosa C.M., [Tanrensar I'.C., Manbko B.T".,
KpaBuyk C.M., Crompbepr @.3., Kaparayp A.C.
TpanuuiiHO riIpoJIoriuyHi BUMIPIOBAaHHS MPOBOSITHCS
B NPHUPOJHUX  yMOBax, aBTOPH  IPOIOHYIOThH
BUKOPHCTAHHS TEXHOI€HHHUX MOTOKIB JUIS i IBUILICHHS
eHeproe(eKTUBHOCTI CUCTEMHU BOAONOCTa4aHHsA[S].

Mema ma 3aé0anna. Jlana po60Ta BUKOHYBaJIaCh

eKOHOMIYHOTO PO3BHUTKY MicT[6]. BpaxoBaui Bumoru
3a0e3meueHHsT CTallOCTI PO3BUTKY TPICHOBOIHIX
pecypciB  mporpamu  «lHTerpoBaHe  yIpaBIiHHS
BOJIHHMH peCypcaMmy.

Mera poGotn — JlocmigKeHHS IOTIOBHEHHS
OajaHCy CHCTEMH BOJOIIOCTaYaHHS Ta 3HIKCHHS
TEXHOI'€HHOTO HABaHTAXKCHHS Ha PIUKOBHUI OaceiH.

3aBnanHs poboTH — OnTHMi3anis BUKOPUCTAHHS
TEXHOTCHHUX CTOKIB JUIS IIOTIOBHEHHS OajaHCy BOJHOT
CHCTEMH.

Ocnosna wacmuna.

CrpykTypa SKOCHCTEMHHUX TOCITYT €
IHCTPYMEHTOM, SIKUi MOYXHa BHKOPHUCTOBYBaTH B
MeXKax CTPaTerivHOro KepyBaHHS BOJOCIIOXHWBAHHIM
MicTa Ta peryioBaHHs 6aceiHiB pidok[7]. IncTpymeHT
JoTIoMarae peryisropaM OLIIHUTH BUIH
3eMJICKOPHCTYBaHHS Ta 3axOAM 3MEHILIeHHS abo
3a00pOHM TEXHOTEHHOTO BIUIMBY Ha PO3BHTOK
rpomamu. [ligXig EKOCHCTEMHHMX TOCIYyr HE Mae
3aJy4eHHs TPOILIOBOI OIIHKH, aJie IUIIXOM CTBOPEHHS
oOMeXXeHb, BIiH pO3MHUPIOE  IHCTPYMEHTH, IO
3HAXOMATHCS Yy PO3MOPSUDKEHHI perynstopa [8-11].
OOroBopeHHs HACITIAKIB TEXHOTEHHHX CIICHApiiB
PI3HHUMHE TpYyIIaMH €KCHEPTIiB Ta 3aliKaBICHHX CTOPIH,
MOXe OYTH JOCTaTHbO ISl 3HAXOIKEHHS! KOMIIPOMICiB
IPH PI3HHUX CLIEHAPIsX BUKOPUCTAHHS TEPUTOPIil.

JlociimKeHHsT PU3UKIB 1e0aTaHCy BOIOCXOBHIIA
BXXJIMBO JIJIsl PO3YMIHHSI MEX TEXHOJIOTIYHOT CXEMH Ta
BU3HAYCHHS IHCTPYMEHTapito crabimizanii OaceitHy
micra[12]. IIpu BUmycky BOAa NPOXOAMTH JIOKAJIbHE
KaBiTalliiiHe OYMIICHHS Ta B pa3i HeoOXiJHOCTI XiMiUHe
BTPYYaHHS I KoperyBaHHs pH (mpomuciIoBi paifoHm)

OYHIICHHS JI0 7, )KOPCTKICTh 3MEHITYEThCS 70 2,88 MT-

y BIANOBIAHOCTI /0 BHUMOr HamilHOCTI cucrem  (tabn 1).
BOJIOIIOCTaYaHHS  Ta  3a0e3MeYeHHs  CTajoCTi
Taommms 1
Iloka3HMKH YMOBHO YUCTOI BOAM NPU 00po0Li KaBiTALIIHUM reHepaTopoM
[okazHuk Kyt 5° Kyt 12°
JKopcTkicTh moyaTKoBa, MT-€KB/JI 421 421
KopctkicTh ocTaTouna, | 1HKII, MI-eKB/JIT 3,3 343
YKopcTkicTh ocTaTouHa, 7 IMKIL, MI-SKB/JT 2,88 2,98
JIy>KHICTh IOYAaTKOBA, MI-CKB/JT 3,2 3,2
JIy>xHICTB OCTaTOYHA, | UK, MT-€KB/JT 2,42 2,12
JIy>xHICTB OCTaTOYHA, 7 UKL, MT-€KB/JT 2,03 1,97
pH nouarkoBa 74 74
pH 7 uukn 6,4 7,12
ConeBMICT, MI/J1 275 275
ConeBMicT, 1 UK, MI/JT 221 205
CoeBMICT, 7 LUK, MI/IT 238 212
PesynbTate MOCTiPKEHHST TOBOJSATH MOXKJIMBOCTI ~ ©KB/JI,  JYXKHICTh  gopiBHIOE 2,03  Mr-exB/I,
BiITBOPEHHSI XIMIYHUX IOKa3HWKIB SIKOCTI BOJW Ha  MiJBUIIYETHCS COJEBMICT 110 238 MI/i.
1...3 mmxumax). Ilpm 36imbIeHH] KiTBKOCTI LUKIIB HoBoyTBopeHHS 030HY TpH  TemIeparypi

(105...107)°C (xyT 5 rpamyciB), SKUil B XOIi peakiii
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0aratopa3oBO B3aeMOJi€ B yMOBax TypOyJeHTHOI
peakuii 3 MoJIeKyJIaMH 3a0py/IHIOBaYa Ta 3HELTKOKYE
ix B cTaaii aacopOuii.

[IpomonyeTbcss  AMCTaHUIHHE  BUMIPIOBaHHS
JKOPCTKOCTI, JIy>)kKHOCTI Boau, pH, comeBmicty Ta
KOHLIEHTPAI[II0 MOXIIMBHX TOKCHYHHMX DPEYOBUH 3a
JIOTIOMOTOI0 ~ €JIeKTpoHHOTO 070Ky Arduino. Ilpm
BUHUKHEHHS PHU3WKIB B 30ipHHX BOIOBOJAX CHCTEMa

—o— KaTeropua 1-25%

—B— Kateropusa 2-50%

Jla€ CHTHAI Ta HAJae THYYKy XiMiYyHy [OTMOMOTY B
pallOHHUX HACOCHHX cTaHUisnx[13].

Binbin crnpaBemuBO sl MPUMHATTS BaXKIHBUX
PpilIeHb 3aTy4eHHs €KCIIEPTIiB 30BHILIHIX Ta HAYKOBOTO
CepelloBUINA JAJIsI MOJICNIOBAHHS CLEHApiiB BOJIHHUX
PH3HKIB Ta CTYHIHIO TEXHOTCHHOTO HAaBaHTa)XKEHHS Ha
paifoH Ta perioH.

—i=— KaTeropus 3-75%

100% -
90% S~ —
\/
< 80% \\-
- R \ 4.
E‘ 70% \ ——————
2 60%
o \
2 50%
ke N
I 40% v e —
8 30%
S
= 20%
10%
O% T T T 1
KnacuuHuii cueHapii Mpomucnosui 3eneHu cueHapii  IHTerpanbHU Niaxis
cueHapin

CryniHb Hacniakis

Puc. 1. Hacrioku pu3suxie 6000nocmauants no CYyeHapisx.

JocipKeHHS BAKOPUCTaHHSL YMOBHO YHCTHX BOJ
BUSIBWJIM TJIMOMHY NPOCOYEHHS BOJIOTH B 3aropi3bKiit
o0Osacri 10 18 cm, B J[HinponeTpoBchKiit 00acti 10 36
CM.

JocnikyBaHi BIIaCTUBOCTI TPYHTY CHHPAJIHCS Ha
TEKCTYypHI 1HIUKATOPH TOPOA-TICOK, TIJIHHY, MY,
KBapIICBHUI ITICOK, a TAKOX Ha OOCAT NUISHKH, TOYKY

Jyss  TpyHTIB 3 TJHHOK  MEHIIE
croiBigHomeHHs s Kb BiItoYae 1Ba mapaMeTpu s

3MICTY MICKY :

JlocmipkeHHST  TTPOJIEMOHCTPYBAIIO
MPOTHO3YBAaHHSA MOJIENI 3 BUKOPHCTAHHSAM aJamnTarii

300py, KOHIEHTpAIil pEYOBHH, EMHICTH KaT
ioHo0OMinHy[14]. OnuH 3 OLIBLI YYTIMBUX NapaMeTpiB
TPYHTY - HacuueHa TiJpaBJliyHa [POBIIHICTS.

BupineHHs rpyHTIB Ha JBa KJIaCH Ha OCHOBI BMICTY
[JIMHM, Mae TependavyBaHe BijHoOLIeHHs Ounbure 40

BiZICOTKIB.  P0o3po0iieH0  pIBHSHHA  TiIpaBiiqHOT

TIPOBITHOCTI TJINHU:

244
Ky = 0,0066exp || 16,
40%,

K, = —0,265 + 0,0086%mnicok™® + 11,46CEC™*7> (2)
yCrminrHe Po3paxoBaHa mmWTOMa  BOJOTICTE  TPYHTIB
3anopizpkoi obmacti B Mexax 0,5 cMm/romuny,
[TonTaBcpkoi ob6macTi 1,2 cwm/romuny. IlompoBi

piBHSHHA 3MimaHoi cymimi Ig 1,5 TOAMHHOTO
MpOMIKKa dYacy, B CIeHapii yMOBHO OpyIgHHX Ta
YMOBHO YHCTHX BOJ arponanmadry[15].

a a2 202 a
(p)x =pu + P (pw)dx + Py (pw) % + -+ [pu +3s (pu)dx] dzdtn

Ipn pmochmimax KOHIMIIIOBaHHS YNUCTUX Ta
OpyIHMX BOJI 3aBUCIIi pEYOBUHH OyAyTh BijcenapoBaHi
B KaBITaI[IHHOMY yCTaTKyBaHHI:

JOCIIJKEHHS T1APOJOTIYHUX IMapaMeTpiB BOAOWMMUII
HaJanu pIiBHIHHA TIOTOKY TIPICHOI TOBEPXHEBOI
pinuHuU:

€)
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m(t + dt) = (p + @dt)dxdydz (4)
at
dp
dm = <p + adt) dxdydz — pdxdydz
am = 2° dedxdyd
m = a3t xdydz
Koediuient nudysii Mac BU3HaUaeMO:
D (Z5+ 25+ 29 dxdydzd 5
€\ox2  ay?  9z2 xaydz ()

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

Z—i = D V?c
BOJIOWMHIIIA
Bararo¢yHkIioHaNbHa KOHIIETIISI BAKOPUCTOBYE
cUCTeMYy JUIS MIATPUMKH €KCIEpPTIB Yy pPO3BUTKY
3B’513KiB MK OQJIaHCOM CHCTEMH BOJOIOCTaYaHHSIM Ta

YHCJICHHUMH TIepeBaraMu inrerparii (tada. 2).

30epeKeHHsT ~ Mach  IOTOKY

Pesynpratu cBim4aTe, M0 YMOBHO YHCTI BOIU B
METaNypriiHill MPOMHUCIOBOCTI MalOTh IEPECHICHHS
mo kapOoHaTy Kamiblifo g0 68,41 pa3iB, Ta 1O
rizpokcuay marHito 1o 120 pazis. [TotpibHO 42 mHKIH
po0OTH KaBITAIHHOTO TEeHEpaTopy sl JOBEIACHHS
pecypcy 10 MUTHOT SIKOCTI.

Tab6mn. 2
BuzHauyeHHsi nepeBar ceiMMeHTalilHOI KaBiTawii
JKopcTkicTb Mr- JlyxHicTh ConeBmict Ns caco Ns N—
eKB/IM® MI-KB/IM® MT/TT 3 MgOH 1
Jlera 75 6.8 570 275 119 35
MIPOMHCIIOBICTD

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

AHAIIOTIYHO 110 YMOBHO OpYIHHUM BOJAM JOCIiAH
HaJIAlI Pe3yJIbTaTH [EPECUICHHS KapOOHATY KAJbIIO
78,19 pasiB, no marHito 261 pazis. B 1ipomy BUnajaky
MPAaKTUYHO MOXKJIHBO JOBECTH PECypCy M0 MUTHOT
SKOCTI Tpu 78 IuKiIax poOoTH reHeparopy, Ao 248
rojuH, T00TO Ha mpoTs3i 10 1ib.

MOHITOPUHTY, OOYHCIIIOE IHIMKATOPHI KOEQiIlieHTH
MIEPETHHIB.

3) Omepatiis yrpaBiiHHs BiJX0JaMu

Indopmaniss mpo BoAO BiIBOOM BCIX PIYOK,
OOYHMCIIOI0YN HA/UIMIIKOBY €EMHICTh (DyHKIIIOHAIBHUX
30H Ta KUIBKICTb 3a0pY/HIOIOYHMX peuoBHH. Moayib

[Mporonyema cucrtema IONEPEKEHHS PHU3MKY  MOXE IMITyBaTH KOHLEHTpAaLil0 3a0pyIHIOYHX
BOJHOIO CEpelOBUINAa BCeOIYHO aHali3ye CTaH PEYOBHH HA JUISHIN BOJ03a00pYy HIDKYE 33 TEUIEH
HaBKOJIAIIHHEOTO cepesoBHUIIa Ta mae  micns iX gerpamamii Ta amgy3ii Ta BiICTaHB BIUIUBY

MoTrepeKyBallbHI CUTHAIH (ITOOAWHOKI IHANKATOPH Ta
CyMapHi iH/IEKCH).

OrmiHKa CTaHy pPEriOHATBHOTO EKOJOTi9HOTO
PO3BUTKY CKJIAJIA€ThCS 3 11’ ITH OIIepallii:

1) 3arampHa omeparis yrpaBiiHHSI OaceiHOM

[peacraBneHHs pU3WKYy BOAHOrO  OaceiiHy
MOKAa3aHO Ha Bi3yalnbHOMY iHTepdeici, BKIIOYaOUN
3arajyibHy perioHaNbHYy CHUTYAIlilo, CTAH PIYKU Ta 30HY
BomHOro Oydepy, 1m0 Hagae KOPHCTyBadaMm
iH(OopMaio po reorpadiuxe [IOJIOKEHHS],
TiIPOJIOTiI0 Ta METEOPOJIOTi0, CTaH Ta PO3TALIyBaHHS
BOJHMX (DYHKI[IOHAJIbHHUX 30H.

2)Omeparrisi OI[IHKH BOJIHOTO CEPEOBHUIIA

3a0pyJHIOIOYHX PEYOBHH.

4) INocTtynoBa Imporpecisi MONEpePKeHHS] PU3UKY
BOJIHOTO CEpPEIOBHINA

Ha ocHOBi anamizy armocepHHX oOmamiB Ta
MONUTY Ha BOJAY IIPOLEC TOEIHYE 3 JaHUMHU TIPO
KUIBKICTh BOJM, pIBEHb BOAM Ta SKICTh BOJIH;
BHU3HAYHTH CTaH MiCIIEBUX BOJHUX PECYPCiB Ta CTYIIiHb
3a0pyIHEHHS BOJHUX 00’ €KTIB.

IToriMm BIH TPOTHO3YE MOXIHWBI  peE3epBH
JKUBIICHHS OaceifHy Ta 3/iHICHIOE paHHE MTOTIePeKeHHS
BOJIHOTO cepefioBuina (Tadi..3).

B xoxi mociipkeHb pekpeariifHoro osepa micra
BHU3HAYeHO TypOyJEHTHY B'S3KICTh 3a JIONMOMOTOI0

Lle#t mpomec OLiHIOE 3MiHM SKOCTI BOAM B  JBOPIBHEBOI MoOJeNli TypOYJIEHTHOCTI KiHETHYHOI
KO’)KHOMY TepeTHHi OaceiiHy 3 wacoM, cBoedacHo eHeprii (k) Ta mBuakocti T poscitoBaHHS (g).
JOCHJDKYE TpaBWiia pO3MOALLYy BOAM, TeHepye OTpUMaHO TOJIOBHE pIBHSHHA KIHETHYHOI eHepril
JiarpamMu po3noxity OCHOBHHUX KaTeropii  TypOyJEHTHOCTI Ta PO3CIIOBaHHS MIBHIKOCTI MOTOKY
KOpHCTYBadiB, KIacu(iKOBaHMX 3a OCHOBHUMH  JUII NPAaKTUYHOTO 3aCTOCYBaHHA JO CTaHAApPTHOI k-¢

MOKAa3HUKAMH 3a0pyJHEHHS y BHOpaHUX NepeTHHAX

MO Ta HU3bKUX 3HaueHb PeliHonpaca:
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a d (Me OKY _
7 (Puik) — a—xi(c—ka—xi) =G-p(e+D) (6)
a d (pe 0
o (oui®) =5 (2275) = (GG~ Cofpe) |+ pE ™
TypOyneHTHa B'SI3KICTb [it TOTOKY:
c.fu.pk
=" ®
VY mpsMux piukax, OpH JKepeni 3a0pyIHEHHS B
HEeHTPi piuky, OiYHA BiACTaHB!
2
1, = 0,213Exux3 ©)
y
Jxepeno 3a0pyTHEHHS Ha Oepesi piuku:
2
a1, = 0,716Exux3 (10)
y
Jde JIm - momepeyHa JOBXKHMHA TEpPEMIIIyBaHHS B - cepenns mupuHa pycna piuku (M);
3a0py/THIOIOUHX PEIOBHH (M); Ey - xoediuienT 6iunoi mucnepcii (M%/c).
U - cepeiHs LIBUAKICTH PIYKOBOTO MOTOKY (M/C);
Tabnurs 3
Curnana nonepenkeHHs 3a0pyiHeHHs 6aceiiHy piuku
IlonepeKeHHS pU3UKY
Piuka IHuKaTop [epernn 3HaueHHs
Tun 3a0pyaHIOBaYa CauHelb KoHueHtpartis 0,5
Biozgerpaaitis 3a0py/IHIOBaYa Tak He Gionerpanaris Hi
IoswuitionyBaHHs 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
CTymiHb pU3HKY 1l Cepenniit
250
g /\ /
2 200
x
[=
o
S
g 150 e
e
-]
©
I
Z 100
o
[™
)]
S
E 50
1
O 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 Pigni 0ocmynnoi 600u 6 piznux nepemunax piuku JJHinpo (acpapuuii ceecmenm)
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[lpu OGaTUMETPUYHUX PO3PAXYHKAX PIBHSI BOAH
piuku JIHimpo (CTOK BOAM) pO3pOOJICHO MOJIEINb
HecTablIbHOT IKOCTI BOJIU:

—x-up)?  y?

M
Coy, 0 = H4,24mt [ExEy exp [

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

H - rmbuHa gingHKy piukd (M);

t - 9ac IpOrHO3yBaHHs;

Ch - mowaTkoBa KOHIICHTpAIisl 3a0pyIHIOOYNX
PEYOBHH y piuli (Mr / 1);

EX - koediuieHT n0310BxkHB01 Aupys3ii (M%/ ¢);

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

4Egt  4Ey

T — 2k [ +Cy (11)

X - BepTHKAJIbHA BIZICTaHb MK TOUKAMU CKUJAHHS
JIO CTIO>KMBAaHHS (M);

Y - TomepevHa BiCTaHb BiJ TOYKH CKUAAHHS IO
3a0opy Boau (M).

Po3pobnena MaTeMaTHIHa
CeUMEHTAIIIMHOT MOJENl OYNCTKA BUTIIANAE:

MOJIENTb

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

ne X1 — JKOPCTKICTh BOJIU, MT-€KB/JT;

X2 — IPOAYKTHBHICTH TIpoLiecy, %,

VY - KinbKICTh 1UKIIB — 15-74 pasu.

Pesynberatu PIBHSHHS 00pobieHo o
cratuctiyHuM Kputepism Koxpena, CrtbloseHTa Ta

dimrepa, sKi IOKa3aId aJeKBaTHY MaTeMaTUYHY
MOJIeNIb T2 MOXKJIMBICTD BIIPOBA/PKEHHSI Y HAPOJHOMY
roCIoIapcTBi

LA k]

%;
i

s

i \

/

Puc. 3 - [liaepama niniii pignoeo pigus

Bucnoeku. JlocmimxeHHS HaTalOTh pPe3yJIbTaTH
M0 BiJIHOBJICHHIO MPOMHKCIOBUX Ta arpapHUX CTOKIB.
IlopiBHAHHS KyTa KpYyTKH KOHyca Bentypi mpu
OYHIIEHH] CTIYHUX BOJ HAJalOTh BEIMKI MEXI s
poboTH KOMyHamBHOTO TocmomapcTa. [loTouni
JIOCITIPKEHHS HaJal0Th MOXJTMBOCTI JUIs
BIPOBAJPKEHHS CUCTEMH B1THOBJIEHHS IIOBTOPHUX BOJL,
1o komrieHeye 10 37% nebanancy BOJHOTO OaceiHy.
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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"

bypnaxoe Muxaun Eezenvesuu

KaHOUOam mexHu4ecKux HayK, OoyeHm Kageopsi
bezonacnocmu ungopmayuonnvix cucmem,

Camapckuil HAYUOHATLHBILL UCCIe008AMENLCKULL YHUGEPCUMEN
Kybeee Anexcanop Braoumupoeuu

Kanouoam neodazocudeckux Hayk, 0oyenm,

Bcepoccuiickuit hayuno-uccredosamenvckuii

Hnemumym @usuueckoii Kynomypor u Cnopma (Bruugx)
Aébpapoé Pagparne Pawmumosuu

abumypuenm 8 acnupanmypy,

Camapckuil HAYUOHATLHBLU UCCTIE008AMENLCKULL YHUBEPCUMEm

COBEPIHIEHCTBOBAHHUE 'OCYJAPCTBEHHOM CUCTEMBI YIIPABJEHUS U TOJATOTOBKHA
B COEPE ®U3UUYECKOM KYJBTYPbHI U CIIOPTA HA OCHOBE NPOIT'PAMHOI'O
KOMILJIEKCA
«EJIMHBIA KAJEHJIAPHBIN 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 mpencraBieHbl PeE3yJbTaThl, CBS3aHHbBIE C BOIPOCAMU IIPOEKTUPOBAHHA,
BEPXHEYPOBHEBON pa3paOOTKM W TOTEHIWATbHOW WHTETpPAllMd MPOTPaMMHOTO KOMIUlekca «EIUHBIMA
KaJleH/1apHbIH 1m1any. [IpoeMoHCTpUpOBaHa cXxeMa MHTETrpallii CUCTEMHBIX HHTep]elcoB, pyHKINOHATBHBIC U
APXUTCKTYPHBIC CXEMbI IIPOTPAMMHOI0 KOMIUICKCA, NPEACTABJICH NPUHIINIL pa6OTBI 1 BU3yaJIM3allMU JaHHBIX C
[IOIIArOBBIM OIIMCAHHEM OCOOEHHOCTEMN nepegaynu JaHHbIX MEXKAY MOAYJSIMHU U MPUMEHSACMBIM IPOTrpaMMHBIM
obOecrieuenueM. [lokasana cxema HMHTErpallii B paMKaX TEKYIIHX MNPOLECCOB Mepeaadiu OTYCTHOCTHU CIUHBIX
KaJICHAAPHBIX IUIAHOB, @ TaKKE PCHICHHS BOIIPOCOB YHNPAaBJICHHUA U MIOATOTOBKU B C(bepe DKuC MIPUMEHACMbBIM
MPOrpaMMHBIM KOMIIICKCOM.

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

Knroueswie crosa: EK]Y, cucmema asmomamusayuu, npocpammHoe 06ecneqenue, MuHucmepcmeo cnopma
Poccuiickoii @edepayuu.
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Brenenne

B ycnoBusix  CTpEMHTENBHOTO  pa3sBUTHUS
1 poBBIX TeXHOIOTHIT HOBBIH BekTop B cpene PKuC
6asupyercs Ha KOHIIEMIUH nudgpoBU3aLun
rOCYZapCTBEHHON CHCTEMBI ITOJITOTOBKH M YIIPABICHUS
B cdepe (usnmueckoil KynbTypbl M cropTa (IpHKas3
Ne971 ot 25.11.2019 [1]). «Uudporusauus
YIpaBICHUs» MpEAIonaraeT Mepexos] Ha oOnavHbe
TEXHOJIOTHH, 9TO MIO3BOJISIET OpraHu30BaTh
3¢ dexTHBHOE B3aMMOJICHCTBHE YY4aCTHHKOB
(hU3KYIBTYpHO-CIIOPTUBHON IESATEBHOCTH B cdepe
OKuC, a Takke ONTUMHI3HPOBATH (HHAHCOBHIE U
BpEMEHHBIC 3aTpaThl Ha CO3JaHHE W TOMICPXKKY B
aKTyaJIbHOM COCTOSIHUM BCEeX HMH(OPMAIOHHBIX
CHCTEM, UCHOJIb3YEMBIX B IIPOLIECCE YIIPABICHHUS.

Peanmuzanmst HOBOW  KOHUENUMH  IU(PPOBOI
tpancdopmanun B chepe ®KuC, B pamkax crparerun
pa3BuTHA HHPOPMAHOHHOTO obmecTBa PO, Tpedyer
CO3JaHUSI  CIMHOM  3NEKTPOHHOH  TuIaT(opMBl,
peann3oBaHHON B BHJIE NPOrPaMMHO-aNIapaTHOTO
KOMIUIEKCa, WHTETPHPOBAHHOTO B  JIICKTPOHHYIO
nH(pOpMaIMOHHO-KOMMYHHKAIIMOHHYIO Cpeny B chepe
OKuC, Brmoyammym B ce0d KOMIOHEHTH II0
YIPaBIEHUIO COIEp)KaHUEM, MPOIIECCOM, PECypcami,
KOHTHHT'€HTOM, ¢buHaHCAMU u Ka4yecTBOM
HCTIONIb3YEMBIX ITPOTPaMM.

®opmupoBanue EQuHOro KanaeHIapHOroO ILIaHa
MEXPETHOHAIBHBIX, BCEPOCCUHCKUX u
MEXAYyHAPOIHBIX (U3KYJIBTYPHBIX MEPOIPHATHH U
cnoptuBHBIX Mepompustuii (mamee — EKII) — »t0

MHOTOCTOPOHHHUH Tporecc, HUMEIOLINN
crerduieckoe coaepikanne U GopMy OpraHHM3aINH,
perynmpyeMslit HOPMAaTHBHO TIPaBOBBIMHU

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

OcHoBHbIMH 3ajauamu  ¢opmupoBanust EKII,
coryacHo mpukaszy Ne289 ot 08.05.2009 [9], ansroTcst:

*  CO3JaHHE LIEJIOCTHOM CHCTEMBI
(DU3KYNBTYpHBIX ~ MEPONIPHUATHH, 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 CIIOPTHBHEBIC
coopHele komaHABl Poccuiickoit ®Demepannn u
obecreueHus LeJIeHanpaBIeHHON MOJArOTOBKU

CIIOPTUBHBIX COOpPHBIX KOMaH]I Poccuiickoit
@denepa I MX  YCHEIIHOTO  y4acTUsl B
KpYNHEHIINX MEeXIyHapOAHbIX COPEBHOBAaHUAX —
Onumnuiickux, ITapamumnuiickux, CypanuMIHHCKUX
Urpax, YeMIHMOHaTaxX U NepBeHcTBax Mupa u EBpomnsr;

*  KOOpJAWHALUSL B3aMMOJIEHCTBUS
OpPTaHHM3aTOpOB  (DU3KYIBTYPHBIX MEPONPHATHH |
CHOPTHUBHBIX MEPOIPHATHIA.

B Hacrosmee Bpems mporecc (HOPMHPOBAHUS
EKIT mpencraBnsier co0Oi  CIOXKHOE CHCTEMHOE
B3aMMOJICHCTBHE U pabOTy Pa3INIHbIX (PU3KYIBTYypHO-
CIIOPTUBHBIX OpraHu3auuii U1 MuHHCTEpCTBa cropTa
Poccuiickoit ®enepaumu. Ilpu »TOM, HCXOAS U3
COBPEMEHHBIX TeHACHIMH ri100anbHoi udpoBU3annu
U TOpeACTOsIero Iepexoja BCero  CerMeHra
yOpaBleHUs Ha JJIEKTPOHHBIA JOKYMEHTOO0O0pOT,
MOYKHO TOBOPHUTH O TOM, uTo (opmupoBanue EKII Tax
e JIOJDKHO OBITh OCYIIIECTBICHO B I(pOBOH cpexe ¢
COOTBETCTBYIOIIMMH  TPEOOBAHMSIMH 110  3aIINUTE
U(POBBIX TaHHBIX C OTHOW CTOPOHBI M IOCTYITHOCTBIO
u MIPOCTOTON UCTIONB30BaHUs (cbopa,
CHCTEeMaTH3aI1H, aHAJIN3a ¥ NPEICTABICHUS JaHHbIX )
C Apyroil.

[Ipoext mporpammuoro komruiekca (ITK) EKII
3aKJIoYaeTcss B OOECIEYeHUH  B3aUMOACHCTBUS
00ILEPOCCHICKUX CHOPTUBHBIX (enepaluii, OpraHoB
UCIIOJIHUTEIIbHOM BiiacTH cyonekToB PO, MuHcnopra
Poccun, uHbIX opraHuzanuii npu (HOPMHUPOBAHUH W
peanu3anuyM  KOHIENUuH EAWHOro KajJeHIapHOro
m1aHa. Peanusanus npoekTa oCyHIECTBISIETCS 3a CYET
aBTOMATH3allUM IPOLECCOB CO3MaHMs KaleHAapeu

CIIOPTHBHBIX ~ COPCBHOBAHMM WM MEpONPUITHI
Ppa3IMIHOTO cTaryca, obecrieueHus
LEHTPAIN30BAHHOTO coopa  mH(DOpManuH 0

peanuzanuu Meponpusituii EKII n koHTpons Takoi

peanuzanuu. B kauecTtBe  UTOroBOM  TOUKH
paccMmaTpuBaeTcs ONTUMU3ALUS IIPOLIECCOB
¢dbopmupoBanus EKII, BHeCeHUsT B HErO U3MCHEHUH W
KOPPEKTHUPOBOK.

C  mempl0  pealM3allid  BBIIIEyKa3aHHbBIX
B3aMMOJICHCTBHI  pa3paboTaH TMPOEKT B  YacTd
MPOEKTUPOBaHUSI M CO3JaHHUA  NPOrPaMMHOIO

KoMmIutekca «EmuHBIN KaneHmapHbIH TutaHy. OOmas
cxema peannzanuu 1K «EnuHplii kaneHaapHbIA I1aH»
B paMKax TEKyIeH CTPYKTYphl B3aUMOACUCTBHUS W
(hopMUpOBaHUS YTBEPKACHHBIX IIAHOB IIPE/ICTABICHA
Ha puc. 1
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Puc. 1. Cxema unmeepayuu INK EKII 6 pamkax mexkyweii cxemwvl QQyHKYUOHUPOBAHUSL
npoyeccos u NAaHo08 Meponpusimuil
Fig. 1. Scheme of integration of the PC EKP within the current scheme of functioning
of processes and action plans

C ¢yukunonansHoi ToukH 3peHus, [TK «EKID»
Ha Ka)kJIOM dTare pealn3yeT KOHTPOJIb MOCTYIUICHUS U

00paboTKM  KOJMYECTBEHHBIX M  KaueCTBEHHBIX
xapakTepucTuk  3asBok. IIK  HampaBmeH  Ha
ONTHMAJBHBII MMOJ00Op pEeXUMa B3aUMOJIEHCTBUS

cyobektoB  cheppl  @KuC, KOHTPOJIb BHOCHMBIX
W3MEHECHUH, U PETYIUPOBKY PEeKUMa PabOTHI, YTO, B
CBOIO OYepe/ib, HAIPABJICHO Ha CHIKEHUE MPOCTOCB U
HAaKJIaJJOK B paMKaX OCYIICCTBICHUS NESITCIHHOCTH B

IpoexkTupoBanue u peanuszanus [NK EKIT

ITpu npoextupoBanuu IIK EKII yuuTsiBanacek
HE00XO0IMMOCTh 00BEIUHEHUS CIIETYIONIHUX (AKTOPOB:
COBPEMEHHOCTH, aKTYaJIbHOCTHU U OTKPBITOCTH CPEJICTB
pa3paboTKM ¥ BO3MOXKHOCTH pPa3BEPTHIBAHUA, H
UCIIOJIb30BaHMsl MOJOOHBIX CPEACTB Ha Iuiatdopmax
OTEYECTBEHHOTO MPOTPAMMHOT0 00ECHIEYESHHUS B YaCTH
OIIEPAllMOHHBIX cHUCTeM. IlepedeHb HCHONB3yEeMBIX
MIPOTPaMMHBIX CPEACTB Pa3padOTKH TpE]CTaBIeH B

cpepe OKuC, a Taxke TMOBBHIINICHHE KadecTBa  Tabmwie 1.
OKa3bIBAEMBIX YCIIYT U YBEINYEHHS PEHTA0EIbHOCTH 1
KIII cnopTUBHBIX OOBEKTOB.
Ta6muma 1.
ITepeuyeHs HcNOAB3yeMbIX POrpaMMHBIX cpeacTs pa3padorku IIK EKII
Table 1.

List of software tools used for the development of PC UCP

[IporpammMHOe obecreueHe Bepcust TexHuueckas 3aMeTKa
OrneparrioHHast CUCTeMa BEpCHS sapa OtkpbITas miardopma, KOTopasi COBMECTIMA C OTEUECTBEHHBIM
Linux Debian HE HIKE 4.X ananorom Alt Linux [10]
SBnsercst 6a301 JaHHBIX HA OTKPBITOH IIIaTdopme
baza nannbix PostgreSQL He HIKe 9.X . o KD bopue,
nuueHsupyemoit B pamkax @CTOK [11]
. OTKpBITOE POrpaMMHOE 00ECTIEYEHHE, TOCTABIISIONIEE B TOM
Ipoxcu Beb-cepBep Nginx c P POrP N tmee B
He HIke 1.X YHcie B BUIE TTAKETOB MHCTAUBIIMI B OTEUECTBEHHBIX LiNuX
moxynem PHP-FPM
iatdopmax
OnmH 13 HanboJee pacrpOCTPAHEHHBIX, OTKPBITHIX SI3BIKOB
SI3bIK IpOrpaMMUPOBAHUS A pactpocip X, OTKD
PHP He HIDKe 7.X MPOrPaMMHPOBAHMSI, TIPEAHA3HAUCHHBIH JI IPOSKTHPOBAHUS
BBICOKOHAIPY>KEHHBIX peleHuit [12]
N JavaScript-ppeliMBOPK ¢ OTKPBITBHIM HCXOIHBIM KOJIOM ISt
DpeiimBopk Vuels He HuXKe 2.5 pt-p P TP N A
CO3JIaHMs MTONTB30BATENBCKUX HHTEp(eticos [13]
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Dpeiimsopk Laravel He HIDKE 6. PHP Be6-(hpeiiMBOpK C OTKPBITHIM KOIOM, npeuz[Ha3HatIeHan71 TUTSt
pa3paboTKH ¢ HCTIOJIb30BaHKeM apxuTekTypHoi Mogemn MVC [14]
@peiimBopk React Native He Hke 0.6x |  OtkpsiTas miardopma 1yt pa3paboTKX NPOrpaMMHBIX IIaTdopm
OOmwmit sxu3HeHHbIH 1k pazpadotku [TK EKII 5. Konuposanue.
MPEeJCTaBJIEH MOIIaroBO HUXKeE: 6. OTnanka ¥ TECTUPOBAHUE NTPOrPAMMBI.
1. IloctaHOBKa 3aauH. 7. AHanu3 pe3yabTaToB.
2. AHanu3 3a1a4M U MOJEITHPOBAHUE. 8. CompoBoXKJIeHUE POTPAMMBEL.
3. PazpaboTka mnu BHIOOp alnropurMma perieHus CrpykrypHas cxema KJIUEHT-CEPBEPHOTO
3a/1a4u. B3aMMOJICHCTBHA ¢ PYHKINOHAIBHBIM pa3zouenuem [1K

4.  TIpoextmpoBanme  obmeii  crpykrypsr  EKII nmpencraBnena 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 e3aumooeticmeus ¢ IIK EKIT

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

OOmrast cxema 3alpOCOB IPU KIHEHT-CEPBEPHOM
B3aUMOJICHICTBMM C  000O3HAUCHHEM  JIOTHYECKHUX
KOHTYpOB 0003HAaYeHa Ha puc. 3.
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Puc. 3. Obwasn cxema 3anpocos u nocuteckux KOHmMypos8 npu KiueHm-cepgeprom e3aumoodeticmeuu [1K EKTT
Fig. 3. General scheme of requests and logical loops for client-server interaction of the PC UCP

B kauecTBe OCHOBHBIX omepamui 1Mo padoTe C
JaHHBIMH BBIIEJSIOT clexyromee (yHKIHMOHAIbHBIC
npeoOpa3oBaHus:

*  BaJMJALMs — MPOIECC, MPU KOTOPOM JIaHHbIE,
MOJIyYeHHbIE  OT  KIHEHTa, [POBEpSIOTCS  Ha
KOPPEKTHOCTh  (POPMYJIMPOBKM U  COOTBETCTBHE
TpeOOBAaHUIO CTPYKTYPHI PaOOTHI;

* 00paboTka — mporecc TpaHC(HOpMaIHH, NPH
KOTOPOM  3alpoIllleHHble OT KIHEHTa JaHHbBIE
npeoOpasyloTcs B HA0Op JIOTHYECKHX KOMaHI,
HAaIpaBiIsIEMBbIX C LIEJIBIO MTOJTYYEHHS JaHHBIX COTJIACHO
3aIpOIIEHHOH CTPYKTYpE;

*  3ampoc AaHHBIX — IpoLecC, HalpaBJIeHHBIN Ha
(opMHpOBaHME JIOTMKM IIONYyYCHHS JaHHBIX U3
MCTOYHHMKOB HEOCTYITHBIX JIIsI KOHEYHOTO KJIMCHTA;

*  MOJy4YeHHE JaHHBIX — Ipolecc, IIPH KOTOPOM
JIAHHBIE TOJIyYaOTCSl W3 HCTOYHHKOB, CKDBITBIX OT
KOHEYHOTO KJIMeHTa (HarmpuMep, u3 6a3bl JaHHbIX);

* oOpaboTka TaHHBIX — mporiecc
mpeoOpa3oBaHus TaHHBIX U3 CTPYKTYPHl HCTOYHHUKOB,
CKPBITBIX OT KOHEYHOTO KJIIMEHTa B OOBEKTHBIE
CTPYKTYpBI [T AajbHEHIIeH 00paboTKy;

e (dopmanuzanus JIaHHBIX - rpoiiecc
peoOpa3oBaHus JaHHBIX B CTPYKTYPbI, KOPPEKTHBIE C
TOYKH 3PEHUS MM0JIb30BATEIBCKON JIOTHKU PaOOTHI.

Heotnpemnemoii yacteio I1K EKII siBnsercs 0a3a
masablX  (B/]), KkoTopyro MOXXHO pa3nenuTh Ha
CIIPAaBOYHYIO U JIOTHUYECKYIO YacTh. CripaBOYHASI 9aCTh
OTBeYaeT 3a (POPMHUPOBAHUE CIIPABOYHUKOB — HAOOPOB
JAHHBIX, WMEIOMHX IUIOCKYI0  CTPYKTypy H
MIPEIOCTABIIIONIYIO (hyHKIHFO (dbopmupoBaHUs
CTPYKTYPHUPOBAHHBIX 3HAHWH O TOW WITM HHOW OOJNACTH
II0 EKII. Jloruueckas 4YacThb OTBEYaeT 3a
(hopMUpOBaHHE JIOTHKH DPEajH3aliy MPOrPAMMHOIO
obecrnieuenus. [lepedeHb CIPaBOYHBIX W JIOTHUYECKHX
TaOJIHUII IPECTABJICH B TabuIe 2.
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Tabmnuma 2.
Ilepeyens cnipaBo4HbIX U Jorndeckux Taduun IIK EKII
Table 2.
List of reference and logical tables of the PC EKP
HanmeHoBaHue Tabnuib! [osicuenne
team_types Tun cocraBa
age Bospact
disciplines CropTHBHBIC UCIUILIHHBI
event_types Tun MeponpusTus

event_organizations

OpraHusaTop MepOIpHATHS

calendar_changes

I3MeHeHus B kasieH1ape

base_sport Cas13b 0a3bl C BUIAMH CIIOPTA
federations_sports Cssi3b criopTa ¢ heiepalisaMu

sport_csp Casizb LICII u Buzia ciopta

sport_types Tun Bua cnopra (BeIOMCTBEHHBIH U T.11.)

attachments Pabota ¢ daiinamu

failed_jobs CucTreMHBIe 33/1a4H He BBIMOHEHHbBIC B pamMKax syapa 110 EKII

months Mecsiiipl
seasonality Ce30HHOCTh

sport_classification

Knaccuduxarmst BUIIOB ciopta

athlete types

Ilon

event classification

Knaccuduxaryst MeponpusiTHid

finance_type PDunaHCHpoBaHUE
organizations Opranuzaimu
Ccsp Ynpagnenue LICIT
locations Crpana, OKpYT, PETHOH
event files DailITbl OTYETHOCTH MEPOTIPHSTHS
users Iomp3oBatenu 110 EKTI
events IlepeueHb MeponpusTH
federations CropruBHbIe heseparmn
sport_finance DHHAHCHPOBAHKE BU/IA CIIOPTA
sport_bases CroptuBHbIe 6a3bl
BaXHBIM MOMEHTOM SIBJISICTCS TO, YTO IS JIOTIONHUTENBHO B PEAM3alldi0 IPOrPAMMHOTO
3¢ heKTHBHOTO yIpaBJIeHUs OpOIECCOM  MPOAYKTa 3al0XKEHA pOoJeBas MOJEIb C L0
(bopmupoBaHms EKII, SIBJISICTCSI XpaHEHHEe  peajn3alHy [OJAXO0Ja PasTPaHUYCHHS IIPaB JOCTYIIA.
(buHaHCOBOMN uHbOpMaHH - konmdgectBa  OOmias cxema pOJICBOM MOJENH, a TaKXKe IepedyeHb
3alPOLICHHBIX HA peain3amuio ©  (aKTHYeCKH  TaOJHII IpeICcTaBieH Ha PUC. 4.
3aTpaueHHBIX JCHEXKHBIX PECypcoB.  YKa3aHHBIN

aCIEeKT TaKXe OTpaXkeH B Tadiuie 2.

model_has_permissions
< permission_id
= model_type
< model_id

role_has_permissions

< permission_id
< role_id

model_has_roles
< role_id
= model_type
< model_id

®" permissions
2 id
name
guard_name

created_at
updated_at

=S roles
4 id
name
guard_name

created_at
updated_at

Puc. 4. Cxema u nepeuenv mabauy 01s pearuzayuu poaesou mooenu 8 INK EKIT
Fig. 4. Scheme and list of tables for the implementation of the role model in the PC UCP
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I[IK EKII ¢yHKunoHaipsHO HaNpaBlieHO Ha
obecrieueHne Ka4yeCTBEHHOIO B3aUMOJEICTBUS
MOJIb30BaTENEN CUCTEMBl B paMKaX IUIAHUPOBAHUS U
peanu3anuu (U3KYIBTYPHO-CIIOPTUBHBIX
MEpPONPUSITUH I NPEAOCTABICHUS TEXHUYECKOM
BO3MOXHOCTH  HPEANPHUATUAM, OCYLIECTBIISIIOLIUM
nestenbHOCTE @KuC, B TOM 9mcie MpeacTaBHTEISAM
pernoHanbHEIX  cTpykTtyp DPKuC, yupexnenunsm
3/[PaBOOXPAHEHUSI U TIP. TOCPEICTBOM CTAIIMOHAPHBIX
1 MOOWJIBHBIX IUTATPOPM.

Takum o6Opazom, IIK EKII obecneunBaer
aBTOMATH3ALHNIO IIPOIECCa CHHXPOHM3AIMH JIaHHBIX
(xonTpons  ¢opmupoBanust  EKII,  u3meHeHus,
KOppEeKIMM, aHalM3a UTOrOB  peanu3aluu) C
NpeJOoCTaBIeHHEeM  JOCTyNa K  BH3YaJIbHOMY
uHTep(eiicy mnoyp3oBaTeNel C PpOJEBOH MOJEINBIO
ynpasnenusi. Metoasl qoctaBku 11K EKIT koHeuHbIM
MIOJTb30BATEISAM:

- CTalMoOHapHbIE IUIATGOPMBI (CTallMOHAPHBIE
KOMITBIOTEPBI, MOOMIIBHBIC KOMITBIOTEPHI, CEPBEPHI);

- MOOWIbHBIC TIATGOPMEI (MO YIpaBICHHEM
oneparonnbix cucrtem Android u iOS).

3AKJIIOYEHUE

IIpoBomuTCa AaKTHBHOE TMPOEKTHPOBAaHHE U
pa3paboTka IPOrpaMMHOTO KoMIUiekca «EmuHbIi
KaJCHIapHBIH IJIaH», MPECTABIAIOIEro H3 cebds
TEXHUYECKHH KOMIUIEKC, CIOCOOHBIN HaKaIlIMBaTh,
o0pabaTbiBaTh M XpaHWUTh JaHHBIC, O0CCIICUYHUBATH
MeXaHU3M yIpaBIeHUs OpraHU3aIlMOHHBIMU
nporeccamu B chepe PKuC, rae ynpasnerue u cobop
CTaTHCTHYECKUX NAaHHBIX WAET 0€3 HCIONB30BaHUSL
CTOPOHHHX KOMIIOHEHTOB ¢ mnpuMeHeHueM [1O,
OpUEHTHpOBaHHOTO Ha ceprtudpukammo DOCTOK.
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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 Muxaiinosna
cm. npenooasameis

@I'EOY BO Apmasupckutl 20cy0apcmeenblil nedazoeuieckKull yHusepcumem,
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mazucmpanm 2 kypca PI'EOY BO «Apmasupckuii cocyoapcmeeniblii

neodazo2udeckuil YHusepcumemy

AHAJIN3 YCJIOBUM IKCILTYATAIIAA COBPEMEHHOI'O 1 UCTOPUYECKOI'O KOCTIOMA
JJISA PABHBIX PETHOHOB )KM3HU KASAYECTBA

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 PacCMOTPEHbI U CHUCTEMATU3UPOBAHBI PA3PO3HCHHBIC IaHHBIC OTHOCUTCJIHLHO
PEruOHOB NPOKUBAHHNS KCHIIUH-KAa3a4€CK. Ilo pe3yJIbTaTaM aHalin3a pa3pa60TaHa KJ'IaCCI/I(bI/IKaIII/IH I/ICTOpI/I‘IeCKOﬁ
JKEHCKOM Kas3aubeH OACXKAblI JIA 18 PETruOHOB Poccun. BrisiBiaeHBl 0COOEHHOCTH ACCOPTUMECHTA KCHCKUX
HUCTOPUYCCKUX I/I3Z[GJ'II/II7[ B KaXXJ1OM pETHUOHE Halein CTpaHbI.

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

Knrouesvie cnoesa: 0()69%‘0(1, HCEHUWUHbL-KA3A4YKU, pecuoHalbHble ocobennocmu npodHCUBarnUsl,
cucmemamuzayus um[mpﬂmuuu.

Opexna Kazauek pasHooOpasHa, 9TO  HWCTOPHYECKUX, COIMANBHBIX, Te€OTpapuUecKux W
00yCJIOBIICHO IIMPOTOH pAacCeNeHHs, Pa3IW4YHbIMH  APYTHX (PAKTOPOB NMPOHU30MIIO CMEIICHHE PA3INYHBIX
KJIMMaTH4YeCKUMH YCJIOBUSIMU MTPOXKUBAHUS, HATMYMEM  HAIMOHAJIBHOCTEH W COOTBETCTBEHHO — OOILIHOCTEH
NPUPOJHBIX PECYpCOB B pEruoHax, pasHooOpasueM  KyJibTyp. C LeNbl0 CHCTEMaTH3alMy Pa3pO3HEHHBIX
TpynoBOoi  nesrenbHOCTH. OCHOBHBIM — 3aHSATHEM  JaHHBIX OTHOCHTENBHO TEPPUTOPHAIBHBIX DPa3IN4ui
JKEHIIMH  OBUIO  3eMiiefieniie, B TOM  4YHCIe  BIEpBble pa3paboTaHa KilacCH(UKAIMOHHAs CXeMa,
BBIPAIIMBAINCH KYJBTYDPBI JUIl U3TOTOBJICHUS TPSDKU:  KOTOpas MMEET YeTKYI0 CTPYKTypy M HarJsiaHO
1EH 1 KoHOIIA. CKOTOBOJICTBO JIaBaJIoO IIEPCTh. OTpakaeT  BO3MOXKHBIE  PETHOHBI  IIPOKUBAHUS

Baknas xapakTepHasi OCOOCHHOCT — JKEHIIIMHBI-  JKEHIIMH-Ka3aueK (pucyHok 1). Cxema BKJIIOYaeT B
Ka3a4KH, KaK HApOIAHOCTH, IMEIOIIeH enHble KOpHU M ce0st 18  pernoHoB ¥  HArBIMHO  JOTOJHEHA
UJICOJIOTUYECKYI0  OCHOBY, HO TEPPUTOPHAIBHO  (HOTOM300pAKCHHUAMHI. Taxoe TIPEACTaBICHUE
MPOKUBAIOIIEH B pa3sHbIX pailoHaX HOCUTH OJNCKAY M  IO3BOJSIET 3PUTENFHO H3YyYUTh KOCTIOM Ka3adyKH H
TOJIOBHBIE yOOPBI, OTIMYAIONINECS OTACIBHBIM, HHOTIAa ~ PACCMOTPETh HanOoJiee XapaKTepHbIE OTINIUTEIIbHBIC
CYIIECTBEHHBIM  NC€KOPATHBHBIM O(l)OpMHCHI/IeM )44 JJICMCHTHI BHCIIIHET'O BUJA.

KOHCTpYKTUBHbIM pemnennem [1]. Iloxg BiusHuem

KaaccudhukauuoHHan cxema Ka3auveil HapoOHOU (HAUUOHATLHOW) 00eHCObL

ITo pezuonaavHoMy HpUSHAKY
= | | I 1
4. Cubuperus 5 7. 3adairanecEne 8. Mpyrerme
KazawEm KasawEm

_—

T

14. Tepcrme
EAsasEm

Pucynox 1 — Knaccugpuxayus npedocmagumerneil kazauecmed,
NPOACUBAIOWUX 8 PA3TUUHBIX pecuoHax Poccuu

WndopmarnBHas GyHKIHSA, KOTOPYIO BEIIONHSATA  PAa3HOIBETHBIC M3 KaUeCTBEHHOTO MaTepuana. Kazauxu
HCTOpUYECKas OJIeXkK/Ia Ka3aueK, SABISIach 3HAUMMOW M cTapiie 35 JeT NpeanoduTaid OfeBaThcsi B Oosee
OTpaxkaJla JIaHHblE O OKEHIIMHE OTHOCUTEIBHO  TEMHYI0, OJHOTOHHYK OJEXAYy IIPOCTOrO KpOsl.
BO3pacTa, TEPPUTOPUM IPOKMBAaHHUA, COLMAIbHO-  MCHojgp30BaHME  KpacHOTO LBETa B KOCTIOME
9KOHOMHYECKOT0  CTaTyca, MPHHAUICKHOCTH K  CYHUTAIOCh 0COOOH pOCKOLIBIO.

OHpe,HeHeHHOﬁ COCJIOBHOM rpyimme, 3aMy’KeCcTBa, poaa HCTOpI/I‘IeCKHﬁ KOCTIOM, SABJIACTCA HCTOYHHUKOM
JACATCIBbHOCTU M IIOJIOXKCHHUA B O6IIICCTB€. ere3 I/IH(bOpMaIII/II/I (6] YCJIOBCKE, n BBIABJIACT
MMpeAMEThI rapﬂep06a, Hanpumep, 3HAYUTCIIbHO MNPUHAJICI)KHOCTD JKCHIIUHBI K OHpeILCHCHHOﬁ rpymnre
MPOABJAIUCE BO3pAaCTHbIC pas3jiniyusag — MOJIOAbIC Ka3a4yeCTBa, IpHU I3TOM YKa3biBasd Ha MOJIOXKCHUEC B

JKCHIIMHBI MW JACBYIIKKU OJC€BaJIM KOCTIOMBI SIPKHC, 06HICCTB€ n COMAJIbHYIO POJIb. OHHaKO, MMpeAMCThI
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OJIEXKJbl Ka3aueK MOINIM CYLIECTBEHHO OTIUYAThCS
Mexay coboi. Hampumep, rapaepod KyOaHCKOH
Ka3aukd (OpPMHUpPOBANACH I0J] BIMSHUEM KaBKa3CKHX
MOCENEHUN U ¢ yUeTOM MecTa JIOKATU3alu1 Ka3aubero
BOWCKa. B rapgepobe  JOHCKUX  Ka3adek
MPOCIEKUBAIOTCS  XapaKTepHble 4YepPThl TOPCKHUX
HapozoB. CyIleCTBEHHOE BIMSHHE HA TPaJUINOHHBIHI
KOCTIOM OKa3blBajla COCJIOBHAsl IPHHAIIECKHOCTh
JKCHIIMHBI, HalpuMep: HIKHEIOHCKHE — Ooiee
MIMPOKKN MOKPOH mepenHeil M 3amgHel yacTell OpIokK;
BEpPXHEIOHCKHE — OoJiee y3KHWH NMOKpOW mepemHelt u

3amHeit uacteir Oprok. Ha Ky0amm kazaukm
MPEANOYUTAIN HOCUTH OOBIYHBIE ITAPOBAPHI.
3a IPE/ICTaBUTEISIMHU Ka3a4ecTBa,

NPOKUBAIONIMMU B Ppa3jM4yHBIX peruoHax Poccuw,
3aKPEMUIICS OMpPEJCIICHHBIN CTEPEOTHIT MOBEJACHUS U
XapakTepa, 4To OTPA3HWIIOCh B HAPOJHOM TBOPUYECTBE,
yKJIaJie )KH3HH, OBITE, MAaHEPE OJICBATHCS U MOBEICHHUH.
B 80-¢ roga XIX cronetns Ka3zaku XKWIM U HECIHA
CITy’X0Y B CIIEAYIOMIHUX TYOSPHHUAX U 00IaCTAX, a TAKXKE
ye3aax U OKpyTrax:

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

Kybanckoe xazauve eoticko — B KyOGaHckoit
obnactu (Exarepunonapckuii, Elickuii, Temprokckui,
Maiikonckuii, baranuamuuckuii, Kapkasckuii u

3akyOaHckuii paiionsl) [3].

Tepckoe kasauve soticko — B Tepckoit obmactu
(Ilaturopckmii, BmanmkaBkasckuii, ['po3HeHCKHH U
Kusmsipekwii pationsr) [4].

Acmpaxanckoe kazauve 801icko — B TYOepHHAX: 1)
CaparoBckoii  (CaparoBckuit, KamprmmHCKUT U
Hapurmsiackuii), 2) Camapckoit (HoBoy3eHckuit yesn,
COOCTBEHHO OJHH 3€MJIM, T[OCEJICHHUU HeT); 3)
AcTpaxaHCKOi (IlapeBckwuit, YepHozepckui,
EnoraeBckuii u ActpaxaHckuil paiionsr) [5].

Ypanvcroe kazauve 6oticko — B YpanbcKou
obmactu (Ypansckuif, KanmsikoBckuil u I'ypbeBckuit
paiionsl) [6].

Openbypeckoe kazauve goticko —B OpeHOypreKoi
ryOepHUN (Openbyprexwid, Opckwit,
Bepxueypansckuii, YemsOunckuit wu  Tpowmkwmit
paiionsr) [7].

Cubupcroe kazauve 6oucko — B obmactsax: 1)

AKMOIMHCKOH (Omckwuid, [TerponaBioBckuid,
KokueraBckuii, Cappicyiickuii W AKMOJIHHCKHN
pationsl), 2) Cemunanatunckoit (ITaBmomapckmid,
Kapkapanunckuit, CeMIanaTHHCKHH,
YcTbkaMeHOropeKuil paiioHbl u
3aiicanckoenpucTtaBctBo) 3) Tomckoit ryOGepHUH
(Buiickuii paiton) [8].

Cemupeuenckoe  kazauve  6OUcko — B
CemupedeHckon obxacti (CepruonoabCkui,

Komnanbsckuii, BepaeHcknit 1 MICBIKKYJIBCKUI paiioHbI)

[al.

3abaiikanvckoe  Kaszauve  6OUCKO  — B
3abaiikansckoit oonactu (CeneHruHCKUi, YN THHCKUH,
Hepuunnckui, Bepxneynunckuii,
HepuunHckozaBoackui, TpounkocaBckuit 51

AxmHCKH paiions) [10].

Amypckoe u Yccypuiickoe xazauvu 6ovicka — B
obnactsix AMmypckoit u [Tpumopckoit [11].

C XVIII Beka s 3alMTBl  TOCTOSHHO
PACIIUPSBIINXCS TPAHMII TOCYIAPCTBA MPABUTEIBECTBO
oOpa3dyeT HOBBIE Ka3aubM BoMcka: OpeHOyprckoe
HeperyisipHoe (1748 1.); Actpaxanckoe (1750 r.)
(mepBoHavanbHO, ACTpaxaHCKHH Ka3adWil IIOJK),
npeobpazoBarHoe B 1776 1. B AcTpaxaHCKoe Kazaube
BO¥CKO, B 1799 r. — cHOBa B 10JIK, a B 1817 I. — BHOBB
B Boticko; UepHoMopckoe (1787 1.); Cubupckoe (1808
r.); KaBkasckoe nmuetinoe (1832 r.); 3abaiikaibckoe
(1851 r1.); Amypckoe (1858 r.); KaBkasckoe wu
YepHOMOpCKOE, TT03KE peodpa3zoBaHHbIe B Tepckoe 1
Ky6aunckoe (1860 r1.); Cemumpeucnckoe (1867 r.);
VYceypuiickoe (1899 r1.). B Hawane XX Beka
cymectBoBaio 11 kasaubux Boiick: JloHckoe,
Kyb6anckoe, Openodyprckoe, Tepckoe, 3abaiikanbckoe,
Cubupckoe, VYpamsckoe (Sumkoe), Amypckoe,
CemupedeHckoe, AcTpaxaHCKoe, YcCypuiickoe, a
takoke Upkyrckuit u  KpacHospckuii  kazaubu
TUBU3HOHBI (JeToM 1917 T. w3 HuUX oOpa3oBaHO
EHuceiickoe ka3zadbe BOWCKO), SIKYTCKHH TOPOIOBOM
kazaunii nemuid nmoiak MBJl u mectnas Kamuarckas
ropojcKas Ka3aubs KOHHasi komanna. OOpa3oBaHue
HOBBIX Ka3auybHUX BOWCK OTPA3MJIOCh U Ha MpeaMeTax
rapyepo0a CorjacHO perMOHaIbHON MPUHAJICKHOCTH.

Kazaumif KocTIOM — Kak My»CKOMH, TaK U >KeHCKUH
—  3aUMCTBOBAJl  XapaKTepHbIC  HAIMOHAIBHBIC
OCOOEGHHOCTH TEPPUTOPUM JIOKAJIW3aI[MM  BOMCKA.
OpHako KaxkIasi CTaHWIA U PO MMETH OCOOBIH Hapsy
W TOJOBHOW YOOp, KOTOPBHIA MPEHMYIICCTBEHHO
OTIHMYANICS  JETaNsAMH. [paJdIOHHBIH  KOCTIOM
MIPECTABISUT COOOM KOMIUIEKC OEKIIbI, XapaKTepHBIH
JUIL  OTIpEeNIeIeHHOW MeCTHOCTH. OTIUYUS MOXKHO
NPOCIIEANTh B KpPOE, KOMIO3UIIMOHHO-IIACTUYECKOM
pemenun,  GakType W [BETOBOM  PCIICHHU
HCTIOJIB3YEMOT0 marepuaia, JICKOPaTUBHOM
odopmieHnu (Y30pbl, MOTUBBI M TEXHHKA BHITIOJTHECHHS
OpHAMEHTa), a TaKXKe COCTaBe NMPEeIMETOB KOCTIOMA H
crioco0e HOUICHUS PA3TUIHBIX YacTeH.

KymbTypa Ka3adecTBa COXpaHWIA LENBIA pPsij

CaMOOBITHBIX HepT. B HacTodllee BpeMs Ha
TCPPUTOPUAX HUCTOPHUYECCKOTIO MIPOKMBAHUA
IIOABJIAOTCSA MHOT'OYUCJICHHBIC JANACIIOPbI u

STHHYECKHE OOIIMHBI, COCTOSIINE U3 MPEICTABUTEICH
Ka3aKOB W TIOTOMKOB. 3a4acTyl0 MOJIOJCKb BCEMHU
CHWJIaMH CTapaeTcsl BO3POXKIATb M MOJJCPKUBATH
TPagUIMHd CBOMX TIPEIKOB, TEM CaMbIM (QOPMHPYS
HOBBIM [IJIACT HALIMOHAJILHOM KYJIbTYPBI U BOCIIMTHIBAS
YyBCTBO MaTPUOTH3MA Y TIOJPACTAIONIETO MMOKOJICHHSI.
Bo3szelicTBe HapOAHOTO KOCTIOMa Ha COBPEMEHHOE
TBOpquTBO BCIIMKO, 4YTO HO)ITBep)K]laeTCH TCCHOﬁ
CBS3BI0 C OOBIYAsIMHU, OOpSIaMH M HCTOPHYCCKUMHU

WUCTOYHMKAaMHU  KyJbTypbl. Co3naHHble — pyKaMu
YeJoBeKa, IpeaMeTsl OblTa, IIBEHHBIE HW3IEHs,
9JIEMEHTHl  JIeKOpa,  akKceccyapbl, H300paskeHus

MO3BOJIAIOT IOJy4YaTh 3CTETUYECKOE HACIAXKIECHUE,
MpU 3TOM OCO3HaBaTh BAXXHOCTb M 3HAYUMOCTH
HallMOHAJILHON KYJIBTYPHI.

JleranpbHoe H3ydeHHE TPAJUIIMOHHOTO KOCTIOMA,
Kak 00beKTa MPOM3BEACHUS HCKYCCTBa, BCE OOJBIIE
BBISIBIISIET IIEHHOCTh M OOPa3HYI0 JIETOMHUCH MPEIKOB,
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MOCPEACTBOM  s3bIKa  L(BETa, (OPMBI,  JIEKOpa, 4 Tepckue xasaku. Ccbulka Ha  CaWT:
OpHaMEHTa, pacKpbIBaeT MHOTHE COKpOBEHHbIC TaiiHbl  https://ru.wikipedia.org/wiki/repckne xazaku. [ara

M 3aKOHBl KpacoTbl HApPOJHOTO HCKycCTBa. Takum
00pa3oM, TpaJuIMKi HAPOJHOTO KOCTIOMA CTAaHOBSTCS
3HAUMMBI, U MIPEACTABISAIOT 3B€HO, KOTOPOE CBA3BIBAET
HCTOPUYECKOE XYIOXKECTBEHHOE MPOILIOE Hapola C
HACTOSIINM H OYAyIINM.
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PHYSICAL-CHEMICAL PROPERTIES OF WATER UNDER ACTION OF HIGH VOLTAGE

T'aiioykesuu Ceéimnana Bacuniena

cmapwiuil guK1aoad,

Biooxkpemnenuii nioposoin Hayionanwnozo ynisepcumemy 6iopecypcis i RpupooOKopUCHy8aHHs.
Yrpainu “Bepeorcancokuti acpomexuiunuti incmumym”

Cemenosa Haodin Ilagniena

cmapwiuil guK1aoad,

Biooxkpemnenuii nioposoin HayionanveHozo yHieepcumemy 6iopecypcis i npupo0oKopucmysants
Yipainu “Bepescancoxuti acpomexuiunuti incmumym”

®I3UKO-XIMIYHI BJIACTUBOCTI BOJIH MIJI AIEIO BUCOKOI HAITPYTH

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 pe3ysibTaTu IlOCJ'IiZDKeHL 3 BUBYCHHA BIUIMBY CJ'ICKTpOMaFHiTHOFO MoJIsI BUCOKOI1
Harpyru Ha (i3UKO-XiMiuHI BIaCTMBOCTI BOJIM Ta e(eKTH, 0 iX CyHmpoBOJUKYIOTh. HaBexeHo BimomMocTi mpo
OCHOBHI (haKTOpH, SKi MOXYTh BIUIMBATH Ha BJIACTHBOCTI 1 CTPYKTYPY BOJAM Ta po3pobieHo 3acobu s ii
030HYBaHHS.

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

Kniowosi cnosa: sucoka nanpyea, 600a, 61acmugocmi, haxmopu.
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IMocranoBka mpodaemu. Boza - nie opranism, 0e3
SKOTO HE MOXe OOINTHCS Hi OJIHA POCNIMHA, Hi OJHA
JKUBa ICTOTA. | CKIJIbKU BYCHUX HE TOCIIIKYBaIH BOLTY,
aJie HIXTO He MOJKe TOsICHUTH Oarato ¢akTopis. Bei Mmu
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€HTAIIIfHUX, IHAYKOIHHUX i
JTUCTIepCiHHUX B3aeMofiii (cmm Ban-nmep-Baansca).
Mornekynu BOAM YTBOPIOIOTH SIK acomiaTH (IO He
MalOTh BIIOPSOKOBAHOI CTPYKTYpH), TaK 1 KIIacTepu
(mo wmatote cTpykTypy) [l, c. 612]. Bopa
XapaKTEepU3yeTbCs ~ BUCOKOIO  TEIUIONPOBIAHICTIO,
BUIIAPOBYBAHICTIO, BEJIMKOIO MUTOMOIO TEIUIOEMHICTIO
1 Mae XapakTepHICTb IIiJi BIUIMBOM pI3HOMaHITHHX
¢iznuHNX  QakTopiB  3MiHIOBaTH  (hi3UKO-XiMIuHI
BJIACTHBOCTI, 110 CYIPOBOMKYIOTHCS PSIOM e(eKTiB,
MEXaHI3MHU SKUX Ha CHOTOIHILIHII eHb 3aJIHIIAI0ThCS
HEBIJOMUMH.

AHaJi3 OCTaHHIX JOCHiIKeHb i myOaikanii. Y
BOJIi OZTHOYACHO TOEIHYETHCS MPOCTOTA 1 CKIAIHICTB,
1110 HEeMa€ HayKOBOT'O TIOSICHEHHS, @ CyTHICTb SIBULL, IO
B HIli BHMHMKAIOTh, IO KIHIA He 3’sicoBaHi. bararto
BITYM3HSHUX  BYEHHX,  PI3HOMAHITHUM  YHHOM
JOCHIDKYIOUM BOAY 1 3Hawo4M ii OyAoBY, HISIK He
MOJKYTb 3pO3YMITH SIK B3a€EMOIIFOTh Mi’K COO0I0 aTOMH,
3 SIKUX BOHA CKJIaJIa€ThCs.

AwHani3 JiTepaTypHUX JOKEped IOoKasaB, IIo
BeJIMKa yBara MNPHUIUIETbCS XIMIYHIH, (GI3UUHIN 1
KoMOiHOBaHIH 00poOmi Bomm. HaiiGimpmmit iHTEpec
MPEACTaBISIOTE (i3W9HI CIOcOo0M 0O0poOKH BOIH 3
METOI0 3He3apaxyBaHHA. Jlo (i3WUHEX MeTomiB
00pOoOKH MOKHA BITHECTH: JIa3epHE, yIbTpadioleToBe
Ta i0HI3yIOUE BHIIPOMIHIOBaHHS, 00poOKa
€JIEKTPOMarHiTHUMH TOJISIMH, TepMiuHa 00poOKa Ta iH.
Bu3Hauarouu 3MiHU y BIACTHBOCTSIX BOJIH I1i]] BINTHBOM
X PI3HOMaHITHUX (Pi3MYHUX (PaKTOPIB BUSBUIIH, IO
BOJa MiJIA€ThCs OOpOOIl, MPU YOMY 3MIiHIOE CBOT
¢i3uuHl BrIacTMBOCTI 1 1 NpUTaMaHHA I1aM’STh.

Oco0:1Boi yBaru 3aciyropye o0poOka BoJIM BUCOKOIO
HAIpyroo NOCTIHHOTO CTYMY, TaK K MEXaHi3M TaKoro
MIpOLIeCy HEOCTaTHHO BUBUYEHHH 1 HE Ma€ BUYEPITHOTO
HAyKOBOTO MOSICHEHHS IOJIO CTPYKTYpPH 1€l Boau. A
TaKoX He JIOCTaTHHO ITOBHO BHUSBIICHO BIUIMB BHCOKOT
Hampyru Ha (i3MKO-XiMiYHI BJIACTHBOCTI BOJH, IIO
SIBIIETBCS HAMBAXIIMBIMIOW TPOOIEMOI0 CydacHOI
HayKH.

MeTta pocaiizkeHb — BU3HAUCHHS BIUTUBY BHCOKOL
HAIpyTd TOCTIHHOTO CTpyMy Ha (i3UKO-XiMidHI
BJIACTHUBOCTI BOIH.

Buknang ocHoBHoro marepiamy. B maGopatopii
CJICKTPOTEXHOJIOTI  Ha  MpOTs3i I'ATH  POKIB
MIPOBOASATHCS EKCIIEPUMEHTH il €JeKTPOMAarHiTHOro
MoJsi BUCOKOI HAmNpyru NOCTIHHOTO CTPpyMy Ha
CXOXKICTh 1 IPOPOCTaHHS HACIHHA TOMarTiB. B pamkax
MOUIYKY HOBUX EKCIIEPHMEHTAIBHHUX MiAXOAIB LIOA0
BIUTHBY 0OpOOJICHOT BUCOKOBOJIBTHHM II0JIEM BOIH HA
PICT POCIVH TMPHUAHATO pillleHHs MpPOaHATI3yBaTH, 5K
BIUIMBAa€ BHCOKa HAIpyra IOCTIHHOTO CTpyMy Ha
(i3UKO-XiMI4HI BJIACTUBOCTI BOMU. 3 TONEPEIHIX
JOCITIKeHb OyII0O BHSABICHO, IO A Hi€l0 BHUCOKOI
Hampyru Boja 30aradyeTbcs O030HOM. IIpHCYyTHICTB
030HY B ONPOMIHEHIH BOJIi 1a€ MOXKJIMBICTh TOJTATKOBO

FCHEPYBAaTH  aKTHBHI  OKHCIIOBAJIbHI  YaCTHUHKU.
BHacnmimok 1pOro CTa€ MOXJIMBUAM  3JIHCHEHHS
JIAHIIOTOBHX  XIMIYHMX  TPOLECIB  OKUCIECHHS

OpraHiYHUX PE4OBHH [2, c. 29].

O30HOBaHy BOIy OTPUMYBaJlM 13 3BHYAHHOI
NUTHOT BOAHM, SIKY OOpPOOJSIM BHCOKOK HAINPYro
NOCTIHOTO CTPYMYy HACTYIIHMM YHHOM: B JIOTOK 3
BOJOIO 3aHYpIOBaJM Ha 2 CM BiJ THOBEPXHI BOIHM
CTAIbHY J3€PKAIBHY IUIACTUHY, MO SKOI IMiJABOJHUBCS
MO3UTHUBHUI TONIOC 1 BOHA SBISUIACS OCAIKYHOUHM
€JIEKTPOZOM, 3BEepXy HaJ BOIOK 2 CM PO3MIilIain
€JIEKTPOJl, SKHW SIBISBCS KOPOHYIOUMM 1 JIO HBOTO
IiIBOJIMBCS BiJI reHepaTopa BHCOKOI Hampyru 25 kB
HeraTuBHUH nojroc. [Tpu nogadvi sKuUBIICHHS MiXK IBOMa
€JIEKTPOIaMHU TTPOXOJIUB KOPOHHUI po3psia (puc. 1).

0)
Puc. 1 — 3acanvruii 6uensio ycmanogku 05t 06poOKuU 600U BUCOKOIO HANPY 2010 NOCIUHO20 CIMPYMY
a — ycmanogka 0jisi 00pooKu 800U, O — KOPOHHULL PO3PILO MidC 0BOMA eIeKMPOOaMU,
1 — pH memp; 2 - nomok 3 600010, ujo 06pobasicmucs; 3 — eeHepamop GUCOKOI Hanpyau ROCMIIHO20 CMPYMY; 4 —
KOPOHYIOUULL eleKmpo0 (He2amueHull NomeHyian),
5 — koponnuti po3pso; 6 — ocadocyrouutl enekmpoo (NO3UMUEHUL NOMeHYia)
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A30T, KW 3HAXOJUTHCSA B IOBITPI Ha BOJIOO,
MEPEXOIUTh B CTAH 10HIB OKCHUJIB a30Ty, 30araTHBIIN
BOJy [MMHU 10HAMH, SKi JIETKO 3aCBOIOIOTHCS
pOCITHHAMU, aJpKe BiJOMO, IO BHUCOKOSKICHE a30THE
JIOOPUBO CIIPHUSIE POCTY POCIIHH.

OcHOBHUMH (haKTOpaMH, TIO SIKHMX OI[IHIOIOTHCS
BIIACTHBOCTI €JIeKTPOAKTHBOBAHUX pO34UnHIB
SIBIIIETBCS BOJHEBUHM NOKazHUK pH, 1o nokasye

A4)
Puc. 2 — Ilposedenns 3a2anbno2o ananizy 600u
A — npunadu euxonanust ananizy, b — pesynomamu ananizy 600u, a- naseuicme xiopuois,
6 — emicm IOHI6 AMOHIIO; 8 — OKUCHIOBAHICb 600U,
1 — Heobpobrena 6oda; 2 — 0bpobrena 600a UCOKOI0 HANPY20I0 NOCMIUHO20 CIPYMY

Ha macrasi pe3ybTaTiB OCIHIDKEHHS
MPOAHAJII30BaHO BIUIMB BHUCOKOI HAmpyTd Ha (pi3uko-
XiMiuHI BracTuBOCTI Bomu. B Tabmmmi 1 mpuBenmeHi
MOPIBHSJIBHI  PE3yNbTaTH XIMIYHOTO aHaji3y BOIHU
KOHTPOJIOBaHOI (IIpocTa MUTHA BojAa) i 0OpoOIeHOT
BHCOKOIO HAIpyroro MOCTIHHOTO CTPyMY.

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

Mipy akTUBHOCTI ioHiB BojgHIO (H*) B po3uuHi, TOO6TO
CTYMiHb KHCJIOTHOCTI a0 JIy>)KHOCTI LIbOT'O PO3YMHY 1
3HAQUEHHS OKHCIIOBAIBLHO-BIIHOBHOTO — TOTEHIiaLy
(penokc-moTeHtian o) [3, c. 92].

Ilicnst ompoMiHEHHS BOJIU BUCOKOIO HATPYTOO
MOCTIHHOTO CTPYMY HMPOBOJAMIIUCS €KCIEPHUMEHTAIbHI
IOCIHIIHKEHHS U1 BU3HAYEHHS 3arajlbHOr0 XiMI4HOIO
aHamizy (puc. 2).

KOHIICHTpALIisl XJIOPY, TEMIIepaTypa HiABHIIYETHCS, IO
NPU3BOAUTE 10 3MEHLICHHS MUTOMOTO OIOPY BOIM,
3pOCTae  eneKTponpoBimHicTe. OnpoMiHeHa Boxa
HaOyBae OaKTEPUIM/IHI BIACTHBOCTI.

Tak sk 030HOBaHOi BOIM, siKa Oyna onep)kaHa
71a00paTOPHUM METOJOM, BHCTA4alI0 [UIs IIOJUBY
pOCIMH Ha TPU [HS, TO BHUHHUKAJIO IIMTaHHSA 41
3MIHIOIOTBCS (HI3UKO-XIMIUHI BJIACTUBOCTI Ifi€l BOAU
py 11 BiZICTOIOBaHHI.

Tabmuis 1
Pe3yabTaTH XiMiuyHOr0 aHaJi3y BOIH
) C— He o6pobiieHa Boma Boa onpomiHeHa BHCO-KO0 HAMPYTOO MOCTIHHO-TO
(KOHTpOJIbHA) CTpyMy
pH 7,38 7,58
TeMmeparypa 15°C 172°C
SO# BiICYTHil BiICYTHIl
OutbIIe .
CI (po34rH MyTHOTO OiJI0TO SMCHILICHa HACITICHICTL .
KobOpY) (po34nH HabaraTo YUCTIIINI, HATiBIIPO30PHIA)
KOHIICHTpALIist
HiTpaTiB 3,37 Mmr/m 3,33 Mr/m
NOs
OKHCITIOBAJIbHICTh 4 mr/n 2,5 Mr/n
Tomy Oyno TpOBEOEHO EKCIIEPUMEHTAJIbHE 4) 06pobiieHoT BHCOKOIO HAMPYTOI MOCTIHHOTO

BU3HAYEHHS  (PI3UKO-XIMIYHMX  TOKa3HHUKIB  Ta
CTPYKTYPHHUX OCOOJMBOCTEH y HACTYMHHMX 3pa3KiB
Boau: (puc. 3):

1) mucTUILOBAHOT,

2) KOHTPOJIBOBAHOT (MMPOCTa TUTHA);

3) 00pobneHoi BHCOKOIO HANpyrolo MOCTIHHOTO
CTpYMY, sIKa BUCTOSLTACS 3 [THSL;

CTpyMy, sika BUCTOsIacs 3 JHS 1 JIOIOHI30BaHA TpPH
TOJIMHH.

Jociniay 3 AUCTHIBOBAHOI BOJOO MTPOBOIAMINCS
3 MOKJIMBICTIO TIOPiBHSHHS.

PiBens pH 3paskiB Bogu Bu3HavaBcsi pH-meTpom.
Haii6inpimmii noka3zHuk B 4-My 3pasky, sSIKMH CBITUUTD,
[0 JIYXHICTh TMiff JiI0 EJECKTPOMArHiTHOTO IOJIs
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BHUCOKOI Hampyrd 30UIBIIYETHCS, OKHCIIOBAIBHO-
BiTHOBJIFOBAILHUI NIPOIIEC € HEraTUBHUM, TOOTO Y BOJII
3aJIMIIAETHCS. HAJUIMIIOK EJICKTPOHIB 1 BOHA cTae ix
JoHOpoM. YuMm Oinble BIIBHUX €JIEKTPOHIB, THUM
neratuBHime ORP (OBII) Boau i THM BOHA «KHBIIIaY.

BusHaueHHs OKHCIIOBAaHOCTI Bogau (puc. 3, a)
IPYHTYETbCS Ha OKHCICHI PEUYOBHH-BITHOBHHUKIB Y
BUIIE BKa3aHUX 3paskax. s mporo y mpoOipku 3i
3paskamMu gommBand mo 0,3 Mi po3dmHY cipuaHOi
kucnotd HySO41 0,5 Mt 0,01H. po3unHy niepMaHraHaTy
kamito KMnOy4. Otpumani cywimi mepeMinryBamd i
gepes 20 XBWIMH TO iX KOJBOPY BHU3HAYAIH

)
Puc. 3 — IIposedenns pozuupenoo @izuko-xXimMivno2o ananisy 600u
a — oxucnioganvhicmn, 6 - nasienicms Cl - ; 6 - nasenicmv Fe3+ ; 2 - nasenicmo SO42- ; 0 — meepdicmy;
JHC — KOHYEHMpayist Kanvyito; 3 — npuiaou 0Jis gusHavenuss Hasguicmo Cu+;
1 — oucmunvosana 600a; 2 — konmponvogana (npocma numua) 00a; 3 — 06pPodIEHA 800A BUCOKOIO HANPY2OI0
nocmiuHo2o cmpymy, sika eucmosiiacs 3 oHs,; 4 — 06pobaena 600a 8UCOKOK HANPY2010 NOCMITIHO20 CIMPYMY,
sKa eucmosinacs 3 OHsl i O0IOHI308AHA e Mpu 200UHU, 5 — peazeHmu

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

OKHUCITIOBaHICTh BOJM KOXHOI mpoOu. BcTaHoBIEHO,
0 OKHCHIOBAHICTh BOJH, sIkKa O0OpOOJIEeHa BHCOKOIO
Halpyrorw MOCTIHHOTO CTpyMy HabaraTo HIDKYa HiX
3BUYAHHOT MUTHOT BOJIU.

Jlns BU3HAUEHHS HAsBHOCTI xyopy (puc. 3, 0)
JOCITIKYBaHy BOAY MiJKHCITIOBAIN JBOMa KparuisiMu
a30THOI KHCJIOTH 3 IOAABaHHAM AEKUIBKOX Kpareib
A30THOKHCIIOTO cpibia. Tak K y MUTHIHA BOA1 HEBEJIHKA
KUTBKICTh XJIOPHCTHX COJICH, TO yTBOpIOBajocs Oine
MIOMYTHIHHS BOAX. B 030HOBaHIii BOIi KOHIEHTpAIlis
MyTHOCTI Oyma Habarato MeHIIA i3-3a 3MEHIICHHS
xmopy ClI~.

KpHCTaJIiB nepcyJibdaTy aMoHito (Juis okucieHHs Fe?*
B Fe** ) i 0,2 man 50% ponaniny xamiro KSCN. B
00po0eHiit Boai BusiBmiiocs 1o 1,0 Mr/i ioHiB 3aiiza
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HOpiBHﬂHO 3 JUCTHJIbOBAHOIO, IO CBiZ[‘lI/ITI) npo

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

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

[Ipu Bu3HAUYEHHI HAsIBHOCTI y BOJI 3pa3KiB iOHIB
Migi (puc. 3, 3) mo 4ep3i y MOPIENIHOBY YaIIKy

MOMIIA 1O 3 MJI JOCHIMKYBaHOI BOAM 1 TMicCis
BUIIAPOBYBaHHS JI0JIaBaIn 1 Kparuio
KOHLICHTPOBAHOT'O PO3YMHY aMiaky. Y BCiX 3pa3Kax He
Oy1no BusiBIeHO i0HIB Mifi CUz" Tak SIK KOJip pO3YHHY
amiaky y BCiX 3pa3Kax He CTaBaB CHHBOI'O KOJIBOPY.

VY naHux 3paskax He OyJIO BUSIBICHO OpTaHIYHHX
pPEUOBHH, TaK SK BOJa YCiX 3pa3KiB 3aiUIIaiacs
HACHYEHOTO POXKEBOT'O KOJIBOPY IIPH JI0AaBaHHI KparuIi
COJISTHOT KHCJIOTH 1 IeKiTbKa Kpamnens po3auay KMnOa.

B TabIHIIi 2 OJJaHO MTOPIBHSIbHY
XapaKTepUCTHKY XIMIYHOTO aHaTi3y 3pa3KiB BOIH.

Tabmuws 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- mep Temreparypa 16 °C 16 °C 16 °C 16,7°C
a OKHCITIOBAJIbHICTh 5,5 Mr/ 4 mr/n 2 mr/n 2,5 Mr/n
HalOLIbIIIe
3MEHIIICHA 3MEHIILICHA
(po3unH
. i . .\, HacHJe- HacHJe-
6 HasiBHICTB Cl BIAICYTHIN MYTHOIO . .
. HICTh HICTh
6ioro
KOJIbOPY)
. 3+ mertue 0,05
B HasBHICTH Fe MO 1o 0,5 mr/n 1o 0,8 mr/n 1o 1,0 mr/n
r HasBHICTS SOsZ BiZICYTHIl BiZICYTHIH BIJICYTHIH BIICYTHiH
I Ha TBEPIICTh HE BILUTMBAE HE BIUTBAE HE BIUIBAE HE BIUINBAE
Ha KOHIICHTPA-IIif0
xK . os HE BILTHBAE HE BIUTBAE HE BIUIBAE HE BIUIUBAE
KauibLio Ca’
3 HassHicts Cuy* BiZICYTHIlH BiZICYTHIH BIJICYTHIH BIJICYTHil
. . KOHIICHTpAIIisI HITpaTiB
HiTpaToMip a HTPNS 1 HITD 4,03 Mr/m 3,53 Mr/™m 4,05 mr/m 2,19 Mr/™m
3
HAsIBHICTh Opra-HIYHIX
- PECHYOBHH BIJICYTHBO BIJICYTHBO BIJICYTHBO BIJICYTHBO
BractuBocTi Bosu 3aiieath BiJ i1 CTPYKTYpHOI Ta BucHoBkH i npono3uuii
130TOIHOT HEOAHOPIHOCTI. OnpomiHeHa  BOJa  BHCOKOK  HANpyroro

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

Enextpuunmii po3psi MiX €IeKTPOIaMH CITYKUTh
HE TUIBKM Ui CTBOPEHHS O30HY, aje SBISETHCS
JDKEPEJIOM psily KOPOTKO 1CHYIOUHX YacTOK, TAKUX SIK
rizpokcuinpHuil pagukan (OH), aTtomapHuWii KuceHb
(O), aromapuuit Bogers (H), H>O> i in. B pesymnpraTti
MOTYKHUX BHCOKOCHEPTeTHYHHMX B3a€EMOJIIH 3 BOIOIO
PYHHYIOTBCS BOJHEBi 3B'A3KH, YTBOPIOIOTHCSA BUIBHI
pamuKand, 3MIHIOIOTBCS CTPYKTYPH KJacTepiB -
PO3pHUBAIOTHCA TOBTi MOJeKy sipHi JaHmioxkkn (HoO)n
[2, c.29].

Oco0nuBocTi  (i3MYHUX BIACTHBOCTEH BOIW i
YUCIICHHI KOPOTKOTPWBANI BOJHEBI 3B'I3KM MiX
CYCIIHIMHM aTOMaMH BOJIHIO 1 KHCHIO B MOJIEKYJI BOJIH
CTBOPIOIOTh  CHPHUSTIMBI YMOBH JUIS  YTBOPEHHS
0cOOJIMBHX KJIACTEPiB, SIKi CIIPUHMAarOTh, 30epiraroTh i
nepesaroTh pi3HOMaHITHY iH(opMariro.

Bona, mo ckinagaeTbes 3 0e3mivi Ki1acTepiB pisHUX
THUIIIB, YTBOPIOE iepapxiuny MIPOCTOPOBY
PIAKOKPHCTANIYHY CTPYKTYPY, SIKa MOXe CIPUHMATH 1
30epiratu Benuki 00'emu iHboOpMarii.

MOCTIIHOTO CTPYyMy 3MiHIOE€ CBOi (hi3UKO-XIMIUHI
BJIACTUBOCTI 1 IIPU I[LOMY JIOBOJII JOBrO iX 30epirae. B
NpOLIECT eKCIIEPUMEHTYBaHHSI 3 10HI30BaHOIO BOOIO
3’sicyBaNocs, MO Taka BOJA SBJIAETHCS CTUMYJIATOPOM
POCTY POCIIHH.

Emextpuyni po3psmy y BOAI HE3aJEXKHO BiJ
eHeprii po3psay MarTh 3JaTHICTh OYUINATH BOIY BiX
MiKpOOHOTO i XiMIYHOTO 3a0pyAHEHHS, IO TPUBAIAN
yac 30epirae OaKTEPUIUIHI BIIACTHBOCTI BOMIH.
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EVALUATION AND EXPRESS-CONTROL OF RISK TO HUMAN HEALTH ON
THE URBAN RECREATIONAL AREAS

Bopucos A. A.

uHdICEHep No oxpawne oKpyscarouel cpeovl

Kogpanosa E. B.

O00KMOP Nedazo2suyecKux HayK, KaHouOam XuMU4eckux Hayx,
npogheccop, npopeccop Hayuonanbnozo mexuuueckozo
yuusepcumema Yxpaunel "Kuesckuti nornumexnuueckutl
uncmumym umenu leopsi Cuxopckozo"

Eemeesa JI. H.

KaHOuOam mexHu4ecKux Haykx,

cmapwutl npenodasamens Hayuonanvnoeo mexuuueckozo
yHugepcumema Yxpaunwvl "' Kueeckuil norumexnuueckuii
uncmumym umenu leops Cuxopckoeo"

Kogpanos A. E.

KaHOUOam mexHu4yecKux HayK, Kanouoam 3KOHOMUYECKUX HAVK,
cmapwuti npenoodasamens Hayuonanbnoco mexnuieckozo
yHugepcumema Yxpaunwvl "' Kueeckuil norumexuuueckuii
uncmumym umenu leopsi Cuxopckoeo"

OIIEHKA M OKCITPECC-KOHTPO.Ib PUCKA JJI51 3JIOPOBbSI JIIOJENA 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 PE3yJabTaTbl OLICHMWBAHUA BJIUAHUA ABTOTPAHCIIOPTHOI'O 3arpsA3HCHUSA Ha
9KOJIOT'MYECKOC COCTOAHNUE PEKPCALIMOHHBIX TeppI/ITOpI/Iﬁ TropoaoB. B pa60Te OLICHCH HeKaHHepOFeHHHﬁ PUCK [JId
310pOBbsI JIFOIEH, OTABIXAIOUIMX HA HUCCIELYEMBIX T'OPOJCKUX TEPPUTOPUSAX PEKPEALMOHHOIO Ha3HA4YEHMS,
MIPOBEJICHO CpaBHEHHE C pa3pabOTaHHBIM ABTOPCKMM KOMILIEKCHBIM TOKa3aTeieM TEXHOTEHHOW Harpy3KH.
CnenaH BBIBOJ] O TOM, YTO IJIsA IPOTHO3UPOBAHUA ypOBHefI OIMaCHOCTH MPHJICTAIOIINX K JOpOoraM peKpeanunoO HHbIX
TeppuTOopuil TpeOyroTCA NpPEIM3NOHHBIE MOHHUTOPHWHTOBBIC ITAaHHBIE 10 COAEP)KaHUIO M 00BEeMaM BBIOPOCOB
OCHOBHBIX 3anﬂ3HI/IT€J'leI\/’I oxpynca}omeﬁ Cp€abl, 3HAHUEC HX XUMHUYECKUX H (bPISI/IKO-XI/IMI/I‘IGCKI/IX CBOﬁCTB,
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MOTEHIMAIbHOTO TOKCUKOJIOTUYECKOTO BO3AEHCTBHS Ha 3740poBbe mrofaed. IlpuBemeHsl pe3yibTaThl
COOTBETCTBYIOIINX pacueToB. OrnpeseneHbl 00bEKTHI HCCIIeI0BaHNS (PEKpeallMOHHbIE 30HBI), KOTOPBIE SBISIOTCS
HanOosee pHUBJIEKATENbHBIMU JJIsl TOPOJACKUX JKUTEINeH (CoaepKaT BOJHBIH 00BEKT WM MAapKOBYIO 30HY) U IPH
9TOM MOJJIAIOTCS 3HAYUTEIHLHOMY BO3AEHCTBUIO BHIOPOCOB JIBUraTesieil aBTOTPAHCHOPTHBIX CPEICTB U MOTYT

OBITh IIOTCHIMAJIBHO OIIAaCHBIMH JJI HACCIICHUA.

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

Knouesvie cioea: JKoiocuvecKkas

be3onacrocme,

PUCK, conesoe 3aepsA3HeHue, 8bl 6p0€bl

A6MOMPAHCNOPMHBIX CPEOCMB, PEeKPeayuoHHble Meppumopul, agmompaHcnoOpmublii NOMOK, 6blOPOChl Om

asmompancnopma, mexHoceHHasl Hacpy3Kda.

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 wusing 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:
](a-s.c. = 1.0136Csali/CSalf+ 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 5

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;,
=1 (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 KATAJIMTUYECKOTI'O INIOKPBITUA I'A3OJUPDPY3UOHHOT'O KATOJA JJIsA
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/ISI. ):[J'IH YBCJIMYCHUA KOHICHTPAlIUX BOAHBIX PACTBOPOB I'MNOXJIOPUTA HATPUS, IIOJTYUCHHOTO IPpHU
Oe3nuadparMEHHOM 3JIEKTPOJIM3E PAcTBOPOB XJIOPHAA HATpHs, pa3padoTaH Tra3oau(Qy3MOHHBIH KaToJ C
KaTaAJIUTUYCCKNU AKTHUBHBIM IOKPBITHUCM. B kaudecTBe MaTtepuajia KaTaIUTUUYCCKU aKTUBHOT'O NOKPBITUA ObLIH
HCCIICA0BAHbI: OKCUAbI MapraHiad, OKCUAbI KO6aJ‘ILTa, OKCHUIBI PYTCHUA. I/ICCJ'IG,ILOBaHI/Ie KHMHCTHUKH COBMCHICHHBIX
KaTOJHBbIX IpoueccoB B JJICKTPOXUMHNICCKOM CHHTC3C TUIIOXJIOpUTA HaTpus IIo0Kasalio, 4qTOo
OKCUIAHOMCTAJNIMYCCKHUE TMOKPBITHA TOPMO3AT MPOLUECC KATOAHOTO BOCCTAHOBJICHHSA TUIIOXJIOPUT-HOHA.
Karanutugeckass akTUBHOCTH Bo3pacTaeT B psagy MnO»>Co0,03>RuO,. HWuTeHcnpukamums mporecca
BOCCTAHOBJICHUA MOJICKYJIIDHOI'O KHCJIOpOAa B BOAHOM pacTBOpE NaCl AOCTUTACTCA 3a CUCT INPHUMCHCHUA
razomudy3noHHOTO Karonaa. VcciemoBaHue BIUSHHUA ra30qu(@y3HMOHHOTO peKMMa Ha KHHETHKY KaTOTHBIX
IMPOLECCOB MMO3BOJINIIO 000CHOBATH JAuarra3oHbl IOTCHIIMAJIOB U IJIOTHOCTEN TOKA B AJICKTPOXUMHUYCCKOM CUHTE3C
NaClO. 3a cuer wucmonp30BaHusi pa3paboTaHHOTO ra30An(dY3HOHHOTO KaToAa yaadoch JOCTHUTHYTH
xonnentpanuu NaClO 6onee 30 r/am® npu 6e3auadparMeHHOM SIIEKTPOJIU3E PACTBOPOB XIOPHIA HATPHS.

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

Kniouegvie cnosa: eoccmanogienue Kuciopood, 2a300u@@y3uoHHulll  1eKmpoo, dNeKMPOCUHMES,
denoaapuszayusi KAmooOHO20 NPoyeccd, 2UNOXI0PUNM HAMPUS, BOLbIM-AMNEPHAs 3A8UCUMOCTb

BBenennme. B cBI3m ¢ pocroM uYmMCia  BO3MOXHOCTh CHHTE3UPOBaTh BOIHBIC PACTBOPHI
3a00JeBaHMI, CBS3aHHBIX C BHUPYCHBIM WIM  THIOXJOpPHTA  HAaTpus ¢ Oollee  BBICOKHMHU
OaKkTepHadbHBIM 3apa)KCHHEM, OONBIIOe BHUMAaHWE  KOHICHTPANUsAMH. A CHIDKEHHE TOTCHIMAla KaTona
yAeNseTcss  TPOW3BOACTBY  JE3MHOHUIMPYIOMIETO  MPUBEAECT K CHUKCHHIO HANPSDKEHUS DJICKTPOIH3a B
pacTBOpa THUIOXJIOPUTAa HATPUS B  JIOKAJIBHBIX  IEJOM.
YCTaHOBKaX, HEMOCPEACTBEHHO HA MECTE MIPUMEHEHUS ITosTomy wucmons3oBaHne Ta30aAu((Hy3HOHHOTO
TaKuX PacTBOpPOB. JlokanbHbIe YCTAaHOBKHM  Karoja Ipu 6e3auadparMeHHOM 3JIEKTPOIN3€e BOJHOTO

AIEKTPOXUMUYECKOTO CHHTE3a TUIOXJIOPUTA HATPHS
paboTaroT, B OCHOBHOM, 10 Oe3anadparMeHHOH cxeme.
MaxkcuManbHO BO3MOYKHOE COJIEpIKAHHE THIIOXIIOPUTA
HATpHUs, IIONYYCHHOTO B TaKMX  yCTAHOBKAaX,
cocraBmsier  10...14 r-om2.  JlanpHeHmmit poct
KOHIICHTPAIIUHA TUIOXJIOPUTA HATPHUS JIMMUTHPYETCS
KaTOTHBIM  BOCCTAHOBIICHHEM THIIOXJIOPUT-HOHOB.
OpmHuM u3 myTei YCOBEPIICHCTBOBAHHUS
CYHIECTBYIOIIUX  METOJOB  AJIEKTPOXUMHUIECKOTO
cuHTe3a BOAHBIX pactBopoB NaClO  sBmsercs
pa3paboTKka dJIEKTPOAHBIX MaTEpHUaIoB, 00JIaTa0NIIX
BBICOKOM 3JIEKTPOKATAIMTHYECKON aKTUBHOCTHIO H
crabunmpHOCTHIO [1-4].

Tak »xe, BaxKHOM 3aJadcii SABISIOTCA CHIDKCHHE
YACTBHOTO Pacxojia JJICKTPOIHEPTHH, TIOBBIIICHUE
CEeJIEKTUBHOCTHU IIEKTPOIHBIX MIPOLIECCOB,
cTaOMILHOCTh TOKa3aTellell 3iekTponm3a. Hambomnee
MEePCTIEKTUBHBIM criocobom WHTCHCU(DUKAINN
9JIEKTPOXUMHUYECKOTO CHUHTE3a BOIHBIX PacTBOPOB
NaClO sBnseTcss HWCHONB30BaHUE EHOISIPU3AIMH
KaTOAHOIrO Impouecca. A HMEHHO — MpPUMEHEHHE
KHCIIOPOJHOW  (BO3AYNIHOW) JETOJSIPU3ANA  TPHU
WCIIONB30BAaHUHM  TIOPHUCTBIX  Ta30au((y3HOHHBIX
anekTposioB  [2-5]. Takum 006pa3oMm, MOSBISETCS

pactBopa NaCl MEPCTIEKTUBHBIM
HarmpaBJICHUEM COBEPILICHCTBOBAHHUS
6e3nuadparMEHHOr0 CHHTE3a THIIOXJIOPUTA HATPUS

[3].

SABJIACTCA

[ocranoBka 3agaum. [{ng ycraHOBIIEHUS
BO3MOKHOCTH  NPUMEHEHHS  ra30audPy3HOHHOTO
Karola B JJIEKTPOXMMHUYECKOM CHHTE3€ BOJHBIX
PaCTBOPOB THUIIOXJIOPHTOB HEOOXOAMMO OOOCHOBATH
coctaB razoAu(y3uoHHOTO KaTojaa, HCCIeN0BaTh
BIUSHUE Ta301u((HY3MOHHOTO peXUMa Ha KUHETHKY
KaTOOHBIX IIPOIECCOB, ONpPECACIINTD JArarra3OHbI
IIOTCHIIMAJIOB u IINIOTHOCTHU TOKa MIPOTCKaHUA
COBMCIICHHBIX KAaTOAHBIX pealcum‘/'l.

Jnst  wHTeHCH(HKAIUM  3IEKTPOXUMHUIECKOTO
CUHTE32 BOJHBIX  PacTBOPOB THIIOXJIOPUTOB
HE00X0AUMO TOA00PaTh U ONPEISIUTh ONTUMAIIBLHBIN
COCTaB AaKTUBHBIX TOKPBITHHA Ta30au()(Hy3HOHHBIX
3JIEKTPOOB, 00eCICYHBAIOIINX ~ MaKCUMAIIbHOE
CHIDKEHHE IMOTEHLMajda D3JEKTPOJa, €ro BBICOKYIO
3JIEKTPOTIPOBOTHOCTh M U3BHOCOCTOMKOCTH. B KauecTBe

TIEPCIICKTUBHBIX KaTaJIUTUYCCKUX l'lOKpBITI/II\/’I
razoaudPy3noHHOr0 dBJEKTpoAa ObLIM  BHIOpAHBIL:
OKCHbI Maprasia, OKCHbI KO6aHI)Ta, OKCHbI

pyrtenns [5-9].
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Metoauka. o9 uUCClefOBaHHUS  KUHETHKU
JJEKTPOJHBIX TPOLECCOB UCIIOJIB30BANIN TPA(UTOBBII
razoan¢y3noHHbIH 35eKTpoa. B kauecTBe nmopucroro
TOKOMOJBOJA  JUId  IPOBEJICHHS  HCCIEeIOBaHUMN
UCroNb30BaNu  nopucthiii  rpadpur  III-50 ¢
3aKpeIUIeHHOH ¢ (pOHTaJIbHOW CTOPOHBI CETKOU
nonoTtHsHOTO TwieteHns 3 08X18H10T. I'padur -
50 o06mamaeT BBICOKOH XHMHYECKOM CTOMKOCTBIO B
HIMPOKOM [UAaNa3oHe KOHLEHTpPAluH, IMOPUCTOCTh
coctaBisieT 50 %, 4TO MO3BOISCT MCIOIL30BAaTh €T0 B
KadecTBE OCHOBHI Ta30au((y3HOHHOTO D3IEKTPOJa.
Karonusrit mpomecc npotekan B retepodas3Hoit cpene
Ha IOBEPXHOCTU CETKU IOJIOTHSHOTO IUICTEHUS U3
08X18HI10T. IloBepxHOCTh CETKM aKTUBUPOBAJIAChH
KaTAIUTUYECKUMH B KHUCIOPOAHOM  peakuuu
MarepuaiaMy: OKCHJIbl MapraHua, OKCHAbl KoOajbTa,
oKcHbl pyTeHus. HaHeceHne OKCHIHBIX MaTepuasioB
OCYILECTBIISIIH TEPMUYECKHM pa3noxKeHueM
COOTBETCTBYIOIINX MOKPOBHBIX PACTBOPOB.

INogaya kwucmopoma OblTa OpraHM30BaHa OT
BO3AYIIHOTO KOMIIpeccopa C TBUIBHOM CTOPOHBI

rpaguToBOrO IIEKTPOJA c BO3MOXKHOCTBIO
yIpaBJIeHUs [10JJaBaeMOT0 00BEMOM BO3yXa.

HaneceHue KaTaJMTHYECKH AaKTUBHOIO CIIOS
OKCHIHOMETANIMYECKUX TTOKPHITHH OCYIIECTBISIIOCH
METOJIOM TEPMHUYECKOTO PA3JIOKEHUSI ITOKPOBHBIX
pacTBOpOB. Jas YITyUIIeHUS aare3un
KOMIIO3ULIMOHHOTO TIOKPBITHS CTaJbHYI0 OCHOBY
MOABEPTaJIN AIEKTPOXUMHUYECKOMY 00E3KUPUBAHUIO B
pacTBope (r-am3): NaOH — 30, NazPO,4 — 30, Na,COs
— 30. InotHOCTL TOKa 5 A-M 2, TemnepaTypa 303 K,
Bpemst 00paboTku 3 MHUHYTHI. TpaBlieHHE OKCHIHBIX
IVICHOK €  TOBEPXHOCTH  CTAJbHBIX  0OpasloB
HPOBOIMIM XUMHUYECKH B pacTBope (r-aM°): HNO; —
100, KF — 50. Bpems o6paboTku 15 munyT [2].

Ha cyxyo MOArOTOBJICHHYIO MOBEPXHOCTh
o0pasia, ¢ MOMOIIBI0 KUCTH, HAHOCHJICS TOKPOBHBIM
pacTBOp Tak, YTOOBI KOJHMYECTBO IOKPOBHOIO
pacTBopa He MPHBOAMIO K OOPa30BaHHIO Kameib U
HaIlJIBIBOB. COCTaBLI paCTBOpOB Hpe}ICTaBHeHLI B
TaOIHIIE.

Tabmuma 1

CocraB PACTBOPOB JIJIl HAHECCHU S AKTHBHOI'0 OKCHTHOMETAJTJINYECKOI0 MOKPBITUSA

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

[Tocne HaHECEHUSI TOKPOBHOTO pacTBOpa 00pasibl
MOMEIAJINCh B CYIIMJIBHBIA IIKad M CYMIWIUCH 10
MOJTHOTO  yAAJeHUS BJIarud TpH  TeMIeparype
313...323 K. 3areM, o0O0pasmsl ITOMEIIANNCH B
My(eJIpHYI0 Te4b W IIO0JBEprajuch TEPMHUYECKOM
o0paboTke npu Temmepatype 593...673 K.

[IpenBapuTenbHas cymika MOKPOBHOTO PacTBOpa
MO3BOJISIET U30€XKaTh PaCTPECKUBAHUS MTOKPBITHS MPH
HarpeBaHnu oOpa3na B MyQenbHOW TIedd BHIIIE
TEeMIepaTypbl BCKHIIAHHUS TOKPOBHOTO PacTBOpA.
[Tocne oxuaxaeHHuss IHUKI 0OpabOTKH IMOBTOPSIIU
3 pasza.

Bonbr-aMIepHble  3aBHCHMOCTH TOJIyYaldd C
MOMOIIBI0 UMITYJIbCHOTO ToTeHnnoctata MTech PGP-
550M. Cxkopocth pa3BepTku moTeHnmana ot 10 mo

100 MmB/c. Karom - razomgmdysnoHHuii, aHom -—
TIATHHOBBIH. DnexTpon CpaBHCHHS —
xyjopcepeOpssHbIi. Bce  3HaYeHHS  MOTCHIHATIOB
MePECYUTAHBI OTHOCHTEIEHO BOJIOPOIHOTO JICKTPOJIA.

PesynbTatsl. B BOJHBIX pacTBOpax
THIIOXJIOPUTOB, JO  JOCTIDKEHHS  [OTCHIIMAJTIOB

BOJIOPOJTHOM pEAKIUU, PeaInu3yeTcsi BOCCTAHOBIICHHE
MOJIEKYJIAPHOI'O0 KUCJI0pOoaa o CICAYOIINM PEAKITUAM
[4-5]:

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

WIHA Yepe3 MPOMEXKYTOYHOEe 00pa3oBaHHE MEpOKCHIA
BOJOpOJA:

B esi04uHOM cpesie Oz + 2H20 + 2e < HO2- + OH-,
Eo, = 0,080 B, (2)

B kucsoi cpese Oz + 2H+ + 2e < H202, Eo = 0, 0 B.
3)

HWcerenoBanus METOJOM MEYEHBIX aTOMOB [4-5]
nokazand, uto MexaHmsmbel (2) u (3) sBisIOTCH
SHepreTUdecku Oosiee MpeAnouTHTEIbHbI. Peann3arus
Mexann3Ma (1) HEeBO3MOXKHA H3-3a HEOOXOJUMOCTH
OTHOBPEMEHHOI'O TIEPEHOCA YETHIPEX AIIEKTPOHOB 3a
OJIMH AIEKTPOXUMHUICCKAN aKT.

Brimenenne Bomopoma Ha KaTolIe OIMUCHIBACTCS
clenyrome peakuueit:

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

[Ipu aHanM3e MOMYYCHHBIX IUKIAYCCKHX BOJBT-
aMIEepHBIX 3aBHCHMOCTEH HEOOXOIUMO YYUTHIBATH
3HAYCHUE PABHOBECHBIX IIOTCHIIMAIOB KaXJIOTO U3
MIPHUBEICHHBIX MPOIIECCOB TSt omnpeaeCHuUs
JOUAaImasoOHOB INOTCHIIUAJIOB n HHOTHOCTeﬁ TOKa
HpOTeKaHI/IS{ JAHHBIX HpOHeCCOB.

HccrnenoBanne BOCCTAHOBJICHHS KHCIIOpOJA Ha
ceTke TmojoTHAHoro IwiereHus u3 O08X18HIO0T
MTO3BOJIMIIA ONPEACTUTh JAHANA30HbI MMOTCHIMAIOB U
IUIOTHOCTEH TOKA, HAa KOTOPBIX MPOTEKAIOT: TOJBKO
BOCCTaHOBJIEHHE KHCIIOpO/a, BOCCTaHOBJIEHUE
KHCJIOpoa " BBIJIEJICHUE BOJIOPOJIA, u
MIPEeUMYIIECTBEHHOE BhIICIICHUE BOJOopoaa. Ha mepBhix
JIBYX UANa30HaX KaTOIHBIC MPOILECCH MPOTEKAIOT C
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HHU3KOH CKOPOCTBIO. TaK, JJIs1 Juara3oHa nonoGpanm QJICKTPOAHBIE MAaTepuajlbl C HU3SKHUM
BOCCTAHOBJICHHUA KHCJIopoJa IINIOTHOCTb TOKa NEPCHANPAKCHUEM KHCHOpOL[HOﬁ 1, OTHOBPEMCHHO, C

nocturaeT 3 MA/cm?. Ha ywacTke COBMENIEHHOTO
BOCCTAHOBJICHHsI KUCJIOPOJa M BBIIEICHUS BOJOPOJA
IJIOTHOCTh TOKa pjocturaer 8 MA/cm? [3]. Takue
HE3HAUUTEIBHBIC 3HAYCHHS TUIOTHOCTH TOKa TPEOYIOT
MOWCKAa HOBBIX MAaTEpPHAJIOB, KOTOPBIC IIO3BOJISAT
MOBBICHTH CKOPOCTh KaTOAHOTO Iporecca. [loatomy,
JUTS MHTCHCHU(UKAIIH ANEKTPOXUMHUIECKOTO
BOCCTAaHOBJICHHSI MOJEKYJSIPHOTO KHCIOpona ObLTH

BBICOKHM MNEPCHAIPAKCHUCM BO[[OpOZ[HOﬁ pcaknuu, a

WMEHHO: OKCHJBl MapraHia, OKCHABI KoOalbTa,
OKCHJIBI PyTEHHUSL.

Pesynbratsl 00paboTku BOJIbT-aMITEPHBIX
OUKJINYECKUX ~ 3aBUCUMOCTEH  Ha  HaHECEHHBIX

OKCH/IHO-METAJUINYECKUX TOKPBITHAX KaTOJOB B
3 mose/am® NaCl 6e3 nomaun BO3IyXa U C TOmadel
BO3IyXa MPEICTaBJICHHI B Tab. 2—4.

Tab6muma 2

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

j, MA/cM?
E,B Cerka u3 08X18H10T Okcujibl MapraHua OxcHyibl KoOaIbTa Oxkcujibl pyTeHus
0. B03. 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 7,08 411 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, Id  BCEX  NPAKTHYECKH MOJHOCTBIO OMPEAENSAETCS CKOPOCTBIO

UCCIeyeMbIX MaTepuaioB HaOMNIOJAI0TCSl  BBIACICHUS BOJOPO/A.

OIpe/ieJIeHHbIE YYaCTKH BOCCTaHOBJICHHS KHCIOpOoia U B cmyuae peanmzanym razoan¢¢y3noHHOTO
COBMECTHOI'O  BOCCTaHOBJICHMS ~ KHCIOpOJa M pEXKHMa XOJA  3aBHCUMOCTEH  3HAUUTEIBHO  HE
BBIZICTICHHUC BOJIOPOJIA. [epBsrit y4acToK  m3MeHwIca. OTCyTCTBHE 3HAYMTENBHOTO BIMSHUA
BOCCTAaHOBJICHUs ~ KHCIOpoja  HaOmromaercst A0  OOBACHAETCS  OONBINOM  CKOPOCTBIO — Pa3BEpPTKH

PaBHOBECHBIX IOTEHIIAJIOB BOIOPOAHOHN peaxIuu
(mpubmmurensao —0,42). CKOPOCTh BOCCTAHOBICHUS
KHCJIOpO/ia HeOOIbIIasi ¥ COCTABIACT 3...5 MA/cm2. Ha
BTOPOM  ydacTKe (mpH  TOTeHOuamax  Oolee
OTPULIATENIbHBIX, YE€M pPaBHOBECHBI BOJOPOIHOM
peakiuu) HabJII0aeTCsl 3HAYUTEIbHBIN POCT CKOPOCTH
KaTOJHON peaKIMH 3a CUeT BBIJIEJCHHS BOJOPOJA.
Kucnopon, mnpu dSToM, BOCCTaHaBIMBAaeTCS Ha
pelenbHON IUIOTHOCTH TokKa. Ha Tperbem yuacTke
(6omee -1,5B) ckopocTh KaTtomHOTO TMpoIecca

moteHmmana (100 MB/c), mpu KOTOpOit AIIEKTPOIUT HE
ycreBall 00eHETh [0 PACTBOPEHHOMY KHCIOPOAOMY.
Jns  ompeneneHWs ~— BIUSHUS —— KOHLCHTPAaLUH
KUCIIOPOJa, PAacTBOPEHHOIO B BIIEKTPOJHTE, OBUIN
NOJIyYeHbl ~ BOJIbT-aMIEPHbIE  3aBUCHMOCTH  CO
CKOpOCTBIO pa3BepTku motreHimaga 10 mB/c. Bonbt-
aMIlepHble 3aBUCHMOCTH KaTOJHOIO IIpolecca Ha
HOJIyYSHHBIX ~ OKCHAHOMETAJUIMYECKUX  IOKPBITHIX
Hpe/CTaBiIeHbl B Ta0I. 3.

Tabmuma 3

BoJabT-amMnepHbie 3aBUCMMOCTH B 3 moun/am3 NaCl 6e3 mogauu BO3/1yXa U ¢ oaveil BO3AyXa npu
ckopocTu pa3eptku — 10 mB/c

j, MA/cM?
E,B Cetka n3 08X18H10T Oxcuzpl Maprasia Okxcuapl KobalbTa 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 JJEKTPOJUTA  y4acTKe 3HAYUTEIIHHO YMCHBIIAeTCs, a

pPacTBOPEHHBIM KHCIIOPOJOM 3HAa4YCHHE IUIOTHOCTH  BOCCTAHOBJIEHHE KHCIOPOJAA, COOTBETCTBEHHO, PACTET.
TOKa B HCCIEAyeMOM Juamna3oHe [OTEHIHAJIOB Crnenyromeit cragweid WCCIeAOBaHUN — CTalo
3HAYUTENbHO M3MEHWINCh (Tabu. 3). Peamm3amms  ompeneneHHe BIMSHUS HA CKOPOCTH COBMEIIEHHBIX

ra3o UG Py3uOHHOTO peXuMa paboThl MOPHUCTOTO
Karoda IOBJIMAJIA JIMIIb HAa TPETHBIO YYaCTOK BOJIBT-
aMIIepHOM  3aBUCHUMOCTH —  MPEUMYIIECTBEHHOE
BBIJIEJICHUE BOZIopo/ia. KaToqHbIi TOK Ha 3TOM y4yacTke
Ob11 3HAYUTEIBHO CHIDKEH. Paccunrannsie
HapluaibHbIe BOJIbT-aMIICpHBIE 3aBUCHMOCTH
MOKa3aJId, YTO BBIXOJ IO TOKY BOJOPOAA Ha 3TOM

peakiii KaTOAHOrO Mpolecca npu J00aBICHUU B
XJIOPUIHBIM  pacTBOp TUIOXJOpPUTa HATpUsl B
kommmgectse 0,08 mons/nme (Tabi. 4).

JlobaBiieHNE THITOXJIOPUT-HOHA MPAKTHICCKH HE
BIUSET Ha IUIOTHOCTH TOKA HAa IMEPBOM H BTOPOM
ydacTKax BOJIbT-aMIIEPHBIX 3aBHCUMOCTCH.
Habnrogaercss cHIKEHHE KaTOMHOW IIOTHOCTH TOKA
mpu  TOTCHNMANaX, Ooliee  HEraTUBHBIX  OT
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PaBHOBECHOT'O MOTEHIMAJIa BOAOPOAHON peakuu. IT0O
yKa3bIBaeT Ha OINpEJeNeHHOEe TOPMOXKEHHUE Ipolecca
BBIJICJIEHUS BOAOPOAA.
Tabnuua 4
BoabT-amnepubie 3apucumoct B 0,08 moan/am® NaClO Ge3 nogaun Bo3ayxa M ¢ nojaveii Bo3ayxa.
Cxopoctsb pa3Beptkn — 10 mB/c
j, MA/cM?
E,B Cerka 3 08X18H10T Oxcujibl Mapratua Oxcuibl KoOAIbTa OKcusibl pyTeHust
0. BO3. BO3. 0. BO3. BO3. 0. BO3. BO3. 0. B03. 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 TIOJIOXKHTEIbHBIH  PE3ysbTaT

yMmenbIaercs (Tab. 4). OTo 3HAYHT, YTO THIOXIIOPUT-
uoHbl B KonuuecTse 0,08 MOJB/AM® He HPUHUMAIOT
ydJacTHe B  KaTOJHOM  BOcCTaHOBIeHHH. Ilpm
UCTIONB30BAaHUM  IUIOCKMX  3JIEKTPOJOB B 3THX
Jana3oHax MOTEHIMAJIOB y)Ke MPOUCXOAUT KaTOJHOE
BOCCTaHOBJICHUE runoxyioput-uonos ¢ BT 10...15 %.

MPUMEHEHHU Ta30ay(PQPy3MOHHOTO pPEKUMa PaOOTHI
KaTola B JJIEKTPOXUMUYECKOM CHHTE3€ THIIOXJIOPUTA
HATpUSL.

Brustaue nmogaun Boszayxa B ra3oauddy3HOHHBIH
KaToJ HaOJIofaeTCs IpU CPaBHEHUU OOPaTHOTO Xona
[UKIMYECKUX BOJBTAMIIEPHBIX 3aBUCHUMOCTEH TabI. 5.

Tabnuna 5
OOpaTHBI X0/ BOJILT-aMIepHbIX 3aBucuMocTH B 3 Moan/am° NaCl npu j=0 mA/cm?
CxopocTb Cerka 3 08X18H10T OKcujibl MapraHna OkcHjibl KoOalbTa OKcuJIBI pyTeHus
pa3BepTKH be3 Bo3 . Bosn. be3 Bo3 1. Bozn. be3 Bo3 . Bosn. be3 Bo3 . 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 HaOmogaercst — razonuddy3noHHOrO EKTPOAA. PesynbraTh!

pOCT TOKa 00paTHOTO X0/a B IWANa30He TOTCHIINAIOB
—1,0 1o 0 B (tabun. 5). Uto ykas3pIBaeT Ha yBeJIUUCHHE
a7cOpOMPOBAHHBIX YACTHII, YIACTBYIOIINX B KATOTHOM
nporecce. Kak ObUTO TOKa3aHO paHee, STOT TUara3oH
MOTEHLIMAJIOB COOTBETCTBYET 1-H M 2-il ydacTkam
MOJIyYEHHBIX 3aBUCUMOCTEl (Tabi. 2—4), Ha KOTOPBIX
MPOUCXOJAIT TPEHMYILIECTBEHHOE BOCCTAHOBJICHUS
kuciopoaa. [Toaromy, poct Toka 06paTHOTO X072, IpU
nmotennuaigax mosutusaee —1,0 B, MOXHO OOBSICHUTH
BIIMSTHUEM aJICOPOLIMM KHCIIOpOJia Ha MOBEPXHOCTH
ra3olpPOHHUIIAEMBIX CETYATHIX CTaJbHBIX KaTO/JOB IPHU
mojade Bo3ayxa. [ KaToIoB C HOKPBITHEM OKCHIAMHU
MeTauioB 3PQEeKT OT MoJadd Bo3ayXa Hamboiee
nposieieH Ha Co203, MnO,. Ha RuO» nonaga Bo3myxa
HE TpHBeJa K YBEIIMICHUIO TOKa 00paTHOTO XO0/1a.

Ananu3  oOpaTHOrO X0ja  BOJIBT-aMIIEPHBIX
3aBUCHMOCTEH YKa3blBaeT Ha CHIDKEHHE aJcopOunnu
BOZIOPO/JIa TIPY TOTEHIIMaIax obpaTHoro xoaa 1o —1 B,
YTO YyKa3blBAET HA YBEIMYCHHE BBIXOAA II0 TOKY
COBMEIICHHON peaKkIIii BOCCTAaHOBJICHHS KHUCIOPO/Ia.

Takum 00pazoM, BCe TPH OKCHIHOMETAJUTNUECKUX
MOKPBITHSL  [OKa3aJd BO3MOXXHOCTb  YBEJIHYCHUS
TUIOTHOCTH TOKa Ha BCEX MCCIIEIOBATENILCKUX YIaCTKaX
BOJIbT-aMIIEPHOM  3aBHCUMOCTH  Tpu  pabore
razoandy3noHHOTO Karona. B mopsike Bo3pacranus
KaTOJHOW TUIOTHOCTH TOKa MX MOXKHO PacIoJIOXUTh B
CJIC/TYFOLTMH PSIA: OKCUIBI PYTEHHSI, OKCHJIBI KOOalbTa,
OKCH/IBI MapraHIa.

[MonyueHusie LUKIINYECKHE 3aBUCHUMOCTH
MO3BOJIMIIM ONPE/EIUTh JHANa30Hbl MOTEHIMAIOB U
IUTOTHOCTEH TOKOB JIJISl Pa3IMYHBIX PEKUMOB PaOOTHI

YKa3bIBAIOT Ha pacIIMpeHre Auana30Ha MOTEHIIHAJIOB,
B KOTOPOM BOCCTAHOBIICHHS KHCIIOPOJA TPOTEKAET C
BBICOKUM BBIXOJIOM II0 TOKY.

[IpoBeneHHBIE BONBT-aMIEpPHBIC HCCIICIOBAHUS
MTO3BOJIFTA YCTAHOBUTH TEXHOJIOTHUECKUE TTOKA3ATEITH
JNEKTPOXMMHUUYECKOTO CHHTE3a BOJHOIO pPacTBopa
NaCloO, HOJIy4YeHHOTO 6e3nnadparMeHHBIM
3IEKTPOJIN30M BOJHOro pactsopa 3 monb/am® NaCl ¢
JeTIOJSIpU3allMell KaToHOrO0 Mpolecca KHUCIOPOJOM
Bosayxa. Tak, mpu j = 0,2 A/em?, T = 290 K 6bun
CHHTE3UpOBaH  BOAHBIH  pactBop NaClO ¢
KOHIIeHTpamer  Oomee 30 /v, [Tonyuennas
KOHIICHTPAllUsl THUIOXJIOPUTA HATPHUA NPEACTABISICT
KOMMEpYECKHI HHTEPEC M MOXKET OBITh peali30BaHa B
JOKaJbHBIX YCTaHOBKAaX CHHTE3a BOJHBIX PACTBOPOB
NaClO.

BuiBoabI. Hccnenosanue KUHETUKH
COBMEIICHHBIX KaTOJHBIX MPOLIECCOB Ha
ra3oau(GQy3nOHHOM 3JEKTPOJEe B BOJHOM pacTBOpe
3 mosn/am® NaCl N03BONMIIO YCTAHOBUTh JHANA30HbI
QNIEKTPOJHOTO  MOTEHIWana,  IUIOTHOCTh  TOKa
MPOTEKaHMsl PEaKIMd BOCCTAHOBJICHHS KHCIIOpPOJa,
COBMEIIICHHOTO  BOCCTAHOBIIGHHSI ~ KHCJIOpOJa U
MIPEUMYILECTBEHHO BBIJIEJICHUS BOIOPO/IA.

OOOCHOBaHHO COCTaB aKTHBHBIX IOKPBITHI
ra3oan(pQpy3noHHBIX DJIEKTPOAOB, O00ECIICUNBAIOIINX
MaKCHMaJIbHOE CHIDKEHHUE MOTEHIMAA JIEKTPOAA, €ro
BBICOKYIO 3JIEKTPOIIPOBOAHOCTh M M3HOCOCTOMKOCTB.
ITo nokasarensiM Toka 0OMEHa KaTOAHOTO Ipoliecca B
3 monn/am® NaCl kaTanuTH4eCKH aKTHBHBIE IOKPHITUS
PacIIONIOKIIINCH B CIIEeYFOTITHIA psn



[ |

42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(61), 2020 EESIL

MnO,>C0,03>RuQ,. [Inst ceryaThix KaToOIOB C
MOKPBITHEM OKCHAAMH METAIIOB 3G QEKT OT Mojgayu
BO3yXxa Hauboee nposieieHHbIH Ha Co203, MNO,. Ha
RuO; nogaya Bo3yxa He pUBelia K YBEITMUSHUIO TOKA
obpaTHOro xonma. B pacTtBope rumoxmopura HaTpus
HauOONBIIMKT ~ TpenesNbHBIE  TOK B peakuuu
BOCCTAHOBJICHUSI KHCIIOPOJIa BBISBICH Ha OKCHIAX
KoOaimpTa. OTO  yKa3pIBaeT, YTO HAMOOJIBIIYIO
KaTaJUTUYECKYI0 aKTHBHOCTh HMEIOT  CETYaThie
ANEKTPOJIbI C KATATUTUYECKH AKTUBHBIM MOKPBITHEM
Co0,0:s.

PekoMeHI0BaHHON  IJIOTHOCTRIO  TOKa, IS
UCCIeIyeMOl  KOHCTPYKIHMH — ra30an(y3noHHOTO
Katoja cocraBinsgeT 15 MA/cM? npu  Temmeparype
291...293 K. KaTosHOE BOCCTaHOBJICHUE T'HITOXJIOPHT-
MOHOB, ITPY 3THX YCIIOBUSX, 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 11 <t < 12, where exact
formulas for t1 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 e

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 limit
distributions of cortisol in a physiological system.

We de ne [GR] := u and assume that: (1) ®(1) 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), M
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— 1, 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:

(o1t p) X+ prex(D) = -£(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 7; 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
dac 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+é kqaa, 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®), €3]
. _ Pa _
7(t) = reoroy 1+ps—per(t), (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

i

(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 = fo(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 C = K;”

, then we

cd

can put 2 = 0 with accuracy O(e), where € = 2
ar Kn

As a result, we can consider the following
approximation [5]:

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

o(t) = —o(t) + a(t —1). (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
= Tipn  P3% (19)
. _
= oz T1HPs —per (20)
o(t)=—-o0+a, 21
f = or+ro. (22)

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

= ;:(1+22u)' (23)
r=—(--Eo+14p;). (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 canbe
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 A1, 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= (A4 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(0) 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):=—pe0?rP+(1+ ps) 0?2 —papsr+ paps =0,
(30)

where o can be considered as a parameter. Thus,
there is (multi-valued) curve r := r(0) 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)o? = 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

_ ~Paps )/ (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 I1, 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

6= —o(d+a(t—1), (36)
a@®) = —flo(®) — pza(®)]. (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(®)].

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

X(O=y(0) -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 0. 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 r — +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 (0.

where for (46) we put p1 =1, po =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, O(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
A2+ 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.

zZ+atz+ Br? +vrle =0, (53)

where z = ir, v—vr?, a—ar ,and f—p72, 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 A > 0 and J0 </ < =.
The following inequality is true

V1

(54)

sinv,’

where 0 <wv <7 and

cothv; = L (v1 — ‘%),

~ (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

P1b2

) > (56)
where 0 — o= and p1 = 1, p2 = ps, so that
f0) > o 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(t) = 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 (tz, tz« + 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 7 #0.

Further, we assume that

n?+ & - 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 < .
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

2 av,t3
vt sinvy72’ (63)
In the limit z — 0, from (63) it follows that
T>§+0@%. (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?’

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

11 Conclusion

(65)

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 < 7 for existence of slow
oscillating periodic distributions for cortisol it has been
found.

References

[1] Losel R., Wehling M.: Nongenomic actions of
steroid hormones, Nat. Rev. Mol. Cell. Biol., 4, 464,
56, 2003.

[2] Alberts B., Johnson A., Lewis J., Ra M.,
Roberts K., Walter P., Molecular Biology of the Cell:
Reference Edition: Garland, Science, 2007.

[3] DrouinJ., Sun Y.L., Tremblay S., Lavender P.,
Schmidt T. J., de Lean A., Nemer M., Homodimer
formation is rate-limiting for high a nity DNA binding
by glucocorticoid receptor. Molecular Endocrinology,
6, 1299 1309,1992.

[4] Norman A.W., Mizwicki M.T., Norman D.P..
Steroid-hormone rapid actions membrane receptors and
a conformational ensemble model. Nat. Rev. Drug.
Discov., 3,27-41,2004.

[5] Rankin J., Walker J., Windle R., Lightman
S.L., Terry J.R., Characterizing Dynamic Interactions
between Ultradian Glucocorticoid Rhythmicity and
Acute Stress Using the Phase Response Curve, PLoS.
ONE. 7,2, 30978. doi:10.1371/journal.pone.0030978.

[6] S. Gupta, E. Aslakson, B. M. Gurbaxani and
S. D. Vemon, Inclusion of the glucocorticoid receptor
in a hypothalamic pituitary adrenal axis model reveals
bistability, Theoretical Biology and Medical Modelling,
4,8,2007.

[7]1 K. Sriram, M. Rodriguez-Fernandez, F. J.
Doyle, I111, Modeling Cortisol Dynamics in the Neuro-
endocrine Axis Distinguishes Normal, Depression, and



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(61), 2020 49

Post-traumatic Stress Disorder (PTSD) in Humans,
PLoS. Comput. Biol. 2012 8,2,2012, 1002379.
Published online 2012 Feb 16. doi:
10.1371/journal.pcbi.1002379

[8] L. U. Kim, M. R. Orsogna, and T. Chou,
Perturbating the Hypothalamic Pituarity Adrenal Axis:
the Hypatalamic- Pituarity-Adrenal Axis: A
mathematival model for interpratating PT7TSD tests,
Computer Psychiatria, 2018, 28-49.

[9] U. an der Heiden, Periodic Solutions of a
Nonlinear Second Order Differential Equation with
Delay, Journal of mathematical analysis and
applications, 70, 599-609,1979.

[10] S. Jelic, Z. Cupic, L. Kolar-Anic,
Mathematical modeling of the hypothalamic "pituitary"
adrenal system activity, Mathematical Biosciences,
197,173-197, 2005.

[11] C.A Zarzer, M.G Puchinger, G. Kohler and P.
Kugler, Differentiation between genomic and non-
genomic feedback controls yields an HPA axis model
featuring Hypercortisolism as an irreversible bistable
switch, Theoretical Biology and Medical Modelling,
10,65,2013.

[12]Gupta S., Aslakson E., Gurbaxani B.M.,
Vernon S.D., Inclusion of the glucocorticoid receptor in
a hypothalamic pituitary adrenal axis model reveals
bistability, Theoretical Biology and Medical Modelling,
4,8,2007.

[13]P. Gray, S.K. Scott, Chemical Oscillations and
Instabilities-non-linear Chemical Kinetics, Clarendon,
Oxford, 1990.

[14]Computational ~ Endocrinology,  Editors:
Duncan J. MacGeror, Gareth Leng, Masterclass in
Neuroendocrino;oly, Series, Wiley Bleckwell, 2016.



#9(61), 2020 yacTb 4

BocTouHo EBponeiicKuii HayuHbIii }KypHan
(CaHKkT-MeTepbypr, Poccua)

MypHan 3apeructpuposaH u usgaerca 8 Poccun B
YKYpPHane ny6/MKyIOTCA CTaTbU NO BCEM Hay4HbIM
HanpaBAeHUAM.

YKypHan uspaercs Ha pycCKOM, aHF/IMACKOM 1
NONbCKOM A3bIKaX.

Cratbu npuHumatotca ao 30 yncna Kaxkaoro
mecay.

MNMepuoanyHOCTL: 12 HOMEpPOB B roa.
®dopmar - A4, uBeTHasa nevaTb

Bce craTtbu peueH3upytoTca

BecnnaTtHbIi AOCTYN K 3N1€KTPOHHOW Bepcun

XypHana.

PepaKuunoHHasa Konnerus

FnaBHbIli pegaKkTop - Aaam bapuyk
Mwukonait BULIHEBCKM

LUnmoH AHAXKeeBCKui

AdomMmnHuk MakoBcku

Masen JleBaHAOBCKU

YyeHbli1 coBeT

Apam HoBuuKku (BapiaBcKuii yHuBepcuTeT)

Muxan AgamumK (UHCTUTYT MeXXAyHapOgHbIX
OTHOLUEHWUIA)

Mutep KoaH (MpUHCTOHCKMIT yHUBepcUTeT)

Marteyw f6n0HbckM (KpakoBcKui
TEXHO/IOrMYECKUA YHUBEPCUTET UMEHU
Tapeywa KocTiowko)

MNetp Muxanak (BapLiaBckuit yHusepcurer)
ExXu YapHeukKuii (ArennoHckuit yHusepcurer)

Kony6 ®peHHeH (TIO6UHreHCcKnii
yHuBepcureT)

BbapTow Bbicoukuit (MHCTUTYT
MeXAYHapPOAHbIX OTHOLUEHWIA)

Natpuk O'KoHHenn (Mapuk IV CopboHHA)

Maueit Kaumapuuk (BapiascKuii
yHuBepcureT)

#9(61), 2020 part 4
Eastern European Scientific Journal
(St. Petersburg, Russia)
The journal is registered and published in Russia
The journal publishes articles on all scientific
areas.
The journal is published in Russian, English and
Polish.

Articles are accepted till the 30th day of each
month.

Periodicity: 12 issues per year.

Format - A4, color printing

All articles are reviewed

Free access to the electronic version of journal

Editorial

Editor-in-chief - Adam Barczuk
Mikolaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawel Lewandowski

Scientific council

Adam Nowicki (University of Warsaw)

Michal Adamczyk (Institute of International
Relations)

Peter Cohan (Princeton University)

Mateusz Jablonski (Tadeusz Kosciuszko
Cracow University of Technology)

Piotr Michalak (University of Warsaw) Jerzy
Czarnecki (Jagiellonian University)
Kolub Frennen (University of Tiibingen)

Bartosz Wysocki (Institute of International
Relations)

Patrick O'Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (University of Warsaw)



Daeunp Kosanuk (Kpakosckuii
TEeXHONOrMYecKuii yHusepcuteT um. Tageylia
KocTiowkKo)

Murtep Knapkeyg, (YHUBepcUuTeTCcKuUi
Konnep:K JIoHAOHA)

Uropb A3ea3unu (MonbcKaa akagemua HayK)

AnekcaHgp Knumek (Monbckana akagemus
HayK)

AnekcaHgp Porosckuit (ArennoHckui
yHUBepcuTer)

KexaH LUpaiiHep (EBpeiickuit yHUBepcuTer)

BapTow MasypKesuu (KpakoBcKuii
TeXHonoruyeckuit ynmsepcutet um.Tageywia
KocTiowkKo)

dHTOHU MaBepukK (YHuBepcutet bap-UnaH)

MuKonaii XykoBscKuii (BapluaBckui
yHuBepcuTeT)

Mateyw Mapwanek (ArennoHcKkumn
yHuBepcuTeT)

WnmoH MartbicaK (MonbcKkaa akagemus
HayK)

Muxan Hesagomckuit (MHcTUTYT
MeK4YHApPOAHbIX OTHOLLUEHWIA)

FnaBHbIN pegakTop - Agam bapuyk

1000 3Kk3emMnnsapos.
OTtneyvartaHo B OO0 «Jloruka+»
198320, CaHkt-lNeTepbypr,

Nopog KpacHoe Cerno,
yn. Feonornyeckas,

a.44, k.1, nutepa A
«BocTo4Ho EBponerickuin HayuHbin XKypHan»
OnekTpoHHas nouTta: info@eesa-journal.com,

https://eesa-journal.com/

Dawid Kowalik (Kracow University of
Technology named Tadeusz Kosciuszko)

Peter Clarkwood (University College London)
Igor Dziedzic (Polish Academy of Sciences)

Alexander Klimek (Polish Academy of
Sciences)

Alexander Rogowski (Jagiellonian University)
Kehan Schreiner (Hebrew University)

Bartosz Mazurkiewicz (Tadeusz Kosciuszko
Cracow University of Technology)

Anthony Maverick (Bar-llan University)
Mikotaj Zukowski (University of Warsaw)
Mateusz Marszatek (Jagiellonian University)

Szymon Matysiak (Polish Academy of
Sciences)

Michat Niewiadomski
International Relations)

(Institute of

Editor in chief - Adam Barczuk

1000 copies.
Printed by Logika + LLC

198320, Region: St. Petershurg,

Locality: Krasnoe Selo Town,

Geologicheskaya 44 Street,

Building 1, Litera A
"East European Scientific Journal"

Email: info@eesa-journal.com,

https://eesa-journal.com/






