p-ISSN 2308-5258 e-ISSN 2308-1996

SCIENCE AND
EDUCATION
A NEW
DIMENSION

NATURAL
AND

TECHNICAL SCIENCES

www.seanewdim.com



http://www.seanewdim.com/

Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

P-1SSN 2308-5258 e-1SSN 2308-1996

Issue 15, 2013

SCIENCE AND EDUCATION A NEW DIMENSION

Natural and Technical Sciences

www.seanewdim.com



http://www.seanewdim.com/

Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

Editorial board
Editor-in-chief: Dr. Xénia Vamos — Hungary

Honorary Senior Editor:
Jend Barkats, CSc Nina Tarasenkova, Dr. habil.

Edvard Ayvazyan, Doctor of Science in Pedagogy, National Institute of Education, Armenia

Ireneusz Pyrzyk, Doctor of Science in Pedagogy, Dean of Faculty of Pedagogical Sciences, University of Humanities and
Economics in Wioctawek, Poland

Irina Malova, Doctor of Science in Pedagogy, Head of Department of methodology of teaching mathematics andinformation
technology, Bryansk State University named after Academician IG Petrovskii, Russia

Irina S. Shevchenko, Doctor of Science in Philology, Department of ESP and Translation, V.N. Karazin Kharkiv National
University, Ukraine

Kosta Garow, PhD in Pedagogy, associated professor, Plovdiv University ,,Paisii Hilendarski”, Bulgaria
Laszlé Kétis, PhD in Physics, Research Centre for Natural Sciences, Hungary, Budapest

Marian Wloshinski, Doctor of Science in Pedagogy, Faculty of Pedagogical Sciences, University of Humanities andEconomics in
Wioctawek, Poland

Melinda Nagy, PhD in Biology, associated professor, Vice-Rector, J. Selye University in Komarno, Slovakia
Anatolij Morozov, Doctor of Science in History, Bohdan Khmelnitsky National University in Cherkasy, Ukraine

Nikolai N. Boldyrev, Doctor of Science in Philology, Professor and Vice-Rector in Science, G.R. Derzhavin State University in
Tambov, Russia

Oleg Melnikov, Doctor of Science in Pedagogy, Belarusian State University, Belarus

Riskeldy Turgunbayev, CSc in Physics and Mathematics, associated professor, head of the Department of Mathematical Analysis,
Dean of the Faculty of Physics and Mathematics of the Tashkent State edagogical University, Uzbekistan

Roza Uteeva, Doctor of Science in Pedagogy, Head of the Department of Algebra and Geometry, Togliatti StateUniversity, Russia

Seda K. Gasparyan, Doctor of Science in Philology, Department of English Philology, Professor and Chair, Yerevan State
University, Armenia

Svitlana A. Zhabotynska, Doctor of Science in Philology, Department of English Philolgy of Bohdan Khmelnitsky National
University in Cherkasy, Ukraine

Tatyana Prokhorova, Doctor of Science in Pedagogy, Professor of Psychology, Department chair of pedagogics andsubject
technologies, Astrakhan state university, Russia

Valentina Orlova, CSc in Economics, Ivano-Frankivsk National Technical University of Oil and Gas, Ukraine

Vasil Milloushev, Doctor of Science in Pedagogy, professor of Departament of Mathematics and Informatics, Plovdiv University
,,Paisii Hilendarski”, Plovdiv, Bulgaria

Veselin Kostov Vasilev, Doctor of Psychology, Professor and Head of the department of Psychology Plovdiv University ,,Paisii
Hilendarski”, Bulgaria

Vladimir |. Karasik, Doctor of Science in Philology, Department of English Philology, Professor and Chair, Volgograd State
Pedagogical University, Russia

Volodimir Lizogub, Doctor of Science in Biology, Head of the department of anatomy and physiology of humans andanimals,
Bohdan Khmelnitsky National University in Cherkasy, Ukraine

Zinaida A. Kharitonchik, Doctor of Science in Philology, Department of General Linguistics, Minsk State LinguisticUniversity,
Belarus

Zoltan Poér, CSc in Language Pedagogy, Head of Institute of Pedagogy, Apaczai Csere Janos Faculty of the University of West
Hungary

Managing editor:
Barkats N.

© EDITOR AND AUTHORS OF INDIVIDUAL ARTICLES
The journal is published by the support of
Society for Cultural and Scientific Progress in Central and Eastern Europe

BUDAPEST, 2013



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

Statement:

By submitting a manuscript to this journal, each author explicitly confirms that the manuscript

meets the highest ethical standards for authors and coauthors. Each author acknowledges that fabrication
of data is an egregious departure from the expected norms of scientific conduct, as is the selective
reporting of data with the intent to mislead or deceive, as well as the theft of data or research

results from others. By acknowledging these facts each author takes personal responsibility for the
accuracy, credibility and authenticity of research results described in their manuscripts. All the articles
are published in author's edition.

The journal is listed and indexed in:

DIRECTORY OF RESEARCH JOURNAL INDEXING
ULRICHS WEB GLOBAL SERIALS DIRECTORY

UNION OF INTERNATIONAL ASSOCIATIONS YEARBOOK
SCRIBD

ACADEMIA.EDU

GOOGLE SCHOLAR



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

CONTENT

BIOLOGY .ttt bR R R R R R R R R R R R R R R e Rt r R R 7

Jluzoey6 B.C., Maxapenxo H.B., FOxumenko JI.U., Xomenrxo C.H., Koocemsxo T.B. Ponb CBOMCTB OCHOBHBIX
HEPBHBIX MPOIECCOB U MCUXO(PU3HOIOTUICCKUX (DYHKIHI B 00ECIIEYCHUH IEATSIBHOCTH OTIEPaTOpOB
001007 32 0] 0 3 S TSP 7

Bogdanovskaya N.V., Malikov N.V. Evaluation of Dynamics of Changes in Different Ways Arginine Metabolism

Activity under Adapttion t0 PRYSICAI SIIESS.......cciii i se st st e e e e e e e sbesresrenneeneas 13
Kovalenko S.0O., Kudij L.I., Lutsenko O.l. Peculiarities of male and female heart rate variability ..............cccccoevvivrvennnne. 17
Sychuk A., Radchenko M., Morderer E. The increase of phytotoxic action of graminicide fenoxaprop-P-ethyl

o)V N (@ N [o]glo] arsToTo [TV T o 0L ] (01 (o P 21
bykoe FO.A., Bypbanosa O.H. TlokazaTenn MEXaHUKH IBIXaHUS B OIICHKE CTETICHH ITyJIbMOHOJIOTHYECKOTO PHCKa

Y JKCHIIIUH TTOIKHIIOTO BOBPACTA .. e reesresreasressreaseesseesseasseassesssessesssessseanseanseanssasssassessessseessesssessnssssssessnessneensesnsenssenseenns 23
I'pabosckas E.FO. Koppekius HecrienudpUIecKnx ajanTalioOHHbIX PeaKMii OpraHu3Ma CIIOPTCMEHOB IPpU

MOMOIIM 3JIEKTPOMAarHUTHBIX U3TydeHui kpaitHe BEICOKOM 9acTOThI (OMU KBU) ..o, 27
Kopore A.11. KuzHeobecneyeHHOCTh MOMYJIALUI KaKk OCHOBA (DOPMHUPOBAHUS €MKOCTH CPEBI UX OOUTAHUS. .......v.e..... 31
Casuna K.J]. TlocTypanbHble peaKIUH KOKHOTO KPOBOTOKA Y CIIOPTCMEHOK .....vvirveeriariasrisiiesseesseesreesressnessnsssnsseessneennas 37
CHEMISTRY o bbb E bbb e e b e s b e e b e b e bbb e a e b e b b e b 41
bpem B.B., Byea C.II., /[luumpenko 1.B. Brumus kpemHiro (1v) i amroMiHiro (111) OKCHIB Ha PO3YHHHICTH BOTHIO

B (DTOPHTHO-OKCHITHIX PO3TIIABAX ... tesvessresseeseesseesssanssasssassesseesseasseassessssssssssesssesssesnseanseassssssessessseessesssesssssnssesssesnses 41
ECOLOGY iR 47
Varyvoda Ye.A. Strengthening emergencies governance system through environmental assessment implementation

(CASE SLUAY OF UKIAINE) ...ttt b bbbt bbb bbbt bbb et b s 47
Kosanés A.A., Bapugooa A.B. ViccnenoBanne MUTPAIIUU TSDKETBIX M PEAKUX METAIJIOB U3 30JI0IIJIAKOBBIX OTBAJIOB

TETITOBBIX DJIEKTPOCTAHIIHI . ¢ .veeuvveestrtessreestreesseeestseessseessseesuseessseessseessseesaseessbeessseessbeeasbeeasbeeasbeesbbeenmneesbbeennneenbbeennneennes 52
PHYSICS AND MATHEMATICS ..ot bbb ettt b e s e e n e an e nr b e ene s 55
Borkach E.1I., lvanitsky V.P., Kovtunenko V.S. Terminology and definition of the amorphous substances ...................... 55

Miya B., I'onomb6 P., Jlogac I'., Bepews M., bopkau €., Kosau T., Pico I. BiuB (parMeHTiB HU3BKO- Ta
BHCOKOTEMITEPATypPHIX KPUCTANIYHAX (a3 qucynbQiny repMaHito Ha (JOpMyBaHHS 3MIIIAHOTO CEPEIHBOTO
MOPSIKY B TEXHOJIOTIYHO MOAH(iKOBAaHOMY CKIONOniOHOMY c-GeS,: pizuuiesi Paman cnextpu

TA TEPIIOTIPIHIIATTHI POBPAXYHEFL ... .venveuressreaseesseesseassesssesssesseesseesseasseanssanseasssassesssenseassesssessssssnsasessseesseenseansesssesssenes 62
Ausheva N. Modeling of minimal surfaces based on isotropic curves and quasiconformal change of parameter ............ 67
Cmebasanxo I1.0., Kpasuyx T.B. IloOynoBa 6a3ucHOT0 TPUBUMIPHOTO CIUIaiHa JUIsl pO3B’sI3yBaHHS 3a/1a4

MATEMATHIHOTO MOJTCITEOBAHHS «.vvvvvvvvvrrrrrrrsrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnssnnsnsnnnns 71
IMEEDICINE ... .ottt et bbb bRt s e Rt ARt R e b e e R e bt h Rt ARt e b e e b e e s e e s et e Rt Rt bt e bt e e e benn e r e bt b 75

Taticmpyx H.A., Menvnuux A.B., aticmpyk A.B., Cmenancoxuu P.I1. Pomb apT-Tepamnii B Kopekiii
TICHXOEMOIIHHOTO CTaHy Ta HEWPOSHIOKPUHHOI afanTamii y iTei 3 IedanriaMu HAIPYIKEHHS . .covvevevrereernenneenne 75

Taticmpyx H.A., Haoeowcoin M.B., Cmensincokuii P.I1. BcTaHOBIIGHHS TPOrHOCTUYHOT IHHOCTI
rinepromornucTeiHeMii ik pakTopy pu3MKy (GOpMyBaHHs AUCTpeca IJI0AA Y BariTHUX 3 recTalliiHIM Ta
XPOHTTHUM THETOHEMPHTOM .....viuvitiieitistieiiesie et ese st sre st estesae s e b sbe b be e bt e e e b e b s b e e b e s b e e b e e e e b e b e eb e bt s ke ebb e e e b e b sr e b e bt 79

Jyno O.A. BuBueHHs piBHS (i3U9HOTO 310pOB’S AiBYAT TipCbKUX paioHIB 3aKaprnaTTs 3a MeTaOOoJIiYHUM PiBHEM
ACPOOHOTO CHEPTOBAOCIICUCHH ... ve.veevieseestisresteasestesteaseete s sa e b e s b e sb e et e e se e b s h e e b e s b e e bt e b e et e s e sh e R e e bt e b e e b e e s e e an e b b e b e s 82



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

TECHNICAL SCIENCES. ......c.o ottt ettt be st et e s be e e st e be b e seebe s b e st e be et e st e besbe s abesbe st anesbentanentns 86
Lahutin V.L. Mathematical model of flat vertical oscillations of the trolley for transporting dangerous cargo

with usage of pneumatic elements in the second stage Of SUSPENSION ..........coiiirieiieiciiienee e 86
Shatohyn V.M., Semkiv O.M., Popova A.N. Optimum blade profile of a groundthrower as a solution of the

brachistochrone for the centrifugal fOrce of INELIA ..........ooviiiiii e 91
Shovgenyuk M.V., Semeniv V.V., Kovalskiy B.M. Development a theory for colors synthesis by four inks..................... 95
Shvachych G.G. Multiprocessor simulating medium in the task of stochastic modeling ...........ccccocvvvviivviciiiiiir e, 99
Ushapivsky 1.L. Experimental studies of vibrations centrifugal fire pump with defective bearings ...........cccccoevvivinnnn. 105
Vinogradov S.A. The usage of high speed impulse liquid jets for putting out of gas blowout..........c..ccccceveveiiivieenenn, 108

bomba A.A., Bocmpikoe B.I1. MaTemaTndHe MOAETIOBAHHA MIPOIIECY HATPiBAaHHS CEPEIOBUINA «TPYHT-TIOBITPS
JUHIAHAME JIKEPCIIAMEL TETIIA 1. veuveasveasresuresseanseassesssesssessesssesssesssesssesssesssesssesseasseassessssssssssesasesasesnsesssesssessesssesssesnsens 112

Bonowun H.B. TlpencraBieHusl, METObBI U AITOPUTMBI TIPU MPOSKTUPOBKE ABTOMATUICCKON CHCTEMBI
1210) 20 (001 05 21w e (010 0704 QU T T OO TP TP PP PP 117

Tonybuwix T.C., FOwux O.B. Crioco® onpe/eNeHus BeJIUIUHBI CJBMIa CTPaHHI] Habopa MPH KOMILIEKTOBAHUH
12320 €2 11020 ) RPN 120

Hominix A.M. JTocnimkeHHS! BOTHECTIHKOCTI HUIIHAPUYHOT KOJIOHH B YMOBAX TTOMKEIKI «.vvevverrevisreriessesseenenresresnesieaneas 123

Menvnux K.B., I'myuxo B.H. Ilpumernenne anmnapara baiiecoBrix ceteil mpu 00paboTKe TaHHBIX
T3 MEITUTTITHCKIX KAPTOUEK ....veeuviesresresteesseesseasseasseasssassesseesseasseassessssssssssesssesnssansssssesssenseesenssessssssesssessseensesnsesnsesseenes 126

Ipuoamxo O.B. EdexTHBHO-BapTICHUH aHANI3 PU3UKIB 3alIPOBAKCHHS IHHOBAIITHUX TEXHOIIOTIiH YIpaBIiHHS
STKICTEO OCBITHIX TIPOCKTIB 1.1t uteesteeueesueeaseesueeseasseasseassesssessessseesseasseasseasseasseaseesseasseasseaseesseesmeenseenseaaneaneeaneenneeseessesnnens 130

Pomanxo P.M., Ilemparoscoka O.C. MeToau 1 MOAEI MOHITOPHHTY 3eMeJb, IO 3a3HAIOTH BIUTMBY €K30TCHHUX
ST ON (O e 050%0: 40 1010 )1 (<131 SO PP PT PR PP PRPROTN 134

Xpuwyx C.JO., Becnanvko P.I. AHTpOIIOTe€HHA NIEPETBOPEHICTh K KPUTEPiil ONTUMI3aLi] 3eMIEKOPUCTYBaHb
HA PETIOHATIBHOMY PIBHI . ceutiuvititestestesteeste sttt st sttt st esee s e e beeh e bt s e s e e s e eb e e Rt bt e bt e s e e s et ee e Rt e bt eh e e s e et e e e nn e e b e b en e s 138

Yuxynos I1.A. duznueckas 1 GopMasbHas IOCTAHOBKA 3a/1a4 ONEPATHBHOTO YIIPABJICHUS COJIEJ00bIBAIOIINM
TIPEIITIPHISITHICM ....ee.evineeieeianeeseesseesseeseesteesseeseeeaseeseease e am e e ea e e s e es st ee e e e e e nE e e AR e e nee e s e e e ae e es e e eR e e eE e e n e e s nenseenbe e nee e nre e neenreesneneee e 142

FOwux O.B., I'aspviu b.M. UccnenoBanue QyHKIUH nepeauy MOIYIISLUHA PACTPOBBIX CKAHUPYIOIMX
YCTPOWCTB 3aIHCH B HATIPABICHUU OBICTPOTO CKAHUPOBAHFIT - . ..uvenvenresreseesteassesssesseesseesseesseensesssesssesssesseessesssesnsens 147

FOwyk U.B., Osuapyx B.A., Boexooas H.U., Memnés C.I". ViccrienoBaHue BIMSAHUS HAMETpa caTyparopa
caxapHOTO MIPOM3BOJICTBA HA MOTIIOMICHHUE TUOKCHIIA YTIIEPOM@. .c.veuvireinresresrisressessesseessesessesresssssesssassesaesresnessessessas 151

Apminko A.B., bazincoxuii M.FO., Ilpuxoovko /].C. Bubip nmporpaMHoi maTopMu sk 3acib miABHIICHHS
pecypcHOi e(peKTHBHOCTI Ta TUHAMIYHUX XapaKTEPUCTHK BOYTOBAHUX CUCTEM PEATBHOTO ACY ...evvevreveerveeseeannnns 154



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

BIOLOGY

Juzozyé B.C., Makapenxo H.B., IOxumenko JI.U., Xomenxo C.H., Koycemaro T.B.
Posb cBOIiCTB OCHOBHBIX HEPBHBIX MPOIECCOB U MCHXO(U3NOTOTHIECKHUX (PYHKITUH
B 00ecneYeHHH e TeIbHOCTH ONEePaTOPOB MOOMIBbHOI CBSI3H

JIuzoeyb Bunaoumup Cepeeesuu 0-p. 6uon. nayx, npogheccop, oupexmop HUU gusuonoeuu um. M. bocoeo,
3a6edyrowull Kagheopou aHamomuu, QU3UOI0UU U QU3ULeCKOU peaburumayuu,

Maxkapenxo Hukonaii Bacunvesuuy, npogeccop, FOxumenxo Jlunus Ueanosna, doyenm,

Xomenxo Cepeeti Huxonaesuu, ooyenm, Koowemsixo Tamvana Braoumupoena, npenooasamens,

Kageopa anamomuu, usuonocuu u Qusuueckol peaburumayuu,

Yepkracckuil HayuoHanbHslll yrusepcumem um. boedana Xmervnuykoeo, 2. Yepxaccwl, Yepauna

AnHotamus. C moMoniblo KOMITBIOTEPHONH METOIUKH HcciieioBay GyHKIHOHANBHYIO moasmkHOCTh (PITHIT), crry (CHII) u ypas-
HoBemeHHocTs (YHIT) HepBHBIX MpoIeccoB, BEI3BaHHYIO0 aKTUBHOCTh M TEMOJMHAMUKY MO3Ta, (YHKIIUIO TaMATH ¥ BHUMAHUS, CEH-
COMOTOPHYIO U BET€TaTUBHYIO PEaKTUBHOCTH y ONIEPaTOpPOB MOOHMIBHOI! CBSI3U. BriepBhle Npy BBIMOIHEHUH 3aJaHHS 110 TepepaboTke
CIIyX0BO# MH(GOPMALIUH BBISBICHB HHINBHIYaIbHbIE 0COOCHHOCTH TICUXO(PH3HOIOTHIECKOT0 o0ecrieueHns MpodecCHOHATBHOI Je-
SITEIBHOCTH OTIEepaTopoB. JINna ¢ BEICOKMM M CPEIHUM YPOBHEM CBOICTB OCHOBHBIX HEPBHBIX IPOIIECCOB OKa3aIUCh Ooyee crocob-
HBIMHU K TepepaboTtke uHpopManuu. OnepaTtopsl ¢ HU3KAM YPOBHEM XapaKTEPH30BATIHNCh MEHBIINM KOJIMIECTBOM IepepabOTaHHOM
nHpopMarmy, HU3KOH PEeaKTHBHOCTHIO HEPBHOW CHCTEMBI, YCTOHYMBOCTHIO BHUIMAHHS U 3alIOMHHAHU, 60Jiee KOPOTKUMH MEXIHKO-
BbIMHU HHTepBanamMu Ni—P,, P—N,, No—P3, Ps—N3 1 1ocToBepHO GONBIIMMH JIATCHTHBIMU TIEPHOIaMH KOMIIOHEHTOB Ny, P,, N, P3 ko-
THUTHBHBIX BBI3BaHHBIX NMOTEHINANIOB P3gp. ¥ HuX okazammchk Ooiee Bbicokue 3HaueHHs: MomHoct SDNN, LF u HF ceppeunoro
pUTMa ¥ HU3KUH aMILUTUTYJHO-YaCTOTHBIHM MOKA3aTellb, BRICOKUH AUKPOTHYECKUI HHIEKC U OOJIbIINe 3HAYEHHSI TOHyCa KPYIHEIX CO-
CYZOB MO3Ta.

Kniouesvie cnosa: onepamopwi, nepepabomka ciyxogou ungopmayuu, UHOUBUOYATLHO-MUNOIOSUYECKUE CEOICMEBA, BbI3GAHHAA

AKMUBHOCNb Mo3ed, peoanueqbaﬂozpwwwa, namsams, 6HUMAHUeE, cepdermbn? pumm.

BBenenne. CoBpeMeHHAs! HBOJIOIHS YEIOBEKa KOPPEIH-
PYET C BBICOKUM YpPOBHEM Pa3BUTHUSA HAYKH, MEIUIUHBI,
TEMIIAMH OCBOCHMS KOCMOCA, CO3JAHHEM HOBBIX TEXHO-
JIoruii M1 MHHOBaUUW. Ye0Be4eCcTBO BCTYNMHJIO B 3MOXY
HAHO- U TNICUXOWH(OPMAIIMOHHBIX TEXHOJIOTHH, a TaKXe
HOBBIX BHJIOB JICITEIILHOCTH, B KOTOPBIX PAOOTHHUK BKIIIO-
YeH B CIIOKHBIE CUCTEMBI TUMA "denoBek-MamuHa" [3, 9,
13, 22]. D10 moBiekio 3a coOoi TpaHcHOpMaIUIo BEI-
MOJTHAEMBIX PaOOTHUKOM MPOU3BOJCTBCHHBIX (DYHKIIHIA,
KOTOPBIC OTPaHUYHMBAIOTCS: HAOIIOJCHUEM M KOHTPOJIEM
3a COCTOSIHHEM O0BEKTa M OKPYXKAOIIEeH cpeloi, yrpas-
JICHHEM TapaMeTpaMy, HMEIONINX BA)KHOE 3HAUCHUE IS
MOJIICPIKAHUS TEXHOJIOTHIECKUX IIPOIIECCOB, obecrede-
HueMm Oe3omacHocTH oOBbekTa Nojiell. Takue mpodeccuu
OTHECEHbI K KaTeropuu "omepaTopckux" M MPerbsIBISIOT
BBICOKHE TPEOOBaHHs K YeIOBEUECKOMY (hakTopy. B aToi
CBSI3U COOTBETCTBHE HMMEIOIIUXCS TCUXO(MHU3HOIOTHYE-
CKHX CBOHCTB HHIUBHIYaJHHOCTH TPEOOBAHUSAM TaKUX
CIIEIUATBHOCTEH €CTh M MPOJO0JIKAET OBITh aKTyaJbHBIM
[7,12].

Kpartkuii 0030p ny0nukanuii mo teme. Pesynbprara-
MU HCCJEIOBAaHUI MOCIENHUX JIET JOKa3aHO, YTO KpUTe-
puH 1podecCHOHATIBHON MPHUTOIHOCTH JOJDKHBI 0a3npo-
BaThCs Ha OCOOCHHOCTSX OpraHW3Ma, OTIHYAFOIIUXCS
MIPOYHOW W YCTOMYMBON OHMOIOTHUYECKON mpupojoi [16,
19, 21, 24]. OTuMu O0COOCHHOCTSIMH SIBJISTFOTCSI MHIUBH-
JyaJIbHO-TUIIOJIOTMYECKUE CBOMCTBA BBICILIEH HEPBHOM
nesitenbHOCTH [6, 12, 18],

Tpyn omepaTtopoB MOOWIBEHOW CBA3M OTHOCHTCS K JH-
HAMHYECKUM BHAAM JEATEIBHOCTH W XapaKTephu3yeTcs
TaKUMHU CHEIH(QUISCKUMU YepTaMH, KaKk BO3pacTaHUE
TEeMIIa ¥ CKOPOCTH NPEABSBIIEMON U TiepepadaTbiBaeMOi
HHPOPMALINU, YBEIMYCHHEM 4YHCIAa OJHOBPEMEHHO
HaOII0JaeMBIX OOBEKTOB, AWCTAHIMOHHOE M OIOCPENO-

BaHHOE YIPAaBJICHHE, YTO B CBOIO O4Yepenb NPUBOAUT K
CYIIECTBEHHOMY BO3PAaCTaHHUIO POJIU ICUXO(U3NOTIOTHYE-
CKUX Ka4eCTB OIlepaTopa M €ro THIOJIOTHYECKHUX CBOMCTB.
OpnHako paboT, ¢ y4€TOM BHIIIE€ CKa3aHHOTO, HAa JJAHHOM
BUJIE OIEPaTOPCKUX Mpodeccuid, B JUTEpaType MbI He
BCTPETHIIH.

Heas pa6oTbl — ONpPEAETUTH POJIb MHIUBUAYAIBHO-
THITOJIOTHYECKUX OCOOCHHOCTEH BbICIIEH HEpBHOW [es-
TENBHOCTH U TICMXO(U3UOIOTHUECKNX (YHKIMH B obec-
TIEYCHUN MPO(ECCHOHATBHON JIESITENFHOCTH OIEepPaTopoOB
MOOMIIBHOM CBSI3H.

Matepuaabl 1 MeTOABI. Y ONEPaTOPOB MOOWMIHHOM
cBs3u (56 gemoek, 19-35 mer) m3yyanu (QyHKIHOHAIB-
HYIO TIOZBMKHOCTB, CHJITy ¥ yPaBHOBEIIEHHOCTh HEPBHBIX
IPOIIECCOB, BBI3BAHHYIO AKTHBHOCTh MO3Ta, KOTHHUTHB-
HbIM noTeHuan Psg, CCHCOMOTOPHYIO PEaKTUBHOCTD, 11€-
pebpanpHyl0 reMOAMHAMUKY, CBOWCTBA MAaMATH, BHHMa-
HUSI, XapaKTEPUCTHKHU CEPACYHOTO PUTMA M COIMOCTAaBIIS-
JM C Pe3yJIbTaTUBHOCTBHIO MPO(ECCHOHATHHON IesITemb-
HOCTH.

Uccnenosanua OITHII, CHIT u YHII HepBHBIX mpo-
LIECCOB, JIATEHTHBIX 1eprno10B 1pocThiX (II3MP) u cnox-
Heix (PB2-3) ceHCOMOTOpHBIX peakiuii BHIOOpa MPOBO-
JIMJIM HA pa3pabOTaHHOM HaMU KOMITBIOTEPHOM KOMIIIEK-
ce "Muarnoct-1M" [12, 14].

Onpeneneane ®PHII mpomsBoammu myreM yCTaHOB-
JIeHWs] HauBbICIIero Temmna nuddepeHImpoBaHus TMOJI0-
JKUTEIBHBIX M TOPMO3HBIX CHTHAJIOB, KOTOPHIE IOJaBa-
JIMCh B HAYIIHUKH U CIIEAOBAIN OJMH 32 Apyrum. [Ipu mo-
apneHnn 3Byka 1000 I'rp (BBICOKME TOH) HMCHBITYEMBIH
JIOJDKEH OBICTPO HAXKaTh W OTIYCTHTb MAJbLEM IpPaBOH
pyku mpaByro kHomKy. ITosiBnenue 3Byka B 300 'y (Hm3-
KHH TOH) TpebOoBaJI0 OBICTPOTO Ha)KaTHs JIEBOW KHOIIKH.
Ha 600 I'u (cpeanuii ToH) — TOPMO3HOH pa3pakuTeib —
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HE HaXHMaTh KHOMNKH. TecT HAuMHAJIM CO CKOPOCTH
npeabssieHns 30 pazapakureneii B MUHYTY U MOCTEIICH-
Ho mepexoaunu k 40, 50 u 3akaHuuBanu Ha 150 curHa-
nax. ITokazatenem yposus DITHII Obima makcumanbHas
CKOPOCTh TPEABSIBICHUS M IepepaboTku HH(POpPMAaIHH,
IIpU KOTOPOH HCIIBITYeMBI IoImrycKan He Oombime 5,0-
5,5% ommbok. O CHII cynwiu mo KOJMYECTBY OMINOOK
(B %), IOMYIIEHHBIX UCIBITYEMbIM IIPU BBITIOJIHEHUH BCE-
ro 3KcIepuMeHTanbHOTO 3amaHus. Omenkoirt YHII Opur
MOKa3aTellb TOYHOCTH CEHCOMOTOPHBIX peakumil. Omnepa-
TOpPY HEOOXOAMMO OBUIO TOYHO OCTAHOBHTH OOBEKT, KO-
TOPBII ABUTAJICSI C PABHOMEPHOIH CKOPOCTBIO, @ HHTEpPBAJI
MEXAY MyCKaMU M3MEHsICS Cly4aiiHbIM oOpa3om. Koiu-
YEeCTBO WCIMBITAHWH 33/aBaJIOCh JKCIIEPUMEHTAaTOpOM U
cocraBisio 30 myckoB B cepun. O YHII cynunu no myu-
LIEMY pe3yJbTaTy CyMMapHOH BEJIMYHHBI ONEPEKAFOIINX
U 3ama3AbIBAIOIIUX peakUUuid U3 Tpex cepuid. YeM MeHblIe
CyMMa BCceX OTKJIOHEHHH M cpelHee 3HAUCHHE PeaKkIui B
Mmc, TeM Beime YHII.

W3yueHne mapamMeTpoB CEHCOMOTOPHONW PEaKTUBHOCTH
MIPOBOAMIIOCH IO BPEMEHH MPOCTHIX CITyXO-MOTOPHBIX pe-
aknuit (IICMP) u peaxmm Beidopa nByx (PB,.3) u3 Tpex
cursanos [8, 12].

Peructpanuio cnekTpajbHBIX XapaKTEPUCTHK Cepied-
Horo putMma (CP) ocymectBisiin Ha npubope Cardiolab+
B COCTOSIHUH TIOKOSI, 8 TaK)Ke BO BpeMs IepepadOTKH MH-
¢dopmanuu. Onpenensiid CTaHAAPTHOE OTKIOHEHHE HH-
TepBalioB R-R B BeiOopke (SDNN Mc), cymMmmMmapHyO MOTI-
HocTh crektpa (TP mc?), MONIHOCTD Ha OYEHh HHU3KHX
(VLF mc?), mmskux (LF mc?) u Boicokux (HF mc?) gacro-
Tax [2].

Jis u3ydeHne MO3roBOTO KPOBOOOpAIICHUS! MCIOIb-
30BaJId METO]] CIIEKTpalbHOU peosHuedanorpaduu (POI)
W YYWUTHIBAIM  aMIUIMTYHO-4AaCTOTHBIA  IIOKa3arelb
(AUIl, 1/c), xapakTepHUCTUKH TOHYCa apTepHil KPYyIHOTroO,
CpPEeTHEr0 W MEJIKOro AMaMeTpa, AUKPOTHUECKU MHIEKC
(AU, %). Perucrpanumio POI' mpoBoguinm B COCTOSHUHU
mokost ((hOHOBBIC TIOKA3aTeNIM) M HA 5-W MUHYTE mepepa-
6otku nHpopmanuu [15, 17].

W3yueHne BBI3BAaHHBIX MOTEHIMANOB Pggp mpoBoamim
Ha KoMnbloTepHOoM Komiuiekce "Heipoxom" XAU Menu-
ka. Mcnonp3oBany OMHAypalbHYI0 CTUMYISLHIO TIPH 3a-
KPBITHIX IJ1a3aX B 9KPAaHUPOBAHHOI CBETOHEIIPOHUIIAEMOM
U 3BYKOM3OJMPOBAHHOW Kamepe INPOAOIDKUTEIBHOCTBIO
50 Mc ¢ nmepuoaoM mnocneaoBareiabHocty 1-2 c. Yacrora
TOHA 3HAYUMOTO CTHUMYJa coctaBisuia 2000 I'n, a He 3Ha-
gumoro — 1000 T'i. IlosiBieHWEe X B CEpHHM CTUMYJIOB
ObuT0 TIceBHOCTydaifHbIM. OOcienyeMblii Moaydal HH-
CTPYKIMIO B COOTBETCTBHM C KOTOPOH OH JOJDKEH OBLI
oOpamiaTh BHMMaHHE, PACIO3HABATh U IOJCYUTHIBATH
OJIMH M3 CTHUMYJIOB (3HAYMMBIN), KOTOPBIN pexe MoaaBal-
csl B pAAy APYTHX CTUMYIOB. Mcnonb3oBanu oTBesieHHE
C3 u Cy4, pedepeHTHBIM 3JIEKTPOJIOM OBLT UIICHIATEPAIIb-
HBII yIIHOH. Omnoxa ananu3a cocrasisiaa 1000 mc.

HccnenoBanue mamMsaTd M BHUMaHHS IPOBOJMIM C 10
oOmenpuHATEIM MeTonukaMm [8, 12]. [na ucciemoBanus
MIAMSITH UCIIOTIB30BAIIN TaOIUIIBI, KOTOPHIE COAEPIKaIH 110
10 cTUMYIIOB TIPENIIOKEHHOTO JIJISl 3AIIOMUHAHUS MaTepH-
ana. Bpemst nemoHcTparuu tabmaui coctapisiio 30 c. Jlms
3aIIOMHUHAHUS TPUMEHSUTUCH: OECCMBICIIEHHBIE CIIOTH, O
HO- W JIBYCIJIOTOBEIE CJIOBA, HE CBSI3aHHBIE CMBICIIOM, JIBY-
3Ha4yHbIe U(PBI 1 reoMeTpudeckne ¢urypsl. s n3yde-

HUsI CBOMCTB BHMMaHHMsS: 00bEMa, YCTOMYMBOCTH, CKOPO-
CTH, NIPOJLyKTUBHOCTH, UCIIOJIB30BaIN Tabauy AHdumo-
Ba. Pacmpenenenue BHUMaHUS HCCIEIOBATIHN 110 METOANKE
OTBICKMBAHUS YHCENl, a OIpeJelieHHe MepeKITIOYCHUs
BHUMaHHS C UCIIOJb30BaHHEM "KpacHO-4EpHBIX" TabHI
Iynere.

ITpodeccronanpHy0 AEATEIHHOCTh OLEHUBAIHN IIyTEM
aHaJM3a KOJMYeCcTBa mepepadoTaHHO# nHpopMannu 3a 5
MHUH. paboTH Ha KommbloTepe. Mccaemyempie ObUTH MO-
THBUPOBAHbl HA BBIIIOJHEHHE MaKCHMAJIbHO OBICTPOH M
6e3omnbouHoi nepepaboTkn uHpopmanuu. [Ipeabssie-
HUE KaXJ0TO CIEIYIOLIETO pPa3IpaXKUTeis aBTOMaTHue-
CKU M3MEHSJIOCh B 3aBUCHMOCTH OT NPABUIBHOCTH OTBE-
Ta. Ilocne npaBUIBHOTO OTBETA HKCIO3ULUS MpPEIbsBIE-
HUSI CUTHaJjla yMEHbIalachk, a B Cllydae OLIMOKH - yJUTH-
Hsach Ha 20 Mc. CUUTanoch, ueM OOJIbIIe CUTHATIOB ObI-
JI0 TIepepaboTaHo 3a BCe BpeMs pabOTHI, TeM BHIIIEC YpO-
BEHb MPO(ECCHOHATBHOM NEATEIbHOCTH, YTO, KaK IpaBH-
710, COBITAJIAJIO C SKCIEPTHON OIIEHKOH PyKOBOIMTEINCH.

Pe3ynpraTel 00pabaThIBa METOJaMH TMapaMeTpHice-
CKOH W HemapaMeTPUYEeCKOW CTATHCTHKH C HCIIOJIB30Ba-
HueM naketa nporpamm Excel-2010.

PesysabTaThl u 3akia04yenue. B pesynsrate obcneno-
BaHHs yCTAHOBJICHA CBSI3b MEXJy CBOMCTBAMH OCHOBHBIX
HEPBHBIX MPOIIECCOB, C OJHON CTOPOHBI, U YCHEITHOCTHIO
npodeccroHaNBHOI AEATEIBHOCTH, & TAKKE KOMILIEKCOM
ncuxoduznonornyeckux (GyHKuui — ¢ apyroit. Jluma 3
BbICOKUM U cpeanum yposaem ®ITHII, CHII u YHII oka-
3a]HCch OoJsiee CIIOCOOHBIMH K BBINOJHEHUIO Hpodeccro-
HaJIbHOM IEATeNbHOCTH M XapaKTepH30BAINCh Oosiee BbI-
COKHM KOMIUIEKCOM IcHX0(pn3noaornieckux GpyHKuunii.

JI1s HOATBEPXKIICHNS 3TOW 3aBUCHMOCTH MBI IIPOBENN
COIIOCTaBJIEHHE KOJIMUecTBA IepepaboTaHHON HH(pOpMa-
IIUHM Y ONEepaTOpOB, PAaCHpPEAEICHHBIX METOIOM CHUTMajb-
HBIX OTKJIOHEHWIl Ha TPU TPYNIbL, B 3aBUCHMOCTH OT
CBOWCTB OCHOBHBIX HEPBHBIX IpoIieccoB (Tadum. 1).

Tabmmma 1.
KosmuectBo (X = m) nepepadoranHoii nHpopmanun
onepaTopaMu ¢ pa3JIM4YHbIMHU CBOIICTBAMH OCHOBHBIX
HEPBHBIX MPOIECCOB

YposHu KonmdecTBo CHTHAJIOB 33 5 MUHYT paboThI
@ITHII,

CHIT, VHIT OITHIT CHII VHIT
Bricokuit 720+5,17 735£6,19 724+7,14
Cpennnit 640+ 6,18 655+5,18 670+8,13

Husknit 581+£530* 604 £6,31* | 615+7,18*

IIpumeuanue: * — TOCTOBEPHOCTh OTIMYMUA MEKAY BBICOKAM H
Hu3kuM yposHsamu OITHII, CHII u YHII, p < 0,05.

Kak BupHO m3 Tabnmmsl 1: y JMIl C BBICOKMM |
cpenunM ypoBHeM DITHII kosmuectBo mepepaboTaHHOM
nHdopmanny (kaapos) ObLIO BEIIIE, YEM Y OIEPAaTOPOB C
HU3KUM YPOBHEM ATOTO CBOHCTBA, COOTBETCTBEHHO, 720 +
5,17 u 581 + 5,30 (p < 0,05), y sur ¢ Beicokoit CHIT - 735
16,19 u 604 £ 6,31 ¢ Huskoii cunoii (p < 0,05), a 'y mur ¢
Boicokoit YHII - 724 + 7,14 npotuB 615 + 7,18 ¢ Huskou
ypaBHOBemreHHocTEl0O  (p < 0,05). Kpome Toro,
KOPPENSIUMOHHBIN aHanu3 mnokaszai, yro Mexay OITHII,
VHII, CHII ¢ naMsTbI0 CyILIECTBYET TeCHas CBA3b. bonee
BBICOKMM  TIOKa3aTelsIM  THIOJIOTHYECKHX  CBOMCTB
COOTBETCTBOBAJ W Oompmmid 00BEM KpPaTKOBPEMEHHOMN
3pUTENbHON maMsTH (puc. 1).
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BrisiBriena cBsi3bp u Mexay BHuManueM u OITHII, YHII
n CHII (puc. 1). Koadduumenr koppemsmuu Mexmy
wumMu  Ob1 Ha ypoBHe 1 =0,23-0,47 (p<0,05).
AHanu3upys Halld JaHHBIC C MO3UIIMKA COBPEMEHHBIX
npeacTaBieHuid o MmexaHmamax mnamsatu [10, 11], bl
cyMTaeM,  YTO  3allOMHUHAHHE, COXpaHCHHE U
BOCIIPOM3BEJICHHE  WHPOPMAIUKM  €CThb  aKTUBHBIM
mporieccoM, a 3(pPEKTHBHOCTh 00paboTKu HH(pOpMAIHN
3aBHCHT  OT  CHOCOOHOCTH  HEPBHOW  CHCTEMBI
BEIIEP)KUBATh JUTATEITFHOE KOHIICHTPHPOBAaHHOE
BO30Yy’K/IeHHE, CKOPOCTH 00pa30BaHMsI HOBBIX BPEMEHHBIX
CBsi3el, OoJyiee [UIMTEIBHOIO COXPAaHEHMS CIIEOBBIX
MPOIIECCOB, KOTOPHIC B OOJNBINCH CTEICHU OOYCIIOBIICHBI
pazsutueM OITHII, YHC u CHIL

Puc. 1. Koppemsuu mexxay GITHIL, CHIL, YHII u
nokazarensmu namatu (K311 va ¢purypsi, K311 Ha cioBa),
BHuMaHus (PBH — pacnipenenenue, OBH — 00veM, YBH -

YCTOHYMBOCTB), CCHCOMOTOPHBIX peakiuii (mpoctas - [I3MP,
crnoxkHast - PB,_3) u cepneunoro putma (HF, LF, SDNN);

ykazanvl moavko oocmosepnvle cészu (p < 0,05)

AHanorn4Hasi 3aKOHOMEPHOCTb ObIa HAMH BBISBJIICHA
W MEXIy CBOWCTBAMM BHUMAaHHUS M TOKa3aTeIsIMU
OIIHII, VYHII wu CHII (pmc. 1). PesymsraTe
KOPPEIALMOHHOTO ~ aHaJlM3a MEXAY  [OKa3aTelsIMU
OITHII, CHII, YHII u napamerpamMu NepeKIIOYEHUs,
pactpezneneHus, oObeMa M yCTOHYMBOCTH BHUMAaHMS
BBISIBUJIN CBs3b Ha ypoBHe r = 0,23 - 0,47, (p < 0,05). Ha
Hall B3IJIS/I, B OCYIIECTBICHHHM JAHHBIX IICUXHUYECKHX
GyHKIMHA — PUHUMAIOT — y4acTHe Te IKE  camble
HeWpohHU3HOIOrHIeCKUe MEXaHU3MBI, KOTOpbIE
obecneunBator DITHIT, YHIT u CHII. Cuuraem, uTto

CBOMCTBA BHUMAaHUA PpCaIn3yroTCs KOMIIJICKCOM
OCHOBHBIX HCEPBHBIX IHPOLECCOB. CI/IHLHHH, IOJABHIKHaA
HEPBHAA CHUCTEMA co3/1a€T (1)I/I3I/IOJ'IOFI/ILICCKI/I€

NPEATNIOCHIIKK Uil Oosibiiero oO0béMa BHUMaHHA, a
cnabasi W WHEpTHAasE — CyXaeT O0O0bEM BHUMAaHHMSA,
OTPAHUYMBAET €r0 BO3MOKHOCTH. IIpu cunbHOM HepBHOU

cucTeme BO3HUKAET 6oiee MIAPOKast 30Ha
COCpeoTOueHMsI, a mpu cimabod — y3kas. [lostomy,
omepaTopbl ¢ TEHETHYeCKHM WHEPTHOW U ciaboid,

HEYpPaBHOBEIICHHON HEPBHOM CUCTEMOH OJIHOBPEMEHHO
BOCTIPHHUMAIOT MEHbIIIEe KOIMYECTBO MHPOPMALINH, YEM
C CHJIBHBIMU M MOJBMKHBIMM HEPBHBIMHU IIPOLIECCAMHU.
Hcxonst u3 pe3ysbTaToB COOCTBEHHBIX MCCIIEOBAHMH U
JUTEPATYPHBIX JAHHBIX, MOXXHO CUYHTaTh, YTO OOBEM
KPaTKOBPEMEHHON 3pUTENbHOM NaMATH U BHUMAHUSA
HMEET TECHYI0 CBSI3b C  BBICOKO I'€HETUYECKU

OOYCIIOBJICHHBIMH ~ WHIMBHYaJIbHO-THIOJIOTHUYECKIMHU
CBOICTBAaMHM OCHOBHBIX HEPBHBIX mpoueccoB [12].
BricokuM  mokazaTensM, KOTOPBIE  XapaKTepU3YyIOT
CBOMCTBa OCHOBHBIX HEPBHBIX MIPOLIECCOB,
COOTBETCTBYIOT M BBICOKHE OOBEMBI KPaTKOBPEMEHHOI
MaMATH U BHUMaHHS.

HccnenoBaHusiMu yCTaHOBIIEHO, YTO BPEMS MPOCTOM U
CIIO)KHOW CEHCOMOTOPHOW peakmuy OBIJI0 JOCTOBEPHO
MEHBIIUM y T€X ONEPAaTOpPOB, KOTOPHIE OTIMYAIUCH BbI-
coknm ypoBHem DITHII, CHIT u YHII. Haobopor, ome-
paTophsl C HU3KUM YPOBHEM OCHOBHBIX HEPBHBIX IpoLec-
coB umenu Oojee Bbicokue 3Hauenus II3MP u PB,j
(puc. 1).

CriekTpaibHble XapaKTEpUCTUKU CEPIEYHOr0 pPUTMa
KOPpEJNUpOBaJIN CO CBOMCTBAMH OCHOBHBIX HEPBHBIX
nporeccoB (puc. 1). Y Juil ¢ BBICOKUM YPOBHEM CBOMCTB
Ha CHEKTpOTrpaMMe dame (GHUKCHPOBATHCH JOCTOBEPHO
6onee Hm3kue 3HaueHus momuoctn TP, VLF u HF mo
CPaBHEHHMIO C JIMIAMH C HHU3KAMH HX TIpajalysiMH.
[Tomy4yennsle pE3yIbTATHI MOITBEPAUIIUCH U
JOCTOBEPHBIMH KOPPEIALMOHHBIMY CBA3SIMHU HAa YPOBHE I
= 0,23 - 0,37 (p < 0,05) mexny OITHII, CHII, YHII u
nokasateiasmu: SDNN, HF u LF (p<0,05). MoxHo
cuutath, yto OIIHII, YHII u CHII, kak BBICOKO
TCHETUYECKU-ACTEPMUHUPOBAHHbIE CBOMCTBA HEPBHOU
CHCTEMBI BHOCSAT OINpPEAEICHHBIH BKJIaA B AaKTHBALUIO
BEreTaTHBHBIX MEXaHM3MOB peryllUd cepAna |
obecrieueHne COOTBETCTBYIOIIETO
NICUXO(HU3HOJIOTHIECKOTO (OHA IUIST MPOM3BOACTBECHHON
JIeSITENIbHOCTH onepaTopos [5, 11, 12].

Pesynbrarel POT y nur ¢ pa3HbIM ypOBHEM MHAUBHIY-
AJIbHO-TUIOJIOTHYECKHX CBOMCTB yKa3bIBAalOT HAa OTIUYHUS
U B T€MOJUHAMUKE MO3ra. Y JHI[ C BBICOKHMM YpPOBHEM
OIIHIT Bo Bpemsi nepepaboTKH CiyXoBoi MHpopmanuu
BBISIBUJIN J10CTOBepHO Oojee Beicokmit AUII, Gornee HU3-
kuil /IW, a Takke CTaTUCTUYECKU MEHbIINE 3HAUYECHUS TO-
Hyca KPYIHBIX COCYJJOB Mo3ra (Tadm. 2).

Tabmmma 2.
IMoka3aTenu reMOAMHAMUKH M0O3ra y ofepaTopoB 3 pa3-
JIMYHBIM YpoBHeM GYHKIHOHAILHOI MOABUKHOCTH HEPB-
HBIX IPOLIECCOB

TokazaTenu YpoBHH (PYHKIHMOHAIBHON MTOABIKHOCTH
HEPBHBIX MPOIIECCOB
Bricokmii Cpennnit Huskuii

AUII 1/¢ 0,40+0,02* 0,28+0,02 | 0,17+0,01
JN % 59+6 6245 6345

ToHyc KpyMHBIX cOCy- 0,85+0,05%* 0,92+0,04 | 1,15+0,04

JIOB y.€.
ToHyC cpeaHux U Mell- 0,48+0,02 0,5+0,02 | 0,52+0,01
KHX COCYJIOB V.€.

* - mocToBepHOCTH OTIIHUmi p < 0,05 MeX Iy BHICOKAM H
Hu3kuM ypoBHsiMu OITHIT

B ommune ot aroro, y nun ¢ Huskoi OITHIT Habmro-
JlaNlach CHIDKCHHAST WHTCHCUBHOCTh KPOBCHAIIOJHCHUS,
MTOBBIIIEHHBI TOHYC IepeOpalbHBIX apTepHil pa3HOTro
JUaMeTpa, YTO 3HAYMTEIIBHO ITOBBIIIATIO BO3MOXKHOCTH
BO3HMKHOBEHHUS PacCOTIACOBAHUS B CHCTEME ''JEJIOBEK-
MamuHa" 1, ONpeNeeHHO, YKa3bIBAIO Ha JIe3aanTaIiio
PeryIsaTOPHBIX MEXaHU3MOB Mo3ra [20, 23].

CBsI3b CBOWCTB OCHOBHBIX HEPBHBIX IPOILECCOB C BBI-
3BaHHOW aKTHBHOCTBIO MO3Ta BEIIBIJIO HE TOJBKO 3aBH-
CUMOCTh MEXIy JTHUMH IIEPEMEHHBIMH, HO U JOCTOBEp-
HBbIC OTJIMYHUS B MEKIHUKOBBIX MHTepBanmax Ni;—Pp, P—Njy,
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N,—P3, P3 —N3 xorHuTuBHOrO moteHmuaga Psy. Y nuir ¢
Hu3kuM yposHeM PITHIT BrisiBneHBI OoJiee KOPOTKHE Jia-
TEHTHOCTH PAaHHUX KOMIIOHEHTOB H JIOCTOBEPHO OONbIINE
JaTEHTHBIE MEPUOAbI MO3IHUX KOMIOHEHTOB N, u Pj
(puc. 2). Kpome Toro, 6puia ycraHOBI€HA 3HAUYUTEIbHAS
AKTHBAIH JIEBOTO IMOJYIIApHs y JIUI C HU3KHM YPOBHEM
1, Ha000poT, IpaBoro - ¢ Beicokorr GITHIT.

M3yueHue BbI3BaHHON aKTHBHOCTH MO3Ia ONEPaTOPOB
C pa3HbIMHU THUIIOJOTUYECKUMHU CBONCTBAMHU HEPBHOW ak-
A *
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TUBHOCTH CBHJIETEJILCTBYET O Pa3HBbIX CTPATETUSX OTBET-
HOH peakuuu Ha pazapaxurenu. [1o Bcelt BUAMMOCTH, 3TO
MOXET OBITh CIEACTBUEM Pa3IMUYHOTO yYacCTHUsI HECTElH-
¢uveckux cucteM mo3sra [1, 4, 5], 9YTO UMEET THUMIOIOTH-
YECKYI0 OOYCIIOBJICHHOCTh U, B CBOIO OYepeilb, HAXOJUT
OTpakKCHHE B KOJIMYECTBEHHOW M KAauECTBEHHOMN COCTaB-
JSFOIIUX TPOQECCHOHATBHOI EATETHPHOCTH OTIEPATOPOB.

800 x

600 *
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Puc.2. JIaTeHTHBIE IEPUO/IBI BHI3BAHHBIX MOTEHIIMATOB TIPH UCCIIEN0BAHAN KOTHUTHBHOTO P3gg CITyX0OBOW MOJATBHOCTH B JIEBOM
(A) n npasom (B) momymapun oneparopos ¢ BeicokuM EA n auskum [ yposrem ®ITHIT; * - docmoseprocms omauuuii p<0,05.

Takum 00pa3zoM, pe3yibTaThl HUCCICIOBAHHSA JOKA3BI-
BalOT, YTO BBICOKO TE€HETHYECKH JIE€TEPMHUHUPOBAHHBIM
WHIUBUAYATbHO-TUIIOJOTHUYECKUM CBOMCTBAM OCHOBHBIX
HEPBHBIX MPOIIECCOB B MPO(PECCHOHATBLHON ACSITEIBHOCTH
OmepaTopoB MOOUIILHOU CBSI3M OTBOIUTCS Ba)KHAs POJIb.
Ornepatopsl ¢ BBICOKMM U CPEIHHM YPOBHEM THUIIOJIOTH-
YECKHUX CBOWMCTB XapaKTepU3YIOTCA Ooliee BEHICOKUMU 3Ha-
YEHUSIMHU KOMIUIEKCA ICUXO(PH3NOIOTHICCKUX ()YHKITHIA
M YCIELIHEE BBINONHIA MPOU3BOJACTBEHHBIE 3aJaHUS.
JIuna ¢ HU3KUM YpOBHEM XapaKTEPU3YIOTCS JOCTOBEPHO
HU3KOHW YCTOMYMBOCTBbIO BHUMAHHUS U TaMSTH, OTIMYAIOT-
cs 0oiee KOPOTKMMH MEKITMKOBBIMH HHTEpBaNaMH Nj—
P,, P2 =N, NP3, P3 —N3 1 moctoBepHO GosbIIUMU Ja-
TEHTHOCTSIMH KOMIOHEHTOB Ny, Py, Ny, P3 KOTHUTHBHBIX
BBI3BAHHBIX MOTEHIUAIOB P3p9. Y HUX ycTaHOBIEHBI 0O-
nee Bricokue 3HaueHus momrHoct SDNN, LF u HF cep-
JIEYHOTO pUTMa, a Ha peorpaMMe MoO3ra - MEHBIIMHA am-
IJTUTYAHO-9aCTOTHBIN TOKa3aTelb M BBICOKUN TUKPOTH-
YECKUH MHJAEKC. XapaKTepHO, YTO OTUMCICHUN M3 YHcia
OTIepaTopoB MOOMIIEHOW CBSI3W C HU3KUMH TOKA3aTEISIMU
MHIUBUAYAIbHBIX CBOMCTB HEPBHOW CHCTEMBI B HECKOJIb-
KO pa3 ObUIO OOJIBIIE, HEXKEI ¢ BBICOKUMH XapaKTepH-
CTUKaMU HCCIIeAYEMBIX THUIOJIOTHYECKUX CBOIcTB. Bcee
9TO CBHJIIETEIBCTBYET O TOM, YTO (hYHKIIMOHAIBHOH ITO-
JIBIDKHOCTH, CHJIE W YPaBHOBEUIEHHOCTH HEPBHBIX IPO-
[IECCOB TMPUHAJIEKHUT BaKHAST POJIb B OOECIIEUSHUHN TPO-
(eccroHATBHON NeATETHHOCTH, QYHKIINHN MTAMSITH U BHH-
MaHMsI, CECHCOMOTOPHOW W BEreTaTUBHOM PEaKTHUBHOCTH
OTIepaTOpOB MOOWJIBLHOW CBSI3W M YTO MX HEOOXOIUMO
YYUTBIBATh MPH pa3pabOTKe CHCTEMBI MPOGECCHOHATBHO-
r'0 MCUXO(H3UOIOTHIECKOTO 0TOOpa OMepaTOpoOB JaHHO-
T'O IPOQHIISL.

BriBOaBI:

1. YcraHoBIeHa CBSI3b BBICOKO TCHETHUYCCKHU JICTCPMHU-
HUPOBAHHBIX HHIUBHUIYaJbHO-THIIOJOTHUYCCKUX CBOMCTB
BBICHIMX OTJEJNOB LIEHTPaJbHOH HEPBHOM CHCTEMBI:
(YHKIIMOHATIBHOHN TOJBI)KHOCTH, CHJIBI U YPaBHOBEIICH-
HOCTH HEPBHBIX IIPOIIECCOB C BBI3BAHHOW AKTUBHOCTHIO
MO3Ta, CIIEKTPaJbHBIMH XapaKTePUCTUKAMH CEpICYHOTrO
puT™Ma, TiepedpaNtbHON TeMOIMHAMUKONW, (QDYHKIMSIMH I1a-
MSATH, BHUMAaHHS, CEHCOMOTOPDHOW pPEaKTUBHOCTBIO H
VCIICITHOCTEIO BHIMOJHEHUS MPOQPECCHOHANBHOTO 3aja-
HUS OIepaToOpaMHu.

2. Ilpu BBITOTTHEHHUHW 3aJJaHUS IO TepepaboTKe CIyXo-
BOWM MH(pOpPMAIUK BBISBICHBI HHIMNBHIYaJbHBIC OCOOCH-
HOCTH MICUXO(PHU3UOIOTUIECKOI0 00ECIIeUeHHs OIiepaTop-
CKOM nesTensHOCTH. OnepaTropsl ¢ BBICOKUM U CPEIHHUM
YpOBHEM THUIIOJIOTUYECKUX CBOMCTB OKazanuch Ooiee
CIIOCOOHBIMH K TIepepadoTKe nHpopManu.

3. Jluua ¢ uuzkum ypouem OITHIIT, CHIT u YHII xa-
PaKTepU30BATUCH MEHBIINM KOJIUYECTBOM IepepaboTaH-
HOW WH(pOpMAINK, HU3KOW PEaKTHBHOCTHIO HEPBHOH CH-
CTEMBI, YCTOWYMBOCTHIO BHUMAHHS W 3allOMHHAHUS, 0O-
Jiee KOPOTKHMH MEKITUKOBBIMH HHTepBanaMu Ni—P,, P,—
N2, No—P3, P3—N3 1 moctoBepHO OONBIIMMU JTATCHTHRIMHU
meproaMu KoMoHeHToB Nj, P, Nj, P3;, KOTHHTHBHBIX
BBI3BAHHBIX MOTEHIUANOB P3p9, Ni—P,, N,—P3, ciyxoBbix
BBI3BAHHBIX KOTHUTHBHBIX TIOTEHIHAIOB P3gp. Y HEX
YCTaHOBJCHBI 00Jiee BBICOKHME 3HAYCHHS MOIIHOCTH
SDNN, LF u HF cepaeuynoro purMa, a Ha peo3Hiedano-
rpaMMe HaOmOmanu Oojee HU3KHHA  aMIUTUTYIHO-
YACTOTHBIA MOKA3aTeNlb W BBICOKUHA TUKPOTHYCCKHIA WH-
JICKC KPYITHBIX COCYIOB MO3Ta.
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Lizogub V.S., Makarenko N.V., Yukhimenko L.I., Khomenko S.N., Kozhemyako T.V. The role of the properties of the basic
nervous processes and psycho-physiological functions in activity of the operators of cellular connections
Abstract. Functional activity (FANP) power (PNP) and balance (BNP) neural processes, evoked activity and hemodynamics of the
brain, memory function and attention, sensorimotor and autonomic reactivity in mobile operators was investigated with using of
computer techniques. First in the processing of auditory information was identified individual psychophysiological features ensure
operators professional activity. Persons with high and medium level properties of the basic nervous processes were more capable of
processing information. Operators of low level of basic nervous processes had fewer redactions, low reactivity of the nervous system,
sustained attention and memory, shorter intervals between N;-P,, P,-N,, N,-P3, P3-N3 and large latent periods components Ny, Py, N,
P; evoked cognitive potentials of P5y. They were had higher power values of SDNN, LF and HF heart rate and low amplitude-
frequency component, high bisferious index and high values of the tone of the large vessels of the brain.

Keywords: operators, processing auditory information, individually-typological properties, caused by brain activity reoencepha-
logram, memory, attention, heart rhythm.
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under Adapttion to Physical Stress

Bogdanovskaya Nadezhda Vasilyevna, D.Sc. in Biology, Prof.,
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Abstract. A survey of 29 trained and untrained youths aged 18 to 20 years was carried out. It has been shown that the optimal level

of adaptation of a trained body to prolonged and intense physical exercise is provided by the activation of not only the constitutive

calcium-dependent nitric oxide synthesis, but also by oxidative arginase metabolism of arginine, which yields a range of important

low-molecular bioregulators and antioxidants, including urea. Significant reduction in the functionality of the body of trained youths

at the end of competition period and as a consequence the manifestation of disadaptation signs correlates with increased oxidative

calcium independent nitric oxide synthesis and its non-oxidative synthesis due to reutilization of stable circulating NO metabolites.
Keywords: metabolism, arginine, nitric oxide, physical exercise, adaptation, youths

Introduction. It is proved that nitric oxide plays an
important role in the adaptation of the organism to
physical exercise in particular through the regulation of
the functional state of the cardiovascular system [4, 5, 6].
A number of authors identified the restructuring of the
functional status of endothelium and nitric oxide system
in humans under the influence of muscular work, which
relates primarily to the increase in nitric oxide (NO)
synthesis and as a consequence to the severity of vascular
vasodilator responses [7-10]. It should also be noted that
in almost all studies metered and nondurable physical
exercises were exclusively used.

As we have shown earlier, young sportswomen per-
forming prolonged physical work of great intensity and
amount in either the mode of training, or in aggravated by
psychological stress mode of competition manifested sig-
nificant changes in nitric oxide synthesis: among the
women, at transition from training load up the same one,
but in terms of psychological stress the intensity of the
oxidative degradation of arginine with the participation of
cNOS reduced significantly, as well as arginase pathway
of its metabolism by which such important low-molecular
bioregulators as urea, polyamines and GABA are synthe-
sized; and conversely the oxidation of arginine by calcium
independent iINOS enhanced [1, 2].

The goal was to study the characteristics of changes in
the exchange of L-arginine including oxidative nitric ox-
ide synthesis in healthy persons under the influence of
prolonged exercise of significant amount and intensity. It
was important to examine the intensity of nitric oxide
synthesis both inducible and constitutional, the intensity
of its reutilization (salvage) synthesis through the restora-
tion of stable circulating metabolites — nitrite and nitrate,
as well as the intensity of a non-oxidizing degradation of
arginine by arginase.

Methods. The experiment involved 17 untrained
students, young men (control group) and 12 trained young
men, handball players (experimental group) aged 18 to 20
years. Youths of the experimental group systematically
performed muscular work of large amount and intensity
during 11 months. The first three months were training
period, over the next 8 months (competition period)
training exercises (25 — 30% of the total load of the
training period) were carried out in parallel with the
competition in accordance with the schedule of a team.

In the study, biochemical parameters that characterize
the rate of metabolism of L-arginine by two alternative
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pathways of metabolism (non-oxidative arginase way and
oxidative NO synthase one) were determined in blood
plasma of youths in both groups.

The intensity of non-oxidative metabolism was as-
sessed by determining the activity of arginase and urea
amount formed when using this enzyme. The intensity of
the oxidative degradation of arginine to synthesize nitric
oxide was assessed by the activity of different isoenzymes
of NO-synthases — calcium dependent constitutive one,
cNOS (it was determined as the total activity of endothe-
lial and neuronal NOS: eNOS + nNOS = cNOS) and cal-
cium independent inducible one (iNOS), as well as the
level of stable oxidized metabolites of nitric oxide, name-
ly: nitrite (NO, °) and nitrate (NO; ) anions.

We also estimated the intensity of nitrate anions sal-
vage for re-synthesis of nitric oxide by determining
NADPH-dependent nitrate reductase activity in the blood
plasma. All those indicators were determined according to
previously described methods [1, 2].

We also calculated relative changes (D,%) in biochem-
ical parameters with respect to certain investigated period,
or control according to such a formula:

D =100 (X; — Xn)/Xn,

where Xi is the final value of a parameter; Xn is the in-
itial value of the parameter.

All biochemical parameters were measured in leuko-
cyte enriched plasma of untrained young men of the con-
trol group at the beginning of survey and in trained young
men of the experimental group three times: at the end of
the training period (or beginning of competition period),
in the middle and late period of competition period. In the
process of the training period (3 months), physical activi-
ty was performed in the absence of factors of psychologi-
cal stress, and within the competitive period (8 months) it
was performed in both a stress-free mode, and in stressful
conditions of the responsible competitions.

Chosen scheme for determining these biochemical pa-
rameters was based on the fact that we tried to evaluate
the changes in the activity of different pathways of argi-
nine and nitric oxide synthesis in the late training period
(at the peak of physical fitness, achieved during the train-
ing sessions), in mid-competition period (after 7 months
after the start of training or 4 months after the start of the
competitions), and at the end of competition period (with-
in 11 months after the start of training or 8 months after
the start of the competitions).
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In untrained young men of the control group at base-
line of the survey and in trained ones of the experimental
group after the training period, in the middle and late pe-
riod of competition period we determined simultaneously
the overall physical work capacity (PWCjz) by means of
sub maximal test PWC,7,, and maximal oxygen consump-
tion (VO,max) relative to body weight by Karpman’s [3]:

PWCy70 =
[N1 + (Nz - N1) (170 — HR1)/(HR2 - HR1)]/BW,

where N is capacity of the first load, kgm / min; N, is
capacity of the second load, kgm / min; HR; is heart rate
at the end of the first load, min * HR, is heart rate at the
end of the second load, min ™ BW is body weight, kg.

VO,max = 1.7 - PWC,, - BW + 1240,

where PWCy, is relative value of the overall physical
work capacity, kgm -min * -kg™; BW is body weight, kg;
1.7 and 1240 are constant coefficients.

All results were processed by variational statistics
method, using t Student's test. Mean value (M), standard
deviation (m) and coefficient of reliability (P) calculations

was performed using Calc (OpenOffice.org), STATISTI-
CA’99 (“StatSoft. Inc”).

Results and their Discussion. In the investigation we
analyzed the dynamics of biochemical and functional pa-
rameters of surveyed and trained youths. Table 1 shows
the results of a preliminary survey of both the control and
experimental youth groups. Examination of the latter
group was held at the end of the preparation for the com-
petitive season, at a kind of a peak of their functional
readiness, which was confirmed by their sufficiently high
values of the general physical working capacity PWC;zo
and maximal oxygen consumption (VO,max). The young
men who trained regularly and intensively for 3 months at
that stage manifested values of almost all the studied bio-
chemical parameters significantly higher than those in un-
trained youths of the same age in control group. This
showed the importance of the studied biochemical mark-
ers of NO-synthase and arginase pathways of arginine
metabolism, as well as oxidative and (by NOS) non-
oxidative salvage (by nitrate reductase) synthesis of nitric
oxide for youths’ adaptation to prolonged and considera-
ble physical exercises [7-10].

Table 1

Biochemical and functional parameters of the surveyed (control group n = 12) and trained (experimental group n = 17)
youths (M £+ m)

Parameters Control Trained
NO,, pmol mg™ of protein 177.1+18.1 323.70 &+ 24.70*
NO3, nmol mg™ of protein 7.74+£0.82 1.67 £ 0.20*
Arginase, nmol-min™-mgof protein 1.21+0.16 2.09 +£0.25*
Urea, nmol mg™ of protein 56.68 + 5.40 75.80 + 6.20*
Constitutive NO-synthase, pmol-min™-mgof protein 40.04 +3.24 58.6 + 7.90*
Inducible NO-synthase, pmol-min™* mg~of protein 14.44 +4.08 123+2.45
Total NO-synthase, pmol-min™-mgof protein 54.48 +7.48 70.95 +9.85
Nitrate reductase, nmol-min™ mg™ of protein 3.17+0.15 347+0.41
General physical working capacity, kgm- min™ kg™ 12.86 +0.97 26.64 +131*
Maximal oxygen consumption,ml min*-kg™ 4832+ 1.24 70.24 +2.84*

*—-P<0,05.

However, analysis of the results made it possible to as-
certain the presence of a specific hierarchical organization
of arginine exchange and nitric oxide synthesis in the ex-
perimental group of surveyed youths at the highest (max-
imum) level of their functional readiness. So, at the end of
the training period with the maximum values of PWC;q
(twice higher than in the control) and VO,max (statistical-
ly significant excess of VO,max control values by 50%)
the dominant role in providing the necessary content of
nitric oxide and as a consequence, the maximum level of
functional parameters of trained youths fully adapted to
the implementation of a long and significant physical ac-
tivity is provided by a sufficiently high activity of consti-
tutive nitric oxide synthesis (+46.35% compared with the
control) in combination with high levels of arginase activ-
ity (+72.73%). In addition, the importance of achieving
optimal functional fitness may also have a contribution of
nitric oxide re-synthesized from its circulating stable me-
tabolites (nitrite anion content was by 82.78% higher, and
nitrate anion content by 78.44% lower than those in the
controls), although significant differences in nitrate reduc-
tase activity were not recorded. Significantly lower (by
14.82%) values of iNOS in young men compared with the
control group also testified in favor of an optimal state of
nitric oxide synthesis in young men of the experimental
group at the beginning of the training period.
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In general, we can say that more expressed constitutive
de novo nitric oxide synthesis in trained youths, combined
with a relatively moderate increase in salvage pathway,
increased intensity of arginase pathway and decreased ac-
tivity of calcium-independent (by iNOS) NO synthesis
were observed against the background of increased values
of their overall physical working capacity and aerobic ef-
ficiency as compared to control. It is a convincing proof
of the important role of nitric oxide synthesized by consti-
tutive way rather than inducible one to ensure an adequate
level of functional fitness of the body.

We also evaluated the changes in nitric oxide synthesis
in various stages of training and competitive activity of
trained youths in the dynamics of adaptation to changes in
the nature and extent of external impact on their body in
the form of muscle work.

As it is seen from the results presented in Table 2,
long-term combination of training and competitive pres-
sures in trained youths of the experimental group resulted
in decreased level of their physical work capacity and
maximal oxygen consumption by the middle of competi-
tion period, which fully confirms the published data on
this question. In this connection, significant changes were
observed in the system providing the body with nitric ox-
ide.
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It has been found that under conditions of prolonged
muscular work a dominant role in ensuring the optimal
level of the system of nitric oxide synthesis belongs not
only to oxidative constitutive synthesis of NO but also to
its non-oxidative re-synthesis from stable metabolites.

Thus, in the middle of competition period some plasma
parameters reached maximum values: the content of ni-
trite anion (+16.77%), cNOS activity (+22.30%), and es-

pecially nitrate reductase activity (+112.68%), while on
the contrary, content of the nitrate anion (-38.92%) and
the activity of arginase (-37.32%) reached the minimum.
It is possible that increased activity of cNOS was due to
decreased activities of both arginase and iNOS (-15.20%)
competing with cNOS for the common substrate — L-
arginine.

Table 2

Changes in the absolute values of the biochemical and functional parameters in trained youths, depending on the duration
of regular physical exercises and psychological stress during competitions (M £ m)

Parameters Middle of competitive peruid End of competitive period
NO,, pmol mg™ of protein 378.0 +46.90 299.2 £ 16.00%*
NOs’, nmol mg™ of protein 1.02 £0.13%* 1.33 £0.05%*
Arginase, nmol-min™-mg™of protein 1.31+0.29* 1.89 + 0.06
Urea, nmol-mg™ of protein 57.60 £ 9.60 65.80 +2.70
Constitutive NO-synthase, pmol-min™-mg™of protein 71.67 £6.42 37.65 £ 3.00%*
Inducible NO-synthase, pmol-min*-mgof protein 10.43 +1.36 20.20 + 1.30%*
Total NO-synthase, pmol-min™-mg™of protein 82.1£2.42 57.85+8.03
Nitrate reductase, nmol-min*-mg™ of protein 7.38 £ 0.87*** 4.80 + 0.45**
General physical working capacity, kgm-min™ kg™ 23.77+0.57 19.85+£0.61*
Maximal oxygen consumption, ml- min?-kg™ 63.61+1.20 60.25 + 1.92%*

*-P<0,05; **-P<0,01; ***—-P <0,001.

It is known that the end of competition period in
sportsmen is characterized by a powerful growth of the
natural fatigue, decreased physical ability and physical
fitness. In accordance with the results presented in Table
2, in trained youths at the final stage of the study we actu-
ally showed marked significant decrease in PWCq (by
25.49% compared to baseline values) and VO,max (-
14.22%). At the same time, the need for continued com-
petitive activity and performance of physical activities at
the appropriate level requires the mobilization of func-
tional reserves and the formation of new physiological
mechanisms of its adequate adaptation to regular muscu-
lar work.

As it was shown by the results of our study, adaptive
adjustments in the synthesis of nitric oxide in the bounda-
ry phase and even above-threshold external influences are
reflected in the change in the hierarchy of the individual
components. In the survey of youths in the experimental
group at the end of competition period, we found signifi-
cant changes in the intensity of oxidative de novo and
non-oxidative "salvage" nitric oxide synthesis. At that
time, the main role in the synthesis of nitric oxide was
owned by its calcium-independent synthesis (significant
increase in iINOS activity from baseline values was
64.23%). Thus, the calcium-dependent synthesis of NO
decreased reciprocally (-35.76%).

The results of survey made it possible to identify some
significant features in the organization of nitric oxide syn-
thesis in young men aged 18 — 20 during their prolonged
training and competitive activities. It has been shown that
the transition from the relatively favorable conditions of
the training period to the extreme conditions of the com-
petitions was accompanied by a change in the values of
the main ways to ensure their body's nitric oxide — from
the dominant role of oxidative constitutive de novo NO
synthesis from L-arginine and non-oxidative arginase me-
tabolism of the latter with the formation of intermediate
low-molecular bioregulators and antioxidants (urea, poly-
amines, GABA) to the predominance of oxidative calci-
um-independent inducible nitric oxide de novo synthesis
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and its non-oxidative "salvage" synthesis. Thus, we can
assume the paradoxical possibility of participation of non-
oxidative arginase pathway of arginine degradation (argi-
nine + H20 — urea + ornithine — putrescine — GABA
— guanidine butyric acid (GBA) — NO or arginine +
H20 — urea + ornithine — glutamate - GABA— GBA
— NO), and not just oxidative NO synthase degradation
(arginine + H20 — citrulline + NO) in maintaining high
levels of nitric oxide synthesis as evidenced by a high
content of nitrite anion in the blood plasma of untrained
young men. Perhaps it is a necessary and important condi-
tion for their effective adaptation to the implementation of
large amount of training loads for a long time. Obviously,
high arginase activity in trained young men may provide
additional nitric oxide formation during the oxidation of
different isozymes of GBA along with the classical argi-
nine oxidation by NOS. In addition arginase metabolism
of arginine can consistently provide the body with urea as
an antioxidant and regulator of NO synthesis, putrescine
as a regulator of cell proliferation and antioxidant, GABA
as a regulator of mitochondrial pore and inhibitory neuro-
transmitter in the CNS, which is also very important to
adapt to the intense and prolonged physical exercise of a
training period in the absence of psychological stress fac-
tors. Within the competition period when the effects of
these factors are enhanced, the intensity of the non-
oxidative exchange of arginine is gradually reduced to the
level of untrained young men, that is, from a biochemical
point of view there is almost complete body deadaptation
at the end of competition period according to non-
oxidative exchange of arginine.

The data obtained are not only evidence of the im-
portance of both oxidative and non-oxidative arginine me-
tabolism for adaptation to prolonged physical exercise of
large intensity, but also the important role of non-
oxidative (constitutive calcium-dependent and calcium-
independent inducible ones) and non-oxidative "salvage"
pathways of nitric oxide synthesis, which is an essential
complement to the existing information on the subject.
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Conclusions 2. An increase in the degree of adverse effects of
intensive training (physical) and competitive (both
physical and psychological) stress is accompanied by a
1. The end of training sessions within the training  pronounced adaptive changes in the hierarchy of
period for young men performing regularly muscular  constitutive oxidative (decrease) and inducible (increase)
work is characterized by high levels of both oxidative and  de novo nitric oxide synthesis, as well as non-oxidative
non-oxidative metabolism of L-arginine on account of salvage nitric oxide synthesis (increase) andnon-oxidative
both calcium-dependent constitutive NO synthase  degradation of L-arginine (decrease).
(synthesis of nitric oxide and citrulline) and non-oxidative 3. Physical deconditioning of young men at the end of
metabolism of arginine (synthesis of ornithine and urea).  competition period is accompanied by a significant
The high portion of nitrite anion content in the total pool increase in the activity of oxidative calcium-independent
of circulating in plasma stable metabolites of nitric oxide de novo synthesis of NO and in a less degree by
corresponds to body adaptation to prolonged and increasing its non-oxidative synthesis due to salvage of
intensive physical exercise. circulating oxidized stable metabolites.

REFERENCES (TRANSLATED AND TRANSLITERATED)
1. Bohdanovs'ka NV, Sviatodukh HM, Kotsiuruba AV, Korkach 7. Bowles DK, Woodman CR, Laughlin MH. Coronary smooth

luP, Malikov MV. [Nitric oxide synthesis during long-term muscle and endothelial adaptations to exercise training. Exerc
adaptation to intensive muscular work in female sportsmen]. Sport Sci Rev. 2000;28 (2):57-62.
Fiziol Zh. 2009;55 (3):94-9. 8. Clarkson P, Montgomery HE, Mullen MJ, Donald AE, Powe
2. Bohdanovskaya NV, Svyatodukh AN, Malykov NV. [Evalua- AJ, Bull T, Jubb M, World M, Deanfield JE. Exercise train-
tion of the role of vascular endothelium in the physical fitness ing enhances endothelial function in young men. J Am Coll
of female volleyball players during an intense competitive ac- Cardiol. 1999;33 (5):1379-85. Green DJ, Maiorana A,
tivity]. Visn Zaporizk Nat Univ Bio.sciences. 2008;1:40-3. O'Driscoll G, Taylor R. Effect of exercise training on endo-
3. Karpman VL. Testing in sports medicine. Moscow: FIS; 1988. thelium-derived nitric oxide function in humans. J Physiol.
4. Moybenko OO, Sagach VF, Shapoval LM, Solovyov Al, Ba- 2004;561 (Pt 1):1-25.
zilyuk OV, Zhukova AV, Tkachenko MM, Marchenko SM. 9. Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S,
[Role of endothelium and biologically active substances of Schoene N, Schuler G. Effect of exercise on coronary endo-
endothelial origin in the regulation of circulation and the thelial function in patients with coronary artery disease. N
heart activity].Fiziol Zh. 1997;43 (1):2-3. Engl J Med. 2000;342 (7):454-60.
5. Moibenko AA, Pavliuchenko VB, Datsenko VV, Maiskii VA.  10. Kingwell BA. Nitric oxide-mediated metabolic regulation
[Role of nitric oxide in the mechanisms of formation of reflex during exercise: effects of training in health and cardiovascu-
vasomotor responses]. Usp Fiziol Nauk. 2005;36 (4):3-12. lar disease. FASEB J. 2000;14 (12):1685-96.

6. Sagach VF. The role of nitric oxide in the regulation of blood
circulation. Regulatory function in the body. In: Purines and
nitrogen monoxide. Minsk: Tehnoprint;2003. p. 110-3.

Borpanosckasa H.B., Manukos H.B. Onenka 1THHAMHUKHM H3MeHeHUs] AKTUBHOCTH Pa3/IMYHBIX MyTell 00MeHa aprHHUHA NPH
ajanTanuu K PU3NYECKHUM HArpy3KaM

AnnoTtanus. [IposeneHo obcnenoBanue 29 TpEHUPOBAHHBIX M HETPEHUPOBAHHBIX FOHOMIEH B Bo3pacte 18-20 mer. JJokazaHo, 4TO
ONTHMAJIBHBIN yPOBEHb aaNTallii UX OPTaHW3Ma K MPOJOJDKUTENFHBIM ¥ HHTEHCHBHBIM (pU3MUECKUM Harpy3kaMm o0ecriedunBaeTcs
MIPEBATNPOBAHIEM MHOTOCTAUITHOTO HEJOOKHCIEHHOTO apTMHA3HOTO MeTaboJIM3Ma apTHHNHA U €T0 OKHCINTENFHOTO MaTtaboarn3mMa
MPH yYacTUM KOHCTUTYTHBHBIX Kanbluit3aBUCUMBIX NO-cuHTaz (eNOS u nNOS), mpu KOTOpBIX 00pa30BBIBa€TCS HECKOIBKO
BO)XHBIX HHU3KOMOJIEKYJSIPHBIX OHMOPETryJIsITOPOB M AHTHOKCHAAHTOB (MoueBHMHa, mnomuamubbel, ['AMK) Hax onxHOCTaguiiHBIM
KaJbIMHHE3aBUCHMBIM OKHCIEHHEM apruHHHA, M3 KOTOPOTo OOpa3oBBIBACTCS JIMIIb OKCHJ a30Ta. 3HAYUTENIBHOE CHIDKCHHE
(YHKIMOHAJIBHBIX BO3MOXKHOCTEH OpraHM3Ma TPEHHPOBAaHHBIX IOHOIIEH B KOHIIE COPEBHOBATEIBHOIO IEPUOAA M, KaK CJIEJICTBHUE,
MPOSIBIIEHHE MPHU3HAKOB JIe3aaNTalll1, CBA3aHO C IKCIpEecCHell aKTUBHOCTH MHIYLMOENbHOH KanpiuiiHe3aBucuMoi NO-cHHTa3HI,
9TO HE KOMIIEHCHPYET NOTPEOHOCTH OpPraHM3Ma B OKCHJIE a30Ta.

Knrouesvle cnosa: memabonusm, apeunut, oxcuo azoma, gusuyeckue ynpasxicHeHus, a0anmayus, OHOUU.
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Abstract. In 118 healthy men and women parameters of wave structure of heart rate at rest in the lying position, during tilt-test and
psychoemotional load were determined. In 32 women the registration was realized three times, namely during follicular phase, ovula-
tion and luteal phase of ovarian-menstrual cycle. It was observed that variability of male and female heart rate at rest in the lying po-
sition is substantially different due to greater general power of R-R-interval oscillation spectrum in men. In vertical position and un-
der psychoemotional load the decreasing of general spectrum power in women was greater than in men. Also the power reactivity
and its distributions in heart rate low frequency range considerably differ in direction and amplitude. Observed during the repeated
measurements female lower reproducibility of the parameters of heart rate wave structure can be explained by changes in female or-

ganism that depend on ovarian-menstrual cycle.

Keywords: heart rate variability, tilt-test, psychoemotional load.

Introduction. It is well known that the heart rhythm is
the universal indicator of the organism reaction on the in-
fluences of external and internal environment. It contains
information about functional human state both under
normal and pathologic conditions [9, 12]. Analysis of the
heart rate variability can be used in order to estimate veg-
etative balance, homeostasis self-regulation system.
Moreover the high level of heart rate variability also has
to be a subject of special analysis for the purpose of elim-
ination of probable heart activity disorders [11, 19].

Papers [4, 5, 8, 10] contains the information about the
age and gender changes of some heart rate variability pa-
rameters. In Ketel et al [16] investigations, that were real-
ized for randomized group of 149 mean age men and 137
mean age women, was revealed that level of heart rate
variability is inversely proportional to age and cardiac
rhythm in subjects of both gender. The level of LF is
higher in men compared to women. Similar gender and
age peculiarities of the wave structure of heart rate were
observed in investigations of other researchers, namely,
Bai X et al [13] (group of 302 men and 312 women), Au-
bert et al [12] (653 subjects) and Barrett et al [14] (276
subjects).

Also the significant distinctions exist between reactivi-
ty of power of R-R interval length oscillations and arterial
pressure in women and in men in case of physical, intel-
lectual and cold loads. It was shown [8] that centralization
of mechanism of regulation of cardiovascular system is
higher in women while the increasing of the activity of
sympathetic chain of vegetative nervous system is more
typical for men.

It should be noted that question about gender differ-
ences in heart rate variability parameters is not enough
studied. Also the manifestation of reactivity of organism
characteristics under the different loads is not investigat-
ed.

The aim of the investigation is the study of the pecu-
liarities of male and female heart rate variability at rest in
the lying position, during tilt-test and psychoemotional
load.

Materials and methods. The 118 men and women be-
tween 18 and 23 years of age took part in the investiga-
tion. The investigation was realized with adherence of the
main bioethics condition of Council of Europe Conven-
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tion on Human Rights and Biomedicine (04.04.1997),
World Medical Association Declaration of Helsinki: Ethi-
cal Principles for Medical Research Involving Human
Subjects (1994-2008). In 32 women the registration was
realized three times — during follicular phase (1), ovula-
tion (I1) and luteal phase (I11) of ovarian-menstrual cycle.
Determination of cycle phases was realized by using an-
amnesis, basal body temperature measuring and set of
stream ovulation test "Solo™ (IND Diagnostic, Inc. Cana-
da).

In the morning (from 8 to 11 hours) after the 15-
minutes rest in the lying position the 5-minuties registra-
tion of the electrocardiogram and differential impedance
rheogram (rheoanalyser PA-5-01, Kyiv Research Institute
of the Radio-Metering Equipments) had been realized.
Analogous registration was realized for the case of tilt-test
(5 minutes) and under psychoemotional load (10
minutes).

Statistical and spectral analysis of the cardiointerval-
gram was realized by using the software "CASPICO" (a/s
of Ukraine Nel11262). The power of the spectrum oscilla-
tion R-R in the standard frequency ranges: 0-0,04 Hz
(VLF), 0,04-0,15 Hz (LF), 0,15-0,4 Hz (HF), 0-0,4 Hz
(TP) and normalized power in range 0,15-0,4 Hz (HForm)
were estimated [10]. In order to the investigation of the
wave structure detail peculiarities the median spectrogram
in this range were drawn (with the step 0,01 Hz) [3]. Psy-
choemotional load was simulated by 10-minutes neurody-
namic testing in feedback mode according to the
M.V. Makarenko technique.

On account of the non-normal distribution of most pa-
rameters the median and ranges of top and bottom quar-
tiles were estimated. Scattering probability was deter-
mined by Wilcoxon paired comparison criteria.

Results and discussion. It should be noted that results
of spectral analysis of male and female heart rate at rest in
the lying position considerably distinguish. So values of
following parameters were higher in men compared to
women: LF (781 [426; 1285] ms® and 607 [251; 874]ms?,
respectively), HF (1165 [620; 1908] ms® and 795 [342;
1564] ms?, respectively), TP (2816 [1784; 4787] ms® ta
2143 [1099; 4104] ms®) with reliably (p<0,01). There
were no significant gender differences in HF,o, Ta VLF
parameters.
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In vertical position values of almost all parameters
substantially decreased (p<0,001) both in men and wom-
en. So VLF became equal 670 [348; 1453] ms® *®
512 [313; 937] ms?, respectively, LF — 932 [487; 1458]
ms® and 521 [289; 771] ms?, HF — 266 [128; 577] ms*and
192 [108; 344] ms?, HFnorm — 23,9 [14,3; 35,5] ms® and
28,5 [20,1; 36,6] ms> TP — 2089 [1115; 3358] ms” and
1286 [778; 2243] ms®. Such changes of heart rate variabil-
ity is related to changing of body position and redistribu-
tion of blood to lower extremities. Accordingly the vessel

tone rises in order to provide blood return to heart and the
acceleration of heart rhythm by activation of sympathetic
nervous system is observed. At the same time the heart
rate variability decreases [9, 10].

It is interesting that reactivity of several parameters of
heart rate was higher in women (p<0,01) in comparison
with men. For example value TP changed on -39,98 [-
29,19; 45,33] % and -25,8 [-37,5; -29,9] % respectively.
Amplitude of LF and HF,m changes was lower (p<0,01)
in women compared to men (Table. 1).

Table 1

Reactivity (%) of the parameters of heart rate variability during tilt-test and psychoemotional influence
in men and women (median, 25 and 75 percentile)

Conditions
Parameters Tilt-test Psychoemotional load
Men Women Men Women
VLF -10,5 [-22,2; 17,9] -12,01 [-16,05; -14,58] 2,4 [-10,9; 19,5] 0,06 [-3,9; -22,96]**
LF 19,3 [14,4; 13,4] -14,16 [15,37; -11,77]** 17,3[25,9; 2,2] -24,63 [19,62; -6,46]**
HF -77,1 [-79,3; -69,7] -75,83 [-77,99; -68,27] -54,4 [-56,8; -46,2] -68,03 [-60,64; -53,48]**
HFnorm -60,7 [-71,0; -49,4] -53,10 [-60,46; -49,51]** -37,0 [-50,3; -25,7] -37,89 [-51,36; -26,27]
TP -25,8 [-37,5; -29,9] -39,98 [-29,19; -45,33]** -15,0 [-5,3; -19,7] -28,42 [-12,41; -44,77]**

Note: ** - p<0,01 during comparison parameters of men and women.

Under psychoemotional load also the changes of heart
rate parameters both in men and women were observed.
So values of following parameters were higher in men
compared to women: VLF — 767 [398; 1472] ms® and 582
[359; 845] ms?, LF — 916 [536; 1314] ms® and 458 [300;
818] ms?, HF — 531 [268; 1027] ms® and 254 [134; 727]
ms?, TP — 2394 [1690; 3843] ms? and 1534 [962; 2266]
ms®. There were no significant gender differences in
HF norm parameter — 37,7 [24,7;53,4] % Ta 38,3 [24,4;52,2]
% respectively. It should be noted that reactivity of heart

rate variability parameters under psychoemotional load
maintains the gender differences in TP and LF values typ-
ical for tilt-test, in HF,,m such differences value vanished
and in HF - arised (Table 1).

Attention is drawn to the fact that maximal deviation of
the reactivity of heart rate variability parameters under
load (tilt-test, neurodynamic) is typical for the factors of
frequency range from 0,04-0,15 Hz. As a result the de-
tailed analysis of the distribution of power of heart rate
waves by normalized spectrogram was realized.
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Fig. 1. Normalized median spectrogram of the power of the R-R intervals length oscillations in the range of low frequencies of
male and female cardiac rhythm during tilt-test (I — women, Il — men; * - p<0,05 during comparison parameters of men and women).

It was shown that male and female normalized spectral
intensity in low frequency range during tilt-test has signif-
icant differences on 0,08 Hz and 0,1 Hz. The latter fact
may indicate that the gender peculiarity of spontaneous
baroreflex sensitivity and distinction in wave genesis ex-
ists.

At the same time both in men and women the consid-
erable individual peculiarities of heart rate wave structure
parameters were observed. In order to investigate stability
of such peculiarities the correlation analysis was realized.
The measurements with time interval near 40 days for
men and 28 days for women were carried out (Table 2). It
was defined that at rest, during tilt-test and under psy-
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choemotional load parameters repeatability was higher in
men compared to women. An exception was obtained in
case of Spearman correlation coefficient for VLF factor.
Such results corresponds with other researchers conclu-
sions that heart rate variability is genetic determinate
characteristic of human organism [4, 10]. The lower re-
peatability of heart rate variability in women can be
caused by hormonal changes of organism within ovarian-
menstrual cycle [2]. Therefore it is appropriate to analyze
the parameters of wave structure of heart rhythm separate-
ly in different phases of ovarian-menstrual cycle.

There were no significant differences in heart rate vari-
ability at rest in lying position in different phases of ovar-
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ian-menstrual cycle. At the same time the higher values of
HForm in the phase III in comparison with phase II (65,4
[54,8; 75,0]% and 55,4 [42,6; 68,9]% respectively) and
lower aLF (11533 [5449; 23958] ms®sHz' and 17224
[9769; 26508] ms®sHz”, respectively) were observed.
Such results indicate that the level of activation of the
parasympathetic branch of vegetative nervous system
within the folliculin and luteal phases is higher. During
the tilt-test the significant changes of the wave structure
of the cardiac rhythm were observed with some peculiari-
ties for the different phases of OMC. So the level of VLF
didn't change, LF decreased (with p<0,05) from 670 [273;
974] ms” to 459 [276; 689] ms? in the phase I1. With high
probability (p<0,001) the decreasing of HF, HF o, TP
was observed for all phases. Such changes are typical for
such kind of load and connected with dominance of sym-
pathetic chain of vegetative nervous system tone.

Table 2
Correlation coefficients for repeated measurements of the
parameters of spectral analysis of male and female heart

rate
Conditions
Parameters| In lying position Tilt-test Psych(iggzjotlonal
Men |Women| Men |Women Men Women

VLF, mc® | 042 050 | 041 | 040 0,46 0,33
LF, mc? 0,72 0,06* 0,58 | 0,06* 0,76 0,47*
HF, mc? 0,65 0,41* 0,82 | 0,35* 0,80 0,09*
HFnorm, %| 0,69 0,15* 0,64 | 0,33* 0,79 0,72
TP, mc? 0,37 0,10* 0,19 | 0,28* 0,76 0,38*

Note: *p<0,05 during comparison parameters of men and wom-
en

The analysis of the heart rate responsiveness in the
case of orthostasis is evidence of the increasing of the
power of heart rate low-frequency waves in the luteal
phase with the higher probability than for the process of
its decreasing in the ovulatory phase. Also in the phase |1
the significant increasing of the maximum peak in the
range 0,04-0,15 Hz (by 60,8%) had been observed.

Under neurodynamic test for different phases of ovari-
an-menstrual cycle the decreasing of HF, HFnorm, TP
was observed (p<0,001). Such changes are typical for
psychoemotional load and can be explained by significant
activation of sympathetic chain of vegetative nervous sys-
tem. In this case reactivity of LF in phase | (18,1 [-31,6;
75,1] %) differs from value in phase Il (-17,6 [-51,7; 50,2]
%) and III (-23,9 [-64,6; 69,7] %). Decreasing of HF o
in phase 111 was lower as compared with phase Il and I (-
26,6 [-4,3; -10,6] %, -38,3 [-48,9; -21,2] %, -45,0 [-55,9; -
20,6] % respectively).

Therefore under neurodynamic load the significant
adaptive changes of vegetative regulation in follicular
phase were observed. At the same time the lowest reactiv-

ity and inhibition of the organism functional state are typ-
ical for luteal phase of OMC.

Table 3

Reactivity (%) of the parameters of heart rate variability

tilt-test in the different phases of the women biological cycle

Phase
Parameter I I T
VLF -15,8[-49,5; 43,5] | -20,4[-57,5; 25,8] | -8,9[-46,3; 64,8]
LF -1,4[-35,6; 60,8] | -21,7[-59,2;29,7] | 27,6[-35; 71,8]"
HF -73,4[-88,7; -53,5]| -70,8[-85,5; -51,3] |-73,3[-83,4; -45,2]
HFnorm |-56,5[-65,9; -39,2] | -50,8[-60,6; -34,3] |-49,3[-64,3; -40,9]
TP -38,7[-59,5; 0,0] -41,3[-71,2; 7,3] | -35,7[-52,6; 32,5]

Note. * - p<0,05 in comparison with the parameters of phase I;
- p<0,05 between phases IT and III

Privci T. et al [20] maintain that analysis of cardioin-
tervals is more useful to the observation of small varia-
tions of heart rate variability activity during menstrual cy-
cle than typical parameters such as cardiac rhythm and ar-
terial pressure. However the results of the investigation of
heart rate changes during menstrual cycle still remain
questionable. It should be noted that phase of ovarian cy-
cle has an effect on heart rate variability in women of
childbearing aged both at rest and under psychoemotional
load [7]. Accordingly to [5] the increasing of the activity
of sympathetic division of vegetative nervous system at
rest during luteal phase in comparison with follicular
phase was observed by analysis of the parameters of heart
rate variability. However in [15] were no distinctions be-
tween parameters of wave structure of arterial pressure
and cardiac rhythm

It was found [17] that spontaneous baroreflex sensitivi-
ty increases during the luteal phase compared with fol-
licular phase (in 10 healthy women).

Conclusions

1. The value of heart rate variability of male and fe-
male heart rate at rest in the lying position is substantially
different due to greater general power of R-R-interval os-
cillation spectrum in men. In vertical position and under
psychoemotional load the decreasing of general spectrum
power in women was greater than in men. Also the power
reactivity and its distributions in heart rate low frequency
range considerably differ in direction and amplitude.

2. Observable female lower reproducibility of the pa-
rameters of heart rate wave structure may be explained by
changes in female organism that depend on ovarian-
menstrual cycle.

3. There were no significant differences in heart rate
variability at rest in lying position in different phases of
ovarian-menstrual cycle; during tilt-test and psychoemo-
tional load the highest changes of parameters of heart rate
wave structure correspond to luteal phase.
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Kosanenko C.A., Kynuii JI.W., Jlynenko E.N. OcobeHHOCTH Bapna0eIbHOCTH CEPIeYHOr0 PUTMA Y MYKYUH U JKeHIIHH
AnHoTauus. [IpoBoauIN U3MepeHUs OKa3aTeleld BOIHOBOH CTPYKTYPhI cepaedHoro putMa y 118 3M10pOBBIX MOMOABIX MY)KYIUH U
JKEHILMH B [MOKOE JIEXA, IPU OPTONPoOe U IMCUXOIMOLUOHAIBHO Harpy3ke. Y 32 jKeHIINUH PerHCTPALHU OCYIECTBISIINCH TPHIK/IBI -
B (DOJUTMKYIHHOBYIO, OBYJIITOPHYIO H JIIOTEHHOBYIO (pa3bl OBapHATIBHO - MEHCTPYalIbHOTO HUKIIA. 3HAYCHHUs BAPUATHBHOCTH Ceped-
HOTO PUTMA y MY>XUHH U JKCHIIUH B MOKOE JIe)Ka CYIMICCTBEHHO OTIMYAINCH 32 CUeT OOJIbIIeH 00IIei MOITHOCTH CIIEKTpa KojaeOaHuit
nHTepBana R-R y myxuus. [Ipu nepexose Tena B BepTHKAIBHOE MOJIOXKEHHE M IICHXOAMOLMOHANBHOI Harpy3ke CHIKEHHE OOIei
MOIIHOCTH CIIEKTPa y KEHIMH ObLIO OOJbIIIe YeM y MYXUHH, a PEaKTHBHOCTh MOILITHOCTH U €€ paclpe/ielieHnue B JUana3oHe HU3KNUX
YacTOT CepJCYHOr0 PUTMA CYLIECTBEHHO OTJIMYAIKMCH KaK 110 HANPaBJICHUIO Tak ¥ no ammuuryae. OnpeneneHa Ooiee HU3Kas BOC-
MPOU3BOMMOCTD TOKA3aTeNiell BOIHOBOM CTPYKTYPhI CEPAECYHOr0 PUTMA MPH MTOBTOPHBIX M3MEPEHHSX Y JKEHIIHH, M0 CPABHEHHIO C
MYKIMHAMH, 9TO MOXKET OBITH 00YCIIOBJIEHa H3MEHEHUSIMU B MX OpraHu3Me Ha (JOHEe OBapHaIbHO - MEHCTPYAJIbHOTO IUKIIA. Tak mo-
Ka3aTeld BOJIHOBOW CTPYKTYPBI CEpP/ICUYHOTr0 PUTMA B MOKOE JIeXkKa Y HKEHIIMH B Pa3anvHble (a3bl OBAPHAIHLHOTO UKJIA B OCHOBHOM
HE OTJIMYANAch; IPH OPTOMPOOE W MCHXOIMOIHOHATIBHON HATPY3KH Camble OOJbBIIME X W3MEHCHHS MPOUCXOJWINA B JIOTEHHOBON
¢asze.
Knrouesvie cnosa: sapuabenvnocms cepoeunozo pumma, opmonpooa, RCUXod2MOYUOHANbHASL HASPY3KA
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Abstract. It was established, that pretreatment of oat plants by NO donor sodium nitroprusside (SN) increased their sensitivity to the
herbicide fenoxaprop-P-ethyl (FP) action. Received data proved the possibility of increase of herbicide inhibitors of acetyl-coA-
carboxylase phytotoxic action due to the impact on NO-signalling system.

Keywords: NO, sodium nitroprusside, programmed cell death, graminicides, induced pathogenesis

Introduction. Herbicides site of action of which is en-
zyme acetyl-coA-carboxylase (ACC) are the most effec-
tive modern herbicides. Inhibitors of ACC have been
combined in the group of graminicides because due to site
of action peculiarities, only plants of cereal family are
sensible to them [10]. The decrease of the weed control
efficiency under the stress conditions and antagonistic in-
teraction with herbicides effective against dicot weeds are
essential disadvantages of graminicides [2]. It was estab-
lished that antagonistic decrease of herbicides phytotoxic
action is not related to the decrease of their inhibitory ef-
fect to ACC activity [8], so it must be determined by
changes in induced pathogenesis prosess. Therefore when
using graminicides for the development of effectiveness
prevention methods, it was necessary to uncover the na-
ture of pathogenesis induced by those herbicides.

It was established that development of graminicide's
phytotoxic action is mediated by active oxygen forms
(AOF) formation [3, 4]. Also it has been shown that herb-
icide inhibitor of acetyl-coA-carboxylase haloxyfop-R-
methyl have been causing internucleosome DNA frag-
mentation of maize seedlings root merystem [6]. Obtained
data has shown that AOF-mediated programmed cell
death (PCD) process take part in graminicides induced
pathogenesis. It followed that increase of the graminicides
phytotoxic action can be achieved by shift of anti-
prooxidant balance to the prooxidant processes direction.
This hypothesis has been confirmed by the research of
graminicides phytotoxic action changes in mixtures with
herbicides with prooxidant activity [5]. However, the pos-
sibilities of such a way of graminicides phytotoxic action
increase are limited by prooxidant herbicides selectivity
to the certain species of crops. In this connection, the pos-
sibility of increase of graminicides phytotoxic action
through the application of nonphytotoxic compound with
prooxidant activity is relevant. In the conditions of labora-
tory experiments, the nonphytotoxic concentration of hy-
drogen peroxide significantly accelerated the appearance
of maize seedlings root apical merystem necrosis [3].
However, the plants treatment with hydrogen peroxide
haven’t been resulted in essential increase of graminicides
phytotoxicity in the vegetative investigation and in the
field. Probably it is related with rapid exogenous hydro-
gen peroxide decomposition by antioxidant enzymes and
substantial activity of anti-prooxidant balance support
system state (data not published). The influence on NO-
synthase signalling sysytem may be an alternative way of
prooxidant application for stimulation of graminicides-
induced pathogenesis, since it is known, that this system
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take part in plant programmed cell death initiation [1, 9;
12].

Research purpose. In this regard the aim of our study
was to investigate the effect of NO donor sodium nitro-
prusside (SN) ((Na, Fe(NO)(CN)s) on graminicide
fenoxaprop-P-ethyl (FP) phytotoxic action.

Materials and methods. As the object of research, as
annual cereal weeds model, oat plants (Avena sativa L.)
sensitive to FP had been used. Plants were grown in vege-
tative area of Institute of plant physiology and genetics in
plastic pots with capacity 1 L using a mixture of soil and
sand in the ratio of 1:3 under natural light. The treatment
was carried out in three leaves phase by spraying of SN
solution in 2 mM concentration and FP in 5-10° and 10
M concentration. The total volume of solution for spray-
ing was 9 ml. The treatment of NS solution was per-
formed 24 hours prior to FP treatment. The inactivated
SN solution kept in light during the day was used to con-
firm the induction of herbicide's phytotoxicity changes by
NO molecule [11 ].

The phytotoxic action was determined on 21-st day af-
ter treatment by the growth inhibition of the aboveground
part wet substance weight and by decrease of photosyn-
thetic pigments content in plant leaves. The photosynthet-
ic pigments content was determined by plant material ex-
traction in DMSO [13]. The investigations were carried
out independently 4 times, the statistical data processing
was performed by Exel.

Table 1.
Weight of the oats plant aboveground part after herbicide
FP, SN and inactivated SN action (g).

. . Weight of one |Phytotoxicity,
Ne Variant experiment pglant, g %ytto contro)ll
1 control 0,243 100
2 FP (5:10° M) 0,199 18
3 FP (10 M) 0,055 77
4 FP (5-10°M)+SN (2mM) 0,119 51
5 FP (10 M)+ SN 2mM) 0,046 81
6 FP (5- 1(_)'5 M)+ SN (2mM) 0.176 28
(inactivated)
-4
7 FP (10" M)+ SN (2mM) 0,041 83
(inactivated)

Results and discussion. The treatment with SN in 2
mM concentration had no effect on oats plant weight. FP
in 10 M concentration caused the total plant death. Total
leaves necrosis had been observed, and wet substance
weight was 77 % lower that control (Table 1). The treat-
ment with SN had no effect on phytotoxic action at this
FP concentration. The decreasing of FP concentration to
5:10®° M led to respective phytotoxic action decrease: wet
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substance weight was 18 % of control, the edges of leaves
were partially necrotic on 21-st day after treatment. Stim-
ulating effect of SN pretreatment on phytotoxic action
progress with a reduced FP concentration had been dis-
tinct. The phytotoxic action increased by 32 % compared
with the effect of FP that determined by the degree of
plant weight growth inhibition. Inactivated SN did not af-
fect the plant weight growth inhibition by FP significant-
ly. Similar results were obtained in determination of FP
phytotoxicity by the photosynthetic pigments content re-
duction. The content of chlorophyll a under SN pretreat-
ment was 1,5 times less than under herbicide treatment in
5-10° M concentration, while in inactivated SN variant
chlorophyll content was not significantly different from
FP variant (Table 2).

Conclusions. FP phytotoxic action increase on account
of NO donor SN pretreatment on condition that SN inac-
tivation causes to loss of this effect, suggests that herbi-
cides inhibitors of acetyl-coA-carboxylase phytotoxicity
may be increased by influencing NO-synthase signaling
system. It can be assumed that stimulation of gramini-
cides phytotoxic action by NO donor is associated with
induction of apoptosis, based on the initiation of PCD by
NO-synthase signaling system data [1, 9, 12]. However, it
is known that NO can also affect the state of the anti-
prooxidant balance, thus depending on the concentration

it can act both as antioxidants and as a pro-oxidant [7].
Consequently, the influence of NO donors on the grami-
nicides phytotoxic effect may be mediated by the interac-
tion of NO-synthase signalling system with ROS. There-
fore, for clarification of the mechanism of NO donors in-
fluence on the phytotoxic action of herbicides inhibitors
of acetyl-CoA carboxylase it is necessary to conduct fur-
ther investigations.

Table 2.
The pigments content (mkg/mlg of wet substance) in the oat
leaves after FP and SN treatment on 21-st day.

o - Chlorophyll| Chlorophyll| Total chlorophyll
Ne Variant a b content (a+b)
1 control 8,40 1,95 10,35
2 FP (5:10° M) 347 0,42 3,89
3 FP (10 M) 0,66 0,41 1,07
FP (5:10°M)+SN
4 2mM) 2,12 0,70 2,82
FP (10" M)+ SN
5 (2mM) 0,34 0,37 0,72
FP (5-10° M)+ SN
6 (2mM) (inactivated) 2,87 117 4,04
FP (10*M)+ SN
! (2mM) (inactivated) 0,35 0,34 0,69
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IToBbIIeHHe (PUTOTOKCHYECKOTO AelicTBUS rpaMUHMLINAA deHokcanpon-P-3Tuiaa noHopom NO HUTpoONpyccHIAOM HATPUS

AHHOTAIMsI. Y CTAHOBIICHO, YTO Ipe/IBapUTelIbHas 00paboTka pacteHuii oBca qoHopoM NO Hutpomnpyccunom Hatpus (HITH) mossi-
IIaeT MX YyBCTBUTENHHOCTH K JeHCTBHIO repOumuna ¢enokcanpon-P-stuma (PII). [TonydeHHsle 1aHHBIE TOITBEPKIAIOT BO3MOXK-
HOCTB TOBBIIIEHUS (DPUTOTOKCHIECKOTO JIEUCTBUS IepOMIUI0B HHIHONTOpOB aneTmi-KoA-kapOokcunassl 3a cuer BiustHus Ha NO-

CHUTHAJIBHYIO CUCTEMY.

Knioueswvie cnoga: NO, numponpyccud nampus, npocpammuposannas 2ubensb KiemKu, epamuHuyuobl, UHOYYUpOBaHHbIl NAMo2eHe3.
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bykoe F0.A., Bypoanoea O.H.
IMoxa3aTe/in MEXaHUKH JABIXaHUS B OLEHKE CTENEHHU MYyJIbMOHOJIOTHYECKOT0 PUCKA
Y “KEHIIHH MOKUJI0T0 BO3pacTa

bykoe FOpuii Anexcanoposuy, 0okmop buosocuuecKux Hayx, npogeccop,
bypbanosa Onvea Huxonaesua, npenodasamens,
Taspuueckuti nayuonanbHwlll yHUsepcumem um. B.U. Beprnaockoeo, e. Cumgeponons, Yrpauna

AHHoOTanus. B cucteMe IbpIxaHUS B TEUCHUE XKU3HU NPOUCXOJAT 3aKOHOMEPHBIE M3MEHEHHUS, CBA3aHHBIE C IIPOLECCAMU CTApEHHUS.
ITpoucxoasT Mopdosiornyeckue 1 GyHKIHOHAIBHBIC M3MEHEHHS BO BCEX OT/ENIaX ABIXaTEJILHON CHCTEMBbI, KOTOpask O/lHA M3 MEPBBIX
00HapyXKMBAeT WHBOIIOIIMOHHBIE MepecTpoiki. OCOOSHHO BBIPaXKEH AMANa30H M3MEHEHHN PEerucTpUpyeMbIX MOoKa3aTenel MexXaHHU-
KU JBIXaHHSA: IbIXaTeIbHBIN PUTM ydalllaeTcs, BO3PACTaeT MUHYTHBIH 00BEM IBIXaHUS, U3MEHSIOTCSI COOTHOLIEHHS JIETOYHON U ajlb-
BEOJSIPHON BEHTWIALIMCH, 3HAYUTEIBHO YBEINYUBACTCA (DH3HOIOIHYECKOE MEPTBOE ABIXaTENBHOE IPOCTPAHCTBO M CHUIKACTCS JIOJIS
AJIBBEOJISIPHOI BEHTWISIIMU B CTPYKTYpe MHHYTHOTO 00b&Ma mbIXaHHs. Takas CHUTyals CHOCOOCTBYeT aKTHBHOMY Pa3BHTHIO 3a-
CTOMHBIX IpoLeccOB B OpoHXax. [IpoBeneHHbIe HcCIIeI0BaHNS MEXAHHKH JIBIXaHUS TI03BOJIMIIN BBISIBUTH HAIa30H 9THX H3MEHEHUI
PErUCTpUPYEMBIX MOKa3aTeNlel y *KEeHIIMH MOKUIOro Bo3pacTa. B 9Tol CBsI3H, ¢ Le/IbI0 BBIABICHUSA 3aKOHOMEPHOCTEH, OIpeAeso-
KX TOT WIN HHON YPOBEHb BEHTIIITOPHBIX CIIOCOOHOCTEH, BCe EHIMHBI OBIIM PacIpeAeNeHbl Ha TPH IPYIIIBI (C BEHTHIATOPHEI-
MH CIIOCOOHOCTSIMH B TIpEZIeNax BO3PAaCTHOH HOPMBI, C YMEPEHHO CHIDKEHHBIMU U C PE3KO CHMKEHHBIMH BEHTIUIITOPHBIMHU CIIOCO0-
HOCTAMH). B Xoze uccnenoBanust oTMeUeHHbIE 0COOEHHOCTH MEXaHHUKH JBIXaHUS TO3BOJIMIIH MIPEANON0KHTh HATMIHE ITyJIbMOHOIIO-
THYIECKOTO PHCKA y BCEX 00C/IeyeMbIX, CTEHEeHb KOTOPOro HanOoee BRIpaKeHa y )KEeHIIUH ¢ HU3KUMH BeHTHIISITOPHBIME CIIOCOOHO-
ctamu. Ciemyer oOpaTUTh BHUMAHHE Ha MOKAa3aTeNH JIETOYHONH BEHTHILILUY, KOTOPBIE Y BCEX 00CIeTyeMbIX IMPEBbIIIATN 3HAUCHUS
¢m3nonornueckoil HOpMbl. OYEBUIHO, JOCTATOYHO BBHICOKHH YpOBEHb BEHTWJIIIIMU B 3TOM BO3pacTe CIeQyeT paccMaTpHBaTh Kak
NIPOSIBIIEHHE BO3PACTHBIX CTPYKTYPHBIX M (DYHKIMOHAJIBHBIX M3MeHeHHH. OHaKo MaTTepH AbIXaHHS, XapaKTepU3YIOMIUI BEHTHIIS-
LU0 B IIEJIOM, HECKOJIBKO OTJIMYAJICS Y JKSHIIUH C Pa3IMYHBIMU BEHTWISITOPHBIMU CIIOCOOHOCTSIMH. Y >KSHIIMH EePBOM IPYIIIIHI IaT-
TEpH JBIXaHHs B OOJIBIIEH CTEHEHN COOTBETCTBOBAI OpaaUITHONYECKOMY THUITy. [IIsl )KeHIIMH 2 U 3 TPYIIBI MATTEPH JbIXaHUs MPU-
obpeTan 4epTbl HOPMOITHOMYECKOTO, HO C AOCTATOYHO BBICOKMMH 3HAYEHHSMHU INIyOWHBI AbIXaHHSA. BBIIBICHHAs BBICOKAs BEHTHUIIS-
TOpHAs! pEaKTHBHOCTb ONIPEAENAETCS MOP(HONIOTHIECKIMI H3MEHEHUMH B PECIIUPATOPHOH CTPYKTYpe JITKUX M TaK ’k€ MOXKET pac-
CMaTPHUBATHCS KK MPOSBICHUE MYJIbMOHOJIOTHIECKOTO PUCKA.
Kniouesvie cnoga: scenujunbl noxicui020 603pacma, MexaHuka ObIXanus, nyabMOHON0ULECKUL PUCK.

W3BecTHO, YTO B CHCTEME [BIXaHUS B TEUCHHE XXM3HM  IPAKTHUECKH HE M3YUYCHBI; HET KJIACCU(HUKALUK U KPUTeE-
MIPOMCXOJAT 3aKOHOMEpHBIE H3MEHCHHS, CBSI3aHHBIE C  PHEB OIECHKHM W3MEHEHHH 3THX cocTosHMH. B mocmean
nporueccamu crapeHus. Ha Kakom 3Tare OHTOTeHETHdIe-  TOAbI MOSIBIIINCH pabOThI, B KOTOPBIX ITOKAa3aHO, YTO y Ja-
CKOTO Pa3BHUTHS B 3aBUCHMOCTH OT KHCIOPOIHOTO 3alpo-  CTH JIOJCH 3HAaYE€HHsS HEKOTOPBIX IOKa3aTenell (yHKIHN
ca OpraHu3Ma M BO3MOXHOCTEH €ro yJOBIETBOPEHHS B  CHCTEMBI BHEIIHETO JBIXaHUS U PECHUPATOPHOTO ammapa-
peabHBIX YCIOBHAX Ooublnast TMO0 MEHbIAs Harpy3ka  Ta 3HAUYUTENFHO OTKIJIOHSAIOTCS OT CTaTUCTHYECKOH HOp-
nasiaeT Ha TO MJIM MHOE 3BEHO CHCTEeMBI JbIXaHus. B mo-  Mbl, ocoOeHHO y mozed moxkuioro Bospacta [2]. Ilpu
KHJIOM BO3pacTe U3MEHEHHS CUCTEMBI ABIXaHHUS M KUCJIO-  ATOM HHMKTO HE ITOJ[BEPraeT COMHEHHIO TO, YTO COCTOSIHUE
POIHBIX PEKHMOB OpraHM3Ma OCOOCHHO BBIPAXKEHBI.  ITyJBMOHOJOIHYECKOIO0 PUCKA MOYKHO OIPEIETUTh TOJb-
I'pynHas xieTka, IbIXaTeIbHBIC IIyTH U JIETKHE IpeTepie- KO C MOMOIIBIO HCCIIEOBAHMS CHCTEMBI BHEIIIHETO JbIXa-
BAIOT CTPYKTYPHBIE M (DYHKIMOHAIBHBIC H3MEHEHHS, IbI-  HUs. B CBsI3M ¢ 3TUM 111610 pabOTHI SIBUJIOCH BBISIBIICHHE
XaTeNbHBIM PHUTM Yy4alllaeTCsi, BO3pAacTaeT MHUHYTHBIH  OCOOEHHOCTEH MEXaHWKH JBIXaHUS y SKCHIIHH MOXKHIOTO
00BEM JBIXaHMS, U3MEHSIOTCS COOTHOIICHMSI MEXIY Je-  BO3pPacTa, Kak (pakTopa IMyJIbMOHOJIOTHYECKOTO PUCKA.
TOYHOH U albBEOJISIPHOW BEHTWIAIMEH, 3HAYUTEIHHO Marepuanbl 1 MeTOABI HcciieAoBaHus. beio obce-
yBeIMUMBaETCA (PU3MOJIOrMIECKOe MEPTBOE JbIXaTeIbHOE  JI0BaHO 45 >KeHIIWMH B Bo3pacte 65-75 yer. MexaHuka
MIPOCTPAHCTBO M CHIKACTCS JIOJS allbBEOJIIPHOW BEHTH-  JBIXaHMS M3ydajach NpH momoinu npudopa «Crmpo-Tect
JAIUM B CTPYKType MHUHYTHOro o0b&éma nwixanus. He-  PCy» ¢ xoMmbioTepHON 00pabOTKON peruCTpUPyEMBIX IO-
CMOTpSI Ha YBEJIMUEHHE JITOYHOW BEHTWIIIMHU, ajbBeo-  Kaszartenei. [Ipu atom ¢dukcupoBanu cienyrommue GpyHK-
JIIpHAs BEHTWJIAIMS CHM)KAETCS, YTO HapsAdy C YIUIOTHE-  IMOHAJNbHBIE TOKa3aTeNu: O0BEM JIETOYHOM BEHTHIIIIINU
HHEM aJbBEOJSIPHO-KAMMWUIIPHON MeMOpaHsl, ymenbme- (VE, yi/mun), nexarensaeiii 00béM (VT, i), gactoTy
HueM au(d(y3NOHHONW MOBEPXHOCTH allbBEON W yXyamie-  apixaTensHbIX aBmwkennit (f, mwkn/mmu), JKEJI Bmoxa
HHeM nporecca quddysun kucinopoaa uepes ansBeossip-  (OKEJIBx, 1), popcuposannyro XKEJI (DIKEJL, ), 06pémM
HO-KalISIpHbIe MeMOpaHbl BEeJEeT K yBEIMYEHHUIO ajb-  (opcupoBanHOrO BhIOXa 3a 1 cexynny (ODB 1, i), nu-
BEOJSIPHO-KAIMMUIIpHOTO TpanuenTa pO2, CHIDKEHHIO  KOBYIO 00BEMHYI0 ckopocTh (ITIOC, n/c), MrHoBeHHYIO
HalNpsDKeHUS. ¥ COZIEPXKAaHUsI KHCIOopoJia B apTepHanbHOH  00BEMHYIO cKOpocTh Ha ypoBHe 25, 50, 75 % JKEJI
KpoBH. B moxwmiioM Bo3pacte otMeuaercs coueranue pe- (MOC 25, MOC 50, MOC 75, ii/c), cpenHIon 00BEMHYIO
CIHMPATOPHOH, IUPKYJIATOPHOM, TeéMHUYECKO THIIOKCHH, CKOpOCTh Ha ypoBHe 25-75 % JKEJI (COC25-75, n/c),
CHUXAETCS WHTCHCUBHOCTh TKAHEBOTO JBIXaHUS, YeM U  CpeIHe0 00BEMHYI0O CKOpPOCTh Ha ypoBHE 75-85 % JKEJI
oOBsicHAeTCST cBoeoOpasue runokcndeckux cocrossHuii B (COC 75-85, n/c), )KEJI Beixoma (OKEJIBBIA, 1), pe3eps-
sToM Bo3pacte [1]. Bce 3T m3MeHeHUs MpUBOAAT K pe3-  HBIH 006EM Broxa (POBx, mit), pe3epBHBIA 00BEM BBIIOXA
KOMY IaJCHUIO MPHUCIOCOOUTENHHBIX BO3MOXKHOCTEH op-  (POBBIA, M), OTHOIIIEHHE BPEMEHH BBIZOXAa KO BPEMEHHU
TaHM3Ma MOXKWIOTO YelIOBeKa M MOTYT SBIAThCS ¢akro-  Broxa (Teeyn/TBx), émxocts Broxa (EBx, m). OnennBanu
POM IIyJIEBMOHOJIOTHYECKOTO pucka. Bmecte ¢ Tem, sTamel  ypoBeHb npixauus (Y], OTH.eq) IO COOTHOIICHHIO
ITyJIbMOHOJIOTHYECKOTO  PHCKA, YPOBHM IIpea0OJIe3HU
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POBe1/POBH, mpoBoawim
(ODB1/XEJIBA, %).

Maremaruueckas 00paboTka pe3yJabTaTOB IPOBOJU-
Jack ¢ wucnons3oBanueM nporpaMMmbel  STATISTICA
V.6.0. JIns OLleHKH TOCTOBEPHOCTH OTIMYUN HCIOJB30-
Bay t-kputepuiit CteionenTa. C 1enbio BBISBICHHS B3aH-
MOCBSI3€Hl MEXIy mapaMeTpaMu HPUMEHSUIH MHOTO(]aK-
TOPHBII KOPPEISLIMOHHBIN aHAIU3.

PesyabraTsl 1 uX 00cyxkaeHue. AHaIu3 pe3yabTaToB
HCCIIEJOBAaHMS TTO3BOJIMI BBIIBUTH 3HAYMTENIBHBIN AHama-
30H U3MEHEHHUH PErUCTPUPYEMBIX MOKa3aTeNneil MeXaHuKU
JIBIXaHUS y KEHIIUH MOKWIOro Bo3pacTta. B artoii cBs3y, ¢
LENBI0 BBISABICHUS 3aKOHOMEPHOCTEH, ONpeAessIoIuX
TOT WJIM WHOW YPOBEHb BEHTWJIATOPHBIX CIOCOOHOCTEM,
BCE JKCHIIMHBI OBLIM pacmpeeneHbl Ha Tpu rpynmsl. K
NepBOi rpyIme ObIIM OTHECEHBI 00CIeayeMble C BEHTH-
JSTOPHBIMH CIOCOOHOCTSIMH B TpEAeNax BO3PACTHOU
HOpMHI (15 genoBek). Bo Bropyto rpymmy ObLTH BKITIOUE-
HBl JKEHIIMHBI C YMEPEHHO CHIXCHHBIMH BEHTWJISTOD-
HBIMH cIocoOHOCTSAMH (15 9enoBek) W TPEeTbI0 TPYIILY
COCTaBMIIN JKEHIIWHBI C PE3KO CHIDKCHHBIMH BEHTHIIS-
TOPHBIMHU criocoOHOCTIMU (13 denoBek). OCHOBHBIM KpH-
TEepUeM paclipeieseHust 00caeJyeMbIX Ha TPYIIbl U He-
00XOIMMBIM YCJIOBHEM IPABWIBHOW OLEHKH (YHKIHMN
MEXaHHKHU JIBIXaHUs SIBJSJIOCH COINOCTAaBJICHUE (haKTHYe-

npo0y  TudHo-Boruana

meccamMy AMQU3MPOBaHHBIX u3MeHeHuit [5]. Ilamenue
CKOPOCTH BO3JIyLIHOT'O IOTOKA OTMEYEHO Ha BCEX YPOB-
HSIX OPOHXHUAJIBHOW CHCTEMBI JIETKHX. 3apEruCTPUPOBAHO
CHI)KEHHE OpOHXMANBHOH NPOXOAMMOCTH HAa YpPOBHE
OoypIIMX M CcpenHHX OpoHXOB B cpeaHeM Ha 37,0%,
(p<0,05) u Bemruunsl [IOC wHa 40,0%, (p<0,05) oTHOCH-
TEJIFHO JOJDKHBIX 3Ha4eHUH. ECIi CKOPOCTH BO3AYITHOTO
MMOTOKA B OOJBINNX U CPEeOHUX OpOHXAX 3aBUCHUT INIABHBIM
00pa3oM OT COKpaTHUTENBHBIX CIOCOOHOCTEH pecrupa-
TOPHOH MYCKYNIaTypbl, TO CHW)KCHHE BETMYIWHBI OpOHXU-
IBHOM IPOXOJNMOCTH B MEJIKHX OpOHXax ONpenessieTcs
TOJBKO TOHYCOM M OOILIEH IUIOMIabl0 MONEPEYHOTo Ce-
YEHUsI IbIXAaTEeNIbHBIX MyTeH, KOTOpbIE BOBJIEKAIOTCS B 00-
CTPYKTHUBHBIN Ipolecc B EepBYI0 ouepens [6].

TakuMm 00pa3oM, BBLABICHHBIE OCOOCHHOCTH MEXaHUKHU
JBIXaHHS TIO3BOJISIOT IPEIIOJIOKUTh HAIWYUE ITYIbMO-
HOJIOTHYECKOTO PUCKa y BCEX 00CIIEIyEeMbIX, CTETIEHb KO-
TOpOTro HamboJjee BrIpakeHa B 3 rpyrire.

Hamnbonee meranbHBIA aHANMH3 COCTOSHUS MEXaHUKH
JBIXaHUS Y KCHIIHH MTOKUJIOTO BO3pPAacTa MO3BOIIIET TIPo-
BECTH OIICHKY (DaKTHUECKUX IOKa3aTeiei, KOTOpHIe
MIPECTaBICHEI B TAOIHIIE 2.

Tabmuma 2.

IToka3aTenn MeXaHHKH ABbIXaHUSA € PA3JIMYHBIM YPOBHEM

BEHTUISITOPHBIX cniocodHocTel (X+Sx)

“ o IMoxaszarenn I'pyniibl HCIIBITyeMBIX J10CTOBEpPHOCTD pa3innyuui

CKHX TIOKazaTeled ¢ JobKHbIMH BenuuuHamu (%]13) T rpynna | 2 tpymma | 3 rpynma | P1-P2 | PI-P3 | P2-P3
(Tabunura 1). JKEJI B, 1 1,65+0,1 | 2,78+0,05 | 2,08+0,03 | <0,001 | <0,001 | <0,001
DIKEJL, 1 1,96+0,08 | 2,93+0,14 | 2,34+0,07 | <0,001 | <0,001 | <0,001

TaGmuma 1. 82217&: - 18672211 2,47+0,13 [2,06+0,008] <0,001 | <0,05 | <0,05

PakTHYECKHE U T0/KHbIE 3HAYEeHHUs MoKa3aTeJled MeXaHu- % 305 84,2+43,24 | 88,0+1,72 | >0,05 | >0,05 | >0,05
KH [IbIXaHHs 06caenyemMbIx rpynm (X£5x) TOC, we 3,08+ 0,32] 5,2140,42 | 43120,23 | <0,001 | <0,01 | >0,05
ToxazaTenu 1 rpynma 2 rpyrmma 3 rpynma MOC25, n/c |3,08+ 0,32 4,67+ 0,4 | 4,11+0,25 | <0,01 | <0,05 [ >0,005
X+SX | %3] X#Sx | %3] X+Sx | %3 MOC50, i/ |2,23+0,26] 3,24 £0,26 | 3,05+0,21 | <0,001 | >0,05 | >0,05

OPB I,/ c [2,47+0,13]98,2 | 2,06+0,08 | 96,2 | 1,70+ 0,10 | 70,2 MOC75, n/c |1,22+0,22] 1,460,15 | 1,27+0,13 | >0,05 | >0,056 | >0,05
MOC 25, w/c |4,67+0,40| 91,5 | 4,11+0,25 | 88,5 [ 3,08 +0,32 | 63,5 POB;‘;‘”’“ a0 TSm0 T <cor T00e T <001
MOC 50, n/c |3,24+0,26| 90,0 | 3,05+ 0,21 | 89,4 | 2,23+ 0,26 | 63,9 VT.n 0.720,04 | 0.95:0.1 | 070002 | <0,05 | >0.05 | <0,05
MOC 75, n/c |1,46+0,13| 90,6 | 1,27+ 0,13 | 80,8 | 1,22+0,22 | 72,7 PO BB, 11 0,44+0,11 | 0,66+0,13 | 0,36+0,12 | >0,05 | >0,05 | >0,05
KEJIBn, n [2,78+0,05| 75,3 {2,087+ 0,03]| 67,1 | 1,65+ 0,10 | 52,0 E B, 1 2,12+0,15 | 2,86+0,08 | 2,21+0,1 | <0,001 | >0,05 | <0,001
DXEJ, n 2,93+ 0,14| 98,7 | 2,34+0,07 | 81,5| 1,96+ 0,08 | 72,3 VE, n/mMun 12,1420,7 [13,93+1,07 | 12,64+0,7 | >0,05 | >0,05 | >0,05
Teoin/T B 1,32+0,03 | 1,5+0,1 | 1,46+0,07 | >0,05 | >0,05 | <0,05

YJI, umxn/mun | 17,0+0,85| 15,4+0,72 | 17,7+0,84 | >0,05 >0,05 >0,05

Kak cnemyeT u3 nmpeacTaBieHHBIX Pe3yIbTaTOB, JIUMH-
TUPYIOIIMM (DAaKTOPOM TPOSIBICHUSI BEHTHIIITOPHBIX CIIO-
COOHOCTEH y >KEHIIMH | Tpymmsl claegyeT CUUTaTh CHH-
KEHHbBIE COKPATHUTENIbHBIE CIIOCOOHOCTH WHCIIMPATOPHOMN
MYCKYNaTypsl, Ha YTO YKa3bIBalOT HH3KHE 3HAYCHUS
JKEJIBn, He npebimaBmue 75,0% TODKHBIX BEIHYUH,
(p<0,05). Kenmuubl 2 TPYyHIBl TaKkKe XapaKTepPH30Ba-
JIUCh NMOHM)KEHHOM MHCIMPATOPHOM aKTUBHOCTBIO: BENIU-
yunael JKEJIBA cocraBimsin 67,1% IOMKHBIX 3HAYCHHI
(p<0,05). Ha cHmxeHHbIe (YHKIIMOHATBHBIE BO3MOXKHO-
CTH PECHHPAaTOPHOM MYCKYJIaTyphl YKa3bIBallo TaKKe
ymenbimienne Benuuunsl [1OC mpumepno Ha 20,0 %
(p<0,05) ortHOcHTENBFHO BO3pacTHBIX HOpM. Hambomee
HHU3KHE BEHTWIATOPHBIE CIIOCOOHOCTH BBISBIICHBI y JKECH-
muH 3 rpynnel. Hapsay ¢ pe3kum orpaHuueHHEM BO3-
MOXHOCTEH Ul OCyIIEeCTBIECHHs (a3bl BlOXa y HUX OT-
MEYaJNCh W3MEHEHHS B I[IOKA3aTeIsIX MEXaHMYECKUX
CBOMCTB almapaTa BEHTHISINH, YTO HAIIJIO OTPaXEHUE B
ymenbmennn BemnauH DIKEJI u OOBI. Kpome Ttoro
3HageHnss ODPBI1, xapakTepusys CyMMapHYI MPOXOIH-
MOCTh JBIXaTeNbHBIX MyTeH, coctaBisuim Bcero 70,0 %
JIOJDKHBIX 3HAYEHHH, YTO YKa3bIBaIO Ha CHM)KEHHE OpOH-
XHMaJIbHON NPOXOJUMOCTH, CBSI3aHHOE, OUYEBUIHO, C IPO-

Crenyer oOpaTUTh BHUMaHHE Ha IOKa3aTeld JIerod-
HOW BEHTWIALIMH, KOTOPBIE Y BCEX 00CIIEeTyeMbIX MPEBBI-
M 3HA4eHHUs (PU3N0I0THIecKol HOPMBI M HaXOJUIINCh
B mpenenax 12,0-14,0 n/mur. O4eBHIHO, JOCTATOYHO BHI-
COKHII ypOBEHb BEHTWISIIIMM B 3TOM BO3pacTe CIEIyeT
paccMaTpuBaTh Kak HPOSBIEHHE BO3PACTHBIX CTPYKTYp-
HBIX U (yHKIMOHAIBHBIX U3MEHEeHHH [2, 4]. OnHako maT-
TEpPH AbIXaHUs, XapaKTePU3YIOLNH BEHTUIISALMIO B LEJIOM,
HECKOJIBKO OTJINYAJICS Y KCHIIWH C Pa3MYHBIMHA BEHTH-
JSITOPHBIMH CHOCOOHOCTSAMH. Y KCHIIMH | TPYIIBI maT-
TEpH IbIXaHWUA B OOJBINEH CTENEHW COOTBETCTBOBAN Opa-
JUITHOMYECKOMY THITY, IPY 3TOM BEJIMYHMHA JBIXAaTEIbHO-
ro o0béM Ha 250 MuI TIpeBBIMIAIA 3HAYEHHUS OCTATBHBIX
xeHnuH (p<0,01). ns sxeHImuH 2 U 3 Tpynmsl HaTTepH
JBIXaHHUS TPUOOpETa YepThl HOPMOITHOWYECKOTrO, HO C
JIOCTaTOYHO BBICOKMMHU 3HAUCHUSMH TITyOUHBI JIBIXaHHS.

[oBblIeHHas Jlero4Hasi BEHTHJIALMS, KaK H3BECTHO,
MIPUBOJAUT K POCTY DHEPreTHYECKUX TPAT PECIUPATOPHOU
MycKynaTypsl u npu usmeHeHusix VE B mpegenax 25,0
J/MHMH Ha KaXABIH JUTP BEHTWIMPYEMOI'O BO3/ayXa pac-
xoxyetcs npumepHo 0,13 xkan [5]. B aToii cBs3u Bo3pac-
TaHWE DHEPrOTPAaT B COCTOSIHUHU TIOKOSI OTPakaeT Hapy-
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LIEHHE NPUHINIIA SKOHOMU3AUUHU QYHKIIMU 1 MOXKET KOC-
BEHHO YKa3blBaTh HAa CHIDKCHHE pe3epBOB M Ooiee
HanpsDKeHHYI0 paboty anmapara apixanus [3]. OueBnn-
HO, BBICOKAasl BEHTUJIATOPHAs PEAKTUBHOCTb B MOXKHIIOM
BO3pacTe omnpenensercs Mop(olorHieckuMu N3MEeHEHH-
SIMH B PECHMPATOPHOM CTPYKTYpE JIETKHX M MOXET pac-
CMaTpHBAaTbCS KaK IPOSBICHHE IIYJIbMOHOJIOTHYECKOTO
pucka. B Toxe BpeMs coxpaHeHHE CTaOMIBHOM JIETOYHOM
BEHTIIIINH y OOCIIEAyeMBIX OOECIIeYNBaIOCh peIu-
MPOKHBIMU OTHOIICHMUSAMH MEXIY YacTOTOW IbIXaHHSA U
JIBIXaTeNbHBIM 00BEMOM (r=-0,47), HUBETUPYIOIIUM Ta-
KUM 00pa3oM M30KaITHUYEeCKHe KoyieOaHHs MaTTepHa Jbl-
XaHHUS.

3HayuTeNbHas POJIb B IPOSABICHUU BEHTUIATOPHBIX
crocobHocrel orBofuTcs mokazarensam JKEJIsein, POgp,
POBgsbin u EBn. Hanbonee Hu3KHMe 3HAYCHUS STHX BEINYNU
OBLTH 3apErHCTPUPOBAHBI Y JKEHIINH 2 U 3 Tpynmnsl. Tak,
JKEJIBa B cpennem Ha 37,0%, Posa Ha 28,0%, POBBII Ha
62,05, (p<0,01) ObLIM H¥KE, OTHOCHUTEIBHO JAHHBIX 00-
crenyeMblX | rpynmbsl. BelpakeHHOE CHM)KEHHE JKH3HEH-
HOH EMKOCTH BBIJIOXa U EMKOCTH BJIOXa MOXHO OTHECTH K
PECTPUKTHBHBIM OTPAaHWICHUSIM, NIPUBOISIINM K H3MEHE-
HUI0O MEXaHHUKM JpIXxaHus. B stom ciydae pons EBj B
9KCKYpPCHUM TPYIHOMN KJIETKH B OOJbIICH CTeNeHH Iepexo-
nut Kk POBeI. Crnenyer otmetuts, uto POBx u POBbIN B
3HAUUTEJBHOW CTEIECHU ONpeNeNsioTcs (YHKIHOHATIb-
HBIM BJIMSHHUEM, CBA3aHHBIM C KOOpIUHALMEH IbIXaTenb-
HOro akTa. Tak, yeM MeHbIe 00BEM pEe3epPBHOTO BBIZOXA
OTHOCHTENIFHO pPE3epBHOTO 00BEMA BIOXa, TEM HIXKE
YpOBeHb AbIXaHUs. Bce rpynmsl XapakTepru30BaInCch HA3-
KAM YpOBHEM [IbIXaHHA, 0COOEHHO obOcmemyemble 2 u 3
rpynnsl. [Ipy 3TOM co3nmaroTcst yCiIoBHS AL YCHIICHUS
anuMuHanuu Metabomuaeckoro CO2 wepes nerkue. Kpo-
Me Toro m3MeHeHus POBBIA MOTYT OBITH OOYCIIOBIEHBI
HM3MEHEHHEM DJIACTHYECKON TATH JETKUX, KOTopas, B OC-
HOBHOM, 3aBUCHUT OT NPOJYKIMH Cyp(haKTaHTa Ha PECITH-
paTopHyro moBepxHOCTh [2, 3]. CnemoBaTenbHO, Y KEH-
IIMH TIOXKHUJIOTO BO3pacTa PECTPUKTHBHBIE W3MEHEHHUS
YCUJIMBAIOT BIMSHHE TUIOKCHYECKOTO CTHMYJa B pery-
JSIIUU JBIXaHMs, MPOBOAAIIEro K pocty VE, BO3HHMKHO-
BEHHMIO JIBIXaTeJIbHON HEOCTATOUHOCTH.

Kak ormeuanock, B 00cieqyeMbIX TPyIIIax XapakTep-
HBIM SIBISIOCH CHIDKEHHE CKOPOCTH BO3JIYLIHOTO MOTOKA
pu GOPCHUPOBAHHOM BBIIOXE HA BCEX YPOBHAX OPOHXH-
AIBHOIM CHCTEMBI JIETKUX. BmecTe ¢ TeM, BBIABIECHBI pas-
JUYUS B IOKa3aTelsX OpPOHXMANbHOM MPOXOTUMOCTH Yy

o0ClelyeMbIX ¢ pa3jIUYHbIM YPOBHEM BEHTUIISTOPHBIX
cniocobHoctei (Puc.1).

6
4
2
0
noc MOC25 MOC50 MOC75
‘ B1 rpynna B2 rpynna O3 rpynna

Puc.1 Iloxazarenu OpoHXHAIBHOM MIPOXOIUMOCTH Y JKECH-
LIMH TTOXKWJIOTO BO3pacTa

Hamnbonee Hu3kue 3Ha4YeHUS OBLIN 3apeTUCTPUPOBAHEI
y keHIIuH 3 rpynnsl. Tak, MOKa3aTend THKOBOH 00BEM-
HOW CKOPOCTH BO3IYIIHOTO IIOTOKa, MTHOBEHHOH CKOpO-
cti Ha ypoBHe 25,50 % JKEJI 6butn canxenst Ha 30-40 %
OTHOCHTEJILHO JIJAaHHBIX 00cieyeMbIX 1 ¥ 2 rpyIIbL.

OO6pamaer Ha ce0si BHMMaHHE HH3KHE 3HAYCHUS
MOCT75 y Bcex obcnemyembix. O4eBHIIHO, HayaIbHBIN
STan BO3PACTHBIX M3MEHEHUH CBA3aH C BOBJICYCHHEM B
OOCTPYKTHBHBIN TPOLECC MEJIKUX IbIXaTEIbHBIX ITyTEH.
Jlanee B necTpyKTHUBHBIA MPOLECC BOBIEKACTCA U PECIH-
patopHas myckyinatypa. Huzkue 3nauenus [1OC, MOC25
MOTYT CBHJETEIHCTBOBATh 00 OrpaHWYEHHBIX (YHKIIHO-
HaJIbHBIX BO3MOXKHOCTSIX 3KCIUPATOPHBIX MBIIIL, JTHMH-
THPYIOIINX CKOPOCTh BO3IYIIHOTO IOTOKa B OOJIBIINX U
cpennnx Oponxax. CreoBaTesbHO, BO3pACTHBIC N3MEHE-
HHUS OXBaThIBAIOT KakK MOpP(OIOrHYECKy0 CTPYKTYpY
OpOHXHUAJIbHOW CHUCTEMBI JIETKUX, TaK U PECIHPATOPHYIO
MYCKYyJaTypy.

3HauuTebHAsT MHPOpMANMs O COCTOSIHUM MEXaHUKH
JIBIXaHUS MOJXKET OBITh MOJy4YeHa INpPH OLEHKE (HOPMBI
KPHBOH 3aBHCHMOCTH HMOTOK-00BEM MaKCHMAaJIbHOTO BJIO-
Xa W BBIIOXA. Pa3nuyaroT HECKOJIIBKO THIOB IETENb, Xa-
PaKTEpHBIX ISl HEKOTOPBIX (DYHKIIMOHAIBHBIX COCTOSTHUN
MeXaHMKHN AblxaHus. Ha pucyHke 2 mpezcraBieHBI B Ka-
YecTBe IpuMepa TpU HEeTIH 00bEMHOM CKOPOCTH MOTOKA
n 00béMa B Ipolecce MaKCHMAJIBHOTO BJIOXa M BBIJOXA,
COOTBETCTBYIOIIME BEHTWJIATOPHBIM CIIOCOOHOCTSIM B
npezenax BO3paCTHOW HOPMEI (A), CO CHHKEHHBIMU BEH-
THIISITOPHBIMH criocoOHocTsIMU (B) M 3HAaUNTENBHO CHU-
JKEHHBIMU BEHTWJISITOPHBIMU criocoOHOCTsMH (B).

Q]

G/}

Beidox

Vinf

Béox

hl

75 7 2

k3

Puc. 2. KpI/IBI)Ie 3aBUCHMOCTH IIOTOK-00BEM MaKCHMAJIHLHOTO B/J10Xa U BbI/IOXA Yy JKCHIIWH C PA3JIMYHBIM YPOBHEM BECHTUIIATOPHBIX

crocoOHOCTEH

Ha rpaduke pa3nnuaroT HHCIHPATOPHYIO YacTh IETIIN
(BI1OX) M KCHMpATOpHYIO (BbIOX). bonbmeit nuarHocTu-
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YeCKOH IEHHOCTHIO 06J1a,uaeT OKCIIUPATOpHAasd 4aCTb MET-
JIF, OTpaKaromass CKOpOCTb UBMCHCHUS JIBUIKCHUS BbI/IbI-
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XaeMOoro BO3[yXa B 3aBUCHMOCTH OT 00b&Ma nerkux. Kax BriBoapbl.

BUJIHO M3 rpaduka, 4eM MeHblle 00bEM JIeTKUX, TeM HU- 1. BIABIeH 3HaYMTENBHBIN OUana3oH M3MEHEHWH IoKa-
)K€ BEJIMYMHA TI0TOKA, KOTOpasi B XOJIE BHIJIOXAa HEYKJIOH-  3aTelieil MEXaHUKH ABIXaHWS Y JKCHIIUH MOXHJIOTO BO3-
HO CHIXaeTcs. MakcuManbHas SKCIpaTopHas OObEMHAsi  pacTa, NpPEAIoJaraloluii HaJudKue MyJIbMOHOJIOIMYECKO-
CKOpPOCTh TIOTOKa COOTBETCTBYET BEpIIMHE KPHUBOW. Y IO PUCKa, CTENIEHb KOTOPOTI'O BBIPAXKEHA Y JKEHIMH C HHU3-
JHI C BEHTWIATOPHBIMH CIIOCOOHOCTSMH B IpefeNax  KAMHU BEHTHJIITOPHBIMH CIIOCOOHOCTAMH.

HOpMBI HaOJlloiaeTcs pe3koe CHIKeHHe rpaduka, xapak- 2. [l MOXKUIIOTO BO3pacTa XapaKTePHBIM SBISCTCS HU3-
TEPU3YIOLINI BEJIMYMHY Pa3BHBAEMOI0 MBIIICYHOTO YCH- KU ypOBEHb IBIXaHHUS, CIOCOOCTBYIOIIUNA DIMMHHALIMU
nus. Y OKGHIOWH C OrPaHUYCHHBIMH BEHTWIATOPHBIMH  YIJIGKUCIOTHI 4epe3 Jierkue. VI3MeHeHWs MeXaHWKH IIbl-
CIIOCOOHOCTSIMH, B Hadalle SKCIIUPATOPHOTO MaHEBpa OT-  XaHUS CBS3aHBl C PECTPUKTHBHBIMH OTPAHUYCHUSAMHU H
MeuaeTcsl YIUIOLIeHHe rpaduka, KOTOpoe HauOojiee Bbl-  YCHJIEHHEM THMIIOKCHYECKOTO CTHMYJa, HMPUBOAALIEIO K
pakeHO y oOcienyembix 3 rpynnbsl. Hanmnume minato Mo-  THNEpBEHTHIISLH.

KET CBHAETEILCTBOBATH O CHIDKEHHOW 3JaCTHYHOCTH 3. 3aperHCTPHPOBAHO 3HAYMTENIHLHOE CHIDKCHHE OpOHXU-
JIETKUX, HEJOCTATOYHOW COKPAaTHTENBHOM CIIOCOOHOCTH  aJbHOW IMPOXOANMOCTU Ha YPOBHE MEIKHUX OpPOHXOB Y 00-
pecrpatopHoii MyckynaTypbl. OTMEYEHHbIE U3MEHEHUSI  CJIEAYEMBIX, YTO CBS3aHO C BOBJIEYCHHUEM B OOCTPYKTHB-
MO3BOJISIIOT ~ CHIENIaTh  3aKJIIOYEHHE O BEHTHISATOPHBIX  HBIN NMPOIECC MEJIKUX AbIXaTeNbHbIX ITyTeH.

HApYLICHUSX PECTPUKTUBHOIO THIIA C YMEPEHHO BEIpa-

YKCHHOW OpOHXHMaNBHOM 00cTpykuueii (puc. b.B).
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Bukov Y.A., Burbanova O.N.
Performance evaluation of respiratory mechanics in pulmonological degree of risk in older women
Abstract. The respiratory system undergoes regular changes in the aging process of life. There have morphological and functional
changes in all parts of the respiratory system. Especially expressed considerable range of changes recorded in indices mechanics of
breathing: breathing rhythm quickens, increased minute ventilation to vary the ratio between the lung and alveolar ventilation, signif-
icantly increased respiratory physiological dead space and reduced the proportion of the alveolar ventilation in the structure of the
minute volume of respiration. This situation contributes to their stagnant processes in the bronchi. The studies of mechanics of
breathing and ventilatory function in elderly women revealed various levels of ventilatory capacity. In this regard, in order to identify
patterns that define a certain level of ventilatory capacity, all the women were divided into three groups: surveyed with ventilatory
abilities within the age norm, with moderately reduced and with sharply reduced ventilatory abilities. The study noted features of
respiratory mechanics suggest a pulmonary risk in all subjects, the extent of which is most pronounced in women with low ventilato-
ry capacity. In the parameters of pulmonary ventilation all subjects exceeded the value of the physiological norm. Important is the
role in the manifestation of which is given indicators of expiratory vital capacity, inspiratory reserve volume, expiratory reserve vol-
ume and inspiratory volume. As is known, increased pulmonary ventilation, resulted in increased energy expenditure of respiratory
muscles. In this context the increase in resting energy expenditure reflects the violation of the principle of economizing function and
may indirectly indicate a decrease in reserves and more effort of the bronchi. Obviously, identified ventilation high reactivity at rest
in elderly women is determined by morphological changes in the lungs and the respiratory structure can also be seen in a manifesta-
tion of pulmonary risk. At the same time maintaining a stable pulmonary ventilation was provided in the surveyed reciprocal rela-
tionship between respiratory rate and tidal volume, thus, leveling the isocapnic fluctuation pattern of breathing. Important to note in-
dicators of pulmonary ventilation, which in all subjects exceeded the value of the physiological norm. Obviously, a sufficiently high
level of ventilation at this age should be regarded as the manifestation of age structural and functional changes. However, breathing
pattern characterizing ventilation in general is somewhat different in women with different ventilatory capacity. Women are the first
group match the type of breathing pattern - bradypnea. In women of the second and third groups breathing pattern is of
the normopnoea type, but with high values of depth of breathing. Also identified features of the mechanics of breathing and the fac-
tors contributing to its change, lead to the development of pulmonary risk.

Keywords: aged women, respiratory mechanics, pulmonary risk.
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I'paboeckan E.JO.
Koppekuus Hecnenupuyecknx aIanTalMOHHbIX PeaKUUd OPraHu3Ma ClIOPTCMEHOB PHU MOMOLIM
3J1eKTPOMATrHUTHBIX U3JIyYeHHii kpaiine Bbicokoii yactorsl (MU KBY)

I'pabosckas Enena FOpvesna, kanouoam OUOI02UYECKUX HAYK, OOYeHm
Taspuueckuti HayuonanbHwlll yHU8epcumem umenu B. U.Bepuadckoeo, e. Cumepeponons, Yrkpauna

AHHoTanus. M3y4eHo BIUsHIE HU3KOMHTCHCUBHBIX AJICKTPOMATrHUTHBIX U3JIy4eHUH kpaliHe BBICOKOM 4acTOTHI Ha Pa3BUTHUE HECIIE-
mUUIecKuX aJanTaloOHHBIX peakIUid opraHu3Ma M (PyHKIMOHAIBHOE COCTOSHHE CHMIIaTOAAPEHAIOBOH CHCTEMBI CIIOPTCMEHOB
pa3HbIX cnenuanu3anuil. [lokaszaHo, 4To MoA BIMAHUEM IEKTPOMArHUTHBIX U3JTyYEHUH KpaliHe BBICOKOW YaCTOThI MPOUCXOIUT U3-
MEHEHHE THIIAa HecHenU(UUecKUX aJaNnTaldOHHBIX PEaKUUd OpraHu3Ma, CHHKAeTCsl aKTMBHOCTh CHUMIIATOAIPEHANOBOH CHCTEMBI

CIIOPTCMEHOB.

Knrouesvle cnosa: INIeKMPOMACHUMHOe U3iydyeHue Kpaﬁne BbLCOKOIL Yacmomel, Hecneuuqbuqecmte adanmauuoynble peaxkyuu op-
2AHU3IMA, KamexojaamuHbl, cuMnamoa()peHaJloeaﬂ cucmema, CnOpmcmeHbsl

BBenenne. B mocnenane rompl mpoOieMa pe3epBHBIX
BO3MOKHOCTEH OpraHM3Ma BeChbMa aKTHBHO O0CYKIaeTcs
B (hM3HONOTHH CIIOpTa. 3a TMOCJIEeTHHE TOABl HAaKOIUICH
O0NBIION (haKTHUECKUI MaTepHa 10 U3yYCHUIO THHAMH-
KU pa3IMYHbIX OMOJIOTHYECKUX KOHCTAHT: KPOBH, BHEIII-
HETO JbIXaHus, (Ha30BOU CTPYKTYPBI CEPACUYHOTO ITUKIIA,
nepu)epUIecKoro KpoBOOOPAIICHUS, HEPBHO-MBIIICY-
HOTO almapara, B BUAAX CIOPTa, pa3IHyaroluXcs 3HEp-
TETUYECKOH HAIIPaBJICHHOCTbIO TPEHUPOBOYHOTIO IPOLIEC-
ca, TUIIOM MBILICYHBIX COKPALlEHUH, CTPYKTYpO#l JABUra-
TenpHOTO aKkTa [1].

MHOro4HcIeHHBIMU HCCIEA0BAHUSAMU YCTAHOBJICHO,
9T0 B (POPMHPOBAaHUH OTBETA OpPraHW3Ma Ha ICHCTBHE
pazpaxkuTeneld pazaIu4yHON MPUPOAbI U MHTEHCHUBHOCTHU

NPUHUMAeT YyYacTHe CHMIIATOaJPCHAIOBAas CHCTEMa
(CAC). O6Ga ee 3BeHa — LEHTPATHLHOE THIIOTAIAMUYECKOE
u nepudepuyeckoe aapeHOMENYIUIIPHOE — aKTUBHO

y4acTBYIOT B (DOPMHPOBAHMHM aaNTAIl[MOHHBIX pPEaKIIHi
[2-4]. Haubonee mocTynHBIM 1 HH)OPMATHBHBIM TECTOM,
aZIeKBaTHO XapaKTepU3YIOMKUM (YHKIHOHAJIBHYIO aKTHB-
Hocth CAC, sABISETCS UTOXMMHYECKUN aHAJIU3 KaTeXO-
mamuHOB (KA) B spurpornmrax mepudepuueckoil KpoBH
[5]. Ycranoneno, uro coaepxxanue KA B spuTpouuTax
KOppenupyeT ¢ YpOBHEM aJIpeHalIHA ¥ HOpaJpeHalliHa B
miasmMe KposH [6]. JIpyrum nokaszareseM, afeKBaTHO Xa-
PaKTepU3yIOUIMM COCTOSHHE OpPraHU3Ma, SBJIAETCS JIeH-
KonuTapHasi popMyiia — MHTErpajJbHBIH MOKa3aTelb (-
(exTHBHOCTH O0IIMX HecTlelM(PUIECKUX aJalTallHOHHBIX
peaxmmii opranuzma (HAPO) mpu nelicTBuM Ha Hero He-
cnenu(UIecKux pasapakuTenei, K KOTOPBIM OTHOCHTCS
U ¢pusnueckas Harpyska [7].

Crneunduyeckue UepThl COBPEMEHHOH MBIIICYHOI
TPEHHUPOBKH OOYCIIOBJIIEHBI CHCTEMATHYECKUM IIPHMEHE-
HHEM 3HAYUTENbHBIX 10 BEJMYMHE Harpy3oK, HPUBOMIS-
KX K MOBBIIIEHNIO YaCTOTHl M MHTEHCUBHOCTH CTPECCO-
BBIX CUTYyalli, pa3BUTHIO HEOJIArONPHUSTHBIX aJaNTaIy-
OHHBIX pPEAKIUH OpraHW3Ma, BBINOJHEHHIO ITOBTOPHOMN
TPEHHPOBOYHOM paboThl Ha (OHE HETOBOCCTAHOBIICHHS
(YHKIMOHAJIBHBIX BO3MOXKHOCTEH, YXYHAIICHHIO CaMo-
YyBCTBHS CIIOPTCMEHOB, M KaK CIIEACTBHE, K CHIKCHHIO
CIOPTHBHBIX pe3ynbTaToB. Ilo3TOMy BOCCTaHOBICHHE
CHOPTHBHOM pabOTOCTIOCOOHOCTH M HOPMAaJIBHOTO (yHK-
[IUOHUPOBAHMS OPTaHM3Ma SBIIETCS HEOTHEMIIEMOW CO-
CTaBHOM YacCTBhIO CHCTEMBI ITOJTOTOBKH CIOPTCMEHOB, a
BHEJIPEHHE B TPEHHPOBOYHBIN MPOIIECC METOJIOB CIICIH-
AJIFHOTO HOBBIIIEHHSI pab0TOCIIOCOOHOCTH OCOOCHHO aK-
tyampHo [8-10]. B cocTaB MequKO-OHONOTHYECKHIA
CPEICTB BOCCTAHOBIICHUS BXOJST CPEACTBA, aKTUBHO B3a-
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HMMOZEHCTBYIOINE Ha Pa3IMYHBIX 3BEHBSIX PETYIHPOBa-
HUSI TOMEOCTa3a: palMoHAIbHOE MUTaHKE, YCHICHHE Oen-
KOBOTO CHHTE3a M ONTHUMAaJIbHOE HACHIIICHHE OpPTaHH3Ma
BUTAMUHAMH, NTPUMEHEHHE OMOIOTMYECKN aKTHBHBIX Be-
IIECTB, a TAK)KE HMCIOJIb30BaHNE (PU3MOTEPANIEBTHUECKUX
cpencts u ap.[11]. B aToM mane nepcreKTUBHBIM MOXKET
OKa3aTbCs MPUMEHEHNE HU3KOMHTECHCUBHBIX 3JIEKTpOMar-
HUTHBIX u3nydeHuit (OMMU) kpaiiHe BBICOKOM 4YacTOTHI
(KBY). laHHBIE pa3iIUYHBIX aBTOPOB FOBOPAT O TOM, YTO
3TOT (U3UUCCKUN (PakTOp 00JamaeT BBHICOKOH OMOJIOTH-
YECKOW AaKTUBHOCTBIO, M3MEHSCT (YHKIMOHAIBHOE CO-
CTOSIHAE MHOTHX (DPU3HMOJOTHYECKHX CHCTEM, IOBBIIIAET
HecTenM(UIECKYI0 PEe3UCTEHTHOCTD, JIMMUTHPYET pa3BH-
THE CTPECC-PeaKiiy, a TAKXKE XOPOIIO COUETAeTCs C ApY-
TMMH METOJaMH, HE MMEET OTAAICHHbIX, HeOIaromnpusT-
HBIX MOCIIEJACTBUM M aOCOJIOTHBIX MPOTHBOIOKA3aHUIA
[12-14]. Onnako B muTepaType MPaKTHYESCKH HET CBEIe-
Huil o Bimsinud OMU KBY na paszsutre Hecrenuduue-
CKUX aJlaNlTallMOHHBIX peakuuil U (YHKUHOHAJIBHOE CO-
CTOSHHE CHMIIATOAJAPEHAJIOBOM CHCTEMBI OpraHu3Ma
CIIOPTCMEHOB. B CBfI3M C 3THM, HeJdbI0 HCCIIEIOBaHUSA
sBuiioch u3zydenue BiaustHus OMU KBY Ha u3meneHue
HecTenM(UUECKUX aIaNTalOHHBIX PEAaKIMH U coepxa-
HHUE KaTeXO0JIAMHHOB B 3pUTPOLUTAX KPOBU CIIOPTCMEHOB.

Marepuanbl 1 MeToAbI. B obciienoBanny npuHUMau
yudactue 47 CTyZIEHTOB, KOTOpBIE ai JOOPOBOJIBHOE CO-
TJIacyie Ha yJacTHe B dKcnepuMente: 16 ¢yroonmcros, 15
eaMHOOOpIEeB, 16 CTYIEHTOB, HE 3aHUMAIOIIUXCS CIOP-
toM. Bo3pact Becex obcienyembix 18-23 roma, crax 3aHs-
TUH copToM OT 3 10 7 JIeT, KBanuuKaius CliopTCMEHOB
— 1 pa3psin — kaHaAUAAT B MacTepa criopta. Bee obcneny-
€MbIE CHCTEMAaTHYECKH TPEeHUpOBaIUCh (He MeHee 8-10
YacoOB B HEJIEIIO).

Hctounukom OMU KBY cayxunu TepaneBTUYECKUe
TeHEPaTOPhL “KBU. PAMEJ-OKCIIEPT-01"(TM
158.00.00.00), c paboueii uMHOM BOJHBI — 7,1MM; Hecy-
el 9acTOTOH AJIEKTPOMAarHUTHBIX KOJIeOaHUH M3TydaTe-
neit — 42194420 MTI'u, yactoroit mogynsuuu 10+£0,1 T'n,
rabapuTHBIMH pa3MepaMH U3JIydaTess THIA «TOYKa
18x24 MM [15]. BozaeiicTBue npon3BOANIOCH Ha OHOIIO-
THYecKd akTHBHYI0 Touky VCI17, koTopas obmamaer o0-
e yHKIIMOHAIBHBIM TEPAaNleBTHYECKUM JeHiCTBHEM Ha
OCHOBHBIE CHCTEMBI opraHusma [16]. M3myuatens mpu-
KpeIULsuIcd Ha IepefHed CcpeAHeld JIMHUM Tpylau, Ha
YPOBHE YETBEPTOTO MEXpeOephs, Ha TOPHU30HTAILHON
JIMHUM COCKOB (YyTh BBIIIE) HJIM BO BIIaJIMHE TPYANUHBI, HA
ypOBHE BBIpE3KH 5 pebOpa (oOciemyemblii Haxonuics B
nojoxxeHun cuas). BosneiicteBue DMU KBY ocymects-
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JSUIOCH €XKEJHEBHO (HE y4uThIBas cyOOOTHI M BOCKpece-
Hbs1) ¢ 9 10 11 yacos. [IpogOIKUTEIBHOCTS BO3ICHCTBUS
— 30 MuHyT. 3200p KPOBU MPOBOAWIH B OJHO M TO XK€
BpeMsi 0 Hayanma kypca KBU-BosneiictBust (poHOBOE
3HaueHue), a Takxke mociae l-ro, 5-ro u 10-ro ceancos
KBY. YcnoBus B3aTUS MaTepuaja BO BCEX 3KCIEPHUMEH-
Tax OBIIIM CTaHIAPTH3UPOBAHEI.

Jleiikormrapaass (opMyia omIpeAessiach B MasKax
KpOBH, OKpAIICHHBIX 1T0 POMaHOBCKOMY, ITyTeM IoJcYeTa
100 xnerox [17]. 3aTem ompenensics THIT Hecnienupude-
CKOIl afanTallMOHHOM peakluu OpraHu3Ma IO OTHOIIe-
o nuMponnToB (JI) K cerMeHTOsaepHBIM HEHTpodu-
gam (Hc). B cooTBeTcTBHM C KpUTEpHEM OIpeeNeHUs
HecrenM(pUUECKUX aJanTaluOHHBIX Peakuid IO JeHKO-
nurapHoil gopmyse y uenoBeka, pasHbiM THnaMm HAPO
COOTBETCTBYET pasHas BenuuuHa oTHomeHus JI/Hc:
cTpecc-peaknus — He Oomee 0,3; peaknuss TPEHHPOBKH —
0,31-0,5; peakuus crokoiiHo# akTuBanuu — 0,51-0,7; pe-
aknus NoBbIMeHHON aktuBaruu — 0,71-0,9; peakuns me-
peaktuBanmu — Oonee 0,9. OcrambHbIe KiIeTKH Oemoit
KPOBH SIBIISIFOTCS TOTIOJHHUTEIIBHBIMH MPU3HAKAMH Peak-
IIMH, CBHUACTEIBCTBYIOT O (PU3MOJOTMYHOCTH PEaKIHH,
CTETIEHH IOJHOLCHHOCTH, CTENEeHU HANPSKEHHOCTU U
OTHOIIEHHS K OOIIENPUHATHIM I'paHuLiaM HOpMEI [7]. [lns
OLIEHKH (DYHKLIMOHAIBHOM aKTUBHOCTH CHMIIATOAJpe-
HQJIOBOH CHCTEMBI ONpENCNSIN HUTOXMMUYECKUH IOKa-
3arens conepxkanud (LIIIC) xarexonamuuoB (KA) B 3put-
poumnTax (3J) mepudepudeckoit KpoBu no merony [4] Ha
ocHOBaHHMHU auddepeHpoBanHoro noacdera 100 kie-
TOYHBIX JJIEMEHTOB B COOTBETCTBHHM C MpHHIMIOM L. S.
Kaplow (1955) [18]. OueHka IOCTOBEPHOCTH MONTy4YECH-
HBIX pe3yJbTAaTOB MPOBOAMIACH C MOMOILIBIO t-KpUTEPHS
CTpIO/EHTA.

PesyabTaThl M HX 00cy:kaeHue. Kax moxasamu mpo-
BEJICHHBIC HCclenoBanus, moj BiusauemM OMU KBY nHa
O6uosornuecku akTUBHYIO Touky VC 17 y cnopTCMEeHOB
pPa3HBIX CIEIHUANU3alMi U y CTYyAEHTOB, HE 3aHHMAIO-
IIUXCSI CIIOPTOM, NMPOUCXOAWUT m3MeHeHue Tunma HAPO.
Tak, no KBU-Bo3zeiicTBusl, B TpyIIe UCOBITYEMBIX QyT-
0OJIMCTOB MCXOJHBIM YPOBEHBb aJaNTAlMOHHBIX IpOIECc-
coB ObLI cienyromum: y 25% oT 00IIero KoamdecTsa 00-
CJICZIOBAaHHBIX CIIOPTCMEHOB BBISBIICHA PEAKIHS TPEHH-
poBkH, y 19% — cnokoiiHoil aktuBanuu, y 6% — MOBBI-
HIeHHOW akTuBamyy, y 50% — nepeaktuBanuu. Y CIOpTC-
MEHOB-EINHOOOPIIEB HAOJIOAANICS aHAJIOTUYHBIA MCXO-
HBI YpOBEHB aJIallTAllMOHHBIX MPOIeccoB: ¥ 22% oT 00-
IIETO KOJIMYECTBA OOCIEOBAHHBIX CIOPTCMEHOB BBISB-
JIeHa peakus TPEeHUPOBKH, ¥ 11% — CITOKOHHOH akTHBa-
mn Uy 67% — mnepeaktuBammu. JI. X. [apkaBu wu
E. b. Keakuna (1998) cunraror, 4To ajanTanuoHHas pe-
aKIMs MepeakTUBAlUU CBUAETEILCTBYET 00 M30BITOUHOMN
aktuBHOCTH LIHC, 5HIOKpPUHHON CHUCTEMBI M CHCTEMBI
KJIETOYHOTO MMMYHHTETA, a TAKXKE O TOM, UYTO CKOPOCTb
Pacxo/10BaHUs YHEPTOOTAAIOIINX CYOCTPaTOB 3HAUNTENb-
HO TPEBBIIIAET UX BOCIIPOU3BOACTBO U, B KOHEUHOM HTO-
re, NPUBOAMT K MCTOIICHHUIO WIHM OJIOKMPOBAHMIO WX 3a-
MacoB B opranusMe [7]. Y CTyA€HTOB, HE 3aHUMAIOIIIUXCSI
CIIOPTOM, MCXOIHBIH YPOBEHb aJalTAllMOHHBIX IPOIEC-
coB OblT caenyronumM: y 12% ot obmiero xonmdecTBa 00-
CJIeIOBAaHHBIX BBISBIICHA peaknus crpecca, y 19% — peak-
U] TPEHUPOBKH, y 45% — crIoKOHHOH akTHBanuy, y 12%
— TIOBBINICHHOHN akTwBaimy, y 12% — mepeakTHBanuu.
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T.e., y OonbmHcTBa HcnbITyeMbIX (57%) BBISBICHA pe-
aKIUsl CIOKOIHON U MOBBIIIEHHON aKTUBALMM, XOTS MO-
YTH y KaXJ0r0 YeTBEPTOro UCIBITYEMOTrO BCTpEUaroTcs U
KpailHue peakIuu — cTpecca U nepeakTHUBALUU.

[Tocne 10 ceanco KBY-BozaelicTBust B rpynne ¢yT-
OonmcToB mpom3onuio M3MeHeHue kadectBa HAPO: pe-
aKIys NepeakTuBanuy 3apukcuposana y 13% ot obimero
KOJIMYECTBA HCIBITYEMBIX. AaNTallMOHHBIE PEaKIHH
TPEHUPOBKH, CIOKOWHOM W NOBBILIEHHONM aKTUBALUU
onpenenanucs y 6%, 68%, 13% HCIBITyeMBIX COOTBET-
CTBEHHO. Peakiuy TpeHHpOBKH, CIOKOWHON U, 0COOEHHO,
MOBBIIIEHHON AaKTHUBAIlUM HOCAT aHTHCTPECCOPHBIN Xa-
paKTep M XapaKTepU3yIOTCSI BBICOKOW (YyHKIMOHAIBHOU
AKTHBHOCTBIO TUMHKO-TMM(pATHIECKONH CHCTEMBI U Kie-
TOYHOTO UMMYHHUTETa, 3HJOKpUHHEIX *kene3 u LTHC, oco-
OcHHO mpu MoBBINICHHOW akTuBaimu [7]. Tlo Bceit Bepo-
SITHOCTH, MO’XHO TOBOPHTH O TOM, YTO METabONM3M y
OOJIBIIMHCTBA CIIOPTCMEHOB MPHOOpENT aHAOOINIecKHi
XapakTep, YHEPTeTHUECKUH 0OMEH XapaKTeph3yeTcs BHI-
COKHMH CKOPOCTAMH MeTabolm3Ma HSHEPrOOTAAIOIIX
cyOcTpaToB npu Xopoieii cOaraHCUPOBAHHOCTH UX pac-
XoIa W TOTpebneHWs. B  rpymme  cmopTCMEHOB-
enuHoOopiieB pacrpezaenenrne HAPO OblI0 HECKOJIBKO
JPYTUM: peakiusi MepeakTHBALMH TO-TPEeKHEMY 3a(HK-
cupoBana y 33% oOT 0OmIero KOJIM4YecTBa UCHBITYCMBIX.
AJanTalMOHHBIE PEAKIUN CIIOKOMHOW W TIOBBIIICHHOMN
aKTUBAIMU onpeaesuiuchk y 11% u 56% o6caenoBaHHBIX
CIIOPTCMEHOB COOTBETCTBEHHO (67%). B rpymme crynes-
TOB, HE 3aHUMAIOILUXCS cnopToM, nocie 10 ceanco KBY
TaKke npousouuio u3mMeHenune kauecrsa HAPO: peakuuu
CTpecca U MepeakTUBAIMK He 00HAPYKUBAIOTCS, PEAKIIUN
TPEHUPOBKHU 3aUKCHPOBAHHI y 38% HCIBITYEMBIX, peaK-
LMK CIIOKOMHOM W MOBBIIIEHHOW akTHBaLuu — Yy 62% or
o0IIero 4ymcia HMCHBITYyeMbIX. Tak ke Kak W B TpyIIe
(GyTOOINCTOB, B IAHHOM CJIydae MOXHO TOBOPHUTH O TOM,
4YT0 (PyHKIMOHAIBHOE COCTOSHHE OpraHW3Ma HCIbITye-
MBIX XapaKTepu3yeTcs cOalaHCHPOBAHHOCTBIO YHEPreTH-
YECKHX MPOIECCOB U BBICOKMMH CKOPOCTSIMH METab0IH3-
Ma JHEpProoTAarmux cyoctparoB. Takum obOpa3om, mo-
JMy4YeHHBIC TaHHBIC MOTYT CBHICTEIBCTBOBATH O TOM, YTO
mocne 10-kpatHOTO BO3meiicTBuss OMU KBY Ha Gmono-
THYECKH aKTHBHYIO TOUYKy VC17 y CHOPTCMEHOB NOBBI-
[1aeTcsl Pe3UCTEHTHOCTh K OONBIINM (PU3HUYECKUM U TICH-
XOAMOIMOHANEHBIM ~ HAarpy3kaM,  CONPOBOXIAIOIINM
CIIOPTUBHYIO JEATEIHHOCTh. Y CTYICHTOB, HE 3aHHUMAFO-
IIUXCS CTIOPTOM, ITPOMCXOJUT TepepactpeielieHue THIIOB
HAPO c Bo3pacTaHunem moiu OIaronpUsATHBIX PeaKIui
CIOKOMHOMN M TTOBBIIICHHON aKTHBAIUH.

KarexonmamuHbI, onpeneiasieMble B 3PUTPOIMTAX LIUTO-
XAMHYECKHM CIIOCOOOM, BBISBISUINCH B BHUAE TPaHYI
TEeMHO-Oyporo IIBeTa, pa3HOro pasMepa M PasHOro KOJIH-
yectBa [5]. Tak, mo Hauana kypca KBU-BosneiicTBus,
HIIC KA B sputponmrax nepupepndeckoil kpoBu ¢yt-
6osmucroB cocrasun 304,10+3,54 yen. en. ITocne nepBoro
U naToro mnoiydacooro BozaeiictBus OMU KBY Ha
Ouonornyecku akTuBHyl0 Touky VC17 y ¢yrbonucros
HIIC KA mnossicuiics Ha 8,6% u 9,7% COOTBETCTBEHHO
(p<0,001). ITocme 10-kpatHoro KBY-posmeiicteus I{IIC
KA cymiecTBeHHO CHIDKAaeTcs MO CPaBHEHHIO C HEPBBIM
nHeM BosneictBua (Ha 11,2%, p<0,001) u ctaHoBHTCA
HECKOJIBKO HM)Xe UCXOJHOT0 ypoBHs. Uepes 5 aHeil nocine
oxonuanusi KBU-Boznetictust BenmmumHa I[IIC KA B
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spuTponHTax Inepudepuueckoil KpoBu  (yTOONIHCTOB
npojosrKaer cHmwxateest (Ha 13,6%, p<0,001). Takum 00-
pasoM, 10-gHeBHOe momydacoBoe Bo3zzaekcTBHe OMU
KBY nHa Owuonormuecku akTuBHyl Touky VCI17 y
CHOPTCMEHOB-UI'POBUKOB IIPHBEJIO K OIPaHUYEHHIO aK-
TUBHOCTH CHMIIaTOaIPEHAIOBOH CHCTEMBL. DTO IPOSIBH-
JIOCh B KPaTKOBPEMEHHOM MOBBIIICHHH U HOCIECAYIONIEM
camkennu LIIC KA B spurpommrax mepudepraeckon
kpoBu. Kak cumraer E. H. Uysn u gp. (2003), mocremnen-
Hoe cHmwkenne ypoBHsA LIIIC KA mon neiictemem OMU
KBY MOXHO OOBSCHHTH KyMYIJSTHBHBIM XapaKTepoOM
OMOJIOrMYECKOro JNEHCTBHS STOTO U3IIyYEeHUs, U TpeOyeT
MHOTOKPAaTHOTO MOBTOPEHHs JuIsi HOsiBIeHHA d(derra
[14].

B rpynmne croprcMeHOB-eIMHOOOPIIEB /10 Hayaia Kyp-
ca KBU-Bo3neiicteust LIIIC KA B sputpouurax nepude-
pudeckoii kpoBu coctaBmi 210,60+3,84 ycm. en. u ObII
CYIIECTBEHHO HIXE YpPOBHS JAaHHOTO IOKa3aTens y QyT-
OOJICTOB U CTYJICHTOB, HE 3aHMUMAarOIuXcs cropToM. I1o-
CJIe TIEPBOTO, MATOTO M JIECATOTO IMOJTY4acoBOTO BO3JICH-
cteusi OMUM KBY Ha OHMONOTHYECKH AKTHBHYIO TOUKY
VC17 y cnopremenos-equaobopieB LIIC KA mnoppima-
ercst Ha 2,8%, 11,3% (p<0,01) u 12,4% (p<0,01) coor-
BercTBeHHO. K 15 mHIo nccnenoBanuii yposens LIIIC KA
B JPHUTPOLHUTAX CHOPTCMEHOB-EIUHOOOPIIEB CHUKACTCS
(p<0,01), HO ocTaeTcsi HECKOJBKO BBIIIE HCXOJHOTO
YPOBHA. DTO MOXET CBUAETENBCTBOBATH O TOM, UYTO Yy
CIIOPTCMEHOB-eAnHOOOpIeB mox BimstHneM OMM KBY
NepBOHAYAIbHAS aKTHUBALUS CHMIIATHYECKOTO OTxeNa
BHC cmensieTcss HEKOTOPBIM CHI)KEHHEM €€ aKTUBHOCTH.
OpHako B JAHHOM CIydae PEakiuu Pa3BHBAIOTCS MeI-
JICHHEe, W MOXKET MoTpeboBaThCsi Oonee UIMTENbHOE
KBU-Bo3zeiicTBre st JOCTHXKEHUS O0Jiee BEIPAYKEHHOTO
a¢dexra.

B rpymnne cTyaeHTOB, He 3aHUMAIOLIUXCS CIIOPTOM, 10
Hadana kypca KBUY-Bosneiicteusa LIIIC KA B spurporu-
tax mnepudepuueckoil kpoBu cocraBua 305,62+4,18
yci. en. Ilocne mepBoro um msitoro BosaehcTBus DOMU
KBY Ha Ouonornyecku akTuBHyI0 Touky VC17 y obGcre-
nyembix ctyaeHToB LIIIC KA nayan cumxkatbes U k 10-
My JHIO OBLT HM)KE NCXOJHOTO ypoBHSA Ha 7,5% (p<0,05).

Ha 15 cytku uccnenoBanuii yposens L{IIC KA B sputpo-
LUTaxX OCTalCs NMpaKTUYeCKH Hen3MeHHbIM. [locTenenHoe
cumkenue ypoBHsi LIIIC KA non aeiicteuem MU KBY
MOJKET TOBOPUTH 00 OTPaHMYCHUH aKTHBHOCTH CHMIIATO-
aJIpeHasIoBOM CHCTEMBI B OpraHU3ME CTYJEHTOB, HE 3a-
HUMAIOIIUXCS CIOPTOM.

[ToxydeHHBIE OaHHBIE MOTYT CIYXHTh JOKa3aTellb-
CTBOM TOTO, YTO MHOTOKpaTHOe Bo3zaericTene OMU KBY
Ha OPraHu3M CIIOPTCMEHOB PA3INYHBIX CIICIHATH3ALNNA 1
CTYIICHTOB, HE 3aHUMAIOIINXCS CIIOPTOM M HE MMEOLINX
OTKJIOHEHUH B COCTOSHUHU 3[0POBbS, MOXKET BIMATH Ha
(YHKIIMOHAIBbHYIO0 aKTUBHOCTH CHMIIaTOAIPEHAIOBOH CH-
CTEMbI OpraHu3Ma M NPHUBOJAUT K Pa3BUTHUIO, B MEPBYIO
ouepeslb, aJaNTalliOHHBIX PEaKLUH CIOKONHON M IOBBI-
meHHoU akTuBaluu [7, 14], a Takke K CHIDKEHUIO aKTHB-
HOCTU CHMIIATHYECKOIO OTJAEeNa BEreTaTHMBHOM HEpBHOM
CHCTEMBL.

BriBoabI

1. Bo Bcex Tpex rpynmax HCIBITYEMBIX IIOJ BIMSHHEM
KBY-Bo3aeicTBUS NPOU3OLLIO H3MEHEHHE HCXOIHOTO
ypoBHsi HAPO. Jlo kypca KBY peakuus nepeakTuBanuu
Obuta BeIABIECHA B 50-67% ciryuaeB BO BCEX IpyImnax 00-
cnenyembix. [Tocie 10 ceancoB KBU-Bo3zaeiicTBusl, B 3a-
BUCHUMOCTH OT I'PYIIIBI UCTIBITYEMBIX, PEaKIUs IepeaKkTH-
BalMu 3apuKcupoBaHa He Oonee yeM y 17-33%, peakuuu
TPEHUPOBKH, CIOKOWHOW W TMOBBIIIEHHOW AaKTHUBAIMU
onpeneysuch y 67-83% HUCIBITyEMBIX.
2.ITocne 10 ceancop KBY-osmeiicTBus B Tpymmax
CIIOPTCMEHOB U CTYJCHTOB, HE 3aHMMAIOIIUXCS CIIOPTOM,
Habmoamch pasHoHanpasieHHble 3MeHenns LIIC KA
B DpUTpONHTaX KPOBU. Y (PyTOONHCTOB M €IUHOOOPICB
MIPOM30ILIO0 KPaTKOBPEMEHHOE IOBBIIICHUE C IOCIENy-
rouM cHibkeHueM LIIC KA B spurponurax nepudepu-
YECKOM KpPOBU. Y CTYIEHTOB, HE 3aHUMAIOUIMXCS CHOP-
ToM, ypoBeHb L{IIC KA nocTeneHHO CHUXACS.
3. ExxenaeBHoe mosyyacoBoe Bosaeiicteue DMU KBY Ha
Ouosnorniyecku akTuBHyo Touky VC17 y dyTOomucToB 1
CTYACHTOB, HE 3aHHMAIOIINXCS CIIOPTOM, IpPHUBEIO K
CHIDKEHHMIO aKTHBHOCTH CHMIIATOAPEHATIOBOH CHUCTEMBI.
CrenieHb BBIpAXEHHOCTH PEAKIMIl B Pa3IMYHBIX TPYIIIAX
ObLIa pa3HOM.
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Abstract. The effect of ultra-high frequency electromagnetic field (UHF EMF) on the development of adaptive reactions of the body
and the functional state of the sympathetic nervous system of athletes of different specializations. It is shown that in all three groups
of subjects under the influence of UHF EMF has changed the initial level of adaptive reactions of the body, and to the course of UHF
reaction reactivation was detected in 50-67 % of cases in all groups surveyed. After 10 sessions of UHF-therapy, depending on the
group of subjects, the reaction reactivation fixed in no more than 17-33%, reaction training, calm and increased activation were de-
tected in 67-83% of subjects. Also, after 10 sessions of UHF-therapy in groups of athletes and students who are not involved in
sports, opposite changes were observed cytochemical indicator of catecholamines in erythrocytes. Do football players and wrestlers
was a transient increase followed by a decrease cytochemical indicator of catecholamines in peripheral blood erythrocytes. Students
who are not involved in sports, the level of catecholamines cytochemical index gradually decreased. The daily half-hour effects of
UHF EMF on biologically active point VC17 the subjects of all three groups, has led to a decrease in sympathetic nervous system ac-
tivity. The degree of severity of reactions in different groups of athletes was different.

Keywords: ultra-high frequency electromagnetic field, non-specific adaptation reactions of the organism, catecholamines, sympa-
thoadrenal system, athletes.
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Kopoie A.IL
7KuszHeoOecre4yeHHOCTH MONMYJISINMI KaK 0CHOBA (JOpMUPOBaHNMS eMKOCTH Cpe/ibl HX 00MTaHUS

Kopoic Anexcandp Ilasnosuy, kanouoam 6uon. HayK, 0oyexHm
3anopooicckuil HaYUOHANLHLII YHUGEpCUmMem, 2. 3anopodicve, Ykpauna

AHHOTAanMs. PaccMOTpEeHO MOHATHE KU3HEOOECHIEYEHHOCTH KaK BO3MOXKHOCTH TNOJHOLICHHOH pealu3alui OpraHu3MoM (WM py-
TUMH OMOCHCTEMaMHt) CBOMX XHM3HEHHBIX (pyHKuui. KauecTBeHHYIO XapaKTepHCTUKY CUCTEMBI B3aUMOJCUCTBUS "OpPraHu3M — OKpY-
Karolas cpefa’ NpeaIokKeHo ONPEAeIATh Yepe3 ee KU3HEO00eCIeUeHHOCTD; KOINYECTBCHHOE BBIPAKEHHE IAHHOTO MOHATHS peau-

3yeTCsl 4epe3 eMKOCTh CPeJibl.

Knrwuesvie cnosa: ;xn3Heo0eCIIEUCHHOCTD, OPTaHU3M, EMKOCTh CPEIbl, B3aUMOICHCTBHE, OJIArOIOTyYHe BUIOB.

Beenenune. B3aumopeiicTBue opraHusma co cpenod ero
00uTaHUS C JABHUX BPEMEH INPHBICKAIO BHUMaHHE MHO-
rux crenuaniuctoB. OZHAM U3 KIACCHYECKHX MPHMEPOB
MOJKET OBITh TIPOUCXOXKICHHUE aJaNTaIIi, KOTOPBIE TPaK-
TYIOTCA OYeHb HE OJHO3HAYHO: aJamlTalus Wik adamra-
uus? [2]. BausHue cpenbl Ha OpraHu3M KOHEYHO XKe SB-
nsgerca o4eBUAHBIM. OJHAaKO aKTHUBHOCTh CaMHX Opra-
HU3MOB [25], kak mpeobpasytomas cpeny [3, 37], Tak u
HumeoOpasytomasi [38], CBUIAETENBCTBYET O B3aMHOM
BIIMSIHUU OPTaHU3MOB H CPEbl UX OOUTaHUS.

HekoTopbie acnekThl MaHHOTO B3aMMOJCUCTBHISI pac-
CMaTPHUBAIOTCA TETEePh B KAUYSCTBE aKCHOM HIIM Pa3HOOO-
pa3HBIX 3aKOHOB. B TO e BpeMs, TOBOPHTH O HaJTHIUH
yHUPHUIUpPYIOMEH TaHHOe B3aUMOICHCTBHE TEOPUH ITOKA
MpeXIeBPEeMEHHO. BakHOCTh ke MONOOHBIX TeopeTHde-
CKHAX 0000IIeHM 00yCIaBIMBAaETCs B TEPBYIO OYepenb
MPaKTHYECKOH HEOOXOIMMOCTBIO YIPABIICHUSI COCTOSHH-
€M KaK OTAENbHBIX MOMYJISAIMH, TaK U 3KOCHCTEM B Ile-
JIOM, 4TO OKa3bIBAeTCS HEBO3MOXXHBIM 0€3 COOTBETCTBY-
IOLTUX U3MEHEHHUH Cpelibl UX CYIIEeCTBOBAHUS.

Ha nHam B3risin, oHON M3 MPUYUH OTCYTCTBUS TIy0o0-
KHX 9KOJOTHUECKUX 0000IIEHNH ABISETCS MpeodiaaHue
PEAYKIIMOHUCTCKAX HACTPOCHUIH B OWOJOTHH B IEIIOM.
Peur upet He 00 YpOBHSX KU3HH, HA KOTOPHIX OCYIIECTB-
JSeTCS €€ M3yUCHHE, a 0 METOJMUYECKUX MOAX0AaxX K 3TO-
My BOIIPOCY. DKOJOTHS KaK HayKa HalpaBlicHa Ha M3yde-
HHE B MEPBYIO OUYepelb 3KOCUCTEMHOI'O YPOBHS OpraHU-
3alliH J)KU3HHU, a TaK K€ 3aTparuBaeT MOMYJISLHUOHHBIA U
opranu3MeHHbiil [2]. Takum o06pazoMm, peayKIHOHU3M
MaJIOIPUMEHNM B 3KOJIOTHUYECKHUX ITOCTPOCHHSIX alPHOPH.

B cootBerctBun ¢ FHO.M. IlmtocHunbiM [25], coBpe-
MEHHOE €CTECTBO3HAHME OIUPAETCI Ha T'HOCEOJIOTHYe-
CKYIO TpHaJy: YHHBEpPCAJIU3M — HHIYKTUBU3M — pEIyK-
OUOHU3M. JTO TOTPeOOBAIIO OJHO3HAYHOCTH KaK OIIHCa-
HUS IF000T0 00BEKTa, TaK U HHTEPIIPETALINH ITOTyISHHBIX
(haKTOB, MOBTOPHOCTH SKCIIEPUMEHTOB M BO3MOXKHOCTH
UX MpOBepkH. B pesynerarte, ObuIa chopMupoBaHa J0CTa-
TOYHO TMPOCTasi KapTHHA MHpaA, YKIaJabIBaeMasi B psif 3a-
KOHOB.

B 10 Xe BpeMs, COBpeMEHHOE COCTOSHHE NPOOIIEMBI
B3aMMOJICHICTBHS YEIOBEUECKOT0 OOIIecTBa M OHOoCcheps
MTOKa3BIBACT HEMPUMEHHMOCTh IT0JO0OHOTO MOAXoda K
obmednochepHpM npodbaemamM. Mbl HE UMEEM BO3MOXK-
HOCTH TIOCTaHOBKH JKCIIEPHMEHTOB (TeM Oojee — C To-
BTOPHOCTSIMH) Ha OWocdepe U JaBaTh OJHO3HAYHBIE WH-
TEPIPETAIUH TOITYICHHBIX (PaKTOB CTAHOBUTCS BCE TPYII-
Hee. SIpKUM IIpUMEpPOM MOXKHO CUHMTaTh NPOOJeMy IJIo-
OaNbHBIX M3MCHEHUH KIMMaTa, KOTOpas YXe JaBHO HE
HMMEeT OJTHO3HAYHOCTH B CBOEM OOBSCHCHHUU.

Crnemyer OTMETHTh, YTO MOMOOHBIE TPOOIEMBI HEIPU-
MEHHMOCTH THOCEOJIOTHIECKOH TPpHaIbI IIPOSIBIISTIOTCS BCE
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B OompIIell MOBCETHEBHOH MpakTHKe. JTO Kacaercs B
MEPBYIO0 OYEepelb BOMPOCOB PAIMOHAJIHHOTO MPHUPOJIO-
TTOJTF30BAHMS M COXPAHEHHsS] OMOIOTHYECKOTO pa3HOOOpa-
3ua. YTpara He TOIBKO OTHACNBHBIX SKOCHCTEM (Kak Ipo-
H30IIUIO CO BCEH CTEIMHOM 30HOM), HO M OTACIBHBIX BHIIOB
NPaKTHYECKH HE MOXKET OBITh KOMIIEHCHPOBAaHA HHKaKH-
MU JIeHCTBUAMHU 4YeJoBeKa. JTO elle pa3 IOoAuepKHBaeT
YHUKQJIBHOCTh M HENOBTOPUMOCTH JIaHHBIX NPOOJEM H,
KaK CJIEACTBHE, MOAXOI0B, HEOOXOIUMBIX JJISI UX perie-
Hus [1].

B 10 *Xe Bpems, CyIIECTBYIOT HEKOTOPBIE OOIIHE 3aK0-
HOMEPHOCTH, KOTOPEIC MO3BOJIIOT YHU(HUIIMPOBATE MO~
XOIbl K YCTPaHEHWIO CYIIECTBYIOUINX IIPOTHBOPEUMIL.
OmHUM W3 YCIOBHU peaNn3alliil JAaHHOTO MOIXO0/a SBIIS-
eTcs OTKa3 OT OAHO3HAYHOCTH OIHCAHHS, YETKOW KOH-
KpeTH3anuu (BRIpAKCHUH B OJHO3HAYHO OICHCHHBIX Ma-
pameTpax) M3ydaeMBIX IIPOIIECCOB, a TaK K€ Mepexo] K
BEPOSTHOCTHBIM OIIEHKaM HaOJII0aeMbIX SIBICHHUH.

Ienbto cTaThu ABNSETCSA OLIEHKA 3HAYMMOCTH JKHU3HE-
00€eCIeYeHHOCTH OPraHU3MOB Al (POPMHUPOBAHHS EMKO-
CTH UX CPEIbl OOUTAHHUS.

OO0mecTBO Kak Mojedb eCTeCTBEHHBIX NPOLECCOB.
VYiKe KIaCCHYECKHM CYHTACTCS MPOTHUBOIIOCTABICHUE Ye-
JIOBEKa C €ro JEATEIIFHOCTHIO €CTECTBEHHBIM IIPOIIECCaM,
MIPOUCXOSIIAM B MIPUPOIHOH cpene. UemoBek cunraercs
Kak Obl BHEIIHUM ()aKTOPOM IO OTHOUICHHIO K JIFO0OM
9KOCHCTEME, YTO HCXOIHO IPOTHBOIIOCTABISICT STH JIBE
KaTeropuu Kak "uckyccrBeHHoe" u "ecrectsennoe". H.H.
Moucees [22] o 3TOMy NMOBOJY 3aMeYaeT, YTo 1Mo100H0e
HPOTUBOIIOCTABIICHUE €CTECTBEHHOT0, KaK NMPOUCXOIAIIIe-
ro B IPUPOJE, UCKYCCTBEHHOMY, KaK CO3JaHHOMY dYello-
BEKOM, HJIET eIlle CO BPeMEeH JPEBHUX I'PEKOB, a MOXKET U
OoJee paHHUX MBICITUTENEH.

B 10 xe Bpems, B coorBeTcTBUU cO B3risgamu B.U.
Bepuaznckoro [3], Hamla Ae4ATE€IbHOCTh HE MMPOTUBOCTOUT,
a Ha00OpOT — SIBJISETCS YaCThIO JESITEIILHOCTU BCETro M-
BOT'O BEIIECTBA, YTO HAKJIAAbIBAET Ha HAC OCOOYIO OTBET-
CTBEHHOCTh 32 COXPaHEHHE MOTECHIMAJIbHOW BO3MOXKHO-
CTH CYIIECTBOBaHUs Onocdepsl U B fanbHelmemM. Moxer
HaM HeoOxoamMo mocienoBath coBety H.H. Mowuceesa
[22] u mepeiiTH K M3y4eHHUIO "HCKyccTBEHHOTo" M "ecre-
CTBEHHOTO" C €IIMHBIX TO3UIMI pa3BepTHIBAHUSI OpPraHH-
3aIMOHHBIX (POPM MaTEpPHAIHLHOTO MHUpa?

CunTaercs, 4TO OCHOBHBIM HAIlPaBICHUEM JajbHEN-
IIeTO Pa3BUTHS €CTECTBO3HAHMS JIOJDKHA CTaTh €ro ryma-
HU3alus, KOTOpas INpeAycMaTpUBaeT BHeIpeHHe 'delio-
Beueckoro Qakropa" B ecTecTBeHHble HaykH [25]. B To
KE BpeMsl, CIeLyeT OTMETHTb, YTO MHOTHE HOHITHS U
TIPEACTAaBICHUS] IPOHUKIIM B €CTECTBO3HAHHUE Y)KE€ IOCIIE
TOTO, KaK ObUTH c)OpPMHPOBAHBI B YEIOBEYECKOM OOIIIe-
ctBe. OCOOCHHO TMECTPUT MOAOOHBIMU TIpUMepamMu (pu3u-
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Ka — cuia Toka, paboTa, HanpsHKEHUE, MOIHOCTh U MHO-
THe JPYTHe ONpeseNieHHs] SIBHO HOCST aHTPONOMOpP(QHBIi
XapaxTep.

He obomen cTopoHO# NaHHBIA Npouecc U OHOJIOTHIO.
Tak, monstue "Bun" ObUIO BBEICHO APHUCTOTENIEM B OHO-
soruro u3 Morukd [9)]. CaoBo mapa3uT B TPEUECKOM H Jia-
TBIHU 0003HA4alo0 4YeJIOBEKa, KUBYILETO 3a Uy>KOH CUET.
HNMeHHO B TakoMm BUAE OHO B JaJbHEHIIEM MEPEIUIO B
CTapUHHYIO MEIUINHY, 0003Ha4as JJF000H OpraHu3M, KU-
BYIIUI BHYTPH APYroro OpraHM3Ma W IHUTAIOLIETOCS 3a
ero cuet [7]. Eme oqHuM nmpuMepoM MOXKeT OBITH HayKa
srosorus — B XVII croneTun 3Toaoramu Ha3blBaau aKTe-
POB, H300pa)KaBLIMX YeJOBEUECKHe Xapakrepsl, a B X VIII
— o Hell moHUManu Hayky o0 atuke [5]. Tak xe, ugen
00 OrpaHHMYEHHOCTH PECYPCOB JUISl CYLIECTBOBAHUS U He-
BO3MOXKHOCTH 1TOOEINTH OEHOCTh, Pa3BHBAaEMbIe IKOHO-
muctoM ManbrycoM, HatonkHyiau Y. [lapBuHa Ha npen-
CTaBJIEeHUS 0 OOpHOE 3a CYIIECTBOBAHMUE, a MIOHATHE €CTE-
CTBEHHOTO 0TOOpa SIBISIETCS MO CYTH KaJbKOH € HCKYC-
cTtBeHHoro [34, 35].

ITo muenuto P. JleBonTnna [36], coBpeMeHHas Hayka
HEBO3MOXHA 0€3 COOTBETCTBYIOIIETO S3bIKA, HATOIHECH-
Horo Metadopamu. [loaToMy MmomoOHBIN Mpoliece mepe-
X0J1a IIOHATUH U3 COLMANIbHOM J)KU3HU B HAYYHYIO CPENY U
Ha000POT ABJISIETCS HEN30EKHBIM.

YenoBeyeckoe OOLIECTBO B 3TOM CiIydae BBICTYHAeT
HEKOeH MOJIENbIO JUIs Pa3BUTUS COOTBETCTBYIONINX Hayd-
HBIX MPEACTABICHUH 00 00mEeOHOIOrHIecKnX 3aKOHO-
MepHocTAX. IIpu 3ToM mpocneXuBaroTCs cBOeOOpa3HbIC
aHaJIOTHH, eIle pa3 MOAYECPKUBAIOIINE OOIIHOCTH MeXa-
HU3MOB CYLIECTBOBaHMS NPHUPOIHBIX M COLMANBHBIX SB-
JIEHUH.

IonsiTue :xku3HeoOecnmedyeHHOCTH opraHm3moB. Ha
Hall B3MJIAA, 7151 OOBSICHEHUS] OTHOIIEHUH B cCUCTeMeE "op-
TaHHU3M — cpesia 0OuTaHHuA" JOCTATOYHO YMECTHBIM SBJIS-
eTcsl NpUBJICUEHHE TaKOro TepMHHA Kak XHu3Heobecrme-
4eHHOCTh. OH IIMPOKO UCTOJNB3yeTcsl B dKOHOMHUKe [17,
19, 24], xynsTyponoruu [33, 39] 6e30macHOCTH XHU3HEE-
sitenbHOCTH [11 1 np.], meaunuue [10 u ap.]. B mocnen-
Hee BpeMs JAHHBIA TEPMUH Hayall IPUMEHATHCA B CElb-
CKOM Xo03stiicTBe [26, 27] u naxe B skojoruu [6, 18, 23,
28 u ap.].

Haunbonee 4deTKO SKOJIOTHYECKHE XapaKTEPUCTHKU
JIaHHOTO TepMuHa paccMoTpenbl y H.®@. Peiimepca [29], B
COOTBETCTBUH C KOTOPHIM cOOM B eWCTBHUM NpHHIHMNa Jle
[llatense — BpayHa, MCKaXKEHHS B MpoIecce OHOTCHHOM
MUTpallMd aTOMOB B CBSI3M C HU3MEHEHHEM TIJT00aIbHOU
OWMOTHI, HapyIIEHUS] BO MHOTHX APYTruX (hyHIaMEHTAIIb-
HBIX 3aKOHOMEPHOCTAX (YHKIMOHHPOBAHHS IKOCHCTEM
IUTAaHETHl YKa3bIBAIOT HA TO, YTO XPOHHUYECKas IECTPYK-
LSl TJTAHETApPHBIX CHUCTEM JKH3HEOOEeCTeUeHUs MpHHSIIA
YTpO’KaroIue AJIs CyIIECTBOBAHMS JIFOAEH MacITaobl.

OnHOM M3 TPakTOBOK TepMHHA 'ku3HeoOecreueHue"
SIBISIETCSI  COBOKYITHOCTH MEPOIPHITHH, HE00XOIUMBIX
JUIl CO3JaHMs YCIOBUIl COXpaHEHMs >KU3HU, 30POBbS U
paboTOCIIOCOOHOCTH JIFOJIE B OINpEeIeNeHHBIX 00CTOSs-
tenbeTBax [21]. Koneuno ke, mis 6mocucrteM B moao0-
HOM TOJIKOBAaHUH JNAHHBIN TEPMHH SIBISIETCS HEIPUMEHH-
MBIM.

Ha mam B3rman, HanbombIIne HPOTHBOPEUYUS B HC-
MTOJIF30BAHNH ITOTO MOHATHS KacaroTCs MEAUIIMHCKOTO (B
TOM YHCJIe, H BETEPUHAPHOT0), a TaKKe IKOJIOTHIECKOTO
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HATpaBJICHUH. B MeIMIMHCKOM MOHMMAaHUM >KHU3HEoOeC-
MEYEHHOCTh MPEAINOoaraeT 3HaYuMOCTb OTIENIbHBIX Opra-
HOB M CHCTEM OpPraHoOB JUIl oOecredeHHs >KU3HEeCHoco0-
HOCTH OpraHu3Ma, JM0o ammaparoB (IpernapaToB), KOH-
TPOJIUPYIOIIMX JaHHBIC QYHKIMU. B cenbckoM xo3siicTBe
JIo0aBIseTCS eIle TaKOH acIeKT Kak pecypcoodecredeH-
HOCTB, TIPEIyCMATPUBAIOUINHA MONydeHHE OPTaHU3MOM
HEOOXOIMMBIX KOPMOBBIX KOMIIOHEHTOB W T.N. Bo Bcex
STHX CIIydasX JaHHBIH TEPMHUH HCIIONB3YeTCS Ui 000-
3HAYCHHS TIIOJICUCTEM, YYACTBYIOIIMX B o00ecreueHNH
JKH3HECOTIOCOOHOCTH CUCTEMBI (OpTaHU3Ma) B IIEJIOM.

OKONOTMYEeCKUH aCHeKT MCIOJIb30BaHUSA TEpMHUHA
"KU3HEOOECIICUCHHOCTh" TMpenycMaTpUBacT aOCOIIOTHO
Jpyroi cMspIci. DTO KacaeTcsi MIMEHHO B3aUMOJEHCTBUSA
OpraHu3Ma co CpeAoil ero oOMTaHHsS M CHOCOOHOCTHIO
MoCeIHel 00eCIeYnTh )KU3HEHHBIE TOTPEOHOCTH MEPBO-
ro. B sToMm ciydae, pedpr WAeT 0 BO3MOYKHOCTH IICITBIM
obecriedeHnsI ero KOMIOHEHTa BCEeM HEOOXOIMMBIM ISt
KU3HEEATSITHHOCTH.

B o6oux crmyyasx TepMUH HCIOJB3YETCS IMPEHMYIIe-
CTBCHHO TI0 OTHOIIICHHUIO K OPTaHU3MY, HO B TIEPBOM CITy-
Yae OICHHUBACTCS 3HAYUMOCTH JOOPTaHM3MEHHBIX CTPYK-
Typ, @ BO BTOPOM — HajopraHu3MeHHbIX. Ilo Bcell Bunu-
MocTH, 00a MOAXOoJa CTPajgaloT OJHOCTOPOHHOCTBIO B
TOJIKOBAHHUHU NAHHOI'O IIOHATUA. Ha nam B34, IMOHATUC
KM3HEOOECHEYCHHOCTh COCTOMT U3 JIByX OJJIEMEHTOB!
JKM3HECIIOCOOHOCTH, KaK BHYTPEHHEH 00eCne4eHHOCTH
opraHu3Ma (WIH TONMYIIIUHN) XU3HCHHBIMU CIJIAMH, U
pecypcoobecriedeHHOCTH, KaK BHEITHEH 00ecIedeHHOCTH
OpraHu3Ma YCJIOBHSMH JJIS CBOErO CYIIECTBOBAaHUA. B
TaKOW XK€ TPAKTOBKE OH MOJKET HCIIONB30BATBCS W VIS
9KOCHCTEM — C OJTHOW CTOPOHBI, KIBBIC DJIIEMEHTHI 3KOCH-
CTeM JOJDKHBI 00JamaTh COOTBETCTBYIOIICH >KH3HECIIO-
COOHOCTBIO, a C APYrod, HUKaKas 3KOCHCTeMa HE MOXKET
00X0UThCsI 0€3 HKHU3HEHHO BaXKHBIX PECYPCOB.

[Mox xKu3HE0OECIeYeHHOCThIO, Ha HAIl B3JIS, CIELy-
€T TOHUMAaTh BO3MOXKHOCTH ITOJHOLCHHOHN peanu3anuu
OpraHu3MoM (WU JPYTUMH OMOCHCTEMaMM) CBOUX YKH3-
HeHHbIX QyHKIHH. To ecTh, MOTHOIEHHAS JKH3HEOoOecTIe-
YEHHOCTh TPEOYeT ONTHUMAIILHBIX YCIIOBHH CYyIICCTBOBA-
HUS, B KOTOPBIX BO3MOXKHA pean3alisl BCeX KU3HECHHBIX
MposIBIICHUH opranu3ma. Yacto HabiromaeMoe B IpUpoIe
COCTOSIHUE TICPSIKUBAHUS COOTBETCTBYST MHHUMAIBHOU
KI3HEOOECTICUeHHOCTH, 3a KOTOPOH CleqyeT CMepTh
JAaHHOW OMOCHCTeMBl. YTpara BO3MOXXHOCTH HOPMAJIBHO-
ro pasMHOXKEHUS, SIBIISIONIErocs Hanboiee TpeboBaTesb-
HBIM K YCIIOBHMSAM CYIIECTBOBaHMA [2], CIy>KUT NEPBBIM
MPU3HAKOM YXYALICHUS JKU3HEOOECIEYeHHOCTH Opra-
HU3MOB.

Takum oOpa3om, cucTeMa B3aUMOAECUCTBUS "OpTraHUu3M
— OKpy’Karolas cpesia" UMeeT KaueCTBEHHYIO XapaKTepu-
CTHKY, KOTOpasi MOXeT OBbITh Ha3BaHa XKM3HEOOecHedYeH-
HOCTBIO. 3HAUUTENILHO CJIOXKHEE ONpPEeIeNuTh KOoIude-
CTBEHHbIE IOKa3aTelu JaHHBIX B3auMojeicTBuil. Panee
OBLTO MMOKa3aHO, YTO BHICOKAs IUIOJJOBUTOCTh BUJIOB CBH-
JICTENILCTBYET B TIEPBYIO OYepeIb O BBICOKOW HCTpPEeOH-
TEJIFHOW Harpy3ke M OCOOBIX NMPEHMYIIECTB B APYTHX
ycioBusax He gaer [31]. [Toatomy pokaaemMocTh, Kak U
CMEpPTHOCTh, CAMH TI0 ce0e HE MOTYT TOBOPHUTH O KH3HE-
00eCTIeYeHHOCTH COOTBETCTBYIOIINX OpraHn3MoB. bomee
Toro, Hannuue K- u r-ctpareruil He MO3BOJISET UCTIOIB30-
BaTh OOJIBIIMHCTBO IMOKAa3aTeaeh Kak OpraHnu3MoB, TakK "
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MONYJIALMA B KauecTBE OLCHKU J>KU3HEOOECIIeYeHHOCTH
Ouonornueckux cucreM. OZHUM U3 SIPKUX IPHUMEPOB MO-
XKeT ObITh MpobjeMa MHHUMAaJIbHOW >KH3HECIIOCOOHOU
MOMYJIALUY, U1 KOTOPBIX HE CYLIECTBYIOT €JUHbIE 00-
mienpyuMeHuMbIe 3HaueHus [8].

Ha mam B3risa, KOJMYECTBEHHOE BBIPAKEHHE OTHO-
IICHWH OpraHu3Ma co cpefoil 0OuTaHus Hamboee MOJIHO
peanu3yeTcst yepe3 KOMIUIEKCHBIN IOKa3aTellb, YIUThIBA-
IOIUH  JUMUTHPYIOIIKME BO3AEHUCTBUS ONPEEISIFOIINX
9KOJIOTHYECKUX (PAKTOPOB. OTHM IOKa3aTeIeM MOXKET
OBITh €MKOCTH Cpeabl, oOecrednBaromas BO3MOXKHOCTb
MOJTHOLICHHOTO CYILIECTBOBaHMS OIPEJEICHHOIO KOoIude-
CTBa OPraHU3MOB MJIM MX COBOKyMHOcTeil. B ocHoBe
(OpPMHUPOBaHUST €MKOCTh CpEllbl ONUPACTCS Ha 3aKOHBI
JIubuxa, lendona u ap., HO He CBOIUTCS TONBKO K HHM.
st mo00ro BHJa €MKOCTh Cpelbl SIBISETCS PE3yJbTH-
pyromeld BceX BO3MOXHBIX BIMAHAW Ha MOMYJISLUIO,
BKJIIOYasi MEXaHHW3M OOpaTHOM CBS3M, OOYCIIOBIICHHBIN
BIIMSIHAEM CaMOH TOMyJSIMH Ha cpeny ooOuranms [12].
CymiecTByIoImas eMKOCTh OKa3bIBaeT CBOEOOpa3HOE IaB-
JICHWE Ha COOTBETCTBYIOIIYIO TPYIITy OPraHU3MOB, KOTO-
poe MOXET OmIpenesieHHBIM 00pa3oM OrpaHH4YMBaTH €e
pa3HbIe )KU3HEHHbIE MTPOSBICHNUS.

7Ku3HeoOecne4eHHOCTh HCKYCCTBEHHBIX WU ecTe-
cTBeHHBIX monyuasinmii. Conepxanue B 1a0OpPaTOPHBIX
YCIOBUSIX TaKWX KynbTyp Kak aposodwmisr (Drosophila
melanogaster) u napuuu (Ceriodaphnia affinis, Daphnia
magna) mokasbIBaeT OTAMYHA B (OPMUPOBAHUH KHU3HE-
00€eCIIeueHHOCTH NCKYCCTBEHHBIX M €CTECTBEHHBIX IOITY-
sstimi. [ToHBIH KOHTPOJIB CO CTOPOHBI YEIOBEKA T03BO-
nsieT (JOpMHPOBATh KHU3HEOOECIICUCHHOCTh C MaKCHMAaIIh-
HBIM Y4YETOM TIOTPeOHOCTEH >XMBOTHBIX, OOecCIeUHBas
HaMBBICIIYIO €eMKOCTh cpesibl. [1o GonbioMy cuery, cenb-
CKO€ XO34HCTBO OMMPAETCs UMEHHO Ha JaHHbIE MEXaHM3-
MBI (POPMHUPOBAHHMS JKHU3HEOOECTIEUEHHOCTH Pa3BOIUMBIX
BHJIOB.

Panee Hamm  OBUIO  TPEIJIOKEHO  pa3feisiTh
BO3ZCUCTBUS IKOJOTHMYECKUX (DaKTOpOB Ha TEPBUUYHBIC
(xauecTBeHHBIE) M  BTOpPHUYHBIE (KOJIMYECTBEHHEIE),
oTIMYalomyecss 1Mo cnenuduke  BO3AEHCTBUS  HA
morrysiiu [13]. it madHUE Kk mepBUYHBIM (hakTopam B
UCKYCCTBEHHBIX YCIIOBHSIX CJIEAYET OTHECTH YDPOBEHBb
KHCJIOpoAa B BoJie (Tak k€ TeMIepaTrypy W HEKOTOpbIe
JIpyTHE); OCBEIIEHHE WM KOPMJICHHE CIlelyeT MNpU3HaTh
BTOpHYHBIMHU. [ 1po3odmitbl mepBUYHBIM (aKTOPOM
BBICTyIIaeT TeMIlepaTypa, a THII KOPMOBOTro cybcrparta —
BTOPHUYHBIM.

Ilo Bcelt BUAUMOCTH, HCCIIEAOBAHHBIC BO3ICHCTBHS
9KOJIOTHYECKUX (HAaKTOPOB BBI3BIBAIOT PAa3HBIC THIIBI
oTBeTHOU peakiuw, BeiaeneHHbie I'. Cense [30]. OTBeT Ha
N3MEHEHHE BTOPHYHBIX (AKTOPOB (B IEPBYIO Ouepesb,
KOPMOBOTO CyOCTpara) MOJAXOJHUT 0/ CHHTOKCHYECKYIO

peaxiuzo, HAMpaBJICHHYIO Ha HNOUCK  myTeH
COCYLIECTBOBaHMsI ~ CO  CTpeccopoM.  Bo3snelicTBus
NEepBUYHBIX  (AKTOPOB  (KPUTHUECKHX  TEeMIIEparyp,

YPOBHSI KHCJIOPOJa W T.J.) BBI3BIBAIOT KAaTATOKCHYECKYIO
peakiuio, MpU KOTOPOIl OpraHu3M BCE CHUJIbI HaIpaBJsieT
Ha TPOTUBOCTOSIHWE TYOWTEIFHOMY  BO3JCHCTBHIO
ctpeccopa [16].

B ecrecTBeHHBIX YCIIOBUAX O6I/ITaHI/I${, B OTINMYHE OT
Ha60paTOpHBIX, JUIL JAHHBIX XUBOTHBIX (KaK U MHOTHX
JIPYTHX) KJIAMAT MOXET BBICTYNATh OIPEIEIIAIONINM BCE
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KM3HEHHBIE MpOosiBIeHHUs. KOHEYHO, Tak jk€ Ba)KHBIM
SIBJISIETCSI IINTaHUE; 100ABISIOTCS XUIHUKY, BPark U T.1.,
HO B IIEJIOM, €MKOCTh CpeAbl Ipo30(QMJI OnpenesseTcs
9KOJIOTMYECKUMH  XapaKTepUCTHKaMH WX  IIHIIEBOW
crienuanuzanuu [15].

AHTpONOTeHHbIE BO3/ICHCTBHS Ha IPUPOLY IPUBOAAT K
MIpeoOpa30BaHNIO B MEPBYIO OYEPEAb CTALUH Pa3MHOXKE-
HUSI, 9TO BBI3BIBAET HAPYIICHHUE PETIPOAYKTHBHBIX (DYHK-
LU{ NOMYJISIIMM COOTBETCTBYIOIIMX BUAOB. FIMEHHO U3-3a
9TOTO OXPaHHBIE MEPONPHUATHS NAJICKO HE BCETAA OAI0T
oxunaeMblil apdekT, a Bce Ooublee KOJINYECTBO BUJIOB
TIePEXOAUT B Pa3psill ucuezaronux [4].

JluHaMyKa 4HCIICHHOCTH JII000TO BHAA (MJIM TPYMIIBI
oco0eii) B KOHKPETHBIX YCIOBHUSX OyneT HENOCpPEeACTBEH-
HO 3aBHCETh OT XM3HEOOECHEUeHHOCTH, a K0JedaThCs B
paMKax MMeroleiics eMKOCTH cpenbl. UTo panroHaibHOe
MIPUPOJIOTIONB30BAHNE, YTO OXpaHa MPHUPOMABI JIOIKHBI
YUUTHIBAaTh JAAHHBIE SKOJOTHMYECKUE TPENIOCHUIKN OJaro-
TIOTY4Hsl BUIOB.

be3 cooTBercTByIOImEH XKM3HEOOECTIEYCHHOCTH, MPO-
SIBISIFOIIICHCS. B pPaMKaX KOHKPETHOM €MKOCTH Cpelibl, CO-
XpaHEHHE JIOOBIX IPUPOJHBIX OOBEKTOB HE MPEACTABIS-
eTcss BO3MOXKHBIM. IloBbIieHue MMPOAYKTUBHOCTU DJKC-
IUTyaTUPYEMBIX 3JIEMEHTOB Ouocdepsl TpedyeT COOTBET-
CTBYIOLIIETO YBEJIMYCHHUS HMX >KU3HEOOECIIEUeHHOCTH M0
BO3MOXHOCTU OCYHICCTBJICHUA BCCX KU3HCHHBIX IMPOLCC-
COB U pacIIUpeHus eMKocTu cpenbl. [IpekpacHblil npuMep
JAHHOTO TIOAXOMAa JaeT CEIbCKOE XO3SHCTBO, pacHIps-
IOlIee CBOIO AEATEIHHOCTh 33 CUET EMKOCTH CPEIbI €CTe-
CTBEHHBIX 3KOCHCTEM.

300KyIbTypa OXOTHHYBHX BUAOB (KaK OCHOBHOW IyTh
MHTEHCH(UKAINU OXOTHHYBETO XO3SHCTBA), OMHMparolia-
sicsl Ha COBPEMEHHBIE pa3pabOTKH CeIbXO03IPOU3BOICTRA,
IIO3BOJIAACT IIOJAHUMATH IINIOTHOCTH XUBOTHBIX Ha 3HA4YU-
TeNbHO OOJNBIINI YPOBEHh B CPABHEHWHU C €CTECTBEHHBI-
MU OHoTonamu, (GopMHUPYsS UCKYCCTBEHHYIO >KH3HeoOec-
MEYECHHOCTh. B TO ke BpEMs HYXHO INOHUMATh, YTO AaH-
HBIE CTPYKTYpHI HE 00JagaroT MeXaHM3MaMHU IOJepiKa-
HHSI TOMEOCTa3a U MOJTHOCTHIO 3aBUCST OT PEryIHpYyIOIle-
TO BIMSHUS 4YenoBeka. JlocTmKeHHe IMO0J00HOTO COCTOS-
HUSI B €CTECTBEHHBIX YCJIOBHSAX OKa3bIBAETCS B MPHHIUIIE
HEBO3MOXHBIM.

OnHUM M3 SIPKUX NPUMEPOB MOXKET OBITH OXOTHHYMI
¢azan (Phasianus colchicus L.), sustomuiics ceroans
Hanboiee MacCOBBIM OOBEKTOM HCKYCCTBEHHOTO IHYe-
pa3BeICHUS B MHPE — €XKETrOoJHO JUIS TOCHIeAyIoeNd HH-
TPOAYKLIMY B €CTECTBEHHYIO CPENy €r0 BbIPAIUBACTCS
6onee 70 mutH ocobeii [32]. B To ke BpeMs, COCTOSIHHE
MIOTYJIIIUN OXOTHUYBETO (hazaHa B YKpawHE CBHICTEIb-
CTBYET O Cepbe3HBIX IpobieMax (a3aHOBOACTBA B CTpaHE
B LesoM [14].

Ha nam B3risa, npoOiieMbl KH3HEOOECTICeUEHHOCTH
(azaHa KOpPEHHBIM 00pa3oM OTIMYAIOTCS B MCKYCCTBEH-
HBIX YCJOBMSIX M B €CTECTBEHHOH cpene. B ycnmoBumsx
(epMBbl YeIOBEK KOHTPOJIIMPYET BO3JEHCTBHE OTIEIBHBIX
(haKTOpOB, M3 KOTOPBIX OIpEAEIAIONIee BO3AEHCTBUE MO-
TyT OKa3pIBaTh YCIIOBHA COJEPXKaHWSA, OCOOEHHOCTH
KOpMJICHHUS U T.A. B ecTecTBeHHOI! cpene IMMHUTHpYIOIIEe
BO3JICHCTBHE OKAa3BIBAIOT aOCOMIOTHO Apyrue (GakTopbl, B
YaCTHOCTHU — IIOTOAHBIC, XHWIIIHHUKH, 6paKOHBepCTBO u
mpouee.
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Hexoropble cienuanucTsl MPUAECPKUBAIOTCS MHEHUS,
YTO JIOCTaTOYHO BBIMTYCTUTH OIPENEICHHOE KOJIUYECTBO
JKUBOTHBIX B MPUPOJY, a B JNaJIbHEHUIIEM OHU CaMOCTOS-
TEJIBHO JOJKHBI JOCTUYb BBICOKOM uucieHHOCTH. [Ipu
3TOM, HECMOTPS Ha OOJIBIIOE KOJTUUYECTBO BHIMYIICHHBIX B
npupoxay ¢a3zaHoB, ¢ HUM 3Toro He mpousonuro [20]. Ha
Hall B3TJIs[, TJIABHOM NPUYHMHON HEBBICOKOW IIOTHOCTH
JTAHHOM NTHIBI B YCIIOBHSX €CTECTBEHHOM cpembl obouTa-
HMS SIBJIIETCS €€ HU3Kasl )KM3HE00ECIIEYEHHOCTh. JTO Ka-
caeTcs HEBO3MOXKHOCTH TMOMyisnueil (azaHa peanu3o-
BaTh CBOU PEIPOJAYKTHBHEIC CIIOCOOHOCTH — OTCYTCTBYIOT
HEOOXOMMBIC MeCTa JUIs Pa3MHOXKCHUS, M3-3a XUMU3a-
LMK CeJIbCKOXO3UCTBEHHBIX IMOJIEH BO3pacTaeT CMepT-
HOCTh MOJIOJHsKA U T.J. KOHEUHO ke, He ImocaeaHee 3Ha-
YCHHE MMEET BO3JCHCTBUE Ha MOMyNAIUI0 (ha3aHa XHUII-
HUKOB U OpakoHbepoB. Bo BceM Mupe JaHHOE OrpaHude-
HHE CHUMAETCS 3a CYET MCKYCCTBCHHOTO IIYepa3Befe-
HUS, TTIOJIMEHSIONIETO MPOIECC €CTECTBEHHOTO BOCIIPOH3-
BOJICTBA U4 H [4].

Tak ke U B YKpaumHe OOCTHYb BBICOKOH IJIOTHOCTH
OXOTHHYBETO (pa3aHa B YrOAbIX MOXKHO TOJNBKO B CIydae
MTOCTOSTHHBIX BBIITYCKOB OOJBIIOTO KOJMYECTBA IITHI[ B
npupoay. Hukorma momynsnus ¢asaHa caMOCTOSATEIBHO
HE JIOCTUTHET MOJ00HOTO YPOBHsI, HECMOTpPSI Ha OTpaHMU-
YEHHsI OXOThl U UCIOJb30BaHUE OMOTEXHUYECKHX MEPO-
npusTuii. bone Toro, ecnu npekpaTUTh MOK00HBIE HHTPO-
JIYKIIUU, YUCICHHOCTh INTHUI[ MOXET YNacThb HHXXE Cero-
THAIIHEH. DTO emle pa3 MOAYepKUBAET BAXHOCTh ydeTa B
MPAaKTUIECKOI IeATETbHOCTH TAKUX TMOHATHHA KaK KU3HE-
00eCTIIeYeHHOCTh M €eMKOCTD CPEIbl.

B mpakTiueckod NesATEIHPHOCTH HEOOXOAWMO TaK JKe
YYHTBIBaTh TIOCIEACTBUSA, BBI3BAHHBIC HCKYCCTBEHHBIM

HU3MEHEHHEM JKM3HEOOECIEUYEHHOCTH OT/AENBHBIX BHJIOB.
B cmydae KOHTpOJII YHCIEHHOCTH TaK Ha3bIBA€MbIX
"BpenHBIX" BUAOB MBI, 3a4aCTylO, IOIy4aeM IPOTHUBOIO-
JIOXKHBIE pe3yiapTaThl. B mepByro odepens 3TO Kacaercs
TOSIBJICHUSI YCTOMYMBBIX K mectunnaam ¢opm. [locraTod-
HO YacTO HEKOHTPOJIHPYEMBIMH W HEIPEIBUACHHBIMU
MIPOLIECCaMy SBILIFOTCSI CHHAHTPONM3AaKs U ypOaHn3aIys
(dayHBI.

B mo6oMm ciydae, Bo3necTBHE HA eMKOCTh CPEIBI CO-
OTBETCTBYIOIINX BHUAOB CIIOCOOCTBYET aKTUBH3ALMH MUK-
PO3BOJIIOLMOHHBIX MPOILECCOB, OTBEYAIOLIMM IPaBUILY
Jle-Illarenbe — bpayna. IIpu 3TOM [aHHBIE NPOLIECCHI
OKa3bIBAIOTCSI HE TOJBKO IIOXO KOHTPOJIMPYEMBIMU de-
JIOBEKOM, HO U UAYIIUMH NPEUMYILECTBEHHO Bpaspes ¢
HAIlUMU TOKEJNAaHUSAMHU. AHTPOINOIeHHOE BO3JEHCTBUE
mpuoOpeTaeT MpeUMyIIecTBeHHO (opmy r-otbopa, cro-
COOCTBYS HOBBIIICHHIO OMOTHYIECKOTO MOTEHIHAIa COOT-
BETCTBYIOLINX BHIOB. DTH MPOLECCHl HMEIOT IS YEIIOBE-
Ka IPEUMYIIECTBEHHO HETaTHBHOE 3HAUCHUE.

3akaiouenue. Takum oO6pa3oM, B clcTEMe B3aNMOJCH-
CTBHS "OpraHU3M — OKpYy’Karomlas cpena', sku3Heobecte-
YEHHOCTh IPEIyCMaTPUBACT BO3MOXKHOCTD ITOJIHOIICHHON
peanu3aniu opraHu3MoM (MM JPYrUMH OMOCHCTEMaMH)
CBOMX XHM3HEHHBIX (QyHKIMH. KonnuecTBeHHOE BBIpaxe-
HHE JAaHHOTO TOHATHS pealn3yercs uepe3 eMKOCTh Cpe-
Iibl, o0ecTieunBaronield BO3MOXKHOCTh MOJTHOIIGHHOTO CY-
IIIECTBOBAHUS ONPEAETICHHOTO0 KOJINYECTBAa OPraHU3MOB
WIN UX COBOKYIHOCTEH B HMMEIOIIMXCS YCIOBHSX. Bo3-
JEUCTBHS YEJIOBEKa Ha EMKOCTb CPEJIbl U, KaK CIIE/ICTBHE,
KHU3HEO00ECIIEYCHHOCTh OPTaHU3MOB, ITO3BOJISIET YIpaB-
JSATh YUCICHHOCTBIO COOTBETCTBYIOIIMX BHJIOB, YTO MO-
KET CII0COOCTBOBATH MUKPOIBOJIIOIIMOHHBIM IIPOIIECCaM.
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Korzh A.P. Sustaining the livelihoods of populations as a basis of the carrying capacity formation of their living environment
Abstract. Human society is a certain model for the development of the corresponding scientific understanding of the general biologi-
cal laws. For an explanation of the relationship in the system "organism — environment" term "survivability", widely used in various
fields of science is quite appropriate to be involved. The term "life-support”, in our opinion, should be understood as a full realization
of the organism (or other biological systems) of its vital functions. The loss of a normal reproduction, which is the most demanding
to the conditions of existence, is the first sign of the deterioration in the livelihoods of organisms. The quantitative expression of the
relationship of the organism with the environment is the mostly realized through a comprehensive index that takes into account a lim-
iting determine impact of environmental factors. Such indicator may be a carrying capacity, which provides the possibility for the ex-
istence of organisms or their aggregates of full value. The existing capacity has a peculiar pressure on the relevant group of organ-
isms, which may in some way limit its different manifestations of life. Anthropogenic impact on the environment leads to the trans-
formation first of all the breeding habitats, which causes the break of reproductive functions of the species populations. As a result
security measures the not always give the desired effect, and an increasing number of species goes into the category of endangered.
Population dynamics of any kind (or groups of individuals) under specific conditions will directly depend on the livelihoods and fluc-
tuate within the available capacity of the environment. Without the proper livelihoods, manifested by a particular container environ-
ment, the preservation of any natural objects is not possible. Increasing the productivity of the exploited elements of the biosphere
requires a corresponding increase of their livelihoods to the possibility of all life processes realization and to expanding of the medi-
um capacity. Impact on the carrying capacity of the species helps to activate microevolution processes that comply with the rule of
Le Chatelier — Brown. At the same time, these processes are not only poorly controlled by man, but mostly going counter to our
wishes. Human impacts predominantly acquire the form of r-selection, helping to improve the biotic potential of the species. These
processes are mostly negative for the people.
Keywords: sustaining the livelihoods, organism, carrying capacity, interaction, well-being of species.
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Caeuna K.JI.
[ocTypanbHble peaknnu KOKHOT0 KPOBOTOKA Y CIOPTCMEHOK

Casuna Kcenus [{mumpuesna, acnupanm Kageopvl CHOPMUSHBIX Up U 2UMHACIUKU
Taspuueckuii HayuonanbHwlll yHUeepcumem um. B.U. Beprnaockozo, e. Cumepepononv, Yrpauna

AnHoTanus. [IpoBefieH cpaBHUTENBHBIN aHATH3 (YHKIIMOHAIBHOTO COCTOSIHUS PErYISATOPHBIX CHCTEM MUKPOLUPKYIISILIUH B KOXKE y
CIOPTCMEHOK CHELUATU3UPYIOMUXCS B OEroBbIX BUAAX JIETKOM aTIEeTHKH A0 U Mocie BeCTUOYIAPHBIX pasapaxeHuil. McciaenoBano
10 BBICOKOKBaIU(UIMPOBAHHBIX JICTKOATICTOK CIICHUANTU3UPYIOIIUXCS B Oere Ha CpelHUe U JUIMHHbIC TUCTaHIMU 1 40 KEHIUUH, He
3aHMMaromuxcst cnoproM. Ilokas3aHo, 4To BecTHOYNISpHOE pa3IpakeHHE NOCTOBEPHO BBI3BIBAET M3MEHEHUS MIPOLIECCOB MUKPOIUP-
KYJUSIIUH B KOXKE, TPOSIBIIIONINECS HE TOJIHKO B H3MEHEHUH BEJIMUMHBI Iep(y3HH, HO U CIEKTpa KOMIIOHEHTOB MEXaHU3MOB PETyIIsi-
. [orydeHo, 9TO BEICOKOYACTOTHBIE IbIXaTeNbHBIC U MYJIBCOBBIE KOJEOAHMs y CIIOPTCMEHOK 3aHMMAJIH 3HAYUTEIILHO MEHBIIYIO
JIOJTIO B 001mIeM crekTpe u coctaBmii 9,8% u 8,3% COOTBETCTBEHHO, YTO yKa3hIBAaeT Ha ONTUMAIBHBIA IPUTOK U OTTOK Nepupepude-
ckoit kpoBH. CTpyKTypa OCIIJULIINHA KOXHOTO KPOBOTOKA IIOCIIE BECTHOYISIPHBIX pa3fApakeHHi y CIOPTCMEHOK, CBs3aHa C IIOBBI-
HIEHHEeM BKJIaJa JbIXaTeIbHOTO KOMIOHeHTa ¢ 9,8% 10 11,4%, uTo 00ycnoBIeHO H3MEHEHHEM ANHAMHUKU BEHO3HOTO JABICHUS MPH
JIETOYHON MEXaHHYECKOH aKTHBHOCTH, IIPUCACHIBAIOIUM AEHCTBHEM «IBIXaTEILHOTO HACOCA.

Kniouesvle cnoea: cnopmcmennl, Mukpoyupkynayus 6 xoxce, JI[JD-wempus, eecmubyrapHuoe pasopasicenue, ObixameivHuvle U

nyjlecogsie Konebanus

BBenenme. M3BecTHO, UTO rpaBUTALIMOHHBIE B3aUMOJEH-
CTBHS OIIPEAEISAIOT (OPMUPOBAHME OCHOBHBIX KOMIIO-
HEHTOB JIBUTATEJIFHOTO aHAJIN3aToOpa, B ONpeAeTIeHHOU
CTETIeHH JINMUTHPOBAJIM Pa3BUTHE CEPEUHO-COCYTUCTOIA,
JIBIXaTeIbHOM, BBIACTUTEIBHON M IPYTUX CHCTEM Opra-
HHU3Ma, 00CIY)KHUBAIOIIMX JBUTATEIbHBIA amnmapaT 4elno-
Beka [5]. IloaTomMy mpu 1:060M IBIKEHHH, BOCIIPUHUMA-
eMOM JIM00 TAaCcCHBHO, JIMOO AaKTUBHO, BECTHUOYIISPHBIN
aHAJIM3aTOp BCTYNAeT B AKTHUBHOE B3aWMOEHCTBHE CO
BCEMH CHCTEMaMH OPTaHHM3Ma, BBI3BIBAas BECTHOYISApHBIC
peakuuu [7].

Kparkuii 0630p ny6auxanuii no teme. HaxomneH
JIOCTATOYHBIA MaTepual o BeCTHOYIOBETCTaTHBHBIM, BE-
CTHOYIIOCOMAaTHYECKUM, TJIa30/BUTaTEIbHBIM (HHCTAT-
MOMETpHYECKHM) U ApyruM peakisiM [2]. CozgaHbl Me-
TOJUKH, TIO3BOJIAIONINE OICHUTh BECTHOYISAPHYIO yCTOM-
YHBOCTh MO TIOKA3aTeNIIM CEPACYHO-COCYIUCTONH CHCTe-
MBI, CUCTEMBI JIbIXaHHsl, OPUEHTUPOBKH B IPOCTPAHCTBE,
cwisl [3;9]. OgHako, HECMOTPS Ha OOJIBIIOE KOJIMYECTBO
HCCIICIOBAaHUH, OCOOEHHO MOCBSIIEHHBIM BECTHOYIJIOBE-
TeTaTUBHBIM PEAKIHAM, COBEPLIEHHO HE H3yYEHHBIM
0cTaéTCsl peaKTUBHOCTbh KPOBEHOCHBIX COCYZOB KOXH Ha
BecTHOYIIsipHOE paszapaxkeHne. HayuHslil mHTEpec K 3TO-
MY BOIIPOCY CBSI3aH, €IIe U C TeM, YTO COBPEMEHHBIE CITO0-
co0BI perucrpanuu 1 oOpabOTKH HapaMeTpoB KOXKHOTO
KPOBOTOKa Ja€T BO3MOXKHOCTH ONPEAEIUTH POJIb Pa3iIny-
HBIX MEXaHU3MOB B PEryJISILIMMA TKaHEBOIl I'eMOJIMHAMUKU
[6;8]. M3meHeHUs B cUCTeMEe MHUKPOIMPKYIAINH KPOBHU
KOPPENUPYIOT CO CABUI'AMHU B LIEHTPAJILHON reMOINHAMH-
KH, 9YTO TO3BOJIIET HCIOIB30BAThH MOKA3aTEeIN MUKPOLIUP-
KYJIALUA B Ka4eCTBE KPUTEPHEB B OOIIECH OIIEHKE BECTH-
OyJIOBEreTaTMBHOM yCTOHYMBOCTH, YTO B CBOIO OYepellb
OTpaXkaeT yPOBEHb 3[JOPOBBS.

Heanb. Llensio wuccnenoBaHus SBISAIOCH BBISIBICHHE
0CcOOEHHOCTEW IPOIECCOB MOAYJSIINUU KOKHOTO KPOBO-
TOKAa Yy CHOPTCMEHOK B YCJIOBHSIX BECTHOYISAPHBIX pas-
JIpasKeHuH.

Matepuanabl M MeTOAbI. B nccrenoBanny npruHAMAIN
yJacTHe XEeHIIWHBI B Bo3pacte oT 19 mo 23 roga, He 3a-
HuMamonuxcs cnoproMm (n=40). Takxe B MCCIeTOBaHHU
MIPUHUMAIH y4JacTHe BBICOKOKBAIM(HUIIMPOBAHHBIE (Ma-
cTepa CropTra, MacTepa CIopTa MEXIyHapOJHOTO Kiacca
B Oere Ha cpeJHUE M JUTMHHbBIE TUCTAHIMHU) COPTCMEHKH
(n=10). OO6mee xoxnuecTBo oOciexyeMbIx 50 YeoBeK.
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daza MecsYHOTO NUKJIA HE yUHThIBasmack. [y perucrpa-
LM TTOKa3aTeNe MUKPOIUPKYJISIMN B KOXKE, 10 U MOCIIe
BECTUOYJISPHBIX pa3pakeHUH, UCHOIB30BaJIH METOJ Ja-
3epHO# goruiepoBckoit (ioymerpuu (JIJID), ocHOBaHHBIH
Ha ONTHYECKOM 30HAMPOBAHUM TKaHEH MOHOXpOMaTHde-
CKUM M3JIy4eHHEM M aHaJHM3€ 4acTOTHOTO CIIEKTpa, OTpa-
JKEHHOI0 OT JBUXKYLIMXCS 3pUTPOLMTOB curHana. JIJID
OCYILIECTBIISUIM  JIa3epHBIM  aHAJIU3aTOPOM KPOBOTOKA
«JIAKK-02» Bo BTOopoM wmcmomaeHnu (HIIII «Jlazmay,
Poccust). B xauecTBe BecTHOYISAPHBIX pa3ApaKeHUH MpH-
MEHSJIM BpauieHus B kpecie bapanu, mo metoxy Bosueka
(10 oboporos 3a 20 cexyHx, romoBa nox yriom 30° BHI3
C 3aKpBITBIMH TJa3aMH). lccienoBaHHe NPOBOIWIN B
JTHEBHOE BPEMsI CYTOK, HCIBITYEMBIE BO BPEMs HCCIEO0-
BaHUSI HAXOJIJINCH B MOJIOXKEHUHU cuad. ['onoBka ontude-
CKOT0 30HAa (IaT4nKa) GUKCUPOBAIACh Ha HAPYKHOU IO-
BEPXHOCTH JIEBOTO MpEIIeubs Ha 4 CM BBIIIE MIMIOBU-
HBIX OTPOCTKOB. Il0 MHEHHIO HEKOTOpHIX aBTOpPOB [8],
yKa3aHHas 30Ha sIBJIsSieTCs 30HOM 3axapbpuHa-I'ena cepana,
OeqHa apTepuo-BeHYJSIPHBIMU aHACTOMO3aMH, TOTOMY B
OoJIbIICH CTENEHN OTpa)kaeT KPOBOTOK B HYTPHUTHBHOM
pyciie W B MEHBIIEH CTENEeHH NOABEPKEHA BIMSAHUIM
BHEIITHEH CPebl, U B CBSI3M C ATUM HPUMEHSETCS IJIS MC-
CJIeIOBAaHUM MUKpOIMPKYJy. Pacuér nokaszareneii 6a-
3aJIbHOTO KPOBOTOKA MPOBOAMIICS B J[Ba ATAIa.

IToxasarenn TKaHEBOrO KPOBOTOKA OIEHUBAIN 10 U
nociie BECTHOYIAPHBIX pasznpaxkenuii. Ha mepBom stame
CIIEAYIOIINE TIOKA3aTeNH:

M (mepd.en.) — mokazaTenb MUKPOIMPKYISIIAM, Xa-
paKTepU3yOUiA 00ury0 (KamWIIIpHYI0 W BHEKAlWJ-
JSIPHYI0) YCPEAHEHHYIO CTallMOHAPHYIO Nep(y3nio MHK-
POCOCYZIOB 3a BpeMsl UCCIIE0BaHUS;

CKO (o, nepd.en.) — cpenHee KBaapaTHIHOE OTKIIOHE-
HHUE aMIUTUTYIbI KOJIeOaHUH KPOBOTOKAa BO BCEX YacTOT-
HBIX JAMama3oHax OT cpeAHero M, oTpaxaroliee Bapua-
0eIbHOCTh TKAaHEBOTO KPOBOTOKA;

Ky (%) — xo3dduuneHT Bapraimy, KOTOPBIil BHIYUC-
nsumm o popmyne: Ke=CKO/M-100%.

Pacuer nokazareneit M; CKO u Ky, naér o6myto oreH-
Ky TIpoIeccaM MHUKPOIUPKYJISAIIUN KPOBH 10 U ITOCIE Be-
CTHOYJISIPHBIX pa3ApakeHMH.

Ha BTOpOM 3Tame mpoBoawics aHaan3 GyHKIIMOHHPO-
BaHMS MEXaHW3MOB MMKPOLMPKYJIALUK, KOTOPBIA ObLI
noiydeH npu obpadorke JI[P - rpamm KpoBOTOKa Ipu
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HCCJIEJOBAaHUN PUTMHYECKHX KOMIIOHEHTOB KOJIcOaHMH
neppy3ud KpOBH. AHalIM3 aMIUIMTYAHO-4aCTOTHOTI'O
CIEKTpa OTPaKEHHOI'O CUTHAja HMPOBOJIWIN C HCIIOJB30-
BaHHEM MaTeMaTH4ecKoro anmapara BeHBIIET-
peoOpa3oBaHMs, KOTOPHIH B HACTOSIIEE BPEMs HAXOIWUT
IIMPOKOE MPUMEHEHUE AN aHAIN3a CUTHAIOB (hH3HOIIO-
THYECKOH TPHUPOABI, MO3BOJSIET OLEHUBATh H30JIMPOBAaH-
HO BKJIaJ KaXKIOTO 3BEHAa MEXAHW3MOB, MPUHUMAOIINX
ydacTue B MOJYISALH MHKPOKpOBOTOKA. Cpenn 3BEHBEB
PETYIALNN BBIICISIIOT «IAaCCHBHBIE» U «aKTHUBHBIE» (pak-
TOpBI, KoTopsle B mojoce yactoT oT 0,0095 mo 1,6 T’
(GOpMHUPYIOT TISITh HE MEPEKPHIBAIOMINXCS YaCTOTHBIX
nuanazona: 0,0095-0,02 'y — quana3oH SHAOTENHAIBHON
aktuBHocTH (VLF), 0,02-0,05 'y — nuanazoH HelporeH-
HOH (CHMIaTHYEeCKOl aJpeHEepruuecKoi) aKTUBHOCTH
(LF,), 0,06-0,15 't — quana3oH MHOTEHHOH (TJIAaAKOMBI-
mreuHoit) akrusaoctH (LF,), 0,15-0,4 Tt — nuamason pe-
crmmpatoproro purma (HF), 0,8-1,6 I'm mmamazoH kap-
muanmsHOoro putMa (CF). Perucrpupyemeiii B JIJ®D-
rpaMMe KoJeOaTeNbHBIH MpoIece SABIACTCS PE3yIbTaToOM
HaJIOXKEHUsI KOJIeOaHUH, OOYCIIOBICHHBIX OIHOBPEMEH-
HBIM (DYHKIIMOHUPOBAHHEM «aKTHBHBIX» M «IIaCCHBHBIX)»
(dakTopoB [4]. Onpenensics BKIaa KaKI0W KOMIIOHCHTHI
aMIUTUTYJHO-4YaCTOTHBIX ~ XapaKTePHCTHK  KoJieOaHW
KOXXHOTO KpoBoToka. Crarucruueckas oOpaboTKa MaTe-
pHana mpoBOANIACH IIYTEM BBIYHCIICHHS CPEAHETO 3HaYe-

uust (X ), u omubOKu cpenHed apudmeruyeckoit (S X ).
OIeHKa JTOCTOBEPHOCTH DPA3NMUUil MPOBOIIIACH C HC-
moJk30BaHueM t-Kputepus CThIOJCHTA.

PesyabraTrel M ux o0cy:xaenme. IlpoBenénnele uc-
CIIeJOBaHUS TOKAa3alld, 4TO ToKa3aTens nepdysun M B
IOKOE, IO BECTHOYJLIPHBIX pa3ipakeHHid, Kojebaucs B
npenenax ot 2,61 mo 5,23 mepd.ex U COCTABHII B CPEIHEM
3,53+0,61 mepd.en.(tabn.1). B coBpeMeHHON Hay4yHOI
JUTEpaType YKa3bIBA€TCA, YTO BEJIMYHMHA MapaMeTpa mep-
¢Gy3unr M 3aBUCUT OT KOHIICHTPAIIMHA SPUTPOIIMTOB M CKO-
pOCTH WX JBWXKEHHs, a TakXke OT HHIWBUIYaIbHO-
TUTIOJIOTUYECKUX OCOOEHHOCTEH COCTOSHUSI MHKPOIUP-
kymsiauu [4;6;8]. Tax, B uccnenosanusx Yysua E.H. ¢ co-
aBTOpaMH, IPU U3MEPEHUH YPOBHS Nepy3UH Y KESHIIHH,
HE 3aHUMAIOMIUXCS CHOPTOM, MOJTYYCHBI TPU THIIA MHK-
POLMPKYIANNHN B KOXKE: allepUOJMISCKUI, MOHOTOHHEIH ¢
HU3KOH mepdy3ueil 1 MOHOTOHHBIN C BBICOKOH mepdy3u-
eit. [lomy4yeHHBIC THUITBI 3aBUCEIH OT BEJIWMYHH NepPy3HH,
¢nakca u ko3 duinenta apuanuu (tadmn.2). Heodoxomxu-
MO OTMETHTbh, YTO TPUOPUTETHHIMU B OIPENCICHUH THTIA
MUKPOIMPKYJISIUN OBIIH BETHYHHEI (pi1akca 1 0coOeHHO
kodpdunrenta Bapuanuu. KosdduuueHT Bapuanun y
CHOPTCMEHOK JIOCTOBEPHO HE OTIMYAJICS TI0 OTHOIICHUIO
K EHIIMHAM HE 3aHMMAIOLIUXCS CIIOPTOM arepHoanye-
CKOT0 THMNAa. DTO JajJ0 HaM BO3MO>KHOCTb OTHECTH BBICO-
KOKBaJTH(DHITUPOBAHHBIX JICTKOATICTOK K JIMIIAM C arepu-
oanyeckuM Tunom JIJI®-rpaMmel, Tak Kak BeJIMYMHA KO-
s¢¢unmenTa Bapuanuu coorBercrBoBana 18,47+2,30%.
HHTEepecHO OTMETHTH, YTO B IIOKOE BEIHMYWHA MEepy3uu
KO)KHOTO KPOBOTOKa y CHOPTCMEHOK OBLTa JIOCTOBEPHO
HUXe, 9YeM Y JKEHIINH, He 3aHUMAaroImuxcs crmoprom. O6-
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Hapy>XCHHOE HaMH sBJeHUE Ooiee HM3KOH mnepdy3un
KOXKHOTO KPOBOTOKAa y CIHOPTCMEHOB BITUCHIBAETCS B I10-
JOXKEHHsI KJIACCHMYEeCKOW CIOPTHBHOW (usnonoruu o0
9KOHOMHUYHOCTH MHOTHX (HM3HMOJOrMYecKuX (DyHKUUI B
MIOKOE y CIIOPTCMEHOB [12].

Tabmuma 1.
IMoka3aTe T MUKPOLMPKYJISIMHE B KOJKe Y CIOPTCMEHOB
JI0 M 1OCJIe BeCTHOYJISIPHBIX pa3apaKeHui

o BecTHOYISAPHBIX Hocae BHeElTx“ﬁyﬂﬂp_
CrniopTcMeHKH pasapakeHui paspaenmii

M d Ky M [ Kv
C-xo 3,24 054 | 16,77 | 3,71 | 0,48 | 12,86
b-pp 2,61 082 | 3153|181 | 0,66 | 36,46
bi-ps 2,79 0,46 16,36 | 2,43 | 0,69 | 28,28
J-Ba 5,23 0,68 1298 | 449 | 042 | 843
1I-Ba 3,64 0,71 19,54 | 309 | 049 | 1571
1I-ko 3,75 0,58 1542 | 3,07 | 0,82 | 26,71
C-Ha 4,99 0,56 11,32 | 403 | 0,61 | 14,86
K-Ba 2,22 058 | 2601 | 228 | 048 | 2091
K-Ba 3,58 0,56 1562 | 3,07 | 0,38 | 12,23
C-xo 3,27 064 | 1914 | 256 | 058 | 22,72
X 3,53 0,61 18,47 | 3,05 | 0,56 | 20,01
S ; 0,34 0,04 2,30 | 0,30 | 0,05 | 3,19

Takum 00pazoM, IJIsi KOXKHOTO KPOBOTOKA Yy JKCHIIWH
3aHUMAIOIIUXCSl OETOM Ha CpeIHUE W JUIMHHBIC JTUCTaH-
UM XapaKkTepHa HHU3Kas nepdy3us u BapHaOEIbHOCTDH
NoKa3aTenel KpOBEHAIIOJIHEHNUS, YTO BEPOSTHO CBA3AaHO C
y4acTHeM KaK LIEHTPAJIbHBIX, TAK U PETHOHAJIBHBIX, U JIO-
KaJIbHBIX MEXaHU3MOB PETYISAINHN KpoBoToKa. Ilocne Be-
CTHOYJISIDHBIX pa3ipaXeHHH IokaszaTenb mepdysmn M
KOXKHOTO KPOBOTOKa y CIIOPTCMEHOK JOCTOBEPHO HE H3-
MeHmIcs (Tabm.1), 9To CBA3aHO C IMpoIeccaMu BeCcTHOY-
JIOBETETaTUBHONW YCTOMYMBOCTH HE CMOTpS Ha «Yrpo3y»
rorepy paBHoBecHsL. [1oirydeHo, 4To TakxKe He N3MEHWICS
JocToBepHO Kod(duirenT Bapuauu Ky, 910 cBuaeTeNb-
CTBYET O CTAaOMJIBHOCTH PA3IUYHBIX MEXaHU3MOB PeryIs-
IIUM BEJTUYMHBI Nepdy3un B yCIOBUAX BECTHOYIIAPHOTO
pa3zapaxeHusl.

IIpencraBnsieT Hay4HbIM UHTEPEC POJIb KAXKIOIO 3BEHA
MEXaHM3MOB, NPHHUMAIOMIMX y4YacTHE B MOAYISIHN
MHUKpOKpoBoTOKa. O6padoTtka JIAD - rpamMmMm KpoBOTOKa
IIPY UCCIE0BaHUN PUTMHYECKHMX KOMIIOHEHTOB KojeOa-
HUH Tepdy3un KpOBH M aHAIU3 aMIUIUTYAHO-4aCTOTHOTO
CIIEKTpa OTPa’KEHHOTI'O CHTHAJIA ITO3BOJIMID HaM, OIpese-
JUTh MEXaHNU3MBI PETYISIMHA KPOBOTOKA B Koxe. V3BecT-
HO, YTO JUIi XEHIUMH C anepuoandeckum turnom JIJ[D-
TpaMM CaMbIi CYIIECTBEHHBIN BKJIaJ B OOIIYIO MOITHOCTh
cuektpa BHOcUT VLF-kommoneHT [6], 00ycnoBIeHHBIN
(YHKIMOHMPOBAHUEM JHJIOTENHSA, a MMEHHO BBIOPOCOM
Bazommiararopa NO. Ha cerogHsmiHuid JA€Hb CYIIECTBY-
10T JaHHBIE 0 CBs3M dKcnpeccnu rera eNOS (ren sHpoTe-
muansHOH NO-CHHTa3bl) M CIIOCOOHOCTBIO BBIIIOJIHSTS,
TSDKeTyto Gusnueckyro paboty [1;11]. Oto u ompenensier
BAXXHOCTh U3Y4YEHMs Ba30JUJIATOPHOTO 3BEHA PETYISIUU
KpPOBOTOKA, KaKk I€HETUYECKH JI€TEPMHUHUPOBAHHOIO, YTO
B2)XHO JJIsI BOIIPOCOB OTOOpa M OPHEHTAILMHM TPEHUPO-
BOYHOTO MPOIECcCa CIIOPTCMEHOB.
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Tabnuma 2.

oka3zaTenn MHUKPOUUPKYJIANUHA B KOKe y KEHIIIUH HE 3aHUMAIIUXCH CIIOPTOM
" Bl,lcoxomsanmbnunposannux JIErKOATJICTOK

Tunbt Mukpouupkysumn (1=50) Iloka3aTe 1 MUKPOUMPKYJISAIHH
POUHpIyJIKt Iepdysus M, nepd.en. | ®@aakc. 3, nepd.en. | Kodppuuuent Bapuanuu Ky, %

Anepuoieckuii Tun, 6,28+0,52 0,97+0,09 16,55+3,09
(n=13) XeHIIHBI, He 3aHIMAIOIIHECS CIOPTOM
(n=10) BRICOKOKBATH()ULIPOBAHHBIE JIETKOATICTKH 3,53+0,61; p1<0,01 0,61+0,04; p2<0,05 18,47+2,30
MoHoToHHBIi# THI ¢ HH3KOii mepdysueii (n=14) 6,53£0.28 0.2340,03 3.540.38
KCHILMHbI, HE 3aHUMAIOLIUECS CIOPTOM
MoHoToHHBIH THII ¢ BbIcOKOii mepdysueii (N=13) 18,60£0.83 0.53£0,04 3.5340.34
KCHILMHbI, HE 3aHUMAIOIHMECS] CIOPTOM

Ipumeuanus: Pl - 7OCTOBEPHOCTh OTIUYUHA MO OT-
HOIICHHIO K JKEHIIUHAM HE 3aHUMAIOLIMXCS CIIOPTOM MO-
HOTOHHOTO THIA C BBICOKOH nep¢ysueit; p2 - gocroBep-
HOCTh OTJIMYMH 1O OTHOUIEHWIO K XEGHIIMHAM HE 3aHH-
MAIOIIMXCsI CIIOPTOM MOHOTOHHOT'O THIA C HU3KOW Iep-
¢by3ueit;
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Puc.1. Bxian B 0011yI0 MOIIHOCTH CIIEKTPAa OCHOBHBIX PHT-
MoB JI/I®D-rpaMM aneprHoanIecKOroTHIIA y CIIOPTCMEHOK (1- B
MOKO€, 2- TI0CIIe BECTUOYISIPHBIX pa3apakeHHH )

Taxoke BeCOMBIM BKJIAZOM B OOIIYIO MOIIHOCTBH CIICK-
Tpa sBisercss LF-koMmmoHeHTa, 00yCIOBIEHHOTO MHOTEH-
HOM aKTMBHOCTBIO Ba30MOTOPOB U HEUPOINE€HHBIMH CHUM-
MaTO-aJPEHEPTUIECKUMHU BIUSHUSIMU Ha MHOLUTHI apTe-
pUON ¥ apTEepUOJISPHBIX YYaCTKOB apTEPHOBEHYJSIPHBIX
aHacToMo030B (puc.l). DTOT TUT, MO JAHHBIM JIUTEPATYPHI,
XapaKTePU3yeTCsl BHICOKOW COATaHCHPOBAHHOCTBIO PEry-
JSTOPHBIX MEXaHU3MOB.

AHanu3 cnekTpa oCHOBHbIX pUTMOB JI[I®D-rpamm ane-
PUOINYECKOTO TUMA y CIOPTCMEHOK MOKa3all CyIIeCTBEH-
Hbli  BkJag VLF-KOMIOHEHTBI, KOTOpBI COCTaBMII
53,6%, 4TO CBUIETENBCTBYET O 3HAYUTEIBHON MOMYIIS-
MY TIOTOKa KPOBH CO CTOPOHBI DHIOTEIUATBHOTO (HYHK-
MOHUPOBaHU.. BKiaa Ba30MOTOPHBIX KojeOaHUH B pe-
TYJSIUN KOKHOTO KPOBOTOKA y CIIOPTCMEHOK COCTaBHII
28,2%,. BBICOKOYaCTOTHBIC NbIXaTENbHBIE W IYJIbCOBHIE
KojeOaHusT y CIOPTCMEHOK 3aHMMAalld 3HAYUTEHHO
MEHBIIYIO JIOJI0 B 00IeM crekTpe u coctaBwin 9,8% u
8,3% COOTBETCTBEHHO, YTO YKAa3bIBAET HAa ONTHUMAJIbHBIM
MIPUTOK U OTTOK IepruhepuIecKOil KPOBH.

AHanu3 NOJy4YEHHBIX JAHHBIX O CTPYKTYpE OCLMILIS-
U KOXKHOTO KPOBOTOKA ITOCIIE BECTUOYIIAPHBIX pa3jpa-
KEHUHM y CIOPTCMEHOK, MO3BOJMI ONPEJECIUTh MOBBIIIE-
HHE BKJIaJla JbIXaTeJIbHOTO KOMIOHeHTa ¢ 9,8% 1o
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11,4%, 4To 00yCIOBICHO M3MEHCHHEM JUHAMHKH BEHO3-
HOTO JaBJICHUs NPU JIETOYHOM MEXaHWYeCKOil aKTHBHO-
CTH, IPUCACHIBAIOIIUM AECHCTBHEM «(IbIXaTEIBHOTO HACO-
cay.

TakuM 00pa3oM, BBISBJICHB OCOOCHHOCTH KOKHOTO
KpPOBOTOKA CIIOPTCMEHOK B ITOKOE, a TaKK€ OCOOEHHOCTH
PeaKIuy MUKPOIUPKYJIATOPHOTO PyCia IIPU BECTHOYIISP-
HBIX Pa3IpaXEHHUAX 3aKIIOYAIOIINEcs B CHIDKEHHWH IIep-
(y3uu ¥ MOIYJISIINH CIIEKTPa OCIMIUIINNI KOXKHOTO KpPO-
BOTOKAa. B mepcrekTHBe HEOOXOOMMBI HCCIECIOBaHMA,
HNOATBEP)KJAIOIINE TI'€HETHUYECKYI0 JEeTepPMUHAINI0 OC-
IIUTSIAN KOXKHOTO KPOBOTOKA, CBA3AHHBIX C AKCIPECCH-
el 1 MoIMMOp(HU3MOB T€HOB PETYJIUPYIOUINX aJanTaiu-
OHHBIC IIEPECTPOMKH PETYJALUNA MUKPOKPOBOTOKA B TKa-
HSIX B CBSI3U CO CIIOPTHBHOM €ATEIBHOCTHIO.

BoiBoabI

1. OGHapyXeHO OTCYTCTBHE IOCTOBEPHOM CBS3M MEXIY
MOKa3aTeISIMA MUKPOLMPKYJIALUA KOXXHOTO KPOBOTOKA
CTIIOPTCMEHOK W JKCHIIWH, HE 3aHUMAIOLIUXCSA CIIOPTOM
areproJMYecKOTO THIIA, YTO MO3BOJIMIIO HAM OTHECTH 3a-
HUMAIOIIUXCS CIIOPTOM K JIMIaM C allepHOJUYECKUM TH-
oM JIA®D-rpaMm.

2.Y BBICOKOKBAJIM(UIIMPOBAHHBIX CIIOPTCMEHOK CIIeIha-
JM3UPYIOLIUXCSI B Oere Ha CpeJHUE W JUIMHHBIC TUCTaH-
WY BBIsIBIEH anepuoandeckuid tum JIJID-rpamm ¢ 6onee
HU3KUMU 3HadYeHusMHu niepdysuu (3,53 mepd.exd.), oTHO-
CUTEJIFHO BBICOKMMH NapameTpamu Ko3(h(uIeHTa Bapu-
aru (18,47%), 9TO CBHUAETENBCTBYET O TpeoOiIaJaHuu
aKTHBHBIX (DAKTOPOB MOJIYJSIIMM KPOBOTOKAa C OJHOM
CTOPOHBI 1 5KOHOMH3ALINH C IPYTOM.

3. OGHapyXeHbl JJOCTOBEpPHbIC OTJIMYWS IapaMETPOB
KOXKHOTO KPOBOTOKa criopTcMeHok: mpu p<0,01 mo oTHO-
LIEHHIO K KEHIMHAM HE 3aHUMAfOLIUXCs CIOPTOM MOHO-
TOHHOTO THIIA C HU3KOH mepdysueit; mpu p<0,05 mo or-
HOIICHHUIO K JKEHIIIMHAM HE 3aHUMAIOLIUXCS CIIOPTOM MO-
HOTOHHOTO THUTIA C BBICOKOW MepQy3Hei.

4. BoiBIeHB OCOOCHHOCTH MEXaHH3MOB  PETYJISINH
KOXHOTO KPOBOTOKA Y CHOPTCMEHOK, 3aKJIIOYaIOINecs B
3HAYUTENBHOM BKJaJie MYJHCOBOTO (BKIaa B OOmui
cuektp 8,3%) W BEeHYJISIPHOTO 3BeHA (BKJIAJ B OOIIWI
cinextp 9,8%), 3a CuéT CHMXKEHHS POIM Ba3OMOTOPHBIX
MEXaHM3MOB (BKJaJ B o0muii ciektp 28,2%) npu coxpa-
HEHHUHU TpeoOdalaHusl IHIOTEINATBLHOTO (YHKIIMOHUPO-
BaHMA (BKJIaA B o0mmit criextp 53,6%) XapakTepHOro Iist
anepuoaunyeckoro tuna JIJI®-rpamm.

5. Onpenerneno, 4To mocie BECTHOYISIPHBIX pa3pakKeHUs
y CHIOPTCMEHOK HE NMPOUCXOIUT JOCTOBEPHOE M3MEHEHHE
nepdy3un KOKHOTO KpPOBOTOKA M KO3 HIMEHTa Bapua-
. OJHAKO TPOHMCXOIUT MOIUQPHUKAIUS CIEKTpa OcC-
MMIISIIANA KPOBOTOKA 32 CUET yBEIHUYEHHS BKJIAJa BEHY-
nsipHoro 3BeHa (¢ 9,8% no 11,4%). [lomyueHHsle 1aHHBIC
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CBUACTCIILCTBYCT O BeCTI/IGyHOBereTaTI/IBHOﬁ yCTOfI‘IPIBO— Ka Ipu NoCTYpaJIbHbIX np06ax, a TaKiKC CBUACTCILCTBYCT
CTHU CHHOPTCMCHOK B CBS3HU C <<yrp030171» IMOTCPU PABHOBC- 3HAYUTCJIIbHOM MNOTCHUHAJIC PE3CPBHBIX BO3MOXKHOCTEH
CHs, YTO IIO3BOJIACT pa3pa60TaT1> HOpPMAaTUBHBIC ITOKa3a- 3aHUMAaromuxcs 0eroM Ha BBIHOCIHBOCTD.
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Savina K.D. Postural reactions of blood circulation in skin at sportswomen

Abstract. The comparative analysis of the functional being of the regulator systems of microgemodynamics is conducted in a skin at
the sportswomen of specialized in the running types of track-and-field before and after vestibular irritations. 10 highly skilled athletes
of specialized in at run on middle and long distances are explored. It is shown, that the vestibular irritation for certain causes the
changes of processes of microgemodynamics in a skin, showing up not only in the change of size of perfusion but also spectrum of
components of mechanisms of adjusting. It is got, that high-frequency respiratory and pulse vibrations at sportswomen occupied con-
siderably a less stake in a general spectrum and were 9,8% and 8,3% accordingly, that specifies on an optimum influx outflow of pe-
ripheral blood. Structure of vibrations of skin blood stream after the vestibular irritations at sportswomen, consists of increase of de-
posit of respiratory component from 9,8% to 11,4%, that is conditioned by the change of dynamics of vein pressure at pulmonary
mechanical activity, attracting action of «respiratory pump.

Keywords: athletes, microcirculation in the skin, the LDF-metry, vestibular irritation, breathing and pulse oscillation
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CHEMISTRY

bpem B.B., byza C.II., /Imumpenxo I B.
BruinB kpemHio (1v) it aaoMiHilo (111) OKCUAIB HA PO3YMHHICTH BOAHIO
B PTOPUIHO-OKCUIHUX PO3ILIABAX

bpem Bonooumup Bikmopoguy, kanoudam XIMIMHUX HAYK, 00YeHm, OeKaH XiMIKO-MeXHOI02IYH020 (haKyibmemy,
byaa Cseimaana Ilempisna, cmapwiuii guxnadad,

JImumpenxo Inna Bikmopisna, acucmenm,

Ooecwvxutl HayioHanbHull norimexuiynul yHisepcumem, m. Odeca, Yxpaina

AHortauig. OnHuUM 3 HaOUIBII iCTOTHHX (AKTOPIB, AKI BH3HAYAIOTh MIIHICTH CTalei, € BMICT y HUX PO3YMHEHOTo BoAHI0. [Ipu
Oyab-IKOMY METOJ1 OJIepKaHHs CTali, BOHA OJAHO3HAYHO 3aJIeKUTh BiJ Ta30HACHYCHHS IIJJAKOBOTO MOKPUBY, TOOTO B OCTATOYHOMY
MICYMKY BiJ] CKJIaay ra3oBoi (a3u HajJ CHCTEMOIO uIak — MeTal. KpiM 1poro HeoOXiaHO BiALIYKATH 3aIEKHICTh MK CKIagoM (GTo-
puAHO-OKCUAHOTO (irocy 1 CKitazoM Tra3oBoi ¢a3u. L{um BU3HAYAETHCS PO3UMHHICTH BOAHIO B PO3ILIABI, a TAKOXK CKJIACTH BiAIIOBiA-
Hi niarpamu. KiHIeBUM pe3ynbTaToM NMOBHHHE OYTH OAEPXKAaHHS PiBHSHB, SIKi JO3BOJIUIM O PO3paxOBYBaTH PO3YHHHICTH BOJHIO Y
(TOPHIHO-OKCUTHHX PO3ILIaBax 33JaHoro ckiany. KoHneHTpanis po3YMHEHOro BOJHIO HA BiIMIHHY BiJl OKUCHUX PO3IUIABIB TIOBHH-
Ha 3aJIe)KaTH B)KEe HE TIJIbKU BiJl CKJIay PO3ILUIaBy, ajie i BiJl CIiBBIAHOIICHHS PiBHOBAKHUX 3HAYCHb Pu,0 i pyp - [dna gpropuano-

OKCHIHOTO ()IIFOCY KOXKHOTO 3a/JaHOTO CKJIajy BiANOBia€ LIKOM NEBHA BEIMUMHA CHIBBIIHOIIEHH Py,  : Py Lle 03Ha4ae, mo
2

U BUKOPUCTAHHS PIBHAHHS, K€ MO€THYE KOHIIEHTPAIiI0 PO3YMHEHOTO BOJHIO i KOHIIEHTpAIlil KOMIIOHEHTIB (Irocy HeoOXiqHO e
MAaTH JIaHi Ipo PiBHOBaKHY cKiaj ra3oBoi ¢gasu Hag HUM. ToOTO moTpiOHE TepMOAMHAMIYHE JOCITIHKEHHS MPOIECY MipoTiapoizy
¢Topunis. IIpoBeneHo 3aratbHUI TEPMOAWHAMIYHHAN aHAII3 MOXKIMBUX B3a€MOAINH HAaHOLIBII THIIOBUX 1 NEPCIIEKTHBHO WMOBIPHHUX
kommoHeHTiB ¢rociB EIIII i3 mapamu Boau B iHTepBami temmeparyp Big 1400 mo 1800 °C. Lle 1o3BoNMIIO BUSBUTH TEPMOAUHAMIYHI
Oinbre iiMoBipHI peakuii. TakMMU BUSBHIIMCS peaKIlist MipOTiApoIi3y GTOPHCTOTO KaNbIIif0 i HallGlIbIIe 0 CHIIFHO BILIMBAIOTH Ha
1l piBHOBary peaxuii OIIaKyBaHHs OKCHLy KaJIBIII0 OKCHIAMH KPEMHIIO i aJIIOMiHil0. 3aJIeXXHOCT] pIBHOBa)KHHX CKJIaay ra3oBoi ¢a-
3U (4,0 -+ 1y BIL KOHICHTpaUii okcuay Kaibuito Oy moOynoBaHi it ABOX Cepill CKIaiiB 3 moCTiiiHMMU BMicTamu SiO, #
Al,O5 - Ha mizcrasi posriminy nux miarpam Bu3HadeHi cknanu ¢umocis [ 1], mo 3abe3mevyioTh HalMeHIIi piBHOBAXHI KOHIEHTpAIlii
(dTOpHCTOrO0 BOIHIO B Ta3oBiil (a3i Hax po3maBoM. Y HPHITYIIEHHI TOrO, IO 3CYB PIBHOBArW peaklil pO3YMHEHHS BOAHIO BIPABO
Oyne MEHIIMM TIPH MEHIUMX PiBHOB&XHUX 3HAYCHHAX P, BU3HAYCHI CKIAIM (IIOCIB BiAHECEH] 10 ONTHMAIBHOTO 3 MOTJISLY 3aI10-
OiraHas ix HaBOJCHOCTI. 3anponoHOBaHO mpotec TIOTJIMHAHHS BOJIHIO OTIHCYBATH peaxiieio

— 1y 3BI3KY 13 UM pO3MIIsAaTH GTOPHIHO-OKCUAHI PO3IUIABU SIK 10HHI CHCTEMH
caF,,,, +H,0O,., =CaO,,,,, +2HF,,,, 1Y y i3 1um p mati GTOpHI i p ,

0 MICTATh TOpsa 3 aHioHamu F~ B 0%~ i xationamu MeTamiB, i0H H*. [Ipu 1[bOMY OIHO3HAYHOTO BHOOPY MiX CXeMaMH
H" +F =HF it H* + 0% =OH~ He poburhcs. 1 3HAXOPKEHHS BMICTY PO3YMHEHOTO BOAHIO B (DTOPHIHO-OKCHIHUX PO3I-
JlaBax MOXKHa 3aCTOCYBaTH TEOpisl I0HHUX PO3YMHIB 3 AOBUIFHUM YHCIOM KaTiOHIB 1 aHIOHIB y i1 yrouHeHoi BapianTi [1]. I'izpokcu-
nbHY GopMy iCHYBaHHS BOJHIO B TAKMX IIIAKAX MOXKHA TPEACTABHUTH K CHCTEMY i3 TphOMA THIIAMH aHIOHIB: F~, O2~ i OH~ Ha
BIZIMIHHY BiJ] OKHCHUX PO3IUIABIB Ji¢ iCHY€ CHCTEeMa i3 JBOMa THIAMHK aHiOHiB: O2~ i OH~. OTpuMaHO PiBHSHHS ISl PO3PAXYHKY
PO3YMHHOCTI BOIHIO B PO3ILIaBax CaF, — CaO —SiO,,CaF, — CaO — Al,O4 i CaF, — CaO — Al,O3 —SiO, - Boan Bupaxa-

I0Th 3aJIEXKHICTh i0HHOT yacTky ionis H™ Bin PH o y piBHOBaskHiit ra3oBiii dasi Hajy posmiaBamu i Bif ckialy po3ruiaBy. 3HaueH-
2
Hi P, , MOXYyTb OyTH B3iTi i3 IPeJCTaBIeHUX Y poOoTi rpadikis [1]. KopuryBanbHi koedimieHTH piBHSIHb TOBHHHI BH3HAYATHCS
2

3a eKCIIePUMEHTAIFHIM JaHUMH TIPO PO3UYHHHICTH BOIH B PO3ILIABAX.
Knrwowuoei cnosa: sooenv, iroc, posnnas, posyunuicms, 2azoea ¢asa, ckuao.

Beryn. Oyaum 3 HalOinbmI icTOTHUX (DAKTOPIB, SKi BH- Mertoro niiicHoi pobotu Oyna Bumada BUXiIHHX (i3H-
3HAYal0Th MIIHICTh CTaleHl, € BMICT Yy HUX PO3YMHEHOT0  KO-XIMIYHUX JaHWX JIJIs BHOOPY PaIliOHAIBHOTO PEXUMY
BoaHiO. [Ipu Oyab-IKOMY METOJi OJiep)KaHHs CTajli, BOHA  BOJHIO CTOCOBHO (PTOPHIHO-OKCHIHUX PO3ILIABIB €JEeKT-
OJTHO3HAYHO 3aJIeKHUTH BiJi TA30HACHYEHHS [UIAKOBOTO  POIIIAKOBOTO ITEperiaBy. 3aBIaHHS 3BOIWIOCA IO BiA-
MTOKPUBY, TOOTO B OCTATOYHOMY TiJICYMKY, BiJl CKIagy ra-  IIyKaHHS 3aJIe)KHOCTEH MK CKIIaoM ¢urrocy i ckiagoMm
30B0Oi (ha3u HaJl CHCTEMOIO IIIJIaK — MeTaJl. TOMy MOIIyKH  Ta30BOi (¢a3u, M0 BWU3HAYAIOTh PO3YMHHICTH BOJHIO, 1
NUIAXiB 3MEHIIEHHS CXWJIBHOCTI 10 (DJIOKEHOYTBOPEHHS  CKJIAQJaHHIO BiIMoBigHWX miarpam. KiHieBuM pe3ynbTa-
3aBXKIM 3BOJMINCSA JIO BHOOPY palliOHaJbHOTO PEXUMY  TOM NOBHUHHE OYTH OJlepKaHHS PiBHSHB, SIKi J03BOJISIIN O
BOJIHIO, y CTajii CTaJeIUIaBWIIBHOTO IEpeIulaBy, HacaM-  pO3pPaxOBYBaTH PO3YMHHICTE BOAHIO Yy  (TOPHUIHO-
mepel CTOCOBHO IIIaKiB. BUBUEeHHS B3aeMOjii OKCHIIHMX  OKCHIHUX PO3IUIaBax 33JaHOTO CKIay.

pO3IUIaBiB 3 ra3oBo0 (a30lo, M0 Mae Micle B TPaaUIiii- IIpoBenennsi po3paxyHkiB Ta pe3yJbTaTH 00roBo-
HHUX Tpoliecax CTajieBapiHHS, Ma€ BXKe MOpIBHSAHO Oara-  penHHsl. Ha mepmmx eranmax poOOTH Ul BUPIMICHHS T1OC-
TOpiuHYy icTOpiro ¥ 3Ha4Hi MO3UTHBHI pe3ynbTary. 11lo )k  TaBieHMX nHTaHb Tpeba OyJIO NMPOBECTH 3arajbHUM Tep-
CTOCYETHCSI BUBUEHHSI B3a€MOJIii 3 Ta30BOI0 (a30i0 PTO- MOJWHAMIYHHMKA aHaNi3 MOMJIMBHX B3a€MOJIA HAHOIIbII
PUIHO-OKCHIHUX PO3ILIABiB, T€ HOTO MOXKHA BBAXXATH Ta-  THUIOBUX 1 MEPCIIEKTHBHO HMOBIPHUX KOMIIOHEHTIB (Iro-
KUMH, 1[0 3HAXOIATHCS JIMIIIE B IOYATKOBIM CTafli. cis EIIT i3 mapamu BoAM B iHTEpBaNi TeMIIEpaTyp Big
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1400 no 1800 °C. Lle 103BONMIIO BUSBUTH TEPMOMHAMI-
4Hi OibIIe HMOBIpHI peakii, 00 SKUX MOXXJIMBO HPO-
BOJIUTHU KIUIBKICHI po3paxyHKH. TakuMu BUSIBHIIMCS peak-
1ist miporiapoi3zy GTopucToro Kausliro i HaiOinbIIe 110
CHJIBHO BIUIMBAIOTH Ha ii piBHOBary peaxuii OlUIaKyBaHHS
OKCHITy KaNbIil0 OKCHIaMHU KpPEeMHII0 i aifoMiHito. 3aie-
JKHOCTI PIBHOBKHHX CKJIaTy ra3oBoi Gash (H,O + HF)
BiJl KOHIICHTpALlil OKCHUAY KaJbIlifo OynH moOymoBaHi s
JIBOX Cepifl CKIaniB 3 MOCTIHHMMH BMICTaMU SiO , H

Al,O5. Ha miJicTaBl PO3MIIAAY IMX JiarpaM BH3HAYCHI

ckianu (Irocis, mo 3a0e3mevyoTh HaliMEHII PiBHOBAX-
Hi KOHIIGHTpAIii (PTOPHCTOTO BOIHIO B Ta30Bill (a3i Hax
pO3MmIaBoM. Y MPHITYIIEHHI TOTO, IO 3CYB PiIBHOBard pe-
aKlii pO3YMHEHHS BOIHIO BIpaBO OyAe MEHIINM NpH
MEHIIHNX PiBHOBAKHMX 3HAYCHHAX Py, BU3HAYCHI CKJIa-

U (ITFOCIB BiTHECEHI 10 ONTHMAIBHOTO 3 TIOTJISAY 3armo-
OiranHs X HaBojeHOCTI. OHAK 11 JOMYIICHHS Ma€ MoT-
pedy B eKCIIepUMEHTATbHIN TIEPEBIpIIL.

Jnst onep>kaHHS pO3paxyHKOBUX PIBHSHB [0 PO3YUH-
HOCTI BOJIHIO BUSBHJIOCS MOKITUBUM CKOPHCTATHCS TEOPi-
€10 10HHUX PO3YMHIB, MO Ma€ yKe MPAKTHYHE 3aCTOCY-
BaHHS CTOCOBHO OKCHIHHUX po3miaBiB. [Ipu mpomy Ha mi-
JICTaBi 3icTaBJCHHS 3MiH eHeprii ['ibca s pi3HHX peak-
il TPEeNCTaBIIOCS HENOUITPHAM BUXOAWTH 3 IIOBHOI
aHayorii MK OKCHUIHUMH W (PTOPUIHO-OKCUIHUMH 10H-
HUMU CUCTEMaMH.

[Tporonyroun cxemy B3aemojii mapu Boau i3 (ropu-
JlaM{ KaJbLilo U 3aJal04 TPOXU HE3BUUAHY (OopMy po-
3YMHEHOTO BOJHIO, Y BUIIsAI HF , MU IpYHTYBaIHCS Ha
TOMY, IO MIPY PO3PAXYHKY PIBHOBAr B CKJIAMHIN cUCTEMI
MOJKHA PO3TIISJATH KOKHY 3 MOXKJIMBHX Y Hill peaxiiii.
TepMomuHAMIYHHIA METOJT TOCTIXKCHHS HE BUMArae yTo-
yHeHHs (OpMU iCHYBaHHS BOJHIO B po3IUIaBi. BiH 103BO-
JIsi€, 30KpeMa, 3BECTH PO3PaXyHOK BiTHOCHOI KOHIIEHTpA-
il i0HIB H* 3 HACTYITHUM IepepaxyBaHHAM Ha PO3YHH-
HicTb HF a00 H,O . IlomiTuMo mpu 1BOMy, IO CKJIa-

JAaHHS CXEMH B3aEMOJIT i TPOBEICHHS PO3PAXYHKY 100
peakuii B3aemonii H,3 PpO3IIaBOM NPEACTABIACTLCS

Ha/I3BUYAHO ckiIagHuM. OCKUTBKH B3a€EMOJIST MOJEKYIIS-
PHOTO BOJHIO i3 (pIrocOM HEe MOXe OyTH BHPaXKCHO 3BH-
YaifHUM PIBHSHHSAM, a BUMarae oOJiKy JdecTeXioMeTpH3a-
Iii po3miaBy, Mo OOYMOBIICHA MPOTIKAHHAM OKHCIIOBa-
JFHO-BITHOBHHX IPOIIECIB Y HHOMY 32 PaXyHOK HasiBHOC-
Ti CWJIBHO BiJIHOBHHX YMOB.

IctoTHa  BIAMIHHICTE  TOBO/PKEHHS  (PTOpHIHO-
OKCHAHOTO (IIOCY BiJI TOBOJDKEHHSI OKCHAHUX IIUIAKIB
MMOBUHHE OyTH TIOB'sI3aHE 3 BiJMIHHICTIO CKJIaJy ra3oBO1
(a3 Hag KOXKHUM 3 HUX. KOHIEHTpamis po3YnHEHOTO
BOJIHIO B TIEPIITii 3 HUX TIOBUHHA 3aJIE)KATH BXKE HE TUTBKH
BiJl CKJIaJy PO3IUIABY, aji¢ ¥ BiJX CHIBBIJHOIICHHS PiBHO-

BOKHUX 3HAYCHb p 1 Pue - SKImo mpu HACHYEHHI

Oy/Ib-SKAX OKCHUIHHX DPO3IUIABIB IapaMH BOJH CTBOPIO-
IOThCSL YMOBH, TIPH SIKUX P, 5 =1aTMm 1 po3paxyHKOBe
2

3HAUEHHS B PE3yJbTaTi IbOro crpoinyerbes [1, 2], To
(TOPUIHO-OKCHIHOMY (DITFOCY KOXKHOTO 33JaHOTO CKIIATY
BIJIIOBiZa€ IIJIKOM II€BHA BEJIMYMHA CIIIBBIIHOIIEHHS

Pr.0 i Pur- Ile o3Hauae, 110 1711 BUKOPUCTAHHS PIBHAH-

HS, SIKE TOE€JHYE KOHIEHTPAII0 PO3YMHEHOTO BOJHIO M
KOHLIEHTpALil KOMIIOHEHTIB (JIIOCY HEOOXiZHO Ie MaTh
JlaHi PO PiBHOBaXKHY CKJIaj ra3oBoi ¢a3u Hajx HUM. ToO-
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TO MOTPiOHE TEPMOJMHAMIYHE JOCIIUKEHHS MpoLecy IIi-
porinpoizy ¢pTopuuis.

Jlnist 3HaXOJPKEHHSI BMICTY PO3YMHEHOTO BOJHIO B OK-
CHJHMX pO3IUIaBax YCHIIIHO 3aCTOCOBYETBHCS TEOPis i0H-
HUX PO3YMHIB 3 TOBIIFHIUM YHCIIOM KaTiOHIB i aHIOHIB Y ii
yrouHeHOi BapianTi [1]. B ymoBax okmcHOi atmocdepu
nependavdaeThCs TiIAPOKCIIIFHA (OpMa iCHYBaHHS BOJHIO
B IIUTAKaX i TOMY OKCHIHHMH pO3IIJIAaB PO3TIAJAETHCS SIK
CHCTeMa i3 IBOMa THIAMHU aHIOHIB: o2~ 1 oH— . B3ae-
MOJIisl OKCHJTHOTO PO3ILIaBY 3 IapaMH BOJIM NpHiHsTE [3]
OIIUCYBATH PiBHAHHIM

caQ,,,,, + H,O = Ca(OH),,.., (1)
3a aHamnorier, GTOPUIHO-OKCHIHUNA PO3IUIAB 3 PO3UH-
HEHUM y HbOMY BOJHEM BapTo Oyino 0 NMpEACTaBUTH SIK
CHCTEMY i3 TpphOMa THIIAMH aHIOHIB: F~, O2~ 1 OH™ .
Topni 3anuc B3aemouii po3uiaBy 3 mapamu BOJH ITOBHHHA
Oyna 6 MaTH BUTJISIA
CaF () + 2H50(1a5) = Ca(OH () + 2HF,, (2)

OjiHaK 3iCTaBJICHHS TEPMOJMHAMIYHUX XapaKTEPHUCTHK
MPOAYKTIB Ii€i peakmii Mmokasye, IO SKIIO (TOPUCTHHA
BOJICHB CTiHKHiA 1 ipu Temreparypax Bume 2500 K, To ri-
JPOOKCH]I, KAJIBIIII0 BXKE TP TeMIeparypax mnopsaky 600
K BTpauae Boxy # mepecTtae icHyBaTH SIK XiMiUHa CIIOJTY-
ka. CTOCOBHO OKCHAHUX po3IuiaBiB peakmis (1) € exuHO
MHCIIHMO{, y BUIIAJKY K (PTOPHIHO-OKCUIHHUX CHCTEM pe-
akuii (2) 3 MOBHOIO MiJICTAaBOIO MOYKHA MPOTUCTABUTH, Ha-
TPUKJIAJl, PCaKIiio

CaFy () + H20 = CaO () + 2HR ) 3)

Ines momiOHOrO TpakTyBaHHs B3aEMOJIi 3B's3aHa 3
THM, 30KpeMa, L0 MPH EKCIePUMEHTAILHOMY BHBYCHHIO
po3uuHHOCTI Bomu y ¢utocax EIIII BojeHs, sikuil BHITI-
nsetees 13 mpob mpu 800 — 900 °C maiixe MOBHICTIO 3B's-
sanuii y popmi HF . Tlpuaomy 3 migBuieHHsAM TeMepa-
TypH YacTKa (TOPHCTOTO BOIHIO HaOmmxaeThes no 100
%. IHmMM aprymMeHTOM MOXXe OyTH eKCIepHMEHTaJIBHO
BCTaHOBJICHHH (akT 30iry (opmMu BHAIICHHS BOAHIO 3i
3paskiB NUIAKIB 3 hopMamMu HOr0 pO3UMHEHHS: 31 ILIAKIB
BUTPUMaHUX B arMochepi H,O BMIALIAETbCA BOjA, a 3i

LUIAaKiB BUTPUMaHKUX B atmocdepi unucroro H, Buains-

€ThCS BOJIEHB [2].

VY Bumagky B3aeMogii (TOPHIHO-OKCHIHHUX CHCTEM 3
napamM# BOJAW MOBUHHI MPUBOKWTH B MEPIIY YePry HE JO
PO3YMHEHHS 1, a 710 TMPOTIKAHHS MPOIECY MiPOriapoi3y,
SIKI TTOCHJTIOIOTHCS HASIBHICTIO KOMITOHEHTIB, 1[0 HUIAKY-
10Th. IIpo 1110 CBigYaTh OUIBII HEraTUBHI AG? 3HAYECHHS
peaxiii
CaF, + H,O + SiO, = CaO - SiO, + 2HF,,;, (4)
CaF, + H,0 + AlL,O3 = CaO - Al,Og + 2HF 43 (5)
CaF, +H,0+Al,0+ 250, = CaO - Al,05 - 250, + 2HF55) (6)

Ha wmix¢pasniii rpaHumi, o4eBUAHO, 1 BigOyBaeThCs
posuntennss HF , mo Tam cTBoproeThcest.

Lle Tum Ouible IMOBIpHO, IO NPHU TEMIIEPATYpax BH-
me 1600 °C tepMmoanHaMiuHa CTIHKICTH (TOPHUCTOTO BO-
JHIO CTA€ GLIBIION YUM B H,O -

3 i€l TOYKM 30py, HANPUKIIAA, HalOpocTima GTopua-
HO-OKCHJTHA CHCTEMa CaF — CaO , BUXOJSTYH 3 PIBHIHHS
peakii (3), Moxke OyTH TpejacTaBlieHa SK CHCTEMa, IO
MICTATh [Ba BUJIM KaTIOHIB (Ca2+ i |_|+) 1 IBa BHMOH
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aHioHIB (,:f i 027). TyT HEOOXiJHO BKa3aTH, 10 TMO/i0-
Ha cXeMa He 3aTBEpP/PKY€E OJJHO3HAYHO SIKYCh HOBY (hopMy
ICHyBaHHS BOIHIO B pO3IUIaBi, SIK IIe MOXKE 3IaTHCS Ha
nepmuid morisia. Po3risgHyTa crcreMa i0HIB MOXKE B3ae-
MOJISTH SIK 3a CXEMOIO H* + F~ — HF, TaK 1 3a CXEMOIO
H* +02~ —oH~—. [Ipn OpOMy NPHHOUIIOBA MOKIIH-
BiCTh peakuii (2) He 3amepeuyersbes i 3aMiHa i B3aeMoil
(3) 3B's3yeTbcs smiIe 3 OLTBIIOK TEPMOIMHAMIYHOIO
HMOBIpHICTIO OCTaHHBOI. I3 TOYKM X 30py YMOB TepMoO-
IUHAMIYHOI PiBHOBaru B CKJIAAHHUX CHCTeMaxX BHOIp Tiel
a0o0 1HIIOi YacTKOBOI peakmii A BU3HAYCHHS XiMigHOTO
MTOTEHITialTy JaHOTO KOMIIOHEHTA HisIKOi pOIIi HE Tpae.

B ocHOBI MeTOOWKH pPO3paxyHKY TEpMOIMHAMITHHUX
BJIACTHBOCTEH KOMIIOHEHTIB CKJIQJIHUX I0HHUX PO3YMHAX
JIeXKAaTh TPUHIIMIIHY, [I0 BUKIAAeHI B po6oTi [1].

CTOCOBHO /10 10HHOT CHCTEMH, SIKa Ma€ Micle B pO3II-
napax CaF, —CaO — SiO, BHXiJHi JaHi MOXHa 3aIy-

caTH B TaKHH crocio

k=3 [(karionmu Ca?" si*t  H*
i 1 2 3
ioHHI I0JT1 *a Xz Xs
1=2 aHioOHU FE- 02 1+vy,
i 1 2 2% + 4%, + X,
i0HHI d0JI1 Y1 \ &

I€ x; +X, +X3 =10 Yy, +y,=1. (7
IIpu 3amwci yMOBH piBHOBAard MOJKIIMBI TOMYIICHHS 32
PaxyHOK MaJOi BENMYMHA x ! X, +X, ~1, Y A00yTKax
I0HHHX YaCTOK x, ~ 0 - Y KiHLIEBOMY BUIJIII PO3paXyH-
KOBE PIBHSHHA JJIsI I0HHOI YaCTKM PO3YMHEHOTO BOJHIO
(X3) > 32 YMOBH 3HEBAr 4WiCHaMu 3 JOOyTKaMU KaTioH-
HUX a00 aHIOHHUX YacCTOK, TyT Oy/e MaTH BUTIIA]
a-+by, +ox+dx,y; +ex? +fys (8)
2—-X
ne Koe(illieHTH a,b,c,d,e,f MAalOTh 1Ie OUIBII CKJa-
JTHUN BUTIIAA. PiIBHOBa)XHI 3HAYEHHSA Py o Han LI€I0 CHU-
2

1 1
—lgxz3=—=IgPy o +=1 +
gX3 > 9Pn,0 5 gy2

CTEMOI0 MOXKYTh OyTH B35Ti 3 Tabm. 3.2 — 3.6 [1].

SIkmo Matm Ha yBa3i 3HaXOJKEHHs KOeQillieHTiB piB-
HAHHA (§) 32 eKCIepUMEeHTaIbHUM 3HAYeHHSIM PO3YHHHO-
CTi BOJTHIO, TO B CIPOINCHOMY BapiaHTi HOTO JOIIUIBHO
MepenuncaTy 3 MEHIIIMM YUCIIOM HEBITOMHX
Cgxa——LigPy o + Ligy, + 8Bz +0X; (9)

2 © 72 2-x,

VY npomy BHUMAAKy KOe]Ii€HTH a,b,c OYAYTh KOpEK-
TyBaTH BHECEHY MOTPILTHICTE.

BuxinHi qaHi Ui i0HHOT CHCTEMH, 0 MA€ MICIIE B PO-

3mIaBax CakF, —CaO — Al,Og3, 6y}1yTb HaCTyITHUMH:

k=3 [kaTioHm ca? AP+ H*
i
i0HHI HOJI1 1 2 3
X]_ X, X3
1=2 aHIOHN F o022 B 1+ \7)
i 12 2% +3Xy +Xg
ioHHi momai Y1 Y2

(10)
Crpykrypa ii aHanoridda cTpykTypi cucremu (7) aHa-
JIOTIYHI W BC1 MOXJIMBI JOMyIIeHHS. BiqMIHHICTH 30BHI-
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IIHBOTO BHITIAMY PO3PAaXyHKOBUX DiBHAHb OOYMOBIEHO
nMIe BigMinHicTO 3HaYeHb .

a+by, +ox; +dxgy, +exi +fys (11)
3-X;

1 1
lgxg3=—=IgPy o +=lgy, +
gX3 > 9FH,0 5 gy;

abo
1 1 a+by, +cx (12)
—lgxg=—=IgPy o +=1 +——22 1
g X3 > 9PH,0 > gy 3-x,
PiBHOBakHI 3HAYEHHSA Py o Han LI€I0 CUCTEMOIO MO-

KyTh OyTH B3sTi 3 Tabu. 3.7 — 3.11 [1].

BuxinHi gaHi 1711 i0HHOT CHCTEMH, IIIO Ma€ MICIIe B pO-
3MIaBaX CaF, — CaO — Al,Oz —SiO ,, OyIyTh HacTym-
HUMU:

k=4 [xarionn G ARt Sitt H*
i 1 2 3 3
ioHHi oM Xq X5 X3 Xy
=2 (anioni F- O2- 1+y,
i L2 7 23 +a Xy
iopminom Y1 Y2

(13)

Y 1upoMy BHNAJKy PiBHSHHS, sIKE 3allMCaHe HaBiTh 0e3
00JIiKy 4JIEHIB, 110 MalOTh AOOYTKM KaTiOHHHX abo aHi-
OHHHUX YaCTOK, TOBHHHI MICTHUTH TOHA] JCCATh Koedirie-
HTiB BU3HAYCHUX 32 EKCIIEPUMEHTAILHUM JaHUMH. Tomy
JOLUTbHIMIE Oyle BHKOPHCTATH CIPOMICHUN BapiaHT Ho-
TO, 1[0 BKITIOYA€ KOPUTYyBaJbHI KOe(IIlieHTH
a+by, +cx; +dx, (14)

4—2X1 — X5

1 1
—lgx, =—§|9PH20+§|9)/2+

O1iHHI po3paxyHKH PIBHOBa)KHOTO CKJIany ra3oBoi da-
3W Haj pO3IUIaBaMH JaHO{ CHCTEMH IOKA3alH, IO MpH
CHIBBIHOIICHHI KiTBKOCTEH OKCHIB KPEMHIIO H aroMi-
Hifo piBHOMY 2:1 i MpH KOHIIEHTpAIifX CaO HE MEHIIe
20 mac. % mapiiaabHUN THCK (TOPHCTOrO BOJIHIO IMPAK-
TUYHO ONMU3BKUH N0 HyIA. [IpuiAHATTS Pr,o ~18TM. JIo-

3BOJIMTh 3HAYHO [MOJIETIIMUTH PO3PAXyHKH PO3UMHHOCTI
BOJIHIO 10 piBHSAHHIO (14).

Cnig BiI3HAYMTH, IO B NPAKTUYHHX PO3PaXyHKaX,
npuiiMaloun P =1aTM. aHAJIOTIYHO MOKHA 1CTOTHO
CHpOCTUTH ¥ BUKOpHCcTaHHS piBHAHB (9) i (12). Lle Mox-
JMBO POOMTH JJIS THX CKJIAAIB, HaJ SKAMH IIPH ONTHMA-
JBHUX TEeMIIEPAaTYPHUX YMOBaX 3a0e3IeuyroThcs MiHiMa-
JbHI MapLialbHi THCKA P,,. IIpu excnepuMeHTaIbHOMY

BUBUEHHI PO3YMHHOCTI BOJH, y TaKMX pO3ILIaBaX CTBO-
pIOIOYM THCK Tapu pIBHUMH OJHIA arMocdepi, MOKHa
OJIEP)KYBAaTH YMOBH IOCHUTH OJIM3bKI 10 PIBHOBa)XKHOTO 3
MOTJISAAYy TPOTiKaHHA peakmii miporigpomizy (4) — (6).
[Ipunyckaroun HasBHICTH TICHOTO B3a€MO3B'S3KY OCTaH-
HIX 3 peakii€ro MOTJIMHAHHS BOJM po3IIaBoM (3) MoXxHa
PO3paxoByBaTH, 11O i 15 B3aEMO/Iist Oyze aysKe OJIM3BKOI0
JI0 piBHOBAry.

®mrocn ELIIT y 3aransHOMY BHINAJKy € 6araTOKOMIIO-
HEHTHUM 1 0OMeXeHHsI 00Ky IXHBOTO CKJIaIy CIOIyKa-
MH CaF,, CaO, AlL,O; 1 SIO, Oyno 6 HEMPaBUILHAM.
VY Toif ke Yac MOXKHA Tiependadard, 10 PiBHSIHHS PO3-
YUHHOCTI BOJHIO, CKa)XeMO, Yy BOCBMH a00 JeB'IThOX
KOMITOHEHTHOMY PO3IUIaBi, HaBIiTh IIPHU 3amKci Horo yepes
KOpUTyBaIbHI ~ Koe(ilieHTH (TOOTO MaKCUMaJIbHUMHU
CIIPOIIEHHSM), TIOBUHHE OyTH IyXe ckiaaHuM. /st 1po-
ro Oyzne HeoOXiZTHO HarpOMaKEHHS BEJINYE3HOTO eKCIle-
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PUMEHTAIEHOTO Martepiany Uil 3HaXOJUKEHHS 3Ha4yeHb
Koe(iLlieHTIB.

3icraBnenHs piBHsHb (9), (12) i (14) mokasye, 10 BOHH
MalOTh OJHAKOBUH BHUITAA 3al€KHOCTI IgXx,, BiA

|g PH20 1 1g Yoo OJHAaK, I KOXHO1 3 PO3ITIAHYTHUX 10H-

HUX CHUCTEM NPUHHATHI MOPSAOK HyMepallil He TO3BOJIIE
BHKOPHUCTATH EKCIIEPUMEHTAIBHIAN MaTepiai mo Halmpo-
CTIIINX CUCTEMax JJIs OAep>KaHHs PIBHSIHHS 3aCTOCOBHO-
ro 10 CHUCTEM OlIblle CKIIagHUM. Y TOM Ke yac i Oara-
TOKOMITOHEHTHUX OKCHIHHX PO3IIIABIB Take 3arajbHe pi-
BHSIHHSA icHYE [2].

SKmo cnpoOyBaTH MPEACTaBUTH yCe paHillle Po3IJls-
HYTI (QTOPHIHO-OKCHIHI PO3IUIABH SIK OKPEMi BHIAJIKU
3arajpHOi CHCTEMH, TO Oyne MmoTpiOHO BBECTH TPOXH He-
3BHYaiiHy, Ha NEpLIMH IOIJIS/, HyMepalilo KaTioHiB, a
caMme — TIepIINM BBaXKaTH KaTioH H* . AJie TiIbKH B IIbO-
MY BHITIQJIKy HE3aIEXKHO BiJl CKIIaJHOCTI CUCTEMH PiBHSH-
HS A7l PO3PaxyHKY PO3YMHHOCTI BOIHIO Oyne po3mmcy-
BATHCS 3aBXK/IM OJJHAKOBO, BITHOCHO X, .

st Toro mo6 4iTKO MpeicTaBUTH BHJ 3arajlbHOTO pi-
BHSIHHSI, MEPENUIIEMO 3aHOBO BUXIIHI JlaHi 10 paHilie
PO3TJSIHYTHX CHUCTEMax, HE MOBTOPIOIOYM HE3MIiHHI JaHi
0 aHiOHaX, 1 BIANOBIIHI M po3paxyHKOBi (hOpMynH 3 KO-
PHUTYBILHUMU KOe(ili€HTaMH.

V cucremi CaF, —CaO OyJaemMo MaTu:

KaTioOHH H* Ca?* _1+y,
i 1 2 2X5»
i0HHI Ao ! X2
(15)
1 1 a1y, +arsXx
—Igx; =—=IgPy o + =gy, +a, +21Y2132X2 (16)
gXq > 9PH,0 > gy, +a. 2%,

VY upoMy piBHSHHI, SIKOM MOBa HIIa TUTBKH NPO JaHy
OiHapHYy CHCTEMY, BapTO OYyJI0 O BBECTH CHPOIICHHS, 3B's-

3aHe 3 X, =1.
V cucremi CaF, —CaO — Al,O3 sawmicts (10) i (12)
OymeMo MaTH:

www.seanewdim.com

KaTiOHHU Ho o Ca®™ arr | l+y,
i 1 2 3 2X, +3Xg
ionmimom X1 X2 X3
17
1 1 a1y, +asX, +a3X
10X = —10Pu 10y, +a 4+ 212 H82Xs $83X3 (1g)
9% > 9FH,0 5 gy:+a, 2%, + 3%,

MosxnuBe CIPOLIEHHS, NOB'A3aHE 3 Xy + X3 & 1 1yt
HE pOOUTHCA.
V cucteMi caF, — CaO — AlL,O; —SiO , 3aMmicTh (13)

i(14):
KaTioHu H* ca?" APt si4 1+y,
i 12 3 4 T 2%, +3xg +4X,
jommimoni X1 X2 X3 X4

(19)
alyz +a2X2 + a3X3 +a4X4 (20)
2Xy +3X3 +4X,

1 1
—|9X1:—§|9PH20 +Elgy2 +a, +

CucreMy caF, — CaO —SiO, 3apa3 BapTo BiKE BBa-
JKaTH SIK OKPEMHUI BHMA0K MOMEPEAHBOT OUIBIN CKIIATHOT
cucremu. [Ipu npomy 3amicts (7) i (9) oxepxumo, BUIpa-
BieHi (19) i (20) ans Bunagky x5 =0

KaTioHU H* ca?* Sj 4+
‘ 12 4
ioHHI JoJ1 X, X5 X4
(21)
1 1 ay, +a,X, +a,x
—lgx, =—=IgP, o +=lgy, +a, + 122" %272 72474 (22)
Pa=73 9o 9% 2x, +4x,

Ha mincrasi 3icraBnenns piBHsHb (16), (18), (20) ans
(bTOPUAHO-OKCUIHOT CHUCTEMHU
CaF, — CaF — Al,0; —Si0,, — MgO — FeO — Fe,05 - MnO— Cr, O3, 1110
BKITIOYa€ OCHOBHI MOXKJIBI KOMITOHEHTH (IIFOCIB, MOXKe-
MO 3alycaTH HACTYIHI BUXI/IHI JaHi i HACTYIIHE 3arajbHe
PIBHSHHS 3 KOPUTYBaILHUMH Koe(illieHTaMu:

—Ig——llgP +Elgy +a,+
5 9TH0 T510Y2Fa.

| 81Y2 +8pXp +85X5 + 84X, +85X5 +36Xg +a7X7 +2gXg +29Xg

2Xy +3X3 +4X4 + 2X5 + 2Xg + 3X7 + 2Xg + 3Xg

(24)

[Ipn HeoOXimHOCTI, y TPHHLMIN, MOXHA BpaxyBaTH

BIUIMB 1€ SKHX-HEOYZb KOMIIOHEHTIB Ha PO3YMHHICTH

BoAHIO. J{7Is 1IbOTO JOCUTH y BUXiOHI AaHi (24) BnmcaTtn

BiAMOBiAHI KaTioHW migx HomepoMm 10, 11 i T.1. 9yu mO3BO-

JATH BCi 3p0OJICHI MOMYIIEHHS OIIHUTH [XHIH BIUIMB, YU
3HAZOOUTHCS 1€ Ha TIPAKTHII — TUTAHHS 1HIIIE.

HasiBHicTh gecatn xoedilieHTiB, SKi MiAIATAIOTh, MO-

MepeIHOMY BH3HAUYEHHIO HA OCHOBI EKCIIEPHMEHTAIBHIX
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KaTioHH H* Ca? AP Si* Mg Fe® Fe®" Mn** Cr?*
i 1 2 3 4 5 6 7 8 9
10HHI1 HoJ1 1 X, X, X, Xs Xg X, Xg Xy
KaTiOHHU F o* £ = 1+y,
i 1 2 2%, +3X, +4X, + 2X, + 2X, +3X, + 2X, + 3X,
10HHI1 HoJ1 Yi Y.

(23)

JIOCITIKEHb POOUTH PIiBHSAHHA (24) rpoMi3aKuM, a oxep-
JKaHHs YMCENIbHUX 3Ha4eHb KOe(illieHTiB MPU 10HHUX Ya-
CTKax sIBJIsI€ cOO0I0 CKJIA/IHE 3aBJaHHs.

3HayHe MOJIErIIeHHs IPH PO3paxyHKax 3a JOMOMOIO0
piBHSIHHA (24) MOXe OyTH TOCSITHYTE B yMOBaXxX OJep KaH-
HSl eKCIIEPUMEHTAJIbHUX JIaHUX 3 PIBHOBO)KHHUMH Pu.o

HaOMmKaThCA 0 1 aTM, TOOTO TpU TOCTiKeHH] (ITto-
CIB ONITHMAaJIBLHUX CKJIAIIB.

BucHoBku. 3iiicCHEHO JOJATOK 10HHOI Teopii po3yu-
HiB 3 JOBUILHUM YHUCJIOM KaTiOHIB 1 aHIOHIB 70 QTOpHI-
HO-OKCHJHUX PO3IUIABiB. 3amMpONOHOBAHO MPOIEC MOTIIH-
HAHHS BOJIHIO OIACYBATH PEAKITIEI0

CaF(m) + HZO(mS) = Cao(m) + ZHF(M)
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1y 3B'I3KY i3 UM pO3MIISAATH OKCUIHO-(QTOPHIHI pO3-
IUTaBU SIK 10HHI CUCTEMH, IO MICTATh MOPSJ 3 aHIOHAMHU

_ . . . . +
F~ B O? i xationamu Metaiis, ion H™ . Ilpu npomy

onHo3HauHoro BHOOpY Mix cxemamn H' +F =HF i
H™ + 0% =OH"~ He poOUTHCS.

OTpuMaHO pIiBHSHHS IJIsi PO3PAXYHKY POIUMHHOCTI
BOJIHIO B po3miaBax CaF, — CaO —SiO,,
CaF, — CaO — Al,O4iCaF, — CaO — AlLO; —SiO, -

BoHu BHpakaroTh 3aJICKHICTh 10HHOT YacTKH i0HIB H™
Bill Py, o y piBHOBaXHiH ra30Bii (asi Hax po3niaBamu i
2

Bil cKmamy posmiaBy. 3HadeHHA P 5 MOXyThb OyTH

B3ATI 13 mpeAcTaBieHUX y poboti rpadikie [1]. Kopury-
BaJIbHI KOe(illieHTH PiBHSIHb MOBHHHI BU3HAYATHCH 3a €K-
CIIEPUMEHTAILHUM JIaHHUMH PO PO3YHHHICTH BOAM B PO3-
TUIaBax.
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Influence of oxides of silicon and aluminum on the solubility of hydrogen fluoride-oxide melts

Abstract. One of the most significant factors that determine the strength of steels, is the content of dissolved hydrogen. Using any
method of production of steel, it definitely depends on the permeability of the slag cover, that is, ultimately, on the composition of
the gas phase over the system slag — metal. In addition you need to find a correlation between the composition of the fluoride oxide
flux and composition of the gas phase. This factor determines the solubility of hydrogen in the melt. The final result should be the
obtaining of the equations that would count the solubility of hydrogen in fluoride-oxide melts of given composition. The
concentration of dissolved hydrogen in difference from oxide melts should depend not only on the composition of the melt, but also
on a relation of equilibrium values of Pu.o and p,,. . For fluoride-oxide flux of each specified composition corresponds a definite

value ratio P 5 :Pye- This means that for use the equation combines the concentration of the dissolved hydrogen and

concentration of the components of the flux is necessary to have data on equilibrium composition of the gas phase over it. It is
necessary to make thermodynamic investigation of the process of the pyrohydrolysis of the fluoride. A general thermodynamic
analysis of the possible interactions of the most typical and promising likely components of the fluxes ESR with water vapor at
temperatures ranging from 1400 to 1800 °C was made. This allowed to determine the most likely thermodynamic reactions. This was
the reaction of the pyrohydrolysis of the calcium fluoride and more over were determined equilibrium reactions that affect on the
slagging of oxide calcium oxides of silicon and aluminium. Dependences of equilibrium compositions of gas phase (H,O -+ HF)
from the concentration of calcium oxide were built for two series of compounds with permanent contents of sio, and Al,O5. On
the basis of consideration of these diagrams were defined the compositions fluxes [1], that provide the lowest equilibrium
concentrations of hydrogen fluoride in the gas phase over the melt. Under the assumption that a shift in the equilibrium reactions of
dissolution of hydrogen to the right will be smaller at lower equilibrium values of Py, certain formulations of fluxes classified as
optimum from the point of view of preventing their HaBogopoxenoctu. The process of hydrogen absorption is described by reaction
CaF(un) + H2O0(ras) = CaO(yuyn) + ZHF(m)and in this regard, to consider fluoride-oxide melts like ion systems that contain with

the anions Fin O% and cations in metals, ion H™. The unambiguous choice between schemas H* +F~ = HFand
H* + 02 =oH~ isnotdone. To find the content of dissolved hydrogen in the fluoride-oxide melts you can apply the theory of
ionic solutions with arbitrary number of cations and anions in its upgraded version [1]. Hydroxyl form of the existence of hydrogen
in such slags can be represented as a system with three types of anions: F~, 02~and oH— unlike oxide melts where there is a

system with two types of anions: 02— and OH™ . Obtained equations for the calculation of solubility of hydrogen in the melts
CaF, —CaO —Si0O,, CaF, —CaO — Al,05 and caF, — CaO — Al, O3 —SiO, - They express the dependence of the ion share of
ions H* from p_ in the equilibrium gas phase over the melts from composition of the melt. Values Py o can be taken from the

presented in the work [1] graphs. Corrective coefficients of the equations must be determined from the experimental data on the
water solubility in the melts.
Keywords: hydrogen, flux, melt, solubility, gas phase, composition.

Bpem B.B., Byra C.II., iImutpenko U.B.

Bunsinue 0KCHI0B KPEMHHS M aJIIOMHHMS HA PACTBOPUMOCTb BOJIOPO/Ia B (hTOPHIHO-OKCHAHBIX paciiaBax

AnHoTtamusi. OHUM U3 Haubolee CyHIECTBEHHBIX (PaKTOPOB, KOTOPHIC ONPEACNAIOT MPOYHOCTh CTaleH, SIBISETCS COJEp)KaHHE B
HHUX PacTBOPEHHOro Bopopona. Ilpu m1000M MeToje MOoNy4eHus CTald, MPOYHOCTh OJHO3HAYHO 3aBUCHUT OT Ia30NPOHUIIAEMOCTH
1IUIAKOBOTO NTOKPOBA, TO €CTh B KOHEYHOM MTOT'e OT COCTaBa ra30Boi (a3bl Hajl CUCTEMOH uTak — MeTayul. Kpome 31oro Heo0Xxoaumo
OTBICKATh 3aBUCHMOCTb MEXY COCTaBOM (hTOPHUAHO-OKCHIHOTO (IIF0Ca M COCTaBOM Ta30BOH (a3bl. ITUM COCTABOM ONpEAeIsieTcs
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PacTBOPUMOCTh BOJIOPOJIA B PACIIIABE, a TAK)KE MOYKHA COCTABUTH COOTBETCTBYIOMINE JHarpaMMbl. KOHEUHBIM pe3ynbTaToOM JOIKHO
OBITh MOJyYCHHE YPaBHEHUH, KOTOPBIC TO3BOJSIIN Obl paCCYMTHIBATH PACTBOPHUMOCTL BOZOPOJA B (hTOPHUAHO-OKCHIHBIX pacIulaBax
3agaHHOro cocraBa. KoHIeHTpanus pacTBOPEHHOIO BOJOPO/JA B OTIIMYHUU OT OKUCHBIX PACILUIABOB JOJKHA 3aBUCEThH YK€ HE TOJIBKO

OT COCTaBa PACIIaBa, HO U OT COOTHOLICHHUs PaBHOBECHBIX 3HaueHuil Py o u Pyp. [ dropuaHo-okcuaHoro duoca Kaxaoro 3a-
2

JIaHHOTI'0 COCTaBa COOTBETCTBYET BIIOJIHE OIPEACICHHAA BEJIMYNHA COOTHOIICHU PH (o) . PHF . 010 O3Ha4acT, 4yTo I MCII0JIb30Ba-
2

HUS YpaBHEHHUS, KOTOpoe 00beANHACT KOHIICHTPAIUIO PACTBOPEHHOTO BOJIOPO/Ia M KOHIIEHTPAIIMM KOMIIOHEHTOB (hiroca HeoOXou-
MO ellle UMEeTh JaHHBIe O PAaBHOBECHOM COCTaBe ra30BOi (a3l Hax HUM. To ecTh HEOOXOANMO TEPMOJMHAMHYECKOE HCCIIEeI0BaHHE
mporiecca nuporuaponusa Gropunos. IIpoeaeH obumii TepMOANHAMUYECKUHA aHATIU3 BO3MOKHBIX B3aMMOJCHCTBHN Hanbomnee TH-
MMUYHBIX ¥ IEPCIIEKTHBHO BEPOSATHBIX KOMIIOHEHTOB (hiroco DIUII ¢ mapamu Boasl B mHTepBane temneparyp ot 1400 mo 1800 °C.
OTO MO3BOIHIIO ONMPEASIUTh TEPMOJANHAMUYECKHE HanOoliee BEPOSTHBIE pPeakliy. Takoi oka3anach peakLust MHpOruapoansa Gro-
PHCTOrO KajubLst U OoJiee TOTO ONpeaelIeHb PABHOBECHE PEAKIIUH, KOTOPBIE BIUSIOT HA OLNIAKOBAHHSA OKCHIA KaJIbLUs OKCHIAMHU
KPEMHHS U aTIOMMHUS. 3aBUCUMOCTH PaBHOBECHBIX COCTaBOB ra3oBoi (asbl (H,O+ HF) OT KOHUEHTPAMU OKCHIA Kalblus ObUIH

MOCTPOEHHI [UIA JBYX CEPUI COCTABOB C NMOCTOSHHBIMH cozepxkanusmu SiO, u Al,O.. Ha OCHOBaHMM pacCMOTPEHHUS 3TUX IMar-
2 23

pamMM ompezneneHHbI cocTaBbl (GiocoB [1], yTo obecrneunBalOT HaMMEHbBIINE PABHOBECHbBIC KOHIICHTPALUH (TOPUCTOrO BOAOPOIa B
ra3oBoil (paze HaJ paciuiaBOM. B IpeanosnoxkeHuu Toro, 4YTo CIBUI PABHOBECHS PEaKIMKM PACTBOPEHHUs BOJOPOAA BIIPABO OyAeT Me-
HBIIMM HPU MEHBIIAX PABHOBECHBIX 3HAYCHUAX Pyyp, ONpe/ieieHHbIE COCTAaBhl ()IIOCOB OTHECEHBI K ONTUMAIBHBIM C TOUKH 3pEHHUs

MpefOTBPAIlleHHss ~ UX  HaBoJOpokeHOocTH.  IlIpemmoskeH  mpouecc — MOTJIOMIEHHWsS — BOAOPOAA  ONMHUCHIBATh  peakIueit

CaF(m) + HZO(ra3) = CaO(Hm) + 2HF(m) U B CBSI3H C 9TUM paccMaTpuBaTh GTOPHUAHO-OKCHIHBIE PACILIABEl KaK HOHHBIE CHCTEMEL,
- 2— +

KOTOpBIE cojepxkar psgoM ¢ annonamu F- B O° u karmoHamu mertamnos, o H™ . IIpu 3TOM OJHO3HAYHOrO BBHIOOpA MEKIY

b o _ -
cxemamun HT +F~ =HF u H" +0?” =OH™ ne zenaercs. JI7Ist HaxOXKAEHUS COAEPKAHHUS PACTBOPEHHOTO BOAOPOAA B (hTOPUAHO-
OKCH/IHBIX pacIlIaBax MOKHO HPHMEHHTh TCOPUIO HOHHBIX PACTBOPOB C IIPOM3BOJIBHBIM YHCIOM KATHOHOB M AHHOHOB B €€ YTOYHEH-
HoM BapuanTe [1]. TuapokcHIbHy0 GOpMy CYLIECTBOBAHHS BOJOPOJA B TAKHX IIAKAX MOJKHO MPEICTABUTH KaK CHCTEMY C TpeMsl

Tunamn ammonos: F~, 0?7 11 OH™ B OT/IHME OT OKHCHBIX PACIUIABOB Il CYIIECTBYET CHCTEMA C ABYMs THIAMH AHHOHOB: O2~
u OH™. Tosy4eno YpaBHeHHs! nas pacueTos PacTBOPUMOCTH BOJOpO/IA B pacruiaBax
CaF, — CaO — SiO,,CaF, — CaO — Al,0, 1 CaF, —CaO — Al,O, — SiO, . Oun BbipaxkaroT 3aBHCHMOCTb HOHHOI
nomt wonor H* or P, B paBHOBecHOI rasoBoii (hase Han pacruaBaMut U OT COCTaBa pacruiasa. 3nauenus Py o MoryT GuITh B3s-

THI U3 IPEACTAaBICHHBIX B padoTe [1] rpaduxos. Koppekrupyromue k03 HUIEHTH YpaBHEHUI JODKHBI ONPEAETATHCS 110 IKCIe-
PHUMEHTaJIbHBIM JAHHBIM O PACTBOPHMOCTH BOJIBI B paCIlIaBax.
Knroueswie cnosa: 6000poo, @aroc, pacnias, pacmeopumocniv, 2a306as Gasa, cocmas.
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ECOLOGY

Varyvoda Ye.A.
Strengthening emergencies governance system through environmental assessment implementation
(case study of Ukraine)

Varyvoda Yevgeniya Aleksandrovna, candidate of geographic sciences, associate professor,
Department of occupational safety and environmental protection
National University of Civil Protection of Ukraine, Kharkov, Ukraine

Abstract. The legislative background and methodological approaches for ecological safety provision with application of environ-
mental assessment procedure in the field of governance of emergencies are studied. The directions related to the efficiency increasing
of environmental assessment implementation to the mechanism of state governance in civil protection are determined.

Keywords: environmental assessment, emergencies, ecological safety, state governance, civil protection.

Introduction. Character of the newest challenges and
threats to the safety of the environment associated with
the synergistic effects of natural, technological and envi-
ronmental emergencies (EE); by the increase of probabil-
ity of origin of one type of dangers, that stipulates the ac-
celeration of display other; by the far of sources of tech-
nogenic risk. The issue of preventing and mitigating the
environmental impacts of emergencies still exists in con-
nection not only with increasing their number, but also in-
crease the extent of destruction of natural geosystems,
transboundary nature of the impact, increasing social and
economic losses. In practice, the main reasons for 67% of
man-made emergencies, registered in database systems,
reporting on major accidents (Major Accidents Reporting
System — MARS) were low productive inefficiency and
safety management systems, environmental security [6].

Numerous emergencies, that inflict all greater harm to
the environment through the catastrophic aging of capital
assets and sickly development of the systems of reacting,
defense and warning of natural and technogenic emergen-
cies [16]. Also the extent of the consequences of the nega-
tive impact of emergencies on the ecological state of envi-
ronmental components proves extremely inefficient use of
preventive measures. Therefore, at present, there is a
problem improving the management mechanism of eco-
logical security in emergency situations, which requires
the state to implement a unified system of continuous in-
tegration of environmental factors in the prevention and
elimination of emergency situations.

Basic principles for solving environmental problems in
emergency situations at the international level were iden-
tified Stockholm Declaration of the year 1972 [2]. Pro-
vided for therein principles for determining and preven-
tion of damage to the environment, a mutual not causing
environmental damage have been further developed and
confirmed in the international legal practice with regard to
environmental protection.

At present, it is necessary to elect among modern arse-
nal of scientific and practical tools to ensure environmen-
tal safety of that activity to assess compliance with envi-
ronmental requirements at a particular stage of its imple-
mentation, starting from the stage of prevention of emer-
gency situations and finishing the elimination phase of its
direct and adverse effects. As such a tool may be the envi-
ronmental assessment (EA), which is defined as a process
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of systematic analysis and evaluation of environmental
impacts of the planned activities, stakeholder consultation
and consideration of the results of this analysis and advice
in the planning, design, approval and implementation of
this activity [17]. The analogue of the international sys-
tem of environmental assessment in the Ukraine is a stra-
tegic environmental assessment, ecological expertise and
evaluation of environmental impact (OVOS). These pro-
cedures aimed at preventing negative consequences for
the environment and to establish whether planned or on-
going activities and norms of legislation on environmental
protection, rational use and reproduction of natural re-
sources and environmental safety.

The relevance of the research question of the place of
environmental assessment procedures in the system of
state emergency management is not only of scientific in-
terest but also of practical importance. Since the Ukraine
gained huge positive experience of environmental as-
sessment, evaluation of environmental impact on activi-
ties that are highly hazardous, but the practice of these
procedures in the field of prevention and liquidation of
emergency situations is limited.

Recent research and publications analysis. The sci-
entific and theoretical background of the article is based
on scientific papers by B. Danylyshin, S. Doroguntsov, O.
Ralychuk, G. Rudko, A. Fedorisheva, Ye. Khlobystov, V.
Shevchuk devoted to the questions of legal, policy and in-
stitutional framework of ecological safety provision.

Elaboration of theoretical basis of environmental poli-
cy-making process for ecological safety insurance in ac-
cordance to sustainable development goals is studied in
scientific works by V. Andreytsev, N. Andrusevich, G.
Baluk, A. Hetman, N. Kobetska, V. Lozanskiy, Y.
Shemshuchenko, M. Shulga. Methodological and practi-
cal aspects of environmental assessment process are ex-
amined in researches by I. Abramov, Y. Adamenko, A.
Chadwick, A. Cherp, J. Glasson, N. Lee, B. Sadler, R.
Therivel and others.

Despite the importance of the research and their signif-
icant contribution to the solution of environmental, eco-
nomic and legal aspects of the regulation of emergencies,
today is the issue of underdeveloped legal and scientific
methodology for assessment of environmental impacts at
different stages of the life cycle of an emergency.
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Paper objective.The aim of the paper is to provide an
overview of the existing regulatory and methodological
arrangements for environmental assessment implementa-
tion in the field of state governance of civil protection.

Materials and methods. This article looks at the legal,
regulatory and methodological framework developed for
environmental assessment implementation for prevention
and mitigation of environmental impact of emergencies. It
concentrates on determining of the existing prerequisites
for strengthening of the state governance system of emer-
gencies by means of EA. The laws, regulations and envi-
ronmental assessment procedures were reviewed along
with the actual practice in applying of these. Also pro-
posed changes in the above were also considered.

Results and discussion.

Today in the Ukraine developed a conceptual approach
and active legislative process in preventive detection of
environmental hazards, assessing potential risks and miti-
gate the destructive impact on prevention and response re-
sults emergencies. In order to prevent emergencies during
the year 2012 implemented measures to improve the regu-
latory support of central and local executive bodies, cov-
ering all areas of activity to ensure safe human existence.
On the one hand this is due to the integration of inde-
pendent Ukraine in the European community, and on the
other — using the development of the Ukrainian scientists
in the assessment of anthropogenic impact on the envi-
ronment [1; 15].

However, the current system of governance in the field
of civil protection has certain problems associated with
the place and role of environmental regulations and/or
regulatory acts in the legal system for emergency situa-
tions, weak interagency integration authorities to ensure
the implementation of state policy in the field of techno-
genic and ecological safety; limited conditions for practi-
cal implementation of the activities of analysis, evaluation
and prediction of environmental impacts of emergencies,
the weakness of the existing economic incentives
measures to prevent environmental impacts and to elimi-
nate the onset emergencies, the imperfection of the legal
principles of management and control for ensuring envi-
ronmental safety in the prevention of emergency situa-
tions.

To date, the provisions of the regulation on the imple-
mentation of environmental assessment procedures in the
field of prevention and emergency response by using dif-
ferent hierarchy, form, manner and subject to regulation,
sectoral focus of legislative and normative legal acts.

The provisions relating to the general principles, state
regulation, conditions, organization, powers and proce-
dure in the field of environmental assessment application
including emergencies’ prevention and liquidation of con-
sequences are determined in the Constitution of Ukraine,
the Code of civil protection of Ukraine, the Laws of
Ukraine “On protecting the natural environment”, “On
ecological expertise”, “On the fundamental principles
(strategy) of Ukraine’s state environmental policy for the
period until 2020”, “On the objects of increased danger-
ous”, “On zone of environmental emergency situation”,
“On regulation of city-planning Activity” [4-5; 8-13].

Examination of the mentioned above legal acts allow
to conclude that despite of wide legal regulations for envi-
ronmental assessment there are some crucial gaps in the
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field of its implementation in the practice of prevention
and liquidation of emergencies’ consequences. It is neces-
sary to undertake particular measures for laws’ enforce-
ment assisting e.g. studying, analysis and generalization
of international and national practice of application of the
provisions of the legislation on environmental assessment
to the emergencies governance; scientific justification,
elaboration and acceptation of the unified guidelines for
environmental assessment following emergencies; elabo-
ration and validation of conforming regulations providing
cross-cutting integration of environmental assessment to
the field of emergencies’ governance; establishment of
the complex of administrative, regulatory, organizational
procuring for promotion of environmental assessment ap-
plication as an emergency assessment tool to enable com-
petent authorities prevent the actual or potential adverse
environmental impact.

So, to the present there isn’t necessity to form a new
branch of law concerning to environmental assessment
since legal norms of EA adequately and comprehensively
represented in environmental legislation and are dominant
in the field of ecological safety of environment. But sate
mechanism of its implementation for prevention and elim-
ination of emergencies consequences need to be enhanced
and environmental assessment certainly has a crucial role
in sustainable development policy corresponding to the
internationally recognized standards of ecological safety.

Existing research and practice approaches to assessing
the impact on the environment (strategic environmental
assessment, ecological expertise, assessment of environ-
mental impact) based on the ideology of prevention of
negative impact on the stage of planning and design busi-
ness. They act as a preventive consideration of environ-
mental factors and prevention of potential environmental
impacts of planned or ongoing activities in the absence of
threats caused normal functioning of natural and man-
made ecosystems. Today in the Ukraine there is no nor-
mative document regulating the procedure for the assess-
ment of environmental impacts on emergency. However,
each of the above approaches can be implemented in var-
ious stages of regulation emergencies. Consider introduc-
ing prerequisites for the strategic environmental assess-
ment, evaluation of environmental impact and ecological
expertise as a tool integrating environmental factors
emergencies.

The key idea of the strategic environmental assessment
(SEA) is to assess the potential negative technogenic en-
vironmental consequences of planned actions within a
certain strategic documents (laws, policies, plans, pro-
grams) in order to prevent environmental degradation.

At the regulatory level, strategic environmental as-
sessment procedure is governed by the Protocol on strate-
gic environmental assessment [14], developed in the
framework of the provisions of the «Convention on the
assessment of the environmental impact in a transbounda-
ry contexty», which is a testament to the direction of stra-
tegic environmental assessment to address environmental
issues at the international level.

Based on the research topic, the scope of the strategic
environmental assessment subject, such as the “State En-
vironmental Program in the emergency response to the
military unit A0829 (Lozovaja town of the Kharkov re-
gion) in the years 2011-2013” [3], but unfortunately



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

methodology for strategic environmental assessment has
not been implemented for of the state program.

To enable effective use of strategic environmental as-
sessment methodology at the level of strategic actions for
the Prevention of adverse effects of emergencies on the
environment recommended further detailed development
of scientific and practical foundations of national strategic
environmental assessment methodology, analysis of inter-
national practice implementing strategic environmental
assessment in the regulatory system emergencies, testing
existing approaches to strategic environmental assessment
in the management of technological-ecological safety in
specific case studies.

Potential of estimation of influence is on an environ-
ment (OVOS) in the Ukraine is the maximum possible
capacity of environmental protection and environmental
concerns in the implementation of design solutions, which
certainly is very important to comply with man-made en-
vironmental safety. The content, principles and proce-
dures for assessing the impact on the environment are
regulated by state regulatory document DBN A.2.2.-1-
2003 «Structure and Content of assessment of the impacts
on the environment (OVOS) in the design and construc-
tion of enterprises, buildings and structures» [7].

In the absence of a separate regulatory document on
the development of impact assessment of environmental
emergencies practice this type of activity, despite its ur-
gent need, is very limited. Therefore, an important task is
the development of the instrument and guidelines on the
composition and content of the impacts of emergencies on
the environment, taking into account the different stages
of the life cycle of an emergency.

Appropriate guidelines should include: purpose, objec-
tives, procedure implementation and training materials, a
framework for the initial data required for impact assess-
ment of environmental emergencies, taking into account
the issue of public interest in carrying out this procedure,
the issue of transboundary impacts of emergencies, gen-
eral methodological principles of the reporting materials
and so on.

For example, to assess the environmental impact at the
stage of emergency response should be the assessment of
acceptability and feasibility in terms of environmental
safety package of measures, which include search and
rescue and other urgent works carried out in the event of
emergency situations of technogenic and natural charac-
ter, and aimed at the termination of the hazards on the en-
vironment, saving lives and health of people, as well as
location of the zones of emergency situations of techno-
genic and natural character. But the question remains
open how to correctly assess the potential and real impact
on the environment at the onset and implementation stag-
es of the emergency.

One of the key tools to maintain the ecological security
in terms of activities to prevent and eliminate the negative
effects of the emergencies are environmental expertise,
which is defined as a form of research and practice-based
intersectoral ecological research, analysis and evaluation
of the preparatory projects, projects and other materials or
objects, implementation and which may have an adverse
effect or impact on the environment, and aims to prepare
Statement of planned or ongoing activities and norms of
legislation on environmental protection, rational use and
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reproduction of natural resources and environmental safe-
ty.
According to the Law of the Ukraine «On ecological
expertise» [8] objects of ecological expertise are draft
laws and other legal acts, records from the introduction of
new technology, techniques, materials, substances, prod-
ucts, genetically modified organisms that might lead to a
breach of environmental regulations negative impact on
the environment.

Environmental impact assessment may be subject to
environmental situations that have developed in some ar-
eas and regions, as well as existing facilities and systems
that have a significant negative impact on the environ-
ment. Thus, in terms of current legislation, namely envi-
ronmental impact assessment procedure should assess im-
pacts of emergencies on the environment.

Today in the Ukraine there is a legal and regulatory
framework and specific methodology for environmental
impact assessment technogenic emergency situations, but
the practice of this type of activity is very limited. This is
largely due to the fact that the Ukrainian system of envi-
ronmental assessment is almost no differentiated approach
to objects of different complexity and different scales of
environmental impact. List of objects rather significant
environmental impact assessment is quite impressive and
includes a variety of projects — from project plans, pro-
grams and projects to the laws of any planned economic
activity, environmental situations, a priori creates meth-
odological problems for the implementation of quality
procedures for environmental impact assessment.

The real potential of these procedures is the ability to
provide the highest possible environmental, environmen-
tal interests in the implementation of design solutions,
which certainly is important to comply with the require-
ments and standards of technogenic and ecological securi-
ty. However, the greatest efficiency of their application
will be exactly at the design stage, so there is a need to
develop its own methodology for rapid environmental as-
sessment, taking into account the phase of emergencies,
especially the national system of control in emergency
situations, the specificity of the rescue operations, the ex-
isting legal background.

Conclusions of the research. Based on the above ma-
terial in the Ukraine there is regulatory and a methodolog-
ical ground that legislatively determines the need for im-
pact assessment procedure emergencies on the environ-
ment. But despite the legally established and practical ev-
idence of the necessity of this type of activity, there was
no single methodological approach to preventing and mit-
igating the environmental impacts of the emergency. As a
result, there are significant differences in the manner of
the analysis and identification of potential sources of en-
vironmental hazards in case of emergencies, in identifying
the potential hazardous effects and areas of impact on the
environment, modeling and scale of negative impacts,
forecast changes in the environment according to the list
of identified impacts, risk of cumulative environmental
damage, the development and adoption of legal acts and
administrative decisions on measures to ensure the pre-
vention or restriction of hazardous actions needed to
comply with environmental safety. This significantly re-
duces the effectiveness of combating environmental
emergency situations and the negative impact on the pro-
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tection of population and territories from emergency situ-
ations.

The challenge is to create a single regulatory docu-
ment, such as, “Assessment of impacts of emergencies on
the environment”, which will be the basis for the imple-
mentation of practices to prevent and eliminate violations
of the elements of the environment for the onset emergen-
cies.

Analyzing the difficulties that hinder the implementa-
tion of the task are the following: limited environmental
priorities in the practice of emergency situations, the
complexity of relationships and poor predictability in
terms of adverse events in the system “nature — society —
technosphere”, limited comprehensive research on im-
pacts of environmental emergencies, limited proper coor-
dination and coherence between institutional agencies re-
sponsible for the safety of the environment, the lack of
uniform definitions and standardized methods of envi-
ronmental components due to pollution emergencies, lack
of uniform criteria for assessing the state of the environ-
ment before the emergency situations, during and after
emergencies. But there are certain achievements, which
include: the availability of legal acts that at the legislative
level determine the need for methodological apparatus of

the impacts of emergencies, experience of practical im-
plementation evaluation of environmental impact and en-
vironmental assessment of high-risk and potentially dan-
gerous objects, active target international support activi-
ties to prevent environmental impacts of emergencies.

After analyzing the achievements and challenges fac-
ing towards environmental safety, outline the range of is-
sues that require further action — is the improvement of
the legal framework of cooperation and responsibility in
implementing environmental assessment emergencies be-
tween key institutions concerned, the development and
approval of the methodological apparatus implementation
of the impacts of emergencies on the environment, study
best practices and case studies handed kind of research
and practical activities, enhanced international coopera-
tion, increase the range of research in the field of the im-
pacts of emergencies on the environment and others.

A number of outstanding issues on the assessment and
restoration of environmental quality components that oc-
cur before, during and after emergency situations require
the introduction of a clear mechanism for state govern-
ance of the environmental safety of the system of civil
protection.
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Bapusona E.A. YcoBepuieHCTBOBaHHMe CHCTeMbl YNPAaBJIEHHS] YPe3BbIYAMHBIMU CUTYALUSIMH MOCPEACTBOM HNPHUMEHEHMs
9K0JIOrM4eCKOii OLleHKH (CUTYaTHBHBII NpUMep YKPauHbI)
AHHOTanus. B crathe paccMOTpeHB! HOPMATUBHO-NIPABOBBIC U METOMOJOIMYECKHE NMPEANOCHUIKM INPUMEHEHUS SKOJOIMYECKOi
OLIGHKH JUI yCOBEPILEHCTBOBAHUs TOCYIApCTBEHHOI cucTeMbl ympaBieHHs upe3BblyaiiHbiMu cuTyauusmu (UC). B Vkpaune Ha
3aKOHOJIATEIbHOM YPOBHE OIpEZeNieHa HEeOOXOJUMOCTb MMIUIEMEHTALMH BKOJOTHYEeCKOld OLEeHKH B cdepe mpemynpexieHus U
mukBupanuy nocieactsuit YC, ofHAKO MPAKTHKA JAHHOTO BUAA AEATENPHOCTH orpaHmdeHa. CyIecTBYIOMNE METOMOJIOTHIECKUe
MOJIXO/TBI SKOJIOTHYECKOW OICHKH (CTparernieckas skosiorudeckas oueHka (CD0), oneHka BO3ACHCTBHA HA OKPYXAIOUIYIO CPEIy
(OBOC), skronornyeckasi SKCIEePTH3a) BHIMOIHIIOT (GYHKIHIO MPEBEHTUBHOTO y4YeTa SKOJIOTHUECKHX (PaKTOPOB M MpPEAYIPEKACHHS
BO3MOJKHBIX 3KOJIOTHYECKHX TTOCIEACTBHI 3aIlJIaHMPOBAHHON MIIH OCYIIECTBIISIEMON IEATEIbHOCTH MPH yCIOBUH OTCYTCTBHUS yIpo3
HapyIICHUs] HOPMaJbHOTO (DYHKIMOHMPOBAHWS HPUPOIHBIX M AHTPONOTEHHBIX SKOCHCTEM. BcllencTBHE OTCYTCTBUSI €IMHOTO
MEXBEIOMCTBEHHOTO HOPMATHBHOIO JIOKYMEHT4, pPErIaMEHTHPYIOIIETo IPOBEJCHHE OKOJIOTHYECKOil oueHkn B  cdepe
peryaupoBaHus upe3BbuaiiHbIx cutyaruii — CO0, OBOC u skonorudeckas 3KCepTu3a MOT'yT IPUMEHATHCS Ha Pa3IMYHbIX dTanax
xwu3HenHoro nukna YC. K Bonpocam, KoTopbie TpeOyIOT JaIbHEHIIero peleHuns, OTHOCHTCS — YCOBEPLICHCTBOBAaHHE HOPMAaTHBHO-
NpaBoOBOil 0a3bl B 007acTH peanuzanuu dkonorndeckoil oneHkn YC; pa3paboTka M COrNIACOBaHME METOOJIOTMYECKOro armapara
onenkn BozzaedcTBuss UC Ha OKpYXaIOIIyl0 Cpexy; M3ydeHHe IIePEeOBOTO MEXTYHapOAHOTO OIbITa M CHTYaTHBHBIX HPHMEpPOB
KacaeMo [aHHOTO BHJAa HAyYHO-TIPAKTHIECKOH HEATENbHOCTH, AKTHBH3ALMS MEXIYHApPOJHOTO COTPYIHHYIECTBA B OOJIACTH
MpeyNpeKACHAS W MHHHMH3AIUHM TPAaHCTPaHUYHBIX BoszaedcTBui UC; yBennueHHe CIEKTpa HAYYHBIX HCCIEHOBAaHHKA W Ap.
CymiecTByomuii MeXaHU3M IOCYIapCTBEHHOTO YIIPABIEHHS B 00JIaCTH TPAXKJAHCKOH 3aIIUTHI TpeOyeT yCOBEPIICHCTBOBAHUS ITyTEM
npeoOpa3oBaHMsl JKOJOTMYECKOM OLEHKM B JEHCTBEHHBIH MHCTPYMEHT TIOJMTHKM YCTOMYMBOTO Ppa3BUTHsA, OTBEYAIOIIHIA
MEXIyHapOAHBIM CTaHIApTaM KOJOIMYECKOH Oe30IacHOCTH.

Kniwouesvie cnosa: sxonocuveckas oyenka, upe3gvluauinbie CUMYayull, KON0SUYECKAs 0e30NACHOCMb, 20CYOapCmEeHHoe
ynpaenenue.
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Koeanée A.A., Bapusooa A.B.
HccnenoBanne METPAHY THXKETBIX U PEIKHAX METAJJIOB H3 30J10ILIAKOBBIX 0TBAJIOB
TENJIOBBIX 3JIEKTPOCTAHIUH

Kosanes Anexcandp Anexcanoposuu, npenooasamens

Hayuonanvnulii ynueepcumem zpasicoanckoii sauumel Yxpaunol, 2. Xapvkos, Ykpauna

Bapusooa Anexceti Bumanvesuu, oupexmop

000 MeoicpecuonanvHulii yeHmp Hepme2asosvix mexuHoao2utl, 2. Xapvkos, Yxpauna

AnHoTanus. CTaThs TMOCBSIIEHA PEIICHAIO IPOOIEMBI MOBEIMICHUS SKOJOTHYECKOW 0€30MacCHOCTH B paliloOHaX pa3MENICHUs 30J100T-
BaJIOB TEIUIOBBIX AJICKTPOCTAHIINH, MTyTEM H3YUCHHS MUTPALNHN COCTUHECHHUI TSHKEIBIX METAUIOB M3 00bEMa 30JI0IIIAKOBBIX OTBAIOB
TEIUIOBBIX 3JEKTPOCTAHIUI B MPHUJIETAIONINE MTOYBBL. [JI1 3TOr0 OBUTH BBIMOIHEHBI aHAIU3BI 00Pa3IIOB 30JI0NIUIAKA ¥ OYBHI BOJIU3U
30JI0IIIAKOBBIX OTBANIOB 3MHEBCKOM M 3aOpOKCKOH TEIUIOBBIX AJIEKTpocTaHIUK. Ha 0CHOBE MOMyYEeHHBIX JaHHBIX CIelaHa OIleHKa
Y YCTaHOBJICHA 3aKOHOMEPHOCTh MUTPALIMH COCIMHEHHUHN TSXKETBIX METAIOB U3 TEJa 30JI00TBajIa B MPHJIETAIOIIUE TPYHTHI, COTJIACHO
KOTOPOH CHI)KEHHE KOHLIEHTPALUH TSHKENBIX METAJUIOB MPOUCXOIUT 0OPaTHOMPOIIOPIIOHATIBHO PACCTOSHUIO OT UCTOYHHUKA 3arpsis-
HEHUS ¥ NPSAMONPONOPLHUOHATBHO UX HCXOJHOW KOHIEHTpAIMU. YCTAaHOBJICEHHAS 3aKOHOMEPHOCTh PacIpeesieHUs] KOHIIEHTpani
TSDKEIIBIX METAJUIOB B IOYBaX IO3BOJHUT pa3padoTaTh COBpeMEHHbIE, 3 (hEeKTHBHBIC METO/BI KOJIOTHUCCKH O€30MacHO KCILTyaTa-

IHUHX 30JI0IJIAKOBBIX OTBAJIOB TCIIJIOBBIX 3J'IeKTpOCTaHL[I/H7L

Knroueevie cnosa: 307100meail, Mucpayusl, msoicénvle upe()lcue memaililbl, 3dKOHOMEPHOCHIb.

K HacTosimieMy BpeMeHU B OTBajax TEIUJIOBBIX 3JIEKTPO-
cranuuit (TOC) Yxkpaunsl HakorieHo 358,8 MiH T 30-
sonutakoBeix 0Tx008B (3LI0) Ha o61me# mwiomaau 6oee
3170 ra. CpegneronoBoii Beixon 31O mnoctur 14 MaH T 1
B CBSI3U C YXYAILIEHHWEM KayecTBa TOIJIMBA UMEET TCHJICH-
IUIO K POCTY. DTO CO31aeT TEXHOJOTHICCKHE M DKOJIOTH-
YecKue MPOOJIEMBI: YBEIHMYUBAIOTCS MPOM3BOJCTBCHHBIC
3aTpaThl U CTOMMOCTH MPUPOIOOXPAHHBIX MEPOIPHUITHN
na TOC [1-2].

CocraB u ctpoenue 31O ompenenstoTcs psaoM ¢ak-
TOPOB, BAXKHEHIIUMHU CPEAN KOTOPBIX SBJISIOTCS: YCIOBUS
o0Opa3oBanus (0ObIYa ¥ OOOTAILCHUE YIJIs, CXKUTAHHE
yIJIst ¥ T.J.); COCTaB CBIPHEBOIO MECTOPOXKICHHUS; (PHU3H-
KO-XMMHYECKUE MPOLECCHl KIMMATHYECKOTO BO3IEHCTBUS
Ha OTBAJIBL.

31O WHTEHCHUBHO OKHUCISIOTCS, BBIIICIAYNBAKOTCS U
pa3pymaTCs, 9TO MPUBOANT K M3MCHEHUIO UX MHUHEpa-
JIOTHYECKOTO W BEUIECTBEHHOTO COCTABOB, BBIHOCY CO-
eIMHeHUH TsOKEMBIX U peaknx meramioB (TPM) u obpa-
30BaHUIO OPEOJIOB paccestHusl BOKpYyr orBajoB [3]. B
MIPUINOBEPXHOCTHON 30He oTBanoB 3O mnox Bo3xei-
CTBHEM aTMOC(EpHOTO KHCIOPOAa, OCaIKOB, (PIIBTPAIHU-
OHHBIX TMOJICH U Jp. (PAKTOPOB MPOUCXOJUT WHTCHCUBHOE
pactBopeHue u murpauus uoHos TPM. Ilpu stom moryt
00pazoBbIBaThCsl OOEAHEHHBIE W 00OTallleHHbIE MeTajlia-
MU YYaCTKH C BOCCTAaHOBJIEHHBIMHU U OKHCIIEHHBIMH (HOP-
MaMH UX HAXOXKICHUS.

Pa3paboTka coBpeMeHHBIX 3()(EKTHBHBIX METO/OB
9KOJIOTHYECKU OE30MACHON HKCIUTyaTallii 30JI0NUIAKO-
BBIX OTBaJIOB HE BO3MOXKHA 0€3 M3Y4EHHUS COCTaBa W Iy-
TEH MHTpalUyl B IMOYBE MPUCYTCTBYIOUIUX B HUX MHKPO-
MIPUMECEH, MPENCTaBIAIONINX CO00W, B OCHOBHOM, pac-
TBOpUMBIE coeuHeHust TPM.

JI1st M3y4eHHsI MUTPAIIUU TSOKETIBIX METalJIOB U3 Ija-
MOOTBaJIOB 3MHEBCKOM U 3amopokckoit TOC B mouBeH-
HyI0O cpeqy ObUIM TIpOBEAEHBI aHAIU3BI 00Pa3loB 30-
jonutaka ¥ npwieraromux mous. IIpo6er 31O nByx
Y49acTKOB OTBajia oTOMpanu Ha pacctossauu 100 M ot rpa-
HUIBI K €ro cepeanHe. Taxke MpoBOAWICS OTOOp TPoO
noussl Ha pacctosHuu 0,5, 1, 3, 5, 10, 20 u 30 M ot
BHEIIIHEH TpaHWIBI OTBana. AHAIN3 MHUTPAIUH TSKEIBIX
METaJUIOB TPOBOIMIN IyTEM COIOCTABICHHS UX COJEp-
JKaHWS B 30JI0IJIAKaX M B IIOYBE BO3JIC OTBAJIOB, CPABHU-

52

Bas NOJIyYeHHBIE JaHHBIE ¢ (HOHOBBIMH. DOHOBBIE 3HAUE-
HUS KOHLIEHTPALMM TSKEIBIX METAIUIOB OINPEACISAINCH
nyTeM oTOOpa M aHajau3a Npod MOYBHI Yepe3 ONpeiesIeH-
HOe paccTosHue oT oTBajia (1o 50 M) 0 ycTaHOBIECHHUSA
MOCTOSTHHOTO 3HAYeHUs MX KOHIEeHTpauuu (puc. 1, tab-
mura 1).

AHanu3 mokasai, 4To Ui HCCIEAYEMBIX 30JI00TBaJIOB
(oHOBas KOHICHTpPAIMS TSDKENIBIX METAJUIOB B IIOYBE
ycTaHaBiIMBaeTcsi Ha paccrosHud 20 M oT orBana. Heko-
Topoe oTinuune coaepxanus TPM B npobax oOycioBieHO
U3MECHEHHEM KadyecTBa COKUTAEMBIX YIJIel M mepepacrpe-
nenenueM 3IIO npu rumpoBblHOCE, YTO OBLIO HaMH
YUYTEHO TP POBEJICHUH UCCIIE0BaHMUI.

Paccuurannbie ko3 ¢uimeHtsr KoHTpacTHOCTH (K)
WUTIOCTPUPYIOT TpeBbIllIeHHe cojaepxkanusd TM B mouse,
NpUIIeTaloNel K NIJIaMOOTBaIaM, B JIECATKH pa3 Mo CpaB-
HEHUIO ¢ ()OHOBBHIMH 3HaueHUAMH. Koa(puumeHTs KOH-
TPAacCTHOCTH B aHAIN3UPYEMBIX Npodax BapbUPYIOT OT 1,2
(Pb B mpobax yuactka 1) go 73,6 (V B mpobax y4actka 1).
Cpeaun TM camble BbIcOKO€ 3HaueHHE K OTMEYEHBI IS
BaHaAWsA — B IuiamootBaie 3amopoxkckoit TOC — 45,0 —
73,6, B nutamootBaie 3mueckorr TOC — 15,5 -39,5. Jlna
Ni 3Hauenus K Haxozsrtcs B npeaenax 5,4 — 14,2,
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Paccrosinue, m

Puc. 1. 3meHenue conepxanue COSIMHEHUN TSHKEIbIX METaJl-
JI0B B 00pasiiax MOYBHI IPH yAAJICHUU OT LJIaMOOTBaJIa
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Tabmuna 1.
Xumnyeckuii anaau3 npod 3110 u noys, MI/Kr
Cl.
OOGBEKT UCCIE[0BAHUS pH Cu Zn Pb \% Ni > 1K
1 2 3 4 5 6 7 8
IInamoorsain 3anopoxckoit TOC
CpeHee 3HaUeHHe MPod yyacTka 1 1,6 16,4 53 10,7 26,1
ITouBa, npumbIKkaronias K yqactky 1 orsana, Cy 8,2 0,8 25,2 1,3 8,1 17,7
DonoBble 3HaUeHUSI IPpob ydacTka 1, Cy 6,4 0,5 5,6 1,04 0,11 1,9
Koadduuuent kourpactaoctu npod yyactka 1, K 1,28 16 45 12 736 9.2
(Ci/Cyi)
TIJIK mr/kr 3,0 23,0 20,0 6,0 4,0
C,i/TTIK; 0,3 1,1 0,1 1,3 44 7,2
CpeHee 3HaYeHHe NPod yyacTka 2 12,2 23,1 22,2 10,6 21,6
[TouBa, npumbIKaroLias yyactky 2 orsaia, Cy 7,6 7,2 25,8 15,8 6,3 14,0
@DoHoBbIe 3HAUCHHUS P00 yuacTka 2, Cy 6,4 0,5 6,14 3,0 0,14 14
Koaddunuent xourpactHoCTH 1IPod yyacTka 2, K 12 141 42 52 45,0 98
(Ci/Cyi)
TIJIK mr/kr 3,0 23,0 20,0 6,0 4,0
Ci/TTIK; 24 1,1 0,8 1,05 3,5 8,9
[1namoorBan 3muenckoit TOC
CpeHee 3HaueHHe MPoO yyacTka 1 3,0 29 8,8 441 2,4
IToyBa, npumbIKaromias K yqactky 1 orana, Cy, 9,5 2,6 6,2 31,6 1,0
DonoBble 3HaUeHMsI o ydacTka 1, Cy 7,4 1,9 3,4 0,8 0,2
Koadduuunent kourpactaoctu npod yuactka 1, K 1,3 14 1,8 39,5 5,4
(Cm/C@_l)
TIIK mr/kr 3,0 23,0 20,0 6,0 4,0
Ci/TTIK; 0,1 0,3 53 0,3 6,0
CpenHee 3Ha4YeHue MPOO yuyacTKa 2 12,8 18,8 6,8 54,3 10,0
[ouBa, npumbIKaromias ydactky 2 orsaia, Cy 57 3,5 6,4 54 12,3 41
DoHoBbIC 3HaUCHHUS P00 yuacTka 2, Cy 73 0,9 2,2 3,0 0,7 0,3
KoadpuuueHt koHTpacTHOCTH 1pod yuactka 2, K 0,8 3,8 2,9 18 155 14,2
(Ci/Cyi)
TIIK mr/kr 3,0 23,0 20,0 6,0 4,0
C,i/TTIK; 1,2 0,3 0,3 2,0 1,0 4,8

CyIecTBeHHBIH WHTEPEC IMPEICTABISAIOT IOIyICHHBIC
JAaHHBIC, XapaKTepPHU3YIOIINe pacIpeelicHine KOHICHTpa-
IUN TSHKENBIX METAJUIOB B IIOYBE NPU U3MEHEHUH PacCTO-
SIHUASL OT UCTOYHHUKA 3arpsI3HEHUST — 30JI00TBajIa, a TaK JKe
CTCNEHb CHUKCHUS KOHICHTPAIMH HA CIUHHILY THHBI
yAaJCHUs OT HCTOYHHKA.

Vicxonst U3 TPEANONIOKEHHSI O TOM, YTO KOHIICHTPAIUS
TSDKEIBIX METAIUIOB B MOYBE B 3aBUCHMOCTH OT PacCTOsI-
HUS OT KPOMKH 30JI00TBaJIa U3MEHSIETCS 110 3aKOHY:

dL L"

rae: L —paccrosiHie oT KpOMKH 30J100TBaja, M;

C — KOHIICHTpAIIUS] COOTBETCTBYIOIIETO 3arps3HUTEII,
MI/KT;

k, b, n — amnupuveckue k03 huUMEHTSL.

Takum 00pa3oM, CHM)KEHUE KOHIECHTPAIMH TSKEITBIX
METaJUIOB MPOUCXOAUT OOpaTHO MPOMOPIIMOHATIBHO pac-
CTOSIHAIO OT MCTOYHHKA 3arpsi3HEHUsS W MPSAMO MPONop-
[IMOHAJILHO WCXOJIHOM KOHIeHTparuu puc 2. [Tocie nHTe-
TPUPOBAHUS MTPUBEACHHOTO BhIpaXxeHHsI B rpanuiax ot Cy
10 Cp 1 Lg 10 Lo, moTyanm:

In |’ =[k~ L+#j|_tg @
C Co b Co
In Sof = (k + —j 3)
@ lco L Co

rae: Cy, Cy — UcxoHast ¥ (POHOBAS KOHICHTPAILIUU CO-
OTBETCTBYIOIIETO 3arPsA3HUTENS, MI/KT;

Lo, Ly — HaYampHOE M KOHEYHOE PACCTOSIHUE OT KPOM-
KH 30JI00TBaja, M;

53

Jns yctpaHeHns: HeomnpeaelIéHHOCTH L, mpuHMMaioT
Ha PacCTOSHUM 1,5 M OT rpaHMIIBI 30100TBANIA.
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C 150 XpaHWIUIL IIJJaMa 332 CYET €ro BbIBO3a M 3aXOPOHEHHUS.
JUISl CBUHLA ~ _937.102.| =2
=4 CrnenoBarenbHO, YCTaHOBJICHHAs 3aKOHOMEPHOCTb pac-
" MpeJesIeHNs] KOHIEHTpalUi TSHKENIbIX METa/IOB B ITOYBaX
ans mean C _ 93.107. Ly MI03BOJIUT pa3paboTaTh COBpeMeHHbIE, Y deKkTHBHBIE Me-
TOJBI 9KOJOTMYECKH O€30MacHOM OKCIUIyaTallid 30-

JOILTAKOBBIX OTBAJIOB TEILIOBBIX 3IEKTPOCTAHIIIH.

@

]

Beicokoe conepxxanue coenuneHuii TPM B 3oiomna-
KOBBIX OTXOJax HE IT03BOJIIET OCBOOOIHUTH TEPPUTOPHUIO
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Kovalev A.A., Varivoda A.V.
Research migration of heavy and rare metals from the dumps ash and slag thermal power stations
Abstract. Article devoted to the solution problems increase of ecological safety in the areas where ash and slag dumps of thermal
power plants by studying the migration of heavy metals from the slag heaps of volume thermal power stations in the surrounding
soils. For this purpose analysis of samples were performed ash, slag and soils near the dumps Zmievskoy and Zaporizhia thermal
power plants. Based on these results and estimates are established law of migration of heavy metals in the ash dump bodies adjacent
soils, according to which the decrease in the concentration of heavy metals occurs inversely to the distance from the source of con-
tamination and in direct proportion to their original concentration. Distribution law found concentrations of heavy metals in soils will
develop modern and effective methods of environmentally safe operation of the slag heaps from thermal power plants.

Keywords: ash and slag dump, migration, heavy and rare metals, regularity.
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Today one may state quite unhesitatingly that any substance
could be produced in the amorphous state. The only question
is in what technological conditions the particular substance
could be produced in the particular state and in what temper-
ature and time conditions it could exist, i.e. be stable. Such
approach to the problems of the amorphous state transfers
the emphasis of the studies from the parameters of the sub-
stance ability of amorphization to the problem of clarifying
their general nature and the ways of obtaining the domain of
the parameters and criteria of their stability. In this case, it is
particularly important to clarify the general specific character
of the atomic structure of the amorphous substances.

The fact that the terminology used in studying the
amorphous substances is not strict and, in many cases,
ambiguous and ‘vague', does not favor the studies of un-
ordered substances. Different researchers treat a number
of terms differently. As consequence, disputable questions
arise frequently not in fact of the obtained results but they
are of purely terminological character. Therefore, in this
paper we attempt to create a clear physical and mathemat-
ical basis of the definitions of basic and most general no-
tions in the field of studying the structure of the amor-
phous materials.

No rigorous, internally consistent system of principal def-
initions and terms in the field of studies of the amorphous
substances, which takes into account modern knowledge and
is acceptable for overwhelming majority of specialists, is
available now [1-3]. Partly, the reasons for this are related to
the insufficient study of a series of the most important prob-
lems pertaining to the nature of the amorphous substances.
According to comment [4], in most cases the principal nega-
tive moment concerns a faulty approach to the analysis of the
general nature of these objects. First, this is one-sidedness of
investigation, when all attention is concentrated on the analy-
sis of certain processes with complete ignorance of other
ones. Second, differentiation of definitions of internal and
external categories is insufficiently exact. For example, the
amorphous substance properties, which result from the use of
certain technology, are treated as the manifestation of its in-
ternal essence. Third, the notions of 'general’ and 'particular'
are often confused. And fourth, the most of the leading spe-
cialists in this field underestimate the problem of terminolo-
gy. Therefore, now there exist a great number of terminolog-
ical confusions in studying the amorphous substances.

At the same time, the activity in the area of studying the
amorphous substances is being growing. New amorphous
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materials appear, more and more specialists are interested in
the problems of the disordered systems, new models, ideas
and approaches are being suggested. In such conditions, the
problem of construction of a consistent terminological sys-
tem in this field becomes more and more topical. The termi-
nological problems themselves are not crucial, but termino-
logical clarity and unambiguity are an important condition of
prevention of the losses and serious distortion of information
during its transmission from one group of researchers to an-
other one, which deal with the same problem, but study them
from the another standpoint. To ensure effective mutual
communication and understanding of different research
groups there exists a necessity to establish a generally ac-
cepted 'language’ in this field. It is extremely desirable that
the terms of the above 'language’ will more completely re-
flect the real properties of the amorphous substances. The
main problem in creating such 'language’ is related to the
lack of commonly accepted qualitative and, especially, quan-
titative criteria, which can define the framework of the use of
any term [2, 5].

There is a wide spectrum of opinions concerning the defi-
nition of the amorphous substances. Both organic and inor-
ganic liquids are attributed to the amorphous materials [6].
They are identified as non-crystalline materials and in case of
their definition their types are simply specified: liquid metals
and semiconductors, glasses and evaporated or alternatively
deposited amorphous films belong to the non-crystalline sub-
stances [7]. More cardinal is the viewpoint of the author of
Ref. [1]. He states that the amorphous materials are not as
unique and solitary as the crystals, which are limited by a
few crystallographic forms. The amorphous materials incor-
porate a wider but less specific circle of objects of different
nature, thus, they have no exact unified definition. Other re-
searchers [8, 9], in turn, note that it is easier to say what the
amorphous materials are not, than state, what they are.

When defining the amorphous materials, most of the sci-
entists emphasize on the particular specific properties or
groups of properties inherent or absent in them. In particular,
the amorphous substances include those having macroiso-
tropic properties, producing arbitrary shaped surfaces at
breaking or cleaving: most frequently — the conchoidal
cleavage, lack of the crystalline regions both in the compact
and disperse state [10]. In Ref. [11], non-crystalline objects
below the vitrification temperature are considered the kinet-
ically frozen thermodynamical systems. The author of Ref.
[12] defines the amorphous substances as the solid state, in



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013 www.seanewdim.com

which, in given conditions of application of shear strain to
the sample, the manifestation of irreversible viscous flow
could be neglected. In this relation, the amorphous substanc-
es may be considered the super-cooled liquid with large vis-
cosity factor n>10"° P [13]. The lack of the melting point is
also frequently considered as the attribute of the amorphous
materials [14]. Specific and, at the same time, terminologi-
cally vague definition of metallic glass is given in [15]: this
is the amorphous solid having two or more chemical ele-
ments with different cluster sizes and/or different cluster
formation temperatures.

A large part of researchers takes the peculiarities of the
amorphous substances structure as the basis for their defini-
tion. Such approach has quite rigoro-us mathematical sub-
stantiation, because the diffuse smeared X-ray, electron or
neutron diffraction patterns are the main characteristic exper-
imental attribute of the amorphous materials. They reveal
several smeared maxima with specific large half-width and
drastic decrease of intensity I(s) with diffracted radiation
scattering angle (or scattering vector module s) (fig. 1). The-
se patterns reflect the structural peculiarities of the amor-
phous substances. In this case the similar diffraction patterns
arise for the different amorphous objects, which may differ
from each other by their specific structure. Such situation is
completely similar to that in crystals, where different clystal-
lographic forms have the same type of diffractograms in a
form of a system of single sharp discrete point reflexes
(fig. 2).

Below the structure of different substances will be the
principal object of our analysis. In such studies, one has to
point out clearly two qualitatively different structural lev-
els.
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Fig 1. Typical diffractogram and electronogram (inset)
of the amorphous substances
(in this case — the amorphous As,Seg, film)

One of these levels specifies the character of the spatial
location of the structural particles of the substance stipu-
lated by their shape, character and intensity of interaction
forces. In structural studies, the visual presentation of
such structure is often used. To do this, it is assumed that
in any condensed state phase of given substance for the
most elements of structure one may find the correspond-
ence between the positions of certain structural particles
and the nodes of certain spatial lattice. For crystals this al-
lows one to obtain the spatial periodic crystalline lattices.
According to this, graphical images in a form of unor-
dered spatial carcasses or networks with nodes corre-
sponding to spatial locations of atoms are used in study-
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ing the structure of the amorphous substances as well.
Therefore, the majority of researchers call this level the
atomic network (carcass) structure. On this level the main
elements of the structural ordering in the amorphous sub-
stances are revealed: the short-range order (SRO), the in-
termediate-range order (IRO) and the mesoscopic order-
ing. All the above elements of the atomic network struc-
ture in the amorphous substances make their specific con-
tribution into the diffraction data (fig. 1). Note also that in
different substances the separate atoms, ions, molecules,
macromolecules or other atomic formations are chosen as
the structural particles. In general, the structural particles
of the different scale levels can be used to describe the
particular substance.

Fig. 2. Typical electronogram of a single crystal that
reflects the specific character of its structure,
i.e. the presence of the long-range order

nanostructure

microstructure (substructure)

Fig. 3. Transmission electron-microscopic image of the amor-
phous As4Se film structure at the amorphous matrix level

The second structural level is defined in a form of a
continuum of the substance material (fig. 3). We suggest
calling it the amorphous matrix structure. Different ele-
ments of the amorphous material structure of nano-, mi-
cro- and macroscales are revealed on this level.

From our point of view, the structure on the atomic
network level must make basis of the amorphous sub-
stance definition. Consider the particular examples of
such approach presented in other works. Ref. [8] states
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that the amorphous solids are not the form of the matter
with the long-range order (LRO), they have no large re-
gions with periodical location of atoms and no crystalline
microvolumes of the size that allows the Bragg diffraction
to be obtained. The author of Ref. [16] notes that the
amorphous substance, or the amorphic, is a solid being an
alternative to the crystal, it differs from the latter by the
lack of translation periodicity and possesses the shear vis-

cosity not less than 10"°P. In accordance with Ref.
[17], the term ‘amorphous' characterizes the materials
with no spatial periodicity of the atomic locations. If there
is no LRO in the particle locations along any direction in-
side the solid, such solid is called the amorphous one. In
this case LRO means the availability of periodicity in the
locations of the particles. The author of Ref. [18] also
considers that the phases characterized by clearly ex-
presses LRO, i.e. the availability of the potential periodic
field of the crystalline lattice, belong to the crystalline sol-
ids. The phases characterized by only the clearly ex-
pressed SRO belong to the liquid and glassy phases. In
the gaseous state, the substances have SRO within the
limits of the separate molecules only and differ by the in-
stantaneous changes of configurations produced during
collisions.

In our opinion, the above points of view do not take in-
to account some important issues. First, combination on
the lower hierarchic level of the states located on the
higher hierarchic level and belonging to different systems,
e.g. to the liquid and solid aggregate states, is inadmissi-
ble. Second, there is no sense to define the amorphous
substances using the terms not clearly specified. Such
formulation simply substitutes the solution of the termino-
logical task by another one. Third, in general case it is dif-
ficult, and even most likely impossible, to specify all
known and, moreover, unknown yet substances, which
could be considered amorphous. Therefore, the available
terms must take into account further extension of the class
of the amorphous substances in future. Both theoretical
and experimental results of the studies allow several crite-
ria common for all amorphous substances to be estab-
lished right now. Let us analyze critically the properties,
which are most frequently suggested as decisive in defin-
ing the amorphous materials as the separate class.

1. Isotropic character of the properties. Regarding this
criterion, it is necessary first to specify the spatial dimen-
sions of the system, in which it is applied. If these are
macrodimensions, then the isotropic character of the
properties may frequently reflect not internal essential
features of the structure of the substance, by the external
manifestation of the peculiarities of its organization into
the macrosystem. For instance, on the macrolevel, the
polycrystals are isotropic, but they could not be treated as
the amorphous substances. On the other hand, a lot of
amorphous films demonstrate on the mocrolevel the ani-
sotropy of their properties due to the conditions of di-
rected vapor condensation onto the substrate and due to
the properties of its surface structure. If the criterion of
anisotropy of the properties is applied to the atomic di-
mensions, i.e. to the systems with dimension of a few 'unit
cells' of the crystalline lattice, it is not proven experimen-
tally that the amorphous substances on that level have iso-
tropic properties. In contrary, high-resolution electron mi-
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croscopy indicates in many amorphous films and glasses
the occurrence of some elements of the translation sym-
metry and anisotropy of structure on the local level of a
few nanometers [19, 20]. In addition, many amorphous
films demonstrate such properties (e.g. birefringence),
which are anisotropic by their essence [21].

2. Occurrence of the surfaces of arbitrary shape, most
frequently, the conchoidal cleavage, at the breakage or
cleavage is a criterion that reflects the external properties
of the substance and is not the general one, but only that
related mainly to glasses. To extend its application over
any kinds of the amorphous substances one has to solve a
number of problems: what should be considered a 'con-
choidal' cleavage of the amorphous film or amorphous ul-
tradisperse particle? Is it possible to consider the cleavage
of the single crystal amorphized by the high-energy radia-
tion the 'conchoidal’ cleavage?

3. The lack of the local crystalline microvolumes both
in the compact and in the disperse state is the criterion of
rather the phase homogeneity of the substance than its
amorphous essence.

4. The thermodynamical non-equilibrium or metasta-
bility of the amorphous substances is often used as their
general attribute, and this does not correspond to the min-
imum of the total energy of the system in these conditions
[21, 22]. However, this criterion is not so integrating to
cover any possible cases of realization of the amorphous
substances. Not all their kinds are kinetically solidified
non-equilibrium thermodynamical systems. The amor-
phous films or the amorphous disperse particles in certain
conditions could also be thermodynamically stable sys-
tems due to the contribution of the surface energy. In ad-
dition, the thermodynamical non-equilibrium itself is a re-
sult of manifestation of the specific character of the
amorphous substances.

5. Attribution of the amorphous substances to the class
of super-cooled liquids [23, 24] means that we have to
consider them as the liquid state. Therefore, one has to
speak about the amorphous super-cooled liquid. Then,
what the crystal is? The crystalline super-cooled liquid?
The authors of Refs. [23, 24] also believe that the ordi-
nary glasses could be called the ‘glassy liquids', and the
molecular crystals with ordered molecule locations in the
crystalline lattices and with unordered spatial orientation
could be called the 'glassy crystals'. As regards the crys-
tals with orientation order and with unordered location of
molecules in the space, they could be called the 'glassy
crystallization liquids'. Introduction of the above terms
sets a slight wondering. If one continues the analysis in
the same direction, the new definitions are obtained. For
example, if the 'glassy liquids' exist, then, probably, the
‘crystal-like liquids' exist as well; if the 'glassy crystals'
exist, then, probably, the ‘crystal-like crystals' exist too. In
this case the amorphous films could be called the over-
saturated condensed vapor. Such novelties give nothing
but terminological confusion. Their major shortcoming is
a willing to classify the particular substance as belonging
to the two aggregate states simultaneously.

6. The lack of the melting point is an important proper-
ty of the amorphous materials, though the validity of this
statement is not established for all amorphous substances
of different physical and chemical nature and composi-
tion. It should be noted here that a strict generally recog-
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nized definition of the melting temperature relates crystals
only: the melting temperature is the temperature of the
system ‘crystalline solid — liquid' in the phase equilibrium
state. Thus, this parameter characterizes the equilibrium
phase transition to the liquid state of the crystalline sub-
stances and its application to the amorphous substances,
speaking strictly, is wrong. It is assumed here that with
the temperature increase the amorphous substance softens
and transits to the liquid state gradually. Indeed, in the
case of glasses a continuous transition from the solid to
the highly viscous liquid state within a quite wide temper-
ature interval is observed. Such continuous thermodynam-
ical transition is characterized by the melting temperature
Ty, not by the vitrification temperature.

In the amorphous films, the melting processes are, as a
rule, preceded by rather large-scale structural transfor-
mations: crystallization, revaporation or other effects ac-
tivated by relatively large surface or excess of the defec-
tive states. Moreover, in many films the specific pseudo-
phase transition occurs with increasing temperature, i.e.
relaxation to the state, which is structurally quite close to
glass at the same temperature. In most cases, the above ef-
fects do not allow the initial amorphous film to be melted.
In the amorphous ultradisperse particles, such processes
that mask the melting point are sintering and recrystalliza-
tion.Thus, the lack of the melting point is quite common
property of the amorphous substances. However this
could not make basis of their studies, because, first, it
does not correspond to its rigorous physical sense, and,
second, it characterizes not the solid system, but the pecu-
liarities of its transition to another aggregate state — liquid,
demonstrating the specific features and differences of the
above transition for the crystalline and amorphous materi-
als. Furthermore, this peculiarity is derived and results
from the specific character of the structure of the amor-
phous substances.

7. The lack of LRO or spatial periodicity in the loca-
tions of the structural particles of the substance is a prop-
erty introduced by the overwhelming majority of re-
searchers as a criterion of defining the amorphous materi-
als. However, this criterion has a serious shortcoming: it
is rather of the descriptive, not of the concise character
[25, 26].

8. Other specific parameters of the difference of the
amorphous substance structure as compared to that of
crystals are also often suggested as the definitive ones.
For example, they include the stability of the chemical
bond lengths and the interbond angles for the crystals as
well as the possibility of variation of these values in the
amorphous substances [27]. This peculiarity is also quite
important, since it indicates the possible causes that speci-
fy the lack of LRO in the amorphous substances. Howev-
er, it is not general enough to make basis for the amor-
phous substance definition. This relates to other structural
parameters as well. In particular, it is emphasized in Ref.
[27] that all the chemical bonds in the crystal are saturat-
ed, while in the amorphous solid a number of defective
broken bonds occur.

9. Certain properties quoted in Refs. [27, 28] also can
not be the definitive criteria. Note that in the crystals the
energy forbidden band is strictly defined, while in the
amorphous solids the localized allowed energy states oc-
cur in the middle of the forbidden band; a sharp optical
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absorption edge is typical for crystals, whereas in the
amorphous materials there is an extended tail of the elec-
tron states at the absorption edge. In addition, both resis-
tive and blocking contacts are possible for the crystals,
while the most of the contacts in the amorphous substanc-
es are resistive. Some properties may serve only the dis-
tinctive criteria to classify different classes of the amor-
phous materials, e.g. to differentiate metallic glasses from
other types of glasses [29]. All the aforementioned differ-
ences are derived from the structure, and their cause must
lie in the specific character of different types of the amor-
phous materials and crystals.

The analysis of the above criteria shows that most of
them reflect external, secondary or partial properties of
the amorphous materials. Therefore, attempts to define
the amorphous substances according to their specific
properties are untenable. This is confirmed by the fact that
if one takes charge transfer as the indicator of the appear-
ance of the amorphous phase at ion implantation into
crystal [30], then it is possible to find the occurrence of
the amorphous phase in terms of percolation leaking theo-
ry as resulted from the formation of the infinite cluster
well before its finding by the structural methods. At the
same time, the above definitions in the most cases actual-
ly specify the distinctive attributes of the solid state of the
substance as compared to the liquid state independent of
the fact is this substance amorphous or not.

The lack of periodicity and LRO in the locations of the
structural particles is, according to the most of research-
ers, the specific feature that must form the basis of defin-
ing the amorphous solids [8, 14, 25, 31-34]. It should be
noted here that the most of the above criteria of pointing
out the amorphous materials as a separate class are only
the consequence of the LRO presence or absence (ta-
ble 1).

Note as an example of such approach the following
definition of the amorphous substances: the amorphous
solid is a solid state of the substance characterized by the
isotropic character of the properties and by the lack of the
melting point. With increasing temperature the amorphous
materials soften and gradually transit to the liquid state. Such
behavior is due to the lack of LRO in their structure. It is
clearly seen that the definitive properties of the amorphous
substances are specified by the lack of LRO.

Thus, only one attribute, i.e. the lack of LRO, is so
general and internally inherent in the amorphous solids
that today this attribute forms the basis for defining the
amorphous substance category by the majority of re-
searchers. However, this criterion has substantial short-
comings. The principal of them is that the character of the
diffraction data does not indicate directly the lack of LRO
in the amorphous substances. Precise X-ray and neutron
imaging experiments for the most of the amorphous sub-
stances under study show the radial distribution functions
for atoms with maxima extended up to 2-3 nanometers.
Such distances correspond to the real nanoobjects with
about 5 nm dimensions. In such situations, the question
about the lack of LRO is, in our opinion, disputable.
Therefore, the above approach should be complemented
by the parameters that describe the special character of
the real structure of the atomic network in the amorphous
materials, i.e. specify the available peculiarities, not only
the lack of LRO.
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Table 1

Criteria of pointing out the class of the amorphous substances, which directly or indirectly reflect the lack of LRO

o - e How the lack of
Criterion Specific for amorphous materials: LRO is reflected Notes
. . Most of the amorphous substances, but . Should be considered on the scale level not exceeding
Isotropic structure and properties Directly
not all few nanometers
Conchoidal cleavage Mostly for glasses Indirectly Inherent in macrosamples
Lack of the crystalline regions All amorphous solids - Criterion of the single phase, not of the amorphous nature
. S Most of the amorphous substances, but . Result of manifestation of the structure and the external
Thermodynamical non-equilibrium Indirectly
not all shape of samples
Super-cooled liquid Mostly for glasses Directly Simultaneous comblnatlglr;o?:/ ;\(Ijvo aggregate states is not
Lack of the melting point Not for all solids Directly Characterizes phase transition, not the substance
Lack of LRO For all substances Directly General, but quite descrl_ptlve criterion. Requires specifi-
cation of SRO
Large defective chemical bonds con- . Definition should be on the ideal state level, not real
. For most substances Indirectly
centration amorphous substances
Peculiarities of specific properties Could be used to point out s parate Directly Result of the specific features of the structure
types of amorphous solids

In Ref [35], the following definition of glass is suggested:
the solid material in which the unit cells (structural units) are
bound by the chemical bonds into chains, rings, strips, layers
and 3D networks in such a way that the angles between the
chemical bonds that link the structural units are not equal, but

fixed within the specified boundaries limited by the nature of

this substance boundaries leading to the limited variational
SRO and to the lack of LRO in the locations of atoms.

This definition corresponds to the modern understanding
of the specific character of the amorphous substances. But it
has essential drawbacks. First, it provides an extremely broad
specification of the character of the SRO construction. Se-
cond, this definition restricts the causes of LRO disappear-
ance only to the occurrence of variation of the angles be-
tween the bonds that link separate structural units. As a
result, this definition loses overall generality necessary to
join all the amorphous substances by a single term.

Thus, the diffuse patterns of X-ray, electron and neu-
tron diffraction are the experimental condition of manifes-
tation of the amorphous state in the certain substance.
Such patterns are qualitatively similar for a variety of
amorphous substances reflecting, thus, the unity of prin-
ciples of constructing their atomic structure. Therefore,
terminological definition of the amorphous solids must re-
late to the peculiarities of their atomic network structure.
The main structural criterion of pointing out the separate
class of amorphous materials is the lack of LRO or trans-

lation periodicity in the spatial location of the structural
particles. However, this criterion must have more rigorous
character specifying the causes of LRO disappearance in the
amorphous substances. The character of organization of the
amorphous SRO must be decisive here.

The analysis of this question requires clear definition of
the LRO and SRO notions. No unambiguity and strictness
are seen in the approaches suggested by different authors.
Consider, for example, some definitions. SRO means the
proper location of a certain number of neighbors close to at-
om, ion or molecule [25]. LRO is the location of the particles
in a certain sequence with the formation of a single 3D lattice
[17], or, according to Ref' [17], a number of closest neigh-
bors surrounding atom chosen as the central one. Here the
main SRO parameters are the number of neighbors (coordi-
nation number) and the distances between them (coordina-
tion sphere radius). Such SRO is called the coordination or-
der. For liquids that contain atoms of different chemical ele-
ments the distance SRO is not a sufficient characteristic. In
this case it is necessary to take into account not only the
number of atoms that surround the central atom, but also
their sort. We shall call SRO with the sorts of atoms being
taken into account the sort order. LRO and SRO are the
symmetry or correlation in the mutual locations of solid
structure elements (atoms, molecules, group of atoms of
certain configuration) or the spatial correlation of the phys-
ical values (polarizability, magnetic moment) [33].

Table 2.

General methodological principles of styding the amorphous substances

Idea of principle

Atomic network level

Continuum level

Pointing out two qualitatively
different structural reasons

Atomic structure in a form of coupled structural
particles discretely located in the space

Microstructure and macrostructure of the sample in a
form of a continuum

Ideal amorphous structure

approximation lences

Ideal atomic network, all atoms with saturated va-

Ideal amorphous matrix in a form of a permanent ho-
mogenous continuum with the uniform distribution of
the physical and chemical parameters

Clear resolution of different
structural scales

Short-range order. Intermediate-range order.
Mesoscopic ordering

Nanostructure. Microstructure. Macrostructure

Inclusion of all structure-defining and
structure-specifying factors

The initial state of the substance. Conditions of formation. Action of external factors. Relaxation processes

and structural transformations

Construction of the structural
models

sions

The model of atomic network with 2-3 nm dimen-

The models of formation of different-type
heterogeneities of the amorphous matrix

When considering the above definitions some com-
ments arise. 1. What does 'proper' location of the nearest
neighbors around the atom means? How the 'proper' and
'improper’ neighbor location of this atom could be de-
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fined? 2. What does 'a certain number' mean? Two, five
or hundred nearest neighbors? LRO and SRO can be qual-
itatively different, e.g., coordination, distance etc. 4. The
notions of SRO and LRO relate not only to the atomic
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structure of the substance, but also to their different prop-
erties. Therefore definition of these notions must be gen-
eral for all cases, and clear definition of both SRO and
LRO must take into account the above comments.

Thus, it seems expedient to hold to several general
principles when studying the amorphous substances (see
table 2). They are based on the clear distinguishing of the
two structural levels. The ideal structure approximation
should be used in general definitions on these both levels.

In the case of the real amorphous materials one has also
to take into account the strong influence of the conditions of
their production on the structural, physical and chemical pa-
rameters of the samples produced. Due to the action of these

factors, different polymorph modifications and structural
states of the amorphous solids even of single-atom substanc-
es can be revealed. The latter, in turn, determine different
properties of the amorphous samples of the same chemical
compositions produced in different technological regimes.
Accounting the substantial losses of information, which ac-
company the most of modern methods of structural analysis
of the disordered systems, makes irreplaceable construction
of the scale models of the amorphous substances with the
number of atoms corresponding to the conditions of applica-
tion of the laws of statistical mechanics and thermodynam-
ics.
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AHHOTAIMsI. DKCIIEPUMEHTAIBHBIM YCIOBHEM yYCTaHOBIICHHSI aMOP(HOCTH COCTOSTHHMS JIF00O0TO BellecTBa ecTh i (y3HbIe KapTHHBI
JIU(paKIy peHTTeHOBCKUX JIydel, SJISKTPOHOB U HEHTpoHOB. Takue KapTHHBI KaYeCTBEHHO OJJMHAKOBHI [UIS1 CAMBIX Pa3HOOOPa3HBIX
10 CBOEH NpHpo/ie aMOP(HBIX BEIIECTB, YTO OTPAKAET SAUHCTBO (hM3MIECKHX MPUHIUIIOB IIOCTPOCHHS UX aTOMHOU CTPYKTYpHL. I1o-
3TOMY ¥ TEPMHUHOJIOTHIECKOE OTpeeTIeHre aMOP(HBIX TeN JODKHO OCHOBBIBATHCS HA OCOOCHHOCTSAX CTPYKTYPBI HX aTOMHOI CETKU.
I'maBHBIM CTPYKTYPHBIM KPHTEPHEM BBIAEICHHS KIacca aMOP(HBIX BEIIECTB €CTh OTCYTCTBHE Y HUX TPAHCIAIIMOHHON MEPHOANIHO-
CTH NPOCTPAHCTBEHHOTO PACIHOJIOKEHHSI CTPYKTYPHBIX YaCTHUI] WU AanbHero nopsaka. Ho sToMy kpurepuio HeoOX0IUMO MpUAATH
6oJtee CTPOTyI0 OCHOBY IIyT€M KOHKPETH3ALUK IPUINH HCUE3HOBEHHUS B aMOP(HBIX MaTepuanax JadbHero mopsaka. 1 3Tu mpuduHel

OIIPEAEISIOTCS XapaKTepOM OpraHu3anuy aMOP(HOTO OJIM3KOT0 MOPSAKA.
Knrouesvie cnosa: amoppuule sewyecmea, HeynopsiooueHHbie CUCeMbL.
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Miua B., I'onomé P., Jlosac I'., Bepewt M., bopkau €., Koeau T., Pizo 1.
Bnuiue ¢pparmMeHTIiB HU3bKO0- Ta BUCOKOTEMIIEPATYPHUX KpPUCTATIYHNUX (a3 qucynb@iny repMaHio Ha
(¢opmyBaHHS 3MIIAHOTO CEPETHHOTO MOPSIAKY B TEXHOJOTIYHO MOAUG(IKOBAHOMY CKJIOMOAIOHOMY
c-GeS;: pisHuneBi Paman cnekTpu Ta neprionpuHUMIHI po3paxyHKu

Miya B., I'onom6 P., Jlosac I'., Kosau T., Pico I. Yarceopoocvkuii Hayionanvruil yHisepcumem, Ykpaina
Bepew M. Haykoeo-0ocnionuti yenmp (izuxu imeni Bienepa Yeopcokoi akademii nayk, m. byoanewm, Yeopuuna
boprau €. 3axapnamcvruii yeopcokuil incmumym im. @epenya Pakoyi I, m. bepezoso, Ykpaina

AHoTauisi. Y mopiBHsHHI 31 3Bu4aiiHuM Paman criektpoMm, B pisauneBux Paman criektpax {IrGeS,(TVy)-1rGeSy(T,V1)} Texuomori-
4HO0 MoaubikoBaHOro cKI0nOAiGHOrO ¢- GeS,(T;,V)) ), BUABIEHO PO3UCILICHHS HAWOLIBII iHTEHCHBHOI KOTMBHOI MO/ Oitst 340cm™.
YacToTHE MOJIOKEHH MAaKCUMYyMiB CMYT,3HaiileHiX B pisHMLEBUX Paman cnektpax c- GeSy(T;, V) 6Gims 340 i 360cm™ Ta HaitbimbT
iHTEHCUBHUX KOJHMBHHUX MOJ B PamaH criekTpax BiIIOBIIHO HU3BKO - Ta BUCOKOTEMIIEPATYPHHUX KPHCTaTidHUX (a3 o-, B-GeS, moka-
3a110 1x 100py y3romxkeHicts. Ha ocHOBI 4-6, 6 i 4- 4leHHHMX KUTbLEBUX (parMeHTiB, BUPi3aHUX i3 kpuctamiuHoi ¢as3u B-GeS, , Bu-
KOHAHHH PO3paxXyHOK iX KOJMBHOTO CHEKTPY. B KilblieBOMY HaOJIMKEHHI ,B TepMiHAX KOJUBaHb TeTpacapiB GeS,, 3B’13aHUX KyTa-
MH i 10 peGpy, IIpOBeeHa CTPYKTypHA iHTEpIpeTalis KOMMBHEX Mo pH 360, 370 i 433cM™ Paman criektpis c-GeSy(T;,V)). Hass-
HicTh KONMBaHb «IeeKTHHX» romeomnonspHux Ge-Ge Ta S-S 3B’s13KiB BifHECEHa O YTBOPEHHs 5-TH WICHHHX Killellb B MaTpHUIli
CTPYKTYpH CKJIOHOoAiGHOro aucyibdiny repmaniio. YTBopeHHs B cTpyKTypi c-GeSy(T;,Vj) dparMeHTiB HU3bKO- Ta BUCOKOTEMIICpa-
TypHHX KPUCTATIYHUX (a3 AUCYIb(iTy TepMaHilo CBITYUTH PO (GOPMYBAaHHS 3MIIIAHOTO CEPEIHBOIO NOPSAKY B TEXHOJOTTYHO MO-
nmudikoBaHoMy ckornoibHoMy c-GeS;
Knrouosi cnosa: Paman cnekmpockonis, XanbKo2eHioHe CKo, cepeoHill NOpa0oK, CMpyKmypa cmekoi, Kiibyesi ¢ppazmenmu

L. Beryn. PisHOMaHITHI METOIM JOCHIIKCHHS OJMIDKHBOTO — PO3IUIABY, BiNOYBAa€ThCS YacTKOBA JEIMOJiMepi3allis Iia-
MOPSIAKY CKJIONOAIOHMX 1 KPUCTATIYHHUX JAUXAIBKOTEHIIB  PyBaTO-JIaHIOrOBUX (parmeHTiB f-GeS, i B ckii npucy-
repMaHio (EJIEKTPOHO-, HEUTPOHO-, peHTreHoMudpakiis  THi O0mm3bko 40% (parMeHTiB i3 TeTpaeapis, 110 3B’sA3aHI
[1,2]; xonuBHa cmektpockoris [3,4]) cBigdate mpo 30e-  KyTamu i MPHOJIU3HO Taka ) KiTbKICTh QparMeHTiB i3 Te-
PEeKEeHHS ONMMKHBOTO TOPSIAKY IIPU TIEPEXOAl KPHUCTal-  Tpaeapis, W0 3B’sA3aHi peOpamu. Meronom Paman cnekT-
cKkJ0. 3rimHo AUPaKmiHHUX TaHWUX, JIOKAIbHE OTOYCHHS  POCKOIIi B CTPYKTYpi c-GeS; Takox Oyno BUSABICHO Has-
atoMiB Ge B ckiononioHOMYy (c) c-GeS,, monibue 10 oto-  BHICTh “medexkTHHX”, romomomsipanx Ge-Ge Ta S-S
yeHHs aToMiB Ge€ B KpHCTaNiuHiil BUcokoTeMmepaTypHiii 3B s3kiB [10,13]. B Toif ke "ac, mpyu BUKOPUCTaHHI METO-
¢asi f-GeS,[5-7]. B upomy kpucrami aromun Ge 3Haxo- Ay HEHTPOHHOI criekTpockomii B [16] n0Ka3iB iCHYBaHHS
JIUTBCSI B TIPaBUJIBHOMY TETpacApUYHOMY TMOJIOKEHHI  Takux 3B’s3kiB B ¢-GeS, He 3HaiineHo. 11100 3usaTH 1E
(4Ge-S = 2.22A). B mnopanmsiiomMy, Ha OCHOBI aHamizy mportupiyus B [17] mpoBemeHO KOMITIOTEpPHE MOJIEIIO-
cTpyktypu f-GeS,, Oyio 3amponoHOBaHO IIapyBaTo-  BaHHS BIUIMBY YMOB OJIepKaHHS Ha CTPYKTYpY 1 Temrmepa-
JIAHIIOTOBY CTPYKTYpHY MOJIENIb CTEXIOMETPHUUYHOro 0i-  Typy po3m’sikiieHHsi ¢-GeS, npu 3arapTyBaHHI pO3ILIaBY
HapHOro ckiia c-GeS,, BiloMy SK «MOJIeNb XIMIYHO- 3 PI3HOI0 MIBHAKICTIO oxoiojpkeHHs. lllnsxom mopento-
ynopsinkoBaroi ¢azm» [7,8]. IBoxmipHa 2D kpucramigyHa  BaHHS BHUSABIICHO, IO i3 3MEHIICHHSIM MIBHUAKOCTI 0XOJIO-
crpykrypa S-GeS, nobynosana 3 [GeS;], naHMOrB 3 Te-  JPKSHHS PO3IUIABY, YHUCIIO TOMOTIONISIPHUX 3B s13KiB S-S Ta
Tpaenpie GeS,, 3B’s3aHmx kytamu [5,6]. Lli mammrorm  Ge-Ge B CKiIi 3MEHIIYETHCSA. 3 METOIO MPOBEICHHS HOC-
3B’S3yIOTBCSI B IIapu 3a JONOMOTOI0 TeTpaenpiB, TOBIPHOI 1 OJHO3HAYHOI IHTEpNpeTAalii CrIocTepeKyBaHMX
3B’s3aHUX peOpamu. OpmHak, mopsin 3i crabimpHOIO 2D cMyr Ha piBHI JIOKQIBHUX CTPYKTYPHHX YIPYIyBaHb B
KpHUCTanigHO (a3oro, B cucteMi Ge-S iCHY€e TphOXMipHa,  CTEKJIaX, HAMH IMPOBEICHI EKCIIEpUMEHTANbHI Ta Teope-
3D nusbkoTemneparypHa ¢asza a-GeS;, cTpykTypa SKOI  THYHI CHEKTPOCKOIIYHI JOCHIPKEHHS CKIONOAIOHOTO -
mo0y/0BaHa BHUKIIOYHO i3 TerpaempiB GeSy, 3B’s3anux  GES,, CHHTE30BaHOTO BiJl PI3HUX TEMIIEPATyp PO3ILIABY
kyramu [6]. B pamkax Teopii HaHOrerepomMopdHoro II. Marepiamn i merogu. CuHTE3 CKIONOIIOHUX
CKJIOYTBOpeHHS B [9] BBaxkaroTh, 10 mpu (GopmyBanHi  MmarepianiB GeS, 3aiHCHIOBABCS i3 €IEMEHTAPHUX KOMIIO-
CKJIOTMOIOHOTO CTaHy i3 po3IuiaBy, B CTpyKTypi c-GeS,  Hent uucroru “OCY” B-5 B kBapioBux ammynax. Buxiz-
TIOBMHHI yTBOPIOBATHCS (DPArMEHTH CTPYKTYPH XapakTe-  Hi KOMIOHEHTH 3BaKyBajHCh 3 TouHicTio 10 107 kr i Ha-
pHi sik 1 a-GeS,, Tax i g f-GeS,. CHITJINCh Y BiiNaJIeH] KBAapLIOBl aMITyJIH, SIKi IIOIIEPEHBO
IIpn mpoBeneHHI CIEKTPOCKOMIYHMUX IOCIi/KEHb, B OOpOOJSUTNCH KOHIIEHTPOBAHOIO Aa30THOKO KHCJIOTOIO 1
Paman cniektpi c-GeS,, kpiM HalOUIBII IHTEHCHBHOI CMYy-  ITPOMHBAJINCH JUCTWJILOBAHOIO BOjo0. HamoBHeHi mmx-
ru npu 340 em™, OyJ0 BUABIECHO meperud 6inst 375 eMti  ToKO aMIlyJd 3a JOIOMOIOK Ta30KUCHEBOIO IaJIbHHUKA
MakcuMyM Oinst 435 cm'[3,4,7,10]. B paMkax Mozeni  mporpiBanack 1o temneparypu 400-450 K nns ycyHeHHs
«ximMigHO-ymOpsiAKOBaHOT (asi», MAKCHMYMH TpH 375  mapiB BOXM i 3alaioBaIuCh ITiJ BaKyyMoM mopsiaky 107
em i 435 cm™ BigHeceni 10 konmBaHb KimactepiB GeS,,  Topp. CrOYATKy aMIlysia 3 IIMXTOK0 HATPIBANACK 3 IIBH-
3B’s3aHMX peOpaMu i gacTora iX KonmBaHb Omm3pka f0  KicTio 250 K/roa. mo temmepatypu 800 K i Butpumysa-
YaCTOTHOTO TIOJIO’KEHHS KOJIMBHUX MOJ B KPHCTAJIYHOMY  JIach B TaKOMy cTaHi mpotsroM 5 rogwH. lle mo3Bommino
S-GeS, [11]. Bee me BBaXaroTh, M0 HAWOINBII iHTEHCHB- ~ 3MEHIIMTH THCK IapiB CIpKH y aMmyiax i 3amo0irtu ix
Ha cMmyra B Paman cnektpi c-GeS, 3 MakcuMyMoM Ipu  PO3PMBY B IIpolieci cuHTe3y. IloTiM TemnepaTypa cHTE3Y
340 cm™ 38’s3aHa 3 KonmBaHHAME 38°13KiB Ge-S B ¢par-  migBumysamack 1o 1200 K 3 msmkictio mopsuiky 100
MeHTax cTpykTypu [-GeS,, ne terpaenpu GeS,, 3p’aszani  K/roa. Posmmas mpu uiil Temreparypi BUTPUMYBaBCs
kyTamu [12-14]. Tlo JaHUM PEeHTTeHOCTPYKTYPHHUX gocii-  hpotsrom 10 rox., a MOTIM OXOJIOJIXKYBABCS 3 IIBUAKICTIO
mokeHb [15] BcTaHOBIEHO, MO Ipu yTBOopeHHi c-GeS; 3 1.5x10% K/c (oxonomkenns y Bomi). OTpumani 3pasku

62



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

OyJIM OJTHOPIMHUMH i HE MICTHIIA BKIIFOUEHb KPUCTAIIIHOT
¢aszu. Ilicas Takoro momepeaHbOro CHHTE3Y 3pa3oK -
GeS; po3auIsBCs Ha TPH PiBHI YaCTHHH, SIKI 3HOBY 3aBaH-
Ta)XyBaJNCh y KBapLEBI KOHTEHHEPH, BiJKAUyBaJHCh JIO
10™ topp, i 3amamoBaice. KoXHa 3 IUX TPhOX aMITyI
3romoM HarpiBanmack 3 mBuakicTio V=100 K/c mo tppox
pisanx Temmeparyp cuuresy T; (i=1-3), Bimnosiguo 1173,
1273 , 1 1473 K. Ilpu nocATHEHHI BKa3aHUX TEMIIEPATyp
pO3IIaB BUTPUMYBABCS Ha mpots3i 10 rox. i oXomomxy-
BaBCs 3 IIBHUIKICTIO 1.5%10% K/c. s BUMipIOBaHb BHCO-
kopo3nineHux cnekTtpiB KPC BukopuctoByBacsi Bruker
IFS-66 intepdepomerp 3 CCD-meTeKTOPOM MpUETHAHMIMA
mo Bruker FRA 106 KPC moaynsa. B skocti mxepena
30ymkenHs: BukopucroByBaBcst Nd:YAG nazep 3 notyx-
gicTio Oinbiie 500 MBT 1 10BXHHOIO XBUIl Ays=1064 HM
(Ess=1.17 eB). Ilpu nocnimxennsx KPC crexon BuxinHa
MOTYXHICTh JIa3€pPHOTO BUIIPOMIHIOBaHHA ckiajnana 90
MBT. BuMiproBaHHS IPOBOAMIINCE MPH KIMHATHIN TeMIe-
patypi 3 BukopuctanHaM 180° koHdirypamii. Po3mineHa
3[ATHICTH CHEKTPOMETpa cKiajana ~1 emt [Tpu BuMipax
OXOILTIOBABCS MIUPOKUHA CHEKTpaNbHUH nmiama3oH Bix 50
710 3600 cM™ ISt CTOKCOBOT YaCTHHH crektpy. Po3paxyH-
K{ KOJIMBHOTO CIIEKTPY KITBLEBHX KIACTEPHHUX (parMeH-
TiB Oyim 3po0JIeH] 0 METOIUIII, IICHTUYHIHN, IO OITICcaHa
y [18].

I11. Pe3yabTaTH Ta iX o0roBopenHs. Sk e O6yno BU-
SIBIICHO 1 B monepennix podorax[3,4,7,10], cniieHOKO Xa-
PAKTEPUCTHKOK BCIX JOCHiKeHMX PaMaH CIeKTpiB
ckiononionoro c-GeS, (puc.1) € iHTEeHCHBHA cMyra npu
340 cm™. Ti MakcuMyM 3MilieHHiT B HU3KOYACTOTHY 00-
JacTh, B MOPIBHAHHI 3 MOJOXXEHHAIM OCHOBHOTO MaKCH-
MymoM (360 cm™) Paman criektpy KpucTamidnoi pasu -
GeS; (puc.1, kpuna 5).

IIpu 3miHi yMOB cCUHTE3y, 3HaYHa TpaHcpopmamis Pa-
MaH-criekTpiB ¢-GeS, Oyna 3adikcoBana B obmacti 200-
300 em™* (puc.1). Sk BugHO 3 puc.l (kpusi 3 i 4), B Paman
cnekTpax c-GeS;, cHHTe30BaHUX BiJ] BUCOKHX TeMIIepa-
Typ posmuiaBy (T3=1373K, T,=1473K) 3sBisi€TbCS TOCUTH
iHTEHCHBHA CMyra 3 MakCHMyMoM mpu 255 cm™. Llst cmy-
ra BUSBUJIACh JIy’Ke€ YYTJIMBOIO JI0 YMOB CHHTE3Y CTEKOJ 1
MPaKTUYHO HE CIOCTepirajiach JAjisi 3pa3Ka, CHHTE30BaHO-
ro Bij Temnepatypu T, (puc.l, kpusa 2). BaxxnuBo Takox
BiIMITHTH TIOMiTHY acuMeTpifo cMyru pu 255 cm™ 3 re-
peruHom mpu 235 em™. Ocranns XapakTepHa Uil KOJIH-
BaHb aTOMiB B ¢-GeS 3 moTpiiiHo KoopanHaticto Ge 1o
cipmi [10].

MNopiusaunsa Paman cnexrtpiB crexon c¢-GeSy(T;,V))
(i=2-4, =1) 3 KPC cmekrpom fS-GeS, Bkasye Ha Te, IIO
OnM3bKe IMoJIoKeHHA B PamaH cnekrpax kpucraiy i cre-
kon c-GeS,y(Ty,Vy) MatoTs cmyrn B Paman crekTpi ckia
6ims 370 i 433 cm™. Kmacuuni tpu emyru npu 340, 370 i
433 cm™t micTHTB CKITO c-GeSy(T;,V)) npn i=2, j=1 (puc.1,
kpuBa 2). OcobmuBicTio Paman cmektpy ckia c-
GeS,(T,V1) mpm  ;moBKMHI  XBWii  30yIKCHHS
As5.1=1064 um. (1.17 eB), € HasgBHICTH CIIA00IHTEHCUBHOI
cMyru nipu 495 e, sIKy 3B’SI3YIOTh 3 HAsBHICTIO B MAaT-
pHILi CTPYKTYPH CKJIa HEBEJIMKOi KUIBKOCTI TOMEOMOJISp-
HEX 3B’s3kiB S-S [10].
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Puc.1. HepesonancHi criekTpu Makpo-Paman 3 @yp’e tpancdo-
pMartieto c-GeS,(Ty,Vy), 3HATI PU TOBXKUHI XBHIII 30y KSHHS
Ay51=1064 um. (1.17 eB, Nd:YAG, Bruker IFS 66/FRA 106):
1) T1,V4; 2) To,Va; 3) T3,Va; 4) Ty Vo, 5 f-GeS,

L cmyra 30i7bLIye IHTCHCUBHICTD IIPU BUKOPHCTAH-
HiI B sikocTi pkepena 30ymxennss CKP nasepis, 3 MeHII00
JIOBXKUHOIO XBHJII (Ay54=514.5 Ta A,55=488 um.). Pe3onan-
cHa noBestinka cMyr mpu 370 1 433 em™ (puc.1) BusiBeHa
B Paman criextpax crekon ¢-GeSy(T;,V)) B [10] Binnecena
JI0 KouBaHb aToMiB GeS,pp, 3’ eqHaHnX peOpamu. Paman
crektp c-GeSy(T,,V1) Hamu BUOpaHUiA /JIsl BUBYEHHS Pi-
3HuneBux cnekTpiB c-GeS,(T;,Vj) 3 momix ycix moci-
Jokennit Paman criektpis crexon ¢-GeSy(T;, V1) (puc.1) sk
TaKWi, 0 MICTUTh CMYTH, XapaKTePHi JJISI TOMEOIIOJISIP-
HuX 3B’513KiB S-S Ta Ge-Ge, HaliMEHIIIOT iIHTEHCUBHOCTI.

®Ge
[ S

Puc.2. 31iBa — MOHOIIIAP 3 KPHCTANIYHOI CTPYKTYPH BHCOKOTE-
mrieparypHoi ¢as3u f-GeS, 3 BuaineHuMH KiacTepamMu
GenSy, (I-VI) Ta cipaBa — “nedexrni” knacrepu GepSp, 3
romeonosipaumMu 3B’ si3kamu Ge—Ge (VII-VIII) ta S-S (IX-XI)
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Po3paxynku nokazanu [18], o enepreTuuHa nepesara
npu (OpMyBaHHI KiJbLEBUX KJIACTEpiB, BHpi3aHUX i3
CTPYKTypH KpHcTaniunoi ¢asu tuny B-GeS, (Puc.2) mo-
e OyTH mpejcTaBieHa psiioM 4-6 4ieHHI KijblLs y CIiB-
BigHomeHH] 1:2; 6-4aeHH] KUIBIYT, 4-4JI€HHI KIJIbLI.

BaxxinuBo BIAMITHTH, IO CTATUCTHYHUN aHAII3 KIJIEIb
B TONOJOTiYHUX CITKaX JO3BOJISIE€ TIPOBECTH aHAJi3
3B’SI3HOCTI Matpuili cTpykrypu c-GeS; [19]. 3pocranus
iHTeHCHBHOCTI KOMMBaHb Oimst 400 cM™ MOKHA 3B'A3aTH 3
TIOSIBOIO B CTPYKTYpi ckia GeS, (T1,V1) “medextHux” 5-u
YICHHUX KUJTBLIEBUX KIacTepiB (puc. 2, kiactep 8), KOiu-
BaHHs Ge-Ge 3B'SI3KIB SIKUX, YiTKO BUAHO NpH 255 em™. B
paHHIX pobOoTtax [13] Taki KonuBaHHS Oynu Ha3BaHi “‘eTa-
HonoaioHuMu” (puc. 2, kinactep 7). PospaxyHku yacToTn
KOJIUBaHb Kiactepy 6 (puc. 2.) i CTpyKTypHa iHTepIpeTa-
uist pisHMIEeBoro cnekrpy (puc. 3, kpusa 1), 3poOieHi
BHIIIE, BKA3YIOTh, IO B CTPYKTYpi ckia c-GeS, (Tq, Ty, T,
T4 K, V=150 K/c) peamnizyrotbes 4-6 mapyBati pparmes-
TH BHCOKOTemIeparypHoi ¢asu [-GeS,. 3 poctom Temrre-
patypu posmiaBy 1o Tz, T, BinOyBaeThcs memoiimepiza-
Iis MapyBaTHX KIACTEPIB MUIIXOM BiANICTINICHHS BiJ 6-TH
YICHHHUX Kulelb 4-X uieHHUX Ge,Syi4p, Ha 10 BKa3ye
3MEHIIICHHS iHTEHCHBHOCTI KomuBaHb mpu 370 i 433 cm™
(puc.3, kpuBi 2,3 ). Ilpu 3araptyBanHi BiJ Temmneparyp
po3mnaBy Bif T,, T3 i T4 B pi3HUIICBUX CIIEKTPax BCE UiT-
Killle i CHHXPOHHO 3pOCTA€ IHTEHCUBHICTh KOJIMBHHUX MO,
XapaKTepHHUX s “neeKTHUX”, 5-TH WICHHUX KilacTepiB
tumy 8 1 10 (puc.2) 3 romononsipaumu Ge-Ge (kmactep 8)
ta S-S (kimacrep 9) 3B’s3kamu. Tak Ui KiIacTepiB THITY 8
3 Ge-Ge 3B’s3KkaMH, 3 POCTOM TEMIIEPaTypH pO3ILIABY
OJIHOYACHO POCTE {HTEHCHBHIiCTH cMyT Gims 250 cM™ i B
oxouti 400 CM‘l(pI/Ic. 3).

IIpo HasiBHiCTH YTBOpeHHS S-S 3B’S3KIB B KIITBIEBUX
kimactepax tamy 11 CBiAuuThH €1ab0 IHTEHCHBHA CMYyra
npu 492 cm™.OcobnuBicTio pisHUNEBHX PamaH crieKTpis
{IrGeS,(TiV1)-1rGeS,(T,V1)} € HasBHiCTE cMyru OGinmst
339 cm ™ (auB. puc.3), M0 € HANHGiIBII IHTEHCHBHOIO B Pa-
MaH CIEKTpi HHU3bKOTEMIIEpaTypHOI KpuCTaiiuyHol (asu
a-GeS; [11,20]. 3 pocrom T; Big 1173 K mo T,=1373 K
IHTCHCUBHICT IIi€l CMYrd B pPI3HUICBUX CIIEKTPax
{IrGeS,(T;V1)-1rGeS,(T,V,)} 3pocrtae, a mpu T,=1373 K
il MakcUMyM 3cyBaeThes 10 330 emt, [onibna curyartis 3
HHU3bKOYACTOTHUM 3CYBOM MAaKCUMYMY XapaKTE€pPHOTO IS
HU3BKOTEMITEpaTypHOI (aszu a-GeS,, croctepiranacs mpu
BHCOKOTEMITEpaTypHUX crekTpockomiuanx c-GeS, [20].
ExcnieppuMeHTanbHO BHUSIBIEHHH 3CYyB MAakCUMyMy B 00-
JIACTh MEHIIUX YaCTOT MOXKHA 3B’SI3aTH 3 BIUIMBOM TEM-
neparyp po3IuiaBy, Biji SIKOTO BEJIOCS 3arapTyBaHHS, LIO
MOJKJIMBO TPUBOJMIIO O PO3BATY KiJIBIIEBHX KJIACTEPIB i
CIPUYMHIOBAJIO YTBOPEHHS JAHIIOTOBHX KiacTepiB. Ha
KOPHUCTh TaKOTO NMPUITYIICHHS MOXKE CBIYNTH TOH (akKT,
IO CTPYKTypa kpucrany a-GeS, mictuts 1Ba Habopa ja-
HIOTIB [5,6], mo GopMyroTh ckiagHUH TPHOXMIpHHUH Ka-
pkac. B mpomy kapkaci 24 3B’si3aHI KyTaMu TeTpaelpu
YTBOPIOIOTH €JINCoifanbHO 1MoAiOHI myctotu [6]. Buko-
HaHI HaMM PO3PaxyHKH KoyiMBaHp JaHIoriB Ge,Sp ,B
AKUX pebpa TeTpaenpiB NMPOIOBXKYIOTH OJUH OJHOTO B
JIAHITIOTaX, MOMIOHO IO TOTO SIK II€ CIIOCTEPIraeThes B G-
GeS; [5,6], mokaszanu, mo B KOPOTKHX JjaHIorax GesSg

KonuBaHHs 3B’s13KiB Ge-S crocrepiratorsest 0imst 330 cm”
1
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Puc.3. Iudepenniitni Paman-cnexrpu moOynoBaHi Ha OCHOBI
criekTpiB Makpo-Paman 3 @yp’e Tpancdopmariiero c-GeS,
(Ti,V)), 3HATI OpH TOBXKUHI XBHIII 30YIKEHHSA L6 1=1064 HM.:
(1) — Bix kpuBoi c-GeS, (T1,V1) BigasTO KpHBY c-GeS, (T,,V1);
(2) — Bin kpuBoi c-GeS, (T3,V}) BigasTo KpHBY c-GeS, (T,,V1);
(3) — Binm kpuBoi c-GeS, (T4,V1) BigHsTO KpHBY -GS, (T,,V1);
(4) Paman criextp: - f-GeS,

HasiBHicTh B PamaH crnekrpax KOJMBHOI CMYrH MpH
339 cm™ xapaxTepHOi st a-GeS; B CKIONOIIOHIX 3pas-
kax c-GeS,, Moxe CBIIYUTH, IO 3aPOJKU XapaKTEPHI IS
¢dasu  a-GeS; GpopMyIOThCS B CKII MPOIECi rapTyBaHHS
posmiaBy. HasBHiCTs B pi3HMIEBHX Paman crekrtpax
{1rGeS,(T;V1)-1rGeS,(T,V1)} cMyr, xapakTepHUX [UIst
KOoJNMBaHb KiactepiB sk i 3D Ttak i mig 2-D kpucraniy-
HUX (a3, MOXKE CBIAUUTH, 110 CepenHiil mopsaok B c-GeS,
(bopmyeTbes sIK IIapyBaTo-noAioHuMu 2-D kiacTepaMu
BHCOKOTeMIIepatypHoi (a3u Tak i 3D kiacTepamu HU3b-
koremrnepaTypHoi ¢aszu. Tak sk HasBHICTH KJIacTepiB B
MaTPHIl CTPYKTYPH CTEKOJI OTOTOXHIOETHCS 13 CepeaHIM
nopsiakoMm [12,16], To B 1[bOMY CEHCi MOKHa TOBOPHUTH
npo itoro 3minranuii xapakTep B crekiax GeS, (TiVy).

BucHoBkn.

1. OcobnuBicTIo  pi3HMUEBMX  Paman  cmekrpiB
{1rGeS,(T;V1)-1rGeS,(T,V1)} € HasBHiCTE cMmyru Oins
339 cM 'm0 € HalGinBI iHTEeHCHBHOW B PamaH crektpi
HU3bKOTEMIIEpaTypHOi kpuctaniynoi a3  a-GeS,

2. B pisauneBomy Paman crektpi c-GeS, (T1,Vy) Bu-
SABJICHUH picT iHTeHCHBHOCTI cMyT mipu 360, 370 1 433 cm
! Ili cmyru € HaitGinbur inTeHcHBHEMY | B Paman criekTpi
kpuctamiunoro A-GeS,. Cmyry 360 cv™ Bizmeceno 10
konnBaHb Ge-S 3B’S3KiB y MIECTHWICHHHUX KUIBIIX yTBO-
peHUX TeTpaeapamMu, 3B'A3aHUX KyTamu B 4-6 Kiactepi,
BUpI3aHOMY i3 IIapyBaTO-JIaHIIOroBoi cTpykTypH S-GeS,.
Cwmyru mpu 370 i 433 emt BigHeceHo 10 xoynmBaHb Ge-S
3B’SI3KIB B YOTUPBOXWICHHHUX KiNbIIX Ge,S7.4/2, YTBOpE-
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HUX peOpamu i3 TerpaeapiB GeS, i ski 3B’s3yI0TH 6-TH
YIEHHI KiJbLisl B IIapyBaTHH ()parMeHT BHCOKOTEMIIepa-
TypHoi (a3u f-GeS,.

2. 3 pocroM TemmnepaTypH po3miaBy Bix Ts go T, cro-
CTepIraeThCs 3MEHIICHHS IHTEHCHBHOCTI KOJIMBAaHb B Pi3-
mureBux Paman crektpiB {IrRGeS,(T;V1)-1rGeS,(T,V1)}
npr 370 1 433 cM™, mo MosKe CBiTUMTH MO HemoiMepi-
3amis 4-X WICHHUX KiJIellb, YTBOPEHUX TeTpaeApaMHu, 0
3B’s13aHi IO pedpy.

3. Ilpu 3arapTyBaHHI Biff TeMIIepaTyp po3IiaBy Bix T,
,T31 T4 B pI3HHIEBHUX CHEKTPax CTEKOJ CIOCTEPIraroThCs

KOJIMBHI MOJY, XapakTepHUX i “medekTHux” 5-TH
YWICHHUX KiacTepiB 3 romeomnoisipuumu Ge-Ge ta S-S
3B s3kamu. [l knmactepiB 3 Ge-Ge 3B’s3kaMu i3 3011b-
mieHHsiM Temrepatypu Bif Ts no T4 ogHOUacHO pocte iH-
TEHCHBHICTH cMyT mpr 255 cM™ 1 400 cm™.

4. TeopeTH4HO PO3TISTHYTa MOXIUBICTH (HOpPMyBaHHS
JIAHIIOTIB 3 KiNbLEBUX (ParMeHTIB i po3paxoBaHO iX KO-
TUBHAN criekTp. HalOimpm OMM3pKUME 10 eKCIIeprMeH-
TaIIEHUX JaHUX € KOJTUBaHHS KiacTepy GesSe.

Pobota BuKOHYBaNack 3a MiATPUMKOIO MiIXXHAPOTHOTO
rpanty NeF183139 “Collegium Talentum”.
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Muua B., I'osiom6 P., JloBac I'., Bepemr M., bopkau €., Kosau T., Piro 1.
Bausinne ¢gparMeHTOB HU3KO- U BHICOKOTEMIIEPATYPHBIX KpPHCTALINYeCKHX (a3 qucyabpuia repManusa Ha popMupoBaHue
CMEIIAHHOT0 CPeHero Mops/AKa B TEXHOJIOTHYHO MOTH(UIUPOBAHHOM cTeKI000pazHoM c-GeS;:

pazHocTHBIe PaMaH crieKTPBI M MePBONPHHIHIHBIE PACYeThI

Annortanus. B passoctaeix Paman cnexrpax {IRGeSy(T;V1)-1rGeSy(T,V1)} Texnonornyecku momudumposarnoro c-GeS,(T;,V)),
0 CpaBHEHUH ¢ 0ObIYHBIM Paman criextpoM IrGeS,(T;V1), BbIsBIIEHO pacuierieHrne Hanboiee HHTEHCUBHON K0j1€0aTebHOM 1010~
bl 0Kkos1o 340 cM™. YacToTHOE MONOXKeHNHe MakCHMyMOB I10JI0C, HallIeHHBIX B Pa3sHOCTHEIX crekTpax c- GeS,(T;,Vj) okono 340 i
360 cM™ H HHTEGHCHBHBIX KONEOATENBHBIX MOX B OOBIYHBIX PaMaH CIIEKTpaX HH3KO- M BBICOKOTEMIIEPATYPHBIX KPHCTAITHYECKHX
¢a3 a-, B-GeS, mokazano yaoBieTBOpHUTENbHOE cornacue. beumi Beipe3ansl 4-6, 6 1 4- diIeHHBIE KOJBIEBbIE (PparMeHThl U3 KPHCTAII-
JIMYeCcKOl CTpYKTYphI B-GeS, i npoBeieH pacuer ux KojeOaTesbHOro CreKTpa. B KoyiblieBOM MpHOIMKEHNH, B TEPMUHAX Koyeba-
HUH TeTpasapoB GeS,,, CBA3aHHBIX yITIaMH U pebpamMu , IpoBelieHa CTPYKTypHas HHTepIpeTanus KojaedaTeabHbIX Mo pu 360, 370
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i 433cm™ Paman criekTpoB c-GeS,(T;,Vj). Hannune «aedexrubix» romeononsapubix Ge-Ge u S-S cBsizeil B CTEKIaX OTHECEHO K 00-
Pa30BaHUIO S-TUWIEHHBIX KOJIELl B MaTPULIE CTPYKTYPHI CTeKI000pa3Horo aucyiabduiaa repmanus. OdpasoBaHue pparMeHTOB HU3KO-
U BBICOKOTEMIIEPATYPHBIX KpUcTammmdecknx §as a-, B-GeSze crpykrype c-GeS,(T;,Vj) cBunerenscrByeT 0 HOPMHPOBAHHH CMe-
[IAHHOTO CPEIHEro MOPSIKa B TEXHOJOTHYECKH MOAU(DUIINPOBAHHOM CTEKI000pa3HoM c-GeS,.

Knrouesnie cnosa: Pamvan cnekmpockonus, Xanbko2eHuoOHoe CMeKIo, cpeOrutl NOPA0OK, CHPYKMYpa CMeKO, KOnbld

Mitsa V., Golomb R., Lovas G., Veresh M., Borkach E., Kovacs T., Rigo J.
Effect of fragments of low-and high-temperature crystalline phases in germanium disulfide formation of mixed middle order
in the technologically modified glassy c-GeS2: difference Raman spectra and first principle calculations
Abstract. In comparison with ordinary Raman spectra in difference {IrGeS,(T;V1-1rGeS,(T,V1)} Raman spectra of technologically
modified g- GeS,(T;,V;) there was found the splitting of main, more intensive wide-band, centered at 340 cm’®. Frequency position
of finding bands in difference Raman spectra near 340 and 360 cm™ and position of main vibrational modes in ordinary Raman
spectra of low- and high-temperature crystalline phases a-, B-GeS, are in good agreement. Vibrational spectra of 4-6, 6 i 4-members
rings fragments, which was cut from crystalline structure B-GeS, ~where calculated. Based on rings composed with GeS,
tetrahedrons connected by corner and edges the structural interpretation of vibrational bands of Raman spectra g-GeS,(T;,V;). at 360,
3701433 cm™ was done. Existing of “defects” homopolar Ge-Ge and S-S bonds in the structure of germanium disulfide glasses was
assigned with formation 5 member rings. Formation of fragments of low- and high-temperature crystalline phases a-, B-GeS; in the
structure of g-GeS,(T;,V)) is evidences of existents the mixing middle range order in g-GeS,.

Keywords: Raman spectroscopy, chalcogenide glass, middle range order, glassy structure, rings
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Ausheva N.
Modeling of minimal surfaces based on isotropic curves and quasiconformal change of parameter

Ausheva Natalia, Ph.D., docent
National Technical University of Ukraine «Kyiv Polytechnic Institute», Kyiv, Ukraine

Abstract. The paper is proposed constructing of minimal surfaces based on spatial isotropic Bezier curves. Modeling of isotropic
curves is realized in a complex space. Several methods of constructing such curves: based on analytic functions of a complex varia-
ble, based on a specified real curve in the plane and based on the deformation of a plane curve in the complex space are proposed.
Conditions of isotropy of the Bezier curve of the n'" order are found and the curve of the 3% order is constructed as an example. A
special case of constructing a Bezier curve based on isotropic sides of the characteristic quadrilateral is examined, in this case the real
curve will be on the plane in three-dimensional space. The resulting curves were used as a guide curve for constructing surfaces. To
create a surface the quasiconformal change of parameter in the equation of an isotropic curve is done. By separating the real and im-
aginary parts we get the equations of the surfaces. The analysis of the coefficients of the first and second quadratic forms is done. It
was proved that the resulting surface are minimal surfaces.
Keywords: isotropic curves, Bezier curves, minimal surfaces

Problem statement. Minimal surfaces are widely distrib-  isotropic curves [1]. Separately, you can highlight the
uted in the nature as the most economical surfaces: they  works of applied geometry [5].

have the smallest space between the closing them contour, The purpose of this work is development of the method
tensions in all directions of the surface are the same. The-  of constructing minimal surfaces based on the isotropic
se properties of minimal surfaces determine their ad-  Bezier curves of the n™ order. Using Bezier curves will
vantages in design and construction. There is a class of make the method of generating of surfaces flexible to
problems where their solution depends on functional and  changes of formation conditions of the guide curve.
esthetic needs. In addition to the quantitative characteris- The basic part. Bezier curve will have the next form:
tics it is necessary to consider the practical experience of

n 1 . .

the developer. Bezier method has been developed to work ~ F(©)= 2 1jdn j(t), A€ Jn (1) :ﬁtj(l—t)n_J ' (2)
in the interactive mode and for intuitive representation of =0 r 1
the influence of tangent on the curve shape. Due to the where r; =|x; y; oz}
new opportunities that have emerged due to the develop- - Spatial isotropic Bezier curves of the n™ order
ment of computer technology, the problem of constructing  pased on analytic functions
unlimited minimal surfaces based on the guide isotropic Let’s construct isotropic curve of the n order on the
Bezier curve has been emerged. basis of analytical function of Weierstrass method.Let the

Analysis of publications. One of the methods of con-  f,nction f(t) is defined as:
structing minimal surfaces were offered by Weierstrass 5 3 n
[1], he was constructing these kinds of surfaces on the ba- T (t) =ag +at +axt” +agt™ +...+ayt’, where
sis of isotropic curves or minimal curves which length in  ag,a,a,,as,..a, - S0me complex values. Equation of
the complex spage is equgl to zerc2>: isotropic curve will have the form [1]:

’ ’ 2 =0. 2
The theo:(t) +_y_(t) i i N i ™ x=i'{(f(t)—t- f’(t)—l_t f"(t))}
y of minimal curves (isotropic) was founded 2
by Sophus Lie [4]. Isotropic geometry was developed by 5
Strubecker in the 1940s. The main states are in the mono- y— { fF(t)—t- F/(t)+ 1+t f"(t)}, ®)
graph [2]. Kartan and his followers were constructed and 2
researched the isotropic curves in the complex space z=—i-{f'®)—t- F" @)}
[3,4], the main focus was on constructing the isotropic ] o f )
curves on the basis of the moving reference points. Let’s find derivatives f'(t) and f"(t) and let’s sub-
Weierstrass proposed a non-quadrature representation of  stitute into the equation of isotropic curve (3), we will
have:
x:i.{”*z[(j *1)2“*2>a,- _d +1)2(j +2>aj+2}j Loy (1*1)2<i*2>ajti},
j=0 j=n—-1

n—2 F F H H R n F . .
y:{jgo[u 1)2(1 2>a,-+(”1)2(1+2)a,-+2]t’+J_=§71(J 1)2(1 2)ajt1},

4
i n—1 i i R
z=i-9 2 (i+D(—Dajat! .
j=0
To go from equation (4) to the form (2) it is necessary
to find the value of the radius vector of the characteristic

points of the polygon rj= lXj Yj ZJ.J To do this we

have to compare the coefficients of equations (2) and (4)

(G-D(G-2) ., GG+ . 1L, n!
' { 2 2 a“z}_go( DG Ty

of the appropriate t). We obtain n equations for each
coordinate:
If0<j<n-2

®)
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(G-D(-2) . , (+D(+2) }_ RS n!
aj + aj = -1 T N L
{ 2 ] 2 J+2 EO( ) G —NDin—j)!
J . I
s s - ) _ -l n! :
PG +DG-Daja) D Y T Ty
If j=n-1
(G032 L, i nt
! { 2 a,}_|§O< DG iy
G-DG-2)_ 1 _ <, it n! 6
{ 2 a’}‘.go( D G ey ©
S . J i ! :
S M ITo e Ty
If j=n
L JG-DG-2 Vo iy, oo
"{ 2 a’}_Eo( A N TTe e T
(-1 -2) Lo i nt 0= ¥ (1) n! "
B A =A - = — - - = — 7y —
{ 2 a’} P e R e T "G -0 j)!
Equations (5), (6) and (7) will form a system of equa-  basis of the expression [5]:

tions with a lower triangular matrix, which is solved by
sequential substitution of values that were found.
Cubic isotropic Bezier curve will have the next form:

r) =ro-1)°+3n -t +3n-tt2+rtS,  (8)

rollao—ax)i ag+a, —ail,
ag+a,+az —ail

rol(ag —az —2a3)i ag+ax+2az (az—aw)i],
r3l(ap —az —2a3)i ag+ax+4az (3ag—a )i}

When you set the cubic isotropic Bezier curve on the
basis of the Weierstrass method on the basis of analytic
functions, 12 coordinates of the characteristic quadrilat-
eral are calculated on the basis of 4 independent complex
parameters, making it impossible to have an interactive
control of the curve form. For the isotropic Bezier curve
of the n" order 3(N+1) the points’ coordinates of charac-

teristic polygon are set on the basis of (n-+1) independent
complex values.

- Formation of the isotropic Bezier curve on the
basis of the plane real curve

Let's model a spatial isotropic curve using the real
plane parametric curve. As initial parameters we will take
the plane Bezier curve, i.e. we will set equation of the
curve on the plane X =X(t), y = Yy(t). For the realization

condition of isotropy the third coordinate is found on the
n-1
> n?[ 2 (Fja—rj )23
r=x,y,z  j=0 j=0l=j+1
Expression (9) — is a condition for spatial isotropic
Bezier curve of the n" order.
This condition will not be dependent of the values of

where
ri[(ag —ax —ag)i

the parameter t if we equate to zero the coefficients of t/ .
Let’s write the system of equations that defines the
condition of isotropy for the coefficients of Bezier curve

(n=-1!

2 n-1
j!(n—l—j)J v2 2 iamry)

I=j+1

n2[("j+1—l’j)2[

n-1 n-1
1i®+2> > (e —rj)In—1,j O —1)In_q1 ®)]=0.

2(t) = if\/(x'(t))z +(y'()?dt. In general case (i.e.
when the curve is not a Pythagorean-hodograph curve)
it’s impossible to get the expression without additional
calculations, so we apply approximation methods.

We will solve the problem in two stages: on the first
stage we will get the polynomial that approximates the
function of the square root, and on the second stage we
will get the integral.

One of the major disadvantages when we use approxi-
mation methods of constructing of spatial curve is the fact

that only two coordinates: X =X(t) and y=y(t) will
correspond to Bezier curve, third coordinate z(t) will be

in the form of an arbitrary polynomial. It’s impossible to
manage these curves interactively.

- Formation of an spatial isotropic Bezier curve on
the basis of isotropic sides of the characteristic poly-
gon

Let’s consider the formation of spatial Bezier curve of
the n™ order when isotropic characteristics are set. As iso-
tropic characteristics may be characteristic sides and
chord of the polygon. Let’s find limitations that must be
imposed on the coordinates of the reference points of the
Bezier curve. To do this, let’s take the derivative of equa-
tion (2) and substitute to the expression (1):

©)

of the n" order. The number of conditions is:

j=0.(2n-1).

If j=2k, then the coefficient of t) (1—t)n_1_j is
calculated on the basis of correlation:

(n—1)! )J("ul -n )[ (n _1)!I)!j] =0;

(10)

[

If j—2k—1, then the coefficient of tJ(1—t)" 2~} is calculated as follows:
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2| 5 (n—1)! (h—1)!
2 1= —— -n)| ————||=0.
) { P STo R (e an

Equations (10) and (11) constitute a system of equa-  correlation S (hyg— ri)2 -0 and condition

tions to determine limitations of the values of the referr-] r=x,y,z
- - - - - [
en((j:e points of the spatial isotropic Bezier curve of the n S (ro—, )2 _ o (isotropy of the chord that subtends
order.
. . . r=X,Y,z

If. all SIQes .Of the charfflcterlstlc polygon of the curve the first and last point of the polygon), then we will have

are isotropic, i.e. for all j=0..(n—1) are executed the

a system of equations:

S (N G o\ LI P Y G LI
" {zl—zj:ﬂ(rﬁl rj)[j!(n—l—j)!](r”l r')[l!(n—l_mﬂ_o (12)

For cubic spatial isotropic Bezier curve of the 3 order we will have:
S(n-1)? =0, Z(m-rp)rz-1n)=0, 2 S(rp-n)’+ X(n-r)r3—r)=0

r=X,vy,z r=Xx,y,z r=X,vy,z r=x,Y,z
Sy —n)(r3—1) =0, 3 (r5—r)? =
r=X,vy,z r=X,vy,z
Expression (13) determines the conditions of isotropy (x4 — %0)2 + (Y1 — Yo)? =0 then the first condition will
of the spatial Bezier curve of the 3% order.
Analysis of the expression (13) shows that the length D€ the next: 2, = Z,.

(13)

of the first and last link of the characteristic quadrilateral Let’s consider the second condition:
must be equal to zero, i.e. it must be isotropic. Z("l —r)(r,—1r)=0" Substituting the first condi-
If S (rp — ,—1)2 =0, then the chord that subtends the  +=3.;
r=x,y,z tion in this expression we get the equation that is equal to
curve segment will be isotropic. zero. So the second condition allows setting an arbitrary
- Modeling of spatial isotropic Bezier curve on the  coordinate z, , which is defined and depends on the order
basis of deformation of the plane curve of the curve. The following undetermined coordinates are

Let’s deform the plane isotropic curve so that the  defined with sequential substitution of coordinates that in
length of the curve in the complex space is remained un-  the previous equations were found. So that we get a
changed, i.e. the curve is remained isotropic. For a plane  method that allows you to find the isotropic Bezier curve
isotropic Bezier curve all sides of the characteristic poly-  of the n™ order without solving the quadratic equation

gon and chord are equal to zero, and for spatial curve, this  (13) For a cubic spatial Bezier curve the following unde-
condition should not be stored, so let’s make the method  termined coordinates will be getting on the basis of the

to have a possibility to change the points of the character-  fo[1owing correlations:

istic polygon to store the conditions of isotropy length of 22— 23)? — (4 — %g) (Xa — Xp)

the curve. Let’s set the determined coordinates for spatial Y3 = 1Y) +yp’
curve as follows: zg, fj = [Xj yJJ where j—N*+3. 21 1)
3=— T
(Y1—Yo)

Let’s consider the first condition of isotropy of Bezier ) )
curve of the n™ order, namely the isotropy of sides of xg = Z2=2)" = (V2= y1)" | -

. . . . . (X1 — Xp)
characteristic polygon, which match with the direction of .
the t ; tpth ¥ it Accord When we apply the method of Weierstrass, the surface
€ tangent at the pointry: s~ )2 — o ACCOTO- o constructed on the basis of the isotropic guide curve

r=x.y.z and changing t=u+iv. We could call the change - qua-
ing to initial input data only coordinate z; is undetermined  siconformal, if the parameter t will be substituted instead
in this expression. Considering that for the plane curve: ~ Of the complex variable ku+iv and u+ikv: t=ku+iv or
t=u+ikv. As the guide curve we will use cubic isotropic

Bezier curve. When we change t=u+ikv then we get:

rRe(u,v)erRe(1—3u+3u2—3v2k2—u3+3uv2k2)—r0|m(—3vk+6uvk—3u2vk+v3k3)—
— (-3 Re (1—2u +U? —v2Kk?) + 31y | (—2VK + 2uVK))U + (=31 | @ — 2u +u? —v2k?) —

—3r Rre (—2Vk + 2uvk))vk — (—=3ro ge (1 —u) —3r, |mvk)(u —v2k? )+2(-3rp | @—u)+ (15)
+ 3ry Re VK)UVK + 3 Re (u®—3uv?k?)— r3|m(3u2vk —v3k3).
When we change t = ku + iv then we get:
rRe (U,V) =g Rre (173uk+3u2k2 —3v? —u3k3 +3uv2k) —roim(—3v+ 6uvk — 3u?vk? +v3) -
—(—3rire 1 —2uk + u?k? —v?) + 3 1m (—2Vv + 2uvk))uk + (—=3ry | 1 — 2uk + u?k? —v?)— (16)

— 3 Re (—2V + 2UVK))V — (=315 ge (L — UK) — 315 |, V) U2k 2 —v2) + 2(=3r, |y (L — uk) +
+3ry ReVIUVK + ra e (u3k3 - 3uv2k) —r31m@u 2yk? — v3).
Let isotropic Bezier curve is constructed using equa-
tion (8) on the basis of analytic functions. Let’s substitute
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the values of reference points (8) in equations (15) and For t=u+ikv coefficients of the first quadratic form will
(16). Let’s calculate the coefficients of the first and the  be:

second quadratic forms.

E = 9a32.Re[2u2v2k2 +v?k? +2v2k? +1+2u? + u4] +9a§|m[v4k4 +2v2k? +2v2k2u? +1+2u? + u4],

G =9a3Rre[U%k? +2u2v2k* + 2u%k? +vAKO + 2v2Kk* + K21+ 983 [2u?v2Kk* +v*K® + 2v2k? +u*Kk? + 2u°k? + k2],
F=0.

Analysis of the expressions shows that E -G = Mean curvature of the surface in this case is equal to 0,
k2E — G . If you calculate the coefficients of the second  i.e. we will have H = 0. _
quadratic form then we get the following dependencies: Similar research can be conducted with the change
K2L — —N an o LK t=ku+iv. On the Fig.1a) is shown the two surfaces with
T M =g different coefficients k for change t=u-+ikv: k=-1.5 and
— ge t=u+ikv: k=-15 an

k=0.5. On the Fig. 1b) is shown the surface that is classi-
fied as the lines of curvature.

Conclusions. Researches have shown that applying the
method of Bezier for the construction of the isotropic
curve increased the number of points that can be con-
trolled and allows you to have an interactively control of
the curve shape. When we use the quasiconformal change
of parameter in the equation of the isotropic curve we get
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) = the minimal surface with H = 0, but also with E # G .

a

Fig.1. Minimal surfaces on the basis of isotropic Bezier

curve
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Kartan E. Teoriya konechnih neprerivnih  grupp i
differenzialnaya geometriya, izlogenie metodom podvignogo

Aymena H.H.
MopenupoBaHie MUHIMAJIBHBIX IOBEPXHOCTEH HA 0CHOBE M30TPONMHBIX KPHUBBIX H KBa3MKOH(OPMHOIi 3aMeHbI NapaMeTpa
AHHoOTanus. B paboTe paccMaTpuBaeTcst MOCTPOSHHE MUHHMAIBHBIX ITOBEPXHOCTEH HAa OCHOBE MPOCTPAHCTBEHHBIX M30TPOIHBIX
kpuBbIX be3pe. MoennpoBaHie M30TPOITHEIX KPUBBIX OCYIIECTBIISIETCS B KOMIUIEKCHOM IIpOCTpaHCTBe. [Ipemmaraercss HECKOIBKO
Croco0OB TIOCTPOSHMSI TaKWX KPUBBIX: HA OCHOBE AHAIUTHYECKON (YHKIMH KOMIUIEKCHOH IEpEMEHHOW, HAa OCHOBE 3a/IaHHOI
JICHCTBUTEIBHOW KPHBOW Ha IUIOCKOCTH, Ha OCHOBE JAe(pOpMaIlH IUIOCKON KpPHBOH B KOMIUIEKCHOM IpocTpaHCTBe. HalimeHs
YCIIOBUS U30TPOIHOCTH 71l KpuBoit be3be N-ro mopsaxa u npuBeAeH NpuMep A1 KpUBOH TpeTbero nopsaaka. PaccMoTpeH yacTHbIi
cilyyail mocTpoeHust KpuBO be3be Ha OCHOBE H30TPOIHBIX CTOPOH XapaKTEPUCTUYECKOTO YETHIPEXYroJbHUKA, B ITOM Cilydae
JIeWCTBUTENBHAsT KpUBasi OyJeT JieaTh Ha TUIOCKOCTH B TPEXMEPHOM IpocTpaHcTBe. [lonydeHHbIe KpHBBIe OBUTH MCIIOJIb30BAaHBI B
KaueCTBE HAIPaBIIAIONICH KPUBOIT ISl TOCTPOSHHUS MOBEPXHOCTEH. J{JIsl MOCTPOCHHS OBEPXHOCTH MPOU3BOUTCS KBa3HKOH(OPMHast
3aMeHa IapaMeTpa B YpaBHEHUH M30TPONMHON KpHuBOH. IlyTeMm BhImeneHns AeHCTBUTEILHOM U MHUMON YacTH MONTydaeM ypaBHEHHS
noBepxHocTei. IIpoBeneH aHanm3 Ko3(UIMEHTOB NEpBOIl M BTOPOH KBaApaTHIHBIX (opM. BpUTO MOKa3aHO, YTO MONydEHHEIE
MOBEPXHOCTH SBJIIOTCS MUHUMAJIBHBIMH TIOBEPXHOCTSIMU.

Knroueswie cnosa: usomponnuie kpusvle, kpugvie besve, munumanvhvie nogepxnocmu
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Cmeonanxo I1.0., Kpasuyk T.B.
IloOynoBa 0a3uCHOr0 TPHMBUMIPHOIO CIIAWHA UISI PO3B’A3yBaHHS
32124 MaTeMaTHYHOI0 MOJeJI0BAHHS

Kpasuyx Temana Bonooumupisua, acnipanm

Cmebnanxo Iasno Onekciiioguu, npoghecop, OOKmop Qisuxo-mamemamuyHux HayxK
Kagheopa mamemamuky ma MemoOUuKyu HA84AKHA MAMeMamuKu

Yepxracvkui nayionanvuuil ynieepcumem im. b. Xmenonuyvkozo, m. Yepracu, Yxpaina

AnoTanisi. CrimaliHY Ha CHOTOZHINIHIN A€Hb TOCHTH T0Ope 3apeKOMEeHIyBalH cebe MpH IHTepHoIsIii Ta po3B’sI3Kax pi3HOMAHITHIX
3a7a4 MaTeMaTHYHOTO MOJENoBaHHA. JlaHa po0OOTa TakoX HPHCBSUEHA MPOOIeMi MOOYZIOBH OIHOTO i3 BUIIB CIUTAHH-(QYHKIIH, a
came Io0yIoBi TPUBUMIpPHOTO Oa3HCHOTO CIuTaifHy. TyT 3alpONOHOBAaHMM 3arajJbHUI BU TPUBIMIPHOTO CIUTAHA y BUTIII TOOYTKY
TPHOX MONIHOMIB TpeThoro nopsaky. Cyrs poGOTH moisirae y ToMy, o0 3HAHTH OBaHAIUATH HEBITOMUX KOE(]IIiEHTIB AaHOTO
crutaifHa. 3a3Ha4MMO, IO 00JACTIO MPOEKTYBaHHS TPHUBUMBIPHOTO OA3MCHOTO CIUIAliHy € KyO, KUl po3nafaeThcs Ha BiCIM PiBHO3-
HAYHUX KyOHKIB, fIKi B CBOIO 4epry AUIATHCA 1€ Ha BiCIM PIBHMX IOMApHO €KBIBAJIEHTHUX 4acTHH. IIpu 3acTocyBaHHI BCiX YMOB,
BKJIFOUAIOYU 3HAYCHHS MOXiJHUX B BEpUIMHAX Ky0a OTPUMAHO CHUCTEMY 3 IECSTHU PiBHSAHB, PO3B’SI3aBIIH AKY 3HAXOAUMO KOe(DillieHTH
TPUBUMIPHOTO CIUIaiiHa, aJie 3aJIeXHi BiJl KUIbKOX MapaMeTpiB, SKi B pe3ysIbTaTi MiICTAHOBKU B 3arajibHe PiBHSHHA CKOPOUYIOTHCS i
OTpUMYEThCS (pOpMyJIa 3aralbHOTO BUIY TPHUBUMIPHOTO KyOi4HOTO 0a3ucHOTO ciutaiiHy. Takox B IaHiid poOOTi pO3TIISIHYTO MIE TPH
OKpEMi BHITIaJIKH, a CaMe BUIAJI0K KOJIH BUIBHUI WICH OJHOTO i3 MHOKHHKIB TPHBUMIPHOTO CIUIAiHY JOPIBHIOE HYIIIO, BUIAIO0K, KO-
JIM 1Ba BUIBHI WICHH JIOPIBHIOIOTH HYIIO, 1 KOJIHM BCl TPH BUIBHI KOS(ILi€HTH JOPIBHIOIOTH HYIMIO. [0 KOXKHOTO i3 YOTHPHOX BUIIA/IKIB
MIOZIaHO TPHKJIA]] IT0OYTOBH MEBHOT IOBEPXHI 32 JOIIOMOT'0I0 YTBOPEHOTO 0a3MCHOTO CILIAiHA, 1 SIK BHABHIOCS, KOKEH OKPEMUH BH-
aJIOK MPEJCTaBIsIe MOOYI0BY YACTHHU CIUTAiHY B PI3HOTHITHUX KyOHKax 00JacTi HOro mMpOeKTyBaHHS.
Knruosi cnosa. Cnaaiin-inmepnonayisa, mpugumipHuti 6a3uchuil Chaaiit, 6a2amosumipHi cniaiut-gQyHKyii.

Beryn. CrnaiiH-iHTEpHOJISALs, K OJHUM i3 METOJIB Ha- Metorw naHoi poOOTH € MpEACTaBICHHS MOOYIOBU

OJMDKEHHS, MIMPOKO 3aCTOCOBYETHCS Ul PO3B’S3yBaHHS  TPUBHMIPHOT'O 0A3MCHOTO CIUIAaNHY, YTBOPEHOTO SIK 100Y-

3a7a4 MaTeMaTHYHOTO MOJICNIIOBAHHS. | TOMY OCTaHHIM  TOK TPhOX MOJIHOMIB TPETHOTO TIOPSAKY.

4acoM  JOCHI/DKCHHS  PI3HUX  CIOCOOIB  CIUIaifH- IMocranoBka 3amaui. [{ns npeacraBieHHs TPUBHMIp-

aNpPOKCUMALIIT € IOCUTh aKTYyaJIbHUM. HOrO 0a3MCHOro CIUIaliHy CKOPHCTa€MOCS HACTYITHOIO
Metonu crmaifH-QpyHKIOIA BXXE TOCHTH JOOpe 3apeKo-  (POpPMYIIO0:

MeHIEYBaJ'H/I ce.6e,. SK OIWH i3 METOJIB almpOKCHMAIIil pH S:(a3 E+a,E?rafra, )(b3773 +h,7+b77+b, )(03 Cie,Cte s +Co)

POSB’A3YBAHHi DISHUX 3ajad MATEMATHMHOTO MOJEMO- 4y

f;:;?uiuﬁg;eiﬁ(;il?iszeEf;?f::iT?HTH; 1131\/2&;11{1:::;2 o6 nocsirtu mocraBlieHOT METH HEOOXIJAHO 3HAWTH

) ) A . L

yMOBax Iu3aiiHepChbKa Ta IHXKCHEPHA [iSUTBHICTh TiCHO xoedinientn & 0;,¢, (i,j,k=012,3).

OB’ s13aHa 3 BUKOPUCTaHHIM €JIEKTPOHHO- Ha mamonky 1 300paxeHo kyO B sikoMy HEoOXixHO

obuncoBanbHO TexHiky. Ilepea KOHCTpyKTOpamu, au-  NOOynyBaru GasucHuil TpuBMMIpHUH cruaiin (1).

3aifHepaMH, 1HXXEHepaMM 3aBXKIU IOCTa€ HEOOXiJTHICTh .

MaTd CHUCTEMH JJIsi TOYHOTO MOJICIIOBAaHHSI, Bi3yaizawil / /. A S

Ta aHajuizy mojeneil. | yum edekTUBHINI I1i MOAETI, TUM ’ 7 ,(0.L1) s 0.01)

kpauie. {1 1poro i BUHMKae HEOOXiHICTh TOOYI0BH Oa- LA N

raTOBUMIPHMX CIIIaifH-(DYHKIIIH, 0 JOIOMOXE CHPOCTH- e T

TH TIPOLIEC MOJICIIOBAHHS, 3a0€3[EeUYOYH MPU LIbOMY BH-

COKY TOYHICTb. e : @, (0L0) *(00,0)
Orasa myoaikamiii mo Temi. I[IpoTarom ocTaHHIX po- ST 7

KiB JIOCJIKCHHSIMU CIUTalHIB Ta pO3B’s3aHHSAM pi3HOMa-

5. (LL1) . (LOJ)

,(1..0) ) (1,0,0)

HITHHUX 33124 3 JONOMOTOK CIDIAWH-(YHKIINH 3aiimManocs Mautonoxk 1.
Oarato, sk 3apyOiXKHHUX, TaK 1 YKpalHCbKHUX BUYEHHX. 30K-
pema, B myOumikalii [S] 3anmpomoHOBaHO HOBUH MiAXifa a0 Pe3syabTraTn podoTu. 3HaijeMo mepir MOXiAHI Mo

PO3B’SI3yBaHHs 3a1ad4i I IHIIHAPHYHOI 000JOHKKM 00e-  BCIX 3MIHHHX crutaifHa (1) i, MiACTaBISIFOYM KOOPAWHATH
PTaHHSA 31 3MIiHHOK JKOPCTKiCTIO, B [4] 3ampomonoBano  touok «;(i=0,1,2,...7) (man.1) B (1) Ta 3Haiineni moximsi,
HOBHMH BapiaHT METOIY pPO3B’S3Ky HECTalliOHAPHHUX J[BO-
BUMIpHHMX 337]ad TEPMOYNPYTOIUIACTHYHOCTI 3 JIOTIOMO-
roio craiH-QyHkuid, B [3] npeacraBneno nmoOynoBy Ta
JIOCIHII/DKEHHST TTPOCTOPOBUX KyOIYHMX CIUIaifHIB, Ta IX
NPaKTHYHE 3aCTOCYBaHHAM B 33Ja4ax MEXaHIKM Ta MaTe-
MaTHYHOI (Di3HMKH, a TAKOXK B [6] 3aIpOIIOHOBAHO OOy 10-
By JBOBUMipHOTO GasucHoro cruiaiiny. [Ipucraska O.I1. B
[2] mocnimue mBOBMMIpHI MONMIHOMIANBHI CIUTAMHA HAa OC-  JCHHX PO3PaxyHKIB, IPU a)o;tO OTPUMAEMO:
HOB1 B-crumaifHiB 1’4TOTO MOPAAKY, a TAaKOXK 3aIPONOHY-

BaB CHOCIO BiATBOPEHHS IOBEPXOHB Ta TiNEPHIOBEPXOHB

3aCHOBaHWN Ha BUKOPHCTaHHI B-cruraiiHiB. 3eneHCHKUN

A.C. onmicaB METOJMKY aBTOMAaTH30BAaHOTO OKOHTYPEHHS

PYAHUX TijJ 3 BAKOPHCTaHHAM B-critaiinis [1].

YTBOPHMO CHCTeMY 3 32-X piBHSHb, i3 SKOI MOTPiOHO BU-
pasutu HeBigomi koediuientd &b i Ci (i,j,k=01,2,3)
Yyepe3 Harepes 3a7aHi 3HaYeHHsI TOYOK Ha JIaHii TOBepXHi
(man. 1). ns mporo i3 gaHOi CHCTEMH BHOUPAKOTHCS Jie-
CSITh PIBHSHDB, KOJKHE 3 SIKHX HE MOXKE OyTH BHpakeHe ue-
pe3 iHme piBHAHHA 3 wHi€l cucremu. B pesynbraTi mpose-
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[MincraBumo (9) B (1), BUKOPHUCTABIIM IIO3HAYECHHS
(10). B pe3ynbraTi MaeMo:

1
5=(A§§3+A§§2+A11§)(B§773+B§772+Bfn+w1)(C§§3+C§Cz+Cf§+w1)wz
1

a, . a, .
=0y — ; a, :(30)1—3(00 -2, oy )w_ ;
0 0

a,
a, =20, 20, +@, . +o,. > ;
3 ( L o+ 15) @, npu @,#0. (6)
b— bo . b —(3 3 2 )—bo ;
1_0)0” .;0 ’ = a)z_ a)o_ a)oﬂ _a)277 a)o ]

b, :(—Za)2 +20y+ @y, +,, )b—o 1 (2)
@y

Co . S .
C,=m, ok ¢, :(3(03—3@0 —2y,—wy, ); ;
0 0

MaawHok 3

Ha w™amonky 3 300pakeHO TmpuKian MoOyI0BU
MIOBEPXHI 3a JIOIIOMOTOI0 OTPUMAHOT'0 B JAHOMY BUIAJIKY
TPUBUMIPHOTO KyOiYHOTO 0a3ucHOro craiiHy (6), npu
npu 3MmiHi ¢ Big 0 go 1.

2. a,=0,b,=0,c,#0

BseneMo no3HaueHHs:

2 CR2_, (2 . p2_ .

A=w,; ;B =0, ; C; =W, A —(3(04—2602 £~y )

Co .
Cq =(—2a)3 +20,+w, oy, )— ;
@y
BBenemo no3HaueHHs:

A=wy:; Bi=awy,; Ci=wy; A :(3601_3500 —20y.—,; ) ;
B, =(3a)2 —3wy—2a,,—,, ) ;7 G, =(3a)3 —3wy—2y, —3; ) ;
A
Cy={-20,+20, +a, +@,, ). (3) ) i

IincTaBuMo BUpas3u 3Haiinenux xoedinientis (2) B (1), B, :(30)“ —20,,~0,, ) G :(30)7 30,20, ~07; );

(—2a11+2a)0 Wyt ); B3:(—2a)2 +20, +ay, +@,, ) ;

BHKOPHCTABIIIH MO3HAYCHHS (3). B p.GSYJ'IBTaTi MaeMo 3a- A32=(—2a)4+a)2 5+a)45); B§=(—20)4+a)1,]+a)4,]);
ralbHUA BUMIAA 0a3MCHOrO TPUBHMIPHOTO cIutaiiHa (4), 5
YTBOPEHOTO SIK HOOYTOK TPHOX IIOJNIHOMIB TPETHOTO TIO- Cs =(—2a)7+20)4+a)44+a)7¢) (7
panky B ky6i [O1O1<[02] (maux. 1). 1 OTpUMaEMoO:
1
S=(AL3+AE +AE+a, (B +B,n° +Bya, )(034’3+C2§2+@§{4§é}§)ﬂ%§§2+A12§)(532773+522’72+Blz’7>(C32§ +CI P 4CH +o, );
[ 4
, Ipu @, #0. (4) ,npu @,#0. (8)
Jns Toro mo6 nobyaysaty rpadik HoBepxHi 3a A0IO- Jlanuii Bunanox MoxmBui, ko (3;+a,+a)#0 i
MOTO0 OTPUMAHOTO cIDIalHa (4) 3adikcyemo 3MiHHY ¢ , 1 (by+b,+b,)#0.
n06ysryemo mosepxHi npu npu 3mini ¢ Bix 0 1o 1 (man Ha wmamonKy 4 300paXkeHO NpHKIan IN06YI0BH
2). MOBEPXHi 33 JJOTIOMOTOI0 OTPUMAHOTO B JAHOMY BHITAJIKY

TPUBUMIPHOTO KyOiuHOro 0asucHoro craiHy (8), npu
3mini ¢ Bim 0 mo 1.

ManwHok 2

Heo0xiHO 3a3Ha4YuTH, 1110 CIUIaiH (4) JOIIIBHO BHKO-
PHUCTOBYBATH JHIIE IPU @,#0, B MIPOTUIEKHOMY BUIIAN-

Mamolnmc 4

Ky HEoOXiZHO BHOpaTH iHIII JecsATh PIBHSHB i3 MOYATKO-
BOI CHCTEMHM, OCKUIBKH JIesIKi 3 PiBHSHB MOYATKOBOI CHC- 3. a,=0,0,=0,c,=0
TEMH BHUPOJDKYIOTHCS, BHIJISA YTBOPEHOrO OAa3MCHOTO

N . : . B npoMy BUnaaxy MaeMo
crutaitia (4) 3miHuThCA. PO3ristHEMO BCi MOKIIMBI BHIIA]-

1
K, Tp kX =0 s=(AE A W Bn + Bl +BIn)(CIc+Cic sCie )
1. 8,=0,0,#0,c,#0 !
B~ ,pn @, #0 (9)
Po3B’s13y104M  YTBOPEHY CHCTEMY 3a IapamMeTpu , 5 , ,
BizbMeMo by,C, . I BBIBIIH MO3HAUCHHS OTPHMAEMO: ne A=wg:; Bi=ws, ; Cl=w,; Az:(3a)7_2a)6§ —(075);
A =Wy B, =y, C =0y 5 A =(3a’1 —20:—y; ) . B :(3607 —205, =y, ) :C; :(35‘)7 20— ) ;
B; 2(3“’4 —3w,—2,,~w,, ) ; C; =<3a)5 =By 20, ~w, ) ; A33=(—2a)7 Wz ) ; B33 =(_2w7 W5, Ty, ) ;
A :(—2w1+a)0 oy ) ; B: :(—2(04 2w+, +o,, ) S o =(—2a)7 T, +, ) (10)

Cl={20,20+m, +0,, ). (5)
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HaBenemo npukian nmoOynoBaHOi HOBEpXHi 3a JI0MO-
Moroto cruaiiny (9) y TperboMy BHnanky (Mai. 5) mpu
3MmiHi ¢ Big 0 o 1.

MaJuioHok 5

3ayBaknMO, IO JaHWN BHIAJOK MOIJIMBHH, KOIHU
(a;+a,+a,)=0 i (by+b,+b,)=0, i (c;+c,+C,)=0, axmo x
a,=0,0,=0,c,=0 i (a;+a,+a,)=0, ado (b,+h,+b,)=0, abo
(c;+C,+¢,)=0, po3B’s13aHHS OYATKOBOI CHCTEMH PiBHSIHb

HEMOXKITUBE.

OoroBopennst pe3yabrartiB. [lpencraBieHuii Burie
TPUBUMIpHUI 0Aa3MCHUI CIUTAMH MOXHA 3aCTOCYBATH MPU
PO3B’sI3yBaHHI IHTEPHONALIHMX 3a/ja4d Ta 3a]a4 MaTeMa-
TUYHOTO MOJICTIOBAHHS, OCKIbKH, SIK CBiI4aTh JOCTi-

mxeHns, Bi nae Tounicts 0(h*), ne h — BenmumHa Kpoky

PO30UTTS IHTEPIOAIIHHOICITKH. J[0 KOXKHOTO PO3TILIHY-
TOTO BHIAJIKY NOAAIOTHCS IPHUKIIAIU MOOYAOBH MOBEPXHI
32 JONOMOTOI0 BIAMOBIJHOTO TPHUBUMIPHOTO CIUIAiHA.
[pu oMy, sIK MO’KHA NOOAYUTH 3 HABEIACHHUX NPHUKIAJIIB,
B KO)KHOMY BHIIQJKy OTPHUMYEThCS YacTHHA Oa3UCHOTO
CIUTaliHy PO3MilllCHa B OJHOMY 3 YOTHPHOX Pi3HOTHITHHX
KyOWKiB, mogaHoro Kyba Ha MamoHKy 1. HeoOxigHO 3a-

3HAYUTH, IO 00Yy10Ba 3/1iHCHIOBANACH 3 PO3PAXYHKY Ha
Te, 10 O/HA 3i 3MIHHMX € KOHCTaHTOIO, aje TaKolo, L0
HaNeXuTh npoMikky [0;1], i, sikimo 11 HamaBaTh pi3HUX
3HaueHb Bix 0 1o 1, To OynyTh OTpUMYBATHCh EKBIBaJICH-
THI IOBEpXHi, aJie “BUAOBXKEHI” a00 “CTHCHYTI”, 1Ie MOX-
Ha CIIOCTepiraTH Ha MamoHKax 2-5, ne ¢ HaOyBae
KUTBKOX Pi3HHX 3Ha4eHb, a came {0; 0,2; 0,4; 0,6; 0,8; 1}.

Ockinbky MoOYTOBaHUH CIDTAMH € 3aJIeKHIM BiJl TPHOX
3MIHHHX TO, I0O OTPUMAaTH MOBHUH Ipadik AaHOI crutaii-
HOBOI HOBEpXHIi, HOro moOyA0BY CIIiJ| 34IHCHIOBATH B 4O-
THPHOXBUMIPHOMY MPOCTOPI, 3Ba)KAIOYM Ha 1ie HA MaJro-
HKax 2-5 mojaHo 300pa)KeHHsS MOBEpPXHI CIUIAiHy B pi3-
HUX MPOCTOPOBUX TEPETHUHAX.

BucnoBku. Omxe Oyno no0yaoBaHo TpUBUMIpHHHN Oa-
3UCHUI CIDIaH K JOOYTOK TPHOX ITOJIIHOMIB TPETHOTO
MOPSIIKY, @ TakoX PpO3MIAHYTh BHUIAJKH NOOYIOBH
CIUTaifHy B 3aJIe)KHOCTI BiJl HASBHOCTI BUTBHOTO Koedirrie-
HTa B KO)KHOMY 13 MHOTOYJIEHIB i, 10 KO)KHOTO BHIIAAKY
MOJJAHO TPHUKJIAAN NMOOYIOBY MOBEPXHI CIIAlHY, PH 3a-
(ikcoBaHill OJHIN i3 3MIHHUX, TOOTO JaHO pi3HI 300pa-
JKCHHsI TIOBEPXHI CIUIaliHy B Pi3HUX IPOCTOPOBHX Iepe-
THHaX.

Jlauuit 6a3ucHUM crutaifH MOXKHA 3aCTOCOBYBAaTH IpU
PO3B’sI3yBaHHI IHTEPIOJAIIMHNX 3aa4 Ta 3a/a4 MaTeMa-
TUYHOTO MOJICITIOBAHHS, P OCIIIKCHHI PI3HOMaHITHUX
MIOBEPXOHb Ta Ul NPOTHO3YBaHHA iX ¢opmu. [Ipu domy
moOymoBaHWH Oa3WCHUI CIUIAifH HE € TPOMI3IKHM, 3a-
Maroun HebaraTo MaIIMHHOTO Yacy Mija yac 0OpaxyHKIB,

i #oro BukopucTanns mae Tounicts 0(h*), mo € BaxIH-

BUM IpPHU PO3B’sI3yBaHHI PI3HOMAaHITHUX 3ajJa4y iHTepIo-
JsI0ii Ta 3a/1a4 MaTeMaTHYHOTO MOJICTIFOBAHHSL.
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Steblyanko P., Kravchuk T.
The construction of three-dimensional spline basis for solving problems of mathematical modeling
Abstract. Currently splines to date have proven themselves good enough for interpolating and solutions to various problems of
mathematical modeling. This work also deals with the problem of constructing a type of spline functions, namely the construction of
a three-dimensional spline basis. It provides a perspective view of a three-dimensional spline as the product of three third-order poly-
nomials. The essence of the work is to find the unknown coefficients of the spline. The area of designing three-dimensional spline
basis is a cube that splits into eight equivalent blocks, which in turn are divided into eight equal more pairs of equivalent parts. In the
application of all conditions, including the values of the derivatives at the vertices of a cube, a system of ten equations, solving which
we find the coefficients of three-dimensional spline, but depending on several parameters, which are a result of substitution in the
general equation of the contract and obtain a formula of general form of three-dimensional cubic spline basis. Also in this paper we
consider three separate cases, namely the case where the constant term of one of the factors in the three-dimensional spline is equal to
zero, a case where two free members are zero, and when all three independent coefficients equal to zero. For each of the four cases is
an example of building a specific surface formed by the base spline, and as it turned out, each individual case is the construction of
the spline in different cubes of its design.

Keyword:. Spline interpolation, three-dimensional spline basis, multi-dimensional spline functions.

Credasnxo I1.A., KpaBuyk T.B.
ITocTpoeHune 6a3MCHOr0 TPEXMEPHOI'O CIJIAKHA Ui PellIeHus 32124 MATEeMATHYeCKOr0 MO/Ie THPOBAHUSA
AnHotamus. CIutaifHBl Ha CETOAHSMIHMI JEHb JOCTATOYHO XOPOIIO 3apeKOMEHJOBAIM ceOs MPU HHTEPIOJSIINN M PEIICHHIX
Pa3IMYHBIX 33/1a4 MaTeMaTHYeCKOro MojenupoBaHus. JlaHHas paboTa TakKe MOCBAIIEHA NPOoOIeMe TOCTPOCHHST OTHOTO U3 BHIOB
CIUTalH-(YHKINH, a IMEHHO IIOCTPOSHHH TPEXMEPHOT0 0Aa3HUCHOTO CIUIaiHa. 31ech MPe/UIoKeH OO BUI TPEXMEPHOTO CIUIaifHa B
BUJIE TIPOM3BEACHMS TPEX IIOJMHOMOB TpeThero mopsiaka. CyTh paOoTBl 3aKiIIO¥aeTcs B TOM, YTOOBI HAHTH HEH3BECTHBIE
K03(hGUIHEHTHl JaHHOTO cIulaifHa. OTMETHM, YTO O0JNacThIO MPOCKTHUPOBAHUS TPEXMEPHOrO OA3MCHOTO CIUIaiiHa SBISIETCS KYO,
KOTOPBIIl pacmaiaeTcsi Ha BOCEMb PaBHO3HAYHBIX KYyOHMKOB, KOTOPBHIC B CBOIO OYepelb JENATCS €lle Ha BOCEMb PaBHBIX IONAPHO
9KBUBAJICHTHBIX yacTeil. [IpH MPUMEHEHNH BCeX YCIIOBH, BKIOYAs 3HAYCHUS NPOM3BOIHBIX B BEpIIMHAX Kyba IOJydeHa cucteMa
U3 JIeCATH YpaBHEHHMi, PELIMB KOTOPYIO HAaXOOUM KO3(GQUIMEHTH TPEXMEPHOTO CIUIaiiHa, HO 3aBHCSIIME OT HECKOJBKHX
[apaMeTpoB, KOTOpbIe B pe3ylbTaTe IIOJCTAHOBKM B 0O0llee YpaBHEHHE COKpAIAITCS M mosiydaercs Qopmyna obmero Buaa
TPeXMEpHOro KyOuueckoro 6asucHoro cruaiiHa. Takke B HaHHOH paboTe pacCMOTPEHBI €Iie TPHU OTACIbHBIC ClIydad, a MMEHHO
cilydaii, Korja CBOOOJHBIH WIEH OJHOTO M3 MHOXHTENEH TPeXMEpHOIo CIulaiiHa PaBHBIM HYJIO, CIydaid, KOTZa JiBa CBOOOJHBIX
YJICHBI PaBHBI HYJIIO, M KOTJIa BCE TPU CBOOOAHBIE KOG (GHUIIEHTH paBHbI HYMO. K KakIoMy M3 4eThIpeX ciIydaeB IPHBEICH PUMED
MIOCTPOCHUSI ONPe/IeTICHHON MTOBEPXHOCTH NPH IIOMOLIH 00pa30BaHHOTO 0Aa3UCHOTO CIUIAifHa, M KaK 0Ka3aJioCh, KAXKIBIA OTAEIbHBII
Cllydaid Mpe/ICTaByIseT IOCTPOCHHE YaCTH CIUIaliHA B Pa3iIMYHbIX KyOHKax 00JacTH ero MpOeKTUPOBAHMSI.

Knrouesvie cnosa: Cnaaiin-unmepnonayus, mpexmepHuiil 6a3ucHblll CHAANUH, MHO20MepHble CRIAUH-(DYHKYUU.
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MEDICINE

T'aiicmpyx H.A., Mensnuk A.B., I'aticmpyk A.B., Cmenancokuin P.I1.
Poub apT-Tepamnii B Kopekuii NcHX0eMOUiiHOro CTAHY Ta HelfPpOeHIOKPHHHOI axanTamii
y aiteii 3 nedaiarisMu HanpyKeHHs

Taticmpyx Hamanis Anamoniiena, 00Kmop MeOuyHux Hayk, 0oyexm,
Menvruk Anopi Bonooumupoguy, KaHouoam MeOuyHUX HayK, Cm. UKIA0ay,
Taiicmpyx Anamoniti Bimanitiosuu, cmyoenm, uieH-KOpecnoHOeHm MAaloi akademii Hayk,

Cmensancokuii Poman Ilagnosuy, cmyoenm,

Binnuyekuii nayionansnuii meduunuti ynisepcumem im. M 1. Ilupocosa, m. Binnuys, Yrpaina

AHoTamnisi. B naniif cTaTTi BUKOHAaHHI aHAaJIi3 poi apT-TepaneBTHYHNX METOANK B KOPEKIii IICHXOEMOLIHOTO CTaHy Ta HeHpOeH/10-
KpHHHOI afanTauii y aiteil 3 nepanrismMu HanpykeHHs. OOTpyHTOBAHO JOLIIBbHICTh BUKOPUCTaHHS apT-TEPAeBTUYHUX MUCTEIBKIX
TEXHIK y JiTeH 3 eMi30ANYHUM Ta XPOHIYHIM T'OJIOBHUM 00JIeM HallpyKE€HHS. 3aCTOCYBaHHS apT-TEPaNeBTUIHUX MUCTEIIBKUX TEXHIK
JIOCTOBIPHO 3MEHIIY€E PiBEHb PEaKTUBHOI Ta OCOOHMCTICHOI TPHBOXKHOCTI, JETIPECUBHICTD, Y AITEH 3 XpOHIUHOWO (opMOro medanrii
HAIpPY>KEHHS, 110 € JO0Ka30M JIEIPUMYIOUOro BILTHBY apT-Teparii Ha aKTHBHICTh CHMIIATO-aJPEHAIIOBO] CHCTEMH.

Knrwwuosi cnosa: apm-mepanis, yepaneii Hanpysicenmst, mpueoiCHiCmb, 0enpecis, A0PeHAaliH, HOPAOPEHANIH.

[MommmpeHicTh TOMOBHOTO OO0 y AiTEH MOMITHO 30i7b-
IIYETBCSA 3 BIKOM 1 Yy MATITKOBOMY IIE€pioAi CTaHOBHTH
npudmzHo 75% [6]. T'onoBHMI 6ib Ba’KKO HEPEHOCUTH-
csl NITBMU, ITO3HAYAETHCSA Ha iX HACTpPOI, MOBEMAIHII, Tpa-
1Ie37IaTHOCTI, HABYAHHI Ta MOAAJbIIii npodeciitniii opie-
HTauii. TPUBOXKHI AYMKH «HaBKOJIO» BJIAaCHOTO OOJIIO Ta
HOro BOTHHIIA MI/IBUILYIOTH OOJIBbOBY MEPLEIIIIO.

BukopucTaHHs apT-TepaneBTHYHUX METOJUK JT03BOJISIE
e(peKTUBHO KOPUTYBATH €MOII}HI Ta iHII MCHXOJOTIYHI
MOPYIICHHS, OJHAK, Ha CHOTOJHI BIACYTHI JaHi LIOIO
e(eKTUBHOCTI Ta ITOUIILHOCTI 3aCTOCYBaHHS apTTeparnii y
IiTed 3 medairisiMi, TOMY, HOIAJNbIII TOCTIIKCHHS B
IIbOMY HANPSIMKY CTAQHOBJIITH 3HAYHY HAayKOBY HOBH3HY
Ta MPAaKTUYHE 3HAUYCHHS TaHOTO METOLY.

MeTta noc/izkeHHsI: KOMIUICKCHA OIIiHKA €()eKTHBHO-
CT1 BUKOPUCTaHHS apT-TEPalleBTUYHUX MHUCTEIBKHX TeX-
HIK I KOPEKI[ii TICMXOEMOIIIHHOr0 CTaHy Ta HeWpOeH-
JIOKPUHHOT ajanTtarii y aitei 3 redairisMu HarmpyKeHHsI.

3aBaaHHA A0CTiUKEHHS:

1. JochaiauTn TIOKa3HUKHA TCUXOEMOIIMHOTO CTaHy
(TpUBOXHICTh, piBeHb Jenpecii) y aiteil 3 uedanrismu
Harnpy>XeHHS.

2. OmiHATH CTaH HEWPOSHIOKPHUHHOI amanTamii (BMICT
aZpeHalliHy Ta HOpaJpCHATIHy y CHpOBATIII KPOBi) y mi-
Tel 3 meanrissMu HaNPy>KEHHSL.

3. BUBUMTH BIUIMB apT-TepaleBTHYHHX MHUCTEIBKUX
TEXHIK Ha TIOKa3HWKU MCHUXOEMOILIHHOT0 CTaHy Ta HeHpo-
EH/JIOKPUHHOI ajanTarii y miteil 3 nedairisiMu Hamnpy-
HKEHHSL.

O0’eKT mOCaiIZKeHHSI — apT-TEePaNeBTHYHI MHCTEIbKi
TEeXHIKHU K OJIUH 13 3aC00iB HEMEMKAMEHTO3HO1 KOPEKIIii
TICUXOEMOIIIMHOTO CTaHy Ha HEHpPOSHJIOKPUHHOI ajanTta-
il y JiTei 3 roJIOBHUM OOJIeM Halpy>XEeHHS.

IIpenmer pocaimxeHHs — PiBEHb TPUBOXHOCTI, Je-
npecii, a TAKOXK CTaH CTPec-peai3ylouoi CUCTEMH y JIiTel
3 TOJIOBHMM 00JIeM HampyKeHHs Ta IX 3MiHM ITiCIIsl TIpo-
BEJICHHS apTTepanii.

Po3nin 1. cyuacHi ysaBieHHs Ipo nedairii HanpyxKeH-
HS y JiTel Ta iX HeMeIuKaMeHTO3Ha KOPEKIlis (OTJIsi Ji-
TepaTypH)

1.1. ToroBHMIt Ol HAmMpYTH y IIiTE€H: PO3MOBCIOIKE-
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HICTB, (PaKTOPH PO3BUTKY, JiarHOCTHKA Ta IICHXOTEpare-
BTHYHA KOPEKIIis

3a cydaCHUMH YSBICHHSIMH T'OJIOBHUH O11b Hampyru y
JTEH - [1e TICHXOCOMAaTHIHUHA JUCKOMpOPT ¥ PopMyBaHHI
SKOro OepyTh ydacTh 4YHCIeHHI ¢akropu. Jani moa0 mo-
HIMPEHOCTI IIOTO MATOJIOTIYHOTO CTaHy JOCHTh Cyleped-
nuBi. Tak, 3a pesynpratamu nociimkenHs Frankenberg
(1991) wedanrii HampyXeHHs y JiTeHd BHSBISIOTHCS B
49,7% Bunankie [5], 3a manumu Bare (1996), Luka-
Krausgrill (1997) i Krasnik (1999) - BimnosimaOo 72,8%,
52,0% 1 28,7% [3,4]. IlomupeHicTh TOIOBHOTO OO0 Ha-
MIPYTH TIOCTYIIOBO HAPOCTAE 3 BIKOM 1 I0CATa€ CBOiX MaK-
CUMQJIFHUX 3HAa4YeHb B ITyOepTaTHOMY miepiofi. ¥ CTpyk-
Typi niepanriii HanpyTw repeBaxae eni30IUIHUI BapiaHT,
aJe 3 BIKOM MO>KJIMBa XPOHI3aIlisl.

ETiosioria Ta nmatoreHe3 roJiloBHOro 0010 Hampy-
skeHHs1. Cepen hakToOpiB pO3BUTKY Ledalriii HanpyKeH-
HS B@)KJIUBE MiCIIe MOCITAIOTh YMHHUKH, SIKi MOB'A3aHi 3
HaByaHHSIM. OCHOBHHMII BHECOK B PO3BUTOK T'OJIOBHOTO
00JI0 Hampy>KEeHHS Ma€ He JIUTHHA, a ii O0aThbku. [0moB-
HUW Ol HAaNpyrH yacTillle BUHUKAE y JITeH 3 MEBHUMH
TUTIAMA 0COOUCTOCTI [1] - HIUKIOTUMIYHUH, TITEPTUMHUH,
E€MOTUBHHH 1 €K3aJbTOBAHWIA THUIH aKIEHTYyaIliii ocoOwmc-
TOCTi 3 BHICOKHM piBHEM OCOOWCTICHOI TPHUBOXHOCTI Ta
CXWJIBHICTIO A0 imoxonapiii. Ha cporomHi Bimomo, mio
YUHHUKA (DOpMYBaHHS TOJIOBHOTO OO0 HANpPY>KEHHS
BUKJIMKAIOTh  (DYHKI[IOHAJbHI  IOpPYHIEHHS  JIIMOIKO-
PETUKYIIIPHOTO KOMIUIEKCY, 1[0 MPHBOIUTH JI0 3MiHH Pi-
BHOBard B HOLIIENITHBHIM Ta aHTHHOIILIENTHBHINA CUCTE-
Max, PO3BUTKOM TPHBOKHOTO CHHAPOMY 31 3MiHOIO B CHC-
TeMi TpiffuacTHH-INILOBUI HEPBU. B pe3ynbprati BUHHKae
MiABUIEHHS TOHYCY HepiKpaHialbHUX 1 MIMIYHAX M'SI3iB,
0 BHPaXaeTbCs KIIHIYHAM IIPOSIBOM TOJIOBHOTO 00ITIO
Halpy>KeHHS.

JliarHocTHKA ToJ10BHOr0 00/110 Hampy:keHHs. Jliar-
HOCTHKA Pi3HUX BapiaHTIB TOJIOBHOTO 000 6a3yeThes HA
JIarHOCTUYHUX KPUTEPiAX, NPUHHATHX MDKHapOJHUM
TOBAapUCTBOM 3 TpobiieMu rojoBHoro 6oio B 1988p. [2].
Po3pi3HsaroTh emi3oAWYHMN Ta XPOHIYHWHA BapiaHTH 3a-
XBOPIOBaHHSI.
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JiarHocTika XpOHIYHOTO T'OJIOBHOTO OOJIIO HAIIPYTH Ta
eMi30/IMYHOMY BapiaHTy, OJJHAKOBa, IIPOTE CEpesHs dac-
TOTa €Mi30/iB TOJIOBHOTO 0OJII0 3HAYHO BHIIA: Ounbiie 15
"0onpoBuX" MHIB Ha MicsIp (abo Oinbme 180 qHIB Ha PIK)
MIPH TPUBAJIOCTI 3aXBOPIOBAHHS HE MEHIIIE 6 MICSIIiB.

HemenukaMeHnTo3He JIiKyBaHHS TOJOBHOI0 00J110
Hanpy:keHHs. [Ipu Tepamii Tosl0oBHOTO 00O HATIPYTH Y
IiTeH Ta MAMITKIB CIiI HOTPUMYBATHCS TaKUX TPHHIIH-
miB: 1) iHAWBigyaNbHICTB, 2) OOTPYHTOBaHICTB; 3) KOM-
IUICKCHICTB.

[opsin 3 MeOMKaMEHTO3HUMH 3aco0aMu JIKyBaHHS,
JIOCUTh €(pEeKTUBHUMH B Teparii Ta npodiJakTHIl ToJIOB-
HOTO OOJII0 HANpYXEHHS € MCHXOTEPaneBTUYHI METOAU.
3a ymoB nedanriii Hanpy>XeHHs TOULTBHO MTPOBOJMUTH Ce-
aHcu po3'sCHIOBaJIbHOI Tcuxotepanii. [Tonanpii mornm6-
JICHHI JOCII/PKEHHS MICUXOEMOIIIITHOTO CTaHy HITeil 3 Ie-
(anrisiMu Hapy>KeHHS, a TAaKOK CTBOPEHHS HOBHX Tepa-
MEBTHYHUX MiIXOMIB TO3BOJATH 3aro0irTH MpOrpecyBaH-
HIO 3aXBOPIOBAHHS Ta IOJIMIIATH PIBEHb afamnTarii qiTen
Ta MUTITKIB.

1.2. Pomp apTTepamii B KOPEKINI IICHXOEMOIIIHOTO
CTaHy JAiTei

Tepmin “apt-tepanis” (art — muctenTBo, art therape —
Teparnis MHUCTELTBOM) O3HAYa€ JIKYBaHHS IUIACTUYHOIO
300pa)aJbHOI0 TBOPYICTIO 3 METOH BHPAXKEHHS JIIOH-
HOIO CBOT'O IICUX0EMOIIiifHOTO cTaHy. Brieprie el TepMin
OyB Bukopuctanuit Anpianom Bimtom B 1938 p. Ilix no-
HATTSAM apT-Tepamii HaluacTime po3yMifOTh JIIKyBaHHS
XYIO’KHBOIO TBOPYICTIO, X04a B HAII Yac iIHTEHCHBHO PO-
3BHBAIOTHCS U iHINI 1i HapSAMKH (TaHIIOBaJBFHO-PYXOBa,
IIICKOBa Teparrisi, My3UKOTEpaIlis TOIIO). ApT-Teparis - Ie
3aci0 BUTPHOTO CAMOBHPAKCHHS 1 cCaMOITi3HaHHS.

OTxe, apT-Tepartis - BaXJIMBUH IHCTPYMEHT BIUIMBY Ha
NICUXOEMOIIIHHUN CTaH AUTHHHU. 3aJIMIIAETHCS HEBIIOMHUM
JIOLUIBHICT BUKOPUCTAHHS apT-TEPAlleBTUYHUX TEXHIK 3
METOI0 KOPEKIIil MCUXOEMOIIIITHOTO CTaHy Ta HEHPOCHIO0-
KPUHHOI ananramii y giteil 3 nedairisiMu HarpyXeHHs,
11O 1 CTAJIO MPEAMETOM HAIIOTO JIOCHIPKEHHSI.

Po3xia 2. maTepiany Ta METOIU TOCHIIKSHHS

2.1. IuzaiiH JOCHiIKEHHS

B mocrmimkenHi npuiiMano y4dacte 52 miTed mited, yd-
HiB C30LI Nel I-IIT ct. M. Binaumi, sxi Oynu po3moxiie-
Hi Ha Tpu rpynu: 1 rpyma: KoHTpoiapHA — 20 370pOBUX Ii-
TeH, SKi He MaJIi TOJIOBHOTO OOJII0 HANPYXEHHST; 2 rpyma:
JITH 3 eMi30ANYHUM TOJIOBHUM OojieM HampyxenHs (1-10
«OOJLOBHX» JIHIB Ha MicCslb); 3 Tpyna: JiTH 3 XPOHIYHUM
rojoBHUM OosieM HampyxeHHs (16-20 «00JbOBUXY JIHIB
Ha Mmicsnp). Jocmimkernast 0y0 po3MmoAiieHO Ha JiBa eTa-
my: 1 eTam - MM IIPOBENN OLIHKY IICHXOEMOIIITHOTO CTaHy
Ha HEHPOSHIOKPUHHOI ajanTamii y 340poBUX AiTeH, Ta 3
€Mi30MYHUM Ta XPOHIYHMM TOJOBHMM OOJEeM Hampy-
xeHHs. Ha 2 erani nporsirom 2 micaniB (3 pasu Ha THX-
JIeHb) MU TIPOBOJIMIIM IPYIIOBY apT-Teparlito (1o 8 mami€eH-
TiB), MICJI YOTO MOBTOPHO OLIHHIIN 3MIiHH TICHXOEMOITi -
HOTO CTaHy Ha HEMPOCHJOKPUHHOI ajanTarii.

2.2. ApT-TepaneBTH4HI METOIMKH

3 MeTOo0 BHABJICHHS IHTEpECiB JiTeH A0 pi3HOMAaHIT-
HUX MHCTEIBKHX JKaHPIB, MU NMPOCHIN JaTH BiAIMOBiI Ha
NUTaHHA aHkeTw. [l OLIHKM BIUIMBY apT-Tepamii Ha
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TICUXOEMOLIHHUN CTaH Ta HEHPOSHJOKPHHHY aaanTallito
JiTed 3 nedanrisiMu Hanpy>KeHHS! HaMU OyJIN BUKOPHCTa-
HO TakKi apT-TepaneBTHYHI TeXHiKH: «MatoBaHHs 3a J10-
nmoMororo kiyoxa», «CipHUKOBHH Bi3epyHOK», «Mairo-
HOK MY3UKN», «JlepeBoy», TEXHIKa «MEPTBOI» Ta «KHBOI»
BOJIM, a TAKOX Ka3KOTepaliro. ApT-Teparito MPOBOIWIH B
rpymnax (1o 8 marieHTiB) 3 pa3u Ha THXKICHb MPOTATOM 2
micsauiB Ha 6a3i C3OI Nel I-III cr. M. Bigaumi. Cmig
3BEpHYTH yBary Ha Te, 0 “TBip”, BifoOpakae BHYTpILTHE
KHUTTS. AHAJ3 TaKUX TBOPIB JO3BOIISIE 3pO3YMITH JKepe-
Jla BUHUKHEHHS MOYYTTIB JIIOJMHH, II NCHXOEMOLIHHOTO
CTaHy.

2.3. MeTonn OLIHKM TPHUBOXKHOCTI, PiBHS jAemnpecii Ta
SIKOCTI KUTTS

Ouninka piBHSI TPMBOXKHOCTI. €IMHOI METOJIHUKOIO,
sIKa JTO3BOJISIE TU(EPCHINMOBAHO OIIHUTH TPUBOXHICTH
SIK OCOOMCTICHY BJIACTHBICTB, 1 SIK CTaH € METOAWKA 3a-
nponoHoBaHa Cribeprepom.

Ouinka piBHa aenpecii. IIpoBoannn 3a METOAMKOIO
bBeka.

2.4. ImyHO(DepMEHTHI METOAM JOCIiIKESHHS HEHpPOCH-
JIOKPUHHOT afganrariii

JlocmimkeHHss  mpoBeleHI  Ha  0a3l  KIiHIKO-
JlarHOCTUYHOI JJaboparopii BiHHUIBEKOT 001aCcHOT JlikapHi
imeni M.I. [Tuporosa. CtaH HEHPOCHIOKPHHHOT afanTarii
OLIIHIOBAJIM 332 BMICTOM aJpeHaliHy Ta HOpaJpeHAiHY
(cTpec-peanizyroya cUCTeMa) B CHpOBATII KpoBi. 3abip
KpOBI 3IiHCHIOBAaBCS B CTaHOAPTHHX YMOBax - 3 8 mo 9
TOAVH PaHKy, HAaTIIE, IICJA HIYHOTO TOJIOYBaHHS, 3 JiK-
THOBOI BEHH 3a JOMOMOTOI0 BAaKyTEHHEpIB B TMPOOIpKH
Vacuette (Greiner Bio-One, Asctpisi).

Busnauennsi BMicTy agpenaminy. Bmict agpenaniny
B CHPOBATIIi KPOBiI BH3HAYAIH IMyHO(pEPMEHTHHM METO-
JIOM 3 BHKOpHCTaHHAM Habopy Adrenaline EIA.

BusznauyenHss BMicTy HopaapeHasiny. Bmict HOpan-
peHaNiHy B CHpOBATI[ KpPOBi BU3HAYalM IMyHO(pEpPMEHT-
HMM METOJIOM 3 BHKOpHCTaHHsM HaGopy Noradrenaline
EIA.

2.5. CraTucTHYHI METOIN TOCIHIIHKEHHS

OOpoOKy OTpUMaHHX Pe3yJbTATIB MPOBOIMIN 332 Me-
TOJAMH BapiamiiHOi CTATHCTUKHU. BipoTiTHICTh OIiHIOBa-
JH 32 OTOMOToI0 KpuTepito CT’10JeHTa, BipoTiiHI po3-
oixuOcTi ipr p<0,05. Po3paxyHKH IpoBOIMIN HA TIEPCO-
HanpHOMY KoMTT fotepi B makeTi «STATISTIKA 5,5»

Po3ain 3. ncuxoeMouiiHUi CTaH Ta HEHPOEHTOKPUHHA
ajanraris y nitei 3 nedanrisiMu HarpyXeHHs Ta iX 3MiHU
3a yMOB apTTepaii

3.1. lociipKeHHST TPUBOXKHOCTI, piBHS Jerpecii Ta mo-
Ka3HHMKIB HEHPOCHJOKPUHHOI ajanTarii y aitei 3 medan-
TisIMH HaIpy>KEHHS

BcranosneHo, mo y aited 3 nedanrisMu HanpyKeHHs
3a TectoM Crinbepra peecTpyeTbcsi NOMIPHUI pPIBEHBb
ocoOHcTICHOT Ta peakTHBHOI TpUBOXHOCTI (Tabm. 3.1).
Tak, y miTeil 3 emi30ANIHAM Ta XPOHIYHUM TOJIOBHHM 00-
JeM HamnpyXeHHs BiJAMIYa€TbCs JOCTOBIpHE 3POCTaHHS
MIOKa3HUKIB peakTuBHOI (Ha 46,7 Ta 41,9 %) Ta ocobucri-
cHoi TpuBOXKHOCTI (Ha 45,4 Ta 39,5 %, BiAMOBiAHO), Bill-
HOCHO KOHTPOJIIO.
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Tabmuusg 3.1.

Ouinka peakTHBHOI Ta 0COOMCTICHOI TPUBOKHOCTI y AiTeil 3 nedajarismu HanpyxeHHsa (M+m)

Ne 3/m | XapakTepuCTHKa TpyIy n PeakTHBHA TPUBOXKHICTB, OaJIN Oco0uCTiCHa TPHBOXKHICTB, Oanu
1 KoHtpons 20 |22,9+0,51 23,8+0,45

2 Enizoauuni ronoBHi 601 Hapy)KeHHsI 16 33,6+0,60* 34,6+0,56*

3 XpoHiuHi TOJIOBHI 00JIi HATPY)KEHHS 16 32,5+0,47* 33,24+0,49

Ipumitku: 1. * - p<0,05 BigHOCHO TpymH KOHTpOIIO; 2. # - p<0,05 BiTHOCHO IpyIH AiTell 3 eMi30AWYHUM T'OJIOBHUM 0OJEeM Ha-

Mpy>KEHHS

Jani mu ouiHmnm piBeHb Jemnpecii 3a Tectom beka y
nitedt pociinHux rpyn (puc. 3.1). Beranosneno, mo y ai-
Teil 3 LedanrisiMu BUSBJISAIOTHCS JIMILE O3HAKU JICTIPECHB-
HOCTI. 3a YMOB emi30J1u4HO1 ()OPMH TOJIOBHOTO OOJIIO Ha-
NIPY>KEHHS] BUSABISIETbCS 3POCTAaHHS KiJIBKOCTI OajliB Ha
46,4%, Toni SIK IPH XPOHIUHIN QOpMi 3aXBOPIOBAHHS - HA
72,6 %, BITHOCHO KOHTPOJIIO.

16
OKonTtpoas

12

OET'BH

oann

BXI'BH

Man. 3.1. PiBeHp nempecii y aitedl 3 emi3oAWYHUM
(ET'BH) Ta xponiunum (XI'BH) ronosaum Gonem Hanpy-
xenHs. [Ipumitku: 1. * - p<0,05 BiAHOCHO TPy KOHT-
pomo; 2. # - p<0,05 BigHOCHO rpynu AiTeH 3 emi3oaAnd-
HUM TOJIOBHUM 00JIEM Harpy>KeHHs

B moganpnioMy My OLIHHIM CTaH CTpPEC-peali3yrounx
cucTeM y mitedt 3 medanrismu (Tabn. 3.2). 3’sacyBanocsk,
10 TIPH eMi30JM4Hii (opMi TOIOBHOTO OOJIO HAIpPYKEH-
HS BiAMIYa€ThCS JUIIE TEHACHIISA O 3pOCTAaHHS BMICTY
aJipeHa]iHy Ta HOpaIpeHaliHy B CHpoBatIili KpoBi. HaTto-
MICTh Y JiTeH 3 XpOHIYHAM TOJIOBHUM OOJIeM HampyKeH-
HSl PEECTPYEThCS CTATUCTUYHO BIPOTiAHE IMiIBUIICHHS
BMICTY aJIpeHalliHy Ta HOpaJIpeHaJiHy BiqIoBiHO Ha 22,7
ta 21,9 %, BIIHOCHO KOHTPOJTIO.

Ta6muus 3.2.

BwmicT agpenajiiny Ta HopagpeHaJliHy B CHPOBaTIi KPoOBi aiTeii 3 nedauarismu HanpysxxeaHs (Mzm)

Ne 3/m XapakTepUCTUKa FPYIH

n AnpeHaiiu, Hr/u Hopanpenauin, Hr/J

1 Konrponb

20 150+5,46 210+6,24

2 EmizoauyHi roJoBHI 00JIi HANPY)KSHHS

16 164+6,24 229+8,25

3

XpoHiuHi ro0BHi 6011 HAIPYKEHHS

16 18446,32%# 15045,46*#

Ipumitku: 1. * - p<0,05 BimHOCHO rpymu KOHTpOMO; 2. # - p<0,05 BiZHOCHO TPyNH IiTeH 3 €Mi30ANYHNAM TOJIOBHUM Oo0JieeM Ha-

MIPy>KEHHSI.

3.2. BB apt-Tepamii Ha TOKAa3HUKHA MCHXOEMOIIiN-
HOTO CTaHy Ta HEHPOEHIOKPHHHOI ajanTtamii y miteil 3
nedanrisiMA HarpyKeHHS

Crepiry MU OLHWJIM BIUTUB apT-TePAaNeBTHYHUX MHUC-
TELBKUX TEXHIK Ha IIOKa3HUKH PEaKTHBHOI Ta 0COOHCTIC-
HOI TPUBOKHOCTI y HiTeH 3 eMi30JUYHUM Ta XPOHIYHUM
TOJIOBHUM OoJieM HampyskeHHs (Tadu. 3.3).

Tabmurs 3.3.

Bnoms apTrrepanii Ha peakTUBHY Ta 0CO0MCTiCHY TPUBOKHOCTI y airteii 3 enisonnunuM (EI'BH) ta xponiunum (XI'BH) ro-
JIOBHUM 00s1eM Hanpys:keHHs1 (M+m)

Ne 3/m XapakTepucTUKa rpynu PeakTuBHA TPUBOXKHICTh, OAJIN Oco0ucTticHa TPUBOXKHICTb, OaJIl
1 ECEH [l9 JIiKy?aHHSI 33,6+0,60 34,6+0,56
ITicns ikyBaHHS 26,2+0,53* 27,94+0,50*
2 XTEH [l9 JIiKy?aHHSI 32,5+0,47 33,2+0,49
ITicns ikyBaHHS 24,8+0,58* 25,7+0,53*
IIpumiTka: * - p<0,05 BiTHOCHO BiIMOBIIHOI IPYIH 10 JTIKYBaHHS.
BusiBuiioch, 10 Ha TJIi MPOIIOHOBAHOTO JIIKyBaHHS Bi- 16 - +*
JIMIY9a€eThCS AOCTOBIpHE 3MEHIICHHS PEaKTUBHOI TPUBOXK-
Hocti (Ha 22,0 Ta 23,7 % BiAMOBiIHO) Ta 0COOMUCTICHOT
TpuBOXHOCTI (Ha 19,4 Ta 22,6 % BiANOBiAHO), BiIHOCHO 12 OEIrGH
TaKNX MOKA3HUKIB JI0 JIiKyBaHHSI. E
Jani My oliHWIN BIUIMB apT-Teparnii Ha piBeHb Jenpe- S 8 ¥ | BXTBH
cii y nmocmimkyBaHux rpynax (puc. 3.3). BcraHoBieHo,
10 BHUKOPHCTaHHS apT-TEPAIleBTUYHUX METOMUK JUIS Ji- L
KyBaHHSl AiT€H 3 emi30JAMYHUM Ta XPOHIYHUM TOJIOBHUM
OosleM HaNpy)XeHHs BHKJIMKAa€ CTAaTUCTUYHO BipOTiJHO o L=

3MEHIIEHHS] CyMapHOro Oaiy 3a TectoM beka BiaoBigHO
Ha 28,8 Ta 26,9 %, MOpIBHAHO 3 TAKUMHU MOKA3HUKAMHU Y
BiNOBITHHUX TPyMHax 0 JiKyBaHHS.
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Jo nikyBannsi  Ilicas JikyBaHHs
Man. 3.2. PiBeHp nempecii y IiTedl 3 emi30IUIHUM
(ET'BH) Ta xponiuyanm (XI'BH) roxoBauM 0oseM Hampy-
xeHHs1. [Ipumitka. * - p<0,05 BiZHOCHO BiJINOBIAHOI Ipy-
U JT0 JTIKyBaHHS
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B mopmanmpmomMy MM JOCHIAMIM  BIUIMB  apT-  PHUM HaJiHHAM BMicTy aapenaniny (Ha 11,0 %) Ta Hopa-
TEpaleBTUYHUX METOJUK Ha CTaH HEHPOEHIOKpHHHOI  JapeHaniny (Ha 10,5 %) B cupoBaTui KpPOBI, 1110 € JOKa30M
amanranii y aireit 3 nedanrisimu (tabu. 3.4). BusBuiiock,  nenpuMyOYoro BIUIMBY apT-Tepamnii Ha aKTHBHICTb CHUM-
0 TIPOTIOHOBAHE JIIKYBAHHS CYMPOBOIXKYETHCS JOCTOBI-  MATO-aJAPEHAIIOBOT CUCTEMH.

Tabmunsg 3.4.

BB apr-Tepanii Ha BMicT agpeHaJiiHy Ta HopaapeHaJiny y aiteii 3 enizopnunum (EI'BH) ta xponiunum (XI'BH) roJo-

BHUM 0oJieM Hanpy:keHHs: (M+m)

Ne 3/m XapakTepucTHKa rpynu AnipeHaitis, HI/n Hopaapenanin, Hr/n
Jlo nikyBaHHS 164+6,24 229+8,25

1 ETBH licas nikyBaHHs 156+6,78 214+7,37
Jlo nikyBaHHs 184+6,32 256+7,36

2 XI'bH Ilicas nikyBaHHs 164+6,01* 229+6,80*

IIpumiTka: * - p<0,05 BiTHOCHO BiANOBIAHOI IPYNH 10 JTIKYBaHHS.

TakuM 4YMHOM 3aCTOCYBaHHS apT-TEPAIleBTHYHHX Me- 1. JocmimKeHHsS IICHXOEMOLIHHOI0 CTaHy IOKa3ajo,
TOOWK y AiTell 3 HedanrisiMu HaNpYyXEHHS TOCTOBIPHO IO y AiTeH 3 €mi30JMYHUM Ta XPOHIYHHUM TOJIOBHHUM 00-
3MEHIIIy€ PiBeHb PEAKTHBHOI Ta OCOOMCTICHOI TPUBOXKHO-  JIEM HAINPYXXCHHS PEECTPYETHCS MOMIpHHNA PiBEHb peak-
CTi, 03HAaKH JIENPECUBHOCTI, MTOKpalye (i3UYHUHA Ta ICU-  TUBHOI Ta 0COOMCTICHOT TPUBOKHOCTI, ETIPECUBHICTb.
XOJIOTYHHI KOMIOHEHTH 37I0POB’s1. 2. 3acTocyBaHHS apT-TepaneBTHYHUX MHCTELBKUX Te-

BucHoBkH. Y HaykoBiii poOOTi Ha OCHOBI KOMIUIEKC-  XHIK JJOCTOBIpPHO 3MEHIIIYE PiBEHb PEAKTUBHOI Ta 0COOUC-
HOTO JIOCJII/DKEHHS TICHXOEMOLIIHHOTO CTaHy Ta HEWpOeH-  TICHOI TPHBOXKHOCTI, JENPECHBHICTh, Y AiTEH 3 XPOHIiY-
JIOKPUHHOT ajanraiiii 0OrpyHTOBAHO MOIIBHICTE BUKO-  HOK (opMOr0 medanirii HampyKeHHs, 10 € JOKa30M Je-

pPHCTaHHS apT-TEPaNeBTUYHMX MHUCTEIBKMX TEXHIK y Ai-  NPHUMYIOYOTO BIUIMBY apT-Teparii Ha aKTHBHICTh CHMIIa-
T€H 3 €Mi30AWYHNUM Ta XPOHIYHHUM TOJIOBHMM OOJIEM Ha-  TO-aJpEHaloBOi CHCTEMH.
IIPY>KCHHSL.
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Gaystruk N.A., Melnik A.V., Gaystruk A.V, Stenyansky R.P. The role of art therapy in the correction of emotional and
neuroendocrine adaptation in children with tension cephalgy

Abstract. In this paper the analysis of the role of art therapy techniques to correct emotional state and neuroendocrine adaptation in
adolescents with cephalgy tension. Feasibility of using art therapy artistic techniques in adolescents with episodic and chronic tension
headache. The use of art therapy art techniques significantly reduces reactive and personal anxiety, depression, children with chronic
form stresses cephalgy proof overwhelming impact of art therapy on the activity of the sympathetic-adrenal system..

Keywords: art therapy, stress cephalgy, anxiety, depression, epinephrine, norepinephrine.

Taiictpyk H.A., Measnuk A.B., I'alictpyk A.B., Crensinckuii P.I1. Poab apT-Tepanuu B KOppeK U NCHX03MOLHOHAJIBHOIO
COCTOSIHMSA M HEelPOIHAOKPHHHOM afanTaluu y AeTeii ¢ nedaJrusiMi Hanps:KeHus

AHHOTanus. B 1aHHOH cTaThe BBINOIHEH aHAIU3 POJIM apT-TEPareBTUUECKUX METOJUK B KOPPEKIUHU IICUX03MOLMOHAIBHOIO COCTO-
SIHUS M HEHPOIHAOKPHHHOM amanTamuy y aeted ¢ nedanrusamu Hanpspkenus. OG0CHOBaHa 11eJ1ecO00pa3HOCTh UCTIOIb30BAHUS apT-
TEpPaNeBTUIECKUX XYI0KECTBEHHBIX TEXHUK Y TTOJIPOCTKOB C SMM30UIECKIM U XPOHWIECKOH TOJI0BHOH Oonbio HampshkeHus. [Ipn-
MEHEHHE apT-TEePANleBTHIECKUX XYyI0KECTBEHHBIX TEXHUK JOCTOBEPHO CHIDKAET YPOBEHb PEAKTHBHOHN U JIMYHOCTHOH TPEBOXKHOCTH,
JIETIPECCUBHOCTH, y IeTeil ¢ XpOHUIECKOH (hOPMO Ie(anTuu HANPSDKEHNS, UTO SIBISIETCS JOKa3aTeNbCTBOM JSTIPUMHUPYIONIUX BIHS-
HUS apT-TePaNHy Ha aKTHBHOCTh CUMITATOAAPEHAJIOBON CHCTEMBI.

Knwouesvie cnosa: apm-mepanus, yegpaneuu Hanpaxcenus, mpesoxtcHoCmy, 0enpeccust, A0peHalut, HopaopeHamuH.
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T'aiicmpyx H.A., Haoexcoin M.B., Cmenancoxuii P.I1.
BceTraHoB/IeHHS MPOrHOCTHYHOI IHHOCTI rineproMonucTeiHeMii AK (pakTOpy pU3HKY GOpMYBAHHA
AUCTpeca IJI0a Y BariTHUX 3 recTaliiHUM Ta XpOHIYHUM MieToHeppUTOM

Taticmpyx Hamanis Anamoniisna, 00Kmop mMeOudHux HayxK, OoOyeHm

Haoeswcoin Muxaiino Beuvaminosuu, acnipanm,
Cmensncokuii Poman Ilagnosuu cmyoenm,

Binnuyekuii nayionansnuii meouunuti ynigepcumem im. M 1. Ilupozosa, m. Binnuys, Yxpaina

AHoTanisi. Bucoka mommpenicTs Takoro yCKJIaIHEHHS, SK JUCTpec IUI0AA CBIIUHUTH PO HEBHPINICHICTh MUTAHb ITaTOreHE3y, paH-

HBOI JIIarHOCTHKY, IIPOTHO3YBaHHS, epEeKTHBHOI MPOoQITaKTHKK Ta JIKyBaHHS TaKOTO YCKJIAQAHCHHS y BariTHHX 3 XPOHIYHHM IIi€JIO-

HedpuTOoM. MeToro HaIIoro JOCITIIPKEHHS € OLiHKa PoJIi TineproMonucTeinemii y (opMyBaHHS AUCTpeca IUIOJA Y BAariTHHUX 3 Ii€JI0-

HedpuToM. Byrto BcTaHOBIIEHO,II0 B OpraHi3Mi BariTHUX 3 TecTalliifHUM i, B OUIBIIIN Mipi, 3 XpOHIYHUM HieJoHe)PHUTOM BigMiva-

IOTBCSI BUp@XXEH1 MeTa0oJIiuHi MOpyIIeHHs. 3a INX YMOB PEECTPYETHCS 3pOCTAHHS BMICTY TOMOLIMCTEIHY B CHUPOBATII KPOBI.
Knrouogi cnosa: nienonedppum, cinepeomoyucmeinemis, oucmpec, eazimui, ROC-ananis.

[Mienonedput y BariTHUX € JOCHTh aKTYaJIbHOIO MpoOJIe-
MOI0 TPaKTHYHOTO aKyLIepCTBa, aJKE HECIPUSTIUBO
BIUIMBA€E Ha nepedir BariTHOCTI, MOJIOTIB Ta MiCJISAIONIOro-
Boro mnepiony [2]. Jlocuts 4acTo mi€JOHEPPUT CYIIPOBO-
JOKY€EThCS. BUHUKHEHHSIM AUCOYHKUIT muianeHTH 1a 'y 20-
30% npu3BOIUTH 10 (pOopMyBaHHs AucTpeca miona [3,1].
Bucoka MONMIMPEHICTH LBOTO YCKJIATHEHHS BariTHOCTI
CBIIUUTH TPO HEBHUPIIICHICTh NHTAaHb IATOTCHE3Y, paH-
HBOI TIarHOCTUKH, POTHO3YBaHHs, eheKTHBHOI npodina-
KTHKH{ Ta JIKyBaHHS JUCTpeca IUI0Ja Yy BariTHUX 3 XPOHi-
YHHUM Ti€JTOHSPPUTOM.

B matorenesi qucTpeca IIofa BaKIMBY PO Bilirpae
aKTHBAIisl POLIECIB BUILHOPAAUKAILHOTO OKUCHEHHS JIi-
miiB, OKUCHOT Moau(ikamii O1KIB, TOPYIICHHS OanaHCy
B CHUCTEMI Ba30KOHCTPUKTOPHU / Ba30AWISATATOPH Ta PO3-
BUTOK eHjoTemianbHol quchyHkii [4,5]. OnHak, 10 KiH-
1151 3QTUINAETHCS HEBUPIIICHUM MTUTAHHS B AKIA Mipi po3-
JaIM OUX TIPOIIECIB iHTErpoBaHi B POpMyBaHHS ITUCTpECa
mwioga. 30BCIM HEBIIOMO pOJIb IHIIUX MeETa0OTIYHUX
YHHHUKIB, a caMe TiIeproMoUUCTeIHeMil, y PO3BUTKY JH-
c¢yHKIIT TUT0/1a 32 YMOB Mi€JIOHE(QPUTY Y BariTHHX.

MerToro pOro po3AiTy OyJIO OIIHUTH POJH TIMEProMO-
mucteinemii y gopMmyBaHHS mucTpeca IUIOAa, iAeHTH]I-

KyBaTW HaiOULIbII 3Ha4Yymli MeTaboJiyHI .MpPEAUKTOPH
[bOTO IATOJIOTIYHOTO CTaHy i Ha Il OCHOBI CTBOPHTH
MOJIeJIb 1HJIMBiyalli30BaHOTO MPOTHO3yBaHHS MOPYIICHb
(YHKIIOHAJIBHOTO CTaHy IUIOJA y BariTHUX 3 miejgoHed-
pHUTOM.

byno obcrexeno 30 3m0poBux BariTHUX KiHOK (1 rpy-
ma) Ta 90 BariTHUX 3 mieJoHePpUTOM. XBOPi 3 Mi€TOHED-
puTOM OyiH po3AiNicHI Ha 2 TPYNMU: TeCTAIiHHUNA Ii€n0-
Hedput (2 rpymna, N=40); XpoHiuHU mieToHe)PHUT B CTa-
nii 3aroctperns (3 rpyma, n=50). Cepen BariTHHX 3 IIi€-
nonepputoM (N=90) mmctpec mioma BigmidaBcs y 40
oci0, mo ctaHoBUTH 50%.

O1iHKa BMICTY TOMOIIMCTETHY B CUPOBATIIl KPOBi Bari-
THHUX 3 TECTALIHHUM Ta XPOHIYHUM Mi€TOHSHPUTOM.

JlociimkeHHs] BMICTY TOMOLIUCTETHY B CUPOBATIIi KPOBI
NOKa3aJio, 1110 y BariTHUX | 3 miegoHehpuTOM BiAMIva€eTh-
csi  GOopMyBaHHS CHHAPOMY  rineproMouucreiHemil
(Tabm. 1). Y 310poBHX BariTHUX BMiCT TOMOIIMCTEIHY KO-
nuBaBcs B Mexkax 5,0 - 15,0 MKMOIIB/TT 1 B cepeTHBOMY
CTaHOBHB 8,87 MKMOJB/J, TOMI K Y BariTHUX 3 TeCTAIiii-
HUM Ta XPOHIYHHM Ii€TOHe(QPUTOM IIeH MOKa3HUK OyB
BignoBigHO Ha 42,0 Ta 57,0% (p<0,001) BUIIHM.

Tabmmus 1.

BMmicT romonucTeiny B cupoBaTui KpoBi Ta ii0ro paH:KyBaHHs, y 310POBUX BATiTHHUX, a TAKOXK Yy BariTHUX
3 recTauiiiHuM i XpoHiYHMM Ni€JI0HedpUTOM.

XapaxkTepucTuka rpy I, Yacrora BusBnenns pisust 'L, n (%)
MKMOJIB/JT ONTUMAbHANA TPaHUYHO BUCOKHMI BUCOKHI
M+m <10 MKMONIB/1 10-15 | MkMonB/IT >15 MKMONIB/I
1 3noposi BariTHi, —30 8,87+0,58 21; 70,0% 6; 20,0% 3; 10,0%
2 Iecraniiinmii mienonegpur, [Ir=50 12,6+0,59 17; 34,0% 15; 30,0% 18; 36,0%
ity <0,001 <0,001 >0,05 <0,001
3 Xponiunnii menonedput, n=40 14,0+0,60 8; 20,0% 14; 35,0% 18; 45,0%
P1,3 <0,001 <0,001 >0,05 <0,001
Py >0,05 >0*05 >0,05 >0,05

PamxupyBaHHsS BMICTY FOMOLIMCTETHY BUSBHJIO, IIO B
TPyMi BaTiTHUX 3 TeCTAIllifHAM Ta XPOHIYHUM Ii€JOHE]-
PHUTOM BiIMIYAETHCS JOCTOBIpHE 3MEHIIIEHHS YKCia 0cio 3
ontuMasHUM (Ha 36-50%) Ta rpaHUYHO BUCOKHM PiBHEM
romormcteiny (Ha 10-15%), Toxi sik yacTka ocib 3 BHCO-
KHM BMICTOM TOMOIUCTEiHY (>15 MKMOIB/II) CTaTHCTHY-
HO BiporinHo 3pocrae (Ha 26-35%), NOPIBHSHO 3 TaKUMHU
MOKa3HUKAaMU Y TpyTIi 3JI0pOBHX BariTHUX.

Po3BuTOK AncTpeca 1ona y BariTHUX 3 Mi€TOoHEDPH-
TOM CYNPOBOJIXKYETHCS MMOCUIICHHSIM TileproMOINCTEIHE-
Mii (Tabm. 2). Tak, B rpymi BariTHUX Yy SKUX BiAMIYaeThCs
MOpYIIeHHS (YHKIIOHAJIHHOTO CTAaHY IUIOJIAa BMICT TOMO-
mucteiny Oys Ha 60,6% (p<0,001) GinbmmM, TOPIBHIHO 3
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TaKUM Yy BariTHUX 3 TeCTAIlifHAM I XpOHIYHUM ITi€JIOHE-
¢purom 6e3 muctpeca mioma. Ilix gac pamxupyBaHHS
BMICTYy TOMOLMCTEIHY y JIOCITIJHIA Tpymi *IHOK BUSBIIE-
HO, IO Cepe]l BariTHUX Y SKHUX IiarHOCTOBAHO JUCTPEC
IUIO/Ia BIJIMIYAa€THCS JOCTOBIpHE 3MEHIIICHHS YaCTKU OCi0
3 ONTHUMAJIBHUM T4 TPAHUYHO BHCOKHM PiBHEM T'OMOILUC-
teiny (B 10 1 2,7 pa3iB BiNOBiAHO) Ta BipoTifHE 3pOCTaH-
HSl 4acTKU 0ci0 3 BUCOKMM piBHeM romonucreiny B 1,7
pa3u. OTxe, hopMyBaHHS TUCPYHKINI MJI0JA ACOILIIOETH-
Csl 3 TIOTTIMOJICHHAM PO3JIa/iB OOMiHY CipKOBMICHOI aMi-
HOKHCJIOTH TOMOITUCTEIHY B OpPTaHi3Mi BariTHUX JKiHOK Ta
30LIBIIIEHHSAM BHPA3HOCTI W MOMIMPEHOCTI TieproMoIic-
TeiHeMil.
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Tabmurs 2.

BmicT romonucTeiny B cHpoBaTIi KpPOBi Ta i{0ro paH:KMPYBAHHS y BATiTHUX 3 recTaliiiHUM i XpoHiYHUM nienoHedppuToM
3aJ1e¢KHO BiJl HasIBHOCTI AMCTpeca 11012

XapakTepucTHKa rpyI ri, HiIFTJIX/JItrr /rr - [Yactora BusinenHst piHs 'L, m (%)

MKMOJIB/JI ONTHMAJIBHHI IPaHUYHO BHCOKHI
BUCOKUI

M+m <10 MKMOIIB/1T 10-15 mMkMoJIB/IT >15 MKMOIIB/1T

1 BariTHi 3 mienonedpurom 6e3 auctpeca mioxa,n=50 |10,4+0,40 25; 50,0% 24, 33,9% 1,483%1

2 BariTHi 3 niesionegpuToM Ta quctpecoM mioaa, N= 40 |16,7+0,38 2:5,0 5;12,5% 33; 82,5%

P1,2 <0,001 <0,001 <0,05 <0,001
Tabmuus 3. oOpaHa 3a KpuTepieM OallaHCy MIK YyTJIMBICTIO 1 CIIEIH-

BinHocHMii pH3HK PO3BUTKY JUCTpeca IVI0AA Y BariTHUX 3
recrauiiHuM Ta XpOHiYHUM Hiea0HeppUTOM

MetabosiuyHuil YUHHUK OR 95% CI

I'TI (> 15MKMOJIB/71) 4401 2,08-9,30

B nomansmomy mu 3’sicyBaiu B AKii Mipi i ABUIICHHS
BMICTy TOMOLIMCTEIHY B CHpPOBATIi KPOBI MOXKHa pO3IIi-
HIOBaTH SK NPEeIUKTOp (OpPMYBaHHS IHCTpeca IUIona y
BariTHUX 3 mienoHedpuroM. s BHUpIMIEHHS IBOTO 3a-
BaanHs OyB npoBegcnuil ROC-anai3 IMOBIPHOCTI KITiHi-
YHUX MaHidecTalliii aucTpeca Mmioga B 3aJCKHOCTI Bix
BMICTYy TOMOIIMCTETHY B CHPOBaTILi KPOBI Ha MPHUKIJIAAL
0ci0 3 recTaliifHIM Ta XpOHIYHUM IieToHehpHUTOM (pHC.
1).

ROC kpuBa

1

07

0,5

03

03 05 0,8
Puc. 1. Kpusa ROC-ananizy iiMoBipHOCTI IucTpeca Iioja y Ba-
TITHHX 3 TECTAL[ITHAM ITi€JIOHE(PUTOM B 3aJISKHOCTI Bifl PIBHA

TOMOLIUCTETHY B CHPOBATIIi KPOBI.

Ha ocuoBi ROC-anamizy Oyio BCTaHOBICHO, IO OII-
THMallbHA «TOYKa Biacikanus» (optimal cut-off value),

(bivHICTIO, IUIsl BUSHAYCHHS PU3MKY JMCTpeca IUIoJa Bij-
MIOBiZla€ PIBHIO TOMOLMCTEIHY B cuUpoBarii Kposi 14,1
MkMonb(aymmBicts - 0,921, crmermdiunicts - 0,985).
ITmorma mix kpuBoto (AUC) cranosmma 0,982 (95% CI
0,963-1,001). Ak Bimomo, mokaszuuk AUC Big 0,9 mo 1,0
CBIIYUTPH PO BiAMIHHY SKicTh Mogeni, 0,8-0,9 -myxe mo-
opy, 0,7-0,8 - mobpy, 0,6-0,7 - 3amoBimpHY. OTXeE, MiABU-
IICHHS BMICTY TOMOILIMCTEIHY B CHPOBATII KPOBI BariTHUX
3 miegoHegpuToM Buine 14,1 MKMOJB/ € HECTIPHUSITIHU-
BOIO IIPOTHOCTHUYHOIO O3HAKOIO 1 BKa3y€ Ha BHUCOKY HMO-
BIPHICTh PO3BUTKY IMOPYLIEHb 1 BHYTPIIIHHOYTPOOHOTO
CTaHy IJI0AA.

TakuM YHHOM, B OpraHi3Mi BariTHUX 3 FeCTAIliHHUM i,
B OUIbLIIM Mipi, 3 XpOHIYHUM Mi€JoHe)PUTOM BiaMiua-
FOTHCSI BUPaXKeHI MeTaOOJivHI MOpYyIIeHHS. 32 IUX YMOB
PEECTPYETHCS 3pOCTaHHS BMICTY TOMOINCTETHY B CHPOBa-
Tl KpoBi. [Ipy mboMy 3HaYHHMI BHECOK y PO3BHTOK He-
CHPUSATIUBUX METa0OIIYHUX TOMIA B OpTaHi3Mi BariTHUX
3 MieJTOHE(PPUTOM Bifirpae 3pOCTaHHS BMICTY CipKOBMicC-
HOI aMiHOKHCJIOTH - TOMOUMCTEiHY. BusiBneHni meradoti-
YHi mepTypOailii TICHO acoIiIOIOThCS 3 BHYTPIIIHEOYTPO-
OHMM CTaHOM ILJIO/A i 33 YMOB PO3BUTKY AUCTpECa IUI0ja
MacITaOHICTh X 3MiH 3HAYHO 3POCTAE.

Ha ocuoBi ROC-ananizy HaMH BCTaHOBJICHO, IO IMiJ-
BUILEHHS BMICTY TOMOIIMCTEIHY B CHPOBATIi KPOBI Barit-
HUX 3 TienoHeppuToM Buile 14,1 MKMOJB/T € HeCpHUsAT-
JHMBOIO TPOTHOCTHYHOIO O3HAKOI 1 BKa3ye Ha BHCOKY
WMOBIPHICTE PO3BUTKY MOPYIICHb BHYTPIIIHEOYTPOOHOTO
CTaHy IJI0/1a. AHaJi3 IIAHCOBHUX BiJHOLIEHb MOKA3aB, 10
3pOCTaHHS BMiCTy TOMONHUCTEIHY BHIIE 15,0 MKMONB/I y
BariTHUX 3 MieJOHeQPUTOM 30LTBITYE HMOBIPHICTH (op-
MYBaHHs IUCTpeca miona B 4-5 pasis.
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Gaystruk N.A., Nadezhdin M.V., Stenyansky R.P. Determining the predictive value of hyperhomocysteinemia as a risk factor
for fetal distress in pregnant women with gestational and chronic pyelonephritis

Abstract: The high incidence of complications such as fetal distress indicates the uncertainty in the pathogenesis, early diagnosis,
prognosis, prevention and effective treatment of this complication in pregnant women with chronic pyelonephritis. The aim of our
study was to evaluate the role of hyperhomocysteinemia in the formation of fetal distress in pregnant women with pyelonephritis. It
was found that pregnant women with gestational body, and to a greater extent with chronic pyelonephritis The expressed metabolic
disorders. Under these conditions, growth recorded homocysteine in serum.

Keywords: pyelonephritis, hyperhomocysteinemia, distress, pregnant, ROC-analysis.

Taiicrpyk H.A., Hape:xxaun M.B., Ctensincbkuii P.I1. Onpenesienue NpOrHoCTHYECKOH eHHOCTH THIIEProMouucTeHHEMHH
Kak hakTopa pucka GOpMHPOBAHHUS AUCTPecca MJI0/a y 6epeMeHHbIX ¢ FeCTAHOHHBIM H XPOHHYEeCKHM NHeJ0He()pUTOM
AHHoTanusi: Beicokast paclipocTpaHEeHHOCTh TaKOTO OCJIOXKHEHMsI, KaK AUCTPECC MJI0Ja CBHAETEIBCTBYET O HEPEHUIEHHOCTH BOMPO-
COB IATOT€He3a, PaHHEH NUarHOCTHKH, MPOTHO3HPOBaHUS, 3()PEKTUBHON MPOQUIAKTHKH U JICYEHHUS TAKOTO OCIOXKHEHHs y Oepe-
MEHHBIX ¢ XPOHHYECKUM IHeToHeppuTOoM. Llenpio Halero ucciiefoBaHus SBISIETCS] OIIEHKA POJIM THIEPrOMOIICTEHHEMHH B (Op-
MHpOBaHHE JUCTpecca Iuofa y GepeMeHHBIX ¢ nuenoHepuToM. Belio ycraHOBIEHO, 4TO B Oprann3Me GepeMeHHBIX C TecTaluoH-
HBIM ¥, B OOJbBIICH CTENeHH, C XPOHHYECKHM ITHEJIOHS(PPUTOM OTMEHAIOTCS BBIpaXKCHHBIE METAa0OJMYEeCKHe HapylleHHus. B sTux
YCIIOBUSAX PETUCTPUPYETCS POCT COAEP KaHHsI TOMOLMCTEHHA B CBIBOPOTKE KPOBH.

Knrwuesvie cnosa: nuenonedppum, cunepeomoyucmeunemusi, oucmpecc, bepemennvle, ROC-ananus.
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yno O.A.
BupuenHs piBHA Qi3MYHOrO 310pOB’S AiBYAT ripcbKHX paiioHiB 3akapnarrs
3a MeTa00JJiYHNM piBHEM aepoOHOIro eHepro3ade3nevyeHHs

Hyno Onena Anamoniiena, KaHouoam mMeOUUHUX HAYK, 0oyeHnm, 3agidysay Kagedpu Qizuunoi peadinimayii,

OdexaH ¢haxyromemy 300p08 s 10 OUHU

JIBH3 “Vawceopoocvkuii HayionanvHul yHieepcumem ', m. Yaceopoo, Vrpaina

AmnoTanisi. Po6oTta npucssaeHa BUBYCHHIO piBHS (izndHOrO0 310p0oB’st AiByat 16-20 pokiB, sIKi IPOKUBAIOTE Y TIPCBKHUX palioHax 3a-
KaprarTs. BcraHoBneHo, o piBeHb aepoOHOT IPOAYKTHBHOCTI, SIKUH BioOpakae (i3MyHe 3M0pOB’S, Y AiBYAT Y CEpPeIHHOMY BilIIO-
Biflae “BIIMIHHOMY” He3aJISKHO Bin comatoTHiy. HaliBummii piBeHb aepoOHOI IPOIYKTHBHOCTI 3a BiTHOCHOIO BEIMYHHOIO MAaKCH-
MaJIbHOTO CIIO’KHBAHHS KHCHIO BUSBJICHO Y IPEICTABHUIb CHIOME30MOP(HOIO COMAaTOTHUITY, a HAHIKYMN — ME30€KTOMOP(HOro Ta

E€KTOMOP(HOTO.

Knrwwuoei cnosa: gizuune 300pos’s, aepobna npoodykmuenicme, Qizuuna npaye30amHuicms, COMamomun.

Beryn. BigmosigHo 10 iCHYI0YHMX KOHIENiH mpo ¢iznd-
HE 3JI0pOB’sl WOr0 IHTErpajJbHUMH MOKa3HUKaMU BHCTY-
nae aepoOHa MPOAYKTHUBHICTH opraHiamy [2, 5, 11]. Tomy
COMAaTHYHE 37I0POB’sl KOHKPETHOT 0COOH CIIijl OI[iHIOBATH
3a (hi310JIOTIYHUMH MMOKa3HUKAMH, SIKi BiJ0OpaxaroTh Ma-
KCUMaJIbHO MOXKJIMBUIA MeTaOOJIYHMH pPiBEHb aepoOHHX
MPOIIECiB eHepro3ades3mneucHHs. J[is OIiHKH aepoOHUX
MIPOIIECiB €HEPro3abe3nedeHHs KUTTEISUIBHOCTI OpraHi-
3My PEKOMEHIYIOTh BUKOPHCTOBYBATH TaKi MMOKa3HUKH SIK
MaKCHMaJIbHE CIIOXXHMBAaHHS KHCHIO a00 mopir aHaepoOHO-
ro oominy (ITAHO) [2, 6].

®opmyBaHHA (DI3MYHOTO 37O0POB’S BiIOYBaeThesA Tmif
BIUIMBOM CHIIOTCHHHX Ta €K30TeHHUX YHHHHKIB [8]. [Ipu-
YOMY TPUBAJIUI BIUIMB €K30TC€HHUX YMHHHUKIB MOXE BH-
KJIUKATH B OpraHi3Mi 3MiHH F€HETHYHOTO xapaktepy. To-
MYy HalliOHaJbHI Ta MOMyJIsAikHI BinMiHHOCTI MOphodyH-
KIIOHAJHHUX IMOKA3HHUKIB CTUMYJIIOIOTh HAYKOBIHB 0
MOUIYKY BIJIHOCHUX CTaHJAPTIB IS )KUTENIB OKPEMHX pe-
rioHis [2, 3, 10]. 3okpema B YkpaiHi iCHYIOTb TEpHUTOPII 3
€KOJIOTTYHUMH OCOOJIMBOCTSIMH, SIKI BU3HAYAIOTh TOPMO-
HaJIbHUH CTATyC MEIIKAHI[IB IIUX PETiOHIB, COMaTOMETPH-
YHI TapaMeTpH, OKPeMi KOMIIOHEHTH COMAaTOTHITY, KOM-
MMOHEHTHHUU CKIIAJ MacH TiNla, (yHKIiOHANBHHUNA cTaH [7,
9]. OmHuM 3 TakuX perioHiB € 3akapnarts [4].

Tomy, mist 37ificHeHHS 00’€KTHBHOTO aHAi3y CTaHy
(bi3uuHOTO 3710pOB’sl 0Ci0 PI3HOTO BIKY 1 cTaTi HEOOXiAHO
YiTKO BU3HAYMTH, SIKI 3HAUeHHs W Mexi (iziosoriuHux
KOJIMBaHb IOKa3HHUKIB aepOOHOT MPOJYKTUBHOCTI OpraHi-
3My 3aJI€KHO BiJj COMATOTHUILy, NPUTAMaHHI 310POBOMY
HACEJICHHIO 3aKapraTchKol 00JacTi.

3 orsiy Ha BUILEBMKIAJCHE MeTa JAaHOI podoTH Io-
JsTaya y BU3HAUCHHI aepOOHUX MOYKIIMBOCTEH JiBYAT Tip-
CBKHX paiioHIB 3akapnaTchbKkoi o0yacTi 3aJeXHO BiJ co-
MaToTHILy.

Marepianu i meronu. [IpoBeseHo NMOpPIBHUIBHUNA aHa-
i3 piBHA (i3UIHOTO 3A0POB’S y NiBYAT MOCTITyOEpTaTHO-
ro mepiogy oHTOreHe3y BikoM Bif 16 mo 20 pokis. Kinb-
KiCTh JiBYAT 3 TipChKHUX paioHIB 3akapriaTcbKoi obiacTi
cranomia 102 ocobu (46,4%). PiBenp ¢izuaHOrO 3710-
OB’ OIIIHIOBANIM 32 TMOKa3HUKAMH aepOOHOI MPOAYKTHB-
HOCTi, a came BHUMipioBamu (i3WYHY TIpare3raTHICTh
(PWCi70), makcumanbHe criokuBaHHs KUCHIO (VO3 max),
BUKOPHCTOBYIOUHM METOJ Bejoepromerpii. s omiHku pi-
BHS aepoOHOI MPOITYKTUBHOCTI BUKOPHCTOBYBAJIH OILIHO-
yny mkany S.II. IIsprara. ComaToTun BU3HAYalIu 3a Me-
tonoM XiT-Kaprepa, sikuii BBa)kae€TbCs YHIBEpCaJIbHUM,
TOMY PEKOMEHJIy€eThCs sl 00CTEXKEHb JIIo/Ieil pi3Hol pa-
COBOI MPHHAJIEKHOCTI, Pi3HOI CTaTi, MHUPOKOTO BIKOBOTO
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miamazony (Bixm 14 mo 70 pokiB), a Takok 3a0e3medye
TPBOXKOMIIOHEHTHY (’KHPOBOT'0, M’S30BOT'0 Ta KICTKOBOTO
KOMITOHEHTY) aHTPOIIOMETPHYHY OLIHKY. 3a JOIOMOTO0
JJAHOTO METOAY MOYKHa KUIBKICHO OIIIHWTH IepeBary: eH-
nomopdii, abo BigHOCHOTO OXHpiHHS; Me3oMmopdii, abo
BIZITHOCHOTO PO3BHUTKY CKEJIETHO-M’SI30BOI CHCTEMH; €K-
ToMOpdii, a00 BIAHOCHOI JIHIMHOCTI (BUTSATHYTICTb TiJia).
Ko’keH KOMIOHEHT BH3HAYaBCsl B HE3MIHHII ITOCIIIIOBHO-
cTi: eHmoMopdist — mezomopdis — ekToMopdisi, AKi BUpa-
KAIOTHCSI YUCIIOBUMH 3HAYCHHIMHU (QaHTPOIIOMETPUIHIMHU
MTOXiTHUMH) 3 TOYHICTIO JO OJHIET JeCcATOi. 3a METOJ0M
Xit-Kaprepa comaToTun BU3HA4YaeThes TpadidHAM CIIo-
cobom, abo x amroputMoM. OCKUTBKH 32 alTOpPUTMOM
BUPaXOBYBAaTH COMAaTOTHII 3pyuHillle, HAMU OyB 3aCTOCO-
BaHMH came 1ei croci0.

PesyabraTH gocaigxkennsi Ta ix odoropopeHHs. Ao0-
comtoTHe 3HadeHHs PWCy7y miB4ar ripchkoi MicCIEBOCTI
CTAHOBHIIO B cepeaHboMy 538,7+39,8 krmM-xB ™, a BimHOC-
auit — 10,3+0,52 KIM-XB KT L. AGCOIIOTHA BEIMYMHA Ma-
KCUMaJIBbHOTO  CHOXHMBAaHHA  KHCHIO  JIOpiBHIOBasa
2155,83+59,66 MJ'I'XB—l, a BigHocHa — 41,7+0,46 MI'XB’
Lxr?. PiBeHb aepoGHOI MPOXYKTHBHOCTI 3a BiJHOCHOIO
BEJIMYMHOI0 MAaKCHMAJIBHOTO CHOXXMBAHHS KHCHIO y JiB-
yar ripcbkux paiioHis 3a S.I1. [IspraToM Bixmosinae «Bi-
aminaoMy». Crtifl Bi3HAYUTH, 1O IS OI[IHKKA aepoOHOT
MPOIYKTHBHOCTI OCTAHHIM 4acOM 3aCTOCOBYIOTh MOHSITTS
“Oe3mevyHuil piBEeHb 30POB’s”, SIKE OIIHIOIOTH 33 BIIHOC-
HUM MMOKa3HUKOM VO may. JIJ1s1 )KIHOK «Oe3meuHuii piBeHb
3I0POB’s1» 3HAXOAUTHCS Ha Mexki 35,0 M XB kT, Cepe-
JIHE 3HAYEHHsI BIJJHOCHOI'O IIOKa3HWKAa MaKCHUMaJbHOTO
CIIO’KMBAHHS KHCHIO y JiBYaT TipCbKUX PalOHIB MEpeBH-
nrye «Oe3nevHuil piBeHb 310pOB’s» 1 craHoBUTH 41,7 +
0,46 MIxB KL

VY nocmigpkyBaHMX JiB4aT 3a MeronoMm XiT-Kaprepa
BU3HAYMIIM COMATOTHII 1 YMOBHO PO3MOIUIMIIM iX Ha I’ STh
IpyI: 3 eKTOMOP(HHUM COMAaTOTUIIOM, €HIIOMOP(HHUM CO-
MaTOTHIIOM, €HJOME30MOP(HHM COMAaTOTHUIIOM, ME30€K-
TOMOP(HHUM COMATOTHUIIOM, 31 30aTaHCOBAaHUM COMATOTH-
oM. Po3mofin aiB4at ripchbKux pailoHIB 32 COMaTOTHITA-
MH y BiZICOTKOBOMY BiIHOIIEHHI TMOJaHWil Ha puc. I.
Haiibinpury KimbKICTh JiBYAT BHSIBJICHO 31 30alaHCOBa-
HUM comartotunioM (41,2%), HaliMeHIIa 13 eHIOMOPHHUM
comarotunom (5,9%).

PesynbraTn nocnimkens ¢i3udHOI Ipane3 aTHOCTI Ta Ma-
KCHMAJIHOTO CIIOKHBaHHS KHCHIO BiIoOpakeHi y Tabnu-
m 1.



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

41,2 %

5,9 %
14,7 % B /
13,7 %
BEHaomopdu @EHgomesomMopdu
B Me3oekTtoMmopdu DOEkTomopdcun
B 36anaHcoBaHui

Puc. 1 CriiBBiAHOIICHHS YHCETBHOCT] NPECTaBHULD Pi3HUX
COMATOTHIIIB TPChKUX paifoHiB y %.

3nadyeHHs aOcomoTHOro mokasHmka PWC,;o y mpen-
CTaBHHUIIb €HIOME30MOP(HOrO COMATOTHITy Y CEPEIHBO-
My Ha 17,1% mnepeBuirye 3Ha4eHHS NMPEICTaBHALD 31 30a-
nmarcoBaHuM comartotunoM (p<0,05). CepenHs BemuunHa
PWC,7y a5.. IpencTaBHALL €HIOME30MOP(HOTO COMAaTO-
TUIY B 2,5 pa3u IepeBHILy€e CEpeHE 3HAYCHHS IpeacTa-
BHUIL eKkTOMOp(hHOro comarorumny (p<0,01). BussieHo
TaKoX Biporiany nepesary (B 2,33 pasu) 3HaueHHs abco-
moTHOro nokasHuka PWCi;q mpeacTaBHUIL €HIOME3O-
MOP(HOro COMATOTHIy HaJ| CEpeJHIM 3HAUCHHSAM Mpe-

CTaBHHIIb ME30€KTOMOP(HOr0 COMATOTHITY 1 HaJ 3HAYCH-
HSM TIPEICTAaBHHLL EHIOMOPQHOro comaroruny (Ha
10,6%). Cepenni 3HaueHHs PWC 7 46, IPEACTABHULL CH-
JnoMopdHOro Ta 30aJaHCOBAHOIO COMATOTHIIB MiX CO-
0010 BipOTiHO HE BiIpi3HAIOTECA. Tak camo cepenHi 3Ha-
yeHHs PWC,7g s6.. IPEACTaBHUIP ME30€KTOMOP(HOTO Ta
eKTOMOP(}HOTO COMATOTHITIB BipOTiIHO HE BiIpPi3HSIOTH-
csl.

JocmimkerHs (Hi3MIHOI Mpane3qaTHOCTI 3a BiTHOCHOIO
BermmuuHol0 PWC,7p 3acBimgmiio BipOTiIHO HIDKYHHN pi-
BEHb JJAHOTO MOKa3HHKA y MPEACTaBHULB EKTOMOP(HOTro
COMATOTHUILy TOPIBHSHO 31 3HAYEHHSIMH IPEICTABHHIL
IHIIMX COMAaTOTHUIHUX I'PYyI. Y MpPEACTaBHUIb SHIOMOP-
¢HOTO comaroruiy cepenne 3Ha4eHHSI PWCizg 4y, HE TIE-
PEBHIILYE CEpEAHIO BEJIMUMHY JiBYaT €HIOMOPQHOro co-
marorumy (p<0,05), y Toii yac sk y fgiByat 30amaHCOBaHO-
TO 1 eHIOMe30MOP(PHOT0 COMATOTHITY iCHY€ BiporigHa pi-
3HHAIL, Ka CTaHOBUTE 18,9% (p<0,05). CepenHe 3HaueH-
HA1 PWC\7 i, ¥ TIPEACTAaBHUIB €HAOME30MOP(HOTO CO-
MaTOTHUITY TEPEBUINY€E 3HAUYCHHS IPEICTABHHUIL ME30CK-
ToMopdHOTro comaroTuiry Ha 42,2% (p<0,05), a npexacra-
BHHIIb eKTOMOPQHOTO comarotuny B 2,03 pasu (p<0,05).
VY npencraBHHUILB €HIOMOP(GHOro Ta €HJO0Me30MOP(HOro
comarotumniB cepeni 3HaueHHS PWC ;g i HE MaioTh
MiXk co00¥0 BiporimHoi BigmiaHOCTI (p > 0,05).

Tabymns 1.

®iznyna npane3gatHicte (PWC;70) i aepodHa npoayKTHBHICTL OpraHi3my aiBuar ripcbKux paiioniB 3akapnarrs
3aJI¢KHO BiJl COMaTOTHILY

CepenHe 3HaueHHs, M+m
Tloka3HuKH eHno-Mophu eHJ10- Me3oMophu Me30-eKToMOophU eKToMophu 30a1aHCO-BaHUI COMATOTHIT
(n=6) (n=25) (n=14) (n=15) (n=42)
PWCi7, . o*V o*V .
KIM'XB’ 691,3+24,7 764,3425,23 328,0+12,97 304,6+14,4 652,76+28,4
PWCi70, \% o*e .
Krvexe ™ i 11.9:1.2 13,79:0,75 9,7+0,50 6,8:0,81 11,6:0,74
VO, oV oV
B + +
ke 2415,2160,4 2539,3+82,7 1797,6:+42,06 1757,8441.2 2349,7+58,25
VO, ) . .
xgt + + +
r:lxs 41,4423 45,2+1,93 3814211 393+1,07 41,8+1,8
Maca Tina, Kr oV oV
+ + +
58,3+1,86 56,2+1,74 4724182 4474168 56,2+1,76
[pumitkn. BiporignicTs BiaMiHHOCTI cepemHix 3HaueHb  (p>0,05). HaiiBuie cepente 3HaueHHA VO; max g, MAIOTH
(p<0,05): NPEACTABHUILI  €HAME30MOP(HOrO  COMATOTHILY -

* - BITHOCHO OCi0 €HIOMOP(HOTO COMATOTHITY;

® - BiIHOCHO 0Ci0 €HIIOME30MOP(HHOTO COMATOTHITY;
¢ - BITHOCHO 0Ci0 Me30€KTOMOP(HHOTO COMATOTHILY;
[] - BITHOCHO 0Ci0 eKTOMOP(HOTO COMATOTHUILY;

V - BiTHOCHO 0ci0 30a1aHCOBaHOTO COMATOTHILY;

Oco6imBocTi MPOSIBY aepoOHOi MPOSYKTUBHOCTI Yy
NIPE/ICTaBHUIb TIPCHKUX pPaHOHIB pI3HUX COMAaTOTHIIIB
BUSIBJICHO TaKOX IPU BU3HAYEHHI BIJHOCHOI BEJIMYMHHU
MaKCHUMAaJIbHOTO CIIOKUBaHHS KUCHIO (nuB. Tabm. 1). 3Be-
pTae Ha cebe yBary Te, 10 CepeaHi 3HaUYCHHS BITHOCHOTO
MOKa3HUKa MaKCUMaJIbHOTO CIIOXHMBAHHS KHCHIO BiAIOBI-
JIAf0Th “BIIMIHHOMY” PiBHIO aepOOHOI IPOIYKTHBHOCTI B
yCiX coMaToTHIHUX Tpymnax. HaitHmwkdi cepenHi 3HaUeH-
HA VO3 max sigs. CTIOCTEPITalOTHCS Y MPEJICTABHUIL TipCh-
KHX pailoHiB ME30€KTOMOP(HOTO Ta eKToMopdHOro co-
MaTOTHIIIB 1 MiX c000I0 BipOTiZHO HE BiAPI3HAIOTHCS
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45,2+1,93 M1 xB kT CepenHi BETHYMHH TTOKa3HUKA
VO, max sigs. JIBUAT TIPCHKUX paiiOHIB 3 €HIOMOP(HUM,
eHgoMe3oMoppHUM Ta 30a7aHCOBAaHUM COMATOTHUIIOM
MiK CO0O0F0 BipOTiIHO HE Bipi3HAIOTHCS (p>0,05).

BucHoBku. Pe3ynbTaTi TOCHiKeHb CBiIYaTh TPO TE,
mo ¢isumuHe 370pOB’S AiBYAT TIpCHKUX paifoHIiB 3axap-
MaTTS HE3aJICKHO BiJI COMATOTHITY TIEPEBHINYE “KPUTHY-
Hul piBeHs” 3a [.JI. Ananacenkowm [2] i BiamoBinae “Bif-
MiHHOMY” 3a kputepismu SLI1. [Taprara (1983).

KinbkicHuii aHaii3 piBHA (i3WYHOTO 310pOB’S y IiBUAT
TIPCHKUX PalOHIB 32 BiTHOCHOIO BEJIMYHHOK MaKCHUMallb-
HOTO CITOKUBaHHS KUCHIO CBiTYUThH IO TEpeBaru mpen-
CTaBHUIIb €HJI0ME30MOp(HHOTO coMaToThiry. HaiHmKIwii
piBeHB cepex MpeACTaBHUI IHIIMX COMATOTHIIIB 3apeec-
TPOBAHO B ME30EKTOMOP(iB.
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Dulo O.A. Study the level of physical health of females of mountainous area transcarpathia by the metabolic level of aerobic

productivity of providing of energy

Abstract. The work is devoted to the study of the level of physical health of females of the age of 16-20 which are living in the
mountainous area Transcarpathia. Level of physical fitness was assessed for indicators of aerobic efficiency, namely determined
physical productivity, maximum oxygen consumption, using the method veloergometry. To assess the level of aerobic productivity
and use the scale Y.P. Pyarnata. We surveyed women using the method Heath -Carter somatotype determined conditionally distribut-
ed them into five groups : with ectomorphic somatotype, endomorphic somatotype, somatotype endomezomorfnym, me-
zoektomorfnym somatotipom and balanced somatotype. The greatest number of women identified with a balanced somatotype (41.2
%), with minimal endomorphic somatotype (5.9%). It is set that the level of aerobic productivity which shows the physical health on
the average correspond to “excellent”. Relative performance of maximum oxygen consumption in girls mountain exceed the "safe
level of health " and constitute 41,7+0,46 ml - min-1 - kg -1. Determination of physical productivity for relative value PWC170 rel.
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probably showed a low rate at representatives ectomorphic somatotype as compared with the representatives of other somatotype
groups. Average values PWC170 rel. at representatives endomezomorfnogo somatotype values exceeds representatives me-
zoektomorfnogo somatotype by 42.2% (p<0.05), and representatives of ectomorphic somatotype 2.03 times (p<0.05). High VO2 max
mean values of RH. have representatives endmezomorfnogo somatotype - 45,2+1,93 ml * min-1 kg -1. The lowest values of VO2
max rel. representatives observed in mountain areas and mezoektomorfnogo ectomorphic somatotype and among themselves proba-
bly do not differ (p>0.05). Average values of VO2 max index rel. Female mountain with endomorphic, endomezomorfnym and bal-
anced somatotypes together probably do not differ (p>0.05).
Keywords: physical health, aerobic productivity, physical capacity, somatic type.

Ayio E.A. U3y4yenne ypoBHsi U3HYECKOI0 310POBbs JeBYIlIeK FOPHBIX PaiioHOB 3akapnaThs 3a MeTa00IMYeCKHM YPOBHeM
a3po0HOro YHeproodecneyeHust
AnHoTanusi. PaboTa mocBsiiieHa H3y4eHUIO YPOBHs (PU3NUECKOro 340pOBbsl AeBylIeKk 16-20 5eT, KOTOpbie MPOKUBAIOT B TOPHBIX
paifoHax 3akapnartbs. YpOoBeHb (DM3MYECKOTO 3[JOPOBbS OIIEHWBAIH 32 ITOKA3aTeJSIMH a3pOOHON MPOIYKTUBHOCTH, @ UIMEHHO OIpe-
JeTSUH (PU3HIECKYIO MPOIYKTHBHOCTD, MAKCHMAJIbHOE MOTPEOIeHHEe KUCIOPOa, UCTIONE3YS METOA BEIOdproMeTpuu. s oreHKn
YPOBHSI a3p0oOHOI IPOIYKTUBHOCTH MCHOJIB30BaNN oneHouHyto mkary S.I1. ITsapHarta. ¥ oOcnenoBaHHBIX JEBYIIEK HUCIONB3YS Me-
tox Xut-KapTepa onpenessiiii COMaTOTHI H YCIOBHO PACIIPEASNIIIN UX Ha MSATh TPYII: ¢ SKTOMOP(HBIM COMaTOTHIIOM, SHIOMOP®-
HBIM COMATOTHIIOM, 3HIOME30MOP(GHBIM COMATOTHIIOM, ME309KTOMOP()HBIM COMATOTUIIOM, H CO COAIaHCHPOBAHHBIM COMaTOTHIIOM.
Haubosnbliee KONMYECTBO JEBYLIEK BBIABIEHO CO COANAHCUPOBaHHBIM comaTtoTunoMm (41,2%), MeHbliee ¢ 3HIOMOPQHBIM
coMatoTHIoM (5,9%). YcTaHOBIEHO, YTO YPOBEHb a3pOOHOMN MPOIYKTUBHOCTH, KOTOPBIN 0TOOpaXkaeT (U3HIECKOe 30POBbE, Y Je-
BYILEK B CPEIHEM COOTBETCTBYET “OTIMYHOMY  HE3aBHCHMO OT cOMaTOTUNa. OTHOCHTENBHBIC MOKA3aTeId MAaKCHMAIILHOTO MOTPe0-
JICHUSI KUCIIOPO/a Y JEeBYIIEK TOPHBIX pailOHOB MPEBHIAIOT “O€30MacHbIi YPOBEHD 340POBBs U cocTaBistoT 41,7 + 0,46 mmMuH
Lxrl, Onpenenenne dusugecKoil IPOAYKTHBHOCTH 32 OTHOCHTENBHOMN BeMHUHHON PWC 170 or,. ITOKA3aJI0 BEPOSTHO HU3KHiA yPOBEHD
JTAaHHOTO TI0Ka3aTelsl y MPeICTaBUTENILHUL] SKTOMOP(HOr0 COMATOTHIIA TI0 CPABHEHHUIO C MOKA3aTeJsIMU MPEICTAaBUTEIBHUL] IPYTHX
comaroTunHbIx rpymm. Cpennaue 3HaueHUst PWCi7g oy Y IPEICTaBUTENBHULL 9HIOME30MOP(GHOTO COMAaTOTHIIA IPEBHIIIACT 3HAUCHUS
MIPEICTaBUTENLHUIL] Me303KToMopdHOro comaroruna Ha 42,2% (p<0,05), a mpeacraBUTeNLHAL SKTOMOpGhHOTrO comaroTumna B 2,03
pasa (p<0,05). Beicokue cpennue 3Ha4eHUSE VOy max orm. AMEIOT TPEACTABUTENBHHUIIBI SHAME30MOpGHOr0 comarotumna - 45,2+1,93
mr-mun k. Camele Huskue 3Ha9eHHS VO, may ore. HAOMIONAIOTCS y NPEACTABUTENEHHIL TOPHEIX PAflOHOB ME309KTOMOP(HOTO 1
9KTOMOP(HOT0 COMaTOTHIIOB U MEXIY co00i BeposaTHO He oTimnuatotes (p>0,05). Cpenane BenmmuuHbl oKazaTelsd V Oy max om. A€-
BYIIEK TOPHBIX PAOHOB € SHAOMOP(HBIM, SHAOME30MOP(HHBIM U COATAHCHPOBAHHBIM COMATOTHIIOM MEXIY COOOH BEPOSTHO HE OT-
nmyarotes (p>0,05).

Knrouesvie cnosa: gpusuueckoe 300posve, aspooHas npooyKmusHoCmy, Gusuieckas pabomocnocobHocmy, CoMamomun.
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Lahutin V.L.
Mathematical model of flat vertical oscillations of the trolley for transporting dangerous cargo with
usage of pneumatic elements in the second stage of suspension

Lahutin Vladimir Leonidovich, PhD student

National University of Civil Defense of Ukraine, Kharkiv, Ukraine

Abstract. We are introducing the construction of a mathematical model of plane vertical oscillations of the trolley for transporting
dangerous cargo, which has a two-stage spring suspension using high quality pneumatic elements.
Keywords: explosive cargo, two stage spring suspension, vibrations.

Statement of the problem. For transportation of
dangerous, particularly explosive cargo from a location to
the point of utilization it was designed the construction of
a special trolley [1], which spring suspension has
characteristics that satisfy the requirements for safe
transportation, and absence of an engine and transmission
makes a simple and reliable design of the construction

(Fig. 1).

3
4
5
6

Fig. 1. — Schematic design of the vehicle. 1 — load platform,

2 —the air one-ridged shell 3 — support platform, 4 — turntable

platform, 5 — elastic elements of the first stage of suspension, 6
— wheels of trolley, 7 — profile of the road.

The main feature of the design of the trolley, as
opposed to the traditional for automobile manufacturing
single spring suspension, is the usage of the additional
second stage with the stiffness corrector [2-4], the
dynamic characteristics of which provide conditions for
safe transportation.

Some features of this design [5] in a real operation that
may significantly complicate preparations for the
transport of dangerous cargo are solved using canned one-
ridged elastic elements [6] in reference points of the load
platform and the described turntable platform of the first
axis bound significantly improves driving performance of
the trolley, especially on curved sections of roads.

Determination of the required parameters of the
introduced spring suspension, which is strongly
dependent on its dynamic properties, estimates should be
provided on a mathematical model of plane vertical
oscillations of the described design.

Analysis of recent research and publications. General
theoretical foundations of mathematical models and
calculation methods of spring suspension of modern
vehicles are set out in the work [7-10], and the design of
mathematical models of the trolley for transportation of
dangerous cargo with different construcitons of elastic
elements in the second stage in the works [11-12].
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Calculation of thermodynamic processes within de-
signing of the air spring suspension system paths, based
on the theory of “filling-emptying” and the quasi-
stationary method of determining the parameters of the
the air condition that are reviewed in the works [13-15].

Statement of the problem and its solution. Keeping in
mind that the vertical oscillations in the longitudinal plane
are the main influence on the dynamic properties of the
transport system it is appropriate to perform their
calculation on two-axis model (Fig. 2).

To construct an appropriate mathematical model
trolley is considered as a system involving four elastic-
connected solid bodies:

- load platform with cargo and brought it to the weight of

the second stage spring suspension, which is denoted by

the weight M5;

- support platform with reduced her weight by parts of the

second and first stage spring suspension, a lot of which is

denoted by M;;

- trolley wheels, dual weight are denoted by My and M,.
Z

Fig. 2. — The flat vertical mechanical model of the trolley. M,
— weight load platform, C,*“ — equivalent stiffness of the elastic
element of the second stage, M; — weight of the support plat-
form, C,—stiffness of torsions of the first stage of suspension, R,
— viscous friction in the suspension of the first stage, My —
weight of the trolley wheels, C, — the equivalent stiffness of
tires, Ro— viscous friction in tires,  — profile of the road.

Scheme of the modified elastic element of the second
stage pneumatic suspension with corrector stiffness in the
transverse plane is shown on the Figure 3.
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Fig. 3. — Scheme of the modified elastic element of the
second stage of the pneumatic suspension with stiffness
corrector. 1 — load floor, 2 — rubber-cord one-ridged shell 3 —
throttling orifice, 4 — extra tank, 5 — support platform 6 —
stiffness corrector springs.

During creating the mathematical model it is decided
to use absolute and local coordinate systems (Fig.4).

Fixed an absolute coordinate system £G{ located at the
beginning of the trajectory, where the center of weight of
the load platform in the absence of involuntary
movements.

The local coordinate systems XOZ (indexes) are
associated with the centers of weight of corresponding
solids meet their fluctuations relative to the provisions of
the static equilibrium and moving relative to the absolute
coordinate system £G¢ with the constant speed V.

Thus, the vertical plane vibrations of the introduced
mechanical system are defined by the following
coordinates:

- Vertical movement of the load platform — Z,;

- Vertical movement of the support platform — Z;;

- Angle of the load platform in the longitudinal plane —
02,

- Angle of the support platform in the longitudinal plane —
01,

- Vertical movement of the trolley wheels — Z,; and Zy,.

Longitudinal motion of the system is determined by the
equation

HO1 = H02 = X1 = X2 =X =Vt (1)

where V — velocity, t — time.

Considering the much larger compared to the stiffness
of rubber tires road surface as the causative agent of
powerd oscillations of the trolley it is taken an absolutely
rigid geometric profile of the given configuration n = 5
()

Dual tire stiffness is denoted by C,.

In the first stage of the spring suspension of the given
vehicle it is taken the traditional for automobile
manufacturing independent torsion suspension of each of
the four trolley wheels. Dual torsion stiffness denoted Ci.

S
] ,
L8 . 4
B b
H ]
Absolute 2L } v
coordinate ¥, a2
1l o~
system . o, <
I P e
Il {) |
Local longitudinal | J Ay
miotion of the 2
.l ! P, .
system o1 a a -9.1 <]
Road ]
proflle
5 E‘E&T—-
= ntsy . Noz

Fig. 4. — Absolute and local coordinate systems.
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The second stage of the spring suspension, which is
consisted of four elastic pneumatic elements and two
stiffness correctors, is simulated using research results
posted in earlier works [18-20].

The total stiffness of the corrector springs is denoted
by C,, their length in the static position — L, and the initial
deformation — 4.

Analysis of the structural features of the second stage
of spring suspension showed that the volume of the air
pipe is much smaller than the other components of
pneumatic system that eliminates it from the
mathematical model of the process [16].

In view of the above, the differential equations of
motion of the trolley oscillatory processes consist of static
equilibrium with respect to the provisions of relevant
weightes using the general provisions of the speakers.

The following groups of equations are used for the
mathematical model:

- kinetostatics equation for the elements of the mechanical
system;

- geometric dependencies that determine the relative
position and movement of the mechanical elements of the
system;

- analytical and experimental characteristics of elastic
elements of the mechanical system;

- thermodynamic equations that define the processes in
the system pneumatic spring suspension.

Powers that influence the components of the
mechanical model of the trolley shown on Figures 5 and
6.

z

M,

o
I

’

.U';

t

F“ R;} F R!)‘

m

Fos Roy For Rpp

t

Fig. 5. — Powers that influence the components of the
mechanical model of the trolley in the longitudinal plane. A, —
weight of the load platform, F”,, F",,— the powers in the
elements of the second degree hanging, M; — weight of the
support platform, Fy;, Fy, — elastic power in the first stage of
suspension, Ry, Ry, — dissipative powers in the first stage spring
suspension, My, Mg, — weight of the trolley wheels, Fo;, Foo—
powers of the elastic tires, Rq1, Rop — dissipative powers in the

tires.
z
M,
Fx fF"" I.ff_..
i
MM,
| : |,
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Fig. 6. — Powers that influence elements of the second stage
of spring suspension of the trolley in the transverse plane. M, —
weight of the load platform, F;;— double power in the second
stage pneumatic elements, Fx— power springs corrector stiffness
in the second stage, M; — weight of the support platform.

The elastic powers - F ,F,,F,,,F,,, acting on the
tires and torsion suspension equal to the first stage

For = Codor, Fiu = Gy, By, = Codyy, Frp = Ci A, O]
where:  Ay,,4,,,40,:4,, — deformation of elastic
elements constitute
Ay =m —Zoy, 4y =251 —2Z, +pra,
Aoy =1, —Zgy, Dy =2y, —Z, —@a ©)

The elastic powers F,;,F,7 of the second stage of
suspension should be determined by the powers
F,..FFr Frs o espectively, pneumatic elements and
spring stiffness corrections.

These powers are equal

in the pneumatic  springs F,, =P;,S.,
Fo = Pnzsnz! (4)

in the  correctors Fe, =G, (|_+5_ L2 + 4221)
Fe, = CZ(L+5— L? +A222) 5)

where P, P,, — excess pressure caused by
thermodynamic processes in pneumatic membranes and
determined decision of the appropriate equations,

S, S, — effective area of pneumatic membranes,
depending on their working height is determined
experimentally and is introduced into the equation
mathematical model geometric dependencies

Sp="* (A21)' Sy = f(Azz) (6)

where 4,,, 4,,— deformations of pneumatic springs
Ay =2,-Z,—pa+eb, 4,=72,-Z,+pa-gpb. (7)

Dissipative powers in tires and first stage of suspension
are modeled by viscous friction, which is proportional to
the relative velocity corresponding elements

Ro: = koﬁmv Roz =Koy Ry = klAlli
R12 = k1A121 (8)

where: kg, k; — binary viscous friction coefficient,
respectively, in tires and torsion,

Aoy 4i1:4, . — corresponding relative velocities:

Aoy =71y —ZLoys A1y =2Zo —Z, +@ra,

4.’02 =1, _Zozv Z'12 = Z.02 - Z'1 — @ a (9)

Dissipative powers in the second stage pneumatic
elements hanging defined energy dissipation in flowing
the air from one volume to another through the throttling
orifice with square hole Sp and defined and included in
the appropriate thermodynamic equations.

Differential equations of motion oscillatory processes
trolley consisting given above according to the
distribution of elastic and dissipative powers four-weight
model (Fig. 4-6).

For the wheels of the trolley
Mo, Zos = For —Fii + Ros — Ry, (10)

Mozzoz = Fo, = Fi2 + Ry, — Ry, (11)

For the support platform

88

.. - "
Mlzl = F11 + ':12 + R11 + R12 - F21 - F22 ’ (12)
1, =—F,a+F,a—R,a+R a+F//b—FJb, (13)
or after the appropriate transformations
- . A . A .
M Z, =F, +F, + Ry + Ry, —Fyy —Fyy — FKl(sm%)slgnAﬂ - FKZ(SIH%)SIQHAZZ,
(14)
) Ay Ay,
¢, =-F.a+F,a-R,a+R,a+F,b-F,b+ Fmb(smT)NgnAZl - FKZb(5|nT)S|gnA22,

(15)
For the load platform

M zzz =F,+F,+ FK](Sin% )signd,, + FKz(SinATiZ )signd,, —M,q, (16)
1,6, =—F b+ Fyb— FK]b(sin% Jsigna,, + F,Qb(sin% ysigna,,, (17)

where: 1,1, — given moments of inertia, respectively

trucks and support platforms, 2a — wheelbase of the

trolley, 2b — the distance between the the air castors of
the load platform.

When creating the mathematical model of the
thermodynamic processes in the pneumatic spring
suspension of the trolley it was decided to use the results
of earlier works [17], under which condition of the the air
in each of the respective volumes two-element system
(Fig. 7), is characterized by the following parameters: P —
pressure, T — temperature, G — weight, V — volume, p —
density, C, — specific heat of the air during P-const, C, -
heat the the air in the process V — const, R — gas constant.

&3 r+ v r &1z H, '

Z, - =
"o Py Ty Gy Vi P@ Zyr o | Pz Ty Gz Vinz F.la

A& ,

Sp A_H_P S5

2

-P,w T,q-r GJ! I 2 Pg_\ T,q': G,-_p [
Var Par |- - Va: pg2
T -
H;
Element 1 Element 2

Fig. 7. — Diagram of pneumatic elements of the second stage
of suspension. 1 — rubber-cord shell, 2 — the additional tank, 3 —
throttling orifice, Sp — Square hole throttling orifice, H; —
surface area rubber-cord shell H,— additional surface area of the
tank.

Additional geometric parameters of pneumatic: H; —
surface area rubber-cord shell, H, — additional surface
area of the tank, Sp — Square hole throttling orifice.

A mathematical model of the thermodynamic process
in the compression stroke the air springs in which the
pressure in them more than additional tanks, i.e. with
Ppi>Py and Ppp>Pyp, is determined by the following
system of equations.

Element 1. Py, >Py,

Pneumatic spring:

- the amount of the air flowing through the throttling
orifice with The air in an additional tank

dG,,, = —uSp \/2p111 (PIII - P;(I )dt ! (18)

- the law of energy storage

RdeGm - lel(THI _To )dt - CmadTm - Pmdvm =0
(19)

- the equation of state of the air

P,dVv,, +V,dP, —RT,dG,, —RG,,,dT,, =0. (20)
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The internal volume of the pneumatic membrane
depends on its working height is determined
experimentally and is introduced into the equation
mathematical model geometry dependence
Vi = f(AZl)’ (21)

which enables every step solution of differential
equations of the mathematical model to determine the
av,, -

Additional tank:

Note that for an additional tank at V,, =const,

dv, =0-
- the weight balance equation
dG,,, +dG, =0,a00 dG ,,
- the law of energy storage
CvadGm _CVTllldGlll _RdeGm _szz(Tul _To )jt—CVGuldTlll =0
(23)

- the equation of state of the air
VvV, dP, +RT ,dG,, —RG ,dT, =0, (24)

Element 2. P;,>Pp;

Pneumatic spring:
- the amount of the air flowing through the throttling
orifice with the air in an additional tank
dG,, = —uSp \/zpnz (Pnz —Pp )dt  (25)
- the law of energy storage
RTszan - lel(Tnz _To )dt _Cansznz - Pmdvm =0, (26)
- the equation of state of the air
P,dV,, +V,,dP,, —RT,,dG,, — RG,,dT,, =0, (27)

The internal volume of the pneumatic membrane
depends on its working height is determined
experimentally and is introduced into the equation
mathematical model geometry dependence

Vi, = f (Azz)' (28)

which enables every step solution of differential
equations of the mathematical model to determine the
dv,,.

Additional tank:

Note that for an additional tank at V,. = const

dv, =0.
- the weight balance equation
dG,, +dG,, =0,a00 dG,

- the law of energy storage

CyT0G, ~Cy T1,dG 1, ~RT,,dG , —k,H, (T, ~ T, kit —C\ G ,dT,, =0
/(30)

- the equation of state of the air

V,.dP, +RT,dG,, —RG ,dT, =0, (31)

dG,,, (22)

—dG,,, (29)

Similarly (mutatis mutandis signs and direction of the
air flow) are based equations defining enlargement beat
The air pressure at which it is less than the extra tank, ie
at P <Py and Pppy<Ppp.

Element 1. Py,<Py,

Pneumatic spring:

- the amount of the air flowing through the throttling
orifice with extra tanks in the air

dG,, =+uSy[2p 4, (P, — Py, )t (32)
- the law of energy storage
RT,0G , —k,H, (T, T, Wt-C\ G, 0Ty, —P,dV,, ~C, TG, +C, T, dG, =0
(33)
- the equation of state of the air
P,dv,, +V,,dP, —RT,,dG,, —RG,,dT,, =0. (34)
Additional tank:
- the weight balance equation
dG, +dG, =0, (35)abo dG ,, = —
- the law of energy storage
RT,dG,, —C G, dT, — szz(TﬂJ T )dt =0, (37)
- the equation of state of the air
V,dP, —RT ,dG , —RG ,,dT, =0.(38)
Element 2. P;,<Pp
Pneumatic spring:
- the amount of the air flowing through the throttling
orifice with extra tanks in the air
dG,,. = +4S5/20 1 (P — Py, )t (39)
- law of energy storage
RT G , ~k,H, (T, ~T, Jit-C, G T, ~PudVy, ~C, TG, +C, TG, =0 (40)
- the equation of state of the air
P,,dV,, +V,,dP,, —RT,,dG,, — RG,,dT,, =0- (41)
Additional tank:
- the weight balance equation
dG,, +dG,, =0, 300 dG , =—dG
- the law of energy storage
RT ,dG,, —C,G,dT,, — szz(Tﬂz —T )dt =0, (43)
- the equation of state of the air
V,,dP,, —RT,dG,, —RG ,.dT,, =0-(44)
Conclusions. The above mathematical model of plane
vertical oscillations of the trolley for transporting
dangerous cargo, which has a high quality two-stage
spring suspension, consists of mechanical systems
(10,11,14-17), power (2,4,5,8), geometrical (3,
6,7,9,21,28) and thermodynamical (18-20, 22-27, 29-44)
equations that define the powered motion of the system
during the vibrations that are caused by geometrical

irregularities quite hard road profile of given
configuration n = 5 (&).

dG,,,, (36)

111

(42)
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IPy3HUB C HCHOJb30BAHHEM ITHEBMATHYECKHX 3JIEMEHTOB BO BTOPOii CTyIIeHU NOABEIIMBAHUS

AHHoTanus. PaccMatpuBaeTcss HIOCTpOCHNE MaTeMAaTHIECKOH MOJIENH INIOCKUX BEPTHKAIBHBIX KOIeOaHHi MpHIena A TPaHCIoP-
THUPOBAHHUS ONACHBIX I'PY30B, KOTOPHI HIMEET ABYXCTYNEHIATOE PECCOPHOE MOBEIINBAHIE MOBBIIEHHOTO Ka4eCTBa C MCIOIb30Ba-

HHEM ITHCBMOJJICMCHTOB.
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Abstract. It has been described a method for finding the brachistochrone for the centrifugal force of inertia. A time functional in the
polar coordinate system has been built and the corresponding Euler equation has been recorded,; its first integral has been obtained,
an analytic solution for the integral has been found. It has been ascertained that its structure depends on the boundary conditions. Ex-
amples of calculations of optimal trajectories have been provided; the blade of the groundthrower with brachistochrone profile has

been built.

Keywords: brachistochrone, the centrifugal force of inertia, functional, polar coordinates, the Euler equation, the optimum blade

profile.

Introduction. When creating some technical (technologi-
cal) devices there is the problem of choosing an optimal
form of guides in which some particles move (e.g. ground
ones) under pressure of centrifugal forces of inertia. In
particular, the actual problem is the creation of ground-
thrower mechanisms to be used for extinguishing fires in
areas where there is a lack of water sources. Similar
mechanisms are used in road, agricultural machinery etc.
Rotary groundthrowers have a number of advantages as
they throw ground using blades located on the rotating ro-
tor. Methods for selecting form, position of blades, analy-
sis of motion of soil particles on them are currently not
enough developed. Researches on the issues resolution
that are aimed at improve technological characteristics of
the devices are relevant.

The task of choosing the optimal blade profile can be
schematized as a problem of determining the shape of a
curve in the field of centrifugal forces of inertia, which
provides the minimum motion time of a particle (the
problem of the brachistochrone for the centrifugal force).

It is known that the classical problem of the brachisto-
chrone for uniform field strength of gravity was the start-
ing point for the creation of the calculus of variations [3].
Salvations of similar problems for some types of centrifu-
gal forces are given in [1]. Questions about constructing
an optimal trajectory of the point in the field of centrifu-
gal forces of inertia are reviewed in an article [4].

In this paper, we propose a method for solving the
problem of the brachistochrone for a central force, which
is the centrifugal force of inertia. Functional time built in
the polar coordinate system. For the corresponding Euler
equation obtained his first integral in the form of first or-
der differential equation. An analytical solution of this
equation. It has been established that its structure depends
on the boundary conditions. Results of calculations of op-
timal trajectories constructed blade profile brachisto-
chrone.

1. Building the time functional. Let the points A and
B are located in the central field of repulsive forces — cen-
trifugal forces of inertia. Let’s draw a plane through the
points A and B and the center repulsion point O (Fig. 1).
Consider the curves joining these points located on the
plane. We choose from these curves such that a material

point A at a speedV, =0 of opening by moving only un-
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der the influence of centrifugal force reaches the point B
in the minimum time. Solution of the problem and the
conclusion of the functional movement time conveniently
carried out in the polar coordinate system centered at the
specified point. The current coordinates of the point M are
denoted as kak p and ¢ ; the coordinates of points, A and

B — respectively (po,(po) and (pl,(pl).

The projection of the centrifugal force of inertia of the
material point associated with the rotating body, the direc-
tion of the radius p has the form

F, =ma, =mo’p (1)

where m — the mass of the point; a, =w’p — axis-

directed (normal) acceleration; o —angular velocity.

Then the expression for the potential energy of the cen-
trifugal force of inertia can be represented as [2]:
i B

Fig. 1. Scheme for construction brachisto-
chrone in a centrifugal force field

0
2
I :Idep =—m7"°p2. o)
p

When writing the formula (2) it was assumed that the
initial position to determine the potential energy is a re-
pulsive center, in which the potential energy is zero.

In a coordinate system uniformly rotating around a
fixed axis, if we neglect the forces of friction and re-
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sistance, the law of conservation of energy in a relative
motion [2]
T+II=h=const, (3)

where T =%mv2—kinetic energy of a point in the

relative motion with respect to the rotating coordinate sys-
tem;

2
h= —me P& constant energy.

In the future, we believe that in the formula (3) it takes
into account only the potential energy of the centrifugal
force of inertia. From the point of view of applications,
that is the most important case. An angular velocity in
technological devices is such that the effect of gravita-
tional forces on the motion of a point slightly. In the anal-
ysis of movement on the horizontal plane of the reserva-
tion is generally unnecessary.

Now on the basis of (3) for the velocity point, we have

V=0yp’—ps (pZpy). (4)

From the definition of the algebraic value of velocity (a
projection of velocity on the tangent to the trajectory)

_ds

V=V, , the expression of the differential for the

square of the arc in polar coordinates ds? = dp? + p2dq?
and the formula (4) it follows that

%_ p'2+p2

Voot p?

dt= do, (5)

where p' = %

Note that when counting the arc in the direction of mo-
tion of the point differential path will coincide with the
differential of the arc coordinate ds and the point veloci-

ty module will coincide with its algebraic value v=Vv_.
Integrating, we are obtaining the functional

[ p(o)]= _[ =

2. Search functional extremum. For the integrand we
introduce the notation

s
Yot et

then on the curve realizing extremum of the considered
functional, the condition must be satisfied (this follows
from the necessary conditions for an extremum of the
functional (6) [3])

P, -

P=P(p,p)= (M)

d
P.=0, (8
do P (8)

where Pp , Pp

Thus, the desired function p = p((p) is the solution of

second order differential equation (Euler equation) (8) or
in expanded form

derivatives P respectively p and p'.
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Pp - Ppprp, - Pp/prp” = 0 y (9)
d?p

where p" =

After multiplying this equation term by term on its left-
hand side becomes an exact derivative

dd_(p(P - p,Pp')'

Consequently, the Euler equation has the first integral
o 1
From expression (10), after transformations, we obtain

dp C2p2
——=p.|——-1.(12)
\ (0® —p3)

do
Differential equation (11) admits an analytic solution
(cumbersome calculations are not presented here)

arctgz+l+C, c*=1,
z
1 2
p=1arctgz - —arctg o C°<l (12)
J1-c \/1 c
arctgz - — -1 |Z Ve |+C Cc?>1,
2\/c2—1 |z+\/C2—1|
2 2
where z = CZ: p >—1.(13)
~Po

Boundary conditions for finding of permanent C and
C, taking into account (13):

— _ C?p; .
a8 Q=Qg, pP=py; 2=2(py) =2, =,/ 2_1=oo,(14)
Po —Po

C’pl

p;

as Q=0;, p=py, 2=2(p) =2 = > —1.(15)

—Po
The greatest interest for practice is in the cases where

C?<1 and C?>1. Here we are considering the condi-
tions (14), (15) and constructing the transcendental equa-

tion for the C?2 in the first case

Xpi g
2 1 Pf—PS 1 In
f(x —arct arct +1- ==0
(X)=9, g\l X po T—x g T—x G ( 1—Xj2

(16)
where x=C?.
After that C, is determined by the boundary condi-
1

==

Point values of the constants C and C, using the se-

tions provided

C, = [1 z. (17)

2

cond formula in (12) and the formula (13) allow us to
write the following expression for the unknown function
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C%* _
C¥p? 1 P’ —pg
o(p) =arctg -1-
pP=pg  1-C? Ji-¢?
Examples constructed using the method developed
brachistochrone are shown in Fig. 2 (p, =0,496mMm,

1

arctg +C,- (18)

p,;=0,632m, ¢, =0, @, =20"). Fig. 2a shows, ob-

tained by (18), a schedule convenient for analysis of the
inverse functionp=p(p). Fig. 2b this dependence
graphs are constructed in the polar coordinate system for

angles ¢, multiple to 20°, and for p, there were under-

taken the minimum limit values p,, which still provide

Iz

0.55 /

the opportunity to build solutions using the second formu-

la (12) (C% <1).

3. Formation of the blade profile brachistochrone.
Fig. 3 shows groundthrower scheme: 1 — hub, 2 —ring, 3
— spoke 4 — curved blade. It is assumed that the thrower
rotates with angular velocity o upstream clockwise. And

radii R, and R,are the radii of a circle passing through

the back and the front edge of the blade. In the above the-
ory, they correspond to the polar radii p, and p,. The
curved blade with a profile in the form of brachistochrone
(see Fig. 2) is shown in Fig. 4. When forming the side
walls of said blade also used brachistochrone. Protruding
portions of the side walls can serve as a kind of disinte-
grating agents, facilitating the introduction of the blade
into the ground.

0.5

a)

Fig. 2. Function graphics p(¢) (9, =0, p; =0,632m):

a) - po =0,496Mm, ¢, = 20" b) - pg—the minimum limit values

Research results allowed us to establish a number of
fundamental advantages curved blade connected with the
fact that such a blade embedded in the ground at a more
acute angle than straightforward: a larger volume of the

Fig. 3. Scheme of the groundthrower mech-
anism

captured ground, less effort in the implementation of
smaller dynamic loads on the blades and rotor, lower
power of drive motor.

———

-0.0 \FV

— |
—

|

—1

7

[ IR

024

0.03
0.05

Fig. 4. Blade with brachistochrone
profile
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Conclusion

1.1t has been developed a method for solving the 4. It has been he determined the dependence of the
problem of the brachistochrone for the centrifugal force of  mathematical description of the optimal trajectories on the
inertia. values coorinates of the starting and ending points.

2. It has been built the time functional in the polar 5. The results of calculations of optimal trajectories
coordinate system. have been displayed.

3. It has been obtained the first integral of the Euler 6. Built groundthrower blade with brachistochrone

equation in the form of first order differential equation  profile has been built.
and found its analytical solution.
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Abstract. The autotype equation of color synthesis with four inks was established, one of the inks serves as a parameter. A computer
program was developed. A color gamut of autotype colors synthesis was built using computer program. The results of theoretical

analysis were confirmed by means of experimental data Fogra
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The autotype synthesis is a basis of color reproduction in
printing. The autotype equations of colors synthesis on a
paper in four-ink halftone printing were described in the
Neuberg D. [5] and G. Neyhebauer [4] works. Theoretical
model of autotype synthesis were confirmed experimen-
tally and proved its appropriateness by numerical methods
[3, 7]. However, this model does not apply for digital im-
ages separations because of the autotype equations by
Neuberg-Neyhebauer have no analytical solution. This is
due to the fact that the coordinate transformation of the
original RGB space with three variables to color space of
imprint CMYK with four unknowns is not a direct and
unambiguous. Therefore, the color management systems
use the bases of experimental data, the so-called ICC-
profiles. The problem of images color separation in clas-
sical scheme is that the task of determining the percentage
of inks CMYK (cyan, magenta, yellow, black) for the
synthesis on a paper a color in color space RGB (red,
green and blue channels) is multivalued.

To resolve the problem of separation analytically, in
works [8, 9] have been proposed a new information tech-
nology for images color separation based on analytical

1 1
1 cas(2x/3)
1 cas(4x/3)

go L

V3

It was established that the transformation (1) is the on-
ly symmetric orthogonal transformation of color images,
in which are stored all color and metric characteristics of
color space RGB [6].
C%)as =1-ox )C%)as:

where c( . — vector of color in color space 1CaS,
synthesized by two colored and black inks; c(2 . — vec-
tor of color synthesized by two colored inks; {F,, — vec-
tor of white paper; AF,, HF,, Fan,m* vectors of n-th
and m-th colored inks and their double overlapping in
color space ICaS; oy — relative dot area of black ink;

o,, 0, relative dot area of n-th and m-th colored inks.

In four-colored printing as n-th and m-th inks stands for
cyan and magenta (CM), or magenta and yellow (MY), or
cyan and yellow (CY).

There is an autotype equation of color that is synthe-
sized by two colored and black inks with addition a third
one:

model of color synthesis on an imprint. The advantage of
the technology is the analytical calculation of the relative
dot areas of CMYK inks for each color of digital image
with optimal ratios.

The aim of this work is to develop a theory of colors
synthesis based on Neuberg-Neyhebauer’s equations for
classical separation technology and define the role of the
third colored ink in the autotype synthesis of colors on an
imprint.

Theory. A color space ICaS was used for a theoretical
description of the autotype synthesis of colors. Using this
color space analytical solutions of autotype equations
were obtained.

The advantage of using color space ICaS is that each
color of image is described by three coordinates — achro-
matic coordinate I, which describes the "dynamic range"
of color images, and two chromatic coordinates C and S,
which give detailed information about the color character-
istics of the image. Transformation of RGB color space
coordinates into color space 1CaS based on orthogonal
transformation Hartley [1]:

1
cas(4r/3) |,
cas(2z/3)

@

cas(7x) = cos(7zx) + sin(7x)

In works [8, 9] the equation of autotype synthesis of
color by two colored and black inks were described:

Cc@s =HFR,(1-0,)0—0,)+HF,c,0-0c,)+HF,c,A—0c,)+HAF, c.0m, (2)

Cgé)as = (1_GK )(C%?as + (jj(:ﬁ’:)aSnew)7 (3)
where c{® . — color in space ICaS synthesized by
four inks (CMYK), c@®.,..,— color synthesized by three
colored inks (CMY). If a value of relative dot area of

fixed ink o; =0 will be added C{2, that corresponds

to the synthesis of color by two colored and black inks, in
the case where fixed quantity of a third ink is 1, reduced
by the components of the second addend.

An equation of achromatic coordinate I,(:B takes the
form (4) in the presence of a third colored ink:

10 =a-c 1R +o,[1,a- o)) + 10,0 00) + 1 ;00 Q=) + Lo 500n] (2)

-lw(@-0o,)A-0op)—lo,0-0,) - lho,1—0,)— In,mo_no_m}
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where | @ corresponds to the achromatic color coor-

dinate which synthesized by two colored and black inks,
the next addend also has the structure of | &) coordinate,

but accounted a basic vector of third colored ink and vec-
tor of overlapping the other two colored inks and vector
double overlapping of all colored inks. The chromatic co-
ordinates are similar c@  s@) .

The system of autotype equations (5) has an analytical
solution for two colored and black inks, in which the third
j-th colored ink has a fixed value of the relative dot area.
Thus, the development a theory for colors synthesis by
four inks is an obtained equation of color synthesis in
which one of the colored inks is fixed. This makes possi-
ble to apply the analytical solutions for the classic images
color separation and get a range values of the relative dot
areas of inks for each color reproduction of the original.

Materials and Methods. An algorithm of modeling of
autotype synthesis of colors based on the derived equa-

A relative dot area of black ink o based on formula

(4), substituted the expression in autotype equation for
chromatic coordinates (c &) ,s¢) ) and a system of non-

linear homogeneous equations (5) were obtained. The co-
efficients in the equations (5) have a new addend with a

common multiplier o :

+0; —o)l-0o,)+ o ’ o,(l—0c,)+
jl~ (4 n m il~(a n m
c cwl 'l ¢ -Cu cl c. el C.i-C,
I,(Afg | I»(Alllj Imj_lm I/(Atj) Inm I»(Aﬂ Inmj_lnm
m ; ' o.(l-0,)+ ' ; o "o, =0
4 i~ (4 m n 4 i~ (4 nOm
Cg\u) Cm C(Alj Cm,j _Cm C,(AU) Cn,m CE\U) Cn,m,j _Cn,m (5)
191y 10 1 =1y 191 10 -1,
+0; l-o0,)0-0,)+ n . ' o,(l-0,)+
4 Jle (4 n m 4 jle (4 n m
S(AJ SW S,(AL} Sj _SW S,(AL} n Sf—\L} Sn,j - Sn
I,(AAB | I(AL::J) Imj_lm I,s-\t) Inm I/(\t)l Inmj_lnm
"+o; ’ o.l-0c,)+ M+ o m "o,o, =0
il (4 m n 4 jlo (4 n®Cm
S,(A‘llj) Sm S:(AU) Sm,j _Sm S,(AL} Sn,m S»(AU) Sn,m,j _Sn,m

tions was described. A computer program "ICaS-Color
Gamut Inks" allows analyzing and processing the charac-
teristic data in the new color space 1CaS and simulation
gamut inks. Characteristic data Fogra39 was selected for
offset printing on coated paper under the standard 1SO
12642-2:2004 [2].

Discussion of results. The colors from characteristic
data Fogra that are synthesized by two colored inks with a
fixed value of the third colored ink were selected. The re-
sult presented with points on the chromatic CaS-diagrams
(Figures la-d).

s CaS-diagram s CaS-diagram
06 0.6
‘M g
0.4-F e e Ly — T [t I 0.4-F=
cM
Cl |
0.2 . N 0.2
| oo - 2y
cMm
0.0 . 0.0 _—
=i " .
H - N 0%
0.2} eonioeneng ' e -0.2
iC :
2 = o Ky A
-0.4 -0.4
-0:6 1= S et e i e e 0.6 S
-0.6 -0.4 -0.2 0.0 0.2 0.4 06 C -0.6 -0.4 -0.2 0.0 0.2 0.4 06 C
a) b)

96



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013 www.seanewdim.com
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d)

Fig. 1. The color surfaces on the CaS-diagram synthesized by two colored inks (a) and adding a fixed percentage of the third cyan
(b), magenta (c), yellow (d) ink: points — experimental data Fogra 39.

An autotype synthesis of colors according to equation
(2) was modeled and three projections from a largest col-
or surface were received (Fig. 1 a). Also, by modeling an
autotype synthesis according to equation (3) were ob-
tained projections of color surfaces synthesized by ma-
genta and yellow inks with a fixed value of 0 to 100 % of
cyan in increments of 10% ( Fig. 1 b). Similarly received
projections of color surfaces that synthesized by cyan and
yellow with fixed value of magenta (Fig. 1 c) and those
synthesized by cyan and magenta inks with a fixed value

o]
M
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C100% Y 0O 10

®
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@
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o
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o

@w
1=}

n
o
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of yellow ( Fig. 1 d). Theoretical gamut matches with the
experimental data. Projections of color surfaces with the
addition of a third colored ink cross the origin of CaS-
diagram, moving region of achromatic colors in two dif-
ferent color areas, confirming the equation (3).

The developed computer program "ICaS-Color Gamut
Inks" makes it possible to generate a control scale based
on equation (3) to evaluate and analyze the synthesized
colors that are formed by double overlapping of two col-
ored inks with a fixed value of the third colored ink.
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Fig. 2. Control scale of double overlapping: magenta and yellow with adding 100% cyan ink (a), cyan and magenta colors with
adding 100% yellow ink.

Conclusions. The autotype equation of color synthesis
with four inks with a fixed value of one of the colored
inks was established. This makes it possible to apply the
analytical solutions for the classic images color separation
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and get a range of values of the relative dot areas of inks
for each color reproduction of the original.

A computer program "ICaS-Color Gamut Inks" was
developed by means of which, on the basis of derived
equations can be carried out modeling synthesis of color,
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and also have the ability to generate a control scale for the by double overlapping of two colored inks with a fixed
evaluation and analysis of colors which are synthesized value of the third one.
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Abstract. The work considers the multiprocessors technologies of modeling for Monte Carlo tasks. It is shown that only application
of the modern super productive systems permitted the new way to realize the mechanism of corresponding partitioned computations.
The calculating schemes that supply to provide the increase of productivity and calculations' speed effectiveness are shown. Effectiv-
ity of the proposed method is illustrated in the comparative analyses of solving the definite tasks' class.

Keywords: technology, modeling tasks Monte Carlo, distributed computing.

Introduction. Among the variety of calculating methods
in the modern mathematical solutions it is possible to put
attention on the methods such as Monte Carlo [5, 6]. This
name unites the group of the calculative methods based
on receiving the great amount of the stochastic process
realizations. This process demands that its probability
could correlate with the analogical values of the solved
problem. Monte Carlo methods are widely used in areas
of physics, mathematics,economics, optimization, man-
agement etc. The national works based on the Monte Car-
lo methods appeared in 1955-1956. Since that time a lot
of the scientific works describing the above mentioned
method were written [1-4, 7, 8]. Even the superficial
glance shows the efficiency of the Monte Carlo method
for solving of applied tasks in the different science and
techniques areas. Thus now these methods are applied for
solving for some classes of the differential equations in
the partial derivatives, integral equations, problems of the
eigen-values and linear algebraic equations. The im-
portant feature of the Monte Carlo method is its experi-
mental characteristics. We will call this name the proce-
dure including the use of ways of statistic sampling for
the approximate solving of the mathematical and physics
problems.

Among all methods the Monte Carlo had and has the
influence on the development of the methods of applied
mathematics, e.g. on the development of the methods of
numerical integrating. It also effectively coincides with
other calculative methods and makes addition for them. It
is widely used especially for the tasks having the theoreti-
cal-probable description because of the definite simplifi-
cation of the solving.

Monte Carlo method is widely used for its simplicity
and universality. Low approximation is the essential
shortcoming of the method but in this work we will de-
scribe its modifications which provide the high order of
the convergence; which is possible with the help of spe-
cial assumptions. Though the calculating procedure be-
comes more complicated. Monte Carlo approximation is
the approximation based on probability. It is known that
the approximate methods are often used for solving the
practical tasks.

At least we admit that solution accuracy of this method
depends on the quality of the generator of the random
values that describes the analyzed process and also on the
productivity of the so called calculator. Today the tact
frequency of the modern processors is higher than Giga-
bytes and the volume of the RAM of the PC is also very
large. Taking in account that the definite class of tasks
will be developed on the personal calculating cluster the
calculator productivity is not a problem for solving for
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calculating algorithms used to solve multi dimensional
tasks. The practical example of the mechanism for apply-
ing this method and some special features of its realizing
will be considered for the typical thermo — physical tasks.

Specialty of realization of the parallel calculations
with the Monte Carlo Method. Among the other numer-
ical methods the main role plays the Monte Carlo Method.
We have to point that this method helps to get the closest
solution of the task in one fixed point without knowing
the solution for other points of the grid. This differs the
Monte Carlo Method especially for solving the Dirichlet
problem from other well-known ways. The simplified
scheme is shown on the Fig.1.

Random
number

A 4

Calculator Analyzer

generator

Fig.1. Scheme of calculations with the Monte Carlo Method

Application of this method gives the possibility to re-
view the idea of making nonparallel calculations and us-
ing the cluster technologies. Intermediate results may be
obtained independently on the different levels and the fi-
nal results should be arranged on any separate master -
blade or analyzer. Fig.2 shows the algorithm of parallel
calculations.

Calculator
(Blade 1)

Calculator

Random (Blade 2)

Analyzer
(Master

Blade)

number
generator

—>

Calculator

Calculator
(Blade 1)

Fig.2. Scheme of parallel calculations

According to this scheme one generator of the random
numbers outputs one random value to each "calculator".
Information is permanently transferred via latent chan-
nels. So the productivity will be low as well as the data
speed. Experience of operating of the calculating cluster
for such schemes made it available to perfect the scheme
on the Fig. 2.

The Fig.3 shows the modified algorithm of calculations
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with Monte Carlo Method. Every user has its own genera-
tor of random values. This fact allows to escape the pres-
ence of the router communicator. This decision definitely
accelerates the calculating process. The productivity may
be evaluated experimentally.

Random number __p| Calculator
enerator 1 (Blade 1)
Random number Calculator ||
generator 2 (Blade 2) L Analyzer
(Master
Blad
Random number || Calculator | — 299
generator 3 (Blade 3)
Random number |y Calculator
generator 4 (Blade 4)

Fig.3. Modified algorithm of parallel calculations based on
Monte Carlo Method

Thus Monte Carlo Method based algorithms are the
stable relating to any input data, have the maximal paral-
lel form and the minimal time for realization of calcula-
tions.

Investigation of efficiency of the cluster system
simulation of tasks by the Monte Carlo Method

Analysis of the problem of search and solution for
boundary value problems. Boundary problems and prob-
lems with initial conditions for linear differential equa-
tions are the one of the most interesting areas of using the
Monte Carlo Method.The connection between two types
of these problems is known for long time [2 — 4, 7 — 9].
But only the computers' appearance gave the possibility
of using this connection for finding the results of this
problem.

To clear the main idea of the method we consider the
Dirichlet problem for Laplace equation.We have the defi-
nite G-area on which boundary the function f(Q) is de-
fined. We have to find the function U(P) that satisfies the
Laplace equation:

AU =0, 1)

on boundary of area P accepts values:

U, =f@Q: )

Generally this problem is brought to a finite-difference
scheme. G-area is covered by the square grid nodes. We
look for values of the function U(P) from the following
system.

— U +UR) +U R +U(R)]-O)

Symbols {P; P,, P3, P,} mean four nodes next to the
internal node P: they are arranged inside the G-area or on
its bound.

We consider the theoretical probable scheme which is
connected with the problem. Imagine the participle that
has to move between the grid nodes with integer coordi-
nates (i, j) on the area:

U (P)
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X =X i, Yy =Yo+ in
(i,j=0,+1,+2,...)
and the stepis AX; = X, = X, AY; =Y, -Y;

Let's say that the grid of S, consists of internal and
boundary nodes in which boundary conditions of the first
kind are set. Boundary nodes represent a set of the linear
points of Myg(XpYq) Which approximate the curvilinear I”
boundary of the area G which approximate the curvilinear
boundary of the area G to with accuracy #.The particle M
realizes the uniform accidental movement between nodes
of the grid. In particular, being in the internal node Migjo
of a grid S,, this particle for one transition with identical
probability equal to ¥4 can move to one of adjacent nodes.
In particular in Mi.q(Xi,Y;), one step back, in Misyj(X;+,,
y;) one step to the right, in M;.1(x;, y;-,) -one a step down
or Mij+1(Xi, ¥j +,) - one step up. Each such transition is ab-
solutely accidental and doesn't depend on the position of a
particle and its previous relocation. Let's allow that relo-
cation of A/ will end as soon as it reaches the boundary 77,
In this case I, is "the absorbing screen”. It is possible to
prove [4] that M relocation through a finite humber of
steps will finish on this boundary.

If the particle of M began the relocation with the fixed
point of Mjgjo on the grid S, that can be written as:

Miojo, Mivj1, ... Misjs,

and

M, ©7In(k=01..,S-1).

i I
Here expression I\/Iikjk = I'n displays a particle path

in case of quantity of steps equal to S. This value is ac-
cepted to be called "history of relocation™.

Uniform accidental relocation of a particle can be or-
ganized by means of uniformly distributed sequence of
random numbers [1 — 4, 7] which are equal to: 0, 1, 2, 3,
4,5/6,7,8,9.

For this purpose it is enough to carry out random check
from numbers (0 — 9), adhering to the instruction shown
in the table 1.

Table 1.
Determination of the particle step depending on a
random number

Random number Determination
Oor4 Ax; =1 (step right)
lor5 AYy = (step up)
20r6 AAXx; = —n (step left)
3or7 AAYy = — 1 (step down)

Random numbers are taken from the ready tables or
turn out by the pseudorandom number generator [2]. The
last method became popular as it doesn't allow to over-
load the system memory. The particle which has begun
relocation from a point Mjgjo after the first step will occur
in one of the nodes

s

|. Mi.j1 Mi—l,j;

Il. Mi,j: i+1,jp e s
1 Mi,jy Mi,j-l, veey s
IV. Mij, Mijsg, ...

- 1_ .. .
P(I!Jv pvq):ZP(l_le plq)+

1. .. 1. . 1., . 4
+ZP(|+1,j,p,q)+ZP(|,J—1, p,q)+ZP(|,J+1, p,q).
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Having multiplied two members of equation (4) on
boundary values y,q and having summarized all possible p
and q values, we will receive.

1
4 :Z(‘gi-u +8 i+t ). 6

Values Ujj allow the experimental determination, for

this purpose it is necessary to replace mathematical ex-
pectation by empirical. Then expression will look as:

1 w
Uy = 2000 y8). ®
k=1
The formula (6) gives a statistical assessment of values
U i, j and can be used as the best approximation to the so-
lution of the Dirichlet problem.
Example 1. To find value U(2, 2) with the application
of the Monte Carlo method where
AU (%, y) = 0, inthe area
G{0<x<4;0<y<4}(7)
and conditions are:
U((x,0)=0, 0<x<4;
U@, y)=y, 0<sy=<4; (8
U(x,4)=x, 0<x<4;
U@,y)=0, 0<sy<4.
Table 2.
Trajectory of the motion for the working point

Value of the function

Number of . . N
- Trajectory of wanderin u(x,y) at exit point on
motion, k J g ’ ( yt)he bordeF; G
(22)>(3)>(2,2)>(2,1) >
1 >(3,1)>(3,2)>(3,1)>(3.2) > 0
>(2,2)>(2,3)>(2,3)>(2,2) >
>(2,1) > (2,0);
2 (2,2)>(23)>(3,3)> (3,2 > 9
> (4,2);
3 (2,2)>(2,3)>(2,2) > (2,3) > ?
> (2,4);
4 (2,2)>(1,2) >(1,2) > (0,2); 0
5 (2,2) > (2,3) > (2,4); 2
6 (2,2) > (2,1) > (2,0); 0
(22)>(1,2)>(2,2) > (3,2) >
7 >(3,1)>(3,2)>(2,2)>(1,2) > 0
> (0,2);
8 (2,2) > (1,2) > (0,2); 0
(2,2)>(2,1)>(2,2)>(3,2) >
9 >(3,3)>(3,3)>(23)>(1,3) > 0
>(0,3);
10 (2.2)>(1,2) > (0,2); 0
(2,2)>(2,2)>(2,2)>(2,1) >
11 >(2,2)>(32)>@3,1)>31) > 1
> (4,1);
2,2)>(2,2)>(21)>(21)>
1 @2)>e2)> 2h> @) o
13 (2,2)>(2,1) >(3,1) > (3,0) ; 0
14 (2,2)> (32) > (4,2); 2
15 (2,2) > (2,3) > (2,4); 2
16 (22)>23)>23)> (13> 0
> (0,3);
17 (2.2)> (3.2 > (4.2); 2
18 22)>(32>3Bn>@21)> 3
>(2,2)>(3,2) > (4,2);
19 (2.2)> (32 > (4,2); 2
20 2.2)>(23)>(23)>(23)> )
> (2,4);
py 20
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Solution. For the square G with the boundary T" we
will build the square grid S with the step n =1. Coming
from the initial position (2,2) the movement finishes on
the boundary 7" in the area G,, at the given conditions (8)
(see table 1). Appearance of numbers 8 and 9 we consider
as a stop on one place.

Table 2 shows trajectories of 20 histories for two-
dimension random movement at N = 20.

Due to (8) we get that:

1 1
U(22) =55 Zp(yd =55-20=1
k

20
In this case the exact solution of the Dirihlet problem is
known (7, 8):
Xy
U , — ).
xy) ==,
Thus
2.2
U2 =="==1
(2,2) 7
This is a way we received the exact solution for U(2,2)
applying the statistic method.

Example 2. Let us consider the task of the temperature
field for the coal adiabatic [10]. This field T(x,y) has to
match the equations

FT
8)(2

oT
=+ ? ==

and also the system of randomly selected boundary
values of temperature:

0. 9)

F, (x) along theborder y =2,
F, (x) along the border y =0,
G, (y) along the border x =L,
G, (y) along the border x =0,

(10)

It is necessary to define the temperature field of the
plate where F1(X)= F,(x) =1 and G4(y)= G,(y)=0, geome-
try sizes of the plate are : | =1 and L = 2l.

Let's make the comparative analysis of solutions for
the task using numerically -analytical method and the
method of statistical tests. So the rectangular area of the
given size is covered with nodes:

X =X +117, Yy =Yo+ 177, (11)

with

DXl= X, — X
, n=01.
Dyl=Yy,,-Y, 272m , m, =5

y

Conditions of such rating of nodes bring to:
i—i2m, 1 j=L2m, 1
Boundary surface is defined in parameters:
X0 =0, y,=0, X,

m

M =2, y2my =1

where X, Y, and (X , Y ) are coordinates of he
X y X

average surfaces and the central node. Instead of inde-
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pendent values x and y we enter ones normalized by

one":

g = XX o[ q 1],
Xia — X
yoy (12)
g, =Y e[-1 +1]
yj+l - yj
Then equation 9 for nodes
Xig =X =% —Xigy Yiu—Yi=Yi— Y will - occur
invariant to the grid nodes:
2
o T(e:xz, £,) N T (gxz, £,) _o  (13)
Oe, &,

So we can describe algorithm which includes apriority
information. Suppose that the solution of (9) belongs to
the class of analytical functions. We can represent the ex-
isting of the function in the form of Taylor series:

T, W) = 28T, u(ex) (14)
or .
|+¢ X1 (X y) - rl-I-l n+1 (8y) (15)
(n +1)(n + 2) Tj,n+3 (Ex) :_Tj‘.,n+1(gx) (16)
or
(n +1)(n + 2) Ti,n+3 (gx) =_Til,ln+1 (gy) ) (17)

It is easy to see that the Taylors' components (16), (17)
may be expressed via the data of the Cauchy task

{-rj,l(gx)1 Tj,z (gx)}' {-ri,l(gy)’ Ti,2(gy)} and their de-
rivatives by the independent values &£ , g, Then for dif-

ferent values n, e.g. 0, 1, 2, 3 corresponding equations
may be written as following:

T,3(e0) = (5)

TJ,4(5x):'_THj,2(8x)1
(18)
T,s(e0)= +_ (4)(‘9)

T,6(e0) = +aT(4) ()

etc.
So instead of Taylor's series we obtain the local solu-
tion of the Cauch task for the nodes (j = 1,2m, —1) :

n+1
Tyre, (0= 50 [(Zyn), @0+ T o (19)

at the same time the Cauch data {T,, (&,), T, ,(s,)}

represents the unknown functions of &, .

Extending the definition of solution (19) by the bound-
ary conditions of Dirihlet problem and supposing that

&, =1, we receive partitioned solution of the Cauchy
task:

T, w1 1 (2n)
:20( o) @n)! Jl

(ex) =:%h'j+1’1(€x)+-rj —1,1(‘9X)](20)

Or
OO 1
o Gy TE 0 =3l ja0 -Tiaaeo) @)

at j=12m -1, and TO,l(gx)7T2myyl(gx) which are

known boundary functions of the first kind. Differentia-
tion of (19) on &y and parting with Cauch,we get:

2 D" T e =3l 2660+ Ti126e0] @2)
n=

or

5T ) = a0 -Tjaa6n) (23)

h=0 (2n-1)! Tj1

where {T; ,(&,), T2my1(5x)} — are the known bound-

ary conditions of the second kind. So supposing that n
aims to (=M € Z), we receive mathematical models

with the random order of accuracy. If M =1 we obtain
the following finite-difference schemes:

— for the Dirihlet problem:
T, j) =

%[-rl(i =1 ) +4T1(i+ 1)) +T(i i -1 +T10 j+1)] (24)

— for the Neumann's task:
To(i,) = T2 -1 ) ++To G +1 )+ oG i -1 + TG+ (20)

The (24) and (25) may be applied for the statistical
method. Thus the random motion of the particle on the
rectangular grid is easily extended on the Neumann's task
and T, (i, j) at(25) is the gradient function.

It is natural that the random process challenges the use
of a big amount of steps to reach the given point. So it is
useful to consider the special methods of sampling corre-
sponding to groups [2].

To solve the task (9), (10) with the boundary condi-
tions (10) we get the output data:

T[j.0]1=T[}.2m,]=0

T[O,il=T[2m,,i]1=1, (26)

Moving of the M particle is determined in accordance
with the illustration (table. 2) given higher. For organiza-
tion of the casual motions we use the equipartition ran-
dom sequence of numbers neat by means of Personal
Cluster System. The results of calculations given in the
columns at the different values of N- size were processed
as a relative error :

T3, i1-T,Li]
T.[.1]
For T,[j,i] there exists the exact solution based on

the Monte Carlo method. The results of calculations are
shown in a table. 3. From the comparative analysis of re-
sults of modeling it is clear that with the increase of num-
ber of N the relative error diminishes. In the angles clos-
est to knots (1, 1), (mj, 1) an error does not diminish
through the closeness of maximal knots (0, 0) and (mj, 0),
where the function has a break of the first kind.

.100% .  (27)

ALl =
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Table 3.
Relative error for results of solving of tasks by the
Monte Carlo method at the different values of
wandering of a working particle N

_ _ Analytical de-
wandering N =1000 N =10 000 cision
number B, % m, B, % mx Ttey)
(L1 6,332 | 05273 2,359 [0,5076]  0,4959
(2,1) 1,314 | 05938 0614  |05897] 0,5861
(3,1 1,121 | 0,6858 0,236 |0,6798] 0,6782
(4,1) 0,967 | 0,7725 0,209  |0,7667]  0,7651
(5,1) 0913 | 0,8948 0,101  |0,8876] 0,8867
(6,1) 0,967 | 0,7725 0,209  |0,7667]  0,7651
(7.1) 1,121 | 0,6858 0236 |0,6798] 0,6782
(8,1) 1,314 | 0,5938 0,614  |05897] 0,5861
(9,1) 6,332 | 05273 2,359 [0,5076]  0,4959

Conclusions. The article describes the process of

mathematical design of the applied tasks on the basis of
the use of the Personal Cluster System. Experience of ex-
ploitation of the first parallel systems showed that their
effective work needs the radically change of the structure
of numerical methods. In this connection this article
shows the features of design of the applied tasks which
are described on the basis of application of the Personal
Cluster System.

Nowadays it is possible to talk about the revival of the
method of Monte Carlo. It is explained by the fact that
this method ideally approximates the cluster system.
Thus, the more processors will be in a cluster, the more
effective the task will be solved. The method of Monte
Carlo produced and continues to produce substantial in-
fluence on development of methods of calculable mathe-
matics (for example, development of methods of numeri-
cal integration).It also is successfully solving many tasks
combined with other calculable methods and comple-
ments them. The method's application is justified, first of
all, to the decision of such tasks as admit assume of theo-
retical-probable description. It is explained by both : the
tasks with the certain set probability and in tasks with
probabilistic maintenance and substantial simplification
of procedure of decision. The Monte Carlo method is also

used to solve the multidimensional tasks of metallurgy.

Slow convergence of method is its little defect. How-
ever in this article we show that with forming selective
random numbers in relation to separate groups the accura-
cy of this method allows to use it widely.

In addition it was shown that the method of Monte
Carlo is enough successful adjusted to solve multidimen-
sional tasks. For example, at applying the ordinary meth-
od for solving the systems of linear algebraic equaliza-
tions for a calculation of one unknown value it is neces-
sary to define also the other ones. In the Monte Carlo
method it is not necessary because at each time moment
only one necessary co-ordinate is determined.

Regional tasks and tasks with initial conditions for lin-
ear differential equalizations are one of the most interest-
ing application of the method of Monte Carlo. It became
possible only due to the development of the cluster com-
puter systems. In this work the examples of solution for
tasks of Newman and Dirihlet are made by means of the
method of Monte Carlo.

Application of this method enables to see the idea of
disparallel calculations and use the cluster technologies
for calculations. In this article the modified algorithm of
parallel calculations is offered based on the Monte Carlo
method. Here every calculator has its own random gen-
erator of numbers. Thus intermediate calculations come
true independently on the different, separately taken
blades of cluster, "calculators”. The results are already
processed on some separately taken master -blades (
"analyzer"). This allows to get rid from the necessary
presence of router-communicator between the random
generator of numbers and “calculator”. Obviously, that
such decision allows to accelerate the process of calcula-
tions.

It is shown that the parallel algorithms of the Monte
Carlo method are stable to any input data and have the
maximal parallel form and, thus, minimal possible time of
realization using the parallel computing devices. If it is
possible to appoint one processor to one knot of calcula-
tion. Thus the realization of calculations becomes possible
in all knots of net area in parallel and simultaneously.
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HBIM PEIICHUEM Psiia HECTALIMOHAPHBIX 3a/au.

Kniouesvle cnosa: mnozonpoyecopuvie mexnono2uu, mooenuposanus saoay Monme — Kapno, pacnpedenennbvie 8b14ucieHus.
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Abstract. The work deals with an experimental study of vibrations of centrifugal fire pump PN-40UV with defect. A worn-out bear-
ing assembly was selected as internal defect. The vibration accelerations signals have been analyzed by their spectral structure. It was
determined that the presence of the worn bearing in the pump leads to an appearance of additional harmonics with specific frequen-
cies. This harmonics arises in the most dynamically loaded regime of operation - the usage of a pump filled with a water but without
its filing. These vibrational symptoms of the analyzed type of hidden defects could be used in the procedures of fire pumps technical

diagnostics.

Keywords: centrifugal fire pumps, diagnostic, technical state, vibrations

Introduction. One of the most important elements of the
facility of emergency response divisions is the fire engine
equipped with centrifugal pumps. Extreme conditions of
operation together with long term of using lead to a high
level of probability of hidden defects presence in the cen-
trifugal fire-pumps. These defects could significantly de-
crease the efficiency of the operational activities of the
emergency response divisions due to sudden failure or
due to negative affect on the fire-pump performance char-
acteristics such as discharge head, which is also reducing
efficiency.

An experience of fire pump operation indicates that
common defects usually lead to higher vibration levels
during the pump operation. Thus, vibration diagnostics
can be used as a good tool for identification of technical
state of centrifugal fire pumps.

Testing technique. The methodology of experimental
studies is based on series of measurements, which allows
to define a regularity of vibration parameters changing
caused by the presence of the hidden defects. Thus, a
comparative analysis of changes in the dynamics of the
systems with and without defect gives a possibility of def-
inition of hidden defects symptoms. So, give us tools for
diagnosis of its technical state.

Experiment conditions and facilities. In the work, the
experimental tests have been done with the centrifugal
pump, which has been installed on an active fire engine.
Experiments were carried out on the base of a measure-
ment system "Ultra-V-1 [1,2], which has been developed
at the Department of the Dynamics and Strength of Ma-
chines of the National Technical University "Kharkiv
Polytechnic Institute" (Kharkiv, Ukraine). The measuring
system consists of (fig. 1): a detector of vibration acceler-
ations, an analogue-to-digital converter (ADC) and a
portable computer. "Ultra-V-I“ has a valid certificate of
state metrological certification and allows to make a
measurement of vibration acceleration at the point of in-
vestigated object. Some details of experiments study facil-
ities are presented in the paper [3].The measurements
have been carried out on the body of a suction pipe of the
fire pump (fig. 1).

Vibration analysis of the defected centrifugal fire
pump. The current analysis deals with an experimental
study of vibration occurring during the operation of the
fire pump PN- 40UV that has a defect of worn-out bear-
ing. The study of pump vibrations has been carried out on

the most loaded regime, that provides to a pump an op-
portunity to realize different dynamic peculiarities.

The measurements have been carried out on the body
of the suction pipe of the fire pump. During these tests, an
angular velocity of rotor was set near the maximum oper-
ational value that was slightly more than 2000 rpm. It
should be noted that the angular velocity of the pump ro-
tor could not be precisely fixed due to the presence of ir-
regularity of engine motion. Therefore, it is necessary to
control the angular velocity of the pump rotor rotation -
during measurements. It was decided to use frequency
counter during the current investigation. The counter was
installed at the connection of the pump rotor with a fire
engine shaft. The data have been transmitted to the ADC
and recorded on a computer in real time.

Fig. 2a presents an obtained vibrational acceleration in
the vertical direction in the measurement point. A pres-
ence of the random fluctuations and polyharmonic nature
in the signal could be observed.

Fig. 1. Measurement system "Ultra-V-I" during the fire-
pump vibration tests

Analogous tests with the over values of pump rotor an-
gular velocities have been carried out to obtain more de-
tailed information about the vibrational processes (Fig.
2b). Generalization of these results can be obtained by
special tests, when vibrational signal is analyzed during
continuous gradual increasing of the frequency of excita-
tion. So, the test was made with the pump, that operates
with the angular velocity, which is gradually increased
from 800 rpm to 2100 rpm.
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Fig. 2. A typical obtained signals during the tests of fire pump vibration a — recorded vibration acceleration signal; b - the test
of the pump vibration with the continuous gradual increasing of the frequency of excitation

All the obtained signals was spectrally analysed. A
Fast Fourier Transform (FFT) is used for these procedures
[4,5]. A vibration acceleration signal, which was obtained
at the test with continuous excitation frequency increas-
ing, was analysed using spectrograms [6]. Fig. 4 presents
vibration spectra at the fixed value of the pump rotor an-
gular velocity (2000 rpm) and spectrograms for the vibra-
tion accelerations in three different directions.

Vibration analysis shows a wide spectrum of harmon-
ics. Itis 1, 2, 3,5, 6 and 7 harmonics and resonance mode
is also observed in the range 300-400 Hz. The largest am-
plitudes are 1, 7. Existence and domination of 7 harmonic

are associated with turbulent flows in the chamber of the
pump that forms near the edges driven wheel blades. The
pump driven wheel has 7 blades.

The presence of harmonics with a frequency of about
120 Hz is an important observation. The spectrum also
has a harmonic with a frequency close to 0.5 from the
main rotor angular velocity. Identified the frequencies of
vibrations are confirmed by the pattern of the spectro-
gram, where frequencies of 0.5 and (3.5 - 3.6 ) of the
main harmonic are observed at the almost of the full
range.
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Fig. 6. Spectrums (a, c, €) and spectrograms (b, d, f) of vibration accelerations of the fire pump, which has defect (worn-out
bearing) in the vertical (a, b), the axial (c, d) and horizontal (e, f) directions

Vibration in the axial direction has a less amplitudes of
harmonics in the spectrum and 7th harmonic is complete-
ly dominates. The harmonic with frequency around (116-
120 ) Hz is also present in the spectrum. Spectrogram
confirms made observations. Vibrations in the horizontal
direction is close to the pattern of vibrations in the vertical
direction so all the harmonics from 1 to 8 are excited. The
largest amplitude has 5 harmonic. The harmonic with a
frequency of 116 Hz is also excited.

So, vibrations of the pump with worn-out bearings
characterized by the presence of the harmonic with fre-
quency about 120 - 116 Hz, which corresponding to fre-
quencies that characterize the presence of damage in the
inner bearing cage or separator.

Comparison of quantitative parameters of vibrations of
the pump with worn-out bearings makes possible to detect

that an increase in vibration most strongly formed in the
vertical plane XY.

Conclusions. Thus in the current experimental studies
of vibrations of centrifugal fire pump PN- 40UV. A spec-
tral analysis of vibration have been carried out. It is de-
termined that the vibration spectra of pump with worn-out
bearings has special harmonic which is characterize the
damage of separator or cage of bearings. These vibration-
al symptoms of the analyzed type of hidden defects could
be used in the procedures of fire pumps technical diagnos-
tics. A usage of this technique will improve system tech-
nical check-up and preventive maintenance, that, on the
one hand, leads to a reduction of the idle standing of fire
equipment that are associated with untimely repair work,
and on the other hand will prevent sudden failures of
pumps in operation.
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Ymanusckuii U. JI. DxkcnepuMeHTaIBHbIE HCCIeI0BAHUS BHOpPAaNMii EHTPOOEKHOro MOXKAPHOr0 Hacoca ¢ Ae(eKTHBIMH

NOAINIMITHUKAMH

AHHOTamus. Pabora mocBsimieHa SKCIIEPUMEHTANBHBIM HCCIEJOBAHUSIM BHOPAI[MOHHOTO COCTOSIHHS IEHTPOOSKHBIX MOXKapHBIX
HacocoB [TH-40YB ¢ u 6e3 nedexroB. B xauecTBe CKpBITOTO IedexTa OBUI BEIOPAH XapaKTePHBIH THI HEUCIIPAaBHOCTH HAcoca - U3-
HOILCHHBIH TOAMINITHUKOBBIHA y3en. [lonydeHHbIe BUOpAlMOHHBIE CUTHAJBI IO BUOPOYCKOPEHHSAM ObUTH MPOAHATU3UPOBAHBI 110 HX
CHEKTpaIbHOMY cocTaBy. OnpeieneHo, YTO Halu4ue U3HOLIEHHOIO MOAUIMITHUKA B HACOCE MPUBOJUT K MOSIBICHUIO TOMOJHUTENb-
HBIX TAPMOHHK CO CHEH(PUISCKHUMH YaCTOTaMH, KOTOPBIE MPOSIBISIIOTCS HA Haubosiee TMHAMUYHO Harpy)kKeHHOM PeXuMe paboThI -
UCIIONIb30BaHKe Hacoca ¢ Boaoii 6e3 ee mogauu. [lonyueHHbIe BUOPAIIMOHHBIE CUTHANBI 10 BUOPOYCKOPEHUSIM OBUTH MPOaHaIH3UPO-
BaHEI [0 UX CHEKTPAIBHOMY cocTaBy. [losydeHHbIe BUOpAIMOHHbBIE MPU3HAKM MOTYT OBITH ITOJIOKEHBI B METOIUKY AMATHOCTHKH

TEXHUYECKOTO COCTOSAHUSA MOKAPHBIX HACOCOB.

Knioueswie cnosa. LfeHmpO6€Z)ICHbl€ noofcapHule Hacocel, duaeﬁocmum, mexHu4ecKkoe cocmosiHue, 6u6pauuu
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Abstract. The experimental researches of gas flame suppression by means of high speed impulse liquid jet generated by powder im-
pulse hydro-cannon have been carried out. The speed of the impulse jet depending on a charge energy ranged in the experiment from
300 to 600 m/s. By means of the laser non-contact measuring device the speed of the head jet right near the gas flame has been meas-
ured, the flow has been photographed. It has been shown that round the high speed impulse liquid jet in the air the high-speed cloud
of splashes with the big cross-section is being formed which effectively forces down a flame of the gas flame on distances 10 - 20 m

from installation.

Keywords: impulse liquid jet, powder impulse hydro-cannon, gas blowout.

Introduction. Fire extinguishing represent a complicated
man-caused emergency. Response actions to such an
emergency require substantial financial expenditure and
involvement of a great number of firefighting equipment
units and manpower. Open blowouts as for their power
level are divided into [1]:

- small-scale with gas output less than 0,5 min m® per day
and oil output less than 100 t per day;

- medium-scale with gas output (0,5+1,0) mIn m?® per day
and oil output (100+300) t per day;

- powerful with gas output (1,0+10,0) mln m® per day and
oil output (300+1000) t per day;

- high-power with gas output more than 10 min m® per
day and oil output more than 1000 t per day.

Practice shows that fire and accident occurrence in oil
and gas wells amounts on average to 0,12 cases in 100
wells [2]. For instance, in the fields based in Texas num-
ber of blowouts during prospecting drilling amounts to
approximately 244, during development drilling on a well
it makes up 180, during well completion — 64, during well
work over (also called reworking) — 197, during well op-
eration — 85. In the fields located on American continen-
tal shelf, number of blowouts is lower and makes up re-
spectively 45, 49, 25, 23 and 12. It is due to a smaller
quantity of wells and to the usage of more reliable well
casing design and down hole and wellhead equipment.

1. Modern methods of putting out of gas blowout.
At least ten different methods of fire extinguishing of oil
and gas blowouts have been developed because of an out-
standing complexity of the technical problem on one
hand, and of limited efficiency of each method on the
other hand [3]. In the paper [4] are provided main meth-
ods of putting out of gas flame fires according to their
type.

The carriage barrels (hydraulic monitors), gas-water
firefighting cars (AGVT-100 and AGVT -150) and pres-
sure-operated powder flame-arresters (PPP-200) are wide-
ly used in Ukraine and in other CIS countries for the pur-
pose of fire extinguishing in open blowouts [3].

The hydraulic monitors are used for putting out of gas,
gas-condensate and oil open blow-out of small power, be-
cause their barrel should be installed at a 15 m distance,
which is not allowable for the putting out of blow-outs
with bigger output [5]. Several hydraulic monitors are
used for putting out of the open blow-outs of medium-
sized power and water delivery is implemented at two
levels. For a long time this method of putting out the gas
blow-outs has been the leading one. It consists in the fol-
lowing: water jets supplied from hydraulic monitors are
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directed on the well mouth at blow-out base. Afterwards
the water jets are raised up synchronously until complete
flame lift-off from the well.

The gas-water firefighting cars (AGVT-100 and
AGVT -150) are used for putting-out of all kind of the
blow-outs, but more often for powerful blow-outs. The
gas-water jets produced by these plants represent an inert
mixture of exhaust gas of a turbojet engine and water
spray. The gas-water jets are made up of 60% of water
and 40% of gas. The oxygen concentration is not more
than 14% at barrel outlet. More far from the nozzle the
higher is the oxygen concentration and at a working dis-
tance of 12-15 m it makes up 17-18%. The water evapo-
rates partially at gas burning hot jets, water at sprayed
state arrives to burning zone [3].

The pressure-operated powder flame-arresters PPP-200
are used for putting out of high-power blow-outs [3]. The
putting-out is done due to powder influence on the burn-
ing torch. The powder discharge is carried out at the ex-
pense of compressed air energy. The fire extinguishing
powder concentration is created during a short period (1-2
s) by directed volley discharge.

The similar principle is implemented in devices based
on tank chassis T-62 (Impulse-1, Impulse-2, Impulse-3
as well as Impulse-Storm). The device has 50 barrels
(Impulse-1 has 40 barrels), each of them has 30 kg of
powder. The Impulse-Storm device can deliver 1,5 tons
of extinguishing powder in 4 seconds. This permits to
create a powerful fire extinguishing impact at once and
simultaneously through the whole area and volume. The
main feature of this device is its powerful impact action
on the fire seat together with its fire extinguishing effects
produced by special powder mix.

The method of high explosive detonation is often used.
The impact wave of high speed is generated (up to 1000
m/s) [2-5]. High explosive charge is delivered to the
mouth of the well through wire rope or by a rail track car.
The main weak points of this method are high danger, big
and complicated preparation work and big quantity of
high explosive necessary (100 — 1000 kg).

Methods of open gas and oil blowouts killing with pri-
or flame extinguishing and subsequent elimination of
flowing well as an exploration site have become widely
spread in the world practice [2, 6].

It is worth pointing out that along with advantages of
above listed methods all of them are characterized by a
common disadvantage. This drawback consists in short
delivery distance of fire extinguishing agent and that is
inadmissible in the presence of high heat radiation of gas
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flame. Thus, while extinguishing method by means of car-
riage barrels and gas-water extinguishing cars the optimal
delivery distance is 15 m [3, 4, 5], and safety distance
Lsarety for manpower from flame with the output V
=0,5 mIn. m*/day is equal approximately to 50 m (fig. 1).

200

'Lsafety:
150

100

50
V, min. m3/day
0
0 2 4 6
Fig. 1. Safety distance from burning gas flame

Thus, for fire-fighting and putting-out of gas blowouts
the most promising of technologies is to develop devices
that can guarantee the discharge of fire-extinguishing
mixtures from distances which are safe for personnel con-
sidering heat emission.

2. Promising areas of development of gas blowout
extinguishing devices. In all times the most available and
simple fire-fighting resource has been water. Water is
widely used in firefighting practice. It is evident that
among gas blowout extinguishing mediums water is the
most used agent compared to other extinguishing means
due its availability, cheapness, simple delivery and use, as
well as its high fire extinguishing properties.

For the time being the most promising fire-fighting
method is the use of fine-water mist. The main mecha-
nism of putting out the fire by fine-water mist is cooling
of burning material and formation of a steam cloud, which
localizes the burning center. If the drops do not have
enough kinetic energy, they will not be able to overcome
the barrier of convective stream of hot gas, which is gen-
erated by flame, and as the result will not be able to reach
the flame surface and neutralize this process. In this case
fine-water mist could only be used as an auxiliary mean
and not the main fire-fighting method.

The drop diameter influences mainly the effectiveness
of putting out procedure. Decreasing of drop diameters in
fine-water mist can considerably decrease water rate nec-
essary for putting out of the flame. At the same time de-
creasing of particle size obstructs maintenance of drop
high speed and promotes faster drop evaporation in zone,
which is previous to flame. This factors decrease the ef-
fectiveness of fine-water mist putting out. The analysis of
different authors prove that optimal drop diameter is equal
0 dyy, € (100-+150) Mkm [7].

For water delivery from safety distance to the burning
flame it is necessary to support the high speed at fire-
fighting device output. Calculated value of this speed
should take into account losses during the jet flight and
provide required speed directly before blow out for over-
coming of convective stream as well as “separated” im-
pact on blow out. The equilibrium position of blow-out
flame drifts with flow with increasing of the flow speed.
This is the substance of “separated” impact. The recent
aero-steam ignitable mixture becomes more and more di-
luted with moving away due to reciprocal diffusion with

steam. This mixture speed decreases proportionally to the
dilution degree and exceeds the burning speed at some
critical steam value; the jet is broken for a moment, and
the flame is driven upward and separated from it.

The speed of flame separation can be calculated on the
basis of the following empirical formula [8]

Vse paration = 100?{/6’ (1)

where d — initial diameter of flame blow-out in meters.

The analysis of specific data concerning flame charac-
ter changes with increasing of the speed of burning jet
shows that separation of diffusion flame is going on at 80
— 100 m/s. It is evident that mentioned values of speed
from safety distance (110 — 130 m) could be guaranteed
with high speed liquid jets. These jets are generated by
devices which are similar to impulse hydro cannons.

3. Schemes of the performance of the experiment. In
order to prove the possibility of putting out of gas flames
by high speed impulse liquid jets and to define necessary
extinguishing parameters experimental studies have been
carried out. The purpose of these experiments were to de-
termine whether it is possible to put out gas blow-outs by
impulse hydro cannon, to determine the running speed of
cross flow of liquid in which the flame is extinguished,
and to define the zone to which the jet should be aimed in
order to guarantee flame extinguishing process.

Gas blowout model has been calculated on the basis of
aerodynamical similarity factor, which characterizes the
processes of gas mixing with surrounding atmosphere. It

depends on pressure and gas jet thickness.

_ W, 0

K
an ngo

where w, — gas outflow velocity, m/s, g — speed-up of
free fall, dy — well diameter, m.

Gas blowout modeling for blow-out burning with out-
put (1+3)-10° m*day has been carried out. Mas tree wells
diameters (0,065+0,3) m. In the experiments the simula-
tive fire seat of gas blow-out corresponding to average pa-
rameters has been used.

In fig. 2 the scheme of performance of the experiment
aimed at speed definition of the cross flow of the liquid
enough to put out the gas flame.

4
@ ——1

Fig.2. Scheme of experiment performance that is aimed at
speed definition of the cross flow of the liquid when the gas
flame is extinguished: 1 — powder impulse hydro-cannon, 2 im-
pulse jet, 3 — simulative gas blow-out fire seat, 4 — speed meas-
uring device.

From the impulse-type hydro-cannon 1 a series of
shots with high-speed impulse jet 2 have been made onto
the simulative gas blow-out fire seat 3. Qualitatively the
burn termination has been registered and the high-speed
jet speed at the torch has been measured with the help of
speed measuring device 4 at different distances from the
impulse water-gun to the torch. The distance from the
plant to the torch has been measured by measuring tape.
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Layout of the powder impulse hydro-cannon by means
of which was carried out the experimental research is de-
scribed in the fig. 3 [9].

8 4
ARSI

SN

381,5

16,5

640

Fig. 3. Powder impulse water-gun: 1 — igniter, 2 — combus-
tion chamber, 3 — water, 4 — barrel, 5 — binding belt, 6 —nozzle, 7
— collimator, 8 —wad, 9 — gate.

The barrel 4 of powder water-cannon, that at the end
has a conical nozzle 6 with a collimator 7 is filled up with
water 3. Charge of gun-powder 2 is separated from water
charge 3 by means of a wad 8. For reinforcement the most
stressed section of the barrel is strengthened by a binding
belt 5, fixed on the barrel with backward tension. Gun-
powder charge 2 in the casing of water-gun is fixed by a
gate 9, inside which there is an igniter 1. At the start time
the igniter 1 is actuated and fires the gun-powder charge
2. Powder gases that are generated during powder burning
start expulsing and ejecting water charge 3 through the
conical nozzle 6 in the form of impulse liquid jet. The
outflow of liquid jet starts with a relatively small velocity
that increases with increasing the pressure of powder gas-
es. Detailed description of the powder impulse water-gun
and theoretical calculations of its main parameters are
presented in the work [10].

4. Experiments of putting out the simulative/model
gas blow-out by means of a hydro-cannon. In the first
stage of experimental research the motion speed of cross
flow of the dropping liquid, at which the simulative gas
blow-out fire seat is extinguished has been defined. A se-
ries of fire shots have been made from distances of 5, 10,
12 and 15 meters for powder charges of 5, 10 and 15 g. In
the experiments the speed of impulse jet head section be-
fore the torch has been measured, the jet has been photo-
graphed and video filmed at its different diffusion stages.
The speed of the head section of the jet was measured by
means of non-contact laser speed measuring device that
allows to record the speed in the range from 50 to 3000
m/sec. The results of such experiments are shown in the
table 1.

The analysis of the videogram in the fig. 6 has shown
that the jet approaches the gas torch (b) and isolates the
burning zone from arrival of fresh gas and air mix (c, d).
Further (e, f) the jet impact zone increases, between the
burner and the flame is generated a rupture out of gas, wa-
ter and liquid drops mix. The gas concentration in the rap-
ture zone is lower than the concentration limit of flame
diffusion, that prevents from burning renewal. The restart-
ing of burning is prevented as well by the fact that the
speed of after-burning of combustible gas is higher than
the speed of arrival of new combustion products.

The carried out experiment have shown that impulse
liquid jet of powder hydro-cannon can extinguish a simu-
lative gas blow-out fire seat at a distance of 10 meters and
more. Further research of gas torch extinguishing by high-
speed impulse liquid jets must be aimed at studying how

to optimize the parameters of powder hydro-cannon, at
studying of the choice of efficient layout of impulse hy-
dro-cannon and at analyzing of diffusion dynamics of im-
pulse liquid jet in the air.

Table 1.
Results of experimental research

Distance from | Speed at Result of puttlrlg out the

Powder torch:
Ne hydro-cannon | the torch, L

Mass: 9 | o the torch, m | mi/sec * - extinguished

’ — - not extinguished

1 5 227 +
2 5 10 87 +
3 15 63 -
4 12 71 -
5 5 338 +
6 10 105 +
7 10 15 69 -
8 12 82 +
9 5 428 +
10 10 125 +
11 15 15 78 -
12 12 108 +
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Thus it has been stated that the motion speed of the
cross flow of dropping liquid at which the extinguishing
of simulative gas blow-out fire seat occurs is in the range
(80+90) m/sec that confirms our theoretical assumptions.

The torch extinguishing process by means of high-
speed jet has been studied through video filming. In the
fig. 6 the videogram of this process is provided.

" o

=

|
164,5 ms
Fig. 6. Videogram of extinguishing of gas blow-out fire seat

by impulse high-speed jet

199,7 ms 2329ms 2655 ms 300,6 ms 331,9ms

Conclusion. The experimental researches of simulative
gas blow-out fire seat extinguishing by means of high-
speed liquid impulse jets generated by powder impulse
hydro-cannon have been carried out. In the experiments
by means of laser non-contact speed measuring device the
speed of dropping liquid cross flow at which the extin-
guishing of simulative gas blow-out fire seat occurs, has
been measured, as well as the aiming zone with the jet
from impulse-type hydro-cannon that will cause the blow-
out extinguishing has been defined. Maximum design
speed of the impulse jet depending on charge energy
ranged from 300 to 600 m/sec, that complies with the
measured values.

Experimental research has shown that the speed of
dropping liquid cross flow at which the extinguishing of
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simulative gas blow-out fire seat occurs is in the range of

(80+90) m/sec.
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Bunorpanos C.A. Hcnoap30BaHne HMIYJIbCHBIX BBICOKOCKOPOCTHBIX CTPYH KMAKOCTH JJIsI TYIIEHHSI Ta30BBIX (P)OHTAHOB
Annortanusi. [IpoBeneHs!I SKCIIepIMEHTAIbHBIE NCCIEAO0BAHMS 110 TYIICHUIO I'a30BOT0 ()OHTaHA MMITYJIbCHBIMH BEICOKOCKOPOCTHBI-
MH CTPYSMH XKUJIKOCTH, TeHEPUPYEMBIMH ITOPOXOBOii ruapomyikoii. CKOpoCcTh CTPYH B 3aBUCHMOCTH OT HOPOXOBOTO 3apsija KoJie-
6amacek ot 300 mo 600 m/cek. C MOMOIIBIO JIa3epHOW OECKOHTAKTHON CHCTEMBI H3MEPEHHSI CKOPOCTH OBLTH MPOBEICHBI 3aMEPHI CKO-
POCTH JIBH)KEHHUSI TOJIOBBI CTPYH OKOJIO IiiaMeHH. KpoMe 3Toro, mpoBefieHa CKOPOCTHas BUACOChEMKa Mpoliecca TyuleHus (akena.
YcraHoBiIeHO, 9TO 3()(HEeKTHBHOE MONEPEYHOE CeUYeHHE BBICOKOCKOPOCTHOU cTpyH (opmupyercs Ha pacctossHun 10-20 M oT coruia
THIPOILYIIKH.
Knrouesnle cnosa: umnynocnas cmpys sH#CuoKOCmu, NOpOXo6ds 2UOPONYUIKA, 2a306bli PQOHMAH.
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boméa A.A., Bocmpikoe B.I1.
MartemMaTH4He MOIETIOBAHHS NMPOLIECY HATPIBAHHA CEPENOBHINA KTPYHT-MOBITPS
JiHIHIME TJKepeiaMu Termia

bomba Anopii Apocrasosuy, 0okmop mexHiuHux Hayx, npoghecop
Bocmpikoe Bonooumup Ilemposuu, kanouoam mexHiuHux HayK, OOYeHm,
Hayionanvuuii ynigepcumem 6001020 20cnodapcmea ma npupoooxopucmyseants, M. Piene, Yxpaina

AHoTamisi. 3anpoNOHOBAaHO MaTeMaTH4HI PIBHSHHA Ta PO3PaxOBaHO TEMIIEpaTypHE IOJe KyCKOBO-OIHOPIJHOTO CepeIOBHIINA
«IPYHT-TIOBITPSI», IO OOIrpiBAa€THCS JIHIHHAMHM JKepeldaMu Ternia. [IpoBeneHo aHami3 iX po3TalryBaHHS Ta OTPUMAHO CIIIBBiIHO-
IICHHS JUTS 3HaXOJUKEHHS ONTUMANBHOI MIMOMHY 3aisraHHsl 00irpiBava Ta oro HeoOXiTHOT TeMITepaTypH 3a YMOBH CTAJIOi TeMIIepa-

TypH Ha 3aJaHill BUCOTI.

Kniouogi cnosa: mamemamuune mMoO0ento8ants, Hazpieants, cepedoguuje «IpYHmM-nogimpay, JiniliHi 0dcepena menia, po3paxy-

K08a 0b1acms, menaosull NOMIk.

Beryn. Ha manmii wac 3amadi mMporHO3YBaHHS IPOIIECIB
HarpiBaHHs CEPEJOBUIL, 30KpeMa IPYHTY, IUIaCTHHAMHU,
TpyOamMH, TOYKOBUMH JDKEpENIaMH TeIlia TOIIO € JOCHTh
aKTyaJIbHUMH B Oy/iBEeIbHOMY BUPOOHHIITBI Ta CJIbCHKO-
TOCIOJAPChKIA TpakTHii. Y CUIBCBKOMY TOCHOAAPCTBI
JUIsl TETJIOBOi Meniopaii IpyHTiB BUKOPHUCTOBYIOTh CHC-
TEMH MOBITPSHOTO, NOBEPXHEBOIO YW BHYTPIIIHBOTPYH-
TOBOTO OOITpiBy 3 BHKOPHCTAaHHSIM OOOJOHOK-PYKABIB,
TPYOOIIPOBOIIB, EICKTPUIHUX KaOEIiB TOIIO.

AKTyaJIbHUM € KJIac 337ad 13 po3paxyHKy TeMIepary-
PHOTO TIOJISI Y AEKITBKOX, PI3HUX 3a BIACTUBOCTSIMHU CEpe-
JIOBUII, 30KpEMa B CEPEIOBHIIAX «IPYHT-NIOBITPS» Ta Ha
ix mexi. [Ipudomy, 3 MeTOI0 eKOHOMIl NMEBHUX 3aTpart,
OKpIM TpPaAMIIHHUX IIOCTAaHOBOK 33/1ay Ha PO3PaxyHOK
TEMIIEpaTypHUX II0JIiB, BUHUKAE HEOOXiJHICTh ONTHUMIi3a-
il THX YM HIIKX TTapaMeTpiB Mpolecy Terionepeiadi ta
3HAXOJPKEHHSI ONTUMAJIbHOI TEMIIEpaTypH JKepena Teruia
Ta ONTUMAJIBHUX ITapaMeTPiB cucTeM O0ITpiBYy.

Orasig my6uikamiii. 3agadi Ha po3paxyHOK TeMIiepa-
TYpPHHX TIOJIIB y PI3HUX 3a BJIACTUBOCTSIMHU CEPEIOBUINAX,
30KpeMa B I'PYHTI Ta MPU3EMHOMY LIapi HOBITPS, PO3TIIs-
nanick y Garatbox poborax. IIpu 11boMy BHKOPHCTOBY-
I0ThCS MAaTEMaTH4HI 3aJI€XKHOCTI, 110 IPYHTYIOThCS Ha 3a-
KOHax TeruionpoBigHocTi. CraioHapHUH Tporec Harpi-
BaHHS TOPUCTUX CEPEAOBHIL, 30KpeMa IPYHTY iHXKeHep-
HUMH JIHIHHAME 3aco0aMu, pO3IIIAAaBCs B poboTax
A.B. Jluxosa [5], A.B. Kyptenepa i A.®. UyaHOBCHKOTO
[3], C.C. Kyrarenanze [4], U.A. Modde [2] Ta inui. [Ipo-
T€ B IIMX Ta IHIIUX PoOOTax HEJOCTATHHO MOBHO PO3IJIs-
HYTO MaTeMaTH4YHE MOJIEJIIOBaHHS MNpOLECy TeIulonepe-
Jladi A BapiaHTY PO3TAlIyBaHHS JIHIMHUX JDKEpeN Tell-
Jla Ha TIOBEPXHI IPYHTY, L0 Ma€ BaKJIMBE 3HAYECHHS LIS
CHCTEM MOBEPXHEBOI'O O0IrpiBy, a TakoX HEIOCTATHHO
BpaxoBaHI MO>JIMBOCTI BIUIMBY XapaKTEPHCTHK IpoLecy
Ha XapaKTEePUCTUKH CEPEeTOBHIIA.

Meta po6oTu. MeToro poOOTH € PO3pOOJICHHS MaTe-
MaTHYHUX 3aJE€KHOCTEH Ta MPOBEICHHS PO3PaXyHKYy Te-
MITEPATYPHOTO TOJIs y TIOMEPEYHOMY Tepepi3i KyCKOBO-
OJTHOPITHOTO CEPEeOBHUINA «IPYHT-TIOBITPS» MpH 0OIrpiBi
Horo NiHIHHIMH JDKepelaMu TeIUIa, PO3TAIIOBAaHUMH Y
PI3HHX MICISIX CEPEIOBUIIA.

Martepiamn i Mmetoan. Po3B’s30Kk mocTaBieHOl 3aaa4i
OyJI0 BUKOHaHO HaMH 3 BUKOPUCTaHHSAM MaTeMaTHYHOTO
amapary 3aKOHY TEIUIONIPOBIIHOCTI Ta PiBHSIHHS HEPO3PH-
BHOCTI 32 A.B. Kyprenepom i A.®. UynHoBChKHM [4, 5],
METO/IiB YMCEIHHOTO PO3B’A3aHHs 0OEPHEHNX HENTHIHHUX
KpaloBHX 3a/1a4 Ha KOH(OPMHI Ta KBa3iKOH(OPMHI Biz0-

Opakenss [1, 7, 8], a YuCIOBI po3paxyHKH 3a JOMOMOTOIO0
komiuiekcy nmporpam MATLAB [9].

Pe3yabTaTh Ta ix 006ropopenHs. Jlyis BUBeIeHHS He-
00XiTHMX MaTEeMAaTHYHUX 3aJICKHOCTEH PO3IIITHEMO CTa-
LIOHAPHUI JBOBUMIPHHMI TpOLIEC HArpiBaHHS KYCKOBO-
OJTHOPIZTHOTO HECKIHYEHHO BEJIMKHX PO3MIpIB CEepeaoBH-
1A «TPYHT-TIOBITPSI»

G:{(x,y,z):—oo<x<+oo, —0< Y <o, —oo<z<+oo}
napajenbHO PO3MIIICHUMHU B IPYHTI JDKEpesaMd TeIula.
Po3B’s130K 3aaui MIyKaTHMEMO Y IUIOIIHHI MONEPEYHOr0
mepepi3zy, Oe TpyOm (mKepena TeIula) iHTEpIPETOBaHi
TOYKaMH. [IpuIycTuMo, o MEXero CIpshKeHHs o0nacTei
IPYHTY 1 TOBITPsI € MpsiMa JIiHisl, @ IPYHTOBE 1 MOBITPsIHE
CepEIOBUINA XapaKTEPU3YIOThCS BIAMOBIAHO KoedillieH-
tamu Temonposinsocti K(X,y) =k, mpu Y>>0 ta
k(x,y) =K,, npu y <0. O6epemo koopaunarsi oci OX
Ta Oy tak, mo6 Bice OX cmiBmana 3 miero miniero. Toxi
pisusans Mexi 7 ={x=0, y € (-o0,+0)} . [puiimaemo,
oo JpKepena Teruia po3MillleHI Ha OJHAKOBiM BiNCTaHI
OJIHE BiJ OJHOTO B TOYKax (mll_yo), m=0,+1,+2,...i
(ml,a),

BIJIMIOBIHO OyIeMO BBa)KaTH BTOKAMH

SBISIIOTBCSI  BUTOKAMH Touku
m=0,£1,%2,...

Teruia (quB. puc.l). Po3paxyHkoBa, miocka o0iacTbh G,

TCI11a.

MaTHMe BUII:
G, ={z=x+iy: —o0<x<+m, 0<y <40, k=ky,—0 <y <0, k=ki}-

I[Tponec TEMmIONPOBIJHOCTI OMUCYEMO Ha OCHOBI 3aKO-
HY TETUIONIPOBIIHOCTI Ta PIBHSIHHS HEPO3PUBHOCTI:

g, =-kgradT, i=12 divg =0 @)

ne T=T(X,y) — remneparypa B Touui (X,y), K;, i =12 - xo-

eiIlieHTH TEIUIONPOBITHOCTI BiATIOBIAHO ¥y 1BOX BBaxa-
*

€MO BiZIOMHMH HACTYTIHi MapaMeTpu: | - TeMIepaTypa

HAa JDKepeli Tera

b =T, M= —00,+00),

T| —=T. = const - TeMneparypa Ha BU-

y=L; —oco<X<+oo

coti L Bix noBepxHi IpyHTy, (Q - IOBHUH TEILIOBUH ITO-

TiK, | — BizcTanp Mik mKepenamu terna, D - ru6una 3a-

JISITaHHS JpKepen Teria ( | , b - mesinomi BEIMYWHH, Ke-
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. * . .
pyiodi mapameTpH), |, - MiHIMAJIEHO JOMYCTHMA TEMIIE-
paTypa, 1o HeoOXiHa sl BAPOOHHMYUX YMOB Ha JCSKIii
co . *
(3amaniit) Bucori L .

k, o

<

ky

Puc. 1. Po3paxyHkoBa o0sacTs 3a1a4i

3ajaua, 10 PO3TIISAIAETHCS HAMH, TIOJISTAE ¥ PO3paxy-
HKY TEMIIEpaTypHOTO Mojs (TeMIlepaTypu, MATOMOI BH-
TPATH, AMHAMIYHOI CITKH TowIO) y obnacti G, Ta 3HAX0-

JOKEHHI MIHIMaIBHOTO i3 MOXIIMBHX 3Ha4eHb MapaMmeTpy

Yo, mob temneparypa T=T(X,y) y 3a3HaueHiii obmacri
G? ={z=x+iy: —0<X <40, 0<y< L*} Oyna He

. *
MCHIIIOXO 3a1aHOTro 1 3HA4YCHHA T* (T06T0

T(X,¥) >T.), npu yMmOBi, W0 TOTPAIUIAHHS TeIUIa

BLIMO IPYHTY QQ, HE NEPEBHILYBaa ACSIKOTO 3HAYCHHS

Qg, a TaKoX MOTPIOHO BU3HAYMTH HEOOXIiJIHY TemIepa-

TYpy Ha JDKepenl TeIula, 3a YMOBHU CTAJIOTO 3HAYeHHS Te-
MIIepaTypH Ha BHCOTI L.

Po3paxynkoBi ¢popmyan. Beegemo TeroBuii moteH-
—T +T.

uian @ = @(X, y) 3a popmynoro @ =K; T _T ™
dynkuito Tedil y — (X, y) (KOMIUIEKCHO CHpPSDKEHY
m0 @(X,Y)). Temnepatypy Ha Jkepeni 3a/1aMo Ha €K-

BINOTEHL[iQIbHIN JIiHI{, 0 NPOXO/UTH YEPE3 TOUKA y

Ta Y, , IPH 4OMY ‘yo - y0‘< € Ta ‘&_ y0‘< <.

VY BHUNAJKy KYCKOBO-OIHOPITHOTO CEPEIOBUILA PO3/Ii-
sexoro Biccro OX Ha JBi 30HH, 10 XapaKTEPU3YIOTHCS
ABOMa cranmuMu Koediunientamn K , K, Ta iHTeHCHBHICTIO

Q ZBOX TOYKOBHX JUKEpE (BUTOKY Ta BTOKY PO3MIIIIEHHX
BianoBinHo B Toukax (0,a) ta (0,-b), BinmoBiguuii mpoiec

. _ . Op; Oy,
OIUCYETHCS PIBHAHHAME Vix = K; x W ,
v, =k 99, __ %
=% 5y T T Tpx TaYMOBaMH CHPSDKEHHS B3NOBXK

npssmoi Y =0 [8,10], me
(01,(X, y)’ (02()(’ y)’ l/’lv(xv Y), l//Z(X, Y) - TCIUIOBI

MTOTEHITiau Ta PYHKIIT TeUil BIAMIOBIIHO ¥ BepXHiil Ta
HIDKHIN MIBIIONIUHAX, MAEMO:

o (X, y)— [In\/(x xO) +(y— yO) +

yyO

v (X, y)= ?T(arctg y— ))(/0 +arctg =—2¢%

0

2In\/(x+x0) +(Y=Yo) ]

+s(x X0, Y — VYo )+S(X— xo,y+y0)j

?.(x.¥)=a +k)ln\/(>< %) (Y= ¥o)"

A ()
Axmo K(X,¥) =Kk, (K,) mpu y <O (y>0);y
TOYKaX (ml,yo), m = 0,=+1,+2,..., pPo3MilleHi Bu-

TOKHA OJHAKOBUX IHTEHCUBHOCTEH Q, TO TMOTEHIIAIA

koQ [a ctgy yOJrs(x—xo,y—yo)]' @

(pl(X, y) Ta 0, (X,Y) (BinmoBinHo HiKHBOI Ta Bepx-
HBOI MIBILIONIMH) 3TiHO MPUHITKITY CYMEPIO3UINi o1ep-
KUMO Y BUTJISL:

o (X, y)— (ZIn\/(x mx, )" +(y—Y,)

m=—co

ki =k, Z In\/(x+mx0) +(y— yo) j

m=—c

7= <k+k>ZmJ<x mxo> ) ®

Bumararoun BukoHaHHs HepiBHocTI T (X, Y) = T MIPOXOUMO JI0 TAKUX PiBHSHB JIJIsI 3HAXOKEHHS MTapaMeTpy

SIKIIO JKEPEIIO 3HAXOIUTHCS B HIDKHIN MiBILIONUHI,

QT -T.)
T Tk 1K) 2 Z (- )"+

ti mi‘lmln\/(x+mxo)2+(y—yo)zj—0

y —Y, )2 =0, AKIIO JHKEPEJIO 3HAXOAUTHCS B BEPXHIiH MiBILIONIHHI.
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Puc. 3. Po3nonin Temneparyp mpu o0irpiBi IpyHTy mIicTbMa JDKEpesaMyl Teruia
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YucioBi po3paxyHKH 3a [OMOMOTOK KOMILUICKCY
nporpam MATLAB [9] 6ynu npoBezeHi st koedirieHta
tertonposianocti nositps K, =0,026 Ta mns pisHux
THMiB TpyHTiB: 1) mimanuii rpyar Kk, =1,16 2) rpynr, B
sxomy 10% Bomu Kk, =1,75; 3) rpynr, B sxomy 20% Bo-
m k, =2,1; Temneparypa Ha BUCOTI L =50 piBHA
T.=30,

Yo =10, BiJICTaHb MiX JKepenamu temta | =10,

JoKepella TeIUla PO3MIIICHI Ha TIIHOWHI

OpeprkaHi pe3yibTaTH y BUTILAAL 130TepMigHIX 00ac-
Tell TpezcTaBiIeHi Ha puc. 2. Po3paxyHKH MOKa3ain Take:
Yy BUNAJKY HIIIAHOTO IPYHTY IJIS JOCSTHEHHS HeO0OXiTHOT
TeMIIepaTypu Ha BHCOTI L Temmeparypa Ha DKepeli mo-
BHHHa OyTH HalOUTBIIOI (T™ ~ 66 ), Akmo Maemo 10%
BOOM B TPYHTi, TO T ~54, i sxkmo 20% Boau, TO
T ~49.

Ipu 1=10, T.=30, T. =35, T =50,

Q =1, orpumaeMo BIANOBiAHE ONTHMAJbHE 3HAUCHHS

3aJIATaHHs JpKepena Terua, ske cranoputume Y, =9,8.
31 30UThIICHHSIM MIUPUHA MiX JDKEpEeJIaMH TeTlIa TIIHOMHA
3aJIITaHHS HarpiBaloyoro JyKepena 3MEHIIYEThCS, a caMe:
akmo | =12, 14,710 Y, =9.26, 8.98 BimnosigHo.
Ha puc. 2 300pakeHi i30TepMidHi 001acTi y BUMTAAKAX:
a) Koe(ilieHTH MPOBIMHOCTI y ABOX JOCIHIPKYBaHUX Ce-
penosumax piemi, a came K =K; =1,16 (marpipaux

3HAXOJUTHCS B MILIAHOMY IPYyHTI); 0) mKepeno Teruia 3a-
XOIUTBCS Ha MOBEPXHi IPYHTY; B) HATPiBHUK HAMOJIOBUHY
3HAXOMUThCA B IpyHTI, K1 > K ; T) HarpiBHuk HamosnoBu-
HY 3HaXOOuThcs B IPYHTI, Ky <Kz ; m) mxepeno Ttemna
TIOBHICTIO 3HAaXOJIUTHCS i/l TOBEPXHEIO IPYHTY; €) JKe-
perio Teria po3MillieHe B MOBITPI Ha IEAKIA BUCOTI.

Ha puc. 3 300paeHi i30TepMidHi 001acTi y BUNAAKY
00IrpiBy cepeloBHINa «IPYHT-TIOBITPSI» CEPIEI0 JKEepen
Temia 3a ymoB: a) Ki=Kky; 6) Ky >Ky; B) K <k,
.BucHoBku. Onep>kaHo aHATMITHYHI PIBHAHHS IS po3pa-
XYHKY TEMIEpaTypH IPYHTY 1 IMOBITPS IpPHU CTAI[iOHAPHO-
My TIpoIleci HarpiBaHHS, SKi MOXXYTb OyTH BHKOPHCTaHI
U HaONMMKEHUX PO3PaxyHKIB 1 aHAJ3y TEIIOBHX MpO-
LeciB Yy KyCKOBO-OJHOPIIHOMY CEpEOBHINI «IPYHT-
noBitpsi». [IpoBeneHO 4MCIIOBI PO3paxyHKH i 3HAWAEHO
TeMIlepaTypHe TOJIe y BUIJIAAL i30TepMiYHUX oOnacTel
JUISL PI3HUX BHIAJKIB pO3TAIlyBaHHs JIHIHHUX Kepel
Tera.

3anpornoHoBaHa METOMOJIOTIsI MOCTAHOBKH Ta po3pa-
XYHKY 3a/1a4 TEIUIOTIPOBITHOCTI B IPYHTI Ta B CEpEIOBUIII
«IPYHT-TIOBITPS» JO3BOJISE HE TUIBKH PO3PaxyBaTH TEM-
HepaTypHUN PEXHUM, aje i ONTHMI3yBaTH IIEBHI MapaMeT-
pH JDKepen Tellla Ta po3paxyHKoBoi obmacti. [ToOynoBa-
HHUU{ alropuT™M po3B’sI3aHHA MOACNBHOI 3a1a4i Teopil Ten-
JIOTIPOBITHOCT] JO03BOJIsIE BPAXOBYBATH 3BOPOTHIN BIUIUB
XapaKTEepUCTUK TPOLECY Ha XapaKTEePHUCTUKH CEPEIOBH-
ma.
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Bomba A.Y., Vostrikov V.P.
Mathematical design of process of heating of environment *'soil - air'* by the linear sources of heat
Abstract. The aim of work is development of mathematical equations that describe the process of stationary heat conductivity and al-
low to expect the temperature field in the cross section of environment "soil - air" at her heating by the linear pipeline sources of heat
and to optimize the parameters of sources of heat. The decision of task is executed with the use of mathematical vehicle of law of
heat conductivity, equations of indissolubility and methods of numeral decision of reverse nonlinear regional tasks on conformal and
quasi-conformal reflections. In the derivation of mathematical equations the process of heating of piece-homogeneous environment is
considered "soil-air" infinitely largenesses with the sources of heat accommodated in parallel in soil. Thus the sources of heat are in-
terpreted by points. The calculation area of task is certain as a piece-homogeneous environment with the line of division on the sur-
face of soil as a straight line. Soil and air environment are characterized the considerably differing permanent coefficients of heat
conductivity. The sources of heat are interpreted by the points placed on identical distance in soil (on soil), and in mid air, according-
ly, the flows of heat are interpreted as the symmetrically placed points. Mathematical transformations are get equations for determi-
nation of values of thermal potentials and thermal streams in overhead and lower semi planes of calculation area. The equations are
got for determination of height of placing of sources of heat for providing of the set temperature of air. Calculations are conducted
with the use of complex of the programs of MATLAB and results are got as isothermal areas of distribution of temperatures at the
different placing of sources of heat on a depth and at heating of soil by six sources of heat, placed on her surface. Offer methodology
of formulation and calculation of tasks of heat conductivity in an environment "soil-air" allows to expect the temperature condition of
environment and optimize the parameters of sources of heat and calculation area, and also to take into account reverse influence of
descriptions of process of heat transfer on descriptions of calculation environment.

Keywords: mathematical design, heating, an environment is "soil-air", linear sources of heat, calculation area, thermal stream.

Bom6a A.41., Boctpukos B.I1. MatemaTuueckoe MoeIMPOBaHHe NIPOLieCCa HATPEBAHUS CPEAbI «II0YBA-BO3AYX» JIHMHEHHBIMH
HMCTOYHUKAMH TeIJIa
AnHoTanus. Llenpio paboTHl sABisieTCS pa3paboTKa MaTeMAaTHUECKHX YpPaBHEHHH, KOTOpBIC OMHMCHIBAIOT MPOLECC CTAMOHAPHON
TEIJIONPOBOIHOCTH U TIO3BOJIIIOT PACCUMTATh TEMIIEPAaTypHOE IOJe B IIONEPEYHOM CEUCHHH CPEAbl «II0YBa-BO3AYX» IpH ee
o0orpeBe TMHEHHBIMU TPYOOIIPOBOIHBIMI HCTOYHUKAMU TEIIa ¥ ONTUMHU3HPOBATh TapaMeTPphl HCTOUYHHUKOB TeIula. Pemenne 3anaaun
BBIMIOJIHEHO C HCIIOIB30BAaHMEM MAaTEMAaTHYECKOTO ammapara 3aKOHa TEeIJIONPOBOJHOCTH, YPaBHEHMS HEPa3PhIBHOCTU M METOIOB
YHCJICHHOTO PEeUIeHHs] 0OpaTHBIX HEIMHEHHBIX KPaeBbIX 33/1a4 110 KOHPOPMHBEIM H KBa3HKOH(OPMHBIM oToOpaskeHUsIM. [Ipy BeIBOIE
MaTeMaTHYeCKUX YPaBHEHHH pPacCMOTPEHO IIPOLECC HAarpeBaHUs KyCOYHO-OJHOPOIHOHW CpEAbl «II0YBAa-BO3IYX» OECKOHEYHO
OOJIBIINX Pa3MEPOB C MapaIEIGHO Pa3MENICHHBIMH B IT0YBE UCTOYHUKAMU Terua. [Ipy 9TOM HCTOYHUKH TeIlIa HHTEPIPETHPOBAHEI
To4ykaMu. PacuerHas oOnacTb 3a1aun onpesiencHa B BUJIE KyCOYHO-OHOPOIHON Cpesibl C IMHUEH pa3Jieiia Ha IOBEPXHOCTHU IOYBEI B
Buie mpsAMoi JuHUM. [louBeHHas U BO3AyIIHAs CpelJa XapaKTepPH3yIOTCS 3HAUUTENBHO PA3HAIMMUCS IOCTOSHHBIMH
K03 GUIHEHTaMH TeTJIONPOBOAHOCTH. VICTOUYHMKH Temna WHTEPHIPETUPOBAHBI TOYKAMH, DPAa3MEHICHHBIMH Ha OJWHAKOBOM
paccCTosiHUM B TIOYBEe (Ha II0YBE), a B BO3AYXE, COOTBETCTBEHHO, HHTEPIPETHPOBAHBI CTOKM TEIIA B BHJE CHMMETPUYHO
pa3MeIeHHBIX TOYeK. MaTeMaTHYeCKUMHU IpeoOpa30BaHUSIMHU IOTYyYCHBl YPaBHEHHS I ONPEICNCHUs 3HAYCHUH TEIUIOBBIX
MOTCHIMAJIOB ¥ TEIIOBBIX ITIOTOKOB B BEpXHEW M HIDKHEH IOJYIUIOCKOCTSAX pacdeTHOi oGmactu. IlomydeHsl ypaBHEHHsS IS
OIIpE/ENeHUs BEICOTHI Pa3MeNIeH s HCTOYHUKOB TeIUia 1yl 00ecreueHns 3aJaHHON TeMIlepaTypbl Bo3ayxa. [IpoBejeHbl pacueTs ¢
HCTONIb30BaHueM Komiiekca nporpaMM MATLAB u mosydeHbl pe3yibTaThl B BHJIEC H30TEPMUYECKUX oOsacTed pacipeserneHus
TeMIIepaTyp NPH pPa3HOM pa3MELIeHHH HCTOYHUKOB TeIUla MO INIyOWHEe W HpU 00OrpeBe IOYBHI IIECTHIO MCTOYHHKAMH TeIlla,
pa3MeIeHHBIX Ha ee ToBepXHOCTH. [IpeoxkeHHass METOIOIOTHSI HOCTAaHOBKH M pacdeTa 3a/ad TEeIIONPOBOJHOCTH B CPEJIe «I10YBa-
BO3yX» TO3BOJISET PAaCCUNUTATh TEMIIEPATyPHBIN PEXUM CPeAbl U ONTHMHU3HPOBATH MapaMeTPhl MCTOYHHKOB TEIUIa M PAacueTHOH
o0JacTH, a TakXKe YIUTEIBaTh 00paTHOE BIMSTHUE XapaKTEPUCTHK IIpoIecca TeIIonepeladl Ha XapaKTePUCTHKH PacIeTHOH CpPebl.
Kniouesvie cnosa: mamemamuueckoe molenuposanue, Hazpesauue, IuHeUHble UCMOYHUKYU MeNad, paciemuas o0O1acme,
Menno8oll NOMOK, cpeda «NO4BA-6030YX.
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Bonowun H.B.
IIpencraBiienns, METOAbI U AJTOPUTMBI MPH MPOEKTHPOBKE ABTOMATHYECKOH CHCTEMBI
HPHIAOAUATHOCTUKH

Bonowun Hukonaii Braoumuposuu, acnupaum

Omoenenue 2ubPUOHBIX MOOTUPYIOWUX U YAPABTIAIOWUX CUCTIEM 8 IHEpeemuKe
Hncmumyma npobnem moodenuposanus 6 snepeemuxe um. I'.E. Ilyxoea, HAH Yxpaunvi, Kues, Ykpauna

AnHoTamus. B cratee copMupoBaHBI METOABI ONpeeTIeHHs paIy’KHOH 000JIOUKH IJa3a, HASHTH(GHUKAIUS UPUIONPU3HAKOB U Ja-
KyH B aBTOMAaTHYECKUX CHCTEMax UPUI0JUArHOCTUKHU. Pacrio3HaBaHMEe pealn30BaHO Ha OCHOBE METOJA YCUJICHUS IPOCTHIX KIIACCH-
(MKATOPOB C MCIOJIB30BAaHUEM METOIA JIOKATBEHBIX OMHAPHBIX Ma0I0HOB. MneHTHhHKaIMs TaKyH IPOBOAUTHCS C MOMOIIBLIO HHTPO-
(GU3MYECKOr0 METO/a, a MOJyYeHUEe MPUIONPU3HAKOB MPOMCXOAUT IyTeM (GHUIBTPALMH M300paXKEHUs HAa OCHOBE IIBETOBBIX IIPO-

CTPaHCTB.

Knrouesvie cnosa: upudoouaznocmuxa, unmpogpusuka, JIBLL, AdaBoost, pacno3nasanue, uoenmugpurxayus

BBenenne. boxpmmHCTBO HccnenoBaHmi B 001acTH pac-
MMO3HABAaHUS OOBEKTOB HAOIIONCHUS COCPEIOTOYCHBI Ha
MOBBIIICHUM TOYHOCTHU, HAJIC)KHOCTU U BBIYUCIUTEIILHOU
s¢dextruBHOCTH. TIpH 3TOM JOCTATOYHO YACTO MPUMCHS-
IOTCS YHUBEPCAJbHBIC CTATHCTUYECKUAEC IMOJXOMbI, CO-
IJIaCHO KOTOPBIM paclo3HaBaHHWE CBOAMTCS K 3ajjaye CTa-
TUCTHYECKON KiacCU(DUKAIIUU BRIOOPKHU MPU3HAKOB U300-
paxenus. K coxkajaeHHno, Ka4eCTBO IONy4aeMOTO pelre-
HUS BCE €Il HEAOCTATOYHO BBICOKO I OOJBITMHCTBA
MPAaKTUIECKH BAKHBIX TPHIIOKEHHHA. B cBs3m ¢ Bo3poc-
IMMHA TPeOOBAHUSAMHU K OOECIICYCHUIO Oe30IaCHOCTH U
3I0POBBS YETIOBEKa, HEOOXOIMMEBI HCCICIOBAHUSI U pas-
paboTKa HOBBIX, BBICOKOI(P(EKTHBHEIX METOIOB, KOTO-
pBIE€ MOBBICSIT TOYHOCTh U JOCTOBEPHOCTH JIHATHOCTHKH
3abosieBaHuUi.

00630p ny6snukanuii. OnpeneneHrue Wi BBIIEICHHUE
pangyxHoi 00004YKK Hanbosee YacTo MCIOIB3YETCs st
HAOJIIOICHUST 32 BEPTHKAIBHBIM JIHOO TOPHU3OHTAIBHBIM
nonokenueM riasa [6], [8], [12]. bonemmHCTBO Havasb-
HBIX CHCTEM OIpENIeIICHU 3padka HCIOJB3YIOT YIpoIIe-
HHE, YTO 3pavyoK SBISETCS KPYTOM M YTO €T0 IICHTP MOXK-
HO pacCYMTaTh KaK IMEpecedeHre COOTBETCTBYIOUIUX TO-
PU30HTAIM W BepTHKamW. Ha mpakTuke, maxke KpYTIbIA
3pavyoK TPUHUMAET SJUMNTHYCCKUHA BUA TIPH HEICH-
TpagpbHOM TOJOXeHuu riaza. D. Zhu, S.T. Moore u
T. Raphan mpennoxunu MCTIONB30BaTh KPUBOJIUHEHHBIE
XapaKTePUCTUKH KOHTYpa 3pavyka W MOMECTHJIM UX B JI-
gunc [12]. BonbIIMHCTBO M3 NpPENIOKEHHBIX Ha CEero-
JMHSIIHUK JICHh METOIOB OINpPEICJICHHUs 3padvka rjas3a, He
MPEIyCMATPUBAIOT KCIIOJIb30BAHUE IMOMEX0YCTOMYHBBIX
aJTOPUTMOB.

Juist Toro 4ToOBl OTAENHUTH PAIYXKy OT AeTaneil Ha
N300paKeHHUH, B MPOCTOM CIy4ae MOXHO HCIOJH30BATh
ompeNieieHue KpaeB (IyTeM aHajiu3a MEpBOH IPOU3BO/I-
HOW) M TIOCJIEYIONIYIO allIPOKCHMAITHIO TPAaHUI] PalyKKA
MIPOCTBIMH T€OMETPHUYCCKUMH OOBEKTaMHu. Tak, OKpYK-
HOCTh 3padka M BHELIHIOI TPAHMIY DPATYKKH MOYKHO
HaTH Tpu Tomorm TmpeodpazoBanusi Xada (Hough
transform) [7]. Jpyrue MeToapl JONOJHUTEIHLHO OIpee-
JISIIOT TPaHMILy PamyKKd M BEK AByMs mapaboiiamu, Kak
Wildes, mwim mpocTo OTCEKAaroT T€ YacTH M300paKeHHS,
KOTOpPBIE MOT'YT HE OTHOCHUTBCA K pagyxkke, kKak Daugman
u Ma [7], [11].

Ecmu anms 3axBata m300pakeHUs HE WCIIOJB30BAIACH
CHenranbHas anmaparypa, MOXeT MOHAJOOUTHCS TPEIbI-
Iymiee IMOJABJICHUE HEXeNaTelbHbIX 3(P(EKTOB, TaKkux
KaK OTOJECK BHYTPH 3payka OT BCIHBIIKHA WIA APYroro
SIPKOTO MICTOYHHMKA CBETa, €CJIM ATH apTe(haKThl MEMIaroT
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KOPPEKTHOI paboTe alropuTMy OMNpPEAEIEHHS Pamy>KKh
[9].

Heanb. IloBbimenne 3(deKTUBHOCTH METOAOB OHO-
METPUYECKOT0 PpACIO3HABaHMsl Ul OLEHKHA COCTOSHUS
OpraHM3Ma MO paayKKe TIJla3a IMpeJCTaBIseT HeMable
TpynHocTu. MpuponuarHoctuka sBISE€TCS METOJOM He-
TPaAUIMOHHOW MEIMIMHBI, B KOTOPOM COCTOSIHHE Opra-
HHU3Ma U TIATOJIOTHS OPTAHOB ONPENEIISIOTCSA 10 PUCYHKY
panyxku. Ha npakTuke mporiecc KOHTPOIS U H3MEPEHHs
nH(GOPMATUBHBIX TApaMETPOB, PACIO3HABAHUS W HICH-
TH(QUKAIMK SBIAETCS OCTATOYHO TPYIAOEMKHM, IPOBO-
JUTCSI B OCHOBHOM BPYYHYIO M KOHEYHBIH pE3ynbTaT B
3HAQUUTEIBHOW CTENEeHM 3aBUCHUT OT BbIOOpa JKCIep-
ta/oneparopa. Llenbio paboTel ecTh pa3paboTka U peau-
3alus aBTOMAaTHYECKOr0 HMPHUIOAMATHOCTHYECKOTO KOM-
wiekca. OH JOJDKEH: JIOKJIM3UPOBATh PalyXKHYI 000-
JIOYKY TJ1a3a; HACHTU(UIMPOBATh UPUAONPH3HAKH; UICH-
THU(GUIMPOBATD JIAKYHBI; COCTABJIATH TUArHO3.

Marepuaibsl 1 METOIbI

Metox AdaBoost ouH W3 JTyYIIUX MO COOTHOIICHUIO
oKa3aTese (apdexruBHOCTH pacrmo3HaBa-
HUs)/(CKOpOCTh paboThI). DTOT NETEKTOp OCHOBaH Ha
YCUJIEHHH TIPOCTHIX KJIACCU(HUKATOPOB. YCHIICHHE MpO-
CTBIX KIIacCH(HUKAaTOPOB — MOAXOA K PEIICHUIO 3anad
KIaccupuKanuy (pacrno3HaBaHus), MyTeM KOMOMHHPOBa-
HHS TIPUMUTHBHBIX "Cia0bix" Kiaccu(UKATOpOB B OJWH
"cunpHpid" [10]. Tlox "cunoi" kmaccudukaropa B aaH-
HOM clly4ae HMOHMMAioT 3G QEeKTUBHOCTh (KauecTBO) pe-
ureHus 3agaun kinaccudukanuu. Cnabpiii kaccudukarop
UMeeT BUJI:

1, pf (X) < p®

0, unaue

h(x, f,p,®) = 1)

rae f — npusHak, p — MOJAPHOCTB, KOTOpas IOKa-

3BIBAET HAIPABIEHUE HEPOBHOCTH, (& — IIOPOrOBOE 3HA-
YEHHUE.
OuHATBHBIN CHIIBHBIN KITaCCH(PUKATOP UMEET BU:

.
312 e

.
1, >
cx)= {2 an()=32 @
0, unaue
1
e o, =log—-
ye

PacriosHaBanue 00pa3oB MPOXOJHUT IYTEM HCIIOIb30-
BaHMS JIOKAIBbHBIX OMHapHbIX mradmonos (JIBIL). JIBII —
OIIMCaHUE OKPECTHOCTH TOYKH M300pa’keHMs B JBOUYHOI
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¢dopme. Oneparop JIBI, KOTOPEIl IPUMEHSETCS K TOYKE
N300paKEHHs, UCIIOJIB3YET BOCEMb TOUEK OKPECTHOCTH,
NPUHHUMasl [IEHTPaJIbHYIO TOUKY B KayecTBo ropora. [1uk-
Cell, KOTOpble UMEIOT 3HaueHHe OoJIblIe, YeM LEHTPahb-
HBII TUKCENb (WM PaBHBI €My), IPHHUMAIOT 3HAYCHUS
"1", Te, KOTOpBIE MEHBIIE IEHTPAIHHOTO, TMPHHUMAIOT
3rageHne "0". Takum oOpazom, HoOIydaeTcss BOCEMHUpPa3-
pAmHBIA OWHAPHBIH KO, KOTOPHIH OIHCHIBAET OKPECT-
HOCTB ITUKcens [4].

W3o0paxenne pasOuBaercst Ha k x k oOmacteil u B
KaXI0M O0NacTH s KaXIOTO MHKCETsT H300paKeHHS
Beraucisiercst JIBII-koxa. IToToM Bce rucTorpamMmsl 06ia-
CcTell OOBEOMHAIOTCA B ONHY THUCTOTpaMMy. JTa THCTO-
rpamma (popMHUpyeT BEKTOP MPH3HAKOB H300PaKCHHS.

Ipu xnaccudpukanmu n300pakeHUI UCTIONB3YEeTCS Me-
TOJI HAaXOXKACHHS HAMMEHBIIETO PACCTOSHHS MEXIy T'-
crorpaMmaMi 2. PaccTosiHEe MeXIy H300paeHHAMH

S U M omnpeacisieTcs 1mo (I)OpMyJ'IeZ

2 _ K K (Si,j_l\/li,j)2 (3)
xS M) ; Z:ll Si,j+Mi,j

Pesyabrarsl. [IpriMeHeHnE BBIICONMCAHHBIX METOIOB
MOJKET OBITh MPUMEHEHO KaK B OMOMETPHUHU TaK U B MEIU-
IMHE. BOJBIIMHCTBO CYyLIECTBYIOIIUX METOJOB HACHTH-
(UKaLUK YYUTHIBAIOT TOJBKO MAaKCHMAIBHBIA MPBIKOK
MHTEHCUBHOCTH, HO YIIYCKalOT TaKyl Ba)XXHYIO JA€Tajb
KaK TEKCTypa paayKHOH 000JI0YKH, KOTOpask HEOOXOIIMa
JUISL OLIEHKH e¢ TIoTHOCTH [9]. Iyt Toro 4ToObl 3aKoau-
pOBaTh TEKCTYpPY MOXHO HCIOJIb30BaTh METOJ JIOKalb-
HBIX OmHapHBIX mabiaoHOB [4]. Kaxasrit JIBII-xon mpen-
CTaBJsIET COOOM TUI MHUKPOM300paKEHUSI CTPYKTYPHI, a
X pacHpeiesieHHe MOXKHO HCIIONb30BaTh B KadecTBE
OTHCAHUS TEKCTYPBHI.

IIpu NpoeKTUPOBKE aBTOMATUYECKOM CUCTEMBI UPUJIO-
JUATHOCTHKH BaKHO 3aJOXHUTh HACHTH()HUKALMIO JaKyH.
I'1aBHBIM KpuTEpUil IPU IPOEKTUPOBKE TAKOI'O MOJYJIS —
JIETKOCTH O0YYeHUS, T.K. O4eHb MHOTO€ 3aBHCHT OT YCJIO-
BUI ChEMKH, a CUCTEMA JJOJDKHA UMETh BO3MOXKHOCTb I1€-
peoOyuntcst Ha "cBoux" maHHBIX. [ pemieHus JaHHON
3ajaud  HUCIIONIB3YEeTCS HHTPOPOPMAIUOHHBIA  METOX
MPEAJIOKEHHBIA JTOKTOPOM TEXHHUYEeCKUX Hayk Tecnei
IO.H. [5]. Ang naHHOrO METoAa HY>KHA CTaTUCTUYECKAs
BBIOOpKAa M3 COOTBETCTBYIOIIMX JJIEMEHTOB, KOTOpHIE
NPUHAJIEKAT K KJIacCy JIaKyH — HU(POBbIE N300paKeHUs
JIAKyH B TPaIallusiX ceporo (IIBETHbIE H300PaKEHUS HECYT
n30bITOuHYI0 nHpopManuio). [ist Toro 4ToObl 3aKOIUPO-
BaTb TeKCTypy ucnoisbsdyercs meron JIBIIL. Ha ocHose
pacctossHui (3) CTPOUTCS CTaTHCTHYECKash BHIOOpKA, KO-
TOpast MIO3BOJIUT OLICHUTh NPOSBICHUS "COOBITHS IOSIBIIE-
HUA" JAKYHbI Ha M300paxeHun (D, ), @ TakKe yCIlIoBus (

b, j=1Ln):
Po= p(Do) (4)
pP; = p(DO/bJ)" J =1n
ITo n3BecTHBIM BEPOATHOCTIAM MMPOABJICHUSA (ﬂeﬁCTBHH)

CUCTEMbl PACCUUTBIBACTCA €€ ONPCACICHHOCTb 1O OTHO-
IICHUIO K 3TUM HPOSABIICHUAM!

+0.5- )

ITo m3BecTHOM OMpPENENCHHOCTH CHUCTEMBI PACCUMTBI-
BaeTcsi ee MHPOPMHUPOBAHHOCTb:

i,=yd?+1, j=0n (€)

Brruncnsiercsi cyMmMmapHoe, Mo BceM JEUCTBUAM Ha CH-
CTEMy, NpHUpallleHue ONPEeAENICHHOCTU ACUCTBUS CUCTE-
MbL. [Tpu 3TOM Hcmonp3yercss UHTPOGOMAIUOHHOE TPE/I-
CTaBJICHHE U3MEHEHUS UMITYJIbCa OOBEKTOB:

Ad® =iy>d, —d, >, U]
= =1

R19%(000) I/IHTpO(l)OpMaI_[I/IOHHOC OpeaACTaBJICHUC HU3MCHC-
HHUS KUHETHYECKOMU OHECPIruu:

Ha ocHoBe MHTPO(HOPMALIMOHHOTO MPEACTABIICHUS BbI-
YHCIISIETCs IpUpanieHne NHPOPMUPOBAHHOCTH CUCTEMBI:

Ai =+/Ad? +1 9)

[ToroM MOXXHO BEIYHCIUTH HOBYIO OIIPEIEICHHOCTH
JIEUCTBUI CUCTEMBI:

dy =Ad -i, +d, - Al (10)

1 HOBYIO I/IH(I)OpMI/IpOBaHHOCTL Z[eﬁCTBHﬂ CUCTCMBI:

iy =4/d2 +1 (11)

Bhruncisercs coOTBETCTBYIOIIee (DU3UUECKHM 3aKO-
HaM BEPOSATHOCTH JCHCTBUE CHCTEMBI:

ps = p(D, /by,...,b;,....,b,) = O,5+dfZ
2iy

Taxoif MOAX0J COCTOHUT B TOM, YTO OH yKa3bIBAaeT Ha
OoXpjaemyro "peakuuio" Ha BozzaelcTBue. JJaHHBIA MeTOx
JIEHCTBYEeT Ha OCHOBE IOJIYYCHHOTO OIIBITA, CTATHCTHYE-
CKOH BBIOOpKH Kilacca "nmakyH" u "He jmakyH".

Kak merojn Iuisi pacrno3HaBaHHs HCIIOJb3YETCS METO
AdaBoost [10], a Habop a7 KIacCUPUKALNUN CO3AETCS
Ha ocHoBe noctpoeHHbix JIBIII-kon0B U ux pacnpenene-
Hus1. OO00IIEHHBIN alrOpUTM pacro3HaBanus [3]:

1. Cozpmaercs Habop Uil Kiaccu(UKAIUK Ha OCHOBE
JIBIII-x0om0B;

2. Beibupaercs sryqmmii "cinadprii” Habop;

3. Crpoutcs komnoHeHT h (1) i moOaBmsercs k C
2);

4. Eciu He TOCTHTHYT ONPEIEICHHBIN KPUTEPHH Mpo-
JMYKTABHOCTHU (KPUTEPHUIl OMpPEIeNIeTCs] B XOA€ UCCIeHO0-
BaHUI KCIICPUMEHTAIBHBIM ITyTeM), TO o0ydJaromue o0-
pasibl IepeonpeessiFoTCsl U BECh UK TIOBTOPSIETCS CO
2-TO 1Iara; eciy KpUTePUi MPOJYKTUBHOCTH JTOCTUTHYT —
(popMupyeTcs HCXOHBIA HA0Op KIacCH(PUKATOPOB C (x)

(12)

Vcrionb3yst [BETOBBIC MPOCTPAHCTBA, MOXHO IOCTPO-
UTh JIOOBIE KIACCHU(PUKATOPHI MO JIOO0bIe MOTPEOHOCTH
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Kkiaccu(uKauy 00bEKTOB HAOIOICHHS HA W300paKCHUU
[2]. Ucnmonk3ys nBeroBoe mpoctpancTBo Y CbCr MOXHO
MOCTPOUTh KIacCU(PUKATOP, KOTOPBIA OyAeT (GHIbTpO-
BaTh M300pakCHHE, OCTABIASA TOJBKO HPHUIOMPH3HAKH.
[lepeBox n300paXkeHNsT pagyKHOI 000IOYKH C IIBETOBOTO
npoctparctBa RGB B mpoctpanctBo Y CbCr:

Y =0.299R +0.587G +0.114B

Cb =—-0.169R — 0.322G + 0.500B
Cr =0.500R —0.419G —0.081B

(13)

rac R,G, B — KOMIIOHCHTBI KpPaCHOI'O, 3€JICHOIO U

CHHET0 OTTEHKOB M300pakeHUSI COOTBETCTBEHHO.

Ecmu Ha momydeHHOM M300pa)KeHNUH CYIIECTBYIOT 00-
JIACTH, KOMIIOHEHTHI L[BETOBOTO MPOCTPAHCTBA, KOTOPBIX
YIOBJICTBOPSIIOT YCIOBHSAM:

Y >26,Cb<-8, Cr>7,

TO ¢ OOoJIBIIOW fOJeil BEpOSTHOCTH JaHHBIE 00JACTH
MOKHO OTHECTH K UpuaonpusHakam [1].

BriBoabl. BMecTo CylecTBYOLIIMX METOJ0B, KOTOPBIE
UCIIONB3YIOT ~ YNPOILAIONINE TIOAXOMABl  JIOKAJIHM3alHH,
MIPEAJIaraeTcsl MCIOIb30BaTh METOJ YCHJICHHS IPOCTHIX
KIIacCU(PHUKATOPOB B COCAMHCHUN C METOAOM JOKAJIbHBIX
OmHapHBIX 11a0I0HOB. Takoe COeAMHEHHE IO3BOIISIET HE
TONBKO 3(PGEKTHBHO H 0€30MIMO0YHO OIpEenesiTh pa-
Iy’KHYI0 00OOJIOUKY IJla3a, HO U OICHUBATh TEKCTYpPY pa-
OyXXKKH [ TPOBEICHUS IalbHEHIINX MHCCICIOBAHHM.
Taxoke Takoil moaxo/ nMo3BosiseT GOPMHPOBATH BXOJHBIC
JlaHHBIE U1l MHTPO(apIHOHHOTO METOJa B 33/1a4e HMJICH-
tudukanmu yakyH. [ns uaeHTHQUKAIMN MUPHIONpU3HA-
KOB HCIIOJB3yeTcsl (QMIbTpaLusi, OCHOBaHHAs Ha I[BETO-
BoM nipoctpancTBe YCbCr. [IpemnoxenHsie B pabote me-
TOJIBI PEANN30BaHbl B MIPOrPaMMHOM HPOJYKTE U obecIe-
YHBAIOT TOYHYIO U OBICTPYI0 00paboTKy M300pakeHHi B
PEKHME peabHOTO BPEMEHH.
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Abstract. In this paper discusses the application methods for the determination of the iris, and the identification of iris signs and
lacunas in automated iridology systems. Recognition is realized based on the additional boosting of simple classifiers with uses
method of local binary pattern. The identification of lacunas conducted by an introphysical method and getting the iris signs by

filtration images based on color spaces.
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Tonyouwix T.C., Owuk O.B.
Cnoco6 onpeaeieHHsi BeIHYHHBI CIBUIA CTPAHUIL HAGOPA NPH KOMILIEKTOBAHUH BKJIAAKOM

fOJZy6HblK Tamvsna Ceﬂmomaeoena, accucmerm

FOwux Onez Braoumuposuu, kanouoam mexHuueckux Hayk, O0yeHm

Yrpaunckas akademus newamu, 2. JIveos, Yxkpauna.

AHHOTAIAN: Pa3pa60TaH aBTOMaTI/I?)I/IpOBaHHLIﬁ crocoo OIIPCACICHNU BEJINYNHBI CABUT'a CTPAaHUI] Ha60pa B TE€Tpaau U3JAaHUA IPU

(OpMHpPOBaHUH MOHTa)KHBIX CITyCKOB CTPAHUILl H3JaHUH BKJIaJAKON

Knrouesvle cnosa: CHYCK cmpaHuy, COGMZ, KomnjiekmoesaHnue mempadu, 6yMaea

Benenne. [lnanupyst cimyck cTpaHuI] AJsi KOHKPETHOTO
W3aHUs, UCTIONB3Ys CXeMY M3 IIa0JIOHa TPOTPaMMBbl, WIIN
3aaTh CITyCK 10 HOBOW CXeMe, KOTOpasl YUHUTHIBACT PSJ
(haKTOpOB ISl PalMOHAILHOTO HCIIOJIB30BAHUS TUIOLIAIH
Oymaru m oOecredeHus] IPaBHILHOW IOCIIEA0BATEIBLHO-
CTH CTpaHHL. BakHBIM IpH BBINOJIHEHUU CITyCKa SIBIISCT-
Cs TOYHOCTH IIapaMETPOB COOPAHHBIX M CITYIIEHHBIX
CTpaHUI], YTO IPEIOTBPAIIAECT HETOYHOCTh TIPUBOJIKH.

[Ipn BBIMOMHEHMM CIIyCKa W3JaHWH, OTIEYAaTaHHBIC
JHUCTHl KOTOPBIX IOCie (hanbIOBKH OyXyT KOMILIEKTO-
BaThCsl BKJIAIBIBAHUEM, HY)KHO YYUTHIBATH HEHPHUSITHBIN
a¢dexT "cnomsanusa", KOTOPEI BO3HUKAET MPHU KOIHIE-
ctBe cTpanull 6onee 4. HyxHO ompenenuTs, Ha KaKyrO
BEJIMYMHY HYXXHO KOPpPEKTHpOBaTh '"crons3aHue" B KOH-
KpeTHOM u3JaHuu. [ToHATHO, 4TO 3Ta BEIMYMHA 3aBUCHUT
OT KOJIMYECTBA CTPAHMI] B U3JJAHUH U OT TONIIMHBI Oyma-
I'M, Ha KOTOpOi oHO Oyzaer meuyaratbes. CyTh 3TOTO 3(-
¢exTa B TOM, YTO HpH OOIBIIOM KOJIMIECTBE JHCTOB,
BHEIITHHE JINCTHI UMEIOT Oonbimii panuyc u3ruda u, co-
OTBETCTBCHHO, MEHBIIINH pa3Mep KOPEMKoBOro moist. To
€CTb, CTPaHHIAa Ha0Opa Ha BHEUIHWX CTPAHUIIAX, KaK ObI
"cronzaer" K KOpPEUIKY, @ BHYTPEHHHUE JIUCTBl HUMEIOT
MEHBIIIME BHEIHKE TOJIs Tociie obpesanus [3, 4].

Kpartkuii 0030p ny6aukanuii no teme. Bocromns3y-
eMCsl OJTHOM M3 MpOrpaMM /IS BBINOJHEHUs MOJOOHBIX
3amay — gononHeHueM (plug-in) k Adobe Acrobat Quite
Imposing Plus. M3BecTHO, 4TO KOMIIEHCUPOBATH "cHON3A-
HUe" MOXHO TakXe M B Iporpamme mias BEpPCTKH In
Design CS2, ucronb3yst gonoauenne In Booklet. B stom
JIOTIOJTHEHUN €CTh BO3MOXKHOCTH HM3MEHSATh KOPEUIKOBOE
nosie (yBEIWYNTh, HO HE YMEHBIINTH) B mone Gap, a 3Ha-
yenue B nosne Creep N00aBisieT MPOMEXKYTKH, KOTOpBIE
TIO3BOJISIIOT Y4eCTh M KOMIIEHCHPOBATH TOJIIUHY Oymaru
B Tetpaau [1, 2, 5].

Juis marHOTO MccaenoBaHus BeiOepeM pyHKImIO Quite
Imposing, obo3nauaemyro kak Trim & Shift (Cpesats u
Cwmectuts). [IpenBaputenbHO HEOOXOIUMO OMPEICIUTS,
Ha Kakyl0 BEJIHMYMHY HYXXHO KOPPEKTHPOBaTh ''Croi3a-
HHe" B KOHKPETHOM H3J[aHWH. BennunHy KOMIeHCalnu
"crioy3aHug" MOXKHO JOCTAaTOYHO TOYHO OIPEACTUTh H
caMocCTOATeNbHO. JlJIst 3TOT0 HYXHO coOpaTh U cdaiblie-
BaTh MakKeT M3 TaKOW e OyMaru ¥ TOYHO C TAaKUM K€ KO-
JMYECTBOM JIMCTOB, Kak B OynmymieM u3naHuu. HeoOxo-
JIIMO PacKpbITh €ro MOCPEIUHE U U3MEPUTHh pacCTOsSHHE
MEXAY KpasMH BHYTPEHHETO M BHEITHETO JINCTOB, YTOOBI
YCTaHOBUTbH BEIMUYHHY KOMIeHcanuu "cronsanus”. Eciou
MakeT COAEepPKHUT 15 crpaHul] HHGOpPMAIH, TOBOAUM €ro
JI0 KpaTHOCTH 4, TOCKOJIBKY HaMMEHBIEe KOJINYECTBO
ctpanun terpaan 4. CienoBatensHO, B MakeTe Oyner 16
cTpaHuIl. B naHHOM ciydae, Kak XOpOIIO BHAHO M3 PHC.
1, OHO coCTaBUT 3,5 MM.

2 3 4

Puc. 1. Onpenenenue BeIMYUHbI CIIOI3aHUS CTPAHULL B TET-
panu U3MepUTEIbHOM TMHEHKOI

BeeiBaem ¢dynkumio Plug Ins — Quite Imposing
Plus — Trim & Shift — u BeImONHSIEM CcrieayroIHMEe AEH-
CTBHSI.

- Illaz 1. HavanbHble TapaMeTpbl ONepaluu. Y CTAaHOBUM
BepxHUl (aaxok Create a new document instead of
modifying this one (Co3gath HOBBIH JOKYMEHT BMECTO
M3MEHEeHHs cymecTBytomiero). [Tockonbky MbI OyaeM 00-
pabaTbiBaTh BeCh JOKYMEHT cpasy, YyCTAHOBHM IEPEKIIIO-
yarenb Entire document. 11 BHU3y ykakeM nuamna3oH 00-
pabortku "All pages in range" (Bce crpaHuibl 1uana3o-
HA).

- Hlaz 2. Beibop omuuii oOpe3anusi. B manHOM ciydae
BeiOupacm Leave all the pages unchanged (OcraButh
pa3Mepsl CTpaHHUI] 0e3 N3MCHEHHS).

- Ilaz 3. 3nech yKa)xeM PAacCUUTAHHYIO BEJIMYUHY KOM-
MeHCaluy crioi3anus. [ 3Toro BhIOEpEM IepeKirova-
tenp Shift the contents of each page for booklet folding
("creep") CaBHT COHEPKUMOTO CTPaHUIl I CO3JaHUS
Opourtopsr ("crion3anue").

B oxolke BBe[eHUs JTaHHBIX TOJICTABUM CIEIYIOIINE
3HAYCHMSI.

- Creep each group of: (Komnencuposatp '"cronzanue"
JUIS KaXIOM Ipymmsl U3:). 37ech yKa3bIBaeM KOJIHYECTBO
CTPaHMII B M3JJaHUM (€CIIM KOTIJICKTOBKA BKJIAJKOW OJHOM
TETPajJbl0) WM KOJMYECTBO CTPAHHUI] MPH KOIUIEKTOBKE
KaXI0# TeTpaan MOJ00PKOA.

- Shift outside pages by: (CaBur s BHEIIHUX CTPaHUII :)
311ech MOJCTABIIEM PACCUMTAHHYIO HAMH BEIMYHHY KOM-

MIEHCAIIUM CIIOJI3aHMsI, @ UMEHHO — 3,5 MM

- Shift inside pages by: (CmBur ans BHYTPEeHHHX CTpa-
HUI:) 3/1€eCh MBI CTaBUM HYyJIEBOE 3HA4YECHHUE, MOCKOJIBKY
HEeT He0OXOJUMOCTH U3MEHSTh Pa3Mep KOPEUIKOBOTO I0-
151 Ha pa3BOPOTe.

Temnepp Haxkmem Finish — u mporpamma cmectur co-
JIep’KUMO€E CTPAHHUII K MX BHEIIHeMY Kpato. [Ipu 3ToMm Be-
JMYUHA CIBUTA OyAeT paBHOMEpPHO M3MeHAThCS oT 0 Ha
BHYTPEHHEM JIKCTE 10 3,5 MM — Ha BHEIITHEM.

ITocne Toro, xak OyaeT BBIOIHEH CITyCK (yHKIHEH
Create Booklet, MbI momy4aem clemyrouuii OpurnHaI-
MakeT (puc. 2). B nanHOM ciy4ae U1 HarJsiAHOCTH ObLIa
yCTaHOBIJICHa OoJblIas BEIMYMHA KOMIIEHCALUHM CJIIBUTa
(mopsimka 15 mm). BumHO, 9TO KOpEIIKOBBIC IOJNS Ha
BHEIIHMX JIMCcTax Oosiblle, 4eM Ha BHyTpeHHuX. Ilocne
OpOIIIOPOBaHMUS U TIO/PE3aHMsI BHEIIHKE OISl BCEX CTpa-
HUIl M3AaHUs OYIAyT OIMHAKOBBIMH, IIOCKOJIBKY CIIOJ3a-
HUE YK€ KOMIIEHCUPOBAHO.
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Puc. 2. PesynbraT HOpMUPOBAHHUS CKOMIIEHCHPOBAaHHOTO
cIycka 16 CTpaHW4HON TeTpaay BKIAAbIBAHUEM

Heab. Llens nanHoro uccienoBaHus — pas3paboTka

pa B TeTpaaM M3JaHus NpH (GOPMUPOBAHMHM MOHTAXKHBIX
CITyCKOB CTPaHHIl U3JIJaHWH Ha Me4aTHbIE (POPMBIL.

Marepuanbl 1 MeToabl. [IpoBeieH aHAIN3 MIUPOKOTO
accopTHMeHTa OyMar, KOTOpble TPUMEHSIIOTCS JUIS U3ro-
TOBJICHUS TETpajel KHIDKHBIX M3JaHWH M BBIOpAHO LIS
HCCIIEIOBAaHNS HanboJee YacTo IPUMEHIEMBIE.

OO6pasmpl Oymaru, KOTopble ObUIM OTOOPaHBI JJIS HC-
CJICIOBAaHUM, (albLIEBAINCh BPYYHYIO BO B3aUMHO IEp-
MICHAUKYJSIPHBIX HANpaBICHUSX JUIA TOTYdYCHUs 8 CTpa-
HUYHBIX, 16 CTpaHWYHBIX M 32 CTpaHUYHBIX TETpameil.
Pasmepst o0OpasnoB Oymaru 210x297 mM. I[lomydeHHsie
JIaHHBIE 3aHOCWJINCh B CTATHCTHYECKWE TAOJHIBI, Ha OC-

criocoba OIpEACICHUS BEIUYHNHBI CABUTa CTPAHHUI] Habo- HOBaHUU KOTOPBIX CTPOUIIHUCH Fpa(l)PIKI/I.
Tabmuma 1.
Onpenesienne BeJIMYUHBI CIBUTa CTPAHUIL B TETPaau
. = S Lo o
(S SgE8| 25|23 =3 2 2 2 s
o = BesiMuMHa CABUra, MM $r = 85 |EE& g g3 5 =
g = =z =2 = T E5 S ) =z 5 % )
s = 58%| 3 §§ 5] Lt s £ o) =
= 8‘ = E 8‘ o = o °
1 2 3 4 5 6 7 8 9
45 10,25/0,15( 03| 05|04 |035|/045| 0,4 | 05 | 0,6 0,39 0,102 | 0,159 |0,01766 | 0,13291 |-0,12911| 0,4
60 | 04 |0,35|045| 0,4 |[055| 06 |065]| 0,7 | 08 | 09 0,58 0,15 0,306 0,034 | 0,18439 | -0,89476 [0,575
5{ 65 | 06 |07 |065|/07 |09 |11 (115 1 |115| 11 0,905 0,195 | 0,447 |0,04969 | 0,22292 | -1,98900 | 0,95
& |665(04)04[{045/03]02]04045/045]055] 0,6 0,42 0,08 0,116 |0,01288 | 0,11352 | 0,76905 |0,425
g 70 | 06 |055| 06 |07 |08]09(075|/08]|07]| 06 0,7 0,09 0,115 | 0,01277 | 0,11303 | -0,84701 | 0,7
g 80 |0,65|065| 0,7 |{0,75(085| 1 [095| 09| 08| 08 0,805 0,096 | 0,132 |0,01469 | 0,12122 |-1,04555| 0,8
E 130 |0,45|0,35/0,35( 03|03 |03]03]|03/025|0,25| 0,315 0,041 | 0,030 |0,00336 | 0,05797 | 2,83031 | 0,3
z 150 (11090909 (075/075]|0,7] 07|06 |065| 0,795 0,124 | 0,207 |0,02302 | 0,15174 | 0,21997 | 0,75
& |150m]055]055[055| 05 ]05)055]|055|05|05]05 0,525 0,025 | 0,006 |0,00069 | 0,02635 |-2,57142 |0,525
o |200|0,75] 08 [0,75[0,75]0,75]| 0,7 [0,85] 0,9 [105] 1,1 0,84 0,108 | 0,169 |0,01877 | 0,13703 | 0,10291 |0,775
2501 13 [125] 13|13 |125]|115] 11|11 (085|038 1,14 0,142 | 0,304 |0,03377 | 0,18378 | 0,00311 | 1,2
300 | 0,7 {0,75]|0,75]| 0,8 |095|1,05(1,15[1,25|125]| 1,3 0,995 0,205 | 0,497 |0,05525 | 0,23505 |-1,91363| 1
45 106 |095| 08 |0,75| 06 |0,75]| 0,8 |0,75| 0,8 | 0,9 0,77 0,08 0,111 |0,01233 | 0,11105 | -0,02230 (0,775
2 60 | 0,8 10,82| 0,9 1 ]1091|085[/082|085| 09 [09 | 0,879 0,051 | 0,035 |0,00398 | 0,06314 |-0,15391 |0,875
5 [ 65[09]09(09]09 1 1 (0909|095 1 0,945 0,036 | 0,017 |0,00191 | 0,04377 |-1,73372 | 0,95
? 66,5/0,75/065|085| 1 |115/095| 1 [095| 11 ]115| 0,955 0,125 | 0,247 |0,02747 | 0,16574 | -0,32443 |0,975
: 70 | 13 1115 14 | 1,2 1 11]12]125|135| 14 1,235 0,105 | 0,155 |0,01725 | 0,13133 | -0,58951 |1,225
s 80 |095]|105| 1,1 | 1.2 1 11 (125] 13 |125]| 1,2 1,14 0,1 0,124 |0,01377 | 0,11737 | -1,19793 | 1,15
£ [ 13014 ]14]135)13 |13 125|112 |125|12 |125 1,29 0,06 0,049 |0,00544 | 0,07378 | -1,06495 |1,275
% [150 (18 |16 |19 (185|185[ 18 |18 |175|175|175| 1,785 0,058 | 0,060 |0,00669 | 0,08181 | 2,41355 | 1,8
? 150m| 15 |125]| 12|13 |125(1,15| 11 |115| 12| 1,3 1,24 0,08 0,114 | 0,01266 | 0,11254 | 2,62032 |1,225
e | 200 21 2 2 2,1 1205]| 2 2 2 |195(195| 2,015 0,041 | 0,025 |0,00280 | 0,05296 |-0,40584| 2
T [250 [2,05] 21 | 21 [215| 21 |25 21 | 22 | 21 | 2.1 2,115 0,031 | 0,015 |0,00169 | 0,04116 | 1,23699 | 2,1
300 | 25 | 25 |255]| 26|26 |265|27 |28 |285]285 2,66 0,112 | 0,164 |0,01822 | 0,13498 | -1,39710 (2,625
45 (065| 0,7 | 08| 0,9 1 12 (115] 1 09| 11 0,94 0,15 0,309 |0,03433 | 0,18529 |-1,01103 | 0,95
2 60 | 16 |17 |19 |16 | 18 2 1,9 2 |215| 22 1,885 0,168 | 0,400 |0,04447 | 0,21088 |-1,07883| 1,9
5 [ 65 [165)17 |175] 19 [195|165] 1.8 2 21|23 1,88 0,17 0,406 |0,04511 | 0,21239 | 0,02192 | 1,85
g 665 1,7 | 1,7 |165]155]|185|165| 16 | 15|14 ]|135| 1595 0,116 | 0,202 |0,02247 | 0,14990 | -0,17988 |1,625
: 70 1911911918 |19 |21 2 |205| 2 2,1 1,965 0,085 | 0,090 |0,01002 | 0,10013 |-1,01390 | 1,95
s 80 [185| 2 |205|22 |23 |24 |25]|23]|24]| 26 2,26 0,188 | 0,499 |0,05544 | 0,23546 |-0,63037 | 2,3
£ | 130[205]215] 22|23 |24 |25 |23 |24]|24|255] 232 0,125 | 0,221 |0,02458 | 0,15679 | -0,54811 | 2,35
Z |150 (37 (3839383943 |44 |415|45 | 41 4,055 0,235 | 0,692 |0,07691 | 0,27733 |-1,29346| 4
E 150m| 285 | 27 [255(2,75| 25 |1245| 24 |2,35(2,25]| 2,2 25 0,17 0,415 | 0,04611 | 0,21473 | -0,93778 |2,475
N 200 [395| 41 | 43 [415| 41| 41 ]1405]|4,05| 41 | 42 4,11 0,064 | 0,079 |0,00877 | 0,09368 | 1,47529 | 4,1
250 |455|465| 47 | 46 | 4,7 |4,65|4,75| 46 |465]| 48 4,665 0,058 | 0,050 |0,00558 | 0,07472 | -0,15179 | 4,65
300 | 47 |52 |53]|51]|54 5 5 | 49| 47 | 49 5,02 0,184 | 0,496 |0,05511 | 0,23475 |-0,78402| 5
Cpeleee apI/Id)MeTI/IquKoe 3HAYCHUEC BBIYUCIIAIOCH I10 rae Y — BLI60p0que cpenHee CP3HAY (‘H/ICHO

dhopmye: A/n)>x-

CpennHee OTKIOHEHHWE BBIYHCISUIOCH MO  (Gopmyle:

(1/n)Z[x—x]:

Cpennee KBaJpaTUIHOE OTKJIOHEHHE BBIYUCISIIOCH TIO

opmyre: >~ (x —x)? -

Hucnepcus

BbIYHCJIAJIaCh

>(x—%)*/(n—1)

o

¢dopmyie:

1;umcio 2;.), a N — pa3Mep BHIOOPKH.
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CranmapTHOE OTKJIOHEHHE BBIYUCISUIOCH IO (POpMyJIe:
VE=G=%)*/(n—1)
rie X — Bwibopounoe cpexnee CP3HAU  (umcio

1;umcio 2;.), a N — pa3Mep BHIOOPKH.
Okcnecc BBIYHUCISIICS o bopmyie:

{n(n+2)/[(n-1)(n-2)(n-3)] (05 ~%)/5)}-[ 3(n-17 | [(n-2)(n-3)]

r7e S — CTaHJapPTHOE OTKJIOHCHHUE BBI60pKI/I.
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[Ipr cumMeTpuYHOM pacHpeaeneHur Habopa 4Yucel
BCE TPW 3HAYEHHs LEHTPAIBLHON TEHICHIMH OyIyT COB-
nanate. [Ipy HECUMMETPHUYHOM pacrpeseseHul Hadbopa
YHCeNl OHU MOTYT OBITh Pa3HBIMH.

KoaddrmneHT KOppensiiy BEIYUCIISIICS 10 hopMyTIe:

Pes =M (% ~X) (% ~7) /(e

rae x y — BplOopouHble cpennue 3HaueHus CP3HAY

(maccuB 1) m CP3HAY (maccus 2).

Jlns crimakuBaHUS JAHHBIX HCIIOJIB30BAJIUCh ITOJHHO-
MuanbHas (3-To MOpAIKa) U JINHEHHAS anmpOKCHMAIIHH.

B skcnepuMeHTe HCMOIB30BATUCH  CaTbIIOBAHHBIC
BpyuHyto 8, 16 u 32 CTpaHUUHBIX TE€TPagy U3TOTOBIICHBI
U3 IUCTOB Oymaru rpammarypoii 45, 60, 65, 66,5, 70, 80,
130, 150, 150m, 200, 250 1 300 r/m°.

Jlis mpoBenieHus UCCIICAOBAHUA TPUMEHSIICS MHKPO-
CKOTI C YBEJTHYCHHEM 30” neHoit nenenus 0,1 MM.

OO0bekTamMu ucciiefoBaHmii OpuTH 12 06pa3noB Oymarwy,
KOTOpPBIE OTOOPaXKaroT CIIEKTP UCHOIB30BaHUSI OyMaKHOU
TIPOAYKITUH [T KHUYKHBIX H3IaHUH.

IMocTpoenne TpaguKOB W aHANHA3 CTATUCTHYCCKUX
JAHHBIX MPOBOIIIINCH C MOMOIIBIO MPOTPAMMHOTO obec-
neuenust Microsoft Office Excel 2007 (ta6:1.1).

Pe3yabTaThl H HX 00cy:KaeHUe. 10 MOTyYCHHBIM pe-
3yJIbTaTaM M3MEPEHHH CTPOHMIMCH IpapUKK 3aBUCUMOCTH
yrna aedopmMaiuu 00pas3oB OymMard pa3HOro THMA OT
paCCTOHHI/I)I Me)KI[y KpaHMI/I BHyTpeHHeFO U BHCHIHECTO
JIUCTOB, OJINH U3 rpaMKOB TIOKa3aH Ha puc 3.

1.4

1,2

1
[ ] /
Y
0,8
0,6
* /
*
0,4 -
/'
»
*
0,2

0

BennunHacasura, Mm

1123 4|5|6/|7 89|10

+ 8crp.Tetpages  |0,2/0,10,3/0,50,4/0,30,40,40,5/0,6
= 16 cTp. TeTpass |0,6/0,9/0,8/0,7/0,6/0,7/0,8/0,7/0,8/0,9

4 32cTp. TeTpadeT|0,6/0,7/0,8/0,9 1 (1,2/1,1 1 |09|1,1

Puc. 3. Benuunnel capura s Oymaru maccoi 45 G

W3 mosyd4eHHBIX pe3yJbTaTOB W3MEPEHHH BEINYHHBI
C/ABUTA CTpaHUIl HabOpa B TETpajy HAaMOOJBLIYIO BEIH-
YMHY cJIBUra uMmeer Oymara u3 rpammarypoi 300 /M, a

HauMeHbLIYI0 — Oymara u3 rpammarypoit 45 /M’ Koag-
(ULMEHT KOPPEJSUK MEXAY 8 CTpaHWYHBIMU U 16 cTpa-
HUYHBIMHM TETPaJsIMM Ul BCEX IpaMMmaryp Oymaru co-
crasnseT 0,95, Mexay 8 cTpaHUYHBIMU U 32 CTpaHUUHBI-
mu — 0,60, a Mmexnay 16 crpaHUnIHBIMU U 32 CTPaHUIHBIMHU
—0,64.

AHanm3upyst Bce MOIy4IEeHHbBIE PE3YJIbTATHl HCCIICTOBAHUS

MOXHO CBECTH BCE€ BEIMIHHBI CIBUTOB B HTOTOBBIH Ipa-
¢uk (puc. 4) c TMHEHHON anmpoKcuMaIuel.

y=0,337x+0,576
R?=0,829

/
4 IS

y=0,149x + 0,450
&*=0,830 |

BenuunHa casura, Mm
o w
B
S

=0,040x+0,438

R?=0,32
1 : ° °
b ° . @
0
150
45 | 60 | 65 |66,5/ 70 | 80 |130 150 200|250 300

Kp
s 8cip.retpage (03 (05 (0904|0708 /0308|0508 1,1 1
B 16cTp. Tetpany (0,7 (0,8 (0,9 (091,211,112 1,7 1,220 21 26

4 32ctp.Tetpanb |09 1,8 |(1,8(1,6(19(22(23 40 25|41 /46|50

Puc.4. 3aBHCUMOCTb BETMYUHBI CIBUTa CTPAHUILL OT Macchl 1 M
Oymaru

BeiBoabl. TakuMm 00pa3oM, paccMOTPEHBI HpaKTHYe-
CKHE BO3MOXXHOCTH MpPOrpaMMHOro jaomnoiHeHus Quite
Imposing Plus st BRIIOJTHEHHUS ONEpPaIy CITycKa CTpa-
Hun pdf-¢aiinos u ycranosneHo, uro Quite Imposing siB-
JISIETCS. TPOYKTOM MOJIYJIbHBIM. KOMOHHHPYST BO3MOX-
HOCTH pa3HbIX MOAYJIeH, MOXKXHO IOOMBAThCS MOpPa)Karo-
HIUX PE3YJIbTAaTOB, OJHAKO CXEMbl KOMOMHUPOBAHHS M HX
ONTUMANIFHOE HWCIOJBh30BAHNE B KaXKIOM KOHKPETHOM
cllydae — 3TO yXKe JIe0 KaXKIOTo CHEIHAaIHNCTa JoTedaT-
HOM MOJATOTOBKH.

HccnenoBanue moka3ano, 4TO Ha BEJIHYHHY CABHTA
CTpaHMI[ Ha0Opa BIUSAIOT THII OyMarn W KOJHYECTBO
CTpaHHMII B TETPAJIH.

Pazpaboran pesynpTupyomuid rpauk omnpeaeneHus
BEJIMYMHBI CIBUTA CTPAHHIl [UIS PA3JIMYHBIX YACITBHBIX
Macc Oymar, KOTOpbIii MOXKET OBbITh HUCIIOJIb30BaH MOJIH-
rpad)M4eCKUMH MPEANPUATHSIMHE, BBITYCKAIOIUMH KHUXK-
HYIO MPOAYKIIHIO.
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Hominix A.M.
JocainzkeHHs1 BOTHeCTIHKOCTI NMJIIHAPHYHOI KOJIOHH B YMOBAX MOKeKi

Jominix Anopitt Muxatinoguy, euxnaoay

JIvsiscoruil Oepoicasruil yHisepcumem Oe3nexu scummeoisiiohocmi, M. JIveie, Ykpaina

AHoTauisi. JlocmikeHo HapyXeHo - AeOpMOBaHUHN CTaH HECY40i OETOHHOT KOHCTPYKIIT IMITIHAPUYIHOI (OpMH B yMOBAX MOXKEXKI.
3anponoHOBAaHO METOJHMKY BH3HAYEHHS 1 JOCIIKEHHS TEMIIEPAaTypHOTO MOJs B KOHCTPYKLii, 0OyMOBICHOTO PI3KOIO 3MiHOIO TEM-
IepaTypy 30BHIIIHBOTO CepeoBHUINa. TerurooOMiH MK KOHCTPYKIII€EIO 1 Cepe/JoBHIIEM BiIOYBa€eThCs 3a 3akoHOM HproroHa. BusHa-
YEHO Ta JIOCHIIKEHO HaIpy»XeHOo - ne)OpMOBaHMIl CTaH KOHCTPYKIii, 00yMoBIeHUH TemMmepaTyporo. Ha ocHOBI npoBeneHuX 1oCiTi-
JOKEHB 3allPOITOHOBAaHA METOMKA BU3HAYCHHS ME)XI BOTHECTIHKOCTI IMITIHAPHYHOI KOJIOHH 32 O3HAKOIO BTPATH HECydol 3[aTHOCTI,

BTPATH [UTICHOCTI 1 TETUIO130JSIIIHHOT 31aTHOCTI.

Kniouogi cnosa: socnecmiiikicmo 6emoHnux KOHCMPYKYill, memMnepamypue none, nepemiuyeHHs.

AKTyaJabHicTh TeMH. [Ipy ekcriepuMeHTaIBHOMY J1OCII-
JOKEHHI TEMIIEpaTypHOTO 110Jisl Oy NiBEIbHUX KOHCTPYKIIH
a00 OKpEeMHX €JIEMEHTIB IX NMOMIIIAlOTh y iy, siKa Harpi-
BAETHCS IO 3aJaHOMY TeMIlepaTypHOMY pexxumi. Taxuid
METOJl € BUCOKO €HEPrOBHTPATHUM 1 MOTPeOy€e 3HAUHOTO
yacy IUIsi WOr0 TMPOBEACHHS. AHATITUYHI TOCIIIKCHHS
JTAIOTh MOXKJIMBICTH 32 KOPOTKUH Yac 3pOoOWTH aHAIi3 Te-
MIIEPATypPHOTO IIOJIsI B KOHCTPYKLISAX Pi3HUX T'€OMETpHY-
HUX PO3MIpIB 3 ypaxyBaHHIM TEIUIO(I3UIHAX BIACTHBOC-
Teit MatepianiB (OETOH, IIeTIa, METaJN Ta iHII).

B po6oTi mociimkeHo MWIIHAPUIHY KOJOHY paaiycoM
R, sixa HarpiBaeThCA MiA Ji€F0 30BHIIIHBOTO CEPeOBUINA
3a CTaHJAPTHOIO TEMIIEPAaTypHOIO KpuBo. Jlis 3Haxo-
JOKEHHSI 3MIHHM TEMIIEPaTYPHOTO MOJIS 10 pajiiycy KOJIOHH
i "yacy po3B’si3aHO Ju(epeHIianbHe PIBHSIHHA HECTallio-
HapHOI TermonposiaHocti [1-2].

ot ot 1aét (1)
—=a_——S+-——"
ot or r or
ne 7 - 4ac, XB., to - MOoYaTKoBa TeMIleparypa OC;
.. . . 2
a= A - Koe(bluleHT TeMIIEpaTyponpoBigHocTi, M_;
C,-p c
JIx

. , )
C, - TEIIOEMHICTb IpH CTaIoOMy 00’eMi, .y ; O - Tyc-

Ke Bm
s i AT Koe(illieHT TEIIONPOBIAHOCTL, |, - -

Bupas (1) e nudepeHiianbHuM pIBHSIHHIM HeCTallio-
HapHO{ TEILTOMPOBITHOCTI IPyroro mopsaky. s 3Haxo-
JOKEHHST pO3B’ 3Ky piBHSHHS (1) HEOOXimHO 3amaTH OIHY

MTOYATKOBY 1 JIBi TPaHUYHI YMOBH:
t(r,0) =t, =const, (2)

ARD _o (3)
OX

—%Mg[(tm ~t,)e* —t(R,7) |=0.(4)

THHAa.

- Mak-

ne o — koediuient terwoodminy, _Bm ;i f
2

M
cHMalbHa TeMIIepaTypa B CEPEAOBHUILI 32 PO3IIIsALyBaHMUIl
nepioz acy, °C.
3acrocoByroun mepeTBOpeHHs Jlammaca 10 piBHSHHS
(1) i ymoB (2)-(4) omepKyeMO IIyKaHU pO3B’SI30K:

3,(Pd )
3,(/Pd) /P -3, (/P

- r
_Z A = Jol, E)'exp(_ﬂ: -Fo)
n=1 l—

1 gPiFo _

t(r,7) = (tha —to) % (5)

n

Pd

2Bi k-R?
2 -, Pd=—— -
Jo(ut,)[ 2 —BI* | a

ae A=

KpHTepii

. . oxX
- kpuTepiit dyp’e; Bl =—

ar
Ipensonurenesa; Fo=—
X

- kputepiit bio; J (+/Pd) - dyHkuis beccens nepimoro

pony; [, - KOPEHi XapaKTEPUCTHYHOIO PIBHIHHS
Bi-J .
M, = 0(#n)
31 (44,)

3a ¢popmymnoro (5) mpoBeneHi po3paxyHKH TeMIepaTy-
pHOTO TIOJNIs B OCTOHHIN KOJIOHI, JUIA SKOT MPUHHATI Taki

B
TerurodizuuHi XapaKTEePUCTHKH: A=172 ﬁ;
C, =8502% ., _ 220072
kr-K M

Pesymeratn mocmimkeHp 300paxkeHo TpadidHO Ha pH-
CYHKYy 1.

L 500

g

2 450 /
2 1/
§ 400

5 /

= 350 74

300 / /
250 / /
S/
S/

100

50 //

0 4% |
0,00 0,05 0,10 0,15
ToBLwuHa, M

Puc.1. 3mina TemnepaTypy B GETOHHIH KOJIOHI Ha IIPOMIXKKY
yacy 30 XBWINMH IpU

1)a:36f_m; 2)0,:2415_’"[(;

M- M
3)0,:12#; 4)a:6§_m.
M- K M- K

Sk BiZIOMO 3a TPAHHMIIO BOTHECTIHKOCTI OYHiBEIBHIX
KOHCTPYKIIIH MPUAMAETHCS Yac IX HArpiBy MpH CTaHIAPT-
HUX BUNPOOYBAHHSAX 10 BHHUKHEHHS OJHOTO i3 TPHOX
TpaHNYHUX CTaHIB BOTHECTIHKOCTI [3]:

- 33 03HAKOIO BTPATH HECYUOi 371aTHOCTI;

- 33 03HAKOIO BTPATH LLTICHOCTI;

- 32 03HAKOIO BTPATH TEIJI0130JF0I0Y01 31aTHOCTI.

[Ipu omiHIi Hecydoi 3MaTHOCTI KOHCTPYKIIii 32 yMOB
MTOKEeXX1 HEOOXITHO BPaxOBYBATH TEPMOHANPYKEHUNA CTaH
KOHCTPYKIIi 3yMOBJIEHUI 3MiHOIO TEMIIEpaTypH, BEIHIH-
HOIO TEeMIIepaTypHOTO TPai€HTa i 9acOM HarpiBy.
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TemmeparypHi HampyXeHHs, SIKIi BUHHUKAIOTh B KOHC-
TPYKIIAX, MOXXHA BHUBYATH HE3aJCXKHO BiJl MEXaHIYHHUX
Hanpy)XeHb, OCKUIBKM BHACHIZOK JiHIHHOCTI pPIBHSHB
TEPMOTIPY>KHOCTI MOBHI BEJIUYMHHU HATPYKEHb OJCPXKY-
I0Th LUIAXOM [OaBaHHS TEMIIEPATYPHHX 1 MEXaHIYHHX
HAIMpPYKEHb.

3 METOr0 IOCIiKEHHS BIUTUBY LIUX ITapaMeTpiB Ha Ha-
py’keHo-Ie(GopMOBaHHAN CTaH PO3TIITHEMO IFIIIHAD, TO-
pIi SKOTO 3amieMileHi, TOOTO OCHOBE BiJHOCHE BHIOB-
Keund g, =0. Paniansae nepemimenns U Todok morme-

PEYHOTO Mepepizy MOXHaA 3HAWTH, pO3B'A3aBIIM Tudepe-
HIliabHE PiBHSIHHA [4]:
d?U 1dU; U  1+v dt , (6)
dr2 r dr (2 1—v U ar

Ie U - mepeMmimeHHs, M; V - koedimieHT [lyaccona;

&
HA, K
[IpoinTerpyBaBmu piBHAHHA (6) OIEPKIMO:

U =A-r+E+1+—V-at-E-J‘t(r,r)-rdr, ()
1-v r

r

— TeMIepaTypHUuil KoeQili€HT JiHIHHOTO PO3IMINpPEH-

ae A,B - cram inrerpyBaHHS, SKi 3HaAXOAUMO i3
IPaHUYHUX YMOB.
HanpyxeHHs, wo Iil0Th B paliabHOMY (o ) » Killb-

LIEBOMY (o-(p) Ta OCbOBOMY (o, ) HampsiMKax 3amuiie-

Mo y Burmsmi [5]:

. r
L= E-i-jt(r,r)-rdwi- A__BI
1- r°o 1+v [1-2v r2
. r E .
o‘(/):at E .i.jt(ryz—).rdr+£. A +E ,Lt(r'r)’
1-v 2 0 1+v |[1-2v 2 1-v
o = 2E v _Eqt(ro)
e (-2v) @-v)
(8)

ne E - momyns Onra, Ila; Qt — TeMIepaTypHUii KO-
eQilieHT JTiHIHHOTO PO3LIMPEHHS VIS 33/IaHOTO0 MaTepia-
ay, 1/K.

ocriitni interpysanns A i B smaiizemo 3 Bincyr-
socti nmepemintens (7) U =0 mpu r =0, a takox pis-

HOCTI HYJIIO pajliaflbHUX HAalpyXKeHb O, = Ompu r=R.

BigHOCHI BUIOBXKEHHS B HANIPSIMKY TapajieibHOMY BiCi
LWIHIpa PiBHI HYJII0 3 YMOBHM MOYaTKOBOTO HaBaHTa-
KEHHS KOJIOHH.

[MizcraBuBim Bupasu (7) i nepmuii Bupas (8) Ta BUKO-
PHCTaBIIM YMOBH OJIEP)KUMO CHUCTEMY 3 JIBOX ajireOpaiy-
HUX PiBHSHb JUIs 3HAXO/UKeHHs aBoX Hesimomux A, B .
[MincraBuBIIM 3HaueHHS (Pi3MKO-MEXaHIYHUX XapaKTepH-

c,=840, 21-115 p=2200,
E=0,23-10" ¢« =1,2-10° v =0,16 3HaiizeHo

nepemimeHHs 1 HanpyxeHHA. OTpuMaHi pe3ysibTaT 30-
Opasumo TpadidHo Ha puc 2.

CTUK O€TOHY:
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Puc.2. Po3nonin panianbHUX HampyKeHb y OCTOHHIN
KOJIOHI ITPH HAarpiBaHHI 3a CTAHAAPTHOIO TEMIIEPaTyPHOIO
KpHUBOIO TipH vaci gociimkeHas 30 XB (TemMnepaTypa ce-
penosuma 864 °C)
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Puc.3. Po3nozin KyToBUX HanpyKeHb y OETOHHIH KOJIOHI
MIpH HAarpiBaHHI 3a CTAaHIAPTHOIO TEMIIEPATYPHOIO KPHUBOIO IIPH
yaci gocmimkenns 30 XB (TemmepaTtypa cepenopuiia 864 OC)

-8,00E+007

0,00 0,05 0,10

1) Bm 2) ., _ Bm -
-6 — a=12 —
“ MK M2 K
3 g =248 4) o =36-57_.
m- - K m° - K
8,00E+007
| I —

4,00E+007

—N\

Ma

0,00E+000

-4,00E+007

OCbOBI HANPYXeHHs!

-8,00E+007

/_;/(ém -

1
0,15
ToBLMHa, M

0,00 0,05 0,10
Puc.4. Po3noziin ocbOBUX HaNpyKeHb y OSTOHHIH KOJIOH]
IpY HarpiBaHHI 3a CTAHAAPTHOIO TEMIIEPAaTYPHOIO KPUBOIO TIPH

vaci gociimkenns 30 xB (Temneparypa cepenosuina 864 0C)
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BucHoBkn.

1) AHani3 ofepKaHHX 3aleKHOCTEH MOKa3ye, MO NpH
PI3HMX IHTEHCHBHOCTSIX TEINIOOOMIHY ¢/ MIXK ITOBEpX-
HEI0 KOJIOHHW 1 30BHIIIHIM CEpeJOBHINEM TeMIepaTypa
nmoBepxHi Hkuya Ha 100-300 °C Bin TeMIepaTypu cepe-
JIOBUILIA, K€ HArpiBa€ KOHCTPYKIIIO.

2) PapmianbHi 1 KiJbLEBI TeMIEpaTypHi HANpYKEHHS
(puc. 2-3) HaWOIBLII 3HAYSHHS NPUIIMAIOTh B IIEHTP1 MO-
MIEpEeYHOro nepepidy i € HanpyXeHHsIMHU po3Tsry. Kinbie-

Bi HANPYXKCHHS B NPU MOBCPXHEBUX IIapaxX € CTUCKAIO-
yumu. OCHOBI HAIIPYKCHHS € CTHCKAIOUUMH HaIpy>KCH-
HSAMH 1 HalOUIbIIE 3HAYEHHS NOCATalOTh Ha OOKOBIH ITO-
BepxHi (puc. 4).

3) 3ampormoHoBaHa MOIENb TOCHIKEHHSA Hapy>KeHO-
JIe(OpPMOBAHOTO CTaHy IO3BOJISE JOCTIIUTH TeMIIEpaTyp-
Hi Hampy>XeHHS 1 MEepEeMIlIeHHS B 3aJIeKHOCTI BiJ KOOp-
JIMHAT 1 9acy.
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Abstract. The stress-strain state of a cylindrical carrier concrete construction forms in fire conditions. The method of determination
and the study of temperature field in the design due to the sudden change in temperature of the environment. Heat exchange between
the design and the environment is by Newton's law. Defined and studied the stress-strain state of the structure due to the temperature.
Based on these studies the technique of determining the fire resistance of a cylindrical tower on the grounds of loss of bearing capaci-
ty, loss of integrity and insulation ability. The research results are depicted graphically.

Keywords: fire resistance concrete structures, temperature field, displacement.

Jdomunuk A.M. UccienoBanne OrHecTONKOCTH HHJIMHAPHUYECKON KOJIOHHBI B YCJIOBUSIX MOKapa

AHoToums. VccnenoBaHo HanpspkeHHO-IeGOPMHUPOBAHHOE COCTOSHIE HeCyliel 0ETOHHOW KOHCTPYKIMH IHJIHHAPHIECKON HOpMBI
B YCJIOBUSX Nokapa. [Ipe/iosxeHa MeTOIMKa ONpe/ieNIeHHs] U MCCIIEIOBaHHS TEMIEPaTypPHOTO MOJIS B KOHCTPYKIMH 00YCIOBIEHHOTO
PE3KMM HM3MEHEHHEM TeMIlepaTypbl BHEIIHeW cpenbl. TemIooOMeH Mexay KOHCTPYKIHMEH M Cpeloil NMPOMCXOOUT IO 3aKOHY
HetoToHa. OmnpezieneHbl 1 UCCIEI0BaHbI HAIPSKEHHO-1e()OPMHUPOBAaHHOE COCTOSHHE KOHCTPYKLUK 00yciIoBiIeH TeMneparypoil. Ha
OCHOBE IPOBEACHHBIX UCCIIE0BAHUI NpeAIoKeHa METOIUKA ONpeesIeHUs Npeiesla OTHECTONKOCTH IIMIMHAPUUECKON KOJIOHHBI 110
MPU3HAKY MOTEPH HECYIeH CIIOCOOHOCTH, MOTEPH IIEIOCTHOCTH U TEIUIOM30JIIIMOHHON crocoOHOCTH. Pe3ynbraTel nccnenoBaHuii
n300pakeHbI TpadpuIecKy.

Kniouesvle cnosa: ocnecmotikocms OemonHbIX KOHCMPYKYULl, memnepamyphoe noe, nepemeujeHus.
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Menvnuxk K.B., I'nywiko B.H.
IIpumenenue annmaparta baliecoBbIxX ceTeil mpu 00padoTKe JAHHBIX M3 MEAUIMHCKUX KAPTOYeK

Menvnux Kapuna Braoumuposna, accucmenm,
I'nywixko Bumanuti Hukonaesuu, accucmenm
Hayuonansnuiii mexnuueckuti ynusepcumem "Xapwvrosckuti noaumexnuveckutl uncmumym”, 2. Xapokos, Ykpauna

AHHOTAamus1. MeauuHCKre HH(POPMANMOHHBIE TEXHOIOTHH HPECTaBIIIOT COO0H HE3aMEHMMBIH MHCTPYMEHT JJIS PEelIeHHs pas-
JMYHOTO poJia MEJMIMHCKHUX 3aad, YeMy IOCBSLICHO OOJbIIOe KOMM4ecTBO MyOnukanuit. Ha ceromHsamHuil 1eHb MeIUIMHCKIE
YUPEXICHHS CTAIU NIEPEXOIUTh Ha IIEKTPOHHBIH JOKYMEHTOO0O0POT, 3T0 00YCIOBICHO yI0OHBIM XpaHeHHeM HH(GOPMALIMK O Malu-
€HTE, JIETKUM M OBICTPBIM JOCTYNOM K MH(GOPMAIMH, a TAKKe MOBBIIICHHEM 3()(GEKTHBHOCTH pabOThl MEIUIMHCKOT'O YUPEKICHHS
npu 06paboTKe MEIUIMHCKUX JaHHbIX. VICIOIb30BaHUE CTATHCTUYECKOIT MH(OPMAILMK U3 3JIEKTPOHHOM 0a3bl MallieHTOB IIOMOTAeT
BBIIBUTH pa3sHOOOpa3Hble (JaKTOPHI PHCKa Pa3BUTHS Pa3IMIHBIX 3a00JIeBaHMIT Ha 00CITY)KUBaeMOil TEppPUTOPHH. 3a4acCTyIO ITAI[HEHTHI
o0paIarTcs He PerysipHO B MEIUIMHCKHE YUPEXKIEHHs, O3TOMY IpOIecC MOCTAaHOBKH JIMAarHO3a MPEACTaBIseT co0oil 3amady
KJIaccu(UKaIMy Ha HemoJHOH nHpopMaryuy. [TogxoasmuM MaTeMaTHYeCKUM anmapaToM I PeIleHus] TOXOoOHbIX 3a/1ad SBISIeTCS
anmapar 0aiiecoBBIX ceTell moBepusi. B crathe npuBeneH 0630p nprMeHeHUs 0alieCOBBIX ceTel TOBEepHs MPH NPOBEICHHHN Ipolecca
JMarHOCTUPOBAHUS PA3IMYHBIX 3a00JeBaHUI. AHANM3 MPAKTUYECKUX peanu3anuidl O0allecoBBIX ceTell MoKasal I1eJIecoo0pa3sHOCTb
JTAHHOTO TOJIX0/1a U1 PEIleHHs 3a/iad JUarHocTUpoBaHus. [109ToMy B TaHHOW paboTe Aist OnpeseIeHns] PUCKOB BO3MOXHBIX 3200-
JIGBaHUH TIPU MPOBEJCHUHU INIPOLIECCa PAHHErO AUATHOCTHUPOBAHMS B YCJIOBHSAX HEOIPEICICHHOW M HEMONHOW MH(pOpMALUH, MOTY-
YEHHOI U3 KapTOueK MAIMeHTOB, NIPEeyIaraeTcsl IPUMEHTh 0aifecoBbl ceTH 10BepHs. B craThe MpeokeHa ceTh, KOTOpas IIOMOTraeT
00HApYXHUTh HAPYIICHHS PabOTHI CEPACYHOCOCYIUCTON cUcTeMbl. MHpopMaIus, Ucrop3yeMast Ui IOCTPOCHUsI OaiiecoBoil ceTu,
ObL1a pa3duTa Ha TPH TPYIIBL: IepBas Ipymnma — 3T0 (GaKTOpBl PUCKa, BIMSIOIINE HA BOSHUKHOBEHUE U Pa3BUTHE OIIPE/ICIICHHBIX 3a-
OoJieBaHMH; BTOpas TpyIIia — 3TO COBOKYITHOCTh pacCMaTPHBAaeMbIX JHATrHO30B; TPEThs IPYIIA MPEACTABISIET COO00H HaOIONCHUS
Bpaya, pa3IMuHbIe CHMITOMBI U PE3yJIbTaThl JA00OPAaTOPHBIX MM MPHOOPHO-KOMITBIOTEPHBIX aHAM30B. B cTaThe npuBeieH npumep
WCIIOJIb30BaHUS pa3paboTaHHOH 0aiilecoBOi CeTH.

Knrouesvie cnosa: meouyunckue uHgopmayuoruvle mexnonozuu, baiiecossvl cemu 008epusi, 00pabomrka MeOUYUHCKUX OAHHBIX,
€epOeyHOCOCYOUCAs cucmema.

BBenenme. Ha ceromusmHWiA IeHP MEAWIMHCKHE WH-  HHUS COCTOSHUS IMallMeHTa. JTOT MPOIECC MOXKHO pac-
¢dopmanuonnsie Texuosorun (MUT) npencraBisior co-  CMOTpETh AJsL IBYX ITOCTAHOBOK 3ajavyd. B mepBom ciy-
00if He3aMEHUMBIIl HHCTPYMEHT JUIS PEIICHHs] pa3lIMuHO-  4Yae PacCMaTPUBAETCS KJIACCHYecKas 3ajadya MOCTAaHOBKH
ro poja MEOULUMHCKUX 3amad. Hampumep, ¢ MOMOIIBIO — JUarHo3a Npu HAIWYWU MOJHOM MH(OpManuK 0 nanyueHTe
MMUT moxHO 3((EeKTUBHO BBINIOJIHATH TAKUE 33/1a4M, KaKk  (IepeYeHb CUMIITOMOB, Pe3yJIbTaThl J1a0OpaTOPHBIX aHa-
MMOCTAHOBKA JIMarHo3a, 00paboTka 1abOpaTOPHBIX aHAIU-  JIM30B, PE3YJbTaThl MPUOOPHO-KOMIIBIOTEPHBIX MPOIIC-
30B, OCYLIECTBICHHE JOCTYIA K CIEIHATbHON MEAWIUH-  Ayp), PeIICHHUs AJIS KOTOPOH mpejaraeT O0JbIIoe KOMH-
CKOI1 IuTepaType WM MEJUIIMHCKOW KapTOUYKEe MAllMeHTa.  YECTBO aBTOPOB, YTO OTPaKeHO, HAIpUMep, B pabdote [2].
Bonpmoe xomuaecTBO MyOIMKaIUii MMOCBSIIEHO PEIICHHI0  BTopas mocTtaHOBKa paccMaTpUBAaeMOH 3aJaudl MPeCcTaB-
moo0HBIX 3amad. [loapoOusIii 0030p mpumeHernss MUT et Gonpmmii uHTEpEC. B aTOM cinydae paccMarpuBaercst
B Pa3NUYHBIX chepax MEIUIUHBI IPUBEACH B padoTte [1]. 3amada KiaccH(UKAIMK Ha HEMOJHON WH(OpMAIUH.
Ha ceropssmHmil MeHP MEIUIMHCKHAE YUpPSXKACHUS  [lOAXOIIIINM MaTeMaTHYCCKUM anmnapaToM IS PeIIeHIs
CTaIM TEPEXOJUTh Ha DJIEKTPOHHBIN JOKYMEHTOOOOPOT. TOMOOHBIX 3a7au sBJsieTcs amnmapar baliecoBbix ceTeit
MHuorue OONBHUIIBI, KIMHUKH, MEAMyHKThI cTtanmu uc-  gosepus (BCJ umu BC) [4].
MIOJIb30BaTh BJICKTPOHHBIE MEIUIMHCKHE KapTOUYKH, 3TO AHanu3 pasHBIX HCTOYHHKOB HMH(OpMAIMH IOKa3all,
00ycIIOBIIeHO YHOOHBIM XpaHEHHWEM WH(OpMalMK O Ma-  YTO CYLIECTBYIOT pa3jIMYHbIe YCHEUIHbIE pealn3aluu
IMEHTE, JIETKAUM W OBICTPBIM JOCTYIIOM, a TaK)Ke MOBbI-  0aleCOBBIX ceTell B MeauiuHe, Hanpumep, Alarm [5] —
nieHreM 3G QGEeKTUBHOCTH pabOThl MEAMIMHCKOTO YYpe-  MEAWIMHCKOE  JIMarHOCTHYECKOe  IPHJIOKEHHe  JUIst
XKIeHUS Tpu 00paboTKe STHX MTAaHHBIX. Bompockl oOpa-  HaONrOIEHHS 3a MAIMEHTOM, PEAIM30BAHHOE HAa OCHOBE
OOTKM MEIMIMHCKUX JaHHBIX M3 JJCKTPOHHBIX KapTodek bBC o0bemMom B 37 y3moB. CeTh BBIIAET 8 OHArHO30B U
MAIMEHTOB B MEIUIIMHCKAX YIPSKIACHUAX C MPUMEHEHU-  HUCIONB3YeT 16 pasIuyHBIX CHMIITOMOB, BBIAaBas MpH
€M pas3HbIX IO0AXO0AOB OoJjiee MOAPOOHO OCBEUIEHBI, STOM IIOJIB30BATENIO CIEHU(UUIECKUE TEKCTOBBIE CO00-
Harpumep, B padbotax [2, 3]. cropun Gose3Hei, pe3ysib-  MIEHHs O BO3MOXHBIX Npo0iieMax B OpraHu3Me MarueHTa.
TaThl Pa3MYHBIX MEIUIMHCKHUX Ipouenyp, nara cieny- bC Asia mnim Lung Cancer [6], coctosimas u3 8 y3ios,
fomiero mpodocMoTpa - 3Ta ¥ MHOTas apyras WHpopMa-  AMATHOCTHPYET HAJMYHE paka JETKUX WIIH TyOepKyies3a B
[UsI XpaHUTCS B DJIEKTPOHHOU KapTouke. Mcronb30BaHWE  3aBHCHUMOCTH OT HEKOTOphIX (aktopoB pucka. BCJI
CTaTUCTUYECKON MH(OpPMAIIMK U3 3JIeKTpOHHOM 6asel ma-  Diabetes [7], cocrosimast u3 413 y3510B, IpUMEHSIETCS IS
IMCHTOB TIOMOTAeT BBIIBUTH Pa3sHOOOpa3HbIE ()AKTOPHl  KOPPEKIHMHU JO3bI HHCYJIMHA B 3aBHCUMOCTH OT COCTOSIHUS
pHCKa pa3BUTHS Pa3IMYHBIX 3a0oneBaHuii Ha oOciyxkuBa-  nanueHta. bC Pathfinder [8] cocrout u3 135 y3nos, npu-
eMoi TeppuTopHH. JTa MH(POpPMAaNusA, B CBOIO OdYepelb, MEHSETCS Kak ammapaT Uil ONpeleseHus 3a0o0JeBaHM
MOXET HCIIONIb30BAThCsl PU 00pabOTKe JaHHBIX KaXJI0ro  JuMdarnieckod cucreMsl nanuenTa. Cers Munin [9] nc-
MAlMeHTa B OTJAEIBHOCTH IS 33724 PAHHETro AMArHOCTH-  IOJIB3YETCs Uil ONpelesIeHUs] HEPBHO-MBILIEYHBIX 3200-
poBaHusl. neBaHui. JlaHHas CeTh CYIIECTBYET B HECKOJIBKUX BapHua-
Bompocsl 00padoTKn MeIWOHMHCKUX JAHHBIX. B oc-  musx: B BHIE OAHON moHOM ceTr (pasmep — 1041 y3noB),
HOBHOM 00pa0oTka MH(pOpMAaIMK M3 JIEKTPOHHBIX Kap-  a Takke B BHJIE COBOKYMHOCTH 4 mojcereil (3 moxacern
TOYEK TAIMEeHTOB CBs3aHa C MPOIECCOM JIHMArHOCTHPOBa-  pasMepoM okosio 1000 y3moB, werBeptas — 186 y37oB).
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BC Hepar pasmepom B 70 y310B npemjioxkeHa B pabote
[10] mis mmarHocTupoBaHusi 3abojeBaHuii mHeyeHu. B
JTaHHOHU ceTH paccMaTpuBaeTcs 16 3a0oneBaHuil, OCTANb-
HBIE Y37BI — 3TO Pa3IMYHbIC XapaKTePUCTUKH, HAIIpUMeED,
CHMITTOMBI WJIM PE3yIbTaThl Ja0OPAaTOPHBIX HCCIIEN0BA-
HUIL.

Amnanms npaktiudeckux peannzanuii BC mokasan mee-
c000pa3HOCTh AAHHOTO TOAXOAA VIS PEIICHUs 3a1ad JIu-
arHoctupoBaHus. [losToMy B nmaHHO# pabote i ompe-
JIETICHNS] PUCKOB BO3MOXKHBIX 3a00JI€BaHUI IIPU MPOBETIE-
HUM TIpolLlecCa PAaHHETO JUarHOCTUPOBAHMSA B YCIOBUSIX
HEONpe/IeJICHHOW U HEeNOIHON MH(OPMAIIH, TTOJTyYeHHON
13 KapToueK NalUeHTOB, Npeanaraercsa npumeHsTs bC/I.

Hcnosin3oBanne OaliecoBoil ceTH JoBepusi INpH
NpOBeJeHNH paHHero Auarnoctuposanmsa. bCJl npen-
CTaBJSIIOT CO0OI  BEpOSITHOCTHBIM ~OPHEHTHPOBAHHBIN
rpad, B BEpIIMHAX KOTOPOTO HAXOAATCS Pa3INYHBIC ITO-
HATHSA, a pedpa 0TOOPaXaIOT YCIOBHYIO 3aBUCHMOCTH OfI-
HOH BEpIINHBI OT Apyroil. [I[puMeHNnTEeNpHO K AUATHOCTH-
Ke 3a00J1eBaHHI B POJIM BEPIIHUH MOTYT BBICTYNATh BpPE-
HBIC TIPUBBIYKH, HE3IOPOBBIA 00pa3 XKU3HHU, HEOIAronpH-
SITHAas1 HACJIEJICTBEHHOCTh, 3a00JICBaHUS U UX CUMIITOMBI.

I 3bGheKTUBHON OICHKH COCTOSHHS —TaIlMCHTa
HEOOXOIMMO HCHOJIB30BaTh pa3jInuHble OailecOBBI CETH,
Kaxaas M3 KOTOPBIX HalpaBleHa Ha OIpeIesIeHHYIO
rpynny 3aboneBaHuil. Hampumep, ans IUarHOCTUKU
HApyIICHUA pPabOThl  CEePACYHOCOCYIHCTOW CHCTEMBI
(CCC) HE0oOX0OMMO HCIIONB30BATh CETh, KOTOpas OIpe-
nmemsier pucku 3aboneBanmit CCC; mns oOHapykeHUS
BO3MOJXKHBIX 3a00JIEBaHUH ABIXaTEIbHONH CHCTEMBI HEOO-
XOIMMO HCHONB30BaTh CETh, KOTOpas OTpaxaeT WHQOp-
MaluIo O JIIXaTeIIbHONW CHCTEME.

Paccmorpum B pabote BCJI, xoTopas momoraer oOHa-
pyxuth pucku 3aboneBanuit CCC. [Ins oneHUBaHUS CO-
CTOSIHUS Cep/Ila MalMeHTa HeoO0XOIUMO HCIIOIB30BaTh
aHaMHE3, KOTOpbIM IPEJCTAaBJIIEH B KapTouke. Bes nmo-
cTynHas nHpopMauus pa3ouBaeTcs Ha TPH TPYIIIBL: TIep-
Bas rpymma — 3T0 (aKToOphl pUCKa, BIUSIOIMIME Ha BO3-
HUKHOBEHHE M pa3BUTHE OIPEAEICHHBIX 3a0oJieBaHuil;
BTOpasi TPyIIa — 3TO COBOKYNHOCTH paccMaTpHBaCMBbIX
JIMarHO30B; TPEThs IPyIIa IpeJCcTaBiseT cobol Habro-

JICHUSI Bpayda, pa3In4yHble CHMIITOMBI M pe3yibTaThl J1aho-
PaTOpHBIX MM NTPHOOPHO-KOMITBIOTEPHBIX aHAIU30B.

B kauecTBe nnarHo30B ObLIM BBHIOpaHBI YeThIpe 3200-
nesanuss CCC, KOTOpble MMEIOT MEXIy Cco0oif BecbMa
CHJIBHYIO CBSI3b: aTE€POCKIIEPO3, apTepHaNbHasl THIICPTEH-
3us (Al'), creHOKapaus, MIIeMIdecKkass OOJIe3HB cepima
(UBC). Artepockiepo3 mpencraBiser coOoil 0Oone3Hb
KPOBEHOCHBIX COCYZOB, KOTOpas MPOSBISETCSA B TOM, YTO
Ha BHYTpPEHHEH MHOBEPXHOCTH COCyJa OOPa30OBBIBAIOTCS
HapOCTHI, TaK Ha3bIBACMBbIC OJSIIKH, KOTOPBIC 3aTPyIHS-
10T TedyeHHe KpoBH. OCHOBHBIMH CHUMIITOMAaMy CITyXaT
MOBBIICHHOE JIAaBJICHHWE, YBEJIMYCHUE XOJECTepHHa, a
TaK)Ke HapyLIeHUs! cepleyHoro purMa. B cBoro ouepensp,
JlaBJICHUE, HENpaBWIBHBIA CEpIeYHbIl pUTM U OO0Nb B
TPYIH SIBISIFOTCSL CUMITTOMaMU JUIsl CTEHOKAp/UH; MOBbI-
LIEHHOE JaBJeHHe, IoJIoBHAasi 00Jb M OECCOHHHUIA — 3TO
cumnroMbel Al'; a mis UBC sBasroTcs cMMIITOMaMy BCe
BBIIIIETICpEUNCIICHHBIC. B KauecTBe cMMNITOMOB OBLIH BBI-
OpaHBI CIEAYIOIIME XapaKTEPHBIC IOKa3aTenu pPabOTHI
CEep/ICYHOCOCYINCTON CUCTEMBI: 00IM B 00JacTH cepala,
M3MCHEHHS Ha 3JIEKTPOKAPIHUOTpaMMe, ITOBBIIICHHOE ap-
TepuaJbHOE JaBJICHUE, MapKep OMOXMMUYECKOT0 aHaIn3a
KPOBH — YPOBEHb XOJIECTEPUHA, PE3YNIbTAThl KIMHUYECKO-
ro aHanu3a KpoBH. B ponm ¢akTopoB pucka ObLIM BbI-
OpaHbl pa3zHOOOpa3HbIe XapaKTEPUCTHKU XXU3HU U IPH-
BBIYCK MAIUCHTOB, KOTOPHIC HE ABJIAIOTCA HpH‘IHHOf/II 3THUX
3aboJieBaHUi, HO CIIOCOOCTBYIOT WX pa3BuThio. s 3a-
6oneBannii CCC cymecTBYIOT cieqyromme (aKkToOpsl
pHCKa: KypeHHe, 3J0yNOTPeOJICHNE aJIKOToJIeM, OXKHpe-
HHE, TUIIOANHAMUS — OTCYTCTBHE (PU3NIECKONW HATPY3KH,
Hanuuue auabera, cTpecc.

B pesynbrare ananmuza nHpopManuu o pabote cepred-
HococyaucTor cuctembl Obma BCJI, xotopas mpencras-
neHa Ha pucyHke 1. CTpyKTypa CeTH UMEeT CIeAyIolue
XapaKTEpPUCTUKU: YacTh Y3JIOB, KOTOPHIE OTBEHYAIOT 3a
HaJIMYKe OIPEeNICHHBIX (aKTOPOB PHCKA B KH3HU MallH-
€HTa, NMPEJCTABISIIOT CO00Il HE3aBUCUMBbIE BEPLIMHbBI; He-
KOTOpBIE BEPUIMHBI UMEIOT OOJBLIOE KOJMYECTBO POAM-
TENBCKUX BEPIIMH — BEPIIUHBI, OTBEYAOIIHE 32 JHArHO3bI
1 UX CUMIITOMBI; YacTh BEPIIMH HE UMEET MOTOMKOB, HO
HMEET MTPEAKOB — BEPIIUHBI-CHMITOMBI.

___________;7/'_'__

CTeHoKapaus

MnoguHamus OxupeHue KypeHue

eCTb  88.0 npucytctByeT  53.0 na  39.0 Ankoronb

HeT 12.0 HeT 47.0 ] HeT  61.0 jmm na ZO'OF

HeT  80.0 jms

Crtpecc =

Ovabet ectb  70.0 jmmm——"
ects 3A00| i | Her 30.0:| D Kmopbol
HeT 97.0

— Wwemunyeckan 6onesHb cepaua

22.9 |-z

ect  6.36
HeT 93.6

77.1

Cuynmomol

U3meHeHus Ha JKI

YpoBeHb xonectepuHa [—»| loBbilweHHOEe AaBneHue

HEeT

ects 18.0 F

eCcTb 42.0

BbICOKWIA
et Her 58.0

82.0 fum H

37.9 |— i

62.1

Pucynok 1. Ctpykrypa BCJ{

HauanpHble mapameTpsl paccMaTpiBaeMol CeTH 3ajia-
HBl JKCIIEPTaMH C IOMOIIBIO NMPOrPaMMHOTO CpEJICTBA
Netica, HO3TOMY CeTh F'OTOBA K UCIIOJIb30BAHHUIO JUIS IIPHU-
HATHS Pa3IMYHBIX MEIUIIMHCKUX PeIIeHuH 1Mo o0paboTke
UMEIOIHUXCS JaHHBIX. DparMeHT TaOIHIbl BEPOATHOCTEH

JUISL y37la TI0Jl Ha3BaHMEM 'aTepocKiiepo3” IpeAcTaBlieH
HA PUCYHKE 2.

Jist yMeHblleHns] CyObeKTUBM3Ma M YBEJIUYEHHS J10-
CTOBEPHOCTH NMPUHUMAEMbIX PELICHHH HEOOXOIUMO CETh
MIOTIONHATh HOBBIMH MEAWIMHCKAMHU HAOMIOACHUSIMA U
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JITaHHBIMH, TO €CTh IIPOBOAUTH Iporiecc 00ydeHus. Cymie-
CTBYET J1Ba pa3iIM4HbIX nojxona k obydenuio BC. Ilep-
BBIM MOAXOJ NMPUBOJUT K M3MEHEHHUIO TONOJOTMU CETH,
TaKk Kak NpHU MOCTPOCHUM HAdalbHOM BEPCUU CETH IKC-
MIEPT MOT HE Y4ECTh HEKOTOPBIE JIATCHTHBIC TIEPEMEHHBIE,
KOTOpBIE CYIIECTBEHHO BIIMSIOT HA PE3yJIbTAThl HCCIENO-
BaHUIL. MeTonbl 00y4eHHsI BTOPOTO MOIXO0/A TTO3BOJISTIOT
CKOPPEKTHPOBAaTh 3HAYCHHUS YCIOBHBIX BEPOSTHOCTEH B
y31ax paccMarpuBaeMoi cetd. Ecau mMeauuMHCKHE AaH-
HBIE, KOTOpPBIC TIOAAI0TCS HAa 00ydeHne, He UMEIOT Ipode-
JIOB, TO TOT/Ia B KayecTBE MeTo/a 00y4eHUs HCIIOIb3YeT-
csl Kiaccu4eckuil 0ailecCOBCKMI MOIXOM K BBIYMCIICHUIO
YCIIOBHBIX BEpPOATHOCTEH, OCHOBBIBasICh Ha TeopeMme baii-
€ca; B IPOTUBHOM CJIy4ae PeKOMEHyeTCsl IPUMEHATh a-
TOPUTM MAaKCUMM3aIlMM MaTeMaTHYECKOTO OKHJaHUS
(expectation maximization) [4].

[l Metica - [Ateroskleroz Table (in Bayes net M 1 —
A5 File Edit Table Window Help

==} | | | % 0 1ot % & R | 2|
MNode: Ateroskleroz - Apply 0K
Chance vl % Probability vl Reset Close

Smoke Alcohol Stress Diabetes Gipodinamiya Fat true false
true true true true true true a8 12 E
true true true true true false 85 15
true true true true false true 85 15

true true true true false false i} 20
true true true false true true 0 20
true true true false true false 10 0
true true true false false true €0 40
true true true false false false 10 20

true true false true true true 80 20

— falmn — falmn = =

Pucynok 2. Tabmuia BeposITHOCTEH TSI aTEPOCKIEpo3a

ANTOpUTM MaKCHMM3ALMK MaTeMaTHYECKOTO OXKHJa-
HUsI OCHOBBIBAaeTCsl Ha TOM (hakte, 4To HaliogaemMoe co-
ObITHE 3aMEHSETCSl Ha 0KMJIAaeMOE KOJIMYECTBO BBIMOJIHE-
HUSL COOBITHS. DTO NMPOUCXOAMT CIEAYIOIUM O0Opa3oM:
€CIIN IaHHBIE, C MOMOINBI0 KOTOPBIX HEOOXOAMMO 00Y-
YUTh CETh, UMCIOT MPOOEINBI, TO MPOOENBl HEOOXOIUMO
3aII0JIHUTh BO3MOKHOCTSIMH IIOSIBJICHHS TOTO HJIM MHOTO
coObITHs. Hanpumep, NpUYNHOM HOBBILICHHOTO AABJICHUS
MOTYT CIIyXHThb aTepPOCKIEepO3, apTepHalbHas TMIEePTeH-
30 M CTEHOKapIMs, a B HabOpe NaHHBIX U1 CETH HET
nH}poOpMalnU O CTEHOKapAWH, TOTAA OJHA CTPOYKA JIaH-
HBIX 3aMEHSICTCS Ha JIBa CIIy4as: KOrJa IpH 3THX HUCXOJ-
HBIX YCJIOBHSIX €CTh CTEHOKapAMs M KOTIZa OHa OTCYT-
ctByeT. Ilocne paccuMTBIBaeTCsl 0KHJIAEMOE KOJIMYECTBO
BBITIOJTHEHUS cOOBITHS o dopmyre,

N(x)=>"1(x/D(K)) THe I(x/ D(k)- dyHKuus nn-
k

JIMKaTOp, KOTOpas paBHA €AWHMIIE, €CIH COOBITHE X IIPO-
HCXOJMT B 00yHaromeM npouecce D(k) , HyJII0 — eClii He
npoucxoaut. Mtorosasi BepoATHOCTh MOAYHHACTCS OeTa-
OvHOMHMaNbHOMY pacmpenenceHuto. IIpu 3ToM yduThHIBa-
I0TCS T€ JaHHBIE, KOTOPBIE YXKE €CTh B CETH.

PaccmoTpuM HcIonp30BaHHE IOCTPOCHHOW CETH Ha
npuMepe o0pabOTKU AaHHBIX M3 OJJHOM KOHKPETHOH Kap-
Touku. McxonHble NaHHBIE MallMeHTa IPEJCTAaBICHH B
Tabnuue 1 B cTpoke mox HazpaHueM "I Bapuant". 3aTeMm
HaIKeHT Tpoien psin odcnenoBanuii. Mupopmarms o pe-
3yJIbTaTax pa3MyHbIX aHAJIM30B U MPOLExyp Oblia 3aIu-
caHa B KapTo4ky. HoBble naHHBIE U3 MEIKapThI OTpaXe-
HeI B Tabnmre 1 B crpoke "Il BapuanT".

Tabmuna 1.
HcxonHble TaHHbIE MAIMEHTA
Habop naHHbIX O Bonu B Kn. |Usmen.
Juaber | Crpecc | ['unopunamus | Oxupenue |Ankorons| Kypenue XonectepuH| [laBnenue
ranueHTe cepaue |anamusz | OKI
I BapuanT HET HET Ja
II BapuanT HET €CTh €CTh HET €CTh HET HET HET na eCTh

BepositHoctin  Bo3HHMKHOBeHHs 3aboneanunit CCC 'y
KOHKPETHOTO TAaIlMeHTa B pe3yibTare MPUMEHCHHS pas-
paborannoit BCJl no m mocie oOclieoBaHMA TPEICTaB-
JieHbl B Tabnmie 2. HoBele maHHBIC, KOTOPBIMU MTOTIOTHU-
Jlach KapTOYKa MAlWeHTa, U3MEHMWIN PUCKH BO3MOXKHBIX
3abosneBanuii: puck 3adosnets BC mpakTHUECKH ucues, a
BEpOSITHOCTH 3aboyieTh Al W aTepoCKIepo30M Cyiile-
CTBEHHO yBEJHUYWINCH. Temepp jieuamemMy Bpady HYXKHO
00paTuTh BHUMaHHE MAaIlMEeHTa Ha yCTpaHeHHE (aKTOpOB
pHUCKa, TPUCYTCTBYIOIIMX B JKU3HU MAI[UCHTA, KOTOpPEIC
MOTYT IPUBECTH K 3TUM 3a00JICBAHUSIM.

Tabnuua 2.
PesyabTaTel npumenenns BCJI
Pesynbrarel 00pabotku | Crenokapausi | UBC | Al |Atepockiepo3
J1o ucciieioBaHuii 3,82 31,9] 59,1 64,9
TTocne ucciieoBaHmii 0,69 0,65 | 86,6 91,5

BeiBoawl. B nmanHOI paboTe OBLIM MONMYYEHEI CIEIy-
IOIINE PE3YIbTAThI:

1. [IpoBenen ananu3 MaTeMaTHYECKUX MOJEeH, KOTo-
pble TIPUMEHSIIOTCS JUIS PELICHUs 3a/laudl paHHEero xua-
THOCTHUPOBaHUs, B pe3yJbTaTe KOTOPOro ObUT 0OOCHOBaH
Be1OOp BC/I.

2. Pazpaborana BC obbemoM B 15 y310B, U3 KOTOPBIX
6 y3JI0B NIPEJCTaBIISIOT CO00H (QakTopbl pucKa, 5 y3I0B —
CHUMITTOMEI 3a0oJeBanuii, 4 y3na — 3aboneBanms CCC.

3. IlpuBeneH mnpuMep HCHOIB30BAaHUS ITOCTPOSHHOM
ceTH Il 00pabOTKH MEAMIIMHCKUX JIAaHHBIX U3 KapTOUYKH
nanuenTa. lIpe/uiokeHHBI MaTeMaTHYecKHi armapar
MOJKET HCIIONIB30BAaThCS HE TOJNBKO JUIsl ONpeNesICHHs
PHCKOB, HO M JUIS TPOTHO3MPOBAHUS BO3HHUKHOBCHMS
OTIPEIeIIEHHOTO CHMITTOMA.

JIMTEPATYPA (REFERENCES TRANSLATED AND TRANSLITERATED)

1. Mensuuk K.B. 3amgaua co3nanust nHGOPMAIIHOHHON CHCTEMBI
CKpPUHUHIa B MEAMIMHCKUX yupexaeHusix // BocrtouHo-
€BPONENHCKHI KypHal NMepeaoBbIX TEXHOJOTUH. — XapbKOB. —
2012. — Nel /11(55). — ¢.55-57.

Mel'nik K.V. Zadacha sozdaniya informatsionnoy sistemy
skrininga v meditsinskikh uchrezhdeniyakh [The task of
creating a screening information system in healthcare
facilities] // Vostochno-yevropeyskiy zhurnal peredovykh
tekhnologiy. — Kharkiv. — 2012. — Ne] /11(55). — $.55-57.

2. Mensauk K.B., €pmosa C.I. IlpobmemMbl U OCHOBHBIE
MOAXO/BI K PELIEHUIO 33/1a4i MEAUIMHCKOW AUarHocTuku //
Cucremu 06po6ku iHpopmariii. — Xapkis. — 2011, — Ne2 (92).
—¢.244-248.

Mel'nik K.V., Ershova S.I. Problemy i osnovnyye podkhody k
resheniyu zadachi meditsinskoy diagnostiki [Issues and ap-
proaches to solving the problem of medical diagnosis] // Sis-
temi obrobki informatsii. — Kharkiv. — 2011. — Ae2 (92). —
5.244-248.

128




Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

3.

Melnik K., Cherednichenko O., Glushko V. Towards medical
screening information technology: the healthgrid-based ap-
proach. H.C.Mayr et al.(Eds.): UNISCON 2012, LNBIP 137.
— Springer, 2013. — P. 202-204.

. Richard E.Neapolitan. Learning Bayesian networks. North-

eastern Illinois University. Chicago, Illinois: Prentice Hall,
2003. - 674 p.

. I. A. Beinlich, H. J. Suermondt, R. M. Chavez, and G. F.

Cooper. The ALARM Monitoring System: A Case Study
with Two Probabilistic Inference Techniques for Belief Net-
works. In Proceedings of the 2nd European Conference on
Artificial Intelligence in Medicine. Springer-Verlag, 1989. —

7. S. Andreassen, R. Hovorka, J. Benn, K. G. Olesen, and E. R.

Carson. A Model-based Approach to Insulin Adjustment. In
Proceedings of the 3rd Conference on Artificial Intelligence
in Medicine. Springer-Verlag, 1991. — P. 239-248

8. D. Heckerman, E. Horwitz, and B. Nathwani. Towards Nor-

mative Expert Systems: Part |. The Pathfinder Project. Meth-
ods of Information in Medicine, 31:90-105, 1992.

9. S. Andreassen, F. V. Jensen, S. K. Andersen, B. Falck, U.

Kjerulff, M. Woldbye, A. R. Serensen, A. Rosenfalck, and F.
Jensen. MUNIN - an Expert EMG Assistant. In Computer-
Aided Electromyography and Expert Systems, Chapter 21. —
Elsevier (Noth-Holland), 1989.

P. 247-256.

6. S. Lauritzen, D. Spiegelhalter. Local Computation with Prob-
abilities on Graphical Structures and their Application to Ex-
pert Systems (with discussion). Journal of the Royal Statisti-
cal Society: Series B (Statistical Methodology), 50(2):157-
224, 1988.

10. A. Onisko. Probabilistic Causal Models in Medicine: Appli-
cation to Diagnosis of Liver Disorders. Ph.D. Dissertation,
Institute of Biocybernetics and Biomedical Engineering,
Polish Academy of Science, Warsaw, March 2003.

Melnik K.V., Glushko V.N. Application of Bayesian networks for data processing from medical cards

Abstract. Medical information technologies are the essential tool for solving various health problems. It is reflected in a large num-
ber of publications. Nowadays medical facilities have started to use electronic documents. There are many reasons for this: a conven-
ient storage of the patient information, easy and quick access to information, increasing the efficiency of the healthcare facility in
medical data processing. Using statistical information from the electronic database of patients helps to identify risk factors for vari-
ous diseases in the service area. Patients don’t visit medical institutions regularly, so the diagnosis is a classification task on incom-
plete information. Bayesian networks are the appropriate mathematical tool to solve such problems. An overview of the application
of Bayesian networks for disease diagnosis is provided in the article. Analysis of practical implementations of Bayesian networks
showed the feasibility of this approach for diagnosis. Therefore, Bayesian belief networks are encouraged to apply for early diagnosis
in uncertain and incomplete information from patients cards. The paper proposes a network, which helps to detect violations of the
cardiovascular system. The information used to construct a Bayesian network was divided into three groups: the first group is risk
factors that influence the emergence and development of certain diseases, the second group is a collection of diagnoses under consid-
eration, and the third group is a doctor's supervision, a variety of symptoms and results of laboratory or instrument-computer anal-
yses. The article shows how to use the developed Bayesian network.

Keywords: medical information technologies, Bayesian networks, medical data processing, cardiovascular system.
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Ilpuoamrxo O.B.
EdexTnBHO-BapTiCHUI aHAJI3 PU3HKIB 3aNPOBA/’KeHHS IHHOBANIITHUX TEXHOJIOTIH
yHpaBIiHHA SAKICTIO OCBITHIX MPOEKTIB

Ilpuoamxo Onexcanop Borooumuposuy, cmapuiuii BUKIa0ay

Jlvsigcoruil Oeporcasnuil yHisepcumem oesnexu socummeoiaionocmi, M. JIveie, Ykpaina

AHoTanisi. B crarTi npencraBineHui eekTHO-BapTICHUI aHai3, IPH3HAUYCHUH ISl OMIHKY PU3UKIB MOB’I3aHHX i3 BIPOBAPKCHHS

PO3po0IeHNX IHHOBAIHHAX TEXHOJOTIH MiABUINEHHS SKOCTI OCBITHIX IPOEKTIB CHCTEMHU IUBUIBHOTO 3aXHCTy YKpaiHu. B ocHoBy

3allPOIIOHOBAHOTO METOAY OLIHKU pU3UKIB 3aknaneHo SWOT-aHaii3 HOBOBBEICHUX KPUTEPIiB €(heKTUBHOCTI Ta 3aTPATHOCTI.
Knrwowuoei cnoesa: ocgimuiii npoexm, iHHO8aYiliHi MeXHON02TT, OYiHKA PUSUKIS.

Bcmyn. besnepebiliHe (QyHKIIOHYBaHHS CHCTEMH LUBi-
JIBHOTO 3aXHCTy YKpaiHu moTpeOye MoCTiiHOI miaroTos-
KM Ta poTalii BHCOKOKBaNi()iKOBAaHMX KaJpiB 3TaTHUX
SIKICHO BUKOHYBATH TIOKJIaJeHI Ha HUX 3aBaaHHs. [Iporec
(opMyBaHHS OCBITHHOTO NPOJYKTY B CUCTEMI LIUBIILHOTO
3aXHCTy 3a0e3neuyeThCesl 6araTopiBHEBOIO CTPYKTYPOIO 3a
PI3HUMH OCBITHBO-KBaJipiKaIiitHUIMU piBHAMH (pOOiT-
HUK, KBanipikoBaHUI pOOITHUK, MOJIONIIHNN CHEUialicT,
OakamnaBp, crenianict Ta marictp). [lo ckiamy Takoi cTpy-
KTypH BIIHOCSATH BiIOMYi HaBYaNbHI 3akmaan Jlep>kaBHOL
cnyx6u Ykpainu 3 HamsudaitHux curyaniid (JCHC) ta
HaBYAJIbHO-METO/IMYHI LEHTPU IMBIJIBHOTO 3aXHCTy 1
6esnexu xutrepisibHocTi (HML) npu ['onoBHux ynpas-
ninnsax (ynpasiiaasax) JJCHC Ykpainu B obnactsax. Oge-
BUJIHO, 110 OCHOBHHM KPHUTEPIi€M SIKOCTI OCBITHBOTO TPO-
IYKTY Takoi CTPYKTYPHU € NMPaKTUYHI BMIHHS Ta HABUYKH,
SKI BH3HAYAIOTh KOMIICTEHIIO pATyBalbHHKA. IIpore B
yMoOBax rio0ansHOro (iHAaHCOBOTO OOMEKEHHSI MPOIIECiB
HaBYaHHS, CTa€ JOCHTHh aKTyaJIbHUM MHUTAHHS 30€pekeH-
HS SIKOCTi OCBITHBOTO MPOIYKTY. SIK BigMiueHO B momepe-
JHIX Tpalsix YOpaBIiHHA SKICTIO MporiecaMu (pOpMyBaH-
HSI OCBITHBOTO Ta IHTEJEKTYaJbHOTO MPOAYKTY B YMOBax
(biHaHCOBOi 0OMekeHOCTI MOTpedye IHHOBAIIMHOTO Ta
MIPOEKTHOT0-OPIEHTOBAHOTO MIIX0/Y.

Ananiz deakux docnioxcenv 3 Hanpamy. [lutanHIMHU
YIPaBJIiHHS HABYaJbHUMH CEPEAOBHUIIAMH Ta YIIPABIIHHS
OCBITHIMHU TIPOEKTaMH 3aiiMaloThcsi 0araTo HayKOBIIB Y
MPOBIAHUX HAYKOBHUX IIKoJaX. OCHOBHI HayKOBI aceKTH
BHCBITIICHI B pobOotax [11] aBropiB B.A. Paua, A.1O. Bop-
3eHKO-Mipormanderko, [8] aBropa B.II. JIsckoBcpKkoOTO,
[6] aBTOopa A.O. binommuekoro, [3] aBropa B.1. JKoBanu-
Ka, [7,12] aBropiB IO.H. Tecus, L.IO. IloTaii, [5] aBTOpa
I.C. flcenoBoi Ta iHmmMx pobortax. [Ipore B OrITHYTHX
MpasAX TOCTIIKEHI METOJOJIOTI] YIpaBIiHHS OCBITHIMU
MPOEKTaMH PO3BUTKY TUIbKM BHIIMX HaBYAIbHUX 3aKja-
IiB, SIKi 3[IHCHIOIOTH (POPMYBaHHS OCBITHBOTO NPOIYKTY
3a OCBITHBO-KBaNi(ikamiifHuMu piBHSIMHK OakaiaBpa, cie-
miajicTa Ta MaricTpa. A 1mo3a yBaroro 3aJHIIAlThCS OCBi-
THI TIPOEKTH MiATOTOBKH PATYBAJIbHUKIB HIKHBOI JTAHKH
ynpasninnsa y HML] i3 BpaxoByBaHHsAM crienudiku QyHK-
LIOHYBaHHS HaBYAJBHHUX 3aKJaliB i3 OCOOIMBHMH yMO-
BaMH HaBYaHHSI.

ILline nayxoeoi npaui. SIx BimMiueHo B mpami [10] B
ocBiTHIX ycTanoBax cuctemu JJCHC, siki 3MiHCHIOIOTH ITi-
JI'OTOBKY MaWOyTHIX pSTYBaJbHUKIB, BaKJIUBY pOJIb B
IIpOIIeCi CTaHOBIICHHS MalOyTHROTO CIIEIiasliCTa BiJirpae
IpakTH4Ha cKianoBa. [IpoTe cydacHmil craH ii ¢iHaHCO-
BOi MIATPUMKH 3YMOBIIIOE BUHUKHEHHS DSy Mpodiem,
IIOB’s13aHNX 3 OOMEKEHHSIM MaTepialbHUX, YaCOBHX Ta
JIIOJICBKUX PECYPCiB:

{a} + {a} + {an} — min (1)

Jie @ — BapTicTh ()OPMyBaHHS IMPOAYKTY OCBITHHOTO
MIPOEKTY (MaTepialibHi pecypcH);

& — mepcoHan (GOpMyBaHHS MHPOAYKTY OCBITHBOTO
MPOEKTY (JIFO/ICHKI pecypch);

am — TPUBATICTH (OPMYBAaHHS HPOIYKTY OCBITHHOTO
MIPOEKTY (JacoBi pecypcH).

3 Bupasy (1) oueBmmHO, IO MiHIMI3aIisd pecypciB y
OCBITHIX TPOEKTaX MOXKE MPU3BECTH /10 3HIKCHHS SIKOCTI
MIPOXYKTY NMPOEKTy. BUXoas4n 3 nbOro BUHUKAE HEOOXi-
HICTh 3IiHICHEHHS YNPaBNIHCHKUAX Mi CIPIMOBaHUX Ha
3aro0iraHHs BUHUKHEHHS HETaTUBHHUX HACHIJKIB TaKOTO
npoBaukeHHA. ONHUM 13 JI€BUX METOMIB IIiABUIICHHS
SIKOCTI MPOJYKTY OCBITHBOTO HPOEKTY B YMOBaxX o0OMexe-
HUX (piHAHCOBHX peCypCiB € BAKOPUCTAHHS IHHOBALIHHUX
texHounoriit (IT), siki He NOTPeOyIOTh 3HAYHOTO 3aTyUYeH-
Hsl pecypciB.

VY momepenHix HayKOBHX MpaIiX MPEICTaBICHI 0co0-
JMBOCTI Ta IepeBark 3acTocyBaHHs po3pobnenux IT, mo-
CIi/pKeHa 1X e(EeKTHBHICTh B MPOILEC] MiArOTOBKH CyJac-
HOTO psTyBaJbHUKA y BHIIMX HAaBYAJNbHMUX 3aKJIa/ax.
[Ipore HenoCHIIKEHNM 3JIMINAETHCS THUTAHHS aHATIZY
pu3ukiB HeeeKTUBHOCTI 3ampoBampkeHHs [T Ta pu3nkiB
3aTPaTHOCTI TIOB’3aHUX 3 X BUKOPHCTAHHSIM B OCBITHIX
NPOEKTaX MiArOTOBKU (haxiBIiB HUKHBOI JAHKU YIIPaB-
i y HMILL. B cBiToBili mpakTuil 3ycTpidaeTbesi psin
METOJIIB OILIIHKK pHU3MKiB (Hanpukian "JlepeBo pimieHs",
METO/]] eKCIIEPTHHUX OLIHOK TOLIO), BUOIP SKUX 3aJIe)KUThH
Bijl crienudiky KoHKpeTHOro Bunazaky. [llomo ananisy pu-
3WKIB OCBITHIX IIPOEKTIB B YMOBaX OOMEXEHHUX PECYpCiB,
SIK BHCBITJICHO B HAayKOBIii mpari [2], HaHOLIbII THYYKAM
i epexruBHEM € MeTon SWOT-ananizy. Tomy 3 MeTorO
mepen0avYeHHs], 1 BIAMOBIAHO, 3amo0iraHHS BHUHUKHCHHS
PHU3UKIB 3 SBISIETBCS TOCTpa HEOOXITHICTE PO3POOKH
e(eKTHBHO-BAPTICHOTO aHami3y po3poonernx [T ympas-
JIHHS SIKICTIO OCBITHIX MPOEKTIB CHCTEMH LIUBLIBHOTO 3a-
XHCTY, B OCHOBY SIKOTO 3aKJIaJICHO aHaji3 CWJIBHUX 1 clia-
OKHMX CTOpIH Ta MOXIIMBOCTEH 1 3arpo3, M0 BHHUKAIOTh
IIpH 1X peaizamii.

Ocnoséna yacmuna. B ocCHOBY po3poOKH CydacHHX iH-
HOBAI[IfHUX TEXHOJOTIH YIpaBIiHHSA SKICTIO OCBITHIX
MIPOEKTIB, OYEBHUIHO, 3aKIaICHO MOHATTS "iHHOBAIiA". Sk
BiIMiYeHO B po0OoTi [4], iHHOBAIlis (B IEpeKiIai 3 JIaTHH-
cpKoi "novatio" — 0OHOBJICHHs, 3MiHa, a mpucTaBka "in" —
B HaNpsIMKY) — 1€ BIIPOBa/KEHE HOBOBBE/ICHHS HalpaB-
JIeHe Ha sKiCHe 3pocTaHHs e()eKTHBHOCTI MPOLECiB, Mpo-
nyknii abo QyHKIioHyBaHHSA Oynb-sKOi cuctemu. Sk 3a-
3HaueHo B [1] iHHOBaIisS O3HAYAE MMiIBUIIEHHS €()EKTHB-
HOCTI 0901 CUCTEMH, IO 3a0e3MeUyEThCSI pyXOM B Ha-
npsiMy 3MiH. OT)Xe, BUKOPUCTAHHS iIHHOBAIIfHOTO MiIX0-
Iy Oyae KOpUCHUM TiJIbKY B TOMY BHIIAJKY, SIKIIO BiH TTi-
IBUNTYE €(PEKTUBHICTh (YHKI[IOHYBaHHS iCHYIOUOI CHC-
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Temu. B Hamomy Bumagky MmeToro BukopucTaHHA IT B
OCBITHBOMY TIPOEKTHOMY CEPEIOBHUII € IOKpaIeHHS
SIKOCTI OCBITHBOTO HPOJYKTY 3 OJHOYACHOIO MiHiMmi3ali-
€10 Yacy 1 3aTpar Ha #oro ¢popmysanus. [lo nepeniky IT,
po3pobIeHNX HAYKOBIMIMH JIBBIBCBKOTO JIEepKAaBHOTO
YVHIBepCUTETy OE3MEeKH JKUTTESUTFHOCTI MOXKHA BiTHO-
CHMO IHTEpaKTUBHI KOMII IOTepHI TpEeHaKepH, aHIMAIiiHI
3ac00M BiATBOpEHHS OyIb-IKMX (Qi3UYHUX, XIMIYHHX 200
TEXHOJIOTIYHUX TPOIIECiB, IHTEPAKTHBHI JJAOOpaTOPHI Po-
6otH, 3-D mmakaTu TOIIO.

/B6( 4884x0F4IRR L AL0EN

Pucynok 1. Po6oui BikHa po3po0JIcCHUX IHHOBAIIHHUX TEX-
HOJIOTIH YIPaBIiHHS SKICTIO OCBITHBOT'O TIPOIYKTY

Pusuk  3ampoBajuUKEHHS PO3POOJICHHX — TEXHOJIOTiH
YHOPaBIiHHSA SKICTIO OCBITHIM IPOIYKTOM B CHCTEMIi ITUBi-
JILHOTO 3aXHMCTY MOXKE OyTHU MOB’sI3aHUM 3 Hee(heKTUBHIC-
TIO (BIICYTHICTIO KOPHCTI BiJ BIIPOBaKEHHs) a00 3aTpa-
THICTIO (30UIBIIEHHS MaTepialbHUX 3aTpaT). 3Ba)Kardu
Ha OCHOBHI YMHHUKH, OILIHKA PU3UKIB 3 BUKOPUCTaHHSIM
e()eKTHO-BapTICHOrO aHaji3y IPOBOJUTHCS 32 JBOMA
KpuTepismMu: Kputepii edextuBHOCTI (i) Ta KpUTEpiii 3a-
tpatHocti (i,). Tlepumii kputepiii € oOepHEHO HPOIOP-
LifHWA TPOTHO30BAaHOMY PIBHIO PU3UKY, a KPHUTEpid 3a-
TPATHOCTI — IPSMO MPOTOPIIHHUIA.

Pucynok 2. Kputepii [u1s1 OIL[IHKM PiBHS PU3UKY 3aIlpoBa-
mxenHst 1T ynpaBiiHHS SIKICTIO

Kputepiit eekTHBHOCTI BU3HAYAETHCS 1HAEKCOM KOM-
METEHTHICHOCTI MPOAYKTY OCBITHBOTO mpoekty [10]. Tn-
JIEKC KOMITETCHTHICHOCTI BKJIIOYa€ B ceOe 3HAHHS + HABH-
4K (BMIHHS) + JOCBiJ Ta BU3HAYEHHI B fiana3oHi iy = 0 ;
1. Pe3ynpraT, KUl BKa3ye Ha BIJICYTHICTh PU3UKY BIIPO-
Bajpkennst [T ynpasninus sikicTio Bigmosigae iy = (0,51 ;
1) — max. Kpurepiii eeKTHBHOCTI BU3HAYAETHCS CEpel-
HIM apU(METUYHUM 3HAYCHHSIM NPOTHO30BAHHX 3HAHB,
HaBUYOK Ta NocBiny (2). [IporHo3yBaHHS MPOBOAMTHCS 3
BUKOPHCTAHHSIM METOJIB MaTeMaTHYHOI CTAaTUCTHKU Ha
IiZICTaBl eKCIIEPIMEHTAIEHO OTPIMAHUX JAHUX.

ik = 1/niz i + iv + Id(2)

€ i, — 3HaHHS; |, — HABUYKHU (BMIiHHA); ig — JOCBIiI.

Jlist 3acTOCYBaHHS MPOTHO30BAHUX PE3yJbTATIB B ede-
KTUBHO-BapTICHOMY aHaJi31 HEOOXiJJHO NPOBOIUTH iX KO-

JyBaHHS BIJTHOCHO CTaHJapTHOro 3HaueHHs. [IporHosy-
BaHHS PiBHS OTPUMAaHUX 3HaHb Ta HABUYOK, B PE3YJIbTATI
BUKOpHCTaHHS po3pobnenux IT B mpoueci GopmyBaHHS
OCBITHBOTO MPOJYKTY, BU3HAYAETHCS SIK 3ralyBaJIOCh, M-
TOJAMH MaTEMaTHYHOi CTATHCTHKM Ta BixmoBimae < /.
BusnadyenHs 3100yTOTO JOCBIAY IPOBOAUTHCS HA MijicTa-
Bi KUTPKOCTI HaBUAIBHUX IUKIIB, SKi MPOBOJSITHCA B Me-
Kax TOIUH BiBEJICHNX HABYAIBHUMH IIJIAHAMH 1 TIpOTpa-
MaMH Ta Binmosimae < /.

Kpwurepiit 3aTpaTHOCTI BU3Ha4ae piBeHb pecypciB, 3a-
Jy4eHHs SKUX HEOOXiJHE B MpOLECi BUKOPUCTAHHS PO3-
pobnennx IT anst ¢dopMmyBaHHS OCBITHBOTO HPOIYKTY.
Kpurepiii 3aTpaTHOCTI BKJIIOYAa€ 3HAYCHHS HEOOXIIHHUX
MaTepiabHUX, YaCOBHX Ta JIIOACBKUX pecypciB. Pe3yib-
Tar, SIKUA BKa3ye Ha BIJCYTHICTh PU3UKY BIPOBAKCHHS
IT ynpapmiHHs SKICTIO BiAnosiaae i, < 1 mpu yMoBi mo3u-
TUBHOTO 3HA4YCHHS KpHTEpito edekTtuBHOCTI. Kpwurepiii
3aTpPaTHOCTI BU3HAYAETHCS BUpazoM (3).

i,=1/nj) &+ a+an(3)

Jie @; — MaTepiabHi peCypCH; @j — JIFOJChKI pecypcH; am
— YacoBi pecypcH.

AHAJIOTIYHO, JJIs1 3aCTOCYBAaHHS PE3yJIbTATIB KPUTEPIIO
3aTpaTHOCTI B €()eKTHBHO-BAPTICHOMY aHaji31 HEOOXiTHO
NPOBOJUTH iX KOJYBaHHS BiJTHOCHO CTaHJapTHOTO 3Ha-
yeHHst. KibKicTh HEOOXiTHUX MaTepiajJbHUX, YACOBUX Ta
JIOJICBKHX PECypCiB, SKi 3aIydaroThCsi B Ipoueci Gopmy-
BaHHS OCBITHBOTO IMPOAYKTY 3a CTaHAAPTHOI METOANKOIO
(6e3 IT) Oyne = 1. IlepeBumicHHs, a00 HaBIAKH, EKOHOMIs
pecypciB, Ipu YMOBI MIEBHOTO TIOKAa3HWKA KPHUTEPIf0 ede-
KTHBHOCTI Oy/ie BKa3yBaTH Ha HASBHICTh a00 BiJICYTHICTH
pusukiB BpoBaukeHHs IT. BripoBapkeHHS po3pobieHnx
IT € nepenrabenpuuM y Bunanxy i, > 1 ta i,<0,51, amke y
TAaKOMY BHIIAJKy He 3a0e3leuyeThcs HEOOXigHa SKiCTh
OCBITHBOTO NPOJYKTY OJJTHOYACHO 3 BUCOKHUM OKa3HHUKOM
3aTpPaTHOCTI.

3rigHo JlepxaBHOTO cTaHAapTy npodeciiHo-TexHiYHOT
OCBiTH YKpaiHM 3a pillIeHHSIM HaBYaJbHOI YCTAHOBH, ILO
3IICHIOE MIATOTOBKY KaJpiB HIKHBOT JIAHKH YIIPABIIIHHS
JCHC VYxkpaind, DO3BOJSETHCS CaMOCTIHHO BHW3HAYATH
BapiaTMBHUI KOMIIOHEHT 3MicTy ocBitu 10 20% Bin doH-
JIy 4aCOBHUX Ta BiJIMOBiTHO MaTepiabHUX 1 JIOJCHKUX pe-
cypciB. | BiImoBigHO, 3 METOIO aHaNi3y PU3MUKIB, SKi MO-
JKYTh BHHUKHYTH B TIPOIIECi MiHIMi3aIii pecypcis, B po-
0OTI TIPOTIOHYETHCS PO3pOOKa ePEeKTHO-BAPTICHOTO aHAII-
3y IT ympaBmiHHS SIKICTIO OCBITHIX MpOeKTiB. Jlst mocsr-
HEHHSI METH 3aIllpOIIOHOBaHA MAaTPHIL PH3MKIB SKa BXO-
JIUTh B OCHOBY €()eKTHO-BapTICHOTO aHaIi3y (TabuLs).

Tabmuus 1.
Matpuus edeKTHBHO-BAPTICHOI0 aHAJIIZY
Kpwurepiit 3atpaTHOCTi
i<l | i,=1]i>1
Kputepiit edex- 0015l A b B
THBHOCTI 0,71<i0,9| b b B
051<i<0,7| B B r

PesynpraTrom edekTHO-BapTICHOrO aHaji3y MOBHHHI
OyTH e(eKTHUBHI pillIeHHS, IKi CTOCYIOThCS MEBHOI peakIlii
moz0 BuposamkeHHs [T. Onuparounce Ha HayKOBi J0CS-
THeHHS B poborax [2,9] BH3HaueHy OWIHKY edekTHO-
BapTICHOTO aHANi3y MOXHA IHTEPIPETYBATH TaKHM YH-
HOM:

-"A" — HaliBUIIa NpIOPUTETHICTH BHpoBamKeHHS [T
YIPABIIHHS SKICTIO OCBITHIX IPOEKTIB B CUCTEMI IIMBIIb-
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Horo 3axucty. Ilepenbadaerbest MiATPUMKA Ta PO3BUTOK
npouecy.

- "B" — Bucoka npiopuTeTHICTh BripoBapkeHHs [T ympas-
JIHHS SIKICTIO OCBITHIX IPOEKTIB B CHCTEMI IHBIJIBHOTO
3axucty. [IpoTe HEOOXimHO 3BEpHYTH yBary Ha 3amooi-
TaHHS 3aTPO3 3aTPATHOCTI 1 HEe(EKTHBHOCTI.

- "B" — HEoOXiIHO AeTaNbHIIIEe MOCIIANTH aKTyaJIbHICTh
BrpoBapkeHHA IT B okpemux Bumagkax. OcHOBHI Aii He-
00XiTHO CHIPSMOBYBAaTH Ha TOHOJNAHHS CIA0KHX CTOPiH
3aTpaTHOCTI 200 €(PEKTHBHOCTI.

- "I — BrpoBamkenHs IT ynpaBiiHHS SIKICTIO OCBITHIX
NIPOEKTIB B CUCTEMI LIMBIIBHOTO 3aXUCTy € HE PEHTA0ENb-
HUM 13 IPHHECEHHSIM 3aTPaTHOT IKOIU 200 LIKOH SKOCT1
MPOAYKTY OCBITHBOTO IPOEKTY. BUHHKAaEe HEOOXiTHICTH

pO3poOKH cTpaTeriit 3MiIHCHHS OTEHINANY 1 BiIBEpHEH-
HS 3arpo3.

Bucnogxu. B crarTi po3risHyTa npobiemMa Cy4acHOTo
craHy (iHaHCOBOI MIATPUMKH NPAKTHYHOI CKJIaJOBOI
npolecy MiArOTOBKU PATYBAJNBHHKA HIDKHBOI JIAHKH
ynpasmiaHs JJCHC VYkpainn. Sk mieBui#t MeToj mMigBH-
OICHHS SKOCTI TPOXYKTY TaKOTO OCBITHBOTO TIPOEKTY
MIPONIOHYETHCSI BUKOPUCTAHHS PO3POOJICHUX iHHOBAIiHi-
HUX TeXHOJoOrii. [y OWIHKM pPH3HKIB TOB’S3aHUX i3
BrpoBakeHHs [T 3ampomonoBaHo MeTox ix edeKTHBHO-
BapTICHOTO aHayi3y, B OCHOBY sikoro 3aknageHo SWOT-
aHami3. B ocHOBY MeTomy MOKIaJNeHO OIHKY 3a JIBOMa
KpHUTEpisAMH: KpUTEepieM e(eKTHBHOCTI Ta BIIEpIIE BBEJE-
HUM KpHTEpIEM 3aTPaTHOCTI.
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Prydatko O.V. Efficiently value analysis of risks implementation of innovative technologies quality management
of educational projects
The article presents spectacularly-cost analysis designed to assess the risks associated with the introduction of innovative technolo-
gies developed by improving the quality of educational projects of Civil Defense of Ukraine. The basis of the proposed method of
risk assessment founded SWOT-analysis of performance criteria's.

Keywords: educational project, innovative technology, risk assessment.

Ipugatko A.B. 3¢ eKTUBHO-CTOMMOCTHBII aHAJIN3 PUCKOB BHEAPEHUs] HHHOBALMOHHBIX T€XHOJIOTHii yIPaBJICHUS
Ka4ecTBOM 00pa3oBaTeIbHbIX NPOEKTOB
B cratee mpencraBieH 3¢QEKTHO-CTOMMOCTHBIN aHANN3, NpEeJHA3HAadeH A OIEHKH PHUCKOB, CBA3AaHHBIX C BHEAPCHHS
pa3pabOTaHHBIX WHHOBAIIMOHHBIX TEXHOJIOTHH IOBBIIIEHHS KauecTBa 0OPa30BaTENbHBIX MPOEKTOB CHCTEMBI IPaXKIAaHCKON 3aIHUThHI
YkpauHsl. B 0CHOBY mIpemiokeHHOTO MeToJa OLEHKH PHCKOB 3ajokeH SWOT-ananu3 BBeneHHBIX KpuTepueB 3(dekTHBHOCTH U
3aTPaTHOCTH.

Knrouesvie cnosa: odopazosamenvuwiii npoexm, UHHOBAYUOHHbIE MEXHOIOUU, OYEHKA PUCKOS.
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Pomanko P.M., Illempakoecvka O.C.
Metoau i MoaeJii MOHITOPMHTY 3eMeJIb, 10 3a3HAI0Th BIUIUBY €K30IeHHHUX I'e0JIOTiYHIX Npouecis

Pomanxo Poman Muxonatiosuu, acnipaum,

Ilempaxoscvka Onvea Cepeiigna, O0OKMop mexHivHux HayK, npogecop,
Kuiscokuii nayionansruil ynisepcumem 6yoisnuymea i apximexmypu, m. Kuis, Yxpaina

AHoTanisi. /loBeZieHO TiCHHIT B3a€MO3B’SI30K CHCTEM MOHITOPHHIY 3€MeJb Ta MOHITOPHHTY T'€0JIOTIYHOTO CepeoBHINa, IO 3yMOB-
JII0€ HEOOX1THICTh BIOCKOHAJECHHS 1H(pOpMaILiiiHOT B3aeMOAil MK HUMH B MeXax peanizawii JepKaBHOI CUCTEMU MOHITOPHHTY J0-
BKULIA. BusHadeno cucremy mokasuukiB EI'TI, 10 moBHHHI BpaXOBYBaTUCH MIPU 31HCHEHHS MOHITOPUHTY 3€MEJIb.

Knrouosi cnosa: monimopune 3emens, MOHIMOpuHe 2e0102i4H020 cepedosuya, nokasnuku ma gaxmopu ETTI.

Beryn.AxTyanbHAMH BUKIHKAMH CBHOTOACHHS € dYacTe
BUHUKHCHHS CTUXIHHUX Ta HEOE3MeUYHUX NPUPOITHUX
SIBUIL: €H/IOTEHHUX Ta €K30T€HHUX I'€OJIOTTYHHX IPOLIECiB
(ToBeHEH, MABOJIKIB, CHITOBUX JIABUH, CEJIB), TiAPOJIOTi-
HHUX Ta TiIPOMETEOPOJIOTIUYHUX (TIOBEHEH, MiITOIUICHHS,
3aTOIUICHHS), SIKI MAIOTh SIK IPUPOJTHE MTOXO/KESHHS, TaK 1
CHPUYMHEH] BIUIMBOM JisSUTHOCTI JIFOJJUHU.

VY 1944 p. B..BepHancekuii BBiB MOHATTS IPO “HOO-
chepy” — chepy po3yMmy, e TOAWHA CTAaE HAWOLIBIIO0
reoyiorigaoio cmiow”. IlinTBepmkeHHs Ioro ciiB cTae
Bce OLTBII OYEBUAHUMI3 PO3BUTKOM HAYKOBO-TEXHITHOTO
nporpecy. [mKkeHepHO-OymiBeIbHAa Ta TOCIOAApPChKa Iis-
JMBHICTh JIOAWHU BBaXKA€THCSICHOTOMHI HANBasKIHBIIINM
TCOJIOTIYHUM YMHHHKOM, II[0 3MIHIOE CTaH BEPXHBOI Yac-
TUHHU JIITOCEPH Ta XiJ Cy4aCHHX I'€OJIOTIUYHHX IIPOLECIB
[6].

YrpaBiiHHS 36MJICKOPUCTYBAHHSIM Ha OCHOBI JJOCTOBI-
pHoT iH(popMaLii PO CTaH TOBKULIS, HOTO 3MiHU Ta MOX-
JIMBI HACJIJIKM HEraTHBHOTO BIUIMBY Ha HBOT'O, MOMeEpe-
JUKCHHS Ta JIKBiJamis [UX HACHIKIB 3a0e3MedyeThes
(YHKIIOHYBaHHSIM €(EeKTUBHOI CHUCTEMH MOHITOPHH-
ry.MOHITOPHHT JOBKIJUIS MICTHTB AEKIIbKA CAMOCTIHHUX,
aje B TOM JKe Yac, B3a€EMOJOIOBHIOIOYHX ITiICUCTEM, SKi
OTIEePYIOTh 3MiHAMH, 1[0 MAIOTh YaCTO CKJIIAIHI TPUIHNHHO-
HACJIIIKOBI 3B’ SI3KH.

AHani3 gociaigxenb Ta my6Jikaniii. 3HauHU BKIaxa
y BHpILIEHHS Tpo0OJieM opraHizauii Ta 37iiCHEHHs] MOHi-
TOPHHIY 3eMeJb HACEeJICHWX ITYHKTIB Ta IPOMHUCIOBUX
00’€eKTIB NIPUCBsYEHI Tpaili Takux BueHux sk FO.M. Bino-
koHb, M.M. Tabpens, B.M., M.M. JIpomin, €.C. Kitori-
HuaeHko0,0.10. Menpanuyk, JI.I. Hedvomor, T.®. Ilan-
yenko, JI.M. Ileposuy, O.C. IlerpakoBcrka,, B.B. Tumi-
xosep, I1.T. Yepusira, .M. dinpBapoBTa Garato iHmmx.

BapTo 3a3HaunTH BaroMuii BHECOK Y OCTIIKCHHS Te-
OpPETHKO-METOIOJIOTIYHAX OCHOB MOHITOPHHTY CLIBCHKO-
TOCIIOJIapCHKHX 3€MeJb Ta IPYHTIB SIK CKJIaI0BOi YaCTHHU
MOHITOPHHTY 3e€MeJIb TaKMX BUeHHX sK: B.M. ['opbaTiok,
B.B. Mengenes, J1.C. Jobpsk, A.M. Tpersk, A.I'. Map-
tuH, A.I' Himuacekuii, A.S. Coxany, [.J1. [Tpumak Ta iH.

IIpobaemi reoindopMmaltiiHoro 3abe3nevYeHHss MOHITO-
puHTY 3eMenb mnpucBsdeHi mpami M.I. Jluxorpyna,
A.A. JIsmenka, O.I1. Ceitnmuanoro, 10.0. Kapmnincekoro,
G. Gutman. Ta iHIIHUX.

MOHITOpHHT 3eMeNb — I CUCTEMa CIIOCTEPEXKEHHS 32
CTaHOM 3€MeJIb 3 METOI0 CBOEYACHOTO BHSBJIEHHS 3MiH, 1X
OIIiHKH, BIIBEPHCHHS Ta JIIKBIAIi1 HACIIIKIB HETATHBHUX
MIPOIIECIB.

Bin cknamaeThcs i3 CHCTEMAaTHYHHUX CIIOCTEPEKEHb 3a
CTAaHOM 3eMelb (arpoXiMiuHa MAacTOPTH3AIisS 3eMEIbHUX
JUIAHOK, 3HOMKa, OOCTEXEHHSA 1 BHIIYKYBaHHS), BHUSB-
JIEHHS Y HhOMY 3MiH, a TaKOX TPOBEACHHS OI[iHKU:

a) cTaHy BUKOPHUCTAHHS 36MENbHUX [IUISHOK;

b) mpouecis, moB'A3aHKUX i3 3MiHAMM POIIOYOCTI IPYHTIB
(po3BHUTOK BOJTHOI 1 BITPOBOI epo3ii, BTpara rymycy, mori-
PIIEHHSI CTPYKTYPU IPYHTY, 3a00JOYEHHS 1 3aCOJICHHS),
3apOCTaHHs CLUTLCHKOTOCIIONAPCHKUX YTijb, 3a0pyAHEHHS
3eMellb TEeCTHLUIAMH,BAKKUMH MeETalaMH, paJioHyKJIi-
JIAMH Ta IHIIUMH TOKCUYHUMH PEYOBUHAMM;

C) crany OeperoBux JIiHIM pivoK, MOpIiB, 03ep, 3a-
TOK,BOJJOCXOBHIII, INMAHiB, T1IPOTEXHIYHUX CIIOPY;

d) npomeciB, MOB'I3aHUX 3 YTBOPEHHSM SpiB, 3CYBIB,
CENTbOBIUMH MOTOKAMH, 3€MJIETPYCaMHt, KapCTOBHMH, Kpi-
OTCHHHMHU Ta IHIINMHU SBUILAMH;

€) cTaHy 3eMeNb HaceJeHHX IYHKTIB, TEPUTOpIii, 3aifHs-
THX HaTOra3o00yBHHUMHU 00'€KTaMH, OUUCHUMH CIIOpY-
JlaMH, THOECXOBUIIAMH, CKJIQJIAMH MAJIWBHO-MaCTHIBHUX
MaTepiaiiB, JOOpPHB, CTOSHKAMU aBTOTPAHCIIOPTY, 3aXO0-
POHEHHSIM TOKCHYHUX MPOMHCIOBHX BIIXOXIB 1 paaioak-
THUBHHUX MarepiajliB, a TaKOX IHIIUMH MPOMHCIOBHUMHU
o0'exTamu [4].

Meta Ta 3aBAaHHA.OCKUIBKM TPEIMETOM HAIIMX J10-
CIII/DKEHb € 3MIHH CTaHy 3€Mellb, 10 3a3HAI0Th HEeTaTHB-
HOTO BIUIMBY HEOE3NMEYHUX TEONIOTIYHUX MPOIECiB 1
SIBHII, 110 HAHOLTBII MOMIUPEH] B TOCTIXKYBAaHOMY HAMHU
perioHi, TOMy 3 METOIO JETaTbHOTO BUBYEHHS iX IepIuo-
MIPUYMH Ta NOIIYKY HAYKOBO-OOIPYHTOBAHHMX MPOTO3HUIIIN
II0JI0 BJIOCKOHAJIEHHS MOHITOPUHTY IIMX 3€MeNb HeoO0-
X1THO TpoaHaji3yBaTy (akTOpWU BUHUKHEHHS 1 aKTHBi3a-
il EI'TI, mis skux HEPO3PHBHO MOB’sI3aHA 13 MOJAIBIITIMHA
3MiHaMH 3eMeb.

Martepianu Ta MeToaM AOCTiMKeHb. Bci reosoriuni
Ta IHKEHEPHO-TEOJIOTIYHI MPOIECH BHHUKAIOTH 1 3MIHIO-
FOTBCSL TiJ BIUTMBOM pi3HOXapaKTEepHOI Iii 1 pexumy:
TIMOWMHHUX ~ TEKTOHIYHUX  TPOIECIB;  HANPYXKEHO-
JIe(OpMOBAHOTO CTaHY MACHBIB IOPiJ 1 3MiHH IX BJIACTH-
BOCTEH; TEpMIYHIX YMOB Yy BepXHiil 4aCTHHI 3eMHOI KOpH
1 Ha T HOBEpPXHIi; TJIPOTreONIOTIYHIX yYMOB; TIOBEPXHEBHX
Ta mia3eMHUX BoJ. Taka 6araTo(akTOpHICTH PO3BUTKY
TeOJIOTIYHUX TPOIeECiB (MPUPOIHUX, TEXHOTEHHUX Ta iX
CIOJYYEHHS) € IX XapaKTepPHOIO OCOONUBICTIO.

I'eosoriuni mporecH i sIBUIIA BAHAKAIOTH 32 HASSBHOCTI
MIEBHUX HEBIAMOBIAHOCTEH (IIPOTHPIY) B MIPHUPOi: HANIPH-
KJIaJl HepiBHOBara B CHCTEMi - MiHEpPaJIbHUHA CKIIaJ MOpPix
- T1IporeoXiMiyHe CEepeOBHIIE BUKINKAE PO3BUTOK Kap-
CTy; HEBIAIOBIIHICTh XapaKTepy PO3YMHEHHS IOpix -
IIBUJIKOCTI BOJHOTO MOTOKY BUKJIMKAE €pO3it0 TOIIO [6].

KoskeH reosioriyHui mpouec i sSiBUIIE MaOTh CBOI IPH-
YMHU BHHUKHEHHS Ta po3BUTKY. OCHOBHa NMpHYMHA IIE -
TeoJIOTiYHA AISUTBHICTD MPUPOAHUX (DAKTOPIB 1 IIOAMHU.

Kpim npuanH HEoOXiIHO pO3pI3HATH YMOBH i (akTo-
PH, SKi CHPUSAIOTH, IPUIIBUALIYIOTE a00, HABIIAKH, CTPH-
MYIOTh TIPOSIB TUX YH 1HIITUX MPOIIECIB.
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Ilin dYac BUBYEHHS TEOJOTIYHMX Ta IHXKECHEPHO-
TCOJIOTIYHHX TPOIIECIB 1 SBUI HEOOXITHO BUIIIATH TOJIO-
BHI YNHHHKH i OCHOBHI €JICMCHTH CEPEIOBHIIA, SIKi B3aeE-
MOJIIFOTh MK c000r0 200 3 IHIIUMH YHHHUKAMH, CIIOPY-
Iamu 1 OymiBenTbHIMH poOOTaMu. 3aJIe)KHO BiJ 3HAUCHHS,
OCHOBHI YMHHUKHA MOXYTh OyTH NPUYNHOKO (pYyLIiitHOIO
CHIIOI0), sKa Oe3MocepelHhO MPOBOKYE BUHUKHEHHS
SIBUIIAa B TIOTEHIIHHO MiATOTOBICHOMY cepenoBuili. Yac-
TO OJIMH 1 TOW K€ YMHHUK (ITi3eMHI BOJH, CEHCMIUHICTD)

B OJIHMX BHIAJKaX € KOMIIOHEHTOM CEpe/IOBUINA, a B iH-
LIOMY — BU3HA4YaJIbHUM, B TOMY YHCJIi PYIIiITHUM, YUHHU-
koM. IlimzemMHi BOJIHM, HACHYYIOUHM IMOPOAM, BHKIHMKAIOTH
3HIDKCHHS X MIIHOCTI a00 CIPHYUHIOIOTH MPOIECH PO3-
YMHEHHS, 110 IPU3BOJUTH IO 3CYBIB, pO3MHBAHHS BCepe-
JVHI TOBIII a0OMOIIMPEHHS KapcTy. 3araibHa KiIacudi-
Kamis (pakTopis, MO BIUIMBAIOTH HA PO3BUTOK €K30TCHHUX
TeOJIOTIYHHX TPOIieciB HaBeaeHa B Tadmumi 1 [1].

Ta6mwms 1.

DakTOpH, N0 BIHBAKTH HA PO3BHTOK €K30r¢HHHMX I'e0JIOTiYHIX MponeciB

I'pyna ¢akTtopis

DaKTOpH BU3HAYAKOTH Tpusajicts 3MiH

1. Iocriitni
I'eonoriuna 6ynoBa (TeKToHiKa, cTpaTHrpadis, JITONOTis);

reHe3Hc i Bik)

reoMopdosoriuHi yMoBH (3arajbHHN Xapaktep penbedy, Mopdooris i Moppomerpis,

T'enernuni ocobnueocti EI'TI i
IHT@HCHBHICTB IX MPOSBY
(BpaX<eHiCTb)

MiITBHOHH POKiB

11. IToBiIbHO3MIHHI
He3aneoicni (ocnogmi): cydacHi TeKTOHIUHI pyXH ( TOPU3OHTAIIbHI,
BEPTHUKAJIbHI); KJIIMATHYHI.

HICTb, IPYHTH

Ioxioni:i30cTaTHYHI Ta €BCTATHYHI 3MiHH; T'€OKPIOJIOTiYHi; TiIpOreosIoriuHi; pOCIuH-

3aranpHy TeHAeHLito po3BUTKY | 100-Hi - 1000-4i pokiB

EI'TI

III. HIBuaKO3MiHHI
He3aneoichi (ocnogmi): MeTeopoorivuai yMoBH (aTMochepHi omaau,

PEXUM XBHIIb B 03€pax TOILO); CEHCMIYHI YMOBH
(3emuteTpycH); rocnogapchka AisulbHICTh (BUPYO JIICIB, MiApi3yBaHHS
CXUJIIB, JIICOBI MOKEXKI TOILIO)

TeMIepaTypa Ta iH.); TipOJOriuHi yMOBH (BHTpATH i piBHI BOAM B pikax, piBHI BoaH i

Pexxnm noxinaux ¢akropii | Poku ta 10-ku pokis

pexum axtuBizanii EL'TI

Toxioni: TIOBEpXHEBUH CTIK (CXMIOBHII 10 THMYACOBHUX 1 MAJIHX

BiJTaHEeHHST; MilHICHI 1 nedhopMarLiifiHi BIacTHBOCTI
TipChKHX HOpix

BOJOTOKAaX TOILO); BOJOTICTH 1 JIbOASHUCTICTD TIPCHKUX MOPia; CE30HHE MPOMEP3aHHS i

Pexxum axtuBizawii EI'TI Poku ta 10-xu pokiB

BupileHHs NUTaHHS BIOCKOHAJIEHHS MOHITOPHHTY
3eMenb, 110 3a3HatoTh BIuMBy EI'TI, moBuHHO nepenbaya-
TH BUOKPEMJICHHS 13 3arajbHOi KUTbKOCTI (pakTopiB, yMOB,
MOKa3HUKIB, SIKI XapaKTepHI JUIs 3CYBIiB, KapCTy Ta CelliB,

caMe Ti, SIKi TUHAMIYHO 3MIHIOIOTHCS 1 MOBHHHI KOHTPO-
JIIOBATUCS B CUCTEMI MOHITOPHHTY 3€Mellb.

KNACUDIKALLIA ®AKTOPIB EIM

AHTpPONOTEeHHI

MocTilHi MoBiINbHO3MIHHI LIBMAKO3MIHHI LLBMAKO3MIHHI
Y Y Y Y Y )
HesanexHi MoxiaHi HesanexHi MNoxiaHi He3anexHi MoxiaHi

Puc. 1. Knacudixanis ¢axropis ETTI

PesyabTaT Ta ix o6rosopenns. IIpoaHanizyBaBiu
(haxkTopH, 110 BIMBAIOTH Ha PO3BUTOK €K30I'€HHHUX I'€0JI0-
TYHHUX MPOLECIB 3 TOYKH 30py MOHITOPHUHTY 3€MEIlb, MU
JUMIUTA BUCHOBKY, IO YacTWHA (DAKTOPIB, SIKI HaJeXKaTh
JI0 TIOCTIfHMX Ta MOBIIFHO 3MIHHHX XapaKTepU3ye MIpHU-
poxHi ymoBu po3utky EI'Tl. 3 ornmsamy Ha moBroTpmBa-
JICTh 1X 3MiH, Pe3yJabTaTH JOCIHiIKeHb 3IIWCHEHHI i
4ac MOHITOPHHTY T€OJIOTIYHOTO CepeAOBUIIA TMOBUHHI
BpPaxoBYBAaTHCh IIPH MOHITOPHHTY 3€MeNb B SKOCTi 6a30-
BO1, BUXiAHOI iHpopMaii ((hoHOBHI MOHITOpHHT) 6€3 He-
00XiZHOCTI MOJANBIIOr0 KOHTPOJIO Ta CIIOCTEPEKCHHSI.
3MiHM ITOKa3HHUKIB, IO BiOyBalOThCS MOPIBHSHO LIBHIKO

3YMOBIIIOIOTh 0COOJMBY HEOOXiJHICTh BpaxyBaHHS caMme
i€l yacTuHU (QaKTOpiB B CUCTEMI MOHITOPUHIY 3E€MEIlb.
3rigHO HaBeNCHOI BUIIEC KiIach(iKamii, 1O MIBHIKO3MIiH-
HUX YMHHUKIB BiJTHECEHI SIK MPUPOJIHI, TaK 1 CHPUYUHEH]
TISUTBHICTIO JTFOIWHH, TPUYIOMY (PAKTHYHO BCIaHTPOIIO-
TeHHI YMHHUKH BiJIHECEHI 0 IBHIKO3MIiHHUX (puc. 1).
Tomy BHHUKAaEe HEOOXiAHICTh BKIIOYCHHSI TOKAa3HUKIB
IIBUIKO3MIHHUX YHHHUKIB PO3BUTKY TEOJIOTIYHHX MpO-
LIECiB JI0 CHCTEMH MOHITOPHHTY 3€METIb.

Jlst BUpilIEeHHST 3aBAaHb, MMOB’SI3aHUX 13 3AIMCHEHHAM
MOHITOPUHT 3eMellb, CHCTEMAaTH30BaHO MOKA3HUKU €K30-
TeHHHUX T'€0JIOTTYHMX IPOLECIiB 32 IHTEHCHBHICTIO Ta aK-
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TUBHICTIO PO3BUTKY, 1110 AAaCTh 3MOT'Y 3[1HCHIOBaTH BHXi-
JIHY Ta NOTOYHY OILHKY IIPOIECIB, MOB'SI3aHNUX 3 YTBOPEH-

HSAM 3CYBIiB, CEJIbOBHMH MOTOKAMHTA KApCTOBUMH SIBU-
mamu (Taoir. 2).

Tabmuig 2.

KinbkicHi moKka3HHKH PO3BUTKY €K30T€HHMX I'e0JIOTiYHUX MpoleciB, siki Heo0XiIHO BpaxoByBaTH NpH 31ilicCHeHHi MOHITO-
PHHIY 3eMelb

O0’exTH BH- IHTEHCHUBHICTH PO3BUTKY Ioka3HukH AKTUBHICTb PO3BHTKY
BYCHHSI NPUKLA0 Ol 3CY6i6
1. TpuBasicTh UKy i Horo cra- g 1. KinbKicTh HOBTOpEHB
. ac .
Jd . WBUOKICMb  3CY8Y, UKy 32 OJUHULIO Yacy 4n
- IIBuakicTh .
2. llIBuakicTh mpouecy . |me Ha OJMHULIIO ILIOMI]
- Pexum (ceni) yacmoma npo-
IIpouecu |3. IlIBuakicTh AeHymaMLii 4u aKy- 56y, 00/piK Yacrora
MyJISILii i BIVIMBOM JJaHOTO 06’em 00'em macu, wo| -’
npouecy Maca SMiWyemoca, muc.
M
4. Kinpkicts HOpM Ha OAUHHULIO 006’em 06'em macu, wo 2. KinpkicTs HOBOYTBOpE-
UIOII 1 X pO3Mipu Maca smicmunacs,  muc.|uacmoma HOB0- Kiseki HUX QOpM 3a OMHHUIIO Ya-
. 1IBKICTB :
I'ycruna (cemi) |a® ymeopenv, opix |CY M Ha OMHAILIO MO
o I i 00/pix 3. YacTka 4M BiJICOTOK
OpMH, YTBO- - - noma JloBxuHa, ([n1owa nposgy Ha :
e[}){i n, gxe 5. acTxa 7 BifICOTOK IO TH ?ﬂnGHHa ' odH’;Zi ()iafn i }:cwz FLTOLLIL HH AOBICHHN i
ch (ﬂleu_[eM) JOBKHHE 0 06’ €My, SafiHATHX . 06’eMy, HOBHX (OPM Bif
(bopmamu Bijl 3aragbHOT TLIOT Kinbkicts epadicenicmy  me- q 3arajbHOI IUTOLI YU JJOB-
: . K TKa HO- ; =
YH JOBKHHHU YH 00’ €MY JUISTHOK Yacrka pumopii, % wacmka HOS{I;{)C ACTKA HO |yt um 06’ eMy IIAHOK X
- . hopm, koegh., % BHX BUTK
iX po3BHTKY KoHmpacmmuicm, POSBUTKY
Koegh.

BucHoBkH. J[0CHiIMBIIM CHCTEMYNIOKAa3HHUKIB PO3BUT-
Ky ET'TI g mineit MOHITOPHHTY 3eMelb, MOJKHA 3pOOHTH
BUCHOBOK, IIO JUIsl BUPINICHHS 3aBOaHb i3 MOHITOPHHTY
3eMeNb OCOONMBUH iHTEpeC CTaHOBIATH 3MiHH, sSIKi BiIOy-
BAaIOTHCS MOPIBHSHO MIBHAKO (Bif JEKUTBKOX roauH a0 10-
KiB POKIB) i MarOTh CYTTEBHH BIUIMB Ha 3MiHH 3€MJIEKOPH-
cTyBaHHs. B 3anmexxHocTi Bin iX mpupoau, ui ¢axropu
MOXYTh OYTH HE3aJC)KHHUMH Ta MOXiTHHUMH, TOMY JOCTi-
JOKCHHST TPUYMHHO-HACTIIKOBUX 3B’s3KIB, iX OI[iHKA 1
MPOTHO3 MOBUHHI OyTH 00’€KTaMu MOHITOpHHTY. BapTo
3a3HAYKTH, [0 B 3aJIEKHOCTI BiJl TPUBAIOCTI IUKIY PO3-
BUTKY TOTO YH iHIIOTO €K30TM€HHOrO I'eOJIONiYHOrO Mpo-
1ecy, Uil KOHKPETHUX TepUTOPii Oyxe cBos (yHiKaIbHA)
nporpama 3/iHCHEHHs] MOHITOPHHTY 3a IIMMH IPOLeCaMu
i seuamMu. BoHa noBuHHA niepenOadaT (piKCyBaHHS BH-

1. EmenbsinoBa T.5. HxkeHepHas reoiMHaMKKa: y4eOHOE T10CO-
oue / T.5l. EmenbsiHoBa. — 2-¢ u3a. — Tomck: Msa-so TITY,

Ticuuit

MiXK HUMU

OB’ s13aHi

XITHOTO CTaHy CHCTEMH i3 IOAaJbIINM 3MiHCHCHHIM Iie-
PiOIUYHUX, ONEPATHBHAX Ta HAYKOBHUX CIIOCTEPEKCHB.

B3a€MO3B’ 130K CHUCTEM MOHiTOpI/IHFy reoJIoriy-

HOT'O Cepe/IOBHUINA TA MOHITOPHHTY 3eMeNb 3yMOBJIIOE He-
OOXigHICTh BIOCKOHAJICHHA iH(pOpMamiifHOI B3aeMomii

B MEXax peaji3allii JepKaBHOI CHCTEMH MOHI-

TOPHMHTY JNOBKULISA Ha BeixX piBHsX. [loeaHanHs iHdopMa-
LIMHUX pecypciB IIMX JBOX cucteM Ha 0asi oguoro I'IC-
CepellOBUILA JIO3BOJIUTh 3HAYHO CKOPOTHUTH BHUTPATH

31 CTBOPEHHSM, MIATPUMKOIO (YHKIIOHYBaHHS

Ta BUKOPUCTAHHIM PI3HOTO POJY KOPUCTYBayaMH iX MO-
JKITUBOCTEH, 10 B CBOK Yepry MiIBUIIUTH €(EKTUBHICTh
VIPaBIiHCHKUX 3aBIaHb 3 JIKBifamii, MiHIMi3amii Ta Io-
Mepe/KEHHs] HErATHBHOTO BILJIMBY TE€OJOTIYHUX MIPOIIECIB
1 SBUII SIK Ha 3eMENbHI pecypcH 30KpeMa, Tak i Ha JIo-

BKUDIS B IIUIOMY.
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Romanko R.M., Petrakovska O.S. Methods and models of land monitoring affected by the exogenous geological processes
Abstract. Close relationship of land monitoring and monitoring of the geological environment is approved. The need to improve in-
formation interaction between them within the implementation of the state environmental monitoring system is highlighted. The sys-
tem of EGP indicators that should be considered in land monitoring is determined. The close relationship of the geological environ-
ment monitoring and land monitoring systems necessitates the improvement of information exchange between them within the state
environmental monitoring system at all levels. The combination of these information systems based on a GIS environment will sig-
nificantly reduce the costs associated with the creation, operation and support of various types of users. This in turn will increase the
effectiveness of management tasks to eliminate, minimize and prevent negative influence of geological processes and phenomena as
on land resources in particular and the environment in general.
Keywords: land monitoring, geological monitoring, indicators and factors of exogenous geological processes.

Pomanko P.H., IlerpakoBckas O.C.
MeToabl U MOfieJIH MOHUTOPUHIA 3eMeJlb, OIBEPIraloINXcsl BO3/eiiCTBHIO 3K30T€HHBIX I'e010rH4ecKUX MpoleccoB
AnHoTanus: JlokazaHa TeCHas B3aHMMOCBS3b CHCTEM MOHUTOPHHIA 3e€MeIb U MOHUTOPUHIA ICOJIOTUYECKON CpEJbl, UTO BBI3BIBAET
HEOOXOIMMOCTh COBEPIICHCTBOBAHMS MH()OPMAIIMOHHOTO B3aMMOJCHCTBYUS MEXTYy HUMHU B paMKaxX peajH3allid roCyIapCTBEHHOH
CUCTEeMbl MOHUTOpPHUHIa OKpyskaromeil cpensl. OnpeneneHa cucrema nokaszareneil OI'TI, KoTopble JOMKHBI YYUTHIBATHCSA IIPU OCY-
IIECTBIICHMH MOHHUTOPUHTA 3eMelib. TecHass B3aUMOCBI3b CHCTEM MOHHMTOPHHIA TE€0JIOTHIECKOH Cpelibl I MOHUTOPUHTA 3eMelb 00Yy-
CJIaBJIBaeT HEOOXOJUMOCTh COBEPIICHCTBOBAHHSI MH(OPMAIMOHHOTO B3aHMMOJIEHCTBHS MEXAy HUMHU B paMKax peajH3alllu rocy-
JTApCTBEHHOI CHCTEMBI MOHMTOPUHIA OKpY)Karomiel cpeipl Ha BceX ypoBHsX. CodeTaHne MHGOPMAIMOHHBIX PECYPCOB 3THX JIBYX
cucreM Ha 6aze onHoi ['MIC-cpenpl MO3BONUT 3HAYUTENHFHO COKPATHTH PACcXOMbl, CBSI3aHHBIE C CO3JaHUEM, MOANCPKKOH (yHKIHO-
HUPOBAHUS M UCIOIb30BAHHEM PA3IHMYHOTO POJa MOJIb30BATEISIMU HX BO3MOXKHOCTEH. DTO B CBOIO OuYepe]b MOBBICHT 3(deKTnB-
HOCTB YIPaBICHYECKUX 3a/1a4 110 JUKBUJALNH, MUHUMH3AIWHI U IPEIYIPEXCHUS HETATHBHOTO BIMSHHS T€0JIOTHIECKHX MPOLIECCOB
U SIBJICHHUI KaK Ha 3eMeJNIbHbIE PECYPCHI B YACTHOCTH, TaK M Ha OKPY’KAIOIIYIO CPEY B IIETOM.

Kniouesvie cnosa: monumopune semenb, MOHUMOPUHZ 2€0102U4eCKOl cpeobl, nokazamenu u ¢pakmopvl IITI.
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Xpuwyk C.1O., becnanvko P.1.
AHTPONOTreHHA NepPeTBOPEHiCTh AK KPUTepiid onTuMi3anii 3eMJIeKOPHCTYBaHb
Ha perioHajbLHOMY piBHi

Xpuwyk Ceimaana FOpiigua, acnipaum,

Kuiscokuii nayionansruil ynisepcumem 6yodisnuymea i apximexmypu, m. Kuis, Yxpaina
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AHoTanisi. B cTaTTi po3misHyTO perioHansHi 0COONIMBOCTI 3eMIIEKOPHCTYBaHHS TepuTopii UepHiBeIbKoi 061acTi Ha perioHaIbHOMY
piBHi. JocmikeHO TOHATTA “piBEeHb aHTPOIIOTEHHOI HEPETBOPEHOCTI” SIK BAXIIUBHI KPUTEpill onTHMI3amil 3eMIeKOPHCTYBaHb. Po3-
PaxoBaHO CTYIMiHb aHTPOIIOTEHHOI MEPETBOPEHOCTI Ta HOro AudepeHwiallist B MexKax aIMiHICTPaTUBHUX OJUHUIIb O0JIACTI.
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CMYBAHHA, eKOJI020-1aHOWadmMHULL NIOXIO.

Beryn. [Ipotsrom nepiony pedopMyBaHHS 3eMeIbHI Bif-
HOCHHHM B YKpaiHi 3a3HamM 3HAYHHX 3MiH. 30Kpema, i3
nudepeHIianiero GopM BIACHOCTI HA 3eMIIIO 301IbITHIIA-
Csl KUIBbKICTh 3€MJICBOJIOIHD 1 3eMJICKOPUCTYBaHb. lleit
MPOLIEC CYNPOBOKYETHCS MOPYIICHHSIM CTaOlLIBHOCTI ic-
HYI0YOT1 CHCTEMH 3eMJICKOPUCTYBaHb, HaJMIDHUM aHTPO-
MOTeHHUM HaBaHTAKCHHSIM, 1110 BIUIMBAE Ha pallioHaJbHE
Ta eQeKTUBHE BUKOPHCTaHHS 3€MEJIBbHUX DPecypciB, 30i-
JIBIICHHSI €KOJIOTiYHO HecTikkux yrigs (bymurin C.1O.,
Coxana A.4., 2005). Bee me mpu3Beno 10 3aTrOCTPEHHS
po0JIeMH panioHAIEHOTO BUKOPHCTAHHS 3€MeElb, IX 0X0-
POHH 1 CIIOHYKA€E JI0 OLIHKH €KOJOTIYHOTO CTaHy BUKOPH-
CTaHHS 3eMENIHUX PECYPCIB Ta MOUTYKiB HOBHX HAYKOBHX
TiAXO/IB MO0 BAOCKOHAICHHS KPUTEPIiiB IX OomTHMi3aIii.
[epmoueproBoro 3HaueHHS HaOyBae peaii3alis OCHOB-
HUX [IPUHIUIIIB, 3aKIaJCHUX Y KOHIICMIIii CTaJIOr0 PO3BH-
TKy, nporojomeHux y 1992 poui Ha koH(pepeHLil moa0
HaBKOJIMIIHBOTO ~CEPEAOBHINA Ta pPO3BUTKY Pio-me-
XKaneitpo. OnHuM i3 3aBAaHb CTpATETIl CTANIOTO PO3BUTKY
€ ONTUMI3AIlis] BUKOPUCTAHHS 36MEIbHUX PECYPCIB 3 Bpa-
XYBaHHSIM  €KOJIOT0-0€3MeYHOr0  3eMJIEKOPUCTYBaHHS.
Came ToMy Oe3 rmepeOUTBIIICeHHsT MOXKHA 3a3HAYUTH, IO
npo0JiemMa cy4acHOTO BUKOPHCTAHHS 3eMEJIbHUX PECypCiB
— riobaibHa [5, 6], OCKUTEKHM OUTBIIICTH EKOCUCTEM € aH-
TPOTIOT€HHO 3MiHEHUMH.

AHani3 ocTaHHiX HocaimkeHb. [lin aHTpOMOTEeHHOIO
MEPETBOPEHICTIO EKOCHUCTEM PO3YMIIOTh 3MIHHICTH 1i
CTPYKTYPHHUX Ta JIMHAMIYHUX OCOOJIMBOCTEH B Pe3yJbTaTi
¢yHkiioHanpHOr0 BuKopuctanus [1, 2]. IIpoGremaruika
aHTPONOreHHOT MEepeTBOPEHOCTI TepUTOpil — Tema, sika
OXOIUTIOE JIOCIIJDKEHHSI B 0aratbOX rajy3sx 3HaHb. Me-
TOMUYHI aCHEKTH JOCIIKSHHS aHTPOIOICHHOI MepeTBO-
PEHOCTI, a caMe CTIHKICTh T€0CHUCTEM JI0 aHTPOIIOTCHHHUX
HaBaHTAXKEHb, PO3KPUTO Yy NpaliX BiJJOMHX BUCHHX-
reorpadis I1. I'. llumenka, M. JI. I'pog3uncekoro. Exo-
joro-reorpaiuHUi acreKkT 3raJaHoi TeMaTHKH BHBYaBCS
takuMu HaykoBiaMu sk JLII. Iapuk, 3.M. I'epacumis ta
iH.

IMuTanHs HEOOXiTHOCTI BUBYEHHS CYYacHOTO pPiBHS
aHTPOIMOTEHHOTO HAaBaHTAXEHHsI IIJIS TOTpeOd omTuMizarii
3eMJICKOPHCTYBAHHSI BHCBITJICHO Yy HAayKOBHX MpaIsix
I0.T". T'ynynsaka, A.M. Tpetska, O.I1. Kanama, A.I'. Ma-
pTHHA Ta iH.

3HauYHMM BHECKOM II0/I0 MUTAHHS 3MEHIICHHS PiBHS
AHTPOINOTEeHI3alii eKOCHCTEM IUIIXOM  PO3IIMPEHHS
00’€eKTIB eKOJIOTiYHOI Mepexi (30Kpema 00’€KTiB NpUpo-
J103anoBiTHOTO (POHAY) € HAYKOBI Npalli BUCHNX-EKOJIOTIB
— B.JI. Cononxoro, B.K. Cisaka Ta iH.

BuBueHHs mpoOJIEMHUX MUTaHb EKOOE3MEKH MPHUPOJI-
HHUX Ta aHTPOIOT€HHHUX T'€OCHCTEM PO3IIISTHYTO y MpaIsix
[puxogpka M.M., a TakoX y TIpaIisIx 3apyOiKHIX BYCHUX
— H.®. Peiimepca, 10./1.0Onyma.

3aBnaHHs qociiKeHb. MeTOI IaHOTO JI0CHIKEHH-
Hl € po3po0Ka TEOPETUYHHUX Ta MPAKTUYHHUX 3acaj yIo-
CKOHAJICHHSI KPUTEPIiiB ONTHMI3allil 3eMJIEKOPUCTYBaHb 3
BpaxyBaHHSIM pPIiBHS aHTPONOI€HHOTO HAaBAaHTA)XEHHS Ha
perioHaTbHOMY PiBHI.

BimnoBigHO 10 mocTaBieHOI MeTH c(hOpMyITHOBaHO Ha-
CTYIIHI 3aBJIaHHS:

1. 3’cyBaTH CyTHICTH Cy4acHOI CHCTEMH 3E€MJICKOPUCTY-
BaHHS;

2. IpoaHaNi3yBaTH Cy4acHWH piBEHb aHTPOIIOTCHHOTO Ha-
BaHTA)XCHHA HAa 3EMJICKOPHCTYBaHHS Ha PETiIOHAIHLHOMY
piBHI;

3. 00rpyHTYBaTH HampsMd BUKOPUCTAHHS [aHUX MIOJO
AHTPOIIOreHHOTO HABAHTAXKEHHS AJIsl ONTHUMI3alii 3emiie-
KOPHCTYBaHb.

Matepiann Ta MeroaMm aociaixkeHb. Ha mnowatky
2011 poky HabOpaB unHHOCTI 3akoH Ykpainu «IIpo ocHo-
BHI 3acay (CTPATETiI0) AeP>KAaBHOI EKOJIOTIYHOT O THKH
VYxpaian Ha niepion 10 2020 poky» (Ne2818-17). 3rigHo 3
IIMM 3aKOHOM aHTPOIIOT€HHE 1 TEXHOT€HHE HaBaHTa)KCHHS
Ha HaBKOJIMIITHE NPHUPOJIHE CEepeoBHUINEe B YKpaiHi y Ki-
JbKa pa3iB IEPEBHINYE BiAIOBIAHI MOKA3HUKHU Y PO3BHHY-
TUX KpaiHax cBity [3]. 3arasoM cTaH 3eMeNBHUX PECYpCiB
VYKpaiHu OLHIOITH K OJM3bKHN 10 KPUTHYHOTO. 3a Te-
pioJ TpoBeieHHs 3eMeNbHOI peOopMHU 3HAYHA KUIBKICTh
npobseM y chepi pamioHaIbHOrO BHUKOPHUCTAHHS 3eMENb
3aJMIIAETbCS Hepo3B's3aHuMU.CydyacHa cUcTeMa 3eMile-
KOPUCTYBaHb (pUC.1) XapaKTepu3yeThCs:

- pi3HOMaHITTSAM ()OPM BIIACHOCTI;

- PI3HOMaHITTSIM IIUILOBOTO BUKOPHUCTAHHS;

- AMHAMIYHICTIO PO3BUTKY (3MiHa CKJagy YTijb,
00’€KTIB TOCTIOIAPIOBAHHS — EKOJIOTIYHHN Ta COIiaTbHHUN
ACTICKTH);

- OTPUMAaHHIM €KOHOMIYHOTO NpUOYTKY B IIPOLEC] BH-
KOpPHUCTaHHSI.

HepamioHaipHe 3eMJIEKOPUCTYBAaHHS TPU3BOAUTH JI0
MPOSIBY TAaKWX HEOE3MEeUHMX JAErpajallifHuX MpOILECiB K
epo3is, aedusis, 3HWKEHHS POII0YOCTI IPYHTIB TOMO. 3
OTJIS/Iy HA 1€ MOPYIIYIOThCS 3aKOHU €KOJIOro0e3rneuHoro
MIPUPOIOKOPUCTYBAHHs. 3pOCTal04Ye aHTPOIIOIeHHE HaBa-
HTQ)XCHHS HETaTHUBHO BIUIMBAE HA CTIMKUI PO3BUTOK 3€M-
JIEKOPUCTYBAHHSI, 110 € IMPUYUHOIO 3MEHIIEHHS MPOJYyK-
THUBHOCTI 3eMEJIbHHUX YTiJib. B 3a3HaueHOMY acmekTi Bax-
JMBUM €JIEMEHTOM aHalli3y Cy4acHOTO BUKOPHMCTAaHHS 3e-
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MEJIBHUX PECypciB MEBHOI TepHUTOpii € BU3Ha4YeHHS ii aH-
TPOIOTCHHOI MEPETBOPEHOCTI HA OCHOBI CIIiBBiJIHOIICHB
3eMellb Pi3HOTO (YHKI[IOHAJIBHOTO BUKOPUCTAHHS B 3ara-
JIBHIA CTPYKTYPi 3eMENBHOTO (QOHIY PErioHy.

3EMJIE-
KOPWUCTYBAHHSA

OB'EKT
COUIASIbHUXTA
EKOHOMIYMHUX
BIAHOCKH

OB'EKT MPABOBWX
TA EKOJIOMYHUX
BIAHOCWH

DIZNYHNIA
OB'EKT

Puc. 1. Cyuacna cucmema 3emnexopucmy6anns

O1iHKa aHTPOIOTeHHOI INEPEeTBOPEHOCTI MPUPOIHHUX
CHUCTEM TEPHUTOPIi € OTHIEIO 3 HAWBAKIUBIIIUX CKIIAJOBUX
i1 9ac po3poOKU 3aXO[IB 13 CHCTEMHOTO €KOJIOTIYHOTIO,
3eMJICBIOPSAAHOTO YIPABIIHHA PETriOHOM, EKOJOTi9HOT
TIOJITHKY ¥ ONITUMI3allii 3eMIIEKOpHUCTYBaHHA. AHami3 pe-
TiOHAJIbBHUX 3aKOHOMIPHOCTEH aHTPOIIOIeHHOI MepeTBO-
PEHOCTI TepuTOopiii B Mexax O0NacTi JO3BOJSE OLIHUTH
CTYIIiHb HANpPY>KEHOCTI €KOJOTIYHOI cUTyalii (3rogom 1e
JTACTh MO>KJIMBICTH PO3POOHTH BINIOBIIHI 3aX0IH OO il
MOKPAIIEHHS).

Ha cporonHi icHyIOTh pi3HI HiIXOIU A0 KPHUTEpiiB Ta
METOJIiB OLIHKM aHTPOIOTEHHOI'0 HABAHTAXXCHHS 1 TpaH-
chopmMariii IPUPOTHUX TEPUTOPIATEHUX KOMIUICKCIB. J1Jist
PO3paxyHKy KoedillieHTa aHTPOTIOTEHHOT MEPETBOPCHOCTI
(popmyna 1) Oys10 BUKOPUCTAHO IHTETPATBHUIN MOKa3HUK
— perioHaNbHHH 1HAEKC aHTPOIOTeHHOI MEepPEeTBOPEHOCTI
(tparchopmarii) npupomaux cucreM K.I. Todmana,
yrouHenui B npaugx [1.I'. [Humenka [7]:
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Kan — xoeoiuieHT antponoreHHoi Tpanchopmariii; r —
paHr aHTPONOTE€HHOI NMEPEeTBOPEHOCTI TEPUTOPil NMEBHUM
BUJIOM NPUPOJIOKOPUCTYBAHHS; P — muioma panry (y %); a
— IHJIEeKC TTMOWHU TePeTBOPEHOCTI arpoNaHamadris; n —
KUTBKICTh BHJIIB B MEXaX KOHTYPY PETioHy.

B nmawniit metoaui minenHs Ha 100 BUKOPHCTOBYETHCS
JUTA 3pYIHOCTI KOPHCTYBaHHS 3HAUCHHSIMH KOE(]ili€eHTIB,
o 3MmiHwThCa B Mexkax 0 < Kan < 10. KoxxHoMmy i3 BU-
JIB 3€MJICKOPUCTYBAHHS IPHUCBOIOETHCSI PAHI AHTPOIIO-
TeHHOT ePETBOPEHOCTI Ta IHAEKC TJIMOMHHU TIePETBOPEHO-
cti (Tab.1).

Panru Ta iHmekcu TIMOWHU TIEPETBOPEHOCTI MPHUPO/I-
HUX CHCTEM pI3HUMH BHIaMH IPUPOJOKOPHCTYBAHHS.
IMpn pospaxyHkax IHOEKCY TIJMOMHH IEPETBOPEHOCTI
nmaHamadTiB eKCIEpTHUM IUIIXOM BH3HA4aeThecsl "Bara'
KOXKHOTO 13 BHUJIIB IPUPOJIOKOPUCTYBAaHHA B CyMapHiil 1x
nepeTBopeHocTi. [yt BU3HAYEHHS IUIOL] PAHTiB HPHPO-
JIOKOPUCTYBaHHS BHKOPHCTOBYIOTHCSI TIOKa3HUKH CTPYK-
TypH 3eMeNIbHOTO (POHIYy KOHKPETHOI TepHTOopii, CTPYyK-
TypH 3eMJIeKOpHUCTYBaHHS [7].

PozpaxoBanuii KoedilieHT aHTPOIIOTEHHOI IIepeTBOpE-
HOCTi 3MiHIO€TBCA B Mexax Bijg 0 g0 10 i xapakTepusye
3aKOHOMIPHOCTI: YUM OiNbIIa IUTON[a BUAY 3€MIICKOPHC-
TyBaHHA Ta BHIIMK IHIEKC TIHMOMHH MEPEeTBOPEHOCTI
nmaHamadTy, THM BUIIWI CTYIHb 3MiH TI'OCIIOAPCHKOIO
nisubHicTIO JMaHgmadgTHOro periony [7]. BpaxoByroun

3HAQUHUHM Jiarna3oH KonuBaHb Kar, TpOnoOHyeThCs
II’ATUCTYIICHEBAa IIKaja HWoro iHrepnperarnii (Tadn.2), 3a
3MICTOM SIKOT NPOBOJHTHLCS OLIHKA E€KOJIOTIYHOTO CTaHy
nmaHqmadry, a Takoxk  Kkiacudikamis  eKojoro-
TOCIIOAAPCHKOTO CTAHy TEPHUTOPIi.

Tabmuus 1.
PaHru Ta iHeKcH rJIMOMHH epPeTBOPEHOCTi MPUPOIHHX
CHCTEM Pi3HUMH BHIAMH 3eMJIEKOPHCTYBAHHS

Panr Innexc
Ne Buan .
AHTPONOTeHHOL TIAHOMHI
n/n 3eMJICKOPHCTYBAHHA .
MePEeTBOPEHOCTi | mepeTBOPEHHs
1 MPHPO/IHi 3AMOBHi 1 1,00
TepuTOpil
2 JlicH 2 1,05
3 Oosora ta 3a69110qu1 3 1,10
TepuTOpil
4 JIYKH 4 1,15
5 ca/li, BUHOTPAHUKH 5 1,20
6 opHi 3emti 6 1,25
7 cijbChKa 3a0y/10Ba 7 1,30
8 MicbKa 3a0ymoBa 8 1,35
9 BOJIOCXOBHIIA, KaHAIH 9 1,40
10 3eMJIi IPOMHCIIOBOTO 10 1,50
BHKOPHCTAHHSI
Tabmuus 2.

Illkana aHTPONOreHHOI 0 NepeTBOPeHHs JanamagTy
3HayeHHs KoedinieHTa Kareropis
AHTPONOTeHHO-TeXHOTEeHHOI'0 AHTPONOTeHHO-TeXHOTeHHOT'
neperBopeHHs K, NepeTBOPEHHS JJaHmagTy

2,00...3,80 c1abKo IepeTBOpeHa TepUTopis
3,81...5,30 NepeTBOpeHa
5,31...6,50 Cepe/IHbO NEPETBOPEHA
6,51...7,40 CHJIBHO IIePETBOPEHi
7,41...8,00 HAIMIpHO MepeTBOPEHi

Pe3ysnbTaTH Ta iX 00roBOpeHHsl. AHANI3YIOUH HOP-
MaTHBHO-3aKOHOAABYi JIOKYMEHTH, MaTepialli HayKOBUX
Tparp 32 00paHOI0 TEMATHKOI0, 00 €KTOM JAaHOTO JIOCIi-
JDKEHHSI 00paHO 3eMJICKOPUCTYBaHHS B Mexax UepHiBe-
npKo1 obunacTi. [IpeqMeroM HayKOBOTO TOCIIIKEHHS € Pi-
BEHb aHTPONOTE€HHOI MEPETBOPEHOCTI B MeXKax aJMiHICT-
patuBHHX paioHiB UepHiBelbKo1 001acTi.

UYepHiBenbka o00nacth 3aiiMae Tteputopito I[IpyT-
JIHICTPOBCHKOTO MEKHUPIU4sl, EPeAripCbKOT YaCTHHH, LI0
po3sramoBana Mixk Kapnaramu Ta pikoro IIpyr i ripcbkoi,
sika oxoroe bykoBuHcbki Kapmatu. 3a xapaktepom 3e-
MeJNIbHUX 1 KIIMaTHYHUX pecypciB Teputopis UepHiBelb-
KO1 00JacTi € CIPUATINBOIO JJIsI PO3BUTKY PI3HHMX Traily-
3ell CLIIbCHKOTOCII0IaPCHKOT0 BUPOOHHUIITBA.

3emenpauit (oHn YepHiBenpbKoi OONACTI CTaHOM Ha
01.01.2013p. cknamae 809,6 Tuc. KkM® [4], mo cknamae
1,3% ruromti Teputopii Ykpainu. Ha Tepuropii obnacri (i3
MEPEeCiYHAM 3HAYEHHSIM aHTPOIIOTEHHOI MEePEeTBOPEHOCTI
5,21) croctepiraroTbcs CyTTEBI TEpUTOPiaibHI BiAMIHU Y
BEJIMYMHAX 3a3HAYCHOTO IOKAa3HMKA. PO3paxyHKH JOBO-
JISITh TaKy 3aKOHOMIPHICTh: YUM OLUTBINNA IJIOMA BUAY 3€-
MJIEKOPHCTYBaHHS Ta BHIIMH IHJAEKC TNIMOMHM TEPETBO-
PEHOCTI TEPUTOPii, THM OUIBIIOK MipOI aHTPOMOTEHHO
NepeTBOpeHni perioH. HalHmWK4YMi piBeHb aHTPOIIOTEH-
HOI IepeTBOPEHOCTI NPUTAMaHHUH JUI TEPUTOPIH axmi-
HICTpaTHMBHOTO paifoHy B 30HI YkpaiHcbkux Kapmnar.
Haiimenmie 3HaueHHs qaHOro mokaszHuka y IlyTumibceko-
My (3,09) paiioni. Jlo apyroi rpynu 3a aHTPONOT€HHOIO
NIepeTBOPEHICTIO BigHeceHO Brxuunpkuii (3,94) ta Cro-
poxurenpknit (4,39) ta I'mubompkmii (4,90) pationu.
Bim3bki 10 mepeciuHOTrO 3HAYeHHS MOKa3HWKH B XOTHH-
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cekoMmy (5,59), I'epuaiBcskomy (5,87), CoxupsiHCBKOMY
(5,89), 3acraBHiBcbKOMY (6,14) Ta KinmaHcekomy (6,22)
paiioHax. Bmucoka ciibCbKOTOCIIONAPCHKA  OCBOEHICTD
CIIOCTEpIraeThcsi B aIMIHICTPATHBHHUX OJUHUIIX PO3Ta-
moBaHNX y Mexkax [lokyTrcbko-becapabcbkoi BHCOUMHH:
Hosocemumpkuit (6,52) Ta Kenmsmenenpkuit (6,56) paiio-
HU. HaliBUIIMM NOKa3HUK aHTPOIIOTEHHOI EPETBOPEHOC-
Ti € B M. UepHismi (8,00).

YacTka CITBCHKOTOCIOAAPCHKOTO MPHUPOJOKOPHUCTY-
BaHHS B aHTPOIIOTCHHI NEPETBOPEHOCTI € HAUBHUILOIO Y

Hogocemnnpkomy (90,2 %); Bucokoro y Kinmancbkomy,
3acraBHIBCbKOMY, XOTHHCbKOMY, Kenbpmenenpkomy, Co-
KHUpstHCbKOMY, ['epriaiBecbkoMy Ta I'mubonbkomy paiioHax
(70-90%); meuro menmio y CtopoxuHenskomy, BukHu-
npkoMy (6mm3pko 60%) Ta Ilyrmmbcbkomy paifoHax
(50%).

BukoHani po3paxyHKH B pO3pi3i aAMiHICTPATHBHHUX
paifoHIB Al MOXKJIMBICTD BUAUTHTH HACTYITHI TPYIH Te-
pHUTOpIii 32 piBHEM aHTPOIIOTCHHOI ITEPETBOPEHOCTI (Tab.
3):

Tabmus 3.
I'pynyBanns TepuTopiii YepHiBenbKoi 00.1acTi 32 piBHEeM aHTPONOT€HHOI EPETBOPEHOCTi
PiBenn
- . . IInToMa Bara aHTpPONOreHHHUX
Ne (HasBa ajamiHicTpaTHBHO- I'pyna 3a piBHeM AHTPONOTeHHOI . .
. K., . . KouuBanns K,, |TepuTopiii B 3eMJIeKOPUCTYBaHHI
n/n  |TepuTOpiaIbHUX OAMHHIb nepeTBOPEHOCTi nepeTBOPEHOCTi J o
odJacti, %
TepuTopii
1 [lyTunbcpkuit 3,09 1 c1a00 MepeTBOpeHi Bix 0 10 3,80 10,92
2 BuoxHULBKUI 3,94
3 CTOpOKUHEIBKHI 4,39 1T MepEeTBOPEHi Bin 3,81 1o 5,30 27,65
4 T nubonpkuii 4,90
5 XOTUHCHKHN 5,59
6 T"epraiBcbkmii 5,87
7 COKUPSIHCHKHUIA 5,89 11 cepenHbo mepeTBopeni| Bix 5,31 1o 6,50 42,14
8 3acTaBHIBCHKHit 6,14
9 KinMaHcekuii 6,22
10 Hosocemuis 6,52 . .
I JrSTe— 6.56 v CHJIbHO mepeTBopeHi | Bix 6,51 mo 7,40 17,40
12 M. YepHiBLi 8,00 V HaaMipHO neperBopeHi| Bix 7,41 o 10,00 1,89
Bcbozo no 5,21 nepemeopeni 100

AHamizyroun maHi TaOmumi 3 ciij 3a3HAYMTH, IO Ba-
TOMHH BiJICOTOK CEPEAHBO IEPETBOPEHUX 3EMIIEKOPHCTY-
BaHb (42,14 %) 3HaXOmATHCSA B MeXax XOTHHCHKOTO, ['e-
puaiBchkoro, COKUpsSIHCHKOTO, 3acTaBHiBChKOro, Kinmman-
CBKOTO aJMIHICTPATUBHHUX PaiOHIB. 3arajJoM TEpPHUTOpis
YepHiBenbkol 001aCTi XapaKTepU3YeThCsl 3HAYHUM PiB-
HEM aHTPOTOTeHHOTO HaBaHTakeHHs (61,41 %).

BucHoBku. Ha ocHOBi BHIe 3a3Ha4YeHUX 3aBJaHb Ta

JIOCIIZDKEHHSI CTaHy aHTPOIOTEHHOTO HaBaHTaXXEHHs Ha
3eMJIEKOPHCTYBaHHS MOXHa CQOpPMYIIIOBATH HACTYIHI
BHUCHOBKH:
1. cyyacHa cucTeMa 3eMIIEKOPUCTYBAaHHS IOBHHHA BKIIIO-
YaTH BUBYEHHS {1 3a MEBHUMH HampsiMaMH, a came: eKo-
JIOTIYHHM, EKOHOMIYHHN Ta COILladbHMI; 3MICTOBHE HAIIO-
BHEHHS KOXKHOTO 3 HAamNpsAMIB Iependadae CTBOPEHHS
e(eKTUBHOTO 3eMJIEKOPUCTYBAaHHS B HACTYIHIN MOCIII0-
BHOCTI: €KOJIOTIYHO Oe3neyHe 3eMJICKOPUCTYBaHHS —
€KOHOMIYHO JIOIIJIbHE — COIiaJIbHO 3HAYYIIIE;

2. Tepuropis YepHiBeupkoi 00aacTi € perioHom 3 Oara-
TUM TIPHPOJIO-PECYPCHUM IMOTEHINIaJIOM, OHAK MPHUPOIHI
€KOCHCTEMH TYT TICHO MEPEIUTiTaIOThCS 3 aHTPOIIOTeHHU-

MH; TaKa CUTYyalisl CKIajacs K HACIHITOK €KOJOTIdHO He-
OOTPYHTOBAHOTO OCBOEHHS TEPUTOPIi A BEACHHA BHPO-
OHMYO-TOCIIONAPCHKOI MiSUTBHOCTI, IO 3yMOBHIJIO IOPY-
IICHHS CIIBBIIHONICHHS MIX 3€MIIIMH JIICOBOTO (DOHIY,
CUIBCHKOTOCIIOZIAPCHKOTO MPHU3HAYCHHS, JKUTIIOBOI 3a0y-
JIOBY;

3. CTpyKTypa 3eMJICKOPUCTYBAaHHS B MeXax JIOCHiPKyBa-
HOI TepuTOpil Ta PIBEHb aHTPONOTEHHOT MEePETBOPEHOCTI
3HauHO Nu(epeHIliiioBaHi; e NoTpedye MoaaIbIIoro J0-
CIIIJDKEHHS 3 BHUABJICHHs (DAaKTOpIiB Takoi curyamii i 00-
I'PYHTYBaHHSM 3aXOJIB 3 ONTUMi3allil 3eMJIEKOPUCTYBaH-
HSI; 3HAIOYM KUIBKICHI XapaKTEPUCTHKH aHTPONOTE€HHOI
TIEPETBOPEHOCTI €KOCUCTEM PETIOHY JOCIHIKEHHS, y T10-
JAIBIIOMY MOXKHA Ha 11 OCHOBI MPOBECTH palOHyBaHHS
TEpUTOpii 3a CTYNEHEM TOCTPOTH €KOJOTIYHOI cHTyauii,
3a B3a€EMO3B’A3KOM MiXX I'DYHTOBHUM MOKPHBOM TEPHUTOPIi
Ta BEJIMYMHOIO AHTPONOT€HHOr0 HABAHTAXKEHHS; BHUILE
3a3aHayue JIO3BOJIUTH PO3POOUTH PEeKOMEHAAMii o0 OI-
THUMi3alil 3eMJIEKOPUCTYBaHb Ha OCHOBAaX €KOJIOro-
nasamadTHOI opraHi3arii Tepuropii.
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Khryschuk S.Yu., Bespal’ko R.I.
Anthropogenic transformation as a criterion of optimization of land-tenures at regional level
Abstract. In the article the regional features of land-tenure of territory of the Chernivtsi area are considered at regional level. A con-
cept "level of anthropogenic transformation " as important criterion of optimization of land-tenures is investigational. It is expected
degree of anthropogenic transformation and her differentiation within the limits of administrative units of area. As a result of re-
searches next conformity to law is educed such conformity to law: than greater area of type of land-tenure and higher index of depth
of transformation territory, that in a greater degree anthropogenic regenerate region. The most low level of anthropogenic transfor-
mation is inherent for territories of administrative district in the zone of Ukrainian Carpathians. The structure of land-tenure within
the limits of the investigated territory and level of anthropogenic transformation are considerably differentiated; it needs further re-
search from the exposure of factors of such situation and by the ground of events on optimization of land-tenure. The natural ecosys-
tems of the investigated region closely interlace with anthropogenic; such situation was folded as a result ecologically groundless
mastering of territory for the conduct of industrial and economic activity, that stipulated violation of betweenness by earth of forest
fund, agricultural setting, housing building.

Keywords: land-tenure, rational use, anthropogenic transformation, optimization of land-tenure, ecologically landscape ap-
proach.

Xpoimyk C.1O., Becnaiabko P.U.
AHTpONOreHHasi IPeodPa30BaAHOCTh KAK KPUTEPUIl ONTHUMH3ALMH 3eMJ1eN0/1b30BAHUI HA PerHOHATBHOM YPOBHE
AHHOTamusl. B crathe paccMOTpeHbI perMoHaIbHBIE 0COOSHHOCTH 3€MJICTIONB30BaHMs TEPPUTOPUN UepHOBHIIKOW 00JIacTH Ha peru-
OHAJILHOM YpoBHe. VccnenoBaHo HoHsATHE "YpOBEHb aHTPONOTEHHOW NMpeoOpa3oBaHOCTH", KaK BAXKHBIN KPUTEPHH ONTHMH3ALMH
3eMJICTIONb30BaHIN. PaccunTaHo cTeneHs aHTPOIIOTeHHOH IpeoOpa3oBaHOCTH U ee AuddepeHnuanys B mpeaenax aJMAHACTPATHB-
HBIX eIWHHI] o0nacTi. B pe3ynprare MpoBEeAEHHBIX MCCIIEOBAaHMI BBISIBICHA CIIEAYIOMAs 3aKOHOMEPHOCTh: YeM OOJIbIIe MIIONIab
BHU/Ia 3MJICTIONB30BAHUS U BBIIIE HHIEKC NTyOHHBI TPe0Opa30BaHOCTH TEPPUTOPUH, TEM BHIIIEH CTENEHH aHTPOIIOTEHHO Ipeodpa3o-
BaH PEruoH.

Knrouesvie cnoga: 3emnenonvzoganue, payuoHaibHoe UCNOAb30GAHUE, AHMPONO2EHHAs NPeoOpa306aHoCmb, ONMUMUZAYUS 3eM-
JIENOIb3068AHUS, IKOJI020-IAHOUWAGMHBLIL NOOX0O.
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Yuxynoe I1.A.
dusznyeckasi 1 PopMaJbLHASI IOCTAHOBKA 32124 ONEPATHUBHOIO yNPaBJIeHUS
€0J1e100BIBAIOLINM MpPeANPHUATHEM

Yukynos Ilagen Anexcanoposud,

cmapuwiuii npenoodasamens Kageopvl INeKMPOHUKU U KOMNLIOMEPHBIX MEXHOI02UL CUCTEM YIPABTIeHUs]
Yuebrno-nayunsiii npogeccuonanvro-nedazocuueckuti uncmumym,e. Apmemosck, Ykpauna

AnnoTtamus. [TocraBieHs! 1 popMann30BaHbl B BUAE (QYHKIMOHAIOB IETH 3a1adH ONIPEIeNICHHUs] ONITHMAIbHBIX BAPHAHTOB BaJOBOTO
BBIITyCKa 0000IIEHHBIX BUIOB MPOAYKIUU Ha CE30H (CTpaTeTHUECKOE INIAHUPOBAHKE) M Ha MECSIl Ce30HA (TAKTUUECKOE IIaHUPOBa-
HHE). DTUM LIENAM ITOJYMHEHbI 33/1a4M OIIPE/IeNCHHs TPOU3BOACTBEHHON MPOrpaMMBbI IepepabaThIBAIOIIMX KOMIUIEKCOB PYIHUKOB
HPEINpPUATHS, C YYSTOM BO3MYIICHHI, BO3HUKAIOIIMX M3-32 TEKYIIUX KOJIeOaHMH KOHBIOHKTYPBI PhIHKAa M U3HOCA 00OpYIOBaHM,
YTO TMO3BOJIAET NPUHUMATD PELICHHUS, CONPOBOXKIAIOIIMECS MUHUMAIbHBIM 3aTPAaTHBIM MEXaHH3MOM. DTH (yHKIHOHAIIBI OTINYAIOT-
Cs1 OT CYIIECTBYIOINX IPEIMETHOH 00IacThIO M PEKypPEHTHON HPOIEAypOi aJanTalyy, 9T0 IT03BOJISIET MPOU3BOINUTE PacueT MoKa-
3aTesell MPON3BOACTBEHHON MPOrpaMMBbI IPEINIPUSATHS IPH CE30HHOM OIIEpAaTHBHOM yIpaBieHnH. [loaydeHHbIe pe3yabTaThl II03BO-
msat npoektuposath CIITIP mepepaGareiBaromuX M TOPHO-PYAHBIX NPENNPHATHH IBYXYPOBHEBOH CTPYKTYpEI, YTO CHOCOOCTBYET
PacIIMPEHNUIO CIIEKTpa MPUMEHEHHS pacIpe/leNIeHHbIX CHCTEM YIIPaBICHHS.

Knrwouegvle cnosa: npoussoocmeo u nepepabomra KAMEHHOU cCOMU, Nopmeend 3aKazos, NPou3g00CmeeHHble 3ampamvl, Noo-
0ePAHCKA NPUHAMUS PEULeH Ul 8 YNPAGIIeHUU, ONePAMUBHOe YNPAsIieHUe.

Beenenue. B kadectBe 0OBeKTa ympaBiieHHS B pabore
BBICTyNaeT rocyaapcrtBeHHoe mnpenmpusarue (I'TI) “Ap-
TEMCOJIL”, 3aHUMaromeecs AOOLIYEH KaMEHHOW COId U
nepepaboTKo# ee B MUIICBYIO MOBapeHHYO conb. [Ipen-
MIPUATHE COCTOMUT M3 3aBOJIOYIPABICHUS M YEThIpeX pya-
HHUKOB. B (yHKIMHN 3aBOpOymNpaBiieHHsT BXOIUT (HOPMH-
poBanue moptdens 3aKa3oB Ha I'OA, KOOPAWHAIMS, ILIa-
HUPOBAaHME M ONEPATHBHOE YIPABJICHHUE MPOIECCAMU J10-
Obrum 1 niepepaboTKu coir. Kaxaplil pyIHHK COCTOHT M3
IIaXThl, OCYMIECTBILIOMEH MOA3EMHYIO NOOBIYY CONH U
MIOBEPXHOCTHOTO IepepadaThIBAIOIEro KOMILIEKCa.

CrpykTypHO B mopT(ens 3aKa3oB BXOAAT TPH BHUIA:
TOCYAapCTBEHHBIN 3aKa3, 3aKa3bl IO JUIMTEIBHBIM JOTO-
BOpaM M PHIHOYHBIE 3aKa3bl, BO3HUKAIOIIME NPH Mapke-
TUHIOBOU JAesTenbHOCTH. Ha OCHOBaHUUM mpoekTa MOpT-
(enst 3akazoB, ciyKObl CObITA U MapKETHHTa pa3padaThbl-
BalOT MPOU3BOJACTBEHHYIO MPOrpamMMy Ul HPEANPHITHS
B IEJIOM U IS K&KAOTO pyJHHKA B OTJAENBHOCTH. B cBsA3M
C Pa3IMYHbIM THUIIOM 000PYIOBaHUS MepepadaThIBAOIINX
KOMIUIEKCOB M X KOMIIOHOBKOH, TeXHOJIOTH4ecKas cebe-
CTOMMOCTH BBIITYCKa OJMHAKOBOTO THITA HPOIYKIHH pa3-
myaercst. KpoMe storo nensiii psa mo3unumii moptdens
3aKa30B HOCHT CE30HHBIM XapakTep. Bwiaensior neBaTh
0000IIEHHBIX BU/I0B TOTOBOW HMPOIYKIIMH — COJb MOJIOTast
HEYIMaKOBaHHAs, C MPOTUBOCIECKUBAIOIIEH 0OaBKOMH, Ho-
JIMpOBaHHasi, cesiHasi, (hacoBaHHasl, 3aTapeHHAs B MELIKH,
3aTapeHHas B MATKHE KOHTeHHepbl, npobieHas M Kpyn-
HOKYCKOBaAsL.

Jns mpuHATHS pellieHui Mo ONepaTUBHOMY YIIpaBlie-
HUIO HEOOXOIMMO pa3paboTaTh HHCTPYMEHTapUil IPUHS-
TUSL PELICHUH 110 ONEPATUBHOMY YNPaBJICHUIO MPEIIpUsi-
THEM Ha CE30HHBIM NEpPHUOJ, KOTOPHIM MO3BOIUT OCY-
LIECTBJIATh NPOTHO3 Ha Mabli, Hamepe] 3aaHHbIA WH-
TepBaJl BDEMEHH.

B cooTBeTcTBUU € BBIIEH3NI0KEHHBIM, AKTYAJIBHOM
SIBIISIETCA MOCTAHOBKA 33aad ONEPATUBHOIO YNpaBIICHUs
BBIITYCKOM OOOOIIEHHBIX BHJOB NMPOIYKIUU HAa CE30H U
MECSI] Ce30Ha, B ITOJYMHEHHUH JIBYM KPUTEPHIM LIEIH: 110~
JYYSHUI0O MaKCHMAJIFHOTO JOXOJa MPEeaNpHUATHS OT Mpo-
M3BOJICTBA MPOAYKIMU M COXPAaHEHUS MUHUMAJIBHOTO 3a-
TPaTHOTO MeXaHW3Ma BBITyCKa OOBEMOB MPOAYKIIHH
KaXI0T0 Py/JHUKA.

0O0630p ny0aukanuii mo TeMe. AHaIU3 MPEINPUITHS,
Kak 00BCKTa YIPABJICHHUS, OCYIIECTBICH B pabore [1].
Mopenu B3auMoOCBs3e accopTuMeHTa nponykuuu [TI
«ApTeMcoiby BBINOIHEHB! B pabote [2]. OcHOBHBIE MO-
JIOXKEHUS MOJICIUPOBAHMS MPOU3BOACTBEHHBIX MOKa3aTe-
JICH IPENPUSITHS PACCMOTpPEHBI B padoTte [3].

Heabio crarbu sBisiercs usnueckas u GopmaibHas
MIOCTAHOBKA 3a[a4M OIEPATHBHOTO YIPABICHUS MPEITPH-
SITHEM Ha CE30H, IETBhI0 KOTOPOTO SIBIIETCS INOJy4YCHHE
HauOONBIIEro J0X0Ja IPU YCTAHOBICHHBIX ILEHAX Ha
MIPOXYKINIO C COXPAHCHWEM MHHHMAJIBHOTO 3aTPATHOTO
MeXaHH3Ma ITPOM3BOACTBA.

Mozaens MNpOrHo3a /IesiTeJIbHOCTH TPeNpHATH.
Craructuueckue gaHHele [ 1] moka3eiBaroT, yTO Hauboee
3arpyKeHHBIM SIBJIsieTCs TMOpT(denb 3aKa30oB OCEHHe-
3UMHETO MepHoJia, KOTJa OCYIIECTBISIOTCS MYHHUIUIIAb-
HBIE 3aKYIIKU COJIU. BeceHHe-leTHUI epuoj XapaKkTepu-
3yeTcs 3aKa3aMH Ha COJIb, UCIIOJIB3YEMYIO NIPH KOHCEpBa-
IIUM TPOAYKTOB NHTaHUS. Mopenp MPOTHO3a JOJDKHA
BKITIOYATh B ce0s mokazarenn aestensHocT ['T1 “Aprem-
COJNE” M BXOJMIIUX B HETO IOJpAa3ZeieHH B BECEHHE-
JeTHUH ¥ OCeHHe-3UMHHUIT repuopl. Kpome Toro, Mosens
JIOJDKHA YYWTHIBaTh IOKA3aTeld IPOTHO3HPYEMOTO BbI-
ITycka 0000IIEHHBIX BUAOB TPOAYKIINH.

MaremaTHyeckast MOJENb, MO3BOJISIOMIAS OCYIIECTB-
JATh TPOTHO3 TEXHHUKO-3KOHOMHUYECKOH JeSTeThHOCTH
NpeANpUsITHS, BKIIOYaeT B cebs JBa BHIAa YypaBHCHH.
IlepBblil BuA ypaBHEHUM IPOrHO3a XapaKTepU3YeT Bajo-
BBIH BhIMyck mpoayknuu ['TI “Aprtemcons” (1), BTOpoit
BHJ XapaKTepH3yeT BBITYCK OOOOIIEHHBIX BHUIOB IIPO-
JYKIHU KaXJOT0 PyAHUKA.

G=f(G(S)). @)

vS3G, (5)= (G (A)). )

rie G, (Si),i :1,_4 — BAJOBBIA BBIMYCK TPOMYKIIHH
pynaukoM S, G, (Aj ), j= 1+9 — o6bem 00006I1IeHHOTO
BHJIa IPOJYKIMH A, , IPOU3BE/ICHHON HA JAHHOM PY/IHHU-

Ke.

OYHKIIMOHAIEHOE TIPEICTaBICHUE Mojenei B Buae (1-
2) mpeoOpa3yeTcs B ypaBHEHHE IMPOTHO3a C IMOMOIIBIO
MaTeMaTHYeCKOro ammnapara MPUKIaJHOIO PEerpecCUOH-
HOTO aHaJin3a, peaju3yeMoro mno ajaropurmy (3):
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— 1 —\1 _

B (U -U) Uy, 3)

rie B - Bexktop kodaddummentor  momenmn

B =(by,b,...,b,, ) M — KOIMYECTBO YICHOB yPaBHCHHS

mozend, U — unHbOpMammonHas wmatpuna, copmupo-

BaHHasi M3 CTATHCTHYECKHX JAaHHBIX, XapaKTEPH3YIOIINX

—T

3HadeHue (PakTopoB — uyeHoB ypasHenwmii, U — Tpamc-

MOHMUPOBaHHAs WHPOPMAMOHHAS MATpUI, ¥ — BEKTOP

CTaTHCTUYECKUX 3HAYCHUH BBIXOAHBIX IIOKa3aTesied —
(YHKINN OTKJIMKA.

AJITOPUTM KOMITBIOTEPHOTO MOZIEIUPOBAHUS, Peallu-

3yIOIHUH ypaBHEHHE TIPorHO3a(3), MpexycMaTpUBacT,

KpOMe pacuera Bekropa ko duuuentos moaenaun B, mo-
JIy4EHHE OLEHOK 3HAYUMOCTH ¢ , j =1+ m, KOTObIC Xa-

paKTepu3yeT CTENEHb BIUSHUS KakI0H BXOIHOH mepe-
MEHHOH ((haKTOpBI MOJENH) Ha BBIXOJHYIO NMEPEMEHHYIO
— OTKJIMK MOJICITH.

Kpome sToro, ocymiectBisieTcsi pacyeT Kod(pQHUIUCH-
TOB, XapaKTEPHU3YIOIUX OIIMOKY alNpOKCUMALMH CTATH-
CTUYECKUX JIaHHBIX DPAacCUYETHbIM YPaBHEHHEM MOJEIH.
HaubGonee npuemiieMoil U3 3THX OLIEHOK SIBISETCS JUC-
TNEpCHs OCTATOYHAs MacuTabupoBaHHas S2 >0 .

ITocTraHoBKa 3aay CTPaTerHyecKoro IJIAHHPOBa-
Hus. Kak crenyer w3 anammsa xapaxtepuctuk OV, mo-
CTaHOBKa 3aJad OIIEPAaTHBHOTO YIPABICHUS MOJYMHEHA
JIBYM acnekTaM. Bo-mepBbeIX, HEOOXOAMMO OIpENEIUTh
BaJIOBbIE 00BEMBI OOOOLICHHBIX BUJIOB NPOIYKIUH, BbI-
nyckaemoir [Tl 3a kaxabiii ce3oH. COOTBETCTBEHHO
chopmyiupoBana (u3nyUecKas MMOCTAHOBKA ATOH 3a/1auu:
OIIPEACINTh BaJOBBIH OOBEM IPOMYKIHH OOOOIECHHBIX
BUJIOB, Ipou3BoauMbIX I'TI “ApTeMcons”, KOTOpBIH MO3-
BOJIUT MPEANPUATHIO HOXYYUTh HAHOONBIINN JTOXOM MPH
YCTaHOBIICHHBIX LIEHAX HA MPOIYKIHIO.

®opmanbHasg MOCTAHOBKA JTOW 3aJadyd Ha OCEHHE-
3UMHUI Tepuon BbimonHeHa B (4)-(5), a Ha BeceHHe-
netHuii mepuoy B (6)-(7).

1= Fll(gl(Aj ) — max, (4)
1} =0271"(4,) - g*(4,)+0.14"*(A4,)-g*(A4,)+0.0022L]* (A,)-g*(A4,) + ©)

+0.0051"(A4,)-g' (A,)+0.167L" (A;)-g*(As)+0.3760* (As)-g* (A;) +
+0.071[*(A4,)-g"(A,)+0.106/{* (A, )- g (A;)+0.000841]"* (A, )- g*(A;) —> max.

o'(a)

o —1* o
Pemennem atoit 3aJa4n 6yz[eT BCKTOp ¢ (Aj ) , AOCTABJIIOINU MAKCUMYM — ONTHMAJIbHOC PCIICHNE Ha OCCHHC-

3UMHUI NIEpUOJ,

g (A)={g"(A).0"(A).0" (A).g" (A). 0" (A).0" (A).0" (A).0" (A). 0" (A)}-
If=F12(ﬂ2(Aj))%rp§>_<), (6)

9%(

17 =0.1421%(A4,) -g°(A,)+0.0461]%(A4,)-g%(A4,)+0.0012L]% (A,)-g*(A,) +
+0.00261/%(A,)-g%(A,)+0.1851]%(A4;)- g% (As)+0.507L{%(A;)- g% (A;) + @)
+0.11177%(A4,)-g%(A4,)+0.005577%(4;)- g% (A) +0.00327]%(A4,)- g% (Ay) — max.

OnTuMabHBIM peuicHueM 3TOH 3aJa4n 6yI[eT BCKTODP:

9%(A))

g7 (A) =17 (A).07(A).07(A).97 (A).07 (A).07 (A).07 (A).07 (A).07 (A)}-

Crnemyer OTMETHTB, 9TO, TaK KaKk B OOOOIICHHBIA BHJ
MPOIYKIIMM BXOJST BHJIBI aCCOPTHMEHTa TOTOBOW MpPO-

ITyKIHA A“- , K&XJIBI U3 KOTOPBIX UMEET CBOIO IICHY, IIe-

Ha 0000MIeHHOTO BUia Tpoaykuuu L] (Aj) paccuuThIBa-

Bropoii acniekt 3ajaun onepaTUBHOTO yNpaBJIeHUS 3a-
KJII0YAETCsl B ONPENEICHUY 3a/laHUil Ha BaJIOBBIM BBIIYCK
HNPOAYKIIMH Ka)KIO0T0 U3 YeThIpeX pyIHHKOB. Du3nueckas
NOCTaHOBKA 3TOM 3aJadyu: ONpPEeAeIuTh O0BEMBI MPOU3-
BOJICTBEHHBIX 33/IaHUIl epepabaThIBAIONINX KOMIUIEKCOB
PYIHUKOB TakuM 00pa3oM, 4TOOBI 3aTpaTHBIA MEXaHU3M

ercs yepes BapUallMOHHBIN pan I “A .
4 S MPOU3BOACTBA pPTEMCOJIB” TMpPU CTPATErHYecKOM
7 (4;) = Z,ll (Ay)-ct (), TAC T HOMEP PYAHHIA, [UTAHUPOBAHUHU HA CE30H ObLI MUHUMAIILHBIM.
QdopmanpHas MOCTAHOBKA JTOH 3amayd Ha OCCHHE-
~ 9 (AJ ) . o
d(A)= a(A) 3uMHUI mepuoj BbimonHeHa B (8)-(9), a Ha BeceHHe-
! netuuii nepuon B (10)-(11).
4
I3 =F(Z,.G5)=>.2Z! -G — min, (8)
i=1 Gg
I; =32.564G; (S,)+36.986G; (S, )+ 33.915G; (S; ) + 31.77G; (S, ) — ©)
—4.65-10°G; (S,) G5 (S;)—2.11-10°G; (S, )- G (S, ) — 379863 — rrC]ln
9 R [
rie z1(s,) = zWajl(Aj)'SSij , Wijl _ QGB'ﬂ I =1+4 — somep pynHuka.
j=1
’ 2 Ga(A)
=1
|22 = FZZ(Zi’Géi)_) rg!n' (10)
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12 =52.4G2(S,)+39.8G2(S,)+43.96GZ (S,) +40.61GZ (S, ) —

~0,0097G; (S,)- G5 (S,)—0,0156G; (S, ) G5 (S5) ~ 76212 — min.

Hust pynkumonanos (8) u (10) zi(s,),z?(s,) — 00-
IMe 3aTpaThl MepepadaThIBAIOIIETO KOMIUICKCA PYIHUKA
Si Ha TIPOU3BOJICTBO GB MIPOAYKIUH 0O00OIICHHOTO BH-

1 2
ma; Wi ,\ W™ — Texnonornueckas ce6ecToMMOCTb MPOM3-

BOJICTBA IIPOAYKIIMU BHAA AJ- Ha pyaHuke A .
PesynbraTom pelieHus oNTUMHU3AIMOHHBIX 3a1a4 (9) u
(11) sBAstrOTCSI 3HAUEHMS TUIAHOBBIX 3aJlaHU 10 BaJOBO-

My BBIIYCKY IPOAYKLHH KaXJOI0 pyJHUKAa Ha COOTBET-
CTBYIOLIUM CE30H

1} = Fgl(ﬂ,b (Aj))—> max.

(1)

Ge = {Gi(51).G4(S,).Gs (S5),Gy (S,)} - Uncnennbie

PEIICHUsI 3TUX 3a]ad ONPECIIAIOT CTPATCTHUCCKUH TUIaH
nesitenbHoCcTH [T “ApTemcons” Ha ce30H, MOAYUHEHHBIN
MUHUMAaJIbHOMY 3aTPATHOMY MEXaHH3MY IPOU3BOICTBA.

IHocTaHoBKa 32/1a4 TAKTHYECKOr0 MJAHUPOBAHHS.
AHaIIOTUYHBI IOCTAHOBKA U (hopMal3aIisl 3a1ad TaKTH-
YecKoro (Ha MecsIl Ce30Ha) IUIAaHWPOBaHUS Ha OCEHHe-
sumuuit (12)-(13) n Ha Becenne-nernuit (14)-(15) mepwuo-
IBL

(12)
(~)

I; = blMul(A1)g/1v1 (A1)+b2Mul(A2)'g11\4 (A2)+b3Mu1(A3)'g/1v1 (A3)+

+b4MUl(A4)'g11v1 (A4)+b5Mll1(A5)~g/1w (As)"'bsMul(As)'g/lw (A6)+

(13)

b, L1 (A ) - &3 (A7) + bap LT (Ag ) - 3y (Ag ) + Pop LI (Ao ) - €3, (Ag ) + boyp, —> MAX,

rae QL(A,-) — 00beM MPOM3BEACHHON MPOIYKIUH

A I (AJ.) — ce30HHas IICHA.

g (A))

Pemenne 3amaum (43) TaKTHUECKOTO IUIAHUPOBAHUS
MIPOU3BOJICTBA Ha KaXKIbIil MeCsII] OCEHHE-3UMHET0 Tepu-
0J1a TIPEJICTaBJICHO B BU/I€ BEKTOpa

g (A)={gl (A). g} (A). gt (A). g5 (A). 93 (A). 93 (A). 9F (A). gk (A). gk (A}
12 = F2 (ﬂfd (Aj.))—) max, (14)

|32 =a1Mu2(A1).g§/I (A1)+a2Mu2(A2)-gi1 (A2)+a3MU2(A3)~giI (A3)+

()
(15)

+a4MU2(A4)'g§/1 (A4)+a5MH2(A5)'g§/[ (As)"'asMLl2 (As)'g/i/ (A6)+
o, L (A) ghy (Ar )+ gy LI (Ag) - g3 (Ag) + agp 117 (Ao ) - 3, (Ag) + @y, —> MAX.

Taroke Juist perIeHus 3a1a4 ONepaTUBHOTO YIPaBICHUS
pYAHUKaMH, OBUIM TOCTaBICHBI M  (OPMAIH30BAHBI
¢dyHkonans! neian. CooTBeTCTBYyONIas Gpusndeckas mo-
CTaHOBKA MMEET CJICAYIOUIMH BHUJ: ONPENEIUTh 00BEMBI
MIPOM3BOJICTBEHHBIX 3aJaHUil Ha MECSIbl CE30HA TaKUM

1, =F(2Z)

1} =130.95G%,, (S,) +139.65G},, (S,) +134.66G},, (S,)+131.1G},, (S,) —

g%,(A/)

00pa3oM, 4YTOOBI 3aTpaTHBIH MEXaHW3M IPOM3BOACTBA
ObLUT MUHUMAJIbHBIM. DOpManbHas TIOCTAHOBKA 337a4H Ha
MecsIl OCeHHE-3UMHET0 Tepuoja BoinosHena B (16)-(17),
a Ha MecsiIl BeceHHe-JieTHero neprosa B (18)-(19).

—~0.002678G},, (S,)- Gl (S,) —0.001199G3,, (S,)- Gl (S,) +11380 — min.

12 =F2 (2%

12 =156.23G2, (S,)+168.1G2,, (S,) +170.3G2, (S,) +169.45G2,, (S,) —

.G}, ) — min, (16)
(7

,G,@)—)h{;!h, (18)
(19)

~0.43G%,, (S;)-Giy (S,) ~0.019G, (S,)- G3,, (S, ) +14965 — min.

IMpoueaypa ajnanranum napaMeTpoB Mojeiau. B
nponecce dkcruryatanuu CITITP HeoOxoaumo exemecs -
HO TMPOU3BOJUTH aJIAlTALMIO [TApaMETPOB MOJIeIel U KO-
¢ punrento dyHkimonanos. s 3TOM menu MpemHa-
3HAUEH PEKYPPEHTHBI METO]] HAMMEHBIINX KBaJpaToB.
3naveHus kod¢pdunueHtoB ¢yHknuonanos (12) u (14)
OTIPEJIETISIIOTCS. B PEKMME O00y4EHHMsI, COTIIACHO MPOLETy-

pe meTona HanMeHbIUX kBaaparoB (MHK), kak (3). Oto
CBSI3aHO C CYIIECTBYIOUICH TEHIEHIMEH M3MEHEHHUS IIeH
Ha MPOJYKIHIO U HeCTaOMIBHOCTBIO IOpT(dhens 3aka3oB. B
0003HaYeHNN MaTpHumbl BX0oA0B U | MOKa3bIBaeT HOMEP
TIOCIIETHETO HAaOIIOCHUSL:
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(20)

(k)

31ech u’(K +1) COOTBETCTBYET HOBOMY HabmoaeHuo. Onpenennm:

[P(K)]" =uiu,,

[P(k+1)]" = U U, =[Uiiu(k+1)]

(1)

[P(k+1)]" =[P(K)] " +u(k+1)u’(k+1). (22

u'(k+1)

OTMCTI/IM, 4TO pasMep P He 3aBUCHUT OT HOMCEpa k. I/ICHOHL3y5{ MaTpHUYHBIC TOXIACCTBA, NOJTYUYUM!

P(k+1)=P(k)—P(k)u(k+1)x[u'(k +1)P(k)u(k +1)+1] ‘u'(k +1)P(k) =

e y(k)={u (k+1)P(k)u(k + 1)+1}’1 SIBIIICTCSI CKAJISIPOM.

Bgons obosHauenue y; =[y(1),..., y(k) |, Haxoaum oueHky b:

[Toacranoska Beipaxenus (55) B (57) gaer:

(23)

=P(k)—y(K)P(K)u(k+1)u'(k +1)P(k),
B(k)=P(k) ULy, (24)
B(k+1)=P(k+1)Up s =P(k+1)[ Upy, +u(k+1)y(k+1)]. (25)
B(k+1)=P(K) Uy, +P(k)u(k+1)y (k) (k) y(k+1)- (26)

—P(k)u(k +1)y(k)u’(k+1)P(k)[U’kyk +u(k+1)y(k +l)].

3nech y(k)yfl (k) =1 BBemeHO Ms yIpoIIEHHs JaNTbHEHIINX BHIKIAIOK. MCoNb3ys paBeHCTBO (56), MOKHO TIpe-

oOpasoBath (58) Kk BHLY:

B(k-+ 1) =B(k) (k) P(k)u(k+ ) x{y(k+1)-u'(k+1)B(K)},

B(lk+1)=B(Kk)+P(k+Du(k+1)x{y(k+1)—u (k+1)B(k)}-

Hayuynas HoBu3Ha. [TocTaBneHs! u GopManIn30BaHbI B
Bujie (pYHKIMOHAIOB WENH 3a7add ONpeAeICHHs OITH-
MalbHBIX BApHAHTOB BAaJIOBOTO BBIMYCKAa OOOOIIECHHBIX
BHJIOB MPOAYKIMH Ha CE30H (CTpaTEerHuecKoe IIaHUpO-
BaHHUE) U Ha MECSI] Ce30Ha (TaKTUYECKOE TUIAHUPOBAHUE).
OTUM I1eNsIM TNOAYMHEHBl 3a/a4d OINpENeeHUs MpOous3-
BOJICTBEHHOH IPOTpaMMBbl IiepepadaThIBalOIINX KOMITIEK-
COB PYIHHMKOB MpPENPUATHSA, C Y4ETOM BO3MYILIEHHH,
BO3HMKAIOIINX HM3-32 TEKYIIMX KoJeOaHN KOHBIOHKTYPHI
pPBIHKa ¥ M3HOCA 00OpYIOBaHMS, YTO IO3BOJSET MPUHU-
MaTh PELICHHs, COMPOBOXKIAIOMINECS MUHUMAIBHBIM 3a-

(@7)
(28)

TPaTHBIM MEXaHM3MOM. OJTH (PYHKIIHOHAJIBI OTIMYAIOTCS
OT CYIIECTBYIOUIMX MPEIMETHON 00JIaCThIO M PEKYPPEHT-
HOM IpoLefypod ajalTalluy, 4TO II03BOJSET IPOU3BO-
JIUTh pacyeT IMoKa3aTeseil MpOU3BOACTBEHHON MpOrpaM-
MBI TMPEINPHUATHS [IPU CE30HHOM OIIEPaTHBHOM YIpaBile-
HUH.

BeiBoasl. [TonydyeHHbIE pe3ynbTaThl HO3BOMST MPOEK-
tupoBarb CIIIIP mepepabaThIBalOIIUX U TOPHO-PYIHBIX
MIPEANIPUATHH BYXYPOBHEBOH CTPYKTYpBI, YTO CIOCO0-
CTBYET PACIIMPEHUIO CIEKTpa IPUMEHEHUs paclpese-
JIEHHBIX CHCTEM YTPaBIICHHUS.
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Chikunov P.A. Physical and formal statement of the operative management salt producing enterprise
Abstract. Delivered and formalized in the form functional purpose of the task determine the best options of the gross output of gen-
eralized products for the season (strategic planning) and a month of the season (tactical planning). These purposes are subject to the
problem of determining the production program processing plant mines enterprises, taking into account the perturbations arising from
the current fluctuations in market conditions and the deterioration of the equipment that enables decisions to be accompanied by a
minimum costly mechanism. These functionals are different from the existing subject area and recurrent adaptation procedure that al-
lows the calculation of indicators of the production program of the company for seasonal operational management. The results will
enable design of DSS processing and mining enterprises two-tier structure, which helps expand the range of applications of distribut-
ed control systems.

Keywords: production and processing of miner salt, order book, production costs, decision support in management, operational
management.
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HOwuk O.B., I'aepvruu b.M.
Hccnenqopanne pyHknmii nepegavys MOIYJISAIUA PACTPOBBIX CKAHUPYIOIINX YCTPOCTB 3aNMCH
B HaNpaBJIeHUH ObICTPOro CKAHMPOBAHHSA

FOwux Onez Bradumuposuu, kanouoam mexnuieckux HayKk, 0oyeHm,

Taspviu boeoana Muxaiinogua, cmapuuii npenooasamen,

Yxpaunckas akademus neuamu, . Jlvo8, Yxpauna

AnHOTamusi. B pabore paccMaTpHBAaIOTCS aKTyalbHBIE BOIPOCHI MCCIENOBAHMS (YHKIMOHHPOBAHHS PACTPOBBIX CKaHUPYIOIINX
YCTPOICTB 3aIMCH B HAIPABICHUH OBICTPOTO CKAHUPOBAHHS C TIOMOIIBIO (QYHKIMH Nepeadd MOLYIIALIH.
Kniouesvle cnosa: pacmpogoe cxanupyioujee ycCmpoucmeo, cCKaHuposanue, Hanpasietue ObiCmpo20 CKAHUPOBaHUA, QYHKYU Ne-

peoayu MoOyaAYUUY.

B pactpoBeIX ckaHHpyOmUX ycrpoiictBax (mamee PCVY)
3aIIMCH, MCTOYHHK JIA3ePHOTO M3JIyYCHUs pa3BOpadlBacT-
csi BIONIb Marepruana 3amucu ((OTOIUICHKA, CBETOUYB-
CTBHUTENbHAsE Oymara, 3apspKeHHbIH (oropeunentop Wiu
GbOopMHBII MaTepuan) BPAMAIOIIUMCS  OTKJIOHSIIOIIUM

yCTpoHCTBOM  (He(IEKTOpOM), KOTOPBIH MOXKET OBITh
MHOTOTPAaHHBIM, MOHOTPaHHBIM WJIM TaJbBaHOMETPHIE-
ckuMm [1-2]. Ha puc. | mpencrasneHa ¢GpyHKIHOHATBHAS
6nok-cxema TunmyHoro PCVY 3amucu.

ToueuHbIn ~ OnTuveckas \ ~ OnTnveckas ’
- OTknoHsiowasn Marepuan
VICTOYHUK :’ hopmupylowias Mogaynstop :’ ‘thopmvpylowas :’ : :’
vanyyeHus cucTema ~ cucrema R cvicTomMa PanMc
LIAM
undpoBbIX AaH
) TEKCTOBOM 1
WNNIOCTPaLMOHHOM
UHpopMaLumn
Puc. 1. ®yakunonansHasg 6mok-cxema PCY 3ammcu
Hcrounuk JIa3CpHOI0 U3JIIYyYCHUA CKAHHUPYCT MAaTCpUall DITM (V) _ 1
3alUCH B HAINPABICHUH OBICTPOTO CKaHUPOBAHUA (X- s 2y Vv Y @
1
Hal'[paBJ'IeHI/Ie), a Marepuaja 3alrdcCu nepeMelnacTcs B 1+( 2 2c j
)

HarpaBJIeHUH MEJIIEHHOTO CKaHMPOBAHUS (y-
HaTpaBJIeHHE) NMEePIEeHANKYSIPHO K HaNpaBIEHUIO OBICT-
poro ckaHupoBaHus. JlomycTum, 4YTO Hama cHCTeMa
n300pakeHNs ABJSETCS JIMHEIHOM M, MO3TOMY, pacCMOT-
PUM XapaKTEepUCTUKH CHUCTEMBbI, OTHOCHUTEIBHO CIIa0bIX
OTKJIMKOB.

B HanpaBneHun OBICTPOTO CKAaHWPOBAHWS OCHOBHBIMHU
yXyAmamuMe dQQpexTaMr GYHKIUH Tepeqadd MOIY-
nsmn (panee OIIM) senstotes [3]: BpeMEHHOW OTKIIHK
muQpoBO-aHAJIOrOBOro mpeodpasoparers (manee LIAIT)
(BriMrOUas JFOOBIC OJIOKU YCHIJICHWS); BPEMEHHON OTKITHK
MOJIYJISITOPA; YacTOTHBIM OTKIMK Jediekropa; OmHMOKU
NepeMellIeHHsT TOYKH; OIIMOKH PpACIOJIOKEHHS TOYKH;
OomKOKN (OKYCHPOBAHUSI THKCEINs; YaCTOTHBIM OTKIHK
MaTepHaa 3ammucH.

Paccmotpum BpemenHnoi otkiauk L[AIT. IIAIT moxer
paccMarpuBaThes kKak RC-1ienouka, nepenatounas GpyHk-
LIMsI KOTOPOH MOJKET OBITh IPEICTaBJICHA, KaK

1 1)

H(w)=—"——,
(@) 1+ joRC

rae: j=+/—1, a ® — yruoBas ckopocth (= 2nf ,

f — Bpemennas wactota); R — conporupnenne u C —

€MKOCTh dKBHBaJieHTHOU nenouku. OIIM LIAIT Oynet, B
3TOM CITy4ae, aMIUIUTYI0H NepeaaTouHon GyHKINU

Tae V SBISICTCA HpOC’I‘paHCTBGHHOﬁ ‘IaCTOTOﬁ; Y, B-

JII€TCSl y4acTKOM BpeMeHHoro Hapactanus LIAII ot 10 go
90% u Vc gBnsieTcs CKOpOCThIO cKaHupoBaHusi. C apyroi
ctoponsl, ®IIM I[AIl mMoxxeT OBITH aNMpPOKCHMHPOBAHA
yacToTHOH ¢yHKuMel ['aycca

QIIM ,,, (v) = o e’ | (3)

Ha puc. 2 npusenenst cpaBuHutenbHbie OIIM LAII
paccuuTaHHBIE C HCIIOJIb30BAaHUEM JIBYX PA3JIMYHBIX MO-
neneit (ypaBHeHHA 2 U 3).

ALUmM

0,995

;

g o ——1
@ 0,985

c \ -2
g 4

=

¥

x

I 098

&

Puc. 2. ®yHxuus nepegadn MOIy ISIUH HH(PPO-aHATIOTOBOTO
npeobpasoBatens (1 — momy4deHHas coryiacHO ypaBHeHus (2),
2 — moyry4eHHasi corjacHo ypaBHeHus (3))
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PaccmorpuM BpeMeHHOHN OTKIHMK Mopmynstopa. Ilpen-
MOJIOXKHUM, YTO 1O OTHOIIEHUIO K BXOAHOMY HCTOUHHKY
CUTHaNa C UMITYJIbCHBIM OTKJIMKOM, OTIPENENIIeMBbIM HH-
TEHCUBHOCTHIO | M ciiydallHBIM MCTOYHHMKOM OCBEILEHUS,
MOJIYJATOp paboTaeT Kak JHWHEHHas WHBApHAHTHAs CH-
crema [4]. 11 raycCOBOTO CIy4aifHOTO JTyda CBETa paju-
YCOM [, MBI UIMEEM

I, =1

1,66

L 2atn) ()

0

rae: Iy — xoHCcTaHTa, VM — OBICTpONEHCTBHE MOIYIIS-
Topa, t— Bpema. ®IIM moaynsTopa, HO3TOMY, ABISETCS
®dypre-nipeodpa3oBanreM [;,BB, KOTOpoe MOXET OBITh
BBIPAKEHO KaK

@HMMMWMW ( V) _ es(v:vw)z , (5)

rie Yy, — BPEMEHHOH OTKIMK MOJYJATOpa, BhIpaxkae-

MBIM Kak
v, = /(V6-V, ), (6)

Ha puc. 3 npencrasinena ®IIM THIHYHOTO MOIYyJISTO-
pa ¢ 53-Hcek BPeMEHHBIM OTKJIMKOM JAJIS IBYX Pa3IHYHBIX
3HaueHuil V.. Kak u 0unanock, ¢ yBenTu4eHUEM CKOPO-
ctu ckanupoBanus, OIIM MonynaTopa yMeHbIIAETCS.

A

—-1
-2

PyYHKUUA Nepegain
o
%

0 22 4 6 10 i 14 16

MpoctpaHcTBeHHan Yactota (1/mMm)

Puc. 3. ®yHkuus nepegadn MOLYIALUN MOIYIIATOPA)

PaccmorpuM dacToTHBIN oTKNIMK aediexTopa. B cka-
Hepe ¢ OerymuM JIy4oM U TOOOBEKTUBHOW OMTHKOM, CKa-
HUpYIOIIas TOYKa, pa3BopadyMBaeMasl BIOJIb MaTepuana
3aIlUCH, BHAYaje MpeoMysieTcs anepTypoit aediexTopa,
a 3areM Qokycupyetcs B AU(PPAKIHOHHO OrpaHHYCHHBIN
npoduiib MHTEHCHBHOCTH. VIHTEHCHBHOCTBH CKaHUPYIO-
el TOYKHM MOJYJIUpYeTCsl BXOAHBIMU curHanamu. Hc-
MOJIb3ysl HEKOTCPEHTHBIA aHanu3 u300paxkeHuil [5, 6],
OIIM neduiekTopa MOXKET ObITh PE/ICTABIICHA, KaK aBTO-
KOppesuuoHHas (QyHKIUS NpoQuiIs aMIUIMTYABl CBeTa

nosBIIsIIoLIErocs: nocne aeduexropa A,

6bIX

m AFv AFv
_[)AZ‘W(“_Z}A“”(M2jdn, )

s (V) =

[[A, . ()]

-0

rae: M — IPOCTPAHCTBECHHAsA KOOpAWHATA B lle(i)fleKTO-

DIIM

pe, A — nanmHa BosHbI cBeTa 1 F — sxBuBanenTHOE O-
KyCHOE paccTosiHie (POKyCHUPYIOLIel ONTHKH.

Jns npsmoyronsHoi aneprypsl mupuaoit W (kak y
MTOJIMTOHAIBHOTO 3epKajia), OCBEUIAeMOH TayCCOBCKHM
HOPMAJIbHBIM JIy4OM PafuycoM I, , Mbl OyJeM UMETh

4,,.(m)=4, -e{%J . rect(vﬂvj , 8)

rae: A, - KOHCTaHTa, a rect(-) ABIAETCS NPAMOYTONb-

HOU QyHKIMEH.
[Moncrasnss ypaBuenue (8) B ypaBHeHue (7) U BBINOJ-
HUB UHTETPHPOBAHUE, MBI TOTYYHM

e,(ﬁTrv/vto)z erf [\/E (1—V/V o)}
) ‘ 1, (9)
o, (v) erf (2T,

rae: T — OTHOLICHNE MIMPUHBI alepTyphl K IUaMeTpy
Tyda

T_W (10)
2r,

V., — Hpe€aeibHas 4acTtoTa, OnpeaciisieMas Kak IIpo-

c0
CTPAaHCTBEHHAs 4acToTa IO WU nocie koropoud PIIM
paBHa HYJIIIO

v =N
c0 2r2’

erf (-) sBiseTCs (G yHKIMEH ONIMOOK.

(11)

PaccMoTpuM rpaHn4HBIE cTydan ypaBHEHHS (9).
[Ipu nynesoii yacrore, ®IIM enuHCTBEHHA.

Ipu npenensroit wacrore (V ), ®IIM nedaexropa
paBHa HYJIIO.

Hus T, = 1 (uepexpsiBaemasi aneptypa), PIIM ne-
(iekTopa MOXKET OBITh anpPOKCUMHUPOBaHA

®HMdEljnm<mnpa (V) = 1_V/Vc‘0 ) (12)

D10 wu3BecTHas TpeyronbHas DIIM s cronrHoH
OCBEILIEHHOW MPSMOYTOJILHON anepTypbl KOJUTMMUPOBaH-
HBIM JIy4oM [5].

Jnsa T ? 1 (uenepexpsiBaemas aneprypa), ®IIM ne-
¢ekropa OynmeT paBHa

DITIM o (P

segnesmopa (V) (13)

Just qudpakimOHHO OrPAHUYEHHOTO TayCCOBCKOTO
NATHA, pajguyc Jyya y aediuexropa (I,) ¥ paauyc ayda Ha
u300paxenuu (r, = 2, ) COOTHOCATCS KaK

AF
r="o

X

(14)

7k,

Ucnons3yst ypasuenus (10), (11) u (14) ®IIM ne-
(IreKTOpa MOXKHO YIPOCTHTH JI0

DIIM (v)=e2t=r

oeghnexmopa

(15)

OtoT pesynbrar uiueHtuueH PIIM rayccoBoil TOUKU
paguyca 2G, B IUIOCKOCTH U300PaXKCHHUS.

PaccmoTtpuMm BiamsgHHE OMMOOK MEPEeMENICHHS TOYKH.
[Tocne pa3BopaumBaHMA OJHOH CTPOKH CKAaHHUPOBAHHA,
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CKaHMpYIOIllee MATHO NepeMelaeTcss Ha paccTosiHue P,
(sIBIISTFOIIIEECST IIATOM pacTpa, 00paTHO MPOMOPIUOHAB-
HBIM BEIIMUWHE pa3pemaronel crmocoOHOCTH B HallpaBiie-
HUH ME/UICHHOTO CKaHupoBauus R , p=1/R, ). ®IIM

CHIDKASTCS H3-3a TAKOro JIMHEHHOIO TIEPpEMEIICHUSA U
MOYET OBITh TIpeacTaBJICHA, KaK

I rect| = |-e ' *dx
@HMm’pe,wemenwz (V) == oo p (16)
X
_[ rect| — |dx
—o0 p
Ypasuenue (16) MOKHO YIPOCTUTH 10
sin(npv)
(,Z)B]]Mp&“EWWi (V) = W =SIn C(pV) ' (17)

D10 u3BecTHas SINC-(QYHKIHMSA YACTOTHOTO OTKIHKA
ISl TUHEHHO mepeMeniarimuxcs n3oopaxenuit [3]. U3
ypaBHeHHU (17) MBI OJIyYHM, YTO Ha PACTPOBOH HacToTe
\Y paBHOH HaiikBucta

YABOEHHOU 4acToTe

s b
vy (v, =2-v, =1/p), @M craHoBUTCS paBHOH HY-
mo. OIIM 11 WecTH pa3auvHbIX 3HAYEHUH CMELIEHUS
IISITHA IPUBECHA Ha pHC. 4.

\/\g

N
HEERANNENSE:
N \\ ™~ =

NpocTpaHcTeeHHas Yactota (1/mMm)

Puc. 4. BiusiHre cMenieHus MITHA Ha QYHKIHMIO TIepeadn
moxysuud (1 —p =25 MM, 2 — p =33 MM, 3 — p =40 MKM,
4 —p=50wmrm, 5 —p =76 MKM, 6 —p =100 MKM)

PaccMoTpuMm BimsiHHME OMIMOOK PacIIONOXKEHHS ITHKCe-
nei. JlomycTUM, YTO BCE HETOYHOCTH PACHOJIOKCHHS
IIUKCENeH MBI MOXEM OIHCaTh OJUHOYHBIM CHHYCOH-
JTATBHBIM BO3MYILEHHEM (BHOparueit). @yHKuus pacmpe-
JIeNieHns] JIMHUK TI0J] Takoil BHOpaiueil MoxXeT ObITh
npejacTaBieHa Kak [3]

1(x) = 2 : (18)
na(l-4x*/a® )U2

rae: a — aMIUIMTyJa CMelleHus NukoB. Mcxons us
storo, ®IIM sBisercs Dypre-nipeobpazoBanreM (HyHK-
UM paclpeieNeH s TNHUN M MOXKET OBITh 3aIicaHa KaK

QHMPQCHOJOWCEHME (V) = JO (TCCIV) ' (19)

rne J, — gynkuus beccens HyneBoro mopsjaka nepBoro
BUZIA

TTonnmaHue BETMUMHBI CMENICHUS a B ypaBHeHHH (19)
OCHOBaHO Ha ToM, 4T0 50% moteps PIIM MoxeT CIydnT-
cs Ha pactpoBoi dactore (nimm 14% moTeps Ha "gacToTe
HaiixsucTa). [Toatomy u3 ypaBHeHus (19) me1 umeem

1,521
— e (20)
T RWp)

rae P — wmar pactpa. JTO 3HAYUT, YTO BCE MHUKCENH

JIOJDKHBI OBITh MO3WIIMOHUPOBAHEI B MPEJieNax ITOJIOBUHBI
TTHKCEIIS.

Paccmorpum BnmstHME nedoxycupoBanus Ha DIIM
nedaexropa s cirydast HETIEpEKPBIBAIOLIEHCS allepTypHl,
ncnonp3yemort B OompmmHcTBe PCY BRIBOma. Ecnu pas-
Mep Ia3epHOTO Jyda 3HAYUTEIBHO MEHBIIC MIMPUHBI
anepTypsl (T, ? 1), MPO(QHIL MHTEHCHBHOCTH (BOKYyCH-

pPyeMOro JIa3epHOTO ISITHA B IUIOCKOCTH HM300pakKeHUs
MOXET OBITh amnmpoKcUMUpoBaH QyHKIWed [aycca.
[pennonoxuM, yto Oaarogaps GhoKaaIbHOMY CMEHICHHIO,
pasMep IATHA YBEIUYMBACTCSA HA BENHMYUHY (BakTopa p, ,

KOTOPBIN onpenensiercs Kak

o =t, (21)
.

X

rae r, u I, (paBHOE 20, ) SBIAIOTCA BHE(OKYCHBIM M

BHYTPU(OKYCHBIM paJiycaMHd Jydeil, COOTBETCTBEHHO.
INockonbKy, BHE(OKYCHOE IIITHO SBISIETCS TaKXkKe (DyHK-
uueii [aycca, ®IIM nedoxycupoBanust sBISETCS TPOCTO
T"ayccoBoii ¢hyHKIHEH YaCTOTHI

(V)= 256 o)

PaccMOTpyM 4acTOTHBINM OTKIMK MaTepuana 3anucu. B
OonpimuHcTBe PCY 3ammcu MCHONIB3YIOTCS BBICOKOKOH-
TpacTHble (HOTOTEXHHYECKHMEe Marepuanbl. Ha puc. 5
npeacrasiaeHa GIIM 11 BEICOKOKOHTPACTHBIX U CBEPX-
BBICOKOKOHTPACTHBIX (POTOTEXHHYECKHX IUICHOK. YXyJ-
menne OIIM cuctemsl M3-3a MaTepuana 3aluCyd MOKHO
CUHTATh HE3HAYUTENBHBIM, T.€.

DIIM

dechokycuposanus

DIIM ..o (V) =1, (23)

=

-

a ——1
€ 0,4 -
g

=

x

I

>

€02

MpocTpaHcTBeHHan YacToTa (1/Mm)

Puc. 5. @yHkunu nepegayu MOAYIALUH HOTOTEXHHIECKUX
wieHOK (1 — BBICOKOKOHTPACTHOI, 2 — CBEpXBBHICOKOKOHTPACT-
HOM)

Paccmorpum  Teneps oOmyro PIIM  cucremsl B
HanpaBsJIeHUH ObIcTporo ckaHupoBaHus. KackamHo co-
€/IMHss TPUBEJICHHBIC BBIIIE OCHOBHBIE 3(PdeKTs yxya-
IIeHNs, MOXHO 3ammcaTh oburyio OIIM cucrtemsr B

149



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

Hanpasyienny GeicTporo ckannposanus @IIM, (Vv), kak
npousBoHyto PIIM stux apexToB
(DHM\' (V) = (DHML(AH (V) ' (DHM,\mdymmapa (V) ' @HM()(’([neKmapa (V)

h HM nepeneujenus (V : (DHM pacnonodicenus (V) ' ®HM depokycupysanus (V)

Mamepuana sanucu

. (24)

BruiBoabl. MccnenoBansl GyHKIMK Tepegadll MOIYJIs-
LMK cocTaBHBIX ycTpoiicTB PCY 3amucu. Paszpaboran me-
TOJ| OIpE/IeNICHHs] ONTUMAIBHOTO peXuMa (QYHKIIMOHUPO-
Banus PCY 3amucu B HampaBieHHH OBICTPOTO CKaHUPO-
BaHMA.
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Modulation Transfer Functions in Fast Direction of Recording Raster Scanning Devices Investigation
Abstract. The paper deals to actual questions of quick scan recording raster scanning devices research with the help of the

modulation transfer function.

Keywords: raster scanning device, scanning, fast direction scanning, modulation transfer function.
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HOwyx U.B., Osuapyk B.A., Boexooas H.H., Memnée C.I.
HccaenoBanue BIUsIHUS IHAMETPA caTypaTopa caxapHoro NpoM3BoACTBA HA NMOIJIOLIEHHE
AMOKCH/IA yIiieposia

FOwyx HUuna Bacunvesna, cmapuiuii npenodasameint,

Oguapyx Braoumup Anexceesuy, KaHOUOAM MeXHUYECKUX HAVK., OOYeHM 3a8edyiouuil Kageopoll,
Bosrooas Hamanusa Heanosna, kanouoam Qusuxo-mamemamuyeckux HayK, OOyeHm,

Memnés Cepeeil I ennaduesuu, uHiceHep-npocpamMmuch,

Kageopa ungopmamurxu Hayuonanonozo ynusepcumema nuwesvix mexnonozutl, 2. Kues, Yxpauna

AHHOTAIHSA. Pabora TMOCBAIICHA UCCICNO0BAHUIO BIIMAHUS Pa3MEPOB 060pyz1013aH1/151 JJIA caTypaluu B IpoHecce OYUCTKU HI/I(i)(by3I/I-

OHHOI'0O COKa B CaXapHOM IPOU3BOJICTBE. Pa3pa60TaHa MaTeéMaTu4ieCKasi MOACIb U MapaMETPUICCKUE CXEMBI Ul pacueTa mpouecca

Kap6OHI/ISaIII/II/I. yCTaHOBJ’IeHO, 4qTo TeOpeTI/I‘IeCKI/Iﬁ pasMep catypaTropa MEHBIIC TEX alllapaToB, KOTOPBIC HCIIOJB3YIOTCA Ha caxap-

HBIX 3aBojJaX. HachlllieHHe TUOKCHIOM yriepoaa caTypaiMOHHOI'O ra3da HEraTUBHO BJIMACT Ha KO3(1)¢)I/IHI/I6HT €TI0 HMCIIOJIBb30BAHUA.
Knioueevie cnoea: onmumusayus pacdiema, o4ucmka 0u(}7qby3u0HH020 COKa, caxaproe npouseodcm@a

Beenenne. OcHOBHas 3aqaya O4MCTKH AM(D(DY3HOHHOTO
COKa U3BECTHIO U CAaTypaIlHOHHBIM ra30M — MaKCHMAJIbHO
BO3MOJKHOE yJaJieHHe HecaxapoB U TOJyueHHE ocajka C
BBICOKMMH CEIMMEHTAlIMOHHO-(QHUIBTPAIIOHHBIMHU TTOKA-
3aTeNsAMU.

Hawubounb1iee pacrpocTpaHeHUE B 3aBOJICKOM MPAKTUKE
MOJYYWIIM TEXHOJOTHYECKUE CXEMBI XOJIOHO-(TeIIo-)
ropstaeii ouncTku Ou(Py3nOHHOTO COKa, BKIFOYAIOIIHE
npegaedexaniuio 1 KOMOMHIPOBAHHYIO XOJIOJHO-(TEILIO)
TOPSIYIYI0 OCHOBHYIO Ae(heKarutio.

Bricokoe kadecTBO MONXYHPOAYKTOB IIPH 3TOM JOCTH-
raercs Oyarogapsi HAJIMYUIO XOJMOTHOH (TEIUIoi) CTyHeHn
OCHOBHOH Jepexarnyu, Ha KOTOPOH PacTBOPUMOCTH M3Be-
CTH C TOHIDKEHHEM TeMIIepaTyphl caxapoCoAeprKallero
pacTBOpa yBEJIMYMBACTCS, HAIIPABJICHUE PEaKIUi pacTBO-
peHMS PEeayLUPYIOIIUX BEIIECTB U3MEHAETCS B CTOPOHY
oOpa3oBaHUs MaJIOOKpalIeHHBIX BemecTB. llocnemHue
XOpoIIo afcopOupyroTces B mporecce | catypamuu, mpo-
HCXOIUT WHTEHCHBHOE PAa3JIOXKECHHE XPOMO(OPHBIX CH-
CTeM B MOJIEKylaX KpacHUTeledl C OIHOBPEMEHHBIM
YMCHBIICHUEM [[BETHOCTH, a TIPH HarpeBaHUHU XOJIOJTHOTO
Je(peKOBAHHOTO COKa, BCIICICTBUEC YMEHBIICHHS PacTBO-
PUMOCTH H3BeCTH, 00pa3yeTcsl MEepeChIIEHHBIH caXapo-
U3BECTKOBBIM PACTBOP, KOTOPBIM IIPU AJbHEHUIIEM CaTy-
PUPOBAHHUHU TPOXOAMUT CTATUIO T'eJis, UMEIOILIEr0 BHICO-
KHe aJICOPOLIMOHHBIE CBONCTRA.

Ho npu ounctke nn¢¢y3HoHHOTO COKa IO CXeMe € XO-
JIOJHO- (TEIUI0-) Topsiueii OCHOBHOM nedeKaliieil He Bce-
I7la JOCTUTal0TCs OJTHOBPEMEHHO BHICOKOKAUYECTBEHHBIE U
CeIMMEHTAMOHHO-(OMITbTPAIHOHHBIC TIOKA3aTEIIH.

OmvH W3 paguKalbHBIX METOJIOB YIIYUIICHUS (IIIb-
TPaLMOHHO-CEAUMEHTALMOHHBIX CBOMCTB Ocaaka — Mpe-
carypaunoHHas oOpabotka. [ToaToMy B mpoM3BOJCTBEH-
HOHM TIpaKTHUKE, 0COOEHHO 3apyOeKHBIX CTpPaH, HOIYYHIIN
pacupocTpaHeHHE CXEMBI OYHCTKH, e VIS IMOJTyYeHHS
ocagKa C XOPOUIMMHU CETUMEHTAI[IOHHO- (IIBTPAIHOH-
HBIMH CBOWCTBaMH HPUMEHSIOTCS IpeaaederocaTypanus
WIN TpeaBapHuTedbHas naedexarnus B KOMOMHAINU C
npennedekocatypamnuei. B pesynbrate BBICOKOMOJIEKY-
JISIpHBIC BEIIECTBA M BEIIECTBA KOJUIOWIHON ANMCHEPCHH
KOaryJupyrT ¢ OJHOBPEMEHHON nerujpatauuved u aji-
cOopOMpYIOTCSI Ha MOBEPXHOCTH 00pa30BaHHBIX KPUCTAJ-
JIOB KapOOHATa KaJbIHA.

[NepcniekTHBHBIME CcOCOO0aMU OYUCTKH au(D(Hy3UOH-
HOT'O COKa, KaK C TOYKH 3pCHHS MaKCUMaIbHOTO 3ddekra
OYHCTKH, TaK U (GOpMHUPOBaHHS XOPOUIUX (PUIBTPALUOH-
HO-CEIMMEHTAIMOHHBIX CBOMCTB OCajKa, SBISIOTCS CXe-
MBI C OT/IEJIEHHEM OCHOBHOM Macchl KOaryJsita Hecaxapos
10 OCHOBHOH nedekanuu. [loBeieHne 3¢dekTuBHOCTH
OYUCTKH TIPU 3TOM OCHOBAaHO Ha HEIONYIICHHH PaCcTBO-
peHHs ocamka B Ipollecce OCHOBHOW Aedekanuu U 1o-
BEIIICHIH 3P GEKTUBHOCTH MpOBeAeHUs | caTypanuu Ha
YICTOM OCaJKe KapOoHaTa KaJbIus.

Ha caxapHpIX 3aBojax pEKOMEHAOBaHAa B MIMPOKOE
BHEAPCHHUE TEXHOJOTHYECKas CXeMa OYHUCTKH Iudpy3u-
OHHOT'O COKa C IPOIPECCUBHOM mpeziedekarueid, KoMOu-
HUPOBAHHOW OCHOBHOW nedekaruel, aedexaruei nepes
I carypanueil ¢ peuupKyiasnueil BCel CryIEHHOW cyc-
neH3uu coka Il carypauuu BMecTe ¢ 4acTblo HEQHILTPO-
BaHHOTO coka | caTyparuu Ha npeiedexanuto.

Matepuanbl u Meroabl. Ha xadenpe mHpopmaTtuku
(HYXT, r. KueB) mpoBenena paboTta Mo ONTUMH3AINA
mporecca pacueTa OOOPYIOBaHUS, IpETHA3HAYEHHOTO
JUTSL TIOTJIOMIEHAS TUOKCHAA YIIIepoa ¢ IeNbI0 HeHTpau-
3alUU THIPOKCUIA KAIBIHS IpU ouncTKe nuddy3nonHO-
TO COKa B CaxapHOM IPOH3BOJICTBE.

C oroii 1enpi0 ObUTa pa3paboTaHa MaTeMaTHUECKas
MOJIEJIb pacueTa TEXHOJIOTHYEeCKOro Tpoliecca caTypalyy,
napaMeTpuueckasi cxemMa KOTOpOil mpuBeieHa Ha puc. 2.
Ha mepBoii carypanuu ¢ ydactheM KapOOHaTa KaJbI[Us
3aBepuIaeTcss (pOpPMUpPOBaHHE OcCajIKka C HEOOXOIUMBIMU
JUISL €T0 OTAEJIECHUs CEJIMMEHTALMOHHBIMUA U (UIIbTPAIH-
OHHBIMH CBOWCTBaMH.

Ha xomudecTBO ymaJeHHBIX W3 COKa Ha IEPBOU caTy-
pauuy HecaxapoB aJcopOIMell M COKpPHCTaJUIM3aluei,
Hapsily ¢ 3aTpaTaMy M3BECTH, 3HAYMTENILHO BIHSIOT CIe-
JYIOIHE MapaMeTphl:

- COJIep)KaHMEe THIPOKCHAA KaJbLUs B COKE BO BpeMs
KpHCTaJUIM3alMK KapOOHATA KaJIbIIHS;

- TeMIieparypa;

- CKOPOCTb TIOTJIOIIEHHUS TMOKCHUIA YTIIEPO/Ia;

- TUIONIA/b TIOBEPXHOCTH U BEJIMYMHA 3apsijia YacTUI] Kap-
OoHaTa KajbIlus,

- TUHEWHAasT CKOPOCTh KPHCTAIUTH3AalUU KapOoHATa Kaib-
s | Jp.
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Puc. 2. [Tapamerpuueckas cxeMa MaTeMaTHUeCKOH MOJieNu pacueta ckopocty noroienust CO, B catyparope, rae D — nuamerp
catypatopa, M; H — ypoBeHb coka B armapate, M; GZ — MOIIHOCTb 3aBOJIa, T/CYTKH; TeMIepaTypa mpoiecca, 'C; S — caxapicTocTh
coka, %; CaO — pacxop U3BECTH Ha OUUCTKY, % K M.c.; C — copepxkanue CO, B caTypallloHHOM rase, %; Kc — crenenp ucnomnb3osa-
Hust COy; Ac — HavyanbHas koHIeHTpalus CO,; pS — INIOTHOCTh COKa, KT/ pc — m1oTHOCTH CO», KI/MS; VS — KHHEMaTHYecKast BA3-
KOCTh COKa, M%/C; GS — IOBEPXHOCTHOE HATSKEHIE Ha TIOBEPXHOCTH pazaena a3, H/m; Ub — ckopocTh BCIITBIBAHS ra30BbIX ITy-
3BIPBKOB, M/C; EW — sHeprus akTusammi, [Ix/mMoib; Bca — KOHIEHTpAIHs THAPOKCH/IA KabIlis B COKe, KMOIb/M°; Ko — koahdmuitu-
€HT CONPOTHUBIICHUS IIPU MaccoTnaue; Kz — koapduiment conepxanns caxapa; g0 — yckopeHHe CHIIBI TshKecTH; Mca — MOJIeKyIsp-
Has Macca CaO; Mc — monekynspHas macca CO,; K18 — koHCTaHTa CKOPOCTH peakiuy npu Temneparype 18 °C; o - K03 uIeHT
pacmmpenns; Pa — atmocdeproe nanenue; R — yauBepcanbHas ra3oBas noctossHHas; A, Al — ko3¢ dunueHTsr; G — MOITHOCTS 3a-
BOJIA, KI/C; 1S — IMHAMHUECKas BA3KOCTh coka, (H-c)/M?%; He — nocrosianas [enpu; Pp — mapimanbHOe [aBieHue BOISHOTO mapa,
MlIla; Ca — pacxon u3ectr, Kmons/c; Vn — konmmdectBo CO, s HEHTpaau3aluy H3BECTH, m%/c; VC — 0ObEMHBILI pacxon caTyparu-
OHHOTO Ta3a C YUETOM TEMIICPATYPEL, JABICHIS U CIABIHBAHKS CIOEM COKa, M>/c; DC — koahdumuent muddys3us IHOKCHIa Yriepo-
ma B coke, M?/c; Kp — kostdumuent Maccotmadm, M/c; Ap — pactBopumocts CO, B BOXHOM pacTBope caxapossr, Kmoms/m>; We —
ckopocThb noronieHus: CO, eIOYHbIM COKOM, Kmoms/m®.

BrlIcokuii mokaszarens CTENEHH UCIONB30BAaHUS JUOK-  Pacxoja U3BECTHsAKA, TOMIMBA M DHEPIUU, 3HAUUTEIHHO
cuna yrieposaa obecriednBaeT paboTy 3aBosja 0e3 mepe-  ynydmlaeT yIpaBlieHHE IEpBOW caTypaiuen.
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Ha ctenens ucnonb3oBaHMs TUOKCHAA YIIepoJa BiIH-
SIFOT CJIEAYIOIIME TapaMeTphl:

- coJlepKaHMe THAPOKCHAA Kalblisi B COKE, KOTOPBIH
HaxoJuJcs B caTypaTope;

- IOBEPXHOCTH pazfieia MeXKAY COKOM U Ta3oM;

- HHTCHCUBHOCTH TIEPEMEIINBAHUS COKa H Jp.

KoneuHoii nienpro 310l paboTHI ABISETCA TOCTHKCHHE
ONTUMAJIFHOTO 3HAYCHUS AMaMETpa caTypaTopa B 3aBH-
CHMOCTH OT COAEp)KaHWS TUOKCHIA yTriiepoia B caTypa-
IIHOHHOM Ta3e.

Pe3ysbTaThl. BBUIO YCTaHOBIEHO, YTO MPU CHUKEHUU
coJlepXaHus JUOKCUAA yriepoja B caTypallMOHHOM Trase
10 20% cTeneHp MOTJIOIIEHUS BO3PACTaeT MPUMEPHO A0
70%.

IIpu onTumuzanuu Obla yyTeHa B3aMMOCBS3b Iepe-
YHCICHHBIX IapaMeTpoB Ipoliecca U CHAelNaH KOHTPOJb-
HBII pacueT. [1o TaOMUYHBIM TaHHBIM MOJYYCHEI ypaBHE-
HUS1, UCNIOJIb30BaHHbIE B MaTeMaTHYeCKOi moaenu [1].

OTO BeNMYMHA MOCTOSHHOM ['eHpu 1 TeMmmeparyp B
npenenax 20 — 90 °C, kotopas onpeznemnsercs Mo Gopmy-
Jie, TIOYYCHHOW METOAOM HaWMEHBIITUX KBagpaTOB C ab-
COJIIOTHO# MOTPEITHOCTEI0, KOTOPasi cocTaBiser 8- = 1,6 -
10

He=1,654-10"t* —9,162-10°t+0,157 ()

U 3Ha4YeHHEe JIMHAMHYECKOH BA3KOCTU COKa, IOIYy4YeH-
HOH 0 annpoKCHUMHUPOBAHHOH (opMyne co cpelHeKBai-
paTmudeckoii morpemHocTsio 8- = 5,38 - 107

4 =2-107t* —3,8-10°t +2,27-10° (3)

0,009 -
g 000085 A
)
50,0008
B =
g= 00073 % e WH30
55 oo e e WHIS
&
B¥ opones —+— WH2ZD
S
20
0 0,0006
v 0000ss
10,0008 :
20 25 30 35
Copepoxarme ('O B carypamorHoM raze, %

Puc. 1. 3aBucumocts ckopoctu nornomenus CO, ot ero co-
JIeprKaHus B caTypallMOHHOM ra3e U quamerpa ammapara (WH30
— 3 m; WH25 - 2,5 Mv; WH20 — 2 m).

BruiBoabl. PesynpraToM paboThl sIBISIETCS OIpeAeste-
HHUE TOT0, YTO TEOPETHUECKHI pasMep caTypaTopa MEHb-
1Ie TeX amnmnapaToB, KOTOPBIE UCIONB3YIOTCS Ha CaXapHbBIX

3aBoJlaXx M U3MeHsercs oT 2,5 1o 2,1 MeTpoB ¢ yBenuue-
HHUEM COJIepKaHUs THOKCHIA YIIIEpoia B CaTypallHOHHOM
ra3e. HaceimeHne AHOKCHIOM YyTiiepo/ia caTypalHOHHOTO
ra3a HETaTHBHO BIUSACT Ha KOA(PQHUIMEHT €ro HCIOIB30-

BenuurHa paBHOBECHOTO MAapIHaIbHOTO JABICHUS BO-

JITHOTO T1apa, KOTopasi OMpEeAessIeTCs 10 YPaBHEHHUIO, MO0-
9 2 _

JY4CHHOMY ¢ aOCOJIFOTHOW morpemHocteio &° = 4.818 -

10°
aHust. C yBelIM4eHHEM coJieprKa CO; Braze a pa-
P=2,48-10"t%-2,0613-10%t + 0,5252 2 Bamil, * yBCMITICHICM CONCPAMINA °Jz B rase B 25a p
(2 3a 3()(H)EeKTUBHOCTH €0 KCIOJIH30BAHUS YMEHBIIIACTCS Ha
25% (puc. 1).
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lushchuk 1.V., Ovcharuk V.O., Vovkodav N.I., Metlov S.G. Investigation of the influence of the diameter of the saturator for
the absorption of carbon dioxide in sugar production

Abstract. The main task of cleaning of the crude juice by lime and kiln gas — the maximum possible removal of various nonsugar
components and receive deposit with high sedimentation and filtration performance. One radical methods to improve the filtration-
sedimentation properties of deposit — before carbonation treatment. Therefore, in industrial practice, especially in foreign countries,
were spread purification and where to get sludge with good sedimentation, filtration properties used predefecosaturation or previous
defecation in combination with predefecosaturation. As a result of macromolecular substances and substance coagulated colloidal
dispersion with simultaneous dehydration and adsorbed on the surface of the formed crystals of calcium carbonate. The Department
of Computer Science (NUFT, Kyiv) work on optimization calculation process equipment intended for the absorption of carbon diox-
ide with calcium hydroxide to neutralize cleansing crude juice in sugar production. For this purpose was developed a mathematical
model calculation process carbonation. The first carbonation of calcium carbonate with the forming of deposit required for its isola-
tion sedimentation and filtration properties. Resulted in a determination that the theoretical size saturator lower than those devices
that are used in the sugar factories and varies from 2,5 to 2,1 meters with increasing content of carbon dioxide gas in carbonation.
Saturation with carbon dioxide gas carbonation negative impact on rate of its use. With the increase of CO, in the gas twice the effi-
ciency of its use is reduced by 25%.

Keywords: optimization of calculation, purifying crude juice, sugar production.
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Apminko A.B., bazincokuii M.IO., IIpuxoovko /1.C.
Buo6ip nporpamzoi niiargopmu sik 3aci6é miaBuIeHHs] pecypcHOI epeKTUBHOCTI Ta
AUHAMIYHHMX XapaKTePUCTHK BOYAOBAHMX CHCTEM PeajbHOI0 yacy

Apwminko Anopiii Bacunvosuu, cmapuiuil uxkiaoay,

Yepracvkuil Hayionanvruil yHisepcumem imeni boeoana Xwenvnuyvkozo, Yepracu, Yrpaina.
bazincoxuii Maxcum FOpitioguy, HesanedxcHuil 0ocnionux, Yepracu, Ykpaina.

Ipuxoowvko [Imumpo Cepeitiosuy, acnipanm,

Inemumym npobnem mamemamuunux mawun i cucmem HAHY Yxpainu, Kuis, Yxpaina.

AHoTanisi. Po3risiHyTO 1po6ieMy BIUIMBY BHKOPHCTAHOI IporpaMHoOl IuaTGOopMH Ha IIBHAKICTH (DYHKIIOHYBAaHHS MOJIEIHHO-
OpIEHTOBAaHHX JOAATKIB Y BOYZOBaHUX CHCTEMaX PEabHOTO Jacy. 3arpoIlOHOBAaHO MOXKIIMBI BapiaHTH Ta KPHUTEpil OIHKH e(heKTHB-
HOCTI ii BUpimeHHs1. Bu3HaueHo mepcnekTuBHI 3aco0u IporpaMHoi peamizamii 3aiadi 3MiHN Mozenei. Po3po0i1eHo MeToUKyY KilbKi-
CHOI OLIIHKH 3alPONOHOBAaHUX METOIB 1 3ac00iB. 3 BUKOPHCTAHHAM MOJIENeH JBOX TUIIB (CHHTETUYHUX Ta 3a MeTogoM MI'YA) ekc-
MEPUMEHTAIBHO JIOCIIHKEHO BIACTHBOCTI IHTEPIPETATOPiB CKPUNTOBUX MOB, MexaHi3my DLL i cepenoBuina Matlab sik 30BHIIIHBO-
ro iHCTpYMEHTY 3a0e3neueHHs 3MiHl MoJieneil. UucebHi OLIHKH, OTPUMaHi 3a 3alPOIOHOBAHOI0 MOAEIII0 0OPOOKH eKCIIEpPIMEHTa-
JBHUX JAaHUX, 3aCBIMUMIIM BUCOKHMI MOTEHINaN cKpunToBoi MoBU Lua Ta iHTepmperaropa LuallT. [logano iHTepmperanito oTpumMa-
HUX Pe3yJIbTaTiB CTOCOBHO Psly MOJIeNeH, aKTyalbHUX y CHCTEMaX IHTEJeKTyalbHOTO KepyBaHHs, IPEACTAaBICHO PEeKOMEH ALl 10
3a0e3neYeHHs] ONTHMAIEHOTO BUKOPHUCTAHHS pO3pO0IICHHX METO/IB 1 3aC00iB y BOY/IOBaHHX CHCTEMax YIIPaBJIiHHS PEaTbHOTO Jacy.
Knwwuosi cnosa: moodens, kpumepii eghexmugnocmi, 66y008aHi cucmemu, CUCMEMU PEANbHO20 YACY, MOOEIbHO-0PIEHMOBAHE

YNPAGNiHHA

OfHi€r0 3 XapaKTepHUX TEHICHINH CYy4acHOrO eTamy pos3-
BUTKY CHUCTEM KEpYBaHHSl TEXHOJIOTTYHUM OOJaIHAHHIM
Ta BUPOOHUYMMH CUCTEMaMHU € BIIPOBAPKCHHS B KOHTYPHU
YOpaBIiHHS KOMIIOHCHTIB 3 IHTENCKTYaTbHUMH (PYHKITis-
mu. HoBa fKICTh cHCTEM KepyBaHHS MOTpeOye BIIpOBa-
JOKEHHS e(DeKTHBHUX apXiTeKTYpHHUX pIlIeHb SK HA ama-
paTHOMY, Tak i Ha MPOTPAMHOMY pIBHAX peami3amii 3
OTJISITy Ha 3pOCTaHHS OOCSTIB Ta CKIATHOCTI iH(popMa-
IAHUX MPOIECiB, BUMOT JO IXHIX YaCOBHX MapaMeTpiB.
OpHuM 3 pillleHb y KOHTEKCTI 3a3HaueHoi mpoOiieMu €
MOJIETIbHO-OPIEHTOBAHMH MIAXi 10 CTBOPEHHS CHCTEM.
BiH nepenbayae BUKOpUCTaHHS HA BCiX eTanax (yHKIIO-
HYBaHHSI CHCTEMH BEJMKOI KUJIBKOCTI MoOeiel pi3HOro
NpU3HAYCHHS Ta CTPYKTypu. Jlns 3abe3neueHHs: reHepy-
BaHHS, TPAHCIOPTYBAHHA, 30epiraHHs Ta BUKOPHCTaHHS
aKTyaJIbHUX Ha KOHKDETHOMY €Talll iHTEJIEeKTyaJbHOTO
aHaJi3y Ta NMPHUHHSATTS pilleHb MOJEINeH, y 3arajJbHOMY
BUIAJKY, NMOTPIOHO JOCSTaTH BHCOKMX ITOKa3HWKIB HPO-
JTYKTUBHOCTI ~IpOrpaMHO-amapartHoi iHdpacTpyKTypH.
JlaHa BUMOTA NOCHIIIOETBHCS Y 3B SI3KY 3 OCOOJIMBOCTSIMU
apxiTeKTypu Ta (GYHKIIOHYBaHHS BOYMOBaHUX CHCTEM
peasbHOrO Yacy sIK THIIOBOT IIJIbOBOI IIATGOPMH TPOMHU-
CJIOBHX CHUCTEM IHTEJIEKTYaJIbHOTO KepYBaHHS. 3BaXKat0uu
Ha MOTEHUIHHY CKJIQJHICTh MIATPUMKH alropuT™miB (QyH-
KIL[IOHYBaHHs CYYacCHHX IPOLECIB KepyBaHHS Ha TEXHid-
HOMY PiBHI, aKTyaJIbHUM 3aBJaHHSIM € MOLIYK HOBHX Me-
TOJIOJIOTIYHUX PIlIeHb 3a0e3NedeHHs] pecypcHOi eeKTH-
BHOCTI Ta HEOOXIJIHUX TUHAMIYHHX XapaKTEPUCTHUK CHC-
TEM KEpyBaHHS peajbHOTO 4Yacy, a TaKOX JOCIIPKCHHS
XHIX BJIaCTHBOCTEH.

Hamu npoBoamnmch OCHIIKEHHS, CIPSIMOBaHI Ha
MOITyK e(peKTHBHUX PillleHb y Tally3i IIarHOCTUKH Ta Ke-
PYBaHHSI TEXHOJOTTYHUMH MOJYJISIMH BHCOKOEHEPreTHd-
HOT 00poOku matepianis [1, 4, 6]. Bymo 3anpomnonoBaHo
MeTo (hopMyBaHHS MOBEAIHKOBOI CTpaTerii iHTEIeKTya-
JBHOTO BUPOOHWYOTO MOJIYJIS, SIKM Oa3yeThCcs Ha ajxar-
Tarii BUpOOHWYOI CUCTEMH MUIIXOM Moaudikarii Moaeni
YIpaBIiHHA NPH 3MiHI MPOrHO3Y i (YHKIIOHYBaHHS Ha
OCHOBI EKCTPEMAJILHOTO NMPHUHIMIY KepyBaHHS IIILOBUM
napamerpoM [6]. ExcniepumenTH, mpoBeleHi Y MOAENb-
HOMY CEpeNIOBHINI, NPOJAEMOHCTPYBAIM XOpomly 30i%k-

HICTh PE3yJIbTATiB Ta MIATBEPAWIH TiNOTE3y MPO ITiJABH-
mieHHs epeKTUBHOCTI (YyHKIIIOHYBaHHS BUPOOHUUOI CHC-
TEMH TIPH 3aCTOCYBaHHI B TPOLECi BUPOOJICHHS MOBEiH-
KOBHX CTpPATEeTiil IHTEIEKTyaIbHOTO MOAYJISI METOMIB OI-
TAMI3arii [4].

VY sKoCTi KaHaTy OTpUMaHHS MiarHOCTHUYHOI iH(popMa-
mii mpo mepedir TeXHOJOTIYHOTO MPOIeCy Ta CTaH KOM-
MTOHEHTIB BUPOOHMYOI CHCTEMH IOCITIKYBaBCS Bi3yajb-
HHUM KaHAJl CIIOCTEPEKCHHS 3a 30HOK0 TEXHOJIOTIYHOT [l
[1]. Byno BcTaHOBIEHO, IO Bi3yaJIbHUH MOHITOPHHI Mae
3HAYHUI MMOTEHIiaN, 30KpeMa — JuIi 3a0e3nedeHHs Oara-
TONApaMETPUYHOT0 aJANTUBHOTO KEPYBaHHS IPOLIECOM
€JIEKTPOHHO-TIPOMEHEBOI'0  3BapIOBaHHS Ta BHUKOHAHHS
KOHTPOJIbHUX TPOLENYpP 3 METOI BHM3HAUEHHS OIIHOK
SIKOCTI BUPOOY, OCKUTBKH METOIM Bi3yawi3allii J03BOJIs-
I0Th Ha OCHOBI OTPUMAaHHUX 300pa)KCHb BUALINTH TEXHO-
JOTIYHO 3Ha4MMi apTeakTH Ta OTPUMATH JIOCTATHHO
IIMPOKHA Habip 03HAK MPOLIECYy.

TeopeTnuHi TOCTIDKEHHS Ta MPAKTHYHI PE3YJIbTATH B
raiay3i KepyBaHHS BHCOKOCHEPIeTHYHHMH TEXHOJIOTid-
HUMH TMPOIECAMU 3 BHUKOPHCTAHHSIM MaHHUX Bi3yauisariii
[2, 7] cBiguarh NMpO METONOJOTIYHY NPHHHATHICTD Ta
e(eKTUBHICTh 3aCTOCYBaHHsS MOJIEJILHO-OPIEHTOBAHOTO
X0y O CTBOPCHHS CHCTEM TaKOTO THITY, OCKUIBKH
BUHUKAae 10Tpeda y BHKOPHCTaHHI MoJeJel peanisaril,
NPOTHO3YBaHHS Ta BIJIHOBJIEHHS. Y 3alPOIOHOBAHUX Ha-
MH METOAI YIpaBJIiHHA 31 3MiHOIO cTpareriii [6] Ta Ha-
npsiMax BHKOPUCTaHHS METOXIB Bizyamizauii [1] 3a3Haue-
HUH MiXiJ TaKOXK € HaJ[3BUYAHO aKTyaJbHHM 3 OTJIIAY
Ha BUKOPHCTAaHHS PI3HOMAHITHUX MOJIENEH, THII Ta CTpY-
KTypa SKHX MOXXE iCTOTHO 3MiHIOBAaTHCS BiJOBIZHO 10
MTOTOYHOI cTpaTerii KepyBaHHs, BUOOPY amapaTHUX 3aco-
0iB BiJlCOMOHITOPHHTY, LiJeH, METOIIB i MapaMeTpiB Bi-
3yaii3allii, MeToay MporHO3yBaHHs ToImio. [Ipore oTpu-
MaHI HayKOBi pilIEHHS MalOTh CYTTE€BY UYTIHMBICTH IO
croco0y TeXHIYHOi peanizamii Ha TMpOTpaMHOMY Ta ama-
paTHOMYy piBHSX, SKa OOMEXYe€ MOJMJIMBICTh IXHBOTO
BIIPOBA/PKEHHSI BHACITIJJOK OOMEXEHb KOHCTPYKTOPCHKO-
TEXHOJIOTIYHOTO T4 EKOHOMIYHOTO XapaKTepy.

MeToro naHol CTaTTi € JOCHIIKEHHS METOIB Ta 3aCO-
01B ITiABHIIEHHS PECYPCHOI €()EeKTUBHOCTI Ta JTUHAMIYHUX
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XapaKTEepUCTUK BOYIOBAHUX CHCTEM PEaJbHOIO 4acy 3a-
751 MiHIMI3anii BUMOT 110 anaparHoi riatdopmu ta 3a6e3-
TIEYCHHs CepeoBUIa (PYHKIIOHYBaHHS NPOLEIYp iHTe-
JIEKTYaJbHOTO KepyBaHHS.

Cepen MOXIHUBHX (haKTOPIB MiABHUIIECHHS €()EeKTUBHOC-
Ti (QYHKIIOHYBaHHS CHCTEM 3 KPUTHYHUMH ITapaMeTpaMH,
ONTUMAJIEHUIA BUOIp TporpaMHOi miatopMu € OJHUM 3
BU3HAYAIBHUX AJISI PECYPCHOTO 3a0€3IEUCHHS, IBUIKOC-
Ti Ta MOXIUBOCTEH OOCIyrOBYBaHHS IIPOIECIB CHHTE3Y,
30epiranHs, PO3TOPTAHHSA/3TOPTAHHS, TPAHCIIOPTYBAHHS
MoJieNiell KepyBaHHS B CHCTEMax 3 IHTENEKTYaJbHUMHU
¢yukuisimu. [Ipore pi3HOMaHITTS THIIB MaTeMaTHYHHUX
MoJieJiell IHTEIeKTyaJ IbHOT0 KePYBaHHS Ta METOJIB 00po-
OKM IaHMX PI3HOI CTPYKTYpU Ta NpPU3HAYCHHS, Cepen
SKHX METOAW TPYIOBOIO YypaxyBaHHS apryMEHTIB
(MI'VA), Teopii irop, Teopii aBTomariB Ta iH., CTaBUTb
MIUTaHHSA CTOCOBHO METOAMKH fK IIOJO HMOPIBHSIHHSA ede-
KTUBHOCTI OKPEMHX CEpeIOBHIN Ta 3aco0iB, Tak i 1010
iXHBOT MPUHHATHOCTI YIS 33134 3 MOAEISIMU IIEBHOTO TH-
my. Y XOHi MOCHIKCHHS HAMH PO3TILINAINCST MOXIUBI
BapiaHTH B3a€EMOJIIi MaTeMaTHYHUX CEPEIOBUIN i MIPHUKIa-
JTHUX CHUCTEM, CIIOCOOM MpeICTAaBICHHS MOJIENei, MeXaHi-
3MHU 3aMIHM MOJEJeH YIpaBJIiHHSI CHCTEM KepyBaHHS B
peajspHOMY MaciuTadl yacy; BU3HAYAJMCS KPUTEPIi KiJb-
KiCHOT Ta SIKICHOT OILIIHKKA MOJIeNel Ta iX METpUYHI Xapak-
TepucTUkd. [Ipyu 11bOMY OOMEKEHHS Ta ONTUMAIIBHICTh
TOIIOJIOTIi CHCTEM KepyBaHHs HE PO3TJIISIAIIUCS.

AHali3 iCHyIOUMX TEXHOJIOTIH TO3BOJHUB BHSBHUTU Ki-
JbKa TIEPCHEKTUBHHUX JUIS BIPOBAPKCHHSA y BOYZOBaHI
CHCTEMH PEaJbHOTr0 Yacy 3aco0iB IIBUAKOI 3MIHHM Moje-
JeH ynpaBiiHHSA. BpaxoByBanmocs, o 3MiHa MOJIeNTi MOXKe
3IIACHIOBATHCS K 3aMiHOIO TTapaMeTpiB MOJIENI, TaK i 3a-
MIHOIO BJIacHe MoJelli. Y TepIoMy BHIMAIKy MOJENIb MO-
e OyTH HalucaHa Ha MOBI POrpaMyBaHHSI BUCOKOTO pi-
BHSI, CKOMITUIbOBAHA MiJl apXIiTEKTypy BHKOHABYOTO MPH-
ctporo Ta 3ammta B [13I1 BuKOHaBLs, a iHpOpMALisl PO
rapameTpy MOJIeNi MOXKe HaJIXOAUTH 13-30BHI 10 KaHallaX
3B’SI3Ky BiJ| KEpPYIHYOro MPUCTPOIO [0 BUKOHABYOIO.
[MpakTryHa peanizaiist y IpyroMy BHIIAJKy HE € HaCTLIb-
KA TPHBIABHOIO, OCKIIBKH Pi3HI MOJETI MOXYTh MaTH
KapJAWHAIBHO Pi3Hi CIIOCOOM peaisarii, a iX y3araJibHeH-
HS 1 TIOIIYK cIoco0iB yHI(IKAIIl U peIcTaBIeHHS Pi3-
HUX BHUJIB MOJIENI Yepe3 OJTHAKOBHH iHTepdeiic He 3aB-
KT MOSKJTUBI.

CepenoBuiiie (HyHKIIIOHYBaHHS MOJACTI MOXKE OyTH 3a-
OesrieueHe SIK peayizalli€clo BIACHUX IHCTPYMEHTIB MJIs
CTBOPEHHS Ta BiJIpAIfOBaHHA MOJeJel B MacmTabax pe-
AIBHOTO Yacy, TaK i BUKOPHCTaHHAM CTOPOHHIX ampo0o-
BaHUX pIIIEeHb, AKi 3a0€3MeUyIOTh OTPUMAHHS MOJEIeH
3amaHoi skocTi. B TakoMmy BHmaaky amns iHTerpamii oTpu-
MaHUX MoJieJell y BUKOHaBUi MPHCTPoi HEOOXiHO Junie
CTBOPUTH IHCTPYMEHTH OOMiHY MDXK Cepe/lOBHUIAMH Te-
Hepauii Ta BinpaioBanas Mojeneil. Tak, MareMaTHuHni
naker Matlab € pocuTh MOTY)KHMM, Hagae 3pydHHH pi-
BEHb a0CTpaKIil Ui BUPINICHHS 3a/1a4 Pi3HUX TUIIB, Oa-
raToBapiaHTHUHN Y B3a€MOJII CepeIOBHIIA i3 30BHINIHIMH
mporpamamu. OnHak mepeBarum Matlab B mHagiiiHOCTI Ta
3abe3meueHocTi 3acobamMu poOOTH i3 CKIAJHUMH JaHUMHU
HIBETOIOThCS TpoMisakicTio (motpedbye O3I1 BuKOHABYO-
ro npuctpoio obcsirom 1204 MB) Ta HE0OXiIHICTIO BUKO-
pucTaHHs BipTyajdbHOiI MamHu Java. ToMy MOXIIHBIiCTH
BuKopucTaHHs Matlab y BOynoBaHuX cucTemax peaibHO-
'O Yacy € JOCHTh CYMHIBHOIO.

AJNBTEpHATHUBOIO € BHUKOPHCTaHHS CKPUNTOBHX MOB,
SIKI 4acTO 3aCTOCOBYIOTHCS SIK 3aci0 po3IIUpeHHsT QyHK-
IOHAJIBHOCTI pOorpaMHuX 3aco0iB. Posrsnanucs Python
ta Lua. Python € cranmapTHUM KOMIIOHEHTOM *nixX cuc-
TEM 1 XapaKTepHU3yEThCS HASABHICTIO YMCICHHNX 0i0ioTeK
1 MOomymiB Ui BHKOHAHHA pi3HUX 3amad. Cepen HUX —
Sage, sika € BIIKPUTOIO MaTeMaTHYHOIO 0i0TI0TEKOI0 s
Python [9] i1 iHKONIM BHKOPHCTOBYETHCS SK BIIBHUHA 3a-
MiHHUK Matlab. BpaxoByroun me, Python moxe Oytm
a/IeKBaTHOIO allbTepHaTHBOI0 Matlab B muraHi 06poOku Ta
aHai3y AaHUX, CTBOPEHH: Mozenei. Pazom 3 TumM, iHTEp-
npetarop Python moxe OyTH BUKOPHUCTaHHI K BUKOHAB-
YUl eNeMeHT po3polieHux Mozerned. Baprto BiamiThTH
MOJKJIUBICTh BUKOPUCTaHHS MOBH JUIs BOYJOBaHHX CHUC-
TEM, OCKUIBKH JOCTYITHUM € BUXIJIHHUH KOJ, SIKHH MOXXe
Oyru 3i0panmii min HeoOximHy muiardopmy. Lua, sk i
Python, € BimkpuTOIO MOBOIO 1 Ma€ MOCTYITHY IPOTPaMHY
peaizamiro. s pobotr Lua BUKOPHCTOBYE KOMITIIATOD B
0aiiTKox 1 BipTyasIbHYy MaIMHY IS BUKOHAHHS 3T€HEpO-
BaHOro OaiiTkony. s maHoi MOBH po3poOIICHO iHTEpI-
petarop LuallT, sxwii 3a0e3medye yMOBH IS BHKOHAHHS
HPOTPaMHOTO KOy 3 BEJIMKOIO IIBUKICTIO Ta MOXe OYTH
BUKOPHUCTAHUM aJ1st KpuTHuHKX 3a1ad [8]. JloGporo mepe-
JYMOBOIO BHKOPUCTaHHS Y BOYZOBaHUX CUCTEMaX € KOM-
MaKTHICTh peaiizaimii moBu. Ha BimMminy Bix Python, mms
Lua He CTBOpEHO Takoi BEJNUKOI KiJIbKOCTI 010110TeK, TO-
My peaizalilo YaCTHHH MaTeMaTH4HOro arapary MoTpi-
6O peamizoByBatH B C/C++. OgHaK 1€ TO3BOJSE BUKO-
PHUCTOBYBATH AJSI CKJIAJHUX OOpaxyHKIB ONTHMi30BaHHUN
KOJ, CKOMITUTOBAHHHM ITiI KOHKPETHY IUIATPOPMY.

IIle omHMM BapTHM yBard BapiaHTOM € 3aMiHa MOJE-
Jelt SIK CKOMIJILOBAHOTO NMPOTPaMHOTO Koxy. JlaHui min-
XiJI TOBHHEH 3a0€3MeYnTH HaWOUIBIIY MBUAKICTH, TIPOTE
BUMArae JOJaTKOBOTO MAOCIHIPKEHHS B IUIaHI BHKOPHC-
TaHHS JUIsl BOYIOBaHUX CHUCTEM.

ONTUMAaJIBHICTh MOXIJIMBUX BapiaHTiB BUPIIICHHS 3a-
Jadi iHTerpaiii 30BHILIHIX MOJEJIeH B CHCTEMH yIpaB-
JIHHS peaJIbHOTO 4acy OIL[IHIOBaacs 3a 3alpONOHOBaHU-
MU [5] xputepisMu: 1) MBHUIAKICT BUKOHAHHS MOJENI; 2)
IIBUJKICTH 3MIiHH Mojeni; 3) BuMoru ao posmipy O3II
BHKOHABUOTO IMPHCTPOIO; 4) MOXIHBICTH IHTErpamii y
BOYIOBaHI CHCTEMH; 5) THI, MaTeMaTHYHHH amapar Ta
CKJIaJHICTE Mojenel; 6) CKIaIHICTh CTBOPEHHS MOJEI;
7) CKIIQAHICTH Ta 30UTKOBICTH TPEICTABICHHSI MOJeENi; 8)
00’eM mozeni ta opma npeacraBiaeHus. Haibinbir ede-
KTHBHI pillIEHHs] OOMPAJINCsl HA OCHOBI KOMIUIEKCHOT OIli-
HKH 32 TepeliueHnMH KputepisMu. [Ipu npoMy MeTpuyHi
XapaKTePUCTUKH TIBUAKOJIT JTOCITITKEHUX METOJIB TiaT-
pUMKH (YHKIIOHYBaHHS MOJEIBHO-OPIEHTOBAHUX JI0/1aT-
KiB CIIMpaJIiCs Ha eKCIIEPUMEHTABHI TaHi 3aMipiB MBH/I-
KOCTI iHiliayi3alii cepeloBHIa, 3aBaHTAXXEHHs MIPe/CTa-
BJIGHHSI MOJIEJI, BJIaCHE BHKOHAHHS MOl Ta BHUBaHTa-
JKEHHsI CepelOBHINIA.

VY SIKOCTI TECTOBUX MOJIeJIel BHKOPHCTOBYBAJIMCS OCH-
YMapKH JIBOX THIIIB, IPU PO3POOI SKHX BPaxOBYBAJIHCS
IIGHTUYHICTh TPOSBY IpH PI3HUX crocobax IXHBOTO
MIPECTaBICHHS Ta BiAMOBIIHICTh BIACTHBOCTSIM THIIOBUX
MOJIeNieid, SIKi BAKOPUCTOBYIOThCS Y CUCTEMaxX KepyBaHHS
3 iHTeNIeKTyadbHUMH QyHKIisMU. OHA 3 TPYI CTBOPEHUX
TECTIB BIIHOCUTHCS JIO KJAcy CHHTETHYHHX. Ixuiit anro-
PHUTM peastizye KoMOiHAIlIo «JIeTKUX» (BiAHIMaHHS, J10/1a-
BaHHs, 3MiHA 3HAKy) Ta «BaXKHUX» (MHOKCHHS-IUICHHS,
MOKa3HUKOBI Ta TPUTOHOMETPUYHI (YHKIT) MaTeMaTny-

155



Science and Education a New Dimension: Natural and Technical Sciences, 1(2), Issue: 15, 2013  www.seanewdim.com

HUX oOIepalliif. 3arajibHe MaTeMAaTHYHE MPEJCTABICHHS
TECTOBOI MOJIC)Ii MA€ HACTYITHUN BULJISI;

1000

>

i=1

N sin(i)’

1)

Jannii BapiaHT OeHUMapKy aJeKBaTHO IIPEICTAaBIIIE
MOBEIiHKY CHCTEMH IPH BUKOPHUCTaHHI MOJAEMI y BUIIIAII
CHCTEM pIiBHSHB, OCKUIBKH IIiJ] 9ac OOpaxyBaHHA TaKoOi
MOJIeNi MalOTh BUKOHYBATHCS MaTeMaTH4HI omepartii me-
peNiYeHnX TUIIB.

[HII1010 MOAEITIO, SIKa BUKOPHCTOBYBAJIACS [UIS OLIHKH
e(pEKTHBHOCTI pO3pOOIIOBAaHUX 3ac00iB, € MOjEb, Oa30-
BaHa Ha anroputMoBi MI'YA. IIponoHoBana tectoBa Mo-
JIelTb Ma€ 3HaXOAUTH (DYHKIIIO, sIKa alPOKCUMYE JIESIKHNA
psan nanux. BuGip Takoi dopmm Mozmeni 00ymoBiIeHHI
TUM, IO OJIHA i3 MOXIIUBUX C(ep 3aCTOCYBaHHS PO3PO0-
JIIOBaHUX 3aCO0IB 3MIHM MOJieNieil — aBTOHOMHI pOoOOTH, B
SIKHX 3aCTOCOBYETHCSI PO3OHTTS JIOTIKM CHCTEMH Ha TPH
piBHI [3]. 30kpema, ays 3ama4 cepeTHHOTO PiBHS MPOIIO-
HYETBCS] BUKOPHCTOBYBATH 1HTEIEKTYaIbHI MOJEI.

®dopwmarizalis Ta y3ararbHEeHHS KUTBKICHUX Ta SIKICHHX
OLIIHOK 3a BCi€I0 MHOKHHOIO BUCYHYTHX KPUTEpiiB BUKO-
HyBaJlacsl Ha OCHOBI €KCIEPTHO BCTaHOBJICHUX BaroBHX
koediuienti [5]. Takuii cioci6 dopmanizanii gocraTHii
JUIsl BAKOPUCTAHHS METOJly aHalidy iepapxiil mpu BuOOpi
cnoco0iB 3a0e3medeHHs  peanmizalii  MOJENIbHO-
OpIEHTOBaHMX JOJATKIiB. BapTo 3ayBa)kuTH, IO OILiHKA
Ba)XXJIMBOCTI KPUTEPIiB Jy)Ke 3aJIe)KUTh BiJl BUMAAKY BH-
KOPHUCTaHHS 1 Ma€ BHM3HAYaTHCS BIJIOBIIHO 10 BUMOT,
BCTAHOBJICHHUX 3a/la4aMH PO3pOOIIIOBAaHOT CHCTEMH.

JociimKeHHs BUIKOCTI poOOTH 3alIpOIIOHOBaHMX 3a-
c00iB IpOBOAMIIOCS 3 BUKOPHCTaHHSIM OPHTiHAIBHUX MO-
IIyJTIiB BIATIPAIIOBaHHSA MOJENi Ha OCHOBI BHUKOPHCTaHHS
ckpunroBoi MoBH Lua (y peanizamii LuallT, sixa mae 6i-
JbIIY IIBUJKONIIO IHTEpIpETaTopa), CKPUITOBOI MOBH
Python Ta Ha OCHOBI BUKOPHUCTAaHHS MEXaHI3My JWHaMid-
HUX OiOmiorek. [Ipu mpoBesieH] eKCepUMEHTIB BUKOPHUC-
TaHa HaCTyIHA MPOrpaMHO-anapaTHa riaThopma: Ipore-
cop — Intel® Core™ i3 CPU M 350 @ 2.27 I'u x 4; O3I1
— 3,8 I'b DDR3; HDD — 500 I'b; Linux Ubuntu 12.04
LTS; Bepcis sapa — 3.2. Byno npoBeneHO BUMiprOBaHHS
IIBUIKOCTI BUKOHAHHS Pi3HUX €TaIliB POOOTH i3 MOAEILIIO
IIpY BUKOPUCTAaHHI OCHIMApPKiB OBOX THIMIB (Tadi. 1). s
BUMIpIOBaHHS BUKOPHUCTOBYBAJIMCS BOYJOBaHI B TECTYIO-
4y Iporpamy 3acoomu.

Tabmuusg 1.
00’em Mofes1eli Ta TPUBATICTHL BUKOHAHHS eTaNiB
po0oTH npH IXHbOMY BiANpalIOBaHHI

Tabmuus 2.

Ioxa3HukM epeKTUBHOCTI 32c00iB CTBOPEHHS Ta
ONpaIIOBAHH MoOjieJIeil

Kpurepii DLL Python LuadIT
Bumoru 1o posmipy O3II Bu-
/10 posmipy 100 KB 10 MB 512 KB
KOHABYOTO TMPUCTPOIO
MoKIuBiCTh iHTErpaLii
. Tpanity TaK TaK TaK
BOYIOBaHi CHCTEMHU
. . | 3aJeKUTH Bix ke 3aJICKUTh Bijl
THIu Ta CKIaaHICT MOJEIEH
pO3pOOHHKA BEJIMKA pO3pOOHHKa
CKJIaHICTh CTBOPEHHS MOJEII cepenHs HEBEJIMKA cepenHs
CximagHict Ta  30MTKOBICTH
. cepemHs HEBEIMKa HEBEJIMKA
MpeICTaBICHHS MOZEII

KommexcHi omiHKHM 3ac00iB CTBOPEHHS Ta OMPAIlio-
BaHHS MoJlelieii, 00paxoBaHi 3a METOJOM aHANi3y iepap-
Xiif 3 BUKOPUCTAaHHIM 3alPOIIOHOBAHIX BaroBUX Koediri-
€HTiB (TabI. 3), HaBeeHO y Tabm. 4.

Tabmuns 3.
Barosi koeginieHTH KpuTepiiB OLiHKY epeKTHBHOCTI
Kpurepii Koedinient
IIBuKICTS iHilliasi3aMil cepeioBUIna 0,04
IIBuAKiCTh 3aBaHTaKEHHA MOAEI] 0,29
IIBuaKicT> BUKOHAHHS MOZEI] 0,3
IIIBUIIKICTB 3BUIBHEHHS CEPEIOBHIIA 0,02
Bumoru 1o posmipy O3I1 Bukonasuoro npuctporo |0.01
Mo>KIIHBICTB iHTerpanii y BOyZOBaHi CHCTEMH 0,2
Tunu Ta CKIagHicTh MOAeIeH 0,02
CKJIaJIHICTh CTBOPEHHSI MOJICII 0,01
CkJaJiHicTh Ta 30MTKOBICTh npescrapiaeHHs moaeni |0,01
06’em Mozeni 0,1
Tabmuus 4.
KoMmnuiekcHi ouiHku 3ac0o0iB CTBOPEHHS Ta ONPALIOBAHHS
MojeJieit
3aci6 3minu | KommiaexcHa oninka ais | KommiekcHa ominka JJis
Mojesei CHHTETHYHOT MoeJti moxeni 3a merogom MI'YA
Python 0.192 0.258
DLL (C++) 0.388 0.353
LualIT 0.386 0.336

< 1 1
— o = 2 | = 2 d g
= 5 TS -] = < %
5 5 S |EE(EZ B3 (B8
2 = Z3 EE|(=535| 8 |28
) = =8 o |=% =3 Z a2
= ~ = X % S S = <)
& & 22|53 £ 35
o =3 2] & -4
CHHTETHYHA 220 32 206
LualIT aMyA | 312 | & [20 | 31663 |
CHUHTETHYHA 6800 33 205
DLL aMrvA | 16281 | ° [ 33 | 31662 | '
CHHTETUYHA 256 98 976
Python aMrva | 331 | ~/7%6 [Tgo [ 32781 |®°

B Tabn. 2 naBexeHo iHmii
EKCIICPUMCHTAIBHUX MOJICIICH.

MMOKa3HUKHN €(QEeKTHBHOCTI

SIk BHOHO, TIpH 3aJlaHUX Barax KpHUTEpiiB KOMIUIEKCHA
ominka ans inTepnperaropa LuaJIT mpaktudHo 30iraeTh-
sl 3 TIOKa3HUKOM JJIsl CIOco0y Ha OCHOBI BUKOPHUCTAHHS
DLL-mexaHisMy, po3risiHyTi ameTepHatuBu (Python,
Matlab) cyrreBo mocrymnamThes 3a edextuBHicTO. [Ipu
bOMY BapTO 3ayBa)KMTH, 110 NPU 0OpaxyBaHHI MoJeleit
0a30BaHMX Ha IHTENIEKTyaJIbHUX ajJropuTMax, 3a YMOBHU
TOrO, L0 YacTHHA JIOTIKM peayizoBaHa B MOXYJI 3MiHH
MoJieNi, 4ac nepeOyBaHHs MPOrpaMu B CTaHI BUKOHAHHS
CKPUITa HEBEIMKUI BiTHOCHO 3arajibHOr0 BHUTPAUYEHOTO
gacy. Tomy npu aHani3oBi e()eKTUBHOCTI METOJIB 3MiHH
MoJieriel 3 BUKOPUCTAHHSIM MOJIeJli Ha OCHOBI aJrOPHTMY
MI'YA Bci METOIM MarOTh MPUOIU3HO OJHAKOBY IIBH/I-
KIiCTh BIAIIPAIfOBaHHS MOJENEH, MpOTe pi3HI pecypcHi
BHUMOTH, & TOMY 1 pi3HY KOMIUICKCHY OLIIHKY.

O1iHIOIYN OTPUMaHi pe3yibTaTh, 3a3Ha4MMO, II0 aK-
TyaldbHI U (YHKIIOHYBaHHS CHCTEM MOJENbHO-
OpPIEHTOBAHOTO KepyBaHHS 1, 30KpeMa, peastizailii po3po0-
JICHOTO METOJy 1HTEJIEKTYalIbHOTO KepyBaHHs TEXHOJIOT'-
YHUMH TIporiecamu [6] Tumm mofeneii MoxXyTb OyTH Kia-
cudikoBaHi 3a CTyMeHEeM MOAIOHOCTI IO ABOX JOCIIIKe-
HUX TUMiB. Tak, aBTOMaTHI MO, BiNPAIIOBAHHS STKUX
nepeoayae po3B’si3aHHSA CUCTEM AM(PEpPEHLIAIBHUX PiB-
HSIHb, @ TAaKOXX HEWpoMepe)keBl Mojeli, MaloTh CIIJIbHI
eKCIlTyaTaliiHi pucu 3 Monessimu 32 MI'VA. Ontumiza-
LiffHI MO BiAMOBIIAIOTh BHUITAJKYy CHHTETUYHOTO TEC-
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Ty 3 MEPEBAKAHHSIM OIEpaIliii JOJAaBaHHS Ta MHOXXCHHS.
[pu oIiHII X CTYNCHIO OOYMCIIOBAIBHOI CKIATHOCTI Ta
IHIIUX eKCIUTyaTalliifHUX BJIaCTHBOCTEH Mojeied y ckia-
Jli KOHKPETHOT CUCTEMHU KEpYBaHHS PEaJbHOrO 4acy He-

00XiIHO 3aCTOCOBYBATH aJ€KBAaTHI MOXKJIMBUM BapiaHTaM
IIpOrpaMHO-anaparHoi IaTGopMu CUCTEMH BaroBUX KO-
eili€eHTIB 3aIPONOHOBAaHNUX KPHUTEPIIB.
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Yarmilko A., Bahinskyi M., Prykhodko D. The choice of software platform as a means of increasing the resource efficiency and dynamic
characteristics in embedded real-time control systems

Abstract. The authors discuss a problem of the influence of the used software platform on the rate of the model-oriented applications operation in
embedded real-time systems. The most appropriate options, feasible variants and estimation criteria of the efficiency of this problem solutions were
proposed in the article. Also the advanced tools and facilities of real-time models changing program implementation were defined. The authors have
presented the developed technique and tools for quantitative evaluation of the proposed methods. The article also focuses on testing the methods of
models changing in embedded real-time systems. The experimental research results of the model changing methods properties based on using Matlab
engine, performed by the authors, are discussed in the article, as well as scripting languages and shared library concept developed with using two
types of models: synthetic and GMDH-like. Numerical estimates obtained by the proposed model of data processing have shown high potential of
Lua scripting language with LuaJIT interpreter. In the end of the paper there are the interpretation of the results in relation to the number of models
that are relevant to intelligent control and the usage recommendations for the methods developed for the real-time embedded control systems were
presented.

Keywords: model, criterions of efficiency, embedded systems, real-time systems, model-driven engineering.

Spmuiiko A.B., Barunckuii M.1O., Ilpuxoabko /I.C. Bbioop nporpaMMHoii miaTgopMbl Kak CpeJCTBO NMOBbILIEHUS pecypcHOii Y deKTH B-
HOCTH H JHHAMHYECKHX XapAKTePHCTUK BCTPOEHHBIX CHCTEM peabHOro BpeMeHH
Paccmotpena npo6iaemMa BIUSHES HCIOIb30BaHHOH MPOrPaMMHON IIaT(hOPMBI Ha CKOPOCTh (PyHKIMOHUPOBAHHS MOJEIEHO-OPHEHTHPOBAHHBIX IIPH-
JIOKEHUH BO BCTPOCHHBIX CHCTEMax pealbHOro BpeMeHH. [IpeqiokeHsl BO3MOKHBIE BapHAHTBI M KPUTEPHH OLEHKH d()(EKTHBHOCTH €€ peleHHsI.
OrmnpezeneHsl NeperieKTHBHBIE CPEICTBA IPOrPaMMHO peal3aliy 3a1ady CMEHBI Mojeneil. Pa3paboTana MeToIMKa KOINYECTBEHHOH OLCHKH IpeJi-
JIOKCHHBIX METONOB M cpefcTB. C IMpUMEHEHHeM MOZEeNeH IBYX THUIOB (CHHTETHYECKHX U IO MeTogy MI'VA) skcrepHMeHTaIbHO HCCIISIOBAHBI
CBOIfCTBa HHTEPIPETATOPOB CKPHIITOBBIX S3bIKOB, MexaHu3Ma DLL u cpensl Matlab B kauecTBe BHEIIHMX MHCTPYMEHTOB OOECIIEUCHUSI OTPAOOTKH
Mozeneil. YucneHHbIe OLeHKH, ITOyYeHHbIe Ha OCHOBE MPEIOKEHHOI MO/IeNH 00pabOTKH 3KCIIePUMEHTATIBHBIX JaHHBIX, CBHICTEIBCTBYIOT O BBICO-
KOM MOTEeHIIMaje CKpUunToBoro s3pika Lua u nntepnperaropa LualIT. IIpencraBnena uHTepnperays MOIyuYeHHBIX pPe3yabTaTOB OTHOCUTEIHLHO MO-
Jieriell, akTyaJ bHBIX B CHCTEMaX MHTEIUICKTYaJIbHOTO YIPABJICHHS, JaHbl PEKOMEHAAINH 110 00SCIeYEHHIO ONTHMAIBFHOTO HUCIIONB30BaHus pa3pado-
TaHHBIX METOJIOB U CPEJICTB BO BCTPOEHHBIX CUCTEMAX YIPABIICHUS PEAIbHOTO BPEMEHH.

Knrouegvie cnosa: mooens, kpumepuu >¢ghexmugnocmu, 6Cmpoennvle CUCeMbl, CUCHEMbl PealbHO20 8peMenU, MOOeIbHO-0PUCHMUPOBANHOE
ynpaeneuue.
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