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NEW INTEGRAL CRITERION OF THE EFFICIENCY OF HYDROCYCLONE FILTERS-
SEPARATORS FOR

TI'amaionoe Aumon Opvesuu

uHdICceHep
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JIpazomupoe Cepezeii I puzopvesuu
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Braoumupckozo cocyoapcmeennozo ynusepcumema
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Jpazomupoe Muxaun Cepzeeguu

OUpexmop no pazeumuro, KAHOUOAm MexHuyecKux Hayx,

000 «HTL «AsmoCdhepar» npu Bal'V», Poccus

AUTOMOTIVE ANTIFREEZES HOBbIM HHTEI'PAJIbHBIN KPUTEPUI OLIEHKH
3O®OEKTUBHOCTHU I'IJIPOLIMKJIOHHBIX ®UJIBTPOB-CEITAPATOPOB /1151
ABTOMOBWJIbHBIX AHTU®PH30B

Summary. A serious and still unsolved problem is the cleaning of automotive antifreeze from solid particles of
pollution. The article describes a new integral criterion for evaluating the efficiency of hydrocyclone filter separators.
The justification of the proposed criterion is given.The criterion is designed to determine the rational geometry of the
hydrocyclone filter-separator for automotive antifreeze. The results described in the article allow to balance the
hydraulic resistance and the trapping capacity of hydrocyclone filters-separators.

Annotanusi. Cepbe3HOM W J0 CHX TOp HEpPEIIeHHOW MpoOJeMOoil SBISETCS OYMCTKA aBTOMOOHMIBHBIX
aHTH(PHU30B OT TBEPABIX YACTHII 3aTrPsI3HCHUN. B cTaThe OMMCHIBaeTCSI HOBBIH MHTETPANBHBIA KPUTEPUH OICHKH
3¢ (HEKTUBHOCTHU TUAPOIMKIOHHBIX GUIBTPOB-cemapaTopoB. [JaHo 060CHOBaHUE MPETAraeMOTO KPUTEPHSL.

Kputepuii npenHazHaueH Uil ONpEAETCHUS pPalMOHAIBHONH T'€OMETPHM THAPOLUKIOHHOTO (uiIbTpa-
cenaparopa /i aBTOMOOUIIBHBIX aHTH()pH30B. ONUcCaHHBIE B CTaThe PE3yabTaThl MO3BOJIAIOT cOATaHCUPOBATH
TUAPABINYCCKOC COMPOTUBJICHUC U YJIaBJIMBAIOUIYIO CIOCOOHOCTE TUAPOIUKIIOHHBIX @HanpOB-cenapaTopOB.

Keywords: solid particles of impurity, coolant, antifreeze, filtration coefficient, hydraulic resistance, optimal
geometry, criterion of effectiveness.

Kurouesvie cnosa: meepovie uacmuyvl 3acpszHeHUl, asMOMOOUNbHLIL anmugpus, KodId@uyuenm
Qurempayuu, eudpasiuuecKkoe Conpomusienue, ONMUMAIbHAL 2eoMempus, Kpumepuil dggexmugnocmu.

IHocranoBka npodaemMbl

CoBpeMeHHBIE aBTOTPAHCHOPTHBIE JBUTATENN
OCHAIIIEHBI CJI0’KHBIMHU MHOTOKOHTYPHBIMU
AJaNTUBHBIMHI CUCTEMaMH XHUJIKOCTHOTO OXJIAXICHHS
(CXO) [1], B cocrtaB KOTOPBIX BXOAWT OOIBIIOE
KOJIMYECTBO JJIEMEHTOB, TaKUX, KaK JKHUAKOCTHBIC
HaCOCHI, TEII00OMEHHUKH, TEPMOCTATHI,
BCEBO3MOXKHBIE KIAMaHbl JUIA IepepacipeaesIeHIs
TEIUIOHOCHUTENS 0 KOHTOpY cucTeMbl. Ha HagexxHOCTD
CXO oxa3plBaeT 3HaUUTENBHOE BIIUSHHE KadyeCTBO
antudpusa [2,3], a IMEHHO HaJW4YHe B HEM TBEPIBIX
yacTul 3arpsisHeHuil. [IpucyrcTBue TBepAbIX YacTHIl B
oxmaxaatorier xuakocta (OXK) sBisercss mpuauHON
abpa3uBHOTO H3HOCA JJIEMEHTOB CXO,
3aKyMOPUBAHNSA M YMEHBIICHHS MPOXOTHBIX CEUCHHH
KaHaJIOB CHCTEMB, H3HOCA BCEBO3MOXKHBIX

YIUIOTHEHUH, OTJIOXKEHUH Ha CTEHKax
THJIPABINYECKOr0 KOHTYpA.

B cBsa3u ¢ atum, mpoOnema ynaneHus TBEPIBIX
Y4acTHUI] 3arps3HEHUN W3 aHTH(pHU3a (M U3 CUCTEMBI B
LIEJIOM) SIBIISICTCA AaKTYaJbHBIM M IEPCIEKTUBHBIM
HaIlpaBJICHUEM COBEPIIICHCTBOBAHHS
aBTOTpPAHCHOPTHBIX  JBurarened. [lepcnexkTuBHOE
YCTPOHCTBO JJIsl yAQICHHUS TBEPABIX YACTHIl U3

aHTI/I(l)pI/IBa B IIpOLECCE SKCIITyaTalliu TPAHCIIOPTHOT'O

CpeACTBa,  INOMHUMO  BBICOKMX  (DHIBTpYyrOIMX
nokasaTtenei,  JODKHO  HUMETb  MUHHUMAIbHOE
THIPABINYECKOE CONPOTUBIEHHE. B  mpoTuBHOM
Cllydae, pacxoJl TEIUIOHOCHTEN CHU3UTCS HUXKE

MUHUMAJIbHO JOMYCTUMBIX 3HaueHWd. [losToMy mpu
pa3paboTke ycTpolicTBa JUIsl OYHCTKH aHTH(dpu3a
HeO6XOJlI/IMO YUYUTBIBATH JTH JBa IIapaMeTpa —
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YJIaBIMBAIOLIYIO CIOCOOHOCTh (xoaddunreHT
(unbTpanMm) ¥ THAPABIMYECKOE COPOTUBIICHHE.

AHAJIM3  TOCJAEIHMX  HWCCJIEAOBAHHH W
nmy0IuKanuii

Ha  ceropmsmHuii  n€Hb,  CYLIECTBYIOILIHE
ycrpotictBa aist ouncTku OJXK, MOXHO pa3ienuTs Ha
TPH TPYTIIHL.

1. O®uapTpe oxnaxnatomeit xuakocta (POX)
[4,5] 3apybexnpix kommanuii Fleetguard, Donaldson,
Baldwin, Hengst, WIX u np. Ilo xoHCTpyKImm
ABJSIIOTCSL  @HAJIOTAMU  TPAJUIMOHHBIX  MAaCIITHBIX
¢unbTpoB.  3a  pyOexxoM  Takue  (HUIBTPEI
yCTaHaBJIMBaIOTCs yxe Oosee 70 JeT Ha HEKOTOpBIE
MOJIETIM  JBUraTeied, paboTalomuX B  TSDKENBIX
9KCIUTYaTAllMOHHBIX YCIOBHSX (TSDKEJIbIE T'PY30BHKH,
KapbepHBIE ~ CaMOCBAJbl, CTPOUTEIHHO-IOPOKHBIE
MAIlUHBI U T.11.).

2. ®OX c GunapTpyrOMHUM 3IEMEHTOM B BHJE
ceTku [6]. Berpedarores 1oBosbHO peako. B kauecTe
IpUMepa MOXHO TIPHBECTH Takod QuibTp mms
aBTOOYCOB Scania.

3. T'mapouwmknonHsi puneTp-cenapatop (I'OC)
[7], paspaborannsiii B OO0 «HTIL «AproCdepar mpu
Bal'Y».

IlepBas rpymma @®OX, mno cyrtu, SBISIOTCA
HECKOJIBKO MOJU(UIIMPOBAHHBIMHU aHaJoramMu
TPaAULOHHBIX MaCJISTHBIX GUIBTPOB. Onu
yYCTaHaBJIMBAIOTCS HA CIIEIHATIBHOE ITOCAJ0YHOE MECTO
(amamormyHo  MacissHOMY — QWIBTPY) B OIIOKe
JIBHUTaTeNs. B 30HE 3TOro mocano4HOro Mecra B OJ0Ke
JBHUTATEJsl BBINOJTHEH KaHAI IUIs TOJBOJA M OTBOJA
antudpuza. Cremxyer OTMETHTb, UYTO OTOT KaHAl
ABJsIeTCs OainacHbIM, T.e. Yepe3 Hero MpoXonauT (1o
nHopManuy Mpou3BoAnTENeH) ToIbKO okoso 10%
BCEr0 TEIUIOHOCHTENs, IoAaBaeMoro HacocoM. Ilo
HallUM JIaHHBIM 93TO KOJIMYECTBO JKUJAKOCTH HE
npesbimaet 1%.

Takue GuUABTPE 00€CTIEUNBAIOT YJIABJIMBAHUE
4acTuIl 3arpsi3HeHui ¢ pazmepom 6omnee 30...50 MkM ¢
BEpPOATHOCTBIO  98% (M0  JmaHHBIM ¢bupm-
mpou3BouTeNCH). MEXKCMEHHBI CpPOK  CITY>KOBI
mo00HBIX QuIbTpOB coctaisger 1 rox (vwru 200 THIC.
KM rpo6era apromoowms, wiu 4000 gacoB ero paboThr).
OHy paccunTaHbl Ha OIHOPA30BOE IPUMEHEHHE, TIOCTIE
Yero JI0JDKHBI YTHIM3UPOBAThHCSI.

Crnenyer ormeruth, uro Takue POX mo mepe
3arpsi3HEHUS B MpOIecce IKCIUTyaTalliy YBEINYUBAIOT
CBOE COTIPOTHBIICHHE pH OJTHOBPEMEHHOM
YXyIIIEHUH YIaBIHBAIONMIEH CITOCOOHOCTH.

Bropas rpymma  ¢umbTpoB, B
(unbTpYyIOMmero 3JEMEHTa

KayecTBe
HCTIOJIB3YIOT

METaJUIMYECKYIO CETKY, ¢ pa3MepoM sueiiku 300x300
MKM. COOCTBEHHO, Pa3MepOM STUEHKH U ONPEeIIsieTCs]
pa3Mep ylaaBIuBaroImuX dactul] >300 MxMm.

IIpeumymecrBamu Takux POXK (1o cpaBHEHHIO ¢
NepBOil rpynmnoil) ABAAOTCA:

- IOJTHOTIOTOYHAS (PUIBTPALIHS;

- pa3OopHas KOHCTPYKIHS U BO3MOXKHOCTb
MHOTOKPaTHOTO TIPIMEHEHUST;

- ymoOCTBO MOHTaka Ha JIOOOM YydJacTKe
THAPaBINYECKOTO KOHTYpa.

K HenmocraTkaM MOXKHO OTHECTH:

- HEBO3MOXXHOCTb  YNaBIMBAHUSA  YaCTHUI]
pa3zmepamu <300 MKM;
- HE0OX0JUMOCTb yacToit OUUCTKH

(UIBTPYIOILETO JIEMEHTA OT 3arps3HeHHUH;

- OIaCHOCTH IIOJTHOTO 3arpsi3HEHHs GUIIbTpa, 4TO
MOXKET MpPHUBECTH K CEPbE3HbIM HEUCIPABHOCTSM,
BIIJIOTH JI0 BBIXOJA JBUTATEIS U3 CTPOSL.

OO0mee cBOWCTBO (PUIBTPOB MEPBOM M BTOPHIX
Tpynn — 3TO yBEIHYEHHE CONPOTUBIECHUS MO Mepe
3arps3HEHUs QIBTPYIOMINX HJIEMEHTOB.

K Tpetpeil rpynmne oTHOCATCA TMAPOLHMKIOHHBIE
GUIBTPBI-cENapaTopbl, y KOTOPBIX OTCYTCTBYIOT
HEJOCTaTKu  (UIBTPOB  IEPBBIX  JBYX  TpYIIL.
Konctpykuus takoro I'@C npencrasnena Ha puc. 1.

B 3TOM runpounkioHHOM (UIbTpe-cenaparope
NOTOK  aHTH(pH3a C  TBEpABIMH  YacCTHUIAMH
3arpsA3HEHUI oCTymaeT B 3aKpy4YMBAIONIHif annapat 1
yepe3 TAHTCHLOUANBHBIA BXOJA, B pE3yIbTATE€ YErO
MIPOUCXOJUT 3aKpy4HUBaHUE MOTOKA. IIpn
MIPOXOKJEHUN 3aKPYUEHHOTO IOTOKA Yepe3 KOHYCHYIO
CEMapHpyOIyl0  4Yallky 2, Toj  JeicTBHEM
LEHTPOOSKHBIX CHII TBEpP/IbIE YaCTHULBI
oTOpachIBalOTCS 4Yepe3  YNIaBIMBAIOIIME OKHA B
OTCTOMHUK 3 W TaMm ocemarooT. IlpuHin neicTBus
IeC, aHaJIOTUYEH MIPUHIUITY JIeHACTBUS
THIPOIMKIOHOB — OTHACJIEHHE TBEPABIX YaCTHIL
3arpsizHeHudt  oT motoka OXK mpoucxogut TON
JericTBueM neHTpoOexHbIx cui (puc. 10). Ho ciaenyer
OTMETHTh pA3HUIy B KOHCTPYKLHMSAX O3THX JABYX
ycrpoiictB. OcHOBHOE OoTiaMuue (GHUIbTpa-cernapaTopa
OT KJIACCHUYECKOTO THUAPOLMKIOHA 3aKIII0YaeTcsl B
HaJIM4YMEe YIaBIUBAIOIIUX OKOH, PACHOJOXEHHBIX Ha
KOHYCHOM 4YacTH CeNapHpyMOIed YaliKd, depes
KOTOPBIE TBEPBIE YACTHULIBI 3arPsA3HEHUH U MONaJaloT
B orcroifHuk (puc.l). Kpome »storo, I'€C wumeer
pa300pHYI0 KOHCTPYKIHIO, 4YTO JAeNaeT ero Ooiee
KOMIAKTHBIM W yIOOOHBIM TIPH yCTAHOBKE U
9KCIUTyaTaIix.
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a)
Puc. 1. Koncmpykyus I'QC (a) u eco npunyun deticmsus (6): 1 — s3axkpyuusarowuii annapam, 2 — KOHYCHASA
cenapupyiowas 4auiKa ¢ YIasiueanuwumi Omeepcmuamu; 3 — Omcmounux, 4 — yniomnumensHoe Koabyo

Panee nonoOHbI crtoco6 0YMCTKH aHTH(PHU30B B
CXO TpaHCHOpPTHBIX JBUTATENel HE MPUMEHSUICS,
MO3TOMY TpSMBIX (IPUHIMIIHAIBHBIX) AHAJIOTOB
JlaHHas pa3paboTka He MMeeT He ToJbKo B Poccun, HO
u 3a pyOexxoM. OpHUTHHATIBHOCTH TEXHHYECKOTO
pemieHus, MOATBEpXKAeHa maTeHToM P®  Ha
n3obpetenue Ne 2 625 891 [7].

K npeumymectBam cozpanHoro I'dOC crnepyer
OTHECTH CJICAYIOIIHE JOCTONHCTBA!

- BBICOKOA((PEKTHBHYTO MIOJTHOTIOTOYHYO
¢$unpTpanuio, 00yCIIOBIICHHYIO NpUMEHEHHEM
THIPOIMKIOHHOTO MpPUHIMIA paboTel  (QUIbTpa-
cemnapaTopa;

- OTCYTCTBHE COOCTBEHHO  (HIBTPYIOIIETO
3JIEMEHTa, YTO YIPOINAeT KOHCTPYKIHIO, CHHXKAeT
CTOMMOCTh M CYIIECTBEHHO IOBBIMIAET IPOIMYCKHYIO
CcocoOHOCTH PHUIBTPA;

- cpok ciayx0e1 ['OC mpuMepHO paBeH pecypcy
paboTHI IBUTATEIIS;

- T'®C umeer pa3bOpHYIO KOHCTPYKIHIO, UTO
MO3BOJISIET  €r0  HCIIOJIb30BaTh MHOTOKPaTHO  (C
MePUOTUUECKON OUNCTKOI);

- TI'®dC obnamaer  KOHCTPYKTHBHOM U
TEXHOJIOTMYECKON IPOCTOTOM, JIETKOCThI YCTAHOBKU
Ha TPaHCIIOPTHOM CpeJCTBE (He TpeOyeT CIeluaIbHO
BBIIMIOJIHEHHOTO ~ NIOCAJJOYHOTO MecTa Ha Oloke
JIBUTATEIIsN).

K ocobennoctsim paboter '@C MOXHO OTHECTH
cleayroee:

- 3aBUCUMOCTH 3()()EKTHBHOCTH CeNapanuyd OT
pacxoja JKUAKOCTH;

- IPY MaJIbIX pacxo/ax *KUIAKOCTH YacTh TBEPJIBIX
yacTUI[ 3arps3HEHUN MOXET He YIaBIUBaTbCI U
UpKyJInpoBaTh B KoHType CXKO;

- He YNAIAITCA W3 TOTOKa YaCTHIBI C
IUTOTHOCTBIO MEHBIIIE INIOTHOCTH TEIUIOHOCHUTENA (KaK
TIPaBUJIO, 3TO OPTAaHMYECKUE YACTHUIIHI).

OWIbTpbI, IPUHIUI JEHCTBUS KOTOPHIX OCHOBaH
Ha NMPUMEHEHHWH LEHTPOOEKHBIX CHJI, HE IO3BOJITIOT
OCYILECTBIISITh TOHKYIO OUYHCTKY SKUAKOCTH, HO AJS
coBpemenHblx CJKO mnopurHeBbIX ABUraTenei Takas
¢unbTpanus u He TpeGyeTcs.

W3 npoBeieHHOTr o BBIIIE aHAJIH3a MOXKHO CAETaTh
BbIBOI, 4uTO co3xanubiii B OO0 «HTL «ABToCdepar
npu Bnl'Y» ruaponukioHHslid  (uisTp-cenaparop
HMeeT HaWIydlllde [OKa3aTeld CpPeAd H3BECTHBIX
yCTpOHCTB i ouucTku aHTH(pU3a B CKO.

Bobijenienne HepenleHHBIX paHee YacTeii o0uei

npoodIeMbl
B obmem cnydae 3¢¢eKTHBHOCT Iporecca
a000i  mpHpOIBl  OlpeneNseTcs — OTHOIICHUEM:

TIOJTYYeHHBIH pe3yJNbTaT/3aTpadeHHble pecypchl. lpu
9TOM W Pe3yJIbTaT, U PECypPChl JOJKHBI OBITh OJHON
kateropun (npupozbl). Hampumep, 370 MoOryTr OBITH
JHepreTudeckue,  (UHAHCOBBIE,  MaTepUalIbHBIC,
BpPEMEHHBIE NTOKa3aTeu U Jp.

Jlist GUABTPOB pa3NMYHOIO NPUHIMUNA ASHCTBUS
U KOHCTPYKLMH BaXHEHIIMM IIapaMeTpOM  HX
3¢ GeKTUBHOCTH sIBIIsIETCS K0 GOUIMEHT QUITBTpaluu

B. 3TOT HapaMeTp KOJIMYCCTBCHHO OcHHUBACT
3¢ (eKTUBHOCT YIIABIHBAHUS 3aTrPA3HCHHN:
11
p=— 1)
mC

rJie: Mc— Macca 4YacTHIl B KOHTYpe CUCTEMBI, T; M,—
Macca 3aJiepKaHHbIX (GUIBTPOM YACTHIIL, T.

Ho nanHblii moka3zaresib [3 HE MOXET B MOJHOU
Mepe XapakTepu3oBarh 3()(EKTHBHOCTh (QUIIBTpALINH,
T.K. OCTAIOTCSl HEU3BECTHBIMH 3aTPadeHHBIE PECyPCHI
JUTS obecrnieueHHS KOHKPETHOTO YpOBHSA
(ko3¢ dunreHTa) yIaBIUBaHU YaCTHUI] 3arpsi3HCHUT.

B kauecTBe TakuX 3aTpayeHHBIX PECYPCOB MOXKET
BBICTYIIATh KOJMYECTBO SHEPTUH (TIOTEPH JABJICHUS Ha
¢ubTpe), HEOOXOAMMON U AOCTHXKEHHS JaHHOTO
Koa(unreHTa QUIBTPAITUH.

[Mepenaa naBiIeHUS] MEXIY BXOJOM H BBIXOIOM

(bHHI)Tpa KOJIMYCCTBCHHO OLICHUBACT BCJIIMYNHY
TUAPABINYCCKUX MMOTEPH:
2
pv

rae AP — mepenaja JaBiIeHUs MEXIY BXOIAOM U
BeixogoM ['®C, Tla; & — kodpdUIMEHT MECTHOTO
COIIPOTHUBIICHHUS; p mnotaocts OXK, xr/m® v —
CKOPOCTB TIOTOKA, M/C.
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[MockonbKy NpUHIKN 1EHCTBUS THAPOLMKIOHHBIX
(uIbTPOB-cENapaTopoB OCHOBAaH Ha HPUMEHEHHUH
LEHTPOOESKHBIX CHJI, TO YeM OHM OOJIbIlE, TEM BHIIIE
k03¢ ¢unnent Gunprpanyu [8].

BennunHa ~— nentpoOexHpIX cun Fy B
3HAUUTENBHON CTENIEHH 3aBUCUT OT YIJIOBOM CKOPOCTH
HOTOKA!

F, = mw?®r (3)

rme: M- Macca Bpamlaromerocs Tena, Kr; ¢ —
paccTosiHHUE OT OCH BpallleHHsd 10 LEHTpa TAXKECTU
TeNa, M; @ — yrJoBas CKOPOCTh BPaIlEHHs, ¢ .

C oJ1pyroil CTOpPOHBI, C YyBEIHYEHHEM JTOH
CKOPOCTH  BO3pPACTalOT THUAPABINYECKHE IOTEpH.
VYBenM4YeHNEe TUIPABINYECKUX MOTEPh NPHBOIUT K
CHIKEHHIO pacxoja B koHType CXKO, uto HeratuBHO
BIIHSIET Ha HWHTCHCUBHOCTh TEIUIOOTBO/IA.
BoccTaHoBHTE pacxonq MOXHO IyTEM IPUMEHEHUS
Hacoca ¢ 0oylee BBICOKMM HAmopoM, HO TPH ATOM Ha
NPUBOJI Hacoca MPHUACTCA 3aTpadynuBaTh OOJIBIIYIO
MOIITHOCTb.

Takum o0Opa3om, npu oueHke 3ddexkTHBHOCTH
I'®C Henp3st pyKOBOJACTBOBATHCS TOJBKO 3HAUCHUEM
ko3 ¢unnenta (QUIbTpAlMK, TOCKOJIBKY OH HE
OTpaXkaeT, NpPH KaKuX TUAPABIMYECKUX TOTEPIX
jJocturaercs  AaHHBIM  pesymbrar.  Jms  I'OC
HEOOX0/MMO YYHTHIBATh 1Ba (hakTopa: KOIPPHUIHEHT
(bUIBTpauy U THAPABIMYECKIE IOTEPH.

Jo HacTosAmero BpeMeH! TaKO# OIXO0.T B TEOPHH
(UIBTpalil HE WCIONB30BANCA. BO3MOXHO, 3TO
CBSI3aHO C TEM, YTO NPH NIPUMEHCHUH TPAJAUITHOHHBIX
(GUIBTPYIOIUX 3JEMEHTOB (TIOPHUCTHIC MaTEpHAEI,
CeTKH U T.IL.) O TIOTePSAX AABICHHUSA B (PIIBTPE MOXKHO
OBUIO TOBOPUTH TOJIKO IO OTHOIICHHIO K HOBBIM
(HepadotaBim) GpuasTpam. [1o Mepe ux 3arps3HEeHHUs
B TIpollecCce€ SKCIUTyaTallid 3TH MOTEPH JaBICHUS,
€CTECTBEHHO, CYIIECTBEHHO BO3pacTaioT (BIUIOTH 10
OECKOHEYHOCTH) U JIeNIaTh KaKue-Tu00 3aKII0UeHus 00

3(h(heKTHBHOCTH (QUIBTpAlUK C y4YETOM  3aTpaT
9HEPIHH NPOCTO HEBO3MOIXKHO.

Wnas CHUTYyaIHs HabJroaeTcst npH
UCIIOJIb30BaHUH THAPOLMKIOHHBIX (bHUIBTPOB-

cernapaTopoB. [3-3a 0cOOEHHOCTEH NPHHIMIIOB WX
(yHKIIMOHMPOBAHUS THAPABINYECKOE CONPOTHBIICHUE
3THX YCTPOICTB (mepenas JaBIeHHs MEXAY BXOAOM U
BBIXOJIOM) OCTaeTCs HEM3MEHHBIM B IIpoIiecce paboTH
IpHU KaKAOM KOHKPETHOM pacxojie MOTOKa. Takum

o0pa3oM,  MOSBISETCS  BO3MOXHOCTh  PEANBHO
OIPEIEIIUTh 3¢ (eKTHBHOCTh ¢unpTpanuu
(cemapanmuu) y  THAPOUMWKIOHHBIX  (DUIBTPOB,

UCIIONIB3YSl TIOKA3aTeNM JIOCTUTHYTOTO pe3yJibTaTa
(xoapduienT  QuibTpanMM) M 3aTpauCHHBIX
pecypcoB (OTepH AaBICHUS Ha QPHIBTPE).

Takum 00pa3om, I CPaBHUTEIHHOTO aHaJIN3a
pa3sNUYHBIX KOHCTPYKTHBHBIX HcnonHeHHd ['DC
HEOOX0MUM  KpHUTEpUH, KOTOpPBIH OJHOBPEMEHHO
OLICHMBAeT/y4yUThIBaET OSTH JABa mapamerpa. Ilpu
OJIMHAKOBOM KO3 dunuente ¢uiabTpanuu, 0Oonee
spdpextuBEEIM ['@C  Oymer TOT, Yy KOTOPOTO
HavMEHbIIIee CONPOTHUBICHHE U, HA000POT, MpHU
PaBHOM COTIPOTHBIICHUH (P (PEKTUBHEE TOT ¥ KOTOPOTO
BBIIIE KOA(PHUIMEHT QUIIbTPaALNK.

ean craTbu

I_[eJ'H)IO ,Z[aHHOﬁ CTATbH SBIISETCS 000CHOBAaHHE U

OMBITHO-TEOPETUYECKas IIpOBEpKa HOBOT'O
HHTErpajJbHOTO KpUTEpHs 3¢ PeKTUBHOCTH
THPOLMKIOHHBIX (bUILTPOB-CcENapaTopoB,

NIpeAHa3HAYCHHBIX Ui OYHCTKH aBTOMOOMJIBHBIX
aHTH(PHU30B.

N3no0:xeHne 0CHOBHOIO MaTepHaJia

Hamu nmpeanaraercst B Ka4eCTBE HOBOTO KPUTEPHS
oumeHkn  >pdexruBHOcTH [®C  WCmONB30BaTH
OTHOIIICHHE Ko dumreHTa ¢$urpTpanuu K
TUAPABINYECKUM 1OTepsIM AP:

p
E = F 4

Ecnu BBIpasuTh TUApABIMYECKUE MOTEPH Yepes
KOX(PHUIIEHT MECTHOTO COTIPOTUBIICHUS:

= — 5
2 ®)
P
TO NOJIYy4YUM 6e3pa3MepHbIif KpUTEpU
s dexruBnoctu ['OC:

E = z ©)
Ucnone3ys nmaHHBIA, OpenjaraeMbld  HaMu,
Oe3pasMEepHBIi  KPUTEPHA  MOXKHO  CPaBHHUBATh
spdexruBHocTs ['DC paznuynbix koHcTpyKIMid. [Tpn
5TOM IpearacMpli KpUTEpU YYUTBIBACT

OJTHOBPEMEHHO CIIOCOOHOCTH (DUIbTPA K yJIaBIHMBAHHIO
TBEPAbIX YACTHI[ 3arps3HEHUH W THUAPABIMYECKHC
MIOTEPH, CO37[aBaeMbIe (IIBTPOM.

Crenyer OTMETHTh, 4YTO TIPH  CPaBHEHUH
pa3nuuHbiX  KOHCTpykuud I'®C ¢ nomoupro
MIpeAsIaraeMoro KpHUTEpUs 3¢ PeKTUBHOCTH,
HEOOXOAMMO  OOecreunTh OJMHAKOBBIE  YCIIOBHS
pa6otsl 'DC. K TakuM yCIOBUSIM OTHOCATCS: Pacxon
KHUJAKOCTH depe3 (uiabTp, pasMep M IUIOTHOCTh
YJIaBIMBAEMBIX YaCTUI]. DTH YCJIOBHUS CBS3aHBI C TEM,
YTO THAPOUMKIOHHBIE (UIBTPHI-CENAPATOPHI UMEIOT
OJJHy OCOOEHHOCTb - TIPH KaXKIAOM KOHKPETHOM
pacxone  (CKOpocTH)  TOTOKAa  YJIaBJIMBArOIIAs
CIIOCOOHOCTh (MIbTPa MO OTHOLICHHIO K YacTHLAM
Pa3HbIX pa3MepoB OyJeT pa3IndHOM.

Jis  ompeneneHUst BIMSHAS T'€OMETPUUECKHX
xapakrepuctuk ['®C  Ha  ruzgpaBiauuyeckue U
CernapalMoHHBIE  TPOIECCHl  ObIM  BHIOpaHEI
CIIEAYIOIINE TTapaMeTpsl (puc. 2):

1. oTHOCUTENbHAS JIMHA BBIXOJHOTO MaTpyoOKa —
OTHOIIICHWE JUIMHBI  BBIXOJHOTO  Marpy0ka K
pacCTOSIHUIO OT BEPXHEH CTEHKU J0 HUKHEW CTEHKH
KoHyca (puc. 2a);

2. yToJI KOHyca cenapupyronien Jamku (puc.20);

3. oTHOCHUTENbHAS IJIONIA/b YJIABIUBAIOLINX OKOH
CEeMapHpyOLIEH Yallky — OTHOLIEHHE MO U OKOH K
ronaau odpasyromiell koHyca (puc.2B).

IlepBblif mapamerp — OTHOCUTENbHAs MAJIUHA
BBIXOZHOTO TaTpyOKa - SBISETCS CXOXKHUM 3JIEMEHTOM
B  KOHCTpyKuusix paspabareiBaemoro [®dC wu
KJIACCHYECKOTO  THAPOIMKIOHA. BrmsHnme »TOro
mapaMeTpa Ha THIPAaBIMYECKHE W CeMaparioHHBIE
MpoIiecchl B TPAAWIHOHHBIX  THIPOIMKIOHAX
OILIEHMBAJIOCH MHOTUMH HCCIIefoBaTeIsIMH [9], HO uX
pe3yIabpTaThl YacTO MPOTUBOPEUNBEL. Vcxos U3 3TOrO,
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ObUI0 TPUHATO pEIICHHE NPOBECTH COOCTBEHHBIC
UCCIIEJIOBAaHMSl BIMSHHUS O3TOIO I'€OMETPUYECKOTo
napameTpa Ha paboty co3naBaemoro ['OC.

Bribop B KayecTBe mapaMeTpoB yriia KOHyca U
OTHOCHTEJIFHOM  IUIOIIAAM  YJIaBIHMBAIOIIUX  OKOH
cernapupyoomel dYamkn oOyCIOBIEH TeM, YTO OHH

b
¢ omn, =T

SIBIITFOTCSI OTJINYUTETHHOM 0COOEHHOCTBIO
KOHCTpYKIuH pa3pabateiBacmoro ['®@C mo cpaBHEHUIO
C TPaJUIMOHHBIM TUIPOIUKIOHOM, COOTBETCTBEHHO
HCCIIEIOBAHUEM UX BIUSHUS Ha TUAPABIMYECKHE U
(UIBTPAallMOHHBIC IOKA3aTeld paHEe HUKTO HE
3aHUMAJICS.

[ Yaoa

a)

B)

Puc. 2. Koncmpyxkmuenvle napamempol I @C: a - omHocumenbHas OuHa bIX00H020 nampyoka, o - yeon
KOHyca cenapupyrowjell YauKuy, 6 - OMmHOCUMENbHAS NI0WAOb YIAGIUBAIOWUX OKOH Cenapupyiowell Yauiku
(npedcmasnensv npumepbl KOHCMPYKYU ¢ KPAUHUMU 3HAYEHUAMU)

HUccaenoBanus ['OC npoBoanian Ha KOMIUIEKCHON
nmabopaTopHO#l yctaHoBke [l0], xKoTopas mHO3BONAET
OTIpeNIeNATh KOd(PHUIHEHT ¢unpTpanuu u
THIPABINYECKOE COIIPOTHUBIICHHE Pa3IMYHBIX
BapUaHTOB KOHCTPYKLUHA (DUIBTPOB.

ITpu 3Tom Bce koHCTpyKImHu ['@C necnenosanich
IPH OAMHAKOBBIX PEXHMHBIX IIapaMeTpax — IpHu
MOCTOSIHHOM PAcXOJ€ XHUIKOCTH, C HCHOJIH30BAHUEM
TBEPABIX YaCTHUIl OJJMHAKOBOTO pa3Mepa U OIMHAKOBOKH
TUIOTHOCTH.

Ilo pesympTaraM NPOBEAEHHBIX HCCIEIOBaHUI
ObUTH TIONy4eHB! 3aBHCHMOCTH IIepernazia JIaBJICHHS,

ko3 dunneHTa ¢GuIbTpanun u KpUTEpHS
9
©
— 8
x 1)
-~ 7 \\
= \‘
=
I 6 ‘\_'_ ________________________
[
= 5
s}
f:‘:’[ 4 || mm——— Mepenan naeneHua
S KoapduumenT dunetpaumn
=
o 2
o
L 1
=
0
0 0,2 0,4

3¢ (GEeKTUBHOCTH OT BBIOPAHHBIX TEOMETPHUYCCKIX
nmapaMeTpoB. Bce 3aBHCHMOCTH IIpEACTaBICHBI Ha
puc.3-8.

Kak cnepyer W3 NpUBEACHHBIX 3aBUCHUMOCTEH
(puc. 3), oTHOCUTENBHAsS! AJMHA BBIXOAHOTO MaTpyOKa
OKa3bIBaeT 3HAYMTEIbHOE BIUSHHE HAa KOA(PQPHUIMEHT
(bUIbTpaLK M TPAKTUYECKH HE OKA3bIBACT BIMSHUS HA
ruapasianueckoe conpotusieHne ['®C. Vcnonesys
kputepuii 3pQexTuBHOCTH, AemaeM O0OCHOBaHHBIH
BBIBOJ O TOM, YTO MaKCHUMainbHast 3(QeKTHBHOCTH
I'®C nocruraercs mnpu 3HAYEHUH OTHOCUTEIBHON
JUTMHBI BBIXOJHOTO TaTpyOka B mpenenmax 0,05...0,1
(puc. 4).

1,0
=

09 =

=

08 @

S8

07 5

“““““““““““ 06 <
&

05

04 &

=

Q0,3 =

=

02 &

o1 §

0,0 2

0,6 0,8 1

OTHOCKUTEeNnbHaA ANKMHA

Puc. 3. 3asucumocmo nepenada dasnenus u kodgduyuenma guibmpayuu
Om OMHOCUMENbHOU ONIUHbL 8IXOOHO20 NAMpPYOKa
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=
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0
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OTHOCKMTEeNnbHaA ANIMHa
Puc. 4. 3asucumocms kpumepus 3¢hpexmuenocmu 0m OMHOCUMENbHOU ONUHBL
8bIX00H020 NampyoKa
[IpuBenennsie 3aBUCHUMOCTH (puc. 5) xpurepus  d(dexTHuBHOCTH  ompeneNseM, — 9TO

MOKa3bIBAKOT, YTO YI'OJI KOHYCa cenapnpyromef/i YaliKu
OKa3bIBacT 3HAUMTEILHOE BIIMSIHUE HA 00a IOKA3aTelst

MakcumanbsHast 3pdexruBHOCTE [DC nocrturaercs npu
3HAQUEHWN YIjla KOHyCa YJABIMBAIOUICH 4YaIlKd B

- u Ha kodpdumuent ¢umpTpanum, u Ha  npexenax 20...25 rpagycos (puc. 6).
rHApaBiInYeckoe  comporuBieHne. C  IOMOLIBIO

E: 09

L]
— =
c 7 S 0,8 5
= & _"--...____1- 0.7 o
: — 5
T . =Tm__ 06 2
e - 0s 3
o ¢ T " e
g 00 m===- Mepenan paeneiina 04 T
3 T
o 03 =
e 2 =)
W 0 =
o <=
g o1 8
o op 2

710 13 16 19 22 25 28 31 M 37 40 43 46
Yron, rpag,

Puc. 5. 3asucumocmo nepenada dasnenus u Kodgduyuenma guibmpayuu
Om yena KOHyca cenapupyoujell 4auiku

80

70
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50

10

—— KpuTtepuii apdekmeHocm

30

20

10

Kputepuin adPpeKTnBHOCTH

10 13 16 19 22

25

28 31 34 37 40 43 46

Yron, rpag

Puc. 6. 3asucumocmo kpumepus 3¢ppexmuenocmu om yeia Konyca
cenapupyroweti HauKu

OTHOCHUTENbHAS TJIOIA/Ab YJIaBIMBAIOMINX OKOH
cernapupyomel Yalmlku OKa3blBaeT CYIIECTBEHHOE
BIMsSHUE Ha Kod(¢uuueHt ¢QwibTpauMd M Ha

ruapasiuueckoe comnpotusienue I'PC  (puc. 7).
Hcnons3ys HPEe/JI0KEHHBII KpuTepuit
3G (QEeKTUBHOCTH, JeNaeM BBIBOJ O TOM, YTO
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En

MakcumaibHas agdexkruBHocTs ['PC nocruraercs npu
3HAYEHUU OTHOCHUTENBbHOM IIOMIaNU YyJIaBIMBAIOLIUX

o7
C e ———
~ ——
- 6 ~——
= ——
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I 5
]
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— 4
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]
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@ 2 l
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ay
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1]

015 0.2 025% 0.3 0,35 0.4

0,45

OKOH cemnapupyomeil yamku B mnpexnenax 0,2...0,25
(puc. 8).
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OTHOCHMTEABHAA NAOWaAL

Puc. 7. 3asucumocmo nepenada oagrenus u kosgpuyuenma gurbmpayuu
O OMHOCUMENLHOU NAOWAOU YIAETUBAIOWUX OKOH CENApUpyroujell YamKu
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40

—— KpuTepuii apdpekeHocm

30
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OTHOCKMTEeNbHAA NA0LWaab

Puc. 8. 3asucumocmov kpumepus 3¢ghgpexmugnocmu om omHOCUMENbHOU HAOUAOU
VAABIUBAIOWUX OKOH CeNnapupyioweti 4auKu

BbiBOABI U NIPEIOKEHUS

1. IIpennoxeH HOBBIM MHTETPANBHBIN KpUTEpHUil
oreHKH 3P (PEKTHBHOCTH I'MJPOLUKIOHHBIX (DUIBTPOB-
CEnapaTropoB,  CBS3bIBAIOLIMM  IIOKa3aTead  UX
YIIaBIMBAIONIEH CIIOCOOHOCTH ¥ THAPABINYECKOTO
conporusyieHus. HoOBBII  KpuTepuil  HO3BOJISET
ONTHMU3UPOBATh (COANAHCHPOBATh) 3TH BaKHEHIINE
paboune rnokaszaresu GuIbTpa-cenaparopa.

2. Wcronp30BaHne HOBOTO KPUTEPHS MO3BOJIMIIO
IOPU HUCCIICOBAaHUM BBISIBUTH BIIUSHHE OCHOBHBIX
reOMETPUYECKUX  IapaMeTpoOB  I'MAPOLUKIOHHOIO
¢unbTpa-cenaparopa:

- OTHOCHUTEJIbHOW JUTMHBI BBIXOAHOTO MaTpyOKa;

- yIJla KOHyca Cemapupyrouiei Yaiku;

- OTHOCHUTEJIbHOM IIJIOLIA/IA YJIABJIUBAIOLIUX OKOH
Cernapupyromieil yaiku.

3. Ilo pe3ynbraTam IPOBEAEHHOTO UCCIIEIOBAHUS

C IMIOMOIIBIO HOBOI'O KpUTepust IMOJIYYCHBIL
paluOHAJIbHBIC 3HaA4YCHU YKa3aHHbIX
KOHCTPYKTHUBHBIX  MapaMeTpoOB, 066CH€"II/IB310HIHG

MaKCHUMaJIbHYI0 3((GEKTUBHOCTh T'MAPOLMKIOHHOTO
¢unbTpa-cenaparopa, IpeJHa3HaYeHHOT O st

aBTOMOOWIBHBIX aHTH(PU30B. [Ipu 3TOM JOCTUTHYT
palMoHalBHBIH  OalaHc MEXAy T'HAPABIHYECKUM
CONPOTHUBIICHHEM  (QUIbTpa-cenaparopa H  €ro
yJIaBIMBaIOIIEH CIOCOOHOCTHIO.
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MAIN PRINCIPLES OF THE DECISION SUPPORT SYSTEM DEVELOPMENT OF THE
DIAGNOSTIC AND MONITORING PROCESSES’ MANAGEMENT OF THE RAIL AND
WATERWAYS AUTOMATION

€2onvnuxoe Onekcandp Onexcanoposuu

BUKNA0AY

Muxkonaiscokuti Koe0Hc Mpancnopmuoi iHgppacmpykmypu
Lninposcvroco nayionanvbHo2o yHieepcumemy
3aN3HUYHO20 mpancnopmy imeni akademixka B. Jlaszapsina

OCHOBHI IPMHIUIIX PO3POBKU CUCTEMU NIATPUMKHU MPUMAHATTS PIINEHD
YHPABJIIHHS MIPOOHECAMMU JIATHOCTYBAHHSA I MOHITOPUHI'Y 3ACOBIB ABTOMATHUKHA
IS MEPEXK 3AJIIBHUYHO-BOJHOI'O CIIOJIYYEHHSA

Abstract. The basic principles of the decision support system development of the diagnostic and monitoring
processes’ management for the rail and water networks of the south Ukraine have been analyzed and determined.
Using the Petri-simulation methods, the system of organization of the servicing railway automation facilities
technologist’s automated workplace in the port has been investigated. Functional tasks of the technical diagnostics
and monitoring system have been formulated. A model of decision support system has been proposed. The
development need of cognitive model has been identified.

Awnoraunis. [IpoananizoBaHo Ta BU3HAYEHO OCHOBHI NMPHHIMIIN PO3POOKN CHCTEMH IIATPUMKH MPUHHATTS
pillieHb YIpaBJIiHHS MPOLECAaMH J[IarHOCTYBaHHs 1 MOHITOPHMHIY 3aCO0IB aBTOMaTHKH ISl MEPEXK 3alliZHUYHO-
BOJIHOTO CIIOJIy4eHHs MiBIHS YKpaiHu. 3a jgonomoroto meroniB IleTpi-mMonentoBaHHS JOCIHIIKEHO CHCTEMY
oprasizaiii Ha aBTOMAaTHU30BaHOMY pOOOYOMY MiCIli TEXHOJIOTa 3 OOCIYrOBYBaHHS 3aCO0iB 3aJIi3HHYHOI
aBroMatukd B mopty. CdopMynboBaHO (DYHKIIOHAIBHI 3aBAaHHA CHUCTEMH TEXHIYHOTO JiarHOCTYBaHHS i
MOHITOPHHTY. 3ampollOHOBAaHO MOJENb CHCTEMH MIATPUMKH NPUHHATTA pimeHb. Bu3HaueHO HEOOXigHICTH
PO3pOOKH KOTHITUBHOT MOJIENTI.

Keywords: rail and water networks, decision support system, information system, railway automation
devices, technical diagnostics and monitoring system.

Kouosi cnosa: mepesici 3ani3HUMHO-600H020 CRONYYEHHS, Cucmema NIOMPUMKU NPUUHAMMI piuieHb,
iHhopmayitina cucmema, NPUCMPOi 3ANIZHUYHOI AGMOMAMUKY, CUCTHEMA MEeXHIYH020 OIaeHOCMY8AHHS I
MOHIMOPUHRY.

ITocranoBka npodJemu.

Bupimenass mnpoGiemu 00poOKHM BaHTaXiB y
MOPCBHKHX Ta PIYKOBHX MOPTaX YKpaiHU IOB’S3aHO 3
HaJIarO/IKyBaHHSAM POOOTH NPUTIOPTOBHUX 3aJ1I3HUYHUX
CTaHIIH, OITBIIICTH 3 IKUX MOOYTOBAHO IIIe HAPHKIHIIL
MHHYJIOTO CTOJITTS, KOJNU IX (DyHKUIOHYBaHHS OYyIo

OpIEHTOBAHO BUKJIIOYHO HA IEPEpOOKy IMIIOPTY, SIKHHA
Ha TOH 4ac NmepeBHUIIyBaB eKcriopT. Binremep cutyartis
IIOZI0 BAHTAX000Iry 3MiHWIACAd KOPEHWM UYHHOM 3
MepepoOKH IMIOPTY Ha EKCHOPT, IO HaWOiibII
HAaTJSTHO TIOKA3aHO Ha TMPHKIAAI poOOTH MOPTIB
InmigiBepk, FOxuwmii, Peni, a Takox MHKOJIAIBCHKOTO
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toproBesnibHoro  mopty [l, 2].  Poswmupenns
HOMEHKJIATYpH Ta O0CATY BaHTaXIB MPHU3BEIO 10
JUCIPOIOpIii MK NPOMYCKHOIO Ta IepepoOHOI0
3JIaTHICTIO MOPTIB, PO3Jay Ta HEY3TrOJDKEHOI Iojadyi
Cy[ICH TIiJi 3aBaHTAXCHHS 1 BEJIMKOI KIUIBKOCTI
HEpO3BAaHTAXXCHUX  TOI3AIB, fAKi 3aJUIIEHI Ha
MIPUTIOPTOBUX CTAHIIISAX Ta 301IBIICHHS HEBUPOOHUINX
BUTpaT «YKp3ami3HuLi». Lle Bce Bumarae monepHizarii
MEpEX 3ai3HUYHO-BOAHOTO CIIOJNyIEHHS, 30KpeMa
IIIIXOM  JONATKOBOTO  oOamHaHHA  3acobamMu
ABTOMATHKH, €(eKTHUBHICTb 3aCTOCYBaHHI SKHX HE
MOJKJIMBa 0€3 CUCTEM JIIarHOCTUKU | MOHITOPHHTY.
AHani3 ocTaHHixX myOaikanii i rociaizxens.
['oOBHUM TpU3HAYEHHSIM CHUCTEM TEXHIYHOTO
nmiarHoctyBaHHs 1 wmonitopunry  (CTAM) e
OpraHi30oBaHWH HA CyYaCHOMY pIBHI KOHTPOJIb
TEXHIYHOTO CcTaHy oOO0’€KkTa; TMOIIYK MICIb Ta
BU3HAYCHHS TPUYMH BIiIMOB Ta HECHpPaBHOCTEH;
MPOTHO3YBaHHS TEXHIYHOTO cTaHy 00’ ekTy. O0’eKTOM
MOHITOPHHTY € EJEeKTPHYHI IapaMeTpH NPHCTPOiB
3ai3HUYHOI aBTOMATHKU (PEHKOBHX KN, CTPUIOK,
CBITIIOQOPIB), AKI y BHIILIAI YHCIOBHX 3Ha4eHB 200
MOMNepeDKYIoYnX  iHpopMalmiiHUX  MOBIiIOMIICHB
MEePEAAlOThCS Ha CICIliali30BaHi TEXHOJIOTIYHI BiKHA
abo Ha aBTOMarH3oBaHe poboue wMmicue (APM)
TEXHOJIOTa; Jajli oJiep KaHi AaHl 3a3HAIOTh 0OPOOIICHHS
Ta BUKOPUCTOBYIOTHCS IUISl CKJIQJaHHS TNPAKTUUHHX
pexomenpaniii [3, 4]. Ane BupoBamkenus CTAM na
Mepekax 3ali3HHYHO-BOJHOTO CIIONYYEHHS € HOBHM,
e HearpoOOBaHNM HayKOBO-TIPAKTUIHIM
HANpSIMKOM,  JTOCHI/DKCHHS B  00NacTi  sAKOTO
MOTPeOyIOTh PO3IIISIATH MPOIIEC Mepefadi JaHuX IS
30epiraHHsi, OOpOONEHHS Ta CHUCTEMaTH3amlii sK
CKJIQJIHy CHCTEMY MIiATPUMKH NPUIHATTA pilIeHb
(CTIIIP) [5, 6]. MeTta BupoBamxkenust CIIIIP nonsirae y
MIiBUILIEHHI ~ ONEpPaTUBHOCTI, OOIPYHTOBAHOCTI 1
e(peKTUBHOCTI YIIPaBIIHCHKOTO amapary 3a paxyHOK
BUKOPUCTAHHSA iHpOpMaIiHHUX TEXHOJIOTIH,
orepaTuBHOro (OPMyBaHHS Ha iX OCHOBI KOMILJICKCHOT
omepaTtuBHOI iH(poOpMaIlii, sKa € HEOOXIAHOW IS
NPUHHATTS pilleHb. BOHM TNOEAHYIOTH KOMIUIEKC
METOAIB 1 TporpaMHUX 3aco0iB, HEOOXITHHX I
MATPUMKH OaraTOKpUTEPIaIbHUX PIMIeHh CKIATHUX
337a4 K B yMOBaxX BHM3HAUEHOCTi, Tak i B yMOBax
HEBU3HAUCHOCTI BUXigHOI iHQopMartii. JoniIbHICTh Ta
nepcrnekTuBu 3actocyBanns CIIIIP Ha 3amizHUYHOMY
TPAHCIOPTI HaBEJCHO Y poboTax [7—10], aHamiTHaHMiA
OmIsii  SIKUX  BH3HA4YaTHME  HACTYNHY  CXeMY:
«MOJICITIOBAHHS—TIPOTHO3YBAHHI—>IPUITHATTS

pimeHHs», AApO fAKOI ABISE COOOI0 CrelianbHe
IToka3HUKH
MIPHCTPOIB APM
3aJTi3HHYHOL TexHOEoTa
aBTOMAaTHKH

IHTEeJIeKTyaJIbHE nporpamHe MaTeMaTn4He
3a0e3nedeH s NiATPUMKH NPUHHATTI pimens. [Ipore
ICHyIoud MOJETl He TPUCTOCOBaHI sl 3aco0iB
3aJI3HWYHOI aBTOMATHKM 1 4epe3 iHmI crenugivHi
eKCITyaTalliifHi yMOBM BOHM HE MOXYTb OYyTH
BHKOPHCTAHI JUISI TEXHIYHOTO 0OCIYTOBYBaHHS MEPEK
3aJTI3HNYHO-BOJHOTO CIIOJTyICHHS.

MeTta JociilskeHHsl TONATa€ y TIPYHTOBHOMY
aHaJi3i Ta BU3HAUYCHHI OCHOBHHX MIPHUHITHITIB PO3POOKH
CHCTEMH MiITPUMKU TPUHHATTSA pPillleHb YIPaBIiHHS
MpoIiecaMy JiarHOCTYBaHHS 1 MOHITOPHHTY 3aco0iB
ABTOMATHKH  JUII ~ MEpeX  3aJi3HUYHO-BOJHOTO
criosrydeHHs. Jns JocsiraHHsS TOCTaBJIEHOI METH B
PpoOOTI HEOOXITHO BUPILIMTH HACTYITHI 3aBJJaHHS:

1) nocnigutu CUCTEMY oprasizarii Ha
ABTOMATH30BaHOMY poOOYOMY MiCIi TeXHojora 3
00CIIyroByBaHHs 3aCO0IB 3aJIi3HUYHOT aBTOMATHKH B
TIopTy;

2) po3poOUTH  MOJENb  CHUCTEMH  MiIATPUMKH
MPUHAHATTS pillleHb, sKa BimoOpakae B3a€MO3B’S30K
MiX TOKa3HUKAaMH 3aC00iB 3aTi3HUYHOI aBTOMATHKH Ta
aBTOMATH30BaHUM POOOYNM MICIIEM TEXHOJIOTA.

Bukisag ocHOBHOro Martepiainy.

Hocniooicennsn cucmemu opeanizayii na APM
mexnonoza 3 00ciye08y8anHsa 3acobig 3ani3HUYHOL
aemomamuxy @ nopmy. OOCIyroByBaHHS MeEpEK
3aJI3HUYHO-BOJIHOTO CIIOJIyYCHHS 3IIHCHIOETBCS Y
BiamoBigHocti 3 «[IpaBmiammu  00cCIyroByBaHHS
3QTIBHAYHUX M’ T3HUX Koxmii» (crarti 12, 64-77,
Haxkaz MiHicTepcTBa TpaHcmopty Ykpainu Ne 644 Bin
21.11.2000 p.). O6’eqHaHHS aBTOMaTH30BAHUX CHCTEM
KepyBaHHS TOPTiB 3  iHpOpMamiiHO-KEePYIOIHNMHU
CHCTEMaMH 3aTI3HHYHOTO TPAHCIIOPTY € XapaKTEPHOIO
OCOONMBICTIO TPH TEXHIYHOMY OOCIyrOBYBaHHI
npunopToBux 3amizauie [11]. Amami3 cydacHoro
CTaHy NPUIIOPTOBUX TPAHCIIOPTHUX BY3JiB YKpainu [ 1,
2] TmoKa3aB HEAOCKOHATICTh Yy KOOPAMHAIIWHIN
B3a€EMOJIIT CyMDKHUX BUJIIB TPAHCIOPTY Ta €JIEMEHTIB
TPaHCIIOPTHOI 1HGPACTPYKTYPH, TOOTO
CIIOCTEPIraeThCcsl BIIICYTHICTh CHHXPOHI3ALil Al Mix
poOOTOI0 TPHUIIOPTOBOTO TPAHCIOPTHOTO By3na i
3aBaHTAXKEHHAM CyJeH. 3 I[bOr0 BHUTIKAE € OJHA
BAXIIMBA eKCIUTyaTalliifHa 3ajada — CHHXpPOHI3aIlisd
mo1avi MTOKa3HUKIB TIPUCTPOIB 3aTi3HUYHOL
aBromatukH (3A) Ha APM TexHoJiora Ta iX moajibina
nepenaya Ha APM  gucnerdepa  3aili3HUYHHX
nepeBe3eHb MOPTY Ta Y3TO/DKeHHs 3 poboToro APM
CTUBiZIOpa MOpTy (puc. 1), MO € XapaKkTepHUM TiIBKH

UL TEXHIYHOTO0 OOCIyroBYBaHHS TNPHUIIOPTOBHX
3aJTi3HUIb.
APM APM
OUCIIETHIEPa CTHEI nopa
3ai3HHYHIX nopTy
nepeBeseHb

Puc. 1. Cmpykmypua cxema Koopounayitinoi 63a€mMo0ii OUCnemyepcoKux Ciyichd npunopmosoi 3anizHuyi

Tobro  3amaya  ympaBiiHHA  HpoLEcaMH
JIiarHOCTYBaHHs 1 MOHITOPUHIY 3ac00iB aBTOMaTHUKH

MPUIIOPTOBUX SaJ'IiSHI/ILH) € JAUCKPETHOIO,
CJ'Ia6OCprKTypOBaHOIO, 3 HAsBHICTIO napaJjeJibHuX Ta



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11 (51), 2019 13

ACHHXPOHHUX IpoIieciB. J{Jis 71 MATEMaTHYHOTO OIHCY
JIOLIBHO 3aCTOCOBYBAaTH MOAENI, 3anporioHoBaHi K. A.
Ietpi [12], mo Ha BiAMIHY BiJ IHIIMX TEXHOJIOTIH
iMiTamiiiHoro  MojemoBaHHsS  [13]  mae  3mory
PO3po0IATH nporpamMHe 3a0e3nedYeHHs 3 AeTalbHUM
OTIMCOM TIpOIIeciB QyHKIiIOHYBaHHA crucTeMi. OCHOBHI
eTary JOCIIHKEHb, 10 BUKOHYIOTHCS 33 JOMOMOTOI0
Mmepexi [leTpi, BKiIo9aroTh y cebe: BUAUICHHS HOIH;
3’SCyBaHHS YMOB, 32 SKHX BHHHKA€ KOXKHA i3 TMOIIl;
BHU3HAYEHHS KITBKOCTI (IIIOK Yy KOXKHIN MO3UIIi, 110
CHUMBOJI3y€ BHKOHAHHS YMOBH; 3 €IHAHHA TIO3UIII]
BIAMOBIAHO 1O JIONiKM BUKOHAHHS IOMIM B CHCTEMI,;
3’ICyBaHHsl 3MiH, 110 BiZ0YyBaroThCS B CUCTEMi NpHU
3niicHeHHI koxkHOi moxii  [12]. Maremaruuna
MOCTaHOBKa 3ajayi MOBUHHA BpPaxOBYBaTH

MTOCTITIOBHUIA TIEpeXiJ] 3 OJJHOrO CTaHy 10 iHmmoro. J{is
JOCIIIHOTO BWIIAJKY 3arajbHa (yHKLiS MaTuMe
BHUTJISIT

Fr{x(u)}+ F{x(u)}+ Fs{x(u)} = F{x(u)}

e u(t) -

iHpopMarii;

BCKTOD praBJ’IiHHH IIOTOKaMU

X(t) — BexTop cramy cuctemu y meBHHIT MOMEHT
yacy.

Mepexa Ilerpi € ABONOJIBHUM OpPiEHTOBAHUM
rpadoM, BEpIIMHH SIKOTO SIBISIOTH COOOI0 MapameTpu
CHCTEMH, XapaKTePUCTUKY SIKUM HaJlaHO y Tabm. 1.

Tabuuus 1

XapakrepucTuka napaMeTpiB CHCTeMHM YIIPABJIiHHA NPoLecaMu JiarHOCTYBaHHS i MOHITOPUHIY 3ac00iB
aBTOMATHKHU NPUIIOPTOBOI 3aJi3HU LI

Tlo3umii

XapakTepucTHKa NapaMeTpiB CHCTEMHU

CraH NOKa3HUKIB IIPUCTPOIB 3aTi3HIYHOT aBTOMATHKH:

A;— peHKOBHUX KiJ
B;— ctpinok
C;— cBiTodopis

BinmnosinHicTs 400 HEBIAMOBIAHICTE MOKA3HUKIB 3AJII3HUYHOT

ABTOMAaTUKN HOPMATHBHUM 3HAYCHHAM

[TpuitHATTA 1H(GOPMATLTIT PO TEXHIYHUI CTaH MPUCTPOIB 3ATI3HIIHOI
ABTOMATHKH Ta TOTOBHICTh MPHHAHSATH PYXOMHI CKIIa/1

QOO

[pwitasTs iHGOpMAITi PO TOTOBHICTB 3aITI3HUYHUX CKIIAIIB 10
PO3BAHTAXEHHS Ta Y3rOHKEHHS CYMICHOT pOOOTH 3 CYTHOM

Ha puc. 2 mpencraBieHo moOyaoBaHy 3
BUKOPHCTAaHHIM KJacuuHOi Mepexi IleTpi 3arambHy
JUHAMIYHY  MOZEJb  YIpaBIiHHA  IpOLlecamu
JIIarHOCTYBaHHs 1 MOHITOPUHTY 3ac00iB aBTOMAaTHUKH
MPUIIOPTOBOI 3aJi3HMUL, sIKa MOETHYE Yy c0o0l ByHKIIT
YOpaBIiHHA BaHTAXHUMU poOOTaMHM Ha CygHaxX 3
iH(pOpMaLiHHO-KEPYIOUHMH CUCTEMaMHU 3alli3HHIHOTO
TpaHCHOpTy. MapkyBaHHs Mepexi [lerpi Bu3zHadae ii

cran [12]. OOpanwmii cueHapiii mnepembadae dYacoBi
3aTpUMKH y pOOOTI TEXHoJora, JucleTdepa Ta
CTHBIZIOpa TOPTYy, TMOB’s3aHi SIK 31 IIBUIKICTIO
00poOJICHHST [MaHWX, TaK 1 31 BIUIMBOM 30BHIMIHIX
(baxTopiB, TakMX SK 3aTPUMKH Y MOJAui PYXOMHX
CKJIaIiB abo TOroJHi YMOBH, fKi Oe3MocepeqHbO
BIUIMBAIOTH HA BaHTaXKHI OIepamii. Y BCiX BHITAJKax
MOJI€I0 € Tiepejaya JaHux.

SeoHEH ¢
¢ =

Puc. 2. 3acanvna ounamivna mooenv ynpasnints npoyecamu 0iaeHOCMy8anHs i MOHIMOPUHEY 3aco0i
A8MOMAMUKYU NPUROPMOBOI 3ai3HUYI
3 suKopucmanHam mepesxci Ilempi
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3anpornoHoBaHa JUHAMiIYHa MOJENb € 0a30BUM
BapiaHTOM, MOKJIAJICHUM B OCHOBY PO3POOKH CHCTEMH
HIiATPUMKH IPUAHATTS pillieHb YIIPaBIIiHHS IpoLecaMu
JiarHOCTYBaHHs 1 MOHITOPUHIY 3ac00iB aBTOMaTHUKH
JUISL MEPEX 3aJTI3HUYHO-BOHOTO CIIOJTy9YEHHS.

Mooenv  cucmemu  niompumKy — RPULHAMMS
piuiens.
Metoto  crtBopenHs ~ Mmoxem — CIIIP €

BCTAHOBJICHHS B3a€MO3B’SI3Ky MDK ITOKa3HHKaMHU
3ac00iB 3aJII3HUYHOT aBTOMaTHKH T4 aBTOMAaTH30BAHUM
pobourM MicleM TexXHOJora 3 iX OOCIyroBYBaHHS,
SKHA CUCTEMAaTH3ye Il JaHi, BU3HA4Ya€ iX MOXKITUBI
BiJIXMJICHHS BiJ] HOPMATUBHUX MMOKA3HUKIB Ta CKJIaJa€
3BITHY JIOKYMCHTAIlif0, Ha TiJACTaBi sKOi Jaii
PO3POOISIIOTHCS 3axX01 3 TEXHOJIOTIYHOTO
oOciyroByBanHs. 3riqHO 3 pobOoToro [5] cucrema
HIATPUMKH ~ TPUHHATTSA ~ pilleHb  SBISIE  COOOIO

KOMIT FOTEPU30BaHy CHUCTEMY, LIO MICTUTb YOTHUPH
OCHOBHHMX KOMIIOHEHTH: iHTep(eiic KopHucTyBaua,
TiICUCTEMY KepyBaHHS ITOBIJOMIICHHSIMH, 0a3y TaHUX
i 6a3y Mmopeneil. Ha mincrasi meranbHOI MpopoOKu
YMOB €KCIuTyaTamii 3aJi3HUYHOI aBTOMATHKH Ha
MPUITOPTOBUX  3aJi3HUIAX  Ta  ocoOnmBOCTEH
opraHizariiHoi pobotu B cucremi
«TEXHOJIOT— JUCIeTYeP—>CTUBIIOP TOPTY»
BH3HA4YeHO OCHOBHI pyHKil Ta mindynakmii CIIIP mms
YIpaBITiHHS mporecaMu JIiarHOCTYBaHHS i
MOHITOPHHTY 3acO0iB aBTOMATHKH [UISI  MEpeK
3aJI3HUYHO-BOJHOTO CIIOJIYYEHHsI, sSKi HaBEJCHO Y
tabn. 2. Cucrema MIATPUMKH TPUHHATTS pillIeHb
MOBUHHA SIBJSITH COOOI0 IHTEPAKTHBHY CHCTEMY, IO
3a0e3nedye KO)KHOMY KOpHCTyBaueBi (puc. 1) mepexi
JIOCTYTI 10 HeoOXiTHOT iH(popMarIii.

Tabmuus 2

®yukuii Ta mingyukuii CIINP pias ynpap/iiHHg npouecaMu AiarHOCTYBAHHS i MOHITOPHHIY 3ac00iB
ABTOMATHKH I Mepe:X 3aJIi3HUYHO-BOJHOTO CIOJIY4YeHHsI

DyHKIii

Hindyukuii

AHaii3 cuTyarii: momyk ingopmarii

. @ikcaris TOTOAHAX YMOB Ha TUTEHUIIL
. IneHTHIKAaIs MTOKA3HUKIB MPUCTPOIB 3aTI3HUYHOT aBTOMATHKH

AHari3 cuTyarii: BU3HaYeHHS
HeOe3neyHux (pakTopiB

. @opMyITIOBaHHS MIOTOYHOI CTOPIHKH 00Ky
. Po3paxyHOK BiXuJIeHb 3HATHX MOKA3HHUKIB BiJI HOPMATUBHUX
. BuOip: npuiHATH YU BIIXWIUTH

[MpuitHATTA pilleHb

. BiokyBaHHs 3ac001B aBTOMaTHKH

. TumuacoBa 3ynuHKa TPaHCIIOPTHOI MEpexKi

. CkaiauHsl iHIIKMX aJbTePHATUBHUX 3aXO0/IiB
. OuiHKa anbTepHATHBHUX HANPSIMKIB JIii

IloTounmit KOHTPOJIb Ta IJIaHYBaHH

P OWONRERPPRONRPRPIONEINPE

. Croctepe)keHHs 3a CUCTEMOIO

. CkiaianHst eJIeKTPOHHOT 3BITHOT JOKYMEHTAITIT
. CknajaHHs IJIaHy 3aX0/iB

. Ilepemaya nanux 10 odicy ynpaBimiHHS

AHai3 pu3mKiB

TecTyBaHHS CHCTEMU:
e  [IAHOBUH TECT

e  TEXHIYHHI TeCT

e  omepaniifHuA TecT
®  EKOHOMIYHHUI TECT

KirouoBum eranom jgociiJukeHHS (QyHKLid €
TOPHHAHSTTSI pileHHs, KOJIH TEXHOJIOT 3
obcnmyroByBaHHs ~ 3aco0iB  aBTOMAaTWKu  oOupae
MOXIIMBI BapiaHTH cueHapiiB. L{io 3amady mouiabHO
BUPIIIYyBaTH 3a JIOTIOMOTOI0 KOTHITUBHOTO
mojentoBanust  [14], sxe o6’emHye [1Ba  BUIU
MOJICTIIOBAHHS — CTPYKTYPHO-CHCTEMHE Ta iMiTaliiHe

Ta JO3BOJISIE PO3TJSLIATH NPOIECH YIPABIIHHSA Y
CTATUYHOMY Ta JUHAMIYHOMY BHIJISAI, a TaKOXK
OynyBaT MOJAEAl 3 MOCTAHOBKOI  YHCJIOBHX
EKCIICPUMEHTIB 3 pPEaJbHAM iX 3aCTOCYBaHHSIM Ha
npaktuii. Ha puc. 3 HaBemeHO 3arajibHy CTPYKTYPY
3anpononoBaHoi CIIIIP.
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TToKa3HHUKH Cepeep
3acobiB TEeXHIYHOTO Odic ynpapmiHHA
ABTOMATHKH A oﬁcﬂyro.
B
Cepsep;l{ CucreMa KepyBaHHS Cacrcun
y4acHUKIB 623010 JAHHX KepyBaHH: 0623010
Mepeski Mozeneit
InTepdeticu
TeXHOJOra,
IHCIeTdepa, baza manmnx Baza
CTHRiZOpa TIOKAa3HHUKIB JaHHX
3aco0iB Mopeneit
aBTOMAaTHKH Ta 3HaHb
IIpuknanHi
IIpOorpaMu
KOpPHUCTYBa4iB

Baza maHHX TeXHOJIOTiYHHX
3aX0mIiB

Puc. 3. Vzaeanvnuena mooenv CIIIIP ynpaeninus npoyecamu 0iacHOCMY8AHHS | MOHIMOPUHZY 3ac0o0i8
ABMOMAMUKY OJiA MEPEHC 3ANIZHUYHO-600HO20 CHOTYYEHHS

Bes BaxmBa iHQOpMaLis MPOXOIUTH dYepes
cepBep TEXHIYHOTO 00CIyroByBaHHS, Ha SKOMY TaKOXK
MICTATBCS. TMPOTOKOJM HapajJ Ta OCHOBHI eTamu
NPUIHATTS pilieHb. Bei nmokasHuky, siki QiKCYHOTHCS
3ac00aMH 3aTi3HMYHOI AaBTOMATHKH, 3aHOCATHLCS IO
0a3u JaHuX MOKAa3HUKIB 3ac00iB aBTOMaTHKH. CHcTeMa
MIATPUMKH TPUHHATTS pillieHb NOCTIHHO BiJICIIAKOBYE
1l aHi, a B pa3i BIAXWICHHS MOKA3HUKIB JaTYHKIB Bif
HOPMAaTHBHHUX 3HA4YeHb 3’SCOBYE XapakTep NPUYHHU
(BUIMAIKOBWI 49X HEBHITAJKOBHUH); OIOKYE CHCTEMY Y
BUTIAJIKy TICPEBUIICHHS I 3armo0iraHHs aBapiifHOT
curyarii, ToOTO TeHepye BaKJIMBiI BapiaHTH pIllICHB,
BUKOPHCTOBYIOUHM 0a3y Mojiesnel Ta 3Hanb. [lincucrema
KEpyBaHHS IOBIIOMJICHHSIMH 3a0e3mneuye KOMyHiKarii
MIDK TEXHOJIOTOM, JUCIIETYEPOM Ta CTHUBIIOPOM yepe3
cepBep TEXHIYHOTO 0OCITYTOBYBaHHS.

BuCHOBKM | MepCHeKTHBH  NOJAJBIIUX
JAOCJiIZKEHb.

1. 3a momomoror metoniB Ilerpi-moaentoBaHHsS
JIOCJTLIKEHO cucreMy opranizanii Ha

AaBTOMATH30BaHOMY pOOOYOMY MICIi TeXHojora 3
00ciTyroByBaHHS 3acO0IB 3aJTiI3HHYHOI aBTOMATHKH B
nopty. B pe3ynbrari modynoBaHo 3arajibHy AMHAMIYHY
MOJICJIb YIPABIIiHHS MpPOIECaMU JIarHOCTYBaHHS 1
MOHITOPHHTY 3ac00iB  aBTOMATHKH HPUIIOPTOBOL
3aJi3HUI, AKa MOoeqHye y coli (GyHKHii ympaBmiHHS
BaHTaXHUMH POOOTaMU Ha CyAHAax 3 iHpopMaIiitHo-
KEePYIOUHMH CHCTEMaMH 3aJTi3HHIHOTO TPAHCIIOPTY.

2. ChopMynpoBaHO (YHKI[IOHANBHI 3aBIaHHS
CUCTEMH TEXHIYHOTO MIarHOCTYBAaHHS i MOHITOPHHTY
Ta PO3pPOOJIEHO MOJENb CHCTEMH  MiITPUMKH
NPUHHATTS pillleHb, SKa BijoOpa)kae B3a€MO3B’S30K
MIX [TOKa3HUKaMH 3ac001B 3aJ1i13HUYHOT aBTOMATHKH Ta
ABTOMATH30BaHUM POOOYHMM MICIIEM TEXHOJIOIa, SIKUif
CHUCTEMATH3y€ Il JlaHi, BH3HAYAE iX MOJXKJIMBI
BIJIXMJICHHS BiJl HOPMATHBHHUX MMOKA3HHKIB Ta CKJIaJa€e
3BITHY JOKYMEHTAIlifo, Ha TiAcTaBi sKoi mami
PO3pOOISIOTECS 3axoan 3 TEXHOJIOTIYHOTO
00CITyrOBYBaHHSI.

[epcriekTHBY MOAATBIINX JOCIIHKEHb TTOB’A3aH1
3 po3poOKOI0 KOTHITUBHOI MOJENi  yNpaBIiHHS
MpoIlecCaMy JIiarHOCTYBaHHS 1 MOHITOPHMHTY 3ac00iB
ABTOMATHKH 1 TOCTAHOBIII YHCIOBUX EKCIIEPHMEHTIB
JUISL TIPOTHO3YBaHHS MOXIIMBHX IIPOTHO3IB  IIOZO
TEXHIYHOTO OOCIYrOBYBaHHS MeEpEX 3aJi3HHYHO-
BOJIHOT'O CIOJIy4YEHHSI.
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DETERMINATION OF THERMODYNAMIC TEMPERATURE IN THE PROCESS OF THIN-BLADE
TREATMENT WITH CORUNDUM CUTTING PLATES

AnHoTanus. [IpemioxeHa MaTeMaTHYecKas MOJENb pacueTa TePMOJMHAMHUYECKON TeMIIepaTypsl B 30HE
pe3aHus KOPYHAOBBIMH DPEXYUIMMH IUTACTHUHAMH. B OCHOBE MOJenu JIe)KWT ypaBHEHHE TEIUIOBOTO OajaHca,
3amMcaHHOE JUIs Ipoliecca pe3anust. Maremarnueckas MOJIeNIb YYUTBIBACT PEKUMBI PE3aHus], TEIUIO PU3MIECKUE
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XapaKTEPUCTUKU PEXYIIeH IUIacTHHBL, 00padaThIBaEMOW JeTanu, CXOJSIIEH CTPYKKH, OXJIaXAarolei
TEXHOJIOTMYECKOM Cpeibl, a Takke TeIUIONOTepr paauanmedl W koHBekuuwed. st ompexneneHus
TEpPMOJMHAMUYECKOH TeMIlepaTypbl B THpoOLECCEe pPE3aHusl HCIOJb3YeTCs METOJA  IOCIEeJOBaTEeNbHbBIX
NPUOITHKESHUH.

Summary. Proposed a mathematical model for calculating the thermodynamic temperature in the cutting
zone with corundum cutting inserts is proposed. The model is based on the heat balance equation written for the
cutting process. The mathematical model takes into account the cutting conditions, the thermal characteristics of
the cutting insert, the work piece, the descending chips, the cooling process medium, as well as the heat loss by
radiation and convection. To determine the thermodynamic temperature during the cutting process, the method of

successive approximations is used.

Kniouegvie cnosa: memnepamypa, KopyHo, npoyecc pesanus, meniogou oOanamc, mMemoo umepayuu,

mo4HoCnb.

Key words: temperature, corundum, cutting process, heat balance, iteration method, accuracy.

ToHkoe TOHKOJIE3BUITHOE (hpe3epOBaHIE LIBETHBIX
METAJUIOB M  CIUIABOB  OCYIIECTBISIETCS B HX
CPAaBHUTEIBHO TOHKUX MOBEPXHOCTHBIX CJOSX, 4YTO
NPUBOAMT K BEcbMa BBICOKMM  TEIUIOBBIM U
MEXaHNYECKUM Harpys3KaM IIpH CTPYKKOOOpa30BaHNHU
MaJbIX CEYEHHH, BBI3BIBAIOIINX HHOT/A TPEIIUHBI U

NpOXXUTM  Ha  0OpabOTaHHBIX  HOBEPXHOCTSIX.
3HayeHUsIMH TeMIEpaTyp B 30HE KOHTaKTa C
oOpabaTbiBaEMOW  TOBEPXHOCTBbIO,  MOJYYCHHBIX
OKCHEPUMEHTAIbHO C  IIOMOIIBIO  €CTECTBEHHBIX

TepMoInap, MOKHO MOJIb30BaThCs JIMIIb JUIsl OIUCAHUS
SIBJICHUH, NPOUCXOJSIINX B CPABHUTEIBHO OOJBLIMX
o0beMax 0OpabaThIBaEMbIX MaTEpPHAJIOB, HANpPHUME,
JUISL OTIPEICITICHUS] CPEHUX TePMHUUYECKUX AehopMaruii

MaTepUAIOB WM IS CpPEIHEH OICHKM KadyecTBa
obOpaboranHo#l moBepxHOCTH. OlleHUBaTH  OoJee
TOHKHE SBJIICHUS, TPOHMCXOJSIINNE B 30HC KOHTaKTa
(bpe3bl 1 00pabaTHIBAEMOT0 MaTEpUAIIA, MOKHO TOJIBKO
OPHEHTHPYSICh Ha 3HAYCHUS JIOKAIBHBIX TEMIIEpATyp.

B nanHoit pabote mpeanaraeTcsi MaTeMaTuiecKast
MO/IEITh oTpe/IeeHuUs TEPMOJMHAMHIECKOM
TeMIlepaTypsl B 30HE pe3aHus Impu 00paboTke
MaTepHaaoB KOPYHIOBBIMH PEXYIIUMH IIJTaCTHHAMH.
MateMaTHueckas MOJCIb 0a3UPyeTCs Ha ypaBHCHHU
TEIJIOBOTO OanaHca.

VYpaBHeHHE TEIJIOBOrO OajiaHca Ajs Mpolecca
pe3aHusl KOPYHAOBBIMU  PEKYUIIUMU I1aCTUHAMU
HUMECT BU:

Co-my- (0 —tyy) +Corme- (0 —t,) +
+Cﬂlmﬂ.(9_tHﬂ)-I_COX.mOX.(G_tHOX)+QTﬂ=PZIUIT(1)

riae P,- cuna pesanusi, 3aBHCSLIAS OT PERUMOB
pe3anus (ckopocTH, mnopauw, rioy6ussl), [H]; v-
ckopocTh  pesanms, [m/c]; C,-  TemnoemkocTh

o o o .
KOPYH/IOBOH peXyllel IUIacTHHBI, [—K] m,- Macca
Kr*
KOPYHI0BOMpexyIel miacTuubl, [Kr]; t,,- HavaibHas

TemmepaTypa pexylieil miacTuHel u3 kKopyHaa, [°CJ;
Ce- TETIOEMKOCTb MaTepuana CTPYXKH

Do ],
(mropasrOMHHWS, TATYHH U T.]11.), [ﬁ]’ t,c- Ha4aJIbHAas
-

temneparypa crpyxku, [°C]; m.- macca ynansemoit
crpyxkH, [kr]; C,- TemnoemkocTs 00pabaThIBaeMOii

Mo 1.
neranu (MOpATOMUAHMS, TaTYHH W T.J.), [ﬁ’ ton-

-
HayanbHas TeMIepaTypa o00paGaThiBaeMOH JeTanu,
[°C]; m,- macca oGpabarsiBaemoii aeranu, [kr]; Coy-
TEMIOEMKOCTh  OXJIAXK/IAIONIEH  TEXHOIOrUYECKON

Ax ], .
cpenbl (kepocuHa), [—K], Mgy~ Macca OXJIAKIAOIIEN
Kr-

TEXHOJIOTHUECKOW cpembl, [Kr]; .o~ HadadbHas
TeMIepaTypa  OXJaXIAKIIeH  TeXHOJOrMYecKOH
cpensl, [°C]; Q- HOTEPH TEIIA B OKPYKAIOLIYIO CPEY
HOCPEJCTBOM KOHBEKTHBHOTO M  PaAHAlHOHHOTO
teroobmena,  [[x]; 6-  TepMoanHamMHYecKas
TeMIiepaTypa, yCTaHaBJIMBaeMasi B pOLiecce Pe3anusi B
ycoBusix Temiosoro pasHosecus, [°C], 7- Bpems
YCTaHOBIICHHsI CTAI[MOHAPHOTO TIpoliecca MPpH pPe3aHuu
[c].
Tennonorepu B

omnpenensiroTes no Gopmyie:

OKPYKaIOIIYIO cpeny

QTl‘l = QKOHB + Qpaa (2)

7€ Qxoup M Qpay COOTBETCTBEHHO KOHBEKTHBHAS
W paJualoHHas COCTAaBJISIONINE TEIJIOBBIX MOTEPH,

[Lx].
KoHBEKTHBHAsI COCTABJIAIOIIAS TEIUIOBBIX [IOTEPh
omnpezaensercs no popmysie Heorona-Puxmana [1, 2]:

Qxous = Aep * F-(6— tBOS) ‘T (3)

TJIE (p- CPENHUI KOOQPHUIMENHT TEMIOOTAAYH OT

MOBEPXHOCTH PEXYIIEH IIaCTHHBI U 00pabaTbIBaeMOi
Bt

JIeTalld B OKPY’KaIOIyI0 BO3AYLIHYIO CPELNY, [Z_K]' F-
vz

CyMMapHasi  IUIOHIaJb  IOBEPXHOCTH  pEeXyIIeil
MIacTUHBI M oOpabaThiBaeMoit aetamu [M2]; tyos-
TeMIeparypa okpysKaromei Bo3aymmHoii cpensl, [°C].

Koaddunment Ttemnoornadn ompenensercs 1o

KpUTEPHAIILHOMY YPaBHEHHIO KOHBEKTHBHOI'O
terutoobmena [2, 3]:
Nu = 0,66 - Re%5 - pr0:33 4)
rae Re- kpurepuii PeliHonbaca:
vl
Re = ) (5)

V- JIMHEHHAs CKOPOCTb JIBMDKCHUS pPEXyIuei
wiacTuHel, [M/c]; 9- K03DPHUIHEHT KHHEMATHYECKOH
BSI3KOCTH OKPYIKAroIel BO3MyInHOM cpenbl, [M%/c]; I-
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OIpEIESIONIMI TMHEWHBIN pasMmep, [M]; Pr- kpurepuii
TpaHamis Ui OKPYKAIOIIEH BO3MYIIHON CPEJIbI.

B  KkauecTBe ONpeNeNAOIIEH  TEMIEPATYThI
NPHHUMAETCS TEMIIEPATYpa OKPYKAIOLIEN BO3LYIIHON
cpenbl B Jadd OT 30HBI DE3aHUA, a B KauecTBE
ONPEIENAIONIEr0 pasMepa- JUIMHA PEXYLIEH KPOMKH
IUTACTUHBIL.

OmpenenuB 3HaueHue Kputepus Hyccenbra
KPUTEPHATIBHOMY YpaBHEHHIO, HAXOUTCS
K05 QHUIMENT TemIoonaM &,

Tle  Epp- TpPUBEICHHAs  CTEMEHb  YEPHOTHI

TEXHOJIOTHYECKOW CHUCTEeMBI '"peXymias IIIacTHHA-
oOpabateIBaeMas getans", onpeensemMast mo Gopmyie

[3, 4, 6]:

1 Ep'Eﬂ
& =11 = -+ 8
np éJré eptn (8)
Cp-mp-(G—

OTKyJa IOJy4YaceM BbBIPpAXKCHUC JISI OIPCACICHUA TepMO,Z[PIHaMH‘IeCKOﬁ TEMIICPATYPHhI,

nponecce pe3aHus:

0+ 273\*

ep-Co-F-‘r-( 100
tag, F-1)-0=C-m,-t,

tup) + Ccom - (0 —
+C,my - (0 = tyy) + Cox Moy~ (0 —

ptHCoome-t, .+ Cp-my

Nu-A

=22 6)

rne  A- ko3 ¢uIMeHT TennonpOBouHOCTH

. . B
OKpY’Karomiel BO3IyITHON Cpebl, [M—:(]
3uraeHus ¥, A u Pr ais okpyXKaromeil BO3AyIIHOH’
CpeJIbl HAXOSATCS M0 CIPABOYHBIM Tadnuiam [4, 8].

PajnannonHas cocraBisronas TEINIOBEIX OTEPh
ompenernsercs 1o 3akony Ctedana-bomymana [3, 4, 5]:

.[(9353)4 (t503+273) ](7)

TJle €,- CTENEHb YEPHOTHI MATEpHANa PEXKYIIEH
IIIACTUHBL,  £;-  CTENEHb qepHOTH MaTepuana

0 =567 [

KOX(PUIHUEHT U3TYICHUS a6COJ'I}OTHO YepHOTO Tena.
3HaueHus €p M €; HAXOIATCSI U3 CIIABOYHBIX Tabmui [7,

8.

Qpan = €mp"Co"F T

oOpabaTuBaeMon JeTau;

HO,Z[CTaBJ'Iﬂﬂ BbIpaKCHUS UIA TCIJIOBBIX OTCPh B
YpaBHCHHUC TCIIJIOBOT'O 6aJ1cha, MOJYy4YHM:

tuc) +

tHOX) + Aep * F-(6- t503) T+
0+273\% tm+273
Snp'CO'F'T'[( 100) ( ] P,rv-1(9)

YCTaHaBHHBaeMOﬁ B

) + (Cp-mp+Co-me+ Cpmy + Co - Mgy +

tﬂa + Cox - Mgy~ Lyox T

4
+an-F-T-t303+snp-C0-F-r-(%) +P-v-T (10)
O06o03Ha9NM:
&pCoF-1=A4
Cormy+Coome+Cpomy+Co-my+ag,-F-1=8
Co My tyy + Coo Mg bye + G - My~ by + Cox " Mgy " Loy + (11)
toos +273\*
acp-F-‘r-tBo3++enp-C0-F-T-<7100 ) +Pv-t=D
IIpumem:
tHC = th = tH[[ = tHOX = tBO3 = 20 OC'
Jliis ypaBHEHUS TEIIOBOro O6ananca OyieM UMeTh:
6+273\*
A-(Z22) +B-6=D 12)

s pemenus ypaBHeHus (12) npuMeHUM METO UTEpALIMil.

Nmeem:

9+273

ez[D—A 27 ]/3(13)

BriBoas!
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1. PaspaboranHas MaTemMaTrudeckass MOJEIb
MO3BOJISIET paccuuTHIBaTh CpEeAHIO
TEpPMOJMHAMUYECKYIO TEMIIepaTypy B 30HE pe3aHus
npu 00paboTKe MaTepUaIoB PEXYIIUMHU IUIACTUHAMH
U3 KOpYHJIa.

2. VYder reoMeTpu4ecKnX U TEIUIO(PHU3MIECKUX
MapaMeTPoOB PEXYIIeH IUIacTHHBI, 00padaThIBAEMOTO

MaTepuaia, CXONAMIEH CTPYXKH, TEIUIONOTEPh
paavanyell 1 KOHBEKIUEH, a TAKKe peXUMOB pE3aHUs
MO3BOJSIET ~ IIOBBICHTH ~ TOYHOCTH  OIIPEIEIICHUS

TEPMOJMHAMUYECKON TEMIIEPATYPhI B 30HE PE3AHUSL.
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THE PUBLIC SECTOR AS THE DRIVING FORCE OF ENVIRONMENTAL PROTECTION AND
INCREASING THE LEVEL OF ITS ENVIRONMENTAL SAFETY

Abstract. The main forms of activity of public environmental organizations of the Eastern Carpathians are
studied aimed at preserving mountain ecosystems and improving the level of environmental safety of the region.
It is shown that involvement of public environmental organizations in the assessment of environmental safety,
proposed engineering and management solutions in many cases has contributed to the reduction of anthropogenic

pressure on the environment.

Keywords: non-governmental environmental organizations, forms of public activity, mountain ecosystems,

environmental safety

Inroduction and formulation of the Problem

Environmental disasters of the late twentieth
century on the territory of Ukraine (Chernobyl
accident, chemical illness of children in Chernivtsi
under the name of “alopecia”, poisoning of the Dniester
River, etc.) prompted society to unite for the protection
of their fundamental right - the right to a healthy and
safe environment. The political thaw, the opening of the
information veil, the removal of the secrecy mark from
a number of documents under the "secret stamp" were
all facilitated by this. It should be noted that in Ukraine
at that time there were a number of “public”
organizations such as the “Ukrainian Society for Nature
Conservation” (acronym UTOP). Such “utopia” existed
not only in nature conservation but also in other sectors
of social activity. Chornobyl's alarming bell, fear of
unknown threats, has structured society, especially in
the western territories of Ukraine. It was here in 1988
in Chernivtsi that the public organization “Green
Movement of Bukovina” was created, destined to
become the harbinger of the first in Ukraine officially
registered in the bodies of justice of the public
environmental organization “Green World of Ukraine”
[1].

Mass protests by citizens with fair demands to find
out the causes of environmental disasters; support for
the election of parliament to those political leaders who
defended the human right to a clean environment and
many other examples of that period could be cited.

These actions created a “ripe soil” into which the seeds
of democratic restructuring of society lay through the
activation of self-awareness. The days of communist
influence on the “hearts and minds” of the people were
gone in the summer. The competition of views on
public life and the attitude to the natural resource filled
the vacuum, a whole system of public organizations
was formed, defending the position of the “green
movement”. The period of formation was coming to an
end, and it was replaced by a period of hard labor of
civil society formation.

The catastrophic collapse in the economy of the
state, the impoverishment of scientists, the scarcity of
funds for scientific environmental studies, etc., that
took place in this period, wished to use the available
knowledge to preserve the environment. The assistance
of the international funds ISAR, Caunterpart,
Renaissance, Carpathian Fund and others, which
provided grant funds for the implementation of socially
significant environmental projects, was facilitated in
this

Dozens of new public environmental
organizations appear in the Carpathian region of
Ukraine: Bukovyna branch of NECU “Krona”,
ecological club “Vodograj”, “Stezharul”, “In Harmony
with Nature”, Nature monument “Lavra Noble”, “Lion
Society”, “Carpathian School”, “Dnister expedition”,
“Ekopravo-Lviv”, “Eco-Ex”, “Ruthenia” and a number
of others that formed a kind of business card for the
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public environmental movement of the Eastern
Carpathians region.

In December 1996, at the proposal of the “Krona”
eco-NGO, an association of public environmental
organizations of Bukovina and Galicia, called the
“Green Movement of the Carpathian Region”, was
established in the western region of Ukraine. The
association included 21 eco-NGOs of Chernivtsi,
Ivano-Frankivsk and Lviv regions, the association
worked on the principles of the European Parliament

[2].

In order to consolidate the efforts of scientists,
specialists and the public in the field of improving the
environment of the Carpathian region, a number of
meetings, conferences of leaders of the environmental
movement of Poland, Slovakia, Romania and Ukraine
were held. Among them are international conferences
“Save the Small Rivers of the Danube Basin”
(Chernivtsi, July 1995), “The Role of the Public and
Scientists in the Conservation of the Carpathian
Nature” (Kosiv, October 1996) and others. All this
contributed to the active involvement of the public in
decision-making in the field of environmental
protection, accelerated ratification of the Aarhus
Convention by the Parliament of Ukraine, further
improvement of the legislative framework and its
harmonization with international legal instruments. It
was in such actions that a number of public
environmental organizations were formed [3, 4].

Ecofilm Studio (headed by professional film
director Volodymyr Fesenko), with the support of
international funds, created a series of environmental
videos: "Quit Grain", "Tree of Life", "Will the
Carpathian Forests Survive?" on state Ukrainian and
local regional television channels [5].

To date, environmental non-governmental
organizations in Ukraine have occupied a proper niche

in the process of becoming civil society. They are
active participants in hearings in the Verkhovna Rada,
roundtables in the media, influence the formation of
environmental policy in the country, are involved in
discussing the environmental impact assessment of
economic activities, etc. [5, 6]. In such circumstances,
the public sector is a major driving force behind the
combination of organizational, management and
engineering solutions to preserve the environment and
enhance its environmental safety. That is why the
research presented in this article is relevant and
important.

Main part

In our activity, environmental NGOs in Ukraine
can be distinguished in three main stages of formation:
period of birth, organizational strengthening,
professionalism and active influence on the decision
making (Table 1).

Of great importance for establishing the authority
of the eco-NGOs of the Carpathian region of Ukraine
was their reorientation from the policy of confronting
"one and all" (characteristic of the period of formation
of most public organizations) to the implementation of
specific international environmental projects. There
could be dozens of examples where the ideas of one
public environmental organization came together and
were put together by others. These include the
establishment in the Carpathians of a memorial park
and at the honor of the great people of Ukraine, and
international  environmental camps  with  the
participation of eco-NGOs of Slovakia, Bulgaria,
Poland, and international conferences and seminars, the
launch of information and resource centers, and the
entry of eco-NGOs of Western Ukraine into the
association “Ecomist” etc.

Table 1

Periods of formation of public environmental movement in the Pokutsko-Bukovynian Carpathian region

Birth

Formation periods (1988-1993)

Specialization,
Professionalism, Active
influence on decision making
(2001 - present)

Organizational
strengthening
(1994-2000)

Scientific substantiation,

relationships

Protests actions, Conferences, Exchange of Participation in the
Forms of work - : . .
Picketing delegations environmental impact
assessment
. . Experience study, Lo .
Level international Introductory Organizational support Legal protection joint projects

with border countries

projects

In general, the Carpathian region of Ukraine is
today characterized by a sufficiently developed
network of public eco-NGOs that have proven
themselves in real community development projects.

A number of projects of public environmental
organizations have focused on the sustainable,
balanced development of mountain areas, in particular
the Pokutsko-Bukovynian Carpathians. Table 2 lists
only some of them.

Particularly ~ noteworthy is the  project
implemented in recent years by the public
environmental organization Edelweiss from Kosovo,

Ivano-Frankivsk, within the framework of the Local
Environmental Action Plans Program. The fact that
Kosiv was selected as one of the seven demonstration
communities in Ukraine is further evidence of the eco-
NGO’s growth in the region.

The beginning of the 2000s was characterized by
the active participation of the Carpathian region eco-
NGOs in the preparation for the Ministerial Meeting
“Environment for Europe” (Kyiv, 2003) and the
preparation and discussion of the text of the Carpathian
Convention. In recent years, the region's eco-NGOs
have been implementing numerous conservation
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projects for large mammals in the Eastern Carpathians
(“Our Home”, Ivano-Frankivsk), creating and
expanding networks of nature reserve fund (NRF) sites,

and establishing eco-networks (“Krona”, “In Harmony
with Nature”, Western Center-LVviv, etc.)

Table 2

Projects implemented by eco-NGOs aimed at sustainable development
of the Pokutsko-Bukovynian Carpathians

Project name Organizations involved Years Practical value
«Grove in memory of the initial %Ukovyna branch of NE.CU,, Krona. an.d Establishment of NGO
. - Green world of Bukovina” (Chernivtsi »
plastun of Ukraine Yuri NN » NN 1993 Green Movement of
Starosolsky» city), “Ecoplay” (Yaremche city), “Our Carpathian Region”
House” (Ivano-Frankivsk city)
Joining forces and
“Carpathian Green Belt” Establishment of NGO “Green Movement | 1994- | communities to conserve
ap of Carpathian Region” 1995 | and restore the Carpathian
forests
“Vodohraj”
(Baniliv-Pidgirnyj village ),
Ecological Camps “Krona”, “In Harmony with Nature” 1993- 1 £ nvironmental education
(Chernivtsi city), 2018
“Our House”
(Ivano-Frankivsk city)
Pilot project for the formation of “Krona”, 2004- | Network map, Description
the regional ecological network “Green World of Bukovina” 2006 of elements
The rationale for the creation of “Krona”, Presidential Decree on the
the “Cheremoskyj” NPP, The “Green World of Bukovina”, 2007- -
. e « . " Establishment and
extension of the “Vizhnitskyj Park Friends 2008 Extension of the NNP
NPP (Berehomet district)
Local Environmental Action « Edelwels? o 2013- Strengthening local
Center for Community Initiatives iyt
Plan Program L 2017 communities
(Kosiv city)

In 2004-2005, a project on the development of a
regional eco-network was carried out on the example of
the Chernivtsi region (scientific substantiation of the
creation of NPP "Cheremoski" and NPP "Khotynskyi")
- together with scientists-experts, state administration
of eco-resources in Chernivtsi region. Initiative and
justification for the location of the Carpathian
Convention office in Chernivtsi. And this is the image,
investments, international  programs for the
development of the Carpathian mountain areas.

Summarizing the above, we would like to
emphasize once again the main activities of the NGOs
in our region. First of all, it is environmental education
of the population, education of ecological culture in
society, legal protection of the population in ensuring
human rights for a clean environment, public
environmental  expertise, participation in the
development of environmental legislation, influence on
government structures through specific practical
actions, holding specialized environmental camps
organizing leisure activities for young people in nature,
holding seminars, trainings, summer schools for leaders
of eco-NGOs and more.

There is a long-standing need to create powerful
specialized environmental service centers in the region

(probably in the country too) that could set up an
electronic network and free access to it by NGO
partners, provide quality printing services to NGOs,
provide training and competitions and organize
competitions small grants to support community
initiatives, etc.

Ukraine, now entering a new historic period of
independent state development, must consider the
environmental imperative as one of the most important
factors in the survival of the Ukrainian nation. After all,
the colonial ecological policy of the power structures of
the former imperial center, the high level of
concentration of industry and inefficient agriculture,
long-term use of natural resources have led to the fact
that today Ukraine is ecologically one of the most
endangered countries in Europe. Today, in the structure
of public opinion of Ukraine, unfortunately, the view of
their secondaryity prevails when compared to the
problems of state formation, national revival, economic
formation and so on. And the lack of objective and
complete environmental information, its preparation in
the mass media, does not make it possible today to
assess the importance and priority of environmental
problems to the people of Ukraine.
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Figure - Relationship of engineering, technical, management decisions and public participation in the formation
of ecological safety of the mountain ecosystem of the Pokutsko-Bukovynian Carpathians

Based on our research, we propose a scheme to
improve the environmental safety of the Pokutsko-
Bukovynian Carpathians, based on the active
participation of the public in the environmental
protection of the region (fig.).

Using sanitary and microbiological indicators, we
identified the major hazards for the mountain
ecosystem under study. These challenges were the
organic and microbiological contamination of the river
network, the discharges of untreated sewage from the
processing industry enterprises, the accumulation of
wood processing waste in watercourses and soils.
Engineering and management solutions have been
developed to reduce the level of environmental hazards.
Among engineering solutions: development of surface
water treatment technology using synthetic fibrous
carrier "Vija", use of reagent method of treatment of
untreated discharges of processing enterprises based on
sodium hypochlorite, improvement of technology of
obtaining fuel pellets from wood waste [7-10].

Non-governmental public environmental
organizations provide significant assistance in ensuring
the sustainable development of the Pokutsko-
Bukovynian Carpathians. Their activities are not
focused on forming the opinion of the local population

about the prospects and economic feasibility of
environmental protection as an alternative way of
further development of mountain areas [11].

Involvement of public environmental
organizations in environmental assessment, proposed
engineering and management solutions has in many
cases helped to reduce anthropogenic pressure on the
environment. Particular attention should be paid to the
initiative of the eco-NGOs in the aspect of expanding
the territories of the nature reserve fund and the
formation of a regional and cross-border network.
Thus, thanks to the proposals of the environmental
community, the decision of Chernivtsi Oblast 2001 was
proclaimed the Year of Protected Objects of the region,
which served as a significant impetus for the increase
in the percentage of protected areas from 7.5 to 13.8
over the next ten years.

Ukraine needs a program to overcome the
ecological and economic crisis. Such a program should
be based on the organic unity of ecological and
economic principles of national-state revival and
international partnership. In this direction, the
environmental community of the Western region of
Ukraine offers a kind of " The ten commandments of
the cross-border partnership”, which reflects the basic
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principles of ecologically balanced development of the
Carpathian-Danube region. It should always be
remembered the prophetic words of one of the founders
of the public environmental movement in Ukraing,
Professor L. Sandulak, that... “we can build the most
democratic country in the world, but no one will live in
it” [12].

Conclusions

Involvement of the public in making important
decisions and shaping the state's environmental policy,
local action plans, implementation of international
agreements, conventions (Bonn, Ramsar, Carpathian,
etc.) serves as a guarantor of ecologically balanced
development of the region with minimal damage to
natural ecosystems.
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SORPTION EXTRACTION OF LEAD (I1) FROM LIVER
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K.x.n., A3epbatioscanckutl MeOuyuHCKull yHugepcumem
Xanunoe Buoaou I'eiioap

K.6.1., 0oy., Asepbatioscanckutl MeOUyYuHCKUL yHU8epcumem
T'yceiinoea Hazuna Cadvix

Aszepbatiodcanckuti MeOUYuHCKUilL yHugepcumen

COPBIHIMOHHOE U3BJIEHEHUE CBUHIIA(Il) U3 IEYEHU

Abstract. A new sorbent, based on a copolymer of maleic anhydride with styrene, modified with
diaminobenzidine was synthesized. The conditions for the preliminary concentration of Pb (11) with synthesized
sorbent were studied. A sorption isotherm of lead (I1) ions with a sorbent was constructed. It was established that
with increasing lead concentration in the solution, the amount of sorbed metal increases, and at a concentration of
6 - 102 mol / I it becomes maximum (pH = 5, Cpy*?=6-10 mol/I, sorption capacity = 515 mg/g). The effect of
different mineral acids (HCIO4, H>SO4, HNOs, HCI) with the same concentrations on the desorption of lead (I1)
from the sorbent was also studied. The maximum desorption of lead (II) was observed in perchloric acid. The
degree of extraction of lead (I1) ions under optimal conditions exceeds 95%.

AHHOTa].[l/Iﬂ. CI/IHTGSI/IpOBaH HOBBIN COp6€HT, Ha OCHOBE CONOJIMMEpa MAJICUHOBOI'O aHTHUApHAA CO
CTHUPOJIOM, MO}II/I(i)I/IL[I/IpOBaHHOFO L[I/IaMI/IHO6eH31/I}II/IHOM. I/ICCJ'IGJZ[OBaHI)I ycJoBuA IpeaABaprUTEILHOTO
koHneHTpupoBanus Pb(Il) ¢ ucmonp3zoBanuem cuHTE3MpOBaHHOTO copOeHTa. IlocTpoeHa m3oTepma copOIwH
ceuHIa(ll) ¢ copbeHTOM. Y CTaHOBICHO, UTO C YBENWICHNEM KOHIIEHTPAIMH CBHHIIA B PACTBOPE YBETHIHNBACTCS
KOJIMYECTBO COPOMPOBAHHOTO METaJlla, a IPU KOHIEHTPAIUK paBHOH 6102 MO/ CTAHOBUTCA MAKCHMAJILHO
(pH=5, Cpp*?=6-10"° mosb/1, cOpOUMOHHAs eMKOCTb=515 Mr/r). Takke ObUIO HM3Y4EHO BIIMSHME Pa3HBIX
muHepansHBIX KucioT (HClO4, H2SO4, HNO3, HC) ¢ onnHaKoBBIME KOHIIEHTpanusaMu Ha fecopOrwro cBuama(1l)
u3 copbenra. MakcumanbHast necopOims ceuHna(ll) Habmogaercs B xiopHoOW kuciore. CTENeHb W3BICUYCHUS
noHoB cBuHIA(I) Mpy ONTUMATIBHBIX YCIOBHAX MpeBBIIacT 95%.

Key words: determination, sorption, lead, desorption, liver

Ktouesvie cnosa: onpedenenue, copbyusi, ceurney, 0ecopoyus, neyets.

B mHacrosmee Bpems oOnxHOI W3 TI0OANBHO
HKOJIOTHYECKUX TMpOOJIeM SBISETCA 3arps3HEHHUE
OKpy’Karomien cpeabl. Tspkenbie MeTauibl - OCHOBHBIE
3arps3HSAIONINE BEIIECTBA, HAOMIONCHNS 32 KOTOPBIMU
o0s3aTenpHBl BO Bcex cpemax. CBuHenm sBiseTcs
TOKCHYHBIM JJIEMEHTOM, IaryOHO BIMSIOMIMM Ha
opraHusM uesnoBeka. Ilo cTemeHu Bo3AeilcTBUs Ha

JKHBBIE OPraHU3MBbl CBHHEL OTHECEH K KJIACCY BBICOKO
OTIaCHBIX BEMIECTB HAPSAY C MBIIIBIKOM, KaIMHEM,
PTYTBIO, CEJIEHOM, IMHKOM, (PTOPOM U OEH3aIIHPEHOM.
OmnacHOCTh CBHHIIA AT YEJIOBEKA ONPEICIISIETCS €To
3HAYUTEIBPHOM TOKCHYHOCTBIO M  CIOCOOHOCTBIO
HaKaIUIMBaThCS B opranm3Mme. bonibpmias yacTe CBHHIA
nocrynaer ¢ npogykramu nutanus (ot 40 o 70 % B
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pasHBIX CTpaHax W MO Pa3IMYHBIM BO3PACTHBIM
rpyImnaM), a TakXke ¢ MUTbEBOH BOOH, aTMOCHEPHBIM
BO3yXOM, IPH KYPECHUH, TIPU CIYyYaiHOM TOMAaHUN
B ITUILEBOJ] KyCOYKOB CBHHEIICOIEPKAILECH KPACKHU HUITH
3arpsi3HEHHON CBHHIIOM MOYBBI.

W3BecTeH psan cnoco0OB M3BJICUCHHS CBHUHIA U3
NPUPOAHBIX W  TEXHOJOTHYECKHX OOBEKTOB B
YaCTHOCTH C CoOpOeHTaMH. Y MHOTHX H3BECTHBIX
COpOEHTOB MMEIOTCSI OIpeesieHHbIe HeqOCTaTKH [1 -
4]. Hwmskas cremens copbmun [l], HeEKoTOpHIE
COpOEHTH HE TOTJOIIAI0T METAT MPHU KOMHATHOM
TeMIepaType, Hy)KHO HarpeBaTh O OIpPEICICHHOU
Temneparyps! [3]; y OONBIIMHCTBA COPOCHTOB HU3Kas
copOLMOHHAs eMKOCTh [2, 4].

Jns ompenencHWs W BBIICICHUS CBUHIA U3
MOPUPOJHBIX W TMPOMBIIUICHHBIX OOBEKTOB MyTEM
KOHLEHTPUPOBAHUS YaCTO HCIOJIb3YIOT NPUPOIHBIE U
CHHTETHYCCKUE COpOEHTEHI. B KauecTBe
CHHTETHYECKOTO COpOCHTA Ui KOHIICHTPUPOBAHUS U
ompenenenus cuHna(ll) B Hacrosmee Bpems wyare
BCETO HCIOJIB3YIOT XeNaTo00pa3yrome copOeHTH [5-
7].

Ilens B Hacrosmieir paboTe - HCCICAOBATH
cop6rmio ceunia(ll) xemaroobpasyronm copGeHTOM
Ha OCHOBE COIIOJIMMEPa MaJICMHOBOTO aHTHIPHUA CO
CTHPOJIOM, CHHTC3UPOBAHHBIM IMyTEeM MOIM(DUKAIIUU
comoJuMepa JUaMHUHOOCH3UANHOM.

DKcrepuMeHTalIbHAS YacTh

Pearentsl u pacTtBOpel. B pabore mpuMmeHeH
TIOJIMMEPHEIH XenaToo0pa3yrommii COpOSHT Ha OCHOBE
COTIONIUMEpa MAaJICMHOBOTO aHTHAPHIA CO CTHPOJIOM.
CopOeHT CHHTE3UPOBaH MOIU(PHUIIHPOBAHUEM
coromuMepa ¢ JUAMHHOOCH3MIWHOM IT0 W3BECTHOM
Metoauke [8].

B paboTe ucnonb30BaHbl CTaHJAPTHBIA PacTBOP
Pb(ll) ¢ xoumenrpamueir 100 Mr/m mnpousBOACTBA
«Merck» ¢ uguctoroir 99.99%. [lns cosmaHus
HEOOXOMMOI KHCIOTHOCTH MCIIOJIb30BAIN (HUKCaHAT
HCI (pH 1-2) u ammuauno-aneraTHbie OydhepHbIe
pactBopel  (pH 3-11). HomHyro cuiay pacTtBopa
COXpaHsUIN TIOCTOSHHON C WCIIONB30BaHUEM XJIOpHIA
Kaimus (4.71.a).

Amnmnaparypa. Kucnornocts pacrtBopa
KoHTposmpoBanu Ha pH-merpe PHS-25. Ontuueckyio
IUIOTHOCTh M3MEPSUTM Ha crekTpodoTomerpe Optima
2100.

Pesynbrathl n ux o0CyXaeHue

Jns  ompeneneHUs  MUKPOKOJIWYECTB HOHOB
ceuana(ll) rcenemoBanbl yCIOBUS PEIBAPUTETBHOTO
KOHLCHTPHPOBAHMUS €0  C  HCIIOJb30BAaHHEM
CHHTE3MPOBAHHOTO XEJIaTo0Opa3ymomero copoeHra u
OTIPEAEIIEHBI ONITHMAaJIbHBIE YCIOBHSA
KOHLICHTPHPOBAHUSI.

Bawusaue pH Ha copbumto. U3ydeno Binusnue pH
Ha koHuentpuposanue Pb(Il) ¢ xemaroobpa3syrommim
copbertom B nuanazone pH 1,0-10,0. Pesynbrarsr
UCCIIEIOBAaHMs  TIOKa3ald, 4YTO KOJMYECTBEHHOE
u3Bneuenne gocrturaerca npu pH 5,0. Ilpu pH<4
HU3Kasl CTEIICHb HM3BJICUCHHS MOXKET OBITh CBS3aHa C
MIPOTOHM3aIMel (YHKIMOHATIBHBIX TPYII COpOCHTa U
MaJIOW cCTemeHb0 HaOyxaemocTH moimmepa. Ilpum
yBenudeHun pH xuako# (a3el HAOyXaeMOCTh TaKMX
MOJMMEPHBIX  COPOCHTOB  yBEIWYMBACTCS, W B
pe3ynbTaTe CO3JAr0TCsl ONaroNpHATHBIE YCIOBHUS IS
B3aumoeiicteuss mouoB Pb(Il) ¢ xoopmunanuoHHO-
AKTHBHBIMH TPYIIIAMU B COCTaBE MaKpOMOJIEKYJbl. B
BOAHBIX pactBopax mpu pH>8 womsr Pb(Il)
HO/BEPraloTCsl TUAPOJIU3Y W Hapsay C KaTHOHHON
¢dbopMoif  MOryT  NpHCYTCTBOBaTh B  BHJE
runpokcokomiuiekcoB  [9]. ITlpu 0Gosee BBICOKHX
3HaueHusAX pH yckopsercs Tuaponu3 W BCIEICTBHE
sroro  creneHb copbumm  Pb(Il)  mocremenno
YMEHBIIACTCH.

CopOnroHHYyI0 CIocoOHOCTH copbeHTa
HCCIEeNYIOT B craTuueckux ycioBusix. K 50 wmr
copOeHTa 100aBIISIOT pacTBOP CBUHIIA M OCTABIISIOT B
Oypepuoit cpeme mpu pH 1,0-10,0. Cwmecs
OT(GHUILTPOBBIBAIOT M KOHIEHTpauuo noHos Pb(ll) B
pactBope  mocie  COpOIMH  ONPeNensoT IO
HpeBapUTEIbHOMY TIOCTPOSHHOMY IPayHpOBaHHOMY
rpa@uKy W pacCUUTHIBAIOT COPOIMOHHYIO E€MKOCTb
copOeHra. Pe3ynbrarhl pu pa3nu4HbIX 3HaUeHUIX pH
cpeibl IpUBeeHbI B Tadmie 1.

Tabmuma 1
Bausinue pH Ha cop6uuio Pb(I1) ¢ xenaroodpasywmum copoenTom.
pH 1 2 3 4 5 6 7 8 9 10
CE, mr/r 43 67 84 114 127 125 103 96 63 44
Bce panpHeiimme wuccienoBaHUS NPOBOJAMIOCH — COPOSHTOM — OBIJIO  TIPOBEAEHO  HCCIIEAOBAHHUE
npu pH 5,0. 3aBUCUMOCTH COpOLIMOHHOM €MKOCTH oT
Bausinue koHmentpamuu cBuHna(ll) ma  konnentpamum cBuHna (l1). PesymeraTel  ObuTH

npouecc copouuu. YtoObI onpeaenuTh ONTUMAaTbHBIE

NpuBeACHBI B Tabnuie 2. beuta moctpoeHa uzoTepma

ycinoBust  copommu  cBuHDA(ll) ¢ momydeHHBIM  copOruu (puc. 1).
Tabnuna 2.
Pe3yabTaThl HCC/IEI0BAHUS 3ABUCHMOCTH COPOIHOHHOI eMKOCTH 0T Konnenrpauuu ceunna(ll).
Co, MOJIB/IT 2:10* 4-10* 810" 1-10° 2:10° 4-10° 6-10° 8-10°
CE, mr/r 13 49 98 127 256 403 515 510
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30 a2z, F=20 aen, pH 5.0

C yBenuucHWEM KOHIICHTpAIlMM CBUHIA B
pacTtBope YBEJIUYUBACTCS KOJIMYECTBO
COpOMPOBAaHHOTO METa/Ula, a MPU KOHICHTPALUU
paBHOM 6-102 MOJB/I CTAaHOBUTCA MAaKCHMAlLHO
(pH=5, Cp*2 =6-102 Monb/1, V. =20 MII, Meops.=0,05
r, CE=515 mr/r).

Biausinme woHHON cuiabl. V3ydeHo BiMsHUE
WOHHOW CHJTBI Ha COPOLIMIO. Y BEIMYeHNE HOHHON CHITBI
mo 0,8 Mome/m He 3aMETHO BIHSIET Ha COPOLHIO.
[ocnenyromee YBEJIUYCHUE MIPUBOJIUAT K
3HAYHTEIIEHOMY YMEHBIIICHUIO COPOIMH. DTO CBA3aHO
C TEM, YTO C YBEJIMYCHHEM HOHHOTO OKDPYKCHUS
(hYHKIIMOHATBHBIX TPYIII YMEHBIIIAETCS BO3MOKHOCTh
koMmIuiekcooOpazoBanusi cBuHma(ll). Taxke Obula
WCCIIeIOBaHa 3aBUCHMOCTh COpPOLIMKM OT BpPEMEHH.
ITonnas copbuusa cBunma(ll) mpomcxomur yepes 2
94acoB, [IPH CTATUYECKUX YCIOBHSIX.

HN3yuyenne pgecopOumu. M3ydyeHo BiMsiHUE
pa3ubix MuHepanbHBIX KUCTOT (HC1O04, H2SO4, HNOs3,
HCI) ¢ opnHaKoBRIMH  KOHICHTpAIMsAMH  Ha
necopbmmro  wmoHoB  cmHma(ll) w3 copOenra.
YCTaHOBIEHO, YTO  MakKCHMajlbHas  JecopOouus
ceuHna(ll) mpoucxomut B 1,0 M XJI0pHO# KHCHOTE.

Bausinue CKOPOCTH MOTOKA PACTBOPOB NMPOOLI
u JjweHTa. PacTBop CBUHIIA TpomycKalid depes
MUHHKOJIOHKY, cozepxamryro 100 mr copbenta, co
cKkopocThio 1-5 mu/mMuH. B pesynbraTte ananmsza ObLIO

YCTAQHOBJICHO, YTO ONTHMAalbHasi CKOPOCTh ITOTOKa
paBa 1,0 wi/mMuH. MakcuManeHas —JecopOuus
norionieHHsIx  noHOB  Pb(I) mpomcxoaut mpu
CKOPOCTH IMOTOKA 3Ir0eHTa 1 Mi/MuH. B nanbHeiinne
HCCIIeIOBaHHUE B KaYeCTBE IMIOEHTA HCIONIb30Banu 5,0
mi 1,0 M HCIO, ipu ckopoctu motoka 1,0 Mia/MuH.

PazpaboTanHass MeTonMKa TNPUMEHEHa IS
BeifeneHus ceuHna(ll) u3 meuenu.

XO AHAJUIM3A. VY kpbIcel B TeueHuu 21 nHs
Ob11 co3/1ad THHOTHPEo3 B Tupasose. 3aTeM B TEUCHUH
20 nmueir kpwicy kopmmin Pb(NOs),. ITlocie atoro
NIeYEeHb KPBICHI CYIIWIIM IIPH KOMHATHOM TeMmeparype
B TeueHHe 2-3 Helesb. 3aTeM CKUraiu B My(deabHO
neun. [lomyuennyro 3omy (0,03 r) mepeBoguau B
XUMUYeckui ctakaH, Aobasiasum 3 mur HCl m 1 mn
HNO3. HarpeBasiu Ha MarHUTHOW MeIIajake, UHOT/Ia
nepememuBas. Ilocne MONHOTO pPacTBOPEHHUS 30JBI,
COZIEP’KMMOE TIEPEBOAMIN B KOJIOY eMKOCThIo 20 M,
pa30aBisuIM  IMCTWIIIMPOBAHHOW BOAOM 10 METKH.
OTQUIBTPOBAHHBIA PACTBOP MOAKHUCISIOT 5,0 M
HNO3z (1:1) u mpomyckaloT 4epe3 MHUHHKOJIOHKY CO
ckopocteio moToka 1,0 mi/muH. CopOupoBaHHEIC
noHsl 3moupyroT 5,0 M 1,0 M HCIO,. Conepixanue
konuentparu Ph(I1) B pactBope amroaTa onpenensor

1o MpeIBapUTEILHO MTOCTPOCHHOMY
rpagyupOBaHHOMY rpaduky. TTonyueHHBIE
PE3yJIbTaThI IPEICTaBICHBI B Ta0M.3.

Tabmmma 3

PesyabTaTrsl onpeaesenns ceunna(ll) n3 nevenun (n=5, P=0,95)

Oo0pas3er reueHn Hatinerno Pb, mr/n

HaiineHo gotomerpudeckum MetoioM, Ph, Mr/n

| 0,19572 0,19025
1l 0,23001 0,22768
YcTaHOBIIEHBI ONTUMAJIbHBIE YCIOBHS  ONTUMAIBHBIX YCIOBUSAX KOHLEHTPUPOBAHMSI HOHBI

KOHIIEHTpUpoBaHus nOHOB cBUHIA(Il) mommMepHBIM
copbenToM. MccrnemoBanwe — 1okasajo, YTO B

CBHHIIA KOJIMYECTBEHHO copOupyroTes (R>95%).
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Ceseproxun E.IT

YCJIOBHBII KPUTEPHUI NPEJANOUYTEHUSA IIPU CUHTE3E UHTEJVIEKTYAJIbHBIX CUCTEM
KIIMMAT-KOHTPOJISA

Severyukhin E.P.

CONDITIONAL CRITERION OF PREFERENCE AT SYNTHESIS OF INTELLECTUAL SYSTEMS
OF CLIMATE CONTROL

Abstract. In article new approach to creation of conditional criterion of the preference based on a different
platform, combining unconditional and conditional criterion of preference is offered. New approach is based on
conditional criterion of preference which allows to choose optimum combinations of couples of criteria and to
select optimum structure of intellectual system for them. The conditional criterion of preference which is based on
the theory of indistinct sets and the theory of decision-making is offered. This conditional criterion of preference
is supposed to be used, as part of big algorithm on synthesis of system of climate control. After application of
procedure of a defazifikation of [1] decisions, there are only most preferable options of execution of intellectual
system of climate control.

AHHOTa].[l/Iﬂ. B cratbe npeiiaracTes HOBBIA MNOoAXO0JA K MOCTPOCHUIO YCIIOBHOI'O KPpUTCPHA MPEANOYTCHUS,
OCHOBAHHOTO Ha OTIHYAlomielcs ImiatdopMme, coderaromeid B cebe OE3yCIIOBHBIH W YCIOBHBIH KpUTEPHHA
MNpeAOYTCHUS. Hoserit MNOoAXO0JA OCHOBBIBACTCSA Ha YCIOBHOM KPUTCPHUU HOPCANIOYTCHHA, KOTOpBIﬁ IIO3BOJIACT
BBI6I/IpaTI> ONTUMAJIBHBIEC COYCTAaHUA Tap KPUTEPHUEB W 110 HUM H0}16I/IpaTb ONTUMAJILHBIA COCTaB
MHTEJJIEKTYalIbHOM cucTeMsl. [Ipeayiaraercs ycioBHBIM KpUTEPU NPEANIOYTEHNs], OCHOBBIBAIOLIUIICS HA TEOPUU
HEYETKHUX MHOXKECTB M TEOPHH NPUHITHS PEIICHIH. DTOT YCIOBHBINA KPUTEPUH HPEATIOUTEHHS IIPEAIIONaracTcs
HCIIOJIb30BaTh, KaK 4acCThb 6OJ'IBH_IOFO aJIropuT™Ma Mo CHHTE3Y CHCTEMbI KJIMMAT-KOHTPOJIA. ITocne MMPUMEHCHUA
npoueaypsl aedazudukanuu [1] pemieHwid, OCTAlOTCS TOJBKO Hamboyiee NPEANOYTHTEIbHBIE BapUAHTHI
HUCIIOJTHCHHUA I/IHTeHHeKTyaHBHOﬁ CHUCTEMBI KJIMMAaT-KOHTPOJIA.

Ktouesvie cnosa: ycnosHulii kpumepuii npeonoumenus; oe@azupurayust;, Heuemroe MHONCECMBO.

Key words: the conditional criterion of preference; defazification ; unsharp set

Ha COBPEMCEHHOM J3Talli€ pa3BUTHUA 06IIICCTBa Majio HU3BCCTHEI, HHOT'1a HU3BCCTHEI TOJIBKO

nepe]] 4eI0BEKOM BCe 4allle BCTaeT rmpobiema BbiOopa
HanOoJiee ONTHMAIBHOTO PEIICHUS ¢ MUHHMaJIbHBIM
KOJINYECTBOM HM3BECTHOW MH(DOPMAIIUH, BBIPAKCHHOM
YUCJICHHBIMA 3HAYCHHUSMH I[IOKa3aTeleld KadecTsa.
OO0ume moka3aTeNN KadecTBa, XapaKTepU3YIOIHE B
JAHHOHM CTaThe CHCTEMY KJIMMAT-KOHTPOJI IOI4ac

XapaKTEPUCTHUKH JIUILb HEKOTOPBIX, OTAEIbHBIX YacTel
cucTeMBbl (Ha3bpIBaeéMble B JaJbHEHIIEM YaCTHBIMHU
MOKa3aTesIMM  KadecTBa), HMEHHO OHH U
00ecTeYnBalOT YHCICHHBIE TEXHHYECKUE MTOKa3aTelH
(hyHKIMOHUPOBAHUS aBTOMAaTH3UPOBAHHON CHCTEMBI.
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I[lpu  cuHTE3e  CHCTEM  KIUMAaT-KOHTPOJIS
WHTEJUICKTYaIbHBIX 31aHui IO TX O ISIIITHIA
MaTeMAaTHYCCKUI ammapar MpeIoCTaBIsIeT KaK TCOPHs
MPUHATHS PEIICHUH, TaK U TEOPUsI HEYCTKUX MHOKCCTB
[1], B mpomecce pa3pabOTKH YCICIIHO MPUMEHSIFOTCS
3JIEMEHTBI KOMOMHATOPHKH .

3amadya oOmpeneNneHus yCIOBHOTO  KPHUTEPHS
TIPEIIOYTEHIsI, HanOoJiee ONTHMAIBHO ITOIXOASIIAs
IS peanu3ayn CHHTE3a us3 0JI0KOB

(mocenoBaTenbHON COOpKH) W BEIOOpAa KOHEYHOTO
BapHaHTa CUCTEMbI KJIMMaT-KOHTPOJIISI PEACTABISIETCS
HEHTPaIBHBIM BompocoM. OHa ocBemaeTcs B JaHHOMH
CTaThe.

B mpouecce pemieHus mnpejyaraercss OAMH U3
BO3MOXHBIX IOAXOJOB K ONTUMH3AIMU WIH K
MOCTPOCHUIO YCIOBHOTO KpPUTEpUS MPEANOYTEHUS,
NPUMEHSIEMbI @pU CHHTE3€ CUCTEMBbI KIMMAT-
KOHTPOJISI HA OCHOBE ITEPBOHAYAIBHON ONTHMH3ALIIH C
IIOMOIIBIO TUIOIIAIeH, Hu nocneayomen
nedaznpuKkanuy OCTaBIINXCS PEMICHHH C MOMOIIBIO
npocreiiieil GyHKINH HOPMaJbHOTO paclpeleiIcHUs
[2]. C momomplo  (QYHKOWH  HOPMAIBHOTO
pacmpesieneHuss  Ipennoiaraercs IpencTaBUTh U
BBIJICIUTh JBa MHOJKECTBa peIIeHHH:
“mocpeCTBEHHbIE -cpeanue” u “cpenHue-
HauTyqmue”.

MOITHOCTh HEYETKOTO MHOXKECTBA COCTABIACTCA
aBTOPaMM TOJBKO U3 3JIEMEHTOB OTOOpPaHHBIX IO
6e3yCIIOBHOMY KPHUTEPHIO MPEANOYTEHHs, MPUMEHSISI
NPUHIUI ONTUMaIbHOCTH [lapeTo, B COOTBETCTBHU C
TEOpUEN NPUHATHUS PELLIEHUI.

ITycts ans mpuMepa YHCIO JMHTBUCTHYECKHX
nepeMeHHbIX, [1] ucmonb3yeMbIX HpU peanu3aluu
JAaHHOTO METoJa paBHO TpeM. TOYHOCTH OLEHKH
Ka4yecTBa I10 YCIOBHOMY KPUTEPHIO MPEJCTABIACTCSA B
Tpex rpajanusax ’mocpeacTBeHHOe” [v1],

A

el

“cpennee”’[V2] u “mamnydmee”[V3]. KomuuecTtBo xe
nHpopMaumoHHbIX TrpaHy’l [l] ucmnomb3yercs naBe
“mocpeactBenHbIii—cpenauit”[V1(X,y)-v2(x,y)];
“cpenHui—HamTydmui’[V2(X,Y)-V3(X,Y)], rze
V1(X,Y) ,V2(X,Y), V3(X,Y)— bOYHKIMU NPUHALICIHKHOCTH
K 9TUM TPEM JIMHI'BUCTHYECKUM IEPEMEHHBIM.

B TakoM ciydae Kaxmas MOAENb CHCTEMBbI
KIIMMaT-KOHTPOIIS UMeeT KpoMme JBYX
paccMaTpUBaEMBbIX YUCIIOBBIX 3HAYEHMH IOKa3aTesel
KayecTBa €me W TpH (YHKIUM NPHHAAICKHOCTH:
A(v1,v2,v3,x,y). Cucrema, IPUHUMAETCS HAMITyUIICH
10 YCJIIOBHOMY KpPHUTEPHIO, €CIM Yy HEE CTEIeHb
MIPUHAAJICKHOCTH K IpaHyJsie “‘cpelHU—HauIyqumi”
SIBIISIETCSL  OOJNIBIIEH, YeM Yy OCTaJbHBIX- T.6 OHa

SIBJISACTCA HauOoJIee OIITUMAaJIbHBIM BapuaHTOM
UCIIOJIHCHUS, COYCTAOIIMM B cebe ImATh OJIOKOB
COCTaBJIAIOLUINUX.

ITocite TOTO Kak MOJIy4eHO YCIOBHOE, MBICTIEHHOE
paszieneHne CHCTEMbl KJIMMAaT-KOHTPOJIb Ha YPOBHH
MIPOCKTUPOBAHHUS, OCYIIECTBIISACTCS CpaBHEHHE
npomemmux otbop mo Ilapero BapmaHTOB OJI0KOB
CHCTEMBI MeXIy co00i. /[Ins HarIsgHOCTH OHH
pacrionararoTcst Ha rpaduke 1o mopsiiKy cM.puc.1 .

OnTuMHU3aIUH A1 IpolreAnux otoop mo [apeto
BapUAaHTOB OCYIIECTBISIETCA IO IapaM OCHOBHBIX
(xmroueBBIX) KpUTEpHeB. Bech peacTaBIeHHbIN naee
QITOPUTM TIPUBOJUTCA TOJNBKO M OAHOM Mapsl
kpurepueB X 1 Y. B 001ieM ke cirydae peKOMEHyeTCst
paccMarpuBaTh HE TOJBKO OJHY Hapy KIIIOYEBBIX
KPHUTEPHUEB, a KaK BCE MX BO3MOXHBIC COUCTAHUS WU
€CIIM  KPUTEPHEB MHOTO —KJIIOYEBBIE COYETAHUS
IJIaBHBIX KpuTepueB. B naneHelimem, Ha pucyHke Nel
n300pakaeTcss NPUMEPHBIH  BUJ  PACIIOJIOKEHUS
MO/IeTIeli-aHaJIOTOB CHCTEM KIMMaT-KOHTPOJIS, B3ATHIN
U3 peanbHOTO MpUMepa.
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IIpennaraemsiit aJIrOPUTM HCII0JIB3YEMOI0 __a l=x
YCJIIOBHOT'O KpUTEPHS NPEANOYTECHUS . Yv(pD ‘s ®)
1) PykoBOACTBYSICh MPUHIMIIOM PAlMOHATIBHOI K - c2 _c2-y
HEOOXOAMMOCTY, JHMIOM INPUHUMAIOIUM pPEIICHU] 2 V(p2) ’
(JITTP) BBOAsTCS orpannuenus cl ast X, u 2 st Y.
(Ha TpakTHKE HaNpUMep TaKMMH OIPAHUYEHHUAMHU BcroMoratenbHblii  rpaduK ¢ GIMHHYHOM

HAampUMep MOTYT OBbITh MHUHHMAJIbHAs MOIIHOCTb
oborpeBa , cToMMOCTh (OFOKETHBIE OTPAHUYCHUS) U
npou.

2) PaccuutbiBaeTcs  oOmias
wromanps [ye] S=cl*c2 s YCIIOBHBIX €IMHULAX;
OrpaHuyeHnsi HaIararTCs IOCPEACTBOM YCIOBHUI
OTpe/IeIIEMbIX 33aKa3dMKOM K pa3pabaThiBaeMOMY
MPOCKTY.

3) BrraucnAoTCS 3HAYCHUS:

OrpaHn4YmnBacMast

Sa = Xpa * ypa;
S¢ = pf*ypf; (1)
4) Beruucnsercs NPOMEXYTOUYHBIN TMapaMeTp:
?:SA+SB+SC+SD+SE+SF. .

cp

6

MPEICTAaBICHHBIX INECTH TOo4YeK (2) (ecnmu dwHCIO
BBIOPAHHBIX TOYEK OOJIbIIE, TO COOTBETCTBEHHO MPH
pacderax Hy»HO Y4eCTh MX OOJIbIIIee KOJIUYECTBO).

cp
5) BolumcisieTcs XapakTepucTuka : A = —— npu

A €[0,1]. [lannas xapakTepucTHKa MpenCTaBIAET

c000it MPOMEXYTOUHBIH mapaMeTp.
6) BeraucnstoTcst KO3 PHUIUEHTHI IepeBoa:

B

momanslo Sy =1 HeoGxommM, a1 TOro 4TOGH!

3aUKCHpPOBaTh W OTCEYh IUIOIMIAIb ONTHMH3AIINY,
OTPaHUYMBAEMYIO [0 pPACUYCTHHIM 3HAYCHUSAM Ha
peanbHOM Tpaduke.

7) OcyliecTBisieTcss pacyer Sop =M*A*S,; B

TaKOM CJiydac 3aJaguM HOpMI/IpyIOHII/Iﬁ MHOXHUTECIIb
M=2;
8)

PaccuutsiBaeTcs panuyc Rs:

A*M*A*S,
T

T*R;
4
; (5)- BCcmoMorartenbHbIH paguyc .
9) Pacuer kpaiflHUX TOYEK , PACIHOJOKEHHBIX Ha
0CSIX KOOPJMHAT :

_s5. —M*axs,> OTCION2 R, =
op

Xy =K *Xg
yp = KZ * yB
Hdans paauyca, PACIIOI0KEHHOTO Ha
BCIIOMOTAaTEIbHOM rpaduke:
_ * . N
Xp1 = K, *Ry; Yo = 0;
— . — * .
Xp2 - O’ypZ - K2 RB;
Ui 0003HAYEHUS] PACCUMTAHHBIX KOOPAMHAT HA

OCHOBHOM TrpaduKe.

cte=]

N=11

Ra
Yok |

B

TBd

pe

YpF

e

‘ his)

Ao Hpb Xpo

Re 1P o

W

*pf

ole=t

Puc. 2 Hnnrocmpayus nocmpoenusi 6CHOMO2amenbHo20 2paguka
(nrowadu onmumuszayuu )
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10) dukcupyroTcs 1Be KpalHHE TOYKM Ha
BCIIOMOTaTEJIbHOM rpadyike ¥ Ha OCHOBHOM TIpaduke
[Toukn mepeceueHHs Kpyra M JJUIMICA C OCAMU
KPUTEPUEB COOTBETCTBEHHO|. 3aTeM OIpelenseTcs
MECTOHAXOXAECHUE OCTAJIbHBIX TOUYEK, CHaydajla Ha
BCIIOMOTATEIbHOM, a 3aT€M M Ha OCHOBHOM Ipaduke.

Y =+ Ré - Xé ;-8 OKpy:KHOCTH . Ilo 3Toi

thopmye oTtoOpakaeM 3HAYCHUS Vs Ha
BCIIOMOTATEIHLHOM rpaduke.

ar wHTEpHONSALMHM Ha  BCIIOMOTaTEIbHOM
R -0 R

rpaduke paseH :h, =8 —=-B; cciu n=10
n 10

(0OBIYHO  TAaKOTO  KOJNHMYECTBA TOYEK  OBIBacT

JIOCTATOYHO [l  BOCCTAHOBJIEHUS OKDPYKHOCTH C

TpeGyeMol TOYHOCTBIO MO HUM, HO PEKOMEHIYETCs

JUIS JIOCTHKEHMs GOJIbIIeil TOUYHOCTH MCTIONb30BaTh

Gonblliee KOMMYECTBO pacyeTHBIX Todek). Torza
— * .

Xgi = Xgo + Nz * N; npu

3HA4YCHUA TMOJIY4YaroTCs

N=0,1,..n-1. i € (,n)

371ech U1 COBOKYITHOCTHU TOYEK

(XBl’ yBl) (XPl! yPl)

(Xs2, Ys2) NEPEBOIATCS B (Xp2» Yp2) MOCPENCTBOM

(XBn’ an) (XPn! yPn)

[lar waTepmonsamuu (7) Ha OCHOBHOM rpaduke
paccUUTHIBACTCS C yYETOM DPACIIOJIOKECHHUSI TOUYEK TI0
KOTOPBIM OCYIIECTBIISIETCSI BOCCTAHOBJICHHE YETBEPTH
3JUIMIICOMJAa Ha OCHOBHOM rpaduxe. Ha mnpumepe

Yai =+ Ré - Xéi ; (6)

mpu i € (1,n).
C ygeToM N To9eK

(Xa1: Ye1)
(Xg2 Y2) |

(Xgn: Yen)
BOCCTaHABJIMBAETCA OKPY>KHOCTh Ha BCIOMOTaTeJIbHOM
rpaduke, pacCYUTaHHOU IUIomanu. M BHOCIEACTBUN
OCYIIECTBIISICTCA ~ IOCTPOEHHE  OKPYXHOCTH IO

2 2,
(bopmyne: Yy =+/Rg —Xg ;

11) Ha ocHOBHOM rpaduke CTPOUTCS SIUIUIIC-
TpaHHIIA, TyTeM NIePEHECCHH PACCUUTAHHBIX TOUEK CO
BCIIOMOTaTeNbHOTO rpaduka. OmnpeneneHue TOYHOTO

PACTIOJIOKEHUSI  JJUIMIIC-TPAHUIIBI HAa  OCHOBHOM
rpaduke OCYIICCTBIIACTCS MOCPEICTBOM OTEpaIid
npeoOpa3oBaHusl.
31ecn,
Xpi = K, *X,,.
P ! . " mpuN=0,1,..n-1; i € (L N)
pi = Ky ™ Xp;

MPUBEJICHHOM B JaHHOW CTaTbe 4ETBEPTh Kpyra-
rPaHUIIBI Ha BCIIOMOTaTeIbHOM TpaduKe MOCTEIECHHO
npeoOpasyeTcss B YETBEPTh DIUIMIICA-TPAHHUIBI HA
OCHOBHOM TrpaduKe.

R
he —TP; ),
rae Xp; =Xpo+hp*N; (8)

Xy
ypi = f(Xpi)’a_2+b_2

=1 ;-I[J'ISI JJUIMIICOnJa ¢ ICHTPOM B TOUYKE Hadajla KOOPAUHAT OTKyda

2 2 . a=Xx
y = /bz_m rme N=0,1,...,n-1; ie(,N). Pt :
pi aZ b:yp2
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Puc. 3 winrocmpayus nocmpoeHusl OCHO6H020 epaqbuka c I’UIOWd@bIO onmumuzayuu

Yacte 3JUIAIICOUIA-TPAHULIB CTPOUTCS
IIOCPENCTBOM CIUIAWH-UHTEPIIOJIALIUN c
UCNOJNB30BAaHUEM N PACCUMTAaHHBIX  TOYEK

OTpaHWYMBAs IUJIOIAAb ONTHMH3AaIMHU IO (GopMyie
SIIUIICA.

IMocne Toro kaxk 4eTBEPTH AJIUIICA MOCTPOECHA,
obylacTh cojiepiKamiasl IMpOIIEANINe IO YCIOBHOMY
KPUTEPHIO DELIEHUS OrpaHH4YeHa, Mepe] JHUIOM
MPUHUMAOLIM peuieHus HOSIBJISIFOTCSL JBa
albTEPHATUBHBIX BapUaHTa [EUCTBUI, U3 KOTOPBIX
HYKHO BBIOpATh OJIMH.

BapuaHT nepBblil: OrpaHUYUTBLCS BBIJIEICHUEM
HanOoJjiee  MOAXOIAIIMX  COYETaHWMH  (Mojerei-
aHAJIOTOB) C MOCJEAYOIIeH TEXHIUECKOH peann3anuei

BCEX OCTaBIIMXCS BapUaHTOB. B nanbHeilliem e 1o
MPAKTUUECKON peann3alud B KIJIOW 30HE 0TOOpaTh
HaWIy4IIUd BapUaHT aBTOMATHU3UPOBAHHOM CHUCTEMBI
KJIUMAT -KOHTPOJISL.

BapuanT BTOpOH: HONBITaTHCS BBIAEIUTH, NPU
HEOOXOIMMOCTH, CpeAH OTOOpaHHBIX IIPOEKTOB
HaWIydllli€ MOJEIN-aHAJIOrd aBTOMAaTU3WPOBAHHBIX
CUCTEM C IIOMOUIbIO TEOPUH HEUYETKUX MHOXKECTB.
IIpennonoxuTeabHO MNPOEKTUPOBIIMK OrpaHUYEH B
(UHAHCOBBIX CpEACTBAX, HE HMEET BO3MOXKHOCTH
peanu3oBaTh BCE OCTaBIIMECS BapUaHTHI TOTJa, Jajiee
B CTaTb€ OIHCHIBAETCS PEUICHUE BBIIIECYNOMSIHYTOU
3a7aud  PYKOBOJACTBYSCH BTOPBIM BapUaHTOM
JIEWCTBUM.
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g E=E

Tunosaa dnok-

CXeMa npouecca

ABTOMATHIHPOBAHHOID NMPOEKTHPOBAHHA

{i=1 )= ypopeHn .
T —— dopyuposanre 13
i-fl ypoens Curres erpyrTypi OTT

NpoeETHPUBIHEA

/

IMomymenme MM Ha

OTT 13 ocHon
ieMeHToR C

e MM
11

!

RERKTOPMOR BHY TPCHHHE X M BHEINHAX |

. B
/ Onpenenenne napaMerpos MM 00 H3BSCTHRIM SHAIYCHHEM \
TapaneTpon O

|

Anams OII:

1) pemenne MM O THMH3AIHA
9 a1y, . . . r = o

1) pacueT BCKTOPA BEIXOTHEIN NapaMeTpoR Y nextopa X

Cpapnenye septopa Y ¢ Sa0asHEIME
rexarTeciuam Tpehosameamm (11

CHITEM 21 HA
CTPYETY PR

T3 prmoTHAETed

\ OFTTH MATRE

T3 HE REITOT=
HACTCH BITTH-
MATRHO

J

OdropMireHie 0B TPYEIOpCEDil
nokyMenTariy Ha OF

W

Mopuapoeanie 13 Ha
MPOEKTHPVEMELS MIEMEHTRL

(i+1 - yposcHE
LPCEKTHPOBIHE

|I PyrHGi sTan I

I ABETOMATHYECKNH 3Tan |

|I ABTOMATHAEPORAHHEIA 9TAT1 I

Puc.4

Pemast 3amauy BeIOOpa ONTHMAIBHOW MOIETH
CHUCTEMBI KIUMAT-KOHTPOJISI, B KOHEYHOM CYETE,
HEOOXOIMMO 3aJIeHCTBOBATE ammapar Aedazudukanuu
HEYETKHUX MHOXecTB[1]. Hcnonw3oBanue
nedaznpukanmy  HEXyIQIMX peleHui, B o0mem
ciry4ae, JOIycKaeTcs, 4yToObl Clly4aiiHO B IIpoliecce
BbIOOpa HE  OTOpPOCHTH  HEXyIIIWH  BapuaHT-
WCTIOJTHEHHUS CHCTEMBI KIIMMAaT-KOHTPOJIA,
OKa3aBIIWHCSA 3a O0003HAYEHHOW TpaHWIeH, T.e.
MOMAAloNMil B 30HY HamOojee MepCIeKTUBHBIX
BapHaHTOB PEATN3ALNH .

Ornepanuro nedazuduranun 0TOOpPaHHBIX
pelIeHuil npennonaraeTcsa MPOBOAUTH C IOMOIIBIO
HNEepHEHUKYIAPa, KOTOPBIA OIyCKaeTCs Ha 4acTb
SJUTUIICOU1A-TPAHULIBI, PaCIONIOXKEHHYIO B
MOJIOKUTENBHBIX KOOPAMHATHBIX OCAX, M3 KaXkAoH
TOUKU MOJeNu-aHanora. B nampHeiiiem usMmepsiercs
JUIMHa TeprneHaukyisipa. Ilo paHHOW JuyIMHE MBI
ompenenseM KadyecTBO MJAaHHOW CHCTEMBI KIHMAaT

KOHTpOJIA. DTa JUIMHA MPUHUMAETCS K pacyery
pasmepHocThio (YilXi), BbIpakacMasi uepe3 YCIOBHBIE
ennHUIB! KputepueB X 1 Y.

JnnHa TepHeHOUKYJsApa BEYUCISACTCS, Kak
YHUCJIOBOM TapaMeTp o-IJisl pelleHUil crpaBa-BBEPXY
(puc.3) OT pasrpaHUYUBAIONICH JIMHUM H, KakK
YHCIIOBOH mapameTp -Iuist pemIeHNH, pacoIOKECHHBIX
clieBa -BHM3Yy OT  pa3rpaHUYMBAIONICH  JIMHUHU
auniconnia (puc.3).

[Ipu ocymectBiennu onepanuu aedasupuranuu
HEYETKOTO MHOXKECTBa OIICHHWBAETCS PACIOJIOKECHUE
MO/IeJIell cripaBa U cieBa OT 3TOro uumncouaa. Toraa

pouenypy nedasupuranuu IpearnoiaraeTcs
MPOBOJUTh C TOMOINBI0 (YHKIMA HOPMAaJIbHOTO
pacnpenenenus|2]. 31ech, 0 —IJTAHBI

nepreHanKyisipoB o touek A,B,D,E,F or muHHH
syumncouna ; VI1(oj)-3HaueHUe BENHMYMHBI (QYHKLHH
npuHamnexxHoctn  momemm  AB,D.EF k kimaccy
JIMHTBUCTHYECKUX TIEPEMEHHBIX .
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Puc.5 Unmocmpayus onpedenenus enudunvl QyHKYUU RPUHAOIEIHCHOCU
[1] 0na kracca “cpednuii— nocpedcmeenuvill” UCNOIb3YA ,IUHSBUCIIUYECKUE NepeMeHHble
“nocpedcmeennvie ’[V1], “cpednue” [V2] ; oyenka pyHKyuu NPUHAOIEIHCHOCIU BAPUAHINOE- MOOeel

1 2 (202
— —(a-8)"1(207)
nocpedcmeom napamempa o;. V1 - 7exp
J o271

3nauenne V,(A) cessano ¢ V; (A) nocpesctsom cootHowmeHNS:

V,(A) =1-v,(A)

e

t
0
b

Puc.6 Onpedenenue senuuunvl pynkyuu npunadiedcHocmu 0 Kiacca “‘cpeOHul—Haunyduwui”,
JuHesucmuueckue nepemennvle: “‘cpednue”’[V2], “naunyvwue”[V3]; oyenxa ¢ynuxyuu npunaonezrcnocmu
8APUAHMO6— MOOeell HOCPedCmBoM napamempa f.

— 1 ~(p-s)*I(20?) .
V2=———¢exp ; 20e f —0nunvl nepnenouxyasapos onywennvie om mouku C 00 paccuumanHou
[ON 27
epanuybl;

V2-omobpasicaem 3nauenue seauyunsl Qynxyuu npuraoiexchocmu mooenu C k knaccy “‘cpeonux”.

Jns ocymecTBieHns mporecca Aeasupukanud — paccMaTpuBaeMOTO 3a/1aHus B 3TOH cTaThe 70 TOJIBKO
pelieHnit  Ucmonb3yeTcss (QYHKIMSA HOPMAIBHOrO s aHamora oGosHawaemoro Oykeoit C, V2(C)#0,

pacnpenenenns; rtae V3 (C)=1—v2(C) . Jlns 3HAUAT M3 MIECTH PACCMATPUBACMBIX AHANOTOB C
ABJIAETCS EAMHCTBCHHBIM IPEJICTABUTENEM Kiacca
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“IOCpENICTBEHHbIE -CpeHNE” C HeHYJIeBOH (yHKIMEH
NPUHAJIC)KHOCTH.

VY ocCTanbHBIX BapUaHTOB AaHAIOTOB (YHKIMS
OPHHAUISKHOCTH K Kiaccy “mocpeacTBeHHbe”’[V1]
3HAYUTENBHO BhIIIE, yeM y Moaenu C.

VI(F)>vl (E)>Vvl(B) >Vvi(D) > Vv1(A)) >Vv1(C)
v2(C)>v2(A) >v2(D) >v2(B) >v2(E) > v2(F)

W3 Bcex ocTaBmmxcs BapuaHToB, kpome C,
aHaJor A SBJISETCS HAWITYUIINM, U CJIETyeT BTOPHIM 110
npeamnoutruTensHocTH ocie C. Takum o6pazom, IS
paccMaTpuBaeMoro mpumepa, momens C  sBusgercs
HanoOoiee MOIXOISIIENH IS MIpaKTU4ECKOU
peanu3anuy B TEXHUYECKOM HCIIOTHEHHU.

IIpuBeneHHBIN NOLIATOBBIM ANTOPUTM SBJIAETCS
JIMIIb OOHUM U3 BO3MOXXHBIX B JAaHHOM cnyqae HpI/I
peanuzanMi  BBIOOpPa, HO OH oOO0NagaeT psAIOM
HpeI/IMyIlIeCTB. BO l'[epBI)IX, OH MaTEMAaTUYCCKHU
obocHoBaH. Bo BTOpBIX, IpeanonaraeT BO3MOXHOCTh
MOJHOTO Tepebopa 0a3bl JaHHBIX, OCTABIIHXCS W3
YUCJla HEXYIIIMX PELIEHUH, HarJIAgHO MPEACTaBUTH
BapUaHThl. B TpeTbuX, MpenocTaBiseT BO3MOXHOCTh
YETKO OTPEIENINUTh OKOHYATCIBbHBIN BEIOOD,
PYKOBOJICTBYSICH TTapoii HanboIIee BaKHBIX KPHUTEPHEB.
B ueTBepThIX, NO3BOJSET CO3/1aBaTh HOBHIE BapUAHTHI
peanu3ainuy CUCTEM KIIMMaT- KOHTPOJIS U COKOHOMHTD
(huHAHCOBBIE U TPYAOBBIE PECYPCHI IIPU TEXHUUECKOMH
peanu3arum.

BoiBoabI
B onanHON cTarbe npeanaraercs  yCJIOBHBIM
KpUTEpHH MIPEIIOYTEHUS, OCHOBaHHBIN Ha

ONTHUMU3AIIHH TI0 TUIOIIAJISIM.

IMocTaBneHHass 3ajada peUIAETCS C IMOMOIIBIO
ompeziesieHuss  GYHKUUS — OPUHAMAISKHOCTH K
HECKOJIbKUM THUIIAM JIMHTBUCTUYECKUX MEPEMEHHBIX |,
JUISL TPAJallid M OLEHKH pEIICHUH-aHAIOTOB CHUCTEM
KIMMAaT-KOHTPOJII ~MeXIy coboil. B  kauectBe
BCIIOMOTaTeJIbHOW OmNepanuy BbIOOpa HCHONB3YETCs
nedasu(uKanys HEUETKOr0 MHOXKECTBa pelieHuid. B

Oosiee ClOXHOM ciy4yae ( HE paccMarpuBacMOM B
paMKax JaHHOW CTaThH), Js Oojice YeM OJHOW Maphl
kpurtepueB X u Y, BBeleHue nedazupuKanuu
MO3BOJIAT HE MCKJIIOYUTH HEXYHIINEe BapUaHTHI,
OKa3aBIIMeCcs PACIHOJIOKEHHbIE, ONmke K sapy (ocn)
HEYeTKoro MHoxecTBa[l], a mpu HeEoOXOAUMOCTH
ydecTh  KadeCcTBO ,BBIPAXKEHHOE 4Yepe3  Ipyrue
kputepun. [1ocKoIbKy IPHHAATIEKHOCTH K MHOXKECTBY
“Hammyqmue” s ogHOM mapel kputepueB (X-Y) He
MOJpa3yMeBaeT aBTOMaTHIECKOT0 BKITIOYCHUS JAHHOH
peamm3anui B MHOKECTBO “HEXyAIINE” UL APYTHX
rap KpUTEPHEB.

B pesynbpTare OCyIIeCTBIEHUS BBIIIEYKAa3aHHOTO
anropurMa peanusyercs MOJrOTOBKA K
MIPOEKTHUPOBAHUIO HOBOTO BapUaHTa CUCTEMBI KIIMMAT-
KOHTPOJIS. IIpoucxogur nocjenoBaTenbHas
O0TOpaKoBKa HEMOJXOIINX BapUaHTOB OJIOKOB U
YHUCIO  BO3MOXHBIX  COYETaHMH Al CHHTE3a
ABTOMATH3MPOBAaHHOW CHCTEMBI  KIMMaT-KHOTPOJIS
COKpAaIlaeTcs, BIOCJIEACTBHM XK€ OCYIIECTBILIETCS
CHHTE3 aBTOMATH3NPOBAHHON CHCTEMBI.
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ELEMENTS OF RISK-ORIENTED APPROACH IN INDUSTRIAL SAFETY AND LABOR
PROTECTION MANAGEMENT SYSTEMS OF ENTERPRISES

Bynvieun FOpuii Hzopesuu

O00KMOp MEXHUYECKUX HAYK,

npogeccop kageopul «bezonacnocms dscuzredessmenbHOCMU

u 3auuma okpyoicaroujeli cpedsiy,

LoHnckoii 2ocy0apcmeeHHblil mexHuyecKull yHugepcumen
Trkaueea Buxmopusa Anodpeesna

Mmazucmpanm xageopul «Bezonacnocms dcusnedesmensHOCmu
U 3auuma oxpydcarowelt cpeowly,

onckoti 2ocyoapcmeenubiil mexHuyecKull yHugepcumem
Jlymkoea Examepuna Muxaiinosna

Mmazucmpanm kageopul «Bezonacnocms dcusnedesmenbHOCMU
U 3auuma oxkpyacarowell cpeowly,

LoHnckoii 2ocy0apcmeenHblil mexHUuYecKull yHugepcumen

SJIEMEHTBI PUCK-OPUEHTUPOBAHHOI'O NIOAXOJA B CUCTEMAX YIIPABJIEHUSA
HPOMBIIIJIEHHOM BE3OITACHOCTBIO M OXPAHOM TPY A IPEJAIIPUSATHIA

Summary. The methodology of approaches to the assessment and calculation of risk levels of accidents at a
hazardous production facility and in violation of articles of sanitary legislation in the field of labor protection has
much in common. This is explained by a unified conceptual risk-oriented approach to risk management in both
the industrial safety management system and the occupational safety management system. Calculation of
individual and collective risks for oil refining production is given and conclusions on risk management are made.
The method of risk assessment at the repair enterprise on the basis of determination of the hazard index by expert
methods is described.

AHHOTa].[l/IﬂlO B METOAOJIOTUH HOAXOAO0B K OLICHKE M pPACYUCTy ypOBHeﬁ PUCKOB aBapI/Iﬁ Ha OIlIaCHOM
MpOU3BOACTBEHHOM 00BeKTE U NpUuHApPYIICHUN cTarei CAHHUTApPpHOI'0 3aKOHOAATCJIbLCTBA B obnactu OXPaHbI
TpyAa MHOT'O 06H_16FO. OOBsACHAETCS OTO CANHBIM KOHUCHTYaJIbHBIM PHUCK-OPUCHTHPOBAHHLIM IOAXOA0M IIPpHU
yIIpaBJICHUH PUCKaAMH KaK B CHCTEMax YIPaBJICHHUS MPOMBIIUICHHOH OezomacHocThio OIIO, Tak m CYOT.
HpI/IBeJ:[GH pacyeT MHAMBUAYAJbHBIX W KOJUICKTHBHBIX PHCKOB UIA He(l)Tenepepa6aTLIBalomero Mpou3BOACTBA U
CACJIaHbl BEIBOJBI IO YIIPABJIICHUIO PUCKAMU. OHI/IcaH METOJ OUECHKH pHUCKa HA PEMOHTHOM IPEANPUATHA HA OCHOBE
OIPEACIICHUA UHACKCA OTTACHOCTH 3KCIECPTHBIMU METOAAMM.

Key words: industrial safety, oil refining, engineering, risk analysis, accident, labour protection, risk-based
approach.

Knouesvie cnosa: npomvluliienHast 6e3onacuocmb, nepepa6oml<a Hed)mu, MawuHocmpoernue, anajius pucka,
asapus, oxXpana mpyod, pucKk-opueHmupoB8aHuvlii N00X00.

Brenenne. Oo0ecrnieuenue OezomacHocTH  npodeccroHaNBHBIX 3a001eBaHNi Ha paboyeM MecTe B
TEXHOJIOTMYECKOTO Ipoliecca M yJIydlIeHHE YCIOBHH  MAaIIMHOCTPOEHUH.
Tpyla Ha  oObekTax  He(TernepepabOTKu U AKTyalbHOCTh ~ HWCCIEIOBaHHMA  0OOCHOBaHa
MAaIIMHOCTPOEHHS SIBIISIFOTCS OJHUMHU W3 BRXHEHIIMX  HEOOXOIMMOCTBIO MOJIepHH3AIIH CHCTEMBI

3amad. IIpoBeleHHBIE TEXHHUYECKHE pAcCICIOBAHWS  YIPABICHHS IPOMBINUIEHHOH O€30MacHOCTBIO H
IPUYMH aBapHii Ha JAaHHBIX OOBEKTAaX MO3BOJIMIM  OXpaHbl TpyAa s HedTenepepabaTHIBAOIINX
YCTaHOBHTH MX dKOHOMHYecKHui ymiepd ot 15 mo 100  mpemmpusaruii (otHocarcs k OIIO) um peMOHTHBIX
MiH. py0. Taxke BbICOK ymepd OT TpaBMaTu3Ma M MPEIIPUATHHA MAaIIMHOCTPOUTEIBHOM OTpaciu

(3KCIUTYaTHPYIOTCS  TEXHWYECKHE YCTpOicTBa C
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npusHakamu OI10), koTopast Jo/KHA BKIIOYATh B CE0s
OTKa3 OT KOMIIGHCALIMOHHOI MOJENH, ¥ TIOCTEIIEHHBIH
nepexoz K NpeayNnpexaalonuM ISHCTBHAM U Mepam, a
TaKXKe OLIEHKY PHCKOB aBapuiHbIX cuTyauui. s
9TOr0 AaHHasi CUCTEMa JIOJDKHA NPENCTaBIATh COO0M
He OT/IeJIbHbIC HecOanaHCHPOBaHHBIE Ha KaXK/IOM dTarie
MEpOIIPUATHS, a €IUHOE IEeNoe, T. €. TEXHOJIOTUH
JOJDKHBI OBITH O€30TTaCHBIMH, LIEJIN U 33441 TIOHATHBI
PYKOBOJCTBY M HCIIOJTHUTEIIO HA paboIeM MeCTe.

Puck-opuenTupoBaHHbIil noaxoa. Baxueimei
(yHKIHEH KaK CHCTEMBI YIIPaBICHUS IPOMBIIITICHHON
oesomacHocteio OIIO, Tak m CYOT sBiasgercs
BHYTPEHHHUI1 KOHTPOJIb (ayANT), OCHOBaHHBIH Ha PUCK-
OPHEHTHPOBAHHOM IOJXO/IE.

PaboTocrocoOHOCTh M HAZEKHOCTh  Pa3IMYHOTO
obopynoBaHus, 9KCILTYyaTHPYEMOT0 B
NPOMBINUICHHOCTH,  HEOOXoauMO  olecrieuuBaTh
YIIPaBIEHUEM €TI0 TEXHHIECKUM COCTOSHHEM, a 3Had
UT, 00SI3aTENILHBIM yCIIOBHEM
peann3alyy JaHHOW IIENH SBISETCS yCOBEPIICHCTBOBA
HHE W Pa3BUTHE CHCTEMBI PEMOHTAa W TEXHHYECKOTO
00CITy>KUBaHUSA 00opymoBaHUsI.
ITostomy kauecTBeHHast paboTa PEMOHTHBIX OOBEKTOB
MPOU3BOJICTBEHHOTO KOMILIEKCA UTPAeT BaXKHYIO POJIb
Ui TOAJCEPXKKH  o0miei  paboTOCIOCOOHOCTH
MAaIIMHOCTPOUTEILHOM u
HedrenepepadarsiBatomeit orpaciu. {1 Takoro pona
NpeAnpUsITHI XapaKTEePHBIM SIBJISIETCSE
CrielMajIn3alys Y4acTKOB M IIEXOB, ONpEIEIISIoNas
JUIL KaXIOTO M3 HHUX CTPOTO pPErilaMEHTHPYEMYIO
TPYIIy BBIMOJHAEMBIX OIEpanni.

Takass opraHuzanus JeATEITbHOCTH
NPeNPHUATHHA MO3BOJISIET JOCTHYD BBICOKOTO YPOBHS
KauyecTBa BBIIIYCKAEMBIX IIPOAYKTOB M H3JICIHH,
HENpPEePBIBHYIO paboTy 000pyJdoBaHHS, KpPOME TOrO,
KOHLIEHTpAaIUs YCHJIMH MepcoHalla Ha BbIJICJICHHOM
MMPOU3BOJACTBCHHOM YYaCTKE TIO3BOJIAET TIIOBLICUTDH

YPOBEHB MX KBATU(PHUKAIMH. Y MEHBIIIEHHE KOJIMUECTBA
MPOM3BOMMBIX HA KaXIOM paboyeM MecTe omeparuii
MO3BOJIIET JOCTHYEL 00JIee BLICOKOM CIEI[MANN3alud 1
MPUMEHATh [pHU  OOJBIINX  MPOM3BOJICTBEHHBIX
o0Bemax BBICOKOTIPOU3BOIUTEIILHOE "
TEXHOJIOTHYHOE 000PYIOBAHHE, CHU3UTh TPYI0EMKOCT
b ¥ IOBBICUThH KAQU€CTBO BBITYCKAEMO MPOIYKIHH.

B paccmatpuBaeMbIX OTpacisix MPOU3BOACTB
OCHOBHbIC II€Xa MPEANPUATHS NPUHITO Pa3eiisiTh B
3aBUCHMOCTH OT CHEHU(HUKH MPOU3BOJCTBEHHBIX
MPOIIECCOB.

TexHuveckast JOKyMEHTAIIHSI, IPUMEHEHHE CIIe]
HAJILHOTO TEXHOJIOTMYECKOr0 000py10BaHHUS u
KOMIUICKTYIOIIMX ~ 3JEMEHTOB, paboTa  CIyKObI
TEXHMYECKOTO KOHTPOJIsS M paboTa ¢ Kaapamu, a
TaKk Ke pabota BCIIOMOTATEIBHBIX  CIIYXKO
00beaMHET B ceOe TEXHOIOTMYECKUT poLece.

Puck-opHUeHTHPOBAHHBIM [IOAXOIOM K
YIpaBICHUIO TPOMEIIUICHHOH Oe3omacHocTh0 (I1B)
Ha3bIBAIOT CHCTEMY, OCHOBAaHHYIO Ha NPUHATHU
PELICHUIA, OpPHEHTHPOBAHHBIX HA yUeTe CTEICHU PUCKA.
Puck uzMepsier BO3MOXKXHOCTh BO3ACHCTBUSL OIACHOCTH
Ha YeJloBEKa M 3HAYMMOCTb IIOCIIEACTBHHM TaKOIO
Bo3jeiicTBUA. VIMEHHO 3TO HMeeTcs BBHUIY, KOT/a

TOBOPSIT, 4YTO PHUCK — O9TO COYETAaHHUE JBYX
XapaKTePUCTHUK.
CyTh PHUCK-OPUEHTHUPOBAHHOTO M0JIX0/1a

3aKJIF0YAaeTCsl B CHI)KCHHH DPHCKOB: KOHTPOJb HaJ
00beKTaMu (1IeXaMH) IMOBBIIICHHONH OMACHOCTH, a B
Ooslee 0Oe30macHBIX 30HAX — CHIDKAeTcsa JIMOO
OTCYTCTBYET. JTO TIO3BOJISICT BOBPEMs IPHHAMATH
HEOOXOIWMBIE MEpHI TaM, TJe 3TO HEOOXOINMO U B
3HAYUTEIBHON Mepe IKOHOMHTE PECYPCHI.

Jns  ocymecTBieHWS aHalW3a OMACHOCTEH U
OLICHKH pHUCKa aBapuil Ha
HpOMLIHIJ'IeHHOM Hpe}IHpI/IHTI/II/I I/ICHOHLByIOT IIJIaH
aHaM3a onacHocTH oobekTa (puc.l).

H MNpoBeaeHve naeHTUPUKaLUKM 06beKTa
(c yueTom xapaKTepUCTUK TEXHUYECKMX

YCTPOMCTB, 343aHUA U COOPYMKEHUN,
NpMMeHseMbIX Ha ObObeKTe, a TaK¥Ke
NPOEeKTHOM " daKTUyeckom
pacnpeneneHum obpalatoLmxcs

ONacHbIX BELLLECTB)

H CocTaBlieHNe XapaKTePUCTUK paioHa
pacnofioXeHnsa obbekTa

Pucynox 1 - I[Inan ananusa onachocmu o6vexma
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Pacuer 3HaueHWH  WHIUBUAYaILHOTO U
COIMAIBHOTO PHUCKOB JUTS TEPPUTOPUHU
MPOU3BOACTBEHHBIX OOBEKTOB M MpWJICTAIONICH K
00BEKTYy TEPPUTOPHH MPOBOJUTCS IO METOJHKAM,
U3II0KCHHBIM B «PyKkoBOACTBEe 1O Oe30macHOCTH
"MeToaudecKkue OCHOBBI IO TPOBEICHUIO aHAIHM3a
OIaCHOCTEH M OLIEHKU pHCKa aBapWii Ha OMAaCHBIX
MPOU3BOACTBEHHBIX  00BEKTaX", YTBEPKICHHOM
npukazoMm Pocrtexnamzopa ot 11.04.2016 N 144 u
"MeToauKke OMNpeNeNeHNUsS PAacUYCTHBIX BEIMYMH
MO’KapHOTO PHCKa Ha MPOU3BOACTBEHHBIX 00BEKTaX,
yTBepXKIeHHOW mpukazom MUC Poccum ot
10.07.2009 Ne 404.

Jlyist mrone, HaXOMAIUXCs B CEIUTCOHON 30HE
BOJIH3U MPOU3BOJICTBEHHOTO 00BeKTa,
WHIUBUIYAIbHBIH PHCK TPUHUMACTCS PaBHBIM
BEIMYMHAM MOTCHIIMAIBHOIO PUCKA B 3TOH 30HE.

WHnuBryanbHBIA pECK I paOOTHUKOB OOBEKTa
OLICHUBACTCS YAaCTOTON TMOpaKEHHS ONpeIeIeHHOTO
paboOTHUKA TPOWU3BOACTBEHHOTO OOBEKTA OIACHBIMH
(haxTOpaMu B TEYCHHUE TOA.

BenMuuHa UHIUBHIYaIbHOTO pucka Ry (rox?) mns
paboTHHKAa M TPOW3BOJCTBEHHOTO OOBEKTA IPH €Tro
HAXOXKICHUN HAa TEPPUTOPHM OOBEKTa ONpPEHENIeTCs ¢
MOMOIIBIO COOTHOIIEHHS:

|
R :Elqimp(l)’ )

rae P(i) - BeXM4YrHA TOTEHIMAIBHOIO PHCKa B I-0if
00JIaCTH TEPPUTOPUHU OOBEKTA, TOY; Cim — BEPOSTHOCTE
TPUCYTCTBUS pabOTHHKA M B i-0#f 06IACTH TEPPUTOPUH
00BEKTA.

KomnnexkTuBHBIN pUCK NIPU aBapUHON CUTyaIu
omnpenaenseM mo Ghopmyie:

R = k'R - N, @)

roe: R« -  xommekTmBHBIA — puck; k-
KO3 (G GUIMEHT, YIUTHIBAIOIINHA COOTHOIIEHNE YUCIIA
MOCTPaJaBIINX JIOAEH OT aBapuu (¢ yd4eToM HX
TeXHUYECKOH M MHIUBUIYaIbHON 3aIIUIIEHHOCTH) K
obmemy uuciny N JIOJei, HaXOIAIMUXCS B 30HE
aBapuiHOM curtyanuu; Rm - HHIUBUAYAIBHBIN PUCK;
N - gncio moael, HaXOIANIUXCS B 30HE aBAPUU.

JIis IpOU3BOJICTBEHHBIX OOBEKTOB COLMATBHBIN
PHUCK NMPUHUMAETCS] PaBHBIM YaCTOTE BO3HUKHOBEHHS
COOBITHH, TIpH  pealu3alid  KOTOPBIX  MOXKET
NOCTpajaTh B pe3ylbTaTe BO3JEHCTBUS OMACHBIX
(axTopoB He MmeHee 10 yesoBex.

Jlns nronei, HaxXOIsAIMUMXCS B CEMTECOHON 30HE
BOJIM3M TIPOM3BOJICTBEHHOIO OOBEKTA, COLMAIBHBIN
puck S (roxt) onpenensiercs mo popmye:

L
$=>Q; ®)
j=L

rae L - 4ymcno ciieHapueB pa3BUTHST aBapUITHBIX
CUTYyalui, 1715 KOTOPHIX BeImoHseTcs yenosue Ni>10;
Ni — cpemHee YMCIIO TOTHOMINX JIFOJEH B CeMUTEOHOM
30HC€ BOJM3M TPOW3BOJACTBEHHOTO O0BEKTa B
pe3yJbTare peaqu3allid j-To CIEHApHs B pe3ysbTaTe
BO3ICHCTBHUS OIACHBIX (PAKTOPOB.

Bemuuuna N; onpenensercs o gopmyie:

|
N; :ZQdijni : @)
i-1

roe | — xonmuecTtBO oONacTeil, Ha KOTOpbIC
pasnereHa TEPPUTOPHS, IpHIIeraroast K
[IPOU3BOJICTBEHHOMY 00bekTy (I — HOMep 00nacTh);
Qdij - ycJOBHasE BEPOSTHOCTH TMOpPAKEHHs YeNOBeKa,
HaXOJAIIErocs B i-0i 061acTH, OMacHbIMU (haKTOpaMu
OpH peaju3aliy j-T0 CIeHapHs; Ni - CPeHEee YHUCIIO
JIo7el, HaXOAAIMXCS B i-0M 00IacTH.

OuneHka pucka aBapuii Ha  ONacHOM
NMPOM3BOJACTBEHHOM 00beKTe.
[TpomsBenem pacyer PHUCKOB IS

HedTenepepadaThHIBAIONIETO IPOU3BOJICTBA €  OOIIEH
YHCIICHHOCTBIO pabOTHHKOB 149 dYenoBeka, B T.4. B
HaHOOJIBIIYIO Pa0dOTAaIOINIyI0 cMeHY — 20 YeJIoBeK.

BeposiTHOCTh TIpHCYTCTBUSL PabOTHUKA M B i-0i
00JIacTH TEPPUTOPUH OOBEKTa OMpeAeisieM Kak (m=P,
20e P- yactoTa nocenieHus: 00beKTa.

Jnsa pesepByapHbIX mapkoB P=0,04, nist scTakaj
P=0,02, nna nacocHelx P=0,02, mjisa TEXHOJIOTHYECKUX
TpybompoBo0B P=0,04.

KonudyecTBO mocTpamaBUIMX IpH aBapuH HE
npespimiaer 10 yenoBek, T.e. COLMAIbHBIN pHCK
paBeH HyIo, T.K. mapameTp L B dhopmyre (4) paBeH
HYIIIO.

WHauBUyanbHBIH PUCK COCTABISCT:

R,, = 0,04-(4,295-107°) + 0,04 - (0,6305-107°)
+ 0,04 - (0,14742 - 107%) + 0,02
- (1668,0 - 1075) + 0,02
-(1045,0-1075) + 0,02
-(973,0-107%) + 0,04
-(0,101-107°) + 0,04
-(0,9462 - 1075) + 0,04
-(0,8128-1075) + 0,04
-(0,8128- 107°) + 0,04
-(0,21222-1075)
=74,0-10752007"
=7,4-10"%200""

KonnexTuBHbIN puCK:

Ry=k-R,-N=9/20 -7,4-107*- 20

= 6,7 1073, uen/200
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Tabuuma 1

MaTtpuua A onpejeJieHHs1 ONACHOCTH TEPPUTOPHIA (30H) 10 KPUTEPHIO «YACTOTA Peau3alu —
COIMAJILHBIN ymepo»

ConuanbHblii yuep6
Yacrora Iorutmno CepnesHo
[Toru6 ogun IToru6mmmx P .
peanuzanuu | Golee 0JHOTO HOCTPafaBIIKX Jlur ¢ moTepeit
4erIoBeK, HET, UMEIOTCA
OMAacHOCTH 4esIoBeKa, HET, UMEIOTCA TPYIOCIOCOOHOCTH
HMEIOTCS cepbe3HbIe
Cclly4aeB/ro HMEIOTCA noTepu HeT
HOCTPaaBIIME | IOCTPAJABLINE
OCTpaaBIIKe TPYA0CHOCOOHOCTH
>1 30Ha HeMpUEMJIEMOT0 PHCKA 30Ha
1...107 HE00X0TUMBI HEOTIIOKHBIE MEPBI ’KECTKOT0 KOHTPOJIS
101...102 10 YMEHBIIEHHIO PUCKA | HE0OX0anMa OLCHKA
102...10° 11eJ1eCO00PA3HOCTH MEp TI0
103...10* YMEHBIIEHNIO PHCKA
10*%...10° 30oHa NpHEMJIEMOI0 PHCKA, HET HEOOXOAMMOCTH
10°...10° B MEPOTPHSATHAX MO YMEHBIIEHUIO PUCKA

Ilo pesynmpraTamMm pacyeTa pPHCKOB MOMKHO
3aKIIOYUTh, 4YTO Ha HedTenepepadaThIBaOIIEM
NpeANpUATHH  HeoOXoauMa pa3padoTka Mep 10
YMEHBIICHHUIO PUCKA.

PaccmoTpuM Teneps BO3MOXKHOCTH YIIPABICHUS
puckaMu B CYOT MalIMHOCTPOUTEIIBHBIX
npennpustuid. Huke mnpusegem npuMmep pacuera
YPOBHEl pUCKA IIPU HAPYIICHUM CTaTEd CAHUTAPHOIO
3aKOHOJATEIbCTBA HA PEMOHTHOM MpPEANPHUSITHH,
npeuIoXKeHHBIH [1].

Bo3MOXHBI NOTEHUMANbHBIA PHUCK HAHECEHUS
Bpeaa 3I0pOBBIO pabOTHHUKOB PEMOHTHOTO
MIpeanpusaThs, Haxoaaumxcs nox aericrsueM OBII®,
NPOSBISIFOLIMXCS B HAPYIICHUH 3aKoHoxarenberea (R)
paccuutsiBaetcs o Gopmyne (5) [2,3,4]:

R =Zk(pi - ux - M), (5)

TJie Pk — BEPOSTHOCTh HE HCTIONHEHNU K-0ii cTaThu

CAHUTAPHOTO 3aKOHOAATCJIIbCTBA ®3 «O CaHUTapHO-
SMUACMHOJIOTHYCCKOM 6J'IaFOHOJ'Iy‘II/II/I HaCCJICHUA» N

®3 «O 3amuTe npaB MOTpeOUTENe» U HHOTO
3aKOHOAATENbCTBA B OONAacTH  3alMTHl  IpaB
noTtpebuTeneil; Uk - Mokasarelb, XapaKTePU3YIONMIU
Bpel 3M0POBBI0 TMpU HApPYyIICHWH K-0if cTathu
3aKOHOJATENbCTBA; M - HOKa3aTelb,
XapaKTepU3yIoIIunii YHCJICHHOCTh IepcoHana,

HAXOJAIIErOCs IMMOJT BO3ICHCTBHEM OMNPEACICHHBIX
(axTopoB (MaciuTab Bo3AeHCTBYS).

BeposrHOCTb BO3MO>KHOTO HapyIICHUS
CaHHTAapPHOTO 3aKOHONATENBCTBA JUII PEMOHTHBIX
NPEANPUATHIA ( P) ) ONpesenseTcs o 3aBUCUMOCTH (6)

[2,3,4]:

m
k
p = (6)
k™ n
rae Pk — 9acTora HApPYIIEHHS CAaHMTAPHOTO

3aKOHO/IaTENhCTBA/3aKOHOIATEIBCTBA B Cepe 3aIMUThI
npas nmotpeduTenei mo K-oii craTbe I KaKaoro BUaa
JIESITENIBHOCTH; MK — YHUCJIO BBISIBJIIEHHBIX HApYLICHUH
CaHWTapHOTO 3aKOHOJATENBCTBA B cdepe 3amuThl
npaB moTpebuTesei mo K-oif cTaThe Mo KakJaoMy BHIY
JeITEIIbHOCTH; N — 0o0liee YHMCiIo NPOBEPOK IO BHIY

JesATEIEHOCTH.
Koaddummenr macmraOHOCTH pacCUUTHIBACTCS
o popmyne (7)[2,3,4]:

M=Vx*K(V), @)

rae M — nmokasaTenb YUCICHHOCTH KOHTHHICHTA,
KOTOPBIN HaXOIUTCs 1oJ BO3/IEHCTBUEM
OIIPE/ICIEHHOTO THIIA JIEITENbHOCTH; V — IOKa3aTes,
KOTOPBI KOJHMYECTBEHHO XapaKTepH3yeT  OOBEKT
Hajg3opa ¥ OIpenesieT YHCICHHOCTh HaCeNICHUS,
Haxomsmerocs nox ero Bo3xpeiictBueM; K(V) -
KO2(QHUIMCHT, MMO3BOJSIONIMI MPHBECTH IOKa3aTelb
V k 6e3pa3mepHomMy Buny.[2,4]

HcxonmHple naHHBIC JUId pacyeTa NpUMEM Ha
OCHOBaHHH aKTa MPOBEPKU TPEINPUATHS
Pocrniorpednanzopom B 2016 rony. [lepruoaudHoCTh
TaKWX MPOBEPOK - OJHMH pa3 B TpH rojaa. B xoxe
NPOBEPKHU OBbUIM BBISBJICHBI TPUHAJATH HAPYILIECHUIH

00s13aTeNBbHBIX TpeGoBaHMIA u TpeOoBaHUH,
YCTaHOBJICHHBIX ~ MYHUIIMMAIBHBIMA  TPAaBOBBIMH
aKTaMH.

BepositHOCTB HapYIICHUS CaHUTAPHOTO
3aKoHOaTeNnbcTBa 1Mo K-0if crarbe ®3 «O caHUTapHO-
SMAIEMHUOJIOTHYECKOM  OJNaromoiyduy  HaceJCHHS
MpeAroNaraeT pacyeT JaHHOTO TIOKa3aTeNsd — Ipu

COOTHECEHHMH HAapyIIeHUs MPaBOBBIX aKTOB CO CTAThEH
@3 Ne52  «O  caHUTapHO-3MUIEMHOJIOIMYECKOM
6narononyunu Hacenenus» ot 30.03.1999r. M3 nepeuns
crateii  BblOepeM  Te, KOTOpbIE OTHOCSITCS
HEMOCPECTBEHHO K OXpaHe Tpyaa. JTo cratbu 13,
15,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28.

Pacuer BeposTHOCTH HapylIeHHS CAHHUTApHOTO
3aKOHOJIaTEJILCTBA BBIIOJIHUM ~ JUIL  KaXK/10TO
HapymieHust (popmyna (6)). Uuciao BBISBIEHHBIX
HapylIeHWH BhIOMpaeM W3 akTa MpOBEpPKH, a oOlriee
YHCIIO TPOBEPOK PABHO KOJMYECTBY PabOYMX MECT Ha
PEMOHTHOM IPEATIPUATHH.

Jst  TpuHAanUATH  BBIABICHHBIX  HapyLICHUH
pacdeT BEpOSTHOCTH HApYyIIEHUS cBeaeM B Tabm. 2.
Koadhdunment macmraba paccuuThiBaeTCs I ydeTa
obmiero umncrna pabOTHHUKOB, 3I0POBBI0 KOTOPBIX
MOXXET OBITh TNPHYMHEH yuiepd wH3-3a HapyLICHUS
TpeOOBaHHIi 3aKOHO/IATENILCTBA B OTHOUICHHUHU 3aIIUThHI
IIpaB MOTpeOUTENEH U CAHUTAPHBIX TPEOOBaHU.
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Tabiuma 2
Pe3yJIbTaTI)I pacuera BCPOATHOCTH HAPYIICHHHA CAHUTAPHOIO
3aKOHOAATCJIbCTBA CYAOPEMOHTHOI'O NPEANPUATHA
o ~ BeposTHocTs Haj CHUsA
clT(a_;; Hiscno papymesmit k-0 crato @3 NeS52 * CaHI/ITapHOI:“}(I)HI Yueno paboTHHKOB
®3 No52 Ha paGouuX MecTax, mk 3aKOHO/ATENLCTBA, pk HPEATPHATHS, N
1 6 0,004 1499
2 1 0,0007 1499
3 2 0,001 1499
4 1 0,0007 1499
5 3 0,002 1499
6 14 0,009 1499
7 9 0,006 1499
8 3 0,002 1499
9 5 0,003 1499
10 5 0,003 1499
1 1 0,0007 1499
12 4 0,0026 1499
13 1 0,0007 1499

K(V) B HamteM ciyuae GyneT paBeH 8,6'10_6[46]
Koadduruent MacIITaOHOCTH TSt
paccMaTpuBaEMOro CyAOPEMOHTHOTO IPEANPHUSITHSL

paBeH (dopmyina (7)):

6

M=1808-86-10 ~ =0,016

[Tokasarenb, XapaKTEPU3YIOLIUI BPe. 3I0POBBIO
Opu HapymieHHH K-oif CTaThW 3aKOHOJAATENbCTBa UK
BBIOMPAETCS B 3aBUCHMOCTH OT BHIa NEATEIHHOCTH
OPCANPUATHA W CTaThU 3aKOHONATEIBCTBA, KOTOpAs
ObL1a HapyiieHa. [46]

Hanee paccyMTacM KaTerOpHIO pHCKa IS
paccMaTprBaeMoro MpeIpHUsITHS Mo 3aBUcuMocTH (5):

R=0.004*0.001794 = 0.16 + 0.0007 * 0.0381 x 0.16 + 0.001 x 0.000138 = 0.16 + 0.0007 * 3.02E —
08 #0.16 + 0.002 * 3.02E — 08 * 0.16 + 0.009 * 0% 0.16 + 0.006 * 0 * 0.16 + 0.002 x 0 * 0.16 + 0.003 * 0 *
0.16 + 0.003* 0 * 0.16 + 0.0007 * 3.02E — 08 * 0.16 + 0.003 * 0.025091 * 0.16 + 0.0007 * 0 x 0.16 =

1.74811 %10

Knacc omacHoctd misg  JaHHOro  OObeKTa
OMpeAEIeTCs KaK TPETHA, MEPUOMIHOCTL POBEPOK
JIOJDKHA OBITH HE Yallle, YeM OJIMH pa3 B TpH roja [46].
Heo6xommumo MPOBOUTH KOPPEKTHPYIOIIHE
MEPOTIPHUATHS, IS CHIDKEHHS KJIacca OMacHOCTH JI0
YETBEPTOTO, YTOOBI CHU3UTD ITEPHOTHIHOCTD POBEPOK
JI0 OJJHOTO pasa B ISATH JIET, JIMOO MOJYYHTE IOTHOE
0CBOOOKIIEHHE OT IPOBEPOK.

3akJl0uenue
1. B MeTo10710TUH OAX0/I0B K OLEHKE U pacyeTy
YpOBHEH PHCKOB aBapuit Ha OITaCHOM

MPOU3BOACTBEHHOM OOBEKTe W TPU HAPYIICHHUH
CTaTeil CAaHUTAPHOrO 3aKOHOAATENbCTBA B 00JIaCTH
OXpaHbl Tpyna MHOTo oOmero. OOBSICHIETCS 3TO
CANHBIM KOHICTITYAJIbHBIM PUCK-OPUCHTHPOBAHHBIM
HOAXOJOM TMpH YIOPABICHHH pPHCKAMH KaK B
crcreMax yIpaBJIeHUS TIPOMBIIIUICHHON
6e3omacHocTrio OI1O, Tak u CYOT.

2. llpuBemeH pacueT HWHAMBHIyaIbHBIX H
KOJUIEKTUBHBIX PUCKOB s HedTernepepadaThIBatOIero
NPOM3BOJICTBA M CZENAHBI BBIBOJBI I10 YIPABJICHHUIO
PHUCKaMH.

3. OnmcaH METOJ OLEHKH PHCKAa Ha PEMOHTHOM
NpeANpUSITAA  Ha OCHOBE OINpEIeJCHUs HHAEKca
OIMaCHOCTH SKCHIEPTHBIMU METOAAMH, C ONIPEACICHUEM
BEPOSTHOCTH HACTYILJICHHS Ka)KI0T0

5

HEOJIaroNpUsATHOTO MHIMACHTA, WACHTU(DHINPYEMOTO
Ha CTaJUU BBISBJICHUS ONACHOCTU C IOCIELYIOLIUM
AQHAJIU30M PUCKA C YYE€TOM OINACHBIX M BPEIHBIX

(akTOpOB Ha KOHKpPETHOM paboueM MecTe st
PEMOHTHBIX — MPEANPUATHH  MAIIHHOCTPOUTEIHHOM
OTpACIIH.
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IMPROVEMENT OF THE OPERATIONAL EFFICIENCY OF DOUBLE SHOULDER TOOL JOINT
OF DRILL COLLARS

Summary. The need to design new and improve existing drilling equipment is one of the important conditions
for ensuring the efficiency of well construction. During drilling operations, the elements of the drill string,
including their tool joints, are exposed to the highest load. Double-shoulder tool joints that have several advantages
over standard (single-shoulder) ones, are becoming widespread in the world.

However, such joints require a secure contact and a specified load along three surfaces (the threaded surface,
main and auxiliary end faces) simultaneously, which must be secured by a tight tolerance of the distance between
the main and auxiliary end faces and the ends of the pin and the tool joint box. Failure to follow stringent
requirements can lead to accelerated fatigue failure of the thread and, consequently, to drill string failures.
Therefore, it is necessary to design a tool joint that will work effectively throughout the entire period of operation.

The analyzed existing options for solving the problem solve it to some extent, but have several disadvantages.
To eliminate them, it is proposed to use elastic elements (ring springs) in the construction of double-shoulder tool
joints.

The use of such elements makes it possible to create the necessary axial loads on the internal, and as a
consequence, on the outer support joints and maintain their ratio throughout the operating lifetime without
affecting the stress distribution in the danger areas of the connection, which was confirmed by simulation
modeling.

In addition, the use of elastic elements reduces the impact of fabrication precision of the tool joint on its
stress-strain state.

Keywords: drill string, double-shoulder tool joint, elastic elements, drill collars, tension, simulation
modeling.

Introduction temperatures, thus requiring additional equipment

The construction of directional and horizontal
wells at oil and gas fields has led to the need to create
and use qualitatively new sophisticated drilling
equipment. First of all, it concerns the elements of the
drill string assembly, which in the most difficult
operating conditions must withstand high torsional,
bending and tensile loads. Existing pipes made in
accordance with API specifications cannot withstand
such loads.

These loads on the drill string are multiplied
several times under increased pressures and

strength and maximum reliability of the tool joints of
drill pipes and drill collars.

Moreover, in view of the high cost of drilling,
operating companies and drilling contractors place
utmost importance on reducing operational and other
risks in well construction and maximizing production
costs. The latter is impossible without the use of highly
reliable equipment along with optimization of well
construction programs.

Well construction efficiency is mainly related to
increased drilling rate and reduced non-productive
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time. This goal can be achieved by a competent
approach to the drill string construction and assembly
at the design stage, taking into account the following
factors:

- the external and internal shape of the drill pipes
and tool joints should not create much hydraulic
resistance when drilling fluid moves;

— the mechanical characteristics of the pipe body,
welds and threaded joints must be high enough to
withstand the makeup torque, bending, tensile and
torsional loads;

— other drill pipe design features (internal upset,
turnkey distance, etc.) that affect the fatigue strength of
the metal, the possibility of additional repair [1].

Analysis of previous studies and publications.

Joint (threaded connection) is a weak point in the
standard design of drill pipes and drill collars. It is
known that the efficiency of the joint (the ratio of the
torsional load that the drill pipe can withstand to the
torsional load that the tool joint withstands) is about 80
- 90% [2]. In order to increase this figure, as well as to
increase the efficiency of work with simultaneous
torsion, tension and bending (that is, under the most
typical loads arising in case of drilling emergencies),
double-shoulder tool joints are used in world practice
today (Fig. 1) [3-5].

Y;/ fA LS L EF
222277 NNy

______ 1|

1 — pin; 2 — stop shoulder of the pin; 3 — stop face of the box; 4 — tool-joint thread; 5 — stop face of the pin;
6 — stop shoulder of the box; 7 — box;
8 — pin and box necks; 9 — tapered elevator shoulder
Figure 1 — Scheme of double-shoulder tool joint

Double-shoulder joint design contains the main
external support (consists of stop shoulder of the pin
2 and stop face of the box 3), which serves as the
surface of the joint tightening, and additional internal
support (consists of stop shoulder of the box 6 and
stop face of the pin 5), which is a mechanical limiter
and a friction surface that provides additional resistance
to the applied torsional and bending moments. The
designs of such connections have threads as well as
standard connections according to the American
Petroleum Institute (API).

For the design of double-shoulder tool joints of
drill collars, the following advantages can be
distinguished compared to standard API tool joints:

- higher torque transmission (even 1.5 times)
and higher bending resistance;

- preventing jamming of tool joints under
maximum torsional moments;

- higher fatigue strength;

- in combination with high-strength pipes allow
the construction of complex profile wells with a high
intensity of deviation;

- allow to significantly increase the hydraulic
characteristics (having an equal internal diameter,
which causes a smoother flow of drilling fluid,
reducing turbulence, eliminating the possibility of
sticking of solid parts of the mud inside the tool joint);

- interchangeability with standard tool joints;

- greater tolerance for wear on the outer surface
of the tool joint.

The design and study of double-shoulder tool
joints of drill collars are considered in the publications
[6-8].

However, such joints require a secure contact and
a specified load along three surfaces (the threaded
surface, main and auxiliary end faces) simultaneously.
Itis difficult to do this, despite the tight tolerance of the
distance between the main and auxiliary end faces and
the ends of the pin and the tool joint box.

As a result, one of the supporting ends may be
unloaded and the other end may be overloaded.
Particularly dangerous is the case where, due to minor
deviations from the specified tolerances, the support
end remains unsupported or even open. As a result, it
can accelerate the fatigue failure of the thread, and as a
consequence, breakage and consequently damage of
the drill string.

Laboratory fatigue studies with alternating
cantilever bending of site-collected samples of CCK-59
drill pipes with such tool joints show that, depending
on the accuracy of their manufacture, the cyclic
durability of the tool joint may vary substantially [9].

Therefore, it is necessary to create such a tool joint
in which the specified load on the additional support
end is provided during manufacture and maintained
throughout the entire period of its operation and is not
conditioned by a tight tolerance of the distance between
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the support ends and the shoulders of the connecting
parts, as well as their wear.

To solve this problem we can use tool joint of
pipes [10] (Fig. 2) with additional support of the pin

and box end, the feature of which is its execution from
two contact planes 5 and 6 at an angle.

1 - pin; 2 — box; 3 —tool joint; 4 — main support; 5 — the first plane of additional support;
6 — the second plane of additional support
Figure 2 — Tool joint for steel pipes with additional pin and box end support

In addition to the fact that, according to [10], this
tool joint is more leak-proof than single-shoulder tool
joint and, depending on the angles forming the first and
second planes of the additional support, we can
compensate the tool joint manufacturing errors to some
extent by the elastic deformations. But there is a
drawback — a significant concentration of stresses in the
area of the additional support end, which, in turn, will
reduce its service life.

Also, to solve this problem, [9] describes the
design of the tool joint of the tool joint (Fig. 3),
consisting of a pin 1, box 2 and a procarved spring 5,
which is installed between the stop shoulder of the box

5 3 2

WAl

3 and the stop face of the pin 4. In this case, a gap h is
formed between the stop shoulder of the pin 6 and the
stop face of the box 7, which is eliminated in the
process of tightening the connection and compressing
the spring. The gap value h is equal to the spring travel
ho and according to its parameters, strictly corresponds
to the specified axial load on the inner support joint.
After tightening the joint, this also provides a strictly
specified axial load on the outer support joint, as the
difference between the total tightening force of the tool
joint and the force created by the spring on the inner
support joint.

1 — pin, 2 — box, 3 — stop shoulder of the box, 4 — stop face of the pin,
5 — procarved spring; 6 — stop shoulder of the pin, 7 — stop face of the box
a — scheme; 6 — three-dimensional model
Figure 3 — Threaded connection of the tool joint with a procarved spring inside

The provarved spring installed in the tool joint of
the drill pipe between the stop shoulder of the box and
the stop face of the pin, has parameters that provide its
compression by the amount of travel h = hy, given the
axial force on the inner support joint.

In the process of multiple assembling-
disassembling of joints during the round trip, the
specified distance between the stop faces is disturbed

due to the wear of their surfaces, which leads to
significant changes in the given axial force ratios on
both support joints and the reduction of threaded joint
functionality.

In the tool joint of the drill pipe when applying a
procarved spring, the deformation of which is much
higher than that of the material of the connection
details, the requirements for the accuracy of the
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distance between the support joints are sharply reduced,
and the wear of the support surfaces does not
significantly affect the specified axial force of
connection tightening on the inner joint, since its value
is also much smaller than the travel of the spring.
Therefore, according to [9], a procarved spring in
the design of the tool joint of the drill pipes ensures the
creation of strictly specified axial loads on the inner and
outer support joints. It also provides for maintaining
their ratio for the entire period of operation, since it is
practically independent of the tolerance for the distance
between them and the wear of their support surfaces.

However, in addition to the advantages of using a
procarved spring in the design of the tool joint, there
are also disadvantages:

- large overall dimensions;

- a significant concentration of stresses in the
elements of the spring;

- getting of the drilled rock into the spring
openings.

To obtain the same effect, as with the application
of a procarved spring and eliminate its disadvantages
listed above, it is proposed to use in the design of
double-shoulder tool joints of the drill collars elastic
elements (ring springs), Fig. 4.

1 —pin; 2 - box; 3, 4 — elastic elements
Figure 4 — Three-dimensional model of double-shoulder tool joint with installed elastic element

The purpose of the work and justification of the
need for its implementation

The purpose of the work is to compensate for the
manufacturing errors and the impact of the wear of the
structural elements of the double-shoulder tool joints of
the drill collars through the use of ring springs, whose
parameters are determined by simulation modeling,
ensuring strictly specified axial loads on the inner and
outer support joints and maintaining their interellation
for the entire operation period.

Tasks of the work:

1. To analyze ways to compensate for the
manufacturing errors and the impact of wear on the
structural elements of the double-shoulder tool joints of
the drill collars.

2. To develop a three-dimensional model of
structures of the double-shoulder tool joints of the drill
collars with an ring spring installed in it and to
investigate its stress-strain state using the finite element
method.

3. To provide recommendations for geometric
parameters of elastic elements (ring springs).

Presentation of basic material of the research

From sources [6-8] it is known that the stress
distribution across the roots of a double-shoulder tool
joint occurs more uniformly than in a single-shoulder
one. Figure 5 summarizes the graphical dependences of
the distribution of equivalent stresses on the pin roots
of the single-shoulder (curve 1) and double-shoulder
(curve 2) toll joints of the drill collars.
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Equivalent stresses, MPa

>

The pin roots

Figure 5 — Generalized graphical dependences of the distribution of equivalent stresses on the pin roots of the
single-shoulder (curve 1) and double-shoulder (curve 2) toll joints of the drill collars

In Fig. 6, the distribution of equivalent stresses in the pin roots of double-shoulder toll joint SIFDS50.
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Figure 6 — The distribution of equivalent stresses in the pin roots of double-shoulder tool joint SIFDS50

This distribution of stresses is observed at the values of effort at the joint faces, shown in Fig.7.

-5,68e+05 N

-292e+03 N

FRes:| 6,68e+05 N

6,36e+05 N
361e-09N

6,36e+05 N

Figure 7 — The distribution of stresses at the faces of joint SIFDS50

Therefore, to investigate the tool joint with the elastic elements installed therein, it is first necessary to
determine the dependences of the displacement on the load applied to them at different values of the angle a. The
design scheme of the elastic elements is shown in Fig. 8.
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Figure 8 — Calculation scheme of elastic elements

It is clear that the load on the elastic elements is
applied in the axial direction. The roller / slider [11]
was used as the ring support during simulation, which
allowed the ring to freely move radially and

tangentially.
When applying the axial load, the elastic element

2 will be stretched and the element 1 will be
compressed radially.
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The length of elastic elements equal to L = 20 mm

and different angles a = 45, 56, 68 and 800 were also
selected for the study.

The length of the elastic elements is limited for

technological reasons and the fact that at given angles

o this value is maximum.
Spring steel of grade 60C2A with a yield strength

of 1372 MPa was selected as the material for elastic

elements.
The obtained results are shown in Fig. 9.

0,6 0,8

Displacement, mm

Figure 9 - Relationship between the displacement of elastic elements 3 and 4 and the magnitude
of their axial load

Based on the relationship between the
displacement of the elastic elements 3 and 4 and the
magnitude of their axial load (Fig. 9), it is clear that the
approach of the angle to 450 allows to support the load
with slight deviations at a large range of displacements
of the elastic elements. The use of the elastic properties
of the elements reduces the impact of precision of the
tool joint and advances to the accuracy of tenths of a
millimeter, not hundredths of a millimeter as it was

earlier.

However, for a more accurate study of such elastic
elements, their simulation was performed as part of the
design of a double-shoulder tool joint.

It should be noted that 2D simplification of the
model, namely an axisymmetric type of study (Fig. 10),
was applied to study the stress-strain state of a double-
shoulder tool joint with its elastic elements (Fig. 10),
since the design scheme provides for the application of

loads acting only in axial direction.
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1 —pin; 2 - box; 3, 4 — elastic elements
Figure 10 — 2D model of tool joint for the study

In the study the boundary conditions are accepted
asin [6, 8], namely the face end of the pin is limited in
displacements in any direction. A friction coefficient of
0.12 is established between the contacting surfaces.

A

The load from the action of the makeup torque is
modeled by the overlapping of the ends of the pin and
the box (use of the so-called "shrink fit") (Fig. 11) [11].

Y

T

Figure 11 — Setting the makeup torque by overlapping the thrust faces of the pin and the box

The essence of the method of "shrink fit" is that
previously at the stage of creating a three-dimensional
model of the tool joint, the stop shoulder of the pin 2
and the stop face of the box 3 (the main support of the
pin and the box) overlapped to the desired
predetermined value. This value, in turn, can be
determined by the known angle of rotation of the pin
relative to the box and the makeup torque [12].

Similarly, the "shrink fit" method is used for a
double-shoulder tool joint.

Using the same axisymmetric model of tool joint
to determine its stress-strain state compared to the
three-dimensional model has several advantages,
including the ability to create a small finite element grid
(higher accuracy of the obtained results), a higher speed

of calculations on the computer (the ability to process
more options for calculations).

To select the angle a, we conditionally assume that
for any of its magnitudes, the stress distribution across
the roots of the nipple turns remains constant, based on
the guaranteed constant efforts at the ends of the joint
(Fig. 7).

The choice of the angle a is also influenced by the
material properties of the elastic elements. Therefore,
stress with a magnitude of 914 MPa (to ensure a
minimum factor of safety margin 914 = 1372 / 1.5,
where 1.5 is the factor of safety) will serve an additional
criterion in determining the magnitude of the angle of
elastic elements.

The results of the study are given in table. 1.

Table 1
Results of the study
Angle, ° 45 50 55 58 65
Contact force, kH 625 630 693 665 731
The_maxmum stresses that arise 1131 940 846 790 635
in elastic elements, MITa
Therefore, based on the results (Table 1) obtained Fig. 12 shows the displacements in the

by the finite element method and the criteria described
above, the angle of magnitude 55° is for the elastic
elements installed in the structure of the double-
shoulder tool joints SIFDS50.

investigated model (at an angle of elastic elements 55°),
and in Fig. 13 — distribution of equivalent stresses in it.



EEST_ Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11 (51), 2019 47

UZ {mmj

7.923e-02

. 4,541e-02

_ 1,15%e-02

L

Nxxxxxxxxxxx

o -2.223e-02
_ -5,605e-02
_ -B,987e-02
. -1,.237e-01
_ -1,575e-01

-1,913e-01
R Z

B

-2,257e-01

-2,590e-01

Figure 12 — Displacement in the axial direction
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Figure 13 — Equivalent stress distribution

Therefore, the placement of the elastic elements
into the tool joint makes it possible to create the
necessary axial loads on the internal, and as a
consequence, on the outer support joints and maintain
their ratio throughout the period of operation. For this
tool joint design, the impact of the stop faces is
negligible, since their wear will be offset by the
displacement of the elastic elements.

Conclusions

Although, the proposed design of double-shoulder
tool joints of drill collars contains additional elements
in its structure, it has several advantages in comparison
with other similar in principle designs: smaller overall
dimensions, lower stress concentration in additional
elastic elements, no penetration of the drilled rock into
the slits of the procarved spring.

The placement of the elastic elements into the tool
joint makes it possible to create the necessary axial
loads on the internal, and as a consequence, on the outer
support joints and maintain their ratio throughout the
period of operation. For this tool joint design, the
impact of the stop faces is negligible, since their wear
will be offset by the displacement of the elastic
elements.

Based on the relationship between the
displacement of the elastic elements 3 and 4 and the
magnitude of their axial load (Fig. 9), itis clear that the

approach of the angle to 450 allows to support the load
with slight deviations at a large range of displacements
of the elastic elements. The use of the elastic properties
of the elements reduces the impact of precision of the
tool joint and advances to the accuracy of tenths of a
millimeter, not hundredths of a millimeter as it was
earlier.

However, based on the limitations imposed in the
design of elastic elements (technological, material
strength) using simulation modeling for the SIFDS50
tool joint, the optimal angle was set to 55°.

It should also be noted that the use of elastic
elements during the repair of double-shoulder tool
joints of drill collars (their installation in the structure
at first repair) would allow the extension of the drill
collar operational lifetime with such tool joints.

It is clear that, from a practical point of view, the
application of these elastic elements entails a number
of additional requirements for the assembly and
disassembly of tool joints of this type, but the
advantages of using them are much greater than the
inconvenience caused.
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BOJIOKOHHO-OIITUYECKHE JATUUKHU
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Ha MPaKTHKE: 0€3MHTyKIINOHHOCTh (t.e.
HETIOJIBEP)KEHHOCTh  BIIMSIHUIO  DJICKTPOMarHUTHOMN
WHJTYKIMH); MaJIble Pa3Mephl JaTYMKOB, 37TaCTHIHOCTH,
MeXaHH4YeCKasi MPOYHOCTh, BBICOKAas KOPPO3HIHAS
CTOMKOCTD U T.1.

JUis  u3MepeHus TeMIeparypsl C IOMOIIBIO
CBETOBOJIOB, M3TOTOBJICHHBIX M3 KBAPIIEBOI'O CTEKJIA,
0COOEHHO MOJIXOINT TaK Ha3bIBaeMbIi 2 ekt Pamana.
CBeT B CTEKJSHHOM BOJIOKHE pacceuBaeTcs Ha
MHUKPOCKOIIMYECKH MaJbIX KOJIEOaHHAX IUIOTHOCTH,
pa3Mep KOTOPBIX MEHbIIE JIMHBI BOJHEL. B oOpaTtHOM
pacceMBaHMM MOXXHO HaWTH, Hapsiay € 3JIaCTUYHOMN
Jonell paccenBaHMs (M3JIydaeMoe pacceMBaHHE) Ha
OJIMHAKOBOM JUIMHE BOJIHBI, KaK IIPOHUKIINNA CBET, TaK
W JIOTIOJIHUTENbHBIE KOMIIOHEHTHI Ha JIPYTUX JUIMHAX
BOJIHBI, KOTOPBIE CBSI3aHBI C KOJIeOAaHHEM MOJIEKYI H,
TEM CaMbIM c JIOKaJIbHOM  TemIepaTypou
(komOMHaNIMOHHOE PaMaHOBCKOE paccestHue).

BookoHHO-ONITHYECKHE AATYMKH (TaK JK€ 9acTo
HMMEHYIOIIHECS ONITHYECKHE BOJIOKOHHBIE TaTYUKN) 3TO
ONITOBOJIOKOHHBIE YCTPOWCTBA JUIA JETEKTHPOBAHUS
HEKOTOPBIX BEJIWYHMH, OOBIYHO TEMIICpaTyphl WIH
MEXaHUUYECKOTO HANpPSKEHMs, HO MHOTAAa TakK XKe
CMelleHHs, BHOpauuii, JaBJICHHs, YCKOpPEHHS,
BpalleHus (M3MepsieTcs C TIOMOINBI0 ONTHYECKHX
THpOCKONOB Ha ocHoBe OJ(ddexre CaHbsika), U
KOHIIEHTpAllM!  XUMHUYECKUX  BemecTB.  OOmuit
MIPUHIAI TaKUX YCTPOICTB B TOM, UTO CBET OT JIa3epa
(garie Bcero 0JHOMOOBOT'O BOJIOKOHHOTO JIa3epa) HiTH
CYTNIEPIIOMHUHECIIEHTHOTO ~ ONTHYECKOTO0 HCTOYHHKA
MepeaaeTcsl yepe3 ONTHYECKOEe BOJOKHO, MCIIBITHIBAS

ciaboe N3MEHEHHE CBOMX MapaMeTpOB B BOJOKHE HIIH
B OJIHOM WJIM HECKOJIbKUX OpATTOBCKHX pEIIETKax,
3aTeM JIOCTHraeT CXEMBbl JIETeKTUPOBaHMsS, KOTOpas
OLICHMBAET 3TU U3MEHEHHUS.

B cpaBHeHMM ¢ [ApPYrMMHM THIAMH [JaTYHKOB,
BOJIOKHO-ONITHYECKHUE JaTIAKA obnanatoT
CJICTYIOLIMMH TIPEUMYILECTBAMHU:

OHH COCTOAT W3 3JEKTPUYECKH HETPOBOISIINX
MaTepuasioB (He TPeOYIOT JJEKTPUYECKHX Kadelei),
YTO MO3BOJISIET UCIIOJIL30BATh WX, HAIPUMEP, B MECTAX
C BBICOKMM HaIpsHKEHHEM.

Nx MoxHO 0e30macHO  KCHOJNB30BaTh  BO
B3PBIBOONACHOW Cpezie, II0TOMY, YTO HET pHUCKa
BO3HUKHOBEHHSI DJIEKTPUUECKOMN UCKPBI, IaXKe B CIIydae
nosoMkd. OHU HE TIO/IBEPXKEHBI DJIEKTPOMArHUTHBIM
momexam (EMI), maxe BONMM3m pa3psga MOJHHUH, U
caMmu 110 cebe He IMEeKTPU3YIOT Jpyrue ycTpoiicTBa. Mx
MaTepHallbl MOTYT OBITh XUMHUYECKH HHEPTHBI, TO €CTh
HE 3arps3HAIOT  OKPYXKAaloIIyld cpelay, | He
TIOJIBEP>KeHbI KOppo3uH. OHM MMEIOT OUeHb IHUPOKHI
JMana3oH pabodnx TemMrepaTyp (ropasno Oonblue, 4em
y  DIEKTPOHHBIX  ycTpoicTB). OHH  UMEIOT
BO3MOXKHOCTh ~ MYJIbTHIUIEKCUPOBaHHS; HECKOJIBKO
JIaTYUKOB B OJMHOYHOI BOJOKOHHOM JIMHUM MOXET
ObITh ~ WMHTEIPUPOBAHO C  OJHUM  ONTHYECKUM
HUCTOYHHKOM.

CeHCOpBI Ha OCHOBE OPATTOBCKUX PEIIETOK

BosokoHHO-ONITHYECKHE ~ JATYUKH  3a9acTyro
OCHOBaHbI Ha BOJIOKOHHBIX Op3ITOBCKMX peEIIETKaXx.
OCHOBHOW HPUHIUIT MHOTHX BOJIOKOHHO-ONTHYECKHX
JaTYNKOB B TOM, YTO OPITTOBCKasl JJIMHA BOJIHBI (T.€.
JUTMHA BOJIHBI MAKCHMAJILHOTO OTPa)KEHHUS) B PELIETKE
3aBUCHT HE TOJIBKO OT TepHoJia OPArrOBCKOM PEIIeTKH,
HO TaKkXke OT TeMIeparypbl M MEXaHHYECKHX
HalpspKeHUW. [[ns1 KBapLEBBIX BOJIOKOH H3MEHEHHE
OpArrOBCKOM JUIMHBI BOJIHBI HA eIMHHUILY JedopMmannu
npuMepHo Ha 20% MeHbIIle, YeM pacTsHKeHHe, TaK Kak


http://www.tubular.nssmc.com/ru/product-services/octg/connection/list
http://www.tubular.nssmc.com/ru/product-services/octg/connection/list
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ecTp BiMsHME JedopmManuM  Ha  yMEHbIICHHE
nokasatesst npesnomienus. Temneparypasie 3¢ GeKThI
OMM3KM K OXUAAEMBIM TOJBKO MPU TEIJIOBOM
pacumpenun. TemmeparypHele U JedOpMaIMOHHBIC
3G QeKTH MOTYT pa3nuyaThcs NPU HCIIOIb30BAHHU
Pa3MYHBIX TEXHUYECKHX CPEACTB (Hampumep, NpU
WCTIONIb30BAaHUN JTAJIOHHON pEIIeTKH, KOTopas He
nozBepkeHa  AedopMmanuy, WIM  NPUMEHCHHH
Pa3IMYHBIX THUIIOB BOJOKOHHBIX PEIIETOK) TaK, 4To 00a
3HAUEHUA PETUCTPHUPYIOTCS OXHOBpeMeHHO. Jlms
PETHCTPUPOBAHUS TOJIBKO nedopmannmy,
paspemaronias CIoCOOHOCTh JTOCTHIAaeT HECKOIBKHX
pe (T.e. OTHOCHTENLHOE W3MEHEHHE JUIMH MOpPSIKa)
IPU 3TOM TOYHOCTb UMEET TOT K€ MOPAIO0K MajoCTH.

Jiis  OuHaMUYeCKMX — M3MepeHud  (Hampumep,
aKyCTUYeCKUi SIBJICHUI), JIOCTUraeTcs
YyBCTBUTEIBHOCTH OoJbiias yeM 1 me B 1 Hz mosocst
MPOITYCKaHHS.

Pacnipenenennoe 30HIMPOBAHME. Jpyrue
ONITOBOJIOKOHHBIE JaT4ukd  He UCTIONB3YIOT

BOJIOKOHHBIC OpATTOBCKHE PEIIETKH KaK CEHCOPHI,
UCTIONB3YSl B KadecTBE CEHCOPOB CaMO BOJOKHO.
[IprHIMD 30HAMPOBAHUS B HUX OCHOBAaH Ha d(QeKTe
PaneeBckoro paccesHus, PamaHoBCkoro paccesHus
wnn  paccessHua bpmimosHa.  Hampumep, Meton
ONTHYECKOH peQeKTOMETPUN BPEMEHHOH o0acTw,
rJie TMOJIOXKEHHe Oo0JacTh co ciabblM OTpaKEHHEM
MOXET OBITh  ONpEAEJICHO C  HCIOJIb30BAaHHEM
HUMITYJIbCHOTO 30HIHMPYIOLIEr0 CHUTHaja. DTOT MeETOH
UCTIONB3YeTCs TAKXKE ISl  ONpENElCHUs OPYrux
BEJINYMH, HAIIPUMEP TEMIIEPATYPbI HIIH HAIIPSHKCHUS B
3aBUCHMOCTH OT CIBHTa YacTOTHl bpmumosHa.

B HekoTOphIX ciydasx, uU3MepsieMas BeIMIHHa
ABISIETCS CPEJHMM 3HAuCHHWEM 110 BCEH JUTHHE
BOJIOKHA. DTOT METOJ XapaKTepeH ISl HEKOTOPBIX
TEeMIIepaTypHbIX ~ JaT4MKOB, a  TaKkke Ui
UHTEPHEPOMETPOB, OCHOBAHHBIX Ha 3 pexTe CaHbsIKa,
NPUMEHSIEMBIX B KayeCTBE T'MPOCKONOB. B npyrux
clIydasix ~ HM3MEpSIOTCS  IO3MIMOHHO-3aBHCHUMBIE
BEJINYMHBI (Hanpumep, TeMIiepaTypa WIH
HanpspKeHue). OTO  Ha3bIBACTCS  paclpelelIeHHBIM
30HJUPOBaHUEM.

KBazu-pacnpeneneHHoe 30HIUPOBAHNE

OmpenencHHble  BOJIOKHA MOTYT — COZIEpKaTb
CepHI0  PEUIETOK CEHCOPOB sl  MOHHUTOPHHTa
TEeMIlepaTypsl W pacnpeneneHus aedopMaluu 1o
BCEMY  BOJOKHY. OTO  Has3blBaeTcsl  KBa3u-
pacmipenienieHHBIM  30HAUpoBaHHEM.  CyIIecTBYIOT
pa3iyHble TEXHUYECKHE PELIeHUs Ul aJpecalun
TOJBKO K OJHOH pemieTke (M TaKuM 00pa3oM TOYHOTO
OTIpeIeNIeHUS TIOJIOKEHUS BJIOJIb BOJIOKHA)

B OJITHOM crocoOe, Ha3bIBAOLIAMCS
MYJIBTHIIEKCUPOBAHUE C pa3/IeICHUEM 110 BCE JUTHHE
BosHbl (WDM), mim ontndeckol pedieKToMeTpuu B
yacTtoTHOM oOnactu criektpa (OFDR), pemeTkn umerot
HEMHOTO  Pa3iMYaloOmyocss OpATTOBCKYIO JUIMHY
BOJHEL. J[IMHA BOJIHBI IepecTpauBaeMoOro Jiasepa B
OJIOKe WHTETPUPOBAaHUS MOXXET OBITH HACTPOCHA Ha
JUIMHY BOJIHBI, TPHHAIISKANIYI0 K ONpPEAETICHHOMY
TUIy PELIETKH, a JUIMHA BOJHBI MaKCUMAaJIbHOI'O
OTpa)KeHHsI YKa3bIBaeT Ha BIHMSIHUE JehOpMaIU WIIH,
Harpumep TeMIIEPaTypHl. Kpowme TOTO

IMHUPOKOIIOJIOCHBIC UCTOYHUKU CBETA UCTOYHUKU CBETA

(HampuMep  CyNEepIIIOMHHECLIEHTHbIE  MCTOYHHKH)
MOTYT  OBITb  HCIOJB30BAaHBI ~ COBMECTHO  CO
CKaHUPYIOUIMM JUIMHY BOJHBI  (DOTONETEKTOPOM

(HampuMep Ha OCHOBE BOJIOKOHHOTO pe30HaTopa
®abpu-Ilepo) mnu Ha ocHoBe CCD cnexrpomerpa. B
T000M CiTydae, MaKCHMaIbHOE KOJIMYECTBO PEIIETOK,
Kak mpaBmio, He npesbimaer 10-50, 9To orpaHmgeHO
QMata30HOM HACTPOWKH TIPOIYCKHOH CIOCOOHOCTH
HCTOYHHWKA CBETa M HEOOXOIMMOM pPa3HOCTBIO JUIMH
BOJIH B PEIIETKAX BOJOKHA.

- Jlpyroii Meroa, Ha3bIBa€Mblil BPEMEHHBIM
paszaeneHueM KaHaJoB (TDM), HCIIONB3YET
WICHTHYHBIE CIa000TpaXKaIoIINe PEIIETKH, B KOTOPbIE
MOCBUTAIOTCSI ~ KOPOTKHE  CBETOBBIE  HMMITYJIBCHI.
OTpaxkeHHEe OT pPa3IMYHBIX PELIETOK PETUCTPUPYIOT
MOCPEICTBOM BPEMEHU HX NOCTYIUIeHHUs. BpemeHHOe
paszneneane kaHamoB (TDM) bacto HCHONB3YIOT
BMECTE C pa3zielIeHueM 110 Bcel mmHe BoaHb! (WDM)
JUIL  TOTO, 4YTOOBI YMHOXHTh HYHCJIO Pa3IMYHBIX
KaHAJIOB B COTHU HJIU JJa)K€ TBHICSYHU Pa3.

Hpyrue noaxosl

IloMuMO BbIIIE OMHCAaHHBIX MOAXOAOB, €CThb
MHOT'O aJIbTePHATUBHBIX METOJ0B. BOT HekoTOpHIE U3
HUX!

BosiokoHHBIE OpErroBcKye pemeTku MOTYT OBITh
UCIIONIb30BaHbl B MHTEP(EPEHINOHHBIX ONTHYECKHX
BOJIOKHAX, TJIe OHU UCHOJIB3YIOTCS TOJIBKO B KauecTBE
oTpaxkatened, W  u3MepsoT  (a3oBBIA  CIBH,
3aBUCAIIMA  OT PpAacCTOSHHMS  MEXAY HHUMH.
CymecTByIOT J1a3epHble Op3ITOBCKHE CEHCODBI, IZe
JATYMK PEIIETKU PACIIONaraeTcs B HOCIEJHEM 3epKalle
BOJIOKOHHO - OINTHYECKOrO pPE30HATOpa Jas3epa, Ha
OCHOBE BOJIOKHA JIOITMPOBAHHOTO 3pOHeM, KOTOpoe
BOCTIPHHMMAET CBET HaKa4yK{ Ha JUIMHE BOJHBI 980 HM
yepe3 BOJOKHO. bparroeckas AjavHa BONHBI, KOTOpast
3aBHCHT, HampuMep, OT  TeMIepaTypbl  WIH
MEXaHMUYECKOTO HAIPSDKEHHs, ONpeAesseT JJINHY
BOJIHBI TEHEpalui. DTOT IOAXOA, KOTOPBIM HMMeeT
MHOTO BapHaHTOB JalbHEHIIEro pa3BUTHSA, OOemaeT
MIPUHECTH BBICOKHE PE3yNbTAThl U3-3a y3KOHU MOJIOCHI
CIIEKTPAIBHON 007acTH, KOTOpas XapakTepHas IS
BOJIOKOHHOTO J1a3€pa, U BBICOKOH 4YBCTBHTEIBHOCTH.
B HeKoTOpBIX citydasix, mapbsl Op3ITOBCKHX PEIIETOK
HCHONB3YIOTCS B KauecTBE  BOJOKHA A
nareppepomerpos  Pabpu-Ilepo, KoTopble MoOryT
pearupoBath 0co00 YYBCTBHUTEIbHO Ha BHELIHHE
BozzeiicTBus. MHTephepomerp Dadbpu-Ilepo mMoxHO
HM3TOTOBHUTH TaK € JAPYIHMM CIIOCOOOM, Hamlpumep,
HCIO0JIb3Ys IEPEMEHHBIN BO3AYLIHBIN 3a30p B BOJIOKHE.
JUTMHHOTIEpHOJHBIE PEIIeTKH OCOOCHHO WHTEPECHBI
UL 30HAMPOBAaHUS  HECKOJIBKUX  IMapaMeTpoB
OJHOBPEMEHHO  (Hampumep,  TeMIepaTtypel H
HanpsDKeHWs) WM WHade, JUI1  albTepPHAaTHBHOTO
orpezneieHuss jAedopMalMd MpU  OYEHb HHM3KOH
YYBCTBUTEIBHOCTH K TEMIIEPATYPHBIM U3MEHEHUSIM.

O6nacTy npUMEHEHUS

Jlaxe 1o MPOIIECTBUN HECKOJIBKUX JIET Pa3BUTHS,
BOJIOKOHHO-ONITHYECKHE HAaTYNKH JO0 CHX IIOp He
MOJIB3YIOTCS OOJIBIIMM KOMMEPUYECKHM YCIIEXOM, TaK
KaKk TPYAHO 3aMEHUTh IpPUMEHSeMble ceifuac
TEXHOJIOTHH, JakKe€ €CIM OHHM HMMEIOT OIpeJIeIeHHBIE
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orpaHu4eHus. XOTS B  HEKOTOPBIX  00JacTsix
NPUMEHEHHUS,  BOJIOKOHHO-ONTHYECKHE  JaTYUKHU
MOJTy4YaroT Bce OoJiblliee TPU3HAHUE, KaK TEXHOJIOTHS C
OOJIBIIUM MOTEHIIMAJIOM MHTEPECHBIX BO3MOKHOCTEH.
3t0, Hampumep, paboTa B KECTKHX YCIOBHSX, TAKHX
KaKk 30HIUpPOBaHHE B YCTPOICTBaxX C BBICOKUM
HanpspkeHueM, i B CBY nedax. CeHCOpEI Ha OCHOBE
OpPTTOBCKHMX  PEHmIETOK  MOTYT  TakXke  OBITh
UCIIONB30BAHEL,  HAampUMep, JUIi  MOHUTOPHHTA
YCIIOBHI, BHYTPH KpPBUIbEB CaMOJICTOB, B BETPOBBIX

TypOMHAX, MOCTax, OONBIINX IUIOTHHAX, HE(QTIHBIX
CKBWKWHAaX, W  TpyOompoBojgax.  3JaHuUs  C
BCTPOCHHBIMU BOJIOKOHHO-ONITUYECKHMH JTaTYMKaMHU
WHOTJa HAa3bIBAIOT «YMHBIMH  KOHCTPYKIHSIMUY,
JaTYNKU B HUX OCYIIECTBISIFOT KOHTPOJIb Ie)OpMaIuu
BHYTPH Pa3IMYHbIX YacTeH KOHCTPYKIHH, U MOTY4aIOT
JaHHBIE 00 OSTHX M3MEHCHWSX, HalpuMmep H3HOCe,
BUOpalMy M.T.J. YMHBIE KOHCTPYKLIHUH SBIAIOTCS
OCHOBHOM  JBIKYLIEH CWIOH A pa3BUTHUSA
BOJIOKOHHO-ONTHYECKUX TaTYHKOB.

Ismailov B.1.
Azerbaijan State Oil and Industry University,

PhD, docent, Department of “Instrumentation Engineering”,

Baku, Azerbaijan Republic.

CONTROL OF THE DYNAMICS OF COMPLEX SYSTEMS WITH MEMORY

Abstract. The article is devoted to the problems of controlling the behavior of complex coupled systems
functioning within the framework of the Open System, the influence of control actions, as well as noise against
the background of the corrective manifestation of the memory phenomenon inherent in fractional chaotic

processes.

To evaluate, analyze and visualize the processes occurring when controlling the dynamics of a complex
system, it is proposed to use the Poincare return times, Tsallis entropy, Lyapunov exponents, and fractal dimension.

The structure of studies of the dynamics of multidimensional fractional chaotic coupled systems and the
structure of the study of adaptive coherent behavior of coupled systems are given.

Keywords: open system, fractional dynamics, memory, Poincare recurrence, Tsallis entropy.

The process of interaction of physical systems
within the framework of the Open System is
accompanied by structural changes in their dynamics
caused by mixing processes, as well as the transport of
information flows. In addition, in the process of
controlling the dynamics of complex systems, one can
observe the manifestation of effects in time, the cause
of which is the system memory. Mathematical
modeling of the reaction of complex systems consisting
of coupled nonlinear physical systems requires
controlling the behavior of information flows, which
are manifested in the stability and instability of the
manifold of fixed points of their periodic orbits [1].
Studies of nonlocality degree and memory degree, as
an integral part of fractional dynamics, are applicable
in transport systems - transfer of information flows
[1,2].

In addition to the well-known characteristics in the
behavior of chaotic processes about their excessive
sensitivity to initial conditions and influencing factors,
they also have hereditary character and its
manifestations in the form of nonlocal effects in time.
[1.3-6].

The relevance of the problem is related to the need
of predicting the behavior of a complex system when
controlling its dynamics in order to obtain satisfactory
characteristics. The development of dynamic processes
is accompanied by transient processes with the
transformation of complex processes within the
framework of the Open System into such stages as:
quasi-regular, chaotic, hyper-chaotic, and other states
[1,6-10].

Along with this, the article analyzes the influence
of control actions and the course of processes in the
space of influence of various nature of noise. An
important place in the study is given to the
manifestations of memory as a corrective condition that
affects the stability of the system. In the structure of
studies of memory manifestations, there are also stages
of determining the local dimension of the process under
study and its global value, the difference of which will
indicate memory loss [6-8].

The structure of the study is presented in Figure 1
and covers the main stages of analysis, interactions and
calculations.
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Figure 1. Structure of studies of the dynamics of multidimensional fractional-order chaotic coupled systems.

Studies on the wuse of Levy flight-type
superdiffusion processes for mixing and transferring
information flows in terms of fractional dynamics have
shown their effective role in enhancing the transport-
mixing-transport fractional structure effect, estimated
by such parameters as the transport exponent,
Poincare’s return times et al. [1,10-13].

According to the above scheme, the control of the
main informative parameters is carried out, among
which an important place is occupied by the return
times of Poincare. These indicators are essentially
indicators and characteristics, showing how certain
states of complex systems are repeated over time [10,
14-17]. The diagrams constructed as a result of the
nonlinear recurrence analysis have important visual
analysis features in the form of the texture and topology
of points fixed on the secant plane from the paths of the

orbits of processes in phase space, as well as their color
palette. [1,8,10,15,16,18].

In the control process, synchronization issues in
fractional systems are updated, which is implemented
by an adaptive system implemented on the principle of
minimum losses - minimum return time and will be
accompanied by visual images in terms of nonlinear
recurrence analysis [1,19]. The Lyapunov exponents
and fractal dimensions are used as indicators of the
chaotic behavior of the system.

The structure of the study, which allows
adaptively investigating the coherent behavior of the
system based on the analysis of the process trajectory
in the context of the selected area of interest, is shown
in Figure 2. The result of the structure algorithm is the
search for satisfactory coherence, the Tsallis entropy,
the stability and Poincare diagram [1,19].
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Figure 2. The structure of the study of the behavior of related systems.

In the presented structure, Chimera states is
represented as a noise resonant exciter [21,22]. By its
nature, the state of the chimera is a chaotic transition
process, in connection with which its use as an exciting
effect in the context of the organization of new
structures is proposed. In the research algorithm for the
presented structure, the Tsallis entropy characterizes
the interaction of complex fractional chaotic systems
and is used as a measure of the coherence of coupled
multidimensional chaotic heterogeneous systems with
non-extensive topology. [23.24].

Conclusion

The article analyzes methods for controlling the
dynamics of coupled multidimensional fractional
chaotic systems in the framework of the Open System.
Structures for studying the behavior of interacting
systems in the field of corrective actions and resonant
excitation are presented. The importance of using
Poincare’s recurrency, of transitional systems under
study, Tsallis entropy, characterizing the topology and
physics of interconnected systems, as well as
Lyapunov’s indicators of randomness of systems.
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