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KAPITEL 1/ CHAPTER 1.
PROCESSING OF ALUMINUM SLAG
IIEPEPABOTKA AJTIOMHHHEBOI O IIIVIAKA
IIEPEPOBKA AJIIOMIHIEBOI O HIUUIAKY

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-080

Beryn

AJOMIHIM - JIETKUH MeTal cpibisIcTO-01710TO KOJIBOPY, JIETKO IMiIIA€ThCs
dbopMyBaHHIO, JIUTTIO Ta MEXaHIYHINA 0O0poOI. AJIFOMIHIM Ma€ BHCOKY TEIUIO- Ta
€JIEKTPOIPOBIAHICTh, a TAKOXK CTIMKICTh 7O KOpo3ii. AFOMIHINA € emeMeHToM 13-t
Ipyny TMEpioOAWYHOI TaOMWIll XIMIYHHUX €JIEeMEHTIB 3 aTOMHUM Homepom 13.
ANIOMIHIN HAJIEKUTH 10 TPYIIHU JIETKUX METAJIB 1 € HAMO1IBII MOMKUPEHUM METAJIOM -
TPETiil MeTala 3a MONIMPEHICTIO XIMIYHUX €JIEMEHTIB B 3€MHIN KOpi (IMiCIs KUCHIO 1
KPEMHIIO).

[IpoiimoBmm goBrui nuistx, i [lninis Ctapiioro (nepiie CToMTTS Hallol €pH)
1 mo kiHug 19 cromitrs, Bxke y 20 CTOMTTI adloMiHIM TOYaB HIMPOKO
3aCTOCOBYBATUCS B MPOMMCIOBOCTI HE TUIBKM Y BUIJIA[l YHUCTOIO METally, a U y
BUTJISIII PI3HOMAHITHHX CILIABIB 1 3'emHanb [1].

BigmoBigHo 10 moBigkoBuX gaHux [1, 2], Bmepiue amromiHiii OyB OTpUMaHUi
natcekuM ¢izukom ['ancom Epcren B 1825 pori. Bin BiZHOBHB XJIOpHA LBOTO €lie-
MEHTa aMaJlbraMOl0 KaJlil0 MpW HarpiBaHHl 1 BuAuUMB Metan. [li3Hime cnocid
Epcrena Oy mnominmenuit @pigpi- xom BenepoM, skuii BUKOPUCTOBYBAB st
BIJTHOBJICHHSI XJIOPUAY AJTIOMIHIIO JO METaly YUCTUW METaJIeBUM Kalliid, 1 BIH XKe
OTHKCaB XIMI4HI BJIACTUBOCTI aJTFOMIHIIO.

HanienpomucnoBum crmocobom Briepiie amomiHiidi otpumaB B 1854 p. CeHrt-
Knep JleBinb 3a metonom Benepa, 3amiHuBIIM Kajiiid HA OUIbIl OE€3MEUHUN HATPIH.
Pix mo Ttomy na Ilapuspkiii BucTaBili 1855 poxky BiH MpPOAEMOHCTPYBaB 3IUTOK
MeTany, a B 1856 p oTpuMaB ajiOMiHIM €JIEKTPOJII30M PO3IUIaBy MOJBIMHOI coii
XJopuay — amoMiHio-Hatpio.  [IpomwucioBuii  cmocid  OTpUMaHHS  MeETally
enekTpoitizoM posmiaBy Al203 B kpiofiTi po3poOuIM HE3aaeKHO OJUH BiJl OJHOTO
Y. Xon 1 I1. Epy B 1886 p.

J10 PO3BUTKY IIMPOKOMACIITAOHOTO TIPOMHCIIOBOTO €JIEKTPOIITHIHOTO CIIOCO0Y
OTPUMaHHs AJTIOMIHIIO 3 TIMHO3eMY Iieil MeTan OyB aopoxue 3oio0t1a. Y 1889 pormi
OputaHili, Oakaro4W BIIIAHyBaTU OaratuM MOAApyHKOM pociiicbkoro ximika JI. I.
MenneneeBa, nojapyBaiu Ho- My aHAIITUYHI Bary, y sSIKUX 4allku OyJIu BUTOTOBJIEHI

3 30J10TA 1 AJTFOMIHIFO.
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B nanuii yac nmpomucioBe BUPOOHUIITBO AJIFOMIHIKO 3HAYHO 3POCJIO 1 CBITOBUM
obcar BupoOHunTBa 3poctae Ha 4...5 %. Tak, B 2018 p. cBiTOBHI 00’eM
BUPOOHMIITBA ATFOMIiHIIO cKiaB 64,4 MiH. T, aie B 2019 p., 32 00’ €KTUBHUX YMOB —
CBITOBE 3HWIKCHHS 3arajJibHOTO BHPOOHHIITBA, 00yMoBiieHe maHaemiero COVID-19,
00’em BupoOHuITBa 3MeHbIMBCA Ha 1,0 % [3]. [Ipu upomy Bxke B 2020 poi
aHATITUYHUMH CIIy’)k0aMU MPOTHO3YETbCA 301IbIIEHHSI 00csaTy BHpoOHUITBa 10 80
miH. T (puc. 1). [4].

Ha VYkpaini mopiuno Bupobiserscs 210 tuc. T amominiro. bauzpko 100 tuc.
TOH TPOBOJUTHCS METOJIOM BTOPHHHOTO IEPEIIaBJICHHS aJlloMiHieBOTO OpyxTy [5].
ITocriitHe 3pocTaHHS 00CATY BUPOOHUIITBA aFOMiIHIIO OOYMOBJIEHE PO3IIMPECHHSIM
HOro 3acTOCyBaHHS B HapOJHOMY TOCIOAApCTBI 1 YJAOCKOHAJIEHHSM TEXHOJIOTII

OTPUMAaHHS YUCTOTO ATFOMIHIIO.
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Puc. 1. CiToBHii 06'€eM BUPOOHHITBA aJIOMiHiI0 [4]

[locTitine 3pocTaHHs 00CATY BHUPOOHUIITBA  aIOMIHIIO  00yMOBJIEHE
PO3IIMPEHHSIM HOTO 3aCTOCYBaHHS B HApOJHOMY TOCIIOAAPCTBI 1 YIOCKOHAICHHIM
TEXHOJIOT1i OTPUMAHHSI YUCTOTO aJTIOMIHIKO. TEeXHIYHUI MPOrpec CIpUsiB BUCOKOMY
PIBHIO CTIO’KMBAHHS JIFOMIHIIO.

3rimHo gaHux [4], 3acTOCYyBaHHS AQIOMIHIIO TIO Taly3siX TPOMHUCIOBOCTI
BUTJIsIIa€ HACTynmHUM, %: Tpancnopt -26,5; bynisaunrso - 25,3; EnekrpoTexHika -
14,2; MammnoOyayBanus - 9,0; ®onbra anominieBa - 8,0; YmakoBka ToBapis - 7,7,
CnoxuBui ToBapu - 4,5; [Hun ramysi - 4,9.

HaBeneni gani mnpo  OuHaAMIKy PO3BUTKY  BUPOOHHUIITBA  AJTIOMIHIIO
XapaKTepU3yloTh 1 AUHAMIKY CIOXXHUBaHHS alFOMIHIIO Ha JIymly HaceneHHs. Hipkue
HABOJUTKLCS JAWHAMIKA CIIOXMBAHHS AJTIOMIHIIO HA YNy HACEJIICHHS B €KOHOMIYHO

PO3BUHEHHX KpaiHax (puc. 2).
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Puc. 2. Cno:kuBaHHA aJIIOMIiHII0 B eKOHOMIYHO PO3BHHEHMX KPaiHAX HA XylIy

HaceJeHHs [4]
1.1. TexHoJI0TiA AJTIOMIiHIiIO

Jlisg 3a0e3neueHHs MPOMHUCIOBOCTI 1 CIOXXKHMBYOIO MOMMUTY B JaHUM 4ac
AIIOMIHIM BUPOOJIAIOTH 32 JBOMA TEXHOJOTTYHUMU HAIIPSIMKAMM:

- BUPOOHHULITBO NEPBUHHOIO AOMIHIIO - mMepepoOKa pyAHOI CUPOBHHH, SKa
MICTHTH aJTFOMIHII;

- BUPOOHHUIITBO BTOPUHHOTO AIIOMIHIIO - MEpepoOKa alfOMiHIEBOTO OPYXTY 1
BIAXOAIB 3 OTPUMAaHHSM OYMIICHOIO AaJIOMIHIIO, SIKHH MOYKE 3aCTOCOBYBAaTHUCS B
PI3HHX TaIy3sX MPOMHCIIOBOCTI 1 33JJ0OBOJIGHATH CIIOKHUBYMM MOMMUT.

BupoOHUULTBO NEPBUHHOIO aJIOMiHIIO. OCHOBHOK CHUPOBHHOI  JUIS
BUPOOHMIITBA MEPBUHHOTO AJIOMIHIIO B JaHWI Yac € aJloMIHIEBA pyJa - OOKCUTH.
BokcuTu - 11e rauHUCTA TipchKa MOPO/a, sIKa CKIAAAE€ThCS 3 TIIPOKCUTY ATFOMIHIIO 3
JTOMIIIKOK OKCHJIB 3ajli3a, KpPEeMHII0, TUTaHy, CIPKH, Tajlifo, XpOMYy, BaHAIIIo,
KapOOHATHUX COJIEH KaJbliio, 3aimi3a 1 MarHito. Ilpu owiHmi nepepoOku OOKCHUTIB
BCTAHOBJICHO, 1110 HA OJHY TOHHY YMCTOT'0 JIOMIHIIO TOTPIOHO BiA 4 10 5 T OOKCHUTY.

Haii0inpm1 mpoAyKTHBHUM CHOCOOOM BUPOOHHMITBA TJIMHO3EMY € CIOCIO
baiiepa. Crioci6 baiiepa 3acHoBaHMiT Ha BUIIYyrOBYBaHHI okcuay amoMinito Al,O3 3a
peaKIri€ro

Al,O3; + nH,0 + 2NaOH = Na,O-Al,03 + (n+1)H20

CkopodeHy TEXHOJIOTIUHY cxeMmy crocoOy baliepa MokHa MpEeACTaBUTH TaKUM
YUHOM:

- BHUJIOOYTOK aJIIOMIHIEBOI pyAH - OOKCUTY;

- ApoOJeHHs 1 MOKpUH oMen OOKCHUTY;

- BWJIYTOBYBaHHS OOKCHUTY B aBTOKJIaBaX;

- PO3BCACHHA aBTOKJIAaBHO1 ITYyJIbIIN,
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- 3TYHICHHS MYJbIH 1 BIUIUICHHS YepBOHOTO IIJIaMy (Y€pBOHMH IIaM - TBEP/I
BIIXOMM TIPOIIECY BUIYTOBYBAaHHS, IO MICTSITh OKCHAM METaliB 1 E€JIEMEHTIB;
YepBOHUH KOJIIP CTBOPIOE MPUCYTHICTh OKCHUIIB 3a1i3a);

- OTPUMAaHHS OCBITJICHOT'O aJTIOMIHATHOTO PO3YHUHY;

- JICKOMIIO3UIlil - PpO3KJIAJIaHHS aJIOMIHATHOTO PO3YMHY 3 BHJIUICHHSAM
rigpokcuay amominito Al(OH)3 B ocag (s 1poro aTfOMIiHATHHA PO3YHH
pO30aBISAIOTh BOJIOIO, 3 METOI 3HMkKeHHs KoHIeHTparii NaOH, 1 oxomomxyroTs;
Opy 1[bOMY YTBOPIOETHCS OCaA Y BHUIJISAL JApIOHUX KPHUCTATIB TiIAPOKCHUIY
AITIOMIHII0);

- 3TYIICHHS MYJIbIN T1IPOKCUIY ATFOMIHIIO 1 BUIAUICHHS HOTO BiJ pO3UUHY;

- MPOMMBKA TAPOKCHU]Y AIFOMIHIIO;

- KaJbpILIMHAIlS - TPOIEC MOBHOTO 3HEBOJAHEHHS TIAPOKCUAY aTIOMIHIIO 3a
BHCOKOI TeMIlepaTypu i orpuManHs rimHo3emy - Al,Os;

- imHo3eM - Al,Og;

OTpuMaHUi TJIMHO3E€M HAJA€THCS /10 E€JIEKTPOi3y ISl OTPUMAHHS YHUCTOTO
AIFOMIHIIO.

Cnin 3a3HAYUTH OJIHY BaXJIMBY €KOHOMIYHY OCOOJIMBICTH BHPOOHHUIITBA
antoMiHIIO. TEeXHOJOTYHUM TMpolec BUPOOHUIITBA TEPBUHHOTO AIOMIHIIO €
€HEeproeMHUM 1 BUMarae 3HauHux Butpat. Hanpukinazn, B Himeuunni ais nepepooku
QJFOMIHIE€BOI PYJM 1 OTPUMAaHHS NEPBUHHOTO AJIFOMIHIIO BUTPAYAEThCs HE MeHIIe 15
MBTtroa. enextpoeneprii. B iHIIMX KpaiHax MOKa3HUK HEOOXIAHOL JUIsl CIIOKUBAHHS
eHeprii mMoxke OyTH 3HayHO BHUUIIE. Y TOW ’K€ Yac MpU NepepoOll BTOPUHHOI
AJIIOMIHIEBOI CHPOBUHU BUTpAadaeTbcs BCbOro 5 % eHeprii 1yisi mepepoOKu pyaHOi
CHUpOBUHHU [6].

MeTtajyprisi BTOPMHHOIO aJIOMiHil0. BTopuHHUI amoMiHIA - e JIOM 1
BIJIXOJIM TpOILIeCY MepepoOKH MEPBHUHHOrO altoMiHIl0. Jlo kareropii BTOPUHHOIO
QJIOMIHIIO BIJIHOCSTh IITYYHI BIAXOAM MEXaHIYHOi a00 JMBapHOi 0OOpOOKH, JIUCTH 1
TPyOH, CTPYKKYy, a TakoXx OOOpOTHI HUIaKW 1 cruiecu (Opu3ku posmiasy) [7, 8].
[lepepoOka BTOPHMHHOI'O aFOMIiHIIO, 3rigHO maHux poboru [9], 3abe3meuye mo 35 %
CBITOBOTO 00’€My BUPOOHHUIITBA ATFOMIHIIO.

[TepepoOka BTOPMHHOTO AJIFOMIHIIO B JaHUM Yac BIIOKPEMUJIUCS B CAMOCTIHHY
ragy3b MPOMHCIOBOCTI, SIKA HAa3WBAEThCS BTOPMHHA METaIypris, a B JaHOMY BH-
najKy - BTOPMHHA METAIyprisg alioMiHIIO. 3aBJaHHSAM BTOPUHHOI METayprii
QTIOMIHIIO € TIPOMHCIIOBA TepepoOKka OpyXTy, BIIXOJIB, IUIAKIB Ta IHIIMX BHU/IIB

BTOPUHHOI CUPOBUHH.
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BianoBigHo 10 aHAMITUYHOTO OTJISIY CBITOBOTO BUPOOHHUIITBA 1 CHOKMBAHHS
QIFOMIHIIO, B JaHUH Yac o0CsST BUPOOHUIITBA BTOPUHHOTO ATFOMIHIIO CKIIaAae Mpuo-
mu3no 30 % Bixg 3aragpHOrO CBITOBOTO BUPOOHHITBA amoMmiHito. [lpu mpomy
HaroJIOIIY€EThCS, 110 YaCTKa BTOPUHHOTO aJIFOMIHIIO MPOJOBXKYeE 301biryBaTucs [10,
11].

[TepepoOka BTOPUHHOTO AJTFOMIHIIO BKITFOUAE JIBA CTAIH:

- Ha TEpIIOMY €Talli MPOBOJSATH COPTYBaHHS BTOPUHHOI CHUPOBUHU, CYIIKY
OpyXTy 1 BIIXO/IIB, CTPYKKH, (PIIFOCIB, IUTAKIB Ta 1HIIUX BUJIIB BTOPUHHOT CHPOBUHH;

- Ha JpYyroMmy erami MpOBOJUTHCS MeTalypriiiHa mnepepoOka BTOPUHHOL
CUPOBHHH, KA BKIIIOYAE IJIABKY B IJIABUJIbHUX TEYaX.

By BTOpHHHOTO alFOMiHIEBOTO CHPOBUHH HaBeJeHi Ha puc. 3 [11].

Ha nepmomMy erami ocobiuBa yBara OPUAUISETbCS OYHUIICHHIO OpyXTy 1
BIIXOJIIB B1JI MEXaHIYHUX 3a0pyJHEHb 1 OkcuiB. Ilpu 1IbOMY TPOBOIUTHCS Ce-
naparisi OpyxTy 1 BIAXOAIB 3a BHJaMH BTOPUHHOI aJIOMIHIEBOI CHUPOBHHH.
3acTocyBaHHS TEXHOJIOTI APOOJICHHS JO3BOJISIE MMPOBOJUTU MOJPIOHEHHST OpPYyXTYy 1
BIIXO/IB Ta NPOBOJUTH MEXaHIYHy abo0 MarHiTHy cemnapauito. [[ns BHUKOHaHHS
onepauii ApoOJeHHs 1 NOAPIOHEHHS 3aCTOCOBYIOTh PI3HOMAHITHI Pi13HI KOHCTPYKIIii
IpoOapoK.

HaiiGinpioro mommupeHHs HaOydu KOHYCHI, MOJIOTKOBI 1 HOXKOBI JpOOapkKH.
3aCTOCOBYIOTBCSA TAaKOX 1 MJIMHHM JUISl TIOCHIJOBHOTO JpOOJEHHS, 1 MOApPIOHEHHS
Marepiany. 3MEHIIYETbCS 4Yac CYIIIHHS Marepially BHAAJIA€ BOJIOTY 3 IOBEPXHI
Marepiany 1 3a0e3nedye 3HUKEHHS BTpPAaT BTOPUHHOI CHPOBUHHU 1 MiABUIIUTH

0e3IeKy MeTaaypriiiHoi MIaBKy.

Jlom 1 Bixonm
ATIOM IHIIO

Metascgi Y - MeTajIBMHCHI
BiJIXO/H o BIJIXOIH

A

Jlom npomucionuii [1Lrak
1 1106y TOBHI

[Tpomuciosi [1Inam
BIJINO/H

Y

3oia

Crpyxkka
i THpca

A

I

[Tun

Bpak
MPOMHCIIOBHI

Cruiée

CrpyMOnpoBijiHi
BINOZIH

i[P."l ©

Binxonu
1HCTPYMEHTIB

Puc. 3. Buau BTOpHHHOTO ajqroMiHieBOro cupoBuuu [11]
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MeranypriiiHa nepepoOka OpyXTy 1 BIIXOMIB TPOBOJAMUTBECS B PI3HUX
METANypriiHUX TeYyax. 3aBJaHHSAM METalyprifHOro eramy € 3a0e3leyeHHs
MaKCHUMaJbHOTO BUTATY QIIOMIHIIO 3 MIATOTOBIEHOro Matepianmy. IlmaBky
BTOPUHHOT'O aJIFOMIHIIO BHUPOOJISIIOTH B IMeYax Pi3HOI KOHCTPYKIlI - B OJHO- a0o
JBOKaMEpHUX TI€4ax 3 EJNEKTPUYHUM 1 ra30BUM HArpiBaHHSAM, a TAKOX B Ieyax 3
IHAYKIIMHUM HarpiBaHHAM a00 B Me€Yax 3 MarHiTOT1IPOIMHAMIYHIUMH IPUCTPOSIMH.

B nanuii yac mmMpoKo BUKOPUCTOBYIOTHCS POTOPHI KOPOTKO OapabaHHI medi 3
MOXMUJIOK0 Biccio oOepTanHsa. OOepTaHHS TaKWX Medei 3abe3nedye XOpoIry 3MoYyBa-
HICTh  poO3IJIaBOM  (¢parMeHTiB OpyXTy 1 TIepeMilllyBaHHA pO3IUIaBy 3
iHTeHcHubIKaIi€r (13UKO-XIMIYHHUX MPOIECIB.

PaginyBannsa min mapom durocy. IlepepoOka BTOPUHHOTO aTIOMIHIIO
BUKOHYETBHCA MiJ MIapoM padiHyroun (Iirocy, SKUM 3aXHILae OKUCIEHHS pO3ILIaBy,
MOTJIMHAE YTBOPUJIUCS B PE3YyJIbTATI XIMIYHOI B3a€MOJIl OKCHJIM 1 OUMIIAE PO3ILIAB
anoMiHiio. Marepian (iatocy BUOMpPAETbCS TaKUM, 00 BIH HE BCTYIAaB B XIMIUHY
B3a€EMOMII0 3 (YTEpOBKOIO I€yl, 3 pO3IJIaBOM QJIIOMIHIIO, MaB TeMIIepaTypy
IJIABJICHHS HWJKYE TEMIEpaTypu IUIaBICHHS aJIOMIHIIO 1 TMOBHHEH OyB MartH
LIUIBHICTh HUKYE, HDK IIUJIBHICTh pO3IUIaBy altoMiHII0. OCHOBHUM KOMIIOHEHTOM
padinyroun Girocy B JaHUW Yac € cymimn xjgopuaiB Harpito 1 kamro (NaCl + KCI) i
kpiomity - NasAlFs. Moaenbs mexaHisMy padiHyrouu il (Iirocy JOCHTh HAOYHO
npezcTaBicHa B poooTi [12].

[Ticast cTBOpeHHS B Medl PO3IJIaBy, Ha MOBEPXHIO PO3IUIABY 3aBAHTAXKYETHCS
¢dmroc. HoBoyTBOpeHa Ha MOBEPXHI PO3ILJIABY OKCHAHA IJIIBKAa MOKPUBAETHCS (Iiro-
COM 1 MOrJIMHaeThed iM. HasdgBHI B po3IiaBl HEMETalIEBl BKIIFOUEHHS OOBOJIIKAIOTHCSA
(GarocoM CIUIMBAIOTH 1 TaKOX MOTJMHAIOTHCS (itocoM. CrumMBaioyu, HEMeTaseBl
BKJIFOUEHHSI 3aXOIUTIOIOTH 3 COOO0I0 1 YaCTHHKM (Kparuii) po3IiaBy alroMiHito 1 (itoc
HAaIMOBHIOETHCS KPAILIIMU JIFOMIHIIO, 1 IEPEXOIUTh BXKE B IIIJIAK.

[licnss BUTPUMKH, pO3IUIAB 3IMBAETbCS 3 IUIABMJIIBHOI BaHHHW, a IUIAK,
30arayeHuil ajalOMIHIEM, HAMNpaBISIETbCS HA JOJATKOBY MEpepoOKy 3 METOI0
BUJIyYEHHS aioMiHiio. BigmoBigHo a0 manux pobotu [13], BMICT allfOMiHIIO B
nurakax Moxe npocsraté 60 % BiJ KITBKOCTI IUIAKY MICHs mporecy padiHyBaHHS.
Takuil nUTaKk € JA0JaTKOBUM JDKEPEIOM HAIXOJKEHHS aJFOMIHIIO TPU TepepooIr
BTOPUHHOI'O aJIOMIiHIIO. [IJHICTIO Takoro MeETOAY € TMPOCTOTa BUKOHAHHS
TEXHOJIOTTYHOT IPOLEYpH, ajle He 3a0e3Meuy€eThCsl IOBHOTA BUTATY AJIFOMIHIIO, 1110 €
HEJIO0JIIKOM TIPOIIECY

Ha nanuii yac B IpOMHUCIIOBOCTI 3aCTOCOBYIOTHCS 0araTo po3po0OJeHUX METOIB
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1 croco0iB mepepoOKH AIFOMIHIEBOTO TUIAKy. /[0 HUX MOKHA BIJHECTH KHUCJIOTHO-
ayxHuil crnocobu [14], cynedaTHuil crnocid BUPOOHMIITBA Cylb(daTy amOMiHIIO
Al2(SO4)3 st BogoounIieHHsI Ta 00OpOOKH MATHUX 1 MPOMUCIOBUX BOx [5, 15-17],
€JIEKTPO/IyTOBO1 MEPEIUIaB ATIOMIHIEBOIO IIJIAKy B OJHO(A3HOI €JIEKTPOIYTOBOI Meul
3MIHHOTO cTpyMmy [18].

CyTTeBuii pIiCT BHUKOPUCTaHHS AQIIOMIHIEBUX BHpPOOIB MPUBOAMUTH  JI0
HAaKOMMYEHHS BIAXOMIB, SIKI BHKOPHUCTOBYIOTH JUIsl BUPOOHHUIITBA BTOPHUHHUX
QNIOMIHIEBUX CIUIaBiB. B TOpIBHSHI 3 TEPBUHHUM METAJIOM BHUTpPAaTH Ha iX
BUPOOHUIITBO Habarato Hikui. [lepepoOKy HIakiB Ta CTPYXKKH, 10 YTBOPIOIOTHCS B
mporieci JUTTS 1 0OpoOKH 3 aIFOMIHIEBUX CIUIaBIB BUKOHYIOTh Ha CIHEIlai30BaHUX
nignpuemcTBax [19].

JIuBapHUIl aNIOMIHIEBHM IIUTAK YTBOPIOETHCS B TOBEPXHEBOMY Imapi 1
MPEACTABIISIE COOOK0 CyMIII IMHM, SKa MICTUTh NMPOAYKTH B3a€EMOJI aJIOMIHIIO 3
KOMITOHEHTaMu TMoBiTps. Ilepen BIycKkaHHSM IUIaBKM IUJIAK BUAAISETbCS. BMict
YUCTOro MeTany (abo cmiiaBy) B HbOMY 3a PI3HUMHU JJAHUMHU 3HAXOJUTHCS B MEXKax
7...10 % mac. noJ1. MeTaJIIYHOTO altoMiHito, 70...75 % Mac. 10J1. OKCHIY aTIOMIHIIO 1
pizHuX nomimrok [20, 21].

[lepepoOKy Takoro TUMy NUIAKY MPOBOIATH HA MiJMPHEMCTBAX KOJIbOPOBOT
meTanyprii. [Iporiec B 0CHOBHOMY CKJIaIa€ThCsl 3 HACTYTHUX CTaJIIN: a) MOAPIOHEHHS
nuiaky; 0) Qpakiiiine oro po3aiieHHs; B) BOJSHE BHJIYTOBYBAHHS IMOJPIOHEHOTO
LUIAKY; T) (pUIBTpYBaHHSA PO3YMHY 3 METOIO PO3/IJIEHHS PO3UYHMHY COJII Ta TBEPAOIO
3QJIMIIKY; JI) BUMApOBYBaHHS TBEPIOTO PO3UYMHY; >K) CYUIIHHS; 3) BHUNAJTIOBaHHS
TBEPJIOTO 3aJIHIIKY [22-26].

Sk BkazaHO BHIIE, JISTKUW aOMIHIEBUN OpPyXT BaXKO €(PEKTUBHO TUIABUTH, 1
BIH JyX€ JIETKO OKHCIIOEThCA. He3axuineHl po3BHHEHI aIIOMIHIEBI TOBEPXHI
IIBUJKO OKHUCIIOIOTBCA Ha TMOBITPI HAaBITh NpH TEMIEpaTypl HABKOIHUIIHBOIO
cepenouima. I[lpu BIIMBI BUCOKHX TeMIepaTyp, IPOLEC OKHUCICHHS 3HAYHO
MPUCKOPIOETHCA. TOMy, OJIHIEIO 3 HAWOUIBII MOUIMPEHMX TEXHOJOTIH MepepoOKH
AIFOMIHIEBUX BIJXOJIIB € MPOIIEC, MOB'I3aHUHN 13 3aXHCTOM AIFOMIHIEBOTO OPYXTY Bij
OKHUCJICHHS, HANPUKJIAJ, 3aHYPEHHSIM PO3APOOJICHOI CyMilli B PO3IJIaB aTIOMIHIIO
[27-29].

Jl7is 3MEHIIeHHS BUTPAT HAa MEpepoOKy YacTO BUKOPHUCTOBYIOTH TPECYBaHHS
rapsiuux IUIakiB 0e3mocepeHbo Mmcis 3a00py iX 3 A3epkaia miaBuibHOT meyi [30].

3riIHO 3 TaKOK TEXHOJIOTIEID TapsAYud IIIAK 3aBAaHTAXYIOTh B (QopMy 1

3/1aBIIIOIOTH M1 pecoM. BuuaBiieHnii po3miiaB arOMiHIIO CTIKaE B MeTaleBy (popmy
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i TBepaHe. s mepepoOKM OTpUMAHOTO MICHs 3ABIIOBAHHS 3aJHILKY y BHUIJISIL
crpecoBaHOi Kipkud TOTpiOHI MeHm BuUTpatu. OJHAK, 3aCTOCYBAaHHS JTaHOTO
NpUIIOMY JIMIIIE YAaCTKOBO BUINIye MpoOJIeMy MepepoOKH aTiOMiHIEBHX IUIAKIB 1
3MEHIICHHS 1X 4acTKU. MeTOoJl TaKOX HE JI03BOJIA€ BiAOKPEMIIIOBATH AIOMIHIN MpH
nepepoOIll XOJIOHUX ITUTAKIB.

Texnonorist ofep:KaHHsS aTIOMIHIIO NUISIXOM BIJHOBJCHHS JMBAapHHUX IIIAKIB
JI03BOJISIE€ CYTTEBO 3MEHIIUTH KIJTBKICTh BIIXO/IIB, TOHU3UTH 3aTPaTH €JIEKTPOCHEPTIi

Ha BI/IpO6HI/II_[TBO BUJINBOK.

1.2. Ilepepodka ajilOMiHi€EBHX LLJIAKIB.

3pocTaroyuil MOMMUT Ha aJIOMIHIM 1 Oro cruilaBu OOyMOBIIIOE€ MOIIYK MIJISXIB
IOTIOBHEHHSI HOro 3amaciB IMUIAXOM Oulbll €(EeKTUBHOIO Ta EKOHOMIYHOTO
BUJIyYCHHS aJIFOMIHIIO, SIK 3 O1IHMX IUIAKIB, TaK 1 NUIIXOM MEPEpOOKU aTtOMIHIEBOT
CUPOBHHHM 3 BUCOKMM BIJIHOIIEHHSM IUIONI MOBepxHI a0 Baru. Hampuknan, npu
00poOIIl JeTaneil yTBOPIOEThCSI CTPYXKKa, Bara sikoi ctaHoBUTh Bifg 3 g0 10 % Bix
3arajJpHOI Macu o0poOmroBaHux AeTtanei. CTpy’kka, Ma€e HEBEJIUKY LIUIbHICTH B
HNOPIBHSAHHI 3 PO3IUIaBJICHUM METajJoM, 1 11l 00CTaBUHA YCKIIAIHIOE Ii MEpEIuIaBKy
Yyepes3 MBUAKE OKUCIICHHS CTPYKKHU MPU KOHTAKTI 3 TapsSYUM MOBITPSIM.

Takox BUMararoTh IMOOKOI MepepoOKH aJOMIHIEBI IUIAKH, K1 Y BUTISAL TaKk
3BaHUX 300piB HAKOMHUYYIOTHCA MPU MEPBUHHOMY OTPHMMAHHI AJIOMIHIIO. 3aJI€KHO
Bl BMICTY B HHUX YaCTKH QIIOMIHIIO 300pU KIaCHU(PIKYIOTh SIK MIHKA - BMICT
anmoMiHiio >45 %, abo siK ApOcH - BMICT amoMiHii0 <45 %.

[Ile omHa rpyna aJOMIHIEBUX IUIAKIB YTBOPIOETHCS TMPU BTOPUHHOMY
BUPOOHHUIITBI aJTIOMIHIIO 3 QJIIOMIHIEBOTO CKpamy, a came, B JaHOMY BUIAJKY LIE B
OinbiioMy 00cs31. OCKUIBKM B paMKax MpPOLECIB, IO BUKOPUCTOBYIOTHCA IS
OTPUMAaHHSI BTOPUHHOTO AJIFOMIHIIO, TOAAIOTHCS COJISIHI CyMillli, 110 CKJIAJal0ThCs 3
NaCl i KCI, BinOyBaeThcsi yTBOPCHHS TaK 3BaHUX aJFOMiIHIEBHUX COJITHUX IIJIAKiB, B
SKUX TAKOXK MICTSITHCSI pEeT€HEePOBaH1 YaCTKU AJTFOMIHIIO.

3HauHUi  OOCAT  aNIOMIHIEBUX UUIAKIB  YTBOPIOETHCS HA  JIMBAPHUX
MIPUEMCTBAX, IO MPAIIOIOTh 3a TEXHOJIOTIEH 0ec(II0COBOI TIaBKU AIFOMIHIEBUX
craBiB. Illmaku Moxyte Mictutu Big 20 go 80 % wmerany. DakTUYHO BOHH
MPENICTaBISIOTh 300pH, SIKI CKJIaJAlOThCS 3 CyMIlll MeTally, 1 okcuaiB. CIoau Takox

MOXHa BIJIHECTH HACTWJI 3 PO3JHMBHUX KOBIIIB 1 THY, IO YTBOPIOETHCSA TPHU
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NepeIMBaHHI ATFOMIHIIO.

SIx moka3aHO BUIIE, JIETKUN ANMIOMIHIEBUI OpPYXT Ba)KKO €(EKTHUBHO TIIABUTH, 1
BiH JyX€ JIETKO OKHCIIO€ThCsa. He3zaxuineHi po3BUHEHI allOMiHIEBI TOBEpXHI
MIBUAKO OKHCIIOIOTHCS Ha IMOBITPl HABITH MPU TEMIEPATypl HABKOIHUIIHBOTO
cepenoBuia. Ilpu BIUIMBI BHUCOKHUX TEMIEpPATyp, MPOIEC OKHUCICHHS 3HAYHO
MPUCKOPIOEThCS. ToMy, ONIHIE€I0 3 HAaWOUIBII MOIIMPEHUX TEXHOJIOTIH mMepepoOKH
AIIOMIHIEBUX BIAXO/IB € TPOIEC, OB'I3aHUHN 13 3aXUCTOM aJIFOMIHIEBOTO OPYXTY Bij
OKHCJICHHS, HAPUKJIIA/I, 3aHYPEHHAM PO3PO0ICHOT CyMIllll B PO3ILJIaB AIFOMIHIIO.

Cnoco0u Ta arapatu, 110 peali3yroTh IF0 TEXHOJOT110, HaBeIeH1 B podoTax [31-
33]. Onnak, omucadi B HUX TEXHOJIOTIYHI MPUHOMH €(PEKTHBHI I aTIOMIHIEBUX
BIIXO/IIB, IO MICTATh HE OutbIne 7/ % OKCHAIB, HAIPUKJIIAJ, TAaKUX SIK aJIFOMIHIEBA
CTpYKKa.

Meton mnpecyBaHHa HUIaKiB. Y poOoti [34] 3ampomoHOBaHO METO[
IOpecyBaHHS TrapsuuMx MLUIaKiB Oe3mocepenHbo Mmicas 3abopy iX 3 JA3epkana
IUTABWJIBHOT  Tevl. 3riHO 3  PO3pOOJCHOI0 TEXHOJOTIE Tapsyuid  IUIaK
3aBaHTAXYIOTh B (POpMY 1 31aBIIOIOTH Mij] pecoM. BuuaBieHuil po3miaB aqtOMiHI0
CTIKA€ B 13JI0KHULIO 1 TBepl€e. [t mepepoOKy OTpUMAHOTO Micis 34aBIOBAHHS 3a-
JUIIKY Y BHUIVISIAI CIOPECOBAaHOI KIPKM MOTpIOHI MeHm BuTpatu. OpHak,
3aCTOCYBAHHS 3a3HAYEHOr0 NPUWOMY JIMIIE YacTKOBO BHUPILIyE MpodiemMy
nepepoOKr aTrOMIHIEBUX IUIAKIB 1 3MEHIIICHHS X YaCcTKU. MeTo/ TakoX He J03BOJIsIE
BIJIOKPEMJIIOBATH QJIIOMIHIN MpU nepepoOll XOJIOAHUX LITakiB. MeToll nmpecyBaHHs
rapsidoro 1ulaKy 3adesnedye MiABUIIEHHS MPOAYKTHUBHOCTI MPOLIECY 1 OTPUMAaHHS
YUCTOTO altoMiHit0. OHAK MOBHOTO BUJIYUYEHHS aJIOMIHIIO MEPEIIKOKAE CKIIaaHa
CTPYKTYypa IIJIaKy, sIka yTPUMY€E 3aXOTICHI YACTUHKU P1JKOTO aTIOMIHIIO.

EnexrpouuiakoBiii cnmocid mnepepodku muiaky. Bimomuit Takox cmoci0
nepepoOKH alfOMiHIEBOTO NUTAKY [35] B €MEKTPOIUTAKOBIH MeUi MOCTIHHOTO CTPYMY,
[0 Ma€ TUTENIb 3 HIKHIM €JIEKTPOJAOM B SKOCTI KaTOAy 1 BEPXHIM €JIEKTPOJOM B
skocti anoy. Kpiomt (NasAlFs) 1 okcrnn amrominito (Al,O3) 3aBaHTaXyIOTh B TUTEITH
EJIEKTPOIIIAKOBOTO T4l 1 PO3IJIABISAIOTh, MOTIM B OTPUMAHUN PIIKUNA PO3ILUIAB
(eneKTpOITiT) TOAPIOHIOIOTH amoMiHieBUH 1mIak (MmexaniyHa cymim AlOsz i
METaJIeBOT0 aJIOMIHIIO) 1 KPIOJIT, JOJAOThCS MOPLISAMU IO Mipi TUIaBJICHHS 1
PO3YMHEHHS 1X B €JIEKTPOJTITI .

Butsar pigkoro merany 3 amioMiHIIO BiIOYyBa€ThCs Ha AHI TUTJSA, B 00JaCTI
KaToay, a BUTAT BTOPUHHOTO MIJAKy y BHUIVISLAL CyMillll KpIOJITY 1 TIMHO3EMY

B1IOYBa€eThCs B 00J1aCTl aHOLy. TaKUM YMHOM, 3aCTOCYBaHHS €JIEKTPOILIAKOBOI MMeyi
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3a0e3reuye TIJIABJICHHS 1 PO3UYMHEHHS AQJIIOMIHIEBOTO IIJIaKy IPU TeMIepaTypi B
nianmaszoni Bim 800 mo 2000 °C. 3acTtocyBaHHS €JIEKTPOIIIAKOBOTO TMEPEIUIaBy ISl
nepepoOKH aJlOMIHIEBUX BIIXOJIB HE MOB'A3aHE 3 BUKOPUCTAHHAM 3'€HAHb, IO
MICTSTh XJIOp Ta (PTOp, 1 B IIbOMY BIJHOIICHHI €JIEKTPOJIYIOBI MeYi, € HAHO1IbII
nepeBaKHUMU.

IlepepoOka muiaky B eJIeKTPOAYroBoi meuvi. J[is mepepoOku MeTaneBoro
OpyXTy 3ampolOHOBAaHO TAKOXX CIHOCIO TUTABKHA B T€dYi €JICKTPOIYTH, OIMHMCAHWKA B
poboti [36]. Ilpoumec mnepenbauae eneKTPOAYroBY IIiY, B SAKIA MICTUTHCA,
[IOHaWMEHIIIe, OJIUH €JIEKTPOI, 1 € CUCTEMA JJI BUAYBAHHS ra3y BHU3 B MPOCTIp Meul
B OKOJUIKX enekTtponaa. Ilopomok abo npiOHO rpaHynbOBaHa TBEpJa PEYOBUHA
BJIyBA€THCS B MPOCTIP Ieul pa3oM 3 razoM. Kpim Toro, cucrtema Jijisi BULYBaHHS ra3y
BHM3 3a0e3ledeHa CHelialbHUMH TypOy/lu3aTopaMu. IX HasBHICTb, Ha IYMKY
aBTOPIB, 3HAYHO MOKpallye poOOTy Medi, OJIHAK, TaKOX, SK 1 B IHIIUX BIJOMHUX
paHillle KOHCTPYKLISAX AYTOBHUX I€uei, peryjrOBaHHS JOBKHUHU E€JIEKTPUYHOI AYTH
IPOBOJUTHCS LUIAXOM IMEPEMIIIECHHS €lIeKTpoaa. Y TOU ke yac, MEXaHIYHa 1HEpIis
HEraTUBHO BIUIMBA€ HA CTAOLIBHICTh FTOPIHHS AYTH 1 BUKJIMKA€E aHOMAJIbHI OIITOBXU
CTPYMOBOT'O HaBaHTAKCHHSI.

BuxopuctanHsi eJIeKTPOTEPMIYHOI YCTAHOBKH ISl epepooKu miaky. s
JIOCSITHEHHSI €KOHOMIYHOTO 1 TEXHOJIOTTYHOTO CHOCO0Yy MepepoOKH aTtOMIHIEBUX
IUIAKIB, TIOJIMIIEHHS €KOJOri4YHOi OOCTaHOBKM B TIpolleci HOTro BUIIYyYEHHS
PO3IIISIIA€ThCA  CMOCIO TEepepoOKH aTIOMIHIEBOTO IUIAKY B €JIEKTPOTEPMIYHIN
YCTaHOBIII, OIKUC MPHUCTPOIO K0T HaBeeHO Huxk4e (puc. 4) [37].

VYcraHOBKa CKIalaeTbesd 3 IUIABWIIBHOI HAKOMMUYyBajdbHOI mewi 1, B sKid
HAKOMUYY€EThCSI 1 OCEPEAHIOETHCS PO3IUIABICHUN amoMmiHieBuid cmiaB 19. Ilig
3aKpUBAETHCS TEILJIO 130JII0I0U0I0 KpUIIKOIO 2. Haj nmiiaBuiibHOIO HaKOMMYYBaJIbHOO
miy4yro | po3ramoByrOTh 30IpHUN  PEAKTOpPHUN OJOK, SIKMHA MPEACTaBIISIE
€IEKTPOAYTOBY BAKYyMHY Kamepy 7. BJIOK enexkTpomyroBoi BakyymMHOI Kamepu 7,
CKJIQZIeHUH 3 KepamiyHOro crakaHa 16 1 crameBoi miaHmaiioun 8. CrakaH 6
TePMETUYHO KPIMUTHCA 10 TUIAHINAWOW 8 1 JOJATKOBO 130JIFOE€THCS BOTHETPUBKOIO
BaTOIO 6, 110 po3TaloBaHa ycepenuHi obuyaiiku 5. JIHO kepamiuyHOTO cTakaHy 16
MICTUTh BOYJIOBaHI BOTHETPUBKI mnaTtpyOku 3 1 18, sKI BUKOHYIOTH (QYHKII]
TpyOONPOBO/IB.

TpyOomnpoBing 18 € mnepmmMm HarHiTalouuM TPYOONpPOBOJAOM 1 Ha HBOMY
BCTAHOBJICHO HATHITAIOYWM JIHIMHUN acCMHXPOHHUU ctaTop 17, a TpybOomposia 3 €

APYTUM TPYyOOIIPOBOIOM, SIKMW BIJKayy€e 3a JOMOMOTOI0 JIIHIHHOTO aCHHXPOHHOTO
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cratopa 4. VY T1eHTpaJdbHIM 4YaCTHHI €JIEKTPOJYroBOi BaKyyMHOi Kamepu 7

BcTaHOBNIeHUW enekTpoa 10. EmeKTpoXWBICHHS Ha EJIEKTPOJ 3IMCHIOETHCS Bif
0HO(ha3HOTO CHIJIOBOTO TpaHChOopMaTropa, BTOpUHHA OOMOTKA SIKOTO MPUETHYETHCS
OJIHUM KIHIIEM JI0 €JIEKTPO/Y, a APYI'MM KOHTAKTY€E 3 PO3IIABIICHUM aTtOMiHieEM 19,
SKUW HakonmudyeTrbcs:t B 1medi 1. Ilpu poOOTI 3MIHHUH CTpPyM BiJ CHJIOBOIO
TpanchopmaTopa Moke OyTH TomaHWid Ha enekTtpoa 10 1 mpomymeHud 1o
TpyOOIPOBOaX B PO3IIAB, IO 3HAXOIUTHCS B MEYi.

30kpeMa, 3MIHHHA CTpyM MOXe OyTH BUKOPUCTAHWUU [JII PE3UCTHBHOTO
HarpiBaHHsS MOTOKY PO3IUIABY J0O TEMIEpaTyp, 110 CTAaHOBISATH B MEXKax IHTEPBAIY
Bij1 ~1820 1m0 ~2250 °C, a1 cupusiHHA OTPUMAHHIO METAJICBOTO aTFOMIHIIO.

JIist moayi nuiakoBoi Macu 13 y BHYTpIIIHIN NPOCTip KaMepH 7 Ha IUIaHIIaio1
8 3MOHTOBaHUU €JEKTPOMEXAHIYHMWA UIHEKOBHWA Jo3aTtop 11. 3aBaHTaxeHHs
IUTAKOBOI MacH 31MCHIOIOTh B TePMETUYHUIN OyHKep 12, 1 mOTIM 1o TpyOOIpoBOIY
14 nutak HAAXOAUTH B MIHEKOBHM 103aTOp. 3BEpXy Ha IUIAHIIANWO1 8 BCTaHOBJICHUI
JaTYUK 9 Ta30BOTO TUCKY, SKUH JO3BOJISIE KOHTPOJIIOBATH T'a30BUN THUCK BCEpEAUHI
kamepu 7. PeryntoBaHHsS BEJIMYMHU Ta30BOr0 TUCKY BCEpPEAMHI €JIEKTPOAYrOBOi

KaMepH 3I1MCHIOIOTH 3a JOIMOMOIOI0 €JIEKTPOMArHiTHOrO KiiarmaHa 15 moB'si3aHoro 3

LIEXOBOIO CUCTEMOIO BIIKAUyBaHHS BaKyyMy.

8' 12
13 -1

( ) ]

Puc. 4. CxeMa yCTaHOBKHU JJIs1 OTPMMAHHSA AJIOMIiHII0 3 IMBAPHOT0
HUIAKY i BigxoaiB
1 - nrasunvna nakonuuysanvua nivu, 2 mennoizonoya kpuwika, 3 i 18 - oenempuexi
nampyoxu, 4 - 8i0kayye MHIHUL ACUHXPOHHULI cmamop, 5 - obuuaiixa; 6 - gocHempusKa eama;

7 - enexkmpooyeose akyymua kamepa, 8 - cmanesa nianwaioa; 9 - oamuux; 10 - enexkmpoo, 11
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- elleKmpoMexaniuHull wHexosul oozamop, 12 - cepmemuunuii 6ynxep; 13 - wnaxosa maca; 14

- mpybonpoeio; 15 - enekmpomacnimnuti kianau 16 - kepamiunuii cmaxau, 17 - Haenimae

JUHIUHUY acuHXpoHHUl cmamop; 19 - po3niaeé antominie6o2o cniagy

[Ipomec mepepoOKM amOMIHIEBOTO MUIAKY B EICKTPOTEPMIYHOIO YCTAHOBIII
3MIUCHIOIOTh HACTYITHUM YHHOM.

[lepen moyaTkoM poOOTH MOJIYJb EJIEKTPOIYTrOBOi Kamepu 7 OIyCKalTh Ha
KPUIIKY 2, IPU IbOMY KiHIIl TPYOOIIPOBO/IIB 3aHYPIOIOTHCS B PO3IUIABICHUHN aTrOMi-
Hil, 110 3HaX0auThes B medi 1 (puc. 5). [licnsa 3aHypeHHs TpyOOIIPOBOIIB B PO3ILIAB
BKJIIOYAIOTh CUCTEMY BiJIKauyBaHHS Ta3y 1 3a JOMOMOTOIO AaT4yhKa 9 KOHTPOIIOIOTH
BEJIMYMHY TUCKY BCEPEIHHI POOOYOTO MPOCTOPY €IEKTPOIYTOBOI KAMEPH.

VY mnpoueci 3HMKEHHS Ta30BOTO THCKY BCEpElIMHI Kamepu 7 pO3IUIABJICHUM
MeTal MiAHIMAEThCS MO TPyOONPOBOAAX y BHYTPIIIHIA MPOCTIp KaMepH, MOTOKU
pO3IJIaBy BCEPEAMHI KaMepH 3JIMBAIOTHCA, 1 MPHU IbOMY (POPMYETHCS 3aMKHYTHI
riapaBimiyHui KOHTYp 20. st JOTpUMaHHS yMOB MIATPUMKH JOBXHHH €JIEKTPUUYHOIL
ayru 21 MDK €JeKTpoJOM 1 IOBEPXHEI pO3IUIABICHOTO MeETally, B IpoIleci
BCMOKTYBAaHHsSI pO3IJIaBy 3 Tie4i, Oe3MepepBHO YNPaBIAIOTh 1 MIATPUMYIOTh

HEOOX1JHY BEJIMYMHY ra30BOr0 TUCKY BCEPEIUHI KaMEPH.

[. A'Q~p~-'-~.A‘\‘4\_\YAI».\J.'.

]

Puc. 5. Cxema, 1110 npaimio€ ycTaHOBKH JI1 OTPUMAHHS
AJIIOMIHIIO 3 TMBAPHOI'0 LLIAKY i BiAX0AiB
1 - naasunvha nakonuuysanvha niu; 2 menaoizono0ya Kpuwka, 1 - enekmpooy2ose 8aKyymMHa
kamepa; 9 - oamuux; 13 - winaxosa maca; 19 - pozniae anominiesoco cnaagy, 20 - samxnymuil

eiopasniunuil koumyp, 21 - enexkmpuuna oyea,; 22 - nosepxHs antOMiHIEG020 PO3NIABY

[Ticnst Toro sIK po3IjIaB aMOMIHIIO MIAHIBCA B KamMepl HAa HEOOXiHY BHUCOTY 1

3a(piKCOBAaHO HEOOXIJIHY BiJICTaHb 21 CM MK KIHIEM €JIEKTPOJy 1 MOBEPXHEIO PO3-
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IJ1aBy BKJIIOYAKOTh JIHIMHMK aCHHXpOHHHMM ctatop 17 1 OJHOYACHO BijKauye
JMiHIAHUN acuHXpoHHUM cratop 4. Ilig fi€0 eneKTpoAWHAMIYHHX CHJI, IO
HABOJAATHCA JIHIWHUMH CTaTOpaMHU B TiApaBIiyHOMY KOHTYpi 20 MK miy4io i
€JIEKTPOYTOBOIO KaMepolo, MOPYLIYETbCS KPyroBa HUPKYJsIis posruiaBy. [licms
NOPYIICHHS LUPKYJIALIT PO3IUIaBYy, BKJIIOYAIOTh E€JIEKTPUYHY AYTYy 1 Ha TOBEPXHIO
QIIOMIHIEBOTO PO3IUIABY 3A1MCHIOIOTH Mojauy nuiaky 13 mist fioro nmepepooku. Ilix
J1€10 TOTOKY PO3IUIaBy IiaKk 13 mepeMilyeTsesi B 30HY TOPIHHS TYTH.

[Ipu mepemimieHHi UTAKOBOI MacH 4epe3 30HY TOpiHHA AYTH BUCOTOIO0 21 cMm
nocsiraeThes ii mporpiB. Kpim Toro, BiiOyBaeThbes 6e3repepBHE OHOBIICHHS IIIAKOBOI
MacH Mij] €JIEKTPOJIOM, JIe MPOTIKaIOTh OCHOBHI (Di- 3UKO-XIMI4H1 IPOIICCH BUJIIJICHHS
amoMiHilo 3 twaky. OIHUM 3 OCHOBHHMX TPOIIECIB, IIO CIPHUSIOTH BUIUICHHIO
QIIOMIHIIO 3 IIUTIAaKY, € KAaTOJHOTO PO3MIJICHHS! OKCHIHUX TUTIBOK HA TOBEPXHI MIJIAKY,
10 PO3BUBAETHCS MPH BIUIMBI HA HHOTO €JIEKTPUYHOT IYTH 3MIHHOTO CTPYyMY.

KpiM 1poro, B 1yroBoMy HpOMIKKY PO3BHBAETHCS MpPOLEC OE3M0CEPEAHBOIO
BIJIHOBJICHHSI METAJICBOTO AJIFOMIHIIO 3 HOT0 OKCHJIIB MPUCYTHIX B IUIaKy. Y mpolieci
TOPIHHA €JIEeKTPUYHOL IyTH JJIsl AOCATHEHHS HAWOLIbIIOl €)EKTUBHOCTI PETYIIOIOTh
il TOBXMHHU LLISAXOM 3MIHM Ta30BOrO THCKY B €IEKTpOAYroBid kamepi. Ilpu pery-
JIOBaHHI THCKY BCEPEIHMHI KaMEpH 3MIHIOETHCS BUCOTA PO3TAIIYBAHHS PO3IUIABY 1
BIJIMTOBITHO 3MIHIOETHCS JIOBKUHA TOPIHHS €NEKTPUYHOT IYTH.

KpiM BUroau BiJ po3noiuly CTpyMy IIpH BUKOPUCTAHHI IPOLECY PEryIrOBaHHS
JOBXHUHHU AYTW LUISIXOM HAaOJMMKEHHS a0o0 BIJJANCHHS MOBEPXHI PO3IUIABY MOXKYTh
OyTH TakoX peaiizoBaHi W iHII nepeBard. Hampukiaa, OCKUIBKA PO3IUIAB 31aTHUI
pyxaTHcsl B HampsMKaxX Bropy - BHU3 (HANpPHUKJIAMA, 3a JOTIOMOTOI0 3MiHU Ta30BOTO
TUCKY BCEpEUHI KaMmepu), TO BEPTUKAIbHHUN pyX I1HTEHCH(IKYe TepeMillyBaHHS
PO3IUIaBICHOI BAHHHU, 1[0 MICTUThH IIIJIAK B 30H1 TOPIHHS JTYTH.

[lepeBaroto  3acTOCYyBaHHSI ~ €JIEKTPOTEPMIYHOIO  YCTAHOBKM €  BHCOKa
€(EeKTUBHICTh BIJIHOBJIEHHS AJIOMIHIIO 3 IUIAKY, a TAKOXX BHCOKAa MPOAYKTHUBHICTb
MPOLIECy MEePePOOKH TOCITAETHCS 32 PAXYHOK MIATPUMKH IUPKYJISIIT pO3IIIABICHOTO
METaly MDK €JEeKTPOAYrOBOi KaMeporO 1 HAKOMHYYyBaJbHOI MIYYI0 1 KpIM IHMX
(dakTOpiB NOJATKOBOTO BIUIMBY Ha IIJIAK BUCOKHUX TEMIIEPATyp B 30HI TOPIHHS TYTH.
YcTraHOBKa MOXKE €KCIUTyaTyBaTUCS B MeXax IHTepBaidy Temrieparyp Biag ~1910 mo
~1940 °C nnsa BUIydeHHS BYIJICIIO 3 OTPUMAHOr0 MeTajeBoro amtomiHito. I1ig gac
poOOTH YCTAaHOBKHM 3a0€3MeuyeThcsl 3aXHCT poOOYOro MpoCcTopy B 30HI POOOTH
oOciIyroByro4yoro mnepcoHairy. B pesynbrari pi3Hi rasu BIIKayylOThCS BOJO

KUTBLIEBUM BaKyyMHHM HAaCOCOM 1 ITPOITyCKAIOTHCS YepEe3 CUCTEMY OUMIICHHS Ia3iB.
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ConoBuii merox mnepepoOku mnuIakiB. J{nsg migBuiieHHs e(EKTUBHOCTI
nepepoOKH MIIaKy B poOOTi [4] po3risgaeThest COMOBUN METO, SIKWW 3aCHOBAaHUH Ha
TEMIIEPATYPHO-3ATEKHUX XapaKTEPUCTHUKAX XIMIYHUX PEaKIliil 3a y4acTIO aJTIFOMIHIIO.
MexaHi3M LIbOTO MPOLIECY 3aCHOBAHWM Ha 3MiHI BaJEHTHOT'O CTAaHY aJlOMIHIIO BiJl
TPUBAJICHTHOTO JI0 OJJHOBAJICHTHOTO 1 HaBMAaKH, B 3aJI€KHOCTI BiJl TEMIIEpaTypH i
9ac XIMI9HO1 peaKirii

Al, 0, + Na,C0,; — 2NaAl0, + CO, T,

NaAlO, + H,0 « NaOH + AlI(OH), .
MexaHi3M JaHOTO Mpollecy MoOYJ0BaHO Ha MOJIeNl, sKa omucaHa B MoHorpadii
bensera A.l. [13] — Ha 3MiHI BaJICHTHOCTI aJIFOMIHIIO 3 TPHOX JIO OJTHOTO 1 HABIAKH B
3QJIEKHOCTI B TeMIiepatypu (Ha yTBOpPEHH1 CyO3’e€HaHb aloMiHito). Takuii xe
mporec crocTepiram aBTopu podotu [14] mpu Mac- CHeKTpOMETPUUYHOMY
JOCIIIKEHH] TPOIIECIB BUMApOBYBAHHS OKCHUJly allfoMiHil0 3 Byrienem. [Ipodecop
Bepxosmok A.M. y pobGori [15] Bmepmie 3acTocyBaB MoOJENIb YTBOPEHHS
cy03’€lHaHb AIIOMIHIIO JUIsl PO3POOKHM MEXaHI3My XIMIYHHX peakliii B mpouect
nepepoOKH aTOMIHIEBOTO IIJIAKY 1 BUITYYEHHS 3 HbOTO AJIFOMIHIIO.

[Ipu po3pobIl MexaHi3My XIMIYHUX peakiid OyJio po3paxoBaHO, IO 3MiHA
noteHmiany [160ca mpu yTBOpEHHI OJHOBAJICHTHOTO AJIOMIHIIO MPH B3aEMOJIL
QJIIOMIHIIO 3 KMCHEM JIOPIBHIOE, B 3aJIC)KHOCTI Bijl Temreparypu, Benuuyunu AG = —
384,59-0,079T (puc. 6).

%
T 0,0

é '100' 4AI + 02(9): 2A|p(g)

©  -200

—
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S -600-
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E 500 1000 2000 3000

Temneparypa, K
Puc. 6. 3anexnicTs 3uinu norenuiany I'i60ca Bix TeMnepaTrypu npu

YTBOPEHHI O/THOBAJIEHTHOI'0 AJIIOMiHiI0

YTBOpeHHsI JIBOBaJICHTHOTO aIOMIHIIO MPU B3AEMOJIi ATIOMIHIIO 3 KHUCHEM
3MmiHa noTeHIiany ['1606ca xapakrepusyerbest piBHaHHIM AG = 86,29-0,117T (puc.
7)
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500 1000 2000 3000
Temneparypa, K
Puc. 7. 3anexnicTpb 3uinu norenuiany I'id0ca Big remneparypu npu

YTBOPEHHI IBOBAJICHTHOI'0 AJIIOMiHiI0

SIk BUAHO, MPU BUCOKIN TeMIlepaTypi YTBOPEHHS OJHOBAJIEHTHOTO aJIIOMIHIIO
OLIBII CIPUSATIMBE, HI)K IBOBAJIEHTHOTO.

Ha ocHOBi BUKIIaJICHOT0, MEXaHI3M MPOLIECY BUIYYEHHS AJTIOMIHIIO 31 ILJIaKy
MO>KHa MPEICTABUTH 3 JOIOMOTO HACTYIMHHUX XIMIYHUX PEAKLIIiA:

A= Al* (mpu t=2500...3000 °C)
Al,O3+ Na,CO3;= 2NaAlO, + CO,

[Ticnist mpoTikaHHS BUIIE MPEJICTABICHUX PEaKIiil TeMIepaTypy 3HUKYIOTh 10
1000...1100 °C. IIpu oMy OKCHJ OAHOBAJICHTHOTO QIIOMIHIIO PO3KIATAETHCSI Ha
METaJIYHUI aJIFOMIHIN Ta OKCUJ TPUBAJIEHTHOTO AIIOMIHIIO:

3AIL,0 =4Al + Al,O3

3aranpHa cXema TaKoro Mpolecy HaBeJeHa Ha puc. 8.

i AETORIAE 2
" TOP & 0F BYTOR

NaAlO, ' :
. L. IIposap R BAHEI E
Ensaporms Expiomri  rimoormgyy amonisds g

1150-1200°C
g.“wz-ﬁbﬂ- o
; a-ALOy - 2 0AL0, 310 D 2
" Jl:"r h D :f:

T ST ———
it S Lt it £

Puc.8 . 3aranbHa cxema €0J10BOro MeTOAy NepepooKH NLJIAKIB
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[Ticist 0OpoOKK MPOIYKTIB peakilii, T1APOOKCU]T aTIOMIHIIO HANpaBsS€ThCS Ha
MIPO’KApPIOBaHHS, @ OTPUMAHUN TJIMHO3EM - Ha CJICKTPOJITUYHE OTPUMAHHS YHUCTOTO
amroMmiHifo. [lepeBaroro cogoBOro METOAY € JTOCUTH MOBHE 3B'SI3YBaHHS alFOMIHIIO B
CTIWKY CLIb - aJIFOMIHAT HATPIIO, 110 3a0e3Ieuye Ha HACTYITHUX eTarnax 3acTOCYBaHHS
n00pe BiANMpalbOBAaHUX TEXHOJOTTYHHMX MpuioMiB. HemomikoMm comoBoro meroay €

YTBOPEHHS OKCH/IIB BYTJICIIO Ta IX HETaTUBHHI BILUTUB HA HABKOJIUIITHE CEPEIOBUIIIE.

1.3. locaixxeHHs MeTAJTyPriiiHOr0 BUXO01Y aJIOMiHiI0 3 JIUBAPHOIO IJIAKY

Iigroroska 3pa3kiB 3 JIUBAPHOI'0 AJTIOMiHIEBOI0 LLIAKY

3pa3Kyd JMBAapHOTO AQJIOMIHIEBOTO UHUIAKY OyJIO OJEpX,aHO B pe3yJIbTari
MIPOBE/ICHHS IUIABOK B Pi3HI mnepioau. IIpobu Oyno BiaiOpaHi B KUIBKOCTI 7 IITYK,
KoxHa Baroto 6uts 10 kr. /{5 BU3HaUEHHSI METAIyprifHOTrO0 BUXOAY aJIOMIHIIO, JJIs
POBEACHHS OHI€T MIaBKU BUKOpUCTOBYBaiK 300 T. IMBApHOTO LUIAKY.

[InaBku mpoBOAWMAM B IHAYKUIMHIN mieyl. B rpadiTtoBuil TUrenp mnomimand
AITYHJIOBU, THO MiXk rpadiToM Ta aayHA0M (yTepOoBaJId 32 JOMOMOTOIO MOPOIIKY 3
okcuny amomiHito. Ilicns mporo rpadiToBui THUrenb 130JI0BAIM 3 30BHINIHBOI
CTOPOHU KaoOJIIHOBOIO BAaTOI0 Ta BCTABIISJIM MOro BCEpENMHY MITHOI 1HIYKIIHHOI
KOTYIIKH, $Ka OXOJIOJUKyBajach BOJAOK. JDKepeaoM  BHCOKOYAaCTOTHOIO
CIEKTPUYHOTO CTPyMy, WIO TOJaBaBCA Ha IHAYKIIHHY KOTYIIKY, CIyTryBaB
BUCOKOYacTOTHUI TreHeparop BUI'-15. Temmnepatypy y TUINI J0 MOYATKY
MPOTIKAHHS XIMIYHUX Peakliil BUMIPIOBAIM 3a JIONOMOIOI0 BOJb(paM-peHieBOT
tepmoriapu BP 5/20. B sikocTi peareHTiB BUKOPUCTOBYBAJIU KAYCTUUHY COJTY, XJIOPHU]
HATPIIO Ta BamHO y Kimbkocti 2,0...2,2 % Big macu muiaky. Illmak, Na,COs, NaCl,
CaCOs3 nposxaproBanu y mydenbhii neai CHOJI-1.6.2.0.0.8/9-M1 nipu Temneparypi
250 °C mpoTsroM OfHI€T TOMWHU JJIsT BUAAJCHHS BOJIOTH Ta OPTAHIYHUX JOMIIIIOK.
[IpocymieHuit TakuM YMHOM IIJIAK MOMIMIAINA B aJIyHJIOBUM TUTEIb Ta BKIHOYAIU
HarpiB. [Ipu nocsraeni temneparypu 700 °C no mmaky mAo0aBisuiM peareHTH, sKi
3B’SI3yBajJiM OKCHJIM ATIOMIHIIO 1 KPEMHIIO B allfoMiHATH Ta cuiikard. Ilicis mporo
PIAKUNA aOMIHIN 3aJIMBAJIA Y BUJIMBHHUIIIO 1 MICIIS HOTO OXOJIOJKEHHS 3BaXKyBaJId Ha
aHATITUYHUX Tepe3ax Mapku. [loTiM roToBwJIM 3pa3Ku JUisl CHEKTPaJbHOTO Ta
MeTanorpapiyHuX aHaji3iB.

JlocaigxeHHs BIUIMBY KOHUEHTPALili KAYCTHYHOI COAM HA MeTaJXypriiHui

BHXI/I AJIIOMIHIIO 3 JINBAPHOI0 AJIIOMIHIEBOT0 HLIAKY
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Jlns BU3HA4YeHHS HEOOXITHOI Ta JOCTAaTHBOI KIJIBKOCTI KapOOHATy HaTpilo B
mporieci MmepepoOKr MUTaKy aTOMIHIEBOTO BHPOOHMIITBA JOCTITWIN BIUIUB HOTO
KoHIeHTpauli. OnepkaHuil pe3ynpTaT MpeactaBieHo Ha puc. 9. Bunno, 1mio
3pOCTaHHS KUTBKOCTI JOOABKH B CYMIIll IPU3BOJIUTH B IIOYATKOBH MOMEHT JI0 POCTY
METaTyprifHOr0 BHUXOAY aJlIOMIHIIO 1 yXe mnpu Horo BMmicti Oua 2,0 % kpuBa
BUXOJWTh HA HACHYEHHSA. TakuM YWHOM, OYyJ0 BHU3HAYCHO HEOOXIIHY KUIBKICThH
peareHry.

60 T
50
40 1

30 +

Al203 + Na2C03 = 2NaAlO2 + CO2
20 1 .

MeTanypriidHuiA BUXig antomiHit, %

10 +

0 0,5 1 1,5 2 2,5 3

KinbkicTe kapGoHaty Hatpito, %

Puc. 9. 3anexnicTs Misk MeTaypriiiHIM BHX0/10M AJIOMIiHiIO 3 JIMBAPHOIO

LVIAKY Ta KiJBKICTIO Kap0OHATY HATPil0

XIMIYHHUM aHaJ13 TBEPJIOTO IIaKy MMOKa3aB, 0 BIH B OCHOBHOMY CKJIQJa€ThC 3
aTIOMIHATY HATpil0. ByJo TakoX BU3HAYEHO METANypridiHUN BUX1J aTIOMIHIIO TpU
BukopuctanHi 2,0 % Na,COs;. 3aranpHuii BUIIISA BHXIJHOI CHPOBHHH, 3pa3Ku
AIOMIHIIO Ta OJIepKaHMM MICJIA TIABKH IUIaK npezacTasieHo Ha puc 10. Pesynapratn

MPOBEJICHUX JOCJII/IIB HaBeIeHO B Tabi. 1 Ta Ha puc. 11.

Taoauusa 1
Buxia anoMiHiio 3 TMBAPHOT0 HLJIAKY

No Maca npo6u, | Maca oaepxaHoro KoedimieHt
3paska | T AJIIOMIHIIO, T Ckrnag mmxrtu BUJTyUEHHsI, %0

1 300 120 noiak + 2,0 % coaun 40

2 300 165 noiak + 2,0 % coaun 55

3 300 183 mak + 2,0 % conu 61

4 300 126 mak + 2,0 % coau 42

5 300 147 mak + 2,0 % conun 49

6 300 141 mak + 2,0 % coau 47

7 300 150 noiak + 2,0 % coau 50
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AmroMiHI€B] 3pa3Ku Oymo MpoaHaji30BaHO JIBOMa METOJIaMU
PEHTTEHOCTIEKTPAJIbHUM Ta €JIEKTPOHHOIO CKaHYIOUOI0 CHEKTpocKorien. OnepxkaHi
JaHl HaBeJAeHO B Tabmuii 2 1 Ha puc. 12-19. Jlns nopiBHaHHA Ha puc. 11
MPEAICTABICHO XIMIYHUNA aHalli3 eJIEeKTPUYHOTO aJTIOMIHIEBOTO APOTY. SIK BUIHO 3
Tabnuii Ta rpadikis, 3pa3ok mig Ne 2 MICTUTH MIJBUILEHY KUIBKICTh KPEMHIIO, a
3pa3ok Ne 7 — 3amiza. lle, HameBHO, MOB’sA3aHO 3 BUXIAHOI CHPOBHMHOIO. Bimomo,
MICTISL 3HATTS NUIAKy B 0aratb0X BUMAJKaX MOCHMAIOTh KpemMHe3eMoM. Jlanuit dakT
MOKe OyTH MPUYMHOI 30UTBIICHHS KOHIIGHTpaIlii Si B OCHOBHOMY MeTasi. 3alizo

MOTJIO ITOTIACTH TaKOK 30BHI.

Puc. 10. 3aranbHuii BUIJIsi] BUXITHOI CHPOBHHH (), 3pa3Ku ajoMiHito (0)

TA OJEPKAHOIO MICJIA IVIABKHU HLJIAKY (B)
70 1
60 +

50 |
40 +
30 +
20 +
10 +
0 p
2 3 4 5 6 7
Ne

Homep npobwu, Ne

MeTanypriiHuiA BUXig anoMiHio, %

Puc. 11. MetanypriiiHuii BUXi aJIOMiHiI0 3 JIUBAPHOT0 LLIAKY
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Tadauusa 2

XiMiuyHHUI CKJIA OeP:KAHUX AJTHOMIHIEBHX 3pa3KiB

Ne 3paska Si, % mac. | Fe, %mac. Cu, %mMac. Mg, %mac. Mn, %wmac.
1 0,28 0,34 0,053 0,022 0,017
1* 0,22 0,26 0,060 0,016 0,014
2 0,89 0,25 0,063 0,014 0,020
3 0,28 0,35 0,048 0,016 0,015
4 0,18 0,31 0,028 0,016 0,011
5 0,23 0,25 0,060 0,012 0,031
6 0,27 0,32 0,230 0,013 0,018
7 0,38 0,65 0,079 0,019 0,025

[Tpumitka: 1* - 3pa3ok, sikuii ofep>KaHo B pe3yJIbTaTl IJIaBKU B rpadiTOBOMY THUTJI.

Puc. 12. EnexkTpoHHuii cieKTp Ta XiMiYHMi CKJIaj aJIIOMiHi€BOTO IPOTY

aiamMeTpom 3 MMm.

MONOGRAPH 27 ISBN 978-3-9821783-5-6



Erbe der europdischen wissenscha

Puc. 13. EnexkTpoHHUii criekTp Ta XiMiuHuMii ckiiajg ajdwoMinieBoro 3paska Ne 1

Puc. 14. EneKTpOHHUIA CHIEKTP Ta XiMiuHMii CKJIax aaoMiHicBoro 3paska Ne 1°
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Puc. 15. EjleKTpOHHMI CIIEKTP Ta XiMiYHMI CKJIa] aJII0OMiHiEBOro 3pa3ka Ne 2

Puc. 16. Enexrponnmuii cnekTp Ta XiMiuHui cKiIaj ajaoMiHieBoro 3paska Ne 4

MONOGRAPH




Erbe der europdischen wissenscha

Puc. 17. EnexTtpoHnmii cnieKkTp Ta XiMiYHUH CKJIa] aqoMiHieBOro 3paska Ne 5

Puc. 18. Enexkrponnmuii cnekTp Ta XiMiuHuUi cKjIa] ajdoMiHieBoro 3pa3ka Ne 6
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Puc. 19. EnexkTponHuii criekTp Ta XiMiuHUIA cKJIaj] adwMiHieBoro 3paska Ne 7

JocaigxeHnHss cniibHOI il kapOoHATy Ta XJIOPHAY HATpPil0 Ha

MeTaJXypriifHuil BUXIJ aJTIOMIHIIO 3 IMBAPHOIO AJIOMiHIEBOIO HIJIAKY

lono cminpHOi amii xjopuay Ta kapOonary Harpiro, To crnodarky NacCl
B3a€EMOJIE 3 OKCHUIOM QIIOMIHIIO 3 YTBOPEHHSIM OKCHUIY HaTpil0 Ta XJIOPUIY
amoMiHito, otim Bxke Na,O nepesonuts Al,O3 B anrominar:

Al;O3 + 6NaCl = 3Na,O +2AICl;
Na,O + Al,O3; = 2NaAlO,

Kpim Toro, B mporeci XiMIYHUX peakxilid 3 OKCUJIaMU Ta KapOoHATaMU JTYKHUX
METaJliB OKCHJl aitoMiHil0 yTBoproe HactymHi amoMiHati: NaAlO;, NasAlO,
NaAI11017, Na17AI5016 [38]

B octaHHIX aTOMH aqIOMiHIIO 3HAXOATHCS B LIEHTP1 TETpaeapiB abo OKTaenpiB
3 aromiB kucHio. B crioyiii NasAlO4 npucyTHI OKpemi alrOMOKHCHEBI TETpaeapH,
AK1 3’ €HAaH] 3araIbHIMU BEPIIMHAMH B JIAHITIOT.

Ha pwuc.20 mpencrarieni naHi, ki oJepkaHO MpH CHiIBHIN il kapOoHATy Ta
XJIOpUAy HaTpio. B maHoMy Bumanky 3miHioBanach Tulbku KoHieHTpailis NaCl, a
Na,CO3z Oyna moctiitHoto (1,0 %). CyTTeBuX 3MiH MM HE 3HaWNUMA. XiJ KPHUBOi

MoAIOHMI 1O 3aJI€KHOCTI, SKY IIPEJACTABICHO Ha puc. 9.
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60 +

50 +

40 1

30 +

20 +

/’ 3Al203 + Na2COz3 + 3NaCl = 5NaAlOz + AICIz + CO2

MeTanypriiiuin Buxia antominilo, %

0 t t t t
0 0,2 0,4 0,6 0,8 1 1,2 1,4

KinbkicTe xnopuay Hatpito, %

L L |
T t 1

Puc. 20. BuiuB no6aBku xjopuay Hatpio (Na:COs ckaagana 1,0%) na

METAJYPriiHMHA BUXIJ AJTIOMiHIIO 3 TMBAPHOI0 LLJIAKY

HocaigkeHHs: cnmibHOI il KapOoOHaTiB HATpPil0 Ta Kajablilo Ha
MeTAJYPriiHMIA BUXiJ AJTOMIHIIO 3 TMBAPHOT0 AJIOMIHI€BOI0 IJIAKY

SKmo B JIMBapHUX BIJXOJAX MPHUCYTHIM KPEMHE3eM, TOJAl COJla OJHOYACHO
B32€EMO/II€ 3 OKCUIOM QJIIOMIHIIO Ta ABOOKCUAOM KPEMHIIO 3 YTBOPEHHSM aIIOMIHATY
Ta CUJIIKATy HATPIIO:

Al,O3;+ Na,CO3= 2NaAlO, + CO,

SiO, + Na,CO3= Na,SiO; + CO,

B 3B’43Ky 3 MM, OKpIM COJIM, B IIMXTY JOOABIIAIOTh BalmHO a00 BamHsK. OKCUA
KaJbiiro Takox 3B’s13ye Al;O3 1 SiO; 3 yTBOPEHHSIM HEPO3YMHHUX Y BOJII ATFOMIHATY
(Ca(AlOy),) 1 cunikary (CazSiO4) kambiiiro. B 3amexHOCTI Bij pi3HOT CHOPIAHEHOCTI
OKCHUJIIB, COJIa BUTPAYAETHCS B OCHOBHOMY Ha YTBOPEHHs allOMIHATy HATpIIO, a
BallHO — CWJIIKATy Kajbllil0. B pe3ynbTari mpoBeneHoro anaiizy Oysiao JOCTiHKEHO
CHUIBHY JIIF0 KapOOHATIB HATPIIO Ta KaJbI[II0O HAa METANYypPriiHUN BUXIJl aTIOMIHIIO 3
JUBApHOTO IUIaKy. BcTaHOBiIEHO, 110 B 3arajl BHXIJ aIIOMIHIIO CYTTEBO HE

3MIHUBCS, aJI€ TIPU LbOMY YTBOPHIIOCH OJI3bKO0 1,0...2,0 % cuinkary KajabIifo.
9 9 9

1.4. Anani3 anoMiHieBUX 3pa3KiB

AHami3 eNeKTPOHHUX CHEKTPIB aJIOMIHIEBUX 3pa3KiB, SKI OJEpKaHO 3
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JUBAPHOIO IIJIAKy, MIOKa3aB, 10 BOHK B OCHOBHOMY MicTATh Al B kibkocTi Big 98,16
% wmac. 10 99,02 % wmac. Cepenne 3naueHHs ckiamae 98,57 % mac. [llogo goMimox,
TO II€ TOJJOBHUM YMHOM KpPEMHIN Ta 3aJi30. [X KiNBKiCTh HEOMHO3HAYHA, B NESKUX
3pa3kax KOHIIEHTpallisl BHIa B 2-3 pa3u HiX y atomiHieBomy apoTi (% wmac.: [Al] =
99,43; [Si] = 0,37; [Fe] = 0,19). lle moB’s3aHO 3 BHUXIIHOI IIHUXTO, IO
BUKOPHUCTOBYETHCA B MPOIIEC] IJIABKH (PI3HOTO XIMIYHOTO CKJIaay METajJoO0pyXxT, a
came JIpIT eJIEeKTPOMEPEXK B IKOMY KUIbKICTh 3aiiza Moxe aocsaratu a0 0,80 % mac.),
TEPMIHOM CKayyBaHHS LIUIAKy, oro 30epiraHHAM Ta 1HIIL.

B Tabnuii 3 HaBeaeHo JaHi 100 KUIBKOCTI JIOMIIIOK B JIOCTITHUX 3pa3Kax, sKi

0JiepKaHO METOJOM E€JIEKTPOHHOI CIIEKTPOCKOITIi.

Ta6auuns 3
XiMIYHUH CKJIAJX 3PA3KIB, IKi 01€PKAHO 3 JIMBAPHOI0 AJIOMIHIEBOI0 HLIAKY
Ne [Al], % [Si], % [Fe], % JloMiIIKH:
/1 Mac. Mac. Mac. [Mg, Cr, Mn + (Hy, Ozi inm.)], % mac.
1 99,02 0,63 0,25 0,10
2 98,36 0,83 0,24 0,57
4 98,16 0,77 0,25 0,82
S 98,61 0,84 0,28 0,27
6 98,46 0,95 0,50 0,09
7 98,44 0,88 0,63 0,05

Byno Takoxx MOCHIIKEHO CTPYKTYpY JaHUX 3pa3KiB 3a JOMOMOTOI ONTHYHOI
MIKPOCKOITI.

Bigomo, 1o 1oMiliku 3ajiza Ta KPEMHIIO B aJIOMIHIi CyTTEBO BILUIMBAIOTH Ha
HOTO CTPYKTYpy, IO IIOB’SI3aHO 3 YTBOPEHHSM PI3HUX XIMIYHHX CIIOJYK, SKi
3HAXOASATHCS HA TPAHUILX 3€peH. 3T1IHO JllarpaM CTaHy, MPU BMICTI B airoMiHii Fe >
0, 05 % mac. Ta Si < 0, 05 % Mac. 3 SBIAIOTECA TOJKOMOMIOHI OBajbHI XIMIYHI
cnonyku FeAls ta ckierononiona eprektrka Al + o (FeAISH) [39-40].

Ha puc. 1,2 mpexacraBieHO MIKPOCTPYKTYpPY BHILE BKa3aHHX aFOMIHIEBUX
3paskiB. Ha ¢oto Mikpocupyktypu 3pas3kiB 1, 2, 4 (puc. 1 a, 6, B) cocrepiraerbcs

rojigyacTa CKJIETONOAI0HAa €BTEKTHKA Ta TOJIKM AJIFOMIHITY 3aJ1i3a.
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X250 X500

X250 X500

X250 X500

Puc. 21. MikpocTpykTypa 3pa3kiB HIIIaKy, AKi 0Jep:KaHO 3 JTMBAPHOT0

ajoMiHieBoro nuiaky: (a)—3pasok 1, (0) — 3pa3ok 2, (B) — 3pa3ok 4
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X250 X500

X250 X500

X250 X500

Puc. 22. MikpocTpykTypa 3pa3kiB HLIaKY, AKi 0/1ep:KaHO 3 JTUBAPHOI0

ATIOMiHIEBOr0 HJIAKY: (2) — 3pa3okK S, (0) — 3pa3ok 6, (B) — 3pa3ok 7

[omo iHmMMX 3pa3KiB, HAMPUKIAMI, y I ITOMY pO3Mip 3€pHa AeKina OiTbIINK, B
ChOMOMY €BTEKTHKA 3aiiMae TUIOINLY OiIIy 3a po3MipoM B MOPiBHSAHHI 3 iHmIUMH. O

JTHAK B yCiX JIOCHIDKEHUX Marepianax iCHYIOTh OJTHOTO CKJIaay €BTEKTHKA Ta IMOAI0HI
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xiMiuHl  cnonyku. OjepkaHi  pe3ynbTaTH  MIATBEPKYIOThCA  JTaHUMH, 5Kl

IpeJcTaBiIeHo B poboTax [41-44].

BucHoBku

[Ipu nmepepoOiii BTOPUHHOI alFOMIHIEBOT CUPOBUHU BUTPAYAETHCS BCHOTO 5 %
eHeprii s mepepoOKu PyAHOI CHPOBHHH, IO 3a0e3Medy€e iHTEHCUBHHN PO3BHTOK
TexHojoriii. Ha#Oinpm [IOIIIBHUM € BUKOPUCTAHHSA E€JIEKTPOTEPMIUYHOTO Ta
COJIOBOTO METOJIB BMJIyYeHHS amioMiHil0 31 1wiaky. [lpm BukopuctaHHi
€JIECKTPOTEPMIYHOTO METOJY JIOCATAETHCS BUCOKAa €(EKTUBHICTh 1 MPOIYKTHBHICTH
BIJIHOBJICHHSl QJIFOMIHIIO 31 IIUIaKy, a TaKOX 3a0e3MeuyeThbCsl 3aXHCT PoOOUYOTro
MPOCTOPY B 30HI poOOTH 0OCIyroByr4oro mnepcoHany. IlepeBaror comgoBoro
METO/Y € JOCHUTh MOBHE 3B'sI3yBaHHS AJIFOMIHIIO, aJie YTBOPEHHS OKCH/IIB BYTJIELIO Ta

iX HeraTUBHUH BIUIMB Ha HABKOJIMIIIHE CEPEIOBUIIE € HETOTIKOM.
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KAPITEL 2/ CHAPTER 2.
SELECTION OF OPTIMAL FORM OF ROLL CALIBER FOR PLUGLESS
CONTINUOUS LONGITUDINAL TUBE ROLLING ’
I10/16OP OIITHMA/IbHOH ®OPMbI KAJTHEPA BAJIKA /ULl HEITIPEPBIBHOH
HEIIPEPBIBHOH ITPO/10/IbHOHU IIPOKATKH TPYF

BHBIP OIITUMAJIBHOI ®OPMH KAJIBPY Jl/IA BE3IIEPEPBHOI'O FE3IIEPEPBHOI O
1H03/10BKHbOI' O IIPOKATYBAHHA TPYb

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-032

Introduction

In the case of plugless continuous longitudinal tube rolling, oval-shaped calibers
are preferably used, the profile of the working area of which is formed by one or
more forming radii R;. Properties of the profile of one or another caliber are

determined by the number of radii, their dimensions, and the values of the
eccentricities of these radii relative to the center of the caliber (rolling axis). Here, the
advantages and disadvantages of using one-, two- and three-radius calibers for
plugless continuous tube rolling are analyzed. A design technique is proposed in
which the transverse wall thickness variation of finished pipes is a criterion for
optimizing the parameters of three-radius caliber. A comparison is made of the
calculated values of the transverse variation of wall thickness of the pipes rolled
using the proposed three-radius calibers and equivalent single-radius calibers. It is
shown that by designing three-radius calibers using the proposed technique, it is
possible to significantly reduce (1.9... 2.2 times) the level of relative wall thickness
variation of finished pipes, i.e. increase their accuracy. The increase in the accuracy
of the finished pipes can be explained by the fact that in the middle of the caliber the
radius of the proposed caliber is smaller than the radius of the known caliber and in
this area the radial compression is maximum. This causes a "two-way" flow of
metal, which is deformed from the middle of the caliber in the direction of its top and
release. From the point of view of the formation of the transverse wall thickness
variation, such deformation conditions are more optimal than the conditions under
which there is a one-way flow in the direction from the top to the release of the
caliber.

2.1. Advantages and disadvantages of known calibers

In the case of plugless continuous longitudinal rolling of pipes, oval-shaped
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calibers are mainly used, the profile of the working section of which is formed by one
or several forming radii R, (here i= 1, 2...n, - current radius number; n, - total

number of radii). Features of the profile of one or another caliber are determined by
the number of radii, their size, and the values of the eccentricities of these radii
relative to the center of the caliber (rolling axis).

Known single-radius oval caliber (Fig. 1) roll for longitudinal rolling of pipes
without mandrel, consisting of a working section0,0,0,, the shape of which is

symmetrical related to the axis of the caliber (0,0,,), which passes through the center
of the caliber (0, ) and its top (Oy,) and formed by one radius (R, ), the center (Og) of
which along the axis of the caliber (0,0,) has an eccentricity e, =0g0, relative to

the center of the caliber (0, ), and thus 0,0, <Og0,, [1, p.11].

()h e
i
h o,
R9 OI
O L
Ok R " A
Ov
S Y ¢y K
Or |, b _

Fig. 1. One-radius oval caliber

Analytical studies [2, 3] and industrial tests [4, 5] have shown that in the case of
plugless rolling in single-radius oval calibers, the transverse difference of wall

thickness of pipes largely depends on the broadening indexdozz ;] (here b, b;-

j
width of current and previous calibers; h, h; - height of current and previous calibers).
Therefore, the shape of the main section 0,0,0, of a single-radius oval caliber must

meet the following technological requirements: the average diameter of the

: : : : L Dgpi — D
caliberD,, must provide a given partial compression in diameters=—"_—F

cpj

(hereDg,, Dgy;- the average diameter of the current and previous calibers); the
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dimensions of the geometric parameters (radiusR, and eccentricitye, of the caliber)

must provide a given value of the broadening index & in the roll stand.
Under such requirements in the one-radius oval caliber the following relations
between geometrical parameters should be carried out:

h=Rk—ek; (1)
b=+ RZ—eZsin’ ¢ —e, cosg; (2)

2R, (7 )
o055 ) ©
@, = arcsin & +bsingy, ; 4)

Ry
b—h;

27N 5
& b, Q)
b=4h, (6)

where ¢=%; B, = ”(;; 2) ; n- the number of rolls that form the caliber.

After successive substitutions in the equations (1) - (6) we obtain the
relationship between the ovality 1 of the caliber and the broadening index s in the
following form

Depjl—¢)— C(A)B(/I){% -~ arcsin[A(/l)+ J1-[A(2)sin? ¢ — A(1)cos ¢} -sin %} =0; (7)

2 2 q_ i o-b; +h;
where A(1)=— L SO W L L ) Mt R
A2 +1-2Asing, (1—Asingy, )¢ D+
Values Dy, b; and h; are known (they are calculated to determine the

geometric parameters of the caliber of the previous j- stand of the multistand mill).

Values ob ande are known (they are appointed by the developers of the
technological process). The values of the angles ¢ and ¢, are known (they are
determined by the design features of the stand). Thus, equation (7) contains one
unknown - the ovality of the caliber 1. After calculating 4 as the root of equation (7),
we sequentially determine the height h, width b, radius R, and eccentricity e, of a
single-radius oval caliber, the shape of the main section of which meets all the above
requirements:
h=C(A); (8)
b=hA,; 9)
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Ry = h—2¢ B(1); (10)
6 = 5 AA)B(A): (12)

Thus, if at a given compression & the broadening index &b is a given value, it
unambiguously determines the ovality A of the caliber, its heighth, width b, radius
R, and eccentricitye, .

Known two-radius caliber of the roll for longitudinal rolling of pipes (Fig. 2)
without mandrel, having a working section whose shape is symmetrical about the axis
of the caliber (0,0,), which passes through the center of the caliber (0,) and its

vertex (0,,) and includes the top of the caliber (0,A) , which is formed by the radius
of the vertex (R,), the center (Og,) of which along the axis of the caliber (0,0,) has
an eccentricity e, = Og,0y relative to the center of the caliber (Oy ), and 0,0, <Og0y, ,
the release zone of the caliber (BO, ), which is formed by the radius of the release of

the caliber (R,), the center (Og,) of which ) has an eccentricity e, =0x,0, relative to

the center of the caliber (O,), and at the same time 0,0, <Og,O,, and in the

transition zone AB is formed by a straight line [1, p.12].

In [1, p. 12-15], a system of 15 equations is proposed, which connects 21
geometric and technological parameters of two-radius caliber. The authors
recommend calculating the caliber parameters as follows: width b;, height h;,

diameter D,, top ¢ and release ¢, angles and broadening index sB are considered

given, and the other 15 parameters (including ovality 4 of the caliber) are defined as
the roots of the system of 15 equations. In this approach, the ovality 4 of the caliber
depends on the specified parameters and cannot be assigned independently.

That is, under the principle of designing the shape of a two-radius caliber
proposed in [1], its ovality 4 with similar general parameters (with equal average
caliber diameters D,, and broadening indices ¢b) can be both smaller and larger than

the ovality 4 of a single-radius caliber. In this case, it is theoretically quite possible to
consider both the index s and the ovality 2 independently of the given values and to
analyze the impact of their simultaneous change on the parameters of the rolling
process. However, an analysis of the literature suggests that such studies are currently
lacking.
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The disadvantage of two-radius calibers with a rectilinear transition area is that
when used, at the point A of transition of the curved zone of the top of the caliber to
the rectilinear transition zone of the caliber and at the point B of transition of the
rectilinear transition zone of the caliber to the curvilinear zone of the caliber,
characteristic prints on the pipes are formed in the form of straight lines which are
parallel to the axis of the pipe. Also quite often at &b <0 similar prints are formed also
in a gap zone A between rolls (fig. 2). This degrades the appearance of the product
and sometimes (with significant compression of the pipe in diameter) negatively
affects the accuracy of the pipes when measured by the wall thickness.

In the case of using a two-radius caliber with a transitional rectilinear section,
part of the pipe profile is formed by rectilinear transitional sections of the caliber.
Therefore, it is quite natural that on the surface of the pipe there are 4n sections,
which are formed by rectilinear transition sections of caliber. At the points (A) of the
connection of the curvilinear zone of the caliber top (0,A) and the rectilinear

Erbe der europdischen wissenschaft

transition section (AB) and (B) the connection of the rectilinear transition section
and the curvilinear release zone of the caliber (BO, ) on the pipe 4n prints are formed

in the form of straight lines parallel to the pipe axis.
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Fig. 2. Two-radius oval caliber with a rectilinear transition area
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In the patent [6] a three-radius caliber roll for longitudinal rolling is proposed,
which is presented in Fig. 3. In fig. 3 marked: O, - center of caliber; 0O, - caliber top;

R, - radius of the caliber top; Og, - center of radius of the top of the caliber; R, -
caliber release radius; Og, - center of radius of release of caliber; R, - radius of the
transition section of the caliber; O, - the center of the radius of the transition section
of the caliber; 0,0, - axes of symmetries of the caliber; O,A - the area of the top of
the caliber, which is the arc of a circle of radiusr;; BO, - caliber release zone, which
Is an arc of aradiusR,; 4B - transition section of caliber, which is an arc of a circle of
radius R,; A - the point of connection of the area of the top of the caliber with the

transition area; B - the point of connection of the transition section of the caliber with
the area of release of the caliber; O, - caliber release; h=0,0, - height of caliber;

b=0,0, - caliber width; e, =0g,0, - eccentricity of the centerOg, of the radiusr, of
the top of the caliber relative to the center of the caliber O, ; e, =0g,0, - eccentricity
of the center Oy, of the radius R, of release of the caliber relative to the center of the
caliber O, ; ey, - axial eccentricity of the center O, of radius of the transition section
of the caliber R, relative to the center of the caliber O, ; ey, - lateral eccentricity of
the center O, of radius R, of the transition section of the caliber relative to the center
of the caliber O,; g, - the angle of the beginning of the transition section of the
caliber relative to the axis of the caliber 0,0,; 6, - the angle of the end of the
transition section of the caliber relative to the axis of the caliber 0,0, ; ¢ - the angle
of the end of the zone of release of the caliber relative to the axis of the caliber 0,0, ;
R, - caliber radius in any cross section; @ - the angle that determines the position of
an arbitrary section of the caliber relative to the axis of the caliber 0,0, .

The absence of "breaks" in points A and B of the profile of three-radius caliber
allows to avoid the appearance on the outer surface of the pipes of 4n prints in the
form of straight lines that are parallel to the axis of the pipe. But the use of these
calibers does not guarantee the absence of n rectilinear prints on the pipe, which can
be formed in the zones of gaps between the rolls, ie near points O, (Fig. 3).

In addition, the method proposed by the authors of [6] to calculate the
parameters of the caliber has a significant disadvantage. The caliber parameters are
interconnected by a system of 10 equations and two inequalities, which include 15

MONOGRAPH 42 ISBN 978-3-9821783-5-6



Erbe der europdischen wissenschiaft Part 3 E{T
parameters (R;, R,, Ry, &, €2, €po, €pps 61, 61, @, 7, ¢, ¢, Dy, 2), Which
characterize the geometric features of the three-radius caliber (Fig. 3-4). In the case
where five of these parameters are given taking into account the inequalities

R, —¢ >0; (12)

R, —e, >0; (13)

The last ten are calculated as the roots of a system of 10 equations. Obviously,

the broadening index in accordance with this technique is not taken into account and
using it cannot purposefully influence the formation of the transverse wall thickness
difference of the rolled pipes.
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Fig. 3. Three-radius oval caliber

Additional requirements for geometric parameters in the form of inequalities
(12) and (13) limit the possibility of changing the value of the ovality 2 of the caliber
beyond 1 ~(0,998..1.002)4, (here A, - the ovality of the "equivalent" single-radius oval

caliber, calculated according to equation (7) at the same values of D, ¢, b, h;, o

in three-radius caliber). This fact also limits the technological possibilities of
purposeful influence on the formation of the transverse diversity of pipes.
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Oh' Oh
Fig. 4. Scheme for determining the geometric parameters of three-radius
caliber

2.2. Selecting the rational form of three radius roll caliber

The development is based on the task of increasing the accuracy and improving
the appearance of rolled pipes. The problem can be solved by developing a method
for determining the parameters of three-radius caliber, which will allow to freely vary
the magnitude of the ovality A in a wide range. This will make it possible to more
effectively influence the accuracy of the pipes and reduce their transverse wall
thickness diversity by choosing the rational parameters of the calibers of the
multistand mill. To construct the profile of the main section of the caliber (area
0,ABO, of Fig. 3-4) it is necessary to determine 13 geometric parameters: radii Ry,

R, and R, eccentricities e, e,, ey, and ey, angles 6, 6, a=40h0R1A=4o(,opA,
y=20,0gyB = £0/0,B; ¢, =,0,0x,0, and ¢. The values of these 13 geometric

parameters must meet the following technological requirements. First, the average
diameter Dy, = ij(l—g) of the current caliber should be equal to the value that is

given for technological reasons due to the partial relative compression & of the pipe

I and the ovality of

in diameter in this caliber. Second, the broadening index ¢ = .
j

the current caliber zzg should be equal to the values specified for technological

reasons. Thus, seven more geometric parameters (Dg,, Dgyj, b, by, h, hj, 2) and two
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technological ones were added to the 13 above-mentioned geometrical parameters of
the main section of the caliber: partial relative compression of the pipe ¢ in diameter
in this caliber and the pipe broadening index sbin this caliber. That is, we have 13 + 7
+ 2 = 22 parameters on which the shape of the main section of the current caliber
depends.

Let us determine which of these 22 parameters are known. During the
calculation of the parameters of the previous caliber are defined and known: b, h;,

D.,;. For technological reasons are assigned (ie known) values of - and . The

value of the angle ¢ is determined by the design of the stand and is known. The
values of the angles ¢, and ¢, are assigned. As mentioned above, when using two-
and three-radius oval calibers (as opposed to single-radius), it is possible to
simultaneously independently assign both the value of the broadening index sb and the
value of the ovality 2 of the caliber. That is, we consider the value 2 known. Thus, of
the 22 parameters defining the profile of the main section of three-radius caliber, 9
parameters are defined. That is, when calculating the parameters of the main section
of the current caliber, it is necessary to calculate 22 - 9 = 13 geometric parameters of
the current caliber: radii R;, R, and R, eccentricities e, e,, ey, and ey, angles «,

7, ¢, average diameter D, , height h and width b.

Based on the geometric relations (Fig. 3-4) that must be performed, these 13
parameters are interconnected by a system of 13 equations

b=+/RZ —e5sin®¢—e,cosg; (14.1)

h=R —e; (14.2)
Dep = Depj(L—¢); (14.3)
D= [Racr+ Ry ~a)+ Rold 7] (14.4)

~ b—h;j
S = b, —h’ (14.5)

b,
A= o (14.6)
(w/ R12 —ef sin? 6, —e, cos Hl)sin 6
o =arcsin 5 ; (14.7)
1
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(\/RZ? —e% sin? 6, —e, cos Gz)sin 6,
y =arcsin ; (14.8)
Ry

b, :arcsin[bsl_;nﬂ; (14.9)

2

€po =R, COSQ —(w/ RZ —e?sin® 6 —e cos 491) cosd ; (14.10)
€po = Rp cos;/—(w/ RZ —e3sin 6, —e, cos Qz)cos 0,; (14.11)

epp = (R, —RyJsine; (14.12)

epp =(Rp — Ry Jsiny . (14.13)

Solving the system of equations (14.1) - (14.13) with respect to 13 unknowns
does not cause any complications. The radius R, of the caliber in the sections O,A
and BO, (Fig. 4) will be determined from the equations, the structure of which is
similar to expression (2). The radius R, at the transition section AB of the caliber and
the auxiliary angle w (Fig. 5) will be defined as the roots of the system of two

equations
Rpsin@+ep, =Ry siny;
RpCcosO+e,, =R cosy,

solving which we get

Ry :\/Rf) —(eposin@—ep, c0sOf —(epo cosO+eppsin6);

e.,cosd—e,,sind
l//=6?+arcsin( pb - po J

p

Taking into account the obtained result, we have that on the main
section0,, ABO, the radius of the caliberr, (Fig. 5) is determined from the following

logical condition:

\/Rl - elslne —e,c080 akuo0<0 <6,

Ry = \/Rf, -~ eposine—epb cos6’)2 —( 00 cos&+epbsm0)m<u;091 0<0,. (15)

JRZ —(e,5in6)? —e, 080 ko by <O < ¢
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2.3. Comparison of caliber parameters

Let us consider a specific example of how the proposed method of constructing
the profile of the main section of the three-radius caliber differs from the known
method [6].

Table 1 shows the parameters of the calibers of two adjacent stands, which are
calculated in accordance with the known [6] and the proposed methods. The values of
the angles ¢,, 6, when using the proposed technique were chosen as follows. Using a

mathematical model [2, 3], the formation of the transverse wall thickness difference
By :Smﬂxsﬂ (here Spax, Smin, Sp - respectively, the maximum, minimum and
cp

average wall thickness of the pipe after deformation) B, was calculated at different

combinations of angles g,andg, chosen in the intervals &, :(15+k)ﬁ (here k=1,

2,... K, K=@¢—1o), O = Oy +F  (here m=1, 2, ..., M(k);
7 180

M (k)= (¢ — Oy )@—5). From the obtained matrices (B;), , We chose those values of
jn ,

k and m (and, accordingly, those values of angles ¢, and ¢,) at which the wall
thickness difference is minimal. When using the known technique [6], the possibility
of changing the angles ¢, and 6, in a wide range is limited by condition e, > O.

For the parameters of the calibers shown in table 1, the calculated relative
transverse wall thickness difference given in the stand for the known methodology is
B, =1.59%, and for the proposed method, B, =0.93%.

Fig. 6 presents the calculated values of the resulting wall thickness difference,
which is accumulated on the rolling of the pipe from the first stand of the mill to the
stand with the current number i using equivalent single-radius caliber (curve 1) and
three-radius calibers, the parameters of which are calculated using known [6] method
(curve 2) and proposed methods (curve 3).

In all cases, the rolling of the pipe along the route 119x5—42.5x5 mm (the
average coefficient of plastic tension for the mill is Z., =0.481) was analyzed with

the distribution of partial deformationse; between the N =24 stands of the mill,

respectively, shown in Fig. 6 (curve 4). As follows from the data shown in Fig. 6,
when rolling using single-radius calibers, the resulting final relative wall thickness
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Op Cpb

Fig. 5. Scheme for determining the current radius of three-radius caliber

Table 1
Parameter | Methodology [6] Proposed Note
Depj, MM 58,559 58,559 Calculated in advance
bj, mm 29,996 29,996 Calculated in advance
hj, mm 28,947 28,947 Calculated in advance
& 0,05 0,05 Define
A 1,030* 1,022** *Calculate / ** Define
M —0.2 —0.2 Define
4 1,047 1,047 Define throughn =3
0y 0,611* 0.332** * Define / **Select
0, 0,785* 0.698** * Define / **Select
R, MM 27.659 17.540 Calculate
e, mm 0,010* —-10.709 *Restricted by e, >0
R,, mm 30.262 33.591 Calculate
e,, mm 3.300 7.990 Calculate
Ry, mm 49.629 748.974 Calculate
a 0.611 0.532 Calculate
4 0.708 0.545 Calculate
by 0.953 0.839 Calculate
€por MM 18.009 619.782 Calculate
€pp, MM 12.598 370.780 Calculate
h, mm 27,649 28.876 Calculate
b, mm 28,477 28.249 Calculate
Dep, MM 55,631 55,631 Calculate
Ae 1,032 1,032 From equation (7)
Y 0.998 0.990
MONOGRAPH 48 ISBN 978-3-9821783-5-6



Erbe der europiiischen wissenschaft Part 3 a‘— ‘{\

difference is Bsy,, =10.45%. When using three-radius calibers Bs,,=8.98% and
By,, =4.67%, respectively, for the known method and the proposed method. This
example shows that by designing three-radius calibers using the proposed technique,
you can significantly reduce (1.9... 2.2 times) the level of relative wall thickness
diversity of the finished pipes, ie increase their accuracy.

The decrease in the values of the wall thickness difference B;; when using the
proposed three-radius calibers can be explained by the peculiarity of their shape,
which is due to the fact that the eccentricity e, of the radius R, of the top of the caliber
has a negative value (e, <0). This means that, in contrast to one-radius and three-
radius [6] calibers: the proposed caliber radius R, in the top area is smaller than the

D . . .
o = ch (Fig. 7); radial compression

average caliber radius R

ARy(0)=Ry(p—0)-Ry(0) is at the maximum in the middle of the caliber (at Qz%),

and does not decrease monotonically from the top to the release (Fig. 8); the initial
collision of the workpiece and the roll is not in the top of the caliber, but in the
middle (Fig. 9).
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1

Fig. 6. Calculated dependences By; (i) and the accepted distribution of partial
relative compressionse; (designation - in the text)
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0 20 40 0, rpax.

Fig. 7. Change of radiusRr, on : caliber perimeter (parameters in tab. 1):

1 - single-radius; 2 - three-radius [6]; 3 - three-radius that is proposed

0 20 40 9 rpaz.

Fig. 8. Change of compression AR, on ¥ of caliber perimeter (parameters in

tab. 1): 1 - single-radius; 2 - three-radius [6]; 3 - three-radius that is proposed

The fact that the radius of the proposed caliber is smaller than the radius of the
known caliber [6] at 6~(0,25..0.90) (Fig. 10) and the radial compression AR, is at

the maximum at 6 ~ % not at the top of the caliber (Fig. 8), causes "bilateral™ flow of

metal, which is deformed from the middle of the caliber in the direction of its top and
release.

MONOGRAPH 50 ISBN 978-3-9821783-5-6



Erbe der europdischen wissenschaft Part 3

0 20 40 @ pan

Fig. 9. Change in the length of the deformation zonel; on % caliber

perimeter (parameters in Table 1): 1 - single-radius; 2 - three-radius [6]; 3 -
three-radius that is proposed

From the point of view of the formation of the transverse wall thickness
difference, such deformation conditions are more optimal than the conditions under
which there is a one-way flow in the direction from the top to the release of the
caliber.

Fig. 10. Change of radii of calibersr, (a) and the difference between the

radii of calibers AR, (b) along the length and perimeter of the deformation zone

by % of the perimeter of the caliber (parameters in Table 1): 1 - three-radius [6];
2 - three-radius that is proposed
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Conclusion

1. The advantages and disadvantages that occur when using one-, two- and
three-radius calibers for continuous plugless pipe rolling are analyzed.

2. A design technique is proposed in which the transverse wall thickness
diversity of finished pipes is a criterion for optimizing the parameters of three-radius
caliber.

3. The comparison of the calculated values of the transverse wall thickness
difference of the pipes is presented using the known three-radius calibers, proposed
three-radius calibers, and equivalent single-radius calibers.

4.1t is shown that by designing three-radius calibers using the proposed

technique, it 1s possible to significantly reduce (1.9... 2.2 times) the level of relative
wall thickness diversity of finished pipes, ie increase their accuracy.

5. The increase in the accuracy of the finished pipes can be explained by the fact
that in the middle of the caliber the radius of the proposed caliber which is smaller
than the radius of the known caliber and in this area the radial compression is at the
maximum. This causes a "two-way" flow of metal, which is deformed from the
middle of the caliber in the directions of its top and release. From the point of view of
the formation of the transverse difference, such deformation conditions are more
optimal than the conditions under which there is a one-way flow in the direction from
the top to the release of the caliber.
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KAPITEL 3/ CHAPTER 3.
TECHNOLOGY OF EMULSION CREAMS WITH FUNCTIONAL
INGREDIENTS FOR CATERING
PA3PABOTKA TEXHOJIOI'HH KPEMOB C HCIIO/IB3OBAHHEM
®YHKIIHOHAJIbHbBIX HHT PEJUEHTOB JIJIA IIPEJJIIPUATHH
OBHIECTBEHHOI O ITUTAHHA
PO3POBKA TEXHOJIOI'TI KPEMIB 3 BUKOPUCTAHHAM
OYHKIIOHA/IBHUX IHI'PEJIIEHTIB JUVIA ITI/ITIPHEMCTB
I'POMA/ICBKOI'O XAPYYBAHHA

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-009

BBenenue

CoBpeMeHHbIE TEHIEHIIMM B O00JIACTM THTAHWS CBS3aHBI C CO3JIaHUEM
ACCOPTUMEHTA AaJCKBATHBIX MPOJYKTOB MHUTAHHUS, BKIIOYAIOIINX TAKUE HYTPUEHTHI,
KaK: MUIIEBbIE BOJIOKHA, BUTAMHHBI, MUHEpaJbHbIE BelllecTBa, OMpUI00aKTepUn U
np. IlepcieKTUBHBIMU B Pa3BUTHUU JAHHOI'O HAIPABJICHUS SIBJISIOTCS 3MYJILCUOHHBIE
NpoayKThl. OHU TOJB3YIOTCS IMOBBIMIEHHBIM CIIPOCOM, JIETKO YCBaWBAaIlOTCS, B UX
COCTaB MOTYT ObITh BKJIFOUEHBI PAa3IMYHBIC UHTPEIUCHTHI, YTO MO3BOJISET MOTYUUTh
HIUPOKUNA aCCOPTUMEHT AIMYJIbCUHN C Pa3IMUHBIMU (DYHKIIMOHALHBIMUA U BKYCOBBIMU
cBoiictBamu [1, 2].

B Hacrosiliee Bpems B KaueCcTBE 3MYJIbIaTOPOB B MUIIEBOW ITPOMBILIJIEHHOCTH
WCHOJIB3YIOT SIMYHBIA TIOPOLIOK, JICLUTUH, JUPHBIE KHUCJIOTBI U HEKOTOpbIC
CUHTETUYECKHE HMYJNbratopbl. IIOMCK HOBBIX HETPAAULIMOHHBIX HATYypaJbHbBIX
pPaCTUTENIbHBIX AMYJIBraTOpOB, H3y4YeHUE UX (YHKIHUOHAJIBHBIX CBOWCTB U
pallMOHAJIBHOE MCIIOJIB30BAHUE SBJISICTCSI BEChbMa IMEPCHEKTUBHBIM. K HOBBIM
HETPAJAULMOHHBIM 3MYJIbraTOpaM MOXHO OTHECTH 3KCTPAKThI CallOHUHCOIEPKALINX
PaCTEHUM, B T. 4. MbUIbHSHKHU JICKAPCTBEHHOU.

Pe3ynbTarhl COMMOTOTMYECKUX HCCIEAOBAHUM YKAa3bIBAIOT HA CYIIECTBOBAHUE
Ha BHyTpeHHeM pbIHKe Poccuiickoit denepanun onpeaesieHHOro aucOananca MexIy
CYHIECTBYIOIIUM CIOPOCOM Ha MYYHBIE KOHIWTEPCKUE M3MCIUS C KPEMOM C
MOJIE3HBIMU ISl 340POBbsl CBOMCTBAMHU U PEAIBHBIM aCCOPTUMEHTOM OTEYECTBEHHOU
Y MUMITOPTHOW TIPOJTYKIIUH B 3TOM CEKTOPE MPOAOBOJILCTBEHHBIX TOBAapOB [3, 4, 5].

[Ipenmnonoxxkenre O BO3MOXXHOCTH CO3JIaHMSI KPEMOB  (PYHKIIMOHAJIBHOTO
Ha3HAYEHUS, )KUPOBOM OCHOBOW KOTOPBIX CIIYXKUJIO Obl KyNa)XKHPOBAHHOE Macjo C
ONTUMAJILHBIM COOTHOIIICHUEM TMOJIMHEHACHIIIIEHHBIX )KUPHBIX KUCJIOT CeMECcTBa -3
1 ©-6, a B KAYeCTBE HAMIOJIHUTEJIEH UCTIOIB30BaHbl (DPYKTOBO-SITOIHBIC WU OBOIIHBIC

IIIOpeC, 3a CUCT KOTOPBIX MOZKHO HC TOJIBKO 000raTUThL X MHUKPOHYTPUCHTAMHU, HO U

MONOGRAPH 53 ISBN 978-3-9821783-5-6



Erbe der europdischen wissenschaft Part 3 Eo

copMHUpPOBATH LIBET U BKYyCOApOMAaTHUYECKHE CBOMCTBA KPEMOB 0€3 MCIOJIb30BAHUS
MCKYCCTBEHHBIX Kpacutesneil u apomatu3aTopoB. [losTomy 0onbiioe BHUMaHUE OBLIO
YAEJIEHO BBIOOPY 3MyJIbraTopa, KOTOPbIA MO3BOJIWI OBl YAEPKHUBATh MOJOOHYIO
CUCTEMY B CTAOMJILHOM COCTOSIHUM JUIUTENbHOE BpeMs. B 3Tol cBsi3u ynaueH BbIOOp

PaCTUTCIIBHOTO 3MYJIbI'aTOpa, IMOJy4acMOro ms3 KOpHeﬁ MBIJIBHSIHKH HeKapCTBeHHOﬁ

[6].

3.1. CkpyHMHT (PYHKUMOHAJIBHBIX HHTPEIHEHTOB

Bricokue »MyNbrupyromue CBOMCTBA HSKCTPAKTOB U3 KOPHEW MBUIbHSIHKH
(OKM) 1mo3BOJIAIOT MOJIy4YaTh ¢ UX HCIOJIb30BAaHUEM CTOWKHUE THUILEBBIC IMYJIbCUU
(maiioHe3bl, macThl). KpoMe CamoHMHOB, OTBETCTBEHHBIX 3a 3MYJIBIUPYIOIIYIO
CITOCOOHOCTh U €MKOCTh 3THX JKCTPAKTOB, B KOPHSAX MBUIBHIHKH MPUCYTCTBYIOT H
JIpyrue OpraHuYecKHue W MHUHEpaJbHbIC COCAWHEHHUs, CIIOCOOHBIC IMEPEXOIUTH B
BOJIHBIM KCTPAKT U MPOSIBISATH Ba)KHbIC OMOJOTMYECKU-aKTUBHBIE CBOWMCTBA, B TOM
yuciae (eHOJIbHBIE COEAWHEHUS, KOTOPhI€ CIOCOOHBI MPEAOTBPAIIATH MPOIECCHI
CBOOOJHO-PAIUKAIBHOTO OKHUCJICHUSI JIMMUAOB U TMPEIOXPAHITH MPOAYKTHI OT
OKHMCJIMTEIILHOW MOPYU MPU XPAHEHUH.

JIByMsI KOJTMYECTBEHHBIMH METOAaMHU ObLIO OIPEEICHO COJIepKaHUE aKTUBHBIX
(EHOTBHBIX AHTUOKCHJIAHTOB B KOPHSX MBUIBHSHKH, SKBUBAJICHTHOE COJACPKAHUIO
4,2+6,3x10° % Takux NIPUPOAHBIX AHTHOKCUIAHTOB, KaK KBEPLETHH U TaJIOBas
KUCJIOTA, W  DKBUBAIEHTHOE KojmuectBy 2,4+3,7x10° %  crammapTHOrO
CUHTETMYECKOTO AaHTHOKCHJAHTa HOHOJa. Takoe KOJMYECTBEHHOE COJACpKaHUE
(EHOJTBHBIX aHTHUOKCUIAHTOB, CIIOCOOHBIX MEPEXOAUTh B BOJHBIM IKCTPAKT, MOXKET
3a/Iep>)KUBATh OKUCJICHUE JIUIUJIOB, COJIEPKAIIUXCS B IPOIYKTAaX, MPUTOTOBICHHBIX C
UCIIOJIb30BAaHUEM JTOr0 JKCTpakTa. B  KOpPHSIX MBUIBHSHKH JIEKapPCTBEHHOM,
Mpou3pacTaromiei B [Tpumopckom Kpae, COACPIKUTCS Habop HE
UIEeHTU(PUITMPOBAHHBIX (EHOJIBHBIX COEIWHEHHM, Cpeld KOTOPBIX Mpeo0siaaroT
NOJIAPHBIE (PEHOJIBI.

C uenpro TOJNy4YeHUS] KpPeMOB (DYHKIIMOHAJIBLHOIO Ha3HAYEHUS TMPOBEJICH
CKPUHUHT  WHIPEAMEHTOB,  MO3BOJIIIOUIMX  YAOBJIETBOPUTh MpPU  IPUEME
npubmm3uTenbHo 50 T (Macca KpeMa Mmpu OTAENKE OJHOTO MUPOKHOTOo) Oosee 10%

CYTO‘IHOﬁ HOTp€6HOCTI/I B OCHOBHBIX MHMHCPAJIBbHBIX BCIICCTBAX, BHUTAMHHAX U
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o0ecrneynTh ONTUMAIbHOE COOTHOUIEHUE TOJIMHEHACHIIICHHBIX >KUPHBIX KHUCJIOT
(ITHXK) o-3:0-6 = 10:1, yuutsiBas ypoBeHb BuUTaMuHa E, HE0OXOAUMBIA IS
MPEAOTBPALIEHUSI NEPEKUCHOIO  OKUCIEHUS JMOWAOB B  COOTBETCTBHHM  C
PEKOMEHIANUSAMU BEIYIIUX HYTPUCHIINOJIOTOB [7].

XKupoBoil TPOAYKT ¢ 3aJaHHBIM COAJTAHCHUPOBAHHBIM COCTAaBOM MOYKHO
MOJIYYUTh METOJOM CMEIIMBAHUS (KyNaXUPOBaHMs) PACTUTENbHbIX Macell. [loaTomy
LEIbI0 MPOBOAUMBIX HMCCIIEJOBAHUM SIBISUIOCH CO3/JaHHE >KUPOBOM OCHOBBI IS
KpeMOB (pYHKIIMOHAJIBHOTO HA3HA4YEHHs, KOTOpas Obl YAOBIETBOpsia MOTPEOHOCTH
opranusma B [THXK u xupopacTBOprMBbIX BUTAMUHAX.

[Ipu pa3zpaboTke peuentyp >KHPOBON OCHOBBI YUWUTBHIBATIU >KUPHO-KUCIOTHBIN
coCcTaB, (PUBHKO-XMMUYECKHE CBOWCTBA M OPraHOJENTHYECKUE IOKa3aTelu
pasimmuHbIx Maces. Maccosbie nonu [THKK paccuntsiBanyu ncxons U3 COOTHOIIEHUS
®-6 1 ®-3 KUPHBIX KACJIOT B PACTUTEIILHBIX Maclax.

B kauecTBe *UpPOBO OCHOBBI IpPHU MPOU3BOACTBE KPEMOB OBLIM MOJOOPAaHbI
cMecH padUHUPOBAHHBIX COEBOr0, IIOACOJIHEYHOTO M OJMBKOBOTO Macel B
paznuyHbIX cooTHoueHusX. Kommosunus Ne 1 (Macio omBKkoBoe papMHHUPOBAHHOE
N€30J0PUPOBAHHOE: Macjlo COEBOE pa(UHUPOBAHHOE J1€30JJOPUPOBAHHOE B
cooTHomennun 78,5:21,5) u xommnosunms Ne 2 (macino coeBoe papuHUPOBAHHOE
71€30/I0pUPOBAHHOE: MACJIO TOJCOJHEYHOE paUHUPOBAHHOE JE30/I0PUPOBAHHOE B
cootHoueHnu 50:50).

CootHomienue ITHKK ®-3:0-6 B xoMno3unun KynaxupoBaHHbIX macen Ne |
coctaBusio 9,6:1; B xommno3umuu Ne 2 - 10,2:1, maccoBas nois ButamMuHa E B
KUPOBBIX KOMIO3UIIMAX cocTaBuia 6-8 mr/100 r mpu cytouHoi Hopme 8-10 mr.

B kauectBe crabuwnmsatopoB  Obutn  BbiOpanbl  BAJl[  «Jlamunamby
(M3roToBIIEHHBINH M3 OyphIX MOPCKHX Bomopociei (Laminaria japonica) coaepkut
92-94 % Bompl, 6-8 % Cyxux BEIIECTB, B COCTaB KOTOPBIX BXOJWT aJbTHHOBAS
KHucioTa 5-6 % B popMe aibrMHaTa HATPUS-KaIbIus, Kietdyatka — 1-1,5 %, 6emnok — 1
%, MHHEpadbHbIe Makpo- M MukposnemeHTsl — 0,6-0,8 %, mpencraBiser coOoit
MacToo0pa3Hblii TOMOTEHU3UPOBAHHBIN MMOMy(}haOpuKaT 3eIeHOBATOr0 Wi Oypo-
3€JICHOT'0 I[BETa CO BKYCOM M 3allaxoM, CBOMCTBCHHBIM BapeHOW MOPCKOM KamycTe)
nonydadbpukatel (cuponbl «lllapiorT», «Il'nsicce», «3aBapHOi»), HUCMOIB3yEeMbIC B
OOILIIECTBEHHOM MUTAHUU JJIs MPOU3BOJCTBA KPEMOB, KOTOpbIE MpU B30OMBAHHH CO
CIIMBOYHBIM MAacjiOM TIO3BOJISIIOT TMOJYYUTh OJHOPOJHYIO HEXKHYI0O Maccy C
TJISHIICBOM TOBEPXHOCTHIO. [l  oOoramieHusi paspabaThiBa€MbIX IMPOJYKTOB

BUTaMWHAMH U MUHCPAJIbHBIMU BCIICCTBAMU B PCUCIITYPY KPEMOB BBOAUJIN SATOJHBIC
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(4epHOCMOPOAMHOBOE, TOJYOMYHOE, MAJIMHOBOE, OPYCHUYHOE U JIp.) U OBOIIHBIC
(TeikBeHHOE) miope. Kpome TOro, ucroib3yeMoe OBOIIHOE M (DPYKTOBO-ATOTHOE
CBIPbE TIO3BOJIUT TIOJYYHTh HEOOXOAMMBIMA I[BET NPOAYKTa O€3 MpUMEHEHUS
MCKYCCTBCHHBIX KPAaCHUTEIICH.

C 1enpl0 3amUTBl JIAMKAIOB, >KHPOPACTBOPUMBIX BHUTAMHHOB, KpaCSIIHX
BEIIECTB OT OKHUCJIUTEILHONW IMOPYM W CO3JIaHWS HEOJIarOMpUATHONW CpEeIbl IS
Pa3BUTHS MHUKPOOPTaHWU3MOB B TIporecce xpaHeHUs (CHmwkeHme pH) B Kpemsl

BBOJIMJIM aCKOPOMHOBYIO KHCIIOTY (BUTamMuH C).

3.2. Biusinue cKOpPoCTH B30MBAHMS HA MUKPOCTPYKTYPY 3MYJIbCHH

DOKCTpaKT - SMyJdbrarop B30MBaJM 10 O0Opa30oBaHUS NEHbI MPU CKOPOCTH
BpalleHus Jionactedl B30uBaibHON Mammubel 200-670 o6/Mun (MB 35M, MB- 60);
3000 06/muH (J1abopaTOPHBIA TOMOTE€HU3ATOD).

C uenpio AETaNnbHOTO HM3YyYEHUS MHUKPOCTPYKTYPBHl ONTUMAJIbHOM MOJIEIBHOU
cuctemMbl DKM - Macimo, NPUTOTOBJIEHHOW IIPUM PAa3NMYHOM 4YaCTOTE BPAILCHHS
B30MBAJIBHOIO Baja OBUIO TIPOBEICHO €€ MCCIENOBAHUE C HCIOJIb30BaHUEM
MHUKPOCKOIIUYECKOr0 MeToAa T (HepeHIIMaTBbHOTO aHaIN3a IMYIbCHH.

Monensnsle cucteMbl DKM-macio mpu 4actoTe BpalleHHsl B30MBaJIbHOTO BaJla
or 200-500 o6/muH HEe O0Opa30BBIBAM CTAOWIIBHBIX JMYIBCHHA, HUX PACCIOCHUE
npoucxoauiio uepes 5-10 MuH mocne 3mynbrupoBanus. [Ipy MOBBIIEHHH YaCTOTHI
BpatieHus B3ouBaipHOro Basia oT 600 1o 3000 o6/MuH mpoucxoauia cTabuIn3aIus
cuctembl. JlaHHas 3MyJIbCUS SIBJISIETCSI OJJHOPOJHOM MO pa3MepaM YacTHIl, JUaMeTp
KOTOPBIX BapbupoBaid OT 4-7 MKM. BbUI0 OTMEYEHO, YTO AMYJIBCHUS OCTaBajlach
CTaOMJIBHOW B TEYEHWE [JUTEIbHOTO BpPEMEHHM, 4YacTUIbl HE 00pa30BbIBAIU
arperaTos.

Takum 00pa3om, JUisl MOJYyYEHUS YCTOMYMBOW AMYJIBCHH C HCIOJIb30BAHUEM
pPacTUTENBHOTO AMyJibraTopa M3 KOpHEH MBUIBHSHKM 4YacTOTa  BpAIICHUS

B30MBAJILHOT'O BaJjia JIOJHKHA COCTaBIIAThL He MeHee 600 00/MUH.
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3.3. OnpenesieHue J0NMYCTUMbIX HHTEPBAJIOB COJEPKAHUSA HATIOJTHUTEEH U

CTA0WIN3aTOPOB B pelenTypax KpeMoB

N3yuyeno Bnusinue paznuyHoro konuuectna (cupornsl «IllapmoTT» - MoaenbHas
cuctema Nel, «I'msicce» - mopenbHast cucteMa No2, monydalOpukar «3aBapHOil» -
MojienbHas cucreMma Ne3d) u HanoJHUTENEH (TJ10/I0BO-STOIHBIE U OBOIIHBIE MIOPE) Ha
BSI3KOCTh MOJIYYEHHBIX 3MYJIbCHA MpPU MOCTOSIHHOM cojaep:kanuu macia (40%) u
OKM (3%) B MOJICIBHBIX CUCTEMAX.

Jlist onpeneneHus AOMYCTUMBIX WHTEPBAIOB COJEpMKAHUS CTAOMIIM3aTOPOB U
HAIOJIHUTENIEH TOTOBUIIM MOJICNIbHBIE CUCTEMBI ¢ Jo0aBiieHneM cuponoB «IlapiorT»
- 15-50%, «I'msacce» - 15-40%, mnomydabpukata «3aBapHoity - 15-50% wu
HaIOJTHUTEIEH (TUT0JI0BO-ATOHBIC U OBOIIHEIE iope) 5-40%.

OMIUPUYECKUM ITyTEM OBLJIO YCTAHOBJIEHO, YTO MPHU 3HAYEHUSIX BA3KOCTH OT 30
10 34 Tla-c MojieIbHBIE CUCTEMBI COXPAHSUIA CTA0UIBHOCTh U UMENTU KPEMOOOPa3HYIO
KOHCHCTEHIIHUIO.

I'padudeckass wHTEpHpeTas 3aBUCHMOCTH BSI3KOCTH OT  COACPIKAHMS
CTaOMIM3aTOPOB M HANOJHHUTENEH mpeacTaBieHa Ha puc. 13-15, rme n (X, y) —
Bsa3kocTh (Ilac); X — maccoBas nmons HamomuuTens (%), Y — maccoBas J0JA
crabunuzatopa (%).

Ha ocHoBanumn o0paOOTKK pe3ysIbTaTOB AKCIEPUMEHTA TOJYy4YEeHbl YPaBHEHHS,
aZICKBaTHO OTHMCBIBAIOIINE MATEMAaTHICCKYIO 3aBUCHUMOCTD BSI3KOCTH MPOAYKTa (1)) OT
cojep>kanus HanoaHUTeNs (X) u ctabunuzaropa (V) st MoaenbHol cucteMbl Nel:

n(x,y) = (110,47 - 7,47x + 0,25x? - 0,01x?) + (-7,41 + 0,69x -0,02x? + 0,01x3)y +
(0,29 - 0,03x + 0,01x? — 0,01x3)y?+ (-0,01 +0,01x —0,01x? +0,01x3)y?;

IUIT MOJEeNbHOM cucTeMbl No2:

n(x,y) = (147,75 - 12,15x + 0,43x% - 0,01x3) + (-13,51 + 1,42x - 0,05x*> +
0,01x3) y + (0,53 - 0,06x + 0,01x? —0,01x3)y? + (-0,01 + 0,01x — 0,01x? + 0,01x3)y?;

U1 MOAENbHOM cucTeMbI Ne3:

n(x,y) = (158,55- 12,14x + 0,39x? - 0,01x3 ) + (-13,57 + 1,28x - 0,04x? +
0,01x3)y + (0,58 - 0,05x + 0,01x% — 0,01x3)y? + (-0,01 +0,01x —0,01x2 +0,01x3)y?.

Koaddumment  koppensiiii  MNpeACTaBICHHBIX  rpadUyecKux  MOJeieu
Haxogutcs B mpenenax oT 0,9763 mo 0,9933. O1o 03HayaeT, 4TO anmpoOKCUMaIus
(GYHKIIMA OTKIIMKA B BHJIC TMOJYYCHHBIX YpaBHCHHUH TO3BOJISET C BEPOSTHOCTHIO B
95% paccuutaTh 3HaueHuUs (HaKTOPOB MO MOJAEISAM, KOTOPbIE HE OyIyT OTJIMYATHCS OT

HCTHUHHBIX HAa BCJIIMUYUHY IMOTPCITHOCTH, onpeﬂenﬂeMoﬁ CTaTUCTHUYCCKH.
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Puc. 1 [ToBepXHOCTH OTKJIMKA JIJIsl BA3KOCTH MO/AeJIbHOM cucTeMbl Nel

F(x,y)

Puc. 3 IloBepxHOCTH OTKJIMKA JJIs1 BA3KOCTU MO/IeJILHOI cucTeMbl Ne3
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Takum 06pazom, JOMyCTUMBIE HHTEPBAIIBI COJIEPKAHUS B MOJICIBHBIX CHCTEMax
KpeMoB coctaBwiau s cupora «lllapmor» (20-40%), cupona «Isice» (20-35%),
noydadpukara «3aBapHoit» (20-40%) ¢ HaAMONHUTEISIMH W3 IUIOJAOBO-STOIHBIX H

oBomrHbIX mope (10-30%).

3.4. Pa3paGoTKa TeXHOJOTHM KPeMOB U HX IKCIepTU3a

C yuyeTrom IOMYCTHMBIX MHTEPBAJIOB COJIEPKAHUSA OCHOBHBIX KOMIIOHEHTOB B
AMYJBCUH (AMYJIBIAaTOP, )KUPOBasi OCHOBA, CTAOMIM3ATOP, HAIIOJHUTEINb) HAMU ObUIH
pa3paboTaHbl peuentypbl KpeMoB (YHKIHMOHAJIBHOTO HA3HAYEHUS C HA3BAHUSIMU
«Jlakomkay, «DanTazus», « C1agkoekKKay.

Kpembl pyHKIIMOHAIBHOTO HA3HAYEHUSI HA OCHOBE PACTUTEIBLHOTO AMYJIbraTopa
no 10 penentyp Kaxaoro HauMmeHoBaHus: «Jlakomka» (¢ nobGaBiieHHMEM cupora
«lapaorT»), «®anrazus» (¢ nodasneHuem cupona «lmscce»), «Cragkoexkay (c
nobasiaeHueM «3aBapHoro Tnonydadpukarta»). PeunenTypbl OTIMYAIUCH BUIIOM
HaITOJIHUTEJIS.

JInHAaMUKY YCTOMYMBOCTH U CTAOMJIBHOCTHM KPEMOB HA OCHOBE PACTUTEIBHOTO
OMyJIBraTopa IpU XPAHEHHWH HCCIEAOBAINM IO KOMIUIEKCY OPraHOJENTHYECKHUX,
(U3UKO-XUMUYECKUX, PEOJOTHUYECKUX U MUKPOOMOJIOTHUECKUX TOKa3aTEeNEH.

HccnepoBaii  onbITHBIE 0Opaslibl KPEMOB Ha PACTUTEIIBHOM 3MYJbIaTope
(«Jlakomkay, «®antazusa, «Crnagkoexka») ¢ HamnoJdHUTeNeM (MIope Kyparu c
00JIENUXOBBIM CHUPONOM), IPUTOTOBJIICHHBIE MO pa3pabOTaHHBIM peUEenTypaM, Kak
CBEKENPHUIOTOBIEHHBIX, TaK M XpaHWBIIHMXCS 1pu Temmeparype 0-5°C B
xoJoauiibHUKE (BIaxHOCTh 70+2 %). KOoHTpoabHBIM 00pa3iioM SIBIISIICS CIIMBOYHBIH
kpeM «llapiaoTT», B KOTOPOM B KayeCTBE KUPOBOW OCHOBBI HCIIOJIb30BAIOCH
CIIMBOYHOE MAacJo.

Pe3ynbraTel uUCCHeAOBaHWUN OPTraHOJENTHYECKUX IIOKA3aTeNed B MpoLecce
XpaHEHUs MOKa3aliy, YTO B KOHTPOJBHOM M ONBITHBIX 00pasliax KpEeMOB B TE€UCHHE
TPEX CYTOK XPAHEHUS OPraHOJENTHYECKUE IMOKA3aTENM KayecTBa MPAKTUYECKU HE
m3MeHsuinchb. Ilociae Tpex CyTOK XpaHEHHsI KOHTpOJIbHBIA —oOpaser] uMel
BBIPOKCHHBIM BKYC M 3alax IPOrOPKIOro0 Macia, HE CBOMCTBCHHBIM JaHHOMY
IPOJYKTY, HA MOBEPXHOCTH MOSBUIIMCH KameJlbKU OTAeNUBIIeHCs Biard. ONbITHBIE
oOpasIbl UMEIH BHICOKHE OPTraHOJIENTHYECKUE MTOKa3aTeNu B TeueHue 18 nHei.

Pa3zpaboTannbie 00pa3ibl KPEMOB MOKHO OTHECTH K HU3KOKAJTOPUIHBIM (443-
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490 kkan), Tak Kak cojep:kanue xupa B Hux coctasiser 40,4-48,0%. Ananus
KUPHOKHUCIIOTHOT'O COCTaBa MOKa3all, YTO B JIUIUJIAX KPEMOB COJEPKUTCA OT 24,6 10
66,5 % mnonuHeHachleHHbIX KUpHbIX kuciaotr (ITHXKK), or 6,3 mo 8,5% -
HachIIeHHbIX KUPHBIX kuciaoT (HXKK), ot 22,9 no 25,0 % - MOHOHEHACHIIIIEHHBIX
xupHbIX kuciaotr (MHXK). IIpu sToM coOTHOIIEHHE KUPHBIX KUCIOT CEMEUCTBa M-
3. -6 TpUOMKEHO K ONTHUMaIbHOMY cocTaBisieT 9,8:1 (¢ kommo3uruei macen Nel)
u 10,3:1 (¢ xomnosunuenn macen Ne 2). MuHepanbHbIi COCTaB KPEMOB BKIIIOYAET
NPaKTUYECKAd BCE HEOOXOAUMBIE [UIsi OpraHM3Ma 4YeJloBeKa Makpo-, H
MUKPOIJIEMEHTHI. Pe3ynbTaTh UCCIIEIOBAHUS MUHEPATIBHOTO cocTaBa
pa3pabOTaHHBIX KPEMOB IMOKa3anu, uTto cootHomenus Ca:Mg n Ca:P makcumaibHO
npuOJIMKeHbl K onTuMalibHbIM (1:0,75 u 1:1,5) cooTBETCTBEHHO.

YcranosieHo, uto B 100 r pa3paboTaHHBIX KPEMOB COJIEpKaHUE BUTAMUHOB
coctaBiseT. A -1%, B1 3%, By - 4%, C - 30%, E - 24%, PP -4% cooTBETCTBEHHO OT
CpPEeAHECYTOUHOU (PU3HNOTIOTUUECKON HOPME MOTPEOICHUS.

PesynpraTtel  uccnegoBaHUs ~— OHMOJOTMYECKOM  JOCTYIIHOCTH  KPEMOB
(GYHKIIMOHAIBPHOTO HA3HAYCHUsSl I[OKa3ajid, 4YTO MPU KOJUYECTBEHHOM TOJICUETE
uH(y30puii B kamepe ['opsieBa HaOMI01aTICS HOPMAJIBLHBIA POCT U Pa3MHOKEHHUE UX B
NPUCYTCTBUM JAHHBIX MPOAYyKTOB. Haunbonbimas akTUBHOCTh M CTUMYJIHPYIOUTUN
adpdekT HaOMOJATUCh B Kpemax, COJepXkalluxX, JaMuHalb, MaJIUHY, Kypary.
YrHeTeHne NOABUKHOCTH, THOENb WM Achopmaius KIETOK, KaK CBUJIETEIbCTBO
TOKCUYHOCTH H€ HAOJMI0Jaduch HU B OAHOM mpode u3 00pa3loB MNHILEBBIX
POJIYKTOB.

Crnenyetr OTMETUTD, YTO Ha (hOHE HU3KOTO CcojepKaHus Oelka B pa3padOTaHHBIX
MpOayKTax, KoTopbii cocrtaBun — 0,7 —2,7 r1/100r, HaOMIOMAIOTCS BBICOKHE
MoKa3aTesd OMOJIOTMYECKOW IEHHOCTH.

OtHocuTeNbHAs OMOJIOrHYecKasi IEHHOCTh KPEMOB Ha OCHOBE PACTUTEIBHOTO
AMyJbraTopa (GyHKIIMOHAIBLHOTO Ha3HaueHus coctaBuia 78,7 - 98,7%. D10 roBOopuT
0 TOM, YTO B MX COCTaB BXOJUT KOMIUIEKC HEOOXOIUMBIX KJIETKE MUKPOIJIEMEHTOB,
BUTAMUHOB, (JIABOHOUJIOB, AaCKOPOMHOBOM KHCIIOTBI, 3aMEUISIONIUX IPOIIecC
OKHUCJICHUS )KUPOB. MOKHO MPEANOSI0KHUTh, UTO KOMIUJIEKC OMOJIOTHYECKH aKTUBHBIX
BEILIECTB, BXOJSIINX B COCTAB PACTUTEBHBIX HAMOJHUTENIEH YCUIUBACT MPUPOIHBIC
CBOMCTBA OpraHU3Ma U MOJHUMAET UMMYHHYIO CHUCTEMY.

Takum oOpa3zoM, aHamW3 MOJYYCHHBIX JAHHBIX TOKa3al, YTO pa3paboTaHHBIC

KpEMBI MOKHO OTHECTH K (bYHKLII/IOHaJ'IBHBIM IMPpOAYKTaM, TaK KaK COACPIKAaHNC B UX
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COCTaBE OMOJIOTHYECKH aKTHUBHBIX BEIIECTB 00CCIIEYMBACT YAOBJICTBOPEHUE CPEIHEH
CYTOYHOH (pU3MO0IOTHYeCKO HOpMbI X ToTpedaeHus Ha 10 - 50%.

YcraHoBiaeHo, 4YTO (U3UKO-XMMHUUYECKHE II0KA3aTeM ONBITHBIX 00pasIoB
KpEeMOB, TaKHe, MacCcoBasl J0JIs BJarv, CTOMKOCTh dMYyJbcuU, pH, He mpeTeprneBaroT
3aMETHBIX H3MEHEHHH B TeueHHe 18 cyTok xpaHeHus. B mporecce XpaHeHHs
MaccoBasi N0 BUTamMuHa E ocTaBanmach Ha MpexHEM YpoBHe, a ButamuHa C
cHU3MIach 10 27%.

3Ha4YeHUsI KUCIOTHBIX M MEPEKUCHBIX YUCEN JUIMUJ0B KpeMoB mocie 18 cyTok
XpaHEHUs B OMBITHBIX 00pa3liaX YBEIMYWJINCh HE3HAYUTEIBHO MO CPaBHEHHIO C
KOHTPOJIBHBIM, YTO, OYEBUJIHO, CBSI3aHO C HAJIMYUEM B pelenTypax KpeMoB

(1)YHKHI/IOHEU'IBHBIX HHI'PCAUCHTOB, O6J'IaI[aIOH_[I/IX AHTHOKCHUIAaHTHBIMHA CBOMCTBaAMHM.

BuiBOABI

B pabote 060cHOBaH BHIOOp (PYHKIIMOHAIBHBIX HHTPEIMEHTOB JJIs1 00OTaIlleHHS
KpPEMOB Ha OCHOBE pACTUTEIIBHOTO »HMYyJbraropa: B KadeCTBE BUTAMHUHOB-
aHTHOKcuganToB - BuTamuHbl C, E; wucrounmkom IIHXXK onTumansHOro
COOTHOIIEHMS ceMedcTBa -3:0-6 = 10:1 (a1 310poBOrO  MUTaHUS) -
KY[a)KUPOBAHHBIE PACTUTENIbHBIE Macilia; B KAaueCTBE MHIIEBBIX BOJOKOH U
MCTOYHHUKOB BUTAMUHOB, MUHEPAJIbHBIX BEIIECTB — STOJHOE, (PPYKTOBOE, OBOIITHOE
IIOpE.

N3ydyeno BhAusgHME CTAaOWIM3UPYIOIIMX CHUCTEM U HaIOJHUTEIEH Ha
YCTOWYUBOCTDb D3MYJbCHHM, pPa3padOTaHbl PEHENTypbl U TEXHOJOTHS KPEMOB C
UCIOJIb30BaHUEM (DYHKIIMOHAIBHBIX UHIPEIUCHTOB.

[IpoBenena ToBapoBedHas JKCIEpTH3a pa3paboTaHHBIX KpeMoB. JlnHamuka
OpPraHOJICTITUYECKUX, (DUBUKO-XUMUYECKUX W MHUKPOOMOJIOTHYECKUX TOKa3aTelen
KadyecTBa II03BOJIMJIA OOOCHOBaTh ONTUMAJIbHBIE CPOKHM XPaHEHUS KPEMOB,
rapaHTUpyIOIIMe HUX 0e30MacHOCTh W BBICOKMH ypOBEHb KadecTBa B TeueHUU 10
CyToK. Pe3ynbTaThl uCCIEIOBaHUN KUPHOKUCIOTHOTO, MHHEPAIBHOTO COCTaBa
KPEMOB CBUJICTEIILCTBYIOT O BBICOKOW OMOJIOTMUECKOM IIEHHOCTH JTAHHBIX MPOAYKTOB.
Jlunuapl KpeMOB B OCHOBHOM IMPEJCTABICHbl MOHOCHOBBIMH M TOJIUEHOBBIMHU
KUPHBIMU KUCJOTamMu. buosorudeckas JOCTYMHOCTh pa3pabOTaHHBIX KpPEMOB
u3yueHa Ha KyjiabType Tetrachimena puriformis. Pe3syabTarhl mpoBeIeHHBIX
WCCJICIOBAHUM  CBUJICTEIICTBYIOT O BBICOKOW OHOJIOTMUECKOW IIEHHOCTH W
OMOIOCTYITHOCTH Ppa3pabOTaHHBIX KPEMOB Ha OCHOBE PACTUTEIHHOTO 3MYJbraTopa.

Hcnonbp3oBaHue B TEXHOJIOTHUHU IMpoOuU3BOACTBA KPCMOB PACTUTCIIbHBIX MHI'PCANMCHTOB,
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conepmamﬂx IICHHBIC MI/IHepaJIBHBIC BEUICCTBA, ITO3BOJIACT CYIHCCTBCHHO ITIOBBICUTH
OHMOJIOTUYECKYIO TICHHOCTh U OMOJOCTYITHOCTh MHKPOHYTPHUEHTOB B Pa3paOOTaHHBIX

MPOJIYKTax.
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KAPITEL 4/ CHAPTER 4.
IMPACT OF REACTIVE POWER COMPENSATION MODE ON
CALCULATION OF ELECTRICITY LOSSES IN POWER NETWORKS OF
OIL AND GAS COMPLEX
BJIMSHUE PEXKUMA KOMIIEHCAIL[HHU PEAKTHBHOH MOIIJHOCTH HA
PACYET IIOTEPD SJIEKTPOSHEPI'HH B 3JIEKTPOCETAX
HE®TEI'A30BOI'O KOMIUVIEKCA
BII/TUB PEXKUMY KOMIIEHCAIIII PEAKTUBHOI ITIOTYKHOCTI HA
PO3PAXYHOK BTPAT EJIEKTPOEHEPIII B EJIEKTPOMEPEKAX
HADTOI'A30BOI' O KOMIUIEKCY

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-021

Beryn

Ha crorogHimHiil 1eHb 3MEHIIEHHS BTPAaTU E€JIEKTPOEHEPTrii Ta BUIATKIB Ha ii
OIJIaTy, a TaKOX MOKpAIIEHHS SKOCTI EJIEKTPOCHEPTii B ENEKTPUYHHX Mepexkax
HadrorazoBux komruiekciB (HI'K) mouinpHO 34iHiCHIOBaTH NUISXOM KOMIIEHCAIIIT
PEaKTUBHOI MOTYXKHOCTI HaBaHTakeHHsI. CIiJl 3a3HAYUTH, 110 OOMEKEeHa TTOBHOTA Ta
WMOBIpHICTh BIANOBIAHOI 1H(OpPMAIll MPO HABaHTaXXEHHS OYIyTh BIUIUBATU Ha
MPUIHATHY TOYHICTh OI[IHIOBaHHS BTPAT €JIEKTPOEHEPTii M 4ac BUOOPY EKOHOMIYHO
JOLIIBHOI TOTYXHOCTI KOMITeHCYyBajbHUX npuctpois (KII).

[Tin yac omiHIOBaHHS BTpaT €JIEKTPOEHEPTii BUKOPUCTOBYIOTH J0OOBI a00 pivHi
rpadiku HaBaHTaxeHHs y GyHKIIT yacy [1, 2]. V Bunaaky BigcyTtHocTi rpadika Q(t)
poOJISATh JOMYIEHHS, M0 pPEaKTUBHA TMOTYKHICTh HABAaHTAXEHHS 3MIHIOETHCS
MOAIOHO aKTUBHIM, a BU3HAUYEHHS MOBHOI MOTYXKHOCTI 3AIMCHIOIOTH 3a CEepeAaHiM
3HAYEHHSAM KOE(ILI€HTa IMOTYXHOCTI COS(p, SKMM YMOBHO HPHUMMAIOTh CTaJIUM
BIIPOJIOBXK POKY. 3 METOIO CIPOIIECHHS MPOLEIypHU OLIHIOBAHHSA BTpAaT HAa MPAKTHII
3a3BUYail  BHKOPUCTOBYIOTH J000BI rpadiku 3a XapaKTEpHI Mepiogu yacy,
BCTAHOBJIIOIOUM KUIBKICTh XapaKTepHUX di0 y MeEXax pO3paxyHKOBOTO TMeEpiofy.
OnHak, K TOKa3aau JociipkeHHs [3, 4], takuii croci6 He 3abe3mneuye HeoOXiTHOT
TOYHOCTI Yepe3 MOCTIHHUI BIUIMB Ha €HEPTrOCUCTEMY PETYJISIPHUX Ta HEPETYJISAPHUX
30ypeHb, TaK K CXema, PeKUMH 1 BTPATH €JIEKTPOCHEPTil HE 3aJUIIAlOThCA CTATUMHU
BITPOJIOBXK PO3PAXyHKOBOTO TIEPiOAY.

OnHuM 3 HaWMOMMPEHIMUX HAOIMKEHUX METOJIB PO3PaxXyHKY € pO3paxyHOK
BTpaT 3a 4acoM HauOinbmmx BTpar 7. [IpoTe y OULIBIIOCTI BUNAAKIB T BPAXOBYIOThH
CTAJIOI0 BEJIMYMHOIO, II0 BHOCUTH JOJIATKOBY MOXHMOKY B pPO3paxyHOK. Y pa3si
KOMIICHCAIII1 peaKTUBHOTO HABAHTAKCHHS 4ac HAWOUIBIIMX BTPAT 7, KU 3aJICKHUThH

Bil IUIOWIl rpadika KBaJpaTUYHUX HABAHTAXKEHb, 3MIHIOETHCA 3aJI€KHO BiJl
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notyxxHocTi KII.

Sx ©GaunMo, 3 METOI0 3MEHINEHHS TOXHOOK pO3paxyHKIiB Ta BHOOpY
ontuMaibHOI MoTykHOCTI KII gominpsHO BpaxoByBaTH 3ajeXHICTh Yacy HaWOUIbIINX
BTpaT BiJ 3MiHM rpadika pPEaKTUBHUX HABAaHTAKCHb I 4Yac BU3HAYEHHS BTpaT

€JIEKTpOEHEePTii.

4.1. Meroauka QOCTiI;KeHHS.

SKI0 HaBaHTAKECHHS EJEKTPUYHOI Mepeki 3MIHIOETBCS B 4aci, TO CyMapHi
BTpaTH €JIEKTPOCHEPTii 3a PO3PaxyHKOBHI MEPioJ MOKHA BU3HAYUTH SIK CyMy BTpat
EHEprii 3a pi3HUX PEKUMIB HABAHTAKCHHS S; K
n R n 2
AW = FARAL = — Y S{AL, (1)

i=1 U©i=1

ne AP;i — BTpaT mOTY>KHOCTI Ha 1HTEpBail yacy At;;

R — akTUBHMI OIIp €JIEKTPUUHOT MEPEKI;

U — cepenHiii piBeHb HANPYTH y BY3J11 HABAHTAKEHHS;

Si — MOTYXHICTh HABAHTAXKEHHS, BIJIHECEHA JI0 IHTEpBAITy Yacy At;;

N — KUIBKICTh IHTEPBAJIIB yacy rpadika eJIeKTpUUYHUX HAaBAHTAKECHb.

OckUIbKM pIBHI Halpyrd y BYy3jJaX HABAaHTAXEHHS Yy OUIBIIOCTI BUMAIKIB
HEBIZIOMI ¥ 3MIHIOIOTBCSI B HEBEJIMKHX MeEXaxX, TO IMiJ 4Yac pO3paxyHKy BTpaT
enexktpoeHeprii npuiMarTb U=U,, .

PiuHi BTpaTH aKTUBHOI €JEKTPOEHEPTii B JIiHII 3a 4acOM HaWOIbIIMX BTpaT
00UYHCITIOIOTH 3a (POPMYIIOK0

2 2 .12
AW = Sgﬁ RT:wRT:AF’%L (2)
U HOM U HOM

ne APys — BTpaTy aKTUBHOI MOTY>KHOCTI B PEKUM1 MAKCUMAJIbHUX HABAHTAKEHb.
Yac HalOUIBIIMX BTpAT 7 BHU3HAYAIOTh PO3PAXyHKOBHM MIJISXOM  JUIS

XapaKTepHUX IpadikiB HABAaHTAKEHHS CIIOKUBAUIB PI3HUX raidy3eil 3 BUpasy

8760 5
[ s2(t)dt

T :0—2. (3)
SH6
1 HaBOJATh y JOBIJHUKAX 3aJIKHO BiJl 4aCy BUKOPUCTaHHS HaWOIIBIIIOTO

HaBaHTaXEHHS [ 451 CEPEIHHOTO 3HAUCHHS KOe(illleHTa MOTY>KHOCTI.
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R

HabGmmxene 3HaueHHS 7 MOKHA BU3HAYUTH TaKOXK 3a eMl'[ipI/I‘{HOIO (I)OpMy.IIOIO

2
T
r=|0.124+—"%_| 8760. (4)
10000

3 Meroro BpaxyBaHHA KoH(irypamii rpadikiB HaBaHTaXEHHS, (QaKTUYHUX
3HaYeHb KOE(PIIIEHTIB TOTYKHOCTI, MOXIIMBOTO HECHIBOAJIHHSI MaKCUMYMIB
aKTUBHOI Ta PEaKTUBHOI MOTY)KHOCTI B 4Yaci y Mekax Jo0M Ta pOKYy MOXKHA
pPO3paxoByBaTH BTPATH E€JIEKTPOEHEPrii BiA MNPOTIKAHHS AaKTHBHOI Ta PEAKTHBHOI

MOTYXHOCTEH okpemo. J{7s 1boro 3a rpadikaMu TPUBAJIOCTI aKTUBHUX 1 PEAKTUBHUX

HaBaHTAKEHb PO3PAXOBYIOTh Yac HAUOINBIIMX BTPAT 7, A AKTUBHOI i 7, A
PCAKTUBHOI IMOTYXKHOCTI:
8760 5
[ PA(t)dt
Ta= ] ()
Pio
8760 5
[ Qe(t)dt
__0
=t ©)
Qs
IICJIsI YOT0 BU3HAYAIOTh BTPATH €JICKTPOEHEPTii 3a (hOpMyII0I0
2 2
P ra+Q 7
AW = _H0 Ho - P R, (7)
U 2
HOM
a00 /11 HABAHTAXKCHbD, 3aITaHUX CTPYMaMH,
AW =312 R(z-a cos? ¢,;5 +7p sin? ¢H5). (8)

B ymoBax ekcrutyaTtarii eJIEKTPUYHMX MEPEXK BTpPATH  CICKTPOSHEpPTii
3/1€01TBIIIOT0 BU3HAYAIOTH 32 HAOIMKEHOI0 METOMKOIO Yepe3 Yac HaAOUTbIINX BTPAT
T 32 Gopmyiioro (4), Tpu bOMY Yac BUKOPHCTAHHS HAWOLIBIIOTO HaBaHTAXKCEHHS 1yq

PO3paxoBYIOTh 3a PIYHUM rpadikoM TPUBAJIOCTI aKTUBHUX HaBaHTAXEHb

n
2 PiAg

T =—5— - (9)

a00 3a plYHUM CHOKMBaHHSAM aKTUBHOI enekTpoeHeprii WP sk
WP

PH6

TH6 (10)

VY Bumajgky KoMIEHcallli peakKTMBHOI'O HABAaHTAXKCHHS 4Yac HaWOUIBIIUX BTpAT

MO>KHA po3paxyBaTu 3a popMyIioro
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'%15 £t _%1(32 Q- Q) )Ati
poisl s , (11)
836 Ps2 +(Qs —Qx )2

ne Ps, Qs — axkTuBHa 1 peakTUBHA TOTYXKHOCTI, SKI BIAMOBIAAIOTH

MAaKCHUMAJIbHOMY 3HAYCHHIO MOBHO1 HOTY)KHOCTi HaBaHTaXCHHA SH6 ,

QK - moTy)XHiCTh KOMITCHCYBaJIbHUX MPUCTPOIB.

4.2. AHaJi3 3aj1exxkHoCTi yacy Haiibiabmmx BTpat Bia moryzxkuHocti KII.

Po3paxyemMo piuHi BTpaTH €JIEKTPOSHEPTil 3a 4acOM HaMOUIBIIUX BTpAT B JIiHII
Hanpyroo 10 kB i1 aktuBHUM omopoM R=5 Om s 3aiaHux Ha puc. 1| 1000BUX
rpadikiB aKTUBHUX 1 PEAKTUBHUX HABAHTAXXEHb y MPUIYILIEHHI 1X OAHAKOBOI PopMHU

BIIPOJIOBK POKY, Ta MPOAHAII3yeMO 3aleKHICTh 7= f(Qy) Ui pi3HUX BapiaHTIB

KOMIIEHCAIlll peaKTUBHOI MOTY>KHOCTI.

MBT, p
ig Msap
1,0
WQ cn
T T Kn

7 WQeeH . Q

0,5 Q

5 t, 200
4 8 12 16 20 24

Puc. 1. JIo0oBi rpadgiku HaBaHTAaKeHHH 10 i MicJA KOMIIeHcalii peakTUBHOL

MOTYKHOCTI

st 3amanoro rpadika akTMBHUX HABaHTaXXEHb pPIYHE CIOXKMBAHHS AaKTHBHOI

€JIeKTPOCHEPrii CTaHOBUTh WP =9636 kBr-rox. [lpm 1mpoMy wyac BHKOpPUCTaHHA
MaKCHUMaJIbHOTO HaBaHTaxeHHs 3a (10) T,,; =6424 ron. Yac HalOLIBIIMX BTpaT 3a
EMITIPUYHOI0 GOPMYIIOKO (4) CTAHOBUTH 7 =5145T0x1 .

Busnauaemo BTpaTM akTHUBHOI TMOTYKHOCTI B PEXHUMI MaKCUMaJIbHOTO

HABaHTa)XCHHS 3a B1ICYyTHOCTI KOMIICHCALIIi:

g2 2 2
AP,; =—10 rR=12 +20'6 5=0.131 MBr.
Uz, 10
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Piuni BTpaTH akTUBHOI eJeKTpoeHeprii HAOJMKEHO JOPIBHIOBATUMYTh
AW, 5 = AP, 57 =0.131-5145 = 671 MBr-rox.

R

Busnaunmo daktuuHuii yac HaWOUIBIIMX BTpAT 3a KBaapaTHYHUM Tpadikom
MTOBHOT'O HaBaHTa)KECHH 3a pik BUpazoM (11):
_ ((12 +o.82)-4+(12 +0.62)-4+(1.52 +o.62)-8+(o.82 +0.62)-4+(O.82 +o.92)-4
=

-365 =5969 rox
1.5% +0.6°

@daxkTU4HI BTpaTH €JIEKTPUYHOI €HEPTii 3a PIK CTAHOBUTUMYTh
AW = AP, ;7 =0.131-5969 = 779 MBT-rox.
AHaNOTIYHUN  pe3ynbTaT MOXHA OJepkKaTh Oe3MoCepelHbO  METOI0M
rpadivyHOro IHTErPyBaHHS BTPAT MOTY>KHOCTI 3a ¢popmynoro (1).
[loxubka BHM3HAUEHHS BTpaT EJIEKTPOCHEPrii HAOIMKEHUM  METOJIOM

PO3paxyHKy CTAaHOBUTH
671779
779

5 - -13.8%,

TOOTO € 3HAYHOIO.

[Ipoananizyemo BIuB (opmu rpadika aKTUBHHUX HaBaHTaXEHb Ha IMOXUOKY
HAOJIMKEHOTO METOIY PO3paxyHKy BTpatT enekTpoeHeprii. HabmmkeHno T BU3Ha4a0Th
3a eMmmipu4yHor (dopmynoro (4) dyepe3 Yac BHUKOPUCTaHHS HAWOUIBIIOrO
HAaBaHTAXKEHHS Iys , BEJIMYMHA SIKOTO 3aliekuTh BiJ (opmu rpadika aKTUBHUX
HaBaHTaXeHb. J[J1 aHaNI3y 3aJI€KHOCTI TOXUOKH HAOIMIKEHOTO METOY PO3PaXYHKY
BTpaT €JIEKTpOeHeprii Oyna MpoBeJeHa cepisl PO3paxyHKIB JUIsl PI3HUX 3HAYEHb
MaKCHMaJbHOTO aKTHBHOTO HaBaHTaXeHHS. [Ipu 1bOMYy aKTHBHE HaBaHTa)KEHHS B
1HII Tepioay 4acy 1 rpadik peakTUBHOTO HABAHTAXEHHS 3aJIUINAIKMCS CTaJTHMH.
Pesynbrati po3paxyHkiB HaBeaeHi B TaOnuii 1. SIk G6aunmo, y pa3i 3MEHIICHHS
MaKCUMaJILHOTO HaBaHTaXeHHI P.s Bix 1.5MBr mo 1.1 MBr Bemnumna 7y
30imbIIyeThest Bim 6424 rom go 7698 rom BHacHigOK BHUpPiBHIOBaHHS Tpadika
AKTUBHUX HABAaHTaXCHb, MPH IOMY 3TigHO 3 (4) HaAOMMKEHE 3HAYCHHS Tyaon
30uTbIIMTRCS Big 5145 m0 6998 ros, a HabnkeHe 3HaUCHHS BTPAT €JICKTPOCHEPrii 3a

B1JICYTHOCTI KOMIIEHCAI[li CTAHOBUTHUME

2 2
AW, 5 = AP,57 = % -5-6998 = 0.09-6998 = 573 MBr-ro.
10
Yac MakcMMallbHMX BTpaT, BHM3HAYEHUH 3a KBaJpaTUYHUM Tpadikom

HABAaHTAXEHHS 7g = 7647 TOJ, pU LbOMY (PaKTUYHE 3HAYEHHS BTPAT €JIEKTPOCHEPril

AW = AP, ;7 =0.09-7647 = 627 MBr-rox,
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R

a TOXMOKa po3paxyHKy BTpAT 3MEHIIUTHCS 1 CTAHOBUTUME 6 =—8.5%.

Taoauus 1
Pe3yabTaTi po3paxyHKy BTPAT eJIeKTPOEHePril 32 pi3HUX 3HAYEHDb

MAKCUMAJIBHOI'0 AaAKTUBHOI'0O HABAHTAKCHHSA

Pus s Tus» TOI | 7,06, TOM | 7, TOJ AWaadn s AW, KBt rog | 5, %
kBT KBT'TOI
1 8176 7767 1273 637 596 6.8

1.1 7698 6998 17647 573 627 -8.5
1.2 7300 6389 7341 575 660 -13.0
1.3 6963 5895 6802 604 697 -13.3
14 6674 5487 6305 636 737 -13.7
1.5 6424 5145 5968 671 778 -13.8
1.6 6205 4855 5645 708 824 -14.1

VY pa3l 3MeHIIEHHd MaKCHUMaJbHOTO HaBaHTakeHHs a0 1 MBt mnoxubka
PO3paxyHKY BTpAT €JIEKTPOEHEPrii CTa€ JOJATHOIO 1 CTAHOBUTUME & =6.8%.

Sk 06auuMoO 3 pPO3paxyHKiB, MOXMOKAa PO3PAXyHKY BTpAT EJIEKTPOECHEprii 3a
4acoM HaWOLIbIIMX BTpAT 3aJ€XKUTh Bl (POpMHU Ipadika aKTUBHUX HaBAaHTAXEHb. Y
BUIAJKy 30UIBIICHHS HEPIBHOMIPHOCTI rpadika (koedimienta Gopmu) moxubdka 3
JOJATHOI IOCTYHNOBO 3MIHIOETHCSI Ha BIJ'€MHY 1 3pocTae 3a aOCONIOTHOIO
BEJIMYHHOIO.

[IpoanainizyeMo BIUTMB KOMIEHCAI[ll PEAKTUBHOIO HABAHTAKEHHSI HA MOXUOKY
HaOJIM)KEHOTO0 METOJy PO3PaxyHKY BTpaT eleKkTpoeHeprii. Po3risHemo s JaHux
HABEJIEHOTO BUIIE TMPUKIATY BapiaHT KOMIICHCAIlll PEaKTUBHOI TMOTY>KHOCTI
HaBAaHTA)XEHHS  HEPETyJbOBAaHUMH  KoMMeHcyBaibHMUMH  mnpuctposimu  (KII)
MOTYXHICTIO Q, =0.5Mgap. [Ipu 11bOMY CIIOXKMBAaHHS AKTUBHOI €HEPTii HE 3MIHUTHCH,
a CIOXUBAaHHA PEAKTUBHOI €Heprii 3MeHmuThcsA. Yac HaWOLIBIIMX BTpaT 3
BpaxyBaHHIM KOMIIEHCAIlli PEaKTUBHOI MOTY)XHOCTI 3a BupazoM (11) craHoBUTH

75 =5213ron. BTpaTu akTUBHOI MOTYXHOCTI AP,; =0.113MBt, a piuHI BTpaTu

€JIEKTPOCHEPrii 3 BpaxXyBaHHSAM KOMIICHCAIlI PEAKTUBHOI MOTYXKHOCTI, OyAyTb

CTaHOBUTH AW =589 MBr-ron. Bu3HaumMmo BTpaTu eIEKTPOCHEprii BiJ TMepemadi

AKTHUBHOI Ta PEAKTUBHOI ITOTYKHOCTEU OKPEMO

2
P
AW, =—0-R = APy, 574 ; (12)
U

HOM
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124

(Qus —Qk)
AW, =2 =22 R=AP 57 (13)
UHOM
2 2
ne AP =&5=0.113 MBT, AP =M5=0_008 MBT.
a.nob 102 D.HO 102

3rigHo 3 Bupazamu (5) 1 (6) uacu HaMOUIBPIIMX BTpaT r, =5048rox 1
Ty = 2644 ron.
Tomy 3a (12) i (13) AW, =568 MBr-ron i AW,, =21MBr-rox. CymapHi pivHi

BTpaTu
AW =568 +21=589 MBr-rox, TOOTO pe3ynabTaTu PO3paxyHKy BTpatT
EIEKTPOCHEPTil 30iratoThCs 3 MOMEPEIHIM PO3PAXYHKOM.
SIK1o0 He BpaxOBYBAaTH 3aJI€KHICTh Yacy HAMOUTbIIMX BTPAT BiJ 3MiHU rpadika
MTOBHOTO HABAHTAKEHHS, 1 337aBaTU T CTAJOK BEJIMYMHOIO, TO BTPATH AaKTUBHOI

€JIEKTPOEHEPTii 3a pIK CTAHOBUTUMYTh AW,,,; =0.113-5145 =581 MBr-rox .

[ToxnOka po3paxyHKy BTpaT €JIEKTPOEHEprii 3a 4YacoM HaMOUIbIIMX BTpAT,

BU3HAYEHUM 3a EMITIPUYHOI0 PopMyiioro (4), ctTaHoBUTHME S =—1.4 %, a 11 3HaUECHHS

HOPIBHAHO 3 BIJCYTHICTIO KOMIIEHCAllli 3MEHIIYETbCS BHACHIIJOK 3MEHIIEHHS
PEaKTUBHOI CKJIaJ0BOI MOTY>KHOCTI HAaBaHTAXXEHHS Ta il BIUIUBY HA BEJIMYMHY MOBHOI
MOTY>KHOCTI.

AHani3 mokasaB, II0 4Yac HaMOUIBIIMX BTpAT T 3aJEXKUTh Bl KOH(Iryparii
rpadikiB aKTUBHOTO i pEaKTHBHOTO HABAaHTAXEHb, iX TpUBAIOCTI Ta MOTY)HOCTI KII.
3a ogHakoBOi KOHPITryparlii rpadikiB Ta 0JJHAKOBOTO CITIBBIIHOIIEHHS MK aKTUBHUM
1 pEaKkTMBHMM HaBaHTAXXEHHSM dYac HAWOUIBIIMX BTpaT BIJ Nepenayl aKTHBHOI,
PEaKTUBHOI i1 TOBHOI MOTYXHOCTEN € OJIHAKOBHUM, TaK SIK KOE(II[IEHTH MOTYX HOCTI
HABaHTAXCHHS € HE3MIHHUMU MPOTATOM BCHOTO PO3PAXyHKOBOTO MEPIOy.

VY pa3i komrmeHcaiii pPeaKTUBHOI TMOTYKHOCTI HABAHTAKEHHS 3MIHIOETHCS
KoH(irypairis rpadika peakTUBHUX HaBaHTaXXEHb, TOMY Yac HAMOUIBIINX BTpaT Bij
nepeaaydl peakTUBHOI 1 MOBHOI MOTYKHOCTEH 3MIHIOEThCA. OJHOYACHO MPHU I[bOMY
3MIHIOETHCS BEIMYMHA MAaKCUMAJIbHUX BTPAT MOTY>KHOCTI.

Takum 4yMHOM, Ha BEJIMYMHY NOXMOKM § BIUIMBa€ 3MiHa KOHQIryparuii rpadika
pEaKTUBHUX HaBaHTaXeHb. J[1s Toro, mo0 mnpoaHami3yBaTH 3aJeXKHICTh Yacy
HaWOIBIIMX BTpAT BiJ MOTY>KHOCTI KOMIIEHCYBAJIBHUX MPUCTPOIB Oylia MpoOBEIcHA
cepisi po3paxyHKIB JUIsl PI3HMX BapiaHTIB KommeHcallii. Pe3ynbratu po3paxyHKiB

HaBeneHi B Tabmuigx 2, 3. Ipadiku 3anexnocredl 7= f(Qx) i AWP=f(Qg ) mis
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3a1aHuX rpadikiB HaBaHTaXXEHb 300pakeH1 Ha pUCYyHKax 2, 3.
SIx 6aunmo, MoxuOKa MiJ Yyac BU3HAUEHHS BTpAT €JNEKTPOCHEPrii HaOIMKEeHUM
METOJIOM MOKe OYTH 3HAYHOIO 1 3aJIe)KUTh BiA KOH(Irypauii rpadikiB akTUBHUX Ta

PEaKTUBHUX HABAaHTAaXEHb M MOTYXHOCTI KOMIEHCYBAJIBHHUX MPUCTPOIB Qg . Y

BUIAJKy TEpEeKOMIIEHCAIlil BOHA CTa€ 0JaTHOIO, TOOTO BTpaTH, pO3paxoBaHi 3a
HAOJIMKEHOI0 METOIUKOI0, OyIyTh OLIBIIUMU Bl (PaKTUYHHUX BTpAT (IUB. TaOI. 2).
Tadoauus 2
Pe3yabTaTi po3paxyHKy BTPAT eJIeKTPOEeHePril 3a pi3HUX 3HAYEHD

NMOTY>KHOCTI KOMIeHcalil Qg

Qg , KBap r,T00 | AP,;,KBT | AW, 5, MBT'TON | AW, MBT'TOR 5, %
0 5969 0.131 671.4 778.9 -13.8
0.1 5787 0.125 643.1 723.4 -11.1
0.2 5616 0.121 620.0 676.7 -8.4
0.3 5459 0.117 602.0 638.8 -5.8
0.4 5324 0.115 589.1 609.6 -3.4
0.5 5213 0.113 581.4 589.1 -1.3
0.6 5133 0.113 578.8 577.4 0.2
0.683 5090 0.113 580.6 574.4 1.1
0.7 5084 0.113 581.4 574.5 1.2
0.8 5069 0.115 589.1 580.4 1.5
0.9 5085 0.117 602.0 595.0 1.2
1 5131 0.121 620.0 6183 0.3

T, rog
2000
TO00 ]I‘\

5000 / \ ]
— |
4000 P

\ / T
3000

2000

Ta

1000

0 T T T T T T T T T T T T T T T T T T T Qk, Meap
0 o005 01 015 02 025 03 035 04 045 05 055 06 065 OF OV5 08 085 09 055 1

Puc. 2. I'padixu 3aj1e:kHOCTI Yacy MaKCHUMAJIbHUX BTPAT Bil KOMIIEHcalii
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Pe3yabTaTu po3paxyHKy BTPAT eJIeKTPOeHePril Bi/l mepexavi akTUBHOI Ta

PEAKTHBHOI MOTYKHOCTI

QK7 Tas Tp; APa_H6I APpH6 AWas AWp! AW )
KBap | TrOA | rop KBT kBT MBtron | MBrroy | MBTTON
0 5048 | 5209 0.113 0.041 567.9 211.0 778.9
0.1 5048 | 4859 0.113 0.032 567.9 155.5 123.4
0.2 5048 | 4440 0.113 0.025 567.9 108.8 676.7
0.3 5048 | 3934 0.113 0.018 567.9 70.8 638.8
0.4 5048 | 3329 0.113 0.013 567.9 41.6 609.6
0.5 5048 | 2646 0.113 0.008 567.9 21.2 589.1
0.6 5048 | 2109 0.113 0.005 567.9 9.5 577.4
0.683 | 5048 | 2746 0.113 0.002 567.9 6.4 574.4
0.7 5048 | 3285 0.113 0.002 567.9 6.6 574.5
0.8 5048 | 6205 0.113 0.002 567.9 12.4 580.4
0.9 5048 | 6002 0.113 0.005 567.9 27.0 595.0
1 5048 | 6296 0.113 0.008 567.9 50.4 618.3
AW, kBT*rog
900,0
&00,0
700,0 x
600,0 \ - J—
500,0
400,0
3000
2000
100,0
0.0 , , . ; ; ; , , , Ok, Meap
0 01 0z 0,3 04 0.5 06 07T 038 05 1
Puc. 3. I'pagixk 3a/1e:KHOCTI BTPAT eJIeKTPOEeHEePril Bii KOMIIEHCAIIL
BucHoBku

B naniii po6oTi moOKa3zaHO, IO MOXMOKAa pO3paxyHKY BTpaT HaOIMKEHUM

METOJIOM 3alIeKUTh BiJl KOH(irypamii rpadikiB 1 TpUBAJIOCTI AaKTUBHUX Ta
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PEaKTHUBHUX HaBAHTAKEHb.

HeBpaxyBaHHs 3MiHH 4acy HaWOUIbIINX BTPAT BiJ 3MiHU rpadika peakTUBHOTO
HABAaHTA)XCHHSA MPU3BOJAUTH 0 3HAYHUX MOXMOOK MiJl YaCc TEXHIKO — €KOHOMIUYHUX
PO3paxyHKIB.

[Tokazano, mo y pa3i KOMIEHcallii pPeakTUBHOTO HAaBaHTAXEHHA MOXHOKa
PO3paxyHKy BTpaT eJIeKTpOeHEeprii HaOIMKEHUM METOIOM 3MEHIIYETHCS BHACIIOK
3MEHIIEHHS BIUTUBY IIbOTO HABAHTAKEHHS Ha BEJIMYHHY MOBHOI MOTYKHOCTI, TpHU
[bOMY Yac HaMOLIBIIMX BTPAT 3MEHIIYETHCS 1 AOCATAE MIHIMAIBHOTO 3HAYCHHS 32

MOTY>KHOCT1 KOMITEHCAII11, SIka BIJMOBIIa€ MIHIMyMY BTpaT €JIEKTPOCHEPTii.
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KAPITEL 5/ CHAPTER 5.
CURRENT STATE AND PROSPECTS OF INTEGRATION OF ROBOTICS
AND MEDICINE

COBPEMEHHOE COCTOSHHE H INEPCIIEKTUBBI HHTET PAI[HH
POBEOTOTEXHHUKH H ME/JIULIHHBI
CYYACHHUV CTAH TA IIEPCIIEKTHBH IHTET PAI[II POFOTOTEXHIKH I
MEJIUIIHHU
DOI: 10.30888/978-3-9821783-5-6.2020-02-03-051

Beryn

TexHonoriunuii mnporpec UU(POBOI MEAUIMHU CHOTOJCHHSA CHpUSE SIK
IyXOBHOMY, Tak 1 (I3UYHOMY PO3BUTKY JoAcTBa. Haiikpamii cydacHi
MpeICTaBHUKAMU BEJIMYE3HOTO PHUHKY pPI3HOMAHITHUX TpEKepiB, MOOLIBHHUX
J0JaTKIB, POOOTHU30BaHUX MPUCTPOIB T4 CUCTEM JO3BOJIAIOTH HE TIIbKU CTEXKUTHU 32
3I0pOB'sIM, a ¥ TOBEpPTaTH Horo, Oepyurd aKTUBHY y4acTh AK B (pi3MUHINA, Tak 1 B
COIIIbHO-TICUXOJIOTIYHIA pealimiTamii narieHTiB. 3apa3 poOoTaM JOBIPSIOTh HE
TUIBKM TPOBOJUTH AHAIITUKY CTaHy JIIOACBKOIO OpraHi3My, aje 1 LIl XIpyprivHi
BTPYYaHHsI, IEKOJIU MOBHICTIO MIAMIHSIOYM JIIOAUHY [1].

ToMy ozHI€I0 3 OCHOBHHUX rajly3eil BIPOBA)KEHHSI pOOOTH30BAaHUX CHUCTEM Ta
IITYYHOT'O 1HTENEKTY € Cy4acHa MeAuYHa ramxy3b. LlboMy cripusiiu Taki ¢pakTopu, siK
BHCOKA TOYHICTh Jiil Ta 3MEHIICHHSIM WMOBIPHOCTI 3apakKeHHs JIKaps XBOpoOamu
MamieHTa M1 Yac MPOBEAEHHS ONepallii, MOXJIMBICTb BHUKOHAaHHSA (DYHKIIIH,
HEJOCTYITHUX JIIOJIMHI-TIKAPIO, MIABUILIEHHSAM pIBHS JI1arHOCTUKU 3aXBOPIOBaHb Ta
JOTJISAY 3a MaIlieHTaMH ITi1 Jac ix peadimiTartii.

CyuacHuit po3Butok IT-TexHOIIOTIH Nigupye cepea yCix HampsMKIB Ta ramxy3ei
HAyKd 1 TexHiku B ycboMy cBiTi. Cepen kpaiH, $KI BXOASTh O CIHCKY
HalpO3BUHEHIIINX B 1iil cdepi, ronoBytoTh Anonis, Himeuunna Ta [liBnenna Kopes.
3a OcTaHHI 4YOTUPH POKH BITUYM3HSIHMKN [T-puHOK BHUpic BABIYl, aje OUIBIIICTH
¢axiBIiB HAJAIOTh MOCIYTH AYTCOPCHHTY IMPOTPaMHOTO 3a0e3MedYeHHs] KIIEHTaM 3
3axinnoi €Bponu ta CIIIA [2]. PoGoToTexHika € O/HI€IO 31 CBITOBUX rally3ei, sika Ha
TEMEpPIHI 4Yac PO3BUBAETHCS HAWIHTEHCHBHIIIE, 3arajJbHUN 00CIT MPOJAXKIB
POMHKCIIOBUX POOOTIB TPOAOBKYE 3poctatu (puc. 1).

Ha cporoani po3sutok IT-cdepu, 30kpema poOOTOTEXHIKH, € TPIOPUTETHUM IS
HaIIOi JepXaBu, TOMY aKTyaJbHHUM € BIPOBA/PKEHHS HaBYaHHS POOOTOTEXHII,

30KpeMa, y BUIIII MEIUYHINA OCBITI.
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IFR
International

Estimated annual worldwide supply of industrial robots ;e"%'i";%:‘
2009-2017 and 2018*-2021* -

A

700 +14% on average peryear

600

500
+10% [ERZY
400 +30% ,,‘f;/° i

300

294
200
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018* 2019* 2020* 2021*

*forecast Source: IFR World Robotics 2018

'000 of units

Puc. 1. International Federation of Robotics (IFR)

5.1. BukopucTtaHHs po0OTOTEXHIKHM B CBITOBill MeqUIIUHI

3BakalOuM Ha CBITOBY IMAHJEMIIO Ta IIBHIAKE riodansHe nomupenHs COVID-
19, BUHHKIA HEOOXITHICTH 3aXHCTY 30POB'ST MEAMYHOTO MEPCOHAIY Ta MEPECIUHUX
rpOMaJisiH, CBOEYACHOTO 00€33apaKeHHs Ta Je3lH(eKiii 3ayis MNomnepeIKeHHs
MO’KJIMBOCTI BUHMKHEHHS HOBHUX BHUIIAJKIB 3axBOptoBaHHA. | TyT Ha pomomory
PUXOASATh HOBITHI TEXHOJOTI TaKi, sIK POOOTH-AE31HOEKTOPH, POOOTH-TIOMIYHUKH
JUIsl O€3MOCepPeNHbOr0 KOHTAKTY 3 1H(QIKOBAHMMH KOPOHABIPYCOM marieHTamu. J[is
3aXMUCTy MEIUYHUX TMPALIBHUKIB CHIBPOOITHUKHU [lOMITEXHIYHOTO YHIBEPCUTETY
I'onkoHry mnepmuMu HaapykyBaau Ha 3D mnpunrtepi "mmTu", 110 HaAiBarOTHCS
NOBEpX KIACMYHUX MEIWYHMX MAacoK Uil 3axXUCTYy CIM30BUX OOOJOHOK O4YeH.
BuxopucroBytoun HaapykoBani Ha 3D mpuHTEpI paMKu K MailcTep-MOJeNi, MOXKHA
CTBOPUTU MaTpPUIl ISl JUTTA JAeTaneil 3 mosiyperany. lle mo3Bossie 301IbIIUTH
KUTBKICTh BUPOOJIEHOTO BUPOOY B JECATKU pa3iB, a TaK CaMO 3JICHIEBUTH BapTICTh.
[1].

JIJist cydacHOi MEIUYHOI Taiy3l BKe po3poOJIeHO Ta BBEJIEHO B EKCILTyaTallilo
BEJIMKY KUIbKICTb POOOTHM30BaHMX CHCTEM Ta pPoOOTIB. 3 HUX B peaOuTiTaIii
BUKOPUCTOBYIOTh TaKHX POOOTIB, K pobotu-nomivauku (Omnicell M5000, TransCar
LTC 2, RoboCourier), pobotu-macaxxuctu (Emma), npyxHi poOOTH-IOTIIS A IEHUIL
(Stevie ta Mabu), poboTH, CTBOpeHI s MOKpAIEHHS ICUXOEMOIIIHOIO CTaHy
narfieHTiB Ta 6arato iHmux [3].

HeoOxigHicTh CTBOPEHHS MPHUCTPOIB, MO AO03BOJSIOTH JIOISIM 3 OOMEKCHHMH
MO>KJIMBOCTSIMM BUKOHYBATH 3BUYHI JIii, € HE3aNEPEUHUM 1 I[IJIKOM 3aKOHOMIPHUM

apuiieM. g BUpilIeHHS OpoOieMH OOMEXEHOCTI pyXy B pyxax ¢axiBUIMH
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kommaHii Dexta Robotics cTBopeHO ek30ckeneT mifg Ha3Bow Dexmo. Woro
VHIKQJIbHICTH MOJISTa€ B TOMY, IO BiH OPIEHTOBAaHWN BHKJIIOYHO HA PYKH, TPHUIOMY
PO3pOOHMKAM BIANOCSA JOMOTTHCS TOTO, IIO KOPUCTYBad 3MOXE BIIUYTH peasbHi
JOTUKHU JI0 00'€KTIB Y BIpTyaJIbHOMY CBITI.

GesturePod mpononye Bapiant iHTepdelicy cmaptoHy ans  moAed 3
MOpPYIICHHSMU ~ 30py, SKMM Tepenae iHGOpMalil0 TPOCTHHI, SKy BOHH
BUKOPHUCTOBYIOTh. Lleit HeBenmkuit 610k ynpasisieTrbess MKR1000 1 BukopuctoBye
IMU nnst BU3HAYEHHS JKECTIB PYK, 3aCTOCOBYBAHUX JI0 TPOCTUHHU [4].

Oxynsipy, 1HBAJIIHI KOJISICKH, KapAlOCTUMYJISITOPM Ta 1HII MPUCTPOi, 100
JIIOIM MOTJIM OQ4yuTH 1 JIETIIE OPIEHTYBATHUCS B CBITI - CymepcydacHi poOOTH30BaHI
CUCTEMH

PobGoToTexHIuHa Xipypris Ma€e TpU OCHOBHI JOCSITHEHHS - BiAjajieHa XIpypris,
MaJjioiHBa3MBHa Xipyprii Ta Oe3nuioTHa Xipyprii. OCHOBHMUMHM NOTEHUIHHUMHU
nepeBaraMu poOOTHU30BaHOI XIpyprii € TOYHICTh Ta MiHIATIOpHU3allis, apTUKYIAIsS
11032 3BUYANHOI0 MAHIMYJIAIIEI0 Ta TPUBUMIPHE 301UTHIIICHHS.

Xipypriuna cucrema daVinci € 3HauHUM MPOPUBOM Yy Tally3l MEIUYHOI
pobototexHiku [5]. BoHa ckiamaeTbes 3 eproHOMIYHOI KOHCOJI Xipypra, CTIMKH 3
YOTHpMa IHTEPAKTUBHUMU POOOTH30BAaHUMHU pyKaMU OUISL ONEpamidiHOro CTOIY,
BHUCOKOMPOIYKTUBHOI cucteMu omisany InSite 1 iHcTpymenTiB EndoWrist. O306poeni
HalCyJacHIIOW POOOTH30BAHO TEXHOJIOTIEI PYXH PYK Xipypra MaciraOyroThcs,
(1IBTPYIOTHCS 1 TOCTYHOBO MEPETBOPIOIOTHCA B TOUHI pyXH 1HCTpyMeHTIB EndoWrist.
VY mOiACYyMKY, CTBOPIOETHCS I1HTYITUBHHMM 1HTepdeiic 3 4YyIoBUMHU XIPypridyHHUMH
MOXJIMBOCTAMU. [lepeBaramu 11i€i cUCTEMH € Te, 1[0 BOHA MOYKE BUKOPHUCTOBYBATHCS
JUTSL PI3HUX TPOIEAYp; MOKpalleHa BIPaBHICTb, TOYHICTh 1 KEpOBaHICTh pyxiB; Da
Vinci 703BoJIIE TPAHCIIOBATH PYXU PyK Xipypra 10 BIAMOBIIHUX MIKpPO-PYyXiB
IHCTpYMEHTIB BCEpEIuHI TalleHTa; 4 poOOTHU30BaHI PYKH 3 1HCTPyMEHTaMU
3ruHalThesi Ha 90 rpamyciB; BIACYTHICTh TPEMOpPY; ONTHUMAJIbHE 3pPIBHIOBAHHS
ONTHYHOI Ta PYXOBOi OCI; MOJIOKEHHSA CUISYM; 3MEHIIYETbCS PU3MK 1H(IKYBaHHS
renatutoMm, BIJI 1 T. m. OcHoBHUMH Henmomikamu cuctemu daVinci € TpHUBamiCTh
HAaCTPOWKHK OOJIafHAHHSA, Ta WOTr0 BHCOKA BapTICTh. AJie TOJOBHOIO MPOOJIEMOIO €

HEOOX1/IHICTh TPUBAJIOT NEPEMIATOTOBKH Ta HABYAHHS MEIUYHOTO MEPCOHATY.
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5.2. PoGoToTexHika B cyyacHiil eprorepamii

Ha cporognimmuiii nenp kpainn €Bponu Tta CHIA MaioTh CHIIBHI ramysi, IO
IPaIloIOTh B CEKTOP1 peadimiTalli Ta MOKPaIIylOTh BC1 MOXJIMBI aCIIEKTH PO3BUTKY
TEXHOJIOT1i, a caMme:

1) Iocibnuxu ons peabinimayii. 1le po3poOka JTONOMDKHUX 3ac00iB, IO
HEOOXITHI I O3HAHOMJICHHSI MEIUYHOTO MEPCOHANy a00 JOMISIIadiB 3 HIOAHCAMU
poboTu B chepi pOOOTOTEXHIKH.

2) 3acobu, wo 30amui 3aminumu empayveni @yukyii ma npomesu. 1i mpuctpoi
CTBOpEHI JUIsl TOJIMIICHHS MOOUIPHOCTI Ta MOTOPHUX HaBHYOK. K mpukmam —
mpote3 abo eK30CKeleT, IO 3JaTHUM aJanTyBaTUCA 1O KOpPHCTyBada Ta
HABKOJIMIIIHHOTO CEPEOBHIIIA.

3) Hetipopeabinimayis. Tlpu3HadeHa s peaOuTiTallii mcias iHCyabTy y (dasi
OJly’)KaHHSI Ta 1HIIMX HEHPOMOTOPHUX MATOJOTISAX, TaKUX sIK XBopobOa IlapkiHcoHa,
PO3CISIHMIA CKJIEpO3 Ta arakcis. MeToa M03BOJIss€ CTUMYJIOBATH MOTPiOHI AUISHKH
TiJIa Ta MO3KY IO J03BOJISIE MPUIIIBUNIMTY TIPOIIeC Oy)aHHs [6, C. 58].

Takuii HanpsMok peabimirtarii, sk epeomepanis (0ccupational therapy — Bin
JATUHCHKOT «Ergon» — mparis, 1 rpenbkoi «therapiay - mikyBaHHs), TOOTO — JIIKYBaHHS
yepe3 Mpaifio, MisUIbHICTh, SIK CaMOCTIMHA Taily3b pealutiTaiii copMmyBaiacs Mmicis
Hpyroi cBITOBOi BiMHHM, KOJHU CYCHUIBCTBO 3ITKHYJIOCS 3 MPOOJIEMOI0 MacoBO1
1HBAJIITHOCT1 BEJIMKOI PI3HOBIKOBOI I'PYIH JIFOI€H Ta HEOOXITHICTIO iX peadimiTarlii.

Yepes Te, 1m0 YKpaiHa CbOrOJICHHS BTSATHYTa Y BIMCbKOBUN KOH(UIIKT Ha CXoml
KpaiHi, HEOOXi/IHE IIHMPOKE BIPOBAKEHHSI eproTepanii B Ipolec peadutiTamii BCixX
y4acHUKIB aHTtuTepopuctuyHoi omepaiii (ATO): nemoOuUTI30BaHMX, 1HBAIIIIB Ta
BHYTPIIIHBO MEPEMIIIIEHUX 0Ci0 3 TepuTOopii boroBHUX i [7, C.7].

Came s Takoi KaTeropii JIt0Ie, B EepILy Yepry, eproreparnis yepe3 HaBUYKH B
poboToTexHill Oyae HaWKpalM 3aco00M 1 MCUXOJOTTUHOI 1 (i3M4HOI peadumiTarlii,
JACTh IM MOKJIUBICTh IHTETPYBATUCS Yy CYyYacCHE KUTTS 1, MOKIMBO, 3J00YTH SIKILO HE
akTyalbHy nmpodeciio, TO 3axorumorde xo00i. HaOyTTs 3HaHR 1 HaBHYOK
po00TOOYAYyBaHHS MOYKE JIOMOMOTTH JIFOJHWHI 3 IHBAIIIHICTIO a00 3 OOMEKCHHMHU
MO>KJIMBOCTSIMH JTOJIYYUTHCS 10 Cy4aCHOTO BUPOOHMIITBA Y POOOTOTEXHIUHIN cdepi,
chopmyBaTH Taki, HEOOXIAHI TSl XKUTTS y COLIyMI, 3arajibHi BMIHHS: T€HEpYyBaTH 171ei
Ta CTAaBUTH BJIACHI II1J11; CaMOCTIiHO 3400yBaTH 3HAHHS; €()EKTUBHO CITIBIIPAIIOBATH
B TIpymnax, OOMIHIOBATUCS TOCBIJOM; OauuTh MpoOJEeMH Ta 3HAXOAWTH IIISXH IX

YCYHEHHSI, 3HaXOJIUTH MPABUJIBbHI PIIICHHS y Hemepen0adyeHnX CUTyalisix; OpaTu Ha
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cebe BIAMOBIAAIBHICTh, JOBOAUTH CIIpaBy J0 KIHIS 1 OYTH MPOAKTUBHUM,
BUKOPHUCTOBYBaTH KOMYHIKalliiiHI TEXHOJIOTIi; MPOBOAUTH pedIieKcito (camoaHami3
misutbHOCTI Ta i1 pe3ynbTariB) Ta inmi [8, €.41]. Kpim Toro, xT0, SIK HE cama JIIOJfHA 3
OOMEXKCHIUMH MOXKIIUBOCTSIMH, PO3YyMi€, SKHMH pHCaMH Ta (QYyHKIIOHATBHUMHU
MO>KJIMBOCTSIMU BOHA XOTiJ1a O HaJIJTUTH poOOTA, CTBOPEHOIO ISl BJIACHUX MOTPEO.
Taka eprotepamisi CHpPUSATHME I1HTENEKTYaIbHOMY PpO3BUTKY, 3MIIIHEHHIO
M’SI30BOTO TOHYCY, PO3BUTKY KOOPAMHALIMHUX 3M10HOCTEH, peakiiil piBHOBAry,
3arajbHOI Ta JAPIOHOI MOTOPHKH, MOTOPHOTO IUIAHYBaHHS, MOKPAIIUTh 1HTErpaIliio
ceHCOpHO1 1HdopMaIli, a TaKOX pEryJroBaTUME PIBEHb AKTUBHOCTI JIIOJAWHHU 3

0OMEKEHUMH MOKIIMBOCTSIMH.

5.3. PoGoToTexHika B MeIU4Hili OCBIiTi

B nenmanexkomy MalOyTHbOMY MeEIMYHA Taly3b MOTpeOyBaTUME BcCe OUIbIIE
¢axiBuiB 3 mpodeciiiHUMU 3HAHHAMM 1 JIIKaps 1 omeparopa poOoTiB, a0 HaBITh
pOOOTOTEXHIKA, OJTHOYACHO.

Tak, mjig MOIATOTOBKM XIpypra ICHYe€ Majo JOCTYIIHHX CHOCO0IB HaOyBaTH
MPaKTUYH1 MEIUYHI HABUYKH, HE MIJIJAI0YH MAIIEHTIB PU3UKY. [CHYIOUl CUMYISATOPH
BIPTyaJIbHOI ~ PEAJIbHOCTI  JIONOMAararoTh  BIATBOPIOBATU  BI3yallbHY  KapTHUHY
MPOBEJICHHS OTMEPATUBHOTO BTPYYaHHS, ajie¢ BOHM MalOTh MPUHANMHI OJHE TOJOBHE
oOMEXEeHHd  —  BIACYTHICTb y  MaillOyTHBOro  Xipypra  TaKTHUJIbHHUX
BimuyTTiB. Po3po0iienuii kommaniero Fundamental VR VR-xipypriunuii cumyistop
(biKCy€e YyTIMBICTh, BAKOPUCTOBYIOUM TaKTUILHUN 3BOPOTHUM 3B'SI30K (TOIIOHUMN 10
BiOparlii cmaprtdona), mob mikapi-Xipypru mMoriau "BigdyBatu'" cBoi Iii Tak, HIOU

BOHH JIIFICHO BUKOHYIOTh OTIEpaIlif0 B peaibHOMY 4aci (puc. 2).

Puc. 2. VR-xipypriunuii cumyasitop

HpI/IHI_[I/IHOBO BAXKJIMBUMU IICPCBAraMH TAKOI'O0 CUMYJIIATOpA € TC, IO CUCTCMaA
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VR-XipypriyHuii CHUMyJISTOpP BUKOPHUCTOBYE amapaTHO-arHOCTHUYHI TEXHOJOTIl 1
KOIITYy€e Habarato MEHIIe, HIX TPaJWLifiHI HaBYaJIbHI CUCTEMH, IO POOUTH 11 OLIBII
JOCTYIHOIO JJIsi HaBYaHHSA XIpypriB y BChOMy CBiTi. bim3bko 50 nikapeHp Bke
BUKOPUCTOBYIOThH HOT0, BKIIIOUAIOUX TaKi BioMI iMeHa, sk Kiinika Maiio (CILIA).
[Tpoektyroun pobGoTH3oBaHUi 00’€KT, MaOyTHIM (daxiBenp ¢dopmye Ta
po3BHUBaE Taki mMpodeciiHi SKOCTi: KPUTUYHE, TOYHE, JIOTIYHE Ta I1H)KECHEpHE
MUCJICHHS, BMIHHSI CTBOPIOBAaTH MOJIENI 00'€KTIB — KOHCTPYIOBATH; 3aCTOCOBYBAHHSI
3HaHb 3 (i3uku Ta iHPopMarnitHO-KoMyHiKaliiHuX TexHousorii (IKT); po3ymiHHs
OCHOBHHMX TOHSTh aJTOPUTMI3Allli; HABUYKH POOOTH 3 KOMI'IOTEPOM; BMIHHS
3a/1aBaTy KOMaH/IMU MEBHUMH MOBaMU MPOTpaMyBaHHs; 3JaTHICTh CITIBIIPAIIOBATH 3a
noromororo 3aco0iB IKT i1 BUKOHAHHS KOMIUIEKCHHX 3aBJaHb Ta iHmi [8, C.41].
Jlns cTBOpeHHS 1 TmporpaMmyBaHHs il po0OoTa po3poOsieHi creliaibHi
KOMIT FOTEpHI TUIATQPOPMHU, KOHCTPYKTOPH 1 HAOOpPH, LIO0 MICTATH I1HHOBALIWHI
JaTYNKHU, CEHCOpH, NMPOrpaMOBaHI KOHTPOJEPU Ta €JIEKTPOHHI MPHUCTpoi. Sk s
MOYATKIBIB, TaK 1 JJII JOCBIAYEHUX POOOTOTEXHIKIB Ui poOOTOOYTyBaHHS
po3pobiieHa amapaTHa oOuucitoBaibHa IiaT@opma Arduino (abo ii anamorm),
OCHOBHUMHU KOMIIOHEHTAMHU $IKOi € TulaTa BBEJCHHS-BUBEICHHS 1 CEPEIOBHINE

po3poOKH (puc. 3).

Puc. 3. [lnardopma-mikpoxonTpoaep Arduino UNO

Bona Moyke BUKOPUCTOBYBATHCS SIK JJI1 CTBOPEHHSI aBTOHOMHUX 1HTEPAKTUBHUX
00'€KTIB, TaK 1 MIIKIIOYATUCS 0 NPOrpaMHOro 3a0€3MeUeHHs], 1[0 BUKOHYEThCS Ha
koMm'totepi. Arduino MmaroTh aHanorori 1HUGpPOBI MOPTH, [0 SAKUX MOMKHA
MIIKIIOUYATA TPAKTUYHO OYIb-SKHM MPOCTUH MPHUCTPI: KHOMKY, AAT4YUK, MOTOD,
eKpaH. 3 €0 MIaTOI MOXHA 03HAMOMHTHCS Ha odilliitHOMY caiTi B Ykpaini [9].

Ha ocnoBi Arduino «poOOTOTEXHIKM» MOXYTh HPOrpaMyBaTH €JIEKTPOHHI
MPUCTPOi, CTBOPIOIOYM MOJENI, CHPOMOXHI BUKOHYBaTH TMEBHI (QYHKIII, sKi
JOTIOMOXKYTb JIFOJIMHI 3 OCOOJIMBUMH MOTpeOamMu SIK B MOOYTI TaK 1 CTBOPSTH IliKaBe
N03BULIA. [[71s1 yCHmimmHOTO MpOorpaMyBaHHS i MPUCTPOIO HEOOXITHO OCBOITH Taki
MOBHM TporpamyBanHs, sik Python, C ++ Ta Scratch for Arduino. [Iyns po3po6ok
| MONOGRAPH 78 ISBN 978-3-9821783-5-6
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HOTPIOEH TaKOXK PsJi KOMIIOHEHTIB: KoMI'toTep abo HOoyTOyk (mac, linux, windows);
ycranoBieHe IDE cepenoBuiie, B sikomMy NuinyTh KOJ; BCTaHOBJICHI ApaiiBepH
mporpaMaropa, 1o 3a0e3nevyloTh KOMYHIKAIIO0 TUIATH 1 KOMII'IoTepa; miarta Jis
npototunyBadas Arduino UNO a6o Oyap-ska inina; USB kaOesb Ui miaKITIOUeHHS
TUTaTH 10 KOMI'IOTEpa Ta PI3HOMaHITHI JaTYMKH, MOTOPH Ta JIAMIIOUYKH.

Hanpukman, ;i HanvcaHHS HAUIPOCTINIOT Mmparfrorodoi nporpamu st Arduino
MOBOIO TIporpamyBaHHs — ctanaapTHUM C ++, BUKOopuCcTOBYI0YM Kommiistop AVR -
GCC, 3 nesakuMu 3pyYHUMH OCOOJHMBOCTSMH, IO IIOJETIIYIOTh HOBAYKaM il
HaIUCaHHS, JOCTATHHO JIBOX OCHOBHMX 010TI0TCUHMX (PYHKITIM:

- setup (): GpyHKIIisT BUKITHKAETHCS OJHOPA30BO MPH CTAPTI MIKPOKOHTPOJIEPA,;

- loop (): dyHKIisS BUKIIMKAaeThes Ticis Setup () B HECKIHYEHOMY LMK YChOTO
nepioay poOOTH MIKPOKOHTPOJIEPA.

Onna 3 HaumpocTimux cxeM Ha Arduino — 1€ MiAKIIOYEHHS 30BHIIIHBOTO
CBITJIO/IIONY, YTPABIIHHS SKUM BIIOYBA€THCS 3a JOMOMOTOI0 MpOorpamu (CKeTdy),
MOBHUM TEKCT SKOI — MUTOTIHHS CBITJIOAIOAOM, MIJKIOYEHUM 10 13 Buxomy
Arduino, 3 nepiojIoM 2 CEKyHI1, Ma€ BUTIIS/L;

void setup () {

pinMode (13, OUTPUT; // Ilpusnauenns 13 6usody Arduino euxooom

}

void loop () {

digitalWrite (13, HIGH); // Buukanns 13 eusoody, napamemp sukiuky ynxyii
digitalWrite HIGH - o3naxa sucokozco nociunozco pisus

delay (1000),; // Huxn sampumku na 1000 mc - I cekynoy

digitalWrite (13, LOW); // Bumukanns 13 eusody, napamemp euxiuxy LOW -
O3HAKA HU3bKO20 JI02IYHO20 PIGHS

delay (1000), // Huxn 3ampumku Ha I cekynoy

}

Bci dyHkuii, 1mo BHKOpPUCTaHI B NPHUKIAAl, € O10I10TEYHUMH, TOOTO HE
noTpeOyIOTh HAMKMCAHHS MPOTPaMICTOM-TIOUaTKiBIIeM. TakuxX MPUKIIAIIB NpOrpaM B

KOMIUIEKTI Arduino € BenuKa KijabKicTh [9].

BucHoBxu
He3Baxaroun Ha JAOCATHEHHS, SIK1 IEMOHCTPYIOTh Cy4acHl poOOTH B MEIAUIMHI,
CYMHIBHO, 110 B HalOIMKYOMYy MallOyTHbOMY TMOMIKJIIHIKMA Ta JIKapHI TOPKHETHCS

100%-Ba pobotuzamis. HaBiTh komu poOOTHM CTaHyTh OUIBII JTOCKOHAIMMH, iX
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«CaMOCTIHHI» 1T TaKOX OYyAyTh KOHTPOJIFOBATUCS JIFOJUHOIO.

VY mporieci 1aHOTO MOCHIIHKEHHS 3’SCOBAaHO, IO B YKpaiHl CHOCTEPIraeThCs
aepimuT  KBami(piKOBAaHMX  MPAKTUKYIOUMX  JIKapiB, CIPOMOXHHUX  SIKICHO
IIpOAHATI3yBaTH PEe3yJbTaTH KIHIYHUX JTOCTIIKEHb Ta OILIHUTH Cy4YacHI MEIMYHI
rajpkeTd. Y BITYM3HAHIM CHCTEMI OXOpPOHHM 3J0pPOB’S HEAOCTATHHO IIHPOKO
BIIPOBAKYIOTHCS HOBITHI TEXHOJIOTIT — HAMBAXJIMBIIINI CITOCIO IMiIBUIICHHSI SKOCTI
Ta CBOEYACHOCTI HaJaHHS MEIWYHOI JOMOMOTH B CKJIQJHUX YMOBaX CY4acHOCTI Ta
edexTuBHOT (Pi3UYHOT 1 COMIATBHO-TICUXOJIOTIUHO1 peabiniTarii HacemeHHs. Came
TOMY B&)XJIMBUM 3aBJIaHHAM MEPCIEKTUB MEIUYHOI OCBITU € (paxoBa MIArOTOBKA 1
MepeniiroTOBKa MEIWYHUX MPaIliBHUKIB, 30KpeMa XIpypriB, JiKapiB-I1arHOCTIB Ta
JikapiB-eprorepanenTiB. Po3poOka kypciB Ha miardopmi Arduino Ta 1HIMX IS
BUBYECHHS pPOOOTOTEXHIKM CBOTOJHIIIHIMU CTYJE€HTAaMU MEIUYHHX BY3IB €

I[OI_IiJ'IBHOIO Ta aKTyaJIbHOIO.
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KAPITEL 6/ CHAPTER 6.

CORRECTNESS OF COMPUTER PROGRAMS FOR CALCULATING AS A
PROFESSIONAL PREPARATION FOR FUTURE IT SPECIALISTS
ITPOB/IEMA KOPEKTHOCTI KOMII’IOTEPHUX OBYHUCJ/IEHB IIPHU IIL[T OTOBILI

MAHBYTHIX DAXIBIIIB I'AJIY3I IT
ITPOBJIEMA KOPPEKTHOCTH KOMITBIOTEPHBLIX BRIYUC/IEHHH ITPH
IHHOJI'OTOBKE BYJIYIIIUX CHHEIITHAJIUCTOB B OTPACJIH IT

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-019

Beryn

O4eBUIHUM BHIAETHCS TBEP/KECHHS, 10 PO3YMIHHA NPUHANMHI OCHOB
opratizaiiii 004YuCIEHb 3a JIOTIOMOTOK KOMIT FOTEPHOI TEeXHIKM € BKpail Oa)kKaHMMHU
s Oyab-sikoro (QaxiBusg 3 1HQOpMAIIHHUX TEXHOJOTIM (Mar4yu Ha yBas3l Bce
PI3HOMAHITTSI Cy4YaCHHMX cCHeliaJbHOCTEd Ta crnemiamizamii y IT-ramysi, He
oOMexyrouuch Jine HamioHanbHuM Kracugikatopom mnpodeciii [1]). ABropu
CBIJIOMO BUKOPHUCTaIM JOCUTh M’siKi (OPMYJIIOBAHHS: «IPUHANMHI» Ta «BKpaii
OaxkaHi», — 3aMICTh KaTErOPUYHUX BHPaA3IB  «OOOB’SI3KOBI», «HEOOXITHI»,
«BU3HAYAIOU1» YU YOroch mojioHoro. JlificHO, /Ui Cy4acHOIo IIporpamicra 4acTo
JIOCTaTHBO MaM’SITaTH, 1110 OOYMCIICHHS 3a JOMOMOTOI KOMIT'IOT€pa B KIHII KIHIIIB
B110yBalOTHCSl HA PiBHI HYJIB Ta OJUHUIb, Y MPEJICTABICHHI KOMII I0TE€pA 1CHYIOTh
gucya i1 Ta JIHCHI, MPUCYTHS MOXHOKa 00YKMCIICHb TOIIO. 3a3HAYCHUX YSIBJIEHD PO
MEXaHI3MH KOMIT IOTEpPHUX OOYHMCIIEHb ISl TMporpamicta OyBae JOCTaTHbO, 11100,
pO3BUBaIOYM 1HII MPOodEciifHl SKOCTI, OyTH YCHIIIHUM Ha Cy4aCHOMY PUHKY Iparfi.
Mu 3ocepeawiuch came Ha mnpodecli mporpamicra, 00 MpOrpamicT ChOTOAHI Y
MacCOBIH CB1JJOMOCTI SIBJIsIE CO0O0I0 Takuii co01 aBaHrapa cydacHux [T, 3anummatouu mno
MOMYJISIPHOCTI JAJIEKO TM03aJy TECTYBAJIbHUKIB, CUCTEMHUX aJMIHICTpAaTOpIB, BEO-
U3aifHepiB TOImIO (MMOBa)KHA OUIBIIICTH abITYpIEHTIB, MIO IJIAHYIOTh BCTYMATH IO
3BO 3a nampsimom «lH(popMaliiifHi TEXHOJIOT1», CKaKyTh BaM, 10 Y MailOyTHLOMY
0audath cebe came IporpamicTamu).

B pamkax 1€l poOOTH MU Ka)XeMO PO KOMIT I0T€pHI OOYMCIICHHSI BUKIIOYHO Y
KOHTEKCTI 0e3MocepeJHhOT0 BUKOHAHHS 3alporpaMOBAaHUX MaTEMaTUYHUX JIiH
(manpuxnan, nereagapae 0.1 + 0.2, mpo o Tpoxu Hux4e). e 3ayBaskeHHs BaxIIMBE,
OCKUIbKH B HIMPOKOMY PO3YMIHHI Maifke Oyap-sKy poOOTy 3 KOMIT IOTEPOM MOXKHA
BBa)KaTH OpraHi3alli€ro o0UnciieHb, 1 11e Oyje CIpaBeIuBO.

3aTBep/pKEH1 JIep)KaBHI CTaHAAPTHU MIATOTOBKU CTYJICHTIB 3a CIEIaJbHOCTIMHU
113 «IIpuxnagna marematuka» [2] Ta 122 «Komm’rotepHi Hayku» [3] MICTAThH 4iTKO

chopMylIbOBaHI KOMIETEHIIi Ta pe3yJbTaTH HaBYaHHS, IO CTOCYIOTHCS 3asBJICHOI
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TEMaTUKHU:

ebynyBaTu e(eKTHBHI OO0 TOYHOCTI OOYHMCIEHb, CTIMKOCTI, MIBHAKOAII Ta
BUTpPAT CHCTEMHHX PECypCIB  alTOPUTMU JJIS  YHUCEIBHOTO  JIOCHII>KEHHS
MaTEeMaTUYHUX MOJIeJIell Ta pO3B’s3aHHS MPaKTUYHUX 3a7ay (pe3yJbTaT HaBUAHHS
PHO9 3m00yBauiB BHUIOI OCBITH OakalaBpPChLKOTO PiBHS 31 cremanbHocTi 113
«IIpuknagna marematuka» [2]).

®31aTHICTh CAaMOCTIITHO BU3HAYUTH TMOCTAHOBKY 3a/aui, BUOMPATH YHUCETbHUN
METOJI JIJIs 1i pO3B’sI3yBaHHS, TapaHTyBaTH 3aJlaHy TOYHICTh BUKOHAHUX OOYHUCIICHbD,
BIJIMOBIAATH 3a OTPUMaH1 PO3B’s3kM (cmerianbHa (axoBa kommeTeHTHICTH CK4
3m00yBaviB  BHIIOI OCBITHM 0OakadaBpChKOIO piBHS 31 cmemiagbHOCTI 122
«Kowmm’rotepHi Haykn» [3]).

3BICHO, MM HAaBEJIM JIMIIIE HAWOUIbII KOHKPETHI, Ha HAIly AYMKY, 3TaJyBaHHS
PO aKTyalbHICTh HAOYTTS HABUYOK HE JIMIIE OPraHI30BYBATHU CKJIAJHI OOYUCIICHHS,
ajie pobutu 1e e(PeKTUBHO 13 KOHTPOJIEM KOPEKTHOCTI OTPUMAHUX PE3yJIbTaTIB.

3a3HaueH1 KOMIIETEHI[li HaOyBalOThCSl 3a3BMYall Ha KJIACHYHUX JTUCHMILTIHAX
TUNY «AJTOPUTMU Ta CTPYKTYpH JdaHuX», «Apxitektypa EOM», «Metoau
oOuucinensy, «lIporpamyBaHHs» TOINO, KOJM 3aXOJUTh MOBa PO MPEICTABICHHS
qyceN y maM’siTi KOMIT I0Tepa, TUIaX JaHUX Ta iX 0OMEXEHHSIX, TOXUOKU OKPYTJICHb
YHCeJ Ta IHIIUX JTOTHYHUX TeM. SIKIIO % 03HAHOMHUTHCH 13 Cy4aCHUMH BITYU3HSIHUMHU
MIIPYYHUKAMH 3 [UX JUCHUIUIIH (K 13 OUIBIIICTIO 1HIIMX JDKEpeN, 10 HE €
MepeKaagaMil  aMEPUKAaHCHKMX YW 3aXiJHOEBPONEHCHKMX  BHJIaHb), MOJKHA
NEPEeKOHATUCh, 10 TEMATHI[l KOPEKTHOCTI KOMIT IOTEPHUX OOYHUCIICHb HE
NPUAUIAETHCS TIOCTATHRO YBAaru: rOBOPSITHCS SKICh PUTYaJIbHI CJIOBA PO MPUHITUATIOBI
00OMEKEHHSI O0YHCIICHb, HABOMATHCS JBA-TPH «3aDKIKEHI» MPUKIAAN, HABOJIUTHCS
BEJIMYE3HAa KUIbKICTh MaTeMaTWYHUX (opmys Oe3 aKIEHTYBaHHS yBaru, siKke IIe
MpsiIME€ BIJHOIIEHHS Mae€ 0 MpoOJjIeMU KOMIT IOTepHUX OOpaxyHKIB (Hacmpasii 0e3
Cep03HOI MaTeMaTUYHOT MiJITOTOBKU BCIO TIIMOMHY 3a3HAYEHOI TPOOIEMH OCSATHYTU
B MIPUHIIMIIT HEMOKJIMBO, aJIe 11€ BXKE 30BCIM 1HIINI PiBEHb TEOPETHUHOTO 3aHYpPEHHS
y TpoOJeMaTuKy, KU B MPUHIUII BUXOAUTH 32 PAMKH CTaHAAPTHOI MiATOTOBKH
¢daxoBoro [T-mHuKa).

Haiininuimoro, Ha JIyMKYy aBTOpPIB, CKJIaJ0BOI0 MPEACTABICHOI POOOTH €
KOPOTKHUH OMHUC METOIOJOTIYHO BHOYAyBaHOTO HaOOpy MPUKIAIIB MapagoKCaTbHUX
(a mpocrime KaxXydd — HEKOPEKTHUX) PE3YJNbTATIB KOMIT IOTEPHUX OOYHMCIICHD.

[lpuknagun migiOpaHi TakKMM YUHOM, 100 MPOJAEMOHCTPYBATH €Kl HEOYiKyBaHI
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pe3ynbTaTd pPoOOTH KOMIT IOTEPHHX MPOrpaM, MPH I[bOMY BKpail MPOCTUX SK 3a
JIOTIKOIO aJITOPUTMIB, TaK 1 3a CBOEIO MPOTpaMHOI0 peamizamieto. [Ipu npomy mu
HaMarajguch HE 3JI0BXKHUBATH JCTAIBHUM OMHCOM MAaTEMaTUYHOI CKJIaJ0BOi
npoOJieMu, 60 1€ MOTJI0 O CYTTEBO YCKJIQJHUTH CIOPUHHATTS MaTepiaidy 1 epeBecTH
aKIICHTH Ha aKaJeMIiuHl JeTaji, IikaBl Jiiie (paxoBuUM creriagicraM B 00JacTi
KOMIT IOTEpHHMX OOYUCIEHb. [PYHTOBHOMY MATEMATUYHOMY MOCIIIKEHHIO IESKUX
OMHCaHUX 3a/1a4y OyAyTh MPUCBAYEH] MOJANBIII MyOTiKaIlii aBTOPIB.

Jist  gemMoHCTpanii  O3HAYCHUX TNPHUKIAMIB  OyIyTh BUKOPHCTOBYBATHCS
nporpamu, peaiizoBani MmoBamu C++ Ta Python, ockijabKuy 3a JOCBiJIOM aBTOPIB caMe
111 TEXHOJIOT1i HalyacTiIe BUKOPUCTOBYIOTBCS y CyYacHi MPaKTUIll TporpaMyBaHHS,
KOJIM CIpaBa JAOXOAUTh 10 peai3alii CKIaJHUX OOYMCIIeHb (TUIIOC, 1€ OJHI 3
HAWTIOMIMPEHIINX MOB MPOTpPaMyBaHHS, IO BUKIAAAIOTHCS CTYICHTAM Ha TEPIIAX

Kypcax MiJIT0TOBKM).

6.1. Cranaapt (popmaTy nmpeacTaBjeHHs YHCeE]I 3 PyXOMOI0 KOMOIO

Bignaroun paHWHYy OpUTiHaly, B Ha3By pO3AUTly MU Maid O BUHECIH
KOMII'FOTEpHUN TEpMIH pyxoma Kpanka, 10 TPOXH pike Byxo. B ykpaiHchkuii
tpanuiii IEEE 754 3a3Hauvaerbcs sik craHmapT (opmaTy HpencTaBiCHHS 4ucel 3
pyxomoro Kkomoio, Xo4a nociiBauii mepekian Ha3eu |EEE Standard for Floating-Point
Arithmetic micTuch came TepMiH Kpanka. IlpuunHa y TOMy, 1IO0 Yy Tpaauuii
KOHTHUHEHTaJIbHOI €BpOINU ACCATKOBUM PO3AUTIOBAYEM MIX IUIOK Ta JIPOOOBOIO
YaCTUHOIO € Koma, Tojl sik y Benukiii bpurtanii (ase 3akoHOmAaBIEM MOBH TYT
ckopimre Tpeda BuzHatu CIIIA) BUKOpUCTOBYEThCS Kpamnka. B 3anexHocT1 BiJl icTopii,
MOJITUKY Ta TPAaauUId B PI3HUX KpaiHaxX CBITY Y SIKOCTI JIECATKOBOTO PO3JALIIOBaYa
BUKOPUCTOBYIOTh KOMY a0o0 Kpamky (HacmpaBil, y KpaiHax bauspkoro Cxomy
3yCTpIHarOThbCA 1 1HIII BaplaHTW pO3JUIIOBaya, L0 HE OTPUMAJIM ILIMPOKOro
po3noBctokeHHs). [likaBo, 1o 1HOAI JUCKYCis KOMa/Kpamka TMepexoauTh Yy
noJiTyHy miomuHy. Hanpuknaza, y nposinuii Kse6ex y Kanaai BUKOpHUCTOBYIOTH
KOMYy — JlaHuHa (paHIy3bKiil icTopii mbporo periony, a IIAP 3aminuna pasxime
BXKMBAaHY KpanKy Ha KOMY 3 METOI0 TIOJIOJIaHHS OpPUTAHCHKOTO KOJOHIAIbHOIO
MuHYyJoro. Pi3Hi cyuacHi mporpamu (sk To Microsoft Excel) B 3anmexxnocTti Bin
JoKai3alii B OJHUX PErioHax y SKOCTI pO3/AlI0BadYa BUKOPUCTOBYIOTH KOMY, B

iHmMX — Kpanky. [ami mu OymeMo BHUKOPHUCTOBYBAaTH TEPMIHM KOMa/Kpamka B
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3aJIEKHOCTI B1J] KOHTEKCTY.

HaBopsiun nani y TeKCTi OKpeMi NpUKIaAu, MH He OyZeMO CYTTEBO BIaBaTUCh Y
ocobymBocTi cranmapty |IEEE 754-2008 [4], 60 aBTOpW HE cTaBHIM Ha METi TITHOOKO
3aHYpPIOBATUCh y TEXHIYHI JeTaji, 0a OlIbIle caM CTaHAapT Xo4ya O MOOLKHO Mae
BHUBYATHCh HA BCIX CTEMIaAIbHOCTSX, OB’ si3aHux 3 IT.

Yucno 3 pyxomoro koMoro 3rijHo |EEE 754-2008 mpencraBisieTbes y BUTIISAL

N =(-1) x1.M x 2"

e S — 3Hak yucna (Signum), M — manTtuca (mantissa), E — nopsgok ymcna
(exponent). Jlanmi mu OyAeMO pO3MISAJIATH JIUIIEC YHCIa OJMHAPHOI TOYHOCTI (single
precision, binary32, float 8 C++) momkuHOIO YOoTHpW OaiiTH. IHII THIU YHUCeN 3
pyxoMor koMoro (Taki sk double y C++) KOHCTPYIOIOTBCS 32 TUMH K TPUHIUITIAMHU.
Sk MokHa mMoGayuTH 3 pUCyHKa 1, B 4MClIax OJUHAPHOI TOYHOCTI CTapiiuii OIT —
3HAKOBUH, TOPSAOK 4YHCIa 30epiracTbCsi 3a JOMOMOTrol &8 OITiB, HA MaHTUCY

BUUIAETHCS 23 O1Th. 3aramom 32 0itH, ToOTO 3rajani 4 0anTH.

| Exponent (8 hit) Mantissa (23 bit)

Puc. 1. Yucsio oqunapHoi Tounocti (float)

ManTrca, sk MoxHa OauuTH 3 (GOpPMYIBHOTO TMpencTaBieHHsS uncina N,
HOpMaJli30BaHa — IUJIa YacTHUHA JAOpiBHIOE oAuHULI. i1 oOuMcieHHS NOpSIKY
BUKOPHCTOBYETHCS KOHCTAHTHMMA 3CYB €KCIIOHEHTH, IO Jisi YHCel OIWHApHOI
TOYHOCTI JopiBHIOE 127 (a60 01111111, y 6iHapHOMY KOI).

3a1)11 HA0YHOCTI, TTOJAMBUMOCH, 3T1IHO 3 onucaHumu npuHiunamu |EEE 754-

2008 mo craHeTbes 3 MPEACTABICHHSAM palliOHATBHOTO YHCIIA % . Marematu4aHo y

JECATKOBINM Ta O1HAPHIN CUCTEMAaX YUCIIEHHS MaEMO
14 =0,(3),,=0,(00),
JI71st yrcia OJMHAPHOI TOYHOCTI MOKEMO 3arucaTh
% = (—1)0 .1.01010101010101010101011-27%°

10070 S = 0 (umcmo momarue), M = 01010101010101010101011 (ockinbku
nepui BIAKUHYTUM OIT OyB OJMHMIICIO, TO 3a MpaBUJIaMU CTaHIAPTY A0 MaHTUCH
mu aomaemo 1), E = -10 (To6TO mopsiiok NOpiBHIOE -2 y JECATKOBIA CHCTEMI
YUCJICHHS).

Otpumaemo float-nabmmwkenHs 10 yucia % 3a BIIOMHUM aJITOPUTMOM
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(0, 010101010101010101010101l)2 =0-2"+1-2%+40-2°+1-2"+0-2°+1- 2% +...=

A

12
= 22—:2'( + % =(0, 3333333432674407958984375)lO
k=1

y MaTCMaTI/I‘IHOMy K CeHCi BCC 3aJIUIIIAETHCS KOpeKTHI/IM
1
1 4

0,(0), =

3 1
&2 13

4

3a3HaYMMO TaKOX IliKaBUi MoMeHT: oTpumane float-nabmkeHHs Oinbine y

YUCJIOBOMY 3HA4Y€HHI 3a % (a double-nabmmxeHHs y cBoro uepry Oyio 6 MeHIIe 3a

OpHUTIHA).

6.2. OMaHJMBicTH KOMII’IOTEPHUX 004YHC/IeHb Ta Bejinka Teopema depma

HaBenemo 1OCMTh KpPaCHOMOBHHMI TPHUKIA] 3 MacoBol KyinbTypu [5]
napaJoKCaIbHOCTI JE€SKUX BUIAIKIB KOMII FOTEPHUX OOUNCIIEHb.

300paxkeHHsI Ha pUCyHKY 2 — kazp 31 cepii "The Wizard of Evergreen Terrace"
mynbTeepiaity The Simpsons, 300pakeHHsI Ha PUCYHKY 3 — TOW K€ cepiaj, cepis
"Treehouse of Horror VI. Homer3 (Homer Cubed)" .

M(H)=" (=

3967 + 4365 =4 472"

Pucynok 2. [6] Pucynok 3. [7]

CyTb 3po3ymina — ['omep CiMIICOH 3HAMIIIOB KOHTPIPHUKIAAN (K MiHIMYM J1Ba),
110 HIOM TO IOBOAATH HaMm, 110 Benuka teopema depma He BipHA. AJie OCKUIBKH MU
BIIEBHEH1 Yy 3BOpoTHOMY (Benuka Teopema depma Oyia octaTouHo noBeaeHa y 1995
polii), TO L0 1€ MPOCTO >XKapT 3 BUIMAAKOBUMH YHUCJIAMHU, HABEICHUMN JUIIE IJIs
KapTUHKHU Ta HaykomnoAioHocti? Hacmpasmi, Hi. 3BICHO 1€ kapT, aje ayxKe IIKaBHil,
0COOJIMBO 3 MO3UIIIHA MPOOIEMATHKH, 1110 TIIMMaI0ThCS Y IaHiil poOOTi.

Caiimon CiHrx [5] pekoMeHay€e 030pOiTHCh KaIbKYJISITOPOM, 11100 NEePEKOHATHUCH

y ictunnocti 398712 + 43652 = 4472'?, ane mu nepesipumo npunymeHss omepa 3a
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JIOIIOMOT010 MpOorpaMu, HarucaHoi Ha C++.

#include <iostream>

#include <cmath>

using namespace std;

int main() {
float an = pow(3987,12), bn = pow(4365,12), cn = pow(4472,12);
if (an + bn ==cn) cout << "true" << endl;
else cout << "false" << endl;

ks

PesynbraT BHKOHaHHS mpeacTaBieHoi mporpamu Oyzae true. Ompasy Tpeba
BU3HATH, M0 3AJMIMUTH O MporpaMmy y TakoMy BHIJISAAI Oyno O ImmaxpaicTBOM,
OCKUIBKM SKIIO MH 3a JIOINOMOIOI0 cout 3HA4YeHHs, CKa)XKiIMO, 3MIHHOI cn MH O
OTpUMAaJI Ha KOHCOJII pe3ynbTar inf.

JlificHO, 3HAYCHHS

447212 = 63976656348486725806862358322168575784124416

3aHAATO BeJMKe, MO0 30epiratu Horo y 3MmiHHIM Tuny float. Peamizyemo
HACTYIIHHMI TPIOK: OyIeMO IIEpeBipATH Ha piBHICTH BHpas 398.71% + 436.51% = 447212
— TOOTO 3 MATEMATUIHOI TOYKH 30PY €KBIBAJICHTHU TOYaTKOBOMY.

3MIHUMO IT’ATUH PSAJOK MPOrpaMu Ha

float an = pow(398.7,12), bn = pow(436.5,12), ch = pow(447.2,12);

3allyCTUMO MpOrpaMy Ha BUKOHAHHS 1 3HOBY OTpPUMAeMO pe3yibTaT true. [lpu
IIbOMY, SIKIIIO MU JOJIATKOBO BHMBEJEMO Ha KOHCOJb 3HA4Y€HHS 3MIHHUX an, bn, cn
OTPUMAEMO

BiamoBigH1 3HaueHHS 1.61345e+31, 4.78422e+31, 6.39767¢t+31. SMxmo x
JI0JTAaTKOBO BUBECTH pe3yibTaT BUpa3y (an + bn) orpumaemo 6.39767e+31. PiBHICTH
HIOUTO KOpPEKTHA, ajie po30epeMocs JOKJIa HIIIE.

Peanbhi (MaTematnani) 3HaueHHs uncen 398.712, 436.51%, 447.2'? wacrynni

398.712 = 16134474609751291283496491970515.151715346481
436.5'2 = 47842181739947321332739738982639.336181640625
447212 = 63976656348486725806862358322168.575784124416

1 MO’KHA MEPEKOHATUCH, 110
398.72 + 436.5%2 — 447.2'? = 1211886809373872630985.912112862690

HISIKOT PIBHOCTI 01M3bKO HEeMae. Ajie 110  Toal C++?

[ToBepHemoch 0 mTpexacraBicHHs uwcen y cranpapti |IEEE 754-2008 [4].
3asHaueni umcna 398.7'%, 436.5', 447.2'? y ¢opmari float srimao crammapry
MaTUMYTh BUTJIS]T

398.7'2 — (734BA54D)16 = (01110011010010111010010101001101),
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436.5'2 — (7416F69B)16 = (01110100000101101111011010011011),

447.2'2 5 (T449DFEE)16 = (01110100010010011101111111101110)>

[Tinkpecneni OiTu y GiHApHOMY MPEICTABICHI YHUCET — €KCIIOHEHTa (TIOPSI0K)
BIJIMTOBITHOTO YHCJIa. SIKIIIO BUKOHATH 3BOPOTHY KOHBEPTAIiIO 3 OIHAPHOTO KOAY 10

I[GCHTKOBO.I. CUCTCMHU YHCIICHHSA OTPUMAEMO

float(398.7%2) 16134475104304292794275463168000.000000000000
float(436.5%) 47842180292230967173839872589824.000000000000
float(447.2%2) 63976655396535259968115335757824.000000000000

TOOTO B)KE 3MiHEHI unciia. MokHA MTePEKOHATHUCH, III0
float(398.7%?) + float(436.5%?) = float(447.2%?)
3BifICH 1 pe3yabTaT true poOOTH HAIIOT TPOTPAMH.

3aznaunmo, mo ans tuny double Bimmosimuuit pesymnprar Oyme false: Oimbma
BHCOKAa TOYHICTh HE Jla€ HaM OTPUMATH HEKOPEKTHHM pe3ysbTar. Ajie sSK MU
nobaunmo Hrwkde, 1 Tun double He € maHareero Bij ycix mpoOieM KOMIT IOTEPHUX
oOuucnens. Jlo peui, wikaBo Oyno 0 noOyayBaTu NpUKIaa, B AKOMY K y ['omepa mMu
3HaWnum O dvotupm umchna (@, b, C, n), mia sgkux Bxe maua Ty double
HiATBEPKYBAIOCh OU Tporpamoro, mpo a" + b" = ¢".

Posrnsitnemo 1me oauH 1ikaBud edekT poOOTH 3 [UIMMU YHCIAMH IPU
nepernoBHEHH] TUMIB. [ MOsICHEHHS MapaJoKCaIbHUX PEe3y/bTaTiB MU HABITh HE
Oynemo uinatu ctangapt |IEEE (B manomy Bumagky MoxHa po3iOpaTHCh MPOCTIIIe) i
OyleMo po3MiIpKOBYBaTH, Tak OM MOBUTHU, Ha NaJblsX. PeanizyemMo 3a 1OMOMOrorw0
C++ mporpamy oGuucieHHs gakropialy HatypaibHoro yucia N. Ile Tunosa 3amaya,
IO CAYXWTb JJIs JIeMOHCTpallii npobjemu nepenoBHeHHs tumiB int ta long int (B
3aJIEKHOCT1 BiJ Bepcli CTaHAApTy MOBU TEPENiK TUIB MOXHA IMPOJOBKYBATH SK
cepen LUIMX, Tak 1 cepel MIWCHUX TuMiB). Tak, fKIIO 30epirath pe3ysbTar 3a
ngonoMororo 3MiHHOi Tmmy long int (Bci 3HaroTh, mo THO INt s pobotu i3
dakTopiaioM HE IyK€ TOAUTHCS), B SKUICh MOMEHT OTPUMAEMO HEKOPEKTHUU
pesyaprar 21! = —4249290049419214848. OueBugHa MOMMIIKA OOYHCIICHB,
dakTopian cTaB BiJ’€MHUM YHUCIOM. 3pO3yMITH, 3BIJIKH B3sUIOCH BiJI’€MHE 3HAUCHHS
dakTopialy He Tak ckjiagHo. PeanpHe 3HaueHHs 21! y JecATKOBIM Ta ABIMKOBIM

CHUCTEMAX YHUCICHHA

21! = (51090942171709440000)10
21! =(101100010100000111011111010011011010111000110001000000000000000000)2

3anuc y OiHapHOMY KOJIi Ma€e JOBXKUHY 66 01T, ToAi sk Trir long int mae 64 Gitn
(cTapmmii 01T — 3HaKOBHI). Ternep MU MaeEMO KOHBEPTYBATH JI0 IECATKOBOI CUCTEMU

YUCJICHHS YUCIIO0, 3alIMCaHe Y JBIMKOBIN CUCTEMI
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124

N =1100010100000111011111010011011010111000110001000000000000000000,

TOOTO MoTepeIHe Ynciao 6e3 ABoxX cTapunx 01TiB. baunmo, mo crapmmii 6it B N
nopiBHIoe oauHuil, To0To uncio N — Big’emue. [leperBopumo uucio N 3 mpsimoro
KOJY B JOTIOBHSJIbHUI 3a CTaHAAPTHUM QJITOPUTMOM 1 OTPUMAEMO PE3YJIbTAT 3 SKOIO
BJIacHE Bce movayioch, T00To N = — 4249290049419214848. Tenep npumycTumMo, 110
HaM HE BIJJOMO TPO MOIEpPEeAHiN pe3yibTaT, 1 MA BUPIIIWIA 33 JOTIOMOTOI Ti€i Xk
nporpaMud Bu3HauuTH 3HadeHHs 23! (abo ckaximo 25!). Otpumaemo 23! =
8128291617894825984. Slkech Bennye3HE YUCIIO, MOXKIUBO PE3yIbTaT 1 KOPEKTHUH.
JlocBilueHa JIIOJIMHA, TJISHYBIIM HAa OTPUMAaHE 3HAYEHHs, OJpa3y 3alepeduTb, LIO0
3a3HauY€HE 4YHMCIO HE MoXe OyTh (akTopialoM HaTypajibHOIO ApPryMEHTY
(moumHaroun 3 5! BCl (pakTOpiayii MarOTh MAaTH Ha KIiHII X0o4a O OJIMH HYJb). AJe
OYEBMJIHO, SIKIIO TMOJUBUTHUCH Ha YHUCII NOODKHO, 3ami0O3pUTA Y OTPUMAHOMY
3HAYEHHI HENPAaBWJIBHUW pe3ylbTaT BXKE CYTTE€BO CKIaHIme. [ mepeBipKH Mex
KOPEKTHOCTI OOYHCIICHHsSI 3Ha4eHb (akropialy s pi3HUX apryMmeHtiB Ha C++
MOYKHA 3alpOTIOHYBATH HACTYITHHH aJITOPUTM: IIC/IsS OOYMCIIeHHs 3HadeHHs (N+1)!,
Horo Tpeba MOAUIMTH Ha mornepeaHe N!, KOHTPOJIIOUYH, 100 YacTKa MpH LBOMY
nopiBHIOBana N+1 (medl miaxin, oJHaK, TaKOX JajJeKuil BiJ 17€ajbHOrO, ILIIOC
JOJIaTKOB1 CKJIQAHOCTI MOKYTh BUHHMKHYTH NHpH pOOOTI 3 TUINAMHU JTIMCHUX YHCEIL:

float, double Tomro).

6.3. Maninyasuii 3 1po6oBoi 4YacTHHOI0

Omnucani BUIIE NMPUKIIAINA CTOCYBAIUCH POOOTH 3 IUIMMH YUCTIaMU (B TOMY YH
iHmomy Burisial). [IpoGnema mepenoBHEHHS € AyXKe aKTyallbHOIO, ajieé BCE X TaKH,
PO3YMIIOUH, WO MPAIIOEN 3 AY)KE€ BEIUKHUMH YWCIAMH, IHTYITHBHO TOYHHAEII
CTaBUTHUCH JI0 PE3YIbTATIB TAKMX O0UUCIEHb OOEpEXKHIIIIE.

CrpaBxHe pI3HOMAHITTS 3aJad  KOHTPOJIO KOPEKTHOCTI KOMIT IOTEPHUX
00YHCIICHh MOYMHAETHCS 3 MPEJICTABICHHSAM JIMCHUX YHCEN 1 pOOOTOI 3 J1p0OOBOIO
yacTuHOl0. HaBiTh OaHanbHI Ha MEPIIUi MOTJIAL OOYMCICHHS MOXYTh T€HEpPYBaTH
HerepenoadyBaHi pe3yibTaTH, sKi, Tpeda BU3HATH, AY>KE YaCTO HE MOMIYAIOThCS aHl
KOpPUCTYyBaueM, aHi PO3POOHMKOM, 1 B OUIBIIOCTI BUMAIKIB MOXYTh SKICHO HE
BIUIUBATH HA OCTATOYHUM pe3yapTaT oOuucieHb. Ane no0pe Oyno O po3yMmitu
MOTEHIIIHHY MOMJIMBICT, BUHUKHEHHS TMOJIOHMX MOMEHTIB, a TaKOX BMITH IX

BiJICTTIIKOBYBATH.
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Pe3ynbTaT poOOTH HACTYIHOI KOPOTKOI MPOrpaMH XO4a 1 BUTJISJAE AUBHO, ajie

R

MO>Ke OYTH MOSCHEHUH JOCUTH MPOCTO, SIKIIO po3i0paTuch K QyHkuionye C++.

#include <iostream>

#include <cmath>

using namespace std;

int main(){

float pi = M_PI; // M_PI — koncranTa 7t 3 610;1i0TeKH cmath

cout << (pi == M_PI) << endl;

}

Pe3ynbrar, 110 BHUBOJUTHCA Ha KOHCOJb — HYJb, TOOTO JIOTTYHHI BHUpa3
(pi == M_PIl) nabyBae 3nHaucHHs false, a Mu MOHHO 10 ILOTO peai3yBaln
npucBotoBaHHs Pi=M_Pl. 3a ngomomororo komaHmu mpenporecopa #include
MIJIKJITI0OYUMO 3arojoBHUM (aitn <typeinfo> Ta BUBeleMO pe3yabTar

cout << typeid(M_PI).name() << endl,

Ha koHconb BuBenerbed Jitepa d, ue o3Havae, mo M_PI 3a 3amMoBUyBaHHSIM Mae
tun double. JlogaliMo 10 KOy AEKUIbKA PSIKIB, BUKOPUCTOBYIOUM METOJIU 00’ €KTY
cout

cout.setf(ios::fixed); // BuBia B dikcoBaHomMy popmati

cout.precision(50);
cout << M_PI << endl << (float)M_PI,
Pesynbrar

3.14159265358979311599796346854418516159057617187500
3.14159274101257324218750000000000000000000000000000

3HavyeHHs JIMCHO HE CHIBNAJAlOTh IMOYHMHAIOYH BXKE 3 CbOMOIO 3HAKy ITICIIA
KparkH.
[TopiBHsiemMO Temep oTpuMaHmii pe3ynbraT uisi tunmy double 3 peambHUM
3HAYEHHSAM YHMCIIA T 3 TIEIO 5K KUIBKICTIO (P IpoOOBOT YACTUHU YUCIa
3.14159265358979323846264338327950288419716939937510
baunmo, o koncranta M_PI 30iraerbcs 3 peanibHUM T Juiie 10 15 pospsay
micyist KoMu. Takoxk BapTo nam’sitaTu, o tumn float rapanTye HaOIMKEHHS 10 YUCa

T 3 TOYHICTIO 6 PO3PSIIB Micis KOMHU (TOOTO Taka X TOYHICTb, Ky Ja€ pallioHaIbHE

HaOJIMKEHHS 35%13 , BijoMe 11e 3 ’sToro cromTrs [8]).

MoskHa HABOJAUTH 1 TPOCTINI MPUKIAIUA, 0€3 BHUKOPUCTAHHS CHEIlaJbHUX
MaTeMaTHYHUX KOHCTaHT. OOuwnciacHHs 3HaueHHs Bupasy 0.1 +0.2 [9] mokHa
BIJIHECTH J0 JIEMOHCTpAIlil KJIAaCUYHUX BUITAJKIB BIIMIHHOCTI aITOPUTMIB pealbHUX

(abcTpakTHMX MaTeMaTUYHUX) Ta KOMIT FOTEPHUX O0paxXyHKIB.
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KOpI/ICHI/IM Ha IMOYaTKaxX BHUBUYCHHA IMPOIpaMyBaHHA MOXE BHUAATHUCH HpOCTI/Iﬁ

R

IIPUKJIALI.
#include <iostream> Pesynprar:
#include <cmath> 0.333333343267440795898437500000
using namespace std; 0.333333333333333314829616256247
int main() {
floata = 1/3;;
double b =1/3;;

cout.setf(ios::fixed);
cout.precision(30);
cout << a << endl << b;

¥

Xomue i3 3HaYeHb 3MIHHUX a Ta b He mopiBHIOIOTH KOHCTaHTI 1/3. 3ayBakuMoO
TaKOXX, [0 3HAYEHHs 3MIHHOI & JOPIBHIOE 3HAYEHHIO, OTPUMAHOMY HaMHU BPYUHY
HaIPUKIHII po3aity 1.

3 METOI0 YpI3HOMAHITHUTH HAIlll TPHUKIAJAA HABEJIEMO TAKE MOHATTS K Maudice
yini uucna (almost integer). IlikaBa Tema, IO MPAKTHYHO HE TMPEACTABICHA B
YKpaiHOMOBHIN (K 1 y POCIMCHKOMOBHIN) JiTepaTypi. Bu3HaueHHs 3a3HAaY€HOTrO
00’€KTy BKpall mpocTe: Maike I1JIe YUCIIO — 1€ YUCIIO, SIKE AyKe OJIM3bKe 0 I1JI0T0
yrcna [10]. Maetbes Ha yBasi, CKaXiMO, HACTYITHE

Sin(20175/§) =-0,9999999999999999785...

TOOTO Jy)ke OJMM3bKO 70 -1. Benmuky KUTbKICTh IHIIUX MPHUKJIAAIB MOXKHA 3HANTH
[10], [11],[12] Tom10.
Hasenemo numre onumu Bumanok almost integer ymcen. Ilokakemo, mo mnpu

MEBHIM  opraHizamii  KOMI'IOTEpHMX  OOYHMCIIEHb,  IppaliOHaJbHE  YHUCJO
(In(262537412640768000) / 7z)2 CTaHe palloHaJbHUM 1 OyJie JopiBHIOBATH 163.

#include <iostream>

#include <cmath>

using namespace std;

int main() {
float n = log(pow(640320,3)+744)/M_PI;
cout << (n*n == 163);

}

Pesynbrart, 1m0 moBepTaeThcs cout — OAUHUI, TOOTO JOTIYHUI Bupas (n*n ==
163) € ictuaauM. Skio 3MiHHIA n npucBoiti Tun double, pesynsraT 6yae 0, TOOTO
false.

Hanpukinii po3ainy 3raaeMo Ba BaXXKJIMBUX MOHSATTS: MAIIMHHUANA €NICUJIOH Ta
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MalIMHHUKA Hynb. He OymemMo naBatu po3ropHyTi BH3HAYEHHS 3 MaTeMaTHYHUMU
BUKJIaJIKaMH, TIOSICHUMO KOHCTPYKTHUBHO. ByneMo Ha3suBaTH MallMHHUAM EMCHUIOHOM
YHCIIO MIHIMAJIbHUM 3HAYEHHSIM CEepeJl YUCEI €, IS IKUX ICTUHHUM € Bupa3 1 +£>1
Ipy MAaIIMHHUX PO3PaxyHKaxX 3 YUCIaMH JAHOTO THUIY (Ui PI3HUX THUIMIB YHUCEI
MAaIllMHHI eMCWJIOHU BIAMOBIAHO Pi3Hi). B CBOIO uepry, MamumHHUNA HYJIb — II€ TaKe
YHCIIO, 10 CIIPUIMAETHCSI MAITUHOIO K HYJb, ajie (PaKTHIHO HYJIEM MPH I[LOMY HE €

(memro po3MuTe BHU3HAYEHHS, IO CTAaHE 3PO3YMUIIIIMM 13 IPOrpaMHOI peaiizallii

HIDKYE).
#include <iostream> #include <iostream>
using namespace std; using namespace std;
int main() { int main() {
float machineEpsilon = 1; float machineZero = 1;
while (1 + machineEpsilon/2 > 1) while (machineZero/2 1= 0.)
machineEpsilon /= 2; machineZero /= 2;
cout << machineEpsilon << endl; cout << machineZero <<
} endl;
}

[Iporpama 37iBa moBepTa€ 3HAYECHHS MAIMHHOTO erncuiioHa st tuny float —
guciao 1.19209e-07, nporpama crpaBa — uncio 1.4013e-45, 1o He 11e € MalMHHUM
HyJIeM, a CTaHE TaKuUM SKIIO WOro MOAIIMTH Ha ABa (1 1€ HOBE YHCIO BXKE
noBepTaerbest mporpamoro sk 0). TouHe 3HAYEHHS MAIIMHHOTO ETCHJIOHY HE Mae
CYTTECBOTO 3HAYECHHS, BaXIMBUM mnopsgok umcaa 107, 1 Tyr mu 3ramyemo, o
sHaueHHs float(M_Pl) mepectae 30iratuch i3 peaibHUM 3HAYEHHSM T TOYMHAIOYU 3
cpoMoro 3Haky Tomio. Tooro tun float 3anuimiae BipHuMu y ApoOOBii yacTuHi 6-7
ugp.

[lixaBo 3BepHYTH yBary Ha OJUH MOMEHT, III0 CTOCYETHCS CKOPIIIEe MPAKTUKH
IpOrpaMyBaHHs, HDK TE€MU KOPEKTHOCTI oOuucieHb. B 0araTtbox miipydyHHUKaxX
MOkHa Oys0 6 T0OAYMTH PEKOMEH IALIII0 EPENUCATH KOJI HACTYITHUM YHHOM

float machineEpsilon = 1.;

while (1. + machineEpsilon/2. > 1.)
machineEpsilon /= 2.;

TOOTO Oe3MocepeHbO BKa3aTH, 10 MM MPAIIOEMO 3 JIMCHUMU YHUCIIaMU, SBHO
3aaBmd KOHCTaHTH 1. Ta 2. (mIs miABUINCHHS €QEKTUBHOCTI Komy). [ 1
pEKOMEHAIlis, B TIPHUHIINII, HOpMaTbHA. AJie B KOHKPETHOMY BHUIIAJIKY JJIS HAIIOi
3amaul eext Oyne He 30BCIM TOM, Ha kMU Ou MU pospaxoByBaiu. [Iporpama

MOBEpHE 1HIIIE 3HAUYCHHS MAIIMHHOTO €ICUJIOHY, a came 2.22045e-16 — 3HaueHHs, 1110
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B JIaHOMY KOHTEKCTI BianoBigae tTumy double. 3a 3amoBuyBaHHsM, BKa3aHi KOHCTAaHTH
1. Ta 2. koHBepTyBaymch o tumy double. 3Bimcn 1 pe3ynbraT, 1 00 BICBHUTHCH,

MEPETUIIEMO OJIUH PSIIOK KOTY
while ((float)1. + machineEpsilon/(float)2. > (float)1.)
1 3HOBY OTpuUMaeMo ouikyBaHuil pe3ynbtaT 1.19209e-07. dopmar 3amnucy Koy

IPOrpaMH TaKOX 1HOA1 OyBa€e MPUHIIUTIOBO BAXKIIMBUM.

6.4. Ipukaan 3. Pamna ta nocaigoBuicts 2K.-M. MioJuiepa.

Jlo 11bOTO MM PO3TISAANM BUMAAKU MOPYHIEHHS KOPEKTHOCTI KOMIT IOTEPHUX
00YuCIIeHb, 30CEPEIUBIINCH HA OOMEKEHHSIX YMCeN OJMHApHOI TOUHOCTI. HaBeneHi
OPUKJIAJAM HAclpaBal OyiauM JIOCUTh NPOCTUMHU: IHKOJM OpUTIHAIBHUMHU 3
MapaJoKCATPHAMH Ha TEPIIUH TOTJsAA pe3yibTaTaMH, aje¢ IOSCHUTH PE3yJIbTaT
poboTtH Ti€l UM iHIIOT IporpaMu OyJo He ckiaaHo. HepoctarHs Tounicts Tuiry float:
HEJOCTAaTHS JIOBXKMHA MAaHTHCH JJii 30€epiraHHs 4ucia, 3aMalidid MOPSIOK TOIIO.
Maiike BCl HaBelleHI MNPUKIAIUA J100pe MacmTaOyroThbCs, OCKIJIbKA MPUHIIUITHA
3aJIMIIAIOTHCS] HE3MIHHUMHU JUTSl JaHUX 3a3HAYEHOT0 THUITY. BUKITIOUEHHSAM, MOKJIMBO,
B SKICh Mipl MOYKHA BBaXKAaTH Mepuly 3a7ady — KoHTprpukian ['omepa Cummcona 1o
Benukoi reopemu @epma. Tak, 0OMeKEHHS YMCENl OAMHAPHOI TOUHOCTI 31rpajio CBOIO
pouib, ane ¥ yucna Oynau miaidpaHi HEBHMAAKOBO: 301IBIIMMO/3MEHIIIUMO 3a3Ha4yeHI
yucina Oojmaii Ha oauHMIIO 1 edext mnpomamae. HacTymni 1Ba mpuKIaau
JEMOHCTPYIOTh HEKOPEKTHI 3HAUCHHS caMe y CICIialbHUX TOYKaxX, a B I1HIIUX
3HAYEHHSX apT'yMEHTIB BCE MpaLOe OLIbII Mepe10auyBaHo.

[Mepmmii Bupa3 npeacrtaBuB 3. Pamn B poboti [13]. HeoOxigHo oOuuciuTh

3HaueHHs QyHkuii f(x,y):
f(xy)=33375 y*+x*-(11-x°y* —y* ~121-y* ~2)+55- y° +05.%
y

B TouIi (77617, 33096). Ha Burisin 1ocuTh pOCTa 3a71a4a, i Juis ii po3B’s3Ky Ha
1Ieil pa3 BUKOPUCTAEMO MOBY TiporpamyBaHHs Python 3.X (Ham cTaHyTh B IPUTO/I

O1IBII MPOCTUM CUHTAKCHUC Ta BOyJIOBaHa JOBra apu(pMeTuKa).
def Ramp(x,y):
return (333.75%y**G+x**2* (L1 *X**2*y**2-y**§-121*y**4-2)+5.5*y**8+0.5*x/y)
print(Ramp(77617,33096))
PesynbpTaToMm, 110 TOBEpHE HaBeAeHAa IIporpama, OyAe BEIWYE3HE YHCIIO
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1.1805916207174113e+21, xoua peaiabHO

f (77617,33006) = 22107

66192

[{ixaBuM 3 maHOMY TIPHUKJIAAl € HE T€, MO0 00paxOBYy€e HEMPABWIBHO (1€ OaYnIN
BXKE HE pa3), a Te, HACKUIbKU HECTIMKUM € 1€ HEKOPEKTHUN pe3yabTaT. 30UIbIITUMO
a00 3MeHIUMO Oy/b-ske unciio 77617 ad6o 33096 Gomait Ha OAMHUIIIO, 1 KOMIT FOTEP
CTaHE paxyBaTH OJFKYe J0 peaqbHOCTI, MPUHANMHI TOPSIKA MaTeMaTUYHOTO Ta
MaITUHHOTO pe3yNbTaTiB OymyTh 30iratuch. HasBHa mnpobrmema came B TOYIN
(77617, 33096).

[TosicHuMo y YoMy OCOOJIMBICTh 3a3Ha4€HOI TOYKHU. BimokpeMumo nojaTHYy Ta
BIl’EMHY 4YaCTHHU BHpa3zy, BPaxXxOBYIOUHM, IO OCTaHHIM gogaHOK 0.5-x/y Ha
KOPEKTHICTh pe3yJIbTaTy OOUMCIIEHHS HE BILTUBAE.

X =177617;

y = 33096

POS = (1335%y**B)//4+X**2%(11*X**2*y**2)+(11*y**8)//2

neg = X**2*y**G+121*X**2*y**44+2*x**2

print(pos,neg,sep="\n")

3a3HauUMO, M0 MU MEPEnucaiu JCSIKUM YWHOM IOYAaTKOBI CITIBBIJIHOIICHHS.
JIBa umcna 333.75 Tta 5.5 Mu 3anucanu y BUIJIAAI 3BUYAHUX JpoOiB, J0JAATKOBO

BCTaHOBUBIIIHN onepaui}o ]_IiJ'IOLII/ICGJIBHOFO IIiHGHHH. LIe € KOPCKTHHUM, OCKIJIBKH

3HAYEHHS Y B HALIOMY IIPHKJIAJAI € MAPHUM YUCJIOM, a 3HAYMTH BHPa3u 133%- y® Ta

1%~ y® OyayTh niaumu yrciaamu. OTpUMaeMo pe3yJibTar

pos = 7917112216566288664689761316426849984

neg = 7917112216566288664689761316426849986

ToOro B Hamomy mpukiaai PosS - Neg = - 2, 1 TOAl OCTAaTOYHHMA PE3yNbTaT
30iraeTbCsl 13 ICTUHHMM MaTEeMaTUYHUM. AJie YoMy > Tepiia Haia mnporpama
nopaxyBajia HenpaBuibHO. {1710 y TOMy, IO OJHIEIO 13 TOJOBHUX MpOOJEM Mpu
po0OOTI 3 uMcIaMH 3 PYXOMOKO KOMOKO € OImepallis BiJHIMaHHS, OCKIJIbKU MpHU
BIJIHIMAHHI OJIM3bKUX 32 3HAYEHHSAM YHCEJ 3HAaYUMI PO3PSAM MOXKYTh BTPAvyaTHCh, 1
pe3ynbTaT BOYEBUIL Oy/l€ BUKPUBJICHHM. SIKIIO MU 3MIHUMO B TIporpami OJHH
PSAZIOK, TPOCTO 3aMIHUBIIIH IIJIOUKCETHLHE AUICHHS Ha 3BUYaliHE

poS = (1335*y**6)/4+x**2*(11*X**2*y**2)+(11*y**8)/2

pe3ynbTat Oyje BKe

pos =7917112216566288629721075632129966080.00

1 PI3HUIIA MK 3HAYCHHSIMH POS Ta Neg CKIIaJaTUME BXKE -
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34968685684296883906. SAxkiiio x 3anucaTy BUpa3 JJisg 3MIHHOI pOS B OLIbIII
3BHYHOMY (hopmaTi

POS = 1335/4%y**6 +x**2%*(11*x**2*y**2)+11/2%y**8

TO pe3yJbTaT Oyae BxKe

pos = 7917112216566289810312696349541269504.00

OCKUTBKM JAlOTBCS B 3HAKM PI3HI TMOXMOKH OKPYIJeHb Ml PI3HHUX
apupMETHIHUX oreparlid (MOpsSAOK Omepariii TaKoXX Ma€ 3HAYSHHS JJIi TOYHOCTI
oOuunciens). Pi3Humg B 1boMy BHmaaky ckiagatume 1145622935033114419518.
Takuii pe3ynbTaT pi3HUIl MU OTPUMAEMO, SKIIO ONEPYBATU 31 3HAYEHHSIM POS SK 13
ITMM YKCJIOM; SIKIIO K BiJHIMATH B mporpami sk (Pos - neq) y cenci float minyc int,
pe3ynbTat Oyjae 3HOBY iHIINMN, a came oyaTkoBe 1.1805916207174113e+21.

JIns 1HmuMx yucen, BiaMiHHuX Big (77617, 33096), pe3ynbTratu TakoK OyaAyTh HE
30BCIM KOPEKTHUMH, aje MpUHaMHI OyAyTh MaTh TOM camMui MOPSIOK, L0 1
peanbHUN pe3ynbTaT (a y eKCHOHEeHINanbHINM ¢dopmi 3amucy B3arajii OyayTh
BUTJISIIATH SIK KOPEKTHA BIJTMOBIb, Y OJM3bKa /10 HEl).

PosrnsHemMo HaocTaHOK MareMmaTHYHUM 00°exT [14], skud Ha3zBeMO

nociaiioBHIicTI0O Mrosiepa. Lle HemiHiiiHE pEeKypeHTHE CHiBBIIHOIIEHHS JPYroro

IopsAAKY
o 13 130, 3000
Uy U, U,
Uy=2,u =4

IIpr 3agaHux TMOYATKOBHX 3HAYEHHSM IIOCTIAOBHICTH Mae 30iratuch 0
3HauYeHHd 6, aje Ha NpakTULl MpU MNOpPOrpamMHIA peamizauli B pe3yJbTaTi MH
orpuMaemMo uuciio 100. I ronmoBHa Hebe3neka Takoro pe3ysibTaTy HaBiThb HE Y TOMY,
110 BIH HE € KopekTHUM; Hacnpasal 100 — e ogHa 13 MOKJIMBUX TPaHUIlb (TaK CaMo
aK 5 1 6), 10 sKOi MO)Ke 30iraThch 3a3HavyeHa ITOCIIIOBHICTh. | y 3BHYAHHOIO
KOPHUCTYyBaua, KN MOMEPeHbO MPOBIB MaTeMaTUYHE JOCIIKEHHS, BiaAmoBiap 100
HE BUKJIMYE T1I03PH.

HaBenena mnociniioBHICTh BUBYajach [15] pa3om 13 IHIIMMH HEKOPEKTHUMH
BUIAJIKaMH KOMIT FOTEPHUX 00UrciieHb. BiaMiTUMO, 1110 BKa3aH1 OYaTKOB1 3HAYCHHS
HE € YHIKaJIbHUMH, ICHY€ O€3J4 MepUINX HaOIMKEHb, U SIKHX MH TakoX Oyaemo
CIIOCTEpIraTé OMUCaHy CUTYallil0. Y 3aralbHOMY BHUIIAJIKy MOCIiA0BHICTh Miojuiepa €
OpeIMETOM HAyKOBUX JOCHI/DKeHb TakKoX 1 aBTOpiB jgaHoi poborm [16],
KOHIEHTPYIOUUCh Ha TMEBHUX I[IKaBUX MATeMAaTHYHUX acCleKTaX CTIMKOCTI

KOMIT FOTEPHUX OOYHMCIIEHb B 3QJIEKHOCTI Bij MOYATKOBUX 3HaueHb. Lli pesynbratu
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BUXO/STh 3a MEXI IPEACTaBJIEeHOI MyOikaiii Ta OyAyTh PO3BUHEHI y MOAAIBIINX

myOJTiKalisax aBTopiB.

BucnoBku

VY po6oTi Oynu HaBeneH1 ACK1IbKa MPUKIIAIIB, 10 I€MOHCTPYIOTh aKTyaJlbHICTb,
CKJIQJIHICTh Ta PI3HOMAHITTS MpoOJeM, MOB’A3aHUX 13 CTIHKICTIO Ta KOPEKTHICTIO
KOMIT I0OTepHUX 00uncieHb. He AuBIsSYKMCh HAa MPUHIMIIOBY BaKJIUBICTh PO3YMIHHS
npoOjeMaTuku s criemianicta 3 [T, aBropaM 3TiIHO 3 1X JIOCBIJIOM BUIAETHCS, IO
3a3HayeHa TeMaTHKa 3 OJHOro OOKYy IiJl 4ac BUBYEHHS AMCLMIUIIH Ha KIITaJIT
«IIporpamyBaHHS» 4acTO BHUKJIAJAETHCS JAOCUTH MOBEPXOBO, 3 1HIIOTO X OOKY cami
MPOrpamiCTH NPUAUTAIOTH L1 TEMATHUI[l HEOCTATHBO YBAru.

BaxnuBumMu BUAAIOTbCS [JBa HACTYIIHUX acClEKTH MpoOJieMH, CKOpilIe
IICUXOJIOTTYHOrO Xapakrepy. Komm’rorepHi oOpaxyHKH 3a3BUYail € MPOMIKHHM,
TEXHIYHUM MOMEHTOM, HaJ AKUM (haxiBelb B3arajl He 3aAyMyroThcs. Lle cTocyeTbes
TUX TOB’SI3aHUX 13 MOJIETIOBAHHSAM Ta KOMIT IOTEPHUM EKCIIEPUMEHTOM 33jad, II0
BUMAaralmTh peaji3alii BEIUKOro O0CIry TOYHUX OOYHMCIECHb, SIK-TO Yy KIACUYHUX
oOnacTsx (HampUKIAJ, MEXaHill), TaKk 1 Y Cy4acHUX aKTyaJbHUX 3aCTOCYHKaXx, Ha
KIITAJIT MPUKIAJHUX 3a7a4 MAIIMHHOTO HaBYaHHA. SIKIIO ) y KOpUCTyBada 4u
pO3pOOHMKa NpH €KCIUTyaTalii IporpaMHOro KOAY BUHHUKA€ Ta YW 1HINA aBapiiiHa
CUTYyallisl, BIH MTOYHE MEPEBIPATU MPABUIBHICTh peai3alli aropuTMmy, BXiJIHI JaHi,
aJIeKBATHICTb OOpaHOi MOJEedl TOIIO, 1, CKOpIII 3a BCE, y OCTAaHHIO Yepry
3aMHCIIMTHCS, YU B3araji KOPEKTHO KOMIT IOTEP OOYMCIIIOE, OTIEPYIOUH 13 HYJISIMU Ta
onunuiisiMu. Ile 3po3yminio, 60 00YHCIIEHHS — Iie JIUIe THCTPYMEHT. | TyT Bxke cTae
aKTyaJbHOIO 1HIIA CTOPOHA MPOOJIEMH — 3BUYKA [IbOMY IHCTPYMEHTY JOBIpATH. B 1iif
3BUYIll, HACMpaB/di, HEMA€ HIYOTO <«3JIOYMHHOT0», 00 HEMOXIHUBO €(PEKTUBHO
MpaloBaTH, SKIIO CTaBUTH MiJ CYMHIB KOXHUH OOpaxyHOK, BUKOHAaHUH 3a
JIOTIOMOTOI0 KOMIT'I0Tepa. AJie cmpaBii (axiBellb HE MOXKE MPHU I[bOMY JT03BOJIUTH
co0i HEKpUTUYHO CTAaBUTHUCH JO PE3YJIbTATIB 3alpOrpaMOBaHUX OOYMCIICHb, HABITH
BUKOPUCTOBYIOYM BHMCOKOEC(EKTHBHI, CHEIIalli30BaHl MporpamMHi  3aCTOCYHKH,
PO3p0o0IIeHi 3311 MPOBEACHHS CKIAIHIX MAaTEMaTHUYHUX KOMIT IOTEPHUX 0OpaxyHKiB
(Maple, Matlab, Wolfram Mathematica toro). Ilepri nekinbka nNpuKIagiB y JaHii
poOOTI  MOKJIMKaHI NPUBEPHYTH yBary JO 3a3HA4eHOi MpoOJeMaTHKH,

BUKOPUCTOBYIOYH TPU IIBOMY JIOCHUThH TPHBIaJIbHI BUIAIKH MAINIMHHUX PO3PAXyHKIB,

MONOGRAPH 95 ISBN 978-3-9821783-5-6

¥

2S5

R



Erbe der europdischen wissenschaft Part 3 Eo

00 CBOEPIIHICTh MPOTPAMHO OTPUMAHUX PE3YJbTATIB MOXKE 3YCTPITUCh B OyAb-SKUI
MOMEHT, a He JIUIIIE MPH 311HCHEHH aKaJeMIYHUX JOCIHIIKCHb.

Ane iCHYIOTh 1 3HAYHO CKJIQIHIII, MOXHA CKa3aTh OUIBIN GuuULyKaHi, BUTIAJKU
HEKOPEKTHUX KOMIT IOTEPHUX OOYUCIECHbB, IJI PO3YMIHHS MPUPOJU SAKUX BKE MOXKE
BUSBUTHUCH HEIOCTATHHO 3TraJlyBaHHS apXITEKTypu Ta ctaHjaapTiB. HeoOxigHa ctpora
dbopmarizariis 3a7adi, 10 BUMArae MeBHOI MAaTEMaTUYHOI MiATOTOBKH. TakuMu € JaBa
MIPUKJIAAH, OMTMCaHI y TIOMEPETHLOMY PO3ILTI.

Jlesiki 3 HaBeneHUX y poOOTI MPUKIAIAIB MOXHA B)KE Ha3BaTH KIACHYHUMH, 0O
HEPIAKO PO3TISAIAI0ThCS Ha (opymMax Ta CHEliali30BaHUX CcalTax, MPUCBIYCHUX
pPI3HUM acleKTaM MNporpamMyBaHHs. [HIm, OUIbII €K30TUYHI BHUIAJKH, HaJeXaTh 0
KOJIEKI[Ii aBTOpPIB, SKI JEKUIbKa POKIB 3aliMalOThCid TEMATUKOK MAIIMHHUX
o0uuciaeHb. ABTOPU MaJld HA METI HE MPOCTO MPOAEMOHCTPYBaTH 3a0aBHI MPUKIAIH
HEKOPEKTHOI MOBEIIHKM KOMIT I0Te€pa NpH 3A1MCHEHHI 00paxyHKIB, ajie i MOJaTH iX
MEBHIM METOAOJIOTIYHINA MOCIIOBHOCTI JIJIsi ()OpMYBaHHS OLIBII YITKOTO YSBIICHHS
1010 OMMUCAHOT MPOOJIEMH.

HaocTtanok 3a3HauuMo, 110 aBTOpaM HE 3yCTPIBCS BITUM3HSHUN MIIPYYHHUK YU
HaBYaJbHUN MOCIOHUK, B SIKOMY O JIOCTYIHO 1 BOJAHOYAC MOBHO OyiaM O pO3KPHUTI
TEMH CYy4acCHOTO CTaHAApTy MNpEACTaBICHHS 4ucena 3 pyxomoro komow |EEE 754-
2008 (Ta ioro MOIJIMBI aIbTEPHATHBH), MPOOJIEMHU CTIHKOCTI MAIlIMHHUX O0YMCIICHb
Ta aJTOPUTMH MOJIOTAHHS, YU X04a O 3MeHIIeHHs epeKTy BUHUKatounXx npoosem. Lle
MaB Ou OyTH MIAPYYHUK JIJI MOYATKIBIIB 3 JOKJIAJHUMH T4 HAOYHUMHU MOSICHEHHSIMU
Ta 3 BEJIMKOIO KUIBKICTIO JOPEYHO MiII0paHuX MPUKIIAIiB. ABTOPH CHOJIBAIOTHCS, IO
naHa poboTa xoua 0 4aCTKOBO 3aJ0BOJIbHSIE BKa3aHIN METI.

Onucani i1ei Ta pe3yiabTaTH MalOTh METOJIWYHUN XapakTep 1 MalTh JESIKY
METOJIOJIOTIYHY IIHHICTh mpu miAroToBmi (axiBmiB y cdepi IT. Tum He menm,
YacTWHA pe3yJbTaTiB (aHali3 30DKHOCTI KOMIT IOTEPHUX OOYHCIEHb HETHIWHOT
PEKYPEHTHOI TOCJIIIOBHOCTI APYTOT0 MOPSAJIKY) y OUIBII MaTeMaTU30BaHOMY BUTJISIII
TAKOX 3HAMllJla 3acTOCYBaHHA MNpPU BUKOHAHHI HAYKOBO-JOCIIJHOI POOOTH
«P0o3poOKa METOMIB TOCIIKEHHS MIITHOCTI Ta CTIHKOCTI TOHKOCTIHHUX OOOJIOHOK Ta
MPY>KHUX TBEPAUX TUI 3 PIAUHOIO TPH Jii pi3HOTO BUIAY JUHAMIYHUX HABAHTAKCHBY

nig kepiBHULTBOM akajemika B.I1. [lleBuenka (Ne nepxkpeectparii: 0119U100042).
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KAPITEL 7/ CHAPTER 7.

FEATURES OF REGULATION OF ENERGY FACILITIES
XAPAKTEPUCTHKH YIIPABJIEHUA SHEPTETHYECKUMH CUCTEMAMH
XAPAKTEPUCTHKH YIIPABJIIHHA EHEPTETHYHUMH CUCTEMAMHU

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-053

Introduction

Automatic control theory (ACT) is the basic foundation of cybernetics or control
science. The theory of control has passed a bright path of its development in the 60s
of the 20th century, now it continues to develop intensively towards the creation of
the theory of intelligent control systems. As a systems science, ACT has absorbed
many methods of engineering directions from the field of electrical radio engineering,
power engineering, communications, etc., and has given them significant
development. Having created its own methods of analysis and synthesis of systems,
the applied ACT played a role at the stage of formation of many modern engineering
disciplines [1, 2].

The theory of automatic control (TAC) belongs to the class of the most
important general disciplines included in all typical programs of engineering
education. TAC studies control processes, research methods and the basics of
designing automatic control systems (ACS). TAC studies the principles of building
ACS, the patterns of processes occurring in them in order to build efficient and
accurate ACS; the analysis and synthesis of ACS are carried out by means of TAC.

At present, TAC is a unified scientific base for solving problems of managing
objects of various nature (physical, chemical, biological, etc.), which has developed
methods for studying ACS - their analysis and synthesis (calculation and design).

The fields of application of automatic control systems (ACS) and regulation
(ACR) are very diverse both in the physical nature of the automated objects (various
TP, control of aircraft, missiles, economics, etc.), and in their complexity (starting
from the simplest level control system liquid in the tank before managing the national
economy).

However, the principles of constructing various control systems are to a large
extent common, regardless of whether the control systems of a TP, a rocket, or a
biological process are considered. This commonality of principles for constructing
control systems allows the use of the same methods in their research and
development [3, 4].

This paper discusses the features of the regulation of energy facilities.
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7.1. Basic terms and definitions

Automation is a branch of science and technology that encompasses a set of
methods and technical means that free a person from the direct implementation of
operations to control and manage production processes and technical devices.
(Automation is an ancient Greek word for self-reinforcement, self-action, from the
words “auto” - self and “matos” - reinforcement.)

Cybernetics is the science of the general laws of control processes in various
systems (in technology, chemistry, biology, etc.).

Automation is the replacement of human mental activity with the work of
automatic devices.

Mechanization is the replacement of a person's muscular physical strength with
the work of technical devices.

Technical devices - a set of production machines and mechanisms that perform
certain functions for converting energy and performing useful work, as well as
allowing to change the technological process in the right direction, influencing its
parameters and adjusting them in the right direction.

Management is a process that ensures the flow of energy, substance and
information conversion processes necessary for the intended purpose, maintaining the
operability and trouble-free functioning of the object by collecting and processing
information about the state of the object and the external environment, making
decisions on the impact on the object and their implementation [5, 6]. Here, the goal
Is the cause of control and the setting influences are determined based on the
knowledge of the goal.

Regulation is a special case of control, the purpose of which is to ensure the
proximity of the current values of one or more coordinates of the control object to
their specified values.

An automatic control system is a system consisting of a control object and a
control device, in which a given process is automatically performed.

In automation, control systems are usually depicted in the form of structural
diagrams. A block diagram (or block diagram) is a conventional image in which
individual elements of the system are represented by rectangles, and the connections
between the elements are depicted by arrows showing the direction of signal
transmission.

The level of detail of the structural diagram for the same system may vary
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depending on the purpose of the diagram. The main elements of the simplest
automatic control system (ACS) are (Fig. 1):

L L
Xep | ' RD Li |

L

Fig. 1. Scheme of the simplest ACS.

CO - Control (regulation) object is a certain energy object, for the achievement
of the results of functioning of which specially organized influences are necessary
and permissible. The control object to which control actions are applied can be called
a controlled object. Control objects (CO) can be both separate objects, selected
according to certain criteria (for example, constructive, functional), and a set of
objects - complexes. Depending on the properties or purpose of objects, technical,
technological, economic, organizational, social and other management objects and
complexes can be distinguished.

SE - Sensitive element of the sensor, used to measure the current value of the
controlled variable.

RD - Regulating device, regulator, (Control device (CD)) - a set of devices with
the help of which the main technological parameter (physical quantity) is controlled.

The regulator generates control (regulatory) influences which, acting on the OA,
maintain at a given level or change the regulated value according to a certain law.

The purpose of control in technical systems is certain values or ratios of values
of the coordinates of processes in the control object or their change in time, at which
the achievement of the desired results of the object's functioning is ensured.

Controlling impact - impact on the energy control object, designed to achieve
the management goal.

MD - an executive device that serves to eliminate the mismatch between the
current and specified signals.

External influences are setting influences (x;,), which determine the required law
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(algorithm) for regulating the output value of the OA, and disturbing influences (x,),
which violate the required functional relationship between the output value of the CO
and the master.

The output quantity (coordinate) of the CO (Xov) or the controlled (controlled)
quantity is usually the main technological parameter (current, power, voltage, etc.).

Perturbation (xg) is an external impact on any link (element) of the ACS, which,
as a rule, makes it difficult to achieve the control goal. Usually, the main
disturbances that significantly affect the controlled value and noise are distinguished
[7, 8].

Setting action (Xsg) - action on a control device designed to achieve the control
goal.

Interference - disturbances causing distortion of signals in the ACS, usually
insignificantly affecting the regulated value and difficult to measure.

7.2. Varieties and properties of ACR

Depending on the main goal, the control tasks of the automatic control system
are classified as follows: stabilization systems, program control system, tracking
systems.

In stabilization systems, the operating parameter of the object (controlled value)
Is kept constant in time with a constant reference. In programmed control systems,
the operating parameter of an object changes in time according to a previously known
law, and in accordance with which the task changes.

In tracking systems, the operating parameter of an energy object changes in time
according to a previously unknown law, which is determined by some external
independent process [9].

Deterministic and stochastic systems are distinguished depending on the nature
of external influences (master and perturbing). In deterministic ACR, external
influences have the form of constant functions of time. In stochastic systems,
external influences are in the form of random functions. In what follows, only
deterministic systems will be considered

By the properties of errors (deviations) in the steady state, static and astatic
systems are distinguished. An energy system in which the magnitude of the steady-
state error depends on the magnitude of the disturbance at a constant setting is called
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static in terms of the disturbance. If the steady-state error does not depend on the
magnitude of the disturbance, then the system is astatic of the 1st order. If the
steady-state error does not depend on the first derivative of the disturbing action, then
the system is second-order astatic. In addition, statism and astatism are distinguished
by the setting effect. In this case, the perturbation is considered constant and the
steady-state error is considered depending on the magnitude of the reference action.

ACR can be in an equilibrium state (static) and a nonequilibrium state
(dynamics).

The static equations describe a steady state in which all coordinates of an object
remain unchanged in time, that is, the object is in a state of equilibrium. Statics
equations are algebraic (transcendental) equations or differential equations containing
derivatives with respect to any parameter other than time. An essential feature of the
equations of statics is the invariability of coordinates in time. The static
characteristic connecting the input object with the output one has the
form: xoy = f(XB t—

The equations of dynamics describe an unsteady, or transient, regime in an
energy object: in this case, the output coordinate of the energy object is a function of
time and, in general, the equation of dynamics will be a differential equation
containing time derivatives. Dynamic characteristic xq, = f (X, t).

Both characteristics are non-linear and require a complex mathematical
apparatus to implement them. To simplify the solution, linearization is carried out,
that is, in the vicinity of a point or in an interval, nonlinear characteristics are
described by linear equations.

Energy control systems are subdivided into linear and non-linear. Energy
objects are called linear if they obey the principle of superposition, which means that
the reaction of an energy object to the sum of input signals Xx; (t) is equal to the sum of
reactions to each signal separately for any x; (t) (Fig. 2). Energy objects are linear if
they are described by linear differential equations, that is, equations in which the
desired function and all its derivatives are contained in the first degree. It should be
noted that the implementation of the principle of superposition [10, 11] is necessary
not only in steady-state modes, but also in transient processes. Therefore, the
linearity of the static characteristics is a necessary, but not sufficient condition for the
linearity of an energy object.
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Fig. 2. About the concept of linear energy systems.

The above properties of the systems determine the type of mathematical
description of the ongoing processes. It should be borne in mind that most energy
systems have the property of inertia. Therefore, a transient and steady state can be
observed in energy systems. The most acceptable way of mathematical description in
this case are differential equations (for continuous systems) or difference equations
(for discrete systems). The form of the differential equation depends on the basic
properties of the ACR. In the simplest cases, these are linear differential equations
with constant coefficients.

The linear static characteristic is given in algebraic form by the expression
y=Kk- x\t_m , Where Kk is the proportionality coefficient k :%‘XO :
X

The dynamic characteristic is written by polynomials of the time derivatives of
the output (y) and input (x) of the object:

n-1
Anddy(t) A 10' nY(lt) i A Y( )+A0y(t)_
t" dt | M
dMx(t d™Ix(t dx(t
_B,_ d:”(q )+Bm‘1dt—x—(1) - Blﬁ+ BX(t)

where Ag, Ag, ..., An1, An, Bo, B, ..., Bn1, Bm — are constant coefficients that
depend on the parameters of the system; n, m - exponents (n> m).

The right side of the equation characterizes the influence of disturbing
influences. At x = 0, a homogeneous characteristic equation takes place, which
describes the behavior of the system in equilibrium.

To simplify the analysis of the ACR to describe its characteristics, differential
equations are used not higher than the second order. Equation (1) will accordingly
look like this:
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Usually, linear differential equations with constant coefficients not higher than
the second order are written in standard form. In this case, the terms containing the
output quantity and its derivatives are written on the left side of the equation, and all
other terms are on the right; the coefficient at the output value is made equal to one.
If the right-hand side contains derivatives, then the terms containing any one input
value and its derivatives are combined into one group and the coefficient for the
corresponding input value is taken out of brackets. Equation (2) in standard form
takes the form:

+ Box(1) (2)

d?y _ dy ( dx j
T~ +T—+y=K|T,—+x]|, 3
0 dtg 1dt y 2dt ()
where Tozz%; le%; K:%; Tz=%-
0

In equation (3), the constants Ty, Ty, and T, have the dimension of time and are
called time constants, and the factor K is the transfer ratio or gain.

7.3. The concept of sustainability of energy systems

The concept of stability is the most important qualitative assessment of the
energetic dynamic properties of ACR. Stability is understood as the ability of the
system to restore the initial state of equilibrium after removing the external
disturbance. There are three types of energy systems:

1) stable energy systems are systems that, being taken out of the state of
equilibrium by some external disturbance, after removing this disturbance, return to
the initial state of equilibrium;

2) neutral energy systems - systems that, after removing the disturbance, come
to a state of equilibrium that differs from the initial one;

3) unstable energy systems - such systems in which equilibrium is not
established after removing the disturbance.

Let the energy system be in equilibrium (Fig. 3). At the moment of time t1,
under the action of an external disturbance [12, 13], the energy system was removed
from this state. The motion of the system under the action of a disturbance is called
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forced (xv (t)). Then, at some point in time t = 0 (taken as the origin), the disturbance
was removed or compensated.

Unsustainsblz anarey svstam

ffsuttz'.s/srg:: svita
\/ ""Eu stainzhlz snarey svetam )

Fig. 3. Explanation of the stability of energy systems: t; - time of disturbance
introduction; Xy (t) - forced movement of the system; X.(t) - free movement of the
system.

hnd n(o) A
|
|
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|
|
|
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Free motion of the energy system (X. (t)) begins. Transient process h(t) = x,(t) +
Xc(t). Moreover, if lim x, (t) =0~ the energy system is stable, limx, (t) =const - the

energy system is neutral, limx, (t) =oo - the energy system is unstable.

In order to simplify the analysis of the stability of energy systems, a number of
special methods have been developed, which are called stability criteria. Stability
criteria are divided into two types: algebraic and frequency. Algebraic criteria are
analytical, and frequency ones are graphic-analytical. But they are all based on the
Lyapunov criterion.

Lyapunov's criterion is as follows. A necessary and sufficient condition for the
stability of a linear energy system is the condition when all the real roots of the
characteristic equation of the system, as well as the real parts of the complex roots,
are negative. If at least one of the roots is positive, the system is unstable; if equal to
0, the system is on the stability boundary. The imaginary axis Im is the stability
boundary.

However, it turns out to be rather difficult to use this condition in practice to
assess the stability of real energy systems [14, 15]. This is due to the fact that real
industrial systems are described by higher-order differential equations or contain
links of pure delay, so that finding the roots of the characteristic equation is a difficult
task [16-18].

For such systems, the following stability criteria are applied: the Routh-Hurwitz
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algebraic criterion; Mikhailov frequency test; amplitude-phase-frequency Nyquist
criterion.

Algebraic stability criteria make it possible to judge the stability of the system
by the coefficients of the characteristic equation

Q(p)=Ap" + AP ™+ AP+ A,

without calculating its roots. A necessary condition for the stability of a system
of any order is the positiveness of all the coefficients of the characteristic equation.

For systems of the first and second orders, the necessary stability condition is
also a sufficient stability condition, since for positive coefficients of the characteristic
equation, all its roots are left. However, for systems of the third and higher orders,
the positiveness of the coefficients of the characteristic equation is a necessary
stability condition, not insufficient (all real roots of the characteristic equation, if any,
are left, and complex roots can be right).

The Routh stability criterion was proposed by the English mathematician E.
Routh in the form of an algorithm - a table.

In the first row of the table, the coefficients of the characteristic equation having
an even index are written in ascending order of indices: Ay, Az, A4, As,...; the second
line contains odd-indexed coefficients A, As, As, Az,... .

Any of the remaining coefficients in the table is defined as

Cii = Ckrgi—2 = liCki-1s
Where r; =¢y;_,/Cy i1, K is the index, which means the number of the table

column, i is the index, which means the number of the table row. The number of
rows in the Routh table is equal to the degree of the characteristic equation plus one
(n+1).

After the Routh table is filled, it can be used to judge the stability of the system.
The Routh stability condition is formulated as follows: for the automatic control
system to be stable, it is necessary and sufficient that the coefficients of the first
column of the Routh table have the same sign, i.e. for ag> 0 were positive:

c1=Ayg>0; c1p=4,>0; ¢3>0;...; C 1 >0;

If not all the coefficients of the first column are positive, then the system is
unstable, and the number of right roots of the characteristic equation is equal to the
number of sign changes in the first column of the Routh table.
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Conclusion
In the paper we consider some features of control for energy systems. The
approaches can be applied during the design of energy systems.
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KAPITEL 8/ CHAPTER 8.
SOME PROPOSALS FOR THE ESTABLISHMENT OF INNOVATIVE
TRANSPORT SAFETY CLUSTERS IN UKRAINE
HEKOTOPBIE ITPEJVIOJKEHHA I10 CO3JAHHIO HHHOBAITHOHHBIX K/IACTEPOB
TPAHCITOPTHOH FE30OIIACHOCTH B YKPAUHE
JEAKI ITPOITO3ULII LITOJO CTBOPEHHA IHHOBAIIIHHHX K/IACTEPIB
TPAHCITOPTHOI FE3ITEKH B YKPAIHI

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-001

Beryn

[IpoGnemMu TpaHCIOPTHOI OE3MEKHM 3a OCTaHHI POKW CTaId IIe TOCTpIIIe,
OCKUIBKH TPAHCIOPT (PAKTUYHO MEPETBOPUBCS HA OJHY 3 HAWPHU3UKOBAHIIINX cdep
KUTTENSUIBHOCTI, B SIKiM, HA Kajb, PEryJIspHO TUHYTH JIOJU. Tak, JUIIe 3a JIEB’SITh
MicsiiB 2019 poky B Ykpainu ctanocs 114 769 nopoxHb0-TpaHCIIOPTHUX MpUrol. B
pe3yabTari aBapiil 3armHysno 2369 oci6. 3aramom, 3aranbHa umcenbHiCTh JTII
BHUpocia Ha 6,2 % (3a aeBsTh MmicsiiB 2018 poxy Oyro 3adikcoBano 108 070 aBapiii).

B nopoxHniii npurogax noctpaxaanu 18 446 ocio, (B 2018 porri 3a Takuit camuit
nepioa — 17 319), o Ha 6,5 % Oinblie, HiXK B TOMY POIIi.

3a i"dopmMmalito, sKa Hagxoauia 10 YkprpancOesmeku, y 2019 poui Ha
3aIII3HUYHOMY TpaHCTOPTI YKpainu ctanock 1202 TpaHCIOPTHI MOJ11, 3 HUX:

705 aBapiii, B sskux 354 ocoOu 3arunHynu ta 232 oTpuMaiu TPaBMH, 3 HUX:

1) 577 aBapii 31 CTOpOHHIMH 0cOOamMu 3aBAaHl PyXOMHUM CKJIAJIOM 3aJ113HUYHOTO
TPAHCTIOPTY, B AKUX 354 ocobu 3arunymnu ta 232 oTpUMalid TPaBMU;

2) 128 aBapiii 3a y4acTio 3a71I3HUYHOTO TPAHCTIOPTY, 0€3 MOCTPAKIATHX;

3) 473 iHmuAeHTH, 6€3 MOCTPaKTAIHX;

4) 24 noxexi.

3riIHO cTaTUCTUYHUX JaHuX 3a 2019 pik Ha aBTonUIAXax YKpaiHu ctanocs 2829
JIOPOKHBO-TPAHCTIOPTHUX TPUTOJI 32 YYaCTIO aBTOMOOIIBHOTO TPAHCIIOPTY, SIKI
HAJAlOTh TIOCIYTM 3 TIePEeBE3CHHS TMAaCaXUpiB Ta HEOE3NMeUYHWX BaHTaXKIB
aBTOMOOUTBHUM TpaHCTIOPTOM, B sAkuxX 184 ocoOu 3armHynu Ta 1588 oTpumanu
TPaBMH.

[Ipotsirom 2019 poky Ha 3ami3HUYHHMX Mepei3iax YKp3ali3HULI cTajgoch 65
JOPOKHBO-TPAHCTIOPTHUX TPHUTOA, B sAkuxX 11 oci6 3arunymu ta 20 oTpumanu
tpaBMu. Takox 3a 2019 pik crtanock 14 moxex Ha aBTOMOOITBHOMY TPAHCIOPTI
3arajibHOr0 KOPUCTYBaHHs 0e3 3aru0/Mx Ta TpaBMOBaHMX [1].

Otxe, 3a0e3MeueHHs] TPAHCIOPTHOI Oe3MeKH MoJiArae B 3a0€3MEeUeHHI IpaBa

ocoOu Ha Oe3neKky B IIMPOKOMY PO3YMiHHI (3aXHUCT >KUTTS, 370pOB’S, 3arajiom
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KOHCTUTYLIMHUX TipaB TpomajsiH). IlpiopurteTHrM HampsMoM Yy I cdepi €
3amo0iraHHsl peaIbHUM Ta TOTCHIIIMHUM 3arpo3aM BUHHUKHEHHS aBapii 1 kaTtacTpod

Ha TPAHCHOPTI Ta iX HACHIAKaM.

8.1. OcHOBH TPaHCHOPTHOI Oe3neKku YKpaiHu

TpancnopTHHII KOMIUIEKC B HAIIMX yMOBaxX BUpIIIye ABa 3aBaaHHA. lleprie —
3a0e3neYnTH NOoTPeOr KpaiHu CydyaCHUMHU Ta O€3NMEYHHMH MEPEBE3CHHIMU, PYyre —
BHUBECTH TPAaH3UTHUI MOTEHIIIa)l YKpaiHU Ha €BPOINEUCHKUIN Ta MI)XKHAPOIHUN PIBEHb,
[0 HalpsMy 3aJ€KUTh BiJ PO3BUTKY MIKHApPOJHHMX TPAHCHOPTHUX KOPHUAOPIB, 3
METOI0 BHPIIICHHS €KOHOMIUYHOTO MUTAHHS -HAIXOPKEHHS KOIITIB 70 JEPKaBHOTO
Oro/KeTy kpainu. [Ipu ToMmy, 1110 BiH Mae 1 deporcashy, 1 npueamuy CKIanoBy. | Ta, i
1HIIIA CKJIa/I0B1 HAMAraroThCsl BUPIIIMTH 111 3aBJaHHS OJTHOYACHO.

[ToHsATTS TpaHCIOPTHOI OE3MEKNM HOCUTH CUCTEMHHUU XapakTep TOMY BH3HAYae
HEOOXIJTHICTh KOMILIEKCHOTO, CUCTEMHOTO BHUPIIIEHHS MpOOJieM, HAsBHUX Yy Wi
coepi.

TpancropTHa Oe3neka € CKJIaJOBOI0 HAI[lOHAJIBHOI Oe3MeKku 1 MOojsrae y
3amo0iraHHl aBapisM Ta IHIMJACHTAM Ha TPAHCIOPTI. 3 OISy HA MPIOPUTETHICTD
npaB 1 cBOOO/ JIOJMHU TaKa AISUIbHICTh 3A1MCHIOETHCA IUISIXOM CTBOPEHHS CHCTEMU
parioHaTbHOI TPEBEHTHMBHOI O€3MeKHn 3 METOI0 MaKCUMalIbHO MOXKIMBOTO,
€KOHOMIYHO OOIPYHTOBAHOI'O 3MEHILIEHHS HMOBIPHOCTI BUHUKHEHHSI TPAHCIOPTHHUX
PO3YMITH COIIIaIbHUM TPOILEC MiSIBHOCTI BIAMOBIIHUX CYO’€KTIB CYCHIJIBHHUX
BIJTHOCHH 13 3aro0iraHHst aBapisiM Ta iHIIMCHTaM Ha TpaHcmopTi [2].

[lutanHa 3a0e3reyeHHs TPAHCHOPTHOI Oe3MeKH aisd YKpaiHu Mae ocoOIHMBe
3HaueHHd. Hacammepesn, 1e MOXHa TMOB’S3aTH 3 pO3MIpaMU TEPUTOPIl Ta
TEONMOJITUYHUM PO3TAIIYBAHHAM HAIIOi KpaiHW, 3 TMOJITUYHUM 1 COLIaJbHO-
E€KOHOMIYHUM KypCcamH, CIpPSIMOBAHHUMH Ha TOJajbIle 3MIIHEHHS CYBEpPEHITETY.
OpnHak, Ha T 3pOCTAIOYMX TMOKA3HUKIB aBapiiiHOCTI, TpaBMaTU3My, 30UTKIB, 3HOCY
TEXHIYHUX 3ac00iB BHUXiJ YKpaiHChKOI TPAHCIOPTHOI Tajly3l Ha LUISIX CTaJoro
PO3BHTKY i3 3a0€3MCUeHHIM KOMIUIEKCHOT O€3MeKH BeIbMU yCKIaaHeHui [3].

PiBenp Oe3neku mnepeBe3eHb, OOCAT CIOKUBAaHHSA €HEprii Ta BIUIMB Ha
HABKOJIMIITHE TIPUPOJHE CEpPENOBHINEG B YKpaiHi HE BIANOBIAIOTh CyYaCHUM

BuMoram. [IpoTsromM ocCTaHHIX JOECATWIITH Yy CBITI CIIOCTEPITa€ThCA CTPIMKE
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30UIBIIEHHS! KIJIBKOCT1 TPAHCIIOPTHUX 3aC001B Ta MIABUIICHHS 1HTEHCUBHOCTI PYyXY,

10 TPU3BOJIUTH 10 30UIBIICHHS KUIBKOCTI TPAHCHOPTHUX MOJINA Ta 1X HEraTUBHUX
Hacmiakis [4].

Came TOMy, MNEpUIOYEPrOBUM, HAarajJbHUM 3aBJAHHAM € JIOCATHEHHS
a/JIeKBaTHOTO PO3YyMIHHS 1HCTUTYTaMH JEpP’KaBHOI BJaJu Ta TPOMAJCHKICTIO pOJl Ta
MICIISl TPAHCTIOPTHOI Oe3neku B 3a0e3MeueHH] HalllOHaJIbHUX 1HTepeciB Y KpaiHu.

[TutanHs €KOHOMIYHOTO A0OPOOYTY TypOy€e KOXKHOTO YKpaiHId. AJjie HE MEHII
BXJIMBUM € TMUTAaHHS TPAHCIOPTHOI Ta HaILlOHAJIBbHOI OE3MEeKH KpaiHU Bif SIKUX
HamnpsAMYy 3aJIekUThb J00poOyT. OOHMMH 3 OCHOBHUX HAmpsMIB PO3BUTKY
TPAHCIIOPTHOI Taly3l Ta MEPCIEeKTUBH ii IHTErpalii A0 MIXKHAPOJHOI CHIJILHOTH €:
BIIPOBA/KEHHSI €(EKTUBHOTO JI€P>KaBHOTO YIPABIIHHA B TPAHCHOPTHIA Taily3i Ta
IiABUILEHHS PiBHS Oe3eku Ha TpaHcnopTi [4].

Came ToMy, B YKpaiHi , SIK 1 B yCiX MEpEIOBUX Ta PO3BUHEHUX KpaiHax CBITY,
HEOOX1JTHO PO3BMBATH 1HHOBAIIWHY MIsUIbHICTH. [HHOBaIT B YKpaiHi 1€ He MaloTh
BUPIIIAIBHOTO 3HAYEHHS JIJII PO3BUTKY €KOHOMIYHOI JISJIBHOCTI 1 3a0e3leueHHs
€KOHOMIYHOI CTaOUIbHOCTI Jep>kaBd, a ciiabke Ta 3acTapijie OCHAIleHHS Hapasi €
“ax1JuUIecoBOI0  I’SITO0  YKpPAiHCBKOI TPaHCHOPTHOI CHUCTEMH, sKa MOTpedye
MIEPEOCHAILIEHHS, B TOMY YMCII, 3aBJSKM 1HHOBaUIMHUM mpoekTam. Came TOMYy,
3a3HauY€Hl NUTaHHS  NOTPeOYyIOTh  MOAAJIBUIONO  OOTOBOPEHHS,  PO3BUTKY,

BJIOCKOHAJICHHSI Ta MPUMAHATTA BIAMOBIIHUX PIIICHb HA JIEPKAaBHOMY PiBHI.

8.2. [lesiki nmpo0saeMu iHHOBaUiiiHOI AislibHOCTI B YKpaiHi

OgHuM 13 CEpelHbOCTPOKOBUX TMPIOPUTETHUX HAMpsAMax 1HHOBAIIMHOI
TISIBHOCT1 3aranibHojiep:kaBHOro piBHs Ha 2017-2021 poku € OCBOEHHS HOBHUX
TEXHOJIOTi! BUCOKOTEXHOJIOTIYHOTO PO3BUTKY TPAHCIOPTHOI cuctemu [5].

TpancnopTHa rainy3b Mae BIIOKpEMJIEHY 1HHOBAI[IHHY CHCTEMY, SIKa BKJIIOYA€E
HAyKOBY (HAyKOBO-JIOCNiJIHI 1HCTUTYTH, HAyKOBO-IOCTIJHI IEHTPH, HAYKOBO-
BUNIPOOYBaIbHI Ta HAaBUYalbHI IICHTPU, BUIIl HABYAJIbHI 3aKJIaJid), MPOMUCIOBY
(manpueMcTBa TPAHCHOPTHOTO KOMILIEKCY), KOMEpLiHy ckiaaoBi. Hampuknaz, 3a
nanumu [lepxkkomcrary, me B 2015 poii mpoMucCIoBl MIANPUEMCTBA BIPOBATUIH
aumie 3136 1HHOBAIIMHUX BUIIB NMPOIYKIIi, 3 AKUX 548 — HOBUX BHKJIIOYHO JJIs
puHKy, 2588 — HOBHX JUIIe I MIANPUEMCTBA. [3 3arambHOl KUTBKOCTI

BIIPOBA/PKEHOI TPOAYKIli 966 — HOBI BHUIM MAaIllWH, YCTaTKyBaHHS, TPHWJIAJIB,
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amapariB ToIro [6].

[HHOBAIIHICTE — 116 HE TUIBKU KJIIOY J0 JHUHAMIYHOTO PO3BUTKY, T00poOyTY,
ocobucTtoro ycmixy, a © 3aci0 3a0e3meyeHHs CyBEpeHITeTy KpaiHu, ii
KOHKYPEHTOCIIPOMOYKHOCTI y Cy4acCHOMY HaJCKJIaJHOMY CBITI [7].

[HHOBAIIHICTP € BH3HAYAJIBHOIO XAPAKTEPUCTUKOI CYYaCHHX HayKOBO-
TEXHIYHUX, BUPOOHUYHX, COL1aTbHO-€KOHOMIUYHUX Ta YCiX CyCHUIbHUX MpoIieciB. Bixa
OBOJIOJIIHHSI 1HHOBAIlIMHUMH MEXaHI3MaMH DPO3BHUTKY 3aJI€KUTh IO YKpaiHU: 4u
pyXaTHUMEThCsl BOHA B HAmpsiMi BXOJDKCHHSI [0 YHCJIa PO3BHUHEHHUX KpaiH, 4H
3IMIIATBECS CTarHyIOUOK KpaiHOK Ha y3014dl HayKOBO-TEXHIYHOTO 1 COIaJIbHOTO
nporpecy. Lle moB’si3aHo 3 3araJbHUMU 3aKOHOMIPHOCTSIMU CYCHIJIBHOTO PO3BUTKY,
3r1JTHO 3 IKUMH Yy CBITI B1IOYBA€THCS MEPEX1] Bl MEPEBAKHO BIATBOPIOBAIBLHOTO J0
1HHOBAIIHHOTO TUITY PO3BUTKY.

[HHOBAIIIiHA AisIBHICTE (BiJ aHIII. iINNOvVation - HOBOBBEACHHS) — 1i€ HisIbHICTD,
0 COpsSMOBaHa Ha BUKOPUCTAaHHS 1 KOMEpIAi3allil0 pe3yibTaTiB HayKOBHUX
JOCIIIKEHb Ta PO3pOOOK 1 3yMOBIIIOE€ BUITYCK HA PUHOK HOBUX KOHKYPEHTO3JATHUX
TOBapiB i mociyr [8].

[HHOBaNIiHA AISIBHICTE HaOyBae€ OCOOJMBOrO 3HAYEHHS HE TUIBKU Y
BHCOKOTEXHOJIOTIUYHUX, a ¥ Y TPAaJULIMHUX CEKTOpax €KOHOMIKH. OXONMBIIM Pi3HI
aCNEeKTH PUHKOBHUX BIJHOCHH (BUPOOHMWYI, MIANMPUEMHHUIIBKI, COIlaJibHI, HAYKOBO-
TEXHIYHI Ta MApKETHHTOBl), 1HHOBAIIMHUN TMpoleC CHOpHUsiE€  3POCTAHHIO
MIPOMMCIIOBOTO BHUPOOHMIITBA, MIABUIIEHHIO TPOJYKTUBHOCTI TMpall, 3ady4yEHHIO
HOBHUX pe3epBiB A0 BUpoOHM4YOI chepu. Ha xanb, peanii cydacHOi €KOHOMIYHOT
cuTyallii B YKpaiHi NoJAraTh y TOMY, 1110 Ha BIIMIHY BijJl pO3BUHEHUX KpaiH, K1 10
85-90% mnpupocty BBII 3a0e3neuyioTh 3a paxyHOK TakK 3BaHUX “‘IHTEHCHUBHHUX
dakTopiB”, BKIIOYAIOYM I1HHOBAIli, YKpaiHa HEJOCTaTHbO BHUKOPUCTOBYE CBIN
IHHOBaUlHUK moTeHIian. [IpomoBxkye nerpaayBaTd PHHOK HAayKOBO-TEXHIYHOL
MPOJYKLIi BHACIIJIOK HE3HAYHOTO MOINUTY HA IHHOBALIMHI PO3POOKH YEpe3 HU3bKY
IJIATOCIPOMOIKHICTh BITYM3HSIHUX CIIOXKHBaviB [9].

['0710BHUM JKepesioM 3arpo3 ICHYBaHHIO YKpaiHM sIK JiepKaBu, BOAYa€eThCs HE
TIJIbKYA 30BHIIIHIN MTPOTUBHUK, 400 KPUMIHATIBLHUN TEPOPHU3M B JIepXkKaBi, ajie i pi3ke
NaJiHHS HayKOBOI'O M 1HTEJIEKTYaJbHOTO PIBHS CYCHIJIBCTBA, HACTIIKOM YOTO MOXKE
CTaTH TIOBHA 3aJICKHICTh €KOHOMIKM, HACEJICHHS BIiJ JOMOMOTH Ta MPUXHIBHOCTI
CWIbHUX 1bOro cBITy. Kpaina, sika He Oepexe W He MNIATPUMYE CBOIO HAyKy,
MOTpAIUIS€ y BacalibHy 3aJICXKHICTh B HAyKH Ta €KOHOMIKHM 1HIIMX KpaiH 1 BTpadae

3IaTHICTh OUTBIT MEHII CaMOCTIHHO TapaHTyBaTH CBOI0 Oesmeky. Tomy, ogHUM i3
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TOJIOBHHMX IMPIOPUTETIB AISUTBHOCTI JAEP)KaBHOI BJIaJd B YKpaiHi Ma€e CTaTH HAyKOBO-
TexHiuHa cdepa. [I[pudomMy moynHATH CHIA 3 CUCTEMHU JEP>KABHOTO YIPAaBIiHHS, IO
3a0e3neyye OJHOYACHO 1 LIJIECIPSMOBAHICTh ACpPKABHOI MOJITHKU B LiH ramysi, 1
AuBepCcrU(PIKOBAHICTh IHCTPYMEHTIB MIATPUMKH Ta CTUMY/Ir0BaHHs Hayku [10].
KimtouoBum enemeHTOM 0 3abe3neyeHHs Oe3MeKd KpaiHu Ta BHCOKOTO
MaTPIOTUYHOTO AyXYy ii TPOMAaJsH € BUCOKHH piBeHb Hayku. be3 1mporo ycmimmse i
Oe3mnedHe 3aBTpa B YKpaiHi He HacTaHe. Aje ChOro/IHI YKpaiHa nepebyBae Ha cTaii,
KOJIU € PO3yMIHHS, IO MU CYTTEBO BIACTAEMO Bif JIJAEPIB IIOJ0 TEXHOJOTIYHO-
1HHOBAIlIHHUX PillIeHb, € PO3YMIHHS, 1110 ICHYIOUA CHCTEMa 1HHOBALIIM € 3acTapiyioro,
BOHA HE MPOAYKY€ TeHIiB, He 3a0e3neuye (HOpMalbHUI MPOIEC CTBOPEHHS HOBUX
171eH, a SIKIIO 1 MPOJIOKYE, TO HE MOXKE 3a0€3MEeUNTH IM HAJICKHY MpaIlio Ta ii OIIary,
110 MPUBOAUTH A0 BIATOKY TAJIAHOBUTOT MOJIOJII Ta JOCBITUEHHUX (DaxiBIlIB 32 KOPOH.
Sk 3BICHO, Oy/Jb-siKa BlliHA — € PYIIIHHOIO CHJIOIO MPOTPECY, CaMe B MepioJ1 BIH
Oys0 3po0JeHO Macy TeHIaJbHUX MOJEpHI3alliid, KOHCTPYKTOPCHKUX pIllIEHb Ta
BUHAXOJIB. Alle, He 3Bakarouu Ha arpecito PO na Cxoml kpaiHu, iHHOBAII]
HaceJeHHS KpaiHW B TOMY YHCII 1 TPAHCIOPTHA 1HHOBALHA CHCTEMa, MPALIOE 3
BEJIMKUMH TOTYraMH, MEpernoHaMu 3 MIHIMAJIBbHOIO €(EKTHBHICTIO Ta HE BHPIIIYE
npoOjeM $K NIABULIEHHS TEMINB E€KOHOMIYHOTO PO3BUTKY TakK 1 3a0e3MedeHHs

HalllOHAJIBHOT 0e3MeKH JIep)KaBH.

8.3. InHoBauiiiHa moJiiTuKa YKpaiHu

BaxxnuBoro Ckias0BOI0 “pO3yMHOT 1HHOBAIIMHOI TOJITUKK® KpaiH CBITY B
yMOBax MOCTIHAYCTPIAJIBHOTO  CYCIUJIBCTBA € 3aXOAW  IOJAO  BHUPIIMICHHS
30BHIIIIHBOCKOHOMIYHUX 1HTErpalliHuX MpoOJeM, y Mepury 4Yepry MOB’si3aHHX 31
3HAYHUM 3POCTAHHSM TJIOOAJIbHOI 1 pEerioHaJbHOI KOHKypeHuii. [lis 1poro
aKTyaJlI3ye€ThCsl POJIb 1HHOBAI[IMHUX CHUCTEM pPI3HUX PIBHIB, 10 MOCHJIIOIOThH
CUHEpPreTuyH1 e(eKTH I1HHOBAIIIHHOTO PO3BUTKY SIK 3a MPAMOi Kepyrdoi poii
JIEp’KaBH, TaK 1 3a MPUHIIMIIAMU CAMOPETYJIIOBaHHS Ta camoopranizailii. Mepexena
oprasizaiisi TakMX CHCTEM OCOOJIMBO CHpHUS€E MOCUJICHHIO B3a€EMOJIIi PETIOHIB Ta
XapaKTEepU3y€EThCsl BIUIMBOM MIKPETIOHAJIbHOI Koomepallii Ha 3a0e3neueHHs IXHBOT
KOHKYPEHTOCIPOMOKHOCTI.

['onoBHOIO METOIO Jep>KaBHOI IHHOBAIIMHOI MONITUKH YKpaiHU € CTBOPECHHS

COIIAIbHO-€KOHOMIYHUX, OpraHi3aliifHuX 1 MPaBOBUX YMOB i €()EKTUBHOTO
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BIJITBOPEHHS, PO3BUTKY Ta BUKOPUCTAHHS HAYKOBO-TEXHIYHOTO MOTEHIliaNy KpaiHH,
3a0e3MeyeHHs] BIPOBAHKCHHS CYYaCHUX €KOJIOTIYHO YUCTHX, O€3MEUHUX €Hepro- Ta
pecypco30epirarounx TEXHOJOTIH, BHUPOOHWIITBA Ta peai3allii HOBUX BHJIIB
KOHKYPEHTO3AaTHOI MPOJIYKIIii B TOMY YHCIII 1 BIHICHKOBOTO MIPU3HAYECHHS.

CydacHu#l cTaH HalllOHAJBHOI IHHOBAIIITHOI cUCTeMH YKpaiHM Ma€ HAyKOBY Ta
MIPOMHUCIIOBO-KOMEPIINHHY CKIan0Bil. Jl0 HayKOBOi CKJIaJ0BOI BITHOCATHCS YCTAaHOBH
HamionaneHoi akagemii Hayk Ykpainu, ramysesi H/L Ta incTuTyTH, BUIIIl HaBYaJIbHI
3akinaad. Jlo TMPOMHUCIOBO-KOMEpITIMHOI  CKJIQJ0BOi  BITHOCSITBCS BUPOOHUYI
HIPUEMCTBA, HE3AJEKHO BiJl (POPMH BJIACHOCTI. Y 3B’A3KYy 3 THUM, IIO0 HAyKOBUM
MOTEHIl1a)I BITYM3HSIHUX HAYKOBUX IHCTUTYIIA HE € KOHKYPEHTO3/IaTHUMU B Y KpaiHi,
chopMyBaJIiCd HAyKOBO-BUPOOHHMYI CTPYKTYpH, HAHOUIBII MOTYXHUMHU 3 AKUX €:
Kb “ITliBnenne”, Kb “AHTOHOBa”, siKi MalOTh HE3aJEKHY HAYKOBY TaKTHUKY Ta
CTpAaTeriio, KaJApOBUW MOTEHIIad Ta KypylTh NpOLEC MArOTOBKM (haxiBLIB 3
BIJIMOBITHUX HAMPSIMKIB B OOpaHUX BUILMX HABYAIBHUX 3aKjIalax Y KpaiHu.

JlepxaBHE peryioBaHHS  1HHOBAllIMHOI  JISJIBHOCTI  3/I1MCHIOETHCS
HUISIXOM:

BU3HAUEHHS 1  MIATPUMKH  OPIOPUTETHUX  HANPSMIB  IHHOBAIIHHOI
TISITLHOCTI;

dbopMmyBaHHS 1 peamizailii Jep)KaBHHUX, rajy3eBUX, pErioOHAIbHUX 1
MICIICBUX 1HHOBAIIHHUX ITpOTpaM;

CTBOPEHHS HOPMAaTUBHO-TIPABOBOT 0a3u Ta EKOHOMIYHMX MEXaHi3MiB
JUTSL HATPUMKH 1 CTUMYJIFOBAHHSI IHHOBAIIMHOI TISJTBHOCTI,

3aXMCTY MPaB Ta IHTEPECIB CYO'€KTIB IHHOBAILIHOI ISNIBHOCTI;

(db1HaHCOBOT MIATPUMKH BUKOHAHHS IHHOBAI[ITHUX MPOEKTIB;

CTUMYJIIOBAaHHS KOMEpILIMHMX OaHKIB Ta  IHIMMX (DIHAHCOBO-KPEIUTHUX
YCTaHOB, 110 KPEAUTYIOTh BUKOHAHHS 1HHOBALIIMHUX MTPOEKTIB;

BCTAHOBJIEHHS  MIJIBIOBOIO OMOJIaTKYBaHHS  CYO'€KTIB  1HHOBAIIHOI
TISITBHOCTI,

MATPUMKA  (YHKIIOHYBAaHHA 1 PO3BUTKY  Cy4acHOi  1HHOBaIIMHOL
inppactpykrypu [11, CT. 6].

[cHyBaHHST HayKOBO-BUPOOHHUYUX MIANPUEMCTB (DIKCYE CHUTYyalll0, KOJIH
ycraHoBM HarionanbHOi akajgemii Hayk YKpaiHW, raidy3eBl HAayKOBI ILIEHTPU Ta
IHCTUTYTH, BHIIl HaBYalbHI 3aKkjaad (PAKTUYHO € PYIUMEHTAMU pPaAASHCHKOI
CUCTEMH, SIKa He BUKOPHCTOBYBAJIa MPUHIIMITA 1HHOBAITIH.

S0 Mu Be1IeMO MOBY PO SIKICHO JI€BUN MEXaHI3M CTBOPEHHS 1HHOBAIIiH, TO
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y popmati HacmiayBaHHs AocBixy DARPA, skuil € HalO1IbII IIAHOBAHUM Y BChOMY
CBITI, Tpeba po3yMmiTH, 110 B YKpaiHi BiH MOBUHEH IEPECHiTyBaTH OAHY BaXIJIUBY
CKJIaZIOBY. A came — IIyKaTH JIOJICH y BJIACHIM KpaiHi, CTBOPIOBATH CEPEIOBHIIE, JC
Il JIFOJM MOXKYThb pealizoByBaTH CBO1 171€i, MPONMOHYBAaTH 1 CTBOPIOBATH MEXaHI3MHU
KpUcCTali3allii, MepeBOJUTH iX y KOHKPETHI MPOAYKTH, SIKl MOTPiOHI abo JieprKaBi B
1isoMy, a00 TpaHCTIOPTHIN cepi 30kpema.

Konun mm roBopuMo mpo yKpaiHCBKI MPOAYKTH, Tpeba po3yMITH KpuTepii
iHHOBamiHOCTI. Hampuknaa, KomM BITYM3HAHI BHPOOHUKH TMOYaIH pPOOUTH
NacaKUPChbKl BaroHW Ha HAIIMX IMIANPUEMCTBAX — YW Oyjae 1€ 1HHOBAIIMHUM
IpOaYyKTOM? 3 TOUKHM 30pYy MOTPEOU 3a13HULII 1 32 BIJICYTHOCTI 3alIOBHEHOTO PUHKY —
1[€ 1HHOBAUIMHUN TPOIYKT. 3 TOYKH 30py CBITOBUX TE€HIEHUIH, MOI10HI BArOHU HE €
IHHOBAIlIMHUM TPOAYKTOM — a/pKe MH HE MOXKEMO iX TpoJaTH B KpaiHy, sKa
BUI'OTOBJIIE BUIIE3a3HAUYECHI BAaroHU OLIbII KOM(OPTAOEIbHUMH 3 BUKOPUCTAHHSIM
HOBITHIX MaTepiajiB Ta TEXHOJOTIM HIDK Hami. Alie B Oyab-SKOMy pasi cepen
IHHOBAIIMHUX TPOEKTIB MOXJIMBO HABECTH IMOAIOHI 3pa3Ku cepell NpUBATHUX
KOMIAaH1 — BOHU JOCTATHbO BAXKJIMBI 1 IIKaBi. AJle TaK0XX MOTPiIOHO, 00 JeprkaBa
CTBOpHMJIA MEXaHI3M, SIKUW J03BOJISIE€ BIPOBAHKYBATH Il IPOAYKTU. A BOHH, y CBOIO

4epry, MOTIM CTaBaJId OCHOBOIO JIJIsi EKOHOMIYHOTO pyXy Briepen [12].

8.4. locBin cTBOpeHHs Ta QyHKIIOHYBAHHA iIHHOBAIIHHUX CHCTEM

nepeaoBUX KPaiH CBIiTY

JlocBig cTBOpeHHs Ta (PYHKIIIOHYBaHHS IHHOBAIIMHUX CHCTEM TEPEAOBUX KpaiH
CBITY BKa3ye Ha Te, IO ii 0a30BUM €JIEMEHTOM € KOONeparlisi, sSika 3HaWIIa CBOE
BUpPILIEHHS, Hacammepen, 3aco0aMM KIACTEPHUX IHILIATHB 31 I1JBUILEHHS
KOHKYPEHTOCTIPOMOXKHOCTI Ta PO3BUTKY OUIBIIOCTI KpaiH posmounHaroun 3 90-x
pokiB XX cTopivus.

3a IeIKUMU EKCIIEPTHUMH OI[IHKaMHM, KJIACTEPU3AIIE€0 OXOMIeHO 065m3bko 50%
E€KOHOMIK TIepeloBHX KpaiH CBITy. [IOBHICTIO OXOIMJIEHI KJIAaCTEPU3AIE€I0 JTaTChKa,
¢iHCbKa, HOpBE3bKA Ta IIBEIbKA MPOMHUCIOBOCTI. AKTHUBHO WJe TMpoILeC
kiactrepuzaritii B [liBnenHo-Cxigniit A3zii, Kurai, Snonii.

B €C 3zarBepmxkeni “Manidect knacrepuzaiii B kpainax €C” (nunens 2006
pPOKy) Ta “€Bponeicbkuil kiactepHuii MmemopauayMm” (ciuensb 2008 poky), OCHOBHa

MeTa SIKUX — 30UIBIIUTH “KpPUTHYHY Macy’ KJIacTepiB, sfKa 3/aTHa BIUIMHYTH Ha
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M1JBUIIICHHS KOHKYPEHTOCTIPOMOXHOCTI SIK OKpeMHUX KpaiH, Tak 1 €C B ijiomy.

Po3BuTKY iHHOBaIIWHOI AISUTBHOCTI COPUSIOTH M paMKOBI yroau €Bpocoro3y, Ha
el 9ac Ji€ Bke BockMa mmoaiona yroga — “I'opuzonTt - 2020

B CIIA BaxJIMBUM HanpsIMKOM PO3BUTKY 1HHOBAIlIMHUX CHUCTEM € CTBOPEHHS
perioHaJbHUX 1HHOBAIlIMHMX KJIAcTepiB B TMPIOPUTETHUX HAYKOBO-TEXHIYHHX
ramy3sx, ki 3 2010 poky MATPUMYIOTbCS Ha 3arajbHOJEP)KaBHOMY piBHI
CHeiaIbHOIO (hefiepaibHOI0 MPOrpaMoro (A0 BOTO (piHAHCYBAHHSA 3/11MCHIOBAJIOCH 32
paxyHOK perioHajbHHUX BJaj).

HaiiGinpm sickpaBuM mpukiiagoMm iHHoBamiiiHoi cuctemu CILIA e “KpemHuieBa
JOJIMHA” — TPOBIIHUM 1HHOBAIIMHUN KJIacTep, SKUM OTPUMYE TPETHHY BCIX
BEHUYpPHHX (BUCOKONPUOYTKOBHX, ajl€ pPHU3UKOBUX) KamiTaJIOBKIAJIE€Hb, WIO
3niiicHioThes B CIIA, a 'y 2010 poui ypsanom CIIA y cdepi knacTepHOi NOTITUKH
Oyna ctBopeHa crnemiansHa komicis (the Federal Task Force on Regional Innovation
Clusters).

[HHOBAIIIHI cucTeMH, K BKpall HEOOXIAHI JJI PO3BUTKY TPAHCIOPTY Ta HOTro
0€3IeKr, MOXJIMBO Ta MOTPIOHO CTBOPIOBAaTHM 1 y TPaHCHOPTHIN cdepi. AHaI3
IHHOBallHUX CHUCTEM, HalpHKIaJ y BIMCHKOBIA cdepi mepeloBUX KpaiH CBITY, B
nepury 4epry kpaiHax-wieHax HATO, 4iTko Bka3zye Ha mepeBaru CUCTEMH, sKa
CTBOpEHa Ta ycHimHo (yHKIIOHYye B 30poiiHux cunax CHIA. 1ls cucrema Bkirodae
BHJIOB1 HAYKOBI1 IIEHTPU Ta MDKBUIO0BE ATEHTCTBO IEPEIOBUX 0OOPOHHUX JOCIITHUX
npoektiB DARPA (Defense Advanced Research Projects Agency). Oco0yuBiCTIO
JUSJIBHOCTI OCTAHHBOT'O € OINpAIIOBAHHS MIXKBIJIOMUYMX, HAWUOUIBII PU3HKOBUX Ta
MPOEKTIB MOAANbBIIOI MEPCHEKTUBH (MporpaMu 2-4 piuHUX AOCHIKEHB), TIATPUMKA
OPOPUBHUX  JIOCHIKEHb, TIOJOJIAHHS  PO3PHBY MDK  (yHIaMEHTAIbHUMHU
JOCTIKEHHSIMU 1 X BIPOBAPKCHHSIM Yy BikichkoBiii cdepi. Ha mpuxmami DARPA
CTBOpEHI aHajoru B IHIMMX KpaiHax, Hampukiag, GDA (®dpanuis), SASTIND
(Kurait), MAFAT (I3pains), DRDO (Inmais).

Cranom Ha TpaBenb 2016 poky, Jemapramenty mignopsakoBaHo 24 Llentpu
innoBariii (Centers of Innovation), cTpykTypHI TIAPO3AUIA SKHX, B CBOIO 4Yepry,
po3ramoBadi y T.4. mo3a mexamu CIIIA. Koxnomy lleHTpy Bu3HAUY€HI KOHKpPETHI
Creliayli30BaHi 3aBIaHHS Ta HAMIPSIMKH JisSJIBHOCTI.

He3Baxatouu Ha Bcl Tuitocu 00’ €AHaHHS, 1HHOBAIIMHI KJIACTEPU HE BUHUKAIOTh
CIIOHTAHHO 1 HE MOYMHAIOTh IHTETPYBATUCH caMi 1O co01. Jlyxke Jacto iHiliaTopaMu
CTBOPEHHS KJIACTEPiB BUCTYNAIOTh IXHI MalOyTHI pe3uJ€HTH, IPU LOMY 3aIlyCTUTH

KJIACTEPOYTBOPIOIOUI MEXaHI3MH MOXe JuIe nepxkana (YkpaiHa), sika B CBOIO 4epry
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B cuiax 3a0e3nmeunTH MNpUI0aHHA HOBHX pO3pOOOK, CTaBUIM 3aMOBHHKOM
IHHOBAIITHUX TPOJYKTIB Ta CTBOPUTH (PiCKaNbHI Ta IHII CTUMYIHU IS 3aJTy4EHHS

PE3UICHTIB KJ1acTepa.

8.5. IIpono3uiii 1010 CTBOPeHHs iIHHOBALIHHUX KJIACTEPiB TPAHCHOPTHON

0e3nexku B YKpaiHi

CTBOpEHHSI 1HHOBAIIMHOTO KJIACTEPY € CKIAJHUM OaraTOETallHUM IPOEKTOM.
Koken eran noOy0BH KiacTepa siBisie COO0I0 PIIIEHHs IEBHOTO KOJIa MP1OPUTETHUX
YOPABIIHCHKUX 3aBJaHb, 0€3 YCIIIIHOTO BHUPIMIEHHS SKUX BUKOHAHHS HACTYyIHOTO
eTary € HEeMOKJIMBUM.

Knactep — ne reorpadiuHo Oiu3bKi TPyNU B3a€EMOIIOB’S3aHUX KOMIIaHIM Ta
OB’ sI3aHUX 3 HUMHU OpraHi3arliii, acoIiiioBaHMUX YCTaHOB B OKpeMiii ramysi, cepi 1o
MOB’sI3aH1 CHUIBHUMH TEXHOJOTIIMHU Ta HAaBUYKAMH, XapaKTEPU3YIOThCS CHUIBHICTIO
TUSJIBHOCTI Ta SIKI B3a€MOJIOMOBHIOIOTH OJMH OJHOTO. BOHM 3BHYalHO 1CHYIOTH B
reorpagiyHiii  30HI, JI€ KOMYHIKallli, JIOTICTUKAa Ta JIIOJCbKI pECcypcu €
nerkogocTynHuMu. Kiactepu 3a3Buyail po3MILIYIOTBCS B PEriOHax, a IHOAI — B
oKpeMoMy MicTi. PozeHdenna migkpeciroe, M0 KiaacTepyd MOBUHHI MaTH aKTHUBHI
KaHamM JuIs O13HeC-TpaH3aKIlid, JlajJory Ta KOMYyHIKamiid. “be3 akTHBHUX KaHAIIB,
HaBITh KPUTHUYHA Maca BIANOBIIHUX (IPM HE € MICHEBUM BHPOOHHUIITBOM abo
COLIIATBHOIO CHCTEMOIO 1, TAKMM YMHOM, He QYHKITIOHYE 5K Kiactep” [13].

[HHOBaIIiHUI KilacTep SBIsE€ COOOIO WUIICHY CHCTEMY MIANPUEMCTB 1
oprasizaiiii mo BUPOOHHIITBY W CIOXHUBAHHIO TOTOBOTO 1HHOBAI[IHHOTO MPOIYKTY,
10 BKJIIOYa€ B ceOe BeCh 1HHOBAIIMHUIN JIAHITFOKOK B1Jl PO3BUTKY (PyH/IaMEHTAIIBHOT
HAyKOBOI 1]1€i 10 BUPOOHMIITBA Ta JUCTPHUOYIITi TOTOBOI MPOAYKIIii, & TAKOXK CHCTEMY
TICHUX 3B'SI3KIB MDK (QipMaMu, iX TMOCTaYaJIbHUKAMH 1 KIIEHTaMH, a TaKOX
IHCTUTYTaMH 3HaHb, IO CIIPUSAIOTH MOSAB1 IHHOBAIIH.

[aHOBaMiHUN KiacTep GopMye TIEBHY CUCTEMY TMOIIMPEHHS HOBUX 3HAHb 1
TEXHOJIOT1, 3a0e3rmeuye MPUCKOPEHHS Mpolecy TpaHchopmarllii BUHAXOJIB B
1HHOBAIlli, a IHHOBAIlIl Y KOHKYPEHTHI IepeBaru, pO3BUTOK SIKICHUX CTIMKHX 3B’SI3KIB
MIX BCIMa MOT0 yYaCHHUKaMU. BUHHKHEHHS TaKHX KJIaCTEPiB — 3aKOHOMIPHUM MTPOILIeC
IpY HASIBHOCTI CHUIBHOI HAayKoBOi Ta BUpoOHMYOi Oa3u. Knacrep Bkitodae B cebe
KOMIIaHii, sIKi 1 KOONEPYIOThCS, 1 KOHKYPYIOTh OJIUH 3 OaHUM [14].

CTpyKTypHO, IHHOBAIIMHUI KJIacTep CKJIANA€TbCS 3 SApa, MPOAYKTOBHUX
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IHDKUHIDUHTOBUX ~ KOMITaHIM, JBOX  OTOYEHb:  HAyKOBO-BUPOOHMYOIO  Ta
1HGPACTPYKTYPHOTO, @ TAKOXK Paau KIacTepy 1 Kepyrouoi KOMIaHii.

BpaxoBytoun BUIIEBHKIAIEHE, MOKJIUBO HaJaTH OCHOBHI MPOIMO3MIIi II0J0
CTBOPEHHS 1HHOBAIlIMHUX KJIACTepiB TPAHCIOPTHOI Oe3Mneku, SK B 1HTEpecax
TPAHCIOPTHOT Tajy3l, TaK 1 B IHTepecax HaIllOHAJIbHO1 Oe3MeKu YKpaiHu:

1. JInst oxXorieHHSI BCHOTO CIEKTPY O€3MeKu Ha TPAaHCHOPTi, TOOTO MOYMHAIOYU
BiJl KOCMIYHUX Ta KOMII' IOTEPHUX CHUCTEM 1 MPOTPaMHOrO 3a0e3MeyYeHHs /10 HUX,
HOBHUX CHCTEM TPAHCIOPTHOI Oe3meKku, 3B’A3Ky, 00 €KTIB TPAaHCHOPTY Ta 3acoOiB
CIIOJTyYEHHsI 1 TEepeMIIICHHS TOIM0 — JO0 NPUKIATHUX JOCHIKEHb ILIAXIB
CIIOJTyY€HHsI Ta TIMOUH OKeaHy, BiJl HOBUX MaTepiajiB, Kl IHTErpOBaHI B CUCTEMH —
70 TOOYTOBUX MPEAMETIB Ha 00’ €KTaX TPAHCHOPTY Ta PyXOMOMY CKJIaJll, HEOOX1THO
CTBOpUTH MIKBHI0BE ATEHCTBO MEPEIOBUX IMPOEKTIB TPAHCHOPTHOI Oe3meku (3a
npukiagoM DARPA a6o MAFAT).

['onoBHa 1€ MOOYIOBU Takoi CTPYKTYPH € B TOMY, 110 KOXXEH T'POMAaJSHUH
VYkpainu, sk BIMCBKOBHH, TaK 1 IIMBLILHUM, MOYKE TOJaBaTH CBOi 1HHOBAIHI 17€i,
MPOMO3HIIil, BUHAXOAW y BianoBigHWi LleHTp, sAkuii 3a0e3medye ioro po3risi,
aHaji3, BUBYEHHS Ta, 34 HEOOXIIHOCTI, 3[1MCHIOE BIIPOBAKEHHS B JI110, B IHTEpecax
TpaHcnopTy. [Ipu bOMy, BpaxOBYIOUHM KUIBKICTb JIFOJIEH, SIK1 3a/IH1 Y TPAHCIIOPTHIM
rajiy3i 1 € TpakTUKaMu KOXHUK y CBOiM cdepi, OCHOBHI MPOMO3UIIT MOBUHHI
Ha/IXOJIUTHU CaMe BiJ HUX.

2. JInd  KOHIEHTpalli TEXHOJOTIYHO B3a€EMOIMOB’S3aHUX MIX  COOOM0
OpraHi3aliftHUX CTPYKTYp TPAHCHOPTHOTO Ta MOABIMHOTO NMpPHU3HAYEHHS, SIKI OyAyTh
B3a€EMOJIIATH 1 MIACWIIOBATH €(PEKTUBHICTh TPAHCIOPTHOI Ta HAI[IOHAJIBHOI O€3MeKn
VYkpainu HeEoOXimHO CTBOpPUTH I[HHOBaMiHI Kiactepu (1HHOBAIIWHI IEHTPU) TIO
BUJaX TpaHCcHopTy. Lle HamacTh MOKIIUBICTh YYaCHUKAM KJIacTepy OyTH YCIIIITHUMU
CTPYKTypamu, 3JaTHUMU (YHKIIOHYBaTH T03a KiactepoM. B Tol ke dac
N0OpOBUIBHO 00’ €JHYIOUHCH B KJIAacTepH, MOro y4aCHUKH OTPUMYIOTh JOCTYI O
peCypciB OJMH OJHOTO, MEPETBOPIOIOYMCH B HIBHUAKO IMPOTPECYIOYH TEXHOJOTIYHI
o0'enqnanus. B pe3ynbraTi Takux 00’€/lHaHb, BUTPAIl OTPUMYE KOXKEH 3 YUYaCHHKIB
KJIacTepa, KpiM TOrO OKPEMMH BHUTrpall OTPUMYIOTh BHJI TPAHCIIOPTY, Ta PETIOH, B
SKOMY YTBOPIOETHCS KJacTep, IO MPHUBEAE 10 MiABUINEHHS PiBHS SK TPAHCIIOPTHOT
TaK 1 HalllOHAJIbHOT OE3MEKH.

3. Jlna onmTumizalii 3axofdiB 100 TPAHCIOPTHOI O€3MEKH Ta BIOCKOHAJICHHS
JepP>KaBHOTO OOOPOHHOI'O 3aMOBJICHHS 1 BHUKOPHCTaHHS HOTr0 B SIKOCTI UYMHHHKA

CTUMYJIIOBAHHS 1HHOBAIIMHUX TIPOIIECIB HEOOXITHO — BJIOCKOHAIUTH CHUCTEMY
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JEep>KaBHOTO  YIPABJIIHHSA 1HHOBAIIMHOK JISJIBHICTIO Yy JIEP)KaBHOMY CEKTOPI

E€KOHOMIKH.

4. HaganHs MOXJIMBOCTI O(OpPMIICHHS [OKYMEHTIB Ha BHHAxXiJ] KOXXHOMY
NEPEeCiYHOMY TPOMAASHUHY, SKUA Ma€ XUCT JO Il€i CIpaBd, IO MOBUHHO OYyTHU
JOCTYITHUM, SIK JUI (PI3UYHUX, TaK 1 OPUIMYHUX OC10 (3aXMapHi po3Mipu 300piB 3a
i1, TIOB’s13aH1 3 OXOPOHOIO MPaB HAa 00’€KTHU IHTENEKTYaJbHOI BIACHOCTI, HE AIOTh
MOJIMBOCTI 1€ 3pOOUTH), V MACYMKY II¢ Oy/le CIMOHYKAaTH TaJJAaHOBUTE HACEIICHHSI
KpaiHi 3aliMaTHCh HAYKOBOIO T4 BUHAXITHHUIIHKOIO 1 PAIiOHAI3aTOPCHKOI0 POOOTOIO.
[le Takox mpu3BeE 10 BUCOKOTO OCBITHROTO Ta HAYKOBOT'O MOTEHIIIANY, IKUI Oyze
3MaTHUH TPOJYKYBaTH PI3HOMAHITHI HOBOBBEACHHS y BHUIVIAAL 1Ac€H, HAyKOBHUX
pO3pO0OK Ta MATEHTIB, TOMY € HEOOXITHICTh NEPETIAHYTH Ta BiAMIHUTH [locTaHOBY
Kabinety MinictpiB Ykpainu Big 12 uepBus 2019 poky Ne 496 “IIpo BHeceHHs 3MiH
1o noctaHoBu KaGinery MinictpiB Ykpainu Big 27 rpyans 2001 poky Nel756 1 Big
23 rpynns 2004 poky Ne 1716”.

5. [Ins  croHyKaHHA ~ TaJlaHOBUTUX  TpPOMAJsiH  YKpaiHM  3aiiMaTHCh
BUHAX1HUIBKOIO, PAIlOHATI3aTOPCHKOI0 Ta HAYKOBOIO POOOTOIO, IO MPHUBEAE 0
BHCOKOT'O0 OCBITHBOTO Ta HAYKOBOT'O MOTEHIllaly, KUU Oyne 34aTHUI MPOIyKyBaTu
PI3HOMaHITHI HOBOBBEJICHHS Y BUTJISIAL 1/1€M, HAYKOBHUX PO3POOOK Ta MaTEHTIB:

- MIJHATUA OpecTwX (po3’sicHIOBaJIbHA po0O0Ta, peKiama, 30UTbIIEHHS KITbKOCTI
1H(hOpMAaIIHHUX 3aXO0/IIB Ta iX ayIUTOPIii) HAYKOBOTO MPAI[IBHUKA,;

- 3OIMCHUTH peajbHe (PIHAHCYBAHHA BHMHAXIJHUIBKOI, palllOHATI3aTOPCHKOL
po0OOTH Ta HAYKOBUX JOCIIIKEHb;

- CTBOPUTH COLIAJIbHI MpOTpaMu, SKi CIOPSIMOBAaHI Ha HacelieHHd (3a
KaTeropisiIMU: JUTSYA, CTYJAEHTChKA, JJIS MPAIIBHUKIB Ta CIY>KOOBIIIB TOIIO) OO
3allydeHHsl Ta Tomyispu3aiii (mmpoke BukopuctaHnHs 3MI) BuHaXiTHHUIBKOT Ta
palioHaN3aTOPChKOI NISIIBHOCTI Ta HAYKOBOI poOOTH;

- TMPUUHATU PIIIEHHS HA 3aKOHOJABYOMY PiBHI MPO 3a0XOUYEHHS 3a 1HHOBALIIHI
JNOCSITHEHHS (HANpUKIAQA: JJsi JiTell — OE3KOIITOBHE HaBYaHHS Yy BUINAX; JJs
CTYZCHTIB — IpalleBJAITYBaHHsI 00 MOBEPHEHHS KOIUTIB BUTPAYEHUX HA HaBYaHHS;
JUTSI TIPAIliBHUKIB Ta CITY>KOOBITIB — JOJIATKOBA OIIa4yBaHa BiIIMyCTKA a00 MpeMisi).

6. [lns miBUILIEHHS MOMUTY Ha HAIIOHAJIbHI 1HHOBAIlli, K HA BHYTPIIIHBOMY,
TaK 1 30BHIIIHbOMY PUHKaX, a TAKOXK ISl MIAHOMY €KOHOMIKM KpaiHHW, B TOMY YHCII 1
y TpaHCHOPTHIN cdepi, 3pocTae poib (akTopa (PopMyBaHHS MONUTY, IO BUMArae
BIJIMTOBITHOTO KOHIIETITYaJIbHOTO OMpAIlfOBaHHS B 00JacTi popmMyBaHHS 1 peami3artii

JIEp’)KaBHOTO 3aMOBJIEHHS, TOMY HEOOXITHO — po3poouTtu mpoekT Konrmemnii
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CTUMYJIIOBaHHS 1 (JOpMYBaHHS MOMUTY Ha YKPAiHChKI 1IHHOBAIII].

7. lna mpoBefeHHs 00 €KTUBHOI Ta KBali()iKOBAaHOI E€KCHEPTHU3H B CHUCTEMI
OPUMHATTA PIIIEHb 3 HAYKOBO-TEXHIYHMX MUTaHb 1 BUOOP1 MPIOPUTETIB PO3BUTKY,
CHPUSHHS PO3UIMPEHHIO CYCHIJIBHOTO BHM3HAHHS BAXJIMBOCTI 1 MEPCIEKTHUBHOCTI
1HHOBAIIIHHO1 JISJIBHOCTI Ta IMOCUJICHHS 11 POJII Y BUPIIICHH] ABOEJIUMHOTO 3aBJIaHHS:
MiBUIICHHS KOHKYPEHTOCIPOMOXKHOCTI BITYM3HSHOT €KOHOMIKM Ta 3a0e3MEUeHHs
HaIllOHAJTBHOI O€3MeKkW Jep)KaBU HEOOXIJHO — MIAHITH pPiBEHb I1HHOBAIIHHOI
KYJbTYpH.

TakuMm 4YuMHOM, 3 ypaxyBaHHSIM BHILE3a3HAYEHOTO Ta HAJaHUX IPOIO3UIIIMA
MO>KJIMBO 3pOOUTH HACTYITHI OCHOBHI BUCHOBKH:

1. Ilorpeba B iHHOBAIISIX CHOTOJHI AKTyali3yeTbcs OuIbLIE, HIK OyIb-KOIH
panimie. Ilo-mepiie, 1€ MOB’sA3aHO 3 HEOOXIAHICTIO BIJTHOBJICHHS EKOHOMIKHU 1
Oe3meKy Jep:kaBH Ta PO3BUTKY BCHOTO TPAHCIIOPTHOTO KOMILIEKCY, a IHHOBAIll
MOXXYTh CTaTH €(PEKTUBHUM 3ac000M aocarHeHHA Iii€i metu. [lo-gpyre, 13 3MIHOIO
croco0iB  (YHKI[IOHYBaHHS ©€KOHOMIKM 1 CYCIUJIbCTBA BHACHIIOK CYy4YacHHUX
TEXHOJIOTTYHUX TpaHchopmalii, ocodrBo y chepi iHPopMaLIiHO-KOMYHIKATHBHUX
TEXHOJIOTiM  (HampuWKiIang, BIPOBA/PKEHHI TEXHOJIOTIH IITYYHOTO  IHTEIIEKTY,
osokueliny, InTepHeTy pedeil Ta mpomuciaoBoro IHrepHery peuel, 3-D apyky, 6G
3B’13Ky JIOTIOBHCHOI Ta BIPTyaJbHOI PEaIbHOCTI TOIIO), SKI JOKOPIHHMM 00pa3zom
3MIHIOIOTh TIPOLIECH BUPOOHUIITBA 1 OYAIBHHUIITBA, TOPTIBJI 1 JIOTICTUKH, HABYAHHSA 1
HaKOMUYEHHS 3HAHb 1 T. 1.

2. InnoBanii B YKpaiHi 1le HE MalOTh BUPIIAIBHOIO 3HAYEHHS JJISl PO3BUTKY
€KOHOMIYHOI [ISJIbHOCTI 1 3a0e3MedYeHHs] €KOHOMIYHOi CTaOLIbHOCTI JAEp’KaBU Ta
PO3BUTKY TpPaHCIIOPTY XOdYa IHHOBAIlifHA [ISJIBHICTh € CBOTOJHI YH HE
HallBaXXJIMBILLIOI0 YMOBOIO CTBOPEHHSI KOHKYPEHTOCIIPOMOKHHUX TOBapiB Ta MOCIYT
AK (haKTOpa 3pOCTAHHS €KOHOMIKM HAIIOi KpaiHH.

3. JepxaBa NOBMHHA 31MCHIOBATH MNpsMe (IHAHCYBaHHA 1HHOBALIHUX
MIPOEKTIB, CTUMYJIIOBATU 1HBECTHULII B 1HHOBAI[IiHI MPOEKTH 3 OOKY MPUBATHHUX 1
JepKaBHUX MIANPUEMCTB Yepe3 CTBOPEHHS MIJIBIOBUX YMOB JUISl TUX HIANPUEMCTB,
AK1 BIOPOBAKYIOTh MPOTPECHBHY TEXHIKY 1 TEXHOJIOTi, a TaKOoX 3aiMaroThCs

HAYKOBOIO 1 HAYKOBO-TEXHIYHOIO AISUIBHICTIO.
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Introduction

The problem of ensuring the protection of information is one of the most
important in building a reliable information structure of an institution based on a
computer. This problem covers both physical protection of data and system
programs, and protection against unauthorized access to data transmitted over
communication lines and located on storage, which is the result of the activity of both
unauthorized persons and special virus programs. Thus, the concept of data
protection includes issues of preserving data integrity [1, 2] and data access control
(authorization).

In order to use the data protection tools that have been proven in practice most
effectively, their inclusion must be envisaged already at the early stages of the design
of office systems. It should be emphasized that the organization of office LANSs also
has the other side of the coin: all generally accepted procedures for physically
restricting access to computers become ineffective and the center of problems is
shifting to the organization of control over the collective use of data. At the same
time, the problem of the personal information of each network user remains for
collective use.

The paper discusses the features of information protection in information
systems (IS).

9.1. Model of a potential intruder

When developing a general IS protection policy, it is crucial to analyze the
model of a potential violator and his place in IS.

It is possible to distinguish four levels of opportunities for the implementation of
the threat and the implementation of encroachment on information resources of the IS
and, therefore, four levels of violators of information security. The classification is
hierarchical, i.e. each next level includes the functionality of the previous one.
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The first level defines the lowest level of capability. Violators carry out external
threats (mainly with the help of electronic methods of violating information security)
or launching tasks (programs) from a fixed set that implement previously provided
functions for information processing [3, 4].

The second level is determined by the ability to create and run your own
programs with new functions for information processing [5].

The third level is determined by the ability to control the functioning of a
computer system, i.e. impact on the basic software of the system and on the
composition and configuration of its equipment [6].

The fourth level is determined by the entire scope of capabilities of persons
engaged in the design, implementation and repair of technical means, up to including
their own technical means with new functions for information processing into the
system. Such personnel may include information systems developers, system
programmers, database administrators, individual users, and relevant business
leaders.

It is assumed that at his level the offender is a highly qualified specialist, knows
everything about the information system and the means of its protection, and can,
under certain circumstances, carry out the whole range of attacks on information
resources [7].

9.2. Methods of fraud in information systems

Fraud is the theft of someone else's property or the acquisition of the right to
someone else's property by deception or abuse of trust.

Computer crimes - illegal access to computer information; creation, use and
distribution of malicious programs for computers; violation of the rules of operation
of computers, computer systems or their networks, resulting in the destruction,
blocking, modification or copying of information, disruption of the operation of
computers, computer systems or their networks [8].

In accordance with these concepts, the method of fraud in IS is understood as a
set of techniques and means that provided unauthorized access to information
resources and technologies and allowed them to be used illegally.

IS fraud is a complex crime with three distinct phases (links):

* preparatory, when unauthorized access to data and machine information is
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carried out;
« main, when the movement of information resources is organized by
manipulating data and control programs;

» final, when traces of fraud are masked.

In the preparatory phase, one or a combination of the following techniques is
implemented:

1) Confiscation of computer equipment (CE) by means of theft, robbery,
extortion (ie, the commission of ordinary “non-computer” crimes). Objects, as a rule,
are system blocks that contain installation data about all clients, depositors, creditors,
etc. in permanent memory.

2) Interception of information using methods and equipment of audio, visual and
electromagnetic observation (control). Objects, as a rule, are communication
channels, telecommunications equipment, office premises for confidential
negotiations, paper and magnetic media (including technological waste).

3) Unauthorized access to CE, which is implemented using the following basic
techniques:

3.1) "For a fool" - penetration both into production facilities (physical) and into
electronic systems according to the following scheme:

* physical penetration - while holding objects related to work on computer
equipment (elements of disguise), you should expect someone with authorized access
near the locked door behind which the object of encroachment is located. When a
legitimate user appears, all that remains is to go inside with him or ask him to help
bring in the items allegedly necessary for working on a computer [9, 10];

» electronic penetration - connection of a computer terminal to communication
channels at the moment when the employee leaves his workplace for a short time,
leaving the terminal or personal computer in an active mode.

3.2) "By the tail" - the criminal connects to the communication line of the
legitimate user and waits for a signal indicating the end of the work, intercepts it, and
then, when the legitimate user ends the active mode, accesses the system.
Telephones with the function of holding the number of the called subscriber have
similar properties.

3.3) “Computer boarding” - selection manually or using an automatic program
of the access code of a computer system using an ordinary telephone.

3.4) “Slow choice” (gap, hatch) - the study of weaknesses in the protection of a
computer system, their research, identification of areas with errors or unsuccessful
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logic of the program structure, breaking the program and additional introduction of

commands.

3.5) "Masquerade™ - penetration into a computer system, posing as a legitimate
user using his codes and other identifying ciphers.

3.6) Hoax - creating conditions when a user connects to someone else's system,
being absolutely sure that he is working with the subscriber he needs. By forming
plausible responses to user requests and supporting his delusions for a while, access
codes or password responses are usually obtained.

3.7) "Emergency" - the creation of conditions for the occurrence of failures or
other deviations in the operation of the computer, when a special program is turned
on in the computer center, it is allowed to access the most valuable data in emergency
mode, as a rule, in this mode all available in the system are "turned off" information
security means [11, 12].

At the main phase, the main methods of data manipulation and control programs
leading to the movement of information resources are:

« Data substitution - change or introduction of new data, as a rule, during input-
output of information for attributing “foreign” history to address data.

* “Trojan horse (matryoshka, worm, bomb)” - a secret introduction to the
software of special programs. All data manipulations are performed and controlled
by this program at a certain given moment in time and under the circumstances
favorable to the criminal.

» “Asynchronous attack™ - using the asynchronous nature of the operating
system, an attacker can force it to work under false conditions, which partially or
completely disrupts processing control. This situation is used to make changes to the
operating system, and outside of it these changes will not be noticeable.

* “Modeling” - building a model of IS behavior in various conditions in order to
optimize the way of data manipulation and organization of information resources
movement.

"Salami” - the original electronic version of the methods of withdrawing “extra™
money in your favor. When using this method, the attacker, just as in the previous
case, “adds” the application software with a special module that manipulates
information, transferring rounding results to a fake account when conducting
legitimate transactions [13].

Hiding traces.

Splitting money amounts - the attacker divides the funds received as a result of
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unauthorized manipulations with banking information into unequal shares, credited to
correspondent accounts of third-party banks, where the transferred amounts could
subsequently be withdrawn in cash.

Transfer of funds - an attacker organizes the transfer of the received funds
through the accounts of various bank customers - and as a result - makes it difficult to
determine the true path of origin of funds. Further, when the "ends" are lost, these
amounts can be used at your discretion.

“Buching” (organization of electronic blocking) - a banking computer system is
blocked by a simultaneous “attack” of unauthorized access by a large number of
intruders (accomplices) from their personal computers from different regions. They
organize the cover of one major illegal transaction with a huge number of fictitious
payment orders, which make it difficult to determine the true pathways of the money
flow.

9.3. Goals and objectives of information protection in IP

The purpose of protecting an information processing system is to counter
security threats. Therefore, a secure or secure system is one that has defenses that
successfully and effectively counter security threats. The goal tree is shown in Fig.
1.

IS functioning
|
The main goal of data protection is to ensure the security of data in IS

ensure data security ensure data security ensure data security
during storage when accessing during transmission

—— 7 — \

prevent access to the territorv| |prevent access to IS| [prevent passive data| | prevent active
and data carriers COmMpOnents interception data interception

Fig. 1. Goals and objectives of data protection in IS
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9.4. Principles of organization of data security systems (DSS) IS

9.4.1 Basic concepts

Data security is a state of stored, processed and transmitted data in which it is
Impossible to accidentally or intentionally receive, change or destroy.

Data protection is a set of targeted actions and measures to ensure data security.

Method (method) of data protection - a set of techniques and operations that
implement data protection functions (examples: password methods, encryption
methods, etc.).

Based on the protection methods, protection tools are created (example:
encryption / decryption devices, password analysis programs, burglar alarm sensors,
copyright laws, etc.)

A protection mechanism is a set of protection tools that function together to
perform a specific data protection task (example: cryptographic protocols, protection
mechanisms for operating systems, databases, etc.).

Data security system (SODS) - a set of data protection tools and mechanisms.

9.4.2 Principles of DSS organization and DSS requirements

The DSS organization is carried out on the basis of the following fundamental
principles (Fig. 2).

The principle of consistency means that ensuring data security is a regular
process carried out at all stages of the IS life cycle with the integrated use of all
means and mechanisms of data protection to prevent or compensate for the
consequences of possible unauthorized access.

The principle of specialization has three aspects:

1) reliable data protection mechanisms can be developed only by professional
specialists;

2) the implementation of a continuous process of ensuring data security is
possible only on the basis of means and mechanisms for protecting industrial
production;

3) data protection specialists should ensure the effective functioning of the DSS.

The principle of non-formalism means that the methodology for designing DSS
and individual protection mechanisms is basically informal [14, 15].
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Adequacy
Consistency Profitability
User friendliness
Specialization Design openness
Minimizing privileges
Informality Full mediation
Distribution of powers
Minimum general mechanism
Punishment of violations

DS S

Fig. 2. Principles and requirements for DSS

The following basic requirements are imposed on DSS and its elements.

1. Adequacy. DSS must reliably ensure the security of data in the IS.

2. Profitability. The creation and operation of DSS should be carried out with a
minimum consumption of material and network resources [16-18].

3. User friendliness (psychological acceptability). Data protection mechanisms
should not create additional difficulties for legitimate network users.

4. Design openness. Data protection mechanisms must function effectively even
when their structures and algorithms are known to the intruder.

5. Minimization of privileges. Each user is granted only the rights he really
needs to access the resources (data) of the system.

6. Full mediation (completeness of control) should be carried out with each
access to each protected resource (data).

7. Distribution of powers. Every important operation must be allowed under at
least two conditions.

8. The minimum of the general mechanism. The use of the same protection
mechanism by many users can lead to the disclosure of the mechanism.

9. Punishment of violations. The DSS should provide for "penalties” for
violations (for example, blocking the terminal when entering a password more than
the allowed number of times).
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9.4.3 The main subsystems that make up the DSS IS =

The access subsystem integrates access control mechanisms and is designed to
prevent unauthorized use of network resources.

The subsystem for ensuring the security of the transmitted data performs the
functions of protecting the transmitted data from passive (disclosure of content,
traffic analysis) and active (change, interruption of the data flow; initiation of a false
connection, etc.) interception of data. The subsystem includes mechanisms for
encryption, digital (electronic) signatures, integrity assurance, text filling and data
certification.

The authentication subsystem combines various authentication mechanisms and
provides confirmation of the identity of users and IS elements.

The subsystem for ensuring data security in the database includes mechanisms
for accessing data and mechanisms for maintaining the integrity of data in the
database.

The OS security subsystem is formed by the mechanisms of supervision,
preventive control, audit and access control, functioning as part of the OS.

The data protection management subsystem performs the functions of detecting
and compensating for the consequences of a disruption in the functioning of the DSS,
as well as coordinating the functioning of the subsystems and elements of the DSS.

Conclusion
In the paper we consider the main features of protected information systems are
considered. The principles of organization of data security systems are shown.
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Beryn

JloricTuka BiIXO/AIB B CEPEIOBHIII BYJIUYHO-IOPOKHBOT MEPEXKi MPOMHUCTIOBUX
30H (CBIMII3) BKIiItOYa€ pyxX HACTYHUX OCHOBHUX MaTepialibHUX MOTOKIB:

—pyX TOBOPOTHHMX BIAXOMAIB, TOOTO BIAXOMIB, SKI IEPEepoOJIIIOTHECS abo
MMOBTOPHO BHUKOPHCTOBYIOTHCS, BHACTIJOK YOTO CYO'€KT METaIoiicy OTPUMYE
JOAaTKOBUM MpUOYTOK;

— PyX BIAXOAIB, SIKI YTHII3yBaJIKMCS 3 OTPUMAHHSAM HOBUX BUAIB mpoaykii. Lle,
HEPIII 32 BCE, CKIISIHI 1 TJIACTMACOBI IUISAMIKY 1 (pIIakoHM, TATip 1 T.11.;

— pyX BIIXOJIB, HE MPUJATHUX JO yTWii3alli (abcomoTHA OUTBIIICTh XIMIYHOT
IIPOMHMCIIOBOCTI).

OCHOBHMMH TIIAXaMW BUPIMICHHS T[HTaHb, TOB'I3aHUX 3 YIPaBIiHHAM
BIIXOJIaMU B MEramoJjicl, €: CTBOPEHHS ONTHUMAJbHOI CHUCTEMH YIIPABIIIHHS
BIJIXOJIaMU 3 ypaxyBaHHsIM crnerudiku xkutteaisuibaocti CBJAMII3; oOrpyHTyBaHHS
ONTUMAaJIbHE JOMYCTUMHX PO3MIpPIB 3araciB BIAXOIB IS MOAAIBIIOT MEepepoOKH.
[Ipy upoMy MOBMHHI BpaxOBYBAaTHCS BUTpPAaTH Ha 30epiraHHs 3amaciB BIIXOIB Ha
CKJagl, Ha iX TPaHCHOPTYBaHHSA, CTYINIHb 3a0pyJHEHHS HABKOJMIIHBOIO
cepenoBuia; mTpadu 3a HECAHKIIOHOBaHE 30epiraHHsS BIIXOJMIB Ha CKJIajuax
MiIPUEMCTBA; CTBOPEHHS PETriOHATBHUX MIAMPUEMCTB IO TEPEepoOIll BIIXOMIB B
MICIISIX KOHIIEHTpAIlli MPOMMCIIOBHX BaHTAXOTIOTOKIB.

3a0e3ne4yeHHs] €KOJIOTIYHOI CTIMKOCTI TPAaHCIOPTHUX TMOTOKIB € CKJIAJHUM
MPOIIECOM, SIKMW 3aJCKHTh HE TUIBKH BiJ TEXHOTEHHOTO BIUIMBY TPAaHCIOPTHHUX
OJIMHUITH Ha JIOBKIJUIS, 1110, B CBOIO YEPTY, 3aJICKUTH BiJl OaraThoX (akTopiB, a came —
CE30HHOCTI, Yacy, MpoCTOpy, aje 1 Big mpolecy ypOaHizamii apXiTeKTypu
€KOJIOTIYHOTO ~ KapKacy BYJWYHO-IOPOKHBOT MEPEeXi B yMOBax ICHYHUYOTO
ACUMUTSALIITHOTO MOTEHITIATY cepeioBUIIa BYJIMYHO-JIOPOKHBOI Mepexi
OPOMHUCIOBUX 30H, B CKJIaJl SKUX BUPOOHUYUM NIAIPUEMCTBAM HEOOX1THO
BIIPOBA/KYBATH JIOTICTUYHI MAXOAU JO0 MEPEepoOKH 1 TPaHCTIOPTYBAHHS BIJIXOJIB 3

METOI0 3a0e3meueHHs eKojoriyHo-0e3neunoro mpoctipy (EIB) mna onunwmi
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COIllyMYy.

10.1. JloricTuka BigxoaiB, sik (pakTop, 1110 BU3HAYAE Oe3MeKy eK0JI0TiYHO-
0e31e4YHOro NPOCTipy HA NMPUKJIALI Cepel0BUILA BYJIUYHO-T0POKHbOI

Mepexi MPOMUCI0OBHUX 30H M. MapiynoJis

Jlnst micta Mapiynonis B cepeHROMY 3a PIK 13 3arajJbHOTO YHCIIa BiJIXOJIIB
BUpoOneHux (3okpema TBepaux — 11,0 %, razomomibnux — 89,0 %) Ha
HIIMPUEMCTBAX MICTa JIOBOJIUTHCS MpomuciaoBux BiaxoxdiB -1V kmaci: 62,9 % —
5,35 MiH. TOH — MapiynonabChKHil MeTanypriiHuil komOiHaT imeHi lmmiva; 38,8 % —
3,3 MJIH. TOH — MeTanypriiinuii koMOiHaT «A3oBcTtanby; 0,6 % — 50,6 THC. TOHH —
MapiynonsCbkuil KOKcOXiMiuHMM 3aBoa  «Mapkoxum». Ilpu anamizl icHyro4oi
npoOeMH CITiJI TaK caMO BIJ3HAUWUTH CTUXIWHE YTBOPEHHS 3BaJUIl. bijbliie BChOTO
3BaJIMIIl B pailoHax MicTa, a came: Kampmiycekomy — 7, B lleHTpansHomy — 4, B
JliBoGepesxxHoMy — 3 i omHa B [Ipumopcekomy [1].

B mporeci KUTTEIIAIBHOCTI MEramnojicy YTBOPIOIOTBCS Pi3HI BHJIM BIJIXOJIB
(puc. 1).

Tomy mepen opranamu camoBpsiTyBaHHsI MicT, siki matoTb CBJIMII3 roctpo
BCTalOTh MPOOJIEeMH, TIOB'SI3aH1 13 3MEHILIEHHAM BIIX0/1B. [0 mepiioyeproBux aiil B
bOMY HampsMi BIJTHOCSThCS:

—CTBOPEHHS Cy4aCHO1 CUCTEMH YIPABIIHHSA BIAXOAAMH 1 IX yTHIII3ALIELO;

—3a0e3nedeHHs]  30a7aHCOBAHOCTI E€KOHOMIYHHUX 1 COLIaJbHUX AaCHEKTIB
yIPaBJIIHHS BIIX0/IaMHU;

—HEOOX1JHICTh CTBOPEHHS JIAHITIOTA 110 YTHJII3allii BiJIXO/IIB;

—3MECHIIIEHHS 00'€MIB B1JIXO/IIB;

—3MEHIIEHHS BIJIX0/1IB TOKCUYHOTO 1 HE0E3MEYHOTO XapaKTepy;

—CTBOPEHHS CHel[1ali30BaHMX MOJITOHIB MO NMepepoOIl BIIXO/IIB.

Sx npukian, po3rasHyTa ICHyO4a CcXema  yTWiIi3alli [UIakiB — Ha
MeTaaypriiHoOMy MiANPUEMCTBI iM. lmmiga — ogHOTO 3 KpYMHUX 3a0pyIHIOBAYiB B
CBJMII3 [2].

OCHOBHUMH 3aBJaHHIMH JIOTICTHKH BIAXO/IIB B METAMOJIICI €:

— BUKOPHUCTAHHS CIE1ai30BaHOI0 TPAHCIIOPTY MPHU MEPEBE3CHH1 BIIXO/I1B;

— MIHIMI3aIlisg BUTPAT HA TIEPEBE3CHHS BIAXOAIB BiJl MICIIb 300pY /10 MiCITh
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Tpancnopmua cucmema CouiarvHna cucmema
CBAMII3 CBAMII3

AR
A3

Koxco-xmuuc Bupobénuymeo
‘ . KOHOUMEPCHRKUX 6Upobis

Memanypaiuina
NPOMUCI06ICHLL

ITaausho-enepzemusruil
KOMM1EKC

T TIIITITIIIIIIIS

X T T’ ',/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2 777/ e VIZ T ZZTZ7Z7Z7Z 777777772

1.Macaa, sMamyBanssi MaTepiats, HaQTONPOAYETH, JaJHi FAsH, MEIKOIHCIIEPCIHME M. BLANPABOBAH] FAsH.
. IIpoxaTHa 1 KOBaNBCEKA OKATHEA, YABYHHA i CTATeBa CTPYAKA, KA YCTAHOBOK acmipanii
3. KomomsHKOBHHE NI, AT YCTaHOBOK aCMipani, NUTaKH, OUTaMH, NTPOKaTHA OKaTHHA, KOKCOBHH IHN 1 ApIOHANA.
. Koxcosa api0snnz 1 mam.
5. 3omm TELL syrimesa Mune.
6. BiaxoaH OCHOBHOrO BHPOOHHITE2 X/Mi000YIOYHHX M KOHIHTEPCHKHX MiJNPHEMCTE: KapaMelesa KPHXTa, Aed-
Ha mEapaTyna, OpaKosani AHIA, Opax TecTy.

7. HadTonpoayKTs, CyMilm, MO MICTATH iX OyAB-AKiH KOHIEHTPANii, SOKpeMa OUHIIEeH] B CYAHOBHX OPHCTPOAX,
GanacTHi Boau 3 manueHo-OazacTHMX 1 HadTOBMX TAHKIB, YHCTHE OatacT, XIMiUHa CHpOBHHA i OpOAYETH XIMIYHO

ro BHPOOHANTEA MIC/IA MPHOHPAHHA i MHTTA NaTyO, BaHTAKHHX TPIOMIB i TaHKIE, HEOUHINEHi CTOKH, 2 TaKOK]
Ti9HI BOZH MICNIA CYJHOBOI YCTAaHOBKM QHSHKO-XIMIZHOI 00poOKH, cMITTA 200 Xapuosi BiIXOJH, SATHIIKH OV
AKHX BAaHTAKIE i Cenapanii, Mo BEKOPHCTANACA IPH IX MepeseseHH].

8. Teepa: noGyror: Biaxoan: ITamip - raseTn, XypHANH, MAKYBATHHI MaTepiaH; MIACTMACH; Xap4OBi 1 POCIHHHI

BIAXOAH; PisHI METATH (KOIBOPOEB1 1 HOPHL); CTEKT0; TEKCTHID; AepeBHHA, THCT.

Puc. 1. Cxema BiaxoaiB :kurreaisabHocti CBJAMII3

Asmopcovka po3pobka

yTuiaizamii  1/abo0 TMOXOBaHHS, 30KpeMa, 3aBASKH ONTUMI3AIlli TPaHCHOPTHUX
MapIIpyTiB;

— olepaTHBHA yTHJII3allisl BIAXO/IB, K1 MOXKYTb OyTH OBTOPHO BUKOPHUCTAHI;
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— CBO€YACHE BUJIAJICHHSI, 3HEIITKOKEHHS 1 TTOXOBaHHS BIJIXO/IB, sIKI HE MOXKYTh
OyTH yTHIII30BaHi;

— MiHIMi3alig BUTpaT Ha 301p, 30epiranHsa, oOpoOKy, MEpPEeBE3CHHSA, a TAKOXK
BHJIAJICHHS, 3HEIIKOKEHHS 1 IIOXOBAHHS B1JIXO/IIB;

— MIHIMI3aIli IIKIJJIMBOTO BIUIMBY HA HABKOJIUIIHE CEPEJOBHINE 1 30pOB'S
HAaCEJICHHS.

Jlo ocHOBHUX (PyHKIIii JoricTuky BiaxoaiB B CBJIMII3 BinHOCATHCS:

— oprasizaiist 300py BIIXO/IB;

— oprasi3ariis 30epiranHs BiaXo/iB, a MpyU HEOOX1AHOCTI X 00poOKa;

— oprasi3aliisi IepeBe3eHHs BiIXO0/I1B;

— oprasi3aliisi Ipolecy yTuiIi3ailii BiIX0d1B;

— YIIPaBJIIHHA MPOLECOM YTHIIi3allli BIAXOIIB;

— OopraHi3zailisi BUJQJICHHS, 3HEIIKOJKEHHS 1 TOXOBAaHHS BIAXOJIB, SIKI HE
HJJIATal0Th YTUJI3aIlli;

— KOHTPOJIb BIUIMBY Ha HABKOJIMIIHE CEPEOBUIIIE 1 3I0POB'Sl JIFOAWMHH B1IXOIB 1
MOB'A3aHUX 3 HUMU IPOLECIB YIIPABIIHHS.

[pyHTyIOUMCh Ha MOCTABIEHUX IEPEl JOTICTHKOK Binxoxis B CBJIMII3
3aBAaHHAX 1 MpoOjemMax, MO ICHYIOTh B 1[I 00JIacTi, a TaK caMO BUKOPUCTOBYIOUH
TEOPETUYHI OCHOBH CTPYKTYpHOI TOOYJOBH CKJIAJHUX CHCTEM MOO0Yy/I0BaHUMN
TOTOJIOTIYHUHN Tpad — cucreMa pyxy BiaxoaiB B ymoBax CBJIMII3, 3 ypaxyBaHHSIM
iCHYIOUOT Ipo0JieMu eHepro30epekeHHs (puc. 2).

CtpykTypa JIaHOK B JIOTICTHMII BIAXOMIB — 1€ 0€3Jlid BCIX MOXKJIUBUX
B3a€MO3B'A3KIB YCEPEIMHI JIOTICTUYHOI MEpeXi IMOTOKOBOTO IMPOLECY BIIXOIIB
CBJIMII3, sixe BU3HAYAETHCS BUXOJISIUM 3 PO3MOJLTY ITOCTABIICHUX 3aBJaHb 1 IJICH.

CrpyKTypa JIOTICTUYHOT MEPEXi BIIXOIB 0a3yeThCs, SIK HA 3arajlbHOCUCTEMHHUX
BJIACTUBOCTSAX (HASBHICTh O0'€KTIB, ICHYBaHHA 3B'SI3KIB MI)K HUMHU 1 TOMY MOAI0HE)
TaKk 1 CHemladbHUX, BIJIACTUBUX TUIbKM JaHId KOHKpPETHIM cuctemi abo ii
MiJICUCTEMaM, SIKi TIOB'A3aH1 3 OCOOJIMBOCTSAMM PI3HUX BHUJIIB BIIXOJIB, iX MaciiTaly,
MOYKJIMBOCTSIM iX MEPEepOOKH, PEIMKIIIHTY 1 IHIIUX mporeci [3, 4].

TunoBi cTpykTypu BxigHux 1moTokiB BantaxiBs CB/IMII3, mo nepepolistoThes
1 BUXOHATh, PI3HOMAHITHI, a caMe: II€ CHUCTEeMa 3 OJHUM JDKEpPEeIoM TOBapy; 3
JEKUIbKOMAa JIKEpEeNaMHu ToBapy 1 JIEKUIbKOMa CHOKMBa4aMH; JXKEpEeJoM TOBapy,
BUPOOHHUIITBO 1 CHOXKMBA4; JEKUIbKA JKEepea TOBapy 1 JEKUIbKa B3a€EMO3aMIHHUX
CIIO’KMBAYIB; JACKIIbKA JKEPES TOBapy BUPOOHMUIITBA 1 CIIOKUBAUYIB B3a€EMO3aMIHHUX

MDK c00010; KaHaAJT PO3IMOAUTY 3 JIOTICTUIHUM po3noAiIsHUM 1ieHTpoM (JIPLT) 1
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R

- Tennosa enepeis, W0 GUHUKAE 8 PE3YIbMAni CNali08aAHHS.
abo 36epicanns 6i0x00i6 A

5
Fro®
Lo

@)
@ @
@

i >

bicepena 8i0xo0is. IPOMHUCIIOBI i AMPHUEMCTBA — 1, collialbHA CHCTEMA METaIoicy — 2;

Cucmema 360py (ynaxkosku) 6i0xodig: 3' — KOHTEHHep U1 HEPO3ALILHOrO 360Dy,
p p Py

32 — KOHTeliHep JUIsl BEIMKOTra0apUTHOTO CMITTs, 3° — KOHTelHep JUIsl BTOPUHHOI CHPOBUHH,
3% — cTuxiiiHi 3BaMIIA CMITTS;

Cucmema emopunnoi nepepobku 8i0xo0is. MyHKTU IPUHOMY BTOPUHHOI IEPEpOOKU

CUPOBUHU — 4, miepepoOKka BTOPUHHOT CUPOBUHH — 6;

Cucmema nepepodku 8i0x00ig: IEPEBAHTAXKYBAIbHUN MYHKT — 5, COPTYBaHHS B1IXO/IIB — 51

CKJIayBaHHS BilXOMiB — 5

Cucmema ymunizayii 6ioxodig: IloxoBaHHs a00 yTHITI3aIlis BIIXOMIB — 7.

Puc. 2. I'pad TonmosioriyHnii nOpTpeT JIOTiCTUYHOI CXeMH PYXYy BiIXOdiB y
CBJIMII3

Asmopcovka po3pobka

11eHTU(IKAIIE0 TOPTOBUX CETMEHTIB; KaHaiu po3noauty 3 JIPLL 1 B3aemo3zaMiHHUMHU
KaHaJIaMM TIOCTAYaHHA; 1HAWBIAyallbHA OpraHizaiisi cepBICY BHUPOOHHK — KIIEHT 3
MOCEPETHUKOM — EKCIIEIUTOPOM.

TunoBi JOTICTUYHI CTPYKTYpH 3a0pyAHIOBAdYiB B JIOTICTUYHUX KaHajax
CBJMII3 — me cucrema 3aMKHYTOTO (O€3BIXOHOI0) TEXHOJIOTIYHOTO IIPOIIECY,
94aCTKOBO 3aMKHYTOTO 1 BiikpuToro (puc. 3: a, 0, Bir) [5, 6].

[lo mpuBeneHUX JOTICTUYHUX MOTOKax 3abpyaHtoBauiB (puc. 3) B CB/MII3
(GYHKIIIOHYIOTh N TPOMHCIOBUX 1 TPAHCIIOPTHUX OO0'€KTIB — CKJIQJOBHX CHUCTEMHU
KOPIOPATUBHOTO €KOJIOTTYHOTO MEHEKMEHTY, a TTOYaTKOBUMHU XapaKTEPUCTUKaAMHU
JUTSL JIIA, TII0 YTIPABIISIIOTH € PIBEHBb €KOJOTIYHOI O€3MeKH 1-T0 00'€KTy Meramodicy Vi i

PIBEHb PUBHKY X;..
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T

Axmo mo3HayuTy uyepe3 Y piBeHb O€3IMEeKH €KOJIOTiYHO-0€3MeYHOro MpocTipy
(EBIT) anamizoBanoro CBJIMII3, a pusuk uepe3 X, TO iX MOXKHA OI[IHHTH

HaCTYITHUMMU 3aJICKHOCTAMMU:

n n
Y—Zyw X_in, (1)
i=1 i=1
CupoBuHa Cap -
> OcHoBHA DpoIyKIis — Oc TPOAYRIISA
o - 5 > >
S % MpoaykT nepepodbkn
MpoaykT nepepodkn —*
—
H.alcou.nqynaq Ans H qyBad H qyBad
BIIXOMIE, MO € I7f IMHMMeHAR  A7H Oepepobkn
H_aKDII_II‘IYB‘H ans Haxonmaysau CKpamom 3 Ta 3aXOpPOHEHHA  BiIxomiB
BiIX0MIB, MO € 1715 mepepodKH MOETHBEM JpPyTHM BiAx0iB
CKPamoM 3 BigxomiB IMHETOM
MOZETHEHM JPVIHM
HHKIOM
() (©)
3abpyaenns Big 3abpyaennas Big
TpaEcOoOpTHOT 'I'paﬂcuop'rﬂo'l"\
. poboTa PassaHTamkeHHS poboTa
CupoBaHa — OcHoBHa npoayknis l (
Tpancnoprysannn $ Mopo:xmii npoder
BaHTAKY 3abpyanennasn Big
Haxonmgyeau BaHTA&KO-
A7 3HAMEHHS POIBAHTAKYBAIL
Ta 3aX0pOHEHHA HHX omepamii
BigxOmiB ]
% 3abpyaHeHss Big JapaETAREHHA
BTPATH BAHTAKY
(B) (r) 3adpyaHenns Big
BAHTARO-
PO3BAHTAKYBAIL

HHX omepamnii

(a) 3amkHyTHI (0€3B1AX0HIN) TEXHOJOTTYHHUH Tpoliec; (0) 4aCTKOBO 3aMKHYTHH
TEXHOJIOTTYHUH MPOILIEeC; B) HE 3aMKHYTHI TEXHOJOTTYHUM Mporiec; (T') TUIIOBa CTPYKTypa
3a0pyIHEHHS TPAHCIIOPTHUM -IIPOLIECOM
Puc. 3. Tunosi cTpyKkTypH JIaHOK 32a0Py/IHIOBAYIB B JIOTICTHYHUX KaHAJIAX

CBIMII3

Asmopcovka po3pobka

Ili mpocTi MOYATKOBI TMOJIOKEHHS JO3BOJISIOTH IMPOBOJAUTH aHaji3 poOOTH
MIJNPUEMCTB TMPU il TUX a00 IHIIMX EKOHOMIYHHUX MEXAaHI3MIB, 3 BIAMOBIIHUM
piBHEM BUTpaAT Z;:

z; =@ (¥i), )
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ae.

@i — 3pocTaroda GyHKIIA Yig, .

Ili BuTpaTu BKJIHOYAIOTh B cOO1 JB1 ckjaoBi. [lepiiia mos's3ana 3 mepexoaoM Ha
HOBUM piBeHb Oe3leKku (3MiHa TEXHOJIOTIi, 3aKyIBIS JOCKOHATIIIUX CHCTEM
KOHTPOJIIO, HABUAHHS TIEPCOHANTY 1 TaK Jiaji), a Apyra — 3 MATPUMKOIO [[bOTO PiBHS
MOPOTATOM JIaHOTO TEpioAy vacy — MiJIBHILIEHI BUTpPATH NpU HOBIA Oe3meyHimmii

TEXHOJIOT11, BATPATH Ha 0OCIyrOBYBaHHS CHUCTEM KOHTPOJIIO 1 TaK JaJIi.

10.2. Oco6,1MBOCTi MOHOBJIEHHS MOTEHLIAJTY OAUHHMLI COLliyMy B YMOBax

eKoJIoriyHoro kapkacy CB/AMII3

JIrogMHO-MAaIlIMHHI CUCTEMHU TPAHCHOPTY B CBOiM poOOTI MarOTh BIACTUBICTh
roMeocTa3y, TOOTO MarTh MOXJIMBICTb HOBEPTAaTHCS B CTaH CTIMKOi pIBHOBArw,
Oyqy4yd BHUBEIEHOI 3 HBOTO (PaKkTopamMH HEHAAIMHOCTI TEXHIKM 1 BUTPAYEHUX
JIIOJIMHOIO CHUJI.

VY nporect TpyAOBOi AiSIBHOCTI Y JIIOAUHUA BUHUKAIOTh MPOOJIEMHU PI3HOTO PIBHS
ckiaaHocTi. [TounHae rocTpo BiAUyBaTHCS 3HMKEHHS KOM(POPTHOCTI YMOB, B SIKHX
JIOJIMHA TIPAIllOe, TPOBOJMTH BUIBHUN 4ac. BuHHMKae HEOOXITHICTH MO30yTHCS BIJ
(G13M4HOI BTOMH, BIJ BTOMHM HAmpyrd po3yMoBoi mpaimi. YepryBaHHs mpari 1
BIJIMOYMHKY TOBEPTA€ CUCTEMY JIOAMHU B PIBHOBAXKHUK cTaH. EdekTuBHUM
MPOAYKTOM /ISl I1i€] METH CTaBaTH i7esl BIAHOBICHHS CHJI JIIOAWHH, BUTPAUCHUX B
IpolIeci KUTTEAISUIBHOCTI B yMOBax ekosioriydoro kapkacy (EK) CBJIMII3.

[Is imess po3BUBaeTbCs BiAg (PparMEHTApHUX MOCIYT BIAMOYMHKY OJUHHUIIb
COIIlyMY 1 CTa€ HOBOIO C(Peporo PO Mpallto JIFOIUHHU.

Mera npouiecy 6e3nepepBHoro nosminmenHs npaii B ymoax EK CB/IMII3 — ne
1mo30aBieHHs BiJ (Pi3UYHOI Ta pO3yMOBOI BTOMHU 32 PaxXyHOK 3JI0POBOTO BIJIMOYHHKY,
TAHOTO MaTepiabHOTO, JYXOBHOTO 1 MOPAIBHOTO CTaHY JIIOJUHU B CYCIUIbCTBI.

HoBi ramy3i Hayku pO3BHUBAIOTHCS 3 JIOTICTUKOK TOCIYT JIIOAMHI: 3
TpaHc(opMalli€ero JIOTICTUYHOTO MUCJEHHS BiA (parMEHTapHUX TMOCIyT J0
IHTErpajibHOTO YINPAaBIiHHSA BIIHOBIEHHSM CHUJI JIIOAMHHU JIO CTPIMKOTO 3pOCTaHHS
MOCJIYT B YMOBaX IMBLII3AIIT 1 1HIyCTpiami3ailii comiymy.

[IpuHiunoBa BIAMIHHICT, TNPUYMH BTpPATH MPaIE3JaTHOCTI TMEPCOHATY

00CITyrOBYIOYOTO TPAHCIOPTHY CHUCTEMY OOIPYHTOBYE JOUUIBHICTh JACKOMIIO3UITIT
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CUCTeMHM Ha TIJCUCTEeMH peKpealii Ta penakcalli, OpUYoOMy TMiJ peKpearicro

Erbe der europdischen wissenschaft Part 3

PO3yMIETHCS BIAMIOYWHOK, BITHOBIICHHS CHJI JIFOJWHHA BUTPAYCHHUX B MPOIIECI Tparli, a

ITiJ] peslaKkcariero — mo30aBJICHHS BiJl IICUXIYHOT BTOMH, HEPBOBOT'O HAIPY>KCHHS.
MeTor 1UX IBOX MiJCHCTEM € MOBEPHEHHS 0 PIBHOBAaXHOTO CTaHY CHUCTEMH

TiCIIs MPUITMHEHHS 1T CUJI, III0 BUBEJIU CUCTEMY 31 CTaHy PiBHOBArH.

penakcamii  (tabm.1) sk ocHOBa

nediHimii  pekpearii  Ta

IHTEJIEKTyaIbHOI KOMYHIKallli 3aMUKae (pyHIaMEHTAIbHE MICIE 1 BUKOHYE CHCTEMO

Cucrema

YTBOPIOIOUY pOJIb B TOOYIOBI 1 PO3BUTKY 1 3aCTOCYBaHHI €IWHOTO 1 CTPOrO
HAYKOBOTO CBITOTJISIIYy CHCTEMH TEOPETHYHUX 3HAHb 1 MPAKTUYHUX HABHYOK Y

BUpIIIEHH] Tpo0siemMu 3a0e3neueHHs noTeHiaty oaunuili couiymy B EK CBJIMII3.

Tadauns 1
Jedininii JJOriCTUKM BIAHOBJICHHS BTPA4Y€HOI0 JIIOAMHOIO NNOTEHIIALY NPH
po6oTti B ymoBax EK CB/IMII3

Jedinimii pekpearii

Jedinimii penakcari

BiamosigHa 11es 1mo30aBiaeHHS Bl
BUJIIB (D13UYHOT BTOMU

BianoBigHa e pATye IepcoHa Bif
HEPBOBOI'O CTaHy B po0OTI

BianoBinHa AKiCTh MOCIYT BIATOYUHKY
1 mo30aBJieHHS BiJl (PI3UYHOI BTOMHU
NEPCOHAITY TPAHCIIOPTY

BiamosigHa SKICTh CTIMKOI IICHXIKHA

BianogigHa rpymna nepcoHany
no30asieHa BiJ (13MYHOI BTOMU B 30HI
KOM(OpTHOCTI

BianosigHa yacTiHA repcoHany
1030aBJICHHS BiJl CTPECOBUX (DAKTOPIB
B 30H1 KOMQOPTY 1 KyJIbTYPHOTO
KOMILJIEKCY

VY BIANMOBIAHUHN NIEPi0] TUTAHYBAHHS
OpraHOM YIPaBJIiHHS

VY BiANOBIHUY TI€p10]] BUIHAYCHUN
OpraHoOM yIpaBJIiHHS IPOLIECY

BianosinHo a0 iH(popMOBaHOCTI 1
BIIHOBJICHHS (DI3UYHUX CHUJI JIFOJUHU B
CUCTEMI Ipalsi-BiAIOYNHOK

3 BIAMOBIAHOO 1H(GOPMALIIEIO TIPO
MOBEPHEHHS CUCTEMHU Mpallsi-
BIJIMOYMHOK B PIBHOBAXKHUH CTaH

* Jleininii po3po06sieHi Ha OCHOBI OOIIETO MIAXOAY 10 TEPMIHIB JIOTICTHUKHU.

[Mapagurma 1 1 #gediHiuli poO3KpUBAIOTh, OOIPYHTOBYIOTH 1 aJanTyOTh
1HHOBAIIIHI 1J1e1 BITHOBJICHHS CHUJI B MPOIecax 3a0€3MeUCHHS KUTTEAISITbHOCTI.

CucreMHull aHali3 NMPOLECIB peKpeallii Ta peiakcaii BUOYIOBY€e y3arajlbHEHY
cxemy (puc. 4), sgKa 03BOJSIE PO3POOJIATH KOHKPETHI PEKOMEHMAIli 1070
PO3B'sI3aHHS peaIbHUX MPo0JIeM Ta 00'€THATH NUISIXIB 1X PIIICHHS B €IMHE IIIe — 5K
TISATH 1 Ha 10 BIUIMBATH.

[IpakTHyHe BNPOBA/HKEHHS peKpealii Ta peJakcaiii 1mo30aBjsie€ BiJi BTOMH,
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nepeHarpyTu, MoBepTa€ B pIBHOBAry cTaH oJuHMIIN corliymy B ymoBax EK CBJIMII3.

B

IIT

1L

| > 30BHImHI 3B'SI3KM - - - - 3B 3KH MDK IOACHCTEMaMH

—> KOMaHJM YIpaBIiHHS
I haza miAroTOBKM 0 BUPIIICHHS:

P® — pisHOmaHniTHICT BUIB (i3ndHOT BTOME JtoanuHi; PH — pi3sHOMaHITHICTH BHIIIB BTOMU
moauHi; CY — CyKyImHOCTI CKJIa0BUX MOTeHuiany y moauHi; [1T — BusBneHHs y JI0IMHI 3
¢13uunoi BToMu; @I — popmyBanns rpyn Bianounsky; 11 pasza opraunizarii pimenns: OY — opran
ynpasininas; 'O — rpynu BianounBatounx; 3K — 3ona kompopraocrti (EBIT); TP — Texnivni
pecypcu; OIl — rpyma o6cayroByrouoro nepconany; B/l — BapiaHTH 30BHIIHBOTO JOMOBHEHHS; MO

— 3aX0/1M JI0 €BOITIONIT Oe3mepepBHOro MOIIIIEHHs pekpealii Ta penakcanii 8 EK CBJIMII3
Puc. 4. Cxema BiTHOBJICHHS] BTPAY€HOI0 JIKJIMHOI0 MOTEHUIaJIy B yMOBax
EK CBAMII3

Aemopcwvra pospodka

ABTOpH TMPOIMOHYIOTH B paMKax CBOIX AOCTimKeHb [5, 6] Moaenb OIIHKH

ne¢iuuty (C) npeactaBuTu B TaKUil cnocio:
C=(K:t- (1-P)) O noremmiiimmic — (I — 3), (3)

ne:

Kt — KoedilieHT yacy 3HaXOoJKeHHsI (PI3MYHOT 0COOM B HEOE3MEUHOMY CEKTOpI
apxitektypu EK;

P — oninka norenuiany apxitektypu EK;

I norenuiiinmii — OOCSIT TMOTEHIIMHUX JOXOJIB, SIKI COIIYM MIT OM OTpUMAaTH BiJ
JUSITBHOCT1 1aHoi (h13M4HOI 0COOM 3a BCE MOro KUTTS 0e3 KOMIIeHcallli 3a BTpary

310pOB’S, TPH;
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JI — o0car goxoxiB, koTpuil ¢izuyHa ocoba 3HAXOJAAYUCh B BHU3HAYEHOMY
cektopi EK orpumana Bij AisUIBHOCTI, TO MOMEHTY BTPATH Mpane3aaTHOCTI, TPH;
3 — BUTpaTH JIepKaBU Ha BITHOBIICHHS 3/10pOB’S (Di3UUHOT 0COOH, sIKA MEIIKAE B

Mexax icHyrouoi apxitektypu EK CBIMII3.

2.3 - cextopa EK, mo MmawoTh
oGMeKeHHS Ha JOCTYIl B HHX -
PYXOMOTO CKIa1y BiIlOBIIHO K 4 Htii KoATLIENC
1o BuMor €BPO; . !
4 - "3enena 30Ha" EK:

[J- 3ByKOMOITHHAKOYH
Gap'epH. BCTAHOBIIEH 32
MetoxoM "titl-up"

Lo

O | — EBII, mo BiAmOBigaTs €BPONEHCHKIIM BHMOTaM €KOJIOTIHO]

0Oe3mexu

Puc. 5. Cxema cexropajibHOro posnoainy B icHyw4oi apxirtekrypu EK CBJAMII3

BucnoBku

3anmpomnoHOBaHO TMIAX1J, SKWAW 3acHOBAH Ha peaiizaiii KOpHOpaTUBHOT
eKoJIoriyHoi Jiorictuku BiaxoniB y CBAMII3, mo m03BoJi€ ynpaBisTH MPOIECOM
MPOXOJKEHHSI TIOTOKIB BIAXOMIB 1 1X MIHIMI3AIl€l0, a TakKoX MIATPUMYBATH
HEOOXIIHUH  piBEHb EKOJIOTIYHOi Oe3neku  (YHKIIOHYBAaHHS IMPOMUCIOBHUX
HIANPUEMCTB, 10 € OJHUM 3 HAWBAKJIMBIIIMX BUMOT B YMOBaxX BIIPOBA/KEHHS Ha
MIAIPUEMCTBAX IHTETPOBAHUX CUCTEM YIPABIIHHS SKICTIO.

3anmpornoHOBaHa MOJICJIb BU3HAUEHHS KUIBKICHOI XapaKTEPUCTUKU OIIHKHU
nediuTy noreHmiany oauHuil comiymy B ymoBax EK CBJIMII3 € yHiBepcanbHOIO,
OCKUIBbKH JT03BOJISIE BU3BHAYATH 0OCST HEOOXITHUX Ha MIATPUMKY 3/10pOB'S HE TUIBKU
B pe3yJibTaTl HAA3BUYAMHMX CUTYyallld, aje 1 MOXe BUKOPUCTOBYBATUCS JUIS OLIHKU
HACJIIJIKIB «IIITATHOTO» BIUIMBY apXiTeKTypu ekojioriunoro (paxsepka CBAMII3 na

KUTTSA 1 TSUTBHICTh OAUHULIL COLIIYMY.
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CLASSIFICATION OF SOCIAL EFFECTS OF SUSTAINABLE
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Introductions

The urgency of the comprehensive study of the mechanism of the functioning of
the subjects of the urban public transport sector is caused by the need to intensify
their development on the basis of the creative implementation of the foreign
experience of ecology and sustainable development as possible tools for meeting the
needs of target social groups and ensuring sustainable development. It is the necessity
to develop an adequate mechanism for implementing the ecological function of
providers of public transport services, which determines the direction of the chapter.

The methodology for calculating the effectiveness of sustainable development
measures requires clarification of the concept of “the effect of sustainable
development measures”. This indicator is much more important for public transport
entities that monitor the state of the environment and assess the level of
implementation of the sustainable development goals. Modern governance views
public transport entities and institutions as open systems whose effectiveness depends
on many factors. However, for any combination of factors in the non-commercial
market, an outcome is important and can have different socio-economic content and
impact. The basic principle of sustainable development of public transport entities is
the focus on the final result of the activity. It is the social effect that is the goal of
public transport entities, the result of their activities, which is aimed at the benefit of
the society as a whole or individual groups of the population and is not related to
profit. Obviously, the goals of all functional areas of management of public transport
entities, including sustainable development, should be subordinated to the goals of
the system - to obtain a social effect. However, the results of sustainable development
of public transport entities (PTE) may have elements of commercial effect: increase
or decrease in financial resources, improvement or worsening of the image of the
organization and their leaders, increase or decrease of the number of drivers and
clients.
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11.1. Nature of the category of “social effect”

Investigating the nature of the category of “social effect”, scientists consider it
to be the difference between the results obtained and the costs incurred, as a certain
result that has a social focus. According to D. Zakharchenko, the social effect
complements the economic one and can be determined by the following indicators:
reduction of unemployment benefits; increase of the social insurance fund and the
pension fund; increasing labor productivity by improving working conditions;
savings from reducing injuries and occupational diseases; saving money by reducing
the time spent in outpatient treatment and hospitalization. The ecological effect is
based on the results of ecological analysis and allows predicting the impact of the
investment project on the environment, assessing the consequences and benefits, as
well as developing measures to reduce or prevent negative impact on the environment
[1]. In this case, the author mentioned above considers the concept of “general social
effect” as the sum of social and environmental effects. We agree with him and other
authors that PTEs are designed to strengthen civil society by protecting values,
providing services, protecting and building civil society, and maximizing the social
Impact. However, the positive effect of the consumption of the offered products or
services is not the only result of the sustainable activity of PTE. Thus, in Ye.
Smirnova’s [2] dissertation research the positive influence of sustainable
development on the growth of social and economic effects is substantiated.

11.2. The factors that affect social effect

In order to form a prognostic model of the effect of the PTE, it is necessary to
consider the factors that affect this effect, and to identify among them the priorities
that will affect it most significantly. In general, among the sustainable development
results of public transport entities social effect as a result of non-commercial aspect
of PTE and economic effect as a result of commercial aspect of PTE are
distinguished, while the realization of economic effect is limited to the internal
environment of PTE, and social effect is realized only in the external environment
[3]. The economic effect is most often manifested in the form of profit and for public
transport entities plays a supporting role, as it helps the development of non-profit
activities.

In our opinion, commercial and non-commercial results should be distinguished
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in the structure of PTE results, because, first, not all PTE are focused only on
achieving social results (for example, political parties are interested in increasing the
number of voters, increasing publicity, which is a non-commercial result), does not
have a social color, but rather reflects the goals of the PTE). Secondly, not all
commercial results of PTE are characterized by economic indicators, there are many
results (e.g., improved image, visibility, number of new customers, lost drivers,
number of dissatisfied customers, customer attitude to the brand, quality of goods or
services compared to competitors, products competitiveness, satisfaction or
dissatisfaction of consumers; consumer awareness of the brand), which are
characterized by non-commercial, and non-monetary indicators. From these
positions, we propose to consider the effect of sustainable development activities of
the PTE as an increase in satisfaction and vulnerability of customers, managers and
owners due to the implementation of sustainable development activities.

11.3. The classification of social effects

Summarizing the classification features of the effects that are covered in
scientific papers, and supplementing them with their own, we propose a classification
of the effects of the PTE.

According to the place of implementation in relation to the PTE, one can
distinguish the effect obtained in the internal environment and applies to such groups
as professional managers, board of directors, employees, experts, public
representatives, members of the organization, and the effect obtained in the external
environment (owners, representatives regulators, partners, suppliers, other PTEs,
sustainable development firms, government agencies, customers, local people,
activists, the public, and the media).

According to the complexity (the number of aspects that the effect reflects), it is
possible to distinguish single (obtained in one area), complex effects (obtained in
several areas) and synergistic (obtained as a result of synergy). The non-profit effect
Is not a financial, non-profit result of the PTE activity. In contrast, the commercial
effect of the PTE is a monetary gain or income from the PTE.

The analysis of literature sources also confirmed the expediency of separating
the time of implementation of strategic and tactical effects. Strategic effects are long-
term effects (for example, the formation of determinants of the operating
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environment and personal determinants), tactical effects are implemented for a
relatively short period of time, such as a temporary change in behavior, experience,
ideas, and values of consumers. In addition, it is important to take into account the
characteristics of the effects depending on the scope of their origin, so we can
distinguish technical and technological, social, political, environmental, managerial,
economic, legal, and innovative effects of the PTE. Depending on whether the effects
contribute to or harm (improve or worsen) certain aspects of the activity, the state of
the PTE or society, they can be divided into negative and positive.

According to the scale of the manifestation H. Jermin [4] proposes to group the
results into the following four categories:

- “tough” effects: improvements in health, education, environment, poverty
reduction, crime reduction, and employment growth;

- group effects: increase of social contacts, understanding and tolerance to other
people, collective (group) identity and pride, acquisition of skills of team work, and
interpersonal interaction;

- social effects: participation in society, social identity and pride, active society,
and local democracy;

- personal effects: increase of confidence, improvement of self-esteem, pleasure,
display of artistic abilities, acquisition of skills, and formation of perspective.

Other researchers detail the personal effects as follows:

1. Development of personal skills in aspects such as confidence, motivation,
teamwork, leadership, communication and public speaking, negotiation skills,
numeracy and literacy;

2. Increasing personal knowledge about the environment, health, social issues,
and society;

3. Development of personal practical experience: organize an event, involve
members of the general public, conduct research, gain experience in arts and sports,
teach or professionally train others, care for or take care of someone, use computer
technology, manage projects, carry out business planning, gain experience
fundraising, experience working with the media;

- social effects: raising awareness of the problem, new service or opportunity,
improving the quality of life, improving the environment, reducing isolation,
developing networks, increasing the pride of local people, strengthening ties within
the society, better understanding of local history [5]. The social effects of PTE
activities can be differentiated depending on the nature of social needs.
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It is not necessary to equate the effect of the PTE and its sustainable
development activities only with the social effect. Obviously, the results of the PTE
will be social, as an important area of PTE is sustainable development, which aims to
promote healthy lifestyles in society, reduce crime, protect the environment and
social mobilization, but should not offset other results which are not social in nature
but important for both society and the PTE.

It should be noted that the current legislation of Ukraine does not disclose the
content of the social effect, but in some documents the concept of social effect is
mentioned in the context of socially beneficial effect. Analysis of the researchers
concluded that the essence of the social effect is the costs and benefits of society as a
result of PTE, which can take the form of changes in attitudes, values, beliefs and
behavior of other members of society and reflect the PTE’s contribution to well-
being. Scientists in [6] argue that the concept of social effect is closely related to the
concept of “social development”, which is considered to be the ability of society to
meet the basic human needs of citizens, provide resources that enable citizens to
improve their lives and create conditions for individuals and groups so that they can
realize their full potential.

11.4. The method for estimating the social effects

It is important to find a method for estimating the effects of public transport
entities in order to determine their development vectors. Thus, with regard to the
PTEs in the field of health, education, culture and social protection of the state form
of ownership, the non-commercial and social result is taken into account, but the non-
commercial and social effects of public and political parties have not been
considered. Thus, among the indicators of public organizations one can name the
number of mass events, implemented social projects, publications (including in
electronic format), completed government orders, and the amount of funds. Thus, the
methodology of state statistical observations of Ukraine does not single out the effect
of PTEs in the context of all areas, which does not allow assessing and comparing
their impact on society and meeting public needs. In addition, it is necessary to
determine the role of system elements and sustainable development factors in the
growth of the social effect of PTEs.
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11.5. Sustainable development factors that most significantly affect the
performance of public transport entities

The analysis of works of domestic and foreign scientists allowed us to single out
the following sustainable development factors that most significantly affect the
performance of public transport entities: sustainable development costs for the year,
the organization’s experience in sustainable development, turnover, level of
Implementation of sustainable development management functions, the level of
driver satisfaction, the average monthly salary of employees in the field of
sustainable development, the share of employees in the field of sustainable
development in the total number of staff.

1. The share of sustainable development costs in the cost structure of the PTE.
Due to the different financial capacity, the sustainable development costs of
commercial and non-commercial entities also differ significantly. Thus, according to
our research, on average, active PTEs of developed countries spend from 2-3% to
10% of the budget on sustainable development and fundraising, although this figure
may differ depending on the field of activity. At the same time, it is likely that with
the increase in sustainable development costs, the PTE’s ability to attract additional
funds, drivers and find new customers will increase. To a large extent, the amount of
sustainable development costs depends on the legal field of a particular country: Such
costs will be higher in countries where certain preferences are legally established for
the formation of the cost structure of public transport entities depending on their
financial capacity;

2. The experience and size of the organization also affect the effectiveness of the
PTE. This may be evidenced by the requirement to have experience in the field for a
certain number of years (usually 3-5 years) of grant providers to PTE recipients of
grants;

3. Circulation of funds of public transport entities. Obviously, with a large
budget, you can implement more projects, provide services to more customers,
achieve greater results. The low financial capacity of domestic organizations is a fact
that is noted from year to year by international research organizations;

4. The level of implementation of sustainable development management
functions. The effectiveness of sustainable development activities depends on how
integrative is the function of sustainable development in the management system of a
non-profit organization. It has to do with leadership and information issues. One
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generation of PTE managers is changing another, there is a need for new PTE leaders
who will have much wider range of competencies, including sustainable
development, market development, fundraising, operations and human resources
management;

5. The average monthly salary of sustainable development staff and the level of
satisfaction of drivers who carry out sustainable development activities also affect the
performance of the PTE, as they reflect the level of development of the motivational
function in the management system of the PTE.

6. The share of sustainable development employees in the total number of staff.
Effective sustainable development activities are based on sufficient staffing, which is
formed by permanent employees and drivers. With this in mind, it would be
reasonable to assume that there is a relationship between the number of employees or
drivers involved in sustainable development or time spent on sustainable
development activities, and the effectiveness of sustainable development activities as
a factor in shaping the effect of PTE in general.

Conclusions

Thus, the increase in the impact of PTEs may be due hypothetically to the
following factors: the proportion of sustainable development staff to total staff,
sustainable development costs per year, the organization’s sustainable development
experience, average monthly salaries of sustainable development staff, level of
satisfaction of drivers engaged in sustainable development activities, turnover of the
organization, and the share of sustainable development activities performed in the
framework of cooperation.

Prospects for further scientific research in this area are the study of vectors of
communication activities of urban public transport services providers.
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Introduction

Successful management of the transport process can be implemented by
identifying the influence of factors on the effectiveness of its implementation and
determining the patterns of occurrence of causes that can negatively affect it. The
issues of monitoring the safety of the movement of vehicles during the
implementation of the processes of cargo delivery and passenger transportation are
relevant and require their solution using modern scientific methods. The functional
resonance analysis method (FRAM) is used to study complex sociotechnical systems.
It was created and described by Eric Hollnagel, who noted that complex technical
systems contain a large number of subsystems and components, the variability of
which is usually absorbed by the system with minimal impact on the overall system.
The main sources of this variability are people, technology and organization, which
ensures the serviceable state of the technique.

Hollnagel stated that, since these elements are not linearly connected to each
other, they can lead to the accidents. When the variations of the components become
too large for the system to absorb, then the result becomes unfavorable or random.
This concerns the functional resonance effect arising from a situation where the
system is not able to function in normal operation due to changes in its daily
productivity.

A model of the FRAM describes the ability of the functions of the system
components of a vehicle to resonate and create hazards during its operation that can
get out of control and cause accidents or accidents due to the low level of functioning
of the vehicle maintenance and repair system.

The FRAM [1] supports a system analysis process aimed at identifying
interdependencies and system behaviors that are potentially important for a tool
which focuses on the interdependence of the process and its dynamics. This is a
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method of modeling complex organizational and technical systems obtained by the
theory of sustainable health [2], which relates to how to achieve success of the
technical system by adapting it to difficult conditions [3]. Recent documents have
shown the use of FRAM to understand the legal implementation of guidelines of
management the efforts to achieving security [4]. The method of functional resonance
analysis involves the identification of functions (technological, human or
organizational activities) in the in the day-to-day operation of a technical system [5-
6].

The purpose of the paper is to simulate, on the basis of the FRAM, the process
of control over the safety of the vehicle movement in a result of changes of its
technical condition, which affects the deterioration of its steerability, stability and
smoother running characteristics during operation.

12.1. Characteristic of FRAM functional units of transport process

The activity of the FRAM is to record the influence of the technical condition of
the chassis of the vehicle on the change in its operational properties and traffic safety
from a system point of view.

Using the FRAM takes a systematic perspective, which means that the analysis
cannot be limited to a certain part of the socio-technical system, but it should
consider a broader picture when the organization of the control process is considered
as a whole, and not as maintenance and assembly of components of the vehicle’s
chassis [7-8]. The method analyzes the organization of the traffic safety control
process as a socio-technical system, where the technology is embedded in the social
context and develops, tests, launches and maintains a serviceable technical condition
of the vehicle.

Thus, the output of the function can be an input, a prerequisite, or even a forced
control aspect of one or another function of the system (Table 1). This process can
lead to the identification of possible sources of attenuation for undesirable variability.
For example, if the resources for a certain function are evaluated as “more than
necessary”, this may indicate the existence of a “spare system”, which can act as a
damper barrier to ensure the safety of the vehicle. Research process of possible
connections between functions in order to identify both potential undesirable sources
of variability and barriers is called an instance of FRAM (i.e., direct proximity).

MONOGRAPH 145 ISBN 978-3-9821783-5-6



Erbe der europiischen wissenschaft Part 3 aﬁi <3

Table 1
Characteristics of FRAM functional units
Parameter | Symbol Description
Input I Input information (or input data) that characterizes a

function in the system's functioning. These are links to
previous functions. Input data runs the execution or action
of a function.

Output 0, The result of the function (output). Provides links to
further functions. Represents the result of changing the
technical condition of the system elements (vehicle).

Time T The time, which is required for processing (preparation,
diagnosis, maintenance of system elements) by functional
subsection or subsystem.

Control C Limitations, methods and procedures of control. They
determine how the function transmits technical data and/or
IS monitored.

Preconditions P System conditions which determine the conditions of
functioning and which must be provided before function
execution.

Resources R Resources that are needed or used during the processing of
a function or operation of system elements (vehicle).

12.2. Modeling variability operable state of vehicle

To achieve this goal, the technical support of Resilience DS software is used [9].
Such a tool allows you to simulate the socio-technical system "Person-Car-
Organization of maintenance and repair system” and form formal models to
constantly evaluate the effectiveness of the functioning of the system of technical
maintenance and repair of vehicles and improve their operating conditions.

Data collection for simulate by FRAM was carried out in three different stages.
At the first stage, in the spring of 2019, a two-day visit to the technical service station
in the city Dnipro was organized, where technical maintenance of branded vehicles,
in particular passenger cars, is carried out. During the visit, there was made the
familiarization of the process of organization the maintenance of vehicles in specific
conditions. The second stage of data collection was to conduct a seminar, which was
attended by researchers, a contact person and employees involved in the process of
preparation and execution vehicles maintenance. The purpose of the seminar was to
discuss, revise and update the previous FRAM model, developed on the basis of
information collected during a visit to the branded technical service station and

MONOGRAPH 146 ISBN 978-3-9821783-5-6



Erbe der europdischen wissenschaft Part 3 EL— <

23

official documentation. The seminar helped researchers identify some of the
functions of the system and determine their aspects (input, output, control,
preconditions, time and resources to ensure the serviceable technical condition of
vehicles).

The collected data was used to develop by FRAM of a vehicles maintenance
model, consisting of a set of functions that describe the actions taken to their service
and to ensure their serviceable technical condition.

In our study, to ensure the safe movement of a vehicle during its operation, it is
necessary, without fail, to conduct periodic technical impact on its chassis, which
consists in: diagnostics; checking the condition of shock absorbers, springs, support
cups, brake blocks, discs, hoses, backlash in ball bearings and steering tips, silent
blocks; adjustment and replacement of wheel Dbearings; checking the wheel
alignment; checking the condition of the car tire and monitoring its resource (Fig. 1).
All this affects the operational properties of vehicles during their activity: stability,
controllability, fuel efficiency. So, when the resource of a car tire approaches its limit
state, the probability of a traffic accident increases [10-11]. In fig. 2 shows function
of vehicle for FRAM. In fig. 3 shows a diagram of the chassis and the impact of its
technical condition on the operational properties of a vehicle.
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Figure 1. Structural and investigative model of the running gear of a car
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Figure 3. Functional Resonance Analysis Method simulation of the traffic safety

control of the vehicle due to changes in its technical condition during operation
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Using the method of functional resonance analysis to simulate the influence of
the technical condition of the chassis of a vehicle on its operational properties showed
that one of the important elements for the effective implementation of the transport-
technological transportation process is the a serviceable technical condition of
vehicles, which carries out delivery of cargo and transportation of passenger. High-
quality maintenance of vehicles, taking into account modern approaches to new
generation technologies, ensures the safety of the transportation process. Simulation
the influence of the technical condition of the chassis on the service properties of a
vehicles using method of functional resonance analysis clearly revealed that its
maintenance is a complex type of human activity and requires new approaches to new
generation technologies (new generation vehicles are hybrids, electric, autonomous).
The FRAM model gave an idea of how successful and high-quality maintenance of
vehicles depends on the complex interaction of several of its components working in
the technical system. The interconnections are so complex that they are almost
impossible to apprehend. Thus, the important socio-technical mechanisms of the
"Person-Car-Organization of a maintenance and repair system™ system regulate the
communication between the functions of this system. They can be:

a) The informal control mechanisms;

b) The human control mechanisms;

c) A new generation vehicle maintenance technologies or specific tools such as
monitoring the technical condition of the main units of vehicles;

d) The technological process of vehicle maintenance and diagnostics (both
general and element-wise) and

e) The instructions and regulations for the repair team workers and similar
documents.

Conclusions
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Beryn.

Ilocmanoeka npoonemu. CbOroJHI Ha 3aI3HUYHOMY TpPaHCHOPTI YKpaiHu
BIIpOBa/kKeHA 1HGopMarliiiHo-TenekoMyHikamiiHa cuctema (ITC), ocHoBy sikoi
CKJIQJIal0Th KOMIT IOTepHI MepexKi. OCHOBHUM MUTAHHSM MpU (PYHKI[IOHYBAHHI SIKHX
3QIMIIAETHCS  OpraHizallis MapuIpyTus3alii, [0 JOCATAETHCA BUKOPUCTAHHIM
npotokony OSPF, ame peamizamiss SKOro B pEaJlbHOMY 4aci BHKJIMKA€ TIE€BHI
TpyaHoIi. BupileHHs 1poro nUTaHHS MOKJIMBO MPHU OpraHizailii MapipyTusaili B
koMi'torepHux Mepexkax [TC 3ami3HUYHOrO TpPaHCHOPTY HAa OCHOBI METOIIB
mTygHoro inTenekty [10], mo moTpedye npoBeaeHHS BiIOBITHUX AOCITIKCHb.

AHaniz Haykoeux 00cnioxycensy. Y 3araiii NOIIYKOM ONTUMATIbHOTO MapuIpyTy B
KOMIT FOTEpHIA Mepekl 3 BUKOPUCTAHHAM HEHPOMEPENKHOI TEXHOJIOrIl 3aiimManucs
HactymHi BueHi: Bastos-Filho C. J. A., Hopfield J. J., Oliveira A. L. I., Schuler W. H.,
Kosanenko T. A., Konecnikos K. B., [1aBnenko M. A., IllITos6a C. /. Ta in. [lepury
Taky crpo0Oy suairicauB Hopfield J. J. ama po3p’si3anHs 3amadi koMiBosbkepa [15],
MI3HIINIE )i BU3HAYEHHS ONTHUMAIbHOTO MAapIIpyTy B KOMII FOTEPHI Mepexi
BUKOPUCTOBYBAJIACh HE TUTbKM Mepexka Xomndinma [7, 12, 20], a Takox iHmi
HewponHi mepexi [1-4, 16-19]. IlaBnenko M. A. BHKOHAB aHaji3 MOKJIMBOCTCH
HEHPOHHUX Mepex: Mepexi Xomdinaa, 6araTomapoBoro nepcentpony, mepexi RBF
B KOMIT FOTEPHIA Mepexi 13 I’aTu Mapiipytusatopis [6]. BusHaueHo, 1110 HaAHOUIBII
MEPCIIEKTUBHUM € Mepexa Xonduiaa, ajie HeoOX1IHI JOCTIKeHHS nepeaaBalbHUX
GyHKIiA HEWPOHIB 1 QyHKIIT eHeprii HeWpOoHHOI Mepexi [7]. V cBoro Yepry, HediTKi
HEHPOHHI MEPEXi MOKJIMKaAHI MOEAHATH B 001 NepeBaru HEHPOHHUX MEPEXK 1 CUCTEM
HEYiTKOTO BUCHOBKY, 30Kkpema Koanenko T. A. B poborti [2] 3ailicHuIa BU3HAYCHHS
ONTHUMAJIBHOTO MAapIIpyTy B KOMIT'FOTEPHIM Mepeki Ha OCHOBI HEHWPOHEUITKOi
MEPEXKi, y AKOCTI Pe3yJIbTYIOU0i XapaKTePUCTHKU B3SITHH Yac MPOXO/KEHHS MaKeTa
MapupyToM. CtocoBHO koM 1oTepHUX Mepexk [TC 3ami3HMYHOTO TpaHCHIOPTY IS
oprasizaiii MapHipyTH3ailii aBTOpaM# paHillie MPOBEICHI JOCTIIHKEHHS Ha OCHOBI

OararormrapoBoro mepcentpony [17-18] Ta Heliponeuitkoi mepexi [19], ame mo
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IITYYHOTO 1HTEJIEKTY BIHOCATHCS TaKOXX MYJIbTHAr€HTHI METOAM IHTENEKTYalbHOI
ornrumizanii. Y poborax [4, 9, 11] nponoHyeTbesl pillieHHS 3a[a4i MapIIpyTH3aIlii B
KOMIT FOTEpHINA Mepexi 3 BUKOPUCTAHHAM T€HETUYHOTO aJlTOPUTMY, ajie BXKEe BIOMO,
110 OTO BUKOPHCTaHHS NOTPeOy€e 3HAYHOTO Yacy BUKOHAHHS [9)].

Memoro pob6omu € po3poOKa METOUKY BU3HAUEHHS MappyTiB y Mepexi [TC

3a1I3HUYHOTO TPAHCIIOPTY Ha OCHOBI BUKOPUCTAHHS MYPAIIMHOTO aJITOPUTMY.

13.1. ITocTanoBKAa 3aaa4i

Posrinsinemo ¢parmenT komi torepHoi Mepexi ITC 3ami3HUYHOTO TPaHCIOPTY,
110 MPEICTABICHUM Ha puc. 1.

Vi Ve

C:{\ (.2 ==
=Y =
.8

t7.8

t1.7

Ve
Puc. 1. I'pad 3’ennanb mapmpyruzaropis koM’ 1orepHoi mepexi ITC

Aemopcwvka pospodka

Mepexy ITC 3ami3HHYHOTO TPAHCIOPTY MOXKHA TPEACTABUTH SK 3BAKCHHIM
rpad G(V, W), ne V — MmHOkHHA BepinuH rpada, KUTBKICTh SKuX qopiBHioe B (B=15),
OpUYOMY KOKHA BEpIIMHA MOJENI0E co00I0 By30J (MapuipytuzaTop) mepexi; W —

MHOXHHa pebep rpada, KokKHE peOpo MOJEIIOE 3B’SI30K MiXK BYy3JaMU, KUIBKICTh
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pebep rpada nopisaroe M (M=17). Koxnomy pebpy rpacda npucBoeHa reBHa Bara fj.

Ockinpky 4Yac mepeAadl Mo KaHaly MEpeki 3HaYHO MEHIIHWN, TO SK Bary JAOLIIBHO
BUKOPHCTATH Yac 3aTPUMKH Ha MapIIpyTH3aTOPi IMiJl Yac mepeaadi JaHux Bif I-ro 110
J-ro mMapmpyruszaropa Komi 10TepHoi Mepeski ITC 3a1i3HIYHOTO TPAaHCIIOPTY, MKC.
HeoOximHO BH3HAYUTH KICTAKOBE JepeBo KoM totepHoi Mepexi [TC
3a7i3HUYHOTO TPAHCIOPTY, TOOTO 3HaiiTH Takmii rpad G (V W), e V eVi W eW,
KpIM TOTO
Z .ti’j — min. (1)
(i, j)ew
[ToOynoBa Takoro fepeBa KOpHCHA MiJl YaC PO3MOBCIO/IKEHHS MTOBIJOMIIEHb, 1110
aapecoBaHl BCIM By3iam Mepexi [TC 3ami3HMYHOrO TPaAHCIOPTY, HANpPUKIA,
KEpIBHUX MMOBIJIOMJIEHb B1J] OCHOBHOI'O BY3JIa, TOJIl Bara BChbOro KiCTSKOBOTO JIepeBa —

1I€ BapTICTh Nepe1ayl MOBIJOMIICHHS BCIM HOro By3J1aM.

13.2. MaTtemaTu4Huii anapar

VY SKOCTI OCHOBHOT'O METOAY PO3B’SI3aHHS 3aJadl B3ATO MypaIIMHHUI alrOpUTM,
aBTopoM sikoro € Mapk Jlopiro [14]. MmoBiphicTs mepexony k-i Mypaxu Bix i-ro
MaplIpyTH3aToOpy 10 j-ro Mapuipytuzaropy mepexi [TC 3ami3HUYHOTO TPaHCHOPTY
Ha - iTeparlii po3paxoByeThCs 3a HACTYITHUM mpaBwioM [13]:

[z; (D17 <[72;1”

, SAKWO j € Jik

P (1) =4 = [7, (01" <7,1” , 2)
|EJ_k
o, arkwo j & JF
ne T;;(f) — KUIBKICTH (DEPOMOHY MIK MapuIpyTH3aTOPaMH KOMII FOTEPHOI

Mepexi [TC 3ali3HMYHOTO TPAHCIIOPTY 3AIMIICHOTO 3a 4ac t; 7);;(f) — BUAMMICTS,

npuaomy 1;; = 1/D;;, ne D;; — Bincraup Mixk mapmpytusaropamu i Ta j; o i ff —

ij»
peryiboBaHl TapaMeTpu, SKi € BaraMu I1HTEHCHUBHOCTI crigy QepoMoHy Ta

BUJIUMOCTI.

[Tics 3aBepiieHHsT MapIIpyTy KoxkHa Mypaxa K Bigkiamae Ha pedpo (i, J) Taky

KUTBKiCTh (pepomony [13]:
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——, saxwo (i, eT"
Ak ()=l T e DT -

0, axwo (i,7) e T ()

e TX(t) — mapmpyT, 3po6ienuii Mypaxoro K Ha itepamnii t; LX(t) — iforo nosxuna.

Kpim Toro, notpibHo 3a0e3meunTi BUMIAPOBYBaHHS (PEPOMOHY — 1€ 3MEHILICHHS
KUIBKOCTI BIJIKJIQJICHOTO Ha TIONEpeAHiX ITepamisix (epoMoHy. IHTEHCHUBHICTh
BUTIAPOBYBaHHS ()EPOMOHY 3aJIA€ETHCS 3a JOMOMOIOI0 KoedillieHTa BHITApOBYBaHHS

p € [0,1]. KinneBe mpaBwio OHOBIEHHS (DEpOMOHY, SIKE CTOCYEThCS BCiX pedep,
npuiimMae BurIin [13]:

zjj (t+1) « (l—p)Tij ®) +ATjj (1) (4)

m
ne Azij(t) = 2 At ilj (t) ; m — KinBKiCTH Mypax B KOJIOHII.
k=1

VY [5] npoBeneHi nocmikeHHs Moaudikaniid (€aiTHOI CTparTerii Ta cTparerii 13
pPaHKyBaHHSM) 3 KIAQCHYHUM MYpPAIIMHUM AJITOPUTMOM, a TaKOX 3alpONOHOBAHO
CTpaTerito KOpPOJIEBH, IO MEpeBar sKOi BIHOCITHCS: MEHILIA JIOBXKUHA LULIXY Ta

KUTBKOCTI 1Te€palliii; MOXJIMBICTh BU3HAUYCHHSI MIEpEHAaCUUEHHS rpada areHTaMu.

13.3. 3aranpHa xapakTepucTHKa nporpaMmuoi moaesi ACS_ Queen

[Mporpamua moaens ACS (Ant Colony System), mo nanucana nHa MatLAB s
BU3HAYCHHS B 3aII3HUYHIN Mepexi mapuipyTiB notsriB [8], MoaudikoBana momo
BU3HAYEHHS MAaplIpyTiB TMOBAOMJIEHb B KoM torepHid wmepexi ITC 3
BUKOPHCTAHHSAM cTpaTerii kKopojieBu [5]. 3arampbHa CTpyKTypa BiIIOBIIHOT
nporpamaoi mogem ACS_Queen npejacTaBieHa Ha puc. 2.

Iloyamkosi oOani  npozpammnoi Moodeni: KIUTbKICTh MapIIpyTH3aTOPIB
koMmi’'torepHoi Mepexi ITC 3amizHuuyHoro tpancnopry — 15; 3arpumku  Ha
MaplIpyTU3aTOpax; KUIbKICTh Mypax y koisioHii — 100; mapamerpu MypammHOro
anroputMy (0=1; p=1; p=0.5). Y skocTi pe3ynpTary: N00y10Ba KiCTIKOBOTO JIepeBa
mepexi [TC Ta iforo 3aranpHa Bara (CymMapHa 3aTpuMKa Ha MapIipyTU3aTopax).

Anpobauia npozpamnoi  moodeni. Pesyabrar poOOTH NpoOrpamMHOi MOAENI

ACS_Queen (puc. 3) cmiBnajgae 3 KiCTIKOBHM JiepeBOM Komil toTepHoi mepexi ITC
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3QJII3HUYHOTO TPAHCHOPTY, SKUH moOynoBaHuii 3a anroputMoMm Kpyckana mpu

BKA3aHMUX 3aTPUMKaxX Ha MapUIpyTH3aToOpax, Ta MPEACTaBICHUN Ha puc. 4 (BapTICTh
15949 mkc), o goka3ye BipHICTh pOOOTH CTBOPEHOI MPOrPaMHOI MOEII.

KIMBKICHT b MA DL VI IGopis
. . HOOP QUHAMNL MapUp YL amaopis
MouaTKOBI AaHi B pupy B
MOACUE AMIPUMOK H MDD YU 3G MOopax

RApamMempi MyPauiiHoZ0 anopummy

Pyx mypax MapuwpyT 3 MiHiManbHOK
IHidianizauia mapwpyTty {AMOBIPHICT b BUDOPY HACTY NHOMO 3aTPUMKORD
tour = rouletteWheel(node) :> MapLIpy TU3aTopa, 3aT puMKa @ bestFitness =
KOXHOMo MaplwpyTusaTtopa i colony.ant{minindex ) fithess
EWNAPOBYBaHHA epOoMOHy )

OHOBREHHNA e pPOMOHY <: ®epoMOH ANA KOp onesun

<

zpady 2'edHaH:

Be126 ONMUMTEHOZO MEDIURVIY
YelC SUKOHOHHR

BuxigHi gaHi

Puc. 2. 3aranbHa cTpykTypa nporpamuoi Mmoaesi ACS_Queen
Ioicepeno [8] ma tio2o moougpikayisn na ocrnosi suxopucmants [5]

Itoration #50

Bost tour (the queen)
i v

All Phromone

10 15

Puc. 3. IloOynoBa KictsikoBoro aepesa koM’ 1orepHoi mepexi I'TC

3aJIi3HMYHOT0 TPAHCNOPTY Ha nmporpamuii moaeai ACS_ Queen
Jorcepeno [8] ma tioco mooughixayis na ocrnosi suxopucmarms [5]
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Puc. 4. Ilo0ynoBa KicTsakoBoro aepesa koM’ 1orepHoi mepexi ITC

3aJ1i3HUYHOT0 TPaHcHopTy 3a anroputmom Kpyckanaa

Ymoeni nosnauenus: 8i000padicenHs KiCmaK08020 0epeéa HANiBHCUPHOIO NIHIEND, YUCTI08I

SHAYEHHS 3aMPUMOK 6 MKC

13.4. Pe3yabTaTH 10CTiIKEHHA

Ha mnporpamuiit mogemi ACS_Queen mpoBeneHO MOCTIKEHHS MOOYI0BU
KICTSIKOBOTO JiepeBa KoMilT'torepHoi Mepexi [TC 3ami3HUYHOrO TpaHCHOPTY 3a
iITepalisiMu Npu pi3Hik KiIbKocTi Mmypax (15, 50, 100, 150, 200) Ta pi3HOro 3HaUYECHHA
Koe(IIlliEHTy BUIAPOBYBAHHSA, y SIKOCTI MPHUKJIAAIB HaBeleHi puc. 5—6. I3 puc. 5
BUJIHO, 1[0 Yac BU3HAYEHHs KicTskoBoro aepeBa mepexi [TC (KUIbKICT iTeparriif)
3aJIKUTh BIJl KIUIBKOCTI Mypax Yy KOJOHIT: OJM3bKI pPe3ylbTaTd OTPUMAHI 3
BUKOpUCTaHHSAM KojoHiH 13 100, 150 ta 200 mypax Ha m’sartiit itepauii npu P =0.5,
TOOTO JOCTaTHRO MaTH KojoHio 13 100 mypax. I3 puc. 6 BHIHO, IO y JAaHOMY
BUITAJIKy TaKOX JIOCTAaTHHO MaTH KoyioHit0 13 100 mypax, ane onTuManabHE PIlICHHS

JOCSITHYTO BKe Ha 4YeTBepTiil itepamii mpu P =0.2, TOOTO 3MEHIICHHS 3HAYCHHS

Koe(ilieHTy BUMMapOBYBaHHS (PEPOMOHY MPHU3BE/E A0 MEHIIIOT KIJTKOCTI 1TEpallii.
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HOMep ireparii

—— 15 mypax —#— 50 mypax — &— 100 mypax - -®- - 150 mypax —@ =200 mypax
Puc. 6. locaigskennsi 3aTpuMKHU nepeaayi 3a irepanismu npu L =0.2

Aemopcwvra pospodka

BucHoBKH

1. V [5] npencraBneHi pe3ysiabTaTH MOCTIKECHHS KIACHYHOIO MYPAITHHOIO
AMrOpUTMY Ta HWOTO MOAMQIKAIN: €NTHOI CTpaTerii; CTparerii 13 paHKyBaHHSIM;
cTpaTerii KOpoJIeBH, JI0 MepeBar OCTaHHbOI BIAHOCATHCS: MEHIIIA JOBXKHWHA NMUIIXY Ta

KUIBKOCTI 1Tepalliif, a TAKOX BU3HAUYEHHS IepEeHacCHUYeHHs rpada areHTaMu.
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2. Jlns BU3HAUGHHS MaplIPyTiB Mepeaaydi KEPiBHUX MOBIOMIICHB BiJl OCHOBHOIO
By3Jia B Komir toTepHii Mmepexi ITC 3amizHnuHOrO TpancmopTy moaudikoBaHa (Ha
OCHOBI BUKOPHUCTAHHS CTpATerii KOposieBH) mporpamMua Moaeiab ACS it BU3HAYCHHS
B 3aJI3HUYHIA MepeXi MapIIpyTiB BaHTaKHUX IOTATIB, Ha BXIJ SKOi IOJAIOTHCS:
KUIBKICTh ~ MapIIPyTHU3aTOPIB  KOMIT'IOTEPHOI MEpEeXi; MacuB 3aTpPUMOK Ha
MapIIpyTH3aToOpax; IMapaMeTpd MYPAIIUHOTO alToOpuTMy. PesympTaT poOoTH
BiMoBiAHOI mporpamHoi momeni ACS _Queen cmiBmagae 3 KICTAKOBUM JEPEBOM
mepexi ITC, skuii mobynoBanuii 3a anropurMoMm Kpyckaira.

3. Ha nporpamuiii mozeni ACS_Queen mpoBeAeHO IOCHIIHKEHHS 3aTPUMKH
nepeadi 3a iTepaimisiMM MpU PI3HIA KUIBKOCTI Mypax Ta pPI3HOTO 3HAYCHHS
Koe(ilieHTy BunapoByBaHHS. BuszHaueHo, mo s posrisanaemoro ¢pparmenry ITC
3QJII3HUYHOTO TPAHCHOPTY JOCTaTHRO MAaTH KOJoHito 13 100 mypax Ta oTpumatu
KiCTsIKOBe JepeBo koM toTepHoi mepexi ITC na m’saTiil iTeparii, aje 3MEHIICHHS
3HAYEHHS KOC(IIIEHTY BUIIAPOBYBAHHSI MPU3BEIE 10 MEHIIIOI KIIbKOCTI 1TEpaIliil.

4.Y [18] s3HaiimeHi MapuipyTH Imepefadi KepiBHHX IOBIJIOMJICHb B
koMir totepHid  Mepexi  [TC  3ami3HUYHOrO TpaHCHOPTY 3  BHKOPHUCTAHHIM
0araTolapoBOro MepcenTpoHy, Mo MoTpedye 3HAYHOTO Yacy JJii MOro HaBYaHHS, B
3pIBHSHHI 3 MYpaIllMHUM aJITOPHUTMOM. Y TIOJQJIBIIOMY JOPEYHO TIPOBECTH
JTOCIIDKCHHS 1HIIUX MYJIbTHAr€HTHUX METOJIB 1HTEJIEKTYaJbHOI ONTHUMI3AIi IS

BU3HAYCHHS MapIIPyTiB Yy KoMl 1oTepHii Mmepexi [TC 3ami3HUYHOTO TpaHCTIOPTY.
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KAPITEL 14/ CHAPTER 14.
METHODS FOR DETERMINING QUANTITY AND QUALITY OF
PARAMETERS BY INFORMATION MODEL OF ASTRUCTURE TO
ENSURE RELIABILITY
METO/IbI OIIPE/JIEJIEHUA KOJIHYECTBA U KAYECTBA IIAPAMETPOB
I/IH(DOPMA[II/IOHHOﬁ MOIEJIH COOPYKEHUA JIVIA OBECIIEYEHUA
HA/[EZKHOCTH
METO/IH BUSHAYEHHA KIVIBKOCTI TA AKOCTI IIAPAMETPIB IH(DOPMAIIII/"IHOi
MOIEJII CLHIOPYIHU JIVIA 3ABE3IIEYEHHA HAﬂIPiH OCTI

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-063

Beryn

byniBHunTBO - 1me Tamy3b HAPOAHOTO TOCIOJApPCTBA, SKa IOCTIHHO
po3BuBaeThCsl. B ocTaHHI JAECATWIITTS TpH MPOEKTyBaHHI 1 OyIIBHHUIITBI
3aCTOCOBYIOTHCS HOBI1 1H(OpMAIIiifHI TEXHOJIOT1.

B cywacHux yMmoBax MpOEKTHOI I1HAYCTpli mpu OYyIIBHUIITBI, HEOOXITHO
BUKOHATH HE MPOCTO MPOEKT CHOPYAH, a MOJEIb SKa MICTUTh MOBHY 1H(MOpMaIlio
mpo 00'€KT, BOHA BHKOPHUCTOBYETHCS IMPOTATOM YCHhOTO JKHUTTEBOTO NHUKITY. Taka
MOJIeJb TOBMHHA OYTH TIOBHOLIIHHOK BIPTyaJbHOIO KOIIEK CHOPYIH, 3
FCOMETPUYHUMHU 1 TEXHIYHUMHU XapaKTEPUCTHUKAMU KOHCTPYKIIIH, OyaiBEIbHUX
MarepialliB, TEXHOJOTIYHOIO OOJagHAHHA Ta IHCTPYKIH, I0J0 3a0e3MeueHHs
HAJIAHOCTI IMiT YaC YChOT'O JKUTTEBOTO ITUKITY CIIOPY/IH.

OcHoBHOIO BiaMiHHICTIO BIM Bim iHmMX BHUAIB TPOEKTyBaHHS € 30ip 1
KOMILJIEKCHA OOpoOKa BCl€l  apXITEKTYpHO-KOHCTPYKTOPCHKOI, TEXHOJOT14HOI,
€KOHOMIYHO1, eKCIUTyaTalllifiHOi Ta iHmol iH(opMalii mpo OyIiBIIO B €IUHOMY
iHpopmartiiinomy cepenosuiin (BIM-moneni) [1]. ITpu oMy Bei eeMeHTH MO €
B3a€MOIIOB'SI3aHUMHU 1 B3a€EMO3AIIC)KHUMH, 110, MO CYTI, HAAUIIE MOJENbh (PaKTOpoM
peaNiCTUYHOCTI (HAOMMXKEHOCTI 10 peajbHOoi OyniBimi 1 peanbHOi cutyamii). Ilpu
bOMy 00’eM iH(opMallii Mpo 00’€KT 3pOCTA€ HA KOXKHIA CTaAll MPOEKTYBAaHHS Ta
xutteBoro mukiny (Puc. 1). Ile npuzBoauth 10 (HopmMyBaHHS BEIMKUX PO3MIPIB
daiiniB, mo y MalOyTHHOMY NpH3BEIE J0 HEMOXKIMBOCTI BUKOPUCTAHHS TaKHX
MOJICJICH TIpH eKCIUIyaTallii, a caMme 3a0e3NedeHHs HaIIMHOCTI CHOPYAW I dac
eKCIUTyaTarii i € MepHIIoYeproBUM 3aBJIaHHSIM BCHOTO TPOEKTYBaHHS. ToMy 10
BU3HAYEHHSI ONTUMAIBHOT KUIBKOCTI 1H(QOpMAIIHHUX TTapaMeTpiB MOJIeNII HEOOX1THO
MIIXOMUTH 3 BEITUKOI OOCPEeXKHICTIO, MM HE TIOBHHHI BTPATUTU BAXJIUBY
iH(dOopMaIlito mMpu 3MEHIICHH] 3arajibHOro ii 00’€My, 10 B CBOIO YEPry 3YMOBIIOE
aKTyaJIbHICTh MOCTaBIeHO1 3a7a4i. CaMme BUpIMIEHHIO 3a/1adl BU3HAYEHHS KUTBKOCTI

Ta SIKOCTI 1H(popMallii B iHpopMaILiiHIi MOEII CIOPYAH MPUCBAYEHA JlaHa poOoTa 3
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BUKOPHUCTAHHSM 3arajbHUX MPUHIIMITB 00p0oOKH Ta 30epiranHs iHpopmarlii [2, 4].

PiBHi peramizarmii ememenTiB iH(Mopmariiinoi momeni (LOD) € omamm 3
HAWOUIBII BaXKIMBUX KOMIIOHEHTIB TEXHOJOTI] 1HQOPMAIIITHOTO MpPOEKTyBaHHS. Y
PI3HHX KpaiHaxX Pi3HI CHEIaJiCTH BUKOPHUCTOBYIOTH Pi3HI TEPMiHH, IIO MOB'A3aHi 3
piBaem nertamizarii: "Level of Detail", "Level of Development", "Level of model
Definition", "Depth of Detail" Ta in.

VY 3zaranpHOMy BuManaky piBeHb aertamizanii LOD (1) Bu3zHayae MOBHOTY
OTpaIfOBaHHs ejeMeHTa iHdopMamiitHoi Mozem. BiH Bu3Hauae, AKy KUIBKICTB
rpadiunoi 1 Herpadiuni (aTpuOyTuBHOI) 1H(MOPMAIi MOTPIOHO NI KOHKPETHOIO
ejieMeHTa iHpOpMaIiitHOT MOIeNl Ha IEBHOMY €Talll ii pO3BUTKY.

LOD=LOD G+LOl Q)

LOD G (Level of Model Detail Geometry) - pisens aeramizamii BIM-mozeni,
rpadiyHOTO KOHTEHTY, TeOMETPUYHI J1aHi.

LOI (Level of Model Information) - piBens aetanizaiii iHhopmarrii.

LOD
100

05 bymiBHHIITBO

&

Puc. 1. PiBenn peradizanii BIM moaeuni Ta craaii npoexkryBanns [1]

Hia posyminHs koHuenuii LOD Takox BaKJIMBO BpaxOBYBaTH, IO €JIEMEHTH

MOJIeIi B paMKax mpoliecy iH(OpMaliifHOro MOJEIIOBaHHS MPOTrPECYIOTh 3 Pi3HOIO
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mBuAKICcTIO. Lle mepir 3a Bce MOB'SI3aHO 3 TUM, 1110 BCl PO3JAUIM MPOEKTY HE MOXKYThb
OJTHOYACHO TMOYaTH po3po0isTrcs. 3BifAcH BUILIMBAE, 10 MOHATTS LOD moxe Oytu
3aCTOCOBAHE JIMIIE JI0 OKPEMHUX E€JIEMEHTIB MOJENI, aje He J0 MOJENl B LIJIOMY i,
BianoBigHo, LOD He Moke CTpOoro BIAMOBIIATH MEBHIM CTadil IPOCKTY.

Jlns  opranizamii nponecy 1ianyBaHHs BIM mpoekty, 3miiicHenHs 3D
KOOpIMHAII Ta mepeaadyi HeoOXimHOoi iH(opMarii s BHUPIMIEHHS OCHOBHHX
MPOCKTHUX 3aBlaHb OyJI0 BH3HAYEHO M'SITh 0A30BUX PIBHIB JeTali3allii €JIeMEHTIB
iHpopMmarniinux moaenei: LOD100, LOD200, LOD300, LOD400 i LODS500.

3arajibHO TPUAHATHHA OpIEHTOBHMIA piBeHb aertamizamii BIM moxmen [1], mio
BUKOPUCTOBYETHCS HA PI3HUX CTAIISAX MPOCKTY:

— LOD 100 (Kosnient) - Mozeb Ipe/iCTaBlieHa y BUMIISIII 00'€MHUX €JIEMEHTIB
3 IPUOIU3HUMU PO3MipamMu, OPMOIO 1 OPIEHTALIIELO.

— LOD 200 (IlepennmpoekTHi pilieHHs) - MOJEIb MpEACTaBiI€HA y BHIJISAIL
o0'ekta ab0 301pKH, 3 TPUOIU3ZHUMHU po3MIpaMu, (POPMOIO, MOJOKEHHSIM Y MPOCTOPI,
OpIEHTALIEI0 1 KOMIUIEKCY He00X1/1HO1 HerpadidHoi iHdopmarii.

— LOD 300 (Cranis IT) - monens npenictaBiieHa y BUrIIsiAl 00'ekta abo 301pKu,
0 HAJICKHUTh KOHKPETHIH cucTemi OymiBial 3 TOYHUMH po3MipaMu, (popMoro,
MOJIOKEHHSIM Yy TIPOCTOpI, OpIEHTAIl€I0, 3B'SI3KaMU 1 KOMILIEKCY HEOoOXigHOl
Herpad1yHoi 1HpopMaii.

— LOD 400 (Cramis PI) - momenp mpencTaBieHa y BHUIJISIAI TOYHOI 301pKH 3
JETANBHUMHU pO3MipaMu, (POPMOIO, TIOJIOKEHHSIM Y TIPOCTOP1, OPIEHTAIIEI0, YITKUMHU
3B'I3KaMH, JAHUMH I10 BUTOTOBJICHHIO 1 MOHTaXYy, a TaKOXX IHIIOK HEOOX1IHOIO
Herpa@IyHO0 1HPOPMALIIELO.

— LOD 500 (Excrutyaraitist) - MOJEINb MPEACTAaBIICHA Y BUIJISIII TOYHOT 301pKH 3
dakTHuHEUMU po3MipamMu, (OPMOIO, TOJOKEHHAM Y TIPOCTOPi, OpPIEHTAIE 1
HerpadigHor0 1HPOPMAIII€I0 TOCTATHROO IS Mepeaadi MOJIENl B €KCILTyaTallio.

Hns  koxsHoro LOD Oynu TakoX pPEKOMEHJIOBaHI OCHOBHI HAamNpsiMU
BUKOpUCTaHHs 1H(MopManiitHux Mozenet LOI, nns skux HEOOXITHO BU3HAUYUTH

PIBEHBb BOXXJIMBOCTI, IOBHOTH Ta aJIcKBaTHOCTI iH(opMarrii.

14.1. Hlusaxy BU3HAYEHHS BAXKJINBOCTI iHpopmanii

[Tin gac mpoekTyBaHHS OY/Ib-SKOi KOHCTPYKIlI 3 BHUKOPUCTAHHS TEXHOJIOTIH
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iHpopMaIItHOTO MOJIEIIOBaHHS 1HXKEHEPY HEOOX1JHO BUPIIIYBaTH ITUTaHHS
MOB’sI3aH1 3 BU3HAYEHHSM KUIBKOCTI MapaMmeTpiB, iX BHIY Ta 4YaCOM BHKOPUCTAHHS.
BuxopucTtanss BenTUKO1 KUTBKOCTI MapaMeTpiB OKPEMUX €JIEMEHTIB MPHU3BOAUTH 0
30UIBIIICHHS! CTPOKIB MPOCKTYBaHHS Ta 00’ €MIB MAIIMHHOT maM’sT1 i 30epiranHs i
00poOku Takux ¢aimi [3, 5]. Ane 3MeHIIeHH 00’ eMy 1H(OpMaIIii MOXKe MPU3BECTH
710 HEeSIKICHOTO BUKOHAHHS MPOEKTY Ta HIBEIIOBAaHHIO BCIX MepeBar iHPOpMaIiitHOro
MojenioBaHHsA.  Jlanmi HaBeAGHO METOAMKY BH3HAYEHHS MIHIMAIBbHOI KUTBKOCTI
iHdopMallii, MO0 EJEeMEHTIB KOHCTPYKIi MpHYady TUIY TOHKOi CTIHKH. s
noOyZ0BM METOJUKU Oy/IeMO BHUKOPHCTOBYBATH 3arajibHi MiAXOAW 10 BU3HAYCHHS
sKoCTi iH(opMalii mpH i KoM 1oTepHii 00pooi (iHdopmaTuiii) [1].

JUisi BU3HAYEHHSI ONTHUMAJbHOI KUIBKOCTI 1H(pOpMaIii (mapaMeTpiB €JIEMEHTIB)
CHiJl TPUAUTUTH yBary HACTYIIHUM TIIOKa3HMKaM, SK BaXKIUBICTh, MOBHOTa Ta
aJIeKBATHICTh 1H(POpPMAIIii.

Baxnusicts iHGopmarii (mapameTrpy) € y3arajJbHEHUW [IOKa3HUK, IO
XapaKTepU3ye, 3 OJJHOTO OOKY, BAXKIUBICTh 1H(MOPMAIli 3 TOUKU 30py TUX 3aBjaHb,
JUIA BUPILMIECHHS SKUX BUKOPHCTOBYETHCSA, a 3 IHIIOIO - 3 TOYKW 30pYy OpraHizarii
00poOKkM (30epiraHHsl Ta BUKOPUCTAHHS ). [HIIMMH CIOBamMH, BaKIUBICTh 1H(pOpMaIli
OyZeMo OLIIHIOBATH, 32 ABOMA rpylaMy KPUTEPIiB: 32 NpHU3HAYEHHSAM 1H(opmanii Ta

3a ymMmoBaMH ii 00poOku. CTpyKTypy IIUX IMapaMeTpiB HaBeleHo Ha Puc. 2.

KpuTepii ouiHKM BaXNMBOCTI
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Puc. 2. Ctpykrypa KpuTepiiB OLIHKY BaXKJIUBOCTI iHGopmamii
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Y mepuniii Tpymi, ChOil BUAUIMTH HACTYIIHI CKJIAIO0Bi: BaKJIWBICTh 3aBJllaHb
MOB’SI3aHUX 3 BUKOPHUCTAaHHSAM 1H(opmamii (HampuUKIaa 3aJaHHsA [OB’sI3aHI 3
MPOCKTYBaHHSIM, OyAIBHUIITBOM Ta EKCIUTyaTalli€l0) 1 CTymiHb Ba)XJIMBOCTI
iH(opMarii 11t eheKTUBHOTO BUPIIIIEHHS B1IIOBITHOTO 3aB/IaHHS.

VY npyriid Tpymni TakoXX BUAULSIIOTBCS JABl CKJIQJ0Bi: pIBEHb BTpaT y pasi
HeOakaHUX 3MIH TapaMeTpy B Mpolieci OOpOOKM MM BIUIMBOM JECTa0LTI3yIOUnX
(akTopiB 1 piBEHb BUTPAT HA BIAHOBICHHS BTpadeHoi iH(popmarii.

[To3naunmo:

Kin - KoeirieHT BaXXIIMBOCTI apamMeTpy;

Kss - kxoedimieHT BakIMBOCTI 3ajadl  3a0e3medyeHHs HaJIIAHOCTI, Jie
BUKOPUCTOBYETHCS BIAMOBIIHUHN TApaAMETP;

Kui - Koe(imleHT BaKJIMBOCTI MapaMeTpy 3 TOYKHA 30py BTpaT MOpH HOro
B1JICYTHOCTI,

Kss - xoedimient BaxnauBocTi iHGopmarlii (mapamerpy) 3 TOUKH 30py BapTOCTI
B1THOBJICHHS.

Tomi, oueBHIHO:

]{Bl'.[ = f(KBSJ']{SFKHiF]{BB) (2)

[HIIIMMY cioBaMHM, IS OIIIHKM Ba)XKJIMBOCTI 1H(oOpMaIlii HeoOXiJTHO BHU3HAYATH
3HAYEHHS MepepaxoBaHUX BUIIE KOC(IIIEHTIB Ta 3HATH BUJI 3aI€KHOCTI (2).

B po6orti [7] HaBeaeHO «MeToIUKy BU3HAYCHHS KJIaCcy BaXIJIMBOCTI 1H(OpMaIIii
Ta 3aMPONOHOBAHO ISl BU3HAYCHHS 3aJIS)KHOCTI MIJK KJIACOM BaXKIJIMBOCTI 1H(oOpMaItii
Ta KOE(IIIEHTOM BaXJIUBOCTI 1H(OpMaIi BUKOPUCTOBYBATH BUpA3 y BUIJISII
CUTMOIy 3 BIANOBIAHUMM KoedimieHTamMu. JIJIsi BU3HAYEHHS aJIEKBATHOCTI
3anponoOHOBaHOI (PYHKIIII Ta BIANOBIAHMX KOE(ILIEHTIB BUBHAUEHO PO3PaxXyHKOBE Ta
TaOJIMYHE 3HaUeHHA Kputepito Dimepay.

Takum YWHOM, aNTOPUTM BU3HAYECHHS TOKA3HUWKA BAXJIMBOCTI 1HQOpMaIIii
HACTYITHUU:

1. EkcieptHe Bu3HaueHHs KpuTepiiB Kg., K;, Kyjj, Kgp MTHIBICTUYHUX 3MIHHUX;

2. I'panaris xputepiis,;

3. [lobynoBa miaCyMKOBOT TaOIUIIl BaXKJIUBOCTI,

4. BwusnaueHHs 3HaueHb K, 3a piBHsSHHSAM (3), sSKOMY BiJNoBijae rpadik

BaXXIMBOCTI 1H(popMmartii Puc. 3.
K.,(Ng.) = 0.34 X arctg(Ng, —9) + 0.5 (3)
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Kitac BaxxauBoOCTi

JIiHIA TpeHay ® BUXiZHI gaHi

Puc. 3. I'padik koedinienra BaxauBocti ingopmamii

14.2. MeToan BU3HAYEHHsI NOBHOTH iHopmamii

[ToBHOTa € TOKAa3HHK, IO XapaKTEePU3ye MIPY JIOCTATHOCTI 1HhoOpMaIi s
BUPIIICHHS BIJIMOBIAHUX 3aB/laHb. 3BI1JCU BUILUIMBAE, 1110 JAaHUN MOKA3HUK, TAK CaMO
SK 1 TOMEpPeNHIM € BIIHOCHUM: MOBHOTa 1HGOpPMAIlli OI[IHIOETHCA MIOJI0 I[IJIKOM
NEBHOTO 3aBAaHHSA a00 TPynu 3aBlaHb Y HAIIOMYy BUMAAKY II€ 3a0e3MeueHHs
HAJIMHOCTI Ha MPOTA31 KUTTEBOTO HUKIY 00’ekTy. ToMy, m00 MaTu MOKIUBICTH
BU3HAYATH TOKA3HUK IMOBHOTH 1H(OpMaIlli, HEOOXiIHO 3aBYACHO CKJIACTH MEpeiiK
MOpaMeTpiB, fAKI HEOOX1JHI AJiA iX BUpiIeHHS. /[ mogaHHs TakuX BiIOMOCTEH
3pYYHO CKOPHCTATHCS TaK 3BaHUMH O00'€KTHO-XapaKTCPUCTUIHUMH TaOIUIISIMU
(OXT), koHa 3 AKX € JBOMIpHA MATPHIlL, MO PSAAKAX SKOi HABEIECHO MeperiK
HallMEHyBaHb MapaMeTpiB, SKI BXOASITh B KOJO 1HTEPECIB BIAMOBIAHOI 3a1adyi, a 1Mo
CTOBHIIX - HaWMEHYBaHHA IX XapaKTepUCTUK (MapaMeTpiB), 3HAYCHHS SIKHX
HEOOXIHI [Jii BUpIMIEHHS 3aBgaHb. (CaMl 3HAYEHHS XapaKTEpUCTUK OYIyTh
pPO3TalIOBYBATHCS Ha MEPETHHI BIAMOBIAHUX PSAAKIB 1 cTOBMLIB. CyKYMHICTh YCIX
OXT, HeoOXiIHUX JJIs1 3a0€3eUeHHs] BUPIIICHHS BC1X 3aB/IaHb Ha KUTTEBOMY ITUKIII
00’exTy, Moke OyTH Ha3zBaHa iH(GOpPMAIiTHUM KamacTpoMm 00'ekTa. TakuM YHHOM,
HEOJMIHHOI0 YMOBOIO OIIIHKHM TOBHOTH 1H(OpMAIlii € HasBHICTh 1H(GOpPMAIIITHOTO
KaJacTpy.

Metoauka OLiHKA ITOBHOTH MO€ OyTH HACTYITHOIO.

[To3naunmo vepe3 d,, CIEMEHT, IO 3HAXOJMTHCS B (U - PAIKY 1 V - CTOBIIII

PO3MIISIHYTOTO KOMITOHEHTA BifnoBigHOoi 3X T, mpuaomy:
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q {1,;11—&110 110 JIAHOMY eJIeMeHTy iHpopMallid €;
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Toxi B axocTi 3amo0ikHOTO KoedilieHTy MOBHOTH iHpopmarii B gaHiii OXT
MO>KHA IPUMHATH BETHUNHY
_ E ,H.E'U d,m:
T mn

Ky (4)

1€ M - YHACTIO PSAIKIB, V - YUCIO CTOBOIIB B po3misiHyTid OXT.
OpHak py IbOMY HE BPaXxOBY€ETbCS BAKIIUBICTh, PI3HUX MapaMeTpiB, IPUUOMY

. . o B .« e
BAXJIMBICTb B TOMY C€HCl, K ILie¢ po3risaanocs suine. Hexan Kf“,,) € Koe(imieHT

BaXKJIMBOCTI €JIEMEHTY |l psAJIKa 1V CTOBITYHUKA.
Toni, oueBUAHO, B SIKOCTI 3BakeHOi MOBHOTHU 1H(opMarlii B gaHiit 3XT moxHa

MIPUKHSTH BEJINYUHY

E,u Yo d;mK;(;Bp) (5)
mny, Yy k&

o

K® =

14.3. MeToan BU3HAYEHHS TapaMeTPiB aIeKBATHOCTI Ta CTAPiHHA

iHpopmarii

[lin agexBarHicTiO 1H(pOpMaIii OyaeMO pO3yMITH CTYyMiHb 11 BIAMOBIIHOCTI
TIHACHOMY CTaHy TUX peaiii, Aki BimoOpaxkae iHdopmaliisa. Y 3araibHOMY BUITQJIKY
aJICKBaTHICTh BHU3HAYAETHCS JBOMA IMapaMeTpamu: OO'€KTUBHICTh TE€HEPYyBaHHS
iH(dOopMaIIi Ta TPUBAIICTH IHTEPBAILY Yacy MI>K MOMEHTOM TreHepyBaHHs 1H(opmarii 1
MMOTOYHUM MOMEHTOM, TOOTO JI0 MOMEHTY OIL[IHIOBAHHS i1 aJIeKBaTHOCTI.

OO0'eKTUBHICTh T'€HEpPYBaHHS 1HQOpPMaLlii, OUYEBHIHO, 3AJIECKUTh BIJ CHOCOOY
OTPUMAaHHS 3HAYCHb MMApaMETPYy.

Knacudikarist XapakTepucTUK IIOJA0 MOXIJIMBUX CIIOCOOIB OTPUMAHHS iX
3Ha4YCHb HaBeaeHa Ha puc. 4 Toxal BCl MOXKIIMBI 3HAYEHHS aJeKBaTHOCTI iH(opMarlii

10 00'€KTUBHOCTI ii FTeHEPYBAHHS MOKHA CTPYKTYPYBaTH TaK, SIK HABEICHO B Ta0JI. 5.
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Puc. 4. Knacudikaumisi XapakTepucTHK 32 HIJIIXOM OTPUMAHHSI 3HAYEeHb

Taoauusa 5

Crpykrypu3auisi 3Ha4eHb a1eKBATHOCTI iHopMailii 32 00'€KTUBHICTIO

reHepyBaHHsI (OTPMMAHHS), KJIaC aaAeKBATHOCTI Kicax

SIKiCTh BU3HAUEHHS
) rmapame
Tun BUMiproBaHb Ta XapaKTEPUCTUKA PaMETPy
l'apna | Cepenns | [lorana

[acTpymMenTanbHi KinpKicHo L 2 3
py SIxicHO 2 3 4
Mosui Bitoci AHaTITHYHO 3 4 5
P 8 Tloriuno 4 5 6
B nanomy 5 5 v

[Ilo marTh CepeIOBHIIT
aHaJIOTH VY cnopigHeHOMY 6 7 3

) cepeoBUIIT

He npsmi
Cxoxoro 7 8 9
II{o HE MarOTH Hapits

aHaJIOT1B ) 8 9 10

B1J1aJIEHOTO

Sk 1 npu po3poOlLl METOOUKH OLIHKM Ba)KJIUMBOCTI 1H(oOpMalii 3podumo

MPUNYIIEHHS, 10 TPU JOCTOBIPHUX IUISXax

BU3HAUEHHS Ta KUIbKICHOMY

BUMIPIOBAHHI XapaKTEPUCTUKU aJeKBATHICTh BIAMOBIIHOI 1HGOpMaIii Oyae O6au3bKka

1o 1, a mpu moraHoMmy, HE MPSMOMY BHU3HAYEHHI 3HAYCHHSI XapaKTEPUCTUKH, 0 HE

Ma€ HaBITh BIJJIAJICHOTO aHajora, aJeKBaTHICTh 1HdopMallli OJM3bka 10 HYIIS.

[IpupoHO TakoX NPUITYCTUTH, 1110 BCEPEIUHI JAHOTO 1HTEPBAITY 3MiHA aJI€KBATHOCTI
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B1IOYBA€ThCS 3a JIOTICTUYHOIO KPHBOI y BUIVISAL (DYHKINI apKTaHTeHCY, SK IIe
MmoKazaHo Ha puc. 5. BianmoBinHy ¢yHKII0 OyaeMo mrykatu y Burisiai (6), ame ciia
mam’siTaTd, Mo Koe]imieHT A TpUMAEThCS Bi €MHUM, OCKUTBKM (YHKIlS € HE
CXI1IHOIO.

KO (Kyap) = A X arctg(Ke,, + B) + C (6)

KoedimieaTn piBHIHHS BUKOHYIOTh HACTYTHI (QYHKIIIT, IO XapaKTepU3yrTh GopMy
TiHii perpecii: -A - koedilieHT, o 301IbIIye (3MEHITy€e) MacmTad S- moai0HO1 KPUBOI,
31 3HAKOM «-» ; -B  KoeillieHT, 1[0 XapaKTepu3ye TOUKY MEePEruHy KPUBOI, OepeThes 3i
3HaKOM «-»; -C - Koe(ilieHT mepeMilllye KpUBY Bropy (BHHU3) B 3aJI€KHOCTI BiJl 3HAKY
nepea HUM (B HAIIOMY BUIIAJIKY 1€ 3HAK «1»).

Taéauus 6

JlaHi I perpeciiiHOro aHaJIi3y

KoedimienT
aJIeKBaTHOCTI
Knac 3a
. 2 1
BaKIMBOCTI | 00 EKTHBHICTIO
TCHEepYBaHHS

K@)
0.999999
0.99

0.5

O (O | W |-

0.01

10 0.00001

BcranoBneno, 1o HakpamuM YMHOM JJisi OOYIOBH CUTMOILy MDX KJIacoM
aZeKkBaTHOCTI 1H(opmMallii 3a OO0'€KTHBHICTIO TEHEpyBaHHS Ta KoedilieHToM
a7IeKBATHOCTI MIAXOATh HACTYIHS eMImpuyHi Koedimientn: A = - 0.34, B = -6, C =
0.5. Toni Bupa3 (6) npuitmMae HACTYITHUNA BUTIIS

K@ (Kyaz) = —0.34 X arctg(Ke., —6) + 0.5 )

Kag

JIns BU3HAYEHHS MPUAATHOCTI 10 BUKOPUCTAHHS 3arpornoHoBaHO1 QyHKIT (7)
Ta BIAMOBIAHUX KOE(DIIIEHTIB BU3HAYMMO PO3PAXYHKOBE Ta TaOJIMYHE 3HAYCHHS
kputepito dimepa. PospaxynkoBuit kpurtepiit @Dimepa Fp,, = 4.75, Tabnuune
3HAQYEHHS KpUTEpit0o mpu piBHI 3Hauumocti o = 0,05 nopiBHioe Fs = 2.44.

[TopiBHIOIOUM pO3paxyHKOBE Ta TaOiuuHe 3HadeHHs Kpurepito Dimepy MoxxHa
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3pOOUTH BUCHOBOK, IIOJ0 MOXKJIMBOCTI BUKOpUCTaHHs BUpa3y (7) 3 koedimientamu A
= 034, B =9, C = 0.5 ana omnucy B3aEMO3B’SI3Ky MIDK KJIacCOM Ba)KJIMBOCTI

iHpOopMaIlii Ta KOePIIiEHTOM BaXKJIUBOCTI.
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Knac aferarHoCTI 22 00EKTHRHICTIO TCHEPYRAHHSA

THIS TPEHTY ® BUXI1IH] J3aH1

Puc. 5. I'pagik 32/1€:KHOCTI MOKA3HUKA aIeKBATHOCTI iH(popmawii 3a

CIoco00M reHepyBaHHA

PosrasiueMo Tenep ajgekBaTtHICTh 1H(OpPMAILii, III0JI0 TPUBAIOCTI IHTEPBAILY Yacy
MK MOMEHTOM T€HEepyBaHHs 1HQopmallii 1 MOMEHTOM BUKOPHUCTAaHHS K@), st
OI[IHKU aJIEKBATHOCTI IUIKOM CIIYIIHUM € BIJOMHUH B Teopii iHhopmMaIlii Tak 3BaHU
3aKoH cTapinHs iHdopmarii. Foro Bursa nokasanuit Ha puc. 5. IIpu mboMy TIiJ to
PO3yMIETHCS MOMEHT Yacy TeHepyBaHHA 1HPopMallii. Sk BUTUIMBA€E 3 MaJIIOHKA, 3aKOH
cTapiHHs 1H(pOpMaIlil XapaKTepU3y€eThCA YOTUPMA XapaKTEPHUMHU 1HTEpBAIAMMU:

Ati-TpUBANICTh 1HTEpPBAJy 4dacy, MPOTATOM SKOro iHGopmallis TMOBHICTIO
30epirae CBOIO aJcKBaTHICTb;

Aty -TpUBAIIICTh 1HTEPBAIY 4Yacy, Ha MPOTA31 SIKOTO aJeKBaTHICTH 1H(oOpMaIllii
rmajiae, ajge He Ourple, HiK Ha 25%;

At3-TpUBANICTh 1HTEpBANTY 4Yacy, MPOTATOM SIKOTO aJeKBAaTHICTH 1H(opmalii
50%;

Aty-TpUBANICTh 1HTEPBATY dYacy, MPOTATOM SIKOTO aJeKBaTHICTH 1H(opmarrii
najae Ha 75%.

3 orisiy Ha Ty 0OCTaBUHY, 110 OOMJIBI CKJIaJ0B1 aJIeKBaTHOCTI iH(OpMaIIii K&

K(®)3anexars Bin BeIMKOi KimbKoCTi (pakToOpiB, 6araTo 3 AKMX HOCATH BHIIAJKOBHIA

XapakTep, € IIJICTaBU CTBEP/KYBaTH, 110 BOHM B OCHOBI CBOIH TaKOX MaloTh

BUITAJIKOBUI XapakTep 1 TOMY MOXYTh IHTEPIPETYBATHUCS K UMOBIpHOCTI. OCKITBKH
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JUISl TIPAaKTUYHOTO BMKOPHUCTAHHS BaXKJIMBO, 1100 1H(opMariis Oyia ajexkBaTHa IO
000X mapameTpax, TO BIAMOBITHO JO TEOPEMU MHOKEHHS WMOBIPHOCTEH 3arajibHUi

IOKa3HUK aJeKBaTHOCTI iHpopmanii K moxe OyTH BU3HAYEHHMH SK:

k@ — g@) K@) (6)
1a)
K A Aty
-I IU " b
0,75 Aty
- :-\
0,5 Atz
i
0,25 |« Aty
:
1o 1 - 3 is t

Puc. 5. 3aranbHuii BUJ 3aK0HYy cTapinusg iHgopmanii

BucnoBok

Po3nin  monorpadii NOpuUCBAYEHO BHU3HAYEHHIO ONTUMAJbHOI  KUIBKOCTI
iH(popMamiiHuX napameTpiB mojeni. Jlo JaHOro MUTaHHA HEOOXITHO MIIXOJIUTHU 3
BEJIMKOI0 OOEPEXKHICTIO, NI TOro MO0 HE BTPATUTU BaXJIMBY 1H(MOpMAIliI0 TpU
3MEHIIICHHI 3arajbHOro ii 00’eMy. BusHaueHHsS KITBKOCTI Ta AKOCTi 1H(popmarlii B
iH(bOpMaIIHIA MOJEII CIIOPYIH MOKIIMBO 3 BUKOPHUCTAHHSAM 3araJiIbHUX TMPUHIIUIIB
00poOku Ta 30epiranHs iH(opmaIllii. 3anpornoHOBAHO AJTOPUTMH Ta METOIU
BU3HAYCHHS YHCIIOBUX 3HAYCHBb HACTYITHUX KPUTEPIiB:

- KpUTEpii BaXKIUBOCTI 1H(MOpMAaIIii;

- KpUTepii TMOBHOTH 1H(OpMAIii 3 BpaxyBaHHAM KPUTEPIIO BaKIMUBOCTI
iH(bOopMaIi;

- MIOKA3HUK aJIEKBATHOCTI 1H(pOpMAIlii 3 ypaxyBaHHSIM CTapiHHS 1H(OpMaIlii.

BuxopucTtanHsi 3anpornoHOBaHHX aJTOPUTMIB Ta METOMIB JO3BOJUTH CKIIACTH
iHbopMaIiiHuil KagacTp OO0’€KTy Ta BHU3HAYUTH ONTHUMAIBHINA 00’€M KIUTBKOCTI

napameTpiB i 3a0€3NeYeHHs HaIIHOCTI Ta CIIOPITHEHUX 3aavax.
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KAPITEL 15/ CHAPTER 15.

INFLUENCE OF DILUTE SOLUTIONS OF POLYACRYLAMIDE AND
NOZZLE TO PIPE CROSS-SECTION RATIO ON NON-UNIFORMITY OF
WATER OUTFLOW ALONG THE PATH IN PRESSURE DISTRIBUTING

PIPELINE
BIIHAHUE /IObABOK IIOJTHAKPUJIAMU/IA U CKBA’KHOCTH HAIIOPHOI O
PACIIPEJIEJIUTE/IBHOI' O TPYFOIIPOBO/IA HA HEPABHOMEPHOCTbD ITYTEBOH
PA3/JAYH BO/IbI
BILIUB JIOJATKIB HOJIIAKPHIIAMIJLY I HITIAPYBATOCTI HAIIIPHOI O
PO3IHOJUIBHOI' O TPYBOIIPOBO/IY HA HEPIBHOMIPHICTH HITIAXO0BOI PO3/TAYT
BOJIH

DOI: 10.30888/978-3-9821783-5-6.2020-02-03-015

Beryn

Hamipni po3noainsai TpyoonpoBoau (PT) 3 1UCKpeTHOIO NUISIXOBOIO PO3Aayueto
PIIMHU 3aCTOCOBYIOTBCS B PI3HMX TEXHIYHUX CHCTEMax: BOJOINOCTAa4aHHI Ta
BOJIOBIABEACHH] (CIIPUHKJIEPHI Ta JPEHYEPHI MPOTUIIOKEKHI CHUCTEMH, (UIBTPU
CIOpPYA JUIA OYHIIECHHS TMPUPOJHUX 1 CTIYHUX BOJ); Iipuramii (KpalulhHHE,
BHYTPIIIHBOIPYHTOBE ¥ TOBEPXHEBE 3POIICHHS); CUILCHKOrOCMOAAPChKINA aBiailii
(OOmpUCKYBaHHS  POCIMH); BEHTWIALNI  (MPUIUIMBHI ~ CUCTEMH); EHEPTeTHIIl
(OpuskanbHi OaceHM 1 TpagUpPHI CHCTEM OXOJIOJDKCHHS IUPKYISMIHHUX BOJ
TEIUIOBUX W aTOMHHX €JICKTPOCTaHIIii1); BOMHOMY TPAaHCIOPTi (PO3MOIiUIBHI CHCTEMH
KUBJICHHS LUIIO31B); MamMHOOYyAYBaHHI (pO3MOJIBHI MAajJuBHI ~ Marictpaii
0araTOIMIIHAPOBHX JIBUTYHIB BHYTPIIIHLOTO 3rOpsiHHS) i iH. [1].

Sk mpaBWIIO, TEXHOJIOTIUHI MPOIECH MOTPEOYIOTh 3a0e3medYeHHs] PIBHOMIPHOT
po3naui pimunau y3gaoBx PT. Jlocsrnenns piBHomipHoi pobotu PT 3a ymoBu
dQ/dx = const € ckimagHOIO 3amadyero. ToMy CTaBUThCA 3ajada 3MEHIICHHS
HEPIBHOMIPHOCTI NUIAXOBOI po3aaul piguHu 3 PT. 3ampomnoHoBaHi pi3HI METOAH
peamizamii 1i€i 3aga4i. BupiBHIOBaHHS NUISIXOBOI posfayi piaguHu 3 HamipHux PT
JOCSITal0Th 3MEHIeHHsM jgiamerpa PT y nHampsmky mnotoky [2], a Takox
3MIHIOBaHHSAM ImapyBaTtocTi PT 3MeHIIEHHAM 10 HOTo JOBXHHI BIJICTaHI MIXK
BUITYCKHUMH OTBOpPaMHU Ta 30UTBIICHHSAM TX IUIOIII Y3J0BX IMOTOKY. BusBieno [3],
0 HEPIBHOMIPHICTh ILISAXOBOi po3aaul Boau 3 KoHiuHoro PT wmenma, HiK 3
nuniagpuanoro PT. Haiimenmoi HEpiBHOMIPHOCTI JOCATHYTO, KOJIM BX1JTHHMA
niameTp KOHIYHOTO PT Dyeg BABIUI HepeBeplilyBaB KiHLEBHM HiaMeTp Deng. [Tomanbie
30UIbIICHHS]  CHIBBiAHOIICHHS  JgiaMeTpiB  Dpeg/Deng  BUKIHKAIO  3pOCTaHHS
HEPIBHOMIPHOCTI IIJIAXOBOI po3aadi Boau [3].

BucnorneHo 3a0ran nmpo MOXIMBICTh 3MEHILICHHS HEPIBHOMIPHOCTI HIJISXOBOT
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posnaui Boau 3 HamipHoro PT yBefeHHsIM y TOTIK MajuxX KUIBKOCTEH OJATKIB
nomakpmwiaminy (ITAA) [4]. Lle npumymieHds 3 4acoM MATBEPAUIOCh. Y poboTi [5]
P TeYii BOJHOTO PO3YHMHY MOJIETUICHOKCHIY Y TPYOOTIPOBO/Ii 3 KPYTIUM OTBOPOM
y CTIHIII OTPMMAHO 3MCHIICHHS IIeperaay THUCKY ITOPIBHSHO 3 aHAJIOTIYHUMH
yMOBaMH IUTMHY BOJIM. TakoX HaMU OTPUMAaHO 3MCHIIICHHS HEPIBHOMIPHOCTI po3aadi

piauau B310BXK PT mpu Teuii BoAHUX pOo34YHHIB MOdiaKkpuiamigy [6; 7].

15.1. ITocTaHOBa eKCIEPUMEHTY

Merta poOOTH - TOCHIIKEHHS BIUIMBY JIOAATKIB MOJIaKpUIaMITy 1 IIIApyBaTOCTI
PO3MOIIILHOIO TPYOOIPOBOY HAa HEPIBHOMIPHICTH IIISIXOBOI PO3/1ayi BOJU 3 HHOTO.

JlochipkeHHST TIPOBENEHO Ha EKCIEPUMEHTaIbHOMY CTEH[Il, OMHCAHOMY B
pobotax [7; 8]. 3acrocoBano aBa PT 3 onHakoBUMHU BHYTPIIIHIMU JlaMETPaMU
D =8,21 mm 1 piBHUMH JOBXXKHHAMH, OJHAK 3 PI3HOI KUIbKICTIO N BHITYCKHUX
MATIHAPAYHAX HACaJOK. 3arajbHa JOBXHWHA TpyOompoBoay mopiBHioe 3043 am .
HomxuHa i#oro mepdopoBanoi minsaku L = 2644 mm (puc.l). Marepian tpyd —
cTanb IpxocTiiika. 3’enHaHHs TpyOompoBony (Quanuese. IlImapysaricte PT

obuuncroBany 3a popmyioro [9]:

c-N-ow
f="——, (1)
Q0
2
Ie @ — TUIoNIa TIOTIEPEYHOro Iepepidy BHUITYCKHOI Hacaaku, @ =——,

3aCTOCOBAHO IWJIIHAPUYHI Hacagkd 3 BHyTpimHIM giamerpoM d =3,2 mm Ta
D?
noxuaoto |=8d; 2 - mnoma mnomepeuHoro mepepizy PT, Q=——; ¢ —

KOe(DIIIEHT CTUCHEHHS CTPYMEHIO PIIMHM Yy HACaAIl, JUIsl MWIIHAPUYHOT HACaIKH
¢ =1,0.
HepiBHOMipHiCTh TUISIXOBOT po3naui  piauau 3 PT  oGumcmroBanm  3a

BIJIHOILICHHSIM BUTPAT Kpi3b Nepiry ¢, i ocTaHHIO (, , BUMyckHi Hacaaku [10]:

n=-t @
qend

3HAaYEHHS BUTpAT PIAMHU (|, Kpi3b KOKHY BUITYCKHY HAacaJKy BCTAHOBJIHOBAJIU

00’eMHHM CIIOCOOOM.
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Puc. 1. CxeMu gociizKeHUX po3noJijibHUX TPYOONPOBOAIB 3 Pi3HUMHU
mmapyBaroctavu f 1,063 (a); 1,671 (6): 1-11 — BUMyCKHi HaCaaAKH;
1'-12' — mTyuepu Ajds NPUEIHAHHS iMITYJILCHUX TPYOOK, CIIOJIy4yBaHHUX 3

n’e3omMeTpamu (po3Mipu moaaHi B vm )

KoedimieHT HepiBHOMIPHOCTI 3MIHM BHUTpPATH pIIMHA 1O JOBXUHI PT
obuucnoBanu 3a popmyroto [10]:
2
A:877 +977+23. (3)
5-(n+1)

KoedirmienT nuckpeTHOCTI 3MIHU BUTPATH piauHU 110 JoBxuH1 PT oOuunciroBamu

K, = (1+%j :
N

3a (hopmyrtoro [10]:

(4)

15.2. AHaJi3 pe3yJabTaTiB 10CTiIKEHb

3a HaIUMHU eKclepuMeHTalbHuUMK gaHuMu (puc.2) [7] mns PT npu ioro

mmapyBatocti f =1,671 (puc.1,0) HepiBHOMIPHICTh MUIIXOBOI po3/aayi Boau 77 Oyna
piBHoto 2,770, a npu f =1,063 (puc.l,a) HepiBHOMIPHICTh 77 3MEHIIHIAch 10 1,712

(rabs.1). ToOro MeHIIOMY 3HauYeHHIO mmmapysarocti f BiamoBimana MeHIa
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HEPIBHOMIPHICTh HUISIXOBOI po3maui Boau 7 3 PT. Lle crocyerhcs Takox 1

KoedilieHTa HePIBHOMIPHOCTI 3MiHM BUTpaTH A mo gomxkuni PT (tabn.l). Ilporte,

11 Koe(ilieHTa JUCKpeTHOCTI 3MiHM BUTpaTh K, mo nosxkuHi PT cnoctepiraerscs

obOepHeHa TeHAeHIIis (Tabm.1).

|

g/
O
0,8 e ®
o)
o Ooa Ol o .
0 © -1
O Ol o o
o|o
0.4 o o5
o1
0,2 H©2
o3
0,0

o0 02 o4 06 o8 XL
Puc. 2. HepiBHOMipHicTh HLIAX0BOI po3aadyi pinunu 3 PT 3i mmapysaTicTio
f:1,063—(1); 1,671 — (2, 3) npu Teuii Boau (1, 2) Ta BoaHoro po3uuny ITAA 3
MacoBolo kounentpanicro C =10 x2/on’® (3); (X/L— BinHocHa q0BKUHA

nepgopoBanoi yactunu PT; X — Bigcrans Bix mouarky PT 10 i -oi BumyckHoi

HACAJKH)

Taoauua 1
3MeHIIeHHS HePiBHOMIPHOCTI po3avi BOAM 3 pPO3NOALITbHOTO

TPYOONPOBOAY 32 JONMOMOIOK0 J0JAATKIB MOJiaKpUIaAMIiTy

Y/u | Inapysaricts PT Po6oua Hepisaomiphicts | KoedimienTtu
piauHa n A K,
1. 1,063 BOJA 1,712 0,991 | 1,148
BOJA 2,770 1,257
2. 1,671 BOJITHUN 1,093
posunn TIAA 1,770 1,147

[Ipu posmaui BomHoro po3unHy I[IAA 3 MacoBOW KOHIICHTPAIIEO

C=10" xz/om® i3 PT 3i mmapysarictio f=1,671 oTpuMaHO HepiBHOMIpHICTEH
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HUIAX0BO1 po3aaul piguau n=1,770 (tabdn.1), To6TO MpUOIM3HO TaKe caMe 3HAYCHHS,
sk mpu po3maui Bomu i3 PT 3 f=1063 (7=1,712). 3nauenus koedimieHTa
HEPIBHOMIPHOCTI 3MIHU BUTPATU BOAMU MO AOBXKUHI PT Ap=l,l47 npu f=1,671 Ta
A,=0,991 nmpu f=1,063. Tyr iHmekc W mnpu koedimieHTax A BIIHOCUTBHCS 10
MTOTOKIB BOJIH, a IHIIEKC [P - /10 TIOTOKIB BOJHM 3 TOAATKaMH TOJTiMepa.

Sk GaunMmo, HEPIBHOMIPHICTh NUIAXOBOi po3fadi Boau 3 HamipHoro PT
3MEHIIIYETHCS 3a JIOMOMOTOI0 YBEACHHS y IMOTIK BOAM MaJioi KUTBKOCTI JTOJATKIiB
BOJIOPO3UMHHOTO TOJIiIMEpa 3 JIAHIIOKKOBOIO OyAOBOIO MOJeKyl, sikuM € [IAA.
Takox mMOCIa0II0EThCS HEPIBHOMIPHICTh INUIIXOBOI  po3gadi  piguau 3 PT
3MEHIICHHSIM ImnapyBaTocTi PT.

Ipu Teuii BogHOro posunny ITAA 3 Macosoro konuenTpauiero C=10" xz/om’
B PT 3i mmapysarictio f =1,671, mopiBHAHO 3 TeYi€l0 BOJHW, MOCIAOICHHS
HEpIBHOMIPHOCTI 77 Ta KoedilieHTa A TMOSCHIOETHCS 3MEHIIEHHSM BTpPAT HAopy
nonatkamu [TAA Ha minsHkax PT micns BUIYyCKHMX HacaJoK, A€ OCHOBHHUM TOTIK B
PT posmuproeTsest miciis BiJl €IHaHHS CTPYMEHS KPi3b HACa/IKy, a TAKOXK 32 PaXyHOK
nociabieHHss TepTs mo JaoBxuHI PT Ha AUIIHKaX MK CYCIAHIMH BHITYCKHUMH
HacaJKaMH, 332 YMOBU TypOYJICHTHOTO PeKUMY Tedil Ha mux aiasakax [11; 12]. Ipwu
bOMY T1JpaBiiuHi onopu B PT 3 AMCKpEeTHUM 3MEHILIEHHIM BUTPATH POPMYIOTHCA 3a
3aKOHaMH piBHOMIpHOTO pyxy [13].

3pocTaHHsl HEPIBHOMIPHOCTI 77 HUISAXOBOI po3nayi Boau 3 PT mpu 301iibI1eHH

mmapyBatocti PT f ymMoBHO MokHa po3risigaTv sK Jif0 JOJATKOBUX BHUCTYIIIB

IIOPCTKOCTI, KOTP1 ICTOTHO TYpOyMi3yIOTh MOTIK 1, IK HACTIAOK, 30UIBIITYIOTh BTPATU
Haropy B HpoMy [14].

[lepeBipuMO TPUNYIICHHS IIOAO MOCIA0JIEHHS HEPIBHOMIPHOCTI MHIISXOBOT
poznaui Boau 3 PT 3MeHIeHHaM Horo mmapyBaToOCTl TaK camo, SIK 1 BIUIMB JOJATKIB

ITAA. JIns 11bOr0 3aCTOCYEMO MOKa3HUK HepiBHOMIpHOCTI @ [3]:

1 » =\
@ = 5B -P) ©)
Ta koedinieHT piBHOMIpHOCTI KpicTtiancena [15; 16]:
N _
254
CU=1-=__ | (6)
N-p
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ne ‘ﬂi —,E‘ — alcomoTHEe BIOXWJICHHA BapiaHTu f3 _4 BiJl CEPEIHBOTO
1
3HAaueHHs BUGIpKY f3
N
_2h
=L ™
d N

Ha oxHOpimHicTe aBOX BHOIpOK (Ta0i.2) BKa3ye OJHOPITHICTH JBOX
reHepalbHUX CYKymHOCTel 3a t-kputepiem CrTbloIeHTa, MPHUMHATA HA PiBHI
3Hauymocti 0,05. [Ipu npoMy piBHICTH IUCIEPCIA BOX T'€HEPATbHUX CYKYIMHOCTEH
3a kpuTepieM Dimepa mpuiiHITO 3 piBHEeM 3HauyIocTi 0,05.

3a manuMu TabI1.2 ofepKaHO TaKl 3HAYEHHS MOKa3HUKA HEPIBHOMIPHOCTI @ Ta
koepirmienTa piBHoMipHOCTI KpicTiancena CU :

— g BogHoro posunny [TAA: @=0,140; CU = 0,849;

— g soqu:. @=0,125; CU = 0,873.

Orxe, 3MeHmeHHa mmapyBatocti PT mae nemo Ounbliie  3MEHIICHHS
HepiBHOMIpHOCTI po3gadi Boau 3 PT. Ilpum mpomy 3a kpurepiem @Dimepa 1ie
3a0e3neuyeThes 3 piBHeM 3HagymocTi 0,1.

3MmenmmTH mmapyBaTicTe PT Mo)kHa 3armymnryBaHHSM YacTHHH BHUITYCKHUX
Hacagok. OJHaK, Takuil MeTOJ| MociaabJieHHsS HEPIBHOMIPHOCTI NIJISXOBOI po3jaadi
Boau 3 HamipHoro PT He 3apxnu BunpaBmanuii. Hanpuxman, B TOJMBHHX
TpyOONpOBOJaX BUITYCKHI HACaIKH PO3MINIYIOTh OUIS KOXXHOTO JepeBa YM KyIIa.
3arnynryBaHHS OKpPEMHMX BOJOBHUITYCKIB T030aBJisie BIAMOBIIHI POCIUHM BOJU Ta
HETaTUBHO BIUIMBA€ Ha iX pICT 1 ypoxkaiHicTb. OJHaK, B TPaAUpPHIX aTOMHUX 1
TETJIOBUX EJIEKTPOCTAHIIIM 3aCTOCYBaHHS TakOTro MeToay Moxumse. [Ipote, He 3a
PaxyHOK 3arjiylIyBaHHS OKPEMHUX BUITYCKHHMX HAcaJOK, a 301UIbIIeHHsIM aiameTpa D
PT, 3miHIOBaHHSM MONEPEYHUX PO3MIPIB HACATOK, TOOTO IUIOINI JKUBOTO TEPEPizy
CTPYMEHIB, sIKi BiAramykywThcs Big PT, a Takox 3MIHIOBaHHSIM BIJICTAHEW MIXK
BUITYCKHHMH HAacaJIKaMHU.

Bukopucranus mpomatkiB IIAA, oxpim ontumizamii podorn PT [6; 7],
0JIarOTBOPHO BIUIMBAE HA PO3BUTOK POCIMH 1 CTaH TIPYHTY. 3POIICHHS BOJIHHUM
pozuuHoM [TAA 3amo0irae moBepxXHEeBe YIIUILHEHHS 3eMJIi i yTBOpeHHs Kipku [17],
ycyBae mposiBu epo3ii rpyHry [17; 18].

PimieHHss 1100 BUKOPHUCTaHHS OJIHOTO 3 JIBOX CHOCOOIB 3MEHIIEHHS
HEPIBHOMIPHOCTI po3aadi piauHH 1Mo AoBxuHI PT mpuiimMaroTh Ha OCHOBI TEXHIKO-

€KOHOMIYHOTO TX TOPIBHSHHS.
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Taoannga 2

Buxinni gani ag po3paxyHky ontuMizanii poéorun
po3noaijibHOro Tpydonposoay 3i mmapysatictio f =1,469
Boauwuii po3urH nosiakpuiaminy 3 Bona B PT 3i
X/L MacoBoro Kounenrpaniero C =107 Ke/ o’ IMapyBaTiCTIO
B PT 3i mmapysarictio f =1,671 f=1,063

i Gi /G i Gi /Ch

0,122 1 1,000 1 1,000

0,364 2 0,757 2 0,780

0,455 3 0,495 3 0,783
0,517 4 0,828
0,578 5 0,500

0,638 6 0,676 4 0,780
0,698 7 0,678

0,759 8 0,661 5 0,706
0,848 9 0,669

0,908 10 0,601 6 0,632

0,970 11 0,565 7 0,584

Ipumimka:. | — nopsoosuti Homep 60008unycknoi nacaou 6io nouamxy PT
(puc.1).
Bucnosxku

[Toka3zano, 1m0 mMmocna0JeHHsS HEPIBHOMIPHOCTI IUISXOBOI po3/dadi BOAU 3
HaIMpPHUX PO3NOAUIBHUX TPYyOONPOBOIIB JOCATAETHCA YBEJEHHSM Y MOTIK J0JATKIB
BOJIOPO3UYMHHHUX MOJIMEPIB 3 BUCOKOIO MOJIEKYJSPHOIO MAacor0 Ta JIAHIIIOKKOBOIO
OyZI0BOIO MOJIEKYJI, HAMPUKIIAJ, MoMiaKkpmiaminy. Takuii camMmuil 3a 3Ha4Ye€HHSIM e(eKT
OTPUMYETHCSI 3MEHIeHHsM mmapyBaTocti PT. VBenenus nomatkiB edeKkTHBHE B
ipurailii, a 3MEHIIEHHs IIMapyBaTOCTI y CUCTEMax, /1€ JOMYCKAEThCS 3MIHIOBAHHS
B1JICTaHEW MK BUITYCKHUMH HAcaJKaMH Ta IXHIX MONEPEUYHUX PO3MIpIB, TOOTO IO

’KUBOTO TIepepi3y CTPYMEHIB, SIK1 BIATayKytoThes Bij PT.
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