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AHAJII3 POBOTHU TEILJIOBOT'O HACOCY B CUCTEMI HU3bKOTEMITEPATYPHOT

PEKTU®IKAIIII CYMIIII ITPOITAH-BYTAH

B poboti mpeacrasBnenunit ananiz podOTH TEIIOBOIO HACOCY B CHUCTEMi HU3BKOTEMIIEPATYpHOI pekTudikamii cymimri
NponaH-0yTaH, MO0 MOXHA PO3IJIAJAaTH SK MOYATOK TEOPETHYHOTO JOCITIPKEHHS OJHOCTYIEHEBHX KOMIIPECOPHHX
TEIJIOBUX HACOCIB B MaJluX CHCTEMax HHU3bKOTEMIlepaTypHOI pekTudikaiii cymimi ByrieBoaHiB. [IpomaH BHCOKOT
YUCTOTH OTPUMYIOTH 3 CyMilli NpOnaH-OyTaH HU3BKOTEMIIEpAaTypHOIO pekTudikauiero. Bupimryioun 3aBraHHs
€Hepro30epeKeHHs 3aIPOIIOHOBAHO CHCTEMY «peKTH(ikaliiiHa KOJIOHA — TEIUIOBHH Hacocy, sIKMH TpaHchopmye
TEIJIO, BiJBE/JCHE NPU OXOJOPKEHHI «OTIAYBKM» Yy TEIUIO, LIO0 IOTIMHAETHCS NPH HArpiBaHHI KyOOBOTO 3alIMIIKY.
AHani3 poOOTH TEIJIOBOTO HACOCY OIIIHEHO 3 MO3HIIA TEPMOIUHAMIKA — METOJOM €HEPTETUYHOTO aHaJi3y IUKITY 3
piI3HUMH pOOOYMMH PEYOBHMHAMH, 1 TEXHIKM — BCTAHOBJICHHS BIUIUBY IH)KEHEPHUX (DaKTOPIB Ha XapaKTEPUCTHKH
cUCTeMH. BcTaHOBIIGHO MepeBaru nponany sik pobovoi pedOBHHH TETUIOBOTO HACOCY B CUCTEMI peKTUdiKamii cymimri

npomnaH-OyTaH.

KurouoBi cioBa: TerioBuii Hacoc, pekTu(iKallis, CyMill MpomaH-OyTaH. TePMOJAWHAMIYHUKN aHami3, peKUMHU

poboTu.

Beryn. VY cBiTi i, 30kpeMa, €Bpomni 3IiiCHIOETHCS

JKOPCTKMH MOHITOPMHI 3a THM, 1100 (QTOpOBMICHI
XOJIOZOAreHTH 3 JII0YUX XOJOJMIBHUX YCTaHOBOK HE
noTpamwsuii - B armocdepy. BimnomimanbHicTe  3a
JNOTPUMAHHS  TEXHIKA  €KOJIOTiYHO1 Oe3MmeKu  mpu
eKCITTyaTallii XoJ0IUIbHOTO 00JIaJHAHHS MOKJIAJICHO Ha
CTOKMBaviB. Y Takiii cwHTyamii 0arato XTo BOJIi€
nepeBecTr OOJIaTHAHHS Ha TPHPOJHI XOJIOJO0AreHTH,
Oe3meyHi ISt 030HOBOT'O MIapy 1 KIIIMAaTy.
JI0 eKOJIOTIYHMUX TPUPOIHUX XOJOJOATeHTIB BiTHOCSATH:
R290 — npoman, R600a -Oyran i i300yran, R744 —
nmiokeun Byriemro i R717 — amiak. OqHuM 3 HaWOLIBII
MEPCICKTHBHUX XOJIOJIOATCHTIB BBAXKAETHCSA MponaH. Bin
HC BIUIMBA€ Ha HABKOJHIIHE CEpPEIOBHIIE, HOro
TEPMOJAMHAMIYHI XapaKTePUCTUKU 3a0€3MCUYIOTh BUCOKY
EHEPreTHYHY e(QEeKTUBHICTh XOJOAWIBHUX MAaIlWH 1
TEIUIOBHX  HAcOCiB. €BpoOIeHIli He  TUTBKH €
HAaWaKTUBHIIUMHU B  CBITI  TOKYNIIMH  HOBOTO
oOnajiHaHHS Ha TPOIAaHi, a W MacoBO TEPEBOAATH Ha
HOr0 BUKOPHCTaHHS paHIIIE BCTAHOBJICHY XOJOIIIHHY
TexHiky [1].

IlocranoBKka 3a1ayi B 3arajJbHOMY BUIJsSAi i ii
3B'I30K TEpMOAMHAMIYHMX NPHHINUMNIB CTBOPEHHH
CHCTeMH «peKTH(iKaNiliiHa KOJIOHA-TEIIOBHII HACOCH
3 HAYKOBHMH i NPAKTHYHNMH 3aBJAHHAMH [2]

Cywmimn nponaH-0yTaH OTPUMYIOTh 3a3BHYal JBOMa
criocobamMu — TIpH IepepoOli IMPUPOIHOro Tazy Ha
razonepepoOHux 3aBogax [TI3 i Ha HadTOmEpepOOHHUX
3aBomax HII3, mio BW3Hayae IOCTYNmHY MiHY IS
crioknBada. [lepeBakHO BHUKOPHCTOBYBATH 3DiIKEHHUI
ras, OTpUMaHWH B TpoIieci mepepoOku HaQTH, TaK K BiH
Mae€ OUIBII CTaOITBHUN CKITaL

TexHomoriyamit JIAHIIOKOK BHPOOHUIITBA
3pIDKCHUX Ta3iB MOYUHAETHCS 3 BHIOOYTKY «CHPOI»
HadTH ab0 «BOJOTOro» MPUPOJHOTO ra3y i 3aKiHIYEThCS
30epiraHHsM pinkoi cymimi mnpornaH-OyTaHy, HOBHICTIO
BUIBHOT BiJI JISTKHMX ra3iB, BAXKKOT HA()TH i OYHMIICHOI Bix
CIIIB CIPYMCTHX CHOONYyK 1 Bomu. HeoOXigHIiCTh
OTpUMaHHS, OYUIICHHS 1 PO3MIIEHHS Ta30BOi CyMilll Ha
OKpeMi KOMITOHEHTH BH3HAYA€ThCS B TEPIIy dYepry

BUPOOHWYHMMH, TEXHOJIOTIYHUMHU 200 CKOJOTIYHUMHU
norpebamu. OTpUMaHHS TPOMAHY BHCOKOI YHCTOTH

BU3HAYAEThCSI ~ IHTCHCUBHHUM  PO3BUTKOM  HOBOTO
MTOKOJIIHHS XOJIOAMJIBHUX MAIIUH
OmHuM 3 IMUPOKO  MOIIHUPEHHX  CIOCO0IB

OTPUMaHHS YUCTUX KOMIIOHEHTIB IPHPONHOTO razy —
BHKOPHUCTAHHS HU3bKOTEMITEpaTypHOI pekTudikamii [2].
HusbpkoteMrepaTypHa pekTr(ikariisi 3acCHOBaHa Ha
OXOJIOJDKCHHI I'a30BOi CHPOBMHH 1O TEMIIEpaTypH, NpU
SKIiH ~ cucTeMa TepexomuTh B aBodasHWil  cTaH
(oxonmomKeHUH ra3 i BYIJICBOAHEBMH KOHAEHcaT) 1
NOJAJBIIOMY PpO3JUICHHI Tra3zopiimHHO cymimi 6e3
nonepenHboi  cemapauii B Tapumdactux  abo
HacaJKOBUX peKTH(IKAIIMHUX KoJoHaX. I[IpuHIUIIOBY
TEXHOJIOTIYHY CXEMY Takoi KOJIOHH 300pa)keHo Ha puc. 1.

Hu3bKOKHIUI i HusbKokmms i

KOMITOHEHT KOMITOHEHT
Biapeaene(, . ., .| e =
luu;lt‘r‘l“l "“|_

= B
( Tennormit )
Hacoc )

4 )

Bxiana |
CYMILI [

Bxiana
CVMIII
-

Bucokokmmmami Bucokoku i

KOMITOHCHT KOMIIOHCHT

a 6
Puc. 1 — IlpuHnunoBa cxema peKTU(IKAMIINHOT KOJIOHH
JuIl  po3aijieHHs OiHapHOi cymimi: a — 3 pI3HUMH

JOKEpeiaMu Te1jia, 6 — 3 TEIUIOBHM HACOCOM

© Mopostok JLI., Kocrenko €.B., 2021
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[lepBuHHA CYMIII BBOJUTHCSA Y CEPEIHIO YaCTUHY
KOJIOHH. 3a aKTHBHOTO TEIUIOMACOOOMIHY Y3JI0BXK BCi€i
KOJIOHH 3 PiJMHHM, IO TOTPAIUILE 10 KyOy, BUTATYEThCS
Malke yYBeCh HU3bKOKUIUISTYUNA KOMITOHEHT. 3 TapH, 110
MiTiAMaETbCsl  AOBEPXY, BCTUTAE CKOHACHCYBATHCS
BHUCOKOKHIUISTYMN KOMIIOHEHT.

Ha mnpaktumi ans 3mMiCHEHHS TakKuUX TIPOIECIB
HEOOXiTHO CTBOPWUTH TI€BHI yMOBH IIOJO BHTpaT
KOMITOHEHTIB ~ Ta  eHeprocmoxuBaHHs.  IloTpiOHO
opraHizyBaTu BHYTPILIHIO [UPKYJISLIIO MeBHOI
KUTBKOCTI PIAMHU 1 TApW [UIAXOM TMiJABEICHHS Ta
BiABENEHHS TEIUIOTH [0 BIANOBIAHMX IOUISHOK Ta
3a0€3MCUUTH TOCTATHIO TIOBEPXHIO JJIs1 KOHTAKTY PiIUHH
i mapu (puc. la).

Bupinryroun 3aBJlaHHA eHepro30epesKeHHs,
CTBOPIOETBCA CUCTeMa «peKTHdikaliiiHa KoJIoHa —

TerioBuii  Hacoc» (puc. 10). TeroBuii Hacoc sIK
CcaMOCTiifHa YCTaHOBKAa TpaHCPOpPMYye TEIUIO, IO
BUJUIETHCS B MPOLECI OXOJOMKCHHS «OTIYBKH», B
TEIJIO, IO TOTJMHAETHCA B TPOIECi HarpiBaHHS
KyOOBOTO 3aJIMILKY.

BinMinHoO 0CO0IUBICTIO CHCTEMH
«pekTudikaliiHa KOJOHa — TEIUIOBHMH HAcoc» €

BUKOPHUCTAaHHS TEIJIOBOIO HAcocy, poboTa SKOro He
3aJeXKHUTh BiA TIpouecy pekrudikauii mo pobodii
pPEUYOBHHI, IO TEMIEPATypHOMY PIBHIO 1 TEIJIOBOMY
HaBaHTAXXCHHIO HIDKHBOT YaCTHH KOJIOHH peKTHdikalrii.
BuxopucTaHHs BKa3aHUX CHCTEM Ma€ IIIKOM KOHKPETHI
MeXi, BHU3HAYECHI KJIIMaTHIHAMHA YMOBaMH
HaBKOJIMITHEOTO CEpPEefOBUIA Ta TEPMOAWHAMIYHUMH
XapaKTePUCTHUKAMU ITUKJIIB TEIUIOBUX HacociB, B poboTi
[3] posrmsHyTO CIM TPHUHIUANOBHUX CXEM CHCTEM
«pekTudikamiiHa  KOJIOHA-TEIJIOBUH  HAacoc» IS
PO3IUICHHST CyMillll MPOMJICH-TIPONaH SK 3 MHO3WIIN
TEPMOJAMHAMIYHOI JTOCKOHAJIOCTI, TaK 1 EKOHOMIKH,
ABTOpH JOBOJATH IEpEBard HOBUX IPOIO3MLIN Iepen
3BHYaHMMH CHUCTEMaMH JUCTHIALII Ta 0a30BHMH
cucteMaMu. 3 OIJISIly Ha ICHYIOYl TEHICHIII y PO3BUTKY
XOJIOMMIBHOI ~ TEXHIKH Ta OTpUMaHHI  YHCTUX
KOMITOHEHTIB TMPHUPOJHOTO Ta3zy, IOCHIIHKCHHS, IO
BHKOHYETHCS, € aKTyaJIbHHUM.

Meta. Ha ocHOBI TepMOIWHAMIYHUX TMPUHITUIIB
MPOBECTH aHaji3 pPOOOTH TEIUIOBOTO HACOCY Y CKIaii
cucreMu pekTudikauii OiHapHOI cymimi nponaH-OyTaH 3
OTPUMaHHSM MPOIaHy BUCOKOT YUCTOTH.

MeTtonu JOCTiKeHHS. Texniuna ines
peati3yeTbCsl Ha TNPHKIANi IMOIUTY CyMillli «IpOIaH-
Oyran» JloctaTHpbO  HarajgaTH, 110  HOpMalbHa
TemIepaTypa Kuninus npomnany -42 °C, 6yrany — 0,5 °C.

TexHonoriuHa CcxXema B 3arajbHOMY BHIJIAII
mpeacraBieHa Ha  puc 2. Y TeopeTHUHii
pekTh(ikariifHii KOJOHI TEIUIOBHH HAcOC 3IIHCHIOE
poboTy 3a 1OBOMa  TeMIIEpaTypHHUMH  PiBHSAMU:
TEeMIepaTyporo KOHACHCAIii MPOMaHy i TeMIepaTyporo
kurmiHAsg OytaHy. [TapokoMmpecopHUi TEIUIOBUN HacoC
MICTUTB xomnpecop KM, xongencatop K,
npocensHuid  BeHTwnb TPB, minidiHuit pecusep JIP,
oymBoBiokpemitoBay OB, BimmimoBau piguau  BP,
¢inpTp-ocymHuk @O Ta m0IATKOBI eleMEHTH. YBech
BKazaHMW  OJOK  €JIEMEHTIB  3HaXOIWTHCSA 11032

pexTudikaliiHOl KOJIOHOW. BumapHuk —TemIoBOro
Hacocy B po3MilieHo y BepxHIH 4YacTHHI KOJIOHH,
nonatkoBuii kouaencatop K1 — y ky0i KonoHwH.

X i _E‘.y.\mu

PiLiknii xomoaoarendt

Xoneganii xononoearesT

~————— Tapaunit xononoarcHs

Qmnsa

O6opoTia Boaa

Puc. 2 — IlpuHIIMIIOBA TEXHOJIOTIYHA CXeMa
TEIUIOBOTO HACOCY.

Po6ota TemmoBoro Hacocy 3HIHCHIOETBCS 3a
IIUKJIOM  OJHOCTYIIEHEBOTO CTHCHEHHs. Ilapa pobodoi
PEYOBHHHU, 110 CTUCHYTAa B KOMITPECOPi, PO3IUIIETHCS Ha
JIBa TIOTOKHU: OJIMH TIPSIMYE 10 KyOy KOJIOHH, IHIIHUH - 10
KOHJIEHCaTOopa. Burparn MTOTOKiB BH3HAYEHO
TEXHOJIOTIYHUM IPOIecOM y KojoHi. ITicis xoHmeHcarrii
o0ugBa  NOTOKM  3HOBY 00 emHyroTbesi,  Ilicis
JPOCEIIOBaHHs po0oYa peuoBHHA HAaJXOJUTh Yy BEPXHIO
YaCTUHY KOJIOHH, TaM KHUIIUTh 1 TOBEPTAETHCA Y

KOMIIPECOP.
Amnaniz poOOTH TEIIOBOTO HAacocy 3AIHCHEHO 3
JIBOX IIO3ULIMH.
Tepmoounamixa. TepMonuHAMIYHWIA aHATI3 Ha

nepmid cTamii JocTipkeHHs (aHami3 IMKIY 1 CXEeMH)
pOOUTH BUCHOBOK PO JOIIHHICTh POMOHOBAHOI CXEMHU
1 IUKITY B3araji abo aJisi KOHKPETHUX YMOB €KCILTyaTallii.
[HCTpYMEHTOM TS TOCIIKSHHS € HEPTeTHIHNHN aHaITi3
LUKy TEIUIOBOTO HAacoCy Yy PpEXKHMI CHCTEMH
pexrudikarii.

Texnixka. AHani3 iCHYIOUMX TEXHIYHHUX OOMEKEHB,
acorioBaHUH 3 MOJKIIUBICTIO NPUHIUTIOBOTO
BUKOpPHCTaHHS  (abo  Oe3me4yHOro  BUKOPUCTAHHA)
OKpeMHX eneMeHTiB. [IpupoaHo, TexHidHI OOMEKeHHS
BIUIMBAIOTh Ha CcXeMy 1 mukin MamwuHu. [lpu 1pomy
CKJIAJa€ThCsl TIOTIepeHe (SKiCHE) YSABICHHS PO BIUINB
IHXKEHEPHUX (haktopin Ha TEPMOIMHAMITHI
XapakTepucTuku.  Takul  miaxim oo  peamizarii
JIOCITI/KEHHST JTO3BOJISIE CTBOPUTH PO3YMHHUH KOMIIPOMIC
MIX TIparHeHHsIM 10 MaKCUMaJIbHOI e(peKTHBHOCTI IIUKITY
1 MiHIMaJIbHUIMH BUTpPaTaMH Ha yCTaHOBKY.

Bicnux Hayionanvnoeo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini
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Ha mnepmomy ertami TepMOAWHAMIYHOTO aHAI3y
BU3HAYAIOTHCS TeMIepaTypHi MexXi pobotn
peKTH]IKAIITHOT KOJIOHH 1 TEIUIOBOI'0 HACOCY B CHCTEMI,
MPUHAMAIOYH, M0 IUKIU 3TiIHCHIOIOTHCS MIX JDKEpeaMu
3 TMOCTIHHMMH TeMmIepaTypaMu Ta 03 30BHIIIHIX
HE3BOPOTHOCTEH.. Takuit miaXig 0 po3TIIsIIaHHs SIBUINA,
o0 BigOyBa€ThCs, CIPOIIYE aHANi3 MUKIIB TETJIOBOTO
Hacocy [4]. IIpuHInnoBa MOXKINBICTE pOOOTH TETIIIOBOTO
HAcOCy II0 3BOPOTHOMY TEPMOAWHAMIYHOMY LHKIY 3
JIBOMa JpKepeslaMH TeIula CTAaHOBHTH!

* temn0 Quik MIBOAUTHCS NpU  Temrepatypi Tiux
KOHJICHCallii HU3bKOKHUIIISTYOI0 KOMIIOHEHTA (TIponaHy);

» terio Qopx BinBogUTHCS mpu Temneparypi Topk
KHITIHHS BUCOKOKHUIUITYOTO KOMIIOHEHTA (OyTany).

3arajgpHUi eHepreTMUHUi  OajmaHc cucTeMu 3a
TIEPIINM 3aKOHOM TEPMOJMHAMIKA MOXXHA BU3HAYUTH SK:

Qo + Q}c - AQK = QK[[K + QaBK (1)

IIpaBa 4acTMHA PIBHSHHS XapakTepHU3Ye KOJIOHY,
JIiBa — TEIIOBHUI HACOC

PexxuM THCKIB BH3HAYEHO B 3aJ€KHOCTI BiJX
pexuMy  Temmepatyp. TemmepaTypa — KOHACHCAIil

YUCTOrO KOMIIOHEHTa Yy BEpXHIM YacTHHI KOJIOHH
ctanoBuTh Tx=f(Tcp) 3a THCKOM prrix= f(Tcp), 3T1THO 10O
LILOTO THCK KHITIHHS KOMIIOHEHTa Yy KyOl — purk= PoBK
Ta Temmeparypa Topx=f(pox), Y BIONOBIOHOCTI [0
0ajaHCcy CHCTEMH CyMIIl IOBHHHAa MaTH IapaMeTpu:
temuepatypy 1ev= ITcp, TACK Pen= Pruk. Ta BUTPATY Gey

G =Gy +Gyp ()

c.

Hpyruit eram aHamizy — BBEACHHS 30BHIIIHBOI
HE3BOPOTHOCTI B TMpPOIECH TiABEACHHS 1 BiIBEICHHSI
TEIJIa Ta BU3HAYCHHS peajbHUX YMOB pPOOOTH CUCTEMH.

PoGoua pedoBHMHA TETUIOBOTO HACOCY 3IIHCHIOE
mukn B iHTepBanmi Temmepatryp [>T -opx Ta To<Tinx
BiTHOCHO 10 KoJoHH. Toni temmeparypHi piBai T, T, €

GyHKIIIMU AT =T T,x Ta AT,=Tinx-To.
TemmnepaTypuuii  pexxuM y  KOHIEHcCaropi, IO
OXOJIO/IKYETHCSI HABKOJIMIIHIM CEPEOBHIIEM, CTAHOBHTh
AT =TT cp.

Piznuui TEeMIIEpaTyp €BPUCTUYHO 3ajae

NpOEKTYBalIbHUK. LIMKII TEmIoBOro Hacocy HaJaHO Ha
puc.3.

T

i

al. L __I AT

Puc. 3 — [{uki TemioBoro Hacocy 3 IBOMa KOHICHCATOpaMH B Jiarpami TeMIieparypa—eHTporis 7-s.

Tperifi eran aHamizy — BH3HAYCHHS TEIUIOBUX
HaBaHTaXeHb Ha TEIUIOOOMIHHI amapaTd CHUCTEMH Ta
eHepreTHyHoi e()eKTUBHOCTI TEIUIOBOT'O HACOCY

Iumomi  xapaxmepucmuku  Yukiy  mMenjiogozo
Hacocy, 3rimHO 10 puc.3 3 3aIydeHHSIM pPEKOMEHIAIiH
pobotu [5], MaroTh Taki MaTEMAaTUYHI BUPA3U:

MacoOB€ TEIUIOBE HABAHTAXKCHHSI HA BUITAPHHUK:

q, =h —h,,, <Jx/xr )
MacOB€ TEIUIOBE HaBaHTAKEHHS Ha KOHIAEHCATOD:

q.=h, = hy,, Jbr/xr “4)

aniabaTHa poOOTa CTHCHEHHS:

w, =h,~h,, kJx/Kr ®)]

a
IHIUKATOpHA poOOTa CTUCHEHHS:

w, =w, /n,,, KK/ xr, (6)

i

me: p, - inpuxkaropuuit KKJI komnpecopa;

teopetnynuit COP nukiy:

COPmeap :qo /‘/Vz’ > (7)

TloBHiI TemUIOBI HaBaHTAXXEHHS HA TEIUIOOOMIHHI
amapaté  OTPUMAOTh 3  CHEPreTHYHOro  OanaHcy
0o=0nx. TermoBi HaBaHTaXXeHHS Ha pPEKTHQIKALIAHY
KooHy Qurx Ta (Qopx BHU3HAYAKOTH 3a METOJUKAMH,

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
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HaJlaHUMH y poOoTi [4] i B JaHOMY IOCIIIKCHHI
MPUAMAIOTHCS 3aJAHHMH BEJIMYHHAMH.
TosHi xapakmepucmuku menio8020 HAcocy:
Macosa BuTpaTta pod6090i peuoOBHUHU:
Ma:Qa/qo,Kr/c ()
3arajbHe TEIUIOBE HABAHTAKCHHS HA KOHACHCATOD:

Q.=M,q, kBT 9)

I[OJ'IH TCIUIOBOTO HABAHTAXXCHHA Ha KOHACHCATODP,
1o BIIBOJIUTHCS Y HaBKOJIMIITHE CEPEITOBUIIIE:

Q«,p =Q< _QJBK’ kBT (10)
EdexruBHa NOTYXHICTH KOMIpecopa

N,=M,w, /n,, KB an
ne #. - epextuBauit KKJ] xommpecopa [5]

Hiticauit COP TemmoBoro Hacocy:

corp,,., =0,/ N,, (12)
COP BignosinHoro uukiny Kapno

COP, o = Tt | (Topse =T i) (13)

CryniHe TepMOAMHAMIYHOI TOCKOHATIOCTI ITUKITY

nCTﬂ = COP@iﬁcu /COPKaPUO’ (14)

Teoperndna 00’emMHa MIPOYKTHUBHICTH
KoMIIpecopa:

Vh = Qovsc /qo/l7M3/C (15)

€ Vgc — INUTOMHHA 00’€M poOOYOi PEYOBHHM Ha
BCMOKTYBaHHI Y KOMIIPECop,

A — koeimieHT nogaBaHHA[S |

3a ngBOMa xapakTepuUCTHKamMu (piB.
BHOMPAIOTH KOMITPECOP.

Po3pobnena MaremMaTHYHA MOJIENb aHAII3y POOOTH
TEIUIOBOTO Hacocy SIK eJeMeHTa CHCTEMHI
«pektrdikariiina KoJjoHa - TEIUIOBUHA HACOC» € OCHOBOIO
JUTSL 9UCIIOBOTO MOJICITIOBAHHS.

Ipuriaax po3paxyHKy TeEILUIOBOTO HACOCY LI
cucteMn pekTudikanii cymimi npoman-OyraH 3
OTPHMAHHSIM MPONAHY BHCOKOI YHCTOTH.

Jns po3paxyHKiB BUKOPHUCTAaHO JaHi poOir [6]. 3
PO3AUICHHS 1 OYMIIGHHS Ta30BOi CHPOBUHH, IO
BUTATYETBCS 3  PI3HUX  pojoBull. BupoOHuiTBa
OpiEHTOBaHI Ha TEPEepPOOKY BYTJIEBOAHEBUX CyMiIleh 3
PI3HHMHU KOHIICHTpAIISIMH KOMIOHEHTIB. baraTomisboBi
YCTAHOBKH J03BOJISIIOTH BUPOOJATH y YHCTOMY BHTIISAI
MIPOITiJICH, TIPOTIaH i i300yTaH.

IIportecu B ycTaHOBKax 0a3yloTbcsa  Ha
MOCJITOBHOMY BiJUIIICHHI JTOMIIIOK B PeKTH(DIKAIHHUX
KoJIoHax. PoOora amapariB JOCATA€ThCS  3aBISKH
ABTOMATH30BAaHOMY IMapOKOMIIPECOPHOMY TCILIOBOMY
HACOCYy 3 CHEPreTHYHHM 3a0e3ICUcHHsIM B JIiana3oHi
Temneparyp - 45 ... +45 ° C. Po3po0ieHi nporpecuBHi
CXeMHU TepepoOKH, B pe3ylbTaTi SKUAX IOCATAFOTHCS
MPAKTUYHO  OEe3BIAXOMHI  TEXHOJIOTIi  OTpUMaHHS
iTHOBHX TMPOAYKTIB. B po0OOTI mimmaHOo MOCHTIIHKSHHIO
NEepIINA  CTYIIEHh CHCTEMBI — OTPHMAaHHS IIPOIAHY
BHUCOKOI YUCTOTH.

Buxigni maHi IS po3paxyHKY €HEPreTHYHUX
XapaKTePUCTHK KOJOHH:

SKICHMH CKJIaJl CyMilli — ponaH-0yTaH;

11 Ta 15)

MacoBa KOHIIEHTpAIlii KOMIIOHEHTIB —  MPOMaH
60%, Oytan 40%;
pO3paxyHKOBa  TeMmIeparypa  HaBKOJMIIHBOTO

cepenoBuna 7,.,=20°C;
HNPOIYKTUBHICT KOJIOHU — Gey= 2 T/100Yy.
Po3paxyHkn eHepreTH4HOro 3a0e3MeYeHHST KOJIOHH
3MIMCHEHO 3 BHKOPUCTAHHIM KOMIT IOTEPHOI TpOTrpamMu
«Aspen HYSY S». pesynbraTi HaBeneHo y Tabmui 1.

Tabmuug 1 — Xapakrepuctuku pekTu(ikaliiHoi KOJIOHH Y PO3paxyHKOBOMY PEXUMI

[Tapametp OpuHMLI BUMIpY Cymimn «OtayBKa» Ky6
Temneparypa °C 20 -6,3 29,74
Tuck MlIla 0,5 0,49 0,5
Macosa BuTpara KI/Tof, 83,3 27,83 55,17
Konuenrparist 6yrany % 60 0,01 99,87
KoHuenrpauist mpomnany % 40 99,99 0,13
TemnoBe HaBaHTAKCHHS kBT — BinBeaene 14,29 migseaeue 9,05

Buxigui gaHi TEIUIOBE HAaBaHTaXeHHA Ha KoHaeHcatop K /I:
TEIUIOBOIO HACOCY:
temrieparypa kouaeHcamii 7x=T,px + AT,=40 °C
temrieparypa KumuaHs 1,=Tux + AT,= -15 °C
poboui pedoBuHn — R134, R290

TCIJIOBEC HABAHTAXXKCHHA HA BUITAPHUK B:

IUIs  PO3PaxyHKY XapaKTepHCTHUK
Owrx= Qo = 9,05 kBt

Po3paxyHku 3aiiicHeHO 3 3alydeHHSIM piB. 3—15 Ta
METOIMYHUX peKOMeHAamiin podotu [5], pe3yapTaT

HaBeJCHO y TaOuIIi 2.
Q(): QKHK:14,29 kBT

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
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Tabmuus 2 — XapakTepUCTUKU LUKIIIB TEIIOBOTO

Hacocy Ha R134 Ta R290
Xapaxkrepuctuka | OnuHULI. BUMIPY R134 R290
9o kJx/kr 133,3 251,0
qx K JIx/KT 171,7 324,6
Wa kJIK/KT 41,67 72,80
Wi kJDK/KT 55,56 97,10
COPoeop - 2,40 2.58
M. Kr/C 0,107 10,0569
O« kBT 18,34 18,43
chp kBTK 9,29 9,36
N: kBt 8,86 6,36
COPiicn - 1,61 2,24
Vi M3/c 0,0185 |0,0133
COP Kapmo - 7,44 7,44
nem - 0,21 03
Po3paxynku mokazanu 3HAYHy BIiJMIHHICTb

MUTOMUX XapaKTePUCTHK TEPMOJMHAMIYHUX IMKIIIB, IO
BU3HAYMJIO 3MiHYy MacoBOi BHTpaTH po0OOYOi peuOBHHH,
CIOXKMBAaHOI MOTY)XKHOCTI KOMIIpecopa 3a MOCTIHHOTO
TEIJIOBOTO HABAHTA)KEHHS HA BUIIAPHKK Ta KOHAEHCATOP.
CrymiHp TePMOAWHAMIYHOI JOCKOHAIOCTI HE TIEPEBHUIILYE
3nagenss 0,3.

AHaniz  pesyabTaTiB  pocaimkxenns. s
IPOBEJICHHS aHaNzy XapaKTePUCTUKH, 1o
MOPIBHIOIOTKCS, HaslaHi y Tpadiuniii popmi (puc. 4).

CcoPp O0'emHa
22;1 TIPOTYKTHBHICTE
0,034
1,
61
0,018
> 0,013
3
mR134 R290 mR134 R290 LiAcHWiIA
a 7]

Puc. 4 — TlopiBHSUIBHMH TEpMOJMHAMIYHMN aHami3 3
BHOOpY p0o0O0OYOT pEUOBHHH JI0 TEIFIOBOT'O HACOCY:

a — xoediuient nepersopennst COP,

6 — TeopeTHYHa 00'eMHA MPOIYKTUBHICTH KOMITpECopa

Sk Oyno cka3aHo Bille, aHani3 poOOTH TEILIOBOTO
Hacocy 3A1HCHIOETHCS 3 ABOX MO3MUIIIH: TEPMOJUHAMIKH 1
TexHIKH. [lOpiBHSUIbHMI EHEpPreTWYHUH aHaji3 IMKIY
OJJHOCTYIICHEBOTO TEILUIOBOTO HACOCY 3 ABOMA POOOYUMHU
pedoBmHamMu (puc. 4a) mokas3aB sBHy mepeBary R290,
koedimient neperBopernss COP(R290) simmit va 40 %.
COP(R134), To Toro x cmixm pomatv, mo R290 e

Crimcok niteparypu
1. EBpoma: KOHIUIIMOHEPHI

AKBATEPM,  suBapb
articles/articles 269.html

MEepexo;sIT Ha  IpPOTAH,
2013;  https://aqua-therm.ru/

MPOAYKTOM pekTHudikamii, 1 ueil ¢akr, 3 O3
TEXHIKH, CIIPOIIYE YMOBH EKCIUTyaTalil BCi€l CUCTEMH.

[Toka3HMKOM sl TEXHIYHOTO aHamizy € rabapur
mukny (puc. 40) — wMacorabapwWTHI XapaKTCpHUCTHKH
KOMIIPECOpa, MI0 AacoIlifoe 3 HOro TEOPETHYHOIO
06’eMHOI0  mpoxayKTHBHiCTIO V)  (M/c).  Slkmio
MOPIiBHIOBATH 1B po0OYi PEUOBUHH, TO TEPEBArdM Mae
3H0BY R290, rabaput mukiry Ha 35% MeHIMH 3a iHIIHI.
BucHOBOK [OCTOBipHHMIL. TakWif  pe3ynpTaT aHami3zy
MPUCYTHIHN B poboTax [7].

B o00’ekTi, 1m0 € MNPOTOTUIOM CHUCTEMH, s5Ka
JIOCHIIKYETBCSI, BCTaHOBIEHO Kommpecop DPYY25BC
(ITB50) 3 TeopeTH4HOIO 00’ €MHOIO IPONYKTHBHICTIO V)=
0,0344Mm%/c.  TlopiBHANbHUI aHAmi3 CBiZYUTH, MIO
NoTpiOHAa NPOXYKTUBHICTH KOMIIpecopa Mae OyTu
3MEHIIeHa y 2-2,5 pa3d. mo 3a0e3NeYuTh 3MEHIICHHS
MacH i TabapHTiB KOMIpecopa i, sSIK CIiACTBO, KammiTaabHi
BKJIaJAeHHs y cucreMy. Hwusbka TepMOAWHAMIYHA
JTIOCKOHAJIICTh OB ’s13aHa 3 30BHIIIHIMHU
HE3BOPOTHOCTSAMH y BUIAPHUKY i KoHAeHcaTopi. To0To,

pi3HMLI  TeMmmepaTyp Ha  TeIUloNepeNaBaHHS  SIK
He3aJe)KHI  BUXIZAHI ~ IapaMeTpy  INOBUHHI  OyTH
MIEPEOCMUCIICHI.

BucHoBkM i mepcmeKTMBM  MOJAJBIIOrO

PO3BHTKY IaHOT0 HANPSIMKY.

1. IlpoBeaeHUMU JIOCIIPKEHHSIMH BCTaHOBJICHO, 10
OIHOCTYIIEHEBUI  KOMIIPECOPHHMI  TEIUIOBHM  HAcoc
3MAaTHANAN 3a0€3MEeYUTH PEKTHU(IKAIII0 CYMIII IpoIaH-
OyTaH B PEeXUMI JITHHOTO Yacy 3 OTPHUMAHHSIM IIPOIAHY
4ucToTOr 99,99%.

2. TepMoaWHAMIYHUHN aHaJi3 BCTAHOBUB, IO UK
TerioBoro Hacocy 3 R134 pobodoro pedoBHHOIO Mae
HU3BbKY eHepreTnyHy edekruBHicts (COP=1,61) B
pexxuMi pektudikanii cymimi nponaH-OyraH B yMoBax
BUCOKHMX TEMIIEPATYp HAKOJIMIIHBOTO CEPEAOBHIIIA.

3.  TepmoauHamMiyHMN  aHami3  PEKOMCHIYE
Bukmounutd R134 3 mepeniky poOo4nmx pedoBHH ISt
TEIJIOBOTO HAcCOCY SIK HE KOHKYPEHTO3JaTHHH 3a

MacorabapuTHUMH Ta EHEePreTUYHUMU
XapaKTepUCTHKaMU KoMmIipecopiB Maibke Ha 30% Bix
aJbTepHATHBHUX.

4. Jlng  oTpUMaHHS  MOXJHMBOCTI  POOOTH

pekTudikamiifHOl KOJOHH y OyOb-AKHX KIIMATHIHUX
YMOBaX MPOBECTH MOAANBII AOCTIIKCHHS ISl HU3bKUX
TEMIIEpPaTyp HaBKOJUIIHBOTO CEPEIOBUILA.

5. IlpeacraBneHi pe3ysibTaTH MOXHA pPO3TISIATH
MOYATKOM TEOPETHYHOIO JOCIIPKECHHS OJHOCTYIICHEBUX
KOMIIPECOPHUX TEIUIOBHX HACOCIB B MaJUX CHCTEMax
HU3bKOTEMIIEPATYPHOT pexTudikamii cymini
ByrieBoAHiB. 6. [lomampmmii pO3BHTOK CHpsMyBaTH Ha
MOITYK HOBUX CXEMHO-IUKJIOBUX pIlIEHb 3 METOI0
3MEHIIIEHHS 30BHIIHIX HE3BOPOTHOCTEHW Yy Mporecax
TEIUIOOOMIHY «IIPOAYKT peKTHdikarii-pododa pedoBuHa
TEIJIOBOI'O HACOCY».
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LARISA MOROZYUK, EVGENY KOSTENKO

ANALYSIS OF THE HEAT PUMP OPERATION IN THE LOW-TEMPERATURE RECTIFICATION SYSTEM

OF PROPANE-BUTANE MIXTURE
The article presents the results of the analysis of the operation of a heat pump in the system of low-temperature rectification of a
propane-butane mixture. High-purity propane is obtained from a propane-butane mixture. A "rectification column-heat pump"
system is proposed, which transforms the heat removed during the cooling of the component in the upper part of the column into
heat absorbed during heating of the bottoms. In accordance with the energy balance of the system, it has been established that part
of the heat pump condensation is not used in the distillation column, but is removed to the environment. The heat pump flow
diagram contains one evaporator and two condensers. The operation of the heat pump is evaluated from the standpoint of
thermodynamics — by the method of energy analysis of the cycle with R134 and R290 working substances, It has been established
that the low thermodynamic efficiency of the heat pump is determined by external irreversible losses in the condensers and the
evaporator The advantages of R290 as a working substance of the heat pump have been proved and the required theoretical
volumetric capacity of the compressor has been determined.

Keywords: heat pump, rectification, propane-butane. thermodynamic analysis; operating modes.

JI. H. MOPO3IOK, E.B. KOCTEHKO

AHAJIA3 PABOTHI TEIIOBOI'O HACOCA B CUCTEME HM3KOTEMIIEPATYPHOMN PEKTH®UKALIMU
CMECH ITIPOITAH-BYTAH

[Iponan BBICOKOM YHCTOTHI MOJYy4YalOT W3 CMECH HpOMaH-OyTaH HM3KOTeMIlepaTypHOW pektudukamueid. Pemras 3amagy
9HeprocOepexeHns, IpPeMIOKeHa CHCTeMa «PeKTH(UKAMOHHAs KOJOHHA-TEIUIOBOM HAcoc», TpaHC(OpMHUpYIOIas TeIwo,
OTBEJICHHOE TIPH OXJIAXKACHUH «OTXYBKI» B TEIUIO, MOTJIOMAEMOe IIPH HarpeBaHNH KyOOBOTO OcTaTKa. AHAIN3 pabOTHI TEIUIOBOTO
Hacoca OIIEHEH C MO3UINI TePMOANHAMHKY - METOJIOM YHEPreTHYECKOTO aHAIM3a IIUKJIA C Pa3IMYHBIMHI Pa0OUYNMH BEIIECTBAMH, H
TEXHHUKH — YCTAaHOBJICHHE BIIMSHUS MHXXCHEPHBIX (PAKTOPOB HA XapaKTEPUCTUKH CHCTEMBI. Y CTaHOBJICHBI IPEUMYIIECTBA IIPOIaHa
Kak pa0o4ero BellecTBa TEIUIOBOIO HACOCA B CUCTEME PEKTH(MHUKALIMU CMECH IPOIaH-OyTaH.

Ki1roueBble cji0Ba: TEI0BOK Hacoc, peKTU(UKALMA, IPONaH-0yTaH. TePMOJMHAMUYECKUN aHAIIN3; PEXKUMBI paOOTEHI.
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I'. B. IICAYYK, P. B. KPHBOFOK, A. B. 3AXAPOB, M. C. MAHCTAT, B. B. BOJIOIIIYK, B. B. CAPAH
TEXHOJIOI'ISA BUTOTOBJIEHHS PAJIIONOTIIMHAIOUOI KEPAMIKH

O0'ekTOM POOOTH € TEXHOJIOTisl BUTOTOBJICHHS PaAiONOrTIMHAIOY0] KepaMikKi Ha OCHOBI OOJIMLIOBAJIBHOI IUIMTKU 3 JOJaBaHHSIM
kapbigy xpemuito. [l Bu3HaueHHs (i3MYHHUX BIACTHBOCTEH BHUKOPHUCTOBYBABCS METO] TiJPOCTATHYHOTO 3Ba)XKyBaHHS Y BOJI.
BusHauanu Takox peHTreHo(a3oBHUil aHaNi3 Ta CIEKTPalbHI XapaKTEPUCTUKH — Koe(illieHTH mepenadi Ta BinOWTTS, y Jianma3oHi
gactoT 25,8 - 37.5 I'Tnm. Ilnutka cxmagerecs 3 aBox mapiB. CriodaTtky OKpeMo OTpHMYIOTh mpec-opomok it I i II mapy 3
CHPOBHHHHX MaTepiaiiB B 3alaHii KUIBKOCTI, SIKi 3Ba)KyBaJIl, 3BOJI0KYBAJIM, MOJIOJM B IIAPOBOMY MIIMHI; IIUTIKEp BUCYIIYBaJIK B
CymmwibHIM madi moTiM moapiOHIOBaNmM Ta MPOITYCKalH Kpi3b BIIIOBIIHE CHTO. 3BOJOXKEHMI Ipec-opomok mis [ mapy,
BiZIBAXKYBAJIN Ta 3aCHIAIM B (GopMy Ul IpecyBaHHS, IICIS YOO 3BOJIOKEHHH mpec-mopomok i II mapy, BinBaxysamm Ta
nocunamu B (opmy Jursl mpecyBaHHA. OTpuMaHWH cHpelh BHCymryBanu. HamiBhaOpukaT MOKpPHBAIM ITIOJMBOIO Ta CTAaBHJIM B
cymmibHy mady. [otoBuii HamiBpaOpukaT BHIATIOBAIM Yy CHJIITOBIH medi. BuroroBnena 3a po3poOJEHOI0 TEXHOJIOTIEI0
JIBOLIIAPOBA IUIMTKA 3 MOJMB’SHUM MOKPUTTSM XapaKTepHU3yBajlach HACTYIHUMH XapaKTEPHCTHKaMU: BoJoNoNIMHaHHA — 9,8 %
ysBHa TyCTHHA 1,90 r/cm®. PospoGneny kepamiky, 3rigHo kinacuikauii-inenTudikanmii, MoXHa BiIHECTH IO KIacy
pagionormHandol Kepamiky.

KawuoBi cioBa: panionoriimHaHHs, KOMITO3HIIHHA KepaMika, JBOIIApOBAa IUIMTKA, KapOiJ KPEMHII0, BOAONOTIMHAHHS,
BiZIKpHTa IIOPYBATICTh, ysIBHA I'yCTHHA, peHTTeHo(a30Buii aHaii3, koedilieHT nepenadi, KoedilieHT BigOUTTS.

BCTle. Bucoka KOHHCHTpaIIiSI GHCKTPOMaFHiTHOFO BUI'OTOBJICHHSA paaionornnﬂamqoi’ KepaMiKI/I 3

BUNPOMIHIOBaHHS sIK€ BIUIMBA€ HA JIIOJIWHY Ta IIPH
BHUCOKiH ii iHTeHCHBHOCTI [1—4] BuKIMKae mpoOiieMu 3

LHCHTPAIBLHOIO HEPBOBOI CHCTEMOIO,  ITiBHIIYETHCS
BTOMJTIOBAHICTh, TIOTIPIIYETHCA 3ip Ta HETATUBHO
BIIMBaE [5, 6] Ha TEXHIYHI XapaKTEPUCTHKH

€JIEKTPOHHUX MPUCTPOIB.

Tpanmuriiini metanesi crutaBu ta ¢eputu [7—10] He
€ MIPaKTUYHUMHU B YUCTOMY BHIJISII Yepe3 eKOHOMIYHI Ta
TexHiuyHl  acmektn. Tomy  OuIbII  panioHaJIBHO
BUKOPHCTOBYBaTH J00aBKM [UIsl 3arlo0iraHHs BIUIMBY
€JICKTPOMArHiTHOTO BHUIIPOMIHIOBAaHHS, $IKI BBOISTH Y
JIEJIeKTPUYHY MAaTpHULIO JJIsi 3MEHIIEHHS HHTOMOTO

MOJIB STHUM TOKPUTTSM, SKa MA€ 3aXUCHI BIACTHBOCTI
BiJl €JIEKTPOMATHITHOTO BUIIPOMiHIOBAHHS.

MeToauKka NpoBeieHHsI TOCTiZKeHb.

[Ipu mpoBeneHHI TOCITiIPKEHh BUKOPHCTOBYBAJIN
METOJM BU3HAYCHHS BOJOIOIJIMHAHHS, YSBHOI I'YCTHHH,
BimkpuToi mopysatocti y BiamosigHocTi 3 TOCT 24409-
80. ExcriepuMenTanbHi 3HaUSHHS MOKA3HUKIB BH3HAYAIH
SIK cepeHe apuMETHYHE 3 3 BUMIPIOBAHb.

JocnimKyBaHHs CJICKTPOJMHAMIYHHUX
XapaKTepUCTUK 3pa3kiB — KoeQilieHTiB nepenauyi Ta
BiIOMTTS, npoBOAWIM Yy niamasoHi wacror 25,8 —

37.5Tu. BukopucToByBaNn CTaHIApTHI MPSIMOKYTHI

00’€MHOTO ONOpY i 301/IbIIEHHS. MarHiTHOT MPOHUKHOCTI  XBWJIEBOAM mepepizoM 7.2 x 3.4 mm? 3pasku, ski

MatepianiB. B OLIBIIOCTI KOMMIO3MINIHHMX MaTepiaiB  JIOCHIIHKYBaluCsI, TIOBHICTIO TEpPEKpHBAINA  TIepepi3
BUKOPHCTOBYIOTh OpraHiuHi pedoBuHH [l11], sgKi €  XBHJIEBOIY Ta MajM TOBIIUHY - 1,5 M. JIns BU3HaUEHHS
TOKCUYHMMH, TOPIOYMMH Ta MalOTh HH3BKY MIIHICTh  TapaMeTpiB B3aEMOJIIT €JICKTPOMarHiTHOTO
(cmoma, Tyma, apba, mak TomO). BuKOpHUCTaHHS  BUNPOMIHIOBAaHHS 31 3pa3kaMu Oyna BHUKOpHCTaHA
KepaMiKH SIK MAaTPHIll MOXE YCYHYTH IIi HEJIOJIKH. MOJICpHi30BaHa CTaHIApPTHA amapatrypa — BHMIpIOBad

BuroToBneHHsT  pagiomoriMHAIOYOI  KepaMiKH,
BOXJIMBE HE TUIBKM Iyl YKpaiHM Ta €BpONEHCHKOTrO

Koe(ilieHTy CTOSYOi XBWJII Ta OcCHabJeHHS Yy CKIafi
reHeparopHoro Onoky P2-65 3 ingukatopom SI2P-67.

Coro3y, ame # s cBity. ToMy ocHOBHa 3ajmaya BwusHaueHHs koedilieHTa mnepenadi NPOBOJMIIOCS 10
JOCHI/DKEHHST — Tojisirae B po3poOli  TexHojorii  cxeMmi, npuBeneHid Ha puc. 1.
IsapmaTopHmia Baok
A2P-67
lesepartopHuMit Gnok 0 n P
I—| ”.‘
P2 65 LA
1 2 3 4
Puc. 1 — briok-cxema excrieprMeHTalIbHOT YCTAaHOBKH JUIsl BU3HAYEHHsI Koe(illieHTy repeaadi:
1,3 — HanpsiMIIeH] BiranysKyBadi; 2 — XBUJICBIJ 13 3pa3KoM; 4 — y3ro/PKeHe HaBaHTaKEHHS
Koediuient mnepemaui BU3HA4YaBCS IO  IIKaJi ITpu nepeopieHTanii HANPSMIICHOTO BiAranxy>KyBaya

ociabiieHHs1 BUMipioBada P2-65 B nenmbenax. 3 Ha 180° BuMiproBaBcs KOSPIIIEHT CTOSUOT XBUIT.

© Jlicauyk I'.B., Kpusobok P.B., 3axapos A.B., Maiictat M.C.,
Bonomyk B.B., Capaii B.B., 2021
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3a Qopmyrnoto (1) pospaxoByBaBcs KoediuieHT
BiOUTTS B Aenubernax:

Kyingur = 20%1g((Kex — 1/(kex + 1)) (M

e  Kgigour — KOeimieHT BigouTTs, Ob;
Kex - KOedimieHT crosraoi xBwii, ab.

®dazoBuii cKJIa] TOCTIAHWX 3pa3KiB BU3HAYAIH 32
JIOTIOMOTOI0  METOJy PEHTreHo(a3oBOro aHamizy i3
3actocyBaHHsM audpaktomerpy JPOH-3M 3 CuKoa-
BUIIPOMIHIOOBaHHSAM Ta HiKeJIeBUM (iabTpoM mpu
CTaHIAPTHUX yMoOBax Horo pobotu. Jlns knmacudikamii
inenTudikanii $a3 BUKOPUCTOBYBAJM aMEPHKAHCHKY
kaproteky American Society for Testing and Materials
(ASTM) [12].

ExcnepuMeHTaIbHA YaCTHHA

Bubip kepamMidHOi MacH TPOBOAWIM BUXOIIYH 3
YMOBH HaWMEHINOI TeMmImepaTypu 1 4dacy BHIIATY,
BpPaxoOBYIOYH, 110 J00aBKa MOXE OKHCIIOBATHUCS,
BHTOPSTH 200 B3aEMOIISATH 3 IEICKTPUIHOIO MATPHIIETO.
B nawniii po0oTi po3rismanack KepamidHa Maca JUis
BUPOOHMIITBA IUIMTKH BHYTPILIHBOI'O OOJMIFOBaHHS
CTiH. OyHKIIOHATIBHA cxeMma BUTOTOBJICHHS
panmionorauHadol Kepamikd [OKa3aHa Ha puc. 2.
[lpuitom Ta MWIArOTOBKA BHUXIAHAX  KOMIIOHCHTIB

CupoBUHHI MaTepianu

Jlozatop

Moxpwuit momen (W = 50 %, KyTbOBHIA MIIH)

Cymika (cymmiasHa mada, 80°C)

ITomen (10 mpoxomkeHHs Kpi3h cuto Ne05)

IIpec-nmopomok ans I mapy

Jo3zatop

DopmyBaHHS
(W = 8 %, naniBcyxe npecysanus, 5 MIla)

BUTOTOBJICHHS PaJiONOTIMHAIOY0I KEepaMiKi MOBUHHA
3a0e3MeUnTH Uil KOKHOTO KOMIIOHGHTa KepaMivyHOi
MacH 3aJaHuH XIMiKO-MiHEpaIOTIYHHI CKJIaf,
HEOOXiTHAH CTYIiHb YUCTOTH, a TaKOX (DI3MYHUN CTaH
Ta BOJIOTICTh, SIKi HEOOXiHI 71 TOJAIIBIIOT TEPepOOKH.

IlinroroBka BHXIZHMX KOMIIOHEHTIB ITOBHHHA
320€3MeYNTH KOXXHOMY KOMITOHEHTY KepaMiuyHOi Macu
3aIaHdi  XIMIKO-MIHEpAJIOTIYHUN  CKIIaJ, HEoOXimaHy
CTYINiHb YUCTOTH, 1 HaBiTh (PI3WIHUIA CTaH 1 BOJOTICTH,
HEOOXIIHI MMOJANBIIOT TEPEPOOKH.

I cramis BKIIIOYAE 3arajibHi CKJIAIO0BI MiATOTOBYMX
orepariii TeXHOJIOTi:

1) mpouecu 306aradeHHs (200 «yHOPSIAKYBaHHS»)
MiHEpaIbHOI CHPOBHHU, TOOTO, HATIPHUKIIA, POMUBAHHS
BOJIOIO;

2) copTyBaHHsS, MarHiTHy a00 CHTOBY celapariiio;
XIMIYHE OYHILEHHS Ta IHINI CIIOCOOM BHOAJCHHS
LIKIIJIMBHUX JTOMIIIOK;

3) monepeaHe QPOOIICHHS;

4) CymoiiHHA ~ CHPOBHHH  JIO
3a0e3nevye MOXKJIMBICTD NOJAPIOHEHHS;

5) nomnepenHio TepMiuHy OOpOOKy (BHIaN), IIO
3abe3neuye HeoOxinH1 (azosi NIePETBOPEHHS,
VINUTBHEHHS Ta BUIAJICHHS JICTKUX KOMIIOHCHTIB.

BOJIOT'OCTI, IO

CupoBUHHI MaTepianu

Jlozatop

Moxpwuit momen (W = 50%, KyIb0BHUIl MITHH)

Cymika (cymminsHa mada, 80°C)

ITomen (10 mpoxomkeHHs Kpi3h cuto Ne05)

IIpec-nmopomox ans 11 mapy

®DopMyBaHHA
(W = 8%, naniBcyxe npecysannsi, 18-20 MIla)

Cymika (cymmisHa mada, 80°C)

IToxputTst moaUBOIO

Buman (cumitoa miv, 1120-1140°C, Burpumka 20 XB.)

Puc. 2 — ®yHKIiOHAIEHA CXeMa BUTOTOBJICHHS PaioNOTINHAIOY0T KepaMiku

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
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Ta6ymus 1 — [IIuxToBi CKIIa0B1 11 IUIMTKU

MacoBuii BMiCT MarepiaiB, Mac. %
HailiMmenyBaHHSI CUpDOBUHHHX MaTepiaiiB 11 wap 1 1 u;ap 5

I'nuna AnapiiBebka 43,00 38,70 34,40 30,10

I'pawnitHi BixciBU 13,00 11,70 10,40 9,10

Kap0in kpemHit0 - 10,00 20,00 30,00

ITicok KBapHOBHH 29,04 26,14 23,23 20,33

Kpeiina moapioneHa 8,03 7,23 6,42 5,62
TInurkoBuii Oiii 6,93 6,24 5,54 485

ITmutka cxmamerecs 3 ABox mapiB  (puc. 3).
[uxToBi ckmamy ans [ ta I mapiB A71s TUIMTKA TOKa3aHO
y Tabm.1.

Puc. 3 — CxemarnyHe po3TalryBaHHs IIapiB B TUTHTII:
a) [ map; 6) II map; B) mommBa

Ipec-nopomox must [ i II mapy otpumyBamm
OKpPEeMO 3 CHPOBHHHHMX MaTepiayiB B 3aJaHiil KUTbKOCTI,
SKi 3BaKYBaJIM, 3BOJIOXKYBAJIM, MOJIOJM B MIAPOBOMY
MJIMHI; IUIIKEp BHCYNIYBaJM B CYIIWJIBHIH magi notim
MoApiOHIOBAIIN Ta MPOITYCKaIH Kpi3b cuTo Ne05.

CrouaTky npec-nopoiuok s [ mapy 3BonoxeHuit
no 8%, BigBaKyBanmum Ta 3acunand B (GopMmy Uit
MIpecyBaHHs, cuiia TUCKY ctaHoBuia 5 MIla, miciist yoro

20

18

16 13,9
14 12
12

o N B2 O ®

BogoononruHaHHA, %

lwap 3 10% SiC

10
69

BiokpwTa nopyeaTicTb, %

npec-nopomok s I mapy 3Bomoxkermit 1o 8%,
BiBa)XyBaJll Ta JOCHIIANA B (GOpPMYy UL IPECyBaHHS,
cuma THCKY crtaHoBmia 18 —20 MIla. Ortpumanmii
CHpEIb BUCYIIYBaIH.

Jlami HamiBpaOpuKaT TOKPUBAIHM TIOJMBOIO Ta
CTaBWIIM B CyIIMJIbHY IIady.

l'oToBuii HamiBpaOpHUKaT BUIIAIIOBAIN Y CHIITOBIN
neui 3a Temmeparypu Bumamy 1120-1140°C, 3
BUTPUMKOIO 32 MakcuMaibHOI TemrepaTypu 20 XB.

PesyabTaTn gociigxkeHn Ta ix 00roBopeHHs

Ha mouarky pmocmimkeHHs BH3HAYanM (Di3WU4HI
BJIACTHBOCTI 3pa3kiB okpeMo juis | ta II mwapis. [Totim s
KpaImoro JOCIIHKEHOTo 3pa3ka | mapy Bu3Hadamm HOro
CIIEKTPaJIbHI XapaKTepUCTUKU KoedillieHTa mepeaadi Ta
BiIOMTTS, a Jami TPOBOIMIM HOTO PEHTTeHO(A30BUI
aHai3.

Jltst BUTOTOBJICHOI  3a

JIBOLIAPOBOI  TUIMTKHU

PO3pOOJIEHOI0 TEXHOJOTIEI0 3 BHKOPUCTAHHAM Kparioi
Macu Jusi | 1mapy Ta mpoBenM JOCHIA 3 BU3HAYCHHS
BOZIOTIOTJIMHAHHS,
MIOPYBATOCTI.
Pesynbraty nmpoBeAeHNX JOCIIIB HaBeIEHI Ha pHC.

yaBHOI TYCTHHM Ta  BIAKpHUTOI

4-6.

2,012,062,161,961,90

YABHa ryctHa, r/cm3

lwap 3 20% SiC mlwap 2 30% SIiC m Il wap m [lgowapoBa NAUTHa

Puc. 4 — ®i3u4Hi BIACTUBOCTI TOCTIIHAX 3pa3KiB

Bicnuk Hayionanvroeo Texuiunozo Yuisepcumemy «XI1I». Cepia: Innosayitini
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Puc. 5 — Cnexrpanshi xapakrepuctuku [ mapy 3 30 % SiC:
a) koe(ilieHT nepenadi; 0) KoedinieHT BIOUTTS

A

-

A — xBapy

m — Kap0iJ KpEeMHiI0
@® - mariokias
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Puc. 6 — Htpux-pentrenorpama I mapy 3 30 % SiC nicinst Bunamy

Sk BUHO Ha IITPHUX-PEHTICHOTpaMi TICIs BUITATY
kap6ix kpemHito (SiC) 36epircs B cknami I mapy, mo €
BaXJIMBOIO YMOBOIO OTPHUMAHHS PaXiONOTIMHAIOYOL
KepaMiku 3a Kiracu(ikariiero-igenTudikariero.

B pmiamazoni wactror 25,8 —37.5 I'Tu xoedimieHt
nepefadi XBWJII 3HaxomuThcs B Mexax 10-13  gb.
KoediuienTt BinOutTs xBmii craHoBuB Omu3pko 0,7 ab.
Ie BKa3ye Ha MEPCHCKTHBY 3aCTOCYBAHHS [[LOTO CKIIATY
3 SiC sik MaTepiai Juis paionorIMHAIY0] KepaMiKy.

B pesynbrari BukoHaHHS poOoTH 0YyJI0 PO3po0iIeHO
TEXHOJIOTII0 BHUTOTOBJICHHSI PamioNnoTINHAIOYOT
KOMITO3HUIIIHHOT KepaMiK{ 3 TIOJUB’THUM TTOKPUTTSM, SKa
3a MPOBEICHUM aHANli30M Ma€ 3aXWCHI BJIACTHBOCTI Bif
€JICKTPOMAarHiTHOTO BUTIPOMiHIOBAHHS.

Jlnst mmapy 3 kapOimoM KpeMmHilo HaWKpaniuMm OyB
3pa3ok 3 30 % SiC, sxumif MaB HaCTyIHI BJIaCTHBOCTI:
BoJONOrIMHAHHA — 5,6 %, BiAKpUTa NOPYBaTiCTh —
12,2 %, ysasHa ryctuna — 2,16 r/cm’,

Hus 1l mapy Oynmm xapakTepHi Taki HaHHI:
BomomoranHaHHA — 6,0 %, BiZKpUTa TOpyBaTiCTh —
11,8 %, ysBHa rycTuHa — 1,96 r/cm?.

BuroToBneHa 3a  po3poOJIEHOIO  TEXHOJIOTIEIO
JIBOIIAPOBA IUIMTKA 3 TOJHB SHUM TOKPHUTTSIM Maja
HACTYIHI XapaKTePUCTHKH: BojomorinHaHHI — 9,8 %
BIZIKpUTA IOPYBATiCTh 18,2 %, ysBHa TrycTuHa —
1,90 r/em®. Oxpemo a1 mapy mwiutku 3 30 % SiC 6ymno
NPOBEACHO peHTreHoda3oBuil aHami3, M0 II0Ka3aB
HasBHICTE SiC, IO € BaXJHMBOI YMOBOK OTPUMAaHHS
PamioMOTINHAIOYOT KePaMiKH.

JocmimkyBanmics TAKOXK €JICKTPOAMHAMIYHI
xapakrepuctuku 3pa3ky 3 30 % SiC y miamazoni gactot
25,8-37.5 TITu. KoedimieaT mepemadi  XBHII

3HaxoauThes B Mexkax 10 — 13 ab. KoedimienT BigbutTs
xBWiI craHoBuB Omuszpko 0,7 nb. Ile Bka3zye Ha
HEepCIEKTHBY 3acToCyBaHHS 1boro ckiagy 3 SiC sk
Marepia st pagionorIMHAI0U0] KepaMiKH.

Bicnux Hayionanvnoeo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini
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BucHOBKHM Ta  NepCHeKTHBH  MOJAJBIIOTO
PO3BHTKY 1aHOT0 HATNPSIMKY
OcHOBHa 3ajaya JIOCHIJDKEHHS —  pO3poOKa

TEXHOJIOTi1 BUTOTOBJICHHS PaJliOTIOTIMHAIOYO] KEPaMiKH 3
TIOJIMB THUM TIOKPHUTTAM, SIKa Ma€ 3aXMCHI BIACTHBOCTI
BiJl €IEKTPOMAarHiTHOTO BUIPOMIHIOBaHHS BUKOHAHA, 1110
MiATBEPHKCHO  MPOBEIEHUMH  BHUIIPOOYBAHHIMH  Ta
aHaTI30M OTPUMaHUX PE3YJIbTATIB.

IIpu mpoBeneHHI OCHITHKEHb BUKOPHCTOBYBAIH
METOJM BU3HAYCHHS BOJONOTJIMHAHHS, YSBHOI I'yCTHUHH,
Bizkpuroi nopysarocti y BianosinHocti 3 TOCT 24409-
80. ExcriepuMeHTaIbHI 3HAYCHHSI IOKA3HUKIB BH3HAYAIIN
SIK cepeiHe apu(METHYHE 3 3 BUMIPIOBaHb.

Po3pobneHa kepamika Ma€ XapaKTEPHUCTUKH, IO
33J0BOJIHAIOTh ~ BUMOraM 1i  BUKODUCTaHHSM B
OyINiBHUIITBI Ta B EINEKTPOHHUX MpHIaZax 3 METOI0

e(heKTUBHOTO eKpaHyBaHHS TITKi IITABOTO
BUIIPOMIHIOBaHHSA, a  caMy  Kepamiky,  3TiIHO
Kiacudikarii, MOJKHA BiTHECTH bi (o) KJ1acy
PaIioMOTINHAIOYOT KEPaMiKH.

PoGota  BHKOHYBajach B  paMKaX  TpPaHTY

HauionansHuMm  ¢oHZOM  JOCHimKeHb YKpaiHH 32
noroBopom Nel66/02/0337 «Kommo3uuiiiHi Matepianu
Ha OCHOBI KEpPaMIiKH JUIsl 3aXUCTY BiJl €IEKTPOMArHiTHOrO
BUIIPOMIHIOBAHHSD» (peecTpauiituuii HOMEp
0121U111372).

Cnucok JiTepatypu

1. Iesens JI. M. DaexTpoMarauTHas 0e30MacHOCTh :
Palmarium academic publishing, 2012. 512 c.

2. HaseimoB b. U., Tuxonuyk B. C., B. B. AHTHNOB
Buonornueckoe nelcTBre, HOPMUPOBAHKE U 3allUTa
OT DJIEKTPOMArHUTHBIX M3nydeHuid / mox pen. HO.T.
I'puropsesa : M. : Dueproaromusnat, 1984. 176 c.

3. Munua B. A. CBY u 0e30macHOCTh YEJIOBCKA :
Mocksa : CoBerckoe paauo, 1974. 352 c.

4. Ieanos B. I'., Iztonm3iok b. B., Onekcangpos FO. M.
OxopoHa Tmparli B eJekTpoycTaHoBkax : KwuiB: AT
Oxo, 1994. 227 c.

5. Kamypa MN.A., bakymenko b.B. AHanu3 MeTomoB u
CPEeNCTB  3alIUTHl  PAAMOdICKTPOHHOW  ammapa.
Cucmemu 06pooxu inghopmayii. 2010. Ne 6. C. 87-90.

6. Jleurr b. bneiix 3ammra OT 31€KTPOMAarHUTHBIX
noneit : Cankr-IlerepOypr: ACT, Actpens, 2007.
448 c.

7. Iamupo . H. DnexTpoMarHuTHOE SKpaHUPOBAHUE !
Honronpyausiii:  Hoaronpyansiit:  M3garensckuid
Hom «Mutemnext», 2010. 128 c.

8. Tlerpo B. M., I'arynun B. B. Paguomnoriomarorye
Matepuanbl. Heopeanuueckue mamepuanwi. 2001. T.
37, Ne2. C. 135-141.

9. Kyneuu A. B., Ilomomsckuit A. B., Cugopos 1. H.
Depputsl: OHIUKIIOTIC TUYECKUI CIIPAaBOYHUK.
Maruutel n MarautHble cuctembl. Tom 1 : CaHKT-
[erepOypr: Jluk, 2004. 361 c.

10. Pa3paboTka  KOMIIO3HIIMOHHBIX
KepaMHKe,  SKPaHHUPYIOLINX

HNOKPBITUH 110
3NEeKTPOMAarHUTHbIE

11.

12.

10.

11.

12.

nanyuennst / I.B. Jlucauyk m np. BecTHUk Hayku u
texaukd. 2005. — Ne 4 (23). C. 55-60.

Bnusiaue TOKOTPOBOISIINX JI00aBOK Ha
ANEKTPOPUZHIECKUE CBOHCTBa 0OJUTIOBOYHOM
kepamukun / [. B. Jlmcauyk Ta iH. Bicnuk

Hayionanvnozo MexXHiuHo20 YHigepcumemy
“Xapxiscoxuti norimexniynutl incmumym”. 2005. Ne
25. C. 163-166.

ASTM Diffraction data cards and alphabetical
grouped numerical index of X-ray diffraction data. —
Philadelphia, 1977.

Bibliography (transliterated)

Shevel D. M. Dlektromahnytnaia bezopasnost
Palmarium academic publishing, 2012. 512 p.
Daveidov B. Y., Tykhonchuk V. S., V. V. Antypov
Byolohycheskoe deistvye, normyrovanye y zashchyta
ot slektromahnytneikh yzluchenyi / pod red. Yu.H.
Hryhoreva : Moskva : Onerhoatomyzdat, 1984. 176 p.
Mynyn B. A. SVCh y bezopasnost cheloveka :
Moskva : Sovetskoe radyo, 1974. 352 p.

Ivanov V. H., Dziundziuk B. V., Oleksandrov Yu. M.
Okhorona pratsi v elektroustanovkakh : Kyiv: AT
Oko, 1994. 227 p.

Kapura Y.A., Bakumenko B.V. Analyz metodov y
sredstv zashchyter radyoslektronnoi appara. Systemy
obrobky informatsii. 2010. Ne 6, pp. 87-90.

Levytt B. Bleik Zashchyta ot slektromahnytneikh
polei : Sankt-Peterburh: AST, Astrel, 2007. 448 s.
Shapyro D. N. 3Blektromahnytnoe skranyrovanye :

Dolhoprudnsii:  Dolhoprudneii:  Yzdatelskyi Dom
«Yntellekt», 2010. 128 p.
Petrov V. M, Hahulyn V. V.

Radyopohloshchaiushchye materialy.
Neorhanycheskye materyalsr. 2001. T. 37, Ne2, pp.
135-141.

Kunevych A. V., Podolskyi A. V., Sydorov Y. N.
Ferryter: Ontsyklopedycheskyi spravochnyk.
Mahnytsl y mahnytnele systemesr. Tom 1 : Sankt-
Peterburh: Lyk, 2004. 361 p.

Razrabotka  kompozytsyonneikh  pokreityi  po
keramyke, okranyruiushchykh »slektromahnytnsie
yzluchenyia / H.V. Lysachuk y dr. Vestnyk nauky y
tekhnyky. 2005. — Ne 4 (23), pp. 55-60.

Vlyianye  tokoprovodiashchykh  dobavok  na
slektrofyzycheskye svoistva oblytsovochnoi
keramyky / H. V. Lysachuk ta in. Visnyk
Natsionalnoho tekhnichnoho universytetu

«Kharkivskyi politekhnichnyi instytuty. 2005. Ne 25,
pp. 163-166.

ASTM Diffraction data cards and alphabetical
grouped numerical index of X-ray diffraction data. —
Philadelphia, 1977.

Haoiviwna (received) 19.10.2021

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicents y Haykosux pobomax cmyoenmis, 2021, Ne 2 (1362) 13



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Jdicauyx T'eopeziti Bikmoposuu (Jlucauyx I'eopeuit Buxmoposuu, Lisachuk George Viktorovych) — npodecop xabenpu
TexHoJIOTii KepaMiKy, BOTHETPHBIB, CKiIa Ta eMaieil, HaljioHanpHuil TeXHIYHMIA yHIBepcUTeT «XapKiBCHKUIA MOMITEXHIYHU IHCTHTYTY,
M. XapkiB, YkpaiHa;

ORCID: http://orcid.org/0000-0002-7157-9115 e-mail: lisachuk@kpi.kharkov.ua

Kpueobok Pycnan Bixmopoeuu (Kpuseobox Pycnan Buxmopoeuu, Kryvobok Ruslan Viktorovych) — crapmmii HayKoBHI
cniBpobiTHuK HaykoBo-mocminnoi wactuny, HamioHambHMIT TEeXHIYHMH YHIBEPCHTET «XAapKIBCHKUM MOMITEXHIYHHH IHCTUTYT», M.
XapkiB, YkpaiHa;

ORCID: http://orcid.org/0000-0002-2334-4434 e-mail: krivobok491@gmail.com

3axapoe Apmem Bauecnasosuu (3axapoe Apmem Bauecnagosuu, Zakharov Artem Viacheslavovych) — crapminii HayKoBUI
criBpobitHuk HaykoBo-mocnignol wactunn, HarioHanbHHII TEeXHIYHHH YHIBEpCHTET «XapKIBCHKUM MOMITEXHIYHHA 1HCTUTYT», M.
XapkiB, YkpaiHa,

ORCID: http://orcid.org/0000-0002-0120-8263 e-mail: zakharovartem106@gmail.com

Bonowyx Banenmuna Bacuniena (Bonowiyyk Banenmuna Bacunvesna, Voloshchuk Valentyna Vasylivna) — acuipant
kadenpu TexHomorii kepaMiky, BOTHETPUBIB, CKJIa Ta eMayield, HarionansHuil TexHiqHui yHIBepCcUTET «XapKiBChKAH MOJITEXHITHAH
IHCTHTYT», M. XapKiB, YKpaiHa;

ORCID: http://orcid.org/0000-0003-2120-3088 e-mail: valenty93vol@gmail.com

Maitcmam Muxuma Cepeitiosuy (Maiicmam Huxuma Cepeeesuu, Maistat Mykyta Serhiiovych) — acmipant xadenpu
TexHoJIOTii KepaMiKK, BOTHETPHBIB, CKiIa Ta eMaieil, HaljioHanpHuil TeXHIYHMIA yHIBepeUTeT «XapKiBCHKUIA MOMITEXHIYHU IHCTHTYTY,
M. XapkiB, YkpaiHa;

ORCID: http://orcid.org/0000-0002-1875-3946 e-mail: aichemict777@gmail.com

Capaii Bacunv Bonooumupoeuu (Capait Bacunuit Bnaoumuposuu, Sarai Vasyl Volodymyrovych) — acuipant kadenpu
TexHomoTii KepaMiky, BOTHETPHBIB, CKJIa Ta eMaiield, HarionansHui TexHIYHMA yHIBepCUTET «XapKiBCHKUH MOJITEXHIYHUH IHCTHTYTY,
M. XapkiB, YkpaiHa;

ORCID: http://orcid.org/0000-0001-8058-9211 e-mail: nov_vitv@ukr.net

G. V. LISACHUK, R. V. KRYVOBOK, A. V. ZAKHAROV, V. V. VOLOSHCHUK, M. S. MAISTAT, V. V. SARAI
TECHNOLOGY OF MANUFACTURE OF RADIO ABSORPTION CERAMICS

The object of the work is the technology of manufacturing radio-absorbing ceramics on the basis of facing tiles with the addition of
silicon carbide. The method of hydrostatic weighing in water was used to determine the physical properties. X-ray phase analysis
and spectral characteristics - transmission and reflection coefficients, in the frequency range 25.8 — 37.5 GHz were also determined.
Tiles consist of two layers. First, separately obtain a press powder for the I and II layer of raw materials in a given amount, which
were weighed, moistened, ground in a ball mill; the slip was dried in an oven, then ground and passed through a suitable sieve. The
moistened press powder for the first layer was weighed and poured into a mold for pressing, after which the moistened press
powder for the second layer was weighed and poured into the mold for pressing. The resulting raw material was dried. The semi-
finished product was covered with watering and placed in an oven. The finished semi-finished product was fired in a silite furnace.
The two-layer tile with an irrigated covering made on the developed technology was characterized by the following characteristics:
water absorption — 9,8 %, imaginary density — 1,90 g/cm?. The developed ceramics, according to the classification, can be referred
to the class of radio-absorbing ceramics.

Keywords: radioabsorption, composite ceramics, two-layer tile, silicon carbide, water absorption, open porosity, apparent
density, X-ray phase analysis, transmission coefficient, reflection coefficient

I. B. THCAYYK, P. B. KPHBOBOK, A. B. 3AXAPOB, B. B. BOJIOI[YK, H. C. MAHCTAT, B. B. CAPAH
TEXHOJIOT WA U3TrOTOBJEHUS PATHOIIOT JIAIITATOIIEN KEPAMUAKHI

OOBbexkToM paboTHI SABISIETCS TEXHOJOTUS M3TOTOBICHUS PaJHOINONIIOMIAIONIE KepaMUKH Ha OCHOBE OOJHMI[OBOYHOW IUTHTKH C
nobapieHneM kapOuia kpemuusa. Jlisg  ompepeneHus (U3MYECKMX CBOMCTB  HCIOJB30BAICS METOJ THIPOCTATHYECKOTO
B3BeLIMBAaHUSA B Bozae. OnpenensnM Takxke PeHTreHO()a30Bblii aHANM3 U CIEKTPAJbHbIE XAPAKTEPUCTHKH — KO3(DOHIMEHTHI
nepefayd M OTpakeHHs B auamnasone yactor 25,8 — 37.5 I'T'u. Ilnutka coctout u3 ABYX cioeB. CHayala OTAEIBHO MOTYy4YaroT
npecc-nopook Juis I u Il ciost U3 ChIPbEBBIX MAaTEPHAIOB B 3aJAHHOM KOJIMYECTBE, KOTOPBIC B3BELINBAIIH, YBIIAXKHSIH, MOJIOJH B
IIapOBOH MEJIBHHMIIE; IIUTHKEP BBICYIIMBAIIH B CYIIMIBHOM MIKady 3aTeM N3MEIbYaIn U IPOIYCKAIN Yepe3 COOTBETCTBYIOIIEE CUTO.
VBrnaXHEHHBIH IIpecc-Topommok st | cinost, oTBemmBamy U 3acsimanu B (GOpMy IUIsL IIPECCOBAHMS, ITOCIIE YETO YBIIAKHEHHBIH
npecc-niopomok a1 crmosi, orBemmBany M jgockmann B (GopMy IS TpeccoBaHMs. I[loJydeHHBIH CBIpel BBHICYIIMBAJIH.
IMomydabpukar MoKpeIBaIM IIa3yphlo M CTABWIN B CYMMIbHBIN mKad. ['0TOBEI moimydabpukar oOKUraay B CHIINTOBOH IEUH.
W3rortoBneHHas 1O pa3pabOTaHHON TEXHOJOTMM MABYXCIOiHAs IUIMTKA C TIJIa3ypOBAaHHBIM IOKPBITHEM XapaKTepH30Balach
CIIEYIONMMH  XapaKkTEPUCTHKAMH: Bogorornomenne — 9,8%, Muumas miotHocth — 1,90 r/em’. PaspaGoraHHyio Kepammuky,
COIIACHO KJIaCCU(HUKALMYU, MOXKHO OTHECTH K KJIACCY PaJMOIIOIIIOIAIONIEi KePAMUKH.

KiioueBble cjI0Ba: paJuoOIOINIOLICHHE, KOMIIO3MIMOHHAs KEpaMHUKa, ABYXCJIOWHAs IUIMTKA, KapOMa KpeMHusd,
BOJIONOTJIONIEHUE, OTKPBITAsl IIOPHCTOCTh, MHUMas INIOTHOCTD, PEHTTeHO(ha30BbIi aHaN3, K03 duuuenT neperaan, kospdumeHt
OTpaKEHHUS
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K. B. BVIOI'YBKIHA, O. I0. ®EJIOPEHKO, P. B. KPUBOBOK, A. B. 34AXAPOB

PO3POBKA TEXHOJIOTTYHUX ITAPAMETPIB ®OPMYBAHHSA OB TIYHUKIB
METOJOM IIVIIKEPHOTI'O JIMTTA

V Marepiaiax CTarTi po3riisSAaeThes eEeKTHBHICTh 3aCTOCYBaHHs J100aBOK Ul crabimisaiii i po3pimKeHHs Oe3rIMHUCTHX HuTiKepiB. st
BHPOOHUIITBA PaioNpo30pUX KEpaMidHHUX MarepialliB IeJIb3iaH-BUIEMITOBOIO CKJIAly HAHOUIBII e()eKTHBHIM Ta €HEPrOOIIAHIM METOIOM
BHPOOHHMIITBA SIBISIETHCS METOJ| LITIKEPHOTO JIMTTSL. 3TifHO 3 MIMXTOBOTO CKJIAy [aHa TEXHOJOTIS YCKIAMHAETCS BiICYTHICTIO IIMHUCTHX
CKJIAJIOBHIX, IO MOKa3ye HEOOXITHICTh BUKOPHUCTAHHS JOMIIIOK JUIS TIOKPAIIEHHST PeoJIorii Takoro mutkepy. OCHOBHUME XapaKTepHCTUKAMH
BOJHUX KEePaMIiYHUX IUTIKEPIB € TyCTHHA, BOJIOTICTh, TEKYUiCTb, B'SI3KICTh, KOS(ILIEHT 3arycHOCTI, MBHAKICTh Habopy MacH. Lllmikep mae
3a/I0BOJIGHSITH HACTYITHIM BUMOTaMm: OyTH BUIGHIM BiJI IiHH i FA30BHX BKJIFOYCHb, MATH 33/I0BUIbHY TEKYUiCTh 32 YMOBH HEBUCOKOI B'SI3KOCTI;
OyTH arperaTHBHO-CTIHKUM (XapaKTepH3yeThCs BIICYTHICTIO arperyBaHHs, KOAryJFOBaHHsS Ta OCIJaHHs YacTOK TBEpAOI (a3u); BOJOAITH
BHCOKOIO (DUTBTPYIOUOIO 3/IaTHICTIO [UTsl 3a0e3MeueH sl IBUAKOTO 1 Oe3ne)eKTHOro Habopy MacH; OyTH XiMIiYHO iHEpTHHM, 3a0e3redyBaTH
JIOCTaTHIO MILIHICTb 1 HU3bKY YCaJIKy HamiB(aOpHKariB, a TAKOX MOXIIMBICTb X JISTKOTO BUBUIbHEHHS 3 (hopmu. Tomy BUOIp pO3PILKYIOUMX

Ta are3iiHIX J00aBOK CIPUATHIMYTh 3MEHIIICHHIO BOJIOTOCTI IIUTIKEPY HMPY 30epeskeHH] BUCOKOI TeKyJOCTi, Ta 3MIITHEHHS BI/TUBKH.
KnrouoBi cjioBa: HemmacTH4HI NUTIKepH, OE3TIMHMCTI HUIIKEPH, PEOJIOTis HUIKepiB, paiomnpo3opa KepaMika, Lelb3iaH,

BLIIEMIT.

Beryn.  3poctaHHS  IIBHIKOCTI 1 MaHEBPEHOCTI
mitTanbHUX anapatiB (JIA), a Takox 30UIBLICHHS JAJIBHOCTI
ypaXXCHHS I[UICH BHMATalOTh IiJABUIICHHS C(EKTUBHOCTI
3aXMCTy  3OBHINIHBOTO  AaHTEHHOTO  OOJaJHAHHA Ta
TIOJTINIIECHHST (PYHKIIOHATBHUX XapaKTEPUCTHK OOTIYHHKIB
[1]. TlpumatHi A71st iX BUTOTOBIICHHS PaiOPO30pi MaTepiain
(PIIM) w™maroTh BIiINOBImATH BHMOTaM IIOJO CTAJOCTI
JUETEeKTPUYHNX XapaKTEPUCTHK B IIMPOKOMY JTiara3oHi
poboumx  Temrieparyp, 1m0 3abe3medye  MiHIMaibHe
CIIOTBOPCHHS ~ CIICKTPOMATHITHOTO TIOJSI B 33aJaHOMY
Jiara3oHi poOOYUX YaCTOT, & TAKOXK CTIHKICTIO 10 TEIUIOBUX
Ta acpOANHAMIYHMX HABaHTAKEHb, €PO3IMHOIO CTIMKICTIO 10
MIIOBUX TIOTOKIB, CHIFOBHX Ta JOHIOBUX BIUMBIB[2]. Tomy
0 MarepiaiiB, 3 SKHX BHTOTOBISIFOTECS OOTIYHHKH,
BHCYBAIOTBCS BKpal KOPCTKI BMIMOTH: Jiara3oH poOOYNX
temrieparyp Big — 60 °C go +1500 °C, TpuBamicTs il
MaKCUMaJTbHOT po00J0i TeMIiepaTypy He MEHIIe 5 XB, MeXa
MILHOCTI TIpM BHUTMHI Gy >150 Mlla, nienexrpudHa
MPOHUKHICTL € = 1-10, TaHTEHC KyTa JieTeKTPHIHNX BTpaT
tgd < 0,01, TKJIP < 5,0-10°° rpax’!, Teruonposimmicts A < 3,0
Br/(m-°C), cTyninb criikaHHS 3a BojonormHaHHsM W < 1 %,
a TOJIOBHE — TMPO30PICTh B PajioyaCTOTHOMY Jiana3oHi
(xoedinient BinouTTs pamioxsuns K< 1 %). Bkazani Bumorn
no (dyHkiioHaneHux BiactuBocted PIIM, 30kpema ix
paniodizMIHUX XapaKTepPUCTUK BHKIIFOYAIOTh MOKIIMBICTH
BUKOPUCTaHHSI JUISl BUTOTOBJICHHS OOTIYHHKIB OUIBIIOCTI
KOHCTPYKIIHHMX ~ MaTepiayiB, 30KpeMa  MeTaliB i
CKJIOTUIACTHKIB [3].

AHaJi3 JiTepaTypHuUX MaHux [4, 5] mokaszas, IO CIOTYKH
BUIEMITY 1 Telb3iaHy 3a KOMIUIGKCOM —BIJIACTHBOCTEH
3aJI0BOJIbHSIOTE  BuMork A0 PIIM 33 moka3sHuKaMu
eNeKTpoi3ngHNX BiacTuBocTed (¢ = 5,5+7,0; tgd =
(1,0+2,0)- 10*), xapaKTepu3yroThCs BACOKOIO TEMIIEPATYPOIO
mwiaeienHs (1512 °C i 1740 °C BigmoBimHO) 1 BiTHOCHO
HU3BKMM TerwioBuM posiumpennsv (TKJTP 3,2:10° 1/K i
2,710° 1/K BignosimHO), IO CTBOPIOE IEPEAYMOBU I
OTPHUMAHHSI HKAPOCTIHKMX 1 TEPMOCTIHKMX pPaJionpo30pHx
KepaMidHUX MarepiajiiB Ha X OCHOBI. HasBHICTh KOMITIEKCY
TAKUX BIACTUBOCTEH BKa3dye Ha mepeBarn 1mx (a3 y
TIOPIBHSIHHI 3  KBaplioM, CIIOMYMEHOM, EBKDIITUTOM i
KOPIIEPUTOM, SIKi CKJIa/Ial0Th OCHOBY i1CHYIOUHX

Pazionpo30pUX CUTANIB 1 KEpaMiYHUX MaTepiajiB

Crnemmgika TEXHONOTIT BHTOTOBJICHHS  OOTIYHHKIB
nojsira€ B TOMY, IO MeToA (OPMOYTBOPCHHSI Mae
pearizyBaTé iX KOHCTPYKTHBHI OCOOJMBOCTI Ta criemygiuHi
BAMOTH JI0 (YHKIIOHAJIBHUX XapaKTEPUCTHK 1 YMOB
eKCIUTyaTallii, a TaKoX BPaXxOBYBaTH TEXHOJIOTIUHICTh
MarepiaiB 3 SKHX BHUTOTOBJBIIOTH TOHKOCTIHHI BHpPOOH
CKJIaTHOT KOH(irypartii [6].

Meta i 3agaui  gocaimkenHs.  Po3poOka
PELENTYPHO-TEXHOIOTIYHNX ~TTApaMEeTPiB JUISl  OTPUMAHHS
pamionpo3opux  KepamiyHHX Marepiaris BUIEMIT-
LIEIB31aHOBOTO CKIIAJTY 3 CTAOLIHHOIO PEOJIOTIEO.

3anaui TOCIiHKEHb BKIFOYAIIH:

1) oOrpynTyBanHsS  Ckiaamy — 0a30BOi  OKCHITHOI

xommosutlii cuctemu BaO-ZnO—AlLO3—Si0,, BUKOpHCTaHHS
sIKOT  3a0€3MEeYNTh OJHOYACHWH CHHTE3 MUILOBUX (a3
(Zn:Si04 1 BaAl:SizOg), Ta  po3poOKy CKITaay CHPOBHHHOI
cymiIi;

2) OOIpyHTYBaHHS CIOCOOy (OPMOYTBOPEHHS TIpH
BUTOTOBJICHHI  OOTIYHMKIB Ta  BH3HAUCHHA IIUIIXIB
ONTHMI3alii TEXHOJIOTIYHHX MapameTpiB GopmyBaHHS;

3) BuU3HAuUEHHA ONTUMAJIbHUX mapameTpiB
(opMyBaHHS 3 YypaXyBaHHSIM KOMIUIEKCY BIJIACTUBOCTEH
TEXHOJIOTIYHOT CyMillli 3 BUKOPHCTAHHSIM MOBHO(AKTOPHOTO
eKCIIEpHMEHTY

O0’ekT poCHizkeHHs — BIUIMB aAre3ylO4YuX Ta
pPO3piKyIOMUX M00aBOK Ha PEOJIOTII0 HETUIAaCTHYHUX
NUTIKEePiB ISl BUPOOHUIITBA PATiONPO30PUX KEePaMITHUX
MarepialiB 1eb3iaH-BiJIeMITOBOTO CKIaIy.

IMpeamer gocaiIzKeHHs —IOCIIHKEHHS PEOJIOTIIHIX
BJIACTUBOCTEH HETUIACTUIHHUX IIUTIKEPIB, SIKi
BHUKOPHCTOBYIOTh Y BUPOOHHIITBI KEpaMidHIX OOTIYHHKIB Ta
BU3HAYCHHS ONTHMAJIBHUX TEXHOJIOTIYHUX IapaMeTpiB
(opmyBaHHs HarmiB(aOpHKATIB.

OOrpynryBanHst BHOOpPY Merony ¢OpMyBaHHS
o0riynukiB. Bubip meromy ¢opMyBaHHS —OOTIYHHKIB
IPYHTYETBCS Ha aHaJIi3i IepeBar Ta HeJJOJIKIB KOXKHOTO 3 HUX
3 ypaxyBaHHSIM  TEXHOJIOTIYHOCTI Ta  EKOHOMIYHOL
JIOIIIBHOCTI.

© Binoryokina K.B., ®enopetnko O.10., Kpuobdok P.B., 3axapos A.B., 2021
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Taxk, w11 GopMyBaHHS TOJOBHUX OOTIYHMKIB MOXYTb OyTH
3aCTOCOBaHI METOJM Iapsidoro JIMTTS 3 TEPMOIUIACTHYHHX
CycHeHsii 1  TepMOIUIaCTUYHOTO  IIPECYBaHHS 3
BHUKOPHCTaHHSIM THMYacoBOi 3B's3ku. llepeBaroro maHOTO
METOJTy € 3MEHIIICHHSI YCaKH TIPY BHUITAJI 1 BUCOKA MIITHICTh
HariBhaOpHKaTy B CyXOMY CTaHi, IO I03BOJISIE 3IIIICHIOBATH
MeXaHigHy oOpoOKy HamiBdabpukariB 1o ix Bumaidy. Brim
e METOJ] 3HAXOIUTHCS B CTAIiT TAOOPATOPHUX JOCTIHKEHb
1 BUMarae TpOMFCIIOBOTO BiNIPaIftOBaHHI.

Jna eJIEKTPO(hOPETHIHOTO (opmyBaHHS
BUKOPUCTOBYIOTh BHCOKOKOHLICHTPOBaHI ~ CyCHEH3il, IO
JI03BOJISIE OTPUMYBAaTH BHUCOKY T'YCTHHY BI/UIMBKIB HDK NPH
3BMYAHOMY IIUTIKEPHOMY JIMTTI. BuKOpHCTaHHS MeTomy
enekTpoopesy 3HAYHO IIPUCKOPIOE Tpouec (GopMyBaHHS
IIPU HEBEJIMKIK TOBIIMHI BipMBKA (10 10 MM), TOmI sIK U1t
TOBCTOCTIHHMX BHpOOIB Il MeTon He € e(eKTHBHUM.
HenonikoM 1mporo crioco0y € HEMOXJIHMBICTh (HOPMYBaHHS
BEJIMKOTA0APUTHHX CKJIATHO-TIPO(ITBHUX BUPOOIB, OCKITHKH
npu  enekrpodopeTnaHoMy  (OpPMYBaHHI  BimOyBaeThCs
JIOCUTH IIBUIKWK HaOlp Macu Ha aHOA (cepiedyHuk). IIpu
oMY 3 HabpaHoro Imapy Macu B Oik KaToxy BiOyBaeThCs
IHTCHCHBHE BIiJIBEICHHS BOJIM; BIUTMBKA, BTPAYAIOYH BOJIOTY
JIa€ yCaJKy, 10 TNPU3BOAUTH JIO YTBOPEHHS TPILIMH Ha
30BHIINHIA  moBepxHi  HamiBdaOpukary.  30UIbLICHHA
IIUTBHOCTI CTPYMY HPH3BOJAMTH JIO BHUHUKHEHHS €(EKTy
THKCOTPOIIil, Pe3y/IbTaTOM SIKOi TaKoK € Opak BiJUIMBKH.
Kpim Toro, mpu ¢opmMyBaHHI BETMKOraOapUTHUX BUPOOIB
HaJ3BUYAHO BAKKO 3a0€3MCYUTH PIBHOMIPHHHA PO3MOJILT
BOJIOTH B (DOpMi, a OTXKe ii pIBHOMIPHY €JICKTPOIIPOBIIHICTb.
Sk HacHioK BiAOYBAa€eThCsl HEPIBHOMIPHWM HAOip Tmapy
Macy, a YTBOPEHA BiJJIMBKa 3 CTiHKAMH Pi3HOI TOBIIUHU
BimOpaKkoByeThes [7].

Haii0inpn TEXHONOTIYHUM 1 BITHOCHO MPOCTHM B
peamizawii MeToioM (OpMyBaHHS TOHKOCTIHHHX OOOJIOHOK
O0TIYHMKA € JIMTTS 3 BOJHHMX HUIKEPIB, SIKE BilOYBAETHCS
LUIXOM Ha0opy Mack Ha TIOBEpXHi TincoBoi (opmu.
Po3pi3HSIOTH BUTBHE JUTTS 3 IUTIKEPIB Ta JIUTTS IiJT THCKOM.
BimmBanas HamiBhaOpHKATIB Il THCKOM JO3BOJISIE
OTPUMATH CTPOTO BH3HAYCHY TOBIIMHY, OJJHAKOBY IUISl BCIX
YacTWH HamiBpaOpuKaTy, M0 YCyBa€ TMOSBY AC(EKTiB.
OtpuMannii  HamiBGaOpUKAT Mae MIUIBHY  YITAKOBKY
YaCTUHOK JIMCIIEPCHOI TBepHoi (a3, a OTKEe BHCOKY
MIIHICT, TIpH 3ruHI. DPOpMYyBaHHS JIATTAM TIJl THCKOM
3JIHCHIOIOTH 3 IILTIKEPIB 3 TycTHHOK p = 18601920 /v,
Cunizt 3a3Ha4YMTH, IO METOJ JIMTTS MiJl TUCKOM 3 BOJHHX
LUTIKEpiB NMPUHHATHUA TINBKM Uit (JOPMYBaHHS JIMILE
PIBHHX 32 TOBIIIMHO TOHKOCTIHHUX 00O0JIOHOK [8].

MexaHi3M ~ yTBOpPEHHS  BIUIMBKM  IIOJSTa€ B
HacTyrnHoMy. Pinka ¢asza nutikepy mig Ai€0 KaIspHUX CHIT
TIPOHUKAE B TIOPH (POPMH, TIEPEHOCSYHM TBEpAy (asy, sKa
BIIKIIATIAETLCSA HA CTIHKAX (DOPMHU, YTBOPIOIOYH BiJJIUBKY).
PymiiiiHOIO CHJIOIO MpOIleCy Ha JAHOMY €Talli € Pi3HUII
BOJIOTOCTI  TirmcoBoi  (GopMu 1 cycmensii  (UUtikepy).
YTBOpeHWId [IIBHWHA Iap MaTepialy Mae Maly
BOJIOTOIIPOBIIHICTE 1 YTIOBUIBHIOE TIporiec Habopy MacH: 3i
30UIBLICHHAM TOBLIMHM IIapy macd 1o 60 MM mporecy
Maibxe npunuHseTses [9].

SkicTh BiIMBKK 0OaraTo B YOMY 3aJICXKHTH BiJ] TOTO,
HAaCKUIbKM TOYHO TEXHOJIOITYHI MapaMeTpy IUIKEPHOTO
JIUTTS BIITIOBIIAFOTh BJIACTUBOCTSM IILTIKEPY, SKi 3aJekaTh

Bil CKJIAJy TEXHOJOrIYHOI cyMimn. 3 miel NpUYrHHA
KIIOYOBOIO  TIPOOJIMOIO  TEXHOJOTIi €  ONTHMI3arlist
TEXHOJIOTIYHUX MapaMeTpiB B KOXXHOMY KOHKPETHOMY
BUIQJIKy BUPOOHUIITBA. TOMY IOCIHIKEHHS PEOJIOTTIHHX
BJIACTUBOCTEH HETTaCTUIHHUX IIUTIKEPIB, SIKi
BHUKOPUCTOBYIOTh Y BUPOOHHIITBI KEPaMidHUX OOTIYHUKIB Ta
BU3HAYCHHS ONTHMAIBHUX TEXHOJIOTTYHUX TapaMeTpiB
(hopmyBaHHs HariB(PpaOPHUKATIB € BKIIMBOIO TEXHOJIOTIYHOIO
3a/1a4ero0.

Jlo OCHOBHMX XapaKTEpPUCTUK BOJHUX KepamiuHUX
HUTIKEPIB  BIIHOCATH TYCTHHY, BOJIOTICTb, TEKYYiCTb,
B'I3KICTb, KOE(ILIEHT 3aryCHOCTI, HIBUIKICTb HA0Opy Macu.
[lnikep Mae 3aJOBOJNBHATH HACTYIIHUM BHMOTaM: OyTH
BUIBHUM BiJl THH i Ta30BHX BKJIIOYCHb, MATH 3a0BLIBHY
TEKY4iCTb 32 YMOBH HEBHCOKOI B'SI3KOCTI; OyTH arperariBHO
CTIHKMM  (XapaKTepU3yeThCS BIJICYTHICTIO —arperyBaHHs,
KOAryJIFOBaHHS Ta OCIIaHHS YacTOK TBEPJOI ()a3n); BOJIOMITH
BHCOKOIO (DUIBTPYIOUOIO 3IATHICTIO sl 3a0e3redeHHs
mBuAKoro i 6e3nedexTHoro Habopy macw; OyTH XiMIYHO
iHepTHUM, 3a0e3redyBaTd JOCTATHIO MIIHICT 1 HH3BKY
ycanKy HamiB(paOpHKaTiB, a TAKO)XK MOXKIIMBICTB IX JIETKOTO
BUBUIbHEHHS 3 (hopmu [7]. Benvke 3Ha4eHHS JUIsl OTpUMaHHS
CTaOLTBHUX ~ PCOJIOTIYHUX  BJIACTHBOCTCH  OC3rJIMHUCTHX
HUTIKEPIB Ta ONTHUMI3allii IPOLECy JUTTS MaroTh HACTYITHI
(akTopu:  CTYIiHb YHCTOTH Matepiamy  (BiACYTHICTH
CTOPOHHIX 10HIB B CYCIIEH3il), YMOBH IiIrOTOBKH Matepiary
(morrepemHss  TepMiuHa  00poOka, cmocid 1 CTymiHb
TOApiOHEHHS), HAsBHICTH a00 BiACYTHICTh BaKyyMyBaHHS
nuTikepy 1 TpWBamicTh  Horo  30epiranHs;  BHOIp
PO3PLIKYIOUNX T00ABOK JIjIsI SMEHIIICHHS BOJIOTOCTI IIITIKEPY
npu  30epekeHHI BUCOKOI TEKyJOCTi, BHOIp aare3iifHux
JI00ABOK, SIKi 3MIITHIOIOTH BiJJIBKY.

3a3Buyail NpM BUKOPHMCTaHHI I[UIIKEPHOTO JIMTTS B
TEXHOJIOTIi TPAAMLIHHUX BHAIB TOHKOI KEpaMikH JUIs
TIOJIIIIEHHS PEOJIOTii NUTIKEPiB Ta 3HWKEHHS IX BOJIOIOCTI
Ha CTajii MOKpPOro IOMETy CHUPOBHMHHOI CYMII JIOJAIOTh
CIICKTPOJIITU-PO3PLIKYBaUl Ta MOBEPXHEBO-aKTUBHI
peuoBrHn (ITAP). BuKopHCTaHHS ENEKTPOJITIB, THIOBUX
JUTSL TIIMHOBMICHUX TIUTIKEPiB, HE Ja€ 0a)KaHOTO Pe3yJbTaTy

npu  ¢GopMyBaHHI  HamiBhaOpWKATIB 3  HEIUIACTHYHHX
nutikepiB.  Cimig  Tako)K — 3a3HAYMTH, 10  BBEACHHS
PO3pIIKYBaYiB  HEOPTaHiuHOI TMPUPOJW BHOCHUTH  CBOL

KOPEKTUBH Yy TiepeOir mpoueciB ¢opMyBaHHS (pazoBoro
CKJIa/ly palionpo30puX KepaMidHHX MaTepiajiB, II0 MOXKe
HEraTHBHO MO3HAYMTUCH Ha IX BIIACTUBOCTSIX.

Hespaxaroun Ha 3HayHMH mporpec B oOnacti
PEryimoBaHHsS BIACTUBOCTEH KEpaMIiUHUX CYCIIEH3IH Ipu
BBezieHHl [IAP, Bimomocti mono yMoB iX BHKOpHCTaHHS
BEJIEMH OOMEXKEHI, a JJI BH3HAYEHHS MEXaHI3MIB iX il
HeoOXijHi mojanein gocmimkenas. Kpim toro, TTAP, sxi
3aCTOCOBYIOTh B K€paMidHOMY BHPOOHHIITBI, HaJaHi JOCHUTD
BY3BKHM CIIEKTPOM.

bararo mmMTaHe  CTOCYEThCS CTIMKOCTI JHCTICPCHUX
cucTeM (BIICYTHOCTI iX pO3MIapyBaHHS ITiJI Yac TPHUBAIOTO
30epiraHHs), BIUIMBY CKJIaoy dYacToK TBepaoi (asu Ha
peonoriuni  BiaactuBocti  (pH, TekydicTh, 3arycHicTb,
HMIBUAKICTE Habopy Macu Tomo). HasBHi B HaykoBii
JiTepaTypi BIZOMOCTI 3 LMX NMTaHb 4YacTille BCHOTO
O00OMEXKYIOTbCSl TIEBHUMHU CKJIAJIAMHA Mac Ta JIOCIIDKEHHUMHU
ITAP Ta Hepinko HocsiTh cynepewmBuid xapakrtep [9]. Lle
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MOXKHA TIOSICHUTH THM, IO HaWYacCTIile MOCITIDKYIOTHCS
CKJIa/iHI MOJIIMIHEpaJIbHI JIUCTIepCii, @ BIIACTHBOCTI PO3YHHIB
nomienektpoiTis 1 I[TAP, moB's3ami 31 craHom ix
MaKpOMOJIEKYJI Yy PO3UHMHI, HAJ3BUYANHO HECTaOUTbHI 1
3MIHIOIOTBCST 3 KOHIICHTpAI€I0 JI00AaBOK 1. CTyHeHeM
ioHi3aIi{ (QyHKIIOHATEHAX TPYIL. Y 3B'SI3KY 3 1M HE 3aBXKI1
B/IA€ThCSl  OJHO3HAYHO  IHTEPIPETYBaTH  PE3Y/IbTATH
JOCIDKEHHST  CHUCTeM, 10 O0’€THYIOTh  BIIACTHBOCTI
CKJIQTHHX 5K Y XIMIYHOMY, TaK i y ()a30BOMY BiJHOIICHHI
CKJIJIOBHX KEpaMiYHHX IUTIKEPIB Ta OararoyHKIIOHATBHHUX
noutienekTpoiiTiB i [TAP, mo 1 BUKIMKaE HEOOXITHICT iX
TMOIAJTBIIOTO BUBYCHHS.

EdexrurHicTh craOimizarii i PO3pLIKEHHS
OC3NIMHUCTHX [UTNKEPIB BH3HAYAETHCS TIEPII 33 BCE
BEJIMYMHOIO  CTBOpIOBaHOro  &-moteHuiany. HalOinbi
TIONIMPEHNM METOJIOM PO3PIHKEHHSI TaKWX CYCIICH3IH €
PETYIIIOBaHHS 3HAUYSHHS 1X BOAHEBOTO TMoka3Huka pH. 3MiHn
E-moTeHIiary 1 B'I3KOCTI B OKpeMHuX iHTepBasax pH
BU3HAYAIOTHCS aJICOpOIIHUM  3apsiIoM YACTHHOK,
CTUCHEHHSIM a00 PO3NIMPEHHSAM TOABIHHOTO EIEKTPHIHOTO
mapy.

Ha ocHOBI aHamilzy pekOMEHHaliid Imoao  ix
BUKODUCTaHHS ~ pO3Pi/PKyBayiB  BUPOOHMIITBA  KOMITaHii
Zschimmer & Schwarz [10] st momaigblIMX TOCHTIIKEHB,
CIIPSIMOBAHMX Ha ONTHMI3Allil0 PEOJIOTIYHUX MapaMeTpiB
HUTIKEPY BUIEMIT-1IE/Ib31aHOBOI KepaMiKH, 00paHuii rperapar
Dolapix PC 67. Ileit mpemapar, skuii 3a CKIagoM €
HATPIEBOIO CLILTIO MOJIKapOOHOBOT KUCIIOTH, J]A€ MOXITHBICTh
TPUTOTYBAHHS MUTIKEPIB 3 BUCOKOIO KOHIIEHTPAIIEIO TBEPIOL
(da3m, Mae TMPOKWK iHTEpBaT AEIIOKYIAMIl, TMPOTHIIE
TUKCOTPOIIIT Ta HE MHUTHCH, IO TAKOXK BaXITHBO. OCKUTBKH
TIPOJYKT € PiKAM 1 TOBHICTIO AUCOIIIIOE Y BOAHOMY PO3UHHI,
edekT AedIOoKyISIIl TOYHMHAETHCS O/|pa3y MICIs JOIaBaHHS
1o nutikepy. Omxe, no6aska Dolapix PC 67 nae MoxmBICTh
B Oympb-IKMd 4ac peryjaroBaTH B'S3KICTb  IILTIKEpPY
Oe3nocepeinbo Ha JTiHIT JUTTA. Jednokynsiiauii edekr

Dolapix PC 67 € pesynbrarom, 3 oxHOro OOKY, 10HHOTO
00MiHy 00aBKH 1 TBEPMX YACTOUYOK LIUTIKEPY Ta BIUIMB Ha iX
MOJBIMHUIM eNEeKTpUYHMK map. 3 iHIoro OOKy, HosiMepHi
JIQHITFOTH TIPUKPITUTFOIOTHCS 0 MiHEPATLHUX YaCTOYOK 1 THM
caMuM 3[IHCHIOIOTh CTEpUYHE BimmToBXyBaHHs. Lle cripuse
cTabimizarii  CycHeH3il, OCKUIbKM TBEpAi  YacCTOYKH
3aJIAIIAIOTECST BUCOKOAWMCIIEPCHUME Yepe3 BIJICYTHICTh X
arperyBaHfs. ~ PexoMeHIOBaHa  KUIBKICTH  JOOaBKH
kommBaeThess B Mexkax 0,1 — 0,5% Bim BmicTy TBepamx
peyoBrH y nnrikepi. OCKUIBKM, BIUIMB J00aBKM Ha
PEOJIOTi0 NUTIKEPIB 3aJISKHUTh Bifl CKJIAJLy TBEPAOi YaCTHHH
cycrieH3ii, HeOOXiJTHUM € eKCIIepUMEHTaIbHI BUIIPOOYBaHHS
Ta BHU3HAYCHHS ONTHMAJBHOI KUTBKOCTI JI00aBKH B
KO’KHOMY KOHKpeTHOMY Bumazky [10].

JInst ToKpaIieHHs aare3iifHiX BIACTUBOCTEH ILTIKEPY
BHKOpUCTOBYBaM ToiBiHLTOBHH crpT (ITIBC 1788) , sikmid
€ BHCOKOMOJICKYJSIPHAM XIMIYHO 1HEPTHHM TOJIMEPOM,
JIETKO PO3YUHSETLCS B BOJI, BOJIOJIE TUTIBKOYTBOPIOIOYHMHE
BractiBOCTSMH,. [IBC € dYymoBHM  eMyNBIyIOUNM,
QIre3ifHAM 1 TUTIBKOYTBOPIOBAILHUM  TTOJIIMEPOM,  SIKHIA
BUKOPHUCTOBYETHCS SIK ajre3iiiHa 100aBKa NP BUTOTOBJICHHI
OyaiBEIBHUX CyMIllIel JUTsl OTIEPEIDKEHHS PO3TPICKYBaHHSL.

Meromuka nocuimkenb. OOIpyHTYyBaHHS BHOOpY
OKCH/IHOI KOMIIO3MILIT Ul OTPUMAaHHS KepaMiKd BileMIT-
LETB31aHOBOTO CKJIAy 3MIMCHIOBAJIM HA OCHOBI aHAJ3y
Biomoctel mono Oynou cuctemun BaO-ZnO-AlO3-SiO»
3a maHuMu 0asu Material project [11]. s po3poOku
CHUPOBHHHHMX KOMIIO3MIIIN BLIEMIT-IIENB31aHOBOI  KepaMiKH

BUKOPDHUCTOBYBIM:  INIMHO3eM  Metamypridamii  [-00,
kapOoHaT Oapiro Mapku «XY», KBapIOBHH  TICOK
HoBoceniBcbkoro  ponoBumia  (XapkiBcbka 0011.). Sk
iHTeHCH(piKaTop CITIKaHHS Ta (ha3oyTBOpEHHS

BUKOpHUCTOBYBaiM Jitito kapooHar (Li,COs), nob6aBka sxoro
B nepepaxyHky Ha LiO craHoBmna 2 mac. % (monan 100
Mmac. % Ha Cyxy peqoBHHY). XIMIYHHH CKJIaJl CHPOBHHHHX
MartepiaiiB HaJjaHo B TaoI. 1.

Tabmuus 1 — XiMiyHUN CKJIAJ] CHPOBUHHHX MaTepialiB

Marepiam ‘ BwmicT KOMIIOHEHTIB 3a XiMaHaJi30M, Mac.% .
Si02 ALOs | FexO3 | CaO MgO ZnO BaO Li20O | B.ILII.
ITicox HoBoceniBchKmii 99,13 0,39 0,04 0,20 0,04 — — — 0,20
IluHkoBI Oigwia 0,06 - - - - 99,92 - - 0,02
Kap6onar 6apiro - — - — — - 70,19 — 29,81
I'muaozem Meranyprivamii ['-00 0,03 98,70 0,02 — — 0,25 — — 1,00
Kap6onar mitito - — - — — - — 2 1,94

TexHouorist BUrOTOBJICHHS 1a0OPAaTOPHUX 3pa3KiB
o0Tika4iB 3 pamionpo3opoi Kepamikk rnepeabayana
HACTYIIHI €Taly: OTPMMAaHHS KepaMidyHHUX IOPOIIKiB
3a1aHoro (azoBoro ckiaany (B JaHOMY BHUIAAKY CHHTE3
miTbOBHX (a3 BUIEMITY 1 IeJb3iaHy 3a TeMIlepaTypHu
1200 °C), momes MPOIYKTiB CHHTE3Y B IUTAHETAPHOMY
MJIMHI, TPUTOTYBaHHS INLIKEPIB 3 ONTHMAaJbHUMH
PEOSTOTIIHIUMH BIIACTHBOCTSIMH, (dhopmyBaHHS
HamiB()aOpuWKaTiB METOJAOM BiNIMBaHHSA IUIIKEPY B
rircoBi gopmu, cymika HaniBhaOpHUKaTIB A0 3aJIUIIKOBOT
Bojiorocti He Ounbire 0,5 % Ta iX BUIan 3a Temreparypu
1200 °C nns 3abe3nedyeHHss HEOOXiTHOTO PIBHS CIIKaHHS
roToBux BHpOOiB. Jlis BU3HA4YECHHS (Ha30BOr0 CKIAILy
OTPUMaHUX  KepaMiYHMX  IOPOMIKIB  IPOBOJMIN

peHTreHoda3oBuil  aHaii3 NPOIYKTIB CHHTE3y 13
3actocyBaHHsM audpaktomerpy JPOH-3M 3 CuKa-

BUIIPOMIHIOBAaHHSIM Ta HiKeJeBMM (QUIBTPOM NpHU
CTaHIAPTHUX yMOBaX HOro poOOTH.
JlocmimkeHHs PEOJTOTIIHIX BIIACTUBOCTEH

KepaMigHOTO IIITiKEePYy MPOBOIWIM Ha BOJHIW CyCHeH3il,
ska mictina 70 mac. % ToHKOmucTIepcHOI TBepnoi daszm
(kepaMiYHUH TIOPOIIOK BiIEMIT-IIEIh3iaHOBOTO CKIIAMY).
Pospimkyroui Ta aaresyrodi J00aBKM BBOIUIH JIO
cycriensii po3unHeHnMH y Boxi. CTymiHb PO3pIIKEHHS
Marepiary BU3HaYaJIM 32 3aJIEKHOCTSIMU TEKYUOCTI IIUTIKepY
Bi/l KOHIEHTpawii no6aBku po3piwkyBaya Dolopix PC 67:
T1 = f{(Cpolapix). TeKyHicTh nuTIKEpPY (T1) BU3HAYAIM 32 YACOM
BUTIKaHHS 25 MJI CyCIIeH3i1 Kpi3b OTBIp MINETKH JiaMeTpOM
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4 mm. HaOpana 1o mimerku cycneHsis NMOBHHHA BHTIKAaTH
CYLIbHAM CTPYMEHEM IIiCIIsl BIIKPUTTS! BEPXHBOI'O OTBOPY.
Jlnst GibI TOYHOTO BHU3HAUECHHS IApaMeTpy MPOBOJHMIHN 5
napajieabHUX BUMIPIOBaHb, 32 SKMMH 3HAXOJIUIM CEPEIHE
apru(MeTHIHE 3HAYEHHS TSKYyJOCTi.

Bonoricte kepaMmiuHHMX TLIiKEpiB 3 JH00aBKaMu
BH3HAUaJ M TICJIS BUCYINIYBaHHS NpPOOW B CYIIWIbHIN
madi (3a Temmepatypu 110 °C mo mocrifiHoi Barm) 3a
dhopmyoro

Pus 2 100%
P (1

e My, — Maca NUIKepy, T; M, — Maca Cyxoi
PEYOBHHU TICJISI BUCYIITYBaHHS IUTIKEPY, T.

BusnaueHHs ~— mBHAKOCTI  Habopy  depemka
MPOBOJMJIA 3 BUKOPUCTAHHSIM TilICOBUX CTPUXKHIB.
Ilepen mpoBeACHHAM EKCIEPUMEHTY TillCOBI CTPHXKHI
BHCYIIYBaJH JI0 MOCTIHHOT Baru 3a temreparypu 70—75
°C. Jlns BU3HAYeHHS IIBHIKOCTI HaboOpy deperka
CTPIPKEHB 3aHYPIOBAJIM JI0 MITKH B CKIISTHKY 31 HITIKEPOM
Ta BUTpUMYBaiu Brponosxk 1 xB. [Ticis Habopy macu Ha
TiIICOBI CTPWIKHI IX BHCYIIyBalM JIO IIOCTiHHOI Baru B
cymmibHIM mwadi Ta 3BaxyBanu 3 TouyHicTio 10 0,01 M.
[IBunkicTs HabOpy mHuTiKepy (I/XB) pO3paxoBYBalH 3a
Baroro Mac, sika OyJia HaOpaHa 3a OJJUHHIIIO Yacy

W=

g.mt(ru = gl - gO (2)

JI€  Zvacu — Bara cyxoi Macu, HabpaHOi Ha TiNCOBUH
CTPYIKEHB 3a | XB, T;

g1 — Bara Cyxoro CTpIKHs 3 Macoro, T;

g0 — Bara Cyxoro rircoBOro CTpHXH, T.
MinHicTh 3pa3KiB B CyXOMYy CTaHi BHUMIpIOBajM Ha
npucTpoi Ui BU3HAYEHHS MIIHOCTI NMpH 3THHI, KU
3a0e3nedye MBUIKICTh HaBaHTOXKeHHS B Mexax 0,05—
1,0 H/c. Jlnsa gocmimkeHs GoOpMyBali 3pa3Kd JTOBKUHOIO
60 MM i giameTpoM 8 MM, SIKi TICIIS CYIIKH 33 TeMIlepaTypu
110 °C  oxomomkyBamm B  ekcukaropi. Ilepen
BHIPOOYBaHHSIM BHUMIipIOBATH niameTp 3paszka
MIKpOMETpoM 3 TToXHOKot0 + 0,5 MM. 3pa3ok BMIIIlyBaM Ha

OTIOpHI TIPU3MH Ta TIOCTYIIOBO 301JIbIITYBAI HABAHTKEHHS

Tab6suis 2 — BMicT KOMIOHEHTIB Hutikepy 3 Bojorictio 30%

JI0 MOMEHTY, KOJIM BiIOyBaoch pyiHHyBaHHs 3pa3ka. Mexy

MILHOCTI TpY 3TMHAaHHI 3pasKiB B CyXOMy CTaHi
obuwmciroBany 3a GopMyIoro
L _T64-P
32 3
d A3)

ne P — pyiiHiBHe HaBaHTa)XeHHS, T;

d — miameTp 3paska, MM.

Jl1st BUTIaJIeHUX 3pa3KiB METOJIOM TiIpOCTaATHIHOTO
3BaXyBAHHS BH3HAYAJNM XapaKTCPUCTHUKM  CIIKaHHA
(yaBHY TyCcTHHY p, BOIOINOTIWHAHHA W, 3arajibHy
mopucTicTh Il;), a TakoX OCHOBHI BIACTHBOCTI, IIIO
00yMOBITIOIOTh (hyHKIIIOHATbHICTh MarepiaiB:
TENEeKTPUYIHI XapaKTEePUCTHKH (€, tgd), MEXy MIITHOCTI
Ha CTHCK O¢, Ta MikporBepaicte (HRA, HYV).
BumipioBaHHs ~ JlieNeKTPUYHMX  BTpaT  MarepialiB
MPOBOJMIIM Ha aBTOMATH30BaHOMY mpuiani «TaHreHc-
3M» npu apianasoHi poboumx Hanpyxkenb 10 270 B y
inTepBaii yactoT 48—62 I'u. TBepaicTh 3pa3kiB KepaMiku
BH3Hayaau 3a MeTogoM Rockwell (3a rimmbuHOMO
NPOHUKHEHHS B MaTepiay aiMa3HOi MipaMiJKi 32 YMOBH
TUTABHOTO HaBaHTakeHHs Bix 1 MITa).

ExcnepuMeHTajdbHa 4YacTHHA. BiamosimHo 10
3aa4 JOCTIKEHb B AKOCTI 0a30BO1 O0OpaHO OKCHIHY
kommosuiio cucteMd BaO-ZnO-Al,03;—SiO,, ckiman
sakoi (B mac. %: BaO — 15,91; ZnO — 36,52; Al,O3; —
15,65; SiO, - 31,92) BigmoBimae  3agaHoMy
CHIBBIAHOIICHHIO 1iTboBUX (a3 (BaAl:Si»Os : Zn,SiO4 =
1:1) 3 ypaxyBaHHSAM CTEXiOMETPUYHOTO CKJIAIY CIOJIYK.
Po3poGuiennii cknan 6a30BOi CHPOBHUHHOI KOMITO3MIIT
XapaKTePU3Y€EThCS HACTYIMHHM BMICTOM KOMITOHCHTIB,
Mac. %: micok HoBocemBchbkuii — 30,05; MHKOBI Oinniaa

— 34,11; xapbomar Oapito — 21,16; ramHO3EeM
metanypriitauit ['-00 — 13,67; Li,CO; — 8,41 (monazg 100
% Ha CyXy pEeUOBHHY).

JocmimkeHHs TEXHOJIOTI YHHX napameTpiB

MUTIKEPiB, SKi MICTHIIN pO3piIKyBalbHI Ta aare3yBaibHi
J00aBKH MPOBOIIIA 32 YMOB, y3arajJbHEHUX B TaOJ. 2.
[Ipy npoMy BOJIOTICTH JOCHIJPKEHMX CYCHEH3iH, IO
MicTian 1o6aBku craHoBmia 30 %.

CupoBHUHHI MaTepiaiu

Bwmict komnonenTis, Mac. %

Py P> P3 Py D1 Do Ds
Cymim nenp3iaty Ta . 70 70 70 70 70 70 70
BLIEMITY Yy CHIBBiIHOMICHH] 1:1
[onisininosuit coupt (ITBC 1788) 0,35 0,58 0,82 1,05 - - -
HarpieBa cinb nonikap60HOBOT KHCIOTH B B _ B
(Dolapix 3C 67) 0.2 0.3 0.4

* Cepis P — numikepu 3 no6askoro [IBC 1788; **Cepist D — numikepu 3 no6askoto Dolapix PC 67 |

Brutus po3pimkyBansHoi nobaBku Dolapix PC 67
Ta anresiHoi moOaBkm [IBC 1788 nmobOaBox Ha
TEKy4icTb, Ha0Op depernka Ta MIIHICTh BiJJIMBKH
NPOUTIOCTPOBAHO y BHUMIAAI TpadidHuX 3anesxHocTei
(puc. 1).

Sk BugHo 3 puc. la, npu Beenenni [IBC 1788 B
MEXax  JOCHITHHX  KOHIICHTpPAIlil  MiJABHILYETHCS
MIIHICTh IPY 3TMHAHHI Bi/UTMBOK y BUCYLLICHOMY CTaHi.

Hai61i1p10r0 MIITHICTIO XapaKTepU3YIOThCS 3pa3Ku
Ps ta P3 (7,22 MIla Ta 6,12 MIla BignoBimHO), IO
Mmictate moHan 0,8 mac. % IIBC. lle € mo3uTHBHUM

TEXHOJIOTTYHUM (axropom 3 TOYKH 30py
TPaHCIIOPTYBaHHS  BIUIMBOK Ta MOXJIMBOCTEH 1X
MexaHi4HOI 00poOku. OnHakK BBEICHHS aire3yro4ol
J00aBKM  TPHU3BOAWUTH 10 MOTIPLIEHHS  TEKy4OCTi
HITIKEpY.
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0)
Puc. 1 — BrumB 106aBok Ha BIaCTUBOCTI IITIKEPY Ta

MIIHICTh BiJUIMBKU: a) anaresiiina nodaska [IBC 1788;
0) po3pimxyBaibHa 1odaBka Dolapix PC 67

—*—Ha0ip 4yepeuka

Haromicte npu nopmaBanni no uwtikepy 0,2 mac. %
pospimkyBadya  Dolapix PC 67  cmoctepiraetbest
TIOJIITIICHHS TEKY4YOCT] IITIKEPIB: y OPIBHSHHI 3

€TAJIOHHUM 1TikepoM Dy uac Butikanus 25 cm® cycriensii
D; xpi3p otBip minerkum 3meHmmBcs Ha 10 c. Ilpm
[0IAJIBILIOMY 301IbIIEHH] KOHIICHTpAIi{
po3pimkyBansHOi m06aBku 3 0,2 mac. % no 0,6 mac. %
(momanm 100 % Ha cyxXy pedYOBHHY) 3MIHIOETHCS
HECYTT€BO (Yac BHUTIKaHHS ILTIKEpy 3MEHIIyeThCS Ha 1
c). [Ipu mpoMy Tpoxwm 3OITBHIYETHCS MIIHICTH CYXOi
BwmuBku (3 1,76 MIla nmo 2,53 MIla), mpore
crocTepiraeTsCsi ToTripmeHHs Habopy wacu. Towmy,
BBeneHHa Dolapix PC 67 Oumsie 3a 0,4 mac. % He €
JOLIPHUM. BpaxoByroun oTpuMaHi aHi, B MOJAIBIIOMY

JIOCIIKYBaIN MOXIIUBICTh KOMOIHyBaHHS
po3piKyBambHOI Ta  aare3yBailbHOI J00aBOK, IO
JIO3BOJIUTH ~ ONTHUMI3YBaTH TEXHOJOTIYHI IapameTpu

LITIKEPHOTO JIUTTA BiIEMIT-1IeIb31aHOBOT KEpaMiKH.

BusHaueHHs CKkiIagy ONTUMAaIbHOI KOMIUIEKCHOL
J00aBKM 3AIMCHIOBAIM 3 BHUKOPUCTAHHSIM TIOBHOTO
¢aktopHoro excrnepumenty IIOE 22, Sk ¢akropu
BapilOBaHHA JOCIiKyBamu BMicT n1ob6aBok IIBC 1788 Ta
Dolapix PC 67, BimiB sSIKMX Ha BJIACTHBOCTI MUTIKEpy OYB
JOCHUKEHWH ~ Ha  THomepeAHboMy  erami.  Bwict
a/ire3yBaJIbHOI Ta PO3PIPKYBaJILHOT 100aBOK, BapilOBaIk B
MEXKax  KOHIEHTpalid, 3a3HayeHux B  Tabm. 3.
[pencraBneHi MOCHIKEHHS! MPOBOIMIN IJIsl LITIKEPIB 3
BoJorictio 30 %.

PesynpraTu mOCHIDKEHb OJHOYACHOTO BIUIUBY
anre3yBallbHOT Ta PO3pLIKYBaIHHOT J106aBOK
UTIOCTPYIOTH AiarpaMu 3aJeKHOCTEH TeKydOCTi IUTIKepy,
IIBUIKOCTI HAOOpY MacH Ta MIIIHOCTI BiJUTHBOK Y CYXOMY
craHi Bif iX KoHIeHTpaItlii (puc. 2 Ta puc. 3).

Ta6auist 3 — Marpuiis [IaHyBaHHsL Ta HATYpaIbHUI 1aH excniepumenty [IOE 22

Ne nocniny | X | X2 | Honisininoswuii cmpt (ITBC 1788) | Hatpiesa cisnb nomnikap6onosoi kucioru (Dolapix PC 67)
1 +1]+1 1,05 0,42
2 -1]+1 0,35 0,42
3 +1]-1 1,05 0,14
4 -1]-1 0,35 0,14
KonTponbHa Touka 1,05 0,28
e 1}05

BimicT IIBC

="l 535

1,4 4,2

Bnicr Dolapix
a5-7 879 H9-11 B11-13
a)

B 13-15

1,05

BMmicT IIBC

B4-5 @56 B6-7 @78

0)

Puc. 2 — BruB 106aBOK Ha BIACTUBOCTI LUTIKEPY Ta BiIJIMBKU:
a) TeKydJicTh LUTiKepy, ¢; 0) LIBUAKICTh HAOOPY MAacH, I/XB;
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1,05

BuictIIBC

0,35
1.4 BwmicT Dolapix 4.2

M2-3,5 m3,55 0565 E658

)

Mac. Yo

Buier IIBC,

0.28
Bumict Dolapix
mac. %o

6)

Puc. 3 — BrtnB 106aBoK Ha BIIaCTHBOCTI IIUTIKEPY Ta BIUIMBKH: a) MIIHICTh BIAJIMBKYU Npu 3ruHanHi, MI1a;
6) E=wenakicts uaGopy macu 6-8 r/xe; [ g9 MinHicTs BimmusKi mpi 3riH, 5-8 MIla

EJrexyuicts unrixepy 5-11 ¢ B oG acry, onrrivansmix KOHIIEHTpaLilf 100aBOK

3 BHUKODHCTaHHSM OTPUMAHHX  3aJIE)KHOCTEH
BH3HAYCHO 00JacTi KOHIICHTpAIiii 100aBOK, MmO 3a
YMOBHM IX OJHOYACHOi TIPHCYTHOCTI 3a0e3NevuyloTh
HeoOXiTHUI piBEHb BIAaCTHBOCTEH HuIikepy (puc 2a, 20,
3a), sAKi BH3HAYaAIOTh TEXHOJIOTIYHICTH (OPMYBaHHS
TOHKOCTIHHUX  OOOJIOHOK  OOTIYHHKIB 3  BIIEMIT-
LIeNb31aHOBOT KepaMiKH 3 BOAHUX LLTIKEPIB: TEKy4iCTh —
5+11 c; mBuakicth HaAOOpPY Macu — 6+8 I/XB., a TaKOX
JIOCTATHIO MILHICTh BIZUIMBKH Micis cymku 5+8 MITa.

AmHaniz pe3yNbTaTiB IPOBEAECHOTO EKCIEPUMEHTY
JI03BOJINB BU3HAYUTH obJactb ONTHMAaJIbHUX
KOHIICHTpAIlid CKIaJIOBUX KOMIUIEKCHOI J00aBKH, sKa
JIO3BOJISIE BUTOTOBIIAITH TIIIIKEP BUCOKOT TEKYy4OCTi 3
3aJIOBUTbHUMH ~ (QUIBTPALiHHUMHA ~ BJIACTUBOCTSMH  Ta
OTPUMATH BIITMBKK BHCOKOi MiHOCTI (puc. 30). 3
ypaxyBaHHSIM OTPHUMaHMX JIaHHX, a TaKOX MipKyBaHb
€KOHOMIYHOT JIOLIUTBHOCTI BU3HAHO HACTYITHHHA
ONTHMAaJIbHUKA BMICT PO3PIIKYBaJbHOI Ta aJre3iiHoi
CKJIQIOBUX KOMIUIEKCHOI 100aBKH:

- Dolapix PC 67 — 0,38 mac. % (nmonax 100 Ha cyxy
pedoBuny — CP);
- BC 1788 — 0,7 mac. % (monazn 100 % ua CP).

Hlnikep, MOAM(IKOBaHUH Ppo3polIeHO0
KOMIUIEKCHOIO 100aBKOIO XapaKTepU3YEThCS TEKY4iCTIO
(t1 = 9+11 c¢), 3a00BUIBHOIO MIBUAKICTIO HA0OPY Macu
(67 r/xB) Ta 3abe3neyye MiJBUIICHY MILHICTb BiJUINBKU
B cyxoMy cTaHi (5+6,5 MIla).

BucHOBKM Ta NepCHeKTHBH  MOJAJNBIIOIO
PO3BHTKY  JaHOro HampsiMKy. B pesynbrarti
IIPOBEACHUX JIOCIIKEHb BU3HAYCHO BIUIUB

po3pimkyrodoi (Dolapix PC 67) Ta anresiitnoi (ITIBC
1788) nobGaBok Ha  TEXHOJIOTIYHI  BJIACTHBOCTI
HETUTACTUYIHOTO MITIKEPY BUIEMIT-TENIb31aHOBOTO CKIIAY.
JlocmimpkeHHs BIUTMBY po3pimkyrodoi modaBku Dolapix
PC 67 Tta anresyrouoi pnob6aBkm IIBC 1788 Ha
BIIACTHUBOCTI ~ KEpaMi4HOTO TUIIKepy Ta  MIIHICTh
BiJUIMBKH TIOKa3aJH, 10 X OKpEeME BUKOPUCTAHHS HE €
IOLIIBHUM.

BcraHOBNICHO, MO0 3 BUKOPHUCTAHHIM aJre3yrodoi
00aBKU T03BOJISIE 30UIBIINTH MIIHICTh BiIJIUBKH 10 7,22
MIla, oxgHak Mpu IIbOMY LUTIKEpP BTpaya€e TEKyYicCTh.

HatoMicTh BHKOpHWCTaHHS JIHIIE PO3PiIKyBaJIbHOL
JOOaBKH MOKpAILy€e NMOKAa3HUK TEKYy4OCTi IUTIKEpY, OJIHAK
He 3abe3rnedyye HeoOXiJHOI MIITHOCTI BI[UIMBKH B CyXOMY
crani. Bu3HaueHO oNTHUMaJBHUI CKJIAJ KOMIUICKCHOT
nobaeku (0,38 mac. % Dolapix PC67 ta 0,7 mac. %
IIBC 1788 monax 100 % Ha cyxy peuoBHHY), fKa
3a0e3nevye OTpUMaHHS IUIIKEPY 3 BHCOKOIO TEKYYiCTIO
(t1 = 9+11 c¢) 1 nocraTHBOIO IIBHJIKICTIO HabOpy Macu
(6+7 1/xB), SKMH 37aTHHH YTBOPIOBATH BIIJIMBKY 3
MiABUIIEHOI0 MIlHICTIO Ha 3ruH  (5+6,5 MIla).
Buxopucranus i€l n00aBKH 3abe3neuye
TEXHOJIOTIYHICTh TPOIECY INITIKEPHOTO JIUTTSA BHPOOIB
CKIIQJHOT KOHiryparmii (ToJoBHMX OOTiKadiB) MpH
BUKOPHUCTaHHI BUIEMIT-TI€NTb31aHOBOT KEPAMIKH
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K.B. BEJIOI'YbBKHHA, E.IO. ®E/JOPEHKO, P.B. KPUBOBOK, A.B. 31XAPOB .
PA3BPABOTKA TEXHOJIOI'MYECKHUX NIAPAMETPOB ®OPMUPOBAHUA OBTEKATEJIEX METOJOM
HIJIMKEPHOI'O JIUTUA

B wmarepuanax crateu paccMaTpuBaeTcs 3()(EKTUBHOCTh MPUMEHEHHs J00aBOK Ul CTAOWIM3AMU U PA3KIDKCHUS OE3TIIMHHUCTHIX
nutikepoB. J{is  TpOM3BOACTBA  PamHONPO3PAYHBIX KEPAMUYECKHMX MATEPHAIOB  IEJIb3HAH-BHJUIEMHTOBOIO COCTaBa Haubosee
3G (EKTUBHBIM U dHEProcOEeperarnM METOOM IPOM3BOJCTBA SIBJIACTCS METOJ| IUIMKEPHOro JuThs. COIIACHO HIMXTOBOMY COCTaBY
JTAaHHAS] TEXHOJIOTHSI YCJIOKHSIETCSI OTCYTCTBHEM TIIMHHCTBIX COCTABIISIFOIIMX, YTO IMOKAa3bIBAET HEOOXOAMMOCTh MCIIONB30BAHMS IPUMECEH
JUTSL YIIyYIICHUS. PEOJIOTMH Takoro nurikepa. OCHOBHBIMH XapaKTEPUCTHKAMHU BOJHBIX KEPAMHUYECKHX IUIUKEPOB SIBIISIOTCS TYCTOTA,
BJIQ)KHOCTb, TEKYYECThb, BS3KOCTb, KOI(D(UIMEHT 3aryCTUTENLHOCTH, CKOPOCTh Habopa wmacchl. IlInukep [OJKEH YIOBIETBOPATH
CJIEAYIONINM TPEOOBaHHSIM: OBITH CBOOOIHBIM OT IEHBI U TA30BBIX BKIFOUEHHI, IMETh YIOBJICTBOPUTEILHYIO TEKYYECTh IMPHU HEBBICOKOI
BSI3KOCTH; OBITh arperaTUBHO YCTOWYMBBIM (XapaKTEpU3yeTCs OTCYTCTBUEM arperHpOBaHMs, KOATyIMPOBAHUS U OCSJaHUs YACTHUI] TBEPIOi
(asbr); 001a1aTh BEICOKOH (DUIBTPYIOIIEH CITOCOOHOCTBIO I 00eceueHus: ObICTPOro U 6e3aeheKTHOro Habopa MacChl; OBITH XUMUYECKU
WHEPTHBIM, OOCCIICYMBATH JIOCTATOYHYIO TMPOYHOCTh M HHU3KYI0 YCanKy MoiayhabpukaToB, a TakKe BO3MOXXHOCTh HX JIETKOTO
BBICBOOOXIeHUS U3 (opMBbl. [109TOMY BBIOOp pa30aBISIONIMX M aIr€3UOHHBIX T00aBOK OYAyT CITOCOOCTBOBATH YMEHBIICHHIO BIIaXXHOCTH
LITHKEPa [PH COXPAHEHHH BBICOKOM TEKYYECTH U YKPEIUICHUIO OTJIHBKH.

KioueBble ¢JI0BA: [UIMKEPHOE JIMTHE, HEIUIACTUYECKHE OC3MJIMHUCTBIC IIIUKEPhI, PEOJIOTHYSCKUE CBOMCTBA IMLIMKEPOB,
paauorpo3pavHas KepaMHKa, [eJIb3UaH, BUIUIEMHT.

K.V. BILOHUBKINA, E.Yu. FEDORENKO, R.V. KPUBOBOK, A.B. ZAKHAROV
DEVELOPMENT OF TECHNOLOGICAL PARAMETERS FOR THE FORMATION OF FASTS BY THE SLIDING
CASTING METHOD

The materials of the article consider the effectiveness of additives for stabilization and dilution of clay-free slippers. For the
production of radio-transparent ceramic materials of Celsius-Willemite composition, the most efficient and energy-saving method
of production is the method of slip casting. According to the charge composition, this technology is complicated by the lack of clay
components, which shows the need to use impurities to improve the rheology of such a slip. The main characteristics of aqueous
ceramic slippers are density, humidity, fluidity, viscosity, density factor, rate of mass accumulation. The slip must meet the
following requirements: be free from foam and gas inclusions, have satisfactory fluidity under low viscosity; be aggregatively
stable (characterized by the absence of aggregation, coagulation and sedimentation of solid phase particles); have a high filtering
capacity to ensure fast and defect-free weight gain; to be chemically inert, to provide sufficient strength and low shrinkage of semi-
finished products, as well as the possibility of their easy release from the mold.
Key words: slip casting, non-plastic clay-free slips, rheological properties of slips, radiopaque ceramics, Celsius, Willemite.
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O. C. KPABYEHKO

3ATAJIBHA TEXHOJIOTI'TS IN®PYBAHHS TA BBYIOBYBAHHS JAHUX B PACTPOBI
30BPAKEHHS, 11O € CTIMKUM JIO0 CTUCHEHHSA JPEG

OO0’eKTOM [OCIHI/KEHHSI MPEICTaBICHOI CTAaTTi € creraHorpadidHi MeToan opraHizauii NPHUXOBAHOTO KaHAmy 3BSI3KY B KaHai
3arajJbHOTO KOPHUCTYBAaHHS, 11O 3a0€3Me4yloTh CTIHKICTh 1O CTUCHEHHSA 3 BTparaMd. Mera poOOTH — pO3poOKa auropurmy
BOY/IOBYBaHHSI JaHUX B PacTpoBi 300paxkeHHs, criiikoro 1o JPEG cruckanHs Ta artakaM Ha KOHTeHHep. Y poOOTI AOCIIIKEHO
ocobumBocti pobotn amropurmy JPEG, npoanamizoBaHo creraHorpadiuni Meroau 3axucry iHdopmamii Ta moOGymoBaHO
creraHorpagiunnii anropury™, crifikuii 1o JPEG cruckanHs Ta arakam Ha KOHTeiHep. JlomaTkoBy HaniifHICTH 3a0e3NedyIOTh
nomiangapiTHU MUQpP MICTAHOBKU I KOPUCTYBALBKUN CEKPETHHH KIIOY, IO BHKOPHCTOBYIOTHCS ULl MIH(PYBAHHS BHXiJHOTO
MOBITOMJICHHS. AJITOPUTM 0YII0 PO3pOOIICHO 32 JOIIOMOT0I0 MOBH mporpamyBants Python 3, 6i6inorexk NumPy, SciPy, MatPlotLib
Ta nakety Jupyter Lab. 3agauy Oyiio BUKOHAHO 3a JOMOMOTOI0 CTAaHAAPTHUX MAaTEMAaTHYHUX Ta CTATUCTUYHHUX METOJIB Ta 3ac00iB

BHCOKOPiBHEBOT MOBH nporpamysanHs Python 3.

KuirouoBi cioBa: creranorpadis, kpirorpadis, JPEG anroputw, cTilikicTs creranorpadiqyHoOro KoHTeiHepa, BOYIOBYBaHHS

JTaHUX B PAcTPOBi 300pakeHHs, CTErOaHali3.

Beryn.

ITudpori mpucTpoi Ta IHTEpHET BUKOPUCTOBYIOTH Y
PI3HOBHIAX MPOMHUCIIOBUX ITiANPUEMCTBAX, MPUBATHOI 1
Jep>)kaBHOI (OpPM  BIIACHOCTI 3 METOIO0 CKOpPOUYSHHS
TPYIOBUX PECYPCIB i MiABUIICHHS €(EKTUBHOCTI POOOTH,
a TakoX I oOMiHy iHdopmariero. Y 3B'I3Ky 3 UM €
aKTyaJIbHUM IMTaHHS 3axucTy 1udposoi indopmanii, oo
nepenaeTbcs. Hampukinaa, BiAnpaBHUK —3ammupoBye
iHpopMaIil0 Ha cBOeMy OOILi 1 Iepenae ojaep)KyBauy,
SKAH po3mudpoBye ii 3a JOMOMOrol0 KIIOYa, SKHM
CTOPOHHU TMONEPEAHBO OOMIHSJIMCSA 1 TaKOX ICHYIOTBH
METOJIM 3aXHIICHOTO OOMIHY KJIFOUaMH 4Yepe3 BIAKPUTHIA
kaHanm 3B's3ky. OmHaKk, y Takoro TMiIXOay € OIUH
ICTOTHUH HemoJiK — 3amudpoBaHi JaHI BUTISIAIOTH K
Oe3magHuit Habip CUMBOIIB, YAM 3aTy9al0Th IOTESHITIHHY
yBary 3alliKaBJIeHUX OCi0, YME€I0 METOI0 MOYE CTaTH ix

po3mmdpyBaHHS. Takum YUHOM, TEXHOJIOT11
mUPpyBaHHS HE BHUPINIYIOTh MNPOOJIeMy 3axUIIECHOT
nepenadi  koHdigeHuiitnoi  iHdopmanii  moBHicCTIO.

HeoOxiguuii MeTO, IO JO3BOJISE MEpeaaBaTy JIaHi Mij
BUTJISIOM IHIIMX JaHUX 1 TUM CaMHM HE IMPHBEPTAE
yBary 0 TIOBIOMJICHHS — Hayka creraHorpadis.
Meroqu  creranorpadii He  TUIBKM  JO3BOJIAIOTH
npuxoBaHo 30epiratu i mepenaBaTu iHopmariiro, ane i
Iy)Ke YCIITHO JOTIOMAararoTh BHUPIIIUTH [MHTAHHS
3aXUCTY iHdopmarrii BIJT HECAHKI[IOHOBAHOTO
KOITIFOBaHHS, BIJCTE)KECHHS TONIMPEHHS iHpopMallii B
MepeXi 3aralbHOTO KOPHCTYBaHHS, IOINYKY MAHHX B
MYJBTAMEIIHHNX 0a3ax mqaHuX i T.1..[1]

IlocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISIAI
Ta i 3B’A30K i3 BaXIUBUMH HAYKOBHMH Ta
NPaKkTHYHMMH  3aBJaHHAMH.  Merolo  gaHoro
JIOCHI/DKEHHST € po3po0Ka ajaroputMmy MmHUQpyBaHHSA Ta
BOY/ZIOBYBaHHS JIaHUX B PAacTPOBi 300pa)keHHs, CTIHKOTO
no JPEG cruckanns. Po3zsutok IHTepHeT-TexHOJOTIH 1
cydacHa iH(opMmarliiiHa epa BU3HAYWIA HOBiI CTaHIApPTH
JKUTTSI, TETEp TPOMUCIOBI Ta EKOHOMIYHi, MPUBATHI i
Jep)KaBHI  TIANMPUEMCTBA AKTUBHO BHKOPHUCTOBYIOTH
IaTepueT Mg oOMiHy iH(pOpMaIieo. Y 3B'A3KY 3 UM €
aKTyaJIbHUM ITUTaHHS 3aXUCTy UGPOBOi iHpopMaIlii, 1o
nepenaeTbesa. ICHye pi3HOMaHITHICTh KpUNITOrpadiqHUX
METOJIB JUIs 3aXuIIeHoro oOMiHy iH(opMaIi€er,

YMOBOIO SIKUX € IU(QPYBaHHS BCIX JaHUX, IO IPOXOJSAThH
gepe3 kaHan 3B's3Ky. OJHAK, y TaKOro MiAXOAy € OJIUH
ICTOTHUH HemoJiK — 3amudpoBaHi JaHI BUTIIAIOTH K
Oe3mamHuii HAOlp CHMBOJIIB, MM 3aTy9ar0Th MOTCHIIHHY
yBary 3allikaBJICHUX OCi0, YM€I0 METOI0 MOXE CTaTH ix

po3mmdpyBaHHs. Takum YUHOM, TEXHOJIOT11
mudpyBaHHs HE BHPILIYIOTh NPOOJIEMYy 3aXHILEHOT
nepenaui  KoH(ineHuiiHoi  iHdopMmalii  MOBHICTIO.

HeoOxiguuit MeTol, 0 JO3BOJISE MEpeaBaT JTaHi Mij
BUTJISIOM IHIIMX JAaHUX 1 TUM CaMHM HE INPHBEPTAE
yBary J0 IOBIIOMJICHHS, OJHOYACHO MiATPUMYIOYH
MU(ppyBaHHS.

CreranorpadyBaHHs MOXe 3MIHCHIOBATHCS
pi3HUMHU croco0aMu, CIIIBHOIO PHCOI0 SIKUX € Te, 110
KoHGineHIIiitHa 1HpOopMalliss BOYIOBYETHCS B IESIKHIA
KOHTEWHEp, 10 HEe NpuBepTae yBaru. Pe3ymbratom
BOYIOBYBaHHS € CTETaHOTIOBIIOMJICHHS, STKE
MepenacThcsl MO0 KaHally 3B'SI3Ky abo 30epiraerocs B
OTPUMAHOMY BUTJISII.

Y  paHii  poboTi B AKOCTI  KOHTEHHepa
PO3TTISIAIOTECSL  PACTPOBI  300paXKeHHs, SIK OJUH 3
HaWOUIbII NOMYJISAPHUX THUIIIB MYJbTHUMEAINHUX (aiiiiB,
mo mnepenaroTbes depe3 InTepHer. OCKUIBKM  TIpU
nepenadyi 4epe3 CTOPOHHI cepBicH 300paKeHHS YacTo
CTUCKAIOTBCA 3 BTpaTaMH I 3MEHIIEHHS Tpadiky,
3amrcaHa B HHX iHpoOpMalis Moxe OyTH 3HUIICHA.
TakuMm dYHHOM, 3aBJaHHA CTBOPEHHA aJTOPUTMY
BOYIOBYBaHHsI JJaHUX B PacTpOBi 300pakeHHs, SIKUK OyB
OM CTIIKUM JIO CTUCHEHHS 3 BTpaTaMH JI0 MIEBHOT MEXi, €
aKTyaJbHOIO.

Ockineku  JPEG  cTUCHEHHS  BiTHOCHUTBCS 3
CTHCHEHHSI 3 BTpaTaMHM, IPH SKOMY IIeBHa iH(opmais
300paKeHHs BTPAYa€ThCs, HEOOXIMHO IMPOaHANI3yBaTH
ITOPUTM HOTO POOOTH i BU3HAYUTH, SKUMH METOJAMH
MOXHa BOyIyBaTH iH(pOpMAaLil0 B 300paKeHHS TaKUM
YUHOM, 00 BOHAa He Oyia TMOBHICTIO 3HHINEHA TNPHU
ctucHeHHi. [lim aHami3oM MaeThcsl Ha yBa3i JeTalbHE
BHUBUEHHSI CXEMHU POOOTH aJTrOPUTMY i OOUHMCICHHS THUX
obmacrei 300paKeHHS, CTHUCHEHHS bi(o) SIKUX
3aCTOCOBY€ETHCS 3 HAMEHIIIMMHA BTPAaTaMH.

© Kpasuenko O.C., 2021
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BiamnoBigHo 10 TEXHIYHOIO 3aBAaHHS BCTAaHOBIIEHI

HacTymHi 3a7a4i (Tadu. 1). [2]

Tabmuus 1 — Cki1agoBi TOCHIPKEHHS 38 TEMOIO MIPOEKTY

Ne 3MICT
1 ITOCTAHOBKA 3AJTAUI
TEOPETHYHI BIIOMOCTI:

Cyuyachi Meroau creranorpadii i ix BUKOpUCTaHHS;
Ananiz poboru anropurmy JPEG

3 PO3POBKA AJI'OPUTMY:

AmHaii3 9acCTOTHHX METOIB IM(POBOTO MAPKYBAHHS;
IIpoekTyBaHHS 9aCTOTHOTO CTEraHOTPa(hiTHOTO AITOPHUTMY;
BUKOpHCTaHHS NPUHLUMITY MATEMAaTUYHOTO 3AIMILIKY IS MiJABULICHHS CTIHKOCTI aIropuTMy

Orisip kpunrorpadidHUX METOAIB MnppyBaHHS;

4 HIATPUMKA IIN®PYBAHHSA BUXIAHUX JAHUX:

Bukopuctanss nosiangasiTHOro mugpy mijacTaHOBKU

5 AHAJII3 EOEKTUBHOCTI I CTIMKOCTI PO3POBJIEHOI'O AJITOPUTMA:
Amnani3 crifikocti anropurmy no ctuckands JPEG; Anaii3 CTiHKOCTI aJITOPUTMY 10 JemnppyBaHHS

6 BHUCHOBKU

MNPUHIUII POBOTHU JPEG CTUCHEHHSI.

Anroput™m JPEG € ogaMM 3 HalTOMyJSpHIIINX HA
CHOTOJHIIITHIA J€Hb METOJIB CTUCHEHHS 300pakeHb MPH
obMiHi HEMH B Mepexi Intepmer. Moro Moxmna
PO3IUINTH HA KiJIbKa €TaIliB:

1. Juckperu3amis.

Ha upomy kpori JaHi MiKCeJiB IEPETBOPIOIOTHCS 3
koutipHoro npocropy RGB B komipauii npoctip YCbCr i
BHUKOHY€ThCs cyOnuckpernsanis. Komnonenra Y sBise
c00010 IHTEHCHBHICTb, @ U 1 V — KOJIBOPOBICTS.

2. JluckpeTHe KOCHHYCHE IepeTBOPEHHS.

Hami 300paxenns JPEG cruckatorbest B 610kn 8x8
mikcemiB, SKI  Ha3sMBAIOTHCI  OAUHUIIAMH  JaHHX.
JlMCKpeTHe KOCHHYCHE II€PeTBOPEHHS IIEPETBOPIOE
OJIMHMIII JAHUX B CyMY KOCHHYCHHUX (YHKIIIH.

Puc. 1 — 3pa3ok mMarpuri gactroTHux koedinienris DCT

I'padiune 300pakeHHS MOXHA pO3TIIANATH K
CYKYIHICTh TPOCTOPOBHX XBWIb, mpuiomy oci X i Y
30iratoThesl 3 MIMPHUHOIO i BUCOTOIO KapTHHKH, a 1o oci Z
BIJIKJIATA€THCS 3HAYCHHSI KOJILOPY BiJTIOBIAHOTO MIKCEIIS
300paxkeHHs. JIMCKpeTHE KOCHHYCHE IepETBOPEHHS
JIO3BOJISIE TIEPEXOJUTH BiJ IIPOCTOPOBOIO  YSIBICHHS
KapTHHKH [0 11 CIEKTPaJbHOTO TMOJAHHS 1 Ha3aj.
BruiMBaioun Ha CHEKTpasibHE MOJAAHHS KAPTUHKH, M0
CKIIQJA€TBCA 3  «TapMOHIK», TOOTO, BIIKHIAIOYH

HaliMEHII 3HAYylli 3 HHUX, MOXKHa OajaHCyBaTh MiX
SIKICTIO  BIATBOPEHHS 1 CTyNeHeM CTHCHEHHSA. Y
OTpUMaHii MaTpuili KOe(iIlieHTiB HU3bKOYACTOTHI
KOMITOHEHTH PO3TaIllOBaHi OJMK4e JI0 JTIBOTO BEPXHHOTO
KyTa, a BUCOKOYACTOTHI — cmpaBa i 3Hu3y (puc. 1). Lle
BOXJIMBO TOMY, IO OUTBIIICTh TpadidyHMX 00pa3iB Ha
€KpaHi KOMITIOTEpa CKIANAEThCS 3 HU3bKOYACTOTHOI

iHpopMmarii. BHCOKOYAaCTOTHI KOMIOHEHTH HE Tak
Ba)KJIMBI ISl epeiadi 300paskeHHSI.
Taxum YHHOM, JUCKpETHE KOCHUHYCHE

NIEPETBOPEHHS  JIO3BOJIIE  BM3HAYUTH, SKY YacTHUHY
iHpopMmarii MokHa 0e3001ICHO BUKMHYTH, HE BHOCSYH
CepHO3HKX CIIOTBOPECHb B KAPTHUHKY.

3. KBanryBaHHs.

[Ticns pospaxynky JKII HacTymHHI KPOK BKITIOYAE
MOIIYK 1 BIiAKUAAHHS KOe(ili€HTIB, BHECOK SKHX Y
(hopmyBaHHs 300paXkeHHS MiHIMaTbHUHA. [IJI BUPIICHHS
nporo 3apmaHHs crapaapt JPEG Bu3Hauae mpocTuit
MeXaHi3M iMeHoBaHMH KBaHTyBaHHsM. [1[00 BuKOHaTH
kBaHTyBaHHs Koediientis JKII, HeoOXimHO po3mimuTH
iX Ha KOHKpeTHe 3Ha4eHHs (Koe]illieHT KBaHTyBaHHS) i
OKpYIJIUTU PE3yNbTaT N0 HAaHOIMKYOro IUIOro yucia.
Yum Ourbie KoedillieHT KBaHTyBaHHs, THM Oiiblie
JIaHUX BTPAva€ThCs, OCKUIBbKkU peanbHe DCT-3HaueHHS
MPEACTABISIETHCS BCE MEHIII 1 MEHIII TOYHO.

Koxna 3 64 mosuriii Buximaoro 6moxky JIKIT mae
BIIAaCHUHM Koe(illieHT KBaHTyBaHHA. [lpudomy TepMHu
OUTBIIOTO  TIOPSAAKY  KBAHTYIOTBCS 3 OUIBIIUM
KoediIieHTOM, Hi’K TEPMH MEHIIIOTO TOPSIIKY.

AJITOPUTM BBYJIOBYBAHHS JJAHUX.

3anpornoHoBaHa TEXHOJIOTIsI OCHOBaHa Ha METO/ax
nuQpoBOoro MapKyBaHHS, 10 BOYJIOBYIOTh LH(BPOBHH
Bonsiui 3Hak (I[B3) B wactoTHy oGsacte 300paxkeHHs,
BUKOPHCTOBYIOYM OPTOTOHAJIBHI MEPETBOPEHHS IS
JIEKOMIIO3U1Iii 300paXKCHH-KOHTEHHepa 1 Iepepo3noIiy
fioro emeprii [1-3]. Ane, Ha BigMiHY Bix muppoOBOTO
MapKyBaHHJ, € METOI0 € TIepeBipka HasBHOCTI
koHKpeTHOTO 1[B3 y KOHTEHHEpi, TaHMi METO T03BOJIIE
3amMcaTd Ta 34YUTaTH 3 300paKeHHS JaHi BUILHOTO
Xapakrepy.

OcHOoBHEe 300pakeHHS Oyme TEpPEeTBOPEHO 3
koustipHoro npoctopy RGB B komipuuit npoctip YCbCr.
Xoua 30poBa cHCTeMa JIOIMHU OUIBII YyTJIHBA O 3MiH
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SICKPaBOCTI, HIX JIO 3MiH KOJBOPOBOCTI, IPOTE KaHal
sickpaBocTi (Y) OCHOBHOTO 300pa)KCHHS PO3IISIAETHCS
JUTS BIPOBAIDKCHHS JaHUX, OCKiUIbKU cTrcHeHHs JPEG
BiIKHMIIa€ BEIUKUK 00cAT iH(pOopMaIii mpo KOJIbOPOBOCTI
i gac 1i cyoaucKpeTn3aiii.

Bnox 306pamexHn poaMipom Bxa

Puc. 2 — Biiok KOMITOHEHTH SICKPaBOCT1
300paxxeHHs po3MipoM 8x8

s 36impmenss cridkocti 10 JPEG-cTHCKY KOXeH
TpaHcopMoBaHUl OJIOK MiANAE€ThCS KBAaHTYBaHHIO 3a
JIOTIOMOTOI0  CTaHAApTHOT TaONuIl KBaHTYBaHHS, MIO
BukopuctoByeTscss npu JPEG-ctucky. Ha pucynky 4
YEepPBOHUM KOJILOPOM NIO3HAaYeHI TIOJIO>KEHHS
HHU3bKOYACTOTHUX KOE(Ili€HTIB, BHKOPHCTOBYBAHUX IS
BOY/ZIOBYBaHHS IaHHX.

DC 0,1 0,2
1,0 1,1 1,2
20 | 21

Puc. 4 — INonoxxennst MmoxndikoBanux xoedimientis JKII

Bubpani Koe(imieHTH, 3 ypaxyBaHHIM
MPOaHaJi30BaHOI JIiTepaTypH, HAHOUILII ONTUMATIBHI AJIS
nmaHoi cxemu. Brecenns 3MmiH 10 koeodinientis C(0,1),
C(1,0) 1 C(1,1) npussene mn0 CwWIbHOI jAerpanamii
300paxenns. Mogudikanis koediuientis C(0,3), C(1,2),
C(2,1) 1 C(3,0) mpu ix BHKOpUCTAHHI B JaHOMY
anropuT™Mi  3poOUTH  (GAaKT  BOPOBAIKECHHS  JTAHUX
BPA3JIMBHUM JI0 CTATHCTHYHUX METO/IB BUSBIICHHS.

Ha ITOYaTKOBOMY erari bi(o) BUXIJTHOTO
MTOBITOMJICHHS JOJA€THCSI CTOIN-CHMBOJI, IO CHUTHAJIIZYE
PO 3aKiHYEHHsI TIOBIIOMJICHHS TPWU OTPUMAaHHI JaHUX.
BukopucTaHHs  CTOIN-CHMBOJY  JIO3BOJISIE  TIOBHICTIO
aBTOMATH3yBaTH MPOIEC KOJYBAaHHS Ta BiJIHOBIICHHS.
Tak, mnporpama-neKojep, BHUSIBHBIIU CTOI-CUMBOJ,
BBaXKa€, IO BUTAT TOBIJOMJICHHS 3aKiHYCHO 1 Hajae
YUCTUI BUCHOBOK KOPUCTYBAYEBI.

Jami  KOMIOHEHTa  sSCKpaBOCTI  300pa)kKeHHS
JUTUTBCSL Ha psiJl HemepeciuHux OJIOKiB po3MmipoM 8x8,
KOKeH 3 sKMX migmaerbes nBoBumipHomy JKII, sk
HaBeJIeHO Ha PHCYHKax 2 i 3.

OKMN maTpuus Gnoka 8x8

00 05 2 : 0

Puc. 3 — IKII maTpuns 610Ky KOMIOHEHTH SICKPaBOCTI
300paxxeHHs! po3MipoM 8x8

OpuriHanm TeKCTy pa3oM i3  CTON-CHMBOJIOM
MMOCHMBOJILHO MEPeKIIaIa€ThCS B YHCIIOBY
MOCHIIOBHICTh, JI¢ KOXXHOMY YHCIY BIATOBiZae HOMEp
BignosigHoro cumBosty B Tabmumi ASCIL. Ilicns mporo
KOKHE 4YHCIIO TIEPCBOJUTHCS B JBIKOBY CHCTEMY,
OTPUMYIOYH, TaKUM YHHOM, JBIMKOBY IIOCIIiJOBHICTb,
sika Oy/ie MOKa3yBaTH BUXIJHE IMOBIIOMIJICHHS, MO BIiCIM
0iT Ha KOXeH CuMBOJ. Hampuknanm, SKIo BHXiTHE
MOBiTOMJICHHsI 3BY4YHTh sk «helloy, a crTom-cumMBOIIOM
00paHo «&», TO pe3ynbTaT Oy/ie TaKUM:

l) B KiHenp mnosigomieHHs «hello» pomaerbes
CTON-CHUMBOJ «&», OTpUMYI0uH B pe3ynbTarti «hello&»;

2) «hello&», srinmo 3 Tabnunero  ASCII,
nepeKiIagacTbesi B cnucok umcen [104, 101, 108, 108,
111, 38];

3) us  nocnimoBHiCTB, B CBOKO  Hepry,
MEPEKIaaEThCsl B OBIHKOBY CHCTEMY  YHCJICHHS:
[01101000, 01100101, 01101100, 01101100, 01101111,
00100110];

4) OTpHUMaHa ZIBIMKOBA TMOCJIIOBHICTE
BOYZIOBYETHCS B 300paKeHHS, SIK OIIFICAHO Jali.

Jlami 3miiicHIOEThCsT Oe3mocepeiHe BITPOBAKESHHS
maanx. KokeH OIT TOBIZOMJICHHS TIOBHHEH OyTH
BIIPOBAKEHUI B OJIMH 3 JABOX 3a3HAYCHUX KOCQIIiEHTIB
JKII, orpuMyroun B pe3yibTaTi MO OBa OiTH Ha KOXCH
6ok 8x8. Sk ommcyBanocs BuIle, LI KOedilieHTH €
HalONTHUMAJIBHIIINM BapiaHTOM.

Hapemrri, oOuncmoerscst 3BopornHe JKII s
nepekyiazly 300paKeHHsI 3 4acTOTHOI oOsiacTi Haszal B
npoctopoBy. Lleii kpok € ¢QiHanbHEM 1 B pe3ynabTati
BUJIa€ 300pakeHHsI, 1y)Ke HaOJKeHe 10 BUXIAHOTO, ale
Matoue BOymOBaHi B HbOTO naHi. JlaHWil airopuT™m, Ha
IYMKY aBTOpa, peaitizye Kpamli 0coOIMBOCTI YaCTOTHIX
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meronie [[B3, OamaHcyrouun MiX CTIHKICTIO IO
CTeroaHaiizy, CKJIaJHOCTI  peaji3alii, MICTKICTIO
KOHTEiHepa 1 CTIHKICTIO 10 CTHCHEHHS 3 BTpaTami,
BiJIal0YM TIepeBary ocTaHHboMY. OIHAK, 3aJHIIAETHCS
BIIKPUTUM TIMTaHHA SK caMe BOyayBatm  Oir
NOBIIOMJICHHS B 3HA4YCHHS  HU3bKOYACTOTHOI'O
KoedgirieHTa Tak, mo0 Horo MoxkHa OyJI0 BUTATTH MICIA
CTUCHEHHsSI 1 TIPW IIbOMY 3ajuIiiaiacs O MOMXJIHMBICTh
Kopekitii moMuiaku. JIus BupimeHHS 1i€i mpoOieMu

TPOTIOHYETHCS BHKOPHUCTOBYBATH MIPUHITUT
MAaTE€MaTUYHOTO 3alMIIKy [4]. AJTOpUTM MEpPEeTBOPIOE
BuximHe 3HaveHHs koedimienta JKII (C) Ha

moaudikoBane (C*), M0 HaNEKUTh [IEBHOMY Jliana3oHy,
SKAH MOXHAa KOpPHUIYBaTH sl OallaHCYBaHHS MIX
CTIHKICTIO Ta HemoMiTHicTIO. [Iporiec BUIy4YeHHS qaHuX 3
KOHTEHHepa JOyXe CXOXUH Ha Ipouenypy ix
BOyZIOBYBaHHSA. BiH € JOCUTH IpOCTHM 1 HE BIMarae
HasgBHOCTI BUIXiTHOTO 300pakeHHsA. Bapto 3BepHYTH
yBary, 1o Mpouexypa BIIyYCHHs JaHUX IPUAMAaE JIUIe
nBa mapamerpu: Mmomudikoanmii JIKIT koedirmient, B
skuid Oynu 3aHeceHi nadi, 1 mMomyns M. B 3aranbHux
pucax, aropuT™M HACTYITHHUM:

1) xonsepranis 306paxenns B popmar YCbCr i
BUTST KOMIIOHEHTH SICKPABOCTI;

2) NoJiN KOMIOHEHTH SCKPABOCTI Ha HENepeciuHi
O6mokm 8x8 1 3acTocyBaHHS O KOXHOTO 1 HHX
neouMipHoro JIKIT;

3) BUTAT OiT BOYIOBAaHOTO TEKCTY BiAMOBIAHO 10
opmymu [4];

4) rpynyBaHHs BUTATHYTHX OiT i epeBeieHHs iX y
BigmoBimauii cumBoa Tabaui ASCII;

5) AKIIO MOTOYHHI CUMBOI — CTON-CHMBOJI, BUTST
MOB1TOMJICHHS 3aKiHYCHO.

3a3HaueHUH QITOPUTM CJiJl HOBTOPIOBATH JIO
BUSIBJICHHSI CTOTI-CUMBOJY, 200 110 KiHIS KOHTelHepa. B
OCTaHHBOMY BHIIaJIKy BBaXXA€THCS 1110 KOHTEHHEp abo He
MICTHTh TOBiOMIJICHHS, a0o BOHO OyJ0 iCTOTHO
MOUIKO/KEHO. J[01aTKOBO 3aMiCTh CTOI-CHMBOJY MOXHA
BUKOPHCTOBYBAaTH  CTOI-IHTEpPBaJ, 10  JO3BOJHTH
301ITBIIATH MOKITUBOCTI KOPEKITiT TOMHIIKH.

st mpoBEJeHHS HAYKOBOTO EKCHEePUMEHTY OyIio
BUOpaHO YacTHHY 300pa)KeHHS, 3HAUEHHS SCKPaBOCTI 1
JIKII xoedimieHTiB AKOT HaBelIeHI Ha PUCYHKaX 5 Ta 6.

189.0 -9.2 4.5 -6.9 -10.5 0.5 8.3 -0.0
12.3 -5.3 23.4 -0.3 -11.6 -0.1 8.0 -0.5
-25.1 -24.0 7.0 11.3 0.2 0.6 0.5 -0.2
12.2 -13.5 -19.7 12.8 0.3 -0.4 -0.2 -0.9
17.2 9.6 -0.6 0.6 -29.2 8.7 8.5 -0.4
10.3 0.1 23.3 0.0 0.3 0.6 0.2 0.3
8.1 -27.3 0.2 0.1 -0.1 -0.2 8.3 -0.2
-.1 -@.5 -0.3 -0. -8.1 -0. 8. -0.0

8.8 25.0 20.9 9.6 17.8 42.0 47.0 35.0
21.6 20.6 19.0 19.¢ 18.0 17.0 19.0 22.0
23.0 22,8 21.6 17.9 13.¢ 15.8 28.8 42.0
38.8 48,8 44,0 23.0 13.8 22,0 30.0 27.0
8.8 36.8 43.0 36.0 31.8 32.0 24.9 11.@
10.8 9. 17.8 33.¢ 38.0 30.0 25.0 28.@
27.8 17.8 16.8 23.8 23,0 15.8 16.0 24.@
7.8 15.8 20, 6.8 16.8 22.80 22.0 16.@
Puc. 5 — 3HadyeHns sckpaBocTi 8x8 OI0KY 300paxeHHs

Puc. 6 — JIKII koedimieratn 8x8 610Ky 300pakeHHs

Hexaii mocainoBHICTB, Ky HEOOXiIHO BIPOBAIUTH
B 300pakeHHs, Burisigae sk [1,0,1,0,1,1,0,0, 1, 1, 1].
Ilepuri nBa emementn — [1, 0] Oymytes BOymoBaHi B
BignoBigai JAKII xoedimienTn, HaBeqeHI Ha PUCYHKY 2.3
32 BKa3aHWM TNpaBWIOM. TakuM 9uHOM, OIT «1» Oyme
BOyZnoBaHMI B 3Ha4eHHS -25.1, a OiT «0» — B 3HaYCHHSA
4.5. Ha pucynky 7 nokazanuii moaudikoanuid JIKII
OJIOK 13 3a3HAYCHUMU TIO3HUIISIMU LIJTHOBUX KOCQIIIEHTIB.

189.8 -9.2 4.8 -6.9 -10.5 0.5 2.3 -0.0
12.3 -5.3 23.4 -0.3 -11.6 -0.1 0.6 -08.5
-31.0 -24.0 7.8 11.3 0.2 0.6 0.5 -0.2
12.2 -13.5 =19.7 12.8 0.3 -0.4 -0.2 -0.9
17.2 9.6 -0.6 0.6 -29.2 0.7 0.5 -0.4
10.3 8.1 23.3 0.0 0.3 0.6 0.2 8.3
8.1 -27.3 0.2 2.1 -0.1 -0.2 8.3 -0.2
-6.1 -8.5 -8.3 -0.6 -0.1 -0.1 0.3 -0.0

Puc. 7 — JKII xoedinientn 8x8 610Ky 300parkeHHS

TEOPETUYHA CKJIAJJOBA JOCJIIAKEHHSI.

Onmcannii B NONEPEIHBOMY PO3IUTI adrOPpUTM €
JIOCUTh CTIHKMM JO CTHCHEHHS 3 BTpaTaMu, aje
HECTIMKHM JI0 TAaKOTO THITY aTaKU SK HECAHKIIOHOBAHMIMA
BUTAT JaHWX. JSIKOI0 TpeTs CTOpOHA BH3HAYHUTH
QITOPUTM, BUKOPUCTAHUM [JIsI BIPOBAIKCHHS JaHUX,
BOHAa 3MOXe OesmepemkogHo orpuMata ix. s
3a0e3neYeH s CTIMKOCTI 10 IMOAIOHMX aTak BUXIAHI JaHi
CIi TOMEpeqHhO 3amu(pyBaTH, BPaXOBYIOUH, IO
BHACJIIZIOK CTHCHEHHS 3 BTpaTaMH, IaHI MOXYTb OyTH
BiHOBJICHI JIMILIE YACTKOBO.

3 ypaxyBaHHAIM Ii€i BUMOTH, Ma€ CEHC BHBYHTHU
MOXKJIUBICTh BHKOPUCTaHHS IM(QPIB TMiACTaHOBKU. Y
3arajJbHOMY BHITAIKy, IMHA(p MiIACTAHOBKA — 1€ METOT
mmdpyBaHHS, B IKOMY €JIEMEHTH BUXiTHOTO BiIKPHTOTO
TEKCTY  3aMIHIOIOTBCA ~ 3aU(PPOBAHUM  TEKCTOM
BIJIMTOBIAHO J0 JESIKOTO MpaBUJIa.

Ha pucynky 8 noxasano, sk cioBo « HELLO» 6yino
sammgposano B pagok «URYYB» 3 BukopucranHsM
JIOJTATKOBOTO ajdasirty.
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Puc. 8 — 3acrocyBanus MoHoasdaBiTHOro mudpy IMiCTAaHOBKA

OpmHak, y JaHOTO METONY € CEpPHO3HHUH HENONK —
HOro JOCHTh MNPOCTO 3JIaMaTH BHKOPHUCTOBYIOYM TaK
3BaHUM 4acTOTHUH aHami3 [S] abo, B OBl CEepHO3HUX
BHITaJIKax, TEHETUYHI aITOPUTMHU [6].

YactoTHHil aHali3 mependadae, Mo 9acToTa MOSBH
3aaHol JiTepu andapiTy B JOCUTh TOBTUX TEKCTaX OIHA
i Ta X Ui pi3HUX TeKCTiB onHiel MoBu. [Ipu 1pomy, B
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pa3si  MoHoandaBiTHOro  mudpyBaHHA, SAKIIO B
muppoTexcTa Oyie CUMBOJI 3 aHAIOTIYHOIO IMOBIPHICTIO
MOSIBU, TO MOXHA IIPUITYCTHTH, IIO BiH 1 € 3a3HA4EHOT
3ammdpoBaHo0 OykBoio. Tak, Ha PUCYHKY 9 HaBeICHO
PO3KHI YaCTOTH BHKOPHUCTaHHA OYKB aHTITIACHKOTO
andasity.

0.06

0.06

abecede fghij|jkimnepgrstuvwxyaz

Puc. 9 — YactoTHuil po3mnoain OyKB aHTJIHCHKOTO andasity

[IpoananizyBaBuu YaCTOTHUI po3smoin
3amu(pPOBAHOTO TEKCTY 1 3ICTABMBIIM HOTO 3 THIIOBHM
JUIsl IaHOT MOBH, MOXKHA JIOCUTh HPOCTO po3uudpysaTu
Takuii TekcT. g Toro mo0 MiJBMINUTH CTIHKICTh
aNrOpUTMy bi (o) po3nppoBKH, MIPOTIOHYETHCS
BHKOPHCTOBYBATH NojiandaBiTHUNA mHDpP MiICTaHOBKH,
0 € CYKyNHICTIO IIUQpiB  mpocTtoi  3aMiHU
(MoHoandaBuTHUX MKQPIB), SIKI BAKOPUCTOBYIOTHCS IS
muppyBaHHs YEepProBOro CHMBOJY BIIKPHTOTO TEKCTY
3rimHo aeskomy npaBuiy. [lomiandasitHui mmdp Kynu
MEHIII CXWJIBHHH JIO YaCTOTHOTO aHANi3y i crnpodam
3JI0My 3 BHKOPUCTaHHSM TI'C€HETHYHHX QJITOPUTMIB. Sk
MOKa3aHO Ha pPHCYHKY 3, [Ba OJHAKOBUX CHUMBOIIH
BHXITHOTO TEKCTY JAIOTh Pi3HI CHMBOJIH 3alIH(POBAHOTO
TEKCTYy IpY BUKOPUCTAHHI moiandasiTHOro mmdpy.

Monoalphabetic Cipher Polyalphabetic Cipher
Plaintext: HE o} Plaintext: HE Q
dd 444 ddddd

Ciphertext: I F N Ciphertext: IS L

Puc. 10 — ITopiBusiHHS 3auM(ppOBaHUX PI3HUMH METOIaMH
TEKCTiB

Ile o3Hawae, MmO YaCTOTHHWI aHali3 HE JacTh
pe3ynbTariB  mpu  cupobi  3moMy  nosiangaBiTHOrO
mmopy. [loxiOHe 3aBaaHHS € JOCUTH BaXKKUM 1 THM BOHO
Ba)kue, YMM MEHIIE 3B'S3Ky MK BUXITHHM TEKCTOM i
3ammdpoBanuM. Tomy, I AOAATKOBOI HATIHHOCTI,
NPOMOHYEThCS  JOAATH B  AITOPUTM  MOJKIIUBICTH
BBE/ICHHS MPHU3HAYEHOTO JJIsi KOPHUCTyBaya CEKPETHOTrO
Kitoda i 3aiicHeHHs onepartii XOR Mix HUM 1 BUXITHUM
tekctoM. Ockinbku omepartis XOR o6opoTHa, TekcT
MoOXxHa Oyne po3mmdpyBaTd 3a JOIOMOTOI0 TOTO 3K
KITIOYa.

Posrisinemo ¢iHanbHMI 3anpOIIOHOBAaHMN BapiaHT
mm¢pysanHs. Hexali njaHo Kinbka BHXITHHMX ay(aBiTiB,
KOXXEH 3 SKHX € BHIIAJIKOBOIO ME€PECTAHOBKOIO CHMBOJIIB
B Tabmuii ASCII. Takox maHO BHXIIHHMH TEKCT, a came:
«keep calm and study hard» i cekperHumii KirOu:
«lemon». Unicode 3Ha4YeHHS OTpUMaHUX an(aBiTiB
HaBe/ICHI Ha pUCYHKY 11.

Tty T B Y g 6T

el R R B R R Lt

Puc. 11 — Unicode 3Ha4ueHHs andasiTiB, OTpHMaHi B pe3yiIbTaTi
TPHOX BUIAJKOBUX IIEPECTAaHOBOK CUMBOIIIB Tadmuii ASCII

ITepummm kpoxoMm BHKOHYeThcst XOR komyBaHHA
BHXIJJTHOTO TEKCTy 3 CEKpPETHHM KiIodeM. B paHOMy
BHITIAJIKY, TEPIINII CUMBOJI BHXiITHOTO TEKCTy «k» Oyze
3aKO/I0BAHUH 3 NEPIIMM CHMBOJOM CEKPETHOTO KIII04Ya
«l», Ipyruil cuMBOM «&» — 3 APYTMM CHMBOJIOM KIFOUYa
«e» 1 Tak mami. OTpuMaHa B pe3yNbTaTi MOCIIIOBHICTH
mdpyeThes 3a momomorolo obpanmx andasiti. Tak,
MepIInid  CHUMBOJI  TIOCHTIJIOBHOCTI  3aMIHIOETBCS  Ha
BIJMOBIMHMHA CHUMBOJI Tepuioro andasity, Apyrui
CHMBOJI — Ha CHUMBOJI Jpyroro aiugasity i Tak gam. Bei
an(aBiTH BUKOPUCTOBYIOTHCSI O/IMH 32 OJHUM MO uep3i i
MCNst  OCTAaHHBOTO IIPOLEC IEPEeXOAUTh Hazajy 10
nepmworo. OTpuMaHa B pe3yibTaTi IOCHIJOBHICTh
Burisigae HacTynmHuM guHOM: «'J | ## \ rv7 \ x1lenYDE \
x12 \ r \ xOb \ x7f S6 \ r 7SS'». Ilicnsa miacTaHOBKH
Unicode cuMBONIB 1 Tepexaaay IOCTiOBHOCTI B
IBIHKOBY  CHCTEMY, OTPUMYEMO  IIOCIIiJOBHICTB,
HaBeJICHY Ha pUCYHKY 12.

01001010 01111100 00100011 00100011
00001101 01110110 00110111 00011110
01101110 01011001 01000100 01000101
00010010 00001101 00001011 01111111
01011111 01010011 00110110 00001101
00100000 00110111 01010011 01010011

Puc. 12 — JIBiiikoBe 1mojaHHs 3aIIN(POBAHOTO TEKCTY

OTtpuMaHa TakUM YHHOM IBifiKOBa CTpPyKTypa
pO30MBaETHCS Ha MapH CyCinHIX OITIB i MEPEHOCUTHCS B
HU3bKOYACTOTHI 00JacTi IUILOBOrO 300pakeHHS, SIK
OIMCAHO BUIIIE.

BUCHOBKH TA AHAJII3 E®EKTUBHOCTI
PO3POBJIEHOI'O AJITOPUTMA.

[ mpoBenieHHsT aHai3y CTIHKOCTI alrOPUTMY IO
JPEG crucHenHs B BuxigHe 300paxeHHs Oyio
BOymoBano noBigomireHHs «Keep calm and study hard» 3
BUKOPUCTAHHIM CEKPETHOro Kio4da «lemony, MOTiM
BHUXimHE 300pakeHHS OyJ0 CTHCHEHE 3 Di3HUM
Koe(IIi€EHTOM CTUCHEHHS 1 TPOBENCHO IOPIBHIHHS
BIZTHOBJICHOT'O 3TOJIOM TEKCTY 3 BHXiIHUM. PesymbraTn
aHaJIi3y HaBe/IeHI Ha PUCYHKY 13.
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300paxkeHHs Koedimient Binnosnenuit
CTUCKAHHA TCKCT
1.0 Keep calm and
study hard
0.9 Keep calm and
study hard
0.8 Keep ¢ Im and
study herd
0.6 #eep cs\m and
tu%y hard
0.4 P galm7aKN
4s@ hard

Puc. 13 — AHasi3 CTIHKOCTI aJITOPUTMY 3 CTUCKY 3 BTpaTaMu

Mo>xHa 3p0oOUTH BUCHOBOK, IIO aITOPUTM € JOCUTH
CTIHKAM IO CTUCHEHHS 3 BTpaTaMH IpPHU BUKOPHUCTaHHI
koedimienta ctucHeHHs He MeHie 0,6. He3Baxaroun Ha
YaCTKOBO IONIKO/PKEHUH BHACHIZOK CTHCHEHHS TEKCT,
BUKOPUCTAHHS ToOMiandaBiTHOTO mH(py NiACTAHOBKH
JI03BOJIMJIO pO3UIM(pyBaTH HOTO Ha MPUHHATHOMY piBHI,
IO € BEJHMKOIO IEPEeBarol0 3alpOIOHOBAHOTO METOHY.
Hanmii  pesynprar  30ira€TtbCs 3  MOXKJIMBOCTSIMHU
MpoaHali30BaHUX MeToiB  BOynoByBanus LIB3 B
YacTOTHY OOJIaCTh 300pa’keHHsS, Ha OCHOBI sIKMX OyJo
PO3pOOIICHO ANTOPHUTM.

Takum umHOM, y Wil crarTi OyNO PO3IISTHYTO
creraHorpadigyHUil  aNrOpUTM TPUXOBAHOI Iepemadi
iHdpopmaiii B pacTpoBUX 300paKEHHAX, IO € JIOCUTHh
CTIHKMM /O CTHCHEHHS 3 BTpaTaMH 1 aTakaMd Ha
KoHTelHep. [IpakTHyHa MIHHICTD MPECTaBICHOT pOOOTH
NoJisira€ B JJOBEICHHI OTPUMAHMX HAayKOBHX PE3yJIbTATiB
JO KOHKPETHOTO aIrOpuUTMy, SKHH Moxe Oyrn
BUKOPDHCTaHUI SIK CKJIaJ0Ba KOMIUICKCHUX CHCTEM
3axucTy  iHQopmamii  OyIp-SKOro  IiANPUEMCTBA,
YCTAaHOBM Ta MOXXE OyTHM BUKOPHCTaHa JUIsl HaBYaHHS
cTyneHTiB [7-20] 3a npeacTaBICHUMH MPUKIAAAMHU.
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0. S. KRAVCHENKO
GENERAL TECHNOLOGY OF ENCRYPTION AND INTEGRATION OF DATA IN A PATTERN OF A PICTURE
OF IMAGES THAT IS RESISTANT TO JPEG COMPRESSION

The object of the thesis is the use of steganographic methods for organizing a covert communication channel in a public channel,
providing resistance to lossy compression. The aim of the thesis is to develop an algorithm for embedding data into bitmap images
that is resistant to JPEG compression and attacks on the container. In this thesis, the features of the JPEG algorithm are
investigated, steganographic methods of information protection are analyzed, and a steganographic algorithm is designed that is
resistant to JPEG compression and attacks on the container. Additional security is provided by the polyalphabetic substitution
cipher and user secret key used to encrypt the original message. The algorithm was developed using the Python 3 programming
language, the NumPy, SciPy, MatPlotLib libraries and the Jupyter Lab package. The task was completed using standard
mathematical and statistical methods and tools of the high-level programming language Python 3.

Keywords: steganography, cryptography, JPEG algorithm, steganographic container stability, data embedding in raster
images, stegoanalysis.

A. C. KPABYEHKO
OBIIAS TEXHOJIOI'UA IIU®POBAHUS U BCTPAUBAHUSA JAHHBIX B PACTPOBBIX U30BPAKEHUAX,
YCTONYUBBIX K COKUMAHMUIO JPEG

OOBEKTOM HCCIIeI0BaHUS] TIPEACTABICHHOM CTaThH SBIAIOTCSA CTEraHOTpaUUECKUE METO/IbI OPTaHU3ALUK CKPBITOTO KaHalla CBA3U
B KaHaje O0ILIero Moib30BaHus, 00ecreurnBaloue yCTONYMBOCT K CKAaTHIO ¢ oTepsamHu. Llenb paboTsl — pa3paboTka anropurma
BCTPaMWBaHUs JaHHBIX B PAacTpOBbIE N300paxeHus, ycroiunBoro k cxkaruio JPEG u arakam Ha koHTeliHep. B paborte nccnenoBans
ocoberHocTH paboTsl anropurma JPEG, mpoananmsnpoBaHbl creraHorpaduueckue MeToJbl 3aluThl HHGOPMAIMH U MOCTPOCH
creraHorpaduueckuii anroput™, ycroitumBelii k cxkaruio JPEG m arakam Ha KoHTelHep. [lOMONHHTENBHYIO HAAEXHOCTh
obecrieunBaoT nonuanpaBUTHBIA MHUQGP MOJICTAHOBKU U IMOJIB30BATEIbCKUIT CEKPETHBIH KITIOY, MCIOIb3YEeMbIH IS MU(pOBaHUS
HCXO/HOTO COO0IIeHHs. ANTOPUTM ObLT pa3paboTaH ¢ MOMOLIBIO s3bIKa porpammupoBanus Python 3, 6ubnnorexk NumPy, SciPy,
MatPlotLib u makera Jupyter Lab. 3agada Obuta BBINOJHEHA C MOMOIIBIO CTAHJAPTHBIX MATEMAaTHYECKHX H CTAaTUCTHYECKUX
METOJIOB U CPEJICTB BEICOKOYPOBHEBOTO s13bIka Python 3.

KnroueBbie cinoBa: creranorpadus, xpurorpadus, JPEG anroput™m, yCTOMYMBOCTB CTeraHOrpaduiecKoro KOHTEHHepa,
BCTPauWBaHHUE JAHHBIX B PACTPOBBIE N300PAXKEHUsI, CTETOAHANIHU3.
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O. I1. ITPNIIIEHKO, H. B. YEPEMCBKA, T. T. YEPHOI' OP

HOBYJI0OBA MATEMATHYHUX MOJIEJIEM 3A TOIIOMOI'OIO METO/IIB
KOPEJIAIIMHOT O 1 PETPECIMHOT O AHAJII3Y

VY crarTi po3risaeTbes modyaoBa MaTeMaTHYHUI MOJEINel 3a JOIIOMOTOI0 METO/IB KOPEISIIHHOTO i perpeciiHoro aHaily npu
BU3HAYCHHI (DYHKLIOHANBHOI 3aICKHOCTI MK BennyuMHaMH. [IpH NpOBENEHHI EKCIIEPUMEHTY YacTO JIOBOAMTBCS CTHUKATHCS 3
HEOOXIJHICTIO BCTAHOBJIEHHS B3a€MO3AJIEKHOCTI MDK JBOMa ab0 KUTbKOMAa BEIMYMHAMH 3 METOI0 OTPHUMAHHS EMITIPHIHOL
dopmynu. Y IesKuX BHIAAKaX L BUSABISETHCS MPOCTUM 3aBJAHHSM, TOMY IO Li 3B'SI3KM MPAKTHYHO HAO4YHi abo 3a3janerinb
BifoMi. SIK mpaBMJIO, BCTAHOBUTH B3a€MO3B'I30K MiXK Pi3HHMH IOKa3HMKaMH, YHHHHKAMH | O3HaKaMy, JaJeKO HE TpUBialbHA
3ajadya. BuHHMKae HEOOXiqHICTh BHUKOPHCTAHHS ACSAKOI TilOTe3W B BUMIAAI (DYHKIIOHAIBHOI 3aJeXKHOCTI. [HIIMMM cloBamu,
HEOOXIZHO 3aMiHHUTH 1110 QYHKIIOHANBHY 3aJIeKHICTh JOCHTh MPOCTUM MaTeMaTHYHUM BHpa3oM. TakuM MaTeMaTHYHHM BHPa3OM
Moke OyTH JiHifiHe piBHAHHS abo MHorowreH. s Toro 100, BHKOPHCTOBYIOYHM [aHi EKCHEPUMEHTY, BHU3HAYUTH TaKy
MareMaTH4Hy a00 (YHKLUIOHAJIbHY 3aJIKHICTh MK 3MiHHHMHM, 3aCTOCOBYIOTh METOAM KOPEJLIHHOro i perpeciiiHoro aHami3is.
Kopemnsuiitanit anani3 gae BiANOBiAb HA CTATHCTHYHY TilIOTE3Y IIPO BiACYTHICTH ab0 HASBHICTBH 3B'SI3KY MiXK 3MIHHHMH 3 IESKOIO
Halepesx 3aJaHol0 JOBip4OI0 HMOBIpHICTIO. Bu3HadeHHS (YHKIIOHAIBHOI 3aleXHOCTI MDK pPI3HHMH BEIMYMHAMH 10 iX
CKCIEPUMECHTAILHAM 3HAYCHHSIM 3/iHCHIOETBCS 32 JOIIOMOIOK PEerpeciiHoro aHaiizy. B HOro ocHOBI JICKHTh LIMPOKO Biromuii
MeToJ] HaiMeHIINX KBajpatiB. [IpomoHyioun Ty 4 iHIIY piBHSHHS perpecii, IOCHIiMHUK BH3HA4Ya€ K caMe ICHyBaHHS 3aJ€XKHOCTI
MDK 3MIHHEMH, TaK i MaTeMaTHuHuil 11 Bua. Perpeciiinuii anani3 po3riisaae 3B'130K MK 3aJI€)KHOIO BEIMYMHOIO 1 HE3aJICKHUMU
3minHuMu. el 3B'I30K € 3a JOMOMOrOI MaTeMaTHYHOI MOeNi, TOOTO PiBHSHHSI, SIKE IMOB'SI3y€ 3aleKHY 1 HE3aJIe)KHI 3MiHHI.
O0poOKa eKCriepUMEHTANIbHUX AaHUX PH BUKOPUCTAHHI KOPEISLIHHOTO 1 perpeciiHoro aHaily Ja€ HaM MOXJIUBICTh NOOyIyBaTH
CTaTHCTUYHY MaTeMaTHYHY MOJENb Y BUJIAl PiBHAHHA perpecii. TakuM YMHOM, METOAM KOPEJALIHHOrO i perpeciiiHoro anaisis
TICHO MOB'sI3aHi MiXk c00010.

KonrodoBi cioBa: xopemsmiinmid anamis, perpeciiiHuil aHami3, (QyHKIIOHANbHA 3aJ€XKHICTh, allpOKCHUMAIlis, MaTeMaTHIHUH
BHpA3, JiHil{HE PIBHAHHS, KOS(DIiEHT KOPEIIii.

Beryn.

IIpy BHBYCHHI pi3HUX OO'€KTIB JOCIIKCHHS B
nabopaTopHux abo BHPOOHWYMX YMOBaxX BHHHKAE
HEOOXiIHICTh  BCTaHOBJICHHS HAWOIIBII  HMOBIpHUX
B3a€MO3B'I3KIB 1 B3a€MO3aJIEKHOCTEH MK aBOMa abo
Oinmpme 3MiHHMMH. [HOAI TIe OyBae MPOCTO, OCKUIBKH
3B'130K JIETKO BUABIIETHCS a00 3a3galierigp Bizoma 3
SKUX-HEOYIb TEOPETUIHHX TepeayMoB. OqHak Habarato
YacTillle BHABJICHHSA TAaKUX 3B'A3KIB € HaJI3BUYANHO
CKJIaJTHUM 3aBJaHHsM [1-3].

IHocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISII
Ta ii 3B'A30K i3 BaXINBHMH HAYKOBHMH 4YH
NMPAKTHYHUMH 3aBIAHHIMMH.

JIOCTITHUKN CTHKAIOTHCS 3 HEOOXITHICTIO BBEICHHS
JIeSKOT TIMOTEe3W TPO  XapakTep 3B'SI3KYy Yy BUTISAIL
(yHKITIOHATLHOT 3aNeKHOCTI, TOOTO Ampokcumartii i
JSSIKUM  BITHOCHO TIPOCTUM MAaTeMaTHYHUM BHPa30M,
HANPUKIIAT, JTIHIHHAM PiBHSIHHIM a00 MHOTOYJICHOM.

Hns MOITYKY TaKUX MaTeMaTHIHUX
(OyHKITIOHATEHUX 200 CTPYKTYPHHUX 3aJI€KHOCTEH Mik
JBoMa abo Oumbmie 3MIiHHEMU (IO  HAKOMUYCHUM
CKCIICPUMCHTAIBHAM JTAaHUM) Jy’KEC KOPUCHI METOAH
KOPEJSILIHHOTO 1 perpeciiHoro aHaji3iB.

KopensimiiiHuii ~ aHami3  ;mae  BIANOBiAR — Ha
CTaTHCTHYHY TilOTe3y PO BIICYTHICTH ab0 HasBHICTH
3B'I3Ky MiXK 3MIHHHMH 3 JEIKOI0 Hamepe] 3aJaHOr0
JIOBIpUOIO TMOBIpHICTIO.

BusHaueHHs (YHKIIOHAIBHOT 3aJIeKHOCTI  MiX
PI3HUMU BETMIMHAMH (B HAUMPOCTIIIOMY ) BHIIAJKY Bif

X ) mno ix CKCIICPUMCHTAJIbHUM 3HAYCHHAM 3I[iﬁCHIO€TLC$[

3a JIONOMOTOIO0 perpeciiiHoro anamizy. B #ioro ocHoBi
JIOKHUTH ITUPOKO BIIOMHN METO/] HANMEHIIIMX KBaPAaTiB.

[Ipomonyroun Te uM iHIIE pPIBHSIHHSA perpecii,
JTOCTITHUK BU3HAYAE K CAME ICHYBaHHS 3aJIC)KHOCTI MK
3MIHHUMH, TaK 1 MaTeMaTu4Hui i Bup [4—11].

BukiaiaHHsI OCHOBHOTO MaTepiay q0C/IizKeHb.

1. Koedinient xopessiii.

TTOHATTS «KOpEJSILis» MOXOAUTh BiJl JTATUHCHKOTO
cioBa correlatio — CIIiBBiAHOIIICHHS.

Y MareMaTHYHid CTATUCTHUIN IiJ KOPEJAIIEI0
po3yMieTbcss  Oynb-sIKMiA  3B'A30K MK JBOMa abo
KUTbKOMA 3MIHHUMH BUTIAJIKOBUMH BEJTHYNHAMU.

IIpo HasBHICTH YW BiACYTHICTBH 3B'A3KY MIX ABOMa
BUIAIKOBUMHU BCJIIMYMHAMH B TICPIIOMY HaOIIKCHHI
CYJISTh 110 KopessitiiiHoMy nodro (puc. 1).

IlosutrBHA  KOpenslis  MDK  BHUIAaJKOBUMHU
BEITUIMHAMH XapaKTepu3ye TaKy IMOBIpHICHY
3aJIeXKHICTD, TIPH SIKiH 31 3pOCTAHHIM OJHI€T 3 HUX iHIIA B
cepeHbOMYy Takok Oyme 3poctatu (puc. 1, a). Ilpm
HETaTHBHIM KOPEJii 31 3pOCTaHHSIM OJAHI€l BHITAIKOBOT
BEJIMYHMHH iHIIA B cepeTHhOMY YOyBae (puc. 1, B).

Kopensamiitauii  aHami3  JO3BOJISIE  OIIHIOBATH
TICHOTY 3B'i3Ky pI3HUX IapaMmeTpiB abo (axTopis, IO
BIUIMBAIOTh HA MpoIlec. Y 3araikHOMYy BUTJISAL 3ajava
BUSBICHHS 1 OLIHKKA CHJIM 3B'SI3Ky B MaTeMaTHYHIH
CTATUCTHIII HE BHUpIilIcHA. [CHYIOTh JIMIIIE MOKA3HUKH, IO
JIO3BOJISIIOTH ~ OLIHIOBAaTM TI YW  IHII ~ CTOPOHH
BHITAJJKOBOTO 3B'AI3Ky. 3 HUX HaWBOKIHMBIIIHM €
Koe(DilieHT KOPEeIAIIii.

© Ilpimenko O.I1., Yepemcska H. B., Uepnorop T.T., 2021
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b
wl

L. B =
- L -
o x 0 X a 0 X
a) 0) B) r)
Puc. 1 — Kopemnsniiiae rmose 1BoX BUNAJKOBUX BEIMYHH: IPU PI3HOMY XapaKTepi KOPEJsIii:
a — CHJIbHA NIO3UTHBHA KOPEJList; O — cnabka IIO3UTHBHA KOPEJIALLis;
B — CHJIbHA HEraTHBHA KOPEJALIS; T — HyJIbOBa KOPEIIALIist
SIKIIO JIOIyCTUTH, IO MPOBEAEHO 7 BUNPOOYBAaHb . CKOPOTHTH IUIaH JAOCHIOHHX poOiT mpH
i TM[pu KOXHOMY BiJ3HAYalucCs 3HAYCHHS JBOX  PO3pOOIli TEXHOIOTii BUPOOHHUIITBA;
BUIIA/IKOBUX BEJMYUH X, 1 ,, To BUbipkoBuil koedilieHT . CTBOPHUTH CUCTEMY YIIPABIIIHHS IIPOIIECOM.
KopeIsiLi Gy/ie AOPiBHIOBATH: [pu eKCIIePUMCHTAIEHOMY BHUBYCHHI

m

Z(x[ _)_C)(y[ _y)

_ =1

r;cy
(m-1S.S,

>

Ae S, S, — CTaHAAPTHI BIAXUICHHS.

Koediuient xopensuii € 0e3po3MipHy BEIUUUHY,
MOAyib siKOi He mepeuiye oauHuui 7, <1. [l

He3aJe)KHUX BenmynmH x 1y  r, =0 1 o3Hayae

xy
BIJICYTHICTh JIHIHOI 3aJeXHOCTi. PiBHICTB |rxy|=l

CBIMYWTHh TIPO HASBHICTH JIHIHHOI 3aJEKHOCTI MiX
BEIMYMHAMH, TIPH SAKIH KOXXHOMY x  3HAYCHHIO
BiJINIOBIJ]a€ TUTbKH OJTHC 3HAYCHHS ) .

KoedimienT kopemnsiii € 10CUTh Tpy0OI0 OIIHKOIO
TICHOTH 3B'MI3Ky, IO Ma€ CEHC JHIIE TpH JTHIHHOI
3aJIEXKHOCTI MK TapamerpaMd. HaBiTh mpu BHUCOKOMY
Koe(dimieHTi KOpesii He MOXHa 3pOOUTH JTOCTOBIPHUX
BHCHOBKIB TIPO HAsBHICTh CTATUCTHYHOTO 3B'SI3KY,
OCKIJIBKM ~ OJIHOYacHE  pEryJIlOBaHHsS  IapaMeTpiB
MIPU3BOJUTS JIO X IITYYHOT (IIOMMIIKOBOIO) KOPEJISIIIT.

TouHo TakoX MaiMi KoedilieHT Kopemauii He
3aBXKIM € HaCNJAKOM BIJCYTHOCTI 3B'SI3KY MIX
napameTpami, a Moke OyTH pe3ylbTaToM HeJiHIHHOTO
XapakTepy 3B'SI3KY.

2. TIlo6ymoBa mareMaTH4HOi MoJedi 3a
pe3yJibTaTaMH eKCIIEPUMEHTY.
MarematiuHa ~ MOJENb  MPEICTaBIsiE  COOOIO

3aJIEXKHICTD MK IMapameTpaMu i (akTopamu TpoIlecy,
OTpUMaHy TEOPETUYHO a00 eKCIIEPHUMEHTAIIBHO.
MaremaTtiyHa MOAENb KOMNAKTHA 1 3py4yHa JUIs
JIOCIIIIPKEHHS 1 YIIPABIHHS peajbHUM IIPOLIECOM.
3acTocyBaHHS MaTeMaTHYHOI MOJIET JO3BOJISIE:
o BUOpaTH  ONTUMAIBHUA  TEXHOJIOTTYHHMN
PEXHM TIpoLECy;

(YyHKITIOHATLHOT 3AJIEKHOCTI ) BiJl X BUPOOJISIOTH Psif
BUMIPIOBaHb BCIUYMHU ) TPH PI3HUX 3HAYCHHIX

BEJINYMHH X .

PesynbpraTi MOXyTb OyTH NpEICTaBIICHI Y BHIJISAL
tTabmuups a0  rpadikiB.  3aBjaHHA ~ IONSTaE B
AQHATITUYHOMY IIPEJCTaBJICHH] IyKaHOI (QyHKIIOHAILHOT
3aJeXHOCTI, TOOTO y mimbopi dopmyny, sika ONHCYE
pe3yJIbTaTH eKC-TIepiMeHTa.

OcCoONMUBICTh 3aBJaHHS TMOJATAE B TOMY, IO
HasSBHICTh BHIIAJKOBUX IMOMHWJIOK BUMiptoBaHHS (200, sK
KaKyTh, HAsIBHICTP  «IIyMy» B  EKCIICPHMEHTI)
YHEMOXIIMBIIIOE TMIiA0Ip Takoi QOpMynH, sSKa TOYHO
omucana O Bce JOCBiIUEHI 3HAUEHHS.

Tak, Hampukiaz, NOCIIIOBHE 3'€IHAHHS BCiX
EKCIIEpUMEHTAIBHUX TOYOK Bipi3KaMM NPsIMOI J1acTh
3aJIeXKHICTh 300pakKeHy Ha PUCYHKY 2.

A .
»
o X X, X, X, X

Puc. 2 — Ilpuknan po3kuny eKCIepHUMEHTAIbHUX TOUOK
Tomy rpadik mykanoi ¢yHkuii He NOBHHEH

MPOXOUTH Yepe3 BCi TOUKH, a TIOBUHEH MO MOMJIMBOCTI
3MIIA/KYBATH KITYM».
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3rnaKyBaHHs  «IyMy» OyZe THM TOYHILIE 1
HaIiAHITIe, 9UM OinbIe oyne BHUPOOIICHO
CKCIICPUMCHTIB.

ITepmr 3a Bce, AOCHINHWUK TOBHHEH BHOpAaTH BUI
KpUBOI, Uil sKOi BiH Oyae NIYKaTH ampoOKCHMYIOYe
piBHsHHsA. Hwkde HaBOAWTBCA [UISI NOBIZOK KijbKa
HAHOUTHIN TIOMTUPEHNUX BUIIB alpOKCUMYIOYMX KPHUBUX 1
BiJIMOBIAHUX M PiBHSHb:

npsiMa JiHis y = b, +bx;

KBajipaTHa napabona y = b, +bx+b,x’;

napaona n-ii creneni y = b, +bx+b,x’ +...+ b x";
rinep6ona y =1/(b, +bx) abo 1/y =b, +bx;

norapudmiuna kpua y =b, +b 1gx.

3BHYalfHO, MOXKYTh 3HAMTH 3aCTOCYBaHHS 1 KpHBI

Oaratbox iHmmMx BuxiB. {06  BupimmrTH, SKYy
anpOKCUMAIl0  BUKOPHUCTOBYBATH, CJiJI  BHBYHMTH
KOpeJlliiHe ToJie 1  TIOPIBHATH  PO3TAITyBaHHSI

EKCIePUMEHTAIBHUX TOYOK 3 (OPMOIO KPHUBHX, MIO
BiJIMOBIAAIOTH PI3HUM PiBHSIHHSM.

dopmMa JesKUX 3 HUX [0Ka3aHa Ha PUCYHKY 3.

®dopMy 3B'SI3KY MaTeMaTHIHO HE BHOUPAIOTH.
MoskHa JdIIe TIEPEeBIPUTH, HACKUIBKH  aJeKBaTHA
IHTYITUBHO oOpaHa JOCHiIHUKOM QopMa 3B'S3KY
EKCIICPUMCHTAJIBHUX TOYOK.

Takum 4MHOM, 3aBJJaHHS 3BOJUTHCS JIO BU3HAYCHHS
napameTpiB piBHAHHA b, , b, 1 Tak pani. KpiM Toro, Bun
dbopMmymu  Moxe OyTH  BimOMHE  3a3manerime 3
TEOPETUIHOTO OTHCY 00'EKTA, IO MOJICITIOEThCSI.

6) B)

Puc. 3. ®opmu pizHEX perpeciifiHuX KPUBUX:
a) y=>by+bx zaymosu b >0, b <0;

6) y =b, +bx+b,x*,3aymosu b, >0, b, <0;

6) y=b,+blgx,3aymosun b >0, b <0.

[TozHaunmo o0paHy (yHKIIOHAIBHY 3aJIeXKHICTh
4yepe3 piBHSIHHS:

y=r:8),
ge i=L2,..,n; f, — eKCIHepUMEHTaNbHI OLIHKU
napaMeTpiB  piBHAHHS. lle pIBHAHHA Ha3MBa€ThCS

PIBHSHHSIM perpecii, a MaTeMaTHYHe OYIKYBAaHHS Ili€l
(yHKITIOHATLHOT 3aJIE)KHOCTI

M) =M G B)]= X0, f i )

HA3UBAETHCS PETPECIEIO.

CnoBo «perpecisiy BBiB B cTaTHCTUKY DpeHcic
Tameron (1822-1911) — aHMMWCHKUM MaTeMaTHK.
3HaXO/KEHHS OIIHOK TapaMeTpiB 1  JDOCIiHKEHHS
OJIep>)KyBaHUX MOJIENICH OTpUMajM Ha3BYy perpeciiHoro
aHawi3zy.

OtpumaHe  pIiBHSHHSA  NPUAHATO  HA3UBATH
emnipu4HoOi GopmyII010, a OLIHKY mapamerpiB GpyHKii f-
OLIIHKOIO TIapaMeTpiB eMmipuyHoi Gpopmysnu.

3. BusHauyeHHsi piBHSIHHA perpecii MeToa0M
HaliMeHIINX KBaApaTiB.

OmHuM 3 HAWOIIBII — TMOMIMPEHUX  METOMIB
perpeciifHoro aHaiizy € MeToJ] HalMEHIIMX KBaJpaTiB,
nepmuii  Bukian skoro Oyigo JaHo  (paHIy3bKHM
MarematukoM Aunpe Mapi Onekcanapom (1752-1833) i
nami  po3poOnieHo  HimMeubkuM — BueHuM  Kapiiom
Opinpixom 'aycom (1777-1855).

Jnst HalmpoCTimoro, OXHO(PAKTOPHOTO BHUMAAKY,
KOIM MaeMO 7BI 3MiHHI BUIAJKOBI BEIMYMHH ) 1X,,

(byHKIIsI BIATYKY a00 pIBHSHHS perpecii Mae BUIIIS;

y=by+bx, .
Ile piBHsHHS TpsMoi JiHil. MeTa BHU3HAYCHHS
napaMmeTpiB  emmipudHoi  GopMyaHm —  OOYHMCICHHS
HeBitoMux koedimientiB b, 1 b. xbu Bci

EKCIIEPUMEHTAJIbHI TOYKH JIeXKaJdM CTPOro Ha MpsMii
miHii, TO U1 KoXkHOI 3 HuX Oysna O crpaBemvBa
PIBHICTB:

Yi—by—bx, =0,
ne i=1,2,...,n —HOMep JOCIiay.
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Ha mpaxtuni ne piBHICTH NMOPYIIYETHCS, 3aMiCTh
HBOT'O JIOBOJUTHCS ITUCATH:

Vi —by—bx, =Ay,,

ae Ay, PI3HHINIO MiX E€KCIIePUMEHTAILHUM 1

PO3PaxyHKOBHM 32 PIBHSHHIM perpecii 3HaUeHHSIMH ) B

i-i ekcrepuMeHTalbHIA Touri. [0 BenmuumHy iHOMI
Ha3MBaIOTh HEB'SI3KOI.

[o3Hauaroun Yepe3 P pO3PaxXyHKOBE 3HAYCHHS

¢byHKUIT (32 pIBHAHHAM perpecii), oTpuMaemMo:

y=b,+bx,,
Yi _)A}[ =Ay,.

Hep’s3ka Ay, BUHMKa€ 3 JBOX IPUYUH:

1) mnomuIKa eKCIEepUMEHTY;

2) HenpHIAaTHICTH MOJEIII.

IIpudomMy 1i mpudIuHEM 3Mimani i 6e3 J0JaTKOBOL
iHbpopMamii HEe MOXHA BHUPIMIATH, SKa 3 TPHIUH
nepeBaxae. J{s 1bOro BUKOPUCTOBYIOTh METOIN OIIHKH
MTOMHJIOK JOCBiTy 1 MPHUIATHOCTI MOAeNi (aIeKBaTHOCTI
Moedi).

3aBXIM NparHyTh 3HAWTH Taki KoedilieHTH
perpecii, mpu skux HeB’si3ka OynyTh MiHiManbHi. Ocb
OJIHa 3 MOXKJIMBUX 3aIHCIB!

U:Z:Ay,.2 =min. ey

i=1

BOHA NPU3BOIMTH J0 METOIY HAMEHIIINX KBAIPAaTiB
MosknuBHrH 1 METO] HAMMEHITUX KyOiB:

Zn:|Ayi3| =min.

i=1

MoXIIMBHH 1 METOA, B SIKOMY MIHIMI3YETBCS Cyma
MOJyJiB (a0COJIIOTHUX BEJIMUNH) HEB SI30K:

Zn:|Ayi| =min.
i=1

YmoBa (1), TmoOKIameHa B OCHOBY METOIY
HallMEHIIMX KBaJIpaTiB BBAXAIOTh HAWOIIBII BIATIM
KOMITPOMICOM.

Ilpy  mocTaHOBII  EKCHEPUMEHTY  3a3BHYAii

MPOBOJUTHCS OLUIBINE JOCHIIB, HIX YUCIO HEBIIOMUX
koediuientiB. Tomy cucrema JiHIHHUX PiBHSHbD

Ay, =y, —b, —bx,,,

Ay, =y, b,

—bx,,,

YacTO BUSBIIETHCS CYICPEWINBOIO.
Skmo Bce eKCIepUMEHTAaJ bHI TOYKH JIC)KATh Ha
MpsIMidd, TO TUTBKH TOJI CHCTEMa CTa€ BH3HAYCHOIO i Ma€

€JIMHE PO3B’s3aHHs 1oJ0 b, Ta b.

Merton Haiimenmux kBanpatieB (MHK) mopomkye
BIIACTHBICTb, SIKa pOOUTH BU3HAYECHOIO OYIb-SIKYy CHCTEMY
piBHSIHB. PIBHAHHSI peTrpecii Mae BUTIISI:

y=>b,+bx,.
3HAYCHHSI.

V HpOoMy nBa HeBilomMMX b, 1 §

3actocoBytoun MHK, mnepermmmemo piBHsiHHA (1)

IHaKIIIE:

U= Zn:Ayl.z :Zn:(yl. ~b, —bx, )’ = min.
P

i=1
Binomo, mo MiHiMyM Jneskoi QyHKOii, SKIIO BiH
ICHy€e, IOCSTAEThCS INPHM OJHOYACHIH pPIBHOCTI HYIIIO
YaCTHHHUX IOXIIHUX 10 BCiX HEBIJOMUX, TOOTO

ou
—=0, 6—U=0.
ob, ob,
OOYHMCITMMO YacTHUHHI TMOXIigHI 1 PO3B’SHKEMO

CHUCTEMY PiBHSIHB:
_zg( V,—by—bx,) =0,
_zg( ¥, —by—bx, )3, =0.
PO3KpHEMO TyXKKH, TPOBEAECMO ITEPETBOPCHHS
nb, + Zn:x,.b1 = Zn:yi,
= P
le,.bo - leﬁbl =z1 iy

s cucTtema Ha3MBA€ETHCS CHUCTEMOI) HOPMAIBHUX
piBHsiHb. Popmynu i obuucieHHsa b, i1 b 3pydHO

3HAXOJUTH 3a J0NIOMOror Metosa Kpamepa.
OcraTouHi GOpMYIIN MaIOTh BUTIIS;

n n n n
2
Zyilei - Zyixliz X
_= m i1 i
n n 2
2
”Z X Z Xy
i1 i

by

>

n n n n
"Zyizxu—nyan
— i=1 i=1 i=1 i=1
n n 2 :
2
ny x| D,
i=1 i=1

[MoguBuMocs Temep, SIK OOYHMCIIOIOTHCS CYMH, IO
BXOJITh B 1i (Gopmynu. J[i1si BUKOHaHHS PO3paxyHKIiB
CKJIQIAIOTh MATpPHUII0 PE3YJIbTATIB EKCHEPUMEHTY, SK
MOKa3aHo B TaOmumi 1.
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Tabmmmg 1. PesynbraTn ekciepuMeHTa

2 2 2
Howmep excriepumenTy X, y X, Xy *y Xty *(x,+)
1 % ? x : X, + :
11 Y1 X1 X N TN (x11+y1)
2 2 2
2 Xy Vs Xy YVaXp 8 X+, (xn +y2)
2 2 2
n X1 Yu Xin Vi Y X, TV, (xln + Y )
n n n n ) n n ) n 3
qu Zyi lei Zyixli Zyi - Z(xli+yi)
i=1 i=1 i=1 i=1 i=1 i=1 i=1

BungHo, mo oOuucieHb 3pOoOJCHO Oinblle, HiXK
noTpibHO I po3paxyHKy b, 1 b,. BoHu nosHayeni
3ipoukoro. Ili «3aiBi» nmaHi MOTPiOHI UIA TEPEBipKU
MPaBWJIBHOCTI PO3paxyHKiB. MOXIHBI JBa CIOCOOH
HepeBipKU:

1) mepeBipsieTbesl yMOBa

n n n n
Z(xli +V; )2 = zx1i2 +Zzyix1i +Zyi2;
i1 i=1 i=1

i=l

Hpyruii cnoci®6 € HaiiOuibmr moBHMM. 3 iforo
JTOTIOMOTOI0 MEPEBIPSIETHCS HE TUTBKU OOYHCIICHHS CYMU,
ane 1 kxoe¢imieHtiB. Ha mnpakTuii BHKOPHUCTOBYIOTHCS
00H/IBI TIEPEBIPKH.

3aBaannsi. B Xomi  TecTyBaHHS — XpOMEINb-
aJroMeNieBi TepMomapud 3a TOCTIHHUMHU  (perepHHX)
TOYOK TemriepaTyp kKpuctamizarii metaimis Pb (327,5 °C),
Zn (419,6 °C), Al (660,0 °C). Orpumani BiZIOBiIHO
HacTymHi fgaHi Tepmoepc: 12,1 mB; 16,0 MB; 26,1 MB.
HeoOxinHo po3paxyBaTH piBHSIHHS perpecii JiHIHHOT

. . 3aJIeKHOCTI TEeMIlepaTypu BiJ BEIWYHMH TepMOepc
2) mepeBipKy MOXXHa TPOBECTH i MO HACTYIHOMY
. TepMoIIapH.
PIBHAHHIO S b +bF Po3p’s3anns. Ckunagemo  Ttabmuuo 2 uIs
V=0 +5%; pO3paxyHKy KoedillieHTiB perpecii:
Tabmmrt 2. PozpaxyHok KoedinieHTIB perpecii 3aBIaHHs
Homep excniepumenTy x y x? Xy
1 12,1 327,5 146,4 3962,75
2 16,0 419,6 256,0 6713,6
3 26,1 660,0 681,2 17226,0
> 542 1407,1 1083,6 27902,3
[licns BUKOHAHHS pO3paxyHKIB 3a Tabnuuero 2  perpecii 0HAKOBHA.
MOXXHA BU3HAYUTH: HeBenuka BiAMiHHICTH NONSTae B TOMY, LIO B

_1407,1-1093,6 -27902,3-54,2

b, > =39,75.
3-1083,6—54,2
- 3-27902,3—1407,1-254,2 _23.76.
3-1083,6—54,2
TakuM YHUHOM, MOXXHA OTPUMATH  PIBHSHHS
perpecii:

y=39,75+23,76x,

SKe JI03BOJISIE PO3paxyBaTH BEJIUYUHY TEMIIEpaTypH
(°C) 3a moka3aHHSAMH TEPMOTIAPH.

Koedinientn  perpecii
nornomoroto nporpamu Excel.

[Mopsinok mii s obuucneHHs: 000X KoediuieHTiB

MO’KHa  3HaAWTH  3a

nianosi Maiictep ¢ynknid B xarteropii CrarucTu4ni
JUIsl 3HAXO/DKEHHs JIiHIHOrO KoedilieHTa b, BUOMpaeMo

¢dynxuito HAKJIOH, a 114 BibHOTo WwieHa piBHSAHHA b,

— OTPE3OK (puc. 4 ta puc. 5).
Ha ekpani 3'sIBISITBCS BIAOBIHO I1aJI0TH:

AprymenT ¢pynknii — HAKJIOH
i
Apryment ¢pynkuii — OTPE3OK.

VY BigNoBiAHI TOJIT BBOAMUMO 3 POOOYOTO JIUCTA
niama3oH 3HaYeHb ) 1 X .

VY niano3i AprymeHT yHKIiif 3'IBUTbCS 3HAYECHHS
BHU3HAYCHOro0 Koe(ilieHTa, sKE TMiCias HATUCKAHHS
kaonkn OK mepeHocuThes B 3a1aHy KOMIpKY poOodoro
apkyma. [Iporpama Excel Bumae OiIbIn TOYHI 3HAYEHHS
Koe(ilieHTiB perpecii, Hi’k po3paxoBaHi BpydHY.
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BPrYMEHTEL HRLLY

HAKACH

Hanecrapio anauernny C204 {327, 5479, 56500

Wamecrasie anauenway B4 = [12,115261)

= 37033205
BOOBMALLEET HERA0H ARHIt BanEdHER Derpecan,

M IAEMEHTOE JAHALE — ANEHD, LECHBbI 14 DEbIR H AL

IHINEHNA X
CONEPREUIME LIRS,

Sravennz 2376039205

Capanei no Sl dyaLin | o Oruena

ARTYMEHTS GyHELR

GRESOR
Manecribie_suadenrs )y (2G4 £ = pansaases]
MapecTinie IHaNENMS_X 5234 ' = (1236267
= 3976225018
Hlo3BPSUIEET 0IPE30K, OTCEKARMES H3 OO FRel An-eRugd perpecam
H L IHDHEHHA_X 2 A b MBCCHBS ]

weﬁmmeptawe HCaa,

Fnaucrnz IETE2RI0E

10 370 gt

Capa

Puc. 4. [lianor «Apryment ¢ynkuiit» — HAKJIOH

Ha ekpani 3'SBISTBCS — BiJIOBIZHO  JAiaJiOTH
AprymeHT (QyHKuii HAKJIOH i AprymeHnr
¢ynkuiii — OTPE3OK. VY Bianosigni monst BBOAUMO 3
poboyoro JmcTa Jiarna3oH 3Ha4eHb ) 1 x .

VY niamo3i AprymeHT GyHKUiH 3'IBUTHCS 3HAUCHHS
BH3HAUEHOTO Koe(ilieHTa, sAKe TICII HATUCKaHHS
kaonkn OK mepeHocuThCs B 3a1aHy KOMipKy poOodoro
apkyma. [Iporpama Excel Bunmae OibIn TOYHI 3HAYEHHS
KoediIieHTiB perpecii, HiXk po3paxoBaHi Bpy4HY.

IIporpama Microsoft Office Excel 2016 mo3Bomsie
OJIHOYACHO TNPOBECTH AMCHEPCIHHMN, KOpEIsUiiHMH WU

perpeciiinuii  aHamiz 3 OIIHKOI  3HAYYyLIOCTI
KoeiLlieHTIB OTpUMaHOTO piBHAHHSA perpecii [12—18].
BucHOBKHM Ta mepcHeKTHBH  INOJAJBIIOrO

PO3BUTKY IaHOTO HANIPAMKY.

VY crarTi po3rismaeTbes moOyaoBa MaTeMaTHIHHUHA
MoJeNiell 3a JIOTIOMOTOI0 METOJIB KOpEJAIiHOrO 1
perpeciiHOro aHami3y MpH BH3HAYCHHI ()YHKI[IOHAIBHOL
3aJIKHOCTI MK BelIMYMHAMU. SIK MPUKIA] HABOIUTHCS
3aBHaHHA 3 XIMIiYHMM 3MmictoMm. Haituacrime, mpu
BUBYCHHI KypCy BHUIIOi MaTEMAaTUKH JIOBOJIUTHCS
PO3B’sI3yBaTH 3aJayi 3arajibHOTO XapakTepy. Ause s
cTyzeHTiB HaBuanbHO-HAyKOBOTO IHCTHUTYTY XIMIYHHX
TEXHOJNOriH  Ta  imkeHepii  OinpmMH  iHTepec
MPECTABISAIOTh 3aBJaHHs, Ki Oe3mocepeIHbO MOB'sI3aHi
3 ix coemiampHicTIO. TakuM 4YHHOM, PO3TIISAAOYH
3aBJaHHsA, NOMIOHI HaBeldeHOI B JaHid CTaTTi, MH
MiABUIMMO iHTepeC i MOTHBaIil0 MaiOyTHIX (aXiBIiB
JI0 BUBUYCHHSI TAHOTO MaTepiaiy.

I xoya MaTeMaTHKH Ta iH)KEHEPH XIMIKU-TEXHOJIOTH
MHUCIIITH 30BCIM IO pPIi3HOMY, Ti BHIIQIKH, KOJIH M
BIAETBCS JIOCATTH B3a€EMOJII, NPU3BOAATH JIO MOSBU
HETPUBIAIBHUX PE3yNbTAaTiB 1 CIPHUAIOTH 30aradeHHIO
000X 1UX HayK. 3aBIIKd TaKuM MOissM MOXITUBO
JOCATHYTH OUTBII KOHKPETH30BAHHX PE3YJBTATIB 3a
NEIKUMH IMTAaHHIAMU 3 TEMH 1HHOBALIMHOT isILHOCTI.

Takum YWHOM, 3aHATTS 31 CTYAGHTAMH Ta IX
camocTtiiHa ~ po0oTa  (GOpPMYyIOTH  BMIHHS  HpH
(opMyiIIOBaHHI BHCHOBKIB 3 TpoBeneHoi pobortu. Ilpm
IBOMY y CTYACHTIB BHPOOIIIOTHCS HEOOXiTHI HABUYKHU:
KOPUCTYBaHHS KOMIT IOTEPHOIO TEXHIKOIO 3 METOI0
BHUSBJICHHS 3aKOHOMIPHOCTEH TIPOIECIB Ta METOMiB
JIOCHI/DKEHHS; TMPOBEJCHHS MATEHTHOrO IMOLIYKY Ta
pearizarii OTpUMaHHMX Pe3yJIbTATIB; MyONIYHHN 3aXHCT

Puc. 5. dianor «Apryment pyukuiiiy — OTPE30K

HAyKOBOI pPO3pOOKH, aHANITUYHUH KOMIICTEHTHICHUH
aHaJIi3 HAyKOBOI Ta MPUKJIAIHOI YacTuHH 1 T.1. [19-23].
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O. II. [IPUIIIEHKO, H. B. YEPEMCKAA, T. T. Y4EPHOI' OP

MOCTPOEHUE MATEMATHYECKHUX MOJIEJIEH ITPY IOMOIIXA METO/IOB KOPPEJSILIMOHHOI'O U
PEI'’PECCUOHHOI'O AHAJIN3A

B cratee paccMarpuBaeTcs IOCTPOCHHE MAaTEMAaTHYECKOW MOJENH C MOMOINBI0 METOJOB KOPPEISILMOHHOTO M PErpecCHOHHOTO
aHaJM3a IpU  ONpejeleHUH (YHKIMOHAIBHON 3aBUCHMMOCTH MEXAY BeIMYMHAMHU. [IpM M3y4eHMH pa3IU4YHBIX OOBEKTOB
HCCIIeIoBaHUs B JTAOOPAaTOPHBIX MM TIPOM3BOJACTBEHHBIX YCIOBUSIX BO3HHMKAeT HEOOXOAMMOCTh YCTaHOBIEHHsS HauOolee
BEPOATHBIX B3aMMOCBS3€H M B3aHMO3aBHCUMOCTEH Mexay AByMsl WM Oosnee mepemeHHbIMU. MHorzma sto ObIBaeT MpocTo,
MOCKOJIBKY CBSI3b JIETKO OOHApY>KMBAETCsl MIIM 3apaHee M3BECTHA U3 KaKHUX-JIMOO TEOPETHUECKUX Mpenocsuiok. OqHako ropasmio
Yamie BBIBICHUE TaKUX CBSI3eH MEXIy PasIMYHBIMH MOKA3aTeJIIMH, (paKTOpaMH, IMPU3HAKAMH SBISIETCS UPE3BBIYANHO CIIOKHOM
3amaveil. MccrmemoBarenu cCTankuBaloTCs ¢ HEOOXOIMMOCTBIO BBEAEHMS HEKOTOPOI THIOTE3bl O XapakTepe CBS3H B BHIE
(YHKIMOHATIBHON 3aBHCHMOCTH, T.€. alIPOKCHMAalUH €€ HEKOTOPHIM OTHOCHTENIBHO NPOCTHIM MaTeMaTHYECKHM BBIPAKCHUEM,
HarpuMep, TMHEHHBIM ypaBHEHUEM MIH MHOTOWICHOM. J[JIs OMCKa TaKUX MaTeMaTHIeCKUX (PYHKIMOHATIBHBIX MM CTPYKTYPHBIX
3aBHCUMOCTEN MeXy AByMs MK O0jiee epeMEHHBIMH BEChbMa TOJIE3HBI METO/IbI KOPPEIALHOHHOTO M PErPECCHOHHOTO aHATIHN30B.
KoppensinoHHbIi aHaIM3 JaeT OTBET HA CTATHCTUYECKYIO TMIOTE3y 00 OTCYTCTBUHU WM HAJIWYUH CBA3HM MEXIY HEPEMEHHBIMU C
HEKOTOPOH Hamnepes 3a/laHHON JIOBEPUTEIIbHOI BeposTHOCTBI0. Onpenenenne GyHKIMOHAIBHOH 3aBUCHMOCTH MEXKILY Pa3InuHbIMU
BEJIMYMHAMU 110 UX 3KCHEPHMEHTAIBHBIM 3HAUSHUSIM OCYIIECTBIIIETCS C MOMOILBIO PErPECCHOHHOIO aHanu3a. B ero ocHoBe nexuT
IIMPOKO W3BECTHBIH METO]] HAMMEHBIINX KBaapaToB. IIpeyaras To WM MHOE YpaBHCHUE PErpeccUy, HCCIEI0BaTelb OMpPEAeIsieT
KaKk CaMO CYIIECTBOBaHHE 3aBHCHMOCTH MEXIy IEpPEeMEHHBIMH, TaK M MaTeMaTHUeCKuil ee BHA. PerpeccHoHHBIN aHamm3
paccMaTpuBaeT CBsI3b MEXK[Y 3aBHCHMOM BEJINYMHOW M HE3aBUCHMBIMU IEPEMEHHBIMU. DTa CBS3b NPEICTABISIETCS C MOMOIIBIO
MaTeMaTH4eCKOil MOJenH, T. €. YpaBHEHHS, KOTOpOE CBS3bIBA€T 3aBUCHMYIO M He3aBHCHUMbIE IepeMeHHble. OOpaboTka
IKCIIEPHUMEHTANIBHBIX JAHHBIX TPH HCIOJb30BAHUU KOPPENSIMOHHOTO M PErpecCHOHHOTO aHalu3a JaeT HaM BO3MOXKHOCTb
MOCTPOUTH CTATUCTUUECKYIO MAaTEMaTUIECKYI0 MOJIENb B BUAE ypaBHEHHs perpeccuu. TakuM 00pa3oM, METOIbI KOPPEISIIMOHHOTO
U PErPECCHOHHOTO aHATIN30B TECHO CBSI3aHBI MEXIY CO0OI.

KiroueBble c10Ba: KOPPETAIMOHHBIN aHAIN3, PETPECCUOHHBIN aHaMN3, (QYHKIMOHAIIbHAS 3aBUCUMOCTD, AlMpOKCHMALNs,
MaTeMaTHIeCKOe BEIPAXKEHHE, INHEHHOE ypaBHEHHE, KOIQOUITMEHT KOPPETSIIHH.

O. P. PRISHCHENKO, N. V. CHEREMSKAYA, T. T. CHERNOGOR

CONSTRUCTION OF MATHEMATICAL MODELS USING THE METHODS
OF CORRELATION AND REGRESSION ANALYSIS

The article discusses the construction of a mathematical model using the methods of correlation and regression analysis in
determining the functional relationship between the quantities. When conducting an experiment, it is often necessary to establish
the interdependence between two or more quantities in order to obtain an empirical formula. In some cases, this is a simple task,
because these connections are almost obvious or known in advance. As a rule, to establish the relationship between different
indicators, factors and characteristics is not a trivial task. There is a need to use some hypothesis in the form of functional
dependence. In other words, it is necessary to replace this functional dependence with a fairly simple mathematical expression.
Such a mathematical expression can be a linear equation or a polynomial. In order to use such experimental data to determine such
a mathematical or functional relationship between variables, the methods of correlation and regression analysis are used.
Correlation analysis provides an answer to the statistical hypothesis of the absence or presence of a relationship between variables
with some predetermined confidence probability. Determination of the functional dependence between different values on their
experimental values is carried out using regression analysis. It is based on the well-known method of least squares. Proposing one
or another regression equation, the researcher determines both the very existence of the relationship between variables and its
mathematical form. Regression analysis considers the relationship between the dependent quantity and non-dependent variables.
This relationship is represented using a mathematical model, that is, an equation that connects the dependent and independent
variables. Processing of experimental data using correlation and regression analysis allows us to build a statistical mathematical
model in the form of a regression equation. Thus, the methods of correlation and regression analysis are closely related.

Key words: correlation analysis, regression analysis, functional dependence, approximation, mathematical expression, linear
equation, correlation coefficient.
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TEXHOJIOTI' IS IHOOPMAIIMHUX KOMITIOTEPHUX CUCTEM B IIPUKJIAJTAX I 3AJTAYAX

Po3risiHyTO0 MOMIIMBOCTI 3aCTOCYBaHHSI TEXHOJOTIi iHGOpPMALIHHMX KOMIT FOTEPHUX CHUCTEM Yy PI3HOBHAAX IMPHKIAIIB Ta
3aJjad HaBYaHHs CTyHeHTiB. IIpoBeaeHO Ta IpoaHAIi30BaHO: aHali3 CKIAJOBUX 1H(OPMAaLIMHUX CUCTEM 3a Pi3HOBHIAMU
TUSUILHOCTI; TpUKiIaau Oi3Hec-mporeciB 00paHol mpeaAMeTHOT o0yacTi, BU3HA4YeHHs Oi3Hec-pyHKIINH Ta Oi3Hec-mpolecis,
NIOCTaHOBKA 3aiadi. Po3pobneHi BuMoru a0 iHdopMaulifiHOI cUCTEMH, Ta BU3HAYEHHS (YHKLIOHAIBHMX BHMOL IO
iHpopmaniiiHoi cucremu. BusHadeHi kpurepii joriyHoro Ta (isMYHOrO MOAEIIOBaHHS 0a3 nmaHux; po3pobieno UML
MOJIEIIOBAaHHA KJII€HTChKOI 4acTUHU iH(popMaliiiHoi cuctemu. IIpoBeneHa po3podka BUMOT 10 (HyHKIIH cepBepHOi YaCTUHU
Ta iHTepdency KIEHTCHKOI YaCTHHM 1H(POPMALIHHOT CHCTEMH, OMUCAHI MOMIJIMBOCTI MPOCKTHUX PIillIeHb, PO3POOJICHO
inTepdeiic KI€HTChKOI YaCTUHU CUCTEMHU, CTBOPEHO 0a3y AaHMX Juli oOpaHoi miuaTtdopmMu; po3pobieHi 3acodu 30epexKeHHs
npouenyp, yHkuii ans cepepHoi yacTunu iHpopmaiitnoi cucremu (IC) Ta inTepdetic knienrcpkoi yactunu IC. Onucane
MaTeMaTUYHe OOIPYHTYBaHHS 3aCTOCOBAHOTO aJI'OPUTMY Ta 3po0JIeHI HEeOOXiAHI BUCHOBKU.

Kaouogi cjioBa: iHTeneKkTya bHa BIACHICTD; MPUKIIAIH 1 33/1a4i; TEXHOJIOTIS IHPOPMALIIHHUX KOMIT FOTEPHUX CUCTEM;

npeaMeTHa 0011acTh; YHKIIIT Ta OIKC; BUCHOBKH.

Beryn.
Y  cywacHOMy  CcycHiibcTBI  iH(opMauiiHi
TEXHOJIOT11 BHCTYTIAIOTh TOJIOBHUM 3aco00M

aBTOMAaTH3aIlil yHpaBIiHCHKOI, MPOMHCIOBOI, HAYKOBOI
Ta iHmMHUX cdep TiATBHOCTI, B  SKHX KIIOYOBHM €
30epirannsa, oOpoOka Ta MIATPUMKA ITUTICHOCTI YcCi€l
indpopmarmii, a TaKoX aBTOMAaTH3allil  TPOIIECIB.
ABToMaTu3alliss Gi3HeC-TPOIECiB JT03BOJISIE 3PYYHO Ta
HIBHJIKO 00po0IIsaTH iH(pOopMAILito.

IIpu npoMy HEOOXiIHO BIA3HAYUTH, MIO CYYaCHHIMA
KOMIT'IOTEp — L€ CYKYIHICTh TEXHIYHHMX 1 NMPOTPaMHHUX
3aco0iB, sKi NpU3HAYEHI JJIsi aBTOMaTH30BaHOI 00OpoOKH
JIUCKPETHHUX AHWX BiJIOBITHO JIO 33J]aHOTO aJIrOPUTMY.
AJNTOpUTM OMHUCY€E TIPOLIEC PO3B’SI3yBaHHS 3alavi 3a
JIOTIOMOTOI0 CKiHYEHHOI KimbKOCTI omepariii. OnHi€eo 3
HAaWOUTBII BaYUIMBHX 3aJad € EKCIIepPUMEHTAIbHE
BH3HAUYEHHS TMOKA3HUKIB ()YHKIIOHYBaHHs OOJaTHAHHS
3a TMPEICTABICHHMH BJIACTHBOCTSAMH alTOPUTMY JIii:
MacOBICTh — PO3B'SI30K OJHOTHUITHUX 3a1ad i3 Pi3HUMH
BUXIJTHUMH JAHAMHU MOXKHA 3JIFICHIOBATH 32 THM CaMHM
AITOPUTMOM, IO JTA€ MOXIIUBICTh CTBOPIOBATH THUIIOBI
nporpaMu JUisl PO3B'A3Ky 3a7iad MPH Pi3HUX BapiaHTax
3HAYCHb BUXIJHHUX JAHWUX — y Il BIaCTUBOCTI YKJIaJcHA
OCHOBHa MIpaKkTUYHA LIHHICTB aJITOPUTMIB;
Pe3yIBTATUBHICT — peali3aiis O0OYUCIIOBAIBHOTO
npotecy, rnepeadadyeHoro aaropuTMOoM, MOBHHHA 4epe3
MEeBHE YHCIO KPOKIB MPUBECTH [0  OJACPIKAHHS
pe3yNbTaTiB 3 BU3HAYCHOIO TOYHICTIO abo
MOBIIOMJICHHIO TIPO HEMOJJIMBICTh PO3B'S3KY 3ajadi,
BU3HAYEHICTh (ICTEPMIHOBAHICTh) — QJITOPUTM TTOBUHEH
OyTH OIHO3HAYHWM, MO0 BHKJIIOYA€E JOBUIBHICTH
TIyMaueHHsI KOKHOTO 13 MPHUIUCIB, @ TAKOXK BiIXIICHb
BiJl 3aJaHOTO TOPSAKY BHUKOHAHHS; IUCKPETHICTH —
BUKOHAHHS  QJITOPUTMY  MOXXHA  pO30MTH  Ha
MOCHITOBHICT 3aKIHYCHUX HEMOAUIBHUX ONepamii aid —
KpOKiB (TOOTO KPOKM HE MOKHA DPO3JALIMTH Ha OLIbII
npi6Hi kpoku). Koxna nis moBuHHa OyTH 3aBeplicHa
BUKOHABIIEM IMIEpIN, HiX BiH Mepeine 10 BUKOHAHHS
HACTYNMHOI. 3HAYCHHS BEJMYMH HA KOXHOMY KpOII
ITOPUTMY 3HAXOIATh 3a MEBHUMH MpaBHJIaMH 31
3HA4YeHb BEJIMYMH, OTPUMAHUX HA IONEPEHBOMY KPOIIi.
IIpaBunbHICTP — TpH 3aCTOCYBaHHI alITOPUTMY i3

JA0IyCTUMUMHU BXi[[HI/IMI/I JaHUMHU Ma€MO OTpUMATHU

NOTPiOHMH pe3ymbTar; npouenypa nepeBipKu
MIPaBUIBHOCTI aNrOPUTMY - OOTpyHTYBaHHS
MPaBOMIPHOCTI Ta TepeBipKa KOXHOTO 3 KpOKiB,

MmigiOpaHuX Tak, mo0O OXOMUTH BCi MOMyCTUMI BXimHi i
BuxigHi  maHi. EdextmBHiCTE —  3a0e3medyBaTH
PO3B'I3aHHS 3a/1a4i 32 MiHIMJIBHUH 9ac 3 MiHIMaJTbHUMH
BHTpaTaMH anapaTHUX 1 mporpaMHuX pecypceis [1-5].

[IpenmeToM cTaTTi € BH3HAYCHHS MPHKIATIB Ta
CKJIaJIOBHX MPOrPaMHOI0 3a0C3MEUCHHS, SIKE MOXE OyTH
MPECTaBICHO, HANPUKA, y BUrisini WEB-nonaTky.

AHaJIi3 Cy4YacHOro CTaHy NUTAHHS Ta MeETOAM
AocaigKkeHHs iHpopMaliiHUX cHCTeM.

Hpnxaan 1.

[TomoBxeHi poOOTH y TPyIi CTYACHTIB 3 METOIO
po3poOku kKomIutekcHuX mpoektiB HTY «XIII» [6-20]. 3
METOI0 BH3HAYCHHS KOMIIOHEHTIB U 3aCTOCYBaHHS
TEOPEeTUYHOI YacTWHW aucuuiuiinn «OpraHizamis 06a3
AHUX» HEOOXiTHO PO3TISIHYTH EJIeMEHTH MpPUKIaxy
3acTocyBaHHs iH(opMauiliHOro 3ade3neyeHHs — 3ajaui
«OO0MiK  TPOBEACHHS  HABYANBHUX  OpOTpaM B
JIHTBICTUYMHOMY LIEHTpPI» y TEBHIM CHCTEMI yHpaBIiHHS
6a3u nanux (CYB/).

[lepenik nurTaHe, MO MOTPIOHO ONpaLIOBaTH B

po0oTI Mae mesiki 0COOMMBOCTI 3 BU3HAYCHHSIM TEPMiHIB
iX BuKOHaHHA (cTOBMUWK 2, Tabmums 1, ni0): ommc
npeaMeTHoi 00J1acTi, MOCTAHOBKA 3aj1adi, OIHUC PillleHb 3
iH(opMaIiiHOTO 3a0e3MeueHHs: KOHIIETITyalbHa MOICTh
0a3u NaHWX, OMUC POOIT MEPETBOPEHHS KOHIENTYaIbHOL
Mozeli 0a3u TaHWX Ha JIOTIYHY MOJEIb, JIOTiYHA MOJIETh
0azu  nmaHnx, SQL-CKpunTH CTBOpPEHHS 00’ €KTiB
po3po0bieHoT Oa3u TaHUX.
Kiro4oBi mMuTaHHS BH3HAYCHHS IHHOBAILIMHOTO 00’ €KTY:
rpyna, KOHIENTyalbHE MOJICIIOBAHHS, JIHTBICTHYHHIA
LEHTP, JIOTIYHE MOJICITIOBAHHS, MOBa, HOpMauizanis b/l,
pernsiniliHa MoJielb, CUCTEMa YIpaBJIiHHSA 1 LuTicHicTh BJ]
BHU3HAYAIOTh OCHOBHI CKJIaJIOBI 00’ €KTY iH(OPMAIIIHOTO
3abesneueHns. J{ns B/l Oyio oOpaHo pensiiiiHy Moaenb
— Taka opraHizamis iHdpopmamii € HaWOLIBII HAOYHOIO i
JIOCTYTIHOIO [T PO3YMiHHS KOPHUCTYBadeM.
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Tabuuis 1. Busnauenns CKJIQJIOBUX CUCTEM
iHHOBaILIHHOTO 00’ €ekTy [2-20]
HasBa eramiB po6oTn 2

Amnami3 cucreMu IpeaMeTHoi ob6macti iHHOBariiHOTO| 20
00’exty

Onuc cyTHocTeH Ta
Pi3HOBHIIB 33124

3Bs3KiB  cucteMH y Burigi| 10

BusnadenHs arpuOyTiB CyTHOCTEH CHCTEMH Ta iX JOMeHiB| 7

W

Omnnc HayKOBO-00IPyHTOBAHOI CXeMH JaHHX 3aaadi

IMoGynoBa KoHmenTyanmbHOI Mopeni IHHOBaIiiHOTO| 7
00’ekTy

HopwMarrizanist BiTHOIIEHb IHHOBALIIHHOTO 00’ €KTY 5
[To6ymoBa JOTiYHOI MOEi IHHOBAIIHHOTO 00’ €KTY 7
Po3pobxka SQL ckpunris 7

Jns cknajaHHs, BHM3HAUEHHS MOXJIMBOCTEN Ta
OI[IHKM QJITOPUTMIB 3arajibHOi XiMiYHOi Ta Xap4oBOi
TEXHOJNOTriT iCHye 0arato KpHUTepiiB, HaNpUKIa,
ITOPUTM BU3HAYEHHS pallioHaJIbHOI pPOOOTH PI3HOBHIIB
oOnannanns. Haituacrinme ananiz anropurmy (abo, sk
KaXyTb, aHaJli3 CKJIAQJHOCTI aJrOpUTMYy) HOJArae B
OLIIHIIl BUTpAT 4yacy Ha PO3B'S30K 33/1a4i B PO3PAXYHKY
Ha OJMHHMIIIO BXiHMX AaHuX. PakTW4HO, I OLIHKA
3BOJIUTHCS JIO OIIIHKM KUTBKOCTI 0a30BUX €JIEMEHTapHUX
omepariid, Ha AKi MOXHa PO3KIACTH JaHWH aJrOpHUTM,
OCKIJIbKM KOXKHa Taka oOTepallis BUKOHYEThCS 3a
KOHKPETHHH, BiIOMHI BiIpi30K Yacy.

CKJIamHICTh  aJTOPUTMY  OINHIOETBCS — TaKOXK
KUTBKICTIO ~amapaTHUX pPeCcypciB, 30KpemMa 00CsIrom
mam’siTi, 3a/iSHOT JAJsl BUKOHAHHS JAHOTO alrOPHTMY.
1106 moBecTH 10 KOPUCTYBaya aJITOPUTMH B 3aJI€KHOCTI
BiZl X NpPH3HAYEHHs, BOHH MaloTh OyTH QopmaiizoBaHi
32 NEBHUMH IpaBWJIaMH 3a JIOTIOMOI'OI0 KOHKPETHHX
300paxaibHUX 3ac0o0iB. 3aco0u, 110 BUKOPUCTOBYIOTHCS
JUTSL 3aTKCY JITOPUTMIB, 3HAYHOIO MipOIO0 BU3HAYAIOTHCS
TUM, [UIA SKOTO BHKOHABI TPH3HAYAETHCS AJITOPHUTM.
SIKImIo anropuT™M MpHU3HAYCHHUN IS BUKOHABII-TIOAWHH,
TO Horo 3amuc Moxe OyTH HE  TOBHICTIO
(dhopmarizoBaHuii, y koMY pasi royioBHe B (popmi 3amucy
— 1€ HAOYHICTh 1 3pO3YMUTTICTh. JJIs 3aITUCy aJrOPUTMIB,
npu3HadeHux 1y peanizanii Ha EOM, HeoOxinHa ctpora
¢dopmarizamis. Jlo OCHOBHMX 300paxkambHHX 3aco0iB
QNrOpUTMIB  HaJeXaTh Taki crocodu IX 3amucy:
CJIOBECHHH, (hOPMYJIHLHO-CIIOBECHHUH, CXEMH aJTOPUTMIB,
MoBa oneparopuux cxem, HIPO-cxemu, mnceBmo-konu,
MOBH IporpamyBanHs. [Ipu cioBecHOMY criocobi 3amucy
ANTOPUTMY KOXHa omeparis TIEPETBOPECHHS
(hOpMYITIOETBCS IPUPOHOIO MOBOIO y BUTJISIII TpaBHIIA.
[IpaBma HyMepyIOTbCs, 00 MaTH MOXKIJIUBICTh HA HUX
MMOCHJIATUCS, 1 3a3HAYAETHCS MOPSIOK iX BHUKOHAHHSL.
Anroput™ y BepOanbHiid (HOpMi MOXKE BHSIBUTHCS ITyXKe
00'eMHUM 1 BaXKuM IJs CHOPUHHATTS. DopmynbHO-
CJIOBECHHMH CIIOCIO 3amucy aJrOpuTMy IPYHTYETHCS Ha
3aBIaHHI IHCTPYKLiM PO BUKOHAHHS KOHKPETHHX JiH y
NIeBHIH ITOCIIIOBHOCTI 3 BUKOPHCTaHHSIM MaTeMaTH4HHX
CHUMBOJIIB 1 BUPa3iB 31 CIIOBECHHMH IOSICHEHHSIMH — BiH
OiIbII KOMIIAKTHHUM 1 HAOYHUH B NOPIBHAHHI 31
CIIOBECHMM, ajie He € cTporo dopmanizoBanuM. JlaHuit
crocid TMPUAHATHA MM Yac OMHCY PIi3HOTO POay

MaTeMaTHYHUX BHKIAJOK, HANPHKIA] MaTeMaTHIHHN
OIUC IIPOLIECY — JIErKO 3YUTAETHCA 1 Oyne 3po3yMiianm
GaratboM (axiBLsM Oe3 crieniaibHOT MiJrOTOBKY.

Tlpuxnan 2. DopmyntoBaHHS 3aBJIaHHA
ampOKCUMAIlii JaHUX UL OMHCY EeKCIEePUMEHTAIbHUX
3JIKHOCTEH  poOOTH  OOJIagHAHHSA 1  OTPUMaHHS
EMITIPUYHUX MOJIEJICH MPOIIeCiB HEPO3PUBHO OB’ I3aHE 3
pIIICHHSAM 3aBIaHHS amnpOKCUMAIll i HEeNHIHHUX 1
TMHIAHUX 3a TapaMeTpaMu Mojeied. AHATITUIHHHA 1
AITOPUTMIYHAN TIAXOAW JUIS BUPINICHHS 3aBJaHHS
AnpPOKCUMAIIi JUIs JTIHIHHUX 1 JIIHEAPU30BAHUX MOJCICH
METOZIOM HaWMCHINX KBAJAPaTiB IIMPOKO BIIOMI JUIs
3aCTOCYBaHHS y IIMX BUmankax. [IceBmokon — MoBa, 1o
Harajye MOBY IMPOTpaMyBaHHS, ajli¢ BHKOPHUCTOBYETHCS
JUIL OMKCY TpOrpamMH B 3arallbHUX pHcaX, 300paxae
OIIMH 3 METOJIB CKJamaHHsS mporpam. IIceBmoxon sBIsIe
c00010 CcHCTEeMy IMO3HAYEHb 1 TMPaBHJ, MPU3HAYEHY TSI
OJIHOMAHITHOTO 3alHCy anropuTMiB. BiH 3aiimae
MPOMIDKHE MicIle MK MNPHUPOAHOI 1 (OpMaTbHOIO
MoBamu. [IceBaoko OIM3bKUIN 10 3BUYAHOT IPUPOTHOT
MOBH, TOMY QJITOPUTMH MOXYTh Ha HbOMY 3aITUCYBaTHCS
1 3UNTyBaTHCS SIK 3BUYAalHMN TEKCT. 3 1HIIOrO OOKy, B
NICEBJIOKOJII  BUKOPHCTOBYIOTBCS €Ki  (opMaibHi
KOHCTPYKLIi 1 MareMaTHYHa CHUMBOJIKa, IO HaOimxkae
3armmc ANTOPUTMY bi(s) 3araJibHOMPUHHATOTO
MATEeMAaTHYHOTO 3amucy. Y TICEBJOKOAI HE NPUIHATI
CTPOTi CHHTaKCHYHI TMpaBWJia I 3alucy KOMaH/,
BIIACTHBI (OpMajbHNM MOBaM, IO TOJIETIIYE 3aIUC
aJropuTMy Ha CTalii MPOEKTYBAHHS 1 Ja€ MOMJIHMBICTH
BUKOPHUCTATH MIMPIIMIA HAOIp KOMaH, PO3paxOBaHUN Ha
abCcTpakTHOTO KopucTyBada. [IpoTe B TICEBIOKOII € TesKi
KOHCTPYKIIii, BIAacTUBI (OpMaIbLHUM MOBaM, IO
MOJICTIIY€E TIEPEeXiJ] BiJ 3alIUCY Ha MCEBIOKO/I IO 3aIUCy
anroput™My (OpMaNbHOK MOBOK. Y TICEBIOKOII, TaK
caMo sK i B (OpMaJbHHX MOBaX, € CIIyOOBi CIlOBa,
3HAYCHHS SKUX BU3HAUCHE pa3 1 Ha3apkau. €UHOTO a00
(hopMabHOTO BHU3HAYEHHS IICEBIOKOAY HE ICHYE, TOMY
MOJKJIMBI Pi3HI IICEBIOKOIH, IO BiAPI3HAOTHCS HAOOpOM
CITy)00BUX ciiB i OCHOBHHUX KOHCTPYKITiH.
®dopMyIOBaHHS TiMOTE3, MOOYI0Ba MAaTEMaTHYHOTO
OTHCY, PO3pOOKa alNropuTMy, TepeBipka aaeKBaTHOCTI
Mojeni 1 imeHTHdIKalig IX MmapaMeTpiB, PO3PAXyHKOBI
JTOCITiKSHHS (oGuucoBaILHUN EKCIIEpUMEHT);
CKJIaJ]aHHS CHUCTEM pIBHSHb MAaTEMaTHYHOTO OIUCY
mporeciB 1 po3poOka anropuTMiB iX  BUPINICHHS
MOB’si3aHI 3 OCOOJIMBOCTAMHU BU3HAYCHHS POOOTH
o0aHaHHS.

Mpukaanx 3. CroroaHi y 6aratbox KpaiHax cBiTy, y
ToMy 4ncii 1 B YKpaiHi, B 3B’S3Ky 3 KOpOHaBipycoM
HaOyBalOTh MOMYJISPHICTh OHJIAWH-Mara3uHH, SKi MaroTh
nepeBary y MopiBHIHHI 31 3BUYaHUMH.

OHJIaH-TIOKYITIKK  €KOHOMJISITh 4Yac 1 MOXYTh
3iCHIOBATHCS 1TT0A000B0. [Tokynenp y 3pydHuil Homy
gac MOXe 3pOOWTH 3aMOBJICHHA B Mara3udi, He
BHUXOJTYM 3 JAOMY, HE BUTpayaloyd dYac i He Miamarodu
CBO€E 3J0pOB's HeOesmel, BiIBIAyHOYM OaraToJIOIHI
MicIsl. 3aBISIKM IbOMY Y TPOJABLS € MOXIIUBICTh B
OyAb-KMH MOMEHT OTPHUMYBaTH MpPUOYTOK, a He
3aJIeKATH BiJl TOIUH POOOTH Mara3uHy.
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[HTepHET-Mara3suH € BAAJIMM pIIICHHSIM HE JIUIIC
JUI TIOKYIINB, a ¥ JUIs BJIACHUKIB Yepe3 MOXKIHUBICTh
€JICKTPOHHOTO OOJIIKY IpOJaXiB, NMPOBEJCHHS aHANI3y
LiTBOBOI ayIUTOPI{, MOMYIAPHOCTI Ti€l 9¥ iHIIOT O3MIIi1.
Ile crpusie oTpUMaHHIO OUTBIIT TOBHOIIIHHOI iH(OpMaITii
I0JI0 TPOJIAXKIB.

OOG’eKT JOCHIKEHHS — TMpoIec aBTOMaTH3allii
3aMOBJICHHS Ta O0JIIKYy 3aMOBJICHb y iIHTEpHET-MarasuHi.

IIpeamer mocmimxkeHHs — iHQOpMaIliiiHI CUCTEMH,

mporpaMHi ~ MeTogu  pO3poOKM  Ta  CTBOPCHHS
MpOrpaMHOro  3a0e3NnedyeHHs sl KIIEHTChKOI  Ta
cepBepHOi yacTMHM iH(poOpMaUiiiHOI cucTeMH, MIO0

JI03BOJISIE  aBTOMAaTH3yBaTu OizHec-npouecu y Outlet-
MarasuHi.

Meta pobOoTH — pO3pOOHTH BEO-AOAATOK IS
iHpopMariiHoi cuctemu «Outlet- Marazuuy».

MeToau TOCHIPKEHHST — aHai3 MPOLECiB IHTEPHET-
MarasuHy, OTIMTYBaHHS BHUKJIQAAdiB, AKi MalOTh JOCBIJ B
mporecax HaBYAIBHUX TIPOTpaM, aHami3 JAOMOMIKHOT
JiTepaTypu Ta METOIH MpoekTyBaHHsS 0a3 manux. CASE
3acobu NPOEKTYBaHHA CHCTEM, METOIH
KOHIIETITYaJIbHOTO 1 JIOTIYHOTO MPOEKTYBaHHA 0a3 JaHWX,
METOIU PO3POOKH peIsiiHuX 0a3 JaHWX, METOIU
NIPOEKTYBaHHS IHTEPHET-10JATKIB 3 BHMKOPHCTaHHSIM
00’€KTHO-OpIEHTOBAHOTO IporpamyBaHHs (Tabia. 2, puc.

).

Tabmuus 2 — Cki1ag0Bi IOCHIPKEHHS 38 TEMOIO MIPOCKTY

HHCTpYELI

CocTosHua

No | BMICT
1 TTOCTAHOBKA 3AJIAYI: anani3 npeaqMeTHOi 0671acTi

TEOPETHUYHI BIIOMOCTI: 2.1. Bu3naueHHs ocHOBHHX 0i3Hec-pyHKIIH iHopMariiiHOi cucremu;
2.2. Bu3nauenns (yHKIiH iHTepdelicy KIi€HTChKOI YacTHHY 1H(OPMAIiHHOT CHCTEMH.

3 OIUC AJITOPUTMIB: po3poOKa cepBepHOi yacTHHHU iH(QOpMaLiiiHOT CHCTEMH.

4 OYHKUIOHAJIBHE MOJAEJIFOBAHHA 3T'TAHO CTAHIAPTY IDEFO

5 JIOTTYHE I ®I3MYHE MOJEJTIOBAHHSA JJAHUX: 5.1. CTBOpeHHS i 3a1I0BHEHHS 0a3 NaHUX;
5.2. Po3po0ka miATpUMKH IUTICHOCTI TaHUX;
5.3. Peauizamist GisHec-hyHKIIIH iHGOpMaIiiHOI CHCTEMH Ha CTOpOHi cepBepa MySQL

6 PO3POBKA ITPOT'PAMHOI'O 3ABE3IEYEHHS KJIIEHTCHKOI YACTUHU IH®OPMAILIMHOI
CUCTEMMN.

7 TECTYBAHHA PO3POBJIEHOI'O ITPOI'PAMHOTI'O 3ABE3ITEUEHH

7 BHCHOBKU

USEDAT. |AUTHOR Victoria DATE: 27032021 I WoRKNG READER DATE | CONTEXT:
PROJECT: Outlet-shop REV, 3103.2021 | |DRAFT ToP
RECOMMENDED
HOTES: 12345875810 PUBLICATION
KaTanor| JaKHOAET ENBHbIE
TOE2pOE Tpelioeanun
YEenomnetne w3BHE Ha CHET OROHYATENLHOMD CTaTYCa
omKHOCT bl s3xala

r

Npasuna paGoTsl

WHTEpHET-MarasuHa
3B0H0K

r ENHeNTY

TEXYUWNX 3853308

KowTasThme gannpe
NoKyNaTens

AfMIEHWCTpATOR

TIpHIBMATE ¥ VUMTHEATE 3AKA3EI
B Outlet-marazime
"Best Brands’

Yeegomnenne of ownbre

NODE:

A-0

MNpUHUMATL 1 YUUTLIBATL 3aKasbl B
Outlet-marasuqe '‘Best Brands'

NUMBER:

—

Puc. 1 — KonTekcrHa piarpama rojgoBHoro 6i3uec-mpouecy (A-0) 3a TeMOro npoekTy

PesynbraT po3poOku — mpoaHai3oBaHa IpeIMETHA
obnmacTh mis iHTEpHET-MarasuHy. B mporeci anamizy
iH(opMaIiifHOT CHUCTEMH Oymno MIPOBEIEHO
(yHKIiOHATFHE MOJEMOBaHHS 3rigHO crangapTy IDEFO
Ta JoTivHE 1 (pi3MgHE MOIETMIOBAHHS 3TiTHO CTaHIAPTY

IDEF1X. Po3po6neno miarpamum UML-momeni Ta
IpoBeAeHa po3poOKa Ta MPOEKTYBAaHHS KIIEHTCHKOI i
CepBEPHOI YaCTHH iHPOPMaLiHHOI CHCTEMHU MarasuHy.

lamy3p 3acTocyBaHHS — TeXHiYHA MiATPUMKA JUIS
Outlet-marazuny.
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Ha erami noriuHoro Ta ()i3sMYHOTO MOJCIIOBAHHS
BukopuctoByeThest crannapr IDEF1X. Ha npomy erami
npoekTyeTbes Moaensb B/l inopmaniitnoi cuctemu. s
moOyI0oBH  CTPYKTYpH  JIOTiYHOI  MOJEeNi  JaHuX
BHKOPUCTOBYETHCS JomaTok Erwin. BuxopucroByroun
nyHKTH MeHio «Entity» Ta «Relationship» OymyeTbest
JoTiYHa MOJeNnh JaHuX. KoOHTpomiowouun yci THH
BigHOMIEHB, a came M:M, 1:M, 1:1 y myHKTi BiZHOIICHD
(Relationship properties...) BHU3HAYAIOTHCS yci
OOMEKEeHHSI Ta BJIACTHBOCTI BiHOWIEHb. Y MYHKTI
«Entity attributes» nonarorecst arpuOyTH CyTHOCTEH Ta
BU3HAYAIOTBCSl  NEpBUMHHI  Kmrowi. Y Briaami
«Constraints» 101at0TECs1 0OMEXEHHS Pi3HOTO POJIY, TaKi
sk (Not null, greater than zero) Tta iHmi. Ilicns
3aBepILICHHs MOOYIOBH JIOTIYHOI MOJEN JaHMX BOHA
eKCIIOPTYEThCA y JOAaTOK Bpwin.

YV nomatky Bpwin BHKOPHUCTOBYIOYH BIIACTHBICTH
Arrow Data ta Data Usage xo>kHOMY OJIOKY Ta CTpilIKam
CTaBUTKLCS y BIATOBIMHICTH CYTHICTH abo aTpuOyTH i3
0a3u JaHuX 3 SKOI0 BOHM IIOB’si3aHi. Pe3ymbTraToM €
(yHKIIOHAJIbHA MOJIEIB.

VY nporpami ERwin cTBOpeHi joriyna Ta ¢izuuHa
Mmojeni. CroyaTKy CTBOPEHO CYTHOCTI, TaKOXX CTBOPEHI
aTpuOyTH KOXKHOI CYTHOCTI, BBEJICHI KIIFOUOBI aTpUOyTH
Ta BH3HAuYeHI iX mapamerpu. BcraHoBieHI OOMEXEHHs
MOCHIATBHOT IIUTICHOCTI

Iadopmariitna cuctema BKIIOYaE B cede HACTYITHI
TpeteHIeHTH (puc. 2):

. 4

Customer

Outlet-hog

Makean
order e
<<include>>

i
i
R o "
\ : : '.
Guest Ao " | ccmncludes>
'
i
\ :
nout delive
and payment
info
lter onders’
by status \

o %
|

S\

Manager

Puc. 2 — Use Case Diagram

Jiarpama TOCHiIOBHOCTI [03BOJISIE POEKTYBATH
MOCIIIOBHICTL MOJIH, HEOOXITHUX I 3a0e3IeUeHHS
HEOOX1HOTO OBOHKEHHS 1 JOCSITHEHHS Pe3yibTaTy.

[Ipenenent «make an order» moYMHAETHCS 3 TOTO,
10 TIOTEHIIaTbHANA KITIEHT, SIKHH Ma€ He MyCTUH KOIIUK,
B)K€ Ma€ HaMip 3pOOUTH 3aKa3.

ITpn noOynoBi agiarpaMu CTaHIiB A Kiacy, SIKUH
nix yac QyHKUioOHyBaHHs iH(GOPMAILIIHOI cHCTEMH Mae
pI3HI CTaHM — [¢ 3aKa3, a came Horo craryc. byio
BUIUICHO HACTYIHI MOXJIMBI  3HA4eHHS  CTaTyCy
OpOHIOBaHb:

— TIOTCHLIWHUHK 3aKa3, KWW MOKYMelb TUTBKH IO
0 opMUB, Ta YeKa€ HA MiATBEPIKEHHS;

— aIMIHICTpaTop 3B’SA3YETHCS 3 TIOKYIIEM  JUISI
miaTBepKeHHS 3akaszy. I[lokymenms abo miaTBepIKye
3aMOBJICHHS 3aKa3y, a00 BiIMOBISETHCS Bill HHOTO, abo
K aAMIHICTpaTOp BiAMIHSE 3aKa3 3a NPUYMHAMH TOTO, L0
YOoroch HE Ma€ B HAsBHOCTI, Ta Jalli aJAMIHICTpaTop
3MIHIOE CTAaTyC 3aKa3y Ha BiqnoBiguuii — «[linTBepIKeH
abo «CkacoBany,;

— aJaMIHICTpaTop BiANpaBiIsie 3aka3 Ha OOpOOKY
30BHIIIHIMH CHUCTEMaMH, AKi BiITIOBiTAaIOTH 3a 00poOKy,
30ip, BIiIMpPaBKy Ta JOCTaBKY 3akasy. Ilicist Toro, sk
30BHIIIHI CHCTEMH TIOYHHAIOTh OOPOOKY, CTaTyC 3aKasy
3MIHIOETHCS Ha «3aKa3 Ha 00poOoIi»;

— Mcas TOro, SK 3aka3 MpuOyBae Ha TIOMTY [0
HNOKyMIs, TOKymenb abo 3abupae  3aka3, abo
BiZIMOBJISIETHCS BiJl HBOTO CTaTyC 3aKa3y «BukoHaH» abo
«CkacoBany.

The potential arder is recieved

Prtertial order

da | Get the order data
exit | Canfirm the ceder data

Manager has to contact custamer
|
Customer canceled the prder

T
The arder is | Customer canfirmed the arder

confirmed
\_J

The external system has sent the order,

The order has
been sent for
Tilling

- ¢ arder is canceled
The arder arrived 1o final destinatsn Customer canceled the ardes 30 [ Send notificaiion |
Custamer took the order
The o
|5 completed A
9

Puc. 3 — Jliarpama ctaHiB AJis1 CyTHOCTI «3aKa3»

Jliarpamu JisTIbHOCTI Y 3arajbHOMY BUTJISIII MOXKHA
NPEACTaBUTH CKIAJOBUMHM — 1€ TEXHOJIOTIS, MI0
JI03BOJISIE OITUCYBATH JIOTIKY IPOLENyp, Oi3HEC-POLecH 1
MOTOKH poOiT. B 0araThoX BHIIaZKax BOHH HAragyloTh
OJIOK-CXEeMH, ajle IPUHLIUIIOBA PI3HUIL MIX JiarpaMaMu
JUSTBHOCTI 1 HOTAIi€l0 OJIOK-CXeM TOJISTaeE B TOMY, IO
nepmri  MATPUMYIOTh TapayienbHi mporecu. Ilporec
«3MIHUTH CTAaTyC 3aKa3dy» Ma€ HACTYIHHH alropuTM
BUKOHAHHS:

— MOKYIIelb 3aBeplIye Nporec «0GOPMHUTH 3aKa3y,
TTICJISl 9OTO B CHCTEMi CTBOPIOETHCS HOBUH MMOTEHITI HHII
3aKas;
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— aJMIHICTpATOp 3B’SI3YEThCS 3 MOKYIIEM JUIs
MiATBEPIDKCHHS 3aKa3y: IOKyNelnb a0o0 MiITBEPIKYE
3aMOBJICHHS 3aKa3y, BIJAMOBIISIETHCS BiJl HBOTO, a0 XK
aZMiHICTpaTop BiAMIHSE 3aKa3 3a MPUIMHAMH TOTO, IO
4Ooroch HE Ma€ B HAsIBHOCTI, Ta Jalli aaMiHiCTpaTop
3MIHIOE CTATyC 3aKa3y Ha BiIOBITHUIA;

— aAMIHICTpaTOp BiANpaBise 3aka3 Ha OOPOOKY
30BHIIIHIMH CHUCTEMaMH, AKi BiITIOBiTAaIOTH 3a 00poOKYy,
30ip, BiIpaBKy Ta JIOCTABKY 3aKa3y;

— iH(opmanis 31 cropiHku oopmIIeHHS] OPOHIOBAHb
NePEAAETHCS CUCTEMI OPOHIOBaHb, IO CIIEPITY MEPeBipsie
BaJIiTHICTh OTPUMAHUX JaHUX BiJ] KOPHCTYBayYa,

— micis TOro, SK 3aKa3 mpuOyBae Ha TOMITY IO
MOKYIIIA, BiH 200 3a0upae 3aka3, a0 BiIMOBISIETHCS;

— SKIOIO MOKYIElb 3a0upae 3aka3, TO BiH BUKOHAH,
SIKIO Hi, TO CTATyC 3aKa3y — CKACOBaH.

Hamnpukinmi BigoOpa)kaeThcsi OHOBIIEHA CTOpiHKA 3
KIHIIEBUM CTaTycoM 3aka3dy. 3a po3poOJeHHM IpH
BUKOHAHHI 3aBIaHHSI AaJTOPUTMOM OyJ0 BHIIEHO
OCHOBHI Jii, Mo Tpeba BUKOHATH, Ta Ha iX OCHOBI Oyna
moOymoBaHa jgiarpamMa  JiTIBHOCTI  JUISL  TIPOLIECY
«3MIHUTH CTaTyC 3aKa3y» — HABEJICHO HA PUCYHKY 4.

Potential order is recieved

(s.,

nd request to display the page
with existing orders :

Display the page with existing

rders

Chose exact
order

v

(Contact client to confirm the

‘order

Client confirmed the order A

Client canceled the order

Confirm the order.

Send an order for processing
by external systems

The client took the order

The client canceled the order o A
Cancel the

~

Order arrived to final destination

order

e

The final status of the order has been generated

Display the page with orders

o

Puc. 4 — Jliarpama akTUBHOCTI JIJIs TIpOTIeCy «3MIHUTH CTAaTyC 3aKa3y»

IIpoBeneHO TecTyBaHHS CHCTEMH, Y XOHI SKOTO HE
OyJIO BHSIBIICHO >KOJHHUX IOMWIIOK B poOOTI IpOrpamu.
Omuc mporpamMHOro  3a0e3NEeuYeHHs] CKJIAJA€ThCs 3
(yHKIIOHATIBHOT CTPYKTYpPH IIPOTpaMHOTo 3abe3neyeHHs
Ta OMUCY (QYHKLIH YacTUH MPOTrPaMHOro 3abe3NeyueHHs
(xopuCTyBalLbKi Ta CTAaHIAPTHI).

BucHoBKM Ta mepcHeKTHBH  TNOJAJBIIOTO
PO3BUTKY AAHOTO HaNpsAMKY. TectyBanns
PO3pOOJICHOTO MPOTPAMHOTO 3a0e3MeueHHsT — OCTaHHIiH
Ta JyXe BaXIMBHHA eram po3poOku. Bin mo3Boiste
nepekonatucs, mo IC po3pobieHa BipHO Ta yci AaHi
3aHOCAThCA y BJl sk 1 moTpiOHO. 3aBASKHM TECTyBaHHIO
MOJKJIMBO TIEPEBIPUTH, 10 Oi3HEC-TPOLEC MPAIOE BIPHO,
Ta yci JjgaHi BigoOpaxaioTbcs K Tpeba. AwHami3
JOCIHIJDKEHOT — eKCIUTyaTalii CHUCTeMHM Ta BapiaHTIiB
Bukopuctanus IC y sxocti Web-gonatky, Binmnosinae

yciM BHMoOram, BiH NPONIIOB TECTYBAaHHS Ta IEPEBIPKY
ycix naHux Ta QyHKuioHady. ['onoBHuil Gi3Hec-mporec
aBTOMAaTH30BaHO, IO JIO3BOJIIE MOKYMLSM pPOOUTH
NOKYIIKM OHJIaliH, a ajMiHicTpaTopaM CIIiAKyBaTH 3a
3akazamu. [H(popmaliiiHa cuctema B MaiilOyTHHOMY MOXKeE
OyTn npuBeleHa 3 ypaxyBaHHAM YCIX CKJIaJOBHX, a
TaKOX BOHA MOKe OyTH BJIOCKOHaJeHa Ta A0 Hel Oyxe
IomaHui HOBHMH (yHKHiOHAN. TecTyBaHHS MPOTPaMHOTO
3a0e3meueHHss MPOXoauTh 3a 1uaHoMm. Cucrema
NpU3HAYCHA MU 3aCTOCYBAaHHS Ha HMPOMUCIOBHX JIHIfAX
M PUEMCTB, IO 3aiMalOThCS PI3HOBHIAMU CITiBIIpaIli 3

CHCTEeMaMH peaiizalii MpomyKiii 1 € MPUKIAIOM
CTBOPCHHSI IHTCJICKTYaJbHOI BJIACHOCTI CTYJCHTaMH,
acripanTtamu i Bukiiagadamu [ 7-20].
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TECHNOLOGY OF INFORMATION COMPUTER SYSTEMS IN EXAMPLES AND PROBLEMS

Possibilities of application of information computer systems technology in kinds of examples and tasks of students'
education are considered. Conducted and analyzed: business processes of the selected subject area, definition of business
functions and business processes, problem statement. Developed requirements for the information system, and definition of
functional requirements for the information system. Criteria for logical and physical modeling of databases are defined;
developed UML modeling of the client part of the information system. Development of requirements to the functions of the
server part and the interface of the client part of the information system, described the possibilities of design solutions,
developed the interface of the client part of the system, created a database for the selected platform; developed tools for
saving procedures, functions for the server part of the information system (IS) and the interface of the client part of the IS.
The mathematical substantiation of the applied algorithm is described and the necessary conclusions are made.

Key words: intellectual property; examples and problems; computer information systems technology; subject area;
functions and description; conclusions.

B. O. O/IbXOBCKAA
TEXHOJIOI'UsSt THOOPMAIIMOHHBIX KOMIIBIOTEPHBIX CUCTEM B IIPUMEPAX U 3AJAYAX

PaccMOTpeHBI BO3MOXHOCTH NPUMEHEHHS TEXHOJIOTMH HH()OPMALMOHHBIX KOMITBIOTEPHBIX CUCTEM B Pa3HOBHAHOCTSX IIPUMEPOB 1
3amay oOy4eHHUsl CTyIeHTOB. [IpoBeaeHBl W MpoaHANIM3UPOBaHBl OM3HEC-TPOLECCHl BHIOPAHHOW MpeaMeTHOI obsacTu, Ou3Hec-
¢yHKIMIT 1 OM3HEC-TIPOLIECCOB, ITOCTAHOBKA 3agadyd. Pa3paboTaHbl TpeOoBaHMS K MHGOPMAIMOHHOW CHCTEME H OIPEICICHHIO
(yHKIMOHANBHBIX TpeOoBaHMI K WH(pOpPMannoHHOW cucteme. OmpeneneHbl KPUTEPUH JIOTHYECKOTO U (PU3HYECKOro
MoJenupoBaHus 0a3 qaHHEIX; paspaborano UML MmonenupoBaHue KIMEHTCKON 4acTH MH(GOPMaNMOHHON cucTeMsl. I[IpomsBeneHa
pa3paboTka TpeOoBaHHH K (YHKIUSIM CepBEpHOI 4acTh M MHTepQeHCy KIMEHTCKON 9acT NH(OPMAIIMOHHOI CHCTEMBI, ONHCAHBI
BO3MOXXHOCTH MPOCKTHBIX peIleHud, pa3paboraH uHTEep(eHC KIMEHTCKOM dYacTh cucTeMbl, co3naHa bJl mis BeiOpaHHOU
wiathopMbl; pa3paboTaHbl CPEeACTBA XpaHEHHs mpouenyp, QyHKIHMH cepBepHON dacTu U uHTepdeiic kimentckoit dactu UC.
OnucaHbl MaTeMaTHIECKHE 0OOCHOBAHUS IPUMEHSIEMOTO aITOPUTMA H CIIETaHbl HEOOXOAUMBIE BHIBOIBI.
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Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicents y Haykosux pobomax cmyoenmis, 2021, Ne 2 (1362) 43



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

VK 663.885 doi: 10.20998/2220-4784.2021.02.07

N. V. KONDRATIUK, A. M. SAVCHENKO, A. Yu. CHERNIAVSKA, K. 1. SYTNYK

DEVELOPMENT OF TECHNOLOGY AND THE POTENTIAL OF DRINKS WITH
«ANTI-AGE» EFFECT

Modern trends in the creation of drinks provide for the use of various infusions, plant extracts, as well as vitamin and mineral complexes, organic
acids and polysaccharides as part of their bases, which allows to ensure the normalization of physiological and metabolic processes in the human
body and prevent a number of diseases and syndromes that lead to a decrease in working capacity. The main problems in the creation of various
drinking forms are associated with the purification and preparation of water, the dissolution of components and their possible interaction with each
other in the packaging unit during storage. Considering the above, it is relevant to create dry concentrates of health-improving drinks with long shelf
life. The developed approach and technology is a promising form of drinks to improve the living standards of the population of Ukraine and other
countries. The developed products will improve immunity, prevent a number of nutritional diseases, improve dietary intake during diet therapy and
help restore micronutrient balance in the human body. It has been established that the physiological value of dry drinks according to the described
production method is preserved in finished product forms (sticks with a metallized backing, sachets, sachets with a “zip-fastener” and a metallized
inlay, plastic cans with a screw cap and with polymer backing as a control against preliminary opening) the entire recommended shelf life is from 12
to 24 months. The mixture is a convenient form for transportation and preparation. When diluted in liquid media (purified drinking water, mineral
water, milk, fermented milk drinks, drinks based on plants, cereals, legumes, tea, coffee, cocoa), the specified functional properties are preserved
and improved due to the activation of biologically active substances contained in the mixture and dilution media. The novelty of individual
technological solutions and the indicated physiological and functional properties lies in the use of extracts of plants, fruits, berries, vegetables, as
well as additionally introduced vitamins, mineral salts, amino acids, hydrolysates and isolates of plant proteins, natural bioenhancers and

bioactiators with unique «anti-age» effects.

Key words: dry concentrates, drinks, cocktails, anti-age effect, technologies

Introduction.

The problem of improving the structure of nutrition,
quality and safety of food as the basis of human life is
today one of the most important both within one country
and the planet as a whole. Nutritionists' research shows
that in modern society, nutrition only according to
traditional canons inevitably leads to certain types of
food insufficiency [1]. The reasons for this are well
known - protein deficiency, lack of vitamins and other
macro- and micronutrients, consumption of refined
foods, widespread use of various food ingredients that
have no biological value.

Aging is a process in which tissues and organs
begin to enter the stage of degenerative changes after
growth, development and maturity of the organism,
accompanied by a gradual decrease in physiological
functions [2]. Poor or irrational nutrition in combination
with chronic stress affects a person's appearance,
especially on the skin. Yes, a lack of vitamins in the body
can cause dull skin, weaken hair and reduce nail strength.
In such cases, the real salvation is the use of dietary
supplements, called nutricosmetic, used to maintain the
structure and functions of the skin. Nutricosmetic
products are taken orally in solid form (tablets, capsules)
and in liquid form (shot-drinks, liquid concentrates that
need to be diluted with water, drinks in packing units
with a volume of 150 to 500 ml). Vitamins (A, B6 and
E), sterol esters, coenzyme Q10, omega-3 fatty acids,
lycopene, soy isoflavones, probiotic microorganisms,
provitamin beta-carotene, chondroitin and lutein are
considered to be bioactivators of recovery processes in
the dermis. These substances are able to protect the
dermis from inflammatory processes, damage from
ultraviolet light. They have high antioxidant activity,
controlling and neutralizing the action of free radicals
formed as a result of biochemical reactions.

Nutricosmetics are food products based on
biologically active substances and their complexes,

which rejuvenate and protect the skin, hair and nails from
intense age-related changes, provide fast transformations
and restore functions derm.

Currently, the market of nutricosmetics based on
omega-3 fatty acids and carotenoids is the fastest
growing segment. However, along with the increasing
share of innovative nutricosmetics, there is a filling of
the market with cheap drugs of low quality, questionable
origin, composition and action on the human body. All
this reduces the positive perception of consumers about
nutricosmetic products and reduces demand for them.

Some of the key factors that can stimulate market
growth are the promotion of scientific approaches to the
creation of nutricosmetics to increase public awareness
and confidence in their usefulness, as well as the
development of technologies for new forms of
consumption that are more in demand in market niches.

Functional drinks have long been sales leaders in
world markets. The dynamics and transformation of
drinking forms is constant and growing. Manufacturers
model different ingredient compositions, organoleptic
profiles, modify design and packaging, thereby
responding to every changes in society. Drinks are very
easy to adapt to different standards, social and economic
effects, as well as to health-related tasks.

The latest innovation in the presentation of
nutricosmetics was shot-drinks - drinks that are made and
sold to the public in the form of bottles (PET bottles)
with a volume of 50... 100 ml.

Therefore, the purpose of this article is to describe
scientific approaches and analysis of factors for the
development of shot-drink technology that effectively
regulates the aging process of the body in order to slow
them down (the research was carried out by order of
LLC «Biolight» - https://biolight.com.ua/en/).

© Kongpartiok H.B., CaBuenko A.M., Uepnsasceka A.10.,
Cutauk K.1., 2021
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The problem of aging has become a major factor in
shaping the strategy of production of beverages with
«anti-age» effect.

Analysis of literature data and problem
statement.
The benefits of drinking such drinks are

increasingly influencing the awareness of the individual's
ability to promote beauty from within [3]. With age, the
hormonal background changes, there are signs of
photoaging, due to natural gravity sagging tissues,
reduced rate of recovery of skin cells and all metabolic
processes in the dermis. Less and less anti-aging
substances are produced. For example, already at the age
of 35 the content of coenzyme Q10 decreases almost four
times. The amount of hyaluronic acid, collagen and
elastin, which maintain moisture, elasticity and density of
the skin, decreases by 10—12 years earlier. Therefore,
moisturizing and nourishing the skin should be
maintained at all times, especially with age and
especially inside [4]. Anti-aging medicine is a field based
on the advanced achievements of genetics,
endocrinology, oncology, immunology, nutrition,
nutrition therapy, cosmetology and other related fields.
This achieves a key effect: improves the quality of life -
both physically and psychologically [5].

The phenomenon of population aging is due to a
number of reasons. Changes in skin aging include uneven
pigmentation, thinning skin, loss of -elasticity and
strength. As a result, wrinkles and rough texture of the
dermis appear.

Ukraine is one of the fastest aging countries in the
world. According to forecasts, the share of people over
60 in the total population by 2051 will increase from
20% to 33%. Such trends necessitate the use of
increasing resources to maintain the quality of life of the
population aged 30-40 years and indicate the need to
improve socio-economic policy taking into account
demographic trends, including the development of new
products with «anti-age» effect [6].

Two types of skin aging have different sources:
internal and external; however, their results become
synergistic, leading to outdated skin.

External aging is caused by controlled factors and
occurs with varying degrees of intensity, due to the
negative effects of ultraviolet light, stress, bad habits,
poor and unbalanced diet, sleep and rest disorders,
deteriorating health [7].

The beverage market is characterized by high
competition. Consumers expect non-trivial decisions
regarding the  composition and  organoleptic
characteristics. Attractive appearance of packaging and
labels, pleasant color and aroma, low calorie and no
sugar — these are additional opportunities to use this
development to meet the needs of consumers. Therefore,
their implementation requires a complex cooking
technology that guarantees the optimal implementation
of any color, taste and, of course, the stability of the
finished product. In addition, one of the regulating
factors of demand and sales is the taste, which is formed
due to the content of food acids, sweeteners and plant

extracts and / or amino acids; consistency caused by
gelling agents of polysaccharide and protein nature, as
well as water quality and methods of water treatment.

Presentation of the main material of the study

Modeling of beverages with «anti-age» effect was
carried out based on analytical study of the properties of
components and their chemical composition, taking into
account the quantitative content of biologically active
substances that does not exceed acceptable daily norms
and provides preventive and / or therapeutic effect. The
content of additionally introduced vitamins and mineral
compounds did not exceed 50% of the recommended
daily norms of physiological needs of the population in
basic nutrients (Order of the Ministry of Education and
Science Ne 1073 of 03.09.2017). Synergistic effects were
also taken into account.

Collagen is a structural protein, a building material
for connective, bone and cartilage tissues. It is a basic
component of the heart muscle, blood vessels, and
muscle tissue. Responsible for skin turgor, elasticity,
resilience, density and shine of hair, nail strength,
smoothness and freedom of movement and good posture,
ie for signs of external beauty. In addition, collagen
improves tissue regeneration.

In nature, there are up to 16 types of collagen, each
of which contains a different set of amino acids and plays
a role in the body. Experts identify four main types of
collagen:

- type I: the most studied and present in the human
body form (about 90% of all collagen contained in the
human body). This type of collagen is involved in the
formation of skin, bones, tendons, teeth, blood vessels
and connective tissue;

- type II: has a lower density than collagen type I
and is the basis of cartilage, giving flexibility and
strength to the joints;

- type III: the second most common type of collagen
in the body, the main function of which is to maintain the
structure of muscles, blood vessels, large arteries,
internal organs, including the intestines; forms the
structure of collagen fibers of type I.

- type IV. It is the main component of the basement
membranes - the deep layer of skin that connects the
dermis and epidermis. In addition, type IV collagen is
involved in the «construction» of the lens of the eye. This
protein is not able to form collagen fibers. Unlike the
first three types, it belongs to the class of non-fibrillar
collagen and exists in the form of a thin three-
dimensional lattice network [8].

Hyaluronic acid (HA) is an important component in
the human body because it has unique physicochemical
and biological properties, including biocompatibility and
high hydrophilicity.

One of the important functions of HA in the joints
is the binding of water, as a result of which the
intercellular fluid acquires the state of a jelly-like matrix.
Biocompatibility with collagen fibers, other proteins and
components of the intercellular fluid allows you to create
a so-called «buffer layer», which determines the strength
and elasticity of connective tissues [9].
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With a sufficient level of hyaluronic acid, the skin
is saturated with moisture and has good elasticity. But
over time, the signs of aging are becoming more
common, primarily due to the negative effects of
ultraviolet light, lack of water in the body, eating
disorders and skin care. The synthesis of HA is slowed
down, as in the case of collagen. The skin becomes drier
and wrinkles are formed.

It is well known that the deficiency of collagen and
hyaluronic acid in the body can be supplemented with
food and dietary supplements.

Fish collagen is a protein obtained during the
processing of scales and skin of deep-sea fish. It is easily
absorbed in the intestines and enters the circulatory
system, is absorbed one and a half times faster than
animal and vegetable. Due to the optimal (low)
molecular weight and similarity of chemical composition
with human protein, fish collagen belongs to the first and
third types of collagen and has a number of useful
properties:

- stimulates the natural formation of collagen in the
body;

- maintains skin moisture, increasing its elasticity
and resilience;

- smoothes fine wrinkles and prevents new ones;

- has a positive effect on the state of the
musculoskeletal system [10].

Green tea helps to rejuvenate the body, slows down
the aging process, stops the destruction of collagen fibers
[11]. Due to the high content of antioxidants, phenolic
compounds or tannin-catechin mixture (TCS), caffeine,
theobromine, theophylline, essential oils, vitamins (P, C,
B1, B2, K, U, PP, etc.) stimulates the brain, reduces the
likelihood of development cancer and type 2 diabetes,
strengthens the cardiovascular system, helps to normalize
weight [12—14].

Grapes, blueberries — contain natural antioxidants
that have a powerful rejuvenating effect, protect the skin
from the negative effects of free radicals and the
environment, even out complexion, remove
pigmentation. In addition, grapes are a source of natural
flavonoid - quercetin, a powerful bioactivator of brain
activity and neutralizer of age-related changes in the
brain. Hyaluronic acid is also part of grapes and makes
the berry even more focused on rejuvenation [15, 16].

Licorice root contains glycyrrhizic acid (up to
22%), flavonoids (up to 4.0%), organic acids (up to
4.6%), minerals and others. Glycyrrhizic acid has an anti-
inflammatory effect, is an effective tool in the fight
against colds, infectious diseases, as it inhibits the
replication of viruses by stimulating the activity of
interferons [17].

Glycyrrhizic acid is 40 times sweeter than sugar,
gives the finished drink a pleasant taste and caramel
color and puts them in the category of low-calorie.
Glycyrrhizin is one of the most powerful bioenhancers
(enhancers of the bioavailability of many organic
nutrients).

Vitamin C is the strongest antioxidant and
immunomodulator, which protects lipoproteins from
oxidation and stimulates interferon synthesis, delays the
conversion of glucose to sorbitol, accelerates wound
healing, affects the synthesis of a number of hormones,
regulates hematopoiesis and normalizes capillary
permeability. Vitamin C is actively involved in collagen
synthesis, regulates metabolism, rids the body of toxins,
prevents oxidation of cholesterol and its deposition on
the walls of blood vessels (antiatherosclerotic effect),
helps fight the body with dermatological and allergic
problems, improves skin condition, slows aging [18 ].

Sucralose is a sweetener that is 600 times sweeter
than sucrose. The method of production of sucralose is
the chlorination of sucrose by replacing the hydroxyl
groups on chlorine atoms. Due to this modification, the
properties of the substance change very much, but it
retains a taste identical to sugar, without any unpleasant
taste and aftertaste. Sugar substitute is characterized by
high solubility in water and stability during heat
treatment [19]. Products made with the addition of
sucralose are safe to consume, which has been confirmed
by numerous studies [20]. The positive effect on the
body is due to the zero glycemic index, lack of calories,
which allows the use of sucralose in products for
diabetics [21].

Beta-carotene is a vital element - provitamin A, a
natural dye of orange and yellow. It has antioxidant
properties that help ensure healthy skin, hair and nails.
Studies show that a diet rich in phytochemicals
(including beta-carotene) helps to strengthen the skin's
defenses against the sun's ultraviolet radiation. Due to
this protection, the skin retains its elasticity, and sun
damage (including small and deep wrinkles and freckles)
is reduced [22]. Beta-carotene helps prevent acne and
skin rashes, promotes cell renewal.

The developed technology of shot drinks, which
have a balanced macronutrient composition and reduced
nutritional and increased biological and physiological
value, consists of the following stages:

And — reception and preparation of dry components;
dosing and mixing of components;

II — water preparation, pasteurization at 80-85 °C
for 20-25 minutes;

IIT — adding the dry mixture to the prepared water;
homogenization to the formation of a colored
homogeneous in consistency solution, which allows
small insoluble particles of plant extracts;

IV — filtering the finished drink, dosing into the
packaging, screw cap, labeling, packaging, storage.

Extracts and powders of plants and berries are
obtained ready-made from the manufacturer. Other dry
components and water are from suppliers. The prepared
dry mixture is sifted through a sieve and dosed into a
boiler-homogenizer with prepared water and with
moderate stirring pasteurize the solution at 80-85 °C for
10—15 minutes.
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This method ensures the stability of biologically
active substances that have the ability to destroy at high
temperatures, prevents the emergence of opportunistic
and pathogenic microflora, provides stability during
long-term storage for 12—18 months.

The introduction of dry components into the
homogenizer-mixer is carried out in the following
sequence: first load the dry matter in the maximum
percentage according to the proposed recipes, then add
fruit and berry powders and plant extracts, then all other
dry recipe components. The components are thoroughly
mixed, after which the resulting mixture is unloaded
from the homogenizer-mixer into prepared and
aseptically treated containers and sieved.

Shot-drinks are a homogeneous solution with
unhigh viscosity and flavor, which provides a pleasant
experience of consumption. The color is uniform
throughout the volume.

Conclusions and
development of this area.

1. Based on the results of analytical studies, it is
established that the problem of aging is spreading rapidly
to different segments of the world, especially in Ukraine,
so the development of products high in collagen,
hyaluronic acid, low calorie is justified and necessary for
prevention aging and various diseases associated with a
lack of nutrients that are components of shot drinks.

2. The expediency of introducing raw materials,
characterized by antioxidant properties and «anti-age»
effect, into the composition of functional drinks is
shown.

3. It is established that shot drinks can serve as a
semi-finished product or supplement for a number of
dishes in restaurants and at home, namely:

- the basis for the preparation of health dishs and
drinks by diluting detox waters, mineral and table waters,
tea, fruit drinks, lemonades, punches, smoothies, fresh
juices, etc., which will benefit the development of the
range of health dishes;

- Shot-drinks can be a good addition to sweet dishes
and desserts as a topping for jellies, mousses, sambuca,
curds, creams, cheesecakes, ice cream, etc .; or dressings
for fruit salads.

Drinks are recommended as a supplement to the
main diet, including that formed during diet therapy. The
duration of reception depends on the degree of aging, but
it is necessary to consume at least one shot daily in the
morning or evening for at least 14-30 days. After that,
you can reduce the reception - on alternate days, or take a
short break of 10 days and repeat the course again or
twice. After that, you can consume shot-drinks 2—3 times
a week for 612 months.

The developed drinks contain a balanced micro- and
macronutrient composition, high content of antioxidants
and bioflavonoids and proteins that promote anti-aging
processes, improve muscle growth, fill the body with
energy and give a good mood.

The conducted researches allow to recommend the
developed drinks-shots with «anti-age» effect to the diet

prospects for further

of those who adhere to diets, do sports and fitness and
maintain their beauty and youth.
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H. B. KOH/IPATIOK, A. H. CABYEHKO, A. I0. YEPHABCKAA, K. H. CBITHUK

PAZPABOTKA TEXHOJIOI'UN U HOTEHIUAJIA HAIIUTKOB C «<ANTI-AGE»-9®®EKTOM

CoBpeMeHHbIE TEHJECHIMH CO3aHUsS HAIMTKOB IPEAyCMAaTPUBAIOT HCIOIb30BAHHE B COCTABE HMX OCHOB PA3JMYHBIX HACTOEB,
9KCTPAKTOB PACTEHMH, a TAKXKE BUTAMHHHO-MUHEPANBHBIX KOMIUIEKCOB, OPIraHMYECKHX KUCIOT U MONUCAXapUAOB, YTO MO3BOJIAET
obecreynTh HOpPMAIN3aLMI0 (HU3MOIOTMYECKUX M MEeTabOoJIMYEeCKHX IPOLECCOB B OPraHM3ME 4elOBEeKa M INPENOTBPATHTH Pl
3a00J1€BaHMil ¥ CHHAPOMOB, BIEKYIIUX CHIKEHUE TPyAocrnocooHocTH. OCHOBHBIE MPOOIEMBI IPU CO3AAHUU PA3IUYHBIX MUTHEBBIX
(opM CBsI3aHBI C OYHCTKOH M IMOATOTOBKOI BOJBI, PaCTBOPEHHEM KOMIOHEHTOB M MX BO3MOXKHBIM B3aUMOJICHCTBHEM IpYT C
IpyroM B (hacOBOYHOI €MHHMIIE B XO/€ XPaHEHHs. YUUTHIBAsI U3JIOKEHHOE, aKTyaIbHBIM SIBIISICTCS CO3/JaHUE CyXHX KOHI[CHTPAaTOB
HaIUTKOB O3/I0POBHUTEIILHOIO HAa3HAYCHHS C UTUTEILHBIME CPOKaMH XpaHEHUs. Pa3paboTaHHBINH ITOIXO] M TEXHOJIOTHS SIBIISETCS
MIePCTIEKTUBHOM ()OPMON HANMTKOB IS NOBBINICHWS YPOBHS JXM3HHM HaceleHUs YKpauHbl M Jpyrux crpaH. PaspabGoraHHble
HPOAYKTHI HO3BOJIAT IOBBICUTH MMMYHMTET, IPOBECTH HPO(GMIAKTHKY Dsjia QJIMMEHTApHBIX 3a00J€BaHMIi, YCOBEPILIEHCTBOBATD
MHIIEBBIE PALHOHBI MPU JUETOTEPANHU U CIIOCOOCTBOBATh BOCCTAHOBIEHHIO MUKPOHYTPUEHTHOTO OaaHca B OPraHM3MeE UeIIOBEKa.
YcraHoBieHO, 4TO (DM3HOIOrHYEcKas IIEHHOCTh CyXHX HAIMTKOB MO ONMHUCAaHHOMY CIOCOOY MPOU3BOJCTBA COXPAHSAETCS B TOTOBBIX
TOBapHBIX (opMax (CTHKaX C METAUIM3UPOBAHHOW MOJIOKKOM, calle, MaKeTHKaX C «3HUII-3aCTEKKOH» U METANIM3UPOBAHHOM
BKJIAJKOH, OaHKaX IUIACTHKOBBIX C 3aKpyYMBAIOIIEHCS KPBIIKOW M IIOJMMEPHOM MOMIOKKOH B KadecTBe KOHTPONS OT
MIpeABapUATEIHHOI0 BCKPHITUS) BECh PEKOMEHIyeMbIH CPOK XpaHeHHs oT 12 mo 24 mecsneB. CMech siBisieTcst yoOHOH (opmoit
JUISL TPAHCIIOPTHUPOBKH U NMpHUTOTOBIeHMs. [Ipn pa3baBieHNM B KHIKHX cpefax (BoJa IMHThEBasl OUUINCHHAsS, BOJAa MHHEpaJbHas,
MOJIOKO, KHCIIOMOJIOYHBIE HANWTKH, HANUTKH Ha OCHOBE pACTCHHUH, 3JIaKOBBIX, OOOOBBIX, 4as, Kode, Kakao) 3aJaHHbBIC
(YHKIMOHAIBHBIE CBOMCTBA COXPAHSAIOTCS U YJIyYLIAIOTCS 32 CYET aKTUBALIMY OMOJIOTMYECKH aKTHBHBIX BELIECTB, COJEPKAILUXCS B
COCTaBe CMECH U cpefiax Juist pazbaBneHus. HoBU3HA OT/IENBbHBIX TEXHOJNOTMYECKUX PEIIEHHH U 0003HAYEHHBIX (U3HOTOTHUECKUX
U (QYHKLIMOHANBHBIX CBOMCTB 3aKIIOYaeTCs B HCHOJIb30BAHMM OKCTPAKTOB DPACTEHWH, IUIOJNOB, SrOA, OBOLICH, a TaKkKe
JOTIOJIHUTENBHO BHECEHHBIX BHUTAMHUHOB, MHHEPAIBHBIX COJIEH, AMHHOKHUCIIOT, THIPOIM3aTOB U H30JITOB PACTHTENBHBIX
NIPOTEHHOB, HATyPaJIbHBIX BEIIECTB-OMOPHXAHCEPOB M OMOAKTHATOPOB, HMEIOIINX YHUKAIBHEIE «anti-age» 3 deKToL.
KnrodeBble c10Ba: cyxue KOHIEHTPATHI, HAITUTKHY, KOKTEHN, «anti-age» ¢ dexr, TexHonoruu.

H. B. KOH/IPATIOK, A. M. CABYEHKO, A. IO. YEPHABCHKA, K. I. CHTHUK

PO3POBKA TEXHOJIOTTI TA IOTEHIIIAJTY HATIOIB 3 «ANTI-AGE»-E®EKTOM

Cyd4acHi TEHJICHII CTBOPEHHs HAaMoOiB nependavaroTh BUKOPUCTAHHS y CKJIAAi iX OCHOB Pi3HHX HACTOIB, €KCTPAKTiB POCIHH, a
TaKo)X BITaMiHHO-MiHEpaJbHUX KOMIUICKCIB, OpraHiYHMX KHCIOT Ta IOJliCaxapu/iB, L0 A03BOJIE 3a0€3MEYUTH HOPMAi3allilo
(¢izionoriyHux Ta MeTabOTIYHMX NPOIECIB B OpraHi3Mi JIOAWHM Ta 3armo0irTH HU3II 3aXBOPIOBAHb Ta CHHAPOMIB, IO TATHYTH 32
coboro 3HIKEHHs mpare3gatHocTi. OCHOBHI NMpoOOJEeMH INIpH CTBOPEHHI PI3HMX HHUTHUX (OPM MOB'S3aHI 3 OYMINEHHSIM Ta
MATOTOBKOIO BOJH, PO3UYMHEHHSIM KOMIIOHCHTIB Ta 1X MOXKJIHMBOIO B3a€MOJIIE€I0 OJUH 3 OOHUM Yy (hacyBalbHIH ONVHUINI IiJ dac
30epiraHHs. BpaxoBylO4d BHKIA[CHE, aKTYalbHUM € CTBOPCHHS CYXHX KOHIICHTPATIB HAIOiB 03J0pPOBYOrO INpPU3HAYCHHS i3
TpUBAJIMMH TepMiHaMu 30epirans. Po3po0ieHunit miaxig Ta TEXHOJIOTIs € MePCIeKTHBHOO (OPMOIO HAIMOIB /IS MiIBHILCHHS PiBHS
JKUTTS HaceNeHHs YKpaiHU Ta iHImUX KpaiH. Po3poOiieHi MpoayKTH NO3BOJSITH MiABUIIUTH IMYHITET, NPOBECTH MPOdiTaKTHKY
HU3KM aJIMEHTAPHUX 3aXBOPIOBAHb, YAOCKOHAIUTH XapyoBi paLiOHM MpH [i€TOTepamii Ta CHOPUSITH  BiIHOBJICHHIO
MIKpOHYTpiEHTHOTO OanaHcy B opraHi3Mi JiroauHu. BeranoBieHo, 1o ¢i3ionoriuHa MiHHICTh CyXHUX HAIOIB 32 OMUCAHUM CLHOCOOOM
BUpOOHHMITBA 30epiracThcsi B TOTOBHX TOBApHMX (opMax (CTHKAaX 3 METalTi30BaHOIO IIAKIAKOIO, calle, NMAKeTHKaxX 3 <«3il-
3acTiOKOIO» Ta METai30BaHOIO BKJIAJKOIO, OaHKAaX IIACTUKOBUX 3 KPHIIKOIO, IO 3aKPYYyeThCs, 1 MOJIMEPHOIO MiIKIANKOI0 SK
KOHTpPOJIb BiJ| ITONIEPEIHBOrO BiIKPHUBaHHS) Bech TepMiH 30epiranus Bin 12 no 24 micsniB. CyMim € 3pydHO0 ()OPMOIO IS
TPAHCIIOPTYBAHHS Ta NPUTOTYBaHHS. IIpy PO3BEACHHI B PiJIKUX CepelOBHIIaX (BOja NUTHA OYHMILCHA, BOJA MiHEpabHa, MOJIOKO,
KUCJIOMOJIOYHI Hamoi, Hamol Ha OCHOBI POCIIHH, 3J1aKOBHX, 000OBMX, Yalo, KaBH, Kakao) 3agaHi (PyHKI[IOHAIbHI BIACTHBOCTI
30epiraloThCsi Ta MOKPALIYIOTHCS 3a PAaxyHOK akTHBaulii OIOJOTIYHO aKTUBHHUX PEYOBHH, LIO MICTATHCSA Yy CKIAAi CyMimni Ta
cepeloBHIIaX Ul po3BeleHHs. HOBU3HA OKpEeMHX TEXHOJIOTIYHUX DillleHb Ta MO3HAYCHHUX (i3ionoriyHuX 1 (YyHKIIOHATBHUX
BJIACTHBOCTEH IOJISITa€ Yy BHUKOPHUCTAHHI €KCTPAKTIB POCIHH, IUIOMIB, fTiJ, OBOYIB, a TAaKOX MJOJATKOBO BHECCHHX BITaMIiHiB,
MIHEpaNbHUX COJICH, aMiHOKHCIIOT, TiIpoJIi3aTiB Ta i30JATIB POCIMHHHX IIPOTEiHIB, HAaTYpaJIIbHUX pPEUOBHH-Oi0EHXaHCEPIB Ta
610aKTHBATOPIB, IO BOJIOAIIOTH YHIKaJIbHIMH «anti-age» eeKraMu.
KonrouoBi c1oBa: cyxi KOHIIEHTpaTH, Haroi, KOKTeiii, «anti-age» edexr, TeXHOOrii.
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BU3HAYEHHS METOJIOJIOT'Ti ®OPMYBAHHS ®AXOBUX HABUYOK Y 3ACTOCYBAHHI
IHHOBAIIMHUX TEXHOJIOT'TA Y MAMBYTHIX TEXHOJIOI'IB PECTOPAHHOI'O BI3HECY

VY cTaTTi BUKOPUCTAHO TEOPETHYHI Ta EMITIPUYHI METOAN IOCIIKSHHS: PO3IIITHYTO CYTHICTh MOHATH «iHHOBALis1», «IHHOBAIiHA
NSUTBHICTBY», «iIHHOBaIifHWI mporec» Tomo. JlocmipkeHo Kiacudikamii iHHOBaIid 3a pPIi3HUMH O3HAaKaMH. BIpoBaKeHHs
IHHOBAIIHOT CKJ1a/JI0BOi B TEXHOJIOTIF0 Xap4yyBaHHs Ta HPOIO3MLIs CIELiaIbHUX IIOCIYT, 3aCTOCYBAaHHS IHTEPAKTUBHOTO MEHIO
CKpaHHOIO IUIAHIIETa Ha CTOJIaX, CEHCOPHMIl aucIuied, 3actocyBaHHs QR-KOJy B MapKeTHHIY IIiIIPUEMCTBA, CBITJIOAIOJHA
TEXHOJIOTisT Y CTaTTi aHANI3yeThCsl ONMOBIIIEHHS, Xap4oBi 3D-mpuHTEpH, CEHCOPHI BUPOOHUKH 1Ki, BUKOPHCTAHHS TPUBHMIPHHUX
MPOEKIH [JIsi JeMOHCTpALlii IPUrOTYBaHHS CTpaB, aBTOMAaTH3allisl Ta iHpOpMaTH3aLlis MPOLECiB Ha MIAIPUEMCTBAX, BUKOPHCTAHHS
BeO- i TeiexkoMyHikauiitHuX TexHosorid. OCHOBHUMHU HampsMaMHd PO3BUTKY CYYacCHHX TEXHOJOTIH B 3akiazax pecTOPaHHOTOo
rocrnojapcTBa €: CTBOpeHHs pecropaHiB sik Free Floor; Bigkpurtst (ya-KOpTiB; CTBOPEHHS KOHLENTYalbHUX IiAMPUEMCTB
PECTOPaHHOTO TOCIOJAPCTBA; PO3LUIMPEHHS MEpPEekXi BipTyalbHHX pPECTOpaHiB, 110 3abe3redyroTh 3aMOBICHHS B [HTepHeTi Ta
JIOCTaBKy JI0 CIIO)KHBa4a; IPUTOTYBAaHHs CTPaB y MPUCYTHOCTI BiJBiayBadiB; opraHizauisi 0OCIyroByBaHHsI CHCTEM Xap4yBaHHS Ta
irmmi. Hosi izxel, mepenoBi pecTopaHHi IPOTYKTH Ta MOCIYTH, TEXHOJOTIUHI Iponecy, (OpMH OpraHi3amii Ta ylpaBliHHS CTaHYTh
pE3yJIbTaTOM iHHOBALIHOrO PO3BUTKY 3aKIA[iB PECTOPAHHOIO TOCHONapCTBa. BIpPOBa/UKEHHs iHHOBALiil KOIUTYE HEACLICBO,
[POTE, IPOIIOHYIOYH KIIIEHTaM SKCKIIFO3MBHI MEHIO Ta MOCIIYTH, PECTOPaHHI 3aKiIa/ii 31aTHI 3a0€3ICUNTH BHKUBAHHS Ta IPHOYTOK.
Ipouecwu sixicHoi Tpancdopmariii chepu B 1ijoMy Ta 3a0e3reueHHs] KOHKYPEHTOCIIPOMOXKHOCTI OKpeMuX il 00'€KTiB € pe3yabTaToM
BIPOBA/DKEHHSI 1HHOBAIL[IMHMX TEXHOJOTI HagaHHs mnocayr Ta (OpPMyBaHHS CepBiCY BINOBIZHO OO CY4acHHX BHMOT.
[HHOBALIHHUI PO3BUTOK PECTOPAHHMX TEXHOJOTIH MiJBHILYE KOHKYPEHTOCHPOMOKHICTh 3aKiIaly B Cy4aCHHX CYBOPHX YMOBaXx.
HeoOxigHO 3BepHYTH yBary Ha OCHOBHI Cy4acHI TCHJCHLII PO3BUTKY HayKH Ta OOJNaJHAHHs], HOBHHKM Ta BHHAXOIW B Xap4OBii

cdepi Ta Ha PUHKY TOCIYT.

KonrouoBi croBa: inHOBanii XapuoBi TEXHOJIOTI], IHHOBaIiIHHI pecTOpaHHI TEXHOJIOTIi, pECTOPaHHHIA cepBic.

Beryn.

Teopernune OOTpyHTYBaHHS IHHOBAITITHOT
NISTBHOCTI  3aKNaliB  PECTOPAHHOTO  TOCIOAApCTBA
CTBOPIOE TIEPEIYMOBH JUIS OiTBII TIUOOKOT OIIHKH
IHHOBAIIMHMX  TpomeciB y  cdepi  pecTOpaHHOTO
TOCHOJApCTBa Ta TOAANBIIOTO BHBYCHHS  TaKUX
MpoOJIeMHUX THTaHb, SK: I1HHOBAIIMHI TEXHOJOTII

MPOAYKIT PEeCTOPAaHHOTO TOCHOJAPCTBA Ta IHHOBAIlIIHI
TEXHOJNOriT  HafgaHHS IMOCIYT Yy  PECTOPaHHOMY
rociofapcTBi. EdexktuBHMH Ta CTIMKMHA  PO3BUTOK
HIAIIPUEMCTB PECTOPAHHOIO Oi3HECY B CyYaCHUX YMOBax
JTOCSATAETHCS 32 PAXYHOK BUKOPHUCTAHHS HUMH iIHHOBAIIIH,
sKi 3a0€31eUyI0Th KOHKYPEHTHI TepeBaru MmiAnpueEMCTBY
Ha pUHKY. I|HHOBaIi, IO 3aCTOCOBYIOTH Yy 3aKianax
PECTOpPaHHOTO rocroapcTaa, MABUIIYIOTh
KOHKYPEHTOCIIPOMOXXHICTh ~ 3aKiagy B  Cy4acHHX
KOPCTKHX YMOBaX, TOMY HaBYaIbHOK MHPOrPaMoio
MITOTOBKK CTYACHTIB HAmNpsIMKy «Xap4doBi TEXHOJOTil
Ta iHXKeHepis» creriamizamii «PecTopaHHI TEXHOJIOTII
nepea0aYeHo BHUBYCHHS AuCIUILTiHE  «[HHOBaIiiiHI
peCTOpaHHI  TEXHOJIOTii», 3MICT SIKHA  BKJIIOYAE
0COONMBOCTI  PO3BUTKY  IHHOBaLIHHOI  AiSIIBHOCTI
;CTBOPEHHSI Ta OCBOEHHS NPOIPECHBHOI BHPOOHMYOT
TEXHOJIOTIl; NPOEKTYBaHHSA  MpPOXYKLii 1  HOCIYT.
HaykoBmi BH3HA4YaIOTh, IO ISl MOJEPHi3aIlii OCBITH
epekTHBHIM € KOMIETCHTHICHUH TMiAXin, SKUH Jae
3Mory chopMyBaTH B MaiOyTHIX (axiBiiB mpodeciiny
KOMITETEHTHICTh, CIpHUSIE TPOPECiHHOMY PO3BHTKY,
JI0roMarae aJantyBaTHCh Y HOBUX yMOBax, 3abesredye
MOOUTBHICT, Ta THYYKICTh BiJMOBIIHO IO BHKIIWKIB
CY4YaCHOCTI.

PesynbraTom BHBUYEHHSI NpOdeECiiiHO CrpsIMOBaHOT
JUCLUILTIHN «|HHOBAII}{HI pecTOpaHHI TEXHOJIOTII», €
¢dopMmyBaHHS ~ mpodeciiHMX ~ KOMIETEHIHi  110j0
BUPINICHHS  KOHKPCTHUX  BHPOOHMYMX  3aBJaHb

KOPEryBaHHS  CTPYKTYpU  Xap4yyBaHHsI
IUITXOM CTBOPEHHS 1 BIPOBA/PKEHHS 1HHOBAIlIHHUX
TEXHOJOTiH  Oe3MeYHHX  XapyoBUX  MPOIYKTIB 3
BUKOPHCTAHHAM HATYpPaJIbHOT CHPOBHWHH TIiIBUIIEHOL
MMOKMBHOI IIHHOCTI, JIETHYHUX J00aBOK Ta CIIEIllaJbHUX
pecypco30epirarounx MeTOAiB OOpOOKH CHPOBUHH —
KpIOTeHHUX, eKCTPY3iHHNX, MOJIEKYIISIPHAX, KPEaTHBHUX
i ¢'toxs-TexHomyorii. IligBuineHHIO  eQEKTHBHOCTI
OTpPUMAaHHS CTyJCHTAMHU CUCTEMU 3HaHb 3
OpraHizamiiHux, HOPMATHBHO-IIPABOBUX MTUTaHb
BUKOPUCTAHHS IHHOBAIIMHUX PECTOPAHHUX TEXHOJOTIMH.
Meroro  crarri €  JOCHIDKEHHS  IHHOBALIMHUX
PECTOpPaHHMX TEXHOJOTIH Ta BH3HAYCHHS NUIIXIB
(dhopmyBaHHS y MallOyTHIX CTICMIANICTIB Xap4oBOi Tamy3i
HAyKOBOTO TIAXOAYy JO BHUBYCHHS 1HHOBAIM, IO
BUKOPHCTOBYIOTBCS B CYYacHId Tally3i pecTOpaHHOTO
TOCIIOaPCTBA.

[lepmoueproBuM  3aBAaHHAM €  JIOCIIIKCHHS
IHHOBAaI[IMHUX PECTOPAHHHUX TEXHOJOTIH Ta BH3HAYCHHS
nUisixiB  gopMyBaHHS y  MalOytHix  ¢axiBuiB
pecTopaHHOro Oi3HECY HAYKOBOIO IiXOAY JO BUBYCHHSI
IHHOBaLli}, 5SIKI BUKOPUCTOBYIOTBCSI B Cy4acHiH 1HIyCTpil
PECTOpPaHHOIO  rOCHOJApCTBa Y crarti  Oyino
3aCTOCOBAHO  TEOPETHYHI Ta EMIIpUYHI  MEeTOoan
JOCITI/KeHHS. TeopeTHdHi — aHalli3 JITepaTypH, s
BU3HAYEHHS CTYIEHs po3poOieHocTi mpobiemu, ii
MOHATTEBE-KAaTETOPiaIbHOTO amapary, PO3KPHUTTS
CYTHOCTI Ta CTPYKTYpH JOCITIDKYBaHOTO (EHOMEHY;
CHCTEMaTH3allid Ta y3aralbHEHHS HAYKOBUX IOJOKEHB;
aHaJi3 HOPMaTHUBHO-TIPABOBHUX JOKYMEHTIB Ta OCHOBHUX
TOHSATh; EMIIPUYHI — CIOCTCPEKCHHS I BHSBICHHS
3araJibHUX TEHJACHIINA PO3BUTKY HOBOBBEIACHb Y
3aKJIalax pecTopaHHoro rocnoaapcrsa [1-11].
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IHocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISIAI
Ta ii 3B'A30K i3 BaXINBHMH HAYKOBHMH 4YH
NPAaKTHYHUMH 32aBIaHHAMH.

Bupuenns aucrmmiinn «IHHOBaIiiHI pecTopaHHI

TEXHOJOTi»  0a3yeTbcss Ha  PO3YMiHHI  TOHSTH
«IHHOBAIlis»,  «IHHOBAI[iliHa  MISABHICTH»,  BMIHHI
aHaN3yBaTH  HANpPSAMH  PO3BUTKY  IHHOBAIiHHOI
misutbHOCTI  y  cepi pecTopaHHOro Oi3Hecy TOIIO.

BaxmmBum € (opMyBaHHS y CTYIEHTIB CHCTEMH 3HAHb
010 OpTraHi3aliiiHNX, HOPMATHBHO-NPABOBUX IHUTAaHb
BIIPOBAPKCHHS IHHOBALIIITHUX PECTOPAHHUX TEXHOJIOTIH.

Jist cTUMyITIOBaHHS CaMOCTIHHOT pOOOTH CTY/ACHTIB
MOXKHa TIPOBOJMTH KOHKYpC Ha Kpamuii pedepar,
JOCIHIJDKEHHS, Tpe3eHTalito Ha TeMmy «lHHOBamii Yy
pecTopaHHOMy Oi3Heci» 3a pI3HUMH HanpsSIMKaMU:
MIPOTPECHBHI TEXHOJIOTi{ 00CITyrOBYBaHHS Ta OpraHi3amii
BUPOOHHMIITBA B pecTOpaHHOMYy Oi3Heci; 3akimaad
PECTOPaHHOTO TOCIIOAPCTBA CydacHOTo ¢opmary; HOBi
(opMH  pecTOpaHHHX TIIOCIYT; Cy4YacHI pPeCTOpaHHI
TEXHOJIOTI] AayTeHTHYHHUX CTpaB Ta IHIII PI3SHOBUAH
IHHOBaLIHHOT ISUTBHOCTI.

O0’eKkTOM IHHOBALIMHOI IISUIBHOCTI € IHHOBALil .

Tepmin «iHHOBawis» (Bix JaT. innovatis — HOBUI)
TPaKTyeTbCS K  HOBOBBEACHHsA.  IHHOBamii -
HOBOCTBOpEHi (3actocoBani) 1 (abo) BmOcKOHaIEHI

KOHKYPEHTO3/1aTHI TEXHOJIOTii, IPOAYKIist a00 MOCIyTH,
a TaKOX OpTraHi3alliifHO-TEeXHIYHI pilleHHs BUPOOHHUIOTO,
aJMIHICTPATHBHOTO,  KOMepuiifHoro  abo  iHmoro
XapakTepy, OI0 ICTOTHO TONIMIIYIOTh CTPYKTYypy Ta
AKicTe BUpoOHHMITBA. OTXKE, iHHOBAIs — IIe KiHICBHA
pe3ynpTaT  iHHOBAIIfHOI MiSUTBHOCTI, SKW  iCTaB
YTIJIEHHS Y BHIJLII BUBEICHOTO HAa PHHOK HOBOTO 4YH
BJJOCKOHAJICHOTO HPOIYKTY, Ipolecy, 110
BUKOPHCTOBYETbCS y MPaKTUYHIA JisUIbHOCTI, abo
HOBOTO MiIX0/y 10 COLIAIbHHUX MOCIYT.

IHHOBaNilHMIT TpolleC — NpoLEC NEPEeTBOPEHHS
HayKOBOTO 3HAaHHS B IHHOBAIlilO, SKa 3aJOBOJIbHSE HOBI
CyCHUIbHI TOTPEOM; TMOCHIOBHUIA JAHIIOr Iid, M0
OXOIUTIOE  BCi cramii CTBOpeHHA HOBamii Ta i

MIPAaKTHYHOTO 3aCTOCYBAHHS.
Ha piBHi mignpmeMcTBa iHHOBaIiitHWN mpoIec
XapaKTepU3yeThCsl MEepIl 3a BCe IParHeHHsAM HOro

;

iy
1}

Osxuna (Eubatus)

P

sipuHa

Yopuuus (Vaccinium myrtillus L.) -
4yepHuls, bopiska, y Kapnarax — adumna,

YYacHHUKIB 10 KomepuiiHoro ycmixy. Tomy wmoxens
IHHOBALIHHOTO MPOILIECY Ha KOHKPETHOMY MiANPHEMCTBI
MOJXKE MaT{ TMEBHI BiJIMIHHOCTI, 1[0 3aJIC)KUTh BiJ CTaHY

HayKOBOTO MTOTEHITi ATy MiATPHEMCTBA, fioro
(hiHAHCOBUX, KaIPOBUX, 1HIINX MOKIIMBOCTEH.

Bukaaganus OCHOBHOTO marepiaxy
JOCJiTKeHb.

EdextuBHUNA Ta CTIHKUA PO3BHTOK MiAIPHUEMCTB
pectopaHHOTO 0i3HECY B CYy4acCHHX yMOBaX HOCSTAETHCS
3a paxyHOK BHKOpDHCTaHHs HUMHM iHHoBauid. Illo
3a0e3neuyroTh KOHKYPEHTHI IepeBark Ha PUHKY.

IHHOBamil, 1m0 3acTOCOBYIOTH Yy  3aKiajax
PECTOPaHHOTO roCIoJIapCTBa, I ABHIIYIOTh
KOHKYPEHTOCIIPOMOXKHICTh ~ 3aKiIagy B  Cy4YacHHX
JKOPCTKMX YMOBaX, TOMY HaBYaJbHOIO IPOTPaMoI0

MiATOTOBKA 3n100yBauiB HaTIPSAMKY «XapuoBi
TeXHOJIOTi»  criemiamizamnii «PecTopaHHI TEXHOIOTII»
nependadeHo BHUBYEHHS AuCIUILTiHE  «[HHOBaIiiiHI
pecTopaHHI  TEXHOJOTii», 3MICT SKHHA  BKJIIOYAE
OCOONMMBOCTI  PO3BUTKY  IHHOBAIiffHOI  iSITBHOCTI

;CTBOPEHHSI Ta OCBOEHHS NPOIPECHBHOI BHPOOHMYOT
TEXHOJIOTI1; MPOEKTYBaHHS MPOAYKLIT 1 TOCIyT.

PesynbraTom BHBUYEHHSI NPOdeECiiiHO CHpsIMOBaHOT
JTUCLUILTIHN «|HHOBAI}{HI pecTOpaHHI TEXHOJIOTII», €
¢dopMmyBaHHS ~ mpodeciiHMX ~ KOMIETEHIHi 11070
BUpIIIEHHS  KOHKPETHMX  BUPOOHMYMX  3aBIaHb
KOpETyBaHHA  CTPYKTypH  Xap4yBaHHS  HACEICHHS
IOUIAXOM CTBOPEHHS 1 BIIPOBA/DKCHHA 1HHOBALIHHUX
TEXHOJIOTiHf ~ O€3MeYHWX  Xap4OBHX  MPOAYKTIB 3
BHKOPHUCTAHHSAM HATYpaJbHOI CHPOBHHH ITiJBUIIEHOI
MMOKMBHOI IIHHOCTI, JIETHYHUX JO00ABOK Ta CHEIAJBHUX
pecypco3bepiralounx MeToniB OOpOOKH CHPOBHHHU -
KpIOreHHUX, EKCTPY3iHUX, MOJIEKYJISPHUX, KPEaTHBHUX
1 ('FO’KH-TEXHOJIOT 1.

[TpoGnema iHHOBAIII € aKTYaJIFHOIO 1 CBOEYACHOIO
SIK JJI PIBHS MIiAMPHEMCTBA, Ta 1 A PIBHA CKOHOMIKH
JIep>KaBH. Jonst 3a0e3neucHHs cTifikoi
KOHKYPEHTOCIIPOMOXXHOCTI Ha pPHHKY pPECTOPaHHOIO
TOCHOJApCTBA TIANpPHUEMENbs Ma€ OpIEHTYBaTH CBOI
iHHOBaIlil, TepII 3a BCe, Ha MOTPEeOHM CIIOKMBada 3a
MPEACTAaBICHAM NpHKIaaAoM (puc. 1) 3 ypaxyBaHHIM
peTioHaIbHUX MOXKIHBOCTEH [12—17].

> { : ] .
- s ’J_, ’ e JJ ’.

&

Bpycuuus 3suyaiina (Rhodococcum vitis-
idaea L.) y KapmnaTax — OpycHHuIs, rOro1H,
KaMm’siHKa, OopiBKa, OpycimHa

Puc. 1 — Ilpuxnaam qUKOPOCIHX AT VI ATIAHUX HariBhaOpukaTiB

Bicnuk Hayionanvroeo Texuiunozo Yuisepcumemy «XI1I». Cepia: Innosayitini
docnioxcenus y Haykosux pobomax cmyodenmia, 2021, Ne 2 (1362) 51



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

Hanpuknan, iHHOBaLii MOXYTb OyTH NpeJCTaBICHI:
B IUIOJAX YOPHHII MICTUThCS 0OaraTo IyOMIIBHUX
PEYOBUH, pYTHUHY. B)KMBaHHS ST YOPHUII IMOKpAIIYE
KpOBOOOIT y ciTyaTmi oka, 3aroctpioe Hiuami 3ip. Cik i
SITOMA  YOPHUIII MAaloTh OaKTEPUWIMIHI BIACTHUBOCTI,
KHCJIOTH STiJl TIONMIIYIOTh IPOLECH TPaBICHHA 1
3armo0iraloTh BiIKJIAIAaHHIO B IIOPOXHHUHI CYTII00iB comeit
mapieBoi  kuciaotd. [loapiOHeHHs AT B MIOpE
BimOyBaeTbes nmo po3mipy uactok (0,4...0,8)107 M.
ITiope € napiOHOAMCIEPCHOIO Macor, SiKa y CBOEMY
CKJIaAl MICTHTh WIJBUILEHY KUIBKICTh CTPYKTYPHHX
MOJTIiCaxXapu/IiB: IETFOJIO3H, TEMILICITION03H, MEKTHHOBUX
PEYOBHH.

Tabnuug 1 — XapuoBa HiHHICTS SriAHOTO HamiBgaOpukary

Xap4oBi peuOBUHHI Kinpkicth Ha 100 T TPOAYKTY
Binxu 3,20
Kupu 0,06
Byrnesoaun 16,70
Xap4oBi BOJIOKHA 1,60
OpraHiyHi KHCJIOTH 1,50
MoHo- i Trucaxapuan 1,70
Kpoxmann 0,60
307a 0,10
Ha piBHi HiAIPUEMCTBA PEeCTOpaHHOro
roCHoJapcTBa 1HHOBaAlii — BaromMa ImepeBara Yy

KOHKYPCHTHIH OOpOTBOi, M0 OJHOYACHO NPU3BOIUTH,
HATIPUKIA], 10:

- 3HWD)KEHHS COOIBapTOCTI MPOIYKIIIT;

- 3HIDKCHHS I[iH Ha Pi3HOBUAH
TEXHOJIOTIYHHX TIPOIIECIB;

- pocTy pUOYTKY MiATIPUEMCTB;

- CTBOPIOBAHHS HOBHX MOTPeO CIIOKHUBAYiB;

- TPHUTOKY KOMITIB y PI3HOBUAM OCHOBHHUX Ta
CYMYTHIX TaTy3ei;

- M IBHUIIEHHS IMiKy BUPOOHHKA HOBOT MPOIYKITii;

- BIJKPHUTTIO Ta 3aXOIUICHHIO HOBHX PHHKIB
CIIOXKMBAHHS Ta iH.

3acTocyBaHHS ~ MiAIPUEMCTBAMH  PECTOPAHHOIO
roCroJapcTBa, IpPOrpecMBHUX (GopM 1  MeToniB
00CITyroByBaHHs, MPOBEACHHS MOJCPHi3alii iHTep’epy
3aKJIa/IiB, BUKOPUCTAHHS BHUCOKOTEXHOJIOTTYHOTO
o0NMaHaHHA TOINO — NPHUBAOIIOIOTH CIIOKMBAYiB, a
TaKOX 3aroCTPIOIOTh KOHKYPEHIIIO B TaIy3i, K2, B CBOIO
4epry, 3MYyIIye MiIIpUEMIIB TOCTIHHO 3HAXOIUTHUCS B
TIONITYKY HOBUX 1HHOBAaIlIHHUX TIepeBar.

Y BUPOOHMIITBI PECTOPAHHUX IOCITYT OCHOBHUMH
TUNIAMH ~ IHHOBAallil € TeXHi4Hi, OpraHi3aliiHo-
TEXHOJIOTI4HI, YIPaBIiHCHKI Ta KOMIUICKCHI.

Texuiuni HOBOBBEJICHHS OB’ sI3aHi 3
BIIPOBA/KCHHSM HOBUX BHJIB TEXHIKH, NPHCTOCYBaHb,
IHCTpPYMEHTIB, @  TaKOX  TEXHIKO-TEXHOJIOTTYHHX
npuifomiB mpaini B 00CIyroByBaHHI, 3 BIPOBAPKCHHSIM
KOMIT'IOTEPHOT TEXHIKH, IMOIIMPEHHIM iH(opMariitHo-
TEXHOJIOTIYHIX HOBOBBEACHD, 110 TIOJETITYIOTh pOOOTY 3
KIIEHTAMH 1 TOTIOMararoTh BJOCKOHAIUTH Y IIJIOMY BECh
TIporiec cepBicHOTO BUpoOHUITBA [17-21].

CKJIaJOBHUX

Oprani3amiifHO-TeXHOJIOTIUHI 1HHOBAIIIi OB’ sI3aHi 3
HOBUMHM BHIAaMH TOCIYT, OUIbII eheKTHBHUMH (hopMaMu
00CIIyroByBaHHs Ta OpraHizaliiiHIMU HOpMaMH Tpatli.

VYrpaBimiHCEKI — Opi€EHTOBaHI Ha BIOCKOHAJICHHS
BHYTPIITHIX 1 30BHIMIHIX 3aB’A3KiB  oOpraxizarii,
HANPUKJIA]] PECTOPaHHU IBUIKOTO OOCITYTOBYBaHHS 1 Tak
3BaHi «CIMEWHI PECTOPAHM.

KoMrnekcHi 0XOIITIOI0Th OJJTHOYACHO Pi3HiI acleKTH
1 CTOPOHH CEepPBICHOI JisSUTBHOCTI BiNIOBIIHO HANpsSMKam
PO3BUTKY HiAIPHEMCTBA.

Texuiuni IHHOBAIIII, SIK1
BIIPOBQ/DKCHHSAM  HAJICY4aCHHX
pI3HOBMIIB  NPUCTPOIB, a  TaKkoX  BHPOOHWUYMX
TEXHOJIOTIYHUX  NPUHOMIB,  JO3BOJSIFOTH  3HAYHO
CKOPOTUTH  BUTpPAaTH BHPOOHHITBA 33  PaxyHOK
CKOPOYEHHSI IUIONI, 3MEHIIEHHsS BTPAaTH CHUPOBHHH Ta
MIPOYKTIB Ta Mpare3aTpaT NepCcoHaTy IMiIIPUEMCTBA.

ITpu mocTiiHii 3MiHI 30BHIIIHEOTO 1 BHYTPIITHHOTO
CepelloBUIIa OCHOBHOIO IUJUII0 PECTOpaHy € BMiHHS
ONepaTHBHO  MepeOyqOBYBATHCS,  MEPEXOAUTH Y
BIJIMIOBIHICTh 3 HOBUMH BHMOTaMH, HAIPHUKIA],
nanngemii. 1 B wili Haj3BWYaiiHii cHTyallii Jomomarae
CBOE€YACHC BIPOBA/DKCHHS B TPAKTUKYy HOBITHIX
TEXHOJIOT1H y BU/II yCTaTKyBaHHS.

[I0B's13aH1 3
BUJIB TEXHIKH,

[HHOBAIIfHUMU ~ BUJAMH  YCTATKyBaHHS  Ha
CBOTOJHINIHIN JEHb MOXKHA BBa)XKATH, HAMPHUKIA],
reneBuid  Oio-xomommibHuK, «KokoH» M KyxHi

MaiOyTHBOTO (TFOTYE «HOBiI» IMOMEpeTHhO po3dacoBaHi
CTpaBW 3a JOIIOMOTOIO HArpiBaHHS M'S30BHUX TKaHHH),
Credparn rpmib, Cookvac, ymakoBKa-CHTHANI3aTOP
HeCBiXoOi 1ki (BUKOPHCTOBYETBCS JJIA  YIIAKOBKH
MPOJYKTIB B «3aXHCHIH aTMocdepi», Je Majao KHUCHIO i
OaraTo IHEPTHUX ra3iB, IO 3aBAKAIOTh JKUTH IBLII,
MikpoOaM 1 MoJOBXYIOTh TepMiH mpuaaTHocTi Dxi. [Ipu
NOIIKO/DKEHHI ~ yNAaKOBKM  KOHIGHTpalis  KHUCHIO
BCepeuHi Hel 30UIbIIyeThes 1 e MPU3BOJIUTH 10 3MIHU
KOJIbOPY, CUT'HAII3YI0UH IIPO MpodiIemMy).

Baxiuse 3HAYEHHS Mae 3aCTOCYBaHHS
CIIeIiaTbHOTO 00JIaIHAHHS, HATPUKJIIA:
- MAIlMHK ~ JJIsI  OPUTOTYBaHHS — Cymn — —

KOMITaKTHa MaIllMHA JJII MacoBOTO BHPOOHHWIITBA CYIIIi,
[0 BUMArae OJTHOTO OTepaTopa i 3aMiHIoE Iiay Opuramy
KyXapiB;

- MallMHY, SKi BMIIOTb pOOMTH  OCHOBHI
TPYJOYKH JUIsl HITipi Cylli, pUcOBi KOPXi JUIs Maki cymri,
PHCOBI KYJIBKH 1 T.1.

«[Tymxka» anst nTuni (B MyLIKy 3aIMBAETHCS BUHO,

NHBO, COYC, INOTIM Ha Hel HacaJKyeTbCsl NTHOA 1
3aIliKa€ThCsl, IMPOCOYYIOUMCHh  piAMHA  3aKHIae i
BUIIAPOBYETHCS), @  TAaKOX  ApPOMOIMUCTHIIATOPH,

xepOodinbTpH, cyomiMalliiiHi CymapKu.

ITepemik iHHOBAIIHHOTO YCTaTKyBaHHS ITOCTIHHO
OHOBIIIOETHCS, Tak B MicTi KueBi Ha KoHrpeci
FONTEGRO  UKRAINE 2016 MpeICcTaBICHHI
kammanielo «HoOBHWIT TpoekT» amapaTH, TEXHOJOTidHI
MOXJIMBOCTI SIKMX PyWHYE TacTPOHOMIYHI CTEPEOTUNH 1
BIZIKPUBAIOTH IIMPOKi MIEPCIEKTHBY B KyJIiHAPIi.

Pacojet — iHHOBaUidHMI amapaT TOMOTEHI3aTOp
3aMOpoKeHHX TNpoaykTiB. CyTh TexHOJOTrii monsrae B
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3MillyBaHHI TJIMOOKO 3aMOPOXXEHMX HPOJYKTIB J0
OJTHOPIAHOT KOHCUCTEHLIi, IO JIO3BOJISIE OJAEPKATH
3aMOPO’KCHUH TOMOTCHI30BaHUM MyC i3  CHJIBHO
BUPKEHUM TIPHPOIHIM CMAKOM TPOIYKTIB.

Vuikaneauii Tepmomukcep Hotmixpro Creative 3
HAWIIMPIIMM ~ TEMIEpPaTypHUM  Jialla30HOM  MOXe
rotyBatu 3 temreparypoto 10 190 °C i oxonomkyBaTu
o -24°C. AmapaT moeaHye B c00i BIACTHBOCTI TaKOTO
yCTaTKyBaHHS K. KyTep, Mikcep, Tmpodeciiina
MOPOKCHHIIS, MAIIMHY JJIsl TEMIICPYBAaHHS IIOKONAIy i

nactepusaTtop. 3aBIsSKM CBOIMl  yHiBepcaJbHOCTI 1
MOJMJIMBOCTI ~ MpAIIOBaTH 13  TBEPHOK  (paKIi€ero
TEpMOMIKCEpH 3HAWILIM [IMPOKE 3acCTOCYBaHHS B
aBaHTrapJHIA KyXHi B IPOBIHUX pPECTOpaHaXx CBITY.
Hacrinenmit  gerugpatop  Hotmixpro Dry
po3poOyieHuit ISl JCNKaTHOTO  BHUCYIIYBaHHA 1

3HEBOJHIOBAHHS PI3HHX MPOIYKTIiB: M'sico, puba, rpudH,
dbpykTH, TOpOaUH, XJi0Ii, 3eNeHs i iH. Jlerimpatop Mae
TOYHUN  TEMIIEpAaTypHUH  KOHTPOJIb —  BaXKIHUBHUH
MOKA3HUK IS 3am00iTaHHs MPOIECiB OKUCHEHHS. Takox
JIO JIETipaTopy MOKHA MPUEIHATH KONTWIBHUHN amapar
Hotmixpro Smoke mis momaHHS OPOAYKTaM apoMary
KOITYCHHS.

Bopsna miu Hendi BusiBise coboro kamepy s
NpUrOoTYyBaHHS ONIOJ y BOAHOMY CEpEIOBHII NpHU
HU3BKUX TEMIIepaTtypax. 3 TOYHICTIO A0 OJHi€i XBHIMHU
MO’KHa BCTAHOBHUTH 4Yac ToTyBaHHs iki. Kpumika manemni
KepyBaHHS 3a100irae 3aJIMBaHHIO TTAHEIi BOJO0.

IInuTa OKOBOrO 0XOJIO0HKEHHSI aHTU-TpUIiIb Decor-
Freez mae Temnepatypy moBepxHi -25°C, 3aBIsSKH 4OMY
COyCH, KpemH, IIokojiaa abo iHII CKIIAJ0Bi XapdoBoi
MPOYKIIi1 MUTTEBO 3aryIIyIOThCS Ha Hil.

IHHOBaMIT, SIK pe3yabpTaT IHHOBALIMHOT AiSUTBHOCTI, 3
OJHOTO OOKY, IOBHMHHI OyTH Opi€HTOBaHI Ha IOBHilE
3aJI0OBOJICHHS 3allMTiB CIIOKHMBaYiB, a 3 IHIIOIO — Ha
OTpPHUMaHHSI KOHKPETHOTO eKOHOMiuHOro edekry. OTxe,
pO3yMiHHS CyTi iHHOBaLiii 1 MeXxaHI3My I1HHOBaIiiHOT
JOisuibHOCTI  y  cdepl  pecTOpaHHOrO TOCIONapcTBa
HAJal0Th TIEpeBard K BUPOOHWKAM, TaK i CITIOKMBAaUYaM.
Ile TmOSICHIOETBCS THM ,II0 MK BHpOOHWUKaMH i
CIIO’)KMBAaYaMH iCHY€ TICHHH KOHTaKT: 3 OJHOTO OOKY,
CHOXWBAYi 3aJOBONBHAIOTh y 3aKJIalaX pPEeCTOPaHHOTO
TrocrofgapcTBa  CBOWO  (i3ionoriuny  motpedy vy
XapyyBaHHi, a 3 IHIIOro — 00CATM BUPOOHMLTBA Ta YCIIX
3aKJIQJIB  PECTOPAHHOTO TOCHOJNAPCTBA HA  PUHKY
3aJICKUTh BiJl BIOJO0AaHb CIIOKMBAaYiB 4YacTOTH Ta
BEJIMYMHH 1X TTOTOKY J0 HBOTO.

BuCHOBKM Ta  mepcHeKTHBH
PO3BHTKY IaHOTO HANPSIMKY.

3acTocyBaHHS MiANPUEMCTBAMH PECTOPAHHOTO

noJaJbLIIoro

TOCIIOAAPCTBA, NPOTPECUBHUX  GOpM 1 METOHIB
0o0CITyroByBaHHs, TPOBEICHHS MOJEpHi3allii iHTep’epy
3aKJIaMdiB, BHKOPUCTAHHS BHCOKOTEXHOJIOT19HOTO

oONajiHaHHS CHJBHUN 1HCTPYMEHT ISl  ITiJBUIICHHS
e(heKTUBHOCTI CBOro Oi3HECY, a 3HAYHMTh — KOHKYpEHTHA
mepeBara, sKka NOPUBAOIIOE  CIIOKUBAYiB, 3MYIIYE
HiATNPUEMIIB MMOCTIHHO 3HAXOAUTHUCS B MOIIYKY HOBHUX
IHHOBAIIHKUX mepeBar. Tomy, pe3yabTaToM

IHHOBALIHHOTO PO3BHTKY PECTOPAHHOIO IiIPHEMCTBA
HOBI 1 yJOCKOHAJICHI PECTOpaHHI MPOAYKTH i MOCIYTH,
HOBI TEXHOJIOT1YHI IpouecH, HOBi ¢opmu opranizaumii i
YIPAaBJIiHHSA PECTOPAHHUM Oi3HECOM.

YV HUHIIIHIX yMOBax HaOyBa€ BEJIMKOTO 3HAYCHHS
dbopMmyBaHHs y MaiOyTHIX (axiBI[iB TEXHOJOTIYHOL
rPaMOTHOCTI, TJIMOOKHUX  KOMIETeHIH y  cdepi
pecTopaHHOTro Oi3HECY.

PesynbTaToM BUBYEHHS NMpOoQeciiiHO crpsMoBaHOI
JTUCLMILTIHN «|HHOBAII}{HI pecTOpaHHI TEXHOJIOTII», €
¢dopmyBaHHS ~ mpodeciiHMX ~ KOMIETeHLiH  moao
BUDIMIEHHS  KOHKPETHHX  BHPOOHMYMX  3aBJaHb,
KOpEeryBaHHS  CTPYKTypH  XapuyBaHHS  HaceJCHHS
IUIAXOM CTBOPCHHS 1 BIPOBA/KCHHS 1HHOBALIHHUX
TEXHOJOTIH Ta CHeLiallbHUX pecypco3depiraroumx
METOJIiB OOpOOKH CHPOBWHHU KPIOTEHHUX, EKCTPY31HHUX,
MOJIEKYJISIPHUX, KPEaTUBHUX 1 (P'FOKH TEXHOJIOT1H.
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G. 0. SABADOSH

DEFINITION OF METHODOLOGY FOR FORMATION OF PROFESSIONAL SKILLS IN THE APPLICATION
OF INNOVATIVE TECHNOLOGIES IN FUTURE RESTAURANT BUSINESS TECHNOLOGISTS

In article theoretical and empirical methods of research have been used: essence of the concepts «innovation», «innovative
activity», «innovative process», etc. are considered by the author. Classifications of innovations by various signs are investigated.
Introductions of an innovative component to technology of food and the offer of special services, application of the interactive
(electronic) menu of the screen tablet on tables, the touch display, application of a QR code in marketing of the enterprise, the LED
technology of the notification, food 3-D printers, touch producers of food, use of three-dimensional projections for demonstration
of preparation of dishes, automation and informatization of processes at the enterprises, use of web and telecommunication
technologies is analyzed in the article. The main directions of development of modern technologies in institutions of restaurant
economy are: creation of restaurants as Free Floor; opening of food-courts; creation of the conceptual enterprises of restaurant
economy; expansion of a network of the virtual restaurants providing the order on the Internet and delivery to the consumer;
preparations of dishes in the presence of visitors; organization of service for system catering and others. New ideas, advanced
restaurant products and services, technological processes, forms of the organization and management will be result of innovative
development of institutions of restaurant economy. Introduction of innovations isn't cheap, however having offered exclusive
menus and services for clients, restaurant institutions are capable to ensure a survival and profit. Processes of high-quality
transformation of the sphere in general and ensuring competitiveness of her separate objects are result of introduction of innovative
technologies of rendering of services and formation of service according to modern requirements. Innovative development of
restaurant technologies increases competitiveness of an institution in modern severe conditions. It is necessary to pay attention to
the main current trends of development of science and equipment, a novelty and the invention in food sphere and in the market of
services.
Keywords: innovations, food technologies, innovative restaurant technologies, restaurant service.

A. A. cABAJIOLT

ONPEJAEJEHHUE METOJOJIOI'M1 ®OPMHUPOBAHUSA ITPOPECCUOHAJIBHBIX HABBIKOB
B IPUMEHEHAY HTHHOBAIIMOHHBIX TEXHOJIOTHI YV BYIYIIUX TEXHOJOT Ui
PECTOPAHHOI'O BU3HECA

B craTthe HMCHOIB30BaHEI TEOPCTUUCCKUEC U SMITUPUYCCKUE METOJbI UCCICAOBAHUA. ABTOpOM pacCMOTpE€Ha CYHIHOCTH IMOHATHI
«UHHOBAIUA», KMHHOBAIIMOHHAS AEATEIHOCThY, «(MHHOBAIMOHHBINA npouece» u ap. MccnenyroTes knaccugukanuy HOBOBBEACHHUH
110 Pa3jIM4YHBIM IIPU3HAKAM. BHCHpCHI/IH PIHHOB&HPIOHHOFI COCT&BJ’I?{}OH.[CFI B TEXHOJIOTUIO NUTAHUSA U NPEUIOKECHUEC CIICHUATIBHBIX
yCIyr, NMPUMEHEHHEe HHTEPAaKTHBHOTO MEHIO SKPAaHHOIO IUIAHIIETa Ha CTOJNAX, CEHCOPHBIM auciulieil, nmpuMeHenue QR-kxoma B
MapKeTHHI€ NPEeANpUsATHSA, CBETOAMOIHAs TEXHOJOTHs B craTbe aHamm3upyercs omoBelleHWe, NuiieBble 3-D mpuHTEpSI,
CCHCOPHBIC MPOU3BOAUTCIIN MPOAYKTOB IHUTAHHSA, HUCIIOJIB30BAHUE TPEXMEPHBIX HpOGKIII/Iﬁ UL AEMOHCTpalun IIPUTOTOBJICHUSA
6.IIIOII, aBToOMaTu3anusa u I/IH(i)OpMaTI/BaIII/IS[ IpOUECCOB Ha IMPCAINIPUATHUAX, HCIOJIb30BAHUC BeO u TEJICKOMMYHHUKAITUOHHBIX
TexHOJOrui. OCHOBHBIMH HalpaBJICHUAMU Pa3BUTUSA COBPEMCHHBIX TEXHOJIOTHH B 3aBCACHUAX PECTOPAHHOTO XO03sIHCTBa
SABJISIIOTCA: CO3JaHHUE PECTOPAaHOB Free FlOOI’; OTKpPBITUE q)yI[-KOpTOB; CO3JaHUEC KOHLCMITYAJIbHBIX HpeI[HpI/IFITI/Iﬁ PECTOPAHHOT'O
XO3SHCTBA; PACIIUPEHHE CETH BUPTYaJbHBIX PECTOPAHOB, 0OECTICUNBAIOIINX 3aKa3 yepe3 MHTepHeT U NOCTaBKy IO MOTpeOuTeNs;
MPUTOTOBJIEHHUE OJI0J B NPUCYTCTBUU MTOCETHUTEINICH; OpraHu3anus oOCIy)KUBaHUS CUCTEM OOLIECTBEHHOro MUTaHusA U Ap. HoBble
UJieH, IepeaoBble PECTOPAHHBIE MPOAYKTHI U YCIYTH, TEXHOJIOTHYECKUE MPOLECCHl, (OPMbI OPraHU3alyd U YIPABICHHUS CTaHYT
pe3ynbTaTOM WHHOBALIMOHHOTO Pa3BUTUS MHCTUTYTOB PECTOPAaHHOTO XO3sicTBa. BHenpeHume MHHOBaLuil 00XOAMTCA HENELIEBO,
OJHAaKo, Ipeiarasd KIMNCHTaAM JKCKIIFO3UBHBIC MCHIO U YCIIYI'U, PCCTOpPAHHBIC 3aBCICHUSA CIIOCOOHEI 00ECIICYNTh BHLKMBAHHE H
HpI/I6I)IHb. Hpoueccm Ka4yeCTBCHHOU TpaHC(i)OpMaIII/II/I C(i)epbl B ICJIIOM H obecreueHus KOHKypeHTOCHOC06HOCTI/I OTACIIBHBIX €€
OOBEKTOB SIBIIIIOTCS pe3YyIbTaTOM BHCEIAPCHHUS HWHHOBALIMOHHBIX TEXHOJIOTUH OKa3aHUs yciyr u (bOpMI/IpOBaHI/ISI cepBuca B
COOTBCTCTBHU C COBPCMCHHBIMHU Tpe60BaHH$IMI/I. I/IHHOBaHI/IOHHOC pa3dBUTUE PECTOPAHHBIX TEXHOJIOTHI IIOBBIIIIACT
KOHKYPEHTOCIIOCOOHOCTh 3aBEICHUS B COBPEMEHHBIX CYpPOBBIX YycloBusAX. HeoOxoammo oOpaTWTh BHHMAaHHE Ha OCHOBHBIE
COBpEMEHHBIE TCHICHIINH PA3BUTHsI HAYKU 1 00OPYAOBaHHUS, HOBUHKU U M300pETeHNUS B cepe MUTAHUS U Ha PHIHKE YCIIYT.

KnrwueBble c10Ba: WHHOBALIMK THILIEBBIX TEXHOJIOTUN, MHHOBALMHM PECTOPAHHBIX TEXHOJIOTHH, PECTOPaHHBIN
CepBuC.
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C. 1. BYXKAJIO, M. JI. 3BEMEJIBKO, C. II. ITJTIH

JOCJIJKEHHA BIIMBY CKJAJTOBUX PEIENTYPHU IIOKOJIATHAX TJIA3YPEM HA IX
PEOJIOT'TYHI XAPAKTEPUCTHUKHN

[TpogoBxeHO IOCHiIKEHHST MATeMAaTHYHUX MOJEJIeH IOKOIaqHOT I1a3ypi K 00'€KTa KOHAUTEPCHKOI raly3i XapuoBoi TEXHOJIOTI] 3
METOI0 BHMBUYCHHS PCOJIOTIYHUX XapaKTepPUCTHK. BH3HaueHi BaXKJIMBI TEXHOJOTIUHI 3aBIAHHsI, a caMme: CIPUSHHS YIOBIIBHEHHIO
[POLECIB OKHUCHEHHS; HOJIMIICHHS EMYJBIYIOUHX Ta AWUCHEPryHOYHMX BJIACTHBOCTEH; 3amo0iraHHS OKHCICHHIO OKPEMUX BHIIB
MIPOJIYKIIi; MepeIIKopKaHHs OIAAaHHIO BOJIOTH, IO 30LIBIIye TepMiH HPUIATHOCTI KOHAUTEPChKOro BupoOy Ta iH. Ha npyromy
eTalli BU3HAYAI0ThCsl OCHOBHI POOJIEMH — HAyKOBE OOIPYHTYBAHHS PELEIITYPHHX CKIaI0BUX TEXHOJIOTIT BUPOOHUIITBA IIPOIYKLIT 3
ypaxyBaHHSM IIOKa3HHKIB sKIiCTb-coOiBapTicTh. [Jami AJis 3afaHMX HapaMeTpiB TEXHOJIOTI] BUPOOHMITBA BH3HAYAIOTH CKIIAJOBI
pELenTypy IIOKONAJHUX TasypiB. SIK NpHKIaj NpeACTaBieHi Pe3y/lbTaTH JOCIIKeHb BUOPAHMX TEXHOJOTIYHMX IapaMeTpiB
NesIKAX KOMITO3MIH HIOKOJaAHUX TJIa3ypiB MOPIBHAIBHUK aHaii3 epeKTHBHOCTI TXHBOrO BIUIUBY Ha PEOJIOTiYHI BIIACTHBOCTI
KOMIIO3UIIIH Ha OCHOBI Kakao-ojii. AHali3 OTPUMAaHUX pe3yJbTAaTiB Ta PO3PAXyHKOBUX PIBHSHb JO3BOJIMB 3alpOIOHYBATH
pexoMeHanii moao iHTeHcudikanii nmpouecis BUPOOHUIITBA, IO e()eKTUBHO 3HIDKYE B'I3KICTh KOMITO3MILI Ha OCHOBI Kakao-oJIil,
Ta, Yy CBOI 4epry, Ja€ MOXIMBICTh BUKOPHCTOBYBATH iX IS YacTKOBOI 3aMiHM JICLMTHHY NPU BUPOOHHITBI KOHIUTEPCHKUX

BUPOOIB.

KonrodoBi ciroBa: mokosaHi rnasypi, peosIoriuHi XapaKTepUCTHKH, IHTEHCH(IKAIlis TEXHOJIOTTYHUX TPOIECIB.

Beryn. Konaurepebkuii puHOK YKpaiHu — cydacHe
XapuoBe BUPOOHUIITBO € OJHUM 3 HAaHOULIBIINX CEKTOPIB
XapuyoBoi MPOMHCIIOBOCTI, XapaKTepU3yeThCs
CTaOUIBHICTIO Ta CTPIMKAM 3pOCTaHHSIM, a TaKOX
MOKa3ye HU3bKUM pPiBEHb BPA3IMBOCTI JI0 HETaTHBHUX
CIajiB B €KOHOMIIII KpaiHu Ta CBITY B IijoMy. ChOTOIHI
YKpaiHCbKMM KOHIUTEPCHKUH PHUHOK 3a pelenTypHUMHU
Ta TEXHOJOTIYHIMH XapaKTepPUCTHUKAMHU Maibke HIiYUM He
BIJIPI3HAETHCS BiJ €BPOIEHCHKOTO, OCKUIBKHA BITYM3HSIHI
BHPOOHUKH TIPOTIOHYIOTh PI3HOMAHITHUN aCOPTUMEHT
KOHJIUTCPCHKOI MPOAYKIIT CBOIM CIOXHBa4yaM, SIKHI
Hamiuye Onm3pko 1000 naiimeHyBanb. Tum camuMm B
Vkpaini, a i y BcboMy CBiTi, Moxe Oyt 3a0e3neyeHa
Oesneka XapuoBHMX TOBapiB, a c(OpMOBaHa CTPYKTypa
€KCIIOPTHOI TOPriBIi CHpHsiE€ PO3BHUTKY IHIINX Traiy3el
MPOMHUCIIOBOCTI [ 1-6].

Konaurepcobka riasyp, ik CKi1agoBa KOHIUTEPCHKOT
rajy3i Xap4yoBWX BHPOOHWUITB YKpaiHH, € IIJIKOM
chopmoBaHOlO Ta 3aliMae yCHINMIHY TIO3WINIO Ha
€BPOIICHCHKOMY PUHKY. BaxxmBe Miciie cepenr mpoyKITii
KOHJUTEPCHKOT Tally3i TOCIAl0Th MIOKOIAIHI ITyKEPKOBi
BUpOOM: 3a JAHMMH CTaTUCTUKH Yy  CTPYKTypi
CHOXKMBaHHS KOHAMTEPCHbKOI mpoxykuii B VYkpaiHi ix
YacTKa y 3arajJbHOMYy 00cCs3i CTaHOBHTH ONHM3bKO 24%
[1-3]. 3 wmeror0 HajaHHA KOHKYPEHTOCIIPOMOXKHOCTI
CBOI mpoaykuii BUPOOHWMKH MPUAUISIIOTE OCOOJIHMBY
yBary TexHosorii ii po3poOku Ta 3abe3neyeHHsS
HEOOXITHMX BIACTHBOCTEH: CTPYKTYPHO-MEXaHIYHHX,
pEONIOTIYHMX, a TaKOXK JOCATHEHHA  HEOOXiTHHX
XapakTepucTHK.  Peamizamis  1miei  3amadi  Moxe
3MIMCHIOBATHCS Yy PI3HUX  HANPsMKax: 3HWKCHHS
KUTBKOCTI JIe(eKTiB MOBEPXHI BUPOOiB; BUKOPUCTAHHS B
TEXHOJIOTIYHOMY TIpolieci 30aradyBajibHHX J00aBOK;
BHCCCHHS CHUPOBUHHUX IHTPEIIEHTIB, SKi JO3BOJSIIOTH

IOCATTH  TIEBHOTO  TEXHOJOTriYHOro  edekry  0e3
3aCTOCYBAHHS ~ CHHTETHYHMX  KOMIIOHEHTIB  TOIIO.
IMpupoma Ta  XapakTEPUCTHKH  KUPOBOI  (hasu

KOHJUTEPCHKOI IIOKOJAAHOI Iia3ypi BIUIMBAIOTH Ha il
(GYHKIIOHAaJIBHI Ta TEXHOJIOTIYHI BJIACTUBOCTI 1, B
KIHIIEBOMY BU3HA4YEeHHI, HA SKICTh MPOIYKIIIi [2, 4]

XapakTepucTHKA 00’€eKTiB Ta MeTH
mocaimkennss. OO’€KT JOCHIKEHHS — IIOKOJagHa
TJ1a3yp, K KOHIUTEPCHKHI BUPIO Ma€ XapaKTCPHUCTUKY:
0araTOKOMIIOHCHTHHUI XapuyoBHI MPOIYKT, TOTOBUH 10O
BXXHMBAaHHS, Ma€ ITIEBHY 3amaHy (opMy, OTpHMaHHHA B
pe3yNbTaTi TEXHOJOTIYHOT OOpOOKM OCHOBHUX BHUIB
CUPOBHHH — TI[yKpy 1 JKUpiB, KakKao-MPOAYKTiB, 3
JlolaBaHHsAM ab0 0e3 JoJaBaHHs Xap4YOBUX IHTPEIi€HTIB,
XapyoBUX J00aBOK i apomatm3atopiB [1-3] (tabm. 1:
mokojax 1 — 6e3 JoaaTkiB; 2 — MOJIOYHHM; 3— MOJIOYHHI
3 ropixamu; 4 — MOPUCTHH MOJIOYHUI).

MeTta noCHiIKEHHS — Yy Tpollecax Iia3ypyBaHHS
HCOOXIZTHO BCTAHOBHTH 3B'I30K MK BIJIACTHBOCTSIMH
IUIMHHOCTI MacH, TOBIIMHOK INApy Tia3ypi, MIBUIKICTIO
ii Kpucramizamii 1 3acTHraHHs, 3JaTHICTIO MacH
npuiAMaTh KOHKPETHY (hopMy Ta BIAMOBIZATH BUMOTaM
HOpMaTUBHO-TeXHIUHOT nokymeHTamii (HT/T).

Ta6mumg 1 — Cepenniil XIMIYHHHA CKIIAJ] MOKOJIATY

Ckiaf 1 2 3 4
Boja 0.8 0.9 0.9 0.9
Binku 5.4 6.9 7.3 6.9
Kupu 353 35.7 34.5 35.55
Byrnesoau 47.2 49.5 49.8 494
KiitkoBruHa 3.9 2.0 2.1 2.1
OpraniyHi KHCIOTH 0.9 0.5 0.55 0.7
3oma 1.1 1.6 1.6 1.6
Bitaminn (MKk): A - Crmign | Cmigu | Crnigu
B1 0.04 0.05 0.05 0.05
B2 0.12 0.26 0.22 0.26
PP 0.74 0.50 0.49 0.50
Eneprernuna

ninHicTh (Kkaim) 540 547 541 545

PoGota mpucBsUEeHAa PO3MIUPEHHIO PI3HOBUIIB
MIOKOJQJHOT TJIa3ypi 3 PpOCIMHHOI Ta  MOJIOYHOI
CHPOBMHM 3 VypaxyBaHHSIM CYYacHHX YSBJICHb IIPO
PO3pOOKY CY4aCHHUX TEXHOJIOTIH iX BUKOPHUCTAHHS.

© Byxkano C.I., 3emensko M.JL., Irnin C.I1., 2021
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AHami3  TEOpPETMYHHMX  IEPEeAyMOB  3aBIAaHHS
JOCHIJKEHb € BHIYCK (YHKLIIOHAJIBHUX Xap4yOBUX
HPOJYKTIB JUis pi3HOBUIIB JUETUYHOTO,
npodiTakTHIHOTO 1 JIKyBJIBHO-TIPOQiTAKTHIHOTO
XapuyBaHHS.

AHaJi3 JiTepaTypHUX JaHMX Ta BiZoMocTi mpo
TEeXHOJIOTiI0 BUPOOHHMITBA.

JlocmipKkeHHsT BYEHHX MOKa3yloTh, [0 BEJIHKY
IIHHICT S OpTaHi3My JIIOAWHH TPEJCTABISIOTH
noninenacuueHi sxupHi kucnoru (ITHXKK), mo MictiaTees
B POCIMHHUX OJigx (Tabn. 2), TOJOBHUM YHHOM Yy
HaciHHI Ta mjoAax. BUKOpHUCTaHHS pPOCIMHHOI Ta
MOJIOYHOI CHPOBMHM B TEXHOJIOTISX IIOKOJIAJHHUX
BUPOOIB € NMEPCHEKTUBHUM 3 OTJIIIY Ha PI3HOMAHITTS iX
XIMIYHOrO ckjany. 3 iHIIOro GOKy, CKIaJ0Bl PEYOBHHHU
TaKoi CHPOBHHU (Xap4oBi BOJOKHA, O1TKK TOIIO) MOXKYTh
BCTYIATH y B3aEMOJIIO 3 PELENTYPHUMU KOMIIOHEHTaMHU
IyKEpOK 1 BIUIMBAaTH Ha Tepedir TEXHOJOTIYHUX
mporeciB. 3Bakaroud Ha Te, M0 METOI poOOTH OyIiio
YAOCKOHAJICHHS TEXHOJIOT11 IOKOJIATHUX Mac TJa3ypi, Ha
HAaCTYITHOMY erarti BBaKaJIn 3a JOLIbHE
npoaHaji3yBaTH 0coOIMBOCTI (hopMyBaHHS ii CTPYKTYpH.

Tabmug 2. Jleski BiTOMOCTI TIpo BMICT JIITiiB

KommonenT Bwicr , %
COHSIIIHUK CEMSHKA 30,00-58,00
baBoBHMK 20,00-29,00
JIboH HaciHHsA 30,00-48,00
Cos HaciHHI 15,00-25,00
Macmuau 28,00-50,00
Tipuwmist 25,00-49,00
[Tmenums 2,70
Kuro 2,50
Kykypynza 5,60
Kakao (0600m) 49,00-57,00
Koxocosa naisma (xompa) 65,00-72,00
Jlimigm  —  cxmamui  cymimi  ediponoaiOHuX

OpraHiyHHUX 3’€IHaHb 3 OJM3BKUMHU (I3UKO-XIMIYHUMHU
BJIACTUBOCTSIMH, SIKA 3HAXOJMTHCS y KIITHHAX POCIUH,
TBapUH Ta MIKPOOPTaHi3MiB. YHIKaJIbHHHA  CIIEKTP
JKyBaJbHO-TIPOQITaKTUIHUX edekTiB 3yMOBHB
MUPOKUH Jiana3oH Jjs iX 3acToCyBaHHS. BUKOpUCTaHHSI
Macen i JKHpIB Mpu BUPOOHMIITBI IIOKOJAIHOI TUIazypi
3yMOBJIEHO iX YHIKaJbHUMH  BJIACTUBOCTAMH: I
IHIPEAI€HTH HaJal0Th NPOJYKTaM MEBHY KOHCHCTEHIIIO 1
NPUEMHY TEKCTYpPY, CIPHUAIOTH IMIBUAKOMY HACHUYCHHIO, a
TaKOXK 3a0e3MeuyI0Th HeoOXiaH1 TEXHOJIOTIYHI
XapaKTepUCTUKH,  HANpPUKIaJ,  KOHCHUCTEHIII0  Ta
TeKy4icTb. [lo’KMBHa LIHHICT Macesl 1 JKUpIB IIpU
BUPOOHMITBI  LIOKOJAagHOI  Iia3ypli  BH3HAYAETHCS
JKUPHOKHCJIOTHUM  CKJIaOM, a TaKoX pPO3MOJiIoM
JKUPHUX KHUCJIOT B MOJIEKYJl TPUTIINEpUIiB. Y CBOIO
4epry, OKUPHI KHCJIOTH, SK OCHOBHI CTPYKTYpHi
€JIeMEHTH TPUTIIIECPUIiB, 3HAYHO PO3PI3HAIOTHECA I10
JIOBXKHHI BYTJICLIEBOTO JIAHIIIOTA, YKHCITY 1 TIOJIOKCHHIO B
Hii MOABIMHMX 3B'A3KiB, MPOCTOPOBOI KOH(Iryparero,

mo oOymoBioe iX (i3uuHi, XimiyHi 1 OiosoriuHi
BIIACTHBOCTI [1-6].

JocnijpkeHHs BILIMBY Xap4oBoi 100aBKH Ha SIKICTbh
IIOKOJQJIHOT THa3ypi BH3HAYMIM 32 IHHOBAI[iHHUM
BHOOPOM €MYJIbraTopiB, HANPUKIAA, CyMill MOHO- i
nmiarmurineponis [TY YV 20.5-02070758-002-2012] B
MOEHAHHI 13 CYXOI0 MOJIOYHOIO CHPOBATKOIO Ta
(dbpykTOBHM KOHIIEHTPATOM. TexHonoriYHUMHU
XapaKTePUCTUKAMU OTPHMAHOI IIIOKOJIATHOI TJazypi
BU3HAYCHI PEOJIOTiUHI, OpraHoJIeNTHYHI Ta (i3uKo-
XiMIYHI TOKa3HUKHM. 3pa3Kd LIOKOJagHOI  Tuasypi
TOTYBaJM Yy J1aDOpaTOpHUX yMOBaxX. 3a OCHOBY
OCTIDKCHHST Oy/no 00paHO pelenTypy IIOKOJaJHOL

riasypi, sSIKy HaBeAeHo Taduumi 3.

Tabnuusg 3 — Peuenrtypa niokosaHoi riasypi

Kommonent Bwmict , %
Kakao-maciio 17,42-18,42
Kakao-tepte 42,48
IlykpoBa mynpa 39,1
TIAP 0-1

KoMOiHyBaHHS MOJIOYHOTO JKHPY 1 POCIMHHUX
Maces 3a0e3nedye MOTSHIIHY MOXJIMBICTh B3aEMHOTO
30aradeHHsl CKIIQJOBUX IHTPEIIEHTIB pEIenTypH 3a
omHUM abo0 [OeKUIbKOMa TIOKa3HHKAaMH 1 J03BOJISIE
CTBOPIOBATH MPOAYKTH 30aJIaHCOBAHOTO CKJIAAY, B
TOMY YHCIl CIEI[iaJbHO PO3POOJICHUX LITBOBHX

PI3HOBUIIIB.

Taxum YHHOM, oITUMi3aris ckiany i
BJIACTUBOCTEH 3 MECTOI0 CTBOPCHHS HPOIYKTIB,
HaNOLIb I MOBHO BIAIIOBIIHUX TEXHOJIOTIT
BHPOOHHUIITBA Ta SAKOCTI MPOIYKIli, 3yMOBIIOE
HaIpPsIMKH pO3pOOKH IHHOBAITIHHUX CHCTEM.

IMpoekTyBaHHS CKJIaly MPOAYKTIB 3 YypaxyBaHHIM
BAMOT  30amaHCOBAaHOCTI 32  JKUPHOKHCIIOTHHUM,
aMiHOKWCJIOTHUM, MIiHEPAIbHOMY 1  BiTaMiHHOMY
CKIaIOM € TMPEeIMETOM MPIOPUTCTHUX HAYKOBHUX
JIOCIIZKEHb Ta IPAKTUYHUX po3po0oK [6-9]

Onnc HAyKOBOTO OOIPYHTYBAHHSl aJTOPHUTMY
BH3HAYEHHS MaTeMATHIHUX Mojereit
€KCIEPUMEHTATBLHOTO 10 CTi/IKeHHSI.

BionoriyHa eheKTUBHICTH JiMiIiB BU3HAYAETHCS, 3
OIHOrO  OOKYy, CTPYKTYPDHHMH  XapaKTepHUCTHKaMHU
JKUPHUAX KHUCJIOT, 3 I1HIIOTO — iX CIHIBBIJHOIIEHHSIM i
BMICTOM B JKHpaxX pIi3HHX 3a CBO€IO TPHUPOIOI i
(dyHKITIOHATEHOT CIIPSIMOBAHOCTI KOMITOHEHTIB.
OcobnBa poJib B CKIIAl KHUPY HAJECKHUTh €CEHIlIaTbHIM
MOJIHEHACUYEHUX  JKUPHUX  KHCJIOT,  HANPHUKIAJ,
niHosneBoi Cig., niHOIeHOBOI Cig3 1 apaximoHoBoi Cyo.4.
i xupHI KUCIIOTH, K 1 ACSIKI aMiHOKUCIOTH OIJIKIB,
BITHOCATBHCS JIO HC3aMIHHHX, SIKI HE CHHTE3YIOThCS B
opraHiami, i morpeba B HUX MOXKe OyTH 3aJOBOJICHA
TINBKK 32 paxyHOK ixki. JlomaTKoBi KOMIIOHEHTH (CyXy
MOJIOYHY CHpPOBATKy Ta (PYKTOBHUH KOHIICHTPAT)
JI0JIaBald B TJIa3yp 3a PaxyHOK 3MEHIICHHS YaCTKH
mykpoBoi myapu. Kimbkicteh  xapuoBoi n00aBKH —
emymnsratopa 0...1,0%.
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Ha cporoani BUpOOHMKH ILOKOJIQJHUX IJa3ypeit
BCE YACTille CTaJIM BUKOPHCTOBYBATH 3aMICTh CyXOro
MOJIOKa CyXy MOJIOYHY CHpPOBATKy, 3aMiHIOIOYM HpHU
pOMy Jeskuil  Bimcotok 1mykpy. Cyxa MojodHa
cHUpOBaTKa SBISIE CO000I0 IPiOHOIWCIIEPCHUI CyXUid
TITPOCKOINYHUN TOPOIIOK Big OiIOrO 10 KOBTOTO
kompopy. Cmak 1 3amax — COJOIKHH, COJOHYBaTHH,
37IeTKa KHCITyBaTHii, 03 CTOPOHHIX IPUCMAKIB 1 3amaxis.
Cyxuii IPOAYKT BUPOOISLETHCSA 3 HATYpAIBHOI MOJIOYHOT
migicipHOi 200 CHUpPHOi CHPOBAaTKM, sIKa € MHOOIYHUM
MPOJXYKTOM IpU BUPOOHHULTBI cHpiB, cupy abo kaseiny,
METOJIOM PO3IHJIIOBAJIBHOTO a00 IUTIBKOBOTO CYLIiHHS
http://www.kompanion-spb.ru/. CupoBaTka MICTUTh B
cobi Oinku, JlakToO3y, MiHepaau 1 BOAy, HpH
BUTOTOBJICHHI CHPIB 1 CHpPY B Hel NEpexXOJuTh BEJIHKa
YaCTHHA JIAKTO3H, & TAKOXK MPAKTHYHO BCi MOJIOYHI COJIi,
MiHEpaJIbHI PEYOBHMHM 1 MikpoenemMeHTH. Came 1eit
CcKImag poOuTh 11 BKpal KOPUCHOIO IS JIIOJWHHU 1
HE3aMiHHOI0O Yy BHPOOHHITBI 0aratb0X Xap4OBUX
mpoxykriB.  IlpoteiH  cupoBatkm €  HaHOUIBII
JITKO3aCBOIOBAHUM 1 3a CBOIM CKJIaJIOM BiH HaWOUIbII
OMU3BKUI hi(o) Oiyka KIHOYOTO MOJIOKA.
IMyHOCTMMYITIOIOYA J1isi CUPOBATKH IOB'sI3aHa 31 CKIaJ0M
(He3aMIHHMX) aMIHOKMCIOT NPOTEIHY CHPOBAaTKU: Yy
MOPIBHSIHHI 3 Ka3eiHOM B 4 pasu Oinblue mucteiny i B 19
pasiB OinbLIe TpUNTO(haHy, 10 3a0e3neyye pereHepario
OLITKIB ITE€YiHKH, YTBOPEHHS reMOTII00iHY 1 O1IKiB T1a3Mu
KpoBi. http://www.tagris.org/molochnye-belki/syvorotka/

OCHOBHHM  KOMIIOHGHTOM  CyXHX  PEYOBHH
CHPOBaTKM € MOJOYHHHA IyKop (JaxTo3a). Iimpomis
(po3kimamaHHsA) JIAKTO3M B  KHIICYHUKY IIPOTIKA€e
MOBUTBHO, y 3B'I3Ky 3 YHM OOMEXYIOThCS TMPOLECH
OpOMIHHS 1 HOPMAJI3YETHCS KUTTENSUIBHICTH KOPUCHOT
KUIIKOBOi MIKpO(UIOPH — CHOBUIBHIOIOTHCS THHIIBHI
NPOLIECH, Ta30yTBOPCHHS 1 BCMOKTYBAaHHS TOKCHYHHUX
THWIBHUX TMIPOJIYKTIB. Y MOJIOYHIH CHPOBATI MICTUTHCS
HeBenMKa KuUtbKicTb sxupy 0,05-0,4 %, mpote sKicTh
Horo Bucoka. L[iHHICTP MOJIOYHOTO XHpPY CHPOBATKH
BH3HAUYAETHCS HasABHICTIO QocdomimiaiB, sKi OepyTh
ydacThb y TIIpolecax TIepenadi KHCHIO 1 TIO3UTHBHO
BIUIMBAIOTh Ha 3TOPTAaHHSA KPOBI, OKUCIEHHS >KHUPHUX
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KHCJIOT, TIOCWIEHHS JisutbHOCTI  (epmeHTiB. Kup
MOJIOYHOI CHPOBAaTKM Ma€ BHCOKY 3acCBOIOBAHICTH 3a
PaxyHOK HasiBHOCTI JPiOHNX )KUPOBHX KYJIBOK.

[Ipy BHPOOHWUTBI JKUPOBHX THazypell Cyxy
MOJIOYHY CHPOBATKy BBOASATH B CYMIIl 3 CYyXHMH
KOMIOHEHTaMH, Tepea0adyeHnuMH pelenTyporo (Kakao-
TTOPOIITKOM, ITYKPOM Ta iH), B KUTBKOCTI 5% MacH IyKpy B
penenTypi, Ipu HbOMY KiJIbKiCTh IIYKPY 3MEHIIY€ETHCS Ha
5% B PO3paxyHKy Ha Cyxy PEUYOBHUHY:
http://www.tagris.org/molochnye-belki/syvorotka/]. Ix
BBE/ICHHS HE IIOBHHHO NOTIpINYBaTH SIKICTb T'OTOBOT'O
nponykry (tabn. 4). ToMmy pauioHanbHe J103yBaHHS
JIOJJATKOBUX KOMIIOHCHTIB BH3HAYAJIHM, BUXOIIYH 13
OPraHOJICITUYHUX MMOKA3HUKIB SKOCTI TIa3ypi.

Tabnuus 4 — PenenTypu 1oKoiamHOl Taa3ypi 3 CyXOrO

monoyHoto  cupoBarkoro (K1) Ta  ¢pykroBum
koHueHrparom (K2)

Kommnonent Bwmicr K1, % | Bwmicr K2, %
Kakao-macio 17,42-18,42 17,42-18,42
Kakao-repre 42,48 42,48

IlykpoBa mynpa 37,10 33,85
Cyxa MOJIOUHa CUpOBaTKa 2 -
DpyKTOBUI KOHIIEHTPAT - 3,25
ITAP 0-1 0-1

BaxuBuM eTanoM BU3HAYCHHS PAI[iOHAIBLHOTO
CKJIaly pElENTypH HIOKOJAIHOI TNa3ypi € BHU3HAYCHHS
MPUKIIAIIB MATEMATUYHUAX MOJICIICH CKCIICPUMEHTAIbHUX
nociimkens (puc. 1, puc. 2). Jnsg  mocCiimKeHHs
3aJIOKHOCTI  B's3kocTi  Big  KoHueHtpaumii  [TAP
BUKOPUCTOBYBAIIUCSI ~ TaKi TPU  MOJETi:  JiHiIiHA

(1BoxnapamerpuuHa): y = b, +bx ; KBaJpaTHYHA
(TppOXIapamMeTpuuHa):

y=b,+bx+bx’;  MOIEIb

BUYCPIIAHHS 31 3MIHHUM TI0YaTKOBUM 3HAYCHHSIM
(nBoxmapamerpuuna): y =hbe™ Mojenb BUYepnanHs 3i
CTaJUM ITOYaTKOBUM XHAUYCHHSIM (OJHOIApaMETPHUHA):

¥y =5.65¢"" (puc. 3 — puc. 6).

48 A
e
46 - -~
1 Tl
44 ke 1
i . "
% Y ,
2 42 4 \e—e LY
5 40 A -~ u,
E A, 0 “u
N ]
A
36 ——i L ] 2
34 4 N 4
32 T T T T T T T T T '
00 02 04 06 08 1.0

KinekicTs MAP, %

Puc 1 ta 2 — IIpukiaan anropuTMiB MaTEMaTHYHHX MOJEIICH EKCIICPUMEHTY
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Puc. 5 — [pukiaamu Moaesti BUHIepIanHs

Amnani3 pe3ynbrariB KpuBUX 3 puc. 1: kpusa 1
(nrermurrH) — Dmin = 0.00305 mis kBaApaTUIHOT MOJIEII;
kpuBa 2 — Dmin = 0.00127 nns moxeni BUYepnaHHS 3
OIHIM TIapaMeTpoM (XapdoBa H00aBKa-eMyJIbraTop 3
BiZIIIpaIibOBaHOI TaJBLMOBOI 0OJil); KpuBa 3 (XapuoBa
no0aBKa-eMyJIbraTop 3 TBAPHHHOTO JXKUPY) — Dmin =
0.04794 s ninitHOT MO,

AHami3 pe3ynbpTaTiB KpUBHX 3 pHC. 2: KpuBa |
(nrermurrH) — Dmin = 0.00163 is kBaApaTUIHOT MOJIEII;
KpHUBa 2 (xapuoBa J00aBKa-eMyIIbraTop 3
BiIIIpaIbOBaHOi maibMOBOI 01ii) — Dmin = 0.00192 s
MOJICJi BUYEPIAHHS 3 JBOMAa IMapaMeTpaMu; KpuBa 3
(xapuoBa  jm00aBKa-eMyJnbpraTop 3  BiANPabOBAHOI
naneMoBoi onii) — Dmin = 0.00305 mis kBagpaTHUHOL
MOZEIT.

AHani3 pe3yabTatiB gociixkenHs. Ilepmr 3a Bce

Tpeba BIJI3HAYUTH, 11 (0} 3a Kiacudikaiero-
inentudikamiero kakao wmacimo (CB) mpuponmHuUH,
JIOPOTHHA  IHTPENi€HT, TOMY HOCTITHUKH TIIOCTIHHO

PO3POOJIAIOTh Pi3HOBUIN abTEPHATUBHOI CHPOBHHH 3a
MIPUHHSATOIO CBITOBOIO KilacH(iKalieo-11eHTU]IKaLI€r0:
1) CBE sk exBiBaJeHTH Kakao Macia — JKUPH, L0
MaroTh JTyke cxoxuil 3 CB >KUPHO-KMCIOTHMH CKiIaf,
MOXYTb OyTH 3Millani 3 HUM y OynIb-sKOMY

]

il 02 04 0.6 0.8 1
Konuentpania TTAP, %

Puc. 6 — [pukiamu Moaesti BHIepanus 2

cuiBBinHomenni.  [nmasypi Ha CBE  HeoOximHO
TEMIIEpYBaTH, KPIM BUMAIKIB, KOJU T'OTOBUH MPOIYKT
IiiaeThest 30€piraHHIo IIPU HEraTHBHUX TEMIEPaTypax;

2) CBR sk 3aMiHHMKH Kakao Maclia — KHUPH
HEJIaypHHOBOTO TIOXO/KeHHA, cyMicHiCT 3 CB 3
KHPOBOI OCHOBI cTaHOBUTH 20%. IcHYe mBa THIH XHUPIB,
SIKi  BIAPI3HSIOTBCS ~ METOJOM  OTpPUMAaHHSA:  a0o
rigporeHizamii TpUPOTHUX oM abo OUTBII CKJIAJHOT
kKoMmOiHawielo  nepepoOKku (dpakuioHyBaHH Ta
rinporenizauis. CBR He BUMaraioth TemMrepyBaHHs;

3) CBS sx cyporarm Kakao-mMaciia — JKHPH
JIAYpPUHOBOTO TIOXOJDKEHHS, J>KUPHO-KUCIOTHHUH CKIax
SKMX TMOBHICTIO He 30iraerbes 3 CB. [lomyckaeTbes
Tinbku 5% npucyrnocti CBS B *kupoBii 0CHOBI, TOMY B
SIKOCTI HOCISl KaKao YaCTMHOK MOJJIMBE BHKOPHUCTaHHS
TUTBKH KaKao-TIOPOIIKY HHU3bKOi >kupHOCTi, CBS He
BHMAaraioTh TEMIICPyBaHHS.

Cepen MONTUPEHINTUX BUIIB TIa3ypi KOHIUTEPCHKOL
ramy3i Xap4oBoi MPOMUCIOBOCTI Y HAITUX JOCITiIKESHHIX
BHINIEHI HACTymHI: mOIOKOoMagHa rinazyp (y CKiami
MPOAYKTY Ma€ MICTAThCI He MeHme 25% Kakao-
nopowky i Omm3pko 12% Macnma kakao); Triasyp,
BUTOTOBJICHA 3 MOJIOYHOTO IIOKOJNAAy BIIPI3HAETHCS
BMICTOM y CBOEMY CKJaJi KpiM Kakao-IOpPOLIKY 1 Macya
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Kakao MOJIOKA, & TaKOX MOJIOYHOTO Kupy; Oija riasyp
MICTUTh y CBOEMY CKJIaJi BEJIMKY KUIbKICTH MOJIOKa, a
TaKOX MOJIOYHOTO JKHPY, 4Yepe3 L0 NMpOAyKT HalyBae
XapakTepHUH KOJIp; KJIAaCHYHA KOHIUTEPChbKa IJIa3yp
MIPUTOTOBJICHA 3 HYKPY 1 Kakao MpPOAYKTIB; ITyKpoBa

IJ1a3yp  BiIPI3HAETBCS  IMIBHAKICTIO 1 JIETKICTIO
MPUTOTYBAHHSI.
CriBBIHOIIIEHHS OCHOBHHX KOMITOHEHTIB

peLenTypy IIOKOJNAaJHOI MacH MOXE KOJIUBATHCS B
3HAYHKUX Mexax (Tabin. 5 ta 6). [Ipore € psix oOMexeHb,
SKi OOYMOBJICHI, 3 OJHI€I0 CTOPOHH, TEXHOJIOTIEIO
BUPOOHMLTBA, a 3 APYroi - CIHOXXHUBUUMH SIKOCTSIMH,
TOJIOBHUM YMHOM cMakoM. Hampukian, macoBa yacTka
JKUPY B HIOKOJAIHIH Maci NOBHHHA 3HaXOIUTHCS B
Mexxax 31-36%. Takmit BMmicT kupy 3abe3meuye
HeOOXimHy It (opMyBaHHS TeKydicTh Mach. JKup
BBOJATh B IIOKOJAAHY Macy y BHIJIAIl Kakao Macnia
pa3oM 3 Kakao TEepTUM (MacoBa 4YacTKa KHPY OJHM3BKO

Tabmmus 5 —

54%). Y 3B'13ky 3 1UM Ipu 30UIBIICHHI YaCTKH KaKao
TEpTOro, Mae OyTH B3HM)KCHA 4YacTKa Kakao ol i
HaBmaku. [IpW [BOMY CJil BpPaxoOBYBaTH, IO JICIKY
KUTBKICTB JKHPY MOXHA BBOAWTH 3 A0OaBKamMu (MOJIOKO,
ropix, coeBi pochaTuaHi KOHIIEHTPATH TOIIIO).

3 MeTOI0 3HIKCHHS B'I3KOCTI MIOKOJIAIHHX Mac
3aCTOCOBYIOTH POCHHMHHI (pocdaTumaHi KOHIEHTpPATH:
TIPUKIAIOM OJIHOTO 3 HaRO1TBIIT ITUPOKO
BUKOPHUCTOBYBAHMNX XapUOBHX €MYNbIaTOPiB € JICIUTHH.
JonaBanHs CcyXx0oi MOJIOYHOI CHPOBAaTKH JO3BOJISIE
3um3uTH B’si3kicTh (Ila-c) rmasypyBanbHOI cucteMu 10
3200 B mopiBHAHHI 3 B’S3KICTIO KJIACHUYHOI I7asypi, ska
cranoButh 3300. JlomaBanus 0,4% xapuoBoi n0OaBKU-
eMyJbraTopa 3 TBApUHHOTO JXUPY JO3BOJISE 3HU3UTH
B’SI3KICTh IIOKOJAHOI rasypi 10 2690, a mpu nonaBaHHi
JenUTHHY abo XapyoBHX JOOaBKH-eMyJbratopa 3
BiIMIPAIbOBaHOT TAJBMOBOI  OMii TakuUi TOKa3HUK
nocsiraethest Bxke pu 0,3% ITAP (puc. 1).

3arampbHa KiIacudikamis-iqeHTH(IKAS MaTeMaTHIHUX MOJENeH Uil  Pi3HOBHIIB

03po0JIeHHX T1a3ypeii 3a puc. 1.

Bun

MaremaTi4Hi MO A/l PI3HOBHU/IIB EKCIIEPUMEHTAIBHIX 3aJICKHOCTEH Ta3ypei 3 puc. 1.

1

Jliniiina mogens y = b(0)+b(1)*x; y = 3.14762 -0.57857*x. loBipui iHTepBanu 1is MapamMeTpiB MOJEII:

3.01372 <=b0 <= 3.28152;-0.79971 <=bl <= -0.35744.

KBangpatnana monens y = b(0)+b(1)*x+b(2)*x"2; y = 3.19821 -0.95804*x +0.37946*x"2; oBipui iHTepBanmm
Jutst mapameTpiB Mozedi: 3.03883 <= b0 <= 3.35760; -1.70765 <= bl <=-0.20842; -0.34008 <= b2 <=1.09901.
Mopgens Budepnanus y = b(1)*e(-b(2)*x); y = 3.15845%e( -0.20461*x). [JloBipui iHTEepBaIM Ul IapaMeTpiB
Mozeni: 2.94514 <=bl <=3.37175; 0.08522 <=b2 <= 0.32401

Jliniiina mogens y = b(0)+b(1)*x; y = 3.16905 -0.82143*x. JloBipui iHTepBaiu 1Jisl IApaMeTpiB MOJIEI:

3.06978 <=b0 <=3.26832; -0.98537 <=Dbl <= -0.65749.

Kaapatnuna mozaens y = b(0)+b(1)*x+b(2)*x"2; y = 3.21071 -1.13393*x +0.31250*x"2. JloBip4i iHTepBaIH IJIsI
napamerpiB Mozeni: 3.10634 <=b0 <= 3.31509; -1.62483 <=bl <= -0.64303; -0.15870 <=b2 <= 0.78370.
Mopgens Budepnanus y = b(1)*e(-b(2)*x); y = 3.18812%*e( -0.30017*x). JloBipui iHTepBaNyM Ul IapaMeTpiB
mozteni: 3.05087 <=bl <= 3.32537; 0.22144 <= b2 <= 0.37890.

Jlinittna mogens y = b(0)+b(1)*x; y = 3.33571 -1.89143*x. [loBipui iHTepBaim /IS MapaMeTpiB MOJEII:

2.89576 <=b0 <=3.77567; -2.61800 <=bl <=-1.16486.

Kaapatnuna mozaenb y = b(0)+b(1)*x+b(2)*x"2; y=3.36786 -2.13250*x +0.24107*x"2. JloBipui iHTepBaIn 115
napaMeTpiB Mozeni: 2.64528 <=b0 <=4.09043; -5.53088 <=bl <= 1.26588; -3.02098 <= b2 <= 3.50312.
Mopens Budepnannst y = b(1)*eN(-b(2)*x); y = 3.41634*e( -0.78388*x). JloBipui iHTepBaiu Ui HapaMeTpiB
Mozteni: 2.54955 <=bl <=4.28312; 0.22383 <= b2 <= 1.34392.

Tabmuus 6 —

3aranpHa KiacuQikamis-ineHTHQIKANS MAaTEMAaTHYHUX MOJENCH IS PI3HOBHIIB

03p0o0JIeHHX Ta3ypei 3a puc. 2.

Bun

MaremMaTiu4dHi MOJIEINI JJIsl PI3HOBU/IIB EKCIIEPUMEHTAIFHIX 3aJICKHOCTEH Ta3ype 3 puc. 2

1

Jlinittna mogens y = b(0)+b(1)*x; y = 4.73905 -0.75143*x. JloBipui iHTepBanm IS MapaMeTpiB MOJEII:

4.59667 <=b0 <=4.88143; -0.98656 <= bl <=-0.51630.

KBanpatnana monens y = b(0)+b(1)*x+b(2)*x"2; y = 4.67179 -0.24696*x -0.50446*x"2. JloBipui iHTEepBaAIH 15
napameTpiB Mogeni: 4.55545 <=b0 <=4.78813; -0.79413 <=bl <= 0.30020; -1.02968 <=b2 <= 0.02075.
Mopgens Buuepnanus y = b(1)*e(-b(2)*x); y = 4.74357*e”( -0.17046*x). [JloBipui iHTepBaiu 1Jisi HapaMeTpiB
mozieni: 4.47679 <=bl <=5.01035; 0.07220 <=b2 <= 0.26872.

Jlinittna mogens y = b(0)+b(1)*x; y = 4.64571 -1.06143*x. JloBipui iHTepBam IS MapaMeTpiB MOJEII:

4.54672 <=b0 <=4.74471; -1.22492 <= bl <=-0.89794.

KBanpatnana mogens y = b(0)+b(1)*x+b(2)*x"2; y = 4.67071 -1.24893*x +0.18750*x"2. JloBipui iHTEepBaIH IS
napaMeTpiB Mozeni: 4.52546 <=b0 <=4.81597; -1.93209 <=bl <=-0.56576; -0.46826 <= b2 <= 0.84326.
Mopgens Buuepnanus y = b(1)*e”(-b(2)*x); y = 4.66494%e"( -0.25868*x). [JloBipui iHTepBaiu 1isi HapaMeTpiB
mozieni: 4.51241 <=bl <=4.81746; 0.19977 <=b2 <= 0.31759.

Jliniiina mogens y = b(0)+b(1)*x; y =4.63095 -1.27857*x. JloBipui iHTepBaiu 1Jisi IapaMeTpiB MOJIEI:

4.46355 <=b0 <=4.79836; -1.55503 <=bl <=-1.00211.

KBanpatnana mogens y = b(0)+b(1)*x+b(2)*x"2; y = 4.70536 -1.83661*x +0.55804*x"2. JloBipui iHTEepBaIH IS
napaMeTpiB Mogzeni: 4.54597 <=b0 <= 4.86474; -2.58622 <=bl <=-1.08699; -0.16151 <=b2 <=1.27758.
Mopgens Buuepmanus y = b(1)*e”(-b(2)*x); y = 4.66398*e”( -0.32362*x). [loBipui iHTepBaIM IJIs mapaMeTpiB
mogzeni: 4.43833 <=bl <=4.88963; 0.23438 <=b2 <= 0.41285.
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B’saskicte  rmasypi  (ITac) 3  nmonmaBaHHsIM
¢pykroBoro KoHueHTpary (puc. 2) 30uIbIIMIACE 0
4700, B MOpiBHSIHHI 3 B’S3KICTIO KIIACHUYHOI IM1a3ypi, ska
cranoButh 3300. ITpu nomaBanni 1% ITAP nHaiikpammit
pe3ysbTaT B’S3KOCTI CIOCTEpIraBcsi 3 BUKOPHUCTAHHIM
Xap4oBOi 00ABKU-eMyIbraTopa 3 TBAapHHHOTO XHPY
(3400), mpu TOMy, IO 3 BHUKOPHCTAHHSM JICIIUTHHY
JIOCITipKyBaHuH Toka3HUK csraB 3900, a 3 Xap4oBoro
J100aBKOIO-eMYJIraTOpOM 3 BiIIpanbOBaHOI MAIEMOBOT
omii — 3600.

BucHoBKM Ta  mepcneKTHBH
PO3BHTKY 1aHOT0 HANPSIMKY.

JlonaBaHHs  CyXxoi  MOJIOYHOI  CHpOBaTkum i
(pyKTOBOrO KOHIIEHTpaTy BIUIMBA€ Ha 3MiHY B’S3KOCTI
mokonaaHoi mmazypi. Tak 3 [1ogaBaHHAM NEPIIOrO
KOMITOHEHTa B’s13KicTh 3 3300 3HmKyeThes g0 3200 Ila-c,
a 3 JOJaBaHHAM JPYroro KOMITOHEHTa Ta X BEIWYHHA
migsumryeTbest 10 4700 Ila-c. 3HMKEHHS B’S3KOCTI ISt
BCIX pEIeNnTyp NIOKONAIHUX TJa3yped € HeoOXiITHUM,
TaK SK 31 3HKEHHSM B’SI3KOCTI 301JBIIATHCSA TEKYUiCTh
ria3yped, i SIK HacliJoK, BOHM OyAyTh pIBHOMIpHO
NOKPUBAaTH KOHAWTEPCHKUH BUPIO, MO MOJIMNIIUTH
nporiec riazypyBanHs. HeoOXimHICTh aHami3y HpOIECiB
BUPOOHMITBA IIOKOJIQJHOI IJa3ypi 1 pauioHalnbHOTO
JOJJaBaHHsA i J0 PEUenTypu pPEeUenTypu BUPOOIB
OOTPYHTOBYETBCS ~ HACTYNHMMHM  MIPKYBaHHAMH. Y
MIOKOJaaHIK Maci UIs BUTOTOBJICHHS 3 Hel BHpPOOIB
KUTbKICTh Kakao-macnma 34-36 %, a g rinasypi —
HeOarato Oimbme (s 3abe3medueHHs  Oimbimoi i
MIMHHOCTI). OCHOBHI TIOKa3HWKH TEXHOJOTIYHOI SKOCTI
IOKOJaaHOT  Thasypi, M0  perjaMeHTOBaHi  y
HOPMAaTUBHIN JOKyMEHTAIlil, MOXXHa YMOBHO PO3IITUTH
Ha KIJIbKICHI: B’3KICTh, CTaOUIBHICTb, TeMIeparypa
BUKODHCTAaHHS Ta SKICHI (30BHIIUHIM BUIIAL Ta
OpraHoJIENTHYHI MOoKa3HUKHM). CaMe KUIBKICHI TOKa3HUKU
Oynu BU3HAYEHI U OTPUMAHUX HAMM ILIOKOJIaJHHX
rila3yped mpH pi3HUX KOHIEHTpaLisiX MOBEPXHEBO-
aktuBHUX pedoBuH (ITAP), sika konuBanacs B Mexax 1—
1,0% (mac.), 3 momanbIIMM BCTAHOBJICHHAM MiX HHMHU
neBHOT 3anexHocti [10—12].
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S. I. BUKHKALO, MARIIA ZEMELKO, S. P. IGLIN
RESEARCH OF THE INFLUENCE OF THE COMPONENTS OF CHOCOLATE GLAZES
ON THEIR RHEOLOGICAL CHARACTERISTICS

Chocolate glaze is a large-tonnage component of various branches of food technology, which also performs important technological
tasks, namely: helps to slow down oxidation processes; improving emulsifying and dispersing properties; prevents hardening of
certain types of products; prevents the ingress of moisture, which increases the shelf life of the confectionery, etc. At the first stage,
the main problems of production of the confectionery industry are determined - they require a scientific justification for the choice
of competitive components of production technology, taking into account quality-cost indicators. Next, for the specified parameters
of the production technology determine the components of the formulation of chocolate glazes. As an example, the results of
studies of selected technological parameters of some compositions of chocolate glazes, a comparative analysis of their effectiveness
on the rheological properties of compositions based on cocoa butter: alternative surfactants — standard lecithin — alternative
surfactants - monoglycerides and a mixture of mono-, di- and triglycerides from palm oil by glycerolysis in the presence of an
alkaline catalyst. Analysis of the system of results and calculation equations allowed to offer recommendations for the
intensification of production processes: effectively reduces the viscosity of compositions based on cocoa butter, which, in turn,
makes it possible to use them for partial replacement of lecithin in the manufacture of confectionery.
Key words: chocolate glazes, rheological characteristics, intensification of technological processes.

C. U. BYXKAJIO, M. 1. 3SEMEJIBKO, C. II. UTJIHH .
HUCCIIEAJOBAHUSA BJIUAHUA COCTABJIAIOIUX ITOKOJAAHBIX I'NTIA3YPEU
HA UX PEOJIO'MYECKHE XAPAKTEPUCTUKHN

IMponomkeHs! HCCIeNOBaHUS MaTeMaTHYECKHX MoJeel MIOKOJIagHON Tia3ypH Kak oObeKTa KOHIUTEPCKOM OTpacii IHUIIEBOH
TEXHOJIOTHH, C IIENBI0 M3y4EeHHUsS PEOJIOTHYECKUX XapaKTepPHUCTUK. BaskHble TEXHOIOTHYecKHe 3aJadd, a UMEHHO: CIIOCOOCTBYET
3aMEIJICHUIO NIPOLECCOB OKUCIICHUS; YIyYIICHHUIO SMYNIbIUPYIOMNX U JUCHEPTHPYIONINX CBOHCTB; MPEJOTBpAIlacT OYepCTBEHHIE
OT/ENBHBIX BUJOB MPOAYKLUUH; MPEISITCTBYET MONAJaHUIO BIIarH, YeM yBEMUMBAECT CPOK FOAHOCTH KOHAUTEPCKOTO U3JAENHS U JP.
Ha BTOpoM sTame ompenensioTcsi OCHOBHBIE MPOOJIEMBI — HAaydHOE OOOCHOBAHME PELENTYPHBIX COCTAaBISIOMIMX TEXHOJIOTHH
MPOU3BOJCTBA MPOIYKIMH C Y4EeTOM IOKazaTened KauecTBO-cebecTommocTh. Jlamee Uil 3aJaHHBIX NapaMeTPOB TEXHOJIOTHH
MPOU3BOJICTBA OMPENEISIOT COCTABISIONINE PELENTYpPhl IOKOJAJHbIX TIa3ypeil. B kadecTBe mpumepa NmpeacTaBleHbl Pe3yabTaThl
HCCIIeI0BaHUN BBIOPAHHBIX TEXHONOTHYECKHX IapaMETPOB HEKOTOPBIX KOMIO3HMLUH HIOKONAAHBIX Ta3ypei CpaBHUTENbHBIN
aHanm3 3G (HEeKTUBHOCTH UX BO3AEHCTBHS Ha PEOJIOTMYECKHE CBOMCTBAa KOMIIO3UIUH Ha OCHOBE Kakao-Macia. AHaJIN3 MMOIy4eHHBIX
Pe3yIbTAaTOB M PACUETHBIX YPABHCHUH MO3BOJIILII NPEIIOKUTH PEKOMEHIAIMH 110 HHTEHCH(HKAIN MPOLECCOB IPOU3BOACTBA, YTO
3¢ }eKTHBHO CHIDKAaeT BA3KOCTh KOMIIO3UIIMI Ha OCHOBE KaKao-Macia, M, B CBOIO O4epeib, JaeT BO3MOKHOCTh HCIIOJIB30BAaTh UX
IUISL 9aCTHYHOM 3aMEHBI JICUTHHA [IPH TPOM3BOJICTBE KOHIUTEPCKUX U3JIETUI.

KnroueBble ci10Ba: INOKONAAHBIE TIJIA3ypH, PEOJIOTHUYECKHE XapaKTePHCTHKH, WHTCHCH(UKAIUS TEXHOJIOTHYECKUX
MPOLIECCOB.
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S. 1. BUKHKALO, A. O. AGEICHEVA, Z. H. DERKUNSKA, N. PSHYCHKINA, A. VYPOVSKA
STARTUP PROJECTS MACHINE TRANSLATION STRATEGY IN EXAMPLES AND PROBLEMS

The importance of ICT usage implementation in the startup project machine translation is analyzed. It has been studied that
translation is of great importance for any startup project for establishing relationships with potential clients around the world. The
role of the translator in the startup project is studied. Translation has been proved to be important for any startup project to build
relationships with potential clients around the world. A comprehensive analysis of the translation of startup projects from Ukrainian
into English using the latest information and communication technologies in this process. Peculiarities of using modern ICT in
translating the description of startup projects from Ukrainian into English are obvious. Exploring the use of information and
computer technology in the translation process. It is determined that it is important for a translator of a startup project to understand
all the features of using the software, choose the appropriate programs or online tools and develop a strategy for the translation
process in the project. The results of this work are very important and necessary for further study of the features of the use of ICT in
the translation of startup projects. Startup projects machine translation strategy is given in examples and problems for better

understanding

Key words: ICT, Information and Communications Technology, translation, startup projects, strategy

Introduction. Worldwide demand of translation
services has dramatically accelerated in the last decades,
as an effect of the market globalization and the growth of
the Information Society. Machine translation (MT) is fast
and cheap but far from publication quality. Computer
assisted translation tools are currently the dominant
technology in the translation and localization market, and
those including machine translation engines are on the
increase. The importance of developing the state in an
innovative direction has been discussed in Ukraine: the
necessary laws are adopted, programs are approved,
technology transfer centers and business incubators are
developed, trainings, forums and competitions of
innovative ideas are constantly held.

Computer assisted translation tools are currently the
dominant technology in the translation and localization
market, and those including MT engines are on the
increase. A startup is a creative work with a new idea, it
is a search for a business model for an innovative idea
that did not exist before, and which will be able to bring
real income in the future — is a creative environment in
which inventors learn, communicate and work on their
projects; is planning a strategy, in correct management
for entering various markets technology. The startup path
is different from the standard business path. According to
Bert Esserlink, author of one of the first localization
manuals, the project translation includes such types of
work as project management; translation of web content;
translation and computer typesetting of documentation;
translation and arrangement of multimedia elements;
checking the functionality of localized software or web
applications [1]: it can be concluded that the translator is
actively involved in the following stages of project
preparation 1) translation of business strategies,
documentation and certificates, 2) website localization
and its testing, 3) technical support, 4) project promotion
on the market [2].

Identification of previously unsettled parts of the
general problem. Computer-assisted translation is a
broad term, which identifies specific tools and software
used by language professionals to increase the
productivity and improve the quality of their work.

This definition covers software as diverse as
specialised text editors, spell checkers, grammar
checkers, terminology databases, dictionaries, translation
memories, electronic dictionaries, etc. Main components
of any tool are the editor where users read the source text
and input their comtranslations and the translation
memory, a database used to store translated texts. Texts
are generally broken down into minimal units, called
segments, which wusually consist of sentences or
paragraphs. The professional translators requirements
for the machine translation quality are much higher than
those of non-professionals. These figures indicate that
some translators are really interested in using automatic
translation tools to increase labor productivity and reduce
time costs. At the present time, new programs are
constantly appearing, the already known ones are being
updated or radically revised.

The main components of modern information
technology in the translation business should primarily
include: information and reference; accumulation,
archiving, search and restoration tools of fragmented
translations; formatting and conversion means of text
data; translation texts localization means; tools for
translation quality control. The segments found in the
text which match the source text exactly, are called exact
matches or 100% matches and usually do not require any
intervention from the translator. Fuzzy matches are those
that only partially match the source text and are assigned
a different score expressing the percentage of similarity.
Machine translation is nowadays dominated by the so-
called statistical approach, in which the translation
process is expressed as a search problem that computes
an optimal sequence of rule to apply.

The main part.

Translation rules are automatically extracted from a
large parallel corpus and a probabilistic model over the
translation rules that is build and optimised to best fit the
data. According to the employed probabilistic model, the
sequence of rules may generate linear or hierarchical
structures.

© Bukhkalo S.I., Ageicheva A.O., Derkunska ZH.,
Pshychkina N., Vypovska A., 2021
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Progress in MT research has quickly found a way to
the marketplace. Most prominently, perhaps, is the large-
scale effort by Google to make translation for many
language pairs available online, which uses standard
statistical MT methods paired with massive computer
clusters. Google’s MT targets the problem of Web page
translation, while commercial offerings of companies
such as Language Weaver in the United States and
Systran in Europe offer specialized statistical and hybrid
systems to individual clients. Note that the academic
research community is at the forefront of extending the
state of the art in the field.

1) To make the analysis of implementation ICT
usage translation in Startup projects: «As estimated by
the World Bank report (Hoornweg and Bhada-Tata,
2012) about 1.3 x 109 t of Municipal Solid Waste
(MSW) was generated worldwide in 2012, with a
projection to increase to 2.2 x 109 t in 2025. Generally,
over 10 % of this amount is polymer plastics. Current
waste-to-energy technologies are well suitable for
sustainable waste management and mitigation of
environmental effects (Fodor and Klemes, 2012) by
increasing energy efficiency in the area (Tou$ et al.,
2014). However, incineration of plastic solid waste
(PSW) is a major source of air pollution by toxic gases
like Dioxins, Furans, Mercury, Polychlorinated
Biphenyls, Halogens, and other hazardous substances
that are posing a threat to the environment and human
health (Verma et al., 2016). Besides, the initial
production of new plastics requires 4 % of the world's
crude oil production that is equivalent to 1.3 109 barrels
a year (Kreiger et al., 2014) and recycling of plastic solid
waste is contributing to limiting of crude oil
consumption. Sustainable recycling of PSW enables
reduction of crude oil wusage, while reducing
environmentally hazardous carbon dioxide, other toxic
emissions and landfill waste disposal. It gives
opportunities to manufacture new products without
consumption of new materials in this way contributing to
sustainable development (Mwanza and Mbohwa, 2017).
The economically and environmentally beneficial
utilization of PSW requires a synergetic approach
combining different methods of its treatment to obtain
the optimal solution » [B]

2) To define the role of a translator for a Start up
project «The results of experiments on polyethylene
recycling with analysis of obtained polyethylene foams,
their properties and effects of different recycling process
parameters are presented. The main attention is paid to
PSW with reduced to a critical minimum physical-
mechanical, physical-chemical, rheological, molecular,
structure and other characteristics. It concerns polymer
waste that lost some of its quality for various reasons of
exploitation or being a mixture of different grades and
compositions of polymers and other materials. The
research is aimed at studying such issues as the
development of modern high-performance models of
synergistic  recycling-modification of  polyolefin
polymeric solids in order to produce innovative
secondary polymers.» [B].

3) To identify main aspects of ICT startup projects
translation «The study of the process of auto-oxidation of
polyolefin during the operation is performed accounting
for three stages: the period of induction, which
accompanies the stage of nucleation of the molecular
chains; acceleration period, which corresponds to the
growth stages of the chains; the deceleration period
corresponding to the stage of the chain breaks. The
analysis of all these processes chemical mechanisms is
performed. The development of all oxidative processes
starts from the polymer surface and the introduction of
oxygen deep into the material is determined by the rate
of diffusion of oxygen into polymers. Therefore, film
materials, according to this research, are most prone to
photoconductive degradation. The synergy of inhibitors
for the oxidation of polyolefin in our studies is associated
with chain free radical fat oxidation processes (possible
end products) schematically expressed by the sequence
of reactions. The synergy of inhibitors for the oxidation
of polyolefin in our studies is associated with chain free
radical fat oxidation processes (possible end products)
schematically expressed by the sequence of reactions:

R—%“5R0O,—% >ROOH— >R’

To achieve synergistic effects, information is used
on the types of interactions of the components.» [3, 4]. It
was established a general increase in technological
properties (P — productivity, %) with the introduction of
a modifier (C-0 — 5 %), which leads to an increase in
productivity during the granulation process (Fig. 1), as
well as to improving the quality of products.
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Figure 1 — The productivity of the granulation process of
compositions: 1 — SPE + SB; 2 — SPE + polyethylhydrosiloxane

4) To determine the ICT usage implementation in
startup project translation process «This research has
been supported by the EU project «Sustainable Process
Integration  Laboratory —  SPIL», project No.
CZ.02.1.01/0.0/0.0/15_003/0000456 funded by EU «CZ
Operational Programme Research, Development and
Education», Priority 1: Strengthening capacity for quality
research in a collaboration agreement with National
Technical University «Kharkiv Polytechnic Institute»

[4].
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Translation  competence includes linguistic,
communicative, text-forming, technical competence, as
well as the personal characteristics of the translator. A
translator in a startup project team needs not only to be
well oriented and understand the thematic vocabulary,
but he is also required to apply other important work

skills in practice (Figure 2). [2]

Possession of information technologies and
automated translation tools is an important component of
translation competence, including linguistic,
communicative, extralinguistic, text-forming and other
competencies.

‘ Reading all the project materials. ‘

’

Familiarization with the basic concepts,
key trends and main English literature of the project's industry.

.

‘ Selection of the main terminological units in the project's materials. ‘

’

‘ Identification of the necessary ICT for the project translation. ‘

!

ICT usage: maschine translation, online glossaries, editing in text editors,
audio- and video translation, creating Power Point presentation in English,
video conference usage for communication between startup team members,
using cloud technologies for sharing the materials with startup team e.t.c.

Figure 2 — Startup projects translation strategy. Source: author’s development

The use of Internet technologies greatly facilitates
the work of the translator and saves time, allows to speed
up the process of exchanging information, and quickly
resolve emerging problems in the translated text.
However, none of the existing electronic programs is
capable of providing high-quality translation without the
participation of a human translator, which makes it
relevant to training in translation for representatives of
various professional fields.

Today, computer technology helps to facilitate
human life in many areas of its activities. It optimizes our
work, helping to reduce both physical and intellectual
costs.

There are software products and online services that
belong to the field of so-called machine translation.
These are all kinds of programs or websites that to some
extent provide machine translation services. "Machine
translation is an action performed on a computer to
convert text in one language into equivalent content in
another language, as well as the result of such action"[4].

At machine translation the following forms of
computer and the human-translator interaction are
possible:

- with post-editing (the source text is translated
by the machine, and the human-translator edits the
received result);

- with pre-editing (first, the person formatting
the text for further processing by the machine. At the
same time, it simplifies the text as much as possible,
replacing complex words with synonyms and eliminating
possible ambiguous readings);

- with interrediting (the source text is translated
by the machine, but at the same time the human-

translator interferes in its work and solves difficult
cases);

- mixed systems.

In general, the machine translation scheme includes
the following stages [5]:

1. source language text input into the computer;

2. its morphological analysis, the speech parts
definitions and each word morphological characteristics;

3. syntactic analysis of each sentence in the
source text (search for the main sentence members and
determining syntactic connections types between them,
expressed in the form of a tree of dependencies or a tree
of direct components);

4. semantic analysis of each sentence, as a result
of which a semantic representation of this sentence is
created;

5. syntactic synthesis of sentences (sentences
creation with the correct syntactic structure,
corresponding to the source language rules and the type
of syntactic sentence structure in translation language;

6. morphological synthesis of each word as part
of individual sentences of the text (setting the words of
the TL in the desired morphological forms);

7.  the text output on the TL.

Machine translation has both obvious advantages
and disadvantages [6].

The first advantage is the high translation speed. In
just a few seconds, machine translation is ready. One do
not have to spend hours flipping through dictionaries to
translate each word or wasting time waiting for a
translation from a professional translator.

The next advantage of machine translation is its
relative low cost. There are many online translators who
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provide their services for free. While the professional
translator services cost money.

Another machine translation advantage is
accessibility. Anyone who has the Internet access or
installs an offline machine translator’s version can use it
at any time from anywhere and receive a translation.

The fourth machine translation advantage is its
versatility. Machine translators can usually translate text
from almost any language into any other language. While
professional translators most often specialize in one or
more languages.

The main disadvantage of machine translation is its
poor quality. Automatic translation services mostly
translate text verbatim, without understanding the
information and taking into account the context. They
can convey the general essence of the text, however, they
make lexical and grammatical errors. In some cases, the
meaning of a single sentence or even the entire text may
be completely distorted after translation [9].

Machine translation cannot consider context and
decide how to deal with uncertain situations. While a
professional translator can analyze the context and use
his experience.

The word «automatic» is often used instead of the
word «machine», which does not distort the meaning.
However, the term «automated translation» has a
different meaning. It is a programs complex that helps to
translate texts, but does not perform the complete
translation process instead of a human.

There are following automated translation and
human interaction forms:

- partially automated translation (for example, a
person uses computer dictionaries when translating);

- systems with labor division (the computer is
programmed to translate phrases only of a rigid structure.
Everything that does not correspond to this structure is
returned to human for translation).

It is important to draw attention to the following
important fact. It is often enough for an ordinary user
who is not a professional translator to understand for
himself the essence of the translated document, so such a
user will not place high demands on the quality of
machine translation. On the contrary, professional
translators who strive to ensure that the quality of their
translated text is high, as a result of cooperation with
machine translation, they prefer to obtain a text that
would contain as few inaccuracies, semantic,
grammatical and stylistic errors as possible, since this
would allow translators to reduce effort amount, time and
post-edit costs.

According to translation industry experts, if a
translation contains a large number of errors, it may take
as much time to finalize it as to translate a text from
scratch, that is, without the help of appropriate computer
programs. In this regard, the professional translators
requirements for the quality of machine translation are
much higher than those of non-professionals. These
figures indicate that some translators are really interested
in using automatic translation tools to increase labor
productivity and reduce time costs.

Since machine translation requires subsequent
editing by the translator, some researchers suggest
optimizing this process. A close examination of the
corrections made by the translators during editing shows
that these are mainly stylistic changes.

And if, indeed, it is assumed that professional
translators should translate so that their translation does
not contain stylistic errors, then it is unreasonable to
expect the same high quality from machine translation
results, including machine translation that has undergone
“machine” editing. Texts such as user manuals may well
contain some literal translation, provided that the
information they contain is conveyed in clear, accurate,
grammatically correct language.

In the translation business, as in any other business
industry, the basis of information technology is the
computer technology and software usage. Like any other,
the translation business can gain or suffer greatly from
the computerization of its technology. The task of each
participant in the translation business is to correctly
assess the state of affairs in their area and rationally use
powerful information technologies (or determine the
need for their use). New information technologies in
translation presuppose the use of a computer only as a
means of implementing the most complex specialized
software. A complete inventory of the linguistic process
software would be quite difficult. At the present time,
new programs are constantly appearing, the already
known ones are being updated or radically revised. The
main components of modern information technology in
the translation business should primarily include:

- information and reference base (electronic
dictionaries, reference books, encyclopedias, normative
and terminological sources);

- accumulation, archiving, search and restoration
tools of fragmented translations (“translation memory”
systems);

- formatting and conversion means of text data;

- translation texts localization means;

- means to ensure translation quality control, etc.

On the Internet there are a huge amount of
dictionaries, reference and other information, for
example, the National Corpus of Texts, encyclopedias,
electronic libraries, archives of newspapers, etc. The
language is constantly changing, new terms and
dictionaries appear, especially printed ones, it is simply
not manage to reflect these changes. This applies to both
spoken language and professional terms. And if, when
translating spoken language, the translator can choose
any suitable phrase based on the general context, then
unfamiliar terms become a serious problem. Firstly, it is
needed to use online dictionaries — maybe the term
(word) a translator is looking for will be found there. One
should not neglect explanatory dictionaries. Perhaps,
after reading the interpretation of this word, the translator
will have some ideas on how to convey its meaning in his
native language. In addition to the large number of online
dictionaries, there are professional forums. Colleagues on
the translators’ forums will not refuse help and will
suggest the best translation option. Visiting professional
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forums on a specific topic, be it cellular or venture
capital, is another good way to get familiar with the
vocabulary, especially if the translator is tackling a topic
in which he is not a specialist himself.

When working with special and unfamiliar
terminology, a translator should resort to checking the
correctness of the translation using search engines. For
example, a translator has found a translation in a
dictionary, but he is not sure if it is appropriate in this
context. There is a need to check himself through a
search engine, for example, Google, or any other and see
the results. If such a term/expression occurs in a
language, the search engine will return many pages with
similar phrases. In the same way, a translator can choose
the most suitable from several options, comparing them
according to the degree of “occurrence” on the Internet
[49].

It should be noted that electronic resources are used
in practice in a differentiated manner, depending on the
translation type, text complexity, and the specific tasks
that the translator faces.

Google-Translate or Google-Translator is a Google
service designed to automatically translate a piece of text
or a web page into another language. Google uses its own
software and offers translation from any supported
language to any supported language. The quality of
translation depends on the subject matter and style of the
source text, as well as on its grammatical, syntactic and
lexical structure. The best translation quality can be
achieved when the English language is the target
language and the source language belongs to one of the
countries of the European Union.

There are currently 103 languages available in
Translator. About 100 trillion documents have been
recognized and translated into various languages by
Google, which provides a large base for working with
source material.

The work of this translator is based on statistical
analysis: the system selects the equivalent of the
translation based on the frequency of use, and ultimately
substitutes the option that has the highest percentage of
matches. However, in most cases, the translation is
performed using English, which acts as a metalanguage.

Algorithm of online translator:

1) selection of language units from the text (words,
phrases, sentences);

2) similar language units search in databases;

3) checking the found unit for full compliance;

4) if the compliance is not complete, then return to
the initial point;

5) submission of a finished translation;

6) entering the result in the database.

The developers are constantly working on the
quality of translation through neural networks, as it is
self-learning algorithms. In addition, translations into
other languages are being developed.

It should be remembered that Google-Translate was
originally created not to replace live translators, but to
help modern participants in intercultural communication
and multilingual information exchange to overcome

language barriers caused by ignorance of foreign
languages.

Post-editing of machine translation is a new type of
translator’s activity that has taken a certain place in the
modern translation process over the last five years.

There is an opinion that soon the profession of
translator will go into the distant past “thanks” to MT.
However, despite all the progress and success of MT
today, many experts consider its mistakes inevitable:
despite the emergence and rapid development of MT
systems in recent years, as well as the emergence of
neural machine translation, the developers promise as
close as possible to “human translation” quality in the
near future [7].

Association TAUS (Translation Automation User
Society) is the association of players in the translation
services market and translation automation provides the
following definition of post-editing: “post-editing of
machine translation is a process of improving the result
of machine translation with minimal effort” [7].. An
important component of the cited definition is refinement
"with minimal effort”, which is key to this activity and
can even be called the basic skill of a post-editor.

The TAUS Association also highlights the purpose
of post-editing and the task of the post-editor. The goal is
to make the text clear to the recipient. The task is to
improve the result of the MT with a minimum amount of
effort in a minimum amount of time. This is the second
important distinguishing feature of post-editing as a
special type of activity — post-editing should be done “in
the minimum possible amount of time”, otherwise the
efficiency of machine translation is significantly reduced
and the question arises whether it should be used at all
[8]. The following requirements are set for candidates:

- higher technical and/or linguistic education;

- at least one year experience in translation/
texts editing on similar topics;

- experience in machine translation editing.

Specialists from the world's leading translation
agencies have rather optimistic forecasts. They believe
that by 2029 technology will be able to handle
translations as well as humans. At the same time, they
immediately add that such technical breakthroughs do
not cancel the need to learn a foreign language. Even the
best translation software cannot 100 percent preserve all
the nuances and small details when working with works
of art, and some moments cannot be translated at all.

Due to the fact that every dialect in the world is
special, reading original literature will always remain
preferred [9].

Also, professionals in this field pay attention to the
fact that most people are often limited to knowledge of
two or three languages. And through the use of the latest
technological tools that will stimulate the increase in
human mental abilities, it will be much easier to master
them.

The creation of fully automated translation systems
that meets the requirements of professionals, specialists
from a wide range of fields, is difficult for technical,
cybernetic, and linguistic reasons.
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Until now, the transfer of the functions of a
translator to an automated device was possible only if
precise translation rules were drawn up, that is,
compilation of dictionaries and grammars for specific
translation needs and tasks, therefore, the only translator
at a quality level that satisfies the market is still a person.

During the translation work with the startup projects
catalog, it was taken a decision to develop a translation
strategy. It consisted of specific steps in the work:

1) carefully read the texts of the startup projects one
by one;

2) highlight the main directions for our translation:
Energetics, IT, Materials and Technologies;

3) acquaintance with projects, their main innovative
ideas;

4) highlight special vocabulary,
complex grammatical structures;

5) analysis of existing ICT for translation;

6) choosing the most suitable tool for the best
result;

7) translation of the startup projects catalog using
ICT (online dictionaries, online translators, other
necessary software);

8) creation of presentations of some projects for the
final defense of the project. When translating the catalog
of final Challenge start-up projects, it was reviewed 98
projects from 7 directions: ecology, IT, energetics,
agriculture, medicine, materials and technologies,
another direction[10].

A startup is always about new and innovative
things. It is about the desire to solve a certain problem of
society or to simplify some aspect of life. The text of the
project, presentation and all types of documentation will
always contain industry terminology. In some cases, the
terms will be created by the startup team members
themselves [11-17].

During startup projects translation, in our opinion,
the main difficulties include:

- translation of complex terminological groups;

- logical connections explication hidden behind
the ornate syntactic sentence structure;

- verbosity or tautology elimination present in
the original text;

- mental editing of grammatical errors during
the oral translation that can make it difficult to
understand the original text.

Does a startup need a translator? An average
knowledge of English may be enough to communicate
with international partners, but this will not be enough,
for example, to bring the project to world markets.

Every month there are a lot of startups competitions
in the world, which will help the project not only to get a
cash prize, but also to find mentors, to get into a business
incubator. However, most standing competitions require
to fill out an application in English. In this case, the
startup team must not only provide general information
about the project, but also tell about the financial part,
business models, market prospects and the team.

terminology,

Filling out an application in English is only a small
part of the iceberg, but you need to approach it
responsibly. It is important not just to tell about the
project, the main goal is to interest the right people, and
this is often a difficult task even in the native language.
Even if the startup team members are confident in their
English knowledge, it will be wuseful to entrust
professionals with at least editing.

In case the team has prepared its pitch and there is
no doubt that in Ukrainian they can convince anyone to
invest the right amount in the project. However, does it
sound convincing in English as well? It is not enough to
have an idea that will shoot. It is important to be able to
convey it in a form that may be of interest to potential
investors and mentors. Only a native speaker, who, in
addition to his native English, is fluent in Ukrainian, will
be able to make the pitch emotional and interesting.

The success of a startup is ensured if it solves
global problems and can be scaled not within the
country, but around the world. In order to find out about
the project, the team needs to translate presentations,
promotional materials and the site into English.

It is also important to entrust localization to
professionals, because poor translation is not only a
waste of money and damage to the project image, but
also a waste of time, which among startups has a great
value.

Teams of startups that develop innovative products
sooner or later face the need to patent the technology for
protection. The purpose of patenting is to secure
exclusive rights to manufacture and sell products
containing inventions in a certain geographical area.

Different patent offices have different requirements
for the language in which an application should be filed.
Today, a very popular system of patenting inventions,
provided by the Patent Cooperation Treaty (PCT), in
which the application can be filed in one of the
established 8 languages, including English. However,
some of the procedures in the application process will
require the submission of documentation in Russian or
French.

The European Patent Office shall apply only in
English, French or German. When translating such
documentation, accuracy in the description of the
invention is important, as any distortion of information
here can have serious consequences[18].

A full-fledged translation can only be performed by
a qualified specialist in the field of science or technology
with translation competence, with which the source text
is thematically related. This means that, orienting himself
in his narrow professional sphere and owning the
terminology, such a specialist need to:

- have knowledge of-grammar and vocabulary
of two languages;

- know sufficiently the culture of both peoples;

- take into account the extralinguistic aspects of
the translated text;

- solve complex problems of transferring not
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only information, but also imagery, understatement,
many different linguistic signs shades of the original,
which makes it possible to consider translation
competence as a complex concept.

A competent translator, unlike a machine-translator,
is guided by a large number of criteria when choosing a
foreign language equivalent. These include not only the
meaning of each word and the meaning of the
grammatical constructions used, but also the concept of
the value, novelty of the information offered, the
possibility of compressing information, using standard
formulas, clichés. A professional translator can,
depending on the audience of listeners or readers to
whom the translation is intended, make corrections,
clarifications, substitutions in the translation text, and
also maintains a style of presentation defined for a
particular genre, builds equivalents of terms that are not
in dictionaries [19].

After the first acquaintance with the startup projects
catalog, it was decided to develop a translation strategy.
It consisted of specific steps in our work:

Step 1. We carefully read the texts of the startup
projects one by one. Highlighted the main directions for
our translation: Energetics, IT, Materials and
Technologies.

Step 2. Detailed acquaintance with projects, their
main innovative ideas.

Step 3. Highlighting special vocabulary,
terminology, complex grammatical structures.
Translation of several projects without the ICT use.

Step 4. Analysis of existing ICT for translation.
Choosing the most suitable tool for the best result.

Step 5. Translation of the startup projects catalog
using ICT (online dictionaries, online translators, other
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necessary software). Creation of presentations of some
projects for the final defense of the project [20, 21].

Conclusions and ideas for further investigation.

Translation  competence includes linguistic,
communicative, text-forming, technical competence, as
well as the personal characteristics of the translator. The
present article is an outline of the most significant studies
in the field of startup strategy machine translation
problems. Classification and analysis of difficulties
arising in the process of translation are presented, their
basic reasons are explained. Ways of solving the
problems of machine translatioin strategy are suggested
A translator in a startup project team needs not only to be
well oriented and understand the thematic vocabulary,
but he is also required to apply other important work
skills in practice

During our translation work with the startup
projects catalog, a translation strategy was developed.
The research purpose was to identify the ICT usage
peculiariities during translating the startup projects and
review the strategy aspects.

The practical results of the study are considered,
including an analysis of the main features of the startup
projects texts translation from Ukrainian into English and
the ICT usage in startup projects translation.

As the study result, its main purposes were
achieved, all tasks were solved, a strategy for startup
projects translation and the ICT usage in this process was
proposed.

Further research may focus on a detailed study of
startup projects translation and other ICT translation
tools.
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C. . BYXKAJIO, A. A. ATEUYEBA, A. E. BRIITOBCKAA, JK. B. JEPKYHCKAA, H. I'. ITIHITAYKHHA
CTPATETTA MAIINMHHOI'O IIEPEKJIAZTY CTAPTAII ITIPOEKTIB B ITPUKJITATAX 1 3ATAYAX

[TpoananizoBaHo BaxJuBicTh BrpoBamkenus IKT y crapran mpoekTi 3 MalIMHHMM HepekiagoM. J[oBeneHo, mio mepexian mae
BEJIMKE 3HAYEHHS Il OYIb-SIKOTO CTapTAIl-IPOEKTY I HAJIArODKEHHS CTOCYHKIB 3 NMOTEHUIHMMH KJIIEHTAMH 10 BCHOMY CBITY.
JocnijpkeHa poib nepekianaya B CTapTan-NpoekTi. JoBeAeHO, 0 NepeKiaj € BOKIUBUM I Oy/Ab-SKOTO CTapTal MPOeKTy JULL
HaJIaro/KEHHS BIHOCHH 3 IIOTEHHIfHUMH KIi€HTaMH IO BChOMY CBITy. BUKOHAaHO KOMIUIEKCHHH aHaNi3 IEpeKiaxy CTapTall
MIPOEKTIB 3 yKpaiHCHKOI MOBH Ha aHTIIHCBKY 13 3aCTOCYBAaHHSM HOBITHIX iH(OpMamifHO-KOMYHIKaiifHUX TEXHOJOTIH y IbOMY
npoueci. BusiBineno ocobmBocti  BukopuctaHHs cydacHux IKT mpu nepekmazi ommcy crapTar NMpoeKTiB 3 yKpaiHCEKOT MOBH Ha
aHTIIHCEKY. JlOCTiPKeHHIO BUKOPHUCTAHHS 1H(pOpMaNiifHUX Ta KOMIT' IOTEPHUX TEXHOJIOTIH y Ipomueci nepeknany. Busnaueno, mo
HepeKiagady crapTal MPoeKTy BAXKIMBO PO3YMITH BCi OCOOIMBOCTI BUKOPHCTAHHS MPOrPAMHOT0 3a0e3NeyeHHs, BUOpaTH HaleKHi
HPOrpaMH YW OHJIAHH-IHCTPYMEHTH Ta PO3POOUTH CTpaTeriio mepeknajalbKoro npouecy. Pesymbrat maHoi podotu € ayxe
BaXJIMBUMH Ta HEOOXITHUMH JUIsl TOJAJIBIIOTO AOCIHiDKeHHs ocobmuBoctei Bukopucrants IKT y nepexnazi crapran-npoexTis.
Kumrouogi ciioBa: IKT, Indopmariiino-koMyHiKaLiliHi TeXHOJIOT1i, TepeKsIa, CTapTan-npoeKTiB, CTpaTeris

C. I. BYXKAJIO, A. O. ATEHYEBA, A. €. BUITOBCHKA, JX. B. IEPKYHCBKA, H. I'. TIITHYKTHA
CTPATET YA MAIIUMHHOI'O HEPEBOJIA CTAPTAII ITIPOEKTOB B IPUMEPAX I 3AJTAYAX

[IpoananuzupoBansl BaxxHocTs BHexpenust UKT B crapram mpoekrte ¢ 3neMeHTaMHi MalIMHHOTO nepeBoaa. Jloka3aHo, 4To IepeBox
uMeeT OOIBIIIoe 3HaYEHNE NI TI000ro CTapTan-NpoeKTa Ui HadaXKUBAHUS OTHOLIEHHUH C MOTEHIMATbHBIMH KIMEHTAMU MO BCEMY
mupy. HccnenoBana poib MepeBOJYHKA B CTapTal-MPOEKTHL. JloKa3aHO, YTO MEPEBOJ SIBIAETCS BaXKHBIM [UIsl JIOOOTO CTaprar
MpOeKTa s HaJlaKUBAHHA OTHOIIEHUH C MOTEHIMAIbHBIMH KJIMEHTAMHU IO BCEMY MHpPY. BBINOIHEH KOMIUIEKCHBIH aHanu3
IepeBojia CTapran IPOEKTOB C YKPAaMHCKOTO s3bIKa Ha AHMIMHCKHMH C TIPUMEHEHHWEM HOBEHIINX HH(OPMAIMOHHO-
KOMMYHHKAI[HOHHBIX TEXHOJIOTHI B 3TOM Iporecce. BrrsiBieHsl ocobeHHOCTH Hctonb3oBanHus coBpeMenHbx KT npu nepesone
OIMCAHMS CTapTall IIPOCKTOB C YKPAWHCKOTO s3bIKa HAa AHIVIMHCKHMA. lccienoBaHMIO HMCHONB30BaHHMS HH(OOPMAIMOHHBIX U
KOMIIBIOTEPHBIX TEXHOJIOTUM B mpouecce nepeBoja. OmpenesieHo, YTO MEpeBOJYUKY CTapTal MPOEKTa BaKHO IIOHMMATh BCE
0COOEHHOCTH HCTIOIb30BaHUs IPOTPAMMHOT0 00ECTIeYeHH s, BEIOPATh COOTBETCTBYIOININE MPOrPaAMMBI I OHJIAHH-UHCTPYMEHTHI U
pa3paboTaTh CTPATETHIO MEPEBOAYECKOro IMpolecca B MPOEKT. Pe3ynbTaTsl JaHHOH paboThl O4YeHb BaXKHBI M HEOOXOIMMBI IS
JaNbHEHIIero uecieoBanus ocobennocreit ucnoib3oBanus UKT B mepeBoze crapTan-npoeKkToB
Kiouessbie ciioBa: KT, MHpopMalmoOHHO-KOMMYHHUKAIHOHHbIE TEXHOJIOTHH, TIEPEBO/I, CTAPTAII-IPOCKTOB, CTPATEr s
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JOCJIJIXKEHHSA 3AT AJIbHOI TEXHOJIOI'Ti BOJIHIO 3A ONTUMAJIbHUMUA MAPAMETPAMUA
SAK CKJAJJOBA KOMILIEKCHOI'O PO3BUTKY ACCOIIIAIIMA EFCE ta CFE-UA

ITpoBeneHo aHami3 TEpCHEKTHB PO3BUTKY BOJAHEBOI eHepreTku Ha Tteputopii €C Ta VYkpainu. PosrisHyTo
MOXJIMBOCTI peajii3auii MpoeKTiB Ta TEXHOJIOTi] BUPOOHMIITBA 3€JICHOTO BOAHIO JUISi MPOMMUCIIOBOTO BHKOPHUCTAHHS.
HaBeneno ymoBHM peanizauii IpOEKTy 31 CTBOPEHHS HAayKOBO-JIOCHTIJHHIBKOTO KOMILIEKCHOTO LEHTPY TEXHOJIOTIT
BOJIHIO T4 BOJHEBUX MAJMBHUX €JICMEHTIB. BUKOHAHO O myOJiKaliid MPUCBIYCHUX TPOIIECY OTPUMAHHS BOJIHIO 3
BOIU. PO3riIsiHYTI OCHOBHI YMHHMKHM, sKi BIUIMBAaIOTh Ha Iepedir peakuiil Nmpu OTPHMaHHI BOAHIO 3 BOAU i3
BUKOPUCTAHHSAM CIUIaBiB. PeKOMEHIOBaHI CIUIaBU JJisi OTPUMAaHHS BOJHIO Ha aBTOHOMHHUX 00’ekTax. HaBeneno
CKJIQZIOB1 alrOpuUTMy AOCHIDKEHHS 3 YpaxyBaHHSIM CHUCTEeMH (DAKTOPIB Mpolecy BUXOISYU 3 aHANI3y JTepaTypHUX
JTAaHWUX 3 TEXHOJIOTii BUPOOHHUIITBA BOJHIO METO/IOM ENIEKTPOIIi3y BOIM. BCTaHOBIIEHO 3araibHi MPUHIUIIHA PO3PAXyHKY
ra3oreHepaTropiB, SAKi TMOBHHHI 0a3yBaTHCS Ha OCHOBHHX IIOJIOKECHHSIX TEPMOJWHAMIKH TETEPOTCHHHX MPOIECIB:
KJIACUYHA TEPMOJMHAMIKa OaraToQa3zHuX Ta TETEPOTeHHUX CUCTEM.

KurouoBi ciioBa: BojeHb, BOJHEBAa €HEPreTHKA, aBTOHOMHI 00’€KTH, €eKTPOJIi3 BOJIH, Ia30TeHepaTop, MajauBHI eIeMEHTH,

XIMiYHHUH [TOTEHLaI.

Beryn.

V 3B'3Ky i3 UM, B OUIBmIOCTI KpaiH €Bpomnwu
IHTEHCUBHO PO3POOJIAIOTHCS TEXHOJOTII OTpPUMaHHSI
BOJHIO 3 BOJAM. Bucoka KajopidHICTH 1 BIJACYTHICTH
WIKI/UIMBUX  PEYOBHH, Yy TIPOAYKTaxX 3TOPSHHSA,
BHM3HAYalOTh 3HAYHI IEpeBaru BOJHIO Yy TOPIBHSHHI 3
IHOIMMM BUJAaMM NAJIKMBa 3 ypaxyBaHHSM, IEpIl 3a Bce
KJIIMaTUYHUX 3MIH Ta MaHaeMil.

BimmosimHo m0 3akpimeHnx B EGD Ta HOBOI
npoMucioBoi ctpaterii €C 1 €Bponeiicbka KOMicist
€C (€K) pospoomna «BomHeBy CTpaTeriio s
KIIMaTUYHO HEUTpanbHOI €Bpommy», MpeacTaBiIeHy Ha
po3risig 10 E€BpPOMEHCHKOTO MapiiaMeHTy Ta IHIIHX
crpykryp €C 8 mumus 2020 p. [BomHeBa crpareris,
2020]. 1i BMicTr omy6mikoBaHO y  JOKYMEHTI
«3abe3nedyeHHs] KIIMaTHYHO HEHTpaJbHOI EKOHOMIKH:
crpareris €C 3 iHTerpaulii €HEpreTHYHUX CUCTEM» —
OIMH I3 MEepHIMX YCHIMIHUX KpOKIB Yy peaiizawil
nporpamu ['epmanii, [Topryranii ta CnoBenii y nepion
ixuporo ronoByBaHHs B €C y apyriii monosuni 2020 p. i

B 2021 p. [1].
3a3Bu4ail  OLIBIIICTE EKCIEPTIB BHUKOPHUCTOBYE
MO3HAYCHHA  KJacudikamii-imeHTrudikamii  TeXHOIOTil

BOJIHIO, 1[0 OyIYEThCS HAa HACTYITHUX ITiIX01aX:

1) «cipwii» BOJEHb — BHPOOJSIIOTH 3 BHKOITHHX
BYTJICBOIHIB MUITXOM MapoBOTO pubOpMiHTY
NpUpPOJHOTO Tazy abo rasudikaumii Byriusi, Opu LUX
mporecax  BHIUIAETBCS ~ MaKCHUMajbHa  KUJIBKICTB
BYTJICLIIO;

2)  BHPOOHHMITBO  «OJAKMUTHOTO»  BOJHIO  —
noepHaHHs puGOpPMIHTY Ta Trasudikauii 3 mpouecom
yJoBitoBaHHA Ta 30epiranns COy;

3) «Oipro30BHil» BOJACHb — YTBOPIOETHCS B
pe3yNbTaTi TEPMIYHOTO PO3KIIaaHHs MeTaHy (Tipoi3);

4) «3enmeHWR» BOJEHb OTPUMYIOTH MUIIXOM
€JIEKTPOJII3y BOJH, BAKOPUCTOBYIOUHU €JICKTPHUKY TIIBKHU 3
BiIHOBITFOBAaHUX JDKEPEN CHEPTii,

5) enexTponi3 3a paxXyHOK aTOMHOI €Heprii;

6) Oypuii BoseHb — ra3ugikarist Byriuis.

Haii0inpi 94ucTHii B SKOJOTIYHOMY BiTHONICHHI —
«3CJICHUIT» BOJCHB, KU BUPOOJISIETHCS EICKTPOII3HIM

oOJiaJIHAaHHSM 3  BUKOPDUCTAHHSM  CICKTPHKH, LIO
OTPUMYETHCS Bil BIJHOBIIOBAaHUX JDKEpEN €Heprii 3a
paxyHOK CWJIA BITpPY Ta €HEprii COHII, MOPCHKHX
MPUIUIABIB Ta BiJJIUBIB.

Cucremn €K BIIMOBISIOTbCS Bifl  KOJIPHOTO

HiAXOQy, Ta NPOINOHYIOTh BHKOPHCTOBYBAaTH HOBY
knacuikamniro-iaeHTUdIKaIliIo, B OCHOBI SIKOT
aHAJIOTIYHAM  IiAXix —  OCOONMBOCTI  TEXHOJIOTIT

BUPOOHHMYOTO NPOLIECY Ta BUXixHOro Matepiany [1, 2].

XapakTepucTuka 00’€KTiB, IX aKTyaJbHicTh Ta
MeTa J0CTiTzKeHHS.

Posmmipenns cdep 3acrtocyBaHHS BoAHIO [2—4]
MOB'SA3YIOTh 3 SIKICHUMH CyYacHHUMH 3MiHaMH, IO
BimOyBaloThCs Yy  JaHWH 4Yac B XiIMidHIiH,
MaIuHOOY/iBHIM, MeTanypriiiHii MNPOMHUCIOBOCTI Ta
PI3HOBHJAaX PO3BUTKY EHEPreTUYHOI CdepH: BOICHD
IIMPOKO BUKOPUCTOBYETHCS M CHHTE3y aMiaky,
XJIOPHCTOTO BOJHIO, METAaHONY 1 JUIS BHPOOHHIITBA
Malnx 00’e€MiB creliabHUX XIMIYHHUX KOMIIOHEHTIB, a
came, HampuKiIal, NEPEeKUCY BOJHIO MPH BHPOOHUITBI
MHIOYNX 3aC00IB Ta MPaJbHUX IMOPOILKIB.

Ha panuit MOMEHT OCHOBHOIO CHPOBHHOIO JIJIf
OTpHMaHHS BOJHIO € BYTJEBOIHI. B mepcmexkTusi, y
3B'A3KY 13 Oe3nmepepBHUM 301IBIICHHSIM BapTOCTI HAQTH
i razy, Boja Oyae TOJIOBHUM JDKEPEIOM OTPHUMAHHSI
BOJIHIO.

O0’ekT JoOCTiIKEeHHI — CydyacHa TEXHOJIOTis
BUPOOHHUIITBA BOJHIO 3 METOK 3HMXKCHHS BapTOCTI
BUPOOHHUIITBA, IO J0O3BOJIUTh BHUPIIIUTH KIIMATHYHI Ta
€KOJIOTIYHI ~ NMpOoOJeMH  HaceJeHHs, TOoB's3aHi i3
BUCHAKCHHSM TPUPOJHUX PECYPCIiB, a TaKOXK HAAIACTh
MOJJIMBICTh PO3MIMPHUTH 00NacTi HOro 3acTOCYBaHHS B
EHEePreTUYHUX TaTy3sIX.

MeTta  JgocailskeHHSl —  TIPOBECTHM  aHaji3
MEPCIeKTHB  PO3BUTKY BOJHEBOI CHEPIeTHKH HA
teputopii €C Ta VYkpainu. PO3IMISIHYTH MOMIJIHBOCTI
peamizaiii TPOEKTIB Ta TEXHOJIOTii BHPOOHHUIITBA
3€JICHOTO BOJHIO JUI IPOMHCIIOBOTO BUKOPHUCTAHHS.

© BinynnikoB M.M., Byxkano C.1., 2021
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MeTtoan  JgociskeHHsT — TpU  BUPIMICHHI
MOCTABJICHOTO 3aBJIAHHS 3aCTOCOBYBABCS METOJ aHANTi3y
JTEepaTypHUX JHKEpPEN y raiy3i BOJAHEBOI CHEPIeTUKU Ta
METO]T y3arajJbHeHHs OTPUMAaHO1 iHpopMaIrii.

AHaJi3 JiTepaTypHUX JTaHMX Ta BigomMocTi mpo
TeXHOJIO0ril0 BUPOOHUITBA.

Bubip HasBHUX MOXIIUBOCTEH 3arajabHOL
TEXHOJIOTi1 BUPOOHUIITBA BOIHIO 3aJICKUThH TTOBHICTIO BifT
BHIY, y SfAKOMYy TiepeOyBa€ CHpPOBHHA Ta IUJILOBE
MPU3HAYCHHS HOT0 Ofep KaHHs.

BpaxoByroun momMpeHHsi BOJHIO Y BUIIISIII PI3HUX
CHOJYK, WOTO BHIUICHHS Ma€ 3MIMCHIOBATHCS B XOIi
peakuiii po3kiIamaHHS 13 3aCTOCYBaHHSM, HATPUKIA],
BIJIMOBIAHMX XIMIYHHAX METOMIB [5]:

a) peaxilisi pO3KJIaJaHHs METaHy IIiJ 4ac Jii BUCOKOT
TEeMIIepaTypu;

0) pO3KIaJaHHI BOJU TAKOX
BHCOKHX TEMIIEpaTyp;

B) TEXHOJIOTiSA  PO3KJIaIaHHsI
BHCOKOTEMIIEPATyPHUX YMOBAX;

I) TEXHOJOTis B3aEMOJIl MeTaly 3 KHCJIOTOIO,
HATPUKJIA]], COJITHA KHCIIOTA Ta IMHK;

J) TEXHOJIOT1sl BUPOOHHIITBA i3 TiIpUILy HATPIIO;

€) BIJIYYCHHS 3 TIPUPOJIHOTO ra3y Ta iH.

OTtpumanHs abo BUJIIJICHHS BOJIHIO B
MPOMHUCIIOBOCTI MOKHA OXapaKTepU3yBaTH 3a
JIOTIOMOTOI0 HAaBEACHUX HIDKYE PEaKIii, Y BUTIAII SKUX
MOJKe OyTH TPEICTABICHO BUPOOHHUIITBO BOIHIO:

1. TIpomec enexkTpoizy, AKOMY MiIIAIOTHCS BOJHI
PO3YUHU COJICH:

32  MATPUMKH

CIDKOBOJIHIO Y

2NaCl + 2H20 — 2NaOH + Cl2 + Ha1

2. IlpomyckaHHS BOJSHOI Napu IpU TeMIEpaTypi
1000 °C Han po3neueHUM KOKCOM:

H:0 + C & COt + Hot

3. Crocib oTpuMaHHS 3 MPUPOIHBOTO Ta3y:
a) KOHBEPCis 3 Maporo BOJH:

CHs + H20 & CO + 3H: (mpu temneparypi 1000 °C)
0) OKMCIICHHS KMCHEM Y IIPUCYTHOCTI KaTaji3aropa:
2CH4 + O2 & 2CO + 4H2

4. PudopmiHr 1 KpekiHr BYIJICBOJHIB TIpH
nepepobkax HaQTH: y Tporeci KpekiHry HapTh
BHUXOJIUTH 0araTto BOJHIO SIK TIOOIYHOTO MPOIYKTY. Ale,
Ha Kajgb, Ha HadTomepepoOHHMX 3aBojax HUHI
CHAIIOETHCS BOJICHb MAPHO, Pa30M 13 IHIINMH BiJXOAaMHU
Kpekinry. OTpuMaHHS BOJHIO 32 YMOB HPOMHCIIOBOCTI
NOB'sI3aHi 3 MPOLIECOM BUJALIEHHS HOro 3 rasy — 3 Horo
OCHOBHOTO KOMIIOHEHTa MeETaHy, HOro 3MILIyIOTh i3
KUCHEM Ta Maporo BoJy. BuaineHHs BoHIO BinOyBaeThCs
3a BHCOKMX TEMIlepaTyp: NpH HarpiBaHHi cymimi
3a3Ha4eHWX TasziB g0 Temmeparypu 800-900 °C
BiIOYBA€EThCS PEAKIlisl y TMPHUCYTHOCTI KaTaiizaropa —
CXeMaTUYIHO TPEJICTaBICHA Y BUTIISI PIBHSIHHS:

2CH4 + O2 + 2H20 — 2CO2 + 6H2

Jlani  orpumaHy ra3oBy CyMiml  IOALUISIOTSH.
BunineHuit BOAeHb OYHIYETHCS 1| BUKOPUCTOBYETHCS 200
Ha Miclli OTpuMaHHs, ab0 TPaHCIOPTYEThCS B MOTPiOHE
MICIIE II1/ MIBUILEHNM TUCKOM B CTAJIEBUX OajOHAaX.

Crioco60oM OTpHMaHHS BOJHIO B TPOMHUCIIOBOCTI Ha
DAaHWIT MOMEHT 3aJHIIAcTBC WOT0 BHIOIJIEHHS 3
nepepoOku rasiB HapTH abo 3 KOKCOBOTO Ta3y. 3aBIsSKH
rMOOKOMY — OXOJIOJDKEHHIO,  BJIACTHBOMY  JIAHOMY
METOJTy, BC1 Ta3M 3pi/DKYIOTHCS, OKPIM BOJIHIO.

[pukaagu BU3HAYEHHS CKJIAJOBHX HAyYKOBO-
00IPYHTOBAHMX TEXHOJIOTiii BOIHIO.

Ha aBTOHOMHUX 00'€KTaX, MOXKIIUBO 3aCTOCOBYBATU
CWIIKOJIEBHH CIOCIO OTpUMaHHS BOAHIO 3 Bomu [6, 7].
IMpocrora oOciyroByBaHHs 1 IOPIBHAHO BHCOKA
MPOAYKTUBHICTh — TOJIOBHI IIEPEBard YCTAHOBOK, SIKi
BHKOPHUCTOBYIOTh  CHJIIKOJIEBHM  cmoci6.  Cutikoiaem
Ha3WBaIOTh CIUIAaB KpeMHito 1 3amiza. Kpemnit €
OCHOBHHM €JICMEHTOM, II[0 BUTICHSE BOJCHb 3 BOIH Y
MIPUCYTHOCTI JIYTY.

BrpoBamkeHHss OinbIl €KOHOMIYHHX METOJIB Ta
YCTaTKyBaHHS CTPUMYEThCS THM, IO 3arajibHa TEOpis
B3a€MOJIii CIUIABIB 3 BOJOI0 3HAXOIUTHCS MaikKe Ha
MOYATKOBIA cTadii CBOrO pO3BUTKY. BincyTHI Takox
JMOCTIHI ~TEXHOJOTIYHI JaHi, SKi MiITBEPIKYIOTh
MOJJIMBICTh BUKOPUCTAHHS Py MPOMHUCIIOBUX CIUIABIB
Ta BU3HAYAIOTH 1€PAPXil0 1X BUKOPUCTAHHS, HATIPUKIIA],
cIuiaBu  (epocuminito 3 mo0aBKaMH JTYKHO3EMEIbHUX
METaJiB 1 CIUIaBiB Ha OCHOBI MarHifo.

VY 3B'SI3KY 3 UM, YJIOCKOHAJICHHS TEXHOJIOTIi 1 HOpM
pPO3paxyHKy BOJHEBHX Ta30reHepaTopiB Ha OCHOBI
EKCIIePUMEHTAIBHOTO 1 TEOPETHYHOTO  BHBYCHHS
MEXaHi3My TEeTepOTCHHUX peakiliid, TiApOAUHAMIKK i
TEINI0-MacooOMiHy y  TpugasHMX  NHOTOKaX, €
aKTyaJbHOIO 1 MPAKTHYHO 3HAYYILOK IPOOIEMOIO.

3a motpebu B MPOMUCIOBOCTI MOXKHA 3]1IHCHIOBATH
KOHIICHTPYBaHHS  BOJIHIO 32 JIOIOMOIOK  Pi3HUX
MPOIICCIB: KpIOTEHHOTO; KOPOTKO-IIMKIJIOBOTO;
MeMmOpaHHOro Ta iH. MarepianbHi BHTpaTH MOXHa
BH3HAUNTH SIK OimbIn peHTabenbHi Ta eQeKTHBHI st
TEXHOJIOTIYHOTO MPOIIECY BUPOOHUIITBA BOAHIO TIPH HOTO
KOHIIEHTPYBaHHI MEMOpPaHHUM CIIOCOOOM.

Y IpoMHCIOBOCTI € ¥ iHII criocoOu BUPOOHUIITBA
BOJHIO, II0 peai3ylThCs B IpOLEcaX HACTYIMHHUMHU
CKJIaJIOBHMU, HAIIPHUKIIAJ:

1) enexTpoIti3 BOJHHUX PO3UMHIB COJIEH;

2) B3aeMO/Iisl BOJM 3 METaJIAMH;

3) OKHCIeHHS KUCHEM MeTaHy (IIpH NPHUCYTHOCTI
KaTai3aTopiB) Ta AEsKi iHIII.

BuxiTHUME CHPOBHHHUMH MPOJYKTaMHU MOXE OyTH
JUIs BUPOOHHWIITBA BOJHIO DPI3HOBUAMW CMITTS 1 HaBiTh
Gionoriuni Bimxonu [8, 9].

[Topsim 3 enexTpomdizoM, SKWUH TOTpedye 3HATHHUX
C€HEPreTUYHUX BUTPAT, y TIPOMHUCIIOBOCTI iCHYIOTh ¥ 1HTII
HAMpsSIMKA ~ JUIS ~ OJCp)KaHHS  BOJHIO, HANPHUKIAJ,
IJ1a3MOXiMisl: B OCHOBI IThOT'O METOJY JIEKHTh XiMidHa
aKTUBHICTh 1Ia3Mu (ioHI30BaHOTO Ta3y). HamgmipHo
BHUCOKI TEMICpPATypHI XapaKTCPUCTHKH IMpPOIECy Ta
BEJIMKI MIBUAKOCTI TPOXO/PKCHHS XIMIYHHX PpeEakiiil y
¢da3i  ra3oBoro  craHy  3a0e3MCUYIOTh  BHCOKY
MPOAYKTUBHICTH MJIA3MOTPOHA.
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[Ipsime po3kiagaHHs BOASHOI Mapyd Ha BOJCHB 1
KHCCHb TUIA3MOXIMIYHUM CIIOCOOOM, HAXKaJlb, MOKH IO
Manoe(eKTHBHE. AJie Takuil BOJCHb NPUAATHUNA YIS
3aCTOCYBAaHHS B Tally3sX MPOMHCIOBOCTI Ta €HEPTeTHII,
00 BiH JeTICBIINI 3a SISKTPOTI3HUIN Maibke B 15 pasis.

3a JaHWMMH BUPOOHHIITB-BHPOOHWKIB 0O THAHHS
po3po0JieHi  KOMITaKTHi, HAgidHI  CHUCTeMH,  SKi
0e3nepepBHO Ta YCHIIIHO BHKOPHCTOBYIOTHCS moHax 10
poxkiB. Lli cuctemu po3poOiieHi s IeTKO1 YCTaHOBKH Ta
Oe3mevyHoi, HagilHOi, TOBHICTIO aBTOMATH30BaHOI
poboTtu. BupoOnenns razy BinOyBaeTbcs HpPU THUCKY,
NpUAATHOMY JJIs  eKclulyartauii, i ra3 Moxe Oytu
CTHUCHYTHH MPAKTUIHO JO OY(b-SIKOT'O TUCKY IPU BUXOI
3 reHeparopa (puc. 1).

Puc. 1 -
BHUPOOHHUIITBA BOJHIO — BUPOOHUIITBO HATYUCTOTO Ta3y

Ipuknax cy4acHoro oOJIagHAHHSI

VYCTaHOBKM 3 NPOMHCIIOBOIO BUPOOHHULTBA BOIHIO
MOBUHHI OyTH HaAifHUMH, 3 HASBHICTIO EKOJOTI9HO
Oe3MeYHnX  BOJMHEBHX  TI'eHEPaTopiB,  3aCHOBAHHX,
HaIPHUKIIaJl, Ha TEXHOJIOTii HEOPTaHIYHOTO MEMOPAHHOTO
€JIeKTPOIIi3y BOJHUX PO3UHHIB JYTiB.

Y Jy)XHOMY €NeKTpOJi3i peakuis MpoTIKae B
PO34MHI, IO CKJIaJa€Thesl 3 BOAM 1 PIIKOrO €NEKTPOIITY
MDK JBOMa ejekrpojaamu. [Ipu mocratHiil Hampysi Mix
JIBOMa €JIEKTPOJaMHt, Ha KaToJl 30MparoThCsi MOJICKYIIH
BoxHIO — H», a Ha aHoOni micns npoxomkeHHs ioniB OH”
yepe3 30% po3umH enekrponity — po3unHy KOH,
30upaerbes kuceHb — Oo.

OTtpuMaHuii BOJEHb MIiAJAETHCS  JTOJJATKOBOMY
OYMIIEHHIO Big BOOM 1 KHCHIO, a B arMocdepy
BUAIAETBCA YNCTUH KUCeHb 997%. JlomilIkamMu y HbOMY
€ JIMIIe BOJEHb Ta TapW BOIW. 3a MOTPEOHM BIH MOXKE
BHUKOPHCTOBYBATUCH JUIS CIIOXKUBAHHS.

I'eneparopu, 3a JaHMMHU BUPOOHUKIB, MAarOTh
HACTYIIHI ~ TNEpeBaru:  HHU3bKa  NHUTOMa  BUTpara
enexrpoeneprii  — 4,2 kBr.rom/mm’;  BimcyTHicTh

00CIIyrOByIHOUOr0 TIEPCOHANTy Ta By3Ja IiATOTOBKH

€JIeKTPONITY; BIICYTHICTh 3aCTOCYBaHHS TOKCHYHHUX
MaTepianiB; 3aCTOCYBaHHS TIIBKH Hep)kaBifouoi craimi
A TpyOONpOBOAIB Ta OONagHAHHS, KOMIIAKTHE
pO3MIllleHHsI, IUIBHIKUA IYyCK Ta  PEryJOBaHHS

npoxykTuBHOCTI Bix 25 mo 100% mpoTsirom 5—-10 c.
VYcratkyBaHHS 3 BHPOOHHITBA BOIHIO 3a3BHYAi
po3MmimnyeThes y mradax 9 crieriaTbHOMY KOHTeHHepi.

lady B mpuMiLICHHI BCTAHOBIIOIOTHCS NPSAMO HA
MAJIOTy Ta IMPUETHYIOTHCS 1O €HeproHociiB. Boauesi
reHepaTopy, 3a OakaHHSM 3aMOBHHKA, MOXYTb OyTH
momimeHi 'y BuOyxo3axucHH kopmyc. Konteinep
o0nagHAaHNK BEHTHILILICIO, OMAJICHHSIM, TEILI0I30JISIIEI0
Ta TIOCTaBIAETHCS TOTOBHM JO eKcIuryartamii. Yci
rmapaMeTpy, [0 CTOCYIOThCS Oe3NeKH BHPOOHHIITBA,
TOCTIIHO BUMIPIOIOTHCS Ta KOHTPOJIOIOTHCS
MIKpOTIPOIIECOPOM. binbmie Toro, BCi KOHTPOJLOBaHI
napamerpu (QiKCYIOThCS NPUCTPOEM, SIKMH y pasi 30010
ABTOMATHYHO 3yNUHs€ BUPOOHMUTBO razy. KommiekcHa
KOMIIaKTHa CHCTEMa OJIepXKaHHS BOAHIO METOJIOM
€JICKTPOJII3y NPOJYKTHBHICTIO 3a BogHeM 500 HM/ron. 3
BHCOKUMH MOKa3HUKaMHU e()eKTUBHOCTI Ta
SKCILTyaTaliifHOI0 CTaOUIBHICTIO (pHC. 2).

Puc. 2 — Ilpukmam cydacHOTO oOJagHAHHS
BHPOOHHMIITBA BOJHIO — KOMIUIEKCHA CHCTEMa

3a  TEXHOJIOTIYHMMH  ONHMCAaMH  BUPOOHHMKIB,
oOnmagHaHHA pO3MIIIEHO B OJHOMY KOHTEHHEDI,

YCTAaHOBKA CKJIAMAETHCS 3 IBOX OJOKIB OCHOBHHX
KOMIIOHEHTIB, y OJIOIi YCTaHOBKH I OTPUMAaHHS BOJHIO
PO3TaIlloOBaHi: TMaHEeNb YIPaBIiHHA T'€HEpaTopa BOIHIO,
BUIPSMIISY, TpaHC(hHOpMAaTOp, PO3MOdiIbHA KOpoOka Ta
pO3MONUIBHUK TPUCTPIH, cHUCTEMa JieMiHepai30BaHOT
BOJIY Ta OJIOK MOTIOBHEHHS BOJIU.

B CJICKTpONi3epl  JeMiHepalizoBaHa  BOAa
PO3ILECILUTIOEThCST  HA BOJCHb 1 KHCEHb yCepenuHi
CJICKTPOIITUYHOTO OCEPEKY 33 JOMOMOTOI0 MOCTIHHOTO
cTpymy. BoieHb 30UpaeThes Ha KATOAHINA CTOPOHI, MOTIM
MTHIMAETHCS 4Yepe3 OTBOPH B KATOAHIH CTOPOHI
EJIEKTPOJIHOT [UTACTHHH, & MOTIM BUXOIUTH 13 IUIACTHUHU.
Kucenp 30upaetbcsi Ha aHOMHIA CTOPOHI 1 BUXOIUTH i3
TJIACTHHUA KOMIPKH.

BoseHb 1 KuCEeHb HAAXOITh 10 OKPEMHX
cemaparopiB, O IIi Ta3H OXOJOIKYIOTBECS BOAOIO |
BIJTOKPEMITIOIOTHCS. BiI CyMIIi Mif i€l TpaBiTaliiHUX
cui. Tlicns 1bOTO BOJCHP HAAXOIUTH y MPOMHUBAY JUIS
BHJAJICHHS Kpameib JIyry, [0 MICTAThCS B Trasi, 3a
JIOTIOMOT0I0  JIeMiHepalizoBaHoi Boau. OJHOYACHO Ta3
OXOJIOJDKYETHCSI 3MiIHOBHKOM, BOY/IOBAaHHM y MPOMHUBAY.
B «kiHIi mporiecy BOACHBP MPOXOOUTH depe3 (iibTp,
po3TamoBaHUi Ha BEpXy cemnaparopa, i BHIAJICHHS
Kparienb BOJIHM, 1 MOTPAIUISE B CYIIHUIBHY KaMepy.
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OTpumaHuii y Tpoleci KHCEHb HaIXOAWTh B
atMocdepy. [eminepanizoBaHa BOJa HAaIXOAHUTH [0
MpOMIBaYa 3a JOIMOMOT'00 HAacoca MOayi BOJIH.

DyYHKIIS JIYyTYy — TOKpAIIeHHS eJIeKTPOIPOBIAHOCTI
M dYac BOJHOTO EJIEKTPON3y. 3a HOPMaIbHUX
eKCIUTyaTalliiHUX yMOB BHUTpara JIyry 3HAXOIUTHCS
0s3bKo HyJs. [TonOBHEHHS JIYTY BiIOyBaEeThCS JIHIIE 32
moTped0t0, y HEBEITUKUX KiJTbKOCTSX.

JInst mOroToBKM YTy inKWi Kallii B TBEPAOMY
BUTJISII BHOCATH Y pe3epByap Uis JIyTy, HATIOBHCHHUN Ha
JBl TPETHHM JAEMiHEpajli30BaHOIO BOJOIO, a IOTIM 3a
JIOTIOMOTOK0 HACOCY I JIYIy IPOXOJUTH MPOLEC

HepeMillyBaHHS 1 pPO3YMHEHHS IAKOrO Kajilo B
JIeMiHepai30BaHii BOII.
OX0J0/KYyBJIbHY  BOJYy BHMKOPHCTOBYIOTH  JUISI

HACTYITHUX IIUJIEH:

1) OxomomkeHHS YTy BCEpeAWHI cemapaTopa i
TaKUM YHHOM IMATPUMKA PoOodYoi  TemmepaTypu
esiekTpoitizepa B aianazoni 80-90 °C.

2) OX0JoKEHHSI BOJHIO Ta KHCHIO 32 JOTIOMOTOIO
OXOJIOJDKYBaua Ta TEMIepaTypa Ta3iB Ha BHXOAI 3
oxoJouKyBada He Oinbie 40 °C.

Iepapxiro mpolleciB CHCTEM aHai3y ra3y MOXHa
BU3HAYUTH 32 HACTYITHHM OIMCOBHM QJITOPUTMOM:

1) mpoba BOJHIO HAIXOAWUTH Yy CHUCTEMY aHANI3y
BOJIHIO uepe3 mpoOoBimOipHYy TpyOy, B sKOMY ApiOHI

Kparuni  Jyry BiIOKPEMITIOIOTBCS B cemapaTopi s
MIPOIIECiB Ta3-piIuHa,;
2) Ta3 HaAXOAWTh JIO aHaji3aTtopa, Je Iicis

3HIDKEHHS THCKY Ta3y IepeBIpSEThCSI BMICT KUCHIO Y
BO/IHI;

3) mepexa TUM, SIK BOJIEHb HAJAXOAUTH Y BiJMOBIIHUT
pe3epByap s 30epiraHHs BiH BiZJOMPA€eThCS B OKPEMUit
BOJIOTOMIp JUIS BUMIPIOBAHHS TOYKH POCH;

4) BiAMOBIOHHUI cHrHan HajcuimaeTbes B IIK mis
BiZloOpa)keHHsI Ta MOHITOPHUHTY;

5) BiAmoBimHA Iporpama yHpaBlliHHS BHpIIIYE, 4n
MOJKHA HaJICHJIATH BOJICHB y pe3epByap s 30epiranus 3
ypaxyBaHHSM MEBHUX 33IaHUX YMOB.

CucreMa aBTOMaTUYHOTO KOHTPOJIIO YIPABIiHHSA —
OCHOBHA YaCTHHA CHCTEMH aBTOMAaTHYHOT'O KOHTPOIIO,
IO BIAMOBimae 3a 3a0e3medeHHs Oe3MeYHoro 1
CTabiTbHOTO (PYHKITIOHYBaHHS BCHOTO OOJIaTHAHHSI.

PerymoBannss ~ po0o4oro  THCKYy  yCTaHOBKH
OTpUMaHHS  BOAHIO  3abe3neuye  (QyHKLIIOHYBaHHS
reHepaTopa npu HeoOXigHOMY pobouomMy TUCKY. JlaTamk
THUCKY BHMIPDIOE THCK Yy CHCTEMi, JaHi Mpo SKHH
nepenaroteess g0 I[IK s mOpiBHSAHHA 13 33aJaHUM
pobounm THCKOM. Pesymbrar, orpumanuii Ha IIK,
KOHBEPTYEThCS 'y CTaHAapTHUH curHam 4~20 MA
MOCTIHHOTO CTPyMY, a MOTIM MEePETBOPIOEThCA. Poboumit
THCK 30epiraeThcs Ha 3aJaHOMY 3HAUCHH.

Kir040BHM KOMITOHEHTOM €JIEKTPOJII3HOTO CKUMY €
MakeT OIMOJSAPHUX OCEPENKIB IS SNEKTPOJIi3y BOIM TIij
TACKOM. [lakeT ocepenkiB CKIamaeThCs 3 KUIBIIEBHX
CJICKTPOJTI3HUX OCEPEIKIB, Y KOXKHOMY 3 SKHX MICTATBCS
JBA  CJEKTPOJM Ta OJHA JIy’)KHA  HEOpraHiYHA
ioHOOOMiHHA MeMOpaHa.

I'eHepauiss BOJHIO Ta KHCHIO BiIOYyBaeTbCs IpH
mojavi CTPyMy Ha TAaKeT OcepenkiB. [a3sum moTiMm
HATPABJISAIOTECA 70 Ta30BOTO CEmaparopy, SKUH €
MOJIBITHOI0 €MHICTIO TiJ THCKOM 3 HEp)KaBilo4oi CTalli,
MCIA SKOTO BOHH NPOMHBAIOTBECS B  CIICIiaIBHO
CITPOCKTOBAHOMY HAITIPHOMY amapati, po3TallOBaHOMY
HAaJl Ta30BUM CEIapaTopoM.

TexHomnoriuna  yacTuHa
MOBHICTIO 3i0paHmii 00 €KT,
00J1aTHaHHS, HATIPUKIIAT:

e ra3oBi cemapaTopy, YCTAHOBKH IIPOMHUBaHHS
ra3omno/1i0HOTO BOJHIO Ta CIeLialbHi (inbTpH;

® TCIUIOOOMIHHUKU JJIsI CJCKTPOJITY Ta CHCTEMHU
ra30BOT0 OXOJIOKCHHS;

® JIOTOK JIETEKTOpa BUTOKIB;

® JICTEKTOP BOJIHIO, MAHEJb aHAI3aTopa AJIsl BOAHIO
B KHCHI;

® IIPUJIAN CTOKIB 1 PO3MOIIBHI KOPOOKH: TaTIYUKH,
TpaHCMIiTepH, pese i T.1.;

® KJIalTaHu Ta BEHTWIANIKHHI KosekTopu (Hz Ta Oy);

® OJIOK KEpyBaHHS;

emadpa maHenl  ympaBiiHHA =~ BKJIIOYAaE  Bce
BiAIIOBIIHE o0nagHaHHs IS 3a0e31eYeH s
aBTOMATHYHOI 1 HAAIHHOI eKCIUTyaTallii yCTaHOBKH.
[Tanens xepyBaHHsS 3a JONOMOrOl0 KaOediB pami 3a
MpeACTaBICHUME po3poOkaMu Oyne TMpHeEmHaHA SK JI0
TEXHOJIOTI1YHOT YaCTHHH, TaK 1 CHJIOBUX CTiHOK [8, 9].

Onuc HayKOBOr0 OOGIPYHTYBaHHSI aJTOPUTMY
€KCIepUMEHTAJbHOTO0 I0CITi/IKEHH .

IOCTaBJIAETHCA SIK
J0 SIKOTO BKIIOYCHO

AHami3  JmiTepaTypHMX ~JAHUX 3 TEXHOJOTIi
BHPOOHHUIITBA BOJHIO E€JEKTPOJI30M BOJIW BHUSBHB
HACTYIIHI  CKJIAJOBI  alNropuTMy  JOCIHIDKEHHS 3

ypaxyBaHHSM cucTeMu (akTopis npouecy [10-12]:

— TpU OTPUMaHHI BOJHIO 13 BHUKOPHCTAHHIM
¢depocuriniro ®C 75 1 ®CA He mocsraeTbcs HEOOXiaHA
MMOBHOTA TMECPETBOPCHHSI IMOYATKOBUX KOMIIOHCHTIB 1
BUTPAYa€eThCs 3HAYHA KUTBKICTh 1IKOTO HATPY;

— mependadaeThCs, Mo 3a AOMOMOror cruiaBis @C
3 pmo0aBKaMH JTy)KHO3EMENBHHX METaJliB  BJACTHCA
3HU3UTU BUTPATY iJIKOr0 HATPy Ha MPOLEC OTPUMAHHSI
BOJIHIO 1 TIOJTIMIIINTH BUBAHTAKCHHS MTPOIYKTIB PEaKIIi;

— 13 3MEHIICHHSM BHUTpPAT KOHILEHTPOBAHOI'O IIYTY,
3HAQYHO 3HU3ATHCS BHUKHAM IIKIJIMBUX PEYOBHH B
atMmocdepy;

— indopmauis npo akruBHicTh cmiaBis PC 3
JIOMIIIKaMH KaJIbLiIo i 0apito BiACYTHSL;

—  MPOMHUCIOBICTH  BHIyCKa€E  psI  CIUIABiB
MEPCICKTUBHUX JJIsl OTPUMAaHHs BOJHIO, KIHETHYHI JaHi
SIKMX HEBI1IOMI;

— IOCHIIDKEHO  TEINIOOOMIH  MIDK  YaCTHHKOIO
aKTHMBOBAaHOTO aJIIOMiHIIO 1 MOTOKOM pIiAWHH, NaHi IO
TEIUIOOOMIHY 1 TeMIeparypi peakiiifHOi IMOoBepXHi
crmiaBiB @C BiaCyTHI;

— NpHU BUBYECHHI IMPKYISLIT KUIUITYOTO MOTOKY Y
pO3paxyHKax BPaxOBYBAaBCs TUIBKU MOJOBXKHIN mepenaj
CHTAJIBIIIH, BIUIMB MOMEPEYHOTO TEpernaay CHTATbIIA B
OCHOBHOMY TIOTOIII PO3KPUTO HEJOCTATHEO;
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— BiZOMa MOJEIb IIPOLECYy TIa30reHepyBaHHS
aHAJIOTIYHA TPOIeCYy BHIIAPOBYBaHHA. JlaHa Moeib
CIpaBeJIUBA JIJIs IOYATKOBUX PEKUMIB CKCILTyaTallii, Je
BiIOYBAa€ThCA CKUIAHHS BOAHW. 3 PO3BUTKOM TIPOIIECY
TiapoanHaMIYHy OOCTaHOBKY B peaKkTOpi BU3HAYAE TOTIK
BOJIHIO.

Henonikamu cuitikoseBoro cmoco0y € HH3bKa
MMOBHOTa pearyBaHHs, HEOOXIJHICTh BUKOPHCTOBYBATH
cymimn @C i myry, HAsSBHICTH JTYXHUX PO3YHHIB BUCOKOT
KOHLICHTpAL], 110 YCKJIaJHIOE KOHCTPYKIIIO PEeaKTOpiB.
ToMy mnWTaHHS TPO AKTHBAIII KPEMHIIO BBEICHHSIM
Pi3HUX J00ABOK B CILIABH LIJIKOM aKTYaJbHI.

IIpukiaan moCTAHOBKM 3aBJAHHS JAOCTIIKEHHS —
PeaKTopH aBTOHOMHOTO 3aCTOCYBAHHSI.

VY SKOCTI peareHTy il PEakTOpiB aBTOHOMHOTO
3aCTOCYBaHHS BUPOOHHUIITBA BOJIHIO METOJIOM
€JICKTPOIi3y  BUKOPHCTOBYIOTH dhepocuminiit i3
po3mipamu dactuHOK Bim 0,2 mo 2,5 mm. Ilopommox
CIUTaBY MOJAIOTh ITHEKaMH, II0 HE JA03BOJIIE PO3BUHYTH
TicK B peakropi Bumie 0,13 MIla. He nmuBisauuchs Ha
3HAYHy KUIBKICTh BHAIUICHOTO TeIUIla TeMIepaTypa
cepenoBuIa B amapari He nepepumrye 105 — 118 °C, mo
JIOCATAEThCS  BUIMAPOBYBAHHSIM YACTHHU BOIH, IO
HAJIXOJUTh HAa pEakKIifo. YCTAHOBKH pPO3paxoBaHi Ha
nponykrusHicts 0,02 — 0,28 M%/c  Boxmio. Posmmpuru
BUOIp CIUIaBiB [yl 3aCTOCYBAaHHS Y BUPOOHHIITBI BOJHIO,
nomaBmy A0 iX yucna cruraBu OC 3 mobaBkamu 6apiro i
KanbItito, craBu @CA 3 nodaBkamu mapranimro, DCA 4,
DCA 15, ®CA30 i DPCA 32. OxpiM AOCTIIKSHHS
aKTHBHOCTI KPEMHI€BUX CIUIaBiB, Yy 3aBIaHHS pPOOOTH
BXOJIUTh BUBYEHHS pEAaKIiHOI 3IaTHOCTI CIUIABiB Ha
OCHOBIi aJIIOMiHIIO 1 MarHio.

PiBHOBaXkHI XapaKTEepUCTUKH peakmid Kabllito,
0apito, CTPOHIIIO i MarHilo 3 BOJOK IMependadacTbes
YTOUYHUTH Ha 6asi Ta0yIbOBaHUX 3HAYECHb
TEPMOJAVHAMIYHUX BEJINYHH.

3aBiaHHS KIHCTHYHHX JIOCIIPKCHb 3BOJIUTHCS [0
BHU3HAYCHHS YMHHUKIB, IO BIUIUBAIOTh HA INBUIKICTH
peakiiii. HeoOXigHO oTpuMaTtH OUTBII TOBHY KapTHHY
MpoIiecy 3a paxyHOK y3arajdbHEHHS MOCHITHUX ITaHUX
TppOMa PI3HUMH METOJaMH: Y BHIJIAII PIBHSAHB
(dhopManbHOi KiHETHKH, TEPMOJMHAMIKH HE3BOPOTHUX
MIPOIIECIB Ta TEIUIO- i MAaCOOOMIHY.

BcraHoBneHI TEXHOJOTIYHI PEXUMH OTPUMAaHHS
BOJIHIO CJIiJ] BIIIPAIFOBATH HA JOCIIIHO-IIPOMHUCIOBOMY
anapari [7, 8]. 3 MeToI0 YHOCKOHAJIEHHsSI TEXHOJIOTIT i
HOPM PO3pPaxyHKY BOJHCBHX Ta30T€HEPATOPIB HA OCHOBI
CKCIICPUMCHTAJIBHOTO 1  TEOPCTUYHOTO  BHBYCHHS
MEXaHi3My TETEPOreHHHMX peakuii, TigpoJUHAMIKH 1
TEIJI0-Maco0OMiHY y Tpr(a3HHUX IMOTOKaX MpeCTaBICHA
HayKoBa po0OTa € aKTyaJbHOIO 1 MPAKTHIHO 3HAYYIIOIO

poOIeMOTI0.
3HWKEHHS ~ BapTOCTI  BHPOOHHWIITBA  BOJIHIO
JIO3BOJINTh ~ BHPIMMHTH  NpoOJeMH  TOB's3aHi i3

BHUCH@XEHHAM IPUPOAHUX DPECypCiB, a TAKOX HANACTh

MOXJIMBICTh PO3LIMPHUTH 00J1ACTi HOTO 3aCTOCYBaHHSI.
[IIupoko mOCHI/HKEHO Ta HAYKOBO BH3HAYEHO

TEPMOJMHAMIKY, KIHETHKY 1 IIPOLIECH TEIIOMacoOOMiHY

OpU  B3aEMOJII 13 PO3YMHOM INKOrO HATPy PALY
CTAHJAPTHUX  QIIOMIHIEBUX TMOPOIIKIB, a TaKOX
aJFOMiHII0, aKTHBOBAHOTO 1HJIIEM, TaJiEM Ta OJIOBOM. 3
KpEMHIEBUX CIUIaBIB MTPOBOTMIIN IOCHiIn 3
dbepocuminiem ®C 75 1 crmaBaMu HepOCHITIKOATIOMIHIFO
(®CA), orpumaHi CIJIaBICHHSIM YHCTHX KOMITOHEHTIB
[4]. Okpim mporo BumpoOyBaHi cruiaBu @CA, oTpuMani
i3 HEOpPraHIYHOI YaCTUHU HHU3bKOKAJOPIHHOTO BYTLLIA,
Ta amopdHo-kpucTtaniuni crurasu @CA [5].

PiBHOBa)XHI XapaKTEpPUCTHKM peakuili aJroMiHilo,
KpEeMHiI0 1 3ami3a 3 BOJOIO yToyHeHi Ha 06asi
TaOyJNbOBAaHUX 3HAYCHb TCPMOJUHAMIYHHUX BEIHYUH
[13].

AmHamni3 HOpPMaTHMBHHUX MarepialliB IOKa3ye, IO
peakTopHe OONaJHAHHS IHTCHCUBHO YIOCKOHATIOETHCS.
IlpoMy crpusie po3MMPEHHS O0JAcTeH 3aCTOCYBaHHS
BOAHIO. Y 3B'MI3KYy 13 pO3MHUPEHHsIM Taimy3ei
3aCTOCYBaHHSI  BOJHIO  MPOBOAATHCS ~ POOOTH MO
30UTBIIICHHIO TUIIOPO3MIpiB HAsSBHOTO OOJIATHAHHS Ta
YAOCKOHAJICHHIO KOHCTPYKIIH peakTopiB. 30Kpema,
pO3pOOICHO  psAn  JOCHIAHMX  TPAHCHOPTHHX 1
CTaliOHAPHHUX YCTaHOBOK MEePIOIUYHOT,
HAIIBIIEPIOUYHOI 1 Oe3MepepBHOT Jii.

Bigomi peakTopHi YCTaHOBKH BHCOKOTO 1 HU3BKOTO

TacKy. Jlo cKiaamy yCTaHOBOK HHM3BKOTO  THCKY,
OPAIIOIOYMX IO  CHJIIKOJICBOMY METOXY, BXOJSTH:
peakTop, IIHEKOBHUH  JKMBWIBHHK, €MKICTB  JUIA

MPUTOTYBAaHHS PO3UMHY JIYTY, KOHIECHCATOP 3MIITyBaHHA,
TpyOOTIIpOBOIH, apMaTypa, HacocH. PeakTop mpencrapisie
c000I0 TOHKOCTIHHY €MHICTh, 3abe3mneueHy pebpamu
s)kopetkocTi. Kopmyc amapaty Moxke OyTH OBajbHOI,
[MWTHIPOBOI Ta MPAMOKYTHOT (OpPMH, ITHUIIIE 1 KPUIIKH
BUKOHYIOTbCS €JIINTUYHUMHM, KOHIYHUMHU 200 TJIOCKUMHU.
OO0'eM Ta30reHepaToOpiB KOJIHMBAETBCS y Mexkax 1,6 —
14,5 M3 Pearyioui KOMIIOHEHTH 3aliMarOTh TPETHO
YacTHHY amnapary, OCTaHHE HPUXOIUTHCS Ha MPOCTIp
cernapailii. BuHUKaro4a Npu ra30yTBOPEHHI UPKYIISIIs
po3unHy 3a0e3reuye 3MUB IPOJAYKTIB peakiii 3 MOBEPXHi
TBEpAMX YACTHHOK 1 TPOTPiBaHHA HOBHX ITOTOKIB
pPEYOBHH, IO HAAXOMIATH Y peakTop. 3 TiJABHIIECHHAM
PIBHS PO3YMHY 3aCTOCOBYIOTH MPHUMYCOBY ITUPKYJISIIIIO
MOTOKIB, JUIA YOTO Ha KPHIIIl arapary BCTaHOBIIOIOTH
onHy a00 JIBi MillIaJIKH.

OcTaHHIMH pOKaMH HaMITWJIACA TEHIACHINS 0
30UIBIIEHHS TNPOAYKTHBHOCTI pEaKkTOpiB, sl 4OTro
3aCTOCOBYIOTh JIBOXTOpJOBi Oaysonu emkictio 80 i1 [14,
15] 1 200 i1 [16] y ckilani yCTaHOBOK HAITiBHEPIOJMYHOI i
OesnepepHOi  nii  (puc. 3). YcraHOBKM Oe3mnedHiln B
eKCILTyaTalii, mpoTe, 10 UMX Mip BiACYTHI peKOMeHAalil
1Mo BHOOPY 00'eMiB peakTopiB. Y IOCKOHAJICHHS MPOLECY
OOMEXHMIJIOCH TIOIIYKOM JIMIIE ONTHMAIbHUX PEXKUMIB
OTpUMaHHS BOJHIO 3a TOoTOMoroto crangaptaoro @C 75,
0 BUIYCKAETHCA TPOMHUCIOBICTIO 1  mo0aBKamMu
MOPOTIKY aJIOMiHiI0 JIJIsl po3irpiBaHHS peaktopa. Pazom
3 TUM, y BKa3aHiil JiTepaTypi BiACYTHI TPOMO3MINI IO
CKOPOYEHHIO BHUTpAaT pEarcHTiB Ha OAMHHIIO Mach
BUPOOJIIEMOTO BOIHIO 3a PaxyHOK 3MiHM CTPYKTYpH 1
CKJIaJly CIUIaBiB 3 JOOABKaMH JTy>KHO3EMEILHUX METaIB.
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Puc. 3 — Cxema aBromMaTH30BaHOi peakTopHoi ycTaHoBkH (YBP):

1 — peaxrop, 2 — MaHOMETp, 3 — BEHTWIb THEBMOYIPABIIEMHI, 4 — EMKOCTI Il pEareHTiB, 5 — MIIaJIKH JUIs IIPUTOTYyBaHHS
peareHTiB, 6 — BeHTHII, 7 — HACOCH MOPIIHEBI, 8 — TEIIOOOMIHHHK 3 €JIEKTPOHArpiBOM, 9 — EMKICTh [UISl TPOYKTIB peaKuii,
10 — 6anonu st BoxHIO, 11 — ocymryBau cumikorenesuii, 12 — cenmaparop, 13 — konneHcaTop, 14 — BoraeracHuk, 15 — mem6pana
3ano0ixHa, 16 — TepMOMETp eNEeKTPOKOHTaKTHHUH (TepMorapa).

JlocmigHUKaMU BCTAaHOBJICHI 3arajbHi MPUHITUITN
pPO3paxyHKy Ta30TeHepaTopiB, SAKi MOBHUHHI OazyBaTHCs
Ha OCHOBHHX MOJIOKEHHSX TEPMOIMHAMIKH
TEeTEPOTCHHUX TMPOIECiB: KIACHYHA TEPMOIMHAMIKA
OaratoasHHMX 1 TETEPOTCeHHHWX CHCTEM BHKIAJCHA Y
poborax TI'i6bca [17,18]; dyHaameHnranpHi piBHAHHA
TEpPMOJMHAMIKH BUpPAXaloTh (QYHKLIT TUT B Mexax
HEe3aJe)KHUX 3MIHHMX, sIKi BU3HAYAIOTh CTaH. SIK BiOMO,
I'i06c BBIB B Il pIBHAHHS XiIMiYHI TOTCHINAIH, IO
JIO3BOJIHIIO PO3MOBCIOUTH METOT! 3araJbHOL
TEPMOJMHAMIKH HAa CHCTEMH 3MIHHOTO CKJIAJIy: CIaj
3aMpoINOHOBAHNX (PYHKIIIH BHpaxae poOOTy, BUPOOIEHY
B 000poTHOMY TIporieci. Bu3HaueHHsT TepMOIMHAMIYHUX
noteHnianiB [160ca MOXXHA TIPEACTAaBUTH SK BiOMI TPH
aJbTepHATUBHI POPMHU CTIHKOCTI

(6H)sp=0,  (OF)ry=0,  (©G)rr=0, (1)

ne F— BinmbHa eHepris ['enbMrobIs.

TakuM YMHOM, CTIHKICTh TEPMOJMHAMIUYHOTO CTaHY
pPO3TIANAETECA 10 BIMHOIICHHIO N0 Oe3mepepBHUX i
CTpHOKOMOMIOHNX 3MiH: 1) MOBa He Mpo CTIWKICTH IO
BIIHOIICHHIO /0 HECKIHUEHHO MalMX 3MiH y BXe
icHyrouiii (azi, Tomi SK 2) BpaxOBYETHCS BUHHKHEHHS
abcomrotHO HOBOI (asu. Lli BmactuBocti I'i606C Ha3BaB
«HAaCUBHUMH  OIOpaMu».  MexaHIYHHM  aHaJorom
NacCUBHHUX OMOPIB MOXe OyTH B'SI3KICTH abo TepTs
KoB3aHHs. PiBHOBara, oOyMoBIieHa TACUBHUMH OTIOPAMH,
BiZIPI3HsIETBCS Bij piBHOBAru, 3adesnedeHoli «OaisaHcoMm
aKTUBHUX TEHACHIIN, I[0 HiI0Th B CHCTEMI». «AKTHUBHI
TEHJICHLIT» CIIOCTEPIraroThCsl TOAl, KOJM HparHeHHs,
HaIPHKIIaJ, ATFOMIHIIO 1 BOJIH 3'€IHATUCS BPIBHOBAXKYIOTHCS
TEH/ICHITIETO TIPOIYKTIB PEAKIIii IO AMCOITaLIii.

TepMonMHAMIYHUM METOJ] JIO3BOJISIE BH3HAYMTH:
E€HEePreTUYHY MOJIIMBICTh 1 HAIIPSIM XIMIYHUX B3a€MOJIii;
CYIIPOBOJIKYIOUI PEaKIiio TEIUIOBI 3MiHM; CTIHKICTh

YTBOPIOIOYMX  3'€JHAHb; MaKCHMaJbHI  PiBHOBaXKHI
KOHIICHTpAIil MPOAYKTIB peakmii i TpaHUIHUH IX BHXIJ;
ONTUMAIBHUIA PEXUM Tpolecy (TemmepaTypa, THCK i
KOHIIEHTpalis  pearenriB). Jlusg  peakmid, 110
3MIHCHIOIOTHCS B 1300apHO-I30TEpMIYHMX  YMOBaX,
MOXJIMBICTh XIMIYHMX 1 (pa30BUX II€PETBOPEHb Y
3aKpUTIH CUCTEMI BU3HAYAETHCS PIBHAHHAM [19]

AG® = AH® — TAS®. )

Bin’emui 3HaueHHs AG® cCBig4aTh TNPO BHUCOKY
BIpOTigHICTh peakiiii. JIJIi TeTepOreHHUX pEakiiid Mmpu

3MiHI THCKy B amapari 3HaueHHsS eHeprii [106ca
3HAXOIATH 10 PiBHSAHHIO [34]
AG = AGy + RTIn(P2/P)), 3)

ne P, P; — xiHIeBUil 1 MOYaTKOBUH THCK B amapari,
MI]a.

PiBHOBa)kHA TepMOJMHAMIiKa HE BPaXOBYE UYHHHUK
gacy Ta XapakTep IMepexiHHUX MPOIEeCiB, X04a i HaKIagae
meBHI OOMEXeHHS Ha KiHeTHKYy mpomecy. Tak,
BHKOHAaHHS CTE€XIOMETPUYHUX  CIBBIJHOIICHh  MiX
peareHTaMu 1 NPOAYKTaMH peakmii o3Hadae, IO JUIA
KOXKHOT peakuii € ojHe 1 JuIIe OJHE HEe3aIeKHe
KiHETUYHE pIiBHSAHHA. MDK KOHCTaHTaMH piBHOBaru i
KOHCTaHTaMH MIBUAKOCTI MpsMOT 1 3BOPOTHOT peakuii, sK
BiZIOMO, iCHY€ B3a€MO3B'SI30K, SIKHUH I03BOJISIE IO JIBOM
BeqnuuHaM 3Haitu Tperio [19]: srimno Bant-T'oddy,
PIBHSHHS 130TepMHM peaklii, M0 3B'I3y€ BEIMYHHY
KOHCTaHTH pIBHOBard i3 3MIHOIO TEPMOIMHAMIYHOTO
MTOTEHITiaTy, Ma€ BUTIISIA

K= e 00, )

ne R — ra3osa noctiiina, JIx/(kr-K).
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3 iHmoro OOKy, 3rifHO 3aKOHy MiIOYMX Mac,
KOHCTaHTa pIBHOBarW peakuii y [JaHOMY BHNAAKY
BU3HAYA€EThCS 13 BUpasy

K =P / P, 5)

H,0 »

ne P — tuck razy, Mlla; v;, v; — crexioMeTpuyHi
CHIBBIJHOIIEHHS KOMIIOHEHTIB.

Po3paxyBaBmm KOHCTaHTY piBHOBAru mo Bupasy (4)
1 3HAIOYM THUCK BOJHIO B PEAKTOPi, MOXXHA BU3HAYUTH
MPYXHICT BOISHOI Tapw, i, THM CaMHM, IPOBECTH
OIIIHKY YHCTOTH OTPUMAHOTO BOJHIO.

[ToBHOTY peakiiii 3HaxXoAsATh 3a JIOTIOMOTOIO
KOHCTaHTH PIBHOBard IO BiZOMHUM MeToaukam. Jleski
JMOCTITHUKA TIPUIYCKAIOTh TICHIIIMH 3B'S30K MIDXK
KIHCTHKOI 1 TepMOAMHAMIKO0. Bimomo, mo BHCOKI
TEMIIEpaTypy NpParHyTh MNOPYIIUTH XiMIYHY iHEPTHICThH
abo «omopw» 10 NEPETBOPCHHSA, M0, SK IPABUIIO,
MPUBOANUTh 110 30UIBIICHHS MIBUAKOCTI peakmii. Y
CKIAIHIINX  CUTyalisX I[IBHIKICTH MOXe OyTh
OCITIITIOIOUO0I0 (PYHKITIEI0 Temrepatypu. s BYy3bKOTO
iHTepBally TeMIIepaTyp yYMOB eKCIUTyaTallil BOZHEBHX
peakTopiB,  CHIiBBIIHONIEHHS MK  «ITaCUBHUMH
OTMopaMu» y CHCTEMi 1 ormopamu, 10 MalTh «aKTHBHI
TEHIEHIIT», 3MIHIOEThCA OdYeBUAHO ciaabo. OcTaHHS

o0cTaBHHA JIO3BOJISE MPEACTABUTH KIHCTHYHI JaHi
4yepe3 XIMiYHi TOTeHITaIn
dG/dt = A da/dr, (6)

ne A — chnopigHeHicTh XiMiuHOI peakmii abo
TEPMOIMHAMIYHHMA MOTEHIIIaN, J[»/MOJTb;
da / dt — MBUAKICTH XIMITHOT peaxilii;

A=, (=1, i, (=1, o),

i,J

()

ne j, i — ¢a3a 1 KOMIIOHEHTH Yy JaHii ¢asi, 1o
0epyTb y4acTb B peakiiii;

Vi — CTEXIOMETPUYHE YHCIIO i - T PEUOBHHH;

Wi — XIMI9HHAN TIOTEHITIal i - TO KOMIIOHEHTY;

> — miACYMOBYBaHHS 1O BCiM (a3aM i pedyoBHHAM,
o OepyTh y4acTh B PeaKlii.

_ (ﬁ ) .
'ui on; P,T.n;(#n;) ’

ne n; — YUCJIO0 MOJIEH.

XiMiYHUH ~ TOTEHIiaJl  i-TO  KOMIIOHEHTY Y
0araTOKOMIIOHEHTHill cymilli € 30UIbIICHHAM BUIBHOT
eneprii ['i60ca cymimi Tpu BBEICHHI OAWHUYHOI
KUIBKOCTI -0 KOMIIOHEHTY B CyMIll NpPH MOCTIHHHX
TeMIepaTypi, THUCKY, KOHIEHTpauii (Maci) iHIIUX
KOMITOHEHTIB (4YHMCJO 3apsiiB KOMIIOHEHTIB TYT HeE
PO3IIISAAETHCS).

Slkmo BimoMUE cTaHTAPTHUN XIMIYHHUK TOTEHITIa
W(po, Ty), Monspuuii o6'em V,(p, T) (abo MIIBHICTH) i
MOJIIpHa eHTanbmito H,(p, T) 4YuCcTOI PEYOBHHHU, TO
MOXKHa PO3paxyBaTH XIMIYHUH TOTEHIial Tpu Oynb-
SKOMY IHIIOMY THCKYy p 1 Temmepatypi T.
AnbTepHaTMBHUH  crocid  BH3HAYEHHS  XIMIYHOrO
noteHuiany Oy 3anporonoBanuii I'. H. JI'roicom, sikmii
BBIB IOHATTS aKTUBHOCTI @ PEYOBUHH k.

[ToHATTS aKTMBHOCTI OCOOJIMBO KOPUCHO TIpH
BCTAHOBJICHHI 3B'SI3Ky MK XIMIYHHUMH TOTCHIIATaMH i

®)

TaKUMU EKCIICPUMEHTAIBHO BUMIPIOBaHUMH
BEJIMUMHAMH, SIK KOHLEHTPAI[isl 1 THUCK, HpPU IBOMY
HEOOXiZTHO  BpaxoBYBaTH  XapakTepHi 0coOmMBOCTI

MPOIIECiB, MO MPOTIKAIOTh ¥ HUX (Tabs. 1). AKTUBHICTH
BHU3HAYAETHCH 13 CHiBBigHOMEHHS [19]

W@, T) = w(po, T)+RTlnay. )

Tabmurs 1 — Ipuknazg 3aranpHoi Kiacudikamii-ineHTudikamii pisSHOBHAIIB BUMOT ISl TPOLIECiB BUPOOHUIITBA BOJTHIO

Bun xapakrepuctuku npukiany |CkiiafioBi BIUIMBY Ha MPOLEC

3abe3neyeHHs BOAOCTIMKOCTI
crajei

Bukopucranus 100aBOK Xpomy, MonibJaeHy, BaHadil0 Ta BOJb(paMy, IO IO3BOJHTHh
I IBUIIUTH TEMIIEPATypy IX BUKOPHCTaHHA 0 TeMneparypu 6im3bko 700 °C.

BrnactuBocti craneit ta mpoxykris|Temmeparypy mporecy B peaktopi ciin miarpumysaTtu He Bume 500-700 °C.

peaxkii

Tuck cepenoBuina y peakropi mae|Ilo-nepure, 3rigHo 3 npuHuunom Jle-IllaTenbe BHCOKHMH THCK MEPEIIKOMKAE YTBOPESHHIO
BOJIHIO Ta BOJSIHOI IIapH, a IO-ZApYre, 3i 3pOCTAHHSAM THCKY IiJABUIIYETHCS METaJOEMHICTh
001aiHaHHS Ta BUTPATa CIICKTPOCHEPTil Ha [M01a4y PEarcHTiB.

OyTH y MEBHUX MEXKax.

MakcuManbHUH TiameTp dacTok|[Ipn BeTMKHUX po3MipaX YacTOK YIIUTHPHIOBAJIBbHI TIOBEPXHI 3aIlipHHUX €JIEMEHTIB
apMaTypu Ta HAacOCIB pEakTOPHOI YCTAHOBKH HE MOXYTh 3a0€3MEYUTH IOCTATHIO
repMeTH3aIli0 00IaHaHHsI (iaMeTp He TIOBHHEH NEPEBUITYBaTH 1-25 MM).

€HEeProaKkyMyIIIOI0UNX PEIOBUH

BupimansHuii BimuB Ha niepe6ir|Ha moBepxHi JeTKHX METalliB yTBOPIOETHCS OKCHIHA TUTIBKA sIKa MIITHO 34YerieHa 3
MTOBEPXHEIO Ta Y 3BHYAHUX yMOBax HE PO3YMHHA Yy Boxi. JlocarTu ii pyiHyBaHHS
MOJKHA, TTiIBUITYIOYH TEMIIEPATYpy a00 3aCTOCOBYIOUH PO3UHH JIYTY.

peaxiii — BJIACTUBOCTI CIIJIaBiB

IBuakicTe

rlapaMeTpiB Ipolecy

mupkyisinii - B|JJOCHTh BHCOKa MIBHAKICTH IOTOKY INOJO TBEPAMX YacTOK 3a0e3nedye 3MUB
peakTopi SK OJUH 3 OCHOBHHX |TIIPOKCHIY, 3 iX HoBepxHi. [TocTiliHe OHOBJICHHS peakLiiHOI MOBEPXHI HEOOXiJHE
JUTSA TIATPUMKH BECOKOI IIBUIKOCTI PEaKIIii.

Benuknii mornut y cdepi BOAHEBOI €HEPTETHKH HA
(bepocITiKoaTIOMIHIN 3a pe3yIpTaTaMi JOCIiIKEHHS Ta
aHaji3y TOSCHIOETHCS THM, MO BiH TOBHICTIO
nepeBepirye 3a e()EeKTUBHICTIO TPaauIiiiHI CIUIaBH —
(epOoCHITIIIi 1 ATFOMOKPEMHIEB] CIUTABH.

Hanpuknan, sk yHiBepcaIbHMHA PO3KHCIIOBAY B
npolieci BUIUIABKH JICTOBAHOI CTalli 3aMIiHIOE BCi 1HIII
inrpenienTy. [Ipu Bunnasui komiiekcHoro cruiasy @CA
BUNPOOYBaHi pi3HI BUAM IIMXTOBUX MarepianiB. B
OCTaHHI POKH 4YaCTillle BUKOPHUCTOBYIOTHCS BYTiIbHI
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HOpO/AM, TaKk SK BOHMU MICTATh BCI KOMIIOHEHTH,
HeoOXimni Juist BumiaBku @DOCA  (OKCHUIM KPEMHIIO,
IIOMIHIIO, 3ai3a 1 ByIJIelb), IO JO3BOJISIE BHPIIINTH
BapTIiCHI Ta eKoJoTiuHi mpobnemu. ['oloBHA mepeBara
OCA momsirae B TOMy, IO IPH EIEKTPOTEPMIYHOMY
OTPUMaHHI IIHOTO CIDIABY OWHHWIIA MAacH aIOMiHIIO
00XOMUTBCS ~ JemieBlle, HDK TNPH  BUPOOHHUIITBI
€JICKTPOJIITUYHOTO afoMiHito. Ha#binpmr mpugaTHUMH
st ButuiaBkd  @CA € BYIJIEBIIXOOHM  YOTHPHOX
ByryezdarauyBanbHuX  (abpuk  KpacHoapmilicbkoro
pationy J[loHeupkoi o00xacTi, sKi XapaKTepU3YIOThCA
HAasIBHICTIO B 30JIbHOMY 3aiuuiKy 24 — 28 % AlO3 1 50 —

€JIeKTPOIedi  3ai30  BIiJHOBIIOETBCS  IPAKTUYHO
[MOBHICTIO 1 301IBIIECHHS HOr0 YaCcTKH B IIKMXTI moHaxm 6%
CYNMPOBOJKYETbCS ~ 3HAYHMM  3HIDKCHHSM  BMICTY
KPEMHIIO Ta JIFOMIiHIIO B CTIABI.

Hanpuknan, s BuUpoOHMUTBA | M®  BOAHIO
BHKOPUCTOBYIOTH 1 KT cmiaBy (epocumimito (PC75) Ta
0,5 KT NaOH. 3amicThb DdC75 JIOIIIJIEHO
BuKopucToByBaTH criaB ®CA, SIKU BUIUIABISAIOTH 3
HEOPTaHIYHUX KOMITOHEHTIB ByTiwIA. OpieHTamis Ha
BYr'UIbHI POJOBHIIA IIPH OTPUMaHHI XIMIYHMX peareHTIB
JUIS BUPOOHHWIITBA BOJHIO € CKOHOMIYHO HaWOUIBII
oOrpyHToBaHmM [7].

60 % SiO,. B xoxi BiZHOBIIOBAaHOrO IpoLeCy B
Tabnuus 2 — 3araneHa Kiacudikais-ineHTudiKalis Cy9aCHUX Pi3HOBUIB TEXHOJIOTIH BOJIHIO

i;rfl 3MicT HaBYaHHS OuikyBaHi pe3yJIbTaTH HaBYaHHS

1. |AHami3 Ta BU3HAa4YCHHS i€papXil TOJOBHHUX HAIPSIMKIB PO3BUTKY BH3HauCHHS Ta HaAyKOBE OOIPYHTYBaHHS CKJIaZ0BUX
BOJIHEBOI CHEPTETHKH. JOCIT[UKESHHSI

2. |Anmamiz  TexHoiorii  pecypco- Ta  eHepro3OepexenHs:|30ip iHpopMmamii 1010 CydYacHHX IHHOBAI[IHHHX
SHEPreTHYHUI MIKC 3 ypaxyBaHHSIM MOXKJIMBOCTEH BOJIHEBOI|TeXHOJIOTIH Ta MeToxiB iHTeHcHu(ikauii MpoleciB
CHEPIeTHKU. BUJIO0YTKY BOJHIO
BusHaueHHs TEXHOJIOTT4HOTO €KOJIOri4HO-0e311e4HOr0|PO3BHTOK J1a0OPaTOPHOrO MPAaKTUKYMy 3 METOMIB
KOMIUICKCY IS IOCJI[DKCHHS Cy4aCHHUX MPOLIECIB Ta CKJIAIOBHX |JOCTI/PKCHHS. PI3HOBHAIB CKIAJOBUX CEKOJIOI1YHO-
CHEPIreTHYHOTO MIKCY 6e31e4YHOr0 CHEPreTHYHOTO MIKCY

5 |OcobauBocTi cygyacHMX MpoLeciB OTPUMaHHs BOAHIO 3 BoAu —| Po3BuTOK mnpakTHuHuX 3aHiTh 3 Kkypcy 3TXB
QNrOpUTMHM  3arajbHOl  TEXHONOrii,  eHepreTWdHi  Ta|«3arajipHa TEXHOJOTIS XapyoBUX BHPOOHHULTBY —
MarepiajbHi PO3PaXyHKH. KiHeTHYHi 3aKOHOMipPHOCTI.

6 |MoxnuBocri PO3BHUTKY Ta aHayizy 3arayibHUX |OHOBJICHHS CKCHEPUMEHTAJIFHUX Ta PO3PaxyHKOBHX
KOMIICTCHTHOCTEIl ~ Cy4acHHX  KOMIUIGKCHHMX  €KOJIOTiYHO-|MarepiaiiB KypCOBHX IPOEKTiB 3 Kypcy «3TXB» —
0E3MEeYHNX IPOCKTIB. IHHOBAMiHI METO/H.

7 |O3HailiomneHHs 3 Cy4aCHUMH TEXHOJOTISIMH OTpUMaHHs BojaHIO|OHOBIICHHS JIeKLiiiHOro MaTepiany 3 KypciB «3TXB»
3 BOJOM i3 BHKOPHCTaHHSM CHEproakymymorunx pedoBuH —(ta 3XT «3arampHa XiMi4Ha  TEXHOJOTIS» 3
3arajbHa TEXHOJIOTisI BUPOOHHIITBA. ypaxyBaHHIM NPOBEICHUX JOCIIIKCHb

8 |HocnimkeHHs Ta aHaIi3 Cy4acHOTO MPOLECY YTBOPEHHs BOAHIO [OHOBICHHS METO/IB HAayKOBHX JOCIIDKEHb JUIs
3 BOJM 32 JJOIIOMOTOI0 CIUIaBiB Ha OCHOBI KPEMHI0 — 3arajibHa  |pi3HOBUIIB CKJIaJ0BHUX CYYacCHHX TEXHOJOTIil BOIHIO
TEXHOJIOTisl BUPOOHHITBA. kypciB «3TXB» ta «3XT»

9 |BucHOBKM Ta IIEpCIIEKTHBY NOAANBIIOrO PO3BUTKY o3HaueHnX |[lomanpmni HaykoBi myOumikamii 3  iHHOBaIiHHOTO
CY4JaCHHX HAIPSIMKIB 3arajJbHOI TEXHOJIOTIT XapuoBUX Ta 3aCTOCYBaHHS OTPUMAaHHX CY4aCHHX  HAayKOBHX
XiMiYHHX BUPOOHHIITB. MarepiaiB.

3 MeTow  po3poO0KM  3arajbHOi  TEXHOJOTii [IpomucioBe oaepKaHHS BOIHIO Ta HOTO TIOIAJIbINE
BUPOOHWIITBA  BOIHIO, IO 3aCTOCOBYETbCA Ui  BHKOPHCTAaHHA Ma€ Ha yBa3l HASBHICTh 3aHIIKOBHX

CTBOPCHHS MAJMBHUX €JIEMEHTIB HEOOXiJHO BiI3BHAYUTH
JesKi HeNONIKM CKIamoBHX mpouecis. OnepikaHHA
BOJHIO TIPOBOAATH Yy KUIbKA €TamiB, IOYHHAIOYH 3
KaTaJITHYHUX XIMIYHUX peakuid i 3aKiHUyIOUH Pi3HUMHU
PIBHSAMH OYHIICHHS BOJAHIO. Hampukian, BOACHb MOXKE
OyTH OTpUMaHHH NapoBUM PH(OPMIHIOM IPUPOIHOTO
ra3y abo Ha yCTaHOBKAaXx I BUPOOHUIITBA BOJIHIO — HOTO
BUJIy4alOTh 3 0araTOBOJHEBUM Tra30BUM MOTOKOM. IIpu
BUPOOHUIITBI ~ BOJHIO  ONEPXKYIOTh  MPOJYKTOBHI
BOJAHEBHM Ta3, SKWH BKJIIOYAE IMOOIYHI MPOTYKTH:
BYTJICKHUCIIHN Ta3, YaJHUH ra3, MeTaH, BOJa, aproH, a3oT i
KHUCEHb. Y 3QJMIIKOBHX Ta30BHX IOTOKAX BiJ XIMIYHHX
a00 HaTOXIMIUYHHMX NPOLECIB NPUCYTHI Pi3HI JOMIIIKH:
BYTJICBO/IHI, METAHOJ, CIPKOBOACHb Ta amiak. Bci mi
JIOMIIIIKY TOBUHHI OyTH BHJAJICHI, MEpII HiX BiH OyJe
BUKOPUCTAHUH B IHIIMX TEXHOJIOTISIX: OYHUILICHHS BOJIHIO
BiJl pPI3HMX JOMIIIOK — TOJOBHUHM eTam Ha M[UIIXY
OTPUMAHHS BUCOKOSIKICHOTO MPOIYKTY (pHuC. 4).

ra30BHX IIOTOKIB Ta TOTOKIB IOOIYHHX MPOTYKTOBUX
rasiB, 0 MICTATh 3HAYHY KUTBKICTh IHHOTO BOJTHIO.
Memopanni moayini GENERON® (puc. 5), a Takox

npodeciiine 00JagHAHHA Ui BOJHIO  JIO3BOJISIFOTH
BHUIUIATA 3 TaKUX Ta30BHX IIOTOKIB BOJEHb 3
MiHiManeHUMH BTpatamMu 1-10 %, mo eKoHOMiuHO
e(eKTUBHO.
Froduct
HC CondenserUnit Hydrogen
Compressor
AY
Hydrocarbon/
HighBTU Gas

Puc. 4. IIpuxnan TeXHOIOTIYHOT CXEMH OYHILCHHS BOAHIO
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YucroTta KIHIIEBOTO MPOAYKTY, OTPUMAHOIO i3
3aCTOCYBaHHSM MEMOpPaHHHUX YCTAHOBOK JUIS OTPUMAHHS
BojHIO, nocsrae 90-99.9%, mo, Oe3mepedHo, € IyxKe
BHCOKHM  TIOKa3HUKOM  TIOPIBHSHO 3  OyAb-IKUM
oOnajiHaHHAM, 10 KOHKypye. IIpoMHCIOBE OnepKaHHs;
BOIHIO MOTpeOy€e anbTepHATHBHUX Ta B JOCTATHIA Mipi
e(heKTHBHUX TEXHOJIOT1# ra30BOTO PO3LTY.

El

Filter Unit

Membrane Unil

GENERON IGS

Product
Hydrogan

Puc. 5. Ilpuxnan TeXHOIOTI4HOT CXeMHU BUPOOHHUIITBA BOJHIO
3a MEMOPaHHOIO TEXHOJIOTI€I0

AJIbTEpHATHBHOIO TEXHOJIOTIEI0 OTPUMAHHS BOJIHIO
3 HACHYCHUX BOJHEM Ta30BHUX IOTOKIB € KOpPOTKO-
nukioBa ancopomis (KIL[A), mo 103BOJIIE OTPUMYBATH
BOJICHb TOHAJA BHCOKOI 4HCTOTH (m0 99.999%). Omnak
moaidHa yCTaHOBKA JJII OTPHUMAHHS BOJHIO MAa€ IOCHUTh
BHUCOKY BapTICTh, TOMY SKIIO BHMOTH JO YHCTOTH
KIiHIIEBOT'O MPOJYKTY HE TaKi BUCOKI, OUIbII €EKOHOMHUM

Oylne  BHUKOPHCTaHHS,  HANPUKIAJ,  MEMOpaHHOI
texHonorii  GENERON®, mnepeBaramu  sikoi  3a
MaTepianaMu TOCTIKCHHS €:

1) Bwucoka  epeKkTHBHICTP —  yCTaHOBKA

BHPOOHUIITBA BOJHIO NO3BOJISIE onepkatd Bim 90% mo
99% 13 Ta30BOTO MOTOKY;

2) ExoHOMiuHICTH — MeMOpaHHa YCTaHOBKa IS
BHPOOHUIITBA BOJHIO JOCTYITHINIA 3a BApTICTIO B CHIIY
0COOIMBOCTEH BUPOOHMIITBA Ta MOHTAXY:;

3) OmnepatuBHICTh — MOAIOHE OONaTHAHHS 3HAYHO
LIBHIIIC BUTOTOBJISIETHCS TA BBOJIUTHCS B CKCILTyaTaIlilo;

4) MiHiManbHi BHUTpaTH Ha O0OCIyroByBaHHS,
3aMiHy 00JIaTHAHHS Ta iH.

5) Tuck Ha Bxoai 1o 138 Gap.

[IpomucnoBe ojepkaHHS BOIHIO 3a JOIMOMOTOIO
MeMOpaHHUX MOIYJIiB YMOBHO NOMIUISETHCA Ha KiIbKa
eTamiB, IO MO3BOJIIIOTH OTPUMYBAaTH BUCOKOSKICHHUI
MIPOIYKT 0€3 NOJATKOBUX BUTPAT 4yacy. [lis 3amobiraHHs
YTBOPEHHIO KOHJECHCATy BCEpPEANHI ITOJIOBOJIOKOHHUX
MeMOpaH, 10 HAAXOIUTh Ta3 CIIOYATKy OXOJOKYETHCS
JUTS. OYHUINCHHS BiJl JICTKMX BYTJICBOJHIB.

YcraHoBKa AN BUPOOHMITBA  BOJHIO 32
MEMOpaHHOI TEXHOJIOTI€0 ABTOMATHYHO MPOBOJIUTH
0araToCTymiHYacTe OYMILIEHHS TIa30BOr0 IMOTOKY BiJ
CTOPOHHIX YaCTUHOK Ta KOHACHCATy, Ta3 IMOIEPEIHBO
MiJIrpiBaeThCsl 10 HEOOXIMHUX TEMIEPaTyp Mepea
BXOJIOM Y MeMOpaHHi MOJTyJIi.

lazomoniOHMi BONEHb MPOXOIWTH HYepe3 CTIHKU
MeMOpaH — Iel OYMIIECHHUHA MOTIK (MPOHUKAIOYNN Ta3) €
MPOAYKTOBUM BOJHEM. Y LI€d 4Yac YacTHMHa rasy, IO
3aJMINUIIACS, MPOAOBXKYE CBIl pyX IO MeMOpaHHOMY
BOJIOKHY Ha CKUIaHHS (HETpOHUKHUH ra3) [20, 21].

BucHoBKH Ta  mepcHeKTHBH
PO3BHTKY IaHOT0 HANPSIMKY.

Y crarti npeacTaBieHa  aKTyaJbHICTh TEMH,
BHBUEHA CBITOBa TEHACHINS IIOMO TMEPEXOoAy JIO
«3ETICHO1» €HEPTeTHUKH.

PosrnsHyTO BHOM BOAHIO 3a cmocobamu HOro
OJIep>)KaHHA 3 ypaxyBaHHSAM HaHOUIBII €KOJOTiYHOTO Ta
e(eKTHBHOTO CTIOCO0y BHPOOHMITBA MPOMHCIOBOTO
BOJIHIO, PO3IIIAHYTO MOXJIMBI JKepela HOro OfepKaHHs.

BHacniiok aHanizy nepcrekTHB po3BUTKY BOJHEBOT
enepretuky B €C Ta YKpaiHi BUSBICHO NepeyMOBH IS
OTPUMAaHHS  «3EJICHOr0» BOJHIO y  NPOMHCIIOBHX
Macimitabax. Bwu3HaYeHI MOXIUBI  BETMKOTOHHAXKHI
JoKepelia o0 Horo BUPOOHMITBA.

VY crarri HaBeJEHO MOJKIIMBI YMOBHM pealtizarii
MPOEKTY 31 CTBOPEHHS  HAayKOBO-JOCITIIHUIIBKOTO
KOMIUIEKCHOTO LEHTPY TEXHOJIOTI] BOAHIO Ta BOAHEBHX
TAJIMBHUX €JICMEHTIB.

PosrisHyTO Aesiki HEOOXiqHI eNeMEHTH HayKOBOTO
OOTPYHTYBaHHS MOXIIMBOTO BIUIMBY TEXHOJIOTIYHHX
napaMeTpiB  Ta iX OCOOJMBOCTEH Ha INPOMHCIIOBI
XapaKTEePUCTUKU BUPOOHUIITBA.

BuzHaueHo MopsIoK JOCIHIIPKEHHS! CHCTEMH BUOOpY
palioHaNBHUX  IapaMeTpiB  PI3HOBUAIB  TEXHOJIOTIl
BUPOOHHMIITBA 3 METOIO HaBYaHHS cryaeHTiB BH3 [1-22].
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RESEARCH OF GENERAL HYDROGEN TECHNOLOGY ACCORDING TO OPTIMAL
PARAMETERS AS A COMPONENT OF COMPLEX DEVELOPMENT OF EFCE AND CFE-UA
ASSOCIATIONS

The analysis of the prospects for the development of hydrogen energy in the EU and Ukraine is carried out. The possibilities of
implementing projects and technologies for the production of green hydrogen for industrial use are considered. The conditions for
the implementation of the project for the creation of a research and development center for hydrogen and hydrogen fuel cell
technology are presented. A review of publications devoted to the process of obtaining hydrogen from water has been completed.
The main factors influencing the course of reactions in the production of hydrogen from water using alloys are considered.
Recommended alloys for producing hydrogen at autonomous facilities. The components of the research algorithm are given taking
into account the system of process factors based on the analysis of literature data on the technology of hydrogen production by the
electrolysis of water. The general principles of calculating gas generators have been established, which should be based on the basic
principles of the thermodynamics of heterogeneous processes: classical thermodynamics of multiphase and heterogeneous systems.
Keywords: hydrogen, hydrogen energy, autonomous objects, water electrolysis, gas generator, fuel cells, chemical potential.

H.H. 3UIITYHHHKOB, C. H. BYXKAIO

UCCJIEJOBAHME OBIIENA TEXHOJIOT AU BOJOPO/IA 110 OIITUMAJIbHBIM TAPAMETPAM
KAK COCTABJISIIOIIASI KOMILIEKCHOT'O PA3SBUTHS ACOIUAIINI EFCE u CFE-UA

[IpoBeneH ananu3 MEPCIEKTUB Pa3BUTHSA BOJOPOIHOH sHepreTuku Ha Teppuropun EC m Ykpaunsl. PaccMoTpeHBI BO3MOKHOCTH
peanu3anuy NPOeKTOB M TEXHOJIOTHH MPOM3BOJCTBA 3E€JIEHOT0 BOJOPOJA Ul MPOMBIIIIEHHOTO HCNob3oBanHus. [IpeacTaBnens
YCIIOBHSI pEalu3aliM IMPOEeKTa MO CO3JaHUI0 HAay4YHO-HCCIEJOBATENbCKOTO KOMILIEKCHOTO LEHTpa TEXHOJIOTMH BOJOpOJA H
BOJIOPOJHBIX TOIUTMBHBIX 3JIEMEHTOB. BrImonmHeH 0030p myOimKamuid, MOCBSIIIEHHBIX MPOLECCY MOJIyYCHUs BOJOpPOJa U3 BOIBIL.
PaccMoTpeHBl OCHOBHBIE (DAKTOPHI, BIUSIONNE HA TEUCHHE PEaKIMi IPH IIOJYYSeHHH BOAOPOAA W3 BOIBI C HCIOJIB30BAaHHEM
CIUIaBOB. PexoMeHyeMble CIUIaBbl ISl MOJTYyYEeHUs BOJOpPOJa Ha aBTOHOMHBEIX 00BeKTaX. [IpHBeIeHB! COCTABIAIOMNE AJITOPUTMA
HCCIIEIOBAaHMUSI C YYETOM CHCTEMBI (haKTOpPOB Mpoliecca HAa OCHOBAHMM aHANIM3a JIUTEPATYPHBIX MAHHBIX II0 TEXHOJOTHH
MPOU3BOJCTBA BOJOPOJAa METOAOM 3JIEKTPOJIN3a BOJbL. YCTAaHOBIEHBI OOIIME MPHHIMIBI pacueTa ra3oreHepaTopoB, KOTOPHIE
JIOMKHBI OCHOBBIBAThCSI HA OCHOBHBIX MOJIOKEHHAX TEPMOJMHAMUKH T€TEPOTEHHBIX MPOLIECCOB: KJIACCHUYECKash TEPMOIHMHAMUKA
MHOTO(]a3HbIX ¥ T€TePOreHHbIX CHCTEM.

Kniouesvie cnoga: Bogoposi, BOJOPOAHAS SHEPTETHUKA, ABTOHOMHBIE 0OBEKTHI, STIEKTPOJIN3 BOJIBI, TA30T€HEPATOP, TOTUIUBHBIE
JJIEMEHTBI, XUMUYECKUI MOTEHIMAL.
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L I. 3E3EKAJIO, C. I. FYXKAJIO, I. O. IBAHHI[BKA, O. 0. ATEHYEBA

IMPUKJIA/IM BUBHAYEHHS B3AE€MO3B’SI3KIB TA AHAJII3Y ITAJIHHA BUAOBYTKY

TA POBOTHU CBEPAJIOBUHHA

[TpoaHanizoBaHO Ba)KJIUBICTh BUOOPY CIOCOOIB eKCIuTyaTalil CBEpJIOBHH. Y CTATTi PO3IJISIHYTO METOJ| KpHBOI MajiHHs Aprica sk
eeKTUBHUH METOJ, IO AO3BOJNAE HANiiHO Ta €(EeKTUBHO NPOTHO3YBAaTH nAeOiNb CBEPIJIOBMHM, HEOOXIIHMH mHapamerp s
ONTUMAJIBHOTO Ta MPaBUIBHOrO BHOOPY poboTu cBepanoBuHu. IIporHos3 nebiTy cBepIUJIOBMH Ha POAOBHUILIAX i3 3amacaMu
BHCOKOB’I3K0T HAa)TH € OJHI€I0 3 HAMCKIQAHIMIX 3a1a4 IpH po3podui HahTOBUX pomoBHIL. JJOBEICHO, IO BUKOPUCTAHHS METOLY
Aprc crpounrye Iie 3aBIaHHs, OCKUIBKH IIBHIKO 1 JIETKO JJa€ IPaBWIIbHI pe3ynbTaTh. J(0BeneHo, [0 aHajli3 3HIKEHHS BUIOOYTKY €
3ac000M BUSIBIICHHS IPOOJIEM NPOAYKTUBHOCTI Yy CBEpUIOBHHAX, 100 OIIHUTH IXHIO MalOyTHIO MPOIYKTUBHICTH Ta OYiKYBaHUH
TepMiH cayxou. Jlocmimkeno Bukopucranus [lnmardpopmu Harmony Enterprise, mo npu3HaueHa [yt aHaji3y NpOXYKTHBHOCTI
Ha)TOBUX 1 Ta30BMX CBEPAIOBUH Ta OLIHKM 3amaciB, 3 METOI CTBOPEHHS 3arajbHUX KOPIOPaTHBHHX POOOYMX IIPOLECIB,
BUKOPUCTAHHS TEXHIYHHX 3HAHb Ta OOMiHYy iHTEpHpeTalisMH, IO A€ MOXKJIUBICTh BH3HAYUTH MEPCICKTUBHI aKTHBU, OLIHKY i
cTpaTerito po3BUTKy. Pe3ynbrati JaHoi poOOTH € NyKe BaXIMBMMM Ta HEOOXIIHUMHU VIS MOJAJBIIOrO IOCITIIKEHHS Ta aHawizy

najiHHs BUIOOYTKY Ta aHai3 poOOTH CBEPJIOBUHU.

KurouoBi ciioBa: Buo0OyToK, MPOAYKTHBHICTh, Ha(TOra30Ba iH)XEHEPis, TEXHOJOT11

Beryn.

Bubip  cnoco6iB  ekcruryaTarii  CBEpUIOBHH
CTAaHOBUTH  OJHE 3  HAWBaXJIMBINIMX  3aBIaHb
KOMIUIEKCHOTO  TIPOCKTYBaHHS pO3pOOKH  HadTOBUX

pONOBUINI, IIO TICHO B3a€EMOTIOB'A3aHI 3 IHIIUMH
€JIEeMEHTaMH TPOEKTY 1 M0 CYTTEBO BIUIMBAE€ Ha HUX 1
NOKa3HUKK BHIO0OYyTKy Hadrtu. Ilpm BuOOpi cnocody
BUJIOOYTKY HaTH SIK OCHOBHI TIOKa3HUKH
PO3TIIIAI0THCS TEXHIYHI, TEXHOJIOTIUHI, eKCIDTyaTalilHi,
exoioriudi Ta couiaubHi. OQHMM 13 HaHBaKJIUBILIMX
MOKa3HUKIB IpH BUOOPI € 3a1ulaHOBaHUi 1e0IT MPoTAroM
COKHTTS» CBEP/JIOBHHH.

[Iporno3yBaHHsI 1e0iTy CBEPIJIOBHH Ha POJIOBHUIIAX
3 Ba)XKO BHJIYYEHHMH 3allacaMu, 10 XapaKTepH3yIOThCs
HETHIHHOIO (iNbTpaIli€ro, € OJHAM 13 HaWCKIATHIIINAX
3aBIaHb MPH po3poOIli HapTOoBHX poxoBwil. HemiHiliHa
(dimpTparis XapakTepHa JUIsl BUIAJAKIB BHCOKOB'S3KOT
HadTH, a TAaKOX B YMOBax oJHOYacHOI inbTpauii HahTH
Ta razy. HacmpaBai mocuTh 4YacTo paHi pojxoBHIIA
PO3pOOISIOTECS CHCTEMOIO TOPHU30HTAIIBHUX
CBEp/JIOBHH, TOMY BHKOpHCTaHHS (opMmyn JiHiIHHOT
¢unpTpanii s po3paxyHKy —ae0iTy  CBEpIJIOBUH
NPU3BOJUTH 10 3HAYHHUX ITOMUJIOK y PO3PAXyHKaX.

OnHak, 3 OISy Ha iICTOPUYHI 1aHi IPO BUAOOYTOK,
MPOTHO3YEThCS  1e0IT CBEpUIOBHH 32  JOMOMOTOO
MeToy KpuBOi mamiHHg Aprica. MeTos KpuBOi MagiHHS
Aprnc. Metoa KpUBHX TaJiHHSI BHIOOYTKY 32 APIICOM €
MBUAKUH, B3pYYHHH 1 eMIIpUYHUA  METOMd, IO
3aCTOCOBYETHCSI TIPH MOJKJIMBIM BiICYTHOCTI IapaMeTpiB
wiacTa i 6e3 6e3nocepeIHOTO BU3HAYCHHS Koe(dilieHTa
BWIIyYCHHSI BYIJIEBOJHIB. [Ipu 3acrocyBaHHI JaHOTO
MeToly NOTpiOHa amnpokcuManis (GaKTUUYHUX KPUBHX
JUHAMIKH ~ BUJOOYTKY  THIIOBUMH  KPUBUMH  JUIS
NPOTHO3YyBaHHA MaWOYTHIX IOKa3HHKIB BHAOOYTKY
Ha)TH Ta Ta3y, TOMy BiH MOXe OyTH BUKOPHCTAHUHN IIJIS
OyIb-SIKOTO THITY pe3epByapy. SHIKEHHS B CBEPIJIOBUHI
BU3HAYAETHCS 3HWKEHHSAM ix MPOYKTUBHHUX
XapaKTEePUCTUK, SIKI 3PEIITOI0 JIOCATAITh KPUTHYHOI
MEXI1 YMOB, SIKi 3HWKYIOTh 1XHIO TPUOYTKOBICTb.

AHajgi3 cTaHy mNUTaHHA. AHAI3 3HIWKCHHS
BUIOOYTKY €  3aco00M  BHSIBIEHHA  IpoOiem

MIPOIYKTUBHOCTI y CBEPUIOBHHAX, MO0 OIIHUTH IXHIO
MalOyTHIO TPOMYKTUBHICTh Ta OYIKYBAaHHHA TEPMiH
cayx6u. IloBemiHKa TPOTYKTUBHOCTI TPH 3HIKEHHI
0cajly J03BOJISIE BU3HAYKTH:

a) Tepemay THCKY B THPJI  CBEPIJIOBHHH,
HEOOXiHH M ATPUMKH ITOCTIHHOT BUTPATH;

0) BIIXWIJICHHS IOTOKY 32 IOCTii{HOT yMOBH THCKY.

AHaJli3 OCHOBHHMX [OCATHeHb i JiTepatypm
CriouaTKy aHaji3 3a JOIOMOrOK KPHBHX MaAiHHSA OyJo
OTPUMAHO 3 EMITIPUYHUX CIIOCTEPEIKEHD 32 MOBEIIHKOIO
BHUIOOYTKY B ra30BHX Ta Ha(TOBHX CBEpIUIOBHHAX. Tpu
OCHOBHI MOJIENi, IO iICTOPUYHO BUKOPHUCTOBYBAIHUCS B
aHai3i:

a) TIOCTIHHOTO BiICOTKA MaIiHHS;

0) TinepOOIITHOTO TIaTIHHS,

B) TAPMOHINHOTO TIaTiHHSI.

Meton KpWBUX NaAiHHS, SKWA € HATIHHAM TIpU
3aCTOCYBaHHI Yy 3pUIMX CBEpUIOBMHAaxX, TOOTO 3
JIOCTaTHBOIO 1CTOPi€I0 BUAOOYTKY 1 Ie THMYACOBI e(eKTH
Oymu mnoponani. [lani MoxyTth OyTn orpumani 0e3
OCOOJIMBOTO PHU3HWKY HEBH3HAYCHOCTi, HAa BIIMIHY BiJ
JIETEPMIHOBAHHUX, CTaTUCTHYHUX, MaTepiaTbHUX
0anaHCiB Ta METOIIB YUUCEILHOTO MOJICITIOBAHHS.

IMocTanoBKka npodJaeMu.

Jlnst  reomora aHami3 mamiHHA ~BUOOOYTKYy B
aHAJIOTIYHOMY TPOAYKTHBHOMY OaceiiHi 3a0e3mnedye
OCHOBY JUIsS MPOTHO3YBAaHHS BHIOOYTKY Ta KIHILEBOTO
BHJIy4EHHS 3 pO3BIIyBAJIBHOI IIISHKKA ab0 iUISTHKH
moeranHoro OypiHHs. [IpOJAyKTUBHICTE CBEpIIOBUHH
3HUXKYETBCS B Mipy ii BUAOOYTKY, B OCHOBHOMY Yepes3
JIesIKy KOMOIHAI[IF0 3HW)KEHHS THCKY, BUTICHCHHS 1HILIOTO
TEKY4Oro cepesoBHIIa (HaNpuKIaj, ra3y Ta/abo Boau) Ta
3MiH BiJJHOCHOT IIPOHUKHOCTI JJISl TEKY4OT0 CEPEIOBHIIIA.

MeToaun aociixKeHHs.

[MopiBHSTEHAIM METO/I 3aCTOCOBaHUH ISt
3’SICyBaHHS cTaHy po3pobIIeHOCTI npo0OieMu,
BHU3HAYCHHS CYTHOCTI 0a30BHX IIOHATH JOCIHIIKEHHS,
y3arajJibHeHHsI W OCMHCJICHHS OCHOBHHUX IIOJIOKCHb
HayKOBOT'O OOTPYHTYBaHHS PO3BUTKY MPOOIIEMH.
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Buxniaa ocHOBHOro MmaTepiady.

I'padiky 3aeXHOCTI NMPOAYKTUBHOCTI Bif icTOpii
BUI00yTKYy (4ac abo CyKymHHH BHJOOYTOK) HOKa3ylOTh
3HWKCHHS  TEMIIiB  BHAOOYTKY 31  30iIBIICHHAM
CYKYITHOTO BHIOOYTKY

Kpusi maginas BHOOOYTKY — IIe TPOCTE Bi3yaJbHE
VSBIEHHS CKJIQQHOTO BHUPOOHMYOIO NPOLECY, SKHH
MOKHa IIBHIKO PO3BHHYTH, OCOOJIHMBO 32 JIONOMOTOIO
CY4acHOTO HPOrpaMHOro 3abe3NeyeHHs Ta BUPOOHHYMX
0a3 nmanux. KpuBi, siKi MOXHa BHKOPHUCTOBYBAaTH MIJIS
IIPOTHO3yBaHHs BUAOOYTKY, BKIIOYAIOTh:

* BH3HAUYCHHS NPOJYKTHBHOCTI B 3aJIe)KHOCTI BiJ
qacy;

* MPOXYKTUBHICTH IOPIBHSAHO 3 HAaKOIWYEHUM
BHIO0YTKOM;

. BIZICOTOK 00BOIHEHOCTI
HAaKONUYECHUM BUIOOYTKOM;

* piBeHb BOIM B TMOPIBHIHHI 3 HAKONUYCHUM
BAAOOYTKOM;

* HAKOIIMYCHHWH Ta3 y MOPIBHSHHI 3 HAKOIMYCHUM
3anacoM HaTH;

* TUCK y NOPIBHSHHI 3 HAKOIIMYEHUM BUI00YTKOM.

Kpusi cnany a) Ta b) € HallOUIBII HOMIMPEHUMH,
TOMY II0 TEHJEHLS JUIs CBEP/UIOBHH, IO BHJIOOYBAaIOTh
i3 3BMYallHUX KOJICKTOPIB IPH IEPBHHHOMY BUIOOYTKY,
Oy/ne «EKCIIOHEHIIHHOIO» Ha IH)XEHEPHOMY J>KaproHi.
AHTTCBKOI0O  TI€  O3Hayae, 1m0 [JaHi  OyayTh
MIPSIMOITIHITHAM TPEHAOM, KOJIH IPOIYKTHBHICTH 32
9acoM BiIKJIaaeTbes Ha Tpadiky.

MOpiBHAHO 3

Rate vs Time
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Puc. 1 — TasoBa cBepmIOBHHA 3  CKCIOHCHIIHHHM
«apsmoniHiiaEMY)  TpeHngoMm  (Reservoir  Engineering  for

Geologists - Stanford)

I'padix 3anmexxHOCTI [e0ITY BiAg uacy 3a3Buuait
BHUKOPHCTOBYETHCS JuLst JIarHOCTUKHU pobotu
CBEp/JIOBHHHU Ta KoyiekTopa. Ha puc. 1 mpencraBnennit
MPUKJIaZ Ta30BOI CBEpPAJIOBHHA 3 EKCIIOHCHLIHHUM
«IPSMOJIHIHHEMY) TPEHJOM MPOTIroM OUIBIIOT YaCTHHU
TEpMiHy eKCIUTyaTalil.
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Puc. 2 — Ilpuknan HadToBOI CBEpNIOBUHY, B sIKili BUHHKIA Tpobiema 3 HacocoM (Reservoir Engineering for Geologists -
Stanford)

Ha pwc. 2 nmoxasammii mnpukimag HadTOBOI
CBEPUIOBUHH, IO MepeKavye, B AKii BUHUKIA IpobieMa
3 HACOCOM.

[IIBuake 3HWKEHHS 1e0iTy 10 pIiBHA HIKYE
eKCIOHEHIIHHOTO HEe MOKe OyTH MpoOIeMOI0 KOJIEKTopa
i, OTXe, TOBHHHO OyTH TIOB'i3aHE 3 BiIMOBOIO
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oOmagHaHHs Ta/abo mpobiemMamu TOOIU3Yy CTOBOypa
CBEP/JIOBUHH, TAKUMH SIK 3aKyNoproBaHHs napadiny abo
BIJIKJIQJICHHA  TBEPAMX  YaCTUHOK  nepdopariiHux
OTBODIB.

Formula's
Espornensial enmgine sl model
. q=q exp{-Dt}
= Hypartois Smpacal model
. qa=q [(1+Dr b
Harmomc g model
g=q/{1+01)
whiete
Hyperbolic o, s the intiall prodhucmion rate (stmd)

; q i rate: tome

ke el
O, & an inbal
b e Frypeerts e

—Approaching Harmonic

Puc. 3 — Pi3HHIOA MK EKCHOHEHIIHHUM, TimepOOTiYHHM i
rapmoHiunuM crianoM (Reservoir Engineering for Geologists -
Stanford)

Ha pmc. 3 Takox TOKa3aHi OCHOBHI mpobiemu
aHaJi3y MaJiHHS — PO3KU AAHUX 1 THIT €KCTPAIIOJISILil,
SIKMH TIXOJUTH JUISL CBEP/JIOBUHH, LIO PO3TJISAAETHCS.
Poskun naHmX — HEMHUHYYMH Hacligok poOoTH 3
peaNbHUMHM IaHUMHU.

Ha puc. 4 npencrasneHuid mpukiaj BHIOOYTKY 3
«UIUTBHOTO» ~ Ta30BOrO0  KoJekropa  (puc. 14
http;//large.stanford.edu/cjurses/2013/ph240/zaydullin2/d
ocs/fekete.pdf).

Ili mmacTH CTalOTh BCE OUIBII BaXKITMBUMH s
ranysi, ajJic BOHU 3a3BHYail MalOTh MPOHUKHICTH HIDKYEC
0,1 mimpsipaa i, SIK MPaBWIO, HE € MPOAYKTUBHUMH 0O€3
Oyap-gK01 GOpPMH MEXaHIYHOI CTUMYJIALIT TPIIIHH.

Rate vs. Cumulative Prod.

Expotential Decline
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Puc. 4 — TIlpuknaxg BuIOOYTKY 3 «IIJIBHOTO» Ta30BOr0O
konekropa (Reservoir Engineering for Geologists - Stanford)
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Puc. 5 — IIpuknan nporHo3yBanHs 3anaciB Harmony Enterprise
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[Tnatrdpopma Harmony Enterprise npusHaueHa Juist
aHali3y  MPOAYKTUBHOCTI  Ha)TOBHX 1  Ta30BUX
CBEpAJIOBUH Ta OLIHKM 3amaciB, 3 METOI0 CTBOPEHHS
3araJlbHUX  KOPHOPATUBHUX  PoOOYMX  TPOIIECiB,
BUKOPHUCTaHHSA  TEXHIYHMX 3HaHb Ta  OOMIiHY
IHTepOpeTalisiMi, IO Ja€ MOXJIHMBICTh BHU3HAYUTH
MIEPCIICKTHBHI aKTUBH, OIIIHKY 1 CTPATeTii0 PO3BUTKY.

[Iporao3yBanHs 3anacis, ¢i3nIHAN aHATI3

KOJIEKTOpa, aHai3 MePexiTHIX MIPOIICCiB Ta
MonentoBanHs Harmony Enterprise —  ympaBiiHHA
pe3epByapoM Ta MPOTHO3YBaHHS BHUAOOYTKY B CyYaCHHX
yMoBax. [HKeHepH CTUKAIOTHCS 3 MOCTIHHO 3POCTaI0Y0I0
KUTBKICTIO CBEpAJIOBHH, SIKi HEOOXITHO OI[IHWTH, i 9acTo
1M HEOOXIHO CIBIPAIIOBATH 3 iHITUMH, OO0 OTPHMATH
BIIEBHCHY OCTAaTOYHY IHTEPIPETAII0 XapaKTePHCTHUK
CBepUTOBHHH (puc. 6 Ta puc. 7).
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Puc. 6 — ®i3uunnii anani3 xonexkropa Harmony Enterprise.
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Puc. 7 — Anani3 nepexinuux nporecis Ta MoaemosanHs Harmony Enterprise
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Tpeba Big3HauutH, o B YKpaiHi icHYIOTH Oararo
PO3BiIaHUX BEJHMKHX POJOBHUIN, Taki sk Mauycbke,
3aropsiHCbKe, Caraiinanpke, CeMupeHKiBChKE,
Sl6myHIBChKE, OCHOBHI TIOKJIAAH BYTJIEBOIHIB  SIKHX
OB’ s13aHi 31 3HAYHUMH TIIMOMHAMH, & IPOAYKTHBHI IIACTH
MIPEACTaBICHI  KOJEKTOpaMH  PI3HOTO  JITOJOTiYHOTO
ckimagy. Bimomo, 1mo claOKuMHU TeMITaMU BiIpOKYEThCS
OypiHHS PO3BIAYBAIBLHUX CBEPIJIOBHH TPU 3POCTAIOTii
poii BHOOOYTKY BYIJICBOJHEBOI CHPOBHHH B CYYacCHHX
KpU30BHX yMOBaX. /[0 TOTO K, OCHOBHA YacTHHA POJIOBHII]
mepeiyia B OCTATOYHY  CTaJil0  pO3pOOKH,  IIO
XapaKTePU3y€EThCS MIEPEPO3IOIIOM THUCKIB B
MPOAYKTUBHHX IJIACTaX, PECTPYKTYPHU3AIIEI0 3aTHITKOBUX
3amnaciB, 30UIBIICHHSAM YaCTKU Ba)KKO BUIOOYBHHX 3araciB
HA(TH, 110 BUMArae HOBUX MiAXOJIB 0 TX BIITYyYCHHS.

Harmony mnpomoHye cy4acHWH MWiAXig IO OIIHKH
3amaciB, SKWUH € OUTBIT HAMIMHUM JUIS BHKOPUCTAHHS
HETpamuIiiHuX pecypciB. Llel miaxim BKJIIOYae aHami3
nepexigaux mnporeciB mBuakocti (RTA) i po3mmpene

MOJICTIIOBAHHS  JUIsi  Kpamoro  (QyHAaMeHTaIbHOTO
pO3yMiHHS  (I3WYHMX  BIUIMBIB HAa  JJOBIOCTPOKOBY
MPOAYKTUBHICTh, 3a0C3MEUyFOYM THUM CaMHM  OiJIbII

HAIilHI TPOTHO3H.

RESERVOIR: naker mis aHanizy miacta Ha OCHOBI
¢i3uKy, 3acHOBaHMH Ha aHai3l MEpexXiJHUX IIPOLECiB
(RTA) Ta uncenpHOMY MOJICIIIOBaHHI.

Pexxum Tedii MOCHIKY€EThCS 32 TOMOMOTO0 Tpadika
3 KBajpaTHUM KopeHeM. CIoCTepeKeHHS MNpsMOol JiHiT
TIPUITYCKa€ TePeXiTHUN JIHIMHWA TOTIK 3 BiAXOJOM Bif
mi€i JiHii, I0 BKa3ye Ha IMepeXill Y PeKUM TOTOKy abo
MOTIK 3 JOMIHYBaHHSAM Ha Mexi. g CBepAnoBUH 3
MEPEXiTHUM ITOTOKOM OajaHC MOTOKY BHKOPHCTOBYETHCS
JUIS BU3HAYCHHS «MiHIMAJIBHOTO» 00’€My BYTJICBOJHIB Ha
Micmi (To0TO 00°€M, 110 KOHTAKTYE€ Ha ChOTOJHI). MOKHA
TAaKOX PO3IJSIHYTH JIOJAaTKOBI  MoOJENl 3  ONHCOM
anbTePHATUBHUX KOJICKTOPIB, o6 ¢ikcyBatn
HEBM3HAYEHICTh MEXI TPIIMIMHK 1 reoMeTpii KOJIEKTOpa,

mo0 3aKpimUTH MOJKJIMBI  pe3yjibTaTd B  IPOTHO3i
BHIOOYTKY.
Buxopucranuss Harmony no3Bossie  HaOmkaTh

3HAYEHHS YCTHOBOTO THCKY IO BHOIMHOIO THCKY IIOTOKY,
BpaxoBYIOUH MOTYXKHICTh h pe3epByapa i miametp D.

AHai3 TOTOYHOTO MatepianpHoro Oamancy (FMB) —
1€ IPAaKTHYHUH METO, IPU3HAYEHHUH s OLIHKH 3aI1aciB
BYIJICBOJHIB 3 /1e0iTy Ta THCKY. BiH BUKOpHCTOBYE cami
NPUHOMNM, SK 1 KIACHYHUHM aHami3 MarepiallbHOTO
OamaHcy, aje He BHMarae JaHUX IIPO  3aKPUTTA
CBEPAJIOBUHH.

Lleit MeTon aHamizy Moxe OYyTH 3aCTOCOBAaHMH M0
BCiX KOJIEKTOpiB. BiH po3poOneHuil sl cBepaJIOBUH, SKi
JIOCSITIIN TIOTOKY 3 MEPEBAXKAHHIM MEXIi, aje TaKOK MOXKE
BUKOPHCTOBYBATHCA OIS BHU3HAYCHHA MIiHIMAJIBHOTO
BHXITHOTO 00’eMy Ta3y, KOHJIeHcary, HapTH y IUIacTi
(OGIP/OOIP) y mepexiTHuX BHUITAIKAX.

[TnanyeThCs MPOBEACHHS MOJANIBIIOTO EKCIICPUMEHTY
B Jaboparopisx kojelky HadTH 1 raszy, yHiBepcuUTeTy i
HTII BypoBa TexHika 3 MeTOI0 PO3POOKM MaTeMaTH4HOI
MOJIeIi 3arajJbHOI TEXHOJIOTII.

ITopanpiimii €KCIIEPUMEHT BU3HAUYECHUN 3
MOJICITIIOBAaHHsI i€papxii HpoleciB KUCIOTHOI 00poOku. Y
7a00paTopiiX  IUIAHYETbCS  NPOBEJICHHS  KOMIUIEKCY
(hi3UKO-XIMITHHX i GbinpTpamifHuX JIOCITIKCHb
MOJIIMEPHOTO OYypOBOTO PO3YHHY, IO 3aCTOCOBYETHCS B
YCKJIQTHEHUX TiPHAYO T€OJIOTIIHIX YMOBaX.

Tlopsimox mpoBeleHHA EKCIEpUMEHTY Ta HOoro
Kiacudikamis-ineHTudikais Moxke OyTH MpeacTaBiIeHa 3a
iepapxi€ro MpoUeaypH MPOBEICHHS EKCIIePUMEHTAILHOTO
JIOCJIIJIPKEHHS — BOHA CKJIQIAETHCSI 3 HACTYITHUX €TalliB!

1. Bu3HayeHHS CKIaJOBUX Ta iepapxii mnpouecis
3aKauyKd JUCTHIBOBAHOI BOJW Ta BHSIBJICHHS BIUIMBY Ha
cTabii3anito THCKY Ha BXOJI Y 3pa3oK;

2. BusnaueHHs CKJIAIOBHMX Ta iepapxii mporeciB
3akauku nepimoi maptii kucnorHux ckinaaiB (KC) 3
JOCITIPKYBaHUMHU pelenTypaMu 1 iHri0iTopamMu Ha pi3Hii
MPOAYKTUBHOCTI HACOCHOI YCTaHOBKH;

3. BusHaueHHs iepapxii TpomeciB 3akadyBaHHS
eMyJIbCii, MmO M03BOJIIE KiIacu(iKyBaTH-ineHTH()IKYBATH
mapamMeTpu CTBOpPeHHS e(eKTy XiMIYHOTO Tmakepa i
HepeHaNPaBIICHHS KHUCIOTH;

4. BuznauenHs iepapxii npoueciB MpoMHBaHHS TPYO
CHCTEMH, IO JIO3BOJISE BIANpAIIOBaHHS Mojeleil 3
NPOMUBAHHS BUOOIO CBEP/VIOBUHH;

5. ExcnepuMmeHTasbHE BIPOBAPKEHHS — 3aKA4YKH
ocHoBHOi maprtii KC 3 MeToro BU3HA4YECHHs pallioHaJIbHUX
YMOB TIpOIECiB  3a JOCHIDKYBAaHUMH  CKJIagaMu 1
iHTi0iTOpaMu: HampukiIaz, 15% po3duH CONITHOI KHCTIOTH 3
ITAP wmacoBoi konmentpamii 0,5%, 3 Meroro 00poOku
HU3BKOTIPOHUKHOTO 3pa3ka CHCTEMH TEXHOJIOTII;

6. TlpoBencHHS 3axXxOAiB 3 OYHUIIECHHS IOPOBOTO
mpocTopy 1 TpyO CHUCTEeMH TiCiIsI MpoBeneHHs 00poOKH 3
METOI0 BHM3HAYEHHsS palliOHAIbHUX YMOB IIPOLECIB
TexHonorii (knacudikanis-iieHTHdIKALsT TEeXHOJOTTYHUX
NPOLIECIB BiAIpaLIOBaHHS, IIPOMHUBKA, OCBOEHHS, BUKIIHK
MPUILTHBY);

B pesynbrari NpoBEJEHMX EKCIIEPHMEHTIB MOXHA
OTpHUMATH:

1. Po3pobky Ta oOrpyHTyBaHHS MOJeNed Ta
TEXHOJIOTii BH3HAYeHHS €()EKTHBHOCTI PI3HUX CyMilei
kucnotr i [TAP nns BW3HAYEHHS ONTUMAIBHOTO CKJIATY
ocHOBHOI akTHBHOI mauku KC.

2. Po3pobky Ta oOrpyHTYyBaHHS MOJeNeld Ta
TEXHOJIOT1T BU3HAUCHHS Psily CKJIAAIB O iX e()eKTHBHOCTI
BIUIMBY Ha KOJbMaTaliiHy 30HY B 3aJ€XKHOCTI BiA
TEXHOJIOTIT IIPOBE/ICHHS onepartii.

3. BwusHauuTHCS 3 TEXHOJIOTIEI0  MPOBEICHHS
JIOCJIITHO-IIPOMUCIIOBOTO BUIPOOYBaHHS 3aIPONOHOBAHHUX
MPOIIECIB Ta OMEpalliil MOJIEIICH Ta TEXHOJIOTII.

BHCHOBKH 3 JJaHOTO JOCJTIIKEHHS i MEePCHeKTHBHU
NMOJAJbIIUX PO3POGOK Y AAHOMY HANIPSIMKY.

VY crarri po3rIAacThCs METOM KPUBOI TaIiHHSA
Aprnca sk eDeKTHBHUI METOJ, IO JO3BOJIIE HAJilHE Ta
OTiepaTUBHE  TPOTHO3YBaHHSA  AeOITYy  CBEpIJIOBHHH,
HCOOXiHMW  mapaMeTp NpW  ONTHMAalbHOMY  Ta
NpaBHILHOMY BHOODI CrIoco0y eKcInTyaTalii CBepAIOBUH.
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[Tporno3yBanus 1e0iTy CBEpAJIOBUH HA POIOBHINAX 3
CKJIaZIaMH 3alaciB 3 BHCOKOB'SI3KOI0 Ha(TOI0 € OJHHUM 3
HaWCKIAHIIMX 3aBJaHb HpU  po3podui  HadroBHX
pomoBui. OgHaK BUKOPUCTAHHS METOAY ApIica CIPOIILYE
Ie 3aBJAHHA, OCKUIBKY Ja€ MPaBUIbHI Pe3yIbTaTh JOCHTh
IIBUJIKO 1 JIETKO.
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1. H. ZEZEKALQO, S. I. BUKHKALO, 1. O. IVANYTSKA, O. O. AHEICHEV A

PRODUCTION REDUCTION ANALYSIS AND WELL OPERATION ANALYSIS

The method of Arps fall curve as an effective method that allows reliable and efficient prediction of well flow, a necessary
parameter for optimal and correct choice of well operation is considered in the article. Forecasting the flow rate of wells in fields
with high-viscosity oil stocks is one of the most difficult tasks in the development of oil fields. It is proved that the use of the Arps
method simplifies this task, as it gives the correct results quickly and easily. The importance of the choice of well operation
methods is analyzed. It has been proven that the analysis of reduced production is a means of identifying productivity problems in
wells to assess their future productivity and expected service life. The use of the Harmony Enterprise platform is designed to
analyze the performance of oil and gas wells and inventory assessment, to create common corporate work processes, use technical
knowledge and exchange interpretations, which allows you to identify promising assets, evaluation and development strategy. The
results of this work are very important and necessary for further research and analysis of the fall in production and analysis of the
well.
Key words: production, productivity, oil and gas engineering, technologies

H. I'. 3E3EKAJIO, C. H. BYXKAJIO, I. A. HBAHHI[KAA, A. 0. ATEHYEBA
AHAJIN3 MAJEHUA JOBbBIYU 1 AHAJIN3 PABOTBI CKBAYKUHBI

IIpoananmu3upoBaHa BaKHOCTB BEIOOpA CIIOCOOOB IKCILTyaTalll CKBaKHH. B cTaThe paccmarpuBaeTcst METOJ] KPHBOH criafa Aprica
KaK 3((eKTUBHBIA MeTOH, MO3BOJIOMNI Ha/leKHO U () (HEKTHBHO MPOTHO3UPOBATH AEOUT CKBa)KMHBI, HEOOXOAMUMBIN IapaMeTp
JUISL ONTUMABHOTO U MPaBUIBHOTO BBIOOPA pexnMa paboThl CKBaXKHHBI. [IporHo3upoBaHue qe6UTa CKBaXKUH HA MECTOPOXKICHHUAX
C 3aracaMy BBICOKOBS3KOI HE()TH - OJlHA U3 CaMbIX CIOXKHBIX 33a1ad IpH pa3paboTKe HEQTAHBIX MECTOPOXKACHUH. JJoka3aHo, YTO
UCIIOB30BaHUE METOJa ApIica YNMpOoINAeT 3Ty 3ajady, Tak Kak OBICTPO M JIETKO JaeT MpaBUIIbHbIE pe3ynbTaThl. Jloka3aHo, 4To
aHaNN3 CHIDKEHUsS! JOOBIUM SBIAETCS CPEJICTBOM BBIIBICHHS IMPOONEM MPOM3BOJUTENBHOCTH B CKBaXKMHAX, YTOOBI OIEHHUTHh
OyIyIIyio MpOW3BOJAUTEIBHOCTE M OXKHIAEeMBIH cpok ciyxObl. MccinenoBano ucnonbzoBanue Ilmardopma Harmony Enterprise
NIpeAHa3HaueHa [UIS aHaJIHM3a IIPOM3BOUTEIILHOCTH HE(TIHBIX M Ta30BBIX CKBAXXMH W OIEHKH 3aIIacOB C LIEJIBIO CO3JAHMS OOLINX
KOPHOPAaTHBHBIX pabodnmxX IPOIECCOB, HCHONB30BAHHMS TEXHHYECKMX 3HAaHMH M OOMEHAa HWHTEPIpPETalisIMH, YTO MO3BOJISET
OIIPENENUTh NEPCIICKTUBHBIE aKTUBEI, OIIEHKY U CTPATETHIO Pa3BUTHA. Pe3ynbTaTsl JaHHOH pabOTHl OUYSHb BAKHBI U HEOOXOJUMBI
JUISL TaTbHENIIIETro UCCIeI0BaHMS U aHalM3a MaAeHHs JOObIUHM U aHaIu3 paboThl CKBaYKHHBI.
KiroueBbie cjioBa: 100b14a, IPOM3BOUTENBHOCTD, He(hTEra30Bast HHKEHEPHs, TEXHOIOTHH
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