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Anoranis. IloBoeHHe BigHOBIEHHs YKpaiHu Oysae BuUMaratd 30UIbLIEHHS MaciTaOiB  BHPOOHHUIITBA
METaJONPOKaTy Uil OyzAiBedbHOT iHyCcTpii. 3acTOCyBaHHS CTajel BUCOKOI MIIIHOCTI B Oy/IiBeNbHINA MPOMHCIIOBOCTI, €
OCHOBHOIO ITPUYMHOIO MOSIBY ITIABUIICHUX BUMOT JI0 IUX cTanei. [Ipu npomy, citig 3ayBakuTH, 110 noyrHao4du 3 80-x
POKIB MHHYJIOTO CTOJITTSl 3aKOPJOHHMMH BHPOOHHKaMH /sl OyAiBENbHHX METAJOKOHCTPYKIIH BHTOTOBISIETHCS
METAJONPOKAT 332 TEXHOJOTIYHUMH CXEMaMH, SKi MICTATh 3aCTOCYBaHHs IPHCKOPEHOTO OXOJIO/DKEHHS. BrukopucranHs
caMe IIi€i TeXHOJOTIYHOI JO3BOJISIE JOCATTH OINBII BHCOKOTO PIiBHS EKCIUTyaTalliiHUX BIACTHBOCTEH (TIOPIBHSHO 3
KJIACHIHOI0 KOHTPOJIbOBAHOIO IPOKATKOI0) 3a PaxyHOK 3aMiHH Y CTPYKTYpi MeETaJIONpOKaTy MepiiTHoi (asum Ha
JUCTIepCcHy O€lHITHY ckiamoBy. OTe, akKTyalbHOI € 3ajada JOCHiPKCHHS MOPQOIOTIYHMX OCOOIMBOCTEH
CTPYKTYPHOTO CTaHy, SIKidi (OpPMyeTbCcss B HHU3bKOBYIJICIIEBUX HU3BKOJETOBAHMX CTASIX MPU  3aCTOCYBaHHS
MPUCKOPEHOTO OXOJIOMKCHHS B TEXHOJOTIYHIM cxeMi BHpOOHUITBA. Mema cmammi — ROCIIIDKEHHS MOopgosorii
CTPYKTYPHHUX CKJIaJIOBUX, 5IKi POPMYIOThCSI B HU3bKOBYTJICIIEBUX HU3BKOJIETOBAHUX CTAJISIX BHACIIIOK Aii MPOMIXKHOTO
Ta/ab0 3CYBHOTO MEXaHi3MIB MEPETBOPCHHS IMEPEOXOJIOMKCHOTO ayCcTeHITy. Buchosok. Jlocmimkeno mopdoorito
CTPYKTYPHHUX CKJIaJIOBUX, 5IKi POPMYIOTbCSI B HU3bKOBYIJICLIEBIX HU3bKOJIEIOBAaHMX CTAJISIX BHACIIIOK A1l MPOMIXKHOTO
Ta 3CYBHOTO MEXaHI3MIiB IEPETBOPEHHS IEPEOXOJIOKEHOTO aycTeHiTy. BcraHoBneHo, mo TepMidHa oOpoOka B
temriepaTypHoMy iHTepBasi 550...450 °C 3 BuTpuMmKoo0 20 XBWIMH NPHU3BOANTH 10 (HOPMYBaHHS B CTPYKTYpi
HU3BKOBYTJICIICBUX HHU3bKOJICTOBAHUX CTajel OelHiTy pisHOI MopdosoriuHoi ¢popmu (BepxHill OelHIT Ta romdacTui
(depur) Ta pPEHKOBOrO IHUCIOKANIHHOTO MAapTEHCUTY (CrocTepiraeTbesi mpH Temrmeparypi Butpumkn 450 °C).
3 3acTOCyBaHHAM MIiKpOIU(BPAKIIHHOTO aHATi3y TIOKa3aHo, 10 TPaHUIlI MK JIBOMa KOJIOHISIMH BEPXHBOTO OCHHITY Mae
CTPYKTYpY, SKa BIANMOBiZae TpaHHUIAM crerianbHoro Tumy. CyMiCHMH aHami3 JaHUX MIKpOTUQPAKIIHHIX Ta
TEMHOTIOJBHUX JIOCIIDKCHb IOKa3aB, IO B MakeTax rojdacroro ¢epury (temmneparypa BurpuMmkua 500 °C) mix
pelikamu (epuTy 3HAXOAMTHCS JIMILE 3aIMIIKOBHI aycTeHiT. Pa3oM 3 UM, B KOJOHISX PEHKOBOro JUCIOKAI[IIHOTO
MapTEHCHUTY MiX pelKaMH OJHOYACHO 3 3AJIMIIKOBUM ayCTEHITOM MPUCYTHS TaKkoxk KapOoHuTpinHa dasa. [TpoBenenuii
KOMIUIEKC JIOCHI/DKeHb 10Ka3aB, 110 BIAMIHHOCTI B MOpP(HOJIOrii CTPYKTYPHUX CKIAIOBUX, SKi (DOPMYIOTHCS Mij yac
BUTPUMKH B TemmeparypHomy iHtepBami 550...450 °C oOymoBieHi, B mepily uepry, pi3HHIEIO B HIBHIKOCTSX i, SIK
HACJIJIOK, 0OMEXEHHSIX IPOTIKaHHS MPOLECIB 3CYyBY KPUCTANIYHOI peuriTku. YuM BUIlle TeMIepaTypa NepeTBOPEHHS,
TUM OlbIa qudy3iiiHa akKTHBHICTH aTOMIB, TUM MEHILIA LIBUKICTh 3CYBHOTO IiepeTBopeHHs y-Fe B a-Fe.

Kuaro4oBi ciioBa: cmpykmypruil cman; npucKopene 0Xoa00CeHHsl, 8ePXHill OetiHim, 2onuacmuil epum, peuxkosull
OUCTOKAYITIHUTL MAPMEHCUm,; MIKpOOUDPAKYIUHA KAPMUHA, MEeMHONOIbHULL PENHCUM
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Abstract. The post-war recovery of Ukraine will require an increase in the scale of production of rolled metal for
the construction industry. The use of high-strength steels in the construction industry is the main reason for the
emergence of increased requirements for these steels. At the same time, it should be noted that since the 80s of the last
century, foreign manufacturers have been producing rolled metal for building metal structures according to
technological schemes that include the use of accelerated cooling. The use of this particular technology makes it
possible to achieve a higher level of operational properties (compared to classical controlled rolling) by replacing the
pearlite phase in the structure of the rolled metal with a dispersed bainite component. Therefore, the task of researching
the morphological features of the structural state, which is formed in low-carbon, low-alloy steels when using
accelerated cooling in the technological scheme of production, is relevant. Purpose of the article. study of the
morphology of structural components that are formed in low-carbon, low-alloy steels as a result of the action of
intermediate and/or shear mechanisms of transformation of supercooled austenite. Conclusion. The morphology of the
structural components that are formed in low-carbon, low-alloy steels as a result of the action of the intermediate and
shear mechanisms of transformation of supercooled austenite has been studied. It was established that heat treatment in
the temperature range of 550...450 °C with a holding time of 20 minutes leads to the formation of bainite of different
morphological forms (upper bainite and acicular ferrite) and rack dislocation martensite (observed at a holding
temperature of 450 °C) in the structure of low-carbon, low-alloy steels. With the use of microdiffraction analysis, it is
shown that the boundary between two colonies of upper bainite has a structure that corresponds to the boundaries of a
special type. Combined analysis of the microdiffraction and dark-field data showed that only residual austenite is found
between the ferrite rails in the acicular ferrite packets (holding temperature 500 °C). Along with this, the carbonitride
phase is also present in the colonies of rail dislocation martensite between the rails simultaneously with residual
austenite. The conducted set of studies showed that the differences in the morphology of the structural components,
which are formed during exposure in the temperature range of 550...450 °C, are caused, first of all, by the difference in
the speeds and, as a result, the limitations of the crystal lattice shift processes. The higher the transformation
temperature, the greater the diffusion activity of atoms, the lower the rate of shear transformation of y-Fe into a-Fe.

Keywords: structural condition; accelerated cooling; upper bainite; acicular ferrite; rail dislocation martensite;
microdiffraction pattern; dark field mode

ITocTanoBka npooJeMu. IToBoeHHE 3aBJaHHA T ABUAIIEHHS SIKOCTI
BIIHOBJIICHHA  YKpainu Oyae  BUMaratu METAIONPOAYKIIii, Pi3KOTO 3HIKECHHS BIIXOMIB
301JIbIIICHHS MacmTaoiB BUPOOHMIITBA  METaJdy NpH HOro BUPOOHMITBI ¥ 0OpOOII.

MeTaJoNpoKaty i OyzdiBenbHOI iHAycTpii. B 3acrocyBaHHs cTaneil BHCOKOI MIITHOCTI B
IbOMY CEHCi, Ha TIepPIIMA TIUIAaH BUXOAUTh  OY/IBENbHIM MPOMHCIOBOCTI, € OCHOBHOIO
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MPUYMHOIO TIOSIBU ITiIBUIIEHUX BUMOT IO ITHX
CTajeu.

I[Ipuy wpomy, cHix 3ayBaXWTH, IO
nourHatouu 3 80-X POKIB MUHYJIOTO CTOJITTS
3aKOPAOHHUMU BUPOOHUKAMU /Jisl OyI1BEIbHUX
METaIOKOHCTPYKIIii BUTOTOBJISIETHCS
METAJIONPOKAT 32 TEXHOJIOTIYHAMHU CXEMaMH,
Kl MICTSATh 3aCTOCYBaHHS IPUCKOPEHOIO
oxonoxeHHs [1].

Ha pucynky 1 npuBemena cxema
3aJIeKHOCTI BIACTUBOCTEH METaJIONpOKaTy IJIst
OyIiBEJIbBHMX METaJeBUX KOHCTPYKIIH  BIJ
3aCTOCYBaHHA PI3HUX TEXHOJOTIYHUX CXEM
BUPOOHUIITBA 3 3aCTOCYBaHHSIM IMPUCKOPEHOTO
OXOJIO/DKEHHS (IUB. poboTy [2]).

r'y

X101

0,07 C+V+Nb+Ti+Mof
Xo0q |------------ KI1+ 110 anu T137

(epHT+OeHRAITY

. 0,10 C+V+Nb+Tif
X809 - KII+TI09

U Iepair:Oefair|

. 0,10 C+V=NbYT
X709 f------ KII9
bepaTnepair|]

X6 "7 020¢svEnbg

X609 |---1 BHY )
depurimepair]

(cTangapT-APDY

SMeHmenH Y
3epHAaT

KATETrOPHA-MIITHOCTIY

B A3KICTBHY

Puc. 1. Ilepesacu mexnonoeii npuckopenozo
oxonoodcenns [2]

Ax cBimuaTe HaBeneHI Ha puc. 1 gaHi,

3aCTOCYBaHHS TEXHOJIOTTUHOL CXEMHU
KOHTPOJIbOBaHAa  IPOKaTKa 3  HACTYITHUM
MIPUCKOPEHUM OXOJIOIKCHHSIM BOJIOZIE
3HAYHUMHU  TIepeBaraMu  Tepel  IHIIAMHU
criocooaMu 301IbIICHHS MII[HOCTI
KOHCTPYKIIMHUX JIMCTOBUX CTaJIe.

Bukopucranss caMe 1i€i TEXHOJIOTIYHOT CXeMHU
JO3BOJISIE  JOCSTTA OUTBII  BHCOKOTO PIBHS
eKCIUTyaTalliiHUX BJIACTUBOCTEH (MOPIBHAHO 3
KJIACHYHOIO KOHTPOJIBOBAHOIO IPOKATKOI0) 3a
pPaxyHOK 3aMiHM Yy CTPYKTYypi METaJONpOKaTy
nepiaitTHoi a3y Ha JUCHEpCHYy OelHITHY
ckiaanoBy. OTxke, akTyaJbHOIO € 3ajada
JOCITIJDKEHH MOP(OJIOTiyHUX 0cOoOIUBOCTEN
CTPYKTYpPHOTO CTaHy, SKii (opMyeTscs B
HU3bKOBYTJIELIEBUX HU3bKOJETOBAHUX CTaJSIX
pu 3aCTOCYBAHHS IIPUCKOPEHOTO
OXOJIOKEHHS B TEXHOJIOTIYHINA cxeMmi
BUPOOHMIITBA.

Ananiz  nyoOaikaunii. KonrtponbroBaHa
npokatka Ta i pI3HOBUAM € OJHHM 13
HAWMOIMPEHINX BUAIB  TEPMOMEXaHIYHOT
00poOKu HU3bKOJIETOBAaHUX CTaJIeH.
TexHonoriuxna cxema KJIACHYHOT
KOHTPOJIbOBAHOI MPOKATKH BKJIKOYA€E KOHTPOIb
TEMIepaTypu  TIOYaTKy Ta  3aBEPUICHHS
nedopmariii, OOTHUCKaHHS Ta  IIBUJAKOCTI
OXOJIOJDKEHHSI Ha DI3HUX CTaAisX IUIACTUYHOT
00poOkn [3]. Opniero 3  ocobOauBOCTEH
KOHTPOJILOBAHOI MPOKATKH € MPOKaTKa MeTala
B YHCTOBIM KIITI mpu Temmeparypi ¢azoBHUX

NEPeTBOPEHb, B MDKKPHUTUYHOMY I1HTEpBaIi
TEeMITEpaTyp. Knacuuna TEXHOJIOTis
KOHTPOJIbOBAHOT IIPOKATKH nependavae

YHCTOBY MPOKATKY 10 3aJaHOl TOBIIWHHU TpPH
temneparypax  750...775 °C 3a 5...7
NpOMycKiB. TakuM YHHOM, YUCTOBA IMpPOKATKa
BiIOyBaeThes y nBox(asHiit (y + o) odbnacti [4].

3acTOCOBYIOUM TPUCKOPEHE OXOJIODKECHHS
BiJl TeMIIEpaTyp KiHISI YUCTOBOi MPOKATKU
MOXKHa JIOCSTTH TMOJAPIOHEHHS 3epHa, OCKUIBKU
OlTbIl  HHW3BKA  TeMIeparypa  IOYaTKy
MEePETBOPEHHS 3a0e3redye OiIblne 3apoJIKiB y
MEPEOXOJIO/HPKCHOMY ayCTeHITi. TakuM YHHOM,
B TOH 4Yac KOJH OXOJIO/DKEHHS KOHCTPYKIIHHOT
CTald Ha TOBITpI 3abe3medyye OTpUMaHHS
bepuTo-nepiTHOI  CTPYKTYpH,  TepepBaHe
NPUCKOPEHE  OXOJIOUKCHHS  TONepeKye
NEPETBOPEHHS Y-(Pa3u B MEPIIT Ta MPU3BOJIUTH
bi (o) YTBOPEHHS MIKPOCTPYKTYPH, sIKa
ckimamaeTecss 3 (epury Ta OeiniTy [5]
(nuB. puc. 2).

AycTeHiT

TemnepaTypa

Nepnit

MapTeHcur

OxonopkeHHs

Mepepeaqe €
Ha noBiTpi

npuckopeHe
OXONOMKEHHS

Yac

Puc. 2. Peacumu oxonoocenns [5]

B ymoBax BUpOOHHUIITBa BUKOPUCTOBYETHCS
KOMOIHAIlsI TEPMOMEXaHIYHIM MpoKaTIl 3
[IEpEpBaHUM IIPUCKOPEHUM  OXOJIOKECHHSM.
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Tumoge, MIPUCKOpEHE OXOJIOJPKEHHS
npunuHsAeTbes npu temnepatypi ~500 °C 1 B
MOJTAJTBIIIOMY OXOJIO/PKEHHSI BUKOHYETHCS Ha
noBiTpi. [Ipu BkazaHOMY pexuMi OXOJIOIKEHHS
B MIKPOCTPYKTYpl CTajl MOBHHHO MICTUTHUCS
nopsaky 50 % OelHITHOI CKIaJoBOi pa3oM 3
(bepuTo-MapTEHCUTHUI ~ KOHTJIOMEpaTOM B
pi3HOMY BiJICOTKOBOMY CHIBBiAHOIIEHHI [6]
(B 3aJI€KHOCTI BiJ] IIBHJIKOCTI OXOJIOJKEHHS,
Ky OyJI0 BHUKOPHUCTAaHO B TEXHOJIOTIYHOMY
mporeci).

MeTta crarTti — gocnimkeHHs: Mopdosorii
CTPYKTYPHUX CKJIQZOBUX, KI (OPMYIOTHCS B
HU3bKOBYTJIELIEBUX HU3bKOJETOBAHUX CTaJSIX
BHACIHIIJIOK Jii MPOMDKHOTO Ta/ab0 3CyBHOTO
MeXaHI3MIB IIEPETBOPEHHS MEPEOX0IO0IKEHOIO
ayCTEHITY.

PesyabTatH  gociaigxkeHb. Y  SIKOCTI
MaTepiany Uil JOCHIDKeHHs Oyino oOpaHo
HU3bKOBYIJIELIEBY  HU3bKOJETOBaHYy  CTallb
10I2db.  ba3zywounch Ha  BCTaHOBIIEHHUX
TEMIIepaTypHO-4YaCOBUX IHTEpBajax po3naay
MEePEOXOJIOHKEHOTO ayCTeHiTy [7] st crami
10I"2®b, Gyna mpoBeneHa TepmidyHa 00poOKa 3
OKpeMoro HarpiBy 3paskiB craii 10[2db 3a
PEXUMOM, SIKUI HaBEJIEHO Ha PUCYHKY 3.

Y LoTepitna

BHTIMEN

SN0 20 xmmmm
sn%e

A’

Harpin

OXONOTEEHH B
moBiTpi

e

Puc. 3. Cxema excnepumenmanvnoi 06pobKu 3pasxie
3i cmani 101 2DF

Jlanuii  pexxuMm  TepMidyHOI  0OpOoOKH
BKIIIOYae B ce0e HarpiB 10 TeMIeparypu
aycteniTizamii (980 °C), BUTPUMKY y y-TiISHIT
mpotssroM | XBwiMHU Ha 1 MM mepepiszy
(po3unH criemiagTbHUX KapOidiB), MPUCKOPEHE
oxonomkenus (25 °C/c) nmo Temmeparypu
YTBOPEHHSI B  CTPYKTYpi  JOCIIJ[)KYBaHOTO
MeTally MaKCHUMaJbHOI KUTBKOCTI MPOAYKTIB
3cyBHOro mneperBopeHHs aycrteHity (500 °C),
BUTPUMKY TIpH JaHiil TeMIepaTypi MpOTAroM
20 XBWJIMH Ta HACTYIHE OXOJOKECHHSIM Ha

10

CHOKiifHOMY  moBiTpi. s  mOpiBHAHHSA
MOP(}OJIOTTYHUX OCOOIMBOCTEH CTPYKTYpPHOTO
CTaHy OyJud TIPOBEICHI EKCIIEPUMEHTATbHI
0o0poOKM  JOCHIPKYyBaHOTO  MeTaly  3a
AQHAJIOTTYHUMHU PEXUMaMU B HIDKHIA YacTHHI
TEMIIepaTypHOTO iHTEepBay ¢beputo-
OeliHiTHOTO TmepeTBopeHHs (550 °C) Ta
BEpXHIl YacTHHI TeMIEepaTypHOro IHTEpBaIY
OelHITHO-MapTEeHCUTHOTO NIEPETBOPCHHS
(450°C) 3 BuTpuMKor0 20 XB.

6 (x500)

Puc. 4. Mikpocmpyxmypa cmani 10I'2®F nicaa
sumpumku Ha npomasi 20 Xeuaur npu memMnepamypax:
a—550 °C; 6 — 500 °C; ¢ — 450 °C
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[IpoBenenuii KomIuieKC MeTajaorpadiuHux
JOCTIIKEeHb 3pa3KiB (IUB. puc. 4) mokasas, 1110

TepMidHa 00poOKa 3a  3ampPONOHOBAHUMU
peKMMaMH  TPU3BOAUTH 10 (OPMYBaHHS B
cTpykTypt cram 10[2DBb  pi3HOMaHITHUX

MOp(OJIOTIYHUX THUMIB OCHHITY Ta MaKeTHOrO
HU3bKOBYTJICIIEBOTO MAaPTEHCHTY.

[Tonanpiie qOCiIKEHHS TOHKOT CTPYKTYpHU
NPOAYKTIB  NPOMDKHOTO  YH  3CYBHOTO
MePETBOPEHHS 3aifiCHIOBAIIN METOJIOM
€JIGKTPOHHOI MIKPOCKOTIi1 Ha POCBIT (METOAOM
TOHKOI (POJIBI'H), 3TiIHO PEKOMEH Al poOOTH

[8]. Kommneke KpHcTanorpagiaHux
JOCITI IKCHb BUKOHYBAJIH HIISTIXOM
MikpoaudpakuiiHoro aHanmizy. Po3paxyHok
BIJIMOBIIHUX ~ MIKpOAM(PAKIIHHUX  KapTHH
BUKOHYBaJIM  3TiIHO  pekomeHmamid  [9].
300pakeHHS B KOCOMY OCBITJICHHI

(TEMHOTIONIBHUI PEXUM POOOTH MIKPOCKOIY)
OTPUMYBAJIU 3TiIHO pekoMmeHaamii [10].

[IpoBenenuit KOMILIIEKC JOCTIKEHb
MOKa3aB, IO OCHOBHOIO CTPYKTypOlO, sKa
dopmyerhecst mpu  Temmepatypi 550 °C Ta
BuTpuMilli y 20 XBWIMH € BEpXHIH OCHHIT
(puc. 5 a). BepxHiil OeifHIT — 1Ie CTpPyKTypa
CIUIaBiB  3aiiza, 110  YTBOPIOEThCA 3
MIEPEOXOJIOHKEHOTO0 ayCTEHITY B BEPXHBOMY
1HTEepBai TeMIiepaTyp OcitHITHOTO
MIEPETBOPEHHS.

B Bepxubomy OeliHITI YacTKH KapOidiB

pO3MIIIEHI MO TPAHUISAM 3€peH Yu TIO
TpaHMIIM Ta BcepeauHi QeputHoi  (asu
OcitHiTHOT KoOJIOHII. DepuTHa CKIagoOBa Yy

BEpXHHOMY OCHHITI HasiBHA y BHIJISAII PEHOK
TOBIIMHOK) MEHII HiK | MKM Ta JOBKHWHOIO
5...10 MKM.

Ha pucynky 5 a HaBemeHO 3HIMOK Ha
SIKOMY TIPEICTABJICHO JIBI KOJIOHII OCHHITHHX
peliok 3 PpI3HUMU HaNpsMKaMU pPOCTY Ta
rpaHuIo X noemaHaHHs. Ha maHomy puCYHKY
KOJaMH NO3Ha4YeHi  Micusd  audpakii
eNeKTpOoHIB.  MikpoaudpakiiifHi  KapTUHU
niepioi (puc. 5 6) Ta TpeThoi (puc. 5 ) AUITHOK
3HATI 3 MiCIlb 0€3MOCEPETHBOT0 POCTY JIBOX
KOJIOHIH, MikpoaudpakiiiifHa KapTHHA APYToi
TUISTHKU (pUC. 5 2) 3HaXOAWUTHCA Ha TPaHUIl
CTHKY OCHWHITHHX KOJIOHIH.

Po3paxyHOoK oOTpuMaHUX JUQpaKIiHHIX
KapTUH TI0Ka3aB, IO TUIOIA radiTycy Kpucraia

11

1 (011), a kpucrana 2 — (-112). BigmoiaHo,
TpaHull MK JIBOMa KOJIOHISIMH BiAMOBIiJIa€
CHeIiaNbHIi opieHTalii X = 7 B KOHIEHIIT
PEIIITOK CIIBHATAI0YUX BY3IIiB (mmB.
Harpukiag pooory [9]).

IIpu temnepatypi 500 °C Ta BUTpUMII Y
20 XBWIMH B CTPYKTYpl CIOCTEPIra€ThCs
CTPYKTypa rosgactoro ¢epury (puc. 6 a). s
CTPYKTYpHa  CKJaJoBa  CKJIQJA€ThCS 3
napajelbHUX pelok OelHiTHOrO  (hepury
00’€/IHaHUX B MAKETH.

Jns  3dcyBaHHS MOP(QOJIOTIYHOTO THUITY
da3u, sgKa  omuMHWIACA ~ MDK  pedHKaMu
OeiHiTHOTrO (DepuTy B KOJIOHII OyJIO BUKOHAHO
KOMILIICKC JOCITIKCHb, SIKMH MICTHUB
OTpPUMaHHS TEMHOIIOJIBHOTO 300paXeHHS B
3amaHoMy  peduiekci  MikpoAauQpakIiitHOi
KapTuHH (puc. 6 6). Sk moka3zaB poO3paxyHOK,
Ha MikpoaudpakuiiiHiii KapTUHI TPUCYTHI
pedaekcu Biax nBoX (a3: 00’ €eMHEIEHTPOBAHOT

KyO14HOT (OetiHiTHUI dbepur) Ta
IPAHEIICHTPOBAHOI  KyOl4yHOI  (3aJIMIIKOBUI
ayCTCHHUT). BinmogigHo, TEMHOIIOJIbHE

300pakeHHs Oys0 orpumano B peduekci (011)
deputy (OLIK ctpykTypa, puc. 6. 6) Ta (-200)
aycreniry (I'IK ctpykrypa, puc. 6 2).

IIpu Ttemnepatypi 450 °C Tta BuUTpHUMII
y 20 XBWIMH, OJHOYacHO 3 O€iHITOM, B
CTPYKTYpi CIIOCTEPIra€ThCs perKoBHit
JUCIToKamiiauii Maprencur (puc. 7 a).

[IpoBenenuit MikpoaudpakuiiHUi aHaNi3
BHUSIBUB HASBHICTH JBOX CHCTeM pedieKciB
(puc. 7 6), sKi BINMOBINAIOTH IBOM THIIAM
KpuctajorpadiuHux CTPYKTyp 3ajiza, IIo
HiATBEP/KYIOTh JaHHI TOJANBIIOTO aHaNli3y
CTPYKTYPH 3 3aCTOCYBaHHSIM METOJY TEMHOTO
nojs (puc. 7 6, 2).

Sk mokazaB  MPOBENCHUN  KOMILIEKC
JIOCIIIKECHb, TepMiYHA 0o0pobka o
3apONOHOBAaHUM peXuMaM (IuMB. puc. 3)

NpU3BOANTE 10 (OPMYBaHHS y CTPYKTypi
KUJTbKOX (ha3: mepecHyeHa ByrieneM o- ¢asza
sKa 3'ABUJIACHh 3CYBHHUM ILUIIXOM; 3aJMIIKOBHHA
ayCTEHIT, SKUMl  yTBOPUBCA  BHACIIJOK
crabumizamii  y-¢a3u;  KapOOHITpiIM  sKi
yTBOpHriACsS abo GesmocepeaHno 3 y-(has3u, adbo
B pe3yJbTaTl BIAMYCKY - (a3u.
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8 2

Puc. 5. Mikpocmpyxmypa cmani 101" 2®DE nicas eumpumxu 20 xeunun npu memnepamypi 550 °C:

a — MOHKA CIMPYKMYpa KOIOHIU 8epXHb020 DetiHimy, 6 — Mikpoougdparyilina kapmuna Oinauku 1;
6 — MikpoOougpakyiina kapmuHa OAHKY 3; 2 — MIKpOOU@paxkyitina Kapmuua OiiaHKu 2

6 (<18 000) 2 (<18 000)

Puc. 6. Mikpocmpykmypa cmani 10" 2®F nicas sumpumxu 20 xeunun npu memnepamypi 500 °C:
a — MOHKAa CMPYKmypa naKemie 2014acmozo gepumy,; 6 — MikpoOu@dpakyitina Kapmuua 6i0 NO3HAYeHOI OLIAHKIL,
6 — memHonoabHe 300pasicenns 6 pegnexci (011) pepumy;e — memnononvHe 300pasicents  pegnexci (-200) aycmenimy
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6 (<18 000)

2 (x18 000)

Puc. 7. Mikpocmpyxmypa cmani 101" 2®DE nicas eumpumxu 20 xeunun npu memnepamypi 400 °C:
a — MonKa CMpyKmypa nakemie 20144acmozo ghepum petikoso2o OUCIOKAYIlIHO20 MapmeHcumy, 0 — Mikpoou@paxyilina
Kapmuma 6io nakemy,; 8 — memMHoOnoIbHe 300pasxcenus 8 peghaexci (011) gpepumy;
2 — memHonoavHe 300padicenns 6 pegnexci (0-20) aycmenimy

I[Ipu mpomy, cimix  3a3HAYMTH, 11O
CTPYKTYpPHHUH cTaH, SKUH (QOpPMYyeETbCcS NpHU
TepMiuHUNA 0O0poOmi 3paskiB mpu 550 °C
(BepxHili O€WHIT) XapaKTEpU3YETbCS Mailke
TTOBHOIO BIICYTHICTIO 3aJTUIIIKOBOTO ayCTEHITY.

3 iHmoro OOKy, BiIOMO (JIMB. HampUKIal
pobory [11]), moO ToOsIBAa 3aTUIIKOBOTO
ayCTeHITy IpUTaMaHHa caMe€  3CYBHOMY
MexaHi3My (OpMyBaHHS CTPYKTYpH, OCKUIbKU
OCHOBHOIO TIPUYMHOIO cTabiizalii ayCTeHiTy €
BUHUKHEHHS TI€BHOTO PIBHS  BHYTPIIIHIX
HanpykeHb. [liT 9ac 3CyBHOro MeXaHI3My
MEePETBOPEHHS ayCTEHITY B110yBa€THCS
yHOpsIKOBaHa CTpuOKomoniOHa mnepedyaoBa
KpUCTAJIIYHOI PELIITKU 3 TPaHEeleHTPOBAHOI B
00’€MHOLIEHTpOBaHy pemiTky o-pasu. Ilpu
IbOMY TIEPEMIIICHHS CYCIIHIX aTOMIB He
MEePEBUIYIOTh MIDKaATOMHUX BiJICTaHEH,
MEPETBOPCHHS BIIOYBAEThCS Oe3audy31itHUM
IIISIXOM 32 PaXyHOK TUIBKH 3CYBIB PEIIiTKH.

dopMyBaHHS KOJIOHIT BiZIOYBa€ThHCS
LOUIAXOM 3CYBY Ha MPOTWIEKHHMX TpaHsIx
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IUIOMIKH, Je OyJo po3HodYaTo IMepeTBOPECHHS
(puc. 8). CdopmoBaHa peiika MapTEHCHUTY
3MIIYETBCS 32 JONOMOTOI 3CYBY YacTKOBO
HaJl ¥ 4acTKOBO IIiJi TIOBEPXHIO ayCTeHiTy. Sk
HACJIIOK, TOPH30HTaJIbHA  TOBEPXHSI 32
JOTIOMOT OO0 3CyBYy BUX1JTHOT ¢bazu
MOBEPTAEThCSI 200 HAXWIAETBCS y HOBOMY
Harnpsmi.

Pezion nnacmuqnoi
dechopmaii

HaxuneHa

MapmeHcumHd noee, opuziHdabHd

aycmerimAa noaepxan

Ayemenim

Maowuna
zabimycy

MapmeHeum

Puc. 8. Cxema 3cysy ma noepxmego2o Haxumy
N08 A3aH020 3 YMEOPEHHS MAPMEHCUMHOL
naacmunu [11]
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3a paxyHOK pIi3HHII TMHTOMHX 00’ €MiB
ayCTEHITy Ta MapTeHCHUTy  BiJOyBaeThCs
30UTBIICHHS PIBHS TPYXKHUX HampyXeHb Ha
TUNISHII  KOTEPEHTHOTO CHPSDKEHHSA, IO B
KIHIIEBOMY  PaxyHKy  HOpPU3BOAWTH [0
wiactuuHoi  pedopmanii ayCTEHITY 1
3a0e3neuye MiABUILEHHS CTYMEHs IUCIOKaIii
B KiHIEBIM cTpykTypi [12] 1, AK HacmioK,
301IBIIIy€E OITip 3CYBY.

OTtpumaHHl JaHHI JOCHIDKEHb TOHKOI
CTPYKTYPHU TOIYaCTOro (PEepUTy Ta PEHKOBOTO
JMCIIOKAIiHHOTO MapTEHCHUTY JaCTKOBO
MiATBEP/KYIOTh 3a3HAUCHHH MeXaHi3M (JIuB.
puc. 6, 7). 3 iHmoro OOKy, pi3HHIS B
TEOMETPUYHUX PO3Mipax KOJIOHIM MK IMMHU
ZIBOMa CTPYKTYpPaMu MOJKE CBIIYHMTH HPO JAESKi

BIIMIHOCTI y  mapameTpax  HpOTiKaHHA
nepedy10BU KpUCTAIIIYHOT PEIIITKY.
Y Bunmaumky dbopmyBaHHS CTPYKTypH

rog4actoro (eputy (Temieparypa BUTPUMKH
500 °C) mix peiikamu O€WHITHOTO (Qeputy
CIOCTEPIraloThes JuIe MIPOLIAPKH
3aJMIIKOBOrO aycTteHity. Lleil ¢akt moxe
CBIIYUTH TIPO Te, IO MNpH I Temmeparypi
aTOMH BYTJICIIO Ta a30Ty, 32 PaxXyHOK AUQY3ii,
BCTUTAIOTh ONMUHUTHUCS Ha (POHTI 3pOCTAIOUOTO
KpUCTaTy TOJ4acToro (epury J10JaTKOBO
crabimizytoun y-pazy. Ha BiamiHy Bifx
roryactoro (Qepury, Mixk pelikamMu B KOJOHIiT
JUCIIOKAIlIHHOTO MapTEeHCUTY (Temmeparypa
ButpuMkn 450 °C) OKpiM  3aIHIIKOBOTO
ayCTEeHITYy TaKOX CrocTepiraeTscs
KapOoHUTpiHA (a3a.

AHanoriuHo  roysigactomy — (deputy  Ta
pEMKOBOMY  JHCIOKAIlifHOMY  MapTeHCUTY
CTPYKTypa BEpXHBOTO OelHITy (opMy€eThCs
TaKO)X 3a  3CYBHHM MEXaHi3MOM, TpO IO
cBimuuTh (opma pelok OelHiTHOTO (epury.
Ane B 1IbOMYy BHUNAAKy IEPETBOPEHHS
BiIOyBAa€ThCSA B YMOBax IOPIBHIHO BHCOKOT
PYXJIMBOCTI aTOMiB, TOOTO (POHT KpHCTATY,
KU 3pocTae, e Ma€ MOXJIHMBICTh 4aCTKOBO
MPUAHATH TEPMOJUHAMIYHO HAHOIBII BUTITHY
¢bopmy. TakuM 4YHMHOM, peakiil0 yTBOPEHHS
BEPXHBOTO OCWHITY MOXKHA PpO3TJISAATH SIK
3CyBHE Y—0 MEPETBOPEHHS, L0 MPOTIKA€E MPHU
nopiBHsiHO (3 Temneparypamu 500 Ta 450 °C)
30inpIIeHiH  audy3idHI pyXITUBOCTI aTOMIB
JOMIIIOK 32 YMOBH TIEBHOTO  PO3BHUTKY
penakcariifHiuxX MpoIeciB B ayCTEHITHIN (a3i.
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Came Taki OOMEXEHHsSI 3CYBHOTO MEXaHI3My

3a0e3neuyyoTh Mai)ke TOBHY BIJCYTHICTh
crabumizamii  y-pa3u mix 4Yac  3CYBHOTO
MEPETBOPEHHS 1, SK HACHIOK, TMOSBU MiX
peilkamu  OeifHiTHOrO (Qeputy B  KOJOHII

BEPXHBOrO OHHITY Jume KapOOHUTPIAHOT
¢da3u 6e3 mporapKiB 3AIUIIKOBOTO ayCTEHITY.

BucHoBku

1. Tlpoeaeno nmocmimxkeHHss Mopdoorii
CTPYKTYpPHUX CKJIQJIOBUX, SIKI (OPMYIOTHCS B
HU3BKOBYTJICLIEBUX HU3BKOJETOBAHUX CTaJSAX
BHACIIJIOK I TPOMDKHOTO Ta 3CYBHOTO
MEXaHi3MIB TIEPETBOPEHHS MEPEOXOJIOIKEHOTO
ayCTEHITY.

2. llpoBeneHuii KOMIUIEKC JOCIIIKECHb
MmokasaB, 1[0  TepMiuHa  o0poOka B
temneparypuomy iHtepBaii 550...450 °C 3
BUTpUMKOIO 20 XBUJIMH MPHU3BOAUTH IO
dopMyBaHHS B CTPYKTYypi HHU3BKOBYTJICIIEBHX
HU3BKOJICTOBAHUX CTajell  OeiHiTy  pi3HOI
Mopdororiunoi ¢Gopmu (BepxHiii OeifHiT Ta
roJ9acThit bepur) Ta pEHKOBOTO
JUCIIOKALIMHOTO MapTEHCUTY (CIIOCTEPIraeThes
npu Temneparypi Butpumkn 450 °C).

3. MikponudpakuiifHuii aHaii3 BEpXHbOTO
OCHHITY TOKaszaB, IO TpaHUId MK JIBOMaA
KOJIOHISIMHM Ma€ CTPYKTYpy, sKa BiANOBiIae
TPaHUIISIM CHEeIiaTbHOTO (HU3BKO-
EHEepPreTUYHOro) Tumy (X 7 B KOHIEHIT
PEIIITOK CIIBIIAIal0UUX BY3JIiB).

4. CymicHul aHai3 JAHUX
MIKpO U paKIitHIX Ta TEMHOITOJIbHUX
IOCIIIKEHh  IIOKa3aB, IO B  IIaKeTax

rojgdactoro (eputy (TeMmreparypa BUTPUMKHU
500 °C) mix pelikamu (epuTy 3HAXOAUTHCS
JUIIe 3aUIIKOBUI aycTeHiT. Pazom 3 mum, B
KOJIOHISIX perKoBOro JTUCIIOKAIIHHOTO
MapTeHCUTy MDK peillkaMu OJIHOYacHO 3
3aJUIIKOBUM AQYCTEHITOM TPUCYTHS TaKOX
KapOoHUTpiHA (a3a.

5. IlpoBeneHuii KOMILJIEKC JIOCIIKCHb
MmoKaszaB, IO BIIMIHHOCTI B Mopdoorii
CTPYKTYPHHX CKJIQJIOBUX, SIKi ()OPMYIOTHCS TIiJT
yac BUTPUMKH B TEMIEpaTypHOMY IHTepBaii
550...450 °C oOymoBieHi, B mepiry dYepry,
pI3HUIICI0O B MIBUAKOCTSIX 1, fK HACTIJIOK,
OOMEXEHHSIX TMpPOTIKAaHHS TMPOIECIB  3CYBY
KPUCTAIIYHOL PEIIITKH. Yum BHUIIE
TEMIlepaTypa TMEpPEeTBOPEHHS, TUM Oljiblla
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nudysiiiHa aKTUBHICTh aTOMIB, TMM MeHma  o-Fe.
IIBUJIKICTh 3CYBHOTO II€pETBOpPEHHs Y-F& B
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AHoTtanis. Po3BUTOK Cy4acHOro OyIiBHHMIITBA CTaBUTh BCE 3pOCTAal0Yl BUMOTH 0 BJIACTHBOCTEH Marepialib:
HIBUILEHHS 1X MEXaHIYHHUX 1 KOpO3iHHUX XapakTepucTHK .Oco0nuBe Miclie B IIMPOKOMY KOJIi TIHTaHb, OB’ S3aHUX 3
MPOOJIEMOI0 EKCIUTyaTaIliiHOT HAMIHOCTI 3BapIOBABHUX METAJICBUX KOHCTPYKIIH, MOCiTa€ BUBYCHHS 37aTHOCTI
MaTepiajiB YMHHUTH OIip pyWHYBAHHIO NPH CTaTHMYHUX 1 AMHAMIYHUX HaBaHTaXeHHsX. [Ipu 1poMy, omip Matepiany
MOLIMPEHHIO B HHOMY TPILIMHM BU3HAYA€ThCS HOTO CTPYKTYpOlO, a came MOP(OJOriYHMMHU OCOOIHMBOCTSIMHU TOHKOT
OymoBH: pPO3MIPOM CTPYKTYPHHX CKJIQJIOBHX, IHCHEPCHICTIO 1 pPO3MOAIJIOM HEMETAIEBUX BKIIOYEHb, TUIIOM
BHYTpimIHbO(a3HNX Ta Mik(pasHux rpanuip. Came TOMy, BEIHMKE 3HAUCHHS Ma€ JOCIHI/DKCHHS B3a€MO3B’SI3KY MIiXK
MOPQOJIOTIYHUMH OCOOJIMBOCTSIMH ~ CTPYKTYPHHMX CKJIAQJIOBHX 1 XapakTepUCTHKH pyHHyBaHHsA. C Ii€l TOUYKH 30Dy,
OJIHI€I0 3 HAHOUTBIT MIKaBUX CTPYKTYPHUX CKIIAJOBHX € OCHHIT, TOMY IO CTaNi 3 OCHHITHOIO CTPYKTYpPOIO BOJIOJIIIOTH
BHCOKOIO MIITHICTIO TIPH 3aJO0BUTBHIA IiacTuuHOCTi. CaMe TOMy, BIIOCKOHAJIEHHS BJIACTHBOCTEH BHCOKOMIITHOTO
NPOKaTy 3 HU3BKOBYIJICLEBHUX CTaleld Uil 3BapHHUX OyIiBENPHHX METAIEBHX KOHCTPYKLIM HUIIXOM 3’sCYBaHHA
NPUHIMIIOBUX 3aJIe)KHOCTE MK MexaHi3MaMu (OpPMYyBaHHsS TOHKOI CTPYKTYPH 3a3HAu€HHMX CTaJieil Ta KiHETHKOO
PO3TOBCIOKEHHSI PyHHYBaHHS € aKTyalbHOIO MPOOJIEMOI0 SIK 3 HayKOBOIO Tak i 3 €eKOHOMIUHOI TOYOK 30py. Mema
cmammi — BU3HAYCHHS B3a€MO3B 53Ky MK PEKMMaMH MicIsAe(OpMaIiifHOTO OXOJIOKEHHS, KIHIIEBOIO CTPYKTYPOIO
Ta MOP(OJIOTi€I0 MOBEPXOHb PYHHYBAHHS METAIONPOKATY 3 HU3bKOBYITICICBUX HU3BKOJIETOBAaHHUX cranel. Buchnosox.
ITpoBeneHo KOMIUTEKC TOCIIHKEHD B3a€MO3B’ I3KY MIXK CTPYKTYPHHUM CTaHOM Ta MOP(OJIOTi€l0 MOBEPXOHD pyHHYBaHHS
HHU3BKOBYIJICIIEBIX HU3bKOJIETOBAaHUX cTajiell. BcTaHOBIIEHO, 10 301IBIICHHS IIBHAKOCTI OXOJIO0KEHHS IPU3BOAUTH JI0
3pOCTaHHS  BIJICOTKOBOTO BMICTY TPOJYKTIB OCHHITHOrO Ta MapTEHCHUTHOIO MEXaHI3MIB MEpEeTBOPEHHS
MIEPEOXO0JI0PKEHOr0 aycTeHiTy. [Ipu mpOMy MOKa3aHO, IO OJHOYACHO 3 BIJCOTKOBOIO KUIBKICTIO 3POCTAE TAKOXK I
reOMETPUYHHIA po3Mip BiAmoBiaHUX KonoHii. lllnsxom BukoprcTanHs MakpodpakTorpadiqHoro aHasily moka3zaHo, 0
pyHHYBaHHSI yCiX 3pa3KiB BiIOYBa€ThCsl MEPEBAXHO IO KPUXKOMY MexaHismy. [Ipu 1pomy, pesyibraTu
MiKkpodpakTorpadivHOro aHajily MoKa3alyd HasBHICTh MEBHOI KOpEJslii MK FeOMETPUYHHUMH PO3MipaMH KOJIOHIH
OeliHiTy Ta/abo0 MapTEHCHTY Ta po3Mipamy JAUTSTHOK KBa3iKpUXKOro pyiHyBaHHs. HasBHICTH Takol Kopesswuii Moxxe
CBIIYMTH TIpPO Te, IO B TpoOLeci pyHHyBaHHsS IUIACTHYHA JAedopMalis JIOKali3yeTbcs B AUISHKAX, SIKI MaroTh
TTiIBUIIEHUH piBEHb BHYTPIIIHBOI €HEPrii, 30KpeMa BcepenHi KOJIOHiH OelHiTy Ta/abo MapTeHCHTY.

Karouosi cioBa: cmpmeypHmZ CMAaH, KOHMPONbOBAHA NPOKAMKA, HU3bKOBy2leyesad HU3bKONe208aHA CMAjlb;

npuckopene O0X0N00JCeHHs; OelHimna CcK1ao08d; MAapmeHCUmHA CKIa0o8a; NOGepXHA PYUHYBAHHA, KBGA3IKPUXKE
DVUHYBAHHS
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Abstract. The development of modern construction places ever-increasing demands on the properties of materials:
improving their mechanical and corrosion characteristics. A special place in the wide range of issues related to the
problem of operational reliability of welded metal structures is occupied by the study of the ability of materials to resist
destruction under static and dynamic loads. At the same time, the material's resistance to crack propagation in it is
determined by its structure, namely the morphological features of the fine structure: the size of the structural
components, the dispersion and distribution of non-metallic inclusions, the type of intraphase and interphase
boundaries. That is why the study of the relationship between the morphological features of the structural components
and the characteristics of destruction is of great importance. From this point of view, one of the most interesting
structural components is bainite, because steels with a bainite structure have high strength with satisfactory plasticity.
That is why the improvement of the properties of high-strength rolled products from low-carbon steels for welded
building metal structures by elucidating the fundamental relationships between the mechanisms of the formation of the
fine structure of the specified steels and the kinetics of fracture propagation is an urgent problem from both a scientific
and an economic point of view. Purpose of the article. determining the relationship between post-deformation cooling
regimes, the final structure and morphology of fracture surfaces of rolled metal from low-carbon, low-alloy steels.
Conclusion. A set of studies on the relationship between the structural state and the morphology of the fracture surfaces
of low-carbon, low-alloy steels has been conducted. It was established that an increase in the cooling rate leads to an
increase in the percentage content of the products of bainite and martensitic mechanisms of transformation of
undercooled austenite. At the same time, it is shown that the geometric size of the corresponding colonies also increases
simultaneously with the percentage number. By using macrofractographic analysis, it is shown that the destruction of all
samples occurs mainly by a brittle mechanism. At the same time, the results of the microfractographic analysis showed
the presence of a certain correlation between the geometric sizes of the bainite and/or martensite colonies and the sizes
of the areas of quasi-brittle fracture. The presence of such a correlation may indicate that in the process of destruction,
plastic deformation is localized in areas that have an increased level of internal energy, in particular within the colonies
of bainite and/or martensite.

Keywords: structural condition; low-carbon low-alloy steel; accelerated cooling; bainite component; martensitic
component; failure surface; quasi-brittle fracture

ITocranoBka npoojemMu. Po3BuToK  Ta MONINIIEHHS SIKOCTI BXKE  ICHYIOYHX.
Cy4yacHOro  OyaiBHUITBa  CTaBUTh  Bce  Ilojmamplie mpocyBaHHS B ILOMY HalpsSIMKY
3pocTarodi  BHUMOTH IO BJIACTUBOCTEH  HEMOXJIMBE 0€3 PO3IIMPECHHS Ta MOTIUOJICHHS
MaTepialiB: MiABHIIEHHA I1X MEXaHIYHMX 1 3HaHb Ta ySABIGHb TMPO  MPOLECH, SKi
KOpOo3iiHMX XapakTepuctuk [1]. BomHowac 3 ~ BimOyBaroTbcsi B MeTaldl BHACHIAOK  HOTO
PO3pOOKOI0 HOBHX CILIABIB #/1€ BIOCKOHAJICHHS
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B3a€EMOJIIT 3 30BHINIHIM CEPEIOBHUIIECM ITiJ] 4ac
eKCILTyaTalli.

Oco6nmBe Miclie B IHUPOKOMY KOJIi TUTaHb,
MOB’sI3aHUX 3 Mi€l0 MpoOiemMor, TMociiae
BHUBUYEHHS 3JaTHOCTI MarepiajliB YMHHUTU OIIp
pYWHYBaHHIO TpU CTAaTUYHUX 1 JUHAMIYHUX
HaBaHTOXEHHAIX. [Ipu mpoMy omip matepiamry
MOIIMPEHHIO B HHOMY TPIIIMHU BH3HAYAETHCS
HOTo CTPYKTYypow, a camMe MOp(OJIOTIYHUMU
OCOOJIMBOCTSIMH TOHKOI OyJOBH: PO3MIpOM
CTPYKTYpPHUX CKIAJOBHX, JTUCHEPCHICTIO 1
PO3MOJIIIOM HEMETaJeBUX BKIIOYEHb, THIIOM
BHYTpIIIHbO(A3HUX Ta MDK(A3HUX TpaHHIb
[2].

CamMe TOMy, BIOCKOHAJICHHS BJIACTUBOCTEH
BHUCOKOMIITHOTO TMPOKAaTy 3 HU3bKOBYIJICLEBUX
CTajeil ans 3BapHUX OyJiBEIbHUX METaJeBHX
KOHCTPYKIIIH HUISIXOM 3’sICyBaHHS
MIPUHIMIIOBUX 3aJICKHOCTEH MK MEXaHi3MaMu
(hopMyBaHHS TOHKOi CTPYKTYpU 3a3HAuY€HUX
CTallel Ta KIHETHKOK  PO3MOBCIOKEHHS
pYHHYBaHHSI € aKTyaJbHOIO HpPOOJIEMOIO SIK 3
HAyKOBOIO TaK i 3 EKOHOMIYHO1 TOYOK 30pYy.

Anajiz  myOuaikamiii. VY  cyyacHoMy
OyHiBHMIITBI, TIPY YCKJIAJHEHHI Ta MOCHJICHHS
YMOB eKcIuTyaTartii BIJIITOBITAJIBHUX
KOHCTPYKIIiH, HA3BUYAHO aKTyaJIbHOIO CTasia
npobjieMa CTBOPEHHS MarepiajiB 1 BHAIB iX
00po0OKH, 1110 3a0€3MeUyI0Th, MOPSA 3 BUCOKOIO
MIIHICTIO, JOCTaTHIO TPEIIiHOCTIHKOCTL [3].
Ha TenepimHiii 4ac, B 3aJeXHOCTI BiJ YMOB

PI3HOMaHITHOMY CTPYKTYpHOMY CTaHi:
BIJIMYIIEHUN MapTEHCHUT; 3 PEPUTO-TIEPITITHOIO,
(beputo-0elHITHOIO abo dbepuro-
MapTEHCUTHOIO CTpyKTypow [3]. Ilpu upomy,
OJIHIEI0 3 HaWOUIbII IIKABUX CTPYKTYPHHUX
CKIIQJIOBUX € OelHIT, TOMy IO CTali 3
OCHMHITHOIO CTPYKTYpOIO BOJIO/IIOTH BHCOKOIO
MIIHICTIO TIPH 33I0BUIBHIN MIacTHYHOCTI [4].

3 wmi€i TOYKH 30py, BEIHMKE 3HAYCHHS Ma€

JOCITIPKEHHS B32€EMO3B’SI3KY MiX
Mop(hoIoriYHUMU 0COOJIMBOCTSIMU
CTPYKTYPHHX CKJIAQJOBUX 1 XapaKTEPUCTHUKU
pyinyBanus. Cepen  (Qi3sMUHHX  METOJIB
BUBUCHHA 3BI3KYy CKIaxy 1 CTPYKTypH
maTtepiary 3 KOMIIJIEKCOM fioro
eKCIUTyaTalliiHUX  BJIACTHBOCTEH  0coOimBe

MICIIe BIIBOIUTHCS JOCITIIKEHHIO MOBEPXOHB
pyiiHyBaHHS (371amiB) [5], OCKUIBKH 3J1aM
HANO1IBIN YiTKO BioOpakae OyI0BY Marepiary
B JIOKQIbHOMY 00Cs3i, B SKOMY IPOTIKae
npouec pyiHyBaHHs [6].

MeTta cTaTTi — BU3HAUYCHHS B3aEMO3B’SI3KY
MiXx pexuMaMu nicisiaeopmariitHoro
OXOJIOJDKCHHS, KIHIIEBOKO CTPYKTYpOK  Ta
MopdoJIoTi€r0 IOBEPXOHb pyHHYBaHHS
METAJIONPOKATY 3 HU3bKOBYTJICIIEBUX
HU3bKOJIETOBAHUX CTaJIEH.

PesyabTat  gocaigxenb. Y  SKOCTI
MaTepialrly uUIs JOCHiKeHHs Oyio oOpaHo
HU3BKOBYTJICIIEBY  HU3BKOJIETOBaHy  CTallb
10I20b, xiMiuHMii CKjaJ SKOI HaBEACHO B

eKCIuTyaTartii TOTOBOI KOHCTPYKIIii, Tadymmi 1.
METaJIOMPOKAT MOXKE [IOCTaBJIATHCH y
Tabauys 1
Ximiunmii ckaag craagi 10I"2db
Enement, %
Topumra, Mm | Mn Si s Cr Ti Mo v Nb | Fe
20 016 | 128 | 024 | 0004 | 002 | 0,015 0,001 0,061 | 0,038 | san

Ha mincTaBi pe3ysbTariB, sIKi OTpUMaHO B
poborti [7] Oymo obOpaHo HaOOp HIBUAKOCTEH
OXOIIO/DKEHHSI JUIsl OTPUMAaHHS B CTPYKTYpi
CTaJll Pi3HOI BIJICOTKOBOi KUIBKOCTI MPOIYKTIB
MPOMDKHOTO  Ta  3CyBHOTO  MEXaHI3MiB
MEPETBOPEHHST  ayCTeHITy. BimmosimHo, 3
METOI0 OTPHUMAaHHS 33JaHOTO CTPYKTYpHOTO
CTaHy 3pa3Kd CTaji TMiagaBajid TEePMIYHOT
OOpOKM 3 OKpPEeMOro HarpiBy 3TiJHO CXEMH,
HaBeJICHOI Ha PUCYHKY 1.

Butpuska 20 18,
950

Harpis

te

Puc. 1. Cxema mepmiunoi 06pobku 3 okpemo2co Hazpisy
spaskie cmani 10I2DF: 1 — mexniune macno
(Moxox = 12 °C/c); 2 — xon00na 600a (Voxon =26 °C/c);
3-10 % posuun NaCl 'y 600i (Voxon = 34 °C/c)
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JIoCHiUKeHHST  CTPYKTYPHOTO  CTaHy,
¢pakrorpadiuHuil aHaii3 NOBEPXOHb 3JaMIB 1
KUTBKICHUM ~ aHaji3  OTPUMaHUX  JAHHUX

3MIACHIOBAIM 3 3aCTOCYBAaHHSAM PacTPOBOTO
eNeKTpoHHOro Mikpockorry PEM-1061 3rigHo
peKoMeH Il HaBeJeHUX y poOoTi [8].
PesynbraTh BIIIIOBIAHAX MIKpO-
CTPYKTYPHHX JIOCIII/DKEHb MPEICTAaBICHO Ha
PUCYHKY 2. AHaJi3 HaBEACHUX JIAHUX CBITYHUTH
Mpo Te, MO0 NMPU OXOJIOKCHHI 31 HMIBUIKICTIO

12 °C/c dopmyerbes 30 % depurHoi dasm.
3anMIIKOBHUI ayCTEeHIT po3MaJaeThecsi Ha OCHHIT
(65 %) ta maptencut (5 %) (puc. 2 a, 6).

ITomanbmie 301JIBIIIEHHS MIBUIKOCTI
OXOJIOJKEHHsI (TapTyBaHHS y XOJIOJHY BOJY)
OpPU3BOAUTH O  3MEHIICHHA  KITBKOCTI

deputHOi (Da3m, 1i BMICT CTAaHOBUTH BXKE HE
oiumbmie 15 %. OpHOYAacHO cHoOCTEpiraeThes
301IbIIEHHS KITBKOCTI MapTeHCUTy 110 15 % Tta
oeiinity ~70 % (puc. 2 s, 2).

0 (%500)
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e (x20 000)
Puc. 2. Mikpocmpyxkmypa cmani 10I'2®F nicaa 0xon00cents 3i BUOKOCMAMU:
a, 6 —12°C/c; 6, 2—26 °Clc; 0, e — 34 °C/c
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Oxonomkenns 31 mBuakictio 34 °C/c
NPU3BOJUTE TO (OPMYBaHHS IO TPAHHISM
KOJIMIIHROTO ~ ayCTEHITy APiOHOIUCTIEPCHOTO
¢depurty. IIpu poMy, CTpyKTypa siBjisi€e cOOOIO
OCHITHO-MapTEHCUTHUM  KOHIJIOMepaT 3
HEBEJIMKOK  KUIBKICTIO  JIOEBTEKTOIIHOTO
depury, SKUH  PO3TANIOBYETHCS  HABKOJIO
OeifHITHOT CKJIa/10BO1. BeitHITHI KOMOHIT MarOTh
ApKO  BUPaXEHYy  peiikoBy  Mopoiorito
(puc. 2 0, e). Bmict depury ckianae He Oiblie
10 %, BMicT O€lHITY Ta MAPTEHCUTY CTAHOBHUTH
60 % Tta 30 % BiAmOBIIHO.

PesynbraTi miIpaxyHKIB TE€OMETPHYHHX
pO3MipiB  CTPYKTYpPHHMX  CKJIAQIOBUX,  fKI
bopMyIOTBCSL 32 3CYBHUM  MEXaHI3MOM
MePETBOPECHHS MPEICTABIICHO B TaOIHII 2.

Tabnuys 2

I'eomeTpu4Hi po3Mipu KoJIOHIH OeifHITHY
Ta MAPTEHCUTY

IIBuakicTs
OXOJIOPKEHHS
CepenHiit po3mip
KOJIOHIH

12 °Clc 26 °Clc 34 °C/ec

24 mxm | 30,5 Mxm | 34,2 MKkM

AHami3 HaBeJIEeHUX JIaHUX TIOKa3ye, o
301IbIICHHS HIBHIKOCTI OXOJIOKCHHS
MPU3BOJUTE JIO 3POCTAaHHS TECOMETPUIHHUX
pO3MipiB KOJIOHIH OelHiTY Ta MapreHcuty. Lle
MOSICHIOETHCSA THM, IO 301JbIIEHHS IIBHIKOCTI

OXOJIOJDKEHHS ~ NPU3BOAMTH JO  3HUKEHHS
WBUAKOCTI  OU(y31MHUX  TpOLeciB,  fAKl
BiIOYyBAIOThCSI ~ Wi ~ 4Yac  IEpPETBOPEHHS

MEPEOXOJIOHKEHOTO ayCTeHITy. Sk HacImiJoK,
Maibke He BiOyBaeThcs (popMmyBaHHS Oap’epiB
Ha (QpoHTI 3pocTaroyoi KOJOHII, L0 Jae
MOJKJIMBICTh  KOJIOHIi 3017bIyBaTH BJAcHI
po3MipH.

Jns OLIHKHA B3a€MO3B’A3KY MIX
CTPYKTypHUM  CTaHOM Ta  Mop(oJoriero
MOBEPXOHb  pyHHYBaHHS OyJl0  BHKOHAHO
KOMIUIEKC  (pakTorpapiuHuX  JOCIIIKEHb.
OmiHKy KUIBKOCTI B’S3K0I Ta  KPHUXKOI
CKJIQJIOBOT y 3JlaMax 3AIMCHIOBAIA IUIIXOM

3aCTOCYBaHHS MakpodpakTorpadgiaHOro
aHaTizYy.

[IpoBenenuit KOMILIEKC IOCIIIKEHD
MOKa3aB, M0 B 3pPa3Ky OXOJOHKCHOMY Y
TEeXHIYHOMY Machi, 31 mBuakictio ~ 12 °Cle,
pyWHYBaHHS  MPOXOJUTH  IEPEBAXHO IO
KPUXKOMY  MEXaHi3My, KUIbKICTh  B’SI3KOi

21

ckianoBoi ~27 %. Y 3mami 3paska, skuil Oyno
OXOJIOKEHE y X0JI0HY BOIY (Voxon = 26 °C/c)
KUTBKICTh B’SI3KO1 CKJIQZIOBOi 3MEHIIUIACS JI0
20 %. Oxomomxenus y 10 % pozuuni NaCl
(Voxon = 34 °C/c) npu3BOOUTH 1O TMOSIBH HE
OunbLIe HIXK 8 % B’A3KOr0 371aMy.

Hani  mikpodpakrorpadiuHoro
HaBEJICHO HA PUCYHKY 3.

Oxonomxenuss 31 mBuakictio 12 °Clc
(puc. 3 a, 6) cpusuio GOPMYBaHHIO CTPYKTYpH
OeitHiTy Ta depury (65 % ta 30 % BiINOBIIHO),
3aMUIIoK 1e MapteHcuT — 5 %. Ilpu Takomy
CTPYKTYPHOMY CTaHi pyWHYBaHHS POXOHTH 3
HAsBHICTIO B’S3K01 Ta Kpuxkoi ¢a3z vy
criBBigHOmeHHI 73 % nHa 27 %. Ilpu upomy,
CTyHiHb  IUIACTHYHOI  Jedopmamii  mepen
3MUTTSAM  TIOPOXKHHH ~ 3aJICKUTh  TOJIOBHUM
YHHOM  BiJl  BiICTaHI MK  CyCIOHIMH
MOPOXXHHHAMHU, M0 Yy CBOK 4Yepry YacTo
BU3HAYAETHCS MIUIBHICTIO PO3MOJAUTY YaCTOK,
mo Bunamu. Pasom 3 mmM, Yy 3pasky
CIIOCTEpIraeThCsl HASABHICTH BHYTPH3EPEHHOTO
pyHHYBaHHS, MPUCYTHIA TaKOX KBa31KPUXKUN
371aM.

KBaziBigpuB  Ha  TOYATKOBIA  cramii
YTBOpPEeHHSI  (aceTKu  BHABISE  O3HAKU
MEePEBAYKHO KPHUCTAIITHOTO BiJIPUBY, TOMAL K Y
MICISIX 3TUTTS MIKPOTPIIIUH BUSBIAIOTHCS
O3HAKH IJIACTUYHOTO PYHHYBaHHS.

@akrorpadiuniil aHami3 371aMy 3paska, M0
OXOJIO/DKYBaBCS Yy  XOJOAHIA  BOmi, 31
mBUAKICTIO ~ 26 °C/c, moka3ye 10 KPUXKUi
3aM 30UTBIITYETHCS, TOPIBHAHO 31 3pa3KoM
OXOJIOJDKEHUM Y Macjo, 1 CTaHOBUTh BXKE
omuzpko 80 %. IlpboMy crpusie 3MeHIIEHHS
BMICTY (eputHOi (pa3u Ha KOPUCTH OCHHITHO -
MapTEHCHTHOI  CKJIaJ0OBOI, fKa  CKJIajae
BiaAnoBinHO 70 % Ta 15 %. Takuii cTpyKTypHUI
CTaH crpusie 30UTBIIEHHIO TBEPIOCTI, a
BIJIMTOBITHO 1 KPUXKOCTI MaTepiany.

3aBIKA MapTEHCHUTY CTYMiHb IJIACTUYHOT
nedopmarii TEX 3MEHIIY€ETHCS.
Mikpodpakrorpadgidyauii aHami3 TOKa3aB, IO
pyHHYBaHHS BiOyBajiocs 3a pPaxyHOK 3JHUTTS
MIKPOIIOPOXKHUH (HAa TIOBEPXHI 37aMy HasBHIi
€JIeMEHTH, SKI CBiI4aTh, IO pPyHHYBaHHSI
BIIOYJIOCA LUISIXOM 3TUTTS MIKPOIIOPOXKHHH),
TaK 1 32 paXyHOK BHYTpPi3e€pEeHOr0 pyHHYBaHHS
BIpOriTHO OEWHITHUX Ta/ab0 MapTEHCUTHUX
KOJIOH1H.
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Puc. 3. Cmpyxkmypa 3namie cmani 10I'2DF nicisa oxono0xcenns 3i BUOKOCMAMU:
a, 6 —12°C/c; 6, 2—26 °Clc; 0, e — 34 °C/c

[Ticns oxonomkenHs y conoHi Bomi (10 %  ~92 %. B 3pa3ky mepeBakae BHYyTpH3EpEHHE
NaCl) B 3pa3ky 3¢opmyBanacs OeHHITHO—  pyHHYBaHHS, IKE MOXE IMPOXOIUTh IPU Maibke
MapreHcuTHa cTpyktypa (60 % Ta 30 %  moBHMH BiACYTHOCTI IUIACTHYHOI nedopmarii
BIJNIOBITHO) Ta ()epUTHA CKIAJ0BAa CTPYKTypu  30Ha MOLIMPEHHS TPILMHU TPEACTaBIIsIe
(me mepeBumye 10 %). AHami3 3yMaMy 3pa3ka  TUIIOBHH KBa3iOTPHB 3 HE3HAYHUMHU O3HAKaMU
MoKa3ye, 10 KpUXKa CKJIQJ0Ba 3JlaMy CKJIaJae€  IUIACTUYHOI Aedopmaltii.
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IIEPETBOPEHHS IEPEOXO0JIOKEHOTO ayCTEHITY.

o [lpy 1pOMy TOKa3aHO, IO OJHOYACHO 3
50 . . . .
2 ., 39,2 BIJICOTKOBOIO KUIBKICTIO 3pOCTa€ TaKOXK 1

33,4 o . . . .
5 20 27,8 reOMETPUYHUI PO3MIp BIAMOBIIHUX KOJIOHIH.

2 _ .
5B . Lle oOymoBiEeHO TUM, WO TPH OXOJIO/UKEHHI 3
25 BEJIMKOI0  IIBHIKICTIO  IOJABJSIETBCS  PICT
== E . . . .
E g, . . depuTHUX 3epeH 1  30UIbIIyeThCS  1HIIN

= . .
el 12 26 34 CTPYKTYpHI CKJIa/IOBI. o '
$’2. LIBHIKICTE OXONOILKEHHS, Tpamy/cex 3. Makpodpakrorpadpigyauii aHaJ3
MoKasye, IO pyWHYBaHHS YCiX 3pa3KiB
6 BiIOYBA€ThCSA  MEPEBAXHO IO  KPUXKOMY
o , § mexaHisMy.  Ilpu  mpomy,  pe3yibTatu
Puc. 4. Kinvkicnuuii ananiz nogepxousb pyuHyS8aHuHsL: . . .

. . ) ; MikpodpakTorpadivHOro aHamily IOKa3aiu

a — 3aJ1eJCHICMb 8I0COMKOBO20 BMICNY KPUXKO1 h . .
CK1a00601 31aMY 6i0 UWEUOKOCIT 0XONOOIICCHHSL; HasBHICTb NICBHOI1 ' Kopeﬂﬂu.ll Ml)l(
0 — 3anedcHicmy po3mipia OLNAHOK K8AZIKPUXKO2O0 T€OMETPUYHUMH pPO3MipaMHu KOJIOHIN OeiHITy
PYUHYBAHHS 810 WBUOKOCIT OXONOOJICEHH Ta/ab0 MapTEHCUTY Ta pO3MipaMu IiISTHOK
JInst  BHUSIBIEHHS 3aKOHOMIpHOCTe Mik  KBa3IKPHXKOTO pyHHYBaHHS. y
CTPYKTYPHHM CTAQHOM CTaJli Ta MeEXaHi3MOM 4. Ilpu 30iMbIIeHHi IIBHAKOCTCH

OXOJIOJDKEHHSI 3pa3KiB, a 3HAYUTh 1 PO3MIpY
KOJIOHIM  OeitHiTy Ta abo0  MapTeHciTy
MPOTOPITiHHE 3MEHINYEThCS 1 BIJICTaHb MIiX
30HaMH KBa3iKpUXKoro pyiHyBaHHs. [leit dakr
JO3BOJISIE  TPUITYCTUTH, IO  IJIACTUYHA
nedopmartis J0KaIi3y€eThCsl B 001acTIX 3 OUIBII

BUCOKHUM CTYIICHEM CHCpFﬁ.

pyliHyBaHHs OyJi0 TPOBEACHO KUIbKICHHUI
aHaji3  BIJICOTKOBOTO  BMICTYy  KPHXKOI
CKJIaJIOBOT  3J1aMy Ta pPO3MIpIB  JUISHOK
KBa31KpUXKOT0 pYWHYBaHHS B 3aJIe)KHOCTI BiJ
IIBUAKOCTI OXOJIOMKEHHS. BimmosigHi gaHi
y3arajbHEHO Ta HaBEJCHO Ha PUCYHKY 4.
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AHoTANiA. AKmyanvHicms poéomu. 3riHO CTATUCTUYHKX JAHUX Ta MPOBEICHOTO aHAJI3y BU3HAYCHO, ITI0 Y 3B’sI3KY
3 BOEHHHM CTAaHOM B YKpaiHi 3Ha4yHa KUIBKICTh OO’€KTIB E€HEpPreTHKH 3HaXOAWThCS B KPUTHYHOMY cTaHi. Hecraua
CIICKTPOCHEPTil B YKpaiHi MPU3BOAUTH N0 I[LJI0T HU3KH TIOPYIIIEHD B 3a0€3MeUeHHI OC3IEKH KUTTEISUIBHOCTI HaceeHHs. Tak
nounHaro4n 3 yepBHs 2022 poKy BBEIEHI TMMYAcOBi Tpadiky BiIKIIOYEHHS eNEKTpOeHeprii. 3pOCTaHHS E€KOHOMIYHHX
MTOKAa3HUKIB CBITOBOI €KOHOMIKM TPH3BOAUTH O IIOCTYIIOBOTO 30UIBIIEHHS CIOXHMBAaHHA EHEPreTHYHUX PECYpCIB.
Mema - 3abe3neueHHs €JIEKTPOCHEPTi€I0 HETPaUIIHHNUX JKepes eHeprii st 6e3nepeOiitHol poOOTH TEXHOJIOTTUHHX
MPOIeCiB Ta 3a0e3MeucHHsT OE3MEeKH J>KUTTEMISUTBHOCTI HaceneHHs. Memoouka. Tlpu icHyrodoMy piBHI HayKOBO-
TEXHIYHOTO MPOrpecy TEIUIONOCTaYaHHs Ta €JICKTPOCIIOKMBAHHS, BUKOPUCTAHHS OPTaHiYHUX MaluB (Byriwii, Hagra,
ra3), TIAPOCHEPril i aTOMHOT €Heprii Ha OCHOBI TEIIOBUX HEWTpOHIB. OMHAK 3a pe3yIbTaTaMH YHCICHHUX TOCIIIKCHb
OpraHivyHe NajHBO B HEAAIEKOMY Mail0yTHbOMY MOKE 33JO0BOJIBHUTH 3alUTH CBITOBOI €HEPreTUKH TUIBKH 4aCTKOBO.
Pemta enexTponorped Moxe OYTH 32JI0BOJICHA 32 paxXyHOK 1HIMUX JDKEPeN eHeprii — HeTPaAUIIIHHUX 1 ITOHOBJIIOBAHUX.
Hayxkosi pesynomamu. {751 BApOOHUIITBA SHEPTii MEPEBaAXHO BHKOPHUCTOBYIOTH BHKOIHI fpkepera (Ot 87 % yciel
eHeprii). Jlons BIAHOBIIOBAIBHOI CHEPreTHKH ckiamae juire 8,6 %. Jlo TOro ’x BIAHOBIIOBAaIbHA CHEPrETHKA
AKTHBHIIIE PO3BHBAETHCS Y PO3BUHYTHX KpalHaxX CBITY BHACIHIJIOK JEpKaBHHX JOTalliid. 3a MPOTHO3aMH aHAJITHUKIB
kommanii British Petroleum mo 2030 poky 4acTka eHeproHOCi{B, OTPUMAHUX 3 BUKOITHUX JPKEPEN €Hepril, SMEHIIUTCS
10 82 %, yacTKa BiIIHOBJIIOBaJIbHOI €HEpreTHKH 3pocTe 10 12 %, a BiTHOCHA KUJIbKICTh €Heprii, OTpuMaHa Bif sIepHOT
€HEepreTHKH, 3MIHUTBCS He 3Ha4YHO. HeBH3HAYEHICTh HayKOBO-IIPAKTHYHOTO OOIPYHTYBAaHHS MPIOPUTETHUX HAIPSIMKIB
BUKOPHCTaHHS BiJIHOBIIOBAJBHUX JDKEpeNn eHeprii i 3a0e3neueHHs TOTped OO’€KTIB HE JIO3BOJISAE IIHPOKE
3acToCyBaHHS B YKpaiHi. IIpaxmuuni pesynemamu. BUKOpUCTaHHS BiJHOBIIOBAJBHUX JDKEPEN e€Heprii HanOmmKdi
20 pokiB 1acTh 3MOTY 3a0IIaJUTH BHKOIHI €HEPropecypcH, aje IUIKOBHUTY BiAMOBY BiJl BUKOIHHX JDKEpeN eHeprii —
CIIpaBa JajeKol MepCIeKTHBU. TOMY OIHHMM 3 MPIOPUTETHUX HANPSMKIB PO3BUTKY €HEpreTHKH B XXI CT. € BceOiuHe
BUKOPUCTaHHS BiJHOBJIIOBAIBHUX JDKEPeJ eHeprii, ki MaloTh BEJIMYE3HI PECYpPCH, L0 JO03BOJIUTH 3HU3UTH HETaTUBHUH
BIUIMB €HEPTETUKA Ha JOBKUDIS, iABUITITH €HEPTETHYHY 1 €KOJIOTIUHy Oe3IeKy.

KuiouoBi ciioBa: wempaouyitini ma 8i0H061108a1bHI Odicepena enepeii; Oe3nexu HcummeoisiibHocmi, be3nexu
excniyamayii 6yoigens i cnopyo,; 3abe3neyents 6esneku,; eHepeoehexmueHicms
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Abstract. The relevance of the work. According to statistical data and the conducted analysis, it was determined
that due to the state of war in Ukraine, a significant number of energy facilities are in critical condition. The lack of
electricity in Ukraine leads to a number of violations in ensuring the safety of the population's daily life. Thus, starting
from June 2022, temporary power outage schedules have been introduced. The growth of economic indicators of the
world economy leads to a gradual increase in the consumption of energy resources. Purpose — traditional energy
sources with electricity for the uninterrupted operation of technological processes and ensure the safety of the
population's daily life. Methodology. At the current level of scientific and technical progress of heat supply and
electricity consumption, the use of organic fuels (coal, oil, gas), hydropower and nuclear energy based on thermal
neutrons. However, according to the results of numerous studies, in the near future, organic fuel can only partially meet
the needs of the world's energy industry. The rest of the electricity needs can be met at the expense of other sources of
energy - non-traditional and renewable. Scientific results. Fossil sources are mainly used for energy production (about
87 % of all energy). The share of renewable energy is only 8.6 %. In addition, renewable energy is developing more
actively in the developed countries of the world as a result of state subsidies. British Petroleum analysts forecast that by
2030, the share of energy sources obtained from fossil energy sources will decrease to 82 %, the share of renewable
energy will increase to 12 %, and the relative amount of energy obtained from nuclear energy will not change
significantly. Uncertainty of scientific and practical substantiation of priority directions for the use of renewable energy
sources to meet the needs of facilities does not allow for wide application in Ukraine. Practical results. The use of
renewable energy sources in the next 20 years will make it possible to save fossil energy resources, but the complete
abandonment of fossil energy sources is a matter of a distant perspective. Therefore, one of the priority areas of energy
development in the 21st century. there is comprehensive use of renewable energy sources, which have huge resources,
which will reduce the negative impact of energy on the environment, increase energy and environmental security.

Keywords: unconventional and renewable energy sources; life safety; safety of operation of buildings and
structures; ensuring security; energy efficiency

Beryn. 3rimHo CTaTUCTUYHHMX JaHUX Ta ded JBIZIRIBIRERSEEEIEEEEE YRR
MPOBEJICHOTO aHAJI3y BU3HAYEHO, IO y 3B SI3KY 3 — slxlels slalsls alxly
BOEHHMM CTaHOM B YKpaiHI 3HauHa KUIbKICTh p— " x5 l5]%
00’€KTIB CHEPreTHKH 3HAXOUTHCS B wn TR e %% %
KPUTUYHOMY CTaHl [2-5]. Hecraya ey %R %% LRR R 58
eJIeKTpOeHeprii B YKpaiHi NPU3BOIUTH A0 ILI01 Mo %, 5 R % R TR
HU3KM TIOpYyLIeHb B 3a0e3NeueHHl Oe3neKu com %% R R I %% %
KHUTTEISUTLHOCTI HaceneHHs. Tak modnHarouu 3 e TR EYR R %%
yepBHs 2022 poKy BBEICHI THMYAcOBI rpadiku
BiJIKITFOUEHHS eJIeKTpoeHeprii (puc. 1). Puc. 1. I'pagixu giokniouenns enexmpoenepeii

Mera. TakuM  uYMHOM  BiJCYTHICTb (wepsens 2024 poxy)
€NIeKTPOSHEPrii HETPAIULIHHUX JpPKepen eHeprii Metoauka. [Ipu icHyro4oMy piBHI HayKOBO-

MPU3BOJUTH /10 TOpYIIEHHS Oe3mepebifHOi  TEeXHIYHOro IMpOrpecy  TEIUIONOCTadyaHHS —Ta
POOOTH TEXHOJIOTTYHHUX MPOIIECIB Ta 3a0€3MEUEHHS  €JIeKTPOCIOKUBAHHS, BUKOPUCTAHHS OPTraHiYHUX
Oe3neKku SKUTTENISUIBHOCTI  HacelneHHs. Tomy — maymB (Byriuuid, HadrTa, Tra3), TiApoeHeprii i

BaXKJIUBOIO 3aa4ero € 3a0€3ME€UeHHs]  aTOMHOI €Heprii Ha OCHOBI TEIUIOBUX HEHTPOHIB.
ENIEKTPOCHEPTIEI0 3 BUKOpPUCTaHHAM  OfHak 3a pe3yibTaTaMH YHUCIEHHHUX JOCIiIKEHb
HETPaIUIIIMHUX BHUIIB 1 JPKEPEIT CHEPrii. OpraHiyHe MaJIMBO B HENAJICKOMYy MaiOyTHHOMY

MOKEC 3a10BOJIbHUTH 3allMTHU CBITOBOIL
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EHEepreTMKu TUThbKM uacTkoBo [1-3]. Pemrra
EIIEKTPOroTped Moke OyTH 3a/J0BOJIeHa 3a

paxyHOK IHIIUX  JKepel eHeprii = —
HETPAIULIHHUX 1 TOHOBIIOBAHUX.

OcHOBHi  pe3yJbTaTH  JOCJiIKEeHb.
BigmoBimno g0  pesomromii Ne  33/148

I'enepanpHoi Acambiei OOH (1978 pik) oo
Hempaouyinnux i 6i0H06II06ANbHUX Odcepe
eHepeii  @i0HOCAmMbBCA: COHSAYHA, BITPOBA,
reoTepMaibHa, EHEpPrisi MOPCHKHX XBHIIb,
NpUIUIMBIB 1 OKeaHy, eHepris Oiomacw,
JNEPEBUHH,  JCPEBHOTO  BYTruLisi,  Topdy,
TATJIOBOT XyAOOHW, CHaHIiB, OITYMiHO3HUX
MCKOBUKIB 1 TIAPOEHEPTiss BEIMKUX 1 Mallux
BooTOKIB. Kiacudikamis HeTpaauuiiHuX 1

BITHOBJIFOBAIbHUX TOKEpe eHeprii
npejacraBieHa B Tabnuii 1.
Tabruysa 1
HerTpaauuiiini Ta BigHOB/IIOBAJIBLHI JKepeJia eHepril
Jxepena IIpuponne Texuiune Bropunna
NEPBUHHOI | TEPETBOPECHHS | IIEPETBOPEHHS CIIOXKUBaHA
eHeprii eHeprii eHeprii CHepris
I'eorepmanbhe | I'eorepmanbHa
Semitst . .
TemyIo 3eMili | eIeKTPOCTAHILis
BunapoByBaHHs| i4p0eIeKTPOCTAHIII]
aTMocdepHuX (HamipHi 1
orajaiB BUTLHOTIOTOKOBI)
Pyx . .
Bitpoenepretuuni
aTMocdepHOoro
. YCTaHOBKH
MOBITPS
L Mopchki
Mopcbki Teuil
Comnre €JIeKTPOCTAHIII1 Enexrpuka
XBUITBOB1
Pyx xBunp
CIIEKTPOCTAHILi
. JIb010BUKOBI
TaneHHs 1bOAIB
CIIEKTPOCTAHIIIT
Enexrtpocranmii Ha
dotocunTe3 6iomaci
PoTtoenekTpuka
Mnaners le./IHJ'II/IBI/I 1 [IpunusHi
BiJJINBU €JIEKTPOCTAHMIT
3pocTaHHS  EKOHOMIYHUX  TIOKa3HUKIB
CBITOBOI €KOHOMIKH MIPU3BOIUTH bie}
IIOCTYIIOBOTO 301TBIICHHS CIIOKUBAHHS

€HepreTUYHUX PECYypCiB.

Kpainw, siki po3BHBalOTHCS, CHPUIHHIOIOTH
3arajibHe 30UIBIIEHHS EHEProClOXMBaHHS 3a
ocranHi 10-15 pokiB. IlpyumHamu 1HOTO €
oinpmuii mpupict BBIT mux kpain i 1ocTaTHBRO
BHCOKa €HEPro€MHICTh BUPOOHUIITBA.
OCHOBHUMM  CIIO)KMBayaMM  €HEprii  cepen
KpaiH, 10 po3BUBAIOThC, € Kurait Ta [Hmis.

Skmo oOcsAr CHOXHMBAaHHSA  BHUKOIHUX
JDKepen eHeprii Oyne 3ajJMmaThch Ha PiBHI

27

2012 poky, TO pO3BigaHUX 3aMaciB BHUCTAYUTH
Ha HACTYMHY KUIBKICTh POKiB: HadTh — Ha 53
POKH, IPHPOTHOTO Tazy — Ha 56 pokiB, BYTiLIs
—mna 109 pokis [4; 5].

3anaciB  ypaHy, OCHOBHOTO SCPHOTO
najnuBa, 3a HHUHINIHIX TEMIIIB CIIOXHBAaHHS
BUCTAYWTh Ha JIeKUIbKAa THUCAY pokiB. IliHa
eHeprii, oTpuMaHa Bijl IIbOTO BHJy MalHUBa €
OJIHOIO 3 HAWHIDKYMX. 32 YMOBHU JOTPUMAHHS
BCIX 3axOoXiB 3 TEXHIKM Oe3IlleKl aroMHa
EHEpreTKa 3HAYHO MEHIIE BIUIUBAaE Ha
HABKOJIMILIHE  CEpPEJOBMILNE, HDK BUKOIHI
Jokepena eHeprii. OgHAK PU3BHK TEXHOTECHHUX
KatacTpod, MOMIMBICTH CTBOPEHHS SAEPHOI

30poi Ha OCHOBI ManmWBa JJIi ATOMHHX

CJICKTPOCTAHIIIH,  CIOBUIBHIOIOTH  PO3BUTOK

IOTO BUly €HepreTuk [4; 5].
ligpoeHepreTHka TaKOX HAICKHTh  JI0

BIJTHOBITIOBAIHUX JIKEpell eHeprii. Po3pi3HsIOTH
BEIMKY 1 Maiy TrigpoeHepretuky. Ilorentiian
BEJIMKOI EHEPreTUKH B CBITI BUKOPHCTOBYIOTh Ha
JIOCUTh BHCOKOMYy piBHI (61 50 %) 3
MOCTYTIOBUM BBEJICHHSIM B €KCILTyaTaIlif0 HOBUX
noty>xHocted. OJIHaK TEXHOT€HHWH BIUIMB Ha

HaBKOJIUIITHE CEepeIOBHIIE 3a YMOBH
eKcIuTyaTamii  00’€KTIB  TIIPOCHEPTETHKH €
3HayHUM [2; 4]. CIpyKTypy CHOXXHBaHHS

€HepropecypciB MOKa3aHO HA PUCYHKY 2.

3 pUCYHKY 2 MOXHa 3pOOMTH BHUCHOBOK,
o0 /Ui BHPOOHHUIITBA €HEprii MepeBakHO
BUKOPUCTOBYIOTh BUKOIHI Jykepena (01t 87 %
yciei  eneprii). Jloms  BiTHOBIIOBAJIBHOI
eHepreTuku ckiagae juie 8,6 %. Jlo toro x
BITHOBJIIOBaJIbHA  €HEpreThka  aKTHBHIIIE
PO3BUBAETHCS Yy PO3BUHYTHX KpaiHaxX CBITY
BHACITIJIOK JIEpP>)KaBHUX JOTAIlil.

3a TpOrHO3aMHM  AHANITHKIB  KOMITaHii
British Petroleum mo 2030 poky wuyacTka
€HEPrOHOCIIB, OTPUMAHUX 3 BUKOIHUX JKEpPET
eHeprii, 3MeHmMTBCA g0 82 %, dYacTka
BiJTHOBJIFOBAJIBHOT €HEepreTuku 3pocte 10 12 %,
a BIJHOCHA KUIBKICTH €HEprii, oTpuMaHa BiJ
SJIEPHOI CHEPTeTUKH, 3MIHUTHCS HE 3HAYHO.
JluHaMiky ~ 3MIHM  CIIO)XKWBaHHS  €HeEprii
MOKA3aHO HA PUCYHKY 3.

3 aHaii3y MPOTHO3HHUX AAHHUX PUCYHKY 3,
MOJKHA 3pOOUTH TaKi BUCHOBKHU:

- BUKOPHCTAHHA  BIJHOBIIIOBAJIbHUX
Jokepen eHeprii HanOmmwkui 20 pokiB JacTb
3MOTY 3201113 JUTH BUKOITHI €HEPrOpeCypeu;
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- [JKOBHATA BIAMOBA Bi BHUKOIIHUX
JTAJICKO1L

JOKEpeNn  eHeprii
MIEPCIICKTUBH.

6,79%° %

7
.3%

331%

29,9 %

23.9%

crpaBa

NPUPOAHKMIAL ras

ATOMHA eHepria.

rigposHepreTMEa

a — eecwb ceim

O madTa

O NprpOaHME ras

O sy rinnas

I aronHEa SHeprina

[~ WaFailelabaltlalalgay gule]

0 iraLui e e B .
CHEDISTHH M

6 — po36uUHeHI Kpainu

22.5%

29.1%

O magra

O NnprposMeAE ras

O eyrinna

H aronHa SHeERrin

I i apOeHe DreTEEG

I ieaLuE w0 e Bao k.
CHeDISTHMHEM

6 — KpaiHu, o po36usaromscs

2 — Ykpaina

Puc. 2. Cmpyxmypa cnooicueanns enepeopecypcis

ToMy omHMM 3 MPIOPUTETHUX HAMPSIMKIB
po3BUTKY cHepreTnkd B XXI cT. € BceOiuHe
BiJTHOBJTFOBAJIbHUX

BUKOPUCTAHHA

JOKepen

eHeprii, sKi MaloTh BeIMYE3HI pPEcypcH, IO
JO3BOJIUTh ~ 3HU3UTH  HETAaTHBHUI  BIUIMB
CHEPreTUKW  Ha  JOBKUUISL,  ITiIBHIUTH
EHEPreTHYHY 1 eKoJoriyHy 6e3mneky [1].

MAH.T. H. €.
5000

4500 —

4000

3500 —t—nadra
3000 ——ra3

2500 e Byrinnn

2000 ——JTOMHA EHEPTeTUKaA
1500 ——TligpoeHepreTuka
1000
500

0

—@—iHWi BNAN BILH. eHepreTUKK

K\

1990 1995 2000 2005 2010 2015 2020 2025 2030

Puc. 3. Ilpoenos cnooicusarnns enepeopecypcia
00 2030 poky

Jlo  HerpamuuiiHuX  (aJbTEPHATHBHUX)
BIJTHOCSAITBCSI BIJTHOBITIOBAJIBHI JDKEpeNia EeHeprii
(BJAE), sxi BHUKOPHCTOBYIOTH IOTOKH €HEprii
CoHIrs, eHepriro BIiTpY, TEIUIOTH 3eMili, OioMacH,
MODIB 1 OKeaHiB, PIYOK, ICHyFOUHX MOCTIHHO a0
NEePiOIMYHO B HABKOJMIIHBOMY CEPEIOBHIIN U Y
MaiOyTHIH MIePCTICKTHBI IIPAKTUYHO
HeBuuepnani. Bci BJIE mominmsrorbess Ha 1Bi
Ipyly, [0 BUKOPHCTOBYIOTH MPSMY EHEPTito
COHSIYHOTO BWIIPOMIHIOBaHHS 1 11 BTOPHHHI
nposiBi  (TIOOIYHA COHSYHA CHEPris), a TaKOXK
eHepriro B3aemomii Conrl, Micsansg 1 3emu.
[ToTeHmian  BIAHOBIIOBATBHOI  EHEPrEeTHKU
Vkpainu rpeacTaBieHo B Tabuuii 2 [2-4].

Tabruysn 2

IToreHniaja BiTHOB/II0BAIBLHOY eHePreTHKH YKpaiHu

PiunuiirexHiuHo-
JOCSHKHUN
Ne | Haripsim BiTHOBITFOBaIIEHOL eHepreTHyHHil
3/m €HEepPreTHKU ToTeHITia,
MJIH T. y. I | MJIH T. H. €.
1. | BitpoeHneprerrka 28,0 19,6
2. | ConsiuHa eHepreTHKa 6,0 4,2
21|  — enexrpuuna 2,0 1,4
22| — TemnoBa 40 2,8
3. |[TigpoeHepreTrka 7,0 49
3.1| Benmvka rigpoenepreTrka 50 3,5
3.2 MautarigpoeHepreTika 2,0 1,4
4. | Biomanuso 31,0 21,7
5. | 'eorepmanbHa TemnoBa 30,0 21
3arajabHuii 00cAr 102 71,4

Ha panomy erami OUIBIIICTh  Tamy3el

BiJTHOBJIIOBAJIbHOT €HEPTeTUKU PO3BUBAETHCS 32
JlepKaBHOI
BUKOPUCTOBYIOTh PsiJT MEXaHI3MIB:

migrpumkn  [1]. Jmg  1wsoro
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- patudikamis MDKHAPOZHHX yrog 3  HU3KM TOpYLICHb B 3a0e3meueHHi Oe3rmexku

eHeprozoepexxenHs  (Kiorcekuii  mpoTokon, — KUTTEAISIIBHOCTI HACCIICHHS.

Eneprernuna xapris); TakuMm 4YMHOM BIACYTHICTb €JIEKTPOEHEPIii
- 3aTBEpIUKCHHS HALIOHANBHMX nporpam  HETPAIHMIIHHNX JUKEPEN CHEPTil NPU3BOANTE 110

3 PO3BUTKY BiJHOBJIIOBAILHOI €HepreTHkd, B~ TOPYIICHHA 6e3nepe61HH01 pobotu

paMKax sKHX: TEXHOJIOTIYHUX MPOLECIB Ta 3a0e3MeYEeHHS

Oe3MeKn KUTTENISUIBHOCTI HaceleHHs. Tomy
BaXKJIIUBOIO 3a4a4€I0 € 3a0€3IeUeHHS
EIIEKTPOCHEPTIEI0 3 BUKOPHUCTAHHSIM
HETpaJAMIIIHHUX BUAIB 1 JPKEpes eHeprii.

® CcHEprito, BUpOOJIeHY BiTHOBIIOBAILHUM
U JDKepellaMH, JIep)KaBa 3aKylOBYE 3a BHIIHM,
«3eneHruM»  TapupoM, HDK y  IHIOIHMX

BUPOOHUKIB; . .
2. OfHMM 3 TPIOPUTETHHX HANPAMKIB
[ J
_ BUPOOHIKAM CHEpru 3 possurky eHepretukn B XXI cr. €
BiJJHOBILIOBAILHHX JUKCPEN HAJAIOTh OAATKOBI  puconycranms  BIIHOBIIOBATBHHX  JUKEPEI
TiJIBIH;

eHeprii B VYKpaiHi, sKi MaloTh BEJIMYC3HI
® ISl CHEPrOHOCIIB 3 BIIHOBIIOBAIBHUX  pecypcH, IO JO3BOIMTH 3HM3UTH HETATUBHUM
JUKEpeJl €HEprii HaJalTh KBOTU HA PUHKY BIUIMB CHEPreTUKM HA JOBKULISA, II1IBUIIUATH

€HEepropecypcis. EHEPreTUYHY 1 €KOJIOTIYHY O€3IeKy.
B Vkpaimi nmioTe  ABI  HallOHAJbHI 3. IlpoBeneHnii  aHaniz  BUKOPHMCTaHHs
MIPOTpaMH 3 EHepro30epeKeHHS: pi3HUX BUIB 1 JOKepen eHeprii y cBiTi 1 B
- Iep)KaBHa LiIboBa EKOHOMIYHA IporpaMa  YkpaiHi ~ 1OKas3aB, 110  IPIOPUTETHUM
eneproedexrusrocti Ha 2010-2015 pokwu; HAIIPSAMKOM € BHKOPHMCTAaHHS, 3 ypaxyBaHHIM
- €HEpreTMYHa cCTpareris VYKpaiHd Ha  reorpad)ivHOro MOJOXKEHHS YKpaiHM, COHAYHOL
nepioa a0 2030 poky. eHeprii.
BHCHOBKH 4. Tomy mpoBeoeHHS JOCHIIDKEHb Ta
HAYKOBO-TIPAKTUIHUX OOTPYHTYBaHb

1. 3rigiHO TPOBENEHOrO HAMM  AHAIIZY BUKOPHCTAHHS HETPAJUIIMHUX BHUIIB CHEprii

2 con . .
BU3HAYCHO, IO y 3B 53Ky 3 BOCHHUM CTAHOM B nngq Gesneku eKcIuTyaranii Oy/iBens i criopyn €
VYkpaiHi 3HauyHa KUIbKICTb 00’ €KTIB €EHEPreTHUKU aKTyaJIbHOIO 3a71a4ero Ui YKpaiHu.

3HAXOJUThCA B KpPUTHYHOMY ctaHi. Hecraua
eJIeKTpOeHeprii B YKpaiHi MPU3BOAUTH JO MLTOT

CIIMCOK BUKOPUCTAHUX JIKEPEJI
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Anotanis. Ilocmanoska npoonemu. Meronuka BiOPOAKYCTHYHOTO KOHTPOJIO BUMAra€ IOAajIbIIOrO
BJJOCKOHAJICHHS, OCOOJIMBO B YAaCTHHI BCTAHOBJIEHHS 3B'SI3KIB MK BUMIPIOBaHMMH JiarHOCTHYHUMHM NapaMeTpaMH Ta
XapakTepHUMH JedeKkTaMu CTPYKTypu cepemoBuina. HeoOximHa iHTerpamis JaHUX i PO3pOOKa MOKA3HHKIB PH3HUKY
BTPATH CTIHKOCTI I'€OTEXHIYHOI CHCTEMH JUIsl aBTOMAaTHYHOTO PO3ITi3HABAHHS JIEPEKTIB, 3 ypaxyBaHHSAM 3aCTOCYBaHHS
came BiOpoakycTHuHOro Mmerony. Mema Oocnioxncenns. YIOCKOHAIEHHS METOAa BiOPOAKyCTHYHOTO KOHTPOIIIO
pyHHYBaHHS CIIOpY/I i MOIIYKY JIOKaJIi3amii TpIilKH B FpHAYMX BUPOOKAX, MII3EMHHX 1 3aTTMOJICHUX CHOPYAaX Pi3HOTO
npu3HadeHHA. Memoouka. AHanmi3 Ta y3aradbHEHHS EKCIIEPUMEHTAIbHHUX [aHNX BiOPOAKyCTHYHO! MiarHOCTHKH,
AaHATITAYHI METOIM KJIaCHIHOi Teopil XBWIb. Pe3ynsmamu. PO3TIAHYTI: TEpeAyMOBH 3aCTOCYBAaHHS Ta OCHOBHI
napamMeTpd BiOPOAKyCTHYHOTO METOAY KOHTPOJIO TCOTCXHIYHHUX CHOPYA; OCOOJUBOCTI BHUKOPHUCTAHHS METOTHUKH
BIOPOAKYCTHYHOTO KOHTPOJIIO JUIsl OLIHKH ITOIIKO/PKEHOCTI €JIEMEHTIB Te0TEeXHIUHOI CHCTEeMHU; METOIM IHTepIpeTarii
pe3yJbTaTiB BIOPOAKyCTHYHOI IIarHOCTUKH; OI[IHKA PU3HKIB BTPATH CTIMKOCTI T€OTEXHIUYHUX CIIOPY BiOPOAKyCTUUHHM
MeTOJIOM. J[J1s1 BU3HAUCHHS TPINUH 1 MOIIKOXKCHD B MIPHUYMX BUPOOKAX, MiJ3EMHUX 1 3arJHOICHUX CIIOPYaX Pi3HOTO
MIPU3HAUCHHS BCTAHOBJEHI 1 CHCTEMaTH30BaHI 3B'S3KM OCHOBHUX MapaMeTpiB BiOPOAKyCTHYHOI iarHOCTHKH
(aMIuTiTYIM, TPUBAIOCTI Ta YaCTOTH MAaKCUMYMY CIIEKTPaJbHOI IIIJIBHOCTI CUTHAIY) 3 XapakTepHUMH JieeKTaMH Ta
TTOIIKO/KEHHSIMH €JIEMEHTIB T€OTEXHIYHOI CHCTEMH. Y JIOCKOHAJIEHO 1 PO3IIMPEHO METOJ OLIHKH 3MiHH CTPYKTYpH
CepeJIOBHINA Ta BTPATH CTIMKOCTI aBapiiiHO HeOe3neyHnX 00’ €KTiB BHACIIOK BUHUKHEHHS CUCTEM TPIlIMH B IIpoIeci ix
eKCIlTyartallii. Bu3HaueHO MOTOYHI 1 KOMIUIEKCHI ITOKa3HWKHM DPU3UKY BTpaTH CTIHKOCTI T'€OTEXHIYHOI CHCTEMH 3a
pe3yibTaTaMH  BHSBJICHHS 30BHIIIHIX Ta NPHXOBAHMX CTPYKTYPHUX IIONIKO/UKEHb METOJAMH Bi3yalbHOI i
BiOpoakycTudHOi HmiarHOCTUKH. lle 103BOJNSiE KOHTPOINOBATH CTPYKTYpHI TMOPYIICHHS Ta pAA IHIINX KPUTHIHO
3HAYYIIMX [apaMeTpiB, SKi BIUTMBAIOTh Ha O3MeKy eKCIUTyaTallil CHOpyZ, OIHWTH PH3UKH BTPAaTH CTIHKOCTI
TEOTEXHIYHOI CHCTEMH Ta CBOEYACHO IPOBECTH PeMOHTHI poboTu. Haykosa noeusna. Tlonanbimii po3BUTOK OTPUMAB
MeTOJl BIOPOaKYCTHMYHOTO KOHTPOJIKO pYyHHYBaHHS CHOPYJ, IO BiJpI3HSEThCS ypaxyBaHHSIM 3B'S3KIB  MiX
JIarHOCTUYHUMHU MapaMeTpaMH Ta XapaKTePHUMH Je)eKTaMH CTPYKTYpH CEpeAOBHIIA, a TAKOX MMOKA3HUKIB PU3HKIB
BTpATU CTIHKOCTI reoTeXHIYHOI cuctemu. Ilpakmuuna 3nauumicms. Po3po0iicHO 1 BIPOBAKCHO PEKOMEHIAIIIT 00
3aCTOCYBaHHs BIOPOaKyCTHYHOTO METOAY JUIsl MOIIYKY TPILIMH Y BUPOOKaX Ta CIopyax.

KuarouoBi ciioBa: ecomexniuni cnopyou; eiopoakycmuyna O0iaeHOCMUKA;, Memoou NOWyKy JOKAni3ayii mpiuH;
PUBUKU 8MPamu Cmiukocmi
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Abstract. Problem statement. The vibroacoustic monitoring method requires further improvement, especially in
establishing clear links between the measured diagnostic parameters and characteristic defects of the environment
structure. It is necessary to integrate data and develop risk indicators of the geotechnical system stability loss for
automatic recognition of defects, taking into account the use of the vibroacoustic method. Purpose of the study.
Improvement of the vibroacoustic method for structures destruction control and search of the cracks localization in
mine workings, underground and deep structures of various purposes. Methods. Analysis and generalization of
experimental data of vibroacoustic diagnostics, analytical methods of classical wave theory. Research results. The
following are considered: prerequisites and main parameters of the vibroacoustic method of monitoring geotechnical
structures; features of using the vibroacoustic monitoring technique to assess the damage of elements of a geotechnical
system; methods for interpreting the results of vibroacoustic diagnostics; assessment of the stability loss risks of
geotechnical structures using the vibroacoustic method. To determine cracks and damage in mine workings,
underground and deep structures of various purposes, the relationships between the main parameters of vibroacoustic
diagnostics (amplitude, duration and frequency of the signal maximum spectral density) with characteristic defects and
damage to elements of the geotechnical system have been established and systematized. The method for assessing
changes in the structure of the environment and the loss of hazardous objects stability as a result of the occurrence of
crack systems during their operation has been improved and expanded. Current and complex indicators of the
geotechnical system loss stability risk have been determined based on the results of the external and hidden structural
damage detection using visual and vibroacoustic diagnostics. This allows monitoring structural damage and a number of
other critical parameters that affect the safety of the structures operation, assessing of the geotechnical system stability
loss risks and carrying out repair work in a timely manner. Scientific novelty. The method of the structures destruction
vibroacoustic control was further developed, which is distinguished by taking into account the relationships between
diagnostic parameters and characteristic defects in the structure of the environment, as well as indicators of the
geotechnical system stability loss risks. Practical significance. Recommendations for using the vibroacoustic method
for cracks searching in workings and structures have been developed and implemented.

Keywords: geotechnical structures; vibroacoustic diagnostics; methods of searching for crack localization; risks
of loss of stability

IMoctanoBka mnpodiaemu. B  ymoBax  mpoBeneHHS  KOHTPOJIO  CTIHKOCTI  CTae
CYTT€EBOTO 301IbIICHHS KIJIBKOCTI Ta  [EpIIOYeproBUM 3aBHaHHAM. lle BaximBo I
IHTCHCUBHOCTI HaJ3BHYAHUX CHUTyalidi y  3a0e3medeHHs HE TIIbKU Oe3NeKH JIoAeH, ane i

TeOTeXHIYHUX CHIOpyAax, CIOPUYMHEHHX  3amoOiraHHs €KOHOMIYHUM BTpaTam,
IMHAMIYHIMH  BIUIMBaMH  BiJ  BUOYXiB,  CIOPUYMHEHUM pyHHYBaHHSAM OO'€KTiB Ta
MOXKEXKaMH, 3eMIIeTpycamH, a  TakoX  1HPPACTPYKTYpH. KonTpons CTiiKOCTI

TEXHOJIOTIYHUMHU  aBapisIMH  HEOOXIJHICTh  JO3BOJISIE BHUSBISATH IOTCHIIWHI 30HH PHU3UKY,
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OI[IHIOBAaTH TIOTOYHUH CTaH OO0'€KTIB Ta
MPOTHO3YBAaTH iXHIO TMOBEAIHKY B yMOBax
JIOBTOTPHUBATINX eKCIUTyaTaliiHIX
HABaHTAKEHb.

s mpobnema 0cCOOIMBO aKTyajdbHA IS
TakuX  00'€KTiB, K TIpHUYl  BUPOOKH,

iH(}pacTpyKTypHI By3/1H (HApUKIIA], MOCTH Ta
JIOpOTH), BUPOOHUY1 1IeXH, TyHEN, MOTJIuOIeH]
CIIOPYJIH, JKUTJIOBI OYIWHKH Ta JOTMOMIXHI
criopyau. BB Ha CTIHKICTB CHOpYJ Pi3HHUX
¢dakTopiB moTpedye KOMIUIEKCHOTO TiIXOdy,
10 BKJIIOYA€E, Hacamrepes, Cy4acHi TeXHOJOT1i
HEpYyHHIBHOTO  MOHITOPHUHTY,  aHQJIITHYHI
MO Ta METOJH aHaIIi3y pe3yJIbTaTiB.

JUis  momryky — JoKamizamii  TpIUH B
cropyax pizHOTO npU3HAYCHHS
BHUKOPUCTOBYIOTBCSI METOAM BiOpPOAKyCTHUYHOI
miarnoctukud [1-5]. Ponb BiOpoaKyCTHYHOTO

METOly HEpYHHIBHOTO KOHTPOJIIO
reOTEXHIYHHX 00'eKTiB Mae KiJbKa
He3anepevHux nepesar. Hacammepen, MeTon He
BUMarae pyHWHyBaHHS a00  ITOIIKOJKCHHS
JOCTIPKYBaHUX KOHCTPYKIIKA, IO JO3BOJISE
MPOBOJAWTH  JIAarHOCTHKY  0€3  3YyIHUHKH

eKcrutyararlii 00'exTiB ab0 J0/1aTKOBUX BUTpAT
Ha ix BigHOBJICHHS. Takok BIOpOaKyCTHYHUI
METOJ] Ma€ BUCOKY YYTJIMBICTh /10 Ae(EKTiB,
[0 JO3BOJIIE€ BUSBISATH MIKPOTPIIIMHU, 30HU
0c1abJIeHOTro 3UYEIUICHHS], BHYTpIIIHI
MOPOYKHEY1 Ta 1HII MPUXOBaHi AehEKTH, K HE
MOMITHI  mig  4Yac  Bi3yampHOro  abo
CTaHIapTHOTO TEeXHIYHOTO orisay. L{i mepeBaru
poOIATH BIOPOAKYCTUYHHWIA METOJ OJHUM 13
KIIFOYOBUX 1HCTPYMEHTIB i 3a0e3rneueHHs
HAIIMHOCTI Ta O€3IEKH T€OTEXHIYHUX 00'€KTIB,
0COOJIMBO B yMOBaX 3pOCTAlOYMX BHUMOT [0
JIOBTOBIYHOCTI Ta eKCIUTyaTaIinHoi
MPUAATHOCTI IHPPACTPYKTYPH.

OnmHak  MeToAMKa  BiOPOaKyCTHYHOTO
KOHTPOJTIO BHUMarae MOJ1aJbIIIOTO
BJOCKOHAJIEHHS, 0c00JINBO B YaCTHHI
BCTaHOBIICHHS YITKUX 3B'SI3KIB MIXK
BUMIPIOBAaHUMH JIIaTHOCTHYHUMU TTapaMeTpamMu
Ta XapakTepHUMU JedeKTaMu CTPYKTYpHU
cepemouma. Ile 3B’sa3aHO 3 KiIBKOMa
OCHOBHMMH YHHHHMKaMH, SIKI BHUMAararoTh
MTO/IAJIBIIIOTO BIOCKOHAICHHS METOTY.

Hacamnepen ciiz PO3IIUPIOBATH
MOXXJIUBOCTI ~ METOAYy 3  ypaxyBaHHSIM
YVHIKQIbHOCTI ~ aKyCTHYHHUX  BJIACTHBOCTEH
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pi3HuX MaTepiamiB (TIpCBKUX TMOpiT, OCTOHIB).
[To-npyre, IS MIIBUALIEHHSA TOYHOCTI
BU3HAUCHHS TPINUH Ta IHIIUX CTPYKTYPHHUX
MOIIKOPKeHb  (0COOMMBO  HA  KPUTHUYHO
BaXUIMBUX 00'€kTax) HEOOXIgHA I1HTerparis
BIOpOAKyCTUYHOTO  METOXy 3  IHIIMMHU
METOAaMH  JIarHOCTUKH  (Hampwkiag, 3
Bi3yaJbHUM Ta YJIbTPA3BYKOBUM KOHTPOJIEM).
KoMOiHyBaHHS 3 IHIIUMH JIarHOCTHYHUMH
MigxoaaMu  MOoTpedye po3poOKH  aJIrOPUTMIB
iHTerpanii JaHux Ta iHTepnpeTanii pe3yibTaTiB
KOMIUIEKCHOTO MOHiTOpuHTrYy. Ilo-Tpere, s
imenTudikamii XapaKTepHUX nedexTiB
oTpiOHO pO3LIUPEHHS 0a3u JTAHUX
AKyCTHUYHUX CUTHAIIB [6; 7], M0 BiAMOBIAAIOTH
MEeBHUM BHJIaM Je(eKTiB (TpillMHAM, 30HAM
ocnabienHs abo mopokHedam). [nentudikaris

MOIIKO/DKEHOCTI  CHOpPYJI ~ Ta  po3poOKa
KOMIUICKCHUX TOKa3HUKIB PU3HKY BTpaTH
CTIMKOCTI TE€OTEXHIYHOI CHUCTEMH HO3BOJISIE
pPO3BUBATH METOIHU aBTOMAaTHYHOIO

po3mizHaBaHHA Je(EeKTIB Ha OCHOBI aHaJi3y
BXIJTHUX CUTHAJIIB.

Mera [OocaimKeHHS YJIOCKOHAJICHHS
MeTo/a BiOpOaKyCTHYHOTO KOHTPOJTIO
pyHHYBaHHS CHOpPYA 1 TOMIYKY JIOKaJi3arii
TPIIMH B TIPHUYMX BHUPOOKAX, MiI3eMHUX 1
3arnmuOIeHUX CHIOPYJaxX Pi3HOTO MPU3HAYEHHS.

PesynbpTaTe 1OCIIKEHB.

1. Ilepedymosu 3acmocysanHs ma OCHOBHI
napamempu  8iOpOAKYCMUYHO20 — Memooy
KOHMPOTIIO 2e0MEXHIYHUX CROPYO.

BiOpoakycTnyHuii METOJ 3aCHOBaHO Ha
peecTparlii KoJMBaHb 00'€KTIB, 110 BUHUKAIOTH
migx  giero  ynmapy. KommBanHs — ¢ikcyroTh
celicMonpuitMayaMH. Ho BUKOHAHHS
BIOpOAKyCTHYHUX JIOCITI/DKEHb TPOBOIAUTHCS
Bi3yaJbHUI OTJIsA] 00’ €KTY KOHTPOIIIO.

BiOpoakycTtuuna aiarHOCTHKa MOXKe OyTH

BKJIIOYEHA B TEXHOJOTIYHMN mpouec s
3arnobiraHas panToBUM oOBanam Ta
CBOEYACHOTO  BHABIEHHA  TpIIMH  abo
MOPO’KHHUH.

Ha pginsgakax 3 TpOCiTaHHSAMH  ITiIOIIBH
ab6o ¢QynmamenTy, BiOpOaKyCTHUYHHH METOJ
BUKOPUCTOBYETHCS, Yy TOMY 4YHCIi, IS
BiJTHOCHOT OIIIHKH PO3MOIITy HAIIPYKCHb.

OcHOBHI mapameTpH BiOpOaKyCTUKH:

- TPUBAJIICTh KOJUBAILHOTO MIPOILIECY;

- MaKCUMaJlbHa aMIUTITy1a KOJUBaHb,
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- CIIEKTPAJIbHAN
KOJINBaHb.

Biaryk KOMIIOHEHTa CHCTEMH «KPITUICHHS
— [opoJa» Ha yAapHe 30y KeHHS 3aJIeKUTh Bl
PE30HAHCY Ta 3racaHHs MPY)XKHUX KOJHBAaHb Y
nopoJii a6o kKoHCcTpykuii. HasBHICTh HOPOXKHUH
1 TPIIIUH BUKJIMKAE 30UTHIICHHS aMIUTITYyIH Ta

CKJIaJ OTPUMaHUX

TPUBAJIOCTI  KOJMBaHb, a TaKOX  MOSIBi
PE30HAHCHHUX MIKIB Y CIEKTPi.
Crin BiJ3HAYNTH, 110 rimonHa

JIOCITIJKEHHS TIPSIMO TPOTIOPLiHA MOTY>KHOCTI
YAQpPHOTO BIUIMBY Ta BIACTAaHI MK TOYKOIO
30y UKeHHSI Ta TOYKOI0 mpuiiomy. [Ipu npomy
0a3a KOHTpOJIIO BHOMPAETHCS HE MEHIIOK 32
TOBILUHY JOCII/PKYBaHOTO 00’ €KTa.

HlebektTn  maTepiasly B €JE€MEHTax
TEOTEXHIYHOI CHUCTEMH NPOSIBISIOTHCS PAIOM
XapakTepHUX 3MiH [apaMeTpiB  MPYIKHHUX
KonuBanb. Cepel HUX — 3HWKECHHS aMIUTITyad
Ta TPUBAIOCTI KOJWBaHb, MO BKa3dye Ha
MOPYILIEHHS LITICHOCTI Marepiamy. OaHOYacHO
CIIOCTEpITaeThCsl  3CYyB MKy  CHEKTPaIbHOT
IIUIBHOCTI B 00JaCTh HIDKYMX YacTOT, IIO
CBIIYUTH  MPO  TEPEpO3NONiT  MPYKHHX
BJIACTHBOCTEH MaTepiaiy.

OcnabneHHs 3B'A3Ky MK OSTOHHUMH a0o
3a1i300€TOHHUMHU  OJIOKaMH TPHU3BOJUTEH IO
CYTTEBOTO 3HWKCHHSI aMILTITY/IM KOJIMBaHb, 110
YCKIIQIHIOE Tiepenady eHeprii ypapy BiX
OJTHOTO erneMeHTa 1o iHmoro. lle moxe Oytn
pe3yabTaTOM TPIIIMH, PO3PUBIB UM MOTIPIICHHS
SIKOCT1 KOHTaKTy CIOJy4YHHX IapiB. Kpim Toro,
301IBIIICHHS HANIPY)KEeHb BIUIMBAE HA JUHAMIYHI
XapaKTePUCTHKH KOJIMBaHb. lle TOsSCHIOETHCS
3MIHOIO BHYTPILIIHIX MEXaHIYHUX BIACTHBOCTEH
Marepiajay I i€ HAaBaHTAKEHb, MO MOXKE
OyTH KOPUCHUM IHIUKATOPOM JUISl OIIIHKHU
CTaHy KOHCTPYKIii Ta BHUSBJICHHA 30H
MOTEHIIIHHOT pyHHaIi1.

2. Ocobausocmi 8UKOPUCMAHHSL MEMOOUKU
8IOPOAKYCMUYHO20 ~ KOHMPONIO Ol OYIHKU
HOUKOONCEHOCMI 2e0MEXHIYHOT cucmemu.

Meroaun BiOpPOAKyCTUYIHOTO
npo(diTOBaHHS Ta 30HIYyBaHHS, SK IMPABUIIO,
BUKOPHUCTOBYIOTHCS IS inmerTudikarii

MOIIKO/PKEHOCT] T1PChKOTO MACHUBY, IMiJI36MHHUX
BUPOOOK, 3arTMOJICHUX Ta IHIIMX TeOTEXHIYHIX
copyn. Ha pucysky 1, ¢ mokazaHo cxemu
M03/I0BXKHBOTO Ta B3a€EMHOIIEPIICHAUKYIISIPHOTO
npodimoBaHHsS ~Ha  OAHIM  abo  pI3HHX

piBHOBeNMKUX 0a3ax. [lo3g0BKHE aKyCTHYHE
npo(diIOBaHHA MOXE BHUKOHYBATHCS B3JIOBXK
KPUBOJIHIHHOTO TIPOQ1It0, HATPUKIIAI, Y3I0BK
KPHUBOJIIHIHHOTO eJIeMeHTa CHOPY/IH.
JeTanpHICTh  KOHTPOJIIO (kpox, 6aza)
BU3HAYAIOTHCS MTOCTABIICHUM 3aBJaHHSIM.

30. IIp. 30. Ip.

_________________ .’
Ip. IIp
M £ S —— R ..>
30. 30
Ip Ip
P R —— (R —— .P
30. 30
a
TIp.
_______________________ >
34.
Ilp. 30
— 3
_______________________ »
s Ip.
30. —— Hp
o= IIp.
30. Tip
______________________ _>

Puc. 1. Cxemu ibpoaxycmuunoi oiaeHocmuxu
2e0MexXHIUHOI cucmemu. a — NPOQLIIOBAHHAM,
0 —30HOYBAHHAM Y 2TUOUHY

Ha  pucysky 1,6  mokaszani  cxemu
BiOpOaKyCTHUHOL JIarHOCTUKHU —
npodiTFOBaHHAM 1 30HIyBaHHSAM y TJIMOWHY 31
3MimeHHssM 30yproBauya (Ha cxemi — «30.»),
npuiiMaya (Ha cxemi — «IIp.»).

BuMiproBaHHSI BUKOHYIOTBCS ITiCIIsI BUOOPY
Ta PO3MITKM TMOYaTKOBOI Touku. Ha minsHii,
M0 OOCTEXYETHCS, BiN3HAYAIOTH Tpodimi 3
BCTAHOBJICHUM JIHIHHUM KPOKOM (HAMpHKIA/,
1wm), 1HIII npodii MIPOKJIAAt0ThCS
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napajeinbHO 3 TakUM K€ KpPOKOM Yy
BEPTUKAIbHIA  miomuHi. J{nsg  BUSABIEHHS
MPUXOBaHUX JAE(EKTIB B OKPEMHUX CKJIAIOBHX

reoTrexHiyHoi cucremu abo  OUITHOK 3
HEIUILHUM MEXaHIYHUM 3B'I3KOM
JIOCITIIKCHHS MIPOBOMSTH y BYy3J1aX
chopmoBaHOi  CITKH. baza  konTposIIO

HOCJ'Ii,ZLOBHO 3CYBA€TbCAd HaAa OAWH KpPOK 10

OXOIUIEHHS BCi€i 30HM oOcrexeHHs. J[ms
OIIIHKM SIKOCTI MEXaHIYHOTO 3B'SI3KYy MIX
€JIeMEHTaMH  KpIIJICHHS a0o0 BU3HAYCHHS

MIMOUHK TPINUHU, 0a3y KOHTPOJIIO OOMParOTh
CUMETPUYHOIO IIOJI0 TPIIIMHHA YU MEXKI PO3ALTY
€JIEMEHTIB.

I[Ipu oOcrexeHHI JUITHOK OETOHHUX
0JIokiB a00 TIOOIHTIB, sKi MarOTh PETYJSIPHY
CTPYKTYpy, IIarHOCTUKAa MOKE€ BHKOHYBATHUCS

JUTSE KOXKHOTO eJieMeHTa okpemo. lle mo3Boisie
OUTbII TOYHO MJIarHOCTYBAaTH CTaH KOXKHOTO
€JIEMCHTa Ta CIPHUSE TIOKPAIICHHIO TOYHOCTI
OIIIHKK BCi€i TeoTexHiuHoi cucremu. [lpu
IIbOMY KPOK KOHTPOJIFO BU3HAYAETHCS KPOKOM
yCTaHOBKHM KpimieHHs. [lpu omiHmi sKOCTI
KpIIUIeHH a00 CTIMKOCTI OrojieHHs mpodii

OpOBOJATh TakK, 1100 BOHU MEPETUHAIN
TPIIIMHYBATI  AUITHKA Ta 1HII TPOSBU
nedopMyBaHHSI.

[lepBuHHa peecTpamis MOKA3HHUKIB 10O
KOXKHOTO MpOQUI0 3IIHCHIOETHCS HAa CXeMi
nepepizy. KpiM BCTaHOBIEGHHS CepeIHBOTO
3HAYEHHS, Ha cxeMi B1JI0OpaKAIOTHCS
Bi3yaJIbHO BUSIBJICHI CTPYKTYpHI Je(eKTH.
[Tpuknax npuBeICHO HA PUCYHKY 2.

Koposig SetoHY

CKil. OCHIIAaHHSA

[oxmna TpinmHa (159

Puc. 2. Ilpuxnad peecmpayii pesyivbmamie 8i0poaxycmuyHoi 0lacHOCMUKU

BiOpoakycTHYHUM METOJOM BH3HAYAIOTh
aMIUNTYAX KOJUBaHb, SKI XapaKTepU3yHOTh
CTaH O00’€KTy. BHMIPH MOBTOPIOIOTH 3
MepiouyYHICTIO 2—4 pa3u Ha PIK, 3aJIE€KHO BiJ
IHTEHCUBHOCTI 3pOCTaHHA CKOJIB, OCHIIaHb,

BHYTpIIIHIX  jAedexkTiB 1  TpimuH. 3a
OTPUMAHUMH JIaHUMHU BHUKOHYIOTH Jiarpamu
3MIiHH HaIpyKeHb Ta 3pOCTaHHB
MOIIKO/KEHOCTI.

Axmo € Taka morpeba, Moxke OyTu
311MiCHEHA OLlIHKA SIKOCT1 3aKJIaIeHHA
apMyBaHHS. Takuil KOHTPOJIb BUKOHYETBCS 3a
BapiaHTaMH: 3aBJaHHA yJaapy 1 ¢puUiioM
KOJMBaHbL  HAa  PO3CTPUIAX  apMyBaHHS,

HaHECEeHHS yJapy IO apMyBaHHIO, a IpUHOM
KOJIMBaHb 3 TMOBEPXHI KPIMJIEHHS; HaHECEHHS
ylapy 1O TOBEpXHI KpIIJIEHHS Ta NpuioM
KOJMBaHb Ha apMyBaHHI. Bubip BapiaHTta
3aJIeXKHTh BT iIHPOPMATUBHOCTI anapaTypH, 1110
3aCTOCOBY€ThCS, MacH apMOBaHHMX EJIEMEHTIB,
BapiaHTa ix KpITUICHHS. Haii0inpm
MPOAYKTUBHUN TIEPIIMA BapiaHT, ajie TMpH
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BiJIIpalfOBaHH1 MEePBUHHOT
BUIIPOOOBYIOTHCS BC1 TP BapiaHTH.
[lepeBaru BiOpOAKyCTHYHOTO METONY JJIs
OIIIHKM  SKOCTI BCTAHOBJICHOTO  KPIMJICHHS
0a3yloTbCsI Ha  BHUCOKIH  ONEpaTUBHOCTI,
00'€eKTUBHOCTI Ta HEpPYHHIBHOMY Xapakrepi
KOHTPOJIIO. 3okpema, OIliHKA SIKOCTI1
HAaOpU3KOETOHHOTO KPIIUIEHHS 3I1HCHIOETHCS
METOZOM TO3/IOBXKHBOTO TMPOQUIOBAHHS T10

METOJHUKHU

KOHTYpY B3a€EMHO NEePIEeHANKYIIPHIM
npodinamu. EdexTuBHICTh 3HAYHO
MOKPAIIY€EThCS, SKIO Tepel HaHECEHHSIM

O0eTOHy 3HIMCHUTH KOHTpPOJIb SKOCTI OOOpKH
BIOpPOaKyCTUYHUM METOJIOM.

OmiHKa MOLIKOJKEHOCTI HE3aKpPIIJIeHUX
JIUISTHOK TIPHUYUX BHUPOOOK, TYHENIB Ta 1HIIMX
3ariuOJIEHUX CHOPYJ BUKOHYETHCS 3 METOIO
OTEpaTUBHOIO BUSIBIIEHHS 3aKOJIB Ta TPILIUH 3
NOJaNbIIol  oOopkoro.  Bubip  Touok
MIarHOCTUKU  3IIHMCHIOETHCA 32  MICIEM
poBeJieHHS poOiT. Pe3ynbTaTu 1iarHOCTUKU HE
JIOKYMEHTYIOThCSL. BuHsATOK  CTaHOBIATH
TUISHKYA SIBHUX CTPYKTYPHHX TIOpPYIIEHb, SKI
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MpHU TMONANBIIIN eKCIUTyaTallii MOXyTb MaTh
HETaTUBHUH BIUIMB HA CTIMKICTh TIPHUYHMX
BHPOOOK 1 CIIOPYI.

3. Inmepnpemayis
8IOpOaAKyCmMuU4HOI 0iaeHOCMUKU.

OyHKIIOHATBHUN 3B'A30K 1HPOPMATUBHUX
rnapamMeTpiB BIOPOAKyCTHYHOI JIarHOCTUKH 1
TUNIOBUX JIe(DEeKTIB Ta MOIIKOKEHb T1PHUYHX

pe3ybmamis

BUPOOOK 1 MII3EMHUX CIIOPY MPEICTaBICHA B
Tadymmi 1.

bazosi 3HAUEHHS iHpOpMaTUBHUX
napameTpiB, 3 SIKUMU HEOOXiJHO MOpPiBHIOBATH
OTpUMaH1 pe3yJbTaTH, 3ajJeXaTh BiJ THITY
BUKOPUCTOBYBaHMX 3aC001B Ta BUJY KPIIUICHHS
TIpHUYUX BUPOOOK 1 MIA3EMHUX CHOPY .

Tabauys 1

3B'AA30K OCHOBHMX NapaMeTpiB BiOpoaKycTHYHOI AiarHOCTUKM i XapaKTepHUX JedeKTiB
Ta NOMIKOJKeHb eJIeMEeHTIB reoTeXHiYHOI cuCTeMH

[Mapamerp, Bug nedexry Awmmityna Tpusaiicts Hacrora MAKCHMYMY
CIIEKTPaJIbHOI IIIIBHOCTI
[IpuxoBaHi MOPOKHUHK Ta TPIiLIMHH 3pocTae 3pocTae 3HWKYETHCS
JIiIAHKY 3aK0JIOYTBOPEHHS 3pocTae 3pocTae MOJKE OyTH KiJIbKa MAKCHMYMIiB
HemiinpHuii KOHTAKT 200 HASBHICTH MTOPOKHEY 3pocTae 3pocTae JIENI0 3HUKYETHCS
Husbka sIKicTh MaTepiany 3HIKYETBCS 3HHKYETHCSI 3HHKYETHCSI
Bucokuii piBeHb HanpyeHb 0e3 pyHHYBaHHS | 3HHKYEThCS 3HUKYETHCS JIeTI0 3pOCTae
301IbIIEHHS HATTPYKEHb 3MEHIIYETHCS HESHAHO . .
3MEHIIYEThCS B Jiama3oHi 4acToT
. (0,06—0,6) xI'1t
3MeHIIICHHS HAIPYKeHb 301IBIIYETHCS 3poctae
[TapameTpu monepeaHbO BU3HAYAIOTHCA HA  OCOOJIMBOCTI ripHUYOL BUPOOKHU abo

HETIOPYIIEHUX JinsHKaxX. Ha koxkHiN ainsHIl
OepyTh HE MEHIIEe JeCsATH TOYOK. ba3oBi
3HAYCHHSI MapaMEeTPiB PO3PaXOBYIOTh MUIIXOM
3HAXOJ/DKEHHS CEPeIHBOr0 apu(PMETHIYHOTO IO
BCI CYKYHHOCTI BHMIpiB. SIKIIIO HEMOXKJIUBO
MOTIepeTHhO ~ TPOBECTH  TApIpOBKYy  Ha
€TAJOHHMX JUISHKaX ycl OTpUMaHi JaHi
YCePEIHIOIOTh 1 aHOMAJIbHUMH BBaXKalOTh
3HAYCHHS, 10 BIJPI3HIIOTHCA BiJl CEPEIHBOTO
oimprr HiXK Ha 30 %. Ilpm BuUKOpHCTaHHI
BIOpOAKYCTHYHOTO  METOJAYy  PEECTPYETHCS
aMIUTITY]a, 9acTOTa Ta 4ac KoiuBaHb. OIiHKa
pe3yabTaTiB MPOBOJAMUTHCS Y pa3i HAMOUIBIIOT 3
aMIUTITY/] KOJUBaHb y YaCTOTHUX CMYTax, IO
BiJIOOpaKA€THCS IHIUKATOPOM CIIEKTpa.

Ha ocHoBi mMarepiajiB 3 OKpeMHUX po3pi3iB
OyIyETHCSl pO3ropTKa MOBEPXHI JOCIIIKYBaHOT

IUISHKA. 3 ypaxyBaHHSAM  pe3yJbTaTiB
Bi3yaJIbHHX Ta IHCTPYMEHTAIBHUX
CTIIOCTEPE)KEHb  BHKOHYETHCS  IHTEpIIpETaIlis

CyKynmHOCTi1 maHuX. [licis BHIUJIEHHS TOYOK 3
AHOMAJFHUMH 3HAYCHHSIMH TIapaMeTpiB, iX
00'€eTHYIOTh B aHOMAJIbHY IUISIHKY 3 TIEBHOIO
O3HAKOIO0 Ta HAHOCATH Ha IIJIaH, K IMOKa3aHO Ha
PHUCYHKY 3. PucyHok CYNIPOBOIKYETHCS
KOPOTKOIO ~ TEKCTOBOIO  YacTHHOK  TIPO

3aryMMOJICHOT CIOPYIU, TPOSIBM aHOMAd Ta
YMOBH Y BUTAJIKy KOJH BOHH HE MOXYTh OyTH
BioOpakeHi rpadiyHo. 3a  pesyiabTaTaMu
BIOpOAKyCTHYHOI JIarHOCTUKU  CKJIAJAEThCS
y3arajbHIOIOYa  TEKCTOBA  YacTHHA,  sKa
BKJTIOYA€ETHCS JIO CKJIAJy BUCHOBKY KOMICIi, 110
TIPOBOJTUTH KOMILJIEKCHE OOCTEIKEHHSI.
VY3aranpHIOIOYI  pe3yibTaTH  MOJAIOTh 32
CreniagbHO (hopMoTO.

, , /

a4

[

Vo

0 5 10 15 20 25 L u

Puc. 3. Cxema noodamnns pe3yromamis 6i6poakycmuinol
O0IA2HOCMUKU [3 3A3HAYEHHAM MPIWUH, 3aKOJI8 AKI
8I3YANLHO CNOCMEPI2arombest ma OLISAHOK NPUXOBAHUX
cucmem mpiwjuHy8amocmi
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4. Oyinka pusukie empamu CMIUKOCMI
2COMEXHIYHUX  Ccnopyo  8iOpoaKyCmuyHum
MemoooMm.

Pusuku panToBUX 00BatiB TipchbKUX MOPI,
HECY4YMX KOHCTPYKIIA abo 3arajabHOi BTpaTu

CTIHKOCTI re0TEXHIYHOT CUCTEMH 3a
(hikcoBaHUH MepioJl yacy € HACHIAKaMU BILTUBY
KOMIUICKCY = HETaTUBHUX  MPUPOJHUX  Ta

TeXHOreHHUX (aktopiB [3—5; 8]. Kputnunumu
JUISL BTPATH CTIMKOCTI OYJIIb-IKOTO eJeMEHTa
TCOTEXHIYHOI CHCTEMU € TIOUIKO/KEHHS, IO
MOXYTh OyTH BH3HAUCHI 3a 30BHIIIHIMU
npu3HaKaMu abo 3a MmapaMeTpaMu KOHTPOIIO
BHYTPIIIHBOTO  CTaHy 0OO0'€KTa  KOHTPOJIIO
[5; 7-11]. Tomy anst OUiHKM OnepaTUBHOTO (B
JAaHUW MOMEHT 4acy) piBHS O€3MeKu Ipu

eKCIUTyaTarii TCOTEeXHIYHUX cropya

3ampOIOHOBAHI1 JBI TPYIH MOKAa3HUKIB PU3HUKY:
—mepma  Tpyma  BU3HAYAETHCS — 3a

pe3yibTaTaMu  Bi3yalbHHX  CIOCTEPEKCHb

cepenoBuia abo cropyiu:

R(F)" =k/R(F)" +k,R(F,)" +..+k'R(F)"
ielLn'];

ki +Kk; +...+k' =1, @
ki e[0;1];

R(F)" €[0:1].

— JIpyra rpyna BU3HAYa€ThCS 32 Pe3yJIbTaTaMu
BIOpOAKyCTHYHOI J1arHOCTHKU:

R(F)* =k’R(R)* +k;R(F)* +...+ kIR(F))%
jelLn®];

ki +k; +...+kj =1, ’
ki €[0;1];

R(F;)* €[0;1].

O]

ne R(F)Y, R(F)? MOKa3HUKH  PHU3HKIB
BUHUKHEHHS aBapiiiHO1 cutyarii Bia (akropis,
o BU3HAYAIOTHCS Bi3yaJIbHUM i
BiOpOaKyCTUYHUM METOJAaMH, BIAMOBITHO; I, | —
IHIEKCH A0 KUIbKOCTI ¢aktopiB nN' 1 n? |
BianoBigHO; K1Y, Ki? — koediieHTH BILUTMBY Ha
PHU3UK OKpeMUX (HaKTOPiB B TPYIIL.

Cain 3a3Ha4MTH, 1O U1 aBTOMATH30BaHUX
CHCTEM KOHTPOJIIO O€3MEeKH BAXKIMBUM € He
TUIBKM ONepaTHBHI JaHHI 3 Oe3meku 3a
OKpEMHMH TpylaMU PHU3UKY ajie ¥ 3arajlbHHI
cTaH 00’ekTa KoHTpomo. Lleit ctan moxe OyTu
BU3HAYEHUH  IHTErpajlbHUM  IOKAa3HUKOM
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pusuky. Llell mNOKa3HMK, IO XapaKTEepU3ye
CTYMiHb  BTpPAaTH  CTIKKOCTI  €NEMEHTIB
TEOTEeXHIYHOI CUCTEMHU MOXKe OyTH BH3HAYCHHU
ab0  mIAXOM ~ TOpIBHSAHHA 1 BHOOpY
MaKCUMaJIbHOTO pHU3WKYy B Trpynax, Mo
00umCITIOI0THCS 32 criiBBiHOMmEHHAMH (1) 1 (2),
a0o TJCyMOBYBaHHSM PU3HUKIB 32 IUMH JBOMA
rpynaMmu ¢GpaxkTopiB:

max ikiVR(Fi)V ;ikf‘R(Fj)a

R(F)™ = V*Zk R(F,)" +ka*Zk R(F)* 3
j=1
kVe O 1}
kae|0;1
kv+ka=1..
ne R(F)™ — mokasHMK iHTErpajbHOTO PU3HKY
BTpaTH CTIWKOCTI TEOTEXHIYHOI CHCTEMH;

kv, ka — koedilieHTH BIUIMBY Ha IHTETpPOBaHUI
pU3UK Tpyn (akTopiB, IO BU3HAYAIOTHCS
BI3yaIbHUM 1 BiOpPOaKyCTUYHUM METOAAMH,
BiJIIOBI/IHO.

OnepaTuBHUH Ta IHTETPATbHUN OKA3HUKH
PU3HMKIB  BTpPaTH  CTIHKOCTI  T€OTEXHIYHOI
CHUCTEMHU, SIKHM, AK Bxke OyJlIo BKa3zaHo, €
IHIMKATOpaMU MOTOYHOTO Ta 3arajbHOro CTaHy
00’€KTa KOHTPOJIIO, BU3HAYAETHCS B TPOLEC]
NEePI0JUIHOTO Bi3yaJIbHOTO 1
BiOpOAaKyCTUYHOTO MOHITOPUHTY.

B pesynpraTi NpoBEAEHUX TOCIITKEHb

METOAOJOTISI ~ KOHTPOJIO  TOMIKO/PKEHOCTI
TCOTEXHIYHUX  CIOpYA  YIOCKOHalleHa 1
po3IMpeHa  NUIAXOM  CUCTeMaru3amii 1

0oOTpyHTYBaHHS 3B’SI3KiB OCHOBHHX IapaMeTpiB
BiOpOAaKyCTHUYHOI 1IarHOCTUKH 3 XapaKTePHUMHU
neeKTaMu Ta TIOMIKO/DKEHHSMH €JICMCHTIB
T€OTEXHIYHOI CHCTEMH, a TaKOX BHU3HAYECHHS
MOTOYHUX 1 KOMIUICKCHUX IMOKA3HUKIB PU3HKY

pYHHYBaHHS ~ T'€OTEXHIYHOI  CHCTEMH  3a
pe3yJibTaTaMu BUSIBJICHHS 30BHIIIHIX
CTPYKTYPHHX MIOIIKO/I)KEHb METOAAMH
BI3yaJIbHOTO  KOHTPOJIIO Ta  IPUXOBAHUX

MOIITKO/KEHb BiIOPOAKYCTUYHUM METOJIOM.
Po3pobrneno «MeTtoauuHi pekoMeHarii 3
OIIIHKK  TIONIKO/DKEHOCTI  KOHCTPYKTUBHHX
€JIEMEHTIB OyniBenb 1 cropyn
BiOPOAKyCTUYHUM METOAOM ]ISl 3a0e3MeueHHS
0e3meKku iX ekcIuTyartarii». 3 BHKOPUCTAHHIM
IUX PEKOMEHIAIil MPOBOAATH iACHTU(IKAIIIIO
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MOIITKO/KCHDb Ta TPIIIMH B €JIeMEHTaX OyZiBesb 00 €KTIB  BHACHIZOK BHHUKHEHHS CHCTEM
1 cmopyn, y TOMy 4YHCII B yMOBax  TpIIMH B TpoIeci IiX eKCIulyaTalii, SKal

HaJ3BUYaHUX CUTYyaLlH. MetoauyHi  BiApI3HAETHCS  BHU3HAYCHHSM  TOTOYHHX 1
pexomenaanii BnposapkeHo B I'Y JICHCY y  KOMIUIEKCHHX MOKa3HHKIB PU3HMKY BTpaTH
JIHInponeTpoBChKii o0nacti Ta  CTIMKOCTI re0TeXHIYHOT CUCTEMU 3a
BUKOPUCTOBYIOTbCSI B HaBUaJIbHOMY IpOLIECI  pe3yJbTaTaMH BHUSBJICHHS CIOCTEPEkKYBaHUX
MIArOTOBKY (paxiBI[IB BUIIIOI OCBITH. 30BHINIHIX Ta MPUXOBAHUX  BHYTPIMIHIX
BHCHOBKH CTPYKTYPHHX ~ HOLIKOKEHb METOJaMHU
Bi3yasbHOI 1 BiOpoakycTHuHOi niarHocTuku. Lle

1. Jinst BU3HAYCHHs PYHHYBaHHs CIOPYI I no3Bomnse KOHTPOJIIOBATH CTPYKTYpHI

IOUIYyKY JIOKami3auii TPIUMH B TIPHUYUX  [OpYIIEHHS Ta P iHIIMX KPUTUYHO 3HAYYITUX
BUPOOKAX, MiJI3EMHUX 1 3aTIMONEHNX CHIOPYNAX  rapaMeTpiB, sKi BIUIMBAIOTH HA  OE3IIEKy
P13HOTO [IPU3HAYCHHS BCTaHOBJICH1 1 ekcrulyaramii MmiJI3eMHHX BHPOOOK 1 CIOpPY,

CHUCTEMAaTHU30BaHI1 3B'SI3KH OCHOBHHUX OLIIHUTH pU3UKH BTpaTu CTINKOCTI
napaMerpiB  BIOpOAKyCTHYHOI ~ JUArHOCTHKH  reOTEXHiYHOi CHCTEMH Ta CBOEYACHO MPOBECTHU
(ammutiTy iy, TPUBAJIOCT1 Ta  YacTOTH PEMOHTHI POOOTH.

MaKCUMyMy CIICKTPAJIbHOI WUIBHOCTI CHTHAILY) 3. Po3poOnenHo i BOpoBaKeHO METOIUYHI
3 XapaKTCpHUMH nedexramu Ta  pekoMeHAalii, $Ki BHUKOPUCTOBYIOTH JUIf
TTOIIKOIKCHHAMU €JIEMEHTIB FeOTEXHIYHOT BU3HAQUCHHI IOMIKOJKEHb Ta Tle.II/IH B
CUCTCMU. ejemMeHTax OyziBeb 1 copya, y TOMY YUCHI B

2. VOCKOHAIEHO 1 pO3IIMPEHO METOA  yMOBAaX HAJA3BHYANHHUX CHTYAIlii.
OIHKM 3MiHM CTPYKTYpH CEpEIOBHINA Ta

BTpaTH CTIMKOCTI aBapiiHO HEOE3NMEeUYHUX
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YIOCKOHAJIEHHS TEIIOBISIMHOI KAMEPH
JIJIS1 OHIHKHY TEIIJIOBOI'O MOTOKY HA POBOUYHNX MICIISIX

BEJIIKOB A. C.1, 0oxm. mexn. nayx, npog.,
CTPEXXEKYPOB 0. E.Z, acn.

! Kadenpa oxopoHH Tpalli, MBiTEHOI Ta TEXHOTEHHOi O€3Mekd, YKPAiHCHKWH Jep/KaBHUH YHIBEPCHTET HAyKHW i TEXHOJOTiH,
HHI «IIpunninpoBchka AepkaBHa akaaeMis OyAiBHHIITBA Ta apXiTEKTypH», Byl Apxirektopa Oiera Ilerposa, 24-a, 49005, [xinpo,
Vkpaina, ten. +38 (056) 756-34-73, e-mail: belikov@pdaba.edu.ua, ORCID ID: 0000-0001-5822-9682

2" Kagenpa OXOpOHH Mpalli, IIMBUIBHOI Ta TEXHOTEHHOi Oe3MekH, YKpaiHCHKHIl Nep:KaBHMH YHiBEpPCHTET HAYKM i TEXHOJIOTIiH,
HHI «IIpuaninpoBchka AepkaBHa akaaeMis OyAiBHHUITBA Ta apXiTeKTypu», Byl. Apxitekropa Osera Ilerposa, 24-a, 49005, [dHimnpo,
Vkpaina, texn. +38 (097) 097-51-59, e-mail: staty.mail.ua@gmail.com, ORCID ID: 0009-0002-1791-395X

Anotauis. Ilocmanoexka npoonemu. Ha meTypriiHHX, METaTaTypHIHHUX Ta CKJIOIUIaBHUX BHPOOHHIITBAX M€
BHKOPHUCTOBBIOTBCS BHCOKOTEMIIEPATYpHI TEXHOJIOTiYHI TPOIECCH iCHYe mpoOiieMa MeperpiBy INpamiBHHUKIB depe3
3HAaYHE TEIIOBE HaBaHTaKeHHA. [Ipym macmopTusariii pobodnx MicIlb BUHHKAaE€ HEOOXiTHICTH BUBYCHHS Ta IEpeBipka
BILUIMBY TEIUIOBOTO ITOTOKY Ha JIIOAMHY. A OT)Ke ICHY€e HEOOXIHICTh y po3po0iii abo MoepHi3allii IpuiIaaiB sl OLIHKA
TEepMOpaMialiiHOI HAMpPy)KEHOCTI Ha pPOOOYMX MICIIX Ta MPOBEACHHSA OCTI[HKeHb B JAOOPATOPHHX YMOBax
HaOJNW)KEHUX JI0 peaibHOI BUPOOHMYOI OOCTAaHOBKM, a caMe: 3 ypaxyBaHHSIM BIUIMBY aTtMochepHHX (akTopis;
0COOJINBOCTI reoMeTpii MPUMIIIEHHST; TeOMETpPil NEPBUHOTO Ta BTOPUHUX JpKepes [Y BUNPOMIHIOBAaHHS; TeMIepaTypH
JUKEpeIl BUNPOMiHIOBaHHA. Mema cmammi — 3 ypaxyBaHHSIM BH3HAUCHHS 1 Bidyali3amii eKCIIpec METOJOM He JINIIe
TEeMIIepaTypy JpKepesla BUIPOMIHIOBAaHHS, a 1 TEIJIOBOTO BHCOKOTEMIIEPATYpPHOTO OOJNaHaHHS HAa MpaIiBHUKA B
peanbHHX YMOBax — MOJIEpHi3allis  iHppadepBoHOi Kamepd. J[0 OCHOBHHX 3aBJaHb HAaJICKHUTh: PO3POOKa
(GYHKLIOHATBHOI CXeMH; PO3pOOKa KOHCTPYKIIi yCTAHOBKH; pO3pOOKa alropuTMa BH3HAYCHHS TEILUIOBOTO ITIOTOKY 3
ypaxyBaHHAM (aKTOPiB BIUIMBY Ha po3moBcIokeHHS [Y mpomeHiB. Bucnosok. Ha 0CHOBI MpOBEIEHUX NOCIHIIKEHbD
MOJICpHI30BaHa TEIIOBa Kamepa ska 3abe3ledye 3JaTHICTh BUMIPIOBATH PO3IOMAIT TeMIIEpaTyp Ha TOCHIKyBaHi
MTOBEpPXHIi Ta IHTEHCHBHICTH TEIUIOBOTO BHUIIPOMIHIOBAHHS, a TAKOX BiJICTaHb M0 00’ekTa. 3abe3medyBaTH OJHOYACHHUN
30ip JaHWX MPO TeMIIeparypy Ta ii 3MiHH B 4aci B 00JIACTi SIKy OXOIUTIOE TEIUIOBa Kamepa. 3MiHCHIOBATH Bi3yasi3alliio
PO3MOJIiTY TEIUIOBOTO MOTOKY Ha €KpaHi Jyis OlepaTUBHOI iHTeprperailii; 3a0e3nedyBaTi TOUYHICTh BUMiptoBaHb 1 °C
Ta po3ainbHicTh 10 cM Ha BinctaHi Big 10 M. [HTEHCHBHICTD TEIIOBOTO ITOTOKY MOBEPXHI JpKepesia BUIPOMIHIOBAHHS
SIKy OXOIUTIOE TEIUIOBAa KaMepa MOXKe BiJOOpaKaTUCh SIK iHTErpajbHE 3HAUCHHS BCi€l MOBEPXHI Tak 1 3rpyHoOBaHO 3a
JOUIBHHUISIMHA 3Ha4eHHs TemrepaTypu. Lle icToTHO posmmproe (yHKIIOHaN HOPIBHSHO 3 TPAAMIIMHUMH TEIJIOBUMHU
MIOTOKOMipaMmHu.

KarouoBi ciioBa: sucokomemnepamypui Odicepena SUNPOMIHIOBAHHA, ANCOPUMM  NPOBEOEHHS PO3PAXYHKY
Menniogo20 NOMOKY, MEePMOOUHAMIYHEe HABAHMAICEHHS] HA POOOYUX MICYSAX, MOOepHizayis iHppauepgoHol
Kamepu, nacnopmusayis po6o402o micys

IMPROVEMENT OF THERMAL IMAGING CAMERA
FOR ASSESSING HEAT FLOW IN WORKPLACES

BIELIKOV A.S.%, Dr. Sc. (Tech.), Prof.,
STREZHEKUROV YUu.E.?", Postgrad. Stud.

! Department of Labor Protection, Civil and Technogenic Safety, Ukrainian State University of Science and Technologies,
ESI “Prydniprovska State Academy of Civil Engineering and Architecture”, 24-a, Architect Oleh Petrov St., Dnipro, 49005, Ukraine,
tel. +38 (056) 756-34-73, e-mail: bgd@mail.pdaba.edu.ua, ORCID ID: 0000-0001-5822-9682

2* Department of Labor Protection, Civil and Technogenic Safety, Ukrainian State University of Science and Technologies,
ESI “Prydniprovska State Academy of Civil Engineering and Architecture”, 24-a, Architect Oleh Petrov St., Dnipro, 49005, Ukraine,
tel. +38 (056) 756-34-73, e-mail: staty.mail.ua@gmail.com, ORCID ID: 0009-0002-1791-395X

Abstract. Problem statement. In petrochemical, metallurgical, and glass production industries where high-
temperature technological processes are employed, there is a problem of overheating of workers due to significant
thermal loads. When certifying workplaces, there is a need to study and verify the impact of heat flow on humans.
Therefore, there is a need for the development or modernization of devices for assessing thermal radiation stress in
workplaces and conducting research in laboratory conditions close to real production situations, taking into account
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atmospheric factors, the geometry of the premises, the geometry of primary and secondary IR radiation sources, and the
temperature of radiation sources. When certifying workplaces, there is a need to study and verify the impact of heat
flow on humans. The main objectives include — Modernization of an infrared camera for determining and visualizing,
by express method, not only the temperature of the radiation source but also the thermal impact of high-temperature
equipment on a worker in real conditions. The main tasks include: developing a functional diagram, designing the
installation, and creating an algorithm to determine heat flow considering factors influencing the spread of IR radiation.
Modernization of an infrared camera for determining and visualizing, by express method, not only the temperature of
the radiation source but also the thermal impact of high-temperature equipment on a worker in real conditions.
Conclusion. The modernized thermal camera enables the measurement of temperature distribution on the examined
surface, the intensity of thermal radiation, as well as the distance to the object. It allows for simultaneous data collection
on temperature and its changes over time in the camera's coverage area. Visualizing the distribution of heat flow on the
screen for real-time interpretation; Ensuring measurement accuracy of 1 °C and a resolution of 10 cm at a distance of
10 m. The intensity of the thermal flux on the surface of the radiation source captured by the thermal camera can be
displayed as both an integral value of the entire surface and grouped temperature values by sections. This significantly
expands the functionality compared to traditional heat flux meters.

Keywords: high-temperature radiation sources; thermal flux calculation algorithm; thermodynamic load on
workplaces; infrared camera modernization; workplace certification

ITocranoBka
MEeTYprifHux,
CKJIOIIJIaBHUX
BUKOPHUCTOBBIOTHCS

npooJieMu. Ha
MeTaTalypHIHHUX Ta
BUPOOHHUIITBAX ne

BHUCOKOTEMIIEpaTypHIi
TEXHOJIOTIYHI MpoIeccH ICHye Tmpodiema
IeperpiBy  MpaliBHUKIB  4Yepe3  3HAayHe
TeIIoBe  HaBaHTaxenHs [5; 7]. Ilpm
nacnoprusauii  poOOYMX MICHb BUHHUKAE
HEOOXITHICTh  BHBYEHHS Ta  MeEpeBipKa
BIUIMBY TEIUIOBOTO MOTOKY Ha JIIOAMHY [2]. A
OTXKEe ICHYy€ HEOOXIiTHICTh y po3poOii abo
MOJIepHi3alii ~ mpwiIamiB I OIMIHKHU
TEepMOpaIialliifHOI HAITPY>KEHOCTI Ha poOOUNX

MICIIIX Ta TPOBEICHHS JIOCHI[KCHb B
1a00paTOpHUX yMOBaxX HAOMMKEHHUX 10
peaybHOT BHPOOHWYOI OOCTAHOBKH, a came: 3
ypaxyBaHHSIM BILJIUBY aTMochepHuX
(bakTopis; 0COOJIMBOCTI reoMeTpii
MPUMIIIEHHS; TeoMeTpli MepBUHOTO Ta
BTOpHHUX JoKepen [Y  BUNpOMiHIOBaHHS;

TEeMITepaTypH JKEPEJl BUIIPOMIHIOBaHHS [ 1].

Ananiz  myOmikamii.  Buxonsgum 3
MIPOBEJICHOTO aHAJI3y CYYacHHUX MPUIIaIiB JIIs
BUMIPIOBAHHS TEIUIOBOTO TIOTOKY Oymo
BU3HAYCHO, 110 BOHM HE B TMOBHIH Mipi
JO3BOJIIIOTH ~ OI[IHUTH  TEeMIlepaTypy Ta
IHTEHCHBHICTh ~ TEIJIOBOTO  MOTOKY, 3
ypaxyBaHHSM BiJCTaHI 3aMipy BiJ JKeperna
BunpominenHns [3]. Kpim Toro, BiACYTHii
MpWiIaa OIIHKK 1HTErPalbHOTO 3HAYCHHS
HAaKOMUYEHHA TeIJIOBOi eHeprii 00’e€KToM
[4; 6]. Tomy, Hamu OyJ0 3ampPOIIOHOBAHO
KOHIENII0 yJOCKOHAICHHS NpUIaaiB s
BUpILIEHHS 1€ 3a/1a4i.

[IpauiBHukK 3a3Bu4ail Ha poOOYMX MicCLAX
NOCTIMHO MIANANAIOTh MiJ BIUIMB  PI3HUX
CHEKTPAJIbHUX YaCTOT BHUIIPOMIHIOBAHHS BiJ
HarpitTux 00’€KTIB y Aiama3oHi Bix 3 10 15 MKM.
Towmy, B nepeBaXkHiN OLIBIIOCTI
BUKOPUCTOBYIOTh JIBa THIH  TEIUIOBI3IMHHUX
CHCTEM 3a Jlalma3oHaMHU JOBXXKHUHHU XBWII BiJ 3 10
5 MM Ta Big 8 10 12 mxMm. Takox, iICHYIOTh Ha
HiANPUEMCTBAX MeETaJIypriiiHoi, MeTypriiHoi Ta
CKJIO MIPOMHCIIOBOCTSIX KOPOTKOXBHITHOBI
TEIUIOBI3iMHI ~ CHUCTeMH, SKI MpaloiTh Y
niana3oHi criektpa Big 1 1o 3 MM [8].

MeTta  JgocJisKeHHsT —  MOJEpHI3allis
iH(ppayepBOHOI ~ Kamepu Uil  BHU3HAUCHHA 1
Bi3yaizartii eKCTIpeC  METOIOM  He  JIWIIE

TEMIIEpaTypy JDKEpena BHUIPOMIHIOBAaHHS a 1
TEIUIOBOTO BHUCOKOTEMITEPATYPHOTO OOJIaHAHHS Ha
NpalliBHUKA B peaTbHUX yMOBaxX. Jlo OCHOBHHX
3aBlaHb HAJCKWTh: PO3pOOKA  (PYHKITIOHATLHOT
CXeMH; po3poOKa KOHCTPYKIIiT yCTAHOBKH; PO3pOOKa
QTOpUTMa  BH3HAYEHHS TEIUIOBOTO  IOTOKY 3

ypaxyBaHHSAM (akTopiB BIUTUBY Ha
posnoBcromkerHs [Y npomeHis.
PesyabTaTn AOCJiIKEHb. 3rigHO

MPOBEICHOT0 HAMU aHANI3Y JITEpaTypPHUX JKepel
[1] Bu3HaueHO, IO HA JaHUK dYac TEIUIOBI3iHHI
CHCTEMH YMOBHO IOJIUISIOTHCS Ha JEKIJIbKa IPyII:
— Tepmia Tpyma, 3a METOJAOM CTBOPEHHS
JTBOMIpHOTO 300pakeHHS CIIOCTEPITAEMOTO
npocTopy. TermoBi3iiiHi CUCTEMU TIOJUIAIOTHCS Ha
TETJIOBI31MHI KaMepy Ta TEIUIOBI3iiHI CKacKaHepH;
— gOpyra Tpyma, 3a  BHUKOPHCTaHHSIM
TEXHOJOTNYHOT ©0a3u TOOYZOBH  TEIUIOBI3iHOI
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CHCTCMH. I-nmoxominHS, II-mokoJmiHHS,
[1I-mtoxomiHHS;

— TpeTd TIpyma, 3a TUIIOM CIEKTPaIbHOL
YacTOTH TpU BUMiproBaHHS. KOpOTKOXBHIIBOBI
TETUIOBI31HH1 CUCTEMU (SW),
CepeHbOXBUJIBOBI  TEIUIOBI3IMHI  CHUCTEMU
(MW), n0BroxBwibOBI TEIUIOBI3IiHI CHUCTEMU
(Lw);

— ueTBepra Ipyma, 3a  00JacTio
BUKOPHUCTaHHS TEIIOBUX CUCTEM. TerutoBi3iiiH1
CHCTEMH CIIOCTEPEKECHHSI Ta BHUMIpIOBaJIbHI
TEIJIOBI31HHI CUCTEMU.

YMoBHU po3noALT ICHYIOUHMX
TEIUIOBI3IHHMX ~ CHUCTeM  300pakeHO  Ha

pUCYHKY 1.

| TEITJIOBI3IFHI CUCTEMH I

CHcTeMH
BifoOpazKeHHa

BHKOPHCTAHHS

| Termokisifiti kamep
‘TennoaisiﬁHi CKAHepH

CIIOCTEPEREHHA

Temnmnopisiibi CHCTEMH
BHMIpIOBaTLHI
TEINTORIZEH] CHCTEMH

CrieKTpaabHa

25
|
S
=
=]
=
oy

II-noxomHes

II[-roKomHEs

L'W- T0BToXBEHILOBL
TEIOBIsiHHI CHCTEMH

SW- KOpOTKOXBHILOBI
TEIIIORI3iHHI CHCTEMH

MW- cepeTHEOXBHILORI
TEMNMOBIZiHHI CHCTeMH

Puc. 1. Ymoenuii posnodin mennogiziunux cucmem

Ilpn BHOOpI TEIIIOBI3IMHOI CHCTEMH MU

KEpYBAIUCh  3aKOHOMIPHOCTSIMH, ~ OCHOBHMMH
repeBaraMi Ta HEJIONIKaMu Yy 1X TeXHIYHUX
XapaKTePUCTHUKAX:

— YUM BULIIN TPU3HAYEHUN TeMIIepaTypHUi
Jiama3oH poOOTH TEIUIOBI3IMHOI KaMepu THM

BUIIA  PO3AUIbHA  3/IaTHICTh ~ MaTpHIll, IO
3a0e3MmeunTh  OUTBII ~ BHUCOKY  KOHTPACTHOCTb
300paKeHHS Ta 3MEHIIICHHS OITHUYHOTO
CIIOTBOPEHHS,  OUTBIIy 3HaTHICTH 1O Bi3yamizarii

00’€KTIB Mpu 0aratb0X 00’€KTIB 3 OUTHIII BUCOKUMH
TeMIiepaTrypaMy; ane MOTpeOyroTh OUIBII SIKICHY
CHCTEMY OXOJIO/KEHHS MaTPHLY;

— YMM HUILIA TNpU3HAYEHUI TeMIlepaTypHUN
JanasoH poOOTH TEIUIOBI3IHHOI KaMepu THM OUTbIIT
Kpalle Bi3yamisallis B XOJIOJHI Tepioad POKY Ta B
YMOBaX HETOroay; OuUbllla CTIWKICTh 10 ONUKIB
COHIII Ta BOTHIO; OUIbINA Bi3yam3amis APIOHUX
TPEIMETIB; ajie OUTBINI 3aBajy Bi3yali3allii Ko Y
00’€KTHBI KaMepH TOpsJT 3 HU3bKOTEMIIEPaTypHUMHU
00’ekTaMu JIOCITIKEHHST TPUCYTHIN
BUCOKOTEMIIEPATYpHUI ~ 00’€KT 110  TEpeBaXKae
OCHOBHHMI iH(OpMaLiiHUI CHUrHAN OUIBII HDK Ha
HIOPSIJIOK.

BximHumu ~ maHuMHM UL aNTOPUTMY
yIOCKOHAJICHHS TIPHJIaly HAaMU BU3HAYEHI:

— TepMOrpamu, sIKi HEeCyTh H(OpMaLilo Mmpo
PO3MOJIUT TEMIIEPaTypH BiJ| JKepepesia TEIIOBOTO
BUTIPOMIHEHHSTY KOJKHY CEKYH]IY;

— YacToTa OTPUMAaHHSA 3HIMKIB (KIJIBKICTh
KaJIpiB 3a CeKyH/Iy) — | KaJip 3a CeKyH/Y;

— BW3HAYEHHs BIJICTaHI JI0 JOCTIIKYEMOTO
00’€eKTa;

— OTpUMaHHS TEOMETPHUYHHUX TMapaMeTpiB
JOCITIIPKYBAHOT TIJISTHKH;

— PO3paxyHOK TEIJIOBOrO MOTOKY BiJ JKepema
BUITPOMIHIOBaHHSI.

Taki KOHKpETHI BUMOTH JO3BOJISTH MiAiOpaTh

notpiOHy ©0azy mpuimamy Ta  1oOymyBaTd
MaTeMaTH4Hy  MOJENb Uil IPOTPaMHOIO
3a0e3MeyeHHs]  MIKpOIPOIIECOPHOI  CHCTEMHU
TpHIaJa.

[lpu ynockoHaneHHi mpwiagy Hamu OyJo
NPUNHATO AOMYIIEHHS:

1. Sx Oa3zoBa KOHCTPYKIUS TNpWIALy st
OIIIHKK  TEePMOpAJiaIlifHOT  HAMpY>XEHOCTI  Ha
PpO6OUNX MicCISIX MPUHAHATO 1H(PAYEPBOHY Kamepy
MLX-90640-D100 3 moxmuBicTIO poOOTH uepe3
[2C, sxa mnpu CBOIl HEBeNWKi pO3MUIBHIN
3IaTHOCTI 3a0e3mneuye JIOCTaTHIHN PiBCHb
BU3HAYECHHA TeMIepaTypu Ha BiacTtani 10 10 M 3
ypaxyBaHHSIM pa3paxyHKy TEIUIOBOTO MOTOKY Ta
reoMeTpli JpKepesia BUIIPOMIHIOBAHHS. 3OBHIIIHIN
BUTJSIT Ta YMOBHO TrpadidHe 300pakeHHs
MOKa3aHO Ha PUCYHKY 2.

42



VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

Puc. 2. 3osniwniii suenao ingpauepgonoi kamepu
MLX90640-D110

2. IlpwifHATHIi exkpaH s  BUBOIY
tepmorpamu  2,8”° 240x320 TFT ILI9341 3
MOJKJTMBICTIO TIJKTFOYEHHSI CEHCOPHOI TMaHewl
Ta KapTd mam’ari. 30BHIIHIA BUIISL Ta
YMOBHO TpadiyHe 300pa)KeHHS MOKa3aHO Ha
PHUCYHKY 3.
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Puc. 3. 3osuiwnit suensno
expara o 6ugody mepmoepam 2,8 TFT IL19341

1
o

N
©

N
e

N
<

26

N
(@

2012+

it
¢ i

il el e el e - e (coRE SR (o (G NN (G (SEE B
o & W N - (=]

el [11]]]])
IS (SH [N]
(NI (S N

s
[}
N
=

s
J

— (]
© (=]

3. [l 0OpoOKH CUTHANIB Ta IaHUX 0OpaHO
BHUKOPHCTOBYBaTH MikpokoHTposiep ESP32. Bin
Mae y HasBHocTi WiFi, Bluetooth, MmoxmuBicTh

obuuciroBati (HOPMYIIH i BUBOAUTH TEPMOTPAMHU
Ha Juciuied. 3OBHIIMIHIA BUITISA Ta YMOBHO
rpadignae 300pakeHHS TIOKa3aHO Ha PHCYHKY 4.

4. Sk inTepdeiic miA mepeqadi JAHHUX Ta
makmoueHass g0 [IK  mpuiiMaeTrbcss  mpOTOKOMN
niepenayi yepe3 USB po3’em ta WiFi pagiokanai.

5. JInst BU3HAYEHHS BIZICTaH1 10 BUMIPIOBAIBLHOL
MOBEPXHI Ta OOYMCIIECHS TEOMETPUYHUX PO3MIpIB.
[puitmaemo  mazepumii mMomyns LIDAR Lite v3
30BHIIIIHII BUTJIS] Ta YMOBHO Tpadidne 300paXKeHHs
MOKA3aHO HAa PUCYHKY .

(

Puc. 5. 306uiwniil 6uensio nazeprozo mooyna
LIDAR Lite v3

6. EnemenTty 310paHoro mpUCTpOrO BCTAHOBJICHI
B IUIACTMKOBUH  KOPITYC, BUTOTOBIICHUI  3a
JIoroMororo 3D-apykKy.

7. 3anpornoHOBaHUN HaMHU AITOPUTM OOPOOKU
curHary Ha MoBlI C++ PHCYHOK 6, SIKHII BpPaxoOBYeE
Bincranp 1 3akoH Credana — bompiMana Ta
TepepaxoBye  TIOKa3W  KaMepH  HETUIbKH B
TeMIeparypy, a 1 Oe3[ocepeHbO y 3HAUCHHS
TermoBoro moToky (BT/M?). A caMe MepeTBOPIOBATH
snayenHs RGB matpuiti kamepu y Br/m? mmmsxom
TijicTaHoBKY y popmyity Credana — bonbimana.

Ha ocHOBI mpoBemeHHMX IOCTIDKEHb Ta
KOMITOHOBKH TEIUIOBI3IHOI CHCTEMH HaMH BIIEPIIIE
3aIpoIrOHOBaHa CTPYKTypHA cxema
MOJIEpPHI30BaHOTO TETUIOBI3IHHOTO BHMIpPIOBAIBHOTO
NPT, SIKa 300paXkeHa Ha PUCYHKY 7.

3riZIHO 3ampONOHOBAHOTO HAMH aJITOPHTMA IS
BI3HAYCHHSI TETUIOBOTO TIOTOPKY, HAMH PO3po0IieHa
MaTeMaTUYHa MOJIETTb, sTKa 3TijHO 3akoHy CredaHa —
BonbiMana Bi3HaYae KUTBKICTh TEIUIOBOT €HEpril Ky
BHUIIPOMIHIOE 00’€KT 3 YpaxXyBaHHSIM T'€OMETPUYHHX
BJIACTUBOCTEH JoKepera BHUITIPOMIHFOBaHHS
TETUIOBOTO MOTOKA B PEATbHAX YMOBAX.
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MomyIe 3unTYRAHH
Kampy THKCETB

IMepeeipka mKcemB
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Puc. 6. Ancopumm 0bpobru cuenany
3 MennogGizitHoi Kamepu
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Puc. 7. Cmpyxmypna cxema no6yoosu
MOOepHIzayii mennogi3iiHo20 npuiady

Tomy micns meperBOopeHHs GopMyna Mae
BUIJIA

Q=C,xSx((T, +100)* —(T, +100)*) (1)

ze:

Ci  — KoeillieHT  BHIPOMIHIOBaHHS Yy
Br/(m**cp*p);

S — IUIONTa BUMPOMIHIOBATEHOT TIOBEPXHi Y M,

T1 — TemMniepatypa JpKeperna BUIPOMIHIOBaHHS y
KembBinax;

> —  TemmepaTypa  HAaBKOJMIIHBOTO
CEePEeNOBHINA, B SKOMY 3HAXOAWTBCS JDKEPEIO
BHUITPOMiHIOBaHHS y KenbBiHax.

[lpr po3paxyHKax TEIUIOBOTO MOTOKY HaMU
BpaxyBaHO  KOC(IIEHT BUIPOMIHIOBaHHS MpPH
TEMITepaTypi B KOHKPETHUI MOMEHT Yacy poOodoro
nporiecy 00’€KTa BUMPOMIHIOBAHHS, KU 3aJI€KUTh
BiJI BUTIPOMIHFOBJILHOI 3/IaTHOCTI Matepiaia € [4].

[lpoBeneHnii Hamm  aHami3  MPOrPAMHOIO
3a0e3leueHds JUIT  MOJEIOBAHHI  TEIDIOBOT'O
BHUIIPOMIHIOBAaHHSI CUCTEM ONIeHHs. BcTaHOBIEHHO
JHIMHY 3IeKHICT € BII TeMIEpaTypu Keperna.
[lpy pi3HUX 3HAYEHHSAX TEMIEPATypu 3MIHIOETHCS
mine KyT K Haxumy rpadiky 3a1exHocTi € (puc. 8).

Tobro, xyr K € Haxwiom mpsMol, SKuWii
PO3paxoBYETHCS K BIJTHOIIICHHSI PI3HUII
NPSIMOKYTHHX KOOpPJIMHAT TOYOK JIO PI3HMIN iX
abcrmc. Ane Uit Horo BU3HAYEHHS TIOTPIOHO 3HATH
KOC(IIIEHT  BUIPOMIHIOBAHHS TPU  JHIOYOMY
3Ha4YeHHI TeMuepaTypu rpu gociipkenHi Ci(T2).
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Puc. 8. 3anescnicmo sunpominosanvroi 30ammocmi
Mamepiana € 8i0 memnepamypu 06’ekma

JUii BU3HAYEHHS €, 3HAIOYM TEMIIEPATypy,
Marepiajl Ta JOBiMHUKOBI fMaHHI Ci U1 IHOTO
Marepiairy HaMU HPOIIOHY€ETHCS TaKa
TIOCITIIOBHICTB PO3PaXyHKIB:

— BmwHavaemo Ci1 13
npuitMaemo, o C1= Ci(T1);

— TPUIAMAEMO TIPUITYIIICHHS], IO 3aJIeKHICTh
C1(T) € miniitHo10;

— 1o0y/yBaTy TPsIMY, III0 TIPOXOUT Yepes3
touku (T1, C1(T1)) Ta (T2, X), Ie X — HEBiIOME;

— 3a (Qopmymoro mpsMoi  QyHKIT
pospaxoByemo x Ta orpumyemo Ci(T2);

— mizcraBnsiemo C1(T2) y dyHKmiro 1y .

Toni popmyna miHiiHOT GyHKIIT 17151 € Oy e
MaTH BUTJISIT;

Y, =Y =k(X, = X)) )

JIOBIIHAKA Ta

me:

Y1, X1 — KOOpPIMHATH OJHI€l 3 BITOMHX
TouoK ( T1, C1(T2) );

YX, XX — KOOpJMHATH HE BIiZJOMOi TOYKH
(T2, C«(T2) ),

K — kyT HaxmITy TpsIMOT JIHIAHOT (PYHKIIIT €.

ITincraBuMmo:

Cl(Tz)_C1(T1):k(T2_T1), ©))

ne:

Cy(T1)) — xoedillieHT BUIPOMIHIOBAHHS 3
noBinEMKa y Br/(M**cp*p);

Cy(T2) — xoedillieHT BHUIPOMIHFOBAHHS MPH
JF0YOMY 3HaYEHHI TEMIIepaTypH IPH IOCIIPKEHH] Y
Br/(M**cp*p).

Toni 3HaiieMo KyT Haxwily TpsMOi JIiHIHHOT
GysKkii K:

k=(Y,=Y) (X, = X,) 4)

[lincTaBnsieMo  BU3HA4YeHI  BEIMYMHU Y
(opmyaty:

k=(C,(T,)-C,(T) = (T, -T,) ®)

Tomy dopmyna micis CKOpOYEHHS — JUIA
Bi3HavyeHHs Apyroi Touku C1(T2) miniitnoi dyHKuii
€ OyJie MaTH TaKWi BUTIISII

Cl(Tz):C1(T1)+k(T2_Tl). (6)

Taxum ynHOM, mizcTaBisOuM K B opmyity, Mu
o0uncmoeMo 3HadeHHs C1 U1l Ipyroi TeMIeparypu
T2, BUKOPUCTOBYIOUM JHHIHHY 3aJIEKHICTH Bij
Biomoro 3 goBigauka Ci(T1). Tomi Mu Moxemo
noOy/yBaTH TpsMy, sIKa MPOXOIWUTh Yepe3 BiIoMi
touku (T1, Ci(T1)) ta (T2x), ne X — obumcieHuit
napametp Ci(T2).

BucHoBku

1. Ha ocHOBI mpoBeAEHOTO OCIIHKEHHS

MOJICpPHI30BaHa TEIUIOBA Kamepa, sKa  JIO3BOJIIE
BUMIPIOBaTH PO3MOIiT TeMIIepaTyp Ha
JOCIDKYBaHIi ~ TIOBEpXHI Ta  IHTEHCHUBHICTh

TEIJIOBOTO BHUIIPOMIHIOBAHHSI, & TAKOX BIJICTaHb 10
00’ekTa. 3abe3nedyBaTH OIHOYACHUM 30Ip JaHKX
npo TeMreparypy Ta il 3MiHM B 4aci B 00JacTi Ky
OXOIUTIOE ~ TeIyIoBa Kamepa. Ta  3iiCHIOBATH
Bi3yaJii3allifo pO3MOALTy TEIJIOBOrO TIOTOKY Ha
eKpaHi JJ1s ONlepaTUBHOI IHTEpIIpeTAaLlii.

2. CTBOpeHHII alropuT™M OOpPOOKH CHTHAJIB 3
KaMepH JI03BOJIMB TIEPEBOIUTH OTPUMYBaHI JIaHl y
¢Gi3MuHI  OAMHMII  TEIUIOBOTO  TOTOKY  Ta
temrieparypu. 11{o 103Bossi€ MPOBOAUTH  SIKICHUI
aHaJI3 OTPUMAHUX 3HAYCHb.

3. Inrepdeiicne mporpamyBaHHS J1a€ 3MOTY
BUBOJMTU TEPMOTPaMH y pealbHOMY Macmurali Ta
yaci Ha 30BHIIHI pucTpoi. Lle cyTreBo posmmproe
(yHKIIOHAT TIPUCTPOIO.
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Anorauis. ITocmanoexa npoonemu. Jlepe'sHi KOHCTPYKIIi MIHUPOKO BUKOPUCTOBYIOThCS y OyNiBHHLTBI SK B
VYkpaiHi, Tak i B ychoMy cBiTi. Bonu maroTe 6arato mepeBar BiTHOCHO iHIIMX OyIiBEJFHHX MaTepiaiB, 10 0COOINBO
LIHYETHCSL TIPU 3BEJCHHI XUTIOBHX Ta I'POMaJChKUX OyxiBenb. OJHAaK, JEepeBHHA € TOPIOYMM MaTepiaioM 1 IpHu
HasIBHOCTI JKepella BUCOKOI TeMITepaTypH 3[jaTHa CTiHKO MiATpUMYBaTH ropinHs. Ha croronHi He icHye mpakTHYHUX i
MEePEeBipEHUX METOMIB OINIHKM BOTHECTIHKOCTI TakMX KOHCTPYKLiA. 3 OTJsmy Ha I, BUHHKAE HEOOXigHICTH y
MTOTANTBIIIOMY TEOPETUYHOMY JOCIIIKEHHI MPOIECiB HarpiBaHHS Ta TOPIHHS ASPEBUHMU IIif] Yac Mmokex. [ xpamoro
PO3YMIHHS CKJIaIHOTO IPOIECY TOPiHHS AOIUIBHO PO3IUIMTH HOTO Ha OKpeMi XapaKTepHi CTafil, 0 MOXYTh CYyTTEBO
BIUIMBATH HA OI[IHKY BOTHECTIHKOCTI KOHCTPYKLUid. Mema cmammi TONSTaE B aHATITUYHOMY BHBYCHHI BIUTUBY
BUCOKMX TEMIIEpaTyp Ha HeCcydy 3AaTHICTh AEPEeB'SHUX KOHCTPYKIIiH, 30KpeMa B YMOBaX IMOXeX. Po3risaarTbes
JNECTPYKTUBHI MPOIIECH, 1110 BiIOYBAIOTHCS B JCPCBUHI ITiJ Yac HArpiBaHHsA, sIKI MPU3BOIATH 10 3HWKCHHS 11 MII{HOCTI
HaBiTh 0e3 BUIMMHUX O3HAK BHUTOpaHHsA. CTAaTTs TaKOX aKIEHTYE yBary Ha HEOOXIAHOCTI MOJAANBIIOT0 TEOPETHYHOTO
BUBYEHHS IMPOLECIB TEIIOMACONIEPEHECeHHSI Ul OIIIHKM BOTHECTIHKOCTI JEpeB'SHUX KOHCTPYKUid. Bucnoeok.
JepeB'ssHI KOHCTPYKINT MalOTh 0araTo mepesar, OJHaK iX BOTHECTIHKICTh 3aJHIIAETHCSA MPOOIEMOI0 Yepe3 CXUIIBHICTh
JIEpeBUHU JI0 3aliMaHHS. BakJIMBOIO 3arpo30i0 € HE TILNBKM BUTOPAHHS, ajie H JEeCTPYyKTHUBHI MPOLECH, SIKI MOXYTb
3HIDKYBATH MIIHICTh KOHCTPYKIIN 0e3 BUANMUX O3HAK 3aiiMaHHsA. CKIaTHICTh MPOIECY TOPIHHS YCKIIAIHIOE PO3POOKY
HAJIHHAX METOJIB OI[IHKM BOTHECTIHKOCTi, TOMY HEOOXiIHI MONAIBIN JOCIiIKEHHS. 3alpOolOHOBaHI MaTeMaTH4YHI
MOJENl MOXXYTh JOIOMOITH Kpamle 3pO3yMiTH WPOIECH TeIIoMacoOOMiHy Ta TOKPAIIUTH METOINM OIlIHKH
BOTHECTIMKOCTI IepeB'THUX KOHCTPYKITiH.

KirouoBi caoBa: 6ydigenvni mamepianu; 6oz2ne3axuche NOKPUMMA, GUCOKA MeMNepamypd, HOHCEHCHA
Hebe3neKa; 2opiHHs Mamepiaie; 20proyicmb Mamepiaiis;, Oyo0ieeibHi KOHCMPYKYIL
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Abstract. Problem statement Wooden structures are widely used in construction both in Ukraine and globally.
They offer numerous advantages over other building materials, which is particularly valued in the construction of
residential and public buildings. However, wood is a combustible material, and in the presence of a high-temperature
source, it can sustain burning. Recent scientific studies have increasingly focused on the destructive processes occurring
in wood under the influence of high temperatures, particularly the burnout of surface layers of the structure to a critical
level, which may lead to collapse. However, insufficient attention has been paid to other destructive changes that can
reduce the integrity and load-bearing capacity of wood without visible signs of burning. The complexity and
interdependence of different stages of the wood combustion process make it difficult, and sometimes impossible, to
accurately assess its fire resistance and develop effective methods to improve the fire resistance of wooden structures.
Currently, there are no practical and tested methods for assessing the fire resistance of such structures. Given this, there
is a need for further theoretical research into the processes of heating and burning of wood during fires. To better
understand the complex combustion process, it is advisable to divide it into characteristic stages, which can
significantly influence the assessment of the structure's fire resistance. Purpose of the article to analyze the impact of
high temperatures on the load-bearing capacity of wooden structures, particularly in fire conditions. The article
examines destructive processes occurring in wood during heating, which lead to a reduction in its strength even without
visible signs of burning. The article also emphasizes the need for further theoretical studies of heat and mass transfer
processes to assess the fire resistance of wooden structures. Conclusion. Wooden structures have many advantages, but
their fire resistance remains a challenge due to the combustibility of wood. A significant threat is posed not only by
burning but also by destructive processes that can weaken the structures without visible signs of ignition. The
complexity of the combustion process complicates the development of reliable fire resistance assessment methods, thus
necessitating further research. The proposed mathematical models can help better understand the processes of heat and
mass transfer and improve methods for assessing the fire resistance of wooden structures.

Keywords: building materials; fire-resistant coating; high temperature; fire hazard; burning of materials;
flammability of materials; building structures

IloctanoBka  mpodJjemu.  JlepeB’sstHi  JepeBHHI, IO MOXKE MPHUBECTH JIO BTpATH ii
KOHCTPYKIii  IIMPOKO  3aCTOCOBYIOTBCS B IUIICHOCTI, 3HIDKEHHS HECY4oi 3[JaTHOCTI 0e3
OynmiBHUIITBI B CBiTi Ta Ykpaini. Ilpum mimii  BUAMMHX O3HAK BUTOpPAHHS.

HU3I TO3UTUBHUX SIKOCTEH JICPEBHHU € CKJIaHICTH 1 B3a€EMO3B'SI30K PI3HHUX CTaii
OpraHiyHICTh, KOMMOPTHICTH IO OCOOJMBO  MPOIECY TOPiHHS JACPEBUHHU YCKJIAJIHIOIOTH, a
IIHUTBCS TIPU 3BEACHHI IKHUTIA, MOOYTOBHX 1HOA1 " YHEMOXJIUBIIIOIOTh OIIHKY
3akiaAiB. B Toil e yac JepeBHHA € TOPIOYUM BOTHECTIMKOCTI Ta ITiABUIIEHHS BOTHECTIHKOCTI
MaTepianaom i npu NPUCYTHOCTI  OyZIiBENbHUX JEpeB'SHUX KOHCTPYyKIii. Tomy

BUCOKOTEMIIEPATypHOTO  JDKEpena  37aTHa  JIIsS  JIEPEB'SHUX KOHCTPYKIIH HUHI HeMae
CTiiKO ToOpiTH. B TO# ’Xe Yac B OCTaHHIX  TEPEeBIPEHUX TNPAKTUYHO METOIIB  OIIHKH
HAayKOBHX poOoTax Bce Oiibllle yBark  BOTHECTIMKOCTI.

MPUALISETHCS AECTPYKTUBHUM IIpoLiecaM  sKl VY 3B'a3ky 3 UuM, I OUIBII HOBHOIO
MPOTUKAIOTh B JEPEeBHHI TpU [ii BHUCOKMX  PO3YMIHHA TMPOLECIB, 10 BigOyBaloThcs,
TEMIIepaTyp 3 TOYKH 30py BHUIOpPaHHA  BHHHUKIA HEOOXI1/IHICTh MOJAJIBIIOTO

MONEpPEeIHbOI  IUIOMIMHM  KOHCTPYKLIH 7O  TEOPETUYHOTO BUBYEHHS MNPOTrPIBY 1 TOPIHHSA
KPUTUYHOIO 3HAYEHHSA, [0 MPHU3BOAUTH JO  JEPEBUHU IPU BOTHEBOMY BILUIMBI Ha IMOXKEXKI.
oOpylIeHHsT KOHCTpyKwii. B Toit xe wac  Po3rmsHemo  ckmagHuWii  mporec  TOpiHHSA,
HEJOCTaTHBO YyBaru TMPUAUIAETHCS IHIIUM  YMOBHO pO30MBAalOYM HOro Ha XapaKTepHi
JECTPYKTUBHUM IMpoliecaM, sIKi HPUTIKAIOTh B
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cTanii, fKI MOXYThb CYTTEBO BIUIMHYTH Ha
OIIIHKY BOTHECTIMKOCTI KOHCTPYKIIii.

Meta crarTi ToNsTaE B aHATITHYHOMY
BUBYCHHI BIUIMBY BHUCOKHX TeMIepaTyp Ha
HECyudy 3JaTHICTh JEpEeB'SHUX KOHCTPYKIIIMH,
30KpeMa B yMOBaX IMOXeX. Po3rmsgaroThes
JECTPYKTUBHI IPOLECH, L0 BiIOYBarOThCS B
JIEpPEeBHHI i/ Yac HarpiBaHHs, SIKI MPU3BOISATH
IO 3HIKEHHS 11 MIIHOCTI HaBITH 0€3 BUAUMUX
03HaK BUTOpaHHs. Bci 11l muTaHHS MOTPeOyIOTh
MOJJAJIBIIIOTO TEOPETUIHOTO BHUBUYCHHS
MPOLIECIB TEIJIOMACONEPEHECEHHS ISl OLIIHKU
BOTHECTIMKOCTI JICPEB'THUX KOHCTPYKIIIM.

PesyabTaTé JociiikeHb. Y IepeBHHI,
gKa € KalUIIPHO-TIOPUCTUM TIIOM, CYTTEBY
pojib  Ha TeIJIO- 1 MAacolEepeHoC Hajae
nopucticte 1 BMicT Bosoru. [lopucticts
JICPEBUHU KOJIMBAETHCS Y HIMPOKOMY 1HTEpBai

m -

q; :kz:;LLika’Lik = L1

ki ?

=1,2,..

ne — Cli MOTIK cyOcTaHIii (HAPUKIIA] MOTIK
Terma); X« — TEPMOAMHAMIYHI PYUIiHI CHIH

(rpamieHT TeMmepaTypH TOIIO); Lik — Tax
3BaHl ()eHOMEeHONOTiYHI  KoedimieHTn [8],
. . ..
L, MOB'SI3aHI 3 AI€I0 TMPAMOTo eeKTy Juis
vT
Xt e _?1
a TIepEHECCHHSI PEYOBHHHU:
X, = —Tv[$ ,
e —  XIMIYHMH TIOTEHIia)N, Wi SKAM
pO3yMiIOTH  po0OOTYy, IO  BHUTPAYAETHCSA

30UIBIIEHHST YHCJIa MOJIEKYJ y CHCTeMi Ha

Ot
q, =—L,VT/T —L,TV(u/T),
e Ltu = Lut, 3TiJHO 3 MPHUHIMIIOM

B3Aa€MHOCTI, KOJHM BIUTUB Pi3HUX MOTOKIB OJUH
Ha ojHoro piBHO3HauHWii [3;4]. 3 dopmyn
(2.3.), (2.4.) BugHO, MO TMEPEHECEHHS €HEPril
BU3HAYAETHCS SIK TEIJIOBOI PYIIIHHOI CHIIOIO
NvT
' T

, a M n;ier0 MacooOMIHHOL

= L VT /T = Ly TV /7)),

49

Ta 06arato B YOMY 3aJICXKHUTh BiJl BUAY JCPEBHHU
(s myba — 58 %, mia sutuan g0 73 %).
KimpkicTe  amcopOmiiiHOT Ta  KamiJIspHO-
KOHJIEHCAllIiHOi BOJIOTH, HAsBHICTH IOp Ta
MIKpOITyCTOT ~ iX  Xapakrtep, a  TaKOX
MPUCYTHICTh MOJIIMOJICKYJIIPHUX MPOIIAPKIB Y
CTIHKax  KIITUH  J€PEBHMHM  BU3HAYaIOTh
KaluIsipHi sBUIIA Ta edy3iiiHe NepeHeceHHs
TEIJIa Ta BOJIOTM IPHU BOTHEBOMY BIUIMBI Ha
nepesuny [1; 2].

st omucy B3a€MOIOB'SI3aHUX MPOIECIB
IIEPEHECEHHs TeIla Ta BOJOIM B JIaHUM yac
IIMPOKOTO MOLIMPEHHSI HA0YB METO/I, Ha3BaHUN
TEPMOJIMHAMIKOIO HE3BOPOTHUX IPOLECIB, B
OCHOBI SIKOTO JIEXKaTh MPUHIUIM JIHIHHOCTI Ta

., m,

MIKPOCKOITIYHOT 000POTHOCTI. 3 111704
NPUHIUIIB ~ BUIUIMBAIOTH  ()EHOMEHOJIOTIUH1
criBBigHOIIEHHS [3-6].

JTAHOTO TOTOKY, Lik — 3 edekrom, 110
HaKJIaJIa€.

TepMonMHAMIYHOIO CHJIOI0 TIEPEHECEHHS
eHeprii €:

(2.1)

(2.2)

OJIMHHMIIIO, TIPU CTAJOCTI BCIX 1HIIUX 3MiHHUX.
3BijicH BHpa3u MOTOKIB €Heprii (t i peyoBHHU
Qu HaOyBarOTh BUTJISTY:

(2.3)
(2.4)

CHIH Z_Tv[g), a IepeHEeCeHHs

PCHOBHMHHU BH3HAYAECTLHCA AK IPAMOIO CHIIOIO

Xu , 1 TEII0O0OMIHHOT CHUJIOKO Xt .

[licna neskux mepeTBOpeHb [7] cuctemy
piBHSHB (2.3), (2.4) MOXHA 3amucaTh y BUTIISI
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q, —— A VT — A4,5TV O, (2.5)

q, = —ANVNEO — A4, SNT , (2.6)
ne VO =V~ rpagiear i3orepmiuHoro  Temmepatrypy i  Di3HHHl  TCIUIOMICTOK.
xiMiusoro morenmiany; ¢, =, — I, - AHanorqua‘ KapTMHA Mae€  Miclue HpHu

. . MIEpPEHECeHH] BOJIOTH

notik rtemwra; |, ,— M[HTOMa CHTAJIbIIs Ha mepmomy erami — mporpisamms Ta
cucremu; A i A, -~ xoedimienTn cymiHHfI JICpEBUHA MaTEMaTHYHUI OIHC X
. . o . MIPOLIECiB 3aCHOBAaHUH Ha cucremi
TETJI0-1 Maco(BOJIOTO)IIPOBIAHOCTI BiJIIOBIIHO; TudbepenmiaTLHEIX piBHSHD TeILIOMACO-
Koe(ilieHT S5 — 1 ha o xapaktepuszye  nepeHecenHs [3; 4]. Ilpu mepenoci Temnotu
T L, JOKaJIbHA MOX1JHA BiJ 00'éeMHOI KOHIEHTparii
HOTIK PpEYOBMHM, BHUKIMKAHMI TPaJi€HTOM  C€HTAJbIIi 32 4acoM JOPIBHIOE IMBEPIEHTHOCTI

TeMnepaTypH.3 BUKJIAACHOI'O BHIIC BHUIIIIMBAE,

HIIJIBHOCTI MMOTOKY €HTaJbIIli, M0 MepeaacThCs

[0 TeMIEpaTypa € MOTEHI[IaloM IIEPEHECeHHss 33  PaXyHOK  TEIUIONPOBIZHOCTI abo
Teruia. J[Ba Tio, 0 3HAXOAATLCS B KOHTAaKTi, B AMQY31HHOro Ta MOJAPHOIO pyXy:
CTaHI TEIUIOBOi PIBHOBaru MarOTh OJHAKOBY
dT . .
CpO - dZV( A’VT) -+ Z ql' — Z (qi()uqb -+ qi Mot )CIVT
dz 7 : @.7)
: :
ne C=C,+ > CU — HaBeseHa nmroma  IPABOPYY — JDKEPEINIO TEIUIA; TPETiH JOIaHOK —
i

TEIUIOEMHICTh TiJa; — IIUIBHICTH Tija;

Ao

A — TEIUIONPOBIMHICTh TiNA;, (i — MIUIBHICTH

! !
BHYTPIIIHIX JDKEPET TEIUIOTH, Gioug>Dion
nudys3iiHe Ta KOHBEKTHBHE II€PEHECEHHS
cyOcTaHIlii  BIAMOBIAHO, Jpyre  JOJaHOK

T

Ie T — 4Yac, U — KOHIIEHTpallis BOJOTH, d' —
koedimienr mudysii, a’'o KoeiIieHT
tepmonudysii, T — Temmneparypa Tina.

Jlxepeno Teria B piBHsAHHI (2.7) 3a3BUYait
BUPXAIOTh  4epe3  Kputepiii  ¢a3oBoro
nepexoay € [8-9], mo € BiIHOUICHHIM

o

c,o = _ div( AV T )+ oar. . div(a’™vVu + a’'sVT ).

P

e rp — Teruora (a3oBOro mepexomy, € —
KOe(DIIi€EHT CTHCIUBOCTI.

= div(a’'po,Vu +a’'sp,VT) .

KOHBEKTHUBHUI YJICH.

PiBHSIHHS MOTOKY Macu ISl KOJIOiTHOTO
KamIspHOTO TiNa, SKUM € JEepeBHHA, 3
ypaxyBaHHSIM TOTO, IO CyMa JIKEpesl BOJIOTH
> qi' — (, Mae€ BUIIIAA!

1

(2.8)

KUJIBKOCTI BOJIOT, 110 nepeHocuThest. Kpim Toro,
KOHBEKTMBHMHM WIEH Yy Ipolecax TeIIOoBOl

00poOKHu HEBEIUKUI MOPIBHSHO 3
KOHAYKTUBHHM,  TOMY  piBHAHHA  (2.7)
CTIIPOCTUTHCS:

(2.9)

3a HasBHOCTI TPa/Ii€HTa 3arajbHOTO THUCKY
HaBeJCHAa CHCTEMa pIBHAHb JIOTIOBHIOETHCS

PIBHSHHSAM BU3HAYCHHS THCKY P:
ar R, T =y P or
= = I:V(K VP)+ £ —] 4+ ==

> I7 7 P c 7 (2.10)
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@ _ , 2. Ilpomecu, y SIKMX € BHpPaKEHUH pPyx

A n, = m — TIOpHCTICTE  MATCPIaly,  yexi dasoBux TepeTBOpeHb (BHIIAPOBYBAHHS)
" BCEpE/IMHI TiIa.

£, _ JDKepeno BOJOTH, @ — Jlo mepioi rpynu HajlexKaTh JBa OCHOBHI

T BUMAAKW (YMCTE HarpiBaHHS): HarpiBaHHS

. . . o 0
KOHIIEHTpAIliT Tapu BcepeauHi warepiamxy; ~ CHPOl  ICPEBHMHM 34 .tO < 0 ' C _663
* BUTIAPOBYBAHHS BOJIOTH 1 MPHU CYIIHHI ITiCIsA

AL — MOJeKylsiapHa wmaca mnapuy, R - .

‘ “ MOMEepPEHHOr0  MPOTrPiBY, KOJIH MPAKTUIHO
yH1BEpCabHA rasoBa NOCTIHHA;  craGigeHe mOJE  TEMIEpATypH, a  IpH
K, =K /77 — KOC]IIIEHT MOIAPHOTO  parpiBaHHi — I10JE BOIOTOCTI.
nepeHeceHHs; K — KoedilieHT IPOHUKHOCTI; 77 Y npyriii rpyni MOXXHAa BUIUIATH JBa
—  koedimienT B'3kocTi. Y  HaBemenmx ~ OCHOBHI BHITQJIKM: IPOTPIBAHHS ICPEBUHHU 32
PIBHSHHSX nepenoadaeTbCs pimicts 0 < 0° C Ges sumapoBysamus BoIOIH,

TEMIIEPaTypH TBEPAOTO CKeleTa AepeBuHH Ta  BUCOKOTEMICDATYPHUM — TIpOLCC  CYMIHHSL.
pinuna). Take mpumyiieHHs MOKe mpu3Bectn Y TBOPCHHS JABOX 30H IIO IEPEPI3y, MEXa MDK

10 HOMITHHX HOXHGOK nmpu  AKEMH PyXOMa, a more MOTEHIIIATIB Yy 30HAaX
BHUCOKOIHTEHCUBHHX npouecax TEIIOBOT (T'eMnepaTypa, BOJIOTICTB) PO3BHUBAIOTRCA 38
00pobku. I Tyr MoXkHa BHKOpHCTOByBaTHM  PISHHMH — 3aKOHAMH Ta 3MIHIOIOTBCS
CKJIQ/HINI  JIBOTEMIEpaTypHI  IOCTaHOBKHU CTPH6K0H9H16H0- .

3aBlaHb  TEIUIONEPEHOCY  3alpONOHOBaHI AHai3 MareMaTHIHuX opmyroBaHb BCiX
A. B. JlukoBum Ta A. K. O6umiBiaum [1; 3; 8]. HHX MPOLECIB NIOKa3ye, MO UL OIIUCY 3aBJaHb

Metoau po3paxyHKy mpoiieciB TemioBoro — HPOrpiBy Ta CYyIIIHHA 1O MOMCHTY 3aHMaHHA
BIUIMBY HA JEpeBHHY X0 3aiiMaHHs MOHa  ACPEBHHH MOXHA BBECTH Take (OpMyIOBAHHS

3BECTH 1O JBOX TIPYI, YCepeaMHi SKHX HECTaIlllOHAPHOTO KpaioBOTO 3aBJIAHHS

PO3PaXyYHKOBY CXeMy YHI(IKOBaHO: TETIOMACOTIEPEHECEHHS (11 OHOBUMIPHOTO
1. Ipomecw, y sxkux Hemae Qa3oBux 3@ MPOCTOPOM l?aplaffTa)-

IIEpETBOPEHB qu NIEpETBOPEHHSA HE AubepeHiianbHi piBHIHHS:

CYMPOBOJIKYIOThCS MEPEMIIICHHSM X MEXKI.

C(t,z', X)p(t, T, X)% = ,u(x)g i(t, T, X)%V(X) +er.,.po, % + Z(t, 7, X)% ) (2.11)

M _ 0 a(u,r,x) Mt s, 7, )2 ol (212)
or X X X
J€ ¢ — TMUTOMA TEMUIOEMHICTh, O — WIIBHICTh,  LMIIHAPUYHMX BHpOOIB 3  jepeBa (IpH
t — Temmneparypa, A — TEIUIONPOBLAHICTB, & — U (X) =1/» i V(X) =1/X). Pipusiaas (2.11.)
Kkputepiii QasoBoro nepexony, I, —rTemora  pxmouae B cebe Kepeno Temaa y BUIISII
¢dazoBoro mepexomy, Lo — MIUIBHICTH cyxoi  BOJIOTH, 11O migsirae - GpazoBoMy mepexoxy

JIGPEBHHH, BOJOTOIPOBIAHICTh, U — BelnupHa  BCCPEIHMHI 30H (Ipyre MOMAHOK y Mpasiif
YacTWHI), a TaKOXX KOHBCKTHBHHU YJICH,

3MATHUWA  BpaxyBaTW TMEPEHECEHHs  TeIia
BOJIOTO10, IO PyXa€ThCs (TpeTi AOAAHOK Yy
MpaBiii 4YacTWHi), a pIBHIHHSI — 4ICH, IO
BpPaxoBy€ TEPMOBOJIOTOMPOBIIHICTE (IpYTHit
JOJITAHOK Y TIPaBiil YaCTHHI).

BMICTy BOJIOTH, IU(X),V(X) — KkoedinieHTH
dbopmu. PiBasuaus (2.11.) ta (2.12.) ineHTHYHI
JUIs1 30BHIIIHBOT Ta BHYTPILIHBOT 30H 3 PI3HUMHU
TerI0(13MIHUMHA napamMeTpamu. Bonnu
yHIBepCallbHi 1 MpUIATHI K IS TUIOCKUX (IIpU

y(X):l i V(X)Zl), Tak 1  jaud

[ToyaTKkOBi yMOBHU:
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t(x,0)=to(x), u(x,0)=uo(x) (2.13)
JIOMYyCKalOTh PO3MOALIT TeMIepaTypu 1 BMICTY I'pannuni ymoBH (HE CHUMETpHUYHI) Ha
BOJIOTH Y BUTJISINL OYIb-KHX 33/1aHUX QYHKIIH.  TOBEPXHSX:

IO TeTLIy:
ot

al[tcl(z-) —1 x:O]_ /’i’ (t y Ty X)ax x—=0 — O ) (214)
ne 3 OOKy BOTHHUIIA TIOXKEXKI BBaXKAEMO (Ocranns 3aJIeKHICTh Onucye
BIJJOMUMU: TEMIIEpaTypPHO-YaCOBUN PEXHUM CTaHIAPTHOTO

TEMIIEpATypy BOTHHINA MOXKEXi te1(t) = to  TEMIOBOro BIUIMBY IIiJi 4ac BHUIPOOyBaHb Ha
+345lg(8r +1)>to mpu 1> 0 BOTHECTIMKICT —  PEXUM  «CTaHAAPTHOI

noxexi» [9]);
CyMapHHI KoedillieHT TEIIOB11ayi:

= (f){[tfég)T - [tlT(o)”

ne — KoedilieHT TeIUIOBiJAadl 3a PaxXyHOK  JIEPEB'STHOTO MaTepiamxy, 10 OOIrpiBalOThCS»
KOHBEHIlIi; C, — BUIIPOMiHIOBajIbHA 3J1aTHicTh  Ha iHmil noBepxXHI Majgalwyoro Mmarepiary
abCONIOTHO HYOPHOTO Tila; & — HaBegeHHWil  DCAIIZYIOTBCS yMOBHU KOHBCKTHBHOI'O
KOC(QII[IEHT  TEIUIOBOTO  BUIPOMIHIOBAHHS TCINIOOOMIHY i3 CEpelOBHINEM, IIO Ma€
CHCTEMH «Ipilove CepeloBHING — mMOBepxHi ~ 3BUYAIHY TeMmeparypy:
ot
a,lt, 1, ]-2 (t ,T,X)ﬁ— =0, (2.15)

3a BOJIOTOXO 3a1a€MO IIIJIbHICTh IOTOKIB BOJIOTH:

' : ou
- v Ty o\ T L o = 0 , |
ql(T x=0 al(ul 4 X)p (T X) AX (2.16)
q'(r)1 vary (U, 7.y, 2 =0 o1
2 x=I 2 1 0 ) 0’")( x=I

Ha MeXi ()a30BOT0 MEPEXOIY:

t,(x,7)=t.(x) = t.n = const; (2.18)

ul(;g’ T) = U3 (/’L/’ T) = u.. = const; (2.19)
. d.] . ﬁ

(2.20)

= [a'z (u,,z,x) i’J}(z +a,(u,,7,%x)5,(u,z, x)%}

X=yx
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(1= 8)a1(2) = (1— 2)q.(2)]

o o :
= (.7 x) S|~ ) S

3 piBHsaHb (2.18), (2.19) BumiuBae, 1o
¢a3zoBi  mepexoaM  BiAOyBalOThCS — NpHU
MOCTIHHIX 3HAYCHHIX IIOTEHIIAIIB
(TemmepaTypi Ta BojoroBmicti). PiBHSHHS
(2.20)—(2.21) XapaKTepu3yloTh  PIBHICTh
MOTOKIB ~ Terila Ta BOJOTM HAa  Mexi
X = y(z). llpu upoMy OCTaHHS yMOBa

BKJIFOYA€ MOTOKHM BOJIOTH 1 KpuTepii (azoBoro

X=x)

(2.21)

3arajlbHOMY BHIIaJKy MOXe OyTH BUpilleHa
JMILE YUCEIBHUMU METOJAaMH, HaAIPUKIA[
METOJIOM KIHIIEBUX PI3HUIb, 3 JOIOMOIOI0
HESIBHOI MHTErpO-UHTEPIOJALINHOT cxemu. 3 ii
JIOTIOMOT'O0 MO>KHA IPOMOJEIIIOBATH MPOLIECH,
0 HepeAyloTh 3aliMaHHIO Ta TOPIHHIO
JIEPEBUHU: HarpiBaHHSA Ta
BUCOKOTEMIIEPATYPHOrO0 CYLIIHHA JEPEBHHH.
Termno¢i3nuHi mapameTpu MpU MPOrpiBaHHI Ta

Nepexory B HUX & i . Cucrema piBHsinb (2.11)  CYLIIHHI BU3HAYalOTBCA 3a TaKuMu
— (2.21), y 3B'E3ky 3 HexmiHiMHICTIO, Y sanexHoCTAMA [5; 9):
aoHC
. cp[ﬂ—aj, c, = 3,5t +3200—2,18-10% x (130 = 100u)>*",
MUTOMA TEIUIOEMHICTD — Ke-<epa
Ke
- U—-—;
PO3MIPHICTb — Ke
Bm
A 0
TEerIonpoBianicTy — M P4

0 00222u f+ 100,2951g100u—1,022
- {(0,001 312 + 0,0009)z + 1Q0:2951e10041.022

KoeiIieHT BOJIOTOTIPOBITHOCTI -
2
M , _ -
s [ j’ a, = 109.3615(t+273) 22,6 10710 _
c
UL COCHHM, KOE(IIIEHT  KOHBEKTHBHOTO

1 %

ecnu 0,05<u<1,0

eciulO<u<1,3 ’

TEMI000MiHY B

(o)
P > epao

peXumi  CyHIiHHA — —

o, = 8,35(0,00625t,_ + 21)[

M
& ., c .

KOE(IIIEHT BOJIOTO0OMIHY —

A gy = [0,527(tC + 10)

x[( sv+3,5) —(0,0017v + 0.0116) - (cp—45)2]1o

Jic pIBHOBaXKHA BOJIOTICTh

2.06 4

0,8
. |70,2 -
0,0083t, +1,37 ’

-10 + 0,04] <

—7

Wp (%), Wp =10,69(0,0327 —0,00015t)-100,

o (35).

ne ¢ —wuacTku on.; MIBHICTS:
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r = pﬁ(l +u)9
(1+u)-(100 - K, -30)
100+ K, - 100u

p:

P =P s

ecau u > 0,3

,ecruu < 0,3

MONpaBKa Ha MIIIBHICTH 010 TETUIOPOBIAHOCTI A —

1
 1,864—0,00175p 5

Ky

Tyt ps — 06a3oBa IIIBHICTH JEPEBUHMU.
[pouecu Harpisauus aepesunu mpu to > 0°C
0e3 BHIIAPOBYBAaHHA BOJIOTWM J00pe BHBYEHI,

TOMY 3YNHHHUMOCS Ha JESKHUX  CTajaisIx
HarpiBaHHs JE€pEBUHH.
Jlo  1OCATHEHHA  BOJIOTOI  JEPEBUHHU

TEeMIIepaTypyu KHUIIIHHS PIAUHUA BigOyBaeThCs
3BUYalHUN POTPIB 1 CYIIIHHS.

[Ipu  nocarHeHHI BOJOroi  JEpEeBUHU
TEMIEpAaTypd pIBHOI TeMIepaTrypi KUIIHHS
Boqu (mpu P = 0,1 MIa, tem = 100° C)
BUTIAPOBYBAHHS BUTBHOI BOJIOTH MEPEXOIUTH Y
KUITIHHSL. ITounnaeTbcs TaK 3BaHUN
BHCOKOTEMIIEPATypPHUH nporiec, 10
CYIIPOBOJIKYETBCS CTa01II3allEl0 TeMIIepaTypu
JepeBUHH Ha piBHI { 2 txun 1 MONEKYJISAPHUM
MEPEHECEHHsAM  BOJIOTO iz BILUIMBOM
BHYTPIIIHBOTO HaJITUIITKOBOTO THUCKY,
CTBOPIOBAaHOI'O TUIbKM Mapor. Taka KapTHHA
CTIOCTEPITa€ThCS Y 3B'SI3KY 3 THM, HIO KHITIHHS
BiIOyBa€ThCA TMPU TEeMIIepaTypi, MpH SAKii
NPYXHICTh TapiB PIAMHMA JOPIBHIOE THCKY
HaBKOJIMIIHBOTO MPOCTOPY, 10 MPU3BOIUTH 10

BUTICHEHHS MOBITPSA, a craburizaris
TEMIIEPATypPH  MOSCHIOETHCS  HEMOJKIIMBICTIO
1 ABUIIUTH TeMIepaTypy ¢asmu, 110
BUIIAPOBYETHCS BHILIE TEMIIEpaTypu

MapOYTBOPEHHSI JI0 MOMEHTY TIepETBOPEHHS
Bciel kuruisvoi piguan B mapy. [Iporec
KHITIHHS BiZOYBa€THCS HE TIO BCHOMY TEpepizy
OJIHOYACHO, a Ha MexXi, fKa BHACIIIOK
aHI30TPOIIT MOXKE MaTu NeBHY TOBIIUHY. ITicis
nepioly BUKUIIAHHS BUIBHOT BOJIOTH IO BCHOMY
nepepizy BcTaHOBIMIOEThCS BOJOTICTE W < Wirn,
— BOJIOTOCTI MEXI HACHYEHHS KIITHHHUX
CTIHOK, 1 pyX BOJIOTH TyT BU3HAYAE€ThCS TUMHU K
(akTopamu, 110 i P HU3BKOTEMIIEPATYPHOMY
MpoLIec, alle MPOTiKae 3 OUIBIIO MBUIKICTIO.
Ha ocHOBI mpoBeneHUX aHATITHYHUX
JOCTII)KeHb KOPOTKO PO3TJISTHEMO BILTUB CTali
MIPOrpiBY Ta BUCYILIYBaHHS IEPEBUHU Yy IIPOLEC]

TOpIHHS Ha MOXJIMBI 3MIHHM BOTHECTIHKOCTI
JIepeB'THUX KOHCTPYKLIH.

[Ipu BucokoTeMIiepaTypHOMy HarpiBaHHi B
PeKUMI CTaHAAPTHOI Mmoskexi, Kouu fei(t) = to
+345Ig(8z +1)> to  nmpu t > 0,

BIIOYBA€ThCS YTBOPEHHSI JIBOX 30H MNEPETHUHY
KoHCTpykuii. KopaoH MK UMM 30HaMH
PYXJIMBUI 1 BH3HAYA€ThCS  BIANOBIIHUMU
YMOBaMH PO3BUTKY Iporecy (piBHAHHS (2.18)—

(2.21). 3oHM, 1O yTBOPIOKWOTHCA  IpHU
BUCYLIYBaHHI Ta HarpiBaHHi,
XapaKTePU3YIOThCSA pi3HUM nepedirom

MIPOLIECIB TEIIOMACOOOMIHY .
VY nepeBuHi A0 TpOIECy BHUCYIIYBaHHS y

mpoleci TOpiHHS BOJIOTICTh  BH3HAYAETHCS
MEXE HACHUYEHHS CTIHOK KINTHH — WILH.
[Ipn 1mocsiTHEHHI JEpeBUHU TeMIepaTypu

kumiaHas Boau (mpu P = 0,1 MIa, twn = 100 °C)
BUIIAPOBYBAHHS BIJIbHOI BOJIOTU MEPEXOJUTH Y
kumiHH. [IpyXHICTH mMapiB piIuHU JlOCsTa€e
TUCKY  HAaBKOJMIIHBOIO  IIPOCTOPY, IO
MPU3BOAUTh JIO BUTICHEHHS TOBITpA Ta

C e >t
crabimizarii Temneparypu t=— “xun . [lomanblie

MiIBUIIEHHS  TeMmrepatypu  (a3u, 1o
BUTIAPOBYETHCS BUIIIC TEMIIEPATypH
NapOYTBOPEHHS HEMOXIUBE O MOMEHTY

NEPEeTBOPEHHS BCI€l KUIUIAYOI PITUHH B Tap.
[Ticns mepiogy BUKUNAHHS BUIBHOI BOJIOTH TI0

BChOMY TIepepidy 30HH  BCTAHOBIIOETHCS
Bosorictb W < W
Takum YUHOM, cuctemMa  piBHSHB

MEPEHECeHHsT TeIlla Ta BOJIOTH Yy MPUBATHUX
MTOX1THUX (2.11)—(2.12) 3 BiJIOMUMH
MMOYATKOBHMHU PO3MOAIIAMH TEMIIEpaTypu Ta
Bosorocti  (2.13)«(2.14) nmpu  3amaHux
TPaHUYHUX TEIUIOBHX YMOBaX CTaHIApTHOI
noxkexi (2.14)~( 2.15) Ta BomoroodbMminy
(2.16)—(2.17) Ta 3 ypaxyBaHHSM 30H 3 Pi3HUMHU
GI3MYHMMH ~ BJACTUBOCTAMHU TIpu  (a30BHX
nepexoax, MeKa KX BU3HAYAETHCS YMOBAMHU
(2.18)—(2.21), JIO3BOJISIE MOBHICTIO
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po3paxyBaTH TIOJII TEMIEpaTyp Ta BOJOTOCTI  JOCHIDKCHHS,  OypXJIMBE  BUKUIAHHA 1
710 MOMEHTY 3aiiMaHHS I€PEBUHHU. NapoyTBOPEHHSI MOKE MPHU3BECTU HE TIIBKHU J10

AHaIITUYHI JOCHIIHKEHHS IIOKa3alaH, IO OcIabJIeHHsI CTIHOK KIIITHH JCPEeBHHH, aje U
mpu [ii TemmepaTypd Ha JEpeBHHY J0 i  MOXKE MPHU3BECTH HAaBITh A0 iX YaCTKOBOTO
3aiiMaHHA B IPOIIeC] IOYATKOBOI CTail MOKeX1  pyHHyBaHHS. SIK MOKaszaau JOCIIKEHHS Take
MOXKE€  TOHIKAaTH  MEXY  BOTHECTIHKOCTI  sIBHINE 37aTHE 3MIHUTH MEXYy MIIIHOCTI 10
KOHCTPYKIIIH. 10 % wHaBiTh HE OOBYIJICHOI, a TIIbKH
«MmicylIeHol» naepeBuHU. Taky aepeBuHY Ha

BucHoBku . . . .
BiIMiHY BiJ] OOBYIJIEHOT HAa3BEMO «CBIXKOIO»
OpHuM 13 KpUTEpIiB MEKI BOTHECTIMKOCTI  epeBHHOIO. Ha OCHOBI IPOBEEHNX
KOHCTPYKIIA € BTpara abo 3MiHa HECY4oi  jocmijkeHb BUHMKAE HEOOXiAHICTBH IIPH OIiHII
3natHOCTI. CyTHICTh OIIHKM BOTHECTIHKOCTI BOTHECTINKOCTI a0o MiaBUILIEHH]
JIepeB'THUX KOHCTPYKII1H noJisirae Y  BorHectiiikocti  OyaiBeTbHHMX  JIEPEB'SHUX

BU3HAQYCHH1I 4YacCy TOp1HHA, INCIA  SAKOTrO KOHCTPYKI_[iﬁ BU3HAYaTU 3M1Hy MILHOCTI
HEePETUH  KOHCTPYKIii  3MEHHIyeTbCA  JIO

KPUTHYHOTO 3HA4YEHHs. BHACIiZOK 3MEHIICHHS
nepepizy Hampyra 30UIBIIYEThCS 1  TpH
JOCSATHEHHI ~ MEXi MIIHOCTI  KOHCTPYKIs
pyrinyetbes. OnHaK, SK MOKa3aJld aHATITHYHI
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Anoranis. Ilocmanoéka npoonemu. BUKUIM BiJl aBTOTPAHCIIOPTY CTBOPIOIOTh 3HAYHI 30HH XIMIYHOTO
3a0pyaHeHHS TOBITpss Oinmst aBromopir. IloGmm3y aBTOMOOUTPHHX IOpIT YacTO pPO3TAIIOBYIOTHECS TOPTIBENBHI
nmaBuIbOHK. Take po3TamryBaHHS JIOAEH NPOTATOM PoOOYOro mHS Oifs MaricTpalli CTBOPIOE PH3HK 3aXBOPIOBAHHS
mpaniBHUKIB. ToOMy BaXXJIMBO 3HU3UTH IHTEHCUBHICTH 3a0pymHEHHsS NOBITpA. HalmpoctimmM i HalieeKTHBHIIINM
CIOCOOOM 3aXHCTY BiJ 3a0pyHEHHS aTMOC(EPHOr0 MOBITPs MO0IKM3Y aBTOMOOUIBHHX JIOPIT € BUKOPUCTaHHS 0ap’epiB.
Jnst oOrpyHTYBaHHSI mapameTpiB 3aXMCHOro Oap’epy MOTPIOHO MaTH Clieliani3oBaHi MaTeMaTH4Hi moneni. Mema
pobomu. Po3pobKka 4HCENbHUX MOIECNIEH I PO3PaxyHKY PiBHS 3a0pyAHEHHs pOOOYHX 30H OIS aBTOMOPIr 3 METOIO
BU3HAUCHHS1 €(EKTUBHOCTI BUKOPHMCTAHHS 3aXMCHHUX Oap’epiB Uil 3HIDKEHHS PU3UKY 3aXBOPIOBaHb y MpAI[iBHUKIB.
Memoouka. [lnsi MaTeMaTHYHOTO MOZEJIIOBAHHS TIOIIMPEHHS JOMIIIKM TP HAsBHOCTI 3aXUCHUX Oap’epiB
BHUKOPHCTOBYIOTHCS IBOBUMIpHI PIBHSIHHS aepoIMHaMIKU Ta MacorepeHocy. Po3pobieHa urcenbsHa MOJENb JT03BOJISIE
BpaxyBaTH Npo(diTh MIBUAKOCTI MOBITPSHOTO IIOTOKY, aTMochepHy audysito, IHTEHCHBHICTH eMicii JOMIIIKH,
IIBUIKICTH TPaBITAIHHOTO OCA/HKCHHS MOMIIIKA B TOBITpi. J[Js YHCENBPHOTO IHTETPYBAaHHS MOJCTIOIOYUX PIBHSIHB
aepoJMHAMIKH Ta MAacOIepPEeHOCY BHKOPHCTOBYIOTHCS KIHIIEBO-pi3HMIEBI cxemu posiersenns. Haykoea nosusna.
3amponoHoBaHa e(pEeKTHBHA YUCETbHA MOJEINb, IO J03BOJSE BU3HAYATH IOJIe KOHIICHTpALii HeOe3meuyHoi pedOBUHHI
Oins aBTOTpacH. Mozenb JO3BOIISIE aHANI3yBaTH 30HW 3a0pyTHECHHS IOBITPS 3 YpaxyBaHHSIM BIUTUBY 3aXHCHOTO
Oap’epy, 10 po3TarioBaHuii OuIs aBTOmOpord. Ha 0a3i maHuX mpo pO3MOALT KOHIECHTpAIll HeOC3MeUHOI PeYOBUHU
BU3HAYACTHCA PU3UK IOSABHU 3aXBOPIOBAHb Yy JIFOJWHHU, ITIO 3HAXOJUTHCA B 30Hi BIINIUBY BI/IKI/I}IiB Bi}l ABTOTPAHCIIOPTY.
Ipaxkmuuna 3nauywicme. [100y10oBaHa MoaeIb MOXKE OyTH BUKOPHUCTAHA /IS €KCIIPEC MPOTHO3Y PIBHS HEOE3MEeKH IIst
MpaliBHUKIB, Yusi poOOYa 30HA PO3TAIIOBYETHCS OIS aBTONOPOTW. Buchnoexu. 3niificHeHa TporpamHa peaizamis
pO3pobieHol YMCeNbHOI MOJENi, NMPOBENeHUH OOYUCIIOBAaJIbHUI EKCIIEPUMEHT, L0 NPOLTIOCTPYBaB e(EeKTHBHICTh
BUKOPHCTaHHS pO3pPOOJICHOT YNCEeTBHOT MOJIEN IS PIlICHHS IPUKJIAIHUX 3a/a4.

KawouoBi caoBa: mamemamuune moldemosanus;, 3axucHuii 6ap'ep;, 6uUKuou asmo; pusuK 3ax60pI06aHb,
3a06pyOHeHHs Nosimps

RESEARCH OF THE INFLUENCE OF PROTECTIVE BARRIERS
ON REDUCING THE RISK OF ILLNESSES IN WORKERS
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Abstract. Problem statement. Emissions from motor vehicles create significant areas of chemical air pollution
near highways. Shopping malls are often located near highways. This arrangement of people during the working day
near the highway creates a risk of workers becoming ill. Therefore, it is important to reduce the intensity of air
pollution. The simplest and most effective way to protect against atmospheric air pollution near highways is to use
barriers. To substantiate the parameters of the protective barrier, you need to have specialized mathematical models.
The purpose of the article. Development of numerical models to calculate the level of contamination of work areas near
highways in order to determine the effectiveness of using protective barriers to reduce the risk of diseases in workers.
Methodology. For mathematical modeling of impurity propagation in the presence of protective barriers, two-
dimensional equations of aerodynamics and mass transfer are used. The developed numerical model allows taking into
account the air flow velocity profile, atmospheric diffusion, impurity emission intensity, and the rate of gravitational
deposition of the impurity in the air. Finite-difference splitting schemes are used for numerical integration of the
modeling equations of aerodynamics and mass transfer. Scientific novelty. An effective numerical model is proposed
that allows determining the field of concentration of a hazardous substance near a highway. The model allows analyzing
air pollution zones taking into account the influence of a protective barrier located near the highway. Based on the data
on the distribution of the concentration of a hazardous substance, the risk of developing diseases in a person located in
the zone of influence of vehicle emissions is determined. Practical significance. The constructed model can be used to
quickly predict the level of danger for workers whose work area is located near the road. Conclusions. A software
implementation of the developed numerical model was carried out, and a computational experiment was conducted,
which illustrated the effectiveness of using the developed numerical model for solving applied problems.

Keywords: mathematical modeling; protective barrier; car emissions; disease risk; air pollution

IlocTanoBKa l'lpOﬁ.]'IeMI/I. BiI[OMO, 1o BUKOPUCTOBYIOTHCA GKCHCpI/IMeHTaHLHi METOIH

IHTEHCUBHE 3a0pyIHEHHS noBitps  (puc. 2, 3). Ane BUKOPHCTaHHS TaKHX METOJIB
BiIOYBA€ThCsA MOOJIM3Y aBTOMOOUIBHUX JOPIT.  JOCHIJKEHHS € TPYIAOMICTKUM 1 JJOPOTHM.
Bukuau aBToOMOOUIIB MICTATh 3Ha4YHY KUIBKICTB ! o

HIIKIATUBUX ~ PEYOBHMH, HeOe3meuHux s
3n0poB's. [1o6au3y aBTOMOOUIBHUX JOPIT 4acTO
PO3TaIIOBYIOTbCS  TOPTOBENbHI  MaBUIbHOHU.
Take  posramryBaHHS  JIFOJEH  MPOTATOM
poGoyoro aHs 61 MaricTpaii CTBOPIOE PU3UK
3aXBOpPIOBaHHS MpaliBHUKIB. ToMy Ba)XJIMBO
3HU3UTH IHTEHCHBHICTH 3a0pYIHEHHS MOBITPA.
HaiinpocTimmm 1 HallepeKTUBHITITUM CITOCOOOM
3aXMCTy BiJl 3a0pyIHEHHS aTMOC(epHOro
MOBITPST TMOOJIM3Yy aBTOMOOUTPHUX JOpIT € Puc. 1. 3axucnuit 6ap ’ep 6ins asmompacu [2]
BUKOpUCTaHHs Oap’epiB (puc. 1) [1-5; 7]. dus

OIIHKK  e(peKTUBHOCTI  Oap’epiB  IMIUPOKO
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Puc. 2. Pozmawysanusi mooeni 3axucuux oap ’epis 6
aabopamopii [2]

P——

Puc. 3. ExcnepumenmanbHe 00CiONCEHHS 30H
3a6pyOHeHHs 3 suKopucmanusam oap epy T-gpopmu:
1 — micye emicii CO; 2 — obracmub 3a6pyonenus nio

niacmuHor, 3 — obaacme 3a6pyOHeHHs
Hao naacmunoio [3]

st MIPAKTHKH BKJTHBO MaTu
OOYMCIIIOBAJIBHI ~ METOAM, SKi  JI03BOJISIIOTh
IIBUJIKO BU3HAYUTH €()EKTHUBHICTh Oap’epiB st
KOHKpeTHHX yMOB. Jl0o Takux MeTOAdiB
HajexaTh, cepen iHmMX, mojaenb l[ayca [2],
pizui CFD mogeni (puc. 4) [2; 4].

Puc. 4. CFD modenoeanns 30Hu 3a0pyOHeHH s
o6ins 6ap’epy [2]

Jis  MpakTMKM TaKoX BaXIUBO MaTu
IIBUIKI OOYHCIIOBAJIBLHI MOJIENl IUIS OLIHKHU
e(eKTUBHOCTI Oap’epiB A1 KOHKPETHUX YMOB.
Hwxue posrasimaetsest Taka moaens CFD nmns
aHalizy IHTEHCUBHOCTI 30H 3a0pyIHEHHS
no0m3y aBTOMAricTpaii Ta OLIIHKH
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e(eKTUBHOCTI BUKOpPUCTaHHs Oap’epiB pi3HOT
dopMu  [Isi  3MEHIICHHS  1HTEHCHBHOCTI.
3a0pyIHEHHS TOBITPs OIS MaBIIBIOHIB.

Mera crarTi po3po0Ka YHCETbHUX
MojieNiel U1l po3paxyHKy piBHS 3a0pyIHEHHS
pobounx 30H OIS aBTONOPIT 3 METOI
BU3HAUEHHS  €(QEKTUBHOCTI  BUKOPUCTAHHS
3aXUCHUX Oap’epiB JUIsl 3HWKEHHS pPU3HKY
3aXBOPIOBaHb Y MPAIiBHUKIB.

Metoauka. VY 1iid cTaTTi po3rIsAAIOCs
3a0pynuenHs CO Oins goporu 3 6ap’epom. Jlist
PO3paxyHKyY 30H 3a0pyAHEHHS TOBITPsI (BUKUIN

NOPOAYKTIB  3TOPSHHS)  BHKOPUCTOBYBAIHU
piBHSHHS Macoriepenocy [3; 5; 6]:
oC ouC ovC 0 ( 6Cj 0 oC
— = Uy |t | My — |+
ot ox oy ox\ ox) oyl oy 1)

+Qi5(x_xi)5(y_yi)a

ne C — xonmentpanis CO B moBiTpi, u, v —
CKJIQJIOBI BEKTOpa LIBUAKOCTI BITPY, Xi, Yi —
JICKapTOBl KOOPJIMHATU JpKepena BUKUIIB, t —
yac, lx, My — KOepiuieHTH TypOyJeHTHOI
mudysii B atmocdepi, 6 (Xi, Yi) — menbra-
¢yukmis [ipaka, Q — IHTCHCHBHICTh BUKHUJIB
CO. Koedimientu TypOyneHTHOI udy3ii B
atMocdepi Oynu BU3HAYCHI HACTYITHUM YHHOM:

u#,=01-u, x,=01-v.

I'pannuni ymou s (1) Oynu Takumu:

1. Ha mexi BXOZy MOBITPSHOTO IOTOKY :
Cc=0.

2.Ha  Mexi  BHTOKYy  TOTOKY 3
po3paxyHkoBoi obiacti : 0C/0n = 0.

3. Ha TBepamx Mexax 1 Ha TOBEPXHIX
y =0,y =Ly (Ly — BepxHs Mexa 00yacTi):
0C/on 0, ne n — OJWMHWUYHHK BEKTOP
30BHIIIHBOT HOpPMaJTi 710 TOBEPXHi.

Jna yvacy t = 0 mouaTtkoBa ymMoBa Oyia
c=0.

YucenbHe IHTErpyBaHHs PiBHSHHS
MacooOMIHY (1) MIPOBOJIHIIOCH 3
BUKOPUCTaHHSM  DI3HUIEBUX  CXeM  Ta
npsaMoKyTHOi  citku.  [lng  ¢dopmyBaHHS
TCOMETPUYHOTO  BUTISAY  PO3PaxyHKOBOI
obnacti (dopma Oap’epy, HOro MOJIOKEHHS,
[IOJIOKEHHS MaBUTEHOHY TOIIIO)
BUKOPHCTOBYBAJIMCS MapKepH [6].

Cnouatky (1) Oyno BUKOHAEMO

PO3IIEIUIEHHS Pi3HUIIEBOTO PiBHIHHA (1) TakuM
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YUHOM |
. 1
— Ha nepwiomy Kpoyi PO3MIEIUICHHS K :Z
pi3HHUIIEBE PIBHSHHS Ma€ BUTJISL

crk_cr
Mﬁ(gck + L*Ck)+fcﬁ =
At 2 Y 4"

%(MX*XCK+MXXC"+M;YC”+ )

5 Q
+ MJyC”)JFZZlfSI :
=1

. 1
— Ha Opyeomy Kpoyi PO3IICIUICHHS K =N+ 5
1 . .
c=n+ 7 PISHHLEEE DIBHAHHSA Mae BUIVIAA :

Ck-ce¢
”A—t”+%(L;Ck + L;Ck)+%ci? =

%(M;XCK+M;XCE+M;ka+ (3)

+ ~cC - Q| .
+MyyC )+275|,
1=1

. 3

— Ha mpemvoMy Kpoyi pO3IICTUICHHS K =N+ 2
1 . .

, =N+ 5 pI3HUIIEBE PIBHAHHS Ma€ BUTIIAL

Cl-cC¢
f%(gck +|_;ck)+%c; =

(4)

1(MX’XCCJrMX*XC“+My’ka+
4
ceey, v Q.
+M;C )+;Ié‘,,

Ha  4emeepmomy

Kpoyi  PO3LIETJICHHSA

3 . .
k=n+1, C=n+ Z P13HHULIEBE PIBHAHHSI Mac
BUTJIAL .
ck_c¢
M+1(L;Ck + L;Ck)+gcif =
At 2 4

%(M;XCK+MX*XC°+M;yC°+ (5)

- Q
+ M;ka)+ZI'5,;
1=1

3HaueHHa
L, L

X! X!

PI3HUIIEBUX
L, HaBeJeHi B [6].

oTiepaTopiB

3 piBHaHb (2) — (5) HeBigOME 3HAaYEHHS
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KOHIICHTpAllii My Ha BEPXHHOMY YacOBOMY
mapi BU3HAYAETHCS 32 SBHOIO (OPMYIIOIO
OiKy4oro paxyHky. [logaTkoBa ymMoBa JUisl X
PIBHSIHB 3alUCY€ETHCS Yy BUTTISAL

CY=C(xy.t"),c*|=C*"|.

[[{o6 peamizyBaTk TIpaHUYHY YyMOBY Ha

TBEpAUX CTIHKaX BUTJIANY .
oC
ZZ -0
on

3aCTOCOBYIOTHCS (PIKTHUBHI KOMIPKH.
bap’ep, maBuibiioH (cmopyza) BILUIMBAIOTH
Ha XapakTep BITPOBOIO MOTOKY OIS JOPOTH.

Hust PO3PaXyHKY TOJIS HIBUIKOCTEH
BUKOPHUCTOBYBajacs MOJENb MOTEHIIHHOTO
MOTOKY. Y  IIbOMY BHUMNAAKY OCHOBHUM
piBHSIHHSAM OyJ10 piBHsHHS Jlammacy:
2 2
0P 9P o, (6)
ox~ oy

ne P — rmoreHIiaim mBUIKOCTI.

I'pannuni ymoBu ams (4) po3risHyTi B [6].
Ha Mexi NpUTOKY TOTOKY B PO3PaXxyHKOBY
o0acTh BUKOPHCTOBYBABCS HACTYITHUN
podiib MBUAKOCTI BITPY -

u(y)=u-(y/v.)"

Je U1 — HIBUJAKICTH BITPY Ha BUCOT1 Y1= 1 M.
CknasoBi MIBUJIKOCTI BITPY BH3HaYalu
HACTYITHUM YHHOM:

oP oP
Uu=—,v=—o.
ox oy
Jnst gaucenbHOrO iHTETpyBaHHS (6) HOTO
3amucany y BUTIIAII
@ _oP 0P
ot ok oyt

ne t — ¢iktuBHUK 4vac. [Ipu t — oo po3B’s30k
(7) Oyne mparHyTH IO «CTajoro» po3B’s3Ky,
TOOTO 710 po3B’s3KY (6).

()

Ha mwactymHOMy KpoIli  3iHCHIOETHCS
reoMeTpuyHe po3mieruieHHss piBHIHHS  (7)
TaKUM YHHOM !

oP _O°P ®)

ot ox*’
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P _oP, 9)

ot oy?

Jami g1 BU3HAQYEHHS  HEBIIOMOTO
3HaueHHs P Ha 0a3i  piBusHHA  (8)

BUKOPHUCTOBYETBHCA TaKa 3aJIE)KHICTb .

_ n

P —p"
|:)i’nj+1:|:)i'nj +Vt i+1, ] i,]j +

AX?
-P" +P" .
ij i-1,]
+Vt————.
AX

Jlis BU3HAYEHHS HEBIAOMOIO 3Ha4YeHHsA P
Ha 0a3i piBHaHHA (9)  3acTOCOBY€ETBHCS
3aJI€XKHICTb !

n _ n

Pnflzpn_ +Vit i,j+1 i,j +

[} 1) Ayz
-P" +P"
i,j i,j-1
+Vt B
Ay

OO6uncneHHs 3aKIHUYIOTCA, KOJI

BUKOHYBaJacs HACTyIIHAa yMOBA :
n+1 n

‘Pij —-B|<g,
ne € — maine uucio (¢ = 0,001), n — HOMEp
iTepartii.

[licna po3paxyHKy TOdsS MOTEHLIaTy
MIBUJIKOCTI PO3PaxOBYBalld CKIJIAIOBI BEKTOpa
IIBUJIKOCTI MOBITPSIHOTO HOTOKY 3a
3aJISKHOCTSIMH '

Pi,j_Pi—l,j Pi,j_Pi,j—l

u; = V= :

AX Ay
Jlnst omiHKM  e(EeKTUBHOCTI  Oap’epy
BHUKOPHCTOBYBABCS HACTYITHUI MapaMerp :
C
HQ=—F,
Rfc
ne HQ — moka3HUK pU3MKY MOTEHIIHHOI
nebesmekn  (Hazard  Quotient); Cr -

koHreHTpamis CO B TO4YIl po3TamryBaHHS
peuentopa; Ric — pedepeHTHa KOHIEHTpaLis
(Ric = 3 mr/m®). Sxmo HQ << 1, 1e o3Hauae,
10 PU3HK IS 30POB'ST MiHIMQJIBHHM.

Jlns KoxyBaHHA PO3pPOOJIEHOI YHUCETHHOI
mozem BukopuctoByBaBcsi FORTRAN.

PesyabTaTn. Po3pobnena YyyceIbHa
Mojenb Oyja BHUKOPHCTaHa [UISl PO3PaXyHKY
30H 3a0pynHeHHs npu Bukugax CO 3 moporu i3
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3aXUCHUM Oap’epom, 10 MaB CKIATHY (Gopmy.
byno po3rnsHyTO 4OTHpHU CleHapii: cieHapii
Ne 1 — BigcyTHICTB 3axucHOTO Oap’epy (puc. 4);
cueHapiii Noe 2 — BeprukanbHuil [-momiOHu
Oap’ep, H = 2,5 M, TOBXHHA TOPU3OHTAIHLHOTO
enementa 1 M (puc. 5); cuenapiii Ne 3 —
[-moni6uuit  Gap’ep, H 5 M, JIOBXHHA
ropu30oHTaIbHOTO eneMeHTa 1 M (puc. 6);
cueHapii. Ne 4 — Oap’ep ¢ J0JaTKOBUM
eJIEMEHTOM, 10 Mae ckiIaaay dpopmy (puc. 7).

Buxinai gani Oynu takumu : U1 = 5,3 M/c;
BHCOTA TaBUILHOHY 5 M; Oapbep 3HAXOIUBCS B
7 M BiA MaBiIbHOHY; pO3MipU PO3paxyHKOBOT
obmacti 25 mMx12,5 m; lBuakicte Bukumay CO
cknama 17 mr/c. Touka «iHTepecy» (pemenrtop)
3HaXOAWIacs Ol CTIHU MaBLILHOHY Ha BHUCOTI
1,7 m (puc. 4, a). PesynpraT 4MCETBHOTO
eKCTIICpUMEHTY (30HM 3a0pyaHEHHS) IOKa3aHi
Ha pHUCHKax Hwkue. KoxHe dYHucio Ha [UX
MaJTFOHKax TIOKa3ye KOHIICHTPAII 0
3a0pyIHIOBaYa y BiJICOTKAaX BiJ MaKCUMalIbHOI
koHIeHTparii Cmax.

Y|

Puc. 5. Cxema pospaxynrosoi obnacmi
(cyenapiv No 1, nema 6ap ‘epy)

Puc. 6. Cxema pospaxynkogoi obracmi
(cyenapiu Ne 2, sucoma 6ap’epy H= 2.5 m)



VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

Y Yy

@ 90-100
= 80-90
o70-80
m60-70
@ 50-60
W 40-50
0 30-40
020-30
m10-20
@mo-10

Puc. 11. Ilone xonyenmpayii CO, cyenapiti Ne 3,
Crax = 2.88 ma/m®

Y
Puc. 7. Cxema pospaxynkoeoi obracmi i
(cyenapiu Ne 3, sucoma 6ap ’epy H =5 m) =750
Y -
= 0 30-40
- 020-30
- =10-20
2 E mo-10
4 3 T
/ ) N
Puc. 12. Ilone xonyenmpayii CO, cyenapiii Ne 3,
| Crmax = 3.29 me/m®
Y

]. m90-100
= 80-90
D70-80
1 m60-70
@ 50-60
W 40-50
Puc. 8. Cxema pospaxynrosoi oonacmi (cyenapiti Ne 4, = 22030
bap’ep ¢ 000amMKo8UM eleMeHmoM) =010

e X

Yy

Puc. 13. Ilone xonyenmpayii CO, cyenapiti Ne 4,
Cmax = 312 MZ/M3

Hani, mo HaBeneHi Ha pucyHkax 9—13
MOKa3yloTh, 10  Oap'epy  BHUKIMKAIOTh
nedopmaliito 30HH 3a0pyAHEHHS OUTs TOPOTH.
Haii6inpm 3a0pyaHeHa 30Ha yTBOpWIacs Mixk
aBTOMOO1IeM (JIKepeoM BUKHIIB) Ta 6ap’epoM
yepe3 «rajibMyBaHHS» BITPOBOIO MOTOKY B I

obmacri.
Puc. 9. Cxema pospaxynxoeoi oonacmi (cyenapiii Ne 1, V Tabnuui | HaBENEHO NOKA3HHMK PH3HKY
nema bap ‘epy). Izoninii konyenmpayii CO MOTEHIIWHOT HeOe3meku Ui pelenTtopa
(cyenapiti Ne 1): 1 — C = 0.24 me/m®; 2 — C = 0.56 me/m® (moauHa 6iNs MaBUIBOHA).

Ya Tabnuys 1
s IMoxa3Huk pu3uKy HOTeHuiﬁ_Hoi' Hebesnexn HQ
m80-90 (Hazard Quotient)

[70-80

;23;23 Cuenapiii HQ

i ;;gjg Cuenapiit Ne 1 0,27

== 020-30 Cuenapiit Ne 2 0,21

= o Cuenapiii Ne 3 0,14

X Cuenapiii Ne 4 0,18
Jani tabnuui 1 mokasyoTs, 1m0 HaHOUIbII
Puc. 10. Ione konyenmpayii CO?: cyenapiii Ne 2, eheKkTUBHMM €  3-i  creHapiil, TOOTO
Cinax = 2.41 me/m BUKOPHCTaHHSA Oap’epy, IO Ma€ BHCOTY

H=5wm.
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Takox BUIHO, IO SKIIO BUKOPUCTOBYBATH  BUKOPHCTAaHA Il EKCIPEC IPOTHO3Y PiBHS
Gap’ep H = 25 M anme 3 J0daTKOBUM HeOe3neKy Ui MpaliBHUKIB, Yds poOoya 30HA
eneMeHTOM (cueHapiii Ne 4), To 1e JO3BOJISIE  PO3TAIIOBYETHCS 01T aBTOJOPOTH.

JOCATTH TaKOX HETIOTaHWd pe3yIbTaT.

Bapro Bim3HauuTH, MmO Yac OOYMCICHHS
CTaHOBHUB 2 CEKYHJIU JJIs1 KO)KHOTO CIIEHApIIO.

HaykoBa HOBM3HA Ta MNpaKkTHYHA
HIHHICTB. 3anponoHoBaHa edeKTUBHA
gHucellbHA MOJENb, IO JO3BOJISIE BHU3HAYATH
moJie KOHIeHTpalii HeOe3neyHoi pPeuoBUHU
Oist aBTOTpacH. Monenb JI03BOJISIE
aHaJi3yBaTH 30HU 3a0pyIHEHHS TOBITPSA 3
ypaxyBaHHSM BIUTUBY 3aXHCHOTO Oap’epy, IO
po3ramoBaHuii  Oins  aBTomoporn. Ha 0a3si
JAHUX po PO3MOIiT KOHIICHTpAIlii
HeOe3MeYHOi PEYOBHMHHM BH3HAYAETHCS PUBHK
MOSIBU  3aXBOPIOBaHb Yy  JIIOJUHH, IO
3HaXOJMUThCS B 30HI BIUIMBY BHKHUIIB BiJ
aBTOTPAHCTIOPTY.

[ToGynoBana MOJEIb MOXeE OoyTH
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BucHoBku

1. 3monensoBaHo BIIMB  Oap'epiB  Ha
3a0pynHeHHs. NoBiTps Oins jopir. [ng mporo
Oyna pospobsena moxaens CFD. Po3spoGiena
CFD-monenn CIIOJKUBAE Hebararo
00YHCITIOBAIIBHOTO qacy 3aBJISIKU
3aCTOCYBAHHIO MOJIEJ MOTEHI[IITHOrO0 MOTOKY
JUIs  IMITallii KapTUHH BITPOBOTO TIOTOKY B
perioHi, KU MaB KOMIUIEKCHY T€OMETPUUHY
dbopmy.

2. Pe3ynbTaT 4YUCENIBHOTO EKCIIEPUMEHTY
MOKa3yloTh, IO BEPTHKAIBLHUHN Oap'ep, sSKul
Mae BucOTYy H = 5 M, J03BOJSiE 3MEHIIUTH
KOHIICHTpAI[I}0 3a0pyIHIOIOUNX PEYOBHH OLIs
MaBUIBHOHY, SIKWH BCTAHOBIICHO O1JISI IOPOTH.
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Anotanisg. CraTTs CTBOpEHa Ha OCOHOBI pe3yJbTaTiB IHCTPYMEHTANIBHOTO MJOCIHIDKEHHS MapaMeTpiB
MIKpOKIIIMaTy, TaKHUX SIK TEMIIEPaTyPH, BOJIOTOCTI TOBITPA Ta KOHIEHTpamii Byraekucioro rasy CO; y mpuMiIeHHsIX
OomOocxoBHIIa Ta YKpUTTA. Pe3ynpraTh craTTi OTpMMaHi B paMkax mpoBeieHHs mnpoekty 101082898 —
UKRENERGY «Innovative Master Courses Supporting the Improvement of the Energy and Carbon Footprint of the
Ukrainian Building Stock» / «luHoBariiiHi MaricTepchbki TMPOTpaMH IIOA0 EHEProe()eKTHBHOCTI Ta 3MCHIICHHS
ByIJIeieBOTO ciify B OyniBensHoMy (onai Ykpainm» (Tema: ERASMUS-EDU-2022-CBHE-STRAND-2) nepenbauae
CTBOpPEHHSI HOBHMX MaricTepchKuxX mporpaMm Ha Temy «EHeproedexTuBHICTH, MoJepHi3amis OyIiBelb Ta €HEPreTH4He
TUTaHYBaHHS» B YKPaiHCHKHMX YHIBEpPCHUTETaX Ta MPOCYBaHHS IepenoBoro jaocBiny €C momo oCBITHIX METOONOTIH Ta
KOHKPETHHUX 3HaHb, OB’ SI3aHUX 3 CHEProe(PeKTUBHICTIO Ta CTIMKICTIO OyIiBeNb, 30KpeMa BIIPOBAKSHHS IHHOBAIIHHIIX
MaricTepchbKux KypciB 00 eHeproeeKTUBHOCTI Ta 3MEHIIEHHS BYTJICIIEBOTO Ciily B OyniBessHOMY (GoHII YKpaiHu
[1]. V naniii craTTi BuBemeHO rpadivHy 3aJIe)KHICTH OCHOBHHUX IapaMeTpiB MIKpOKIIMAaTy TakKHMX SK TEMIIEpaTypH,
BOJIOTOCTI TIOBITpA Ta KOHIEHTparii Byriekucioro razy CO; Bim pi3HEUX pexuMiB ekcruryartamii Oyziemi. Byro
MPOBEACHO IHCTPYMEHTANbHUI MOHITOPHHT IapaMeTpiB MIKpOKIiMaTy O0MOOCXOBHINA Ta YKPUTTA 3a JOIIOMOTOIO
morepa HT-2000. Ilpotarom 5 roanH Oyino MpOMOHITOPEHO MapaMeTpH TeMIepaTypH, BiTHOCHOI BOJIOTOCTI Ta PiBHA
BYIJICKUCIIOTO Ta3y, y PI3HUX peXHMMax eKcIulyarallii, ToOTO B 3aJIe)KHOCTI BiJI KUIBKOCTI JIFO/ICH 1110 3HAXOJIUIIUCH Y
NPUMIILICHH] Ta B 3aJIEKHOCTI BiJl pe)KUMY BiJKpuBaHHs 30BHIHIX aepei. Jlorep HT-2000 mpotsirom qociimkeHHs
3HAXOJAMBCS y TMPUMIIIEHHI O0MOOCXOBHIA Ta YKpUTTS Ha BucoTi 1,2 M Bim mimmoru [2]. Ha 06ox o6'ekTax mpu
nepeOyBaHHI Y JOCHTIHKYBAILHOMY MPUMIIICHHI BEIHKOI KUTBKOCTI Jrojed Oyyo 3adikcoBaHE 3HAYHE 3POCTAHHS
nokasHuka COp. Konm moanM MOKMHYIM AOCHIDKYBaHE NPHUMIIIEHHS JIOTep IPOJOBXKYBaB (DiKCyBaTH 3HAuUCHHS
rapameTpiB TEMIEpaTypHu, BOJOTOCTI MOBITPs Ta KoHmeHTpauito CO; mpoTsroM JIBOX TOMWH. 3a meil mepiox y
MIpUMIIIeH]I He TepedyBasio KoaHOi JroauHHM, mokasHHK CO; Ta TemmeparypH CTaOUTbHO 3MEHIIyBaBCs. piBEHb
BYTJIEKHCIIOTO Tra3y y OomOocxoBuii 3Hn3uBCs 13 nmozHauku 1 100 ppm no 550 ppm 3a 120 xB. B ykpuTTi 3HM3UBCH 13
no3nauku 1 385 ppm mo 819 ppm 3a 120 xB. 3a 1eii x mepioa Temmneparypa y 000X BHIagKaX 3HHXKYBAJIach, Y
6omb60cxoBmmi 3 10 go 8 °C, B ykputTi 3 14 mo 11 °C. 3a gannmu nmoka3HHKaMu OyIi0 MoOymoBaHO Tpadik 3a1eKHOCTI
rmapaMeTpiB TEeMIepaTypHd, BiJHOCHOI BOJIOTOCTI Ta PiBHS BYIJIEKHCIIOTO Ta3y B 3aJEXKHOCTI Bi  pI3HHX PEXHMIB
excrutyaranii. Ha rpadiky BunmineHo apa 3HaueHHs CO; Ha MoyaTky Ta HANpPHKIHII TMEpioAy 3HIKCHHS 3HAYCHHS
koHuenrpauii CO; 3a npoMikok yacy y 120 xBuiuH. 3a GyHKII€I0 Bij pi3HUI 3HaUYeHb oka3HUKiB ACO; 3a IpOMiXKOK
yacy I MOXeMO po3paxyBaT ILIONIY (irypd yTBOPEHY JBOMa TOUKaMH 3HaucHb KoHIeHTpalii ACO,. 3a oTpuMaHuM
3HAUCHHSIM IUIOMI (Birypu MOXHA JaTH BiMHOCHY SIKICHY OILIHKY MOKa3HHKa iHGinbrparii Oyaisni [3]. Takum dnHOM
OyJI0O OTPHMaHO CIPOIIEHUH IHCTPYMEHTAJIbHUI METO SIKICHOT OIIIHKK Iapametpa iH(inbTpanii. HacTynmHum kpokom
€ OTPMMaHHS HE TIJBKH SIKICHOT ane 1 KiJbKICHOI OLIHKKM mapaMeTpa iH(UIbTpalii 3a JOMOMOTr0l0 1HCTPYMEHTAILHOTO
MeToay BuzHaueHHs koHueHTpauii COy, TeMriepaTypy Ta BOJIOTOCTI MOBITPSI.

KawouoBi caoBa: inghinempayis, memnepamypa nogimpsa; enepeoegpexmugnicmo, CO2; napamempu
MIKPOKAIMAMy; KPAmMHICMb NOGIMPOOOMIHY; NOGIMPONPOHUKHICIb
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Abstract. This article was developed based on the results of an instrumental study of microclimate parameters
such as: temperature, air humidity, and CO- carbon dioxide concentration in bomb shelters and shelters. The results of
the article were obtained within the framework of the project 101082898 — UKRENERGY “Innovative Master
Courses Supporting the Improvement of the Energy and Carbon Footprint of the Ukrainian Building Stock” EDU-2022-
CBHE-STRAND-2) envisages the creation of new master's programs on the topic “Energy efficiency, modernization of
buildings and energy planning” in Ukrainian universities and the promotion of best practices of the EU regarding
educational methodologies and specific knowledge related to energy efficiency and sustainability of buildings, in
particular, the introduction of innovative master's courses on energy efficiency and reducing the carbon footprint in the
building stock of Ukraine [1]. This article shows the graphical dependence of the main parameters of the microclimate,
such as temperature, air humidity, and the concentration of CO, carbon dioxide, on various modes of operation of the
building. Instrumental monitoring of the microclimate parameters of the bomb shelter and shelter was carried out using
the NT-2000 logger. During 5 hours, parameters of temperature, relative humidity and level of carbon dioxide were
monitored in different modes of operation, i.e. depending on the number of people in the room and depending on the
mode of opening the external doors. During the study, the NT-2000 logger was located in the bomb shelter and shelter
at a height of 1,2 m from the floor [2]. At both facilities, when a large number of people were in the research room, a
significant increase in the CO; index was recorded. When people left the research room, the logger continued to record
the values of temperature, air humidity and CO, concentration for two hours. During this period, not a single person
was in the room, CO; and temperature decreased steadily. the level of carbon dioxide in the bomb shelter dropped from
1 100 ppm to 550 ppm in 120 minutes. In the shelter, it dropped from 1 385 ppm to 819 ppm in 120 minutes. During the
same period, the temperature in both cases decreased, in the bomb shelter from 10 to 8 °C, in the shelter from 14 to
11 °C. According to these indicators, a graph of the dependence of the parameters of temperature, relative humidity and
carbon dioxide level depending on different modes of operation was constructed. The graph shows two values of CO, at
the beginning and at the end of the period of decrease in CO, concentration over a period of 120 minutes. We can
calculate the area of the figure formed by two points of the ACO; concentration values as a function of the difference in
the values of the ACO, indicators during the time interval t. Based on the obtained value of the area of the figure, it is
possible to give a relative qualitative assessment of the infiltration rate of the building [3]. In this way, a simplified
instrumental method of qualitative assessment of the infiltration parameter was obtained. The next step is to obtain not
only a qualitative but also a quantitative assessment of the infiltration parameter using an instrumental method of
determining CO, concentration, temperature and air humidity.

Keywords: infiltration; air temperature; energy efficiency; CO,; microclimate parameters; air exchange rate; air
permeability

Beryn. V crarTi onucaHo MeToj 3a SKUM  pe3yJbTaTaMu THCTPYMEHTAIILHOTO
MOXKHa JIaTH SKICHY OLIHKY napameTpy  obOcTexeHHs nmapameTpiB koHueHntpauii CO2 ta
1HOIIbTpaLli Ta TEPMETHYHOCTI 30BHIIIHBOI  TEMIEpaTypd HaJa€ 3MOTY OLIHUTH piBEHb
obonmonku  OynmiBmi.  Ilicis  JOCATHEHHS ~ TEPMETHYHOCTI 30BHIIIHIX OrOPOKYBaJbHUX
MakcuManpHOro 3HaueHHs CO2 y mpUMINIEHHI  KOHCTPYKIIIH HEBEJINKUX 00'eKTiB HE
IOPOTSArOM  JEKUIBKOX  TOAMH  (DIKCYETbCS ~ BHUKOPUCTOBYIOUM OOJaJHAHHS /Ul BUSHAYCHHS
nafiHHsg 3HadeHHd CO2. YuM HIKYMM CTaHe  MOBITPONPOHUKHOCTI  OyjiBenb, sSIKE  Mae
nokazHuk CO2, TuM  OyxiBis MEHII  BHCOKY BapTicTh Ta moTpelye KBasli(hiKOBaHUX
repMeTuyHa. TakuM CHPOLIEHMM METOJAOM  CIIEUIaJICTIB, a JIUIIE 3a JAOMOMOTOI0 MpHIIaLy
MOXKHa JlaTH SKICHY OLIHKY TE€pPMETHYHOCTI  JUIi BH3HAUEHHS MapamMeTpiB MIKpOKIIMaTy
OyniBenb 13  HEBEJIMKUM  OMNAJIOBAJbHUM  OyJiBIIL.

o6’emom mo 1 500 ™3 Jlns OyniBenp 13 OcTaHHi nocailzKeHHs Ta myOaikamii. Y
BEJIMKUM ONaJIIOBAJIbHUM o0’eMoM  crtarTi [5] TmpHBEIEHO TOPIBHSUIGHUN aHAII3
PEKOMEHI0BAHO MIPOBOANUTHU TECT  MapameTpiB MIKpOKJIIMATy TaKUX K
MOBITPONPOHUKHOCTI [4]. TEMIIEpaTypa, BIAHOCHA BOJOTICTh MOBITPA,

AKTyaJIbHICTh  JOCJigxeHHsA. SkicHa KOHIIEHTpAIlis CO, y SKUTIIOBUX
OLlIHKa  TIOKa3HWKa  iHQiIbTpamii 32  MQJIONOBEPXOBUX  OYyIUHKIB 3  pPI3HUMHU
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CHCTEMaMH OIAJCHHsA. BHU3HAYeHO SK pi3HI
CHCTEMH OMAJCHHs BIUIMBA€ Ha MapaMeTpH
MIKpOKITIiIMaTy OyiBelb.

VY crarti [6] yAoCKOHANCHO METOAMYHI

OCHOBM  BM3HAQUEHHS  IOBITPOIPOHUKHOCTI
OyIiBeb.

Y crarti [/] HaykoBO OOrpyHTOBaHO
BUKOPHUCTAHHS napameTpy q50

(MOBITPONPOHUKHICTB) JUISI BH3HAYCHHS KJIACy
eHeproe(eKTUBHOCTI OyliBeJIb 3aMiCTh
napameTpy N50 (kpaTHICTH MOBITPOOOMIHY).
Jlana CTaTTs MIPOTIOHYE
IHCTpYMEHTAJIbHUIM MeXaHi3M SIKICHOI OIlIHKH
MOKa3HUKa 1HQIBTpAIIii.
Mera. OrtpumanHs
MEXaHI3My  SKICHOT
iH}nbTpanii OyaiBmi.
OcHoBHa 4yactuHa. OxHuUM 13 00’€KTIB
nochmipkeHHss — Oyno  OomOocxoBuie — y
M. [uinpo. Crens cXOBUIIA pO3TAlIOBaHA
Hwk4ye piBHA 3emii Ha 30 cm. I3 rosoBHOTO
BXOJy y Mmia’i3a 3iiBa 3HAXOAATHCSA JBEpi Ta
CXOJ/IOBa KJIITHMHA SKa BeJIE YHHU3 JI0 BXOIY JO
CXOBMINA 13 TepMETHYHHMH JaBepsimu. [Lioma

IHCTPYMEHTAJILHOTO
OLIHKK  IIOKa3HHKa

cxouma — 84 Mm% Bombocxosuie
po3paxoBano Ha 100 mroge#t, y CXOBHIII
nepeadaueHo JIBa MPUMIIIEHHS JUTSt

nepeOyBaHHs JII0JIeH, TIomaMu 6Ju3pKo 20 M2,
Takox mepenbadyeHo caHBY30J Ha JBI KaOiHU
Ta yMUBaJbHA, JIBl KOMOpH, JIBa pe3epByapu 3
BOJI0I0. bomOocxoBuine mae 3 BHXOJHU, SKi
BUXOAATh Ha 2 pi3Hi ¢dacagu OymiBmi i1
o0JamroBaHi repMETUYHUMHU JIBEPSIMH.
30BHIIIHI KOHCTPYKIIi CXOBHIIA TOBIIHHOIO
640 MM, i3 3ami300eToHY Ta KameHto. [Timmora —
oetonna 1mTa 300 MM WO  TpYHTY.
[Tepexpurrs IUTATH ~ KepaM3UTOOETOHHI.
Bucora creni ykpurrs 2,25 M. I'aGaputhi
po3mipu 14x7 M. YV CcXOBHUII BiJICYyTHI BiKHA.
[IpoBeneno  enexkTpuka, KaHamzamis  Ta
BojionioctadaHHs. CXOBHUIIE HE OMAIOETHCS,
HEKOHIMIIOHOBaHHIi 00’eM cxoBuia 189 m°.
[Tnoma 30BHIIIHIX OTOpPOJIKYBaJIbHUX
KOHCTpYKIiit 105 M2,

Jpyrum 00’€KTOM JOCHIKeHHS OyIio
yKpUTTS y M. JIHinmpo. CXOBUIlE 3HAXOIUTHCS
BHIIle BigMiTKH 3emuti Ha 60 cMm. I3 rosoBHOrO
BXOMy y Mia’i3[ 37iBa 3HAXOASATHCS NBEpl Ta
CXO/I0Ba KIIITUHA SIKa BEJIC YHH3 JIO BXOJIY JIO
yKpUTTa. Ha BigMmiHy BiJg mepmoro o00'ekTy
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CXOBHINA, B YKPUTTI BIJICYTHI TepMETHYHI
IBEpl, € TUIBKM OJMH BHUXIJ 13 YKPHUTTH,
(GakTHYHO  YKPHUTTA  TpPEACTaBisie  COOOI0
3BHUAWHUN TMifBaJ, HE MPUCTOCOBAHMNA IS
nepeOyBaHHs JroJed. BiacyTHs BeHTHILAIISA,
BUCOKHMH pIBEHb 3alWICHOCTi, BIJACYTHICTh
IPOCTOPY JJsl PO3MIIEHHs Ouiblie 25 noei.
[lnoma cxosuma — 61 Mm% He nepen6aueHo
CaHBY3/iB, KOMOpH, pe3epByapiB i3 BOJIOIO.
30BHIIIHI KOHCTPYKIIi CXOBHINA TOBIIMHOIO
640 MM, 13 KaMiHHS Ta OETOHY Ta BHYTpILIHI

merisial  crign. [ligmora — OeToHHA IUIMTA
300 mm mo rpyHry. llepekpurrs — miauTu
Kepam3uToOeTOHHI. Bucora cremi  yKpuTTA

2,38 M. ['abaputHi po3mipu 10x8 M. Y cxoBumii
BiJicyTHI BikHa. IIpoBeneHO eleKTpuKa s
ocBiTinenHs. Pozerkm BiacyTHi. Ha MomeHT
MPOBEJCHHS TECTy €JEeKTpUKa y MpUMIILIEH]
Oyna BigcyTHs. CXOBHINE HE OIATIOETHCS,
HEKOH/IMI[IOHOBaHMH 00’eM cxoBuima 145 m°.
[Tnoma 30BHIIIHIX OrOpOIKyBaJIbHUX
KOHCTpYKIii 92 M2,

Byno mpoBeneHo iHCTpYMEHTAIBHUIA 2y UT
napameTpiB MIKpPOKJIIMaTy,  TakKuxX  fK
TeMIIepaTypa, BiIHOCHA BOJIOTicTh, piBeHb CO2
y 6omOocxoBuI Ta YKpUTTi. [IpoTsarom m’stu
roguH OyJ0 TIPOMOHITOPEHO  MapameTpu
MIKpOKIIiMaTy 3a gormomMororo yorepa HT-2000
Ta TMPOrpamMHOro 3a0€3MEeYeHHs, MpPU PIZHUX
pEeKMMax eKCIuTyaTarlii.

TemmepaTypa Ha BYJHUIll HA TIOYATKy TECTY
10 °C, BigHOCHA BosoricTh — 55 %, piBers CO2

— 710 ppm.
Peraament NMPOBeAEeHHSA
IHCTPYMEHTAIBLHOTO ayAuTy MapaMeTpiB

MikpokJgimMaTty y 6om0ocxoBumi. Ha MomeHT
MPOBEJICHHS TECTy OMAJICHHS y OyniBii Oyio
BUMKHEHO.

Jlorep mounHae (ikcyBaTH 3HAYEHHA O
10:30, oOuaBi paBepi Oynau 3ayuHEHi, Yy
OPUMIIIEHH] 3HAXOAWJIach OJHA  JIIOJMHA.
[Tepuri 3nauenns CO2 — 818 ppm, BixHOCHa
Bosorictb — 50,1 %, Temmeparypa moBiTps —
15,1°C.

PiBeHp  ByIJIEKHCIOrO Ta3y TOYHHAE
3poctaty, 1 32 38 XBWJIMH JOCSTA€ BIAMITKH
1105 ppm. (puc. 1, Touka 1-2).

Temmeparypa TOYMHAE TAAaTd 1 34
38 xBummH nocsrae 14,4 °C. (puc. 1, Touka
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1-2). TlagiHHA TemmepaTypu BU3BAaHO TaKOXK
MaJiHHAM TeMIIepaTypH 330BHi.

BimHOCHa BOJIOTICTH TOBITPS TIOYMHAE
nagatu 1 3a 38 xBunuH gocsrae 38,8 % (puc. 1,
Touka 1-2).

Yepes 38 xBunuH 00 11:08 Oyno Binkputo
repMeTUYHI IBepi, y MPUMIILIEHH1
60MOOCXOBHIIA 3HAXOIUIIACH OJHA JIFO/IMHA.

3nauenns koHueHTpanii CO2 mpomoBxkye
3poctati 1o 11:35 1 pocsirae  BIAMITKH
1 230 ppm, micias yoro 3a 15 XBUIMH MMOYMHAE
pizko mamatu nmo 810 ppm (puc. 1, Touka
2-3-4).

TemmnepaTypa MpoJOBXKYyE NaaaTd 1 3a
37 xB. nocsrae 7,2 °C (puc. 1, Touka 2-3-4).
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Puc. 1. I'papix 3minu napamempis konyenmpayii CO2, memnepamypu t, °C ma ionocnoi eonococmi nosimps RH, %
3anexcno 6io pexcumis excniyamayii. bombocxosuuye

[TaninHsg TeMmepaTypud BH3BAaHO TaKOX
Ma/IIHHSAM TEMIIEPaTypH Ha BYJIHIII.
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BinHocHa BoOMOTICTh MOBITPS MPOAOBKYE
nagaty i 3a 37 xB. pocsirae 27,3 % (puc. 1,
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touka 2-3-4). Bigmiuaercs OCHTH HU3bKHI
MOKa3HHUK BOJIOTOCTI Ta TEMIIEPATYyPH.

Yepes 37 xBunuH 00 11:45 Oyno BiAKpUTO
oOuIBI TepMETWYHI JBepi, OJHA JIOJUHA
3HaxXoJujach y IpuMilieHH1 OoMOOoCcXoBHUIIA.

3nauenHsi koHueHtpauii CO2 TpomoBKye
3pocTaTH i migHIMaeThes 13 Biamitku 605 ppm
no 781 ppm o 12:20 (puc. 1, touka 4-5).
Temmeparypa TpPUMAETbC MalKe OJHAKOBA
7-8°C (puc. 1, Touka 4-5).

BimHocHa  BOJNOTICTH  TOBITPA
3pocrae i gocsarae 30,0 % (puc. 1, 4-5).

O 12:20 3akpuTo yci ABepi, y NIPUMILICHHS
OoMOOCXOBHINA 3aHIUIO 4 JIFOMUHU.

3nauenHst konmeHtpamii CO2 3poctae 3a
nepion y 20 xB. 3 800 ppm a0 BiAMITKH
1 100 ppm (puc. 1, Touka 5-6).

Temmiepartypa 3pocrae 3a mepioj mpoTsIrom
20 xB. 3 7,5 1o 10°C (puc. 1, Touka 5-6).

BigHocHa BOJIOTICTH TOBITPSI 3HUIKYETHCS
0e3 3HauHKX 3MiH (puc. 1, Touka 5-6).

O 12:40 yci nroau MOKUHYIN MPUMIIICHHS
60MO0CXOBHIIIA.

TPOXHU

3navenns koHmeHtpamii CO2 moyuHae
3MeHmryBatucs  (puc. 1, Touka  6-7).
Temriepatypa TOBITBHO 3MeEHIIyEThCs (puc.l,
TOYKa 6-7).

BigHocHa  BoJOTICTH  TOBITPSA  TPOXH

3pocrtae (puc. 1, Touka 6-7).

[IpoTsiroMm 1BOX TOJMH CIOCTEPIraeThCs
3MCEHIIEHHST 3Ha4YeHHs KoHleHTpamii CO2, 3
12:40 no 14:40.

3naueHHs1 KoHueHTpauii CO2 mocTynoBo
3MeHIIyeTbes. 3a Bl roguau 3 12:40 mo 14:40
nmoka3HUK mazae i3 moznauku 1 100 ppm no
no3Hauku 550 ppm o 14:40 (puc. 1, Touka
6-7-8). Temmneparypa 3HmKaeThcst 3 10 mo 8 °C
(puc. 1, Touka 6-7-8).

Binnocna Bomoricte moBiTps 30,0
(puc. 1, 6-7-8).

3akiHueHHs TecTy BiaOynock o 14:40.

Hampukinmi Tecty Temmeparypa TOBITPS
330BHI onmyctuiack 3 10 10 9 °C.

PersiamenT mnipoBeeHHsI IHCTPpyMeH-
TAJBHOI'0 ayJAUTy NapaMeTpiB MiKpoKJIiMaTy
B YKpuTTi. Ha MOMEHT mpoBeneHHS TecTy
omnajeHHs y Oy/iBil OyJ0 BUMKHEHO.

TemnepaTypa Ha 330BHI Ha MOYATKy TECTYy
— 11 °C, BigHocHa Bojoricte — 60 %, piBeHb
CO2 - 770 ppm.

%
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Jlorep mnounHae (IKCyBaTH 3HAYEHHS O
9:10, yci nBepi 3audHEHl, y NPUMILICHH]
YKPHUTTS 3HAXOJUIIaCh OJHA JofuHa. [lepmi
sHadeHHss CO2 — 750 ppm, BiZHOCHA BOJIOTICTh
—42,1%, remnepatypa nositps — 9,4 °C.

3nayeHHss koHueHtpauii CO2 mnounHae

3poctatd, 1 3a 40 XB. JOOcsAra€ BIAMITKH
850 ppm (puc. 2, Touka 1-2).
Temnepatypa TOBiTpsS 3a 40 xB.

TpuMaeThes Ha no3Hauri 10,1 °C (puc. 2, Touka
1-2).

Bignocna Bosoricte moBiTpst 3a 40 XB.
TpuMaeThcs Ha no3Hauwi 42,2 % (puc. 2, Touka
1-2).

UYepe3 40 xB. o 9:50 BimkpuTOo 1Bepi B
YKPHUTTS Ta JBEpi y MiTi3[, OJHA JIOJWHA Y
NPUMIIICHHI.

3naveHHs1 KoHIeHTpanii CO2 3HUKYEThCS 3
850 mo 796 ppm o6 11:00 BHacmigok
MOTPAIUISTHHSI TIOBITPS 3 ByJHII (pucC. 2, TOYKa
2-3).

Temmepatypa TpONOBXKYE TMagath 1 3a
37 xB. pocsrae 7,2 °C (puc. 2, Touka 2-3).
[MaminHs ~ TemmepaTypu  BH3BaHO  TaKOX
NaJIiHHAM TeMIIEpaTypH Ha BYJIHIII.

BigHocHa BOJOTICTE TOBITPS TPOIOBXKYE
nagatu 1 3a 37 xB. pocsirae 27,3 % (puc. 2,
touka 2-3). Bigmiuaercs Iy’)K€ HU3BKUN
MOKa3HHK BOJOTOCTI Ta TEMIIEPATYPH.

06 11:00 Oyno 3akpuTO ABEPi, B YKPHUTTS
3ainuIM 4 JIOAWHY, SIKi IepeOyBanu B YKPHUTTI
1 roguny.

3nauenns konmenrtparii CO2 3pocrae i3
BinMiTkH 796 mo 1 385 ppm o 12:00 (puc. 2,
touka 3-4). Temneparypa migaimaersces 3 11 °C
1o 3nauenns 14 °C (puc. 2, Touka 3-4).

BinmHOCHa BOJIOTICTH TOBITPSI 3HUKAETHCS
3i 3HaueHHs 46 10 42,0 % (puc. 2, 3-4).

O 13:00 yci mr0a1 TOKUHYJIN TPUMIIIEHHS
YKPHTTSL.

3navyenHs1 koHHeHTpauii CO2 3HMKYETHCS
3a mepiox 3 12:00 mo 13:50 3 1385 g0 BigMiTKH
819 ppm o 13:50 (puc. 2, Touka 4-5-6).

Temmepatrypa 3poctae 3a mepion Yy
20 xB.3 7,5 10 10°C (puc. 2, Touka 4-5-6).

BinHocHa BOJOTICTh MOBITPS 3HMKYETHCA
0e3 3HauHMX 3MiH (puc. 2, Touka 4-5-6).

3akiHueHHs TecTy BinOyiocs o 13:50.

Ha o06ox o0'ektax Oyno 3adikcoBaHo
migBumieHHs koHueHtpamii COz2 mpoTsirom
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nepeOyBaHHs Joneil y mnpuMimenHi. [licms
TOTO $IKy JIIOAU TIOKUHYJIM TPHUMILIEHHS 1
30BHIIIHI JaBepi Oynu  3a4yuHEHi, Jiorep
3HaxonuBca y mpumimenHi 110—-120 xB. 1
(iKCyBaB 3HIKEHHS 3HAUEHHS KOHILIEHTpalil

COz2. PiBeHHB BYTJIEKHCIIOTO Ta3y 3HUKYBaBCS
y OomOocxoBumi Ha 550 ppm (3 1 100 mo
550 ppm) 3a 120 xB. B ykpurti Ha 566 ppm
(3 1 385 o 819 ppm) 3a 110 xB., 585 ppm 3a
120 xB.
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Puc. 2. I'paghix sminu napamempis xonyenmpayii CO2 memnepamypu t, °C ma sionocroi éonococmi nogimps RH, %
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Puc. 3. Ipaghix snuocenns xonyenmpayii CO2 y kéapmupi 06’emom 155 m3

=

X=0
paghix 3nudic O y keapmupi 06'’e.
3 pe3ysibTaTaMud  IHCTPYMEHTAILHOTO Skmo BU3HAY 1y TPUIHO
JKCHHS TapaMeTpiB MIKp y Oy. ¢birypu MK TOYKOIO TS 10 T6 rpadiky
OynoBaHo rpad 3MiH pameTp OHIICHTpPA CO2, (p I, 2), 10 3
pOKIIIMaTy OTPUMAaHUM BIJHOCHMM IIOKaQ3HMKOM IIJIOILI
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naHoi (Irypu MOXHA OI[IHUTH TPOITYCKaHHS
CO2  duepe3  30BHIIHI  OrOpPOKYBaJIbHI
KOHCTPYKIIii, TOOTO OIIHUTH TE€PMETUYHICTH
30BHIIIHBOT 0O0JIOHKH Oy IiBIIi.

Takoxx Oyl0 NPOMOHITOPEHO MapMETPU
MIKpOKJIIMaTy Yy JBOX KBapTHUpax o0 eMoM
155 m® ta 06’emom 123 m>. 3oBHimHI 1BeEpi Ta
BIKHAa IIiJl Yac MpPOBEAEHHS TecTy Oyiun
3auuHeHi. [licns toro sik Oyno 3adikcoBaHO
MaKcuMajbHe 3HaueHHS KoHmeHTpamii CO2
1 500 ppm, yci mnpumaau 3ropaHHs OyiH
BUMKHEHI, YC1 JIIOJU TOKUHYJIH TPHUMIIICHHS,
30BHIIIHI JBepi Oyno 3aumHeHo. lIpoTsrom
IBOX ToAMH (IKCyBajoCs 3HUKECHHS 3HAUCHHS
koHueHTpauii CO2. YV mepuiii kBaprupi
o6’emom 155 ™M° 3a 1Bi TOMMHM 3HAYCHHS
koHnenrpauii CO2 3um3miocs Ha 700 ppm
(3 1500 mo 800 ppm) (puc. 3). V npyriii
kBaptupi o00’emom 123 M® 3a aBi TOIMHHU
3HaueHHs KoHueHtpamii CO2 3HU3WIOCH Ha
950 ppm (3 1500 mo 550 ppm) (puc. 4).

Y kBaptupi 06’emom 123 m> 3adikcoBaHo
IHTeHCHBHIIIEe 3HMKEHHs KoHIeHTpalii COz,
HiX y KBaptHpi 06’emom 155 M3, Ile o3Hauae

mo kBaptupa o06’emom 123 M°  MeHm
TepPMETHYHA HaBITh IIPH MEHIIIOMY 00’ €M.
Sxkmo piBenp CO: y npuMilIeHH]

craHoBuTh 800 ppm — 1€ o3Haydae, mo B 1 M?
noBiTpst MmictuThest 800 cm? COo.

Y nmaHHoMy Bumajaky uyac t 21 €
KOHCTaHTOIO, MaKCHMaJTbHE 3HAYCHHS
CO: =1 500 ppm i Tako € KOHCTAaHTOIO.
YMmoBHO Ha 1 M? TOBITPS KOHIEHTpAIis

3HM3WJIACh Yy TIepIIii KBapTUpi Ha

CO2
700 cm®:
155-700 = 108 500 cm® = 0,1085 m°.

TobTo Ha 06’em 155 M 3a mepiox uacy
t = 2 (const), yepe3 000JI0YKY MPHUMIIICHHS
6yno Brpageno 0,1085 M3 COx.

Ha 1 ™ mnoBitps xonuentpamis CO2
3HH3WIACH Y APyTiil kBapTHpi Ha 950 cM®:

123-950 = 116 850 cm® = 0,1168 v°.

To6To Ha 06’em 123 M3 3a mepion vacy t =2
(const), wuyepe3 000JI0UKy TpUMIIIEHHS OYJIO
BTpaueHo 0,1168 M COs.

3a mokazHukoM 06’emy CO2 y M°, skwit
Oyno  iH}IIETpOBaHO  dYepe3  3OBHINIHIO
000JI0HKY 3a mepiox dacy t = (const) moskHa
BU3HAUMTH KilbKiCTh TOBITPA y M° ske Oyio
1IHQUIBTPOBAaHO Yepe3 30BHIMIHIO O0OJIOHKY
OymiBmi.

BucHoBKH

Busznayeno  3asexHICTh napameTpiB
MIKpOKJIIMaTy OyHiBeNb BiJ KOHIICHTpAIil
moxed Ta iHmIMX  QakTtopiB. OTpUMaHO
IHCTpPYMEHTQJIbHUH ~ MEXaHi3M  BU3HAYCHHS

BEJIMYMHHU 1HIBTpaLii.

3a gomomoror anamizatopa CO2 MoXxHa
BusHauuTH 06°eM CO2 y M, indinsTpoBanmuii
3a mepiox ydacy t = (const) uepe3 30BHIIIHIO
000JIOHKY  OymiBIli, MOXHAa  BH3HAYUTH
KiTbKicTh TOBiTpE y M°  ske  Oyno
1HQUIPTPOBAaHO depe3 30BHIIIHIO O00O0JIOHKY
OynmiBmi. JlaT SIKiCHY Ta KUIBKICHY OIIIHKY
repMETUYHOCTI 30BHINIHBOT OOOJOHKU OYHIBIIL.
[le omacTte 3MOry BH3HAYaTH ITOKa3HUK
KpaTHOCTI MOBITPOOOMIHY Ta
MOBITPONIPOHUKHOCTI OYJIWHKIB 13 HEBEIIMKUM

OIIAJIIOBAJILHUM  00’€EMOM  3a  JIOIIOMOIOIO
3BUYANHOTO aHaiizaropa COa, 0e3
BuUKopucTanHs cuctemu  blow door test i
3aITy9eHHS (haxiBIIiB, 110 €  JIOCUTh

TPYAOMICTKHM Ta BUTPATHUM 3aXO0J/IOM.

CIIMCOK BUKOPUCTAHUX TKEPEJI
1. E+ UKRENERGY. URL: https://ukrenergy-erasmusplus.eu/

2. JCTY EN 50292:2016. CurnamizaTopd OKCHAY BYIJICIIO [UIS KMTJIOBHX CIOPYZ, aBTOINPHYCINB Ta CYyICH.
HacranoBu 111010 BUOOpyY, BCTAaHOBIICHHS, 3aCTOCYBaHHs Ta TeXHiYHOTr0O 00ciyroByBanns. 2016. 51 c.

3. JACTY 9190:2022. Meroa po3paxyHKYy €HEProOCIOKMBAaHHS IIiJ Yac OMAJICHHs, OXOJIOMKCHHS, BEHTHJIALIT,
OCBITJICHHsI Ta rapsiaoro Bojgonocradanus. Kuis : Minperion Ykpainu, 2022. 156 c.

4. 1SO 9972:2015. Thermal performance of buildings. Determination of air permeability of buildings. Fan

pressurization method, UK Standard, 2015. 38 p.

5. Andriy Bondarenko, Eugene Yurchenko, Olena Koval, Mykola Savytskyi. Comparative analysis of
microclimate parameters of residential low-rise buildings with different heating systems. Innovative technologies in
construction, civil engineering and architecture. 2021. Vol. 2678. Pp. 1-8. URL: https://pubs.aip.org/aip/acp/article-
abstract/2678/1/020004/2872184/Comparative-analysis-of-microclimate-parameters-of?redirectedFrom=fulltext

71


file:///C:/Users/user/Documents/УЖБА%20№1-2025-16/Макет/ol.%202678

VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

6. Awnapiit Bonnapenko, €sreniii IOpuenko, Onena Kosanb, Onena TuMonieHko. Y I0CKOHATICHHS METOIUYHUX
OCHOB BHM3HAYCHHS T'€PMETHUYHOCTI O0OJOHKHU OymiBii. Vrpaincexuil scypuan Oyoienuymea ma apximexmypu. 2022.
C. 27-34. URL: http://uajcea.pgasa.dp.ua/article/view/264059

7.  Amnppiit bounapenko, €sreniit IOpuenko, Onena Kosanb, Aprem Kopanb. BusHaueHHs MOBITPOIPOHUKHOCTI
OymIiBelb. Benmunsayis, oceimienHs ma Menn02a30noCmadanHs. 2024. C. 42-51. URL:
https://www.researchgate.net/publication/382719825 Determination_of air permeability of buildings

8.  Sadauskiené J., Seduikyté L., Paukstys V., Banionis K., Gailius A. The role of air tightness in assessment of
building energy performance : Case study of Lithuania. Energy for Sustainable Development. 2016. Vol 32. Pp 31-39.
URL: https://doi.org/10.1016/j.esd.2016.02.006

9. JACTY EN 9927:2022. TermnoTexHiuHI XapaKTEPUCTUKU OyIiBii. Bu3HaueHHs MOBITPOIIPOHHKHOCTI OyIiBImi
METO/IOM BUNPOOyBaHHs TUcKoM. KuiB : Minperion Ykpainu, 2022. 34 c.

REFERENCES

1. E+ UKRENERGY. URL: https://ukrenergy-erasmusplus.eu/

2. DSTU EN 50292:2016. Syhnalizatory oksydu vuhletsyu dlya zhytlovykh sporud, avtoprychepiv ta suden.
Nastanovy shchodo vyboru, vstanovlennya, zastosuvannya ta tekhnichnoho obsluhovuvannya [DSTU EN 50292:2016.
Carbon Monoxide Alarms for RVs, Caravans and Marine-selection, Installation, Use and Maintenance Guides]. 2016,
51 p. (in Ukrainian).

3. DSTU 9190:2022. Metod rozrakhunku enerhospozhyvannya pid chas opalennya, okholodzhennya,
ventylyatsiyi, osvitlennya ta haryachoho vodopostachannya [DSTU 9190:2022. Energy efficiency of buildings. Method
for calculating energy consumption during heating, cooling, ventilation, lighting and hot water supply]. Kyiv : Ministry
of Regions, 2022, 156 p. (in Ukrainian).

4. 1SO 9972:2015. Thermal performance of buildings. Determination of air permeability of buildings. Fan
pressurization method. UK Standard, 2015, 38 p.

5. Andriy Bondarenko, Eugene Yurchenko, Olena Koval and Mykola Savytskyi. Comparative analysis of
microclimate parameters of residential low-rise buildings with different heating systems. Innovative Technologies in
Construction, Civil Engineering and Architecture. 2021, vol. 2678, pp. 1-8. URL.: https://pubs.aip.org/aip/acp/article-
abstract/2678/1/020004/2872184/Comparative-analysis-of-microclimate-parameters-of?redirectedFrom=fulltext

6. Andriy Bondarenko, Eugene Yurchenko, Olena Koval and Olena Tymoshenko. Udoskonalennya
metodychnykh osnov vyznachennya hermetychnosti obolonky budivli [Improvement of methodological basis of
determination of tightness of building cover]. Ukrayins'kyy zhurnal budivnytstva ta arkhitektury [Ukrainian Journal of
Civil Engineering and Architecture]. 2022, pp. 27-34. URL: http://uajcea.pgasa.dp.ua/article/view/264059
(in Ukrainian).

7. Andriy Bondarenko, Eugene Yurchenko, Olena Koval and Artem Koval. Vyznachennya povitropronyknosti
budivel’ [Determination of air permeability of buildings]. Ventylyatsiya, osvitlennya ta teplohazopostachannya
[Ventilation, Lighting and Heat and Gas Supply]. 2024, pp. 42-51. URL: https://www.researchgate.net/
publication/382719825_ Determination_of air_permeability of buildings (in Ukrainian).

8.  Sadauskiené J., Seduikyté L., Paukstys V., Banionis K. and Gailius A. The role of air tightness in assessment
of building energy performance : Case study of Lithuania. Energy for Sustainable Development. 2016, vol. 32, pp. 31—
39. URL.: https://doi.org/10.1016/j.esd.2016.02.006

9. DSTU EN 9927:2022. Teplotekhnichni kharakterystyky budivli. Vyznachennya povitropronyknosti budivli
metodom vyprobuvannya tyskom [DSTU EN 9927:2022. Thermal technical characteristics of the building determination
of air permeability of the building pressure test method]. Kyiv : Ministry of Regions, 2022, 34 p. (in Ukrainian).

Hapiiimna no penakuii: 04.12.2024.

72


http://uajcea.pgasa.dp.ua/article/view/264059
https://www.researchgate.net/publication/382719825_Determination_of_air_permeability_of_buildings
https://www.sciencedirect.com/journal/energy-for-sustainable-development
file:///E:/Аспирантура/Стаття%20скопус%202/vol%2032
https://doi.org/10.1016/j.esd.2016.02.006
file:///C:/Users/user/Documents/УЖБА%20№1-2025-16/Макет/ol.%202678
http://uajcea.pgasa.dp.ua/article/view/264059
https://www.researchgate.net/publication/382719825_Determination_of_air_permeability_of_buildings
https://www.researchgate.net/publication/382719825_Determination_of_air_permeability_of_buildings
https://www.sciencedirect.com/journal/energy-for-sustainable-development
file:///E:/Аспирантура/Стаття%20скопус%202/vol%2032
https://doi.org/10.1016/j.esd.2016.02.006

VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

VJIK 69.001.5
DOI: 10.30838/UJCEA.2312.270225.73.1131

OPI'AHI3AIIMHI ACIIEKTH BUKOPUCTAHHSA IITYYHOI'O
IHTEJIEKTY B BYIIBHUIITBI

BOPOJIH M. O.%, kano. mexn. HaykK, 00y.,
TKAU T. B.Z", kano. mexn. HayK., 00Y.,
MAPTHIUI O. 0.3, kano. mexh. HayK, 00y.

! Kagempa opramizauii i ynpapigiHHs OyJiBHULTBOM, YKPAiHCBKHH JE€PKAaBHMM yHIBEDCUTET HAyKH 1 TEXHOJOTIH,

HHI «IIpuaninpoBchka AepxkaBHa akaaeMis OyAiBHUITBA Ta apXiTeKTypu», Byl. Apxitekropa Osera Ilerposa, 24-a, 49005, [Himnpo,
Vxpaina, ten. +38 (067) 724-96-31, e-mail: borodin.maksym@pdaba.edu.ua, ORCID ID: 0000-0003-0513-3876

2 Kagempa opramizaumii i ynpasmiHHA OymiBHMUTBOM, YKpaiHCBKHH [ep/KaBHMII yHIBEPCHTET HAyKH 1 TEXHOIOTIi,
HHI «IIpunninpoBchka AepkaBHa akaaeMis OyAiBHHUIITBA Ta apXiTEKTypH», Byl Apxirektopa Oiera Ilerposa, 24-a, 49005, [xinpo,
Vkpaina, tein. +38 (096) 231-35-79, e-mail: tkach.taisiia@pdaba.edu.ua, ORCID ID: 0000-0002-9433-7514

8 Kadempa opramizamii i ympaBmiHHA OyAiBHUITBOM, YKpaiHCHKMIi JepXKaBHHH YHIBEPCHTET HayKd 1 TEXHOJOTIH,
HHI «IIpuaninpoBchka AepaBHa akageMis OyAiBHHUITBA Ta apXiTeKTypu», By Apxitektopa Osera Ilerposa, 24-a, 49005, [ninpo,
Vkpaina, texn. +38 (093) 713-23-77, e-mail: martysh.oleksandr@pdaba.edu.ua, ORCID ID: 0000-0002-8864-2555

AHoTanis. AKTyaJbHICTD JOCITIHKEHHS 3yMOBJIEHA 3POCTAIOYNM MOMUTOM OYAiBEIBHOI Taly3i B TEXHOJIOTTIHIX
IHHOBAIISX, SIKI MOXKYTHh CYTTE€BO MiIBUINUTH ii €(PEKTHBHICTH Ta KOHKYypEHTOCHPOMOXHICTh. CyuacHi OyamiBenbHI
MPOEKTH HA0YBAIOTh yCe OLIBIIOI CKIAAHOCTI, OTXKE, TPAIUIlIiHI METOIU YIPABIIIHHS HE 3aBXKIU MOXYTh 3a0€3MCUUTH
HEOoOXiTHy HIBHUJKICTh i TOYHICTh BUKOHAHHS OYIIBEJIBHO-MOHTXHUX pOOIT. Y MOAIOHMX yMOBax BIIPOBaKEHHS
mryyHoro intenekry (L) cmpuse aBTromarm3zanmii 3Ha4HOI YAaCTHHHU MPOIECIB, €()EKTHBHINIOMY BHKOPHUCTAHHIO
pecypciB, CKOpOYEHHS TEPMiHIB BHKOHAHHS TPOEKTIB Ta 3HWKEHHS piBHA MoOMHIOK. Ilocmanoexka npobaemu.
Posrisgarorecst opraHizamiiiHi acnekTH 3actocyBaHHS mTyuHoro iHtenexty (ILI) y OyniBenbnili ramysi. Mera
JOCTIKCHHS TIOJIATaE Y BU3HAUCHHI MICI[S IITYYHOTO iHTETEKTY B CHCTEMI OpraHi3allii Ta ynpaBiiHHSA OyIiBeTbHIMHU
MIPOEKTAMM, a TaKOX Yy po3poOli KIIOYOBMX OpraHi3allifHMX MigXOXiB Ta CTparerid amas Horo e(peKTHBHOTO
BITPOBA/DKEHHA 3 METOIO IIJIBUIICHHS NPOAYKTHBHOCTI Ta ONTHMi3alii mpomueciB y OyniBenbHINH ramysi. O06'exm
docnioxncenna. TPOLIECH OpraHizallii Ta YHpaBIiHHSA y OyZHiBenmbHIM cdepi, MOB'I3aHi 3 IHTETPAII€I0 TEXHOIOTIH
MTY9HOTO iHTENeKTy. IIpeomem Oocnidycenna. OpraHi3amiiiHI acHEeKTH, CTpATerii Ta MEXaHi3MH BIPOBAKCHHS
IITYYHOTO 1HTENIEKTYy y OyAIiBHWITBI, BKIIFOYAIOUM TEXHIUHI, KaJpoBi Ta ympaBiiHCBKI miaxomu. OcobnmBa yBara
NPUAUISETHCS MUTAHHAM IHTErpauii IHHOBAaliWHUX pilleHb Y BUPOOHHMYI MpOIECH Ta YIPaBIIHCHKI CTPYKTYpH
miANPUEMCTB. PO3MTIAAAOTECSA MOXKIMBI MIIXOAW 10 IMiABHIICHHS €(EKTHBHOCTI oOpradizaimii poOiT, omrumizarii
pecypciB Ta aBTOMAaTH3aIlil IPOIIECiB 3a JOMOMOIOI0 MITYYHOTO IHTEICKTY. Bucnosku 0ocnioscenns HaronomymTh Ha
HEOOXIIHOCTI KOMIUIEKCHOTO miaxoxy no BopoBampkenHs I, mo moeaHye TeXHONOTIYHI pimieHHS 31 3MiHAMU B
OpraHi3aliifHUX Ta yHpaBJIiHCHKUX ITpoliecax. 3armpoloHOBaHi B CTAaTTi CTpaTerii COpsMOBaHi Ha MiJBUIICHHS SIKOCTI Ta
LIBUJKOCTI peaizanii OyAiBelIbHUX IMPOEKTIB, 1110 Ma€ CIIPUSITH IiIBUIIEHHIO 3arajibHOT TPOTyKTUBHOCTI Tarys3i.

KarouoBi caoBa: wmyunuti inmenekm, ananiz Oauux, opeawnizayis, eghexmusHicmb, 0yO0i6eIbHULL NPOEKM,
asmomamusayis,; YNPpasiiHHua NPOEKMamu, Op2anizayiuni acnekmu
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Abstract. The relevance of the study is due to the growing demand of the construction industry for technological
innovations that can significantly increase its efficiency and competitiveness. Modern construction projects are
becoming more and more complex, therefore, traditional management methods cannot always ensure the necessary
speed and accuracy of construction and assembly works. In such conditions, the introduction of artificial intelligence
(Al) contributes to the automation of a significant part of the processes, more efficient use of resources, reduction of
project deadlines and reduction of errors. Raising of problem. Organizational aspects of artificial intelligence (Al)
application in the construction industry are considered. The purpose of the study is to determine the place of artificial
intelligence in the system of organization and management of construction projects, as well as to develop key
organizational approaches and strategies for its effective implementation in order to increase productivity and optimize
processes in the construction industry. Object of the study: organizational and management processes in the
construction sector related to the integration of artificial intelligence technologies. Subject of the study: organizational
aspects, strategies and mechanisms for the implementation of artificial intelligence in construction, including technical,
personnel and management approaches. Special attention is paid to the issues of integrating innovative solutions into
production processes and management structures of enterprises. Possible approaches to increasing the efficiency of
work organization, resource optimization and process automation using artificial intelligence are considered. The
research findings emphasize the need for a comprehensive approach to the implementation of Al, which combines
technological solutions with changes in organizational and management processes. The strategies proposed in the article
are aimed at improving the quality and speed of implementation of construction projects, which should contribute to
increasing the overall productivity of the industry.

Keywords: artificial intelligence; data analysis; organization; efficiency; construction project; automation;
project management; organizational aspects

IlocranoBka mpoOiemu. CydacHuil CBIT  Oprasiszaiii, sSIKUH Mae CBOi OCOOJMBOCTI Ta
3MIHIOETHCSI 3aBJSKM HOBHUM TEXHOJIOTiSIM Ta  BHMMOTH JI0 BIIPOBAPKEHHS B KOHKPETHY JIAHKY
IHCTpYMEHTAM. ByniBuunTBo, AK  peauni3alii OyaiBeJIbHOIO MPOEKTY, K Ha CTali
HallBaXMBilIa Traly3b €KOHOMIKM TaKOXX  IPOEKTYBaHHS O00’ekTy Tak 1 Ha cranii
CXWIbHA 1O UWX 3MIH. | IMTy4YHUH I1HTENEKT OyIIBHHIITBA Ta KCILTyaTaIlii.
paszom 3 Building Information Modeling (BIM) AHnauni3 nyOJTiKanii. [TpoGnemamu
HaWNepCleKTUBHIMA 3  yCiX  HampsMKIB ~ BUKOPUCTAaHHS  WITYYHOrO  IHTENEKTy B
PO3BHUTKY. 3aMiHa JIOJWHYU Ha TUX poboTax [4],  OymiBHMUITBI 3aifiMalOTbcs Taki BYEHI SK
ne moTpiOHa 4YITKICTE B 00poOmi Benmkoi  CaBunpkuit M. B., [lanimeBchkuii B. B,
KibKOCTI 1H(popMalii yu Ha THX podoTax, 1e latimap A. M. [4], Beprameur C. M. [1],
noTpioHOo B cydacHoMmy cBiTi cTBopeHHs  Jlsmok O. I'. [3], Ocunenxo P. C., ['nu6oseus
BenuKoi KinbkocTi iHpopmarii. Le Te, ne mocke ~ M. M. [2], Onenpkuii O. B. Ta immi. [lei
3aCTOCOBYBATUCS INTYYHMI 1HTENEKT. AJe  HampsMOK JyXe akTyaJbHUH CBOTOJHI Ta
nocrae mpoOiiemMa Ta HHM3Ka nmuTaHb [6]. SIki  mpuBeprae yBary crermiaiictiB 3 ycix cdep
npodecii Ta CreniagTbHOCTI 3MOXKe €(DEKTUBHO  AISUTBHOCTI JIFOJIMHU B OyMIBHHUIITBI 1 HE TIIBKH
3aMIHHTH INTyYHUW  iHTENmeKkT? B skiit B OyxmiBHunTBi. B geskux  myOmikamisx
MPOTIOPIIiT MOXKHA 3aTydaTH IITYYHUN IHTEIIEKT  3aCTOCYBaHHS MITY9HOTO THTETIeKTY
mo0M He MocTpakaa SKiCTh Ta €PEeKTUBHICTh  BIIPOBAPKEHO BXXKE€ Ha pealbHUX 3aBJaHHAX Ta
KIHIIEBOIO MPOXYKTYy B OyIiBHUUTBI? SIKui  NpakTUYHMX LUIAX, B JEIKUX JIMIIE Ha
eKOHOMIUHUI e(dekT OyJe BiJl BIPOBA/PKEHHS  TEOPETUYHOMY PpiBHI, M0 MOTpedye OiIbIl
HITYYHOTO 1HTEJNEKTY Ha pI3HUX CTaAisIX  JIOCKOHAJIOrO MOJAJIbLIIOTO0 BUBUEHHS.
peamizaiii OyIiBeIbHUX MPOEKTIB? 3 IMHOTO Mera Ta mnocraHoBKa 3aBaaHb. Merta
BUILIMBAE IMpoOsieMa 3alydeHHs IITYy4HOrO  JIOCHIJDKEHHsI IMOJIAra€ B BU3HAYEHHI MicCLs
iHTeNneKTy (B JEIKMX  BUMNAJAKax) K  IITy4YHOrO iHTEJEKTY B CHUCTE€MI Oprasizarii i
Ooprafi3aliiHoi  OAMHHMII B  CTPYKTypy  YIOpaBliHHA OyJIBEIbHUMH TPOEKTAMH Ta
BUKOHaHHA OKpeMHX poOiT, eTamiB Ta  BpaxXyBaHHI MOJKJIMBOCTEN LITY4YHOI'O
OyIlIBEJIBHOTO TPOEKTY B IIJIOMY. Ma€eThCs HA  IHTENEKTY B  MABUIICHHI  €(QEKTHUBHOCTI
yBa3i, 10 TaMm, /¢ ITYYHUN IHTEJNEKT 3aMiHsg€  peajizalii OyaiBeIbHHUX MPOEKTIB.
co0or0 JIIOJIMHY Ha HOro pobouomy MicIl, MU 3aBaaHHS:

MOBMHHI BpaxyBaTH Opra”izamiiiHi 3MiHH.
3’SBISIETHCS. HOBUHM CYO’€KT TUTaHYBaHHS Ta
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— TpOaHaJi3yBaTH CTaH BIIPOBAKEHHS
IITY4YHOTO 1HTENEKTY B cydacHi ¢opMu
oprasi3ariii OyiBeIbHIX MPOEKTIB;

— BHU3HAQUUTHU KJIIOYOBI HAIMpPSIMH €KOHOMIi
IpU BIPOBAKEHHI IUTYYHOTO I1HTEJIEKTY B
OyAiBeNbHI MpoLecH;
po3pobutu  crparterii
HITY4YHOTO 1HTENEeKTY B
OyAiBeNbHUX MPOEKTIB.

PesysabTraTtn nocaigxenb. BukopuctaHHs
texnomnorii Building Information Modeling
(BIM) y moemHaHHI 3 IITYYHUM I1HTEJICKTOM
Ma€  TOTEHNiad  paguKaJbHO  3MIHHUTH
OyIiBeJIbHY  IHOYCTpif0, B TOMY  YHCIHI
opranizamito OyniBHunTBa. Himkdye HaBemneHO
KUJIbKa KJIIOYOBHMX IMEPCHEKTHB, SKI Ha HaIly
TYMKY, € HAHO1IbII BaXKIIMBUMU:

> IHTesIeKTyaNbHI AJITOPUTMH:
IITYYHUH 1HTEJICKT MOXE aBTOMAaTU3yBaTH
0araTo acmekTiB MPOEKTYBaHHS, BKIIIOYAIOYU
reHepallio apXiTeKTypHUX IUIaHIB,
ONTHUMI3aIlil0, TPOCTOPY Ta HABITh BpaxyBaHHS
€HeproeeKTUBHOCTI. [HCTPyMEHTH Ha OCHOBI
MITYYHOTO 1HTEJIEKTY MOXYTh aHaII3yBaTH JaH1
mpo OyJiBIIi, iICTOPItO MPOEKTIB Ta HOPMATHBHI
BUMOTH, WIO JO03BOJIAE€ WIBUANIEC 1 TOYHIIIE
CTBOPIOBATH MPOEKTH.

> DI'eHepaTtuBHMII OM3aiiH: IITy4YHUH
THTETIeKT MOXe BUKOPUCTOBYBAaTH
TeHEPATUBHUN JTU3aiH, 00 po3podutn Oe3miy
BapiaHTIB MPOEKTIB HA OCHOBI BH3HAYCHUX
napametpiB. Lle mo3Bonsie apxiTekTopam i
IHKeHepaM BUOpaTH ONTHMAaJbHI pillIeHHS, SIKi
MOXYTh OyTH HEIOCTYMHI Yepe3 TpaaulliiHul
MIX1I.

> AHaJgi3 JaHUX: IITYYHUH IHTEJEKT
MOX€ aBTOMATHYHO TNEPEBIPATH MPOEKTH Ha
BIJIIIOBI/THICTH HOPMaTHUBHUM BHMOTaM,
BUSIBIISITA TIOTEHIIHHI mpoOjIeMu Ta HaBITh
MPOTHO3YBAaTH MOKJIMBI pu3uku. lle 3Menmrye

iHTerpamii
peanizariito

HMOBIpHICTB MTOMMJIOK 1 i/IBUIITY €
€(heKTUBHICTb MPOIIECY.
> Peanictmuni  cumyasnmii:  wTyyHUi

IHTEeKT MO)KE€ TPOBOAUTH CHUMYJIAIIl JUIs
OIIHKW, SK 3MIHU B JM3aiiHI BIUIMHYTh Ha
(yHKIIIOHANBHICTh, €HEPreTUYHI BUTpPATH Ta
1HIII TapaMeTpH.

» MoOHITOpUHT SIKOCTI: LITYYHUN
IHTETIEKT MO)X€ BUKOPUCTOBYBATHCSA IS
ABTOMATUYHOTO MOHITOPUHTY  OyaiBENbHUX
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CTaHIApPTIB 1 SKOCTI BUKOHaHHsA poOiT. lle
BKJIIOUA€ BUABIEHHS Ne(EKTIB 3a JOMOMOTOI0
KOMITFOTEPHOTO 30pY Ta aHATITUKHU JaHUX.

» Aymutr i compliance: mTy4HHi
IHTEIEKT MO’KE IOINOMOITH B aBTOMAaTH3arii
HEepPEeBIPKU BIJIMOBITHOCTI OYyJiBEIbHUX HOPM 1
CTaHJapTiB. 3aMICTh JIIOACHKHUX 1HCIIEKTOPIB,
SK1 IPOBOJASATH ayAWUT, IITYYHHUI IHTEIEKT MOXKE
MOCTIMHO  BIJICTE)KYyBaTH  BIMMOBIAHICTh 1
reHepyBaTH 3BITH.

> IHTerpamisi JaHUX: ITYYHUN IHTEICKT
MOXXe O00'eqHYBaTH MdaHl 3 PI3HHX JDKEpel
(mpoekTyBaHHs, OyaiBHUITBO, EKCIUTyaTalis)
JUISL 3a0€3MEeUEHHS IIJTICHOTO OTJISAY IMPOEKTY.
Ile nomomarae 3MEHIIUTH TIOMWIKH, IO
BUHHMKAIOTh Y€pe3 HEY3r0/DKEeHICTh 1H(pOpMAIIii.

> ABTOMaTH30BaHe yIpaBJIiHHSA
NPOEKTAMM:  IITYYHHH  IHTENEKT  MOXe
JOTIOMOITH B YIpPaBIiHHI  NPOEKTaMH,
aBTOMATHU3YIOUU IJIaHYBaHHS, PO3MOILT
pecypciB 1 yIpaBIiHHS pU3UKAMHU.

[Tonpu BC1 i MOXKJIMBOCTI, TTOBHA 3aMiHa
IPOEKTYBAIBHUKIB 1 KOHTPOJIIOIOUUX OpraHiB

JTFOIBMU HITYYHHM IHTEIEKTOM €
MaJIOMOBIPHOIO B HaNOIMKIOMY
MalOyTHBOMY. JIroncekuii JIOCBI,

KpPEaTUBHICTh 1 3AATHICTH [0 ajanTamii a0
HOBMX YMOB IiJl 4Yac BHUPIMIEHHS CKJIaJHUX
3aBllaHb 3AIMIIAIOTECA BAXKIMBUMHU. MOKHA
CTBEpKYBATH, 110 IITYYHUN IHTEJIEKT CKOpille
Oyne JIOTIOBHIOBAaTH JIIOJCHKY  JisJIBHICTB,
aBTOMATH3YIOUM PYTHHHI 3ajjadl Ta HaJarouu
IHCTPYMEHTH JUIS TiABUIIICHHS €()EKTUBHOCTI.

Sxmo po3rIsIaTH BUKOPUCTAHHS
mrygroro iHtenekty (LLI) ma pi3HMX eramax
Oy/IIBEIbHOTO MPOEKTY 1€ MOYKE BapiFOBATUCS B
3aJIe)KHOCTI BiJi KOHKpETHHX moTped 1 cranii
peaiizariii mpoekty (tabm. 1).

Tpeba nonmatu, mo mons 3amydeHas I
MOKE€ 3MIHIOBAaTHCA B  3QJIKHOCTI  Bif
cnenuiku TPOEKTY, PIBHS aBTOMAaTM3alii Ta
TEXHOJIOTTYHOTO MPOTPECY 1 1€ TAKOXK MOTPIOHO
BpaxoByBaTH TpPH TUIAHYBaHHI OpraHizamiiHOl
CTPYKTYpH OYyHIiBEIHHOTO TPOEKTY B IUJIOMY i1
HOr0 4acTUH B 30KpeEMa.

Ane mNUTaHHA  WITYYHOTO  IHTENEKTY
HampsiMy MoB’s3aHa 3 moabMu.  [locrae
oprasizaiiifHe THUTaHHS: sKi mpodecii B
OymiBenmbHIM  ramy3i Ha  OyZIiBeJbHOMY
MaliaHuuky uYd B o¢icax OyaiBelbHUX
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KOMIIaH1{ 3MO’Ke 3aMIHUTH IITYyYHUN 1HTENEKT.
Ile nuranHs sK opraHizamiiiHe TaKk 1
eKOHOMIuHe. SIKUH EKOHOMIYHHMHA e(eKT Bif
BITPOBAKEHHS HITYYHOTO 1HTENeKTy?
Cnouatky TpeOa BHU3HAYHMTHCS JI€ MOXHA
BukopuctoByBatu Il 0e3 mkogm s
KIHIIEBOTO pe3ynbrary. Lle i mpoeKTyBaIbHUKH
1 apXiTeKTopu, L€ 1H)XXEHEpU Ta MEHeIKepu

MPOEKTIB, 1€ Ti, XTO 3aMAETHCS YIPABIIHHAM
pecypcaMu 1 IUIaHyBaHHSM, IPOrHO3YBaHHSAM
pU3UKIB, OIODKETYBaHHSIM Ta (HIHAHCOBUM
aHaJli30M, OLIHKOK BHTpPAT, L€ KOHTpOJEpU
SKOCTI Ta 1HCIEKTOpPHU, BUKOHABY1 1H)KEHEPH Ta
POOITHUKHY, IUIAHYBAJIBHUKU 1 KOOPAMHATOPH,
aJMIHICTpAaTUBHI IPALlIBHUKH.

Tabnuys 1
OnTuMaJIbHA 10J151 3a1y4eHHs IITYYHOI0 iHTeIeKTY Ha Pi3HUX eTanmax peajizauii 0y1iBe1bHOI0 MPOEKTY
S 3amydeHHs
Ne Etanu peanizauii }],_LII 3aBlaHHA Mertonu
111 MO»e€e TOIOMOITH B aHaIi31
Bunuknenns inei PHHKY, OIIHII MOTCHIIIWHIUX JIOKAITii, AHaIiTHKa JaHUX, TPOTHO3YBaHHS
1 | (Konuenryai3aris) 10-20 % MIPOTHO3YBAaHHI TPEH/IIB 1 HABITh y TeHJCHIIIH, TeHepallis i1eil Ha OCHOBI
(hopMyBaHHI KOHIIETILi IPOEKTY HA ICTOPUYHUX AaHUX
OCHOBI BEJIMKUX 00CATIB JaHUX
ABTOMaTH3allisl CTBOPCHHS AN3aliHYy, . . _—
. S I'eHepaTHBHUI AW3aiiH, ONTHMI3allis
IpoexryBanHs 0 QHAJI3 PI3HUX BapiaHTIB IPOEKTY, . . .
2 20-40 % ONITHMI3aLs IDOCTO IUTaHIB, MOJICITIOBAHHS Oy TiBEIBHOT
Ht TP Py, inpopmauii (BIM) 3 inTerpauieto 1111
CHEPreTHYHHUN aHai3
. IepeBipka BixmoBiXHOCTI
[InanyBaHHs 1 peBIp 5 A . . .
0N HOPMAaTHBHUM BHMOTaM, Amani3 BiAlOBiTHOCTI, aBTOMATHYHE
3 3aTBEpAKEHHS 10-20 % . ;
aBTOMaTH3allis JOKyMEHTIB, CKJIJIaHHS JOKYMEHTALI]
MiITOTOBKA 3BITIiB [T 3aTBEPIKCHHS
MoHiTopuHT sSiKOCTi Oy JiBHULITBA. . . .
. rop YA Hrea, AHaii3 300paxxeHb (KOMII'FOTepHUH 31p),
ByniBHUIITBO 0 YIpaBIiHHS IPOEKTAMH, KOHTPOJIb 32 . ;
4 30-50 % . . HPOTHO3YBAaHHS PU3HKIB, aBTOMATH3ALLis
BUTpaTaMH i pecypcamu, yIpaBiIiHHI . .
YIPaBIiHCBKUX MPOLECIB
pH3HKaMH
VYupaniHHA 00'€KTOM, MOHITOPHHT . .
Excnumyararis cTaHy OymiBIli, yIIPaBIiHHS CHEPTIE0 [HTEIIeKTyaIbHI CHCTEMH YIIPaBIIIHHA
5 20—-30 % i . ’ Oynisneto (BMS), anani3 nanux 3
MIPOTHO3YBaHHS TEXHIYHOTO :
CEHCOPIB, NPEUKTHBHE 00CITyrOBYBaHHS
00CITyroByBaHHS
3a3Ha4uynMo, 10 JIFOICBKI SIKOCTI OLIIHUTH KUIbKA KJIFOYOBUX aCIIEKTIB
(KpeaTWBHICTh,  YNpPaBIIHCBKUI  JOCBI 1  SKOHOMIYHOTO edekTty (Tadu. 2).

NPUAHATTS pilIeHb Y CKIaJHUX YMOBax), Bce
II€ 3aJIMIIAI0THCS BXIIMBUMH, HE3BAKAIOUH Ha
3JAaTHICTh IITYYHOTO IHTENEKTY, SKHH MOXe
aBTOMAaTH3yBaTH 0arato pyTHMHHUX 3aBlIaHb 1
nporeciB. TomMy 3aMmiCTh TOBHOI 3aMiHHU
npodeciii, mBHIAIIE 3a BCE, BiIOYIEThCS iX
Tpanchopmariisi, i Oarato QaxiBiiB OyayTh
3aiiMaTHCA OUTBII CTPATETIYHUMHU 1 TBOPYHMH
3aBJaHHSAMH, a PyTUHHI MIPOIIECH TEePEeUayTh 10
aBTOMAaTH30BAaHUX CHUCTEM.

BukopucraHHS INTYYHOTO IHTEJEKTYy B
nporieci OyAiBHUIITBA MOXE MPUHECTH CYTTEBI
€KOHOMIYHI BHUTOJM. XOua KOHKpeTHI uudpu
MOXYTb BapilOBATUCS 3aJIE)KHO BiJl TPOEKTY,
reorpadiuHoro po3TalryBaHHs Ta
BIIPOBA/DKEHUX TEXHOJIOTIH, 3arajoM MO)KHa
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Buxonsun 3 BUIIEHABEJACHOTO aHAi3y i
3aJIe)KHO BiAg MacmTaly 1 THIy OyAiBeIbHOTO
MPOEKTY, 3arajlbHU EKOHOMIYHHHN e(eKT Bif
BUKOPHCTAHHS IITYYHOTO 1HTEIIEKTY MOXe
BapitoBatucsa Bim 10 mgo 30% Ha OJMHMINO
OyxiBenbHOTO 00'eMy. Lle Moke o3Ha4aTH, IO
E€KOHOMIYHUH €(QEeKT B TPOIIOBUX OJUHUIISIX
moxke craHoButd Bix 1 000 mo 3 000 rpH Ha

KOXXHY  OJHMHHIO  OymiBenbHOro  00'eMy,
3aJIeKHO  BiJ] KOHKPETHOTO TMPOEKTYy  Ta
BITPOBAKCHUX TEXHOJIOTIH. Baxmuso

3a3HAYMTH, MO 1[I [UPPU € OPIEHTOBHHUMHU.
Opnak 3aralpHUN TpeHJ BKa3ye Ha 3Ha4yHI
MOTCHIIIHI BUTOJIW BiJ 1HTETpaIlil IITyYHOTO
IHTENEKTy y OyIiBeNnbHUN mpoIiec.

3 MepcHneKTUBOI0 HAa MaWOYyTHE, IUTYyYHUMN
IHTEJNIEKT Ma€ TOTEHIlal PaJuKalIbHO 3MIHUTH
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OymiBeNbHY
MOXKITUBOCT1 U TIPOEKTYBaHHs, OYIiBHUIITBA

iHIyCTpiIO,

CTBOPIOIOYH

HOBI

PO3BUTKY OyAiBENBHOI 1HAYCTPIT 32 TOTIOMOTOI0
HITYYHOTO 1HTENeKTy (Tadum. 3).

Ta ekcruryaraiii 00'ektiB. Och KUTbKa NIISXiB

Tabauys 2

HanpsiMmku ekoHOMIi ITiT Yac BUKOPUCTAHHS MITYYHOT0 iHTeJIEeKTY B mpoueci Oy1iBHUITBA

Ne Hanpsmok exorOMIT Exonomist [losicuenns
I mMo>xe aBTOMATH3yBaTH 0araTo 3aB/iaHb, TAKUX SK TCHEPATHBHUI
1 3HIDKEHHS BUTPAT Ha 5-15 % na BUTpaTax Ha JIU3aiiH, ONITUMI3allis [UIaHIB, 1 IepeBipKa Ha BiNOBIAHICTb. Lle
MPOEKTYBAHHS MPOEKTYBAHHS 3MEHIIy€ MTOTPeOyY B JIFOACHKOMY BTPYUaHHI, 3HIDKYIOUH BUTPATH HA
MPOEKTYBAHHS
L 111 noromarae y riaHyBaHHiI 1 yIpaBIIiHHI pecypcaMu
OnruMizanis BUTpaT 10-20 % =a BuTparax Ha s y y yrp 1 pecypeant,
2 . . . MPOTHO3YBaHHI BUTPAT, & TAKOXK B aBTOMaTH3allii mporieci. Lle Moxe
Ha OyIiBHHITBO OyniBenbHI poboTH ) .
MIPU3BECTH 0 CKOPOUCHHS BUTPAT Ha MaTepian i podody cuiry
IMCHILCHHS 4ac 5-10 % 3MeHIIeHHS OnTHMi3allis mporeciB 1 aBTOMaTH3allis 3aBIaHb JOIIOMararoTh
3 y 3araJbHOTO 4acy 3MEHILIUTH 3aTPUMKHU Ta NPUIIBUALINTH BUKOHAHHS 3aBIaHb. Le, B
BHUKOHAHHSI TPOEKTY .
BUKOHAHHS ITPOEKTY CBOIO Yepry, 3MEHIIIy€ 3arajbHi BUTPATH HA IPOEKT
o [HTeNnekTyanpHi cucTeMu yrpasiiaHas Oyaieinero (BMS) ta mporaosu
3HIKEHHSI BUTPAT Ha 5-15 % Ha BuUTpaTax Ha . . .
Ha ocHOBI L1II MOXXYTh 3MEHIIIUTH BUTPATH HA CHEPTiI0, TCXHIUHE
4 00CITyroByBaHHS Ta 00CITyTOBYBaHHS Ta . . s
. . 00CJIyrOByBaHHS Ta PEMOHTH, IUITXOM MOHITOPHUHTY 1 ONTHMi3aIlii
eKCILTyaTalito eKCILTyaTalito )
pecypciB
2-5 % Ha BUTpaTax Ha I Mo>xe aBTOMAaTUYHO BHUSBIATH IIOMUIIKY 1 Ae(EKTH Ha PaHHIX
3MEHIICHHS TOMHUIIOK .
5 i nedpexris BUIPABJIECHHS TOMUJIOK 1 eTarax, 10 3MEeHIIy€e MoTpedy B JOJATKOBHX BUTpATax Ha
nedeKTiB BUTIPABJICHHS 1 TIEpPETUTaHyBaHH
IokpaieHHs 6e3meKu 5-10 % Ha BUTPaTaX Ha BripoBakeHHS TEXHOJIOT1H MOHITOPUHTY 1 YIpaBIiHH O3MEKOI0 Ha
— 0 . o . . o .
6 | Ta 3MEHIICHHs BUTpaT P ocHoBi LI Mo>ke 3MEeHIINTH IMOBIpHICTh HELTACHUX BHIIAKIB 1
CTpaxyBaHHS Ta Oe3MeKy
Ha CTpaxyBaHHS 3HI)KYBATH BUTPATH Ha CTPaXyBaHHS
Tabruys 3
HInaxu 3ajy4eHHs IITYYHOT0 iHTeJEKTY B peai3aililo OyaiBeIbHUX MPOEKTIB
nsxu 3amydeHHs
Ne . Omnmc Ipuxnan
MITYYHOTO 1HTEJICKTY
BukopucranHs aBTOHOMHHX POOOTIB, SKi
ocHameni LI 1y BuKoHaHHS OyIiBETBHAX . .
. - A yase Po6Gotn, siki MOXKyTh OyTyBaTn OyaiBIi 3
IaTenexryanpHi 3aBJaHb 0e3 JIoAChKOoro BTpyvanHs. L{i podotu .
. i BUKOpHUCTaHH;IM 3D-ApyKy B peanbpHOMYy Yaci,
1 ABTOHOMHI MOXYTh CAMOCTIHHO TNTAHYBaTH Ta BUKOHYBaTH e o
. X . : aJlanTyl04u cBOi Jii Ha OCHOBI 3MiHHHX YMOB
OyaiBesbHI poOOTH CKJIaJTHI 3aBJIaHHS, TaKi SK KJaJKa Ieru, . .
o . L Oy iBeTbHOTO MaiiJaHIHKa
MOHTa)X KOHCTPYKIIiH, i HaBITh (iHINTHI
037100JIeHHS
LI cucremu, sIKi HE TIIBKH TEHEPYIOTh ApxiTekTypHi iHCTpyMeHTH Ha 6a3i L1, sxi
CamoHaBUAIIBHI apXiTeKTypHi IPOEKTH, ajie i MOCTiitHO BUAThCS aHAJI3yIOTh TUCSYI IPOEKTIB 1 JaHUX, MO0
2 apxiTeKTypHi Ha OCHOBI 3BOPOTHOTO 3B'SI3KY 1 MOTIEPEIHIX CTBOPIOBATH HOBI, IHHOBAIil{HI TPOEKTH 3
CHUCTEMU MPOEKTIB, ONTUMI3YIOUH JTU3alH Y pealbHOMY ypaxyBaHHAM e()EeKTHBHOCTI, CTHJIIO i
Jaci. (GYHKIIIOHAJIBHOCTI.
Bynieni, siki BuKopuctoByroTh LI s
Exonoriusi 6y xisi CaMOCTiIHHOTO MOHITOPHHTY 1 BiTHOBJICHHS InTenexryanbHi Gacaau, ki aBTOMaTHIHO
3 1o Y ? 3HOIICHHUX 200 MONIKOHKEHIX YaCTUH OYIiBIIi. OYUINAIOTHCS 1 PEMOHTYIOThCS, 3aBISKH
. Lle MOYe BKITFOUATH BUKOPHCTAHHS MaTepialiB, BOYIOBaHUM CEHCOpaM i
CaMOBI THOBIIOIOTBCS . oo . . .
sSIKi CAMOCTII{HO PEMOHTYIOTH TPIilIMHU a00 CaMOBIIHOBITIOBAILHIM MaTepiaiam
MOUTKOKEHHS
P03BHTOK MICT, Jie BCi aCIIEKTH YIPaBIiHHS i . .. .
. . Micra, ne BCi iHppacTpyKTypHi CHCTEMU
(YHKI[IOHYBaHHSI KOHTPOJIIOIOTHCS 1 , ;
. . : 3'eIHaHI B €IMHY IIaTHOpMYy, IO TO3BOJISE
Bipryainbhi MicTa 3 ONTUMI3YIOThCS 3a gonomoroto 1III. Ile Bxmouae .
4 OINTUMI3yBaTH CHEPrOCIOKUBAHHS, YHUKATH

inTerpoBanumu 111

yOpaBiiHHA TpadikoM, eHEPreTHIHUMHU
pecypcamu, BOZOTIOCTaYaHHM 1 HaBiTh
COIiaJIbHUMU aCTIeKTaMHU

3aTopiB i 3abe3nedyBaty 6e3nepepBHe
00CITyroByBaHHSI.
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ABTOMaTH30BaHEe
MIPOEKTYBAHHS Ha
OCHOBI BipTyaJIbHUX

Bukopucranns LI qist cTBOpeHHs! BipTyallbHUX
CHMYJISILIH, SIKi JO3BOJIIOTH MPOEKTYBAIbHUKAM
B3a€MOMIATH 3 pi3naHUMHE 1 THHPOBUMH
MOJICJISIMH B PEATBHOMY Yaci, TECTYIOUH i

[HCTpYMEHTH BipTyasbHOI 1 JOMOBHEHOT
PeanbHOCTI, sIKi 103BOJISIIOTH
MPOEKTYBAJIbHUKAM IICPEMICTHTHCS
BcepeanHy OyaiBIi IIe 0 MOYaTKy

CUMYJIALI I ONTUMI3YIOUYH POEKTH MEPe]T iX PeaTbHIM OyHiBHHUIITBA, IPOBOJISIYU TECTH HA
BTILICHHSIM (hYHKIIIOHANBHICTD i TU3aiiH
Po3pobka HOBUX MaTepialiB, sKi pearyoTh Ha
. 3MiHU B HaBKOJIHMIITHBOMY CEPEIOBHILI 1 . .
InTenekryanbHi Marepianu, siki aBBTOMaTHIHO PETYIIOOThH
. . a/IanTYIOThCs 10 YMOB. Lle Moke BKITIOYaTH . .
MaTepiai i . . . CBOIO TETLIOI30JIAIIF0 200 MOTJIMHAKTE IIyM B
«PO3yMHI» CTiHH, SIKi PETyIIOI0TH TEMIIepaTypy, ..
KOHCTPYKIII 3aJICKHOCTI BiJl HABKOJHMIITHBOTO CEPEIOBHIIA

a00 MaTepiaiy, o 3MIHIOIOTH CBOIO (OpPMY
3aJIe)KHO BiJI TOTOJHUX YMOB

[poruo3yBanHs i

I, sikuit BUKOPUCTOBYE BEIHKI JaHi IS
NPOTHO3YBAHHS 1 YIIPABIiHHI PU3UKAMH Ha BCiX

Cucremn 11, sixi aHAMI3yIOTH ICTOPUYHI JaHi
i MOTOYHI YMOBH JJIsI IPOTHO3YBaHHS

YIPaBIiHHS eTanax OyIiBHMIITBA, BiJl IPOEKTYBAHHS 10 MOXKJIMBUX aBapiit abo 3aTpUMOK i
PH3UKaMHU excrutyaranii. Ile Moxxe BKJIIOYaTH BUSABICHHS ABTOMATHYHO KOPHUIYIOTb IUIAHU IS
MOTCHUIHHUX MPoOIeM 0 iX BUHUKHEHHS MiHiMi3auii BIUIUBY.
T 1o6ansx MixknapoHi l'U'IaT(i)OI.)MI/I A cpinLHoro [Tnarpopmu mst rmodambHOT Kona§0pgui’1’, e
6y BB MEDEsKi TPOEKTYBAHHS i peai3aitii 6y,Z[.IBeJ'II)HI/IX 111 ABTOMATHYHO o6p06?me'uaH1 3 pi3HUX
Me Ha 6asi LL[? MIPOEKTIB, Jie (haxiBIi 3 YCHOTO CBITY MOXYTb JDKepe 1 KOOPIUHYE Iil MKHAPOIHUX

cmiBIpantoBatyu yepes inrerposani LI cucremu

KOMAaH]T

Tabnuys 4

Kaacugikauiss MoKIMBUX PU3UKIB Bil BUKOPUCTAHHS IITYYHOI'0 iHTEJEKTY

Knacuoikaris Puzuku MoOXITHB1 HACTiAKH
I cucteMy BUMAararoTh BEJIMKUX OOCATIB JaHUX
Besmexa i JUTSL HaBYaHHSA 1 podoTu. HempaBuibHe Burik a00 3710BXHBaHHS JaHUMH MOXYTh
. e YIPaBIiHHS JAHUMH MOXE MTPU3BECTH JIO HETaTHBHO BIUIMHYTH Ha YYACHHKIB
KOH(]iaeHLIIHICTh . . . . . .
AHHX MOPYIICHHs KOH(IACHIIHHOCTI 00 KpamiKKH MPOEKTY i CTATH MPUYHUHOIO IOPUANIHUX 1

ocobucToi iHopmarii

¢inaHcoBHX TPobOIEM

3aeXHICTh Bijg
TEXHOJIOTIH 1 3001 B
crucTeMax

3anexnicts Bix LI Moxke mpusBecTy 110
Ypa3IHBOCTI Y BUNAAKY 3001B y cucteMax abo
nporpaMHuX romuiok. HempasuisHa podora 111
MOJKe IIPU3BECTH J0 CEPHO3HNX MPOOIEeM Ha
OyiBeJIbHOMY MaliIaHYUKY

3aTpuMKy B OyAiBHUITBI, 301TbIICHHS
BUTpAT 1 HaBiTh HeOE3MeKa ISt KUTT 1
3[I0POB'sl IPAIiBHUKIB Yepe3 HECIPAaBHOCTL
TEXHOJIOT1H

Brpata po6ounx Micup

ABTOMaTH3ais npoueciB 3a gonomoroto 11
MOY€ MTPU3BECTH JI0 CKOPOUYCHHS KiIbKOCTI
poboUnX Micib A 0AeH, 0cOOIHBO B
PYTHMHHHX i HOBTOPIOBAHHX 3aBIaHHSIX.

CorianbHi HACHTIKH, TaKi K 0e3poOiTTs 1
C€KOHOMIYHI TPYTHOIII JJIs TPAI[iBHUKIB,
SIKI MOXKYTB OyTH 3aMillleHi TeXHOJIOTIsIMI

ETvuni nutaHus i
NPUHHSTTS PillleHb

LI mo>xe mpuitMaTy pilieHHS Ha OCHOBI
ITOPUTMIB, SIKi HE 3aBXXIH BPAXOBYIOTh €THYHI
a00 comiaiabHi acriekTH. Lle MoXe BUKIIMKATH
Mpo0IeMH, SKIIO CUCTEMH HE 3/1aTHI MPABUILHO
OIIIHIOBATH JIOJICBEKI MOTpeOu abo MicIieBi YMOBHU

HenpaBunbHi ab0 HecTipaBeUINBI PillleHHS,
SIKi MOXKYTh MaTH HETaTHBHI HACIIIKH IS
IPOMaJICBKUX iHTEpeciB abo iHTepeciB
OKpeMHX 0cil.

Bapricts
BITPOBAKEHHS 1
00cITyroByBaHHs

BrpoBamxkenns i oocmyrosysanus LT
TEXHOJIOT1H MOXYTb OyTH JOPOTHMH, i
HEBEJIMKUM KOMIIaHIsIM MOKe OyTH BaXXKO
BIOPATHUCS 3 TAKAMHU BUTpaTaMU

306ibIICHHS 3aTalIbHAX BUTpPAT Ha
MIPOEKTH, 110 MOXKE 3MEHIIUTH X
peHTabenbHICTh a00 yCKIaIHUTH TOCTYII
710 IHHOBAIIIHUX TEXHOJIOTIN 11 MEHILINX

Gipm

Buknuku B iHTerpamii i
CYMICHOCTI

LI cuctemu MOXXYTh He 3aBXAH OyTH
CYMICHHMH 3 ICHYIOUHMH Oy 1iBETEHIMHI
npouecamu ado obnagHaHHsIM. Lle Moxe
BHMAaraTu 3Ha4HHX 3MiH y mporecax abo

JIOJATKOBHUX BUTPAT HA aAANTAIII0

3aTpUMKH B peati3ailii IPOEKTIB,
HEOOXiMHICTh TIepepoOKH abo
niepeo0aHaHHs ICHYIOUMX CUCTEM

Perymsaropsi i
IOPUINYHI TPoOIeMHu

I B Oy#iBHUITBI MOXKeE 3ITKHYTHCS 3
HEJJOCKOHATICTIO ICHYIOUHX PETyISTOPHUX HOPM
i cranpapriB. HeBU3HAUCHICTD Y MUTaHHSAX
HPaBOBOT'O CTATYCY i BIANOBINAIILHOCTI MOXeE
CTaTH MEPEIIKOJI0I0 ISl BIPOBA/UKEHHS HOBUX
TEXHOJIOT1}

IOpuanani npobnemu i mrpadu, 3aTpuMKI
B peaJi3awil MPOEKTiB, a TAKOXK TPYIHOLII 3
BiJITIOBIIHICTIO HOPMATHBHUM BHMOTaM
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3MiHM B HABMYKAX 1
MiArOTOBII KaJpiB

Bnposamxenns LI moxe BuMaratu HOBUX

HABHYOK i 3HaHb Bij npauiBHuKiB. Lle Moxe

8 CTBOPHTH PO3PHB y HaBHUYKAX MiJK THMH, XTO Ma€

IOCTYII 10 HOBUX TEXHOJIOTiH, 1 THMH, XTO
3aJIMIIUBCS 110331y .

IMoTtpeba B mepeniAroToBL KaapiB abo
mpo0IeMu 3 HAHMOM KBaJTi(hiKOBaHUX
(axiBIiB.

IIpo6aeMu 3 TOUHICTIO i
HAJIHHICTIO

Anroputmu LI MoxxyTh OyTH HETOYHUMU 20O
MaTH MOMHJIKH, [II0 MOXE TIPU3BECTH 10
HeTpaBUIbHOI iHdopMallii abo pilieHs, sKi
BIUITMHYTH Ha SIKICTh OyiBEIBbHUX POOIT.

Puznk nosiBu nedexriB B Oy IiBHULTBI, IO
MOX€e BIUIMHYTH Ha O€3MeKy i
JIOBTOBIYHICTH OY/iBEIh

[li xoHmemIii MOXYTb CYTT€BO 3MIHHUTHU
OyIiBEeJIbHY 1HIYCTPit0, 3pOOMBIIM ii OLIBII
e(eKTUBHOIO, OE3MEeYHO 1 EKOJOTIYHOI0, a
TaKoX 3a0€3MEeUMBIIN HOBI MOXJIMBOCTI IS
PO3BHUTKY 1 iHHOBaliil. Ane 1e norpedye i
HOBOTO QJITOPUTMY OpraHizamii yrpaBiIiHHS
OyAIBHHLITBOM, B TOMY YHUCIIi B KaJICHIAPHOMY
IJIaHyBaHHI, B KOIITOPHCHIN JOKyMEHTarii Ta
eKCIIePTH31 MPOEKTHOI JOKYMEHTAIT1.

Ane KpiM TOro 10 BHKOPHCTaHHS
IITYYHOTO IHTEJIEKTY B OyJiBeNbHINA 1HAYCTpIl
BIJIKPUBA€E HOBI MOXJIMBOCTI, ajJie TAKOX Hece 3
co00r0 HU3KY pHU3HKIB 1 BUKIUKIB. OCh JesiKi 3
Hux (Tadim. 4).

BucHoBku

BnpoBajkeHHST MTYy4YHOrO IHTENEKTY Y

poboTy  OymiBenbHMX  Oprasizamiii = Ta
peamizamiro OyIiBEJIBHMX MPOEKTIB 3HAYHO
T IBUTITY € ix e()eKTUBHICTh Ta
KOHKYPEHTOCTIPOMOXKHICTb. OCHOBHUMH
nepeBaraMu 3aCTOCYBAHHS ITYYHOTO
IHTEJIEKTY €:

1. Onrumizaniss  mpomeciB, a  came:

aBTOMAaTH3allisl 3aBJaHb, CKOPOYEHHS BHUTpaT
gacy Ta pecypciB, IO MPU3BOAUTH IO OLIBII
e(EeKTUBHOTO  yIpaBIiHHSA  OyJiBEIBbHUMHU
MIPOEKTAMHU.

2. IlpuiiHATTST OOTPYHTOBAHUX  DIIlICHb:
aHalli3 BEIMKUX MAacUBIB OOpOOKM HaHMX,
310paHux Ha eTamnax MIPOEKTYBAHHS,
OyIiBHUIITBA Ta eKCIUTyartallii, JJOmoMarae
HUIBUAKO Ta pAIlliOHAIBHO NpUHAMATH PIlIEHHS
Ha OCHOBI peaTbHUX MMOKA3HHUKIB.

3. 3HIKEHHS PU3WKIB: 3aBJSKH IPOTHO3Y
PHU3UKIB, 3aCHOBaHOMY Ha aHami3l gaHux, LI

Ja€  MOXJIHMBICTh TIepeadayaTH TMOTEHIIHHI
npoOJeMH Ta YHUKATH 3pHUBY OyAiBEIHLHOTO
npoiiecy (IIpocToiB).

4, TlinBuImeHHss gKOCTI Ta  Oe3leKu:
texrozorii I cnpusioTs Kpamomy KOHTPOIIO
SIKOCTI BUKOHYBAaHHMX pPOOIT Ta 3a0e3nedYeHHIO

BIJITOBIAHOCTI MIPOEKTIB HOPMaTUBHUM
Bumoram. Il Takox Moxe MiHIMI3yBaTH
PHU3UKH Oe3nexku Ha OyaiBeTbHUX
MaliJaHYUKaX.

5. EdexTuBHE ympaBiiHHS =~ pecypcami:
Bukopuctanns LI  3abe3neduye  Ounbmn
e(eKTUBHE IJIaHyBaHHS MaTtepialbHUX

pecypciB, TEXHIYHOTO OOJIaJHAHHS Ta POOOYOi
CWIH, WO CHOpHUsS€ CKOPOYCHHIO BUTpAT Ta
M1IBUILEHHS MPUOYTKOBOCTI.

6. IaHOBaIi y MPOEKTYBAHHI:
sactocyBanusa I y BIM-mopmensx (Building
Information Modeling) cmpusie iHTerpanii
IHHOBAIIHHUX MIXOMIB y poriec
MPOEKTYBAHHS Ta J03BOJIIE OIBII TOYHOMY
MIPOTHO3YBaHHIO CTpPOKIB BUKOHAHHS
OyiBeTbHO-MOHTKHUX POOIT Ta BUTPAT.

3 TOYKH 30py MICIIS IITYYHOTO 1HTENEKTY B
opraHizaninHii CTPYKTYpi OyaiBeNTbHIX
opraHizamii 4u opradizamii OyAiBEeILHOTO
MPOEKTY  BAXKJIMBO  HAHOBO  MPOIHUCATH
000OB’SI3KM Ta BIAMOBIMAIBHOCTI  KOXXHOTO
OKpPEMOTo MiCIlsl B BEpPTHUKAlli Ta TOPU3OHTAIL
TEXHOJIOTIYHUX IPOLIECIB Ta Pyxy 1H(popmalii.
3aMiHa poOOYMX MICIb IITYYHUM IHTEIEKTOM
BHUMarac OLIbII  JOCKOHAJIOTO  BHUBYEHHS
MOJKJIUBOCTEH Ta PHU3UKIB KOTO BUKOPUCTAHHS
B KOXHIA OKpemill cuTyamii Ta OJIMHUII
MPUMHSATTS PIllICHb.
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HOBI CIIOCOBH PO3POBKH TUIIOTPA®IYHOI'O ITIOPTPETY
B PEJJAKTOPAX PACTPOBOI 'PA®IKU ADOBE PHOTOSHOP
TA BEKTOPHOI T'PA®IKH ADOBE ILLUSTRATOR

BAPYEHKO IO. E., Ph.D., doy.

Kadenpa rpadiunoro nuzaitny, YKpaiHCbKHH T'yMaHITapHUH 1HCTHTYT, BYJI. YHiBepcuterchbka, 14, 08292, byua, KuiBcrka 001.,
Vkpaina, ten. +38 (066) 081-78-59, e-mail: yu.varchenko@ugi.edu.ua, ORCID ID: 0009-0009-8658-0811

Anortauis. ITocmanoexka npoonemu. Y Uil CTATTI AETATEHO PO3TIIAOAIOTHCSA NUISXH yIOCKOHAIEHHS CHOCO0IB
po3poOku THIOTpadigHOTO MOPTPETY B peaakTopax pactpoBoi rpadiku Adobe Photoshop ta BekropHOi rpadikun Adobe
Mlustrator, ki AO3BOJAIOTH 3MEHIIUTH TPYIOMICTKICTH IPOIECY PO3POOKH MOPTPETY, CHPOCTHUTH LEH Mporec Ta
MiIBUIIUTH AKICTh OCTATOYHOTO 300paxkeHHS. Taki pilleHHS IOB’s3aHi 3 THM, IO PoOOTa MO CTBOPEHHIO IAHM3aMH-
NPOEKTIB BUMarae BEJIMKUX TPYAOBHTPAT, XapaKTEPHU3YE€ThCS IHTEHCHUBHICTIO Mpali 1 3HAYHUM EMOIIIHUM
Halpy>XeHHsIM, 10 B KIHIIEBOMY pe3yJbTaTi IO3HAYA€ThCS Ha MPOIYKTUBHOCTI 1 SIKOCTI pOOOTH 1 MOXeE CTaTé
JoKepesoM mpodeciiiHuX 3axBopioBaHb. Mema odocnioxwcenns. Po3poOka epeKTHBHHUX CIOCOOIB CTBOPCHHS
TUIOrpaiqHOrO MOPTPETY B PEAAKTOpax pacTpoBOi Ta BEKTOPHOI rpadikd, sSKi J03BOJIATH 3HU3UTU TPYNOMICTKICTh
MIPOIIECY PO3POOKH, CIIPOCTUTH LI MpOoLeC Ta MiIBUINUTU SKICTh 300pa)KEHHsS NMPHU MPOEKTYBaHHI THIOrpadidHOrO
noprpera. Memooonozina. MeToonorivHa OCHOBA IOCIIDKEHHSI IPYHTYETHCS Ha BHKOPUCTaHHI 3arajbHOHAyKOBUX
METOJIB IOCII/DKCHHS: aHalli3y, HOPIBHSIHHA, y3aralbHEHHS pPI3SHOMAHITHUX ifeH 1 TMPOMO3WIiA BITYM3HIHHX 1
3apyOiKHUX BUCHHUX 3 MPOOJIeM BU3HAUCHHS NIIAXIB 3HIDKEHHS TPYIOMICTKOCTI POOIT, CIIPOIIEHHS MPOIECY PO3POOKH
Ta MiIBUINEHHSA SKOCTI 300pa)KeHHS NpPU MPOEKTYBAaHHI THIOTpa(iyHOTO MOPTpeTa B PEAAKTOPAaX BEKTOPHOI Ta
pactpoBoi rpadiku. Bucnosku. 3anpornoHoBaHHAN c11oci0 po3poOKH TUHOTPadidIHOTO MOPTPETY B PEAAKTOPI pacTPOBOI
rpadiku Adobe Photoshop mo3Bossie 3HU3UTH TPYIOMICTKICTH POOIT 3a paXyHOK 3MEHIIICHHS BUKOPHCTAaHHA KUTBKOCTI
orepanii Ta iHCTpyMeHTiB. B 3ampomoHoBaHOMY c11oc0o6i po3poOku THHOTPadigHOTO TOPTPETY B PEJAKTOPI BEKTOPHOT
rpadiku Adobe Illustrator, 3MeHIIEHHSI TPYAOMICTKOCTI MPOLECY PO3POOKH THIOTpadiyHOro MOPTPETY, CIPOIIECHHS
I[OT'0 TPOIIECY Ta MiJBHIICHHS SIKOCTI OCTATOYHOTO 300paKe€HHS JOCSTa€ThCs 32 PAXYHOK BUKIIIOYCHHS JIOJaTKOBHX
nporpam Jyist 00pooku QoTtorpadii Ta mepeTBOPEHHS TEKCTY B KPUBI JUIs TpaHc(opMallii JIiTep Mo BUOpaHUM KOHTYypam
¢oro.

KarouoBi cioBa: pospodxa munocpagiunoco nopmpema; mpyoomicmkicms pobom; CnpowjeHHs npoyecy
PO3poOKU; Nid8UWEeH S AKOCI 300pPAdICEHHS; pACMPO8A Ma 6eKMOPHA padika

NEW WAYS TO DESIGN A TYPOGRAPHIC PORTRAIT
IN ADOBE PHOTOSHOP RASTER
AND ADOBE ILLUSTRATOR VECTOR GRAPHICS EDITORS

VARCHENKO Yu.E., Ph.D., Ass. Prof.

Department of Graphic Design, Ukrainian Institute of Arts and Sciences, 14, St. University, Bucha, 08292, Kyiv region, Ukraine,
tel. +38 (066) 081-78-59, e-mail: yu.varchenko@ugi.edu.ua, ORCID ID: 0009-0009-8658-0811

Abstract. Problem statement. This article examines in detail ways to improve the methods of developing a
typographic portrait in the Adobe Photoshop raster graphics editor and Adobe Illustrator vector graphics editor, which
allow reducing the complexity of the portrait development process, simplifying this process and improving the quality
of the final image. Such solutions are due to the fact that the work on creating design projects requires a lot of labor, is
characterized by labor intensity and significant emotional stress, which ultimately affects productivity and quality of
work and can become a source of occupational diseases. Research objective. Development of effective methods for
creating a typographic portrait in raster and vector graphics editors, which will reduce the complexity of the
development process, simplify this process and improve the quality of the image when designing a typographic portrait.
Methodology. The methodological basis of the research is based on the use of general scientific research methods:
analysis, comparison, generalization of various ideas and proposals of domestic and foreign scientists on the problems
of determining ways to reduce the complexity of work, simplify the development process and improve image quality
when designing a typographic portrait in vector and raster graphics editors. Conclusions. The proposed method for
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developing a typographic portrait in the Adobe Photoshop raster graphics editor allows you to reduce the complexity of
work by reducing the number of operations and tools used. In the proposed method of developing a typographic portrait
in the vector graphics editor Adobe Illustrator, reducing the complexity of the typographic portrait development
process, simplifying this process, and improving the quality of the final image is achieved by eliminating additional
programs for photo processing and converting text into curves for transforming letters along the selected photo

contours.

Keywords: development of a typographic portrait; laboriousness of the work; simplification of the development
process; improvement of image quality; raster and vector graphics

IloctanoBka  mpobaemu.  Ilpodecis
rpagiyHOTO  OU3aiiHepa  OyKe  LIKaBa,
MPECTUXKHA, 3A€ThCA HAaBITh POMAHTHYHOIO 1
KOPDUCTYETbCSI ~ BEJIMKMM  TIONUTOM  Ha
Cy4yaCHOMY pHUHKY mpami. Ajie B TOH ke dyac
poboTa MO CTBOPEHHIO AM3AMH-TIPOCKTIB 3
BUKOPHUCTAHHAM KOMIT FOTEPHUX TEXHOJOTiH
BHUMarae BEJIMKHX TPYAOBUTpAT,
XapaKTEePU3YEThCSA IHTEHCHUBHICTIO Tpami 1
3HaYHUM E€MOLIWHUM HampyXKeHHSIM, IO B
KIHIIEBOMY  pe3yJbTaTli IMO3HAYAEThCS  HA
MPOAYKTUBHOCTI 1 IKOCTI poOOTH 1 MOXKE CTaTh
oKepenroM  npodeciitHux  3axBoproBaHb. L1
HacHigKu  mpodeciiHMX  pHU3HUKIB TUISL
rpagigyHOro Au3aliHepa HacaMIiepe;] MoB'sI3aHi 3
BUKOPUCTaHHAM KOMI'IOTEPHOi TEXHIKa, S5Ka
3aCTOCOBYETHCSA JUIA  PO3POOKH  OLIBIIOCTI
MIPOEKTIB, 30KpeMa TUIOTpadiyHUX MOPTPETIB
uu Tiakatis [1; 2].

IIpu cyuyacHOMY pPO3BHUTKY KOMII'FOTEPHOI
TEXHIKH Ta TPOTPaMHOTO 3a0e3MedeHHs, 0
BUKOPUCTOBYETHCS JJIi BUKOHAHHS TpadiyHUX
poOiT, po3pobka THUHOrpadiuHOTO MOPTPETY
abo T1uIakata MOXK€ BUKOHYBAaTHCS PpI3HUMHU
crioco0amu, SIKi MOXXYTh XapaKTepH3yBaTHCS
BEJIMKOIO KUIBKICTIO OIepaliif, MoB'SI3aHUX 3
BHUKOPHUCTAHHSIM JIBOX 1 OLIbIIE Mporpam
penaryBaHHsS, 3HAYHOIO KUTBKICTIO 3afisTHUX
MIPOrpaMHUX 3aco0iB, MTOPSIAKOM ix
3acTocyBaHHA Ta iH. Bci mi ¢axkropu MoXyTh
30impHIyBaTH 200  3MEHIIYBaTH  3arajbHy
TPYAOMICTKICTb pOOOTH, sIKAa Ha CbOTOJHI
BCTAaHOBJIEHAa B YKpaiHi 6a30BUM HOPMAaTHBOM
TPYAOMICTKOCTI Ha po3poOky. Hanpuknan, s
mpUPTOBOTO IJIaKaTa BOHA MOXKE CTaHOBHUTH
0,12-0,4 mooguHO-Micss  [3]. ToOro, Ha
BHUKOHAHHS OJHOTO THUIMOTPadivyHOrO IIaKaTy
MoOXe miTH Big 4 no 12 ni0 B 3aleXHOCTI BifX
Kateropii CKJIQJTHOCTI. Kpim TOTO,
HEI0CKOHAJICTh METOJIUKH po3poOKH
TUTIOTPa(IIHOTO TOPTPETY MOXKE YCKIATHUTH
poOOTYy 1 TOTIPHIUTH  SAKICTh  KIiHIIEBOTO
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300pa)XeHHS, HANPHUKIIA/, Yepe3 HEMOKIIUBICTh
nepeaatu piOHI JeTaii mopTpera NMPUHHATAM
crmoco00OM HaHECEHHS MIPHUQTIB.

Ha sxanb, B YKpaiHi HEIOCTaTHRO BHBYCHA
npoOjieMa TPYIOMICTKOCTI METOJIB pO3pOOKHU
tunorpagidyHUX MOPTPETiB 1 IUIaKariB, IX
CKJIQJIHOCTI Ta SKOCTI BUKOHaHHs. TeopeTnyHa
0a3a I OWIHKK e(EeKTUBHOCTI CTHOCO0IB
po3poOku  TumorpadiuyHMX  MOPTPETIB 1
IUIaKaTiB B TOMY UM IHHOIOMY TpadidHOMYy
penaaKkTopi BIICYTHs, a caMi CITIOCOOM Maiike He
MaloTh TeOpeTHUHOi 0a3u s ix peamizamii. ¥
TOH € 4Yac B IHTEpHETI € BeJIMKa KUIbKICTh
iHpopMaLii Ta BiICOPOJIMKIB, HA SKUX ABTOPH
JISATHCS JIMIIE CBOIMH HaBUYKAMH B PO3POOIT
TUnorpagiqHuX MOPTPETIB 1 TUIAKATIB B Til 4K
IHIIA mporpami, ab0 JEMOHCTPYIOTh TOTOBI
poOOTH Ha CTOKOBHMX caiTax pinterest.com,
behance.net Ta in.

Ha wnam mormsan, Taka cuTyamis €
HENPUITyCTUMOIO 1 BHUMarae  po3poOKu
TEOPETUYHOI 0a3u MpPOEKTyBaHHS abo BHOOpPY
e(eKTUBHOTO croco0y PO3poOKHU
TUNorpadiqyHoOro Mmoprpera B pacTpoBHUX abo
BEKTOPHMX  rpaQiyHUX  peJakTopax, 10
JIO3BOJIMTH 3HU3UTH TPYJIOMICTKICTh pOOIT IpH
peanizailii Takoro croco0y, CIPOCTUTH TPOIIEC
PO3POOKH 1 MOKPAIIUTH SKICTh MPOEKTOBAHOTO
300pakeHHS. Y 3BSI3KYy 3 UM, BHUXOISYU 3
BJIACHOTO JIOCBiAy Ta BIJOMHX TEOPETHUYHHUX 1
INPAKTUYHUX TMpanp IHIIUX aBTOPiB, MU
NPOTNOHYEMO JIBa HOBUX CIOCOOM pPO3pOOKH
TUNIOTPa(pIYHOrO TOPTPETy, IO OOyMOBIIOE
akTyajbHicTh ngaHoi ctarti «HoBi cmocobu

po3poOku  TuUnorpadiyHOro - MOPTPETy B
penakropax  pactpoBoi  rpadiku  Adobe
Photoshop Ta BektopHOi Tpadikm Adobe
[llustratory.

AHajniz  nyOgaikaniii.  BuxopucrtaHHs
MpUQTIB U1 CTBOPEHHS 300paKEHb HAJICKHUTh
N0 po3aimy Tumorpadiku  —  MHCTEITBa

CKJIaJaHHs JPYKOBAHUX 3HAKIB 1 momirpadii.
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[TopTpeTn, cTBOpeHI 3 TEKCTYy, HAa3MBAIOTHCS
tunorpadgiuauMu noprtperamu [1; 2; 4], BoHu
PO3pOOIISIFOTECA 32 JTOTIOMOTOI0 MIPUQTIB Ha
OCHOBI 0o0panoi Qororpadii. Tomy Taki
MOPTPETH MAalTh TPU OCHOBHI  CKJIQJIOBI:
upudT, pororpadito Ta rpadiky.

Bixomuii crocio CTBOPEHHS
TUNOrpaiyHOro  HOPTPEeTy, IMpHU  SKOMY
BUKOPUCTOBYIOTh TIepo ¥ Tym abo ¢dapOy
[2, c¢. 43]. 3a pganmM cmocoboM 1O BepX
¢dotorpadii HAHOCATHCS KOHTYPH, IO SKUM
MOTIM ITUIIETHCS TEKCT.

Henonikom Takoro cmnoco®y CTBOpEHHS
TUTIOTPa(IYHOTO TOPTPETy € HEMOXIHMBICTh
3aCTOCYBaHHA MYJbTUMEIIMHUX TEXHOJOTIN
IUISL CTBOPEHHS IOPTPETY, 3HA4HI 3aTPaTH 4acy
HAa BUKOHAaHHSA pPOOOT  BpydYHy, SKICTb
300paXK€HHS 3aJIeKUTh BiJ] OCOOMCTHX HaBUYOK
OKpEMOI JIFOIUHMU.

Binomuii crocio CTBOPCHHS
TUNOTpaiqyHOTO TOPTPETY, SKUH TMOJATrae B
TOMY, 110 TUrnorpadiaHmiz MopTpeT

BUKOHY€ThCs y penaktopi Adobe Photoshop, 3
BUKOpucTaHHIM ¢inbTpa Displace Ta meskux
PEKUMIB HaKJIaJaHHS IS JOCATHEHHS e(eKTy
moptper [2, c. 43]. 3a pganum crocobom
o0uparoTh  KOHTpacTHy  ¢ororpadiro  Ta
MEePETBOPIOIOTh 1i B YOpHO-OLMit (opmaT B
nporpami Photoshop. Hactymaum kpokom, 3a
noriomMororo  (pineTpiB  «KoHTYpHA pi3KiCTh»
(Unsharp Mask) ta «Oxpecneni kpai» (Poster
Ages) BUSBISIOTBCS OCHOBHI PHCH TOPTpPETa,
¢ineTpoM «Armutikamis» (Cutout) BHIANSAIOTH
npiOHI jgetanmi 1 KoMmaHAOK «MIKITyBaHHS
KaHaJiB» 3HE0apBIIIOIOTh 300pakeHHs
[2, c. 44-47]. Ilicna 1BOro CTBOPIOIOTH
MOPTPET 3a JIOTIOMOToI0 1HCTpyMeHTiB «Ilepo»
(Pen) ta «Tekcr» (Text). HemomikamMmu Takoro
croco0y € HOro TPYAOMICTKICTh Yepe3 BEITUKY
KUTBKICTh Oomepariiii, HeOOXiAHICTh CTBOPIOBATH
JeKinbka poOounMx mIapiB Uil  CTBOPEHHS
300pak€HHS Ta  3aCTOCYBaHHS  BEIUKOI
KUTBKOCTI (DiJIbTPIB Ta IHIIMX iHCTPYMEHTIB, 110
YCKIAAHIOE poboTy Haa  TuUnorpadiyHuM
MOPTPETOM.

Binmomuii cmoci6 CTBOpEHHS TEKCTOBOTO
noptpety B Adobe Illustrator [5], sxwuii mosnsirae
B TomMy, 1o ¢ortorpadito  CHoYaTKy
3aBaHTaXyloTh B  Adobe  Photoshop i
CTBOPIOIOTH 1i CHJIYETHY BEpCil0 3a paxyHOK
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3HEOApBIICHHS, TOJIJaBAaHHS KOPUTYIOUOTO IIapy
«PiBHl» Ta 3adapOyBaHHS  HEMOTPIOHUX
eremMeHTiB 1HCTpyMeHTOM «lleH3zenb», moTiM
OTpUMaHy CHJIyeTHy Bepcito (ortorpadii
3aBaHTaxyloTh B Adobe Illustrator 1 mo Bepx ii
IUIIYTh iHCTpyMeHTOM «TekcT» OaxaHi OyKBU
abo cioBa, SKi MOTIM CIOTBOPIOIOTH IO GopMi

OJTHOTO 3  E€JEeMEHTIB  300pakeHHS  3a
JIOTIOMOT 010 KOMaH/IH «CrnOoTBOpEHHS
000JIOHKH TIO CITI», MpU MOTPeOdi KOPEryrTh
TEKCT KoMmaHzaow  «PemaryBatm  BMiCT»,
oreparii HaIMCaHHS TEKCTY, fioro
CIIOTBOPEHHSI ~ Ta  PO3MIIIEHHS  Y3JIOBX
enemMeHTiB  ¢oTorpadii  TOBTOPIOIOTH 10

YTBOPEHHS TEKCTOBOTO MOPTpETY [5].

HenmonikaMu Takoro crnocoOy CTBOPEHHS
TEKCTOBOTO MOPTPETY TaKoX €  BEJIMKa
TPYIOMICTKICTh poriecy pPO3pOOKH
300pakeHHS 13-32 BEIMKOI KUTBKOCTI ornepamin
Ta CKJIQJIHICTh MIATOHKH JIITEP, & 0COOUCTO CIIiB
mig eneMeHTH (otorpadii micas CrOTBOPEHHS
TEKCTOBUX CJIEMCHTIB KOMaH/IO0
«CrnoTBOpeHHS 00O0JIOHKH TI0 CiTILI», III0 MOXKE
MOTIPITYBATH SKICTh OCTATOYHOTO 300pakKEHHSI.
Tpeba 3actocoByBatu 18I mporamu Photoshop 1
[lustrator.

PosrnsHyTi criocoou pO3poOKHu
TUNOrpadiIHOTO MOPTPETY OTpHUMAaJIH
HANOIIbIIIE PO3MOBCIOJKEHHS, X04Ya 1 MAaloTh
pAI  HENOMIKIB, 1 MOXYTh OyTH B3SITI SK
IIPOTOTUIIN 0 iX YTOCKOHAJICHHS.

Meta crarti — po3poOka eheKTUBHUX
crnoco0iB CTBOPEHHS TUNOTpagiqHOTO
MOPTPETY B pEelaKkTopax pacTpoBOi Ta
BEKTOpHOI Tpadiku, SKi JO3BOJATH 3HU3UTH
TPYAOMICTKICTB MPOIIECY PO3POOKH, CIIPOCTUTH
eH Mpolec Ta MiIBUIIUTH SIKICTh 300paKeHHS
MIPH MPOEKTYBaHHI THIOrPagivyHOTO MOPTPETA.

Bukaax wmarepiany. [nsg  ycyHeHHs
HEJIOJIIKIB 10 crmocoOy, M0 TPUBEICHUN B
[2, c. 44—47], NpoONOHYEThCSI HOBUH CIOCIO,
TEXHIYHUM 3aBJAaHHSIM SIKOTO € 3MCHIICHHS

TPYAOMICTKOCTI poLecy CTBOpPEHHS
turnorpadiuaoro nmoprpery B Adobe Photoshop
32 PaxyHOK 3MCHIICHHS BUKOPUCTAHHS

KUTBKOCTI OTleparliii Ta iHCTpyMEHTIB
ITocTaBiene 3aBHaHHS HOCSITAETHCI THM,
II0 B MPOIIOHOBAaHOMY CIOCO0i CTBOPEHHS
tunorpagiqvHoro mopTpery, Qotorpadio 3
HNOPTPETOM  CIOYAaTKy  NAacTepU3ylTh B
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pemaktopi  Adobe Photoshop komanmoro
«[Tactepusartis» A BUIIICHHS KUTBKOX PiBHIB
KOJIbOPY 300pa)keHHs, a TOTIM, MO HUXHIM
KOHTYpaM KOJIbOPOBUX PIBHIB, MaJIOIOTh JiHiI,
SKi BUKOHYIOTh POJb IIIAXY JUISI HAITMCAHHS

JiTep, L0  YTBOPIOIOTH  TUHOTrpadivyHUM
MOPTpET.

Jns  3paiiicHeHHs  cnocoOy — oOuparoTh
KOHTpacTHy  ¢ororpadito  (puc. 1, a),

3aBaHTaXyroTh i1 y pegakrop Adobe Photoshop

1 komarnoro «IlacTepusarisiy yTBOpOIOTH 3—6
KOJIIPHUX DIiBHIB (PO3KHI KOJBOPIB, pHC. 1, 6).
[Totim iHCTpyMeHnToM «Ilepo» (Pen), mo uep3i,
MaNolTh KpuBi miHii 1-3 (puc. 2, a), faki
PO3TalIOBYIOTh o KOHTypam PIBHIB
nacrepusanii BiAMoBiAHO 10 puc noprpery. Lli
JiHIT BUKOHYIOTH pOJb LIISAXY, 32 SKUM

iHcTpymMenToM «Teker» (Text) HaHOCATH TEKCT
13 JiTep, U0 YTBOPIOE TUIOTpadiuHuil MOPTpeT
(puc. 2, 6).

a

o

Puc. 1. ®omoepaghia sioomoeo akmopa Hixonaca Keiidaca [6]: a — 0o 0bpobku 6 Adobe Photoshop;
6 — nicst 00pobru komanoorw «llacmepusayisy

a
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Puc. 2. [Tocnioosnicms po3pobku munocpadiuno2o nopmpemy: a — HAHeCeH sl Ha POMO KOHMYPHUX NI,
WO ymeoproiomy Wiisix 0Jis HANUCAHHS MEKCIY;
6 — munozpagiunuii nopmpem, po3pooaeHUll 3anpPONOHOBAHUM CNOCODOM
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IPOTIOHOBAHUH  CIIOCIO
CTBOpEHHS  TUMOrpaiyHOrO  MOPTPETY B
MOpIBHSAHHI 13 cmocoOoM, TNPHHHATAM 32
nporotul [2, c. 44—47], 103BoJIl€ BUKIIOUNUTH
BUKOpHUCTaHHS (uIbTPiB «KOHTYpHA pI3KICTH»
(Unsharp Mask), «Oxpecneni kpai» (Poster
Ages), «Ammkamis» (Cutout) Ta KOMaHIy
«MiKIIyBaHHS KaHaJiB», a TaKOX NOTpedy B
CTBOPEHHI J0JAaTKOBUX MIAPiB, 10 MPUBOAUTH
0  3HIDKEHHS  TPYAOMICTKOCTI  Ipoliecy
CTBOPEHHS THIIOTPa(iuHOTO HOPTPETY.

Jlnst yCyHEHHS HEJOJIIKIB 10 CrocoOly, IIIo
npuBeeHU B [5], NPONOHYETbCS HOBUHI
cnocid, TEeXHIYHUM 3aBJAHHSIM  SIKOTO €
3MEHILEHHS TPYAOMICTKOCTI poLecy
CTBOPEHHS TEKCTOBOT'O MOPTPETY B rpadiyHOMY
penaktopi Adobe Illustrator, cripomieHHs bOTO
MpoLIeCy Ta MiJBUIIEHHS SIKOCTI OCTaTOYHOTO
300pakeHHS 32 paXyHOK NEPETBOPEHHS TEKCTY
B KpuBi 1Jis1 TpaHcdopmarlii JiTep BiJIMOBIIHO

TakuMm dYHHOM,

KOHTYDiB hoTorpadii.

IlocraBneHne 3aBOaHHsA JOCATAETHCS THUM,
o0 B MPOMOHOBAHOMY CIOCOO1 CTBOPEHHS
TEKCTOBOTO TMOPTpeTy, obOpaHy doTorpadiro
onpasy 3aBaHTaxyloTh B Adobe Illustrator Ta
00po6Iar0Th DiTBTpOM «IMiTAITIT—> ATUTIKAITISDY
JUI. YTBOPEHHS JEKUIBKOX KOJIIPHUX PIBHIB Ha
pacTpoBoMy 300paxkeHi (puc. 3), TMOTIM
KOXKHUH 3 X KOJIIPHUX PiBHI OOBOIATH IO
30BHIIIHIM TPaHUIIIM IHCTPYMEHTOM
«KpuBusHay uig  yTBOpEHHS  1IEHTHMYHHUX
3aMKHYTHUX BEKTOPHUX KOHTYpIB, SIKI IOTIM
3allOBHIOIOTH JiTepamu, MOTIEPETHBO
NEpeTBOPUBILIM  JITEPU B  KPUBI  JUIA
MOJKJIMBOCTI TpaHcopMalii Mo BHYTPIIIHIM
TPaHUISIM 3aMKHYTHX BEKTOPHUX KOHTYDIB,
IpU LbOMY, JIITEpPaM, SKUMHU 3aIIOBHIOIOTH TOMN
Yl IHIOMH KOHTYp, 3aJaloTh KOJIIP LIbOTO

KOHTYpY.

a

o

Puc. 3. @omoepaghisn eioomozo akmopa E00i Mephi [7]: a — 306paxcena pomozepadis nopmpemy nicist 00podoxu
6 Adobe Illustrator ¢inempom «Imimayis—Annikayisy, 6 — 6eKMopHe 300PaANCEHHS NOPMPEMY, HAMATLOBAHE
3a KOMpHUMU KOHmMypamu pomoepaii 3 suxopucmanusam incmpymenmy «Kpususnay ¢ Adobe Illlustrator

Jlyis 31iCHEHHST TIPOTIOHOBAHOTO CITOCO0Y
o0uparoTh KOHTpacTHY doTorpadiro,
3aBaHTAXYIOTh 11 y pepakTop Adobe Illustrator
i ¢binpTpOM «ImiTamisi— Arutikarisny
yTBOPIOIOTH ~ 6—8  KONipHHMX  pIBHIB Ha
pactpoBomy 300paxenHi (puc. 3, a). Ilotim,
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piBHI  pacTpoBOrO  300pa’keHHS
IHCTPYMEHTOM «KpuBuznay,
CTBOPIOIOYM IZICHTUYHI 3aMKHYTI BEKTOPHIi
KOHTYpH, SIKI  3alMBalOTh  BIATOBITHUMH
KOJIbOpaMH, IO TO3BOJISIE CTBOPUTH BEKTOPHUN

noptper (puc. 3, 6).

KOJTipHi
00BOIATE
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Puc. 4. Ilocnioosnicms po3pobxu munozpagiunozo nopmpemy 6 pedakmopi sekmoproi epagixu Adobe Illustrator:
a — 000A6aHHs HANPSMHUX JIHIU 00 KPeCIeHHs OISl CMEOPEHHSL 000AMKOBUX 8EKIMOPHUX KOHMYPIS;
0, 8 — 3aN06HEHHSL BEKMOPHUX KOHMYPIE OYKEAMU WIAXOM IX NepemeopeHHsl,
2 — MeKcmosuti nopmpem, UKOHAHULL 3a 3aNPONOHOBAHUM CHOCOOOM

SIKIIO Yy BEKTOPHOMY HOPTPETI € BEJHKIi
KOHTYpH, Hampukiaa, Ti M0 B1I0OpaxaroTh
BOJIOCCS, TO iX MOXHA MOJUIMTH (Ha BIACHUH
po3cyn) nonatkoBumu JiHisiMu 1 (puc. 4, a) Ha
P KOHTYpIB, IO J03BOJIUTH 3allOBHIOBATU
TaKi KOHTYPH JIITEpaMU MEHIIIOTO PO3Mipy.

[Ticns Toro, sk BCi KOHTYypuU OyIyTh
HaMaJIbOBaHi, BUOUPAIOTh MOTPIOHUH mpUPT i
iHCTpyMeHTOM «TekcT» poOdsITh JOBLIBHO
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Oaxanuit Hanuc, Hanpuknaa, «EJI MEP®Iy,
el  TEeKCT  TMepeTBOPIOITh B KPHBI,
pPO3TPYINOBYIOTH 1 OTpUMaHi OKpeMi JiTepu
NEepeMillyloTh B YTBOpEHI paHille KOHTYpHU
300paKeHHsI, PO3MILIYIOUN X MO BHYTPIIIHIM
TpaHUIBIM KOHTYPIB 32 paxXyHOK TpaHc(opmarii
(puc. 4, a). Ilicist TOro SIK KOHTYp 3allOBHEHUI
JiTepamMu, HOro MOKHa BUJAIHMTH, a JITEpaM
3aJaTH  Kojip BuOpaHoro KoHTypy. Jami
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MPUCTYTAIOTH JI0 3aTIOBHEHHS JIITEpaMH 1HIIHX
KOHTYpiB 2, 3 (puc. 4, 6) 1 4, 5 (puc. 4, g) 1 Tak
70 THX Tip, TMOKA HE YTBOPUTHCS TEKCTOBHM
noptper (puc. 4, 2).

Takum 4YMHOM, NPONOHOBAaHUN CHOCIO
CTBOPEHHs  TUMNOrpaidyHOro MOpTpPEeTy B
rpadgiuHomy pemaktopi Adobe Illustrator, y

MOpIBHSAHHI 13 CIIOCOOOM  NpUIHATUM 32
MPOTOTHUIT [5], JI03BOJISIE 3HU3UTHU
TPYAOMICTKICTb nporecy CTBOPEHHS
300pakeHHS, CHOPOCTUTH Led Tmpouec Ta

M IBUIIUTHU SKICTh OCTATOYHOTO 300pa)KeHHS 3a
paxyHOK TEpPETBOPEHHS TEKCTy B KpHBIi, MIO
J03BOJISE TOYHO 1 INBHJIKO TpaHCHOpPMYBaTH
JITEPH BINOBITHO KOHTYpaM ¢oTrorpadii.

Bucnosku

[IpoBeneHi MOCHiKEHHS TOKa3ajiH, IO
OCHOBHHUMH nporecaMmu pPO3pOOKHU
TUNOrpadiqyHOr0 MOPTPETY B  peJaKTopax
pacTpoBoOi Ta BEKTOPHOI rpadiku €: momnepeans
o0pobka ¢dotorpadii mist GopMyBaHHS UYITKUX
KOJIIpHUX  KOHTYpPIB MOpTpera; Mmiadip 1
tpancopmariss mWpUPTIB AT MONKIUBOCTI
MiJIAIITOBYBAaTH iX MiJ  KOJIpHI KOHTYpH
MOPTpeTa; PO3TallyBaHHS MEPETBOPEHUX JIITEP
a0o cJTiB MO KOJIIpHUM KOHTypam noptpeTty. Bei
Il TPOIECH BIUIMBAIOTH HA TPYJIOMICTKICTh
poOiT, X CKJIAJIHICTh Ta SIKICTh MPOEKTOBAHOTO
300paKeHHS.

Benmuka KiTbKICTh 1HCTPYMEHTIB, IIapiB i
KOMaHJI, 10 BUKOPUCTOBYIOTHCS MPHU 0OPOOIIi
pactpoBoro 300pakeHHs TmopTpera ((oTo),
3aBKAM YCKJIAQIHIOE TPOIEC TPOEKTYyBaHHS,
BUMarae OiJbpllle Yacy Ha OOpOOKy 1 poOHUTH
HOTO TPYAOMICTKHM.

[pudTt, sKUii BUKOPUCTOBYETHCS TIPH
po3po0iii BizyaapHOTO 00pa3y THrorpadigHoro
MOpTpeTa, MOBHHEH MaKCHUMAaJILHO BiNOBITaTH
XapakTepy KOMIO3WIii, s 1BOro HOro
nmoTpiOHO TpaHchopmyBaTH. Y TOH jkKe dYac
mporec MArOHKM MIPHPTIB M KOHTYpH

MOpPTpETa 3a paxyHOK Horo TpaHcdopMmarii €
HaOLIbII TPYJAOMICTKUM B poOOTIi. Y 3B'3KY 3
UM Cc1I0Ci0 IepeTBOPeHHS MPUQTIB 1 MATOHKA
OykB a00 CIiB MiJl KOHTYpU MOPTPETa BILTUBAE
Ha TpyAoMIcTKicTh poOoTH. Kpim Toro, cnocid
NEPEeTBOPEHHA MIPUPTY MOXKE OOMEKHUTH
TpaHMIll MIATOHKH JITEP, & OCOOMCTO CIIB i
KOHTYpU IPOEKTOBAHOIO MOPTPETa, L0 MOXKE
HOTipUIYBaTH HOTO AKICTb.

Ha sxicte CTBOpIOBAaHOTO 300pakKeHHS

BIUIMBAa€  CIOCi0  3amOBHEHHS  KOHTYpIB
noptpera mpudTtamu. Ilpm  3amoBHEHHI
KOHTYpIB TEKCTOM, SIKHM HAmUCaHUH IO

3aaHOMYy [UISXy, BHHHMKae mpodiema 3
HaHeceHHSIM OyKB Ha JIpiOHUX erneMeHTax abo B
30HaX 3MIiHM HAampsMKy HalHCaHHA TEKCTY
Yyepe3 HasABHICTb TOCTPUX KyTiB Ha LUIAXY

pO3TamryBaHHS TEKCTy, IO € MPUYUHOIO
HOTIPIICHHS SKOCTI 300pakeHHSI.
3  ypaxyBaHHSAM  BCIX  BHSBJICHHUX

NepeayMOB, IIO € 3alMOpPYKO ITiIBUIICHHS
TPYIOMICTKOCTI pOOOTH, YCKIAAHEHHS MTPOIIECY
PO3pPOOKH 1 3HIKEHHS SKOCTI 300pa)KeHHs pU
MPOEKTYBaHHI THUIOTpadivyHOr0 TOpPTpeTa, 3
METOI) 3MCHINCHHS BKa3aHUX HETaTUBHUX
dakTopiB, Oy 3ampOIIOHOBaHI HOBI CIIOCOOM
CTBOPEHHS  TUHOTpaQiqyHOTO  TOPTPETy B
penakrtopi  pactpoBoi  rpadiku  Adobe
Photoshop 1 pemakTopi BekTropHOi Tpadiku
Adobe Illustrator.

3arponoHoBaHi crocoou po3poOKu
tanorpadiqyHOro mopTpera Oyad  YCIHIIIHO
BIIPOBAKEHI aBTOPOM B HaBYAIILHUI MPOIIEC B
YkpaiHChKOMY TyMaHITapHOMY 1HCTUTYTI NpH
M ATOTOBII CTYJICHTIB 3 JUCHUILIIHA
«Komn'torepHe  au3ailH-TIPOEKTYBaHHS»  3a
cremianpHicTIO 022  «/Im3aiin»  cneriamizamii
«'padiunuii  au3aiiH», MmO Jajl0  3MOTY
MiJBUIIATHA SIKICTh HABYAHHS Ta MOKPAIUTH
METOIMYHE 3a0e3MeueHHs TUCIUTUTIHHU.
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Anotanisi. Ilocmanoeka npoonemu. 1llopoxy y cBiTi BinOyBaeThcs 6mu3bko 60 000 cMepTeNbHUX BUIAAKIB Ha
OyZIiBHHITBI, 110 JOPIBHIOE OJHOMY HEIIACHOMY BUIIAJKY, IO TPAIUIIEThCS KOXKHI NEB'ATh XBHJIMH. B KOHTEKCTI
aHai3y CTAaTHCTHYHUX IOKA3HHWKIB TPaBMyBaHHS IIPANIOIOYMX BCTAHOBJIEHO CHCTEMaTH4YHE 30UIbIIEHHS KUIBKOCTI
HEI[aCHUX BHMAJKIB Ha OynAiBeNbHUX MaWgaHunkax. Mema cmammi — JOCHIUKEHHS TNPUYMH — BHPOOHUYOTO
TpaBMaTu3My Ta MpoOJeM MPUIMHHO-HACIIIKOBOTO HOTro XapakTepy Ha 00’€kTax OyIiBHHITBA 3 METOI0 PO3pOOKH
3acaj] yIOCKOHAJICHHS PErflaMeHTy BHUKOHAHHS poOiT. Bucnoséku. AHaii3 BUPOOHHYOTO TpaBMATH3MY B OyIiBeNbHIN
ramysi 3acBimdye HaHOUTBIINI MOKA3HWK HEIIACHUX BHIIAAKIB Ta BUMAMKIB 31 CMEpTENbHUME Haciuigkamu. HeoOxigHo
3a3HAYUTH, IO KUIBKICTh HEIIACHUX BHUIIAJKIB Ha OYIIBHHLITBI 3 BTPATOI0 MpAIe3qaTHOCTI 3pOCTa€ 3 HACTAHHSIM
OCIHHBO-3UMOBOTO Tiepioy. B pe3ymnbrati mocmimkeHHs MOKa3HUKIB TPaBMyBaHHS BCTAaHOBJICHO, IO TPAaBMYBAaHHS ITif
yac BHKOHAHHA poOIT Ha OyIiBHHITBI OTPMMYBAJM II€BHI KaTeropii MpamiBHUKIB, a caMme: MYILIPH, IITYKaTypH,
HiICOOHNKH, apMyBaIbHUKH. B pe3ynbTaTi JOCHiIKeHHs] BCTAHOBIICHI OCHOBHI (DakTOpH, SIKi BIUIMBAIOTh Ha KUIbKICHI
NOKa3HUKH HEI[AaCHUX BUMAJIKIB Ha OyIiBHHUIITBI Ta 3aJ€XKHOCTI (i310JI0OTIYHOTO CTATYCy MPAILOYOro BiJ i HU3BKUX
temmepatyp. Takox AOCHIIHKEHO MPOOJEMH 3aXUCHHUX BJIACTHBOCTEH 3acO0iB IHAMBIAYaIbHOTO 3aXUCTY MPALFOIOYHX
Ha OyniBHUITBI. DOpMyBaHHS KOMILIEKTY 3ac00iB iHAMBIAYaJbHOTO 3aXMCTy MOTpeOye HayKOBOTO OOTpYHTYBaHHSI.
B koHTekcTi Aii TeMmmepaTypH HaBKOJMIIHBOTO CEPEJOBHINA Ta Pi3HOI IHTEHCHBHOCTI BHKOHAaHHS pOOIT mocTae
3aBJaHHs BHOOPY ONTHMAaJIbHOTO KOMILIEKTY 3ac00iB iHIMBIgyasbHOro 3axucty. IIpuiiMatoun 1o yBars ocoOiIMBOCTI
(YHKIIIOHAJIbHOTO HAaBAaHTAXEHHs MPAIIOI0YMX, OOIPYHTOBAHO MOUIJBHICTD AOCTIUKYyBaTH (iziosnoriuHuid craTyc
KOXKHOI Kareropii IpaiiBHUKIB 3a pi3HOI IHTEHCHBHOCTI HaBaHTaxeHb B aianmazoni 200—420 Br. 3acrocyBaHHs
TIPOTHO30BAHOI METO/IOJIOTIT TOCHIPKCHHS 3aXNCHHUX BIIACTUBOCTEN 3ac00iB 1HAMBIAYaJIbHOTO 3aXHCTY Ta iX BIUIMBY Ha
¢izionoriyHAN CTaH MPAIOIYNX B AWHAMIYHUX yMOBax (hopMye MOTpeOy yIOCKOHAJICHHS PErIaMEHTY BHKOHAHHS
PpoOiT.

KarouoBi cioBa: 0ydienuymeo; eupoOHuuuil mpasmamusm, aHali3 HeWwdacHux 6unaokie, NPUYUHU HeWacHux
8UNAOKIB; pe2namenm
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Abstract. Statement of the problem. There are around 60,000 construction fatalities worldwide each year, which
equates to one accident every nine minutes. In the context of the analysis of statistical indicators of injury to workers, a
systematic increase in the number of accidents at construction sites was established. The purpose of the article is to
study the causes of industrial injuries and the problems of their cause-and-effect nature at construction sites in order to
develop the principles of improving the work performance regulations. Conclusions. Analysis of industrial injuries in
the construction industry confirms the highest rate of accidents and fatal cases consequences. It should be noted that the
number of construction accidents with loss of working capacity increases with the onset of the autumn-winter period.
As a result of the study of injury indicators, it was established that certain categories of workers were injured during
construction work, namely: masons, plasterers, helpers, reinforcement workers. As a result of the study, the main
factors affecting the quantitative indicators of construction accidents and the dependence of the worker's physiological
status on the effect of low temperatures were established. The problems of the protective properties of personal
protective equipment for construction workers have also been investigated. Formation of a set of personal protective
equipment requires scientific justification. In the context of environmental temperature and different work intensity, the
task of choosing the optimal set of personal protective equipment arises. Taking into account the peculiarities of the
functional load of workers, the expediency of investigating the physiological status of each category of workers under
different intensity of loads in the range of 200—420 W is substantiated. The application of the predicted methodology
for the study of the protective properties of personal protective equipment and their impact on the physiological state of
workers in dynamic conditions creates the need to improve work performance regulations.

Keywords: construction; industrial injuries; accident analysis; causes of accidents; regulation

IMocTanoBka mpo6jemu. 3a0e3nedyeHHs  JCIHEHTpai3allisl yCKJIAJHIOE BUSBJICHHS Ta
0e3meyHnX yMOB Tpalli Ta 3amnpoBa/PKEHHS  YNpaBIliHHS HEOE3MEeuHOI0 MOBeIIHKOIO [3].
MPEBEHTUBHUX 3aXOJiB MIOAO IMPOMHUCIOBOI OxpiM 3a3HA4CHOT0, 3a CTATHCTUYHUMHU
Oesnekn € Oe3mocepenHIM Ta OCHOBHUM  ONpAIIOBAHHSIMH  HEMIACHUX BUIIAJKIB Ha
000B’s3k0M pobOoroxaBisl. He3Bakaroum Ha OymiBHUITBI JlepKaBHOIO CIIy»KOOIO 3 INHUTaHb
CUCTEeMAaTHYHE  YJOCKOHAJCHHS  CHCTEMH  IMpalli BCTAHOBJICHI MPUYMHH TPaBMYBaHHSI, a
ynpaBiiHHsA oxopoHorw mpami (CYOIIP) ma  came: mnpurogu (moxii) mix dYac pyxy
MiANMPUEMCTBAX Ta OPraHi3alifx, HE3aJeKHO  TPAHCHOPTHUX 3ac00iB, MAIiHHA MOTEPILIOTO,
Bil GOpPM BIACHOCTI, CTATUCTHUYHI MOKA3HUKH  YPaKEHHS  CJICKTPUYHHM  CTPYMOM,  JIid
TpaBMYBAaHHS  TPAMIOIOYAX  3QJIHIIAIOTBCS  TEMIepaTyp, TOKa3HUKH Ba)XXKOCTI Ipairli,

HETPUUHATHUMHE 1 BUKIMKAIOTh 3aHETIOKOEHHS.  MOKa3HUKHU HANpYKeHOCTI mpaiti [4].

Oco0nHBO 1€ CTOCYEThCS Taimy3i OyIiBHHUIITBA. AKTyaJbHICTh JOCTIPKEHHS
[IMopoky y cBiti BigOyBaeTbes O0au3pko 60 000  miATBEPHKYETHCS HE3MIHHHUM TOKA3HUKOM JIii
CMEpPTEIbHUX BMIAJIKIB Ha OYyAIBHUITBI, 110  TEMIEpaTyp Ha CTaH IIPALIOI0YOrO.

JIOPIBHIOE OJJHOMY HEILIACHOMY BMIIQAKY, IO  BiICYTHICTH YITKOTO pPEriIaMeHTy I0AEHHOIO
TPAIUISIETBCSL  KOKHI  JeB'ATH XBHIMH. KpiM  gomycky a0 po0otu i, 0coOnmBO, 3a YMOB nii
TOTO, y OymiBeldbHINA Tay3i 3alHATO Maie  HU3BKHX TeMIlepaTyp Ta poOIiT Ha BHCOTI
10 % poGouoi cumm, ame Ha HEi MpHUMagae  BU3HAYAE BEKTOP JOCHIHKEHb Ta OOYyMOBIIOE

20-40 % HeIlacHUX BUIAJKIB 31 HEOOXITHICTh PO3POOKH MPEBEHTHUBHUX 3aXO/1B
CMEpTEeNbHUMH HAcliKaMH Ha BHUPOOHMITBI.  3amoOiraHHs TpaBMyBaHHS  TPAIIOIOYMX Ha
[1; 2]. Oy MiBHHIITBI.

Kpim Toro, Fang T. crBepmkyBaB, 1o AHani3 myoaikamiii. B poOorax [4; 5]

HeOe3leyHa TIIOBEJIHKa TMpaIliBHUKIB OyJia BUCBITJIEHO KIUJIBKICHI ITOKA3HUKH HEMIACHUX
BU3HAHA TPSMOI0 Ta TOMIMPEHOK NPUYMHOK  BUMAJKIB Ha BHpOOHMUTBI  (puc. 1-3).
HEITaCHUX BUIAJKIB HAa OyaiBHUITBI. OCKiTbKkH 3 aHaizy MMOKa3HUKIB TpaBMYyBaHHS
XapaKTEPUCTUKHU OylIBeJIbHUX pobIT  MPAIIOIOYUX BCTAHOBJICHO, IO 3a KITBKICTIO
BU3HAUalOTh, 1[I0  POOITHUKM  3a3BMYaif  OTPUMaHUX TpaBM, raily3b OyJIBHULTBA
Mpaliol0Th Ha OKPEeMHUX JUISHKaX, Taka  [OCIJae Apyre Micle.
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Mcuxodizionoriudi. TeXHoreHHI, NpUpo...

Opranizauiini

TexHiuni

Puc. 3. [Ipuyunu newacuux 6unaokie 3i cmepmenbHUM HACAIOKOM, N08 si3aHi 3 eupobHuymeom 3a 9 micayie 2024 poxy

Ham3BuuaitHo iHGOpPMATHBHUM € PUCYHOK
3, 1Ae 3a3HayeHo, MO0 HANOIIBIIy YacTKy
NPUYMH  HEIIACHUX  BHIAJAKIB  CKIIAJAIOTh
ncuxogizionoriuai — 55,9 %. Ha npyromy
MICIIi — OpraHi3arfiiHi.

VIMOBipHiCTb OTpUMATH TpaBMy 3pOCTac i3
301JIBIICHHSIM CTyTICHS iH}opmariiHoi
HEBU3HAYEHOCTI 11040 HEOE3IIEK, [I0B’ I3aHNX 13
TEXHOJIOTIYHUM OOJalHAaHHSAM | TPOIIECAMH,

(YHKIIIOHYBaHHSIM ~ CHCTEeMH  yTIPaBIiHHSA
OXOPOHOIO npari, a TaKOXK
NcUXo(]i3i0NOTiYHUM  CTAaHOM  TpalliBHUKA

3a3HaynIIM aBTOpU. B poboTi [6] 3a3HaUEHO, 1110
PU3UKK TpaBMYyBaHHS 32 yMOB iH(opMamiiHoi
HEBU3HAYEHOCTI MOKYTh OYTH BHpPa)KEHI uepe3

earpomito 3a (Qopmynoro K. IllenHnona, 3a
KOYKHOFO TPYIIOI0 TPUYHH:
N
H(X) =2_= p(Xi) log,, p(Xi), (1)
i=1

ne pXi — WMOBIPHICTh HACTaHHS HEOaKaHOTO
HACIIIJIKy y BUTJISAI TpaBMYyBaHHs MpalliBHUKA
BHAcHiIOK Opaky iH(opmamii 1 NpURHATTS
YIPaBIIHCHKOTO PIilIEHHS 10JI0 MOTEPEKEHHS
BUPOOHMYOTO TpPaBMaTU3My 3a I-I0 TPYIOIO
NpUYHUH;, @ OCHOBa Jorapudpmy, 110
00Mpa€eThCA 3aJEKHO BiJl KITBKOCTI MOXKITUBHUX
CTaHiB (y JaHOMY BHIIQJKy PO3IJISAAIOTHCS 1BA
CTaHHW: OTPUMAaHHS YU HEOTPUMAaHHS TpaBMU
MpaLiBHUKOM Ha poOOYOMY Miclii).

B poGorax [7; 8] merambHO ONHCYETHCA
Oe3mocepeHs ~ 3aJEKHICTh  aJIEKBAaTHOCTI
MOBEIIHKK BiA Jii HU3BKUX TEMIlepaTyp Ha
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MPaIIOIY0ro. AHAJIOTIYHI BUCHOBKH 3pO0JICHO

aBTopamMd B JochimpkeHHsx  [9-11], nme
JTOCJTI DKy BaJTUCS XapakTepHi 3MiHU
ncuxo(i3ioNoriyHoro CTaHy MpaliolYuX B
yMoOBax  Jii  pI3HHUX  TeMIeparyp  Ta
HaBaHTAXXCHb.

Y 2023 poui B OymiBenpHIM Tay3i
3a(pikCOBaHO 3HAYHY KUIBKICTh HEIIACHUX

BHITQJIKIB 31 CMEPTEIbHUMHU HacigkamMu abo
CepHO3HUMU TpaBMaMH. OcHOBHUMHU
KaTeropisiMU TPAIliBHUKIB, SKI TIOCTPaXIANIH, €
OyIiBeNbHUKH, MYJISIPH, MPALiBHUKA BUCOTHHX
poOiT 1 cirocapi, 0OCOOJIMBO Ti, XTO TPAIOE B
yMOBaxX TIJIBUIIEHOTO PHU3UKY, TaKWX SK
3BEJCHHS  0araTormoBepxiBOK ab0 pEeMOHT
HiAMpHUX CTiH. TpaBMH 4YacTO BHHUKAIOTh
yepe3 MaAiHHS 3 BUCOTHU, 3CYBH IPYHTY abo
MOPYUICHHS TPaBUIJI 0COOUCTOT OEe3MeKH.

Haii0impmr  mommumpeHuMHu  TpUYHHAMH
HEeIaCHUX  BUMNAJIKIB €  Oprasi3amiiHi
MOpYIIEHHS, 30KpeMa BIJCYTHICTh 3aXHCHUX
OTOPOX 1 KOJIGKTUBHUX 3ac00iB  3aXHUCTY.
Hanpuxmnan, y Bumaakax Ha OyAiBHUIITBI
MPAMiBHUKKA YacTO OTPUMYBAIH TPaBMH uepe3
HEJOTPUMAHHS BHUMOT O€3IeKH, TaKHX sK
HE3aXHUIIeHI MIaxTH JiTiB abo BIACYTHICTH
3ac001B 1HIMBIIYaJIbHOTO 3aXHUCTy. Y CBITOBIH
CTaTHCTHUIIl TAKOX CIIOCTEPIracThCsl TEHICHITIS
0 BHCOKOI YacTKU CMepTed 1 TpaBM cepen
OyaiBenbHUX POOITHUKIB, 30KpeMa depe3
HeOe3MeKy MmaaiHHsg Ta aBapii Ha OyIiBEITbHUX
MailaHYMKaX.

MeTta cTaTTi — BU3HAYCHHS MPIOPUTETHUX
HANPSIMKIB ~ JTOCHI/DKCHHS — [IOJ0  IPUYUH
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BUPOOHUYOTO TpaBMaTu3My B raiysi
OyiBHUIITBA.

PesyabTraTn pocaimkennsi. B pesynbrati
ONpAlllOBaHHS  CTATUCTHUYHUX  IOKAa3HMKIB

TpaBMaTU3My B raiy3i OyAiBHHUIITBA 3a IEepioj 3
2020 mo nmunens 2024 pokiB BCTAaHOBJICHO JBa

JNOMiHyIoUuX  ¢akropu  Oe3MocepeHbOTro
BIUTUBY HA CTBOPEHHS TMEpPEIyMOB BHIAJIKIB
HEIIAaCHUX BUIIAKIB 3 TpaBMYBaHHSI
MpaioYnx Ha  OYIIBHHIITBI, a  came:

TEMIEpAaTypHI Ta OpraHi3amiiHi YHHHUKHU. |
BOHH CKJIagaroTh 25 Ta 55 % BIAMOBIAHO Bif
3arajibHOi KITBKOCTI TpaBMyBaHb. HacTymHum

X1

X2

(dakTOpOM BIUIMBY € TEpioJ pOKy, a came
OCIHHBO-3UMOBHMM, MiJl Yac $KOro CTalucs
moHax 70%  HemlacHMX — BHUIIAAKIB B
OyaiBenbHIM ramysi. 3 orisgy Ha 3a3HaueHi
YUHHUKY, BUHUKA€ JIOTIYHE OOIPYHTYBaHHS
100  CTBOPEHHA  NPUYMHHO-HACIIIKOBOI
MIJCUCTEMH TIOCIIIOBHOCTI «TemIeparypa —
rinoTepMmiss — TIMOKCist — 3HUXKEHHS PIBHA
KOTHITUBHHUX (PYHKLIH» B CHUCTEMi «BHpOOHUYE
cepe0BUILIE-TIPALIOIOYHIT».

brnok-cxeMy ~ ynpaBiiHHA ~ CHCTEMOIO
«BUpOOHHYE cepe0BUILIe-TIPALFOI0YHI»
IIPEJICTaBJICHO Ha PUCYHKY 4.

X3

a0

Puc. 4. Bnok-cxema ynpasiinHs CUCmemoio «supobuuye cepedosuuje-npayiooyuiiy: 1 — zacobu npayi; 2 — 06 ’ekm
peazysanns; 3 — 3acobu iHOUBIOyanbHo20 3axucmy, 4 — npayiorouul ;| 5 — mpasmamusm, npoghecitine 3ax60pI08aHHsL;
6 — ynpaeninus 06 ’ekmom i 3acobamu npayi (CnopsiOdCceHHs, mexHiKa, 3acobu Manoi mexanizayii ); 7 — ynpaeninus
pisnem enaugy HIIID 3a donomoeoro 3acmocysanns 3acobie iHOugioyanbHozo saxucmy; 8 — cucmema Kepyovux
6NIUGI6, X1— HeDe3neyH i [ WKIOIUG PaKkmopu sUPOOHULO20 cepedosuwa ; X2 — 3aTUUKOBULL 6NAUE NIC/S Ol HUZKUX
memnepamyp; x3— 3anuuikosi pieni HILIIB® nicna 3acmocyeanns 313

[IpencraBneHa Ha pUCYHKY 4 OJOK-cxema
BU3HAYAE CKJIAJIOBI YIPABIIHHSI CHCTEMOIO
«BHPOOHHMYE  CEpeIOBHILE-TIPAIIOIOYNNY, a
came: 3aco0u mpari; O0O’€KT pearyBaHHS;
3aco0u 1HIMB1TyaIbHOTO 3aXHUCTY;
MpaLOI0YHIA; TpaBMaTH3M, npodeciiine
3aXBOPIOBAHHS;, YMpaBIIHHSI 00 €KTOM 1
3acobamu  mpari  (CIOpSUDKEHHS, TEXHIKa,
3aco0u MaJtoi MexaHi3arlii); ynpaBIliHHS piBHEM
BIUIMBY HEOE3NMEeYHHX Ta MIKIIVIMBUX (aKTOpiB
(HII®) 3a momomororw 3acToCyBaHHS 3aco0iB
IHAWBIAYaTbHOTO 3aXHCTY; CUCTEMa KEPYIOUUX
BIUBiB. OcCOOJMBOiI yBarm 3acilyrOBYIOTh
(dakropu, ki € 0a30BUMU IIOJO0 BU3HAYCHHS
piBHS  pU3WKYy  OTPUMaHHA  TpaBM  Ta
npodeciitHoro 3axsoproBaHHs. Lli  dakTopu
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MMO3HAYEH] K X1, X2, X3 . HeOe3meuH1 1 MIKIITNUB1
¢dakropu BUPOOHUYOTO CEpEIOBUILA;
3aUIIKOBUM  BIUIMB  MicAS  Jii  HHU3BKUX
temneparyp; 3anumkosi piBHi HIIB® micns
3actrocyBanHs 3[3. KinbkicTh  HemacHHUX
BUIAJIKIB HAa OYyTiBHHUIITBI MOXE 3MIHIOBATHCS B
3aJIE)KHOCTI BiJI IOPH POKY Yepe3 pi3HI MOTOAHI
yMOBU Ta cnenudiku OyaiBenbHHX pooiT. Y
3MMOBHH TIEPi0] KITbKICTh HEITACHUX BUIAIKIB
3HAYHO 30UTBIIYETHCS Yepe3 CIM3bKi MOBEPXHI,
oOmep3aHHs KOHCTPYKIIIH, a TaKOXK
CKOPOYEHMH CBITJIOBUH JEHb, IO YCKIIAIHIOE
BuauMIicTh. [lepeoxonomkenHss 1 pobora y
BOXKUX YMOBAaX TAaKOX CHPUSIOTh PH3UKY
TpaBM uepe3 TnoTepMiro.
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3HMKEHHS TpaBMaTU3My CIIOCTEPITaeThCs B
mepioJ  JITHIX  MicAlliB, IO  3a3BHYait
XapaKTePU3yIOThCS MEHIINM PU3HKOM BIUIUBY
norogHux ¢akropiB. OnHak, creka MOXKe
BUKJIMKATH (P13UYHE BUCHAXKEHHS MPALIBHUKIB 1
MPU3BOAUTU 0 MOPYUICHb MPaBHI OE3MEKH.
OCHOBHI pU3MKH: TEIUIOBl yJAapH, BTOMA,
majiHHg ~ 4Yepe3  BTpaTy  KOHIEHTpalii,
3HeBoHeHHs. Ilepiox OCiHHIX pOOIT TaKOX
XapaKTepU3yeTbCsl  3POCTAaHHSAM  KUIBKOCTI
HemacHux BHUMaakiB. e oco0mmBo akTyanbHO
JUTSL 3aBEepIIAIbHUX €TaImiB OyIiBeIbHUX POOIT
nepes; 3umMoro. OCHOBHI PU3HKH: MAiHHA Yepes
MOKpiI  TOBEpPXHI, HECTIMKI  KOHCTPYKIIIi,
MOPYILIEHHS MPU POOOTI HA BUCOTI uepe3 BiTeP.
3aranoM HalOUIbII HEOE3MEYHUMHU € 3UMOBHI 1
OCIHHIM mTepiogu uepe3 MOroJHI YMOBH, IO
CTBOPIOIOTH JI0JIATKOB1 PU3UKHU Ha OYiBEITbHUX
MaiijaHunkax. TemmoBe BiAUYTTS IIOJUHU B
OCHOBHOMY IIOB'si3aHE 3 TEIUIOBUM OajlaHCOM i
Tina B mimomy. lLleil OamaHc 3aJeXuTh Bif
(¢i3uyHOi aKTUBHOCTI Ta OJIATY, a TaKOX
napaMeTpiB  HaBKOJMIIHBOTO  CEepeOBHUINA:
TEMIIEpaTypH MOBITPSI, CEPETHBOI TEMIepaTypu
BUIIPOMIHIOBAaHHS, IIBUJKOCTI PyXy 1 BOJIOTOCTI
TTOBITPSI.

TakuM dYMHOM, IpUKMAO4YM JO YyBaru
OCHOBHI (DaKTOpH Jii Ha MPAIOI0YOTO MOXHA
chopmyBaTi 0a30BI YHHHHUKH JTOCIIDKEHHS
MIPUYUH TpaBMYBaHHS, npogeciitHoro
3aXBOPIOBAaHHS B  pe3yJbTaTi CHCTEMHOTO
repeOyBaHHS MPAIIOIYOTr0 B CTaHI TIMOTEpMIii.
IIpu ormiHtoBaHHI a00 BUMIPIOBAaHHI IHX
(hakTOpiB MOXJIMBO Tepea0aYnuTH TEIJIOBE
BIAUYTTS Ui OpPraHi3My B IUIOMY HUIIXOM
oburcieHHs cepeanboi oinku (PMV).

Bcranosnenns Biicotka HezanoBoneHux (PPD)
BU3HAYA€ 1HJEKC, IO MICTUTh IH(OpMAILIO TIpO
TETUIOBUH TUCKOM(OPT a00 TEIIOBE HEBOBOJICHHS
BIJICOTKA JIFOZICH, SIKI WMOBIPHO BiT4yBalOTh ceOe
3aHATO TEwIo ado Jy)e XOJOJHO B JAHOMY
cepenosuiiil. PPD MoxyTs OyTn otpumMai 3 PMV.

TennoBuiit AUCKOMPOPT MOXKE TaKOXK OyTH

BUKJIMKAHUI HebaXaHuM MICIIEBUM
OXOJIOJDKEHHSIM  a00  HarpiBaHHAM  Tija.
Haii0oinpim MOIIUPEHUMHU MICLIEBUMU
¢dakTopamu AHCKOMPOPTY € TemIeparypa

BUIIPOMIHIOBaHHS acumeTpii (xomogHoi abo
TEIUIOl MOBEPXHI1), MPOTAr (KUK BU3HAYAETHCS
K MICIIEBE OXOJIOJKEHHs Tijla, BUKJIMKAaHE
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pPyXOM TOBITps), BEpPTUKAJIbHUNA Iepenaj
TEMIIEpaTypu TOBITPA 1 XOJOAHI abo Termi
T JJTOT .

Cranpapr ISO 11079 [12] Bu3Hauae
130JIA11IF0  Bi XOJIOAYy TOTOAHI aHcamOdi,
HEOOXIiJHI AJIs MIATPUMKHU TEIUIOBOrO OaslaHCy
JUTSL PI3HUX YMOB HaBKOJIMITHHOTO CEPEIOBHINA
Ta I1HTEHCHBHOCTI pOOOTH Hajgae oOOMEkeH1
BKa31BKH I0JI0 OLIHKH KiHI[IBOK OXOJIO/I>KEHHSI.
Iamuit  crapmapr, ASTM F2732-16 [13],
nepeabavyae TeMOepaTypHUH peHTHHT  Iuis
KOM(OPTHOTO BUKOPUCTAHHS Ha JBOX PIBHAX
AKTUBHOCTI MPOCTI MOJAEJI BTpaTH TerJja BCIM
titom. Omgrak ISO 11079 1 ASTM F2732-16
BOTO HE HAJa0Th 1HGOpPMAIl0  IOJI0
HEOOXITHOT 130JISIIil JJIs KIHIIBOK (pyKd 1
HOTH) JUIs iX 3axucty. KpiMm Toro, mepBUHHUI
Buxig misg IREQ 1 ASTM F2732-16 — 3HaueHHs
1305111 ofsry (TEepMIYHMN OIip) 1 3HAYEHHS
TEMIEpaTypu BiAMOBIIHO, KOpHCTyBayam
BaXKO IHTEpIpeTyBaTH Ii  3HAYEHHS 1
3aCTOCYBaTH B PO3yMHI PIllICHHS 11010 BUOOPY
OJIITY, TPHUBAIICTh OE3MEYHOr0 BIUIUBY a00
MOTEHLIWHI PU3UKU XOJOJIOBUX TpaBM. IcHye
JBA CIOCOOM KOMIUJICKTYBaHHS OJSATY IS
3aXUCTY BiJ HU3BKUX TEMIEpaTyp
HABKOJIMIIIHROTO CEPEJIOBUINA, SKi BU3HAYCHI
cTaHgapramu, a came: omidka, [ISO 11079 Ta
ASTM F2732-16. Meroau, B 3a3HAYECHHX
HOpMax, OOMEXeHI Ta HaJaloTh HEMOBHI
peKoMeH/alii IM0J0 BHU3HAUYEHHS NPEIMETIB
ONIATY 7Sl 3amo0iraHHs XOJIOJOBUM TpaBMaM.
BiamoBimHO 10 BUKOHAHHS pPOOIT PI3HOTO
(G13MYHOTO HABAaHTAXKEHHS MAIOTh 3aJIEKHOCTI

¢izionorivyni CTaHU MpaLoI0YNX Ha
OyIiBeNIbHMX MaWJaHYWKax Mg dac il
HU3BKHUX TeMIIeparyp HaBKOJIUIITHBEOTO
CEPEe/IOBHIIIA.

Bpakye mocmipkeHp 100 TUCTAHIIHHOTO
MOHITOPHUHTY JJIsi TIJIBUIIEHHS O€3MeKu Ta
310pOB'st OyIiBETHHHKIB. v CTaTTi
MPEACTABICHO HOBHUHM MIJAXIJ 10 MOHITOPHHTY
eproHOMiyHO  Oe3rmeyHoi Ta  Hebe3nmedHol
MOBEIIHKK  Oy/iBEITHHUKIB. JocmimKkeHHs
IPYHTY€EThCS Ha METOI0JIOTI, sIKa
BUKOPHCTOBYE 00'eTHaHHS JTaHUX
0e3repepBHOr0 JTUCTAHIIHHOTO MOHITOPUHTY
MICIIE3HAXO/KEHHSI Ta (i310JOTIYHOTO CTaHy
OyniBenbHUKIB. 711 MOHITOPUHTY MisUTBHOCTI
OyIiBEIbHUKIB BOagaemMo IOLIBHICTD
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BIIPOBA/DKEHHS ~ TEXHOJIOTi] HEIHTPY3WBHOTO
BU3HAYCHHS MICIIE3HAXOKCHHS MPaIliBHUKIB Y
pexumi  peasbHoro  wacy  (RTLS) ra
MOHITOPUHTY (i3ionoriunoro crarycy (PSM).

O0’enHaHHs JAaHUX MOKHA BU3HAYATH SK
Mpolec  CHUCTEMHOTO0  MOHITOPUHTY  Ta
iHdopmariii 3 GaraTboX PI3HOPIAHHUX JHKEpPEs
JUIS. OTPUMAaHHS PO3IIMPEHOT0 BHCHOBKY TIPO
(b1310J10TIYHMI CTaH MPALIOI0YOTO.

dopmasbHO,  JUIsI  OIIHKA  CTYIEHs
¢i3ionorivHOrO  CTaTyCcy MpaIoyoro B
yMoOBax il Hu3bkux Temmeparyp — Kij (o i-ii
BJIACTUBOCTI Ha PIBHI j) JOPEUHO 3aCTOCYBATH
BITHOCHI TOKAa3HUKU, IO MPEICTaBISIOTh
c00010 (QYHKIIIIO JBOX aOCOTIOTHUX MOKA3HUKIB
— BuMiproBaHoro Pij 1 mpuiinaToro 3a 6a3oBuid
Pijeas Ta, 00OB’SI3KOBHIA KoeilieHT
KOTHITUBHHX 3JIaTHOCTEH & 3a MEBHUX yMOB —
TeMIeparypa Jii, IH-TCHCUBHICTh HABAaHTAXKECHHS
Ta 4ac:

Kij = f (Pij; Pij,,) & . (2)

Ha Bigminy Big Pij, sika € BeIMYHHOIO
MOCTIHHOIO, Pijss 3aJICKUTh HE TIIBKU BiJ
camux BiactuBocTer 313, ame ¥ Bin
KOM(DOpPTHOT ~ TemmepaTypu MiJAKOCTIOMHOTO
MPOCTOPY, TEIUIOIZOMAIINHAX XapaKTEPUCTUK
MaTepialliB 3aXHCHOTO OJIATY, B3YTTS, 3ac00y
3aXUCTY rojoBH. JOCTOBIpHA OLIIHKA 3aXMCHUX
BracTuBocTed Kij BiJl BIUIMBY Ha MPAIOIOYOTO
BHPOOHUYOTO (haxTopa 0e31mocepeIHhO
3aJeKUTh Bl 00paHoi 0a3u A MOPIBHSIHHS
MTOKa3HUKIB Pijas.

Ha migcraBi 3a3Ha4eHOro BUILIUBAE, IO
orfiHKa (i310J0TIYHOTO CTaTyCy MPaIOYOro

B IIOMy HeMOoxJuBa 0e3 oOYHCIeHHS
MMOKAa3HUKIB eJIEMEHTaPHHUX 3aXUCHUX
BJIACTUBOCTEN 313. besnocepenne

y3arajJbHEHHST  HaOoOpy  TOKa3HHKIB, IO
XapaKTepu3yTh  NpoOJIeMaTHUHE, OCKUIBKU
BOHM MAalOTh Pi3HY PO3MIpHICTB, Y 3B'SI3KYy 3
YUM, HEOOXIZTHO Ha €IWHIH METOIOJOTIYHIN
OCHOBI IIEpPEBECTH BCl MPOCTI BJIACTUBOCTI

mKal 3  pI3HUMH  PO3MIPHOCTAMU Y
0e3po3MipHy IIKalxy, IO HOCHUTh Ha3By
TpaHchopMarii mKa.

B KoHTekcTi  3a3HAaYEHOTo,  IOCTa€
CIpaBe/uIMBa BUMOTra 10 ()OPMYyBaHHSI HAyKOBO
00IpPYHTOBAHOTO perjiaMeHTy BUOOpY
koMmruiektamii 313 Ta mpoBemeHHs POOIT,

3aJICKHO BiJl TETUIOI30JSIIMHUI XapaKTePUCTUK
3aXUCHHUX 3aco0iB, IHTEHCHBHOCTI BHKOHAHHS
poOIT Ta yacy Aii HU3bKHUX TeMIepaTyp.

BucnoBku

B pesynbTari AOCHIIHKEHb BCTaHOBIICHO,
IO Ui TiJABHINCHHS O€3MeKu Ta 370pOB's
npai B OynaiBenbHId — ramy3i  Opakye
JTUCTAHI[IHHOTO  MOHITOPHHTY 32  CTaHOM
IPaIIoYoro. Y CTaTTi MPEICTaBI€HO HOBUH
I IXi bi o) MOHITOPHUHTY €pProHOMIYHE
OesmeyHoi Ta  HeOE3MEeyHOi  TMOBEHIHKH
OyniBenbHUKIB. JlOCTIIKEHHS TPYHTYEThCA Ha
METOOJIOTi, $fKa BHUKOPUCTOBYE 00'€IHAHHS

JAHUX 0e3rnepepBHOTO JMCTaHIIITHOTO
MOHITOPUHTY MICIIe3HaXOJ[KSHHS Ta
(1310JI0TTYHOTO CTaHy Oy/lIBEJIbHHKIB.

PesynbraTi 1pOTO JOCIHIPKEHHS CBITYAThH PO
dbopMyBaHHS HOBOTO MiJAXOAY Ta PErJIAMEHTY
1010 aBTOMAaTH3aIlil JUCTAHI[IHHOTO
MOHITOPMHTY BUKOHAHHS TEXHIKH O€3MeKu
OyIIBEBHUKIB NUISIXOM 00'€ THAHHS JaHUX IPO
iX Micle3Haxo/KeHHs, (DI3UYHE HAaBaHTAKCHHS,
OLIHII 3axucHHUX BiactuBocted 313, wacy nii
HU3BKUX TEMIIEPATYDP.
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AHotauis. Ilocmanoska npoénemu. CEeKTOp MaJOIOBEPXOBOTO JKHTIOBOTO OyNiBHMLTBA B YKpaiHi HHHI
PO3BUBAETHCS, MO TIOB'SI3aHO 3 HEOOXITHICTIO 3a0E3MEUNTH TepeMillleHnX oci0 JocTymHuM xwutioM. lle BuMarae
3HIDKEHHS co0iBapTocTi OyNiBHUIITBA, 30KpeMa 4depe3 CKOPOYCHHS BUTpAT MaNnBHO-eHepreTwyHux pecypciB (I1IEP).
[Ticns 3aBeprieHHs BilftHH moTpeda y BiIOYIOBI KHUTIA 3HAYHO 3pOCTE, IO POOUTH aKTyaJbHUM BHOIp pamioHaTbHIX
OpraHi3alliifHO-TEeXHONOTIYHUX pilieHb i3 MiHIMATGHUMH €HEproBUTpaTaMu ii epeKTuBHOro OymiBHUIITBa. Mema
cmammi. AHai3 Cy4acHUX JOCHTIDKEHb Ta HOPMAaTHUBHOI 0a3u IIOJNO BHUTPAT MAIWBHO-CHEPreTHYHHUX DPECYpCiB Y
MaJIONIOBEPXOBOMY OYAIBHUIITBI i MOCTAHOBKA 3aBIaHb JUIS yJIOCKOHAJIEHHS OpPraHi3aliifHO-TeXHOJIOTIYHUX DillleHb 3
paIfioHaIbHUM BHUKOPUCTAHHSIM €HepropecypciB. Buchoexku. BUKOPUCTaHHS €HEPro30epirarouux TEXHOJOTIH Yy
KUTIOBOMY OYIiBHHIITBI CIIpHs€ 3MEHIIEHHIO BUTpAT Ha €HEPropecypcu B eKciulyararii. OfHaK eTan CriopyIKeHHS
3aJIMIIAETHCS. MaTepiajo- Ta KaliTaIoMICTKUM, BUMaraioun 3HayHuxX Butpatr [IEP s poGoTH TexHiku Ta opraHizauii
MaiiaHurka. Pe3ynbTaTi JOCHiKEHHS MOXYTh OyTH crpsiMoBaHi Ha 3HwkeHHS Butpar I1EP y manonoBepxoBomy
OyIIBHMIITBI, II[0 3MEHIIIUThH COOIBAPTICTS 1 MiJIBUIUTH JOCTYIHICTD XKHUTJIA.

KawuoBi  caoBa:  maronogepxoge — 6ydignuymeo; — mexawizayis — OyOieHUYmMEA,  enepeo30epedCceHHs.,
eHepeoeqheKMUBHICMb; OPeaHi3ayitiHO-MEeXHOI02IYHI PIUEHHS, NAIUBHO-eHeP2eMUYHT pecypCu

ANALYSIS OF ORGANIZATIONAL AND TECHNOLOGICAL SOLUTIONS
IN LOW-RISE RESIDENTIAL CONSTRUCTION CONSIDERING
RATIONAL ENERGY CONSUMPTION
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Abstract. Formulation of the Problem. The low-rise residential construction sector in Ukraine is experiencing
rapid development, largely due to the growing demand for affordable housing to support displaced persons and families
impacted by the ongoing conflict. This sector's expansion under current conditions emphasizes the necessity of reducing
construction costs, particularly through efficient fuel and energy resource (FER) management during the building phase.
Efficiently utilizing FER in construction is crucial for ensuring housing affordability while meeting the needs of
reconstruction at scale. After the war, there will be an urgent and substantial need for large-scale housing reconstruction
across hundreds of towns and villages, as well as in suburban and rural areas. This demand calls for rational
organizational and technological solutions that emphasize minimal energy consumption and efficient use of
construction resources. Consequently, strategies to optimize energy consumption in low-rise housing construction are
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vital for future growth in the sector. Purpose of the Article. The article aims to analyze current research and regulatory
frameworks concerning FER usage in low-rise construction and to establish objectives for refining organizational and
technological solutions that support efficient FER consumption. The study examines energy-efficient practices in
various construction technologies, such as SIP panels, lightweight modular structures, and prefab systems, and
evaluates these methods in terms of minimizing FER usage. Special focus is placed on practices that increase the share
of factory-ready elements, which decreases on-site construction time and equipment demand, leading to overall
reductions in FER consumption during building assembly. Conclusions. The integration of energy-saving technologies
in residential construction is instrumental in reducing FER costs, especially during building operation. However, the
initial construction phase remains material- and capital-intensive, requiring significant FER input for equipment
operation, site preparation, and construction activities. Given the planned expansion of low-rise residential housing,
minimizing FER use through optimal organizational and technological methods is critical. The research findings can
contribute to reducing FER costs in low-rise construction, which in turn decreases total project costs, enhances housing
accessibility, and supports the sustainable development of residential infrastructure. The adoption of such methods is
key to advancing efficient, affordable, and scalable housing solutions for the Ukrainian construction sector.

Keywords: low-rise construction; construction mechanization; energy conservation; energy efficiency;
organizational and technological solutions; fuel and energy resources

ITocTanoBka npobiemu. B nanuii yac B yJOCKOHaJIEHHsI OpraHi3aliiiHO-TeXHOJIOTTYHUX

yMOBax IOBHOMAacHITaOHOTO pPOCICBKOrO0  pillIEHb CIIOPYUKEHHS MaJIOIIOBEPXOBUX
BTOPTHEHHS CEKTOp MaJIONOBEPXOBOIO  KUTIOBHX OyniBenb 3 ypaxyBaHHIM
JKUTJIIOBOTO OYJIBHUIITBA 3HAXOJUTHCS Yy CTaii  PAIlOHAIILHOTO BUKOPUCTAHHS €HEPTrOpeCypCiB.
po3Butky. Crana  HarajgpHOWO — mpobiema AHaui3 nyoJrikamiin. [Ipo6nema

3a0e3neyeHHs] TpoMa/isH KpaiHu, sKi BTpaTWJIM  paliOHAJILHOTO BUKOPUCTAHHS €HEPropecypciB
BIacHi OyauHku abo Oyiad THUMYAacOBO  [OCTaja Mepes HalIOK KPaiHO HE ChOTOJHI, 1
MepeMilieHi, JTOCTYITHMM Ta KOM(OPTHUM 3 4acoM, BOHA JIMIIE 3arOCTPIOEThC. Bucokwmit
KHUTIOM. Y paMKax IbOro IependayaeTbcsi — PiBEHb 3aJE€KHOCTI YKpaiHM Bifl IMOOPTOBAHUX
BCUISIKE 3HMKEHHS HOro coOIBapTOCTi, 0 B  E€HEPreTUYHHUX PECypCiB 1 MOCTINHE 3pOCTAHHA
mepury  4epry  JOCSAraeTbcs — 3HIKEHHSAM X  BapTocTi, CYTTEBO  BIUIMBAIOTh  Ha
cobiBapTocTi OYIIBHHIITBA, Y TOMY YHCJII 3a  KOHKYPEHTOCIPOMOXXHICTh HaIllOHAJTBHOT
paxyHOK CKOpPOYEHHS  BHUTpaT MaJMBHO-  €KOHOMIKHM. BindyBaiouu €KOHOMIYHI BTpaTH
eHepreTnuHux pecypciB (0ani — [IEP) y mepioq ~ Big  3pocTaHHS  BapTOCTI  €HEPropecypcis,
criopykeHHs OyaiBenb. OUiKyeThbes, IO MICAsT ~ BENUKI MIANMPUEMCTBA 1 KOMIMAaHIi aKTUBHO
3aKiHUYEGHHA BIWHM 1 Tpobnema HaOyne 3MIMCHIOIOTh  3aXOAU JUII  BIPOBAHKCHHS
MacoBOTO XapakTepy, 00 Oyae HEOOXiTHO  HOBITHIX €Heproe(eKTUBHUX TEXHOJOTIH, IO
HAHOBO B1JI0YJIOBYBATH COTHI, @ MOXE 1 THUCAYl  MIJIBUINYIOTHh PIBE€Hb €HEProePEeKTUBHOCTI.

CUI Ta HEBEJUKUX MicTedoK. Tomy BuUOIp Po3BUTOK ManonoBepxoBOro OyAiBHHUIITBA
palioHaIbHUX  OpraHi3aliifHO-TEeXHOJOTIYHUX B YKpaiHl BHU3HAUYE€HO HHU3KOI0 HOPMATHBHO-
pillileHb JUIsl CHOPY/DKEHHS MaJlONOBEpXOBUX  IPABOBUX aKTIB Ta JAep)kaBHUX mporpam. [lo
KUTIOBUX  OyniBedb 3 MIHIMAJbHUMH  HHUX BIIHOCAThCS mporpama <« Kutmo» Tta ii

€HEeproBUTpaTaMH, i3 3aCTOCYBAaHHSIM METOJIB  HIANPOrpamH, Harmionansuuit MIPOEKT
MOJIETIIOBAHHS ~ OpraHi3aliiHO-TeXHOJOrYHUX  «JlocTymnHe Ta KOM(QOPTHE KUTIIO» Ta 1H.
MpoLeciB Ta iX YAOCKOHAJICHHS B YacTUHI 3a OCTaHHI 20 pOKiB yacTKa
pecypcHOro 3a0e3nedeHHs], € aKTyallbHUM Ui MMOOY/JIOBAaHHOTO MAaJIOTIOBEPXOBOTO JKUTIA B
OyiBeNbHOI rajys3i. VYkpaini 30inpmmnaaca Outbl HiX y 7 pasiB. B
Mera crarri — aHami3 CydyaCHHX  OCTaHHI pOKM Ha MaJIONOBEPXOBI OyAiBIi

JIOCTiPKeHb B 00JIaCTI  MaJIONOBEPXOBOTO  CTAa0UIBHO TMPHIANA€ TOJOBUHA  KUTIOBOI
OyIiBHUIITBA Ta HOPMATUBHOI 0a3W, sKa  IUIONI, IO BBOJUTHCS B EKCIUIyaTalito, a B
pEryJIloe BUTPATH MaJMBHUX Ta eHepreTHyHux 1990 p. BoHa craHoBMIIa Tpoxu Oibiie 6 % [1].
pecypciB ycimMa BUIaMHU €HEProcrnoKuBauiB Ha  OJHUM 3 MEPCIEKTUBHUX HAMPSIMKIB PO3BUTKY
BCIX  CTaliAX  CHOPY/KCHHS  KOMIUIEKCY  MaJlOlOBEPXOBOTO JOMOOY1IBHUIITBA €
MaJIOTIOBEPXOBHUX JKUTJIIOBHX OyAiBenb, Ta  OYyIIBHUITBO IIBHIKOMOHTOBAaHUX OY/IiBElb.
MOCTAaHOBKA 3aBllaHb JIOCHIIKEHHs BiMHOCHO  Ha3Ba «BHIKOMOHTOBaHi» g OyaiBelb
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HOCHUTb JTUCKYCIHHHMI XapakTep. SIK mpaBuio,
e OyAiBml BHCOKOI 3aBOACHKOI TOTOBHOCTI,
TepMiHM  OyJiBHHMITBA  SKMX  MEHIN Yy
MOPIBHSIHHI 3 HOPMAaTUBAMH  CIIOPYIKEHHS
00’€KTIB 3 OMU3BKUMU TEXHIKO-CKOHOMIYHUMU
MMOKa3HUKaMH.

3a pe3ynbTaTaMu y3arajJbHEHHS Ta aHaJli3y
JAaHUX JITepaTypHUX Jokepen [2—5], 1o
HaOIIBII NOIIMPEHUX THITIB MAJIONOBEPXOBHX
IIBUJIKOMOHTOBAaHUX  OyAiBeIb  BITHOCSTHCS
OymiBii 30ipHO-p0306ipHOTO THUITY.
Bukxopucranus  30ipHO-po30ipHHX  Oy/iBEIb
CIpUsiE E€KOHOMIii EHEepropecypciB  3aBIsKU
3HIKCHHIO TPYIOMICTKOCTI pobiT y
3aBOJICBKMX YMOBaxX 1 CKOPOYEHHIO dYacy
MOHTaXy Ha OyJiBeTbHOMY MalJaHYUKY.
Onnak, 1e nuTaHHS MNOTpeOye MOAATBIIOTO
BUBYEHHS IUIA JETAIBHIIIOrO aHajizy
€(EKTUBHOCTI TaKUX TEXHOJOTIH y KOHTEKCTI
paIliOHaTIFHOTO BUKOPHUCTAHHS €HEPropecypciB
i yac OyIiBHUIITBA.

B pganumit wac, KpiM BIOCKOHAJICHHS
TpaIULIHHAX KOHCTPYKTUBHUX CHUCTEM,
pO3pOOJISAIOTECS 1 BIPOBADKYIOTHCSA Oy iBII,
10 CKJIAJIAIOThCA.

OCHOBHMMH  TIepeBaraMu  CKJIQJCHHUX
OyxiBens B OPIBHSAHHI 31 301pHO-PO30ipHUMH 1

KOHTCHHEPHUMHU € MiJIBUINECHUH  CTYIIiHb
3aBOJICBKOT ~ TOTOBHOCTI 1  30UIbIIEHHS
KOPHUCHOTO 00’€éMy, KOMNAaKTHI TabapuTHI

pO3MipH IJIE TPAHCIOPTYBAHHS, CKOPOYCHHS
yacy BHUKOPUCTaHHS MOHT@XHOTO KpaHa 1
KUTBKOCTI  poOounx OyxiBenbHOI Opuraam,
3aHATUX Ha CKJIaJaHHI Oy/iBenb, 3MEHIIICHHS
BarM IMAaKeTiB 3a JOIOMOTOK BUKOPUCTAHHS
nonermenux wmatepiamB [6-8]. Ile cyrreBO
BIUIMBAa€ Ha palioHainbHe BUKopucTaHHS [IEP
M Yac 3BeJeHHs OyAWHKIB aje BOJHOYAC
noTpedye TOJATKOBUX  JOCTIKEHb  IOJO
BIUIMBY TaKWX KOHCTPYKILIM Ha 3arajbHi
€HEepPTrOBUTPATH i Jac OyIiBHUIITBA,
0COOJIMBO B yMOBaxX Pi3HUX KJIIMaTHUYHUX 30H
Ta cienudiku OyaiBETBHUX TPOIICCIB.

VY 3apyOiKHHX JOCIIKEHHSAX Ta MPAKTHII
OyIniBHUIITBA €  JIOCBiA  pO3pOOKHM  Ta
OyIiBHUIITBA NIBUAKOMOHTOBAHHX Oy/iBETh
[9-12].

B psani eBpomeiichbkux KpaiH, a TaKOX
CIHIJA Ta Kanani, 3a IMIBHAKOIO TEXHOJIOTICIO
BEJICThCSI  CHOPYMKEHHS OYyIWHKIB  PI3HUX
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KOHCTPYKTUBHO-TCXHOJIOTIYHUX  CHCTEM -
KOHTEHHEPHUX, [MaHENbHUX, KapKacHO-
MMaHEJIbHUX, a TaKo)XX ITHEBMATHYHUX Ta
TEHTOBUX.

bmm3sexko 62 %  memxanmis  Kaxamu
MPOXKHUBAIOTH y MAaJIOMIOBEPXOBUX OyJHMHKAX.
ByaiBHUIITBO MaJIOITOBEPXOBHX
HIBUKOMOHTOBaHUX OyxiBenb y Kanazai na 8 %
BUIIEPEIKAE OaraToKBapTHpHE. [Tpore

MaJIOTIOBEPXOBUX 1HAYCTpiaJbHUX OYyIiBEIb Y
Kanani Bupobnserbes Ha 17 % MeHmie, HIX y

Cronyuenux Illtatax Awmepuku [10; 12].
v Qinnsguaii  nepeBaXKHUMHU TUIIAMU
MaJIOTIOBEPXOBUX ~ OyiBeb €  JIepeB’sHO-

KapKacHI B HHUX IPOXXKHBAIOTh 66 % BIIACHUKIB
KHTIIA.

3 amamizy jmkepen [9; 11, 20-22]
BUIUIMBAE, 10 33 KOPIOHOM B Trajysi
NPOEKTYBAaHHS Ta  TEXHOJOTii  IIBUAKOTO

CHOPYJDKEHHS Oy/iBeJIb HAKOIUYECHO 3HAYHUI
JOCBiA. Y HayKOBUX JOCIHIKCHHSIX BUCHUX 3
Amnrnii Ta Himewunau Bynaca C., Kannimica XK.,
Moprana I1., Yoka VY., ®pinmana I. ocHOBHI
3aBlaHHsA OyJM CHOPSIMOBaHI Ha IOJAJIbIIC

BJIOCKOHAJICHHSI KOHCTPYKTHUBHO-
TEXHOJIOTIYHMX  PIlIeHb  TPaHCPOPMOBAHHUX
OymiBenb 3  ypaxyBaHHSIM  HApOIyBaHHS

eneMeHTiB. JlocaimkeHHS BUeHMX 3 Iramii Ta
Icmanii — I1. Conepi, 1. brmacko, C. Mimnepa Ta
P. Itpomepa, Oyau cipssMOBaH1 Ha 1HHOBAIIIFO
KOHCTPYKTHBHO-TEXHOJIOTIYHUX pIIIEHb 4Yepe3
TpaHc(hOpMaIlit0o OrOpOKYBATLHUX CIEMECHTIB
OyIiBeb.

B 1minomy, aHamiz miTepaTypHHX JaHHUX

[9-12; 20-22; 27] wmomo OyIiBHHUIITBA
IIBUJIKOMOHTOBAaHUX OyJiBEIb 32 KOPIOHOM,
MoKa3aB, M0  TEXHOJOril  OyJiBHUIITBA
MaJIOTIOBEPXOBHUX OY/IiBEIb Y €BPONEHCHKIX
kpainax, a Takox CIIA Tta Kanazi
PO3BHBAIOTBCS B  aJamnTaimii g0 MICHEBUX
NPUPOIHO-KIIMAaTHYHUX YMOB, OyIiBeTbHUX

MarepiaiiB, aeMorpadiyHMX TEHICHIIH Ta
€KOJIOTTYHUX BUMOT JUTs 3a0€3IMeUYCHHS MOTpeO
HaCeJEHHSA Oy 1iBEJIBHOIO MIPOIYKITIEFO
BIZMOBIHOTO Tpodimo. 3 IOro MU OavyUMo,
10 332 KOPJOHOM pallioHaJIbHE BUKOPUCTAHHS
MAJTMBHO-CHEPTETHYHUX pecypciB y
OyIIBHUIITBI 31e0UIBIIOTO CTOCYEThCS
IIBUIKOMOHTOBAHOTI'O JKUTJIa, 30KpeMa 301pHUX
KOHCTpPYKLIH Ta OsoK-KOHTeiHepiB. OnHak
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NMUTaHHS epeKTHBHOTO BUKOopucTanHs [1EP npu
CHOPYKEHHI  KOTE[UKHMX  MICTEUOK  Ta
OyIIBHUIITBI CUT Maibke HE JOCHIDKCHE, IO
BUMArae roJiajblioro BUBYECHHS.

JloBOJII PO3rOpHYTHI aHAII3 3aKOHOIABUOT
06a31  BIIHOCHO  €HEpro3OepekeHHs  Ta
eHeproe(eKTUBHOCTI y OYIIBHULITBI 3 OIJISIIOM
HE TUIPKM Ha YKpaiHCbKi, aje 1 Ha CBITOBI
HOopMH OyB BuKIaneHuil Ha V BceykpaiHCbKOl

HayKOBO-TIPAKTUYHOT KoH(pepeHrii
«EneproeekTUBHICTb:  HayKa, TEXHOJIOTII,
3aCTOCYBaHHS».

BrpoBamkeHHs eHeproepeKTHBHUX

TEXHOJIOTI B OyJiBEIIbHY Traiay3b J103BOJISIE
TOBOPUTH TMPO BEIWYE3HUU TOTEHIAN st

3HWKCHHST ~ CHEPrOBUTpAT  KpaiHu,  IIO
3yMOBJICHO: IIBHJKOI OKYIHICTIO PO3YMHO
BKJIAJICHUX B €HEPro30EpEeKCHHs  KOIITIB;
BAKIMBUMU 3MiHaMHU y CYCIIBbHO-
MOJITUYHOMY JKUTTI KpaiHW; 3MiHAMH Y
CTPYKTypi TIIOCTauaHHS Ta IMIOPTYBaHHIM

€HepPropecypciB; 3MIHAMH y PO3IMOIiIl KOIITIB
OroKeTy y MicieBux rpomaaax [13].

3a MpPOTHO3aMH EKCHEPTiB, IOTEHITIA
epeKTUBHOTO BUKOpUCTaHHs eHeprii 70 2030 p.
Moxe csarayta 60 % Bim HEoOXiIHOTO
€HEepProCIOXUBAHHS B JKUTIOBO-KOMYHAJIbHIN
chepi.

€BpornencbKuit Coro3 MUTaHHAM
eHeproe(EKTUBHOCTI TPHIUIIE BEIUKY YBary
noynHaouu 3 70-X pOKiB MHHYJIOTO CTOJITTS.
B VYkpaini Ha HOpMaTHBHOMY piBHI 3ax01u
eHeproePeKTUBHOCTI  [MOYATU  BTUTFOBATHUCS
noynHatoun 3 2007 poxky B  HOBOMY
OyHIBHMLITBI Ta PEKOHCTPYKII iCHYIOUHX
OyniBenb  KUTIOBOTO W TPOMaJChKOTO
npu3HaYeHHsA. Tak piBeHb  TEIUIOI30JIALT
30BHINIHIX CTiH HOBUX OYJiBEJIb TTOYMHAIOYH 3
2007 poky mosuHHI Binmosinatu JIBH B.2.6-
31-2006 «TemmoBa i3omsmis OymiBm» [14].
B 2010 poui 3arBepmxeno crangapt JACTY b
A.2.2-8:2010 [15] s4axuili 10 CTPYKTypHu
MIPOEKTHOI JOKYMEHTAIlii BBIB OKPEMHUN PO3Ii
«EneproedpexktuBHicTh». Ha TOii MOMeEHT
YKpaiHChKI HOPMAaTHUBU €HEproe(eKTUBHOCTI
OyziBenb BIAMOBIANM NPUHHATIH y €Bpormi
Hupextusi 2002/91/ €C.

OcHOBHUMH METO/I0JIOTTYHUMU
YUHHUKAMU 1€l JAUPEKTHBH €. 3arajibHi
METOJIMKH PO3pPaxyHKiB; MiHIMallbHI BUMOTH Y
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HOBOMY OYIiBHHUIITBi;, MiHIMaJbHICTh TPHU
PEKOHCTPYKIIii; eHepreTuuHa cepTudikaris
Oy[IiBeNb;, peryyisipHa IHCHEKIA. 22 YepBHs
2017 poxy BepxoBHa Paga Ykpainu npuiinsana
3akoH «lIpo eHepreTMuHy e(eKTHUBHICTh
OyaiBenby, SIKUM CIPSIMOBAaHUM Ha 3HM)KEHHS
eHeprocrnoxuaHHs y Oyaisiax. Ha cyuacHomy
piBHI BX€ 3HAMIUIM CBOE BTUIGHHS Yy
HOPMAaTUBHUX JOKYMEHTaxX Ykpainu
nupektuBn  €Bporneilicbkoro  Corozy: «lIpo
BKa3yBaHHS 3a JONOMOIOK MAapKyBaHHSA Ta
cTaHgapTHoi 1HGopMarlli mpo ToBap O0OCITIB
CHOXHMBAHHSA €HEeprii Ta IHIIUX pecypciB
EHEProcroXUBUUMHU MpoaykTamu» (JupexTtrna
2010/30/€C); Ta «IIpo eHeproeeKTHBHICTH
oynienby (Jupexrura 2010/31/€C).

Ha erari TEXHIYHOT MIATOTOBKH,
OOTrOBOpEHHS Ta HEOOXITHOTO ITOTOKCHHS
nepeOyBae aupektuBa: «I[Ipo edexTuBHICTH
KIHIIEBOTO BHUKOPHUCTAHHS eHeprii Ta
€HepreTuyHi HOCTYTH» (dupextuna
2006/32/€C) [16]. 3 Buxomom y 2013 porri
crangapty JACTY b EN ISO 13790:2011 [17]
BiIOyBCS TEpeXiJi Ha HOBUU pIBEHb OIIIHKU
eHeproBuTpar  OyIiBii, KOJIM TOpSd 3
OTIaJIEHHSIM BPaxOBYIOTbCS €HEPrOBUTPATH 1 HA
(YHKIIOHYBaHHS ~ CHCTEMH  OXOJIOJIKCHHSI.
3atBep/keHHs cranaapry JCTY b A.2.2-
12:2015 «Eneprernuna e(eKTHUBHICTh
OyiBeb.

3a3HavyeHi 3aKOHOJIaBYi Ta Mi/I3aKOHHI aKTH
PEryNIol0Th  MUTaHHS  eHeproe(eKTUBHOCTI
OymiBenbHUX  MartepialiB, CHOpPSMOBaHI Ha
3MEHIIEHHS €HEeproBUTpAT i qac
eKCITTyaTarii OyniBenb, OJTHaK BOHU
HEJO0CTaTHBO BpPaxoBYIOTh aCTeKTH
pamioHaJbHOTO ~ BHKOPHCTAaHHS  MAJHWBHO-
EHEPreTUYHUX PEeCcypcCiB Ha eTari CIopyIKEHHS
MaJIOTIOBEPXOBHX Oy 1iBEIb.

Buxnagenut 'y JICTY b A.2.2-12:2015
Enepretnuna edeKkTUBHICTH OyIiBelb METOX
PO3paxyHKY €HEeprocrioX1UBaHHS MPU OMAJICHHI,

OXOJIOMPKEHHI, BEHTHWJIAIi, OCBITJICHHI Ta
rapsaoMy BOJOINOCTaYaHH1 JIO3BOJIUB
3MIHCHUTH  Tepexiyi Ha  HOBUH  piBEHb
NPOEKTYBaHHS, SKAW BpaxoBye Tia  dac
PO3PaxXyHKY CHEePrOCIIOKUBAHHS
EHEeProBUTpATH M (YHKIIIOHYBaHHS CUCTEM
OTIAJICHHS, OXOJIOJIKEHHS, BEHTHJIALLII,

OCBITJIEHHS Ta rapg4uc BOAOIIOCTAYAHHS. TobTo



VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

3'SIBJISIETHCSA MOYKJIMBICTH OLIIHUTH PIYHUN ITUKIT
eKcIUTyartamii  OynmiBmi Ta Horo cymapHi
eHeproButpaTi. OHaK, y BUKJIaJJEHOMY METO1
PO3PaxyHKy €HEpPrOCHOXKHMBaHHS 3HOBY HeE
BpaxoBaHO parioHaibHe BUKOPHUCTAHHS
MaJTNBHO-EHEPTreTUUHUX PECypCciB Ha erarmi
OyIIIBHHUIITBA, IO € BAXXJIMBUM AaCIIEKTOM JIJIsI
3MEHILIEHHS 3arajlbHUX EHEProBUTPAT MpHU
CHOPYI’KEHHSI MaJIOMOBEPXOBUX OYHiBEIb.

MiHicTepcTBO PO3BUTKY rpoMaf,
Teputopiii Ta iHMpacTpykTypu Ykpainu [18]
BHU3HAYA€ OCHOBHI METOAM IUIaHYyBaHHS Ta
00Ky BUTpaT y OyAiBeITbHOMY BHPOOHHIITBI.
Co06iBapTicTh OyIiBEIBPHO-MOHTAXHUX POOIT —
11e BUTpaTu OyaiBeNIbHOI opraHi3allii, moB's3aHi
3 BUKOHAHHAM OyIiBEIbHO-MOHTaXHUX POOIT
13 BUKOpPHCTAaHHSAM Yy Tpoleci OyaiBeIbHOro
BUPOOHMIITBA MaIlIiH, MeXaHi3MiB,
YCTaTKyBaHHS, MaTepialbHUX, TPYIOBHX Ta
IHIUX BHPOOHMYMX pecypciB. OCHOBHUMH
METOJaMM ITUIAaHYBaHHA Ta OOJIIKY BHUTpaT y
OyliBeJIbHOMY BHUPOOHUIITBI €: HOPMATHUBHO-
pecypcHUil (HOpMaTHBHA COOIBApTICTh — CyMa
OpsMUX 1 HAKJIQJAHUX  BUTpAT), IMpsMa
KaJbKYJISIis (TUTAHOBA KAJBKYJIALIS Ha KOXKHHUN
00’€KT), 1HIUBITyaTbHA KaJIbKYJISIIIS
(moeaHaHHA IpsIMO1 KaJIbKY ST 3
IHIUBIIyaTbHUM PO3pPaxyHKOM), YycepeaHeHa
KaJmbKyJsiiss  (coOiBapTicTh  Ha  OCHOBI
yCepeHeHUX KOIITOPUCHUX HOPM),
aHATITUYHE HOpPMYyBaHHS (HOPMHU  BHTpaT
MaTepiaJbHO-TEXHIYHUX Ta IHIIMX PECYpPCIB),
nodakTopHe TUTaHyBaHHA (PO3paxyHOK 3MiHH
BUTpAT y TOPIBHSAHHI 3 0a30BUM TMEpiojioM),
YKPYIHEHI pO3paxyHKH (Ha OCHOBI oOcsry
OyIliBEIBHO-MOHTQXHUX  pOOIT),  aHAJIOTH
(po3paxyHOK Ha OCHOBI aHAJIOT1YHUX 00'€KTIB).

[IpssMi BUTpaTH BKJIIOYAIOTH 3apoOiTHY
1aty poOITHHUKIB, BapTICTh eKCIUTyaTarii
OyIliBeJIbHMX MAaIllMH 1 MEXaHi3MiB, BapTIiCTh
MaTepianiB 1 KOHCTPYKIIiH, SIKi BU3HAYAIOTHCS
Ha OCHOBI KOILITOPUCHUX HOPM 1 MOTOYHUX I[iH
pecypcis [19].

AJne ornsigarounch Ha CTPIMKUN PO3BHTOK
TEXHOJIOTill 1 BHUKOPHCTAHHS PI3HUX HOBITHIX
MaTepialiB B CyYaCHOMY MaJOIOBEPXOBOMY
JOMOOY/TyBaHHI BEJIMKA KUTBKICTB
HOPMAaTUBHUX JIOKyMEHTIB, pPEKOMEHAIlii,
PO3MOPAKEHh HE MOXYTh B TOBHIH Mipi
BUPIIIUTYA HarajibHI TNHTAHHA PalllOHAILHOTO
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Bukopuctanas [IEP. Ilpm mpoMy cydvacHi
METOJIM Oprasizamii poOiT Ha OyIiBeIbHOMY

MalJaHYUKy OpIEHTOBaHI Ha CKOPOYECHHS
TPHUBAJIOCTI OyIiBHUIITBA, 3HIDKECHHSA
TPYJIOMICTKOCTI poOiT Ta BapTOCTI
OyAiBHULITBA. Bopanouac, e(eKTHUBHICTh

IHBECTHIIHO-OYAIBETLHOTO TIPOIECY 3POCTAE
13 3aCTOCYBaHHSIM 3aXOJIiB 3 €HEPro30epeKeHHs
B IepioJ cropymxkeHHs OyaiBens [20; 21].
[Ipy ubOMy, aKTyaJbHUM  3aJHMILAETHCS
MUTAHHS PAliOHAIBHOTO EHEPrOCIIOKMBAHHS
HE TIIBKM B TIpOIECl eKCIUIyaramii, a ¥ Ha
camoMy eTari Oy/iBHHUIITBA.

3Bakaroun  Ha  30LIbIIEHHA  OOCHATIB
MaJIOMOBEPXOBOTO JAOMOOYAYBaHHS, BaXKIIMBO
pPO3yMITH, $KI THTOMI EHEPrOBUTpPATH IPH
CHOpyKeHHI 1 M? ManornoBepXxoBUX OyaiBenb
3a pI3HUMH KOHCTPYKTHUBHUMH DIlLIEHHSMH,
TaKUMH SIK TETJITHA KJIaJKa, BUKOPHUCTAHHS
CllI-nanenei, KapKacHO-TaHEJIbHE Ta
MoHouiTHe OyxiBHHUTBO. [lopsin 3 mmuM npu
CHOPY/KEHHI ~ MaJOMOBEPXOBUX  JKUTIOBUX
OyIiBeNb i3 3aCTOCYBAHHSIM PI3HUX TEXHOJOTIH
OyIIIBHHIITBA OCOOJIMBY yBary CiiJa NPUIUTSATH
palioHaJbHOMY CITO’KMBAaHHIO €HEPropecypciB
EHEprocrnoXruBayaMy, W10 MPalOTh  Ha
OyaiBenbHOMY MaiaH4uKy [22].

Jlns omiHkd BHTpaT eHepropecypcis [23]
OCHOBHHMX €HEPrOCHOXKHBadiB OyaiBEITHHOTO
MalaHynKa CITi kinacudikyBatu 3a
(GYHKITIOHATLHUM TIPU3HAYEHHSIM:
UL MexaHizaii  poOiT
o0aTHaHHA Ta IHCTPYMEHT);
JUIS  BJIAILTYBaHHS
noOyTOBOTO  MicTedka Ta  Oy/AiBEIbHOTO
MaliJaHJuKa (ocBiTIICHHS, OIaJIEHHS,
€JIEKTPOIIOCTAYaHHs, BOAOMOCTAa4YaHHs Ta iH.);
TUISt 3a0ecrevyeHHs MEBHUX
TEXHOJIOTIYHUX TporeciB (miairpiB OeToHy,
MiIIrpiB  TPYHTY, 3BaprOBalibHI  pOOOTH,
3aCTOCYBAHHSI TETUIOBUX rapMar Ta iH).

[IpoBeneHuii aHayi3 HAYKOBUX poOIT 3
npoOJieMd  paIliOHaJTbHOTO  BUKOPUCTAHHS
eHepropecypciB B OymiBHuurBi [24; 25]
MPOIEMOHCTPYBAB, 10 OyniBenbHE
BUPOOHUIITBO € EHEPrOEMHUM CIIOKHBAaYeM
pecypcis. 301UTbIIIEHHS MaJIOTIOBEPXOBOT
JKUTIIOBOI 3a0yJOBH Yy 3arallbHOMy 00cs3i
JKUTIIOBOTO OyI1BHULITBA BH3HAYae
HEOOXIHICTh TPOBEAEHHS OLIHKH BHUTpAT

(MarmmHw,

iHppacTpyKTypH
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MaJMBHO-€HEPreTUUHUX PECYpCiB  Ha eTaml
CIOPYKEHHS Oynienb. Ornsg 1 aHami3
myOJTikamid, a TaKoX JOCTIIKeHb 3 OIIIHKU
pPO3BUTKY Ta e(EeKTHUBHOCTI BIPOBAIKEHHS
mporpaMm 31 CKOPOYECHHS  CIHOKMBAHHS
eHepropecypciB [26] mokaszanu, 110 MUTAaHHS
eHeprozOepeXeHHss B TEpiojl  3BEACHHS
OyniBenb  jgocmikeHi HemocTatHbo. Och
MOKpAIIeHUH BapiaHT 3 ypaxyBaHHIM HAayKOBOI
JICKCUKU:

Kpim Ttoro, 3akon VYkpainm Ne 1818-1X
«IIpo E€HEPTreTUYHY €(hEeKTUBHICTHY
BCTaHOBJIOE BHMOTHM WIOJ0 pPalioHAIBLHOTO
BUKOPHCTAHHA €HEPreTUYHHX pPECcypciB, IO

MiAKPECTIOE  HEOOXITHICTh  MOTJIMOJIEHOTO
JOCITPKSHHS Ta YIOCKOHAJICHHS
OpraHizalifHO-TEXHOJOTIYHUX  pIlIeHb i3

ypaxyBaHHSIM e(eKTuBHOro criokuBaHHs [IEP

M dYac CHOPY/UKCHHS  MaJIONOBEPXOBHX
KUTIoBUX OymiBenb. lle, cBoew dyeproto,
CIpUATAME 3HWKCHHIO  €HEProBUTpAT Yy

OyIliBEJIbHIH Tajy3i 3arajom.
MeTta mocaiT:KeHHSI TAa 3aBAaHHA A il

AOCSITHEHHSI. Mera JOCTIIPKEHHS €
BJIOCKOHAJICHHSI OpTaHi3aI[ifHO-TEXHOIOTTYHUX
MoOJeNell  CHOpPYIKEHHS  MaJONOBEPXOBHUX
KUTIOBUX OyxiBennb 3 ypaxyBaHHIM
1HTEerpaJIbHOT BUTpATH MAJTUBHUX Ta
€HePreTUYHUX  PECYpCiB yciMa BHJIaMH
€HEeprocroX1BayiB Ha BCIX CTaisIxX
OyniBaunTBa. Jlmsi JOCATHEHHsSI 3a3HAYEHOT
Metd OyJlo TOCTaBiI€HO Taki 3aBJaHHS
JIOCTPKEHHSI:

— BU3HAYUTH CKIaJ Ta KiIacudikyBaTu
€HEeprocroXuBayiB OyaiBeIHbHOTO MalJaHYMKa
M dYac CHOPY/UKEHHS  MaJIONOBEPXOBUX
KUTIIOBUX OY/1iBEIIb;

MPOBECTH  aHaJi3  OCOOJIMBOCTEH
opramizamii ~Ta  BHKOHaHHA  poOIiT 3
ypaxyBanHsM Butpatu [1EP y nepion macoBoro
CTIOPY/DKEHHSI  MaJIOTIOBEPXOBUX  JKUTIIOBHX
OyiBeIb;

NPOBECTH BHUMIPIOBaHHA (PaKTHYHOI
TPUBAJIOCTI MEXaHI30BaHUX po0it Ta
BU3HAYUTH BiAMOBITHI BUTpatu [1EP;

— BUKOHATH OaratokpuTepiajbHy OILIHKY
Ta BUOIp palioOHaJIBLHOTO BapiaHTy
CHOPY/DKEHHSI KOMIUIEKCY —MalIOTIOBEPXOBUX
KHUTIOBUX OyNiBeNb 3 ypaxyBaHHSM BHUTPATH
ITEP.
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TeopeTruHa 3HAYMMICTD  JOCIIKEHHS
MoJisATaE y  MOJAAjbIIOMY  pPO3BUTKY  Ta
BJIOCKOHAJICHHI OpraHi3aIiiHO-TeXHOIOTTYHUX
Moenei CHOPY IKEHHS KOMIUIEKCY
MaJIOTIOBEPXOBUX  JKHTIOBUX  OyIiBeIb 3
ypaxyBanHsiMm ButpaTu IIEP Ha OyniBenbHOMY
MalIaHYHKY.

[IpakTuuHa  3HAYUMICTH  TONATAE Y
po3po0Ii  pEeKOMEHAI 00 BHU3HAYCHHS
Butpatu [IEP mpu 3BemeHHI MallonmoBEpXOBUX
JKUTIIOBUX OyNiBeNb M 3aCTOCyBaHHS B
HOPMAaTHUBHO-METOAUYHUX JIOKYMEHTax
OpraHizalifHO-TEXHOJIOT1YHOTO MPOEKTYBAHHS.
Ha OCHOBI pe3yibTaTiB OCIIIKEHHS
IUTAaHY€ETBCSI PO3POOHMTH pEKOMEHAAIll II0A0
BpaxyBaHHs ButpaT IIEP y ckmani TexHiko-
€KOHOMIUYHUX  TOKA3HUKIB OyIiBEIBHOTO
MIPOEKTY.

HocmikenHs 6a3yBaTuMeTbes Ha poOoTax
BITUM3HSHUX Ta 3apyODKHMX BUCHHUX, (haxiBIIiB

y ramy3i  TeXHOJOrii Ta  oprasizamii
eHeproe(eKTUBHOTO Oy 1iBEJIBHOTO
BUPOOHHUIITBA, NPUHIMIAX  OpraHi3amiiHo-

TEXHOJIOTIYHOTO MOJICITIOBaHHS, JIEP)KaBHUX Ta
pEerioHANIBHUX Tporpamax, CHpPSIMOBaHUX Ha
3a0e3TeueHHs TPOMAJISTH KpaiHU JJOCTYITHUM Ta
KOM(OPTHUM JKUTIIOM, a TAKOX ITiIBUICHHS
eHepro30epexeHHs Ta eHEProe(hEeKTUBHOCTI.

MeTonu MOCTiPKEHHST CIIUPATHMYThHCS Ha
Teopii Ta MPaKTHUKKA MOOYIOBU OpraHizarfiitHo-
TEXHOJIOTTYHUX MoOJEJIEN, MeToIax
ONTUMAIBHOTO TUIAaHYBaHHS y OyJIBHHUIITBI Ta
0araToKpuUTepiaibHOT OI[IHKU, TOPIBHSHHS Ta
abcTparyBaHHS.

BucHoBxku

B ocraHHi = pOKM  TMEPCIEKTUBHUM
HAMpsIMOM Y JKUTJIOBOMY OYIIBHHIITBI CTajio
3aCTOCYBaHHS €HEpro30epiratounx TEXHOJOTIH,

SKi JO3BOJISIIOTH CKOPOTUTH BUTpATH Ha
CIIOXKHMBAaHHSA  EHEpropecypciB  miJ  4ac
eKCITTyaTarii OymiBeIb. Onnax eTar
CIIOPYIKEHHS OyiBEIIb BIJIPI3HAETHCS

KaIliTaso- 1 MarepiaJJOMICTKICTIO, BHUTpaTaMu
Ha BHUKOPHCTaHHS OyMiBENbHUX MaIIUH 1
MEXaHi3MiB, a TaKOK HEOOXITHICTIO OpraHi3aril
OymiBenbHOro MaimaHuuka. Lli ocobmuBoCTI
MOB'SI3aHI 3 BHTPAYaHHAM TaJIMBHUX Ta
EHEPreTUYHUX pEeCcypciB Ha poOOTy MallluH,
o0JaZiHaHHSA Ta MEXaHI30BAHOI'O 1HCTPYMEHTY,
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(GyHKIIOHYBaHHST Oy[iBEJBHOTO MaiIaHYMKa.  MAJOTIOBEPXOBHX OY[iBENb, O B CBOIO Yepry
PesynpTatu nOCHimKEHHS AO3BOJSATH 3HU3UTH  3MEHIIUTH COOIBApTICTH 1 3pOOUTH KUTIO
Butpatd [IEP npu OymiBHHLTBI KOMIIEKCY  OUIBII TOCTYITHUM.
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Anotanisi. Ilocmanoska npoonemu. Pexomennaitii Mikaapoanoi Komicii 3 Pamgiartiiinoro 3axucty — 1e HayKoBO
OOTPYHTOBaHI JIOCHI/PKEHHS He3aJIe)KHOT, MI>KHAPOAHOT, HEYPSZIOBOI opraHi3ailii HayKOBIIIB, K2 HaJla€ peKOMEeH aIlii 3
pamianifHOTrO 3aXUCTy B Pi3HUX chepax >KUTTS Ta MisUTbHOCTI JIFOJMHU NP B3AEMOIIT 3 HABKOJUIIHIM CEPEAOBUIIEM, 3
¢dnoporo, daynoro Ta moauHor. MKP3 po3po0sise nNpuUHOMIU Ta MIAXOAW 10 pajiamiiHOrO 3aXHCTy, SKi
BHUKOPHCTOBYIOTHCSI ypsilaMH Ta HEJEp)KaBHUMHU OpraHi3alisMHi [0 BCbOMY CBITY /IS BCTaHOBJIEHHS 3aKOHOJIaBUMX
HOpM, CTaHIAPTIB 1 mporenyp Oe3neku. Mema cmammi — TIONSATae B TPOBEJCHHI BCEOIYHOrO aHami3 ImyOmikamii
MixxHapoaHOI KOMICIT 3 pajiamifHOTO 3aXHCTy 3 TOYaTKy ii MepIMX 3BiTiB 1 O BHIYCKY OCTaHHIX 3BITiB B IEpioJ
2020—2024 pp., BU3HAYNTH SAKi 3 X PEKOMEHAAIII} Ta BCTAHOBJIEHUX PETJIaMEHTIB OyJIM 3aCTOCOBaHI B HAalllOHAIBHUX
HOPMaTHBHO-TIPABOBUX JOKyMEHTaX YKpaiHW, JOCIIANTH iX BIUIMB Ha MeBHI chepu AisIIHHOCTI B cucteMi «Jlroamaa —
HABKOJIMIITHE CEPEIOBUIIIE — DKEpelia i0HI3yI0U0T0 BUIIPOMIHIOBAHH». 3adaui cmammi. [IpoBecTr moeTamHuil aHami3
Bugaanx Pexomenmanit MKP3 mo pokax; moOymyBaTé OJIOK-CXeMH INIXOMIB pamiallifHOTO 3aXUCTy Pi3HHUX Taiy3el
TaKMX SIK MEIUIIMHA, PaliOaKTHBHI BIJIXO/IM, MOHITOPUHT TEPUTOPIi TOIIO; BU3HAYMTH BIUIMB BHJAHUX PEKOMEH[AIliN
Ha (hOpMyBaHHs, PEJAKIIIIO 1 CTAJIMII PO3BUTOK HALlIOHAILHUX HOPMAaTHBHO-NIPABOBUX JOKYMEHTIB YKpainu. Bucnosku.
Po3pobuieHi B cTarTi O1I0K-cXeMaX HarIsJHO MOKa3yloTh, sIK 3MiHIoBanuch myouikamii MKP3 1 1o sikux mopanbiimx
JOCIIKeHb TiAmTOBXyBaM. CIHUparuYnuch HA HOBI JOCHIDKCHHS, sIKi BUHNUMA 3a ocTanHi 10—15 pokiB, 3’sBUIach
XKHUTTEBa Ta TnpodeciiiHa notpeda po3pobutn HOBI Hopmu panianiiinoi Oesmekn, OCHOBHI caHiTapHi NpaBuia Ta
HepxaBHi OyniBeNbHI HOPMH 3 THUTAaHb pajialiifHoi Oe3mekn B OYyIMiBHUIITBI, i3 BBEACHHSAM TAaKHX TCPMIHIB SK:
aZIMiHICTpaTHBHI Ta 00’€KTOBI PiBHI /103, MOJIENb 30BHIIIHBOTO Ta BHYTPIIIHHOTO OMPOMIHEHHS IIEPCOHAITY, TPOTOKOI
i, cTaHJapTHA JIIOJMHA, peepeHTHNH BiK, iIHIUBITya bHI 00’ €KTOBI PU3UKH, META0O0II3M PaiOHYKIIIIB B OpraHi3Mmi,
(haHTOM JIFOAMHY Ta BBECTH IHIII TEPMiHM Ta BU3HAYECHHS B HOPMAaTHUBHI JOKYMEHTH YKpaiHH.
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Abstract. Problem statement. Recommendations of the International Commission on Radiation Protection are
scientifically based studies of an independent, international, non-governmental organization of scientists, which
provides recommendations on radiation protection in various spheres of human life and activity when interacting with
the environment, with flora, fauna and man. The ICRC develops principles and approaches to radiation protection that
are used by governments and non-governmental organizations around the world to establish legislative norms, standards
and safety procedures. The purpose of the article is to conduct a comprehensive analysis of the publications of the
International Commission on Radiation Protection from the beginning of its first reports to the release of the latest
reports in the period 2020—-2024, to determine which of these recommendations and established regulations were
applied in the national normative legal documents of Ukraine and to investigate their impact on certain spheres of
activity in the system “Man — environment — sources of ionizing radiation”. Tasks of the article. Carry out a step-by-
step analysis of the issued ICRP Recommendations by year; to build block diagrams of radiation protection approaches
in various fields such as medicine, radioactive waste, territory monitoring, etc.; to determine the impact of the issued
recommendations on the formation, editing and sustainable development of national regulatory and legal documents of
Ukraine. Conclusions. The block diagrams developed in the article clearly show how the ICRC publications changed
and what further research was encouraged. Based on new researches that have come out in the last 10—15 years, there
was a vital and professional need to develop new Radiation Safety Norms, Basic Sanitary Rules and State Building
Regulations on radiation safety in construction, with the introduction of such terms as: administrative and object dose
levels, model of external and internal exposure of personnel, protocol of action, standard person, reference age,
individual object risks, human phantom and introduce other terms and definitions into regulatory documents of Ukraine.

Keywords: radiation protection; ionizing radiation; International Commission on Radiation Protection;
monitoring

IloctanoBka mnpodJsemu. Pexomengarrii npuHIMn Kowmicii, sK KIF0YOBI 3acaau CBOIX
MikHapoIHOI KOMICIi 3 paaiallifHOTO 3aXHUCTy 3axucHMX  3axomiB. Tak  mitoui  Hopmu
(MKP3) € x1r040BUMH HAacCTaHOBaMH B Taiy3i  pajiamiiHoi Oe3nexu VYkpainu [2],
pamiaiiiHoro Oe3IeKH, pagialliiHOTO 3aXUCTy,  IPYHTYIOThCS Ha pekomeHpaarisx Kowmicii, B
3aXHCTy BiJ BIUIMBY JDKepen ioHi3yrodoro  mepioa 3 1959 mo 1991 pik Ta cHHXpOHI30BaHi 3

BUIIPOMIHEHHS, MeIUYHOL pamioJiorii, MDKHApPOJTHOIO METOI0JIOTTYHOI0 0a3010.
panmiaiifHOro 3axUCTy TepCOHATy aTOMHHUX AKTyanbHicTb. BpaxoByrounm mnocTymnosi
CTaHIIN Ta HaceJeHHS, MIPOBEICHHS sminn  pexkomeHpganii MKP3 B waci Ta

IOCIIKEHD Ha  pajiamiitHo-HeOe3MeUHnX CIIUPAIOYUCH Ha HOBITHI JIOCSITHEHHS
Teputopisix Tomio [1]. MixkHapoaHi oprasizamii ~ TEXHIYHOTO Ta  TEXHOJIOTIYHOTO  CTajoro
Ta HallOHAJIbHI OPTaHW BJIaJy, BIANOBIAANBHI  PO3BUTKY, 3 SBUJIACh HEOOX1IHICTh BPaXyBaHHS
3a pamiamiifiHy 3ax#WcT, a TaKoXK OCOOM Ta  HOBUX  HAayKOBUX  JOCATHEHb Yy  cdepi
oprasizanii, Kl BHUKOPHCTOBYIOTh 10HI3yIOUE€  pajlallifHOTO 3aXUCTy JIOJUHHU Bl BIUIUBY
BUIIPOMIHIOBaHHS, MPUMHAIN pEeKOMEHAalli Ta  JKepen ioHi3yrodoro BurmpoMiHioBaHHs (/IIB).
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Hayka po BILIVB 10HI3yI04OI0
BurnpoMiHioBaHHs (IB) Ta 3axuct Bim HbOTO
MOCTIHHO  PO3BHBAETHCSA, TOMY  BAXKIIUBO
aHali3yBaTH, SIK III 3MIHM BIUTUBAIOTH Ha
JIep’KaBHY TMOJITHKY 1 MPaKTUKy 3aXHUCTy
HACEJICHHA Ta TPAIIBHUKIB 3 TOUYKH 30Dy
pajialifiHUX pU3UKIB. 3MIHU B pPEKOMEHJAIISIX
MKP3 wMarth Oe3mocepenHiii BIUIMB  Ha
MDKHApOJHE 1 HalllOHAJbHE 3aKOHOJABCTBO, a
TaKO)X Ha 3arajbHl CTaHIAPTH pajialliiHoOl
Oe3mneKy.

Anajmiz myoJikaniii. Ilepma 3 1inoi cepii
takux myOmikamii, IlyGmikamis 1, mictuia
pekoMeHmaiii, 3arBepkeHi B 1958 porri
(ICRP, 1959). Uepe3 nBa gecsaTka pOKIB
BUWIITM y CBIT pEeKOMEHAAmii y BHIJISAIL
[Ty6nikamii 26 (ICRP, 1977). V IlyGmikamii 26

Kowmicis mama KUIbKICHI  OIIIHKM — PH3HUKIB
CTOXAaCTUYHUX  pafiamiiHux  eQexTiB  Ta
3alpoNoOHyBaJla CHCTEMy OOMEXEHHS J103
OTMPOMIHEHHS, 10 0a3yeTbcss Ha  TPHOX

MPUHIIMIIAX OOTPYHTYBAaHHS Ta ONTUMI3AIli
3aXHUCTY, a TAKOXK JOTPUMAHHS MEX JI03H.

Uepes nBa poku Buiinnia B cBiT [TyOmikaris
MKP3 30 (ICRP, 1980): O6mexxeHHSs 1010 st
HAJXO/DKEHHS PaiOHYKIIAIB TpaliBHUKAM, a
micnst e Tpu yactuHu Limits for Intakes of
Radionuclides by Workers (1980-1982 pp). 1li
YaCTHHH SIBJISIOTH 3BITH B SKUX JIETAIBHO
PO3TIISLIAIOTHCS TaKi MATAHHS:

» biokinemuuni Mmoodeni ISl OILIHKHA
BHYTDIIIHROI ~ J03W  NpH  TOTPAIUISHHI
pamioHyKIimiB g0 opranizmy. ILli  momeni

BPaxOBYIOTh PO3IO/ILI, 3aTPUMKY Ta BUBEJCHHS
PamioHYKJIi/IiB B Pi3HUX OpraHax i TKaHWHAaX.

» Jlozoei Koegiyiecnmu 11 Pi3HUX
PamIOHYKIINiB, SIKI  3aCTOCOBYIOTBHCS IS
BU3HAYCHHS KiJIBKOCTI OINPOMIHEHHS Yy pa3si
MOTPAIUSIHASL  PA/IIOAKTUBHUX PEYOBUH  JIO
Opra”izMy 4Yepe3 IUXalbHI NUISXH, MIKIPy YU
TpaBHUU TPAKT.

> Ilioxoou 00 iHOUBIdyanvHo20
MOHImopunzy ma 3axucmy i poOITHHKIB,
SIK1 TIPAITIOIOTh 3 JPKepeaMu paiarii.

» Ob6rpynmyeannsa Jnimimie 003 s
poOITHUKIB 'y cdepi SIEpHOI EHEPreTUKH,
MEIUIMHA Ta THIIUX TaTy3sX.

[Ty6nikanis MKP3 Ne 60 (ICRP, 1991), €
onHier0 3 0a30BUX mpamb y chepi pamiamiitHol
Oe3lekHd, sgKa  OHOBMJIA  IMAXOAH 1O
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pazdiamiifHoro 3axucTy, 3alpoNOHyBajda HOBI
NPUHIUIN 3aXUCTy Ta HOPMATUBH, 3aMIHUBIIN
3acTapiini  monokeHHs myOmikamii  Ne  26.
OcHOBHI acmekTH i€l myOiKaiii 0XOIUTIOIOTh
HACTYIIHI KJIFOYOB1 MOMEHTH:

MKP3  Ne 60  3arBepomuna  Tpu
OCHOBOIIOJIOKHI ~ MPHUHLMIN  pajialiifHOro
3aXMCTy, sKi cTaiu  (QyHZaMEHTOM s

HAIlOHAIBHUX 1 MDKHAPOIHUX HOPMAaTUBHHUX
aKTIB:

v Onpasoanicmo (Justification): xoxen
BUJl  JiSUIBHOCTI, IO  NPU3BOAWTH IO
ONPOMIHEHHSI, TMOBHHEH MPUHOCUTH OibIle
KOPHUCTI, HDK IIKOAW. YCi PpilIeHHS 1010
BIIPOBA/DKCHHSI  JDKEPENl  BUIIPOMIHIOBAHHS
MarTh TPYHTYBaTUCSA Ha OIlIHII KOPHUCTI IS
CYCIILTBCTBA.

v’ Onmumizayia (Optimization): 103u
ONPOMIHEHHS ~ MalTh  OyTH  HACTUIBKHU
HU3bKUMH, HACKUIBKM 1€  MOXJIMBO, 3
ypaxyBaHHIM €KOHOMIYHMX Ta COIIaJbHUX
YyuHHUKIB. Lle¥ nmpuHIUIT BiTOMUN SK TIPUHITUTT
ALARA (As Low As Reasonably Achievable —
HACTUIBKM HHU3bKO, HACKUIBKM 1€ MOXIIHMBO
JIOCATTH).

v’ Jlimimyeanna 003 (Dose Limitation):
BCTAHOBJICHI YiTKI Mexi (JTiMITH) ISl 1103
OTPOMIHEHHsI TPAI[iBHUKIB 1 HaceJeHHs, 1100
VHUKHYTH  HEMPUIYCTUMUX  PHU3UKIB ISt
310POB'A.

[My6nikamis MKP3 Ne 60 BcraHoBWIIa Taki
TEPMIiHH Ta IPUHLUIIH:

» Egexmuena ma exgisaienmua 003d.
MKP3 Ne 60 BBenma poO3aiIeHHS Ha
exgieanenmny 003y (ska BpaxoBY€ BHUJ
pamiarii) 1 egpekmueny 003y (dKa BpPaxoBY€
PaliOYyTIMBICTh OKPEMHX OpPTaHIB i TKaHWH).
EdextuBHa no3a 103BONsiE Kpalle OLIHUTH
CYKYITHHI PU3HK JUIsl OpraHi3My, HE3aJeKHO
Bil TOro, sKi YacTUHU Tija MiIAAIOTHCS
OTPOMIHEHHIO, [0 3pOOUIIO OIIHKY JT03U O1ITBII
TOYHOIO Ta HAYKOBO OOTPYHTOBAHOIO.

» Ilepeenso doszoeux nimimie. TlyOmikaris
Ne 60 s3HuM3Wiaa  OO30BI  JIMITA  JUIS
npo(eciiHOTO Ta TPOMAICHKOTO OMPOMiHEHHS,
BHU3HAIOUYM HOBI HAYKOBI JaHi Mpo pajiariiiHi
pusuku. Tak g npauiBaukiB (Kareropis A)
BCcTaHOBieHUH  mimit 20  M3B/pik, 3
MakcuMyMoM y 50 M3B y Oyap-sSikuil pikK, 110
CTaJIO 3HAYHO HIKYUM 32 TOTEepeIHI HOPMHU.



VkpaiHcbkuil )xypHan OyaiBHHLTBa Ta apxitektypu, Ne 1 (025), 2025, ISSN (print) 2710-0367, ISSN(online) 2710-0375

» Busnauenns kameeopii ONPOMiHEHHS.
[TybOnikamis po3ainuiaa ONpOMiHEHHS Ha TpU
Kareropii:

o [Ipoghecitine onpominenns. Ui JTEONCH,
SKI MITAI0TRCS pajialii y 3B'I3Ky 3 poOOTOIO
(Hanpukiaaa, y SAACpHIA  EHEpreTvil 4
MEJIUIIMH]).

e Meouune onpomineHHsa: TOB'I3aHE 3
JTIarHOCTUKOIO Ta JIKYBaHHSIM TMAlI€HTIB, IS
SIKOTO HE BCTAHOBIIOETHLCS JIMIT J[O3H, ajie
PEKOMEHAYETbCS pPETeNbHE OOIPYHTYBAHHS Ta
OINTHMI3AIlisl.

. Onocepeorosane (6mopunne)
OnpoMmineHHsl HaceleHHs: 11 BIUIMB Ha JIIOJIEH,
SK1 HE MAIOTh MPSIMOTO KOHTAKTY 3 JDKEpeIaMH
paniarii.

» 3minu y nioxooax 00 YHpaGIiHHsL
asapitinumu cumyayiamu. MKP3 Ne 60 migHsna
BaYKJIMBICTh TOTOBHOCTI /10 pajiallifHUX aBapii
Ta PO3pOOKM CHELiaJIbHUX CTpaTerii Juis
3aXMCTy HACEJECHHS B TaKUX CHUTYyaIlisix.
3amponoHOBaHl  MIAXOAM  30CEpeKeHl  Ha
3HIDKCHHI BIUIMBY Ta MiHIMI3amii 103 Yy
BUIIAJKaX Hemepea0adyeHnX aBapii.

Metorw  crarri  IlpoBectm  amnami3
nyOmikamii  MKP3 Ta BHSABHTH akTyanbHI
3amadi Ta e(exTUBHI 3axoaW 3abe3medeHHS
pamiamiitHoi Oe3nexu HaceJeHHs Ta
MpaliBHUKIB, SIKI MPAIOIOTh Ha paiialiiiHo-
HeOe3nmeyHux  o0’e€KTax 3 MOJAJBIIMMU
MIPOTIO3HIIISIMU OHOBJICHHS CY4YacHOTO
3aKOHOJaBCTBa Ykpainu. IIpoBectu anami3
Buganux Pexomenpamiii MKP3, gk 3arajibHHX,
TaK 1 CTOCOBHO OCOOJIMBOCTEH MOBOKEHHS 3
paIiOaKTUBHUMH MaTepiajamu, 31 MOAAIbIINM
3HMKEHHSIM HETaTUBHOTO BIUIMBY JUKepel
10HI3yIOUMX  BHUIPOMIHIOBaHb  Ha  CTaH
pamiamiitHoi Hebe3neku B YKpaiHi.

B mnonepennix crartsax [3—7] aBTopamu
OyJIM TOCIIZIOBHO MPOAHATI30BaHI Ta PO3KPUTI
HACTYNHI TeMH: (OpMyBaHHS HOPMAaTHBHO-
npaBoBoi 0a3u y cdepi 0XOpoHU Ta (Hi3HYHOTO
3axucty ocoboBuMm ckiagom BBO IT «38
BITYy; 0COOJIMBOCTI MIPOBEACHHS
MOHITOPHUHTOBUX Ta JOCIIJHUX poOIT Ha
PEKUMHIN TepUTOpii KOJUIIHBOTO YPAHOBOTO
BupoOHUNITBa BO  «I1X3»; ocobmuBocTi
opramizanii  pagianiiHOr0  KOHTPOJIO  Ha
0o0’€KTax  SIEPHO-MIAIMBHOTO  KOMILIEKCY;
TEXHIYHI 3acO0M  BENEHHS  paialiifHOTO
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koHTposit0 Ha PHO; 3acTocyBaHHS KOMILJIEKCY
OpPOTH pajiallifHUX Ta TMPOTH PATOHOBUX
3axoJliB; iAeHTHU(]IKAIlIIO0 3arpo3 Ta HeOe3IeK B
yMOBax MIIOYMX MPOMHCIOBUX MalJaHUYUKIB 3
MIHIMI3alll€l0 PU3MKIB BiJ] BIUIUBY 10HI3YIHOUHX
JOKEepes OMPOMiHEHHS Ha MepPCOHAa.

Buknan marepiany. Po3risiHemo ocHOBHI
saranbpHl Pexomenpanii MKP3 ski Buxoaunu ta
SKi 3 HAX BXKE 3aMiHEHi, ajie Oyl MOYaTKOM
HOpM B pamiamidniii  6e3meri. [leprioro
3aranbHOr0  IlyOmikamiero  MKP3  Oyma
Pexomenmamii  MikHapogHoi — komicii 3
palioNOTiYHOTO0  3aXHCTy, SKa BHHIUIA Yy
BepecHi 1958 poky.

HactynHoto mo oHoBwia 1ii  Oyna
[Tyomikamis Ne 6 (ICRP, 1962). 1964 poxky,
BOHA JI0JlajIa PEKOMEH/IAMI{ 11010 YIIpaBIIiHHA 1
yTumi3amii  paaioaKTUBHMX  MartepiajiB  y
MEIMYHUX  3aKlajaX Ta  JIOCHiIHUIBKUX
ycraHoBax. Bcworo uepe3 2 poku y 1966
Buiinuia [ly6nikamis Ne 9 (ICRP, 1966), mo
oHoBwia IlyOmikamito Ne 6. HamaBama HOBI
pexkoMeHpamii  moao  OOMEXeHHS 1103
ONPOMIHEHHS JIJIs1 TPAIiBHUKIB 1 3arajibHOTO
HACEJICHHs, BPAaXOBYIOUM HOBI HAyKOBI JaHi 1
TEXHOJIOT14HI JOCATHEHHs Ha TOW uac. biok-
cxeMa 3MmiHm panHix IlyOmikaniin MKP3
MPEJICTaBICHO Ha PUCYHKY 1.

TTybmikamia MKP3 Ne 1
1958 pix
- Pexomenmamii
MisxHapomHoi KoMicii 3
PAaIioNOri9HOTO 3aXHCTY

A
3aminena [Tyonikamieo
MKP3 Ne 6 1964 pix
- Pexomernamii
MKP3

v

Onosnena [Tybmikaniero
MKP3 Ne 9 1966 pix
- Pexomennamii
MKP3

v

TToBHicTio 3aMiHeHA
ITyomnikamiero MKP3 Ne 26
1977 pix
- Pexomeraamii

MKP3

Puc. 1. Brox-cxema sminu pannix Iybnixayin MKP3

B 1977 poui Buiinia Baroma IlyOmikarris
Ne 26 (ICRP, 1977), mo o00’eqHye OCHOBHI
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NPUHIUIKN Ta TMPaKTHYHI peKoMeHaamii 3
yOpaBIiHHS pagiamiftHuMu pU3UKAMH,
BKIIIOYAIOUH KOHIIEIIIIFO pamiaiiHoro
3aXMCTy,  NPUHLUMIM  ONTUMI3amii 703,
CTaHJApTH  JOMyCTHMUX JI03 1 METOIu
MOHITOpPUHTY Ta  KOHTpoito. IlyOGumikamis
Mpe/ICTaBIsie HOBI MIAXOAM JO pajialiiHOro
3axXHCTy, sIKI BPAXOBYIOTh CyYacHi JTOCATHEHHS
B HayIIi 1 TEXHOJOT11.

HactynHuM KJIIOUOBMM JIOKYMEHTOM €
[TyGmikamist Ne 60 1991 poky. Bona mictuth
OCHOBHI 3HaHHS 1 JIOCATHEHHS CTaHOM Ha
1990 pik. IIpencrapisie OHOBJICHI MPHUHIUIM 1
MPaKTUYHI PEeKOMEHAAIll M0J0 paialiiHOro
3aXUCTY, BKIIIOYAIOYW KOHIICMIIi ONTHMIi3allii,
JI030BUX OOMEXEHb 1 NMPHUHLUILY «OTPUMAHHS
7103 SIK MO’KHA HWKUYUMH, HIXK TOCSKHO». BoHa

ONMCYE MIAXOAW JO OLIHKK 1 YNpaBIiHHS
pU3MKAMH, TOB'S3aHHUMH 3  10OHI3YIOUUM
BUIIPOMIHIOBaHHSIM, Ta HaJae peKOMEHMAlil
JUIsL  3aXHCTy TIPalliBHUKIB, HACEJICHHA Ta
HABKOJIMIITHEOTO CEPEOBHIIA.

Haiibinpi  akTyanbHUM Ta 3arajibHUM
nokymeHToM 3apa3 € IlyOmikamist Ne 103, ska
dbopManbpHO 3amiHIOE monepeani Pekomenmamii
MKP3 Ne 60 (ICRP, 1991), a Takok OHOBIIIOE,
KOHCOJTIIy€ 1 pO3BHBAE JIOJATKOBI KEPIBHHUIITBA
3 KOHTPOJIO 33 ONPOMIHEHHSM BiJl JUKepel
10HI3YIOUOTO  BHWIPOMIHIOBaHHS, BHJaHI B
1991 poui. Posrnsaemo 3aranpHy O50K-cXemy
3MiH 3araibHEX pekomeHpanii MKP3 Ha
pucyHKy 2 — biok-cxema 3MiH 3arajibHHX
Pexomenmamiit MKP3.

Thimiamia MEP3 N 1 Mossicro Jani 1;051_511:110 YacTsose 3aMiHeH
7 1958 i o 3aminena [TyGnikanieo Onosnena [TyGmizaniero o OBHICTIO a;ﬂ?;; ;_ I AMIHEHA IyGmikaniero MEP3 Ne
PIE ! - - [yOmixanien o [VOIHEALIEED —

- Pesouerzanii MEPSNeO 1960 pix | o MEPINeSI60pE | 1" 56 1077 pix [ MKP3Ne6O 1000 [—p{ 103 2007 P
MixHapoHCT KoMicii 3 - Pemousermani - Pexouerganii - Pesoyernamii - - Pexosermanii MEP3
- AR _ MKP3 MKP3 pE 2007 posy.
PATICIOT{MHOTC SAXHCTY MEP3 - Perovermamii Tisomssi

MEP3 i

Puc. 2. Brox-cxema 3min 3azanvhux Pexomenoayin MKP3

Opnnaxk Bci 1i [lyGmikarii € 3araTbHUMHU Ta
HE OXOIUTIOIOTH IUJIKOM MUTAHHS paaialiiHOTo
3aXMCTy  Ta  3aXOpPOHCHHS  pajialiiHo-
3a0pyAHEHUX TEPUTOPIM.

[Tepmoro IlyOGmikamiero 1mo posrisaana
caMe paiamiifHuNA 3aXHCT OKpeMo, Oyra
[TyOmikamis Ne 15 1970 poky, BoHa Hanae
pexkoMeHaamii 3 pamialiiHOTO 3aXHUCTy BiJ
30BHIIIHIX TOKEpeT 10HI3YIOYOTO
BUNIPOMiHIOBaHHA. OXOIUIIOE  MPHHOUOHN 1
METOIM 3aXUCTY BiJl PI3HUX BU/IIB 30BHIITHBEOTO
OTPOMIHEHHSI, TAKUX SIK PEHTTE€HIBChKE, TaMMa-
1 OeTa-BUTIPOMIHIOBAHHS.

Ha pomoBuenHst ii Buiinura [lyOmikaris
Ne 21 (ICRP, 1971), sxa HamaBama TOAATKOBI
JaHl  JUIL 3aXMCTy  Bil  10HI3YHOYOTO
BUIIPOMIHIOBAaHHS 30BHIIIHIX JpKepen. Takox
BOHA MICTWJIa OHOBJIEHI Ta JOIMOBHEHI HaHi
1010 OIIHKHU JI03 OTIPOMIHEHHS.

YactkoBo onoBuna 1i IlyOmikamis Ne 26,
SKy MU BXE pO3TJISIaid BUINE Ta BOHA Oyia
3arajgbHOI0, a OUIBII 30Cepe/KeHa came Ha
3aXUCTY BiA pafiariifHoro ompoMiHeHHs Oyna
[Myomikamis Ne 33 (ICRP, 1982), sxa xoua i
Opana Oinblne 10 yBarw pajiallifHUN 3aXUCT
came B MEIMIMHI, OIHaK Oyia MiArOTOBJICHA B
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CBITJII pPEKOMEHJAI Ta 3aMmiHIOE MyOJiKarii
MKP3 15 i 21. HagaBana pexomeHaaiii moao
3aXHCTY BiJI 10HI3yIOUOTO BHIIPOMIHIOBAHHS BiJT
30BHIIIHIX JPKEpel, SKi BUKOPUCTOBYIOTHCS B
MeaunuHi. [TyOmikalis OXOIUToBaia acleKTH
Oesmeku s MEAWYHMX — MPALiBHUKIB 1
Mali€HTIB  HAJAOYM  PEKOMEHJAIi 100
KOHTPOJIIO pIiBHIB pajiamii, NpPOeKTyBaHHS
MEINYHHUX YCTAHOB.

Hacrymaum JIOKYMEHTOM MOJKITUBO
BBakatn [lyOmikamiro Ne 43 1985, ska
HaJIaBaJia OCHOBHI MPUHITUIT MOHITOPHUHTY JJIS
3a0€e3IeYyeHH pamialiiHoro 3aXUCTY
HaceneHHs. [lyOmikaiiss OXOIUTIOE aCTEeKTH
BUMIPIOBaHHS 1 KOHTPOJIO  padialiiiHOTO
CepeIOBHUINA, & TAaKOX CTpaTerii MOHITOPHUHTY
JUIS OIIIHKM BIUIMBY pajiallii Ha HaceJIeHHS.
OpHak BOHa HE 30BCIM TMIpO paiariitHui
3aXHCT, TOMY Oy/ie OKpeMO.

Hami Oyma Baroma IlyOmikamis Ne 65
(ICRP, 1963), sxa Oyna mpuCBSYECHA 3aXUCTy
BiJ panialii, MoB’s3aHOI 3 paloHOM-222, SIK B
JOMAIITHIX YMOBaxX, TaK 1 Ha poOOYMX MICIIIX.
[TyGmikamis po3risigae JpKepena paaoHy-222,
BIUTMB Ha 370pOB'S, METOIM MOHITOPUHTY i
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KOHTPOJIIO, @ TaKOX CTpaTerii /Ui 3MEHIICHHS
piBHIB pajioHy-222.

[Ty6mikamis Ne 82 (ICRP, 1999), nanae
HACTAaHOBM IIOJI0O 3aCTOCYBaHHS CHUCTCMH
paxnionoriunoro 3axucty MKP3 no cutyauiit
TPHUBAJIOTO OMPOMIHEHHS HACEICHHA. Y HbOMY
PO3TIISIIAETBCSL 3arallbHE 3aCTOCYBAHHS CHUCTEM
pamiamifHOro  3axXUCTy  JUIsi  KOHTPOIIIO
TPUBAJOrO  ONPOMIHEHHS B  pe3yJbTari
MPAKTUYHOI JIISUTBHOCTI Ta IPOBEICHHS 3aXO0/I1B
y CHTYaIisIX TPHUBAJIOTO OIPOMIHEHHSI.

OnoBuia Ta 3amiamia MunyIy [lyOmikariiro
naHumu 3a 8 pokis, [Tyomikarmis Ne 103 (ICRP,
2007), ska Oyla TpHUCBAYEHA 3araJbHUM
nutanHaM Ta [lyGmikamis Ne 104, sxa Hagana
ODJIAN  PI3HUX  3aXOMiB  KOHTPOJI, IO
BUKOPUCTOBYIOTHCS ISt 3a0e3neueHHs
pamiamiiHoro 3axucty. IlyOmikariss po3risigae
IIMPOKHIA CHEKTP METOMIB 1 NpPaKTUK JUis
KOHTPOJIIO 1 3MEHIIICHHS pajialliiHuX PHU3UKIB
y pi3HEX cdepax iSUIBHOCTI, BKIIIOYAIOUU
MEIIUYHY PaIioJIOTii0, SAEPHY MPOMHUCIIOBICTh
Ta 1HII TaTy3i, e € paaianiiHi JKepena.

Omna 3 HactynmHux [lyGmikamiii Ne 108
(ICRP, 2008), Oyna mnpucBsueHa NUTaHHIO
3aXMCTy HABKOJIMIIHBOTO CEPEIIOBHINA, aJie
3aITUIIIAIIY 11 JIWIIe HA PIBHI KOHIICTIIIT.

Ha 3aminy Ta OHOBIeHHA pgaHuUX Oyla
unymena [lyoOmikamist Ne 126 (ICRP, 2014),
pPOKy, WIO Hajaja OHOBIICHE KEPIBHHIITBO 3
PamioNIOTIYHOTO  3aXUCTY BiJ ONPOMiHEHHS
pamoHoM.  3BiT OyB  po3poOieHWi 3
ypaxyBaHHSIM OCTaHHIX pexomenmarii MKP3
II0JI0 CHCTEMH PaJiOJIOTIYHOTO 3aXHUCTy, BCIX
HasBHUX HAYKOBHX 3HaHb TMIPO PHU3UKH,
MOB'sI3aHI 3 paJIOHOM, a TaKOX JOCBIfy,
HAaKOMMUYEHOTo OaratbMa Opra”izamisiMi Ta
KpaiHamMu y cdepi KOHTPOITIO 3a ONPOMIHEHHSIM
BiJl paJioHy.

Omna 3 ocCTaHHIX Ha TENEpilmHIA dYac
[Ty6nikamis Ne 147 (ICRP, 2020), sxa Oimbin
TEOpPETUIHA Ta 30CEePEIIKYETHCS Ha
3aCTOCYBaHHI JI030BUX BEJIMYHMH y
pamiosnoriuaoMy 3axucti. [lyOmikamis Hamae
JETAIbHUHN OTJISIT PI3HUX JTO30BUX BEJIUYHH, 1110
BUKOPHUCTOBYIOTHCSL ISl OIIIHKU 1 yNpaBIiHHS
panmialiiHIMH PU3UKAMH, TaKHX SIK €(EeKTHBHA
7033, J03a OpraHy Ta Jo03a TKaHWHU. BoHa
TaKOX PO3IIIAJAE X BUKOPUCTAHHS B KOHTEKCTI
PI3HHUX CIEHapiiB ONMPOMIHEHHS, BKJIIOYAIOUU
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MEIMYHI TIPOICIYyPH, TPOMHUCIOBI MPOIECH 1
€KOJIOT1UHI CUTYaIlii.

HactynHoro Temoro Oyae MeTomosoris
po3paxyHkiB, mepmoro [lybOmikamiero — sika
Buiina B 1966 pori Oyma Ne 8, B koTpiii Oynu
METOJIOJIOTIYHI pEeKOMEHallii Ta OCHOBU IS
OI[IHKM PW3UKIB, $KI BHHHKAIOTh BHACIIJOK
ONPOMIHEHHSI 10HI3yIOUUM BUIIPOMIHIOBAaHHSIM.

Hani HOBI MeTOAOIOTIi po3paxyHKiB Oyin
npeacrarieni y 1977 poni B IlyGmikamii Ne 26,
AKy MU Bxe posniganu Bumie. Okpim
3arajJpHUX PEKOMEHJaIiii BOHa Majla B €00l
NOPUHIAIIKA ~ ONTUMI3amii 703, CTaHAApTH
JOITYCTUMHUX 103 1 METOJU MOHITOPHHTY Ta
KOHTPOJTIO.

IToBHIiCTIO 3aMiHMIa il 3arajbHa
[Tybnikamis Ne 60 1991 poky, B KoOTpiii Bce
OJHO OyJHM KOHIENIli onTuMizaiii, 1030BHX
00MEXeHb Ta MiJXOAU 10 OLIHKH 1 yIpaBIiHHS
pU3UKAMH, T[OB'S3aHMMH 3  1OHI3YIOUUM
BUIIpOMiHIOBaHHAM. Uepe3 16 pokis, y 2007 p.,
Buiima [lyGmikamiss Ne 103, mo MOBHICTIO
3aMiHWJIa ~ [UISIXOM ~ OHOBIIGHHS ~ MHHYIY
[TyGmikamito Ne 60, BoHAa MicTWJa JOJATKOBI
KEpIBHHIITBA 3 KOHTPOJIIIO 33 OTMIPOMIHEHHSIM BiJl
JOKEpeNl 10HI3YHUYOro BHIIPOMIHIOBAHHS, IO
BKJTIOYAE JI0 ce0e 1 MeTeI0JIOTiI0 PO3PaXyHKIB.

Haii0inpn o4ikyBaHOIO 3 OCTaHHIX 3BITIB
oyna Ilyomikamis Ne 152. IlyGmikaris MKP3
No 152 (ICRP, 2020), € omHi€r0 3 TEXHIYHHX
pEeKOMEHaIlil, 30CepeKEHUX Ha MPAKTUIHHIX
acIeKTax MOHITOPHHTY Ta OIIIHKH pamiariiiHol
Oe3nexku. Bona BKIIOYae AeTaabHI METOMOJIOTIT
JUIS BAMIPIOBAHHS Ta OILIHKW pamiallifiHuX 1103,
0COONMBO y BHUMAJKax BIUIMBY HAa POOITHUKIB,
SIK1 MPaIOITh 3 pPagioOaKTHBHUMH
matepianiamu. OCHOBHI aCTEKTH i€l myOmiKarii
TaKi:

1.  MoHiTOpuHT 1103  ONPOMIHEHHS
poGitauKiB. [TyGmikamist Ne 152 Hamae neranbHi
pEKOMEH Iallii 1010 METO/IIB 1HJIHUBITyaIbHOTO
MOHITOPHHTY TPaIliBHUKIB, $Ki ITIIaI0ThCS
npodeciifHoMy panialifHOMy ONpPOMIHEHHIO.
JIOKyMEHT  ONHUCY€: METOAM  BH3HAYCHHS
MOTJIMHYTOT 034 3a JIOIIOMOT' OO
NEPCOHATBHUX JIO3UMETPIB Ta MIAXOMU JO
PETYJISIPHOTO MOHITOPHHTY 103 BHYTPIITHHOTO
Ta 30BHIIIIHBOTO OTIPOMIHEHHS IS
MPAIIBHUKIB, MO KOHTAKTYIOTHh 3 JDKEpeIaMu
10HI3yI0YOT0 BUITPOMIHIOBAHHSI.
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2. OrmiHKa BHYTpIIIHBOTO ONPOMIHEHHS.
[Ty6nikallist BUCBITIIIO€ METOAM OIIIHKHU /103 Bif
BHYTPILIHBOTO OTIPOMiIHEHHS (xomm
pafioakTUBHI ~ MaTepiaqd MOTPAIUIAIOTh B
Oprasi3M uyepe3 BIUXaHHs, IPOKOBTYBAaHHS abo
yepe3 wikipy). BoHa npomnoHye: BUKOpUCTaHHS
O1OKIHETUYHUX MOJIENIEH Il pO3paxyHKy 103,
0  JI03BOJIIE  BpaxyBaTH  MeETaboJi3M
panmioHykmimiB B opraHismi. [IpakTuuni
pekoMeHalii 3 Bigoopy 3pa3kiB OioMarepiaiiB
(HampuKIad, cedi Yu KpoBi) AJISl OLIIHKH BMICTY
PaTiOHYKITITIB.

3. OuiHKa 30BHIIIHBOTO ONPOMIHEHHS.
MKP3 Ne 152 Tako MICTUTh IHCTPYKIII 11010
BHUMIPIOBaHHA /103 30BHIIIHBOTO ONPOMiHEHHS,
3 BUKOPHCTAHHAM MOPTAaTUBHUX 1
MEePCOHANBHHUX JO3UMETPIB s (ikcarii 103,
OTPUMAaHHX BIJI 30BHIIIHIX JOKEpe
BUmnpomiHioBaHHs. OcoOnuBii yBa3i BigBeIeHO
JI0 3MICTY MOHITOPHHTY THUX YacTHH TiIa, SIKi
MOXYTh OyTH HaHOUIbIIe MmiAgaHi BIUIMBY,
TaKUX SIK PyKH, KUCTI Ta roJIoBa.

ONIPOMiHEHHSI y MpodeciiiHOMy cepemoBuIli, 3
BCTAQHOBJICHHSIM JIOMYCTUMHUX PIBHIB 103 7S
NepcoHaTy 3  3aCTOCYBaHHSIM  METOJa
onTuMizamii 3aXUCHUX 3aXOJIB BIAIIOBIAHO 10
npunuuny ALARA.

5. Po3paxyHOk e¢eKTUBHOI 703U Ta
yopasiiHHa ~ go3amu.  [lyOmikaumis  jgae
peKoMeHaalii MoA0 po3paxyHKy e(heKTHBHOI
031 (BpaxoBylouHM creuu(piky OpraHiB Ta
TKaHWUH) Ta METOIB YMPAaBIIHHI JI03aMH, SKi
oTpuMye TiepcoHasl. BoHa Hajmae mareMaTudHi
Mozaelm Ta Koe(imieHTH, SKi JO3BOJSIOTH
IPOBOJIUTH OUIBII TOYHY OLIIHKY OIPOMIHEHHSI.

[Ty6mikaris MKP3 Ne 152 crana BaximBuM
IHCTPYMEHTOM JJIsi KOHTPOJIO paJiamiifHoro
3aXMCTy HA  TPaKTHI, HAAABIIM  YITKi
METOJIOJIOTII JJIsT PEeTYJIIPHOTO MOHITOPHUHTY Ta
OIIIHKK JI03 ONPOMIHEHHS y mpodeciiHOMY
cepenoBuii. BoHa € KOpUCHUM pecypcoMm st
daxiBmiB y ramy3i pazgiamiiHoi Oe3leku Ta
JoroMarae 3a0e3nedyuTd JOTPUMAHHS BUMOT
HIOJI0 3aXHCTy 3/0pOB’Sl MEpCOHaTy. 3MIHU B

4. PexomeHpamii mI0A0 padiallifHOTO  METOJOJOTIYHUX MiAXOJaX MpPEACTaBIeHI Ha
3axucTy. JIOKYMEHT MICTUTh HAaCTaHOBH ISt PUCYHKY 3.
yTpaBITiHHS pU3UKaMH paniariitHoro
. o TloenicTro 3amincHa . . 3aminena [Tyomikaniero Pozmmpena [Iyomkaniero
H}“"KT;‘:SWB Nes Tlybmisaricro MKP3 - g‘?““‘?m 3"”“*;;‘: 60 MKP3 Ne 103 2007 pix MKP3 Ne 152 2022 pix
o .pl.f< F» Ne261977pix  |— ¥ jmﬂllll;;) - "> - Pexomengmanii MKP3 » - Mertomuka pospaxyHKy
e - Pexomenmanii pl_lf 2007 poxy. PAMIAMHHOT MHOTH
PH3HKIE EiJ pagiamii MEKP3 - Pexomenganii MKP3 Tisoma. Tlisoma.

Puc. 3. Brox cxema Ilybnikayii MKP3 — Memoodono2isi po3paxyHkie

3 HasgBHOI0 0a3010 METOIB pPO3paxyHKIB
MoYaB pO3BUBATUCS pajialliiHUNA 3axXUCT B
MEIUIIMHI. BiabIl AOKIaNHO 3YNMUHUTHCS Ha
HBOMY He OyaeMo.

Hns pPO3yMIHHSA JIETEPMIHOBAHUX,
CTOXaCTHYHUX Ta  TEHETHYHUX  e(deKTiB
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HE0OXiTHO OyJI0 BHU3HAYUTH YaCOBI TECHJCHIIIT
00 PO3BUTKY TMIAXOIIB  pajialiifHOTO
3aXWCTy B MEIUIMHI SKI 3MIHIOBAINCH B
3aJIEKHOCTI Bl TEXHIYHUX 3ac00lB BeIAEHHS
JIarHOCTUKU Ta NPOQIIaKTUYHUX MPOLETYp
MPEJICTABICHUX HA PUCYHKY 4.
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IIyGoirania I\-'HCPB Me 52 198? piE [TyGmizamnia WE Ne 62 [TyGmixamnia ME[{PS Ne 73 TIyGmirania I\-'HCPB H}'G.mm 1\-_’11{[’3 _'.N'e 87 [TyGizisaniz MEP3 Ne 60 2003
- 3axmecT manieHTa B raTys 1901 pix - 1995 pix - Ne 84 2000 pix - 2000 pix - Yopasmiams i - Biomoriasi edpercrm i
ANepHO] MeTHITHE (335E3 EiT [~ Pamionoriusmi > Pamiomoriuami — BaritHicTE 0300 CIPOMIHEHHR p P R
FomiTeTy 3 IHTaHs ATepHOL SAXHCT Y CIOMETHEHI SAXHCT Ta DEesNera B Ta METHIHE TIANICHTA B FOMITIOTEPHIR npeﬂara:lfnpm CTpOMIHERHA
) . - - (exbpion Ta i)
memepmEn 1987 p.) IOCTUTHREHHAR METFITHHEL it Tonorpadhii
P TTyomiramiz MEP3 Ne 94 TTyomiramia MEP3 Ne 97 | ITyoaixamia MEP3 Ne 98 2003 pix - | TTyGaizamiz MEP3 Ne 09 Thytmixania MEP3 Ne 102 2007 pix
ITyGmiramia MEP3 Ne 93| . 3 - L . PP L . N .
3004 i 5 2004 pix - Brmmcka 2005 pix - 3ano0iraneT AcnesTn pamianiinei esmess | 2003 pix - ERcTpanomamnia - VIpaEmiHHA 203080 ONpPOMiHEHHT
P ;’;Pﬁ:;m TIAITEHTIE M Tepanii 3 P HeINACHHM EHNATEAM IpH | OpaxiTepanii pary NepeMMiXypoBoi |PHSHEY PaKy, OB T3aHOTO S MAlli€HTa E OaraTofeTeRTopHii
tdhposifi pagionorii EiEPHTHMH EHCOROJOSOELH 3ATOSH 3 EHEOPHCTAHEAM HHSBEHMH J05aMH EOMITFOTepHil Tomorpadii
OB pa PATIOHYEILEAME OpaxiTepanii IOCTIHHD 1§ IpEEepen OIIpOMI (MDCT)
I
[yGmizaniz MKP3 Ne 103|  [TyGmizania MKP3 Ne 105 lyoaixaniz MKP3 Ne 112 2009 pix llydaixania MKP3 Ne 113 009 pise| |y oo i nicp3 e 1172010 pis
s - o - 3ancOiraHHd EHNAIROEOMY - HaEuaHmA Ta TpeRinTH 3 R P
2007 pix 2007 pix o 5 . N N . - Pagiomoriamemt saxmcT OpH
. —> . A i Eif] HOEHX PATIONOriYHOTO SAXMCTY AmE 5
- Perovenpamii MKP3 - Pamjomorizmmit ori poMeseEoi Tepami | i T2 iHTepEeHIH PEHITEHOCKOTIMHIX IPONETyPax 33
2007 poxy. SEAXHCT ¥ METHITHE Ot TIPOMEREEOR TP EPEEHLL MEHAME EUILTEHER BisyaTisanii
ompa T P
'L ]
TTyGmiramia MEP3 Ne 118 2012 pix P ThyGmixania MEP3 Ne 121 2013 TTytmiramiaz MEP3 Ne ITyGmiramia MEP3 Ne 128 2015 pix
= . Iyomiramiz MEP3 Na - - - T
- 3azea MEP3 miono Trasmeemx peastii / Pasmi Ta 120 2013 pix PIE 127 2014 pix - Josa onponiseHHA MANIEHTIE B
sHI eekTH OIpoMiHERHE B HOPMATHHHX TEAHFHAX [ P _mﬂpm . - Papiomoriamem —» -PagiomoriemdE [—® padiodar NpEnapatis:
i oprasax - ITop: i losH AmA pearIliil B - ;:‘; soqori SAXHCT ¥ AHTAIH JiarHOCTHIHIN SAXHCT E {0HHO- SOCIpHHE aKTyaTEEC] iHbopManii mpo
EOHTERCT] pafialifHOre SaxHCTy. FApo: Ta iHTef iFEIH pagmiomorii TIpoMEeHeEid Tepamii [PEUOEHHH, II0 93CTO EHEOPHCTOEYIOTECA.
]
TyGrisania mga e 1292015 Tly6uisamia MKP3 Ne 135 ggﬂ“g‘fﬁff 139 gﬂyml’ﬁ i ThyGirixamis MKP3 Ne 153
. L 2017 pix - JiarsocTeasi . X . . o| 2022 pix - Pagiomoriammit
- Pamiomorivamt saxuer nper [ . o pamiomorimmi — SAXHCT TIPH TEPamii » o
. pedepenTHi pissi B Megeramii ; - : SAXHCT ¥ BeTepHHApHIR
HOHYCHO-TpoMeHeRid sisyasisanii SaXHCT OpH {HTepEeHifmD pamiodapMaIeE THTEEME p .
koursorepri Touorpadit (KITKT) s nporeaypax p s

Puc. 4. brox-cxema Iybnixayin MKP3 — padiayitina 6e3nexa 6 MeOuyuni

Buxooauu 3 nonepeonix o0ocnioiicens
nooyoyemo cxemy— paodiauinina 6e3nexka npu
ymunizayii padioakmuenHux 6i0xo00ie, L0
oynu euceimneni 6 piznux Ilyonikayiax
MKP3 (puc. 5).

I[ls  Omok-cxema  mMOKa3ye, 5K 3
HAaKONMMYEHHSAM 3HaHb NP0 TBEPAlI Ta PiaKi
paIiOaKTHBHI BIAXOAW 3MIHIOBAIKMCH ITiJIXOIH

moao yrwrizamii PAB B reonoriyamx
3aXOPOHEHHSAX Ta  Ha  CHEIliali30BaHHUX
BIIKpUTUX MaWJaHYMKIB JIOBIO ICHYIOUHX

TBEpIUX PaJI0OAKTUBHHUX BIiAXOMiB. Y 3BITI
MOSICHIOETBCSI, SIK CHUCTEMa  PaioioriyHOTO
3axucty, onucana B IlyOmikamii 103, moxe
OyTH 3aCTOCOBaHAa B KOHTEKCTI T€OJIOT1YHOTO
3aXOpOHEHHS JIOBTO iCHYIOUYHX TBepaux PB.
st o0y 08U cemMu BEJICHHS
MoHiTopuHry Ha PHO Ta o6’ekrax AIIL, 3
ypaxyBaHHSIM TONEPEIHIX JIOCTiKEeHb OYJI0
PO3pOOICHO Ta MPENCTABICHO CXEMY BEICHHS
paniaiitHoro MOHITOpHHTY (puc. 6).
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[IyGnixamiz MKP3 Ne 46 1985 pik
- ITpHHITHIH
VTHTIZAImI TESPIHX
PAMI0AKTHEHHEX ELTXOIIE

il
Tonoenena [Tydmamero MKP3
Ne 77 1997 pik - [Tomiteka
PAMOIOTIMHOTO 2AXHCTY IIPH
aX0OPOHEHH] PANI0AKTHEHHY
BLTXOMIE

v
Onoenes: [Tybmeamero MEKP3 Ne
81 1997 pix - PexomMenHmanii 3
PATAMEHOIO 2aXHCTY OpH
2aXOPOHEHH] JOEIOICHYIOTHX
TEEpPIHX PaII0AKTHEHHX BLIXOIIE

Janmineni ITydmiramiero MEP3 Ne
122 2013 pix - Pagiomor<HeE
3AXHCT [IPH Fe0I0TITHOMY
3aXOPOHEHH] JOBTOICHYIOTHX
TEEPIHX PATIOAKTHEHHX ELTXOTIE.

Hiroqa

Puc. 5. Brox-cxema Iyonikayii MKP3 — paodiayiiina
be3neka npu ymunizayii padioakmuerux 6i0xooie
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LLYULAULL VAL 3 1% 20|

Tlveiricamis MKP3 Ne 71966 pie | |TTyoimisamia MKP3 Ye 10 1969 pix

- [IpHEIHIH MORITOPHETY - QmiExa 103H CTPOMIRERAS

HAEEDEMEEOND TOEKITE, || ‘TRaReH TiTa BT
35°F3H0r0 3 0Gpofiion BHYTIMHBOTD 35Dy IHEHRE

DalioakTHERER MATEPIATIE TnpodeciiHore onpoMIReRER

TTybmams MKF3 Me 33
1982 pix
- JaransHi sacans
MOHITOPHETY
jinir s pa;umiilmuml
SARHCTY NPANIBHHKIR

e -

Tymixaniz MKP3 Ne 34 1989 pix %75 1907 i - [TyomEama ]ymN!
Ne 43 1985 pix - | BB iy aThERE : aram Mybmzama MIKFPE Ne 1302013 P
Tprmgns || womivopeer | e 03207pw | | -Tlpodeciime
MORITOPHETY HATROTESEER TP - Pemonternami HATROTEEREE
PaTIAERCT PATICHYITILE MEF3 2007 poxy. PANICHYEILIE:

[SaXHCTy HaCeTIeHEx] 0 OpraKizMy Hacriza |
pEIERREIE

Puc. 6. brox-cxema Ilyonixayiv MKP3 — 0o3u onpominenst npu npogedenti MOHImopuHzy
Ha padiayitino-3a0pyOHeHUx mepumopisnx

Cruparounch Ha omyOmikoBaHi [Tyomikarii
MKP3 Ta po3polieHi aBTopamMu OJIOK-CXEMH,
MOJKHA 30yyBaTH 3arajbHy CTPYKTYPHY CXEMY

[yénixania MKP3 Ne 15 1970 pix
- 3aXHCT BL 10HIZYHOUHX
EHIPOMINFOBAHE 3 30BHINTHIX
TEepen

Y

JNonoenersa [TyGmeamere MEP3
INe 21 1973 pik - Jasi 118 3aXHCTY
BT
1OHIZYIOTHX 2 20BHINIHIX JKepen

v

Saminena IyGmkamero MEP3
IMyomzameso MKP3 Ne 43 1985 Na 33 1982 pix - 3axmcT Bl
pik - [IpHETHITE 1OHI3VHTHX
MOHITOPHHETY pamiamiiHoro BHIOPOMIHIOBAHE 3 30BHINIHIX
3AXACTY HACEIEHHR TEepel BHEOPECTOBYBAHEK B
MEXHIHE]

!

YacTkoEO 0HOBNeHa [TyOmEames
MEKP3 Ne 60 1950 pix
- Pexovennami MKP3

Y
Jonoexena [Tydmrameo MEKP3
Ne 65 1993 pix.

- 3axHcT BLY panoHy-222 E1oMa
1a Ha poboTi

IIPUCBSIYEHY MUTAHHAM pajialiiiHoro
nepconaty PHO ta Hacenenns
(puc. 7).

3aXUCTy
VYkpaini

Nonoerena [Tyomeamero MEKP3
Na B2 1999 pix
- JaxXHCT HACENCHHA B YMOBAX
TPHEAIOID PATIAMEHOID BILTHEY

v
Hactroso Javnmesa [Tybmeameso
MEP3 Ne 103 2007 pix
- Pexomeraanii MKP3 2007 poky.
Jlioeaia.

Janurera [Tyomzameo MEP3 Ne
104 2007 px
- O6CAr 3aX0JiB KOETPOTIO 33
PATIOTONYHEM JAXHCTOM

Jonossesa [Tydmeameso MEKP3
No 108 2008 pix
- Oxopona
HABEOTHINHEEOTD CEpefoRRIIa -
KOHIEMIE T3 BHKOPHCTAHHSA
pehepeHTHIX TBAPHH 1
POCTHE

¥

Jonoprena [Tyomeameso MEKP3
Ne 126 2014 pix
- Pagionoriauuil 3axscT Big
ONPOMIHEHHT PAgOHOM.
Tiroaa
A
Tonosrexa [Tydmeameso MKP3
Na 147 2021 pix
- BHEOPHCTAHHA BETHYIHHHE JO3H
B PATIONOTIMHOMY 3aXHCTL.
Hitoua

Puc. 7. Brox-cxema Ilybnixayiii MKP3 — numants padiayiiinoeo 3axucmy 6i0 ioHIZyI04020 6UNPOMIHIOGAHHSL

Po3pobisieni Ta 3amporioHOBaHI B JIaHIH
CTaTTi cxemMHu (ouB. puc. 5—7) HO3BOJISIOTH
MpoaHati3yBaTH IIJIAX HAyKOBHUX Ta
MPaKTUYHUX JOCTiKeHb 3a Maibxke 100 pokiB
icHyBaHHS KoMmicii. Takoxk mpoBeqeHUI aHai3
JI03BOJISIE TIPOCTEXKUTH AuHaMiky [lyOmikamiii
MKP3 B wuyaci, BHUSIBUTH OCHOBHI CBITOBI
TEHJCHINII B MEIWIMHI, aBapis Ha 00 €KTax
SAIIL, 3acTocyBaHHSM METOMi, MPUIAIIB Ta
METOJIOJIOTIYHUX TIAXOAIB B chepl pamiamiiHoi
Oe3neKy JIIOJMHU Ta BIUIMBY HAa HABKOJHIIHE
CepeIOBUIIE 3eMITi.
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BuchnoBox

1. Ha ocHOBI TIpoBeIeHOTO aHaJi3y
HAYKOBO-TIpakTHUHUX myoOmikaniii MKP3 3
[UTaHb paniamiitHoi Oe3nexu Oynu
MpOaHAJIi30BaHi Ta 3alpOIIOHOBaHI PIIICHHS
NMEBHUX  CHIPHUX  [HUTaHb B PO3pi3i
JMOCHI/DKeHHS BIUIMBY JDKEpEN 10HI3YyI04Oro
BUNIPOMIHEHHSI Ha  JISUTBHICTD  CHUCTEMH
«JTroguna HABKOJIMIIIHE ~ CEPEIOBUILE
JDKepenla  10HI3yI0UOro  BHIIPOMiHIOBAHHS,
BUHUKJIA I[Ja HU3KA JUCKYTUBHHX IHTaHb B
chepi JOCITi JKSHHS BILIVIB TDKEpen
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10HI3YI0YOTO BHIIPOMIHEHHS Ha yMOBH Tparl
pOOITHUKIB pafialliiiHo-HeOe3MeYHnX 00’ €KTIB.

2. AHami3 BHUJAHUX  PEKOMEHJaIlii
MixHapoaHOT KOMICIT 3 paialiifHOro 3axXucTy,
B mepion 3 1962 poky no 2024 poxy mokasas,
0 HaWOUIbIIMK BIUIMB Ha (OPMYBaHHSA
TEOPETHYHOI, METOJIOJIOTIYHOI Ta 3arajibHO
KOHIENTyanbHOi 0a3u nanu came myOmikarii
MKP3 Ne 60, 103, 118, 126, 130, 134, 141 Ta
152. Pexomenmamii MKP3 Ne 30, 35, 46, 60
3aKJad OCHOBY JUIS pajiauidHoi Oe3nexu
MpaIiBHUKIB, HAJABIIN 3pO3yMil IHCTPYMEHTH
JUIL PEeryJIOBaHHS padialliiHOrO BIUIMBY Ha
HaIllOHAJLHOMY Ta MDKHApOJHOMY piBHSX.

[MyOmikamii MKP3 Brumnynu Ha  Ge3niu
HOPMaTHUBHHX JTOKYMEHTIB, 110
3aCTOCOBYIOTHCS y cdepax AaepHOL

C€HEPreTUKU, MEIAMIIMHYU, BUIOOYTKY KOPHUCHHUX
KONaJIMH, B arpapHii cdepi, B IPOMHCIOBOCTI,
a TAKOXX CIPUSB MMOJATBIIOMY PO3BHTKY HAyKH
npo  pamialifHUKA  3axUCT  JIIOJUHU — Ta
HaBKOJIMIIHBOTO CEPEIOBHIIIA.

3. IlpoBenenuit HamMM aHami3, 3TiTHO 0
po3po0JieHuX aBTOpaMH B CTAaTTi OJIOKCXEM,
HarJIsITHO TIOKAa3yi0Th, SK 3MIHIOBAIUCH Ta
po3BuBanuch  myOmikamii  MKP3.  Anani3
0a30BUX  aCIIEKTiB, IMIAXOMIB,  METOMMK,
BHCHOBKIB, BUKJIaJeHUX B myoOumikaiisx MKP3,
JTO3BOJIVITH BUSIBUTH HeOe3MeKH, 111(0)

BIUIMBAlIOTh HAa  POOITHHUKIB  KOJHIIHHOTO
ypaHoBoro BupoOHuuTBa BO «(IIX3» Ta
BU3HAYUTHU TOJNAJBIIN HAMPSIMKH HAYKOBHX Ta
MPAKTUYHUX JOCTIIKEHb KOJEKTUBY Kadenpu
OXOpPOHM TIpalli, MHUBLIBHOI Ta TEXHOTEHHOT
Oe3nexu YKpaiHCBKOTO JIEPKABHOT'O
yHiBepcutery Hayku 1 TexHosorid (YAYHT
HHI «ITJABAY»).

4. Criuparo4ynch Ha HOBI JOCIIKEHHS, SKi
BUAILIM 3a octaHHi 10—15 pokiB, 3’sBUIACH
KUTTEBA  Ta  mpodeciiiHa  HEOOXiTHICTh
po3podbutn  HOBI  «HopmMu  pamiamiiHOi
Oe3nekn», «OCHOBHI caHiTapHI NpaBWiIa» Ta
«JlepxaBHi OyIiBEeJIbHI HOpPMH» 3 THTaHb
panmiamiitnoi  Oesmeku B OyIiBHUITBI, i3
BBEJICHHSIM B  HUX  TakKUX  TEPMIHIB:
aIMIHICTpAaTUBHI Ta OO €KTOBI pIBHI 103,
KaTeropiss paJoHOBOI HeOe3NeKH, MOJeib
30BHIIIHBOTO Ta BHYTPIIIHBOTO OMPOMIHEHHS
nepcoHay, NPOTOKOI J1ii, CTaHAapTHA JIIOJIMHA,
pedepeHTHU BiK, IHIUBITyalbHI 00’ €KTOBI
PU3HMKH,  METa0OJI3M  pagiOHYKIiAIB B
oprasizmi, (aHTOM JIOAWHHU TOIIO Ta BBECTHU
TepMiHM B 1HII HOPMATHUBHI JOKYMEHTH
VYkpainu. Ile M03BOMUTH YITKO BH3HAYUTH
KpuTepii HeOe3MmeK TMOB’S3aHUX  BIUIUBOM
10HI3yIOUMX BHUIIPOMIHIOBAHb 1 BJIOCKOHAIIUTH
3aX0JIM 3aXHUCTYy BiJ HUX.
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Anotanis. Ilocmanoska npoonemu. OCHOBHA TCHICHINS PO3BUTKY TEXHOJIOTII BIOPOAKYCTHYHOI'O KOHTPOIIO
TEOTEXHIYHUX OO0'€KTIB CIpSAMOBaHA Ha aBTOMATH3AaIlil0 OTPUMaHHSI, Nepeaadi, 30MpaHHS Ta 0OpoOKHM iH(popMmarrii.
Onnak, NOTPeOYyIOTh MOJAIBIIOrO pPO3BUTKY MaTeMaTWYHUM amapaT Ta aJropuTMH Uit IUQpoBoi 00poOKH
BiOpOaKyCTHUHUX cUTHANIB. Mema docnioxycennsa. BuzHaueHHS ocoOnuBOCTeil Ta po3poOKa alropuTMIB peamizamii
METOJy CIIEKTPaJbHOTO aHalli3y HaHWX IS BiOPOaKyCTHYHOTO KOHTPOIIO Oe3meku (YHKIIOHYBaHHA TE€OTEXHIYHOI
cucreMu. Memoouka. AHami3 Ta y3aralbHEHHS NaHWX, AHANITHYHI Ta JIAOOPAaTOPHI IOCTiIKEHHS OCIHIIOrpam
aKyCTUYHUX CHTHAIIB, METOAW MOOYJOBH IU(PPOBUX CHCTEM KOHTPOIIO cepemoBUma. Pesyasmamu. JlocmimxeHo
METOJI 1 aJITOPUTMH, 1[0 BUKOPUCTOBYIOTHCSI B CHCTEMaX KOHTPOJIIO CTaHy IOPiJ, FpHUYUX BUPOOOK, 3ariMOICHHX i
HA3EMHHX CIIOPY/. AJTOPUTMH ITUPPOBOI 0OPOOKH CHTHAJIIB, SIK MPABUIIO, BKIKOYAIOTH (PUIBTPAIIII0 Ta CHCKTPATbHUI
aHaji3 BXIJHUX JAaHMX. Bu3HaueHi 0coONMBOCTI peanizaiii METOMy CHEKTPaJbHOTO aHamizy ajis oOpoOKM JaHHX
BiOpOaKyCTHYHOTO KOHTPOJIIO (PyHKIIOHYBaHHs T€OTEXHIUHOI cUCTeMH. BcraHoBIIEHO, 1110 3aracarouuii anepioJuyHui
CHTHAJ MOXKHA PO3IJLIIATH SK CYNEPIIO3MLII0 JOOYTKIB ySBHUX IEPIOJUYHHMX CHTHATIB Ta 3MIMIEHUX OJAWHHYHUX
MPSIMOKYTHUX IMITYJIBCIB 3 TPHUBAIOCTSIMH, 1O JOPIBHIOIOTH NepiofaM BIANMOBIAHWMX mNepioguyHux curHaiis. [Ipwm
[[OMY, YacTOTa IepIIoi MOIM KOJHMBaHb OOCPHEHO MpOMNOpIiiHA MOABIHHIM TOBIIMHI JOCHIIKYBAaHHX EJIEMEHTIB
TeOTEeXHIYHOI cucTeMH, J{JIsT KOHTPOIIIO XapaKTepPUCTHK IMITyJIbCHUX aKyCTHYHHMX CHUTHAIIIB, HAa BIMIHY BiJ BiJIOMOTO
paHilie MeToJy, JIe BUKOPHUCTOBYETHCSI OJTHE BUMIPIOBaHHS IPOTITOM iHTEpBAIy PO30OHTTS Ta pydHa 100Y/10Ba IOJIIB
TOYOK, TPOTIOHYETHCS BUKOPUCTOBYBATH cepii TOYOK Ha KOXKHOMY 3 IHTEpBaJiB Yacy 3MiHH CHTHAJY Ta IPOBOIHMTH
aHaJi3 CIIBBITHOIICHb MIX CIEKTPOM PEabHOTO alepiOJUYHOTO CHTHANy Ta CIHEKTpaMH HOTO YSBHHUX MEPiOAUIHUX
CKJIaJI0BHX. PO3p00IieHO aNropuTMu aBTOMaTHYHOIO aHaji3y CHEKTPOrpaM BiOpOaKyCTHYHOTO BIATYKY Ul OOYHCIICHb
napaMeTpiB KOHTPOJK METOIAOM IHCKPETHHX OpAWMHAT. Peaiizalfiss METOMy BHKOHYETHCSA IUIAXOM IOCTiIOBHOT
LUKJIYHOT 0OpOOKM CHTHATY BiJl BUCOKMX YaCTOT JI0 HU3bKHUX 3 MOJANBIINM PO3OHUTTSIM Ha YacOBi IHTEPBaNHU, B MEXKax
KOXKHOTO 3 SIKMX 3MiHa 3Ha4eHHsS BIIXWICHHS NPUHMAETbCs 3a MEpioJl MHUMOTIO HE3aracarodoro KOJIMBaJIbHOTO
nporiecy. Hayxkosa noeusna. Ilonaneiimii po3BUTOK OTpUMaB MeTOJ] NUGPOBOI OOPOOKH ONUHUYHHX aKYCTHUHHX
IMITYJIBCIB, 11O BiJPi3HSETHCS PO3POOIEHIMH aIrOPUTMaMU aBTOMAaTHYHOTO CIIEKTPAILHOTO aHalli3y BiOpOaKyCTHYHOTO
BITYKY $IKI ONTHUMIi30BaHi JJIsi OOYMCICHb IApaMeTpiB KOHTPOJIO METOJOM IWCKPETHHX opnauHar. Ilpakmuuna
3Hauyumicms. Pe3ynpTaT JOCITIHKEHB T03BOJISIOTH aBTOMATH3yBaTH MOHITOPHHT CKJIaJJOBUX T'€OTEXHIYHOI CHCTEMH Ha
OCHOBI CIIEKTPIiB BUIUICHUX NMEPIOANIHNX CKJIAJIOBUX BIOPOAKYCTHYHOTO BIATYKY JOCIHIIKYBAaHOTO 00’ €KTa.

KorouoBi cnoBa: 6esnexa eeomexuiunux o0 '€kmie; 8i0poaKycmuyHuL KOHMPOIb; CRHEKMPATbHULL AHANI3 CUSHATY,
aneopummu yu@posoi 0opoodxu
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FEATURES OF IMPLEMENTATION OF THE SPECTRAL ANALYSIS
METHOD FOR PROCESSING VIBRAOACUSTIC CONTROL DATA
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Abstract. Problem statement. The main trend in the development of vibroacoustic technology for monitoring
geotechnical objects is aimed at automating the receipt, transmission, collection and processing of information.
However, the mathematical apparatus and algorithms for digital processing of vibroacoustic signals require further
development. Purpose of the study. Definition of features and development of algorithms for the implementation of the
spectral analysis method for vibroacoustic monitoring of the geotechnical system functioning safety. Methods. Analysis
and generalization of data, analytical and laboratory studies of acoustic signals oscillograms, methods for constructing
digital environmental control systems. Research results. The methods and algorithms used in systems for monitoring
the state of rocks, mine workings, underground and surface structures are investigated. Digital signal processing
algorithms usually include filtering and spectral analysis of input data. The features of the spectral analysis method
implementation for processing vibroacoustic monitoring data of a geotechnical system are determined. It is established
that a decaying aperiodic signal can be considered as a superposition of multiplications of imaginary periodic signals
and shifted single rectangular pulses. In this case, the frequency of the first oscillation mode is inversely proportional to
the double thickness of the studied elements of the geotechnical system. To control the characteristics of pulsed acoustic
signals, in contrast to the previously known method, which uses one measurement during the partition interval and
manual construction of point fields, it is proposed to use a series of points at each of the time intervals of signal change
and analyze the relationships between the spectrum of the real aperiodic signal and the spectra of its imaginary periodic
components. Algorithms for automatic analysis of vibroacoustic response spectrograms and calculating control
parameters using the discrete ordinate method are developed. The method is implemented by sequential cyclic
processing of the signal from high frequencies to low frequencies, followed by division into time intervals, within each
of which the change in the deviation value is taken as the period of the unquenchable oscillatory process. Scientific
novelty. The methodology for identifying hidden damage in structural elements of buildings and structures has been
further developed, which is distinguished by taking into account the parameters of vibroacoustic control of the
destruction consequences and assessing the risks of the structures stability loss. Practical significance. The research
results make it possible to improve the method for assessing changes in the structure of the medium as a result of the
occurrence of observed and hidden systems of cracks using vibroacoustic monitoring.

Keywords: geotechnical facilities safety; vibroacoustic monitoring; spectral signal analysis; digital processing
algorithms

ITocTanoBka npodaemm. CTaHy KOHCTPYKIIi, MaTepiaiiB 1 TipChKHX

CydacHi HayKkoBI Ta 1HXKEHEpHI 3a;adyi nopin [4;5]. HeoOxigHicTs aBTOMATH3AIII]
BUMaraloTb BHCOKOI TOYHOCTI, IIBMJIKOCTI 1  BIOpOAKyCTHYHOI'O METO/Y IOJISra€ B TOMY, L0
HafiiiHOoCcTI OOpOOKM JaHWX, IO OCOOIMBO AKyCTHYHI CHTHAIM JdyXe CKIaJHl, MaloTh
aKTyaJIbHO JUTS BIOpOAaKyCTUYHOrO  0araTOKOMIIOHEHTHUH XapakTep 1 CXWIbHI J0
merony [1-3]. Lleit MeToq BHKOPHCTOBYETHCS  BIUIMBY IIyMy, MEPEHIKOA Ta HENIHIHHUX
JUIE HEPYHHIBHOTO KOHTPOJIO Ta JIarHOCTUKKA  €(eKTiB, 10 MOTpedye 3aCTOCYBAHHS CKIIaTHIX
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MaTeMaTHYHUX METOMAIB 00poOku. CKIagHICTh
o0OpoOKM JaHMX, B CBOIO YEpry, BHMarae
MiHIMi3ai1 TIOMHUJIOK Ta BHUKJIIOYCHHS
JTIOACHKOTO  (pakTopa  (HEKOMIIETEHTHOCTI,
BTOMHM, HEYBa)XXHOCTI) TMpU IHTEepHpeTaunii
pe3yabTatiB [6]. ABTOMAaTH30BaHI  CHCTEMH
3a0e3MeuyroTh CTaHIaPTU30BaHUM MIAX1M, SIKUN
3HWXKY€  HMOBIPHICTb  CyO'€KTMBHHUX YU
BUIIA/IKOBUX ITOMMJIOK.

Buxopuctants BiOpOaKyCTUYHOTO METOY
I e MOHITOPHHTY CTIMKOCTI CHOpY [
nepeadavae 30UIBIICHHS KUIBKOCTI
JOCIIJKeHb, 110 HEMHUHYYE MpPHU3BOIUTH [0
3poctaHHs 00'emy naHux. Pyuna o0poOka
TaKUX MAacCHBIB JaHUX CTa€ HEMOXKIHBOIO,
0COOJIMBO 3 ypaxyBaHHSM BHUMOT 10 dYacy 1
AKOCTI BHKOHaHHS poOiT. Ilpu mpomy crin

3a3HAYUTH, [0  BITYM3HSAHI  [pWIAAH
pO3paxoBaHi MEpEeBaXHO HAa pPy4yHY OOPOOKY
pe3yJIbTaTIB.

TakumM  4YMHOM, OCHOBHA  TCHJICHIIIS

PO3BHUTKY TE€XHOJIOT1i KOHTPOJIIO 1 MOHITOPUHTY
TCOTEXHIYHUX  OO'€KTIB  COpsMOBaHa  Ha
aBTOMATH3ALIII0 OTpUMAaHHS, nepenayi,
30upanHs Ta 00poOku iH(opmamii. Pazom i3
TUM, TMOTPeOYIOTh MOMAJBIIOTO PO3BUTKY
MaTeMaTUYHUN  amapar Ta  aJrOpUTMIYHE
3a0e3neyeHHss s UGpoBoi  0OpOOKH
BIOpOAKyCTHUHUX CUTHAIIB.

Mera pochimkeHHS BU3HAUEHHS
ocobnmMBOCTe Ta  po3poOKa  anropuTMIB
peamizamii METOMy CHEKTPAIBHOTO aHaJi3y
JaHUX Ui BiOPOaKyCTUYHOTO  KOHTPOIIIO
Oe3rexku (hyHKIIIOHYBaHHS Tre€OTeXHIYHOT
CHCTEMH.

Pe3ysabTaTn 10CaiIKeHb.

AnroputmMu 1dppoBoi 0OpOOKM CHUTHAIIB,
10 BUKOPHCTOBYIOTHCS B CUCTEeMax
aBTOMATH30BaHOTO KOHTPOJIO CTaHy TOPiZ,
TipHUYMX BHPOOOK, 3ariuOJICHUX 1 HA3eMHHX
CTHIOpYA, SK MPaBUIIO, BKIIOYAIOTH (PiTBTpaliito
Ta CHOeKTpalbHUM  aHami3. [lpu  1pomy
nociKyoTh curHamu ¢(t), ski, mo-mepiue,
33/I0BOJILHSAIOTH YMoBaM Jlipixie, i, mo-apyre,
MaloTh oOMexeHy €Heprilo, TOOTO

f|¢(t)|2 dt # oo . [l pyHKLIH, 0 BU3HAYAIOTH

Taki CUTHaJM, ICHYIOTh TNpsIME Ta 3BOPOTHE
niepetBopeHHss Dyp'e [7; 8], oTke, MOXKIUBE
BU3HAUeHHs iX cmekTpa. OpHak  ams
aBTOMATH3aIlll KOHTPOJIO CTaHy ITI3€MHUX
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CHOpyZ 1 TOpPOJHOTO MacWBY HaldacTile
BUKOPHCTOBYETHCSI HE 0€3MOCEpEeHBO CIEKTD,
a Woro moXigHi MapaMeTpH, HANpHKIAL, Taki

AK: BIIHONIGHHS aMIUTTy] abo eHeprii
CUTHAy y JIBOX IIEBHHUX YaCTOTHUX CMyTax,
Koe(ilieHT 3aracaHHsg KOHKPETHHUX

rapMOHINHUX cKianoBuXx Ta iH. Lle nmos'a3aHo B
nepury 4epry 3 THM, II0 PO3Mip BeKTOpa
KOC(IIIEHTIB ~ TUCKPETHOTO  TEPETBOPEHHS
®dyp'e 30iraetbcss 3  poO3MIPpOM  BEKTOpa
MUTTEBUX 3HaYCHb aHAII30BAHOTO CUTHAITY.

Jlig npunaiiB ornepaTUBHOIO KOHTPOJIIIO Ta
KOHTpPOJIEpiB HUKXHBOTO piBHS
ABTOMATHU30BAHUX CHCTEM HEOOXiJHI METOIU Ta
AITOPUTMU MU(PPOBOTO MEPETBOPEHHS CUTHAITY
3 4acoBOi 001acTi Ha YaCTOTHY, 110 3a0e3neuye
3MEHIICHHST PO3Mipy BHUXIJHOTO  BEKTOpa
MEPETBOPEHHS 10 BIJHOUICHHIO /0 BXIJHOTO.
KommakTHicTh BeKTOpa KOEQIIiEHTIB TaKOTrO
MIEPETBOPEHHS CIIPOIINy€E BHUOIp Iapamerpis,
KPUTEPIIB KOHTPOJIO 1 OIHKY BHUXIJHOTO
CUTHAJIy Ha BIANOBIMHICT UM KPHUTEPIsAM.
BpaxyBanHs  ocoOnmMBOCTEH  IMITYyJIbCHUX
AKyCTHUHUX CHUTHAJIB BIATYKYy Ha yAapHUI
BIUTMB JIO3BOJIUTH IMiJBUIIUTH TOYHICTH Ta
1H(pOpPMATHUBHICTh METO/IIB.

Hl(r =Tu1) ! ! f
i = .
| | | f
Hi(ti=Tui) E E‘ T >
E ! R M I
Iy oy ————— -~
1 [1 1

Puc. 1. Ilpuxnao po3bumms 8i0poaxycmuuno2o cucHamy
Ha IHMepeau MouKaMuU nepemuny 3 giccio abcyuc
07151 AaBMOMamu3ayii KOHMPOIIO NOUWKOONCEHOCMI

0b'exma 6 pescumi peanvHoo uacy

3aracarounii amepiomuunuii curHan  ¢(t)
MPEACTaBUMO SIK CYTIEPIIO3UINI0  JOOYTKIB
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nepioguuHux curHamiB  ¢pi(t) Ha OXUHMYHI
npsMokyTHi immynben I1i(ti, Tui) (puc. 1):

ol)=0, ©)-11t,7,)

1)
ne ti — MOMEHT 4acy, 1110 BIAMOBiJa€ cepeauHi
I-T0  MPSIMOKYTHOTO IMIyJbCy, Tui — #Oro
TPUBAJIICTb.

Ockinbku neperBoperHs Dyp'e (I1D) e
JiHIKHUM TiepeTBopeHHsM, To [1D mys miHifHOT
KoMOiHamii feskux QyHKIiH @i(t) mopiBHIOE
aHaAJIOTIYHIN JIHIWHIA KOMOIHAIT MepeTBOPEHB
®Dyp'e UX PYHKLIN:

wi(t)eq)i(f),

iZl:ai(Di(t)‘_)iZ::aiq)i(f) 1 (2)

ne ¢it) — QyHKIisA, o0 3aI0BOJBHIE yMOBaM
Hupixne, ®i(f) — 1 neperBopennss dyp'e, ai —
MOCTIMHUN KOe(ILI€HT.

BinnosigHo 1o (2) mis dopmynu (1) Oyne
CIIPaBeUTMBUM TaKUi BUpa3:

(p(t)e@(f):iZ@(pmi(f) NG)

ne ®(p I1)i — neperBopennss Dyp'e 100yTKY,
mo CcroiTh mijg 3HakoM cymu (3) i-oi
Nnepiogu4Hoi  (QYHKIII, [OMHOXEHOi  Ha
NPSIMOKYTHUH 1IMITYJIbC:

0o O 1L (6, T, ) > D (F)

Binoma BmactuBicth neperBopeHHst Dyp'e,
3rimHo 3 skow [ID moOyTky nBOX (yHKITIN
@,(t)- @, (t) nopisioe ix 3roprui:

SIKIIO

TO

00

(01(t)'¢2(t)<_> ICI)l(f')CDZ(f - f')df':

—00

@, (f)*@,(f) (4)

Skiio
@, ) <> @, (f), 11(t.T, )<>®, (f), 10
BignosiHOo 10 (1) 1 (4) dopmyny (3) moxHa
MPEJICTABUTH Y BUTJISIII:

olt) > (f)= Z‘D(p.n)i(f)z

2@, ()@, (f)

(%)
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OCKIIIbKH IS KOJKHOTO i-ro
MPSIMOKYTHOTO IMITYJIbCY CIPaBEIMBHUI BUpa3

@ ()= [ 1.7, =

T,
—L—;
Ui

Ie‘jz”“dt =12 —ﬂfT

,Tui

2

_e

TO (hopMyny (5) MOKHA IPEJCTABUTH SIK:

o(t) > ()= Zi:q)(pﬂ)i (f)=

T
Zq)pi (f )x el 7“

- (6)
TakuM  4YMHOM,  CHEKTp  BHUXIJHOTO
anepioIM4HOro CUTHAILY OJIHO3HAYHO

MOB'SI3aHUM 31 CHEKTPAMU YSIBHHUX MEPIOJUYHUX
KoJIuBaHb @pi(t). MokHa 3pOOUTH BHCHOBOK,
0 CHEKTP IMIIYJIbCHOI'O CHUTHAlIy peakmii
0710k0BO1 a00 IUIOCKOMapaesbHOI CTPYKTYpH
KOHTPOJIbOBAHOTO MiA3eMHOro o0'ekTa Ha
30y/OKYIOUMH  ylapHUH BIUIUB, € CYMOIO
KIiHIIEBOTO YHCJIa 3TOPTOK MPSIMHUX TTEPETBOPEHB
@yp'e ysABHUX TEpIOJUYHUX CHUTHAIIB 1
3MIIICHNX OJTMHIYHUX MPSIMOKY THUX
imnynbciB. Ilpu 1boMy, KpUTHYHA dacToTa
nepuoi MOJH KOJIMBaHb o0epHEHO
IponopuiiHa MOABIMHIA TOBIIMHI CTPYKTYpH,
0 JO3BOJIIE  aBTOMAaTHU3yBaTH KOHTPOIb
o0'ekTa B pEeXHMI peallbHOrO0 Yacy 3
ypaxyBaHHSIM CIIEKTPIB BUJIIJIEHUX
MEePIOUIHUX CUTHAIB.

PosrnsinyBIM ~ KonuBaHHSA — Oynb-sKOi
YAaCTUHKHU NMOpoJ abo cropy.u, L0 BijjaneHa
Ha TIEBHY BIJICTaHb X BIiA TOYKU BIUIUBY
IMIOYJIBCHOT CHJIM TPU  yJApPHOXBUIBOBOMY
KOHTPOJIi, MO’)KHAa KOHCTAaTyBaTH — JIO TOTO, SIK
nepeaHi i ¢bpoHT Haniiae, YaCTUHKA
3HAaXOJUThCA B CIIOKOi. Y MOMEHT d4acy ti1,
BU3HAYEHUH  IIBHUJIKICTIO  PO3MOBCIOJKEHHS
XBWJII B MAacHBi, YacTUHKAa BXOJUTh ¥
BiOpamiitauii pyx [9], akuil xapakTepuszyeThCs
HACTYTHUMH TTapaMeTPaMH:

— aMIUTiTyIaMu  KoiuBaub A1, Az,... Aj, ...
Yy MOMEHTH 4acy 11, tz,... ti, ... BiIIOBIIHO;

—nepiogom Ti wactotoro f = 1/T konuBaHsb;
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— OCJIa0JICHHSM  XBWII  (3MCHIICHHSIM
amrutityaun A;) 3a 4dac U; abo B3IOBX JiHIT
MPOCYBaHHS IO O00JIaCTi, pIBHIA JTOBXUHI
XBUII A.

[lomupenHss xBwib y TUI croopya 1
MOpo/ax BiAOYBAEThCS BIAMOBIAHO 10 3aKOHIB
T€OMETPUYHOI ONTHKH, TOOTO Ha MeXax
po3ainy Ta HEOJTHOPITHOCTEH, XBUI
BiJIOMBAIOTHCS, 3aJIOMITIOIOTHCS 1 PO3CIFOIOTHCS.
TakuM YWUHOM, aMIUTITYIHI XapaKTEPUCTHUKU
aKyCTUYHUX IMIYJIBbCIB HECyTh iH(OpMaIiito

MpO CTaH IiJ3€MHOTO OO0 ’€KTY, MPOCTOPOBY
CTPYKTYpy Ta Hampy>keHo-1ehOopMOBaHUI CTaH
MTOPOJTHOTO MACHBY.

Bigomi Meronu
OCIIIJIOTPAM ~ aKyCTHYHUX
MPEJICTaBISIOTh coboro BHU3HAYCHHS
MakcuMaiabHOI amrunityminm A (puc.2) Ta
KoeillieHTa 3aTyXaHHs KOJIUBaHb, O0UHCICHHS
CHIBBIIHOIICHHS MaKCUMAJIbHHUX aMILTIITY] VY
3aJIaHUX 1HTEpBajax dYacToT abo B PI3HHUX
BUMIPIOBAJIbHUX KaHaIaX.

aHamizy — OTPHMaHUX
curHaiiz  [9; 10]

Ny
Y

\

f

Anmmmityaa 4. vaos. o

Puc. 2. Busnauenus MakcumanbHo20 3HAYEHHs NOOGIIHOL aMnaimyou ma 8i0no8ioH020 nepiooy

Jnst  OLapIn AETANbHOTO  KOHTPOJTIO
XapaKTePUCTHK  IMIOYJbCHUX  aKyCTUYHHX
CUTHAJIIB Yy MIKPOIPOIECOPHUX TMPUCTPOAX
OTEPATUBHOTO KOHTPOJIO Ta HUKYOTO PIBHS

BUMIPIOBAHHS aMILTITY]] Ta TEPiOJiB YMOBHHUX
KOJIMBaHb 3  IHTepBaJlaMH  d4acy, IO
JIOPIBHIOIOTh  BIAMOBITHUM Tiepiomam. Jlaimi,
BHU3HAYAIOTh YaCTOTH LUX KOJUBaHb, 1 TOJE
TOYOK, III0 € OCHOBOIO JIJIsl TOOYIOBU YMOBHOTO
CHEKTPY. SIK MPaBUIO BHKOPUCTOBYETHCS OJTHE
BUMIPIOBAHHS TPOTATOM IHTEpPBAy PO30OUTTS
Ta pydyHa 1Mooy oBa 1mosiiB To4ok (puc. 3).

ABTOMATU30BAHUX  CHCTEM  IPOIMOHYETHCS
3aCTOCYBaTH METOJ] Ha OCHOBI  aHaIi3y
Bi3yaJIbHMX a00 yMOBHUX crekTpiB. s ix
OTpUMaHHS BUKOHYIOTh JUCKPETHI
T
C.' ‘ ,N ‘ By
S B o
2 1
&
IR i c
!‘,]
E \
Zh|% T

Pucynok 3. [luckpemna o6pobra amniimyo ma nepiodie (anpokcumayis Haniexeuisimu Curycoio)

12 LA T

il f ,LJ’/A\\\\
° 1t &
ST 4" 3 \ %
g |1 ! NNERE
E }’ Y N =
- I 5 “'\; 1

n Yn \

o123 T J n t.c

1

Puc. 4. Busnauenus n xoeiyicnmis psi0y Ha KOJICHOMY
i-My inmepeani amnaimyo ma 4acmon Xeuib0o8o2o
npoyecy (YmouHnena anpokCcumayis n'amoma
2apmoHiKamu)
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Ha BinmMmiHy Bia BiJOMOTO paHillie METOIy
HPOTIOHYETHCSI METOJ], B SIKOMY 3MiHA CHTHAJTY
Ha KO)KHOMY 3 IHTEpBaJiB 4acy BHUPaKAETbCS
cepieto Touok (puc. 4). Skmio Bimomuit crmocio
0a3yeTbcs Ha KOPENALIHHOMY 3B'S3Ky MiX
pEeabHUM Ta alpOKCHMOBAHUM TUISTHKAMH
CHUHYCOiJl CHUTHaJIB, TO B 3alPONIOHOBAHOMY

METOJIl BUKOPUCTOBYETHCS  CIIBBITHOLICHHS
MK CIEKTPOM PpeajbHOro  anepioguvaHOrO
CUTHAIy Ta CIEKTpaMH  HOro  ysSBHUX

nepioguyHux ckiagoBux (6). Takum YUHOM,
KOHTpOJIbOBaHMi curHan (rpadik 1, puc. 4)
ANPOKCUMY€ETBCS HE HAIIBXBHISIMH CHHYCOIX
(rpadix 3, puc.4), a [iATHKAMH KPUBUX
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(rpadix 2, puc.4), MmO MICTATh MO II'SITh
TapMOHIMHUX CKJIAMOBHX, W0 Ja€ OuIbII
BHCOKY TOYHICTh HAOJIM)KEHHS.

Jlns po3OUTTS CUTHaTy Ha MJUISHKH Ta
BHUJUUICHHS YSBHHX IEPIOJUYHUX CKIIAJOBHX
3aMpoNOHOBaHO MOPIBHIOBATH MOTOYHE
MUTTEBE 3HAYCHHS CUTHATY 31 3HAYCHHSIMHU

30HH HEUYTIMBOCTI Ao — ATG (HIKHS ycTaBKa)
ta Ao + ATG (BepxHs ycraBka), ne Ao —
MOCTIMHA CKJIaJ10Ba OLIM(PPOBAHOTO CUTHAITY (SIK
MpaBUIIO, JOPIBHIOE BEIMYMHI  3MIIIEHHS
aHAJIOTO-IIU(PPOBOTO MepeTBoproBaya), 2ATG —
HIMPUHA 30HH HEYYTIMBOCTI (pHC. 5).

. 200
=
o]
5
S 150 /\.MMTGM
"’.‘ 10 o g - oo
i B M — R | A S s b
© U U WAJO—AT(\;\.\/
& 100} ‘
:.’\ ;
5o ]
'—: I
= |
= S50F :
-T! Ti_]. ‘Ti Ti"‘l
L L 1 : 1 3 1 : 1 L L L
100 200 300 | 400 ! 500 , 600 T00 800 200 t. ¢
TH1 ! i
AIATaN I T -
TH2 i | i t.c
10 s N s A s —
RS | 1, ¢
T s I s N s I s
0 100 200 300 400 500 600 700 800 900 I.c

Puc. 5. Peanizayis memody nepemeopents ma yu@poeoi 00pobKu anepioOuuHoco 8iopoaxycmuiHo2o 8i02yKy
Ha YOapHuil nIue 3a 00NOMO200 MIKPOKOHMPOAEPi6

Sxuro B CHUCTEMY  aBTOMAaTH3aIlil
iHTerpyBatu mporpamHui kommnapatopu (THI i
TH2, puc. 5), TO BOHM BCTAHOBIIOIOTHCSA B
ONMHUYHHUIA CTaH y pa3l TEPEeBUIICHHS YU
3HWKEHHS  ycTraBku.  Kommapatop  TH2
BCTAHOBJIIOETHCSI B OJIMHUYHUN CTaH, SKILIO
3HaueHHS UGPOBOrO KOy MEHIIE Bif
HUKHBOI YCTaBKH. Skmo BUXOJU
KOMITApaToOpiB  MAKIIOYAIOTECS IO  BXOJIB
MPOTPaMHOTO TpUTEPa, TO TMOYATOK KOXKHOTO

HOBOTO i-TO 1HTEpBajdy, pIBHOTO TMepioay
BUILICHOT NepiOANIHOT CKJIa/1I0BOI,
BU3HAYAETHCSI (POHTOM BHXIJHOTO CHUTHAIY
Tpurepa.

SIKIo  po3rNISIHYTH TapMOHIYHHUI  CKJIaj
BUJIUICHUX TEPIOJUIHUX CKJIQJOBUX CHUTHAITY
BIJIMOBIAHO 10 cHiBBiAHOWEHHS (6), y psaal
BUMAJKIB MOXHAa CIPOCTHTH  AJITOPUTMHU
nuudpoBoi 0OpPOOKH aKyCTUYHUX IMITYJIbCIB
BIATYKY Ha YyAAapHUA BIUIUB 1 THM CaMHUM
3/IEHIEBUTH aBTOMATHU3AIIII0 KOHTPOJIIO,
3MEHIIMBIIM BHUMOTH JI0 TPOJYKTUBHOCTI

122

€JIEMEHTHOT 0a31 KOHTPOJIEPIB HIXKHBOTO PiBHS
ABTOMATH30BAHUX CHCTEM.

30kpemMa, MOXXHa  BIJIMOBUTHCH  Bij
3aCTOCYBaHHsS CUTHAJBHUX TIPOIECOPIB Ha
KOPHCTh MIKpPOKOHTPOJIEPiB 3arajabHOro
Npu3HAYCHHsA. Take  pIilIeHHs  0COOJIMBO
e(heKTUBHE y upoBUX npuiIaaax
OTIEPaTUBHOTO KOHTPOJIIO.

ChopmynboBaHUit BHCHOBOK Ta
po3pobsieHuit  Ha  HOro  OCHOBI  METOJ
JO3BOJIAIOTh OKPEMO TOCHIIOBHO PO3TIISIaTH
TapMOHIYHHUN CKJIaJ MO3/I0BXXHBOI MEepEeaXBUIIL,
MOTIEPEYHUX PE30HAHCHUX MO/ Ta 3TUHAIBHUX

HU3bKOYACTOTHUX KOJMBaHb (puc. 6). Jus
CHEKTPAIBHOTO PO3KJIaaHHs YSIBHUX
MEPIOUIHUX CKJIQIOBUX KOJIMBaHb

3aCTOCOBYETHCS METOJI JUCKPETHUX OpPJHHAT,
10 B CYKYITHOCTI 13 3alIPONIOHOBAHUM METOJIOM

JIO3BOJISIE YHUKHYTH ormeparii HaJ
KOMILIEKCHUMU qucIIaMU Ta 3BECTH
00YHCIEHHS B OCHOBHOMY 1o

[UTICHOYMCENLHOTO TMiICYMOBYBaHHS.
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[ 10,51
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- 14,01
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-10,51
-8,01
L

0

Puc. 6. Busnauenns ingpopmamusnux wacmom fi= 1T ¢ oounuunux axycmuunux iMnynscax npu yOapHomy 6nausi

Posrigaemo 0Cc00JIMBOCTI peamizarii
IMIBUAKOTO mepeTBopeHHs Dyp'e  Meromom
JTUCKPETHUX OpPJUHAT I OOpOOKH JaHHMX
aBTOMATH30BAHOTO BiOPOaKyCTUYHOTO
KOHTPOJIIO B IBINKOBOMY KOJIi.

[Ipn BHKOpPUCTaHHI METOAY IHUCKPETHUX
opaunat (yskuiro f(X) npeacraBumo y Burisai
KIHIIEBOTO PSY:

6 5
y = f(x)=a,+ 2 a; cosix+ X b sinix

= = INEY)

Je — ao TMOCTiHAa CcKiIaaoBa, | — HOMEp

rapMOHIHHOI CKIIafoBoi; ai , bi — koedimienTn
pany Pyp'e.

Ockitbkn 'y mUPPOBUX  TIpHIATaX

OTEPaTUBHOTO KOHTPOJIO Ta KOHTPOJEPIB

HIW)KHBOTO DIBHS aBTOMAaTHU30BAaHUX CHUCTEM
o0pobOka JaHUX BUKOHY€ETHCS
MiKporporiecopuumMu 3acobamu [11; 12], To0
paHime BiTOMHH MeETOA TepepodIeHo uis
00YHCIIEHD Y IBINKOBOMY KO/Ii.
3HaueHHs Koe]ilieHTiB
BU3HAYAIOTHCS 32 POpMyIIaMu:

pany

1 _ 1 31 )
aO:E(rOH), al=g v0+751+§s2 :

1 1 1
a—lr—ll'a—lv—£s+15'
4 6 0 2 ’ 5 6 0 2 1 2 2 |

1
85 =-—(s5-m) ;

12

123

b 1 v +1 +£ ;b —ﬁd

R 2p1 2p2, 2 =75
1 V3

b3=g(p1—V3); b4:—12h ;

J3

1
TORER

1
b. = 7
5~ 5 5 szj, (7)

J€ TIPOMIXHI 3MiHHI Uy, Uy, ...,Us; Vg,Vy, ...,Vg;

r01r11 r21 SOlsl7S2; pl’ p2' ql’qz’ I’d’m’h
PO3PaxOBYIOTHCS 3a HaCTyITHOIO
00YHCITIOBAILHOIO CXEMOIO:

Yo Y1 Yo Y3 V4 Y5 [8, 10, 12 pospsnis ]
Yo Yu VYo Yo VYo Y7
[9, 11, 13 pospsinia ]
U U U, U3 U, U Cymu (u)
Ve Vi Vo, v; V, Vs Pisuumi(V)

0 1 2 1 2 [9,11, 13 pospsiais |
[10, 12, 14 pospsizie ]
5o s 8 9, O Pizaumi (s,q)
r

1 G [10, 12, 14 pospsinis ]

r2 q2

I d Cywu(1d) ®)

11,13, 15 po3psinis

m h Piaumi (mh) [ posprae]

BennuuHm, sKi BXOAATH 10 OCTATOYHHX
dopmyn, y miil cxemi BUAUICHI HaIiBXHUPHUM
mpudToM. Y KBaIpaTHUX OyXKKaX HaBeACHI
PO3PSTHOCTI A0COMOTHUX BEIMYUH TPOMIKHIX
3MIHHUX Tpu BukopuctanHi 8-, 10- Ta
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12-po3psiiHUX BXITHUX JTaHUX. TakuM YHUHOM,
MaKCHMalbHa  PO3PSAIHICTH  LUTOYHCETHHHUX
3MIHHUX CTAHOBUTHL 15 OIT, IO J03BOJISIE
MPOBOAUTH  TPOMIXKHI ~ OOUYMCIEHHS  HaJ
NBOOAUTHUMU OIECpaHJIaMH 3 BUKOPHUCTAHHSIM
ctapuioro 16-ro po3psay SK  3HAKOBOTO.
Big’emni ymcia momarOThCA Y JA0JATKOBOMY
KOIi.

Sx Bugno 3 (7), y mpoueci oOYHMCICHHS
NEeAKUX KOe(]IIieHTIB JOBOAUTHCS MHOKUTHU
3HAYEHHS MPOMDKHUX BEIUYHH, PO3PAXOBAHUX
BIIIOBIZTHO 1O HaBeOEeHOI OO4YHCIIIOBAIBHOL
CXeMH, Ha MHOXHHUK ~/3/2. Ilpu BUKOHaHHI
miei Aii [UIOYMCENbHI MPOMIXKHI BEJIMYHUHU
MEPETBOPIOIOTHCA Ha 1ppalioHabHUN  JpiO.
s oOuuciieHb y OBIHKOBOMY KOJI MHOMHHK
J/3/2 3aMiHEMO YHMCIOM OOMEKEHOI TOYHOCTI

0,8671875. Ilpm upomMy BIJHOCHA TOMUIIKA
214 213 .

cranoutume 0,134 %. VYci  nmoganbiil
O0OYMCIIEHHSI MPOBOJATHCS y ABIMKOBINH (opmi
0€3 OKPYIJICHHS YH BiJKUIaHHS 3HAYYIIUX OiT,
T00TO 6€3 BTpatu TO4HOCTI. J[poOoBa uacTuHa
MHOXHHKa +/3/2 'y 1bOMy HaOMmKeHHI

BUpaXkaeTbcsi onHUM Oaiitom (0,8671875d

,DEh), ToMy po3psiaHICTH ApOOOBOT YaCTHUHU

NOOYTKY TakoK cTaHOBHUTH 8 6iTiB. Ilpu npomy
MOJIOAIIMK 3Hauymmii OiT  A00yTKy Oyne
3aBXIM HYJBOBUM, TOMY UIO HYJIO JIOPIBHIOE
Mosoduni 61T MHokHuka DEh = 11011110b.

V 3B'SI3Ky 3 BHUILECKAa3aHUM OOYMCICHHA 32
dopmynamu  (7)  ciii  BUKOHYBaTH B
TpubalTHOMY 3HaKoBoMy (opmari (puc. 7, a),
IPUYOMY MOJIOAIINNA OalT MOBUHEH BUPAXKATH
JpoOOBY YaCTUHY YMCIIA.

21 2I] -1 2 .

S

Ay3)85 a7 A5

Ay ag ag| 8y g,

a Crapwuii oaiit (CTh)

Cepenniii daiit (CPE)

Monoamnii dafit (MJIB)

-(1-2% -2 +2 +(1-2%)
e ———

-2"-1) -1 +1 +2"1)
. ——— e

~2"-2% -2° +2° +2"-2°%

Puc. 7. Peanizayis memooy ouckpemuux opounam 0s 00pooKu 0anux 8i0poaxycmuinoc0 KOHmMpoio:
a — mpubatimuuii popmam 3 QIKco8ano0 KOMOIO, 0, 8, 2 — dianazor OpoO0oe6oi, Yinoi ma cymiujeHol uacmun, 8I0ON0GIOHO

Tabruys 1
Hianasonu 3minu 100yTKiB KoedinienTis psiy (6) Ha MmacTadHui KoedinienTr M, =6
Koeoiuient m, - 8, m, -a, m,-a, m, -a, m-a, m, - as
Jliana3oH 3MiHH 0.. , , , , ,
+5FFA’00h +3BBC’44h +3FFC’00h +2FFD’00h +3FFC’00h +3BBC’44h
Koedimient m, - by m, -b, m, -b, m, -b, m, -b, m, - 84
Jianazon 3mian | +3BBC’44h +3BBC’44h +377C’88h +2FFD’00h +377C’88h +2FFD’00h
Po3mimenHss wuywcen, 1mo BXoAATh y Y Tabmuuil HaBeAeHO Jiama3oHH  3MiHU
J1anasoH, SKUM BU3HAYAETHCSA IIMM (OpPMATOM,  BEJIMYUMH m, -a,, M, -, .., M -a;; m.-b,
Ha YHCIIOBI OCI MOKa3aHO Ha PUCYHKY 7, 0. m.-b,, .. m.b, TpE MakcHMabHiii

3 METOI NPHUCKOPEHHS OOpOOKM JaHuX Y
peXHMI PEaTbHOTO 4Yacy CiliJ OOYHCIIOBATU
3Ha4YCHHS KOCQIII€HTIB pALy (6), TOMHOKEHHX
Ha MacIITaOHUN KoeQIilieHT m, =6.
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PO3PSAIHOCTI 3MIIEHUX BUXIAHUX HaHHX. SK
BUJHO 3 TaOIMIl, Oyab-Ki MOKJIMBI 3HAYCHHS
KoedilieHTiB psaay (6) BXOAATH 0 Aiamna3oHy
YyCell, SKUHA  BU3HAYAETHCSI  MPUUHATUM
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TpUOAaUTHUM 3HAKOBUM (opmarom (puc. 7).
3HakoM anoctpoda () y TabnuI BiJOKpeMIIeH]

Mostoam OalTH, IO BHpa)xarThb JpPOOOBY
YaCTHHY YHCE.

[lepmmit  eranm  omepauii  MHOKEHHS
IBOOANTHOTO 3HAaKOBOI'O qucia Ha
OJTHOOANUTHUH MMO3UTUBHHI MHOXHHK
0,8671875d BHUKOHY€TbCA 3a CTaHIAPTHUM
QITOPUTMOM  MOOANUTHUM  MEPEMHOMKEHHSM,
MpUYOMy TpuU poOOTI HAI CTapHUM OaiToMm

AZ0 ‘AdAg Ay A,
DE
B, B;| B, B,
C,C,|C,C
| D5 Ds| Dy Dy| Dy D
2" 2? 2°
o|o o | MJIb
[l 1]
MJIb
0] 12
0 MJIb
ry-1/2
0-0=0, C=0
X — Terpana ncia X Xii1

A<0

Horo 3Hak 30epiraeTbcs B OiTI KOpHCTyBaya.
[Ticns orpumaHHS MOAyns HOOyTKy Yy pasi
BII'EMHOTO MHOXXHHKa [0 CTapuioro Oaiita
pesyabTaty nonaerbes 022 h (puc. 8, a) 1 Tum
camuM  (OpPMYETBCS ~ JTOJATKOBHH  KOI
pesyiabTary B NpUHHATOMY TpuOaliTHOMY
dopmari [13]. Takum YHHOM, CTaHIAPTHUI
QITOPUTM  MHOXKEHHS ONTHMI30BaHUM  1is
KOHKPETHOI'O0 3HAY€HHS MHOXHHKA, (opMmaTiB
OIIEpaHIiB Ta Pe3yibTaTy.

Ay Ay
DE

B, B,| B, B,
C,C,|C,C,

DD |22

— | Ds Ds| D, Dy| D2 Dy

‘F F ‘AdAg

+
+

MJIb
ry-1/2

0-1=1, C=1

Xi — Gaiit uncna X ; A, A A, A, — mHOXUHHE; ODEh =.8671875d — MHOXHUK;

B,B;B,B, = A A x0ODEh; DgDsD,D3D,D; — n06yrok y nonarkosomy koxi (MJIB — 1po6osa yactuma).

Puc. 8. @opmyeannss 000amr06020 KOOy pe3yibmany 6 NPUUHAMoMY MmpubatmioMy GopmMami: a — MHONCEHHS.
0800AUMHO20 MHOJNCHUKA; O — (DOPMYBAHHS MOSIOOUL020 6AUIMA pe3yibmamy

Hanpuxknan, npu BUKOPUCTAHHI
12-po3psiHUX ~ BUXITHUX  JaHUX  MOJYJb
BeNn4MHU lo+| Bupaxkaerbcs nBOMa OalTamu,
TOOTO BiIOYBa€ThCcs 3allOBHEHHS OiTa 3HaKa.
Tomy, 3amexxHO Bil  BHUKOPHUCTOBYBAHOI
po3psimHOoCcTi N BHXITHUX JaHUX, 3MIHIOETHCS
QJITOPUTM PO3PAXYHKY KoedilieHTa ao:

- mpu N < 12 3amoBHEHHS 3HaKOBOTO OiTa
HE BIIOYBA€ThCA 1 PO3paxyHOK MPOBOIAUTHCS 3a
dopmynoro m.a, =0,5(r, +1);

-mpu N = 12 3acrocoByeThcst (hopmyina
m.a, =0,5r, +0,51 .

O6uasi  ¢opMynnm JalOTh  OJHAKOBUH
pe3yJbTar, aje B OCTAaHHHOMY BHIIQJIKY Iepe]
JOJTaBaHHSM MIPOBOAMUTHCS 3MCHIIICHHS
PO3PSTHOCTI  IJIOT  YaCTMHU  KOXKHOTO 3
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JOJAHKIB Ha OJWH OIiT, M0 3amodirae
3arMoOBHEHHIO 0iTa 3HaKa.

Jlane pimieHHS 3acCTOCOBYEThCA 1 JUIs
obuncnenHs koedimieHTa as:

—mpu N <12 mag =0,5(s, —m);

—npu N =12 m, a5 =0,5s, —0,5m.

TakuM 4YMHOM, MOJAIBIIMA  PO3BUTOK
OTpUMaB MeTO]1 IUPPOBOT OOPOOKH OTMHUIHHUX

aKyCTUYHHUX IMIYJbCIB, IO BiAPI3HAETHCS
ITOPUTMAMHU aBTOMAaTUYHOTO aHawizy
CHEKTporpaM  BiOpOAaKyCTUYHOIO  BIATYKY
METOJIOM  JWUCKPETHHX OpJMHAT  [UIIXOM

[UKIIYHOT OOpOOKM CHUTHANy, PO3OHUTTSIM Ha
4acoBl IHTEpBaJM, B MEXaX KOXXHOIO 3 SIKHX
3MiHAa 3HAU€HHS BIIXWJIEHHS NpPUUMA€EThCSA 3a
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nepio]] ysSBHOTO HE3aracarouoro KOJIMBAJIbHOTO
porecy.

BucHoBku

1. Buznaueni  ocoOnmBocTi  peamizarii
METOJly CIEKTPaJIbHOTO aHaii3y s oOpoOKu
JaHUX BIOPOaKyCTUYHOTO KOHTPOJIIO
(yHKIIOHYBaHHS  TIEOTEXHIYHOI  CHCTEMHU.

BceraHoBieHo, 1o 3aracarouuii anepioJuyHHi
CUTHAJ MOXHA PO3TJISAATH SK CYNEPHO3UIII0
NOOYTKIB YSBHMX TNEPIOJUYHUX CUTHATIB Ha
3MiIIEHI OJMHUYHI TPSIMOKYTHI IMIYJIbCH 3
TPUBAJIOCTSIMH, PIBHUMH nepiogam
BIJIMOBIAHUX TEPiOANYHUX curHamiB. CHEeKTp
TAKOT'O CHTHAIy € CYMOIO 3TOPTOK MpPSIMHUX
neperBopeHb Dyp'e  yABHUX TMEPIOAMYHUX
CUTHQTIB 1 NPSIMOKYTHHX immynbciB. [lpu
IbOMY, KpUTHYHA YacTOTa TMEpIIOi MOJIH
KOJIMBaHb OOEPHEHO IMPOMOPIiHHA TMOABIHHIN
TOBIIMHI JOCITIJIKYBaHUX €JIEMEHTIB
TFEOTEeXHIYHOI  CUCTEMH, 0  JI03BOJISIE
aBTOMAaTH3YBaTH KOHTPOJIb HA OCHOBI CIEKTPIB
BUJIUJICHUX MEPIOAUYHUX CKIIAJ0BUX.

2. lns KOHTPOJTIO XapaKTePUCTHK
IMITYJTbCHUX AKyCTUYHUX CUTHAJTIB
MIPOITOHYETHCS 3aCTOCYBATH aHAIII3 Bi3yallbHUX
ab0 yMmOBHHX crekTpiB. Ha BigMiHy Bif
BiZIOMOTO panime METO1y, ne

BUKOPUCTOBYETHCA OOHC BI/IMipIOBaHHH

OpOTSTOM  IHTEpBally pO3OUTTS Ta pydHa
noOyaoBa mMOJiB TO4OK  (Oa3yeTbcsi Ha
KOpeJSIIHHOMY 3B'SI3KY MIXK pEaJbHUM Ta
anpPOKCUMOBAaHUM TUTSTHKAMU CUHYCOI]I
CUTHAJIB), MPOMNOHYETbCA BHUKOPUCTOBYBATU
cepii TOUOK Ha KOXKHOMY 3 IHTEpBaJiB yacy
3MIHM  CHUTHaJIy Ta TPOBOJAWUTH  aHAJI3
CHIBBIIHOIIEHbh MIX CIIEKTPOM pEaJIbHOTO
amnepioMYHOr0 CUTHAIY Ta CIEKTpaMH HOro
YSIBHUX MEPIOJTUYHUX CKIaI0BUX.

3. Ionmanpmmii poO3BUTOK OTPUMAB METOX
mudpoBoi 0OPOOKM OJMHUYHHX aKyCTHYHHX
IMITyJIbCIB, 10 MIpU3HAYECHUN Ui
aBTOMAaTu3aIlii BIOpOaKyCTHYHOTO KOHTPOJIIO 32
JIOTIOMOTOI0  MIKPOIIPOIIECOPHUX  3aco00iB.
Merton BIJIPI3HAETHCS po3po0aeHUMHU
AITOPUTMaMHU ABTOMATHYHOT'O aHawizy
CIIEKTpOTrpaM BiOPOAKYCTHYHOTO BIATYKY SKi
ONTUMI30BaHI s OOYHCIECHb MapaMeTpiB
KOHTPOJIIO METOJIOM JHMCKPETHUX OpAHHAT.
Peamizamiss MeTOJy BHKOHYETHCS IUIIXOM
MOCJIIIOBHOI IUKJIIYHOT OOpOOKH CHTHAIy BiJl
BUCOKHMX YacTOT [0 HM3BbKUX 3 MOJAJBIINM
pPO30OUTTSM Ha 4YacoBl IHTEpBajd, B MeXax
KOXKHOTO 3 SKMX 3MiHA 3HAYEHHS BiJIXWICHHS
MpPUIMAaETHCS 3a nepiof MHHMOTO
HE3aracarvoro KOoJMBaJILHOTO MPOIIECy .
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ON THE QUESTION OF DETERMINING THE ACTIVITY OF FAULT
ZONES OF THE PRECAMBRIAN CRYSTALLINE FOUNDATION AT
THE ZAPORIZHZHIA NPP SITE BASED ON RADON MEASUREMENTS
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Abstract. Problem statement. The completed studies were due to the post-Fukushima reassessment of the site's
seismic hazard and seismic resistance at the Zaporizhzhia NPP (Nuclear Power Plant), considering changes in
geotechnical conditions during the plant operation. And also, to increase its operational reliability and safety. The basis
was the international requirements for nuclear safety and the IAEA Safety Standards Series no. SSG-9, the requirements
of domestic and foreign standards for the design of earthquake-resistant atomic power plants. The highly specialized
research was conducted firstly in the country and tested at the site of the Zaporizhzhia NPP, with further improvement
of the methodology it is quite possible for the stated purposes at the sites of other nuclear power plants, especially those
located in seismically active zones. Purpose of the article. The purpose of the article is to test the methodology for
determining the degree of tectonic activity of previously assumed, and subsequently confirmed by drilling and
geophysics, fault zones at the Zaporizhzhia NPP site based on monitoring of radon in groundwater. Also, in the future,
justify the use of radonometry for accurate mapping of fault zones in igneous rocks of the Ukrainian Crystalline Massif.
Conclusions and results. The authors analysed archival data on the geology and hydrogeology of the NPP site and data
on the radon content in the groundwater of crystalline basement rocks. We described existing methods for collecting
water samples for radon and testing them in laboratory conditions. The data obtained as a result of the monitoring of
radon in groundwater indicate the absence of neo-tectonic activity of a natural character on the site of the geodynamic
polygon. This site is immediately adjacent to the Zaporizhzhia NPP site, and primarily in the zone of the sublatitudinal
fault uncovered by one of the wells and crossing the NPP site in the area of the fourth block. The result of comparative
studies of radon volumetric activity (VAR) indicators in the aquifer's fissure-vein waters of the crystalline Precambrian
basement during 2012—2015 was confirmation of the fundamental possibility of assessing the tectonic activity of fault
zones of the geodynamic polygon at the Zaporizhzhia NPP when carrying out radon monitoring.

Keywords: NPP; geological structure; granitoids; radon; tectonic fault; radon meters; volumetric activity
of radon
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Amnorauis. Ifocmanoexka npodaemu. BukoHaHi TOCTiIKEHHS OyIIA 3yMOBJICHI TOCTPYKYCIMCHKOIO MTEPEOIIHKOIO
ceiicMiuyHOi HeOe3MeKu Ta CcercMOCTIHKOCTI MaiimaHunmka po3mimeHHs 3amnopizskoi AEC 3 ypaxyBaHHAM 3MiHH
TEOTeXHIYHUX YMOB Y TIpoIieci excrutyarariii crasiii. IlizcraBoro Oymm MiXKHapOIHI BUMOTH IIOJO SASPHOI OE3MeKH Ta
pexomenaanii MATATE SSG-9, BuMoru BiTUM3HSHHUX Ta 3apyODKHMX HOPM IPOEKTYBAHHS CEHCMOCTIMKMX aTOMHHUX
cranuiid. [IpoBeneHi By3pKoCHeIiaibHi JOCIIDKEHHS, BIIEpIIe B KpaiHi BUNPoOyBaHi Ha Maiijanunky 3anopisbkoi AEC,
3a MOJAJBIIOT0 BIOCKOHAJIEHHS METOMMKHM I[IJIKOM MOXIJIMBI IS 3asABJICHHX el 1 Ha Maiiganumkax inmmx AEC,
0COOJMBO PO3TAIIOBAHUX Y CEHCMOAKTHBHHX 30Hax. Mema cmammi. Merorwo CTarTi € ampoOallisi METOJUKU
BU3HAUCHHS CTYyNEHs TEKTOHIYHOI aKTHBHOCTI, MNepeq0adyeHuX paHille, a 3roJoM MiATBEP/UKEHUX OYypiHHSAM Ta
reo)i3MKOI0 PO3JIOMHUX 30H Maiigan4ynka 3anopizbkoi AEC Ha OCHOBI MOHITOPMHTY PajJioHYy B MiJI3eMHHMX BOAax. A
TaKOX y TIEPCIEKTHBI OOIPYHTYBaHHS 3acCTOCYBaHHS PaJOHOMETPIB JUIS TOYHOTO KapTyBaHHS PO3JIOMHHX 30H Y
BHBEPKEHUX Topoaax Ykpaincekoro Kpucraniuynoro Macusy. Bucnogxu. IIpoananizoBano apxiBHi JaHi IIpo T€0JIOTi0
Ta rigporeonorito Maiinanunka AEC. Takok NpoaHadbI30BaHO JaHi NpPO BMICT pPajJoHy B MiI3EMHHMX BOJax
KpUCTANMYHUX Topin QyHmamenty. OmnmcaHo iCHYIOUYI METOAWKH BigOopy mpo0® BOOM Ha PaloH Ta iX JOCHIHKEHB Y
nabopaToparx ymMoBax. OTpuMaHi B pe3yibTaTi MPOBEICHHS MOHITOPHHTY PaJOHy B MiJA3€MHUX BOJAAX MaHi CBiT4aTh
PO BiCYTHICTP HEOTEKTOHIYHOI aKTHBHOCTI MPHPOJHOTO XapaKTepy Ha AUIMHII TEOAWHAMIYHOTO IIONIrOHY, IO
6e3mnocepennbo npurae g0 Maiiaandrka 3AEC 1 B mepiny uepry, B 30Hi CyOIIMPOTHOTO PO3JIOMY, PO3KPUTOTO OJHIEID
31 CBEp/UVIOBUH Ta IEPETHUHAE IJIOMMHY On0oKy. Pe3ynbrarom npoeseHHs npoTsroM 2012—2015 pokiB mopiBHSIBHUX
JIOCITI/PKEHb MOKa3HUKIB 00'eMHOi akTuBHOCTI pagoHy (OAP) y BoJax BOJOHOCHOTO TOPH30HTY TPIIIMHHO-KHIBHUX
BOJI KPUCTAIIYHOTO JOKeMOpIiicbKOro (yHAaMEeHTY CTalO MiATBEPAXKEHHS MPUHIMNIOBOI MOXIIMBOCTI MPH 3iHCHEHH]
MOHITOPHHTY PaZIoHy OIIIHKH TEKTOHIYHOI aKTHBHOCTI PO3JIOMHHUX 30H re0IMHaMIYHOTO ToJtirony 3anopizskoi AEC.

Karouosi cinoBa: AEC; ceonoziuna 6yoosa; epanimoiou; padoH;meKmoHiuHull po3iom, paconomempu, 06'emua
AKMUBHICMb PAOOHY

Formulation of the problem. Research, observations on a temporary seismic
and the analysis of materials that had formed  monitoring network and a geodynamic polygon
the basis of this article, were carried out in the  in the area of the Zaporizhzhia NPP”.
period from 2012 to 2015. The topic of the The performed research was due to the
rescarch  was  “Performing  instrumental  post-Fukushima reassessment of the seismic
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hazard and seismic resistance of the location
site of the Zaporizhzhia NPP, considering
changes in geotechnical conditions during the
operation of the station, to increase its
operational reliability and safety. The basis was
international requirements for nuclear safety
and TAEA Safety Standards Series Ne SSG-9,
the requirements of domestic and foreign
standards for the design of earthquake-resistant
atomic power plants. The research was carried
out following the Terms of Reference and the
“Program  for  performing  instrumental
observations on a temporary seismic
monitoring network and a geodynamic polygon
in the area of the industrial site at the
Zaporizhzhia NPP”.

The purpose of this article is to determine
the degree of tectonic activity of fault zones at
the nuclear power plant site identified by
drilling and engineering geophysics based on
radon monitoring. Radon is an integral part of a
comprehensive study of the Earth’s hydro-geo-
deformational field, which also includes
research on the chemical composition of
groundwater at the site of the geodynamic
polygon at the Zaporizhzhia NPP.

The purpose of the article. The purpose
of the article is to test the methodology for
determining the degree of tectonic activity of
previously  assumed, and  subsequently
confirmed by drilling and geophysics, fault
zones at the Zaporizhzhia NPP site based on
monitoring of radon in groundwater. Also, in
the future, justify the use of radonometry for
accurate mapping of fault zones in igneous
rocks of the Ukrainian Crystalline Massif.

Materials and Methods. Radon in the
fault zones of the crystalline rocks in Ukraine.

On the territory of Ukraine, where there are
hard-rocks outcrops, radon waters have been
described in the Kyiv, Dnipropetrovsk,
Zaporizhzhia, Zhytomyr, Kirovohrad, Donetsk,
Cherkasy, and Vinnytsia regions. In these areas,
located on the Ukrainian Crystalline Massif
(UCM), groundwater is enriched with large
amounts of radon. In particular, the average
volumetric activity of radon is 261 Bg/l
[0-3; 7-10]. For radioecological monitoring of
the water state in underground sources of
drinking water supply, the Zaporizhzhia
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Regional Sanitary-Epidemic Station has been
continuously monitoring the content of natural
radionuclides in the water of artesian wells over
the past 15 years. Over the past few years,
158 wells have been explored. Since the
Zaporizhzhia region is located on four
geological formations: the Ukrainian crystalline
massif, the Azov ridge, the Konsko-Yalyn, and
the Black Sea depressions, the research results
were combined into four groups. Thus, the
volumetric activity of radium in the UKM,
Azov ridge, Konsko-Yalyn, and Black Sea
depressions was, respectively, 0.41, 0.01, 0.04,
0.03 Bg/kg. The volumetric activity of radon in
the UKM, Azov ridge, Konsko-Yalyn and
Black Sea depressions was 48.2, 37.8, 15.5,
11.4 Bq/l, respectively.

The formation of anomalies of radioactive
radon gas in covering deposits above faults
served as a theoretical basis for the use of
emanation (radon) surveys for mapping
disjunctive breaks in closed areas. In the 70s of
the last centuries, a new phenomenon was
established — a direct connection between the
intensity of radon anomalies and geodynamic
processes in the earth's crust and fault zones.
This phenomenon served as the basis for a new
direction of research in geology — structural-
geodynamic mapping (SGDM). Based on the
above, the peculiarities in the behavior of 222 Rn
in geological space create conditions for
continuous monitoring of it as a geo-ecological
indicator of the stressed state in the lithosphere.
This is confirmed by abnormally high
concentrations of *Rn in periods preceding
earthquakes, unforeseen different gas emissions
in coal mines, changes in the atmospheric
electric-field strength and geological massif
before landslide processes, and much more.

In recent years, more and more attention
has been paid to the radon hazard in zones of
influence of faults active in the modern era.
This problem is very relevant for populated
areas. It is known that the main entry of radon
into residential premises comes from the soil
under the building. In doing this, its maximum
quantities are generated in geo-dynamically
active zones of covering deposits associated
with disjunctive breaks in bedrocks. The
greatest danger is posed by those areas where
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such ruptures are localized in shallow-lying
granites. In many countries, sites for housing
construction are examined for radon hazards,
and possible sources and routes of radon entry
into previously built houses are studied. In
Ukraine, such research is at an early stage.

All of the above is also relevant for
Ukraine, where increasing attention is being
paid to the problem of identifying the so-called
zones of environmental risk associated with
disjunctive breaks in the earth's crust. A map of
such regional-level zones for the territory of
Ukraine has been constructed on a scale of
1:5.000.000. Researches of disjunctive breaks
on a detailed scale are presented — within
individual industrial districts, residential places,
and local regions. At the same time,
geodynamic zones associated with disjunctive
breaks are identified in young sediments. The
activity of such structures and their influence
on the deformations of the earth’s surface is
established, including regions  where
particularly important facilities are located
(nuclear power plants, state district power
plants, hydroelectric power stations), the safety
of man-made waste storage facilities (including
ash- and slag dumps), the formation of
anomalies of toxic elements in groundwater
[5; 6; 11-15; Omuodka! McTOYHMK CCHIJIKH He
Haiinen.; 20; 22].

Radon in fault zones of crystalline rocks on
the NPP site. Radon research was carried out in

specially drilled exploration wells, the layout of
which is shown in Figure 1, one of which
(4602) uncovered a zone of tectonic fault in the
area of the 4th block at the NPP. This fault zone
was previously (in 1992) assumed by the author
of this article based on archival geological data,
and later (in 2012) was finally confirmed by
drilling and engineering geophysics methods
(see Fig. 2). In addition to the new wells shown
in Figure 3, subsequently, other preserved
hydrogeological wells within the city of
Enerhodar and the industrial zone of the

Zaporizhzhia State District Power Plant were
included in the testing, but the analysis of
measurement data for all available wells in the
5 km zone is beyond the scope of this article.

(Fig.1).

Fig. 1. The well location diagram on the
Zaporizhzhia NPP site

@ - confirmatory wells and number
& - profiles of geophysical field investigations
- zone of tectonic disturbance crystalline basement rocks

Fig. 2. The position of the tectonic fault zone on the Zaporizhzhia NPP site (in the diagram well 2 corresponds
to the location of well no. 4602).
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Fig. 2. Well 4602 in the tectonic fault zone of the
Zaporizhzhia NPP site before retrofitting

Hydrogeological conditions of the NPP
site. On the map of groundwater exploration in
Ukraine, the described territory is confined to
the junction zone of the fissure water area of
the Ukrainian Crystalline Massif and the Black
Sea artesian basin.

At the site of the Zaporizhzhia NPP during
engineering and geological surveys in
1970-1996, three aquifers were discovered up
to a depth of 90 m.

The most studied upper-ground aquifer is
confined to the thickness of Quaternary
aeolian-alluvial sands of layers 4, 4A, 5, 5A,
and 5B. Occurrence depths of level are 4.0-4.6
(conventional elevation is 17.36—18.18 m). The
thickness of the aquifer is 28.6-30.0 m. The
lower aquiclude is tertiary clay of layer 9, lying
at depths of 31.3-34.4 m (conventional
elevation is minus 9.8-12.36 m). In the
thickness of the sands, the separating layer of
Quaternary loams of layer 7, up to 1.7 m thick,
is not consistent in terms of area and forms
“hydraulic windows.” This causes the division
of the Quaternary aquifer into two subhorizons,
differing in feed-discharge conditions and
filtration properties. The first subhorizon from
the surface, confined to fine sands with a
filtration coefficient (Fc) of 5—8 meters/day, is
free-flow. The feed of the subhorizon is mixed.
It is carried out due to the infiltration of
atmospheric precipitation, possible leaks from
underground water-carrying communications
and objects, inflow from hypsometrically
higher located built-up (an industrial zone of
the State District Power Plant), and unbuilt-up
territories (Central Dome), condensation of
vapors of the aeration zone. The aquifer is
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discharged into the Kakhovka Reservoir,
located 400-500 m to the east and southeast
(the  normal  headwater  elevation s
15.8-16.28 m according to level measurements
in the Kakhovka Reservoir in the area of the
pumping station of the Zaporizhzhia State
District Power Plant in 1993), into the lower
subhorizon, as well as into the drainage under
the administrative and amenity building and
spray cooling ponds. The second subhorizon is
confined to the thickness of fine and average
alluvial sands with Fc = 20—-25 meters/day in
the lower part of the section, lying on the
aquiclude — clays of the Sirohozy suite
(formerly, the Kharkiv Stage) of the Upper
Paleogene. In roofing, there is a sandy loam of
layer 6 and a loam of layer 7. Feeding is inflow
from the Central dome and cross-flow from the
1st subhorizon through “hydraulic windows”.
Discharging is the cooling pond and aquiferous
sand spit under the Kakhovka Reservoir.
According to the chemical composition of the
water, it belongs to the hydrocarbonate-sulfate-
calcium-magnesium type with a dry residue of
up to 1 gram/liter.

The second, pressurized aquifer is
contained in clayey sands and sandstones of the
Paleogene (layers 10, 11). The upper aquiclude
is the clays of layer 9, the lower is the kaolins
of layer 12. The pressure head is 37-38 m. The
piezometric level coincides with the level of the
ground aquifer. It is possibly fed by inflow
from the overlying horizon. The horizon has a
hydraulic link with the waters of the underlying
horizon. The chemical composition of water is
variable. Waters have increased alkalinity and
mineralization.

The third one, possibly also pressurized,
aquifer is confined to the fractured zone of
granites of the crystalline basement (layer 14).
The upper aquiclude is kaolins of layer 12. The
water encroachment of rocks is uneven. Flow
rates are small — up to 1 I/sec. The waters were
previously assumed to be highly mineralized,
but this was later refuted. In the available stock
literature, it has been repeatedly noted that
studying the characteristics of the feed-and-
discharge of aquifers 2 and 3, as well as their
chemical composition, at the industrial site of
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the Zaporizhzhia NPP has not previously been
carried out in detail.

Based on drilling data from 2012,
groundwater of layer 14 at well site No. 4604
can be assessed as free-flow, well No. 4602 is
low-pressure. The water inflow into the bore of
well No. 4602, which uncovered the crushing
zone of crystalline basement rocks, is no less
than 0.027 m?/hour, and into well No. 3 (4604)
1s no more than 0.0068 m3/hour. Thus, the
assumption about the pressure character of the
aquifer in the crystalline basement rocks was
not confirmed by drilling data.

Chemical analyses of water samples from
wells No. 4602 and 4604 were performed in
chemical laboratories at the State-owned Public
Enterprise  “YuzhUkrGeology” and LLC
"Metal" of Dnipropetrovsk (Dnipro). According
to the chemical composition, water from well
No. 4602, selected on November 2, 2012, in
crystalline basement rocks, belongs to sodium
chloride-sulfate with a dry residue of 0.578 g/l
and pH 7.91. After removing the 146 mm
diameter external casing overlapping aquifers
in alluvial sands, the type and composition of
water in the well did not change. The waters
sampled on November 6, 2012, also belong to
sodium chloride-sulfate with a dry residue of
0.268 g/l and pH 8.0. The waters taken on
November 6, 2012, from well No. 4604, which
also uncovered crystalline basement rocks,
stands apart. According to the chemical
composition, waters from well No. 4604 refer
to hydro carbonate-sulfate-sodium-magnesium
with a dry residue of 0.2 g/l and pH 8.0.
Differences in chemical composition confirm
the identified differences in the geological
structure and tectonic conditions on the sites of
these wells. Previously made assumptions
about the high mineralization of groundwater
circulating in crystalline basement rocks were
not confirmed in the course of studies of their
chemical composition on the sites of these
wells.

Sampling technique. Before sampling, the
well had to be pre-pumped with a pump or
bailer to remove no more than 2—3 volumes of
water from the wellbore. If possible, sampling
should be done after the water level in the well
has been restored.
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When using an airlift for pumping wells,
sampling is carried out no earlier than 2-3
hours after its completion to avoid radon
degassing and distortion of indicators. Airlift
should be used only if it is not technically
possible to change the water in the well in
another way. If it is impossible to carry out
pumping (very low water abundance and small
water inflow in an area of difficult water
exchange) or an established negative effect of
airlift pumping on the indicators of volumetric
radon activity, it is allowed for comparative
purposes to take samples without preliminary
pumping directly from the sampler after its
lifting from the well.

The sample is taken without preliminary
settling with or without a rubber tube. It was
desirable to reduce the contact of the selected
water sample with the atmosphere to a
minimum. To collect water samples, we used 1
L hermetically sealed bottles made of dark
borosilicate glass. Rinsing the vessels with the
test water was not allowed, since the radon
released during this process could partially
remain in the vessel, which could distort the
measurement results. It was necessary to draw
water to the very top of the bottle, then
immediately close the bottleneck with a screw
cap with the lining. In the case of long-distance
transportation, the bottleneck was additionally
sealed hermetically with a rubber cap over the
cork. Transportation was carried out upside
down. The date and time of sampling was noted
on the label. Water samples were delivered to
their destination no later than 2 days after
sampling, at low concentrations — no later than
1 day. To take water samples from small-
diameter wells of the geodynamic polygon at
the Zaporizhzhia NPP, a special small-sized
sampler with a volume of 1.5 | and a diameter
of 63 mm with a polypropylene body was
designed and successfully used (see the photo
in Fig. 4).

Fig. 4. The portable well sampler
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Methods for determining radionuclides in
water samples. Methods of the “Scientific and
Technical Center KORO”, Zhovti Vody city

The content of radionuclides in water
samples was defined by the gamma
spectrometric method following the
requirements of the “Methodology for

performing measurements using an SGS-200
scintillation gamma energy spectrometer (based
on LP 4900B)”.

The essence of the method is the
adsorption of radon onto activated carbon by
bubbling water samples, followed by its
analysis on a gamma spectrometer by gamma
radiation of the daughter products of radon
decay, which are in equilibrium in the carbon
adsorber.

Before carrying out the research, the
spectrometer was operationally checked for the
efficiency of detecting radiation from the
adsorbent, and the calibration coefficient was
clarified for the activity of a working standard
of the solution with known volumetric activity
of radon, followed by comparison with a
standard radium source.

Determination of radium activity was
carried out after measuring the concentration of
radon in selected water samples with
preliminary removal by bubbling of undecayed
radon contained in the water, with their
subsequent interval to at least 21 days before
the start of measurements.

The measurements were carried out using a
gamma spectrometric installation based on a
scintillation detector in the SGS-200 protection
and an amplitude analyser of the LP4900B
type.

The methodology of the specialized
nuclear physics laboratory, the Central
Laboratory of the State-owned Public
Enterprise “Kirovgeology” in Kyiv.

The content of radionuclides in water
samples was determined with a portable
radiometer ~ under  the  provisions  of
departmental document 431 452.104.001:2009
MVI “Methods for performing measurements
of radon-222 in samples of drinking water with
the radiometer “RGA-03M” (“Alpha 1M”).”
The RGA-03M radiometer (Alpha 1M) was
used in the measurements.
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Methodology certified by the laboratory
LLC “Center for Radioecological Monitoring”
(“CREM?”), Zhovti Vody city, Dnipropetrovsk
region.

The gamma spectrometric method carried
out the determination of OA ?*?Rn at this stage.
The operating principle is based on obtaining a
hardware spectrum of pulses from a gamma
radiation detector that records the radiation of a
counting sample exposed under fixed
measurement conditions. A 0.5-liter water
sample was placed in a Marinelli vessel. The
measurements were done using the ORTEC
gamma spectrometric complex (made in the
USA) and the sample measurement time ranged
from 27,000 to 57,000 s. The radionuclide
activity in the test sample was determined by
machine processing of the resulting spectrum
using the “Maestro” software package.

Calculations of ?22Rn activity were carried
out using total absorption peaks with energies
of 352 and 609 keV, corresponding to the
daughter products of the ???Rn — Pb-214 — Bi-
214 decay chain. Decay products are in
equilibrium with radon ?*?Rn because the time
between sampling and its measurement
exceeded 3 hours (The half-lives of Pb-214 and
Bi-214 are 26.8 and 19.8 minutes,
respectively). The technique ensures a total
analysis error of no more than 30%.

In addition to these techniques, there are
others described in the specialized literature
[4;12; 13; 16].

Research results. Research results in
2012. The purpose of the measurements is to
determine the radionuclides 2?Rn and ??°Ra in
selected water samples.

The works were carried out by the
Laboratory of Chemical, Radiochemical, and
Radiometric ~ Analyses  “Scientific  and
Technical Center KORO” in the Zhovti Vody
city, Dnipropetrovsk region.

Sample measurements were carried out
from November 2, 2012, to November 29,
2012, under normal conditions.

The results of the research and
measurements of the volumetric (specific)
activity of 22?Rn and %®Ra in selected
groundwater samples are presented in Table 1.
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Table 1

Results of well testing during drilling

Sl. Well Sample No Sampling Volumetric (specific) activity of water samples, Bg/l
No. No. ) depth, m 222 R 26Ra
1 4602 1 70 17.2 <05
2 4602 2 75 13.2 <05
3 4602 3 80 15.8 <05
4 4602 4 85 15.3 <05
5 4604 1 73 4.3 <05
6 4604 2 72 5.6 <05
7 4604 3 72 45 <05
8 4604 4 73 35 <05
9 4604 5 71 4.6 <05
10 4604 6 72 49 <05
11 4604 11 73 6.8 <05
12 4604 12 72 4.8 <05
13 4604 13 71 6.6 <05

Note: the content of 26 Ra is below the minimum detectable activity (MDA) level, which is less than 0.5 Bq for

each 1-liter water sample.

Based on the results of the analysis, it was
decided to abandon the determination of 22 Ra
in groundwater during subsequent observation
cycles.

Research results in 2014. Works of the 1st
cycle were carried out by a specialized nuclear
physics laboratory at the Central Laboratory of
the State-owned Public Enterprise
“Kirovgeology” in Kyiv, which passed the
appropriate state certification.

To reduce the delivery time of samples to
the place of analysis, works of cycles 2 and 3
were carried out by the certified laboratory of
LLC ”Center for Radioecological Monitoring”
("CREM”) in the Zhovti Vody city,
Dnipropetrovsk region.

During the research in 2014, methods for
testing observation wells at the geodynamic
polygon and laboratory research were
developed and refined, and an equipment list
with the required technical characteristics was
determined.

The analysis of the performed results in
2012 and 2014 for mining (drilling),
mineralogical, petrographic, hydrogeochemical,
and radiochemical research confirmed the
presence of a fault zone in hard rocks in the
foundation of the Ukrainian crystalline massif
(UKM), crossing the industrial site of the
Zaporozhzhia NPP between blocks 4 and 5.
The fault zone uncovered by well No. 4602

belongs to minor shallow faults of the lowest
rank.

Significant differences in the chemical
composition of groundwater samples taken
from wells No. 4601, 4602, and 4604 during
the observation period suggest that the low-
pressure waters uncovered by well No. 4602
are of the fissure-vein type and have a sodium
chloride composition, while those uncovered by
wells No. 4601 4604 are free-flow fissure
waters of a zone of difficult water exchange of
sulfate-hydro carbonate-sodium, hydro
carbonate-sulfate-sodium and sulfate-sodium
composition. Throughout all monitoring cycles,
the chemical composition of water in wells No.
4602 was relatively stable, while in other wells
it was subject to significant fluctuations, partly
of a technogenic nature (annular filtration).
Noteworthy is the increased alkalinity of
groundwater in all observed wells.

Differences in the chemical composition
and radiological parameters of groundwater
samples taken from wells No. 4601, 4602, and
4604 allow us to assert that a flooded crush
zone of fault was uncovered by well No. 4602,
and ordinary rocks of the weathering crust of
crystalline rocks were uncovered by wells
No. 4601 and 4604, respectively, downthrown
and elevated blocks.

The absence of some kind of significant
U-TR mineralization in crystalline rock cores
from confirmatory wells contributed to the
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absence of distortions in determining the
volumetric activity of radon (VAR) in
groundwater samples.

However, the VAR values in groundwater
obtained during the 2014 research are
significantly lower than those obtained in 2012
when testing wells immediately after the
completion of drilling operations.

The VAR values determined by various
instrument systems in water samples from
confirmatory wells, that had been taken both
after pumping before sampling and without
them, generally differ slightly and are actually
at the lower sensitivity limit of the laboratory
equipment used (table 2). However, there is still
some relationship between the operations
preceding sampling from wells, such as the
presence or absence of pumping, the depth of
sampling, and the obtained RAR values, and
this is most clearly manifested in wells

No. 4602 and 4604.
Table 2

The pivot table for the volumetric activity of radon in
groundwater of the geodynamic polygon at the
ZaNPP throughout 1, 2, 3 monitoring cycles in 2014

Volumetric
222 Rn activity in Bq/l (Bq/dm?) on the
SL‘ Vllllg” date of well testing
' ' Sampling dates

28/05/2014 | 21/08/2014 | 14/10/2014
1 | 4601 0.3 0.380 0.333
2 | 4602 0.7 0.075 0.204
3 | 4604 0.7 0.164 0.314

The low VAR values recorded throughout
2014 were also, apparently, a consequence of
the unsatisfactory condition of the wellbores,
which had not been used for a long time. There
is no doubt about the presence of damage to the
casing columns (well No. 4604), annular
filtration, and, as a consequence, the entry of
groundwater into wells No. 4601, 4604 from
the overlying alluvial aquifers. As well as the
presence of significant silt deposits at the
bottoms of all wells.

It is possible that the low VAR values
obtained from wells No. 4601,4602,4604 were
also a consequence of the use of various
methods for pumping wells before testing
during the 2014 research. In the 1st cycle, a
low-power airlift with a shallow immersion
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depth of the mixer was used. In the 2nd cycle,
to obtain comparative values, there was without
pumping, and in the 3rd cycle, an improved
airlift with a greater immersion depth of the
mixer was used. This was necessary to find the
most optimal pumping method in the specific
conditions of the geodynamic polygon of the
Zaporizhzhia NPP. In general, as follows from
the results of the research, the use of airlift in
the conditions of the industrial site of
Zaporozhzhia NPP is not optimal, especially for
fissure-vein waters. In the future, preference
should be given to pumping wells either with
small-diameter submersible pumps or bottom-
hole bailing. And with mandatory cleaning of
the bottoms of wells from silt deposits before
taking samples for radon. Inspection of wells
and cleaning of their bottoms from silt deposits
must be carried out constantly. It was also
considered necessary to carry out a television
survey (scanning) concerning the condition of
the casing of well bores No. 4601, 4602, and
4604 using submersible small-sized equipment.

Research results in 2015. The works at all
4 stages were carried out by the certified
laboratory of LLC “Center for Radioecological
Monitoring” (“CREM”) in the Zhovti Vody
city, Dnipropetrovsk region.

The results of measurements of volumetric
222Rn activity in selected groundwater samples

are presented in Table 3.
Table 3

The pivot table for the volumetric activity of radon in
groundwater of the geodynamic polygon at the
ZaNPP throughout 1, 2, 3 and 4 monitoring
cycles in 2015

Volumetric 2?2 Rn activity in Bq/l
S| on the date of well testing
Nd Well No. Sampling dates
' 08/04 | 08/06 | 17/08 | 02/11/
/2015 | /2015 | /2015 | 2015
0.049 | 0.422 | 0.970 | 0.484
1 4601 0.050 | 0.424 | 0.969 | 0.485
0.051
0.017 | 0.096 | 0.286 | 0.792
2 4602 0.018 | 0.097 | 0.285
0.019
0.050 | 0.659 | 0.716 | 1.330
8 4604 0.052 | 0.660 | 0.717 | 1.331

Pumping wells before taking water samples
was carried out with an improved airlift with an
increased immersion depth of the mixer.
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However, the obtained values turned out to be
significantly lower than those measured in
2014. Although throughout the year there was
an increase in volumetric activity in all wells.

The results of testing the wells of this
group unequivocally testify in favor of refusing
in the future to pump these wells before
sampling, as well as making significant
adjustments to the research methodology. In
general, it was confirmed that the use of airlift
in the conditions of the industrial site of the
Zaporizhzhia Nuclear Power Plant is not
optimal. In the future, preference should be
given to pumping wells either with submersible
or small-diameter vacuum pumps and bottom-
hole bailing or to refuse to pump these wells
altogether.

All applied methods of laboratory testing
of water samples for radon generally showed
high convergence of results and may | be used
well in the future. However, due to the low
values, sample processing in the future should
be carried out with portable field instruments
directly at the research point. It does not
exclude the option of permanently placing
special sensors (radon stations) at the bottom of
wells that record VAR without sampling.

Assessment of radon activity of the
identified tectonic fault for the period
2012—2015. The contrast of emanation
anomalies according to the methodology of the
Institute of the Earth's Crust SB RAS [17] was
assessed using the relative indicator:

KQ = Qmax / Qmin,

(where Qmax is the peak value of the parameter
Q, a Qmin is the minimum value of the
parameter Q in rocks beyond the boundary of
the fault zone) and tends to certain levels of this
parameter in a sample of dozens of studied
disjunctive structures. This made it possible to
identify five groups of fault zones based on
radon activity: low (Ko < 2), average
(2 < Kg < 3), increased (3 < Ko < 5), high
(5 < Kq<10), ultra-high (Kq > 10).

The zones of influence of the faults of the
last two groups pose a danger in terms of the
construction and operation of buildings. This
technique was developed based on soil radon,
as it was found out in Prydniprovska State
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Academy of Civil Engineering and Architecture
(PSACEA) is also quite valid for radon in
groundwater, but needs significant
improvement. On its basis, a new technique
was subsequently developed, the main
advantage of which was the presence of a one-
of-a-kind universal numerical scale that takes
into account both soil radon and radon in
groundwater [17].

The VAR indicators obtained during the
research generally agree well with the
developed universal scale. It should be noted
that more or less significant OAR indicators
were achieved immediately after the
completion of the drilling process, in which the
destruction of rock due to vibration contributed
to the release of a certain amount of radon from
the crystal grid of minerals. Subsequently, due
to the wellbores silting with stagnant water,
annular filtration, as well as the difficult-to-
predict features of well pumping technology
(effective for groundwater and turned out to be
ineffective for fractured waters of a zone of
difficult water exchange), the VAR values
decreased to their natural values. Nevertheless,
the goals and objectives of the research were
fully achieved.

Analysis of the sampling results made it
possible to assert (based on the existing
classification), that there are no traces of any
tectonic activity of a natural character in the
territory of the geodynamic  polygon
immediately adjacent to the site of the
Zaporizhzhia Nuclear Power Plant, and
primarily in the fault zone uncovered by well
No. 4602 and crossing the industrial site of the
NPP in the area of the 4th block.

The results of assessing the activity of the
fault zone are given in Table 4.

Originality and Practical value. The
result of conducting comparative research on
the volumetric activity of radon in the aquifer
of fissure-vein waters and the Quaternary
ground aquifer during 2012—-2015 confirmed
the fundamental possibility for monitoring the
tectonic activity of fault zones of the
geodynamic polygon at the Zaporizhzhia NPP.
This is also possible based on sampling only
the upper (ground) aquifer, even considering its
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openness and exposure to various technogenic

factors.
Table 4

The pivot Table for assessing the activity of the tectonic fault at the site is based
on the determination of the VAR in groundwater

Qmax Is average Qmin IS average
ereq | No-otwells | (nihe el zoe) | (ontrewings) | o= Qo Qe | it ST
2012 4602-4604 15.38 5.7 2.69 Average
2014 | 4601-4602-4604
1 cycle 0.7 0.3 2.33 average
2 cycle 0.075 0.164 0.46 low or absent
3 cycle 0.204 0.314 0.65 low or absent
2015 4601-4602-4604
1 cycle 0.018 0.050 0.36 low or absent
2 cycle 0.097 0.541 0.18 low or absent
3 cycle 0.286 0.845 0.34 low or absent
4 cycle 0.792 0.907 0.87 low or absent

It should be noted that these highly
specialized studies were carried out at the
Zaporizhzhia NPP site for the first time. The
authors of this work do not have information
about conducting similar research at the sites of
other atomic power plants in the country and
beyond. With the improvement of the
methodology, it is possible to use it both at the
sites of other atomic power plants, especially
those located in seismically active zones, and
other high-risk facilities [16; 18; 21; 23—33].

Conclusion

The result of implementing the
comparative  research on indicators of
volumetric activity of radon in the waters of the
aquifer of fissure-vein waters and the
Quaternary ground aquifer during 2012—-2015
confirmed the fundamental possibility for
monitoring the tectonic activity of fault zones
of the geodynamic polygon at the Zaporizhzhia
NPP. This is also possible based on sampling
only the wupper (ground) aquifer. Even
considering its openness and exposure to
various man-made factors. This is especially
important, moreover since the overwhelming
number of existing wells in the area where the
Zaporizhzhia NPP is located are equipped
specifically for the ground quaternary aquifer.

It was found that pumping wells on the
groundwater aquifer before sampling, including
airlift, have a significant impact on the VAR
indicators, increasing the intensity of radon
emission. At the same time, similar pumping of

wells No. 4601, 4602, and 4604, equipped on
the crystalline foundation, sharply reduces the
intensity of radon emission and for the same
reason, sampling procedures should be changed
in the future. For this reason, in the future, it
will be advisable to carry out control sampling
for radon from wells No. 4601, 4602, and 4604
only with special bottom (zonal or sector)
sampling systems. With the further use of these
wells to obtain better quality indicators, they
are subject to mandatory technical inspection
and cleaning of the bottom hole from silt
deposits, using specially manufactured small-
sized equipment.

In the future, the option of permanently
placing special sensors at the bottom of wells
that record VAR without sampling is not
excluded, if the use of such is justified. It is
also possible to additionally install sensors for
recording soil radon in the wells of base
seismic stations located near the NPP site. Or
they are located near the researched wells of a
geodynamic polygon.

All applied methods of laboratory testing
of water samples for radon generally showed
high convergence and can be used in the future.
However, due to low VAR values, sample
processing should be carried out with portable
field instruments directly at the research point.

In general, the results obtained during the
study of the hydro-geo-deformational field and
monitoring of radon in groundwater indicate
the absence of neo-tectonic activity of a natural
character in the area of the geodynamic
polygon directly adjacent to the site of the
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Zaporizhzhia NPP, and primarily in the zone of
the sub-latitudinal fault uncovered by well No.
4602 and crossing the nuclear power plant site
in the area of the 4th block.

In line with the results of research in 2015,
indirect radio-hydro-geochemical signs of some
activity on individual sections of the tectonic
structures of the crystalline basement were
identified at adjacent sites, both within the 5 km
zone of the Zaporizhzhia NPP location and near
the boundaries of the zone, probably having the
nature of creeping displacements, partly by

confirmed and high-precision  geodetic
observations. Certain sections of the North-
Kamenskyi fault, including in the area of the
urban water intake, may be the most likely of
the  presumably  neo-tectonically  active
structures within the research area. Exactly they
are of greatest interest for further research.
Based on research results from 2012—-2015, a
promising comprehensive research program
was even developed. But after the well-known
events of February 2022, the question of
resuming research is very, very problematic.
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