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CTaHiB.

KarwouoBi caoBa: 30ipHO-MoHOMIMHE OYOieHuymeo; 30IpHO-MOHONIMHE NEPEeKPUMms, NIOCKe Noaecuene
nepeKpumms; nycmomoymeopyeay; nepekpumms 3 NyCmomamu; NePeKpummsi 3 nyCmomoymeoproeaiamu
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Abstract. Formulation of the problem. Prefabricated monolithic construction in domestic and global practice in
recent years has occupied a small share in the field of construction. A fairly large number of designs of prefabricated
monolithic lightweight floors, as well as its individual structural elements, have been proposed. The use of lightweight
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floors in the construction of residential and public buildings can significantly reduce the consumption of materials and
the dead weight of structures and increase the size of live loads and overlapping spans. Despite this, it cannot be said
that effective design solutions have been found that can maximally satisfy the requirements of consumers, architects and
builders. Based on this, a constructive solution for a lightweight prefabricated monolithic floor with voids made of
plastic balls, quite effective from the point of view of construction and subsequent operation, was proposed and
investigated. The proposed design solution for a lightweight prefabricated monolithic flat floor with voids made of
plastic balls has less mass than solid floors and optimal use of material resources, namely the consumption of concrete
and reinforcement. Therefore, research to determine the optimal design parameters of a flat lightweight floor with void
formers made of plastic balls is relevant. The purpose of the article is to conduct numerous studies of the stress-strain
state of the proposed design of a prefabricated monolithic floor with voids made of plastic balls. Conclusion. As a result
of the research, it was established that it is rational to use hollow balls made from recycled materials as a material for
making voids from balls in flat floors. Moreover, all studied floor options with spans of 6 m, 7 m, 8 m and void sizes
made of balls with diameters of 180 mm, 315 mm and 500 mm meet the requirements of the first and second groups of
limit states.

Keywords: prefabricated monolithic construction; prefabricated monolithic floor; flat lightweight floor; void
former; floor with voids; floor with void formers

ITocTanoBka mnpodjaemu. HainmpocTimum
y 3BEJICHH1 XKUTJIOBUX OyJAUHKIB y MUHYJ1 POKU
3aJMIIAIOCh  BJAIUTYBAHHS ~ MOHOJIITHOTO
nepekputTsa. OpHaK e CHPUYHHIOE 3HAYHE
30UIbIICHHS BUTpPaTH OETOHY Ta OOTSKEHHs
KOHCTpyKuii OymiBmi. [lyxe epexTuBHUM s
3HWKEHHSI BUTPATU MaTepiajiB, K OETOHY, Tak
1 apMmarypu, Ta 3a0€3MEUCHHS PIBHOTO
NEPEeKPUTTS KpyIJioi Ta OBalbHOI (Qopmu
MOBEPXHI CTall0 BUKOPUCTAHHS TEPEKPHUTTS 3
MyCTOTaMH.

301pHO-MOHOJIITHE OYIIBHULITBO B YKpaiHi
Habarato MeHIe pPO3BUHEHE, HI)K MOHOJITHE
abo 30ipHe, He3Ba)Kal0Ouu Ha OKPEMI Ta JOCUTh
YCHILIHI TPOEKTH 3BEACHHS Takux OyiBesb i3
301pHO-MOHOJIITHOT'O 3aI11300€TOHY B
MuHyjioMmy. Ilpore Hapasi wyacTka 3BeleHHX
OyniBenb 13 HOBUX KOHCTPYKTUBHUX pIlIEHb
30ipHO-MOHOJITHOTO 3aJ1i300€TOHY MOCTYTIOBO
30ubIIyeThCs. Lle moB'si3aHO 3 MOXKIIMBICTIO B
MIPOEKTHUX pilIeHHIX 0JTHOYACHOTO
00'€eTHAHHSA TO3UTHBHUX MOMEHTIB OKpPEMO
30ipHOTO Ta MOHOJIITHOTO BU/IB Oy/IiBHUIITBA B
OJTHii 301pHO-MOHOTITHIM OyaiBi [1-3].

Crnuparourich Ha  yCHIIIHUK  JOCBIf
OyIiBeIbHUKIB MHUHYJUX POKIB, a TaKOX Ha

JOCBi 3apyODKHUX CIELIaNiCTiB, HHUHI B
VYkpaini 3alpONIOHOBAHO PI3HOMAHITTS
KOHCTPYKTHUBHUX CHCTEM 31 36ipHO-

MOHOJIITHOTO 3aJi300€TOHY, OPIEHTOBAaHUX Ha
BUMOTH CydacHOro OyJiBHMIITBA Yy IJIaHi
apXiTEKTypHUX Ta  00'€MHO-TUIaHYBAJIbHUX

pilICHb.
Y  mpomeci  OCHIDKCHHS — THTAHHS
3MGHIICHHST MacH MOHOJITHOI IUIMTH U

OJTHOYACHOTO  3a0e3NedyeHHs  HEepeKpHUTTA
PIBHOIO  MOBEpPXHE  CTeldb 3 SIBUJIOCH
KOHCTPYKTUBHE  pIIIEHHS  NEPEeKpUTTS 3

BUKOPUCTAHHSM ITYCTOT IUIACTUKOBUX KYJIb.
[licna ananizy HasBHUX KOHCTPYKTHBHHX
cucteM OynaiBenb 13 301pHO-MOHOJIITHOTO
3a;mi300€TOHY 1,  30KpeMa,  KOHCTPYKLiH
NEePEeKPHUTTIB, IO BXOAATH A0 HHX, aBTOPHU
3alpoONOHYBaJIM 1  YMCENBHO  JOCIHIJIWIN
KOHCTPYKIIIO MOJIETIIIEHOTO 301pHO-
MOHOJIITHOTO TEPEKPUTTS, 110 BUKOHYETHCS 3
TJIUTH-OMIayOKu [2] MycTOTOYTBOPIOBAUiB Ta
MOHOJIITHOTO OeToHy. Konctpykuis

MIEPEKPUTTS MTOKa3aHa Ha PUCYHKY 1.

Puc. 1. [Tnuma nepexpumms 3 posmiugeHuUMU 8cepeouni
HOPOACHUCIUMU NAACTRUKOBUMU KVAAMU

IlepekpuTTs 1€l CUCTEMHU CKJIAAETHCS 3
apMyBaJIbHOTO ~ KapKaca, BCEPEAHMHI SIKOTO
PO3MIIIIEHI TMOPOXHHUCTI KyJi 3 BTOPUHHOI
CHPOBHUHU — TOJIETHIICHY Ta 3a11300€TOHY, 1110
3aMOBHIOE BECh MPOCTIP MK KyJbKaMH Ta LIap
OCTOHY HaJ| HUMH.

[To HU3Y ocepeaKy MEpeKpPHUTTs MPAIOIOTh
apMaTypHI CTPHXKHI, IO CIIPUAMAIOTh 3YCHILIS
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po3TaTy. YV MICISIX TIEPETHHY TCPEKPUTTS 3
KOJIOHOIO 3aJIMINAIOThCA CYIUIbHI MOHOJITHI
CeKIii 3 apMaTypHHMH KapkKacamu, IIo
3a0e3Meuy0Th CIPUHHATTS Ha IUX JUTSTHKaX
MaKCHMAaJIbHUX 3YCHJIb.

MiKX BepxHIM Ta HW)KHIM eJIeMeHTaMHu
apMaTypHOTO KapKaca MICTATHCS TOPOKHHUCTI
IUTACTUKOBI Kyqi. B pe3ynprari mojermyerbces
KOHCTPYKIIiSI TIEPEKPUTTSI, 10, Y CBOIO Yepry,
3YMOBIIIOE 3HIDKCHHS MAacH TMPEKPUTTS Ha
35%, HDK  eKBIBaJICHTHE  TEPEKPHUTTS
CYLJILHOTO MOHOJIITHOT'O OETOHHOTO
nepekputts. lle cmpusie 3HAYHIA E€KOHOMIT
Marepiaay Ha OyiBIIi 3arajiom.

[lepeBara 3ampoONOHOBAHOTO PIMICHHS —
BEJIMKI TOTOB1 O BUKOPHUCTAHHS TEXHOJOT1YHI
MOJIyJi, IO BUTOTOBIISIOTHCS Ha 3aBoxi. Ha
OyZiBeTbHOMY  MaiJIaHYMKy JOBOASTH  JIO
ocTaTOYHOi (OPMH  TMPOCTOPOBI  KapKacHi
KJIITKU 13 BOY/JOBAaHUMHU B HHUX IUIACTUKOBUMU
KyJISIMU. ApMaTypHi KapKacu pO3TaIlOBYIOTHCS
y TOPU3OHTAIBHHX oOmanyOHux (opmax. s
CTBOPEHHSI 3aXHCHOTO Iapy OETOHy 3BepXy
KapKaciB YKJIaJalOThCs IUIACTUKOBI IMiIIpHI
€IeMEHTH, M0 3a0e3MevyloTh TOTPUMAHHS

TOYHOI BiACTaHI MK TIOBEPXHEIO OMATyOKH

Puc. 2. ®pacmenm kpinaenns na nogepxni onanyoKu
APMAMYPHUX KAPKACIE 3 NOPOIHCHUCIUMU
NAACIMUKOGUMYU KYIAMU

Mera  jgociigKeHHIT —  OTPUMAaHHA
ONTUMAJBPHUX TapaMeTpiB KOHCTPYKTUBHOTO
pIIICHHS  TIEPEKPHTTS  Ta  HAIMPYKEHO-
neOpMOBAaHOTO  CTaHy IUIOCKOTO  30ipHO-
MOHOJITHOTO TEPEPUTTS 3 IYCTOTaMH 3
IJTACTUKOBUMH KYJISIMHU.

Hns  mocsrHeHHS
3[11ICHEHO:

IIOCTABJICHOI METH

. BHBUEHHS Ta aHAN3 ICHYIOYHX
KOHCTPYKTUBHUX pIIEHb IUIOCKUX 30ipHO-
MOHOJTITHUX TIEPEKPHTTIB;

2.  BuOip  HaWOiIBII
pO3Mipy IIyCTOTOYTBOpYyBaua;

3. Amnaniz ymMoB poOOTH MOJETLIEHOTO
MNEPEKPUTTS 3 PI3HUMHU MIPOTrOHAMHU Ta PI3HUMU
JllaMeTpaMy Iy CTOTOYTBOPIOBAUiB.

Mera crarri — 4MCENBHI JTOCHIDKEHHS
Harpy>KeHo-/1e(h)OpMOBAHOTO CTaHy
3aMpONOHOBAaHOI KOHCTPYKIIi{ 30ipHO-
MOHOJIITHOI'O TEPEKPUTTS 3 IyCTOTaMu 3
TUTACTUKOBUMU KYJISIMH.

paIioHaTbEHOTO

PesyabTaTtn IOCTiIKeHD. Amnais
NOUIMPEHNX B YKpaiHi  pO3paxyHKOBHX
IPOrpaMHUX  KOMIUIEKCIB ~ IIOKa3aB, 0

PO3paxyHOK 30ipHO-MOHOJIITHOTO TIEPEKPUTTSI 3
MyCTOTaMU 3 IUTACTUKOBHMH KYJISIMH MOJKHA
BUKOHATU Y OyAb-KOMY IPOTPaMHOMY ITaKeTi,
kUil 3a0e3revdye MOXIIMBICTh  PO3B'S3aHHS
CTaTUYHOI 3ajJadi, a TaKOX Yy MPOrpaMHUX
MaKeTax, B SKHUX MOXIIMBO, 33 OTPUMAaHUM
Harnpy>keHo-1e()OpMOBaHUM CTaHOM,
aBTOMAaTHUYHO MiAiOpaTu apMaTypy.

Jiss  4MCIOBOTO — aHAN3y  HAmpyKeHO-
neOpPMOBAaHOTO  CTaHy  KOHCTPYKIii  Ta
OLIIHEHHS BIUIMBY (DaKkTOpiB, IO BIUIMBAIOTH HA
HanpyXeHo-1e(pOopMOBaHM CTaH TUIUT 30ipHO-
MOHOJIITHOTO  TEPEKPUTTSA,  BUKOPHUCTAHO
nporpaMmuunii koMmruiekc «Jlipa» [4].

Jns  mocnmipkeHHST TPUHHATI MOHOIITHI
MEPEKPUTTS 3 TIOBKHUHOIO TPOTroHy 6, 71 8 M, 3
PI3HUMHU JiaMeTpaMu MycToToyTBOproBaua 180,
315 ta 500 mm. Bubip HaiOUIBIT ONTUMATBHUX
pPO3MIpIB TIEPEKPUTTS 3aJICKHUTHh BiJ] BUTPAT
MaTepialy Ha I TIEPEKPHUTTS 3a HaBEICHOIO
TOBIIUHOIO OETOHY JUISl ITyCTOTOYTBOPIOBAUiB
pI3HMX JliaMeTpiB, MNpU PI3HIA TPOCKTHIN
TOBIIHHI TUTATH IEPEKPUTTS.

KoHCTpyKTHBHA cXeMa IUTUTH TEPEKPUTTS
HaBeleHa Ha pHCyHKY 3. Ilpm mpomy s
PO3TIISIHY TOT KOHCTPYKTHBHOT CXeMHU
MEPEKPUTTST TMPUHAMAIINCS OJHAKOBI BiJICTaHI
MK IyCTOTOYTBOPIOBaYaMH 1 TOBEPXHIMHU
TUTUTH BUXO/ISTYH 3 MiHIMaJTBHIX
KOHCTPYKTUBHHUX BUMOT.
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Puc. 3. KoncmpykxmusHna cxema naumu nepekpumms
3 nycmomamu 3 n1aCMUKO8UMU KYIAMU:
a — NiaH po3mauly8aHHs KOHCIMPYKMUGHUX eNleMeHMIs,
6 — nepepiz naumu nepekpumms

Hns  pospaxyHky koHcTpykuii B IIK
«Jlipa» ~Mae OyTm CTBOpEHa  MOJEb
KOHCTpykuii. [lis  MonentoBaHHA — IJIMTA
po30mWBaEeTbcsl  Ha  CKIHUEHHI  CJIEMEHTH.
MogentoBaHHsl KOHCTPYKLIl IOKa3aHe Ha
MPUKIIAAL TUIUTH 3 TIPOTOHOM 6 M 1 JliaMeTpoM
nyctotd 180 Mm.

v JIOCITIJKSHH1 PO3paxoBY€THCS
MEPEKPUTTS KOXKHOTO BapiaHTa 3 ypaxyBaHHSAM
T€OMETPUIHUX XapaKTePUCTHK Ta
XapaKTepUCTUK MaTepiaiy.

JlJis  po3TJsAyBaHOTO BapiaHTa OCHOBHI
XapaKTepUCTUKH NEPeKpPUTTA Taki: JAlaMeTp
kym 180 mm; po3mip B ocsx 6x6 M; BHCOTa
wtu 230 mMm; kinac 6erony: C20/25; knacu

apMmatypu mutd npu 93...5 mm Bp-1 ta npu
06..25 mm A400c.

()

200

Puc. 4. 36edenuii nepepiz nepexpumms
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Puc. 5. Pospaxynxoea cxema nepekpummsi

Mogenwowun  po3paxyHKOBY cXeMmy,
nepepi3  IUIMTH  TEPEKPUTTS  3aMIiHIOEMO
3BEJICHUM Iiepepi3oM (puc. 4).

Po30buBky Ha  CKIiHYEHHI  €JIEMEHTH

3[IICHIOEMO B TaKUH CII0CiO:

— 3BepXy Ta 3HHU3Y 3aCTOCOBaH1 IUIMTHI
CKIHYCHHI eJIeMEHTH 42;

— YMOBHI OallKM TPUHUMAEMO Y BHIJISAIL
oanku-ctinku CE 41;

— MEPEeropoJKH MK IMyCTOTaMU MPUUHATI
y Burisni crprwkHiB CE 5.

Po3paxyHOK mepekpuTTiB MPOJIBOTOM 6, 7,
8 M 1 miamerpamu myctot 180, 315, 500 mwm,
BUKOHAHUHN 3a MEPILIOI Ta JPYrol TIPYIOr0
TPaHUYHUX CTaHIB.

XapakTepucTUYHe 3HAUEHHS THMYacOBOTO
HABAaHTA)XCHHS Ha TEPEKPHUTTS MPUHAMAIIOCs
piBHEM 1,5 KH/M?, sIK 101 KHUTIOBHX OyniBeb.

[locriliHe HaBaHTaXEHHS Ha  TEPEKPHUTTS
IpuiManocs 3 ypaxyBaHHSIM Baru
NEPETOPOJIOK. Po3wmip MOCTIHOTO

PO3paxyHKOBOTO HAaBaHTa)KEHHS Ha MEPEKPUTTS
cranoButh — 4,46 kH/M? [5].

Po3paxyHKOBI HaBaHTa)K€HHS MOKa3aHi Ha
PHUCYHKY 6.

53045 5394

a

445 446 445 446 445 445 446 445 445 445 445 445 445 440 445 445 445 445 445 445 445 445 445 445 445 445 445 446 446 445

HIEEENEENRRNENRNRNENNEERENEEE
6

18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

HENENEREREERERENRNEREEEEEEEEN

8

15 18 18 18 18 18 18 18 18

Puc. 6. Po3paxynkogi HaganmasicenHs Ha nepekpummsi:
a — 61acHa 8a2a KOHCMPYKYIi nepekpummsi;
6 — nocmitine HABAHMAIICEHHS HA NEPEKPUMIMSL,
6 — MUMYACO8e HABAHMAICEHHS HA NePeKPUmmsi
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Pe3yibTaToM  CTAaTHYHOTO  PO3PAaxXyHKy  , = = = = = o« e A
MEPEeKPUTTS 3 IMYyCTOTAMH Ta YMOBHHMH - ‘
OaKaM¥ CTaJIM OTpUMaHi 13010 Hanpyr Nx i
Ny y BepxHili Ta HWXKHINH MIUTI (B1AMOBIIHO
po3paxyHKoBoi Mozeni puc. 9). Takox
OTPUMAHO BENWYMHU Ta BUA aAedopmarii
nepekputts (puc. 6, Tadi.).

Unis of measurement-mm

Tabnuys
MakcumaibHi gedopmanii
3a BiINOBiTHNMH HAPSIMKAM#, MM
IIporonu IIporonun IIporonu .,
6x6 M X7 ™M 8x8 M B
= Puc. 7. [lepopmosana cxema nepexpumms
9 %o |w|lo|lo|lw |olg|lw |o
) [ee] — o [ee) — o [ee) — o . .
5| | m (B ) 3a 3aJaHOi KOHCTPYKTHMBHOI CXEMH Ta
b‘ JAaHUX HAaBaHTAXEHb BCI BapiaHTH  IUIAT
“d ol |59 |52 |d MIePEeKPUTTIB BIAMOBIAAIOTH YMOBaM 000X IpyIl
x 32K |2|S|213|5 |d PEEP ATTOBIAAIOTE Y py
© 9|l |8 | |o|c|oc |o TpaHUYHHUX CTAHIB.
™ |~ | o ~|lo|om —
y (93 |R|QIS 112|135 |2 BucnoBku
S|9|s|oc|oc |cs|s|s |o _ _
1. 3a aHami30M ICHYIOUMX MNpPOTrpaMHHUX
z |2 |82 R |8 |R § § 23 KOMIUJIEKCIB JUIT MOJEIIOBAHHS IOJIETILIEHOIO
A B B R A I = = 30ipHO-MOHOJITHOTO MEPEKPHUTTS 3 MyCTOTAMHU

3 IUIACTUKOBUMU KYJISIMH OOpaHO HpOrpaMHUit
KoMIuTeKC «Jlipay.

2. BukoHaHo MojeNb TEPEKPUTTS, IO
BIJIMIOBiZIa€ peaibHiid poOOTI KOHCTPYKIIIi.

3. 3a 3amaHOl KOHCTPYKTHBHOI CXeMH Ta
JaHUX HABaHTAXKEHb BCl BapiaHTH TUIAT
MEPEKPUTTIB BIJIMOBIAAIOTH YMOBaM 000X Tpyn
TPaHUYHUX CTaHIB.
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BUBIP OIITUMAJIBHUX TAPAMETPIB ITOJIET'IHHEHOT O IIVIOCKOI'O
INEPEKPUTTA 3 IYCTOTAMM 3 INTACTUKOBUMHU KYJISIMHA
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Anortauis. Ilocmanoeka npodnemu. ApxiTekTypHO-Oy/iBelbHE NPOEKTYBaHHSA Oy/iBeNlb 13 3aCTOCYBaHHAM
3aJ1i300€TOHY 3yMOBHJIO 3pPOCTaHHSI YMCIa OO'€KTIB 3 IHAMBIAYaIbHOIO 00'€MHO-TUIaHYBAIBHOIO CTPYKTYpOIO, 0Oararoro
pi3HOMaHITHICTIO (hacagHUX Ta 00'eMHUX pilleHb. ChOTO/HI aKTyaJbHUM CTAJIO NMUTaHHS NMPO ePEeKTUBHICTh 3aCTOCYBaHHS
IUTOCKOTO  30ipHO-MOHOJIITHOTO TIOJNICTIICHOTO TIEPEKPUTTS y 3BEACHHI 0ararormoBepXOBUX OyImiBenb 3 IHIMBITYHUMH
00'eMHO-TITAHYBaJIbHUMH Ta apXiTeKTYPHUMH PilIeHHAMH. B yMoBaX pHHKOBOi €KOHOMIKHM Pi3KO 3pic iHTEpeC 0 MUTaHHSI
PpamioHaJFHOTO BUKOPUCTaHHS PECypCiB, a caMe BUTpaT OCTOHY Ta apMaTypH B OyIIBHUIITBI, 10 OE3MMOCepeTHRO TOB'S3aHe 13
3aly4eHHsIM 1HBECTHUIIN. SIK Bimomo, mig gac mpoeKTyBaHHS OyaiBelb 31 30ipHO-MOHOJITHOTO 3a/Ti300€TOHY, Ha BiIMiHY Bij
30ipHOTO, 3'IBIETHCA BENIKa CBOOOIa B IPHUHATTI 00'€MHO-TUIAHYBAJIbHUX TIapaMeTpiB OyiBIi, a TAKOK MOXKYTh iICHYBaTH
OUTBII TIPOCTI KOHCTPYKTHBHI DIIICHHS, 30KpeMa, TepeKpHTTiB. KOHCTPYKTHBHE pIllIeHHS MEPEeKPUTTIB 3aJEKHUTHh Bil
YKCJICHHUX BHMOT, 1[0 BHCYBAIOTHCS B IIOMY 110 OyaiBIi 1 6e3mocepentso 10 nepekputts. OmnHa 3 BUMOT, IO BIUTUBAIOThH
Ha 3ayuyeHICTh IHBECTHIiH, — Maja MaTepiaJOEMHICTh TEPEeKPHUTTS MpPU 3HAYHUX [POroHaX OyiBedb PI3HUX
KOHCTPYKTHBHUX CHCTeM. E(eKTHBHE 3aCTOCYBaHHSI MOJIETHIIEHOTO MEPEKPHUTTS 31 30ipHO-MOHOJITHOTO 3aJ1i300€TOHYy 3
MyCTOTAMHU 3 TUIACTHKOBUMHU KYJISIMU Yy OYIIBHHIITBI MOTPEOy€e BCEOIYHOTO TEXHIKO-EKOHOMIUHOTO aHANI3y IHHOBAIIHHOTO
PpILIEHHS] KOHCTPYKLIT IEPeKPUTTS 31 30ipHO-MOHOJIITHOTO 3ani300eTony. Mema cmammi — BUKOHATH TEXHIKO-€KOHOMIYHE
TIOPIBHSHHS PI3HUX BapiaHTIB KOHCTPYKTMBHHUX PillIEHb IUIOCKOTO TMOJIETIIEHOTO 30ipHO-MOHOJITHOTO TEPEKPHTTSI.
Po3srasHyTOo BIIIMB MapamMeTpiB MEPEKPUTTS HA BUTpaTy OeTOHY Ta apMaTrypH. Bucnoeok. Y cTaHOBIICHO, 1110 SIK MaTepiai s
BUT'OTOBJICHHSI ITYCTOT i3 KYJISIMH y TUIOCKUX TIEPEKPUTTSIX PalliOHaIbHO BUKOPHCTOBYBATH MOPOXKHUCTI KyJIi 3 IepepoOIeHoi
BTOpCHPOBHHU. [Ipu 11bOMy BCi HOCTIIPKEHI BapiaHTH MEPEKPUTTIB 13 MpoboTaMu 6, 7, 8 M Ta po3MipaMH MyCTOT i3 KyJIb
niamerpamu 180, 315 ta 500 MM BiANOBIAFOTH BUMOTAM TIEpIIOL TA JPYTOi TPYIIH TPAHNYHHX CTaHIB.

KurouoBi cjoBa: 36ipno-mononimue Oyo0isHuymeo; 30ipHO-MOHONIMHe Nepekpumms; NI0CKe noaeculeHe
nepexpummsi; nyCmomoymeopyeay; nepekpumnisi 3 nyCmomamu; NepeKpummsi 3 nyCmomoymseoplosaiamu
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Abstract. Formulation of the problem. Architectural and construction design of buildings using reinforced
concrete has led to an increase in the number of objects with an individual space-planning structure, a rich variety of
facade and volumetric solutions. Today the question of the effectiveness of using flat prefabricated monolithic
lightweight floors in the construction of multi-storey buildings with individual space-planning and architectural
solutions is relevant. In a market economy interest in the issue of rational use of resources, namely the cost of concrete
and reinforcement in construction, has sharply increased, which is directly related to attracting investment. As it is
known, when designing buildings from prefabricated monolithic reinforced concrete, in contrast to prefabricated
concrete, there is greater freedom in adopting the space-planning parameters of the building, and there may also be
simpler design solutions, in particular for floors. The constructive solution of floors depends on numerous requirements
for the building as a whole and directly for the floor. One of the requirements that influences the attraction of
investments is a small material-intensive floor covering with significant spans of buildings of various structural
systems. The effective use of lightweight precast monolithic reinforced concrete floors with voids made of plastic balls
in construction requires a comprehensive technical and economic analysis of this innovative solution for the precast
monolithic reinforced concrete floor structure. The purpose of the article is to perform a technical and economic
comparison of various design options for a flat lightweight prefabricated monolithic floor. The influence of floor
parameters on the consumption of concrete and reinforcement is considered. Conclusion. As a result of the research, it
was established that it is rational to use hollow balls made from recycled materials as a material for making voids from
balls in flat floors. Moreover, all studied floor options with spans of 6 m, 7 m, 8 m and void sizes made of balls with
diameters of 180 mm, 315 mm and 50 Omm meet the requirements of the first and second groups of limit states.

Keywords: prefabricated monolithic construction; prefabricated monolithic floor; flat lightweight floor; void
former; floor with voids; floor with void formers

IToctanoBka mnpodjemMu. Y Cyd4acHOMY  KOHCTPYKTHUBHHMX pillleHb MEepeKpUTTiB. OnHUM
OyIIBHULTBI 0araTornoBepXOBUX  CHOPYJX 13 CHOCOOIB 3HMKEHHS Baru KOHCTPYKLIL
BapTiCTh NEpeKpHUTTiB aocsrae 30 % BapTocTi  MEPEKPUTTS OauUThCS BIAIITYBAHHS IYCTOT Y
3arajqbHOOYIIBETbHUX POOIT 1 Ha MEPEeKPUTTS  MEPEeKPUTTI, NpU [bOMY 3MEHIIYEThCS HE
npunagae g0 60 %  3aranbHUX ~ BUTpAaT  TUIBKM BUTpaTa OETOHY, a W 3arajgbHa Maca
3anmizo0eTtony. [loka3HuKM MaTepiaJOMICTKOCTI  MEPEKPUTTS, IO  CHOpUS€  3MEHIIEHHIO
NEPEeKPUTTIB BIUIMBAIOTh HA EKOHOMIYHICTh  3arajJlbHOr0 HABaHTAXKEHHS 1, SK HACIHIJOK,
yCiX KOHCTPYKIiM OyniBill, a caMe CTiH, KOJIOH,  3HI)KEHHIO BUTpPAT apMaTypu Ha apMyBaHHS
¢yHoamMeHTiB 1, B IUIOMYy, Ha 00'€eMHO-  TNEPEKPUTTS B IIOMY.

IUTaHyBaJIbHI piteHHs Oyaisess [1]. Y npoMy JIOCHIDKEHHI PO3TISIAETHCS

[Tutoma Bara HOBOOYJOB 13 MOHOJITHOTO  30ipHO-MOHOJIITHE 3aJ1i300€TOHHE MEPEKPUTTS 3
3a11300€TOHY B HHU3IIl BEJIMKUX MICT 3pociia 10  IMyCTOTaMU 13 IUIACTUKOBUMH KYyJISIMM, 32
25-30%. Ilpm 1bOMy TEpEeKpUTTS YACTO  JOMNOMOTOK SKHX MOXHA 3HAYHO 3HHU3HUTHU
BUKOHYIOTh 13 0€30aJIKOBUMHU IUTUTAaMU, SKI ~ BUTpaTH OETOHy, ajie TpH IbOMY OymiBIIsI
MaloTh MaKCUMallbHY MaTepiajoMicTKicTb. Lle  3a10BONbHATMME BUMOTHM LIOJO0 HaAIHHOCTI Ta
3YMOBJICHO THM, II0 CBOTOJHI  OOCST  JIOBIOBIYHOCTI.
3aCTOCYBaHHS HOBHUX KOHCTPYKTUBHHUX PILIEHb Takox y AaHOMy NEpEeKpUTTI NPHUIHATO
MEPEeKPUTTIB 13 MOHONITHOro abo 30ipHO-  pilIEHHS BUKOHAHHS YMOBHUX Oanok, uis
MOHOJIITHOTO ~ O€TOHy 3  BUKOPUCTaHHAM  OyJIBHHMIITBA SKMX He TpeOa BUKOPUCTOBYBATU
MyCTOTOYTBOPIOBAYiB  JIOCUTh Malldif, 1[I0  JOJAaTKOBY  ONAIyOKy,  3aBISIKH  YOMY
BUKJIMKAE 30UIbIICHHST BUTpaTH ctajii a0 50 % 3MEHIIUTHCS TEPMiH OYIBHHUIITBA Ta 3HU3UTHCS
MOpIBHSHO 3  TOMMPEHUMH  30ipHUMH  TPYAOMICTKICTB. [IpoGnema  parmioHaJbHOTO
MONEPEHBO HAMPYKEHUMH KOHCTPYKLISMU  BHUKOPUCTaHHS OyJAiBENbHOI CHpPOBMHU Ta

MIEPEKPUTTIB. 3/leIeBIeHHs OyAIBHMLITBA B HaIll KpaiHi
SIKio, BapTICTh HEPEeKPUTTS CTAHOBUTh  Jy)Ke Ba)IJIMBA Ta aKTyaJbHA.

30% Bim 3arampHOi BapTOCTi  OYMiBIIi, 3anpornoHoBaHe IUIOCKE 301PHO-MOHOJIITHE

HEOOXIAHO MPUIIIATH yBary po3poOJIEHHIO Ta  TMEPEKPUTTS SBIs€ COOOI0 IUIMTY ONalyOKy,

BUKOPHUCTAHHIO OUIBII €KOHOMIYHUX  PO3TallOBaHy IOHMU3Y IUIUTH HEPEKPUTTH,
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MOBEPX SKO1 BKIIAAAIOTHCS ITyCTOTOYTBOPIOBAUi
y BUTTISAL Kynb (puc. 1), a MOTIM BUKOHY€ETHCS
3arajibHE 3aMOHOJIIYEHHSI BCi€l KOHCTPYKIIi
nepekputts [2].

-

Puc. 1. [Inuma nepexpumms 3 po3amiujeHuMu 6cepeouHi
NOPOACHUCIMUMU NAACTMUKOBUMU KVAAMU

[TyctoTn B JTAaHOMY HEePeKPUTTI
BUTOTOBJISIOTHCS LIUIIXOM YKJIQJaHHS B O€TOH
HOJINPONiIEHOBUX MOPOKHUCTUX KyJlb
BHUCOKOi MIUTBHOCTI, M0 PO3TAIIOBYIOTHCS

3TIIHO 3 TMPOEKTOM 1 PO3MIILYIOTBECA MIXK
apMyBaJIbHUMH CITKaMH. Marepian
MMyCTOTOYTBOPIOBAYiB HE BCTYMA€ B XIMIYHY
peakiiro 3 6eToHOM abo apMarypor, HE Mae
MMOPHUCTOCTI, JOCTATHBO JKOPCTKICTUH 1 MIITHUH,
mo0 CHOpuiiMaTh HABAHTAKEHHS, TaKi SK
3aJIMBKa OETOHHOI cyMmitii (puc. 2).

Puc. 2. Bemonyesanns nepexpummsi
3 NYCMOMOYMEOPI08auamu 3 NIACMUKOBUX Kyilb

[Tonermene 30ipHO-MOHOJIITHE IEPEKPUTTS
3 MyCTOTaMH 3 IJIACTUKOBUMH KYJISIMH Ma€ Taki
nepesaru [3]:

— MEHIIIa Bara MEepeKpUTTs, MOPIBHIHO i3
CYUUIPHUMH  TUTUTaMH,  3aBISIKH  4OMY
3MEHIIYEThCSA KUIBKICTh a00 po3Mip HECHHUX
KOHCTPYKIIii Oy1iBIi Ta PyHIaMEHTIB,;
3HWKCHHST HAaBaHTAXXCHHS Ha HECHI
KOHCTPYKIIii MOJETIIEHOTO MePEKPUTTS;
MEHIII ~ BUTpaTH  MarepiajiB
MEPEKPUTTS;
30IBIIEHAS  YKOPCTKOCTI
MOPIBHSIHO 31 30ipHUM MEPEKPUTTIM;
30iiplIeHa BHCOTA TMEpepizy mpu
MEHIIMX BUTpaTax Marepialy, [0 MiJABHIIYE
KOPCTKICTh TOJIETIIEHUX ePEKPHTTIB;

Ha

TUTATH,
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— 3HIDKEHHSI TPAHCIIOPTYBAJIBHUX BUTPAT
KOHCTPYKLIi  TEepKPUTTS  TOPIBHAHO 31
30ipHUMU.

— TIOJIMNIICHa 3BYKOI30JIALISl y 3aKpUTHX
CTEITbOBHX IMOPOKHUHAX.

Mera crarTi BUOIp paliOHANIbHUX
napamMeTpiB  301pHO-MOHOJIITHMX  IUIOCKHUX
HNEPEeKPUTTIB 13 MyCTOTaMH 3 IUIACTUKOBUMHU
KYJISIMU TIPH 3aJIaHUX XapaKTEePUCTHKaX OCTOHY
Ta apMmaTtypu. PO3IIsIHyTO BIUIMB IapaMeTpiB
NEPEKPHUTTS Ha BUTPATy OCTOHY Ta apMaTypH.

PesyabTraT pocaigkensn. [ yncioBoro
aHaJizy Hampy»XeHO-Ie(OPMOBAHOTO  CTaHy
KOHCTPYKIIii 301pHO-MOHOITHOTO TEPEKPUTTS
3 MYyCTOTaMU 3 IUIACTUKOBHUMH KYJISIMH Ta
OLIIHEHHS BUTpaT OETOHy Ta apMaTypu Ha
NEPEeKPUTTS. CTBOPEHO DPO3PAXYHKOBY MOJIEINb
HEePEeKPUTTS 3 ImycToTamu [4], mo omepri 3a
KOHTYPOM Ha YMOBHI OaJKH, IIsl pO3paxyHKy B
nporpamMHomMy kKomiutekci «Jlipa» (muB. crarTio
B 1bOMY 30IpHHUKY). Y IbOMY KOMIUICKCI
BUKOHAHO PO3paxyHOK CTBOPEHOI MoOJei
NEPEeKPUTTS 3a NEpHIOI0 Ta JPYTro0 TPYIOI0
I'PAaHUYHUX CTAHIB.

OTpuMaHO TO3JOBXKHI Ta TOMEPEYHi
Hanpyru Nx Ta Ny y KOHCTPYKIIT IEpeKpUTTSL.

3a OTpUMaHUMH pe3yJbTaTaMHU HANPYTH
BUKOHAHO MiAlip apmarypu Ais  IUTUT
NEPEKPHUTTS 3 JJOBKUHOIO IPONILOTY 6, 718 M, 3
PI3HUMU JllaMeTpaMHu MycToToyTBOproBaya 180,
315 Ta 500 MM i KOpUCHE XapaKTEPUCTHUHE
HaBauTtaxxenud 1,5 xIla.

KoHCTpyKTHBHA cXeMa IUTUTH TEPEKPUTTS
3 MIPOroHaMH 6X6 M Ta MyCTOTOYTBOPIOBAYaMHU
nmiametpom 180 MM HaBeneHa Ha PUCYHKY 3.
[Tpu 1poMy Ui PO3IIIAHYTOT KOHCTPYKTHBHOT
CXEMHU TEPEeKPUTTS TPHUHMAINCI OIHAKOBI
BIICTAaHI MDK  IyCTOTOYTBOpIOBaYaMH 1
MOBEPXHSAMHU IUIUTH BUXOISYH 3 MiHIMAIbHUX
KOHCTPYKTUBHUX BUMOT.

Po3paxyHOK apMyBaHHS B TEPEKpPUTTI
BUKOHAHUN 3 YMOBH CHPHUHHATTSA apMaTyporo
BCIX  Hampyr  po3Tiry,  OINOPHUMH 1
IPOTOHOBUMH NONEPEUHUMH NTepepizaMu 0alok
1 TIONEepEeYHUM TMEepepi3oM IUIUTH MEPEKPUTTS.
[Totim 3a migiOpaHuMU AiaMeTpamMu apMaTypu
BUKOHAHO PO3KJIAJKy CITOK Yy TEpPeKpPHTTI

(puc. 4).
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Puc. 3. Koncmpyxmuena cxema naumu nepekpumms
3 HYCMomamut 3 RAACMUKOSUMYU KYJIAMU
a — naam po3mauly8arnHs KOHCMpPYKMUGHUX eleMenmis,
0 — nepepis niumu nepekpumms
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Puc. 4. Cxema posmawysanna cimok
UMY NepeKpummsi
v PO3paxyHKOBHX dbparmeHTax

MOHOJIITHOTO MEPEKPUTTS 3 IyCTOTaMH 3MiHa
K JIOBXMHU TIPOTOHY KOHCTPYKIii, Tak i
BEJIMYMHM IyCTOTOYTBOpyBada, a came 1
TOBIIMHY KOHCTPYKIIi1 Bilirpae 3HA4Hy POJIb:

1) 3HAYHO 30LIBLIYIOTHCSI BUTPATH OCTOHY
npu  30UTBIIEHHI  IYCTOTEYTBOpyBada  Ta
3MEHUIYIOTbCSI TpU  301IbIIEHHI BEIUYHHU
NPOroHy KOHCTPYKIIi (Tadu. 1).
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Tabauys 1

Burpatu 6eToHY Ha nepeKpUTTs, M/M?

Bapiant 1 (@180 mm, | = 6 m) 0,182
Bapiant 2 (@ 180 mm, | =7 m) 0,171
Bapiant 3 (@ 180 mm, | = 8 m) 0,169
Bapiant 4 (@ 315 mm, | = 6 m) 0,246
BapiauT 5 (@ 315 mm, | =7 m) 0,238
Bapiaur 6 (@ 315 mm, | =8 m) 0,246
Bapiant 7 (@ 500 mm, | = 6 m) 0,454
BapianT 8 (@ 500 mm, | =7 m) 0,439
Bapiant 9 (@ 500 mm, | = 8 m) 0,428

2) Brpatu apmaTypu 30UIBLIYIOTBCS IpU

30UTBIIIEHH] BEJIMYMHU MIPOTOHY Ta

3MEHILYIOTHCS npu 301IbIICHH]

yCTOTOYTBOPYBava KOHCTPYKIIii (Tab. 2).
Tabauys 2

BuTpaTu apMaTypH Ha IEPeKPHTTSI, M°/M?

Bapiant 1 (@180 mm, | = 6 m) 17,55
Bapiant 2 (@ 180 mm, | =7 m) 13,98
Bapiant 3 (@ 180 mm, | =8 m) 14,92
BapianaT 4 (@ 315 mm, | =6 m) 14,2
Bapianat 5 (@ 315 mm, | =7 m) 14,36
Bapiant 6 (@ 315 mm, | =8 m) 16,2
Bapiant 7 (@ 500 mm, | = 6 m) 4,88
Bapiant 8 (@ 500 mm, | =7 m) 3,86
Bapiant 9 (@ 500 mm, | =8 m) 4,17

3) BapricTe MarepianiB Ha yJAIITyBaHHS
1 m?

NEPEeKPUTT  30UIBIIYIOTBCS  TIPHU
30UIBIIIEHHI BEJIMYMHU MPOJILOTY Ta HpHU
301IBIICHH] %) IIyCTOTOYyTBOpYyBayua
KOHCTpyKIii (Tadm. 3).

Tabauys 3

BapricTh MaTepianiB Ha yJamITyBaHHS
1 m? mepeKpuUTTS, IPH

Bapiant 1 (@180 mm, | = 6 m) 936,0
Bapianr 2 (@ 180 mm, | =7 m) 804,15
Bapiant 3 (@ 180 mm, | =8 m) 827,9
Bapiaur 4 (3 315 mm, | =6 m) 979,5
Bapiant 5 (@ 315 mm, | =7 m) 966,3
Bapiant 6 (@ 315 mm, | =8 m) 1113,3
Bapiant 7 (@ 500 mm, | = 6 m) 1167,9
Bapiaur 8 (@ 500 mm, | =7 m) 1081,05
Bapiaut 9 (@ 500 mm, | = 8 m) 1088,1
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s BHU3HAYEHHS pamioHaJIbHUX ~ 3MiHAa MPOTOHY KOHCTPYKIIi TpHU TOCTIHHIN
napaMeTpiB KOHCTPYKIIi BpaxOBYeTbCS SK  TOBIIMHI  KOHCTpyKUii (@  MmycTOTOYTBO-
BUTpaTa MarepiaiiB, Tak 1 iX BapTicTb. 3a  proBaua). [Ipn 301UIBIIEHH] IIPOTOHY

MOTOYHUMH PO3IiHKaMu Ha cideHb 2024 poky  KOHCTPYKIi 3 6 10 8§ M BHUTpaTa apMmarypu
cepemHs BapTicth 1 M° Getony kmacy C20/25  36imbmryerscs.

craHoBuTh — 2 250 rpH; cepenHs BapTicTh 1 T 3. Jlna  BuUABIEHHS  ONTHUMAJbHUX
apmarypu ckimagae 30000 rpa. 3rimHo 3 mapaMmeTpiB KOHCTPYKIIi 30ipHO-MOHOJIITHOTO
BapTiCTIO MaTepialiB Ha ynamrTyBaHHs | M?  HepeKpUTTS 3 MycTOTaMM 3 ILIACTMKOBHMU

MEPEKPUTTS  HAHOUIBII  ONTUMAJIBHHM €  KYJSIMH BpPaxOBYEThCS HE JIMIIE BUTpATa, a U
MEePEeKPUTTS 3  NPOroHaMM  7X7M  Ta  BapTICTh MaTepiaiis.

mycToTOyTBOproBaueM ¢ 180 mm. [Ipu  30inbIICHHI  TOBIIMHU  IUIUTH
(O nycrtoroyTBOproBavya) UM  301IBIICHHI
BucnoBkn NPOroOHy KOHCTPYKWii 3 6 10 8 M

crocTepiraeTbesl 30inplIeHHS BapTocTi 1 M2

30ipHO-MOHOJITHOTO MEPEKPUTTH.

4. 3rigHO 3 BapTICTIO MaTepialiB Ha
ynamrtyBaHHs 1 M? TepeKpUTTsS HaiOimbI
ONTUMAJIBHUM € TEPEeKPUTTS 3 MPOrOHAMHU
7x7 M Ta myctotoyTBOproBaueM ¢ 180 mm.

1. YV pospaxyHKax TMEpPEKPUTTS IIOJ0
BUTpATH apMaTypH 3HA4YHY POJIb BiAirpae 3miHa
() myCTOTOYTBOPIOBada, TOOTO TOBIIMHU TLTUTH
MpU TOCTIHHOMY TPOTOHI KOHCTpyKIi. [Ipu
30impmienHi @ Bim 180 go 500 MM
CIIOCTEPITaeThCsl SMEHIIICHHSI BUTPAT apMaTypH.

2. Y po3paxyHKax TMEpPEeKPUTTS IIOJ0
BUTPATH apMaTypH BaKIMBY pOJIb Bijirpae
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Anotanisi. Ilocmanosxka npoonemu. B cydacHomy mporieci MpOSKTYBaHHS Jeaaii OilbIle BUKOPHUCTOBYIOTHCS
HepeoBi TEXHOJOTII, 10 JO3BOJISIIOTH CTBOPIOBATH CKIAMHI Ta iHHOBaliiHI OyxiBenbHI TpoekTH. Heiipomepeixi
BIJIIrpaloTh BaXKJIMBY pOJb y PO3BUTKY aBTOMAaTH30BAHUX METOZIB TeHepalii 300pakeHb B apxiTeKTypHil cdepi,
BpaxoBYIOYH Pi3HOMaHITHI cTwil, Gpopmu Ta Tekctypu. OnHaK, He3BaXKaloyW Ha IIBHIKHHA PO3BHTOK LIUX TEXHOJIOTIH,
ICHYIOTb Cepiio3HI MpoOJieMH, sIKi TajJbMYIOTh 1X ITOBHOLIHHE BIPOB3/DKCHHS B apXiTEKTypHY IPakTUKy. | eHeparis
KpPacHBUX KAapTHHOK-KOHIIEIIIIl 32 JOMOMOTOK HefpoMepex 3aHIIAEThesl Talekoro Bin peamizamii. L{i 306pakeHHs
MOXYTh OyTH IHCIpamifHUMH, aje He BUPINIYIOTh TEXHIYHUX AacleKTiB, TakWX SK po3poOmeHHs 3D-monenei,
MATOTOBKA KpECJIeHb Ta BHKOHAHHS PO3PaxyHKIB, SIKI HEOOXiAHI JUIi YCHINIHOTO BTUICHHS TPOEKTY B JKHTTS.
Heo0OxinHo 3a0e3meunti GamaHC MK €CTETHKOIO Ta (PYyHKIIOHAJIBHICTIO, IO € KIFOYOBHM MOMEHTOM ISl YCIIITHOI
peaizarii OymiBeTbHUX TIPOEKTiB. Mema cmammi — pO3TISHYTH MPOOJIEMATHKY, TOB'sI3aHy 3 TeHEepalli€lo KapTHHOK-
KOHIICTIIIH y cdepi apXiTekTypu 3 BuKoprcTanHsM MidJourney ra inmmx anangoriuaux miatdopm. OcHOBHH# HoOKyC —
I[e aHaJli3 TOr0, YOMY TeHepallisi KapTHHOK-KOHIIEMIIH CTaja JIMIIE MEePUIMM KPOKOM B apXiTEeKTYPHOMY MPOEKTYBaHHI.
IToTpiOHI momaTKOBiI eramu, Taki sk po3poOka 3D-momenel, MiArOTOBKA KPECIEeHb 1 BUKOHAHHSA po3paxyHkiB. Ile
JIO3BOJIUTH TEPETBOPHUTH i7Iei, MpeacTaBieH] Ha KapTUHKAX, Ha KOHKPETHI TPUBUMIPHI 00'€KTH, BPaxOBYIOUH TEXHI4HI
ACIIEKTH Ta iH)KEHEPHI CUCTEMH.

Kawuosi caoBa: wueipomepexci; MidJourney, apximexmypue npoexmysanns; 3D-modemosanns; wmyunuil
inmenexm

NEURAL NETWORKS IN ARCHITECTURE:
FROM IDEA TO IMPLEMENTATION

BEINER N.V.}, Cand. Sc. (Tech.),
BEINER P.S.?", Cand. Sc. (Tech.),
KULIK M.V.3, Cand. Sc. (Tech.),
IVANENKO D.S.%, Postgraduate Student

! Department of Construction Production and Project Management, Zaporizhzhia Polytechnic National University, 64, Zhukovskyi
Str., Zaporizhzhia, 69063, Ukraine, tel. +38 (050) 670-68-07, e-mail: beynern@gmail.com, ORCID ID: 0000-0002-6695-577X

2* Department of Construction Production and Project Management, Zaporizhzhia Polytechnic National University, 64, Zhukovskyi
Str., Zaporizhzhia, 69063, Ukraine, tel. +38 (066) 471-40-00, e-mail: beyner@icloud.com, ORCID ID: 0000-0002-3488-767X

3 Department of Construction Production and Project Management, Zaporizhzhia Polytechnic National University, 64, Zhukovskyi
Str., Zaporizhzhia, 69063, Ukraine, tel. +38 (099) 088-22-83, e-mail: starwarskmv4@gmail.com, ORCID ID: 0000-0002-4880-5217
4 Department of Construction Production and Project Management, Zaporizhzhia Polytechnic National University, 64, Zhukovskyi
Str., Zaporizhzhia, 69063, Ukraine, tel. +38 (068) 528-67-86, e-mail: d.sergeevich108@gmail.com, ORCID ID: 0000-0002-1635-
1214

18


mailto:beynern@gmail.com
mailto:beyner@icloud.com
mailto:starwarskmv4@gmail.com
mailto:d.sergeevich108@gmail.com
mailto:beynern@gmail.com
mailto:beyner@icloud.com
mailto:starwarskmv4@gmail.com
mailto:d.sergeevich108@gmail.com

VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

Abstract. Problem Statement. In the modern design process, advanced technologies are increasingly being
utilized to create complex and innovative architectural projects. Neural networks play a crucial role in the development
of automated image generation methods in the architectural field, considering various styles, forms, and textures.
However, despite the rapid advancement of these technologies, there are significant issues hindering their full
integration into architectural practice. Generating beautiful concept images using neural networks remains far from
realization. These images may be inspirational but do not address technical aspects such as developing 3D models,
preparing drawings, and performing calculations necessary for the successful implementation of projects. Striking a
balance between aesthetics and functionality is a key factor for the successful realization of construction projects.
The aim of the article is to examine the issues related to image concept generation in architecture using MidJourney
and similar platforms. The primary focus is on analyzing why generating concept images is only the initial step in
architectural design. Additional stages are required, such as developing 3D models, preparing drawings, and performing
calculations. This will transform the ideas presented in images into tangible three-dimensional objects, considering

technical aspects and engineering systems.

Keywords: neural networks; MidJourney; architectural design; 3D-modeling; artificial intelligence

IMocTanoBka mnpodiaemu. Y cydacHid
apXITeKTYpHIN MPaKTHUII 3'SIBUITUCS
IHHOBAIIIMHI TEXHOJOTil, IO IO03BOJISAIOTH

reHepyBaTH KpacHBl KapTUHKHU-KOHIENIT 3a
nonoMororo Heiipomepex. [lnatdopmu, Taki sk
MidJourney, DALL-E, NightCafe namarots
MOJKJIMBICTh HIBHJIKO CTBOPIOBATH Bpa)karoui
Bizyami3amii  OyJiBeJIbHMX  MPOEKTIB, IO
JI0TIOMarae  apxiTekropam  Ta  KII€HTaM
OTPUMATH YSABJICHHS MPO BUIIISAI MaWOyTHIX
CTHIOPYA.

[Ipore, He3BaxalyM Ha  €CTETHUHY
NpuBaOIMBICT, Ta IHCHIpAIiiiHy IiHHICTDH
3reHepOBaHuX 300pakeHb, BUHUKAE MpobiieMa
3 ix  (akTHYHOIO OPUIATHICTIO  JI7Is
BHKOPHUCTAHHS B apXITEKTypPHOMY
npoekTyBaHHI. ['eHepamis  KoHUemuid 3a
JIOTIOMOT OO HEHPOMEPEK 3AJIAIIAETHCS
JaJIeKOl0  BIJ  peamizamii, OCKIIbKH Il
300pak€HHSI HE  BHUPIIIYIOTh  TEXHIYHHUX
ACMeKTiB,  KPUTUYHUX  JJII  YCHIIIHOTO
OyIIBHUIITBA.

l'enepariiss KapTHHOK-KOHIEMIIIT
JUIIe TepIMid eTam B apXiTEKTypHOMY
nporeci. Ilo 3aBepiieHHI 1BOro  eTamy
HEOOX1THO MEPEXOJIUTH 0 OLIBIIT KOHKPETHHX
TEXHIYHUX 3aBJaHb, TaKUX SK PO3POOJICHHS
3D-Moxenelt, MATOTOBKA  KpecleHb  Ta
BUKOHAHHS PO3pPaxXyHKIB.

BincyTHicth TexHiuHOI 1H(pOpMalli mocTae
CYTTE€BUM HEJOJIIKOM. 3T€HEpOBaHI KapTHHKHU
HE MICTITh JIOCTaTHHOI TEXHIUHOI 1H(MOpMaIlii,
HEOOXiTHOI JUII  BUPILNICHHS  1HXCHEPHHUX
aCTeKTIB TMPOEKTy, TaKUX SIK KOHCTPYKIIif,
€JIeKTPUKA, BEHTUJISIIIS Ta 1HIII.

Taki KapTHHKH-KOHIIETIIT MOXYTh OyTH
KOPUCHMMH Ui 3arajilbHOTO YSBJICHHS TIPO

e
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MPOEKT, aJie ISl MPUUHATTS pillieHb Ta pOOOTH
HaJ JCTasIMU TMOTPiOHI OUTBII OOTpyHTOBaHI
TexHiuHl maHi Ta adamiz. Omxe, BaXIUBO
30epiraTd  OallaHC MK €CTETHYHICTIO Ta
TEXHIYHOIO Peai30BaHICTIO IPOEKTY.

MeTta po60oTM — BU3HAUUTH HEOOXITHI
JOJJATKOBI €TalM y TMPOLECi apXiTeKTypHOTro
IPOEKTYBaHHS 3a JONOMOIOI0 HEHPOMEpEX,
Taki fK po3poOka 3D-mopmeneit, miaroToBKa
KpeclieHb Ta BHUKOHAHHA PO3PAaxXyHKIB, SKI
BIZIITParOTh KIIFOYOBY POJIb y KOHKpeTH3alii Ta
YCHIIIHIN peanizaiii OyaiBeTbHUX MPOEKTIB.

OcHoBHa yacTuHa. CyyacHa apXiTeKTypa
MOCTIMHO PO3BUBAETHCS, IMparHydi MOE€THATH
€CTEeTUKY, (PyHKIIOHAJBbHICTh Ta 1HHOBAIIHUN
miaxig. PosrnsHemMo pons  HellpoMepex B
apxiTeKTypi, 30KpeMa, BUKOPUCTaHHS METOJIIB
reHeparii KOHIETIIH, K1 HaJal0Th MOXJIHBICTh
OTPUMYBATH YyHIKaJlbHI KOHIENTyalbHI (GopMu
Ta 17el, sIKI MOJKHa peajli3yBaTh Ha MPaKTHIIL.
Jns aHamizy Ta JOCHIDKEHHS IHUX AacIleKTiB
BuKopucToByBanmk  MidJourney, moTyxHHIA
IHCTPYMEHT, SKUH HajJae MOMXJIMBOCTI IS
HIBUKOI Ta €PEeKTUBHOI reHepallii Bpakarounx
Bizyaumizariii (puc. 1).

A » 2

OCHOBHOM

o

fu

@ (&M, Midjourney Bot Plan drawing tecnic hos
Midjourney Bot &G
Plan drawing tecnic house, architect house modern, curved walls, Tadao Ando style --v 4 - @Hanexa bediep (fast)

use, architect house modern, curved walls, Tadao Ando style --v 4 - @Hagexaa Garnep

Puc. 1. Ilpoyec eenepayii apximexmyprux KOHYenyii
3a 00ONOMO2010 Helpomepedic
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Y pamMKkax JOCIHiIKEHHS BHKOHYBaBCS
nomyk opra”iunux (Gopm. I[IpoBoamiock
YTOYHEHHS TEOMETPil OKPEMHUX apXiTEKTypHHUX
€JIEMEHTIB.

Buxopucranss Heilipomepex AJisl reHepanii
KOHIIETILIIH T03BOJIsIE CTBOPIOBATH OYAMHKU Ta
CIIOPY U, SIKI BaXKKO Oys10 O ysBUTH HaouHO [1].
Bonu MoxyTh OyTH HaJI3BHYaWHO CKJIaJHUMHU
Ta OpraHiYHUMH, a0bo, HAaBITAKH,
MIHIMAIICTHYHUME Ta (QyHKIiOHATbHUMHU [2].
[Ipuxnagom MOKe Oyt CTBOPEHHS
byTypuCTUYHUX KOHCTPYKITIH abo
apXITEKTypHUX  €JIEMEHTIB, SKi  1JeaJIbHO

BITUCYIOTHCS B MPUPOHI TanamadTH (puc. 2).

(=)

Midjourney Bot &0t

architecture, nautilus pavilion - Va by @Hagexna beiep (fast)

Puc. 2. Innosayitini konyenyii npoexmyeanHs
3a oonomozoro MidJourney

HaiiBaxuuBima mnepeBara BHUKOPHCTAHHSA
HellpoMepex y MPOeKTyBaHHI — MOXKJIMBICTb
peaiizyBaTH 3TEHEPOBaHI i/lei B pealbHOMY

xutTi. Lle BigKpuUBa€ NEPCHEKTUBH  JUIA
CTBOPDEHHSI apXiTeKTypHUX IIEJEBPiB, SKi
BPaXXAOTh  CBOEI0  OPUTIHANBHICTIO  Ta
€CTETHKOIO.

Lle#i mporiec IpyHTY€ThCsl HA BUKOPUCTaHHI
CKJIQJIHUX MOjeJed MTy4Horo iHrenekty [3].

baratro  300paxkeHb OMpaIbOBYETHCA B
KOHTEKCTI BUKOPHUCTAHHS TJIMOOKOTO HAaBYAHHS
JUIS ~ apXiTeKTypHoro  MogjemtoBanHs.  Lli

300pakeHHS MOXYTh BKItoyatu QoTorpadii
pi3HUX  cmopynd, OyniBenb, meH3axiB 1
nu3aiiHepchkuX KoHImenmi. Kpim Toro, mo
OIpaIlbOBYBAaHOTO HA0OpYy JIaHUX MOXYTh
BXOJIUTHA PI3HOMAaHITHI THIH apXiTEKTypHHUX
€IeMEeHTIB, Takl sk (¢acagu  OyIiBenb,
BHYTpIIIHI TPUMIIIEHHS, TIJIAHW TOBEPXIiB,
po3mimieHHs Me6niB Ta iHme. lle mo3Bosse
HEHPOMEpEKi CTBOPIOBATH OUIBII TOYHI Ta
peanicTuyHi Bizyaizaiii OyaiBeTbHUX
MPOEKTIB HA OCHOBI BXiJHHUX JaHuX [4].

20

Bukopucranus Heripomepexi MidJourney
JO3BOJNIA€  3a0e3MeuYuTH  1HAMBIAyali3aliiio
apXiTeKTypHUX TPOekTiB. JKomeH oO0'ekT He
Oy/ie mopyIyBaTH aBTOPChKi mpasa (puc. 3).

Puc. 3. Pesynomam nowyky opeaniunux ¢opm
y Hetipomepedxrci

Ls meiipomepeka 0a3yeTbCsl Ha BEITMKOMY
00CsI31  JaHWX Ta QJITOPUTMIB  TIMOOKOTO
HAaBUYaHHsA, [0 JO03BOJIIE 1M CTBOPIOBATH
VHIKQJIbHI KOHIIETIIii, BPaXOBYIOUH CIielu(iKy
micus Ta QyHKIIOHANBHI MOTpeOu 00'exTa [2].

MidJourney amamizye Ta ONpambOBYE
HaOOpW apXITEeKTYpPHHUX TapameTpiB, Taki sK
pO3MipH, dbopma, Marepiaan Ta
(GYHKIIOHATBHICT, 1 TeHepye pi3HOMAaHITHI
KOHIENIil, $Ki BIAMOBIAAIOTh YHIKaJIbHUM
BUMOT'aM KOXHOT'O TIPOEKTY [4].

(2]

Midjourney Bot %80
Clock sculpture, smooth shapes, in a modern park with pine

T

. Make Variations ® Detailed Upscale Redo ® Bata Upscale Rado W Remaster Web [2

Puc. 4. IIpuxnao suxopucmanms nelipomepesxci
MidJourney

BpaxyBaHHs 0COONHMBOCTEH  MICIICBOCTI
HaJa€ MOKJIMBICTH BiIOOpaKaTH 1IEHTUYHICTH
Ta KyJIbTYPHHH JyX KOXXHOTO KOHKPETHOTO
Micus. MidJourney  Moxe  amanTyBaTH
apxXiTeKTypHI ~ KOHIENIii 10  NPHPOTHUX
nei3axiB, MICIEBUX KIIMAaTHYHUX YMOB,
KyJBTYpHUX OCOOJHMBOCTEH Ta iCTOPUYHOTO
KOHTEeKCcTy.  Hampukian, mius  reHeparii
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CKYJNBITYpU TOJWHHUKA JUIS JaHIaQTHO-
pekpeaniiiHOi 30HM OyJlI0 BKa3aHO Mapamerp
OTOYCHHS «COCHOBHIA Jicy» (puc. 4).

KoxeHn  pe3dynprar  Mae  HE3HayHi
BiIMiHHOCTI. KapTuHky, 110 3reHepoBaHa,
MO)XKHa yTOYHIOBAaTM Ta KOpETyBaTH IS

OTPUMAaHHSI OUTBII ONMTHMAIBHOTO PE3YJIbTaTY.
Helipomepe:xka BpaxoByBaja L€ B CBOIX

aIropuT™Max Ta CTBOPWIA CKYJBITYpPY, sKa

rapMOHIHHO JOMOBHIOE IpOCTip (pHc. 5).

s’ -~ Sz

Puc. 5. Ilpuxnao ypaxysanms ocobrusocmeti micyesocmi
npu 2enepayii CKyIbnmypu 200UHHUKA

Bukopucranus HEWpOMEpEeK B
apXiTEeKTYpHOMY  TPOCKTYBaHHI  JI03BOJISE
JOCSATTH OUTBIIOT TBOPUYOCTI, €PEeKTHBHOCTI Ta
HeroBTopHOCTi [5]. 3actocyBanus MidJourney
Jla€ Taki mepeBaru:

1. MoxHa CTBOpIOBAaTM KOHIICMINi Ta
dbopMu, sgKi MOXyTh OyTH  abOCOIIIOTHO
YHIKaJTbHUMH. Boun JIOTIOMAararTh

PO3pOOHUKAM PO3TISAATH HOBI apXITEKTYpHI
171e1 Ta miaXoau, Mo paHiie Oyiu HeAOCTYIIHI.

2. BukopucranHs HEUpOMEPEK IS
reHeparii KOHIEMIIH MO)Ke 3MEHIIWTH dYac,
noTpiOHMN A7 pO3pOOJIEHHS — MPOEKTY,
OCKUTBKH QJITOPUTMH MOXYTh TIPAIOBATH HAJ
KiIbkOMa BapiaHTaMu ofHoyacHo. lle cmpuse
M ABUIIEHHIO TPOAYKTUBHOCTI [6].

3. € MOXJIUBICTD aJanTyBaTH
apxiTEeKTypHI  pIIIEHHd JO0 KOHKPETHOTO
cepenoBuIna a0 KOHTEKCTY, TAKOTO SK JIOKAITis

Oy1IBHUIITBA, KJIIMaTUYHI YMOBH,
€HeproeeKTUBHICTh TOIIO.
4. Heiipomepexi MOXYTh Ooytu

HaJAIITOBaHI Ha TeHepalil0 apXiTeKTypHHUX
(hopM 3 BHCOKOI EKOJOTIYHOIO CYMICHICTIO,
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JIOTIOMArarouy 3MEHIIUTH HETaTHBHHI BIUINB
OyIBHHIITBA HA HABKOJIUIIHE CEPEIOBHIIIE.

5. ApXiTeKTypHI KOHIEMIIii, CTBOpEHi 3a
JIOTIOMOT'OK0 HEMPOMEPEkK, MOXKYTh OYTH JIETKO
MoaudikoBaHi W aganToBaHI B MpoOIEC]
po3po0iieHHs npoekTy [7].

6. BuxopucraHHS HEHpOMEpe:x  MOXKe
HOJINIIUTH poOOUYni Mpolec apXiTeKTOpiB Ta
JIO3BOJIMTU M KOHIIEHTPYBATHCS Ha TBOPUYOCTI
Ta iHHOBaIlisX [5].

TakuM 4YUHOM, CTBOPEHHS apXiTEKTypHUX
dbopM 3a JIONMOMOroK HEUpOMEpek, sIKi He
oOMexeH1 TpaAULiHHUMU MiaXomgaMH,
BIIKDHBAE MOJXJIUBICTh I apXITEKTOPIB
eKCIEPUMEHTYBATH i3 CTPYKTYPOIO,
(YHKIIIOHABHICTIO Ta €CTETHKOI0. Takuit
MiXi  CHOpHsiE TOsBI  HEMOBTOPHHUX  Ta
IHHOBAIIMHUX ~ apXITeKTYpHUX pIlIeHb, SKI
NPUBEPTAIOTh yBary Ta CTalOTh CHMBOJIAMHU
KpeaTuBHOCTI. [OJIOBHOIO TIepeBarow craia
31aTHICTh reseparii YHIKaJIbHUX Ta
€CTeTUYHUX apXITEeKTYpPHHUX KOHIICHIH, SKi
Ba)XKO OyJ10 O MOJIENIIOBATH 1HITMMH 3aC00aMHU.

3a gomomororo Heipomepexi MidJourney
c(hOpMOBaHO Taki apXiTEKTYPHO-KOMIO3UITIIHI
pIIIICHHS:

1. JliThiii KiHOTEATp apXiTeKTypHUH
00'€eKT,  pO3paxoOBaHW  Ha  TPOBEIACHHS
KiHOTOKa3iB mpocTo Heba. Moro koHuenis Mae
opraHiuHi (opmu.

2. ®oHTaH «XBWIS 4Yacy» — YHIKaJIbHHUH
(doHTaH, SKU Mae CUMBOJIYHE 3HAYCHHS Ta
CTBOPIOE BPaKEHHS PYyXy Yacy.

3. BucraBkoBuii NaBiJIbIOH
apxiTeKTypHa clopyjaa, TMpu3HaYeHa s
TIPOBEJICHHS BUCTABOK i moiit. Foro dopma Ta
CTPYKTypa TPEACTaBICHA y BUIIIALI Cy4acHOI
IHHOBAIlIHHOI ~ CIIOPYyIM 3  BUKOPUCTAHHSIM
CKJSIHUX TIaHeNIel Ta MeTaJleBHX KOHCTPYKIIii,
0 CTBOPIOE  BPaXEHHsS  JIETKOCTI  Ta
PO30POCTi.

PosrnstHeMo Tiporiec CTBOPEHHS JIITHBOTO
KiHOTEaTpy. Ha IIOYaTKOBOMY erari
3aCTOCOByBaiacsi Heiipomepexxa MidJourney,
sIKa 3aIpOIOHyBaa YOTUPH Pi3HI BapiaHTH IS
MOUIYKY ONTHMAaJbHOI (OPMH  CTPYKTYpH.
KoskeH i3 X BapiaHTiB BpaXxOBYBaB €CTETHYHI
Ta (YHKI[IOHATBHI AacmeKTH KiHoTeaTpy, SsKi
OynH OTpHUMaHi 32 paXyHOK 3aIHUTy MO YiTKOMY
anroput™My. bymu 3amani  kpurepii, ki
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Ta

apxiTeKTypy

BKJIIOYAIOTh  OpPTaHIYHY
oro4eHus (puc. 6).

Puc. 6. I'enepayisn kxonyenyii r1imuvoeo Kinomeampy

3abe3neuyroun KOM(GOPT Ta €CTETHUHICTb
y TIpOCTOpi BIIKpUTOrOo HeOa, KOHIICTIis
JTHBOTO  KIHOTEaTpy  BpaxoByBaJia  Taki
BaXXJIMBI ACTMEKTH SK 30HYBaHHSI MPOCTOPY VIS
ONTUMAJIBHOTO  PO3MINICHHS TJISIa4diB  Ta
3a0e3neueHHs] 3py4YHOCTI mepeOyBaHHA. Kpim
TOTO, cropyaa Oyia ajanToBaHa J0 MOTOTHHX
yMOB, 3a0€3Meuyloun 3aXUCT BiJ COHILIA, BITPY

Ta JIOTILY, o6 IS agi MOTJTH
HACOJIO/DKYBATUCST KIHOMOKa3aMu B Oyab-sKy
MOTO/TY .

3reHepoBaHi 300paKe€HHS Ta KOHIICIIIIT
OyJH OIliHEHI 1 HaWOUTBII ONTUMANBHI PILIEHHS
oOpaHi Ui ToJanbIIOro po3BUTKy. Ilicis
uporo Oyna crTBOpeHa TouHa 3D-Moxens
KIHOTeaTpy, SKa sBisja co00K0 KOMOIHAIiI0
(¢parMeHTiB 3 OTpUMaHHX 300pakeHb. Jlms
IILOTO BUKOPUCTAHO BUCOKOJICTAII30BaHY CITKY
MOJIeT, IO JI03BOJIMJIA TOYHO BiJTBOPUTH
opraniuHi  (GopMu  cHopyld, a  TaKox
CHeIliayli30oBaHe MPOTrpaMHe 3a0e3MEUCHHS IS
ckybpnTuHry ZBrush.

Ha wmpomy erami
BHECCHI  KOPEKTHUBH,
BIAMIOBIOHICTE  KOXHOIO  €JIE€MEHTa  HOro
OPUTIHAJIBHOMY BHIJILYy Ta HPOMOPIIsM.
Komm’totepHuii CKyJIBITHHT CKIAAHOT (popmu
BUMarae  KpeaTHMBHOTO  OaueHHs.  [licis

MOJICTIIOBaHHS  Oyn
mob  3al0e3neunTu
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KoMOiHamii pi3HUX (PparMeHTiB  BHHHKIA
NPUHIMIIOBO HOBA CIIOpyJa, SKa BimoOpaxkana
HE JIMIIE PEaiCTUYHICTh, a W BIACTHBI
CTHJIICTUYHI Ta (PYHKIIOHATBbHI PUCH JIITHHOTO
KiHoTearpy (puc. 7).

Puc. 7. 3D-cmeopenus ucokodemanizo8anoi
cimxu mooeni

ZBrush — e nmporpamue 3a0e3MeyeHHs, 110
JO3BOJIIE  apXiTeKTopam 1  jJu3aiiHepam
CTBOPIOBATH BHCOKOIIOJITOHAIBHI MEpexi, sKi
JIOKJIQJIHO BIATBOPIOIOTH CKJIQZHI OpraHiuHi
dbopmu,  XapakTepHi A JaHmmadTHOT
apxiTeKTypu. 3aBIsSKd BUKOpUCTaHHIO ZBrush
MOXHa peTeIbHO BigoOpasuTH BCl JeTall,
BKITIOUAIOYHU TEKCTYPH Ta Pelibedu.

[licns  cTBOpeHHS  BHCOKOJETaNIi30BaHOI
3D-mopeni KiHOTeaTpy BOHA IMIIOPTYETHCS B
IHOIl T[porpamMu s HOJANbIIoi  0OpoOKu.
VY pamkax 1iei podotu Bukopucrano SketchUp.
Y  SketchUp wmopmeni ontumizyroThes  3a
JIOTIOMOT 010  I1ariHa Skimp, 1mo0 3MEeHIIUTH
KUTBKICTB TTOJIITOHIB 1 TTOJTITIIITATH
OPOAYKTHBHICTH  poboth 3  HuMH. Llg
ONTHUMI3aIlisl J03BOJIIE 30€perTu JeTaizaiiio
MojieTiel, ane poOUTh iX OUIBII JETKUMHU IS
00po0ku (puc. 8).

[Micns ontumizanii y SketchUp na moneni
HaKJIaJIAl0OThCSl TEKCTYypH Ta Martepianu. llei
eTan BYKJTHBHIA TUIS CTBOpEHHS
dboTopeamicTHYHUX  BI3yali3aliid, OCKUIbKH
TEKCTypU JOJAIOTh MOJIEISIM KOIIip, CTPYKTYPY
Ta peaJiCTUUHUN BUTIIA.

Ha ocnoBi 3D-mozeni niTHROro KiHOTEaTpy
CTBOPEHO TOYHI TEXHIYHI KpPECICHHS 3
BITMOBITHUMU po3MipamMu Ta Jetansmu. Llei
eTar BaKJIUBUN JIsl IEPEXOAY Bl KOHIICTIIIT Ta
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Bi3yamizamii 10  poOo4oi  TOKyMEHTaIlii,
HeoOX1AHOT s peamizalii MPoeKTy.

3aBISKH TOYHUM TEXHIYHUM KPECICHHSIM
BHU3HA4YE€HO BCl BXJIMBI MapaMeTpu Ta po3Mipu
ciopynu. Lle Bkimrouae B ceGe po3TanryBaHHS
€JIEMEHTIB,  KOHCTPYKILiiHI ~ JeTami  Ta
MaTepianu, siki 0yyTh BUKOpucTaHi (puc. 8).

Puc. 8. Kpecnenna ma 3D-moodenw kinomeampy

YV p e3yJIBTaTi LBOTO TIPOLECY BAANOCS Puc. 9. 'omose apximexmypue piwienns

OTpUMaTH JOKJaJHy Ta peadicTuyHy 3D-
MOJIeTIb  JIITHROTO KIHOTEaTpy, fKa cTala
OCHOBOIO JIJIs MOJANIBIIMX MPOEKTHUX PILIEHb 1
Bi3yauizamniii mpoexTy (puc. 9).

Simolity Preview

i

Puc. 10. Donman «Xeunsa uacy»
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Puc. 11. IIpoexm ucmasko8020 naginblioHy

Takum unmHOM, Ha CTajuli CTBOpPEHHS
JTITHBOTO KiHOTEaTpy, GoHTaHy «XBWJIS dacy»
Ta NaBUIBHOHY 3aCTOCOBAHO METOJUKY, IO
0a3yeTbCcsl Ha BUKOPUCTAHHI HEHpOMeEpex s
re’eparii KoHuentyansuux iaei. Takuil miaxin
JI03BOJIMB  €()EKTUBHO EKCIIEPUMEHTYBATH 3
pi3HOMaHITHUMH (opMaMH, TEKCTypaMH Ta
KOMIIO3UIISIMH, [I00 HIBHJAKO OTPUMYBATH
Bi3yalbHi pe3yJIbTaTH.

[TpoexT ponTany «XBHIS Yacy» HaBEACHO
Ha pucyHky 10, BUCTaBKOBHIl MaBUIbHOH — Ha
pucysky 11.

BucnoBxu

PosrnsiHyTO MpOOIEeMaTUKy BUKOPUCTAHHS
reHepanii  KapTHUHOK-KOHIEMNIii y  cdepi
apxiTeKTypu 3a JONOMOror  riardopmu
MidJourney Ta THIITHX aHAJIOTIYHUX
IHCTPYMEHTIB, SAKi BUKOPHUCTOBYIOTh
HeHpoMepeki JJig CTBOPEHHS Bizyami3amii
OyaiBEeTbHUX TPOEKTIB.

24

BaxnuBo po3ymiTd, IO AN yCHIITHOL
poOOTH 3 TEHepaIli€l KapTHHOK-KOHIIETII B
apXxiTeKTypi HEOOX1THO MaTH TJIMOOKI 3HAHHA B
cdepi apxiTekTypu Ta OyiBHUIITBA. PO3ymiHHS
apXITeKTypHUX NPUHLUIIB, KOHCTPYKLIMHUX
0COOJIMBOCTEH Ta TEXHIYHUX BHMOT — KITFOUOBE
JUTs1 €EKTUBHOTO BUKOPUCTAHHS 3r¢HEPOBAHUX
Bi3yauizamiid y mpoeKTyBaHHi.

Kpim TOro, HeEoOXigHO MaTH HaBUYKH
poOOTH 3 TPUKIAAHAMH MPOTPAMAMH  JUIS
MOJIETIIOBAaHHS Ta Bi3yaiizallii B TPUBUMIPHOMY
npocropi, Takumu sik ZBrush , SketchUp, Revit
abo Archicad, a Takox 3HaHHS mporpam s
pobotu 3 Tpadikor0 Ta 0OpOOKM 300pakeHb,
Hanpukian, Adobe Photoshop ab6o Adobe
[llustrator.

bytu ¢axiBuem y cdepi apxitekTypu
nependadae BMIHHS TIO€AHYBATH TEXHIYHI
3HAHHS 3 XYJIOXKHIM OaueHHSM Ta TBOPYICTIO.
Tinbku TOEAHYIOYM IIi  aClEeKTH  MOXKHA
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CTBOPHUTH Bi3yaltizailii, Kl HE JINIIIE €CTETUYHO Ta e(EeKTHBHO TIEPETBOPIOIOYM  ijei Ha
npuBabIuBi, a i BIAMOBIJAIOTH BUMOTaM Ta  KOHKpeTHI oOpa3u. Bisyamizamii MOXyTb
morpebaM  KOHKPETHOTO  apXiTEKTYpHOTO  CIYr'yBaTH  JDKEPEJIOM  HATXHEHHA IS
MIPOEKTY. BUDIIICHHS  KOHKPETHHUX  apXITEKTypHHUX
Omxe, g YyCHINIHOIO BHUKOPUCTaHHA  Ipo0OsieM abo CTaTh OCHOBOIO Il CTBOPEHHS
reHepauii KapTUHOK-KOHIIETILIN B apXiTeKTypi,  MOBHOIL[IHHUX IIPOEKTIB.
HEOOXIJHO MaTu KOMIUIEKCHE pPO3yMIHHS TakumM 4yumHOM, TeHepaliss KapTHHOK-
apXiTeKTypHOr0 MpoIlecy, TEXHIYHI HAaBUYKM  KOHIENUINA BiAKpuBae O34 MOKIMBOCTEH
pobGoTu 3 mporpaMHUAM 3a0e3MEeUeHHSIM JUIs Ul TBOPYOrO  MpoOIecy Ta  JO3BOJISE
MOJICIFOBaHHS ~Ta Bi3yami3amii, a TaKoXX  apXiTeKTOpaM CTBOPIOBATH IHHOBAIliHI Ta
TBOpPYUH WiAXi 10 BUKOHAHHS 3aBJaHb yHiKaapHI TpoekTd. KokHa KapTHHKA MOXKe

MIPOEKTYBaHHSI. OyTH BHUXI1THOKO TOYKOIO JJIsi HOBOTO MPOEKTY, a
Ile#i minxim JO03BOJNsiE  apXiTeKTopam  ii eIeMEeHTH — OydiBebHUMHU OJIOKaMH IS
€KCIIEpUMEHTYBATH 3 pi3HOMaHITHUMU  (OpPMYBaHHS HaWO1IBIIT BJIaJIOTO Ta

CTHJISIMH, CTPYKTypaMu Ta 00'eMamu, MIBUAKO  €()EKTHBHOTO PIlICHHS.
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AHoTanis. Y BuOopi craneil Juisi NPOEKTYBAaHHS BUCOTHHMX Ta BEJIMKONPOTIHHUX OyJiBENb MiJBHIIEHOI HECy4ol
3JIaTHOCTI JOLUUIBHO BiJIaBaTh NepeBary TOBCTOJIMCTOBOMY NPOKAaTy 3 HU3BKOBYTJICIIEBUX HU3BKOJETOBAHMUX CTaJeH,
OCKIJIbKH BiH, 32 OZJHAKOBOTO PiBHS MIIHOCTI 3 Oy/1iBEIEHIUMH CTAISIMH, Ma€ OLIBII BUCOKHI piBeHb IutacTu4HoCTi. [1pn
BOMY Tpo0JieMa BHKOPUCTAHHS TOBCTOJIMCTOBOTO NPOKATy 3 HHM3bKOBYIJICLIEBHMX HH3bKOJETOBAaHUX CTalled B
OyniBenpHIM 1HIYCTpil moysirac B aHI30TPOMii BIIACTUBOCTEH METAJONPOKATY, sKa MOXE ITJCHIIOBATHCS 31
30UIBIIEHHAM TOBIIMHU MeTaynonpokary. Hapasi B VYkpaiHi KOHTpOJbOBaHa MpoOKaTka — OJHA 3 HaHOUIbII
MEPCTICKTUBHUX TEXHOJIOTIH BHCOKOTEMIIEPATypHOI TEPMOMEXaHIYHOI OOPOOKH JUIsi BUPOOHHUIITBA TOBCTOJIMCTOBOTO
METAJONPOKAaTy 3 HU3bKOBYIJICHEBUX HU3BKOJETOBaHMX cTanmed. [Ipm 1mpomy 31 30UIBIIEHHSM TOBIIMHH
METaJIONPOKaTy, SKUH BHUPOOIAETHCS 3a III€I0 TEXHOJOTIYHOI CXEMOI0, €(PEeKT pPEerJaMEHTOBAHOTO YTBOPCHHS
CTPYKTYPHOTO CTaHy 3HIKYETbCS 4Yepe3 BIUIMB Ha TeMIlepaTypy HOBEpXHEBHX IIapiB  METalONpOKaTy
TEPMOJMHAMIYHOTO CTaHy BHYTPIIIHIX IIapiB Ta HECIPOMOXKHICTh HAsSBHOTO Ha BITYM3HSHHUX ITiJIIPHEMCTBAX
NPOKAaTHOTo o0NaaHaHHs poaedopMyBaTH MeTall 10 BCil MJIOIII onepeyHoro nepepidy. OTxe, akTyalbHUM OauUThCs
OTPUMaHHS B TOBCTOJINCTOBOMY METAJIONIPOKATI TAKOTO CTPYKTYPHOTO CTaHy, SIKMH 3a0€3MeUnTh 3HWKEHHS aHi30TPOIIiT
BJIACTHBOCTEH, 1110 J03BOJIMTh BHKOPUCTOBYBATH TaKWil METAJONpOKaT B OyniBesbHIN iHIycTpii. Mema cmammi —
JOCII/DKEHHST CTPYKTYPHOTO CTaHy HHU3bKOBYIJIelleBoi Hu3bkojeroBaHoi crami 10I20b, sky BupoOieHo 3a
TEXHOJIOTIEI0 KOHTPOJIbOBAHOI TMPOKATKH, 3aJE€XKHO BiJl TOBIIMHM MeETaloNpokary. Bucnosok. JlocmimkeHo
B33a€MO3B’SI30K MIJK CTPYKTYPHHM CTaHOM Ta TOBIIHHOIO METAJIONPOKATY 3 HU3bKOBYIJIEIIEBOI HU3bKOJIETOBAHOI CcTasl
10I"2®0Bb, sxy BHpOOJIEHO 32 TEXHOJIOTIEI0 KOHTPOJILOBAHOI MPOKAaTKU. BcTaHoBieHO, MO 31 30UIBIICHHSM TOBIIMHHU
30UTBIITYETHCS BiJICOTKOBUH BMIiCT ()epUTHOI CKJIAJOBOI 3 OJTHOYACHUM 3MCHIICHHSM BiJICOTKOBOTO BMICTY MEPIiTHOL
(asu. TlokazaHo, MO 3MiHM B MOBaX YTBOPECHHS CTPYKTYPHHX CKJIQJIOBUX TMOYHMHAIOTHCSA 3a 30IJBIICHHS TOBITHHHU
MeTajonpokary nmoHayn 30 MM, 10 TIOSCHIOETHCS BITMBOM TEMIIEPATYPH BHYTPIIIHIX MapiB HA MPOIECH (GopMyBaHHSI
CTPYKTYPHOTO CTaHy, a came 31 30UIbIICHHSM TOBUIMHU METAJONPOKaTy TEPMOJUHAMIUHA MIBUAKICTh (Da3oBHX
NepEeTBOPEHb Y CEPEeIMHHMX IIapax 3pa3KiB METaJONpPOKaTy 3MeHIIyeThes. llell BUCHOBOK MMiATBEPIKYETHCS BOMA
YHUHHUKAMU: MO-Tiepllie, 301IbIICHHIM PO3MIpIB MEPIITHUX KOJOHIH, Mo-apyre, — 3MiHOI MOPGOJIOTIi 1IEeMEHTUTHOTO
KapKaca MepJITHAX KOJIOHIH 13 3ur3aromnoionoro (tosmmHa 16...30 Mmm) Ha cTpiukoBwuii (ToBimuHa 40...100 Mm).

KuarouoBi cioBa: cmpykmypuuii cman, KOHmMponbo8ana RpOKAMKA, HU3bKOBY2leyesa HU3IbKONe208aAHd CHAlb,
MIKpOCMPYKMYpa, (OpMy8aHHS MIKPOCMPYKIMYPU, BMICI CIPYKIMYPHUX CKAA00BUX
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STUDY OF THE RELATIONSHIP BETWEEN THICKNESS
AND STRUCTURAL CONDITION OF ROLLED METAL
FROM LOW CARBON LOW ALLOY STEEL 10G2FB
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Abstract. When choosing steels for the design of high-rise and long-span buildings with increased load-bearing
capacity, it is advisable to give preference to thick rolled steel from low-carbon, low-alloy steels, since it, with the same
level of strength as construction steels, has a higher level of plasticity. At the same time, the problem of using thick
rolled steel from low-carbon, low-alloy steels in the construction industry are the anisotropy of the rolled metal
properties, which can increase with an increase in the thickness of the rolled metal. Currently, in Ukraine, controlled
rolling is one of the most promising technologies of high-temperature thermomechanical processing for the production
of thick rolled metal from low-carbon, low-alloy steels. At the same time, with an increase in the thickness of the rolled
metal, which is produced with this technological scheme, the effect of the regulated formation of the structural state
decreases due to the influence on the temperature of the surface layers of the rolled metal, the thermodynamic state of
the inner layers and the inability of the rolling equipment available at domestic enterprises to deform the metal over the
entire cross-sectional area. Therefore, the task of obtaining such a structural state in the thick sheet metal roll, which
will ensure the reduction of the anisotropy of the properties, which will allow the use of such rolled metal in the
construction industry, is urgent. Purpose of the article is to study of the structural state of low-carbon low-alloy steel
10G2FB, which was produced using the technology of controlled rolling, depending on the thickness of the rolled
metal. Conclusion. The relationship between the structural state and the thickness of rolled metal from low-carbon low-
alloy steel 10G2FB, which was produced by controlled rolling technology, was studied. It was established that with the
increase in thickness, the percentage content of the ferrite component increases with a simultaneous decrease in the
percentage content of the pearlite phase. It is shown that changes in the formation languages of structural components
begin with an increase in the thickness of the rolled metal over 30 mm, which is explained by the influence of the
temperature of the inner layers on the processes of forming the structural state, namely, with an increase in the thickness
of the rolled metal, the thermodynamic rate of phase transformations in the middle layers of the rolled metal samples
decreases. This conclusion is confirmed by two factors: firstly, an increase in the size of pearlite colonies, and secondly,
a change in the morphology of the cementite framework of pearlite colonies from zigzag (thickness 16...30 mm) to
ribbon (thickness 40...100 mm).

Keywords: structural condition; controlled rolling; low-carbon low-alloy steel; microstructure; microstructure
formation; content of structural components

IMocranoBka mpo6Jjemu. Y BuOOpi craneii  OyIiBEIbHUMH CTaJIsIMHU, Ma€ OUIBII BUCOKUH
ISt HPOEKTYBaHHS BUCOTHUX Ta  piBeHb  IUIacTMYHOCTi.  He3Baxkarounm  Ha
BEJIMKOINPOTIHHUX  OyIiBeNb  MIABHIIEHOI  MOPIBHSHO BHCOKY BapTICTh IIUX CTaJeH,
HECy4oi  3JaTHOCTI  JOLUIBHO  BiJJaBaTW  BHUKOPUCTaHHA iX y  IPOMHUCIOBOMY 1
repeBary  TOBCTOJIMCTOBOMY  MPOKAaTy 3  IUMBUIBHOMY OYAIBHHUIITBI CTajl0 EKOHOMIYHO
HU3bKOBYTJICLIEBUX HU3bKOJIETOBAaHUX CTajei,  JOLUIbHHUM, 3aBIJKH E€KOHOMIi TPOIIOBUX
OCKUIBbKM BiH, 332 OJJHAKOBOI'O pPIBHA MILIHOCTI 3 ~ BHUTpaT 3a paxyHOK 3MEHIIEHHS BapTOCTI
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MOHTaXXy, TpPaHCIOPTYBaHHS, 3BapIOBAIBHHUX
po0iT, 00’eMy HaIJIaBICHOTO MaTepianxy TOLIO
[1].

Pazom 13 mum mnpobiema BUKOPUCTAHHSA
TOBCTOJIUCTOBOTO pOKaTy 3
HU3bKOBYTJICLIEBUX HU3bKOJIETOBAaHUX CTajel B
OyIiBenbHIN 1HIYCTpli MOJSArae B aHI30TpOMii
BiacTuBocTel Metanonpokary [2]. ToOto min
yac  BUpPOOHMITBA  3BapHUX  METAJEBUX
KOHCTPYKIIH 13 3a3HAUYE€HOro THUIly CTajled Ta
MOJANBIIOI X eKcIuTyaTalii MOXe IOCTaTh
npobiemMa ¢bi3uvHOI HEJIHIHHOCTI
(Tepminomnoris 3rimHo 3 Bumoramu [3]). [lpu
LIbOMY HU3Ka €KCHEPUMEHTAIbHUX JOCIIKEHb
(muB., Hanpukiazn, podoru [4; 5]) MOKa3yIOTh,
110 edexT ¢bi3uaHOT HEeJIHIHHOCTI
30iMbIIyEThCST 31 30LMBIICHHSM  TOBIIUHU
MeTanonpokary. OTxe, akTyaJlbHUM OaduThCs
3aBJaHHS OTPUMaHHSI B TOBCTOJIMUCTOBOMY
METaJIONPOKATI TAaKOro CTPYKTYPHOIO CTaHy,

AKMA  3a0€3Me4YnTh 3HWKEHHS aHI30TpoImii
BIIACTHBOCTEH, 110 JI03BOJIUTH
BUKOPUCTOBYBaTH TaKUM METaJONpOKaT Yy

OyIiBeJIbHIN 1HAYCTPII.

Ananiz nyouaikaniii. Hapasi B VYkpaini
KOHTPOJIbOBaHA MPOKAaTKa — OJHA 3 HaWOLIbII
MEPCIEKTUBHUX TEXHOJIOT1H BHCOKO-
TEeMITepaTypHOi TePMOMEXaHIYHOT 0OpOOKHU ISt
BUPOOHHUIITBA TOBCTOJMCTOBOIO METAJIONPO-
KaTy 3 HU3bKOBYIJICLIEBUX HU3BKOJIETOBAHUX
CTajeH. Ile nDoscHIOETBCS  THUM, IO
TEXHOJIOT14YHA cxema KOHTPOJIbOBAHOT
MPOKAaTKM HAJa€ MOMIIUBICTh OIHOYACHOTO
MABUIIEHHS MIITHOCTI, IIJTACTHYHOCTI, B'I3KOCTI
1 XOJIOZOCTIMKOCTI 3a PaxyHOK OTpUMaHHS B
mporieci rapsidoi MPOKaTKH JpiOHOTO 3epHa
(deputy B o€ HAHHI 3 €PEKTOM TUCTICPCIHHOTO
3MIL[HEHHS.

HaiiBaxxmBima  0coOMUBICTE  MeETaly,
BUPOOJICHOTO 32 TEXHOJOTIEI0 KOHTPOJIbOBAHOT
MIPOKATKH, TOJIATAE B HASIBHOCTI MiKpOJ100aBOK
MOTY>KHUX KapOiJJOyTBOPIOIOYHUX EJIEMEHTIB.
[TapameTp penriTku kapOimiB i HITPUIIB MPSMO
BIUTMBAE HA MOJIMBICTh 3MIIIHEHHS MLUISIXOM
JMCTIEPCIHHOTO TBEPIiHHS iz qac
MIPOKATKH [6].

TakuMm YMHOM, CTPYKTYpHUH CTaH, IIO
YTBOPIOETHCS BHACITIJIOK 3aCTOCYBaHHS
KOHTPOJILOBAHOI IMMPOKATKH, 3AJICKHUTH Bif [7]:

28

J TeMIIepaTypu MEepeTBOPEHHs ayCTEHITY:
YUM HW)KYa TeMIeparypa IepeTBOPECHHS
ayCTEHITy, THM MEHIIUNA po3Mip KiHIIEBOTO
3epHa Qepury;

J BEJIMYMHH BHXIJHOTO 3€pHA AyCTEHITY:
(depuTHa CKIan0Ba 3apOUKYETHCS IEPEBAXKHO
Ha TPaHUISIX KOJIMILIHIX 3€pPEH ayCTEHITY;

J MOp(}oII0rii ayCTEHITHOIO 3€pHa;

J YTBOPEHHSI YaCTUHOK Jpyroi ¢asu, ski
BUAUISAIOTECS B (PEPUTHOMY 3€pHI.

Pazom i3 1uM, 31 301IBIIEHHSAM TOBIIMHU

METaJIONPOKaTy, SKUHA  BHPOOJSETBCS 32
TEXHOJIOTI€}0 ~ KOHTPOJBbOBAHOI  IPOKATKH,
edexT periIaMeHTOBaHOTO YTBOPEHHS

CTPYKTYpPHOTO CTaHy 3HHXKY€ETHCS 32 PaxyHOK
IBOX (haKTOPIB:

® pO3irpiBy MeTally 3a paxyHOK Tera
BHYTPIIIHIX 1IapiB (YMHUTHh CYTTEBHH BILUIUB Y
pasi TOBIIMHU MeTanonpokary moHan 40 Mm);

®  HECIPOMOXKHOCTI HasIBHOTO Ha
HiAIPUEMCTBAX Ykpainu MIPOKATHOTO
obnamHaHHs mpoaedopMyBaTH MeETal MO BCii
IJIOMII TOTIEPEYHOTO Tepepizy (Mae Micie st
TOBILUH METAJIONPOKATy OLIbIuX 3a 20 MM).

Meta cTarTi — TTOCJII KEHHS
CTPYKTYPHOTO CTaHy HU3BKOBYTJICIIEBOL
HU3BKOJIETOBAHOI  CTaji 10I20b,  sky

BUPOOJICHO 3a TEXHOJIOTIEI KOHTPOJIBOBAHOT
MPOKATKH, 3aJIekKHO BiJ TOBIIMHU
METAJIONPOKATY .

PesyabTatH gociimkeHb. Sk matepian
JUTSL  JIOCHIJDKEHHST OOpaHO HU3BKOBYTJICIICBY
HU3bKOJIETOBaHY cTajib 10I'2Db B TOBmIMHAX:
16, 20, 30, 40, 50, 70, 100 mM. BigmosimHuii
JUIA  KOXHOI TOBIIMHM XIMIYHUI  CKJIazg
(ycepennenuii) HaBeaeHo B Tabmuimi 1.
XiMiuHUH  CKJaa 3pa3ka BHU3HayaBCcs  3a
nornomororo  npunany  «SPECTROMAXx»
3rifiHO 3 pekoMeHamisMu [8].

JocnimxeHHs CTPYKTYpPHOTO CTaHy
3MIACHIOBANIM 13 3aCTOCYBAaHHSM PacTPOBOTO
eNeKTpoHHOro Mikpockona PEM-106I 3rigHo 3
PEKOMEHJIAIlIsIMH, HaBeJACHUMHU y mpami [9].
KinpkicHHIA ~ aHANi3  CTPYKTYPHOTO  CTaHYy
POOMIIM 3TiTHO 3 MPOIO3UIISIMU, BUKIAJACHUMU
B mipai [§].

AHaniz Mopdonorii CTpyKTYpHOTO CTaHy
3paskiB crani 10I2db (puc. 1, 2) nokazas, 110
JUTSL BCIX JIOCIHIIKYBaHUX TOBIIUH CTPYKTypa
cTami  sBIsiE  coOoi0  (hepHUTO-TIePIITHHNA
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KoHrJomepar.  @DepuTHi  3epHa  MalOTh  KOJIOHII KBa3i€BTEKTOIMY.
nojieapuuny ¢opmy. Ilepmit sBiase coboro
Tabruys 1
Ximiunmii ckaag craai 10I2db
Enement, %
ToBmmHa, MM
C Mn Si S Cr Ni Ti Mo \% Nb

16 0,15 1,29 0,25 0,004 0,02 0,01 0,016 0,002 0,062 0,04
20 0,16 1,28 0,24 0,004 0,02 0,01 0,015 0,001 0,061 | 0,038
30 0,16 1,26 0,23 0,004 0,02 0,01 0,015 0,002 0,062 | 0,038
40 0,16 1,27 0,26 0,003 0,02 0,01 0,016 0,002 0,059 | 0,042
50 0,17 1,37 0,21 0,004 0,03 0,02 0,014 0,006 0,046 0,037
70 0,17 1,43 0,19 0,004 0,08 0,02 0,015 0,009 0,036 | 0,016
100 0,18 1,43 0,34 0,003 0,04 0,02 0,014 0,002 0,036 | 0,024

20.00kV. _ x1.50k ___ 20um
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20.00kV  x3.00k 20um

Puc. 2. Mikpocmpyxkmypa cmani 101" 2®F 6 moswunax: a, 6 — 50 mm; 6, 2— 10 mm; 9, e — 100 mm

PesynpTat  mpoBeneHUX — MIOCHIKEHb  CTPYKTypHUH cTaH (opMmyeThcs 3a mobpe
MOoKa3ajiM, 10 Mpyd ToBmMHAX 16...30 MM  ommcaHUM y JiTepaTypi MexaHi3MoM (a3oBUX
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MEpeTBOPEHb, sKi BiAOyBarOTbCSA M dYac
KOHTpoboBaHOT mpokatku [10]. BigmosigHo
70 3aIpONOHOBAaHUX KOHIEMIIH, 3apoaKu
HOBUX (a3 3'ABIAIOTHCS HaWyacTille Ha
MOBEPXHI 3epeH ayCTeHITy i BkitoueHb. Hanami
BiIOyBa€eThCA MOCTYTIOBE 3pOCTaHHS
LEMEHTUTY i ¢deputy y BUIIIAAl NPUOINU3HO
PIBHOBICHUX yTBOPEHb.

Y neskuil MOMEHT Ha TpaHULAX 3€peH
BUHHMKAIOTh 3apPOAKH LIEMEHTUTY, 5IKI pOCTYTh Y
BUIJISIII  TUTACTUH ~ ycepeauHy 3epHa. Ha
MOBEPXHI KOXKHOI IUIACTMHU LIEMEHTUTY, 5K Ha
MiAKIAAI, KpHUCTami3yeTbest (depur, uomy
cripusie 30aravyeHHs 1€l JUISHKA ayCTEHITY
3amizoMm. PicT mnmactuHM (QepuTy BUKIHMKAE

30arayeHHsT BYyIJICIEM CYCITHBOT  JUISHKH
ayCTEHITy, WIO TOJIETIIyE TIOSBY HOBOTO
3apoJiKa [IEMEHTHUTY.

Takum YHHOM, IMO3MiHHA
MepeKkpucTagizamiss 1eMeHTUuTy W depury

MOIIUPIOETHCS  Y3JIOBXK TPaHULb. 3'SBISIOTHCS
KOJIOHIT TepiiTy, PICT SKUX TPHBAE 10 iX

B3aEMHOTO  3ITKHCHHS  (IUB., HANPHUKIAI,
puc. 1 2). Ilpu npomy ¢opMy IIEMEHTUTHOTO
Kapkacy MOJKITUBO BiJTHECTH hi (6]

3Ur3aronoAioOHoro Tumy (3rigHO 3 JaHUMHU
[11]). Takox mnpu 3a3HAYEHUX TOBIIMHAX Y
CTPYKTYp1 CIIOCTEPITaEThCS TaK 3BaHA MEpJIiTHA
CMYTAcCTICTh (Y4epryBaHHS CMYXOK (epury Tta
nepmity, auB. puc. 1 a, 6 0), IpUTamMaHHa

TEXHOJIOTTYHOO
npokatku [6; 7].

[Mpu toBmmHax Oimemux 30 MM TepiiTHA
CKJIaJloBa HE YTBOPIOE CMYTH, a PIBHOMIPHO
PO3MOAUISIETHCS IO 00’ emMy MeTtany (puc. 1 o,

CXEMOI0  KOHTPOJIbOBAaHOIL

puc. 2 a, 6 0). lle cBiguuth, MmO NpHU
30UIBIIEHH]  TOBIIMHM moHax 30 wMMm
TEeMIIEpATypa BHYTPIIIHIX apis
0e3nocepeIHbO BILIMBAE Ha poIecu
dbopMyBaHHS ~ CTPYKTYpHOTO  cTaHy. Sk

HACIZIOK, BCTUTAa€ BiAOYTHUCS TEepPepO3MOAILI
3epHOTPAHUYHOI  CYOCTPYKTYypH:  Mirparis
TPaHUIb HUIIXOM 30UIBIICHHS TEOMETPUIHHX
PO3MIpiB ayCTEHITHUX 3€peH 1, SIK HACIIiJIOK,
3MCHILICHHSI MOTEHI[IHHUX MICIhb 3apO/KEHHS
dbepury. Lle CIPUYHHIOE OJTHOYACHE
30UIBIICHHS pO3MipiB (epUTHOT (IHB. pHC. 2 0)
1 3MiHM yMOB (y mepiry dYepry, IIBHUIKOCTI
OXOJIO/IKEHHS) (dbopmyBaHHs HepIiTHOL
CKJIAJIOBUX, IO MIATBEPIKYETHCSA 3MIHOIO, 31
30IBIIEHHSIM ~ TOBIIMHU  METAJIONpPOKATY,
GopMH LIEMEHTUTHOTO KapKacy MepIiTHHX
KOJIOHIH 3 3ur3aromofionoro (muB. puc. 1 6, e,
e) Ha CTpiukoBHi (muB. puc. 2 6, 2, e)
BIJIITOBITHO 1o KIacudikaii, SAKY
3alpoInoHOBaHo y podori [11].

KinbkicHUiI aHami3 BIJICOTKOBOTO BMICTYy
CTPYKTYPHHX  CKJAJIOBHX Ta  pe3yJbTaTh
KUTBKICHOI ~ OLIHKM  PO3MIPIB  CTPYKTYpHHUX
CKIIaIOBUX ((pepUTHUX 3E€peH Ta KOJOHIN

CTajnsiM,  sSIKi ~ BUTOTOBJEHI  camMe€  3a  NepJiiTy) HaBeAEHO y Tabmuii 2.
Tabruys 2
PesynbTaTn KiNbKiCHOI OLIiIHKM IapaMeTPiB CTPYKTYPHOTO CTAHY
ToBmmHA BMCOTKOtﬁﬁa‘;“;:;XC’TOBOyKTypH"X Po3Mip cTPYKTYPHHX CKJIAZ0OBHX, MKM
MeTAJI0NPOKATY, MM - -
¢eput nepJiT ¢epur nepJiT

16 80 20 7 7

20 85 15 8 0

30 75 25 9 11

40 80 20 13 13

50 80 20 4 14

70 75 25 15 16

100 75 25 18 17
CymicHu#l aHaii3 1aHUX pUCYHKIB 1...3 Ta  Takox MOXJIUBO MOSCHUTHU BIUIMBOM

Tabnmunp 2, 3 mokasye, 10 31 30UTBIICHHSIM
TOBIIMHUA  METAJIOMPOKATy  CIOCTEPIraeThCs
3pOCTaHHS PO3MIPIB CTPYKTYPHHX CKJIQJO0BHX,
IpU I[bOMY iX BiJICOTKOBE CITiBBITHOIICHHS
Mailke He 3MIHIOETHhCS (3MiHU TIepeOyBalOTh Y
Mexax gomyctumoi moxuOku). Lleit ¢akr

31

TEPMOJAMHAMIYHOTO CTaHy BHYTPIIIHIX IIapiB
Ha (ha30Bi MepeTBOPEHHS, SKi BiAOYBaIOTHCS Y
pasi IepeoxoJIOKEeHHS aycTeHiTy. To0To 3i
30UIBIICHHSIM ~ TOBUIMHM  METAJONpPOKaTy
TepMOJIMHAMIYHA MIBUIKICTH (hazoBux
NEPEeTBOPEHb y CEpPEeIMHHMX INapax 3pasKiB
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METaJIONPOKATY 3MEHIIYETHCSA.  BMICTY mepitiTHOI (aszu. [ns crami TOBIIMHOIO
[linTBEepKEHHSIM  LBOTO €,  MO-TIepIIe, 100 MM MikpocTpykTypa ckianaetbes 3 80%
30UTBIICHHS PO3MIpIB  TEpNITHUX KONOHIHA,  depury Ta 20% mepmiTy.

no-apyre, 3MiHa MopQoIorii IEMEHTHUTHOTO 4. Pe3ynbTaTd TMPOBEACHUX AOCHIIKEHb

Kapkaca. 3riJHO 3 pe3yJibTaTaMH, OTPUMaHUMU  [OKa3aJd, 10 3MIHM B YMOBax YTBOPEHHS
B pobori [11], 3ursaromomiOHa QopmMa  CTPYKTYPHHMX CKJIQJOBHX IIOYMHAIOTHCS NpU
LIEMEHTUTHOTO KapKacy TMEpJiTHOI KOJIOHIT  30UIbLIEHHI TOBIIMHU METAJONPOKATy IOHAJ
(cmoctepiraerbes juis ToBmMH 16...30 mm) 30 wmm. Ilpm  TOBHIMHAX — MeETaJONpPOKaTy

YTBOPIOETHCS 31 MIBHIKICTIO OXOJNIOMKeHHA,  16...30 MM cmocrepiraerbcs — NepiiTHa
OLTBIIIO0, HIXK CTPIYKOBA (CIIOCTEPITa€ThCs I~ CMYracTicTb,  NpHTaMaHHA  CTalsAM,  SIKi
toBIuH 40...100 Mm). BUTOTOBJICHI CaMe 3a TEXHOJIOTIYHOK CXEMOIO

KOHTPOJIbOBAHOT MPOKATKH.
Pa3zom i3 nuM, npu TOBIIMHAX OUIBIIMX 32
1. Jocnimxeno B3a€MO3B’ 30K MiK 30 MM mepJIiTHA CKJIaJIoBa HE YTBOPIOE CMYTH,
CTPYKTYpHUM CTaHOM Ta  TOBIIMHOK  a pIBHOMIPHO pO3MOIIISETHCS MO 00’eMy

BucnoBxu

METAIIOIPOKATY 3 HHU3BKOBYIJICLICBOI  wmeTany. Taky 3miHy MopQoorii MOXJIHBO
HU3BKOJICTOBAHO1 CTalil IOFZCDB, BI/IpO6J'IeH01 [OSICHUTU BIUIMBOM TEMIIEpATypH BHYTpiIJ_IHiX
3a TCXHOJIOI'1€K0 KOHTPOJILOBAHO1 ITPOKATKH. mapiB Ha MpoLecu (bOpMYBaHHH CTPYKTYPHOTO

2. IlpoBeseHuii KOMIUIEKC —[JOCIHDKEHb  cTaHy, a camMe 3i 30iIBIICHHSM TOBIIMHH
NOKa3aB, WO JUIs  yCiX TOBWIMH, sKi METAJIONPOKATy TEPMOJMHAMIYHA IIBHUJKICTh
posrisijanucs B poOOTi, CTPYKTYpa MICTHTh  (ha30BUX IIEpPETBOPEHb y CEPEIMHHUX IHapax
(pepuTHO-IIEPIITHUI KOHIJIOMEPAT y PI3HOMY  3pa3kiB METaJONpPOKATY 3MEHIIYEThCS.
BIZICOTKOBOMY CHIBBI/{HOLICHHI. Gepur Lleii BHUCHOBOK MiATBEPIKYETHCS BOMA
(opMyeTbest y BUIUIAAL 3€PEH MOMIEAPUYHOI  ypHHMKAMH: MO-TIEpIIe, 36iTbIICHHSIM PO3MIpiB
Gopmu, a mepniTHa CKIanOBa SABISE COOOK  mepmiTHMX — KOJIOHiH,  MHO-Ipyre,  3MiHOIO

KOJIOHIT KBa31€BTEKTO1 LY. MOp(}oJIOrii IEMEHTUTHOTO KapKaca MepIiTHUX
3. JloCmi/KeHHAMH BCTaHOBIIEHO, INO 31  KOJIOHIM i3 3Ur3aromnomi6HOro (crocTepiracThes
30UIBIIEHHIM TOBIIVHU 361JIBIHy€TI>CSI mig  ToBmuH 16...30 MM) Ha CTpi"IKOBI/Iﬁ

BIJICOTKOBMH BMICT (hepuTHOI CKIANOBOI 3 (cmocrtepiraerhes mis ToBmuH 40...100 Mm).
OJHOYACHMM  3MEHIIEHHAM  BiJICOTKOBOTO

CIIMCOK BUKOPUCTAHUX JKEPEJI

1. Tesenugeii 0. I. BHyTpiluHi KpuTepil OIIHKK SIKOCTI KOHCTPYKTHBHHUX DillIeHb NMPH MPOEKTYBaHHI CTaJEBUX
OyIiBeNbHUX KOHCTPYKIIW. [Ipomucnose Oyoienuymeo ma indicenepni cnopyou. 2020. Ne 4. C. 40-42. URL:
http://www.irbis-nbuv.gov.ua/cgibin/irbis_nbuv/cgiirbis_64.exe?121DBN=LINK&P21DBN=UJRN&Z211D=&S21RE
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OCHOBHI ITPUHIIUIIN 3BEJEHHA TA PEMOHTY HUBIJIbBHUX
BYJIUHKIB I3 BUKOPUCTAHHAM BIM-TEXHOJIOI'TH

T'APKVYIIA B. C.Y, kano. mexn. HayK, 00y.,
CUMOHOB C. 1.2, kano. mexn. HayK, 0oy.
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Awnorauis. Ilocmanoexka npooaemu. OcodIMBOCTI 3BEICHHS IIMBUIBHUX OyIUHKIB MOJATAalOTh Yy 3a0e3ledyeHH]
3MEHILICHHS] €HePrOBUTPAT, BUTPAT Ha IX YTPUMaHHS Ta TapMOHIIHE MOEJIHAHHS 3 MICBKUM CEPEAOBHIIEM; 3MEHIIICHHS
BapTOCTI OYAMHKIB, SIKI 3JJAIOTHCS JI0 EKCIUTyaTallil; CKOPOYEHHS TPHBAIOCTI CIIOPYPKEHHS IMBUIBHUX OyIiBEIb.
VY nporeci 3BeieHHS IIMBIIBHUX OYAMHKIB MOKE€ BUHHKATH BEJIMKA KUIBKICTh HEY3rOJUKEHHX MK CO00I0 omnepaii, sKi
CIPUYMHSIOTH 3HIDKEHHS SIKOCTI TOTOBOTO JKUTJIAa Ta MaTepiaibHi 30MTKH. 3aBIsIKM BHKOpucTaHHIO BIM-TexHoorii
MOJJIMBO MAaKCHMaJlbHO BpaxyBaTH NOAIOHI HEY3ro/DKeHI MOMEHTH Ta 3pOOHMTH Tpolec OyAiBHHLTBA OUIBII
epexTuBHUM. Mema cmammi — aHalli3 TMPaKTUIHOTO MOCBiMy BUKOpucTaHHA BIM-TexHomorii mis 3BemeHHS Ta
PEMOHTY UIWBIIBHHUX OyAiBENb, Y TOMY YHCII BUKOPUCTAHHS OCTOHIB i3 MOJIMEpHUMH T00aBKaMHU SK MaTepiaiy ULt
PEMOHTY UHBUIPHHX OYIWHKIB 3 TOTJAMy 30UTBIIEHHS TepMiHy IX ekcioryaTamii. Buchoeok. Hapazi cdepa
OyIiBEeTLHOTO BUPOOHHIITBA 3MIHIOETHCS JOCHUTH AWHAMIYHO. 30BCIM HEIaBHO He OyJo marepiamiB, ki O J03BOJSIIH
JIOCSITTH SIKICHO 1HIIMX pe3ynbTariB. lle Hacammepen momiMepHi M0OaBKHM O OETOHIB, SIKi Hapasi MpeacTaBieHi y
BENWKIA KUTbKOCTI. OTHAK BUKOPHUCTAHHS TOJIMEPHUX 00aBOK MOTpeOye MOBHOTO 00CATY 3HaHb MPO X BIACTHUBOCTI.
Lle HeoOXimHO TOMY, IO TaKi KOMIOHEHTH y pa3i HEJOTPUMAaHHs MPaBWI 1X BUKOPUCTAHHS MOXXYTh 3BECTH HaHIBEllb
3YCHJIISL BCIX YYacHHUKIB MpoekTy. HaBiTh SIKIIO MaTh AOCTaTHIN piBeHb 3HaHb MPO KOMIIOHEHTH, sSIKi BUKOPHUCTOBYE T€
Yd iHIIE BUPOOHMITBO, OyBalOTh CHUTYaliii, KOJU MOTOAHI YMOBH MOXYThb KapAWHAJIbHO 3MIHHTH pPE3yJIbTaT
OyniBenpHUX pOOIT, ane He 3aBXKAW y OuThIn BHTinHMKA Oik. BajkimBo BpaxoByBaTu He TiUIBKM iH(OpMALiO Mpo
B3a€EMOJIiF0 OaraThoX (PakTOpiB, a ¥ HEOOXIMHICTH 3BCACHHS IMBIILHOI OYJiBNI, SKa 33OBOJIBHSE TCILIOTCXHIYHUM
XapaKTEepUCTHKAM Cy4acHOTro OyAiBHHUITBA. BiJ 11bOro 3a1eXuTh He TUIBKU NMPUOYTOK BiJl 3aIJIaHOBAHOT'O MPOEKTY, a i
YMOBH MPOKMBAaHHs Ta KOM(OPT OaraTbox MOKOJIiHb HACEIEHHS HAllOl KpaiHH.

KarwouoBi cnoBa: yusinenuii 0younox; Oemon; nonimepHi 000a6Ku;, 008208iUHICMb, eHEP2OeeKMUSHICTIb,
BIM-mexuonoeii

BASIC PRINCIPLES OF CONSTRUCTION AND REPAIR
OF CIVIL BUILDINGS USING BIM-TECHNOLOGIES
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Abstract. Problem statement. The peculiarities of the construction of civilian buildings consist in ensuring a
reduction in energy consumption, costs for their maintenance and a harmonious combination with the urban
environment; the cost reduction of buildings that are rented out; reducing the duration of civil buildings construction. In
the process of building civil buildings, a large number of uncoordinated operations may occur, which lead to a decrease
in the quality of the finished housing and material losses. Thanks to the use of BIM-technologies, it is possible to
maximally take into account such inconsistent moments and make the construction process more efficient. Purpose of
the article is to analyse the practical experience of BIM-technologies using for the construction and repair of civil
buildings, including the use of concrete with polymer addmitures as a material for the repair of civil buildings from the
point of view of increasing their service life. Conclusion. Today, the sphere of construction production is changing
quite dynamically. More recently, there were no materials that would allow to achieve qualitatively different results.
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These are primarily polymer additives for concrete, which are currently available in large quantities. However, the use
of polymer additives requires a full knowledge of their properties. This is necessary for the reason that such
components, in case of non-compliance with the rules of their use, can nullify the efforts of all project participants. If
you have a sufficient level of knowledge about the components used by this or that production, there are situations
when weather conditions can radically change the result of construction work, but not always in a more favorable
direction. It is important to take into account not only information about the interaction of many factors, but also the
need to build a civil building that meets the thermal and technical characteristics of modern construction. Not only the
profit from the planned project depends on this, but also the living conditions and comfort of many generations of the

population of our country.

Keywords: civil building; concrete; polymer admixtures; durability; energy efficiency; BIM-technologies

IlocranoBka mnpodJjemMu. Y  CBITOBIH
MpaKTUIll 3BeACHHS OyIiBenb Ta CHOPYI
BUKOPHUCTOBYIOTh TEXHOJIOTIi 1H(OpMaLiiHOTO
MOJEIIOBAaHHSA, fAKI  HasuBawThbcs  BIM-
TEXHOJIOT1, npoIec  CTBOPEHHS  Ta
BUKOPUCTaHHA iH(pOpMalii npo cropyny, KUl
¢bopMye HanliHy OCHOBY [UIsl BCIX pILICHb
IPOTSArOM YChOTO JKUTTEBOIO LHMKIY 00’€KTa
(Big  paHHIX KOHLENUIA g0  pobouoro
[IPOEKTYBaHHs, OyIIBHMIITBA, €KCIUIyaTalii Ta
3HECEHHS).

Crpareria nepexony Ha BIM-texnonorii
nependavyae nsa migxoaum: Pull i Push. Pull
3HauuTh 30ip iH(OpMalii y HeoOXigHOMY
dopmari i B HeoOXimuuit yac. Push mepenbdauae
3a0e3neueHHs] MaKCUMaJIbHO JIETKOTO MEPEXOoay
Ha BIM-texnomorii nans BCiX  y4YacHHUKIB
OyAiBENTbHOTO PUHKY.

Peamizariiss cydacHMX BHUMOT CKOPOYCHHS
TEpPMiHIB 1  OCOOJMBOCTI  TPOEKTYBaHHS,
ONTHUMI3AIll MPOEKTHUX  pIlIEHb  CTAalOTh
OCHOBHMMH y NPOEKTYBaHHI HOBUX Oy/iBelb 1
cropyn, 3a0e3neyeHHs HEOOX1HOIO
iHpOopMaLiiHOO HiATPUMKOIO IIPOEKTY
BIIPOZIOBX YCHOTO WOTO JKUTTEBOTO ITUKITY
HEMOXJIMBE 03 3acTOCYBaHHS CHeEIialbHUX
BIM  (Building Information  Modelling)
TEXHOJIOTIl y TPOEKTYBaHHI OyAiBeTbHUX
00’€KTIB.

bynisenbHi 00’exTH BXKE IABHO
pO3IIIAIAIOTECS 3 ypaxyBaHHSIM YyciX (a3s:
MIPOEKTYBaHHS, OYIBHHMIITBA, EKCILTyaTallii.
JleTampHMI 1 BIAMOBITAIBHUN BHCHOBOK IIOJIO
BapTOCTI  pI3HUX  BapiaHTIB  OyJiBHMIITBA
noTpibeH Ime 10 MoyYaTKy MpoekTyBaHHS. Ha
cTafii MPOEKTYBaHHA HEOOXITHO BHKOHATHU SIK
MIHIMYM TpU YMOBHU:

- 3a0e3MeYnTH MaKCUMaJbHY SCHICTh LIO0/0

BCIX KOMIIOHEHTIB OymiBii, ii OCHAICHHS,

oprasizatiii Oy1iBHHUIITBA 1 T. II;
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- MaTd MOXJIMBICTb ONEPATUBHO BHOCHUTHU
3MIHM JI0 MPOEKTY, BPaxXOBYIOUH HOBI
noOakaHHsI 3aMOBHHMKa $KI  IOCTIIHO
BUHHKAIOTh, «HE 3MIHIOIOYH BiIBEICHUX HA
BCE TEPMIHIBY;

- 32 KOXHOI 3MIHU MPOEKTY, B KOXHOMY
HOBOMY BapiaHTi ONEPaTUBHO OTPUMYBATU
HOro eKOHOMIYHY  XapaKTepUCTHKY 1
pewty Bciel TexHI4HO1 iHpopMmarii [1].
Ananiz nyoJikaniii. Pozpo6ienns BIM-

MOJeJl Ha eTamnl MPOEKTYBaHHS OYyIUHKY
CYTTEBO 3MEHIIy€ KamliTajbHI BUTPATH Iif] 4ac
OymiBHHIITBA Ta 3a0e3medye€  MOKIIUBICTH

OTpUMAaTH EHeproepeKTUBHy OyaiBIIO, sKa
BIJIIIOBITA€ 3asBJIEHUM ITOKA3HUKAM.
Jlo  mpuHUUOIB ~ eHeproeeKTUBHOCTI
HaJIeKUTh HU3Ka KPUTEPIiB:
- TpaBWIbHA Opi€HTAIlil 3a CTOPOHAMH
CBITY;

- ypaxyBaHHS KJIIMAaTHYHUX Ta I€OJIe3UUYHUX
0co0JIMBOCTEH MIsiMU 3a0y10BH;

- BUOIp  ePEeKTHBHOIO  apXiTEKTypHOTrO
pIIIEHHS] 3 TMiABHUILEHOK KOMIIAKTHICTIO
dbopmu OyiBi;

- TpaBWIbHUN BUOIp MJIaHYBAJIbHUX PIIIEHb
13 po3TalllyBaHHAM XKUTIOBUX MIPUMIIICHb;

- OOMeXeHHS Koe(dimieHTa  3aCKIJIEHHSA
dacanis Ha piBHi 18-20 %);

- MAacHBHA TEILIO130JIAIIIs;

- eHeproe(eKTHBHI BIKHA;

- KOHCTpPYyIOBaHHS 0€3 TEIUIOBUX MOCTIB,
OJTHOPITHICTB;

- TEepMETUYHICTh OyAiBEIIbHUX KOHCTPYKLIN
Ta BY3JiB IPUMHUKaHHS;

- TPUMYCOBA BEHTHWIALIS 3 PEKYIIEPALIi€O.

VY npoextyBaHHI OyJIiBii CIIil BpaXOBYBaTH
TEIUIOBTPATH, SIKI MOXYTb OyTH TpaHCMICIHHI:
yepe3 CTIHM, Jax, IiABaJ, BiKHA, Ta
GbinpTpaliiHi — Yepe3 HEeMIIBHICTh B 000JIOHIII
OymiBii Ta cuctemi BeHTUIAIT [2; 3].
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3axongu 3 T ABUIIEHHS eHepro-
€(eKTUBHOCTI [UBIJILHOTO OyIMHKY:
BCTaHOBJICHHSI €HEProe(eKTHBHUX BIKOH Ta
yTEIUIeHH: (acaay HaBEIEHO Ha PUCYHKY 1.

HaiiGinpmn  edexTtuBHMI Martepianm s
3BEJICHHS] LUBUIbHUX OyIuHKIB — OeToH. Bin
3laT€H BUTPUMYBATH pPI3HOMAHITHI BILIMBU
HaBKOJIMIIHBOTO cepefoBuiia. ['ooBHa Horo
0COOJIMBICTh Yy TOMY, IIO BiH Habaratro Kparie

S | ™\ AN

BUTPUMY€ HABAHTAXXCHHS Ha CTHCK MOPIBHSIHO
3 IHIIMMH BUJAaMH HaBaHTaXeHb. ToMy
HEOOXIMHO BXXHUTH 3aXO4IB O IOJIIIIICHHS
COPUMHATTS HUM HABaHTAXKEHb IHIINX BUJIIB.
Jnsg 1mux nuied 3acToCOBYIOTh  apMyBaHHS
KOHCTPYKIIIN METaJICBUMH BHUpOOamu,
JUCTIEPCHE apMyBaHHS PI3HUMHU MaTepiajlaMH,
BBEJICHHS Pi3HUX JO0ABOK.

Puc. 1. 3axo0u 3 niosuwenns enepeoeghexmusHocmi yusiibHo2o0 OYOUHKY: ymenieHHs acady
ma 6CMAHOBNEHHS eHePeOepeKMUGHUX GiKOH

CyTT€BO MiABUIIUTH JOBIOBIUHICTH Ta
SKICTh OETOHY 3a11300€TOHHUX BUPOOIB MOXKHA
32 paxyHOK YBEIEHHS XIMIYHUX J100aBOK, 5Kl
O3BOJISIFOTH  IIOJIINIIATH  BJIACTUBOCTI  Ta
CTpyKTypy Oetony. IcHye Oarato m06aBOK
BITYM3HSHUX  BHpPOOHUKIB, SIKi  CBOIMH
BIIACTUBOCTSAMHU HE MOCTYNAOTHCS
3aKOpJIOHHUM, ajieé B 0aratb0X KOHCTPYKIIiSIX 1
BUpoOaX BOHU HE 3aCTOCOBYIOTHCS, TOMY IO
HOPMATHBHI JIOKYMEHTH BHCYBAalOTh JyXKe
YKOPCTKI BUMOTH HIOJI0 iX BUKOPUCTAHHSI.

e BUMOTH 1010 MIIIHOCTI,
MOPO30CTIHKOCTI, BOJIOHETIPOHUKHOCTI,
CTIKOCTI 7O  arpecwuBHOi il  PIOKUX
CEPE/IOBHIN, CTHUPAHHS, TPIUMHOCTIMKOCTI 1
JIOBTOBIYHOCTI. AKTYyaJIbHUM TIOCTa€ IMUTAHHS
3a0e3neueHHs BUCOKOI  TEXHOJOTIYHOCTI
[EMEHTHUX CHCTEM TIpU HHU3BKOMY BOJIO-
[IEMEHTHOMY  CHiBBIIHOIIEHHI, PYXJIUBOCTI
OCTOHHMX CyMilllel, EeKOHOMii IIeMEHTy Ta
eHeproHociis [4; 5].

Yactka OeToHIB 3 yMicToM J00aBOK
HEBIIMHHO 3pPOCTAa€, y IPOMUCIOBO PO3BHHEHHUX
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kpaiHax He MeHmie 90 % IEeMEHTHOro OeTOHY
BUITYCKAIOTh 13 XIMIYHUMU A00aBKaMU. XIMIYH1
N00aBKM 3aCTOCOBYTh MPAKTUYHO Yy BCIX
TEXHOJIOT1SIX BUPOOHUIITBA OETOHY, IO CIPHUSIE
MOsIBI HOBUX TEXHOJIOTiH, peani3yBaTu ski 0e3
n00aBOK  TPOCTO  HEMOXIIHUBO.  3aBISKU
no0aBKaM CydacHUI OETOH MEpeTBOPIOETHCS Ha
BCC CKIQIHIMUKA KOMIO3MIIIMHWA Marepial,
BJIACTUBOCTI  AKOrO  MOXYThb  HabaraTo
NepeBepIIYBaTH TPAAUIIIHHII CKIa]l OETOHY.

VY KOMIUIEKCHY 100aBKY IMOBUHEH BXOAUTH
e(eKTUBHHI CyrepruiacTuikaTop, a TaKoxX
MOKJIUBI J100aBKH, fAKi KEpYIOTh KIHETHKOIO
TY>KaBJICHHS 1 TBEPIIHHS, TOBITPOBTITYIOUI

M00aBKM 1  TIHOTACHHWKH, JHUCIEpPCHI 1
TOHKOAMCIIEPCHI ~ MiHEpaJbHI  HAIOBHIOBAWI.
Cxiag  KOMIUIEKCHOI  100OaBKM  ITOBUHEH

BIJIMOBIIaTH BUOpaHi TEXHOJOTIT 1 33aJaHUM
BJIACTHBOCTSIM OCTOHY.

3HayHy yBary MNPHIUISIOTH BiJTHOBJICHHIO
MIIHOCTI Ta POOOTO3aTHOCTI MOUIKOKEHUX
OCTOHHHX Ta 3alli300€TOHHUX KOHCTPYKIIN
TpuBaJIoi ekcruryartamii. s 3ami300eTOHHHX
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CIIOPYJl CHTyaIlisl 3aroCTPIOEThCS dYepe3  iX
PO3TPICKYBaHHA BHACHIZOK KOpO3ii CTasleBoi
apMaTyp, 4epe3 M0 30UTBIIY€EThCS CyMapHUH
00’eM MeTady 1 HPOXYKTIB KOpO3ii, a, OTXKe,
BUHUKAIOTh PO3TATYBAJIbHI HANpY>KEHHS Y
OCTOHHUX MAaTpUIX. YTBOpEHHS B OCTOHI
TPIIMHONOIOHUX e(eKTiB — OCHOBHA 3arpo3a
MIIHOCTI Ta JOBTOBIYHOCTI TAKUX KOHCTPYKIIiid,
TOMY, «3aJIKOBYIOUM» (yCyBarouM) iX, MOKHA
TIOJTITIIMTH 111 XapaKTEPUCTUKH [6].

Jleski 3 KOHCTPYKILIN MiJar0ThCs BIUIUBY
ocobnuBUX yMmMoB. Hampukiaza, HamiB3MiHHOTO
3BOJIO’KEHHS Ta BUCYIITYBaHHS, 3aMOPOKYBaHHS
Ta BiATaBaHHS, MOCTIHHOI Oii  BOJOTH,
HABAaHTAXXCHHS PI3HOTO BUIY Ta iX MOEIHAHHS
tomro. J[yis HaaiiHOT Ta TpUBAJIOl EKCILTyaTalli
Takux OyJiBEeNb BKpail BaXKJIMBE 3aCTOCYBaHHS
SKICHUX MarepianiB, siki OyayTh BiANOBIAAaTH
BCIM BHMOTaM iX 3aCTOCYBaHHS.

3akiamHi nerani 3113006 TOHHUX
KOHCTPYKII, MO0 EKCIUTyaTyIOThCs, MOXYTh
nepeOyBaTH  MiJ  BIUIMBOM  KOPO31HHOTO
cepesoBuINa a00 IMMKIIYHUX EKCIUTyaTaliiiHuX
Ta  KIIMaTUYHUX  HaBaHTaXxeHb  (BITpY,

temneparypu). Lle Moxxe CIpUIMHUTH KOPO3ir0
TPIIIMHONOIIOHUX

Ta BUHUKHCHHS

MOUIKO/UKEHb B aHKEpax MpOTAroM  iX
eKCIuTyaTalii 1 30UIbIINTH PU3HMK PYHHYBaHHS
3aKIaaHUX Jetanei. Haciimkom pylHyBaHHS
3aKJIQAHUX JeTasell MoXKe CTaTh OOBaJeHHs
KOHCTpYyKIIii [7].

3HayHa YacTHUHA KUTIOBO-OYiBEIBHOTO
dboHAy Ta 1HMMX OCTOHHUX 1 3a/11300€TOHHUX
cropy — 1e 00’€KTH, 110 B)K€ TPUBAIMN 4ac
EKCILTyaTyIOThCs 1 MOTPeOyIOTh PEMOHTY Yepe3
BUHUKHCHHS B HUX Pi3HUX MOUIKO/KeHb. OIHUH
13 TMEepCHEKTUBHUX CMOCOOIB  BiAHOBICHHS
MOIIKO/PKEHUX €JIEeMEHTIB KOHCTPYKLIH — Ie
TEXHOJIOTIi 1H €KTYBaHHS NEPEKTHUX 30H, SIKi

nepeadavyaoTh  3aMOBHEHHS  IMOIIKODKEHHUX
MicIb OETOHHUX i 3113006 TOHHUX
KOHCTPYKUIA 1 crnopyn (y BHIVISAL TPILIUH,
MOPOKHUH, BUKPUIIYBaHb, BiIIIApOBYBaHb

TOIIO) PIAKAMH (HAWYaCTIIE TOJIMEPHUMH)
MaTepiaaMu, 3JaTHHUMH ICIs KpUCTami3aril
abo mommepwm3anii ¢opmyBaTH 3 OETOHHOIO
MaTpPHIICIO MIIlHI aare3iitHi 38’ s3ku [§].

Tunose MOIIKOKEHHS LIUBUIBHOTO
OyIMHKY Ta COPYIH (TPILIMHU, CKOJIH, KOPO3is
0eTOHYy Ta METaJIEeBUX €JIEMEHTIB) MOKa3aHO Ha
PHUCYHKY 2.

Puc. 2. Tunoge nowxooxcenus yuginbHoco 6yOuHKy: mpiunu, CKOuU, KOpo3is 6emony ma Memaiesux e1emMeHmia

Mera cratTi aHalli3 MPaKTUYHOTO
IoCBiny BUKOpHCTaHHS BIM-TexHomorii mms
3BEJICHHS T4 PEMOHTY LMBUIBHHX OyHiBeNb, Y
TOMY YHCIl BUKOPUCTAaHHA OCTOHIB 13
MOJIIMEPHUMH JT00aBKaMU SIK Marepiaily s
PEMOHTY UHMBUIBHMX OYJIWHKIB 3 TIOTJISAY
30UIBIICHHS TEPMiHY iX eKCIUTyaTalii.
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PesyiabTaTn AOCJiIZKEeHb. IIponecu
(dbopMyBaHHS MICBKOTO CEPEIOBUINA OCTAHHIMH
JECSATUWITTAMHU aKTUBHO BIUIMBAIOTH HA BUIJIS
Cy4acHOro MicTta. YMOBH Ta OOMEKEHHS
3a0y0BM  3eMeNbHOI  JUISHKH  MOBUHHI
3a0e3neyyBaTy MOKa3HUKH 010 TAKUX BUMOT:

- TPaHUYHO JOMyCTUMa BUCOTa Oy/iBElb;
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- MaKCHUMaJIbHO JOIyCTUMHH BiJICOTOK
3a0y/10BU 3eMeJIbHOI TiISTHKY;

- MaKCHUMaJIbHO JOMyCTHMAa IIIIBHICTH
HaceJNeHHs (AJ1s KUTI0BOI 3a0y10BN);

- BijcTaHi BIJI 00’eKTa, SIKUH
MPOEKTYETHCSI, 10 MEX YEPBOHUX IJIiHIA Ta
JHINA peTyIIOBaHHS 3a0y/10BH;

- IUIaHYBaJIbHI OOMEKEHHS (30HHK
OXOPOHHM TMaM’SITOK KyJIbTYpHOI CHAIIIWHH,
MEXKI1 ICTOPUYHHX apeatiB, MpUOEPEeKHI 3aXUCHI
CMYTH, CaHITapHO-3aXHMCHI Ta IHII OXOPOHHI
30HH);

- MiHIMQJIBHO JOMYCTHMIi BIiACTaHI BiJ

00’€KTIB, SKI TPOEKTYIOTHCA, JO IHIIUX
OyIWHKIB Ta CIIOPY/I;

- 30HM IH)KEHEPHUX KOMYHIKaIlH, sKi
OXOPOHSIOTHCS;

- BHMOTH JI0 HEOOXiJHOCTI MPOBEICHHS
IHKEHEpHUX BUIIYKYBaHb 3TiAHO 3

Jep’)KaBHUMU Oy 1IBEJIbHUMH HOPMaMH;

- BHUMOTH 110J10 OJaroyctporo (30Kpema,
1010 BiTHOBJICHHS 0JIar0yCTPOIO);

- 3a0e3meueHHsT YMOB  TPAHCIIOPTHO-
MiIIoxigHoro 38°s13ky [9].

Crnig 3a3Ha4MTH, IO B YMOBAaX CY4acHOTO
BUPOOHHMIITBA ICHY€E OaraTo BY3bKHX MICIIb, SIKi
BIIMBAIOTh Ha SIKICTh Ta JIOBIOBIYHICTH HOBHX
nuBiUTbHUX OymiBens. Ile, mepm 3a Bce,
BUTOTOBJICHHST Ta JIOCTaBKa OETOHHOI CyMimIi
Ha OyiBeJIbHUI MaiiTaHuHK.

Bukopucranas mnoiiMepHUX J00aBOK 0
OCTOHY Ja€ MOXJIMBICTh OTPUMYBATH MaTepiaj
BUCOKOI skocTi. OJHaK yBEACHHS TaKUX
KOMIIOHEHTIB ~ 4acTO  YCKJIQJHIOE  TIPOIIEeC
OyIiBeIHHOTO BUPOOHUIITBA.

Ili ckmagHOCTI TOB’sA3aHI 3 ITOT'OJHUMU
ymoBamMH. Ha#iOinpm  KpuUTWYHI  cHTyaril
BUHHUKAIOTh y JITHIO CIIEKY, 3UMOBUH XOJIOJ Ta
3a BUIAAaHHs onafiB. [lepenbaunTu MOBEIHKY
noJiiMepHoOi T0OAaBKM B TaKUX YMOBax JOCTHTh
BaXKO.

B Vkpaini gocuth Bimomi J100aBKH 0
oerony Tumy Real Vibro ta Real Flow, a takox
n00aBKM Ha OCHOBI nonikapookcunamy. Bei i

peuoBMHM  e(pEKTHBHI, OJHAK €  HHU3Ka
TEXHOJIOTIYHUX  OCOOJMBOCTEH, SAKI  CIIJ
BpaxoByBaTH y poOOTI 3 HUMHU.

HaiiGinpm  BiporimHoro  Moxe  OyTH

CUTyallis 3 JITHBOIO CIEKOI. bulbmicTh
3aBOJIIB, SIKI BUTOTOBIJISIIOTH TOBapHUN OETOH
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abo 30ipHM 3amizo0eToH B YKpaiHi, MalTh
BIIKpUTI CKJIaAW IHEPTHHX MartepiamiB. Yepes
e Yy JITHIO CIEeKy TIiCOK Ta Mme0iHb
HArpiBalOThCsl O BHUCOKUX TEMIIEpaTyp, IO
BIUTMBAa€ Ha TIPOLIEC BHUTOTOBIICHHS OETOHHOT
CyMili.

Jlo  Mimajnky  OOTPAIUISIIOTh — rapsdi
HaNOBHIOBaYi (IMiCOK, IPaHITHUH 11e0iHb), TOMY
BOJIa 13 OETOHHOI CyMIillli TOYMHAE IHTEHCHUBHO
BumnapoByBatuck. lleli edekr crae ocobinBO
KPUTUYHHUM, SIKIIO BUKOPHUCTOBYETHCS JOOABKa
tuny Real Vibro, tomy mo ii momaroTe 10
xopcTkux OetoHiB (mapku K1...K2), sxi
MICTSTD MiHIMaJIbHY KUIBKICTH BOJIH.
KomOinamisi rapsuMx  HamnoOBHIOBAaYiB  Ta
nobasku Real Vibro moxke cipuuuHuTH T€, 110
no wicusg QopmyBaHHA BHUpPOOIB  (METOJOM
BiOpompecyBaHHs) OCTOHHAa cywmimr  Oyne
JOCTaBJICHA abCoIIIOTHO CYXOI0 Ta
HENpUIaTHOWO a0 poOotu. Takuii BUMANOK 3
norysany BukopuctaHus BIM-texnonoriii €
a0COJIFOTHO HETIPUHHATHHM.

BapTto 3a3HauuTH, 110 HE MEHII BAYKJIUBOIO
0auuThCS CUTYyallisd 3 BUKOPUCTAHHSAM J0OaBKHU
tury Real Flow B ymoBax oCiHHBOTO 10IIIOBOTO
nepiogy. Lo 106aBKy BHUKOPHCTOBYIOTH ISt
BUTOTOBJICHHS OC€TOHY, SKHH Mae OuIbIIy
pyxomicte (mapku II1...I13). V Takomy
BUMIA/IKy MATHMEMO 1HIIUH epeKT: A0 MIIIaIKu
OylyTh TIOTPAIUIATH HAATO XOJIOAHI Ta BOJIOT1
HaIoOBHIOBaYi (ITiCOK, IpaHITHUHN MIE€0iHb), OTOX
migiopaTy KITBKICTh BOAM 3aMIIIyBaHHS ISt
OeToHHOI cymimri Oyne MaiKe HEMOXIHUBO. Y
BUMAJKy 3 XOJOJHHMHU  HalOBHIOBaYaMH
OeTOHHA CyMII Ma€ 3/IaTHICTH JI0 3MEHIIICHHS B
00’eMi 1, SK IIe¢ HE IMapagoOKCaIbHO, TaKOX
noTpedye BEITUKOI KUTBKOCTI BOJU
3aMilryBaHHs. beToHHa cywimr MoKe CTaTh
PIIKOIO Ta HAaBITH PO3LIAPYBATHUCS, IO TAKOX
BBAXKAETHCS OpakoM, He MPHUAATHUM 10
¢dbopmyBaHHs BHPOOIB.

OOuaBi i cuTyarlii KpUTHYHI 3 TOYKH 30py
BY3bKHX MICIIb Yy TEXHOJOTii OyaiBeIbHOTrO
BUPOOHMIITBA Ta TOTPEOYIOTh TIABUIIICHHS
KIUJTBKOCTI OeTony, KU BBAYKAETHCS
HEKOH/IMIII€I0 Ta MOXKe OyTH He TUIBKH He
NPUAHATHIA, a 1 TOBEPHYTHI 3aMOBHHMKOM, IIO0
JIOCUTB YacTO Ma€ Micle.

Hapasi He MeHm mnomynsipHi JOOaBKH B
OeToH  Ha  OCHOBI  MOMIKapOOKCHUIATY.



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

[MonikapOokcunaTHi T00aBKH HA/JAlOTh  JIOCTAaTHBO 3HaHb PO KOMITIOHEHTH, SIKi
OCTOHHIN CyMillll 3MATHOCTI O TEKy4OCTI Ta  BHKOPHUCTOBYE TE€ 4YH IHIIE BUPOOHUIITBO,
JO3BOJISIFOTH ~ 3HU3UTH  KIUIBKICTh ~ BOAWM  TPAIUIFOTBCA CHUTYyallii, KOJM TIOTOJHI YMOBHU
3aminryBaHHs Ha 40...50 %, mo Mae ayxe  MOXYTb KapJUHAJIbHO 3MIHMTH pe3yJbTar
3HaYHUM e(eKT 3 TOUKHU 30py CTIMKOCTI OeToOHy  OyaiBesIbHUX poOIT, OJHAK HE 3aBXAU y OLIbIII
0 pyHHIBHUX HAaBaHTa)KEHb, CTUPAHHA, [ii BUTIAHMNA K Ans 3a0yJIOBHUKA, Tak 1 JUIs
arpecuBHUX cepefoBull Ta Boau. OpHak y  KIHIIEBOTO CIIOXKHBaua OiK.

po0OTi 3 MM KOMITIOHEHTOM CIIiJ] BpaXOBYBaTU BaxmBo  BpaxoByBaTM  HE  TUIbKHU
3MaTHICTh OTpUMaHOi OeToHHOI cywmimi A0  iHdopMmalio  Hpo  B3aeMOXil0  Oararbox
HaJIMIpHOT TEKY4OCTi. dakTopiB, a ¥ HEOOXIIHICTb 3BEICHHS
UBITBHOI OyiBIII, sSIKa 3aJ0BOJIBHSIE TEILIO-

BucHoBku HHBLIbHS YAIBIL, A
TEXHIYHI XapaKTEPUCTHKH CY4YacHOTO

Hapasi cdepa OyniesbHOro BUPOOHHIITBA OymiBHUIITBA. Bil BOTO 3alie)KUTh HE TUIBKU
3MIHIOETECA JOCUTH JWHaAMIYHO. H_[e 30BCIM HpI/I6YTOK BiI[ 3aIJIAHOBAHOI'O0 IIPOEKTY, a "
HEJ[aBHO He OyJio Marepiallis, siKi O 103BOJSUIM  yMOBM HpOXKHBAHHA Ta KOM(OPT 6araThox

JOCATTA TAaKUX SKICHO IHIIMX pCSyHBTaTiB. [OKOJIIHb HaCeJIeHHS Halllol KpalHI/I
ToMy € ceHC y IpPOBEINEHHI JOCIiIKEHD, IIPO
K1 Waerbes y il crarti. HaBiTe sikmo martu
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Anoranisi. Ilocmanoska npodaemu. TaTerpariis nepeoBUX TEXHOJOTIH y cdepi mporpamHoro 3abe3neueHHs Ha
etanax OyJIBHHWITBA CTa€ OJHUM i3 KJIIOYOBHX 3aBJIaHb IMPOEKTYBaIbHUKIB. CTBOpEHHS O00'€KTIB 3a JOMOMOTOIO
3D-apyky moTpeOye 3aCTOCYBaHHS BiAIMOBITHMX BHCOKOTEXHOJOTIYHHX pimieHb. OOHE 3 TAaKUX DILICHb IIOJIATaE B
aHaJi31 mpolecy MepeTBOpeHHs 00'€eMHUX MOJENed Ha Kepyrouuit kon st 3D-nmpuHTepiB, 30KpeMa, aHamizy daitnis y
¢dopmati STL Bix uporo anamnisy, B nepiy 4epry, 3ajeKUTh e(heKTUBHICTh BUTOTOBJICHHS OyiBEIbHUX KOHCTPYKIIiH i
ciopyn Metonom 3D-npyky. Mema cmammi. JlocnijpkeHHs HalijeHe Ha rMOoKui anami3 ¢aitniB y popmari STL y
CBITJII POCTY aJAWTHBHOTO BHPOOHHWIITBA Ta mporpecy HudpoBuX TexHoJorid y OyniBenbHil chepi. Mera poboru —
Ha/laHHs BCeOIYHOTO OISy OCHOBHOI iH(opManii, MoB's13aHO1 3 BUKOPHCTaHHSIM LILOTO (OpMaTy, 10 BKIIOYAE METOIU
obuuncnenHs mwiomi Ta 00'eMy citku STL. BusiBneHHs Ta aHai3 THIOBUX MIOMIIOK, SIKI MOXKYTh BUHUKATH IIPU pOOOTI 3
¢ainamu 0pOro (opMary Ta BH3HAYCHHS KIIOYOBHX KPUTEPIiB MU OL[IHEHHS T'€OMETPUYHOI SKOCTi ciTku. Po3risn
CTpaTeridi Ta anbTepPHATHBHHUX IIJAXOMIiB JUI MOJOJAHHA MOMIIMBHX HENOJIKiB, IO MOXYTh BHHHKHYTH IIpH
BukopuctanHi ¢opmaty STL. CTBOpeHHS KOMIUIEKCHOTO YSBJICHHS Npo meil ¢opmar i HajaHHA BiIIIOBIIHHUX
PEKOMEH/TAIIIN JIJIS TTOIAJIBIIOTO BIOCKOHAIEHHS MPOIieciB poOOTH 3 HUM. Buchoeok. Jlocnimkenus daitnis y Gopmari
STL Bimirpae BaKJIIMBY pOjib Y PO3BUTKY aIWTHBHOTO BHPOOHHUIITBA Ta IMU(PPOBHX TEXHOJOTIH y OymiBeNbHIN Tamys3i.
BoHo Mae Ha MeTi IeTalTbHHUK OTJIsA OCHOBHOI iH(OpMaTIlii, o CTOCYETLCS BUKOPHCTAHHS IILOTO OopMaTy, BKIIOYAIOTH
METOAM PO3pPaxyHKy mioili ta 00'emy citku STL, sKi € KIFOUOBUMH 1151 eSKTHBHOTO MOJICIIIOBAHHS Ta BUPOOHHUIITBA
KOHCTpyKIid. Ilig wac MOCHIMKEHHS BUSABICHO HH3KY IOMHJIOK Ta BH3HAYCHO KIIIOYOBI KPUTEPIl I OIIHEHHS
reoMeTpuyYHoi sKocTi citku. lle Bkitouae mNpaBUIIBHE OpIEHTYBaHHS HOpMajed, BHSBJICHHS Ta BUIIPABICHHS
MEPEKPUTTS, MEPETUHIB Ta 130JbOBaHUX TIpaHed. [liIsg TOAanbmIMX MOCTIPKEHb TPOMOHYETHCS PO3TIISTHYTH
QIbTEPHATHBHI BapiaHTH TOAONAHHSA Jeskux HenoidikiB ¢opmary STL. Hanpuknan, MoxHa pO3IIISIHYTH
AaBTOMATH30BaHI METOJIM BHSBJICHHS Ta BHIIPABJICHHS NOMIJIOK y Mepexi, po3poOKy HOBHX (opmariB daiiiiB i3
OUTBIION (PYHKITIOHANBHICTIO Ta MIATPUMKOIO TOJATKOBUX BIACTUBOCTEH Momeneid. JIoCiKeHHS TaKuX albTCPHATHB
MOJKE CIPHATH TOJNIMIICHHIO €()EeKTHBHOCTI Ta TOYHOCTI BUKOPHUCTAaHHS (aiiiB y OyIiBHHITBI Ta aJIUTHBHOMY
BHPOOHUIITBI.

Kmouosi cioBa: 3D-dpykx; STL-¢hatinu;, CAIIP; 3D-mooemosanns; Gopmam ASCII; memod nowaposozo
HANAAGLeHH S
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Abstract. Problem statement. The integration of advanced technologies in the field of software at the stages of
construction becomes one of the key tasks of designers. Creating objects using 3D printing requires the use of
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appropriate high-tech solutions. One of these solutions consists in the analysis of the process of converting three-
dimensional models into a control code for 3D printers, in particular, the analysis of files in STL format. The efficiency
of manufacturing construction structures and structures by 3D printing depends primarily on this analysis. Purpose of
the article. This study aims at an in-depth analysis of STL files in light of the growth of additive manufacturing and the
advancement of digital technologies in the construction industry. The purpose of the work is to provide a
comprehensive overview of the basic information related to the use of this format, including methods for calculating the
area and volume of the STL grid. Identification and analysis of typical errors that may occur when working with files of
this format and definition of key criteria for evaluating the geometric quality of the grid. Consideration of strategies and
alternative approaches to overcome possible drawbacks that may arise when using the STL format. Creation of a
comprehensive view of this format and provision of appropriate recommendations for further improvement of the
processes of working with it. Conclusion. The study of STL files plays an important role in the development of additive
manufacturing and digital technologies in the construction industry. This study aims to provide a detailed overview of
the basic information related to the use of this format, including methods for calculating the area and volume of an STL
mesh, which are crucial for efficient modeling and production of structures. During the research, a number of errors
were identified and key criteria for assessing the geometric quality of the grid were determined. This includes correctly
orienting normals, detecting and correcting overlaps, intersections, and isolated faces. For further research, it is
proposed to consider alternative options for overcoming some of the shortcomings of the STL format. For example, you
can consider automated methods of detecting and correcting errors in the network, developing new file formats with
greater functionality and support for additional model properties. Investigating such alternatives can help improve the
efficiency and accuracy of file use in construction and additive manufacturing.

Keywords: Building objects; 3D printing; STL files; CAD; 3D modeling; ASCII format; fused deposition
modeling

IlocranoBka mnpodjaemu. Y cydacHoMy  ocoOnuBocTed. JlOCHIIKEHHS MOKIMBOCTEH

aJUTUBHOMY BUpPOOHMUTBI, Takomy sk 3D-  ¢opmaty STL 00pobIATH CKJIaJIHI
IpyK, Gopmatu (aiiniB BiAIrparoTh KIOYOBY  I€OMETPUYHI 00’€MH, Takl SIK KPUBOJIHINHI
ponb y mepenadi iHdopmarii nmpo o0'eKT Bifi ~ MOBEpXHi,  MOPOXKHMUHM  Ta  BHYTPILIHI
MporpaMHoOro 3a0esneyeHHs A0 3D-mpuHTepa.  MOPONKHHUHH.
OnuH 13 HalOLIBII MOmUpPEeHuX (GopMatiB A Cmitikicmb 00 NOMUNIOK Ma GUNPABIEHHS
nepefavyi TEOMETPUYHUX JaHUX OO0'€KTIB B Odeghexmis. AHaNI3 METOMIB BUSBJICHHS Ta
aIUTUBHOMY BUpOOHMITBI — ¢opmar STL  BumpaBineHHs NOMMIOK Yy daiinax ¢dopmaty
(Stereolithography or Standard Tessellation  STL, Takux 5K HEKOPEKTHI TPUKYTHHUKH,
Language). CaMOTIEPETHHH TOIIIO.

Hes3Baxxatoun Ha 3Ha4YHE MOIIMPEHHS, Cymicnicmbo ma nepeHoCcUMicme.

¢opmar STL wmae cBoi oOmexenHs Ta  JlocmipkeHHs cymicHocTi ¢opmaty STL 3
HefONmikA. Y 3B'I3KYy 3 UM  BUHHUKAE pPI3HUMH  TNPOTPAMHMMH Ta  amapaTHAMHU
HEOOXIAHICTh TMPOBEACHHS JIOCIHIKEHb B wiargopmMamMu, a TaKoXX MOKIUBUX OOMEXEHBb

o0nacrTi T€OMETPUYHUX ¢dbopmariB y  [pu mepeMilieHHl (aiaiB MK pI3HUMH

aIUTUBHOMY  BHUPOOHUIITBI, OCOOIMBO B  CHCTEMaMH.

koHTekcTi popmaty STL. Merta qoCmiKEHHS TIOJIATa€E B T1IBUIIECHHI
OcHoBHi mpobaemu, sAki nmoTpidHO  sKocTi  Ta  e(pEKTUBHOCTI  aJUTHUBHOTO

PO3IJISSHYTH TA JOCTIAUTH. BUPOOHMIITBA  NUIAXOM  OUIBII  TTOBHOTO

Tounicme  ma  Oemanizayis. OLIHKa  pO3yMiHHS  OOMEXEeHb Ta  MOXJIHMBOCTEH
MmoxusmBoctet  dopmary STL y mepemaui  dopmary STL Tta mnpomosuiii BiZMOBITHUX
F€OMETPUYHOI ~ TOYHOCTI ~ Ta  JeTaiizalii  MOJiNIIeHb a0o albTepPHATUBHUX PIlIECHb.
00'ekTiB, 0coOMMBO Mg Yac poboTu 31 Mera crarTti mnonsrac B JIOCHIIKEHHI
CKJIaJHUMH 200 BEIMKUMHU MOJEIISIMH. ¢aitniB y ¢popmati STL y 3B'I3Ky 3 pO3BUTKOM

Edexmusnicme 36epicannss ma nepedaui  agUTHBHOTO BHPOOHHMITBA Ta  LU(GPOBUX
Oanux. AmHani3 epeKTUBHOCTI BHKOPUCTaHHS  TEXHOJOTH y OyniBenbHiN ramysi. Hanmanus
¢dopmary STL B KOHTEKCTI OOCSTy HNaHMX, BHYEPIHOTO ONKCY OCHOBHOI iH(oOpmamii,
HEOOX1THOTO JJIsl OHUCY 00'€KTIB, Ta MOXKJIMBUX  IOB'SI3aHOI 3 BUKOPUCTAHHAM ILIbOTO (popmary,
METOIB CTHCHEHHS JaHWUX 0€3 BTPATH SIKOCTI BKJIIOYAIOYM METOAM OOYMCIIEHHS IUIOM[l Ta
IPYKY. [TiaTpumka reomeTpuuHux  00'emy citku STL. OkxpecneHHsS THIIOBUX
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MOMUJIOK Ta KJIIOYOBUX KPHUTEPIiB ISl OLIHKHU
reoMeTpuyHoi  sKocTi  citku.  HamawHs
aTbTEPHATUBHUX BapIAHTIB MOAOJAHHS JCSKUX
Hepnomikis popmary STL.

PesyabraTn  pociaimkens. Daitmu  y
¢opmari STL, crtBOpeni cucremamu 3D-
MO/ICITIOBAHHS, BKITIOYAIOTh TPHUKYTHE

[IPEJCTABICHHS MOBEPXOHb 1 CTAIM CTAHJAPTOM
JUIsS. BBEICHHS JIAHUX Y TEXHOJOTISIX IIBUAKOTO
MPOTOTUITYBAaHHS. Y IHMX TEXHOJOTIAX (izuuHi
00'exTH OyAyIOTHCS IIAp 3a MIAPOM, 1€ KOKEH
map € JBOBUMIPHHUM II€pEpPi3oM TPUBUMIPHOT
citku y ¢popmari STL.

Y cydacHHUX cUCTEMaX KOMI'IOTEpHO-
aBTomMaru3oBaHoro npoexkryBanHa (CAIIP)
MoO3aiKka MOBEPXOHb YacTO MICTUTh MOMUJIKH B
CTPYKTYpi JAaHHX y BHUIJIAAI MPOTAIMH 1 JIPOK,
110 CIPUYHMHIOE BIAKPHUTI METII y MONEPEUHUX
nepepizax, siKi HEMOMJIHBO BUTOTOBUTH SIK
iapu.

[IpoTe Take NpPEACTABICHHS Yy BHUIJIAIL
TPUKYTHUX CITOK, BHUKJIWKAE€ JIBI OCHOBHI
npobnemu. OxnHa mondrae B TOMy, 10 Oarato
CydyaCHHUX  TBEpIOTUIBHUX  Mojeieill  He
TeHEPYIOTh TOMOJOTIYHO MPAaBUIBHHUX MO3AIK.
[Tomuniku, Taki SIK MPOTATMHU Ta YHCIEHHI
rpaHi, 3yMOBIIOIOTH HEMpPaBUJIbHI IONEpPEYHi
nepepisu, SKi He MOXKYTh OyTH BHTOTOBJICHI SIK

mapu.
[TpoTsiroM OCTaHHBOTO NECATHIIITTS Oarato
JIOCJI THULIBKUX rpyn MpalOBAIN Ha[g

CIOPOIICHHSIM TOBEPXOHb Ta OIyOJIiKyBalu
Oarato mpanb 13 1i€l TeMH. AJTOPHUTMHU
CIIPOIIEHHS CITKM  3MEHIIYIOTh  KIJBKICTh
TPUKYTHHKIB y JaHiii Mojeini, MiHIMalbHO
3MIHIOIOYH 1 TeOMETPUYHY (hopMmy.

Inma mnpobnema monsirae y  BHCOKIH
CKJIQJHOCTI TaKHUX CITOK. Moesi 3 MiTbiiOHAMHU
TPUKYTHHKIB 4YacTO BHMAararoTh OiJIbIIe, HiX
JOCTYIHE CXOBHIIE Ta TPUBAIUN Yac 0OpPOOKH.
ToMy 3MeHIIEHHS CKJIAQIHOCTI TOBEPXHEBHX
CITOK CTaHOBHUTHb OOOB'SI3KOBY BHMOTY JUJISI
pOOOTH 3 TAKUMU TIPEICTABIICHHSIMHU MOJIEIIEH.

ITim ywac Tecemsmii B CITHI JUCKpeTH3AIli
MOXXYTh BUHHKHYTH 4YHCIEHHI mOpoOjIeMHu 3
BUKpUBJIEHHSIM ¢dopMu. Tomy po3poOieHHS
TUCKPETHUX aJITOPUTMIB JIJISI TPUKYTHHUX CITOK
3 METOI 3riaKyBaHHS (opmu cTano e
OJIHIEIO LIEHTPAJIbHOIO MPOOIEMOIO.
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Taxi QITOPUTMHU BUKOPHCTOBYIOTh
pe3ynbTaTd  Ta MeToau JAudepeHIianbHOl
reoMeTpii, BapiallifHOrO MU3aiiHy MOBEpPXHI Ta
YHCIIOBOTO aHAJI3y Ta 3HAXOASTh 3aCTOCYBaHHS
B OaraTpox ramyssx. IIpore myxe mano poOiT
CTOCYIOTBCSL BUSIBJICHHS Ta  BHUIIPABICHHS
TOIIOJIOTIYHUX IIOMHJIOK 1 o0y 10B1
BIJIMOBIAHUX CTPYKTYP JAHUX HaJ TPUKYTHOIO
CITKOI0, $IKI TaKOXX MICTSATh TOIOJIOTIYHY
iHdopmartito.

[IpoBenenuit aHasni3 OCTaHHIX JOCHIKEHb
Ta  myOmikamid ~ BkKazye  Ha  MOTpeOy
JMOCTI/DKCHHST ~ TaKWX  acleKTiB  3arajabHOi
npoOJeMHU: CTaHAapTH3AIlisl Ta ONTHUMI3AIlis
IPOIIECiB NIEPETBOPEHHS JaHUX Ta
aBTOMaTH3allisl  aHajizy onTUMi3aLig
TEOMETPUYHOT SIKOCTI.

Posmmpenns daiina STL peanizoBane B
OinbIocti mporpamuoro 3abe3nedenns CATIIP i
BUKOPDHCTOBYETbCSI B PI3HMX Taly3sx JUIs
MOJICJIIOBaHHSL ~ TreoMeTpuuHoi  iHdopmarii
neraneit abo ¢opm. IIpore BuKOpUCTaHHS
daitna STL mnepenbayae po3yMiHHS HOTO
BMICTY, METOJIB YTBOPEHHS CITKH Ta IpPaBUJI
redepanii  QaiimiB, a TaKoX MOXKIUBUX
KOJlyBaHb JaHux [1].

Excrutyarariiss Takoro THITy T€OMETPHYHOI
mozaem npocta. ®aitn STL MicTUTH TOBEPXHEBI
nani  CAIIP, sKi JAMCKpETHO OIHUCYIOThH
TCOMETPII0 MOBEPXHI 00'€KTa Yy TPUBHUMIPHOMY
npoctopi. IloBepxHs, ska BHU3HAUYeHA Yy
TPUBUMIPHOMY  MPOCTOpl,  ANpPOKCUMYETHCS
HA0OPOM TPHUKYTHHKIB, TaKOX BIJIOMUX SK
rpaHi. [HIII TEOMETPHYHI EJIIEMEHTH MOXXYTh
OyTH BUKOPUCTaHI JUIS JUCKPETH3AIlil IOBEPXHi
(puc. 1); mpote nuIe TUCKpeTHU3AIlisS TTOBEPXHI
3a  JIOIOMOTOK0  TPUKYTHHUKIB  J0O3BOJISE
otpumar ¢aitn y hopmati STL.

Ha npakrtuni koxHa rpanb (abo «facet»
AHTJIHACHKOI0) BU3HAYAETHCS KOOPAWHATAMU
CBOIX TPHOX BEPIIMH Y AEKAPTOBIN CHCTEMI.

Koxna rpanp wmae aTpulyT HanpSIMKY
MaTepially, BH3HAuU€HHMH 3a  JOIOMOTOIO
Opi€HTaIlll OJMHUYHOI HOpMalli 0 TpaHi (abo
«normaly aHrmichKOI0).

Hopwmans cripsmoBaHa 30BHI BiJ] MaTepiary
(puc. 2).

Hapasi, kpiMm BTpatu iHdopmamii, 110
BiIOYBA€ThCS Yepe3 BIACYTHICTh BiIIOBIIHUX
metaganux y ¢aimi STL, BuHuKae 3HaYHUN

Ta
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po3pi3 y 1uudpoBOMYy TIPOIEC] J10/IaBaHHS
Mmarepiany. DakTU4HO, MOJENb, CTBOpEHa Y
CAD 3D, meperBoproeThcsi Ha  Habip
TpUKyTHHX Tpaneii (y dopmati STL) [2].
[ToTiM, 3 BHKOpUCTaHHSAM IHOTO (haiina,
nporpamue 3abe3nedeHHss CAM aBTOMaTHYHO

po30uBae 00'eKT Ha TOHKI TOPU3OHTAJIBHI
HIapy, SIKi BUTOTOBJIIIOTBCS Ha amaparax s
aIUTHBHOTO BHpOOHUWIITBA (MMB. puc. 3).
[Ipouec neperBopennst Buxignoi mozeni 3 CAD
Ha (aitm STL, wneoOximamii mia CAM,

CHPUYMHIOE IIU(PPOBOBUIT pO3PUB.

Puc. 1. Bizyanizayis paiinie i3 OuCKpemHuMuy no8epxXHAMU

Hopmane Ao NoBepxHi

Bepwuua 3

Bepwuna 2

Hanpamok obxogy sep

Beplmua 1

TPUKYTHWK, PO3TALIOBAHKIA B OLHIA NAOWMH.

Hopmane po noBepxHI

Bepwuua 2

TPHKYTHHK B ELUHIA NAOLLMHI

BepwmHa 1

Puc. 2. Cxemamusayiss mpuxymuuxa y ¢popmami STL 3 ykazanumu eeputunamu ma i0N0GIOHOK HOPMAILIIO

Poapue

lMpoekTyBaHHA

Wi NaHLor

Puc. 3. Imocmpayia nopyuwenns yugpogozo aanyioza

Citky STL ¢opmyioTh 3a JOMOMOTOIO
Tecelsiii, 110 Oo3Hayac PO3MIIIIEHHS
TFE€OMETPUUHUX €JIEMEHTIB y ¢dopmi
TPUKYTHHUKIB Ha BCId TOBEPXHI TPUBHMIPHOL
MOJIeNi TaKkUM YHHOM, 11100 YTBOpWIHCS
OesrepepBHI €JIEMEHTH 0€3 TEPEKPUTTIB UM

npoMikkiB [3; 4]. Haiibinem nommpeHuit
METOJ ISl TOCSITHEHHSI I[bOTO — BUKOPUCTAHHS
anroputmy Jlenones. Lledt miaxim mo3Bosie
CTBOPIOBATH CKJIAJHI TPUBHMIPHI 00'€KTH,
30Mparoyu MpoCTi TeOMETpUYHI (OPMH, TaKi 5K
TPUKYTHHKH.
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[lin wac crBopenHs ¢aima STL cmin
JIOTpUMYBATUCS  KiTbKOX mpaBmil.  Koxen
TpuKyTHUK y ¢aitmi STL ™ae cminbHi 1Bi

BEPIIMHM 13 KOXHHM 3 TPUKYTHHKIB (puc. 4).
Buxoasuu 3 1poro npasuiia, NpaBUIbHUHN ¢aiin
STL nmoBuHEH MaTH MapHy KUIBKICTh TPaHEH.

Mpobnema BeplIHHK

Puc. 4. I'pagpiune 306pasicenns npasuia epuiun

IIpaBuino COpPTYBaHHS TPUKYTHUKIB
PEKOMEH/YE YHOPSAKOBYBATH BEPLIMHH 32
3pOCTaHHSM 3HA4Y€Hb KOOPJMHAT 1O OCi Z s
noyiermieHHss  oOpoOku  daina  IeaKuMu
nporpamamu [1]. OHak 1ie MpaBUIIO HE 3aBXKIU
CTPOTO BUKOHY€ETHCS.

Icuye nBa TunM KkoamyBaHHS (aiiiB y
dopmatri STL: ASCII (puc. 5) 1 OiHapHui
(puc. 6). OOugBa THUMU MICTITh OJIHAKOBY
iHdopmarllito, BIAMIHHICTH TIONATAE JIUIIE B
opranizauii Ta 30epiraHti JaHUX y KOMIT'IOTEpI.
®opmar STL y Burmsani ASCII € TekctoBuM
KOJYBaHHAM 1 MOXe OyTH NeperisHyTHH 3a
JIOTIOMOT 010 Oyb-sIKOTO TEKCTOBOTO
penakropa. ®opmar STL y Burnsai 6iHapHOTrO
KOJly HE MOke OyTH MpOYHTAHWN 3BUYANHUM

% zolid object_name -=
% facet normal x v 2
% outer loop

%o VErEX X v 2
Mpaue M = %% VEMEX XV 2
%o VEMEX XV 2

% endloop
% endfacet
%

% <Repeat for all facets...>

%o
% endolid object_name

TEKCTOBUM PEAAKTOPOM, HPOTE BiH CTBOPIOE
(baiiau MEHIIOTo PO3MIpYy.

Oco6nuBicts ¢dopmaty STL mnonsarae B
TOMy, IO BiH Oe3po3MipHuii. Y ¢aini STL
BiACYTHS 1HopMalis npo Maciutad uu
noBxuHy. lle o3nadae, mo y daitni HeMae
BHYTPILIHBOTO OIUCY OJUHUIIL BUMIPIOBAHHS,
BUKOPUCTAHUX JJII CTBOPEHHS TPUBHUMIPHOT
moneni. ToMy OAWHMIN, IO BIAMOBITAIOTH 3a
po3mMipu, oOupae KOPUCTyBad MPH BIIKPUTTI
abo uyuTaHHI Qaiina (HanpuKiIag, MIKpOMETpH,
MUTIMETPH, TIONMU, CAHTUMETpH 1 T. 1.). [icas
IIbOTO MO>KHa OOYHMCIUTH IUIOLLY TpaHel, sKi
YTBOPIOIOTH CITKY, a TaKOX 00'€éM, BKIFOUCHUHN
BCEpeNIMHI CITKH [5; 6].

nouatox anny

-  KOOPANHATH OJMHHYHOI HOpMani

KoopanHaTH TpeoX
BEPLWKH (3rigHo 3
Hanpamkom obxoay)

- Hineub panny

Puc. 5. Cmpyxmypa paiina y popmami ASCII STL
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% HEADER

Sarf_)nogo.({ % 80 bytes: Header text

a

% DATA
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 4 bytes:
% 2 bytes:
% (Repeat for all facets...)

(float) normal x
(float) normal y
(float) normal z
(float) vertex1 x
(float) vertex1y
[float) vertex1 z
[float) vertex2 x
(float) vertex2 y
(float) vertex2 z
(float) vertex3 x
(float) vertex3 y
(float) vertex3 z

Fpaue N =

% 4 bytes: (int) The number of facets in the STL mesh

- HoOpgWHaTH OAMHHYHOI HOpMani

- HoopgwHath BepwrHm 1

- KoopAHHATH BEPLIMHK 2

- HKoopaWHaTH BEpIMHK 3

Padding to make the data for each facet 50-bytes in length

Puc. 6. Cmpyxmypa 6inapnoeo ¢patina STL

Po3paxynok momi reomerpii y ¢opmari
STL nocuts mnpoctuit. Dopmyna ['epona
JI03BOJIsI€ OOYUCIUTH IUIONIYy TPUKYTHHUKA A;
TPUKYTHHUKA [ y TMPOCTOPi, 3HAIOUU JOBXKUHU
TPbOX CTODPIH [ 1, OTKE, TaKOX MiBIIEPUMETP
p;. 3arajipHa IUIOIIA IOBEPXHI MEPEXi € CyMOIO
BCIX IJIOIIOBUX OJUHHMIIb A; KOXHOT TpaHi i.

JloxkuHa pebpa [, Mik JABOMa TOYKaAMHU

A(x4,V4,24,) 1 B(xg,V5,25,) OTPUMYETHCS 3
PIBHSIHHS:

L
=V (g —x0)2 + (V5 —Ya)? + (25 — x2)%, (1)

e k =1,2,3.
[TiBnepumetp D; €JIEMEHTApHOI 0
TPUKYTHHKA 1 (TpaHi) 3a1a€ThCSI PIBHAHHIM:

1 3
== I |
Pi zzk=1"

(2)

0™
n poua'rbitu@ppmua'r

Tetpaeap \

®opmyna ['epoHa 103BOJIAE BU3HAYUTH
IUIONIY A;  €JIEMEHTapHOr0  TPUKYTHUKa

(rpamni):

A =i — L) — L) (i — 1) .

3arajgpHa IUIONA CITKH:

(3)

(4)

Po3paxyHok o00'emy ciTku Moxe OyTu
KOPHCHUM [UIsl OILIHEHHS 00Csry MaTtepiany,
HEOOXIZIHOTO JJii BUTOTOBJIEHHS  BHPOOY.
Opnak  oOumcneHHs 00'eMy, BKIIOYEHOTO
BcepenuHi citku STL, — ckimagna 3agauya.
Haiibinpmr  eekTUBHUI MeTOx TMoJsrae B
o04McIIeHHI 00'eMy KOXHOIO TeTpaejapa, sSKUi
Ma€ YOTHPH BEPIUIMHHU, MIPHU IIbOMY OCHOBOIO €
eJeMEHTapHU TPUKYTHUK [ (TpaHb, 110

3araJibHa mJoia = Z A;.

CKIamaeTecss 3 Tphox Towok: A, B, C), a
BEPIIMHOI € ToYyka Modatky koopauHat (O)

(puc. 7).

Puc. 7. I'paghiune 300pasicennss cmeopenHs mempaedpa Ha YacmuHi cgpepuuroi mepeoici
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Jluckperm3ariiss MMOBEpPXHI MOXE CTaTH
MPUYMHOI0 BUHUKHEHHS J1e(eKTiB, sIKi, y CBOIO
4epry, 4YacTto BHUKIMKAIOTh NpodjIeMu Yy
MO/IabIIOMy BUTOTOBIIEHHI Aetani. HaBiTh 3a
BIJICYTHOCTI JE(EKTIB SIKICTh JUCKPETH30BAHOI
MOBEPXHI MOK€ OyTH OILlIHEHa 3a JIOTIOMOTOI0
TCOMETPUYHUX KPUTEPIIB STKOCTI.

[Ticyist aBTOMAaTUYHOTO CTBOPEHHS CITKH, Ha

kKallb, MOXYTh BHHHKATH JCSKI 3araibHi
neeKTH Ha OTPUMaHId  JHUCKPETH30BaHIN
reomerpii.

Bektop HoOpMai 10 TpaHi TTOBHUHEH
BKa3yBaTH Ha 30BHIIIHIA Oik MaTepiany, o0

O3BOJIUTH PO3pI3HATH 30BHILIHIO Ta
BHYTpPIIIHIO YacTUHU 00'eMy. VY  JesIKkux
BUIAJKaX  MOXIWBO, MO0 JCsIKi  TpaHi
OTPUMYIOTh HOpMali, CIPsIMOBaHI1 y
NPOTWICKHUH Oik. J[Jis TakuX TpaHeil BKa3iBKa
HampsIMKy ~ Mmatepiasly  OyAe  HEBIPHOIO.
Hanpuxiaz, y Bunajaxy 4epBOHOTO TPUKYTHHUKA
(puc. 8) Hopmaib cpsMOBaHa BCEpEAUHY, a HE
Ha30BHI. Taka rpanp Mae oOepHEHY HOpPMAb.
MOXIHBO, IO T€OMETPis, YTBOpPEHa I'PaHsAIMH,
Ma€ TMpPOIMycKH abo OTBOPH Ha MOBEPXHI

(puc. 9).

JoeHiwmMA yacTuHa ob'eTa

f3 Dbepuena

HOpManb

BHYTRILHA YacTHHa

Puc. 8. Hopmanw 0o obeprnenoi epani

OTeip ¥y mepe:si

Puc. 9. Hezaxpuma cimka STL

IloBepxHs, sika Oyna JIUCKpPETH30BaHa,
CKJIAAa€TbCs 3 TPWIETNIMX TpaHei, 1e Bl
CyCIHI TpaHi MawTh chiibHe pebpo. IIpore
iCHy€ MOXJIMBICTh, IO OJHAa TPaHb MOXKE
NEepeKpUBaTH IHIIY 3aMicTh TOro, mol OyTu
npuiieroto 1o Hei (puc.10). ¥V takoMy BUMaaKy
NepeKpUBaJibHA I'PaHb HE MOBHICTIO BIANOBIAA€
MIPAaBHUITY PO3MIIICHHS BEPIIHH.
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MNepekpeakda
rpamb

Puc. 10. Bunadok nepexpuganvhoi epari

VY mneBHUX BHNAgKaX CTBOPEHHS CITKH
MOXE CIOPUYMHUTH TOSABY TpaHeu, sKi
nepetuHatotbea  (puc. 11), mo mnopymrye
MPaBUJIO PO3MIIIEHHS BEPIIVH.

VY reomerpii, sika Oyna JUCKPETHU30BaHA,
MOXYTh ICHYBAaTH OKpeMi I'paHi, YaCTKOBO abo
MOBHICTIO BIJJOKpEMJIEH] BiJ] PELITH reoMeTpil
(puc. 12). YV TakoMy BHUNAaAKy MpaBUIIO
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PO3MIIIICHHS
MOBHICTIO.

BEpUIMH HE  JOTPUMYETHCS

YacTHOBO BiJOKPEMAEHA FPaHb

MoBHICTIO BifOKpEMIeHa TpaHb

Puc. 11. Bunaook i3 epansmu, aKi nepemunaromscs

Puc. 12. Bunadok 3 okpemumu epauamu

VY mporpamax KOMITHOTEPHO-IOTIOMIKHOTO
mpoektyBanHs (CAIIP) Bci 1l Hemomiku
3a3BUYail  HA3UBAIOTBCA  «HEMaHI(OJIbHOIO
reomerpieto». 1100 BumpaButu 11 mpobiemMu
MaKCHUMaJIbHO €(EeKTUBHO, Cy4acHi Hporpamu
CAIIP maioTh y CBOEMY apceHali pi3HOMaHITHI
iHCTpyMeHTH. Hanpukian, € 1HCTpyMEHT, KUl
JI03BOJIsIE 00epTaTh HOpMali rpaHel Tak, 1100
BOHU KOPEKTHO BKa3yBaJll Ha 30BHIIIHIA Oik
marepiainy [7; 8].

Takoxx  ICHyIOTb  IHCTpyMEHTH  AJis
BUJIAJICHHS OKPEeMHMX TPUKYTHHUKIB abo Tpym
TpukyTHUKIB. Lli 3acobm MoxyTh OyTH
BUKOPUCTaHI JJs BHUpilIeHHS npolieMm i3
MEPEKPUTTSAM, TIEPETHHAMHU Ta 130JIbOBAaHUMHU
rpausmu [9; 10].

Takox MOXHa BpYyYHY CTBOPIOBATH
JOJaTKOBI ~ TPUKYTHUKH, HANpUKIAN, JUIs
3amoBHEHHs1 OTBOpiB y citmi. lleW pyunuid
MiOXi1 TPUAATHUNA A Ty’)Ke MalliX OTBOPIB.
Omnak [ BEJNMKUX OTBOPIB  pO3p0OJIECHO
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OaraTo aBTOMAaTHUYHUX
«3aIIOBHEHHSI OTBOPIBY.

Cepen BUKJIMKIB LIMX QITOPUTMIB MOXHA
BIIMITUTH KpPUBHU3HY CYCITHIX TMOBEPXOHb Ta
ONTHUMAJIbHE BIJTBOPEHHS TI'E€OMETPIl CYCIJIHIX
TPUKYTHHKIB.

Hapemri, Oynu po3poOrieHi 1HCTPYMEHTH
JUIs AaBTOMAaTHUYHOTO OYHMIICHHS Mepexi Bij
13051b0BaHUX, ayOiapOBaHMX abo TpaHed i3
HEKOPEKTHOIO OPIEHTAITIETO.

BucHOBKM Ta mepcrneKkTHBAa MOAAJBLIIMX
JOCTiJKeHb

Hocmimxenns ¢daitniB y popmari STL mae
BEIMKE 3HAYE€HHS B KOHTEKCTI PO3BHUTKY
QJIUTUBHOTO BUPOOHMITBA Ta IUPPOBUX
TEXHOJIOTIM y OymiBenpHIA Tamy3i. Hamaxus
BUYEPIIHOTO ONKCY OCHOBHOI iH(opmaii,
NOB'A3aHOI 3 BUKOPHCTAaHHAM LbOro (hopMmarty,
BKIIIOYA€ METOJIM OOUYHMCIICHHS ILJIOMII Ta 00'eMy
citrku STL, mo BaxauBo misi €PEKTHBHOTO
MO/ICJIFOBAHHS Ta BUPOOHUIITBA JIETANICH.

ITin wac nOCHiKEHHS BHABICHO HU3KY
NOMWJIOK Ta  KIIOYOBHX  KpUTEpiiB  Juis
OIlIHEHHSI TEOMETPHYHOI sKOocTi citku. lle
BKJIIOYa€e B cebe Taki acmeKTH, SK MpaBUIbHE

aJITOPUTMIB

OpIEHTYBaHHS  HOpPMaJiei, BHSBJICHHS Ta
BUIIPABJICHHS  TEPEKPUTTS, TIEPETUHIB Ta
130JIbOBaHHUX T'PaHEH.

Hus MOTAJTBIITHX JIOCITIKCHB
NPOTIOHYEThCSI  PO3MIISHYTH  aJbTEPHATHUBHI
BapiaHTH  TIOJOJIAHHS  JIEIKWX  HEJIOJIKIB

dopmary STL, Takumx sK aBTOMAaTH30BaHE
BUSIBJICHHSI Ta BUNPABJICHHS MOMWJIOK Y CiTII,
po3pobieHHss HOBUX (¢opmaTiB  (daiimiB 13
OUTBIIOI0 (PYHKIIOHATBHICTIO Ta MiATPUMKOIO
JOJTATKOBUX BIIACTUBOCTEH Mojienei.
JlocmiKeHHsT TakUX  aJbTEPHATHB  MOXeE
CIIpUSITH  TIOJNIMIIEHHIO  e()EeKTUBHOCTI  Ta
TOYHOCTI BUKOpHCcTaHHs (aiiniB mis 3D-apyky
OyIiBeNnbHHX OO’€KTIB Ta B aJUTUBHOMY
BUPOOHHUIITBI.

Buxopucmanns
Gdopmamis  ¢haiinie: 3amictb STL moxHa
BUKOPHUCTOBYBATH OLTBIII MPOTyKTUBHI
dopmatu, taki sk OBJ, PLY a6o 3MF. Ili
dopMaTH  MOXYTh  MIATPUMYBAaTH  OUIBII
IIMPOKUHM CHEKTp QYHKIIHN, TAKUX SIK TEKCTYPH,
KOJIpHI JaHi, HOpMaJi Ta iHIIi.

Buxopucmanns 6invw mounux ghopmamis.
neski ¢opmaru, taki sk STEP a6o IGES,

Oitbul  NPOOYKMUBHUX
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3a0e3neuyroTh OUTbII  TOYHE 300pakKeHHS  MOJNINIIWTH  OpraHi3amiro Ta  PO3yMiHHS

reomMeTpii, 0 MOXe OyTH KOPUCHUM [UIi  MOJEJEH.

IHKCHEpHUX  3aCTOCYBaHb  Ta  TOYHHUX Cmanoapmu3ayis: BCTAHOBJICHHS

00YHCIICHb. CTaHAApTIB U1 CTBOPEHHS Ta 0OMiHY (aiimamu
Komnpecis oanux: nns 3MEHIIEHHS 00CATY ~ TPUBUMIPHUX MOJEJIEH MOXE MOJIIMUINTH

JAHUX Ta TMOJIMIIEHHS MIBUAKOCTI OOpOOKHM  CYMICHICTh Ta CHPOCTUTH POOOTY 3 HUMH MIiX

MOJKHA 3aCTOCOBYBaTH METOIM KOMIpeCii  PI3HUMH IPOTpamMaMiu Ta CUCTEMaMH.

JaHUX TUISL dopmary STL abo I[i anpTepHaTHBHI BapiaHTH MOXYThb
BUKOPHUCTOBYBATU 1HII dbopmaTtu 3  JOMOMOITH YCYHYTH JAESKi HEIONIKH (hopmary
BOYIOBAHOIO MMATPUMKOIO KOMITPECii. STL Tta momnmutu Tmpomec podoTH 3

Buxopucmanna O0odamkoeux memaoanux.  TPUBUMIDHUMH  MOJENSAMH, 3a0e3Nedyrodn
JI0JIaBaHHS JIOJaTKOBUX MeTagaHux 1o (aiiliB,  Kpally sKiCThb Ta MPOIYKTUBHICTb.

TaKUX SAK Ha3BH, OIIMCHU, ABTOPHU TOIIO, MOKC

CIIMCOK BUKOPUCTAHUX JKEPEJI
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Anotauis. Ilocmanosxka npoonemu. I1oBHE 3aTIOBHEHHS KOBIIA CKpeliepa «3 INANKOIO» 32 PaXyHOK TATOBOTO
3yciuIst 6a30BOTO TATa4a CKIagHE i TOTpedye 3HAYHHUX TATOBUX 3yCHJIb, KOTPi 0a30BHiA TSArad He B 3M031 PO3BHHYTH,
TOMY 3aCTOCOBYIOTH TPAaKTOPH-IITOBXadi a00 34EIUICHHS CKPETepiB y CKPENepHUi MOTAT 1 pOOOTY 3a CXEMOIO «TATHH-
mroBxaiy. OKpeMUM HalpsIMKOM PO3BUBAIOTHCSI KOHCTPYKIIIi CKpENepiB i3 IPUMYCOBHM 3aBAHTKEHHSIM 33 PaXyHOK
PI3HOMaHITHHX IHTEHCU(IKATOPIB — eieBaTOPHE 3aBaHTAXKEHHsI, KMa4l, TBUHTOBI 3aBaHTa)KyBadi TOLIO, ajie CYyTTEBHUM
HEJI0JIIKOM, OKpIM OibIIOT MacH CKperepa Ta HeoOX1THOCTI Bi0OpY YaCTHHU KPyTHOTO MOMEHTY BiJ Baya JABUTYHA Ha
NpuBiA  iHTeHcuQikaTopa, cTana HEOOXiAHICTh YCYHEHHS IiHTeHCH(]IKaTopa 3 IOPOXXHMHM KOBIIA ] dYac
po3BaHTaXeHHs TpyHTYy. Mema cmammi — pO3pOoOJEHHS KOBIIIB CKpENepiB TENECKOMIYHOrO THUITy 301IbLIEHO]
MICTKOCTI, III0 TO3BOJIUTH BUKOHYBATH 3aIIOBHEHHS KOBILIA CKPETEpa «3 IIAIKOI0» JIHIIE 32 PaXyHOK TATOBOTO 3YCHILISA
6azoBoro Tsrada Oe3 BHKOPHCTaHHS TpaKTOpa-IITOBXadya. 3alpoIlOHOBaHA TEXHOJIOTIS 3allOBHEHHS KOBINIA
3IIACHIOETECS B TpH cramii. Ha mepmriit crazmii BinOyBa€eThcs 3allOBHEHHS IPYHTOM MICTKOCTI IEpEeIHBOI 3aCTiHKH, Ha
IpyTili — BiABEICHHSA 3aJHBOI CTIHKH B KpaifHe MOJO0KEHHS TEJECKOIIYHOI CEKIii Ta 3allOBHEHHS I'PYHTOM IIPOCTOPY,
0 YTBOPHBCS; HA TPETil — BiBEICHHS TENECKOIYHOI CeKIlii 3 TPYHTOM Ta 3aJHBOI CTIHKH y MaKCHMaJbHE KpaifHe
MOJIOKEHHS Ta 3alOBHEHHS IPYHTOM MpPOCTOpPY, IO YTBOPUBCS. BucCHO80K. 3amponoOHOBAHO KOHCTPYKII KOBIIIB
CKpernepa TEeJICCKOMIYHOTO THUIy 30UIbIIEHOI MICTKOCTI Ta TEXHOJOTii iX 3armoBHEHHS, IO 03BOJISIE BUKOHYBATH
3alIOBHCHHST KOBIIA 32 PaxyHOK TATOBOTO 3YCHIUIA TsATada, a 30UTBIICHUH 00’€M — MiABHIINTH TPOAYKTHUBHICTH
CKpeTiepa B IIIOMY.

Kuio4uoBi ciioBa: mseoee 3ycunisn; ckpenep; meniecKONiuHull Kigul; MexHoa02is 3an08HeHHS; NepeOHsl 3ACIHKA;
MenecKOniuHa ceKyis; NOPONCHUHA KOBULA; MASINHUKOBA 3A0HS CMIHKA
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Abstract. Problem statement. The complete filling of the bucket of the scraper “with a cap” due to the traction
force of the base tractor is complicated and requires significant traction forces, which the base tractor is not able to
develop, therefore pusher tractors or the coupling of scrapers to the scraper train and work according to the “pull-push”
scheme used. In a separate direction, designs of scrapers with forced loading due to various intensifiers are developing
— elevator loading, throwers, screw loaders, etc., but a significant drawback, in addition to the greater mass of the
scraper and the need to select part of the torque from the engine shaft to drive the intensifier, is the need to eliminate of
the intensifier from the bucket cavity when unloading the soil. Purpose of the article is to develop telescopic scraper
buckets of increased capacity, which will allow filling of the scraper bucket “with a cap” only due to the traction force
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of the basic tractor without the use of a pusher tractor. The proposed bucket filling technology is carried out in three
stages. At the first stage, the capacity of the front flap is filled with soil; on the second — removal of the rear wall to the
extreme position of the telescopic section and filling the resulting space with soil; removal of the telescopic section with
soil and the back wall to the maximum extreme position and filling the space formed with soil — on the third
Conclusion. It is proposed the designs of telescopic type scraper buckets with increased capacity and their filling
technology, which allows you to fill the bucket due to the traction force of the tractor, and the increased volume allows

to increase the productivity of the scraper as a whole.

Keywords: traction force; scraper; telescopic bucket; filling technology; front flap; telescopic section; bucket

cavity; pendulum rear wall

ITocTaHoBKa npooJIeMu. IToBHE
3allOBHEHHSI KOBILA CKpEIepa «3 IIAIKOI» 3a
paxyHOK TATOBOTO 3yCHJUIS 0a30BOro Tsrava
cKiIagHe 1 moTpedye 3HAYHUX TATOBHX 3yCHIIb,
KOTpi 0a30BUN TATa4 HE B 3MO31 PO3BHHYTH,
TOMY 3aCTOCOBYIOTh TPAaKTOPH-IITOBXadi abo
3UYETUICHHSI CKpENepiB y CKpENepHUi MOTAT i

poOOTYy 32  CXEMOKW  «TATHH-IITOBXaN.
Oxpemum HarpsiIMKOM PO3BUBAIOTHCS
KOHCTPYKIIi  CKpemepiB i3  NPUMYCOBUM
3aBaHTAXEHHSAM 32 pPaxyHOK pi3HOMaHITHHX
iHTeHCH(iKaTOpiB — €JIEBATOPHE
3aBaHTa)KEHHS, KUaui, TBHHTOBI
3aBaHTa)XyBaul TOILIO, ase CYTTE€BUM

HEJIOJIIKOM, OKpiM OUIBIIOT MacHu CKperepa Ta
HEOOXiTHOCTI BiIOOPY UYAaCTHHH KPYTHOTO
MOMEHTY BiJ Bajla JIBUTYyHa Ha TPUBIJ
iHTeHcudikaTopa, € HEOOXiNHICTh YCYyHEHHS
iHTeHcHu(dikaTopa 3 MOPOKHUHM KOBIIIA ITiJT Yac
PO3BaHTaXEHHS IPYHTY.

AHaJi3 myOJrikami. [MigBuIeHHs
MPOAYKTUBHOCTI CKperepa MOKJIHMBE IMUIIXOM
30UTBIIEHHS TEOMETPUYHOT MICTKOCTI KOBIIA —
MICTKOCTI TepeaHbOi 3acHiHKH, JOBXKHUHU
caMoro KOBIIA, 3a paxyHOK JIOBXKHHHU
TeneckomiyHoi cekuii. I[lpore Bumesragai
3aX0¥ BHUKJIMKAIOTH HE3HAYHE 3HWKCHHS
OTIOPY HAMOBHEHHIO 1 30UIBIIIEHHIO HAOpaHOTO
y KIBII TIPYHTYy TUIBKM JUId  HIHIAHUX
Mano3B’si3HUX IpyHTIB. lle mosicHIOETHCS
HE3MIHHICTIO Xapakrepy IIPOHUKHEHHS
IPYHTOBOI CTPYKH Yy KIBIII.

Tak, 11 KOBIIA CKperepa TeIECKOMIYHOTO
TUIy 3 TJIWOOKOI TIEPEIHBOIO 3aCITIHKOK 1
30UTBIIICHOI0 JOBXKHHOIO JIHUIIA 33 PaxyHOK

TEJECKOMIYHOI  CeKuii TMpH  3aBaHTa)KEHH1
TATOBUM  3yCWIISM, KapTHHA 3allOBHCHHS
(pizuyna  cyTh  mporecy) — 3aJHIIAETHCS

KoJMImHBOI0. Ha 3aBepmaiibHiii ab0 OMU3BKiH
0 Hel cTafii miacT IPYHTY MiTHIMAEThCs Ha
IIEBHY BHCOTY I 0OcCHUIIAaeThCS TMiJ KyTOM
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BHyTpimHBOro Teptsa [1; 2]. Ilpum mpomy y
30HaxX MEPeIHbOT 3aCIiHKH 1 3aJHBOI CTIHKH
CIOCTEPIraloThCsl  MOPOXKHEUl,  3allOBHEHHS
SKUX TOB'S3aHE 3 BEIMKUMH EHEPTreTHYHUMU
BUTpaTaMH,  3YMOBJEHUMHU  HEOOXIIHICTIO
MPOIITOBXYBAHHS CTOBMA IPYHTY B KOBIII Ha
BHCOTY, OLIBIIY 3a PO3PaXyHKOBY JUIS II€l
MAIIHHH.

Meta cTaTTi — onuc po3poOJICHHsI KOBIIIB
CKpEnepiB TEEeCKOMIYHOTO THITy 301IbIICHOT
MICTKOCTI, IO  JIO3BOJIUTh  BHUKOHYBaTH
3aMIOBHEHHSI KOBINIA CKpemepa «3 IIalKOK»
JIMILE 32 PaxXyHOK TSATOBOTO 3ycCHiUis 0a30BOTO
TsArada 0e3 BUKOPHUCTAHHS TPAKTOPa-IITOBXayYa.

Buxaan marepiany

3 METO0 CaMOCTIHHOTO 3aITOBHEHHSI KOBIIIA
CKpemepa 3a paxyHOK TATOBOTO 3yCHIUISA
6a3oBoro TpakTopa 3aIpOIOHOBAHO
KOHCTPYKIIIIO KOBIIIa CKperepa TeNeCKOMIYHOTO
THUITY 3 HAMBKPYTJIMM JTHUIIEM i MasTHUKOBOIO
3aJIHBOIO CTIHKOIO Ta JBOCTAIIMHY TEXHOJIOTIIO
Oro HAaMOBHEHHSI.

Poboue o6magHanHs ckpernepa (puc. 1)
CKJIAaAa€Tbcss 3 KoBmA 1 13  HaMIBKPYTIIMM
THUIIEM, IIapHIPHO 3'€IHAHOTO 3 TITOBOIO

pamoro 2, TepeaHbOoi  3aciiHKW 3,  3aJHBOI
CTIHKH 4 MasATHHKOBOTO THITy, TEJIECKOIIYHOI
cexuil 5 koBma. TemeckomiuHa  cexiis 5

NEePEeMINyeTbC Yy BHYTPIIIHINA MOPOXKHUHI
KoBIIa 1 3a JI0MOMOrol0 TiAPOLMIIIHAPIB 6
KEepyBaHHS MO HANpSMHAM Ta Mae€ pebopiHi

Koseca7 W OOKOBI  OIOpHI  posuKH 8.
MasTtHukoBa  3amHs  CTIHKa 4  KEepyeThCs
TAPOUMITIHAPOM 9, NEePEMIITyEThCS y
BHYTPIIIHII MOPOKHUHI TENIECKOMIYHOT

CeKIIi 5 TO HampsAMHHUX, YCTaHOBJIECHHUX Ha
HaIIBKPYTJIOMY [JIHUIII, Ta Mae pedopaHi
kosieca 10 i 6okxoBi onopHi ponuku 11.
TemeckommiyHa cCeKiig 5 Ta MasTHHUKOBA
3agHs CTiHKa4 MaioTh CHUIBHUA IapHIp
KpirieHHs 12, 110 siBjsie CO00I0 CIIIbHY BICh iX
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o0epTaHHsI.

TexHoJtorisg 3aIIOBHEHHS
B110yBa€THCA TAKUM YHHOM.

Ha mowatky mporiecy 3amoBHeHHS KoBIa 1
TEJIECKOIIYHa ceKuis 5 nepelOyBae B
KpailHbOMY JIIBOMY IIOJIO)KCHHI HaJl HO>KOBOIO
CHCTEMOIO, MasTHHKOBA 3agHsi CTiHKa 4 — B
3a[HIli YacTHHI TEJIECKOIYHOI CeKuii S mo
yIopy CBOIM THJIBHUM OOKOM 3 ynopamu 13 ta

KOBIIIa

14, BHUKOHYETbCS 3alOBHEHHS IEPEIHBOT
3aCiHKM 3 Ta TeIeCKOIm4YHOI cekiii 5. IToTim,
miciast 1X  3alOBHEHHS, 34  JOIOMOIOIO
TIAPOIMIIHAPIB 6 TENEeCKOMYHOI CeKIii 5 Ta
rigpouniaapa 9 MAasITHUKOBOI 3aJHL01
CTiHKU 4 BOHU MEPEMIIYyIOThCS B KpailHe mpaBe
MTOJIOKEHHS, BUKOHYETHCS 3aII0BHEHHS

I'PYHTOM CepeHbOi YacTUHH KoBIIa 1.

Puc. 1. 3anpononosana KOHCMPYKYisA KOBWA CKpenepa meiecKonivHo2o muny 3 HanieKpyeium OHUuuem
ma MAsIMHUKOBOI 3a0Hb0I0 cminkoio: 1 — kisw; 2 — mseosa pama, 3 — nepedHs 3acninka,; 4 — 3a0Hs cmiHKa
MAAMHUKOB020 MUNY, 5 — meaecKoniuna cekyis koguia, 6, 9 — ciopoyunindp; 7, 10 — pebopoui xoneca,

8, 11 — onopni poruxu,; 12 — cninvruil waprip kpinieuus,; 13 — ynop

Po3BaHTa)ke€HHS KOBIIA BHKOHYETHCS B
Takuii crocio.

3pylIeHHS MasTHUKOBOI 3aJHbOI CTiHKH 4
Ta TEPEeMIlIeHHS TeJECKOMYHOI CeKIii 5, Ha
MIOYaTKOBOMY erari, 3I1HACHIOETHCS
ripoumIiHapaMu 6 KepyBaHHS TEIECKOMIYHOO
CEeKIN€r0 5, KOTpa TMepeMilmyeTbcss B OIK
HOXXOBOI cuctemMu Ta ymopamu 13 1 14
3aXOIUTIOE 32 COOOI0 MAasTHHKOBY 3aiHIO
CTiHKY 4, TigpoummiHap 9 skoi mepeOyBae B
TUIaBarodoMy mojoxeHHi. Lle 3ymoBieHO TuM,
IO TIAPOUWITIHIAP 9 KepyBaHHS MasTHHUKOBOIO

3aJHBOI0  CTIHKOIO 4 TOBHHEH  IIOJOJIaTH
«MEpPTBY TOYKY» (HampsiM [ii CwiIH, 10
PO3BUBAETHCS  TIAPOIMIIHAPOM 9, TIOBHHEH

MPOUTH Yepe3 TOuKy O, MpH LBOMY Iuteue Jii
miel BIJICYTHE). lNapouuninapu 6
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TEJIECKOIIYHOT CEeKIii MpaIffol0Th ITOKOBUMHU

MOPOKHUHAMU.
[Ticast mMpPOXO/PKEHHS «MEPTBOI TOYKH» Ta
BCTAHOBJICHHS  TEJIECKOIMIYHOI CeKwii5S B

MOYATKOBE IMOJI0KEHHS (0111 HO)KOBOI CUCTEMU
KOBIIA) TOJAJIBIIE PO3BAHTAKEHHS KOBIIA
BiZIOYBAETHCS TOBOPOTOM MasiTHUKOBOT 3aHBOT
CTIHKH 4 3a paXyHOK Tigporinapa 9.

3anmponoHOBaHi  KOHCTPYKI[ST ~ KOBIIA
cKperiepa TEJIECKOIMYHOTO TUITY 3
HAMBKPYIJIUM  JIHUIIEM Ta MAasTHHKOBOIO

3aIHBOI0 CTIHKOKO 1 JBOCTAIifiHa TEXHOJIOTIA
HOro 3amoBHEHHS JO3BOJISIFOTH CaMOCTIHHO
3aMOBHIOBATH KIBII 32 PaxXyHOK TSTOBOTO
3ycuiisi  0a30BOro TpakTopa, a 30inblieHa
reOMETpUYHa  MICTKICTh M IBUALATH
MPOTyKTUBHICTh CKperepa.
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Oco0IHBICTH POIIECy 3all0BHEHHS
TEJECKOMIYHOTO KOBIA TOJNSATae B MOILII
MpoIeCy Ha JEKiTbKa eTamiB: y JaHOMY
BUMAAKYy Ha TPH, LUISIXOM BUKOPHCTAHHSA IS
IILOr'0 TEJIECKOMIYHOI CEKIii KOBIIA Ta 3aJHbOT
CTIHKM BigBasibHOro THIy. OCHOBHa ines
3aMpoMOHOBAHOIO  CHOCO0Y —  3aloOBHEHHS
HaWOIIBII BiJJIAJICHUX BIJ 3I1BY IOPOXHUHU
KoBma  (mepemHboi  TIMOOKOI  3acIiHKH,
MOPOKHUHUA  TEJIECKOMIYHOI  Cekmii  Ta
MOPOKHUHMU Ol  3aJHBOI  CTIHKU) HpHU
MiHIMaJTbHO-MOMJIHBIT BHCOTI oMy
IPYHTOBOTO IIacTa. 3alOBHEHHS BIAJAICHHUX
YaCTUH KOBIIA, 110 BiJI0YBA€ThCSA MPU MEHIIIN
BHUCOTI MiAiiOMy TIacta, TOOTO 1 HKKYHX
CHUJIOBHX IapaMeTpax, 3a0e3MedyuTh MEHIII,
MOPIBHAHO 3 TPaAMUIHHUM  CHOCOOOM,
SHEPreTHYHI TIOKa3HUKH POOOYOro Iporecy

CKperepa.
3 METOI YCYHEHHS BKa3aHUX HEJOJIIKIB,
301IbIICHHS FE€OMETPUYHOT MICTKOCTI,

3HWKCHHSI OIOpY HAIOBHEHHS KOBIIA Ta
MOJKJIMBOCTI HOro 3allOBHEHHS 3a paxyHOK
TATOBOI'0 3yCHJIIS 6a30BOro TsAraya, 0a3yrouuch
Ha TEOPETUYHHUX Ta EKCIEePUMEHTAIbHUX
JNOCTIPKEHHAX 1. T. H., npod. JI. A. Xmapu 1
K.T.H, jgou. C.0O. Kapnymmna  [3]
MIPOTIOHY€EMO TpPUCTATIHHY TEXHOJIOT1I0
3aIIOBHEHHS TEJIECKOIMIYHOTO KOBIIIA.

3rifHO 13 3aMpONOHOBAHOI0 TEXHOJIOTIEIO
3aIlOBHEHHS KOBILIA 3A1MCHIOETHCS B TPU CTAIl.

Ha nepIii craii B110yBa€eThCA
3alIOBHEHHS TPYHTOM MICTKOCTI MEpeIHbOI
3aCIHKHM; Ha JApYriil — BiABEAEHHS 3aTHBOI
CTIHKM B KpailHE TIIOJIOKEHHS TEeJIEeCKOIIYHOT
CeKI[il Ta 3allOBHEHHS IPYHTOM IPOCTOPY, IIO
yTBOPUBCS; HA  TpeTii —  BiIBeACHHSA
TEJIECKOMIYHOI CeKIii 3 IPYHTOM Ta 3aJHbOI
CTIHKH Yy MaKCHMaJbHE KpaifHE TIOJO0KEHHS Ta
3aII0BHEHHS IPYHTOM YTBOPEHOI'O IIPOCTOPY.

KonctpyktnBHAa  cxema  ckperepa 3
TEJIECKOMIYHUM KOBIIEM Ta THpolec Horo
3aIIOBHEHHS 3T1IHO 3 TPUCTAAIIHOIO
TEXHOJIOTI€I0 HaBesleH1 Ha pUCyHKY 2. [lepenns
3aciminka 1 (muB.  puc.2, @) BHKOHaHA
301BIIEHOT MICTKOCTI, a TOBEPXHS 3aJHBOI
cTiHk® 3 BignoBigae mpodimro Oyiba03epHOTO
BiJIBajia 3 MOCTIHHOIO KPUBU3HOIO.

3anoBHEHHs KOBILA CKpernepa 3rigHO 3
TPUCTANIHHOIO  TEXHOJIOTIE€I0  3IHCHIOETHCS

TaKUM YUHOM :

— TeJIECKOITIYHA CeKIlisd 4 Ta 3aIHA CTiHKA 3
BCTAHOBIIIOIOTHCS B KpalHbOMY  JIIBOMY
[IOJIOKEHHI OLISI HOXKOBOI CHUCTEMH KOBIIA 2,
Bi/IOYBA€ThCS 3aHYPEHHS HOXKOBOI CHCTEMHU B
IpyHT (auB. puc.2, 6) Ta MaKCUMajbHE
3aMOBHEHHST ~ TEPeIHBOI  3aciliHKH 1 B
OyJbJI03€pHOMY PEXHMI 3a paxyHOK poTarii
IPYHTY, LIO MiJiMA€THCS MO TOBEPXHI 33 HBOT
cTinku 3; ¢dopma, skoi HaOyBae TPyHT Ha
KIHIIEBI  cTafil  3amOBHEHHA  MEPeIHbOT
3acITiHKH 1, MOKa3aHa Ha PUCYHKY 2, 6,

—3aaHs CTIHKa 3 BIOBOAUTHCS B KpaiHE
3aJHE TIOJOXKEHHS, IO BIJIMOBINAE MPaBOMY
Kparo TEJECKOIMIYHOT cekii 4, KOTpa
3QIIMIIAETECA Y  HE3MIHHOMY — KpalHBOMY
JIBOMY TIOJIOKEHHI; MPH IIbOMY BiJI0OyBA€THCS
YacTKOBE OOpPYIICHHS TIPYyHTY 3 TMEpeIHbol
3acliHKYU | B 30HY TeJIECKOMivHO1 ceKiii 4 (auB.
puc. 2, 2);

— BUKOHYETBCSI ~ 3allOBHCHHS  IPYHTOM
IPOCTOPY, IO YTBOPUBCSA MiXK IPYHTOM B
nepenHid 3aciiHmi | Ta 3aJHBOI CTIHKOKO 3
(muB. puc. 2, 0);

— 3aJHs CTIHKA 3 Ta TEIECKOMIYHa CeKIis 4
BIJICYBAIOTBCSl B CBOi KpaifHi MpaBi MOJIOKEHHS,
MEPEeMIlyI0Yr YacTUHY HaOpaHOTO TpPYHTY,
KOTpUH YacCTKOBO OOPYUIYEThCS Y BUIbHUIL
HpOCTip KOBIIA (IUB. pHC. 2, €);

— BUKOHYETHCSI ~ 3allOBHCHHS  IPYHTOM
CepeIHbOT YaCTHHU KOBIIIA 2 (IUB. pUC. 2, €).

Kinuesa cranis HaIlOBHEHHS
TEJECKOIMIYHOTO KOBIIIA 3T1IHO 3 TPUCTAIIHHOIO
TEXHOJIOTIEI0 TIOKa3aHa Ha PUCYHKY 2, JicC.

KoHcTpyKilist ~ TETEeCKOmYHOTO  KOBIIIA
ckpenepa /[3-87—1 3 101aTKOBOIO CEKITIETO, 10
KEepY€EThCs IBOMA TiAPOIMITIHAPAMH 1 3aIHBOIO
cTiHkoro y opmi BigBaia Oyipao3epa (puc. 3),
JIO3BOJISIE€ POBOJUTH 3alIOBHEHHSI KOBIIIA y TPU
cTaaii, mnpuuyoMy KiBImI ~Oyle MOBHICTIO
3aMOBHEHUH TPH BUKOPHUCTAHHI BIACHOI CHIIU
Tarn  0a30BOoi  MammHU  (BHKJIIOYAETHCS
BUKOPHUCTAHHSA TpaKTopa-IITOBXaya) 3a
paxyHOK 3HWDKCHHS 3yCWJIb  HAIIOBHEHHS
KOBIIIA.

Teneckomiunmii KiBInr ckperepa (puc. 3)
MIiCTUTh Ol4HI CTiHKM 1, Hepyxome AHHUIIE 2,
KOPCTKO 3'¢JHaHE 3 OIYHUMU CTIHKaMH 1, HOXI1
3, miaBarody cekmiro 4 Ha poONMKax 5, Mo
KepYEThCS  TiApOnMIiHApaMu 6, 3acIiHKY /,
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HIApHIPHO 3aKpimieHy Ha OiYHMX CTiHKax | Ta
Kepy€eTbes T1APOUUTIHAPOM §, 3a/IHIO CTIHKY 9,
3’eaHany 3 TiapommiiHapoMm 10 1 Tak camo
oOjamHaHy JUis 3MEHIICHHS OINOpy MpHU
repecyBaHH1 OIIOPHUMHM pojukamu 11.

[patroe KiBIIT TAKIM YHHOM.

[lepen 3armuOneHHSM  TEJIECKOMIYHOTO
KOBIIIA B IPYHT 3a JIOIIOMOT' OO
rigpommniaapiB 6 W 10 mmaBarowa cekiis 4 i
3aJIHs CTiHKa 9 TepeMilaroThCsl BIepes JAOTH,
MOKW IIJIaBaloya CeKiiss 4 He BHCYHEThCS
BIIEpE]l HA JOBKHHY XOAY TiAponuIiHapa 6, mo
BCTAHOBUTH IUIABAIOYY CEKI[il0 4 1 3a7HI0
CTIHKY 9 HaJ HOXOBOI CHCTEMOIO KOBIIIA.

v TaKOMy TIOJIOKEHHI BiZIOyBa€THCS
3aMOBHEHHS MEePeHBOT 3aCTIHKH 7.

[Ticns Toro sk mepenHs 3aciaiHKa MOBHICTIO
3allOBHEHA, 3aJHA CTiHKAa 9 BiJCyBaeTbCs B
KpaiiHe mojoXkeHHs (y KiHellb IJIaBaiouol
ceklii 4), THM caMUM YTBOPIOIOTHCS BITbHUI
IPOCTIP Y KOBIII — MK IPYHTOM y HepeHii
3aCJIHIN W 3aJHBOI0 CTIHKOKO, BHACIIZOK YOI0
omip 3HHMKAae W BiAOYBAa€ThCS 3allOBHEHHS
MJIaBal4voi  Cekiii 4 KoBIIa IPYHTOM JIO
peaiizarii MakCHMalbHOI CHJIM TSATH 0a30BOi
MalliHA 10 34YeIUICHHIO  (Ipyra  cTafis
3alIOBHEHHS).

Puc. 2. Ilpoyec 3anosnenns meieckoniyno2o Koguia ckpenepa 6 mpu cmaoii :

1 —nepeodnsa 3acninka; 2 —kisui; 3 —3a0Ha cminKka, 4 —menecKoniyHa cekyis;, a — KOHCMPYKMUBHA cxemda
MeNecKoniuHo20 Kosua, 6 —nouyamox 3anoeHeHHs NepedHboi 3aCiHKU, 8 — KiHYyeea cmaodis 3an08HenHs nepeoHboi
3ACNIHKU, 2 — 8i08€0eHHA 3A0HbOI CIIHKU 8 KPAUHE Npage NOJIOAHCEHHS MeNeCKONIYHOI cekyii; 0 —npoyec 3an08HenHs
meneckoniuHoi cexyii; e —nepemilyeHns meaeckoniunoi cekyii ma 3a0Hb0i CMIHKU 8 KPAUHE Npase NOJONCeHHs,
€ —npoyec 3ano8HeHHs cepeOHbOi YaCMUHU KOBUIA, JHC — KiHyesda cmadisi HANOBHEeHHA MelecKONiYH020 KOBULd
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Puc. 3. 3anpononosana KoHcmpyKyis Kosuia cKpenepa meiecKkonivHo20 muny 3 2iuboKow nepeonbor 3aciiHKOI,
MenecKOnIYHO0 NAABAIOUOI CEKYIE Ma 3a0HbOI0 CIMIHKOI0 Y (hopmi OYib003epHo20 giosana. 1 — 6iuni cminku,
2 — Hepyxome OHuwe, 3 — HodHcoB8a cucmema, 4 — meneckoniyna niasaroua cekyis, 5, 11 — onopwi ponuxu,

6, 8, 10 — cidpoyunindp,; 7 — enuboka nepedws 3acuinka, 9 — 3a0HA cminKka

[licns nabopy rpyHTy IiaBatoda cekuis 4 — mepeOyBae€ B 3aCiliHIII, BUCUIIAETHCS.
13 TPYHTOM 1 32/IHBOIO CTIHKOIO 9 BiJICYBarOThCS Hamni, 3a momomoroto rimpouuminapa 10
B KpalilHe TpaBe  TMOJIOKEHHS, 3HOBY  3aJHs CTIHKa 9 mepemillaeThcsi BIEpea, TaKUM
YTBOPIOETHCS BUIBHMM TNPOCTIp, Yy SAKUH 1  YMHOM, Ta YacTHHA IPYHTY, IO JIMIIMJIACS,
HAJXOAUTh 3pi3aHUNl IPYHT (TpeTs cTalisi  BUBAHTaXKYETHCS.

3aII0OBHEHH).
) BucHoBok
Takum  9uMHOM,  3allOBHEHHS  KOBIIA
BiIOyBa€ThCs, SIK OYyJI0 CKa3aHO paHille, B TpU 3anmpomoHOBaHO  KOHCTPYKIIl  KOBILIB

CcTajii, IPUYOMY 3aIlOBHEHHS BifOyBaeTbCA i  CKPEIEPIB TENECKOMIYHOrO THIly 30LIbIIEHO]
i yac BiI[CYBaHHH 3aHBOI CTIHKH, 1[0 crpusie MICTKOCT1 Ta TEXHOJIOT1l 1X 3aIllOBHEHH:, M0
Oe3repepBHOMY LUKy POOOTH. JI03BOJIAIOTh BMKOHYBATH 3allOBHEHHS KOBIIA

BuBanTaxeHus IPYHTY 3 KOBIIIA 3a PaxyHOK TATroBOro 3yCWJUIA Tidarada, a
BUKOHYIOTH TIPH TTi/THATIH 3acCTiHIl, IpH iboMy  3OUIBLICHUH TeOMETpUYHMK 00’€M KoBIIA —
MiX HIDKHIMH TOYKAMH 3aCJIiHKM W HOamMp  INIJBUIIATA  NPOAYKTHUBHICTH — CKpenepa B
YTBOPUTHCS WIUIMHA, 4Yepe3 SKy TIPYHT, UIO HLIOMY.
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Anoranis. TexHousorii Ta opraHi3amisi AEMOHTaXy 3pyWHOBAaHUX, MOLIKODKCHUX KOJOH 1 THX, IO BTPATHIIA
CTIMKICTD Ta HEeCHY 3/[aTHICTb y pe3yJbTaTi Iil AMHAMIYHAX HAaBaHTA)XEHB IiJ Jac BHOYXy — IyXe aKTyaslbHa TeMa,
OCKIIBKM IIi TOZIl CTajy Hag3BUYallHO YaCTUMHU B CYYacCHOMY CBITi, 1 Mai)ke 3aBKIM BHUKIMNKAIOTH IOIIKOIKEHHS
OyxiBenms Ta CIOpyX SIK OUBUIBHOI, TaK 1 MPOMECIOBOI iH(GPAacTpyKTypH. JleMOHTaXX TaKMX KOHCTPYKIIH — IIe
HEOoOXiHUW eTan y 3HeCeHHI cTapux OyniBenb i OyJIBHUITBa HOBUX, a TaKOXX BiJHOBJIIEHHS Ta PEKOHCTPYKIIT
OyxaiBenb Ta 1HGPACTPyKTypu. Po3poOiieHHS Ta BIOCKOHAJICHHS TEXHOJIOTIYHMX METOJIB Ta CIOCOOIB JEMOHTaXY
MOIIKO/KEHUX KOJIOH, CTBOPSHHS HOBHX MEXaHI3MIB Ta MPHUCTPOIB Ma€ BEJIMKE MPAKTHYHE 3HAUEHHS B OyIBHUITBI Ta
PEKOHCTPYKILT 00'ekTiB iH(MpacTpykTypu. Mema pobomu: nociimxeHHs Metoauku BuOopy edekruBnux OTP, ski
3a0e3MeuyroTh IHTeHCH(DIKaIiI0 JEMOHTaXHUX POOIT Ta CKOPOUYESHHS TEPMiHY PEKOHCTPYKIIIT Ta BiTHOBJICHHS OyaiBeNb
Ta crnopyld. O6’ckm 0o0cnidicennsn: TEXHOJOTIUHI TPOIECH, SKi BiIOYBalOThCS MiJi Yac JIEMOHTaXy Cy4YacHUX
KOHCTPYKIii. IIpeomem OocnidrcenHns . TEXHONOTIUHI MapaMeTpH Ta TEXHIKO-CKOHOMIUHI TTOKa3HUKH TEXHOJOTIYHUX
MIPOIIECiB, SIKi HEOOXiAHO BHKOHATH IIiJ 4Yac JEMOHTaXy CYyYaCHMX KOHCTPYKIH, O0a3ylounch Ha MOKIHMBOCTSIX
yKpaiHchKoi OyaiBenbHOI rannysi. Buknad mamepiany. 11106 nocsrHyTH METH AOCTIKEHHS BUKOHAHI TaKi 3aBIaHHS:

*  TIpOaHANI30BaHO, Ky YaCTHUHY BiZ 00’ eMy Bciei OymiBiti 3aiiMaroTh 3a1i300€TOHHI Ta METAIEBi KOJIOHH;

*  3HaWAEHO KOHKPETHI NMPHKJIAAN PEalbHOr0 BUKOPHCTAHHS PI3HHX METOMAIB JIEMOHTaXY KOJOH IOIIKOMKEHHX
a60 3pyifHOBaHUX BHOYXOM;

*  MPOaHaTi30BaHO YaCTOTY BUKOPUCTAHHS PI3HUX METO/IB JIEMOHTAXY KOJIOH;

*  BU3HAYCHO KJIOYOBI (PaKTOPH, SIKi BIUTHBAIOTH HA OOPAHHS METOAY AEMOHTaKy KOJIOH.

Pesynemamu docnioyncenns 1103BonATh oOparu HaitedextuBHimmit OTP skuit 3a0e3neuye iHTEeHCH(iKaIiIO
JIEMOHT2)KHHUX POOIT 1 CKOPOUEHHS TEPMiHY PEKOHCTPYKIIii Ta BiJIHOBJIEHHS OY/iBeNb Ta CIIOPY.

KmrouoBi ciioBa: 6ydienss;, cnopyoa, memoo; cnocib;, 3pyuHOo8aHi GuOYXoM; NOWKOOICEHI, OUHAMIUHI
HABAHMAICEHHS
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Abstract. The technologies and organization of the dismantling of destroyed, damaged columns and those that
have lost stability and bearing capacity as a result of dynamic loads during an explosion is a very relevant topic, since
these events have become extremely frequent in the modern world, and almost always cause damage to buildings and
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structures, such as civil and industrial infrastructure. The dismantling of such structures is a necessary stage in the
demolition of old buildings for the construction of new ones, as well as the restoration and reconstruction of buildings
and infrastructure. The development and improvement of technological methods and ways of dismantling damaged
columns, the development of new mechanisms and devices is of great practical importance in the construction and
reconstruction of infrastructure facilities. The purpose of the article is to study the methodology for the selection of
effective OTD, which ensure the intensification of dismantling works and the reduction of the period of reconstruction
and restoration of buildings and structures. The object of research: technological processes that occur during the
dismantling of modern structures. The subject of the study: technological parameters and technical and economic
indicators of technological processes, which must be performed during the dismantling of modern structures, based on
the capabilities of the Ukrainian construction industry. Presentation of the material. To achieve the goal of the study,
the following tasks were performed:

* it was analyzed what part of the volume of the entire building is occupied by reinforced concrete and metal
columns;

* specific examples of the real use of various methods of dismantling columns damaged or destroyed by an
explosion were found;

« the frequency of use of various methods of dismantling columns was analyzed;

« the key factors affecting the choice of column dismantling method are determined.

The result of the study will allow to choose the most effective OTD that ensures the intensification of dismantling
works and shortening the period of reconstruction and restoration of buildings and structures.

Keywords: building; building; method; way; destroyed; explosion; damaged; dynamic loads

Beryn.  Komomn - me  omHi 3 3a0e3leynT  3aXUCT  IHIOUX  E€JIEMEHTIB
HAaBOXJIMBIIIMX  €JIEMEHTIB  CTPYKTYpPHOI ~ CHOPYIOM IiJ Yac JEMOHTaXy KOJIOH. Takox
CHCTEMH OyiBIli, OCKUIbKA BOHH BUTPUMYIOTh  Ba)XJIMBO BPAaxOBYBaTH, IO KOJOHH — II€
OCHOBHY 4YaCTHHY HECHOI 3JIaTHOCTI OyZiBii.  BEpPTUKaJIbHI CTEPKHEBI KOHCTPYKIIi, sKi
3rifiHO 3 TaHUMH, OTPHMAHUMH 32 JIOTIOMOTOI0  BHUKOPHUCTOBYIOTHCSI B KAPKaCHOMY OYIiBHHIITBI
JITEPaTypHOTO OTJIALY Ta MITyYHOTO iHTENEKTY  0araTormoBepXOBHUX, POMHCIIOBHX,
GPT4 Bim  OpenAl, B  cepemHbOMY  aJAMIHICTPAaTHBHUX OYMIBISIX Ta MArOTh Pi3HI

3aJ1i1300€TOHHI KOJIOHU 3aiimMaroTh Big 5 1o 10 %  po3mipm i ¢dopmu, 3amexHo Bix  iX
00’eMy OyIiBeIbHOI KOHCTPYKIi, BUMIPSHOTO  MpHU3HAYeHHS Ta Micusds Yy  OyJiBenbHIN
B Ky0. M, TOAl SIK MeTaJeBl KOJOHMU 3aMalOTh  KOHCTPYKIII.

BiJ 3 10 5 % BuMipsiHOTO B TOHHAX. [IpoTe, neit Jlns BukoHaHHS pOOIT 13 BIAHOBIEHHS
00'eM MOXXe 3MIHIOBATHCS 3aJ€KHO BiJl pi3HMX  (YHKIIOHYBaHHS Oy/iBeNb Ta CHOPYJ MOTpiOHE
¢dakTopiB, Takux SK po3Mmip OyniBmi, i OUIBII JeTaJbHE pPO3YMIHHS MUTAHHS 1100
(GyHKIIOHAIbHE TPU3HAYEHHS, NMPOEKTYBaJbHI  TEXHOJIOTI] JEMOHTaXXy Ta BiTHOBJICHHS KOJIOH,
pillieHHs Ta BHUMOTH TIOJ0 MIIIHOCTI Ta a/pke TPAaBWIBHUN MIIXiJ 70 IUX TPOIECiB

0e3MeKH. BU3Havae Oe3mneky Bciel OyaiBii Ta ii MaltOyTHE
Hamnpukian, y OaraTornoBepXxoBUX  (QYHKIIOHYBaHHS. s BOTO Tpeba
OynIiBisX, A€ HeOOXiaHA MIJBUIIEHA MIIHICTH 1 PO3IIISIHYTH BUIHU MHOIIKOIKEHD
CTiiKicTh, 00'€eM  KOJOH  MOxe OyTH  3aJi300€TOHHUX Ta METAJIEBUX KOJIOH.
30utbmieHuM.  Takoxk, Uit 3a0e3nedyeHHs [Tpodeciiinuii 1eMOHTax KOJOH MOTpedye
ONTUMAJIBHOL MIIIHOCTI Ta CTIKOCTI ~ TEXHIYHOI €KCIepTH3HU, 0OCTeKeHHs OyAiBIl Ta

KOHCTPYKIii, MOXYTh BUKOPUCTOBYBAaTHCS  yB@)KHOTO IUIAaHYBaHHS Juid 3a0e3ledeHHs
pi3HOMaHITHI (GopMH Ta PO3MIpU KOJOH, L0  OE3MeKH Ta CTINKOCTI KOHCTPYKIIIi.

TEX BIUIMBAE HA 1X 00'eM y criopyai. Y BHIAIKy Buau momkomkeHHsl 3a,1i300eTOHHHX Ta
MOIIKO/KCHHSI KOJIOH BiJl BUOYXOBHX IiH, 3a METAJEeBUX KOJIOH Bin aii auHaMiyHHX
pe3yibTaTaMu OOCTEXKEHHS, X HeoOXigHO a0  HaBaHTaKeHb i yac BHOYXY.
JIEMOHTYBaTH, 200 BIIHOBUTH HECHY 37aTHICTh PosrnggaroTeca BUANM IIOIIKODKEHL KOJIOH Bij
Tutst 3a0e3MmeueHHs CTIHKOCTI Oy IiBIIi. BUOYXOBUX [ii Ta 1X MOXIIHMBI TEXHOJOTIYHI
OnHak JEeMOHTaX KOJOH 1€ CKIAQTHUH  METOJH JIEMOHTAXY.
npotiec, SIKUM norpedye JETAIBHOTO [TomkomxeHHst 3aI11300€ TOHHUX Ta
IJIAaHYBaHHS Ta BHUKOPWUCTAHHS CHEIIaIbHOTO  METaJeBUX KOJIOH BHACJIIIOK BHOYXY
oOmagHaHHs Ta TexHIKA. KpiM TOro HeoOXiAHO  Pi3HOMAaHITHI. ITpn HOUIKO/KEHHI
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3aJ11300€TOHHUX KOHCTPYKIII MOKYTh CTaTHCS:
pO3TpicKyBaHHA OeTOHy, nedopmallis KOJOHU
Ta pylHyBaHHS apMaTypH. Jleski 3 HUX BUIUMI
oJlpa3y, 1HIII MOXYTh 3'BUTHUCS 4Yepe3 NMEBHUUN
4ac micisi BUOyXxy.

Posmpickysanna  Oemony Moxe OyTH
MIOBEPXHEBUM ab0 MPOHMKATH B INIUOUHY.
[Hmmit BUA — 6i0konu YacTUH OETOHY, Kl
MOXYTh OyTH Oimbin ab0 MEHII MOMITHHMH,
3JIC)KHO B1J pO3MIPY Ta MICIIs BIIKOITY.

Pyiinyeanus apmamypu: apmatrypa MOXKe
OyTH TOIIKO/KeHa abo 3irHyTa BHACIIJIOK
BUOYXY, IO CIIPHYUHSE TOTIPIICHHS MIllHOCTI
KOJOHU. LI MOIIKOKEHHS MOXYTh 3MEHILUTH
CTIMKICTh Ta MIIHICTE KOJIOHH, III0 BIUIMBAE HAa
3IaTHICTH OY/IIBJII BATPUMYBATH HAaBAaHTAKCHHS
Ta 30UIBIINTH puU3MK 11 oOBajeHHs abo
pyiinyBanHs. lle crae HeGe3nmeyHuUM s
nrozieH, siki mepeOyBaroTh y ii Oe3mocepenniit
Oym3pKOCTi. B Takux Bumaakax MOTPiOHO
MOCHJIUTH 200 JIEMOHTaX KOHCTPYKIIii, a came
KOJIOH.

MertasieBi KOJOHH MOXYTh OTPUMATH
nedopMarlliro, poO3pPHUBH Ta  PYHHYBaHHS
3B’ SA3KIB.

Jlepopmayisn: MeTaneBi KOJOHH MOXYTh
OyTu 3irHyTi abo CIUTIOImEHI B pe3yibTarTi
BuOyxy. Ile  chopuuMHUTH,  TOPYIIEHHS
reoOMEeTpUYHOT (POPMU KOJIOHU Ta MOPYIICHHS 1i
CTIMKOCTI.

Pospus: wmeraneBa koiloHa Moxe OyTu
po3ipBaHa Ha HIMATKH.

Pytinysanns  36'a3xie: MeTaneBi KOJOHU
MarTh 3B'SI3KH, SKi 3a0€3MeYyOTh MIIHICTh
KOHCTpYKIii. BuOyx Moxe iX MOImIKOIUTH, 110
BUKJTHYC MOPYIIECHHS CTiKOCTI  BCi€el
KOHCTPYKIIi.

MeToan Ta cnocoOM AEMOHTAXKY KOJIOH,
NOLIKOMKEHUX BHOYXOoM. [l JeMOHTaxXy

KOJIOH, $Ki BTPAaTHJIM CTIAKICTh Ta HECHY
3MATHICTE y pe3yibTarTi Jii  JWHAMIYHUX
HaBaHT)XEHb MiJ Yac BHOYXy, HEOOXITHO

JTOTPUMYBATHCh BHCOKUX CTaHIAPTIB OE3IEKH.
BukoHaHHs Takux poOIT MOXKe He TUIbKU
MTOIIKOIUTH HAaBKOJIMIIHI OyIiBJIi Ta MaiHO, a 1
CTBOPUTU CEpHO3HI 3arpo3u Uil JKUTTA Ta
3I0pOB's JTIOACH.

Po3pi3HAIOTH Taki HAWMOLIMPEHII METOIN
JNEMOHTaXY 3aJ11300€TOHHUX KOJIOH:

1) mexaHi3oBaHUN;
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2) BHOYXOBHIi,

3) riapoabpasuBHHMIA.

VY OinbIIocTi BUNAAKIB UIS JEMOHTAXY
3a;i300€TOHHUX  KOJIOH  miciasi  BHOyXy
3aCTOCOBYIOTh MEXaHIYHMM Ta BHOYXOBUH
METO/M, 1110 CTAaHOBIATH Om3bK0 60—70 % ycix
BHITQJIKIB TO/Il, SIK JI0 T1APOAOP3UBHOTO METOIY
BIar0Thes npubiuzno y 20-30 % Bumaakis.

B ocrtanHi pokM MexaHi30BaHUI MeETOX
JEMOHTaXy 3a]11300€TOHHMX KOJIOH CTa€ BCE
OUTpII TOMYyJSPHUM y OaraThbOX KpaiHax,
OCKUIBKH BiH J103BOJIsIE €)EKTHBHO Ta OE3TMIEYHO
BUKOHYBaTH pOoOOTH 3 JIEMOHTaXXy B CKJIAJHHX
yMoBax. BuOyxoBuii Ta Timpoabpa3zuBHUI
METOAHM TaKOX 3aCTOCOBYIOTHCS, MPOTE BOHU
MEHII TOMYJISIPHI Yepe3 0OMEeXEeHHs IPOCTOpY.

MexaHizoBaHUH METOJ JIEMOHTaXy
3aJ11300€ TOHHUX KOJIOH HIUPOKO
3aCTOCOBY€TbCS B OyNIBHUITBI, 30Kpema, y
BEIMKMX  IPOMHUCIOBMX  KOMIUIEKCax 31

CKJIQJIHUMU KOHCTPYKIISIMH  3J1i1300€TOHHUX
KoioH. Jlo HBOrO BAAIOTHCS TOAl, KOJIU
MOLIKO/DKEHHSI KOJIOHM He3HauHi abo KoJoHa
MOBWHHA OYTH 3HATA 3-IJ MiABICKH, aje BiH
Hee()eKTUBHUA Yy  BUMAAKaX  BaXXKOTO
MOIIKO/DKEHHS. ~ KOJIOHH, KOJM  HEoOX1JIHO
BUJIAINTH 3HAYHY KUTbKICTh MaTepiaiy.

3ami300€TOHHI  KOJIOHH, MOIIKOKEH]
BHACTIIOK BHOYXy, 3a3BUYail JEMOHTYIOTh
CIIOCOOOM T1JIPOMOJIOTY Ta KpaHy.

Metoa AEMOHTAKY Ne 1
(MmexanizoBaHuii). OCHOBHI KPOKH JEMOHTaXY
MEXaHIYHUM METOJIOM:

1. Iliocomosxka  pobouoi  30nu.  Jns
O0e3nexkn poOOTH HEOOXimHO 3abe3meunuTH
BUTBHUN JOCTYN 10 KOJIOHM Ta 30HH, [€
PO3MINIAOTECST POOITHUKU Ta TexHika. Jlis
I[BOTO 30HY Oe3neku OTOPOIKYIOTh
CHEIIAIEHOIO CTPIYKOIO.

2. Iliocomosexa rononu. Ilepen moyaTkom
JEMOHTaXy 3 KOJIOHU 3HIMAIOTh yCi JeTai, sKi
MOXYTh TEpPENIKOHKATH PoOOTI TiApOMOIIOTA.
Jliss  1BOrO  MOXYTh  BHKOPHUCTOBYBATHCS
pI3HOMaHITHI 1HCTPYMEHTH Ta OOJaJHaHHSA,
HaIpUKIIaJ, OOJIrapKH.

3. Kpinnennus xononu. 100 yHUKHYTH
oOBaiy KoJOHHW, ii HEOOXigHO 3adiKCyBaTH.
Jnst 1bOoTO KpaH TpUMae KOJOHY 31 CTpOIlaMu
BHaTAT, a00 BUKOPHUCTOBYIOTHh CIEI[IaIbHY
MiJCTaBKy 3 KPITICHHSMHU.
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4. Jlemonmaogic. [Micns 3aKpITUICHHS
KOJIOHM €KCKaBaTOp 3 T1[POMOJIOTOM IOYHMHAE
poboty. Onepatop peryiroe pexkuMm podoTu Ta
HampsiMOK ~ 1ii  Ha  koJoHy. [impomonor
po30nBae OETOHHY YaCTHHY KOJIOHU 3HU3Y.

5. 3uammsa apmamypu. Ilicist po30uBaHHS
OETOHHOT YaCTHHM KOJIOHH 3pi3al0Th apMaTypy.
JUis 11bOrO0  BUKOPHUCTOBYIOTHCSI PI3HOMAaHITHI
pi3aibHi IHCTPYMEHTH a00 001a THAHHSI.

[Ticna 3emnerpycy B 2010 pomi nHa Iaiti
3aCTOCOBYBAJIH MEXaHi130BaHHIA METO/T
JEMOHTaXYy 3a JJOTIOMOTOI0 T1IPOMOJIOTA.

Metoa nemontaxy Ne 2 (BuOYXOBHIA).
BubyxoBuii MeToa IEMOHTaXy 3a1i300€TOHHOI
MOMIKOJ/)KEHOI  KOJIOHU e  muporec
pyHHYBaHHS 3a JOMOMOIOI0 KOHTPOJIHOBAHOIO
BUOYXY.

Tam, ge nocTymHICTH A0 KOJIOH CKJIaiHa 1
HEMa€e MOKJIMBOCTI BUKOPHUCTATH IHII METOIU
JNEMOHTaxy, ab0 KOJIOHM MalOTh CKJIaJHY
reoMeTpiro, Mo yCKIagHioe pobory. Horo
TaKO’)X BUKOPHUCTOBYIOTh Yy BHUIAAKaX, KOJIU
Tpeba  JEMOHTYBaTH  KOHCTPYKIIIO B
3a0pyTHEHOMY CEPEIOBHIIII.

3a pgomomoror Merony «Bubyx» Oymm
JIEMOHTOBAHI 3aJ11300€TOHHI KOJIOHUA
NepeBaHTAXYBAILHOTO 00NMaaHaHHSA (HaOpuku
npobneHHs Ha 00’ exTi [[I'3K.

TexHomoriuea IOCIINOBHICTE JIA  JUIA
JEMOHTaXy  TONIKOKEHOI  3a1i300€TOHHOI
KOJIOHH, METOJIOM BUOYXY TaKa:

1. ITiocomosui  pobomu: M ArOTOBKA
MalJaHYMKa, BUKOHAHHS MiHHUX OTBOPIB.

2. Bcmanoenenns 6ubyxogoeo mamepiany.
y MiHHI OTBOpHM 3aKJaNalOThCS  3apsiau
BUOYXOBOT'O MaTepiayly 3aJIe)KHO BiJ pO3MIpiB
Ta (OPMHU KOJIOHHU.

3. Ilposedenus KOHMpPOILOBAHO20 BUOYXY:
TCJISE BCTAHOBIICHHS BCIiX 3apsiIiB Ta MEPEBIpKU
0e3neKu BUKOHYETbCS BHOYX, 110 MPU3BOJIUTH
J10 pyHHYBaHHS KOJIOHH.

4. Ouuwenus matioanyuxa: TICIs BUOYXY

MalJaHYMK  OYMINAIOTH  BIJ  3aJIHUINKIB
pyiliHyBaHHS  Ta  BIAXOHIB  BHUOYXOBOTO
Matepiany.

Metoa nemonta:xky Ne 3 (MexaHiYHUIA).
JleMoHTaX 3113006 TOHHOT KOJIOHH
riipoabpa3uBHUM  METOJOM  IMOJSTae y
BUKOPUCTaHHI  BOJSHHX  CTPYMEHIB [
BHUCOKHUM THUCKOM Ui pyHHYBaHHS
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KOHCTpYKii. st IbOro BIAIOTBCS TOMi, KOJNH
IHIII METOAM HeAOLIbHI ab0 HEMOKIIMBI,
HaNpUKIIa, KOJU HE MOKHA BUKOPHUCTOBYBATH
BUOYXOBI pEYOBHHM, a00 KOIM HE MOXKHA
CTBOPUTH HEOOXIJHI YMOBHU JUIsl MEXaHIYHOTO
JIEMOHTaXy, Yepe3 BUCOKY UyTJIUBICTh Ha LIyM
Ta BiOpawii, MOXIMBICTH 00Bally CYyCIAHIX
KOHCTPYKILIIH

TexHosoriuga IIOCHIZOBHICTE i A
JEMOHTaXy TOLIKOJKEHUX 3ai300€TOHHHUX
KOJIOH MEXaHIYHUM METO/IOM TaKa:

1. Oyinka nowxoodcenv i niocomosxa
pobouoi 30nu: IlepmM eramom Oyne OIIHKA
MOIIKO/DKEHb, a TaK0oX MiAroToBKa po0Oouoi
30HH. BoHa Bkitouae B cebe BiIMEXyBaHHS Ta
3a0e3MeyYeHHs] 3aXUCHUMH eJIEeMEHTaMH, IO
3ano0iraroTh NaiHHIO YJIaMKiB.

2. Iliocomosxka obnaonanHna ma Oe3nexu:
st pobotu HeoOXiTHe CrerfiaibHe
oOnasHaHHA (HAOpUKIAJ — aJIMa3HO-KaHaTHA
nmuia), sKa TIOBHHHA OyTH TIepeBipeHa Ha
HAsIBHICTh TOUIKO/KEHb Ta TOTOBHICTH JI0
po6otu. Takox MOTpiOHO BpaxoByBaTH BUMOTH
Oe3nexu, BKIIIOYAIOYHU BUKOPHCTaHHS
0COOHMCTOrO 3aXMCTy Ta BIAMOBIHE HAaBYaAHHS
MepcoHaly.

3. Oyinka cmpykmypu ma HANPAMKY
Oemonmaxncy:  llepem  moyaTkoM  poOIT
HEOOXiJTHO OIIIHUTH CTPYKTYpy KOJIOHH Ta
BHU3HAUUTHU ONTUMAJIbHUI HampsaMok pizku. Lle
JIO3BOJIMTH 3a0€3MEeUnTH TOYHE pO3pi3aHHA 1
MiHIMI3yBaTH PHU3HK MOTAJTBIIIOTO
MOIITKOJKCHHSI.

4. Ilposedenns Odemonmadicy:. JIeMOHTaX

(HampukiIaa ~— aJMa3HO-KaHATHOK  MHJIOH0)
3a7i300€TOHHOI ~ KOJIOHM  TIOYMHAEThCS 3
ypaxyBaHHSIM IONEepeIHBO BU3HAYEHOTI'O

HaNpsIMKY pi3aHHS Ta YMOB po0O0UOi 30HH.

5. [lemonmasic yramxie ma o4uweHHs
MAUOAHYUUKA: [licma  pizanHs KOJIOHH
HEOOXITHO BHJIATUTH YyJIaMKH Ta OYHCTUTH

MalIaHuYnK BiI  3aJIMILIKIB Marepiaiis,
BUKOPHCTOBYIOYM JUIsl IOTO  BIIMOBITHE
o0najiHaHHA Ta IHCTPYMEHTH.

Ymunizayis ~ 6i0xodie:  3aBepiagbHUM
eTaroM Oyne yTWui3amis BiIXOMiB, fKa
nepeadayvae BHUBE3CHHS OCTOHHHX  Ta
MeTaJIeBUX  BIAXONIB HA  IIOJNIIMOH  JUIA

MOIAJIBIIOT TIepepoOKH ab0 yTHITi3allii.
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MexaHiuHUH METOJ 3aCTOCOBYBaBCS B
2017 poky B wmicti bepmnin, mpu neMoHTaxi
KOJIOH  OyIiBENBHOTO  KOMIUIGKCY,  SIKHH
noTpedyBaB  JEMOHTaXy  CBOiX  CTapHx
3a11300€TOHHUX KOHCTPYKLIM JUIsl MMOAaJIbIION
PEKOHCTPYKIii, BUKOPHUCTOBYBAaB MEXaHIYHHM
METOJ| TiJ Yac JAEeMOHTaxy KoioH. OmHa 3
KOJIOH  Oyna  MOIIKO/KeHa M dYac
nornepenHboro BuUOyxy, 1 il HeoOXigHO Oyio
BUJAINTH O€3MeUHO Ta e()eKTUBHO.

JleMOHTaK MeTajIeBUX KOJIOH. /leMOHTax
METaJIeBUX KOJIOH, SIKI BTPaTHJIM CTIHKICTh Ta
HECHY 3JIaTHICTh B pe3yJIbTaTi Jii TUHAMIYHHX
HaBaHTaXeHb MiJ 4Yac BUOYXYy, Mae CBOi
0COOJMBOCTI, TOMY 3aCTOCOBYIOTHCA  TaKi
HaWO1IBII MOUTUPEHI METOJIN:

1. Meron mno eneMEeHTHOIo
YacrtoTa 3acTOCYBaHHA SIKOTO
60—70 % Bumazxis.

2. TimpoaOpa3uBHUN METO/I.
METOJ] TpUNanae NpUOIU3HO
BUIIAJIKIB BUKOPUCTAHHS.

Metoa nemontaxky Ne 1 (moenemeHTHe

po3pi3aHHS.
MPUOJIU3HO

Ha nmannuit
3040 %

po3pi3aHHsi). Po3zpizanns METaJIEBUX
€JIEMEHTIB — OJWH 31 CHmoco0iB JEMOHTaXy
MertaneBux koioH. Cdepa 3acTocyBaHHS

JTAHOTO METOJy TOIIUPIOETHCS Ha KOJOHH, SIKi
HE MOXHa BITHOBUTH abO BiAPEMOHTYBATH.
TexHoJIOTIYHA TOCIHIOBHICTh i y TpOIeci
JEMOHTaXYy METaJleBOi  KOJIOHM  METOJIOM
pO3pi3aHHS METAJIEBUX €JIEMEHTIB TaKa:

1. ITiocomosui pobomu: 3a0e3MEUYCHHS
Oe3mexkn Ha Miclli poOiT, YCTaHOBKA 3aXHUCHHUX
Oap'epiB, 30HYBaHHSI  po0OOYOI  JUISHKH,
MMArOTOBKA HEOOXI1THOT TEXHIKU Ta
IHCTPYMEHTIB.

2. Pospizanns KonoHu: 3a JIOTIOMOTOIO
ra3zoBoro pizaka a0o 1HIIOTO CIeiaJIbHOTO
oOJaiHaHHS PO3pi3al0Th METaleBi EJIIEMEHTH
KOJIOHM Ha MEHIN YacTHHH, 100 IX MOJKHa
OyJ0 Oe3MeYHO BUIAIUTH.

3. Buoanennss wacmum xononu: po3pizaHi
MeTaJIeBl eJIEMEHTH HiIHIMAIOTh 32 JTOTIOMOTOIO
KpaHa Ta BUAAJSIOTH 3 Miclsg pooiT. [ uporo
MOXKYThb 3Ha/100JIAThCS CHelialibHI KOHTEHHEpU
ab0 TpaHCIOPTHI 3aCO0U.

4. Buewxoooicenns 3anuukie:  3aIUIIKU
KOJIOHHU, SAKI 3aJHIIHIMCI Ha Micli Iicis
BHUIAICHHS JUJISTHOK, 3HHIIYIOTh abo
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3HEMIKO/DKYIOTh 33 JIOTIOMOTOI0 CIEHiajbHOT
TeXHIKHA a00 00JIagHaAHHA.

5. Vmunizayis: 3i0paHi MaTtepianu
TPAHCHOPTYIOTh Ha CIEIliaJIbHE MIANPHEMCTBO
JUTSL TIOJTaJTbIol yTHITi3alii abo mepepooKu.

OpauH 13 OpPUKIAAIB 3aCTOCYBAaHHS METOIY
M0 E€JIEMEHTHOTO PO3pi3aHHS ISl JAEMOHTAXKY
MeTaneBux KojoH — mpoekt «Demolition of
steel columns using diamond wire cutting
technique» kommanii CSDA member Protec
Cutting  Services. Y  1bOMy  HpPOEKTI
BUKOPUCTOBYBAJIUCh TOHKI aJIMa3Hi JIPOTH ISt
pO3pi3aHHS CTaNeBUX KOJOH Ha ImMatku. Llei
METOJI TI03BOJISIE TOYHO KOHTPOJIOBATH PO3MIp 1
dbopMy  OTpHUMAaHHMX IIMATKiB 1 3HWKYE
KUIBKICTh IIIYMY Ta THJIY, TIOPIBHSIHO 3 1HITUMU
METOJaMHU JEMOHTAXY.

Meton JAE€MOHTAKY Ne 2
(rinpoadpa3uBHmii). JlemoHTaxx MeTaneBoi
KOJIOHH, MOLIKOKEHOT BUOYXOM,

riipoabpasuBHUM METOJOM OiIbIn Oe3meuHuit
Ta IIBUJKHUIA MOPIBHAHO 3 METOAOM pPO3pi3aHHs
MeTalNeBUX  eJeMeHTiB.  ligpoalpasuBHHI
MeTon e(pEeKTUBHMA y  JEeMOHTaXl Mpu
BUKOHAHHI pOOOT B 0OMEXEHOMY TIPOCTOPi Ta y
BaYKKOJOCTYITHUX MICIISIX.

[MocnigoBHICTh BUKOHAHHS JIEMOHTAXKY

1. Iliocomosui pobomu: BCTAaHOBJICHHS
0o0naiHaHHA, yTHITI3aIis OymiBeTbHUX
BIIXOMIB, 3aXHUCT JOBKIJISA TOIIO.

2. Bcmamnoenenns 2I0paesniuno2o
éepcmama, MO  CKJIAJa€ThCsi 3 JBOX
TIIpaBIIYHAX ~ HACOCIB, TIAPOMHIIIHApa Ta
pi3aJIBHOTO IHCTpyMEHTA. Bepcrar
BCTaHOBJIOIOTh noom3y KOJIOHU i
3aKpITUTIOIOTHh HAa (PYHIAMEHTI.

3. Posmimka pizanvhoco wea: Qaxiii
pOOJIATH PO3MITKY Ha MICI pi3aJbHOTO IIIBa,
BiIMIYalOYM TOYKH I[IOYAaTKy Ta  KIHIA
pO3pi3aHHsI, a TAKOXK TJIUOWHY pi3y.

4. PospizanHsi KOMOHU: TICIS PO3MITKH
¢daxiBIi TMOYMHAIOTH PO3Pi3aHHA KOJOHH 3
BUKODUCTAaHHAM  TIAPaBIIYHOIO  BepcTara.
PizanbHuil iHCTPYMEHT BCTABISETHCS B Y MiCIE
po3TaniyBaHHS IIBa 1€  BIAOYBaTHMEThCS
pi3aHHS KOHCTPYKIIii, TMICJIA YOTO T1APOLUIIHAD
MMOYMHAE TPAIIOBATH 1 pO3pi3ae MeTall.

5. Ilpubupanmus: BIIXOIW MOTPAIIISIOTH Ha
nepepoOKy AJIS TTOAATBIIOTO BUKOPHCTAHHS.
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6. Ymunizayin xononu: komm pobota 3
pO3pi3aHHAM 3aKiHYeHa, JAeTajl JeMOHTYIOTh, a
3B'SI3yBAJIbHUI METaJI 3/1aI0Th Ha TIEPEPOOKY.

VY 2018 poui B HiMewyuuHi micist TOro, siK
BUOYX y MarasuHi NepeTBOpUB MOro Ha pyiHH,
KOMaHJa JIEMOHTAXXHUKIB 3a  JIOIIOMOI'OIO
TIpaBIIYHUX 3pi31B  JIEMOHTYBAJIU 3aJIUIIKU
MeTalleBUX KOJIOH, BHUKOPHCTOBYIOUM pi3asibHI
MAIIMHU 3 BOJHUM CTPYMEHEM.

Bucnosku

Ha ocHoBi 3i0paHMx pgaHuxX, Opo BHUIU
HOIIKO/XKEHb KOJOH Bix mii AJUHAMIYHUX
HAaBaHTAXECHb TMiJ d9ac BUOYXy, MaeMo
CTaTUCTHKY BUJIIB MOIIKO/KEHb:

3aniz00eToHHI KOJIOHM. Po3mpicKy8aHHs.
[Ipubnauzuo 30-40 % 3a11300€TOHHUX KOJIOH,
[0 TiANAITHCS Ail TUHAMIYHUX HABAHTAXKEHBb
BUOYXy, MAalOTh TONIKOJKCHHS Yy BHIJISAII
po3ctpickyBanHs. Lle MOXyTh OyTH TpIlIMHH
Ta pyHHYBaHHS TIOBEPXHI KOJIOHH, SKI
BUHUKAIOTh BHACIIIOK /i1 BUOYXOBOT XBUIIL.

Iegpopmayii. Maiixe 50-60 %
3a11300€TOHHUX KOJIOH 3a3HAIOTh Jedopmarii
micns  BuOyxy. Ile 3wmimeHHs, 3TrHHM Ta
BUKPUBIICHHS.

Pyunyeanns  apmamypu.
1020 % TOHIKO/KEHUX  3ali300€TOHHUX
KOJJOH MOXYTh MaTH mepepizadi  abo
neperaMaHi apMaTypHi CTEpIKHI.

MeTtanesi KOJIOHH. Jlepopmayis.
[Mpubmmzno 3040 % MeTaneBUX KOJOH
MOXYTh 3a3HaTH Aedopmalliii, TaKuxX SK 3THH,
CKpY4eHHS a00 PO3TAT, BHACHIIOK BUOYXY.

Pospus. Tlpubnuzno 10-20 % meraneBux
KOJIOH OTPUMYIOTh PO3pPHBH a00 TPIIIUHU.

Pyuinysanns 36'a3xie. bmmseko 10-20 %
MOTIKO/PKCHUX METAJIEBUX KOJIOH MOXYTh MaTH

[TpuGmm3HO

MOIIKO/UKEHHS 3B'SI3KIB, TaKuUX SK 3J1aMaHi

3'eqHyBallbHI ~ eleMeHTH abo  BTpara ix
CTIHKOCTI.
PosrnsnyBim METOAU JEMOHTAXY

3aJ11300€TOHHMX Ta METaJeBUX KOJOH, MOXXHA
3pOOUTH BUCHOBKHU:

* MexaHi30BaHU  METOJ  JEMOHTaXy
KOJIOH, MOIIKO/IXKEHUX BUOYXOM — IIBHAKHI Ta
edeKTUBHUH, aje BUMarae 3HaAYHUX BUTPAT HA
oOnasHaHHA Ta po0Oouy cuily. 3aCTOCOBYETHCS
B OCHOBHOMY /Ui JIEMOHTQXY BEIUKUX
OyIiBelb Ta CHOPYHd 1 € HAWMOUIUPEHIIINM
METOJIOM JIeMOHTaxy (60—70 % BUNaAKiB).

* Meton BUOYXY J03BOJIIE€  IIBHJKO
JEMOHTYBAaTH  KOJIOHH,  ajie  MoTpedye
CIeliaJIbHUX HaBHKIB Ta 3HAHb 3 OE3IEKH.
[Tpunatauit SIKIIO HeMae HaJICJ)KHOT

JIOCTYITHOCTI JI0 KOJIOH a0 KOJIOHH MalTh
ckiaany reomerpito (60—70 % Bumagkis).

* MeToa MexXaHIYHHH 3aCTOCOBYETHCS JIJIS
JEMOHTaXY 3al1i300€TOHHHX KOJOH B yMOBax
obmexxeHoro nmoctymy. BiH Ounbmn Oe3rneuHui,
HDK MeTox BHOYXy, ajge MEHII eQeKTHBHMHU,
HiXK MeXaHi30BaHUN MeToJl. BUKOpHUCTOBY€ETBCS
y 20-30 % Bumanakax.

* Meron po3pi3aHHs 3aCTOCOBYIOTH JIJIs
JEMOHTaXy METAJIeBUX KOJOH B yMOBax
00MEXEHOTO JIOCTYITy Ta HEMOKJIUBOCTI 1HIIHUX
METONiB. BuMarae  BHCOKOMPOJYKTUBHOTO
oOagHaHHS Ta BIZIITOBITHUX HABVKIB
pobitHuKiB (60—70 % BuUMaaKiB).

* Meron rigpoaOpa3uBHHUI TNpUAATHUI
JUTSL IEMOHTAXXy METaJeBUX KOJIOH B YMOBaX
00MEXXEHOro JO0CTymy, OuIbIl Oe3MeYHHid Ta
MEHII [IyMHHHA, HIX METOJ pO3pi3aHHS.
3actocoByethes y 30—40 % Bunajakis.
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Anotanisi. ITocmanoeéxka npoonemu. 3acTOCyBaHHS CydyaCHUX aBTOHOMHHX CHCTEM TEIUIONOCTaYaHHS — OTUH 13
HarnpsIMKiB 3MEHILICHHS CIIOKUBAHHS IPUPOJJHUX EHEpropecypciB. ICHye BeMKa KiIbKICTh PI3HUX aBTOHOMHHX CHCTEM
TeryonocTa4anis 00’exTiB. OJUH i3 BapiaHTIB TaKMX CHCTEM — II€é CHCTEMa 3 3aCTOCYBAaHHSIM TPyOUacTHUX ra3oBUX
HarpiBauiB. TpyOwacTuii Ta30BMH HarpiBad CKJIAJa€Thcsi 3 Ta30BOI0 IMaJbHUKA, BUIIPOMIHIOBAIBHOI TPyOM Ta
BEHTWIATOPA. TEXHIYHUM PIMICHHAM 3aCTOCYBAaHHS IIbOTO OOJIaJIHAHHS Yy CHUCTEMI TEIUIONOCTAYaHHs CTaB TPyO4YacTHH
HarpiBay, poO3TAIIOBaHWH BcepenuHi OyniBenbHOI KoHCTpykuii. IlinBuimeHHs edekTHBHOCTI poOOTH Tra3oBOTO
00J1aIHaHHSI MOJKJIMBO JOCATTH 3a PaXyHOK poOOTH IIHOro 00NaJHaHHS B KOHJCHCALiHHOMY pekumi. BimmosimHo i
MOJIMBICTE POOOTH TpPyOUacCTHX Ta30BHX HarpiBadiB y OyIiBEeNbHHX KOHCTPYKIIAX y KOHACHCAIIHHOMY DPEXHMIi
JIOCUTH I[iKaBa 3 MOTIIIAY IiIBUINECHHS €(pEKTHBHOCTI BUKOPUCTAHHS TETIOBOTO MOTEHITially Ta30IOAI0HOTO MMajrBa Ta
3a0e3medeHHss Horo exkoHoMii. JImsg mOCHiKEHHS 1 TPAKTUYIHOTO KOHCTPYIOBAaHHS AaBTOHOMHHX — CHCTEM
TEIUIONOCTa4aHHss 3 TpPyOuaCTUMHM Ta30BUMHM HarpiBadaMu y OyJIBENbHHUX KOHCTPYKISIX 3 ypaxXyBaHHAM
KOHJICHCAIIIHHOTO peXUMY pOoOOTH HEoOXiHa MaTeMaTHYHa MOJIENIb PO3PaXyHKY TEIUIOBHX 1 TiAPABIIUHUX PEXUMIB
cucremud. Mema cmammi — 100yqyBaTH MaTeMaTW4Hy MOJIENIb CHCTEMHU aBTOHOMHOIO TEIUIONOCTaYaHHS 3
TpyO4acTHMH ra30BUMHM HarpiBayamu y OyiBeJIbHUX KOHCTPYKIISIX MiJl yac poOOTH B pexXuMi KoHAeHcallil. Buchosok.
Po3pobiieHo Ta mpeacTaBieHO Y BUDIAA AU(PEPEHIIHNX PIBHSAHb MaTeMaTHYHY MOJENb TiJIPaBIiYHOrO i TEIJIOBOIO
PEKUMIB aBTOHOMHOT CUCTEMH TEIIONOCTaYaHHs 3 TpyO4acTMMU ra30BUMH HarpiBauamMu y OyZiBEeJIbHUX KOHCTPYKIIISX
Ul poOOTH B peXHMi KOHJeHcamii. B ocHOBI € piBHAHHS 30epeKeHHS MacH, pyXy Ta €Hepril /Uil ra3onoBiTpSHOI
CyMillli BCepeIMHI KaHaIy B YMOBax [BO(A3HOrO IOTOKY, PIBHSHHSA IE€PEHOCY Terula BcepeanHi OyaiBerbHOT
KOHCTpYKIii, pIBHSHHS TEIUIOBiA/Iaui Bijl IIOBEpXHI HarpiBayda A0 HABKOJIMIIHBOTO CepeloBHIIa. MaTeMaTniHa MOJENb
TiAPABIIIYHOTO 1 TETIOBOTO PEXMMIiB aBTOHOMHOI CHCTEMH TEILIOIIOCTaYaHHA 3 TPyOYacTUMU Ta30BUMH HarpiBa4aMu y
OymiBeNbHIX KOHCTPYKIIAX MiJ 4ac poOOTH B pekKMMi KOHJCHCAIi TO3BOJIUTH PO3PaXOBYBATH I KOHCTPYIOBATH TaKi
CHCTEMH.

KuarouoBi cioBa: mpyouacmi cazo8i nacpisaui; mamemamuuna Mooev; KOHOeHCayis 800AHOT napu
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WHEN OPERATING IN THE CONDENSATION MODE

PROKOFIEVA H.Ya.}, Cand. Sc. (Tech.), Assoc. Prof.,
BEREZIUK H.H.?", Senior Lecturer,

TKACHOVA V.V 3, Cand. Sc. (Tech.), Assoc. Prof.,
SOLOD L.V.4 Cand. Sc. (Tech.), Assoc. Prof.,
ADEHOV 0.V.°, Cand. Sc. (Tech.), Assoc. Prof.

1 Department of Heating, Ventilation, Air Conditioning, Heat and Gas Supply, Prydniprovska State Academy of Civil
Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine, tel.: +38 (056) 756-34-92, e-mail:
chornomorets.halyna@pdaba.edu.ua, ORCID ID: 0000-0003-4964-5785

2" D Department of Heating, Ventilation, Air Conditioning, Heat and Gas Supply, Prydniprovska State Academy of Civil
Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine, tel.: +38 (056) 756-34-92, e-mail:
berezuik.hanna@pdaba.edu.ua, ORCID ID: 0000-0002-4790-3421

3 Department of Heating, Ventilation, Air Conditioning, Heat and Gas Supply, Prydniprovska State Academy of Civil
Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine, tel.: +38 (056) 756-34-92, e-mail:
tkachova.valeriia@pdaba.edu.ua, ORCID ID: 0000-0001-9943-1852

4 Department of Heating, Ventilation, Air Conditioning, Heat and Gas Supply, Prydniprovska State Academy of Civil
Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine, tel.: +38 (056) 756-34-92, e-mail:
solod.leontina@pdaba.edu.ua, ORCID ID: 0000-0002-4789-9514

5 Department of Heating, Ventilation, Air Conditioning, Heat and Gas Supply, Prydniprovska State Academy of Civil
Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine, tel.: +38 (056) 756-34-92, e-mail:
adehov.oleksandr@pdaba.edu.ua, ORCID ID: 0000-0001-8837-4936

Abstract. Problem statement. The application of modern autonomous heat supply systems is one of the directions
of reducing the consumption of natural energy resources. There are many different autonomous systems of heat supply
of objects. One of the variants of such systems is the system with tube gas heaters. A tube gas heater consists of a gas
burner, a radiating tube and a fan. One of the technical solutions for such heat supply systems is a tubular heater located
inside the building structure. Increase of the efficiency of gas equipment can be achieved by operating this equipment in
the condensation mode. Therefore, the operation of tubular gas heaters in building structures in the condensation mode
is quite interesting in terms of increasing the efficiency of utilisation of the thermal potential of gaseous fuel and
ensuring its saving. For research and practical design of autonomous heat supply systems with gas tube heaters in
building structures with regard to the condensation mode of operation it is essential to develop a mathematical model
for calculating the thermal and hydraulic modes of the system. The purpose of the article is to develop a mathematical
model of an autonomous heat supply system with tubular gas heaters in building structures when operating in the
condensation mode. Conclusion. The mathematical model of hydraulic and thermal modes of autonomous heat supply
system with tubular gas heaters in building structures when operating in the condensation mode was developed. It is
presented in the form of differential equations. The model is based on the equations of conservation of mass, motion
and energy for the gas-air mixture inside the canal in two-phase flow, the equation of heat transfer inside the building
structure, the equation of heat transfer from the external surface of the heater to the environment. The mathematical
model of hydraulic and thermal modes of autonomous heat supply system with tubular gas heaters in building structures
when operating in the condensation mode will be used to calculate and design such systems.

Keywords: gas tube heaters; mathematical model; condensation of water vapor

IlocranoBka mnpo6Jemu. 3acToCyBaHHS TpyOuacTuii Ta30BHil HArpiBa4 CKIAAA€THCS
CY4YaCHUX aBTOHOMHUX CHUCTEM 3 Ta30BOro MajJbHMKA, BHUIPOMIHIOBAJIBHOT
TEIUIONOCTAYaHHs CTaJl0 OJHUM 13 HampsMKIB Tpyou Ta BeHTwiastopa [1]. Texuiunum
CKOpOYEHHS CIOKMBaHHS NPUPOJHUX  PILICHHSAM 3aCTOCYBaHHs LIbOTO OOJIaJJHAHHA Yy
eHepropecypcis. ICHye Benrka KUIBKICTh PI3HUX ~ CHUCTEMI TEIUIONOCTAYaHHS CTaB TpyOdacTHit
aBTOHOMHUX cHcTEM TEIUIONIOCTaYaHHA  Harpisady, pO3TalIOBaHU BCEPEIHHI
00’exTiB. OJIUH 13 BapiaHTIB TaKUX CUCTEM — 1€ OyJ1BeIbHOI KOHCTPYKLIi [2].

CUCTEMa 13 3aCTOCYBaHHSIM TPyOUYaCTHX Tra30BUX [TigBumeHHs e(eKTUBHOCTI pobotu
HarpiBadis. ra3zoBoro OOJagHAHHA MOXJIMBO JOCATTH 34

paxyHOK poOOTHM 1bOro oOJagHaHHA B
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KOHJEHCAlllHHOMY  pexuMi. BignosimHo 1
MOXIUBICTh POOOTH  TpyOUacTUX Tra30BUX
HarpiBayiB y OyJiBEIbHUX KOHCTPYKLISIX Yy
KOHJICHCAIIIHHOMY pPEXHUMI JOCUTh IliKaBa 3
TIOTJISA Y 1JBUIICHHS €(eKTUBHOCTI
BUKOPUCTAHHS TEIJIOBOT'O MOTEHIliaTy
ra3onoJi0HOro naauBa Ta 3a0€3MEYeHHS HOro
exoHoMmil. [lng JociiKeHHs 1 HpaKTUYHOTO
KOHCTPYIOBAaHHSI CHCTEM TEIJIONOCTAYaHHS 3
TpyOuactumu razoBumu HarpiBadamu (TTH) y

OyaiBeTbHUX KOHCTPYKIIAX (BK) 3
ypaxyBaHHSIM  KOHJCHCAIIHHOTO  pPEXUMY
poboTH  HeoOXigHa MaTeMaTH4YHa  MOJEIhb

pPO3paxyHKy TEIUIOBUX 1 T1APaBIIYHUX PEKUMIB
CHCTEMH.

Anajiz my0OJikaniii. MaTtematnyHi mMojei
TpyOUYacTUX Ta30BUX HarpiBadiB OINHUCaHI B

mpausgx [3-5], 1de MareMaTHdHa ~MOJENb
HarpiBaya poO3TISAAETbCA K TiAPaBIIYHUN
JAHIIOT 13 PO3MOAUICHUMH  TapamMeTpamu

BIJINIOBITHO JI0 TEOPii TipaBiIiuHUX JAHLIOTIB.
Pexxum KoHzeHcamii B IIMX MaTeMaTHYHUX
MOJIEJISAX HE BPaXOBYETHCA.

MatemaTuayHOMY MO/JIETTFOBaHHIO
TpyO4acToro ra3oBOro HarpiBaua
pO3TAIIOBAHOTO B  OMAaIIOBAHOMY MPOCTOPI,
SKUU MOKE TIpAIOBaTH Yy KOHJIEHCAI[IHHOMY
peKuMi, MPUCBsUeHi mparti [6; 7].

MaremMaTiuHa ~ MOJENb  JUISHKA  JUIS
TpyOUYacCTUX ra30BHX HarpiBadiB y OymiBeIbHUX
KOHCTPYKIIiSIX po3pobnieHa y crarri [8]. Ilpwu
bOMY MaTeMaTHYHE MOJIEJIOBAHHS CHUCTEMH
TETUIONIOCTaYaHHs 3 TPyOYaCTHMMHU Ta30BUMH
HarpiBadyamMu y OyAiBEeIbHUX KOHCTPYKIISIX TIif

gyac poOOTH B peXHMMI KOHACHCAIl He
PO3IIISLIANIOCH.

Mera crarrTi — noOyayBaTu MaTeMaTUYHY
MOJIelb  CHCTEMHM  TEMJONOCTAa4aHHSA 3
TpyOYacTUMU  Ta30BUMH  HarpiBadyaMu y

pocTOopi OyMiBENbHUX KOHCTPYKIIH 32 poOOTH
B PEXHMi KOH/ICHCAII].

Bukgan marepiany. ABTOHOMHa cUCTeMa
TETUIONIOCTaYaHHA 3 TPyOYaCTHMHU Ta30BUMHU
HarpiBayamMu y OyIiBeJIbHUX KOHCTPYKIISAX Mae
MPOCTY KOHCTPYKIiIO. Po3MillieHHs KaHATIB y
OyniBenbHIN KOHCTpyKUii (MmIaH Ta po3pi3
KaHaJly) HaBeJICHE Ha PUCYHKY 1.
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Puc. 1. Aémonomna cucmema mennonocmavanna 3 TI'H
y cepedosuiyi Oy0ieenbHUX KOHCMPYKYIUL:
1 — nanvrux; 2 — nampybok 01 nooayi nogimpsi;
3 — nampy6oxk 011 nooaui 2azy; 4 — LOYAMOK NMIHIUHO2O
Hazpieaya ¢ mennoizonayii; 5 — eeHmunsamop,
6 — esrcexmop, 7 — nampybox 05z 8idgedenHs
2a30n08IMpPAHOI cymiwti; 8 — Kananu cucmemu
3 2a30n08impsaHoI0 cymiwiuiio, 9 — oyodigenvHa
KOHCIMPYKYisi nionoau;
10 — 306niwns Oyodieenvra niacmuna

[Tpuniun po6oOTH 1i€i CUCTEMU TaKuii camo,
gK 1 TpyOdacTOoro  HarpiBada,  BUIBHO
pPO3TalIOBAaHOTO B  OMAJIOBAaHOMY MPOCTOPI.
[TpomyKTH 3ropsiHHA 3 NMajbHUKA HAAXOIATH J10
KaHaJiB CHCTEMH, SKi TOTIM TIepeaaroTh
TEIJIOBUH  TOTIK 31 CBOEl TIOBEpPXHI B
cepenoBuIe OyIiBeIbHOI KOHCTPYKIIii, a 3BIATH
HA30BHI.

Jns  migBumeHHs e(QeKTUBHOCTI POOOTH
TaKoro aBTOHOMHOTO TEIUIONOCTAYaHHS
3alpOMOHOBAHO  BUKOPUCTAHHS CHCTEMH Yy
KOH/ICHCAIlIHHOMY PEXHUMi pOOOTH.

Bunukae  HEOOXimHICTH  PO3pOOJIEHHS
MaTeMaTU4HOi  MoOJeni  Juldl  pO3paxyHKy
TEIUIOBHUX 1 MPaBIIYHUX PEKUMIB.

Crniuparourch Ha po3poOku [6—8], HaBOAUMO
MaTeMaTHYHY MO/JIEITb CHCTEMHU
teronioctadanis 3 TIH y  cepemomumii
OyZiBeNbHUX KOHCTPYKIIH 32 pOOOTH B PEeXHUMI
KOHIeHcall.
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TemnoBuil Ta TiAPOAMHAMIYHUM pEXUMU
pobotu CUCTEMHU PO3IIIAIAI0ThCS
CTAaI[lOHApHUMH 1 TIO OJHIA TO3OBXKHIN
JOBKMHI HarpiBada KOOpJIWHATI Z, a uepe3
pocTip OyAiBENIbHOT KOHCTPYKIIII — TBOBUMIpPHI
0 X Ta Y KOOpJAMHATaX.

PosrnsmaroTecst Taki yMOBH JIJISI CHCTEMH:

3akonu Kipxroda (mepmmii ta apyruid) y
MaTpu4Hil Popmi:

AV +Q=0; 1)
B-H=0. 2
PiBHSIHHS BTpaAT TUCKY IO TiUISTHKAM:
H+A-P=0, (3)
ne A — Marpuusd 3’€IHaHb JaHuora; B —

Matpuis KoHTypiB saniora; V ={v;} — Bexrop
MacoBHX BHTpAT IO AUIAHKaX, 1=1N; Q={q;}
— BEKTOp MAacoOBHX BHUTpaT y By3Jax, j=1m;

P-Pp

P } — BEKTOp BTpaT THCKY Y BY3Jax,

j=1m ; H={h} — BekTOop BTpaT THCKY TIO
minsaKax, 1=1,n.
PiBHSIHHS BTpaTH THCKY Ha i-¥l TUISHIL:
|
h = [dR-dz,, @
0
Je Z; — JOBXKUHA 1-1 TUISTHKH.
[To minmsHKaxX IMepemnaa TUCKY 3aJIeXHO Bij
BUTpATH U;, TeMIlepaTypu 1, TYCTHHH p; Ta

MBHUAKOCTI W,
dR.(z;) =y (v, Ti (), pi(z)), W (z;),dT;, dp;, dwi ), (5)

e U — BUTpaTa CyMilll B CepelrHl KaHaly
CUCTeMH Ha i-W NiNSHI; W, (Z;) — MIBUIAKICTH
pyXy CyMilIi B cepeInHI KaHATy CUCTEeMH Ha i-i
ningaui; T, (z;)— Temmeparypa  cyMini
CepeMHI KaHaJdy CHCTEeMH Ha I-W JIJISHIII;
p, (z;) — TycTHHa cyMimn B CepeAWHI KaHAly

B

CUCTEMH Ha [-W OUIAHI.
Jlnst By3miB JaHIlora pPIiBHAHHS OallaHCy
eHeprii:

ZUi(li)'CeTi(li)z ZUi(O)'CF;Ti(O)ajEJ , (6)

il i€l
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ne | — MHOXXHHA IUISHOK, SIKI BXOISTH IO

6Xi0
By3na J; | MHOXHHA JUISHOK, SIKi
BUXOIATh 3 By3da |; Cp, — TEIUIOEMHICTh

ra3onoBITPSHOI CyMIlli 32 CTaJIUM THCKOM,
Jx/kr °C.

Jomyctumi  OOMeXeHHS  Ha  3HAYCHHS
IIBUKOCTI Ta TEMIIEPATYPH BiIMOBITHO:

W (z) =W (z,) ; )
T(z)<T{"(z), (8
ae w’"(z;) — JMOIMyCTHMa IIBHIKICTH pyXy

TEIUTOHOCIST B CepeMHI KaHaly CHCTEMH Ha i-i
aisamd,  m/c; T°7'(z;) J0MyCTUMA
TeMIlepaTypa TEIJIOHOCISI B CEepeluHi KaHaly
cucremu Ha i-i aursaHI, °C.

MaremaTnuHa MOJEIb eJeMEeHTapHO1
IUISTHKH CUCTEMH:

Bupas 36epexxeHHs macu:

M = p wF =const. 9)

Bupa3 craHy ra3omoBiTpsiHOI cyMimn Yy
BHpa31 PIBHSAHHS CTaHy 1€aJbHOTO ra3y:

p=pRT. (20)

Bupaz pyxy raszonoBiTpsHOI  cymimii

BCGpCI[I/IHi KaHaly:

2

Y w
dp=-—-p-—-dz; +(p,—p)-g-dh. (11)

D 2
PiBasHHS ~ TemoBoro  OamaHcy  JuiA
€JIEMEHTApHOI  JUISHKA  KaHAIy  CHCTEMH

JOBXUHOIO dZ; y TIepeTHHi.
TerutoBUM MOTIK BiJl TEIUIOHOCIS IO CTIHKH
KaHaTy CHCTEMH, SIKUH MePeIaEThCs

KOHBEKIII€I0 1 BAIPOMIiHIOBaHHSM, BT:
dQ, =11, dz, aZi(T — Ty ) (12)

3MiHa TEI0BOi €Heprii MOTOKY TETUIOHOCIS,
110 PyXa€EThCS:

d(p-wFc, T)=—dQ.

Posmoain Temnma y mpocTtopi OyIiBenbHOI

(13)

KOHCTPYKIIIT y BUTJISAI PIBHSIHHS
TEIUIONPOBIIHOCTI 3 BIJIIIOBITHUMU
TPaHUIHUMH YMOBAMHU:
0T, o°T
5 s-=0. (14)
OX; oy;
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['pannuni ymosu s (14):

oy (T =Tyi)= _/I(aalr‘;v) npu (x;,y;) ewi ; (15)

oT,
A | =0Ty = T,) npu(x;,y;) e we. (16)
on ).

TennoBuil MOTIK BiA 30BHIIIHBOI MOBEPXHI
OyIiBEJIbHOI ~ KOHCTPYKIli B  OMNAJIOBAaHE
CepeloBUINe, L0 MEepPeAacThCsd KOHBEKIIE 1
BUIIPOMIHIOBaHH:M, BT:

dQ, =11, dz; 05T = To ). (17)
3a cTaliOHapHOTO TEIJIOBOIO PEKUMY:
dQ =dQ, . (18)

MatemaTuyHa MOJENIb YMOBHOI JUISHKU
BEHTWIATODA:

AP, = D(M). (19)

3a 3akoHoMm Kipxroda (apyruii 3akoH)
anreOpaiyHa cyma BTpaT THCKY Y 3aMKHEHOMY
KOHTYpI1 JJOPIBHIOE HYJIIO:

[dp@)-dz, + 3" 4P(M)- 4P,(M)=0,  (20)

ne p — TYyCTHMHA Ta30MOBITPSHOI cyMimn
BCepe/IUHI KaHaly CHCTEMH, KI/M>; W — cepesiHs
JiHIAHA  MBUAKICT  PyXy  Cymimi,  M/c;
p — aOCOMIOTHUI THUCK CcyMmilli B JaHOMY
NepeTuHi KaHaiy cucremy, [la; F — moma
TIOTIEPEYHOr0 TEePeTHHY KaHaly CHCTEMH, M
T — abcontoTHa TeMIeparypa CyMmillli B JaHOMY
nepetuHi kaHamy cuctemu, °C; R — rasoma
cTaja, IO 3aJIeKUTH BiJl CKIIay Ta30MOBITPSHOL
CyMIlIl 3a IMOBHOTO 3TOPaHHS Ta30MOJiIOHOTO
nanmuBa, JDx/kr °C; dp nepenag  THCKY
ra3oMoBITPSHOI CyMIllli y KaHaJli CHUCTEMHU Ha
IUISHOI ~ JoBkuHOMKO dzi; D BHYTPIIIHII
€KBIBAJICHTHUI JiaMeTp KaHaly CHCTEMH, M;
A4 — xoedinienr teprs; (p,—p)-9-dh — Brparu

THCKY Ha CaMOTSTY; pa — I'yCTHHA 30BHIIIHBOIO

MOBITpsA, KI/M°, § — TNPHCKOPEHHS BiIBHOTO
naminasg, m/c’; dh — moBxuHa BEPTHUKATBHOT
OUISTHKA  auMaps, M; [l; —  BHyTpimHiA
MepuMeTp KaHally CHUCTeMH, M; Oy —
e(heKTUBHUI koedirieHT TEIUIOB1IIaui

(3 ypaxyBaHHSIM KOHBEKTHUBHOi 1 MPOMEHHCTOL
CKJIQJIOBUX) B MOTOKY CyMIlI IO CTiHKH
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kaHany cuctemu, Br/m? °C; Twi — Temmeparypa
BHYTpIiIIHEOi TOBEPXHi KaHATy CHCTEMH B

naHoMmy neperudi, °C;  Tw — Temmeparypa
BCEpeIrHI IPOCTOPY OyIiBenbHOI
KoHCTpyKuii, °C; A — KOoe(ILi€HT

TeronposiHocTi, BT/M °C; Twe — TeMnepatypa
30BHIIIHBOI  MOBEPXHI  BUIPOMIHIOBAJILHOTO
kaHany cuctemu, °C; To abcorroTHA
TEeMIeparypa TOBITpPS B  ONAJIOBAHOMY
npuminiensi,  °C; Oy —  e(dexTuBHUIA
KoeQILIEHT TemoBiAaayl (3 BpaxyBaHHAM
KOHBEKTHUBHOI 1 MPOMEHUCTOI CKJIAJ0BUX) BiJ
30BHIIIHBOI MOBEPXHI CUCTEMHM B HABKOJMILHE
cepenoBumie, Br/m? °C; (ﬂj : (ﬂj -
on wi an we
IPaJieHT  TeMIeparypd  3a  HaOpsSIMKOM
(BiAMOBIIHO) BiJA TMOTOKY CYMIIli 70 CTIHKH
KaHaJly CHCTEMH 1 BiJ NOBEpXHI OyIiBeNbHOI
KOHCTPYKLIi CHUCTEMHU B OIAJIOBAaHUN MPOCTID;
II, — 30BHINIHIA NEpUMETpP KaHAIy CUCTEMHU,

M; AP, — akTuBHMII Hamip BeHTHIATOpa, Ila;

e

e

@ — (QyHKUiA AMS NEBHOI Hapu «BEHTHISATOP—
enekrpoaBuryn»; dp(z)-dz, — posmoxin Tucky
ra3omnoBITPSHOI CyMillll HA JUISHII CHUCTEMH 3
Tpy6uacTUMHU HarpiBadamu; » AP(M)i — cyma

BTpPAT THCKY T'a30MOBITPSHOI CyMIIlll B MiCLIEBUX
oropax Mo IUIIXY pyXy; M — 3arajbHa BUTpaTa
TemnmoHocis, kr/M>, Xx; Ta i niniini
KOOpIMHATH y TMEPETHHI HarpiBaya.

[Ipu 3ropstHHI TOPIOYUX Ta3iB y MOTOI
MOBITPSL YTBOPIOETHCS TA30MOBITPSAHA CYyMIII,
10 MICTUTB BOAsAHY mapy. I1ix yac pyxy cymirmri
B3JIOBX KaHaly iI TeMmIepaTypa 3MEHIIYEThCH,
M0 MOXX€ BUKJIMKATH KOHJIEHCAIl0 BOJSHOI
napu 3 MPOTyKTiB 3TOPSHHS.

PosrisiHemMo MisSHKY KOHACHCAIIl CHCTEMH

teronioctadanus 3 TI'H y  OymiBenbHUX
KOHCTPYKIIIfIX.

VYMoBa KoHAeHcallii —  BIONOBIIHICTH
TeMmrepaTypu rasomnoBiTpsHoi  cyminmn (7))

TeMmeparypi HacuueHHs BoIsiHOT mapu (Teg) 3a
HOro mapijiaibHOrO THUCKY:

T=T,(R). (21)

[TapmianpHuit  THCK ~ BOASIHOI  TapH
BU3HAYAETHCS CIIBBIIHOLICHHSIM:

P =a, P, (22)
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ne P — 3aralbHAN THCK CyMIIIl BCEpeauHi
KaHaly; an — KOHIIEHTpallis (00'eMHa) BOJSHOT
Mapy B Ta30TOBITPSIHINA CyMIIIi.

O6'eMHa KOHIIEHTpAIlisl BOASHOI mapu (an) €
CTaJIOI0 BiJ MICIl TTIOBHOTO 3TOPSIHHS Tra3y [0
MICIIS, 1€ MOXKITUBE BUIAiHHS KOHAeHcaTy. Lo
BEJIMYMHY MOXKHA PO3paxyBaTd 3a peakiisiMu
TOpiHHS Ta30MoOAiIOHOrO MajanuBa, Horo 00'eMHUM
CKJIaIOM, KOE(QII[IEHTOM HA/UIMIIKY TMOBITPA 1
roro Bosorocti [9].

OO0'emMHi  KOHIIEHTpalii  Tra3oMOBITPSAHOL
CyMiIii 1 KoHAeHcaTy B IBO(a3HOMY MOTOII:
L W Y
a, = £y 2T, (23)

ne ai, a2 — 00'eMHI KOHIIEHTpaIlii CKIJIaJOBUX
IBO(A3HOTO MOTOKY: Ta30MmoAiOHOT cymimmi i
KOHJIeHcaTty; F — 3aranpHa Iioma mepepiszy
KaHanmy, F1 — mioma mepepidy KaHamy, IO
3aliMae ra3omnoBiTpsHa cyminr, F2 — muroma
nepepizy KaHaity, 1o 3aiiMae KOHJIEHCAT.
I'yctuHa criagoBux JBO(A3HOTO IMOTOKY:
ra30MoBITPSHOI CyMilli i KOHAEHCATY:

plzal'plo;pzzaz'pg, (24)

ne p1, pP2 — crIpaBKHA T'yCTHHA Ta30MOBITPIHOT
CyMiIIi 1 KOHACHCATY.

MacoBi BUTpaTH CKJIQJ0BUX JIBO(A3HOTO
TTOTOKY Ha BXOJIi 0 JUISTHKA KOHJICHCAITI1:

ng1:pf'w1'|:1:p10'w1‘a1’|::pl'W1‘F; (25)

M,,=p;, Wy -F,=p W, -a,-F=p,-w,-F, (26)

ne Mesx1 — BUTpaTa ra30moAioHo1 cymimi, Mex2 —
BUTpATa KOHJCHCATY.

MacoBi BUTpaTH CKJIQJ0BUX JBO(A3HOTO
MOTOKY B  KIHII  JUISTHKA ~ KOHJIGHCAIIil
3MIiHIOIOTECA. [lo3Haummo 1 BUTpaTH: Meuri,
Meux2 (IHACKC 1 BITHOCHUTBCA 10 Ta30mMOaI0HOI
cyMilli, iHAeKC 2 — 70 KOH/IEHCAaTa).

[TapameTpu TIOTOKY Ha BHXOJI TaKOX
3MIHIOIOTECS 1 BU3HAYAIOTHCS TaKUMH
BUPA3aMHU:

IapaMeTpy ra30noBITPSHOT CyMIIIi:

Pl +dpl s W +0W,; @ +da; T, +dT,; (27)

napamMeTpu KOHJEHCaTY:
pd =const; W, +0W,,; a, +da,; T, +dT, (28)
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SIK1Io mo3HauYuTH 00'€MHY TYCTHHY JKEPET
dazoBoro mnepexomay, IO PO3MOALICHI B 00’ eMi
KaHaTy gepe3 M (Kr/M>-c), OTpIMaeMo:

MKlle _Msxl = _mFdZ’ (29)
Mgux2 _ngz =mkFdz. (30)
PiBHsAHHS 30€epeKeHHs MacH:
1 d
E'_Z(plwlF)__m 1 (31)
1 d
E'E(PszF)—m (32)
PiBHsIHHS pyXY:
dw, dP w;
W, — =~y ——~ m(le _Wl)_iplo —+
dz dz £ (33)
+(p, ~ o Jgch
dw dP Ay oW
P zd_z2 =4 E+m(w1z _Wz)_BZPSTZ‘I'
: . (34)
+p, gdh

PiBHsAHHS eHeprii:

plwle(il +"f] - —mFolz{i12 i+ (WfZZ—Wf)} —dg, -(35)
2 2 2

oW, Fd[iz +V;2] - mFdz{ilz i (Wﬂz‘wz)} +dQ, —dg, - (36)

dQ, = Ddze, (T -T.); (37)

dQ2c :DZdzaZC( c _TWi )’ (38)

ne Wiz, l12 — mapamerpu oOMinHOi Macw; 0Qic —
TEIUIOBUHA IIOTIK KOHBEKIIIEIO MIDXK
ra3omnoJiOHOI0 CyMINIIII0 1 KOHACHCATOM;
dQ2c — TemmoOBHMi TMOTIK, SKUH MEPEIAETHCS
KOHJIEHCAaTOM JI0 CTiHKH KaHamy; D2
3MOYEHHUH TTepUMETp pizKoi (asu.

TennoBuit  moTiK  4Yepe3  OyZiBesbHY
KOHCTPYKIIIFO Ta B ONAJIOBaHHHA TMPOCTIp
JUISTHKY KOHJICHCAIlll BU3HAYAIOTh PIBHSIHHIMH
(14)-(27).

Ha ocHOBiI piBHSHB MaTeMaTH4YHOI MOMEII
CUCTEMHU 3 TPyOUaCTUMH ra30BHMHU HarpiBauyamMu
y TPOCTOpPi OyIiBENbHUX KOHCTPYKIIN ITiJ Yac
po0OTH B peXUMi KOHJECHcAlil MOXHA POOUTH
PO3paxXyHKH  TEIUIOBOTO 1  TLAPaBIIYHOTO
PEKUMIB TAaKUX CHUCTEM TeIuIonocTadanHs. J{is
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OT0 TOTPIOHO iHTerpyBatu piBHSHHS (31)— Ta30mOBITPSIHOT CyMilni BCepeAnHI KaHATy B

(38) 3a BimOMHX MOYATKOBUX YMOB. yMOBax  ABO(a3zHOrO0  MOTOKY,  pIBHSHHS

[TouaTkoBiI ~ yMOBM  BH3HAUAIOTBCS 3 TEPEHOCY TeIla  BCEpeAWHI  OyAiBeNbHOI

PO3paxyHKY MOMEePEaHbOI JUISTHKY Teuii. KOHCTpPYKIIi, pIBHAHHSA TEIUIOBIAJa4i  BiA

BHCHOBKH 30BHIIIHBOT MOBEPXHI Harpiaya 110
CepeloBUIIA.

MaremaruuHa MOJECIIb (1)—(38) MarematnuHa MOJENb TiAPABIIYHOTO 1

TigpaBaivHOro i TEILIOBOTO POKUMIB  TemIOBOro0 pEKUMIB aBTOHOMHOI — CHCTEMH
aBTOHOMHO1 CHUCTEMU TCIIOIIOCTaYaHHA 3 TEIIOIOCTAYaHHI 3 pr6‘IaCTI/IMI/I ra30BUMU
TpyO4acTUMHM ~ ra30BHMHM  HArpiBa4aMd Y HarpiBauaMy y OymiBeTbHHX KOHCTPYKIIAX 3a
OyIiBENbHMX KOHCTPYKLISAX 3a poOoTH B poboTH B pEXUMiI KOHJEHCAIIl JTO3BOJHUTH

peXMM1 KOHJCHCAIl HaBeICHa Yy BHUILIIL  po3paxoOBYyBaTH i KOHCTPYIOBATH TaKi CHCTEMH.
nudepeHIiiHnX piBHSIHL. B OCHOBI € pIBHAHHS
30epexeHHsT MacH, pyxXy Ta eHeprii s
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3MIHH Y IPABOBOMY IIOJII KAAPOBOI'O AIJIOBOACTBA
B CYUYACHHUX YMOBAX BOEHHOI'O CTAHY B YKPAIHI
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PEIIETUIOBA O. M.2, kano. neo. HayK, 0oy.

I Kadenpa moxymeHTo3HaBCTBa Ta iHpopMariiiHoi misubHocTi, HHI «[HCTHTYT MPOMUCITOBUX Ta Gi3HEC TEXHONOTi» YKpaiHChKOTo
JICP)KABHOTO YHIBEPCUTETY HAyKH i TeXHOJOrii», mp. 'arapina, 4, 49005, duinpo, Vkpaina, ten.: +38 (095) 760-79-90, e-mail:
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2 Kadenpa ToKyMeHTO3HABCTBA Ta iHpopManiiinoi AismeHocTi, HHI «IHCTHTYT IPOMUCIOBHUX Ta Gi3HeC TeXHONOTiH» YKpaiHChKOro
JEPXKABHOTO YHIBEPCUTETY HAyKH 1 TEXHOJOTii», mp. [arapina, 4, 49005, [duinpo, Ykpaina, ten.: +38 (097) 585-08-23, e-mail:
karunga@ukr.net, ORCID ID: 0000-0002-7975-0773

Anoranis. /11 edekTuBHOrO pO3BHTKY OyAb-SKOTO MiANPUEMCTBA, OpraHizamii abo YCTaHOBH KIIIOYOBUM
aCIIeKTOM € oprasizamis poOOTH 3 JOKyMEHTaMH, 30KpeMa, 3 KaJpoBOIO JOKyMeHTamiero. KampoBa mokyMmeHTAaIlis
BKJIIOYAE B ceOe Pi3HOMAaHITHI TOKYMEHTH, IO MICTATH iH(opMaIlilo mpo mepcoHall, Taki SK 3asBH IPO MPUHHATTA,
3BUIbHEHHS, IEPEBEJICHH Ha 1HIY Nocay, Hakasu, aBrodiorpadii, XxapakTepuCTHKH, KOHTPAKTH Ta TPYAOBI Yroau, 1o
(bIKCYIOTbCS Y TPYAOBHX KHWXKKax. Bimmin kaipiB BiINOBifae 3a MiAroTOBKY Ta O(QOpPMIIEHHS IIMX AOKYMEHTIB i
BBQ)XKAETHCSI OOOB’SI3KOBMM 1 B@KJIMBUM CTPYKTYPHHUM IJAPO3IUIOM Oyab-sikoi opranizaumii. OOmiK mepcoHaity
MIPOBOAMTHCS HA BCIX MIANPHEMCTBAX Ta YCTAHOBAX, L0 MAIOTh IIPAaBO CAMOCTIHHO NMPUHMATH, IEPEBOJUTH, 3BITBHAITH
MIPaIiBHUKIB, 320X0YYBaTH IX Ta HPEICTABIATH JO JEPXKaBHOT'O HAropo/DKyBaHHs, a TAaKOX BCTAHOBJIIOBATH BJIAcHI
MpaBWiia BHYTPIIIHBOTO PO3MOPSIKY Ta YMOBM Tpami. [IpakTHYHO Ha KOXXHOMY IiIIPHEMCTBI O(QOPMIISIOTHCS
JOKYMEHTH, [IOB’3aHi 3 KaIpOBOK poOOTO. SIKiCTh JOKYMEHTYBAHHS 1 H1Oro onepaTHBHICTh 3HAYHO BIUTMBAIOTH HA TE,
HACKLUTBKH €()EKTHBHO BeIEeThCA poOOTa 3 HUMHU JOKyMeHTaMu. CaM mporec poOOTH 3 KaJpOBOK JOKYMEHTALIE 1 €
CYTTEBOIO CKIIAJOBOIO KaJpPOBOTO IIJIOBOACTBA. Bu3Ha4almbHUM (DaKTOPOM YCIIXy B3a€MOBITHOCHH 1 HOTPUMAaHHS
piBHOBaru iHTEpeCiB MpAaIiBHUKIB 1 POOOTOMABIIB CTAN0 PO3pPOOJICHHS Ta BBEICHHS HEOOXimHOI opraHi3alliiHo-
MPaBOBOI JOKYMEHTHOI 0a3m, 10 3a0e3NeUnTh Xi/l TPYJOBOTO MPOIECY BiAMOBIIHO A0 HOPM YHHHOTO 3aKOHO/IABCTBA.
Takox MOTpUMaHHS KIFOYOBHX 3aXOMIB KaJpOBOi poOOTH TapaHTye KEpyBaHHS TPYJOBHMHU pECypcaMH BiIIMOBIIHO 1O
eTnyHuX HopM. lle 3a0e3neunTh HUBLII30BaHE PO3B’sI3aHHS MPOOJIEM Ta CYHEpPEYHOCTEH, 1110 MOXKYTh BUHHUKHYTH MIiX
Cy0’€KTaM¥ TPYJOBUX BiTHOCHH. AJ)Ke HaBaHTKEHHS Ha TPYJIOBE 3aKOHO/ABCTBO Ta Ka/IPOBHI MEHEIDKMEHT 3HAYHO
301NIBIIY€EThCS i BUMAarae NpUCTOCYBaHHS 10 HOBUX pealliii B Cy4acHHX YMOBaX BOEHHOTO CTaHy.

Knouosi cnosa: 3axonodascmeo Yxpainu;, mpyooge npaso; KaOposull MeHeONCMeHM, YAPAGIIHHSA NePCOHAIOM,
0i10600cme0; mpyoosi i0HOCUHU; BOEHHUL CIAH

CHANGES IN THE LEGAL FFIELD OF PERSONNEL MANAGEMENT
IN THE CURRENT CONDITIONS OF MARITAL STATE IN UKRAINE

PROKOFIEVA K.A.Y*, Cand. Sc. (Phil.), Assoc. Prof.,
RESHETILOVA 0.M.2, Cand. Sc. (Phil.), Assoc. Prof.

* Department of Business Documentation Management and Information Activity, ERI “Institute of Industrial and Business
Technologies” of the Ukrainian State University of Science and Technology, 4, Haharin Ave., Dnipro, 49005, Ukraine,
tel.: +38 (095) 760-79-90, e-mail: canopa@i.ua, ORCID ID: 0000-0003-4242-3346

2 Department of Business Documentation Management and Information Activity, ERI “Institute of Industrial and Business
Technologies” of the Ukrainian State University of Science and Technology, 4, Haharin Ave., Dnipro, 49005, Ukraine,
tel.: +38 (097) 585-08-23, e-mail: karunga@ukr.net, ORCID ID: 0000-0002-7975-0773

Abstract. For the effective development of any enterprise, organization or institution, a key aspect is the
organization of work with documents, in particular with personnel documentation. Personnel documentation includes a
variety of documents containing information about personnel, such as applications for acceptance, dismissal, transfer to
another position, orders, autobiographies, characteristics, contracts and employment agreements recorded in labor
books. The personnel department is responsible for the preparation and execution of these documents and is considered
a mandatory and important structural unit of any organization. Personnel accounting is carried out at all enterprises and
institutions that have the right to independently hire and fire employees, transfer them or reward them, as well as
establish their own internal rules and working conditions. Documents related to personnel work are drawn up at almost
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every enterprise. The quality of documentation and its efficiency significantly affect how effectively work with these
documents is conducted. The very process of working with personnel documentation is an essential component of
personnel administration. The determining factor in the success of mutual relations and maintaining the balance of the
interests of employees and employers is the development and introduction of the necessary organizational and legal
document base, which will ensure the progress of the labor process in accordance with the norms of current legislation.
Compliance with key measures of personnel work guarantees the management of labor resources in accordance with
ethical norms also. This will ensure a civilized resolution of problems and conflicts that may arise between subjects of
labor relations. After all, the burden on labor legislation and personnel management is significantly increasing and
requires adaptation to new realities in modern conditions of martial law.

Keywords: legislation of Ukraine; labor law; personnel management; record keeping; labor relations; martial

state

IlocTanoBka npooJiemMu. O6mix
MIEPCOHATTY IIPOBOJIUTHCS Ha BCIX
MiANMPUEMCTBAX Ta YCTaHOBaX, IO MarOTh
[IPaBO CaMOCTIMHO TNpUiiMaTH, NEPEBOIUTH,
3BUIBHSTH MpALIBHUKIB, 3a0X04yBaTH iX Ta
MIPECTABIATH 10 JIepKaBHOTO
Haropo/KyBaHHS, a TaKOX BCTaHOBIIOBATH
BJIACHI MpaBHUJIa BHYTPILIHBOIO PO3MOPSAAKY Ta
yMOBH mpami. [IpakTHuHO Ha KOXXHOMY
HIANPUEMCTBI  OQOPMIISIIOTBCS  TOKYMEHTH,
MOB’sI3aHl 3 KaJpoBOK poOoTor0. SIKICTh
JIOKYMEHTYBaHHS 1 HOTO ONEpaTUBHICTh 3HAYHO
BIUIMBAIOTh HA T€, HACKUIbKU €(EeKTUBHO
BeJIeTbCsl poboTa 3 IUMHU JokyMeHTamu. Cam
Mpo1iec poOOTH 3 KaIPpOBOIO JOKYMEHTAIIIEIO 1 €
CYTTEBOIO CKJIaJOBOIO KaJPOBOT'0 JIIJIOBO/ICTBA.

Y mepeniky OCHOBHUX HOPMATHBHO-
NIPaBOBUX aKTIB, SKI PEryJIIOIOTh KaJpoBe
TIOBOJCTBO, BAXKJIMBO BHOKPEMHUTH  Taki
JOKYMEHTH:

— 3akoH VYxkpainun «lIpo HamionansHuii
apxiBHUH (OHJ Ta apXiBHI YCTaHOBU» BIJ
24 rpyans 1993 poxy Ne 3814-XII,

— IIpaBuma  Ne 1000/5 Tta  Tunosa
IHCTPYKIliE 3 JUJIOBOJICTBA B MIiHICTEPCTBAX,
IHIIUX LEHTpPaJIbHUX Ta MICIEBUX OpraHax
BHKOHABYOI BIIAJIM, 3aTBEPKEHI ITOCTaHOBOIO
Kab6inery MinictpiB VYkpainu Bix 17 ciuns
2018 poky Ne 55;

— HamionanpHuit  craHmapT
«/lepxaBHa yHiikoBaHa cucrtema
JIOKYMEHTAIli. VHidikoBana cucreMa
Oprasi3aiiiHo-po3nopsaAuO0] JIOKYMEHTAII].
Bumorn 10  odopmieHHS ~ JOKYMEHTIB»
(JACTY 4163-2020) Ta [actpyxiris Ne 58;

— «llepenik THUIMOBUX JOKYMEHTIB, IO
CTBOPIOIOTHCS MiJ Yac MiSIBHOCTI Jep>KaBHUX
OpraHiB Ta OpraHiB MiCIIEBOTO
CaMOBpsIlyBaHHA, IHIINX YCTaHOB,

VYkpaiau
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MIAMPUEMCTB Ta OpTaHi3aliii», 3aTBepKECHUN
Haka3oM MiHicTepcTBa FOCTHIIT YKpaiHH Bif
12 xBitHsa 2012 poxy Ne 578/5;

— KOMIUIEKCHI MIIPyYHUKH Ta Taly3eBi
BUITYCKHU JlepxaBHOTO knacudikaropa
mpodeciii  (AKXII), 30xkpema Bumyck 1
«IIpodecii npariBHUKIB, IO € 3aTalbLHUMU IS
BCIX BHJIB €KOHOMIYHOI JiSJIBHOCTI», SIKUK
BKJIIOYA€ KBami(ikalliiiHi XapakTepUCTUKH IS
Mocaj, TaKuX SK HadaJdbHUK BIIIUTY KaapiB,
MEHEeJ[KEp 3 MePCOHAITy, IHCIIEKTOP 3 KaJpiB;

— MDKrajay3eBl HOPMAaTHBU YHCEJIBHOCTI

NpaliBHUKIB, W0 3aiiMalOTbCs  J1000pOM,
PO3CTaHOBKOIO,  MiJBHUIIEHHSIM  KBamidikarii
(mepemaroToBkow) Ta  OOJIKOM  KajpiB,

3aTBEp/KEeHI Haka3oM MiHicTepcTBa mpami Ta
colllaNbHOI MOMITHUKK YKpaiHu Binx 18 rpyaHs
2003 poky Ne 341,

— «JlepxaBHuit KJacudikatop
ynpaBiiHcbkol gokymenTaniin»y (JJK 010-98),
3aTBEp/KEHUN Haka3oM JlepykaBHOTO KOMITETY
VYkpaiHu 1o craHgapTu3allii, MeTpoJiorii Ta
ceprudikaii Big 31 rpyaus 1998 poky Ne 1024
(31 3MiHaMHN).

— 1HCTPYKUIi 3 JJIOBOACTBA B OKPEMHUX
raimyssix, HaTpUKJIIA, «IHCTpYKIIis 3
JIIJI0BOICTBAa Y MiHICTEPCTBI OXOPOHH 3710pOB’ S
VYkpaiau», 3aTBEpKEHA HaKa3oM
MiHicTepcTBa OXOPOHH 30pPOB’ST YKpaiHU Bif
25 mororo 2014 poky Ne 143;

— «306ipHUK yHi(pIKOBaHUX dopm
OpraHizarifHO-pO3MOPSAINX JIOKyMEHTIBY,
CXBaJICHUI MIPOTOKOJIOM 3acijaHHs

Metoauunoi kowmicii [lep>kaBHOTO KOMITETYy
apxiBiB Ykpaiau Bix 20 uepBHs 2006 poxy Ne 3
(Mae peKOMEHAIIHHUI XapakTep).
OcobmmBocTi  oprasizamii  KaapoBOTO
TJTOBOJICTBA B JIIFOYMX YMOBAaX BOEHHOTO CTaHY
neTepMiHoBaHi  3akoHoMm  Ykpainum  «IIpo
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OpraHi3aiilo TPYJOBHX BIJIHOCUH B YMOBax
BOEHHOTO cTaHy» Bif 15 Oepesns 2022 poky
Ne 2136-1X, sxwii HaOyB unHHOCTI 24 GepesHs
2022 poky [32].

3 ypaxyBaHHSIM TOTO, IO B IMEpioj BiAHU
BUHUKAIOTh HOBI Ta CKJIAJHI CUTYaIlil, 3 IKUMU
poboToaasiti 3yCTPI4arOThCS BIIEpIIIE,
MiHicTepcTBO €KOHOMIKM YKpaiHu y OepesHi
2022 poky HaJano HU3KY pO3’SCHEHb II0/0
MOPSIAKY i poOOTOAABIIIB MMiJ Yac BOEHHOTO
ctany. OnHaK y poOOTO/IaBIiB MOKE BUHUKATH
0araTo  OHUTaHb CTOCOBHO  KOHKPETHOTO
3aCTOCYBaHHS IIUX BHMOT HAa MPAKTHIIL.
30kpemMa HHEThCA TpO 3abe3leueHHs TpaB
MpAIiBHUKIB,  3IIHCHEHHS  JOCTOMMEHHOTO
00JIIKy Ta JOoAEpKaHHS BUMOT 3aKOHOJABCTBA
IiJ 9ac Ail BOEHHOTO CTaHy. Y 3B’S3Ky 3 IIUM
YUMaJI0 MPAaKTUYHUX [UTaHb YacTO-TyCTO
BUHUKAIOTHh y TPAMIBHUKIB BIJIUTY KaapiB ITiJ
4ac BOEHHOTO CTaHy.

AHaniz mpaunb, B AKHX C(OPMOBaHO
po3B’si3aHHs 3asiBjieHol TmpodJjemu. Jlesxi
ACTIeKTH 3a3HAYCHUX MUTaHb (KaapoBOTO
3a0e3neyeHHs Ta KaapoBOrO J1JIOBOJICTBA)
BUBUYAIIMCH Y HAYKOBHUX TMPAISIX TOMEPETHIX
POKIB BITUM3HSHUMHM BYEHHUMH, CEpell SKUX

A.B. Aanpee [1], A.O.Mopoz  [23],
A. B. babincrka [2], T. I. bamanoBchKa,
M. B. MuxaiiiniueHko, A. B. Tposin [3],
C. M. bopTHuK, K. 0. MenbHuKk,
JI. B. Morinescekuii [4], P. SI. Bytuaceka [5],
. B.Kawan [15], C.I.Tacmapsa [6;7],
B. IO. I'pituina [8], JI. €. JloBrans,
JI. JI. Benyra, I'. A. MoxoHbKO [9],
I. B. loexux [10], II. B. €Bmoxumor [11],
B.O.303yna [12; 13], C. A. KanentomHuii
[14], FO. O. KoBanenko [16], T1.0. Komipumii
[18], B.B. Koponenko, T.II. FOpouko [19],

A. 1O. Kopotkux [20] ta iHmi HaykoBii [21;
22; 24; 25; 27-30; 33; 34].

3aKoHO/IaBYl BHIO3MIHHM KaJpOBOI pOOOTH,
CIPUYMHEHI caMe BOEHHUM CTaHOM, BXKE CTalld
nmpeaMeToM posrisiay y possimkax B. O. Typ,
B. O. Typa, B. I. Troxu Ta O. M. PemetinoBoi i
A. O. Conomuak [31; 26]. HampamtoBanus 3
OKpeciieHoi NpoOJeMaTHKU LHMX Ta 1HIIMX
JNOCTIAHUKIB ~ CTAaHOBUTUMYTh  TEOPETHYHE
MIATPYHTS A JOCTiIKEHHS 3MiH Y KaJpOBOMY
3aKOHOJABCTBI Ta KaJpOBOMY JAUIOBOJICTBI,
CIPUYMHEHUX BOEHHMM CTaHOM, IO CTajlo
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MUTaHHAM, sK€ TOoTpelye
HAYKOBOT'O OCMHCIICHHSI.
Meta crarTi — 3’sCyBaTH, 3 OIJISAy Ha
3a3Hau€HEe, B3aEMOMII0  JESIKHX 3MIH Yy
TPYJIOBOMY 3aKOHO/IaBCTBI, KaJI[pOBOTO
aZMIHICTpyBaHHS Ta JiTOBOJACTBAa OpraHizaiiit
B CydYaCHUX YKpailHCBKHX yMOBaX BOEHHOTO

MPOAOBKEHHS

CTaHy.
Buxnang OCHOBHOI'O MmarepiaJy.
15 6epe3nss 2022 poxy BepxoBna Pama

VYkpaiau npuitHsia 3akoH «IIpo opranizarito
TPYJOBUX BIAHOCMH B YMOBaX BOEHHOTO
ctany» [32]. 3rimHO 3 HUM BIiIOYJHCS AESKi
3MIHU Yy KaapoBiii poOOTI BCix 0€3 BHHATKY
YCTaHOB, MIAMPUEMCTB Ta OpraHizaliid Hamoi
nepxaBu. Tak, y pas3i nii BOEHHOro CTaHy 1
MOPYIICHHS BHUMOT JCSKUX HOPMATHBHO-
MIPaBOBUX aKTiB chepu  IIIOBOJICTBA,
KOHTPOJIIOIOYi OpraHd MOXYTh 3aJIMIINTH 0e3
3actocyBanHsd mTpadHi  caHkmii.  [Ipote
00OB’S3KM Ta 3aBJaHHS 1HCIIEKTOPIB 13 KaJpiB
3aJUIIAIOTHCSI HE3MIHHMMM, 1 BOHHU MOXKYTh
BUKOHYBATH iX Y IUCTaHLIHHOMY PEKUMI.

Y KOHTEKCTI BOEHHOTO CTaHy, JCsKi
3aBJIaHH W 00OB’SI3KH KaJpOBOTO AIIOBOJCTBA
MOXYTh OYTH JOpPY4YCHI TparliBHUKaM 1HIIHX
npodeciifHuX KaTeropiii 3a CyMimieHHsSM abo
CYMICHMIITBOM 3TiJHO 13 3aKOHOJIaBCTBOM.
Takox Moke 3MIHUTHCS (QopmaT poOOTH, e
YacTillle  BUKOPUCTOBYETHCS  €JEKTPOHHA
JIOKYMEHTAIlisi 03 TOAATKOBOTO PO3JIPYKY.

BaxxnmnBo 3a3HauuTH, 110 Mij 4aC BOEHHOTO
CTaHy He BHOCWJIHCS 3MiHU 10 KolekTuBHOTO
noroBopy Ta JloBimHuka ~KBaji(ikariiHUX
xapakrepuctuk nocan (JAKXII). Ha3zeu nocan y
JOKYMEHTax KaJpOBOTO XapakTepy MaroTh
BIITOBIAATH «IIOBOEHHIN BepCii» KII.
Hanpuxkmnan, 3pasok Hakazy MiHicTepcTBa
310poB’sl YKpaiHU BKa3ye Ha BAaXKIIMBI 3MIHU JIO
JKXII y 3B’s3Ky 3 MOJITHYHOI CHUTYaIlI€l0,
30KpeMa, BUMara€e 3HaHHsS JIEpP>)KaBHOI MOBHU Ta
BUKOPHUCTAHHS 11 TiJl 4Yac BHKOHAHHS
cimyx)00BUX 000B’s3kiB. Lle CBiAUUTH, 1O Tif
yac BOEHHOTO CTaHy MOXe BigOyBaTHCS
ajanTaiis JOKyMEHTIB Ta BUMOT Yy cdepi
KaJpoBOTO  JINIOBOJICTBA  3aJie)KHO  BIf
crenuQika CUTYaIIii.

VY BelmeHHI KaapoBOTrO IiTOBOACTBA CIiJ
KepyBaTHCh TaKHUMH HOPMATUBHUMHU
nokymentamu: Kopaekc 3akoHIB mpo mparro
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Vxpaian Ne 322-VIII Bix 10.12.1971 (Buznavae
OCHOBHI MPUHIUIHN Ta HOPMHU, IO PETYIIOIOTh
TPYAOBI BIJHOCHMHHM, TIpaBa Ta OOOB’SI3KH
mpaimiBHUKIB 1 poboromaBuiB) [17]; 3akon
VYkpainn «IIpo ommary mpari» Ne 108/95-BP
Binm 24.03.1995 (BcTaHOBIIOE MPaBOBI 3acaau
OIJIATH  Tpami,  BKIIOYAOYH  TOPSIOK
BU3HA4YECHHS  pO3MIpiB  3apo0iTHOI  IaTu
BigmycTku»  Ne 504/96-BP  Bim 15.11.1996
(BU3HAYae TOPSANOK HagaHHA Ta  OOIIKYy
BIJIMMYCTOK JJIA TpaniBHUKIB), Kmacudikatop
npodeciii  JIK  003:2010  (BcTanoBmo€e
cTaHfapTHi  kjacudikamii  npodecid s
BEJICHHA OONIKYy KaapiB Ta BHU3HAYCHHS
KBaTiiKaIiiHUX XapPaKTEPUCTHK
npauiBHukiB); Hakxa3z MinicTepcTBa mpaii
Vkpaian, MiHicTepcTBa IocTHIii YKpaiHu,
MiHicTepcTBa COMLIATBLHOTO 3aXUCTY HACEICHHS
VYkpaiau «IIpo 3arBepmkeHHs [HCTpykiii mpo

TIOPSITTOK BEJICHHS TPYIOBHX KHUKOK
TIPaIiBHUKIBY BIJ 29.07.1993 Ne 58
(BCTaHOBIIOE TpaBHUia BEICHHS TPYAOBHUX

KHIDKOK TpaliBHUKIB); Haka3 MiHCOIIOMITHKN
Bing 29.12.2004 Ne 336 «IlIpo 3aTBepmKeHHS
Bunycky 1 «IIpodecii mnparmiBHUKIB, SKi €
3aralIbHUMM  JIJI1  BCIX BHJIB €KOHOMIYHOL
nismeHOCTI»;  JloBimHMKA — KBamiikalliiHUX
XapakTepUCTHK  mpodeciii  MpaimiBHUKIBY
(mictute iH(OpMamiro mpo mpodecii, MO €
3araJlbHUMH JIISL Pi3HUX BHIIB E€KOHOMIYHOI
TiSITTBHOCTI).

Ili mOKyMEHTH HaJalTh 3aKOHOJABYUI
dbyHgamMeHT Ui opradizamii  Ta  BeIACHHS
KagpoBoro oOJiKy Ta  JAUTOBOACTBa  Ha
T IMTPUEMCTBI BIJIIIOBITHO bi o) BUMOT
3aKOHOJIaBCTBA Y KpaiHU.

3rigHo 13 3akoHoM Ykpainu Ne 1217-1X Bix
05.02.2021 «Ilpo BHECEeHHsS 3MiH JI0 JEIKUX
3aKOHOJIaBUMX AaKTIB YKpaiHW W00 OOJiKy
TPYZOBOIi JUSUTBHOCTI npariBHUKa B
€JICKTPOHHIN (opMi», KU HaOpaB YUHHOCTI 3
10.06.2021, poGoTomaBIi 3BUILHSIOTHCS BiJ
O00OB’SI3KYy  BEJICHHS TMANEPOBUX  TPYAOBHUX
KHIDKOK. 3aMiCTh IIhOro Oyje BIPOBAHKEHO
ENeKTPOHHHUI OONIK TPYIOBOi MiSJIBHOCTI B
JlepaBHOMY peecTpi 3aralbHOOOOB’SI3KOBOTO
JIepKaBHOTO COIIAJIbHOTO CTPaxXyBaHHSI.

OCHOBHI aCIIEKTH MX 3MIH TaKi:
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1) ckacyBaHHS  MAmepOBHX  TPYJAOBHX
KHIDKOK (3aKkoH BH3Hayae, 1m0 poOOTOAaBElh
MOKE€ BECTU €JEKTPOHHHI OO0JIK TpyAoBOl
TisSTPHOCTI  TpamiBHUKA 4Yepe3 [lepkaBHuit
PEECTp 3araJibHOOOOB’SI3KOBOTO  JIEPKABHOTO
COIIaJILHOTO CTpaxyBaHH);

2) BeJicHHS OOJIIKYy B CJICKTPOHHIH (opmi
(mpuifHATTS Ha  poOOTYy,  MEpeBEICHHS,
3BUTHPHCHHS, 3a0XOYCHHS Ta HArOpOKEHHS
BHOCUTHUMYTHCSI B  €IEKTPOHHY  TPYAOBY
KHIKKY B Jlep>kaBHOMY peecTpi);

3) m’ATUpivHMiA nepexiTHAM nepion
(IpOTSTOM SIKOTO TapalielbHO ICHYBATUMYTh
marepoBi W EJIEKTPOHHI BapiaHTH TPYJIOBHX
KHHUKOK).

BianosigHo no 3akony Ne 2136, y nepioa
nii BOEHHOTO CTaHy B YKpaiHi BHHHKAIOTbH
MeBHI  OCOOMWMBOCTI Ta  ajJbTEpPHATHUBH B
oprasi3ariii KaJpoBoro A1JIOBOJICTBA Ta 0OPOOIIi
JTIOKyMEHTIB. JIeKiJbKa KIOUYOBUX ITYHKTIB TYT
CJIiJT BpaXOBYBaTH, a came:

1) opramizamiss  IiJI0BOACTBA B  30HAX
aKTUBHUX OoioBuX miii (poboTonaBenb Mae
IIPaBO CaMOCTIMHO BCTAHOBIIOBATU MOPSAIOK
oprasi3zaiii Ta BeJICHHS JUIOBOJICTBA 3 NMUTaHb
TPYIOBUX BIAHOCHH. BaxnmuBo 3abe3neuntu
JOCTOBIpHUI OOJIK BHKOHYBAaHOI Tmpari Ta
oTuIaTy Tparti);

2) anbTepHATHUBHI CHOCOOM CTBOPEHHS Ta
30epiraHHsi JOKYMEHTIB (CTOPOHU TPYJIOBOTO
JIOTOBOPY MOXYTb Y3TOJKYBaTH
aJbTEPHATUBHI crocoou poboTtu 3
JOKYMEHTaMHu MIOJ0 TPYIOBUX BimHOcHH). Lle
MOXKE BKJIFOUATH OyIb-SIKUW THITUH AOCTYIHUN

crocid  eNeKTPOHHOI  KOMYHIKamii — Mix
poOOTOMABIIEM 1 TIPAIIBHUKOM;
3) 3acTocyBaHHSI «lHCTpYKIIiT 3

JimoBoCcTBay (Y 3B’SA3Ky 3 IHMMH 3MIiHAMU
poOOTOIaBEIb MOXKE BUPILIIUTH PO3POOHTH
BJIaCHYy IHCTPYKIIilO 3 [IJIOBOJICTBA, sKa
BpaxoBye€ crenudiky KaJpoBOTO IiJIOBOJICTBA
Ta 1HII crmocobw poOOTH 3 KaJpOBOIO
JIOKYMEHTAITIEIO 1] 4aC BOEHHOTO CTaHYy).

Ili 3axomm cmpsiMOBaHI Ha 3abe3medyeHHs
NPOJIOBKEHHS MISIIBHOCTI Ta BEACHHS OOJIKY
TPYAOBOI JisUTIBHOCTI B YMOBax BOEHHOTO
CTaHy, 30epiraroud TMpu LIbOMY €(QEKTHBHICTh
Ta JOCTOBIPHICThH JaHUX.

3rigHo 3 BHKIageHUM, 3akoH Ne 2352 Tta
IHIIII HOPMATHBHO-TIPABOBI aKTH, BBEJEHI IMiJ



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

gac i1 BOEHHOTO CTaHy B YKpaiHi, BUKJIHKAJIN
3MIHHU Y TPYOBOMY 3aKOHOJIaBCTBI.

Hwkxye po3risiHyTO KIIFOYOBI aCTeKTH, SIKi
MO’KYTbh BIUIMBATH Ha KaJpoOBe AIJIOBOJICTBO Ta
0(OpMIICHHS TOKYMEHTIB:

— 1HpopMyBaHHS MIpalliBHUKIB po
BakaHcii (3rizHo 31 cT. 23 Kojaekcy 3akoHiB Ipo
mpairo  Ykpainm  (K3nll), pobGoromasers
NOBUHEH 1H(GOpPMYBAaTH MPALIBHUKIB, LIO
MpamoolTh 32 CTPOKOBUM  TPYIOBHUM
JIOTOBOPOM, TPO aKTyallbHl BakaHcCii, s
MO>KJIUBOCTI YKJIQJaHHS 0€3CTPOKOBOTO
TPyAOBOro JoroBopy. IHpopmyBaHHS MOXe
MIPOBOIUTHUCS PI3HUMHU croco0amu,
BKJIIOYAIOUM  EJIEKTPOHHI  MOBIIOMJICHHS,
OTOJIOIIEHHS Ha MIAMPUEMCTBI TOIIIO);

— 1HQopMyBaHHS mepel  YKIaJaHHIM
tpynoBoro goroBopy (Cr. 29 K3nll Buznauae
nepenik  iHdopmauii, sSKy poOOTOHaBelb
3000B’513aHUIM  y3rO/DKEHO 3  MpAI[iBHUKOM
HajaTu A0 mnoyaTtky pobortu. lle crocyerbcs
PI3HUX aCMEKTIB TPYJOBOTO JIOTOBOPY Ta YMOB
npatii);

— JWcTaHIiiiHa poboTa (y pasi yKIagaHHs

TPYAOBOTO JIOTOBOPY MPO JAUCTAHLIHHY poOOTY
BHHHUKAIOTh HOBI BUMOTH, 30KpeMa, 000B’SI30K
MIPOBEICHHS CUCTEMAaTHYHOTO IHCTPYKTaXy a0bo
HaBYAHHS TpalliBHUKAa 3 TUTaHb OXOPOHHU
mpari) Ta MpOTHIOXEeXHOi Oesmeku. Lli
IHCTPYKTax1 JTO3BOJISIETHCS IIPOBOJIUTH
JUCTAHIIIHHO);
MUCbMOBE TIOB1IOMJICHHS npu
3BUIBHEHHI (3T1IHO 31 3MiHaMHU, BHECEHUMH Yy
3aKOHOJIaBCTBO, BKYIIl 3 KOII€I0 Hakasy Ipo
3BUIBHEHHS ~ POOOTOJaBellb  Ma€  BUIATH
MPaliBHUKOBI MHCbMOBE IOBIIOMJICHHSA IIPO
HapaxyBaHHS I BUIUIaTy MOMy BCIX TpOIIEH,
110 TOHM OZIepP)Ky€E y pa3i 3BUIbHEHHS);

— aJbTEPHATUBHI CIIOCOOM CTBOpPEHHS Ta
30epiraHHs JIOKYMEHTIB (3aKOHOJaBYi 3MiHU

nependavyaoTh, MO  pobOTOAaBenb  Ta
MpaIiBHUK MOXYTh y3rOoKyBaTh
aNbTepHATHBHI criocoou CTBOpEHHS,
nepecuiaHHs Ta 30epiraHHs  JOKYMEHTIB,

BKJIFOYAIOYH CJICKTPOHHI 3aCO0M KOMYHIKAIIii).

Bei i 3MiHH 3yMOBIIOIOTH HEOOXIAHICTH
amanrtauli  npouenyp — oOdiKy — TpPYyIOBOi
ISUTBHOCTI Ta oprasxizarii KaJIpOBOTO
NUIOBOJCTBA BIAMOBIIHO JO HOBHUX BHMOT
3aKOHO/aBCTBA. Po3poOka 4iTKOi 1HCTPYKIIi 3
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JUTOBOJICTBA HA MIJIPUEMCTBI MOXKE CIIPHITH
edekTuBHIi poOOTI Ta BIAMOBIIHOCTI BCIM
HOpPMAaTHBaM.

Taki 3MiHM y TOpSAAKY Ta MiAcTaBax
3BUIbHEHHS IPAI[IBHUKIB BUMAaraioThb BHECEHHS
BIMOBIAHUX 3MiH Yy IIA0MOHM HakKa3iB i3
KaJpOBMX THUTaHb Ta YyBarWm IiJ dac
oopMIICHHS 3alUCiB y TPYAOBUX KHHXKKAX.
JUIs KOpPEeKTHOro 3acTOCYBaHHS MijACTaB s
3BUIBHEHHS NPALIBHUKIB MOKHA BXKHUTH TaKHUX
3aXO/IiB:

— aHaui3 maloHIB HaKa3iB (MeperyisiHy T
icHyrO4i 11a0JI0OHM HaKa3iB 13 KaApPOBUX MUTAHb
Ta TIEPEKOHATHUCS, IO BOHH BIAMOBIAAIOTH
HOBOMY MOpSAJKY Ta TiJcTaBaM 3BUIbHEHHS,
BHECTH HEOOXIJAHI 3MIHM Yy TEKCT HaKa3iB s
BiZJOOpaXeHHs aKTyalbHOI 1H(opMariii);
HaBYaHHS KaJpOBOTO NepCOHATY
(3abe3neueHHs HaBYaHHS KaJIpOBOT'O
INepCOHaTy 3 HOBUX MiACTaB Ta HOPSAKY
3BUIbHEHHS. BoHU MOBUHHI OyTH 03HalloMIIeH1
31 3MiHAMU Ta 3J1aTHI MPaBUIIbHO
3aCTOCOBYBATH X JUIsSl BUJIa4l HAKa31B);

— OHOBJIGHHA BHYTpIIIHIX JIOKYMEHTIB
(mepernsaHyTH i OHOBUTH BHYTpIILIHI
JOKYMEHTH Ta IHCTPYKIIi, SIKI PEryjrolTh
nporecu KaJpOBOTO JUIOBOJCTBA  Ta
3BUIBHEHHA, 3a0e3IEYNUTH IX BIJAMOBIIHICTD
aKTyaJbHOMY 3aKOHOJIaBCTBY);

— MIATOTOBKA 3aMMCIB y TPYAOBI KHMKKH
(mpu  odopmieHHI 3amUCIB y  TPYIOBUX
KHIDKKaX 3BEpHYTH yBary Ha NPaBUIBHICTh
BIJIOOpaKEHHSI HOBUX IIJICTaB Ta TOPSIOK
3BUIBHCHHS, 3alleBHUTUCH, IO BCI HEOOXIIHI
JIOKYMEHTH Ta MiJIMUCU IPUCYTH1);

— KOHCyJNbTallisl 3  IOpUCTOM  (JIs
BIIEBHEHOCTI B KOPEKTHOCTI MPOBENEHUX 3MiH
Ta JOTPUMaHHI 3aKOHOJABUMX BHUMOT Kpalle
3BepTaTucs 0 opucta uM  ¢axiBug 3
TPYIOBOTO IpaBa);

— OTrOJIONICHHS Ta HaaaHHs iHdopmarrii
npamiBHUKaM  (3a0e3neuntd  ePeKTUBHUI
MEXaHI3M OroJIOIICHb 1 HaJaHHsS iHopMarii
OpaniBHUKaM IIOJ0 3MiH Yy TIOpAOKy Ta

migcraBax — 3BinbHeHHA.  lle  momomoxke
YHUKHYTH HENOpPO3yMiHb Ta THTaHb BiJ
MPaliBHUKIB).

PerenbHO  po3rmsgaioud  BCl aCMEKTH,
MoB’si3aHl 31  3MiHAMHM Y  KaJPOBOMY
IIIOBOJICTBI, MOYKHA 3a0e3neunT
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BIJIITOBIAHICTD BHYTPIIIHIX JIOKYMEHTIB
aKTyaJIbHOMY 3aKOHOJABCTBY AJIsi TOTPUMAHHS
IOPUINYHOT TPAaBOMIPHOCTI Ta e(eKTUBHOCTI
yOpaBliHHS mepcoHanoMm. Hampuknaza, cr. 36
K3nll nonoBHeHa HOBUMHM IyHKTaMH Ta
1Ty HKTaMH:

8') cmepTh poboTonaBLs — (Hi3UUHOT 0coOu
ab60 HaOpaHHs 3aKOHHOI CHUJIU PIIICHHAM CYIly
Mpo BU3HAHHSA Takoi (i3udHOi 0cobu OGe3BICHO
BIJICYTHBOIO UM TPO OTOJIOIICHHS ii TOMEPJIIOIO;

8%) cMepTh TMpaIliBHUKA, BHU3HAHHS WOTO
CyloM O€3BICHO BiJCYTHIM a0O OTOJIOIICHHS
MIOMEPJINM;

8%) BIACYTHICTh MpalliBHUKa Ha poOOTi Ta
iHpopmanii mpo MPUYMHH Takoi BiJCYTHOCTI
MOHAJ YOTUPH MicsIli mociis [17].

Ili nOmMOBHEHHS BUPIMIYIOTH OPUAUYHY
KOJII3110, 110 BHHUKAE y TPOLECI BU3HAYCHHS
MPAaBOBUX TiJICTaB MPHUIMHEHHS Aii TPyIOBOTO
JIOTOBOPY Y 3B’A3KYy 13 CMEpPTIO, BHU3HAHHIM
0e3BiCTM  3HUKIMM  ab0  OTOJIOIICHHSIM
MOMEPJIMM TIpaliBHUKa abo poOoTomaBIsd —
¢iznyHOi ocobm, 30Kkpema, (izuuHOI 0co0u
mignpuemigs  (DOIT). Takox mnyHKT 8° He
MOJKHA BBXKATH 1IGHTUYHUM 31 3BUTBHEHHSM Y
3B’s3Ky 3 mporyiom (myHKT 4 crarti 40
Konekcy 3akoniB  mpo  mpaio).  Jls
BUKOPHUCTAHHSI  MYHKTYy &  00OB’sI3KOBE
OJTHOYACHE BUKOHAHHS JIBOX YMOB:

— (akTU4yHa BIACYTHICTH TpalliBHUKA Ha
poboYoMy MicCIi TPOTATOM OUIBIIIE YOTHPHOX
MICSIIB IIOCIILIE;

— BIACYTHICTP uYM Opak iHopmamii y
poboTONaBIl TpPO  NPUYMHY  BIICYTHOCTI
MpaliBHUKA MPOTIroM OUIbIIE HIK YOTHPU
Micsali Tmocmie (0e3 3HaueHHS, YU ICHYyeE
oOrpyHTOBaHa MPUYMHA JJIS LI€T BIICYTHOCTI).

3a3HayeHi 3MIHU B TPYJIOBOMY
3aKOHOJIABCTBI YKpaiHH BIUIMBAIOTH HA TPOIIEC
3BUIBHEHHS TPAIliBHUKIB Ta BU3HAYAIOTh HOBI
MACTaBH  JUIsl  TPUIWHCHHS  TPYIOBHX
BimHocuH. II[o6 moTpumatucs 1uX 3MiH 1
VHUKHYTH MOXIJIMBHX FOPUIAWNYHUX TTHTaHb,

poOOTONIAaBIIM  CIIiI  BpaxoByBaTH  Takli
aCTIeKTH:

—  Y3TOJKCHHS 1a0bJIoHIB HaKa3iB
(mabioHu Haka3iB 13 KagpoBUX MUTaHb

OHOBITIOIOTHCSI, BPAXOBYIOUH HOBI MIACTaBHU s
3BUTIBHEHHS, 00 TEKCT HaKa3iB BigoOpaxkaB yci
HEOOX1/THI YMOBH Ta 0OOCTaBHHM);
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— HaBYaHHA  KaJpOBOTO  IEPCOHAIY
(3abe3neueHHs HaBYaHHS KaJIpOBOT'O
nepcoHany 31 3MiHAaMH Yy  TPYJOBOMY
3aKOHO/IaBCTBI. Boun IIOBUHHI Oytu

KOMIIETEHTHI B PO3YMiHHI HOBHMX IpaBHJI Ta
M1IXO/IIB 10 IPUITMHEHHS TPYAOBUX BIIHOCHH);

— OIOBIIIEHHS MpaliBHUKIB  (3a0e3re-
YEeHHS  OJHO3HAYHOTO Ta  CBOEYACHOTO
iHQOpMyBaHHSl TMpALiBHUKIB Mpo Oyab-aKi
3MIHM B YMOBaX 3BIJIbHEHHS, HOBI IiJICTAaBU Ta
iX mpaBa BIJNOBIJHO /10 3aKOHOJIaBCTBA);

— 30epexeHHs] KOHTAKTIB IpalliBHUKIB
(30epiraHHsl aKTyadbHUX KOHTAaKTHUX JaHUX
3BUIBHEHUX MPALIBHUKIB IIPOTATOM POKY, SKIIIO
nepeadavyaeTbCsi  MOXKJIMBICTH  [TOBOPOTHOT'O
NpUMHATTA Ha poboTy. Lle Moxe OyTu KOpHCHO
y pasi MOHOBIIEHHS AiSUIBHOCTI MiAMPHUEMCTBA);
BUILTIATA BUX1THOT JIOTIOMOTH
(ToTpuMaHHST BUMOT 3aKOHOJABCTBAa IIOJIO
BUIUIATH BUXIJHOI JOMOMOTH B pa3i po3ipBaHHs
TPYJOBOI'O JJOTOBOPY 32 HOBUMH IT1/ICTaBaMu);

— 3aJIy4YeHHS HIOPUIUYHUX KOHCYJIHTAHTIB
(BaXXIMBO MAaTH IOPHIMYHUX KOHCYJIBTAHTIB
abo (axiBIiB 13 TPYIOBOro IpaBa JyIs
3a0e3nedeHHs] MPaBOMIPHOCTI Ta KOPEKTHOCTI
BCIX IpOIIeIyp 3BUILHECHHS ),

— JIOTpUMaHHS HOBHX BUMOT (BHUBYECHHS
HOBHX BUMOTI Ta TpaBWJI 3aKOHOJABCTBA Ta
BIPOBA/DKCHHS iX y BHYTPIIIHIA JOKYMEHTAIIi1
HiANPHEMCTBA).

BpaxoByroun 111 acmekTH, poOOTOIaBIII
MOXXYTh 3a0€3MEYUTH BIAMOBIIHICTE CBOET
TiSTPHOCTI  aKTyaJdbHUM 3aKOHOJABCTBOM Ta
YHUKHYTH MOXIHUBUX mpodimemM y cdepi
KaJI[pOBOTO YIIPABIiHHS.

3rigHo 3 monokeHHsMH cTtatTi 492 K3mnll,
nepeadavyeHo O0COOJIMBUI MOPSAIOK 3BUIBHEHHS
NpPaliBHUKIB y 3B’SI3KY 3 HEMOXIIUBICTIO
3abe3neunTH iX pobotoro. lleit cmerianbHUi
MOPS/IOK BKITFOYA€E TaKi KPOKU:

1) ocobucTe moONEpeKEHHs MpalliBHUKA
He MeHIne Hixk 3a 10 kaJlleHJapHUX JTHIB;

2) MOBIZOMJIEHHS TIPO 3BUIBHEHHS, IO
TJIaHY€ThCH, npod i, BKJIFOYAIOYHN
MPUYMHU 3BUIBHEHHS, KUIBKICTH Ta Kareropii
NpaliBHUKIB, SKHX II€ MOXE CTOCYBaTHC,
TEPMIHM TPOBEACHHS 3BUIbHEHHS, HE IMi3HiIIe
sk 3a 10 KaJIeHTapHUX JTHIB;

3) Hamanus iHdopMartii aepkaBHiil ciyx0i
3alHATOCTI PO BHBUTRHEHHS IMpPALiBHUKIB, IO
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IUTAHY€TBCS, Ta  TPOBEIEHHS  IPOTATOM
HACTYNMHUX  I'STH  KaleHAApHUX  JHIB
KOHCYJIBTallil 13 mpodcminikaMu 3ax0/iB 00
3anoOiraHHs 3BiIbHEHHM [ 17].

Bunpasnenns Ta 30epeKeHHs
JIOCTOBIPHOCTI 00JIiIKy poOOuYoro wyacy cTajo
BOJIMBUM 3aBIAHHSAM T 9ac MPU3YNUHEHHS
TPYZOBOTO JIOTOBOPY Y BO€HHHMH MEPIOA.
YMoBHI no3HaueHHs 11 TademoBadHsa — «IH»,
«IB», «I», BimoOpakaroTh 1HIII HESIBKU Ta BUIU
HESBOK, SKI MOXYTh BHHMKHYTH TiJ 4ac
MIPU3YTTUHEHHS TPYJIOBOTO JIOTOBOPY.
JloTpuMaHHS WX MO3HAYEHb JO3BOJISE YITKO
BKa3aTH MPU3YNHUHEHUH MepioJl Ta MiAroTyBaTU
OOJIIK JJIs TTOIaJTBIIIOTO BiTHOBIICHHS POOOTH.

[Ilomo momaHHs 3BITHOCTI NPO KaJIpu B
YMOBaX BOEHHOTO CTaHy, BAXKJIMBO CTEXKHTH 32
BUMOTaMHU 3aKOHOJIABCTBA Ta AUPEKTHUBAMH, K1
MOXYTb OyTH BCTaHOBJEHI Yy I mepion.
3ayBaXuMO, WIO0 NPU3YIHUHEHHS TPYAOBOTO
JIOTOBOPY — LI€ TUMYAcOBE SBHIIE OB’ sA3aHE 31
30poiiHOI0 arpeci€l0 MpoTH YKpaiHWh, M0 €
BUHSTKOBOIO CUTYalli€l0. Y TakuX oOCTaBUHAX
JOTPUMAaHHS YCIX BCTaHOBJIEHUX HOPM Ta
nporeyp 0coOIMBO BaXKITHBE.

PoGoTonaBusM ciniJl yBa)XHO CTEKUTH 3a
OHOBJICHHSIMH 3aKOHOJIABCTBA, 100 CBOEYACHO
pearyBaTu Ha Oy 1b-sIKi 3MiHU Ta
3a0e3neuyBaTy BiJMOBIIHICT CBOET JisSUTBHOCTI
3aKOHOAABYMM BHUMOTaM. Takoxx Moxke OyTu
KOPUCHUM  3BepTaTucs 0  IOPUIAMYHHUX
KOHCYJIbTaHTIB a00 ¢axiBIiB 13 TPYJIOBOTO
mpaBa sl OTPUMAHHS KOHKPETHHX TOpajx Ta
MIITPUMKH y CIpaBax, MOB’sI3aHUX 31 3MiHAMU
y TPYAOBOMY 3aKOHOAABCTBI Ta KaJIpOBOMY
yIpaBITiHHI.

JlogaTKoBO 3a3HAYMMO, IO MPU3YMHUHEHHS
TPYJOBOTO JIOTOBOPY HE 3aCTOCOBYETHCSA JIO
TaKUX KaTeropii MpariBHUKIB:

1) KepiBHUKH Ta 3aCTyIIHUKH KEPiBHUKIB
JIepKaBHUX OpPTaHiB;

2) mocasoBI[i MICIIEBOIO CaMOBPSIyBaHHS
Ha BHOOPHUX MOCA/IAX.

[Ipouenypa nmpusynuHeHHsT 0GOPMIISETHCS
Haka3oM poOoToAaBIs. SIKIIO MpalliBHUK/KA HE
MOTO/KYEThCA 13 HAKa30M MPO MPHU3yMHHEHHS,
OCKap KeHHsI MOxke OyTu mojane 1o Jlepxmparri
Vkpainu abo 1i TEepUTOpPIaJbHOIO OpraHy.
[Ticis BUBYEHHS 3MICTYy Haka3y Ta IiJICTaB IS
foro BunaHHsi, [lepxnpans Ykpainu abo ii
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TEPUTOPIAILHUN OpPraH MOXE BHECTH TPHUITUC
poOOTOAaBIEBl IIOJO0 CKacCyBaHHS Haka3zy abo
YCYHEHHsI TIOPYIICHHS 3aKOHOJABCTBA TIPO
Ao,

Po6oronaBenpr 3000B’s13aHUN  BHUKOHATH
MPUITHUC TIPOTIToM 14 KaleHJapHUX AHIB 13 JHS
Horo orpumanHs. ko poOoTojaBens He
MOTO/KY€EThCs 13 mpunucoM  Jlepskmparii
VYkpaiau abo ii TepuTopianbHOrO OpraHy, BiH
MOXKE OCKApKHTH HOTO Yy CYJOBOMY MOPSAKY
npotsirom 10  kamenmapuux — gmiB.  Lli
mpoleaypu Ta  TEPMIHM  BaXKIWBI IS
3a0e3nedeHHs 3aKOHHOCTI Ta CIIPaBeIMBOCTI Y
BUpIIICHH] MUTaHb, OB’ I3aHUX 13
NPU3YNIUHEHHSM  TPYJOBOTO  JOTOBOPY B
YMOBaxX BOEHHOT'O CTaHy.

BucHoBxku

Kanposwuit MEHEDKMEHT e
HAJBAKIIUBUN aCMeKT YIPABIIHHSA TPYIOBUMHU
pecypcamu. HeBumankoBo aepikaBa BHpOOMIIa
CTanuil Habip MpaBUII 1 IPOLETYP, AKI PETEIHHO
JIETaTI3yI0Th 3aCO0M 3A1MICHEHHS KEPIBHUIITBOM

1 MeHemkepamu Oynp-sKMX aKTiB  IOJO
HallMaHMX TPAIliBHUKIB.
Po3pobnernst Ta BEACHHS  KaJpOBOTO

TIOBOACTBA CTalnM OOOB’SI3KOBUM HAIpPSIMOM
pobotu ycix 0e3 BHUHATKY MiJIPUEMCTB,
He3aJIe)KHO Bix (opmu BiacHocTi. HaBith y
MUPHHIA dYac KaJapoBe [IJIOBOACTBO, XOY
JIOCTaTHRO 3pO3yMiJie Ta nepeadadyBaHe, — 1€
TPYAOMICTKMI  mporec, 1o  motpedye
MOTNEPEeIHIX  3HaHb Ta  HaBUYOK. A i3
NPURHATTAM Ta BOPOBADKEHHSAM Y JIiF0 3aKOHY
VYkpainu  «[Ipo  opranizamito  TpyAOBHUX
BITHOCHH B yMOBaX BOEHHOTO CTaHY»
JIep>kaBHA ~ KaJapoBa  MOJIITUKA  3arajoM,
yIpaBITiHHSA 0COOOBHM CKJIAJIOM MiAMPUEMCTB 1
KaJpoBe JITOBOJCTBO  30KpeMa, 3a3Haju
CyTT€BUX 3MiH. BOHH  CTOCYIOTBCA 5K
o OopMIICHHS Ta 0oOMiHy KaJIPOBUMU
JOKyMeHTaMHu (TIOJaHHS 3asB POOOTOAABIIIO,
03HAWOMJICHHS 3 HaKa3aMHM IpaIliBHUKIB), TakK 1
3MIHCHEHHS KOMYHIKAIliii MK YCTaHOBaMH,
MIMTPUEMCTBAMH, OpTaHizamisiMd 3  OJHOTO
00Ky Ta TmpariBHUKaMH 3 iHIIOTO.
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AHAJII3 PIBHS BUPOBHUYOI'O TPABMATHU3MY

PYCAKOBA T. L., 0okm. mexn. nayx, npog.

Kadenpa Oesneku xutrenisuibHocTi, JIHINPOBChKHI HalioHanbpHUN yHiBepcuTeT iMeHi Omnecst ['onuapa, mp. ['arapina, 72, 49010,
Juinpo, Ykpaina, ten.: +38 (066) 394-52-14, e-mail: rusakovati1l977@gmail.com, ORCID ID: 0000-0001-5526-3578

Anorauis. Ilocmanosexka npodaemu. JloCtipKeHO TMHAMIKY 3MiHH PiBHS TpaBMAaTH3MYy Ha BUPOOHUIITBI 3aJI€KHO
Bi/l OCHOBHHX NPWYHMH HACTaHHS HEIIACHOTO BUMAAKy. TeXHi4Hi, OpraHi3amliiiHi, mcuxo(i3ioNoriydi, TeXHOTEHHI,
CoLiaNbHi, IPUPOIHI Ta €KOJIOTIYHI IPUYNHA MAIOTh HE TUTBKU MIIJIFHUNA B3a€MO3B’ 130K MiXk c00010, a 1 3HAUHUI BILIHB
Ha KUIbKICTh MOTEPIUINX Bl HEUIACHUX BHIAJIKIB, TOB’A3aHHUX 13 BUPOOHHUIITBOM, a TAKOXK Ha KUTBKICTh TOTEPILINX Bif
Hel[ACHUX BHUIIAJKiB HAa BUPOOHHITBI 31 CMEpTENILHUM HaciiikoMm. Mema pofomu — OLHEHHS 3MiHM BUPOOHHYOTO
TpaBMaTU3My Ha MiANPHEMCTBAX YKpainu Brpoaosxk 2010-2022 pokiB. YCTaHOBJICHHS B3a€MO3B’SI3KIB MiX
COIIIaJIbHUMH Ta BHPOOHWYMMH (pakTOpamu, IO BIUIMBAIOTH HA piBEHb HEIIACHUX BHIIAJIKIB Ha BHPOOHUIITBI.
CTBOpEHHsI KOpesILiHHO-perpeciiHiX MOAEeNeH A IPOBEICHHS CTAaTUCTUYHOI OIIHKY Ta aHalli3y BIUIMBY (haKTOPHHX
3MIHHHMX Ha pe3yJIbTaTHBHI MOKAa3HUKH TpaBMaTuiMy. Memoouka. 3acTOCYBaHHSI ONMCOBOi CTATUCTUKH ISl aHATI3Y
JTUHAMIKH 3MiHU PiBHSA BUPOOHHYOTO TpaBMaTu3My. [IpoBeneHH KOPENAIIIHOTO aHANI3Y JJIs BCTAHOBIICHHS MIUTEHOCTI
B3a€MO3B’SI3KIB MK (aKTOpPHHMH 3MIHHUMH Ta 3 pe3yJbTaTHBHUMH O3HAaKaMH. BUKOPHCTaHHS MHOKHHHOTO
perpeciifHO-IuCIIepCifHOTO  aHaAmi3y Ui OTPpUMaHHA KoOe(illi€HTiB perpecifHuX MaTeMaTHYHHX Momened i
CTAaTUCTHYHHUX IIOKA3HUKIB, IO MOSCHIOIOTH WMOBIPHICTh 3HAYMMOCTI IMX KoedimieHTiB. OIiHEHHS BENTUYNHU
BIJTHOCHOI TOXMOKHM PpO3paxyHKOBHX HAaHHX, OTPUMAHMX 3a MAaTeMAaTUYHHUMU MOJCISAMHM, U TMiATBEPDKEHHS IX
anexBatHOCTI. Haykoea noeusna. Po3po0iieHO MHOXUHHI KOPEJLIiHHO-pEerpeciiiHi Moaemi, IKi BpaXxOBYIOTh OCHOBHI
NPUYMHA HACTaHHS HEUIaCHOTO BHMAJKY, SIK ()aKTOpPHI 3MiHHI, IO BIUIMBAIOTh Ha PIBEHb TpaBMAaTH3My Ta PiBEHb
HEIACHUX BHWIIAJAKIB 13 CMEpTeNbHUM HachiakoM. IIpakmuuna 3nauywicms. MatemMaTHuyHI MOJIENI JT0O3BOJSIOTH
OLIHUTH BIUIMB OCHOBHMX IPUYMH HACTaHHS HEUIACHUX BHIAJKIB Ha pIBEHb BHPOOHUYOIO TpPaBMATH3MY.
BripoBapkeHHST BIOCKOHAJICHHUX METOMAIB Ta 3ac00iB O€3MEYHOT MisJIbHOCTI HAa BUPOOHUIITBI BHCTYIIAE BAXKJIUBUM
IHCTPYMEHTOM [UIsl KOPETYBaHHS MPHUYMHHO-HACTIKOBUX 3B’SI3KiB BUPOOHWUYOTO TpaBMaTH3Mmy. Bucnoexu. CTBopeHO
KOpeJIifHO-perpeciiiHi Mojeni Juis aHaji3y piBHS BHPOOHHMYOrO TPaBMATH3MY. 3a JaHUMH MOJEISIMU TPOBEACHO
YHCIIOBI po3paxyHKH. CepeaHi 3HauYeHHS BiIHOCHHUX MOXHOOK PO3paxyHKOBUX JaHHUX cKianaroTh 1.55 % Tta 6.08 %, mo
TOBOPHTS IIPO 3JIEKBATHICTH PO3POOJICHNX MOAEIEH.

KorouoBi cioBa: pisens mpasmamusmy, mamemamuyHa mooenv, GupoOHUHA 6e3nexd; KoperayitiHuii Memoo;
oucnepciiHull aHaniz; peepecitina CMmamucmuxa

ANALYSIS OF THE LEVEL OF OCCUPATIONAL INJURIES

RUSAKOVA T.I., Dr. Sc. (Tech.), Prof.

Department of Life Safety, Oles Honchar Dnipro National University, 72, Haharin Ave., Dnipro, 49010, Ukraine, tel.: +38 (066)
394-52-14, e-mail: rusakovatil977@gmail.com, ORCID ID: 0000-0001-5526-3578

Abstract. Problem statement. The task of the research is evaluation the dynamics of changes in the level of
injuries at work depending on the main causes of the accident. Technical, organizational, psychophysiological,
technogenic, social, natural and environmental causes are closely interrelated and have a significant impact on the
number of victims of accidents at the industrial plants, as well as on the number of victims of accidents with fatal
consequences. The purpose of the article. The assessment of changes in industrial injuries at Ukrainian enterprises
during 2010—2022. The establishing connection between social and industrial factors affecting the rate of industrial
accidents. The creation of correlation-regression models for statistical evaluation and analysis of the influence of factor
variables on the results of injury. Methodology. The use of descriptive statistics for the analysis of the dynamics of
changes in the level of industrial injuries. Carrying out a correlation analysis to establish the density of connection
between factor variables and resulting features. The use of regression-variance analysis to obtain coefficients of
regression mathematical models and statistical indicators that explain the probability of significance of these
coefficients. Calculation of the value of the relative error of the calculation data obtained according to mathematical
models to confirm their adequacy. Scientific novelty. Multiple correlation-regression models have been developed that
take into account the main causes of the accident as factor variables affecting the injury rate and the rate of fatal
accidents. Practical significance. Mathematical models make estimate the impact of the main causes of accidents on
the level of industrial injuries. The implementation of improved methods and means of safe activity at work is an
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important tool for correcting the cause-and-effect relationships of industrial injuries. Conclusions. The correlation-
regression models were created to analyze the level of industrial injuries in Ukraine. The numerical calculations were

carried out according to these models. The average values of the relative errors of the calculated data are 1.55 % and
6.08 %, which indicates the adequacy of the developed models.

Keywords: injury rate; mathematical model; industrial safety; correlation method; dispersion analysis;

regression statistics

ITocTanoBka npodjemun. PoGoue wmicue
Moxe Oytu HeOe3meyHuM, OcOOJMBO B
MIPOMHUCIIOBOMY CepeloBUIli. Bennka KinbKiCTh
(akTopiB  MOXYTb CHPUYMHITH  HELIACHI
BUMAJKH, TOYMHAIOYM  BiJJ  HAJAMIpPHOIO
Hampy»XeHHs 1 3aKiH4YyIOYd HENpaBUIbHUM
MOBO/PKEHHSM 3 HEOE3MEeYHMMM MaTepiajaMH.
Icnye Takox 0e3iiu (akTopiB, SKI MOXYTh
CIPUYMHIOBATH a00 BIUIMBAaTH Ha 1HLUMICHT HA
poboyomy MICIIL. Hist HEOEe3MeYHOT0
BUPOOHUYOTO YMHHHMKA HA TpAIiBHUKA MiJ 4ac
BUKOHAaHHS  HHUM  TpPYyJOBUX  OOOB’S3KIB
NPOSIBJISIETBCS. 32 YMOBM B3a€EMOAIl NPUYMH

pi3HOTO MTOXO/PKEHHS: TEXHIYHHX,
OprasizamiiHux, ncuxo(i310J0TIYHHX,
TEXHOTCHHHUX, COI[IAJIbHUX, TPHPOJHUX Ta
€KOJIOT1YHUX.

CydacHi JOCHIIKEHHS OUIBIIOI MIpOIO
30cepeKeHl Ha OKpEMOMY BHMBYEHHI MPUYHH,
110 MOB’sI3aHl 3 IHAUBIAYaIbHUMH (paKkTOpaMu
Ta akTopamMu Ha pobouomy Mmicti. TexHiuHiI Ta
JTIOACHKI (DaKTOpPH NOMIHYIOTH 1 MHiABHUILYIOThH
PU3UK HEIIACHUX BHUIMAJIKIB HAa BUPOOHUIITBI.
Hust e(PEKTHBHOTO BIIOCKOHAJICHHS
(YHKIIIOHYBaHHS CHCTEMH OXOpPOHM Tpari
HeoOX1IHE BCTAHOBJIEHHS B3a€MO3B SI3KIB 100
BCiX (paKTOpiB, 110 BIUIMBAIOTH Ha OE3MEKY:
TeXHIYHUX, JIIOJCHKUX, OpraHizamiiHuX Ta
€KOJIOTIYHMX. MaremMaTuyHe MpPOTHO3YBAaHHS
OO0 KUIBKOCTI HENIACHUX BHIIAAKIB Ha
BUPOOHMLTBI  HAa  OCHOBI  CTaTUCTHYHO
3HaUymuX e(exTiB B3aeMojii pPI3HOTO poay
(GakTOpiB  CTBOPIOIOTH ~ MOXJIMBOCTI [0
KOperyBaHHS BIUIMBY LHX (akTopiB, 3a
JIOTIOMOTOI0  BJIOCKOHAJICHHS YM 3aJy4YeHHs
HOBHX 3aXOXiB O€3leKH Ta €eKOHOMIYHUX

IHBECTHULIN.
AHaJgi3 ocTraHHix gocJaimkeHb. bararo
OCJIKEHD IPOBEJICHO 1010 OLIIHKU

MICUXOJIOTIYHUX TPUYHH, $KI BIUIMBAIOTH Ha
piBEHb HEIIACHUX BUMAJKIB Ha BUPOOHMIITBI.
Crpec, mnoB’s3aHuii 3 poOOTOIO, MOXKE
HEraTUBHO BIUIMHYTH Ha MCUXO(]i310J0TTUHUN
CTaH poOITHUKA, aJie B 0ararboX rairy3sx [bOMY
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NUTAHHIO HE TPUAUICHO Halle)KHOI yBaru. Tak,
y npati [1] BUKOHAHO aHasi3
ncuxo(i310J0TIYHIX YUHHUKIB, 1[0 BIUTMBAIOTh
Ha POOITHUKIB OyiBeIbHOL raiysi.
ExcniepumeHTanbHi JaHi aHami3yBalucs 3a
JOTIOMOTOI0  ONHCOBOi ~ CTaTUCTHKH  Ta
JiHIMHOrO perpeciiiHoro anamisy. PesynpTatu
MOKa3aJIx, 110 MpaliBHUKA OyIiBETbHOT ramysi
MaloTh MiJBUIIEHY Bpa3iMBICTh JI0 CEpLEBO-
CYIMHHHX 3aXBOPIOBaHb, J0 aT€POCKIEPO3y Ta
IHIIIMX HETaTUBHUX HACTIAKIB I 3I0pOB’Sl.

V nmocmimkenHl [2] moka3aHO 3B’SI30K MIXK
piBHEM CTpecy Ta SKICTIO BUKOHYBAaHOI pOOOTH.
VYrpaBiiHHS HAIMIPHUM CTPECOM Ha poOoyOMy
MICIIl Ma€ BUpINIATbHE 3HAYEHHS, OCKUIbKU
npodeciiHuil CTpec HEraTMBHO BIUIMBA€E Ha
e(eKTUBHICTh pOOOTH, a TAKOXK Ha OaraHc MiX
po0OTOI0, OCOOUCTUM JKUTTSAM MpPALiBHUKIB Ta
0e31eKoro mpart.

VYV ny6mikartii [3] 30cepemxeHo yBary Ha
aHaJi31 BIUIMBY TEXHIYHUX, OpraHi3alliiHUX Ta
TOACHKUX (DaKTOPIB HA aBapiHICTh HAa MaIMX
nianpueMcTBax. Pe3ynbraTi mopiBHIOBaNIMCS 3
TEHIECHIIAMU, SIK1 MEepEeBaKaAIOTh Ha
mianpuemctBax  kpain  €C.  IIpauiBHuku
BUPOOHUYMX  MIJNPHUEMCTB  BKa3ylOThb Ha
TeXHIYHI (aKTOpPH, M0 HAMOLIBII CYTTEBO
BIUIMBAlOTh ~HAa  BUHUKHEHHS  HEIIACHUX
BUIMAJIKIB HA BUPOOHUIITBI.

Hocmikenns [4] mpoBeaeHEe 3 METOIO
BUSIBJICHHS  IHOUBIAyaJIbHUX  (akTOpiB 1
¢dakTopiB Ha poOOYOMY MICII1, IO MiJIBULIYIOTh
PU3MK  HEIIAaCHUX  BHUMAJKiB.  BussieHo
TEXHIYHI Ta JIIOJChKI (PaKTOpH, K JOMIHYIOUYl B
MiBUIICHHI PiBHS O€3MEeKH Mpalli.

VY crarti [5] noka3aHo, 110 MPOTHO3yBaHHS
HeOe3NneyHUx CHUTyaliil Ha poOoyoMy Micli —
e HeoOXiJHa cTpaTerisi PO3BUTKY OYIb-SIKOTO
HiAIpUEMCTBA. Inentudikaris, aHaumi3,
OILIIHEHHS Ta XapaKTepUCTHKA HOBUX PH3HKIB
MOXYTb OyTH €()EeKTUBHUMH A OTPUMAHHS
0e3MeYyHoro Ta 3I0pOBOTO CEpeAOBHINA Ha
poOOUUX MiCIISIX.
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Metoro gociipkeHHst [6] Oyno 3po3yMmiTH,
saKki 13 (akTopiB HaiiOiIbIIe BIUIMBAIOTH Ha
IIOCIIAOBHICTE  HEIMACHMX  BHUIAIKIB  HaA
BUPOOHUIITBI: TEXHIYHI, JIIOJICHKI,
eKCIUTyaTalliiiHi 4YM oprasizamiiiHi QaxTopu.

JloBeneHo, 1m0 cepel BKa3aHMX (DaKTOpiB
OCHOBHY POJb Yy CHPHYUHCHHI HEIIACHUX
BUIMAIKIB HAa  BHUPOOHUITBI  BIAIrparOTh

oprasi3zariiti.

VY crarti [7] DOCHIIKYIOTBCS COIIadbHI
KOH(QJIIKTH, CIPUYMHEHI CTUXIMHUMHU JIHMXaMH.
CruxiliHi JTUXa YacTo MPU3BOAATH JO0 CMEPTEH,
TpaBM, 3aXBOPIOBaHb Ta IHIIUX HETaTHUBHHUX
HacHiaKiB g (I3MYHOTO Ta TICHXIYHOTO
3I0pOB’sl, IO BIUIMBAa€ Ha PIBEHb HEIIACHHUX
BUMNAJAKIB  Ha  BUpoOHUUTBI.  [IpuposHi,
TEXHOTEHHI Ta €KOJIOTI4HI KaTacTpou MOXKYTh
BUKJIMKATU coliaabH1 HEBJIOBOJICHHS,
couianbHi KOH(IIKTH.

3MiHa KJIiMary BIUIMBAaE Ha POOOTY YCiX
CEKTOpIB €KOHOMIKH, HaBITh Ha Ti, K1 paHiIIe
BBaXaJKMCS HEYYyTIMBUMU [0 Kiimary. B
po6orti [8] mokaszaHo, 1m0 Ha Oe3MeKy Ta TirieHy
mpari TaKoX BIUIMBAE 3MiHA KIIMaTy dYepes
MIJBUIICHHS TEMIIEPATypPH  HABKOJIHUIIHBOTO
cepenoBuIna,  3a0pyqHEHHS  TOBITpS B
MPUMIIICHHI Ta Ha BYJIHIII, BILIUB
ynbTpadioseToOBOro BHUITPOMIHIOBAHHS,
eKCTpeMaJIbHI TIOTOHI YMOBH.

AHai3 TOKaszaB, IO IS BHUPIIICHHS
MaiOyTHIX TpoOieM Oe3reku Ta TirieHd Mpaii
B CHUCTEMi YIpaBIiHHA OXOPOHOIO Mpari
HEOOXI1H1 JIOJATKOBI1 JIOCHIKEHHS,
BKJTIOYAIOUHU KJIIMaTOJIOT 10, MEIUIIHHY,
€1 1eMi0JIOT 110,

Metra crarri —  OLHIHEHHA  3MIHHA
BUPOOHUYOTO TpaBMATH3My Ha IiAMPUEMCTBAX
Vkpaiam  Brnpomosxk  2010-2022  pokiB;
YCTaHOBJICHHS B32€MO3B’S3KiB Mix
COIllaTbHUMU Ta BUPOOHMUNMH (PaKTOpaMHu, 1110
BIUTUBAIOTh Ha PiBEHb HEIIACHUX BHITAJKIB Ha
BUPOOHUIITBI.

Onuc  o0’exkra. CraBuThcs  3amaua
JOCIIIJDKEHHS JUHAMIKH 3MIHH BHUPOOHHYOTO
TpaBMaTu3My B YKpaiHi Bnponosx 2010-2022
POKiB Ta MOOYJ0BU KOpPENSALiIHHO-perpeciiHux
MOJIeTICH NIl OMIHEHHS KUIBKOCTI MOTEPIiTHX
BiI HEIIACHMX BHUIMAAKIB, IIOB’SA3aHUX 13
BUPOOHUIITBOM, 32 OCHOBHHUMH TPHYNHAMU
HACTaHHS HEI[aCHOTO BUIAJIKY .

MeTtoau JOCTiIKEeHH. Mertoau
MHOKHHHOTO KOpeIsLiiHO-perpecitHoro
aHami3y Uil  JTOCHIDKCHHS ~ CTaTUCTHYHUX
MOKA3HMUKIB 1  BCTAHOBJEHHSA  HaMOIIbLI
3HaYUMHUX  (AKTOPHUX  3MIHHUX, SKI €
CKIIQJIOBUMU  MOOYJOBaHOI  MaTeMaTHYHOI
perpeciiiHoi Mojeni Ta  BIUIMBAIOTh  HA

pe3yJNbTaTUBHY O3HAKy, SKOK BHCTYHAOTh
00CsrA HAaKOIMMYEHUX BIIXOIIB.

Metoauka gociimkenHsi. J[ns aHamizy
BUKOPUCTAHO CTAaTUCTH4HI paHi [lepxkaBHOT
CITYKOH CTaTUCTHKH Ykpainu 11100 (0]
TpaBMaTU3My Ha BHPOOHMLTBI B YKpaiHi 3a
2010, 2015-2022 poxm [9]. Ha ocHoOBIi
OIMCOBOI CTAaTHCTUKU cepenoBuiia Microsoft
Excel mpoanamizoBaHO  JIWHaMIKy  3MiHU
3arajabHOI KITBKOCTI IOTEPIUIMX BiJl HEIIACHUX
BUITQJIKIB, TIOB’S3aHUX 13 BUPOOHHUIITBOM
(puc. 1) Ta 31 CMepTeNPHUMH HACIHiJKaMHU

(puc. 2).
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Puc. 1. Junamira sminu 3a2anvhoi Kinbkocmi
nomepninux i0 HeWacHux UNaoKis Ha SUPOOHUYME]
3a 2010, 2015-2022 poku: 1 — cmamucmuuni oani,
2 — cepeOdHe 3HaueHHs.
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Puc. 2. Jlunamixa 3minu Kinbkocmi nomepninux
3i cmepmenvrumu Hacriokamu 3a 2010, 2015-2022 poxu:
1 — emamucmuyni oani; 2 — cepeoHe 3HaUeHHs
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Ha pucynky 1 mokaszaHo, SIK KiTBKICHO
3MiHIOBajach 3arajibHa KUIBKICTh MOTEPHiIHX
Bl HEIIACHUX BUNAJKIB HA BUPOOHHUIITBI
BrpoaoBxk 2010, 2015-2022 poki. Omnucosa
CTAaTUCTUKA [I03BOJISIE OTPUMATH Takl JaHi:
3arajgbHa KiTbKICTh MOTEPIUIUX BiJ HEIIACHUX
BHITQJIKIB 3a BKa3aHWH mepion ckiamae 57 029
oci0; Haii0lnplIa KUIBKICTH crocTepiraigacs y
2010 pomi — 11942, 3 2011 mo 2015 pix
CTATUCTUYHI JaHl BIJICyTHI, a TOYHWHAIOYH 3
2015 mo 2017 pik piBeHb 3HIKYEThCT 1
3QIMIIAEThCA Maike He3MmMinHuM y 2017 Ta
2018 pokax, mo ckmagae 4 050 ta 4 040 ocib.
3 2019 poky cmocrepira€rbcsi 3pOCTaHHS
KUTBKOCTI TIOTEPIUINX, MAaKCUMaJIbHE 3HAYCHHS
nocsiraetbest B 2021 porti 1 mopiBHioe 12 315
0ci0, 10 BTPUYI TMEPEBUIIYE MiHIMAIbHE
3HAYEHHS.

VIMOBipHO, Take 3pOCTAaHHS MNOB’S3aHE 3
PO3BUTKOM Ta HApOLIyBaHHSIM BHPOOHHULTB B
Vkpaini 3 2019 mo 2021 pik, ane 06e3
HOJINIIEHHS 3aXOXiB IMIOJ0 Oe3lleku Ta
OXOpOHHM TIpalli Ha BUPOOHHUITBAX. Pi3kuii criafg
y 2022 pomi J0CTOBIpHO TIOB’SI3aHHMM 13
3YITUHKOIO MIPOMHUCIIOBHX BUPOOHUIITB
YHACIiJOK IX MOIIKOKEHHS a00 3HUIIEHHS B
pe3ynbTaTi BOEHHUX [ill arpecopa. Cepenne
3HaYCHHS 3a BKazaHud mepionm — 6 337 ocil;

Meniana — 4438; craTtucTHyHa AWCHEpCis
(po3max) psay npanux — 8275; cepenHe
KBaJgpaTuyHe  BimxwineHHs — 3 378 ocil;

acMMeTpist [ojaTHa 1 ckianae 1.4, mo nmokasye
3MilEHHS B 01K MiHIMAQJIBHOT'O 3HAYCHHS.

40%

31,1%

30%

20%

10%

BIAXWIICHHS Bif
CEepeHBOTrO

0%

02021 2022
6,7% -4 1%

-16,5% poxH

-10%

-20%

Puc. 3. Biocomxose 8ioxunents KiibKoCmi nomepniaux

31 cMepmenbHUMU HACTIOKAMU 810 cepeOHbO2O
2015-2022 poxu

JluHaMmika 3MIHH KIJTBKOCTI MOCTPaXXAATUX

31 CMepTeIpbHUMU Haciakamu (puc. 2) Mae Taki

KUTBKICTh criocTepiraetbest y 2010 pori — 636,
Haiimenma 'y 2017 pomi — 342 ocoOwu.
[Tounnaroun 3 2015 mo 2022 pik KUIBKIiCTh
NOTEPHUIMX 31 CMEPTEIbHUMH HACTiAKaMU
KOJIMBAETHCS OJIM3BKO CEPEAHBOTO 3HAYCHHS
410 oci0 3 BIAXUIEHHSM BiJ HHOIO B MEXax -
16.5 % < A <31.1 % (puc. 3).

AHai3 KUIBKOCTI 3aruOiiMx 4o 3arajbHOI
KUTBKOCTI TIOTEPIUIMX BiJ] HEIIACHUX BUMAJKIB
MOKa3y€e€ JOCTaTHhO CTaOlIbHY JIMHAMIKY.
Ile BigHOWIEHHS KOJNHMBAETbCA B  MEXKax
4.4 % < A1<9.9% (puc. 4).
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Puc. 4. Bionowennsa uucaa sa2ubaux 00 3a2anvHoi
KiIbKOCI NOMEPNIUX 8i0 HeWACHUX BUNAOKIE
Ha 8upooHuymsi enpodoesac 2015-2022 poxis

MoskHa GauuTH, 10 NMPU 30UIBIIEHHI YU
3MEHIICHHI MIOPIYHOi KIUIBKOCTI MOTEPIUIUX
Bil HEIIACHUX BHITAAKIB BIIHOCHA KUIBKICTH
3aru0aMX 3aJIMIIAE€THCS Maibke He3MiHHOIO. [le
TOBOPUTH TMPO CTAOUIbHICTh Ha BUPOOHHUIITBAX
HeOe3neyHux (akTopiB, SKI HPUBOAATH J0
CMEpTI MOTEepHuUIMX, TOOTO NPO BIACYTHICTH
3MiH y CHCTE€MI YNpaBIiHHA OXOpPOHOIO Mpalli
IOJI0 KOHTPOJIFO Ta BIPOBA/DKEHHS OUIBII
IEBUX 3aXO0/IB 1 3aC00IB O€3MEKN.

[ -

N

D 1exEIvH] MPETHEE O opramisamiiis mpHTHER
Bnerxodisionorie] TPEYHER

Puc. 5. Po3nooin 3aeanvHoi KintbKocmi nomepniiux

MOKA3HUKU: 3arajbHa KUIBKICTh TaKUX OCIO 3a

_ . oo 610 HeWjacHUX 6UNAOKIE HA UPOOHUYMET 3 OCHOSHUMU
BKazaHWi mepion ckiamae 3 913; HaiiOinbma

npuuunamu y 2018 poyi
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Ha pucynky 5 3a pamumum Jlep:xaBHO1
ciyx06u cratuctuku Ykpainu [10] HaBeneHo
PO3IMOALT KITBKOCTI MOTEPIIINX BiJ HEIIACHUX
BUMAJKIB, TMOB’SI3aHUX 13 BUPOOHUIITBOM 3a
OCHOBHMMH TpbOMa MPHYUHAMH HACTAHHS
HelacHoro Bunaaky y 2018 poui: TeXHIYHUMH,
Oprasi3aliiHUMU, CUX0(]P1310JI0TTYHUM.

MoskHa 6aduTH, 110 HAHOUIBIINHA BiICOTOK
CKJIaaloTh oOpraHizamiiini npuunnu — 71 %,
Toal sk TexHiuHi — 14 %, a mcuxodizionoriuHi
npuynan — 15 %.

1804; 37% 217; 4%

639; 13% 1217; 46%

O TexHIE] OpHIHEE
D opramisaniie OpHTHHE
DocuxodisionoriasE TpPHIHER

O TexXHOTeHH], COLLATEHEL NPEPONH, EEONOTIYH] TPHIHEN

Puc. 6. Po3nodin 3aeanvhoi Kiibkocmi nomepninux
610 HEWACHUX 6UNAOKI8 HA BUPOOHUYMET 3a OCHOBHUMU
npuuunamu y 2022 poyi

Ha pucynky 6 3a nanumum JlepxkaBHOL
cinyk0u craructuku Ykpainu [10] maBemeHo
PO3MOALT KITBKOCTI MOTEPIIINX BiJ HEIIACHUX
BUITAJIKIB, TIOB’S3aHUX 13 BUPOOHHUIITBOM 3a
OCHOBHUMH TMPUYMHAMU HACTaHHS HEIIACHOTO
Bumagky y 2022  pomi:  TEXHIYHHUMH,
Oprasi3ariiHumu; ncuxo(i3i0J0TIIHIMH,
TEXHOTEHHHUMH, COIIAIbHUMH, TIPUPOJTHIUMH Ta
€KOJIOTTYHUMH.

MoskHa OauuTH, 1110, Ha BiaMiHy Big 2018
POKY, BUAUIEHO B OKpEMY TIpyIy TEXHOTEHHI,
coIliaibHI, TPUPOJHI Ta €KOJOTIYHI MPUYUHH,
ski cknanatb 37 %. OpranizamiiiHi npuauHA
— 46 %, ix yacTka 3meHmmiacs Ha 25 %;
TEXHIYHI TPUYUHU 4%, 1ix yacTka
smeHmmwiacs Ha 10 %; mncuxodizionoriyHi
npuunHu — 13 %, TOOTO 3MEHIICHHS JIHIIE Ha
2 %.

BigmosigHo Io METOJIOJIOTIYHOrO
TOJIOKEHHS ~ JIEPKABHOTO CTaTUCTHYHOIO
CIIOCTEPEIKEHHS «TpaBMaTU3M Ha
BUpOOHUNTBI» 2022 poky [9] mo rpymm
«TE€XHOTEHHI, coliaibHi, PUPOJTHI Ta
€KOJIOTIYHI ~TPUYMHW» BITHECEHO BHKHUIU
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HEeOC3NCUHNX XIMIYHHX, PagiOaKTHBHHX,
010JIOTIYHUX PEYOBHMH, IO TIOB’SI3aHO 3
BOEHHHMU HEOC3IEKaMU.

YacTka TEXHIYHUX Ta OpraHizaliiHuX
OPUYMH  3MEHIIWJIAcs, M0 TIOB’S3aHO 13

HNOIIKOIXKCHHAM abo SHUIICHHAM yHaCHi,ZLOK
BOEHHUX )11171 BCJIIMKHX Ta MaJIMX IMPOMHCIIOBHUX

HiAIPUEMCTB. Toni K JacTKa
ncuxo(i3ioNoriyHuX  NPUYMH — Maibke  He
3MIHHUJIACS, OCKIJIBKHU IICUXOJIOTIYHE

HABaHTAXCHHS 3aJUIIAETHCS MOCTIHHUM Y Yaci,
TOMY IO BiliHa B KpaiHi 3HAYHO BIIMBAE Ha

ncuxo(dizionoriuni  SKOCTI  MpPaliBHUKIB 1
CIIPUYHMHIOE 30UTBIICHHS HeOe3MeYHnX
CHUTYaIliif Ha BUPOOHHIITBI.

st BCTaHOBJICHHS 3B’S3KIB MK

(bakTOpHUMHU BETUYMHAMH, IKHUMH BUCTYIAIOThH
NPUYMHE HACTaHHS HENIACHUX BUIAJKIB, IO
BIUIMBAIOTh Ha 3arajbHy KUIbKICTb MOTEPILINX
Bl HEIIACHUX BHUIIAJKIB Ha BHUPOOHMIITRI,
IPOBEICHO KOPEJSIHHO-perpeciiHui aHais.

3acToCcyBaHHs ~ METOMIB  KOpEJsIii  Ta
perpecii  103BOJIS€E ~ BUKOHATH  OCHOBHI
3aBJIaHHS:

1. BcTaHOBUTH KOpPETSAIiHI 3B S3KH MiX
(GakTOopHUMH 3MIHHHMH Ta CHIy 3B’S3KYy 3
Pe3yIBTATUBHOIO 3MIHHOIO.

2. BusHaunTHm Ta KIJBKICHO BHUMIPSATH
CTYIiHb BIUIMBY OJHHX TPHYUH HACTAHHS
HEIIaCHUX BUMAJKIB Ha IHIOI Ta CTYyMHiHb
BIUIMBY [HX MPHYUH HAa 3arajbHy KUIBKICTh
HOTEPIITNX Ta TOMEPIIUX.

Tabruys
KoediunienTn xopeasiuii Mizk pakTopHuMu
BeJIUYMHAMM
X1 x2 X3 X4 i(x) va(x)
X1 1 |0.861|0.890 | 0.544 | 0.863 | 0.831
x2 1 0.826 | 0.611 | 0.908 | 0.896
X3 1 0.848 | 0.897 | 0.891
x4 1 0.875 | 0.729
y1(x) 1 0.889
y2(x) 1

Ipumimka: x1 — mexuiuni NpUYUHU, X2 — OPeAHI3AYILIHI
NpUYUHU, X3 nCuUxoqhiziono2iuni  NPUHUHU, X4
MexXHO2eHHi, COYianbHi, NPUPOOHI, eKONO2IYHI, NPUUUHU,
y1(x) — KinbKicmb ROMEPRiIUX 6I0 HEeUWACHUX BUNAOKIE
(cocmpux npogecitinux 3axe0piosanb, OMpycHb, asapii
ma 6i0 HeWacHux 6UNAaodKié 3i CMePMENbHUM HACTIOKOM,
y2(x) — KinbKicmb nomepninux 6i0 HeWacHUx GUNAOKie 3i
CMepmenbHUM HACTIOKOM.
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3. OrtpumaTu KOpeIsiiHO-perpeciiiny
MOJENh Ta TMEepeBIpUTH 1  aJeKBATHICTb.
Koedirmientu xopernsii HaBeneHO B TabmwIIi, 3
SKOoi ~ BHUOHO, IO  CTYMiHb  KOpPEMsii
pe3ynbraTuBHUX 3MiHHHX Y1(X) Ta Y2(X:) 3
(aKTOPHUMHU 3MIHHUMH X1, X2, X3, X4 € CEpeIHIM
y Mexax Big 0.4 no 0.6 Ta BUCOKUM Yy MeXax
Bix 0.6 10 0.9. OckinbKu BIICYTHIN claOKuii Ta
Ty ke BUCOKUI CTYIIHb KOpeJsii
(MyJIBTUKOJIIHEAPHICTh), HIAKOI  (aKTOpHOT
3MIHHOI HE TOTPIOHO BIIIyYaTH i3 PO3TIISAY.

PiBHSIHHS MHOXWHHOI JIIHIMHOI perpecii,
10 HAJa€ 3B 30K MK (aKTOPHUMHU 3MIHHUMHU
X1, X2, X3, X4 Ta PE3yJIbTATUBHOIO 3MiHHOIO Y1(Xi),
HaOyno Takoro Burisay (1):

Vi(x) =ag +a X +a,X, +agXs +a,X,, (1)
Jie BIATOBiAHI KoedilieHTH perpecii y piBHSHHI
(1) nopisurorots: 8, =-364.4, a, =-1.1,

a, =013, a; =7.35, a, =0.25.

Jns  3HaiimeHuX KoedilieHTiB perpecii
P-moka3nukwu, 1mo BU3HAYAIOTh WMOBIPHOCTI X
3Ha4yIocTi, AopiBHIOOTH: 0.056, 0.031, 0.052,
0.006, 0.042. VYci BuzHaueHi P-3mauenns € B
Mexax 0.05, mo miATBeppKye iX Baromuit
BIUIMB Ha 3MiHHY y1(Xi), ne 1 =1, ..., 4.

PesynpTatu perpeciiiHoi CTaTUCTUKU TakKi:
MHOXXMHHUN KoedimieHT R, 1mo Bu3Haudae
3HaueHHS KoedillieHTa KOpemsIii, JOPIBHIOE
0.999; xoedimient R? cxmamae 0.998 i mokasye,
sKa 4YacTHHA pe3yJIbTaTUBHOT 3MIiHHOI y1(Xi)
MOSICHIOETBCSI PIBHSHHSAM perpecii, B JaHOMY
po3paxynky 99.8 %  Bapiamiii = KiUIBKOCTI
MOCTPXKIATUX BiJ HENIACHUX BHITAJIKIB Ha
BUPOOHUIITBI MOSCHIOETHCS 3MIHHUMH TPHUUH
Xi HACTaHHS HENIACHUX BUTIAQJIKIB.

BinmoBigHO 10 pe3ynbTaTiB AUCTIEPCIHHOTO
aHaiizy 3HauMMICTh Koedimienta dimepa,
F =4.174*10° < 0.01 nmoxa3ye, 1o OTpUMaHUiA
pe3yJIbTaT BUCOKO 3HAYMMHMIA.

Jlyis BU3HAuUEHHS aJ€KBATHOCTI OTPUMAHOL
KOpeJsLiiHO-perpeciiHoi Mojenni 0OYMCIeHO
V1(Xi)posp. Ta BITHOCHY TOXHOKY pe3yJIbTaTiB
PO3PaxyHKY 3a MOJICIIOBAIGHUM PIBHSIHHSIIM.
CepenHe 3HAYCHHS BIJHOCHOI TMOXHMOKH CKJIAJIO

Acep1 =1.55%, a wmakcuManabHE  3HAYCHHS
MOXHOKH  Awaxc1 =4.02%. Takum  9uHOM,
KopelnsiHo-perpeciina  mozens (1) 3

TOUHICTIO Ha 98.45 % onucye AUHAMIKY 3MiHU
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KUIBKOCT1 MOTEPITUINX BiJ HEIIACHUX BUIIAJIKIB,
MOB’SI3aHUX 13 BHPOOHHUIITBOM, 3aJICKHO BiJl
OCHOBHMX TMPUYMH HACTaHHS HEIIACHOTO
BUIIAJIKY .

PiBHsIHHS MHOXXMHHOT JiHIHHOI perpecii,
110 HaJa€ 3B 530K MK (PaKTOPHUMHU 3MiHHUMHU
X1, X2, X3, X4 Ta PE3yJIbTYIOUOI0 3MIHHOIO 12(Xi),
HaOys0 Takoro BUrisay (2):

(2)

Jie BIAMOBIAHI KOEQIIliEHTH perpecii y piBHSIHHI

() b, =242.1, Db, =0.072,
b, =0.088, b, =-0.375, b, =0.101. Bruus

koe(imieHTiB perpecii 'y MOJETIOBAIBHOMY
piBHSHHI (2) OOCTaTHBO BHCOKHH, OCKUIBKU
P-miokazHuku 1 3HaAWACHHX Koe(iIieHTIB
perpecii  BiAMOBiTHO JOpiBHIOKOTH:  0.028,
0.015, 0.037, 0.026, mo 3uauno mexme 0.05 1
HOiATBEPIKYE€  BHUCOKY  HMOBIPHICTH  iX
3HAYYIIOCTI IS Pe3yJIbTaTUBHOT 3MIHHOT )2(Xi),
nei=1,....4.

Otpumano HACTYIIHI pe3yiabTaTh
perpeciiHoi CTaTUCTHUKH: MHOXWHHUA
R=0.943; R>=0.889 i mokasye, mo 88.9 %
pe3yJabTaTUBHOI 3MIHHOT )2 (Xi) TOSCHIOETHCS
PIBHSIHHSAM perpecii. 3HaYUMICTh Koe]ilieHTa
®dimepa, F=0.0034 < 0.01, BignmoBigHO 10
pe3yIbTaTIB TUCIIEPCIHHOTO aHaJi3y IOKa3ye,
0 OTPUMAaHUW pe3ylbTaT TaKOXK BHCOKO
3HauMMHiA. PesynsTaté po3paxyHKy y2(Xi)posp.
BIJIMOBIJIHO J10 piBHSAHHSA (2), MOKa3yrOTh, IO

Y, (x) =by +byx; +b,X, +byXs +b,X%,,

JOPiBHIOIOTH:

CepeHEe  3HAYEHHS  BUIHOCHOI  TOXHUOKH

Acep2=6.08%, a MakcuMajbHEe 3HAYEHHS

HOXUOKH Awaxc2 = 13.84 %.
Kopensmiiitno-perpeciiina ~ MaTeMaTH4YHa

Monenb (2) 3 TounicTio Ha 94 % ommcye
JUHAMIKy 3MIHM KUIBKOCTI MOTEPNUINX BiJ
HEIIaCHUX  BHUMAAKIB 31  CMEpTEIbHUM
HACJIIJIKOM, 3aJIeKHO BiJl OCHOBHUX HpPUYUH
HACTaHHS HEIIACHOTO BUIAJKY.

HaykoBa HoOBH3HA Ta NpPaKTHYHA
HIHHICTB. Po3paxoBaHo MHOXXUHHY
KOPEJSIIIHHO-perpeciitiy MOJIETb TSt

OIIHEHHS BIUIMBY OCHOBHUX NMPUYHMH HACTaHHS
HEIIaCHUX BHUIAJKIB Ha 3arajbHy KUIBKICTh

MOTEPITHX BLJ HEIIAaCHUX BHUIIAJIKIB,
MOB’SI3aHUX 13 BUPOOHHUIITBOM, a TaKOX Ha
KUIBKICTh ~ HOTEPHUIMX 31  CMEPTEIbHUM

HacliKoM. MareMaTuyHa MOJIETh BpPaXxOBYeE
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psn GaKTOpPHUX 3MIHHHX, IO MAIOTh MK 00010  (PAKTOPHUMU 3MIHHUMHU Ta 3 PE3yJIbTaATUBHUMHU
BHUCOKHMII B3a€MO3B’SI30K Ta BIUIMBAIOTh HA  BEIUYMHAMHU.
KIUJTbKICHUH PIBEHb MOTEPITIJIMX HA BUPOOHHUIITBI. 3. Ha ocHOBiI nucnepciitHO-perpeciiftHoro
BucHoBku aHaylizy OTPUMAaHO pErpeciiiHy MaTeMaTHYHY
1. [IpoananizoBaHo JTUHAMIKY 3MIHHI MOJI€Jb. Y CTAaHOBJICHO, 110 BIUIUB KOE(DIIIEHTIB
3arajabHOI KUTBKOCTI OTEPIUIMX BiJl HEMIACHUX  perpecii JOCTaTHO BHCOKHUN, a OTPUMAaHHA
BUIAJKIB HA BUPOOHMIITBI Ta JUHAMIKY 3MIHM  pe3yJibTaT TaKoX BHUCOKO 3Hauumuil. CepenHi
KUTBKOCTI ~ MOTEpPHiIMX 31 CMEPTENbHUMH  3HAYEHHS BIJIHOCHHX MOXHMOOK PO3paxyHKIB 3a
Hacmiakamu 3a 2010, 2015-2022 poxku. Ha  maremaruuHUMH PErpeciifHUME MOJCISMH 100
OCHOBI OIKCOBOI CTATUCTHKH BCTAHOBJACHO  KUIBKOCTI MOTEPHUTHX Y1(Xi)posp. Ta KUIBKOCTI
3aKOHOMIPHOCTI iX 3MmiHW. Jlust 3arambHOi  3aruOamx y2(Xi)posp. CKiIaAa0Th 1.55 % Ta 6.08 %,
KUIBKOCTI TIOTEPIIIJIUX CIIOCTEPITaeThCs pi3HA IO TOBOPUTH TPO aJEKBATHICTb OTPUMAaHHX

TEHJEHI[ISl 3MiHM (3pOCTaHHS Ta CHAJaHHS),  MOJEJCH.

TOAl SIK KUIBKICTh 3arvuOianX 3aJIAIIacThCI ViockoHaleHHS METOHIB Ta  3aco0iB
JIOCTATHBO CTAOLIBHOIO 1 KOJUBAEThCSA OIM3BKO  Oe3meyHol MISITBHOCTI JIIOIUHU Ha
cepennboro 3HaueHHS 410 oci0 3 BIAXWJICHHSAM  BUPOOHUIITBI, 3BEACHHS napameTpiB
Bil HhOro B Mexkax -165% < A < 31.1 %. MOTEHIIHHUX  HeOe3meK 0  OCOOMCTHUX
KinbkicTe 3arm0Oaux 10 3arajibHOT KUIBKOCTI — NCHUXO(i310JIOTIYHUX XapaKTEPUCTHK JIOAMHH,
MOTepHiIMX  BiJ ~ HENIACHMX  BHUMAJAKIB  3aCTOCYyBaHHS pecypco3oepiraibHuX
3MIHIOETHCS B Mexxax 4.4 % < A1 £ 9.9 %, 110 TEXHOJIOT1H, BJOCKOHAJICHHS TEXHOJIOTIYHOCTI
Mae He3HAuHHMil 1iana3oH po30iKHOCTEH. IpOLECIB  MOXE  3MEHIIMTH  KUIbKICTb

2. [IpoBeneHo KOpEeJSALiHHAN aHai3  TOTEPHUIMX Ta 3aruOJIMX Ha BUPOOHMIITBAX.

3B’A3KiB Mi’k OCHOBHMMM IIPUYMHAMM HACTAHHSA MozentoBaibHi PIBHSAHHSA (1H)—(2)
HEIIACHUX BHITAJKIB Ta KUIBKICTIO MOTepHiaux  AO3BOJIAIOTH, KOPEryroud IPHYMHU HACTAHHS
Ta 3aruOIHIX Ha BUPOOHUIITBAX. HEIIACHUX BUMAJKIB, TMepen0ayuTy KUTbKICHI

Croctepiraerbcsi  BHCOKAa  HIUTBHICTH — [UX pe3yabTaT TPaBMaTU3MYy.
3B’S3KIB MDK ~ yciMa  BHIE3a3HAYCHUMU
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PO3PAXYHKOBE BUBHAYEHHSA XAPAKTEPUCTHUK
YCAJKHU I TOB3YYOCTI BETOHY

CJIOBO/JAHIOK C. O.

IIpunninpoBchka AepikaBHa akaaemis OyHiBHULTBA Ta apXiTeKTypH, ByJd. Apxitekropa Omera Ilerpoma, 24-a, 49005, Huimpo,
Vkpaina, ten.: +38 (066) 213-78-23, e-mail: slobodianiuk.sergey@gmail.com, ORCID ID: 0000-0003-4874-7296

AHotauist. Ilocmanoséka npoénemu. Y po3paxyHKy OETOHHHMX 1 3ai300€TOHHHMX KOHCTPYKIIH HEoOXiTHO
BpPaxOBYBAaTH YCAJIKy 1 MOB3yUiCTh OCTOHY, SIKi € HE IPYTOPITHIM (HhaKTOpOM, TOMY IO 3a TPUBANIO] eKCIDTyaTalii TaKuX
CHOpPYZ i (aKTOPH MOXKYTH CYTTEBO 3MIHIOBATH HAIPY)KEHO-Ie(OPMOBAHHNA CTaH KOHCTPYKIIiH y Yaci Ta BUKIUKATH
NOsIBY TpaHWuHHX nedopmaniii, TpimmH i X pyiiHyBaHHS. ToMmy y mHpoekTyBaHHI OETOHHHMX 1 3ali300€TOHHHX
KOHCTPYKIII HEOOXiMHO BpPaXxOBYBAaTH BIUIMB YCAIKH 1 MOB3ydocTi OeToHy. [ IIbOr0 MPOSKTAHT MOBHHEH MAaTH
napaMeTpH, sIKi BXOAATh Y DIBHSHHS 1 po3paxyHKoBi ¢opmynu. Llux mapamerpiB 6arato i BOHM BH3HAYarOTHCS
eKCIIEpUMEHTAIIFHO Ta 3aJjieKaTh BiJ Oaratbox (akropiB. OpHaK MPOEKTaHT MOBUHEH MaTd Li MapaMeTpH yXe TO[i,
KOJIM I1I¢ HEMAE HISIKMX eKCIIEPUMEHTAIBHUX JaHHUX IPO MaTepiaji i KOHCTPYKIIIO, ajie KO MaTepial (Kiac MIIHOCTI)
yKe 3afaHuid. TakuM YMHOM, BUHHKAa€E HEOOXIJHICT pO3paxyHKOBOIO BH3HAYEHHS HEOOXIHUX IapaMeTpiB Ha OCHOBI
royioBHUX (hakTopiB. Haimpocrimie po3paXxyHKOBE BH3HAYCHHS XapaKTEPUCTHUK IOB3y4OCTi OCTOHY MOXIHBE 3a
TEOpI€r0 CTapiHHA TMPH TMOCTIHHOMY MOIYJi TPYXHOCTI OCTOHY, SKa YacTKOBO BPaxOBYE MICIsiAif0 (0OOpOTHICTB)
nedopmarniii mo3ydocti. Taky Teopito OynemMo Ha3WBATH TEXHIYHOIO TEOPI€I0 CTapiHHS 1 BOHA OMEpye HANMEHIION
KUTBKICTIO TapaMeTpiB (YChOro 2) Ta TUTBKU OTHIEI0 KPUBOIO TIOB3YYOCTI IIPH IMOYATKOBOMY BiKy HaBaHTa)XeHHS to a He
ciMeiicTBOM IMX KpUBUX. Mema cmammi — po3poOJIeHHS! TCOPSTUIHHX PIlICHb Ta MPAKTHIHUX CIIOCO0IB ypaxyBaHHS
PO3paxXyHKOBHX XapaKTEPUCTHK yCaIKd 1 MOB3y4OoCTi OeToHy B OyaAiBeIbHHX HOpPMax IPOEKTYBaHHA. BucHoeok.
OTprMaHO PO3BUTOK 3pYYHOT /sl IPAKTHYHOTO BHKOPUCTAHHS JIHIKHOI Teopii MOB3y4ocTi OETOHY — TEXHIYHOI Teopil
CTapiHHS, 1 po3poOKy Ha 1i OCHOBI TEOPETUYHHX pIillleHb Ta NPAKTUYHUX CIIOCOOIB ypaxyBaHHS PO3PaxyHKOBHX
XapaKTEePUCTUK YCAIKH 1 OB3Yy4OCTi OETOHY B OyIiBEIbHUX HOPMaX MPOEKTYBaHHSI.

Kuro4oBi cioBa: 6emown; ycaoka, xapakmepucmuxa nog3yyocmi; mexHiuHa meopis CmapinHs

CALCULATED VISION OF SHRINKAGE
AND TOUCH CHARACTERISTICS OF CONCRETE

SLOBODIANIUK S.O.

Prydniprovska State Academy of Civil Engineering and Architecture, 24-a, Architect Oleh Petrov Str., Dnipro, 49005, Ukraine,
tel.: +38 (066) 213-78-23, e-mail: slobodianiuk.sergey@gmail.com, ORCID ID: 0000-0003-4874-7296

Abstract. Raising of problem. When calculating concrete and reinforced concrete structures, it is necessary to take
into account the shrinkage and creep of concrete, which are not a minor factor. Because during long-term operation of
such structures, these factors can significantly change the stress-strain state of structures over time and lead to the
appearance of extreme deformations, cracks and their destruction. Therefore, when designing concrete and reinforced
concrete structures, it is necessary to take into account the influence of shrinkage and creep of concrete. To do this, the
designer must have the parameters included in the equations and calculation formulas. There are numerous of
parameters and they are determined experimentally and depend on many factors. However, the designer must have
these parameters even when there is no experimental data on the material and design, but when the material (strength
class) has already been specified. Thus, there is a need to calculate the required parameters based on the main factors.
The simplest computational determination of the creep characteristics of concrete is possible using the theory of aging
at a constant modulus of elasticity of concrete, which partially takes into account the aftereffect (reversibility) of creep
deformations. We will call such a theory the technical theory of aging and it operates with the smallest number of
parameters (2 in total) and only one creep curve at the initial load age to, and not with a family of these curves. Purpose.
Development of theoretical solutions and practical methods for taking into account the design characteristics of
shrinkage and creep of concrete in building design standards. Conclusion. The work resulted in the development of a
convenient for practical use linear theory of concrete creep — the technical theory of aging and the development on its
basis of theoretical solutions and practical methods for taking into account the calculated characteristics of shrinkage
and creep of concrete in building design standards.
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IloctanoBka  mpodaemu. Ilix  dac
pO3paxyHKy OCTOHHMX 1 3aJi300€TOHHHX
koHcTpykiid (3bK) BH3HauawTh 3ycwiuis, sKi
BUHHMKAIOTh Ha  BCIX  CTaaisiX  poOOTH
(BUTOTOBIICHHS, TPAHCIIOPTYBaHHS, MOHTAX,
eKCIUTyaTalliss) 1 IOTIM TMepeBIpSAIOTh iX IO
nepurii i Apyriii rpynax rpaHHYHOTO CTaHY.
Skmo 3amizo0eToHHA KOHCTPYKIIiSI CTaTUYHO
HE BHW3HAYCHA, 3yCWUISI B HIM 3aleXarh BiJ
CHIBBIIHOIICHHS JedopmMaliiii eJIeMeHTIB Iiel
KOHCTPYKIIi, a OCKUIbKM Ha i JAedopmamii y
yaci CHJIBHO BIUIMBAa€E ycajgka 1 IOB3YYICTh
OCTOHY, BH3HAYaTH 3YCWUIA B 3arajibHOMY
BUTIAJIKYy HEOOXIiHO 3 YpaxyBaHHSM IHX

TpuBamMx  mpomeciB. Tomy B Takomy
po3paxyHKy MitHOCTI 1 criiikocTi 3bK (mepma
rpyma) HEOOXiZHO BpaxoOBYBaTH  TpHUBAJI

MPOIIECH — YCaaKy 1 MoB3ydicTh Oerony. [lpu
po3paxyHKy  nmedopmariif, KOPCTKOCTI 1
TPIIIMHOCTIMKOCTI  (MepeMillieHb, TMPOTHHIB,
BTpaT IONEpPEAHbOro HampykeHHs Touo) 3bK
(npyra rpymna) BIUIMB TPUBAJIUX IPOIECIB e
OUTBIII CYTTEBHM, TOMY IX TakKOXX HEOOXIJTHO
BpPaxoBYyBaTH.

Taxkum 9uHOM, JUIS pO3paxyHKy OETOHHUX i
3a11300€TOHHUX ~ KOHCTPYKIIH  HEOOX1JTHO
BPAaxXOBYBAaTH YCaJIKy 1 MOB3YyYiCTh OETOHY, SIKi
€ He JpyropsaHuM (HaKTopoM, OCKIIbKH 3a
TPUBaJOi eKCIUTyaTalii TakWxX CIOpyA i
(dbakTopy  MOXYTh  CYTTEBO  3MIHIOBAaTH
Hanpy>keHo-1e(OpMOBaHUN CTaH KOHCTPYKIIN
y 4aci Ta BHUKIMKATH TOSIBY TPaHUYHHUX
nedopmartiif, TpiluH i iX pyHHyBaHHS.

[Tpu MPOCKTYBaHHI OCTOHHHX i
3a7i300€TOHHUX ~ KOHCTPYKIIH  HEOOXiTHO
BpaxoByBaTH BIUIMB YyCAaJKH 1 MOB3y4OCTI
6erony. /Iyl IbOTO MPOEKTAHT MOBHHEH MAaTH
nmapaMeTpH, SKi BXOJATh y PIBHSHHSA 1 po3pa-
XyHKOBiI (hopmynu. Llux mapamerpiB Oararto i
BOHM BH3HAUAIOTHCA EKCIEPUMEHTaJIbHO Ta
3ajexxaTh Bif Oaratbox QaxTopiB. OmgHak
MPOEKTAHT TOBHHEH MAaTH IIi MapaMeTph YyKe
TOJIi, KOJIM I1l¢ HEMA€E HisIKUX €KCIepUMEHTaNb-
HUX JaHUX MPO MaTepiall 1 KOHCTPYKIIiIO, alie
KOJIM MaTepial (KJ1ac MIIIHOCTI) yXKe 3aJaHHM.

TakpuM YHMHOM, BHMHHKAE€ HEOOXIJHICTh
pPO3PaxXyHKOBOTO  BHU3HAYEHHS  HEOOXITHUX
rmapaMeTpiB Ha OCHOBI TOJIOBHHX (haKTOPIB.
Haiinpocrimme = po3paxyHKOBE  BHU3HA4YECHHS
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XapaKTEPUCTHK IOB3y4OCTI OETOHY MOKJIMBE
3a TEOPIEI0 CTApPIHHS MPHU MOCTIHHOMY MOJIYJTIO
Npy>XHOCTI OETOHY, sIKa YacTKOBO BpaxOBY€
MICTISI0 (06OpOTHICTB) nedopmartii
noB3ydocTi [20]. Taky Teopito OyaemMo Ha3u-
Bath TexHIuHOIO Teopiero crapinHsa (TTC) i
BOHA OINEpy€e HAMMEHIIOK KUIBKICTIO Mapame-
TpiB (yCchOoro 2) Ta TIIBKH OJHIEID KPHUBOIO
MOB3Y4YOCTI MpH TOYaTKOBOMY BIKy HaBaH-
TaxkeHHs {0, a HE CIMENWCTBOM IIMX KPUBUX.

Ananiz myoOaikaniii. Knacuuny Tteopito
crapinas (TC) crBopwm L. Yitaeit y 1932 p.,
®. Mimmarep y 1934 p. i He3anexHO Bif HUX
M. O. bynanoB y 1936 pomi. B mogansimomy ii
BUKOPUCTOBYBJIM 1 BIOCKOHAIIOBATIM TakKi
BueHi sk S.B. Cromsapos, B.A. bogiH,
L. I. Ymunekuii, O.b. Tomumes, 5. 1. JliBmui,
€. A. Suenko, A. M. Cmupnos, b. @. Jlepkau,
C. E. ®paiidpensa, I'. Prone, ®@. Jleonraparom
Ta 1H.

s Teopis mnpuitmae
napajenbHiCTh  KPUBUX  IOB3YYOCTI,  fKi
BINOBIJAIOTh  PI3HUM TEepMiHAM  IOYATKY
HaBaHTa)XCHHs OETOHY, TOOTO XapaKTepUCTHKA
MOB3YYOCTi BU3HAYAETHCSA 32 (OPMYIIOIO:

@(t,7) = @(t) —@(7). (1)

Takox CyTT€BUH BKJIaX y PO3pOOJIECHHS 1
YIOCKOHAJICHHS 11i€i Teopii BHECIH BITUM3HSHI
HAyKOBII JIHIMPONETPOBCHKOI INKOIH MOB3Y-
YOCTI (IIb-AIBI-TTJTABA) 1. T. H.,
npodecopu: M. O. bynano (y 1936 p.
HE3QJIEKHO CTBOPHB 1 PO3pOOHMB  TEOPIirO
CTapiHHS, sIKa HE BpPaxoBye OOOPOTHICTH
nedopmariiii  mos3yuocti); B.A.  boBin
BukopucroByBaB TC nana pospaxynHky 3bK
noynHarou 3 1939 p.; €. A. Snenko y 1962

JIOIYUIEHHS PO

poli CTBOPUB 1 pPO3poOMB MOAM(IKOBAHY
teopito crapinHa (MTC), ska BpaxoBye
00OpOTHICTb nedopmarnin MOB3YYOCTi;

O. b. T'onumieB BUKOHYBaB TUIUIOMHY pOOOTY
mig kepiBHUUTBOM mnpod. M. O. bynanosa,
3akiHuuB JIBI y 1953 pomi i mi3Hime o40iIuB
KuiBcbky HIKOJTY MOB3YYOCTI1 micrns
I. I. Yauuskoro.

VY crarTi BUKOPUCTAHO TUIBKH MOHOTpadil
BUIIIE3raIaHuX BYEHUX, HAYKOBO-HOPMATHBHY
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mitepatypy [1-19] i aBtopiB [20—24] Ta
BUKOHAHUM 1X aHami3 3a 50 poKiB.

Merta cTaTTi — pPO3BHUTOK 3PY4HOI s
MPAKTUYHOTO BUKOPHUCTAHHS JiHIHHOT Teopil
MOB3y4OCTI O€TOHYy — TEeXHIYHOi Teopii
CTapiHHs, 1 poO3poOJieHHSs Ha 1ii OCHOBI
TEOPETUYHHUX PILIEHb Ta MPAKTUYHUX CHOCOOIB
ypaxyBaHHs pPO3paXyHKOBHUX XapaKTEPUCTHUK
yCaaKu 1 MOB3ydocTi OETOHY B OyaiBeTbHHX
HOpMax MPOEKTYBAHHS.

Bukaang wmarepiany. @axTuuHi Hampy-
KEHHSI, SKI BHHUKAIOTh y TpOIeCci TPUBAIOI
eKCIUTyaTarii OeTOHHMX 1 3ai300€TOHHUX
CIIOpYJl, HE MEPEeBUILYIOTh B OCHOBHOMY 0,45
Mexi MirHocTi Oetony fek(to), Tomy miHiitHa
MOB3YUiCTh CTAaHOBUTH HAWOUIBIINK 1HTEpEC 3
TOYKH 30py iX IpoekTyBaHHA. Ha xans, y JIBH
B.2.6-98:2009 [18] mns po3paxynky 3BK Ha
yCaJKy B3araji BiCYTHI JaHi 1o OeToHy, a 3
MOB3YYOCTI HEMa€ JaHuX 10 ¢ (0, 1o).

[IpoekTaHT TOBHHEH pPO3yMITH, IO 3
MOMEHTY  BHTOTOBJICHHS  OeToHHOI  abo
3a11300€TOHHOI KOHCTPYKLIi B Hill 3 4yacom t
BUHHMKAIOTh CaMOBUJIbHI BIIHOCHI Aedopmarii
ycaaKu OETOHY:

gy = gsh = esh(t) = esh(o0) (1 - e7¥Y) = gsn(0) Dy, (2)
K1 He 3ajexaTh BiA HamnpykeHHd. lloTiMm B

MOMEHT HAaBaHTAXKEHHSA Ii€l KOHCTPYKIIii
Hampy>XeHHsIM 60 y Billi OeToHy T =10 B HIH

BUHUKAE py>KHO-MUTTEBA BiJTHOCHA
nedopmartis:
€0 = &co(to) = o0/Eo (3)

1 Iaii 3a MMOCTIMHHAX HaBaHTa)XeHb
Hampy»XeHHsIM Go= coNst y wyaci t BUHUKae
MPOCTA MOB3YYICTh:

ect® = C(t, to) o= @t 6o/Ep . 4
I[Ipy MOHOTOHHO 3MIHHHUX y  daci
HaIpyKEHHIX o(t) = oo + Y 4=ty Ao(ti)

BITHOCHI Jleopmaltii HOB3yHOCTI 3HAXOATh 32
hopmyroro:

- =0 t dect
en= ecc(t. to) = ect” + £0 g drt. (5)
) o)
g =% & =|%0
Eol’ Opl’

TakuM 9YUHOM, TTOBHI BITHOCHI nedopMartii
OeToHy B MOMEHT dYacy 1t 3HaxomsaTh 3a
dbopmyoro:

£ot= gy + €0+ &n= £ar(t, 10) = £sn(t) + £co(to) + £cc(t, to).  (6)

[MiacraBuBmm (3) 1 (4, 5) y (6), oTpumMaemo
3aJIe)KHICTh MK BITHOCHUMU JieopMaIiisiMu Ta
Hampy>KeHHssMU B Oetoni. i  miHINAHOT
nos3yyocti Teopii crapinHs  (TC) npum
60 = const (mpocTa MOB3YYICTb) L 3AJICKHICTH
Oyne:

Eoect= Eoesh + 60+ ¢t00 . @)

[I[py MOHOTOHHO 3MIHHMX Yy  d4aci
HanpyxkeHHsax o(t) = co + YH—i,Ao(ti) ma
3aJIeKHICTh JUISL JIIHIMHOT TEXHIYHOi Teopil

crapinng (TTC, Eo= const, to= 0) Oyze:
Eoect = Eogsnt (1+¢1) oo+ fot dot /dt(1+¢r¢,) dt. (8)

IIpu 3amiHi iHTerpana anredpaiuHuM
PIBHSIHHSIM OJIEP>)KUMO HAOJIMKEHE PIILICHHS:

Eo ect= Eo &sh + oo K1t + otkat, 9)
ne koediieHTu qopiBHIOITH 1o TC:
I. I. Ynuuekutii [1, c. 69]

Kit=@t2 ; kot= 1+od/2; (10)
no MTC:
O. Bb. I'onumes [12, c. 46]
kit = (1-0) @¢/2 ; kKt = 1 + (1+0) o2 ; 0.=0,5/&;  (11)
A. . JliBmr [7, ¢. 29]

kit = (1-a) /3 ;

kot = 1 + (2+a) ¢v/3 ; a = 0,45/&1s; (12)
npu Eo=const, to=0, ¢t = o (1 — e™"*) = o
D,

TouynMii po3B’SA30K IHTETPATHHOTO PIBHSHHS
(8) omepxaB 1. T.H. mpod., akamemik ABY
€Bren AmnapiiioBuu fuenko (Mid YuwuTens)
MaTPpUYHUM METOJOM MOYAaTKOBHX MapameTpiB

nos3ydocti (MMIIIIII) [14, c. 65]:
Eo ect = Eo gy + (E+C) ot (13)
abo
Ey€ = Ey&, + (E + O)a, (14)
JIe BEKTOPH-CTOBIMII MOYATKOBUX MapaMeTpiB 1
MaTpHUILIS TOB3Y4OCT] I0PIBHIOIOTH!
0 1 00
= _|%uo|. _ |00 1 0
&y éuo ; (E+0) = 0 0 1| (15)
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Y BekTopax Kpamkamu Hajx OyKBaMu
MO3HAYEHO MOPSIOK MOXiHOI M0 @D, a HYJIHUKU
BHHU3Y BKa3yIOTh Ha Te, IO QyHKIII 1 IX MOXiIHi
B3sTi ipu @ = 0.

F(®) = Fo+ Fo @/1! + Fo @*/2! +Fo @%3! + ... =Fo+ X723 Fo " @"/n! ,

ne @ = &= (1-e7%); Fo= F(0) ; Fo= Z—g (@ =
0); Fo = d*FId®? npu ®=0; Fo = d°F/d®?
npu @ =0;...1 T. 1.

Po3paxyHok napamerpis, AK1
XapaKTepu3ylTh YCaaKy 1 HOB3YyYiCTh OETOHY,
ocHoBaHuil Ha mpono3uii [. [. Yaumekoro [2]

o0uMCiIIOBaTH iX TPaHUYHI 3HAYEHHS SK
NOOYyTOK  IMX  HOPMAaTHBHHX  3HAa4YCHb
(3HalimeHnx CTaTHCTUYHOIO 00poOKOI0
EKCIEpUMEHTAIBHAX JAHUX Y HOPMAaJbHUX
1a00paTOPHUX  YMOBAXx) HA  CcHCTeMY
KOe(Illi€HTIB, sKI  BpPaxoOBYIOTb  T'OJIOBHI
¢dakTopn (BIK HaBaHTaXeHHs OeroHy — &1,
Macmtabuuit  gakrop — &2;  BOJIOTICTH
cepenoBuia — &3). [lnga ycaaku 1 moB3y4ocTi
OCTOHy Il  PO3pPaxyHKOBI  3aJIEKHOCTI

BIMOBIAHO MAlOTh BUTJIS:

&sh = esh(0) = &sh" E1y Eav &3y

(17)

3HA4YCHHA

©0 = Qo = (20, 10) = Q" &1 Ean E31.

Hopmamueni 2PaHUYHI
BiIHOCHUX nedopmariii  ycagkm &h" Ta
XapaKTePUCTHKU TOB3YYOCTI OETOHY (oo
MPUHUMAIOTBCS  CEPETHBOCTATUCTUYHAMHU 13
3a0e3meuenuaM 0,5 1 BIAMOBIZAOTH Oa30BUM
7a00paTOpHUM  YMOBaM:  HaBaHTAXCHHSIM
3paskiB y Bimi t=1to=28 7ib6, iX BOJIOroro
BHCHUXaHHs TPOTATOM 7 Ai0 Ta MOAAIBIIOTO
HATYpHOTO TBEPAIHHS 3pa3Kka 3a BOJIOTOCTI
HaBKOJIMIIIHBOTO ceperoBuia 60 %o.

HopMaTuBHOIO TpaHUYHOIO  BiJHOCHOIO
nedopmartiero ycaaku 0eTOHY €h" Ha3MBAETHCS
11 rpaHMyHa BeauyuHa Ipu t — oo, sgKa
BI/[paXOBY€TbCSA 3  MOMEHTY  3aKiHYEHHS
BOJIOTOTO  BHUCUXaHHA TpoTsIrom 7  1ib
O0eToHHUX 3pa3kiB po3mipoM 150x150x600 mm
Ta TOJANBIIOTO HATYPaTbHOTO TBEPIIHHS 3a
BOJIOTOCTI HAaBKOJIUIITHLOTO cepenoBuia 60 %.

HopmatuBHa rpaHWYHa XapaKTepUCTUKA
MOB3YUOCTI OCETOHY (" BH3HAYAETHCS 3a
dhopmyoro:
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Hlykana Qynkmis Oyae 3HAXOAUTHCS
TouHO 10 (He Oimpme) 10 moYaTKOBUM
napameTpam psijy MakiopeHa:

(16)

Qo = &n /€0= Ecm Co". (18)

npu Ecm = Eo — Moayni mpyXHOCTI OETOHY y
Bimi T = to = 28 7i0.

HopmaTuBHOIO  IpaHHYHOIO  MUTOMOIO

nedopmariero siHiAHOT oB3y4ocTi 6eToHy Co"

HA3UBAE€TbCS  IpaHUYHA  BEJIMYMHA  MipHU
MOB3y4yoCTI 3a t—o00, sKa CIpPUYMHEHA
noctiinuM  Hanpyxkenusm 0,1 MlIla  no

0eTOHHHX 3pa3kiB po3mipoM 150x150x600 mm
y Bimi T =1to=28 ni6, iX BOJIOroro BUCHXaHHS
npotsiroM 7 Ai0 Ta TOJAIBIIOr0 HATYPHOTO
TBEPAIHHSA 3pa3ka 3a BOJIOTOCTI
HABKOJIUIITHBOTO cepeaoBuima 60 %.

Ha mouatkoBOMy BapiaHTI NMPOEKTYBAaHHS
crepxkHeBux 3bK y mpoekranTa, sk mpaBuiio,
3aJ]aHO TITBKU BUJ Ta KJIaC MIIHOCTI OETOHY.
ToMy TpPOMOHYETHCS 3HAXOTUTH HOPMATHBHI
IPaHUYHI XapaKTEPUCTHUKU yCaaKu &€h" 1
MOB3YUYOCTI (" OeToHy mo Tabmumi 1, sKi
oJlepkaHi cepenHiMu 13 3abesneueHHsM 0,5 3
HayKOBO-HOpMaTuBHOI jiteparypu [1...19] Ta
ix anamizy 3a 50 pokiB. Bug Oetony s
aHamizy OyB B3STHH TUTBKM OJWMH — BaXKKUH
OeTOH HaTypaJIbHOTO TBEP/IHHS.

Sk  BugHo 3 Tabmummi 1, 3HaYeHHS
TPaHUYHOI ~ HOPMATHBHOI  XapaKTEPUCTUKHU
MOB3y4OCTI OETOHY 3MIHIOETHCS B MeXkax Bif
o 1 10 ¢ 4, sx 1 mepenbadan
L I Vomumekuii [1, c. 9] me y 1960 pori.
[Tpumitkn g0 Tabmumi 1 B34TO 3 pobOOTH
npodpecopa O. b. Tommmesa [13, c. 5]
2000 poxky.

Ha 3axmouHoMy BapiaHTi TpOEKTYBaHHS
MPOEKTAHTy CTa€ yXe BiJIOMHUIl TOYHHUU BUJ
OeToHy Ta HOro ocajaka KOHyca i )KOPCTKICTb.
Tomi O  TOYHI  JaHI  TPAHHUYHHUX
HOPMATUBHUX XapaKTEPUCTHK MOKHA 3HAUTH y
npaix mpod. O. b. Tomumesa [13; 17].

Tyr HagaHO PEKOMEHJAIll TUTBKU ISt

MTOYaTKOBOTO (HAOJIMKEHOTO) BapiaHTa
MPOCKTYBAaHHS  CTEP)KHEBUX  OCTOHHHX 1
3ai300€TOHHUX KOHCTPYKIIH 13  BaXKOTO

0ETOHY HATYpPaJIBHOTO TBEP IIHHSI.
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Tabruys 1
HopMaTHBHI XapaKTepHCTHKH BAKKOI0 0€TOHY HATYPAJILHOI0 TBepAiHHs
S > 2 o« N g PG
o % § _Lg( § e 'E S S @é g @é =, 293 % £ = E Krac i Mapku BaKKoro
FERo S X8 s Tk Z .- AR>S == 253 RS
= O~ < © oo 5 < S >~.°o = H > B o[ 8 Q 2 E x €TOHY HaTypaJbHOTO
=8 =5 E”’“Tm T o sas LESV=| EE 3 g w TBEPIiHHS
SoEz &l E5F 50 25 I Ly sgzlbel 22 8| 2 pA
ggFe TERY- Tnseg | OFEYS| 5 2| g4
2 S > ZESL s E2aTc gL 3| 9 .&
25 & =S| acg g s & = | EE
m — — = O = ] M B C
35 4,00 22 18 10 8 100 10 8/10
35 3,80 18 21 12 10 125 | 125 | 10/12
33 3,70 16 23 15 12 150 15 12/15
33 3,20 12 27 20 16 200 20 16/ 20
33 3,00 10 30 25 20 250 25 20/25
33 2,60 8 32,5 30 25 300 30 25/30
33 2,40 7 34,5 35 30 350 35 30/35
33 2,15 6 36 40 32 400 40 32/40
33 2,05 55 37,5 45 35 450 45 35/45
33 1,95 5 39 50 40 500 50 40/50
33 1,80 45 39,5 55 45 550 55 45/55
33 1,60 4 40 60 50 600 60 50/60
30 1,50 3,5 43 75 60 700 70 60/75
30 1,35 3 45 85 70 800 80 70/85
30 1,15 2,5 46 95 80 900 90 80/95
30 1,00 2 48 105 90 1000 | 100 | 90/105

Ilpumimka: 1. [[ns 6emony npu mepmogonociti 0opobyi s3nauenus Co" (p") i €n" mpeba nomHodiCUmMU HA
koeghiyienm 0,9. 2. 3nauenna Ci" (po") mpeba Kpim ybo2o nomHodicumu Ha Koe@iyienmu Ona 6aicko2o Oemowy,
sueomosnenoeo. 1,35 — na nyyonranosomy nopmianoyemenmi; 1,15 — na wnakonopmuanoyemenmi npu HA8AHMANCEHHI
11020 6 ymosax ammocgeproi 6onococmi; 0,85 — npu HA8AHMANCEHHI Y 80I020HACUYEHOMY Cepedosui ma Ojis 6emony,
BUCOMOBNEHO20 HA KPYNHOMY 3aN08HI08AYI i3 6anHAKY. 3. [Ipomidichi 3nHauenHa po3paxyHko8ux napamempis 3Haxo0sams
no JHIUHIY THMepnoaAYii.

Tabauys 2

3uavennst koediuieHTis & (i = 1, 2, 3) 11 BaxKKOro 6eTOHY HATYPAJIBLHOr0 TBEPAiHHS

Bik OeToHY B MOMEHT HaBaHTaxeHHs T = to (1i0), | 28 i menme | 45 60 90 180 | 365 | 730 Gisble
&in (st TOB3y4OCTI) 1,0 0,90 |085|0,75|0,65]| 0,60 | 0,5

Bik 6eToHy 10 nmo4yatky BucuxanHs T (1i0), 1 7 28 60 90 180 | 365 i Oinbiie
Ery (st ycaaxm) 1,05 10 1095]090]085]080]075
Mopayiib.BiIKpUTOI TUIOIII eneMeHTa Mo 1/m 0 5 10 20 40 60 801>

& (st TOB3yYOCTI) 0,70 080(085(090 |10 |1,05]| 1,10

oy (s ycankm) 0,70 08008509 |10 |105]1,10
BingnocHa Bosnoricts cepenoBuiia W, % 40i< 50 60 70 80 90 100

&3 (st IOB3yYOCTI) 1,30 1,510 |09 | 0,80 | 0,65 | 0,50

&3y (s ycanku) 1,30 1,15]110 [0,90080]0,60] 0,20

Hpumimxka: 1. Mooyrw eiokpumoi nnowi enemenma My = FIV (F — nrowa nosepxni enemenma 6ioxkpumoi ons

sucuxannsa, m%>, V — o06’em enemenma, M°). Jna cmepocnesux enemenmis Moxucna 3a gopmyioio My = P/A

(P — nepumemp nonepeynozo nepepizy 8iOKpumoi nosepxti eiemenma, m;, A — niowa nonepeuHozo nepepizy elemenma,
M2, I/m. 2. [Ina enemenmis munosux KOHCMPYKYIl, ONs AKUX HEGI0OMULl KIIMAMuuHuil paiion excniyamayii,
donyckaemuvca nputimamu Esp = Czy = 1.

BH3HAYAOTHCS T00yTKOM HOPMATHUBHUX
IpaHUYHUX 3HAYCHb HA CHUCTEMY KOE(IIli€HTIB,
AKi BpaXxOBYIOTh: BIK HaBAaHTa)XCHHS OCTOHY —
& ; macmTabHMA QakTop — &2; BOJIOTICTH
cepenoBuina — &3, BIAMOBIAHO ISl yCaaKH 1
TOB3Yy4OCTi OeToHy. IX 3HAYeHHs JUIA ycaakH i

Po3paxynkosi zpanuyuni XapakTepPHUCTUKH
YCaIKU €h 1 TOB3YYOCTI (o OCTOHY 3HAXOASATH
3a ¢opmynamu (17), gki € iX TpaHHUYHUMHU
3HaYeHHSMH TIpu t—o0 Ta BIANOBIAAIOTH
(dakTUYHUM yMOBaM pPOOOTH KOHCTPYKIIIi.
BoHn BXOAATH y pO3paxyHOK KOHCTPYKIIi Ta
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MOB3YyYOCTI pi3HI 1 HaBeAeHi B Tabmumi 2.
Koedimientu & (i = 1,2,3) mis Baxxkoro 6eToHy
HATYpaJbHOTO TBEPIIHHS B3SATI CEpEenHIMH i3
3abesnevyeHHsiM 0,5 3 HayKOBO-HOPMAaTHBHOI
mitepatypu [2—4; 6-8; 10; 12-14; 17].
[Ipumitka m0o Tabmumi 2 B3sATa 3 POOOTH

npopecopa O. b. Tomumesa [13, c. 6]
2000 poxy.
Sxmo cwioBi agii  abo  BHMYyIICHI

nedopmartii (mepeMilieHHs) MPUKIAIAITh 10
KOHCTPYKIii MOCTYNOBO B pi3HOMY Billl, TO
3HAYEHHS €h 1 (0 BU3HAYAIOTH 3 YpaxXyBaHHSIM

JUTS. XapaKTEepUCTHK ycanaku &sh(t) i moB3ydocTi
o(t, to), BIAMOBIAHO 33JaHOMYy MOMEHTY 4acy t
B 4YacTKaX BiA I1X TpPaHUYHUX 3HAUYCHB,
3HaxoauMo 1o Tabnuni 3. Bona noOyaoBaHa Ha
OCHOBI  CKCIIEPHMCHTAJIBHHX  JIAaHUX  Ta
BCTaHOBJICHOT0 (paKTy, L0 KpHBI ycaaku 1
MOB3y4OCT] MOJI10H1 Ta iX yacTka ckiagae 75 %
1 85 % Bix rpaHUYHUX 3HAYEHBb Yepe3 OJUH 1
nBa poku BimmoBigHO [2, c. 14]. Takox 3a
VHIKQIBHUMH eKcniepuMmeHTamu JleBica, ki
POJOBKyBaIHCh 30 POKiB, MOKHA YCTAHOBUTH
JOJIF0 ycaaku 1 moB3ydocti B 90 % 1 95 % Bin

BiKy O€TOHy 10 MOMEHTY TMpPHKJIAJCHHS  TpaHUYHUX 3HauYeHb dYepe3 7 1 15 pokiB
KOYKHOTO 13 IIUX IiH. BIJIIIOBITHO.
Busnauenns HIBUJIKOCTI TPUBAIUX
MPOIIECIB Y Ta MPOMIKHUX 3Ha4YeHb PYHKINT Dt
Tabruys 3
IIpomi:kHi 3HaYeHHs QyHKIIT @t i WBUIKOCTI TPUBAIUX NPOLECiB Y
. 365 730 2 555 5475
t, ni6 3 7 28 60 90 180
i (lp)| @p) | (Tp) | (I5p)
Qo= Esh/Esn”= Dy 0,1 0,2 0,35 0,45 055 | 065 | 0,75 0,85 0,90 0,95
v (1/1i0) 0,035 | 0,032 | 0,015 | 0,010 | 0,009 | 0,006 | 0,004 | 0,0026 | 0,0009 | 0,0005

SAxmo OymyTh BiOMI TOYHI €KCIIEPUMEH-
TaJIbHI JIaHi 10 MIECTH NapameTpax CIIaJKOBOi

teopii crapinHs  (CTC), mua mnepeBipku
MIPOEKTAaHT MOX€ BHUKOPUCTATHU II0 HAHOLIBIN
TOYHY  Teopito  moB3yyocti.  Ilpuxmanu

po3paxyHkiB 3bK 1 cniBcTaBneHHs, 3a Teopi€ro
CTapiHHA 3a MOCTIMHOTO MOAYJS MPYKHOCTI
(TTC) 1 cnagkoBoi Teopii cTapiHHS 3
ypaxyBaHHSIM 3POCTaHHS MOIYJSl TPY>KHOCTI
oerony (CTC) w™oaudikoBaHUM METOIOM
MMOYaTKOBUX napameTpiB MOB3Y4OCTI
(MMIIIIIT), moxHa 3HakTH y npamnsx [20-24].

Ipono3unii. Ilpononyerscs B JIBH
B.2.6.-98:2009 [18] BBecTH TaKi 3MiHH:

n. 3.1.3.1 [ONOBHUTH PEUECHHSAM: <« SIKIIO
Hanpy’>KeHHs CTHCKy OeToHy y Bimi to He
nepesunrye  Beamumny 0,45 f(to), 1O
MOB3YYICTh Tpeba po3rIsIaTH K JIHIHHY»;

n. 3.1.3.2 [ONOBHUTH PEUYCHHSIMH 1
¢bopmynamu: «lIpyxxkHOo-MUTTEBa Aedopmartis
Oertony eco(fo), mpM HamMpy>KEHHI CTHCKY Oc
npuknaneHoi  go  Oerony |y Bimi o,
IIPECTABICHA BUPA30M:

SCO(tO) = (GC/EC),

a IPU HAIpPYXKEHHI Gc= CONSt MOBHI BIJHOCHI
nedopmartii 6eToHy y yaci t BU3HaYaroThCs Tak:
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ect (L. to) = esn(t) + eco(to) + ecc(t. to) = esn(t) +
(1 + (P(OO, tO)) (GC/EC).

Bignocni nmedopmartii ycaaku OeTOHY Yy
yaci t MOXKHA BU3HAYUTH TaK:
esh(t) = esn (00) (1 - e77Y) = gsh (c0) Dy,
a KoeiIlieHT MoB3y4OCTi, 32 yMOBH to = 0, Tak:

@ (0,0 =9 ()i t)=9 () =¢ (0
(1-e7H =09 (o) D,

ne ®t=(1- e VY iy — mBuaKiCTH TpHBAIUX
nporieciB (1/m16)»;
n.  3.13.3 [ONOBHUTU  PEUEHHIMH,
dbopmynamu 1 Tabnuismu:  «Po3paxyHKOBI
IpaHUYHI XapaKTePUCTUKU OETOHy sl vacy
t = oo mpecTaBIeHI BUPA30M:

JUISL YCAJIKH:
&sh (00) = esh" &1y &av &3y,
a JUIst TOB3YYOCTi:

¢ () = =" Eint Sont S,

HopmatuBHI TpaHM4HI XapaKTEPUCTHKH
yCamKh &h" 1 MOB3YyYOCTI (o' JUIA BaXKKOTO
O0eTOHy HATypaJbHOTO TBEpAIHHA HaBEJCHI B
tabnuui 1.

Koedimientu ans ycaaku Eiv 1 moB3y4ocTi
&n (i =1, 2, 3) BaXKOro OETOHY HATYPaIbHOTO
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TBEP/iHHS, SKi BPaXOBYIOTh BIUIMB BiIXHJICHB BucHoBkH
(bakTUYHNX YMOB HaBaHTa)KCHHS,
BUTOTOBJICHHSI 1 eKCIUTyaTallii CTep>KHEBHUX
OCTOHHUX 1  3ali300€TOHHUX  EJIEMEHTIB
KOHCTPYKLIA BiJg 0a30BHX, BHU3HAYAIOTHCA I10
Tabnuii 2.

Axmo cwioBi  agii abo  BUMYyIEHI
nedopmartii (mepeMillieHHs) MPUKIAAAITh 10
€JIEMEHTIB TIOCTYIIOBO B pI3HOMY Billl, TO
3HaYeHHS &h (©) 1 @ (0) OOYMCHIOITH 3
ypaxyBaHHSIM BIKy OCETOHYy JO MOMEHTY
MIPUKJIAJICHHS KOXKHOT 3 IUX JiH.

[Toka3HUK MIBUAKOCTI TPUBAIUX MPOIECIB
Y Ta TPOMDKHUX 3HadYeHb GyHKImI @t s

[upoke BUKOpHUCTAHHS  OETOHHUX 1
3a7i300€TOHHUX KOHCTPYKLIH y OymiBHHAITBI
pOOHMTh aKTyaJbHUM MpH IX MPOEKTYBAaHHI
BpaxyBaHHSl TPUBAJIMX IMPOLECIB — YCaAKU 1
noB3y4yocti OeroHy. BMiHHA  mpaBHIBHO
BpaxoByBaTH AePOPMATUBHICTb LUX MPOIECIB
y HPOEKTYBaHHI HEOOXiJHE JJIs1 BUTOTOBJIECHHS
TaKUX KOHCTPYKLIH, fAKi HaiOinbme OyayTh
3aJIOBOJIBHATH TEXHIYHHM, €KCILTyaTaliiHuM 1
€KOHOMIYHUM BHUMOT'aM.

OTpumMaHO  PO3BUTOK  3py4HOI  JJIsd
NPAaKTUYHOTO BHUKOPHUCTAHHS JiHIHHOI Teopil

Y i o (1) MOB3y4OCTI OETOHy — TeXHIYyHOi Teopil
XapaKTePUCTHK YCAAKH €sh (1) 1 TOB3ydOCTi : .
P pHc yeal s Y ¢ crapinass  (TTC, Eo=const, to = 0), 1
OCTOHy, BIAMOBITHO IO 3aJaHOTO MOMEHTY . ..
. po3pobieHO Ha i1 OCHOBI TEOPETUYHI PIlLICHHS
gacy t B yacTkax BiJ iX TpaHWUYHUX 3HAYEHB .
Ta MPAKTUYHI criocoou BpaxyBaHHS

3HAXOIUMO I10 Ta0mumi 3...» .
PO3PaxXyHKOBHX  XapaKTEPUCTHK  YCaaKhd 1

noB3y4yocTi OeTroHy B OyAiBeNbHHX HOpMax
npoektyBanHsa (JIBH), To0TO y mpoekTyBaHHI
(po3paxyHkax) OETOHHHX 1 3aJTi300€TOHHUX
CTEP)KHEBUX KOHCTPYKIIIM.
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Anortauis. Ilocmanoska npodaemu. Y mporieci mcIsIBOEHHOT BinOyI0BH B YKpaiHi BHHUKHE MTOTpeda y BeTuKii
KUTBKOCTI JIOCTYIIHHX Ta €KOJOTiYHMX OydiBeTbHHX MaTepialliB, OCOOMMBO B YAaCTWHI BiTHOBJIEHHSA 1 OyAiBHHIITBA
MaJIONOBEPXOBHUX CHOpyA. Takumu OyIiBeNbHHMH MaTepialaMid MOXYTh OyTH TpPyHTOOETOH Ta 3allOBHIOBAYi 3
HoApiOHEHOro OETOHHOTO OPYXTY. 3alPOMIOHOBAHO KOHCTPYKTHBHE PIILICHHS! peOPUCTOTO MIEPEKPHUTTS, B IKOMY pedpa
BUKOHAHI 13 COCHOBHMX OpyciB Ta suctie OSB, a miWTHa YyacTUHa — 3 IPYHTOOETOHY IO HE3HIMHIM omamyoOri.
Mema cmammi — BU3HAUCHHS ONTHUMAIBHOTO CKJIady IPYHTOOETOHHOI CyMiml i3 3aCTOCYBaHHSM IeOeHro,
OTPUMAHOTO IICHs TOAPIOHEHHS OETOHHOro OpyXTY, BPaxOBYIOUHM KOH(QIryparito JIepeBOTpYHTOOETOHHOI IUTUTH,
BH3HAUCHHS MII[HOCTI IPYHTOOETOHY TakKOro CKJaay, BU3HAYEHHS MOXKJIMBOCTI 3aCTOCYBaHHS 3allOBHIOBAYiB i3
nojpioHeHoro OeToHHOTrO OpyXTy. Buchoexu. 3a pedynbraTaMy BU3HAYEHHS ONTUMAJIBHOTO CKJIAAy IPYHTOOETOHY
BCTAHOBJICHO, [0 MaKCHMalbHa MillHICTh Ha CTHCK JOCSTA€ThCS NMPU MACOBOMY BMICTi B’SDKYYOrO B LIEMEHTHO-
IpyHTOBIH cymimi Ha piBHI 20 %. BpaxoByioum KOH(Irypariro IJIUTHOI YacTHHH TEPEKPUTTS Ui KPYITHOTO
3all0BHIOBaYa NpHUHHATA ¢pakmis 5...7,5 MM. Y Xxoni BUNMpoOyBaHHS I'PyHTOOETOHHHX 3pasKiB 13 PEHUKIIHTOBHM
3aroBHIOBaueM 3 MacoBuM BmictoM 10, 20 Ta 30 % MinHICTE IpyHTOOETOHY Ha CTHUCK 3MeHmImiIack. O4YeBHIHO,
HASBHICTH TJIMHICTOTO KOMIOHEHTA (CYTIIMHKY) B CYMIIlli 3MEHIIIY€E 3UeTICHHS B KOHTAKTHIN 30HI MiX 3aIIOBHIOBAYEM 1
TPYHTOOETOHOM, IIO 301BIIye HEOTHOPITHICTD BCi€l CTPYKTYpH IpyHTOOETOHY. OTXKe, BUKOPHCTAHHS HATYPaTbHHUX
ab0 pEelUUKITIHrOBUX KpPYIHHUX 3allOBHIOBAYIB Yy IPYHTOOETOHI HeNOIIbHe. BpaxoBylouM BH3HAYCHY MIIHICTh
I'PyHTOOETOHY 0€3 3all0BHIOBaYa, IPOMOHYEMO CXEMYy KOMOIHOBAaHOTO OETOHYBaHHs IPYHTOOETOHHOT TUIUTH — BaXKKHIA
0cTOH HaJ PeOPOM Ta IPYHTOOCTOH y 3BHCAxX. Y TaKOMY BHUIIAJIKY iCHY€ MOTpeda B JOCHTIHKEHHSIX II0J0 MOXKIHUBOCTI
3aCTOCYBaHHS PEIMKIIIHIOBOTO IeOeHI0 HEOOXiJHOT KPYITHOCTI Y Ba)KKOMY OETOH.

Kuro4uoBi ciioBa: ipynmobemon; Kpynuuil 3anoeHo8ay, peyuriineo8uil wediny

ASSESSMENT OF THE POSSIBILITY OF USING RECYCLED COARSE
AGGREGATE IN AWOOD-SOIL CONCRETE SLAB
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Abstract. Problem statement. During the process of post-war reconstruction in Ukraine, there will be a need for a
large number of affordable and ecological building materials, especially in the part of restoration and construction of
low-rise buildings. Such building materials can be soil-concrete and aggregates from crushed concrete waste. The
proposed constructive solution of the ribbed floor, in which the ribs are made of pine beams and OSB sheets, and the
slab part is made of soil concrete on fixed formwork. The purpose of the article is to determine the optimal
composition of the soil-concrete mixture using crushed stone obtained after crushing concrete scrap, taking into account
the configuration of the wood-soil concrete slab, to determine the strength of soil-concrete of this composition, to
determine the possibility of using recycled coarse aggregates. Conclusions. Based on the results of determining the
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optimal composition of soil-concrete, it was established that the maximum compressive strength is achieved when the
mass content of the binder in the cement-soil mixture is at the level of 20 %. Taking into account the configuration of
the slab part of the floor, a fraction of 5...7.5 mm is accepted for coarse aggregate. During the test of soil-concrete
samples with recycled aggregate with a mass content of 10 %, 20 % and 30 %, the compressive strength of soil concrete
decreased. Obviously, the presence of a clay component (loam) in the mixture reduces the adhesion in the contact zone
between the aggregate and the soil-concrete, which increases the heterogeneity of the entire structure of the soil-
concrete. Thus, the use of natural or recycled coarse aggregates in soil-concrete is impractical. Taking into account the
determined strength of soil-concrete without aggregate, a scheme of combined concreting of the soil-concrete slab is
proposed — heavy concrete above the rib and soil-concrete in the overhangs. In this case, there is a need for research on
the possibility of using recycled coarse aggregate of the required size in heavy concrete.

Keywords: soil-concrete; coarse aggregate; recycled coarse aggregate

IloctanoBka mnpobaemu. VY 1mpouect  BIAXOAIB SK CHPOBHMHM JJii BUPOOHHUIITBA
MIC/IABOEHHOT BiIOYyZ0BM VYKpaiHM CyTT€Ba  KpPYNHOro Ta JpiOHOro 3amoOBHIOBAYiB ISt
KUIBKICTh OyziBenb 1 conopyn miyisiratume  OeTtoHiB (kiacy no C20/25).

YacTKOBOMY  JIEMOHTaXy a00  IOBHOMY UYepes BIJICYTHICTb HOPMAaTHUBHUX
3HECEHHIO, BHACHIJJOK 4YOro  yTBOPUTHCS  JIOKYMEHTIB, $KI PpEryJIOTh 3aCTOCYBAHHS
BEIMKHIA oO0csar OynaiBeIbHMX BIIXOAIB. 3a  MPOAYKTIB PELMKIIHTY OCTOHHMX BIIXOIB, Ha
PI3HMMH  OLIHKAMM TIOHAJ I[IOJIOBUHY B  JIaHUH MOMEHT B YKpaiHi BOHU ILIMPOKO HE
3araibHOMy 00cCsi31  OyJiBeNbHHUX BIAXOMIB  3aCTOCOBYIOTbCA. AJle pe3ylpTaTh  JEesIKUX

CKJaa€ OCTOHHUU Ta 3a1i300€TOHHUN OPYXT  JOCIHIIHKCHBb JTIO3BOJISIIOTH 3poOuTH
[5]. NPUIYIIEHHS [P0 JOUUIBHICTh BUKOPUCTAHHS
V kBiTHI 2022 poky Ha oQIUIAHINA CTOPIHLI  TaKUX BTOPUHHUX 3aI0BHIOBAYIB y

Minperiony y Facebook omy0mikoBaHO MOCT ~ KOHCTPYKIISIX MajoONOBEpXOBUX OyiBenb 3a
npo Te, MO 3 METOK HEJONMYHICHHS  YMOBH HAJIC)KHOTO COPTYBaHHS Ta BU3HAYCHHS
€KOJIOTIYHOTO JMXa B YKpaiHi po3poOisioTh  (AKTUYHHUX  XApAKTEPUCTHK  OTPUMAHOIO
MeEXaHI3MH yTUII3aIii Ta MTOBTOPHOTO IEOEHIO.

BUKOPUCTaHHS OYIiBEIbHHX BIAXOJIB, IO OpnuM 13 BapiaHTIB TaKUX KOHCTPYKIIN
YTBOPWJIMCH BHACIIJOK MAacOBHX pPYHWHYBaHb  3alPONOHOBAHO JIEpPEeBOIPYHTOOETOHHE
indppactpykrypu [9]. MEPEKPUTTS JJII MaJIOTIOBEPXOBUX OyIiBEIb.

3rigao 3 npuidHaTEM y 2022 p. Ilopsinkom  KOHCTpYKTHBHO Take pIlIEHHS SBIISE COOOIO
[6] omokymeHTamiss 3  JOEMOHTaXy Ma€  peOpHUCTe MEPEKPHUTTS, B IKOMY IO pebpax, 1o
pO3pOOIIATHCS 3 ypaxyBaHHSAM MaKCUMalIbHOI  BUKOHAHI y BUTJISAII JepEeB’STHUX JIBOTABPOBHUX
nepepoOku  BimxonmiB. A B gomatky 1 1o OaJlok, BIAIITOBaHA IPYHTOOETOHHA ILIUTA
Iopsaky [7] 3ampomonoBano moBTopHe  (Puc. 1).
BUKOPHUCTAHHS OCTOHHMX Ta 3a1i300€TOHHUX
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Puc. 1. Koncmpyxkmuene piweHHs 0epegorpyHmobemoHHo20 nepeKpummsi
PebOpa 3’emnani mik co0OI0 TO BEPXHIX 3 HE3HIMHOIO ONATyOKOI 3a JOMOMOTOIO
nmosicax 3a jgomnomororo JjuctiB OSB, ski  HaredbHUX 3'€HaHb, LI0 BUKOHYIOTH pOJIb
OJIHOYAaCHO € HE3HIMHOIO oOmanyOokoro Ta  aHkepiB. [losicu i cTiHKa pedpa TakoxX 3’€IHaHI
€JIEMEHTOM apMYBaHHS IPyHTOOETOHHOI IIUTH.  MDXK COOOI0 HaresIMH.
VY cBOIO 4epry IpyHTOOCTOHHA TUIMTA 3'€qHAHA [Toscu TaKUX CKJIQICHUX OaJtok
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BHKOHYIOTBCS 13 COCHOBOTO JIEpPEB'sTHOrO Opyca
KBaJIpaTHOTO mepepisy 31 cTopoHoo 35...70 MM.
Bucoty nosici mpuiimMaiors y Mexax hn > he/6.
Jlis  CTIHOK BHKOPUCTOBYETHCS BOJAOCTIlKa
maens OSB TtoBmmHOIO Big 8 10 16 MM,
he > 1Is/10. Ilupuny omopHOro pebpa
MPUIMAIOTh PIBHOIO BHCOTI mosicy. [Tonepeuni
pebpa pO3MILIYIOTh y MiCUAX NPUMHUKAHHS
MoTepeyHNX OajoK 1 MPHUKIAJaHHA MICHEBOTO
HaBaHTAXXCHHSI.

3a HOTIEPETHIMH po3paxyHKamMHu
onTHMajbHa KOHQIrypalisi TaKoro MepeKpuTTs
CTaHOBHTb:

— posxuHa mint 4 500 mm;

— BHCOTA INIMTHOI YacTUHH 60 MM;

— KpPOK JepeB’siHUX  0ajok
600 mMm.

BuokpeMiieHHsI HeBUPilIeHOT MPodJIeMH.
Buxonsun 3 napameTpiB JEPEBO-
IPYHTOOETOHHOTO  TEPEKPUTTS, HEOOX1THO
HiﬂiﬁpaTI/I CKIIaJ CyMilli Ta BHU3HAYHUTU
MIIHICTh TPYHTOOETOHY IUIMTH, a TaKOX
JOCTHIAWTH  JOUUIBHICTE 1 MOJKJIMBICTh
3aCTOCYBaHHS KPYITHOTO 3aIlOBHIOBAYA,
OTPUMAHOTO B  pe3yjibTaTi  MOAPIOHEHHS
OETOHHMX BIIXOIB.

Mera cTaTTi — BUBHAYCHHS ONTHMAITLHOTO
CKJI%)_J% ryHTo6eT0HH01 cyminii

B

% e "*"3

(pedep)

b £

3aCTOCYBAHHSM MIEOCHIO, OTPUMAHOTO ITiCIIs
noJpiOHEeHH OETOHHOro OpYXTY, BU3HAUYEHHS
MIITHOCTI ~ TPYHTOOETOHY  TakKOro  CKJIAaJy,
BU3HAYEHHS MO>KJIMBOCTI 3aCTOCYBaHHS
PEIUKIIIHTOBOTO MIEOCHFO.

Bukaag marepiany. Ha nepuiomy erami
JMOCTI/DKCHHS ~ aBTOPH  BHKOHAIW  MIIOip
ONTUMAJIBHOTO CKJIAZy IPYHTOOCTOHHOI CyMilli
Ta BUOpoOyBaJIM HA  MIIHICTE  3pa3Ku
rpynroberony. Ilinbip ckmamy 3ailicHIOBaId
HUIIXOM  PI3HMX TO€AHaHb (y  BaroBOMy
BUPQ)XXEHHI) KOMIIOHEHTIB IPYHTOOETOHHUX
CyMIIIEH. 3a parioHaIbHUHI CKJIa
IPYHTOOETOHY NPUMHAIN TOH, 3pa3Ku 3 SKOTO
MOKa3aJy HaWBUINI 3HAYEHHS MIIHOCTI 3a
CTUCKY. JSIK B’sSKyde 3acTOCYyBajld LIEMEHT
mapkun M500 BupoOnunTBa AT «Iloginbecbkuii
nement» (M. Kam’suenp-Iloginsepkuit). IpyHT
— CcyrnmuHOK. Bu3HaveHHs (i3MKO-MEXaHIYHUX
BJIACTHBOCTEH I'PYHTY BUKOHYBAJIH BiJIOBIIHO

1o [1].
3anpoektoBani Tpu ckmagu Ne 1, 2 ta 3 3
MacOBHUM BMICTOM B’SKY4OT0 B

rpyHrouementHid cymimi 20 %, 17 % Ta 15 %
BIJIMOBITHO. 3 KOXHOTO CKJIAAy BHUTOTOBJICHO
no 3 3pa3ku-kyou posmipamu 70 % 70 x 70 MM

(0).

Puc. 2. 3pasxu ipynmobemony. a — 6 npoyeci ucomosnenus, 6 — niciisa posnanyonenus; 6 —y 6iyi 28 0ibo

MerTtox BUT'OTOBJICHHS 3pa3KiB
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BiOpormomanmi. Croci0 BUTPUMKH 3pa3KiB —
HOpMaJbHI yMoBH. TemmepaTypa MOBITps Tif
gac BHUTOTOBJIICEHHS Ta BHUTPHUMKH 3pa3KiB
cknagana 18...22 °C, Bogoricte — 75...85 %.
[Ipotsirom TPHOX-M'SITH 116 3pa3Ku
BUTPUMYBaIM y Gopmax, micis po3nanryOiaeHHs
MOMIIIAJIA B KaMepy HOPMaJIbHOTO TBEPIHECHHS
Ha peluTy TepMiny 10 28 nib.

Y BCTaHOBICHHWH TEPMIH TOTOBI 3pa3Ku
BUMPOOYBaJIM HA MIIHICTh Ha CTHUCK Ha
rigpaBiaivaoMy Tipeci YMM-20 BiAmoOBiIHO 10
[2]. 3aranpHuit  BUSIM  3paskiB  MiCHS
BunpoOyBaHHs mnokazanuid Ha 0. Xapakrep
pyHHYBaHb 3pa3KiB IOBHICTIO  BIANOBiAA€
pyHHYBaHHIO /Uit 0ETOHHUX KYOIB.

—

Puc. 3. Bunpobyesani na cmuck 3pasku [pyHmo6emony

3pa3KiB-KyOiB

MIinHICTE
BH3HayYanu BignoBigHo 10 [3]. Pesymbrarn
BUMIPOOYBaHb HA MILHICTh HAaBEJCHI B TaOMIHUII

Ha CTHUCK

1. 3a pesynbTaTamMu BHW3HAYEHHS MIITHOCTI
MO’KHa 3pOOUTH BHCHOBOK, IIO ONTHMAJIHHOIO
BHsBUJIAch cymim Ne 1 i3 MacoBHM BMICTOM
B’SDKYYOT0 B IpyHTOLEMeHTHi# cymimi 20 %.

Tabruysa 1
Pe3ysibTaTH BUNIPOOYBaHb 3pa3KiB IPYHTOOETOHY
Ne | IInomia, PyitniBHE Macmrrabuuii | MinHICTb,
(cM?) sycumis, (kH) | xoedimient MIla
1L 48,63 39,9 0,85 7,0
21 47,84 35,0 0,85 6,2
31 47,83 22,5 0,85 4,0

Jl5is 3017bIIEHHS MIIIHOCTI TPYHTOOETOHY,
a TaKOX BPAaxOBYIOUH, IO MeOiHb a00 TpaBiii —
e TPaJMIIIHHO OOOB’SI3KOBUH  KOMITOHEHT
OETOHHOI CyMillll, TPUHAHATO pIOIeHHS MPO
BBEJICHHA B I'PYHTOOETOHHY CyMiIl KPYIIHOTO
3aIlOBHIOBAYA.

BpaxoByroun HasgBHICTh BETUKOT KiTBKOCTI
OCTOHHOTO OpyXTy, YTBOPEHOTO B PE3yJIbTaTi

pyHHYBaHb Ta JEMOHTaXy IOIIKOKEHUX
BHACIIIIOK OOWOBHMX il B YKpaiHi OyniBenb i
CHOpYZA, JAOLUIBHO  PO3MJISHYTH  BapiaHT
BUKOPHUCTAHHS noIpiOHEHNX OeTOHHUX
BIIXOJIB  fIK KpYITHOTO 3al0BHIOBAYA
IPYHTOOETOHY.

[[le6inp, oTpuMaHuii B  pe3yibTarti
noipiOHEHHS OETOHHOTO OpyxTy
(peumkminrOBHM  1IeOiHB), SABISE  COOOIO
nBodasHy cucTeMy, SKa CKJIAJaeTbes 3
HaTypaJIbHOTO 3aroBHIOBaya (mebeHo abo
rpaBiio) Ta 3aJIUIIKOBOIO pO34MHY,

NPUKJICEHOTO 70 KPYIHOro 3amoBHIOBauda [8].
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3a pesynbraTaMu BHUIPOOYBaHb IIEOEHIO,
OTPUMAHOTO TIicas TOApPIOHEHHs] OETOHHMX
3pa3KiB i3 BIJOMUMH CKJIaJaMH Ta DPI3HUMHU
MIIIHOCTSAMH  Ha  JJAOOpaTOpHIM  IIOKOBIH
TIpobapiti 31 CKJITHUM o0epTaHHSsM,
YCTaHOBIICHO, IO BHM3HAYAILHUI BIUIMB Ha
BJIACTUBOCTI PELUKIIHIOBOIO MIEOCHIO Mae
HAsIBHICTH Came 3aJMIIKOBOro po3unny [10].

BizyanbHe OOCTEKEHHS OKPEMHX 3EpeH
Bi1(ppaKIlioHOBAaHOTO PEIUKIIHTOBOTO IICOCHIO
MOKA3aJI0, 0 BMICT 3aJIMIIKOBOTO PO3YMHY Ha
3epHax pi3HUX (hpakiii CyTTEBO BiIPI3HAETHCS.
Maiike 100 % 3epen ¢pakmiit 10-20 MM
MICTSITh 1 HATypalnbHUH 11e01Hb, 1 3AUIIKOBUI
po3urH. Y TepeBakHiI OUIBIIOCTI BMICT
3aJIMIIKOBOTO  PO3YHHY o MOBEPXHI
HATYpPaJIBHOTO TIEOCHIO CTAaHOBHTH MEHIIIE
50 %. YV pakmii 5-10 MM geska KUTbKICThb
3epeH B3arajii He Mae HaTypallbHOTO Ie0eHI0, Y
BEJIMKIN KITBKOCTI 3€PEH BMICT 3aJIHIIIKOBOTO
pO34HHY Ha MOBEPXHI MIPUPOTHOTO
3anoBHIOBaya 3Ha4HO nepesuiiye 50 % (0).

[Micns BigciBy napiOHOI ¢pakiii (MeHIIe
5MM), BH3HAYCHHS 3€PHOBOTO  CKIANY,
HAaCUIHOI Ta CEpeIHbOI TYyCTUHH 3E€pPEH Ta
BUMIPOOYBaHb IIEOCHIO Ha  JAPOOUIIBHICTH
YCTaHOBJICHO Taki XapaKTePUCTUKU
penmkiiHroBoro 1mebenro ¢pakmii  5-10 mm
[10]:

— BMicT (pakmii B cymimi
dpaxuiit (moHax 5 mm) —29...31%;

— HacunHa ryctuHa — 1,05...1,1 r/ems;

— cepenHs ryCTHHA 3epeH
2,29...2,38 r/em?;

— npobunbHICTh — 16...21%.

KpyIIHUX
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Puc. 4. Peyuxnineosuii 3anoeH08ay KpynHicmio

5-10 mm
[TopiBHIOIOYH 3 AQHAJTOTTYHUMU
BractuBocTAMU  ¢pakuii  10-20 mm, MoxHa
BCTaHOBUTH XapaKTepHy 0c00IHBICTH
PELUKIIIHIOBOTO  MIEOCHI0 —  MOTIPIICHHSA

(hI3MKO-MEXaHIYHUX BJIACTUBOCTCH pa3oM i3
3MEHIICHHSAM  KpynHocTi  ¢pakuiid.  Lle,
OYEBHU/IHO, IOB’SI3aHO 31 30UIBIIIEHUM 32 MaCcO0
BMICTOM 3aJIMIIKOBOTO PO3YMHY B MEHIIMX
dbpaxkiisx. Kpim TOTO, BpPaxOBYIHOYH
0COOJIMBOCTI MpoIliecy MOApiOHEHHS B IIOKOBii
apobapiii 1 pyWHYBaHHS OUTBII  KPYITHHX
IIMATKIB 3/€0UIBIION0 MO PO3YUHY (K MEHII
MiHOT a3 B CTPYKTYpl PEIUKIIHTOBOTO
meOeHr0), 3HayHa KUIBKICTh 3€peH MEHIIMX
¢pakmiii Mae yBirHyty ¢opmy, mo 30iibIIye
MYCTOTHICT 1, K HACHIOK, 3MEHIIY€
IIUTBHICTh MMaKyBaHHS 3€peH y (pakiii. Ase y
BUMNAJKY IPYHTOOETOHY 3 BEJIMKHUM BMICTOM
JIMHUCTOTO  KOMIIOHEHTa (CYIVIMHKY) e
HEJOJIK MOTEHI[IHHO MOXE CIPHUSATH KPaLOMy
3YETUIEHHIO  IPYHTOOETOHHOI  cymimi  Ta
3all0BHIOBAYa.
3rigio 3 [4],
3alloBHIOBaYa Mae OyTu He Oiiblue

HaiOIbpIIa  KPYMHICT

1/5

TOBIIMHYM IUIMTH, a TakoX He Ouipime 3/4
Bil KIHI Hareias 0 BEPXHBOL
Buxongsuu

BiJICTaH1

MOBEPXHI TUTUTH. 3
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KOHCTPYKTUBHOTO PINICHHS TPYHTOOETOHHOT
IUINTHOI YacCTUHU NEpPeKpUTTs (po3Mip Mix
KIHIISIMA HarejiB Ta BEPXHBOID ITOBEPXHEIO
IUIMTA  CTAaHOBUTH 12...15 MM) BH3HAYEHO
HEOOX1IHY (paKIlifo KPYITHOTO 3alOBHIOBAYA:
5...7,5 Mmm.

Jns  oTpuMaHHS 3a3HA4YEHOi KPYIMHOCTI
BUKOHAHO JI0/IaTKOBE MPOCIIOBAHHS KPi3b CUTO
3 pgiamerpoMm otBopiB 7,5 mm. Iliciast doro,
BPaxOBYIOYH 3MEHIIECHHS KPYITHOCTI, YTOUHEHO
(i3U4HI BIACTUBOCTI PEUMKIIIHIOBOTO IIEOCHIO:

— HacumnHa ryctuaa — 1,02 r/ems;

— cepeHs TycTHHA 3epeH — 2,19 r/em®.,

Ha gpyromy erami JOCHiDKEHHS Yy
BHU3HAYECHUU ONTHUMAaJILHUN cKIang
IPYHTOOETOHHOT CyMillli BBOJWIM KpPYHIHUH
3armoBHIOBadY.  [lirOTOBIEHO TpH  CKIAau
cymimi 13  BMICTOM  3allOBHIOBaYa IO
BiJTHOIICHHIO JIO MAaCH CYMIIl CyXOro IpyHTY
ta uementry 10, 20 ta 30% (0). Crmocib
BUTOTOBJICHHSI 3pa3KiB-KyOiB Ta yMOBHU iX

TBEPIHCHHS aHAJIOTIYHI JIO TMEPIIOro eTaIy
JIOCHIPKEHHS.

Puc. 5. Bueomoenenns ipynmobemonnux 3pasxie
i3 GUKOPUCTNAHHAM PEYUKTTHE08020 UjeDeHIO

[licns TBepaHeHHs mnpotsaroMm 28 i
AQHAJIOTIYHO JI0 TEPIIOro eTamy JOCHIIKEHHS
3pa3ku-KyOW Tiaisrany BUIPOOYBaHHIO Ha
MIIHICTh 3a CTHCKY Ha TiApaBIIYHOMY TIpeci
YMM-20 (0). Xapaktep  pyiHyBaHHS
BIJINOBI1/1aB pyHHYBaHHIO TPATUIIIHHUX KyOiB.
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Puc. 6. Ipynmobemonnui 3pasxku 3 peyurkiine06um webHem nicis 6unpoOyeaHHs Ha CIUCK:
a —3 10 % emicmom 3anosniosaua; 6 — 3 20 % emicmom,; 6 — 3 30 % emicmom

Pesynbratn  BuUnpoOyBaHb  3pa3kiB i3
PELMKIIIHTOBUM 3allOBHIOBAaYE€M HAaBEACHI Y

Tabaumi 2.
Tabruysa 2

Pe3ysibTaTH BUNIPOOYBaHb 3pa3KiB IPYHTOOETOHY
3 pelMKJIIHIOBUM Ie0eHeM

No [Tioma, PyiiniBHe MinHicTb, Cepenns
" | (cM?) | 3ycunns, (xH) MIla  |rycruna, r/cm®
1 45,56 23,7 44 1,64
2 47,49 23,8 4,3 1,72
3 47,26 30,72 5,5 1,75

OuikyBaHO HAHOUIBIIA MIMHICTB, SK 1
CepeHs TYCTHHA IPYHTOOETOHY, 3aikcoBaHa B
3pa3kax i3 MacOBHM BMICTOM 3allOBHIOBada
30%. Ane B uiioMy B XOAi BHUIPOOyBaHb
YCTQHOBJICHO, IIO MILHICTh TPYHTOOETOHHHUX
3pa3KiB 13 BHKOPHCTAHHSAM PEHIUKIIHTOBOTO
mebeHto Qpakmii 5...7,5 MM K 3amoBHIOBada
MEHIIIa, HIK Yy TPYHTOOETOHHHX 3pa3kax 0e3
3arOBHIOBAYA.

BucHoBku
3a pe3ynbTaTaMu BUTIPOOYBaHb
I'PYHTOOETOHHHUX  3pa3KiB  ONTUMAJILHOTO

CKJIaJy 3 JIOJIaBaHHSM KPYITHOTO 3allOBHIOBaYa
3 TOJpiOHEHOTO OETOHYy BCTAHOBIIEHO, IO
HaBiTh TIOPUCTA CTPYKTypa 3allOBHIOBAaYa, HOTO
KyTacTiCTh Ta MIOPCTKICTh HE J03BOJIIOTH
3a0€3MeYnTH JIOCTATHE 3YEIICHHS B

KOHTaKTHIN 30HI MDX LIeO€HEM Ta INIMHHCTUM
rpyHToM. IloTeHiiHO MIIHICTh I'PYHTOOETOHY
3 KpyIHHUM 3alOBHIOBAYEM MO>KHA 30UIBLIMTH
3a paxyHOK 30UTbIIIEHHS MIITHOCTI
3all0BHIOBAYa, aje, sK [OKa3ylThb 1HIII
nocmimkenns astopiB [8; 10], y Bumaaky
BUKOPUCTAHHS PELUUKIIHIOBOTO IIeOeHI0 1ie
MOKJIMBO JIMIIE 3@ PAXyHOK 30UIbLICHHS
KpynHocTi  ¢pakuii. B ymoBax mnpuiiHsToi
KoH(piryparii AepeBOIrpyHTOOETOHHOI IIUTH
I[bOT'O JIOCSTTH HEMOKIIMBO.

Orxe, B TIJIOMy, MOXHa 3pOOUTH
BUCHOBOK, IO BBEICHHSA B IPYHTOOCTOHHY
CyMilll HATypajJbHOr0 ab0 PELUUKIIHIOBOTO
3aroBHIOBaYa 301UIBIIYE HEOJHOPIIHICTD YCi€i
CyMilIi, MO0 HETaTHMBHO BIUIMBAE HA MIIHICTh
TOTOBHUX BHPOOIB.

BpaxoByroun 0CO0JINBOCTI pobotu
peOpHucTOro MEepeKpUTTs A MOAAJIBIIUX
JIOCHIPKeHb Ta  HaTypHUX  BUIPOOYBaHb,

JOUITBHO NPUHHATH KOMOIHOBaHy CHCTEMY
OeTOHyBaHHS IUIMTH, a caM€ B CTHUCHYTIM 30HI1
pebpa BUKOPHUCTOBYBATH TPAAULIHHUN BaXKKUH
OeToH, a y 3BUCax — IpyHTOOeTOH 0e3
3arnoBHIOBaYa. B TakoMy BHMIAaKy OJHHM i3
BapiaHTIB 3alOBHIOBAYa JJISI BAXKKOTO OETOHY
MOKe OyTH PelUKIIHTOBUH 1eO1Hh HEOO0X1IHOT
KPYIHOCTI.
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AHotauis. Ilocmanoeéka npoonemu. KoMIT'IOTEpHI TEXHONOTIi CTalOTh BCE OUIBIIE TMOMYJSIPHUMH B
apXITeKTypHIH Tamy3i i IX BHUKOPHUCTaHHS MOXXE€ MaTH SK MO3UTHBHI, TaK 1 HETaTWBHI HacHigKh. Po3BHTOK
KOMITTOTEPHUX TEXHOJOTIH CYTTEBO 3MIHMB MiAXIJ 10 MPOEKTyBaHHS B apxiTekTypi. [IpoTe 3anmexHicTh Bif
KOMIT FOTEPHUX TEXHOJIOTI MOXK€ CIPHUYMHUTH BTPATy BMiHb aHANI3yBaTH Ta MPOEKTYBaTH 00’ €KTH apXiTEKTypH
caMmocTiiiHo. Mema cmammi — TIpoaHaJi3yBaTu BIUIMB KOMIT IOTEPHUX TEXHOJIOTIM Ha apXiTEKTypy Ta OLIHUTH
MIEpPCIIEKTHBY I[bOTO BIUIUBY B MailOyTHbOMY. Bucrnoeok. CboroJHi KOMIT IOTEPHI TEXHOJOTii BUKOPHCTOBYIOTHCS
CKpi3b. PO3BUTOK TEXHOJIOTIH MOJeNoBaHHs Ta Oy/AiBHHUITBA 3a0e3Medye HOBI MOXIIMBOCTI y cepi apXiTeKTypH.
BukopucTaHHs KOMIT'IOTEPHUX TEXHOJIOTIH Ha BCIiX eTamax OyIiBHUIITBA JO3BOJISIE apXiTEKTOpaM CTBOPIOBATH BCeE
CKJIQIHIII TTPOEKTH 3 BHCOKOIO TOYHICTIO Ta €()eKTHBHICTIO. 3aCTOCYBaHHS HOBHX TEXHOJIOTIH y cdepi apXiTeKTypH
JI03BOJIUTH 3a0e3neduyBaTH OULTBII KOMIUIGKCHHMH IAXiM 10 TPOEKTYBAHHS, SKHH MOXE OXOIUTIOBaTH Oiiblie
HEOOXiTHUX XapaKTepUCTHK. | eHepaTWBHUN AnW3aiH Moxe OyTH BHUKOPHUCTaHWH, MO0 3a0e3mednTd OB
e(eKTUBHHMI Ta TOYHHH TIPOIEC TPOEKTYyBaHHsA. BipTyampHa Ta momoBHeHa peansHicTh (VR Ta AR) HamarooTh
MIUPOKHUA CIIEKTP MOXKIIMBOCTEH [UTSI TPOCKTYBAaHHS, MOJETIOBAHHS apXiTEeKTYPHUX 00 €KTiB. 3a momomoroio BIM-
TEXHOJIOTIH CTBOPIOETHCS iH(GOpPMAIliiiHA MOJEINb, sAKa 3a0e3leuye TOUHE OaueHHs MPOEKTY B Iiomy. Baxkiua
cKkiazoBa wiel TexHosorii — exnHuid iHdopMmaniiiuuii nmpoctip, 6aza nanux. [ITyuyHuii iHTENEKT MOXe CTBOPIOBATH
TUCSYl BapiaHTIB OyniBenb. [IuTaHHs, sk OUIBII pallioHaIbHO BHKOPHCTOBYBATH pecypcH (4acoBi, MaTepialibHi,
JIFOJICBKI), CTaJI0 OJHHUM i3 KIIIOYOBHUX ITUTaHb cydacHocTi. KoM 1oTepHi TEXHOIOTI] A0MoMaraioTh BUPIIIyBaTH I
npoOJieMH Ta BUHAXOJANTH HOBI METO/M MPOEKTYBaHHA Ta OyNiBHHUILITBA apXiTEKTypHHUX 00’€KTiB. YKpaiHa, K o1Ha
3 HaOUIbIIe JIUDKUTATI30BaHUX KpaiH CBITY, IMIBUAKO BIIPOBA/KYE HOBITHI TexXHOJIOTII B poboui mporecu
MPOEKTYBAHHS, 1110 BUKJIMYE ITO3UTHBHI 3MiHM apXiTEeKTypHOTO IMI/IXKY JIepKaBH.

KuarouoBi cnoBa: kown romepua epaghixa; napamempuune MOOen08AHH, 8IDMYAIbHA PEeAIbHICIb; OONOBHEHd
peanvHicmy; eenepamusHull ouszaiir; BIM-mexnonoaii
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Abstract. Problem statement. Computer technology is becoming increasingly popular in the architectural field,
and its use can have both positive and negative consequences. Computer modeling allows architects to create and
analyze designs faster and more accurately, which improves the quality and efficiency of construction. The
development of computer technologies has significantly changed the approach to design in architecture. However,
dependence on computer technologies can lead to the loss of the ability to analyze and design architectural objects
independently. Purpose of the article. To analyze the impact of computer technology on architecture and to assess
the perspective of this impact in the future. Conclusion. Today computer technology is used everywhere. The
development of modeling and construction technologies provides new opportunities in the field of architecture. The
use of computer technology at all stages of construction allows architects to create increasingly complex projects
with high accuracy and efficiency. The use of new technologies in the field of architecture will allow to provide a
more complex approach to design, which can cover more characteristics necessary to take into account. Generative
design can be used to provide a more efficient and accurate design process. Virtual and augmented reality (VR and
AR) provide a wide range of opportunities for designing and modeling architectural objects. With the help of BIM
technology, an information model is created, which provides an accurate vision of the project as a whole. An
important component of this technology is a single information space, a database. Artificial intelligence can create
thousands of building options. The question of how to use resources more rationally (time, material, human) is one
of the key issues of our time. Computer technologies help solve these problems and invent new methods of
designing and building architectural objects. Ukraine, as one of the most digitized countries in the world, is rapidly
introducing the latest technologies into the design work processes, which will lead to positive changes in the state's
architectural image.

Keywords: computer graphics; parametric modeling; virtual reality; augmented reality; generative design;
BIM-technologies

IMocranoBka mnpoOJieMu. 3 PO3BUTKOM
CYCITUIBCTBA apXiTEKTypa HE MOXE CTOSITH Ha
Micii. TeXHOJOTIYHMI pPO3BUTOK Ja€ HOBI
MOJKJIMBOCTI JIFOJICTBY Ta O/ipa3dy CTBOPIOE
HOBI npoOaeMu TUTS CyCHIbCTBA.
ApXiTeKTOpH CY4YacHOCTI MOBHHHI
nependavaTd  MOXKJIMBI  HACHIJKK  CBOIX
NPOEKTIB Ta iX BIUIMB HA  JIIOJEH.
Tpanchopmariss  CBIIOMOCTI MM THUCKOM
HOBITHIX TEXHOJIOTiM BiIOYyBa€eThCS  TyKe
IIBHJIKO, TOMY apXiTeKTypa MOBHHHA OYyTH
MaKCHMaJbHO THYYKOI I 3a0e3nedeHHs
noTped ChbOTO/ICHHS.

Hapasi HemMOXJIMBO ySBUTH CydYacHi
chepu  KUTTEMISUIBHOCTI  JIIOJUHU ~ 0e3
BUKOPUCTAHHS KOMIT' FOTEPHUX TEXHOJNOTIH. 1x
PO3BHTOK Ma€ TaKOX 1 3HAYHWUH BIUIMB Ha
apxXiTeKTypHY HisyIbHICTh. [IpoekTyBaHHS 3a
JIOTIOMOTOI0  KOMIT FOTEPHOTO MOJICITFOBaHHS
JIO3BOJISIE APXITEKTOpaM CTBOPIOBATH OibII
CKJIagHI ¥ TOYHI MoOJedi, SKI MOXYThb
BUKOHYBaTH  BCE  OUIBII  KOMILJIEKCHI
3apnaHHs. [IpoTe Benmuka 3aJeXKHICTh Bif
KOMIT'IOTepa MOXKE CHPHYUHUTH BTpaTy
KpEaTHUBHOCTI Ta BMiHb CaMOCTIHHOI poOOTH
apxiTekTopa Ta T[EBHOI CKIQJIHOCTI ¥y
B3a€EMO/Ii1 JIFOJJUHH 3 TIPUCTPOEM.
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BukopucTanHs HOBITHIX TEXHOJIOTIH MOXe
CIPUYUHUTH W HHU3KYy €THYHUX MPOOIeM,
MOB’SI3aHUX 13 PO3BUTKOM  IITYYHOIO
IHTEIIEeKTY.

Anamiz myOJikamiii. AHami3 crarTei,
MIPUCBSYCHUX KOMIT IOTEPHUM TEXHOJIOTiSIM B
apxiTeKTypi, JOBOIAUTb, IO  PO3BUTOK
OyIIBHUIITBA TICHO IOB’SI3aHUN 3 €BOJIOIIEI0
TEXHOJIOT1H. [udposi TEXHOJIOT11
JO3BOJISIFOTH ~ apXiTeKTopaM  Ta  1HIIUM
MPOEKTHUM KOMaHJaM 3HU3UTH BUTPATH Ha
MPOEKTyBaHHS Ta OyJiBHUIITBO, 3MEHIIUTH
yac BHUKOHAHHS TPOEKTIB Ta MOJIMIIUTH
SAKICTh TPOAYKTY. 3pOCTaHHS CKJIQJHOCTI
MPOCKTIB Ta HEOOXIMHICTh IIBUAKOTO Ta

TOYHOTO MO/ICTTFOBAHHS OyIiBETbHIX
KOHCTPYKIIIH sKpa3 1 3abe3medyeTbcs 3a
JIOTIOMOTOI0 ~ KOMITHOTEpHUX TporpaM  Ta
texuoorii [1; 5; 7].

CtBOpeHHA TOYHHX 3D-Mmonenen
OyJliBEJIb Ta CIOPY[ JIa€ 3MOTY JTOCIIIIKYBaTH
MaiOyTHi OymOBM Ta JIarHOCTYBAaTH W
BUIIPABIIATH ITOMHIIKH JOTyIIIeH1 B
MO/ICTFOBAaHHI 3a710BIO 110 MOYaTKy

OyniBenpHUX poOiT. Komn'toTepHi TexHOmOr1i
JI03BOJISIIOTh CTBOPIOBATH BIPTyaJlbHI MaKeTH
OyaiBenb Ta CIOpPYJ, 3a JOIMOMOIOK I[HOTI'0



3’ SIBIISIETHCS MO>KJIUBICTh BHUKOHYBAaTH
TECTYBaHHS  Ta  aHai3yBaTH  MOXJIMBI
HaCJIIJIKM TPUPOJHUX KaTtacTpod, TaKUX SK
3eMJIETPYCH Ta yparauu [2; 5; 7].

3pocTaHHsI YUCEIBHOCTI HACEJICHHSI MICT
CTaBUTh HOBI BUMOTH [UIi apXITEKTOPIB.
3acTocyBaHHA TEpPEAOBUX  KOMIT IOTEPHUX
TEXHOJIOTii B MICBKOMY ILJIaHYBaHHI 3HA4HO
HOJIMNIIY€e MPOIEeC MPOEKTYBAHHS W aHAJi3y
paIioHabHOCTI ~ MICTOOYIIBHMX  PIIlICHb.
BrpoBapkeHHss 1MQPOBUX TEXHOJOTIH B
apXITeKTYpHY MAiSUTHHICTh 3MEHIIYE dYac Ta
BUTPAaTH Ha CTBOPEHHS CKJIAJHUX Ta OUIBII
KOMILJIEKCHUX MIPOEKTIB. Kowmm’rotephi
TEXHOJIOTIT — 1€ HEOOXIHUNA Ta HEB1X €MHUMI
€JIEeMEHT Yy Cy4YacCHOMY TIpPO€KTYBaHHI Ta
peaizanii apxitekTypHux cnopyn [ 4 ].

3acTocyBaHHs CIIeIiaJIi30BaHOTO
IPOTPaMHOTO 3a0e3nedeHHs JI03BOJISIE
CTBOPIOBATH CHUMYJIALIl (hi3MYHUX SBHII Ta
YMOB,  JIOCHIDKEHHS  SKHX  JIO3BOJISIE
MPOEKTYBAaTH OUIbII eHeproe(eKTUBHI Ta
KOMQOPTHI YMOBH TUISL Toaei.
EneproeexTuBHICTh SIK OJHA 3 KPUTUYHHX
XapaKTEepPUCTHK  KOXXHOTO  MaiOyTHBHOTO
ApXITEeKTYpPHOTO TMPOEKTY TMOTpeOdye OuIbII
NPUCKIIUTMBOTO BHUBYEHHS Ta BHUKOPHCTAHHS
KOMIT IOTEPHUX MPOTpam JIJIsl aHaTi3y MPOEKTY
miJ pi3HUMU KyTaMd 3 METOI0 ONTHMIi3allii
E€HepPreTHYHO1 €(heKTUBHOCTI 00’ €KTa.

Kowmm’rorepHi TEXHOJIOT 11, K1
JIOTIOMAararTh apxiTEeKTOpaM-TIPaKTHKaM,
TaKOX BiAIrpaloTh KJIIOUOBY POJIb Y HaBUaHHI
MOJIOIUX  apXITEKTOpiB.  YTMPOBAIKEHHS
UPPOBUX TEXHOJIOTIH B apXiTEeKTypHOMY
HaBYaHHI MOXe€ JIONOMOITH CTyJIEHTaM Kpaiie
YCBIIOMHUTH IHTepaKTUBHUHA poLeC
MIPOCKTYBaHHS Ta PO3POOJICHHS OyIiBEIbHUX
KOHCTPYKIIH, a TakoX MIArOTyBaTH iX [0
BUKODHCTaHHA Cy4YaCHUX TEXHOJOTiH Yy
NpaKTHYHIN AisubHOCTI [2; 8].

Meta crarTi — aHam3 KOMIT FOTEPHHUX
TEXHOJIOTi! K IHCTPYMEHTIB apXiTEeKTYPHOTO
MIPOCKTYBAHHS; JOCIHIKEHHS JTOIIBHOCTI Ta
PEHTa0ENBFHOCT] 3aCTOCYBAHHS IIUX METOJIIB Y
pealbHOMY MTPOEKTYBaHHI.

PesyabraTn gociaimkens. Komn'torepHi
TEXHOJIOT11 3HAYHO BILJTUBAIOTH Ha
apXITEKTypy OyniBenb Ta CIOpYA.
3acTocyBaHHA iX B apxiTeKTypi  Jae
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MO>KJIUBICTh MIPUCKOPUTH rporec
MPOEKTYBaHHS Ta CKOPOTUTH BHUTpPAaTH Ha
po3pobsieHHss  mpoekTiB.  lle  mo3Boisie
apxXiTeKTopam  Ta  IH)KEHepaMm  Kparle

Bi3yajli3yBaTH Ta IIOJaBaTU CBOI 1Ael Yy
uuppoBoMy (opmarti, 1O CYTTEBO MOJETIIYE
iX pO3yMiHHS Ta CHUIKYBaHHSI 3 KIII€EHTaMH,
3aMOBHUKAMH Ta MiAPSTHUKAMHU.

Bukopucranns MOKJIMBOCTEH
KOMIT' FOTEPHOI TEXHIKM B apXITEKTYpHIH
TSUTBHOCTI Mae 0e3Ji4 BUIIB 3aCTOCYBAaHHS
BiI KpECJICHb J0 BIPTYalbHOI PEaTbHOCTI.
[li3HaHHS  MOXIIMBOCTEH  KOMIT FOTEPHOTO
CBITy B yCiX HOro mposiBax [a€ Cy4acHUM
apxiTekropaM 0e€3llid4  MOXXJIMBOCTEH I
CTBOPEHHS IIPOEKTIB.

OnuH 13 HaACKpaBIIMX TMPHUKIAIIB
3aCTOCYBaHHS KOMIT'IOTEpHOi rpadiku B
apxiTeKTypi — BHUKOPHCTaHHS TPUBUMIPHUX
MOJICJIEH I TPOEKTYBaHHS OyiBesb. 3a

JOIOMOTOK0  TAKUX  MOJEJIENM  MOXKHA
CTBOPIOBATH  JIeTalbHI Ta  peaJiCTUYHI
300paxkeHHs  OyniBenb, IO  JIO3BOJISIE
apxiTeKTopaM Ta  3aMOBHHKaM  Kpalie
po3yMmiTH  iX  3OBHIIIHIA  BUTJIAL  Ta

¢dbyukmioHaneHicTh. lle m03BOJNSE TBUIKO
OLIHUTH MOXJIMBI 3MIHH Ta KOPHUTYBaHHS
npoekty [1; 5].

[Ile omHMM TPHUKIAIOM 3aCTOCYBaHHS
KOMITHFOTEPHOI Tpadikk B apXiTEKTypi CTajio
BUKOPUCTaHHA BIPTYQIbHUX PEATICTUYHHUX
MoJenen OyiBEIIb. Ie JI03BOJISIE
apxiTeKTopaM Ta 3aMOBHHMKAaM IPOUTHCSA MO
OyIliBIIl Y BIpTyaJbHOMY IPOCTOPI Ta OI[IHUTH
il 30BHIMIHIN BUIJIAL, BHYTpIIIIHE
o0JjamTyBaHHs Ta 3PY4YHICTb BUKOPHCTAHHS.
Taxi mMozmeni MOXyTh OyTH BHKOPHCTaHI IS
Mpe3eHTalllil  MpOeKTiB, HaBYaHHI  Ta
nonoBHEHOI peanbHOCTI (puc. 1). Kpim Toro,
KOMIT'FOTepHa rpadika 103BOJISIE CTBOPIOBATU

CUMYJIALIi,  AKi  MOXYTb  JIOTIOMOITH
apxiTeKTopaM Ta IH)KEHepaM BH3HAYUTH
ONTUMAalIbHE  pO3TalllyBaHHA OyIiBIl  Ha
TUISHIN, BUOpaTH HaWOLIBIT  €PEKTUBHY

CUCTEMY BEHTHJIAIII Ta OCBITIICHHS, & TaKOXK
YCTaHOBUTH BiJIMOBIAHICTD MPOEKTY
CTaHJapTaM eHeproe()eKTUBHOCTI Ta OE3MEKH.

3arajoM KoMmm'toTepHa rpadika J03BOJsE
apxiTeKkTopaM Ta  IH)KEHepaM  3Ha4HO
MIIBANIATH SIKICTh CBOIX MIPOEKTIB,



pO3pO0IICHHS,
3podutn

npouec  ix
BUTpATH Ta

e

MIPUCKOPUTH
CKOPOTHUTH

Vkpaincekuii xKypHai OyiBHuiTBa Ta apxitekrypu, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

MPOSKTYBaHHS  OUTBII
LIMPOKOI ayUTOPIi.

AOCTYITHUM JJIsA

Puc. 1. Pesynbmamu mMoOeniogantsi 6impoeo2o NOmMoKy Hagkono 6yoieni wmab-keapmupu OPPO.
Zaha Hadid Architects

Puc. 2. 3uimok BIM-mo0eni 3 npoexmy 6 Iliguiuniii Kaponini. United-BIM

[ndopmariitne mMoaentoBaHHS OyIiBIAl —
e TEXHOJIOTiS  ONTHMI3allii  TpOIECiB
MpOEKTyBaHHS 1 OyAiBHHUIITBA, B OCHOBI SIKOi
JIKUTh BUKOPUCTAHHS €MHOI MOJIeNi Oy aiBi
W oOMiH iH(opMalicl0 WOA0 OyIab-SIKOTO
00’eKTa MK ycCiMa Y4YaCHHKaMH, MPOTITOM
YChOTO JKHTTEBOTO IMKIY — BT 3aayMy
BJIACHHKA 1 MIEPIIUX HAYEPKIB apXiTeKTopa 10
TEXHIYHOTO 00CITyTOBYBaHHSI ~ TOTOBOTO
OyIMHKY.

Building information modeling (BIM) —
1€ YUCIOBE IOJAHHS Ta HAJIC)KHUM YHUHOM
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opradizoBaHa iHdopMmalis mpo 00 €KT, sKa
BUKOPUCTOBYETBCS Ha BCIX eTamax MHoro
KUTTEBOTO I1MKIYy. 3a pomomororw BIM-
TEXHOJIOTii  CTBOPIOEThCA  iH(OpMarliiiHa
MOJIeNb, siKa 3abe3medye TO4YHE OadeHHS
MIPOEKTY B 1JIOMY (pHC. 2).

BaxxmBa cximamoBa 11i€i TexHOIOrii —
enuHUM iH(opMaiitHuii mpocTip, 6a3a JaHuX,
10 MICTHTh yCIO 1H(OpMaIliI0 MpO TEXHIYHI,
MIPaBOBI, MaiHOBI, eKCIUTyaTaliiHi,
€HePTreTUYHI, €KOJIOT14HI, KOMEPIIiiHI Ta 1HIIT
XapaKTepUCTHKH  00’ekTa  OyAiBHMIITBA.



3aBISIKM BUCOKIH TOYHOCTI Ta JETALHOMY
omHMCcy  MOJemi, [f  TEXHOJOoris  Jae
MOJJIMBICTH TIPOBOJWUTH Pi3HI PO3paxyHKH
(HampukIa, eHeproepeKTHUBHICTh Ta
EHEProCIOKMBAHHS ~ Oy[iBI, KOMILICKCHI
PO3paxyHKu Ha JIOBFOTPUBAJICTb,
BOTHECTIHKICTh Ta MIIHICTD SIK ycCiei OymiBmi,
Tak 1 11 OKpEeMHX €JIEMEHTIB) Ta aHaili3
OTPUMAaHUX pe3yibTariB [1].

[TepenymoBoto IS €BOJIIOL ]
ABTOMATH30BaHOTO  IPOEKTYBAaHHS  CTaja
noTpebda opranizaiii epekTuBHOI podOTH 3
BEJIIMYE3HUMH MacHBaMHU U poBoi
iHpopmariii, Ski  IMIBUAKO  BHUHUKAIOTH.
3’BUIMCA HOBI KJIACH CHCTEM, IPHU3HAYCHI
JUIL  OopraHizamii Ta KOOpAWHAIii poOiT
IH)KEHEPHOTO  TEpCOHAly  —  CHCTEMH
yOopaBiiHHsS JgaHuMud npo Bupi6 (PDM —
Product Data Management) i eleKTpOHHI
apxiBu. Yce 1€ B CyKYITHOCTI JISITJIO B OCHOBY
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KOHIIENIi1 yMpaBIiHHSA JKUTTEBUM ITUKIOM
Bupody — PLM  (Product Lifecycle
Management). B ocHoBi TexHosorii BIM
JEKUTh KOHIEMIS 00’€KTHO OPIEHTOBAHOTO
MPOSKTYBaHHs (MOJICIIOBaHHs) OyIiBenb Yy
BU3HAYCHOMY IapaMeTpUIHOMY mpoctopi. |
e TapaMeTpUYHE MOJICIIOBAHHSA  CTaJIo
OJIHIEI0 3 THX MPUHIUIIOBUX OCOOIUBOCTEH,
gkl Bigpi3HsoTh BIM-mporpamm Bim ycix
iHImux CAD-cucreM npoeKTyBaHHS.
[Tapametpuunuii mpoctip (Parametric
Space) — 11e npocTip, y SIKOMY BH3HAYAKOTHCS
BCi TapaMeTpH, IO BHKOPUCTOBYIOTHCA Y
CTBOPEHHI MapaMeTpu4Hoi moueni (puc. 3).
Y  mapamMeTpuyHOMY  MPOCTOPi  KOXKEH
napaMeTp Mae MeBHE 3HAYCHHS, SIKC BU3HAYAE
dbopMy Ta BractuBocTi 00'ekTa. [lapamerpu
MOXXYTh OyTH TOB'SI3aHI OAMH 3 OJHUM, LIO
JI03BOJISIE 3MIHIOBAaTH OJHMH MapaMmerp Ta
ABTOMATHUYHO 3MIHIOBATH 1HIII TTapaMETPH.
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Puc. 3. [lpuxnad modenioganms y napamempudHomy npocmopi, 3a donomozoio npozpam Rhinoceros & Grassgopper

v napaMeTpuIHOMY npocTopi
BUKOPHUCTOBYIOTBCSI MaTeMaTH4Hi  (PYyHKITT,
SIK1 BU3HAYalOTh 3B'30K MIXK IapaMeTpaMu Ta
JIO3BOJISIIOTH 3MiHIOBaTH (opMy 00'€kTa mpu
3MiHI mnapaMetpiB. Hanpuknan, skmo mu
PO3TISIIaEMO TTapaMeTPUUHy MOJIENb OYIiBIi,
napaMEeTpUYHUN TPOCTIP MOXKE BKIIOYATH
Taki TMapaMeTpu SK BHCOTa, IIHUPHHA,
IMOMHA, PpO3TAlllyBaHHS BIKOH 1 JBepeH,
TOBIMHA CTIH TOIHIO. SIKIIO MM 3MIHIOEMO
OMH 13 TMapaMeTpiB, HANPUKIAA, BUCOTY
OynmiBmi, Bci IHOI mapamMeTpu OyayTh
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aBTOMATHYHO 3MIHEHI BIAMOBIAHO IO HOBOI'O
3HAYCHHSI.

[TapameTpuunuii mpoctip Moxe OyTu
MpEeACTaBICHUN Yy  BHUIJSAI  TpadidHOTO
iHTepdeiicy, 1e KOPUCTYBAY MOKE 3MIHIOBATH
3HAYeHHs TMapaMeTpiB Ta OauuTH, SK 1€
BIUIMBae Ha ¢opMmy ob'ekra. Takox
napaMeTpUYHUN  TPOCTIp  MOXe  OyTu
BUKOPUCTaHUN Ul CTBOPEHHSI T'€HEPaTUBHUX
QITOPUTMIB, SIKI MOXYTh  ABTOMAaTHYHO
CTBOPIOBATH MapaMeTPHUHI MOJIENl Ha OCHOBI
3aJJaHHX ITapaMeTpiB.



3arasioM,  TapaMeTPUYHUI  TMPOCTIp
JI03BOJISIE  apxiTeKTopaM 1  JIu3aifHepam
CTBOPIOBATH CKJIAJHI MapaMeTpU4yHI MoJenl,
Kl MOXYTh OyTH HIBUAKO 1 JIETKO 3MiHEHI,
mo0 BpaxoByBaTH BHMOTHM Ta YMOBH, SKi
3MiHIOIOTBCsA.  Lle  103BONsie  cTBOpIOBAaTH
Outbll e(eKTHBHI Ta THYYKI MPOEKTH, SIKI
MOXYTh OyTH aJalToOBaHi 10 Pi3HUX YMOB Ta
notped [3].

[lapameTpuyna  apxitektypa — L€
YHIKQJIbHUI CTHIIb, B IKOMY B3a€MOIIOB’sI3aH1
Takl TOHATTS K CKYyJbITypa, MaTeMaTHKa,
apxitekrypa. Lle#d ctunp chpsMoBaHHMid Ha
CTBOPEHHS NEBHOI MOJeli, 110 BUXOAMThH 3a
paMKu MpocTHX (GOpPM 1 KOHCTPYKTUBHHX
pimens. [lanuii Bua apXiTekTypu HaOyB
HOIYJIIPHOCTI 3 PO3BUTKOM  MEPEIOBUX
apaMEeTPUYHUX AU3aHHEPCHKUX CUCTEM.

[TapameTpusm Ha JaHUii MOMEHT —
HAaWBKJIMBIIIMKA 1 JOMIHYIOYUH CTHIb B
ABaHTapJUCTChKIM MNPAKTUI[, 0[O0 BUMAarae
MacmTaOHOCTI y BCiX cdepax, MOYMHAIOYH BiJl
apxiTeKTypu 1 Ju3aiflHy 1HTEp’epy 10
BEJIMKOMAcCIITa0HOrO0 MICBKOro au3aiiHy. s
CTBOPEHHSI 1 MPOEKTYBAaHHS NapaMEeTPUIHOL
apXIiTEeKTypU BUKOPHCTOBYIOTh HOBI CydYacHi
KOMIT FOTEpHI TPOTpaMu, sIKi JI03BOJISIIOTH HE
TUIBKM TapaMEeTPUYHO MOJETIOBaTH, a 1
pO3pOOIIATH MaTEMATHYHI AITOPUTMHU, JIOT1YH1
YMOBH, 10 JTO3BOJISIOTh 3HAWTH ONTHUMAaJIbHE
pO3B’s3aHHA  3a7adyi B  ABTOMAaTUYHOMY
peXKUMI,  PO3IMIMPIOE  MOXKJIUBOCTI IS
CTBOPEHHS CKJIaHUX POPM 1 CTPYKTYD.

[lapameTpuuHi  METOAM  JO3BOJIAIOTH
npamoBaTd B peaJbHOMY  dYaci 3
HalaKTyaJIbHIIIUMU JTAHUMHU.
[Tapamerpuunuit METOJ [IPOCKTYBaHHs
0a3yeTbCs  HAa  CTBOPEHHI  aJITOPUTMIB
CepeloBUIIa 3 BHUKOPHUCTAaHHSIM 3MiHHHUX
napamerpiB. Hapmani  3acTocyBaHHs — LuX
QITOPUTMIB  JIO3BOJISIE  BUPIMIHUTH  O€37iY
MUTaHb, SIKi a00 HE BUPIIIYIOTHCS, a00 AykKe
TPYAOMICTKI 32 BUKOPUCTAHHS TPATUIIIHHOTO

POEKTyBaHHS.

Po3Burtok HOBHX METO/IiB crae
(byHIaMEHTAJILHOO YMOBOIO JUIS
MaiOyTtHeoro  ycmixy. HoBuit  cmoci0

NPOCKTYBaHHS PO3BUBAETBCSA 3aBISKU HE
TIJTBKMA TEXHOJIOT1I, 2 1 HOBOMY MPOTPAMHOMY
3a0e3MeUeHHI0, SIKe 3pOOWIIO TapaMeTpHUuHE
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MPOSKTYBaHHS JTOCTYITHUM JUISI apXiTEKTOPIB
[5].

['enepatuBHUil nu3aiiH — 1e MAXiA A0
U3aiiHy, KU BHUKOPUCTOBYE AITOPUTMHU Ta
00YHCITIOBATEHY MOTYXHICTh inie:
aBTOMATHYHOI reHeparii IA3aiHIB,
3aCHOBaHMX Ha 3aJIaHUX I[apaMeTrpax Ta
00OMEIKEHHSIX.

Ile mo3BoOJNsiE  CTBOPIOBATH  CKIIAIHI
dbopmu, sIKi HEJIErKo CTBOPUTH BpPY4YHY, a

TaKOXX  JOCHI/DKYBAaTH  OUIbII  IIUPOKUH
Jlama3oH  gu3aiiHiB. Y TeHEepaTUBHOMY
T3aiiHi 3a3BHYal BUKOPUCTOBYIOTBCS
QITOPUTMU  MAIIMHHOTO  HAaBYaHHI  Ta
IITYYHOTO IHTENIEKTY.

['eneparuBHuit  au3aiiH  Moxe OyTu
BUKOPUCTaHUN B apXiTEeKTypHOMY
MPOCKTYBaHHI, MmM00 3a0e3nedyuTH  OLIBII
e(peKTUBHHNA Ta TOYHUI pouec

MPOEKTYBaHHs. ['eHepaTUBHUI JU3ailH MOXKeE
OyTH  BHUKOPUCTaHMW  JUII  CTBOpPEHHS
IIMPOKOTO CIIEKTpa AM3aiHIB, SKI MOXYTb
OyTH OLiHEHI 3 TOYKH 30py €(PEKTHUBHOCTI,
€pPrOHOMIKH, CTHITICTUKH Ta THIITMX
napamerpis [6].

3acToCcyBaHHsS T€HEPAaTUBHOTO JU3alHY
MOX€E  JOTIOMOTTH apxiTekropam  Ta
nu3aiiHepaM po3poOIIATH MPOEKTH MIBUALIE Ta
epeKTHBHIIIE, 3MEHIITYIOUN KUTBKICTh Yacy Ha
eTarn KOHLENTYalbHOTO MJIaHyBaHHS.

3a3Buuail mporpaMu BUKOPUCTOBYIOTHCS
TITBKH K IHCTPYMEHTH, aie B
TeHEpATUBHOMY JIM3aifHI BOHHM IOBHOIIIHHI
y4acHUKH TBOpUOro mnpoiecy. Lle He o3Hauae,
o mporpamMa Moke oOidTucs 0e3 ydacti
JIOJUHU — HaJl POEKTOM BCE OJIHO MOBUHEH
MPaLIOBATH JIOCBiIUeHNH iHXeHep (puc. 4).

CTBOpeHHs pillleHHS 32 JIOIOMOTOIO
TeHEePATUBHOTO JW3aliHy BilIOYBa€ThCS TaK:
MPOEKTYBAIBHUK Ja€ TMporpaMi TEXHIYHE
3aBJaHHS: nepepaxoBye O0OMeKCeHHSI,
MOo3HA4Ya€  MEpemkogu  Ta  KPIMHIbHI
enemenTH. Ha 6a3i 1iux oOMexeHb mporpama
reHepye BapiaHTu BupimeHHa. JlioguHa
BUOMpae i3 3ampONOHOBAHUX IPOTPAMOIO
BapiaHTIB ONTUMAIbHUN 1 32 HEOOXITHOCTI
JONPalbOBYE HOTO.

'enepatuBHMi 1M3allH  —  NPUKIAL]
CUHEprii  JIIOAMHU  Ta  KOMII IOTE€PHOI
nporpamMud. Tum, XTOo OOITBCS PO3BHUTKY



TEXHOJIOTiI 4Yepe3 MOXIIMBE ITOBCTAHHS
MallMH 31 IITYYHUM 1HTENEKTOM, Tpeba
OPUIUBUTUCS 10 IOTO  MeTomy. TyT

nporpaMu HE 3MararoTbCsi 3 JIIOJbMH 32
pobGoTy, a pgonomaraioTh (HOpMYIHOBATH

~
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NPOMDKHI pimeHHs1. POPMYITIOBaTH TEXHIUHE
3aBllaHHs, NPUAYMYBATH IIOYATKOBY IJCHO
MPOEKTY 1 JOBOJAWTH HWOTO JO ijealy —
MIPUBLIEH JTIOAMHU.

Puc. 4. Komn tomepni imepayii ousaiiny 015 oghicy ma 00Ciionuybko2o npumiwerus ¢ Toponmo.
Jlocnioacenns Autodesk

Pimenns, 3po0ieHi 3a  JIOMOMOTOIO
TeHEePaTUBHOTO TIM3aiiHy, HarajayoTh
OpupoAHi ¢GopmH, ajne JompaiboBaHi Ta

3aBepieHi. KopuctyBauaM pe3ynbTaT Takoro
HiIXOMy YacTO 3JA€TbCS XUMEPHUM Ha
Burisa. [lonpu 1e, reHepaTUBHUEN JU3aliH J1a€
IepeBarn BHMKOHABIIO MPOEKTY 1 CTBOPIOE
HOBY €CTETHKY [2; 6].

BipTyanbHa Ta JONOBHEHA peabHICTh
(VR Ta AR) HagaioTh MMIHUPOKHUI CHEKTp
MOJKJIMBOCTEH Ul apXiTEKTypH OyaiBelb Ta
CHOpYJ:

- Bi3yamizamis mpoekTiB: VR Ta AR
JIO3BOJISIIOTh ~ apXITEKTOpaM Ta  KIIEHTaM
HeperisaaTd MpoeKTH OyiiBeNb Ta CIOpyH y
TpuUBUMipHOMY npocTtopi. Lle no3Bosisie kparie
pO3yMITH Ta Bi3yali3yBaTH KOHIICMIIIO Ta
TU3ailH TPOEKTy, a TaKoXX POOUTH 3MIHU Yy
PEXUMI peanbHOTO Yacy,

- TectyBaHHs mnpototumiB: VR Ta AR
JI03BOJISIFOTh TECTYBAaTH NPOTOTUIHU OyaiBeh
Ta CHopya A0 mouatky OynmiBHumrTBa. Lle
MOX€E JOTOMOTTH BHSBUTH TOMUJIKH B
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IU3aiiHi Ta TOJIMIIUTA HOTo 10 TMOYaTKy

OyIIBHUIITBA,

- HaBuaHHA: VR Ta AR MoxyTh
BUKOPHCTOBYBATHCS TUTS HaBYaHHS
apxiTeKTopiB Ta  OYy/IBENIbHUKIB  HOBUX

TEXHOJIOT1H Ta METOIB OyIIBHHUIITBA. TaKox
MOXkHa 3actocoByBaTh VR Ta AR nns
HaBYaHHS KOPHCTYBaYiB, AK
BUKOPUCTOBYBATH OYIiBIII Ta CIOPYIU MiCIsA
1X 3BEJCHHS,

- mpoaax mpoekTiB: VR Tta AR MoxyTh
BUKOPHUCTOBYBATHUCS Ul MPOJaXy MPOEKTIB
OyniBenb Ta crnopys kiieHtam. Lle no3Bomse
KJIIEHTaM TJIMOIIe 3aHYpUTHCS B TMPOEKT 1
no0avuTH, K BiH BUIVISJIATHME y pealbHOMY
SKUTTI

- peMOoHT Ta obcimyroByBaHHs: VR ta AR
MOXYTbh 3HAJOOUTHUCH JIsI OOCITYTOBYBaHHS Ta
pemMoHTy OyniBens Ta ciopyn. Hanmpukian, 3a
nornomororo VR ta AR MoxHa mepeBipsTH Ta
aHaJizyBaTH CTaH OyHiBJi Ta CIOPYIU 0 Ta
TiCIIs PEMOHTY;,



- mpoekTyBaHHs iHTep'epy: VR Ta AR
JOTIOMOXYTh Yy TPOEKTYBaHHI iHTEp'epy
OymiBenr Ta cnopyn. Hampuxman, 3a
nmoromororo VR ta AR MokHa mo0ayuTH, sIK
MeOmi OymyTh BUTIIANATA B KIMHATI Ta SKI
3MIHM TOTPIOHO BHECTH, WIO0 MOIMIIUTH
nu3aiiH iHTep'epy [8; 9].

Y uminmomy, VR Ta AR pamoTh
apxiTekropaM Ta  OyJiBeTbHUKaM  HOBI
IHCTPYMEHTH JUISl  TIOJIIIIEHHS IPOLeCy

NPOCKTYBaHHS Ta 3BEJACHHA OyIiBelb Ta
cnopya. Lli TexHoJOrii MOXYTh HPUCKOPUTH
IpOIEC MPOSKTYBaHHS, MOJIMIIUTH SKICTh Ta
Oes3reky OYIBHHMIITBA Ta 3a0IIaJWTH Yac Ta
TPOIII Ha BCIX eTarnax mpoekTy (puc. 5).

Puc. 5. Ipuxnad 6uxopucmamnus 6ipmyaioHol
peanvrocmi y cnienpayi npoepam Revit ma Unity

Texnonorii VR ta AR Ta Bi3yami3zmaii B
pealbHOMY dYaci OTpUMaIHA  JOJATKOBUI
PO3BHUTOK 3aBJSKH 1HAYCTPil Bigeoirop. Irposi
neurynn, taki sk Unreal Engine ta Unity,
3HAYHO 3MIHWJIM Miaxia mo Bizyamizamii 3D-
MoJeNell 'y pealbHOMY daci. Y mporeci
MPOEKTYBaHHS apXITEKTYpH IrpoBi JIBUTYHU
JAIOTh 3MOTY BI3yali3yBaTH KOHIICTIII Ta
IOCHipKyBaTH ix y pisHux ymosax. Lle
JIO3BOJISIE apXITEKTOpaM Ta KIIi€EHTaM OaduTH
npoekT y Qopmi, sika OuUTbIl >KHMBa Ta
3po3yMija, IO MOJIETIIY€e MPOIEeC MPHIHHATTS
pileHn

IrpoBi  JOBUTYHH TaKOX JO3BOJISIOTH
e(eKTUBHO  CTBOpIOBaTH  aHiMamlii  Ta
Bizyauizanii Oy1iBeTbHUX MPOEKTIB, 1[0 MOXKE
OyTH KOpPHCHO B TMpolleci KOMYyHIKamii 3
IHIIMMU y9aCHUKAMH OYIiBEIIEHOTO TPOIECy
[10].
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HITyyHnii iHTEJeKT.

HoBiTHIM iHHOBaIIHHUM 1HCTPYMEHTOM
JUIE  BUKOPDHCTaHHA B  apXiTEKTypHOMY
MPOEKTYBAaHHI CTaB IITYYHUH iHTeNneKT. Bin
MOXKE  JOIOMaraTtd  apxiTekropam  Ta
CTBOpIOBaTH OLIbIll €(pEeKTHBHI €proHOMivHI
OyniBii 3a JIOIIOMOT' OO AITOPUTMIB
MAaIIMHHOT'O HABYAHHS.

OpnHa 3 TOJIOBHHX IepeBar BUKOPUCTAHHS
IITYy9HOTO IHTEJNEKTYy B  apXiTEeKTypHOMY
MPOEKTYBAaHHI — 1€ MOXJIMBICTh aHANI3yBaTH
BEJIMKI OOCSATH JaHUX Ta IIBHUIKO 3HAXOJUTH
ontumanbHi pimenns. Iltydnuit iHTENEKT
MOXE  CTBOPIOBAaTH  THUCSAYl  BapiaHTIB
TOTMOJOTI Oy/aiBeNb, 3aCHOBAHUX Ha 33aJJaHUX
napameTpax, TakKhxX SK pO3Mip JiUISHKH,
IUTAaHYBaHHS Ta ecTeTW4yHi BuMorw. llicis
reHeparii IUX BapiaHTIB apXiTEKTOp MOXKe
BiIiOpaTH HaWKpamuii BapiaHT, BPaXOBYIOUH
pizHi (dakropu, Taki SK e(PEKTUBHICTh Ta
€CTETUYHICTb.

Kpim Toro, mry4Huii iHTEJIEKT MOXKe
JIOTIOMOTTH apXITEKTOpaM I1HTErpyBaTH pi3Hi
napaMeTpu Ta 0OMEXKEHHS B MPOEKT, TaKi SK
Oe3neka, eHeproeeKTUBHICTh Ta CTIHKICTb.
HITy4yHuii iHTEIEKT MOXXe OyTH KOPHUCHHM B

apxiTekTypi Ta OyIiBHHUITBI B 0araTbox
Bunaakax. [Ipuknamu:

Ilpoexmyeanns  6Oydigenvb. ANTOPUTMHU
MAaIIMHHOTO HaBYaHHS MOXYTb
BUKOPUCTOBYBATHCS ISl aHANi3y PpI3HHUX
acCIIeKTIB IPOEKTY, BKJIFOUAIOYN
KOHCTPYKII{HI ~ TapaMeTpH,  EKOHOMIiYHi
MIOKa3HUKH Ta Oe3MeKy.

Ynpaeninua oyoienamu. Pecypc
IITYYHOTO  IHTENEKTy 3HAJOOMTBCS  JUIS

aHaJlizy Ta TPOTHO3YBAaHHS CIIOXHMBAHHSA, a
TaKO JUIsl MOHITOPUHTY CUCTEMM BEHTHJIALIL
Ta OCBITJICHHS.

[lIty4yHuil 1HTENEKT MOXE JOMOMOTTH
KepyBaTH DPI3HUMHU acHeKTaMH OyJIiBEIBHOTO
MIPOEKTY, OLIHIOBATH BUTPATH Ta PU3MKH, a
TaKO’)X MOHITOPUTH poOOYl TIpolecH Ta
B3a€MOJIIT MK PI3HUMHU CTOPOHAMHU MTPOEKTY .

3a paxyHOK HITyYHOTO iHTEJIEKTY MOXKHA
BUOpaTH  ONTUMaNbHI  MaTepiaau  JUid
OyIiBHHIITBA, BpPAaxXOBYIOUM EKOHOMIYHI Ta
ekoJsioriuni ¢akropu [11].



BucHoBku

Po3BUTOK  KOMMI'IOTEPHMX  TEXHOJIOTIH
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OaueHHsT TIPOEKTYy B MiJIoMy. BaxmBoro
CKJIQIOBOKO I[I€] TEXHOJIOTII mOCTaE €IUHUMN
Oasa

iHpopMamiiHUil  TpocTip, JaHUX.
ITyuHuii IHTEIEKT MOKE CTBOPIOBATH THCSU1
BapiaHTIB Oy/iBeb.

CYTTEBO 3MIHHUB MiJIXi J0 TPOCKTYBaHHS B
apxiTekTypi. BrpoBa/ykeHHSI IUX TEXHOIOTIN

CBOTOJIHI JIO3BOJISIE CTBOPIOBATHU  CKJIAJHI -
. AV . OpHak BUKOPUCTAHHS LIUX TEXHOJIOTIH HE
IHHOBAIIIIHI MPOEKTH, 10 He OyIU MOKIHUBI .
: ) 0aunThCs 0e3MPOOIEMHUM, OCKITTBKH BUMAarae
paHiIe. 3acTocyBaHHS ~ KOMIT IOTEPHUX )
. MEeBHUX HABUYOK Ta 3HaHb Yy ramysi
MOKJIMBOCTEH 3a0e3leyye CKOPOYECHHS 4acy ) .
. KOMIT'IOTEPHOI ~ HAyKM Ta  MPOTPAMHOIO
Ha MIPOCKTYBaHHS, 301UTBIICHHS

3abe3nedyeHHs. TakoK 3aCTOCYBaHHS HOBITHIX
TEXHOJIOT1 MOXE CHPUYMHHUTHA 3HWKCHHS
poyi  Ta 3HAYECHHS pPy4yHOi pOOOTH B
apxiTeKTypi Ta OyHIBHUIITBI, IO BIUIMHE Ha
TBOPYMM TIPOIIEC Ta ECTCTHYHUA BUMIP
MIPOCKTIB.

MPOTyKTUBHOCTI, MOJIMIICHHS SKOCTI poOOTH
Ta 3MEHIICHHS BUTpaT. Y  pe3yJbTaTi
TEXHOJIOTI1 CTal0Th BAXKJIMBHUM IHCTPYMEHTOM
JUI TIJBUIICHHS KOHKYPEHTOCIPOMOMKHOCTI
B Cy4acHOMY OYJIIBHHIITBI Ta apXiTEKTYPI.

I'enepatuBHuil  au3aitH  Moxe OyTH . .
. . VY 1ijioMy, BUKOPUCTAHHS KOMITFOTCPHUX
BUKOPHUCTAHMM, 100 3a0e3neunTH OUIBII .o o ; .
. . TEXHOJNOTI y CydYacHId apxXIiTeKTypi Ta
e(eKTUBHHIA Ta TOYHHH mporec

OyIIBHHMIITBI Ma€ sK TIepeBard, TakK 1
HEMONIKK. 3 ypaxyBaHHSAM  PO3BUTKY
TEXHOJIOTIM Ta 3MIHM TIOMHUTY KJIEHTIB,
KOMIT'FOTEPHI TEXHOJIOTIi CTaI0Th HEB1'€MHOIO
YaCTUHOIO CYYacCHOTO TIPOCKTYBaHHS Ta

OyIIIBHUIITBA.

NpOCKTyBaHHS. BipTyanpHa Ta JIONOBHEHA
peanbHicTh (VR Ta AR) HamaroTh MIMPOKUIN
CHEKTP MOJMJIMBOCTEH MJIsi  TPOCKTYBaHHSI,
MOJICIIIOBAHHSL apXITEKTypHUX 00’€kTiB. 3a
noriomororo  BIM-texHomorii  cTBOpro€ThCS
iHpopMariiiHa MOJEIb, KA 3a0e31euy€e TOUHe
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ITEHTU®IKALIA IPUXOBAHOI MOIIKOKEHOCTI
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Anorauis. Ilocmanoeéka npoonemu. B ymoBax HaJ3BHUYAHHUX CHTYyaIllill, SKi aKTHBYIOTHCS TUHAMIYHUMHU
BIUIMBAMH BiJ BHOYXiB, MOXKEKaMH Ta 3eMJIETPyCaMH, HEOOXiTHO TNPOBOAWUTH KOHTPOJH CTIMKOCTI OO'€KTIB st
OILIHEHHs IX MPHUIATHOCTI JI0 TMOAAJbBIIOl eKcIuTyaTanii. Mema docnidycenns — 3a0e3neUeHHs O€3MeKH eKCIUTyaTarlil
OyxiBenms i cropyx i3 3aCTOCYBaHHSM METOMIB, MPOTPaMHHUX 1 TEXHIYHHX 3ac0o0iB BiOPOAKyCTHIHOTO KOHTPOJIIIO
NPUXOBAHOI TOIIKO/PKEHOCTI B OyAiBEeNbHUX KOHCTPYKUisAX. Memooduka. AHami3 Ta y3aralbHEHHS JIaHUX,
KOMIT'FOTEPHE MOJICTIOBAHHS, CKCIICPUMEHTAIbHI JOCHIDKEHHS CTIHKOCTI CIOpyX BiOPOAKYCTUYHUM METOJIOM.
Pezynbmamu. Po3riissHyTI: BTpaTa CTIHKOCTI OCTOHHUX, 3ai300€TOHHMX, IETSIHUX Ta IHIIUX CJIEMCHTIB HECHHX
KOHCTPYKILIH; (haKTOpH PH3HKY, SKi MPOSBISIOTHECS B ITOCTYNOBOMY OciaOiieHHI Oy/AiBEeNbHHX HECHHX KOHCTPYKIIH
BHACIIIOK HaKONWYEHHS BHYTPIIIHIX MOMIKO/KEeHb. JKopcTka BTpara CTIHKOCTI cHOpyA BigOyBaeThCsl BXKE MICIs
HaKOMMYEHHS! KPUTHYHOI KUTBKOCTI MOMIKO/KEHb Y KOHCTPYKTHBHHUX €JIEMEHTaX a0o0 IIBHUJIKOTO 3pOCTaHHS TPILIHH, SIKi
AKTHBI3YIOTHCSl PANITOBUM PO3BAHTAXEHHSIM TPAaHMYHO-HANPYKEHUX KOHCTPYKIIH BHACTIIOK Oyab-KHX ITUHAMIYHHX
BIUTMBIB. MOZIEIIOBAaHHSIM TIPOLiECy PYHHYBaHHS METOJIOM CKIHYEHHHMX €JIEMEHTIB YCTAaHOBJICHO, IO 3370BTO 0 TOTO,
SIK TPIIIMHYA Ha TIOBEPXHAX KOHCTPYKIIH MOXYTb OyTH iIeHTH(]IKOBaHI Bi3yanbHO, 30HH HPUXOBAHOI ITOIIKOKEHOCTI
MOXKYTh aKTHBHO PO3BHBATHCS BCEPEIMHI CTIHOBUX KOHCTPYKIiH OyniBens. Bu3HaueHO OCHOBHI MapaMeTpy KOHTPOIIO
CTaHy OyaiBeNh Ta CIIOPY[ Bi3yaJIbHUM Ta BiOPOAKyCTHYHHM MeTOHaMd. Y 3B'S3KY 3 THM, IO 00'€KTOM IOCIHiIKEHBb
CTaJl0 YacTKOBE pPYiHHYBaHHA OyIiBenb Ta cropyxa (TOOTO HE MEpIIONPHYUHA, a BXKE HACHIJKH BIUIMBY KOMIDIEKCY
HeraTuBHHUX 0a30BUX (DAKTOPIB), ISl OLIHEHHS PU3HUKIB BTPATH CTIMKOCTI 3alPOIIOHOBAHO Bl OCHOBHI IpyIH (DakTopiB
puzuky. Ilepmia rpyna moB's3aHa 3 BHSBJICHHSM 30BHILIHIX CTPYKTYPHHX IOIIKOIDKEHb, $IKI IIEHTH(IKYIOTHCS
METO/IaMH Bi3yaJIbHOTO KOHTpOI0. [lpyra moB'si3aHa 3 BUSBICHHSM IPUXOBAaHMX IOUIKO/KEHb, MapaMeTpu SKUX
BH3HAYAIOTHCS BIOPOAKYCTHYHUM METOJZIOM. [HTerpaibHuil pU3UK BTpaTH CTIHKOCTI BU3HAYAETHCS HIISIXOM HOPIBHSHHS
i BUOOpY MakcHMaibHOTO pHu3MKy B Tpyni. Haykoea noeusna. Tlonanbiivii pO3BUTOK OTpUMajla METOAWKA
ineHTH(IKaI] TPUXOBAHOI MOUIKOKEHOCTI B KOHCTPYKTHBHHX eJIeMEHTax OyJiBeNb i CIOpYA, SKa BiIpi3HIETHCS
ypaxyBaHHSM IapaMeTpiB BiOpPOaKyCTHYHOTO KOHTPOJIO HACHIAKIB Mpolecy pyWHYBAaHHS 1 OIIHKOIO PU3MWKIB BTpaTh
criiikocti cnopyn. Ilpakmuuna 3nauumicms. Pe3ynbTaTé AOCHIKEHb I03BOJSIIOTH YIOCKOHAJIUTH METOJ| OLIHEHHS
3MiHHU CTPYKTYPH CEPEIOBUINA BHACHIITOK BHHUKHEHHS CIIOCTEPEXYBaHNX 1 MPUXOBAHHUX CHCTEM TPIIIMH 32 JOTTOMOTOI0
BiOpOaKyCTHYHOTO MOHITOPHHTY.

KuarouoBi ciioBa: Oesnexa Oyodigens i cnopyo; pusuxu mpamu CmidKocmi, 8i0poaxyCmuyHuli KOHmMpoib
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Abstract. Problem statement. In emergency situations, which are activated by dynamic impacts from explosions,
fires and earthquakes, it is necessary to monitor the stability of objects to assess their suitability for further operation.
Purpose of the study. ensuring the safe operation of buildings and structures using methods, software and technical
means for vibroacoustic monitoring of hidden damage in building structures. Methods. Analysis and generalization of
data, computer modeling, experimental studies of the structures stability using the vibroacoustic method. Research
results. Considered: loss of concrete stability, reinforced concrete, bricks and other elements of load-bearing structures;
risk factors manifested in the gradual weakening of load-bearing building structures due to the accumulation of internal
damage. Sudden loss of stability of structures occurs after the accumulation of a critical amount of damage in structural
elements or the rapid growth of cracks, which are activated by the sudden unloading of extremely stressed structures as
a result of any dynamic influences. By modeling the destruction process using the finite element method, it has been
established that long before cracks on the surfaces of structures can be visually identified, zones of hidden damage can
actively spread inside the wall structures of buildings. The main parameters for monitoring the condition of buildings
and structures using visual and vibroacoustic methods have been determined. Due to the fact that the object of research
is the partial destruction of buildings and structures (that is, not the root cause, but the consequences of the influence of
a complex of negative main factors), two main groups of risk factors for assess the risks of stability loss have been
proposed. The first group is associated with the detection of external structural damage identified by visual inspection
methods. The second group is associated with the detection of hidden damage, the parameters of which are determined
by the vibroacoustic method. The integral risk of stability loss is determined by comparing and selecting the maximum
risk in the group. 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: safety of buildings and structures; risks of stability loss; vibroacoustic control

ITocranoBKa npoodJiemMu. Croroani
VYkpaiHa CTHKaeTbcsi 3 Oe3mpeLeeHTHUMHU
BUKJIMKaMH  I[IOAO0  O€3MeKH  KPUTHYHOL

iHpacTpykTypu, OymiBenb Ta cropya. B
yMOBax  HaJ3BHYAHMX  CHUTyalii,  sKi
aKTUBYIOTHCS JUHAMIYHMMHU BIUIMBAMH BiJl
BUOYXiB, TOXEXaMH Ta  3eMIIETPyCaMH,
HEOOX1THO TPOBOJIUTH KOHTPOJIb CTIHKOCTI Ta
PO3PaxXyHKU PHU3MKIB 00'€KTIB JJIs OI[IHEHHS iX
MPUIATHOCTI JI0 TIOAAJIBIIOT eKCILTyaTallii.

MOHITOPUHT CTaHy KOHCTPYKII Hamae
KOpUCHY 1H(pOpMAIliF0 TpO IUICHICTh Ta
Mpane3 aTHiCTh  KOHCTpyKUii.  Kpurnaaum
acreKToM  Oyab-KOi  METOJOJIOTii  OIIHKHU
cTifikocTi  OynmiBenmb, Ta  CHOOpPyA  CTaia
JIarHOCTUKA, sSKa  BKIIOYAE€  BUSBJIICHHSA
MOIIKODKeHb,  JIOKadi3alito, Kiacupikarito
TUITy TIOIMIKOJDKEHHS a00 KUIbKICHY OIlIHKY.
JUis 1ux 1iield 3aCTOCOBYIOTBCS MOJIEN Ta
eKCIepUMEHTaIbHI MeToau [1-5].

JlJiss TIPEeBEHTHBHOTO OI[IHEHHS CTIHKOCTI
Ta MOXIIMBOCTI  TMOJNANBIIOI  eKCILTyaTarlii
OyniBenb 1 copyJ HEOOXiTHO 3aCTOCOBYBATH
METOJIM HEPYHHIBHOTO KOHTPOJIIO.

Jlia nokamizanii NPUXOBAaHUX TPILIMH Y
TOBCTHX OETOHHMX Ta IHIIUX MOHOJITHUX

KOHCTPYKIIISIX 3aCTOCOBYIOTHCS METOIH
BIOPOAKYCTHYHOI TiarHOCTHKH [6—8].
Mera pociaigxeHHsi — 3a0e3NEUYECHHS

Oe3neku ekcrutyaTallii OyaiBenb 1 crmopyn i3

3aCTOCYBaHHSAM  METOJiB, THPOTPaMHUX 1
TEXHIYHUX 3aco0iB BiOpPOAKyCTHYHOTO
KOHTPOJIFO MPUXOBAHOT TIOMIKOJKEHOCTI B
OyliBeIbHUX KOHCTPYKITISIX.

PesyabTatn JAOCJiIKEHbD. besneka
ekcruryaTarlii OyjiBeab Ta CHopya B TMEpIry
4epry 3aJIeKUTh BiJl BAHUKHEHHS Ta PO3BUTKY
MpoIIeCiB pyWHYBaHHS B OCTOHHHX,
3aJ11300€ TOHHUX, LETJITHUX Ta IHIITHX
€JIeMEeHTaxX HECHUX KOHCTPYKIIiil. 3aJexXHo BiJ
CTYTIEHsI TIOIIKO/PKEHHS BTpaTa CTIHKOCTI MOXKe
OyTu M'sikor0 abo >kopcTkoro [9]. 3a «m'skoi»
BTPAaTH  CTIMKOCTI  OOOB'A3KOBO  MPUCYTHI
dbakTOpu pH3WKY, SAKI YacTO TIOB'SI3aHI 3
JNOMYIICHAMH  TiJ  9Yac  MPOCKTYBAHHS
MMOMUJIKaMH, MATOIIEHHAMH (yHIaMEHTIB a00
HEJOTPUMAHHSM TIPAaBUI eKCIUTyaTarii, IIo
MPOSIBISIIOTECA B TIOCTYNOBOMY — OCNa0JIeHH1
HECHUX KOHCTPYKIIIM BHACIIJOK HAKOTHMYCHHS
BHYTPIIIIHIX MTOITKOIKCHb.

VY pasi mocTynoBoro ocnabiieHHS HECHUX
KOHCTPYKIIIA 4Yepe3 HAKONWYEHHS BHYTPIIIHIX
MOIIKO/PKEHb BCTAHOBIIIOETHCS KOJTHBATBHUN
NEPIOAUYHUN PEXHUM, SIKHH CYHpPOBOJIKYETHCS
3pOCTaHHSAM MOIIKO/KEHOCTI (KIIBKOCTI Ta
BEJIMUMHU TPIIIMH) Ta HAa MOYATKOBOMY €Tarli
Majo YUM BIJPI3HAETHCS BiJ CTaHy piBHOBaru

(puc. 1, a).
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Puc. 1. 3mina ounamiunoi nosedinku enemenmis 0yoigenv i CHOpyo y npoyeci 8mpamu CIMIUKocmi: a — noCmynoge
0CnabNeHH] HeCHUX KOHCMPYKYIll 6HACTIOOK HAKONUYEHHS] 6HYMPIUWHIX NOWKOOXCEHb, O — pAnmose pO38aHmMAaNCeH s
2PAHUYHO-HANPYHCEHUX KOHCMPYKYIli

XKopctka  BTpara  CTifiKOCTI  criopyna
BiIOYBA€TbCS  BXKE  MICIA  HAKOIMMYCHHS
KPUTHYHOT KUIBKOCTI MMOIIKOKEHD
KOHCTPYKTUBHHUX €JIEMEHTIB a00 pamToOBOTO
HIBHIKOTO 3pOCTaHHS TPIIIHH, K1
AKTUBI3YIOTHCSI 3CYBaMH OCHOB OYJiBENb ITiJ{
qac 3eMJIETPYCiB abo panToBUM
PO3BaHTAKCHHSIM TPaHUIHO-HATIPYKCHUX
KOHCTPYKIIIi BHACJIIIOK OyIb-SIKUX

IUHAMIYHUX BILIMBIB.

JluHaMiuHI BIUIMBH MOXYTh OYyTH MaJioi
MOTYXHOCTI  (pPO3pUBHU  1pKaBOi  apMarypH,
HACIIKM TOXeX) abo TOTy)XHMMHU (Iepiua
XBWISL a00 adTepmokd 3eMIIeTPYCiB, IO
MOBTOPIOIOTHCA, BUOYXOBI XxBuji). Bmnusu
BEITUKOT TOTYKHOCTI OCOONHBO HeOe3MNeuHi
yepe3 ix cmaOKy NMPOTHO30BAaHICTh Ta TpariuHi
Hacmiaku. lle crnpuumHse naBUHOMOMAIOHI
oOBaneHHS  KOHCTPYKLiM  OyZaiBenb, IO
BTPaTWJIM OIOPY B pe3yJbTaTi PyWHYBaHHS
OJTHOTO 3 TIOBEPXIB.

Y pa3i panToBOrO pO3BaHTAXKCHHS (32

MEXEI  MIIHOCTI)  TPaHUYHO-HAIMPYKEHUX
KOHCTPYKIii OyniBenb 1 conopyn BTpaTa
CTiliKOCTI  BimOyBaeTbcs  CTPUOKOM,  KOIHU

118

CHCTEeMa  TEpPeXOAWTh 13  CTaIllOHAPHOTO
peXMMYy pIBHOBaru B IHIIMHA, SK TpPaBUIIO,
KOJMMBAJIBHUN  TMEPIONUYHUA  peXUM, IO

BCTAHOBMBCS, aJle¢ HA IHIIOMY €HEPTreTHYHOMY
piBHi (puc. 1, 6).

Crin 3a3HauMTH, 110 3a BCIX TUMIB BTpara
CTIHKOCTI KOHCTPYKTHBHHX €JIEMEHTIB MOXe

BinOyBaTHcss 1 0e3 CyTT€BHX Bi3yallbHO
BU3HAYCHUX  IOUIKO/DKEHb.  Tomy s
Oe3medHol ekcruryarailii OymiBellb Ta CIOpYyI
BUDIIIAJIBHUM  CTa€ HE JIMIIE Bi3yaslbHe
OOCTe)KEHHs, a W CBOEYaCHUH KOHTPOIIb
NPUXOBAHOT MOMIKOKEHOCTI Ta
TPIIIMHYBATOCTI B KOHCTPYKTUBHHX
eJIEMEHTaX.

YTBOpEeHHS TPIIIMH B elleMeHTax Oy/iBelsb
1 cropyn BiOyBaeTbCs BHACTIAOK KPHUXKOTO
pyWHYBaHHS Ha MiKpo- ab0 MakpoOpiBHi.
TpimuHU BiIpUBY pPO3BHUBAIOTHCS y HAMPsAMI,
NEePIEHINKYISIPHOMY PO3TATYBAaHHIO
MaTepiany. B pe3ynbTarti PO3BUTKY
MIiKpOTPILIIH YTBOPIOIOTHCS TPIIUHA
CKOJIFOBAHHS, SIKI OPIEHTYIOTBCS B HANPSMKY
MaKCUMAaJIbHOTO JIOTHYHOTO HAINPYXEHHS il
KyTOM 10 OCi CTHCHEHHS a00 pO3TATYBaHHS.
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[TomkoKEeHICTh  €NIEMEHTIB  KOHCTPYKIIIH
BIIOYBA€TbCA IMUIAXOM 3POCTaHHS  Mepexi
MIKpOTpimUH 3  (opMyBaHHAM  OOJIACTeH
HEeNpyKHUX Jedopmanii 1 MaricTpaJbHUX
TPIIIUH.

MogentoBanHsi ~ Ipouecy  pyHHYBaHHS
METO/IOM CKIHYEHHHX EJIEMEHTIB NEPEKOHIINBO
nokaszayio (puc.2), mo 3a70Bro J0 TOro, fK
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2

TPIIIMHA HA TIOBEPXHSAX KOHCTPYKIIH MOXYTb
Oyt  ineHTH(IKOBaHI  Bi3yaJbHO,  30HHU
MPUXOBAaHOI TOMIKO/HKEHOCTI MOXYTh aKTUBHO
PO3BHMBATHUCS BCEPEINHI CTIHOBUX KOHCTPYKIIIH
OymiBenb 1 cmopyn (It po3paxyHKIB
BUKOPUCTAHO  OOYMCIIOBAIBHUN  KOMIUIEKC
«GEO-RS» [4]).
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Puc. 2. IIpoyec ymeopenns mpiyun y cminosux KOHCMpYKyisx 0yoieeis i cnopyo npu 3p0CMAHHI HABAHMANCEHHSL (A—8)
3a OAHUMU MAMEMATMUYHO20 MOOENIOBANHS HANPYIHCEHO-0ehopmosanoeo cmany: 1 — 301U PopMyeanHs opieHMOBAHUX
Mikpompiwun,; 2 — 00'€OHAHHS MIKDOMPIWUH Y CHPAMOBAHI MALICMPAbHI mMpiujunu; 3 — 00'€OHaAHHs MIKDOMPIWUH
V NOWKOOXCEHIT 30HI (NOSBA MOJICTUBOCTI NOBEPXHEB020 CKOJLY 8 HUNCHIU YACMUHI CNOpYOu)

Jl7is TpeBEHTHBHOTO OI[IHEHHS CTIMKOCTI
Oy1iBEJIb Ta Criopya 3ampONOHOBAHO
BiOpOaKyCTUYHUI METOJL KOHTPOJIIO
TPIIIMHYBAaTOCTI  Ta  MOIIKOKEHOCTI  1X
KOHCTPYKTUBHHX €JIEMEHTIB.

OcHOBHa  OCOOJMBICTH  HEPYWHIBHOTO
KOHTPOJTIO TIOJISITA€ B TOMY, 110 BiH HE TIOBUHEH
3MiHIOBaTH (IMOTIpIIyBaTH) BUXIJIHI MEXaHIYHI
BJIACTUBOCTI  00'€kTa, TOMY CHIy YyZAapy
MiI0UParoTh MIHIMAJIBHOW, ISl SIKOT YIapHY
XBUJIFO MOXKHA BBaXKaTH MpykHOI0. ONHAK i€l

eHeprii MUJIKOM JIOCTaTHbO MJIsi MOPYLICHHS
KOMMBaHb y  OJIOKOBUX  CTPYKTypax Ta
OyiBeNTbHIUX KOHCTPYKLIISX.

Ha ocHOBI BuUMIpIOBaHb HIBUIKOCTEH
NOpy>XHUX XBHJb (Tabin. 1), yacy 3iTKHEHHS Ta
peanpHUX PO3MIPIB JCpeB'sTHUX, OCTOHHUX Ta
METaJeBUX KOHCTPYKIINH LITICHUH  00'€KT
KOHTPOJIIO MOXHA BIJHECTH O CHCTEMH 3
PO3MOAIICHUMHU TapaMeTpaMy, YacTKOBO abo
MOBHICTIO 3pPYWHOBAaHMM — JI0 CHCTEM 13
30CepeKEHUMU TapameTpamH [§].

Tabauys 1
[IBuaKocTi NPy KHUX XBUJIb Y MaTepiajax OyaiBeb Ta criopya
Marepian HlineHicTh 1IBuaKOCTI XBHIIb v, M/C Koedimient Monyins FOnra
px1073, /M3 O3I0BXKHIX TIOTIEPEUHHUX Ilyaccona, u Ex1071° ITa

beron 2,3-2,5 3 8004 400 2 100-2 400 0,25-0,33 2,5-3,8
linc 2,224 4 700-5 100 2 200-2 600 0,30-0,40 3,3-5,7
Jepeso 0,4-1,1 3 000-5 000 1 000-3 200 0,20-0,40 0,1-3,0
3anizo 7,8 5850 3230 0,28 21

AJIOMiHIH 2,7 6260 3 080 0,34 6,8

['panit 2,7-2,8 5200-5 500 3 .000-3 300 0,20-0,30 5,6-7,5
Mapmyp 2,6-2,8 5300-5 500 2 800-3 200 0,24-0,33 5,5-7,5
Bannsik 2,6-2,7 31004 700 2 000-3 100 0,11-0,22 3,5-6,3
[TickoBuK 2,2-2,7 2 2004 600 1 800-2 400 0,15-0,30 1,6-5,0
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[lepenHili QpPOHT aKyCTMYHOIO CUTHAIY
3aBKAM  TOMIMPIOETBCA 31  LIBUJKICTIO
MO3/IOBXXHIX XBWJIb, TOOTO 3 MaKCHUMAaJIbHOIO
LIBUIKICTIO. Po3sciroBasnpHi BJIACTUBOCTI
MarepiajgiB  3aJeKHO BIJ JOBXWHU XBHJII
MOSICHIOIOTBCS L1apyBAaTICTIO Ta
TPIILIMHYBATICTIO CEPEJOBUILA, KPHUCTAIIYHOIO
OyZ0BOIO Ta TeMIEPAaTYPHUM PyXOM YAaCTHUHOK,
MIHJIMBICTIO  (DI3UYHUX  BJIACTHUBOCTEH  Ta
PEUOBHHHOIO CKJIa/ly, HasIBHICTIO BKJIIOYEHb Ta
MIOPO>KHUH, CTPYKTYpPHHUX OJI0KiB Ta
IUIOCKONAPAJICNIbHUX CTPYKTYD.

A, nb A
-14,04

-20,0-
-Inf

TakuM YHHOM, YTBOPIOIOTHCA KIIACHYHI
aKyCTHYHI XBWJIEBOJHM — IIUISTHKH CEPEIOBUILA,
oOMexeHl B oOAHOMY a0o0 JBOX HampsMKax
MOPOKHUHAMH, TpilMHaMu ab0  1HIIUMU
CepeIOBUIIIaMH, BHACHTIIOK YOTO YCYBAETHCS
a00 3MEHIIYeThCS PO3ODKHICTD XBHIb Y
CTOPOHH, TOMY IIOIIMPEHHS iX Y3IOBX IIapiB
BiZIOYBA€TbCSA 3 MEHIIMM OCIAOJICHHSAM, HIX Y
HEOOMEKEHOMY OJTHOPITHOMY abo
HEOJHOPiTHOMY cepeaoBuiii (puc. 3).

-20,01
-14,01

0 10

A, nb

-14,0
-20,04

t, MC

-20,01
-14,01

10

o

20 30

t, MC

Puc. 3. Biominnicme 8i0poaxyCmuyHux KOIUSaHs 8 Yinuxy (a) i 6 mpinurysamomy cepedosuuyi ()
Ha npuKaaoi 2incoeoi naumu

Bung xBuib, IO PO3MOBCIOKYIOTHCS B
TaKUX aKyCTHYHHX XBHIJIEBOJIaX 0e3 3MiHH
CBO€1 CTPYKTYpH, — HOpPMaJbHI XBWII (MOJIH).
3aKpuTTSA TPINIMH, BIAIIApyBaHb y MaTepiaii

OJIHO3HAYHO NEPEBOIUTH OJTHOPIIHY
HOpMaJIbHY ~XBHUJIIO B HEOAHOPIAHY, LIO
EKCIIOHEHIIIMHO 3aracae, 1 HaBIIaKH.

JUis  BCTAHOBIEHHS ~ PO3MIPY  30HHU
TPIIMHYBAaTOCTI ~ HEOOXiMHO  aHaNi3yBaTH
OCLIUJIOTPAMH, oJlepkaHi i qac
MPO3BYUYYBaHHS Ha PI3HUX BIJICTaHAX IO
JIOBXKMHI ~ eleMeHTa  KOHCTpykuii.  baza
MPO3BYYyBaHHS MOBHHHA 3aTUIIATHCS

MOCTIMHOIO, OCKIIBKHU 31 301JIBIIIEHHSIM BiACTaH1
MaKCUMYM CIEKTPAJIbHOI HIUIBHOCTI BHACIIIOK

120

PI3HOTO TOTTMHAHHS HA BHCOKHUX Ta HU3BKUX
4acTOTaX 3MIIIYEThCA TEPEeBaAXHO Yy OiK
HU3BKHUX 9aCTOT.

s ineHTudikarii MOIIKOIKEHOCTI
OymiBenb 1 cmopyn ampoOOBaHO —METOIU
BiOpOAKyCTHYHOTO npodiroBaHHS Ta
30HayBaHHsI. Ha pucyHKy 4 TOKa3aHO METOAH
MO3JIOBXKHBOTO Ta B3a€MOIIEPIICHAUKYISIPHOTO

npodiTIOBaHHS ~ Ha  OAHIA  ab0  pi3HHX
PIBHOBEJNHKHX 0a3ax.
[lo3noBkHe axkycTHyHEe MpPO(UTIOBAHHSA

MOKE€ BHKOHYBATHCS B3J0BX KpPHUBOJIIHIHHOIO
npodiIto, HAMPUKIA, Y3I0BXK KPHUBOJIHIHHOI
HECHOI KOHCTPYKIi. [leTanbHIiCTh KOHTPOIIO
(kpok, ©0a3a) BH3HAYAIOTHCS MOCTABIECHUM
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3aBAaHHAM, KOHKPCTHUMHU YMOBAMH Ta Horo

Va Ip Vn Ip  Vn Ip
Vn Vn
Vo TIp IIp IIp
Y ¥ Vi Y
Il'lp ll'Ip IHp IIp
Va Va Ya ¥a

4 £ 4 4

a

MIHJIMBICTIO.

N\

AN

¥a IIp ¥a IIp
7]
Va Ya Ya Ya Ip
Vi TIp TIp IIp IIp
Mg Va Vi TIp TIp IIp

Puc. 4. Memoou gibpoaxycmuuto2o KOHMpoi0 NOWKoOd e s 0ydigenb ma cnopyo: 6eKmopHe (a), keaopynonvhe (0)
ma Kpyaose (8) npoQinto8anHs.
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Puc. 5. Memoou eibpoaxycmuunoco 30H0y8anHs KOHCIMPYKMUBHUX eleMeHmia 6)0ieenb ma cnopyo:
Jiniune (@) ma kpyeose (6)

s OLIIHEHHS TPIIMHYBATOCTI
e(EeKTUBHUI METOJl aKyCTHYHOTO KapOTaxy.
Bu3HayeHHs MPOCTOPOBOTO  PO3TAIIyBaHHS

TPIIIMH HAWNEPCIEeKTUBHIIIE 3a JIOMOMOTOIO
BIIOWTHX XBHWIb. TpilIMHYBaTi 30HM YITKO
BUJUISIIOTBCS 3 TMOPYIICHHAM  KOpEeJsIii
¢dazoBux miHid. [IIBUAKOCTI MO3OBXKHIX XBHITh
B IHTEpBaJl TPIMIMHYBATOCTI MPAKTHYHO HE
3MiHIOIOThCSI.

Ha pucynky 5 mokazaHo MeToau
BEPTUKAIBHOTO AaKyCTUYHOTO 30HIYyBaHHS 3
TpbOMa MOKJIMBUMHU BapiaHTaMu. BepTukanbHe

aKyCTHYHE 30H/yBaHHS BiJIPI3HSIETHCS
METO/IUKOIO fioro NPOBECHHS Ta
IHTEpIpeTaIi€cio pe3yJIbTaTiB BUMIDIB.

Hanpuknan, 3amiHa Micip yaapy Ta MpUHOMY
aKyCTHYHUX  KOJHMBaHb MOXE  ITOBHICTIO
3MIHUTH pE3yJIbTaTH TO0Ka3aHb MpHIaay Ha
MPOTHIICKHI. [ THOMHA KOHTPOJIIO 3aJIC)KHUTh BiJT

BeIMYMHUA  0asW,  OIlIHEHHS
3MIMCHIOETHCS y 30H1 IpHiiMaya.

TpimmuyBati abo 3pyHHOBaHI AIISTHKA
OymiBenb 1  CIOPYX  XapaKTepU3YIOThCS
0€3JIY4I0 B3a€EMOIIOB'SI3aHUX IMAPAMETPIB, IO

HIepeBaYKHO

BUIIAJKOBO  3MIHIOIOTBCS, TOMYy JUI1  1X
BUBYCHHS HEOOX1gHuUI CTATHCTHKO-
WMoBipHicHMIA miaxin. lle mae MoOXIHMBICTBH
OTpUMYBAaTH iHTETrpaIbHi napameTpu

CepelloBHIIIA HAa OCHOBI aHAN3y CHCTEMH
CTaTUCTHYHUX OIIIHOK 3 TIEBHOIO JIOBIPYOIO
HMOBIpHICTIO Ta TOYHICTIO. TOMy, 32 BUHATKOM
BEIMKUX TPIIIWH, METOJ YyJIBTPa3BYKOBOTO
NPO3BYYyBaHHS BU3HAYATHME hi (T 19%
yCepenHeHy TpIIMHYBATICTh 3 ypaxyBaHHIM
HOPUCTOCTI Ta CTPYKTYPHHUX HEOJHOPITHOCTEH.

Bu3HaunmMoO OCHOBHI 3aBJIaHHS METOIUKHU
KOHTPOJIIO CTaHy OyAiBelb Ta crnopya. OCHOBHI
3aBJaHHS MoTIepeTHIX CIIOCTEPEKECHD
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MOJIATal0Th B OI[IHEHHI 30BHIIIHIX
MTOIIKO’KEHb CIIEMEHTIB KOHCTPYKIIIH,
BU3HAYEHHI MEXX HaHOIIbII HeOE3NEeYHUX 30H,
BHU3HAYEHHI MOKJIMBOCTI BUKOPUCTAHHS

METO/1IB HEPYWHIBHOI'O KOHTPOJIIO, YTOYHEHHI
0COOJIMBHUX BUMOT LIOA0 TEXHIKU Oe3eKu.

Jlia oTpuMaHHsI omnepaTUBHOI 1H(opMarii
npo craH OyjiBenb Ta CHOPYA HEOOX1JHO

3MIACHIOBATH 3aX0MiB
KOHTPOJTIO

BU3HaA4YarOTh

KOMIIJIEKC
napameTpiB,  fKi
CTIMKICTb  00'€KTIB.
napameTpiB HaJeXaTh nedopmariii
KOHCTPYKIIIA, TPIIMHA Ta  BIAKOJU B
eneMeHTax OyJiBelnb Ta criopy (Tadi. 2).

11010
aJIeKBaTHO
Ho 1mux

Tabnuys 2
IIapameTpu KOHTPOJIIO cTaHy OyiBeJb Ta CNIOPYA Bi3yaJbHHM Ta BiOPOaKyCTHYHUM MeTOAAMU
IIpouecu, uio . .
MeTtoau KOHTPOIIO [TapameTp xoHTpOIIO Ta iAeHTHIKALIT
KOHTPOJIIOIOThCS

CrnocrepexeHHs 3a

. . 30BHIIIHI TOLMIKOIKEHHS
CTaHOM OY/IiBEIIb 1 CIIOpY T

3MIIIeHHs 1 1eopMariii el1eMeHTIB KOHCTPYKIiH
Y MICIIi IOIIKO/KEHHS;

MeX1 HalO1IbII HeOe3MEeYHUX 30H, 110 Bi3yalbHO
CIIOCTEPIraloThes

CroocrepexeHHs 3a
pyHHYBaHHSMU

MaricTtpanbHi TPIlHHA
Ta BUBAJIA MaTepiajiB

PO3KPHTTS 1 IPOTSHKHICTH TPIIIHH;
00’eMu, po3TalTyBaHHs Ta CTYIiHb HeOe3meKn
BHBaJiB OyIiBETHHUX MaTepialliB

. 3MIiIEHHS €JIEMEHTIB
HiBemroBanns

B3a€MHI 3CYBH Ta 3MIIIICHHS CIIEMCHTIB

KOHCTPYKIIIH KOHCTPYKIIIH
. . . PO3TaIlyBaHHS Ta CTYNiHb HEOE3NEeKU IPUXOBAHHUX
Bibpoakyctnunnit IIpuxoBani
. TIOIIKO/PKEHB;
KOHTPOJIb KOHCTPYKTHBHHX|  ITOLIKOJDKEHHS, MEXi . . .
; ) IIOMHA, TTO3OBXKHIH Ta IONepeyHuit po3Mipu
€JIEMEHTIB B1ALIAPYBaHb

BiJlIapyBaHb

3a HeoOX1HOCTI BU3HAYEHHS NPUXOBAHOT
MOPYIIEHOCT1 €JeMEHTIB KOHCTPYKLIA abo
HEIOCTaTHBOIO 00’€My JIaHUX BUKOHYETHCS
BIOpOAKYCTHUHUI KOHTPOJIb.

s wmeromuka edeKTHBHA, OCKUIBKH
CTPYKTYpHI TOpYIIEHHS 1 pyWHYBaHHSA, IO
BiIOyBalOThCS B OYIIBIIAX 1 CIIOPYAax, MOXKYTh

3a 101OMOroi0 BiOpPOaKyCTUYHOTO METOAY
PEECTPYIOTBCS HYAcTOTa, AaMIDITyJa Ta dac
KonuBaHb. OLIHEHHS Pe3yNbTaTiB MPOBOAUTHCS
y pa3i HaiOIbmIOi 3 amIUIiTY] KOJHBAaHb Y

YaCTOTHUX CMyrax, IO  BiJoOpakaeThCs
IHAMKATOPOM CIIEKTpA.
[Tpuknan BiOpOAKyCTUYHOTO

Oyt 3adikcoBaHi 3HA4YHO paHime, HDK  OPOQUIOBaHHSA TOKAa3aHO Ha PUCYHKY 6, nae
MIPOSIBJISIOTHCS Bi3YaJIbHO. BU3HAYCHI JUISHKU 13 30HAMHU TPUXOBAHHUX
TPIIIKH Ta IMOIIKO/KEHb Y OCTOHI.
_\‘f :[E LI * LR LI 1 L]
1600
1400 A
1200 h.
1000 ’ F". :
800 A TR
el =1 I 00 N R O RN a :
| i 1
oo I Y (1 S A A A, A
O AL (LA AV T L W=
o Lethoe ol vobed fb o] obremmepelolbeenglon o] ¥ ool aiberprrrrreeeeteen R0 eacasacaessasiRidescassserealeein
1 10 20 a0 40 50 B0 70 g0 an 100 110 120 130

Howuep GeToHHEOrO KiTBOA

Puc. 6. I[Ipuxnad sminu vacmom cnekmpanbHoi WitbHOCHI aKyCMuyHUX 6i02yKi6 OeMOHHUX KOHCMPYKYIll

Ockinbku po30uTi TpilITHAMHA
KOHCTPYKTHBHI €JIEMEHTH CIOpYyJ HaldacTime

122

ABIISAIOTD co0oro IJI0CKONIapaJIeNbHy
CTPYKTYPY, B 3aMKHYTIil cucteMi (ipu 4 < 2a/M,
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1ie A — JOBXKWHA XBWIi, M; N — HOMEP MOJIH; a —
IIMPUHA XBUJICBOLY, M) BHHUKAIOTh PE30HAHCHI
KOJIMBAHHS BHACIIIJIOK 6araropa3zoBoro
BITOUTTS 3BYKOBHMX XBHJIb BiJ OeperiB TPIlIMH.
ToMy MoO’kHA BH3HAYaTH TIUOWHH MEX 30H
TPIIIMHOYTBOPEHHS 33 KPUTUYHUMH YaCTOTAMHU
MEPIINX PE30HAHCHUX MO OJTHOPITHUX XBHJIb,
SIKI BUHUKAIOTh 33 yAapHOTO BILTUBY:

A

2f., 1)
ne a — rIuOWHAa BIAIIApYBaHHS, M; Vs —
IMIBUJIKICTh  3CYBHUX XBWib, M/c; fr —

pe3oHaHCcHa yactota, ['.

TakuM 4YMHOM, TMiJ Yac MOHITOPUHTY
B1IOPOAKyCTUYHUM METOJIOM YCTaHOBIIIOIOTHCS
MEX1 30H [MIJBUILEHOI TPIIIMHYBaTOCTI B
KOHCTPYKTUBHUX e€JleMeHTax OyJiBenb Ta
CHOpYAd, SIKI CIIy>KaTb, y TOMY 4YHCIHI, 1 s
YTOYHEHHS pe3ynbTatiB BI3yaJIbHHUX
CIIOCTEPEKEHb Ta 30BHIIIHIX OTJISIIIB.

Cran OyniBenb Ta CHOpPYA Y Ipolect
eKCIUTyaTarii 3MIHIOCTBCS. Hacmigxu
YaCTKOBUX pYWHYBaHb, SK 3a3HAYCHO BHIIIE,
MOXYyTh OyTH 3adikcoBaHi 3a JIOTIOMOTOIO
BI3yaJIbHUX CIIOCTEPEIKEHD Ta
BiOPOaKyCTUYHOTO MOHITOPHUHTY. o
HalBa)KIUBIINX MOKA3HUKIB, 32 SKUMH MOKHA
OLIHUTH 0e3MeKy KOHTPOJIbOBAHOIO O0'€KTa,
HaJIeXKaTh PHU3UKH, M0 BHU3HAYAIOTHCA SIK
HMOBIPHICTh BUHHKHEHHS aBapiit Ta
nependadyBaHUX HACHiAKIB. PH3uku moB'si3aHi
3 HeOaXXaHUMH TOJiSIMHU, 30KpeMa, 3 BTPATOlo
CTIMKOCTI 00'€ekTa KOHTpOJIO a0 pamnToBHX
00BaJIiB HECHUX KOHCTPYKIIIKA 3a (hiKCOBaHUH
mepiof Jacy.

BukopuctanHss pu3MKIB AN OLIIHEHHS
CTyNeHs HeOe3NneKu 3arajIbHONIPUMHATUI
METOJI, KM TOKIJIaJIeHO B OCHOBY OIIIHEHHS
MOTOYHOTO  Ta  MPOTHO30BAHMX  CTaHIB
HeOe3MeKku KOHTPOIbOBAaHOT cuctemu. Jlng
HAaIlMX YMOB pPO3paxyHOK IUX ITOKa3HUKIB
BUKOHY€ETbCA 3a aOCONIOTHUMH 3HAuY€HHSIMU
¢bikcoBaHUX napameTpiB MOHITOPHHTY
(mmB. Tabn. 2) Ta 3a MBUAKICTIO iX 3MIiHU 3a
MPOMIKOK 4Yacy, IO Jolomarae 3amnooirtu
HECHPUSTIUBUAM TOJiSIM Ha OCHOBI ICHYIOUHX
TaHUX.

s BHU3HAUCHHS KOMIUIEKCHUX
MMOKA3HUKIB OI[IHKK OC3MeKH BUKOPUCTAHO
MOJIETIb 1HTETPOBAHOTO PHU3HKY. Y 3B'SI3KY 3

123

TUM, 0 00'€KTOM JIOCIIIKCHb CTaJ0 YaCTKOBE
pyliHyBaHHs OyaiBenb Ta crnopyn (ToOTo He
NepUIONpUYMHA, a BXKE HACHIAKH BIUIMBY
KOMIUIEKCY HETraTHBHHX 0a30BUX (haKTOpiB),
JUIsL  OLIIHEHHS pPU3UKIB BTpPAaTH CTIMKOCTI
NPUIAHATO /1Bl OCHOBHI IpyIH (pakTOPiB PUBHKY.

[lepma rpyna 4YMHHUKIB TOB'SI3aHa 3
BUSIBJICHHSAM 30BHIIIHIX CTPYKTYPHHUX
MOLIKOJKEHbB, SIKI 1IEeHTU(IKYIOTbCS METOAAMU
BI3yaJIbHOTO KOHTpousito. Jlpyra mnoB's3aHa 3
BUSIBJICHHSM  [PUXOBAaHUX  TOIIKOKEHb,
napameTpu AKUX BU3HAYAIOTHCS
BIOpOaKyCTHYHUM MeETOIOM. Yepe3 Te, MIO
KPUTUYHUMHU MOXYTb OyTH HMOLIKOJKEHHS, 110
BU3HAYAIOTBCSA MapamMeTpamMu 3 000X TpyT,
MaKCUMaIbHUN PHU3HK 11eHTU(DIKYETHCS
HUISXOM MOPiBHSHHS 1 BUOOPY MaKCUMAalbHOTO
3HAYEHHS PU3HKY B IPyIi:

R(F)' =k/R(F)" +kyR(F,)" +...+ k'R(F)"
v

R(F)* =kfR(F)* +ksR(F,)* +...+ k{R(F;)?, (2)

ne  R(Fi), R(Fj) PU3MKH  BUHUKHCHHS
aBapiiHoi  curyamii  Big  ¢dakropiB, 110
BHU3HAYAIOTHCA Bi3yaJlbHUM 1 BIOPOAKyCTHUYHUM
METOJIaMH, BiJIMOBIAHO; I. ] — KIJIBKICTB
napametpiB;  Kki¥, ki® HOpMaJTi30BaHi
koedimienta Bix 0 10 1 (B cymi JOpiBHIOIOTH
OJIMHUII1) BIUIUBY Ha PU3HK OKPEMUX YMHHHUKIB
IpyTH.

[Toka3HUKM pPU3HKIB JIO3BOJIIIOTH JaTH
OINEpaTUBHY OIIHKY O€3MeKH KOHCTPYKTUBHHUX
€JIeMEHTIB Oy/liBEJb Ta CIIOPY.

BucHoBku

Jlnst TpeBEHTHMBHOTO OIIHEHHS CTIHKOCTI

Ta MOXIMBOCTI TONANBINOI  eKCIUTyaTarii
Oy[liBEIIb 1 CIIOPY/I:

1. Brpara CTIHKOCTI OCTOHHHMX,
3aJ11300€ TOHHUX, LETJISTHUX Ta IHIITHX

€JIEMEHTIB HECHUX KOHCTPYKIIIH MoOxke OyTh
M'KOI0 a00 KOpPCTKOI. 3a M'SKOi BTpaTu
CTIKKOCTI OOOB'I3KOBO  MPHUCYTHI  (hakTOpH
PU3UKY, SIKI TPOSIBISIOTECS B TIOCTYIIOBOMY
ocnablieHHI HECHUX KOHCTPYKIM BHACIIIOK
HAKONTMYCHHS BHYTPIITHIX MOIIKO)KCHB.

XKopctka  BTpara  CTiMiKOCTI  cHOpyA
BiIOYBA€ThCA  BXKE  IMCIA  HAKOTHYCHHS
KPUTUYHOT KUTBKOCTI KOHCTPYKTHUBHUX

€JIEMEHTIB a00 HIBUAKOTO 3pOCTaHHS TPIIIMH,
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SIK1 aKTUBI3yIOThCSI PallTOBUM PO3BaHTaKEHHSAM
TPaHUYHO-HAPYKEHUX KOHCTPYKIIIi
BHACHIJOK OyAb-SKWX JWHAMIYHUX BIUIMBIB
4yepe3 pO3PUBH 1pKaBOi apMaTypu, IMOXKEKI,
XBUII abo agTepioku 3eMJIETPYCIB,
BUOYXOBUX XBHJIb.

2. MojentoBaHHAM IPOLECY pPyHHYBaHHS
METOJIOM CKIHYEHHHUX €JIEMEHTIB YCTaHOBJIEHO,
0 3aJ0Br0 JO TOro, SK TPIIMHA HA
MOBEPXHAX  KOHCTPYKIIA  MOXyTh  OyTu
imeHTudikoBaHi Bi3yaJbHO, 30HH MPUXOBAHOI
MOILKO/HPKEHOCTI MOXKYTh aKTUBHO PO3BUBATHUCS
BCEPEINHI CTIHOBHX KOHCTPYKLIHA OyZiBesb i
CIIOPYI. Enementn KOHCTPYKITIH
TIOIITKOJIKYOTHCS 3pOCTaHHIM Mepexi
MIKpPOTpIIIUH 13 ¢GOopMyBaHHSIM  OOJIacTel
HEeNpyXHUX Jedopmamii 1 MaricTpaJbHUX
TPIIIHH.

3. BuzHaueHO OCHOBHI 3aBJaHHS METOHKH
1 TapamMeTpu KOHTPOJIIO CTaHy OyIiBelb Ta
CIOpPYI BI3yaIbHUM Ta BIOpOaKyCTHYHUM
METOIaMU. ITig qgac MOHITOPHUHTY
BiOpPOaKyCTUYHUM METOJIOM YCTaHOBIIOIOTHCS
MEXI 30H MiJABUINCHOI TPINIMHYBATOCTI B
KOHCTPYKTHBHUX €JIeMEHTax OyJiBenb Ta

CHIOpYJ, SKi CIyXaTh, y TOMY 4YHCIH, 1 JJIs
YTOYHEHHS pe3yNbTaTiB Bi3yaJbHUX
CIIOCTEPEIKCHD Ta 30BHINIHIX OTJISIIIB.

4. 'V 3B'E3ky 3 THM, IO O00'€KTOM
JOCTI/DKeHb  CTaJl0  4YacTKOBE PyHHYBaHHS
OymiBenb Ta ciopy/ (TOOTO HE MEepPIIONPUYKHA,
a BXE HACHIIKH  BIUIMBY  KOMIUICKCY
HEraTUBHUX 0a30BHUX (DAKTOPIB), [JIsI OLIHEHHS
PU3UKIB BTPATH CTIHKOCTI 3aIPONOHOBAHO JIBi
OCHOBHI Tpynu (hakTopiB pu3uKy. [lepmia rpymna

MOB's13aHa 3 BUSBJICHHIM 30BHIIIHIX
CTPYKTYPHHX MTOIIKOJKEHbD, K1
1IeHTU(IKYIOTbCI ~ METOJaMH  Bi3yallbHOTO

KOHTpOJto. [Ipyra moB's3aHa 3 BHUSBJICHHSAM
NPUXOBAHUX TOMIKO/PKEHb, MapaMeTpu SKHX
BU3HAYAIOTHCS  BIOPOAKYCTUYHUM  METOJIOM.
[arerpanbHuii  pU3MK ~ BTpPAaTH  CTIHKOCTI
BU3HAYAETHCS IUIIXOM TOPIBHSAHHSA 1 BHOODPY
MaKCUMAaJIbHOTO PU3HKY B TPYIIi.

PesynbraTii  mOCHipKeHb  J03BOJIIOTH
VAOCKOHIUTH  METOJ  OI[IHEHHS  3MiHH
CTPYKTYpH cepeIoBUIIa BHACJIiJTOK
BUHUKHEHHS CIIOCTEPEKYBAHUX 1 MPUXOBAHUX
cUCTEM TPIUH 3a JIOTTIOMOTOF0
BiOpOAaKyCTUYHOTO MOHITOPUHTY.
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Abstract. Problem statement. The problem of the lack of a database for evaluating the fire-hazardous properties of
pyrotechnic products under conditions of external thermal influences significantly complicates the prediction of the fire-
hazardous properties of pyrotechnic mixtures under conditions of various external thermal influences (for example, in
the event of ignition of warehouses where pyrotechnic products equipped with charges from the mixtures in question
are stored, under conditions of transportation at intense convective heating of their surfaces, or during aerodynamic
heating of the metal shells of products during firing and flight), an important characteristic of which is the heat flow that
heats the metal cases of pyrotechnic products to critical temperatures that may exceed the flash point of metal fuels in
gaseous products of thermal decomposition of oxidants. Purpose of the article is to obtain such a database on the
ignition temperature of the particles of the considered metals under conditions of elevated heating temperatures and
external pressures in the form of simple experimental and statistical models, convenient for practical evaluations. To
solve this problem, the methods of experimental and statistical modeling were used and specialized software was
developed using regression and interpolation methods, which allows you to calculate the levels of ignition temperatures
of metal fuel particles in gaseous products O, + N, (main products decomposition of nitrate-containing oxidizers [1; 12;
15; 18; 19]), which characterize their ability to accelerate the ignition process under conditions of elevated heating
temperatures and external pressures. Conclusion. New regularities of the complex influence of various controlled
parameters on the ignition temperature of magnesium particles in the products of thermal decomposition of nitrate-
containing oxidizers have been established. The combustion processes of pyrotechnic metal fuel powders were
simulated and the influence of controlled parameters on the ignition temperature of magnesium metal fuel particles was
determined, which is necessary for the further formation of a database on the fire-hazardous properties of pyrotechnic
products under conditions of external thermal influences.

Keywords: fire safety; pyrotechnic products based on multi-component nitrate-metallized mixtures; processes
of ignition and development of combustion
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Anoraniss. Ilocmanosxka npoonemu. Ilpobnema BinCyTHOCTI 0a3u MaHUX IS OIIHEHHS TOXKEKOHEOE3METHHX
BJIACTUBOCTEH MIPOTEXHIYHUX BHUPOOIB B yMOBax 30BHINIHIX TETUIOBHUX BIUTMBIB 3HAYHO YCKIIAIHIOE IMPOTHO3YBaHHSI
NOXKEKOHEOE3MEUHUX BJIIACTUBOCTEH MIPOTEXHIYHUX CyMillled B yMOBaxX pi3HOMaHITHHX 30BHILIHIX TEIJIOBHX BILUIMBIB
(HanpuKIaa, 3aropsHHS CKIaMAiB, Jie 30epiraroTbesi MIPOTEXHIYHI BHUPOOM, CIOPSKEHI 3apsjaMu 3 BiJIOBIIHUX
CyMillleif, B yMOBax TPaHCIOPTYBaHHs IPH IHTEHCHMBHOMY KOHBEKTHBHOMY HAarpiBaHHi iX MOBEpXOHb abo0 mpu
aepoJMHaMiIYHOMY HarpiBaHHI MeTaJIeBUX OOOJIOHOK BHPOOIB ITiJ] Yac CTPLIBOM Ta TMOJILOTY), BXIIMBA XapaKTEPUCTHUKA
3 SIKUX — TEIUIOBUH TOTIK, IO HarpiBae MeTalieBl KOPIYCH MiPOTEXHIYHMX BHPOOIB IO KPUTUYHUX TEMIIEPaTyp, SIKi
MOXKYTbh IE€PEBHIIYBaTH TEMIIEPATypy CIaTaXy METAJeBHX MAIUB Y Ta30M0JI0HIX MPOAYKTaX TEPMIYHOTO PO3KIIaIaHHS
OKHUCHIOBauiB. Mema cmammi — oTpuMaTh 0a3y JaHHUX MPO TEMIEPATypy 3aiiMaHHS YaCTHHOK PO3IVITHYTHUX METaJiB B
yMOBax IiJBHIIEHUX TEMIIEpaTyp HarpiBy Ta 30BHIIIHBOTO THCKY y BHUIJIAJI IPOCTUX EKCIICPUMEHTAIBHO-
CTaTHCTUYHHUX MOJIENICH, 3pYYHHUX /ISl MPAaKTHYHHUX OLIHOK. 3aCTOCOBAHO METOJM E€KCHEPHMEHTAIBEHO-CTATHCTHYHOTO
MOJICITIOBAHHSI Ta PO3pOOJICHO CcIeliani3oBaHe IMpOorpaMHe 3a0e3MedYeHHs 13 3aCTOCYBaHHSIM METOJIB perpecii Ta
THTEPITOJISIIIT, IO JTO3BOJIE PO3paxyBaTH PiBHI TeMIlepaTyp 3aliMaHHS YaCTHHOK METaJIEBOTO MaJMBa B Ta30MoOdiOHUX
npoaykrax Oz + N2 (oCHOBHI poayKTH po3nany — HiTparyMicHI okucHioBadi [1; 12; 15; 18; 19]), mio xapakrepusye ix
3JIATHICTh TPHCKOPIOBATH MpOIEC 3aliMaHHS B YMOBax MiJBHIICHUX TEMIIEPATyp HarpiBy Ta 30BHIIIHBOTO THCKY.
Bucnoeox. YcraHOBIEHO HOBI 3aKOHOMIPHOCTI KOMIUIEKCHOTO BIUIMBY DI3HMX KOHTPOJILOBAaHHUX MapaMeTpiB Ha
TEeMIlepaTypy 3aiiMaHHsS YacCTHHOK MarHil0 B TPOAYKTax TEPMIYHOTO PO3KJIAJAHHS HITPAaTyMICHHX OKHCHIOBAdYiB.
[IpoBeneHo MonentOBaHHS IMPOINECIB TOPIHHSA MOPOIIKIB MIPOTEXHIYHOTO METAIEBOTO TajMBa Ta BH3HAYEHO BIUIMB
KOHTPOJILOBaHHUX TapaMeTpiB Ha TEMIEpaTypy 3aiiMaHHS YaCTHHOK MNajiBa METAJEeBOr0 MarHilo, 10 HEOOXIiJHO JuIs
nojansmoro (GopmMyBaHHS 0asM JaHMX MPO MOXKEKOHEOE3NMEeUHi BIACTHUBOCTI MIPOTEXHIYHHX BHUPOOIB B yMOBax
30BHIIIHIX TEPMIUYHHX BILIUBIB.

KarouoBi caoBa: noowcescna 6esnexa; nipomexuiuni eupobu Ha O0CHOGI OA2AMOKOMHOHEHMHUX HIMpamHo-
Memanizoeanux cymiuiell; npoyecu 3a20pAHHA ma po36UMK) 20pIHHS

Introduction. For the practical use of the
obtained results on the ignition of particles of
metallic fuel magnesium in various oxidizing
media, including gaseous products of thermal
decomposition of nitrate-containing oxidizers
(nitrates of alkali and alkaline earth metals) of
pyrotechnic mixtures for various purposes [1;
3-13; 161; 17; 20-23], it is necessary to create a
database based on them, convenient for
evaluating the fire-hazardous properties of
pyrotechnic products under conditions of
external thermal influences, one of the main
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parameters of which is the ignition temperature
of metal particles. At present, the specified
database is missing, which makes it difficult to

predict the fire-hazardous properties of
pyrotechnic mixtures under conditions of
various external thermal influences (for

example, during the ignition of warehouses
where pyrotechnic products equipped with
charges from the mixtures in question are
stored, under conditions of transportation with
intense convective heating of their surfaces, or
during the aerodynamic heating of the metal
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casings of the products during the shot and
flight), an important characteristic of which is
the heat flow that heats the metal cases of
pyrotechnic products to critical temperatures
that may exceed the flash point of metal fuels in
gaseous products of thermal decomposition of
oxidants. This leads to premature activation of
the products, which leads to their destruction
with  the formation of high-temperature
combustion products that fly at high speeds in
different directions and are a fire hazard for
surrounding objects [1; 2; 7; 10—12].

Analysis of publications. Currently,
research on the influence of technological
parameters of mixture charges (ratio of
components and their dispersion, compaction
coefficient, diameter of the charge and the
material of its shell, humidity of the oxidizer,
etc) and external conditions (heating
temperature, external pressures, humidity and
composition of the environment, etc.) on the
main characteristics of their processes ignition
and development of combustion (temperature
and composition of combustion products, speed
of combustion and explosive modes of its
development, etc.) are presented in separate
articles, monographs and scientific works
[14—29]. However, their systematization and
analysis from the point of view of practical
application at enterprises of Ukraine to increase
efficiency in the organization of fire protection
systems at objects with the presence of
pyrotechnic products, especially in conditions of
external thermal influences, are missing.

Purpose of the article is to obtain such a
database on the ignition temperature of the
particles of the considered metals under
conditions of elevated heating temperatures and
external pressures in the form of simple
experimental and statistical models, convenient
for practical evaluations.

Research results. To solve this problem,
the methods of experimental and statistical
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modeling were used and specialized software
was developed using regression  and
interpolation methods, which allows you to
calculate the levels of ignition temperatures of
metal fuel particles in gaseous products Oz + N2
(main products decomposition of nitrate-
containing oxidizers [1; 12; 15; 18; 19]), which
characterize their ability to accelerate the
ignition process under conditions of elevated
heating temperatures and external pressures.
Modeling of combustion processes to
calculate the dependence of the ignition
temperature (7., K) on the size of metal

particles (d,, micron), the relative mass

concentration of oxygen in the gas mixture
O2 + N2 and external pressure (P, Pa).

The data used were obtained using standard
pyrotechnic equipment, as well as well-known
photographic methods and methods of
microcinema shooting [1; 9; 16; 12].

The model of the combustion process of
magnesium powders for the considered metals
has the following expression:

7.(d,,Co, P)=Cp, +3,2-1072 -
(118 -6,3-P) - d%° + (375,4 — 75,6 - P) -
(1-C3,) dyt -

—-591-P %% +1062—1,2-P—0,5- P*>
-(d, + COZ)_l

Ranges of change of controlled parameters
54 < d, < 305 micron; 0,2 < Cp, < 08;

10° < P < 107 Pa.

The results of calculations based on the
presented model made it possible to establish
the following ranges of changes in the ignition
temperature of metal particles in the products of
thermal decomposition of nitrate-containing
oxidizers, shown in Fig. 1-9.

For magnesium particles, the flash point is
T, =780...1330 K.
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Fig. 1. The influence of the size of magnesium particles and the external pressure P = 10° Pa on the dependence
of the flash point of particles in a gas medium O; + N on the relative mass concentration of oxygen at different sizes
of magnesium particles
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Fig. 2. The influence of the size of magnesium particles d,, = 50 mxm and external pressure on the dependence
of the flash point of particles in the O, + N, gas environment on the relative mass concentration of oxygen
at different external pressures
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Fig. 3. The influence of the relative mass concentration of oxygen and the external pressure P = 10° Pa
on the dependence of the ignition temperature of a magnesium particle in a gas medium O, + N,0n its size
at different values of the relative mass concentration of oxygen
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Fig. 4. The influence of the relative mass concentration of oxygen C02 = 0,2 and external pressure on the dependence

of the ignition temperature of a magnesium particle in a gas medium Oz + Ny on its size at different values
of the external pressure
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Fig. 5. The effect of the relative mass concentration of oxygen and the size of magnesium particles d,, = 50 micron
on the dependence of the flash point of the particles on the external pressure at different values
of the relative mass concentration of oxygen
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Fig. 6. The influence of the relative mass concentration of oxygen C02 = 0,2 and the size of magnesium particles

on the dependence of the flash point of particles on the external pressure at different values
of the size of magnesium particles
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Fig. 7. Three-dimensional image of the dependence of the ignition temperature of a magnesium particle
in an O, + Nz gas environment CO2 on the parameters and dm.
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Fig. 8. Three-dimensional image of the dependences of the ignition temperature of a magnesium particle
in an O, + Nz gas environment on the parameters C02 and P

Fig. 9. Three-dimensional image of the dependence of the ignition temperature of a magnesium particle in an Oz + N
gas environment on the parameters P and dwu

131



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

At the same time, as a result of the Conclusion
calculations for the ranges of changes of the

considered parameters (d ,,, Co, . P) used in _Th(? _regularity of the comple>_< effect on the
ignition temperature of magnesium particles of

the following parameters was established: an
increase in the particle size from d,, = 5 micron

practice, the processes of ignition and
development of combustion of magnesium
particles proceed stably and do not have an
explosive nature. to d, = 300 micron and a decrease in the

In addition, a change in the specified relative oxygen content fromC,, = 08 to
controlled parameters significantly affects the

behavior of the ignition temperature of metal
particles: an increase d ,, in and Co, leadsto a external pressure from P = 10° Pato P = 107 Pa
leads to an increase. The developed model of
the combustion process is used to form a
increase in 7',.. database of calculation data on the effect of the

The obtained model makes it possible to use mMain controlled parameters of pyrotechnic
the software to form a controlled database on powders (d,,, Co, P) on the ignition
the —ignition temperatures of magnesium yemnerature of magnesium particles in the

particles in the gaseous decomposition products composition of pyrotechnic mixtures
of nitrate-containing oxidants under external

heating conditions.

Cp, = 0.2 leads to a decrease T, an increase in

decrease in 7., and an increase in P — to an
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Abstract. Problem statement. Large accumulators of liquid waste (e.g., mine water ponds, tailing ponds, etc.) are
long-term sources that change the hydrological regime. A negative consequence of this process is flooding of the
territory. In addition, the infiltration of contaminated water from such hazardous sources changes the quality of
groundwater. Therefore, it is important to analyze the impact of such anthropogenic sources on the process of flooding
and deterioration of groundwater quality. To solve this problem, it is very important to use the method of mathematical
modeling as an effective mean of researching problems of this class, since the use of physical modeling is practically
impossible within the scope of problems of this class. The purpose of the article. Development of numerical models for
predicting changes in the hydrological regime (flooding of the territory) and groundwater quality under the influence of
anthropogenic pollution sources. Methodology. To assess the dynamics of changes in the hydrological regime, a two-
dimensional equation of filtration of a non-pressure groundwater flow is used. A two-dimensional geomigration
equation (planned model) is used to analyze changes in groundwater quality during infiltration of contaminated water
from the settling pond. This equation takes into account the convective transfer of contaminants in the filtration flow,
dispersion, and the intensity of contaminant infiltration into the groundwater flow. The method of total approximation is
used for numerical integration of the filtration equation. For the numerical integration of the geomigration equation, an
implicit splitting scheme is used. Scientific novelty. Effective numerical models for rapid assessment of changes in
groundwater dynamics and quality under the influence of anthropogenic sources that change the hydrological regime
are proposed. The constructed numerical models take into account a set of important physical factors that affect the
process of geomigration and flooding of the territory, namely: filtration coefficient, variable depth of free-flowing
groundwater, dispersion, intensity of the source of impurity emission into the groundwater flow. This makes it possible
to obtain a comprehensive assessment of the process of flooding and groundwater pollution.. Practical significance.
A computer code has been created that allows practical usage of the developed numerical models. This code is an
effective tool for theoretical study of non-stationary processes of territory flooding and anthropogenic groundwater
pollution. Conclusions. A numerical model for calculating groundwater dynamics has been developed. The model
allows to predict the level of groundwater rise under the influence of a man-made source of wastewater infiltration from
a settling pond. A numerical model for calculating the process of geomigration from an anthropogenic source of
emissions has been developed. The model makes it possible to predict the dynamics of contamination zone formation in
a non-pressure groundwater flow. The developed numerical models take into account the most important parameters
that affect the formation of flooding zones and groundwater contamination.

Keywords: ground waters dynamics; ground waters pollution; territory flooding; mass transfer; mathematical
modeling
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XBOCTOCXOBHIIA TOIO) — [I€ AOBrOTPHUBAII JPKEpelia, IO 3MIHIOIOTH TipoJIOriuHui pexuM. HeraTMBHUM HaciigKoM

137



VYkpaiHcbkuil xKypHan OyaiBHULTBA Ta apxiTektypu, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

LBOTO MpOLECY CTa€ MiATOIUIEHHS TepuTopii. KpiM TOro, MpoHMKHEHHs 3a0pyJHEHOI BOIM 3 TakuX HEOE3NEeUHHX
JDKEpeIl 3MIHIOE SIKICTh I'PYHTOBUX BOJ. TOMYy akTyaJlbHUM OauMThCS aHaNi3 BILIMBY TaKHX aHTPOIIOT€HHUX JDKEpPEN Ha
TIPOLIEC MiATOIUICHHs Ta MOTIPIIEHHS SKOCTI MiA3eMHUX Boa. [lyis po3B’si3aHHs 1€l 3a/1a4i AyKe BaXKIIMBE 3aCTOCYBaHHS
METO/Zy MaTeMaTH4YHOIO MOJENIOBaHHA SK e(QEKTHBHOrO 3aco0y MOCHiKEHHS 3aJad LbOro Kiacy, OCKUIBKH
3aCTOCYBaHHs (DI3MYHOTO MOJICNIIOBAHHS B paMKax 3ajay IbOr0 KJIACy NPaKkTHYHO HeMosmBe. Mema pooomu —
PO3pOOIIEHHST YHCENIFHUX MOJIeTIel U TPOrHO3YBAHHS 3MiHHM TiIPOJIOTIYHOTO pexuMy (IIATOIUIEHHS TEPHUTOpii) Ta
SIKOCTI IMiJI3EMHUX BOJ 32 BIUIMBY JDKEPEN aHTPOIIOTeHHOTO 3a0pynHeHHs. Memoouka. JIis ONiHEHHS TUHAMIKH 3MiH
TiAPOJIOTIYHOTO PEXMMY BHKOPHCTOBYETHCS JBOBHUMIpHE piBHSHHS (DimbTparii Oe3HAmipHOTO CTOKY IMiA3€MHHUX BOJ.
JIBoBUMIipHE piBHSHHS TeoMirparii (ITaHOBa MOJIENb) BUKOPUCTOBYETHCS IUIS aHANI3Y 3MiH SKOCTI IPYHTOBHX BOJ ITiJ|
yac iH(QiIpTpanii 3a0pyaHeHoi BoaM 3 BifcTiiHWKa. Lle piBHSAHHA BpaxoBy€ KOHBEKTUBHHH IEpEHOC 3a0pyIHEHb Y
¢inpTpamiiHOMYy TOTOLI, THCIIEPCiI0 Ta IHTEHCHBHICTH iHQINbTpamii 3a0pyAHIOBaYiB y MOTIK IPYHTOBUX BOA. st
YHCJIOBOTO IHTErPYBaHHS DIBHSHHS (UIbTpalii 3aCTOCOBYETBHCS METON MOBHOI ampokcumamnii. Jlns ducenpHOTro
IHTErpyBaHHsl pIBHSIHHS TeoMirpaiii BHKOPUCTOBYEThCS HesiBHA cxema posiuerieHHs. Haykoea Hosusna.
3anpornoHoBaHo e(pEeKTUBHI YHUCIOBI MOZENI AJIsl EKCIPEC-OLIHKM 3MiH JUHAMIKH Ta SIKOCTI MiJI3eMHHUX BOJ| 32 BILUIUBY
AQHTPONIOTEHHUX JIKEPEJI, 1[0 3MIHIOIOTH Tifposioriunuil pexkuM. [To0ynoBaHi YncenbHI MOJENI BPaXOBYIOTh KOMILUIEKC
BaXJIMBHX (Di3MYHUX (aKTOpiB, 10 BIUIMBAIOTH HA IpOLEC TeoMirpamnii Ta 3aTOIUIEHHS TepUTOpii, a came: KoedilieHT
¢utpTpanii, 3MiHHY TTIMOMHY 3ajisaraHHs Oe3HAIPHUX ITJ3eMHUX BOJ, AWUCIIEPCHICTb, IHTEHCUBHICTD JDKEpPENa BUKHUIY
JMOMIIIOK y Tim3eMHi Boaw, MOTIK. Lle mae MOXIHBICTP OTPUMATH KOMIUIEKCHY OIIHKY IPOIECY MiATOIUICHHS Ta
3a0pyaHeHHs mia3eMHux Boj. IIpakmuuna 3nauumicms. CTBOPEHO KOMIT IOTEPHHUN KOJ, SIKUH O3BOJISE NMPAKTHIHO
BHKOPHCTOBYBATH po3po0ireHi guciosi moxeni. Lle#t kox — epekTUBHUIA iHCTPYMEHT TS TEOPETUIHOTO JOCHIKSHHS
HECTALlIOHAPHHUX TMPOIECiB MIATOIUIEHHS TEPHUTOpii Ta AHTPONMOTeHHOro 3a0pyIHEHHS WiA3eMHUX BoA. Buchnoeku.
Po3pobieHo uncensHy Monenb Ul po3paxyHKy AWHAMIKH Ii3eMHUX BoA. Monenb J03BOJISE NIPOTHO3YBATH PiBEHb
MITHATTSA TPYHTOBUX BOJ 32 BIUIMBY TEXHOTEHHOTO JpKeperia iHQimpTparii cTiYHHX BOJ i3 BiAcTiiHuKa. Po3pobieHo
YHCIIOBY MOJIENb ISl PO3PaxyHKY IMPOLECY reoMirpalii BiJi aHTPOIOTEHHOTO JDKepena BUKUAIB. Mozenb jae 3Mory
MPOrHO3yBAaTH JTUHAMIKY (hOpMyBaHHS 30HU 3a0pyAHEHHS B OC3HAIIPHOMY CTOIll IPYHTOBUX BOJ. P03po0seHi YnciIoBi
MOJIelli BpaXOBYIOTh HAaWBa)KJIMBIII MapaMeTpH, IO BIUTMBAaIOTh Ha ()OPMYBaHHS 30H 3aTOIUICHHS Ta 3a0pyAHEHHS
IPYHTOBHX BO/I.

Kuro4oBi ciioBa: ounamixa niozemHux 600; 3a0pyOHeHHs NIO3eMHUX 800, 3aMONJIeHHS MepUmopii; Maconepexoc;
Mamemamuyne MoOe08aAHH s

Problem statement. Problem of ground  stakeholders should be prepared to consider
waters rise, pollution and its management  changing operations and construction methods
attracts attention among the world [1; 3; 8; 9]. as the work progresses and more information

Many engineering projects, especially  becomes available. This will provide the best
large-scale ones, involve excavation work on  assurance that the project will be completed
aquifers. For all such excavations, an  safely, economically, and within the realistic
appropriate groundwater and surface water  timeframe and cost of the program.
management and control system(s) must be It is particularly important to note that the
planned before the start of each project. In  rise in groundwater levels is occurring in areas
practice, this can only be done with information ~ where there is a change in the hydrogeological
about the soil conditions and groundwater that  regime, for example, due to the construction of
may be encountered based on site investigation ~ wastewater storage ponds from various
data. Groundwater control (as well as surface  enterprises (Fig. 1).
water runoff) is generally considered by the ——
client, engineer, and architect to be a
“temporary work”, the contractor's
responsibility, and is almost always of little or
no interest to them. In many cases, this
philosophy proves to be short-sighted and
ultimately results in significant financial, time
and reputational losses for the client.

Sometimes, as the work progresses, the , :
actual soil and groundwater conditions may Fig. 1. Settling pond

differ from those expected. If this occurs, all ~  https:/www.pseau.org/outils/ouvrages/irc_university_of
leeds_waste_stabilization_ponds_2004.pdf

138



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

Infiltration of wastewater from ponds leads
not only to a rise in the water table (the process
of flooding the territory begins), but also to a
deterioration in groundwater quality. The
situation can be aggravated by the fact that, in
addition to deteriorating groundwater quality,
wastewater entering the underground stream
from storage facilities can be aggressive and,
over time, affect the stability of the foundations
of structures, underground utilities, etc. In this
regard, an important task arises of predicting
changes in groundwater dynamics and quality
under the influence of man-made, long-term
sources of pollution.

It should be emphasized that currently,
empirical and analytical models are used to
solve problems of this class, which make it
possible to determine the dynamics of
groundwater and the impact of drainage
systems on its change [2;3-6;9; 10]. Such
models are effective in engineering practice,
but they provide predictive data only for
“simplified” scenarios. Due to the increasing
level of requirements for predictive results,
there is an increasing need to use numerical
models to solve problems of this class.
Therefore, the development of numerical
multifactor models that allow solving applied
problems at a new level remains an urgent
problem.

The purpose of the article. Development
of a numerical model for analyzing changes in
groundwater dynamics and quality under the
influence of anthropogenic sources of pollution.

Methodology. The process of groundwater
rise under the influence of a settling pond with
contaminated wastewater is considered. The
groundwater dynamics is described by the
following equation (generalized Boussinesq

equation):
2
AR (LSS Y
ot oy
where h — depth of underground flow; k —
filtration coefficient; 4 — lack of saturation; W —
infiltration rate; hm average depth of
underground flow.
When using equation (1), an aquitard is
assumed to be horizontal.

oh?
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The components of the underground flow
velocity vector are determined on the basis of
Darcy's law:

oh

u=-k—,
OX

vo M

oy

The setting of boundary conditions for
equation (1) is discussed in [3].

Since the wastewater in settling ponds is
contaminated, the infiltration of this wastewater
into groundwater leads to its gradual
contamination. Therefore, when analyzing the
environmental impact of settling ponds, it is
necessary to analyze the process of mass
transfer of contaminants in groundwater. Over
time, these impurities will reach water intakes
from groundwater sources, which will have a
negative impact on public health.

The geomigration equation averaged over
the depth of the groundwater flow is used to
predict groundwater contamination [3—5]:

0S
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where u, v — components of the underground
flow rate; S — concentration of impurities in the
underground flow; O — intensity of impurity
emission into the underground stream; ux, uy —
dispersion  coefficients; n is  porosity
coefficient; ¢ — time.

The position of the emission source
(sedimentation pond) is modeled using the
Dirac delta function &(x—x:)(y—i), where xi, yi —
Cartesian coordinates of the emission source.

The formulation of boundary conditions for
equation (3) is discussed in [4; 5].

Numerical model. For the numerical
integration of modeling equations (1), (3), a
rectangular difference grid is used. The value of
the depth of the underground flow and the
concentration of the impurity is determined in
the middle of the rectangular difference cells.
The components of the filtration flow rate are
determined on the sides of the difference cells.
Markers are used to build the view of the
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computational domain, specify the position of
the pollution source, the location of the river,
etc.

To build a numerical model of the filtration
flow, equation (1) is reduced to the form:

oh oh*  oh?
“o " “m(y*wj’ @
oh

For numerical solution of equation (4), a
difference scheme of total approximation was
used:

first step of splitting:

ne 1 l 1 1
h .2—-h" h +h2 h +h'2
1] I,j:a 2I1j a 2Ijl1
At Ax Ay
- second step of splitting:
1
n+1 n+s n+1 n+1 n+1l n+1
hi,j _hi,j2 _ h|+11 hi,j 4 h. j+1 hi,j
At AX? Ay® ’
where a =

U
For numerical integration Eq. (5) Euler
method was used.
For numerical solution of the geomigration
equation (3), it was split as follows [1]:
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A two-step splitting scheme was used for
numerical solution of equation (6) [1]:
first step of splitting:
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second step of splitting:
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> . Here and further
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the following designation was used: Vt = e

The following two-step splitting scheme
was used for numerical solution of equation (7)

[1]:

first step of splitting:
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2 2

For numerical integration of equation (8),
the Euler method is used.

The computer code WatGE-2 was created
on the basis of the developed numerical models.
The programming language is FORTRAN. The
computer code includes:

1. Wa.DAT - initial data file (entering
information about the size of the calculation
area, the location of the pollution source, the
concentration of the impurity in the wastewater
in the lagoon, etc.);
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2. Wal is a subroutine for calculating the
dynamics of groundwater depth change over
time;

3. Waz2 is a subroutine for calculating the
components of the filtration flow rate;

4. Wa3 — a subroutine for calculating the
change in the concentration of an impurity in
groundwater over time.

The proposed numerical model can be used
for solving the following problems:

1. Modeling ground waters dynamics due
to different factors.

2. Modeling dynamics of ground waters
pollution near storages with wastes.

3. Modeling ground waters pollution after
accident spillages.

4. Modeling ground waters dynamics due
to drainage systems.

Results. Below there are the results of
model problem solving. The following problem
was considered: there is a contamination zone
in ground waters which was formed after the
accident spilling (Fig.2). The underground
water layer had the following parameters: 15 m
was the depth of underground flow at the upper
boundary of the calculation region (boundary
x = 0) and at the low boundary the depth of
underground flow was 11 m; k = 4 m/day;
u =0.2; W=0.001 m/s; ux=0.1u; uy = 0.1v;
S = 100 (dimetsionless concentration).

Dynamics of pollutant zone moving is
shown in Figures 2-4. Time is dimetsionless.
Every number in these Figures show the
imensionless concentration as the persantage
from the maximum comcentration Cmax at this
time step.
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As can be seen from Figures2—4 the
contaminated zone slowly enlarges. It moves to
the low boundary of the calculation region.
Diffusion and convection cause decrease of
impurity concentration in ground waters. It
should be noted that the calculation time for
each variant of the problem was 3 seconds.
Thus, the built numerical models allow us to
quickly analyze changes in the hydrogeological
regime and groundwater pollution. This is very
useful when performing serial calculations in
practice.

Scientific novelty and practical value.
Effective  numerical models for quick
assessment of changes in groundwater
dynamics and quality under the influence of
anthropogenic  sources that change the
hydrological regime are proposed. The
constructed numerical models take into account
a set of important physical factors that affect
the process of geomigration and flooding of the
territory, namely: filtration coefficient, variable
depth of free-flowing groundwater, dispersion,
intensity of the source of impurity emission into
the groundwater flow. This makes it possible to
obtain a comprehensive assessment of the
process of groundwater flooding and
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contamination. A computer code has been
created that allows for the practical use of the
developed models.

Conclusions. 1. A numerical model for
calculating  groundwater  dynamics  was
developed. The model makes it possible to
predict the level of groundwater rise under the
influence of a man-made source of wastewater
infiltration from a pond - a sedimentation tank.

2. A numerical model for calculating the
process of geomigration from an anthropogenic
source of emissions was developed. The model

formation of a contamination zone in a non-
pressure groundwater flow.

3. The constructed numerical models take
into account the most important parameters
affecting the formation of flooding zones and
groundwater contamination.

4. The results of the computational
experiment show that the constructed
mathematical models make it possible to
quickly obtain predictive data for analyzing the
impact of anthropogenic sources on changes in
groundwater quality and their regime.

makes it possible to predict the dynamics of the
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Abstract. Methods of influencing the system, the ultimate goal of which is to destruct the natural structure of the
material, can be divided as mechanical, physical, chemical, biological and complex. The changing the energy state of a
substance is called activation. The current scientific field of ultradispersed materials and physical and chemical
processes caused by dispersion is created by the researches of many scientists. Detailed consideration for the increasing
reactivity of a solid substance compared to the change in its specific surface area during its mechanical activation
showed that the share attributable to the growth of the specific surface area is only a few percent of the mechanical
activation effect. The other part is due to the accumulation of defects in the crystals during the grinding process.
According to the law of conservation of energy, when a crystal splits, the potential energy of interaction between lattice
nodes is transferred to uncompensated surface energy. In addition, the value of the specific surface energy depends on
the type of flat lattice used to split the crystal. Therefore, the activation processes and the application of the substance in
the active state are relevant in the development of modern binders and concretes. The purpose of the article is to
analyse the advantages and disadvantages of the existing methods of influencing the system with the ultimate goal of
destruction of the natural structure of the material to changing the energy state of the substance, i.e. its activation.
Conclusions. During the destruction of solids, the formation of new cleavage surfaces is accompanied by the breaking
of bonds between the substance structural elements and the transition of the potential bond energy into surface energy.
Ceteris paribus, the higher the ionic charges and the smaller the distance between them (between adjacent flat grids in
the lattice), the greater the value of . In addition, the value of the specific surface energy depends on the type of flat
grids used to split the crystal. It is worth mentioning that not all methods of activation for binder and concrete (soluble)
mixtures are currently implemented on an i industry level. This is due to various reasons. The main method of activation
used on an industry level is mechanochemical activation in various types of mills.

Keywords: influence on the system; destruction of the structure; specific surface area; methods of activation
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Amnoranis. CriocoOu BIUIMBY Ha CHCTEMY, KiHIICBA METa SKHX — PyWHYBaHHS MPHPOTHOI CTPYKTYPH MaTrepiany,
MOXHA TIOJITUTH Ha MeXaHi4Hi, Qi3ndHi, XiMi4Hi, 010IOTI4HI i KOMIIEKCHI. 3MiHy €HEPreTHYHOTO CTaHy PEUYOBHHH
MPUIHATO Ha3UBaTH akThBamicto. CydacHUH HAyKOBHH HaNpsM Y Taidy3i OTpUMaHHS yJIbTPAIUCIIEPCHUX MaTepialliB Ta
(hi3UKO-XIMIYHUX TIPOIIECIB, 3yMOBJICHUX AMCIIEPTYBAaHHSAM, CTBOPEHO MNpAISIMH 0aratbox ydeHuX. JleTaabHUil 00JIiK
MiIBUIIEHHS PEAKIiiHOI 3MaTHOCTI TBEPA01 PEYOBHHU MOPIBHIHO31 3MIHOIO BEJIMYMHU HOTO MTUTOMOI MOBEPXHI B XOi
WOT0 MEXaHiuHOI aKTHBAIlii MMOKa3aB, 10 YacTKa, sKa MpUIagac Ha 30UTBIICHHAS] TUTOMOI TIOBEPXHi, CTAHOBUTH JIUIIIE
KiJTbKa BIZICOTKIB BiJ eeKTy MexaHoakTuBallil. Perira mop's3aHa 3 HAKOMUYCHHSIM JIe(EKTIB y KpUCTalaX y MPOIECi

144



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

noapiOHeHHs. BiqmnoBifnHO 3akoHy 30epeXeHHsl eHeprii, NPy pO3KOJIi KPUCTajla NOTEHIIHA eHepris B3aeMoJii By3JIiB
I'paT MEPEeXOaUTh y IOBEPXHEBY HE CKOMIIEHCOBaHy eHeprito. Kpim Toro, BenMuYMHA MHUTOMOI NMOBEPXHEBOi eHepril
3aJIeKHUTh BiJ THUIY IUIOCKMX CITOK, SIKHMH PO3KOJIOEThCS KpucTan. ToMy TNpolecu akTHBalii Ta 3aCTOCYBaHHS
PEUOBHHM B aKTUBHOMY CTaHi 0auuThCSl aKTyaJIbHUMH JUIsi CTBOPEHHS Cy4acHHX B'SDKy4HX Ta OeToHiB. Mema cmammi
— aHaJIi3 IrepeBar i HeJOJNIKIB ICHYIOYMX CHOCO0IB BIUIMBY Ha CHUCTEMY 3 KiHIIEBOIO METOI0 PyWHYBAHHS NPHPOIHOI
CTPYKTYpH MaTepiajily Uil 3MiHH €HEpreTHYHOTO CTaHy PeYOBHHH, TOOTO i aktuBauii. Bucnoexu. Ilpu pyiiHyBaHHI
TBEpPIUX PEUOBHH YTBOPEHHS HOBUX MOBEPXOHBb PO3KONY CYNPOBOKYETHCS PO3PUBOM 3BSI3KIB MK CTPYKTYPHHMH
eJICMEHTAMH PEYOBHHHU Ta MEPEXOJOM IMOTCHIIHHOI eHepril 3B'I3Ky B IMOBEPXHEBY CHEPril0. 3a iHIIMX PiBHUX YMOB
BEIIMYMHH G TUM OiJbIIi, [0 BHII 3apsay 10HIB i MEHINA BiJICTaHh M HUMHU (MK CYCITHIMH TUIOCKUMH CITKaMHU Y
rpatax). Kpim Toro, Benmm4iuHa MUTOMOI TOBEPXHEBOI €HEPTii 3aJI€KUTh BiJl THITY TUIOCKHUX CITOK, IKHMH PO3KOIOETHCS
kpuctan. CIif 3a3HaYUTH, [0 HE BC1 METOAM aKTHBAIil B'SDKYYHX Ta OCTOHHUX (PO3UYMHHUX) CyMillleld Ha JaHWN Yac
BIPOBAJDKEHI y HpoMucioBux Maciirabax. Ile BinmOyBaeTbcs 3 pisHMX npuyuH. OCHOBHHMM METOJ| aKTHBAlii, LIO
3aCTOCOBYETHCS Y IIPOMHCIIOBHX MacIITa0ax, — MEXaHOXIMIYHA aKTUBAIlis Y MITMHAX PI3HOTO THITY.

Kuro4oBi cioBa: gnaus na cucmemy; pyiHy8aHHsa CmpyKmypu; numoma no8epxus, cnocobu akmueayii

Problem  statement. = Methods  of Analysis of publications. The current
influencing the system, the ultimate goal of  scientific field of ultradispersed materials and
which is to destruct the natural structure of the  physical and chemical processes caused by
material, can be divided as mechanical, dispersion is created by the researches of many
physical, chemical, biological and complex.  scientists [1-10].

The changing the energy state of a substance is The process of grinding solids in practice is

called activation. very complicated due to the set of phenomena
The current scientific field of ultradispersed  that accompany it, such as:

materials and physical and chemical processes - mechanical (movement of the grinding

caused by dispersion is created by the device body, the grinder itself, friction in

researches of many scientists. bearings, friction of the material to be crushed
Detailed consideration for the increasing  against the grinding device body, etc);

reactivity of a solid substance compared to the - physical (deformation of the crystal lattice

change in its specific surface area during its  of the material to be grinded without its
mechanical activation showed that the share  significant destruction, heat generation and
attributable to the growth of the specific surface  heating of the particles of the material to be
area is only a few percent of the mechanical  grinded, emission of electrons, etc);

activation effect. The other part is due to the - physical and chemical (breaking of bonds
accumulation of defects in the crystals during  between the lattice nodes, i. e. its destruction,
the grinding process. adsorption of gas molecules and surfactants

According to the law of conservation of  from the environment by the surfaces of the
energy, when a crystal splits, the potential newly formed grains, aggregation of grains
energy of interaction between lattice nodes is  with each other, etc);
transferred to uncompensated surface energy. - chemical phenomena (possible interaction
In addition, the value of the specific surface  of new surfaces with environmental molecules
energy depends on the type of flat lattice used  up to the formation of surface compounds, i. e.
to split the crystal. Therefore, the activation = mechanochemical phenomena).

processes and the application of the substance During the destruction of solids, the
in the active state are relevant in the  formation of new cleavage surfaces is
development of modern binders and concretes. accompanied by the breakdown of bonds

The purpose of the article is to analyse  between the structural elements of the
the advantages and disadvantages of the  substance and the transition of the potential
existing methods of influencing the system with  binding energy into surface energy [11]. The
the ultimate goal of destruction of the natural  presence of surface energy in a solid is caused
structure of the material to changing the energy by the uncompensated force field of ions or the
state of the substance, i.e. its activation. unpaired electron spins on the outer orbitals of
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the atoms of the surface nodes of the substance
(Fig. 1) [11].

The specific surface energy o of a solid is
considered as the total energy reserve of
uncompensated bonds of surface nodes E per
unit area of the grain surface:

o =E/S. (1)

Theoretically, the value of o can be
estimated by knowing the structure of the
crystal lattice of a solid.

During the destruction of solids, which is
accompanied by the appearance of a new
surface, the energy consumption for cleavage is
equal to the amount of surface energy Er = 04S.
Here, o is assumed to be a constant average
value, although it is known that the specific
surface energy is anisotropic.

@7‘
© @0 o
©® o ® 0
o-0<0 ©
® 0 ® 0
©®0 ®

Fig. 1. Position of structural nodes on the surface (1)
and inside (2) [11]

During the crystal cleaves, two cleavage
surfaces are formed, and the new surface for
one lattice node is S = 2a2. Then Ep = o-24? (Ep
is the surface energy). According to the law of
conservation of energy, during the crystal
cleaves, the potential energy of interaction
between lattice nodes is transferred to surface
uncompensated energy (Ep = -Ene) [11].

Ceteris paribus, the higher the ionic charges
and the smaller the distance between them
(between adjacent flat grids in the lattice), the
greater the value of ¢. In addition, the value of
the specific surface energy depends on the type
of flat lattice used to cleave the crystal.

Under external loads approaching the limits
of compressive, tensile, and bending strengths,
the material to be crushed begins to cleave and
cracks appear. The instantaneous cleavage of
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the crushed material into smaller pieces is
unlikely, as it requires a large supply of energy
from the outside to the material.

According to the  Griffiths-Orovan-
Rebinder theory, the destruction of a solid
begins at the points of crystal lattice disruption
(near defects). The local stress concentration
near these defects under mechanical impact
from the outside leads to the formation of
nucleated microcracks, which, as they grow
further, overlap each other and cause the
crushed material to gradually fall to smaller
pieces. Thus, a stepwise destruction of a solid is
more likely to occur. The growth of
microcracks  during  stepwise  material
destruction is no longer unambiguous. As long
as the grain is subjected to stress, microcracks
grow. After the load is temporarily removed
(until the next impact by the grinding media),
the microcracks can partially close (“heal”) due
to the restoration of chemical bonds between
the lattice nodes that have moved away from
each other by a distance slightly exceeding the
interplane distance a. Such self-healing of
microcracks leads to the fact that during
repeated impacts of the grinding bodies, the
grain of the material to be ground has to again
expend additional energy to cleave the healed
microcrack areas [11].

The presence of a large number of broken
(uncompensated) bonds at the surface lattice
nodes in a finely dispersed system leads to
involuntary aggregation of powder grains. The
system tends to reduce its surface energy
reserve due to the partial closure of broken
bonds at the grain contact points. Additional
portions of energy are spent on the destruction
of aggregates throughout the grinding process.

The release of a large quantity of heat
during milling (primarily due to Eupr and Et)
leads to the fact that in the heated material there
is an increase in the thermal mobility of the
structural elements of the lattice (especially the
surface nodes in the grain friction zone). Thus,
during dry milling in closed mills, the
temperature of the ground material reaches
200 °C and above. This can cause a change in
the orientation of the structural elements of the
crystal in the near-surface layer
amorphization. With fine and ultrafine milling,
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the thickness of the amorphized near-surface
layer of grains can be, according to
G.S. Khodakov, 15-16 nm [11].

The process of dispersing materials is
greatly influenced by the background of the
material to be ground and the grinding
environment.

For example, it has been found in practice
that pre-fired materials are crushed much more
efficiently than materials that have not been
heat treated. This might be due to:

-polymorphic transformations accompanied
by a significant change in volume, which
causes cracking;

- rapid, sharp cooling of materials after
firing to normal temperature, which leads to the
emergence of many macro- and microcracks in
them.

In the current conditions of Ukraine, it is
not always economically reasonable to carry
out preliminary heat treatment of raw materials,
but there are raw materials of technogenic
origin in the country that have undergone
certain heat treatment at the stage of obtaining
the main product and, accordingly, can be used
effectively in the future.

Grinding (milling) of the material can be
carried out in different environments, mainly in
air — this is dry milling and in liquid — wet
milling.

During dry milling, the high activity of the
newly created surfaces (uncompensated broken
bonds) causes them to affect gas molecules in
the environment, which contributes to the
adsorption of these molecules on the surface of
the material being ground. The most easily
adsorbed water molecules are H20, as they
have a large dipole moment. Adsorption of H20
leads to surface interaction of water molecules
with solid particles (electrostatic, orientational
dispersion interaction, through hydrogen
bonds), which causes partial compensation of
broken bonds and a decrease in the level of
surface energy [11].

Therefore, dry milling results in strong
heating of the material to be ground (up to
200 °C and above), desorption of H20
molecules from the grain surface, and
amorphisation of the layers of near-surface
grains (at a depth of 15-16 nm).

During wet milling, the picture is different.
In the process of stepwise destruction of solids
(development of microcracks), H20 molecules,
penetrating into microcracks, prevent the
reverse closure (cohesion) of the bonds
between the lattice nodes when the load is
temporarily removed, thereby reducing the
probability of self-healing of cracks and energy
consumption for this unproductive activity
(Fig. 2).
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Fig. 2. Scheme of penetration of H,O molecules into a microcrack [11]: a — microcrack; b — microcrack healing
in the absence of liquid; ¢ — penetration of H,O molecules into the microcrack

Water forms fairly dense polymolecular
shells up to 1-10 nm thick on the surface of the
material to be ground. These shells have elastic
properties that vary with their thickness. The
water molecules in such shells are oriented to
the grain surface. Such water has a high density
(from 1.2 to 2.4 g/cm?), a low heat capacity and
freezes at -78 °C. As the water moves away
from the grain surface, it gradually becomes

ordinary free water, which determines the
fluidity of the suspension [11].

The interaction of water with the surface
nodes of the grains (adhesion) causes a
decrease in the surface energy level from oo (in
a vacuum) to otzn. (in liquid) [11].

The presence of water shells around the
grains sharply reduces the friction between the
grains (water acts as a lubricant), grain
aggregation, and thus its heating during milling.
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The amorphisation of the surface areas of the
grains  also  decreases  (according to
G.S. Khodakov, the thickness of the
amorphised layer in this case is 1.6—2.0 nm).
This means that during wet milling, the
deformation of the lattice and its cleavage

account for a larger proportion of the energy
supplied to the solid than during dry milling,
which makes it possible to increase the
efficiency of the grinding process several times
and reduce the specific energy consumption for
milling.

Methods of activation for binder and concrete (soluble) mixtures

Table 1

Ne

Method
n/n

Technological characteristics

Advantages

Disadvantages

1 Chemical additives

Modification of compositions

A wide range of modifiable
compositions

High cost

Introduction of

Formation of additional
crystallisation centres and

Densification of the cement

Limited range of

2 surfactants [16; 17] | stimulation of secondary formation stone structure application
growth
3 Grinding of binder Different types of mills — ball, simplicit High energy
in a mill [18—-21] vibration, vario-planetary, etc. plicity consumption
The hydration process is Minimum volume
4 Liquid-phase Mechanical influence produced in more complete, and of mixture
mechano-activation the rotary-pulsation apparatus rheological characteristics -
. loading per cycle
are improved
5 Magnetlc_actlvatlon Magnetic treatment of water Energy efficiency Exp_enswe
of kneading water equipment

Hydrodynamic
6 activation [22; 23]

Synergistic effect of physical and
chemical processes occurring in the
flow of moving water, such as
aeration, cavitation (cold boiling),
collapse and coagulation

Converting water-dissolved
substances into insoluble
ones with their subsequent
removal

Relatively low
efficiency

Significant change in the

Treatment with Applying a constant field of high e -
hi ionic composition of the .

7 igh-voltage voltage to water-cement systems suspension and the Technological

electric discharges leads to the phenomena of water . complexity

. - . appearance of polarized
[24; 25] electrolysis and electrophoresis .
groups in water
. . . . Significant improvement in
8 Electr(_)-physmal Electromagnetic action (s_ometlmes the elastic strength of High costs
activation followed by steaming)
concrete
Absorption of energy of
9 Microwave _electromagnetlc fields of the b High speed of the Expensive
(dielectric) heating microwave (HF or UHF). range by technological process equipment
the material and conversion of this
energy into thermal
10 | Thermal activation Heating followe_d by cooling Relatlve_ly simple and High costs
according to various schemes effective method
Ultrasonic The effect of cavitation, solid-phase R .

S - - Intensification of cement High energy

11 treatment grinding, formation of microdefects hvdration processes consumotion
[15; 26; 27] in crystals is caused Y P P

Thermo-acoustic

12 activation

The dough is pretreated in an aero-
hydrodynamic activator, then mixed
with aggregates and heated to a
temperature of 60-65°C before
placing

Strength increases
by 1.5 times

Processing
complexity

The grinding of materials is even more
efficient in the presence of surfactants, which
are organic substances that can selectively
adsorb to the surface of solid grains, displacing
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the previously bound water adhesive film. Such
surfactants are fatty acids with rather large
hydrocarbon radicals, fatty acid salts (soaps),
sulfonic acids and their salts, alcohols, amines,
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etc. During the adsorption of these molecules,
the surface energy of the solid particles
decreases more than during the adsorption of
water molecules.

It is considered that surfactants used as
additives in small quantities can serve as
regulators of the properties of concentrated
mineral dispersions.

The use of surfactants can reduce the
milling duration. Surfactants, displacing bound
water from the surface of solid particles and
converting it into free water, increase the
fluidity of the suspension and allow reducing
the moisture content of the latter by 3-5 %
while maintaining the required fluidity of the
system [11].

K.K. Strelov and P.S. Mamykin call such
substances hardening reducers (substances that
facilitate  deformation and  mechanical
destruction of solids) [12]. During the milling
of materials in the presence of hardness
reducers, two processes occur simultaneously:
first, hardness reducers, adsorbing on solid
particles, cause a decrease in the elasticity,
yield strength and strength limits and thus
facilitate milling; second, the liquid, penetrating
into the microcracks of the pre-crushing zone,
unwinds the pressure on the crack walls
(capillary phenomena of the 2nd type).
Hardness reducing agents — surfactants — can
be aqueous solutions of many mineral salts:
sodium chloride, calcium, magnesium and
aluminium chloride salts, silicates or organic
surfactants in the form of true or colloidal
solutions, for example, soap in alkaline
solution, etc [12].

One of the most effective methods of
regulating the structural and mechanical
properties of mineral dispersions is their
chemical activation, which consists in
introducing acids, alkalis, surfactants, or water-
soluble polymers into the dispersed system
[13-15].

The methods of activation for binder and
concrete mixtures are structured in Table 1.

It should be mentioned that not all of these
methods are currently implemented on an
industrial level. This is due to various reasons.
In particular, methods such as microwave
heating, ultrasonic treatment and
thermoacoustic  activation are not yet
sufficiently investugated and, consequently,
industrial activators are not yet available.
Methods such as electrophysical activation and
heat treatment are quite energy-consuming, so
manufacturers are in no hurry to implement
them. It can be concluded that the main
activation method used on an industrial level is
mechanochemical activation in various types of
mills.

Conclusions

Methods of influencing the system, the
ultimate goal of which is to destruct the natural
structure of the material, can be divided as
mechanical, physical, chemical, biological and
complex. The changing the energy state of a
substance is called activation.

During the destruction of solids, the
formation of new cleavage surfaces is
accompanied by the breakdown of bonds
between the structural elements of the
substance and the transition of the potential
binding energy into surface energy

The specific surface energy o of a solid is
considered as the total energy reserve of
uncompensated bonds of surface nodes E per
unit area of the grain surface:

Ceteris paribus, the higher the ionic charges
and the smaller the distance between them
(between adjacent flat grids in the lattice), the
greater the value of o. In addition, the value of
the specific surface energy depends on the type
of flat grids used to split the crystal.

It should be mentioned that not all methods
of activation for binder and concrete (soluble)
mixtures are currently implemented on an
industrial level. This is due to various reasons.
The main activation method used on an
industrial level is mechanochemical activation
in various types of mills.
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FOR RADONOMETRY OF BOTTOM SEDIMENTS
ON THE SEA SHELF DURING RESEARCH AT SHORE NPP SITES
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Abstract. Problem statement. Along with other natural gases that are freely discharged into the atmosphere in
tectonic fault zones in Earth’s crust, the best-known one is the radioactive gas Radon (22Rn). The properties of this gas,
namely inertness, short half-life period (up to 3.8 days) and availability of progeny distinguish it from other gases, such
as methane, hydrogen, helium, etc. Another problem is determining the activity of tectonic faults identified by seismic
exploration works in the waters near sites of future shore NPPs or those under construction. All the existing devices for
offshore works were analyzed. Their advantages and disadvantages, as well as their suitability for radon research, have
been revealed. Purpose of the article. In the paper, the need is substantiated to introduce radonometry for
seismotectonic studies at shore NPP sites located in the sea and ocean shelf zones. Conclusions and results. As a result
of analyzing the systems available for these purposes, it was deemed necessary to develop new types of devices
different from the already existing ones and, for good measure, experimental prototypes. Moreover, there have been
proposed their possible layout schemes. Layout schemes of specialized devices for radon research on the shelf, just as
the need for such research, have been proposed and justified for the first time. Offshore radonometry conducted to
identify the tectonic activity of revealed fault zones can become another additional factor that increases the operational
reliability of future NPPs and, first of all, their hydraulic structures.
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Anorauis. Ilocmanogéka npoonemu. llopsn 3 IHIIAMU TPUPOTHUMH Ta3aMH, IO BITFHO PO3BAaHTAXKYIOTHCSA B
atMoc(epy B 30HaX TEKTOHIYHHMX PO3JOMIB 3€MHOI KOpHW, HaHOLIbLI BimoMuil pamioakTuBHUE pagoH (**?Rn). Taki
BJIACTHBOCTI 1IbOTO Ta3y SK IHEPTHICTh, Manuii mepion miBposmaay (mo 3,8 mi0) Ta HasABHICTH NOYIPHIX MPOIYKTIB
po3many BUAUIAIOTH MOTO Cepejl IHIIMX ra3iB, TaKUX sSK METaH, BOJCHb, Telii Ta iH. [HIIOK MpOOIEMOI CTajIo
BH3HAUCHHSl aKTHBHOCTI BHSBJICHUX CEHCMOPO3BIJKOIO TEKTOHIYHHX PO3JIOMIB Ha akBaTopil MoOimM3y MaljaHuuKiB
MaiibytHix abo AEC, mo Oynyiorscs (OeperoBoro Twmiry). IlpoaHanmizoBaHO Bci iCHyroYl NMpUCTPOi it poOOTH B
aKBaTOpisfX. BusBIEHO X mepeBarH Ta HEOONIKH, SK 1 NPUIATHICTH Ui IOCHIKEHb panoHy. Mema cmammi.
OOTpYHTOBYETHCS HEOOXITHICTE 3aIpOBaPKEHHS PaJOHOMETPIi sl CEHCMOTEKTOHIYHHUX OCIIKEHb Ha MalilaHInKax
AEC GeperoBoro THIly, pO3TallOBaHMX y IIeab(pOBi 30HI MOpIiB Ta okeaHiB. Bucnoexku. B pesynpraTi aHamizy
ICHYIOUHMX CHCTEM JJIS IHX IIiJIe BU3HAHO HEOOX1THUM pO3pOOHUTH MPUCTPOi HOBOTO THITY, BiIMiHHI BiJl iCHYIOUHX 1 10O
TOTO K TOCTIAHUX 3pa3KiB. Takox 3alpoOrOHOBAHO MOXIIMBI KOMIOHYBAJIbHI CXEMH MPUCTPOIB HOBOTO THITy. Bmeprie
3alpOIMOHOBAHO KOMIIOHYBAJIbHI CXEMH CIEMialdi30BaHUX MPHUCTPOIB UIA PAaJOHOBUX JOCITI[KEHb Ha Imenb(i.
OOrpyHTOBaHO HEOOXIJHICTh MOMIOHMX HOCHTIKeHb. [IpoBeleHHs pamoHOMETpii B akBaTopii 3 METOI BHSBJICHHS
TEKTOHIYHOT aKTMBHOCTI BHSIBIICHHX PO3JIOMHHX 30H MOXKE CTaTW 11 OJAHUM JOJATKOBUM (HaKTOPOM, IO MiJBHUILYE
eKCIUTyaTaliiny HaiitHicTh MaiioyTHiXx AEC, B nepury yepry — iX rijpoOTeXHIYHUX CIIOPY.

Kuouosi cnoBa: AEC, padon, indcenepri UULYKYB8AHHA, PAOOHOMEMPIsL, NIOBOOHUL anapam

Formulation of the problem. Along with  objectives and tasks is a method of structural
other natural gases that are freely discharged  thermal-and-atmospheric and hydro-
into the atmosphere in tectonic fault zones in  geochemical investigations developed and used
Earth’s crust, the best-known one is the Dby the Marine Research Department of the
radioactive gas Radon (*?2Rn). The properties  Institute of Geological Sciences (IGS) of the
of this gas, namely inertness, short half-life ~ National Academy of Sciences of Ukraine
period (up to 3.8 days) and availability of  (NASU) [9]. Nevertheless, despite numerous
progeny distinguish it from other gases, such as  facts of quite successful application of this
methane, hydrogen, helium, etc. These  method, radon has so far received undeservedly
properties of radon served as the basis for its little attention as a possible indicator of changes
use as one of the available indicators in in the stressed state of subsoil at sites of nuclear
establishing the activity rate of tectonic fault  power plants being designed, under
zones, especially at nuclear power plant sites  construction and in operation. This was
[1]. During numerous field studies in the  especially true for measurements of radon
70—80s of the last century, a direct connection  concentrations in groundwater, where the
was established between the intensity of radon ~ method of measuring radon in groundwater for
anomalies and geodynamic processes in  the purposes of geodynamic and earthquake
tectonic fault zones. This phenomenon served  forecast has yet to prove its value, although
as the basis to start up a fundamentally new individual studies in this area have still been
direction of applied research in the field of  carried out [3; 4].
engineering geology: — structural geodynamic Another problem is determining the
mapping (SGM) [2]. A method being similar in  activity of tectonic faults identified by seismic
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exploration works in the waters near sites of
future shore NPPs or those under construction.
That is, the matter is radon measurements in
bottom sediments in the sea and ocean shelf
waters above fault zones, as well as large
storage reservoirs and lakes. It should be noted
that according to the number of publications,
radon measurements in the marine environment
were actively carried out in the 60—70s of the
previous century, but after that period the
interest in this area decreased significantly. The
problem of measuring radon in bottom
sediments on the shelf for the purposes of
seismotectonics, when choosing sites for
nuclear power plants, is generally quite new
and associated, unlike determining radon on
land, with a number of objective technical
difficulties, given the depth of upcoming
investigations. This paper is devoted to this
topic.

The purpose of the article. In the paper,
the need is substantiated to introduce
radonometry for seismotectonic studies at shore
NPP sites located in the sea and ocean shelf
Zones.

Materials and Methods. Methods used at
shallow depths near the coastline are described
in a number of papers [5; 7; 15]. In such
studies, bottom sediments are collected using a
bucket sampler or a tubular gravity column,
with a subsequent complex process of
determining the radon concentration in pore
fluid or soil particles directly on the ship or in
an onshore laboratory. Certainly, such
determinations are discrete and such technology
is far from optimal one existing for mass
determinations during surveys.

A different way was chosen by a number
of researchers, in particular that for the in-situ
continuous determination of radon
concentrations in the water of submarine
sources [6]. For example, one such system
consists of a submerged module using a
commercial radon sensor with a pulsed
ionization chamber and gas separation
membrane module to provide high accuracy
and high resolution. In operating mode, water is
continuously pumped through a membrane
contactor, in which radon dissolved in water is
degassed and balanced by a closed air circuit.
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The membrane physically separates water and
air.  Further, after dehumidification, the
balanced air is directed to an active radon
detector. Two back valves and a water leakage
detector prevent unexpected reverse flow. The
detector monitors the temperature, humidity
and pressure in the inner chamber. The
submerged module can be powered by either a
12V-battery or an external AC power supply
via an eight-wire waterproof cable. The
maximum power consumption is ~33 W when
the water and air pumps are running. Once
communication is established between the
underwater detection unit and shore-monitoring
module, no additional intervention of the
operator will be required. Data collection (no
more than one minute) can be programmed for
any user-desired integration interval, depending
on the expected radon concentration in samples.
For each time step, the user receives data on
radon activity, temperature, humidity and
pressure, which are automatically stored in a
memory device inside the shore monitoring
module. Data set transmission, as well as
system management, can be controlled using
the Wi-Fi-based remote terminals. This
experimental setup uses proprietary software to
visually monitor changes in radon activity on a
real-time basis from a remote laboratory
located 20 km away. During the tests, the
installation ~ operated  continuously  over
100 hours. However, this case also touched
shallow depths (up to 2.5 m), although the
creators of the system claimed that it could
operate at depths of up to 40 m and even be part
of an autonomous underwater vehicle. In
addition, the described device is a purely
experimental installation,  consisting  of
commercially available components, and
moreover, requiring the presence of a coastal
stationary base, which limits the offshore
survey area. As it was revealed when testing,
the turbid water can clog the membrane
relatively quickly and, therefore, contactors
typically require the rather clean water with a
low concentration of suspended solids, which in
itself is unlikely in near-bottom conditions, and
even more in the bottom environment. To
reduce the likelihood of clogging the extraction
module with suspended solids while in
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operation, a pre-filtration device with a 45 mm-
microfilter was installed at the water inlet to the
submerged module system. In some situations,
it was found necessary to install a multi-stage
filtration, which seriously complicates and
increases the cost of a purely experimental
design. Other devices of this kind were
developed.

Some attempts have also been made to
measure radon activity in situ using the
underwater gamma counters based on Nal (TI)
scintillators or HPGe (high-purity germanium)
detectors. However, Nal (TI) applications have
high background and low resolution, and HPGe
systems are too expensive. There is evidence of
using KATERINA-type sensor devices in water
areas, which take into account the activity of
radon  progeny (214Pb, 214Bi) [16].
Nevertheless, the significant dimensions of
devices do not yet allow them to be deepened
into bottom sediments by more than a few
centimeters.

It should be noted that individual elements

of such modules were created in the

Department of Geo-Ecology and Exploratory
Research of the Institute of Geological Sciences
of the National Academy of Sciences of
Ukraine. An application no. a 201509394 dd.
30.09.2015 was submitted to obtain a patent of
Ukraine for one of these devices: a
bathometer-degasser (see Fig. 1). Actually, it
has undergone the formal examination No.
2064/38/16 dd. 28.01.2016 [8]. However, in
addition to unsolved technical problems, the
seawater samples were collected and degassed
for various purposes by a device developed
under the guidance of the Institute of
Geological Sciences of the National Academy
of Sciences of Ukraine (PDBK-2M), and this
was only done from the bottom water, and not
from the layer of sediments, i.e. the resulting
values were initially subject to a number of
disturbing factors and distortions. The device
itself  needed some correcting  works.
Notwithstanding, it is also possible to develop
other design schemes (Fig. 1).

P e e

Fig. 1. Geological complex for studying water bottoms (including additional elements: 1 — sealed body, 2, 3 — upper
and lower parts of the body, 4 — rod, 5 — platform, 6 — flange, 7, 8 — upper and lower parts of the guide bushing,

9, 10 — sampler-degasser valves,11 — cargo,12 — pressure compensator, 13 — device for changing the sample volume,
14 — gas tap, 15 — water tap,16 — hook kicker, 17 — water intake, 18 — filter, 19 — stock, 20 — plate rectangular-
trapezoidal consoles, 21 — fixing holes, 22 — stabilizers, 23 — geological meter, 24 — bottom soil sampler, 25, 26 — shock
absorber, 27 — axis, 28 — cheeks, 29 — bracket, 30 — loop, 31 — additional console, 32 — bushing, 33 — counterweight,
34 —flexible cable, 46 — tap. The photo is taken from publicly available sources
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In particular, it is a known fact that there
exist two patents for similar sampling systems
based on the multi-chamber syringe-type boxes:
the US patent 2006090894 MIIK E21B 49/08,
and the RU patent (11) 2 446 388(13) C1 (see
Fig. 2, 3). However, the analysis of samples in
all cases was carried out already on the surface.

24

Fig. 2. Scheme of a probe for sampling pore fluid from
bottom sediments:1 — sampling tube; 2 — water inlet;
3 — filter; 4 — solenoid valve; 5 — hose for connecting

syringes; 6 — syringes; 7 — spring-loaded locks;

8 — pressure control device; 9 — stoppers for full travel of
syringe stocks with limit switches; 10 — connector joining
electrical components of the sealed container via the
cable-cord 11 with the control unit (not shown in
Figure); 12 — sealed container body; 13 — immersion
mechanism. The photo is taken from publicly available
sources

probe

probe tip

"

Fig. 3. Probe for sampling pore water from bottom
sediments. (The photo is taken from publicly available
sources)
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Research results. Thus, based on the
aforementioned with a view to solve problems
of seismotectonics, one can talk about creating
a submerged laboratory module with a sealed
chamber, capable to operate at depths of up to
200 m. The module is lowered to a point either
independently or from on board a research
vessel (i. e., an instrument of the so-called inert
type). Power supply sources are located on the
platform. However, the option of supplying
power via a cable from the surface cannot be
ruled out. The operation of the module at the
bottom can be controlled by autonomous small-
sized submersible robotic platforms. The inert-
type module can consist of the following basic
components:

- a platform with a sealed instrument
capsule and a sluice device for the forced
overboard discharge (as an option) of an
already studied portion of pore water at depth,
and a system for pipeline purging from high-
pressure air cylinders, and a system for
stabilizing /reducing pressure in the capsule
body, and membrane filters, and an energy
supply system, and a radon-content analysis
unit of selected configuration (with a pulse
ionization chamber, or with the use of
underwater gamma counters based on Nal (TI)
scintillators, or HPGe-detectors). In the latter
case, the introduction of a gamma counter into
the bottom soil is possible when it is placed in
the lower part of the auger column modified for
marine conditions of the so-called sound
procedure installation. It is also possible to
appropriately use the modified commercial
radon detectors, such as RAD7
(https://durridge.com) or RTM-1688 (SARAD
GmbH), although there is no information about
the use of these devices on underwater vehicles
at sea depths of up to 200 m;

- a sampling device for collecting water
samples in the environment of bottom
sediments (a press-in type probe with a cone
tip, or a rotary auger type probe additionally
equipped, if necessary, with a gamma counter).
The submersible device can be either built into
a sealed capsule or externally coupled with it. It
must be structurally possible to collect and
store the pore fluid samples at 2 horizons as a



VkpaiHcbkuil )KypHan OyaiBHHLTBA Ta apxitektypH, Ne 2 (020), 2024 p., ISSN 2710-0367 (print), ISSN 2710-0375 (online)

minimum, in depth of submerging the probe at
a specific point;

- a system for stabilizing and anchoring the
platform (in the case of a lightweight structure),
as well as preventing the overturn or lurch;

- a weighting load with the possibility of its
separation in emergency cases (reinforced
concrete structures, cast iron shot or ingots);
lighting, video surveillance
communication systems.

In particular, a modified platform for the
seabed cone penetration testing at depths of up
to 300 m, for example ROSON 100 (see Fig. 4)
manufactured by the Dutch company “A.P. van
den Berg” [10], can be used as a basis. But the
cone probe for CPT in this platform must be
adapted to sample pore fluid when pressed-in
exactly at the desired level, i.e. equipped with a
solenoid valve. The diameter of the probe itself
can be increased, since it is very difficult to
create a similar system with valves and with a
standard CTP-probe diameter of 36 mm. It is
the pressed-in probe or otherwise submerged
one, for example the drilled-in probe, that will
presumably be the most complex part of this
device.

and

R

Fig. 4. Underwater CPT- penetrometer. The photo is
taken from publicly available sources
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In addition to the system for collecting and
analyzing the pore water samples for radon, the
platform itself can be equipped with auxiliary
sensors (including a gas chromatography unit),
which will significantly expand the list of
recorded parameters, although it will lead to an
inevitable increase in the cost of the entire
system. However, a combined option is also
possible, when the sampling system is installed
on the platform in addition to the main CPT-
equipment. A sampler for pore fluid from loose
bottom sediments should initially ensure
sampling from depths of at least 0.5-1 m below
the reference seabed point. The converted
bottom stations from LDEO and SIO
Companies (USA), or ones similar to them, can
also be considered as a basis.

For obvious reasons, the autonomous
option will be much more complicated and
expensive, because it must be additionally
equipped with an ascent-submergence system, a
point stabilization system, and a radar for
determining the thickness of bottom sediments
and their material composition, as well as an
orientation system and drop weight. Moreover,
there must be provided means to search for an
emersed vehicle, made in the shape of a
flashing beacon and/or an active radar reflector.
Also, as in the inert version, it is possible to
combine such a platform with other equipment-
specific complexes for studying bottom
sediments of marine areas [11]. The option of
equipping submerged modules of both types
with radon analyzers based on HPGe or other
types cannot be ruled out, even despite its high
cost. However, in a technical sense, this option
will most likely be much easier to implement in
practice.

As an intermediate option, a battery-type
submersible ampulized system can be
proposed. In this case, after sampling at
selected points in the shelf area, ampoules filled
with pore fluid rise to the surface along with the
platform, or float to the surface in the certain
sequence, as they are filled, with the help of
additional equipment. As soon as they are
delivered on board the vessel, they will
immediately be sent to the laboratory for
analysis. As a matter of course, the floating part
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is equipped with a detection device (a flashing
light and a radio signal for direction finding).

It is certain that when using devices of both
types, there is a necessity to take into account
not only the topography and structure of
seabed, but also the composition and thickness
of bottom sediments. The presence of the silt
thick mass of soupy consistency will be an
obstacle to the planned measurements. In such
cases, an indirect additional option for solving
this problem can be the use of modules for
continuous registration of radon in the near-
bottom part of the shelf, located on the so-
called gliders [12-14]. In particular,
determining the radon content in the near-
bottom part of the shelf may allow roughly
outlining the tectonic disturbance at the stage of
preliminary searches, especially that in the
active phase, certainly if the “picture” is not
distorted by gas seeps, near-bottom flows or
submarines sources. However, the disadvantage
of this scheme is the revealed sharp difference
in the radon content within the bottom sea
waters and bottom sediments.

Scientific  Novelty and  Practical
Significance. When conducting surveys at
shore NPP sites, it is necessary, apart from
radonometry on land, to carry out similar works
in the water area, which, however, is associated
with a number of difficulties of both technical
and methodological nature.

It is recognized that for radonometry of the
shelf zone conducted with the aim of
seismotectonics during the construction of
shore NPPs, equipment of a completely
different type is required, alternatively to
numerous existing installations used in
oceanology and marine geology. Although, it is
quite acceptable to use individual components
of available devices that have been already
tested. The possible schemes for such devices
have been proposed.

Radonometry in the water area to identify
the tectonic activity of discovered fault zones
can become another additional factor that
increases the operational reliability of future
nuclear power plants.
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Conclusion

When conducting surveys at shore NPP
sites, it is necessary, apart from radonometry on
land, to carry out works in the water area.

For radonometry of the shelf zone in the
aims of seismotectonics, it is necessary to have
equipment of a completely different type
alternatively to numerous existing installations
used in oceanology and marine geology. The
platform of such a device can be of either active
(self-propelled) or passive type (connected to
the vessel). The instrumentation can be based
both on existing commercial components that
are already used, and on newly created
overspecialized devices. The own schemes of
such devices have been proposed.

For works in water areas, it also seems
necessary to make adjustments to the
methodology of such research, especially with
regard to determining the activity of tectonic
faults by radonometry methods, if they will be
identified in the study area. It is not
inconceivable that the version of the universal
scale of tectonic fault activity in Earth’s crust
developed for land can be adjusted for the
conditions of water areas.

However, there is no doubt that
radonometry in water areas to identify the
tectonic activity of discovered fault zones can
become another additional factor that increases
the safety of sites and, as a consequence, the
operational reliability of both nuclear power
plants under construction and those already in
operation. Moreover, such research is primarily
required for sites located in highly seismic
regions.
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