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JIT «HaykoBo-gocmigHuii iHcTUTYT Oy/I1iBeIbBHOTO BUPOOHUITBaY, M. KuiB

METOJMNKA JOCJIIZKEHHA OBCATIB HUKJIY IHCTPYMEHTAJIbHUX
CIIOCTEPE;KEHD ¥ CKJAJI OPTAHI3AIIIMHO-TEXHOJIOTTYHNX IIOKA3HHUKIB

BUMIPIOBAJIbHUX POBIT

Anomauis. O6rpynmosano memoouxy 6UKOHAHHSA 00CTIONCeHb 00C2I68 UUKTY THCMPYMEHMATLHUX
cnocmepedcety 3a Cmarom npuneiux 0o Hoeooydosu Oydisein y ckiadi Opeanisauilino-mexHoL0zi-
HUX NOKASHUKIG BUMIPIOBATLHUX POOIM.

Hassnicmv mpiwun y 6yoiseivnux enemMenmax 3yMosiioe HeoOXIOHICMb CNOCEPeHceHs 34 HUMI,
wo nepedbauac nooiienHs KOHCMPYKUTL, o 3a3HAE He2amuUsH020 BNIUGY 610 HOBOOYO0BU, HA YMOBHO
HCOPCMKL LIAHKIU 3 NOCIAOTEHUMU B3AEMHUMU KOHCIPYKMUBHUMU 36 SI3KAMU MA GUAGTAE NOMPedy
BUHAUEHHS. KLILKOCIE MA MICUb POIMAULYBANHS MAPOK (KOHMPOLbOBAHUX MOUOK) 0N KONCHOZO
enemenmy. Kinvxicmv ma micus posmaulyeanms KOHmMpoibo8anux mouox eniusaomy Ha o00cseu
POOIM UUKIY THCMPYMEHMATLHUX Cnocmepexcers 0lis Oydisen, npuieziux 00 H06020 OydieHuymea.
3anpononosano nNpuHUUN PO3MiUEHHS MOYOK CNOCMEPEHCEHHS. HA KOMCHILL YMOBHO IHCOPCMKILL
dinsinui, 0nst sixoi nepedbauaemvcs 36epeicents NIOUUHIL T 6CT MOYKU PYXAIOMbCS K €0Une yine.
Busnaueno, wo mouku cnocmepedcenns nio uac sumiprosanus degopmayii (mpiwunoymeopens)
Mae Oymu po3Miweno Ha nepemuni iinii, wo npoeedeni uepes MouKi CnOCMePereHHs CYMINCHUX
YMOBHO JCOPCMKUX eflemenmie OYOieni 6I0HOCHO HASGHOT Mpiwuny, a nid 4ac eUMiplosanis oe-
Gopmauiic (npocidanns i kpenu) — 6e3nocepednvo 8 MOUKAX CHOCMEPENCeHHS CYMINCHUX YMOBHO
AHCOPCMKUX eNlemenmie OYoi6ii.

Kniouoei cnoea: memoouxa, incmpymenmanvii cnocmepexcenns, npunieeni 0Oyoieui,

10600y0o06a, depopmauii, po3mauyeanns mouox cnocmepexicents.

ITocranoBka npob6iemu. Bynisenbri pobo-
TH B YMOBax YIIiJIbHEHOI 3a0yI0BU CIIPUYMHS-
I0Th /I0JJaATKOBI HaBaHTa)KEHHSI HA KOHCTPYKILii
00’€KTIB, 110 3HAXOATHCS Y 30Hi BILIMBY HOBOTO
OynmiBuuirsa. Ilig yac OyAiBHMIITBA Ta €KCILTY-
arailii 6araTomoBepXoBUX OYAMHKIB BUHMKAIOTh
nedopmariii, SKi TPUBBOAATH 0 YaCTKOBOTO
pyHHYBaHHSI HasiBHUX OYINHKIB, 1[0 TIOTPAMUIN
y 30HY BILIMBY 00’¢KTa OyiBHUI[TBA. Benunna
Takux JedopMalliii 3yMoBJieHa XapaKTepuCTH-
KOIO TPYHTOBOI OCHOBHU OY/iBEJBHOTO MaiijiaH-
YuKa Ta TPUJIErJIOl TePUTOPil, BIACTAHHIO Bijl
HOBOTO 00’€KTa /10 HAsIBHUX Oy/iBeJb, TEXHid-
HUX XapaKTePUCTHK 00’€KTa Ta TEXHOJOTIl HOTo
3BeJIEHHS.

3abesredeHHs PUIATHOTO eKCILTyaTaliiiHo-
ro crany OyiBesib y 30HI BILIMBY HOBOro Oy-
JIBHUIITBA MIJISIXOM BUKOPHUCTaHHS e(peKTUBHOI
CUCTEMHU CBOEYACHOTO BUSIBJIEHHS TPAHUYHUX
nedopmartiiii Ta TonepesKeHHsT YTBOPEHHS TI0-

IMTKO/KEHh HAssBHUX OyiBeJb € aKTyaJbHOIO
TEXHIKO-eKOHOMIYHOIO TPOOIEMOIO.

Metoo crarti € OOIpYHTYBAaHHSI METO/H-
KN BUKOHAHHSI JIOCJi/UKeHb 00CATIB UKy iH-
CTPYMEHTAJIBHUX ~CIOCTEPEKEHb 33 CTAaHOM
HPUJIErJIUX 0 HOBOOYZOBU OyiBesnb y CKuasi
OpraHi3alliiitHO-TeXHOJOTIYHUX TTOKa3HUKIB BU-
MipIOBaJIbHUX POOIT.

AHasi3 ocraHHiX AOCHKeHb. [Iurannam iH-
CTPYMEHTAJbHUX CIIOCTEPeKeHb 32 TeXHIYHIM
cTaHoOM Oy/1iBeIb, IO 3HAXOJSATHCS B 30Hi BILIABY
HOBOTO OY/liBHUIITBA, PUCBSYEHO POOOTH BiTUM3-
HSTHUX 1 3apyOisKHUX BUEHHX B TaTy3i TEXHOJIOTii
Ta oprasizaiii 6yaisaunTsa. Tak, O.M. Ocumnosum
[1] po3pobiiero METOAMKY OIIHKY YHHHIKIB BILIN-
BY Ha MapaMeTpy TeXHOJIOTTYHUX TIPOLIECIB TIiJT Yac
BJIAIITYBAaHHS (PYHTAMEHTIB B yMOBaX YIIiIbHEHOI
3a0y10BU. BHUCBIT/IEHO TIPOIIECH PO3BUTKY MOIIKO-
JUKeHb Ta iX BIUIMB HAa 3MiHY TEXHIYHOTO CTaHY
PO3TALIOBAHKX MOPYY OYiBeJIbHUX 00 EKTIB.
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TexuiuHi acrekTH HassBHUX Oy/IiBesb BUCBIT-
aeno y mpamgx [.B. [ymakosa [2]. A./l. €cu-
IeHKO [3] aocaizkeHo opraHizaliifHo-TeXHOJI0-
IYHi CHCTeMU MOHITOPUHTY TEXHIYHOTO CTaHy
Ta eKCILIyaTalliiiHOTro 3HOCY eJIeMEHTIB Oy/IiBesb
Ta iHkeHepHux Mepexx. M.J. Bryn [4] naBoautsb
METOJINKY Te0/Ie3NYHOTO MOHITOPUHTY medop-
Malliii 3a0y10BH, TPHUJIETJIOL 10 AiJTSHKHA HOBOTO
OyAiBHUIITBA Mi3eMHUX CIIOPYIL.

Pesyabratu mocaimkens. [Ipuniun Busna-
YeHHSd KOHCTPYKTHUBHOI JIOCTATHOCTI CIOCTe-
PEKeHb 3a TeOMETPHYHUMHK ITapaMeTpaMu Oy-
fiBeJb PO3IJISTHYTO B poboTi [5], me BKasaHo,
[0 KOHCTPYKTHBHA JOCTATHICTH (IIPOCTOPOBA
perpeseHTaTUBHICTh, TOOTO 3[aTHICTH BHOIP-
KOBOI CYKYITHOCTI BiZITBOPIOBATU OCHOBHI Xa-
PaKTEepUCTUKKM TeHepasJbHOI CYKYIHOCTI) 3a-
Ge31euy€eThCsl HE CTIIBKU BEIUKOI0 KiTbKICTIO
CIIOCTEPEKYBAHUX TOYOK, CKLJIBKU 1X MPABUJIb-
HUM PO3MillleHHsAM Ha OyaiBi. PermpesenTtaTus-
HICTb JIOCSTAETHCA TIISTXOM TIPABUIBHOTO (POp-
MyBaHHsI BUOIPKH, sIKa 3a MPUHIUTIOBUMU JIJIsT
TOCJIIJDKEHHS TTapaMeTpaMyi Ma€ BiZITBOPIOBATH
3arajbHuil craH o0’ekra gocuipkenns. Ha nanry
JYMKY, Pelpe3eHTaTUBHICTb He 3aJeKUTh TaKOK
1 BiJl KUIBKOCTI IMKJIB CIIOCTepekeHb. BoHa
3QJIeKUTHh BIl TOTO, K PO3BUBAETHCA IIPOIEC
nedopmartii y vaci, i HaCKiJTbKM BipHO BU3HAya-
IOTHCS XapaKTepHi 0COOJMBOCTI IIbOTO PO3BUTKY.
Takuii TPUHIIATT MOKJIMBO BUKOPUCTOBYBATH 32
YMOBH BII€BHEHOCTI B JJOCTOBIPHOCTI PO3paxyH-
KOBOTO MTPOTHO3Y PO3BUTKY OCijlaHb, IO 3aKja-
JIeH1 B TIPOEKTI.

BoxHouac BMHMKI Mg uac OyIiBHUIITBA
Ta eKCIIyaTallil /il MOXXYyTb BUKJIUKATH BiIMIH-
Hi BiJl PO3paxXyHKOBUX IepeMilieHHs 1 nedop-
Mallii, sIKki 3yMOBJIIOIOTb 3MiHY KUJIBKOCTI Iapa-
METPIB 1 TOYOK KOHTPOJIIO Ta BUMIPIOBAJbHUX
orepaitiii, MO TPUTAMaHHO JIJIsT 6ymsej1h pu-
JIETJINX JI0 HOBOTO OY/IiBHUIITBA, i BILIUB Ha 00-
CATU TIUKJIY THCTPYMEHTANbHUX CIIOCTEPEKEHb.
Metoj He I[IIKOM BPaxoBY€ OCOOIMBOCTI 0o
3aCTOCYBaHHSI [IJIs TePUTOPiH, HPUIErauX [0
HOBOTO OYyAiBHMITBA, TOOTO HEMPOTHO30BAHOI
AVMHaMIiKU (DaKTOPIB BIIMBY Ha €KCILTyaTalliii-
HY HpPHUAATHICTH OyAiBeJSb i CIOPYA B yMOBax
HEBM3HAYECHOCTI, TOMY MOTPeOY€E TEOPETUIHOTO
JIOOTIPAITIOBAHHS 1 PAKTUYHOI MEPEBIPKHU.

Bizomo, 110 mijf yac ekcrryarartii OyiBJii mpo-
MIAPKU TPYHTOBOI OCHOBM YIIIJIBHAIOTHCS, 110 3Y-
MOBJIIOE 3MiHY HalpyskeHO-/1ehOPMOBAHOTO CTa-
HY 30HH TIPUJIETIIOl 3a0YI0BH, a Iie CBOEIO YeProio
MPU3BOANUTE JI0 OCifIaHb i KPeHiB (pyHAaMeHTIB
eKCILIyaTOBaHWX MHPHIEruX OyaiBesb. Y CBOIii

Gimbiocti  kpeHn yHAAMeHTIB OyIiBesb, IO
3HAXOSATBCS B 30HI BILIMBY HOBOOY/IOBHU, BH-
HUKAIOTh BHACJI/IOK HEOJHAKOBOIO IIPOCIJIaHHS
IPYHTIB 11/l OKPEMUMI YaCTHHAME (yHIaMeHTy
ab0 BHACJIIIOK 3MIIEHHSI TPYHTOBUX TPOIIAPKIB
3-Mi (PyHAAMEHTIB BiJl 3HAYHOTO 30BHINTHHOTO
HABaHTA)KEHHS TIPUJIETJIOl TEPUTOPil. Y Takux
BUIQ/IKaX KPEHU MOKJIMBO BU3HAYATH, dK (g 0
KyTa HaXWJIy BePTUKAJIbHOI OCi:

€0 =(S-8S,)/b,

fie S, Ta S, — BEJIMYMHU OCaJIOK, MiJpaxoBaHi
1o Kpasgx (yHTaMeHTY, y HalpsIMKy KpeHy, CM;
b — posmip dyHIaAMEHTY Y HATIPSIMKY KPEHY, CM
[6]

Ocinanns 1 xpeHu (yHAaMEHTIB MPUTETIUX
Oy/iBeb € OCHOBHOIO TPUYMHOK BHHUKHEHHS
TPITUH B HECYYMX Ta OTOPOKYBAJIbHUX KOH-
cTpykitigx (puc. 1). PosramryBanHst crioctepe-
JKYBaHMX TOYOK IOBMHHO BizoOpaskatu mepe-
MIllleHHST XapaKTepHUX eJIEMEeHTIB Ta YacTUH
OymiBJI, 1m0 KeopMyeEThCs. SIKINO TOUKU po3Ta-
IMOBYIOTh Y MICIISIX, 1[0 He BiZo6pakaioTh mpo-
aBu fehopMaltiif, To 1ie He Ja€ 3MOTY BU3HAUUTU
3aKOHOMIPHICTD 1X PO3BUTKY. Poamilenus to-
YOK CIOCTepeKeHHsT BU3HAUYAIOTh 32 HASIBHUMU
epes] oYaTKOM OY/IiBHUIITBA BiZIOMOCTSIMI IIPO
HEO/THOPITHICTH 3a/ITaHHA TOPijl B OCHOBI, ITPO-
CTOPOBY JKOPCTKICTh 00'€KTY, PO3IO/Ii/ HaBaHTa-
’KeHb 1 BILJIUBIB.

Bizomo, 1o /171 BU3HAUYCHHS TIOJO0KEHHS a0-
COJIIOTHO »KOPCTKOI TIJTUTU JOCUTD 3aKJIACTH JIJIsT
CIIOCTepesKeHb TPU TOUKH, 110 BU3HAYAIOTb ii re-
OMEeTPUYHE TIOJIOKEHHS Y TPOCTOPI.

Puc. 1. Kpen dyHmamentis Oy1iBesib, M0 3HAXOASTHCS
B 30Hi BIUIMBY HOBOOY0BM: 1 — icHyroua GyaiBis;
2 — HOBOOY/I0Ba; 3 — emopa ocifaHb HOBOOYIOBY;
4 — emmropa JIOMATKOBUX OCi/IaHb icHy040l Oy/1iBJTi

To6T0, AKIIO IJINTa HEJOCTaTHBO JKOPCTKA,
TO Ha KOXKHil YMOBHO JKOPCTKiHl MiJsAHIL, 715
AKOI mepegbavacTbes 30epesKeHHsT IIONUHY,
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1 BCl TOUKM PyXaloThCA SIK €IMHE 11LJIe, CJIi TIPU-
3HAUUTU TPU TOUKHU CIIOCTEPEKEHHS, 3HAYCHHS
nepeMilieHb SKUX JeTePMiHOBAHO, 1 BOHU BU-
3HAYalOTh 3MiHY TIOJIOKEHHS €JIeMEHTIB CIopy-
m (puc. 2).

XKopcTkuii enemMeHT

Touka criocTepexeHHs

Puc. 2. ITpocropoBa soctaTHicTh CrioCTEpPEsKEHD

Po3pi3usioTh  Taki BUAM  HEePIBHOMIPHUX
nepeMilieHb, 10 BUKJIWKAOTh Aedopmartii
Ta TPIUHU: TIPOTUH, BUTHUH, KPYYEHHS, NIEepeKic
Oynisii (puc. 3).

Puc. 3. Cxemu HepiBHOMIPHUX OCiTaHb KUTJIOBUX
OyIMHKIB: a — TPOTHH; O — BUTHH; B — KPYYeHHST,
I — TIepeKic

Y pasi nporuHy TPINIMHU KOHIEHTPYIOTh-
cst Oinst hyHIAMEHTY Ta PO3MIMPSIOTHCS JTOHU-
3y, Y pasi BUTMHY — YTBOPIOIOTHCI B KapHU3I
Ta PO3KPUTTS 3MEHNIYEThCS OHU3Y. KpydeHHs
Ta TEpeKic sSBIAIOTH c000I0 KOMOIHAIINHHY Cy-
KYIHICTh HaBelleHUX O3HaK. lIpuymHamu 1ux
nedopMmariiii MOKyTh OyTH, 30KpeMa: HEpPiBHO-
MIPHICTb IIUTOMOTO TUCKY HA TPYHTU OCHOB TIijl
mi1onmBoI0 (hyHIAMEHTY; HEOHOPIIHICTD 1 pi3Ha
MIIHICTb TPYHTIB OCHOB; HEOJIHOPIIHICTH CTHUC-
JINBOCTI yepe3 pisHi ¢dakTopu (HANPHUKJIAI, Ha-
SIBHICTh JKOPCTKHMX BKJIIOYEHb, KapCTOBUX abo
IHIIUX TYCTOT, MiclleBe 3aMOYYBaHHS JIeCOBUX
IPYHTIB); BIUIMB TipHUYNX BUPOOOK (TigpobiT-
KiB) a00 BMKONYBaHHS BIAKPUTHX KOTJOBaHIB
i Tpanmeii mobsu3y Oyaimi; BB BiOparrii
(manpukJiaz, 3abMBaHHs Manb B Ge3mocepeIHiii
6msbkocti Big Oyaismi) [7].

Y pasi 3ruHy TpimMHM MalThb (HOpMy Ta-
pabosm (puc. 4), TIPUYOMY TIiji Yac ParTOBUX

ocifiaHb mapabosia XapaKTepU3YEThCST 3HAYHOIO
BEJIMUMHOIO OCi TTOPIBHAHO 3 XOpA0Io [7].

Puc. 4. OcayoBi TpimuHu y pasi 3TUHY BHACTIIOK
KOMOIHAIIITHOI CYKYITHOCTI HEPIBHOMIPHUX OCI/IaHb
Oy iBJti

Ha mpakTuiti B Oyab-IKOMY pasi HasiBHICTbH
TPIH y Oy/IiBETbHUX €eJIeMEHTaxX 3YMOBIIOE
HeOOXIZHICTh CIOCTEpeKEHHsT 32 HUMH, IO I1e-
peabavae MOALTEHHS KOHCTPYKILI, 10 3a3HA€
HEraTHBHOTO BILUIUBY Bifl HOBOOYZIOBHM, Ha YMOB-
HO JKOPCTKI JISTHKY 3 TOCa0JeHUMU B3aEMHI-
MU KOHCTPYKTUBHUMHU 3B’SI3KaMU Ta BUSIBJISIE
norpeby BU3HAYEHHS KiJIbKOCTI Ta MiCIlb PO3Ta-
IyBaHHSI MapoK (KOHTPOJbOBAHUX TOYOK) JIJIsT
KOJKHOTO ejieMeHTy. KiJbKicTh Ta MicIig po3Ta-
NIyBaHHS KOHTPOJBOBAHUX TOYOK BIIMBAIOTH
Ha 00CsITH POOIT MUKy iHCTPYMEHTATBHUX CIIO-
crepexkeHb Jist OyIiBeIb, IPUJIETIUX 10 HOBOTO
OyiBHUIITBA.

Metonu BUKOHAHHSI Ta CKJaJ TiJICUCTEMU
MOHITOPUHTY TpUJIEraoi 3a0yJI0BM 3 BH3Ha-
YeHHd KOHTPOJIbOBAHOTO (pakTopy aedopmartii
(TpITMHOYTBOPEHHS) MO’KHA peasisyBaTH 3a
JIOTIOMOTOI0 MagKIiB UM MIYIIiB, JATYUKIB TOJVH-
HMKOBOTO THILY, TEH30JaTYMKIB ab0 AMCTaHIiii-
HOI aBTOMATU30BAaHOI CUCTEMHU, JIJIS TICUCTEMU
MOHITOPHHTY TIPHJIErJIoi 3a0y10BH 3 BU3HAYEHHSI
KOHTPOJIbOBaHOTO (pakTopy aedopmartii (1poci-
JIAaHHS 1 KPeHW) MOXKHA peasli3yBaTh BUKOPHC-
TaHHAM HIBeJIpY, TiJPOHIBEJIPY, TaXeoMeTpy
ab0 JIMCTAHIIIHOI aBTOMATH30BAHOI CHUCTEM.
Hesanexxno Bifi MeTOiB peasizaiiii Ta CKJIaxy
IiICKCTeMU MOHITOPHHTY TIPHJIErJIoi 3a0y10BK
NPUHIIAIT PO3MINIIEHHST TOYOK CIIOCTEPEKEHHS
ofHakoBuil (puc. 5).

i dopmyBanng iHdopmailiiiHo-MaTemMa-
THYHOI MOJeIi BU3HAYEeHHS O0CATIB IMKIY
IHCTPYMEHTAJIbHUX CIOCTEPEKeHb Y  CKJal
OpraHi3alliiitHO-TeXHOJIOTIYHUX TTOKA3HUKIB BU-
MIipIOBAJIbHUX POOIT 3arpONOHOBAHO IIPUHIIAIL
PO3MIIIIEHHST TOYOK CIIOCTePEKEHHS Ha KOKHIN
YMOBHO JKOPCTKIM JAUISAHIN, JJIS SIKOL TIepeji-
OayaeThcst 30€pesKeHHs TUIONMHM, 1 BCI TOUKU
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pyxaioThcsl AK eauHe 1ije. Ha Taxiit missgHii
CJJl TPU3HAYaTH TPU TOUYKU CIIOCTEPEKEHHH,
[0 BU3HAYAIOTh 3MiHY MOJOKEHHs mocabe-
HUX eJIeMEHTIB CIIOPYAU. 3HAYeHHS TiepeMi-
I[eHb TAKKX TOYOK JeTepPMiHOBaHi, TOOTO MAiOTh
BJIACTUBICTH QJITOPUTMY, SIKa mependadae, IImo
B HBOMY yCi BKa3iBKM MOBUHHI OYTH WiTKUMU
i OIHO3HAUHUMMU: 3HAUEHHS BEJWYUH, SIKi OT-
PUMYIOTb B KOHKPETHUN MOMEHT 4acy, ITOBUHHI
BU3HAUATUCSl 3HAUEHHSIMU BeJMYUH, OTpPUMa-
HUMU B TOTepeaHi MOMeHTH 4acy. Haitbmmkai
TOYKU YMOBHO JKOPCTKUX JIJITHOK, 1110 MEKYIOTh
MiK c00010, CJIiJl HOEHATH JIHIE0, KA MepeTHe
HasIBHY TPIIIMHY B TOYI, PEKOMEHOBAHIN 7151
il TIOAQMIBIIIOTO KOHTPOJIIO.

Puc. 5. Cxema po3MillleHHS TOYOK CIIOCTEPEKEHHS
JUISL TUTIOBUX TPIlWH: 1 — HAsBHA TPINMHA; 2 — TOYKK
CTIOCTEPEXKEHHST; 3 — JIiHI TIepeTUHY HASBHOI TPIMHN

a)

JAx BumHO i3 HaBeleHUX BHUIE CXEM, IJIS
HiCHCTEMU MOHITOPUHTY IHpuJeraoi 3abymo-
BU 3 BU3HAYEHHSI KOHTPOJIOBAHOTO (PaKTOPY
nedopmaitii (TpiMMHOYTBOPEHHS ), peasi3oBa-
HOI 32 JIOTIOMOTOI0 MasgKiB YU HIYIIIB, JJaTYMKIB
TOJMHHUKOBOTO THITY, TEH30JaTUKKIB abo [uc-
TAHI[ITHOI aBTOMAaTU30BaHOI CUCTEMU, TOYKH,
AKI KOHTPOJIOIOTHCS, HEOOXITHO PO3MIIIyBaTH
Ha TepeTHHI JIiHil, 110 MpoBe/eHi Yyepe3 TOou-
KM CIIOCTEPEKEHHSI CYMIXKHUX YMOBHO 3KOP-
CTKMX eJIeMeHTiB OyAiBJi BiIHOCHO iCHYIOUOI
Tpimuuu. [l nigcucTeMu MOHITOPUHTY IIPU-
Jiersioi 3abyI0BY 3 BU3HAYEHHST KOHTPOJIbOBA-
HoTO (hakTopy medopmaiiii (TpocimanHs i Kpe-
HU), peasi3oBaHol 3 BUKOPUCTAHHAM HiBeJipy,
rifipoHiBesipy, Taxeomerpy abo AMCTAHIIHHOI
ABTOMATU30BAHOI CUCTEMM — TOYKH, SIKI KOH-
TPOJIIOIOTHCS, HEOOXiHO po3MilyBaT Oe3mo-
CepeHbo B TOUKAX CIIOCTEPEKEHHS CYMiKHUX
YMOBHO JKOPCTKHUX ejieMeHTiB Oyaii. ITomo-
JKEHHSI Ta KIJIBKICTb TOYOK KOHTPOJIO MOXKYTb
OyTH ckopurosati (axiBieMm BiAIOBiZHOI KBa-
mdipikanii. Ha puc. 6 HaBemeHo cxeMHu BU3Ha-
YeHHs1 KiJbKOCTI TOYOK crnocrepeskeHHs. Cxe-
MU BCTAHOBJIEHHSI TOYOK CIIOCTEPEKeHHS Ha
30BHIIIHIX I[ETJISHUX CTIHAX 1 CTiHAX 13 3aJi-
300€TOHHUX TMaHeseil A IHCTPYMEHTAIBHOTO
MOHITOPUHTY TEXHIYHOTO CTaHy OyaiBesb Mpu-
JIerioi 3a0yI0BU HaBEIEHO Ha pHC. 7.

0)

Puc. 6. Cxema BU3HAYEHHS KIJIBKOCTI TOUOK CIIOCTEPEKEHHS: &) /IS TUTIOBUX TPINMH 30BHINTHIX IETJISHUX CTiH;
0) Ha maHesbHOMY OYAMHKY 3 HassBHUMM AedopMartisimu; 1 — HasiBHa TpimuHa (mimuHa); 2 — MasK (JaTyuK);
3 — reojie3anyHa MapKa

a)

0)

Puc. 7. CxeMu BCTAaHOBJIEHHST TOYOK CIIOCTEPEKEHHS: a) HA ETISTHOMY OYIMHKY 3 HASBHUMH TPIIIHAMI,
0) Ha maHeTbHOMY OYAMHKY 3 HassBHUMH JAedopmariisivu; 1 — HasiBHa TpimuHa (miisHa); 2 — MasK (1aT4nk);
3 — reojieanyHa Mapka
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Kontposb TplL[II/IHoyTBOpeHHH peaJIIByIOTb 3a
JIOIIOMOTOI0 MasIKiB YU LuymB JNATYUKIB TOMH-
HUKOBOTO THILY, TeH30J[aTYNKiB. KOHTPOJIb T1pO-
CiJlaHHsI 1 KPeHiB BUKOHYIOTb 3 BUKOPUCTAHHSIM
HiBeJIIpY, TiIAPOHiBeJipy, TaxeoMmerpy. [liga mo-
CTIIHOTO Ta AUCTAHIIITHOTO KOHTPOJIIO 3aCTOCO-
BYIOTh aBTOMaTn3oBaHi cucremu. OciaHHs BU-
SBJIAIOTH TIOPIBHIHHAM BUCOT OCQJIOBUX MapoK,
3aKpiIIEHUX Ha CIOpy/ax. 3a3HayeHi MapKu
PO3MIIIYIOTh Tak, 100 MOKHa OyJ0 3’scyBaTu
0COOJIMBOCTI OCiZlaHbh B PI3HUX YACTHHAX CIO-
pyan: y3i0BX ocell yHIaMeHTIB, B [iJISHKAX,
e MOJKJIMBI HalOiIbII ocifanHs, moOIM3y Tpi-
IMH B cTiHaX OyAiBii, mobiusy gedopMariiinux
1 TemIepaTypHUX HIBiB, B MIiCIISIX BEJUKOTO THC-
Ky 1 HeHaJiiiHuX IpyHTiB. BucorHowo ocHoBoo
JIJIs1 BU3HAUEHHSI OCiJIaHb CJY:KUTb Mepeska pe-
TepiB, IKi 3aK/JIaIal0ThCs Tak, 100 3a0e3mevyBa-
J1acd CTablIbHICTD X MOJIOKEHHS 110 BUCOTI Ha
BeCh Mepiof CIOCTEPEIKEHD [8].

Kontposb TplL[II/IHoyTBOpeHHH peaJIIByIOTb 3a
JIOIIOMOTOI0 MasIKiB YU LuymB JNATYUKIB TOMH-
HUKOBOTO THILY, TeH30J[aTYNKiB. KOHTPOJIb TIpO-
CiJlaHHsI 1 KPeHiB BUKOHYIOTh 3 BUKOPUCTAHHSIM
HiBeJIIpY, TiIAPOHiBeJipy, Taxeomerpy. [liga mo-
CTIHOTO Ta AUCTAHIIINTHOTO KOHTPOJIO 3aCTOCO-
BYIOTh aBTOMaTn3oBaHi cucremu. OcifaHHs BU-
SBJIAIOTH TIOPIBHIHHAM BUCOT OCQJIOBUX MapoK,
3aKpiIIEHUX Ha CIOpy/ax. 3a3HayeHi MapKu
PO3MIIIYIOTh Tak, 100 MOKHa OyJ0 3’scyBaTu
0COOJIMBOCTI OCiflaHb B PI3HUX YACTHHAX CIO-
pyan: y310BX ocell yHAaMeHTIB, B [iJISHKAX,
e MOJKJIMBI HalOiIbIIi ocifanHs, moOIM3y Tpi-
IMH B cTiHaX OyAiBii, mobusy gedopMariiinmx

i TeMIiepaTypHUX IIBiB, B MiCI[IX BEJTUKOTO THC-
Ky 1 HeHa/lliiHUX IPYHTIB. BUCOTHOIO OCHOBOIO
I BU3HAUEHHST OCilaHb CJYKUTh Mepexka pe-
IepiB, AKi 3aKIaal0ThCs TaK, 00 3abe3meuyBa-
Jacs cTabilbHICTh iX MOJIOKEHHS 110 BUCOTI Ha
Bech 11epio]] croctepekenb [8].

BucnoBku. HasBricTs TpinmmH y Oy/aiBesnb-
HUX eJIeMEHTaX 3yMOBJTIOE HEOOXIiIHICTh CIOCTe-
PEKeHHST 3a HUMM, 10 Tepeadadac MOIiIeHHS
KOHCTPYKIIil, 1[0 3a3HA€ HETaTUBHOTO BILJIUBY
Bijl HOBOOYOBH, Ha JIISHKU 3 HOCAA0JEeHUMU
B3aEMHUMU KOHCTPYKTUBHUMMU 3B’ SI3KAMU.

s dopmyBanng iH(opMailiiiHo-MaTeMa-
THYHOI MOJeIi BU3HAYeHHS O00CATIB IMKIY
IHCTPYMEHTAJIbHUX ~ CIOCTEPEXKEeHb Yy  CKJal
OpraHizailiifHo-TeXHOJOTTYHUX TIOKA3HUKIB BU-
MipIOBaJIbHUX POOIT 3amPONOHOBAHO IIPHHIIKIL
PO3MIII[EeHHST TOUOK CIIOCTEPEXKeHHST Ha KOXKHIi
YMOBHO JKOPCTKIl JIISTHII, 1S SIKOi TTepebaya-
€ThCst 30€pesKeHHs TIONMIMHM, 1 BCi TOUKH pyXa-
I0TbCA 4K €[JUHE IIiJIe.

[l miicucteMy MOHITOPUHTY TIPUJIETJION 3a-
OyZI0BKM 3 BU3HAYEHHS KOHTPOJbOBAHOIO (haK-
Topy Jedopmaliii (TpillMHOYTBOPEHHS) TOUKH,
SIKi  KOHTPOJIIOIOTBCSI, HEOOXiTHO PO3MIlllyBaTH
Ha TIepeTuHi JIiHIH, 10 POoBe/eH] Yepe3 TOUKU
CIOCTEPEKCHHS CyMDKHI/IX YMOBHO KOPCTKIX
eJleMeHTiB OyiBJIi BiIHOCHO HAasIBHOI TlelI/IHI/I

Jlnst miicucTeMy MOHITOPUHTY TIPUJIETION 3a-
OylI0BM 3 BU3HAYEHHS KOHTPOJBOBAHOrO (hak-
Topy Aedopmaitii (ITpOCilaHHs i KPeHU) TOUKH,
SKi KOHTPOJIIOIOThCSI, HEOOXiTHO PO3MIlyBaTH
Ge3rmocepeIHbO0 B TOYKAX CIOCTEPEKEHHS Cy-
MIKHUX YMOBHO JKOPCTKUX €JIeMEHTIB Oy/IiBJIi.
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METHODOLOGY OF RESEARCH VOLUME OF THE CYCLE INSTRUMENTAL OBSERVATIONS
IN THE COMPOSITION OF ORGANIZATIONAL AND TECHNOLOGICAL INDICATORS
OF MEASURING WORKS

Abstract. The methodology for researching the volume of the cycle of instrumental observations
of the state of buildings adjacent to the new building as part of the organizational and technolog-
ical indicators of measuring work is substantiated.

The presence of cracks in the building elements necessitates monitoring them, which provides for
the separation of the structure, which is subjected to the negative influence from the new building,
into conditionally rigid sections with weakened mutual structural ties and necessitates determining
the number and location of grades (control points) for each element. The number and location
of control points affect the volume of work of the instrumental observation cycle for buildings
adjacent to new construction.

The principle of placing observation points on each conditionally rigid section is proposed, for
which the preservation of the plane is provided and all points move as a whole.

It is determined that the observation points when measuring strains (crack formation) should be
placed at the intersection of lines drawn through the observation points of adjacent conditional-
ly rigid building elements relative to an existing crack, and when measuring strains (subsidence
and rolls), directly at the observation points of adjacent conditionally rigid elements building.
Key words: methodology, instrumental observations, adjacent buildings, new building,
deformations, placement of observation points.
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OIIPEJIEJJEHUE TEXHOJIOTHYECKHX ITAPAMETPOB YCTPOIICTBA
IMPOTUBOO®UIBTPAIIMOHHOI'O 9KPAHA

Anomauia. Brawmyeanms npomuQiiempayiiinux expamnie € 00HuM i3 HAUNpPoZPeCcUBHIUUX CNOCO-
bie 6opomvou 3 nidsemmumu eodamu. Posensnymo sunadox eidcymuocmi 6000ynopa, Ha 00CIHCHilL
2ubumi, nid uac 6IAWMYEanHs CYuiIbHOZ0 NPOMUPIILMpayiinozo expana. Ak arvmepnamusa
PO3POOIEHA MEXHONO0ZiS GIAUMYBANHS CYULIDHOZ0 NPOMUDPLILMPAYiH020 eKpana nid 0ydieneio
abo cnopydoro, ki cxuivii 0o niomonienus, 3 BUKOPUCMAHHAM 0B0HANPAMIECHUX WHEKIB 13 none-
peunum posmawysanuam y ceepdrosuni. Jociionceno mpu weuoKocmi pospooku niockoio céepo-
JIOGUHIL WHEKOM 13 nonepeunum posmauysanism. Kpin aminu weudxocmi, eapiosanucs maxodx
HABaAHMAdNCeHHSL, Wo Jilomb Ha WHEK Yy Hanpsami Po3podKu 6i0 erackoi eazu i 3 000amkoeoio 6az010.
IMTnex npusoduscs do pyxy enexmpoincmpymenmom 01s QiKCYBAHHI eHePLOCNONCUBAHHA Y NPO-
ueci po3pobKu 3a J0nomozor0 enepzomempy. 3pocmanis wWeUoKocmi o0epmanis i Ha6aHmajicen-
HA HA WHeK NPu3eo0smy 00 30LIbleHHs WUOKOCMI PO3POOKI i CRONCUBAHOT NOMYNCHOCNT eNeK-
mpoincmpymenmy. Buseieno 3aneicnocmi weuoxocmi pospodxu rpynmy 6id wacmomu obepmanisi
wHeka i 6i0 enauey 000amKo6020 HABAHMANCEHHS HA WHEK. [JBOHANPAMICHUL WHEK, 3AeNCHO Bi0
Hanpsamy obepmanisi, 3a a6o nPomu 200UHHUKOBOT CIMPLLKU, MOJNCe BUKOHY8amU PO3POOKY abo ne-
PeMIUYBAHHA POSUUNY 3 TPYHMOM NPU CMBOPEHHT NPomu PLivmpayitinozo expana. Kpox synunku
nid uac nepemiuenis no BUCOMI CMAHOBUS Nid0zy dlamempa wHexa 01 NePeMillyeants Pouuny.
Hasedeno sanexcnicmv weuokocmi bemonysanis 6id weuokocmi obepmanns wnexa. Ompumani
excnepumenmanvii oani Oyau npoanarizosani 3a 0onomozor npozpamiozo komniexcy CompEX.
Cxnadeno mampuuyi eapiroeanis (paxmopie y npoueci BUSHAUEHHS NAACTUYHOT MIUHOCTI 3pa3Kie,
docrioxcenHs: MeXHONIOZIUHUX NaPaMempie weuokocmi po3pooku rpyrmy i 00CIONCeHH MEeXHOL0-
2luHUx napamempie weuokocmi 6emonyeanus.

Kntouosi ciosa: npomupinempayiinuii expan, po3pooxa rpynmy, niomonienns mepumopii,
Oypinnsa ceeponosun.

npo6iembl.  DPPeKTUBHBIM | BODUIBTPAIMOHHOTO JKPaHA MOJ CYIIECTBYIO-

CrIocobOM 3aIUThI 3AHWH U COOPYKEHUIT OT
IO/I3eMHBIX BOJI SIBJISIETCSI YCTPOMCTBO BEpPTH-
KaJbHBIX TPOTUBO(MUIBTPAIMOHHBIX JKPAHOB.
[IIzex GypoBOIl yCTAaHOBKM HAaIlpaBJI€H BIOJb
ckBaxkuHbI [1-3], u ycTpoiicTBO aHTU(UIBTPA-
IIUOHHOTO JKPaHa TPYA0EMKO M3-32 GOJBITOTO
KOJINYeCTBA PSAIOM PACIIOJOXKEHHBIX CKBAXKHH.
B akcriepuMeHTaTbHOM HCCTEOBAaHUN TTHEK
pacnosioxeH HepHeHJNKYJISPHO HalpaBJIsIo-
M CKBKMHAM M UCIIOJIb3YeTcsl /IS paspa-
OOTKM, TPAaHCIOPTUPOBKA U  CMENINBAHS
IpyHTa C TBepjeomnumMu pactBopamu. Kak anb-
TEPHATHBA MOXKET MPUMEHSITHCS pPa3paboTaHHast
TEXHOJIOTUSI YCTPOICTBA COIPSKEHHOIO MTPOTH-

UMY 3JaHUSIMU U COOPYKEHUSIMU C UCTIOTH30-
BaHUEM ITHEKOBOTO 0O0PYI0BaHMSL.

AHamu3 mociaeaHux aocrukenuit. IIpu co-
OPY’KEHUU TPOTUBODUIBTPAITMOHHBIX — JKpa-
HOB Oosiee addexktuBHO OypeHre CKBaKUH
psIMOYToJIbHOTO cevyeHusd. C TOMOIIbIO TIpsi-
MOYTOJIbHOTO CEeYeHWs] COXPaHSeTCs TOCTOSH-
Hasl TOJIIMHA 9KpaHa, YTO B UTOTe TPUBOAUT
K yMEHbIIEeHNI0 00BbeMOB pa3pabaTbiBAeMOro
TPYHTA U SKOHOMUU TBEPAEIONIETO PacTBOPA.
KoHcTrpykiust 6ypoBoro WHCTpyMeHTa ¢ KPUBO-
JIMHEIHO# paboyeil MOBEPXHOCTHIO TPE/IOKEeHA
B KazaxckoMm moJimTeXHu4eckoM UHCTUTyTe [4].
KoHcrpykius 6ypoBoro MHCTPYMEHTa Ipe/IHas-

9
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Puc. 1. PaspaboTrka rpyHTa B HAalPaBJISIONIYIO0 CKBAKIHY

HauyeHa [ pa3pabOTKN BEPTHKAJIBHBIX CKBa-
JKUH TIPSIMOYTOJIBHOTO CEYEHUST U MOKET OBITH
MCIIOJIh30BAHA TIPH COOPYKEHUU MTPOTUBO(ILIb-
TPAIIMOHHOTO 9KpaHa ¢ Bojoymopom. [lpu ot-
CYTCTBMM BOJIOyIOpa Ha JI0CSATAeMOil riyOnHe
UCTIOJIb30BaHKe TOPU3OHTAIbHO HAIIPABJIEHHOTO
OypeHHsl U WCII0Jb30BaHNe MTHEKOBOTO 000py-
JIOBaHMS TI0O3BOJIUT CO3aTh TPOTUBO(MUIIBTPA-
IIMOHHBIN 9KPaH TMOJ CYIIECTBYIONMM 3/[aHIEM
u coopyxkenuem [5; 6].

Ileas paGorbl. Omnpegesutb 3aBUCUMOCTH
CKOPOCTH Pa3pabOTKM TPyHTa ¥ OEeTOHHPOBa-
HUsI pa3pabOTaHHOIl TEXHOJOTHH YCTPOICTBa
CILJIONTHOTO TIPOTUBOMUIBTPAIIMOHHOTO JKpaHa
MO/l CYIIECTBYIONIMM 3[aHUEM WJIM COOPYIKe-
HIEM, KOTOpPbIe TIOJBEPKEHBI IOATOILIEHHIO,
C WCIOJIb30BaHUEM [[BYHANIPABJIEHHBIX ITHEKOB.

Pesyabratel ucciaenoBanus. [Ipu Bpaiie-
HUW [ITHEKA 32 YaCOBOI CTPEJIKON TIPOU3BOAUTCS
pa3paboTKa TPYHTA B HAIPABJSIONIYIO CKBAsKH-
Hy (puc. 1).

[Ipu pa3paboTKe TPyHTA WCIOJIb30BATOCH
3 CKOpOCTH:

1)Beicokas — 1,5 06/c (90 06/mun);

2)cpennsist — 1 06,/c (60 06/mun);

3)uuskasg — 0,5 06,/c (30 06/mum).

B kauecTBe mipuBOIa JIJIST BpalleHusT OTHOHA-
TIPaBJIEHHOI YaCTH MIHEKA WCIOJIb30BAJICS Tep-
dbopatop (puc. 2).

[Ipu paspaboTke ¢ pasHOIl YacTOTOIl Bparie-
Husl (HU3KOM, Cpe/lHeil W BBICOKOIT) aHeprome-
TpoM (BaTTMETPOM ) 3aMepsiJlach MOITHOCTbD, T10-
TpebJisieMast IPUBOJIOM.

MorisocTb Kosebamach ot 245 1o 560 Br, co-
OTBETCTBEHHO, IIPU HU3KOM U BBICOKON CKOPO-
crti BpamieHust (paspaboTKa Moj COOCTBEHHBIM
BeCOM IitHeka) (puc. 3).

10

Puc. 2. Bpamenwue mHeka mpu momoutu nepcoparopa

Puc. 3. V3amepenne MOITHOCTH TIPH Pa3IMYHON
YacTOTe BPAIIEHUs TIHEeKa

[Ipu BpaieHun IIHEKA CO CKOPOCTHIO BBIIIE
2 06/ HabJmoaamch BUOPAIMU U OOGPBIBBI TPYH-
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Ta, B CBSI3W C ATUM HE PEKOMEHIYETCS TIPEBBI-
IaTh JAHHYIO YaCTOTY BpaIleHUs.

PaspaboTKa MPOM3BOAUIACH MO COOCTBEH-
HBIM BECOM IIHeKa — 3,2 KI.

B mpotiecce OypeHust TIpu KaKI0H U3 BBIIIEY-
Ka3aHHBIX CKOPOCTEH 3aMepsiIach CKOPOCTh Pa3pa-
OOTKHM TPYHTa, a UMEHHO: KOJIMYECTBO BPEMEHH 3a
KOTOpOe TITHEK MPOXOoAUT 1 M Tpu HempepbIBHON
paspaboTke rpyHta. B pesyssrate Obumd T0JTY-
YeHBI 3aBUCHMOCTH CKOPOCTH Pa3pabOTKH TPYHTa
OT CKOPOCTH BpallleHus Heka (puc. 4).

18

16 A

CkopocTh pa3paboTKu
M/4
>

0 30 60 90 120

CKOpOCTh BpallleHUs IITHEKa 00/MHH

Puic. 4. 3aBHCUMOCTH CKOPOCTH Pa3pabOTKH TPYHTA
OT 4aCTOTBI BpallleHU IITHEKA

JI1st i3MeHeHust CKOpocTH pas3paboTKH, Kpo-
Me cOOCTBEHHOTO Beca IITHEKa, IPHKJIaIbIBaeT-
Cs1 JTOTIOJTHUTEJIbHBIA BeC, KOTOPbI TPUBOIUT
K YBEJIMYEHHIO KPYTSIIEro MOMeHTa, Tpebyemo-
O JIJIsl BpallleHusI ITHeKa.

JlonloiHUTETbHBI ~ BeC  MPUKJIAAbIBAETCS
¢ obenx CTOPOH SIMMKA K BaJy IMHEKa Tpy3a-
MU 4Yepe3 MOMIMIUIHUKU MO HAMPaBIAIONIUM
J0O0 ¢ TIOMOIIBIO AJIEKTPOHHOTO JUHAMOMETPa
(puc. 5), 4T06 MUHUMU3UPOBATH BJIMSHUE CHJI
Tpenus. Macca rpy3oB usmensiercss ot 0,5 110
3,5 KI, yBeJIM4nBasi Bpe3aHue JIONacTell ITHeKa
B TPYHT ¥ CKOPOCThH Pa3pabOTKU CKBAKMHBI.

boiio uccnenoBano BaMsIHUE TSAHYIETO YCHU-
st (o, Beca) 1pu yactore 30 06/MuH.

Harpyska npu OypeHHM COCTaBJISIaCh U3
COOCTBEHHOTO Beca IIHEKa ILIIOC JOTOJTHUTE b
HbIi1. DbIO BbIZIETEHO 5 PEKUMOB OypeHust
C MCIOJIb30BAHUEM JIOTIOJTHUTEIbHOTO TSHYIIe-
TO YCUJIMS, TIPU 9TOM JIOTIACTH TITHEKA BPe3asnch
B TPYHT Ha Pa3Hble BEJUUYUHBI:

1) Ge3 JOMOJHUTEIBHOIO Beca — Bpe3aHue
B IPyHT Jiomacteit — 1,5 cM;

2) rpy3 0,5 kr — 1,5-2 cm;

3) rpy3 1 k- 2 cm;

4) rpy3 2 xr — 3 cm;

5) rpys 3,5 kr — 4,5-5 cm.

Puc. 5. Tlpunoskenie TSHyIIEro yCumis rpy3oM depes
MOIMUTTHUKY BIOJIb HATIPABJISIONIEH CKBAKIUHBI

[Ipu pomosHUTENBHOM Bece 3,5 Kr u 0o0-
Jiee HabJIoIa/Ioch 3HAUYUTENbHOE YBEJTHYECHE
KPYTSIIIEr0 MOMEHTa W MOTPY/KEHUE JIOMacTei
JIOCTUIJIO MaKCHMyMa (10 OCH BpAIleHHUsI TITHe-
Ka). B cBsA3W ¢ TeM, 4TO TPY3 JaeT yBelndeHne
CKOPOCTH pa3pabOTKH 3a cueT OOJIBIIEro Bpe3a-
HUS JIOMACTel, a pu 3,5 KT Bpe3aHue JomacTei
JIOCTUTJIO MAaKCHMyMa IpPUMEHEHHE TSIHYIIETO
YCUJIMSE CBBIIIE 3,5 Kr 1ipu OypeHur BHU3 (BIOJIb
CKBaKMHbBI) ¥ TOPU3OHTAIILHO HE SIBJISIETCS Iie-
JIeCO00OPA3HBIM.

B nporecce GypeHus: mpu KaskJOM U3 Bbi-
IMEeyKa3aHHbIX PEKUMOB PabOTHI 3aMepsiIach
CKOPOCTh OypeHwWsl, a WMEHHO — KOJHYECTBO
BPEMEHM 3a KOTOpPOe MIHeK mpoxoaut 1 M mpu
HETIPEPBIBHON pa3paboTKe TpyHTa. B pesy.ib-
TaTe OBLIM TIOJydYeHbI 3aBHCHMOCTH CKOPO-
cTH pa3pabOTKK TPyHTa OT TSHYIIErO YCUJIUS
IpU CKOpocTH Bparenus: mrHeka 30 00/MuH

(puc. 6).

CKopoCTh
pa3paboTKu M/4
= = =
[o.] (o} o = N

~

0 1 2 3 4

Tanyiee ycuime Kre

Puic. 6 3aBrcuMOCTh CKOPOCTH Pa3pabOTKK TPYHTA OT
TAHYIIEro YCUIHs TIpK Yactorte Bpamenns 30 06/MuH

[Tpm Bpamenun mTHEKA TPOTUB YACOBOI
CTPEJIKH TIPOU3BOANTCST OETOHMPOBAHKE CO CTO-
STHKaM¥ KaXK[Ible D CM JIJIsI TIepeMeInBaHus M0~
JlaBaeMOTO pacTBopa u rpyHTa (puc. 7).

11
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Puc. 7. Ilporecc nepemeniBanus pacTBOPA U TOTOBBIN OUUIIEHHBIN Y4aCTOK 9KpaHa

Jlns onpejeneHuss CKOPOCTH OETOHUPOBA-
HUS TIPU  Pa3JUYHBIX CKOPOCTSIX BpalleHus
nmHeKa (BBICOKOI, cpe/lHell M HU3KOM) 3aceka-
JIOCh BPEMSI TIepeMENTUBAaHUS OJHON CTOSHKH
mHeka. CTOSHKY TPOM3BOIATCS KasKible 5 CM
(TooBMHA UaMeTpa TIHEeKa) [ TIIaTesb-
HOTO TIepeMENIMBaHUs 10/IaBaeMOTO pacTBOpa
1 TPyHTa 10 00pa3soBaHUsl OJHOPOJHOI MOHO-
JINTHOW MAacCCHI.

Ha 1 M npuxoautca 22 croguku. [Ipm pas-
JIMYHOI YacToTe BpallleHns ITHeKa BPeMsl OIHOM
CTOSTHKU U TIEPEXOJT Ha CJIEYIONIYIO COCTABJISIET:

1)30 06/mun — 30 ¢;

2) 60 06/mMun — 19 ¢;

3) 90 06/mMun — 15 c.

[IpuBenst manubie K 1 M OGETOHMPOBAHMS
OJTy4aeM, COOTBETCTBEHHO, 5,5 M/4, 8,6 M/4
u 10,9 m/u.

Ha pucynke 8 mokaszana 3aBUCHUMOCTH CKO-
pocTi GETOHMPOBAHUS OT CKOPOCTU BpaIleHMUs
ITHEKA.

12
11 s

10

CKopoCTh OETOHHPOBAHUS
M/4
oo

0 20 40 60 80 100

CKopOoCTh BpaleHus mrHeKa 00/MuH

Puc. 8. 3aBucumocTs cKOpocT OETOHUPOBAHUS OT
CKOPOCTH BDAIEHNS IITHEKA

12

AHaM3 TOJYYeHHBIX 3JKCIEePUMEHTATbHBIX
JaHHBIX OB MPOBEJEH C TOMOIIBIO MPOrPaM-
mHoro komiiekca CompEX 2009.01. Cocras-
JIEHbI MaTPHIIBI BapbUPOBaHUS (DAKTOPOB.

YpoBHU u3MeHeHUs1 (HaKTOPOB MPHU OTpe/e-
JIEHUN TTACTHYeCKOI mpounocTn (y,) 006pasios
npuBe/ieHbl B Tabsue 1.

Ta6auma 1. YpoBHu usMeHeHust GakTOPOB MPH
ompe/ieJIeHNH TJIACTHYeCKOH TPOYHOCTH

SHavYeHus
Hawnmenosanue ¢akropa (akropos
-1 0 1
Konrnentpauus ¢pubper X, 3% | 6% | 9%
Konnenrpanus 6entonuta X, | 5% | 10% | 15%
KowntenTparius JKujkoro 6% | 12% | 18%
crekna X,

YpoBHau namenenust (hakTopoB MpU MCCIE0-
BaHUU TEXHOJIOTHUYECKUX MAapaMeTPOB CKOPOCTU
paspaborku rpynTa (y,) B Tabsmie 2.

Ta6muma 2. YpoBHu n3MeHeHust (DaKTOPOB TIPU HC-
cJleIOBaHUM TEXHOJOTUUECKUX ITapaMeTPOB CKOPO-
cTH pa3pabOTKH TPyHTa

Haunmenosanue 3nauenusi pakTopoB
dakropa 1 0 1
YrJIOBaﬂXCKopOCTb 0506/c| 106/c |1,506/c
1
Tarosoe ycunme X, | 3,2 krc | 4,2 xrc | 5,2 Krc

YpoBHU usmeHenus (haxTopoB MpH ucce-
JIOBAHUU TEXHOJOTUYECKUX MAapaMeTpPoOB CKO-
poctn Getonuposanus (y,) TpHBeieHbl B Ta-
Oaute 3.
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Ta6mmua 3. YpoBHU uaMeHeHust (DaKTOPOB TIPU KCC- BoiBoapl. OnpenesieHbl U MPUBEJEHBI 3aBU-
JIeIOBAHNHW TEXHOJIOTMYECKUX ITapaMeTPOB CKOPOCTU CUMOCTH CKOpOCTI/I pa3pa6OTKI/I rpyHTa OT yYac-
Oeromiposars TOTBI BpAIEHUS IIHEKa, OT TIHYIIEro yCUJIUS
HanMeHoBaHme 3uavyenns HakTopos npu yactore Bparienus 30 06/MUH U CKOPOCTH
daxropa 1 0 1 OETOHMPOBAHMUST OT CKOPOCTH BPAIEHUS ITHEKa.
CoctaBrieHbl MAaTPUITHI BAPbUPOBAHUS (haKTOPOB

YrioBast CKOPOCTh TPHLbL BAPBUP azcrop
X 0,506/c| 106/c [1,506/c| | mpu ompenenenuy MIACTUYECKON MIPOYHOCTH, HUCC-

1

JIeJIOBAaHUM TEXHOJIOTUYECKUX TIapaMeTPOB CKOPOCTH
30 M3/a | 40 m3/9 | 50 M3 /4 pa3pabOTKKL TPYHTA U UCCIIENOBAHUI TEXHOIOYE-
CKUX [apaMeTPOB CKOPOCTU GETOHMPOBAHKSL

CkopocTb Tojiaun
cocraBa X,
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DETERMINATION OF TECHNOLOGICAL PARAMETERS FILTER SCREEN DEVICES

Abstract. The device of antifiltration screens is one of the most progressive ways of struggle against
underground waters. The case of absence of water resistance, at the reached depth, at the device
of the continuous antifiltration screen is considered. Alternatively, a solid anti-leakage screen tech-
nology has been developed under an existing building or structure that is subject to flooding, using
bidirectional augers with a transverse arrangement in the well. Three specific speeds of flat well
auger development with a transverse arrangement have been studied. In addition to the change in
speed, the load acting on the auger in the direction of development from its own weight and with
additional weight also varied. The auger was driven by a power tool to record energy consump-
tion during development, using an energy meter. Increasing the speed of rotation and the load on
the auger lead to an increase in the speed of development and power consumption of the power
tool. The dependences of the speed of soil development on the frequency of rotation of the auger
and on the impact of additional load on the auger are revealed. The bidirectional auger, depending
on the direction of rotation, clockwise or counterclockwise, can develop or mix the solution with

13
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the soil when creating an anti-filtration screen. The stopping step, when moving in height, was
half the diameter of the auger for mixing the solution. The dependence of the concreting speed on
the screw rotation speed is given. The obtained experimental data were analyzed using the CompEX
software package. Matrices of variation of factors at definition of plastic durability of samples,
at research of technological parameters of speed of development of soil and at research of techno-
logical parameters of speed of concreting are made.

Key words: anti-filtration screen, development of soil, flooding of territories, drilling
of wells.
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[TpuanectpoBckoro rocyaaperBennoro yuusepeurera numenu T.1. [lleBuenko, MosoBa

INOBBIIEHUE O®®EKTUBHOCTU TNIPON3O0JIAIIMOHHBIX 9KPAHOB

B PAMKAX KOHIEIIINU COXPAHEHUA OB BbERTOB KYJbBI'YPHOI'O HACJIEAUA

Anomauis. Y cmammi posznisnymi npuuuny nopyuienis 2iopoizonsyii niosemnux vacmun 6yoisens
i3 sannsky-uepenawnuxy. Poskpuearomvcs npobaemu sdepexcens icmopuunux 6yoieein i cnopyo
is sannsky-uepenawnuxy ¢ Yxpaini ma Mondosi, maxu sx Odecokuit meamp onepu ma 6aie-
my, byounox Cmpaya, bpodcvka cunazoea, /lin Mapasni, binzopod-/[nicmposcvka ma bendep-
coka gopmeui, bawma Bimpis, Kocmen cesimozo Kaemana, I[lopoxosoi iwox gpopmeui Tupacnoi,
Bodsmuii Maun, Iepxea Apxanzera Muxaina 6 c. Cmpoenyu i 6azamo inwux.

Obrpynmosano doyinoricmy nposedents 00CHONCEHd epeKmusnocmi in'exuiiinoi mexnonozii
6 MPOUEC GIAUMYBANHS 2I0POISOLAUTIUHUX eKPANIE 8 3ANeHCHOCIE 610 MAKUX (paxmopie: iubuna
in'exmysanns (X1); diamemp wnypy (X2); kpox in’ekmyeanns (X3) npu dianasoni eapirosanis
X1 -14,161 18 cm, X2 — 8, 121 16 mm, X3 — 10,151 20 cm

Ha ocnosi memodie mamemamuunoi meopii excnepumenmy nodyooanuii. KOMIIEKC eKcnepumen-
MALLHO-CIMAMUCIUYHUX MOOeNell, AHATI3 AKUX 0a8 3M02Y OUTHUMU THMEHCUBHICI KANILSAPHOZ0
BCMOKMYBAHHS CUCTIEMU <2I0POI30NAUTIIHULL eKPAH — BANHIK-UEPENAUHUK> 3ANEHCHO 610 2IUbUHIL
in’exkmysanns, diamempy in'exmopa i Kpoky 10zo po3mMawyeanis.

3anpononosano i 00TPYHMOBAHO CXeMy POIMAWYEANH WNYpie in’ekmyeanns 01 3abesnevenis
2iopoisonsuii Konempyxuii, ska dae smozy na 6—12% Oinviue 3ano06Hsamu KaAniiSspHO-NoPUCMOZ0
npocmopy K1aoku 6 NOPIGHIHHI 3 THULUMU CXEMAMU.

Hpuiimsma Gisuuna modenp nowupenns in'exuitinozo ckiady 6 Nopucmiti Cmpyxmypi 6antsxy-ue-
PenauHuKy 00360JULA NPOAHATIYEAMU 2IUOUNY, Jiamemp, KPOK i EKMy6ants, SKi 6niueaomy a
00acmb NOWUpPeHHs Po3uUny 8 Macusi Konempykyii. [ubuna in'exkmyeans 0iticHo € 00HIEN0 3 Hai-
BANCTUBIUUUX MEXHOLOZIMHUX XAPAKMEPUCTIUK Y NPOUECT BLAUMYBAHHS BHYMPIUHLOKOHCIPYKUIOH-
H020 2I0POI30NAUIUHO20 eKPaHA. 3 MeXHONOZIUHOT MOUKI 30PY CIMYNiHL BNIUSY KPOKY TH EKMYBAHHS
Ha THMEHCUBHICTIb KANLIAPHOZ0 B1AZONEPEHOCA € OCUMb BUCOKOT0, 00 NPSIMUM YUHOM NOSHAYAEMDCSL
Ha Kinvkocmi 0it0u020 2i0poi3onayiitHozo cKiady 6 mosuyi, ska in €KmMyemvcs, a maxoxc Ha mpydo-
BUMPAMU NP BUKOHANHT 2i0p0isonsuiiinux pobim. Beruuuna diamempa wnypy me pobumv 3uaunozo
BNIUBY HA OOCTIONCYBAHULL NOKASHUK I PAMKAX BUOPAHUX YMOB eKCNePUMEHIY.

Kntouosi crosa: eannsik-vepenammnux, in’exuiiina 2iopoizonnyis, 2i0poizonsyiiinui expau,
Kaniaapuuil epexm, mamemamuune mMo0ea06AHHSI.
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ITocranoBka npo6aembl. B Hacrosiiee Bpe-
MsI HaOJIOaeTCsT TEHJEHIMST K BO3POXKIEHHIO
y HacejleHusI aKTUBHOTO MHTepeca K HCTOPUU
CBOETO Kpas. PeKoHCTpyKIUS MCTOPUYECKON
3aCTPONKM CTaja COIMANIbHO 3HAUUMON. B cBs-
31 C 9THM OCTPO CTOUT MpobJeMa COXPaHEHHsI
UCTOPUYECKUX 3/JaHUN U COOPY:KEHWH, HeyI0B-
JIETBOPUTEJILHOE COCTOSIHHE KOTOPBIX Tpebyer
MepOTIPUATHI TI0 CIACEHUI0 UX OT TIOBPEsKIe-
HUI, O KOTOPBIX HAIJISIIHO CBUAETENbCTBYIOT
MHOTOYKCJIEHHBIE TPEHIUHBI, OOPYIINBIIHECS
KOHCTPYKI[MHU, @ TO U BOBCE Pa3pyllleHUs YHU-
KQJIbHBIX COOPY>KEHUI.

Kak cBUIETETbCTBYIOT JAaHHbIe 06C/IeI0Ba-
HUI 3/1aHUI U COOPY>KEHU, B I0KHOM pernoHe
Ykpautsl 1 MosiioBbl Hanbosiee ocTpo HabJIio-
JlaeTcst CHIKeHUe 9KCIIyaTalluOHHON Ha/IeKHO-
CTH TIOJ3EMHBIX YacTell 0OBEKTOB, TO €CTh 00b-
€KTOB C HAPYIIEHHON WJIM BbIIEANIed U3 CTPOS
BEPTUKATBHON ¥ TOPU3OHTAIBHON TUAPOU30JIs-
11eil, Haxodieicsl B TPYHTOBOM cpe/ie.

3a4acTyio OTe4eCTBEHHbIe CTPOUTEJbHbIE
bupmbl 63 JOJKHOTO KPUTHYECKOTO aHaM3a
UCTIOJIb3YIOT MMIIOPTHBIE MaTepuasbl U TEXHO-
JIOTWH, He TIpeAHa3HaueHHble /JIS OmpefesieH-
HBIX TUJIPOTe0JIOTMYeCKUX YCJaoBUid. B pe3yiib-
Tare TMOCcJie BHITIOJTHEHHBIX THPOU30ISAIMOHHBIX
paboT COCTOSIHUE 3JAHUS WJIM COOPYKEHUST He
yJIyulIaeTcs.

[Ipu BBIGOpE THIA THAPOUIOJISINN HEOOXO-
VMO OTIPE/IEJTUTh €T0 COOTBETCTBUE TIPE/IbSIB-
JISIEMBIM  TPEOOBAHUSAM C YYETOM CIHEHUBUKH
M COCTOSIHUSI KOHKPETHOTO OOBEeKTa, THAPOTe-
OJIOTMYECKUX YCJIOBUIT, TJIYOMHBI 3aJ0KCHISI
MO/I3eMHBIX KOHCTPYKITUH, BAUSHUS N3MEHEHUS
OKpysKatolleil cpe/ibl, U TOJBKO IOCJe 3TOTO
OTpeNie;IUTh COCTaB MPUHATONW THIPOU30JIAINN
(KoIM4ecTBO C€JI0eB, TOMMUHY) [3].

Metozbl  TUAPOU3OMAINN  CTAPUHHBIX  TIO-
CTPOEK JIOJKHBI  YIOBJIETBOPSITH  TPeOOBAHUSM
KaK K UX KOHCTPYKIIMOHHON COXPAHHOCTH, TaK
1 K COXpaHeHHIO BHelHero o0ska [4]. [Toatomy
nccJie/JOBaHNS, TIOCBSTIIEHHbBIE TIOUCKY ONTUMATh-
HBIX TEXHOJIOTUYECKUX PelIeHUi yCTPONCTBA Th-
JPOU3OJIAIMOHHBIX 9KPAHOB 3/AHWI 13 U3BECT-
HSIKQ-PAKYIICUHUKA, SIBJSIOTCH aKTYaJbHBIMU.

Anamm3 nocaennux ucceiaexosanuii. OcCHOB-
Hasl YacTh 3/IaHUN M COOPYKEHUII B I0KHOM pe-
ruoHe YkpauHbl 1 MouoBbl Oblia BO3BeEHA
13 U3BECTHSIKA-PaKyIleuHUKa, KOTOPBI HA TIPO-
TSOKEHUW MHOTHUX JIeT SIBJISIETCS MECTHBIM CTPO-
UTEJTHbHBIM MaTePUATIOM.

Cpenn MHOeCTBA 3[[aHWIT U COOPYKEHUH,
TOCTPOEHHBIX M3 MUJIBHOTO W3BECTHSKA, €CTb

16

1 00BEKTBI KyJIbTypHOTO Hacsexus: Opecckuii
TeaTp omepbl u Oamera, [lom Crpama, Bpox-
ckag cunarora, /lom Mapasau (puc. 3), bein-
ropozi-/lnectpoBckast m benpepckas kpemoctu
(puc. 4, 5), bamnus Berpos, Kocten csitoro
Kasrana (puc. 2), ITopoxoBoil morpe6 Kpero-
ctu Tupacnons, Bomgsgnas Menpauma (puc. 1),
IlepkoBp Apxanresa Mwuxauna B ¢. CTpOeHIIbI
U MHOTHE JIpYTHe.

Puc. 1. Bogsnas Mesnbuuia c. Crpoeniisr, MoszoBa

Puc. 2. Kocren csaroro Kasrana c. Pamikos, Mouosa

Kmanka moaseMHbIX 4yacTell 37aHUN U3 W3-
BEeCTHAKA-PaKyIIeYHUKA IO/IBepraeTcsd BO3Jeii-
CTBUIO JIECTPYKTUBHBIX IPOIECCOB, CBSI3aHHBIX
¢ ¢dunbTpanueil MOA3eMHBIX BOJI, BBINEIAUN-
BaHUEM, YTO TIOCTEIIEHHO MPUBOJAUT K yTpaTe
CTPYKTYPHOI 1EJOCTHOCTH U yXY/IIeHnto hu-
3UKO-MEXaHUYECKUX CBOWCTB KOHCTPYKIIUU.
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B pesynprate nHactynaer ($usmuecKuii M3HOC
9THX KOHCTPYKIIUH, IPOSBIISIONIHICS B 06pa3o-
BaHWW TPEIINH, TyCTOT, TIPOBAJIOB, UTO HEPEIKO
BJICUET K OOPYIIEHNIO OT/IEJbHBIX YacTell Coopy-
JKEHWST U COOPY’KEHUS B 1[EJIOM.

Puc. 3. Jlom Mapasmu, yu. [lymkunckas, 4, Onecca

Taksxe MPUUMHON HENPOAOKUTETHHOTO CPO-
Ka CIyKOBI THAPOU3OMISAIMI MOTYT CTaTh: HU3-
KOe KauecTBO I'M/IPOU30JISAIIMOHHBIX MaTepUaoB,
GOJIBIIOE YKCIIO PYYHBIX OTEPAIlHii, HECOBEPIIIEH-
CTBO M HEJIOCTATOK CPE/ICTB MEXaHU3AITH.

B mocsentue rogsl Bee Gosiee HapacTaoOIIN-
MU TeMIIaMU TIPOBOJATCS MCCJAEJOBAHUS TI0 CO-
BEPIIEHCTBOBAHUIO TEXHOJOTMHM W MeXaHU3aluu
TH/IPOU3OJISIIIMOHHBIX PaboT, pa3pabOTKe HOBBIX
TEXHOJIOTUYECKUX TIPOIECCOB, CO3IAHUI0 HOBBIX

MaTepuasioB, NMPUMEHEHNE KOTOPBIX TI03BOJUIIO
OBl TIOJIy4aTh KayeCTBEHHYIO THIPOM30JISIINIO
C BBICOKOH 9KCILTyaTallMOHHOM 3(D(HEeKTUBHOCTHIO.

Bompocamu  m3ydyenus (pusmko-mexaHmue-
CKUX CBOMCTB KaMHS M3BECTHSIKA PaKylIedyHUKA
saammasch A.B. Kowmbrmes, I1.JI. Epemenok,
[0.B. Uamaiinos, A.I. @urapos, @.M. Opyn-
xes, H.T. Typcynos, C.H. lepbuna [1-3] u ap.

Bompocam  3amuThl  KOHCTPYKITUH  TTOI3€M-
HOW YacTu 3JaHuil M YCTPOICTBA THIPOU30-
gauun  nocsstiersl  Tpyabl C.H. Azexceesa,
B.O. Adanacresa, B.J1. BaGymkuta, B.B. Boiiko,
[O.M. bBasxenosa, /I.@D. Tonuapenko, A.A. Ilu-
guna, O.A. Jlykmnckoro, B.II. Xowmenko,
C.H. Jleonosuua, E.K. Kapamnysosa, B.I. Coxa,
AN. Meneitmoka, H.B. /Imutpuesoii u mp.

Iless paboThl. B CBSI3M ¢ BBIIEH3I0KEHHBIM
11e71ec000pasHo TIPOBEIEHIE HCCAeI0BaHIS a(-
(HeKTUBHOCTU WHBEKITMOHHOW TEXHOJOTUU TIPU
YCTPOMCTBE THAPOUSOISIIIMOHHBIX 9KPAHOB B 3a-
BHCHUMOCTH OT CJEAYIOMUX (hakTOpoB: ryOnHa
uHbekTupoBanua (X,); amamerp mrypa (X,);
ar MHbeKTUpoBanus (X,).

Pe3syabrathl uccrenoBanuid. [yOuHa HHD-
extupoBanusg — 14, 16 u 18 cm. /luamerpsr nc-
nosbp3yeMbix 1mmypoB — 8, 12 u 16 mm. [ar
uabektupoBanus — 10, 15 u 20 cm (puc. 6).

IKCIePUMEHT MTPOBOJIUJICS C UCIOJIb30BAHN-
eM 00pa3loB M3BECTHSKA-paKyliedHnKa [pu-
TOpPUOTIOJBCKOTO Kapbepa (MommoBa) Mapku
M35. MakpocTpykTypa obpasiia IpuBeIeHa Ha
puc. 7. Onpeznensizioch M3MeHEHUE BEJINYUHBI
KalJIJIIPHOTO  BJIarorepeHoca Jjist 00pasIioB,
TO/IBEPTABINNXCS  MHBEKTUPOBAHUIO  TUAPOU-
3osOHHBIM cocTtaBoM SiltekVP-35. Bricora

Puc. 4. benzepckas xkpenocts (Mososa)
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MOAIbeMa JKUKOCTH TPHW KANUJIISIPHOM BCACHI-
Banun — O, 10 m 15 mMm.

IKCIIEPUMEHTBI  TI0 OTPe/IeTIEHNI0  KPUTEPUS
KadecTBa Marepuasia (KalWISIPHOTO TO/ICOCA)
IIPOBOJIUJIKCH TI0 TPEXYPOBHEBOMY 15-TOueuHOMY
Tpexdakropuomy miany tuna B3. Pacuyer xoad-
(UIMEHTOB W PErpecCMOHHBIN aHAIN3 Mojiesieit
trma (1) mpoBomusuck 1o cucreme COMPEX [5]

Y=b + bx +bx?+b,xx, + b,xx,
+ bx +bzx2 , ;F bezxj, (1)
+ 3x3+ b33x3 :
ITepexo OT HATYPAJIbHBIX TIEPEMEHHBIX K KO-
JIMPOBAHHBIM OCYIIECTBJIEH [0 CTAaHIAPTHON Me-
Tonuke (2):

xi:()(i )/AX rae X 05 (X max zmm )’

AX = OS(X X ) (2)

[To pesympratam pacdyeta B MPOrPaMMHOM
komiiekce COMPEX Obuin 10/1y4eHsl creny-
I0I[e 9KCIEPUMEHTANTBHO-CTATUCTUYECKIE MO-
nem (3—5) KaluJISIPHOTO MepeHoca KUAKOCTH
IIPU BBICOTE MoAbeMa KuarocT 5, 10 1 15 Mm:

?1 = 99,24 - 10,80x, — 27,56x> + 17,44x?, 3)
- 1430x, + 794x7
Yz = 130,47 - 16,70 x— 2883 x? + 5,13
xx,+22,67x,+ 3,88 x,x,, (4)

i - 2040x +8, 67362
Y, = 151,82 - 9003571878352 +
6,50 xx, + 3,60 x, 116, 22x2,
~ 01.80x, + 11,22x2.

(5)

Puc. 6. Cxema pacrosiokeHust nHbeKkTopa arameTpoM 16 MM ¢ mrarom 10 cm

Puc. 7. Ctpykrypa 06pasios Ipuropuomnosbekoro Kapbepa
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Anam3  rpadmKOB  paHXKUPOBaHWS — Ha
puc. 8 1okasas, uTO CTeleHU BIUSHUS Bapbu-
pyeMbIxX (HakTOpOB Ha TOKa3aTelb WHTEHCHUB-
HOCTH KalWJIJISIPHOTO TIepeHoca BJark (BbICOTA
MO/bEMA JKUJIKOCTU O MM) OJIMHAKOBBI B 30HAX
MaKCUMyMa U MUHUMYMa IIPU OJMHAKOBOM Xa-
paktepe pamkuposamus. Hanbosee 3HaunTe b-
HBIM siBJIsieTCsT (DaKTOp TTyOMHBI HHBEKTHPOBA-

Hud. bosbmioe BaMAHME OKasblBaeT BeIMYMHA
niara MHbektupoBanud. IIpum srtom Besmunna
JiaMeTpa IIIypa CYIIeCTBEHHOTO BJMSHUS Ha
MHTEHCUBHOCTb KallMJUIAPHOTO BJAronepeHoca
HE OKa3bIBaeT.

ITpn paccMoTpeHMM paHXKMPOBAHUSA CTEIIEHU
BJUSIHUS BapbupyeMmbiX (haKTOPOB Ha IMOKa3a-
TeJIb UHTEHCUBHOCTH KalWJUIAPHOTO IHepeHoca

Puc. 8. PaH)KI/IpOBaHI/Ie BJMSAHUSA BapbUPYEMbBIX (baKTOpOB Ha IIOKa3aTeJb MHTEHCUBHOCTU
KallWJIJIADHOTO BJIaronepeHoca Mpu BbICOTE MMOJAbEMa KUIKOCTU 5 MM

Puc. 9. Pamxuposanue BIusgHUSA BapblpPyeMbIX (JaKTOPOB Ha MOKa3aTeslb MHTEHCUBHOCTH
KalISIPHOTO BJIarorepeHoca Mmpy BbicoTe moabemMa kuakoctn 10 Mm
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BJIAT TIPW BBICOTE TOAbeMa KuAKocTH 10 MM
(BpeMsi 5 MUH) BBISICHSIETCSI, UYTO CTETIEHU BJIVSI-
HUS (HAKTOPOB B 30HE IKCTPEMYMOB PA3TUUYHbI,
XOTSl XapaKTep WX PaHXUPOBaHUS OJIMHAKOB
(puc. 9).

B 30He MakcumyMa HanboJIbIee BINsSHIE Ha
MHTEHCUBHOCTb KANUJIJISIPHOTO BJIaronepeHoca
OKa3bIBalOT JBa (hakTopa: TIyOMHA WMHBEKTH-
poBanusi (B GoJibIeil CTENEeHW) W Iar WHbEK-
TupoBaHud. /[[uamerp MHBEKTUPOBAHUS He3Ha-
YUTEJbHO BJIMSEeT Ha W3MEHeHHe IoKa3aress
MHTEHCUBHOCTU. B 30He MUHUMyMa BJUSHUE
ryOMHBI MHBEKTUPOBAHUS TaKKE SIBJSETCS
Hanbosiee 3HAYMMBIM; TPU 9TOM CTeleHb BJIH-
SHUS T1ara WHbEKTUPOBAHWS HEMHOTO CHU3U-
nack. CrereHb 3HAYMMOCTH AMaMeTpa IIIypa
B JJaHHOM (PAaKTOPHOM TIPOCTPAHCTBE HECKOJBKO
YBEJIUYUIAC.

Kak Buzmno u3 puc. 10, mpu BbicoTe mobeMa
Kuakoct 15 MM (BpeMst 5 MuH) HamboJibIee
BJAWSHUE HA TIOKa3aTeJb WHTEHCHBHOCTU Ka-
MUJIJIIPHOTO TIepeHoca BJIaTd B 30HE MaKCUMY-
Ma OKasbIBaeT Iar nHbekTupoBanus. [Ipu atom
CTeNeHb BJIUSHUS TIYOUHBI WHBEKTHPOBAHMS
U TMaMeTpa TIIypa HaXOASATCs TIPUMEPHO Ha OfI-
HOM YPOBHeE (JIOCTaTOUHO HU3KOM). B 30He Mu-
HUMYyMa BJIUSHUE ara MHbeKTUPOBAHUS TaKKe
saBJsieTcss Hambosiee 3HaunTeNbHBIM. CTeneHb
BJIMSTHUST TJIYOUHBI WHBEKTUPOBAHUS U JHaMe-
Tpa TIIypa MOBBICUIACK.

Takum o0OpasoMm, aHaau3 TpadUKOB Ha
puc. 8—10 mokasay, 4ro HaubOJbIIEEe BJIM-
HUe HAa UHTEHCUBHOCTH KAIUJJISIPHOTO BJIATO-
mepeHoca B paMKaX BBIOpaHHOTO (haKTOPHO-
r0 TPOCTPAHCTBA OKa3bIBAIOT TAyOMHA ¥ IIar
UHBEKTUPOBAHMS; TIPU ITOM 3HAYMMOCTD
mara WHBEKTUPOBAHUS YBEJIMUUBAETCS IO
Mepe POCTa BBICOTHI MOAbeMa KuAKocT. /[u-
aMeTp IIIypa He OKa3blBaeT 3HAYUTENHHOTO
BJUSHUSI Ha WCCJEAyeMblil I0Ka3aTesJb BO
BCEM JiMana3oHne u3MeHeHHsT BHICOTBI TTOAbeMa
KUITKOCTH.

Kak m3BecTHO, BausHUE KaXI0TO U3 (HAKTO-
POB Ha PacYeTHOE 3HAYCHUE BBIXOJA CHUCTEMbI
Y omuceiBaercst mapabosioit. OHako B cBoeM
BJIMSHII HA T10Ka3aTe/b KadecTBa Y aktop x,
He He3aBHCHUM, a B3aMMOJIEHCTBYET C ,Z[pyTI/IMI/I
(hakTopaMu X, YTO HAXOAWT KOJMYECTBEHHYIO
ouenky B adexrax mopenn tuna b xx. Hos-
TOMY aHaJIU3 BJAUSHUS (DAKTOPOB CJIEyeT BECTH
10 KBa3UOTHO(DAKTOPHBIM MOJIEJISIM BUJIA:

(6)

r7e bo]-_ CBOOOIHBII YJIEH, OTPasKAIONINIT BJIH-
SHIE Ha BBIXOJ BCEX YJIEHOB MOJUHOMA, KPOME
BKJIIOUeHHBIX B Mozenb (6). Takum obGpasom,
s Mogesu tuna (1) B obuiem ciaydae MOTyT
OBITH MOJYYEHbI TT0 TPU KBA3HOAHODAKTOPHDIE
mozemn tumna (6).

W =Y {x} = by = (b, +bx)x + bx?

Puc. 10. PaH)KI/IpOBaHI/Ie BJIMSHUS BapbUPYEMbBIX CbaKTOpOB Ha ITOKa3aTe/Jb MHTEHCUBHOCTH
KallWJJIAPHOI'O BJIaroliepeHoca Ipru BbICOTE IIOAbEMA KUJIKOCTU 15 MM
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Craemyer oTMETUTD, 9TO B MOJIETT MHTEHCHB-
HOCTH KallWJIJIIPHOTO TIEPEHOCA KUIKOCTU TPU
BBICOTE TIObeMa KUAKOCTU 5 MM (3) apheKThI
B3aUMO/IEHCTBHS OTCYTCTBYIOT.

s moznenu (4) moJsiydyeHO TPU KBa3WOIHO-
akropubie Mozenn Tumna (7-9):

=(-16,70 + 5,13 x,)x, —2883x2 (7)
= (+5,13 x, + 388X)X +22 67X2 (8)
= (- 20,40 +3,88x,) x, +867X2 9)

3/1

N3 ananuza mozeseit (7-9) TOJTYHCHDI BayK-
Hble Pe3yJIbTaThl. 9(1)(beI<Tbl B3aUMO/IEHCTBUS b].
MEHAIOT 3HaueHne JuHeinoro saddexra b. Ilo-
CKOJIBKY KayK[IbIil (haKTOp UCCIEYeTCs B Hpeae—
gax or — 1 10 + 1, TO UX MOACTAHOBKA B MOJIEJIN
(7-9) npUBOANT OT eMHIUYHON TTapabOJIBI K ce-
meiicTBy mapa6oa (10—-12):

= (- 16,70 + 5,13) x, —

2883x2 ~2183<bh <~ 11,57, (10)
W,, = (£ 9.01) x, +22,67x,
—901 < b, <+901, (11)
W, = (— 20,40 + 388)
x, + 867x7 -2428< b <- 1652, (12)

Takue cemeiictBa mapabosi M300pakeHbI Ha
puc. 11, Ha KOTOpPOM HaHeCEHbI IIeHTPaTbHAS
U JIBe TPaHWYHbBIE apaboJIbl, a 30HA CYIIECTBO-

BaHUs CEMeNCTB 3amTpuxoBaHa. JhHPeKTh B3a-
UMOJIECTBHS TIepe/IBUTAIOT BEPITUHY HEU3MEH-
HOI1 TapaboJIbl B0 OCH X,

Ananm3 KBa3MOMHOMAKTOPHBIX MOjIeJieil Ha
puc. 11 manm BO3MOKHOCTB CZieJIaTh BBIBOJBI O
poan Kaxkaoro ¢akxropa ¢ ydetoM 3(hdeKrToB
B3aUMO/IEHCTBUS.

[Tepexox Kk Oousblneil rayOuHe Imypa BHa-
yajie TPUBOMUT K YBeTWYeHUIO Y, 3aTeM 3TOT
addekr nonmxkaercs. Ilonoxenne pakropa x
COOTBETCTBYIOIIEE MaKCUMAJIbHOMY 3HAYEHUIO
BBIXOJIa, OIPE/IE/ISeTCs YPOBHEM CTaOMIM3aIIN
IpyTux (haKTOPOB.

YBesauuenne auamerpa mmypa 10 12 MM BbI-
3bIBaeT yMeHbllleHUe Y; fnasbHeiilee yBeauye-
HUE TMaMeTpa MPUBOIUT K pocTy Y.

YBenmuenue mara MHBEKTUPOBAHUST TTPUBO-
JUT K YMEHBINEHWIO BO BCEM JMalia3oHe M3Me-
HeHud X.,.

Jlnst Mmosies (5) Tak:Ke MOJyYeHbI TPH KBa-
3MOHO(AKTOPHBIE MOJIEJH, TIPEICTaBIEeHHbBIE
Ha puc. 12. Cuenyer OTMETUTb, UTO XapakTep
BaUSAHUS (DaKTOpPOB Ha Y CO BpeMeHeM He U3-
MEHUJICS.

AHanm3 TIOKa3aj, uTo MaKCHMajbHOEe 3Ha-
yeHne Y BO Bcex Tpex ciydasx obecredn-
BAeTCsS OJMHAKOBBIMU YPOBHSIMU  (DaKTOPOB:
He3HauuTeJbHasl TJIyOMHA MIMTypa, MaKCHMasb-
HBIIl JWaMeTp TIMypa, MWHUMAJbHBINA IIar
UHBEKTHPOBAHMsL, YTO COOTBETCTBYET TIyOuHEe

Puc. 11. Tpadux Bausguus haxTopoB Ha MOKa3aTeIb NHTEHCUBHOCTU KAIIMJISIPHOTO
BJIaroriepeHoca IMpu BbICOTE TofbeMa Kuakocti 10 Mmm
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Puc. 12. Tpaduk Brusgans GakTopoB Ha MOKAa3aTeh MHTEHCUBHOCTH KalUJITISIPHOTO
BJIATOTIEPEHOCA TIPH BHICOTE MObEMA KUAKOCTH 15 MM

uHbeKTHpOoBaHus 14 cM, quametp mmypa 8 Mm,
1ar MHbeKTHpoBanus 15 cwm.

MunumanbHoe 3HadeHue Y Ha MPOTSKEHUU
BCETO DKCIIEPUMEHTA 00ECTIEYNBAETCS MAKCH-
MaJIbHOU TJIYOMHON TIIypa MpPH 3HAYUTETHbHOM
1are UHbEKTUPOBAHUS, YTO COOTBETCTBYET IJIy-
Oune MHBEKTHpPOBaHMs 18 cM, mary MHBEKTH-
poBanus 20 cm. Ilpu atom amamerp mimypa He
npeBbiaeT 12 mMm.

Boisoapi. ITpeanoxkena n 060cHOBaHa cxeMa
PaCHoJIOKEHNS TIIMYPOB WHBEIUPOBAHUS JIJIS
obecrieyeHusT  TUAPOMBOJSAINE  KOHCTPYKITHIA,
KoTOpasi mo3BosisieT Ha 6—12% GoJbliie 3amo-
HUTb KaOWJUISPHO-TIOPUCTOTO  TIPOCTPAHCTBA
KJIQIKW TI0 CPAaBHEHUIO C JIPYTUMU CXEMaMU.

[Tpundras ¢dusnyeckass MOJeb PacipocTpa-
HEeHUSI WHBEKIIMOHHOTO COCTaBa B TIOPUCTON
CTPYKType HU3BECTHSKA-PaKyIleYHNKa TI03BOJINU-

Jia TIPOaHAIM3UPOBaTh TIyOMHY, AWAMeTp, IIar
MHBEIMPOBAHNS, KOTOPbIe OKa3bIBAIOT BJIMSHIE
Ha 00JIaCTh PACIPOCTPAHEHKs PacTBOpa B Mac-
cuBe KOHCTDPYKIMU. [71yOuMHa MHBEKTHPOBAHUS
JIENICTBUTEJIBHO SABJISIETCS OJIHOM U3 BAKHEMIITNX
TEXHOJIOTUYECKUX XaPAaKTePUCTUK TPU YCTPOii-
CTBe BHYTPUKOHCTPYKIIMOHHOTO TUPOU3OJIAIIN-
OHHOTO 2KpaHa. C TeXHOJOTMYEeCKO TOUKM 3pe-
HUS CTeTleHb BJUSHUS 11ara UHbeKTUPOBAHUS Ha
MHTEHCUBHOCTb KalUJJISIPHOTO BJIAronepeHoca
SBJISIETCS IOCTATOYHO BBICOKOI, TAaK KaK MPSIMbIM
00pa3oM CKa3bIBAETCs Ha KOJMYECTBE JIeHCTBYIO-
MIEr0 THUAPOUIOJISIIIMOHHOTO COCTaBa B WHBEIIU-
pyemoil ToJie, a Takke Ha TpyJo3aTpaTax Ipu
BBITIOJIHEHUY THPOU3OJIAIIMOHHBIX pabot. Be-
JUYMHA JaMeTpa MIypa He OKa3bIBaeT 3HAuYW-
TEJIbHOTO BJUSIHUS HA MCCJIeyeMblil TTOKa3aTelb
B paMKaX BBIOPAHHBIX YCJIOBHI 9KCIIEPUMEHTA.
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INCREASING EFFICIENCY OF WATERPROOFING SCREENS WITHIN THE CONCEPT
OF CONSERVATION OF CULTURAL HERITAGE OBJECTS

Abstract. The article discusses the causes of the violation of the waterproofing of the underground
parts of buildings which are made of limestone-shell rock. Unflod the problems of preserving historic
buildings and structures from limestone-shell rock in Ukraine and Moldova, such as the Odessa Opera
and Ballet Theater, the Strats House, the Brodsky Synagogue, the Marazli House, the Belgorod-Dniester
and Bender Fortresses, the Tower of the Winds, the Church of St. Kaetan, the Powder Cellar of Tiraspol
Fortress, are revealed, Water Mill, Church of the Archangel Michael in with. Stroentsy and many others.
The expediency substantiated the conducting studies of the effectiveness of injection technology
in the installation of waterproofing screens, depending on the following factors: the depth of in-
jection (X1); borehole diameter (X2); injection steps (X3) with a range of variation of X1 — 14,
16 and 18 cm, X2 — 8, 12 and 16 mm, X3 — 10.15 and 20 cm.

Based on the methods of the mathematical theory of the experiment, a complex of experimen-
tal-statistical models has been constructed, the analysis of which allowed us to estimate the inten-
sity of capillary absorption of the “waterproofing screen — limestone-shell rock” system depending
on the depth of injection, the diameter of the injector and the step of its location.

An arrangement of injection holes was proposed and justified to ensure waterproofing of struc-
tures, which allows filling the capillary-porous masonry space for 6—12% more than other schemes.
The accepted physical model of the distribution of the injectable composition in the porous struc-
ture of limestone-shell rock allowed us to analyze the depth, diameter, and injection step, which
affect the distribution area of  the solution in the structural array. The depth of injection is indeed
one of the most important technological characteristics in the construction of an intra-structural
waterproofing screen. From a technological point of view, the degree of influence of the injection
step on the intensity of capillary moisture transfer is quite high, since it directly affects the amount
of active waterproofing composition in the injected thickness, as well as labor costs when perform-
ing waterproofing works. The diameter of the borehole does not significantly affect the studied
parameter within the selected experimental conditions.

Key words: limestone-shell rock, injection waterproofing, waterproofing screen, capillary
absorption, mathematical modeling.
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METOAUKA ITPOERKTYBAHHA AHAEPOBHOI'O BIOPEAKTOPA
3 IPYHTOIIEMEHTY

Anomayis. Anaepobnuii 6iopeaxmop 0is eupobnuymea 6ioeasy i opeaniunozo cybcmpamy — ye
NPUCTPILL, Wo A6ILIE COO0K0 3AMKHERY EMHICMb, Kyou nodaromy 6ionoziuni 6i0X00u, eumpumyoms
ix 6es docmyny nosimps npu 3adanii cmabinonii memnepamypi (6i0 +25 do +55°C) i nepemi-
wytomy. Y pesyavmami memarozenesy ompumyomo 6iozas ma opeaniunuil cyocmpam, wo 6uKo-
PUCTOBYIOMb K 000PUBO 6 CLIbCOKOMY, (hepmepcoromy zocnodapemei. Buxionow cuposunoio ois
pobomu Giopeaxmopa ¢ Gionoziuni 6i0x00u.

Y cmammi onucano enacny xoncmpyxuyito anaepobnozo biopeaxmopa 0is supobnuymea 6ioza-
3y ma opeaniunozo cyécmpamy. Ocnosna yeaza npudiiena po3pooui memoouxu npoexmyean-
Hs anaepoOHoz0 Oiopeakmopa 3 IpyHmMoueMenmy K Koncmpykmuenozo mamepiany. Hasedeno
MemoOuKy eusnauents neobxionozo 06’emy biopeaxmopa 3anexncio 6id eudy ma,/abo Kirvkocmi
opeaniunux 6idxodie. Budireni ma npoananizosani Qaxmopu, wo 6NiUSAIOMb HA GUPIULEHHS
onmumisauiiinoi 3adaui, — eubip cnissionowenns diamempa Qepmenmamopa i 1020 GUCOMIL.
Hasedeno pexomendauii wo0o epaxyeanis KiiMamuyHux Hasanmaxceiv, 3 ypaxyeanusim po3-
MAWLY6ans HAUOIUNCUUX MeMeOCMAanuii ma po3poodiena cmpykmypHo-102iuna cxema npoex-
myeanns Giopeaxmopa.

Posznsiyma moxcaugicmn 3acmocysanis MoOUDIKOBAH020 TPYHMOUEMEHMY (epMeHmuuM npend-
pamom <Jlopsuns y naibineur onmumanvkii kiwvkocmi, wo dopisuioe 0,05%, U0 Mae noxpaugumi
zz@pamauzum npoyecu, 3HaA¥HO 3HUIUMU ycaaxy TPYHMOUEMENMY, SMEHWUMU MPIUUHOYMBOPEHHS.
P03p06fzeHa i npeacmaeﬂeﬂa MEXHON0ZIUHA NOCTIO0BHICMD BUKOHAHHS OYPOIMIULYBATLHUX POOIM
i3 GIAWMYBANNA CYULILHOT MOHOLIMHOT TDYHMOUEMEHMHOT KOHCMPYKU hepmenmamopa Giopeak-
mopa. [Ipoananizosani nemexnon0ziuni MOMEHMU LAUMYBAHHI OOHHOT YaCmunU (Hepmenmamo-
pa, nasedeni nepcnexmueu NOOAILUUX 00CII0NHCeHD.

Kniouogi cnosa: ceeponosuna, mexnonozis, monoaimna xoncmpyxuis, diopeaxmop, oypo-
amimyeanvii pobomu, pepmernmamop, 6i0102iuni 610X00U, IpYHM, TPYHMOUEMEHM, UeMeHN,
apmyeanns, Kuimamuuni napamempu, mooudixamop.
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IocranoBka mpoGiaemu. B ymoBax mocTiii-
HOTO 3/I0PO’KUaHHS €HEePTOHOCIIB Ta IMOTipIleH-
HS eKOJIOTIYHOI CUTYyallll B YChbOMY CBITI JlefiaJi
OiibIie yBaru HPHUIIISETHCS albTePHATHBHIM
JpKepesiaM eHeprosabesnedyeHns. 3 OrJIsay Ha
reorpadiuie TONTOKEHHS YKpaiHW, CYyTTEBUI
BIJICOTOK 3eMeJib CLIbCbKOTOCIOIAPCHKOTO TIPU-
3HAQUEHHS Ta, SK HACTIJOK, HASIBHICTb BEJH-
Kux 00csriB 6iosorivHnX Bigxo/iB (THiiT KOPIB,
CBUHEH, KOHeil, Kypei, Oaauis KapTOILIsSIHE,
creba KyKypy/A3u, cOJIOMa TIIeHNYHa, OYpsIK,
JIy3ra COHSIIIIHUKOBA, CUJIOC, TPaBa CBiXa, BIJIXO-
I MOPKBW, THPCA JepeBUHMU, (heKaTbHUN OCal,
tBepai mobyTosi Binxoau (TIIB)) mepcrexTus-
HUM € 3aCTOCYBaHHsI Cy4acHUX Oi0TEXHOJIOTIH.

Biorasosi peaktopu B Ykpaini He Habyjm
3HAYHOTO TIOMUPEHHS Y 3B’43KY 3 iX 3HAUHOIO
BapTICTIO, MPUMXJIUBICTIO TEXHOJIOTIl MeTaHO-
BOTO OpOJiHHS, 3HAYHUM EHEPrOCIOKUBaH-
HaMm [1-4]. HemomikamMu BijoMUX KOHCTPYKIIiid
(epmeHTaTOPIB € iX TOPIBHSAHO BICOKA Bap-
TICTb 1 HETEXHOJIOTTYHICTb BJIAIITYBAHHSI be-
TOHHOI KOHCTPYKIIii CKJIQJIHOI KPUBOJIHINTHOI
dbopmu, sika 6 3abesreuyBasia HallKpali yMOBH
TEePMOI30JId1li1, TepeMillyBaHHs, PYWHYBaHHS
HOBEPXHEBOI Kipku cyOcTpary, 3abesledeHHs
MaKCHMaJIbHOI TLTOMIi it BUXOAy Oiorasy i3
cybcTpaty, MepiognyHOTO BUNMAHHS TBEPIOTO
ocajly Ta TeXHIYHOTO OOCJIyroByBaHHS. Takox
CYTTEBUM HEOJIIKOM € HeI0CTaTHsS JOBrOBid-
HiCTh (epMeHTaTopa, 3yMOBJIE€HA KOPO3iHHOIO
HecTabiIbHICTIO.

AHaJli3 oCTaHHIX JAOCIiIKeHb., AHAePOOHMIT
GiopeakTop /1 BUPOOHMITBA Oiorasy i oprami-
HOTO cyOCTpaTy Iie MPHUCTPIl, IO MPeICTaBIISIE
co0010 3aMKHEHY E€MHICTb, Ky[IH MOAAI0Th 0io-
JIOTIUHI BiZIXO[M, BUTPUMYIOTH iX 6e3 AOCTyITy
HOBITPS TIPM 3aaHiil cTabijbHIA TeMmepaTypi
(Bix +25 mo +55°C) i mepeminiyiots. Y pesysib-
TaTi MeTaHOTeHe3y OTPUMYIOTh 0ioras Ta eKo-
JIOTi4HO-0€e3MeYHnil  opraHiyHuii cyGerpart, 1o
BUTIAJIA€ SIK TBEPAU 0cajl, KUl MOKHA 3aCTO-
COBYBATH $IK OpraHiuHe HOOPHUBO B CLIBCHKOMY
rocrofapeTBi. Sk matepian st Koprycy 6io-
peakTopa TpaAHuIliiiHO 3aCTOCOBYIOTh GETOH, Me-
TaJ, MOJIMEPHU.

BapianToM BupilIeHHs TIPOOTIEMH 31 3HUKEH-
HsT BapTOCTi OiopeakTopa 3a YMOB OJHOYACHOTO
3abesIeyeHHsT KOPO3iiHOI cTilikocTi (epmeHTa-
TOpa € 3aCTOCYBaHHS SIK MaTepiajy JHA 1 CTi-
HOK — IPyHTOIleMeHTY [5].

[lepemrymoBamMu  3acTOCYBaHHSI ~ IPYHTOIIE-
MEHTY [ BJIAIITYBaHHSA KOpIycy GiopeakTo-
pa-cdepmenTaropa € [6-8]:

— IO3UTUBHUI JIOCBiJI BUKOPUCTAHHS IPYH-
TOIIEMEHTY SIK MaTepiasy /ist OyiBHUIITBA ILIa-
MOBUX BIICTIMHUKIB /71T TOKCUYHUX BIJIXO/IB;

— BHCOKa BOJIOHENTPOHUKHICTE W 12-14;

— HM3bKa BapTiCTh BUTOTOBJIEHHSI yepe3 BU-
KOPHCTAHHS IPUPOTHOTO IPYHTY 3 KOT/IOBAHY;

— BHCOKA MIIHICTh Ha cTHCK, 2 MIla;

— CTIUKICTH /10 arpecWBHUX CKJAIHUKIB
(XiMiYHa CTIMKICTD);

—  JIOBIOBIYHICTb,
6iabmr Hixk 300 pokis;

— IPYHTOILIEMEHT €KOJIOTTYHO Oe3MeyHuil;

— MOPO3OCTIlKiCTh y Mexkax M25;

— IPYHTOIIEMEHT Ma€ 3/aTHICTH 10 HabOpY
MII[HOCTI 3 YacoM.

Mera po6oru. 1. 3ampornoHyBaTtu HOBY,
€HeproomaHy Ta TeXHOJOTIUHY, 3 TOYKU 30PY
3PYYHOCT] eKcILlyaTallil B yMOBax YKpaiHW,
KOHCTPYKIIIO aHaepoOHOro OiopeakTopa IILisi-
XOM 3aCTOCYBaHHS SIK KOHCTPYKTHBHOTO MaTe-
piasy — rpyHTOIeMEHTY, MOAN(IKOBAHOTO TPYH-
TOI[EMEHTY.

2. Po3pobuti CTPYKTYPHO-JIOTIUHY CXEMY
IPOEKTYBaHHsI KOPITycy Giopeakropa 3 TPyHTO-
IIEMEHTY.

3. Pospoburu TexHomoriuHuil mporiec OyIiB-
HUI[TBA (hepMeHTaTopa biopeakropa 3 IpyHTOIe-
MEHTY, BUKOPUCTABIIN OypPO3MIlyBaJbHy Tex-
HOJIOTIO.

Pesymbratn  pocaimkens.  [IpormonoBana
KOHCTPYKIIist GiopeakTopa [5] HaJIeKuTh 10 Tex-
HOJIOTIi ofiepsKaHHsT Giorasy MIISXOM aHaepoo-
HOTO PO3KJIaAy pisHUX OIOJOTIYHMX BiIXOMIB
(TBAPUHHMIITBA, NTAXiBHUITBA, POCTUHHIIITBA,
HlIIHpI/IGMCTB XapqOBm HpOMI/IC]IOBOCTl TIIB,
CTIYHUX BON) 1 MOKe 3HAUTH 3aCTOCYBaHHSI
B CLJIbCHKOMY TOCIOJIAPCTBI, HA MiATIPUEMCTBAX
XapyoBOl TIPOMUCJIOBOCTI, MICHKUX 3BaJUIIAX
TIIB, cTaHIigX OYUCTKUA CTIYHUX BOJ, MIATIPU-
€MCTBaX i3 BHUTOTOBJIEHHSI OPTaHiYHUX 100PHB,
HAITPUKJIA MyJIbyi, cyOcTpary.

MeTo10 TPOMOHOBAHOI KOHCTPYKIIii Giope-
aKTOpa € BIOCKOHAJEHHS aHaepoOHOro Oiope-
aKkTopa, (hepMeHTaTOpa-ra3rojbaepa, B SKOMY
MIJIAXOM BJIAIITYBAHHS 1IJIBHOTO 1 MOHOJIITHOTO
KOPITyCYy 3 TIPYHTOIIEMEHTY IiIBUILYETbCS Ha-
JIUIAHICT Ta JOBrOBIiYHICTH poboTH GiopeakTopa,
1IOTO TePMETUYHICTb, CYTTEBO 3HUKYIOTHCS Bap-
TICTb 1 TEPMiH 3B€JIEHHS 32 YMOB PalliOHAJIbLHOTO
BUKOPUCTAHHS TIPUPOHUX PECYPCIB.

Ha puc. 1 306pasxeHo Bz 38epxy 6iopeakTop-
HOI YCTAaHOBKM, 1110 CKJIAJAETHCS i3 3aBaHTaXKY-
BaJIbHO-HACOCHOTO By3Jia Ta 0Oe3MocepeiHbo ca-
Moro biopeakTopa, ge 1 — npuilMajbHa EMHICTD

TepMiH BUKOPUCTAHHS
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JUIA BiaxoiB 61010rYHOTO MOXOKEHHS, 2 —Ha-
coc, 3 — eMHicTh-f103aTop. EmMHOCTI 11 3 yTBOpe-
Hi CTIHKAMU 1 THUIIEM i3 ITPYHTOIEMEHTY.
AnaepobHuii 6iopeakTop st BUPOOHHIITBA
Giorasy Ta OpraHigHOTO CyOCTPATy CKJIaZa€ThCs
3 KOpITycy 4 IMUIiHAPUYHOI B M1aHi (hopmu (UB.
puc. 1) i3 TppbOMa BHYTPIIIHIMI BEPTUKAIbHUMM
TIeperopojikaMu 5, 10 PO3TAIIOBaHi OfHA CTO-
coBHO iHmI01 1M KyToMm 120° Ta yTBOpIOIOTH TPU
KaMepu JJisI aHaepoOHOro OPOIHHS, BIANOBIAHO
6, 7 i 8. 3a Mexxamu GiopeakTopa po3TallOBaHIIA
306ipHUK 30pOIKEHOT MacK 9 yTBOpPEHMIA CTiHKa-
MM 1 THUIIEM i3 TpyHTOlleMeHTy. Kopiyc mumin-
napuaHoi hopmMu 4, TPU BHYTPINTHI TIEPETOPOAKH
5 Ta crisbhe gHo 10 (puic. 2) BUKOHAHI B «MOHO-
JITHOMY» BapiaHTi — gK OJ[HE IliJie 3 TPyHTOIle-
MeHTy. Ha moBepxHi BHYTPIllIHIX MEPEropoioK
5 nepeabadero Temmoobminauku 11 3 momimep-
HOi TPyOU 3 I €AHAHHSIM JI0 TETJIOBOTO HACOCY
(Ha pHUCYHKY He MOKa3aHo). Y GpPOJNJIbHIN Kame-
pi 6 mocepenHuIITBOM TpaBepcu 12 BcTaHOBJIEHO
3MinyBad 6ioMacH, M0 BKJIOYAE TiJPOABUTYH
13, penykrop 14 3 BepTUKATIBHO PO3TANIOBAHUM
BAJIOM, Y HWXKHIN YaCTUHI $IKOTO 3aKpiIlJieHO
KOPOTKOOA30BHI OJHOBUTKOBHUII IIOJIMIT IITHEK
15, a y BepxHill YacTHHi 3aKPilJIeHO Tparelrie-
BUJTHWH KapKac i3 ciTkamu 16 ms pylinyBaHHS
IIOBEPXHEBOI KIpKH. Y meperopojkax 5 nepejda-
4eHO OTBOPH JIJIST TieperycKHuX Tpy6 17.
Haxonuuennsa rasy ta iioro moyaTkoBe TUM-
gacoBe 30epiraHHs BiOyBa€ThCs B MOPOKHUHI
rasroJsipiepa 18, 1Mo yTBOpeHa ra3oBUM KOBIIA-
KoM 19, axuii MiTBHO Ta TEPMETUYHO BCTAHOB-
JIEHO B Tla3W TPYHTOIEMEHTHWX CTIHOK KOp-

nycy 4. ¥ BepxHiil yacTuHi KoBmaka 19, gxuii
BUTOTOBJIEHUI 13 Marepiajy TEMHOTO KOJIbO-
Py MU JI0ATKOBOTO HarpiBaHHs Oiopeakropa
Bi/l COHSIYHWMX TIPOMEHIB, BCTAHOBJIEHO 3acO0M
KOHTPOJIIO Ta aBTOMAaTUYHOTO KepyBaHHs 20, a
TaKOX BUBIIHY ra3oBy TpyoOKy 21.

Y HKHIN yacTrHI 6iopeakTopa mepegbadeHa
3ay1i300eToHHa Tpyba 22 i3 BCTAHOBJIEHUM Y Hel,
MOCEPETHUIITBOM TT/IIMUTTHIKOBUX OTIOP, J/IOB-
ro6a30BUM IITHEKOM 23 JJIsI BUBEIEHHS OCALy
(cyberpaty). ITpu bomy moBepxHst aHa 10 Kop-
mycy 4 Giopeaktopa B OpoIMIbHIX Kamepax 6, 7,
8 i 36ipHKKY 30pojsKeHOl Mach 9 Mae BHYTPIlIHi
VXWX 10 OTBOPIB 13 BCTAHOBJIEHUMU B HUX TiJI-
posarBopamu 24, yepe3 sKi, MePIOANYHO 1 y BU-
3HaYeHIll TocizoBHOCTI, ocax (cyberpar) mo-
TPAILISiE Yy BHYTPINTHIO TOPOXKHUHY TPyOn 22 3i
IHeKoM 23.

AnaepobOHuii Giopeakrop A1 BUPOOHUITBA
Gioragy Ta OpraHigyHOro cybcTpaTy NpHU3Haue-
HUI I poOoTH, 9K Ge3lepepBHO, Tak i auc-
KPETHO B OY/Ib-5IKY MOPY POKY.

Ipoexmysanns 6Giopeaxmopa. B 3amexHocri
Bijl BUXigHUX yMOB (BH/ Ta 1000BMil BuXij 6io-
JIOTIYHUX BiIXOIiB) PO3PaxOBYIOTh BHYTPIIIHIN
006’eM peakTopa.

[Tpumycrimo, tocnozapctBo mae 10 rosis
KpymHOi poratoi xymobu, 20 cBuHeil i 35 Ky-
peit. 3a 100y BUXijl €KCKPEMEHTIB CTAaHOBUTHME
55 xr Bix 1 KPC, 4,5 kr Bix 1 cBuni, 0,17 r Bix
1 kypku. Maca 1060BUX Bi/IXO/liB CTAHOBHTH:

10x355+20x4,5+ 0,17 x 35 =550 + 90 +
+3,95 = 645,95 kr.

Puc. 1. biopeaktopna ycraHoBka (Buz 3Bepxy) [9]
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OnTrManbHa BOJIOTICTD CUPOBUHM JIJIST 3a-
BaHTaKeHHs B GiopeakTop — 85%.

BoJioricTh CBisKUX €KCKPEMEHTIB CBUHEH, KO-
piB cTaHOBUTDL 86%, a Kypsuoro mocsiay —75%.
[Ilo6 moBecTH BOJIOTICTH KYPSYOTO MOCIILY, 10
85% tpeba momatu 6;1m3bK0 0,5 11 Bomu (6/113b-
ko 0,5 kr). Tozi 1060Be 3aBaHTaKEHHST PeaKToOpa
CTaHOBUTD 646 KT.

JloboBe 3aBaHTAKEHHST PEAKTOPA TPUITMAETH-
ca He Oinpire 10% Bix #0oro MOBHOTO 3aBaHTa-
JKEHHS.

Toni moBHe 3aBaHTAaKEHHS PeaKTOpa:

=10 x 646 kr = 6460 xr, 6,5 T.

Jlnst ceurokomIuiekcy st 5300 rois.

Maca 1000BHX BiIXO/iB CTAHOBUTHME:

m = 5300 x 4,5 = 23 850 xr.

[ToBHe 3aBaHTaKEHHSI peaKTOpa:

m =10 x 23 850 kr = 238 500 xr = 238,5 T.

3a manumu [9], o0’emHa Bara p CBIKHX CBHU-
HSYMX EeKCKPEMEHTIB KOJHMBAETHCS B MeKax
p =1013..1400 xr/™M’. 536509

O0’em peakTopa: V = 200 " 198,75m°

PesynsraToM nonepeaHix po3paxyHKiB € pe-
akTop i3 KoprucHuM 00’eMom — 200 M>,

3anIaoThCsd BIAKPUTUME TIUTAHHS CITiB-
Bi/[HOIIEHHS JiaMeTpy 1 TIMOMHU 3aKJjaJaHHsI
B IPyHT MaitbyTHBOI criopyau. B3aemoss’sizok
MK IIUMM TapaMeTpaMu 3YMOBJIIOETHCS TeX-
HOJIOTTYHUMHU O0COOJIMBOCTSIMI BUXOZLY Oiorasy,

yMOBaMHU HOTrO mepeMillyBaHHS, KJIIMaTUYHU-
MI [IapaMeTPaMy — TPOMEP3aHHS IPYHTY (mi-
HiMi3alil BUTpaT Ha MiATPUMAHHS HeoOXigHOI
TeMIIepaTypy i aHaepoOHOro MpOIlecy), Tex-
HOJIOTIYHUMHU ¥ €KOHOMIYHUMU TlapamMeTpamu
BJIAIITYBaHHS Kopirycy Oiopeaktopa OypoBHM
BEPCTATOM, TEOJIOTIYHUMU Ta Ti[POre0JIOruHU-
MU TIapaMerpaMu  OyiBeJbHOTO MailflaHInKa
ta iH. Ile ckmagHa onTuMizalliitHa 3aja4a.
Bapro 3ayBaxuTh, 1110 AiaMeTp HA peakTo-
pa € GiJTBIIOI YaCTHHOI YMOBHOTO (hyHIaMEH-
Ty MailbyTHBOI cropyau (puc. 3), a TpHiiHATE
3HAUEHHS 30BHIIIHBOTO JllaMeTPy €MHOCTI Ma€
3a/I0BOJIBHATH YMOBI P < R (apyra rpyma rpa-
HUYHUX CTaHiB, pospaxyHOK BUKOHYETHCA 3a
KJACUYHUMU MeTofuKamu). [IpuiiHgaTTss Mi-
HIMaQJIbHOTO 3HAueHHS 30BHIIIHBOIO JllaMeTpa
KOPIIyCY peakTopa TPYHTYEThCSI HAa PO3PaxXyH-
Kax I0/I0 TIPOEKTYBAHHS OCHOB 1 (PyHIaMEHTIB
[10; 11] i 3ameXUTh BiJf TPYHTOBUX, TiIPOTEOTIO-
FYHUX, KIIMATUYHUX YMOB Ta HaBaHTa)KeHb BiJl
CIIOPY/IH i pevyoBUHM B Hiil. 30iIbIIEHHST Tiame-
Tpa €MHOCTI MO3UTUBHO BILJIMBATUME Ha 3MEH-
MIeHHS TUCKY TTi[| CIOPY 1010 P, mouty Bixo-
JIy Ta3zy Ta BeJUYUHY rpame:HTa TUCKY plI[I/IHI/I
grad p, ane tpusBeze 10 30iTbIIEHHS 30BHIII-
HBOTO TIEPUMETPY, 110 32 HASTBHOCTI MyYNHUCTUX
I'PYHTIB Y BepXHiX IapaX, BeJIMYNHU CE30HHOTO
IPOMepP3aHHd 1 KOTe3WBHUX 3B'SI3KiB IPYHTO-
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Puc. 2. Pospiz A-A 6iopeakropa 3 puc.1 [5]
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IIEMEHTY 3 HaBKOJIMIIHIM IPUPOIHIM TPYHTOM,
POBOKY€E mpobeMy. MiHIMaTIbHUMU HaCJTiIKa-
MU € BUHUKHEHHS JI0JJaTKOBUX BHYTPIIIHIX He-
PIBHOMIPHUX HANpPy:KeHb Y TiJli TPYHTOIIEMEHT-
HOl €MHOCTI, 1[0 MO’Ke IPU3BECTU /10 BTpaTu
migicHocTi Ta repmermynocTi. Ha OyaiBenbHUX
MaiilaHYMKax 13 MyYMHUCTUMU IPYHTAMU ITICIIS
BJIAIITYBAHHS TPYHTOLEMEHTHOI €MHOCTI [10-
I[IIBHUM € CTBOPEHHS aHTU(MPUKIIHHUX KOMi-
piB Ha TIMOMHY CE30HHOTO POMEP3aHHsI, yTe-
IJIEHHS BEPXHbOI YACTUHU TepUMeTpa, yCTpii
BUMOIIIEHHS Ta BOJIOBi/IBE/ICHHSI.

Poawmitiennst eMHOCTI peakTopa HUKYe PiBHS
JICHHOI TIOBEPXHI, 3aCTOCYBaHHS TPHOX palialbHO
BCTaHOBJIEeHNX depe3 120° BHYyTpimmHixX mepero-
POJIOK Ta 3allOBHEHHSI BHYTPIIIHBOI MOPOKHUHA
EMHOCTI cyOCTpPaToOM JIal0Th 3MOTY MiHIMi3yBaTh
HaBaHTaKEHHs Ha CTIHKM Ta IHO. B pobouomy
1 JIOBrOTPUBAJIOMY T[IOJIOKEHHI CTIHKH Ta [[HO
PeaKTopa CHPUAMAIOTH NACUBHI TUCKH Bij cy6-
crpary P, 1 30BHIIIHBOTO NPUPOJTHOTO IPYHTY
HenopymeHm CTPYKTYpH P , SIKi B Tiepiiomy Ha-
OVKEHHI MOJKHA HpI/II/IHHTI/I piBuumu. Tosru-
Ha /Ha 1 CTIHOK BU3HAYATUMETbCS BEJMYMHOIO
KoeditienTta (inprpaiiii, TACUBHUM THCKOM Ha
CTIHKY B CEKTOPax MiK IeperopojkaMu, TeXHO-
JIOTTIHIMU MOKIIMBOCTSIMU OYPO3MIITyBaJbHOTO
po6oUoro 06 TATHAHHS /IS 3a0€3TeUeHHST CYITLIb-
HOI Ta OJTHOPI/THOI OTOPOIZKYBATIBHOI KOHCTPYKIII1
3 rpyHTolieMenTy. IIpuiiMaeTncsi 3HaYeHHS, sKe
3a/I0BOJIbHSIE BCIM YMOBaM.

TonoBHuUM KpuTepieM NpU PO3PAXYHKY TOB-
IMIMHYU JTHA 1 CTIHOK €MHOCTI peaKkTopa € BeJiu-

ypHa (igprpaliii BoJorn i3 cyberpary, Mo mpu-
HMA€ETBCS PIBHOIO HYJO. 32 OCHOBY MOXKe 6 TH
npuitHaTa Bizoma dhopmymra A. /lapci: 0=
mo 3 ypaxyBaHHAM KoeditrieHTa

HOCTI /11 p13HI/IX pedoBun k (HF HyTTinr)
k = d2,Sl(m,¢) HpI/II/IMe BUTJIAL; *H A Ta Tpen-
crasisitiMe coboro pisasuHs JI.C. JlelibensoHa:

d’ Al 7
IPOHUK-

_ d;,Sl(m,¢) Ap
u Al’

ae d - e(beKTMBHHﬁ JliaMeTp YacTUHOK
(J:uaMeTp YAaCTUHOK eKBiBaJeHTHOIO (blKTI/IB-
HOTO TPYHTY, TiIpaBJIUHMI OIp SKOTO JOPiB-
HIOE TiZIPaBJiYHOMY OIOPY peasbHOI TOPOJIN);
Sl(m,e) — uncmo Crixrepa (6e3posmipre) sk
dbyHKI1igI KOedilieHTa TOPUCTOCTI M i CTPYKTY-
pH TIOPOBOTO NMPOCTOPY € (i CTPYKTYPOIO 110~
POBOTO IIPOCTOPY pOSyMlIOTb (bopMy i po3mip
OKpPeMHUX MOp, IX KiJbKiCHE CIIiBBiHOIIEHHS
1 CIIOTy4yBaHICTh); U — AUHAMIYHUI Koedilli-
€HT B'SI3KOCTI PiIUHU.

Bcranoienna — kJIiMaTUYHMX — [apameTpiB
y TIpoIieci MpoeKTyBaHHsT MaiibyTHHOro Giopeak-
TOpa MOKe OyTH 3/IHCHEHO 3a 3aIIPOTIOHOBAHOI0
MeTo/iiKo0 [12] Bu3HaueHHs KJIIMAaTUYHUX Ha-
BaHTa)KeHb Yy 3a/laHiil reorpadiuHiii TouIli 3a aa-
HUMM JIOKQJIbHOI Mepexi MeTeocTaHiliil (puc. 4).

PiBHAHHS IJIONIMHY, KA BigoOpaskae 3MiHM
KJIIMaTUIHOTO (hakTOpy Z B OKOJI TPOEKTHOI
TOYKH, MOKHA 3aITMCATH Y BUTJIS/I

Z=A+B-X+C.Y,

o

Bynpius nepeeqpodu e eepmuKartH \

/l

~

LA~

Puc. 3. Cxema mepefiadi THCKY Ha TPYHT OCHOBH 32 PaXyHOK OTIOPY IPYHTY 110 OOKOBHX
TIOBEPXHSX 1 T 1HOM depMeHTaTopa
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Puc. 4. Mepesxa meteoctantiiii periony [12]

ne X, Y — KoopJIuHAT! METEOCTaHIlil YU MPo-
ekTHOI Touky; A, B, C — mapameTpu, Bu3HaueHi
3a JaHUMU Mepeski MeTeoCTaHI[I.

[Tapamerpu A, B, C Bu3Ha4ai0ThCs METOAOM
HalIMEHIUX KBAJpPaTiB 3a JAaHUMU YCIX MeTe-
OCTaHI[ 3 OKOJY IPOEKTHOI TOYKH, IO MOXe
OyTH peasi3oBaHO B CepeOBHIIL OYIb-KOro 06-
YUCIOBAJIBHOTO KOMILIEKCY, 30KpeMa Microsoft
Excel. Koopautaty MeteocTaHIiiil Ta IIpOeKTHOT
Touk# X, Y MOXYTb 33/laBaTUCS Y BUTJISAIL TIPSi-
MOKYTHUX KOODJMHAT y KiJTOMeTpPax CTOCOB-
HO YMOBHO 00OpaHOro IeHTpa, abo 3HAYEHHIMU
JIOBTOTHU i MIMPOTH MICIIEBOCTI B Tpajlycax, oIy-
OJIKOBAaHUMU B METEOPOJIOTIYHUX JOBIHUKAX,
BU3HaueHnMu 3a jgormomoroin Google Maps un
IHITX KapTorpaiuyHuX CUCTEM.

Teonoziuni napamempu 6ydisenvnozo matdanuu-
Ka. B ifeani, IpyHT /IS BJIAIITYBaHHA JIHA 1 CTIHOK
IPYHTOIIEMEHTHOI €MHOCTI TIOBUHEH MaTH MiHi-
MyM 25-30% KOTe3WBHUX KOJOITHUX YaCTHHOK
(110 TIPOXOAATh KPi3b CUTO 3 PO3MIPOM OCepei-
kiB 0,07 MM) 1 MICTUTH MiHIMYM BeJMKUX TaKUX
rpaHyJIbOBAaHUX YACTOK, SIK Tpasiit. ToOTo 1ie Mae
Oytn TMHUCTHI ab0 TUIyBAaTHHl TPYHT: TJIMHA,
abo cyrmmHOK. Momugikaltisi  TpyHTOIEMEHTY
BBeJIeHHSIM (hbepMeHTHOTO Tipenapaty «/lop3uns
[13] B HaibIIBIT ONTUMATBHIH KiTBKOCTI, IO 10-
piBrioe 0,05%, TOKpaliye rigparaitiiti mporecH,
3HAYHO 3HIKYE YCAJIKY IPYHTOIIEMEHTY, 3MEHIIIY€E
TPIIMHOYTBOPEHHS, IiJIBUILYE MOPO3OCTIHKICTD.
Binomuit TO3NTUBHUI JIOCBIZT BUKOPUCTaHHS (hep-
MEHTHOTO MOZIM(DIKATOPY IS TIMHNUCTUX TPYHTIB
«Jlop3uH» y JI0OPOKHBOMY OY/IIBHUIITBI.

DepmenTHmii niperapat «J/lopsut» € Komrio-
3UIIIE€I0 PEYOBHH, 110 B OCHOBHOMY YTBOPUJIU-

csl B Ipolleci KyJbTUBYBAaHHSI MiKPOOPTaHi3MiB
(mpixKiB poay Saccharomyces) Ha KOMILTEK-
CHOMY JKMBUJIbHOMY CEepe/IOBUIIN 3 IeSTKUMU J10-
GaBkamu. OCHOBOIO JKMBUJIBHOTO CepelOBHINA
€ OypsIKoBa MeJisica.

PospobieHa Ta mpejicTaB/ieHa Ha Prc. 5 CTPYK-
TYpPHO-JIOriYHa OJI0K-cXeMa HPOeKTyBaHHs 6io-
peakTopa 3 IPyHTOLEMEHTY.

Bukonatus Oypo3MiltyBagbHUX PoOIT MOKe
OyTtu 3xificieHo OypoBuM Bepctatom BM-811m
Ha 6asi aBromobinst YPAJL [14]. Huninapuyana
B IJIAHI CTHOpYy/la € HETEXHOJOTIYHOI 3 TOYKU
30py 3PYYHOCTi, TOYHOCTi TIO3UIIOHYBAHHS 0Y-
PO3MIlIyBaIbHOTO POOOYOr0 Oprany Ta mepe-
MitreHHsT OypoBoro BepcraTy. Buxomgom i3 1o-
JIOKEHHST MOKe OyTH TpUIHATa JiHiiiHA cxema
3BOPOTHO-TIOCTYMAJIBHOTO PyXy OypoOBOrO Bep-
TaTy, Mo mpeacTaBieHa Ha puc. 6. Ilpu mpomy
Tpeba BiamTyBaTi 682 CBEpAJOBUHE TJIMONHOIO
4,0 m, riametpom 0,5 M i3 BijicTaHHIO MiX CyCiJ-
HimMu cBepasioBuHaMu 0,4 M. OCHOBHUMU JITHIMU
MOKa3aHi CBeP/IJIOBUHM, Jie iH €KTYBAaHHS 11eMeH-
Ty BiIOYBa€ThCs M0 BCill TIMOMHI CBEPAIOBHUHH,
TOTIOMIKHUMU — Ha BEJTMYUHY TOBITWMHU THUIIA
peaktopa B 0,9 M. PoboTn 3 apMyBaHHS IPYHTY
BUKOHYIOTbCA B TpU 3MiHU mpoTsirom 10 mHiB.
CepenHsi  TpUBAJiCTh  BJIAIITYBaHHS — OJHIET
cBepTOBUHN — OJM3bKO 25 XB. SIK HOpMATHB-
He JuKepesio 3actocoBaHo foKyMeHT PD «Caofx
npasua CIT 291.1325800.2017 Kouctpyxkiun
TPYHTOIIEMEHTHbIE ~apMUPOBAHHBIE, TIPaBUJIA
npoektuposanusi» [15]. Burpara nementy Ko-
suBa€eTbest B Mexkax 500—700 kr/m® Ta 3a1eKuTh
Bi/l TUILY Ta TPAHYJIOMETPUYHOTO CKJIAy IPYHTY.
Habip MimHOCTi IPYHTOIIEMEHTY 10 MTPOEKTHOTO
3HaueHHs TpuBae 28 i0, micjas 4oro eKckasa-
TOPOM 3 OOJTA[IHAHHSM <«3BOPOTHS Jiomara» abo
rpeiieprnm 06/1alaHHAM BUKOHYIOTh BUIIMaH-
HS TPYHTY 3 TPbOX Kamep Ta BUKOHYIOTb pPyd-
HY MiIYUCTKY. 3arajbHa TPHUBATICTh POOIT —
40 muis.

CyTTeEBUM HEIOJIKOM IMTPOIOHOBAHOI TEXHO-
JIOT11 BJIAIITYBAHHA MOHOJIITHOI IPYHTOIIEMEHT-
HOI CKJISTHKO-IOAIOHOI KOHCTPYKIIl (epMenTa-
TOpa € BHCOKa TPYAOMICTKICTb Ta, BIJIIOBIJHO,
TPUBAJICTh 1 BapTiCTh OYPO3MIlIYBaJbHUX PO-
oir. HepaitioHaJlbHUM € BJIANITYBaHHS JHA IIi€l
koHcTpykitii. Ile 380 cBepasoBUH 7151 BJAll-
TYBaHHS JIHA, 10 CTAHOBUTH OJIM3BKO 54—56%
Bij ix saranmpHOl HeoOXizHOI KimbKocTi. 3a Ta-
KX BiZICOTKOBUX TIOKA3HUKIB BApPTO PO3IJISHY-
TH Ta BUKOHATU TE€XHIKO-€KOHOMIUHI PO3paxyH-
KU I0/I0 JIOIIJIbHOCTI 3aCTOCYBAHHS TE€XHOJOTI1
jet-grouting (jet-3), abo kombinalii croco6iB
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i Texnosorii. KombiHartist crocobiB mossiratnmMe
y BJIAIITYBaHHI CTIHOK Ta MEPEropopoK MaibyT-
HBHOr0o (pepMeHTaTopa 3a OYpPO3MIlIyBaJIbHOI
TexHosorielo — 1e 302 cBepAJOBUHM, 3 Tapa-
JIeJTbHUM  BJIAIITYBAHHAM IIITYHTOBOI OTOPOKI
epuMeTpy BHYTPIIIHIX KaMmep, 103aXBaTKOBOIO
BUIMKOIO 3 HUX IPYHTY JI0 IIPOEKTHOI MO3HA4-
KH TpeiiepHnM 00JIaIHAHHSIM, TPUTOTYBAHHSIM
TPYHTOIEMEHTHOI CyMIIli JUIsT /IHa B TPYHTO3Mi-
HIyBayax i BKJIaJIaHHs il 3 0/JHOYACHOIO BUIMKOIO
IITTYHTOBOI OTOPOsKi. PoboTi 3 BUIMKH TIPyHTY
3 MaiOyTHIX OPOAMIBHIX KaMep Ta BJIAIITYBaH-
HsI JIHA MAIOTh OyTH BUKOHAHI B SIKOMOTa KOPOT-
11 TEPMIHM /IJII YTBOPEHHS CYI[IJIbHOI MOHOJIIT-
HOI KOHCTPYKIIil.

BucnoBku. 1. 3ampornoHoBaHa Ta JIOTIYHO
00rpyHTOBaHA JOIJIBHICTH 3aCTOCYBAHHS IPYH-
TOIEMEHTY /Il BJANITyBaHHS (epMeHTaTopa
aHaepobOHOTO OiopeakTopa 3 BUPOOHHUIITBaA 06io-
rasy il opraHiugoro cybcrpary.

2. IlpencraBiena HOBa, eHeproedeKTUBHA
i KOMITakTHa KOHCTPYKI[isi aHaepoOHOro Giope-
aKTopa, IO MOEAHYE B c0Oi Taki eeKTH: Mak-
CUMaJIbHa IJIONA MOBEPXHI /ISl BUXOMLY Tasy;
3abe3IeueHHsT YMOB JIJIsI MEXaHIYHOTO IepeMi-
myBanHs (parfioHaibHa Gopma Kamep GPOIiHHS
6e3 TIyXuX KyTiB); MiHIMaJbHI eHeprosarparu
Ha MiAIrpiBu (MiHIMaJIbHA TOBXWHA 30BHIIIHBO-

ro TepuMeTpa), MOKJIUBICTh 1EHTPATi30BAHOTO
BUBO/IY OCaJIy 3 YCiX Kamep OpOoiHHSL.

3. 3acTocyBaHHSI TPOTIOHOBAHOI KOHCTPYKITi
biopeakTopa AacTh 3MOTY BHPIIIUTH HU3KY iC-
TOTHUX TPOOJIEM: pallioHaJIbHE BUKOPUCTAHHSI
NPUPOIHUX, Y TOMY YHCJI BiZTHOBITIOBAHUX JIXKe-
peJi eHeprii; eKoJIOTiYHA yTUJIi3allisl MPOAYKTIB
JKATTENISJIBHOCTI; pallioHaJibHe BUKOPHUCTAHHS
HPUPOAHUX PECypCiB st OYAIBHUITBA; OTPH-
MaHHS €KOJIOTIYHO YHCTUX H00OpPHB JJISI arpo-
KOMILJIEKCY.

4. PospobiieHa CTPYKTYPHO-JIOTiYHA OJIOK-
cxeMa IPOeKTYBaHHs Giopeakropa i3 TpyHTOIIE-
MeHTY. BuxigHumn maHuMu € BUJ Gi0JTOriYHUX
BIIXO/IIB Ta 1000BA KLJIBKICTh BiIXO/iB B OJWUHU-
X Mach i 00’emy.

5. PospobJieHa MeTonKa IpoeKTyBaHHs 6io-
peaxTopa /711 YMOB KOHKPETHOTO TiIITPUEMCTBA
B I[UX 1HXXEHEPHO-TEOJIOTIYHUX 1 KJIIMaTUIHUX
yMOBaXx.

6. Po3pobiiero pexoMeHzallii oo TexXHoI0-
TIYHOI MOCJIIZIOBHOCTI BJIANITYBaHHS (pepMeHTa-
TOpa 3 TPYHTOIIEMEHTHUX IUJIIHAPUYHUX eJie-
MEHTIB 32 OYpPO3MIIIyBaJbHOIO TEXHOJIOTIE.

7. IlepcrieKTUBHUM € BCTAHOBJIEHHS JIOILJIb-
HOCTI 3aCTOCYBAaHHS TPYHTOIIEMEHTY /I BJIAlll-
TYBaHHS CTIHOK Ta JIHA IITYYHUX BOJIOWM Ta K
OKpeMuX (DYHIaMEHTIB JIJIsT COHSIUHUX OaTapeii.
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METHOD OF DESIGN OF ANAEROBIC BIORACTOR FROM SOIL CEMENT

Abstract. Anaerobic bioreactor for the production of biogas and organic substrate is a device that
is a closed container, in which biological waste is served, maintained it without air access at a given
stable temperature (from +25 to + 55 °C) and mixed.

As a result of methanogenesis, biogas and an organic substrate are produced and used as fertilizer
in agriculture. The raw material for the operation of the bioreactor is biological waste.

The article describes own design of anaerobic bioreactor for biogas and organic substrate production.
The main attention is paid to the development of method of designing anaerobic bioreactor by
using soil cement as a structural material. The procedure for determining the required volume
of bioreactor, depending on the type and amount of organic waste, is given. The factors that
influence the solution of the optimization problem such as the choice of the ratio of the diameter
of the fermenter and its height are selected and analyzed. The recommendations on taking into
account climatic loads are given, taking into account the location of the nearest weather stations,
and a structural and logical scheme of bioreactor design is developed.

The possibility of using modified soil cement by the enzyme drug “Dorzyn” in the most optimal
amount equal to 0.05% is considered, which should improve the hydration processes, significantly
reduce the shrinkage of soil cement, reduce cracks.

The technological sequence of drilling and mixing works on the arrangement of solid monolithic
soil cement structure of the bioreactor fermenter has been developed and presented. The non-
technological moments of arrangement of the bottom part of the fermenter have been analyzed
and the prospects for further researches are presented.

Key words: borehole, technology, monolithic construction, bioreactor, drilling and mixing
operations, fermenter, biological waste, soil, soil cement, cement, reinforcement, climatic
parameters, modifier.
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MocroBenko A.B.

NOKTOPaHT Kadenpbl HaYepTaTeJbHOIM TeOMeTPUN 1 MHKeHEePHOI rpaduky,
KueBckuil HAlMOHATBHBIN YHUBEPCUTET CTPOUTETHCTBA U apXUTEKTYPHI, T. Kues

MOJAEJIMPOBAHUE ®U3NYECKOTIO I10JIA
ITPN U3BECTHbBIX OKCIIEPUMEHTAJIbBHO ITOJYYEHHDBIX 3HAYEHUAX

INIOTEHIINAJIOB OTAEJIbHBIX ETO TOYEK

Anomauin. Ha cmadii apximexmypnozo npoexmysanns 6yodieein, cnopyd, a maxoic npocmopis
cepeduni ma 306Hi 00 €Kmis, WO NPOEKMYIOMbCSL, 00HIEN 3 BANCTUBUX 3adau € 3adaua enepzosbe-
pedcenis. 3 2comempuunoi mouku 30py NPUKIAOAMU MAKUX 3a0ad MOXHCYmMb Oymu MoOenoeanis
(Qisuunozo nons 6i0 dicepe enepeii Piznozo 6UOY, BUSHAUEHHS NOMEHUIANLY enepzii 8 KOHKPemHiil
3adaniit mouyi Qisuunozo nois npu 3adanux oxrcepenax enepeii i m. d. Ocobausy uixasicmv 0ns
NPAKMUKYU CIMAHOBUMb HUSKA 360POMHUX 3A0aY, 6 SKUX, HANPUKLAO, 34 3A0AHUMU NAPAMEMPAMU
OKPEMUX MOYOK (Di3UUH020 NOLS BUSHAUAIOMBCS NAPAMEMPU ONCEPel eHepzii.

Y uiit cmammi 3anpononosano zeomempuunuii anapam, wo 0ae 3mozy 3a 6I00MUMU eKCNePUMeN-
MaiwhHo OMPUMAHUMU SHAUEHHAMU OKPEMUX MOUOK (Di3UuHO020 NOJs, SIKE YMEOPEHO 8 MPUBL-
MIPHOMY MPOCMOPi 00HUM MOUKOBUM OXCePeNoM eHepeii, GusHauamu nomenyian 006ibHOT MOuKU
U020 NOJSL, 4 MAKONIC NOMYICHICMb MOUKOBO20 OJCEPela enepeii, napamempi NoLONCeHHs K020
3a0ani.

Kntouosei crosa: eecomempuune modeniosanns, Qizuune noje, nomenyian enepeii, mouxoge

Ovcepeio enepeii, giocmansv, Qynkuyis, mouxa, zinepéoaa, napadoa.

ITocraHoska npoGiembl. Ha cragnu apxu-
TEKTYPHOTO TPOEKTUPOBAHUS 3[[aHUI1, COOPYIKe-
HUl, a Tak)ke NMPOCTPAHCTB BHYTPU U CHAPYKU
IPOEKTUPYEMBIX OOBEKTOB OJIHON M3 Ba’KHBIX
3ajlau  SIBJISIETCST 3ajavya 9HEProcOepesKeHusl.
C reomeTpuyecKkoil TOYKU 3PEHUS MTPUMEPaMu
TaKMX 3a7ad MOTYT OBITH MOJETUpPOBaHue (G-
3MYECKOTO TOJIT OT MCTOYHWKOB 3HEPTUU Pas-
HOTO BW/IA; OMNpe/ieJieHne TMOTEHINaMa dHEPTun
B KOHKPETHOU 3a/laHHOil TOYKe (PU3NYECKOTO
10JISI TIPU 33JIaHHBIX MCTOYHUKAX HHEPTUU U T.
1. OcoObIil HHTEpeC ISt TIPAKTUKHU TIPEACTABIIsI-
eT psi 0OpaTHBIX 33/1a4, B KOTOPBIX, HATIPUMED,
10 33/IaHHBIM TIapaMeTpaM OTAEJbHBIX TOUEeK
(bU3MUECKOTO TOJS OTPENeNIIOTCsT TTapaMeTPhl
MCTOYHUKOB 9HEPTH.

Anaim3 nocieaHux uccjaeaoBaHui. ABTO-
pamu pabor [3; 4] pemranuch MogoOHBIE 3amaun
ompejie/ieHrs TIOTEHIUATIOB TOUEK MEeTOJaMU He-
NPEPbIBHOM  MJIM  IUCKPETHOW  MHTEPIIOJISIIIUN.
Ho aBropamu atix paboT He YYUTHIBAIOCH BJIHSI-
HIe PACCTOSHUI OT TOUEK (PU3MUYECKOTO TIOJIST /10
MCTOYHUKOB 9HEPTUH Ha OTeHIHaJ moJisi. B pabo-
Te [5] aBTOpamMu MPeJIOKEH METOJ[ OIPe/IeeHusT
MOTEHIMAa SHEPTUK B BUJE KOJIMYECTBA TeIia
OT MCTOYHMKA, HAITOMUHAIONIETo (hakes, KOTOPbIi
TIPEJICTABJIEH B BUJIE 3JUTUTICOM/IA BPAIEHUSI.
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Ileap cratbu — cosjaHue TeOMETPUYECKOTO
amTapaTta, o3BOJISIONIETO 10 U3BECTHBIM IKCIIe-
PUMEHTATTBHO TTOJTYIeHHBIM 3HAYEHUSIM OT/IENTh-
HBIX TOYEK (PU3MYECKOro IOJIs, KOTopoe obpa-
30BaHO B TPEXMEPHOM IPOCTPAHCTBE OIHUM
TOYEYHBIM HCTOYHUKOM DHEPTUH, OIPeessaTh
MOTEHIIMAJ TTPOU3BOJIBHON TOYKHM ITOTO TMOJIS, a
TaKKe MOIIHOCTb TOUEYHOTO HMCTOYHUKA IHEP-
TH, TapaMeTPhI TIOJIOKEHMST KOTOPOTO 3a/IaHblI.

Pesyabrarel uccaenosanuii. [lycts B Tpex-
MEPHOM TPOCTPAHCTBE 3aJaHbl IKCIIEPUMEH-
TaJlbHO MOJy4YeHHbIe 3HaYeHus oTeHnuanos U,
U, Ug,..., U, Touek (pu3HYECKOro I10J1s1, KOTOPbIe
HaxojATCA Ha paccrostnusax [, [, L., [ ot To-
YeYyHOTO WMCTOYHMKA HEPTUM COOTBETCTBEHHO.
Heobxo1M0 OIpeeuTh MOIHOCTh TOYEYHO-
rO MCTOYHUKA 9HEPTUU, KOTOPHII MMeeT Orpa-
HUYEHHYIO 30HY JIEHCTBUS, U BBIBECTH 3aBUCH-
MOCTb, TIO3BOJISIONIYIO OMPEIENSITh MOTEHITHA
MPOMBBOJILHON TOUKH ATOTO TIOJIS.

Ha morennuan mpomsBOJIbHOW TOYKHU ITPO-
CTPAHCTBEHHOTO (PU3NYECKOTO 110151, 00pa3oBaH-
HOTO TOYEYHBIM MCTOYHMKOM DHHEPTUU, BIHUSET
paccTogHue OT ATOW TOYKHU JI0 3aJ[aHHOTO UCTOY-
Huka sHepruu. C yBeJndeHWEM YKa3aHHOTO
paccTosSHUS MOTEHITNAT B TOUKe MOJIS YMeHbIIa-
eTcs, a C YMEHBIIEHUEM €T0 — YBeJINYMBAETCS.
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Takoe BausAHME PacCTOSHUA MEXIY TOUKON
MOJIST ¥ TOYEYHBIM MCTOYHUKOM HEPTUU Ha T10-
TEHIIHAJ HTOTO IMOJISI MOXKET OBITh OIMKMCAHO He-
KOTOPBIM MapameTpom ¢ [1].

[l pelieHns MOCTaBJIEHHON 3a7lauidl MOKHO
MCII0JIb30BaTh TIPUHITUI OTpe/ieIeHns Trapame-
Tpa t mo obobieHHoN cxeme (puc. 1), 3amMeHUB
JIMHUU M WU ¢ HEKOTOPOU KPUBOU, KOTOpas
MPOXOJIUT Y€pe3 TOYKHU, COOTBETCTBYIOIINE IKC-
HepUMeHTaTIbHBIM JaHHbIM [6]. AbGcumccnl 3a-
NAHHBIX TOYEK 9TOU KPUBOW COOTBETCTBEHHO
paBHbl X, =/,a OpAMHATBI Y, — HEM3BECTHBL
OpI[I/IHaTbI THX TOUEK HEOLXOAMMO BBIPA3UThH
gyepe3 9KCIePUMEHTAIbHO TIOTydYeHHbIEe TTapamMe-
ot U, U, Us’“" U.

[Torennman nPOU3BOIBHOM
otpenessieTcs mo dhopmye [1]:

[Torennnan Mpou3BOJLHON TOYKU IOJS OII-
penensietcs o (opmye [1]:

TOYKM  IIOJIA

u =U"-t, €))
rae U® — TOTEHIMAJ] TOYEYHOTO MCTOYHWKA
9HEPIUN.
B cootBercTBuuM co cxemoit (puc. 1):

t,=1-y,.

Torma MoKHO 3amucaTh CUCTEMY YPaBHEHUI:

U =U1-y);
U,=U(1-y,); ()
U =U'(1-y)
vkt
T q
m
=0 1 1)
1 P X
L, M,
L. —
)
Puc. 1

HeunsBectHbiMM B 3TOil cucTeMe ypaBHEHUI
apsiores U™ u Yy, Y, ..., Y,. ducino Henspecr-
HBIX Ha €JIMHUILY IPEBbIIIACT YUCTIO YPAaBHEHUI.

Casxem KOOpAMHATBI 3aJaHHbBIX TOYEK Ilapa-
OOJINYECKON 3aBUCUMOCTDIO:

y=al+al’+al’ +..+al", (3)

rjie  4WCJO TapaMeTpoB ai Ha  eIUHUILY
MEeHbIIIe YNCaa dKCIePUMEHTATbHO MOTYYeHHBIX
TOUEK.

Jlist onpesiesienus apamMeTpoB @, HeoOX0/m-
MO B ypaBHeHMe (3) MOJICTaBUTb IMOOYEPETHO
KOOP/IMHATBI U3BECTHBIX TOuek. Torja K cucre-
Me ypaBHeHHH (2) mobaBUTCS Apyras CHCTEMa
YPaBHEHUIL:

y=al +all +al’ +.+al;
2 3 .
»=al+al; +al; +..+al]; (4)
l I +al + I
=al +all+al +..+al,

IJle 9MCI0 HEM3BECTHBIX IAapaMeTPOB d, Ha
eTMHIITY MEHBITe YUCTa YPABHEHWIA.

[Tpu nmoncranoBke yi u3 cucrembl (4) B cu-
creMy (2) Tosy4aeM HOBYIO CHUCTEMY YypaBHe-
HUH, TJe 4YKMCJI0 HEM3BECTHBIX COOTBETCTBYET
YHUCJy ypaBHEHUI:

U, - U*(l—a,l —al — .. —al");

U =U"11- —al; all);
2 ( 2%2 n2) (5)
m = U*(l _allm _a2lrfl - _anlr:lz)

B pesyuibrare perenust cuctembt (5) omnpee-
JiToTCs TapameTpbl U™ 1 a,.

[Tpu moncTtaHOBKe y:Ke M3BECTHBIX Mapame-
TPOB ai MmoJyyaeM ypaBHeH¥e mapaboJibl NTo 1o-
ps/iKa, KOTOpas MO3BOJISIET ONPEAETUTb OP/IH-
HATy y TIPU IIPOM3BOJIBHO 33/IaHHON BenvnHe

Besmynna [ TOJIYYAETCS TIPH TEPECEUeHIH
napa6oast (3) ¢ npsiMoii y=1.

[Tpumep.

[IycTh  9KCIEPUMEHTAILHO — MOJIYyYEHHBIMU

JIAHHBIMU  SIBJISIIOTCST  TIApAMETPhl  TPeX TOUYeK
¢usnueckoro nons: [=2 man. exn; [,=5 mm. exn;
L=7 mm. en; U, 75 YCIL. €L U =5 yCaI. e
U =2,5 yCII. €]l

CI/ICTeMbI ypaBuenwuii (4) u (5) npu 3a1aH-
HBIX UCXO/HBIX JAHHBIX TPUHIMAIOT BUJI
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y, =2a, +4a,;
¥, =5a, +25a,;
y; =Ta, +49a,;

75=U"(1-2qa, -4a,);
5=U"(1-5a, - 25a,);
25=U(1-7a, —49a,).

(6)

Pesynsrarom pemennst cuctemsr (6) SBASIOT-
csl OPJIMHATBI TOYEK, Yepe3 KOTOpble MPOXOIUT
napabona (3): y,=0.1; y,=0.4; y,=0.7; mapame-
tpbl a,=0.03; a2=0.01 1 MOIIHOCTb TOYEUHOTO
uctoyHuka sHeprun U~ =8.3333.

[Tapa6oua (3) umeer BUL:

y=0.03/+0.0172. 7

OTKyna MOXHO ONpenesuTh Beamynny [
npu y=1:

X

[ =8.612

max

U BeJIMYMHY Tapametpa 1>¢ >0 B mpesesnax
8.612>1>0 sna mob0il TOYKM (PU3UUECKOTO
TOJIS.

N30moBepXHOCTIMU 9TOTO TOJIS SBISIOTCS
KOHIIeHTpuYeckre chepbl € IEHTPOM, COBIA-
MAIONMM C TOYEYHBIM HCTOYHWUKOM JHEPTHUH.
B cepuueckoii cucteme KOOpAUHAT € IEHTPOM,
COBIAJIAIONIMM € TOYEYHBIM MCTOUHUKOM 3HEp-

Puc. 2

run (puc. 2), 115 KaKJIOTO U3 TPeX 3alaHHBbIX
paccTosIHU li, 3a/laHHBIM ABJISETCS TOJIBKO Pa-
muyc-BekTop p =/. OcTanbHble mapaMeTpbl o
1 B OCTAOTCST CBOOOTHBIMU U MOTYT MIPUHUMATh
pasynyHble 3HAYEHUS.

BoiBozpl. B nanHoii ctaThe co3an reoMeTpu-
YeCKUl ammapar, MO3BOJISAIONIUI 110 U3BECTHBIM
HKCTIEPIMEHTAILHO ~ TIOJTYUYEHHBIM ~ 3HAYEHUSIM
OT/IEJTBHBIX TOYeK (PU3NIECKOTO MOJIsI, KOTOPOe
00pa30BaHO B TPEXMEPHOM HPOCTPAHCTBE OIHIM
TOYEYHBIM HCTOYHUKOM 9DHEPTUH, OIPEIEsTh
MOTEHITNA TIPOM3BOJIBHON TOYKM 3TOTO TOJIS, a
TaKke MOIIHOCTh TOYEYHOTO HCTOUYHWKA HHEP-
T'U, TapaMeTPhl TOJI0KEHUST KOTOPOTO 3a/IaHbl.
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DETERMINATION OF THE POTENTIAL OF AN ARBITRARY POINT OF PHYSICAL FIELD
AT KNOWN VALUES OF POTENTIALS OF INDIVIDUAL POINTS OF PHYSICAL FIELD

Abstract. At the stage of architectural design of buildings, structures, as well as spaces inside
and outside the designed objects, one of the important tasks is the task of energy conservation.
From a geometric point of view, examples of such tasks can be: modeling a physical field from
various types of energy sources; determination of the energy potential at a specific given point
of a physical field for given energy sources, etc. Of particular interest for practice is a number
of inverse problems in which, for example, the parameters of energy sources are determined from
the given parameters of individual points of the physical field.

The potential of an arbitrary point of a physical field formed in three-dimensional space is af-
fected by the distance of this point from the energy source. This effect decreases with increasing
distance from the field point to the energy source and increases with decreasing the specified dis-
tance. Formally, this influence is described by some parametert [1].

Also, a special influence on the propagation of a physical field in three-dimensional space,
and therefore on the potentials of its points, has the form of radiated energy and the medium in
which this field arises. It should be noted that the energy sources that create the physical field can
be point, extended (linear) [2], as well as in the form of surfaces (planes).

This article proposes a geometric apparatus that allows one to determine the potential of an arbi-
trary point of this field, as well as the power of a point source of energy, the position parameters
of which are set from known experimentally obtained values of individual points of a physical field
that is formed in three-dimensional space by a single point source of energy.

Key words: geometric modeling, physical field, energy potential, point source of energy,
distance, function, point, hyperbola, parabola.

Mostovenko O.V.
Doctoral Candidate at the Department of Descriptive Geometry and Engineering Drawing,
Kyiv National University of Construction and Architecture, Kyiv

37



HOBI TEXHOJIOTII B BY IIBHUIITBI Ne 37 2020

YK 693; 691
DOI https://doi.org/10.32782/2664-0406.2020.37.6

Hosomauuens O.0.
JI.T.H., JIOTIEHT, Tpodecop Kadeapu TeXHOJIOTI 3BapoBaHHs Ta OYIiBHUIITBA,
Harmionanphnii yniBepcureT «HepHiriBcbka mosiTexHikay, M. epHiris

Ouxexkcienko C.B.
K.T.H., JIOIIEHT, IOTEHT Kaeapu TeXHOJIOTIN 3BapiOBaHHs Ta OyIiBHUIITBA,
Hamionanbuuii yHiBepcuteT «HepHiriBcbka nositextikas, M. YepHiris

IOmenko C.M.
K.T.H., ZIOIEHT KadeJpy TeXHOJIOTII 3BapioBaHHsI Ta OYIiBHUIITBA,
Harmionanbhuii yniBepcuteT «HepHiriBcbka mojitexHikay, M. epHiris

Haropsxa I.B.
acuCTeHT Kadeapu TEXHOJIOTI 3BapioBaHHs Ta Oy/IiBHUIITBA,
Hamionanbuuii yHiBepcuteT «HepHiriBcbka nositextikas, M. YepHiris

IIEPCIIEKTUBH PO3BUTKY EKOJIOTTYHO YHMCTOT'O BYIIBHUIITBA B YKPAIHI

Anomauis. Exonoziuno wucme Oyoienuuymeo 3’96un0csk nopieHsno nedasto, 00HAK 34 OCMAHM
15-20 poxis eono dunamiuno possusacmvcs ma nadysae Oedani GinbULOT NONYAAPHOCE Y 6CHLOMY
ceimi. [puuunoro ypoeo cmano me, wo HOGi MEXHON0ZI MA NPOMUCTOBA OLSILHICID THOOUHU NPU3seLa
00 cymmesozo nozipuenis exonoziunozo cmamy eciei naanemu. Ilocmiiine 3abpyonens nogimps wio-
JUGUMU BUKUOAMUL, GUKOPUCTIAHHS. HeOe3NeUHUX MaAmepianie, Hepauionaivbhe 6UKOPUCTANHSL eHep2o-
pecypcie ado KopucmyBanis HesKiCHUMU OXHCePeramu eHepeopecypeis — ece ue (aKmopu, uo Mawomny
HAKONUUYBATLHY 30AMHICD He2AMUBHO BNIUBAMU HA HABKOIUULHE cepeaoeume i scummsi Jooei.

B Ykpaini exonoziunuii cman 3naxooumvcs 6 nesadosinvhomy cmani. [Ipu oMy 6yazeuuumeo
i JICUM080- KOMYHAbHE 20CN00apcmeo € HatlbLbUL eHePLOEMHUM CEKMOPOM HAUIOHATILHOT eKOHO-
Miku. Tomy exonoziuno-uucme OYoIBHULMBO € BANCIUBUM (DAKMOPOM POIGUMKY THDPACIPYKMYPU.
Ipouec exonoziuno-uucmozo OyoisHUYMBA HA KONCHOMY emani 36edenns Oyoieni wu cnopyou mae
Oymu 00rPYHMOBAHUM, QOULTLHUM, BUKOPUCTOBYEAMU eKOL02iuHI Mamepiaiu ma eionosioamu ui-
Tb0BOMY npusnaueniio 6ydisni abo cnopyou. Tomy mexnonoziuni piuenns, wo 3abe3nevyioms exo-
J0ZIuHICmDb OYOiBHUUMBA, € BKPATL BANCIUCUMU MA AKMYALGHUMIL.

Y npoueci eubopy exonoziunux ma enepzemuuno 6u2ioHUX KOHCMPYKUiL ma mamepianie ocooausy
yeazy neobXiOHo 36epmamu Ha Menaoisoisuilo 306HIUHbOT 00010HKYU OYOI6N, 2epMemUUHicmb 6i-
KOH ma 0eepeil, GUKOPUCTIAHHS COHSUNOL enepzil, OmpPUMAants HATeHHOT SKOCIT GHYMPIUHbO20
nogimpsi i cepedosuwa 6 NPUMILEHHSX, 30epenceris menia iy MACUSHUX KOHCMPYKMUGHUX YaACU-
Hax Oyoieni, euxopucmanus 6ydiseivHux Mamepianie, 6UzomoeIeHHs, eKCNIYAMAlis ma ymuiisa-
Uist SIKUX He CNPUMUHSAE WKOOU HABKOIUUHBOMY CePeosULyyY.

Memoto pobomu ¢ 0210 HAABHUX MEXHOLO0ZI eKOL02iuH020 OydisHuymea, ananis pakmopis, wo
BNIUBANOMY HA 1020 €EKMUBHICMYb, MA BUSHAUEHHS NePCNEKMUBHUX HANPIMIB PO3BUMKY €KO0I0-
2iunozo Oydienuymea 6 Yxpaini.

Y pesymomami pobomu poseisnymo 6uou GIMUUSHAHUX eKOLO2ZIUHUX MexHOo0zil Oydisnuymea
ma npuKIaoU CYUaACHUX YKPAiHCoKUX exonoziunux Oyounxie. Busnaueno Oeski nepcnexmusu pos-
BUMKY eK0N02iuH020 Oydisnuymea 6 Ykpaini.

Kntouoei crosa: mexnonozis, naskoaumne cepedosuue, exoioziuie 0y0ieHUUME0, eK0102iMHI
Mamepianu, enepeoegexmueHicnmo.

IlocranoBka mnpoGaemu. CyuyacHa cBiTo- | gai Gijiblile 3aMUCTIOBATUCS TIPO 30€peKEHHST
Ba €KOJIOTIUHA CUTYyallis 3MYILYE JIOACTBO Je- | 3I0poB’si Ta 3abe3ledeHHs €KOJOTIYHUX YMOB
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KUTTS. BHACTIIOK MIBUKUX TEMITIB TEXHIYHOTO
IPOTPECY YAOCKOHATIOITHCST BUPOOHIYI MTpoIie-
CH, MOJIEPHI3Y€EThCS TE€XHiKa, CTPIMKO PO3BUBA-
IOThCSI HOBI TEXHOJIOTil B HaWPi3HOMaHITHIMINX
rasyssx, y TOMy Ydc/Ii B OyAiBHUI[TBI.

Y pesysbrati CyTTEBO TABUIYETHCS 3a0Py/I-
HEHHSI HaBKOJIMIITHBOTO CEPEIOBHINA Ta 30i/b-
IYETbCST PUBWK BUHUKHEHHS EKOJOTIYHUX
npobsiem. ToOTO, 10 HAABHOrO BILUIMBY IIKij-
JIMBUX Ta HebesneyHux (HakToOpiB MPUPOLHOTO
MOXOJIPKEHHST  JIOJIAI0ThCd  YMCJeHH]  (akTopu,
MOB’s13aHi 3 MisIbHICTIO JoauHu. KpiMm TOTO,
BHACJIIIOK BUKOPHMCTAHHS IITYYHUX OYyiBesIb-
HUX MarepiajiB, BUPOOHUIITBO SIKMX MOB'sI3aHe
31 MKIVIMBUMU BUKHUIAMU SIK B aTMOchepy, Tak
i 6esnocepenHbo B OY/iBII, MOKA3HUKU 1HIMKA-
TOpiB 3a0py/HEHHS BCEPEINHI MPUMIIIEHh MO-
KyTh OYTH B Ki/bKa pa3iB BUIIE, Hi’K 30BHi.

Y 3B'3Ky 3 IIUM aKTyaJTbHOCTI HaOyBa€ eKo-
JIOTIYHO umcTe OyAiBHUITBO (€KOOYIiBHUIITBO,
«3ejieHe»  OYAIBHUIITBO), TOOTO OYAiBHHUI[TBO
13 3aCTOCYBaHHSIM €KOJIOTIYHMX MatepiajiB, 3i
BHIDKEHUM DIiBHEM CIIOKMBAHHS €HEPTreTUYHUX
Ta MaTepiaJbHO-TEXHIYHUX PeCypCiB Ta 3aB/aH-
HAM MIHIMQJIBHOTO BILUIMBY Ha MPUPOJHE Cepe-
JOBUIIIE Ta 37I0POB’S JIIOJNHN.

AHaniz ocrangix gocaimkenb. Iluranng
€KOJIOTIYHO YKCTOr0 OYAIiBHUIITBA PO3TJISIAETD-
cst B pobOTax TaKMX BITYM3HSIHUX HAYKOBIIIB, K
JLT. Menbnuk, b.B. Bypkincskuii, O.B. IIpoko-
nerko, O.B. Camguenko, 11.B. Tapxosa, [.O. bi-
nssepkmii , M.M. buuenox, A.B. [purtierxo ta in-
mux. [Ipore mpobiema (hopMyBaHHST €KOIOTTUHO
CIIPSIMOBAHOI JiSITBHOCTI B Tasysi OyAiBHUIITBA
3QJIMIIAETHCS MAJO BUCBITJIEHOIO Yy JiTepaTypi
[1-3].

B VYkpaini gk Ha nep:kaBHOMY piBHI, TaK i Ha
PiBHI NepeciyHUX TPOMA/IH He BUCTAuya€ Opra-
HI30BAHOCTI Ta 4YiTKOI CIPSMOBAHOCTI B I[bOMY
nuTanHi. OCHOBHI Jiep;KaBHI HOPMaTUBHI JIOKY-
MEHTH, IO CTOCYIOThCS 1€l Taldy3i, CUCTEMHOTO
GadyeHHsT IMIOZ0 HAMpPSMIB €KOHOMIUYHOTO OyIiB-
HUITBA He HanaioTh [1-4]. Ille ognum cTpumyio-
unM (hakTOpOM TSt 3a0yIOBHUKIB € Te, IO Bap-
TiCTh eKkoJoriuHoro OyaiBHuIITBa Ha 30% Oisbile,
HiXK BapTicTh TpaauiiiiHoro OyxaiBHuUITBA. Tomy
HUHI HalpsM eKOOYAIBHUIITBA 3HAXOAMTHCS Ha
MOYATKOBIN CTajii PO3BHUTKY, i HOro Macirabu
B PaMKax JIepKaBU € He3HAYHUMH |3; 4].

MeTa po6OTH — IIPOBECTH OIJISAJ CYYaCHHX
TEXHOJIOTIH  €KOJIOTIYHO YUCTOTrO OyAiBHUIITBA
Ykpainu, nmpoaHasizyBati HeoOXifHI BUMOTH JI0
HUX Ta TIO3HAYUTU IePCHEeKTUBHI HAIpsSIMHU 1X
PO3BUTKY.

Pesyasratn pochimkenb. EdextuBHicTb
eKOJIOTIYHO YMCTOro OY/IiBHUIITBA 3aJI€KUTh B/l
SKICHOTO TI/IXO/LY ZI0 TEXHOJIOTIi Ha BCiX eTarax
Oy/iBEIbHOTO TMPOIIECY, TTOUMHAIOYN BiJl BUOOPY
1 MATOTOBKY TEPUTOPIi Ta 3aKIHUYIOUM 30BHIIII-
HiM 0(DOPMIIEHHSIM.

Bubip exonoziuno uucmozo micys. Micie iz
OYAiBHUIITBO €KOOYJAMHKY Ma€ 3aJ0BOJIBHATH
TaKMM BUMOTaM: Bi/IZIaJIEHICTh BiJl TPOMUCIOBUX
HiIPUEMCTB, 3aJli3HUIlb, MaricTpajeii, aepo-
HOPTIB Ta iHIMX 00'€KTIB, SIKi MOXKYTb CIIPIYM-
HUTH 3a0pyAHEHHS TOBITPs, IIyMHU Ta BiOparlii;
BI/ICYTHICTh Y HAWOMMKYIN MiCIIeBOCTI BHCOKO-
BOJIBTHUX JIiHIN eJieKTpoleperad K JKepesia
eJIEKTPOMArHiTHUX XBWJIb; JIOCTaTHS OCBITJIIO-
BaHICTh TEPUTOPIl COHIEM; MOKA3HUKU YUCTO-
TU BOJIH, TIOBITPS i TPYHTY MalOTh 3HAXOIUTHUCS
B JIONYCTUMUX HOPMaX; ILIOIIA 3eMeJbHOI Jli-
JISTHKW Ma€ BIIMOBIaTH po3MipaM MailhyTHHOTO
OyZIMHKY Pa3oM i3 TOCIIOAAPCHKUME OY/IiBJISIMU;
OaskaHMM € OJIM3bKE PO3TAIlyBaHHS 3€JCHUX
MacHUBIB Ta BOJIOWM.

Bubip mamepiany ons  ¢yndamenmy. Bin
(byHmaMeHTy SK BiAMPaBHOI TOUKHU TIPU 3BEJICH-
Hi OYIiBJII 3a/€KUTh, MEPII 3a BCe, HaAiHICTh
Ta JOBrOBiUHiCTH Bciel OyaiBii. Exosoriummx
MaTepiamiB At (GyHIAMEHTIB Ha OyIiBeJbHOMY
PUHKY € HebaraTo. [eabHIM TTO€IHAHHSM IiHI
Ta SIKOCTI € NAJIbOBO-POCTBEPKOBUI (hyHIAMEHT,
1[0 BUTOTOBJISIETHCS 3 apMaTypH, IicKy, pybe-
pOiiJly Ta EeKCTPYAOBAHOTO IIHOMOJICTUPOILY.
[TepeBaroio Takoro (pyHIaMeHTY € Te, 10 HOTO
MOJKHA BJIAIITOBYBAaTH Ha TPYHTAX OYIb-sIKOTO
tumy. Jlast Gibin BaKKuX OYAWHKIB Kparie BU-
KOPUCTOBYBATU MOHOJITHY IUTY. /loBosi HO-
BUM BHIOM (DYHIAMEHTY € He3HIMHa orayOKa,
sIKa BUKOHYE (DYHKI[IO SIK Oe3MocepeiHbo Ora-
JayOKH, Tak i Temoizonstopa. et Bun dymma-
MEHTY He T/IIa€ThCS BITUBY BOJU, HE BUMarae
TEIIOI30I41111, XapaKTepU3y€eThCS JOBrOBIYHI-
CTIO, aJie € IOCUTDb JJOPOTHM.

Haibinvw exonoziuni mamepiaiu ons 6y0ie-
Huymea cmin. Y TOU 4ac sIK 1y (PyHAMEHTIB
BUOIp MarepiaiiB J0CUTh OOMEKEHUH, /IS CTiH
Ha Oy/iBeJbHOMY PHHKY IIPOIIOHYETHCS MINPO-
KU acOpTUMEHT. ¥ mpolleci MpoBe/leHHST eKO-
JIOTIYHO YHCTOro OYAIBHUI[TBA MaTepiaau BapTo
pO3TJIsiZIaTh, Mepil 3a BCe, 32 1X eKOJIOTIYHOIO
YUCTOTO0, Gepydn /10 yBaru ix (yHKI[IOHATbHI
XapaKTePUCTUKH.

3 eKOJIOTIYHMX MaTepiaJiiB Ha MePIIOMY MiCITi
TPaAMIIITHO 3HAXOAUTHCS AepeBrHa. Haitbibim
KOM(MOPTHUMHU MaTepiajiaMu JIJIT  JepeB’ STHUX
CTIH 32 CaHITApPHO-TITIEHIYHUMU BUMOTaMU
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€ XBOIHI mopoau nepeB. OmHak y mporeci ix
BUKOPUCTAHHS BapTO BPAXOBYBATH TaKi HEOJi-
KW JIepEBUHU, SK HeJOBTOBIUHICTh, HM3bKA IO-
JKEKOOE3MEUHICTh, CXUJIBHICTD 710 TOABU IIKiJ-
HUKIB Ta Mi/lJIJaBaHH4 BILIUBY BOJIOTH.

[lpyre Mmicie cepesi ekoMaTtepiasiiB 3aliMalOTh
nopucTi 6eToHu, 30kpeMa razobeTon. st fioro
BUPOOHUIITBA BUKOPKHCTOBYIOTH BAITHO, BOJLY, Iie-
MEHT Ta KBaploBuil micok. [le Ternii, serkuii
1 TOPIBHSHO HEJIOPOTUI MaTepial.

[lo MarepiaiiB HaTypaJbHOIO TOXO/KEHHS
HaJeKUTh TaKOkK KepamMoOJIOK. BHTOTOBISIOTH
iioro, SIK 1 3BUYAlHY 1IeTJ1y, 3 TJIMHU, OJJHAK Ha-
SIBHICTD TIOp BCepearHi KepamMoOJoka 3abesre-
4yye BUIIUI OTp Ternsonepeaayi.

OcranHiM acoMm st Oy/iBHUIITBA CTiH ak-
TUBHO BUKOPUCTOBYIOTD cosiomy. CTiHU TIpH 11bO-
MY BUKOHYIOTbCS 3 JIEPEB’STHOTO KapKacy, sSKuii
HaOMBA€ETHCST COJIOMOI0. Taka KOHCTPYKILisl, 3a-
HITYKaTypeHa TJIMHOIO, HAJIMHO YTPUMYE TeILIo
B OY/IMHKY, 1[0 Ia€ 3MOTY CYTTEBO 3a0IaJNTH HA
omasieHni. Takox OyIMHOK i3 COJOMU BiJpi3Hs-
€TbCA 0COOJIMBOIO MIIHICTIO Ta JZOBTOBIYHICTIO.

Ilokpisns — 3axucm i exonoziunicmo. Jlax mae
BUKOHYBATH Kijbka (DyHKIIl: 3axumaru Oyam-
HOK BiJl aTMOC(epHUX OTa/liB Ta MEXaHIYHUX T10-
IITKO/UKEHD, 3a0e3MeuyBaTy yTEIJICHHST Ta TPHU-
POJIHY BEHTWUJIAIIIO, 3aBEPIUIYyBATU €CTeTUYHUN
Bursisan  Oyamuky. TpamuifiitHo HalKpaIuMn
eKOJIOTITYHUMHU MaTepiajaMy [ TIOKPIBJI Jaxy
BBAKAIOTHCS KepaMiuyHa YeperuIls, TOHT, O4eper,
a Takox JepeH (3eseHa TOKpiBiag). Yepenuu-
HUN JlaX XapaKTepPU3YETbCS IYMOI30JSIIEND,
CTIKICTIO 710 KOPO3ii, CTIHKICTIO 10 MOPO3Y, ec-
TEeTUYHICTIO, a 3aB/ISIKM HasIBHII MMOPUCTOCTI BU-
apoBY€EThCs 3aiiBa Bosora. Ocob/mMBO 3 Hary-
PJIbHUX TIOKPiBeJb BUIISETHCS JIePEH 3aB/ISKN
CBOIil OPUTIHATIBHOCTI, MOKJIUBOCTI CTBOPEHHS
NOMATKOBUX TIJIOINI, JOAAQTKOBOI TEIJIOI30JII1
Ta o3eJieHeHHd Jaxy. Taki marepiaiu, gK TOHT,
odYeper Ta JiepeH, y cydacHOMY OyAiBHUIITBI BU-
KOPHUCTOBYIOTBCS TIEPEBAXKHO TIijl YaC CTBOPEHHS
eJIITHOTO JKUTJIA.

Bixna. Jlns 3abesnedeHtst eHeproedexTiB-
HOCTI OYyAMHKY BiKHAa MaiOTh OYTH ITPO30PHUMH,
BEJIMKUX PO3MIpPIB Ta 31 CKJIONaKeTaMu. 3BUYali-
HO, 1/leaJIbHUM €KOJIOTIYHUM MaTepiajioM s Bi-
KOH € JIepeBo, ajie 1ie JOCUTh JOPOTHI BapiaHT,
KU MOJKe JI03BOJIUTH cObi He KOosKeH 3a0y/I0B-
HUK. DBinbin GloKeTHUM  eHeproeeKTHBHUM
BapianToM € cyvachi I[IBX BikHa, gKi J10CUTb
OesneyHi I JIIOAWHM, HaMidHI 1 MpaKTHYHI.
Bonu 1mBUIKO BCTAaHOBJIOIOTHCA 1 3pYUHI B eKC-
ITyaTallii, aje mocTynalThCs B €KOJOTTYHOCTI.
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Exonoziuno uucme Oydisnuymeo xapaxme-
PUBYEMBCS. BUKOPUCTIAHHAM MAKUX OCOOIUBUX
mexnoaoeiu [4-8]:

1) 3HWKeHHS BTpaT Telsia BeHTUJSAIIINHOI
CUCTEMHU TIJIIXOM YCTAaHOBKHM peKyTepaTopiB.
Pekymiepailis Tersa JjorioMara€ CyTTEBO CKOPO-
TUTU BUTPATU €HEpril Ha OIaJIOBaHHS SKUTJIA.
Pexynepartopu mpusHaueHi /g BUBEIEHHH 13
MIOMEIKaHHS 3a0pyIHEHOTO TIOBITPST i HAmoB-
HEHHS WOTO CBIKMM, BYJWYHUM. 3a PaxyHOK
peKyIepaTopiB MOKHa JOCSATTH ICTOTHOTO eHep-
ro36epesKeHHS;

2) BUKOpUCTAHHSI COHAYHOI eHeprii. € nBa
crmocoOu BUKOPUCTAHHS COHSIYHOI €Hepril: ma-
cuBHMIT 1 aktuBHUiL IlacuBHMIT crocib mepes-
Gavya€e 3aCTOCYBAHHsI CIEIIATbHUX OYIiBeTbHIX
TEXHOJIOTIH Ta MpaBUJIbHOI OpieHTalii OyIiBJi,
0 JIa€ 3MOTY MaKCHMMaJIbHO BUKOPHCTOBYBATU
eHeprito COHIS /I 00IrpiBy Ta ocBiT/IeHHS Oy-
MiBJi. AKTBHE BUKOPUCTAHHS COHSYHOI eHep-
ril, CBOEI0 4eprolo, MOJIISETbCI HA J[BA BUJIU:
consuHi barapei (IIepeTBOPIOIOTH COHAYHY €Hep-
Til0 HA eJIEKTPUYHY) Ta COHSAYHI KOJIeKTOpHU (T1e-
PETBOPIOIOTH COHSYHY €Heprilo Ha TeIJIOBY);

3) BUKOPHUCTAHHSI €Heprii 3 BITPOBUX eJieK-
TpocTaHIliil. BiTporeneparopu — 1ie BITpsHI ABU-
T'YHH, 110 ZIal0Th 3MOTY TEePEeTBOPIOBATH €HEPriio
BITPY Ha €JeKTpUuHy. Y Hall Yac 3’ SIBUJINCS
HEBEJINKI BITPSIHI eeKTPoCTaHIlil A1 OyIUHKY,
AIKI MOXKHA 3aCTOCOBYBATU SIK Y 3aMiCbKUX KO-
Te/KaX, TaK 1 B MICbKUX KBapTUPax;

4) 36upanus Jo10BoI i Tamoi Boxu. Jlaa 360-
Py PIIMHM HaKOIMYYBAJbHUII pe3epByap Mij-
KJII0OYAIOTh /10 BOJOCTIYHOI CUCTEMM TIOKPIBIIi,
3 aKoi i Oyme crikaru Boga. Cam HaKOMMYyBay
Moske OyTH migzeMHnM abo HazemuuM. Hazemmi
GaKky PO3MIIIYIOTh, SIK Ha BYJIWIN, Tak i B mpu-
MimeHHsX. 3ibpaHy BOJY HairmpocTiiie BUKO-
PUCTOBYBATHU [IJIs1 TIOJIUBY CaJIOBUX POCJINH.

Bigomo KiibKa NMPUK/IaIiB €KOOYANHKIB Ha
TepuTopil YKpaiHu, 3BEACHUX 13 BUKOPUCTAH-
HSIM BUIIE 3TaJIaHUX TeXHOJIOTTIA.

IIpuxnaou exo-6younxie ¢ Yipaini. Ha Oy-
NiBEJILHOMY PUHKY €KOJIOTiuHi OyIUHKU TIpe-
CTaBJIeHi ' ATbMa BiIOMUMU KoMIIaHisiMu [9—-14].

Byounox OptimaHouse 6i0 xomnanii </lo-
cmynne acumno» [10]. ByaiBuunTBO Takoro 0Oy-
JINHKY Bi/I0OYBA€THCS 32 KAPKACHOIO TEXHOJIOTIEIO
(mepeB’ssHMIT KapKac 3aBOACHKOTO BUPOOHUIITBA
3 TENJIOI30JMIIINHUMU MaTepiajlaMu BCepe/iiHi).
EHeproedekTuBHICTh IIHOr0 OYAUHKY Iepes-
Gayae BUKOPWCTAHHS JJIsI OTAJIEHHS CHCTEMY
3 TEIJIOBOTO Hacoca 3 COHSYHUMU TTaHEesSIMU
Ta KOJEKTOpaMH Ha jaaxy OyaiBj, mpusHaue-
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HUMU /Ui MITpiBy Boau. J[0faTKOBOI €KOHO-
Mil eJIeKTPUYHOI eHeprii JaloTh 3MOTY JOCATTH
cucTeMa IIPUPOHOTO OCBITJIEHHST Ta Hp030p1
1Bepi, (bacaﬂﬂl 1 MaHcap/iHi BiKHa. H0p1BH${Ho 3i
3BUYANHUMK OYMHKAME TaKUX CaMUX PO3MIpiB
OptimaHouse crioxnBae Ha 65% MeHIe eHeprii
3a PIK.

Conom’stuuit 6younox cyuacrocmi 6i0 kKomnanii

«LifeHouseBuilding> [11]. Takuii GyauHOK Te-
penbayae TEXHOJOTII0 BUTOTOBJIEHHST CTiHOBHX
naHeJiel 13 I0CTYIIHOTO OPTaHIYHOTO MaTepianty —
cosiomut. EKOGYIMHOK 13 cotoMu Moske OyTH BU-
KOHAHMUIT 13 BUKOPUCTAHHSIM KapKacHUX Ta 0e3-
KapKaCHUX TEXHOJIOTIA. Y TepiuioMy BUIAJAKY
norepeIHbO 3BOJIUTHCSL KapKac i3 jepeBa (pifl-
e — 3 Metany). Llg TexHosoris € [eno 10poxk-
4010, ajie OYAMHOK BUXOAUTH OiJIbII HaIiiTHIM.
Jpyruii BapiaHT mepegbavyac 3BEAEHHS KUTJIA
07ipasy 3i CIIPECOBAHKX COJOM STHUX OJIOKIB.

«Kanaocokuii — 6younouoxs>  6io
«Ecopan» [12]. 11 KomIIaHisi BAKOPUCTOBYE TIa-
HeJIbHO-KapKacHY TEXHOJIOTI€I0, SKa Tie Ha3nBa-
erbest SIP-texuosoriero (Bix aHrir <structural
insulated panel» — crpykrypra i3ossimiiina ma-
HeJib). ByIMHOK cKIagaeThest, MOAIOHO 0 KOH-
crtpykropa, 3 SIP-maHesiefi, siki sIBASIOTH cOH0I0
MII[HY Ta yTeNJeHy MOHOJIITHY TPUIIAPOBY KOH-
CTPYKIIiO, MO CKJIATAETHCS 3 JIBOX JIepeB’THUX
T OSB i3 mapoM BUCOIIIJIBHOTO TTTHOIOJIC-
TUPOJY MiX HUMHU. «EKomaH» BHUKOPUCTOBYE
B OymiBHUITBI manesi 3aToBmku 7—20 cMm. By-
JIVHKY OTPUMAJM HA3BY KaHAJCBKUX, OCKIJIbKH
B TakWX OyAMHKaX MPOXUBAE OLIBIICTH Hace-
neunst Kawamaw, Hopserii, @innsnaii, IIsermii
ta Assicku. Taki OyMHKY TIPUCTOCOBAHI /10 CY-
BOPOTO KJIiMaTy i € 3HaYHO TeruiimmMu 3a Oy1iB-
JIi 3 1erJiu, Ta300eTOHY Ta jiepeBa.

Iacusnuii 6younox 6i0 xomnanii «Neoacre»
[13]. XapkiBchbka kowmmaHig <«Neoacre» TIpoO-
IIOHY€E He TIPOCTO eHeproeeKkTHBHE KUTJIO, a
TaK 3BaHWi TaCUBHWIT OyAMHOK. Imest «mmacuB-
HOTO» TOMelllKaHHs Hapoaumnacsa y Himeuunni
me y 1990-x pokax i Habupae HeaGUAKOIL ToIy-
JIIpHOCTI y cBiTi. B YKpaini nepiuii nacuBHuii
exoOyanHoK («/lim CoHus») 6yB 30ymoBaHuMId
y 2008 pomi. /lst OGyMiBHHUIITBA, SIK IPABHLIO,

KOMNAHIL

BHOMPAIOTHCS TPAJMININAHI €KOJIOTiYHi Marepia-
JIVL: JIEPEBO, KaMiHb, 1ieria. Taki OyAuHKY MaioTh
BUCOKOSKICHY TeIJIOI30JIAA1iI0 Ta TepMeTUYHY
000JIOHKY, @ eHeprist [uist X yTPUMaHHsS BHUPO-
OJISIETBCS 3 aJIbTePHATHBHUX JpKepel. Takum
YUHOM 3a0€3Ie4y€EThCS IOBHA HE3aIeKHICTh Bijl
[IOCTAYaJIbHUKIB €HEPTOHOCIIB.

Asmonomnuti  Oyounox 60 Komnamii
«PassivDom» [14]. l1le opnum sicCKpaBUM IIPUKJIA-
JIOM TTacuBHOTO OyrHKY € PassivDom, cripoekTo-
BaHUI 32 MOJYJIbHUM TIPUHIUIIOM. BiMiHHICTD
Takoro OYJIMHKY B TOMY, 10 BiH € abCOJIOTHO
ABTOHOMHUM 1 He 3aJIe5KUTh Bijl 30BHINIHIX J[Ke-
pesi eHepronocTayaHHs. BiH ocHaiieHuil BJac-
HOI0 CHCTEMOIO BOJIONIOCTAYaHHSI, B TOMY YMCJI,
i ouwmmenHst Boaw. llomernkanHs 3abe3medy-
ETbCSI €HEPTIEI0 3aB/SIKU COHSYHUM TIaHeIIM Ha
naxy. Taxuit OyZMHOK He ToTpedye (ynaamenry,
a 1oro Kapkac JpyKyeTbes Ha 3D- HpI/IHTepl g
PassivDom BUKOPUCTOBYIOTD JI0BrOBIYHI MaTepl—
am: KapOOHOBE BOJIOKHO, CKJIOBOJIOKHO Ta TIOJIiy-
peTaH. KepyBaHHﬂ TeMTIepaTypoo, OCBITJICHHSIM,
CUTHAJTI3AITIEI0 3/IIHCHIOETHCS Yepe3 10/IaTOK Ha
cMapThoHi.

BucHoBku. «3enere» OYIiBHUIITBO € JIBHU-
TYHOM 1HHOBAI[IHHOTO PO3BUTKY, SIKUIl CIIPUSIE
(hopMyBaHHIO 37I0POBOTO CYCILJIBCTBA, MOJIII-
HIEHHS SIKOCTI JKUTTS Ta CTaHy HABKOJUITHBOTO
cepeloBUIIA.

Po3BuTOK OYiBEIbHIX TEXHOJIOTIH B YKpaiHi
Habupae 00epTiB, MPOIMOHYIOYN SIK BiTYM3HSIH,
TaK i iHO3eMHI TIePCIIEKTHBHI METOAN €KOOY/IiB-
uuirea. Cepes BKe 3alPOTNIOHOBAHNX HA PUHKY
eKOOYAMHKIB € BapiaHTH, sIKi MOKYTb 3a/[0BOJIb-
HUTH TOTPeON PI3HUX CIOXKMBAYiB, OJHAK IX
BapTICTh 3aJMINAETHCS BUCOKOIO.

[TepcriekTBU TIOATBIIOTO PO3BUTKY TEXHO-
JIOTiiT «3eseHoro» OyAiBHMI[TBA 3ajieKaTh Bijl
JiepKaBHOI TIOJITUKY B 11iit cepi. Ao 3aBran-
HS €KOJIOTIYHO YKCTOTO OYAIBHUIITBA TIOCTABUTH
K OJIHEe 3 MPIOPUTETHUX JIJIs PO3BUTKY KpaiHU
Ta 3/[IHCHIOBATH OTO KOMILIEKCHE BITPOBA/KEH-
Hsl B OyiBeJibHEe BUPOOHUIITBO, TO B HAHOMIMIK-
4i POKM 1€ JIaCTh 3MOTY OTPUMATH YuUMaJi 3a-
OIa/KeHHsT Ta 3a0e3meyn T KOM(MOPTHI yMOBHI
SKUTTS JIJ1S JTIOJel.
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DEVELOPMENT PROSPECTS OF ECOLOGICALLY SAFE CONSTRUCTION IN UKRAINE

Abstract. Ecologically safe construction has been appeared recently, however it develops during
last 15-20 years develops dynamically and gets popularity in all of the world. The reason is that
new technologies and industrial activity resulted in considerable worsening of ecological conditions
on the entire planet. Permanent pollutions by harmful emissions, usage of dangerous materials, ir-
rational exploitation of energy resources or use of low-quality energy resources — all these factors
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have accumulative capability to have a negative influence on environment and men life. There is
unsatisfactory ecological conditions in Ukraine. At the same time, construction and house-building
are the most power-consuming sectors of national economics. Therefore, ecologically safe construc-
tion is the important factor of infrastructure.

Ecologically safe construction process on every stage of building erection must be well-founded, ex-
pedient, must use ecological materials and correspond to purpose-oriented destination of building.
In this connection, technological decisions concerning ecological construction is extremely imported
and actual.

Choosing ecological and energy expedient structures it is necessary to take into consideration: heat
insulation of external building part; hermeticity of windows and doors; solar energy using; abid-
ance appropriate quality of inner millieu of apartments; heat preservation in massive structural
building parts; using such building materials, production, exploitation and utilization of which do
not harm to environment.

The aim of the work is the review of present ecological construction technologies, analysis of factors
that have an influence on its effectiveness and also determination prospective trends of eco-build-
ing development in Ukraine.

As a result, the types of national ecological construction technologies and examples of modern
Ukrainian ecological houses nave been considered. Some prospective of ecological construction
development in Ukraine has been determined.

Key words: technology, environment, ecological construction, ecological materials, energy
effectiveness.
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ORGANIZATIONAL ACTIONS FOR FORMATION STREAMS CONTINUOUS
DEVELOPMENT FRONTS WORKS (M-CDF) OF THE COMPLEX
TOWN-PLANNING POWER RECONSTRUCTION

Abstract. As one of the promising forms of integration, various complexes appear in the urban
planning structure. The tendencies of the economy of the modern information society are such
that the driving force behind the innovative development of society is science. Development
and implementation of new and improvement of existing technologies in capital construction is
determined by the need to reduce material and labor costs for their implementation, the annual
amounts of which are calculated by millions of UAH direct costs and millions of people-days labor
costs, and the need to shorten the investment cycle of construction of buildings and structures.
Extended reproduction requires a further increase in the level of division of labor, concentration
and specialization of construction production, intensification of the exchange of results of production
and economic activity. Reconstruction historical building has the big social and economic value. Its
primary goals consist not only in prolongation service life buildings, but also in liquidation physical
and an obsolescence, improvement conditions residing, equipment residential buildings by the modern
engineering equipment, increase operational characteristics and architectural expressiveness. It is
offered to create in the city of Odessa “the Corporate scientific and technical complex town-planning
power reconstruction “CSTC T-PPR”, as innovative organizational structure which uses in practice
the saved up scientific and technical potential for reconstruction of buildings of historical building
of Odessa under standards power efficiency. When organizing the management of the “CSTC T-PPR”
it is not only possible to adapt the existing economic mechanism, it is necessary to search for new
forms and methods of ensuring coordination in the activity of management bodies of different units.
Any general managerial process by immovable object of historical building consists of management
of the separate interconnected processes. The standard way of their dynamic display is the planned
schedule allowing with certain periodicity to repeat the general functions of management in complex
managerial process. The estimation of quality of operated processes “CSTC T-PPR”, as modeling
of function of scheduling and management is executed. The presented model of an estimation
of quality of management is effective as allows to estimate dynamically result of administrative
activity and on this dynamics to form detailed enough forecasts of development of operated process.
Key words: operational administration building, building organization, corporate scientific
and technical complex, town-planning power reconstruction, finishing labor.

Problem statement in a general view.
As one of perspective forms of integration
various complexes act in town-planning
structure; in the course of formation plans
social and economic development of large cities
even more often there is a situation when for
increase of efficiency used financial, material
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and a manpower concentration of efforts, but
also new progressive forms the organization
of building manufacture — corporate, scientific
and technical is necessary not simply, power
efficiency.

The review of last sources of researches
and publications. World practice shows,
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that increase power efficiency is reached
mostly at the expense of organizational
changes in a guidance system power economy
the enterprises or cities. Having introduced
system power management it is possible to reach
without the big financial losses considerable
energy conservation in 3-5% for 1-2 years.
Power management includes a set of the actions
aimed at economy power resources: monitoring
power consumption, working out power
budgets, the analysis existing indicators as bases
drawing up new budgets, working out a power
policy, mapping out new power savings actions
etc. Power efficiency building — property
of a building, its structural components
and plumbing system to provide during expected
life cycle this building household requirements
the person and optimum microclimatic
conditions for its stay in premises such building
at is standard-admissible (optimum) expenses
power resources for heating, illumination,
fanning, an air conditioning, heating of water
taking into account a climatic conditions [1].

In town-planning is shown the tendency
to integration, both in sphere of production
of goods, and in management sphere;
the expanded reproduction demands the further
increase level a division of labor, concentration
and specialization of building manufacture,
anintensification exchange of resultsisindustrial-
economic activities. As one of perspective forms
integration various complexes act in town-
planning structure; in the course formation
plans social and economic development of large
cities even more often there is a situation when
for increase of efficiency used financial, material
and a manpower concentration of efforts, but
also new progressive forms the organization
of building manufacture — corporate, scientific
and technical is necessary not simply, power
efficiency [2-8].

Research objective. To offer
the organizational structure using in practice
the saved up scientific and technical potential
for reconstruction buildings of historical
building of Odessa 1820-1920 years under
standards power efficiency and execute research
line method the organization works — a method
of continuous development of fronts of works
(M-CDF).

The basic material and results of researches.
As leading sign expediency application
coordination  principles of  management
the generality the economic purposes

and the problems, demanding industrial
cooperation acts.

From positions methodology management
CSTC T-PPR is the economic object the new
class which has received the name integration.
Its specificity follows from its integrated
approach that assumes:

— High level coincidence interests
of the basic industrial organizations entering
in CSTC T-PPR at preservation a branch
accessory and its corresponding inclusiveness in
branch systems of planning, financing, logistics
and management;

— The interrelation of economic activities
defining them dependence in achievement both
own, and branch purposes, forming the given
complex;

—Territorially causedsocialand economicunity,
impossible without realization the coordinated
economic policy, free from administrative
restrictions.

Such are the most general features, testifying
that at the organization management CSTC
T-PPRitisimpossible to adapt only an operating
economic mechanism, search of new forms
and methods is necessary. In effect, the main
problem is today maintenance coordination in
activity of the controls concerning various links
and levels building branch. Suggest them to unite
“under the general roof” more often. But such
structures are too bulky, unhandy, and are not
always realized in practice, especially in building.
It is necessary to organize thus participants
CSTC T-PPR that they, realizing own purposes,
would reach also the general results — we will
tell, with partners in building of those or other
building objects or with accessory manufacturers,
though and not participating directly in works,
but providing them, etc. Such mechanism is
coordination. Integrity CSTC T-PPR is given
by not so much spatial organization, how many
that end result — a product of manufacture
of reconstruction which and is created by
builders. Now, when the emphasis becomes
on economic control levers, neglect lessons
coordination management in relation to primary
economic cells are necessary for considering.

Successfully to develop CSTC T-PPR it
is necessary to consider changes in a control
system of municipal economy, and the happened
cardinal changes in economy. Especially it
concerns problems with acceleration of technical
updating of sphere of manufacture of building
materials.
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Reconstruction of historical building has
the big social and economic value. Its primary
goals consist not only in prolongation of service
life buildings, but also in liquidation physical
and an obsolescence, improvement conditions
residing, equipment of residential buildings by
the modern engineering equipment, increase
operational characteristics and architectural
expressiveness.

It is necessary to execute reconstruction
of buildings historical building of Odessa 1820—
1920 years under standards power efficiency
in which it is necessary to execute enough
considerable quantity of internal painting
and decorating.

Working out and introductions new
and improvement of existing technologies in
capital construction is defined by necessity
of decrease in material and labor expenses for
their performance, and also necessity reduction
a reinvestment cycle building of buildings
and constructions.

Application  the mechanized methods
manufacture internal painting and decorating
raises efficiency of application building mixes
as allows to organize performance works
by a line method and to reduce duration
of complex processes manufacture works. Wide
introduction in practice building dry building
mixes has opened possibilities mechanization
manufacture plaster works with use both foreign,
and the domestic equipment.

Before the beginning planning power
reconstruction it is necessary to be defined
with quantity power consumption to which
it is necessary to aspire. In an original form
it is recommended to stop on an intermediate
variant somewhere in between the improved
building and “the passive house”. Exact values
will be defined within the limits of the further
planning. Basically it is possible to choose
both the maximum thickness of isolation,
and minimum. The matter is that in parallel
with thermal protection measures on decrease
in consumption energy, including on hot water
supply, other measures are planned for economic-
household installations and the equipment
and other needs also. The principle question
demanding the answer is put so: what expenses
are demanded by realization this or that
measure, and what economy energy it will allow
to achieve?

Any complex works can be executed various
methods with different terms of the beginnings
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and the terminations works, with different
character use resources and development private
fronts of works and according to technical
and economic indicators different in size.
Basically methods calculation the organization
works are defined taking into account
the restrictions imposed on communication
between works.

The line method the organization works is
formed by means of spatial division the general
front works into private front works and parallel
performance into them polytypic private streams
works.

Line methods the organization works can be
calculated in the different ways, therefore they
have received names of methods calculation
the organization works. We will consider
a method of continuous development fronts
works (M-CDF).

For calculation formation streams on
method M-CDF we will consider the line
organization of works presented by matrix
durations and the schedule internal painting
and decorating, at reconstruction of buildings
of historical building Odessa 1820-1920 years
under standards power efficiency (tab. 1).

On four building objects (buildings
of historical building Odessa 1820—1920 years),
defined as private fronts of works, are carried
out four kinds of works in rigid technological
sequence (A—»B—C—D) on each object: plaster
works (index A), priming works (index B),
underpaint putty works (index C) and works on
colouring (index D). The sequence development
private fronts works also is fixed by the following
sequence: 1->2—3—4.

Each kind of work is carried out by constant
cast which pass to the following object only after
the full termination work on previous object.
If the given complex works was carried out by
a consecutive method its minimum duration
would be equal to the sum of durations of all
works entering into a given complex:
T=7+9+6+8+2+3+2+3+13+17 +

11+15+5+8+4+6=119 days.

Forthe line organization works at performance
any work on any object performance two
obligatory conditions is required:

1) the termination the given kind of work
aresource on previous object (resource readiness
of executors);

2) the termination a previous kind of work
on the given object (technological readiness
private front of work).
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In the center of each element table
1 values duration works in days are shown.
At formation of schedules works the primary
goal consists in calculation terms manufacture
works or, otherwise, terms the beginnings
and the terminations works.

For the given stream (tab. 1) as restriction
is entered maintenance continuous development
each private front of work (a zero stretching
face-to-face communications), and as criterion
function — the greatest possible rapprochement
adjacent fronts works.

For a conclusion of the basic settlement
formulas the size carrying the name of the period
expansion which defines a difference between
the beginning the subsequent work on private
front T and the beginning of previous work
on the same front — 7 is entered into
consideration. Clearly, that the work first in
a technological order is not preceded by any
other work and hence its beginning is accepted
by the zero. Thus, having defined the beginning
the first work and the corresponding period
of expansion the second work, it is possible
to calculate the beginning its manufacture on

private front I etc. (on an induction) before
definition the beginning last kind of work.

Having calculated the beginning of last work
taking into account restriction on a continuity
performance of works, it is possible to define
the general duration of all complex works under
the formula (1):

=

T=Z]}I,Jj+l +Ztn,i ) (1)

-1 m
=1 i=l1

-~

Where 7 .~ — the period expansion
the subsequé’n{: front of work concerning
previous; m — the general number kinds of works
(a current serial index, 7); n — the general number
fronts of works (a current serial index, j);
t . — duration i works on last private front.

" For definition of values the period expansion
the subsequent fronts of works we will take
advantage a condition (2) at which prior to
the beginning any simple work, work the same

kind previous on front should be executed:

i

2t = i)
k=1

TP

Jj+l (2)

= max

i=l,m

Table 1. Matrix durations and the schedule internal painting and decorating, at reconstruction buildings
of historical building of Odessa 1820—1920 years under standards power efficiency, calculated by a method

of continuous development fronts works

Index and the name Private front of work Total duration
of works I II 11 v of work
0 7 110 19 | 31 37 | 39 47 47=47-0
A. Plaster works 7 9 6 8 30=7+9+6+8
17=47-30
7 9 |19 22 | 37 39 | 47 50 43=50-7
B. Priming works 2 3 2 3 10=2+3+2+3
33=43-10
. 9 22 | 22 39 | 39 50 | 50 65 56=65-9
C. Underpaint 13 17 1 15 56=13+17+11+15
putty works
0=56-56
22 27 | 39 47 | 50 54 | 65 71 49=71-22
D. Works on colouring 5 8 4 6 23=5+8+4+6
26=49-23
27=27-0 37=47-10 | 23=54-31 32=71-39 Stretching of
Total durations 27= 37= 23= 32= communications
of fronts of works =7+2+13+5 | =9+43+17+48 | =6+2+11+4 | =8+3+15+6 resource
Tp=10 T.p=21 T.,»=8 76=17+33+0+26

Source: It is developed by authors on the basis scheduling

47



HOBI TEXHOJIOTII B BY IIBHUIITBI Ne 37 2020

Where ¢, ; — the operation time a zero kind
equal to zero.

For M-CDF restrictions forbid negativity
of resource communications.

Let's take advantage the previous formula (2)
and we will define the periods expansion works
I1, III and IV, shown by following formulas (3):

Conclusions. It is offered to create in the city
Odessa “the Corporate scientific and technical
complex town-planning power reconstruction
"CSTC T-PPR”, as the innovative
organizational structure using in practice
the saved up scientific and technical potential
for reconstruction buildings historical building

of Odessa 1820-1920 years under standards
power efficiency.

Formation of streams (in the matrix form) on
a method of continuous development of fronts
of works (M-CDF), as line method calculation
(3) | the planned schedule performance internal
painting and decorating of the Corporate
scientific and technical complex town-planning

7-0=7
7+2-0-9=0

T = - 10:

A 4 13-0-9-3=10 :

7+241345-0-9-3-17=-2

9-0=9

9+3-0-6=6

T - e
m = Mg 3 17-0-6-2=21

9+3+17+8-0-6-2-11=18 power reconstruction “CSTC T-PPR” is
6-0=6 executed. The considered method calculation
6+2-0-8=0 a building stream effectively to apply in need
T}, = max =8. . . . T 71s . T
6+2+11-0-8-3=8 delivery in operation building objects in limiting
6+2+11+4-0-8-3-15=-3 deadlines.
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OPTAHI3AIIIHI 3AX0/I1 ®OPMYBAHHS IIOTOKIB BE3IIEPEPBHOI'O OCBO€HHS
®POHTIB POBIT (M-bO®) KOMIVIEKCY MICTOBYIIBHOI EHEPTOPEKOHCTPYKIIII

Anomauis. Sx 00na 3 nepcnexmuenux Gopm inmezpauii sucmynaioms y micmooydieuii cmpyxmypi
pisni Komnaexcu. TeHOenyii ekoHoMIKU CYUacH0zo THPOPMAUiIHOZ0 CYCRLILCMBA MAKT, W0 PYULITIHOT0
CUNIOI0 THHOBALIIHO20 PO3BUMKY cycniibemea cmae nayka. Pospodka i enposadicenis HoBUX i 600-
CKOMANECHHS. HASABHUX MEXHOL02IIL Y KAnimanvnomy OyoieHuymei 6UsHauacmocs HeoOXionicmio snu-
HCEHHS. MAMEPIATLHUX T MPYOOBUX UMPAIM. HA IX BUKOHAHHS, WOPTUHI POIMIPU SKUX OOUUCTIONOND-
5 MUIBUOHAMU ZDUBEHD NPSAMUX GUMPAM | MIILIOHAMU JH00.-0HI8. MPYOOSUX GUMPam, a MaKoxC
HeoOXIOHICIO CKOpOUeHHs THeecmuuitinozo wukty Oydisnuymea Oydieen» ma cnopyo. Poswupene
6i0meopents 8uMazae nOOAILUL020 NIOBUWEHHS. PiBHS NOOLLY NPaul, KOHUeHmpauil i cneyiansayii
Oyoisenviozo GUPOOHUYMEA, THMEeHCUDIKaUii 0OMiHY Pe3yIumamami 6UpoOOHUUO-20cn00apcykoi di-
svrocmi. Pexoncmpykuyis icmopuunol 3a6y006u Mae 6enuxe couianvio-eKxonomiune suauenns. Ii oc-
HOBHI 3a60aHHs NOLAZAI0Mb He MINLKIL Y NPOO0BICeHHT mepminy cayxrcou Oydisenn, are L?/ niKeioayii
QiBuU020 | MOPATLHOZO 3HOCY, NOJINULEHHT YMOB NPONCUBAHHS, OCHAUEHH] ICUMI0BUX OYOUHKIS ClY-
UACHUM THICEHEPHUM 00NAOHAHHSM, NIOBUUEHNHS eKCNIYAMAUIIHUX XaAPAKMePUCUK 1 apximexmyp-
noi eupasnocmi. IIpononyemncs cmeopumu ¢ micmi Odeci «Kopnopamuenuii nayxoeo-mexuiunuil
Komnaexc micmooyodienol enepzopexoncmpykyii “KHTK MEPex”s, sk innosauiiny opeanisayiiny
CMpYKMypy, SKa BUKOPUCTIOBYE HA NPAKMULL HAKONUYEHUN HAYKOBO-MEXHIUHULL NOMeHYian O1s
pexorcmpykuyii byodisens icmopuunoi 3a6ydosu Odecu 3a cmandapmamu enepeoepexmuerocmi. [lpu
opeanizauyii kepysanns KHTK MEPex ne moxcra nuwe npucmocosyeamu dirouuil 20cnooapcokuii me-
XaHizm, HeoOXIOHUl nowyx HoBUX (popm i Memooie 3abesneuents KoOpOUHauii 6 OisibHoCmi opzanis
Kepysanns pisnux 1anox. Byov-axuil 3azanvnuii npouec ynpasiinms nepyxomum o0’'ekmom icmo-
PuuHoi 3a0y006U CKIAOAEMDBCSL 3 YNPABTIHHS OKPEMUMU B3AEMO3ATENCHUMU NPOUECAMU. 3azanbHO-
NPUITHSMUM CROCOOOM X OunAMIuHO20 GI00OPANCEHHS € KANCHOAPHUL NIAH, WO OAE 3MOZY 3 NEBHON
nepioouuHicmio nosmopramu 3azavki QYHKUI Ynpasiinus 8 KOMNIEKCHOMY NPOUect Ynpasiinmsl.
Bukonana ouinka sixocmi xkeposanux npouecie «<KHTK MEPexs s modenosanis yuxuii xaren-
dapnozo nianyeanns i ynpaeiinns. [lpedcmagiena mooenb ouinKu AKOCMI Yynpasiinis ¢ eexmus-
HOK0, MOMY W0 0ae 3m0zy OUHAMINHO OUIHIOBAMI PE3YTLMAm YNPasIiHCHKOT giﬂﬂbuocmi il 3a yiero
dunamixoio gopmyeamu documv demanvii NPOzHO3U POIGUMKY KePOBAH0Z0 NPOUECY.

Knionoei cnoea: onepamuene ynpasninns 6yoienuymeom, opeanizauis 6yodienuymea,
KOpnopamusHuil HAyKo60-mexHIMHUll KoMnJjexc, MicmoOyoieHa enepeopexoHCMpyKyis,
0Nop0I*CcY6abHi podOmu.

ITocrepnax I.M.

K.T.H., JIOIIEHT, IOTeHT Kadeapu opranisanii OyiBHUIITBA Ta OXOPOHU TIPAIli,
OgechKa JepskaBHa akazeMist OyAiBHUIITBaA Ta apxiTekTypu, M. Ojeca
ITocrepunax C.O.

K.T.H., IOII€HT, TEXHIYHUI CIIEI[IaJIiCT,

[TpuBathe mignmpueMcTBo «Kommnosuts, M. Oneca
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BUKJa1a4u Kadeapu OyaiBebHOI iHKeHePil Ta eKOHOMIKH,
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a0

HECYYA 3JATHICTb TA JE®@OPMATUBHICTDb 35IPHO-MOHOJIITHUX

TA MOHOJIITHUX IIEPEKPUTTIB 13 KEPAM3UTOBETOHY
HA BATATOKOMIIOHEHTHOMY B’SI:KYYOMY

Anomauis. 3acmocysanns nezkux 6emonie Ha NOPUCTIUX 3AN0BHIVBAUAX OIS KOHCMPYKUiil 0yoi-
6eb 0ae 3mozy 30LTbUUMU NPOTLOMU 1 NOBEPXOGICIb OYOUHKIS, SMEHWUMU CIMPOKU A SHUSUMU
sapmicmy Oyoisnuymada.

Bausoro 20% sazanvnux sumpam na 0yoisnuymeo noeux Oydisenv npunadac na KOHCMpYKuyii
Nepexpummis, momy aICIUGUM € SUOIP 1X PAUIOHATLHOZO Bapianma 3 NOZLL0Y MEXHOLOZIUHOCTI
BU20MOBNEHHS, MIHICHUX XAPAKMEPUCTUK T eKOHOMIYHOCTI. 3 YIET NO3UYIT AKMYATHUM € 3ACMO-
CY6anHs 30ipHO-MOHOLIMHUX A MOHOJIMHUX NEPEKPUMMIE.

Y pobomi 3diiicneni docnioncenns necyuoi sdammocmi i deopmamusnocmi 30ipHO-MOHOLIMHOZO
il MOHONIMHO20 NEPEKPUMMSL 3 Kepamumobemony na 6azamoKOMNOHEHIMHOMY 6 AHCYUOMY KIACY
C 12/15 i saxckozo 6emony xaacy C 20/25. Bukonano sicmaenenns docaionux oanux oegopma-
MUGHOCMI, MPIUUHOCMILIKOCMT 1 MIUHOCTML 3PA3KA NepeKpummsi 3 pe3yiomamami PO3PaxyHKie 3a
YUHHUMU HOPMAMUL.

IIposedenuit ananiz ompumanux docrionux suavens degpopmauiii, nepemiuens i mpiugun 0ae smozy
3A3HAUUMIL, WO 6 NPOUEC HABAHMANCEHHS 3PA3KA YIMKO NPOCIIOKOBYBANUCS ONUCYBAHT dehopma-
uiiiumu modensimu cmadii 11020 NPYICHOZ0 1 NPYICHONIACIUUHOZ0 0ePOPMYBAHHS.

Hecyua 30ammicmp 3paska 30ipHo-MOHOIIMHO20 NEPEKPUMMS 34 POIPAXYHKOM, 6 NOPIGHAHHI 3 00-
cionumu Oanumu, 6yaa eusnauena 3 pisnuvero 1%.

Y pasi nopmamuenozo nasanmasicenns wupura poKpUmMms mpiun y MOHOJIIMHOMY Nepexpummi
cmanosuna 0,125 mm, a 6 36ipno-mononimuomy — 0,1 Mm, wo menue 6cmanosIeHoT HOPMAMU 2pa-
Huuno npunycmumoi wupunu wk = 0,4 mmn. Y pasi nasanmaxcenisi, ekeieareHmmozo pyiHyouomy,
WUPUHA POIKPUMMSL MPIUUH He NePesULYBANA ZPAHUYHUX 3HaueHb | cmanosura 0,4 mm 0nst mo-
Honimmozo nepexpumms il 0,3 Mm — 015 36IPHO-MOHONIMHO20 NEPEKPUMMSL.

Ananis epagpixie <F — f» 0ns 36ipno-monommmozo i MOHOIIMHO20 NePeKPUmms. noKasas, wo 00-
Jacmo olazpamin, OMpPUMAanoi 3a Peyibmamam HOPMAMUsHUX POPAXYHKIE, NPOXOOUMs Maiiice
napanenvio 00CIionii diazpami, poaxooicenns cmanosismo y cepednvomy 24% i 17%.
Pospobneni koncmpyxuii 36ipHo-MOHOIIMHO20 11 MOHOLIMHOZ0 NEPEKPUMMS MAIOMb HeoOXiOHy
MIUHICID, HCOPCMKICID T 006208TUHICINb T MONCYMb OYmu pexomendosani 0l 3acmocyeans 6 Oy-
QiBHUMBT MATIONOBEPXOBUX CYCNINBHUX 1 HCUMI0BUX OYOUHKIS, A MAKONC NPU PEKOHCMPYKUI.
Kniouosi cnosa: necyna soamuicmo, depopmamusnicmo, nepexpumms, eekuii Gemon.
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3aniz00eTOHHI KOHCTPYKIIii 3 JIErkux Oero-
HIB Ha TOPHUCTUX 3aMOBHIOBAYAX JAIOTh 3MOTY
301IBIIATH IPOJILOTH i IOBEPXOBICTh OYANHKIB,
YKPYITHUTU MOHTQ)KHI eJIeMeHTH, BUKOPHUCTO-
ByBaTH OiJbII TPOCTI 3 MEHIIOK BaHTAXKOIIiI-
MOMHICTIO MeXaHI3MU JIJIsI MOHTAKY, I11/[BUIIATH
MPOAYKTUBHICTD Tparli i sAKIiCTb OyAiBHUIITBA,
TOMOTTHCST HOTO TIPUCKOPEHHS, 3HU3UTH Bap-
TiCTB, 1[0 CTIPUSATIMBO HE JIAIIIE /ST MAJIOTIOBEP-
XOBOTO OYIiBHUIITBA.

3a1i300€TOHHI TIEPEKPUTTSI € OJHUM i3 Haii-
OLTTbIT  BasKJIMBUX KOHCTPYKTUBHHX €JI€MEH-
TiB JKUTJIOBUX OyAWHKIB. Bapricth mepexpur-
TiB y 3arajbHiil BapTOCTi JKUTJIOBOTO OYAMHKY
craHoBuTh Bix 15 10 20%, OGymiBesbHI BUTpaTH
nparli Ha ix BiamryBaHus — 10 25%. Lleit dakr
BU3HAYAE Ba)KJIMBICTh BHOOPY paIlioHATbHOTO
BapiaHTa 3aCTOCOBYBAaHOI KOHCTPYKII Iepe-
KPUTTS 3 TOIJISAJY TEXHOJOTIYHOCTI BUTOTOB-
JIEHHS, MIIHICHUX XapaKTePUCTUK 1 €KOHOMIY-
HOCTi TOro abo 1HIIOrO MPOEKTY.

Bapro 3asnaunTH, 10 BUKOPHCTAHHS 36ip-
HO-MOHOJIITHUX _TIEPEKPUTTIB MPUBOJIATE 10
3HAYHOI eKOHOMil MaTeplaJIbHI/IX 1 enepropecyp-
CiB, 3HUKEHHST TPYAOMICTKOCTI 3Be/IeHHS IILJISI-
XOM CITPOIIEHHST apMaTyPHUX POOIT i CKOpoUeH-
Hs 200 TIOBHOIO BUKJIIOUEHHST POOIT 3 MOHTaXKY
Il IeMOHTaKYy OTayOKH.

OkpiM TOrO, 3aCTOCYBaHHS B IpOIieci Oy1iB-
HUI[TBA JIETKUX OETOHIB Ha MOPUCTHX 3aloB-
HIOBaYax THUITy KepaMauTy 3abe3redye MoMiTHe
3HW)KEHHS MaTepialoeEMHOCTI i BUTpat Ha (yH-
JAMEeHTH, €KOHOMII0 apMaTypu 1 3HUKYE Bap-
TicTh OyaiBHuITBA HAa 13—15%.

ITocraHoBka npooaemu. Bukopucranust Jier-
KUX OeTOHIB y 30ipHOMY il MOHOJIITHOMY JTOMO-
OyIiBHUIITBI € JOCUTh aKTyaJbHUM 3aBIaHHSIM,
OCKilbKM ~ Tiepepbayae  BUPIlIeHHsT OaraTbox
aKTyaJbHUX 3aBJaHb Cy4acHOro OyAiBHHIITBA
i oJHOYacHe BUPIIIEHHS €KOJOTIUYHUX, Pecyp-
co30epiralounx i eKOHOMIYHMX TIPObJIEM 3a pa-
XYHOK TEXHOJIOTIYHUX 1 TEXHOTEHHUX BiJIXO/IIB,
SKI JIOIIJIBHO 3aCTOCOBYBATH B TIPOIlECi BUTO-
TOBJIEHHST 3a/Ti300€TOHHUX KOHCTPYKITiil.

AHali3 OCTaHHIX MOCHIIKEHb. 3a OCTAHHIN
Yyac HaKOIMYKMJIOCh 0araTo AOCTiIKeHb HeCy-
40l 37aTHOCTI # /1epOPMATUBHOCTI KOHCTPYK-
1iii i3 Jlerkux GeToHiB, sKi HaBeleHi B poboTax

M.A. AxmaroBa, €.M Ba6uua, B.C. Komucapen-
ko, A.I. Koctioka, PJI. Maisgna, JI.I1. Opentmixe-
pa, H.A. Cnisaka, A.C. Crosesuua, B.I. Cyxa-
HoBa, O.b. IlipagoBa Ta iH.

Ha cyyacHomy piBHI 3HAauHMII BHECOK
Yy PO3BHTOK OETOHIB 13 BHKOPMCTAHHSIM IIIAKiB
i soma spobumn II.T. Babaes, C.O. Bucomp-
knit, B.M. Topin, JLII. Isopkin, O.JI. JIBopkiH,
C.B. 3inuenko, A.I. 3otkin, Kamans M.P. Mapi,
M.IO. Jlenunceskwuit, H.P. Pysies, O.B. Kandckin,
B.H. fpmakoBcbkuii Ta iH., ajie B OCHOBHOMY pe-
cypcosbepiraiodi MHUTaHHS 4Yepe3 3aCTOCYBaHHS
IIPOMUCJIOBUX BIJIXO/IB i/l 4aC BUTOTOBJICHHS
MOPUCTUX 3aITOBHIOBAYIB 1 B'SKYYMX PO3TJIs/Ia-
IOTHCS JUIST KOHCTPYKIIIH 13 BasKKOTO GETOHY.

Meta poGOTH IOJISATAE B HOCTIIKEHH] Hecy-
40i 3/1aTHOCTI i 1eOpMaTUBHOCTI 301 PHO-MOHO-
JIITHOTO Y MOHOJIITHOTO MEPEKPUTTS 3 KepaM3u-
TOOETOHY Ha GATATOKOMIIOHEHTHOMY B'SIKYYOMY.

JocnipkeHHsa  TPOBOAMJNCA HAa  3pa3Kax
36iPHO-MOHOJIITHOTO I MOHOJIITHOTO TI€PEKPHUT-
Tst (puc. 1), BMKOHAaHOTO 3 KepaM3uTOOETOHY
Ha 0araTOKOMIIOHEHTHOTO B'SKYYOTO — KJIACy
C12/15iBaxkkoro6erony knacy C 20,25 (tabu. 1).

Y mpoueci BumpoOyBaHb HaBaHTAKEHHS
NPUKJIAAIOCS Y BUTJSAL 5 30CePePKEHIX CHJI
B 1/6 nposboty. PiBHI HaBaHTa)kKeHHsI CTAaHOBU-
J 5% BiJl PO3PaXyHKOBOIO PYIHIBHOIO HaBaH-
TaKeHHsT 710 yTBOpeHHs TpimmH i 10% — micss
YTBOpPEeHHA TpilnH. HaBaHTa)keHHS HAa KOKHO-
MY eTarli, KpiM MepIioro, BU3HAYAINUCS aprdme-
TUYHUME OOUYKCIEHHSIMI 32 0OMipIOBaHOI Ma-
COIO TITYYHUX BAHTAXKIB.

Y mpotieci BUMPOOYBaHb BUMIPSIITUCST:

— HPOTUHI 3Pa3KiB y cepeui MPOLOTY;

— MO3/IOBXKHI gedopmartii apMaTypu i 6ero-
HYy 10 OiYHMX IPaHsSX OCHOBHUX 3PasKiB;

— 3HAYeHHSI HABAHTAKEHb TPIIUHOYTBOPEH-
HST, IMUPUHA PO3KPUTTS TPIlIIH;

— 3HA4YeHHS PYIHIBHUX HaBaHTa)KEHb.

Pesyabratu nocaimkennd. [Iposezeni gocari-
JUKeHHsT Trepebavyaii 3iCTaBaeHHs OC/ITHUX
naHnx  1ehOpMaTUBHOCTI,  TPINTUHOCTINKOCTI
i1 MIIHOCTI 3pa3ka MePeKpUTTS 3 pe3yJbraTaMu
po3paxyHkiB 3a unaHuMu HopMmamu J[BH [1].

PospaxyHnok 3a unaHMMEU HOpMamu [ 1] mpo-
BOJIMBCSI /10 PiBHS HABaHTa)KEHH:, IO CTaHO-
BUTh 80% Biji MAaKCUMAJIBHOTO.

Ta6muus 1. Dizuko-MexaHiuHi XapaKTePUCTUKU GETOHY

Kmac 6etony Bik, 16 /, MIla /., MIla /. Mlla E, MIla
C12/15 80 12,4 8,8 1,4 14800
C20/25 120 16,9 13,0 1,6 27800

5|
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3a JaHWMU TIO0Ka3aHb TEH30PE3UCTOPIB, Ha-
KJICEHNX Ha OIYHMX TPaHsIX eJEeMEHTa, MOKHA
TOBOPUTH XapaKTep po3nojiay aedopmaiiiii 1o
BUCOTI NEPeTUHY SIK MPO JIHIMHWHI 13 1eBHUM
CTyIHeHeM JIonyTeHHs (puc. 2).

[TpoBenenuii ananiz OTpUMaHUX JOCTITHUX
3HaYeHb JAedopmailiii, mepemimieHb i TPINITH
7la€ 3MOTY 3a3HAYUTH, MO B TIPOIlECi HaBaH-
Ta)KeHHS 3pa3Kka  YiTKO TPOCJIIKOBYBAIUCH
onucyBaHi gedopMalliiHuMU MOJIEJIAIMU CTaIii

HOT0 IPY’KHOTO 1 MPYKHOIMJIACTUYHOTO 1ehop-
MYBaHHS.

[lng  oliHKKM  HaNpy:KeHo-1eopMOBaAHOTO
CTaHy TepeTHHy AOCJIHOTO 3pa3Ka, 110 Tepe-
OyBa€ B 30Hi YMCTOrO BUTHHY, Oy/LyBaJKCs 3a-
nesxknoctTi «M — €». Kpurepiem Buyepnanns
HEeCy4oi 37IaTHOCTI 3pa3Kka TEPEeKPUTTS 3'SIBU-
JIoCST OCSTHEHHS jiechopMartiii y TO310BKHIH
PO3TATHYTIH apMaTypu TPAaHUYHUX 3HAYEHD, SIK
i B pobori [2].

Puc. 1. Koncrpykitist 3paskiB 30ipHO-MOHOJIITHOTO TIEPEKPUTTST: @ — 3Pa30K 30iPHO-MOHOJIITHOTO TIEPEKPHUTTSI;
6 — 3pa3oK MOHOJIITHOTO MEPEKPHUTTS
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Hecyua sgarHicTh 3paska 30ipHO-MOHOJIIT-
HOTO TIePeKpUTTST (HaBaHTAKEHHS, TIPU STKOMY
nedopmaitii B apmMatypi J0CsAraioTh TPAaHUYHUX
3HauyeHb) OyJIa BU3HAUeHA 3 PI3HUIIEIO TTOPIBHS-
HO 3 fociaHuMu ganumu Ha 1% (tabu. 2).

TaGmuus 2. [TopiBHAHHA JaHUX eKCIIEPUMEHTAIb-
HUX JIOCHI/KEeHb 1010 HeCyuol 3[aTHOCTI 3 Teope-
TUYHUM PO3paxyHKaMu

Maum I[BH B.2.6 — 2009
Tum 3paska ’

KHxwm M,], KHXM M/MBOCJ

306ipHo-

MOHOJIITHE 3,84 3,94 1,02
MEPEKPUTTS
MomnoutitHe 3.99 3.76 0.94
MEPEKPUTTSI

[Tin yac npoBeleHHS eKCIePUMEHTAIbHUX
JOCTTiKeHDb Oy BU3HAYEH] XapakTep YTBOPEH-
Hs W po3BUTKY TpimuH (puc. 3, 4), 3mMiHa Bij-
CTaHi MiX TpilmuHamMu s, i BUCOTH TpimmHu A 3i
301IbIIIEHHSIM HaBAaHTasKEHHSI.

Y pa3i HOpMATUBHOTO HABAHTAKEHHS IITUPU-
Ha PO3KPUTTS TPIITIH Y MOHOJIITHOMY TTE€PEKPUT-
i ctanoBuaa 0,125 MM, a B 36ipHO-MOHOJTITHO-
my —0,1 MM, 110 CyTTEBO MeHIle BCTAaHOBJIEHOI
HopMaMu [1] rpaHUYHO TPUIYCTUMOI MIUPUHU
w, = 0,4 mm.

Y pasi HaBaHTa)keHHs, €KBIBAJICHTHOMY PYIi-
HYIOUOMY, ITMPUHA PO3KPUTTS TPINUH HE Te-
peBUIITyBajla TPAHUYHUX 3HAUEHb i CTAaHOBUJIA
0,4 MM 1711 MOHOJIITHOTO TIepeKpuTTS 1 0,3 MM —
J1UIsE 30iPHO-MOHOJIITHOTO MEPEKPUTTSL.

3a obpucamut TpadikiB «F — f» 115t 30ipHO-MO-
HOJIITHOTO 11 MOHOJIITHOTO ME€PEKPUTTS BUIHO, 1110
obmacti miarpamu, OTPUMAHOI 3a pe3yJIbraTaMu
HOPMATHUBHKX PO3PaxyHKiB (Tabir. 3), MPOXOAUTH
Maiike rapasesbHO AOCIHIN /liarpami, TPy 11b0-
MY HEJIOOIIHIOIOUM BEJIMYMHY TIPOTUHIB Y po3pa-
XYHKOBOMY TIEPETHHI B cepeiHboMy Ha 24% i 17%.

BucnoBku. Ortpumani eKcliepuMeHTa bHi
JaHi PO MIIHICTb, TPIMIMHOCTINKICTD 1 medop-
MaTHUBHICTh 3pasKiB 30ipHO-MOHOJIITHOTO i MO-
HOJIITHOTO TIEPEKPUTTSI 3 KePaM3uTOOETOHY Ha
6araTOKOMIIOHEHTHOMY B'SIKY4YOMY.

Puc. 2. Xapakrep posrioziiiy ehopmaitiii y 6eToHi 3a BUCOTOIO TIEPETHHY:
a — 30iPHO-MOHOJITHOTO TIEPEKPUTTST; O — MOHOJITHOTO TIEPEKPHTTSI
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Puc. 3. Cxema XapakTepHUX TPIIUH 32 PO3TOPHEHHSM JIOCJIIHOTO 3pa3ka 36ipHO-MOHOJIITHOTO TIEPEKPHUTTSE

Puc. 4. Cxema XapakTepHUX TPIlUH 32 PO3TOPHEHHSIM JOCJITHOTO 3pa3ka MOHOJIITHOTO TIEPEKPUTTS

Ta6muus 3. TTopiBHAHHS JaHUX eKCIIEPUMEHTAIbHIX JOC/IIZKEHD 3a 1e(OPMATHBHICTIO 3 TEOPETUUHUMH
po3paxyHKaMn

JIBH B.2.6-98:2009
Tun 3paska M/M, Iporun f, , MM P ol
0,5 3,14 2,71 0,86
36ipHO-MOHOJIITHE MEPEKPUTTS 06 549 4,11 0,75
0,7 6,86 5,50 0,80
08 8,02 6.90 0.86
0,5 1,54 2,13 1,38
MoHOIiTHE TIepeKpUuTTA 06 2,80 3,93 1,40
0,7 5,30 5,73 1,08
0,8 7,88 7,53 0,95
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[TpoanasizoBaHo  HarpyskeHO-IehOPMOBAHIT
CTaH, BU3HAYEHI EKCIEePUMEHTAbHI BEJTNYNHA
BiTHOCHWX TIO3[IOBKHIX jeopmariiii 6eToHy 3a
BHUCOTOIO TIepeTHHY, JI0CJI/[HI 3HAUeHHs] HaBaHTa-
JKEHHsI TPIIIMHOYTBOPEHHS IMUPUHU PO3KPUTTS
TPIIIMH, TIPOTUHIB 1 BeJIMYUH PYIHIBHOTO HaBaH-
TaKEHHS.

[TpoBezieHi excriepuMeHTANbHI JTOCTIIKEHHS
3pasKiB MOHOJITHOTO i1 36iPHO-MOHOJIITHOTO TIe-
PEKPUTTIB MOKA3aJIH, 110 PO3POOJIEH] KOHCTPYK-

TUBHI PIIIEHHS TIePEKPUTTIB MAIOThb 3HAYHUI
3amac JKOPCTKOCTI, SKuil ctanoButh 42% i 40%
BI/INTOBITHO.

Po3pobiieHi KOHCTPYKILii 36ipHO-MOHOJITHO-
rO il MOHOJIITHOTO TIEPEKPUTTSI MAIOTh HEeOOXis-
HY MIIHICTb, KOPCTKICTD 1 IOBFOBIYHICTb W MO-
KyTb OyTU PEKOMEHIOBaHI /IS 3aCTOCYBAHHSI
B OyAiBHUIITBI MAaJOTOBEPXOBUX CYCILIBHIX
i JKUTIOBUX OYAMHKIB, a TaKOX Y IIpPoLeci pe-
KOHCTPYKIIi.
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BEARING STRENGTH AND DEFORMATION COLLAPSIBLE-MONOLITHIC
AND MONOLITHIC SLABS FROM LIGHTWEIGHT CONCRETE
ON A MULTICOMPONENT BINDING AGENT

Abstract. Application of light concrete on porous fillers for the constructions of buildings allows to
increase flights and houses number of storeys, decrease terms and reduce a building cost.

About 20% general costs for the construction of new buildings are on the slab structures, so it is
important to choose their rational variant from point of view of processability, strength character-
istics and economy. From this position the application collapsible-monolithic and monolithic slabs
is actual.

The work carried out researches of bearing capacity and deformability of collapsible-monolithic
and monolithic slab from haydite concrete on multicomponent binder of class C12/15 and heavy
concrete of class C20/25. Comparison of experimental information of deformability, crack resist-
ance and durability of slab model with the results of calculations after operating norms is executed.
The conducted analysis of the experimental values of deformations, moving and cracks, allows to
mark that the stages of its elastic and elastic-plastic deformation described by the deformation
models were clearly traced.

Bearing capacity of collapsible-monolithic slab model upon settlement, compared to experimental
data, was determined with an error 1%.
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At the normative loading the crack opening width in the monolithic slab was 0,125 mm, and in the col-
lapsible-monolithic 0,1 mm, that less than the maximum possible width established by the norms
wk = 0,4 mm. At loading equivalent to destroying, crack opening width did not exceed maximum
values and made 0,4 mm for the monolithic slab and 0,3 mm for collapsible-monolithic slab.
Analysis of charts <F — [» for collapsible-monolithic and monolithic slabs showed that the area
of diagram, got as a result of normative calculations, runs almost parallel to the experimental dia-
gram, divergences average 24% and 17%.

Developed collapsible-monolithic and monolithic slab constructions have necessary durability
and rigidity, and can be recommended for use in building of low-rise public and residential houses,
and also in reconstruction.

Key words: Bearing capacity, deformations, slab, light weight concrete.
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STUDY OF GEOMETRICAL PARAMETERS INFLUENCE OF PROFILED DECKING
ON BEARING CAPACITY OF THE ROOF

Abstract. Nowadays, roofing is one of the most important features of our home. It controls
temperatures, adds architectural appeal and protects from different kind of natural disasters.
Depending on what roof type you choose for your structure, you may be using roof tiles, ridge caps,
metal roofing sheets, underlayment and roof insulation. The main advantage of the metal roof
panels and corrugated roofing have a much longer life. They are possess of good fire-resistance
abilities and reflects the heat. Moreover, metal roofing sheets are maintained quite quickly
and easily. Nevertheless, the metal roofing has a few cons mainly related with the massive weight
of such construction and the huge metal consumption as well, let alone of their cost.

In this case, the article considers of the current problem, related with the searching of ways of the metal
consumption decreasing inthe processes of roofing manufacturing by means of modeling of the dif ferent
overlapping construction of industrial buildings at the accounting of rigidity of a profiled flooring in
the modern mathematical packages: APM WinMachine, Solid Works, and ANSYS.

The main results of this study can be summarized, as follows: the profiled flooring increases rigidity
of a roof, reducing a trusses deflection (by 20-30%); the profiled flooring changes a picture
of stresses distribution in the trusses elements dramatically. By taking into account of profiled
flooring rigidity there is an opportunity to reduce metal consumption of overlapping designs
of industrial buildings. Studies need to be conducted for each case of profiled decking (depending
on the parameters roof — type of trusses, step of trusses, span values etc.). The calculation of roofing
structures should be considering building carcass as a whole rather than the individual trusses.
Key words: metal construction, overlapping, profiled flooring, truss, metal consumption.

Introduction. Roofing is one of the most
important structural elements of buildings
as industrial and civil use. The main pur-
pose of the roof is to protect of the building
from precipitation as rain or snow, as well as
the heat loss in winter and overheating in sum-
mer. The series of the research related with
the buildings destruction due to the natural
rainfalls was conducted in [1]. Considerable
distribution was gained also are not warmed,
so-called “cold roofs” (shelters for equipment,

some warehouse, not heated industrial build-
ings, hot workshops, etc.).

In a general view the building’s roof is con-
sists, directly, of the roofing (protecting) designs,
the bearing elements (runs, farms) and the com-
munications providing a spatial permanence, ri-
gidity and stability of a roof in general and its
separate elements [2; 3].

The bearing elements are made of metal,
wood or reinforced concrete as a rule. The wood-
en roofing structures are fully considered in [4].
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In [5] the impact of the welded reinforce joints
onto the bearing capacity of the concrete struc-
tures was shown. The greatest distribution was
gained by metal designs, thanks to a number
of advantages:

1. The high bearing ability. Metal designs can
perceive considerable efforts at rather small cuts
owing to the big durability of metal.

2. High reliability. Thanks to structural ho-
mogeneity of metal and its elastic properties
metal designs can be counted most accurately.
It allows to provide reliability of the projected
construction.

3. The ease and transportability. High me-
chanical properties allow the metal to with-
stand considerable internal stresses without
deformation. Cross sections of metal structures
are lighter compared to other materials with
the same effort.

4. Industriality. Metal designs make from ready
rolling, pressed or bent profiles at the high-mech-
anized enterprises. Their installation is carried
out by the specialized enterprises with the min-
imum expenses of manual skills. They have high
degree of factory readiness.

Besides, metal designs are convenient in op-
eration as can be easily strengthened at increase
in loadings. They are most fully used at recon-
struction and easily are under repair.

However, along with the advantages of met-
al structures they also have a number of draw-
backs, mainly related to low corrosion and fire
resistance of most metals, which significantly
limit their use.

Statement of Problem. At design of metal
structures service conditions, economy of met-
al, transportability, technological effectiveness,
high-speed installation, durability, convenience
of leaving during operation and esthetics have
to be considered.

The basic principle of metal structures de-
signs is achievement of three main indicators:
economy of metal, increase of labor productivity
at production, decrease in labor input and terms
of installation, which determine the cost of de-
sign.

Actual scientific researches analysis. In
spite of the fact that these indicators often at re-
alization contradict one another (for example,
the most economical on expenses metal design
often happens the most labor consuming at pro-
duction and installation), experience of devel-
opment of metal designs confirms possibility
of realization of this principle [6].

a8

The economy of metal in metal structures
is reached by realization of the following main
directions: applications in the construction de-
signs low-alloyed and high-strength steels, use
of the most economic rolling and bent profiles,
search and introduction in construction of mod-
ern effective constructive forms and systems
(spatial, previously intense, tubular, etc.), im-
provement of methods of calculation and search
of optimum constructive decisions with use
of computer facilities.

Purpose of the research. The aim of this
work is to study the possibility of reduction
of metal consumption of overlapping construc-
tion of industrial buildings at the accounting
of rigidity of a profiled flooring.

Results of the research. From the point
of view of metal constructions design, the steel
profiled sheets are most interesting material,
thanks to a number of advantages: they have
rather big range of standard sizes, low cost
and weight, can be applied to any tilt angles
of a roof. Profiles steel sheet bent with corruga-
tions in the form of trapezes for building are ap-
plied in construction as covering, as the barrier
material in the barrier constructions (wall pan-
els, partitions, gate, etc.), industrial buildings
of light metal structures operating in aggressive
and slightly aggressive environments.

Profiled sheets classify on:

1. By appointment: F — for flooring coatings,
FW - for a flooring and wall barriers, W — for
wall barriers.

2. By material of initial workpiece:

— sheets of zinced rolled sheet by the GOST
14918 (no designation);

— sheets of rolled sheet coated with Al-Zn by
TU 14-11-247-88 (designation AZ);

— sheets of rolled sheet coated with alumi-
num, and Al-Si coated rolled by TU 14-11-236-
88 (designation Al, Al-Si);

— sheets of rolled sheet with galvanized zinc
coating by TU 14-1-4695-88 (designation GZC);

3 In the presence of protective and decora-
tive paint coating; with and without paint/var-
nish coating by the GOST 30246 (designation
of paints and varnishes is specified).

Profiled sheets shall be made multiple by
250 mm in length (for F and FW sheets),
multiple by 300 mm (for FW and W sheets).
The Production of any length profiled sheets
and of less than 3 and more than 12 m for deck
is permitted by the manufacturer and the cus-
tomer agreement [7].
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The profiled decking can be used by itself
and as special panels profiled sheets from (for
example, the layered assembling structure pro-
vides of sequential profiled sheets installation,
a vapor barrier and thermal insulation).

As roofing materials used profiled sheets up
to 75 mm inclusive as a rule (a profiled sheets
without additional materials). Profiled sheets
more than 75 mm high use for production
of multilayered panels.

The one slope truss with parallel chords
and a triangular grate with additional racks was
chosen for our researches (fig. 1) Rectangular
section of elements of trusses is considered. We
have selected the minimum size of span equal to
6 m, and trusses step of 2 m.

The rectangular cross-section girders also
were chosen. The step of girders been set at 1 m
and 2 m (two cases).

Fig. 1. The diagram of trusses structure

Today for carrying out this sort of researches
possibly application of the following packages
of system of the automated design: Compas 3D
V12, Mathcad, ANSYS 10.0 (Workbench mod-
ule), Solid Works and APM WinMachine 2008.

In this work the Compass program 3D
V12 for creation of a three-dimensional carcass
of a design and profiled sheets is used, and APM
WinMachine 2008 the Structure 3D module, is
applied to calculation by method of final ele-
ments of roofs carcass (excluding profiled floor-
ing). As a standard the data obtained at cal-
culation of a flat truss by a matrix method in
the environment of Mathcad are used. The main
calculation of a carcass with a profiled flooring
is carried out in the environment of ANSYS
10.0 — Workbench. Compared to other mathe-
matical packages the advantage of Workbench is
less resource consumption.

In figure 2 the chosen scheme of a trusses
which has rectangular the cross section of cores
is represented.

In designation of profiled sheets leaf thick-
ness is specified. In parentheses indicate the ex-
treme load on girders.

The snow loads and own weight of a floor-
ing for calculation in the environment of APM
WinMachine is put twice more than is specified
in table 1 as the step of runs increased twice.
Similarly perform the calculation roof depend-
ing on number of profiled sheets.

One of the results of carcass calculation’s in
the environment of APM WinMachine shown
in Figures 3 and 4, and among Workbench —
Figures 5 and 6.

Stress Distribution in the carcass allows
us to investigate only the point, which is in
the middle of the lower trusses chord. It is pos-
sible because the calculation in the Workbench
environment and APM WinMachine give a sim-
ilar picture of the distribution of stresses [8].

Fig. 2. Diagram of a truss: 1-28 — numbers of coordinate axes 1-28 (are led round) — numbers of rods

99



HOBI TEXHOJIOTII B BY IIBHUIITBI Ne 37 2020

Table 1. The load on the carcass

The given loadings for mathematical packages

Type of load The value of foad 1™ 0\ | WinMachine, N/mm Workbench, Pa
Snow 0.0018 N/mmI — —
Weight of trusses 240.8 N 0.039456 1972.789
Densities of girders
50x30x4 4522 N/m 0.04522 1507.2
60x40x5,5 76.85 N/m 0.07685 1921.287
Specific weight of a profiled flooring + snow load
FW 35 - 0.7 0.001874 N/mml 1.89984 (0.94992) 2758.87
FW 44 - 0.7 0.001883 N/mmlI 1.90897 (0.95448) 2216.56
F57-06 0.001875 N/mmI 1.90086 (0.95043) 2659.87
F57-07 0.001887 N/mml 1.91302 (0.95651) 2676.775
F 57 -0.8 0.001898 N/mmlI 1.92417 (0.962087) 2692.255
F75-07 0.001898 N/mmlI 1.92417 (0.962087) 2601.285

Fig. 3. The Results of carcass calculation’s in APM

WinMachine (equivalent tension)

Fig. 4. The Results of carcass calculation’s

in APM WinMachine (total displacement)

Fig. 5. Calculation of a roof in Workbench

(equivalent stress)

60

Fig. 6. The roof calculation’s

in Workbench (displacement)




HOBI TEXHOJIOTII B BY IIBHUIITBI Ne 37 2020

Table 2. The calculation results in software packages of APM WinMachine and Workbench

The calculation results The calculation results The percent of decrease
Net flooring in APM WinMachine in Workbench in the characteristic, %
thickness The stresses, The stresses,
MPa & MM MPa & MM The stresses &

FW35-0.7 132 8.045 118.5 5.746 10.23 28.58
FW 44-0.7 133 8.082 117.74 5.742 11.47 28.95
F57-0.6 132.5 8.05 117.89 5.8 11.03 27.95
F7-0.7 133.3 8.1 117.61 5.75 11.77 29.01
F57-0.8 134 8.145 117,5 5.72 12.31 29.77
F75-0.7 134 8.145 116.18 5.72 13.3 29.77

& — Deformation of the central trusses in the middle of the lower belt

The calculation results by means of these math-
ematical packages given in table 2.

At calculation of decrease, percent in the char-
acteristic the data obtained in the environment
of APM WinMachine were accepted to 100%.

Conclusion. So, the use of modern mathe-
matical packages: APM WinMachine, Solid-
Works, ANSYS allows to consider influence
of a profiled leaf rigidity on the overall work
of the roof. During the calculation, the follow-
ing results were obtained:

1. The profiled flooring increases rigidity
of aroof, reducing a trusses deflection (by 20-30%).

2. The profiled flooring changes a picture
of stresses distribution in the trusses elements.

3. By taking into account of profiled flooring
rigidity there is an opportunity to reduce metal
consumption of overlapping designs of industri-
al buildings

4. Studies need to be conducted for each case
of profiled decking (depending on the parame-
ters roof — type of trusses, step of trusses, span
values etc.).

5. The calculation of roofing structures should
be considering building carcass as a whole rath-
er than the individual trusses.
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JOCJIIZKEHHA BIVIMBY TEOMETPUYHUX ITAPAMETPIB
IMPOPIJIbOBAHOI'O HACTUJIY HA HECYYY 3JATHICTb ITIOKPIBJII

Anomauia. Ha menepiwmiii uac nokpiens - oona 3 nausaxciueiuux ocoousocmeti oyounky. Bona
KOHMPOI0E memnepamypy, 000ae apximexmyproi npueadiueocmi ma 3axuwae 6io pisnozo poody
CIMUXTIHUX JUX. 3ANeHHO 610 MO20, SKUIL MUn nokpieenviozo mamepiany éu oopaiu Ois C60ei
KOHCIPYKUE, MOXCIUBO BUKOPUCTIOBYEAMIL Yepenuuio, wugep, Clanuesi nokpieni abo memanesuil
nokpisenvutl nacmun ma, agicexc, ymenienns oaxy. OCHOBHOW Nepesazor) Memaiesux nanerell
daxy ma 20posaiozo NoKpieeIvH0z0 NOKPUMMs € me, wo B0HU 60A00HOMb HAOAZAMO 006U
mepmin excnayamayii. Bowu, makooc, 60100iomy xopowumu oznecmitixicmio i dobpe 6idbusaiomn
menno. binvuw mozo, memaneei nokpisenvii aucmu 00Cums wWeUoko i iezko Mowmyomocs. Tum ne
MeHw, Memanese NoKpiseivHe NOKPUMMSL MAE KIIbKA MIHYCI8, 8 OCHOBHOMY 108 SA3AHUX 13 8EIUUE3HOI0
8a2010 MAKOL KOHCMPYKUYLL MA 3HAUHUM CNOHCUBAHHAM MEMANY, He KANCYYUU B8dce NPO 1X UIHY.

Y 36’asky 3 wum, dana cmamms npucesuena poseisdy aKMYaiohoi NPoOLeMU, 20106HUM
YUHOM, NOG A3AHOT 13 NOWYKOM ULIAXIE 3HUNCEHHS 8UMPAMU MEMANY 8 NPOUecax noxKpieesvHozo
BUPOOHUUMBA WASXOM MOOCTIOBANHS PISHUX KOHCIPYKUIT Nepexpummis npoMuciosux 0yoieein
3 YPaxysamusm HOPCmMKocmi NpoPHACMULY 3 BUKOPUCAHHIM CYUACHUX MAMEMAMUYHUX
naxemie: APM WinMachine, SolidWorks i ANSYS.

Ocrosni pesyabmamu tp020 A0CII0NHCeHH MONCHA NIOCYMYBAMU HACTYMHUM YUHOM: NPOPITbOBAHUIL
HACMUL NIOBULYE JHCOPCMKICD NOKPIBL, smenuytouu npozun pepmu (na 20-30% ); npoginvosanuil
HACIUTL, MAK0XC, KAPOUHATLHO 3MIHIOE KAPMURY PO3NOOLLY BHYMPIUHIX HANPYICEHD 8 eLeMEHMAX
pepmu. Bpaxosyrouu scopcmxicmv npopHACMULY, iCHYE MOMCIUBICMG SMEHUUMU CNONICUBAHH
Memany nepexpumms KoHcmpyxuii npomuciosux oydiseav. Heobxiono nposodumu docrioncenns
0715 K02CcHO020 sunadky npoguacmuny (3anencho 6id napamempis daxy - mun pepmi, kKpox (epmi,
3uauennss npoavomy mowo). Pospaxynok nokpieervHux KoHCmMpyxyill NoeuHeH B8paxosyeamu
Oydienuymeo Kapkacy 6 uiiomy, a He OKPeMUx (ep.

Kmouoei cnoea: memanoxoncmpyxuis, nepexpumms, npoguacmun, epma, eumpama
Memany.

Mpubutsko 1.0.

K.T.H., IOLEHT KadeIpy TeXHOJIOTI 3BapioBaHHs 1 OyIiBHUIITBA,
Hamionanbnuii ynisepcutet «HepHiriBcbka nositextikas, M. YepHiris
boaoros M.I.

K.T.H., IOLEHT KadeIpy TeXHOJIOTIH 3BapioBaHHs 1 OyIiBHUIITBA,
Hamionanbnuii ynisepcutet «HepHiriBcbka nositextikas, M. YepHiris
Pynenko M. M.

cTapInuii BUK/Ia1ad Kadeapu TEXHOJIOTIN 3BaploBaHH i OYIiBHUIITBA,
Hamionanbnuii ynisepcuteT «HepHiriBcbka nositextikas, M. epHiris
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CaBuenxo H.II.

K.T.H., ZIOIEHT Kadeapr MantimHOOYIyBaHHS,

Jlonbacbka HallioHaIbHa aKazeMist OyiBHUITBA i apXiTeKTypH,
M. Kpamatopcsk, [loHerbka 061acTh

Tper’sik A.B.

K.T.H., IOLEHT Kadeapy MaliHOOY IyBaHHS,

Jonbacbka HarfioHaTbHa akajeMist OYAiBHUITBA 1 apXiTEKTypH,
M. Kpamaropcenk, Jlonernbka 06acThb

AHAJII3 EHEPTOE®EKTUBHOCTI BYAIBJII 3 I'TbPN/IHOIO CUCTEMOIO
EJIERTPOIIOCTAYAHHA ITPU IHTEJIEKTYAJIbHOMY KEPYBAHHI TEHEPAIIICIO
TA CIIOKUBAHHAM EJIEKTPOEHEPTII

Anomauis. Y cyuacHomy C6IMI 20CMPO CMOIMb NUMAHHS PO3BUMKY eHeP2O30epizaruux mexHon0eil K
30247100, MAK 1y cpepi oydienuymea. Tomy documv 0OTPYHMOBAHUM € BUKOPUCTIAHHS HEMPAOUUTIHUX
Ocepen enepeii 6 cucmemax CIICKMPONOCMANAHHS Oydisenn. Ane maxi cucmemu e 3aexcou cmabinvii
ma 3anexcamv 6i0 NO20OHUX YMOB Ma Micysi POIMAawyanis. Y 36’3Ky 3 UM HAUKDAUUM DIUeHHsIM
€ 3aCMOCYBaHsL ZIOPUOHLX CUCEM eeKMPONOCINAYANHSL 3 MEMOK0 NIOBUWEHNHS eHEeP2ZOePeKMUBHOCT
Oydisenn, sk 10600Y006, MAK i PEKOHCMPYOBAHUX, 3G YMOBU HE3MIHHO20 3POCMAHHS PIBHS KOMPOp-
mabenvnocmi i, K HACTIOOK, pieHs. enepzocnoxcusanis. Takoxc saxciusum numannam ons sabesne-
uenns enepeoeexmusHoCi € opeanizayis 2i0pudnUx cucmem erekmponocmauanis 6yoieenv, a came:
no-nepuie, OOUIILHICMb> Ma enepeoedexmusHicmy CKIAOHUKIE MaKoi cucmemu, no-opyze, sadesneuen-
HSL eqexmusH020 aieopummy Kepyeanis 3a 00nomMozo iHmerekmyanux cucmem. Piuennsm onmu-
MABH020 CKIA0Y 2iOPUOHUX cucmem CIIEKIMPONOCIAUAHHS Oydieeny € HAABHICMbD MAKUX CKIAOHUKIS,
sIK mpaduyiiine oxcepeno enepeii, a came: Micoka eIeKMPUNHA Mepedca, Hempaouyitine Oxcepeno enep-
2ii, cucmema Hakonuuenus ma 36epzzaHHﬂ eNeKMPUUHOL enepeli i CUCMeMa Kepyeanisl 2eHepayicro
ma cnojcusantsm erekmpoenepeii. /lns niosuwenns enepeoepexmusnocmi 2iOpuonoi cucmemu enex-
mponocmauania Oibla Yacmuna cnoICUBanol enepzii Mae GUKOPUCTOBYBAMUCS 6i0 6CMAHOBIECHO20
anvmepramuerozo oxcepena enepeii. Haonuuxu enepeii, ompumanoi 6i0 arvmepramusnozo dxcepena
enepeii, Maomb HAKONUUYBAMUCS 6 eKOLOZIHO YUCIUX CUCeMAX 30epizanis. enepeii, nodyooeanux
Ha mexaniunux naxonuuyeauax. EQexmusne xepysanis 2i0puoHolo cucmemoro eiekmponocmaianis
Oydieni mosce Oymu docsiznene memooom 30nyeans. 0yoieli, YnPasiiHusL ONALeHHAM, KOHOUUTOHY-
BAHHSAM MA OCGIMICHHSM 3A1eAHCHO 610 npucymmocmi modetl y npumiwiennsix. [llupoxe enposadicenis
20puoHUX cucmem erekmponocmaanis 6yoiseib Mae rPYHMYBamucsl, Hacamnepeo, Ha nPueadIueoc-
mi 05 CROJCUBAUIs, SKa Noasizae y niosuuenti enepzoeexmuerocmi Gyoieii, 30ivluenHi Heanednc-
HOCE 60 pedcumis PobomiL PONOOLILUUX eTCKMPUUHUX Mepedc, NOBUIEeHHT SKOCMi ma HAOIIHOC-
mi eleKmponOCmauanisi, 3MEHWEHHI BUMPAM Ha 3aKynieuo elexmpoenepeii ma menionociis. Taxoo
DO3BUMOK MA ONMUMISAUISL 2I0PUOHUX CUCTEM eleKMPOnOCmavanis 0yoisenb 3 iHmereKmyaibHum
Kepyeanuam npussede 00 3HUNCCHHS HABAHMANCEHHSA HA MICOKI eeKMPUUHT Mepedxci HU3LKOL Hanpyeu
0,4 kB ma nideuwenns nadiinocmi ix pobomu 3a paxyHox aMeHwenHs ABapiiHux Cumyaugii.
Kniouosi caosa: enexmpuuna mepesxca, 2ibpudna cucmema eiexmponocmananns, cucmema
HaKonuuenns eaexmpoenepeii, ionososanvie dxcepeno enepeii (BAE), pomoenexmpuuna
cucmema (QEC), cucmema xepysanns.

Ilocranoska mpodGaemu. Ilocriiine 30imb- | iX €JEKTPUYHOIO €HEPTiEd HEOOXiTHOI MOTYX-
IIEHHS KiJIbKOCTI HOBMX 00’€KTiB OYyAiBHMI[TBA | HOCTI Ta TEIIOBOIO eHeprieio. EmexTpuuni me-
Ta PEKOHCTPYKIi Bxke 30yI0BaHUX IIPU3BO- | PEXKi MICT 3M€0IIBIIOTO € 3HOMEHNMHU, TAKIMI,
JINTH 10 BUHUKHEHHs TpobsieMy 3a0e3redeHHs | IO HE 3aBXK/M BUTPUMYIOTh HAaBaHTAKEHHS,
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a TiJIKJII0YEHHS HOBUX MOTYKHOCTEH HOBOOY/IOB
€ ab0 TeXHIYHO HEMOKIUBUM, ab0 OTpedye J10-
CUTh BEJINKUX 1HBECTUIIINHUX BKJIaJAeHb. TaKOXK
3riHo i3 3akoHoMm Ykpainu «IIpo eneprerny-
Hy eheKTUBHICTh OYAiBeNb> y TPOIECi HOBOTO
OyIiBHUIITBA, PEKOHCTPYKIIiI, KalliTaJbHOTO pe-
MOHTY HEOOXiTHO MOTPUMYBATHUCh 3MEHIICHHSI
croxuBaHHs eHeprii B Oyxiasax [1]. Tomy mo-
TiYHAM  pineHHsAM i€l pobiemu € 30i/bIneH-
H$1 YaCTKM aBTOHOMHUX CUCTEM, Jie 11e MOKJIUBO,
aze 37e0iTbIIoro  3ampoBajiyKeHHsT TiOPUIHNX
CUCTEM eJIEKTPOIIOCTAaYaHHs 3 JKepeJaMu Biji-
HOBJIIOBAJIbHOI €Hepril Ta TeXHOJIOTIEI0 1HTeIeK-
TYaJbHOTO KEPYBaHHS TEHEPAIi€l0 Ta CIOXKU-
BaHHAM. [Ipu 1IbOMY BeJIMKY Bary Mae€ pillleHHs
IIUTaHHST ONTUMAJIBHOTO CKJIaly TiOPHMIHOI cuc-
TeMU €JEeKTPOIOCTauYaHHsI Ta eKOJIOTIYHOCTI
KOMITOHEHT BHPOOHMI[TBA Ta 30epiraHHs eJek-
TPOEHePTil.

Takum ynHOM, TiBUIIEHHS eHeproedeKTHB-
HOCTI OyiBe/Ib € HeOOXiTHICTIO, SIKa TUKTYETHCSI
YacoM Ta 3aKOHOZABYOI0 6a3010 YKpaiHu.

AHayiz ocraHHix gociiaKenb. IIpobiema
iBUINEHHST eHeproeeKTUBHOCTI Oy/IiBesb 13
TiOPUAHUMHU  CHCTEMaMHU  €JIEKTPOIOCTAaYaHHS
€ JIOCUTh aKTYaJbHOIO Ta JIOCJIKYEThCS B Oa-
raThOX HAyKOBUX Tipansx [2—-6]. Ane muranHs
ONTUMAJIBHOCTI CKJIAJHUKIB TIOPUAHUX CHCTEM

JOCJIIKEeHDb 3 aHaIi30M iX e()eKTUBHOCTI Ta eKO-
JIOTTYHOCTI.

Merta po6ort. MeToio cTatTi € aHami3 eHep-
roe)eKTUBHOCTI Ta €KOHOMIUHOI eeKTUBHOCTI
3aIIPOITOHOBAHOI MiOPUIHOI CHCTEMHU €JIEKTPOIIO-
cravyaHHs OyAiBIi Ta po3poOKa aJrOPUTMY Kepy-
BaHHS CHCTEMOIO.

Pesyabratu gocraimkennp. CrtBopeHHst Tri6-
PUIHUX CHCTEM eJEeKTPOIOCTauYaHHs Oy/IiBesb
dK €IMHOTO MeXaHi3MYy Ii/[BUIIIEHHS eHeproe-
(beKTUBHOCTI € OJIHIEIO 3 OCHOBHUX 3a/1a4 Cydac-
HOTO OY/[iBHHUIITBA.

[ligBumienHss eHeproeeKTUBHOCTI TriOpuM-
HUX CHCTEM eJIEKTPOIIOCTAaYaHHS 3aJIeKUTh Bijl
ONTUMIi3alil pexkxumMiB poOOTH yCiX CKJIQJIHWKIB.
[IpoBeieH s HOPIBHSAIBHOTO aHATI3Y TiIOPUIHIX
CHCTEM eJIEKTPOIOCTaYaHHsT OyAiBesIb a0 3MO-
ry 3poOWTH BHUCHOBOK, MO0 cxeMa 3 (hoToesek-
TPUYHUMU TI€PETBOPIOBAYaMM €Heprii € Haii-
OLTBIT  ONMTHMAJIBHOI Ta eHeproeeKTHBHOIO.
3 ypaxyBaHHSIM IHTaHb €KOJOTiYHOCTI OyJia
pospobiieHa OJIOK-cxeMa TiOPHIHOI  CHCTEeMMU
eJIEKTPOTIOCTadYaHHs OY/IiBJI 3 IHTETEKTyaTbHIM
KepyBaHH:M, siKa HaBe/ieHa Ha puc. 1. OcHoBHM-
MU KOMITIOHEHTaMHU PO3POOJIEHOT CXEMH €:

1)doroenekrpuuna craniis (DEC), sxa
CKJIAQ/IAETBCST 3 (DOTOENEKTPUUHUX TIePETBOPIO-
BauiB (DEII) Ta ribpuanoro iHBepTOPA;

€JIEKTPOTIOCTAYAHHST  TTIOTPEOYIOTh TIOAJIBIINX 2) kinernynuii enepronaxonnuysau (KEH);

o _‘ ____________ |
o o ol
| I L E |
| 11 I 11 |
| | |
| L — | EJIEKTPOMEPEXA
| |
| OEC IHBEPTOP | %43
8 i SIS o e S o

| &% gpscanse il
P e s CHCTEMA | [ © Actpymy |
: | KEPYBAHHA : —( I Temmeparypu }

L

| ] I O I uopucyrsocri |
| KEH | |r [ | \ | \
| (e ez [pae| [k [R2f K |
| MAXOBHK | |pamiaTopu omaneHHS — KOHIMITIOHEPH \
| ! L BYJIBJIA ‘
I, S NI L ool O .

Puc. 1. Biiok-cxema ribOpuHOl cUCTEMH eJIeKTPOToCcTaYanHst OyIiBri
3 IHTeJIeKTYalIbHUM KePYBaHHSAM
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3) cuctemMa KOHTPOJIIO, KA CKJIAMAETHCS
3 JATYNKIB CTPYMY, TeMIepaTypu Ta TIPUCYT-
HOCTI;

4)cucteMa KepyBaHHS, SIKa Ma€ y CBOEMY
CKJIQJIl 1HTEJIEKTYAJbHUII KOHTPOJIEP 3a/JIs1 Ke-
pyBaHHS €HepProMOTOKAMHU.

Pospo6ka amroputmy edeKTHBHOIO yIIpaB-
JIHHS POOOYMME peKUMaMU TiOPUIHOI cucTe-
MH €eJIEKTPOIIoCTauaHHs OyiBii 0Oa3yeTbcst Ha
BUOOPI cxeMHOI KoHdirypariii cuctemu. Maemo
Tpu Taki KoHdirypartii [6]:

1) posminbHa pobota enexrpomepexi i DEC
i3 HaKomMUyBaueM esleKTpoeHeprii (puc. 2, a);

2) pobora MEC mapanesbHo 3 eJeKTpoMe-
pexoio (puc. 2, 6);

3) ribpuanuii Bapiant, 1o nepeadavac Mox-
JIUBICTh peastizallii po3/iJibHOI Ta CIIJBHOI Po-
6ot MEC i enexrpomepesxi (puc. 2, B).

[TpoBesennii anamia cxeMHOI KOHirypa-
il BKasye, MO cXeMa, HaBe/leHa Ha puc. 2, B,
€ mpUBabJIMBINION Y TLIaHi eHeproe(beKTI/IBHoc—
Ti, TOMY IO TPAKTHYHO TOBHICTIO 3abe3Ieuye
crioxkrBaua esiektpoenepriero 3 B/E.

TakyM YHHOM, 3TiZIHO 3 BUOPAHOI CXEMHOIO
KoHdiryparfielo, pobora TiOPHAHOI cHUCTEMI
eJIeKTPOTIOCTaYaHHs, HaBelleHoi Ha puc. 1, mo-
JISITa€ B TaKOMY: KOPUCTYBa4 3ajla€ HeOOXij-
Hi HaJAIITYBaHHS B CHUCTEMi KepyBaHHS, SKa
IpeJCTaBJIsIE COO0K TPOrPaMOBaHMIT JIOTTUHUIT
KOHTpOJIEp i3 HabopOM HEeOOXiTHUX y KOXKHO-
MYy OKpeMOMY BUTIAJIKy iHTepdeiici. /[o mapa-
METPiB HaJalTyBaHb BXOJWUTHh HEOOXiIHA TeM-

repatypa y OyaiBJi, ii OKpeMUX TIPUMIIIEHHSIX,
MOJKJUBO OKPEMUX JIJISTHKAX OCUTh BEJUKHUX
KiMHaT. Takok MOKJIMBE KepyBaHHS OCBITJICH-
HSIM, SKIIO TIOTYKHICTH OCBITJIEHHSI CYTTEBO
BILUINBAE HA €HEeProcHoKMBaHHSA OymiBmi (s
BEJIMKUX OY/IiBeJIb).

[Tlix yac pobOTH cHcTeMa ONMUTYE HasIBHI
MATYUKKA Ta 3a 3a/laHUM aJTOPUTMOM BMUKA€E/
BUMHUKaE ab0 PeryJaioe pagiaTopud OHaJeHHs,
CUCTeMYy KOHJUIIIOHYBaHHs, BeHTuUJAMil. Ha-
NPUKJAJ], 3ajlaHa TeMmIilepaTypa y TPUMIlIeHH]
+18°C, 6e3 mpucyrHocTi Jogeit i +22°C 3a Ha-
SBHOCTI, cHCTeMa BiJIIOBIIHUM YWHOM Bijipe-
TYJIIOE OTAJIeHHSI YU KOH/MIIOHYBaHHA. Y pasi
HEeOOXiIHOCTI TiAirpiBy/OX0MOIKEHHS YaCTHHI
BEJINKOI KIMHATU CUCTeMa, OTPUMABIIN 3 JIaTUU-
KiB HPUCYTHOCTI PO3TAllyBaHHS JIIOJEN Y KiM-
HaTi, MiJITpi€e Ti pajiaTopu, $IKi PO3TAIIOBaHI
OKYe 10 JIoei.

Y pasi oOMeKeHHST Ha HaBaHTaKEHHS Mich-
KOl eJIeKTpOMepeski cucTeMa, OTPUMABIIU JlaHl
3 JIaTYUKY CTPYMY, BCTAaHOBJEHOTO Ha BBEJIEHI
Hapyru B OYIiBJIIO, CKOPErye cucteMu Oy/IiB-
JIi HAJIe’KHUM YUHOM (3MEHIIUBIINA TOTYKHICTb
BIIK/IIOYEHHSIM, PEryaioBaHHIM ab0 IMepeKIio-
YeHHSIM Ha HAKOMUYyBay).

Y Terry opy poky MoOXKJIMBe KePyBaHHS KO-
H/IMI[IOHYBAHHAM Ta BEHTUJISIIIEIO.

Eneprito a1 onaneHHs1/KOHAUIIOHYBaHHS
CUCTEeMa BUKOPUCTOBYE TIEPEBAKHO BijJl BCTa-
Hossienoro Ha Oyzxia B/E, kosm ii He BuCTa-
4ae, TO JIOIa€ 3 MIChKOI esieKTpomepexi. Y pasi

EM DI1 EM DI1 EM $I1
KEH KEH
I I / I
VAean
4 o o o T o - o ¥ o
H H
a ) B

Puc. 2. Cxemua KoHbIrypartist TiGpU/IHOI CHCTEMH €JTEKTPOIIOCTAYAHHST:
OII - doroenexrprani marem, EM — enexkrpomepeska, KEH — kinermanmii
enepronakoruysay, H — naBantaskentst, U — nmna 3minHoTO ctpymy, I — iHBepTop
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HA/IJIMIIKY 3aracae ii B KIHETMYHOMY HaKOIIU-
YyyBayi.

Jlng omaseHHS 3a TaKol CUCTEMH €KOHOMIY-
HO JIOIJIBHO BUKOPUCTOBYBATH KepaMiuHi Ha-
rpiBajibHi maHesni abo Teriosi Hacocu. AjKe Iii
cucreMu 100pe MiAI0ThCsT KEPYBAHHIO, TOCUTh
HIBUJIKO 3MIHIOIOTh TeMIlepaTypy B 3aJlaHill ceK-
1ii GyxiBii Ta eneproeeKTUBHI.

Asnroput™m (hyHKITIOHYBaHHST TiOpUAHOI cHC-
TEMHU eJIEKTPOTIOCTAYaHHsT 3 TIOPUAHIM 1HBEPTO-
POM MoJKe OyTH OIHMCAHUIT 32 JOIIOMOTO0I0 (DYHK-
i axrebpu Joriku. IIpu 1bomMy HeoOXigHO
PO3JILJIATH CUCTEMU TeHepallii Ta CIOKUBAHHS.

[lns cucremu reHepailii SIK He3a/exKHI 3MiHHI
MO’KHA BUOpaTH Taki BemunHu [6]:

1)motyskHicTh reHepaitii (HhOToeNeKTPOCTaHIIII.
[uckpetne 3nauenns X1 = 1 Biinosizae nepesu-
mennio notys;kHocti @EC nHajp motounuM esek-
TpOCTIOKMBaHHAM HaBaHTakeHHs. X1 = 0 Bifmo-
Bijla€ HecTaui (hOTOETEKTPUYHOI TeHepaILii;

2) cTaH KiHETUYHOTO €HeproHaKolnyyBaya:
X2 =1, axmo BiH 3apsgaxennii, X2 = 0, gKImo
PO3PAKEHNIT HUKYe BCTAHOBJIECHOTO PiBHSL

Kepyioui BIIMBY 3/1iiICHIOIOTHCS 32 JIOTIOMO-
ro10 JIoTiYHNX (HYHKITH [6]:

V1 =1, ¥1 = 0 Brimouac abo Bixkmoyae Oa-
TapelHuil pesKiM poOOTH TiGPUIHOTO IHBEPTOPA;

Y2 =1, Y2 = 0 Brirouae abo BifkIoyae Me-
pexesuil pexxum poboru inBepropa MEC;

VY3 =1, ¥3 = 0 Brmouae abo BiKIO4aE
eJIeKTPOMEPEKY;

V4 =1, Y4 = 0 Brmiouae KEH na 3apsz abo
pO3pAL.

Jlorika (yHKI[IOHYBaHHS TiOPUAHOI cHCTEMU
eJIeKTPOIIOCTaYaHHS B 3aJIeKHOCTI BiJl 3MiHU He-
3aJIe;KHUX 3MiHHUX HaBeleHa B TaOsuii 1.

Ta6muug 1

X1 X2 Y1 ¥2 ¥3 Y4

N ==
- o |~ o
N ==
oo = |~
o |lo o |~
_ =D =

CdopmoBanuit arOpuT™ y BUTJISA PYHKITIN
anre6pu Jioriku [6]:

Yi=X1&X2vX1&X2=X1, (1)
YV2=X1&X2vX1&X2=X1, (2
YV3i=X1& X2, (3)
VI=X1&X2vX1&X2v X1 & X2=X1v X2, (4)
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Jlnga cucreMn CIOXHBAaHHSA SK He3aJIEKHI
3MiHHI MOJKHA BUOpPATH Taki BEJIMYMHU:

1)BUMIpIOBaHHSA JaTYMKOM TeMIlepaTypu —
X3. [luckperne 3HaveHHss X3 = 1 Biamosijgae
TemIieparypi B Meskax Hopmu, X3 = 0 Temrnepa-
Typa HUKue HOPMU;

2)BUMIPIOBAaHHSI ~ JTATYUKOM  MIPUCYTHOCTI:
X4 = 1, gakiuio y NpUMIlleHH] TPUCYTHI JIIOJIH,
X4 = 0 3a BiICYTHOCTI JIIO/IEN.

Kepytoui BimBM 3/iHCHIOIOTHCS 32 IOTIOMO-
TrO10 JIOTTYHUX (DYHKITIHL:

V5 = 1, ¥5 = 0 Bxmouae ab0 BIKJIIOUAE
pobOTY pajiaTopiB OLAIEHHSI;

V6 = 1, ¥6 = 0 Bkmouae abo BifKJIIOUaE
pobOTY CHCTEMH OCBITJICHHS,

Y7 =1, Y7 = 0 Bximouyae abo BijKiI04ae
cucTeMy BEHTUJIAIIII.

Jlorika dyHKIiOHYBaHHS MiOPUIHOI CHCTEMI
eJIeKTPOIIOCTaYaHHS B 3aJIeKHOCTI BiJl 3MIHU He-
3aJIeKHUX 3MIHHMX HaBeleHa B Tabsmi 2.

Taoauns 2
X3 X4 V5 Y6 Y7
0 0 0 0 0
0 1 1 1 0
1 0 0 0 0
1 1 0 1 1

CdopmoBanuii anroput™ y BUTISA PYHKITIN
anreOpu JIOriKuM:

V5=X3& X4, (5)
Y6=X3&X4v X3& X4=X4, (6)
Y7=X3& X4. (7

ExoHoMiuHa e()eKTUBHICTb TIOPUIHUX CHC-
TeM eJIeKTPOIoCTauaHHs OyxiBenb Moxe OyTu
BU3HAYEHA 32 TAKUMU KPUTEPisMU:

1)HaBezeni piuni BuTpat Ha 1 KBT BcTaHOBIIE-
Hoi notyskHocti MEC i Bapticts 1KBT oz enek-
TPOeHepTii BU3HAYAIOThCS 32 TAKUM BUPa3oM [6]:

B=(PK+C)/P, (8)

me P — BcTaHOBJIEHA TIOTYXKHICTH 00'€KTa
esieKkTporioctadyanus (KBr);

K — 3arasbHi KamiTanoBkiajieHHs (TpH.);

PH — HopMaTHBHMI KoedillieHT peHTabeb-
HOCTI,

C — 3arajbHOPIYHI eKCITyaTalliiiHi BUTPaTH;

2)noka3HuK e(heKTUBHOCTI CTBOPEHHS iHTe-
JIEKTYaJIbHOI TiOPUIHOI eHEeProCUCTeMU BU3HA-
qaeTbes 3a popmydiono [3]:
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_ C B Czi6
- C

obn

E ) ®)
ne C — BuTparu Ha eJeKTpoeHepriio 6e3 3a-

CTOCYBaHHSI iHTEJIEKTYaIbHOI TIOPUIHOI eHepre-

TUYHOI CUCTEMU;

C ., — BUTpaTH Ha €JEKTPOEHEPTiIo i3 3acTo-

CYBaHHSIM iHTEJEKTyaJbHOI TiOpUAHOI eHepre-

TUYHOI CUCTEMU;

C,, — Butparu Ha npuAGaHHA 00/aTHAHHA
CUCTEMU.

AHaji3  3ampornoHOBaHOi TiOPUIHOI  CHCTEMH
€JIEKTPOIOCTAYaHHSI 3 IHTEJIeKTYaIbHOIO CUCTEMOIO
KepyBaHHS BKasye Ha ii eHeproepeKTUBHICTh 3 OT-
JIly Ha TIOJIIIIIEH] TeXHIYHI XapaKTepPUCTUKKU BU-
OpaHOTO 0OJIA/IHAHHSI, STKE JI0 TOTO K Bi/IPI3HSIETHCST
€KOJIOTTYHICTIO, HA/IIIHICTIO Ta JIOBrOBIYHICTIO.

BucHoBKH. Y cTaTTi BAKOHAHUI aHATI3 eHep-
roe(eKTUBHOCTI  3aIIPOIOHOBAHOI  TiOPHHOT
eHeprocucreMu OyAiB/Ii 3 JKepesaMy BiIHOB-
JIIOBAHOI eHepril Ta CUCTeMOI0 KepyBaHHS TeHe-
paii€ro Ta crokuBaHHAM. B pesysbrari anamnisy
ribpUIHOI €HeprocucTeMu BUSIBJIEHA ii ONMTH-
MajibHa KoHirypamisi i pospobienuii edek-
TUBHUHM aJTOPUTM KepyBaHHS, IO Npu3Bele
10 TiBUIEHHST eHeproeeKTUBHOCTI Oy/IiBeb
Ta BUPINIUTH NUTAHHS OpraHizailii iHXeHep-
HUX Mepex. Takox y pesyJbraTi IPaKTUYHOTO
3aCTOCYBAHHS 3alPONOHOBAHOI TiOPUAHOI CHc-
TEMHU €JIEKTPOTIOCTAYaHHsI MOKYTh OYTH CKOPO-
YeHl BUTPATH Ha eJIEKTPOEHepriio Ta 3MeHIIeHO
HABAHTAKEHHS HA €JIeKTPUYHI Mepeski HU3bKOI
HATIPYTH.
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ANALYSIS OF THE ENERGY EFFICIENCY OF A BUILDING
WITH A HYBRID ELECTRICAL SYSTEM IN INTELLECTUAL CONTROL
OF GENERATION AND CONSUMPTION OF ELECTRICITY

Abstract. In today’s world, the question of the development of energy-saving technologies, both in
general and in the field of construction, is urgent. Therefore, it is quite reasonable to use non-tra-
ditional energy sources in the power supply systems of buildings. But such systems are not always
stable and depend on weather conditions and location. In this regard, the best solution is to use
hybrid power systems to improve the energy efficiency of buildings, both new and refurbished,
provided that the level of comfort and, consequently, the level of energy consumption remains con-
stant. Also important for ensuring energy efficiency is the organization of hybrid power systems
for buildings, namely, first, the feasibility and energy efficiency of components of such a system,
and second, the provision of an efficient control algorithm using intelligent systems. The solution to
the optimal composition of hybrid power supply systems for buildings is to have such components
as a traditional energy source, namely urban electricity grid, non-traditional energy source, elec-
tricity storage and storage system, and power generation and consumption management system. To
increase the energy efficiency of a hybrid power system, most of the energy consumed must be used
from an installed alternative energy source. Excess energy from alternative energy sources should
be stored in environmentally friendly energy storage systems built on mechanical storage. Effective
management of a hybrid building supply system can be achieved by building zoning, heating, air
conditioning and lighting, depending on the presence of people on the premises. The widespread
adoption of hybrid building supply systems should be based primarily on consumer attractive-
ness, which is to improve the energy efficiency of the building, to increase its independence from
the modes of distribution grids, to improve the quality and reliability of electricity, and to reduce
the cost of energy. Also, the development and optimization of hybrid power supply systems for
buildings with intelligent control will reduce the load on urban low-voltage electricity grids of 0.4kV
and increase their reliability by reducing emergencies.

Key words: electric grid, hybrid power supply system, electricity storage system, renewable
energy source (RES), photoelectric system (FES), control system.
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3aBigyBau Kadeapyu TexHooril OyaiBenbHIX BUPOOiB, MaTepiaiiB Ta KOHCTPYKIIiii,
Kpusopisbkuii HarfionaapHuid yHiBepcenTeT, M. Kpuswuii Pir, /[HinmpornerpoBchka 061acTh

HInmkina O.0.

K.T.H., IOIIEHT Kadeapn TeXHOJIOTIi Oy iBebHIX BHPOOiB, MaTepiasiB Ta KOHCTPYKITiii,
KpuBopisbkuii HalioHaabHIH yHiBepcuTeT, M. Kpuswuii Pir, /[HimponeTpoBcbka 001acTh

YIIPABJIIHHA MIITHICTIO BETOHY MOIU®IKOBAHUMU
ITOBEPXHEBO-AKTUBHUMU PEHOBUHAMMU

Anomauis. Y pobomi na ocnosi ananisy LimepamypHux OGHUX 6USHAUEHA Mema 00CIONeHb, KA
NoJIA2aE Y BCMAHOGICHHT BNIUBY HAHOMOOUDIKAMOPIB, a4 came KOIOIOHUX NOBEPXHEB0-AKMUBHUX Pe-
YOBUH, MOOUDIKOBAHUX SULUM CTUPINOM, HA BEIUMUNY MIUHOCTT OPIOHO3EPHUCTIOZ0 MA PeaKuill-
HO-NOPOWK06020 Gemony i weudxicmo i gopmysanns. Ochoeoio docrioncens cmanu 6i0omi HaYKOGI
NONONCENHS, SKI TPYHMYIOMbCA HA MOMY, U0 Ximiuni npovecu ziopamauii nopmaanouemenmy 3a-
6esneuy70mb opmysarhs miyrocmi 6em0Hy npu cmucky. Y p060m1 OYI10 BUBUEHO BNIUE KOJOIOHUX
posuuHis, FKI CKIAOAIOMDBCS, 13 CYMIULL NOBEPXHEBO-AKMUBHOT PEUOBUHU, KA MOJNCE YMBOPIOBAMIL
Miuemu, i modugixamopa — euuozo cnupmy. Ocobaugicmio 0ocrioxHcen, npedcmasieHux y pooomi,
€ BUBYUEHHS OOHOUACHOZ0 BIIUBY NOBEPXHEBO-AKMUBHUX PEUOBUH, SKI YMEOPIOIOMb Milen, ma 6u-
Wo20 CRUPMY Ha 3Miny MiyHocmi OPIOHOIEPHUCTIUX MA PeaKyiino-nopowKosux bemonis. Y npoueci
docniodnceny 6CMan06IeH0, Wo 03HAUCHT MiLeI0YMEOPIOIOUl NOBEPXHEBO-AKMUBHT PeUOBUHI MA 3a-
CMOCOBAMT BULE CRUPMU 3MIHIOWMb Xapakmep PopMysanis MiyHocmi 6emonis, uo npussooums 0o
sbivuenns it eenuuunu. Xapaxmep sminu miyrocmi 6emomy nio 6niusoM 3acmocosanux noeeprHe-
B0-AKMUBHUX PEUOBUH MA BUIUX CRUpMie 3anexcumn 6i0 ix Kinvkocmi 6 bemoni. [Iposedenumu do-
CTLIONCEHHAMU BCMAHOBIEHO OCOOIUBOCTE BNIUBY HA MIUHICMD NPU CMUCKY 6em0Hy Moau(j)iicoeaﬂoi
NOBEPXHEBO-AKMUBHOT PEUOBUHU, SKA ABLAE COO0IO 5ucnepcuy CUCIEMY <BUYUIL CHUPM — MiUeI0y -
MBOPIOIOUA NOBEPYHEBO-AKMUBHA PEUOBUHA, ATEHCHO 6i0 KinbKOCMI BUL0Z0 cnupmy 1 Kinbkocmi
MiUeNI0ymeopIoouoi noBepXHeso-aKmusHoi peuosuny 6 6emoni. 3as0saKu Kamanisy Mexaniuna miy-
nicmy 6emony nidsuwyemocs na 120—-190% nopisnsino 3 6emonom, sxuii e Micmumy OuCnepcHy
CUCTEMY <GUUULL CRUPM. — MIUEIOYMBOPIOIOUa NOBEPXHEBO-AKMUBHA peuosunas. Jloéedeno, wo 01
YNPAasuiHHs NPOUECam mymicasinis yemenmy i (Gopmysanis MiyHOCMi wmyuHoz0 Kamens, sKui
OMPUMYIOMb Y NPOUECT 2I0PAMAYii UEMEHMY, MONCHA BUKOPUCIOBYBAMU KAMALIMUYHUL eexm,
3aCMOCo8YOUL MOOUDIKOBAHY BUULUM CRUPMOM KOJOIOHY NOBEPXHEBO-AKMUBHY DEUOBUHY, MUM CA-
MUM MIOBUWYIOUU AOCOTIOMIHY BEIUMUHY MIHOCTE NPU CMUCKY Oemonis, 30Kkpema OpioHO3ePHUCTIULL.
Kmiouosi caoea: 0Gemon, nosepxneso-axmueéna pewosuna, 6uwfuii cnupm, Miynicmo,
Mooudpixayis.

ITocranoBka nmpooaemu. OcTaHHi IeCATUIIT-
T XX cT. Ta moyatok XXI cT. o03HaMeHyBamncs
3HAYHUMM JIOCATHEHHSIME B TEXHOJIOTII OEeTOHY.
Biamosizno 10 mosoxensb GizmaHOil XiMii, CyMil
I[EMEHTY, MiHepaJbHOTO MEJIEHOTO IOPOIIKY,
ApiGHOTO MiCcKY 1 Boau € cyciensiero. Tomy 6eTo-
HU HOBOTO TOKOJITHHSI MOJKHA Ha3BaTH CYCIIEH-
siftaumu. KpiM Toro, Takuii GeTOH HAJIEKHUTH 10
HAHOCTPYKTYPOBaHUX MaTepiaJis.

[ToninieHns BAaCTHBOCTEN OETOHIB, 30KpeMa
MiIBUIIIEHHST OTO MII[HOCTI, HUHI MTPOBOAUTHCS

3a TPhOMA OCHOBHUMM HarpsiMamMu: MOAUQIKY-
BaHHSI CTPYKTYPHU IIEMEHTHOTO KameHIO [1—4];
KaTaJli3 peakiliil, o MpOoTIKAIOTh Y CUCTEM] «Ile-
MEHT — Bojiay [9; 6]; cripsiMoBaHe peryJiioBaHHs
MIHEPAJIOTTYHOTO CKJIA/Y 1IEMEHTY.

Haii6ibir meperekTuBHIM CIIOCOOOM IMOJIiM-
IeHHsT BJIACTHBOCTEN OETOHIB € 3aCTOCYBAaHHS
KaTasi3y peakiliif, gKi MPOTIKalOTh y cucTeMi
«IIEMEHT — BOJIa».

3 60-x pp. MHHYJOTO CTOJITTSI PO3POOJIs-
I0ThCST 1 apOOYIOTHCST Pi3HI METOAN BILIMBY Ha
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BOJLY 3aM11HyBaHHH TS 3MiHU 11 BJIACHOI CTPYK-
TypH i BiractuBocTeil. Taki BUAM BITUBY MOXK-
Ha YMOBHO TIOZIIJIUTH HA KiJbKa TPYIL: (iszudyHe
mMoudikyBanHs (Ge3peareHTHe), XiMiuHe MOJIH-
(bikyBanHs (pearentHe) i iX moeaHanHs (KOMOI-
HoBaHa /ist). HeoOXifHO 3a3HaYNTH, 1[0 B IIBOMY
BUNAAKY il Gi3udHUM 1 XIMIYHUM MOAUDIKY-
BaHHSIM PO3YMIETHCS CIPSIMOBAHE PETYJIOBAH-
Hs TTapaMeTPiB I[eMEHTHUX CHUCTeM, M0 Big0y-
BAETHCS HA CTa/lii B3a€EMOJIi1 I[EMEHTY 3 BOJIOIO.
[Ipu 1poMy MomdikoBaHa Bojia Ma€ OibIy aK-
TUBHICTh BHACJIIOK 3MIHM 10HHOTO CKJauny, 10
BIJIMBAE Ha BesqnunHy pH, mutomy enekTpudny
NPOBIZHICTL Ta iHIII napamerpu. [le mae 3mory
HaIlpaBJIeHO BILIMBATH Ha IIPOLIECH, 1110 BixOyBa-
I0THCS B I[EMEHTHUX CUCTEMaX.

[lo disuyHOi akTHBallii BOAM 3apaxOBYIOTh
TaKi BU/IM BIJIMBY: MarHITHA I eJeKTPOMarHiT-
Ha 00poOKa, MexaHiyHa, TepMiuHa, aKyCTHYHa,
IJIa3MOBA, PO3PSIHO-IMITYJIbCHA, €JIeKTPOXiMid-
Ha Ta iH.

3araJbHUMU  HEJOJIKaMi  BCiX  (Di3UUHUX
METO/IB € CKJAQJHICTh BU3HAYEHHSI KIJIbKICHUX
napaMeTpiB, 1110 XapaKTepu3yloTh CTYIiHb aKTH-
Ballil BOAHOTO CepPeIOBHINA Y BUPOOHUYNX YMO-
Bax, HEOOXIIHICTD TOJATKOBOTO OCHAIICHHS TeX-
HOJIOTIYHUX JIHIA cherjaJbHIM 0bJafHaHHAM
JUTST aKTUBAITT BOJH, TIEPEPOOKH TEXHOJIOTIYHIUX
perJiaMeHTiB TOIIO.

[TpoBenennii anai3 BUKOPUCTAHHS XIMIYHUX
mMoudikatopiB (106aBoK) y OyAiBHHUIITBI T0-
Ka3ye, 0 HaiOiJablla MUTOMA Bara HAJIEKUTh
niactudikatopam i cynepiactudikaTopam.
3acTOCYBaHHS OCTAHHIX JIa€ 3MOTY 3HU3UTHU BO-
ponotpedy GeronHoi cymimi Ha 23—-26% i cko-
POTUTU BUTPATy B'SKYUWX, 3HAUHO TTiBUIIUTH
MiI[HICTh GETOHY i 3aCTOCOBYBATH B IPOIIECi 3Be-
JieHHsT OETOHHMX 1 3a/1i300€TOHHIX KOHCTPYKITiit
JUTi GETOHHI CyMil, sKi CaMOYIIJIBHIOIOThCS
i He po3mapoByiOThcd. HeratuBuoio cTOpoHOIO
BUKOPHCTAHHST 1006aBOK y GeTOHAX € Henepe/t[6a—
YyeHa CYMICHICTb iX i3 TleMeHTaMM i CyTTEBE ITifl-
BUIIEHHS BAPTOCTI KiHIIEBOTO MPOLYKTY.

3 PO3BUTKOM HAHOTEXHOJIOTIH BUHUKAIOTH
HOBI MOKJIMBOCTI BIJIMBY Ha CTPYKTYpPY 1 BJa-
CTUBOCTI BOAU 3’ 4BJAETHCH MOYKJIUBICTD IiJie-
CTIPSIMOBAHOTO  YIPABJiHHS IPOIECOM CTPYK-
TYPOYTBOPEHHST i BJIACTUBOCTSIMH I[eMEHTHUX
KOMIIO3UTIB, 1[0 MPEACTaBJISAIOTh COO0I0 CKJIajl-
HY i€papxXiyHy cHUCTeMY, sIKa BKJIOYA€ i HAHO-
piBEHb.

Tomy BU3HaUEHHST HaIITHOTO CIIOCOOY MOIH-
ikarrii Boju 3aMilIyBaHHS Ha 1€l Yac € aKkTy-
AJIbHUM.
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AHaJji3 ocraHHIX AOCHiKeHb. Bimomo, 1110
B IPUCYTHOCTI mactudikaTtopa mpoiiec rigpa-
Tallil MiHepaJsiB MOPTJAHAIIEMEHTHOTO KJIHKePY
JIeI0 CHOBIJBHIOETHCSI BHACTIIOK CTEPUYHOTO
edexTy, 0 BUHUKAE HA MOBEPXHI IIEMEHTHUX
3epeH y pes3yJibrari afgcopOLil OCTaHHIMEI MOJIe-
Kys1 mmactudikatopa. ToHKa 1ITiBKa, 110 YTBO-
PIOETHCI HABKOJIO YaCTUHOK TBep/ol (ha3u, 3HU-
KY€ TepTS 1 IepelIKo/IzKae B3aEMO/I11, BHACJIIIOK
4oro GeToHHa CyMiln HaOyBa€ J0IaTKOBOI PyX-
JmBoCTi. Azcop0itist Mosiekys tiactugikaropa
Ha TIOBEPXHI HOBOYTBOPEHb 3MEHIIYE BeJIUYH-
HYy MixK}a30Boi eHeprii, 10 MMOJErIIye ae3arpe-
raifilo YaCTMHOK B’SZKY4Oro — IenTusaliio [7].
AzcopboBaHi Ha TIOBEPXHi IIEMEHTHHX 3€PEH MO-
Jiekyiu maactudikatopa 3B’3YI0Th 1 Bi/IBOJSATD
ionn kazbiiio [8], mepemkomKaOYn yTBOPEH-
HIO KPUCTAJIB MOPTJIAH[ITY, SKUIl € HallMeHII
crabispHOO (hasoro GeToHy, mo TBepiie. IIpore
BapTO BPaxXOBYBATH, 1110 MOJIEKYJIU MJacTU(ika-
TOpa, BOYAOBYIOUNCH Y CTPYKTYPY HEMEHTHOTO
KaMeHI0, MOCIabIol0Th HOTO MIIHICTB, a Mpu
BEJIMKUX /103X 30i/IbIIYIOTh HOPUCTICTH IILISI-
XOM 3ajlydeHHS NOBiTpsA. Tomy nuTanHsa 3HU-
’KEHHS KIJIbKOCTI BBEIICHOI B LIEMEHTHY CYMilll
no6aBKM HaOyBa€ aKTyalbHOCTI.

3acTOCOBaHI Ha PiJINHY €HepreTU4yHi BILIU-
BY BUKJIMKAIOTh 1epebyn0BY CTPYKTYPH BOAHE-
BUX 3B’SI3KiB, 3MiHIOIOUM TIPU 1IbOMY BJIACTHUBO-
CT1 camol piINHY, Takl K BOJAHEBUN MOKA3HUK,
eJIEKTPOIIPOBIIHICTD, B's13KicThb [9; 10]. Bukopu-
CTaHHS aKTWBOBAHOI PIIMHU [IJIs1 3aMilllyBaHHS
GETOHY, CBOEI0 Yeproo, He MOKe He BIUIHHYTH
Ha BJIACTHBOCTI K OETOHHOI cywmimi, Tak i ro-
TOBOTO TPOAYKTY. BBenenua B piivHy 3aminry-
BaHHs TIACTU(DIKYI0Y0i J00aBKM Ma€ CHPHSTH
BUHUKHEHHIO CHHEPTIYHOTO e(eKTYy.

Bigowmi nocaikenns 3 moaudikaiiii Boju 3a-
MilllyBaHHSI BYyTJlelleBUMU (DYJIEepOiTHUMUA Ha-
Houactutkamu [11; 12]. TIpomonoBanuii croci6
MoauGiKyBaHHS (aKTUBAIli) BOAM 3aMilllyBaH-
HS JIa€ 3MOT'Y ITHABUIIUTH MIiIlHICTH OETOHY.

OcobmuBuii iHTEpEC CTAaHOBHUTH e(hEeKT MO-
mudikarii Boaw 3aMinTyBaHHS HaHoOMOozaupika-
TOPaMU — MIKPOeMYJIbCIHHUMU CHUCTEMaMH, SIKi
BKJIIOUAIOTh KOJIOI/IHI TIOBEPXHEBO-aKTUBHI Peyuo-
BUHH, 1110 yTBOpIoioTh Mitean (MITAP) [5; 6],
SIKi MAIOTD BUIIY COTIOOLTI3yI09y 37aTHICTH [9].

EdextuBHicTh 03HAYCHUX HaHOMOIM(DIKATO-
piB GymyeThest Ha TipoOOHIX B3aEMOJIIsX, sIKi
BUHUKAIOTh TiJIbKK Yy BOJHUX PO3YMHAX Y pe-
3yJIbTaTi B3a€EMO/Ii1 TIOJSPHUX MOJIEKYJ BOAU
3 HETOJIIPHUMH TiZpooOHIMHI YacTKaMu (BYT-
JIEBOAHSAME) a00 HEMOJISIPHUME  PaiiKaIaMu
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MOJIEKYJI, 30KpeMa, HeloJSPHUMU paJiuKaIaMu
MOBEPXHEBO-aKTUBHUX pedoBUH. [lpbomy cripusie
crienidiyHa CTPYKTypa BOJIU.

YucnenHi ekcriepuMeHTaIbHI JlaHi (3MiHa JTi-
eJIEKTPUYHUX BJIACTUBOCTEN PO3UMHIB, PO3IIN-
penns ginii AMP, sHMKeHHS KoedillieHTa camo-
muysii) MoKa3yioTh, MO HETOSIPHI MOJIEKYIN
CTa61J113yIOTI) CTPYKTYPY BOJM, TOOTO BIOPSII-
KOBYIOTb 11, BHACJIIJIOK YOTO €HTPOIlid CUCTeMU
3HMKYETHCS.

lizpocdobui B3aeMoOAil BU3HAYAIOTHCS —SIK
BaH-/IeP-BaaJbCOBUMU CUJIAMH TSKIHHS CaMUX
HEMOJIIPHUX TPYII, TaK 1 B3AEMOJIISIMU ITUX TPYII
i3 BOJOIO, SIKi TOB'S3aHi 31 CTPYKTYpPOIO BOIH.
TooBHUM y Teopii TiApohoOHUX B3aEMOIii
€ YSBJIEHHS TIPO Te, 110 YMCJI0 BOJHEBUX 3B’s13-
KiB, pO3paxoBaHe Ha MOJIb BOJM, 301IbIIYETHC
HABKOJIO BYTJIEBOJIHEBOI MOJIEKYJIN.

JloBoJi 11iKaBi pe3yJibTaTh OTPUMAHO B IPO-
1eci 3aCTOCYBaHHS SIK HaHOMOAUDIKATOPa BOAU
3aminmyBanHg BUIuX couprtis [4; 10; 11].

bBinmpmmii edexT mocsATaEThcs BUKOPHUCTAH-
HSM CIIOJyYeHb JBOX ab0 KiJIbKOX IOBEpXHe-
Bo-akTUBHUX peyoBuH (ITAP), skuit Hajmae 3mo-
Ty 3MiHUTH ab0 PO3IIMPHUTH SKICHI TTOKa3HUKN
ab0 xapakTepucTHKH KoMmoswuiiii. Heagntusmy
3MIHY TOTO UM 1HIITOTO TIOKa3HUKA YaCTO TTOB’SI3Y-
I0Th 13 CUHEPri3sMoM ab0, HaBIIaKK, aHTATOHI3MOM
Mik Mosekysamu ITAP, To6To mocumeHHsiM abo
octabjeHHAM pisHUX (hi3UKO-XiMIYHMX BJIACTHU-
BocTeil po3unHiB ITAP mopiBHSIHO 3 BIacTUBOC-
TSMM PO3UUHIB 1H/IUBIIyaJIbHUX KOMIIOHEHTIB.

[Tpuknazom cuHepriamy, 3yMOBJIEHOTO HasIB-
HicTIO B3aeMmogii [12], Moxe caykuTu cucrema
«anionHa [TAP — Bumuii cipT — Boziay, IMMUPOKO
BMKOPUCTOBYBaHa B TpakTuili. [{06aBKM BHIINX
JKUPHUX CHUPTIB 3HWKYIOTh KPUTUYHY KOHIIEH-
TPaIil0 MilleJIOYTBOPEHHSI, MOBEPXHEBUII HATSIT,
HiABUINYIOTh  B'SI3KICTh  a[ACOPOI[AHUX ITapiB
anionnux ITAP i, 9K HacmiI0K, 301IbIIYIOTH CTa-
GimbHiCTD mucniepciil. [IPUYHHOIO THOTO CIIY/KUTH
YTBOPEHHS BOJHEBOTO 3B’3KY MiXK TiJ[POKCUIOM
CIpTy i KapOOKCH- abo CyIbPOrpyno aHiOHHOI
ITAP, o moske pU3BeCTH 70 MEBHUX MO3UTUB-
HUX eEeKTIB y TEXHOIOTiI OETOHY.

Mera po0OTH — MiABUITUTH MIIHICTH ApPi0-
HO3EPHUCTOrO Ta PEeaKIiifHO-TIOPOIIKOBOro Oe-
TOHY /IS PO3MIMPEHHS rajiysi iX 3acToCyBaHHS
B OyaiBHUITBI. 3aBAaHHS —JOCHIUTH BILUIUB
HaHOMO/IM(DIKATOPa, a caMe CHCTeMH <«aHIOHHA
[TAP — Bumwuii ciupT», Ha BEJUYUHY MIITHOCTI
GeToHY i MBUAKICTD 1i (hOPMyBaHHSI, BUSHAUNTH
KIJIbKICHI TIOKQ3HUKHU BILJIMBY O3HAUEHOTO HAHO-
MoM(ikaTopa Ha BEeJMYNHY MIITHOCTI OeTOHY,

BU3HAYUTU ONTUMAJIbHI BEJTMYNHU BUTPATU Ha-
HOMO/IM(iKaTOpa AJIsT OTPUMaHHST OETOHY Mak-
CUMAJIBHOI MIITHOCTI.

Y mocnijukeHHSIX JJIsT BUTOTOBJIEHHST Oe-
TOHY  BUKOPUCTOBYBAJIM  HOPTJAH/IIEMEHT
M 400 (ITAT «Xaiizeanbepr tiement Kpuswuii
Pir»), npiGHuii 3amoBHIOBaY — Bigxoau 30ara-
YyeHHd 3ani3Hux pyn HoBokpuBopizbkoro rip-
Hu40-36araayBasbHOrO KomIuiekcy ITAT «Ap-
cenop Mittan Kpusuii Pir» (Ykpaina), 110
MalOTh MaKCUMaJIbHUI po3mip dacTok 0,63 mMm.
Ax MIIAP BukopuctoByBajJn ojieaT HATpifo
(simagchem corp., Kurait), g9k Bummii cnupt —
nponangion-1,2,3. Kommonentu O6eTOHHOI Cy-
Miln 1030BaHi B HEOOXiHUX, 3riHO 3 IJIAHOM
eKCIIePUMEHTY,  KIJIbKOCTSX, — IepeMillyBaju
B J1a0OPaTOPHOMY 3MillTyBadi MPOTSATOM 3 XB.

Otpumana cymiln yKkJaanacs B MetaseBy (op-
My-Ky0, stkuit Ma€e poamip cropir 7 cm. Dopmy, 1110
MIiCTUTH GETOHHY CYMIIII, JKOPCTKO 3aKPIILIFOBAJH
Ha JIabopaTopHiil BIOPOIIOAAL 1 HmiaxaBamm Bi-
OpartiifiHoMy BILIUBY JI0 IOBHOTO YIIIbHEHHS], STKe
XapaKTepU3yBaJIOCs MPUTIMHEHHSIM OciTants Oe-
TOHHOI CYMIIlli i MPUNUHEHHSIM BUJIJICHHS OYJIb-
Garmok moBiTps. Ilicst 3aBepiieHHsT YKJIATaHHS
i yiriibHeH st 6eTOHHOI cymiti y (hopmi BiIKpHTY
MOBEPXHIO 3pa3ka 3arya/KyBajiil KeJIbMOIO.

[lepmi 24 ropuum 3pasKu 6eTOHy TBEP/ILJIN
B HOPMAJBHUX YMOBAX, IMiCJS I[OTO iX /10 PO3-
nanyOku 30epiraniun B Ghopmax, BKPUTUX BOJIO-
rofo TKaHuHolo. Ile BUKII0YaI0 BUIAaPOBYBAHHS
3 HUX BOJIOTM B IMPUMIIIEHH] 3 TeMIepaTypoio
noBiTpst (293 + 5) K. Uepes 48 roaun micis Bu-
TOTOBJIEHHSI, 3pasku GeTOHy BuitManu 3 (hopm
Ta MOMIIAJN B KaMepy, sika 3abe3nedyBajia mo-
63y X MOBEPXOHb CTaHAAPTHI YMOBHU, TOOTO
temriepatrypy (293 £ 3) K i BifHOCHY BoJIOTiCTb
noBiTpst (95 £ 5)%. Y xamepi 3pa3ku yKJIajaim
Ha THAKJIAAKU Tak, o0 BiICTAHb MiK HUMH, a
TaKOK MIXK 3paskaMi 1 CTIHKaMu Kamepu, OyJia
He MenIre 5 M. [lona KoHTakTy 3paska 3 mij-
CTaBKaMH, Ha SKi BiH BCTAHOBJIEHUI, HE TIepPEBU-
myBasia 30% IT0IIi OMOPHOI IpaHi 3pa3Ka.

OCHOBHUM MOKa3HUKOM SKOCTI JIOCTi/KyBa-
HOro OeToHy OyJia TpHiiHsTa HOro Meska Mill-
HOCTI IIPU CTUCKY. BuU3HaueHHs1 MillHOCTI 3pas3-
KiB 3/[IICHIOBAJIA 32 JIOIIOMOTOI0 YHIBEpPCAIbHOI
BunpoOyBasibHOi Marmuan Y MM-100.

Pesyabratu pocaimxkens. [Iposeneni pociri-
JoKeHHs Tokasanu (puc. 1-3), mo opHOUacHe
3actocyBanus MIIAP i Bumoro cnupry B ckJa-
Ii IpiOHO3EPHUCTOTO OETOHY IPU3BOJANUTH IO
301/IbIIIEHHST MII[HOCTI OCTAHHBOTO B OY/Ib-TKOMY
Billi ioro tBepainHs (Big 3 10 28 1i6).

4!
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Bapro 3aszHaunTi, 110 B Oy/Ib-IKOMY Billi BBe-
JIEHHS JI0 CKJIaJy APiOHO3EPHUCTOrO GETOHY MeB-
Hoi KisbkocTi, 9k MITAP, Tax i Bumoro cnupry,
IIPU3BOJUTH [0 30LIbIIEHHS MIIHOCTI GETOHY.
Opnak mpupict MinHocTi Bix BBenenHss MITAP
y Bimi 3 1i6 3HauHo Oijbire, Hixk y Biri 28 fil.
Azie y BCiX BUTAIKaX HaWOiIbITy MIIHICTH Ma€
OeToH, JI0 CKIaay sIKoro BBeaeHa cymim MITAP
i Bumoro cnupry. o i migTBepAKy€e KaTamiTHy-
Huii xapaktep aii MITAP i ii moaudikaritito Bu-
MM CITUPTOM.

AHami3 OTpUMaHUX 3aJeKHOCTEH TI0Ka3aB,
10 B KOKHOMY Billi TBepAiHHS GETOHY € OITH-
maabHuil BMicT MITAP He3amexHo Bif KiJbKO-
CTi BHIIOTO CHUPTY. B ymoBax exkcriepuMeHTy
B Oy/Ib-SIKOMY Billi He3aJeKHO Bifl KUIBKOCTI
BUIIOTO CIIUPTY ONTUMAIbHY KijlbKicTh MITAP,
TOOTO HOCIST HAHOYACTUHOK Yy OETOHI, CTAaHOBUTD
0,00029% Bix macu 1ementy. OnTUMaIbHOTO
BMICTY BHUIIOTO CIKPTY B MOPOLMIKOBOMY OETOHI

Puc. 1. B cymimti [TAP wa minHicTs
piGHO3epHICTOrO GeTOHY y Bl 3 /1i6

Puc. 3. Brms cymimi [TAP na minnicts
npibHO3epHICTOrO OeToHY v Bimi 28 116

72

B YMOBax €KCIEPUMEHTY He BCTAHOBJIEHO. Tak,
y Bimi 3 i MakcuMasbHy MIlHICTH Ma€e GeToH,
1m0 MictuThb 0,005% BHUIIOTO CIIMPTY Bijl MACH Iie-
MeHTY, y Biui 7 xi6, reit B7mict cranosuts 0,01%
BiJ Macu 1iementy, a B Bimi 28 ai6 — Bix 0,005%
no 0,01% Bix macu 1iementy. Bapro 3a3naunTi,
1[0 BUIIKI cIMPT 6e3 3aCTOCYBaHHST HAHOYACTH-
HOK — MoJiekys1 MITAP, npakTtudHo He BILIUBA€E
Ha MinHicTh Getony y Bimi g0 7 mi6 (puc. 2).
3i 30iabIIeHHSIM BiKy O€TOHY BILIUB BHIIOTO
CIUPTY CcTa€ OGiJIbI 3HAYHUM i B Mi3HHOMY Billi
(28 n1ib) csarae 3HaYHOI BeJMYNHU — 301/IbIIEH-
Hs MirHOCTI GeToHy mocsirae 27%. BomHouac
HasIBHICTD y CKJIazli 6eToHy HaHOMOAN(DIKATOPY
- MITAP npusBoauTh 10 3HAYHOTO 3POCTAHHSI
MiITHOCTI GETOHY B paHHBOMY BiIli /10 7 [0, siKe
nocsirae 40%. Y 6inbin misabomy Bimi (28 1i6)
BB MITAP na minmicts GeTony He3HauHMIl
(puc. 3) i ii Benmnunny GhopMyioTh abo BHUIINI
criupt, abo cyminr MITAP i Bumioro crimpry. Lleit

Puc. 2. Bms cymimi [TAP #a MinHicTD
npibHO3epHICTOrO OETOHY y Bilti 7 10

Puc. 4. Brums cymimi MITAP i Bumoro criupry
Ha 3MiHy MillHOCTI GETOHY B vaci
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daxt miarBepmKye, mo mosexyan MIIAP Bu-
KOHYIOTh POJIb KarasizaTopa (hi3mKO-XiMIdHUX
IPOIIECIB, 1O BiAOYBAIOTHCS B pasi TBEPIiHHS
IIEMEHTHOI0 KaMeHIO B GeTOHi, a iX cymapHuii i3
BUIITUM CIIUPTOM BILJIUB MTE€PEBUIILYE BILJIUB KOXK-
HOTO 3 HA3BaHUX KOMIIOHEHTIB.

TakyM yMHOM, Ha NEPIIUX eTarax TBEepiH-
Hst 6eTOHY, TOOTO Ha MoYaTKy (hopMyBaHHS HOTO
MII[HOCTI, OCHOBHUI BILJINB 3I1NCHIOIOTH HAHO-
yacTuHkM — Mosiekyau MITAP, siki BUKoHyIOTDH
pOJIb KaTasizaTopa, B TOAAIBIIOMY Jefali Oijib-
il BIUIMB Ha (HOPMyBaHHS MIIHOCTI GETOHY
3MIIICHIOE BUIIUI CITUPT.

3arajibHa 3MiHa MIITHOCTI JPiOHO3EPHUCTOTO
Gerony B 4aci (puc. 4) HOKa3sye, 10 CyMill Ha-
Hokatasizaropa (MIIAP) i Bumoro cimpry ic-
TOTHO TPUCKOPIOE (hOPMYBaHHST MII[HOCTI GeTo-
HY 0COOJIMBO Ha PaHHIX CTafisIX IIbOTO MPOIECY.

Hauti 6yJ10 gociakeHo BB cymini MITAP
i BUIIOTO CTIUPTY HA MIMHICTh TIOPOIITKOBOTO Oe-
TOHY. Y pesyJibrari eKCcIepuMeHTiB OyJi0 BeTa-
HOBJICHO, 1[0 CIIOCTEPIracThCsl 301IbIIEHHS Mill-
HOCTI B pasi BBefieHHd B Horo ckmang MITAP
1 BUIOTO CchOupTy. SAK MOKazaaum pe3ysbraTtu
eKCIIePUMEHTIB, Y OyIb-IKOMY Billi BBEIEHHS
0 CKJIaay mHopormkoBoro Geromny, sk MIIAP,
TaK i BUIOTO CIIUPTY, IPU3BOAUTD 0 301/IbIIICH-
Hs MinHOCTI GetoHy. OfHAK TmpupicT MilHOCTI
BiZl BBeieHHs1 cymitni MITAP 1 Bumioro crimpty
y Biui 7 1i6 3HauyHO Gisbire, Hix y Bii 28 xi6
(pic. 5, 6), MmO i MATBEP/UKYE KaTasiTHUHMIL
xapakrep aii MITAP i ii moaudikaiio BUmmum
CITUPTOM.

B yMmoBax ekcrnepuMeHTYy He3aJeKHO Bijl
KiJIbKOCTi BHUIIOTO CIUPTY B OyAb-sIKOMY BiIli
€ ontuMasbHa Kibkicts MITIAP, to6to HOCid

Puc. 5. Bruis cyminmi moBepxHeBO-aKTUBHUX PEYOBIH
Ha MillHicTh OeTOHY B Bitli 7 1i0

HaHOYACTHHOK y OETOHI, sIka CTAaHOBUTDH y PaH-
apomy Bitti (7 1i6) 0,00046%, a y Biri 28 xi6 —
0,00031% Bix Macu 1eMEHTY.

Y paHHbOMY BIlll CIIOCTEPITAETHCS HASIBHICTD
ONTUMAJIBHOI KIJIBKOCTI BUIIOTO CIHUPTY, dKa
B yMoBax ekcrepumenty ctanoButb 0,01% Bix
Macu 1emMeHTy. OTUTUMAaJIbHOTO BMICTY BHUIIO-
ro ciimpty 6e3 MITAP y mopomnikoBomy 6GeToHi
y Bimi 28 1i6 B yMOBax eKCIepUMEHTY He BCTa-
HOBJIEHO.

Bapro 3asHaunty, 10 BUIIAN coupT Oe3 3a-
cTocyBanHgd HanodyactuHok MIIAP mpaktruno
He BIJIMBAE HA MII[HICTh OETOHY, SIK B PAHHbOMY
Bitti 10 7 71i6, TaK i 3i 36iABIIEHHSIM BiKY OETOHY.

Boaxouac HasiBHICTH y CKJIazi OeTOHY Milte-
JsgpHOTO HaHokartamizatopa — MIIAP (ane on-
HOYACHO 3 BUIIUM CITUPTOM) HPU3BOAUTDH [0
3HAYHOTO 30iIbIIEHHsT MIITHOCTI GETOHY B paH-
HbOMY Billi g0 7 xi6 (puc. 5). IIpu mpomy mpu-
pict minHocti gocsirae 80%. Y GisibIin mizHbOMY
Biti (28 7i6) Brue MITAP na mitHicTs GeToHy
HezHauHwuit (puc. 6) i i1 popmye cymiln HaHOKA-
TaJai3aTopa 1 BUIIIOTO CITUPTY.

[leii axkT TMATBEPILKYE, MO MOJEKYIN
MITAP gx HaHOYACTUHKM BUKOHYIOTH POJb
Karajizaropa (i3MKO-XIMIYHUX MPOIECiB, 10
BiIOYBAOTbCS il Yac TBEPAIHHS II€MEHTHO-
ro KaMeHio B GeToHi, a iX cyMapHUIl i3 BUIIUM
CIIUPTOM BIJIMB TEPEBUIIYE BILUIUB KOKHOTO
3 Ha3BaHUX KOMIIOHEHTIB.

3arajgbHa 3MiHa MII[HOCTI HOPOIIKOBOTO Oe-
TOHY B yaci mokasye (puc. 7), o cyMin mitie-
JsipHoro HaHokaTasizaropa (MIIAP) i Buioro
CIUPTY ICTOTHO TPUCKOPIOE Mpoliecu (hopmy-
BaHHSI MIITHOCTI OeTOHYy OCOOMMBO Ha paHHIX
CTa/isIX 1[bOTO TIPOIIECY.

Puc. 6. Bruis cywmirmi moBepXHEBO-aKTUBHUX PEYOBUH
Ha MilHicTh 6eToHy y Bii 28 16

3
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Puc. 7. Brmus cymimi MITAP i Bumoro criupty
Ha 3MiHy MillHOCTI GETOHY B yaci

BucnoBku. BcranoBieHo, 1110 BUIIUI COIUPT
mozaudikye Mminesan kosoinnoi [IAP - nanokara-
Jizaropa, sikuii 6epe ydactb y GopMyBaHHI Mill-
HOCTi OETOHY.

Y pesynabraTi [I0CTiIB BCTAHOBJIEHO Xa-
pakTep BIJIMBY CYMIillll KOJIOIZHOI HOBEpXHe-
BO-aKTHUBHOI PEYOBUHH, SIKi YTBOPIOIOTH Mille-

JIM, — HAaHOKATAJ13aTOPiB, 1 BUIOTO CIIUPTY HA
dbopmyBanHsa minHocTi 6eTony. JloBeneHo, 1o
3aCTOCYBAHHSI OJHOYACHO TOBEPXHEBO-aKTUB-
HUX PEYOBUH, SIKI YTBOPIOIOTH Millesih, — Ha-
HOKATaJi3aTOPiB, i BUIIIOTO CIIUPTY NMPU3BOIUTD
110 30iTbIIEeHHS MIBUAKOCTI (DOPMYBaHHS Mill-
HOCTi GETOHY.
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CONCRETE STRENGTH MANAGEMENT OF MODIFIED SURFACE-ACTIVE SUBSTANCES

Abstract. In the work on the basis of the analysis of the literature data, the purpose of the research
was determined to establish the influence of nanomodifiers, namely colloidal surfactants modified
with higher alcohol, on the strength of fine-grained and reaction-powder concrete and the speed
of its formation. The basis of the research is known scientific provisions, which are based on
the fact that the chemical processes of hydration of portland cement provide the formation of con-
crete strength during compression. The effect of colloidal solutions consisting of a mixture of sur-
factant that can form micelles and a modifier of higher alcohol was studied in the paper. A feature
of the studies presented in the paper is the study of the simultaneous influence of micelles-forming
surfactants and higher alcohol on the strength change of fine-grained and reaction-powder con-
cretes. In the course of the research it was found that the micelle-forming surfactants and the high-
er alcohols used change the character of the concrete strength formation, which leads to its in-
crease. The nature of the change in the strength of concrete under the influence of the surfactants
and higher alcohols used depends on their amount in the concrete. The conducted researches have
established the peculiarities of influence on the strength of concrete in compression of the modified
surfactant, which is a dispersed system “higher alcohol — micellar-forming surfactant”, depending
on the amount of higher alcohol and the amount of micellar-forming surfactant.

(6]
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Due to catalysis, the mechanical strength of concrete is increased by 120-190% compared to con-
crete that does not contain a dispersion system of “higher alcohol — micellar-forming surfactant”.
It is proved that to control the processes of cement hardening and formation of the strength of ar-
tificial stone obtained during the hydration of cement, it is possible to use a catalytic effect, using
a modified colloidal surfactant modified with higher alcohol, thereby increasing the absolute value
of the compressive strength of concrete, in particular fine grains.

Key words: concrete, surfactant, higher alcohol, strength, modification.
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MInmxkina O.0.

K.T.H., IOIeHT Kadeapy TeXHOJOTil OyaiBebHIX BUPOOiB, MaTepiasliB Ta KOHCTPYKIIiA,
Kpusopisbkuii HarfionaabHuid yHiBepenTeT, M. Kpuswuii Pir, /[HinmpornerpoBchka 061acTh

3ACTOCYBAHH{ KOMIIVIEKCHOTI'O HAHOMO/IN®IKATOPA
B TEXHOJIOTTI IITHOBETOHY

Anomauis. Y pobomi na 0choei ananisy rimepamypux OGHUX 6UHAUeHa Mema 00CIiONCeHD, KA
NONA2AE I 6CMAHOBNEHHT BNIUGY HAHOMOOUDIKamopis, a came cnoayk d-enemenmis, modugpirosa-
HUX KOLOIOHOI NOBEPXHEBO-AKMUBHOI0 PEUOBUHOT0, HA BEIUYUNY MIUHOCIE NiHOOemony 1 weuo-
Kicmw ii popmysanns. Ocrogoro docrincerns cmanu 8i0oMi HAYKOBI NOJONCEHHS, SKI TPYHMYIOMbCSL
Ha momy, wo Ximiuni npouecu ziopamauii nopmaanouemenmy 3abdesneuyiomy QOPMYEanHs Miy-
nocmi bemony npu CMUCKY. 3a neenux ymos niosuwenns weuokocmi Ziopamauii uemenmy cnpuse
niosuwenHio miyHocmi 6emony npu CIMUCKY. Ocobus0 Ue Cmocyemovca ninobemonie. Y po60mz 0y10
BUBUEHO BNIUG KOLOIOHUX p03uume SKI CKAa0armvcs i3 cyfmuu N0BEPXHEBO-AKMUBHOT PEUOBUHL,
KA MoJce Ymeoproeamu Miueni, i HaHOHAN0BHIN6ais — MinepaivHux 006asok-Moougpikamopis.
Ocobausicmio docnidxcenvy npedcmasienux y pobomi € susuenHs. 00HOUACHOZ0 6NIUGY NOBEPXHE-
B0-AKMUBHUX PEUOBUH, SKI YMEOPIOWOMb Miyelll, Mma CNOIYK d-elemenmie na 3miny miynocmi ni-
nobemonis. Y npoueci 00CaioHens 6CMAHOBIEHO, WO 03HAUEHT MILeI0YMBOPI0I0Ul NOBEPXHEEO-AK -
MUBHI PEUOBUHI MA 3ACMOCOBAHT 000ABKU-MOOUDIKAMOPYU 3MiHI0IOMb Xapakmep (PopMmyeans
MiyHocmi ninobemonis, wo npussooumy 00 30invuwenns i eenuvuni. Xapaxmep 3minu MiyHOCHI
ninobemony nio 6NIUBOM 3ACMOCOBANUX NOBEPXHEE0-AKMUBHUX Peuosur ma 000asoK MOOUQIKa-
mopie anexcums 6id Kiivkocmi 3anoeriosava 6 bemonui. IIposedenumu docioxcennamu 6Cmanos-
JIeHO 0COONUBOCTE GNAUGY HA MIUHICMb NPU CIUCKY NIHOOEMOHY HAHOMOOUDIKAMOPA, KU A6ILIE
00010 ducnepchy cucmemy <cnoiyka d-eiemenmy — Miyer0ymeoproua noepxHeso-aKmusHa
PeU0BUHA», 8 3ANENHCHOCE 610 BUOY MIHEPANLHOT YACUHU HAHOMOOUDIKamopa, 11020 KilbKocmi
i KiIbKOCMi Milen0ymeopioiouoi noeepxieso-akmusioi pedosunu 6 6emoni. 3a60saku Kamanisy,
Mexaniuna miypicmo 6emony nidsuwyemocs na 120-450% 6 nopiensuni 3 bemonom, skui e
MiCmumo OUCNePCHY CUCMeMY <CNoIyKa d-eleMenmy — Miueioymeopioua noeprHeso-aKmius-
Ha peuosunas. /fosedeno, wo O ynpasiinms npoyecamu mymnCasints uemenmy i popmyeanis
MIUHOCE WMYHHOZ0 KAMEHIO, SKULL OMPUMYIOMb Y NPOUECt 2i0pamauii uemenmy, MOoJCHA BUKO-
PUCTIOBYBAMU MIUEIAPHUTL KAMATI3, 3ACMOCOBYIOUU MiUelil, HANoGHeNi HaHOMOOUpIKamopami,
MUM CAMUM NIOBUULYIOUU AOCOTIOMHY UMY MIUHOCIE NPU CIUCKY MAKUX Oemomie, 30Kpema
Opibnoseprucmux, y siyi 28 0i0.

Kniouoei crosa:ninodemon, miyenu, nogepxmue6o-axmueHi penosuHi, Hano8HI08aY, MiyHicmb,
Moougixamop.

ITocranoBka npoGjeMu. 3arajbHa Halpas-
JIEHICTh  CYYacCHWX TEXHOJOTIH OyaiBHHUIITBA
CIIpsIMOBaHa Ha 3aCTOCYBaHHs 3BeJleHHs Oy/Ii-
BeJIb i CIIOPY/I i3 MOHOJITHOTO OETOHY, IO TIPH-
3BEJIO JI0 MPUEIHAHHS TEXHOJIOTI OyAiBeIbHIX
KOHCTPYKIIii, BHPOOiB i MarepiaaiB 10 3arajb-
HOI TexHOJIOTiI Oy/IiBEeJbHOT0 BHPOOHUIITBA SIK
OKPEMOT0 eJieMeHTa.

[lesiki eseMeHTH, 30KpeMa, 3BYKO3aXUCHUIA
map Ha Ti03i Ta 30BHIIIHI CTiHH, Oy/IiBeTb
i cropy, sIKi 3BOJASITHCS 3 MOHOJITHOTO OETOHY,
BUTOTOBJISIIOTH 3 Hi3PIOBATOrO GETOHY, 3/€0i/Ib-
IIOTO — THHOGETOHY.

OsHaueHi OGETOHM TIPEACTABJISIOTH COOOIO
0araTOKOMIIOHEHTHY ~KOMIIO3UIIIIHY ~CHCTEMY
i MicTaTh APiIOHO3EPHUCTHI 3aMOBHIOBAY, TOH-
KOJZIMCIIEPCHUII HATIOBHIOBAY, a TaKOXK MOPTJIaH-
aneMeHT [1] Ta BucokoedeKkTUBHI cylepIiacTu-
(dhikaTOpH, SIKi BUKOHYIOTH POJIb 1e(hJIOKYJISTHTIB.
OnTtuMmasibHe TOEIHAHHSA 3a3HavYeHnX 100a-
BOK-MO/(IiKaTOPiB, a TAKOXK, B pasi HEOOXiIHO-
CTi, MOEHAHHS 3 HUMU B HEBEJIMKUX KIJTBKOCTSX
I THIIUX OPraHiYHMX I MiHEpaJbHUX MaTepiaJiB
Jla€ 3MOTY VIIPABJATA PEOJIOTIYHUMU BJIACTH-
BOCTSIME O€TOHHUX cyMmimreii i mMoaudikyBatu
CTPYKTYPY 1IEMEHTHOTO KaMeHIO Ha MIKPOPiBHI
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Tak, o0 HajgaTh GETOHY BJIACTHBOCTI, 10 3a-
OesneuyoTh fOro BUCOKY eKCIUTyaTalliiiHy Ha-
JiHICTD [2-4].

OpnuM i3 1IAXiB MoAMGIKalll CTPYKTYpH
OeTOHY, y TOMY 4YHCJi MiHOOETOHY, € 3aCTOCY-
BaHHS TIPOCTIMINX MOBEPXHEBO-aKTUBHUX PeEUO-
BUH — ToJricnuptiB [5—8].

3Bakaioun Ha MOJI(PYHKITIOHATBHY if0 TO-
BepxHeBo-akTUBHUX pedoBuH (ITAP): nmediio-
KYJISHTIB, TacTU(hIKATOPIB Ta MOJMICIUPTIB,
AKTyaJIbHUMU BapTO BBa)KaTU JOCJTI/KEHHS,
CIIPSIMOBAHI Ha MOJIAJIbIIE YIOCKOHATIEHHS 1 PO3-
BUTOK TEXHOJIOTIi Hi3ApioBaTHX OGETOHIB, 30Kpe-
Ma IHOOETOHIB, CHPSIMOBAaHE Ha PEryJIOBAHHS
IIPOIIECIB CTPYKTYPOYTBOPEHHS IIEMEHTHOTO Ka-
MEHIO TIIJITXOM BUKOPHUCTaHHS e(eKTUBHUX J10-
0aBOK, sIKi MOJM(DIKYIOTh CTPYKTYPY OETOHY.

AHaui3 ocTaHHiX JocHiaKeHs. Haranpua ve-
OOXiZIHICTh OTPUMAHHSI BUCOKOSIKICHUX OETOHIB
Ha 6a3i PAMOBUX [[EMEHTIB 3MYIIYE IyKaTH HOBI
TeXHOJIOTIYHI TIPUHOMM, BUKOPUCTAHHA MiHe-
pasbHUX 00aBOK-MOAM(DIKATOPIB i OpraHiyHUX
mozaudikatopis [1; 9; 10].

Po6oramu ILI. Boxenosa [11], PD. PyHo-
BOi [12] Ta iH. BCTAaHOBJIEHO, IO BUKOPUCTAHHS
AKTUBHUX MiHEpaJbHUX T00aBOK Ja€ peajibHy
3MOTy OTpUMaTi OeToHM i3 3amaHuMu (isu-
KO-MeXaHIYHUMH XapaKTepUCTUKAMU B YMOBax
3HAYHOI €KOHOMIi TTOPTJIAH/I[EMEHTY.

AK nobaBku-moaudikaropy HalOiIBII IIH-
POKO HHHI 3aCTOCOBYIOTHCS MiKpPOKpeMHe3eM
[9] ta merakaosin [13]. OzpHak BOHM MalOTh
MeBHI HEJ0JIKY, IKi CTPUMYIOTH 1X IIUPOKe 3a-
crocyBaHH4. [0 TaKMX HEMOMIKIB MiKPOKpEMHe-
3emy [9] BapTo 3apaxyBaTu BifCyTHICTH CTabLIb-
HOCTI HOTO BJIACTHBOCTE, OO BiH IpeACTaBJIsIE
BifX0ZM BUPOOHUIITBA Ta CKJIAIHICT TpaH-
CTIOPTYBaHHSI Ta BUKOpHUcTaHHA. /[ MeTaka-
oniny [13] HemosikoM € floro BHCOKA BapTiCTb
BHACJIIOK /IOCUTh BUCOKHMX €HEPrOBUTPAT Ha
fioro BUpOOHUIITBO. JI0BOJII BUCOKI pe3yJibraTu
B IIJBUIIEHHI MIiIHOCTI GETOHY, 30KpeMa IiHO-
OeTOHY, OTPMMaHi 32 PaxXyHOK 3aCTOCYBaHHS sIK
HaHoMo dikaTopiB croyk d-emementiB [14].
[loBenmeno, 1Mo o3HavYeHi HaHOMOAMGIKATOPH,
3aCTOCOBaHi OfHOYACHO i3 Tmosmictiuprom [13],
MPU3BO/ISATDH /10 3HAUHOTO MiJIBUIIIEHHS MIITHOCTI
MHOGETOHY, 1[0 € aKTyaJbHOIO 3a1adyeio, BUPI-
IMEeHHS SKOi MPU3Be/le 70 PO3MIMPEHHS Tasy3i
3aCTOCYBaHHS MIHOOETOHY.

Mera poOOTH — MiABUIUTH MII[HICTH IiHO-
OeTOHY ISt PO3IIMPEHHs Taaysi Horo sacro-
CyBaHHS B OYAIBHUIITBI. 3aBIaHHS: TOCJIi/IN-
TH BIUTUB HAaHOMOAMGIKATOPIB, a caMe CIIOJNYK
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d-enementiB, MOAM(IKOBAHUX KOJOIIHOIO I10-
BEPXHEBO-aKTUBHOIO PEUYOBWHOIO, HA BEJUYUHY
MIITHOCTI TIiHOOETOHY i MBUAKICTD il hopMyBaH-
HS; BU3HAYUTU KIJBKICHI MOKA3HUKU BILJIUBY
O3HaUEHNX HAHOMOJM(DIKATOPIB HAa BEJUIMHY
MII[HOCT] MiHOOETOHY; BU3HAYUTH ONTHMAJIbHI
BEJIMYMHN BUTPATU HAHOMOIM(DIKATOPIB, MOIH-
(bikOBaHUX KOJIOITHOIO TTOBEPXHEBO-aKTUBHOIO
PEYOBHHOIO, JIJII OTPUMAHHS IIHOOETOHY MaK-
CUMAaJIbHOI MIIHOCTI.

JlocmijskeHHsT TIPOBOJIMJIA 3 BUKOPHCTAH-
HsM TropTirasaiementy M400 (Bupobuuk ITAT
«Xaiigenpbepr mement Kpusuii Pirs, Ykpaina),
K APiOHMIT 3aTOBHIOBAY BUKOPUCTOBYBAJIM JHi-
IIPOBCbKUIA PIUKOBUI TICOK. SIK TTOBEPXHEBO-aK-
TUBHY PEYOBMHY BUKOPUCTOBYBAJIU KOJIOIHY
noBepxHeBO-akTUBHY peuoBuHy (MIIAP). Ax
d-enement (HaHoMOAM(IKATOP) BUKOPUCTOBY-
BaJI OKCHUJL 3aJ1i3a.

Momudikamis wHanHoMmoamdikaTopa MTPOBO-
JIAJTACS TUISIXOM HOTro 00pOOKH BOJHUM PO3YM-
HoM MITAP, gkuii maB konnentpaiiito MITAP
0,1%. ExcriepuMeHTaIbHI 3pa3ku GETOHY TOTY-
Basn 3 OETOHHUX CyMileil, KOMIOHEHTH SIKUX
JI03yBaJIi B HEOOXIJHUX, 3T1IHO 3 IJIAHOM €KC-
HePUMEHTY, KIJIBKOCTAX, NepeMillyBaju B Ja-
GOpaTOPHOMY 3MilllyBayi MPOTIATOM 3 XBUJIUH.
OTpumana cyMminr Tomimanacs B MeTaleBy
bopmy-Kky0, sika Mae po3mip cropin 7 cMm. Biz-
(dhopMOBaHi TaKUM YMHOM 3pasku OETOHY TBeEp-
Al mporsaroMm 28 Ai6 mpu BOJIOTOCTI HABKO-
mumHboro cepenosuia 70+10% i tremmeparypi
HaBKOJUIITHBOTO TIOBITpsT 293+2 K. Mirmnicts
P CTUCKY OETOHY, KWl He MICTHB KOJIOIIHOI
MOBEPXHEBO-aKTUBHOI PEYOBMHU Ta HAHOMO-
midikatopiB ctanosuia 2,2 Mlla, #ioro ryctu-
Ha — 600 kr/m>.

BusHaueHHS BeJIMYMHU MEKI MIIHOCTI TIPU
CTUCKY 3pa3KiB MPOBOAUJIOCH BIJIIIOBITHO [0
CTaHJAPTHUX MeToJAuK. KOHTposib MillHOCTI
3pa3KiB 3/[IMCHIOBAJIA HA YHIBEPCAJIbHIN MalllnH1
YMM-100.

Pesyawratu nociainkenb. PesyabsraTi Bu3Ha-
YeHHd MeXaHIYHOI MIIHOCTI IPU CTUCKY 3Pa3KiB
miHOOeTOHY Ha MeBHil cTajil TBepainHs (28 i)
mpeJicTaBaeHo Ha puc. 1-3.

HeoOxigHO 3a3HaYWTH, MO B TIPHCYTHOCTI
KOJIOI/THOI TIOBEPXHEBO-aKTUBHOI PEYOBUHU 32-
crocoBaHuil HaHOMOH(DiKaTOp 3abe3neuye Iij-
BUIIEHHS MiI[HOCTI MiHOOETOHY.

BcranoBsieHo, 1110 BiIOBIAHO /10 BMICTY 3a-
noBHIOBaua (puc. 1-3) B 6eTOHI 3MIHIOETHCS Xa-
paxTep BIUIUBY Ha iioro MittHicTh MITAP Ta Ha-
HOMOM(iKaTopa.
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BcranoBieno, mo MaKCHUMaJbHUN HPUPICT
MIITHOCTI THiHOOETOHY CIOCTEPIracThes MPHU Bijl-
HomenHi [1/11=0,24 ta BuTparti HaHoMoaKdiKa-
Topa (d-esementy) 5-6% Bin Macu 1eMeHTy He-
3ajie;kHo Bit BMicTy MITAP y Getowi (puc. 4, 5).

BusnaueHo 3MiHy MIIIHOCTI iHOOETOHY
B Yaci pM 3aCTOCYBaHHI K HaHOMOAUPIKAaTOpa
cucremn «okcuj 3amiza — MITAP» (puc. 6).

3a eKCHepuMeHTATbHUMK JTaHUMU BHU3HA-
YeHHST MBUIKOCTI (POPMYBAHHS MIITHOCTI TIpH
CTUCKY TiHOOeTOHY (puc. 6) BuUaHO, 10 306i/b-
IMEeHHSI  MIBUAKOCTI  (POPMyBaHHA  MII[HOCTI
B MoYaTKOBi TepMinu (10 15 1i6) BimOyBaeThes
y OibIIOMY CTYyTIEH] B pasi MMiABUINEHOI BUTPATH
MITAP, ane nazmami, HaBmak, — B pa3i MEHIIOI
utpatu MITAP.

Puc. 1. BixsocHa MilHiCTb MiHOGETOHY
(I1/11 = 0,22; 1T — maca 3anoBHioBaya, I — maca 1ementy)

Pruic. 2. BigsocHa MilHiCTD MiHOGETOHY
(IT/10 = 0,24; 11 — maca 3amoBHOBaYa, 1] — Maca 1iemenTy)
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BucnoBku. IIpoBeneHuMu A0CTIKEHHAMUI
BCTaHOBJIEHO 0COOJIMBOCTI BILIMBY Ha MIIlHICTH
IPU CTHCKY MiHOOETOHY HaHoMoamdikaTopa,
AKWIT SIBJIsIE 0000 MCIEPCHY CHCTEMY <«CIIO-
ayka d-emementy — MIIAP», B 3amexHOCTI
Bix 11 KimbkocTi i kinmbkocti MITAP y GeTomi.
MosxHa cTBep/KyBaTH, 10 JUCIEPCHA CHUCTe-
ma «crosyka d-erementy — MITAP» cyrreBo
BILUINBAaE Ha (HOPMYBAHHSI CTPYKTYpHU TIIiHO-

GeroHy Ha ycix cramisx ioro tBepainus. Ile
MPOSIBIASETHCS Y 3MiHI MIBUAKOCTI (hOpPMYyBaH-
HS Ta BEJMYMHU MIIIHOCTI TIPH CTUCKY MiHOOE-
TOHY. 3aBIFKU KaTalidy MeXaHiuHa MIIlHICTb
Gerony migsuiyeTbest Ha 120-450% B mOpiB-
HAHHI 3 OETOHOM, SIKWiI HE MICTUTH JHCIIEepC-
Hy cucremy «cmoJyka d-erementy — MITAP».
Ile mae 3Mmory cTBepaKyBaTu PO eheKTHB-
HICTh ~ BUKOPHUCTaHHS  HaHOMoAudikaTopa,

Puic. 3. BixHocHa MilHiCTb MHOGETOHY
(I1/11 = 0,26; II — maca 3anoBHioBaya, [ — mMaca riementy)

Puc. 4. Binnocna minmicts minoberony mpu crucky (MITAP = 0,00022 %)
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Puc. 5. Bigsocha minnicts minoGerony mpu crucky (MITAP = 0,00024%)

Puic. 6. 3mina MintHOCTI HaHOMOM(IKOBAHOTO MIHOGETOHY B Yaci

0 MICTUTh JWCHEPCHY CHCTEMY <CIIOJyKa | TH TepMiHU OYAiBHUIITBA MIISIXOM CKOPOUYEHHS
d-erementy — MITAP» y Texnosorii BUTOTOB- | TepMiHIB BHUTOTOBJIEHHST Oy/iBeTbHUX BUPOOIB
JIeHHsT THOOETOHY, 110 JaCTh 3MOTY CKOPOTH- | i eJleMeHTiB OyMiBeJbHUX KOHCTPYKITiii.
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APPLICATION OF THE COMPLEX NANMODIFIER IN FOAM CONCRETE TECHNOLOGY

Abstract. In the work on the basis of the analysis of the literature data, the purpose of the research
was determined to investigate the effect of nano-modifiers, namely compounds of d-elements,
modified by a colloidal surfactant, on the magnitude of the foam strength and the speed of its
formation. The basis of the research was the known results of studies, which are based on the fact
that the chemical processes of hydration of Portland cement provide the formation of concrete
compressive strength. Under certain conditions, increasing the rate of hydration of cement helps to
increase the compressive strength of concrete. This is especially true of foam concrete. The effect
of colloidal solutions consisting of a mixture of surfactant, which can form micelles, and nano-
fillers - mineral additives-modifiers, was studied. A feature of the studies presented in the paper
is the study of the simultaneous effect of micelles-forming surfactants and d-element compounds
on the change in the strength of foam concrete. In the course of research it is established that
the specified micellar surfactants and applied additives-modifiers change the character of the for-
mation of the strength of the foam concrete, namely increase its value. The nature of the change
in the strength of the foam under the influence of the surfactants and admixtures used depends on
the amount of aggregate in the concrete. The conducted researches have established the peculiari-
ties of influence on the compressive strength of nano-modifier foam concrete, which is a dispersed
system of “d-element compound “ colloidal surfactant”, depending on the type of mineral nano-
modifier, its number and amount of colloidal surfactant in concrete due to catalysis, the mechan-
ical strength of concrete is increased by 120-450% compared to concrete that does not contain
a dispersed “d-element — colloidal surfactant” system. It has been proved that micellar catalysis
can be used to control the processes of cement curing and the formation of the strength of artificial
stone obtained in the process of cement hydration, using micelles filled with additives-modifiers
thereby increasing the absolute amount of compressive strength of such concretes, in particular
fine-grained 28.

Key words: foam concrete, micelles, surfactants, filler, strength, modifier.
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