[image: IMG_0009]
[image: IMG_0010]
[image: IMG_0011]
[image: IMG_0012]
[image: IMG_0013]
[image: IMG_0014]
[image: IMG_0015]
[image: IMG_0016]
[image: IMG_0017]
[image: IMG_0018]
[bookmark: _GoBack][image: IMG_0019]
image6.jpeg
R o i S e S B o S R T

Haykosuit BicHuk YkpHAIMB, 2013, Ne 2 (28)

Busnauennss TOX BOrHE3aXMCHOTO MOKPHTTS TPOBOAMIM LIUIIXOM poss’szannsa O3T 3
BUKOPHCTAHHAM «30YpeHnX» JaHHX TEMIEpaTypH Ha oOirpiBmiii moepxmi 3paskis mix mapom
BOTHE3AXMCHOTO MOKPHTTS 33 IAHUMH OJHOTO Ta IBOX EKCIIEPHMEHTIB OJHOYACHO. 32 OTPHMAHMMH
Pe3yJIbTaTaMi PO3PAXYHKiB IIPOBOAWIOCH NOPIBHAHHS 3HAYEHb MOXHOOK, OTpuManux s O3T 3a
JIAHMMH OJ{HOTO Ta JIBOX EKCHIEPUMEHTIB, i POOMIINCS BUCHOBKH OO CTIMKOCTI pose’s3annsn O3T
Ta MiHIMaTBHOI KUIBKOCTI 3pa3KiB, VIS AKOT OCATa€ThCS NPUAHATHA /ISl {HKEHEPHUX PO3PAXYHKIB
TOYHICTb.

I3 oTpuMaHuX pe3ynBTaTIB BHILIMBAE, 1O MPH 3aCTOCYBAHHI JAHUX OJHOTO €KCIIEPUMEHTY
i3 3aBaHHAM 3OYpeHHx» 10 10% 3HaYeHb TEMIEPaTypH JOCATAIOTHCS CTiiki pimenns O3T, ans
AKHX N0XKMOKa y BU3HAaYeHHi KoedirienTy Temronposinnocti nepebysac y Mexax Big 0% 1o 5%, a
noxubKa y BUSHAYeHHi IHTOMOi 06’ eMHoi Temoemuocti — Bix 3,33% 110 66,7%. TIpu 3acrocyBanmi
JIaHMX  JIBOX  EKCHICPUMEHTIB MaKCHMANbHi 3HAYCHHS NOXMOKM y BH3HAYeHHI Koedinienry
TEIUIONPOBIAHOCT] Ta MATOMOI 06’€MHO TEIUIOEMHOCTI 3aNMINAIOTECS TAKHMH K CAMHMIL TIpu
LBOMY MaKCHMallbHA MOXMOKAa Y BH3HAYCHHI HEOOXiAHOT MiHIMATBHOI TOBIMHM TIOKPHTTS 32
JIaHMMH OJIHOTO EKCIIEPUMEHTY CTAaHOBHTE 3,3%, 3a TAHUMH JBOX EKCIIEDUMEHTIR 6,16%.

Tlpu «36ypeHni» 3HaueHb TemuepaTypy 10 50% TaKOXK ZOCSTAIOTHCS CTiffKi pimenns O3T,
K TIPH PO3B’SI3aHHI 337191 32 JIAHUMH OJHOTO EKCIICPUMEHTY, TAK i JBOX excriepuMeRTiB. Ilpu
LBOMY MAKCHMAIBHE 3HAUCHHS NOXHOKM Y pO3paxyHKax Koe(illieHTy —TemmompoBimHocTi
cranoButh 30,0% Ta 27,7% npu 3aCTOCYBaHHi JAHHX OJHOTO Ta JBOX CKCIIEPHMEHTIB BilNOBI/HO, a
3HAYCHHS TIOXMOKM y PO3paXyHKaX THTOMOI 06’€MHOI TEIIOEMHOCTI CIBNAAAIOTh i CTAHOBIIATH
66,7%. MakcuManbHe 3HAaYeHHS INOXHOKM y BHM3HAYCHHI HEOOXiMHOI MiHIMAILHOL TOBIIMHHK
TOKPHUTTS CTaHoBIATH 13,21% Ta 10,0% BiamosiaHo s ogHOro Ta ABOX €KCIIEpUMEHTIB.

3 BHINEHABE/ICHOrO BHMIUIMBAE, IO y Pasi 3aCTOCYBAaHHA SK OJHOTO TaK i JIBOX
CKCIICPHMEHTIB, NOCATaloThCs CTiliki pimenns O3T NpH 3HAYHMX BHNAAKOBHX IOXHGKAX y
BH3HAYEHHI TeMIEPaTypu Ha OGirpiBHiii IOBepXHi 3paska IMijl MAPOM BOTHE3AXHCHOTO TIOKPHTTSL.
Tlpu usomy, noxubin y Bu3sHaYeHR] HEOOXiTHOT MIHIMATBHOT TOBIIMHY IOKPUTTA Maiiie OJIHAKOBI,
K TiJ{ 9ac 3aCTOCYBaHHs JAHHX OJHOTO, T2K i JIBOX eKCICPHMEHTE. Hanpuxonaz, na pucynky 2
HABEJIEHO 3AJIeKHICTh 3HAYEHHs L€l MOXHOKM Biff MeXi BOrHECTIHKOCTL IUIST «TOYHUX» 3HAYEHb
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Pucymox 2 - Banexmicrs mOXHOKM y Bu3HaueHni HeoGXimmoi MimiMabHOT TOBIIMHI

BOTHE3aXHCHOTO IIOKPHUTTSA BiJl 3HAYCHHS MEXKi BOTHECTIHKOCTi:
1 — npu 3acToCyBaHHi JAHUX OJIHOTO CKCIIEpUMEHTY;
2 — 1IpH 3aCTOCYBAHHI IAHUX JABOX €KCIIEPHMEHTIB.

Taxum 4HOM, MOXIHA 3POGHTH BHCHOBOK, IO 3ACTOCYBAHHS JAHHX OJHOTO CKCIIEPHMEHTY
JI03BOJISIE OTpUMATH Crifike pimenns O3T, a 36iMbIenHs KiTbKoCTi €KCIIEPUMEHTIB HE MPHU3BOAUTH
JI0 3MCHUICHHS TOXMOKM y BH3HAYCHHI HCOOXIIHOT MiHIMANBHOI TOBINMHH BOTHE3AXHCHOIO

TIOKPHTTS.
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Heo6XimHicTs JOCTIPKEHHS BIUIMBY MOXHOKH Y 3aBaHHi TEIO(I3UIHAX XapaKTEPHCTHK
GeTomy HA TOUHICTH BH3HAUCHILL BOIHE3AXHCHOL 3JATHOCTI TOKPHUTTIB TOB’S3aHA 3 THM, IO,
3a3piail, TOX GeToHy 3anexarh Bifl HH3KH YUHEMKIB, 30KpEMa, Biji HOrO IYCTHHH, BOJIOrOCTi,
HASBHOCTI JOMIIIOK pi3HOro mpnsHadeHns Tomo. Tomy, 3HAUCHHT iforo  TeriodizmaHuX
XapaKTePUCTHK MOYKYTh Bipi3HATHCS B THX, AKi Hapezeni B €spoxozi [4] | 3aCTOCOBYIOTE 1ix Yac
BUBHAMCHES BOTHC3AXMCHOT FIATHOCTI TIOKPHTTS IIPH PO3B’i3aHHi PAMOi Ta 00CPHCHOT 3a/1at.

Jlnst OMHKE BIUIMBY BiIMiHHOCT T®X 6eToHy, SKHH 3aCTOCOBYIOTh y 3paskax Juld
MPOBEJCHHs CKCTIEPUMEHTAIIBHOTO BU3HAYCHHI temmeparyp, Bix T®X, HaBefeHUX B €BpoKoi,
Takox GyJI0 3aCTOCOBAHO METOJ 0GYHCTIOBAIBLHOTO CKCICPUMEHTY 3 ATOPUTMOM, AHAIOTIIHUM
HABEJIEHOMY Ha PHCYHKY 1.

Ipu BU3HAYEHH] TOYHMX» 3HAYCHb TEMIEPATYpH HA o6irpiBmiii moBepxHi 3paska mix
[apoM BOTHE3AXMCHOTO IOKPHUTTSA 3aJaBaji «rouniy 3mavenns TOX 6eromy (Mg« CPs x), AKi
BiZpI3HAIOTECA Bifl HABCACHUX Y €npoxofti (A 5 p; CP 5 p)- IIPH 1BOMY KOKHE 3HATCHI xoedirienTis
TemnonposizmocTi Ag » Ta (a60) nuTomoi 06’ emmHol TEIUIOEMHOCTI CPp p Y BY3JOBHX TOUKaxX IO
TeMrepaTypi 3MiHIOBANOCH Ha JACAKHH BizicoTOK y pisEux KomGimauisx. Hanpuiiaz, OAHOUACHO
36iMbIIyBaIH (3MEHIYBAITH) 3HAYCHHS o6ox Kxoedimientis Ha 20%, 50%; 3GimpiuryBama Ha 50%
3HAYCHHS Af p, & SHAUCHHS CP5 p SMEHIIBAIIK HA TAKHUIA Ke BiZICOTOK i HABMAKY, 3a/[aBalli 3HAYCHHA
A5 p (abo cps p) 3 €BpOKOTY, TpU HEOMY 36inpmyroun (3Menmyioun) Ha 50% BizroBiTHI
KoeilieHTH.

Jlisi KOXKHOIO BAPIaHTy BiIXHICHDL Yy sapganni TOX GeTOHY LUIIXOM PO3B’A3AHHIT T13T
BH3HAYATH (TOWHi» 3HAYEHHS HeOOXiAHOI MiHIMATILHOI TOBIIMHI BOTHE3AXUCHOTO moxpurrst (br) 1
Bi/IOBI/IHI 3HAYCHHS TEMIICPATYpU HA oGirpiBHiil mOBEPXHi 3pa3ka Iij IIapOM BOTHE3AXHMCHOTO
moxpurrst Tp. 3a WAMH JaHAMH i3 sacrocysannsm TOX Gerony (As p; CP5 p), AKi BiZINOBIAIOTH
€BPOKOLY, IUISXOM PO3B’A3AHHS 03T Bu3HaYaIH TEMUIO(i3UHi XapaKTePUCTHKA ITOKPUTTS (MBI ps
CPBI p), TIOPIBHIOBATH iX 3 «TOUHMMI) 3HAICHHAMH ABIT 1, CPBII « TA PO3PAXOBYBATH MOXHOKY ¥ iX
pusnadenni 3a dopmymnamu (1), (2).

Ili snagenns TOX moxpurTs 3ajaBald mig wac poss’ssammsa I13T i BH3HAYCHHA
Heo6XigHoi MiHiMAJBHOI TOBUIMHH BOIHE3aXMCHOTO MOKPHTTA (by). TIpH mbOMy 3aCTOCOBYBAIH
T®X Gerony 3 Biaxmiennsmu (A ©; CP5 +). OTpHMaHi 3HAYCHHST Heo6XimHoi MiHiMABHOT TOBIIMHH
(bp) TIOPIBHIOBAH 3 KTOYHHMID) (b,) i Bu3HAYAMA OXKOKY 32 YOPMYIIOI0 3).

TIpy po3paxyHKaxX Iij 4ac poss’szanms O3T 3acrocoByBaiu JIaHi OJ(HOTO, IBOX Ta TPHOX
€KCIEPUMEHTIB U1 3HAYCHHA acy, SIKHiA JTOPIBHIOBAB MEXi pormecriiikocti ty = 30; 60; 120 xB
HeoGxiHy MiHiMaTbHy TOBIIMHY BOTHE3AXHCHOIO MOKPHTTH PO3pAXOBYBAIH JUTS 3HAYEHb MEXi
Bormecrtifikocri ty = 30; 45; 60; 90; 120 xB.

'V Tabmumi 2 IPECTABICHO MAKCHMAIbHI SHAYCHHA noxu6ku y usHadeHni TOX HOKPUTTS
12 #Oro HEoOXiAHOT MIHIMATEHOT TOBIMHH JUIA BCIX BapiaHTIB PO3PAXYHKIB 33 YMOB 3aCTOCYBAHI
J[HAX OJTHOTO EKCIIEPMMEHTY. 3a MAKCHMAITbHI TpMiiMATHCh HaHGiIpII SHAYCHHS TOXMOKH, fKi
MaH MiCI(e ZUISt Pi3HEX BapiaHTiB BiAXWICHb Y 3HAUCHHSX TOX Gerony.

TaGmuus 2 — Bapianty 3aBaHms TOXHOOK y 3HAYCHHIX Tero(i3MIHNX XapaKTePHUCTHK
GeToHy, MakCUMAlbHi TIOXHOKH Y pusnauenni TMOX BOrHE3aXMCHOTO IOKPUTT Ta y BU3HAYCHH
#oro Heo6Xi/Hoi MiHIMANBHOT TOBIIMHM 32 YMOBH 3aCTOCYBAHHS JIAHIX OJJHOTO EKCIIEPUMEHTY

Ne BapianTa Bigxmienns y 3naventuix TOX Gerony ToxuGka y BU3HAUCHHI TToxubxa y
Y BY3JIOBUX TOYKAX TOX TOKPHTTA BU3HAYEHH]
neobxinHoi
MiHiManBHOT
TOBIITMHHI
Ap cpp 81, % Sep % Su,%
1 +20% +20% 20,0 110,0 4,13
2 -20% -20% 31,0 70,0 4,04
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Iponosxkenns Tabmuui 2

Ne papianta Binxmrenns y snavenmix TOX Gerony | IToxu6ka y Busnaenni TToxubKa y
Y BY3JIOBHX TOYKaX T®X nmoxpurTst BHU3HAYEHH]
HeoOXiqHoi
MiHiManbHOT
TOBIIMHI
Ap cpp 81, % 8ep % 84,%
3 +50% +50% 40,0 380,0 114
4 -50% -50% 119,0 63,3 9,30
5 +50% -50% 18,0 20,0 1,96
6 -50% +50% 20,0 83,3 2,73
7 0% +50% -22,0 180,0 4,80
8 0% -50% 49,0 20,0 5,11
9 +50% 0% -22,0 93,3 4,23
10 -50% 0% 50,0 30,0 4,65 j

I3 OTpHMaHMX TaHMX BHIUIMBAE, IO OXMOKA y BH3HAYEHH] KoedilieHTy TerronposiaHocTi
CYTTEBO 3QIKATE Bifl 3navenus Bixxmienms y TOX Gerony. Haifbinsme 3navenms (119%) Bona
mae it Bapianty Ne 4, junst sKoro sHaeHns xoedirienty TEIUIONPOBIIHOCTI Ta TUTOMOI 06’ eMHOT
TEIIOEMHOCT GETOHY OJHOYACHO 3MEHIIYIOThCA Ha 50%, a HaiiMeHme (18%) - must BapianTy Ne 5
(xoediuient Temonposinrocti GeTony 36inbmeno Ha 50%, maToma 06’ eMHa TeruToeMHiCTh 6Gerony
3MeHuieHa Ha 50%). [Toxubka y BH3HAYeHHi MUTOMOT 06’€MHOI TeITOEMHOCT TIOKPUTTA JOCsrae
380% mns Bapianty Ne 3, xomm ommouacho Ha 50% 30IIBIIYIOThC 3HAYCHHS TerIODi3HanmX
XapaKTePUCTHK GCTOHY.

Pesynpratu pospaxyHkiB HeoGXi/IHOT MiHIMANBHOI TOBIIMHH BOrHE3AXHCHOTO HOKPHTTS Y
Pasi BUKOPHCTAHHS! TAHHX OJHOTO CKCIIEPUMEHTY MOKA3yIOTh, O 3HAMEHHS OXHOKH Y BU3HAYCHHI
Li€T BETMYMHM TAKOXK 3a7T€XKHUTh BiJl 3HAYCHHS BiXHICHD y T®X Gerony. Hait6inbni snavenss niei
moxnbku (11,1%) Bimmigarorscst wist Bapianty Ne 3, Y siKoMy omHOwacHO Ha 50% 36impmeni
3HAYCHHST TEIOi3HIHNX XapaKTepucTHK GeTony Ta BapianTy No 4 (9,3%), st sixorO 1i 3HAYEHHS
OZHOYacHo 3meHmeHi Ha 50%. Y pasi sacrocysamms Bapianty Ne 5 (3mavenns Koedinienty
TCIUIONPOBIAHOCTI 36inbIIeH0 HA 50%, MUTOMOI 06’€MHOI TEITOEMHOCTI 3Menmeno Ha 50%)
0XHOKa CYTTEBO 3MCHIIYEThCA i HocsTac 3Hauenus 1,96%.

Y Tabnuui 3 HaBeACHO MAKCHMAbHI 3HAYCHHSA MOXHOKH Y BH3HAYEHHi TerIo(i3uuHnx
XapaKTCPUCTHK BOTHE3AXHCHOTO IOKPUTTA Ta HOro HEOOXifHOI MiHiManbHOI TOBIHHM s
HaiOimbumx 3Havens Biaxmiens TOX Gerony 3a YMOB 3aCTOCYBAaHHS JNaHHMX JBOX Ta TPbOX
EKCIIEPHMEHTIB.

Tabmams 3 — Maxcumanbni noxubkn y susnauenni TOX BOrHE3aXHCHOTO TOKPHTTA Ta Y
BH3HAYCHHI HOro HeoOXiaHOi MiHiMATEHOT TOBIMHY 32 YMOBH 3aCTOCYBaHH: JIaHUX JIBOX Ta TPHOX
EKCTIEPUMEHTIB

Binxuienns y sHayennsax Ioxubxa y Busnauenni TOX noxpurrs TToxubka y
T®X Gerony y Bysnosux BU3HAYCHHI
TOYKaX HeoOXiHOI
MiHiMaTBHOT
TOBIIMHHA
Asp P Ep &, % dcp, % 3v,%
O3T(2) | O3T(3) | 03T(2) | O3T(3) | O3T(2) | O3T(3)

+50% +50% -36 -36 300 243 -3,53 -3,15
-50% -50% 108 106 40 3.33 -5,08 -5,42
+50% -50% 17 17 -3,33 -10 -1,23 -1,23
-50% +50% 17 18 -10 50 0,63 0,84j
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| AHalli3 OTPHMAHNX pe3ynbTaTiB TI0Ka3aB, 110 MPH 3aCTOCYBAHHI JaHHX [ABOX EKCIEPUMEHTIB
{ nix wac posw’ssanns O3T MakcuManbHa moxH6Ka y Bu3HadYenni xoedinienty TemonposigHocti
zemo 3smenuyersest — 3i 119% no 108%, a Y BU3HAYEHHI MHTOMOI 06’€MHOI TemIoeMHOCTI — 3
380% mo 300%. Tlpu sacrocysammi mammx TPBOX CKCHEPUMEHTIB CIIOCTEPIracThes MOAANbLIIE
HC3HAYHC 3MCHIICHHS [OXMOOK y BH3HAYCHHI wLHX xoedinientis: o 106% - xoedimient
TEIIONpOBiHOCTI, 10 243% — nuToma 06’cMua TCIUIOEMHICTB. 3aCTOCYBaHHS NAHMX BOX
CKCIIEPUMEHTIB OJHOYACHO MiJi 4ac po3s’s3anms O3T 103BONISC 3MEHIIHTH noXubKy y BU3HAYeHH]
HeoOXiIHOi MiHIMATBHOT TOBIIMHA BOTHE3aXHCHOTO HOKpUTTA Ha 68%. MakcuManbHe 3HAYEHHS
i€l noxubku svenmyersest 3 11,10% xo 3,53%. 3aCTOCYBAHHS JAHMX TPHOX CKCUCPHUMEHTIB HE
UPH3BOAUTE [0 3MCHLICHHS IOXMOKM y BH3HAYeHHi HeOOXimmoi MiHIMANBHOI TOBLMHH
BOTHE3aXACHOTO TOKPUTTS. 3a OTPHMAHMMHM pPE3yNBTATAMH MOXKHA 3pOOHTH BHCHOBOK, 1[0
3aCTOCYBAHIS NMAHUX JIBOX CKCIEPHMEHTIB Juis poss’ssanns O3T 1o3poisie CYTTEBO IiJABHIIUTH
TOUHICTh BU3HAYCHHS BOTHE3AXMCHO! 3MATHOCTI MOKPHTTS, TIOPIBHSAHO i3 3aCTOCYBAHHAM NAHUX
OJTHOTO  CKCTICPUMEHTY, a 3aCTOCYBAHHS [@HUX TPhOX EKCIICUMEHTIB HE MPH3BOIMTH JI0
3MCHIICHHS MOXHOKM y BU3HAYECHHI Ui€l BeIMannm.

Takium  umHoM, Gymo o6rpyHTOBaHO, MO TpPH 3aCTOCYBaHHI  EKCIICPHMEHTAIBHO-
PO3PaxyHKOBOrO METOJa /Ul BH3HAYEHHS HEOOXIZHOI MiHIMATBHOI TOBLIMHM BOTHE3AXHUCHOTO
TIOKUTTS. HEOOXIZHO i NOCTATHBO BHKODHCTOBYBATH ABA 3Pa3ki JUIsi EKCIIEPUMEHTATBHOTO
BU3HAYCHHS TEMIICPATYPH B HUX.

Jnst oOrpyHTyBaHHS mApaMeTpiB  TemTo(i3maHIX XapaKkTePUCTHK ~ BOTHE3aXHCHOT'O
TOKPHTTS, WO iAEHTHDIKYIOTBCA MULAXOM PO3B’sI3aHHA 0GepHEHOi 3ajadi TEIUIONPOBITHOCTI 32
JaHUMH TePMOMETPii 3paskis, GyI0 BHKOPHCTAHO Pe3yNLTATH DPO3B’S3aHHS HU3KH TECTOBHX i
npaktuaHuX 3azad. pu mpomy Gyno BpaxoBaHO jaHi, OTpMMaHi METOZOM O0GYHCIIOBATBHOTO
CKCIIEPUMENTY, SKi HaBE/IeH] BHIIIE.

Cyricts inentndixanii TOX BOrHE3aXHCHUX MOKPHTTIB GyIiBETLHHX KOHCTPYKII# 1pu
3aCTOCYBaHHI CKCIEPHMEHTAILHO-PO3PAXYHKOBHX METOJIB MONArac y HACTYIHOMY [1, 3].

3a OTPUMAHMMM Hil 4aC CKCTIGPHMENTY 3HAYCHHAMH TEMIIEPATYPU B 3paskax KOHCTPYKLiii 3
BOTHC3aXMCHUM  [OKDHTTAM IULAXOM pO3B’S3aHHA OBGEpHEHOi 3ajadi  TEIUIONMpOBiTHOCTI
BU3HAYAIOTE 3HAYCHHA TEIUIOQI3UYHAX XAPaKTEPHCTHK BOTHE3AXMCHMX IIOKPUTTIB, a came
KOe(itieHT TerIonpoinHOCTi i nMTOMY 06’€MHY TEIIOEMHICTH, 3a SKHX 3abesnedyerses
MiHIMaIbHA PO3GIKHICTE F' PO3PAXyHKOBHX T, i excniepumentanbuux 7, 3HAYEHD TEMIIEATYp Ha
3paskax. LTio pos6ixuicts F Bu3Hayarors 3a gopmyioro:

0,5

F=| 3T, -1, im| @

J=1
JI€ M — KiIbKICT eKCIIEPUMEHTATIHEX 3HAYCHD 7).

Pospaxymkosi 3HaueHns Temmeparypu T, I KOXHOrO i3 3paskiB BH3HAYAIOTH
PO3B’J3aHHAM MPAMOI 3a/a4i TEIUIONPOBIAHOCTI METOAOM KIHLEBHX PI3HHIE 32 HESBHOK CXEMOIO
anpokcuManii i3 3aCTOCYBAHHAM TETTOBO CXEMH Ta MATEMATHUHOT MOJIE/ IIPOLIECIB Y KOHCTPYKIii
3 BOTHE3aXHMCHUM IIOKPHTTAM.

Posp’s3anms obepHenoi 3a/1aui TEIUIONPOBIAHOCT] MPOBOAATE EKCTPEMATHHAM IIIIXOM,
34CHOBAHMM Ha iTepaniitoMy meroni Heiorona — I'ayca momyky mimimymy dysxuii F i metomi
perympusanii Tuxonosa A.M. 3a I0IIOMOrot0 KoM’ 10TepHoi nporpamy FRIEND [1]. TIpu mpomy
PO3NILIAIOTE  CIUIaHH-aNpOKCHMANii  KoedilienTa TerutonmpoBimHocTi Ta mHTOMOI 06’ eMHOT
TEIJIOEMHOCT] HYITOBOIO, TIEPUIOTO Ta TPETHOTO MOPSAKIB (HyJIHOBHIl TIOPAIOK — CTAI 3HAYEHHS,
Hepuui — JinikHa 3a1exHiCTs, TpeTiit — Ky6iuHmit critaiis).

Jlnst ‘BH3HAueHHS OPSIKiB crutaiti-anpoxcumanii  TOX  BOrHE3aXHCHOrO MOKPUTTS
J 3a1i300ETOHHMX ONpPAB TyHENBHUX CHOPYJ, AKi AOUIMBHO BUKOPHCTOBYBATH I/l 4ac PO3B’SA3aHHS

O3T, mpoBeeHo napaMeTpHyHMii aHAMI3 IyTIHBOCTI MaTeMaTWYHOI Mofemi. 3a pesynbTaTaMu

_ﬂr
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LBOTO aHAN3y BH3HAYEHO, IO HAWOULILIIMH BIUIMB Ha TEMIIEPATYpPy 3paska Mae 3HAYEHHS
koedinienta remronposinHocTi TOKPHTT, A BIUIMB IHMTOMOI 00’€MHOI TemroemHocTi Ha o
Temneparypy € wecyrresum. Otpumani pesymsrati Gymn BUKOpHCTaHi B anropurmi poss’ssanmy
O3T pist Busnavenns TOX BOTHE3AXHCHIX TIOKPHTTIB 3a11i300ETOHHIX ONPaB TYHEILHHX cropyn,
SAKHI € OZIHIEI0 13 CKIIAZ0BIX METOMYHOTO 3a6e3MeueH s i moMsrae B HACTYITHOMY.

Ha nepmiit itepauii xoedimient TEIIONPOBIAHOCT Ta IHTOMy 06’eMHY TeItoemmicTs
BOTHE3aXMCHOTO IOKPHTTS 3a/a10Th K CTali 3HAYEHHSL. BH3HAuaioTh BEIMYMHY Biaxwienus F
PO3PAXyHKOBHX i €KCHEPUMEHTANLHEX 3HAYECHD TeMIepaTypu Ha o0irpiBHiit oBepXHi 3pasKkis mix
IIapOM BOTHE3aXHCHONO IOKDHTTS JUIS LEOTO DO3B’SI3aHHS TA 3HAYCHHS TETUTONPOBIAHOCTI Ta
TIUTOMOT 00’ €MHOI TEII0EMHOCTI.

Ha nactynuux irepanisx 3agaors anpokcumaniio xoedinienra TeruonposigHOCTI TIOKPHUTTSI
IIepuIoro (iHiHHA 3aeXHiCTh Bix TEMIEPATYPH) Ta TpeThoro (kybiunmi CIUIaiH) mopskis 3
TIOCTIZIOBHAM 36LIBIIEHHSM KiIBKOCT] BY3JIOBHX TOYOK 10 Temmeparypi. Ilpu upomy muroma
06’€MHA TEIIOEMHICTE 3aIMIIAETHCS CTATION0 (abo ampoxcumyerscst 3 BHKOPHCTAHHAM CILTAlHY
TepuIoro abo TPEThoro mopsaKy). Pesyisraty, oTpuMani Ha 3a3nauerx iTepallisX, HABOLATHCA y
BUIJLAI TabMIMLi, B SIKiH I KOKHOTO HOMepy iTepanii BKa3yIoTh mopsiox CIUTaHH-anpoKcHMaIii
Ta pe3yNbTaTH  BH3HAucHHs TOX BOTHE3AXMCHOTO MOKPHTTS i Cepe/IHBOKBAIPATHIHOTO
Bigxmienns F.

Hanpuxnan, — irepamis  Ne 1 — TIOPANOK  CIUIAiH-aNpoKCHMANii  HynBOBHiA,
A - crana; cp - crama, 3Hauenns F. 4

iteparyis Ne 2 — CIUIaiH-aNPOKCUMALis IepIoro TOPAZKY, A - 3MiHHa; Cp - cTana; KinbKicTs
BY3JIOBHX TOUOK - N, 3HaYCcHHs F;

iepauist Ne 3 — cruraif-anpokcumaris TIEPIIOro MOPSIAKY, A - 3MIHHA; Cp - CTaNa; KinbKicTh
BY3JIOBHX TOUOK - 1, 3HaueHns F;

itepanizs Ne 4 — CIUIAHH-aNPOKCHMALIS  TPEeTHOro HopsinKy  (Ky6iummit — crutaitm),
A - 3MiHHa; cp - CTaNa; KiTbKiCTh BY3JIOBHX TOYOK - 11, 3Ha4eHHs F.

SIxmio mozanbIne 36iMbIeH s KiTbKkocTi BY3JIOBHX TOYOK IO TeMIEPATypi JUIsl anpoKcHMAariil
Kkoedilienta TemIONPoOBiAHOCTI TPeThoro TIOPAIKY, & TAKOXK 3aCTOCYBAHHS alPOKCHMAIii TIepIIoro
Ta TPETOTO MOPAIKY JUIi NMHTOMOI 06’EMHOI TEIIOEMHOCTI HE MPH3BOAWTH 0 3MEHIICHHS
3HAYCHHS  BiIXMICHHA pPO3PaXyHKOBHX Ta CKCIIEPUMEHTANLHAX ~ 3HAYEHb TEMIIEpaTypH,
PO3B’SI3aHHA, OTPHMAHE HA iTepanii 3 MiHiMATbHEM 3HAYCHHAM  CEPE/IHhOKBAPATHIHOTO
Bigxunenns F, npuitmaetscst sk ocratoune. I3 34CTOCYBAHHAM OTPHMAHMX 3HayeHb Koedimienta
TEIUIONPOBIHOCTI Ta HUTOMOI 0G’€MHOI TEIIOEMHOCT LUTAXOM PO3B’S3aHHA IpPsIMOT 3azadi
TEIUIONPOBIAHOCTI  BH3HAYAIOTH HEOOXimHy MiHIMaJIbHY TOBIIMHY BOTHE3aXHCHOTO TIOKPUTTS
3a11i306€TOHHOT ONIpaBH 11 i3HIX HOPMOBAHHX 3HAYEHb MEXi BOTHECTIHKOCT.

Buchosku:

MeTozoM 06YHCIIOBANLHOIO EKCIEPHMENTY 3a PO3POGIEHHM alIFOPHTMOM BCTAHOBJICHO,
IO TPH 3aCTOCYBAHHI €KCIIEPHMEHTAILHO-PO3PAXYHKOBOIO METOAA BH3HAYECHHS BOTHE3AXHCHOL
3MATHOCTI TNOKPHITIB OUPAB TYHENBHHX CIIODYZ HEOOXimHO i JIOCTATHBO BHKOPHCTOBYBATH J(BA
3Pa3KM KOMCTPYKUii 3 BOTHE3AXHCHHM NOKDHTTAM Ppi3HOI TOBIMAKM Juis CKCIICPUMEHTAILHOTO
BH3HAYCHH TCMIICPATYPH B HUX 33 YMOB CTAHJIAPTHOrO TCMIICPATYPHOTO PEKAMY.

3a pesynpraTamu napameTpuuHOro aHaNli3y YyTIHBOCTI MATEMATHYHOI MOXNI BH3HAYEHO,
WO HaHOUIbIMA BIUMB Ha TEMIICPATYPY 3paska Mae 3HAYeHHs Koedimienta TEILIONPOBIHOCTI
TIOKPHTTA, a BIUIMB IMTOMOI 06’€MHOI TemnmoemHocTi Ha mio TEMIIepaTypy € HecyrreBum. Tomy
HOPSAZIOK  ClaiH-anpokcuManii koedirmienra TEILIONPOBIHOCTI BOrHE3aXHCHOIO TIOKPUTTSA Mae
6yrn GimbmaM, mHiX 11 THTOMOT 06 eMHOT TEIIOEMHOCTI, IO BIPOBA/KEHO B ANrOPUTMI
posp’manas O3T nns susHauenns TDOX BOTHE3aXMCHHX MOKPHUTTIB 3aii306€TOHHUX ONpPaB
TYHEJILHUX CIIOPY I, AKHH € O/HIEIO i3 CKIA0BHX BIINOBiIHOTO METOAMYHOr0 3a0€3MCYCHHS.
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O.I1SIxumenxko // Haykosnit Bicenk YpH/IIIIB. - 2011. — Ne 1(23). -C. 118-121.
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(npuioxenue K xypHaiy). —2003. — T.25, Ne 4. — C. 396 — 398.
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C.B. Hosak, Kand. mexu. HayK, cm. HayK. cniepob., O.I1. Skumenko, Kawod. mexH. HayK,
M.5. I'puzop'an

METOJUYHE 3ABE3IEYEHHSA 3ACTOCYBAHHA EKCIIEPUMEHTAJIBHO-
PO3PAXYHKOBOI'O METOJY BUSHAYEHHS BOTHE3AXHCHOI 3JATHOCTI
IIOKPHUTTIB 3AJII30BETOHHUX OIIPAB TYHEJIbHUX CIIOPY]{

HaBesieHO OCHOBHI €TamM EKCIEPUMEHTAIBHO-PO3PAXYHKOBOIO METOAY BH3HAYEHHS BOTHE3AXHCHOL
3/1ATHOCTI TIOKPUTTIB 3aili306€TOHHMX ONpaB TyHenbHMX cropyd. Ilokasama HeoOXimmicts i Hamami
Pe3yJIbTaTH LOAO0 OOIPYHTYBaHHA MiHIMATBEHOI KiIIBKOCTI 3pa3KiB [Ulsl EKCIIEPHMEHTAIBHOIO BU3HAYCHHS
TeMIIEpaTyp i NOPsAIKY CIUIARH-AIPOKCHMAIi TeII0(i3HIHIX XapaKTEPHCTHK BOTHE3AXUCHUX MOKPHTTIB,

Kniouosi cnoga:  excriepUMEHTANbHO-PO3PAXYHKOBHH METOJ, BOTHE3aXMCHA 3/IATHICTB, BOTHE3aXHCHE
MOKPUTTS, MATEMaTH4HA MOJE/b, TemTo(i3Hyni XapaKTepUCTHKH, 3aTi300eToRHI

onpasH.

S. Novak, Cand. of Sc. (Eng.), Sen. St. Sc., O. Yakimenko, Cand. of Sc. (Eng.), M. Grigor'yan

METHODICAL ENSURING OF APPLICATION OF AN EXPERIMENTAL AND
CALCULATION METHOD FOR THE DETERMINATION OF FIRE RETARDANT
CAPABILITY OF THE COATINGS OF FERROCONCRETE CASES FOR TUNNEL

STRUCTURES

The main stages of an experimental and calculation method for the determination of fire retardant
capability of the coatings of ferroconcrete cases for tunnel structures are expounded. Necessity is shown
and results are rendered for the substantiation of the minimum number of test samples necessary for the
experimental determination of the temperature values and spline approximation of thermal and physical
characteristics of fire retardant coatings.

Keywords: experimental and calculation method, fire retardant capability, fire retardant coating,
mathematical model, thermal and physical characteristics, ferroconcrete cases.

JIni BU3HAYEHHS XADAKTEPHCTHKA BOTHE3AXHCHOI 3/aTHOCTI MaTepiamiB HaHOimbuI
e()EKTHBHAM € 3aCTOCYBaHHS CKCIICPHMMEHTAILHO-PO3PAXYHKOBUX METOMIB, fAKi IPYHTYIOTHCS Ha
MaTeMaTH4HOMY MOZENIOBaHHI TEIVIOBHX IIPOLECIB y KOHCTPYKIISX B YMOBAaX MOXexi i
po3B’s3aHHi npsMux Ta obepHeHHX 3amad Temromposimmocti [1, 2]. Taxmit  merox 6Gymo
3aCTOCOBAHO, 30KPEMa, /UL OLIHIOBAHHS 3[aTHOCTi BOTHE3AXMCHHX IOKDHTTIB Ta OGIUINOBAHE
3a6e3TeuyBaTH BOTHE3AXHCT 3AMi300€TOHHMX ONpaB TyHENBHMX cropyx [2]. Bim mictate Taxi
OCHOBHI eTanu:

- GKCTICDUMEHTANbHE BU3HAUYCHHS TEMIICPATYPH B 3pa3skaX 3ali300CTOHHMX ONpas 3
BOTHE3aXMCHUM IIOKPUTTSIM 3a YMOB CTAHZAPTHOIO TEMIIEPATYPHOrO PEXUMY;

- BusHaueHHs TeroQisuuanx xapakrepuctuk (TDX) BOrHE3aXMCHOTO NMOKPUTTS IUIIXOM
Ppo3B’s13aHHs 0GepHeHOI 3anadi reronposiarocTi (O3T);

- PO3PaxXyHOK 3HaYeHb HEOOXiAHO! MiHIMAIBHOI TOBIIMHH BOTHE3aXMCHOrO TOKPHTTS, SKi
3a6€3MeTyIoTh HOPMOBAHI 3HAYCHHS MeXi BOTHECTIMKOCTI 3a1i300€TOHHHX ONpaB ULl Pi3HHX
TEMITepaTypPHHX PEXAMIB, IULXOM PO3B’A3aHHs IpAMOi 3a1adi Teruronposignocti (I13T).

JUIA 3a3HAYEHHX EKCIIEPUMEHTANBHO-PO3PAXYHKOBHX METOMIB HEOOXiIHO po3pobiLiTH
BimoBiaHE MeTonMuHe 3abe3NedeHHs HPU IX 3aCTOCYBaHHI Ul BU3HAYEHHS XapaKTepPUCTHKH
BOTHE3aXHMCHOI 3JaTHOCTI MaTtepianis Ui Gy/iBeNbHMX KOHCTPYKUiH pIi3HOro mpH3HadeHmst. B
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METOMYHOMY 3a0e3levenHi CIli/i BUBHAYMTH MiHIMAIbHY KUIBKICTH 3paskiB i BHNpoGyBamb,
METOJ[ Ta apaMeTpH iieHTndixanii BiacTHBOCTE# MaTepianis TOmo.

V' jamiii po6OTi HABOAATHCS pPe3YIBTATH OCHIUKEHb, AKki Oyio TPOBEJIEHO  JUISt
PO3POBIIEHHs METOAMYHOr0 3abE3NCUCHHS 3aCTOCYBAHHS CKCIIEDUMEHTATBHO-PO3PAXYHKOBOIO
METO/Ty BU3HAYCHHS BOTHE3AXMCHOI 3/IATHOCTI TMOKPUTTIB 3a1i300ETOHHMX ONpPAB TyHENBHHX
cropy. MeToro 1ux Aocipkens Gyiio o6rpyHTyBanHs HEOOXimHOI i I0CTaTHBOT KiIbKOCTI 3paskiB
JUIS TIPOBENEHHS EKCIIEPUMCHTATIBHOTO BH3HAUCHHS TEMIEPATyp y HHX Ta OOIpYHTYBaHHs
NapaMeTpiB Temno(isMYHAX XapaKTEPHCTHK BOTHE3aXHCHOTO MOKPUTTS, WO ifCHTHDIKYIOTHCSH,
HUISXOM PO3B’S3aHHA 06ePHEHOI 3a/1adi TEMIONPOBIIHOCTI 32 IAHUMH TEPMOMETPIi 3pasKis.

Mlin wac OOGIPYHTYBaHHS ONTHMAILHOI KiNBKOCTi 3paskiB I EKCHEPUMEHTAILHOrO
BH3HAYCHHS TEMIIEPATyPHHX MOJiB 6yII0 IPOBEIEHO MOCHI/DKEHHS BIUIHBY TIOXMOKH y BUMipIOBaHH]
TemrepaTyp Ha ix 06irpiBHii MOBEPXH il IAPOM BOTHE3aXMCHOTO MOKPHTTS, & TAKOXK MOXHOKH y
3aBJIaHHI TeO(I3MIHNX XapaKTePHCTHK GETOHY Ha TOYHICTh BU3HAUCHHS BOTHE3AXHCHOT 31aTHOCTI
MOKPHTTiB. 32 ONTHMANbHY KUIBKICTh 3paskiB mpuitManu Taky ix KiNBKICTh, 3a AKOI HOCATa€eThCS
HpUHHATHA TOYHICTH y BU3HAYCHH] HEOOXiHOT MiHIMaILHOI TOBIIMHY BOTHE3aXMCHOTO IIOKPUTTS, &
301MBIICHHS 1€l KiTBKOCTI He MPHU3BOAUTH [0 3HAYHOTO 3MCHINICHHS IMOXMOKH y BH3HAUCHHI wiei
TopmuEY, I 323HaYEHIX JOCIIPKCHb 3aCTOCOBYBATH METOJI 00UHCINOBATLHOTO EKCIIEPUMEHTY [2,
3] Ta anropuT™, KAl HaBENEHO Ha PHCYHKY 1.

ToBIMHY BOrHE3aXMCHOrO MOKPHTTS BH3HAYAMM NULIXoM Po3s’s3auns 13T Takum w@iHoM,
mo6 Temmeparypa Ty Ha oGirpiBHiil mOBepXHi 3pa3ka TIij MapoM BOTHE3AXUCHOTO MOKPUTTS st
3aJ[aHOTO Yacy, AKHH BiOBilae HOPMOBAHIi Mexi Bormectiiikocti, cranomuna Ty, 5 = 380 °C. e
3HAYEHHS MiHIMAIBHOI TOBIIMHH BOTHE3aXMCHOTO IOKPHUTTS IpHitMaim 3a «rouney (by). Otpumani
3HAYEHHS TEMIEpaTypH Ha OOIrpiBHiif MOBEpXHi 3pa3ka I INAPOM BOTHE3AXHCHOTO MOKPHTTSL
npuitMany AK «TOYHD» EKCIepUMEHTalbHi Hami., Y 1 «TOuHi» eKcrepuMeHTaNbHI Jami 32
JIOTIOMOT0I0 TEHEpATOpa BHIIA/IKOBUX HCEI BHOCHIM BHIAJKOBI MOXHOKH, i B MOJAIBIIOMY TaKi
«30ypeHi» Jai 3aCTOCOBYBAIH AK BHXimni s poss’ssamist O3T.

Bu3HaYCHHS «TOTHHX» 3HAYCHDB BH3HaueHHA  «TOMHHX)»
Temmeparyps Ha  oGirpiBmii 3Ha9eHh  MiHIMaIBHOI
nosepxui 3paska Tg ,, Tpu |:'_‘> TOBIIMHH TIOKPUTTSA
HOMY: brinm

ABitm; CPBIL m — «TOUHDY
Agm; CP5 m— 3 €BpOKOIY

BusHaueHHS — NOXMOKH Y
3HAYEHHAX MiHiMaTBEHOT
TOBILMHH TIOKPHTTS

s =%"% 150 %
omia ==

BusHaueHHA  «30YPEHHX» BusnaqeHHs Birsitertita

(na 10%, 50% ) 3HaucHb «POIPAXYHKOBIX) <q_m.3paxy1-n<?nnx» 3HAYCHB
Temneparypu Ha ::> B S — |:> MlHlMaﬂbH;l TOBIIMHH
obirpismiit noepxHi Aaip i Sy TIOKPHTTA Dmin p

spasia Ty,

Pucynok | — ANropuT™ po3B’sI3aHHS 3aj1aui 1010 BU3HAYCHHS BIUIMBY NOXMOKH Yy BHMIpIOBaHHI
TemriepaTypy Ha O6IrpiBHii HOBEPXHI 3pa3KiB i WAPOM BOTHE3AXMCHOTO MOKPUTTS Ha TOYHICTh
BU3HAYCHHS HOr0 MiHIMaNTBHOT TOBIIMHHA
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3a mumu «30ypeHuMu» JaHuMH musixoM poss’ssanns O3T st ofHOro 3paska BU3HAYAIM
xoe(ilieHT TerIonpPOBiAHOCTI Apyy » | IATOMY 06°€MHY TEIIOEMHICTE TOKPATTS cPpr1 p. OTpuMani
JTaHi MOPIBHIOBATH 3 «TOYHMMIY 3HaueHEAMI TOX BorresaxucHoro mokputts (A g+, CP Br 1) i 32
dopmynamu (1) Ta (2) pospaxoByBain MOXuOKy y Bh3HaucHHI KOChILiEHTy TEILIONPOBiAHOCTI Ta
mHTOMOT 06°€MHOT TEIUIOEMHOCT] (3a3HAYEHUI €Tar HOPIBHSHIS € IPOMDKHUM i HAa pUCYHKY 1 He
HaBE/ICHHI).
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Jlani mono pospaxynkosux 3uadens TOX 3acTocOBYBaIM UL BH3HAYCHHA HEoOXimHOT
MiHIMaIbHOI TOBLIWHH BOTHE3AXMCHOTO IOKPHTTA mUIAXoM poss’ssamas [I13T. Orpumane
PO3paXyHKOBE 3HAYCHHS HeOOXiHOi MiHiManbHOi ToBiHK (by) MOPIBHIOBATIM 3 «TOYHHM»
3HAYEHHSM 1 BU3HAYIIM II0OXUOKY 32 TAKOKO (hOpPMYIIOI0:

Jbszb‘b"‘»loo% 3)
m

Byno PpO3MILIHYTO BOTHE3AaXHCHI IOKPHUTTA, sKi MaoTh Taki 3mavenma TOX:
A pr== 0,03; 0,1; 0,3 Br-m™-°C™'; ¢p g »=3-10% 3-10%; 3-10° inem>-2C™.

BapianTy 3aBaHHEs TeMTODi3MUHAX XapaKTePUCTHK Ul 3ajad, ski Oymn jocrimkeni 3a
3a3HAYCHUM BHIIEC aJIrOPUTMOM, € TAKUMH:

Bapiant Ne 11 A g, = 0,03 Brom-°C™, cpprr = 3:10° em®oC™;
sapiant Ne2: A pi.=0,1 Brm'-°C", cppr = 3:10° Tem®oC™;
Bapiant N 3: A .= 0,3 Brm'-°C”, cp = 3-10° Tem>oC,

3HaueHHs MeXi BOTHECTifiKoCTI puitManues Taki: tq = 30; 45; 60; 90; 120 xB. Makcumanbhi
3HAYEHHS TOXMOKM y BHMIDIOBAaHHI TEMIEpaTypu Ha OOIrpiBHIM NMOBepXHi 3pa3ska I Imapom
BOTHE3aXUCHOTO MOKPATTS npuiivamncs 10% Tta 50% npu auenepcii 1,0. Hanpuxnaz, spadeHus
«rounMxX» Ta «36ypenux» g0 +10%, +50% Temmeparyp i Bapianty Ne 2 i 3HaueHHS Mexi
BoruecTiiikocti 30 XB HaBeeHO B Tabmuui 1.

Tabmuis 1 — 3HavenHs «rouHuX» Ta «30ypenux» no +10% , +50% temmeparyp it
BapianTy Ne 2 Ta 3HAYEHHs MEXi BOTHECTikKOCTI t= 30 XB

Yac, «Touni» 3HATEHHS «36ypeni» 1o +10% «36ypeni» 1o +50%
t,xs | Temmeparypu, T,°C | 3HAuEHHS TEMIEpaTypH, 3HAYCHHS TEMIICPATYPH,
e TS
1 29,06 29,84 28,97
2 51,62 51,51 51,63
4 94,18 96,29 94,43
6 121,68 121,60 146,00
8 148,77 148,77 173,06
10 176,81 176,90 184,91
12 204,72 212,90 262,29
14 229,18 236,66 244,74
16 251,63 253,94 294,66
18 273,46 288,84 266,32
20 293,83 297,82 293,20
22 313,03 323,73 332,46
24 331,39 329,66 346,34
26 348,70 348,55 395,72
28 364,94 369,46 344,47
30 380,39 383,82 396,53
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