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BCTYII

3a0e3neueHHs] MOXKEXKHOI O€3MeKH € HEB1 €MHOIO CKIJIAIOBOIO JEpKaBHOI
NOJIITUKU B YKpaiHi. B yMOBax mokexxi MOpyIlIeHHs 3arajibHOi CTIMKOCTI OymiBii
3aBXKIU BIJOYBAa€ThCS BHACHIIOK PYWHYBaHHS OKPEMHX €JIEMEHTIB B Kapkaci
Copyad. 3BaKaloud Ha 1€, OJHWM 13 BaXIWBHUX AacCIHeKTiB 3a0e3MeueHHS
MOKEKHOT O€3MEeKHM y Hall 4Yac € 3acTOCYBaHHSA OyAiBEIbHMX KOHCTPYKIIIH,
30KpeMa HeCy4HX CTiH 13 TapaHTOBAHOIO MEKEI0 BOTHECTIMKOCTI.

JIns BU3HAUCHHS MEX BOTHECTIMKOCTI HAMOUIBII MOIIMPEHUM € METOJ
BUNPOOYBaHb y CHEIlaJbHUX BOTHEBUX BHUMPOOYBalbHUX meuyax. [Ipore, BorHEBi
BUNPOOYBAaHHS Ta MapaMeTpH CY4YaCHHX BUIPOOYBAJIBbHUX YCTAaHOBOK JAJIEKl BIJ
JIOCKOHAJIOCTI, OCKIUIBKH ICHYIOTh MOXHUOKH, BHACHIIJIOK TOTO, IO YIPaBIiHHS
MaJMBHOIO CUCTEMOIO Ta KOH(QIrypailisi BOTHEBUX Me4eil He 3a0e3MeuyoTh OBHY
BIJIOBIJIHICT YMOB MPOBEJCHHS EKCIEPUMEHTY BUMOIaM CTAHAAPTIB Yy JaHId
raysi.

JocnimKkeHHsIM MpoIecy BUIMPOOYBaHb HAa BOTHECTIMKICTh 3a711300€TOHHUX
KOHCTPYKIIH 3aliMainch 1 3aiiMaroThCsl OaraTo BuYeHUX, 30kpema AxoneB O.1.,
Poiitman B.M., Xapuenko 1.O., bymer B.Il., MinoBanop O.D., ®omin C.JL.,
CrpaxoB B.JI., Cemepak M.M., Jlemunna b.I'., 'uBmronq M.M., Kosanumua B.B.,
Kpykoscwkuii I1.T"., HoBak C.B., ITo3nees C.B., T. Lie, B. Bartelemi, G. Kruppa,
T. Harmathy, mpote B ix pob6oTax HEJJOCTaTHLO yBaru OyJi0 MPULJICHO BIIMBY Ha
3HAUEHHA MEXI BOTHECTIMKOCTI HECYyYWMX CTIH JUCHepcii TeMmmeparyp Mo ix
o0irpiBajbHIN MOBEPXHI, TOMY PO3B’s3aHHS ITI€T 3a/1a4l € aKTyaJIbHUM 1 CIPUSITHME
NIJBUIIEHHIO €(QEKTUBHOCTI BUMNPOOYBaHb 3 OI[IHIOBAHHS BOTHECTIMKOCTI LUX
KOHCTPYKITIH.

3’5130k po0OTHM 3 HAYKOBUMHM MPOrpaMamMi, IUIAHAMH, TeMaMM.
Hucepramiitna po6ora mpoBoamiacs BiamoBigHo 10 «lIporpamu 3abe3nedcHHs
noxkexxnoi Oesnexku 1o 2010 poky», 3aTBepmkeHoi moctaHoBoro —Kabinery
MmiHicTpiB Ykpainu Big 01.07.2002 p. Ne 870, 1 «lep>kaBHOI 1ITLOBOT COITIATBHOT

mporpamMu 3a0e3neueHHs MmoxexxHoi 0e3nexu Ha 2012-2015 poku», 3aTBEpAKEHOT
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noctaHoBoro KabGinery MinictpiB Ykpainu Big 01.06.2012 p. Ne 590, y pamkax
BUKOHAHHS  HAYKOBO-JIOCHIIHOT pobotn «MeTonuka po3paxyHKy —Kiacy
BOTHECTIMKOCTI MOHOJITHUX 3aTi300€TOHHUX KOHCTPYKIIIH» (HOMEp Aep>KaBHOT
peectpamii 0115U000980) B YepkacbkoMy IHCTUTYTI MOXKEKHOI O€3MEKH 1IMEHI
['epoiB YopHoOusst HalioHaapHOTO YHIBEPCUTETY LIMBUIBHOIO 3aXHUCTY Y KpaiHH, B
AK1H 3100yBay OyB BUKOHABIIEM.

Inest podoTu ToJsATaE y MiABUIICHHI JOCTOBIPHOCTI BH3HAYCHHS 3HAYEHB
MeX BOTHECTIHKOCTI HECYYUX CTiH OyiBeNb IIJISTXOM MPOBEACHHS BUMIPOOYBAHDb Y
BOTHEBUX TMeyaX 3 OOIPYHTOBAaHMMH TMapamMeTpaMd 3a 3alpONOHOBAaHUM
QITOPUTMOM, SIKMI1 BpaXxOBY€ 3aKOHOMIPHOCTI BIUIMBY JIUCIIEPCIi TEMIIepaTyp Mo iX
OOIrpiBHIM MTOBEPXHI.

Metorw mucepTalliiinoi pobOTH € PO3KPUTTA 3aKOHOMIPHOCTEH 3MiIHEHHS
3HaUYE€Hb MEXI BOTHECTIMKOCTI HECYYMX CTIH BiJ] JMCHEpCIi Temmeparyp Mo ix
oOIrpiBHIN MOBEPXHI IiJ1 YaC BUMIPOOYBaHb y BOTHEBUX TeYax.

JlJ1st JOCSATHEHHSI MOCTABJIEHOI MeTH HeOOXiIHO PO3B’A3aTH TaKi 3a1a4i:
- MPOBECTH aHalli3 CTaHy HOPMATUBHOI 0a3u Ta HAYKOBUX PO3POOOK 00
OILIIHIOBAHHSI BOTHECTIMKOCTI HECYYMX CTIH Ta BUSBUTH IUISAXU MIABUIICHHS
TOYHOCTI Ta JOCTOBIPHOCTI MOTO PE3YNbTATIB;

- moOyayBaTH MaTEMaTUYHI MOJIENi, 3aCHOBaHI Ha YKMCIOBOMY PO3B’A3KYy MOBHOI
cuctemMu JnudepenuianbHux piBHAHb Hap’e-Ctokca, $KI ONUCYIOTh TPOIIEC
TEIJIOMAacoOOMiIHY Yy BHUNPOOYBaJbHUX BOTHEBUX I€4yax IiJi 4Yac BU3HAYCHHS
BOTHECTIMKOCTI HECYUHUX CTiH, Ta MPOBECTH OOUYUCIIOBAIbHI EKCIIEPUMEHTH;

- MPOBECTH  EKCIIEPUMEHTAIbHI  JOCTIPKEHHSI TMPOIECIB  TEIJIO0OMIHY  Ta
pO3MOALTY TEMIIEpaTyp y BOTHEBHX Ie€4ax TiJ] Yac CTaHAApPTHUX BUIIPOOYBaHb
HECYYHUX CTIH Ha BOTHECTIHKICTD;

- TIEPEBIPKY  aJCKBATHOCTI  PE3yJIbTATIB  TPOBEICHOTO  MaTEMaTUYHOTO
MOJICIIIOBAHHSI ~ TMPOIIECIB  TEIUIOOOMIHY IIUIAXOM TIOPIBHSHHS 3  JaHUMHU
EKCIIEPUMEHTY;

- MPOBECTH OOYMCIIOBAIbHI EKCIEPUMEHTH 3 BHUSBJICHHS BIUIMBY JAMCHEpCIi
TEMIIepaTyp Ha OOIrpIBHUX TOBEPXHAX HECY4YMX CTIHHA 3HA4Y€HHS 1X MExXI

BOTHECTIMKOCTI Ta MOXHOKY;
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- OOrpyHTYBaTH KOHCTPYKTHBHI TapaMeTpy YJOCKOHAJICHIM BOTHEBOi Medi Ta
QITOPUTM BHU3HAYCHHS BOTHECTIMKOCTI HECYUYHUX CTiH, 10 3a0e3reuye MiHIMI3aIllio
JUCIIepCii TeMIepaTyp Mo ix 00irpiBHIN MOBEPXHI.

O00'exT H0CTIIZKEHHS — MTPOIIEC 1 METOIOJIOTIS OL[IHIOBAHHS BOTHECTIMKOCTI
HECYy4HUX CTIH OyJiBelib Y BHUIPOOYBAJIbHMX BOTHEBUX I€YaX 3a CTAHAAPTHOTO
TEMIIEPATYPHOTO PEXKUMY MOXKEXKI.

IIpenmer nociigaeHHs1 — BIUTUB JAUCIIEPCii TeMmepatryp MO OOIrpiBHIN
MOBEPXHI HECYUUX CTiH Oy/iBedb Ha IOCTOBIPHICTH PE3yNbTATIB BUSHAUCHHS MEX
iX BOTHECTIMKOCTI y BHUNPOOYBaJbHUX BOTHEBUX II€Uax 3a CTaHAAPTHOTO
TEMITEPATyPHOTO PEKUMY TTOXKEXKI.

Metoau mociaigxenb. TeopeTHUUH1 JOCHIKEHHS MPOBOAWINCH HA OCHOBI
cucteM AudepeHIlialbHUX PIBHAHb HETIEPEPBHUX CEPEJIOBHUII TUITY piBHSHL HaB’e-
Crokca, piBHSIHb TEIUIOMPOBIAHOCTI Ta HAMNpyKeHO-I1e(OPMOBAHOTO CTaHY
3aJ11300€TOHY B YMOBax HarpiBy ITiJl 4ac TMOKEX1 Ta PIBHSHHS TEIUIONPOBIIHOCTI.
JUIsL PO3B’SI3KY PIBHSIHL Yy POOOTI BUKOPUCTAHO METOJI KIHIIEBUX EJIEMEHTIB,
ONTUMI3aIlliHI ~ METOAWM, a  TaKoXX  METOJM  CTaTUCTUYHOI  OOpoOKH
EKCIIEPUMEHTAJIbHUX 1 PO3PaXyHKOBHUX JAHMX. €KCIIEPUMEHTAIbHI JOCIIIKECHHS
BUKOHAHO 13  3aCTOCYBaHHSM  aTECTOBAHMX  CIHEI[iaJlbHUX  BOTHEBUX
BUNPOOYBAJIbHUX MEYEH, & TAKOXK METPOJIOTIYHO MOBIPEHUX 3aC001B BUMIPIOBAHHS.

HaykoBa HOBHM3HA JOCJIXKEHHA: TOJIATAE Y PO3KPUTTI 3aKOHOMIpPHOCTEN
3MIHEHHS! 3HaY€Hb ME1 BOTHECTIMKOCTI HECYYMX CTIH BiJl JUCHEPCIi TeMIeparyp
no iX oOirpiBajibHIA MOBEPXHI MiJ Yac BUMPOOyBaHb y BOTHEBHUX Ieyax. llpu
IBOMY:

- ynepuie BCTAHOBJICHO, II0 3HAYCHHS MEX1 BOTHECTIMKOCTI HECYYMX CTIH,
BU3HAYCHE 3a CTAHJAPTHOTO TEMIIEPATYpHOTO PEXKHUMY  TOXKEXKI, Mae
NOJIHOMIANBHY 3aJIeKHICTh BiJg aucrepcii Temmeparyp (S°) mo oOirpiBHii
MOBEPXHI, a iX MOXUOKU (A) OMHUCYIOTHCSA y BUIJIAJI MOJIHOMIAJNIBHOI perpecii
TPETHOTO MOPSAKY:

A(S%)=-42.586+0.307-S* -5.355-10"* - (S%)* +3.276-10" - (S?)°;

- ynepuie BUSBIICHO, II0 KUIbKICTh MAJbHUKIB 1 OTBOPIB JJIs BiJIBEIACHHS

MIPOJYKTIB 3TOPSHHSA Ta MICI 1X PO3TAlllyBaHHS Yy BOTHEBUX BHITPOOYBaJIbHUX

neyax BIUIMBAIOTh Ha PIBHOMIPHICTH PO3MOAUTY TEMIIEpaTyp IO OOIrpiBHIM
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MOBEPXHI BEPTHKATBHUX OTOPOKYBAIBHHX KOHCTPYKIIH, 1[0 JJTO3BOJIHIIO
OOTpYyHTYBaTH TapaMeTpHU YIOCKOHAJEHOI Tedi, K1 3a0e3MedyroTh MIHIMI3AIllIo
JCTIepCii TeMITepatyp 1 MiJBUILICHHS JOCTOBIPHOCTI BU3HAYCHHS 3HAYCHHS MEXKI
BOTHECTIMKOCTI HECYUYHUX CTIH;

- HAOYIU NOOAIbLULI020 PO36UMKY EKCIIEPUMEHTAJIbHA Ta pO3paxyHKoOBa 0a3u
BOTHEBMX BUINPOOYyBaHb 3 OI[IHIOBAaHHS BOTHECTIMKOCTI HECY4YyHUX CTiH 3a

CTaHJIAPTHUM TEMIIEPATYPHUM PEKUMOM IOXKEKI.

OOrpyHTOBaHICTBh i JOCTOBIPHICTH HAYKOBHX MOJI0KEHb, BUCHOBKIB |
peKoMeHAaliii  MIATBEPKYEThCS  BUKOPUCTAHHAM  BIAOMHUX  CHCTEM
nudepeHIliiHUX PIBHSIHD TEIJIOMAacOOOMIHY Ta HAIMPyKEHO-1€(POPMOBAHOTO CTaHY
(HAC) nns Hecyunx CTiH B yMOBax HarpiBy IMiJI 4ac MOXEXl, anmpoOOBaHUX
YHCEJIbHUX METOAIB IHTErpyBaHHS MaTEeMAaTUYHUX MOJENIeH TeIIoMacooOMiHy Ta
HJIC, a TakoX 3a10BUIbHOIO 301KHICTIO PO3PaxXyHKOBUX Ta €KCIEPUMEHTAJIbHUX
JTAaHUX, OTPUMAaHMX I1iJ] Yac BUIIPOOYBaHb 3a11300€TOHHOI HECY4O0i CTIHHU.

IIpakTHyHe 3HAYEHHSl TOJIATAE Y 3aCTOCYBaHHI pe3yJbTaTiB poOOTH MiA
4ac MPOEKTYBAaHHS Ta OyAIBHUITBA HOBUX YCTaHOBOK JUIsl BUIPOOYBAHHS HECYUHX
CTIH JJIsl JIOCSTHEHHS B KaMmepl Medl OJIHOPIAHOCTI TEMIEpaTypHOro TOJisi Ha
OOIrpiBHUX MOBEPXHSIX KOHCTPYKIIHM Ta, sIK pe3yJbTaT, MiJIBUILIEHHS TOYHOCTI Ta
JIOCTOBIPHOCTI BUIIPOOYBaHb Ha BOTHECTIMKICTD SIK MIATPYHTS JUIsl YAOCKOHAJIEHHS
ICHYI04Oi BHMNPOOYBAJIbHOI Ta HOPMATMBHOI 0a3M MI0JI0 BUIPOOYBaHb HECYUHX
CTIH Ha BOTHECTIMKICTb.

OtpumaHi pe3yJabTaTH OOCHIKEHb BIPOBAHKEHO B POOOTY MOMKEKHO-
texHiyHOi J1abopartopii TOB «Iloxtect» (M. KuiB) Ta mociigHo-BUIPOOYBAIBHOT
nabopatopii ynpasmiaas JJCHC Vkpainu B Yepkachkiit o6macti. Baockonanenus
CTOCYIOTBCSI KUIBKOCTI 1 MICIIb BCTAQHOBJICHHS TMAaJbHUKIB Ta OTBOPIB JUIS
BIJIBEJICHHS TIPOJYKTIB 3rOPSHHS, TEOMETPUYHUX OCOOJIMBOCTEN KaMep BOTHEBUX
nedeid, Tomo. BpaxyBaHHS 3alpolnOHOBAHMX HOBOBBEIEHBH J03BOJISIE 3HAYHO
3MEHIIUTA TTOXUOKY i 9ac MPOBEACHHS BOTHEBUX BUMPOOYBaHb HECYUMX CTiH.
Takox pe3yabTraTd poOOTH BIPOBAIKEHO B HABYAIBHUN Mporec YepKacbKoro
IHCTUTYTY TOXexkHOi Oe3nekn imeHl ['epoiB YopnoOunss HamionansHOTro

YHIBEPCUTETY LMBLIBHOTO 3aXMCTy YKpaiHM MiJ 4Yac BUBYEHHS JUCLMILIIH:
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«byaiBii 1 copyau Ta iX MOBEAIHKA B yMOBaX MOXkexi», «Marepialo3HaBCTBO Ta
TEXHOJIOT1 MaTepiaTiBy.

Oco0uctuii BHecoKk 3100yBaya MoJsra€ y BU3HAUYEHHI METH Ta 3aBIaHb
JOCITIDKCHHS, aHaji31 JITepaTypHUX JDKepell, JAOCIIKeHH] BIUIMBY 3aJIeKHOCTI
MDK BEJTMYMHOIO JUCHEPCii TemMIepaTyp Ha 00IrpiBajbHIM MTOBEPXHI HECYYOi CTIHU
Ta MEXEI BOTHECTIMKOCTI 3a3HAa4eHOl CTIHM, aHalli31 OTPUMAHMUX JIaHHUX.
BIIPOBAKEHHSI pe3yNbTaTiB poOOTH 3/IIHCHEH] 0COOUCTO 3100yBaUeM.

Anpo0anis pe3yabtatiB qucepramnii. OCHOBHI pe3y/lbTaTu JUCEPTALIHHUX
JOCITIIKEHB JOTIOBIIATNCS 1 00TOBOPIOBAIHCS Ha!

- VI MixHapoHiii HayKOBO-TIpakTU4HIN KOH(pepeHii « Teopis 1 mpakTHka -
TaciHHS TOXKEX Ta JIIKB1IAIlll HaA3BUYaliHuX cuTyalin» (M. Yepkacu, 2014 p.);

- MixkxHapoaHiit HayKOBO-IpakTHU4UHIM KOHepeHIi «HaykoBe 3a0e3neueHHs
JUSTBHOCTI  ONEPaTUBHO-PATYBAIBHUX —MIAPO3ALIIB  (TEOpis Ta MPAKTHKA)»
(M. Xapkis, 2015 p.);

- 17 BceykpaiHChKiii HayKOBO-TIPAKTUYHIN KOH(GEPEHIIT pSITYBAILHUKIB (M.
Kuis, 2015 p.);

- BceykpaiHchkiil HayKOBO-TIPAKTHUYHIM KOHGEpEeHIlT 3 MIKHApOIHOIO
yuacTio (M. YUepkacu, 2015 p.);

- Mixnapoanoi koHpepenmii «Technical safety-2015» (M. Bapmasa,
2015 p.);

- MexayHaponHol — HayyHO-TIpakTHuecKol  online  koH(epeHIU
«TexHudyeckne CpeacTBa NPEAYNPESKICHUS W JTUKBUAANMH Upe3BhIYalHBIX
cutyanuit» (1. l'omens 2016 r.).

Iyo6aikanii. OcHOBHUI 3MiCT POOOTH BUKIJIAJIEHO B 13 HayKOBUX Mpansx, B
Tomy uucii: 1 moHnorpadis, 3 cTaTTi y BU3HAHUX 3aKOPJOHHHUX BUJIAHHSAX, 4 cTaTei
y BHJIaHHAX YKpaiHU, a TaKoX Yy Te3ax S5 JOMOBiled Ha MDKHAPOJHUX Ta
HaIllOHATHPHUX HaYKOBO-TIPAKTUYHUX KOH(PEPEHIIISIX 1 CeMiHapax.

Ctpykrypa pocaigxenHs. Pobora ckimamgaeTbest 31 BCTyMy, I ITA PO3JLIIB 1
3arajJbHUX  BHUCHOBKIB, CIIHUCKY BHUKOPHUCTaHUX  JIITEPATypHUX  JDOKEPET
(102 naiimenyBaHHs): MICTUTh 136 CTOPIHOK OCHOBHOTO JIPYKOBAaHOTO TEKCTY (Y

akomy — 15 Tabnuup, 52 pUCYHKH) Ta TOAATKU.



PO3JILI 1

AHAJII3 CTAHY HOPMATUBHOI BA3H
TA HAYKOBHUX PO3POBOK OO0 BUITPOBYBAHD
13 BUBHAYEHHSA BOTHECTIHKOCTI HECYYHMX CTIH

1.1. OcobauBOCTI NpPOBeeHHSI BOTHEBUX BHIIPOOYBAHb HECYYMX CTiH Y
me4yax YCTAaHOBOK /IJIsi BOIHEBHX BHIPOOYBaHb 32 CTaHIAPTHUM

TeMIIePpATYPHUM PeKUMOM

LOOMKPATH
HarpisanbHWiA KaHan

HasaHTaXyBanbHa pama

rigpouuniHap

Tpaeepca
| -

dparmMeHT cTiHW
AnA sunpobyeaHb

e ] o —— niuni TepMonapu

Otsip AnA BingeaeHHA
NpoAyKTiB ropiHHA

Puc. 1.1. Cxematuune 300pakeHHs] BEPTUKAJIBLHOI BOTHEBOT YCTAHOBKHU JIISI

IIPOBEICHHS BUIPOOYBaHb HA BOTHECTIMKICTh HECYUUX CTIH.

Meton BunNpoOyBaHb Ha BOTHECTIMKICTh 32 CTaHJIAPTHUM TeMIEPATypHUM
PEXMMOM  3aCTOCOBYIOTH 3a JOMOMOTOI0 BHUINPOOYBAJIbHUX YCTAaHOBOK, IO
NOEJHYIOTh BOTHEBY MY 1 HaBaHTaXKyBaJbHUM MPHUCTpPIH, 13 TIpsIMOI0 (pikcariero
MEX1 BOTHECTIMKOCTI 3a HACTaHHSM TI'pPaHUYHOrO cTaHy. BorHeBi meui maroTh
BIJIIIOBITATH OCOOJIMBUM BHMOTaM:

— HarpiBaJbHUM (hakesl CTBOPEHUI Ha PIIKOMY MaJIUBi;
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— moJiyM’s (pakesa He TOPKAETHCS TOBEPXOHb €JIEMEHTIB KOHCTPYKIIIH, 1110
HarpiBalOThCS;

— PIBHOMIPHO PO3MO/IIJICHa TeMIIepaTypa Mo 00’ eMy HarpiBajabHOI KaMepH;

— TPOTATOM BUIMPOOYBaHHS B 00’€Mi1 HarpiBaJbHOI KaMepH TeMIeparypa

3MIHIOETBCA 3a TEMIIEpaTypHUM PEKUMOM TOXKEXKI, IO pPEerjiaMeHTOBaHE B
cranzaprti [1].

BumnpoOyBaibHe obnagHaHHs Mae 3a0€3MeUnTH OTPUMAHHS MOBTOPIOBAHUX

Ta BIATBOPIOBAHUX PE3yJIbTaTIB; KOHCTPYKIIiS BUIIPOOYBAJIbHOI €4l — CTBOPEHHS

HOPMOBAHOTO TEIJIOBOTO BIUIMBY Ha 3pa3oK. TakuM BILUTUBOM € CTaHAApTU30BaHUI

TeMIEPaTypHUM PEXUM 1 HOPMOBAHUM HAJJIMIIKOBUN THUCK Yy BOTHEBIM Kamepi

nevi. BHyTpimHs ¢yTepiBka mneueid mae OyTH BHUKOHAHA 3 TEILUIOI30JISIIHOTO

MaTepiany 3 TycTuHOIO He Oinbme Hix 1000 kr/m®. ToBmmHa (yTepiBKM — HE

MenIe Bia 50 mm. dyTepiBKa medi BUKOHAHA 3 MaTepially, TEIUIOBA 1HEPIIIS SKOTO

3a remrnepatypu 500 C BiAmoBiiae Takiii yMOBI:

JAoC =500 Bt 2 M2 °CH, (1.1),

3.
y € —

ne A — xoedinient ternonposigaocti, Br x Mt x °C? ; p — rycruna, kr X m°
IHUTOMA TEIIoeMHIcTb, JIx X krt x °C1,

HarpiBanHs 3pa3ka y BOrHEBIH Kamepi eyl Ma€ BiJOYBATHUCS 3a IOIOMOTOI0
NaJbHUKIB, SKI MOBUHHI OyTH pO3TalllOBaHI Tak, MO0 MOJyM’sS HE TOPKAJIOCH
MOBEPXHI 3pa3ka. Y MaJbHUKAX CJiJI BUKOPUCTOBYBATH PIIKE TMAJMBO, SKE
MOJIAI0Th aBTOMATUYHO. BIJbII YiTKI BAMOTH J10 MAJUBHO-(OPCYHKOBOI CUCTEMH B
HOpPMAaTHBHOMY MOKyMeHTi [1] BiacyTHi, He periiaMeHTOBaHa, 30KpeMa, BHCOTa
neyeil, po3TalllyBaHHs MaJbHUKIB Ta OTBOPIB AJIsi BUAAICHHS MPOIYKTIB TOPIHHSA 3
KaMmepu meyl.

Po3smipu medi MamTh yMOKIIMBIIIOBATH BUMNPOOYBaHHS 3pa3KiB, pO3MipU
SKHX periiaMeHToBaHi cranaapramu [1-2; 5; 7-11]. Tak, miv 1y BUIpoOOBYBaHHS
BEPTUKAJIILHUX OTOPOJKYBAJIBHUX KOHCTPYKIII MOBUHHA MAaTHU TIPOPI3 y TIEPEIHIM

cTiHli nedi po3mipamu He MeHie Hixk 3000 mm x 3000 MM 1 ruOUHY TIPOCTOPY
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BOrHEeBO1 kamepu He Menmie Bif 0,8 m. Jlns npuknamy Ha puc. 1.2 300pakeHO
BEPTHKAJIbHI BOTHEB1 BUIIPOOYBaJbH1 YCTAaHOBKH JJIs TPOBEICHHS BUIPOOYBaHb Ha

BOTHECTIMKICTh HECYUHMX CTIiH, III0 BUKOPUCTOBYIOTHCA Y PI3HUX KpaiHaX CBITY.

ik

-

! —

'l - *
.——,_

-

~ [-‘; ;ff ] "q{l‘- mm[m!é
r
*+

Puc. 1.2. BepTukanbHi BOrHeBl BUIIPOOYBaIbHI YCTAHOBKH JIJIsi TIPOBEICHHS

BUNPOOYBaHb HA BOTHECTIMKICTh HECYUUX CTIH.

BignoBigHo g0 cranaaptiB [5], TemmeparypHuii peKUM 3a0€3MEUYIOTh
IUISXOM CIAJIOBAaHHS PIAKOTO IMajluBa, CHUCTEMa TOJAHHS MalbHOTO Mae OyTH
aBTOMAaTHYHO. Y mpansgx gociaiauukis [13; 14] 3a3nadeno, mo a1 eheKTUBHOTO
Iu(y3HOTO CHATIOBAaHHS piJKe MajJUBO IMOBHHHO MPOWTH TOIMEPEIHI0 CTaIlio
BUMApOBYBaHHA 0€3 MIPOr€HETUYHOTO po3kiiaay. st 1iboro pijike MajuBO Mepen

NOJIaHHSAM Yy KaMepy medi ApoOJsTh y (GopcyHKax Ha MUIKI Kpaiul HmapoM 4u
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CTHCHYTHM TMOBITPSIM a00 PO3NWIAIOTH MiJ TUCKOM HAcOCiB 32 YMOB IOJaHHS
4yepe3 CrelliaabHi HaCaaKu.
Y KkoHCTpyKIii medi, 3rifHO 3 BuUMoramu [l], mepeadadeHo 3acobu

BUMIPIOBAJIBLHOI TEXHIKH, IO HEOOXITHI M Yac BUMPOOYBaHb 3a CTAHIAPTHUM

TCMIICPATYPHUM PCIKUMOM, N0 HUX HAJICKATDb:

— CUCTEMHU JJI1 BUMIPIOBaHHS TEMIIEPATypH B I€Ul, a TAKOX Ha (B) 3pa3Ky;

— Ipujaaan ajis BI/IMipIOBaHHﬂ HaJJIMIIKOBOI'O TUCKY B Heqi;

— IIpwjiaan JJIsd BHMipI-OBaHHSI HAaBAHTAKCHHA Ha 3PAa30K;

— TIpUJIaau JJig BUMIPIOBaHHS aedopmaliiii 3pas3ka;

— IPUCTPOT JIs OL[IHIOBAHHS IITICHOCTI 3pa3Ka.

Tabnuys 1.1

3aco0u BUMIPIOBAJIbHOI TEXHIKH, HEOOXiAHI

niJ yac BUNPOOYBaHb 32 CTAHJAAPTHUM TeMIIEPATYPHUM PEKUMOM

3acobu Bumoru BimoBiaHo 10 [1] Heo6- [TpumiTka
BUMIPIOBaJIb- X17Ha
HO1 TEXHIKU TOYHICTb
VY mporeci Heo06xiHO BUKOPUCTOBYBATH +15°C | Tepmonapu tumy
BUMIPIOBAHHS | TEPMO-TIAPH 3 A1aMETPOM JPOTY TXA maroTh
TeMrepaTypu | He OuIbIe HDK 1,5 MM THITY HaWOLIBII OJIM3bKI
B Teyi TXA abo Tepmonapu 1HIIUX JI0 TPSIMO1
TumiB 3a [15], 1o npuaatHi m1s XapaKTePUCTHKH.
BUMIPIOBaHHS TEMIIEpaTypH B [Ipusnaueni qys
nianasoni Big 0 mo 1300°C. pOOOTH B OKUCHUX
Ta IHEPTHUX
cepenopuinax [15].
[Tig vac Heo0xi1HO BUKOPUCTOBYBATH +10°C | Tepmonapu tumy
BUMIPIOBAHHS | TEPMOIAPH 3 A1aMETPOM JPOTY TXA maroThb
TeMmreparypu | He Outbie HiX 0,75 MM THUITY HaWOLIBII OJIM3bKI
BCEpeanH1 TXA abo Tepmonapu 1HIITUX JI0 TPsSIMOT
3paska tumiB 3a [15], 1o npumatHi m1s XapaKTePUCTHKH.
BHUMIPIOBAHHS TEMIIEpaTypH B [Tpuznaueni s
nianasoni Bix 0 mo 600 °C. poOOTH B OKUCHUX
Ta IHEPTHUX
cepenosuiax [15].
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IIpoooeocenns madbauyi 1.1

3acobu Bumorw BiamosigHo 10 [1] Heo0xi- [Tpumitka
BHUMIpIOBaJIb- JHa
HOT TEXHIKH TOYHICTh
VY xomi [ToTpi6GHO BUKOPUCTOBYBATH +4 °C Tepmonapu Ty
BUMIPIOBAHHS | TEPMOIIAPH 3 JAPOTY JI1aMETPOM TXK maroTh
temneparypu | Big 0,5 1o 0,75 mm tuny TXK HaWOLIBITY
HeoOIrpiBaib- | a0o iHmIi 3a [15], o npumatHi Yy TJIUBICTh, BUCOKY
HOT MOBEPXH1 | 11 BUMIPIOBAHHS TEPMOECIIEKTPUUHY
3pa3ka TeMIepaTypu B Jiana3oHi Big 0 CTablIBHICTh 32 YMOB
1o 300 °C. TEeMIIEpaTypu 10
600°C. IIpuzHaueHi
JU1s1 pOOOTH B
OKHCHHUX Ta IHEPTHUX
CepeOBHINAX.
Henomnik — Bucoka
YYTIUBICTH JI0
nedopmartiii [15].
Buwmiproroun | HeoOxigHO BUMiprOBaTU +4 °C JonyckaroTb
TEMIIEpaTypy | TEPMOIAPOI0, KOHCTPYKIIiS BUKOPUCTAHHS 1HIIUX
HABKOJIMIIHLO | SIKOI aHAJIOT1YHA 10 3aco01B 1A
ro KOHCTPYKIIii TepMoriap, BUMIPIOBaHHS
CEpellOBUIIA, | MPU3HAYCHUX IS TeMIlepaTypu
BUMIPIOBaHHS TEMITEpaTypH B HABKOJIUIITHEOTO
reul. CcepeloBUIIA, KO
BOHU 320€3MeUyI0Th
TOYHICTh
BUMIproBaHHs [1].
Hanmumkosu | HeoOxigHO BUMIprOBaTH +2 Ila
W THCK y TTedl | mpuiagamu, 1o
BMOYJTHBITIOIOTh BUMIPIOBAHHS
3 TOYHICTIO.
BuwmiproBanusa | Moske OyTu BUKOHaHa 3a +5 %
HAaBaHTAKCHH | JIOIIOMOTOIO TUHAMOMETPY ab0
s IHIIUX MPUIIAAIB, SIKI
3a0€e31e4yr0Th BUMIPIOBAHHS 3
TOYHICTIO.
BumiproBanns | Mosxxe OyTH BUKOHAHE +2 MM
nedopmartlii - | MEXaHIYHUMH, ONITUYHUMU 200

CIICKTPUIHUMH TIPHIIAIaMH,
AK1 MaloTh 3a0e3neuyBaTu
BUMIpIOBaHHS Jedopmariiii i3
HEOOX1THOIO TOYHICTIO.
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BimomocTi, npencraBneni B Tabm. 1.1, 3acBigdyioTh, M0 AJIsi KOHTPOJIO
TEMIIEpaTypu y BOTHEBI Kamepi Me4i MOXHa 3acTOCOBYBATH TEpMOMapu 3
HEI30JIbOBAaHUMHU TMPOBOJAaMH ab0 TEpPMOMapH, IMOKPUTI 3aXUCHUM KOXKYXOM.
3axXUCHUIA KOXXKyX TEpMOIlapu Mae OyTH BUAAJICHWHA (BiApi3aHUM 1 3HATHN) Ha
JIOBXKMHI HE MEHIIE HIX 25 MM BiJl BUMIPIOBAJIBHOTO crarp TepMoriapu. Ha
puc. 1.6. mogano cxemaTuuHe 300payKEHHST TEPMOIIAPH 13 3aXHCHUM KOXKYXOM, IO
npu3HaueHa JJs BHUMIPIOBAHHS TeMIlepaTypu B Tedi. BumiproBanbHUI crait

TEpMOTIapH MOBUHEH OyTH 3BapHUM [2].

\

1250 1225

4
\4
A
\

Puc. 1.2. Tepmonapa nisi BUMIpIOBaHHS TEMIEpaTypu B Kamepi BOTHEBOI
nevi: 1 — temno3axucHa oOOJNIOHKA; 2 — 3aXMCHUM KOXYX; 3 — BUMIPIOBAJIbHUN
CIiau.

TemnepaTypy B nedi HEOOX1IHO BUMIPIOBATH T€pMOIIapaMu HE MEHIIIE HIK Y
st Miciax. [lpu npbomy Ha KoxkHi 1,5 M OoTBOpy medi, 110 MpU3HAYECHA IS
BUNIPOOYBAHHS OTOPOIKYBAJIBHUX KOHCTPYKITIHA, Ta HA KOXHI 0,5 M TOBKUHU a00
BHUCOTH M€ul, SIKa CIYry€e AJi1 BUMPOOYBAHHS CTEPKHEBUX KOHCTPYKIIii, Mae OyTH
BCTAHOBJICHA OJHA TepMmorapa. BumiproBanbHUN cmail TepMorap HeOoOXiTHO
BCTaHOBIIOBaTH Ha Bijactadi Big 90 mo 110 MM Bix moBepxHi 3pa3ka. BigcTanb Bia
BUMIPIOBAJILHOTO CHa0 TEPMOIApP A0 CTIHOK Ieyi — He MeHIe Hix 200 M.

Jlnst  BUMIpIOBaHHS  TEMIEpaTypud Ha  HEOOITpIBaIbHIM  TOBEPXHI
BUMIPIOBAJIbHUN CcHail TepMomapu Mae OyTH MPUIMASHUA Yy UEHTPl 30BHILIHBOT
MOBEpPXHI MIAHOTO Jucka JjiametpoM 12 mm 1 3aBtoBuiku 0,2 MM, 110
MPUKPITUTIOIOTh 0 HEOOIrpiBajbHOI MOBEPXHI 3pa3ka B HEOOXITHOMY MicIl 3a

JOTIOMOTOI0  IIMWJIBOK, OONTIB Ta IHIIMX TMPUCTPOIB 1 MarepianiB, sKi
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BMOXJIMBIIIOIOTh HaJllHE KPIMJIEHHS AucKa. MITHUI AMCK HAaKpUBAIOTh 3BEPXY
KBaJIpaTHOIO HakiIaakoro po3mipoM 30 MM x 30 MM i3 0a3aJbTOBOTO KapTOHY
3aBTOBIIKK 2 MM, III0 HPUTUCHYTUH JO HEOOIrpiBaIbHOI IOBEPXHI 3pa3ka
METaJICBOIO CKOOO0X0 a00 iHIMMMH MOKIMBUMU criocodamu [1].

MoXIMBO BUMIpIOBATH TeMIIEpaTypy Ha HEOOIrpiBajbHIM MOBEPXHI 3pa3ka
TepMOIlapaMH, IO 3aKPIIUICH] 1HITUMU CHocOoOaMHM, SIKI 3aCHOBaHI HAa MPHUHITUII
3ariauOJICHHS BUMIPIOBAJILHOTO CIAI0 TEPMOIIAPH Ha TIOJOBUHY MOTO TOBIIMHH JI0
MOBEpPXHEBOro mapy marepiany. [Ipu npoMy 3arimuOIeHHIO MIJISATAIOTh TaKOXK 1
JpOTH TEpMOINap Ha JUISHIN 3aBJOBXKM HE MeHme HibKk 30 MM  Bij
BUMIPIOBAJIBHOTO CTIA0 TEPMOITAPH B HAMIPSIMKY, 110 TTapaJICTLHUHN 10 130TepMHU.

TemnepaTypy Ha HeoOIrpiBalIbHIN MOBEPXHI 3pa3ka HEOOX1THO BUMIPIOBATH
HE MCHIIEe HDK II'SThMa TepMONapaMH, OJHA 3 SKUX TNPHKPITUICHA B
r€OMETPUYHOMY IIEHTp1 HEoOIrpiBajbHOI MOBEPXHI, a 1HII — Yy T€OMETPUYHHUX
[EHTpaxX OKpeMuXx ii uBepTeil. BumipioBasibHi crai TepMmorap 3aKpilulioTh Ha
BificTaHl Outbmie HiK 50 MM  Bi TEIJIOBUX MICTKIB, IO YTBOPIOIOTHCSA
KpIMUJIBHUMHU eJieMeHTaMu (00JITaMH, TBUHTaMH, IIypPYIaMH TOIIO), a TAKOX BIJ
MICLIb, /1€ MOKHA IIPOTHO3YBAaTH BUTIKAHHS Ta3iB 13 neyi [1].

3riJIHO 3 MOKa3HUKAaMHU [UX TEPMOIap, BU3HAYAIOTh CEPEHIO TEMIIEpaTypy
Ha HeoOIrpiBaIbHIN MOBEPXHI 3pa3ka. SKIIO B 3pa3Ky MOXHA BUAUIUTU JAUISHKY 3
Pi3HHM TEILIOBMM OIIOPOM, SIKi MAarOTh ILIOILY MOBEPXHI HE MeHme Hik 0,2 M2, TO
HEOOXITHO BU3HAYATU CEPEHIO TeMIepaTypy MOBEPXHI I KOXKHOI 3 JiJISHOK.
Jns 1bOTO B KOXKHIN 13 JIISSHOK HEOOXIJHO BCTAHOBUTU HE MEHIIE BiJl TPhOX
tepmonap. CepenHio TeMmmeparypy Ha HEOOIrpiBaJIbHIM MOBEpXHI 3pa3ka
BU3HAYAIOTh K Cepe/HE apudMETUIHE 3HAYeHb CEPEAHIX TEeMIIEpaTyp OKPEeMHUX
JJISTHOK HEOOIrpiBaJIbHOT MOBEPXHI 3pa3Ka.

Y Xxoni BUMIPIOBaHHS TEMIEPATypu BCEPEAHMHI 3pa3ka TEpMOIapu He
MOBUHHI MIJJISITaTH 0€3MocepeTHhOMY BIUTMBY MOJIyM . [[poTu TepMomnap MaroTh
OyTH pO3TaIllOBaHI B3JIOBX 130TEPMHU Ha BiJICTaHl He MeHie HDK 50 MM Bix

BHMIPIOBAJILHOTO CITal0 TEPMOTIap.
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KpiMm ToOro, HeoOXiZHO BCTAHOBIIOBAaTH TEPMOMAPH B TaKUX MICISIX
HEeoOIrpiBaJIbHOI MOBEPXHI 3pa3ka, Je Mij yac BUMPOOyBaHb OUIKYIOTh Ha HAHBUIILY
TeMmneparypy (Hampukiaaz, y 30HI pebep, CTHKIB Toiio). [as BumiproBaHHS
TEMIEPATypd B LHUX MICIHIX HEOOIrpiBaJlbHOI TIOBEPXHI 3pa3ka MOXKIIUBE
BUKOPHUCTAHHS MEPEHOCHOI TepMonapu, KOHCTPYKIIiIO K01 300paxkeHo Ha puc. 1.3.
VYci 3acobu BUMIPIOBAIBHOI TE€XHIKHM Ta TEPMOIIApU MOBUHHI MaTH YMHHI
CBIZIOLITBA MPO MOBIPKY, IO MIATBEPKYIOTh TOYHICTH BUMIPIOBAHHS TMEBHOTO
napamerpa. Y gokyMeHTi [16] chopmyiboBaHO BUMOTH O 1HCTPYMEHTAJIbHOI
MOXUOKMA CHUCTEM [IJI1 BUMIPIOBaHHS TEMIIEpaTypu B medi, Ha (B) 3pas3Ky, M0
npuiafiB  Jid BUMIPIOBAHHS HAJJIMIIKOBOTO THUCKY B TI€4i, BEJIWYUHU
HABAHTAXKEHHA Ha 3pa3ok, Jnedopmariiii 3paska (i1 BU3HAYCHHS Yacy HacCTaHHS
TPaHUYHOTO CTaHy 3a O3HAKOIO BTPATH HECyd4oi 31aTHOCTI). Jlyig BU3HAYCHHS Yacy
HACTaHHS TPAHUYHOTO CTaHy 3 BOTHECTIMKOCTI 3a 03HAKOIO BTPATH IUTICHOCTI, Y
CTaH/apTI OKPECICHO BUMOTH JIO PO3MIPIB Ta KOHCTPYKIIIi CeI[iaIbHUX MPUCTPOIB
13 METOIO OIIHIOBaHHS LIUTICHOCTI 3pa3ka (MPUCTPOI0 HAa OCHOBI BaTHOTO TaMIIOHA

Ta METaJeBUX IIYI1B HOMIHAJLHUM JIaMeTPOM 6 MM 1 25 MM).

1 \ 2 3
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Puc. 1.3. IlepenocHa tepmonapa: 1 — 3aXHCHHI KOXYX; 2 — TEIJI03aXHCHA

000JI0HKA; 3 — MIJIHUH JUCK.

MOXIUBICT CTBOPEHHSI B KOXKHIM KOHKDPETHIM BHUMPOOYBaNbHIM Tiedi
HOPMOBAHOI'O BILJIMBY Ha 3pa30K Ma€ OyTH MiATBEpJKEHA IMiJ Yac aTecTalii meyi
BiNMOBIMHO A0 BuUMoOr [1]. V mpomeci arecramii mpoBOAATH BUIPOOYBaHHS

creniajgbHUX 3pa3KiB JUIs aTecTalli 32 CTaHIapTHUM TEMIIEPATyPHUM PEXUMOM. Y
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XO/Jll IUX BUMPOOYBaHb BU3HAYAIOTh HOPMOBAHI XapaKTEPUCTHKHU: TEMIIEPATypy Ta
HAQ/UTUIIKOBUM THCK Y BOTHEBOMY IPOCTOPI Tedi MPOTATroM He MeHIe Hik 90 xB.
3HaueHHs TeMmeparypu B KOXHY XBWIMHY BHUIPOOYBaHHS HE TIOBHHHE
NEPEeBUIYBaTH TPAaHUYHO  JOMYCTMMHUX  3HAY€Hb, PpETJIAMEHTOBAaHUX Y
HOPMATHUBHOMY JOKyMeHTI [1] I MakCMMalIbHHX 1 MiHIMAJbHUX BiIXHIICHb 3a
CTaHJapTHOTO TEMIIEPATYPHOI'O PEXKUMY, a 3HAUYCHHS HAJIJTUIIKOBOTO TUCKY B TeYi
— YHHHUX JOMYCTUMHUX BiIXwieHb (+ 3 [1a) Big HOMIHATLHOTO 3HAYEHHHI.

[leyi oOnamHyIOTh  CY4aCHUMHM  KOMIT'IOTEPHUMH  BUMIPIOBAJIBHO-
pEECTPYBAILHUMM KOMIUIEKCAMHU 31 CIELIaIbHUM MNPOTpaMHUM 3a0€3MeUYCHHSIM
JU1s1 300py Ta 00poOsieHHs 1HGOopMallli 1110/I0 3HAYCHb TEMIIEpAaTypH B Medi Ta Ha
3pa3kax, BUMiproBaHHs nedopmariiii tomo. Taki medi MarTh 3MOTY TPOBOJIUTH
BUNPOOYBAHHS OCHOBHUX OYJIBEJIbBHUX KOHCTPYKIIH 1 BUPOOIB, [0 SKHUX
cOpMyIIbOBAaHO BUMOTH 3 BOTHECTIHKOCTI B HOPMAaTUBHUX JOKyMeHTax [1; 5].

OO6aHaHHS JI71s1 BCTAHOBJICHHS 3pa3Ka B M€Yl Ma€ MICTUTH 00Ja{HAHHS JIsI
CIMpaHHs 3pa3ka Ta 00 HAHHS A7 HaBaHTaKyBaHHS 3pa3Ka.

OOnamHaHHa NI CIIMpaHHS 3pa3ka Mae BIATBOPIOBATH pEalibHI YMOBH
poOOTH KOHCTPYKIIi, 1Ie MOXYTh OyTH CHELIaJbHO CKOHCTPYHOBAHI MPHUCTPOI.
Hampuknan, nns BUNpoOyBaHHS TMEPEKPUTTIB Y KOHCTPYKINI Tedi MOTPiOHO
nepeadayuT 3aco0u, SKI BMOXJIMBIISITH 3aKpIIJICHHS 3pa3ka BiJAMOBIIHO [0
MPOEKTHOI JOKYMEHTallll (Hampukiajg, *OPCTKI pamu), a TaKOoX 3aco0u s
3a0e3MeUeHHsI BUILHOTO CIIMPAHHS 3pa3ka Ha CTIHKax Ieyi.

3pa3ok Mae OyTH BCTAHOBJICHUM Yy M€Yl 3aJICKHO BiJl HAMPSIMKY MOKJIMBOTO
BIUIMBY TOKEXK1 HA KOHCTPYKIIIIO, MEXY BOTHECTIMKOCTI SIKOi Tpeba BU3HAUUTH.
Tomy B KOHCTPYKIi Tie4i, NPU3HAYCHOI, HANPUKIAA, MJI1 BHUIPOOYBAHHS
BEPTUKAJILHUX OTOPOJKYBAIIbHUX KOHCTPYKIIIH, CIiJ MependaunuTH HarpiB 3pas3ka
3 ogHOTO OOKY. Jlyist BUTIpOoOyBaHHS TOPU30HTAIBHUX KOHCTPYKIIH (TIEPEKPHUTTIB,
NOKPUTTIB TOILIO) y TMeyax Mae Oyrtu HarpiB 3HuM3y. Komonu, Oanku, i1HII
CTPW)KHEB1 KOHCTPYKI[li BUIPOOOBYIOTh y Tedax, AKi 3a0e3MmedyloTh HarpiB 13

TPHOX 200 3 YOTUPHOX OOKIB.
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Y KOHCTpYKIi medl TakoXX MaloTh OyTH CTBOpPEHI YMOBH JJs
HaBaHTa)XyBaHHS 3pa3KiB HECYYMX KOHCTPYKIIM (HECYy4yuX CTiH, KOJOH TOIIO).
OOnamHaHHg [J11 HaBaHTa)KYBaHHS 3pa3ka BMOKJIMBIIIOE HaBaHTa)KyBaHHS Ta
HOiATPUMYBaHHS HaBaHTAaXEHHS B Mexkax + 5 % Big HEoOX1AHOT BeMUYUHH Oe€3
3MIHM HOTO PO3MOAUTY 3a 3pa3KoM MPOTATOM YChOTO 4acy BHUIIPOOYBaHHS /0
MOMEHTY BTpaTH 3pa3koM Hecydoi 3aaTHocTi. OOnaaHaHHsS AJi1 HaBaHTaKyBaHHS
3aJ11300€TOHHUX 3pa3KiB TOPU3OHTAIBHUX KOHCTPYKIIIA TOBHHHO BiIMOBITATH
BuMoram [16], mpu 1bOMY HE MEPEIIKOKATH BUKOPUCTAHHIO 130JHOBAIBHUX
NPOKJIAIOK TepMoNap, BUMIPIOBAHHIO JAepopMalllii Ta TeMmmepaTypH MNOBEPXHi
3pa3ka 3 OOKy, MPOTHIICKHOTO BOTHEBOMY BILIMBY, @ TaKOX CIIOCTEPEKEHHIO 3a
MOBEPXHEIO 3pa3Ka.

OTXe, TeXHIYHUH ONHUC YCTAaHOBOK J/JI1 BHIPOOYBaHb HECYYUX CTIH, SKI
BXOJSTh JO HAILllOHAJIBHUX CTAaHJApPTIB JIEp’KaB, MIANOPAIKOBAHUN 3arajlbHUM
OpUHLIAIIAM POOOTH, 110 BIIOOPaKEHO B TaKUX MONOKEHHX [1; 5]:

1) imimamiss ¥ miATpUMaHHSA TOPIHHS BiIOYBAalOTHCA 3a JIONOMOIOIO
plIKONATUBHUX (POPCYHOK, 1110 TPAIIOIOTh Ha raci;

2) posramryBaHHsS Ta poOoTa (OPCYHOK TMOBHMHHI 3a0e3nevuyBaTH
PIBHOMIPHUHM HArpiB MO BCIH MOBEPXHI BUTPOOOBYBAHOTO €JIEMEHTA KOHCTPYKIIIi, a
TaKOX HE JIOMyCKaTu Oe3M0CcepeIHhOr0 3ITKHEHHS (pakesa 3 HOTO MOBEPXHSAMH;

3) KOHTpOJIb TEeMIEpaTypu B II€di, YNPaBIiHHA poOOTOI (OPCYHOK, a
TaKOXX KOHTPOJIb HArpiBy IMOBEPXHI Ta BHYTPIIIHIX IIapiB BUIPOOOBYBAHOTO
eIeMEHTa TPOBOASTH 3a  JIOMOMOTOI0  TEpPMOIap, KOHCTPYKINS  SKUX
CTaHJIaPTU30BAHA;

4) cTaHZApTHOTO TEMIEPATypHOTO PEKUMY MOXKEXK1 JOCATAIOTH IUIIXOM
MOMNEPEMIHHOTO BBIMKHEHHS I BUMKHEHHS ()OPCYHOK, KOHTPOJIOIOUH TepMOnapy.

3a pesynapTaT BUIMPOOYBaHb, 3TIMHO 31 CTAHIAPTHUM TEMIEPATYPHUM
pEKUMOM, OOUPAIOTh MEXY BOTHECTIMKOCTI KOHCTPYKIII, IO BH3Ha4YeHa 3a

bopmyioro:

tfr :tmes_At (1-2)1
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ne ty — Meka BOTHECTIMKOCTI KOHCTPYKITi, XB.; tmes — HAaAMEHIIIC 3HAYCHHS Yacy
BiJI [TOYATKy BUIPOOYBaHHS 1O JOCATHEHHS IPAHUYHOTO CTaHy 3 BOTHECTIMKOCTI,
0 BU3HAYECHE 3a pPE3yJbTaTaMH BHIPOOYBaHb OJHAKOBUX 3pa3KiB, XB.; At-
moxuoKa BUIIPOOYBaHHS, XB.

3HaueHHs MOXMOKM METOAIB BUIPOOYBaHb, BOTHECTIMKOCTI KOHCTPYKIIHN
KOHKPETHUX THWITIB OMHUCAaHO B craHmaptax [l; 4-5; 16-17]. Skmo 3HaueHHS

NOXUOKH B CTaH/IAPTI HE TOJIaHe, TO MOro BU3HAYAIOTH 32 (POPMYIIOIO:

At =0,015t ., +3 (1.3).

Pesynpratn BumpoOyBaHb 3a CTaHIAPTHUM TEMIEPATypHUM PEKUMOM
MOXKEKI HE MOXKYThb OYyTHM €KCTpaloJibOBaHI Ha KOHCTPYKIIi, y SKUX Oyiau
BUKOPHCTaHI K 3aMiHa IHII Marepiajd, a TaKoXX Ha KOHCTPYKINi, 10 SKHX
YHECEHO KOHCTPYKTHBHI 3MIHH a00 3MiHEHA TEXHOJIOT1sI IX BUTOTOBJICHHS.

BunpoOyBaHHs Ha BOTHECTIHMKICTh 3a CTaHJAAPTHUM TEMIEPATYpPHUM
PEKUMOM OUIBII TPUMHSITHI, OCKIIBKH BOHU JAaIOTh 3MOTY MaKCUMAaJIbHUM YHHOM
ypaxoByBaTH BCl OCOOJMBOCTI JOCIHIIKYBAHOTO €JEMEHTa, TEeOMEeTpis 1
BJIACTUBOCTI SIKOTO B TOYHOCTI 30IraloTbCsi 3 TEOMETPIEI0 Ta BIACTHBOCTIMHU
BUNPOoOOBYBaHoro 3paska [1; 5; 18-20]. Jlo #oro OCHOBHUX MepeBar HajJeXUTb
HaWOUIbINA BIJIMOBIIHICTh YMOB, BIITBOPEHUX Y X0/l €KCIIEPUMEHTY, YMOBaM, 1110
BUHUKAIOTh 1] Yac moxexi. BomHowyac BapTo 3ayBaXKWTH, 110, MOMPH OYECBUIHI
nepeBarv, BUNPOOyBaHHS Ha BOTHECTIMKICTh 32 CTaHJAAPTHUM TEMIIEpATypHUM
PEKMMOM MarOTh TIEBHI HEOJIIKH.

Jlo HemomikiB  MIAXOMy 3apaxoBYIOTh Hacammepes MOro  BEJIHKY
TPYJOMICTKICTh 1 BUCOKY BapTicTh [21-22]. B okpemux Bumajgkax HpOBEICHHS
BOTHEBUX BUIIPOOYBaHb HEMOXIIMBE Y€pe3 Te, 1[0 KOHCTPYKIIIT € Ty>Ke CKJIaJHUMU
Ta TpoMi3AKuMHU. J[0 TOro X MPOBEIAEHHS BUNPOOYBAHb BUMArae CreliaJlbHUX

YMOB, BEJIMKUX TUIOII 1 ITOB’s13aHE 13 3a0pyTHEHHSM JTOBKIJLIA.
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3rigHo 3 gociimkeHHsaMu [12; 21-22], aHami3oBaHHI METOJ Ma€ CYTTEBUH

HEJIOJIK, SKUA 3yMOBJICHHA TIOSBOIO IMOXHMOKM B pe3yibTaTaX BIUIMBY TaKHUX
YUHHUKIB:

— B3a€EMHE PO3TAlllyBaHHS 3pa3KiB 1 BUMIPIOBAJILHUX 3aCO01B;

—  TEII000MIH Ha MOBEPXHIX BUMIPIOBAJIBLHUX 3aCO0IB Ta 3pa3KiB;

—  (I3UKO-XIMIYHI TMPOIECH, 110 BiIOYBAIOTHCA B MOTOKAX MIYHUX Ta3iB Y
IPOCTOP1 KaMepH BUMPOOYBAIbHOT TIeui;

— KEpyBaHHS TMAaJMBHOI0O CHUCTEMOI0 HE MOXe 3a0e3NeYuTH TOBHY
BIIMOBIJHICTh PEXUMY HarpiBy KaMepu Ie€ul CTaHJapTHOMY TeMIepaTypHOMY
PEKUMOBI MOKEKI.

HeoOxigHo 3a3HauuTHM, 110, 3TIIHO 3 JOKyMeHToM [1], mig dac
BUNPOOYBAaHHS 3pa3KiB KOHCTPYKIINA, BUKOHAHUX 13 HETOPIOUMX MaTepialiB, Ha
okpemMux Tepmorapax micias 10 XBUIMH BUMPOOYBAHHS JOMYCKAIOTh BITXHWJICHHS
TEeMIIepaTypy BiJl CTAHIAPTHOTO TeMIiepaTypHoro pexumy a0 203°C, mo cBO€rO

YEeproro BIUIMBAE HA JI€KBATHICTh PE3YyJIbTaTIB BUIPOOYBaHb.

Oxepena noxmbokK y npoueci npoBeAeHHA BOrHeBUX BUNpoBoByBaHb

Lo gocnimxysanube Lo gocnimpkyBanubc
y pobori [12] y pobotax [21-22]

O HesignosigHiCTbL reoMeTpil
BUNpobyBanbHOro
3paska reoMeTpii peanbHOro
enemeHTa (0o 15 %)

O HesignosigHicTb TemnepaTypHOro
pexuMy BUNpobyBaHb CTAaHAAPTHOMY
TemnepaTypHoMy pexumy (ao 15 %)

© HesipnosiaHicTb rpaHniHnx @ MorpilHicTb TepMonap, o6yMoBneHa
YMOB HaBaHTaXEHHA | TennoobmiHOM MK razoBum
KpPINEeHHs 3paska rpaHn4HnmM cepenoBuULLEM B Kamepi nevi i
yMOBaM peanbHOro eneMeHTa ix nosepxHeto (Ao 6 %)
(8o 10 %)

Puc. 1.4. Cxematuune 300pakeHHS JDKEPES MOXUOOK MPU BUIPOOYBAHHSIX
Ha BOTHECTIMKICTh OYIIBEJIBHUX KOHCTPYKIIIM, 110 JOCIIKYBAIUCH Yy PoOOTax

HAYKOBIIIB.
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VY 3B’A3Ky 3 THUM, IO YIOPaBIIHHA MaJUBHOIO CHCTEMOIO HE MOXKE
3a0e3MeYNTH TOBHY BIAMOBIIHICTh PEXUMY HArpiBy KaMmepH Iedi CTaHIapTHOMY
TeMIIEpPaTypHOMY PEXKUMOBI MOXKEX1, ICHYye TIeBHA MOXUOKA B peaizallli pexumy
HarpiBy enemenTa [23].

CranpapTHi METOIM BOTHEBUX BHIPOOYBaHb JOCTATHHRO BHUBYEHI, IO
3acBimuye Hu3ka poOit [6; 12; 21-32], nme 3°sCOBaHO OCHOBHI acCHEKTH
BUIIPOOYBaHb Ha BOTHECTIHKICTh 3aJ11300€TOHHUX KOHCTPYKIIH. OAHAK y Hpansx
Opakye aHalli3y METPOJOTIYHHUX XapaKTEPUCTUK BUMNPOOYBAJbHUX YCTAHOBOK 1
BIUIMBY KOHCTPYKTUBHUX OCOONMBOCTEM IIMX YCTAaHOBOK Ha pE3yJIbTaTH
BUNPOOYBaHb.

3 ommsgay Ha JdaHi, mOpeAcTaBieHi B Tabmn. 1.2, BumnpoOyBaHHS Ha
BOTHECTIMKICTh y CHEIIaJbHUX YCTAHOBKAX HE MOXKHA BBa)XaTH aOCOIIOTHO
JIOCTOBIpHUM ¥ YHIBEpCaJIbHUM METOJOM JUIsi BU3HAYEHHS (DAKTUYHOI MEXKI
BOTHECTIMKOCTI €JIEMEHTIB 3a1i300€TOHHUX OyMiBEIbHUX KOHCTPYKIIIHA, TOMY iX
NOTPIOHO KOPUTYBaTH BIJAIMOBIIHO 0 AOJATKOBHUX JOCIHIKEHb, SIKI MPOBOJAATH 32
JIOTIOMOTOI0 OOUYMCITIOBAIBHUX €KCIIEPUMEHTIB 13 BUKOPUCTAaHHSAM MAaTEMaTUYHOTO
MozemoBaHHsA. [lepeBara came ULBOro METOAY TN€pea I1HIIMMHU TMOJSITrae B
320Ia/IJTUBOCTI, €KOJOTIYHOCTI Ta €(EeKTUBHOCTI. YMOBHO IIi METOJU TOIUISIOThH
Ha CHOpONIEHI ¥ Ti, y SKUX BUKOPHUCTOBYIOTH TMOBHY CHCTeMY piBHAHb Hap’e —

Crokca [6].

1.2. Oco6MBOCTIi MATEMATHYHOT0 MO/IeJIIOBAHHS TEIJIOBUX MPOIECciB

Jlsis MaTeMaTUYHOTO OOYMCIICHHS MPOIECY TEIIOMacOOOMIHY Y BOTHEBHX
neyax HHHI BUKOPUCTOBYIOTH IHTErpajibHi, 30HHI Ta MOJbOBI Mmomem [3—7].
[HTETpanbHI MOAENI Jal0Th 3MOTY OTpPUMaTH TIPOTHO3 CEpPEeAHIX 3HAYCHBb
mapamMeTpiB CTaHy CepeloBUINA B KamMepl Tmedl il OyJb-SKOTO MOMEHTY
BUNPOOYBaHb. Y 30HHUX MOJENAX BECh MPOCTIP KamMepH eyl MNOAUISIOTh Ha
XapaKTEPHI MPOCTOPOBI 30HU ¥ BU3HAYAIOTH CEPEAHI 3HAYCHHS MapaMeTpiB CTaHy

CepelioBUIIla B IMX 30HAX g OyJab-IKOro MOMEHTy uyacy. IloiaboBi abo
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nudepeHLianbHl  MOJENl  TEMIOMAacoOOMIHY  BMOMJIHMBIIOIOTH — MPOTHO3
IPOCTOPOBO-YACOBOTO  PO3MOALTY  TeMmImepaTyp 1 IIBHIKOCTEH Tra30BOro
CepelloBUIlla B KaMepl Medi, KOHIIEHTpallli KOMIIOHEHTIB CEepEeJOBHINA, TUCKY Ta
TYCTUH Yy OyIb-sKii TouI [5].

[TonboB1 Mojeni, Mo3Ha4YeH1 B 3apyOixkHIN diTeparypi aOpesiaryporo CFD
(computational fluid dynamics — auri. oOuuncirOBajIbHA TiAPOAMHAMIKA), € OLIBIII
NOTY>)KHHM Ta YyHIBEpCaJbHUM IHCTPYMEHTOM, HIDK 30HaNbHI Ta IHTETpaJibHI,
OCKIJIbKA IPYHTOBAHI Ha 30BCIM IHIIOMY NMPUHLHUII. 3aMICTh OAHIET a00 KIJIbKOX
BEJIMKUX 30H Y TIOJLOBUX MOJIETISIX BHOKPEMITIOIOTh YHCIEHHY KUTBKICTh (3a3BHUait
TUCSY1 a00 JIECSITKU TUCAY) MAJICHBKUX KOHTPOJIBHUX OOCSTIB, HE TMOB’A3aHUX 13
nepeadadyBaHOIO CTPYKTYporo MHOTOKYy [7]. [nst koxkHOTO 3 LUX 00’e€MiB 3a
JIOTIOMOTOI0 HHM3KA METOJIB PO3B’SI3yI0Th CHCTEMY pIBHAHb Yy YacCTKOBHUX
HNOXIJHUX, 10 BUPAXalOTh MPHUHILIMIIN JIOKAJIbHOTO 30€peKEHHSI MACH, IMITYJbCY,
€Heprii Ta IHIMX KOMIOHEHTIB. OTxKe, TMHAMIKa PO3BUTKY IMPOIIECIB 3AJICKUTH HE
BIJl aNplOpPHHUX MPUIYIIEHb, A JIMIIE BiJ Pe3yJbTaTIB PO3PAXYHKY MOJbOBUX

MOJIeJIeH, Y SIKHX 3aCTOCOBYIOTh TIOBHY cucTeMy piBHsSHb HaB’e — Ctokca [3-7].

@ [MloBHa cuctema piBHSAHHA HaB’e - CTtokca

:

T@Memn KOHTPO/IbHUX 06’EMiB ‘ @Mop,eni FOPiHHS
@CiTKOBi T ‘ Mogeni TennoobMmiHy
A BMMPOMIHIOBaHHAM

‘ @CMCTeMM CNOJTyYEeHHS

@Moﬂ.e”' TYpbyneHTHOCTI cepenoBULLA

Pucynok 1 — Teopernuyna 6a3a i po3B’s3Ky 3ajad TEIJIOOOMIHY Yy

BOTHCBHUX II€YaX.
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3rifHO 3 aHaNi30BaHUM TMIAXOJAO0M, BHKOPUCTOBYIOTH (DyHJAaMEHTaJbHI
PIBHSIHHS:

piBHSIHHS pyXy nOoTOKY (piBHsiHHS HaB’e — Ctokca);

PIBHSIHHS HEpPO3PHBHOCTI MOTOKY, IO BHPAXEHE 3aKOHOM 30epeKeHHs
Marepii;

PIBHSHHSA po3noJiiy Tema (piBHsHHSI Dyp’e — Kiproda);

PIBHSIHHS CTaHy rasy;

piBHSHHA au@dy3ii, M0 BUpa)ka€ 3MIHY KOHIIGHTpAIlli pearyrouoro KHCHIO
a00 1HIIIO1 Ta30BO1 KOMIIOHEHTH 33 YMOB PYXY I'a30BOI0 MOTOKY;

710 IIHOTO CIIHCKY, SIK TPABHIIO, TO/IAI0Th:

PIBHSIHHS, 110 BHUPA)KAa€ 3aKOHOMIPHICTh MPOMEHHCTOrO TEIUIOOOMIHY B
Kamepi Ieut;

PIBHSIHHS IIBUAKOCTI Mepediry XiMigHOI peakIlii;

CTEX10METPUYHI PIBHOCTI peaKIliii;

PIBHSIHHSL pyXy OKPEMHX YaCTHMHOK TBEpAOro W PIAKOro MajvuBa 3
ypaxyBaHHSM raJIbMiBHOT'O OIIOPY HECYUYOr'0 CEpEI0BUIIIA;

PIBHICTh HAJIXO/)KCHHS M BUTPAT TeIUIa (EHEprii) y KaMmepi meui.

VY 3BuuaiiHOMy BUTJSAI cucTema piBHSHb HaB’e — CTokca ckiamaerbes 3
JIBOX PIBHSIHb:

— PIBHSIHHS PYXY,

— PIBHSIHHS HEPO3PUBHOCTI.

JUisi BU3HAUYEHHA TYpOYJIEHTHOI B’SI3KOCTI 3aCTOCOBYIOTH Pi3HI BapiaHTH,
NOB’si3aHI 31 Ccnoco0aMM BHU3HAYEHHS OIOCEPENKOBAaHUX 1 (UIyKTyalliHUX
CKJIQJIHUKIB BEJIMYMH, IO BXOAATh 10 piBHsAHHA Hap’e — Ctokca. Ili cmocobu
BU3HAUCHHS TYpOYJIEHTHOI JAMHAMIYHOI B’SI3KOCTI HA3UBAIOTh  MOJEISIMU
TypOyneHTHocti. Haiibinpme mnomupeHHs Mae craHgaptHa k-g  mojenb
TypOyJEHTHOCTI [6]. 3riHO 3 LI€I0 MOJEIUII0, TUHAMIYHY TypOyJIeHTHY B’SI3KIiCTb

BH3HA4YarOTb 3a BUPA30M:

kz
#=C,p—
o (1),
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ne Cu = 0,09 — cranmii koeilieHT; € — MBUAKICTh AUCUTIALT TYpPOYJIEHTHOI
eHeprii; k — TypOysjeHTHa eHepris.

Jlng BU3HA4YeHHS BeMMYMH € 1 k BHUKOPUCTOBYIOTH pIBHSHHS, SKi

AOIIOBHIOIOTH CUCTCMY piBH}IHI) Hap’e — CTOKC&, 10 MarOThb BUTJIA:

a(gtk) +V(pVk)= V((u + iJij t G =pe

7 @),
2
M+V(,0Vg):V ,u+ﬂ Ve +Cl£th -C, flpg—
ne G — BeM4yuHa, SIKy BU3HAYAIOTh 32 BUPA3OM:
6-p, %
E ),
ne BenuuuHy Dij BU3HAYAIOTh K
D, =S, - é[v V4 ”k}su
H (5)’
Benuuuny 61j, sika BXOAUTH 10 piBHSAHHSA (5), BU3HAYAIOTH SIK:
ov, oV,
T, ox,
X (6).

[H111 MapamMeTpu, 1o BXOJATH A0 piBHAHHS (2) 1 (3), € HOCTIHHUMU.

Jlis MOZeNoBaHHsS pearyrouoro ABO(A3HOrO0 MOTOKY PIAKUX YacTOK Yy
pyXoMOMy TOBITpI MoOXe€ OyTH BHUKOPUCTaHA MOJENb «5 Tra3iBy, 3riAHO 3
HoMeHKIaTyporo [8]. [Ipu 1boMy MoOfenbh BUIAPY YACTOK PEali3ylOTh Y PEKUMI

KUITIHHS BIMOBITHO IO MOJIENI, MPEACTaBICHOI PopMyIaMu:
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A Cp, (T =T
m= Nuglln(1+ P (T, Ty )j
d Cpp hlat (Tp,boil) (7)’
ne gucio HyccenpTa BU3HAYAIOTh 32 POPMYJIOF0:
-0.5
Nu =2+ 0.556Re*'? Pr“3[1+ 12347,3)
RePr (8)
ne Cpp — TEIIOeMHICTh 4YacTOK; Cpyol — TEIUVIOEMHICTH JIETIOUHMX; Ag —

KOoe(ILIEHT TEIUIONPOBIIHOCTI ra3oBoi (a3u; Ty — TemmepaTypa razosoi Qasu;
Topoil — TeMIeparypa KUIIHHS piakoi (a3 yacTku; hjy —IpUXoBaHa TeEIIOTa
YTBOPEHHS ra30B0i (a3u B IpOLEC] BUIAPOBYBAHHS.

Pinke mnanuBo (rac) mnpeacTaBiisg€ y3arajJbHEHa XiMIYHA BYIJIEBOJHEBA
dopmyna CiHyO, (CsHeO). Temnory 3ropaHHs piIKOro MajuBa BU3HAYAIOTh 32

Takoro (popMyoro:

LRV, e = hl(i) fuel hgo 4ax - hﬂ o 9
¢ ¢ *12x+y+16z T 12x+y+16z (9),

1e hoiic, fuet, °co2, h%h20 — TemmoTw yTBOpEHHS Tacy, BYIJIEKHCIIOTO rasy i
BOAM; X, Y, Z — CTEXIOMETpUYHI KOe(ILI€EHTH [JIs Tracy, U0 IO0PIBHIOIOTh
BiamoBigHo 6, 6 1 0.

Mogenb ropiHHsS BU3HAYaAIOTh 3a MIBUAKICTIO CBITJA I BUTpaTaMu MajuBa,
OKHCHUKA 1 MPOAYKTIB 3ropaHHs. KIigbKICHI CHIBBIJHOIIEHHS BH3HA4ye€Hl 3a

y3arajbHEHUM XIMIYHUM PiBHSIHHAM [4]:

C,H,0, +(x+0.25y - 0.52)0, —*>CO, + 0.5yH,0 (10).

[IBuakicTh peakirii W BU3HAYAIOTh 32 CTEXIOMETPUIHUM KOC]iIliEHTOM:
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_ 32(x+0.25y - 0.52)
Fher 12X +y +16z2 (11).

Monens TopiaHss MaraycceHa Moke OyTH BUKOPHUCTaHa SIK MOJICJIb TOPiHHS,
3TIHO 3 PEKOMEHIAIISIMU JJIS 3a3/]aJIeTiIb HE3MIIIAHOTO MajiuiBa i OKUCHUKA.
[IBuaKiCTH 3MINTYBAaHHS Ta XIMIYHOI peakiiii TOpiHHS B Mojiesli Marnyccena

BU3HAYAIOTH 32 (HOPMYJIOIO:

0.25 Y
uE & .
Wmix = 236(d(2j pkmln[chHyOZ ’IOJ

chem (12).

PiBHSIHHA, 1O ONHCYIOTh MOJENl TEIJIOOOMIHY Yy BOTHEBIM Tmedl i
BUINIPOOYBaHb. J{J1s1 00Ky paaiaiiHOro TEMI000MIHY B ra30BOMY CEpEIOBUIII Ta
B3a€MHOTO TEIJIOOOMIHY MIDXK CEpEeJOBHILEM 1 YacTKaMHU, a TaKOXX TBEPIUM
MaTepiajioM JOUUIBHO BHKOPUCTOBYBAaTH IHU(PY31HHY MOJAENb BUIPOMIHIOBaHHS
razy (P1) [5; 6]. 1ls wmoxenp mnoOymoBaHa Ha NPHIYIIEHHI, IO ONTHYHE
CEpEllOBUIIIE  130TPOIMHE, TMPOIEC palalliifHOTO TEIJIONEPEHOCY OMHCAHUM

PIBHSHHSIM:

v( 1 VE,j+3(aEb —aE, )=0
a+pf

(13),
ne Er — rycruna eneprii BumpomiHioBaHHs; Eb — piBHOBakHa rycTHHa

€HEprii BUMPOMIHIOBAHHS, 110 BU3HAYAIOTh 32 PIBHAHHSIM:

OlEb :amEbym +apEbvp (14)

0L — IHTETPAIBHHM 32 CLIEKTPOM KOE(III€EHT MOTITUHAHHS:

a:am+ap (15)’

B — iIHTerpanbHUl 3a CIIEKTPOM KOE(IIIEHT PO3CIFOBAHHS:
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B=B,+5 p (16).
VY piBasHHAX (14) — (16) BUKOpPUCTOBYBaHI BEJIMYMHU MaIOTh TakKi
IMO3HAYEHHS:
— Olm, Olp — KOE(ILIEHTH MOTJIMHAHHS BIJIOBIIHO /10 Ta30BOT0 CEPEIOBUILA 1
YacTOK;
— Bm, Bp — KoedilieHTH po3citOBaHHS BIAMOBIIHO A0 T'a30BOT0 CEPEIOBHINA
1 4acTOK;
— Ebm, Ebp — piBHOBaXKHA IIIJIBHICTh €HEPT1i BUIIPOMIHIOBAHHS JJISl Ta30BO1
da3u Ta a3y 4YacTOK PO3CIIOBAHHS BIJMOBIAHO JI0 Ta30BOr0 CEpeAOBHINA i
YacTOK.

HepeanOBaHi BCJINMYNHHU BU3HA4YAIOTH 34 (bOpMYHaMI/II

_ 4
E,,=oT, (17),
a E —iag S>arN TS
p—bp _Q ) p j [ (18)
1 2
a, :Q—gpzj:m‘j N, (19)
cell
1 2
B, :?(Z-Sp)zj:m’j N, 20)

ne ¢ — crana Credana — bonbumana; Tpj — TeMneparypa j — To1 4acTku; Nj —
KUIBKICTh YaCTOK Y KOMIPIIL; € — CTYIIHb YOPHOTH YaCTOK.

Jlist onucy paaiaitHoro TermiooOMiHY MIXK MOBEPXHSIMHU OOrOpOIKYBaHHS
nedvi, TOBEPXHIMH KOJIOHM M TepMoIlap JOLUILHO 3acTocoByBaTth Mojenb «III1
BUTIPOMIHIOBaHHS», 3TiMIHO 3 HOMeHKkiaryporo [8]. Ils momens Ga3oBana Ha
BUKOPUCTaHHI PIBHSHHS PaJlalliiHOTO TETIOOOMIHY MIX IMOBEPXHIMH, LIO0 Ma€

TaKUN BUTJIAL:

N . N 1(0; 1-¢
(6, —-F;) o, :ZK —-F - |9
=1 =1 A 8j 6‘j (21)’
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ne dij — mapamerp, skuid 1opiBHIO€ 0, SKILO 1 # j, Ta TOPIBHIOE 1, KO 1 = j;

0j — MOBEpPXHEBUN TEIJIOBUI MOTIK 4Yepe3 1-Ty IOBEPXHIO, SKa OOMIHIOETHCS
BUIIPOMIHIOBaHHSM 13 j-TOl0 noBepxHero; Fij — mpomenesi ¢popMm-pakropu, 3a1exHi
BiJI B3a€EMHOT'0 PO3TallyBaHHS 1-TOi 1 j-TOI IUIOII MOBEPXOHB, III0 OOMIHIOIOTHCS

BUIPOMIHIOBaHHSM, SIKI BU3HAYAIOTh 32 (POPMYJIOIO:

cochos@
F=tp 99 gadn

/-\ A;

(22),

ne: 0 — KyT MK HOpMaJLTIO JIO €JIEMEHTA | JIHIE0, 110 CIIOIyJYae eIeMEeHTH 1
Ta j; T — B1JICTaHb M)XK IIEHTPaMU €JIEMEHTIB 1 Ta j.

OTtxe, HasIBHI MaTeMaTU4YH1 MOJIEJIl Ta X YUCEIbHA peali3allisi Jal0Th 3MOTY
TOYHO ¥  e(EeKTHMBHO 3MOJENIOBAaTH IPOLIEC BOTHEBUX  BUIPOOYBaHb
3a11300€TOHHUX Oy1BEJIbHUX KOHCTPYKIIH HA BOTHECTIMKICTb.

VYHachiok npoBeIeHHS HU3KU MOCTIIOBHUX 1TE€paIliii, OTpPUMAaEMO 3HAYCHHS
aHaM30BaHUX (YHKI[IH y TIEBHUN MOMEHT 4acy.

AHANOTIYHUM YHHOM PO3PaxOBYIOTh 3HAYEHHS ISl KOXKHOTO MOMEHTY Jacy.

JIJist CKIaIHUX KOHCTPYKITH 00cST 00YMCIICHB € IyKe BEITHUKUM, TOMY O1IbIII
3py4YHO TMEpPEeKIIaCTh MOHOTOHHI ITepalli B aJIropuT™M i MEPCOHAIBHOTO
koMIr'torepa [6-8]. IcHye Oararo cnemiami3oBaHUX MporpaMm Juisi MOOYJOBU
T€OMETPUYHUX MOJIeNIel KOHCTPYKIIH, pO3MOALUTy KOHCTPYKIIM Ha OUIbII ApiOH1
€JIEMEHTH Ta PO3pPaxXyHKY NOBEAIHKH €JIEMEHTAa i KOHCTPYKIIIT B I[IJIOMY.

Bubip KOHKpETHOTO MPOTrpaMHOTO KOMIUIEKCY 3aJI€XKHUTh BiJ] 0COOJMBOCTEH
MOJICTHOBAHUX  MPOIECIB, MOXKJIHUBOCTCH  OOUYMCIIIOBAIbHOI  TEXHIKM  Ta
KopucTyBada. CyTHICTh YMCEIBHOTO €KCIEPUMEHTY MOJIATa€E B iHIMIALII Mpolecy
TOpIHHSA 3 KOHTPOJIEM TEMIIEpaTypu B CEpeAuHI MOJEei TepMomap Tak, 100
TEMIIEpAaTypHUA PEXKUM IXHBOTO HArpiBy sSKOMOra TOYHO 30iraBcst 3
TeMIEPaTypHOIO CTaHAAPTHOI KPUBOO TOXKEXKI [8].

Ha ocHOBI maTemMaTHYHOTO MOJENIOBaHHS HEOOXIHO OTPUMATH BILUIUB

TEIJI000MIHY MiX TEpPMOIapol0 M Kamepolo Medl, ypaxyBaTH, KM BIUIMB Ha
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pe3yabTaTH Ma€ HEOJHOPITHHM pO3MOALT TEeMIeparyp Yy Kamepi Mmedl Ta Ha
MOBEPXHI JOCHIIHOTO eJeMeHTa. MaTemMaTHuyHe MOJETIOBaHHSA A€ 3MOTY
BHOKPEMHUTH TEXHOJIOT1YHI ITapaMeTPpH Teul, MiABUITUBIIA TOYHICTh BUITPOOYBaHb.

MeTo0 MOJENIOBaHHS TEMJIOBOTO BIUTUBY Ha 3ali300€TOHHI OY/iBEJbHI
KOHCTPYKIIIi € BH3HAYECHHS PO3MOAUTY TEMIIepaTyp Vy BHYTPINIHIX IIapax
CJIIEMEHTIB y Oyab-IKUii MOMEHT 4Yacy pPO3BHUTKY YHM 3racaHHs Moxkexi. L[poro
MO’KHA JIOCSITHYTH, BBa)Katouu OETOH OJHOPIIHUM, HETEPEPBHUM CEPEIOBHUILEM.
[Ipy 11bOMY BHKOPHUCTOBYETHCSI PiBHsHHS TeruionpoBigHocti dyp’e (1.4). Ilpu

BBC/ICHHI MIEBHUX NpunyiicHb [40—46].

CV(T)aa—I:div(/i(T)grad(T)) (L)

ne CV — o0’eMHa TEIUIOEMHICTh, IO 3aJCXKHUTh Biag Temrepatypu T,
JIx/(M3-K); MT) — xoedimieHT TEMIONPOBIAHOCTI, IO 3aJEXKHUTh BiJl
temrepatypu T, Bt/(m-K).

3amayl TEIUIONMPOBIAHOCTI JJIA 3al1I300€TOHHUX KOHCTPYKIIA B YMOBax
MOXKEKI MalTh IMEBHI XapakTepHl ocoOmmBocTi. Jjig iX po3B 43Ky HEOOXITHMIA
PO3IIIA]T TEIUIOBUX TMPOIIECIB, IO BIOYBAIOTHCA Y MPUMIIICHHI TIPHU MOXKEX1, YMOB
TEIJI0O0OMIHY Ha TOBEPXHI KOHCTPYKLIM Ta TEO(QI3UYHUX MapaMeTpiB y
BHYTPIIIHIX IIapax KOHCTPYKI[iKA. Bci mepeniueHi YMHHUKH MAarOTh CKJIAIHUI
XapakTep 1 NPUBOAATH JO TOTO, IO AHAJTITUYHUM PO3B’SI30K ICHYE TIIBKHU IS
3a/1ad y CHPOIIEHINH TMOCTaHOBIN, 10 HEraTUBHO BiJIOMBA€THCS HA TOYHOCTI
OTPUMAaHUX PE3yJIbTaTIB.

HopmatuBH1 po3paxyHKOBI METOAUKH [8,9] peKOMEHAYIOTh JIJIsi BUSHAYCHHS
BOTHECTIMKOCTI  3aJi300€TOHHMX  KOJOH  BHUKOPHUCTOBYBAaTH  CTaHIAPTHY
TeMIepaTypHy KpUBY moxexi [7, 47-52].

JluHamika pO3BUTKY Ta 3racaHHs MOXKEXKI BKa3ye HAa HE CTal[lOHAPHICTb
HarpiBy KOHCTPYKIIHM TiJ 4ac MOXEXi, 1 TOMy sl PO3B’s3Ky piBHSHHSI Dyp’e

BUKOPHUCTOBYIOThCA rpanuuni ymoBu II poay [49, 53]:
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_g(T)%\VF (T YToe —T) (1.5)

ne o — KoedIieHT NPOIMOPIIHHOCTI, IO Ha3UBaIOTh KoedilieHTOM
Terooominy, Bt/(M2-rpan); Text - remmepatypa kamepu medi, 0C.

TemmooOMiH Ha TpaHUIN PO3AUTY CEPEIOBHUI MOACITIOETHCS 3a JTOMOMOTOIO
KoedillieHTa TEII000MIHY, SKHW BpaxoBY€ J1I0 KOHBEKIIl Ta 1H(pPadyepBOHOTO

BUINIPOMIHIOBaHHS. TakuM YMHOM, KOE€(IIIEHT TEII000MiHY JOpIBHIOE [49]:

0{=(ZB +(ZK (1.6)

7€ 0B— KOe(IIIEHT TEIUIOOOMIHY BiJ] BUIPOMIHIOBAHHS; OK — KOE(IIIEHT
TEIJI000MIHY KOHBEKIIIEIO.

KoeditieHT B 3HaxoAsTh 32 GOPMYIIOLO:

T4_T4
o =c-o--N_P

Tw = Te (1.7)

KoedirmienT TemnooOMiHy KOHBEKITI€I0 BU3HAYAIOTH 3a [36].

PilieHHsa TemnoTeXHIYHOI 3ajadyi Moke OyTH OTpHMaHe MpPU 3aCTOCYBaHHI
KIHIICBO-PI3HUIIEBUX METOJMIB, 30KpeMa, MeToAy 'eleMeHTapHuX OajaHCiB"
Baniuea A.Il. [54], a Tako iHIIMX MeToiB [41, 55-64].

3a Pociiickkoro  metogukoro T®X BuzHauvaerbcsa 3rimHO [9]. 3a

€BponeichKOI0 METOIUKOIO - 3riaHo [8] (puc. 1.4. —1.6.).
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cp(T), xIx/(xr-K)
2,2
2 2 = 0,
\ u—Sﬁ
A —
':'4 X N \ J.._/'U = 1.5?/0

1,2 \
1
0,5
0,6
0,4+
0,2f
0 [ L d L i i L
0 200 400 600 800 1060 1200 T, oC

u=0%

Puc. 1.4. 3anexuicte nmutomoi teroemHocti cp(T) Bim Temnepartypu ans

0eToHY 13 BMiCTOM MacoBoi Bojiorocti u 0, 1,5 ta 3 %.

Cv(T), xJIx/(m - K)

50007
4000 \

r» \
3000 ’-

T
2000 r-/
1000 -
0 [ ! 3 L ! 1. !
0 200 400 630 go 100 1200 T, °C

Puc. 1.5. 3anexnictb 06’emHoi TemmoemHocti cv(T)Big Temneparypu ais
0eToHy rycTuHoro Ounbie 2300 kr/mM3 13 BMICTOM MacoBOi BOJIOrocTi u=3 %

Ac, Bt/(M-K)

2,0 I
1,8 \?\
1,6
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1,2 1
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Puc. 1.6. TeronposinHicTh OeToHyM( 1 — BepXHs Meka, 2 — HIDKHS MEKa).
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VY pobotax B.M. Poittmana Ta T.H. 3upinoi [41, 65-68] OyB po3BUHYTHI

IHIIWHA MaTeMaTHYHUH anapaT A7 po3B 3Ky TEIUIOTEXHIUHOT 3a/1a4i.
[lonanpmioMy poO3BUTKY MaTEMaTHUYHOrO amapary JUisi MOJIEIIOBAaHHS
TEMITEPaTypHOTO BIUIMBY HAa TMOPUCTI MaTepialid i3 BOJOTOI0 y TMOpax, M0 SKUX
HaJIC)KUTHh OCTOH MPUCBSIYCHUN KOMIUIEKC poOiT [46, 67—69] B.JI. CTtpaxoBa Ta iH.
Henomnikom ABOX TaHUX METOAIB € HEOOXITHICTh y TOJAaTKOBOMY CKIIQTHOMY
n1abopatopHOMY 00JIaAHAHHI JUIsl BU3HAUECHHS JIEIKUX IapaMeTpiB, 110 BXOIATh Y
pIBHSHHS. YHHKHYTH TaKUX HENONIKIB JO3BOJIAIOTH METOAMKH, 3aCHOBaHI Ha
pO3B’s13Ky obepHeHoi 3anadi TertonpoigHocTi (O3T) [46, 70—72]. 3a monmomMoroxo
O3T Bu3HauarThCS €(EKTUBHI KOEPIIEHT TEIUIOMPOBIAHOCTI Ta TEIJIOEMHICTD,
alpOKCMMOBAaHI MEBHUMHU (DYHKIIOHAIBHUMHU 3QJIEKHOCTSAMU Bl TeMIEpaTypH,
HalpUKJIaJ y BHUIJSAAI KyOluHHX mnojiHoMianbHUX (GyHKHiIM (crutaiiHiB). O3T
pO3B’sI3y€ThCA 3a JOMNOMOIOK OaraTOKpaTHOro pIIIEHHS MNOpsIMoi 3axadl 3
Ni0MPaHHSIM TaKUX KOe(IIEHTIB y CIIaiiHaX Tero(i3UUYHUX MapaMeTpiB, MpH
AKUX Ma€ MIHIMyM UIIbOBUM (YHKIIIOHAN CEpPEeIHbOKBAAPATHYHOI HEB’ A3KH.

[inmpoBuit hyHKIIOHAT Ma€ Takui Bursia [70]:

D = 1i[TiM _TiE]2 =4
M= , (1.8)

7€ M — KUIbKICTh MPOCTOPOBO-4ACOBUX KOHTpOJbHUX Touok; TiE TiM, -
EKCIIEpUMEHTAJIbHE Ta MOJIEIbHE 3HAYEHHS TEeMIEpaTypu B 1-Till MPOCTOPOBO-
4acoBiil KOHTPOJIBHIHN TOUIIL, O - 33/laHa TOUHICTb.

Takum 4MHOM, MOXHA 3pOOUTH TaKl BUCHOBKHM, IO 3a/iaya 13 BU3HAUCHHS
pO3MOAUTY TEeMIeparyp y 3alli300€TOHHUX KOJOHAX TMpPH TOXKEXl JOCTaTHbO
BHUBYCHA 1 PO3B’SA3YETHCA 3a JIOMOMOTOI0 PIBHSHHS TEIUIONPOBiTHOCTI Dyp’e 3
ypaxyBaHHSIM HECTAllIOHAPHOCTI HAarpiBy Ta HEMIHIKHOCTI TEmIo(i3UIHUX
napamMeTpiB. [Ipu po3B’s3aHHI TIPsAMOI 3a7adi HECTAIIOHAPHOI TEILIONPOBITHOCTI
JUISL PO3PaxyHKY TEMIIEPATYpHUX MOJIB Y 3ai300€TOHHUX KOJIOHAX Yy HENHINHIN

MOCTAHOBIIl TepeBara BIAJA€TbCS YHUCENbHUM Metofam llpu po3B’si3ky 3anadi
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TEIUIONPOBITHOCTI Tpeba BpaxoByBaTH (PEHOMEHOJIOTIIO HarpiBy OeTOHY
NoB’si3aHy 3 (UIbTpaIli€lo, KOHACHCAIIEID Ta BHUIMAPOBYBAHHS BOAM y TIOpax
MaTepialy, a TakoX BHUTPATH TEIJIOBOI €Heprii Ha AeripaTaiilo y HEeMEHTHOMY

KaMEHi.

1.3. Oco6auBOCTI MaTEeMATHYHOIO0 MOJEJIOBAHHS  HANPY’KEHO-
nedopMoBaHOro cTany OylaiBeJbHUX KOHCTPYKUIil MiJ 4ac iX BUNPOOYBaHb Ha

BOTHECTIHKICTH

3ajaya MOJCNIOBAHHS 3MIHM HECY4Oi 3JaTHOCTI  3ali300€TOHHUX
KOHCTPYKIIH TIPU MOXKEXK1 Ma€ 3a METY BU3SHAUCHHS TPAHUYHUX CTaHIB, MIPHU SIKUX
BTPAYa€EThCs MIIHICTh, HA OyAb-SK1M CTa/lli HArpiBy YU OXOJIOHKEHHS.

3a cy4acHUMH YABJICHHSIMHU I PO3TIISAY YMOB HACTaHHS TPaHUYHOTO
CTaHy HEOOXIJIHO JOCIIIKYBaTHU TMOBEIIHKY KOHCTPYKIIN y miiomy [42, 50, 73,
74]. TakuM 4YMHOM BTpaTa MIIHOCTI MPU TMOXKEKI CTATUYHO-HEBU3HAYEHOI
3aJ11300€TOHHOT KOHCTPYKIIIi B1IOYBa€ThCs y JeKuibka eTamiB. Ha nepiiomy etarmi
BIIOYBA€EThCS BTpaTa HECY4YOi 3JAaTHOCTI IEBHOIO €JIEMEHTY, Yy pe3yjbTaTl
YTBOPIOEThCS TUIACTUYHMMA 1mIapHip. Ha sapyromy erami micist yTBOpPEHHS
IUIACTUYHUX IMApHIPIB Yy  JACKUIBKOX €JEeMEHTaX CTaTUYHO HEBU3HAuYeHa
KOHCTPYKIisl BTpayae CTIMKICTh, a00 MEPETBOPIOETHCA HA F€OMETPUYHO 3MIHHY 1
oOpyiryerbesi. TakuM YMHOM MOTPIOHO OKPEMO PO3TISAATH HACTAHHS IEPIIOTO
IPAaHUYHOTO CTaHy — BTPAaTy MILHOCTI OKPEMOIrO €JIEMEHTy, Ta JApYyroro
IPaHUYHOTO CTaHy — BTPATy CTIMKOCTI BCi€T KOHCTPYKIIIi.

3a ocTaHHIA Yac pO3paxyHKOBI METOJAMKH BHU3HAYEHHS HECY4YOi 3JaTHOCTI
OKpEMHUX €JIEMEHTIB 3a11300€TOHHUX KOHCTPYKIIM B yMOBaX MOXeEX1 TOCTaTHHO
pO3p0o0JIeH] Ta THTEHCUBHO PO3BUBalOThCS. OCHOBHI METOAMKHU, 10 OOIPYHTOBAHI
0araTOYMCEeNbHUMH  €KCIIEPUMEHTAJIBHIUMH  JOCTIPKCHHSAMH 1€  METOJHKa
BHJIITIO [9], meromuka BukiageHa Eurocode [8] Ta wmeroguka ®domina-

['purop sHa [35, 39].
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3rifHO 3 METOJIUKOIO, PO3pobJeHOI Yy [9] dakTuyHy Hecydyy 30aTHICTD

HarpiTUX 3aji300€TOHHUX KOJIOH MOKHA PO3paxyBaTH 3a (popMyIioro:
N, . = ¢(F2Ran + F, Ra”ya) (1.9)

ne R, — HOpMatuBHMIA omip pobOovoi (MOB3MOBKHBOI) apMmMaTypu; ya -
KOoeQIllI€HT 3HUKEHHS HOPMATUBHOTO OMOpY apmarypu; Fa,- 1uioma mepepizy
po0ouoi apMaTypu; ¢ — KOE(ILIEHT MOB3JOBXKHBOIO MPOTHHY; R,,- HOpMaTHBHA
MpU3MEHHAa MILHICTh O0eTony; F, - mioma sapa nepepizy, 0OMEXEHOT0 130TepMOIO
3 KPUTHYHOIO TeMIEpaTyporo Tip.

Jlana MeTo/MKa JO3BOJISIE BA3BHAYUTU HACTAHHS MEPUIOTr0 TPAHUYHOTO CTaHy
JUTSL KOJIOH Ha CTafll pO3BUTKY MOXKEXKI1, ajle MPU 0XOJIO0KEHHI ii 3aCTOCOBYBATH HE
MO>KHA.

Metonuka mnpeacraBieHa B HopMartuBi [8] mepenbavae nBa crocodu
pPO3paxyHKy (DaKTHUYHOI HECYdOi 3JaTHOCTI HATrpITUX 3a1i300€TOHHUX KOJIOH —
130TepMIYHUM Ta 30HATBHUM.

[30TepMiuHM MeTO/ MOMIOHUNH 10 METOAUKH [9] 1 CTOCY€eThCS 3arajibHOTO
3MEHILEHHS PO3MIPY TMONEPEYHOro TMepepidy 3 BpaxyBaHHAM TEMIIEPaTypo
MOIKOJI)KEHOT 30HM TTOBEPXHEBOI'O 1Iapy OETOHY.

30HanBHUN METOJ Tependavac Mmojia MONepeyHoro mepepizy Ha JeKiIbKa
30H. Lleit MeToa, Xx04 1 OLIBII TPYAOMICTKHUH, ajie OLIbII TOYHUHN HIXK 130TEPMIYHHIMA
METOJ, OCOOJIMBO /i KOJIOH. MeToa TpUAATHUA TIIBKA HJisi CTaHIapTHOTO
TeMIlepaTypHOro pexxumy. [lomkomkeHuil mijg yac mokexi MonepeyHuil nepepi3
MPEACTABISETbCS MPUBEICHUM TIONEPEYHUM MEpepi3oM, SKUM HE BKIIOYAE
TOBIIMHY MOLIKO/KEHOi 30HU. [IpuBeneHHs monepeyHoro nepepizy 06a3yerbcs Ha

BU3HAYCHHI TOBIIMHM MOIIKOKEHOT 30HU (IUB. puc. 1.7).
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y - rj —
e B

Puc. 1.7. 3Hm>keHHS MIIIHOCTI Ta NMPUBEACHHS MOMEPEYHOro IMepepizy s

KOJIOHHU HiI[ BOI'HCBHUM BIIJIMBOM.

Konu npuBenenuii monepeyHuid nepepi3 3HaAHACHO, a MIIHICTh Ta MOAYJb
IPYKHOCTI OETOHY MiJ 4ac MOXKEX1 BHU3HAYEHO, PO3PaXyHOK Ha BOTHECTIMKICTH
BUKOHYIOTh 332 METOJMKOIO pO3paxyHKy 3a HOpPMaJbHMX TEMIEpaTyp 3
BUKOPUCTAHHSAM 3HAa4€Hb KOE(QILIEHTY HAIIMHOCTI Marepiaay MiJ 4ac MOXKexXI
(YMLf1).

[Hma MeTonuka po3paxyHKy Ha BOTHECTIHKICTH ISl CTUCHYTHX €JIEMEHTIB
HaOyna po3BUTKY y poborax @Pomina Ta ['purop’sHa. Humu Oyna oTpumana
dbopMmyna 3a SKOK BHU3HAYAETHCA HECyda 3JAaTHICTh: IeHTpanbHo (1.10)
Bi1IeHTpoBO (1.11) Ta cTUCHYTUX 3aI11300€TOHHUX KOJIOH [11]:

n m k p
N :Zzo_bij Ay +Zzasij A
i j 1 J

; (1.10)
Ny =¢ iiabij - Ay +Zzo-sij Ay | (1.11)

1I€ Gpij — TPAHUYH] HAIIPYKEHHsI €JIEMEHTIB OE€TOHY, Ha SIKl TUCKPETU3Y€EThCSA
nepepis, Osij — TPaHWYHI HAIIPYKEHHsI €JIEMEHTIB, 110 BIANOBIIAIOTh apMaTypi, Apj
— IUIOIA TONEPEYHOro IMepepi3y €IEMEHTIB OETOHY, Asj — IJIOLA MONEPEYHOTro

nepepizy eIeMEHTY CTaJIeBOi apMaTypH.
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Posrnsan pobOTH KOHCTPYKIIM B yMOBaxX MOXEXI MOXKHA 3HAUTH y PoOOTI
[7]. Maibxe BCi pO3paxyHKH BEIyThCS 3 BHUKOPUCTAHHSIM METONY KIHIIEBHX
enemenTiB (MKE). Lleit MeToq HaOyB B OCTaHHIN Yac MIMPOKOTO PO3MOBCIOKEHHSI
[75, 76] 1 peami3oBaHMii Yy CHEI[AJIbHUX 0arato4rceIbHUX MPOTPAMHHUX
KOMILJIEKCaX, 5Kl Ha3uBaoThcsi FEM-cuctemamu.

3BakaloyM Ha BHILIEBUKIAJICHE, MOXXHA 3pOOUTH Takli BUCHOBKH, IO
MOJICJIIOBaHHSI TPAHMYHUX CTaHIB y €JIEMEHTaX KOHCTPYKIIH Ta KOHCTPYKLINA y
[IJIOMY TPH TOXEX1 JIOCTaTHHO PO3BHUHEHE 1 BIiAOYBAEThCA 3 YypaxyBaHHIM
(dbenomenoorii AepopMyBaHHs OETOHY B yMOBax HIJBUIIEHUX TemiepaTyp. Ha
Cy4aCHOMY €Talll NpIOPUTETHUM € PO3TJIS] MOJICTIOBAaHHS TPAHUYHOTO CTaHy BCIET
KOHCTPYKIIi 3 BpaXyBaHHSM CyMiCHOi poOoTu ii enemeHTiB. [Ipu mojmentoBaHHI
pO3MISAAEThCA 3ajaya CTIMKOCTI y HEJIiHIMHIA MOCTaHOBI, IO OOYMOBIIIOE
3actocyBaHHd EOM nmnpu po3paxyHKy MIIIHOCTI KOHCTPYKIIH TMpU TOXKEKI.
Haii6inpin 3pydyHuM Uit ONMCaHHA POOOTH KOHCTPYKIIM Ta €JIEMEHTIB € METOJ]

KIHIIEBUX E€JIEMEHTIB.

1.4. IlpukyagHe nporpaMHe 3a0e3ne4yeHHs AJIs1 MOACJIOBAHHS Mpouecy

BUIIPOOYBAHHSI HA BOTHECTIMKICTH HECYUHMX CTIH

FLOW-3Dr

[ ANsYs Rl
|

Y I " Y

: SEFLUENT |1 Flow Visionf@s = Star-CD (B

Puc. 1.8. CimeiictBo nporpamuux mnpoaykTiB «CFDy, mnomupeHux B

VYkpaini.
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Tabmuus 1.2
Xapaxkmepucmuxu CFD-npozpam
Hazga Kopotkwuii onuc [TpumiTka
POrpamMHOro
MPOJIYKTY
(xommaHis,
PO3pOOHMUK)
1 2 3
«ANSYS [Taker nmae 3mory po3B’s3yBaTH LIMPOKE KOJO
CFX» 3aBAaHb y  cdepli  MIIHOCTI,  TeIUa,
(«ANSYS», riApOra3olMHaMIKM, €JIEKTPOMAarHeTu3My, a
«Incy (CHIA)). | Takok ~ MDKIUCHUIUTIHAPHOTO — aHami3y, IIo
00’eHy€e BCl YOTHpPU Taiy3l; ONTUMI3YBATH
KOHCTPYKIIIIO Ha OCHOBI BCIX TMe€pepaxOBaHUX
tuniB aHamzy [9-15].
«ICEM CFD» | KommiekcHe po3B’si3aHHs 3aBJaHb 13 reHepanii
(«ANSYS», PO3paxyHKOBHX CITOK OyJb-KUX THIIB, BIJ
«Incy (CHIA)). | cTpyKTypOBaHOi 0aratro0JI0KOBOi hi (o)
HECTPYKTYypOBaHOi Tekca- abo TeTpaeapa du
riopuaHoi [9].
«FLUENT» CyyacHuil  TpOrpaMHHMII  KOMIUIEKC, IO
(«ANSYS», JIOTIOMAara€e  aHaji3yBaTH IIMPOKUNA  CHEKTP
«Incy (CIIA)). | npoMUCTIOBUX  3aBlaHb, SIKI  CTOCYIOTBHCS
JUHAMIKM piquHu W Ta3y (OararodasHux,
pearyloumMx)  TOTOKIB 3  ypaxyBaHHSIM
TEMI000MIHY (KOHIYKTHBHOTO, KOHBEKTHBHOT'O
i pamianiiinoro) [9-15].
«SOFIE» Bukopucranas monenerd y Mekax BOTHEBHX
(«SPy) BUMIPOOYBaHb  Ma€  HHU3KY  3aCTOCYBaHb.
(«Technical ['pannuna  ymMoBa B MOJCNIOBaHHSIX  —
Research BU3HAYCHHS TapameTpiB moiym’s. «SP» mae
Institute of OJIHYy 3 HalOLTBbIMX 6a3 JaHWX y €Bporr Ta J1ae
Swedeny M1JICTaBH JJISI BUOOPY JKEpea BOTHIO, 110 Oye
(IlIBeris)). sukopuctane B CFD-mozeni [9-15].
«STAR-CD» EdextuBHe  mapanenizyBaHHS ~— alTOPUTMY | 3aCTOCOBYIOTh
(«CD-adapco | pillieHHs, 3aCHOBAHOTO HAa  BHKOPHCTAaHHI | IEPEBAXKHO IS
group» METONy KIHIIEBUX OO0’€MIB, y TMO€JHAHHI 3 | MOJENIO-
(momepeaHs YHIKQTbHUMH METOJMKaMH aBTOMATH30BaHOTO | BABHHS
Ha3Ba — | po30uTTss  obnacTi  Tewli AAlOTh  3MOTY | HOIIUPEHHS
«Comp. MOJICJTIOBATH 3aBJaHHs Oylb-sSKOTO CTyIeHs | BorH:o [13].

Dynamics Ltd»
(CIIA).

reoMeTpuy4HOI ckiaaHocTi [13].



http://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%BE%D0%B3%D0%B0%D0%B7%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D1%96%D0%BA%D0%B0
http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
http://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F
http://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F
http://uk.wikipedia.org/w/index.php?title=ANSYS,_Inc.&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=ANSYS,_Inc.&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=ANSYS,_Inc.&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=ANSYS,_Inc.&action=edit&redlink=1
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[TpomoBxenus Tabmuii 1.2

1

2

3

«FLOW-3D»
(«Flow Science
Incy» (CILA)).

3aCTOCOBYIOTh JJIi TOYHOTO MaTeMaTHYHOTO
MOJIETIIOBaHHS TMPOLECIB TIAPOJMHAMIKH M
TEIUIOOOMIHY; U pO3paxyHKy OOMEXEeHHX 1 3
BUIPHOIO ~ TIOBEpXHEI  mepedbiry  piauH
(TypOyneHTHe Ta JiaMiHapHE), TiAPaBIIYHUX
ylapiB, HaBKOJO3BYKOBOTO ¥ HaJA3BYKOBOTO
nepediry rasiB, TEMIIEPAaTYpPHUX pPEXKUMIB,
dinpTparnii, 0OTIKaHHS TBEPAUX TN JOBIIBHOL

[IIupoxo
BUKOPHCTOBY-
I0Th y MeTaly-
priffHoMy
BUPOOHUIITBI
TUTSL BCIX
CIIOCO0IB JIUTTS

[9-15].

KoHpiryparii Ta nepeoiry CyMilIeHn.
MopenroBaHHs 3aBJaHb KOHBEKIIII, KaBiTallli,

KpI/ICTaJIiBaHﬁ, IUIABJICHHA, TCIIJIOIICPCHCCCHHA
it ir. [9-15].

«CFD
FlowVision»
(Tecuc (PD)).

Y TeopetnuHiii 6a3i cucremu «FlowVision»
PO3BUHEHO Yy3arajbHEHUM MiAX1Jl, 3aCHOBAaHUM
Ha yCepeIHIOBaHHI 3a yacoM (ycepeaHIOBaHHs
3a PeliHONBACOM) TMOBHOI CHCTEMU PIBHSIHB
Hap’e — Ctokca. [lns po3B’si3aHHA CHCTEMU
PIBHSIHb 3aCTOCOBYIOTh METOJIT KOHTPOJBHUX
00’emiB [8].

Jlis MOZETIOBaHHS TEIUIOBUX MPOIIECIB, Cepes MpOaHaIi30BaHUX Mporpam
OUTbII TPUHHATHOW i1 MOOYJOBM MaTEMaTHYHOI MOJENl BOTHEBOI eyl €
cuctema «FlowVision 2.5». ITlo-mepmie, 6a3oBuMu B Hiil € piBHsSHHS Hap’e —
Crokca, IO OMHUCYIOTh PyX pIAWH 1 Ta3iB y IIAPOKOMY Jiama3oHl YHCel
Peitnonbaca. Ilo-apyre, cuctema gae 3MOry MoOyJayBaTh T'€OMETpPit0 00’€kTa B
cnemanizoBanux ~ CAD-mporpamax.  Ilo-tpetre, cucrema  «FlowVision»
YMOKJIMBIIIOE JIETKE KOpPEryBaHHS MapaMeTpiB medi B mpoiieci po3paxyHkis. Ilo-
yetBepTte, cucremMa «FlowVision» wMae po3BHHEHHWI amapar Bi3yaiizarlii
OTPUMAHUX PE3yJIbTaTIB.

«FlowVision» mnpu3zHaueHa isi po3paxyHKy Tipo- ¥ Tra3oguHaMIYHUX
3aBlaHb (pa3oM 13 TOB’SI3aHUMH TPOIECAMHU TEIJIO- Ta MAaCONEPEHECEHHS) Y
HIMPOKOMY Jiana3oHi yucen PeiHonpiaca i Maxa B JOBUIBHUX TPUBHUMIPHUX
00JacTsX.

bazosumu B «FlowVision» € piBusaus Has’e — Ctokca (pa3oM i3 piBHSIHHAM

Hepo3puBHOCT1). JlJis 3aMUKaHHS LMX PIBHAHb, 3JI€KHO BiJ] KOHKPETHOTO
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3aBJIaHHS, BUKOPUCTOBYIOTH JIOJATKOBI CHIBBIJHOIIEHHS, IO OIMUCYIOTh 3MiHY
TYCTUHH, TypOyJICHTHE TepeHeceHHs Ta iH. Habopw 1uX CHiBBIIHOIICHD Y
cykynmHocTi 3 piBHAHHAMH Hap’e — Crokca Ha3uBalOTh MOJEISIMU. Y
«FlowVision» HalOUIBII TOBHO MpeCTaBIIeHI Taki Moedi [8]:

— HabmmkeHHs byccinecka (Maji 3MIHM TYCTUHM) JJIsI OMHUCY JaMIHApHOi
Teuli B’SI3KO01 pIAMHY 32 MaJIUX yucen PeliHombca;

— K-& Mozmenb TypOyJIeHTHOI Teduil B S3KOi PiAMHUA 3 HEBEIMKHUMH 3MiHAMH
I'YCTUHU 3a BEJIMKUX uncen PeltHonbca;

— MOJIeNb ¢1abKo cTUCIUBOI piauHU (y Tepminoiiorii «FlowVisiony), mo gae
3MOTY PO3paxOBYBaTH CTAL[IOHAPHUN JIO3BYKOBUH pyX Tra3y 3a OyIb-sIKHUX 3MIH
I'YCTHHH;

— MOJENb TOBHICTIO CTHCIMBOI piauHu (y TepmiHousorii «FlowVisiony):
CTalllOHApHUM 1 HeCTal[lOHApHUI pyX 3a Oynb-akux yucesn Maxa (1o-, TpaHc-, HaJl-
1 TIIEp3BYKOBI Teyii).

«FlowVision» nomnyckae Takox BUKOPUCTAHHS MOJIEN] TEMJIONEPEHECEHHS Y
TBEPJIOMY TiJIi, IO MTOETHAHE 3 TIEPECHECEHHSIM TeIla i peYOBHHM B piauHIi (Tasi).

Kpim Toro, y «FlowVision» BkIIOYEHI KUIbKa CHELIAIBHUX MOJENen
(6e3nocepenHbo He mMOB’s3aHUX 13 piBHAHHAMU Haw’e — CTokca), 13 AKuUX [0
0a30B01 HaBUaJIbHOI BepCli MakeTy BXOMATHh TIIBKA MOJIENl BUIBHOI MOBEPXHI,
nBO(a3HOrO MOTOKY U OfHA 3 MOJIeTIel TOPIHHS.

JIJist MOJIeTFOBaHHSI HANPY>KEHO-Ae(hOPMOBAHOTO CTaHy HAWOUIBIN JOIIIEHO
BUKOpHUCTOBYBaTH mporpamuuii komrmiiekc «ANSYS CFX» Ilaker mae 3mory
PO3B’sI3yBaTH MIUPOKE KOJIO 3aBJlaHb Y c(pepi MIIIHOCTI, TeIJIa, TiApora3oluHaMIKH,
eJIEKTPOMAarHeTU3My, a TaKOX MDKAMCLUMIUIIHAPHOTO aHaii3y, 110 00’€qHye BCi
YOTUPH Taiy3i; ONTUMI3yBaTH KOHCTPYKIIIIO HA OCHOBI BCIX MEpPEpPaxoBaHUX THUIIIB
aHasizy.

Takum 4YWHOM, 3MOJIETIOBABIIM TMPOIEC TEIUIOMACOOOMIHY Yy Kamepi
BOTHEBOI TMeul y mnporpamHomy komiuiekci «FlowVision», moxkHa oTpumartu
pO3MOMLT TEMIIepaTyp Ha OOIrpiBalibHIN MOBEpXHI Hecydoi cTinu. OTpuUMaHi J1aHi

BUKOPUCTATU K BXIAHI Ui PO3PaxyHKY HaNpyXKeHO-1e()OpMOBAaHOTO CTaHy Yy


http://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%BE%D0%B3%D0%B0%D0%B7%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D1%96%D0%BA%D0%B0
http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
http://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F
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nporpamHomy komruiekci «ANSYS CFX»y, 3actocyBaBiiu rpannuti ymoBu [ pogy,

MIPOBOJIUTHU OILIIHKY MEX1 BOTHECTIMKOCTI HECyUHUX CTiH.

1.5. Mera i 3aga4i 10CJIi’KeHb

ITporecoBi BumpoOyBaHb Ha BOTHECTIMKICTH 3a11300€TOHHMX KOHCTPYKITN
NIPHUCBSIYCHO HHM3KY JOCTDKeHb yueHux [12-14; 18-43; 51-54, 66-101], mpote
1o3a YyBarol HAyKOBIIB JOHUHI TIepeOyBaB BIUIMB Ha 3HAYCHHS MEXI
BOTHECTIMKOCTI HECY4YHMX CTIH JUCIEpCii TeMIiepaTyp MO iXHId 0OirpiBajgbHIN
NOBEpXHi. PO3B’s3aHHS OKPECIICHOTO 3aBIaHHS HAJICKHUTh O aKTyaJdbHUX MMHUTaHb,
TOMY IO CHpHsE TMIJBUIICHHIO €()EKTUBHOCTI BUIPOOYBaHb 3 OIlIHIOBAHHS
BOTHECTIMKOCTI HECYUHX CTIH.

Meta nucepramiiiHoi poOOTH TOJATa€ B  BUSBIEHHSA  3aJICKHOCTI
aJICKBaTHOCTI Pe3yJbTaTIB BHUMPOOYBaHb HAa BOTHECTIMKICTH HECYYHX CTIH BiJ
TEXHIYHUX [apaMeTpiB BHUMNPOOYBAIBHHX YCTAHOBOK SIK HAYKOBOTO HIATPYHTS
M1BUIIEHHS €()EKTUBHOCTI OLIIHIOBAHHSI PE3YJIbTaTIB TAKMX BUIPOOYBAHb.

JlocsirHeHHs  cOpMYJIbOBaHOI METH Tiepefdadae po3B’sI3aHHS  TaKUX
3aB/IaHb.

— TPOBECTH aHaII3 CTaHy HOPMATHBHOI 03U Ta HAYKOBHUX PO3POOOK 11010
BUNPOOYBaHb 3 BU3HAYEHHS BOTHECTIMKOCTI HECYUMX CTIH Ta BUSIBUTH IUISAXU
M1BUIIEHHS iX €()eKTUBHOCTI,

— mnoOyayBaT  MaTe€MaTW4yHI  MOJENl, SIKI  ONHUCYIOTb  MPOLEC
TEIJIOMAacoOOMiIHY Yy BUNPOOYBaJbHUX BOTHEBHUX I€4Yax IiJ Yac BU3HAYCHHS
BOTHECTIMKOCTI HECYUHX CTiH;

— BHUKOHATH €KCIEPUMEHTaIbHI JOCHIPKCHHS 3alli300€TOHHUX HECY4Yux
CTiH Ha BOTHECTIMKICTD 13 3aCTOCYBaHHSIM BOTHEBUX IeYeil;

— TIEpPEeBIPUTH AJCKBATHICTh IMOOYJOBAaHWX MaTEMaTUYHUX MOJENeH Ta
CKCIIEPUMCHTAJILHUX JIAHUX;

— TUIAXOM  OOYHMCIIOBAJIBHUX  EKCIEPUMEHTIB,  BUKOPHCTOBYIOUU

po3po0seHi MaTeMaTU4yHI MOJiell, BCTAHOBUTU BEIMYMHHU JAMCIEPCIi TeMIepaTyp
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Ha OOIrpIBaJIbHUX IMOBEPXHAX HECYYMX CTIH Ta 3aKOHOMIPHOCTI iX BIUIMBY Ha
3HAYEHHS ME1 BOTHECTIMKOCTI TOCHIKYBAaHUX KOHCTPYKIIIH;

— OOrpyHTyBaTM  MapaMeTpud  BOTHEBOi  Ieul Uil  BU3HAYEHHS
BOTHECTIMKOCTI HECYYHX CTiH, IKI BPaxOBYIOTh BHUSBIICHI 3aJIE)KHOCTI AHCIEPCil
TeMIepaTyp o o0irpiBajibHiIN MOBEPXHI, @ TAKOXK aJTOPUTM iX BU3HAUYCHHS.

O0’ekT a0CJiKEHHsT — BOTHECTIMKICTh HECy4YMX CTIH Ta METOJIu 1
aJTOPUTMHU 11 BU3HAYECHHS.

IIpeaMer pnociigskeHHs1 — BIUIMB Ha 3HAYEHHS MEXI BOTHECTIMKOCTI
HECY4YHX CTIH JIUCIIEePCli TeMIlepaTyp Ha iX 0OIrpiBaibHIi MOBEPXHI Ta AJITOPUTM il
BU3HAYCHHS.

Metoau pocuaimzkeHb. [[1si TOCSATHEHHS METH W BUKOHAHHS OKpPECIEHHUX
3aBJaHb Yy PoOOTI 3aCTOCOBAHO KOMIUIEKCHUH METOJ JOCHIKCHHS, IO
nependayvae aHajal3 YAHHOI HOPMATUBHOI 0a3u Ta JITEpaTypHHUX JDKEPEN, y SKHX
MIPOAHAJI30BaHO OCOOJMBOCTI BUIPOOYBaHb HA BOTHECTIMKICTH 3ai300€TOHHHMX
OyIIBEIbHUX KOHCTPYKLIM; METOJ] BOTHEBHX BHUIPOOYyBaHb OYJIBEIbHHUX
KOHCTPYKL1/; METOIU KOHTPOJBHUX 00 €MIB JIsi YUCEIBHOTO PO3B’SI3KYy CHCTEM
PIBHSHb Ta30TiIPOJAMHAMIKHA; METOJ KIHIIEBUX €JIEMEHTIB AJIA PO3B’SI3Ky PIBHSHb
TEIJIONPOBITHOCTI Ta HANPYKEHO-IePOPMOBAHOTO CTaHy 3ali300€TOHY B YMOBAax
HarpiBy B pa3l TMOXEXi, a TaKoX METOJAM CTAaTUCTUYHOTO OOpOOICHHS

€KCIIEPUMEHTAJIbHUX 1 pO3PaXyHKOBHUX JaHUX.
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PO3/ILI 2

MATEMATHUYHI MOJEJII, 3ACHOBAHI
HA BUKOPUCTAHHI IOBHOI CUCTEMMU PIBHSIHb
HAB’€ — CTOKCA, UIS1 OBYUCJ/IIOBAJIBHUX EKCITEPUMEHTIB 13
BU3HAYEHHS BOTHECTIMKOCTI HECYYHUX CTIH

2.1. Oco6auBOCTI KOMII'IOTEPHHUX MoOjedeH TelmioMacoo0MiHy Yy

BOTHEBHUX IeYax MiJ Yac BUNPOOYBAHHSA HECYYHMX CTIiH HA BOTHECTIMKICTH

VY nepiiomy po3/iiii 00TPYHTOBAHO, IO CydacHEe MPpOoTrpaMHe 3a0e3MeUeHHS,
30KpeMa MOJICTIIOBAaHHS TEIUJIOBUX TMPOIECIB  3aco0amMu  OOUYHCIIOBAILHOI
razorigpoauaaMiku («CFDy), nae 3mory BpaxoByBaTH BCi HEOOXIiJIHI MapaMeTpu
aHaTI30BaHWX  TMPOILECIB 1  JOCHPKYBaTH  BIUIMB ~ TEOMETPUYHUX  Ta
KOHCTPYKTUBHUX XapaKTEpUCTUK Tedl JUisi BUIPOOYBaHb 3a1i300€TOHHUX
KOHCTPYKIIIM Ha aJIeKBaTHICTh PE3yJIbTaTIB.

Cepen mpoaHami30BaHMX MporpamM OUIbII NPUHHATHOIO [JIsi TOOYAOBH
MaTeMaTHIHOI Mojieli BOTHeBOi meul € cucteMa «FlowVision 2.5». Ilo-mepie,
6a3zoBuMH B Hiil € piBHAHHSI Hap’e — CToKca, 110 OMUCYIOTh PyX PIMH 1 ra3iB y
mUpoKoMy jaiamazoni uwcen PelnHonwaca. Ilo-agpyre, cucrtema pmae 3Mory
noOyayBaTu reomeTpiro 00’ekta B crenianizopanux CAD-nporpamax. Ilo-Tpete,
cuctema «FlowVision» yMOXIIMBIIIOE JIETKE€ KOPEryBaHHS MapaMmeTpiB IMedl B
nporieci po3paxyHkiB. Ilo-uetBepre, cucrema «FlowVision» mae po3BUHEHUN
amapar Bizyai3allii OTpUMaHUX PE3yJIbTaTiB.

Jns nemoHcTpallli aaropuTMy CTBOPEHHSI Ta MOXJIMBOCTEH MaTeMaTU4YHOT
MOJieNl, MPOAHATI30BaHO [IBl CIEllalbHI YCTAaHOBKH, SIKI BUKOPHCTOBYIOTH JJIs
BUNIPOOYBaHbh HECYYHMX CTIiH Ha BOTHECTIMKICTH (puc. 2.1). SIK IHCTpyMeHT s
noOyZ0BU TeoMeTpii MoieTiel BUKOPUCTAHO JIEMOBEPCIIO MPOrPAMHOI0 KOMILIEKCY
«SolidWorks». Po3mipu Mojeneil BiaNOBiIalOTh peabHUM pPO3MipaM BOTHEBHX

EYEH.
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Puc. 2.1. TeomerpuuHa KoH(pirypalliss BepTUKAIbHUX TMeued (a —
[1IT «BunpoOyBaneruii  nentp «TECT» (mami — Jlab. 1) (300paxkenHo miie
cumerpuuHy mnosioBuHy) Ta 6 — TOB «IloxTect» (mami — Jla6.2): 1 —
OTOpPOJDKEHHS Tiedl; 2 — parMeHT CTiHU; 3 — perioH BAYyBY; 4 — perioH GOpCyHKH;
S — MOBEpXHI, IO CHOIYYalOThCs; 6 — PErioH BUXOAY MPOJYKTIB TOPiHHS; 7 —

PO3pPaxyHKOBA 0011aCTh TCPpMOIIApHU.

PeanpHi aHajoru 1ux ne4yeil HWHI BUKOPUCTOBYIOTH B MOKEKHO-TEXHIYHHX
nabopaTtopisx YKpaiHU JyUisi BUINPOOYBaHb HA BOTHECTIMKICTh BEPTUKAIBHUX
3aJ11300€TOHHUX OYJIIBEJIbHUX KOHCTPYKIii. ["abapuTHi po3mipu neuyel 3a3Ha4yeHo

y Tabm. 2.2.

Tabnuys 2.2
I'aGapuTHi po3Mipy yCTaHOBOK /It BUIIPOOYBaHb
HA BOTHECTIHKICTh HECYYHX CTIH
Ha3sa neui Posmipu BoraeBoi kamepu, mm | Kinbkicts | JIxe-
MaJbHUKIB | pejio
MMpUHA | BUCOTA | TTMOMHA )
y medi
BumpoOyBanpHa miu Jlab. 1 3000 3000 1,2 6
. [12]
BUnpoOyBanpHa iy Jaod. 2 3000 3000 1,5 4
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J10 OCHOBHUX MPUHIIUIIB MOOYI0BH MaTEeMAaTHYHOT MOJIEITI HaJIeKaTh TaKI:

1) ik OCHOBHHMIA 1IHCTPYMEHT MOOYJOBH MOJEJ Ta MPOBEACHHS YHCEIHbHOTO
EKCIIEPUMEHTY BUKOPHUCTaHO mporpamMuuil komrieke «FlowVision 2.5»;

2) y mpoleci YHCEIbHOTO EKCIEPUMEHTY BpPaxOBaHO KOHBEKTHUBHUH 1
pajiaiiHui  TerIooOMIiH TOBEpPXHI BUIIPOOYBAaHUX KOHCTPYKIIH Ta IPOCTOPY
KaMmepu medi;

3) y kamepax mependadyeHa MOJENIb TEPMOMAPH y BUIIIAMl CTEPXKHS
nosxkuHoro 100 MM 1 pgiameTpoM 6 MM 3 ypaxXyBaHHSM KOHBEKTUBHOTO Ta
pamiaifHoro TEII00OMIHY;

4) BUKOPUCTAaHO CHMETPHYHY TOJOBHHY BOTHEBOI meui maboparopii JIab 1,
10 30UTBIITY€E MPOYKTUBHICTh PO3PAXYHKY.

[Ticast cTBOpEHHSI TEOMETPUYHUX MOJENEH iX IMIOPTYIOTH O CEpeIOBHINA
nporpamMHoro komiuiekcy «FlowVisiony.

Sk 1 OUTBIIICTh MPUKJIAAHOTO MPOTPAMHOTO 3a0€3MeUYeHHS I YUCEIbHOTO
mojemoBanns, maker «FlowVision» dopmaneHo moxminernii Ha 3 MOy

IpernpoIecop, coaBep 1 moctmporecop (puc. 2.6).

1 T T p— Momous [=[=]x]
PR TR PR I
N N2 PAEDE L E o X][@E [ stxlyly itz

o Mperpou | @ Mocmpou |
& 3aa0um
=R iz ] e

W Agantaunn

& rpycnosua
2. Tpyend
£, Tpyenl
2. conp

T
seprukan FA32

ue... | Uucnopac... | Vrepawsa|
c0768 s 19537

o
g
g

Norpewro.. | Wrepausn|  Hessaxa|
7

0.000915326 max
m 000843254 23 max
0.00678428 92 max
0.000147371 7 max
0.000915326 7 max
0.00309545 139 max

[l >

RIRITRIR

Puc. 2.2. Intepdetic nporpamuoro komiuiekcy «FlowVision 2.5».
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[Ipenporiecop BUKOHY€E Taki OCHOBHI (DYHKIIII:

— 1noOynoBa T€OMETPUYHOI OCHOBM 3aBJAaHHSI — PO3PAXyHKOBOI
obJyacTi//AinsHKH, 10 GOPMYIOTh 3a JOIMOMOTOI0 30BHIIIHIX MporpaM (Tak 3BaHUX
TEOMETPUYHUX TPEmpoIiecopiB) 1 moTiM IMmopTyoth A0 «FlowVision»; cimig
3ayBakuTH, 110 «FlowVision» mpaifioe TUIbKK 3 TPUBUMIPHOIO T€OMETPIEI0, TOMY
JIBOBUMIPHI MOJIE I HEOOX1THO PO3TJIAAaTH SIK OKPEMUM BUIIAJIOK TPUBUMIPHUX;

— (izuko-marematuyHe (HOPMYINIIOBAHHS 3aBAAaHHA: BUOIp Mojem s
BHYTPIIIHIX TOYOK PO3PaxyHKOBOI 00J1acTl (3aBIaHHS KOHKPETHOTO BUY PIBHSHbD,
3HaUEHb KOE(QILIEHTIB), a TaKOX 3aBJAaHHS Ha MEXaX pO3paxyHKOBOi 001acTi
TPAaHUYHUX YMOB, a JUISI HECTAIIOHAPHUX 3a/a9 — TOYaTKOBHX YMOB;

— YBEICHHS MapaMeTpiB PO3PaxXyHKOBOI CITKM W METOJY JJIsl YUCEIHHOTO
PO3B’sI3aHHS 3a]1aul.

ConBep YMOMKIIMBIIIOE YUCETLHUN PO3B’ 130K OKPECIICHOT 3a1aui.

[TocTnpouiecop cayrye st BUBEICHHS 1 TpadiuHOro MpeACTaBICHHS,
Hacamrmepea s Bidyamizaimii OTpUMaHUX YHACHIJOK pPO3paxyHKIB JaHuX. Y
«FlowVision» BHUKOPHUCTOBYIOTh BEIUKHH HAOIp METOAIB Bi3yamizallii, 1o
KJIacU(PiKyIOTh 32 TUTIOM MaTEeMaTHYHHUX BEJIMYHMH: CKAISIpHA BEJIUYHHA, CKAISIPHE
moJie, BEKTOpHE mosie (IMBUAKOCTI). BaxkmuBo, 1mo gaHi MOXKyTh OyTH BUBEICHI Ha
OyIb-IKOMYy eTami po3paxyHKy, II€ Ja€ 3MOTry BIACTIAKOBYBAaTH JTHHAMIKY
MOJIeJThOBAHOTO TIPOIIECY.

VY «FlowVision» 10mycKkalTh BUKOPUCTAHHS MIMPOKOT0 HAOOPY rPaHUIHUX
YMOB, 110 3aJe€XaTh BiJ] KOHKPETHOI MOJIEJI, OJIHAK YCi BOHM 0a30BaHI HA TaKUX
HalOUIbII Y>)KMBAHUX YMOBAX T1IPOJAMHAMIKHU:

— YMOBM TpWIWIAHHA a00 MPOCITU3aHHS PIUHU, M0 3a7aHl JJIs BEKTOpa
IIBUJIKOCTI HA MEXax 13 TBEPAUMHU TiJIaMu;

— YMOBH Ha 3HAY€HHSI TUCKY, 3a3BUYail 3a/1aH1 HA MEXKax;

— YMOBH Ha 3HAQYEHHS IIBHUAKOCTI MOTOKY MO HOpMaJi 10 KOpAOHY abo Tij
KYTOM JI0 HOpMaUJIi;

— YMOBA BUTIKaHHS 3 HYJLOBUM TPaJIIEHTOM TUCKY (BUTbHUIN BUXI1);
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— KOMOiHaIi yMOB, TIepepaxoBaHUX BUIIE, HAMPUKIAJ, BUIbHE BUTIKAHHS
pPIAMHU 3 HYJIBOBHUMH TpajieHTaMH THCKY 1 MIBUJIKOCTI ab0 3aJaHi Ha Mexax
3HAYEHHA TUCKY Ta IIBUIKOCTI.

Bapro 3ayBakuTH, IO KOHKPETHI TpaHWYHI yMOBH, SK 1 3HAYCHHSA
napaMeTpiB PiBHAHb (IIUIBHICTh, B’SI3KICTh, TEIJIONMPOBIIHICTh Ta 1H.), MOXYTb
OyTH 3a71aH1 3MIHHHMH 32 YaCOM.

[ToyaTkoB1 yMOBHM HEOOX1THO 33/1aBaTH B pa3i XapaKTEPUCTUKH MOJIEICH, 110
BI/IMOBIAIOTh HECTAI[IOHAPHUM pyXaM. 3aJIe)KHO BiJl BUY MOJICTIOIOYUX PIBHSHB,
y TOYaTKOBMHA MOMEHT 4Yacy B YCIX TOYKaX pO3pPaxyHKOBOi 00JIacTi 3a7ar0Th
3HAUEHHA aHAI30BaHUX (QYHKUIN 1 (a00) AESKUX MOXITHUX BIJ HUX, IPUUOMY IIi
3HAYEHHSA MOXYTh OyTH PI3HUMH B PI3HUX ii YACTHUHAX.

Jlnss  ducenpHOro  pimeHHs  OazoBux  piBHAHB y  «FlowVisiony
BUKOPHCTOBYIOTh METO/[I, 3aCHOBAHUH Ha KOHCEPBATUBHUX CXEMaX PO3PaxyHKY
HECTAI[lOHAPHUX PIBHAHb Y YaCTKOBUX TIOXIJHUX, SKI TOPIBHSHO 3
HEKOHCEPBATHBHUMH CXEMaMH JIAI0Th PIIEHHS, [0 TOYHO 33J]0BOJBHSIIOTH 3aKOHU
30epekeHHs (30KpemMa PIBHSHHS HEPO3PUBHOCTI). 3a Oa)KaHHSIM KOpUCTyBaya JJis
pO3B’sI3aHHS 3alMCAaHOI CHUCTEMHU JIHIMHUX anreOpaiuyHuX pIBHSAHb MOXe OyTH
BUKOPUCTAHUH SIK HESIBHUM (OUTbIN HAIIMHMI), TaK 1 SBHUHN (IIBUJIIIE MPALIOE, ale
PO3XOJUTHCS 32 YMOBH BEJIMKUX KPOKIB 32 4aCOM) BapiaHT IT€PaIifHOTO MPOIIECY.
Meton 6a3oBaHUl Ha eiyiepeBOMY MIAXO1 J0 OMKUCY PYyXY PIIUHU, CYTHICTb SIKOTO
MOJISITa€ B TOMY, 1110 Pi3HI CKaJsipHI ¥ BEKTOPHI BEJIMYMHU MOCTAIOTh K (PYHKITT
3MiHHUX Eiiniepa yacy Ta KOOpJIMHAT TOYKU B HEPYXOMili cuctemi koopauHart [43].

[Ticnst BBeIGHHS MapaMeTpiB MaTEMaTUYHOI MOEI Mi001acTh KaMepH Tedi
CIIOJIy4a€ThCS 3 KOHCTPYKINEI0 Ta TepMomnapor. Kpim Toro, yBOAsTH 3arajibHi
napameTpH, Takl sK: Bich rpasitauii, kputepiii Kypanrta — @pigpixca — Jlei [6]
TOILIO.

HactynHuii eram monsiraB y CTBOpPEHHI CITKOBOI Mojeni medi. Merton
KOHTPOJIbHUX 00’€MiB, 110 3aCTOCOBAHHUI y MPOrpaMHOMY KOMIUIEKCI, Ma€ MEBH1

0COOJIMBOCTI.
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Tabnuys 2.3

IMouaTkoBi NapaMeTpu rPAHMYHUX YMOB BOTHEBHUX Neyvei

Ta 32J1i300eTOHHMX KOHCTPYKIii y nmpoueci BUIPOOYBAaHHS HA BOTHECTIHKICTD

A Tun rpaHnyHOI . E <
E %é YMOBH 3TiTHO 3 = E
a1 S Perion mij1o61acTi | HOMEHKIJIATYPOIO [TapameTp 2 % =
H «FlowVision 5 = 3
= 2.5» =
[inpHICT Pamarmiiiauit
Oropoxa neui Crinka eHeprii MOTIK
BUIIPOMIHIOBAHHS | yPaxOBaHO
Temneparypa °C 23
[IBuaKicTh kr/(m%c) 7
Perion BayBYy Bxin / Buxin Typb. enepris 0,03
Typ6. nucunariis 0,001
O, Bignosnenwuit 0,2333
Tur rpaHU4YHOI  [MACT.+HOPM.
é YMOBH IIBHIKICTD
= 3MiH.
c. BIJT
1 = [ToTik YacTOK kr/c [0,0011
|
& o
3 0,01
S
[:Qf Perion ¢popcynku Crinka Temrneparypa °C 23
JaCTOK
JliameTp yacTok M 0,0001
MacoBa JacTka 1
YopHOTa 4yacToK 0,5
INcTapT TOUOK 100
[IIBraKICTE YaCTOK M/C 10

Perion numoBoro
JIIOKY

BuisHUMi BUX11Q

3a yMOBUYAHHSIM

[ToBepxHs, 110

Tun rpaHu4HOT

CIIOJIY4a€THCS 3 [Toennane MOBH L-noenHanHs
KOHCTPYKIIIEIO. M
IToBepxHs,
IPOTUJIEKHA i
P ) Crmetpid 3a yMOBYAaHHSM
NOBEPXHI 3

dbopcyHKaMH.
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IIpooosoicenns mabauyi 2.3

. xR
= Tur rpaau4HOl - <
B § YMOBH 3T1JTHO 3 = E
ap) . . .
| 'g| Perion n1100JacTl | HOMEHKJIATYPOO [TapameTp 2 % =
. .8
=t «FlowVision o 'S 3
= 2.5» =
IToBepxHs, mo .
Tun rpaHn4HO1
CIIOJTY4a€ETHCS 3 [Toennane MOBH L-noeqHaHHs
TEpMONapoIo. y
[ToBepxHs, Mo .
pXiti, I Tun rpaHu4HO]
CIIOJTY4a€ETHCS 3 [Toennane L-noeqHaHHs
S : YMOBU
2.| ‘2 KaMepoIo Ieyl.
© [H111 moBepxHi Cumertpis 3a yMoBUAHHAM
KOHCTPYKIIIi.
=3 TopueBa moBepxHs 3 Tun rpasmuHol
| Goky crato it 6oKoBa [Toeqnane yMOBH L-moeqHanHs
S
3 : MOBEPXHS TEPMOIAPHU.
o'| Topuesa noBepxHs .
—~ pH P Cumerpis 3a yMOBYAaHHSIM
TepMoIapu

UwncenbHe I1HTErpyBaHHS pIBHSAHb 3a IPOCTOPOBHUMH KOOPJAHHATAMH
MPOBOJIATH 13 BUKOPUCTAHHAM MPSMOKYTHOI, aJalTUBHOI, JIOKAJILHO MOAPiOHEHOT
citku. Takuii MAXIT YMOXJIUBIIOE, 3 OAHOTO OOKYy, BHUKOPHUCTAHHS MPOCTOI
PIBHOMIPHOi HEaJanTUBHOI CITKM I Yac BHKOHAHHS 3aBJaHb 13 TIOPIBHSHO
HECKJIAJTHOI0 TEOMETpi€r0. 3 1HIMIOro OOKy, 3 SBISE€TbCS 3MOra B MPOIIEC]
pPO3B’sI3yBaHHS 3aJady 31 CKJIAJHOI0 TEOMETPIE0 TMPOBOJUTH  aJaITaIlilo
M1JUTAMITYBAHHS CITKH 0O OCOOJIMBOCTEN reoMeTpii moOau3y rpaHUYHUX YMOB, a B
X0/l PO3B’S3yBaHHS 3a7ay 13 PO3PUBHUMH TEUISIMU — aJlaNTallilo 3a 3HAYCHHSIMHU
aHa30BaHUX QYHKIIIN, IXHIX TPATIEHTIB Ta 1H.

[Ipouenypa J5OKambHOTO TOAPIOHEHHS CITKM B 00OJiacTi  ajgamTarrii
nepeadavae MOCIiIOBHUN PO3IOILT: 13 BUX1HO1, KOYKHOI MOMEPETHhOI KOMIPKH Ha
4 6inbii 1pibHI ocepeaku (y TPUBUMIPHOMY BHUIAJKY Ha 8) 10 BUKOHAHHS YMOBHU
afganTaiii (HampuKIaa, JOCITHEHHS 3aJaHOi TOYHOCTI OOYMCIICHHS Tpaji€HTa

aHa30BaHO1 QYHKIIIT).
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Jlist Toro, mo0 BpaxyBaTW KOHBEKTUBHHMU 1 pamiaiiiHUN TemIiooOMiH

MOBEPXHI TepMOMapu 1 MPOCTOPY KaMepH Tedl, aJanTUBHY CITKY AJIs TepMOIapH

OyJ10 3Ha4YHO MOAPIOHEHO (pHc. 2).

E2EE ENEAVAY |
5 |
AREAY I \
/ e | B
: R
N / st (‘::\ ‘\‘ =i
== 7 S I =
e / FEH Iﬁ\ \
0 r

Puc. 2.3. CitkoBa Mojenb npocTopy BepTukainbHoi nedi Jlab. 1 (mokazano
JIMIIIE CUMETPUYHY TOJIOBUHY): @ — BUJ 10 ocl ¥Y; O — BUJ 10 ocl X; B — BUJ IO OCI

Z; T — ajanTUBHA CITKA JIJIs TEpMOIIapH (B Ha OOKOBY IMOBEPXHIO TEPMOIIAPH).

i e e
T 1 K=l T = =
o B T s R SRS Eeessmss==ca= *
= —— == I
== A ] I T
B
= 3 i < %— o
= ] i
=t — i § ]
] ]
1 T [\ i
| [ I
il [ = A
\l I N =i A
1 i
umi ] | [T 11
g : =
1 )
T 1 N L B
= I 1l
il 1
L Il
1 N
1
i
1 i
B 1
: ] I
= ¥ H B
*H: I A A A A B A N Eaimia
I A AT
[l =F TIT
111 ¥ T

Puc. 2.4. CitkoBa Mojieih IPOCTOPY BepTUKAIBbHOI Tiedi JIab. 2: a — By 1o

oci ¥Y; 6 — Bua mo oci X; B — BHJI IO OCi Z; T — aJjanTUBHA CITKA JIJIsi TEPMOIIapu

(BUI HA OOKOBY TOBEPXHIO TEPMOIIAPH).
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Mix TOYHICTIO PO3PAaXyHKY W KUIBKICTIO PO3PaXyHKOBHUX KOMIPOK ICHYE
IPSIMO MPOTIOPIIiiHA 3aJIeKHICTh, @ MK KUTBKICTIO KOMIPOK 1 4acoM, 3a sIKuil Oyze
MPOBEICHUI PO3paxyHOK, — 0OepHeHO mpormopiiiiHa. Tomy mnoTpiObHO 00patu
OanmaHCc MK HEOOX1THOIO TOUHICTIO PO3PAXYHKY Ta 4YacoM, KUl Oyje BUTpaueHUit
Ha MPOBEACHHS PO3PaXYHKY.
Jlnst BpaxyBaHHS KOHBEKTMBHOI'O Ta PajiallifHOTO TEII000MiHY MOBEPXHI
TEpPMOIapu 1 MPOCTOPY Kamepu Iedyi, aJanTUBHY CITKY A TEPMOIApH 3HAYHO
noApioHeHo (puc. 2.7-r Tta puc. 2.8-r). g 1boro CTBOPEHO ajamnTalliio B MiCIl

pO3TallyBaHHs TEPMOIIAPH.

Puc. 2.5. HwniaapuyHuii perioH ajganraiii CITKA IJis TepMonapu B Kamepi

neyi: 1 — Mozienb TepMonapy; 2 — MWIHAPUYHUN PETi10H aJanTaiii.

Jlnst BpaxyBaHHS 0COOJIMBOCTI, sIKa MOJISATa€e B HAIBHOCTI MOJEIII TEPMONapH,
CTBOpEHA JBOCTYMIHYATA aJlanTallis Coyarky |1 piBHsI 1O MPOCTOPY LITIHAPA, 110
oxoroe Tepmornapy paaiycom 0.01 m 1 3aBBuiku 0.12 M Ta 1 piBHS 110 IpoCTOPY
M1100J1aCTI TEPMOMapH.

Temmnepatypa, sIKy peecTpye TepMmoriapa mnedi, 3aJ1eKUTh BiJl KOHBEKTUBHOTO
1 MPOMEHEBOTO TEIJIOOOMIHY MIXK MOBEPXHEIO TEPMOMApHU Ta MPOCTOPOM KaMepH
neul. Ha mpaktuili TepMomnapa mijlalliTOBYEThCA IO TeMIEpaTypu, sSiKa CTBOPIOE
OamaHc MK TEIJIOM, 1HAYKOBAaHUM KOHBEKTHBHO, 1 TEIJIOM, IO HAJXOJWUTh

YHACJI1JJOK BUITPOMIHIOBAHHSI.
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Tabnuys 2.4

ITapameTpu po3paxyHKy TelIOOOMiHY Y BOTHeBiil me4i

i 4a¢c BUNPOOOBYBAHHSA 32J1i300€ TOHHOI KOHCTPYKUil (MJIMTH)

HA BOTHeCTIMKIicTh Mojaei B cucremi «FlowVision 2.5»

[TapameTp mar.

Oco0MBICTH

JlaHi mapameTpa

MoIeml
[ToBunHa Oytu noctatupo |Y meui [T «BunpobyBanbHuil EHTp
JpiOHO0, BOJHOYAC «TECT»:
Po3paxynkoBa . .
ciTKa 3abe3neuyBati HEOOX1HY |27 154 po3paxXyHKOBI OCEPEIKH.
IPOYKTUBHICTh V¥ neui TOB «lloxTect»:
pPO3paxyHKYy. 53 328 po3paxyHKOBI OCEPEIKH.
AnanTaris HaBKOJIO LWJIIHAPA, SKUN
Ananraris AnanTariist 3aCTOCOBaHa oxoIutoe Tepmonapy pajaiycom 0,01 m
PO3pPAaXyHKOBOI | 1)1 BpaXyBaHHS 1 Bucotoro 0,12 m piBua 1. Ananraris
CITKU 0COOJIMBOCTI TEPMONIAPH.  |II0 MPOCTOPY MiA00IaCTI TEpMOTIApH
piBHs 1.
Po3paxynkoBa |[Cxema 00UHCITIOBATIBLHOTO
HesBna cxema.
cxema AITOPHUTMY.
3aJjaHui NUISIXOM YBEICHHSA
KOHCTaHTH, TIOB’sI3aHO1 3 KpUTEPIEM
Kypanta — ®@piapixca — Jlei CFL =1
y TIOYATKOBUX €Tarlax iHimiarii
. |YCTaHOBIIOIOTH IS ;
['mob6anbHuii ropinnsa CFL = 15, ans ycranenoro

4aCOBUH KPOK

3a0e3ne4eHHs] KOPEKTHOCTI
PO3paxyHKy.

MpoI1IeCy TOPIHHS.

VY pasi 3ynuHKM TOpiHHS, KOJIH
(hOpPCYHKH BUMHUKAIOTHCS TICIIS
BUTOPSIHHS BCIX YaCTOK MajauBa i
3ynuHku BayBy CFL = 35.

Kpoxk vacy mis
nporuecy
HarpiBaHHS
KOHCTPYKLIT

VY CTaHOBIIOIOTH YHACTIAOK
BEJIMKOT PI3HUII MK
IIBUAKOIUIMHHICTIO
IIPOIIECIB TEIUTONepeiadi B
TBEPIOMY Tiji
TEIIOMacOOOMIHY B TI€Ui.

Y CTaHOBIIIOIOTH METOIOM JI000PY 3
ypaxyBaHHSAM MPaBIONO11I0HOCTI
MPOTPIBY KOJIOHU. Y CTAHOBJICHO
«CBiif kpok 3a yacom» «Kpoxk: 0,12».

Kpok uacy s
IIPOLIECY
HarpiBaHHs
TepMonapu

VY CTaHOBIIOIOTH YHACTIAOK
BEJIMKOI PI3HULI MIXK
IIBUIKOIUIMHHICTIO
MPOIIECIB TeIIonepeaayl B
TBEPIAOMY TiI1 1
TEMJI0MAcOOOMIHY B Ieul.

VY CcTaHOBIIIOIOTH METOIOM J1000pY 3
ypaxyBaHHSIM MPaBIONO110HOCTI
MPOTPIBY IUIUTU. Y CTAaHOBJIEHO «CBIiif
KpOK 3a yacom» «Kpoxk: 0,8»
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Tabnuys 2.5
Tensodiznuni xXapakTepucTHKH MaTepiaiaiB i yMOBH
KOHBEKIIIITHOT0 Ta pagialiiiHOr0 TermJI000MiHy
XapaKTepUCTHKA O.HHHHm Benmnuuna Hhce-
BUMIPIOBAHHS peno
Tennodi13udH1 XapaKTepUCTUKU MaTepialy Hecyqoi cTiHu (OETOH)

KoedimieHT TermIonpoBiqHOCTI Bt/(Mm-K) 1,2-0,00035-7 |[66-68]
[TuTOMa TEmI0EMHICTD JIx/(kr-K) 710 +0,083-7 |[66-68]
['ycTuHa Kr/M> 2300 [66-68]
CTyImiHb YOPHOTH - 0,85 [66-68]

Tennodi3nyH1 XapakTepUCTUKU MaTepialy TepMoNapH (CTajb)

KoedirieHT TerIonpoBiTHOCTI B1/(M-K) 45 [66-68]

[TuToMa TEIIOEMHICTh JIx/(xr-K) 450 [66-68]

['yctuna Kr/M° 7000 [66-68]

CTymiHb YOPHOTH - 0,7 [66-68]
3arajibHi BEJTMYMHN

Crana Credana — Bonbimana B1/(m?-K*) 5,67-108 [66]

VY 1abn. 2.6 cuctemMaTU30BaHO MapaMeTpyd MaTEMAaTHYHOI MOJEINI MPOIIECiB

TEMJIOMacoOOMIHy meui JjIsi BUIPOOYBaHb HAa BOTHECTIMKICTH 3ai300€TOHHHX

OyIiBeNbHUX KOHCTPYKIIiH, 3riIHO 3 HOMeHKIaTyporo «FlowVision 2.5y [44].

Tabnuys 2.6

ITapameTpu MaTeMaTHYHUX MO/IeJIeil Tra30AMHAMIKH Mevi

JJIs1 BUNIPOOYBaHb HA BOTHECTIMKICTH 3a/1i300€TOHHUX OyaiBeJIbHUX

KOHCTPYKIii, 3riqHo 3 HOMeHKJIaTypor «FlowVision 2.5»

MaremMaTudHa MOJEJIb

TeopeTnuna 6a3a

Hassa moeni 3rigHo 3

HOMEHKJIAaTyporo «FV 2.5y

Monens MEXaHIKH PyXy
rasis.

Cucrema piBHSIHB
Hag’e — Crokca.

Mogpens 2da3Horo

ropinag; [1IBuakicTh.

Mopens rasy.

IneannHM Tas.

IneanpHM Ta3.

Monensb
TETJIONEPEHECCHHS.

PiBHsiHHS eHeprii.

Enepris.

Monens TypOyaeHTHOCTI.

CranpmaptHa k - €.

TypOyneHTHICTb.

CranmaptHa MoJienb k-g.

Mogenb pearyro4yoro
IIOTOKY.

JBo(azumii moTik
PIIKMX YaCTHHOK.

YacTku.
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Hassa mopeni 3rigHo 3

peaxiist popmyia.

MaremaTn4yHa MOAEb Teopernuna 6aza HOMCHKJIATypPOIO
«FV 2.5»
Mogens ximiuHo1 peakiii. | OgHocTymiHYaTa
ximMigHa OpyTTO- 5 rasis.

Mopenb TopiHHSL.

Mopaens Marnyccena

Monens ropinas

(TypOynenTHa mozienp) | Marnyccena.
Mopenb BHHpONElHI(?- Tindysna mozens (P1). BunpomiHioBaHHS.
BaHHS Tra3y B 00’ eMi. Judysna mogens (P1).
Mogens Teronepenayi y | PiBHSIHHS TBepauii Mmatepial.
TBEPIUX TLJIaX. TETJIONPOBITHOCTI. Enepris.
Mogens paaiaiiiiHoro PiBHsSHHS
TETUI00OMIHY M1XK pajianiitHoro 11T BunipomiHIOBaHHS.
MTOBEPXHIMH MOJIEIICH. TEIUIONEPEHECEHHSI.

MeTton 4nceIpHO1L
peanizari.

MeTo1 KOHTPOJIBHUX
00’ eMiB.

bazoBuit meton
peanizauii po3paxyHKy
«FV 2.5».

CyTHICTH TPOBEAEHHSA YHCEJIBHOTO EKCIEPUMEHTY ToJisirae B 1HIMIAIi

MpolIeCy TOPIHHA 3 KOHTPOJEM TEeMIIepaTypu B CEpeIuHI MOJENl TepMONapH Tak,
o0 TemmepaTypHUl pexuM i1 HarpiBy MO MOXJIMBOCTI TOYHO CITIBIAJaB 3
CTAaHJApPTHOIO TeMIepaTypHOIO KpuBow moxexi [1]. Jas 1mporo 3acobamu
KoHTpoJto cuctemMu FlowVision B 1HTepaKTUBHOMY PEXHMI 3HIMAIOTHCS TTOTOYHI
JlaHl 3 TepMomnapH, 1, MpU JTOCATHEHHI MAKCUMAaJbHOI TeMIlepaTypH sl MEBHOTO
KPOKY 3a 4acoM TMapaMeTpu Mpolecy TOpiHHS 3MiHIOIOThCs. [loTiM mporemaypa
3MIHM TIapaMeTpiB TMPOIECY TOPIHHS MOBTOPIOETHCA ISl HACTYITHOTO YacOBOTO
iHTepBany. Ilpm 1poMy (QiKCyroTbCS JaHl MOpo TeMIepaTypy MOBEpXHI,
apMaTypHOTO IIapy 1 CEpeUHU 3aT1300€TOHHOTO BUPOOY ISl TaHOTO IHTEPBAY.

Jlis mpoBeneHHS OOYMCITIOBATBHOTO EKCIIEPUMEHTY 3 BHKOPUCTAHHSIM
CTBOPEHOT MaTeMaTU4YHOI MOJIeJIi BOTHEBOI Medl s BUNIPOOyBaHb BUKOPHUCTaHA
HUKYCHABEICHA MOCTIOBHICTh PO3PAXyYHKOBUX MPOIIEAYD.

1. THimitO€THCS TPOLIEC TOPIHHS.

2. 3HadveHHs TeMIlepaTypyd TEPMOIAPU BI3YaTI3YEThCS 1 KOHTPOIIOETHCS

NOPIBHSAHHAM JUIsl YaCOBOT'O KPOKY BUIIPOOYBaHb.
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3. Ilpu nocsrHeHHI TeMIiepaTypu TEpMONapu BIAMOBIIHOI TeMIEpaTypu
CTaHJIAPTHOTO TEMIEPATYpPHOTO PEXUMY TMOXKEXKI JIsS JaHOTO IHTEpBAaILy
napameTpHu MPoILeCy TOPIHHS 3MIHIOIOThCSI.

4. Ilicns BUTOPSIHHS BCIX YaCTHHOK MasiMBa (BU3HAYAETHCA IO TEMIIEpaTypi
(dakeaiB) BCTAHOBIIOETHCA Ie OUTBII T'PyOMH KpOK JI0 HACTaHHS HACTYITHOTO
THMYaCOBOTO 1HTEPBAILY.

5. Jns HACTYMHOTO YacoBOTO IHTEpBAy pPO3PAaXYHKOBI MpOIEaypU
MOBTOPIOIOTHCA.

6. IIpu poBeeHHI PO3PAXYHKY KOHTPOJIIOETHCS TEMIIEpATypa BIAMOBIIHUX
TOYOK CTIHHU 1 MPOCTOPY Teul.

Jist iboro 3acob6amu koHTpoutto cucteMu FlowVision 2.5 B iHTepakTUBHOMY
peXHUMI1 3HIMAIKCS TOTOYHI AaHl 3 TepMONapH, 1, MPU JOCSITHEHHI MaKCUMaJIbHOT
TEMIEPATypu JUIsl TEBHOTO KPOKY 3a 4YacoM, IapaMeTpu MpOIecy TOpiHHS
3MiHIOBasMCs. [laHi 1io10 TemnepaTypu y MICIsiX BKazaHUX Ha puc. 2.6 ta puc. 2.7
GdikcyBanucs IMIOCEKYHIMU IJIsi JOCSTHEHHS HEOOX1JHOT TOYHOCTI MpU MOOYIOBI
rpadikis.

T1Tis T16,T20T24 T4 TeT12
T2 T1a T157T10T23 \‘ o T o / T3 T7 T

T3Tis T14,T18T22 '” = TyTeTwo
T4T16 T13T19To1 —1 _‘\\ T1Ts5To
. T,

\\ ,-f;_','ﬁ""';f /
W

T Ts,T17

Te,T1s

T7 T

Tsg,T20 6

To T2

T10,T22
T11Tas
T12T24

Puc. 2.6. Micus ae BigOyBaBcs KOHTPOJIb TEMIEPATYPH MPHU MOJETIOBaHH1
neyi Jlabopatopii 1 (mokazaHo nuiie cuMeTpudHy mojioBuny): Tt, T1-T24 — micus

Jie BIIOYBaJIOCS 3HSTTS TEMIEpaTypH; a — BUJ 1o ocl X; 6 — BHJI 10 ocl Z;.



Tal, Ta2
Ta3, Ta4, TaS
T06
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Tu, To, Ta, T o

‘ / T
MT 6y Ta /
Ta7, Ta {/ ‘f Tx7, Tk
Tl( ) 07 Ta7 | /

Txo, Tp9, Tag, Tu3 ~+Ju8, Tos, Tag To9, Tot0, Tort
l/
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Puc. 2.7. Micus ae BigOyBaBCcs KOHTPOJIb TEMIEPATYpPH MPHU MOJETIOBaHH1
neyl Jlabopatopii 2: Ta, Tk, TH,To — micus ne BiaOyBajloCs 3HATTA TEMIEPATYpPH;

a— B 110 ocl Y; 0 — BuJ 1o oci Z;.

OxpiM 3MOJIETTHOBAaHUX TEPMOTApP, MOKA3HUKHU TeMIepaTypu 3adikcoBaHO B
KaMmepax Ie4yedl Ta B 3alli300€TOHHUX CTiHAX Ha HEOOIrpiBaJbHUX MOBEPXHSX,
oOIrpiBaJbHUX MOBEPXHSIX 1 HA PIBHI apMaTypu, K L€ BIITBOPEHO Ha CIIANII.
Takux micup 24 y BepTUKaIbHIN mevi Ta 39 y ropusoHTaibHil (puc. 2.6, puc. 2.7).

Micus KOHTPOJIIO TeMIepaTypu 0OpaHi 3a TAKUMU MPUHIUIIAMU:

— 'y MiCISIX pO3MIIICHHS TEPMOMap Yy pealbHUX YyCTaHOBKAx s
JOTPUMaHHS CTAaHJAPTHOTO TEMIIEPATYPHOTO PeKUMY Toxexi [1], aHamoriuyHo 10
TOTO, SIK 1€ B1IOYBAETHCS B PEAIbHUX YCTAHOBKAX;

— wMicud Haja TajJbHUKaMH Kamepu medi, Ha Biacrani 100 MM Bifg
3aJ11300€ TOHHOI TUIUTH,

— wMmicue 0e3nocepeHb0 MOoPsJT 13 MOACIUII0 TEPMONapH, JJIsi BUBUEHHS ii

1HEpPTHOCTI,
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— Yy KaMepl rOpU30HTAIBHO]I Mevl JOJaTKOBO KOHTPOJIbOBaHA TEMIIEpaTypa
MDK MaJlbHUKaMU Ha BijgctaHi 100 MM Bif 3aii300€TOHHOT TUTUTH, TSI KOPEKTHOTO
JOTPUMaHHS CTAHJIAPTHOTO TEMIIEpaTypHOro pexumy [1] Ta momanpmioro aHamizy
PO3MOILTY TeMIIepaTyp y KaMmepi mei;

— Ha oOirpiBajgbpHIA MOBEPXHI KOHCTPYKIIi, HEOOIrpiBajbHIA MOBEPXHI
KOHCTPYKIii Ta B apMaTypHOMY Ilapl IUIMT, Y MICHSX, $KI BIANOBIIAIOTH
MPOEKIIISIM MiCIIb 3aMipy TeMIIepaTypH B Kamepi Medl Ha BiNOBIIHI TIOUIHMHH.

[Ticas BuOOpy Miclb Ui KOHTPOJIIO TEMIIEpaTypH 3ac00aMu KOMIT IOTEPHOI
nporpaMu OyiM CTBOPEHI IJIOLIMHM, Y SIKUX BI3yallbHO, 3@ JIOIOMOI'OI0 KOJBOPIB,
BiJIOOpaXkeH1 TeMIepaTypHi MOTOKU B kKamepi nedi. Kpim Toro, 3agaHo ymoBH 15t

3aIrCy aHIMaliiHOTO (iIbMY IPOIECY TOPIHHS.

Puc. 2.8. Bizyaunizaiiis nporecy ropinis 3aco0aMu mporpaMHOTO KOMILIEKCY

«FlowVision 2.5».



2.2. Mertoauka

NPOBCIACHHA 00YHCJIIOBAJILHOIO

3 BUNIPOOYBaHHS 32/1i300€ TOHHUX KOHCTPYKIiil HA BOTHECTINKICTh
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eKCIePUMEHTY

CyTHICTh TTPOBEACHHS O0YHMCITIOBAILHOTO EKCIIEPUMEHTY TOJISTAaE B HITIAITT

MpolieCcy TOPIHHS 3 KOHTPOJIEM TeMIlepaTypu B CEpelIrHI KaMepu 3MOJIeTbOBAaHOT

meyl B Takui croci0, moO TeMIepaTypHUH pEXUM HarpiBy sSKOMOra TOYHO

30iraBcs 3 TeMIEpaTypPHOIO CTaHJAPTHOIO KPUBOIO Moxexki. s nporo 3acobamu

koHTponto cucremMu «FlowVision» B 1HTEpakTHUBHOMY peXuMmi 3adikcoBaHO

MOTOYHI JIaHl 3 MICI[b KOHTPOJIIO TeMIIepaTypH, Onucanux y poszaim 2.3. Y pasi

JOCSATHEHHSI MAKCUMAJIbHOI TEMIIEPATYPH ISl IIEBHOTO KPOKY 34 YaCOM ITapaMeTpu

mpoliecy TOpIHHA 3MIHIOIOTheA. [loTiM mporeaypa 3MiHM TapameTpiB MpoLecy

TOPIHHA MOBTOPIOETHCS ISl HACTYITHOTO YacOBOIO 1HTEpBAITY (Tad. 2.7).

Tabnuys 2.7

I[TapameTpu rpaHUYHUX YMOB Ta NMPOBEIEHHS PO3PAXYHKY

JJISL JOCJII/IKEHHS T0YATKOBOI cTaJil BUNIPOOYBaHHA

BIJICYTHOCTI TOpPIHHS
BJIYBY U TATU.

Tsara: meuakicts 0 kr/(mM2c).
['moGaneHuii kpok: CFL=35.

Crina: ITapamerpu metony: CBiii Kpok
3a yacoM: Kpoxk 0.37.

Tepmomapa: I[lapamerpu meromy: Caiit
KpoK 3a yacom: Kpok 1.

Ne His [TapameTpu, 1110 3MIHIOIOTHCS Yac, ¢ T-pacr-
3/m rO PEeK.
1. [Himam3amnisa [TapameTpu, 3a3Ha4yeH1 B Ta0I. 2.2.
TOpIHHSA Ta
PO3pPAaXyHOK HOTO
MOYaTKOBHX CTaJIIM.
[Ticns nocsiruenns  |[Dopcynka: [HoTik yacTok 0.
TeMIepaTypu Bays: mBuakicts 0.1 kr/(m%c).
MIPUINTMHEHHS Tara: meuakicts 0.05 xr/(m%c).
TOPIHHS. ['mo6anbumii kpok: CFL=10.
Crina: ITapamerpu metony: CBili Kpok
3a yacom: Kpok 0.12. | 10 151
Tepmonapa: [Tapamerpu merony: Caiit
Kpok 3a yacoMm: Kpok 0.8.
[lepeposnoain ®opcynka: [ToTik yactox 0.
MOTOKIB 3aBys: mBuakicts 0 kr/(m%c).
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IIpoooesoicenns maon. 2.7

3‘1&; His [TapameTpu, 1110 3MIHIOIOTHCS Yac, c i—)p;e:j

2. (Imimiamizaris ®dopcynka: [Totik gyactok 0.0012.
TOpIHHS 1BayB: mBuakicts 7 kr/(M%c).
PO3paxyHOK itforo(Tsara: mBukicts 0.1 kr/(M%c).
novyaTkoBux craii. |[mobanehuii kpok: CFL=1-10.

Crina: ITapamerpu metony: CBili Kpok
3a yacoM: Kpoxk 0.12.
Tepmomnapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 0.8.
[Micns  nmocaruennsi@opcynka: [Totik gactok 0.
TEMIIEPATYPHU Buys: mBuakicts 0.1 kr/(m%c).
MPUTTUHEHHS Tsara: mBuakicts 0.05 xr/(m%c).
TOPIHHSL. ['no6anbuumii kpok: CFL=10.
) . 20 219
Crina: Ilapamerpu merony: CBlil KpOK
3a yacom: Kpok 0.12.
Tepmomapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 0.8.
[lepeposnoin ®opcynka: [Totik yactox 0.
MOTOKIB 3aBays: mBuakicts 0 kr/(M%c).
BigcyTHOCTI ropinss,Tsara: meuakicts 0 kr/(Mc).
BIIYBY 1 TATH. ['no6anbuumii kpok: CFL=35.
Crina: ITapamerpu metony: CBii Kpok
3a yacoM: Kpoxk 0.37.
Tepmomnapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 1.

3. |[mimanizaris ®opcynka: [Totik yactok 0.0012.
TOpIHHSA 1Bays: mBuaKicTs 7 Kr/(M2C).
PO3paxyHOK itoro(Tsara: mBuakicts 0.1 kr/(m2c).
noyatkoBux craiii. [[mobamsuuit kpok: CFL=1-10.

Crina: ITapamerpu metony: CBili Kpok

3a yacom: Kpok 0.12.

Tepmomapa: I[lapamerpu merony: Caiit

Kpok 3a yacom: Kpok 0.8. 30 266

ITicna  mocsirHeHHS
TeMrepaTypu
MPUTTUHEHHS
TOPIHHS.

®opcynka: [Totik yactox 0.

Bys: mBuakicts 0.1 kr/(m%c).

Tara: msuaxicts 0.05 kr/(m2c).
['no6anbunmii kpok: CFL=10.

Crina: [Tapamerpu metony: CBiii Kpok
3a yacom: Kpok 0.12.

Tepmomapa: [lapamerpu merony: Caiit

Kpok 3a yacom: Kpok 0.8.
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IIpoooeoicennus maon. 2.7

ij; Hist [TapameTpu, 110 3MIHIOIOTHCS Yac, c i)p;ecxf.-
3. [lepepo3znoain ®dopcynka: [Totik gacTok 0.
MTOTOKIB 3aBrys: mBuakicts 0 kr/(m%c).
BigcyTHOCTI ropinss, Tsara: msuakicts 0 kr/(mM2c).
BIlyBY U TATH. ['mobGansaMit kpok: CFL=35.
Crina: Ilapamerpu metony: CBiil Kpok
3a yacoM: Kpoxk 0.37.
Tepmomapa: Ilapamerpu metomy: Caiit
Kpok 3a yacoMm: Kpok 1.

4, |[aimanizamisg ®dopcynka: [Totik gactok 0.0012.
TOpIHHS i1Bays: mBuakicTs 7 kr/(M%c).
pPO3paxyHOK itoro|Tsra: mBuakicts 0.1 kr/(m%c)
noyatkoBux craiii. [[modansuuit kpok: CFL=1-10.

Crina: ITapamerpu metony: CBili Kpok
3a yacoM: Kpok 0.12.
Tepmonapa: [Tapamerpu meroxay: Caiit
Kpok 3a yacoM: Kpok 0.8.
[Ticns  pocarnenns®opcynka: [loTik yacTok 0.
TEMIIEPATYPHU Bys: mBuakicts 0.1 kr/(m%c).
MPUTTUHEHHS Tsara: mBuakicts 0.05 xr/(m%c).
TOPIHHS. ['nmo6anbumii kpok: CFL=10.
) . 40 301
Crina: Ilapamerpu merony: CBiil Kpok
3a yacom: Kpok 0.12.
Tepmomapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 0.8.
[lepeposnoain ®opcynka: [Totik yactok 0.
MOTOKIB 3aBays: mBuakicts 0 kr/(M%c).
BigcyTHOCTI ropinss, Tsara: meuakicts 0 kr/(Mc).
BIIYBY 1 TATH. ['no6anbuumii kpok: CFL=35.
Crina: ITapamerpu metony: CBii KpoK
3a yacoM: Kpoxk 0.37.
Tepmonapa: [Tapamerpu meroxay: Caiit
Kpok 3a yacom: Kpok 1.

5.  [nimiamizaris ®opcynka: [Totik gactok 0.0035.
TOPIHHS talBayB: mBuakicTs 7 kr/(M%c).
PO3paxyHOK itoro(Tsara: mBuakicts 0.1 kr/(m2c).
noyatkoBux cramii. [[mobamsuuit kpok: CFL=1-10. 50 330

Crina: ITapamerpu metony: CBiii Kpok
3a yacoM: Kpoxk 0.12.

Tepmomnapa: [lapamerpu merony: Csiit
Kpok 3a yacom: Kpok 0.8.
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IIpoooeoicennus maon. 2.7

ij; Hist [TapameTpu, 110 3MIHIOIOTHCS Yac, c ?(_)p;e;r._
[Ticns  mocaruenHsi@opcynka: [lotik gyactok 0.
TeMrepaTypu Bays: mBuakicts 0.1 kr/(m%c).
MPUTTUHEHHS Tsara: meuakicts 0.05 xr/(m%c).
TOpIHHS. ['mobGansaMit kpok: CFL=10.
Crina: Ilapamerpu metony: CBiil Kpok
3a yacom: Kpok 0.12.
Tepmomapa: Ilapamerpu metomy: Caiit
Kpok 3a yacoMm: Kpok 0.8.
[Tepeposmoain ®dopcynka: [Totik gacTok 0.
MOTOKIB 3aBays: mBuakicts 0 kr/(M%c).
BigcyTHOCTI ropinss,Tsara: meuakicts 0 kr/(mc).
BJIYBY U TSATH. ['nmo6anbumii kpok: CFL=35.
Crina: ITapamerpu metony: CBili Kpok
3a yacoM: Kpoxk 0.37.
Tepmomnapa: [lapamerpu merony: Caiit
Kpok 3a yacoMm: Kpok 1.

6. |[mimianizamis ®dopcynka: [Totik yactok 0.0035.
TOPIHHS Ta|BIyB: WBUAKICTH 7 KI/(M2C).
PO3paxyHOK itoro|Tara: mBuaxicts 0.1 kr/(m2c).
noyatkoBux crajii. [[mobansuuit kpok: CFL=1-10.

Crina: ITapamerpu metony: CBiii Kpok
3a yacom: Kpok 0.12.
Tepmomapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 0.8.
[Ticns  pocarnenns®opcynka: [loTik yacTok 0.
TEMIIEPATYpPHU Bys: mBuakicts 0.1 kr/(m%c).
NPUIUHEHHS Tara: mBuakicts 0.05 kr/(m?c).
TOPIHHSL. ['no6anbuumii kpok: CFL=10.
) . 60 354
Crina: Ilapamerpu merony: CBlil KpOK
3a yacom: Kpok 0.12.
Tepmomnapa: [lapamerpu merony: Caiit
Kpok 3a yacom: Kpok 0.8.
[lepeposmoin ®dopcynka: [Totik yactox 0.
MTOTOKIB 3aBays: mBuakicts 0 kr/(m%c).

BiJICYTHOCTI TOPIHHS,
BIIYBY 1 TATH.

Tsara: mBuakicts 0 xr/(m%c).
['mo6anbumii kpok: CFL=35.

Crina: ITapamerpu metony: CBiii Kpok
3a yacoM: Kpoxk 0.37.

Tepmomnapa: [Tapamerpu meroay: Caiit
Kpok 3a yacom: Kpok 1.
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Jns ~ gemoHcTpamii  METOAMKH — TMPOBEAEHHS  OOYHMCIIOBAJIBHOTO
eKCIIEPUMEHTY 0OpaHO MOYATKOBY JIUISHKY CTaHJApTHOI TeMIIepaTypHOi KPUBOi B
MeXax OJHIET XBWJIMHMU BHUIPOOyBaHb. Lleil MpOMIKOK cXapaKTepu30BaHUN 13
TaKUX MIpPKYBaHb:

1) motpiOHe BiAMpAIOBaAaHHS MPOIEAYPH OOUHUCIIOBAILHOTO €KCIIEPUMEHTY
JUTsl CTBOPEHHS aJITOPUTMY JTOCIIJIKEHHS MTPOIIECY BOTHEBUX BUIIPOOYBaHb;

2) HEOoOXiJIHE KOPWUTYBaHHS JaHUX OOYHCITIOBAILHOTO TMPOIECY JIs
OTPUMAaHHS aJIEKBaTHUX PE3YJIbTaTIB EKCIIEPUMEHTY;

3) moTpiOHMIA aHAI3 MOYATKOBHX CTAJld 1HILIALNI i PO3BUTKY TOpIHHS B
HarpiBaJbHUX KaHaJlaxX, OCKUIbKH TaKl MPOUECH, SIK MPAaBUIIO, HE KOHTPOIIOIOTH Y
XO/I1 BUTIPOOYBaHb.

JUist mpoBefeHHST OOYHUCIIOBAIBHOTO EKCIIEPUMEHTY 3 BUKOPUCTAaHHSIM
CTBOPEHOI MaTeMaTHUYHOI MOJEJIl BOTHEBOI Iedl JOTPUMAaHO MOCIIAOBHOCTI
PO3PaxyHKOBHX INPOLEAYP, IO OMHCAHA HUXKYE:

1) iHimiamis mpolecy TOpiHHA 3 MIHIMajibHUM TIJIOOAIbHUM KPOKOM 32
yacom (Tabi. 2.3);

2) BI3yamizalis 3HAYEHHS TEMIEPATypu TEPMONApU Ta KOHTPOJIb
MOPIBHSHHSA JUIsl 4YacOBOTO KpPOKYy BUIPOOyBaHb (Ai0paHe omnTUMajbHE
3nauenns 10 c);

3) ycTaHoBJIeHHs OLTbII Tpy6oro kpoky micis 0,05 ¢ (tada. 2.7);

4) NOCSTHEHHSI TeMIlepaTypu, IO BIAMOBIIAE TEMIIEpaTypl CTAaHIAPTHOTO
TEMIEPATYPHOTO PEXUMY TMOXKEXKI JJIsI IOTO YacOBOTO KpPOKY, MPUIIMHEHHS
MpoLIeCy TOPIHHS YCTAHOBKOIO BIAMOBIIHUX 'Y

5) ycTaHOBJICHHS 1€ OUTBII TPyOoro Kpoky (Tadi. 2.7) micis BUTOpaHHS
BCIX YacTOK TMajuBa (BU3HAYAIOTHh 3a TEeMMEpaTyporo (akeiiB) 0 HACTYIHOTO
4acoOBOT'0 1HTEpPBAIY;

6) TMOBTOPEHHS PO3PaXyHKOBUX MpPOLEAYp Ui HACTYIHOTO YacOBOTO
1HTEpBaIY;

7) KOHTPOJb TEMIEpaTypu TOYOK KOHCTPYKIi (puc. 2.7) 1 mpocTopy meui

I1]1 9Yac MPOBEJCHHS PO3PaXyHKY.
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2.3. Pe3ynbTaTH 00YMCIIOBAIBLHUX €KCIIEPMMEHTIB i3 BUNPOOYBaHb Ha

BOTHECTiHKiCTh Y KOMH,IOTepHI/IX MOA€CJIAX BOI'HEBHUX neveu

Jlis oTpuMaHHS BiAIpPalbOBaHOT METOAMKH YHUCEIHHOTO EKCIIEPUMEHTY,
MIPOBEJICHO TMOMEpPEeAH] PO3pPaxXyHKHU JJII CTBOPEHHX KOMIT IOTEPHUX Mojeled Ta
OJIep>)KaHO TakKi TpaHUYHI YMOBHM W MapaMeTpu OOYHUCIIOBAIILHOTO Mpolecy, 3a
SKHX JJOCATAIOTh ONTUMAIBHOI MPOAYKTUBHOCTI pO3paxyHKy Ta aJleKBaTHOCTI HOro
pe3ynbTaTiB. s oHI€l XBUIMHA BUNIPOOYBaHb 32 CTAHJAPTHUM TEMIIEPATypPHUM
PEKUMOM TTOXKEXK] pO3paxyHOK MPOBEACHO 3TiTHO 3 JaHUMH TabII. 2.7.

Ha puc. 2.14 nponeMoHCTpoBaHO rpadik 3MIHUM MOKa3HUKIB TEMIEPATYPH

TCPMOIIApH 3a 9ac 00YHCITIOBAJIBHOTO CKCIICPUMCHTY Y BOITHCBHUX IICUaXx.

T, °C
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800

600

400 -

i Tmax T Tu Tmin

200 '[

0 10 20 30 40 50 60

Puc. 2.8. I'padik 3MiHU TeMIiepaTypu BCepeMHI 3MO/IeNIbOBAHOI TEpMOIIapH
B KaMmepax TOpPU30HTAIBHOI Ta BEPTUKAIBHOI BOTHEBUX Meuel: T, — MOKa3HUKU
BCEPEIMHI 3MOjeIb0BaHOI TepMorapu B kamepi meui Jla6. 1 (puc. 2.6); Tpn —
MOKa3HUKH BCEPEIUHI 3MOICIbOBAHOI TepMoIapu B kamepi nedi J1ao. 2 (puc. 2.7);

Tmax — BEpXHS MeKa BUMPOOYBaHb; Trmin — HUKHS MeXKa BUTIPOOYBaHb.
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Puc. 2.9. I'padik 3minu TemriepaTypu B pi3HUX Miclgx kamepu redi Jlab. 1:
Tmax — BEpXHA Mexa BUIPOOYyBaHb, Tmin — HIKHA Mexa BunpoOyBaHb;, Ts —
NOKa3HUKU TEMIIEpaTypH Y BEpXHiil yacTuHi nedi; Ty — MOKa3HUKHU TEMIEpaTypH B

cepenHiii yacTtuHi meul; Ti — TNOKa3HUKUA TeMIlepaTypd B HUXKHIA YacTHHI

nedi (puc. 2.6).
T, °C

1000

0 10 20 30 40 50 60 T, XB.

Puc. 2.10. I'padix 3miau Temneparypu B miedi Jlab. 2: Tnax — BEpXHS Mexa
BUNPOOYBaHb; Tmin — HUXKHA Meka BUTIPpoOyBaHb; T11, T13, T14, T1o, Tr — mokazHuKH

BCEPE/IMHI 3MO/IeIbOBAHOT TEPMOIIAPH B KaMepi TOPU30HTAIBHOI meui (puc. 2.7).
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[lin yac OOYMCIIOBANIBHOTO EKCIEPUMEHTY KOHTPOJIb TeMIepaTypu
OpraHi3oBaHUN Tak, 00 cepelHs Temreparypa B Kamepl 3MOJENIbOBAaHOI Tedi
SKOMOTa TOYHO 30iranacst 3 TeMIepaTypHOIO CTaHJAPTHOIO KPUBOIO TOXKEX1 i HE
BHXO/IWJIA 3a JOIyCTHMI MEKi BunpoOyBanHs [1]. J{ist 1iporo 3acodaMu KOHTPOJIIO
cucremu «FlowVision 2.5» B inTepakTUBHOMY peKHMi 3a(DiKCOBAHO IMOTOYHI JaH1
3 TepMomapH. Y pasi JOCSITHEHHS MaKCUMAaJIbHOI TeMIIepaTypH AJisl IEBHOTO KPOKY
32 YacoM MapaMmeTpu Mpoliecy TOpiHHA 3MiHIOBaiIKCs. JlaHi 1010 TeMnepaTrypu B
MICIISIX, 300pakeHWX Ha puc.2.6, puc.2.7, 3adpikCOBaHO WIOCEKYHIU IS
JOCSITHEHHSI HEOOX1IHOI TOYHOCTI B X011 MOOY10BU Tpa(ikiB.

CrannmapTHa TeMmriepaTypHa KpuBa moxkexi [1] Ha 60-i1 XBUJIMHI MOKa3ye
temnepatypy 945 °C. Ilpu upomy nomyctuma noxuOka: Big 922 °C nmo 960 °C.
Cepennst TeMmrepaTypa B KaMmepax 3MOJIETbOBAaHWX YCTAaHOBOK TIiepeOyBae B
000B’I3KOBUX MeXaXx, sIK 1 TeMiepaTtypa tepmonapu (puc. 2.9).

Y kamepi BOTHEBUX I€Uel ICHYe CYTTEBUU Mepemnaj TeMIeparyp Io
BEpPTUKAJl, MEHIIUNA y TOPU3OHTAJIbHOMY HampsMky (puc. 2.9, puc. 2.10). Ile
MOXHa TOSICHUTU 0a30BUMHU (PI3UYHUMU 3aKOHAMHU KOHBEKTHUBHOIO TEPEHECEHHS
terua [7].

OtpumaHi  pe3ynbTaTH  MOJCIIOBAHHS  BUNPOOYBaHb  BEPTUKAIHHHUX
OyZiBENIbHUX KOHCTPYKLINA 3acBIIUYIOTh, IO HE BCl MOKA3HHMKU TEMIIEpaTyp,
KOHTPOJIbOBaHI B Kamepi, He TMEPEBUIIMIN JOMYyCTUMY IMOXHUOKY BHUIPOOYBaHb.
Pi3Huns temmneparyp HampHUKIHII PO3PAaXyHKY B PI3HUX YAaCTUHAX KaMepH medi
ctaHoBuTh 140 °C mna Jla6. 1l ta 156 °C s Jla6. 2 (tabn. 2.8). HeoOximHo
3a3HAYMUTH, 10 Temrepatypa 945 °C y BepxHiil yactuHi kamepu mieui Jad. 2 Oyna
nocsirHyTa Bxe Ha 40-i1 xBuiuH1 BUNpoOyBaHb. HaBiTh SIKIIO BpaxyBaTu MOXUOKY
MaTEMaTHUYHOTO MOJICIIIOBAHHS 3a JOMOMOTOI0 KOMIT FOTEPHOI MpOTpaMu, TO

PE3YJIbTAT 3AJIMINACTHCA CYTTEBUM.
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Puc. 2.11. Tpadik 3MiHM TeMmIiepaTypu B MpUaApMaTypHOMY  IIapi
BEPTUKAJILHOT KOHCTPYKIIi TMpW MOJENIOBaHHI BUIpoOyBaHb y medi Jlab. 1:

T3, T7, T11 — MOKa3HUKK TEMIEPATypH B PI3HUX YaCTHHAX KOHCTPYKIIIT (pHC. 7).
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Puc. 2.12. Tpadik 3MiHM TeMmiepaTypu B HpUapMaTypHOMY MIapi
BEPTUKAJIBbHOI KOHCTPYKIII MpH MOJENIOBaHHI BumpoOyBanb y meui JIal. 2:
Ta, Tar, Tas, Taz, Tato, Tal2, — TOKa3HUKHM TEMIeEpaTypu B PI3HUX YaCTHHAX

KOHCTpYKIIi (puc. 8).
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Tabnuys 2.8

Temmneparypa (ua Biacrani 100 MM Bix cTinm) 3a pe3yjabraTamu
004YHCJIIOBAILHUX €KCIIEPUMEHTIB y Pi3HUX MiCISIX KAMeP BEPTUKAJIbHUX

BUIIPOOYBAJILHUX NeYei

Po3MitiieHHsT KOHTPOJIBHOT BinmosigHo Jla6. 1 JIab. 2
TOYKA no [1].

Ha 60-i1 xBuiuHI BUpoOyBaHb:

Bcepenuni 3moienboBaHoi

=937 °C =942 °C
TepMoIapu
besnocepenHpbo nopyy 3 N o _ o
TepMOTapaMu Big 922 °C 1o = 924°C ~928°C
VY BepxHiil YaCTHHI KaMmep 969 °C ~ 068 °C ~ 1057 °C
neyen - -
VY HMKHIN YaCTHHI KaMmep - o N o
Heueid =~ 828 °C =~ 851 °C

Ha 30-i1 xBuiuH1 BUIpoOyBaHb:

Bcepeauni 3moiennboBaHo1

~ 860 °C ~ 837 °C
TepMOTapu
be3nocepeaHbo nopyd 3 Bi1 800 °C no ~ 844 °C ~ 839 °C
TEepMOTapaMu 884 °C
Y BepxHill yacTHUHI Kamep ~ 914 °C ~ 968 °C
Y HUXKHIN YaCTHHI KaMep ~ 157 °C ~ 135 °C

[lin yac OOYMCIIOBAIHHOTO EKCIHEPUMEHTY JOCHIIKEHO 1HEPTHICTh
tepmonapu. st boro B Kamepi 3MOJIETbOBAHUX YCTAHOBOK, MOPST 13 MOJIEIUTIO
TepMoIiapu Ha BifcTaHi 50 MM, OpraHi30BaHO KOHTPOJIb TEMIIEPATypH. 31CTABICHO
pE3yNbTAaTH MOKA3HUKIB TEPMOIIAPH Ta AIMCHOI TeMIlepaTypHu.

VY xamepax mnedell Temmeparypa O€3MOCEpPEIHbO MOPsA 13 TEPMOIAPOIO
BIJIpI3HsETHCS Bl 3HaueHb Tepmonapu (AT, =13°C, AT,=14°C) (taba. 2). Otxe,
SKIIO BpaxyBaTH NoxuOky Tepmomapu (a me < 15°C [1]), To cymapHa moxuOka
Moke cTaHOBUTH 27 —30 °C. OcCkuUIbKM BHUNPOOYBAHHS MPOXOASATH MPOTITOM
TPUBAJIOTO Yacy, 1€ IMO3HAYAETHCA HA JOCTOBIPHOCTI M TOYHOCTI OTPUMAHMX
pe3yJbTaTiB.

Temneparypa B mnpuapMaTypHOMY Iapi 3a1i300€TOHHUX KOHCTPYKIIii

BOTHEBUX meued Ha 60-H XBWIMHI Aociixy Oyna po3mojiieHa HEPIBHOMIPHO
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(tabm. 3). Pizauns temmnepatyp nopiBatoe 31 °C mna JIa6. 1 ta 129 °C g Jla6. 2.

Temnepatypa 226°C y BepxHii 4acTHHI IpUAPMATYpPHOTO MIapy KOHCTPYKIIii, IO
nociipkyBasiack y Jlab. 2 Oyna nmocarHyta Ha 43-ii XBUJIMHI BUIIPOOyBaHb, a B

cepeHiil yacTHHI Kamepu — Ha 53-ii.

Tabnuys 3
Temneparypa (Ha piBHi apMaTypmu) 3a pe3yJbTaTaMHu 004HCII0BATBLHUX
€KCIIEPUMMEHTIB Yy PI3HUX MICHAX KaMep BEPTHKAJIBLHUX BUNIPOOYBaJIbLHUX

neueu
Po3MmileHHsT KOHTPOJIbHOL BignoBigHo 110 JIab. 1 JIao. 2
TOYKa [8]

Ha 60-i1 xBuinH1 BUIPOOyBaHb:

be3nocepeanbo nopyd 3

~ 285 °C ~ 283 °C
TepMOTIapaMu
VY BepxHill 4acTHUHI Kamep <500 °C ~ 284 °C ~ 297 °C
VY HUXKHIN YaCTHHI KaMep =253 °C ~ 226 °C

Ha 30-i1 xBuinHI BUIPOOYBaHb:

be3nocepennpo nopyu 3 ~ 165 °C ~ 184 °C
TepMoInapaMu

< 0
VY BepxHiil yacTHUHI Kamep S00°C ~ 149 °C ~ 185°C
VY HUXKHIN YaCTHHI KaMep ~ 193 °C ~ 151 °C

3a A0moMOror 3aco0iB  KOMIT IOTEPHOI Ta30JUHAMIKM BHKOPHUCTAHOTO
IPOrpaMHOTO  KOMIUIEKCY OyJi0o  pO3MVISHYTO pO3MOJII  TemrepaTyp Ha
oOIrpiBajbHIA MOBEPXHI 3a11300€TOHHUX KOHCTPYKIIM MiJg yac BUNPOOYBaHb Ha
BOTHECTIKICTh. [IOBEepXHsI CTIH HEPIBHOMIPHO MPOTPIBAETHCS MPOTATOM YChOTO
yacy BUNpoOyBaHb. ['pa/lieHT TeMIepaTyp € CyTTEBUM, a 1€ He MOKe HE BIUIUBATU
Ha pe3yJIbTaTh BUMPOOYBAHb.

Y Xxomi HACTYymHOrOo €Tamy JAOCHIIPKeHb MPOAHANI30BaHO PO3MOILT
TeMIlepaTyp Ha O0IrpiBalbHIN MOBEPXHI 3a7T1300€TOHHUX KOHCTPYKIii (puc. 2.13,
puc. 2.14). I'pagieHT Temneparyp o MOBEPXHI IUIUTH € CYTTEBUM, 1€ HE MOXKE He

BIJTUBATU Ha PE3YJIbTATH BUMPOOYBAHbD.



Puc. 2.13. Po3nonin temmepatyp Ha o0irpiBanbpHil moBepxHi miuTu: a — 10-
Ta XBWJIMHA BUNPoOyBaHb; 60 — 30-Ta XBUiIMHA BUNPOOyBaHb; B — 60-Ta XBUIMHA

BUTIPOOYBaHb.

B r

Puc. 2.14. Po3nonin temmepaTyp Ha 00irpiBHii moBepxHi mauth: a — 10-ta
XBWIMHA BunpoOyBaHb; 60 — 30-Ta xBuiMHa BUIPOOyBaHb, B — 60-Ta XBuIMHA

BUNPOOYBaHb.
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Sx moxna mobaumtu 3 puc. 2.13, puc. 2.14, oOirpiBaibHa MOBEPXHs
3a711300€TOHHUX KOHCTPYKI[M HEPIBHOMIPHO MPOTPIBAETHCS MPOTATOM YCHOTO
4yacy BUNPOOYBaHb.

AHani3 momepenHiX po3paxyHKIB CIOHYKAa€ J0 BHCHOBKY MpO Te, IO
BJIOCKOHQJICHHSI YCTAHOBOK JIJIS BHMNPOOYyBaHb Ha BOTHECTIMKICTH OyaiBEIbHHUX
KOHCTPYKIIIM HaJeXHUTh 0 aKTyaJlbHUX MUTaHb, OCKIJIBKA B HASBHUX BOTHEBUX
Ne4Yax yCTaHOBKU ICTOTHO BIAPI3HSIOTHCA T€OMETPUUHOIO KOH(DIrypaIieo, BUIOM
NaJMBHO-(POPCYHKOBOI CHUCTEMH, CXEMaMU pO3TAallyBaHHS W KOHCTPYKIIIEIO
BUMIpIOBaJIbHOT apMatypH. Lle moTeHuiitHO mpu3Bee 10 TOro, Mo BUMPOOYBaIbHI
YCTAaHOBKU JIaBaTUMYTh pe€3yJbTaTH, skl BiApi3HAOThCA Ha 30 % 1 Ouibie. Y
TakOMy pa3l HE MOXHAa TapaHTyBaTH BIJIMIOBIJHICTD MEX BOTHECTIMKOCTI
BUTMIPOOYBATbHUX KOHCTPYKIIA UYMHHUM HOpPMAaTHBaM. 3a IIMX YMOB CYTTEBO
3HIKYETBCSL pIBEHb O€3MEKM JIOJEH 1 MarepialbHUX IIHHOCTEH y OymiBIsSX Ta
CHopyJax.

VY Xoal AucepTamiifHOTO TOIIYKY TOBEACHO, IO JAJS YHUKHEHHS JOPOTHX
BUNPOOYBaHb 13 TMOPYIICHOTO MUTaHHS MOIUIHLHO MPOBOAUTH JOCHI/HKCHHS Ha
OCHOBI PE3yJIbTAaTIB OOYMCIIOBAIBHUX eKcriepuMeHTiB. CydacHe mporpamHe
3a0€3MeUYeHHs] 3 MOJICTIOBAaHHS TEIUIOBUX TNIPOIECIB 3aco0aMu KOMI FOTEPHOI
razonuHamiku  («CFDy») nmae 3Mory BpaxyBaTH BCi HEOOXiAHI TapameTpu
aHATI30BaHUX TMPOIECIB 1 BUBYUTH BIUIMB T€OMETPUYHUX Ta KOHCTPYKTHBHHX
XapaKTEPUCTHK Teul Il BUMPOOYBaHb 3al1300€TOHHUX KOHCTPYKIIM Ha SAKICTh
OTPUMYBaHUX JTAHUX.

Jlis 3’sicyBaHHS TOTO, HACKIIBKM KOPEKTHO MOJENIb OIMCY€E peajbHi
mpolecu, M0 BiAOYBAaIOThCS B CHCTEMI, HACKIJIBKH SKICHO BOHA TIPOTHO3YE
PO3BUTOK TMpPOIECIB, HEOOXITHO OTPUMATU KIJIBKICHI IMOKa3HUKU aJIeKBAaTHOCTI
nobyaoBaHoi moxeni. [lepeBipky ajgekBaTHOCTI BapTO MPOBOJIWTH Ha IiJCTaBI
EKCIIEpUMEHTAILHOT 1H(pOpMaIlii, oJep)KaHOT BHACHIIIOK BOTHEBUX BHUIPOOYBaHb

¢dparmenTa OyaiBeIbHOT KOHCTPYKIIIi [55].
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2.4. CtaTucTuyHe 00po0JIeHHs pe3y/IbTATIB BOTHEBUX BUIIPOOYBaHb Ta

004HCIIOBAILHUX €KCIIEPUMEHTIB i3 X MO/1e/II0BAHHS

YHacnigok BCeOIYHOTO OCMHCIEHHS JITepaTypHUX Jokepen [29-32;
55-57], mimcyMoBaHO, IO JUISI CTATUCTUYHOTO OOpOOJIGHHS ¥ TOPIBHSIHHS
pe3yJbTaTiB  BUIMPOOYBaHbL JlabopaTopiii HAWOLIBIIT JOIIJIBHO 3aCTOCOBYBATH

kputepii Koxpena, ['pad6ca (CmupHoBa), ®imepa ta CtbronenTa (tadm. 2.8).

Tabnuys 2.8
CrarucTH4Hi KpUTepil aIeKBAaTHOCTI
Ha3ga Cdepa 3acTocyBaHHS OcHoBHI (hopmynu 1)1 pO3paxyHKiB
2 3 4
Kpurepiit BUSBIEHHS B PE3YNBbTATAX | - Shuc
Koxpena BUNIPOOYBaHb BUKHU/IIB Z": s
(kBaziBuKHUAIB) [55]. =
Smex — HAWOLIBIIE CEPEHBO KBApa-
TUYHE BIJXHWJICHHS PE3yJbTaTIiB
BUINIPOOYBaHb 3 YCIX J1a00OpaTOPIil.
Kpurepiit [TepeBipka i3 M ~ Y Min
['pab6ca 3aCTOCYBaHHSIM KPUTEPIIO o S G = S
(Cmupnona) | Koxpena cTaHOBUTH _
CYMHIBH III0/I0 BUCOKOI Yj — cepe/iHe 3HAUCHHS,
BHYTPIIIHbOIA00PATOPHOT S| — OLiHKA CepeIHbOKBAIPATHIHOTO
Bapiarlii pe3ynbTaTiB BIIXUJIEHHS.
BUTNIPOOYBaHb [55].
Kpurepiit [lopiBHSAHHA nucTiepCiid S £ g , - .
dimepa pe3ynbTaTiB BUpoOyBanp | §2 0+~ OLIHKH JMCICPCIN MCPIIOT Ta
nabopatopii [55; 56]. JPYroi 1adopaTopii.
Kpurepiit J1y1st mOpiBHSIHHS Soss =S
CrprofieHTa | pe3yabTaTiB BUIPOOYBAaHb %&ﬁg .
IBOX J1abopaTopiii [55;
56], o 3l
§+ g )
nl n2
N — KIJTbKICTh BUMIPOOYBaHb;
Y — cepenHe 3HAYEHHS;
S, — OIliHKa CEPEIHBOTO
KBQIPATUYHOTO BIIXHJICHHS
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BiamosimHo nmo [12] ans BUSABICHHSI B pe3ysibTaTax BUIPOOYBaHb BUKHIIIB
(KBa3iBUKHUIIB) 3aCTOCOBYIOTH CTaTHCTH4YHI KputTepii [padbdbca Ta Koxpena.
Kpurepiit ['pab6ca Moke OyTM BHUKOPHUCTAHUM y BHUIAJIKaX, KOJU TEpeBIpKa 13
3acTOCyBaHHAM kputepito KoxpeHa mopomkye CyMHIBH IIOAO BHCOKOI
BHYTPIIIHBbOJIA00paTOPHOT Bapiallii pe3yJbTaTiB BUITPOOYBaHb.

[Ticns mepeBipku pe3ynbTaTiB BUMPOOYBaHb Ha OJHOPITHICTh MEPEXOJATh
7m0 iX mopiBHSAHHA. Jlyig 3iCTaBICHHS JUCHEpPCid pe3yabTaTiB BUIPOOYBaHb
71a00paTopiii 3aCTOCOBYIOTH KpuTepii Pimepa [55-57].

Takox sl TOPIBHSHHS pe3yibTaTiB BUIOPOOYBaHb [BOX JabopaTopii
MOXHa ornepyBatu kputepieM CteroaeHTa [5S5-57], M0 IOUIIBHO 3aCTOCOBYBATH,
KOJIM KUIBKICTh pe3yJbTaTiB BUIPOOYBaHb y KOXHIM Jlaboparopii mepedyBae B
Mexkax Bia 2 go 30.

KoxeH 13 npoaHani30BaHUX CTATUCTUYHUX METOAIB Ma€ HU3KY YMOB I10JI0
3aCTOCYBaHHA. 3BaKalouW Ha crenudiky MpOBEACHHS BUIPOOYBaHb y Taiysi
MOKEKHO1 0€3MeKH (3aCTOCYBaHHS PYHHIBHUX METOAIB KOHTPOIIIO, Malla KIJIbKICTh
3pa3KiB TOIIO), HEOOX1AHO OI[IHIOBATH CTYIIHb IXHbOT IPUIATHOCTI.

BaxxnuBuii YMHHUK BIUIMBY Ha PE3yJbTaT BUNPOOYBaHb — OJHOPIIHICTH
BUMPOOOBYBAHUX 3pa3KiB, 10 HaOyBae oOCOOJHMBOI aKTyaJbHOCTI B XOji
3aCTOCYBaHHS METO[IB PyHHIBHOTO KOHTPOIIIO y cepi MOKEKHOT OE3MEeKH 1] 4ac
IPOBEICHHS TMOPIBHSUIBHUX BUNPOOyBaHb. OAHOPIAHICT 3pa3KiB  MOXHA
OIIIHIOBATH IUJISXOM KOHTPOJIIO IXHIX TMapaMeTpiB, aje B HOPMATHBHUX
JOKyMEHTaX BIJICYTHI KpUTEp1i OL[IHIOBAHHS OJJHOPITHOCTI 3pa3kiB [12].

OcHOBHE NMPU3HAYEHHS CTaHJAPTHUX 3pa3KiB y raixy3i METPOJIOrii MOJsrae B
MIPOBEICHHI METPOJIOTIYHOI aTecTallli BUMPOOyBaIbHOTO OOJaHAHHS Yu 3acO0iB
BUMIPIOBAILHOT TEXHIKHM a00 B iX KaaiOpyBaHHI.

BiamoBinHO 10 HOPMATUBHUX JOKYMEHTIB MO0 OpraHi3allii Ta MpoBeACHHS
BOTHEBUX BHUIPOOYBaHb [58—65], /uisl OIliHIOBAHHS pE3yJbTaTiB 3alpPOTOHOBAHO
3aCTOCOBYBATH TaKl CTATUCTUYHI XapaKTEPUCTUKH:

— «PIZHUIL) Ta «IIPOILEHTHA PI3HUIISH, K1 PO3PAaXOBYIOTH 32 BUPA3aMU:
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Xi-X Ta (2.40),
x-X
T3¢ 1Ay (2.41),

—  «IOKAa3HUK Z», 0 pO3PaXOBYIOTh 32 BUPA3OM:

z=%"X%
S

(2.42),
e Xi — pe3yabTaT i-T0 ydYacHHWKa; X — TPUIUCAHE 3HAYCHHS; S — MPUITHCAHE
3HAYEHHS OI[IHKHU CePeTHhOKBAIPATUYHOTO BIIXUJICHHS.

Sxmo Z<2, 1o pe3yabTaTH MiXIJ1a00opaTOPHUX MOPIBHSUIBHUX BUIIPOOYBAaHb
€ 3a710BinbHIMH, 2<Z<3 — cymHiBHUMH, £ 23 — He3a10BITBHIMM.

— «uucno E» (3a3Buuail BUKOPUCTOBYIOTH Yy CXE€MaX IOPIBHSHHS

BUMIPIOBaHb):
E_
NErE! (2.43).
ne Ya — HeBM3HaueHICTH pe3ynbTaTy ydacHHMKA, U — HEBH3HAYCHICTH

MPUIIMCAHOTO 3HaYeHHs 0a30B01 J1aboparTopii.
Sxkmo E.<l 1o pesynsratm BHnpoOyBaHb HEOOXiZHO BBaXKATH

3afn0BinpHUMU. SIkmo E. >1) 1o pesynsratu BunpoGysans € HesanosinsHuMHE [12].

2.5. BuUcHOBKM 32 po3aijioM

1. 3a npomomMororw 3aco0iB KOMITIOTEPHOI Ta30JMHAMIKH TMOOYJA0BaHO
MaTeMaTH4YH1 MOJIENI, SIK1 OMUCYIOTh MPOIIEC TEINIOMAaCOOOMIHY y BUIIPOOYBaIbHUX
BOTHEBMX Tl€4yax IMiJi 4ac aHayli3y BOTHECTIHKOCTI 3a1i300€TOHHUX OyaiBEeIbHUX
KOHCTPYKIIid, Ta TIPOBEICHO  OOYUCITIOBAILHUNA  EKCHEpUMEHT 13  iX

BHUKOPHUCTAHHAM.
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2. CxapakTepu30BaHO CYTHICTH 1 MPOJEMOHCTPOBAHO AQJITOPUTM IS
BUBUYEHHS KOHCTPYKIIT i METPOJIOTIYHOTO 3a0e3MeUeHHs KaMep Mevei yCTaHOBOK
JUISL TIPOBEJICHHS BUTIPOOYBaHb HAa BOTHECTIMKICTh HECYYHMX CTiH.

3. 3a pesynbTaTaMd  OOYHUCIIOBAIBHOTO  EKCIIEPUMEHTY  OTPHUMAaHO
TeMIepaTypHi PO3MOAUICHHS B KaMepl BOTHEBOI Iedl Ta Ha OOIrpiBaibHIN
MOBEPXHI KOHCTPYKIlI mMiJ dYac BHUNPOOyBaHb Ha BOTHECTIMKICTh O3HAYCHHX
KOHCTPYKIIIH, 1110 BUMArae J0AaTKOBUX JAOCIIIKEHb.

4. Jlns 3’sCyBaHHS TOTO, HACKUIBKM KOPEKTHO MOJENIb OIUCYE pPealibHi
npolecHu, 1o BiAOYBalOTbCS B CHUCTEMI, HACKUIBKM SIKICHO BOHA IIPOTHO3YE
PO3BUTOK AaHaJi30BaHUX MPOILIECIB, HEOOXIHO OTPUMATU KUIBKICHI MOKa3HUKH

I10/10 aJIeKBATHOCTI ITOOY10BaHOT MOJIEIII.
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PO3/ILI 3

AJJEKBATHICTb MATEMATHUYHOI MOJIEJII TEIIJIOMACOOBMIHY
BUITPOBYBAHb HA BOTHECTIUKICTH BY AIBEJIbHUX
KOHCTPYKIIIA

3.1. ExcnepumMeHTa/IbHEe BHUIPOOYBAaHHSI HA BOTHECTIMKICTH HeCy4o0i

3aJ1i1300€ TOHHOI CTiHH

a. 0.

Puc. 3.1. 3araibHuUll BUTJISA1 YCTAHOBKHU JIJIs1 BUTIPOOYBaHb: a — 3arajibHUii; O

— (hopCcyHKOBa cCHCTEMA.

Puc.3.2. 30BHiIHIN BUTTIS 3pa3ka 10 BUIPOOYBaHHS.
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[Tepen BunpoOyBauusmu, 3rigHo 3 [1 - JICTY b B.1.1-4-98*], 3pazok OyB
MOMIIIEHUH B TMPUMILIEHHS JUIs KOoHAuIitoBaHHA 3pa3kiB [1K3-2 Ta Butpumanmii
3arajJbHUM TepMiHOM 7 110 3a TeMIepaTypu HaBKOJUIIHBOTO cepenoBuiia 20°+4°C
ta Bosiorocti 55% £2 %.0OmnopHa KOHCTPYKIIS 3aKpIIUTIOETHCSI B TMEPEIHINA CTiHI

eyl 3a JOMOMOTOI0 CIIEIIaIbHUX 3aTUCKAYIB.

3200

Hezaxpinnesi kpai
CTIHH, II0
VIITEHEH]
MIHEPATOEATHHME
IITHTANME

3200

£
W

30Ha BOTHEBOTO BILIUBY.

| | |

W

200

Puc. 3.3 — Cxema po3rauryBaHHsl TepMOnap Ha HEOOIrpiBajbHIA MOBEPXHI

o

3pa3KiB: — TEpMOIapu NJisi BHUMIPIOBAHHS CEPEIHbOI Ta MaKCUMAaJIbHOI
TemriepaTypu noBepxHi 3paszka (T1-T5). o _ JOJIaTKOBl TepMomapu  JJis
BUMIPIOBaHHS MaKCUMAJIbHOI TeMIepaTypu moBepxHi 3pazka (T6 — T8). ® —
TepMOMapy JJii BUMIPIOBAHHS TEMIIepaTypu Ha apMmarypi, 0 HaWOmmk4da 10

obirpiBasibHOI moBepxHi 3paska (T26-T30).
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B mpomeci miaroroBku mo BumpoOyBaHb, 3rimHo 3 [2 - JCTY b B 1.1-

19:2007], Ha moBepxHI 3pa3Ka, MO MPOTUJIC)KHA BOTHEBOMY BIUIUBY (fayii —

HeoOIrpiBajbHIM MOBEPXHI) OyJIM BCTAHOBJIEHI TEPMOECJIEKTPUUYHI MEPETBOPIOBAUl

(repmomapu) TI18 — T22 nms BUMIpIOBaHHS CEpelHBOI Ta MaKCUMAIbHOT
TEeMIIepaTypHu.
Taomurs 3.1
3aco0u BUMIPHOBAJILHOI TEXHIKH
No | HailimenyBanHs oOaiHaHHs | 3aBOJI- Hianazon [ToxuOxka
n/m abo mpuinany CBKHI BHUMIPIOBaHHS BHUMIPIOBaHb
HOMED
1 |Jlinilika BUMiproBajibHA - B1x 0 1o 1000 MM + 1 MM
(iaB.Ned)
2 |Cexynnomip COCnp-26-2-010 B 0 1o 60 xB. | CepenHiii kiac
: 3187 :
(iaB.Ne13) TOYHOCTI
3 | CucreMa KOHTPOJIIO ['panwuti gomyc-
temneparypu “CKOPAJI” Ha - Biz -5 10 1300°C | TUMOi moXuOKu
ocHOBI 0J10K1B Bera-5 BUMIPIOBaHHS
(iHB.Ne26) +15°C
4 | Tepmonapu TXA, - Bix 0 mo 1100 °C Knac 2
14 oguHHULL
(iuB.07-020)
5 |Tepmonapu N (1100mm), - Bix 0 7o 1200 °C Kiac 2
6 onuuuIb (1HB.Ne047-052)
6 | Tepmorirpometp 1045 Bix 25 10 90 % +5%
APT-06917 (iuB.Ne2) Bix 0 mo 50 °C +1,0°C
7 | ranrenmupkyns HIII-11a 0711110 | Bixg 0 mo 300 mMm + 0,05 MM
(iB.Nel 1)
8 |ManoBakyymmeTp nudpoBuit 20 Bix 0 go +200 Ila +0,5%
MMII-200 (iaB.NeS)
9 |CymmipHa mada b/u Bix 20 o 100 °C +2,5°C
10 |Baru enexrponni ULTRA 021 Bix 0 o 200 r +0,1r
(1aB.Ne7)
11 | Olynu niameTtpom:
6mM (1HB.N29) b/n 6 MM + 0,1 Mmm
25mm (iaB.Ne10) b/n 25 Mm +0,1 MM
12 |Bigmanemip nazepuuii pyannii | 9028306 | Bix 0,05 no 100m + 1 MM
Disto D3a BT (iuB.Nel8) 00
13 |Bigmanemip mazepuauii pyuanit | 9108300 | Bix 0,05 no 100m + 1 MM
Disto D3a BT (iuB.Nel17) 12
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Taomurg 3.2

OcHoBHI napaMeTpH 3aJ1i300e TOHHUX CTIH-3pPa3KiB 1Js1 BUIPOOYBaHb

[Tapametp [To3nadyeHHs 3HaueHHs OnuHULIS BUMIPY
['eomeTpuuHi po3mipu
® IIMpHUHA S 0,2
e IIMPHUHA 3aXMCHOTO mapy | W 0,02 M
e JOBXXHHA CTIHUA | 3,2
® BICOTA CTIHU 3

Baxkuii Ha
Tun Getony IpaHiTHOMY Krac

. £ 30/35 (B30)

3aMoBHIOBaYl
['ycruna 6eToHy PB 2300 Kr/Mm°
BomorniemenTHE BiTHOIICHHS B/11 0,36
['paHnyHa BOJIOTICTH u <3 %
Po6oua apmatypa BHYTpILITHS: Kirac A500C
e Jiamerp ds 0,016 M
Po6oua apmartypa 30BHIIIHS: Kiac A240C
e Jiamerp d> 0,016 M
Kapxkacha apmarypa: Kiac A240C
e Jiamerp ds 0,008 M

Tabmuis 3.3

TexHIYHI XapaKTEePUCTUKH KOMIIOHEHTIB 32/1i300eTOHHMX CTiH-3Pa3KiB

1JIs1 BUIIPOOYBaHb

HalimenyBanns Knac BiractuBocTi [TapameTrpu
. SITOBUM KyOikoBa MIIHICTE — HE
beton Baxxkuit C 30/35 (B30) , PAOBHH, = Y "
T1IPOTEXHIYHHI menite 3a 30 Mlla

Kpok — 200mwm;

IJIomia MmornepeyHoro

apMmaTypHa CTajb

Apmarypa d; = 8 MM A240C apMaTypHa CTallb emepiny 0.503
Minnicts — 240 MIla
TEPMOMEXAHIYHO- HH(I;E;I;; Hze(;()el\i\{d(;)m
Apmarypa d; = 16 mm|  A240C 3MiIlHEeHa .
apMaTypHa CTajb Tepepisy 0,503
Minnicts — 240 MIla
TEPMOMEXaHIYHO- anlprKH; 11260()61\(4{11\{4; N
Apmatypa d; = 16 MM A500C 3MilHEeHA 101 p

nepepizy 0,503

Mimuicts — 500 MIla
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Ha 3pa3kax BCTaHOBJEHO [0JATKOBI TEPMOEIEKTPHUUYHI IEPETBOPIOBaUl
(tepmonapu) T23 — T25 nnsa BUMiprOBaHHS MaKCUMAJIbHOT TEMIIEPATYPH.

Ha apmarypi, mo Onux4a 10 MOBEPXHI 31 CTOPOHH BOTHEBOT'O BILIWBY
BCTAHOBJICHI TepMoenekTpuuHi neperBoproBadi T26-T30. Tepmonapu 3aBeneHi 31
CTOPOHM MOBEPXHI 3pa3ka, 110 NPOTUJIC)KHA BOTHEBOMY Uepe3 CTajeBl TPYOKH.

CxeMy po3TalllyBaHHsI TEpMOIIap Ha 3pa3Ky HaBeJCHO Ha puc. 3.3.

Jlns  BumpoOyBaHb  BUKOpPHCTOBYBanach BorHeBa miu  BII-1 3
HaBaHTaXyBaJbHOIO paMoro , 1HB.Ne20 (ATtectar No 24-2/5983), npumitiieHHs s
koHjuiitoBanHsa 3paskiB  [IK3-2, iuB.Nel6 (Atecrtar Ne 24-2/0442) 1 3acobu
BUMIPIOBAJIbHOT TEXHIKH, sIK1 HaBeZieHO B Tad:. 3.1.

[IpoBenenHss BunpoOyBaHb (GparMeHTIB CTIH-3pa3KiB 31MCHIOBAJIOCS 3a
METOZIOM, IO perjameHToBanuil [ |. Meroa BumpoOyBaHb MOJSTAaE y BU3HAYCHHI
MIPOMIXKKY 4Yacy BiJ] TOYATKy BUIMPOOYBAHHS 32 TEMIIEPATYPHUM PEKUMOM 3T1JIHO 3
[ ] 3a BorHEBOTO BILIMBY 3 0OIrpiBHOI CTOPOHU (PparMeHTy CTiHH-3pa3ka [ ].

Meska BOTHECTIHKOCTI KOHCTPYKIIi1 BU3HAYAETHCS 32 hopmyIioro [ |
tfr = tmes - At (32),

ne: ty — MeXa BOTHECTIMKOCTI KOHCTPYKIIil, XB., tmes — 3HAYEHHS YaCy BiJl TOYATKY
BUNPOOYBaHb JI0 JOCATHEHHSI TPAHUYHOTO CTaHy 3 BOTHECTIMKOCTI, At — moxuOka

BUNPOOYBaHHSI.

[ToxuOKy BUNIPOOYBaHb BUZHAYAIOTH TAKUM YHHOM:
st inTepBanty wacy Bim 0 70 tmes BU3HAYAIOTH IHTETPAJIIbHE 3HAYCHHS Af

cepelHboi TemrepaTypu T B medi mij yac BUpoOyBaHHs 32 TaKOIO (HOPMYJIOLO:

Ar =3 05(T, + Ty ) (4 —t, ) (3.3),

i=1
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ne: Tyq - 3HAYEHHS CepeHbO1 TeMIIEpaTypH B Tedi, 1o Biamosigae vacy ti °C; t; -
gac 1-r0 IMKJIY BHUMIPIOBAHHSA CEPENHbOI TEMIeEepaTypu., 1 - HOMEp IUKIY
BUMIPIOBaHHSA CEepeAHbOI TeMIepaTypH (IOpiBHIOE Hacy ti, SKIIO BHUMIipIOBaHHSA

IPOBOJSTH yepe3 1 XB), n - HOMEp LUKITY BUMIPIOBAHHS, JIJISI SIKOTO ti = fmes

Takum xe YHHOM JJIs IHTepBaiy yacy Bif 0 10 tmes BU3HAYAIOTH 1HTErPaIbHE

3Ha4YeHHs As cTaHIapTHOI TeMuepaTtypu Ts 3a popmyiioro:

Af:ZOaS(Tsi+Tsi-1)(ti_ti_l)’ (3.4)

i=1

ne: Ts- 3HaueHHs CTaHIapTHO1 TEMIIEpaTypH, 1110 BiAnoBigae vacy t; °C.

dopmyny s po3paxyHKy 3HaYeHb TeMieparypd Ts 3aleKHO Bim yacy
HaBeJieHo B [22].
- Sxmo Af> As, 1o t=0.

- Sxmo As < As, To moxuOky At BU3Ha4aroTh 3a GOpMYJIOH0:

At = (0,015 tmes + 3) (As = Af)/(As = Amin) (35),

e : Amin - IHTETpajgbHE 3HAYEHHS MIHIMAJIBHO JOMYCTUMOI TeMrepaTypu Tmin
JU1s1 1HTepBaity 4acy BiJ 0 10 tmes, °C- XB.
3HaueHHs Apin BU3HAYAIOTh 32 POopMyIioro, aHajoriyHoro ¢opmynam (3.3) 1

(3.4):

A =05 (T, + Toms ) (t —t; 1) (3.6),

i=1

1€ : Tmin i - 3HAYCHHS MIHIMAJIBHO JOMYCTHUMOI TeMIepaTypu Tmin, IO BIAMOBIAAE

qacy t;, °C.
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Temnepatypy Tmin BU3HAUAIOTH 32 (HOPMYIIOIO:

Tmin=T (1-10,01d)) (3.7),

ne : d - monmycTuMe BIAXUIICHHS! CEpe/IHbOI TEMIEPATypH B IMeUil Bl TeMIepaTypu

Ts, %.

Mexxa BOTHECTIHKOCTI BHM3HA4Ya€eTbCsl 3a pe3ysbTaTaMU  MIIIHICHOTO
pPO3paxyHKy

3aNeXHOCT1 JUIA  BHU3HAYEHHS BUAXWIEHHS HaBeneni B [22]. s
BUNPOOYBaHb OyJI0 BUKOPUCTAHO JIBa 3pa3KU-OJU3HIOKHA (PparMeHTIB CTiH.

Beptukanbni gedopmartiii 3pa3kiB BUZHAYAIKUCS B ABOX TOUKAaX IO OJHIN 3
KOXKHOTO Kparo 3pa3ka. Takox J0JaTKOBO BHMIPIOBAJIUCh BCl  CYTTEBI
ropu3oHTaidbH1 Aedopmalii (Taki, 10 MEPEBUILYIOTH SMM) B IIEHTPl 3pa3ka Ta
MOCEepe/IMHI BUCOTH BEPTUKAILHOTO Kparo 3pa3ka Ha BijcTani S0 MM Bij Kparo.

BunpoOyBaHHsT NpUNMUHSIOTECS Y BUMNAAKY JIOCATHEHHS OJIHOTO 3
TpaHUYHUX CTaHiB. HacTaHHsS TpaHUYHOTO CTaHy BH3HAYAIOTHCA 3TIAHO 3
BUMOTramMu ctanjaptiB [22, 23], i ski onucani y n. 1.2.6 miiicHoi pobotu. s
BU3HAYCHHS KPUTHYHUX 3HAYCHb BEPTUKAIBHUX TIEPEMIlleHh BUKOPHUCTaHI
dopmymn (1.2) 1 (1.3). 3rigHo 3 po3paxyHKamH OTpPUMaHI TakKi 3HAYEHHS:
MO3/IOBXHE 3MIIMIEHHS HAaBAaHTAXXEHOTO KIHI 3pa3ka ckiagae 32 MM, TpaHUYHE
3HA4YEHHS MIBUIKOCTI HAPOCTAHHS BEPTUKAIBHOI Aedopmariii — 9,6 Mm/xB.

PesynbraTn BUunpoOyBanbp HaBeeHO Ha puc. 3.3 — puc. 3.8.

HapgnumkoBuit THCK y Tiedl Ha BHCOTI, SKa JIOPIBHIOE ¥4 BUCOTH 3pa3KiB
yepe3 5 XB. MICJsl MOYaTKy BUIPOOYyBaHb Ta NPOTATOM BUIPOOYBaHb CKJIaJaB
(10+£3) Ia.

JUIst OLIHKM WUTICHOCTI 3pa3ka BUKOPUCTOBYBABCS MPHUCTPI Ha OCHOBI

BaTHOro TammoHy 3rigHo 3 [1 - JICTY b B.1.1-4-98*].
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Puc. 3.8. 3anexHIiCTh MBUIKOCTI HAPOCTAHHS BEPTUKAIBHUX Jedopmarriit

3paska BiJl 4acy
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3a gac BUMpoOyBaHHS 3pa3Ka, sskuid 1opiBHIOE 150 XB. HACTAHHS TPAaHUYHUX
CTaHiB 3a O3HakamMu BTpaTh: Hecywyoi 3matHocti (R), mimicHocti (E) Ta
TerioizomoBainbHoi 37aTHOCTI (I) He BimOynocs. CyTTeBUX TOPU3OHTAIBHHUX
nedopmariii (6utblie HiXXK Ha SMM) He BimOynocs. MakcumanbHa Temmeparypa
BUMIpSIHA Ha apMaTypi 3pa3ka HaMOIMxK4oi 10 oOIrpiBajgbHOI MOBEPXHI CKiIajalna
213 °C.

BunpoOyBanus tpuBanu 150 XB. 3riTHO JOTOBOPY.

3rigHo 3 hopmynoro (3.2) iHTerpajibHe 3HaueHHs Af CepeIHbOI TeMIepaTypu
Tt craHOBUTH AJIs 4acy BUIPOOyBaHb, 110 aopiBHIoE 150 xB. — 141091 °C-xB.

3rimio 3  Qopmymoro (3.3) iHTerpampHe 3Ha4YeHHS As CTaHIAPTHOI
temneparypu Ts CTAaHOBUTH JUIsl Yacy BHUIPOOyBaHb, IO JOpiBHIOE 150 XB. —
139880 °C-xs.

3rinno 3 Qopmynoro (3.5) iHTErpasbHe 3HAYEHHS Apin MIHIMAIBHO
JOMYCTUMOI TeMrnepaTypHu Tmin CTAHOBUTH JUJISl 4acy BUNPOOYBaHb, IO JTOPIBHIOE

150 xB. — 134400°C-xB.

Tak sk As > As, To moxubxa At=0

30BHIIHIN BUTIIA 3pa3Ka Micis BUMIPOOyBaHHS HajgaHo Ha puc. 3 9.

Puc. 3. 9 — 3oBHinHIN BUTIAA 3pa3Ka IMiCIIs 3aBEPIICHHS BUIIPOOYBaHb.
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Yac HacTaHHS TPaHUYHOTO CTaHy 3 BOTHECTIMKOCTI 3pa3Kka 3a O3HaKaMu
BTpaTu: Hecydoi 3matHocTi (R), mimicrocti (E) Ta Temnoi3omoBanmbHOI 31aTHOCTI

I) BigmosigHO 10 dhopmyiH (1) cTAaHOBUTH HE MEHIIIE, HI)K CTO I’ ITAECIAT XBUJIMH.
b

3.2. T'eomeTpuuHi 0c00JMBOCTI KOMII'IOTepPHOI KOH(irypamii kamepu

BEePTUKAJIbLHOI BUIIPOOYBAJIbHOI YCTAHOBKHU

Y Po3mini 2 Oynd moKaszaHl TepeBaru  BUKOPUCTAHHS  METO/IIB
oOumncioBanbHO1 razorigpoauHamiku (CFD) mis HayKOBHX AOCHIIDKEHBb Yy cdepi
MOJICJIFOBAaHHSI BUIIPOOYBaHb HA BOTHECTIMKICTh OyAiBEIbHUX KOHCTPYKUINA. Y
BUIIE 3TaJIaHOMYy PO3JUIl Oylid OMHMCAaHI MOXJIMBOCTI 3aCTOCYBaHHSI OJHOIO 3
nporpamaux komiuiekciB CFD  FlowVision 2.5, kommanii TOB «Tecucy.
BukopucToByroun omnucaHuil anroput™M, Oyna CTBOpEHa TI€OMETpUYHa 1
MaTeMaTh4yHa MO/l TOPU3OHTAIBLHOI BOTHEBOI II€di, Ha SIKIM TPOBOIUIHCS
BUNPOOYBaHHS.

[Ipu ™MojgentoBaHHI BUMNPOOYBaHb BUKOPUCTOBYBAJIACS TIE€OMETPUYHA
KOH(pirypaiisi meyi, mo $SK MOXJIMBO TOYHO BIATBOPIOE MMapaMeTpu KaMepu
peanbHOi yctaHoBku (puc. 2.2). Temmeparypa KOHTpoJitoBajiacsi B 6-TH TOYKax
KaMmepu reul, Ha Bijictani 100 MM BiJ JociKyBaHOTO 3paszka. KoopauHatu Micib
KOHTPOJIIO TeMIIepaTypu 30iraloThCsl 3 KOOpJAMHATAMH PO3MilleHHsT Tepmonap 1-6
(puc. 3.10) y xamepi peanbHOi ycTaHOBKH. KOHTpoibh TemmepaTypu BinOyBaBCS
TakK, 00 cepe/lHsd TeMIeparypa B Kamepi Medi, M0 MOXJIUBOCTI, TOYHO 30iraiacs 3
TEMIEPATYPHOIO CTAaHAAPTHOI KPUBOI MOXKEX1 1 HE BUXOJuUJIA 3a JOMYCTUMI MEXKI
BunpobyBannst [1]. JlogaTkoBo B  KaMmepi  3MOJEIhOBAHOI  yCTAaHOBKH
nependavyaeTbCsi MOJIETb TEPMOINApPH, Yy BUTIIAMI CTPOXKHS J1aMeTpoM 6 MM 1
TOBXKUHOIO 100 MM, TSl TOCIIIKEHHS 1HEPTHOCTI pOOOTH TepMomap Iei.

Ha puc. 2.2 noka3ana reomeTpuyHa KOH(]Irypairisi BOTHEBOI 1edi OMUCaHOT B
po3aumi  3.1. Jlama reomeTpuuHa MoOJeNb OyJe BUKOPUCTOBYBadach MJis
BIJITBOPEHHS MPOIIECY BUMPOOYBaHb Y KOMIT IOTEpHIN mporpami Ta Bepudikarii

JAHUX €KCIIEPUMEHTIB.
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Pucynok 3.10 — Cxema po3MmilleHHS TepMomnap [Jsi KOHTPOJIIO

TEMIIEpaTypHOTO pexxumy B kamepi nedi: Ti—Te-Trepmonapu; 1 — posramryBaHHS
OTBOPHU JIJISl BIIBOJLY MPOJYKTIB TOPIHHS; 2 — MaJbHUK, 3 — OTBIP JUIsI BUXOIY

MPOJYKTIB TOPIHHS.

TennoBui Tmporiec SIBJSE COOOK 3TOPSHHA PO3MWICHUX (POPCYHKOIO
YaCTHMHOK racy B HarpiBaJibHMX KaHajax (puc. 3.9) 1 4acTKOBO B KaMmepi Iedi.
Po3zramryBanHs kaHaIiB 00YMOBITIOE UPKYJISIIIO TapSYOro MOBITPS 3 MPOAYKTaAMH
3TOpPsSIHHS B KaMmepl eyl 1 BUJAJICHHs OCTaHHIX Yepe3 TMMOBUM JIIOK.

[lin wac mpoBeAeHHS OOYHMCIIOBAILHOTO EKCIIEPUMEHTY KOHTPOJIb
TeMmrneparypu BigOyBaBcs Tak, 1100 cepedHsi Temmeparypa B  Kamepi
3MOJIEIBOBAHOI M€Yl MO MOXJIMBOCTI TOYHO CHIBHaJajla 3 TeMIEpaTypHOIO
CTaHJapTHOIO KPUBOIO TMOXKEXK1 1 HE BUXOJIMB 3a JOMYCTUMI MEXi BUNPOOYBaHHS
[1]. Jnst uporo 3acobamu koHTpoJto cucremu FlowVision 2.5 B inTepakTuBHOMY
peXUMI 3HIMAITUCS TIOTOYHI JIaHI 3 MICIb 3aMipy TeMIIEpaTypH, 1, MPU TOCATHEHH1
MaKCHMaJbHOI TeMIepaTypu sl MEBHOTO KPOKY 3a 4acoM, MapaMeTpu MpoIecy

TOPIHHS 3MIHIOBAJIHCS.
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3.3. IlepeBipka aneKBATHOCTI MaTeMATH4YHOI MO/eJli TOPU30HTAJIbHOI
BOTHEBOI mevi moOyJ0BaHOI HAa OCHOBI NMOBHOI cucremu PpiBHsAHbL Hap’e-

Crokca

[lepeBipka aJieKBaTHOCTI IIPOBOJUTHCS HA MiAcCTaBi iHGOpMaIllii, OTpUMaHO1
3a pe3ysNbTaTaMd peaJbHOTO eKcrmepuMeHTy (po3nain 3.1) Ta KoM FOTEpHOTO
MOJICJIIOBaHHSI BUIIPOOYBaHb y aHAJOTIUHIA TeoMeTpuyHii KoH(]irypariii BOrHEBOT

reui.

T, °C
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Puc. 3.11 — TemmnepaTypHi KpUBI HarpiBy nmpocTopy Kamepu 3MOeIbOBAHO1
nevi: Tie — Temmeparypw, B MICISX PO3MILIEHHS TEpPMOIap, 3 BIANOBIIHUM
HomepoM; Tyy — TpaHMYHI KpHUBI BIAXWJEHb T[OKA3HUKIB TepMomap Bif

CTaHIApPTHOI TeMIiepaTypHoi KpuBoi mosxexi [1].

Amnami3 rpadiki (puc. 3.11, puc. 3.12) 1oBOANTH, 10 HAHOLIBIIN B3a€MHI
BIIXWJICHHS KPUBUX, MOOYJOBAHMX 3a JaHUMH BHUNPOOYBaHb 1 pe3yibTaTamMHu
MOJICITIOBAHHS, BUHUKAIOTh Ha TMOYATKOBHUX €Talax BUMIpPOOyBaHb, y Mexkax 10-
20 xB. [Ipu upomy Ha rpadikax mpoJAEeMOHCTPOBAHO, 10 BIIXWUJICHHS PE3yJIbTATIB
pO3paxyHKy BiJl pe3yJIbTAaTiB €KCIIEPUMEHTIB HECYTTEBE, IO 3aCBIJUY€ BHUCOKY

e(EKTUBHICTh KOMIT FOTEPHOTO MOJICJIFOBAHHS.
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Puc. 3.12 — TemneparypHi KpuB1 HarpiBy NpoCTOpy Kamepu Medi 3TigHO 3
IPOTOKOJIOM BUIIPOOYyBaHb: T1 ¢ — TemnepaTypu tepmornap; Ty, — TpaHUYHI KPUBI
BIIXWIEHb TOKAa3HUKIB TEpMONap BIJ CTaHAAPTHOI TEMIIEpaTypHOI KPHUBOI

noxexi [1].

Jlns 3’sicyBaHHS TOTO, HACKUTBKH JOOpPE MOJIEh OIUCYE pealibHI IPOIIECH,
0 BiI0YBalOThCS B CHUCTEMI, HACKUIBKU SKICHO MPOTHO3YE PO3BUTOK TMPOIIECIB,
HEOOX1JTHO OTpMMAaTH KIJBKICHI TOKa3HUKH IIOJO0 aJIeKBAaTHOCTI MOOYI0BaHOI
mozeni. IlepeBipka ajeKkBaTHOCTI BHMKOHAHA Ha IIJICTaBl EKCIEPUMEHTAJIBbHOI
iHdopmarllii, OTpMMaHOi BHACIIJIOK BOTHEBUX BHUIPOOyBaHb (PparmeHTa
OymiBeIbHOI KOHCTPYKIIT, Y XO1 SIKOT'O IOMITHI MPOIIECH, HAC IIKABJIATS [ |.

Y mnHamomy Bumaaky, OyB TPOBEIEHUI pealbHUNA EKCIEPUMEHT 3
BU3HAUEHHS MEX1 BOTHECTIMKOCTI 3a1i300€TOHHOI HECy4yoi CTIHM B pe3yibTari
BOTHEBUX BHUNPOOYBaHb 3a CTaHIAAPTHOIO TEMIIEPATypPHOIO KPHUBOKO TOMKEXKI
OJTHOTO 3 BHUIPOOyBambHUX TIeHTPIB (po3ain 3.1) 1 oTpuMaHi pe3yabTaTH
OOYHUCITIOBAILHOTO EKCIIEPUMEHTY, MPOBEJIECHOTO 3 BHUKOPHUCTAHHSM OTPUMAaHOI

MaTeMaTUYHOI MOJIeJIi BOTHEBOI meul (po3ait 3.2).
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J{ns mepeBipku aqeKBATHOCTI Pe3ysbTaTiB MOJEIIOBaAaHHS OOpaHO JEKLJIbKa
KPUTEPIiB aIeKBaTHOCTI, [0 CXapaKTepU30BaHi HIDKYE.

F-xputepiii ®imepa 3acTOCOBYIOTh ISl  TOCHTIJIOBHOTO  IOPIBHSHHS
JTUCTIepCiid TeMIepaTypu B KaMepi 3MOJICbOBAHOI YCTaHOBKH 3 IHCIIEPCIEI0
EKCIIEPUMEHTAJIbHUX JIOCHIIKEeHb. 3a J0onmoMoror kKputepito dimiepa MOXKIUBO
MEepPEeBIPUTH TIMOTE3y TNPO PIBHICTh TEHEPATbHUX JHUCIEPCIH, PO3MO1ITy

TeMIepaTyp Ha KOXKHii XBUJIMHI BUMIPOOYBaHb.

S,
F -2t

y

3.7),

ne S2 — mucrepcis ageKBaTHOCTI, S2— JUCIIEPCis BIATBOPIOBAHOCTI.
Xy y

Jucnepcis aAeKBaTHOCTI pO3paxoBaHa SIK BIAXUJIEHHS MIXK PO3PaxXyHKOBUMU
 eKCHepUMEHTaJIbHUMHM JaHUMH B KOXXHIM 13 TepMOIap EKCHEPHUMEHTAIbHOI
YCTaHOBKH Ta BIJIIIOBIIHOTO 1M MICLS 3aMIPIOBaHHS TEMIIEPATYpPU B MOJENI.

Y cTBOpeHild Mojeni — 6 MicIb 3aMipIOBaHHS TeMIepaTypH, Mia dac
eKCIIEPUMEHTY TepMmomnap — 6. JlaHl KOXKHOi 3 TepMomap po3paxyHKy MOpPiBHSHI

MOYEProBO 3 TepMOMapaMH EKCIEPUMEHTYy. Tak oTpuMaHO 6 3HAYEeHb IUCIIEPCil

aJIEKBATHOCTI.
C 2
PACESD
2 _ =l
Sy = - (3.8),
Je N — KUIbKICTh 3aMipiB TEMIEpaTrypH, Y; — 3HAUYECHHS KpPUTEPII0 B XOl

MOJICJIIOBAHHS, X; — 3HaYEHHSI KPUTEPIIO 11 Yac BUTPOOYBaHHS.

Jlucniepcisi BIATBOPIOBAHOCTI pO3paxoOBaHa SK BIAXUJICHHS PO3pPaxyHKOBOI
TeMrepaTypyu MpocTopy Oe3nocepeHbo Oulsl 3MOJIeNbOBAHOI TepMomnapu M
MOKA3HUKIB 3MOJIEJIhOBAHOI TEPMOIApH, 3 YpaxXyBaHHSIM EKCIEPUMEHTAIBbHOT

noxuoku [1].
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13 —

2 2

S;==>(y,—y+15)
) (3.9),

Je N — KUIBKICTh 3aMipiB TeMmriepatypu, Y +15 — MOKa3HUKH 3MOJIeIbOBAHOL

TEpMOTapy 3 YpaxyBaHHIM EKCIEPUMEHTAIbHOI MoXuOku [1], Y; — MOKa3HUKH

TepMonapu 6e3nocepeHbo 017151 3MOEIbOBAHOI TEPMOIIAPH.

Otxe, 1o yep3i 6 3HaUeHb IUCIEPCli aJIeKBATHOCTI, MOPIBHSHO 3 IUCIIEPCIEI0
BIITBOPIOBAHOCTI 1 po3paxoBaHo kputepiit Dimepa (F).
t-kpurepiii CTbIOJEHTAa 3aCTOCOBYIOTh [UJIsi TOPIBHSIHHS pE3yJbTaTiB

PCAJIbHOIO Ta 00YHCITIOBAJILHOTO eKCHepHMCHTiBZ

t = 3_/1_y_2 . nl'nz'(n1+n2_2) (3.10)’
J(n, =1)-S2 +(n, -1)-S2 N+,

_ 1
Yi2 :HZ Yi (3.11),
i1

2 Q2 : -
ne S; . S; — ouinkn JCTIEPCii BUITPOOYBaHHS B J1ab0paTopii Ta 0OUHCITIOBAILHOTO

EKCIICpUMEHTY, OOYMCIICHI aHAJIOTIYHO JO0 pO3paxyHKy kpurepiro Dimepa,

N1,2 — YUCIIO CTYTICHIB CBOOOIH.

Otpumano 6 3HayeHp kpurepiro (1) y Xomi po3paxyHKy aucrepcii
BIITBOPIOBAHOCTI SIK BIAXWJICHHS PO3PaXyHKOBOI TEMIIEpAaTypu IPOCTOPY
Oe3mocepelHb0 Ol 3MOJIENTLOBAHOT TepMOMapu M TMOKA3HUKIB 3MOJEIbOBAHOT
TEPMOTIAPH, 3 OTJISIIY Ha EKCIICPUMEHTAIbHY MOXHOKY [1].

Q-xpuTtepiit Koxpena (Bu3Hau€HHS BUKU/IB 1 KBa31BUKH/IIB):

Q= Smex (3.12)

>s:
i=1
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ne S — HaWOUIbLIE CepeIHBOKBAIAPATUYHE BIAXWUJIICHHS  Pe3yJbTaTiB

max
BUIIPOOYBAaHb.

Q-kputepiii BHKOPUCTOBYIOTh, TIOPIBHIOIOUM Tpu U Oimbine BUOIPOK
oJIHaKOBOT0 00csary. [ToueproBo mopiBHSAHI AUCIEPCli MK €KCIIEPUMEHTATBHUMU
JAHUMU W PO3PAaXyHKOBHMHU B MICII PO3TAITyBaHHSA KOKHOI TepMomapu 3 4-mMa
JUCTIEPCISIMA MK CUMETPUYHUMM TOUYKaMHU B XOJ1 €KCIepuMeHTy (4 mapu
TepMomnap 11010 MO3A0BXKHbBOI 0Ci cumeTpii). OTpuMaHo 8 3HaUEHb KPUTEPIIO.

Pesynbratu po3paxyHKy KpUTEpiiB aleKBaTHOCTI y3arajbHeHO B Ta0. 3.4.

Tabnuys 3.4
ITapameTrpu gucnepcii pe3y/ibTaTis
MATEeMATHYHOI'0 MOJECJIIOBAHHS BOTHEBUX BUIIPOOYyBaHb

3aJ11300€ TOHHOI KOHCTPYKIII Bi/l eKCIIEPUMEHTAJIbHUX JAHUX

3onHa Tepmomnapu (puc. 3.10)

Kpurepiii
pHTCepH T, |T, |Ts |Ta |Ts |Ts

Cepenne
3HAYCHHS
Kputnune
3HAYCHHSI

Maxcumanbiie 57,4 | 64,3 | 68,9 |108,1| 47,9 | 42,8 | 64,9
BiaxujieHHs, °C

Cepenne Bigxunenns, °C | 24,0 (22,4 119,41250|21,8|21,7|22/4

Bignocue Bigxunenss, % |5,15|4,81 4,16 | 5,37 | 4,67 | 4,66 |4,81| 15][3]

F-kpurepiit 1,62 | 3,84 13,49 3,77 1,31 | 4,03 | 3,01 | 4,49 [55]
t-kpuTepii 152 ]1,77193]182|1,18|1,45|1,61 2,92 [55]
Q-kpurepiit 0,3210,35/0,39/0,32|0,33|0,32 | 0,34 | 0,45 [55]

3.4. BuCHOBKH 32 po3aijioM

1. TlpoBeneHo ekcriepuMeHTaIbHE BUMPOOYBAHHS 3al11300€TOHHOI HECYYOi
CTIHM Ha BOTHECTIMKICTh 32 CTaHAAPTHUM TEMIIEPATypPHUM PEXKUMOM 3TITHO 3
MetonoM, 1o periaamentoBanui JJCTY b B.1.1-4-98* «byniBeiabHi KOHCTPYKIIIi.
Metonu BumnpoOyBaHb Ha BOTHECTIHKICTh. 3aranbHi Bumorn» t1a JICTY b B.1.1-

19:2007 «3Baxuct Big mnoxexi. Hecyui crinn. Meroa BunpoOyBaHb Ha
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BOTHECTIHKICTB». MeTo/l BUIpOoOyBaHb MOJSITaB y BUSHAYEHH] MPOMIXKKY 4acy Bif
MoYaTKy BHUNPOOYBaHHS 10 HacTaHHS OJHOTO 3  HOPMOBAHMX  JJis
OTOPODKYBAJILHUX KOHCTPYKLIM TpaHUYHUX CTaHIB 3 BOTHECTIMKOCTI B yMOBaX,
mo pernamentyioTees, 3rigno 3 JCTY b B.1.1-4-98. 3a pesynbratamu
EKCIIEPUMEHTAJILHOTO  JIOCHI/DKEHHSI 4Yac HAacTaHHS TIpaHUYHUX CTaHIB 13
BOTHECTIMKOCTI CKJIaB He MeHIe HDK 150 XBUIMH 3a O3HAKAMH BTpPATH HECY4yol
smatHocTi (R), mimicHocTi (E) Ta Termoizonsimiitaoi cipomoskHocTi (1).

2. IlepeBipeHo aneKBaTHICTh MOOYJAOBAaHUX MaTeMaTUYHUX MOJIeNIed Ta
EKCIIEpUMEHTAJIbHUX JaHuX. Po3paxoBaHl KpuTepili aAeKBATHOCTI (t-Kputepii
Creronenra, Q-xputepiii Koxpena, F-kpurepiii ®imepa) He NEpEeBUIIYIOTbH
JIONyCTUMUX 3HaueHb [55] (Tabm. 3.4), mo 3acBiguye epeKTUBHICTD MOICTIOBAHHS
TEIUTOBUX MPOIECIB IS 1X BUKOPHCTAHHS B XOJI BUBYEHHS 3aJIEKHOCTI 3HAYEHD
MEX1 BOTHECTIMKOCTI HECy4YMX CTIH BIJl JAMCHepcii TeMmIiepaTyp Ha iXHIX

00IrpiBaJbHUX MMOBEPXHSIX.
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PO3JILI 4

OBIPYHTOBAHS AJITOPUTMY BU3HAUYEHHS TA
KOHCTPYKTUBHUX NAPAMETPIB BOTHEBOI IEUI, SIKI
3ABE3NEYYIOTHh MIHIMAJIbBHO MOKJIUBI JUCIEPCII
TEMITIEPATYP HA OBIT'PIBAJIbHIN ITOBEPXHI CTIHM I YAC
BUIIPOBYBAHb HA BOTHECTIUKICTD

4.1. TeopeTnyHi nepeayMoBH 004HMCJIIOBAJIBHOIO0 EKCIIEPUMEHTY

BuxopuctanHs BOTHEBUX BUIIPOOYBAIbHUX YCTAaHOBOK JIJIsi BUIIPOOYBaHb Ha
BOTHECTIMKICTh HECYYMX CTIH € HaWKpaluuM CIOCOOOM, OCKUIBKM BOHHU JAlOTh
3MOTY MAaKCHUMaJIbHUM UYHWHOM YypaxyBaTH BCl OCOOJIMBOCTI JOCIHIJIKYBAHOTO
eJI€MEeHTa i YMOBH, 1110 BUHUKAIOTH I11]1 Yac MOXKexXKi. Bennka KiIbKICTh PI13HOBH/IIB
1 TUIOPO3MIPIB T€Yel 3yMOBJIEHA IiXHBOK HEJOCKOHANICTIO, MOKIIMBICTIO
CXapaKTepu3yBaTH TUIbKHU 3pa3Ku MEBHUX KOHCTPYKIIiH 1 pO3MipiB.

Ockisibku BUINIPOOYBaHHS y BOTHEBUX Mevax [1, 2] 3A1HCHIOETBCS B yMOBax
«CTaHJIAPTHOT0» TEMIIEPATYPHOTO PEKUMY, BUHUKAE MUTAHHS MPO PIBHOMIPHICTH
MPOTrpPiBY 3a11300€TOHHOT KOHCTPYKIli B 3aJIEKHOCTI BiJl KOHCTPYKINT Ta AU3aliHy
BOTHEBOI M€ul, TaK K BHYTPIIIHSA OyJ0Ba KaMepu, PO3MIIICHHS MaJbHHUKIB Ta
OTBOPIB JJIs1 BIABEACHHS MPOJIYKTIB TOPIHHS BIUIMBAE HA PIBHOMIPHICTH PO3MOLTY
TEMIIepaTypy MO OOIrpiBaJIbHIM MOBEPXHI BEPTUKAJIBHUX KOHCTPYKIIIH, 30KpemMa
HECYYHUX CTIH.

Y momepemHiX po3aiiax aucepTaiiHoi poOOTH OyJi0 OMHCAHO MPOIIEC
CTBOPEHHSI KOMI'FOTEPHOI MOJIE1 BOTHEBOI Ieyl, Ha sIKIi MPOBOJMIIUCS PealibHi
BUIIPOOYBaHHsI, B cepeaoBuiii nmporpamuoro komiuiekcy CFD FlowVision 2.5, Ta
MIPOBEICHO OOYUCITIOBAIBHUI €KCIIEPUMEHT B XOJIi IKOTO, TIOKa3aHO €(DEKTUBHICTh
MOJICTIOBaHHSI TEIJIOBUX TPOIIECIB i1 TOAAQNBIIOr0 1i BUKOPUCTAHHS IMPHU
BUBYCHHI BIUIMBY KOHCTPYKTHBHHUX XapaKTEPUCTHUK BOTHEBUX TI€Ye Ha ix

METPOJIOT1YH1 MTOKA3HUKH.
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AHani3 KOHCTpyKLii Ta poOOTH meded 1yisi BUIPOOyBaHb OyiBENbHUX
KOHCTPYKIINA 3acBiAUMB (PAKT HEAOCKOHAIOCTI KOHCTPYKIlIi, METPOJOTIYHOTO
3a0€e3MeUeHHs Ta METO/IB YIIPaBIiHHA MaJUBHO-(OPCYHKOBOIO cuctemoro. s ix
yIOCKOHAJICHHSI HeOOX1THUM M1X1]l, 3aCHOBAaHUI Ha BUKOPUCTAHHI KOMIT FOTEPHHUX
Mojiesiel, TOMY IO TPOBEIECHHS BUMPOOYBaHb HA pealbHUX MOJEISAX MOTpedye
BEJIMKOI TPYAOMICTKOCTI M Jy’K€ BUCOKOI BapTOCTI, TAKOXK BHUMAarae creliajibHUX
YMOB, MAaCIITa0HUX IUIONI 1 MPHU3BOAUTH [0 3a0pyIHEHHS HaBKOJIHUIIIHHOTO
cepenopumia. Kpim Toro, BumpoOyBaHHsS OyaiBEIbHUX KOHCTPYKIIM Yy Iedax
BIJIOYBAEThCS B YMOBAX «CTaHAAPTHOIO» TEMIIEpaTypHOTo pexumy [1], mpore
TeMmreparypa B PI3HUX 4YacTUHAX IMeueld pi3Ha: y HIKHIA YacTUHI Meden
HAOMIDKAEThCA 70 MIHIMAQJIBHO JIOMYCTUMOi, Yy BEpXHIH 4YacTUHI — O
MaKCUMAaJIbHOTO PiBHS.

VY icHyrouMX HAyKOBUX po0OOTax HE JOCIIIKEHO BIUIUB HEPIBHOMIPHOCTI
pO3MOIITYy TeMmepaTyp II0 OOIrpiBaJIbHIN TOBEpXHI 3aji300€TOHHHUX CTIH
MPOTArOM BOTHEBUX BUIPOOYBAHb HA IOCTOBIPHICTH IX PE3YJIBTATIB.

BuKOpHUCTOBYIOUM MaTeMaTHYHUIN amapaT Ta Mojeii omwmcaHi B [3-4],
OMUPAIOYMCh Ha 1X aJIeKBATHICTh, IOBEACHY B [S], 32 JOMOMOTr0I0 KOMI FOTEPHOTO
MOJICJIIOBAHHS Y JaHIi CTaTTi OYJI0 PO3TIISIHYTO Psii TEOMETPUYHUX KOHDIryparriii
BEPTUKAJIbHUX BOTHEBUX Ieued (3MIHIOBAJIUCS PO3TAllyBaHHS Ta KiJIbKOCTI
NaJbHUKIB T4 OTBOPIB ISl BIABEICHHS NPOAYKTIB TOPIHHS, TOLIO) Ta OKA3aHO, SIK
KOHCTPYKTHBHI OCOOJIMBOCTI YCTAHOBKM MOYTh BIUIMBATH Ha PIBHOMIPHICTh
pO3MOAUTY TeMmeparyp Mo OO0IrpiBalbHIA MOBEpXHI CTIH. Y pe3yiabpTaTi Oyso
BU3HAYEHO KOH(QITYypalio 3 HalOUIbI PIBHOMIPHUM pO3IMOALIOM TEMIEparyp Ha
o0irpiBajbHIN OBEPXHI BEPTUKAIBHOI KOHCTPYKIIIi TPOTATOM Yacy BUIIPOOYBaHb.

Jns  mpoBeNeHHSI JOCHIIKEHb TMepen0adyeH0 BHUKOPUCTAHHS HasBHUX
KOHCTPYKIII YCTAaHOBOK Ta OCMHCIICHHS JOCBIy WPOEKTYBaHHS MOMIOHMX
npuctpoiB [23] 3 ypaxyBaHHsSM ocHOBHUX Bumor [1-5]. Ilicmsa po3poOieHHs
BIOCKOHAJIEHOI MOJEJl BOTHEBOI M€Yl 3alUIaHOBAaHUKW  OOYMCIIOBAIILHUU

EKCIIEPUMEHT JJIsI IEPEBIPKH KOPEKTHOI pOOOTH HOBOI KOHCTPYKITIi YCTAaHOBKHU.
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binbm mpuiiHATHOIO TSI BIOCKOHAJICHHS € KOHCTPYKINS BEPTHKAIBHOL
BoraeBoi nedyi TOB «IloxTecT», OCKUIBKH peabHUN €KCIIEPUMEHT MPOBEICHO B

OJIHIM 13 TaKUX YCTaHOBOK (po3maia 3.1).

4.2. BU3HaYeHHs] TA KOHCTPYKTHBHHMX NapaMeTpiB BOTHeBoOi medi, siKi
3a0e31e4yl0Th MiHIMAJILHO MOKJIMBI JMcHepcil TeMmiepaTyp Ha o0irpiBajbHil

MOBEPXHI CTIHMU MiJ Yac BUNPOOYBAHb HA BOTHECTIMKICTH

Ha puc.4.1 1noka3aHo TE€OMETPUYHI  OCOOJUBOCTI  PO3TISIHYTHX

KOH(DIrypaiiiii ycTaHOBOK JJIsl IPOBEEHHS BOTHEBUX BUITPOOYBaHb.

pe 1
@__m —~
=y 0 L
Kondiryparist «A» Kondiryparist «b» Kondirypartist «B»

)
T

fie]
v

o~
&

=
vV

/\/\,_

Kondiryparist «I'» Kondirypartis «JI» Kondiryparist «E»

Puc. 4.1 — Kondirypauii ycTaHOBOK Uisl MPOBEACHHS BUMNPOOYBaHb Ha

BOTHECTINKICTh HECYYUX CTIH.
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VY aucepramiiiHiii po60Ti OyJ0 PO3IISHYTO Psii KOH(Irypamiii BOTHEBUX
nevel yCTaHOBOK JJIsi BUMPOOYBAHHSI BEPTUKATBHUX OY/IBEIHHUX KOHCTPYKIIIH.
KoxHiit 3 koH@irypaiiifi OpHCBOEHO OJHY 3 JiTep KupwiMil. Jlins OIiHKK
pEJIEBaHTHOCTI POOOTH 3MOJEIBbOBAHUX KOHCTPYKIINA Oylo MpoaHaTi30BaHO
HACTYIIHI JIaHi:

- PpO3MOIIT TeMmIepaTyp IO TOBEpPXHI KOHCTPYKIii Ha 60-i1 XBWIMHI
BUTIPOOYBaHb [7];

- 3HaYEHHS JAMCHEpCli TeMIepaTyp Ha MOBEPXHI KOXKHOI 31 3MOJIEIbOBAHUX
KOHCTPYKI[I KaMepH Ieul Ha KOXHIM XBWJIMHI OOYHMCIIIOBAIBHOTO €KCIEPUMEHTY
Ta rpadik 3MiHH iX y 4Yaci;

- Tpadik pI3HUI MK MAKCUMaJIbHOK Ta MIHIMAJIBHOIO TeMIlepaTypu Ha
MOBEPXHI KOHCTPYKIIIA MPOTITOM YChOr0 4acy OOUYMCIIIOBAILHOTO €KCIIEPUMEHTY
y MOJEJISIX.

Koudirypamiss «A» (puc. 1-a). 3MiHEHO po3MipH, KIUIbKICTh Ta
pO3TallyBaHHS OTBOPIB JUIsl BIABEAEHHS IPOIYKTIB TOPIHHSL.

VY xondiryparmii «by» (puc. 1-0). 301IblIeHO KIIBKICTh MATBHUKIB; 3MIHEHO
pPO3MIpH, KIJIBKICTh Ta PO3TAIIyBAaHHS OTBOPIB ISl BIABEAEHHS MPOIYKTIB TOPiHHS,
30UTBIIIEHO TIMOUHY TIeYl Y TIOPIBHSHHI 3 BUX1JIHOIO KOH(pirypaiiero [3].

Kondirypamis «B» (puc. 1-B). JlomaHo 10/1aTKOBI OTBOPH IS BiJBEICHHS
MPOJYKTIB TOPIHHS, KPIM TOTO, 3MEHILIEHO PO3MIP OTBOPY BiIHOCHO MOYaTKOBOI
KoHpirypari [3].

Jnst Oiapln PIBHOMIPHOTO PO3MOJAUTY TEMIEpaTyp IO BepTUKaIl OyJio
cTtBopeHo KoHpirypaiito «I'» (puc. 1-r). V skiit oTBip /1S BIABEACHHS MPOIYKTIB
TOPIHHS 3HAXOAUTHCA y JTHI TIeui.

Kondirypamis  «» (puc. 1-1). 3MiHEHO pPO3MIIIEHHS OTBOPIB JJIst
BiJIBEJICHHS TIPOYKTIB TOPIHHS, TOJIAaHO JTOJATKOBI MAJbHUKH, sIKI 3HAXOATHCS Ha
OJTHOMY PiBHI 3 1HIIMMHU NaJTbHUKAMHU.

Koudirypauis «E» (puc. 1-e). 3miHEeHO pO3MILIEHHS OTBOPIB MAJis

BiJIBEJICHHS MPOAYKTIB TOPIHHS, 3MIHEHO PO3MIIIIEHHS MaJbHUKIB.
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Ha puc. 4.2 moka3aHo po3mofisll TEMIEpaTyp MO MOBEPXHI KOHCTPYKIIT y

KOXHIH 3 KoH]irypariii Ha 60-i1 XBUIHHI BUTIPOOYBaHb.

Kondirypartist «A» Kondiryparist «b» Koudiryparist «B»

Kondgirypartis «I'» Kondirypartis «/I» Kondirypartis «E»

Puc. 4.2 — TI'pamienT TemmepaTyp MO OOITpiBalbHIN  IMOBEPXHI

3MOJIETTbOBAaHUX KOHCTPYKIIIH.

Ha nHam mormsim oCHOBHHMH HeloJIikaMu KoHiryparii «A» (puc. 1-a, puc.
2-a) €, TIOPIBHSHO 3 IHIIMMH KOHQITYypaIisiMi, HEBEIUKHA 00’€M Kamepu Iedi,
HEJOCKOHAJIE PO3TallyBaHHS OTBOPIB JJS BIABEACHHS NPOAYKTIB TOpIHHA. 3a
paxyHOK 1IbOT0, 3ai300€TOHHA KOHCTPYKIlISI TPOTPIBAETHCS HEPIBHOMIPHO.
KoHcTpyKiis mporpiBaeTscsi ciiablie y cepenHiil YyacTUHI KaMepu Iedi Ta Haj
OTBOpaMH JUIsl BIABEICHHS IPOAYKTIB TOPIHHS.

3MIHUBIIM KOHCTPYKIIIFO BHYTPIITHBOTO MPOCTOPY KaMepHu YCTaHOBKHU (pHC.

1-6) TemmepaTypa Imie MEHII PIBHOMIPHO PO3MOAUIAIOCH MO O00IrpiBaiibHIM
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noBepxHi Tmtu (puc. 2-0). Ilpote, BimOyBcsi OUIb XapaKTepHUN PO3MOALT
TEMIEPATyp MO BEPTUKATII.

Y kondirypamii «B» (puc. 1-B) Oyno oOTpuMaHO OLJIbII PiIBHOMIPHE
pO3MOICHH TeMriepaTyp (puc. 2-B) y MOpPIBHSAHHI 3 KOHQIrypamisiMu «A» Ta
«b», ane yepe3 po3MilIeHHsI OTBOPIB ISl BIIBEACHHS IIPOIYKTIB TOPIHHS OJIMKUe
JI0 TIAJIBHUKIB, € KOHBEKTUBHO MOTOKHU TAKOXK OyJIM HampaBieHl yOiK O3HAUEHUX
OTBODIB 1 OLJIbIIIa TEMIIEpaTypa crocTepiraiach y miil 06acTi.

Sk BUAHO 3 pUC. 2-T OTBIp y CepeHINA YaCTHHI JHA MeYl MPUBIB 10 OUIBIION
PIBHOMIPHOCTI MPOTPiBY KOHCTPYKIii, B MOPIBHSAHHI 3 KOH}Irypauiero «B». Tomy,

JTOCIKEHHSI poO0TH KOH(ITypalliii BUPIIIEHO OYJI0 TPOIOBKUTH.

- g \\‘//_ /__/
- . : \\\\ B 1%

= T ‘\ /
L /J

. /

3 [ \\\\ ) ~ <‘
Konpiryparis «A» Koudirypariis «b» Koudiryparis «B»
Kondirypariis «I» Kondiryparis «JI» Kondirypaiis «E»

Puc. 4.3 — 3omiuii TemnepaTyp mo o0irpiBaJibHIN MOBEPXHI 3MOIETHOBAHUX

KOHCTPYKIIIH.
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HactymHumMu y Hamomy JOCHIIKEHHI PO3MOAUTY TEMIEpaTyp CTalu
koHbirypamii «E» (puc. 1-€) ta «I» (puc. 1-x). [lepeBarn xoudirypamii «E» y
TOMY, III0 HAarpiB BiIOYBA€ETHCS 3a JOMOMOIOI0 4-X MaJbHUKIB, ajie iX pO3MIIICHHS
3MiHEHe, Y TOPIBHSIHHI 3 BUX1JHOIO KOHpirypartieto (puc. 1 — puc. 2).

Jlns O11bII HAOYHOI JI@MOHCTpallli pe3ysIbTaTiB MOJICTIOBAHHS Ha pucC. 3
MOKa3aHO 3MIHY TEeMIIepaTyp Ha OOIrpiBajbHIM ITOBEpXHI KOHCTPYKIIM 3a
JIOTIOMOT OO0 130.11Hi1H [7].

Sk BUAHO 3 puc. 3 HaliMEHIIl KOJMBAHHS TEMIIEPATypH CIIOCTEPIratoThCs y
koH(pirypamii «E». Crninparounch Ha pe3yibTaTd MEPUIOro €Tamlmy JOCHIIKEHb, MU
MOEMO CTBEPJIXKYBATH, 110 JIaHa KOHCTPYKIIIS € HAlOIbII pesIeBaHTHOIO.

HactynHuMm erarom JOCHIKEHHSI CTall0 BU3HAYECHHS 3HAYEHHS AUCTEpCii
TeMIepaTyp Ha MOBEPXHI KOXKHO1 31 3MOJIETLOBAHUX KOHCTPYKIIIM KaMepu Iedi Ha
KOXHIA XBWJIMHI OOYHMCIIOBAJILHOTO EKCIIEPUMEHTY, IMICIs YOro Mo0yI0BaHO
rpadik 3MiHH 11 y 4aci.

3acobamu komm 'torepHoi razoriapogunamikn CFD FlowVision 2.5 Gymno
CTBOPEHO 3aJUBKH TEeMIIEpaTypu Ha OOIrpiBajbHIA MOBEPXHI HECYdOi CTIHH Ta
OTPMMAHO PO3MOJII TEMIEPaTyp HAa KOXKHIM XBHUJIMHI BUIOPOOYBaHb JJI KOXKHOI
koH(pirypaii [7]. ¥V 3anuBkax TtemrepaTtyp posmiieni Big 6000 mo 7500 komipok
(B 3aJIe)KHOCTI BiJl OocoONMBOCTE KOH(iryparlii), po3mojauyieHi PiBHOMIPHO TIO
MOBEPXHI KOHCTPYKIIii, Y SKUX 3HAXOASATHCS JaHl U010 TEMIIEPATypH y Oy Ib-sIKUI
yac TMPOTITOM YHUCETBHOTO JOCHKeHHs. OmpaloBaBimy 1l AaHi, OyJo

PO3paxoBaHO JAUCIEPCIIO TEMIIePaTyp:

n

2T -T)°

S . (1),

Je N — KiTBKICTh OCEPENKIB 3HAYCHb TEMIICPATypH, |; - 3HAYCHHS TEMIIEPaTypH

ocepenKy, T - cepelHe 3HaYEHHs TeEMIIEpaTypy Ha MOBEPXHI CTIHU.
Ha puc. 4.4 nokazaHo aucnepcito Temmeparyp Mo oOirpiBajibHIM MOBEPXHI

HECYy4Oi CTIHU MiJ] 4ac 00UHCITIOBAIIBHOTO EKCIIEPUMEHTY.
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Puc. 4.4 — Jlucnepcis Temmnepatryp Mo oOIrpiBajbHIA MOBEPXHI HECY4Oi

CTIHH ITiJ1 YaC 0OYMCITIOBAIbHOTO €KCIIEPUMEHTY.

VY orpumanux rpadikiB iCHy€e TI€BHAa OCOOJMBICTh: y OUIBIIOCTI KPUBUX, K1
B1I0OpakaloTh YMCJIOBE 3HAYEHHSI JMCIEPCii TeMIeparyp, ICHYE EKCTPEMYyM.
[Ticns mouatkoBOi (a3m, 3pOCTaHHS 3HAYEHHS JUCIEPCii, BOHA TMOCTYIIOBO
MOYMHAE 3MEHIIYBAaTUCh. lle MOXHA TOSICHUTH, SKIIO PO3IVISHYTH CTaHAApTHY
TeMrepaTypHy KpuBY moxexi [1]. biabin iHTeHCHBHA 3MiHA TeMIEpaTypy B KaMepi
BOTHEBOI I€4l Ha MOYATKOBUX XBWJIMHAX BUMPOOYBaHb 1 MOCTYNOBE 3MEHIICHHS
PI3HMIIl TPAHMYHUX 3HAYEHb MAKCUMyMY 1 MIHIMyMy. Tomy, MU OOMEXUIH
JociKeHHs: 60-TOK XBHIMHOIO PO3paxyHKY (puc. 4.4).

Ile omHi€O BUIIICHOI HAMHM OCOOJHUBICTIO € T€, IO YUM MECHIIC 3HAYCHHS
EKCTPEMYMY, TUM paHillle BiTHOCHO YaCOBOI KPUBOi BiH JOCSTAETHCS.

Ao AeTaNbHO PO3MNISIHYTH CTBOpPEHI KOHQIrypamii, TO HalMeHI
3HAYEHHS JAMCIEpCiii Ha YCbOMY YacOBOMY IIPOMIKKY CIOCTEPIraloThCs Y
koHpirypamisx «E» ta «/[». Haitbiabine 3HaueHns aucnepcii y koHdirypartii «E»

cnoctepiraetbcsi Ha 40-if XBWIMHI BUNPOOyBaHb, y KoHpirypauii «/I» Ha 41-i
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xBWIMHI. B 1ieit ke vac, y koHpirypamisax «A» ta «b» MakcuMmanbHe 3HAUEHHS
aucnepcii 6yno qocsITHyTo Maibke Ha 60-i XBUITHHI.

PosrnsnyBImm yci cTBopeHi KoH(Iryparii, MOKeMO CKaszaTH, IO CepeHE
3HAYCHHS Yacy, Ha SKOMY EKCTpeMyM JocsaraeTtbcs, 45-ta — 50-ta xBuiIMHa
BUMNPOOYBaHb, KOJM JOMYCTHMa PIZHUIL MIK MaKCUMaJIbHO Ta MIHIMAJIBHO
JIOMYCTHMOIO TEMIIEPaTypoIo B KaMepi medi 3MeHITyeThes [1].

Jlnsg Toro, mo0 MIATBEpAUTH KOPEKTHICTh NaHuX rpadiky puc. 4.4, Ha
puc. 4.5 Moka3zaHo PI3HUINIO MK MAaKCUMaJIbHOI Ta MIHIMaJIbHOIO TeMIIEpaTypolo

Ha 00IrpiBajbHIM NOBEPXHI HECYUOi CTIHHU 1]l YaC YUCEIbHOTO JOCI1KEHHS.

AT,°C
160 ATs
140 vossaest e W
AT
120 pare™] >
100 ATa
80 /’;. o0 0% ‘**’-'*ﬁ"’\,_'_‘ ATr

60

ATy

40 A | |

/I J L A IS D e S e | ATF
|

0 |

Puc. 4.5 — Pi3HUIA MK MaKCUMaJIbHOIO Ta MIHIMAJIBHOIO TEMIIEPaTypoOIO Ha

o0irpiBajgbHIN TOBEPXHI HECYYOi CTIHU 1] YaC 0OYHUCIIOBATHHOTO EKCIIEPUMEHTY.

BiamoBinHO 10 puc. 5 MakcuManbHa PI3HUI TEMIEpaTyp Ha OOIrpiBaIbHIMN
noBepxHiI Hecy4oi cTiHu y KoH(pirypauii «E» ckmana 23,4 °C na 40-if xBuiIMHI

BUNIPOOYBaHb, y KoHGIryparuii «/I» - 61,8 °C na 38-ii XBUIUHI.
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Po3rnsnyBimm yci cTBOpeHi KOH(Iryparii, MOKeMO CKa3aTH, L0 CEPeIHE
cepen ycix KoH(irypamiii MakcMMalibHE 3HAUCHHS PI3HUIN TeMIlepaTyp Ha
oOIrpiBaJIbHIA IMOBEPXHI KOHCTPYKIIii, CIHOCTepiracThcsa Ha 41-mnil XBUIUHI
BUIIPOOYBaHb, 1 ckiaaae 6mm3pko 100 °C,

BI/IXOI[H‘{I/I 3 OTPUMAHHUX OJAaHUX, MOKCMO 3p06I/ITI/I BHUCHOBKHMH.

4.3. BUCHOBKHM 32 po31iJIoM

VY naHoMy po3fiini MOKa3aHO pe3yJbTaTh YHUCEIbHOIO MOJICIIOBAHHS DALY
KOMIT FOTEpHUX KOH(QITypaliid yCTaHOBKHA [JIsi BUIPOOYBaHHA HECYYHMX CTIH.
Buxonsum 3 OTpUMaHWX KPUBHMX 3HAYEHb IUCHEpCii TeMmmepaTypud Ha MOBEPXHI
KOXHOT1 31 3MOJIEIbOBAaHMX KOHCTPYKIIM KaMepu TIedl Ha KOXHIA XBUJIMHI
OOYHUCITIOBAILHOTO eKcnepuMeHTy (puc. 4.4) Ta pi3HMII MK MaKCUMaJIbHOIO Ta
MIHIMQJIBHOIO TEMIIEpaTypu Ha TMOBEPXHI KOHCTpPYyKuid (puc. 4.5) BHU3HAYEHO
KoH(irypaimito 3 HalOUIBII  PIBHOMIPHUM  pO3IMOAUIOM  TEMIlepaTyp Ha
oOIrpiBajbHIA MOBEPXHI HECY4YOi CTiHHM, 11O JO3BOJIAE€ 3MEHIIUTH IMOXHOKY, sKa
BUHUKAE 32 PAaXyHOK HEPIBHOMIPHOCTI PO3MOJLIY TeMIlepaTyp Ha 0OIrpiBajibHIN
MOBEPXHI KOHCTPYKIIX M1J Yac BUIPOOYBaHb HA BOTHECTIMKICTb.

1. TlpoBepeHo OOYHMCIIOBAJIbHI EKCIEPUMEHTH 3 BU3HAYCHHS MEXKI
BOTHECTIMKOCTI HECY4YMX CTiH Yy BEPTUKaJIbHUX BOTHEBUX TMe4Yax pI3HOI
KOH(pirypamii (3MIHEHO pO3TallyBaHHS M KUIBKICTh MajJbHUKIB Ta OTBOPIB MAJIS
BiJIBEJICHHS MPOAYKTIB TOPIHHS TOIIIO).

2. IlpomemoHCTpOBaHO, SIK KOHCTPYKTHBHI OCOOJIMBOCTI yCTaHOBKHU
MOXXYTh BIUIMBATH Ha PIBHOMIPHICTH PO3MNOJLIY TEMIIEpaTyp MO OOIrpiBasbHii
MOBEPXHI BEPTUKAIHHOI OTOPOKYBATHHOI KOHCTPYKIIIi.

3. Po3pobiieHO cucteMy KpUTEpIiB, 32 IKUMU MOKHA BU3HAYaTU TOYHICTH 1
JIOCTOBIPHICTh PE3YJIbTATIB, HA OCHOBI OTPUMAHUX TEMIIEPATyPHHUX PO3MOIIIIB Ha
o0IrpiBajibHIM MOBEPXHI HECYUOT CTIHH.

4. CxapakTepu3oBaHO  KOH(PIrypamiro 3  HaWOUIbII  PIBHOMIPHUM
pPO3MOMLIOM TeMIlepaTyp Ha OO0IrpiBajbHIN MOBEPXHI HECYUOi CTIHM MPOTATOM

yacy BUIIPOOyBaHb (puc. 4.1).
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PO3JILI 5

NOCJIKEHHS BIINBY IMCHEPCIIi TEMIIEPATYP I1O
OBIT'PIBAJIBHIM IMOBEPXHI HECYUUX CTIH HA 3HAUEHHSI
IXHbOI MEJKI BOTHECTIMKOCTI

5.1. IloctaHoBKa TeNMJIOTEXHIYHOI 3aJa4i 100 BHU3HAYEHHS HECY4Oi

30aTHOCTI 32J1i300€TOHHOI CTIHU B YMOBAaX MOKExKIi.

JJist TOCIiI>)KeHHS BIUIUBY JUCTIEPCIi TeMIEpaTyp Mo MOBEPXHI HECYYUX CTIH
Ha 1X MEXYy BOTHECTIMKOCTI 3a TPAaHUYHUM CTAHOM BTPaTH HECY4Ol 3IaTHOCTI OyJa

PO3MIISIHYTA 3aJ11300€TOHHA CTiHA, 110 MpeJCTaBiIeHa Ha puc. 5.1.

e
| 2 o

=

a b
Puc. 5.1. Cxema po3paxyHKOBOi 00JacTi 3a1i300€TOHHOI HECy4doi CTIHH IS

MPOBEICHHS PO3PAaXyHKYy MeEXl1 BOTHECTIMKOCTI (a — 3arajJbHUWA BUIJIAL, IO
BUKOPUCTOBYIOTh TIiJI 4Yac OOYMCIIOBAJILHOTO EKCIEpUMEHTy, O — cxema
apMyBaHHs): 1 —0eToH, 2 —poboumii apMaTypHuii kapkac d = 16 MM, 3 — TpaBepcH

HaBaHTAXXYBaJIbHOI paMH.

Ha puc. 5.2 nokazana reoMeTpu4Ha cxema nepepizy MiuTu.



KOHTpOnbHI TOYKM BUMipHOBaAHHSI BEPTUKANbHUX NEpPEMILLEHb

3000
200
200 o4 Ao S SO I
\
11 \ |
zo’ \@16A5000 216 A240C

Puc. 5.2. 'eomeTrpruna kKoH}irypaiiis nepepisy 3aji300€TOHHOI CTIHH.
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3ami300eTOHHA CTiHA, 110 HaBeJeHa Ha puc. 5.1 Mae KOHCTPYKIIiIO, sKa

HIMPOKO 3aCTOCOBYETHCS JUIsl OTOPOJKEHHS IUIAXIB eBakyauli. Tomy came Taka

KOHCTPYKIIisi 0OpaHa HaMu JUIsl IOCT1I>KEHb.

[Ipy BHU3HAUYEHHI MEX1 BOTHECTIMKOCTI JAHOI CTIHM 33 HACTaHHSM BTpPATU

HECy4oi 3/JaTHOCTI HaMH OyJia 3aCTOCOBaHAa METOJMKA, 3alPOIIOHOBaHA B poOOTax

[]. Anroput™ HaBeneHuii Ha puc. 5.3 Ta puc. 5.4 y BUIIIsII1 OJI0K-CXEM.

lMpoBeaeHHs po3paxyHKy A0
nosiBN HE3BiIXKHOCTI
064KCnoBanbHOro Npouecy

MNobynosa Ta aHani3
4acoBO| 3aNeXHOCTi
MaKCUManbHOro NPOrmHy

HasBHiCTb 3armny
4acoBOI 3aNeXHOCTi
MaKCMMarbHOro MPOruH

O64YncneHHss MeXi BOrHECTINKOCTI
Mo KPUTUYHUM Npornbam,
abo LWBMAKOCTSIM HAPOCTaHHS
MaKCUMabHOro NPOrnHy

3aBaaHHA BNacTMBOCTEN MaTepianis

Kopekuia KE-moaeni

| Bunbip Tuny i bopmMu KiIHLEBMX €NEMEHTIB

=\

CTBOpEHHS KiHLIEBO-eNEeMEeHTHOI Mogeni Ta
piLLEHHs1 TENMOBOI 3adavi i3
3HaXOMPKEHHAM TEMNepaTypHUX PO3MOAINiB
B KOHTPOMbHI MOMEHTM Yacy

CTBOpPEHHS KiHLIEBO-eNeMeHTHOI moaeni
3 40AABaHHSAM HaBaHTaXeHb i fPaHNYHMX yMOB
AN MOAEMOBaHHS TEXHON. eTaniB HaBaHTaXEHHS.
PospaxyHok Hanpyx.-geopMoBaHoro craHy
(NpenB. HanpyXeHHsi | BNacHa Bara 3 noy. 3akpinn.)

[onaBaHHS Ailo4oro HaBaHTaXeHHs Ta
3aKpinneHHs HaKNagaHHAM MexaHiYHKX B'A3iB
3riAHO 3 PO3PaxyHKOBOK CXEMOK KOHCTPYKLIT.

Po3paxyHok Hanpyx.-0edopMOBaHOro CTaHy
A

MokpokoBe AoAaBaHHS siK HaBaHTaXeHb
BY3MOBVX TemnepaTyp
i3 piLLEeHHS TENNOTEXHIYHOI 3aaavi i

po3paxyHok HOC Ha KO)XKHOMY 3 KpOKiB
.\ -

)

Puc. 5.3. CtpykTypHa cxema po3paxyHkoBux Puc. 5.4. CtpykrypHa

npouesyp

cXeMa

BU3HAUYEHHS MEX1 BOTHECTIHMKOCTI 3a

PO3paxOBaHUMM I1apaMCTPaMHU.
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TeroBa 3amau BupintyBasiacs 3 BUKOPUCTAHHSIM JaHWX PO3MOUICHHS
TEMIIepaTypyd 10 OOITPIBHIA TOBEpPXHI CTiHHW, MO OynW BU3HAYEHI HaAMH Y
MoNepeaHIX po3/Iiiax.

3rigHo 13 puc. 5.2 Ta puc. 5.3 A YUCETHLHOTO MOJICTIOBAHHS TETUIOBOI il
Ha 3aJ11300€TOHHY CTiHY OyB BUKOpUCTaHUM MeTo 1 KiHleBuX eneMmeHTiB (MKE).

[Ipu po3B’s3Ky TEMJIOTEXHIYHOI 3ajayl SK MEpHIoro eTamy HaMu Oylu
IPUIHATI TaKi OCHOBHI MOJIOKEHHS.

1. JI;st po3paxyHKy BUKOPHCTOBYETHCS KBa3UIiHIMHE Mapa0oiuHe PiBHIHHS
TEIJIONPOBIAHOCTI 3 TpannuHumu ymoBamu (I'Y) III poxmy mnpu oOJiKy
KOHBEKIIIHOTO 1 pajialiifHOro TEMI000MiHY 13 CEPEIOBHUIIEM MOKEXKI.

2. TemmepaTypHuil peXuM TMOXEKHOIO CcepeloBHINa 30iraeTbcs 31
CTaHIAPTHOIO TEMITEPATYPHOIO KPUBOIO ITOKEXKI.

3. ¥V cuny BenuKoi pi3HUII B TEMIIEPATypOIPOBIIHOCTI apMaTypHOi CTajl 1
0eToHY, TeII000MIH BPaXOBY€ThCS TUTHKH B OETOHI.

4. BHacni0K HEBEIUKOIO BIUIMBY TEIJIOOOMIHY KOHBEKIIIEIO B OPOKHUHAX
€JIEMEHTIB, BPaXOBYETHCS TUIHKM HOTO pajlialliifHa CKJIa10Ba.

5. Temnodduuni xapaktepuctuku (TDX) OeTOHY MOPEeACTaBISIOTHCS
TeMIIEPaTypHUMH 3ajieXKHOCTAMH 3rigHO Eurokode 2 EN 1992-1-2: 2004.

6. PiBHSHHS TEIJIONPOBITHOCTI BUPIMIYETHCS 13 3aCTOCYBAHHSM METOY
kinneBux enemeHTiB (MKE) 3 Bukopuctanusm komm'torepHoi cuctemMu ANSYS
Mechanical.

PiBHSIHHS TEIJIONPOBIAHOCTI Ma€ HACTYITHUHN BUTIISL [3]:

¢, (1)p(1) % = VAT IVT), (5.0

ne p(T) - rycTuHa,

¢,(T) — mUTOMA TETJIOEMHICTB,

A7) — xoedillieHT TEIUTONPOBITHOCTI, 3aJI€KHI BiJ TemrepaTypH 7.
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[Tpu BupimIeHH] PIBHAHHS TEIJIOMPOBIIHOCTI Ha OOIrpiBHIA CTOPOHI CTIHU

Oynu BUKOpHUCTaHI rpaHnyHi ymMoBH | poay:
T lyp=Tr, (5.2)

B nanomy Bumaaky y KOXHIA BY3JO0BiM Toulll OOIrpiBHOI MOBEPXHI
NpUKIAAaEThCs TEMIepaTypa, IO BHU3HAYEHAa  y pe3yiabTaTi PO3paxyHKY
TEMIIEpPaTypu PO3paxyHKOBOI 00acTi Boruesoi neui y [V po3aimi.

Jlnst HeoOIrpiBHOT CTOPOHU CTIHM BUKOPUCTOBYIOThCSI rpaHu4Hi ymoBu [II
poay:

oT

—X(T)ar:a(TP _TW), (5.3)

ne Tp— Temneparypa noBiTps 01151 HEoOIrpiBHOT CTOPOHH CTiHH,
Tw — TeMIiepaTypa MOBEPXHI €JIEMEHTA,

a =9 Br/(m?°C) - xoedinicar temnoobminy 3a [].

Tp — TemriepaTypa cepeOBHILA MOXKEXI.

Jlns po3B’s3Ky 3aj1adi TEIUIOMPOBITHOCTI 3a METOJOM KIHIIEBUX PI3HHUIIb
HEOOXITHO 3a/laTUCh TOYAaTKOBUMH JaHUMHU. 3TIAHO 13 Ppo3poOJECHOI0 HaMH
METOAMKOI0 HaMU OyJIM BCTAHOBJIEHI TaKi MOYATKOBI JaHi:

- mouartkoBa Temieparypa 0o = 20 °C;

- TPOCTOPOBHIA KpOK iHTerpyBanHs Ah ~ 0.02 m;

- 4acoBUH KpOK iHTerpyBanHs — At = 60 c.

Tennogdizuyni BmactuBocTi HaBeneHi y Tab6bna. 5.1. [ani Ttemnodiznysi
BJIACTUBOCTI PEKOMEH/I0BaH1 Y CTaHAAPTI [ ], 10 € YUHHUM B Y KpaiHi.

Ha puc. 5.5 nomani rpadiku TemMnepaTtypHUX 3aJIeKHOCTEH TerIo(hi3uIHIX
XapakTepUCTUK OeTOoHy, 10 Oyau moOyaoBaHI TP BUKOPUCTAHHI JIaHMX,

HaBeJeHMX y Tab.. 5.1.



106
Tabnuys 5.1

Tensodiznuni XapakTepuCTUKH MaTePiaaiB 30BHIIIHbOI CTIHU Ta IVIUTH

MePeKPUTTS
Koeqnu} i OO6’eMHa MUTOMA TETIOEMHICTB, C,(6)- P, ['ycruna
TEIUTONPOBITHOCTI, JO2-°C) ,
A6), Br/(m-°C) Jox Kr/v
Baxkuii 6eTOH Ha CUJIIKaTHOMY 3allOBHIOBAU1
JICTY-H b EN 1992-1-2:2012
900 mpu 20 °C <6 <100 °C,
% 6 \*[(900+(6- 100))p npu 100°C< 6< 200°C
— — + - - !
2-0,2451 100 00107(100) (1000+0,5(6-100)) o mpu 200°C<H<400°C, 2300
11000 mpu 400°C < < 1200°C
A, BT/(M-°C)
2 \\ T T
15k \ .
AN
.
1t N —
\\\_
0.5 : : T,°C
0 500 1x10°  15x10°
3cp, Ix/(kr-°C)
2.5x10 T T
2x10°F =
15x10%F =
1x10°F s
500 : LT
0 500 1x10°
a 0.
Puc. 5.5. Temmodiznuni XapaKTepUCTUKH OCETOHY: a — Koe]ilieHT

TEIUIONPOBITHOCTI; 6 — MUTOMA TEIJIOEMHICTb.
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JIOCITIKYBAHOT

pOrpiBaHHSA

3ajauil

Jiis  po3B’sI3Ky  TETUIOTEXHIYHOI

3aJ11300€TOHHOT CcTiHM OyJsia moOy0BaHa KIHIIEBO-PI3HUIICBA CXEMa, SKa HaBeJeHA

Ha puc. 5.6. Ha naniii cxemi roka3aHi TUIIM TPAaHUYHUX YMOB, 1110 OyJIM HaKIaJAcH1

JUTSL 31MCHEHHS PO3PAXYHKY.

W mporpaMHUN KOMILJIEKC

w

Jnst 3aificHEHHST po3paxyHKy OYB BHKOPHCTAHH

ANSYS. Ilpu upomy Oynau BCTAHOBJIEHI MapamMeTpud OOUYMCIIOBAIILHOTO OJIOKY,

nojaani y Tabm. 5.2.

HeobirpiBHa cTtooHa ('Y |1l poay)

KE, Lo MoaentowTb

O6irpiBHa cTopoHa

——

[NoBHicTIO TEN0I30N1bOBAHI NOBEPXHI

(cumeTpis)

Puc. 5.6. Kinneso-pi3HuiieBa cxema 3ai1i300€TOHHOI CTiHU JJIsi BUPIIICHHS

TEIUIOTEXHIYHOI 3a/1aul.

Tabnuys 5.2

ITapamMeTpu 004 CIHOBAJBLHOTO MPOIECY

plas] ~
d
MVH =~ ~
) ol = . o]
o S| T~ o 8151
am | O ol DA
) ol FlIC|olo|o| 5| » (o))
an) < B Elmo|o
on | )| kY
Olm = O™
o @)
an
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=5 | |Eee S
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5.2. Pe3yabTaT po3B’S3KY TEMJIOTEXHIYHOI 3a1aui

[Ticns po3B’sI3Ky TEIUIOTEXHIYHOI 3a7a4l HaMu OyJId OTpUMaHi TeMIepaTypHi

PO3MOIUIH Y 3a11300€TOHHIN CTiHI, 1110 MPEACTaBIIEH] Ha puc. 5.7.

201 881 331._818 380.821
392893 431054 463.366
483_926 530.2% sE6.11
574958 625.528 &6E 855
665.991 7z8.781 771.53%
757.023 827.387 274 344
845.055 927.233 377.08%
339.088 1026.47 1073.83
1030.12 1135.7 1182.58

1124 .18 1200

60 xB

284.0358

4zZ8_¢8l4
485087

533,437
5594 078

e38.2¢el
e93_ 088

T43.024
2804 055

847 _908
505.044 a5z 731
1014.03 1057.55
111%.02 1162 38
12z4.01 1287 2

240 xB 320 xB

Puc. 5.7. Temnepatypui posnoaum (K) y 3amizobeTonHiit cTiHi, 1m0 Oyiau
OTpUMaH1 y pe3yJibTaTl TEIJIOTEXHIYHOTO PO3PaXyHKY, y Pi3HI MOMEHTH 4Yacy il

BOFHGBOH)BHHPO6YB3HHH.

Hani, mo Oynu HaMH OTPUMAaHI y Pe3yJbTaTl TEMIOTEXHIYHOIO PO3PAXYHKY

Oynu OTpUMaHI NMPpU MNPUKIAJAHHI TEMIIEpAaTyp Ha HOBY CITKOBY MOJIENb MpPH



109

npoBeJeHH] JiHiMHOT 1HTepnomsnii. [le mosicHioe Te, 1m0 KapTUHA MOBEPXHEBOTO
pPO3MOJUIEHH HE OOIrpiBHOI CTOPOHHM JEIIO BIAPIHAETHCA BiJ BHUXITHHX
PO3IOILITIB.

[Toni6H1 po3nominu Oynu OTpUMaHI HAMU TPU BUPIIICHHI TETIOTEXHIYHOT

3a/1a4i JJIs 1HIIUX MOAu(DIKalliii BOTHEBUX TeYeH.

5.3. ITocTanoBKa 3a1a4i MilIHOCTI 111010 BU3HAYEHHSI HECY4o0i 31aTHOCTI

3aJ11300€ TOHHOI CTiHM B YMOBAaX IOKeKi.

BukopucroByroun miaxid, HaBeaeHuM Ha puc. 5.3. Ta puc. 5.4 Oyna
MoCTaBjIeHa MilHICHA 3aja4a. JlaHa 3amaya Oyjia TOCTaBJIeHA MPU BpaxyBaHHI
TaKHUX TOJIOKEHb.

1. JIns po3paxyHKy BUKOPHUCTOBYeTbcs cuctema piBHsAHb HJIC TBepmoro
Tija.

2. BnactuBocTi MaTepiany 3anexaTb BIJI MOTOYHOI jAedopmarii i
TEeMIIepaTypy HENIHIMHO, a TaKOX JOMYCKAalOThCAd BETUKI AedopMallii eJIEeMEHTIB
KOHCTPYKIH, 10 CHIBCTABIISIIOTHSA 3 X pO3Mipamu.

3. Jlns BU3HAYEHHS TEMIEPATypHOTO BIUIMBY BHKOPUCTOBYIOTHCS
TEMIIEpaTypHI PO3MOJUIN, IO € pe3yjbTaTaMu TMONEPeaHbO  BUPIIICHOI
TEIJIOTEXHIYHOI 3aa4l JIJIsl CTAaHAAPTHOT TEMIIEPATYPHOI KPUBOI MOMKEXKI.

4. Cucrtema piBHSHb BHUPINIYETbCS YHUCEIBHO, METOAOM KIHIIEBUX
eJeMeHTIB y KoMOiHaiii 3 MmerogoM HeioToHa - Padcona, mUIiXoM MOKPOKOBOTO
JIOJaBaHHs JIIIOYOTO MEXaHIYHOTO HABAaHTAKECHHS HA TOYATKOBOMY €Tami 1
MTOKPOKOBOTO JIOJaBAaHHS TEMIIEPATypHUX HABAHTAXXEHb HA 3aKIIFOUHOMY €Tari 3
iHTEpBajioM 1 XB.

5. dnsa moxemoBanHa H/IC 3anizo0eToHy npu Mokexi BUKOPUCTOBYIOTHCS
MOBHI1 giarpamu AedopMyBaHHS IJisi OETOHY Ta apMaTypH 3 CIaAar0voi T1IKOIO.

6. PoboTa mOMIKOMKEHOTO €JeMEHTa 1 YMOBH WMOr0 MOIIKOKCHHS

BU3HAYAETHCS BIATIOBIAHOIO TEOPIEIO MIITHOCTI OETOHY.
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7. Kpurepiem ri00anbHOrO pyWHYBaHHS €JIEMEHTa 3a1i300€TOHHOT

OyaiBeIbHOI KOHCTPYKIIII €:

e [I0sBAa  HE30DKHOCTI

00YHCITIOBAJILHOTO

mpolecy  4Yepe3  MOpYIIEHHS

FCOMGTpI/I‘IHO.l‘ HE3MIHIOBAaHOCTI CHUCTCMU,

¢ JOCATHCHHA KPHUTHYHHUX IIIACTUYHUX z[e(l)opMauiﬁ B KiHI_IeBI/IX CJIICMCHTAax

MOJEII;

¢ JOCATHCHHA KPUTHUYHHUX BCINYHH TI100aIbHUX HepeMiHIGHB TOYOK €JICMCHTIB

3a11300€TOHHUX OY/IBEIBHUX KOHCTPYKITIH.

¢ JOCATHCHHA KPHUTHYHHUX BCIHWYHH HIBH,Z[I(OCTi

HapOCTaHHA TI100aIbHUX

nepeMilieHb TOYOK €JIEMEHTIB 3a11300€TOHHUX Oy 1IBEIbHUX KOHCTPYKITIH

ba3oBi MaTeMaTnyHi Mo/€e1, IO OyJIM BUKOPUCTAHI PU PO3B’SI3KY MILIHICHOL

3a/a4i HaBeeHl y Tabm. 5.3.

Tabnuys 5.3

OcCHOBHI pO3paxyHKOBiI MaTeMaTH4YHi MOAeJIi

HANpYy>KeHo-1epopMoBaHOro crany 3auaizoderony (HIC)

Oco0nHBICTh
MOBEJIIHKHU 3aJ11300€TOHY

BuxopucroByBana
MaTeMaTHyHa MOJICITh

bazogi piBusaas HJIC.

Po3B’s13H1 piBHSHHSA METOTy KIHIIEBUX
enemenTiB (MKE).

[Tnactuuna nedopmairtist ctami.

Bararomaposa mojens beceninra
acoIlaTUBHOI T€OP1i MIACTUYHOCTI.

®di3uyHa ¥ TEOMETPUYHA HENHIWHICTb
MOBEIIHKH 3a111300€TOHY .

ITepatuBHmil meTon HeroToHa —
Padcona.

Kpurepiii pylinyBaHHsI OETOHY.

Cknanennii kpurepii Binnema it Bapuke.

Tenno¢i3uyHi Ta MEXaHIuHI BJIaCTUBOCTI
OeToHy i1 apMaTypHOi cTaJi.

3rigHo i3 craHgapToM [].

3riIHO 13 MPUMHSITOI0 PO3PaXyHKOBOIO CXEMOIO Ha pHUC. 5.1 BUTOTOBJICHA 3

BaXKKOro OETOHY Ha TpaHiTHOMY 3anoBHIoBaul kiacy C30/35 (B30). ApmarypHuit

KapKac BHUTOTOBJICHMI 3 apmaTypHoi crtaii kmacy winuocTi AS00C. 3rigHo 3

JAHUMH BUMOTaMH MILIHICHI BJIACTUBOCTI O€TOHY Ta apMaTypHOi CTajll HAaBEJEHI Y

Tabi. 5.4.
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Tabnuys 5.4
MiuHicHi BJacTHBOCTI 0€TOHY Ta apMATYPHOI CTaJi
Martepian Knac mirHOCTI [To3nauenns | HopmaTtuBHa minnicts, Mlla
Beron C 30/35 fokt 30
ApMaTypHa A500C b 500
CTaJlb

Jlns BpaxyBaHHS 3HIDKCHHS MIITHOCTI O€TOHY IIiJi 4yac MOro HarpiBaHHs

MI0YaTKOBA MIITHICTh TIOMHOKY€EThHCS Ha KOS(IIIEHT 3HMKEHHS MIITHOCTI []:

fot(0)=Ke,o(T)fet (5.3)

ne Ket(f) — xoedillieHT 3HWKCHHS MIIHOCTI OETOHY Yy 3aJeKHOCTI BiJ
TEeMIIepaTypHu.
[Ipu BpaxyBaHHI HENIHIMHOCTI JedOpMyBaHHS OETOHY 3aCTOCOBYETHCS

creniajibHa Jiarpama, sika BU3Ha4aeThCsl (POPMyJIaMHU:

o gc _ Bgc ka,t (T)
npu 0 < g < g, e 3,
Eqr| 2+ —
€ar

(5.4)

fck,t (T)(gc —&ut )

gcul,t - gcl,T

IpH 1.7 < & < Ecul, Ty o'(gc) = fo (T)_

& — BigHOCHA aedopmairis OeToHY,
&1, — BIIHOCHA Aedopmallis, 10 SKOi glarpama aedopMyBaHHs 3pOCTae,

€cul,7 — TPAHMYHA BiHOCHA AchopMaItis.

JlaHi mapaMeTpu MOXXHA BU3HAYMTH 3a Ta0uL. 5.5 [].
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Tabnuys 5.5

3HaYeHHS TUIIOBUX NapaMeTPiB iarpaMu «Hanpy:KeHHs — AedopManisn 1as

3BUYAHMHOI0 0€TOHY HA CHJIIKATHOMY Ta KAPOOHATHOMY 3alI0BHIOBayi NPH

HiABUIIIEHUX TeMIlepaTypax

Temnepatypa CuyikaTHUH 3a1I0BHIOBAY Kapbonarnuii 3anoBHIOBaY
66TOHy, 9; OC kc,t(e) Ecl,0 Ecul O kc,t(e) Ecl,O Ecul O
20 1,00 0,0025 0,0200 1,00 0,0025 0,0200
100 1,00 0,0040 0,0225 1,00 0,0040 0,0225
200 0,95 0,0055 0,0250 0,97 0,0055 0,0250
300 0,85 0,0070 0,0275 0,91 0,0070 0,0275
400 0,75 0,0100 0,0300 0,85 0,0100 0,0300
500 0,60 0,0150 0,0325 0,74 0,0150 0,0325
600 0,45 0,0250 0,0350 0,60 0,0250 0,0350
700 0,30 0,0250 0,0375 0,43 0,0250 0,0375
800 0,15 0,0250 0,0400 0,27 0,0250 0,0400
900 0,08 0,0250 0,0425 0,15 0,0250 0,0425
1000 0,04 0,0250 0,0450 0,06 0,0250 0,0450
1100 0,01 0,0250 0,0475 0,02 0,0250 0,0475
1200 0,00 - - 0,00 - -

Jyist BpaxyBaHHS 3HUKEHHS! MIIIHOCTI apMaTypHOI CTaJl Mijl yac ii HarpiBaHHs

MOYaTKOBA MIITHICTh TOMHOXKYETHCSI HA KOS(DIIIEHT 3HMKEHHS MIITHOCTI:

foy1(0)= ks(T),fykt

(5.5)

ne Ks(6) — koedilieHT 3HMKEHHS MIITHOCTI OETOHY Y 3aJIe)KHOCTI BiJl TEMIIEPaTypH.

Jlnst miarpam neopMyBaHHS apMaTypHOI cTaii poOodi GopMysIi MarOTh

TaKUW BUTJISAT:

pu 0 < & < &g

IIPH €50 < &5 < Esy

IIPH &gy < &5 < &t

IPHU Est < &s < &2

IIpHU €52 < &s

Os = Es,Tgs

0% = fsp.r— C+(bla)[a— (esy — £5)°1°%,

Os = fsy,T,

Os = 1:sy,T [1 — (53 — gst)/(gso — 3st)],

os =0,

ne a, b, ¢ — mapamerpu, Bu3HauyBaHi 3a hopmynamu:

(5.6)



a’= (esy — &sp)(esy — &sp + ClEs 1), b? = Clesy — esp)Es 7 + c?

(fsy,e - fsp,e )2

C:

(gsy - gsp )Esﬂ - Z(fsy,e - fsp,&)

e &sy — AeopMartisi, Mpu SKii HACTAE MEXKa TEKY4YOCTi,

&st — AedopMaltisi, MPH SKi MOYNHAETHCS CHaHA AUISHKA JTiarpamu,

fsp,r — rpaHMIT TPOMIOPIIHHOCTI CcTai,

Es,r — MOIlynb IPY’KHOCTI CTaJll, 3aJI€KHUAN B1J] TEMIIEpaTypH HarpiBaHHS.

IIpu BpaxyBaHHI

HETIHINHUX jaedopMaliiii  apMaTypHOi

cTai
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(5.7)

TaKOXK

BU3HAYAETHCS 3MIHA MEXI1 MPOIOPIINAHOCTI y 3aJeXHOCTI BiJ Temmeparypu. Bci

JIaH1 TapaMeTpyu MOKHA BU3HAUUTH 3 Ta0I. 5.6 .

Tabnuys 5.6

3HavYeHHs] MapaMeTpiB AiarpaMu «HANpYyKeHHA — Aedopmanis»

rapsiYeKaTaHol Ta X0J0AHO TATHYTOI apMaTypPHOI CTaJIi NP MiABUIIEHUX

TeMImeparypax
Temmneparypa fiy. o/ fyi fip.offyk Eso/Es

CTaJ'IiI(; [O}gi rapsideKara- | XOJOIHSATSAT- | rapsiueKara- | XOJIOJHSTAT- | rapsyeKaTa- | XOJOIHSTST-
Ha HyTa Ha HyTa Ha HyTa
20 1,00 1,00 1,00 1,00 1,00 1,00
100 1,00 1,00 1,00 0,96 1,00 1,00
200 1,00 1,00 0,81 0,92 0,90 0,87
300 1,00 1,00 0,61 0,81 0,80 0,72
400 1,00 0,94 0,42 0,63 0,70 0,56
500 0,78 0,67 0,36 0,44 0,60 0,40
600 0,47 0,40 0,18 0,26 0,31 0,24
700 0,23 0,12 0,07 0,08 0,13 0,08
800 0,11 0,11 0,05 0,06 0,09 0,06
900 0,06 0,08 0,04 0,05 0,07 0,05
1000 0,04 0,05 0,02 0,03 0,04 0,03
1100 0,02 0,03 0,01 0,02 0,02 0,02
1200 0,00 0,00 0,00 0,00 0,00 0,00
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BuxopucrtoByroun maHi mOA0 MIIHOCTI, Oynau mOOyJOBaHI Jiarpamu

nedhopmyBaHHS OCTOHY Ta apMmaTypHoi crtajii. [ToOymgoBani giarpamMu HaBe[eHI Ha

puc. 5.8.
5, Ma_20°C 100 °C s Na
7 ’ T T T T
3x10 .| 20°C’a00°C
" 500 °C
2><107
3.10°
600 °C
2108
110"
) 700 °C
Ho 800 °C
900°C — 1100 °C
0 % 005 01
a 0.

Puc. 5.8. liarpamu nedopmyBanHs OeToHY (@) Ta apMaTypHOi ctai (6).

JUist  po3paxyHKy BUKOPUCTaHI TEMIIEpaTypHI 3aJeXHOCTI Jedopmanii
TEPMOPO3IIUPEHHST OETOHY Ta apMaTypHOi CTall 3TiAHO 13 PEKOMEHAAIlisIMU

cranaapty []. BukopucTani 3anexHocTi y BUrIsi rpadikiB HaBeaeHi Ha puc. 5.9.

ET eT
0.015 . ] 0.02 . .
0015 /!
001 7 . //
_/
001 / .
ri i
5x10" . o /
g 5x10 Va -
//
0 __...-,..-" | | T, OC 0 71 ] T, oC
0 500 1x10°  15x10° 0 500 1x10°  15x10°
a. 0.

Puc. 5.9. Temneparypsi 3anexxHocTi nedopmariii TepMOpO3MUPEHHS OETOHY

(a), apmarypnoi ctami (0).
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Jnsa po3B’si3ky MinHICHOT 3amaui Oyna moOyJoBaHa KiHIIEBO-E€JIEMEHTHA

cxema, 1o HaBeaeHa Ha puc. 5.10.

O6’emHi KE TpaBepcu
HaBaHTaXyBarbHOI pamu

Nininni KE

apmMatypm O6’emHi KE 6eToHY

MexaHi4Hi B’'a3i
_—

NBAAAAAAAAAAY\AAAA

Puc. 5.10. KinneBo-eneMeHTHA cxeMa 3aj11300€TOHHOI CTIHM Ta HaKJIaJAeH1i

Ha i1 By3/1M MeXaHi4Hi B 5131 (@) Ta pO3paxyHKOBA CXeMa 3aKpIIuIeHHsI CTiHU (6).

3aCTOCOBYIOYM BECh KOMIUIEKC MaTeMAaTHYHUX MOJEIeH 3rigHo 13
QITOPUTMOM  BUKOPHUCTAHOI METOJMKHA BHUKOHYBAJIUCA PO3PaXyHKH IOJIO

Bu3HavyeHHs napametpiB HJIC 3a11300€TOHHOT CTiHU.
5.4. Pe3yabTaTu po3B’si3Ky 3a71a4i MillHOCTI

[Ticnst po3B’s3Ky MillHICHOT 3a/1a4ui OyB oTpuMmanuii Habip gaHux momno HJIC
3aJ11300€TOHHOI CTIHA B YMOBax TEeMIEPaTypHOTO BIUIMBY BOTHEBUX BUIIPOOYBaHb.
Ha puc. 5.10 HaBeneHi AaHi 100 PO3MOJAUICHh 3HAYECHHS IMEPIIOTO TOJIOBHOTO
HaIMpY>KEHHA Yy PI3HI MOMEHTH 4acy TEeMIEepaTypHOTO BIUIUBY TNPH BOTHEBOMY

BUIIPOOYBaHHI.
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281 xs.
-EE0BEE -381371 -10185€ simgin 457178 - 3 XB.
W e 20 XE.
. 60 xB.
ey T T 120 xB.
e pe— e R T T
ey ey T G s 240 xB.
m.uum“i 281 xB.

Puc. 5.11. Po3noain 3HayeHb meprioro rojoBHoro Hampyxkenus (Ila) y

3aJ1i300€TOHHIH CTiHI Y pi3HI MOMEHTH Yacy BHIPOOYBaHb.

Ha puc. 5.12 300pakeH0 pO3MOAiT BUHUKHEHHS TPIIIMH Y CTiHI BHACHIIOK

KOMOIHOBaHOTI'O TEMIICPATYPHO-CHUJIOBOT'O BILJINBY.
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250 xB. 281 xB.

Puc. 5.11. Po3noaineHHs: TpiluH y 3a1i300€TOHHIN CTiHI y pi3HI MOMEHTHU

yacy BUNPOOYBaHHS

Hopmane 10 kpaiB TpillMHU BIAMOBIZAE HOPMall OKPYKHOCTi, SKa
CUMBOJII3y€E TPIIMHY. YepBOHUM KOJHOPOM MO3HAYEHO IMEPBUHHI TPILIMHU, IO
OTPMMAHO B TOYKax IHTErpyBaHHsA. BiamoBigHO 3€JeHI 1 CHUHIM KOJbOPU —
BTOPUHHI Ta TpeTWHHI TpimmHM. [liciis BUHUKHEHHS TPIIIMH €JIEeMEHTa y TPhOX
TOYKaX IHTETPYBaHHSA y TPbhOX PI3HUX HAMpsAMKaxX IIed €JIEMEHT BBaXKarOTh
3pyrHOBaHUM. lle 3HA4YuTh, IO NAHUK €JIIEMEHT HE ONUPAETHCA MPHUKIALCHUM
HaIPY>KCHHSM.

AHaJIi3 po3MOLIy TPIIIUH JO3BOJISE 3a3HAYUTH, 110 OCHOBHI MOIIKOXKEHHS
CTIHM BUHHUKAIOTh Yy BEpPXHIM 11 YacTWHI, J€ TeMmIeparypa ICTOTHO BHIIA,
HaWOUIbIEe YIIKOKEHb IMOYHMHAE 3 ABJSITUCA Tichas 150 XB TemmeparypHOTo
BIUIMBY MiJ 4Yac BUMNpPOOyBaHb, pyHHallld CTIHM BiOyBaeThcsi Ha 281 xB y

pe3ynbTaTi HAKOMUYEHHS AePEKTIB y OCTOHI.
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binpe naHux mpo HaKOMWYEHHS ACPEKTIB y CTIHI MOXKHA OTpUMATH 3
KapTUHHU TIOBHICTIO PO3ApOOJIEHUX €JIEMEHTIB y 3ani300eToHHii criHi. Taka

KapTUHA y pI13HI MOMEHTH Yacy HaBejieHa Ha puc. 5.13.

jum

g
SE U:"D-Dj m.ﬂjﬂﬂ

i

=

[

‘/ ‘/ J/
70 XB. 170 xB. 240 xB. 281 xB.

Puc. 5.13. TlonoxeHHS TOBHICTIO PO3APOOJIEHUX KIHIIEBUX EJIIEMEHTIB Y

3aJ11300€TOHHIH CTIHI Y Pi13HI MOMEHTH 4acy ii BOTHEBHX BUIIPOOYBaHb

AHami3 po3nojiTy HaAWOUIbII YIIKOIKEHMX €JIEMEHTIB IOKa3zaB, IO IX
HaWOUIbINA KITBKICTh YTBOPIOETHCS Y BEPXHIM YaCTHHI CTIHU, TaM /i€ HailOijbImna
TeMmreparypa, po3Apo0seHi eJIEMEHTH 30CEPE/PKEeH] Yy TTOBEPXHEBIM 30H1 OyrKue
710 00ITPIBHOI CTOPOHH.

3riIHO 13 METOJMKOIK BH3HAUYCHHS MEXI BOTHECTIMKOCTI KOHCTPYKIIi, 1110
HaBeJleHa Ha puc. 5.3 HACTaHHS TPAHUYHOIO CTAaHy BTPATH HECY4YOi 3aTHOCTI
BU3HAYAEThCS 3a rpadikaMu MaKCUMalIbHHX MepeMimieHb ctinn. Ha puc. 5.14
HaBeJeHI Tpadiku 3aJeKHOCTEH MaKCUMAJIbHOTO MO30BXKHBOTO MEepPEeMIIICHHS
CEpEeIHbOI TOYKH Mepepi3y CTIHU Ta 11 MAKCUMAJIBHOTO MPOTHHY.

[TepexpenieHHss TOTUYHUX Ha JaHUX Tpadikax MOKa3yrTh MEXKY HACTaHHS
IPAaHUYHOTO CTaHy BTpPaTH HECY4Ol 3/IaTHOCTI. TakKuM YHMHOM TpaHUYHUN CTaH

BTpaTH HECY4Oi 3aTHOCTI JIOCIII/PKYBaHO1 3a/11300€TOHHO1 CTiHU HacTae Ha 280 XB.
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45103 0.04
; 0.02
2x10~
0
o7 - 0.02
_2x1073 L L t,XB  _om L, x8
0 100 200 300 0 100 200 300
a. 0.

Puc. 5.14. I'padixu MakCUMaNIbHOTO TMO3OBXKHBOTO TIEpeMilieHHs (a) Ta

MaKCHUMAaJIbHOTO MpOrunHy (0).

AHQJIOTIYHI  pO3paxyHKd Oydud MOpOBEACHI [JJs CTIH 3  IHIIUMHU
MomudiKamissMA 1 JUIi HUX TaKoX OyJIM BH3HAUYCHI MEXI BOTHECTIMKOCTI 3a
I'PAaHUYHUM CTAaHOM BTPATH HECYUOi 31aTHOCTI.

Ha puc. 5.15 mnokazani rpadiky, o0 OTpPUMaHi ISl BIAMNOBIIHUX

Mou(diKaIiii BOTHEBOT Ieyi.

Puc. 5.15. I'padiku MakCUMaIbHOIO IMO3I0BXKHBOTO TEpeMilleHHs (a) Ta

MaKCHMAaJIbHOTO TMporuHy (0) B 3a1i300€TOHHIM CTIHMU, 110 BUIIPOOOBYETHCS Y

neyax i3 pisHUMHU KOHDIrypaiisiMu.

Cnuparourch Ha OTpUMaHi JaHi, HaBeleHI Ha puc. 5.13 Oynu BU3HAYEHI

MeX1 BOTHECTIMKOCTI JOCIII)KYBaHOI CTIHM B YMOBax BOTHEBUX BUIIPOOYBaHb Y
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neyvax i3 pisHuMu mMoaudikamissmu. [Ipu npomy OyB BUKOPUCTAHUIN aNTOPHUTM, IO

noka3zanuit Ha puc 5.4. OTpuMani JaHi, MOAO BOTHECTIMKOCTI 3BEACHI 0 TaOII.

5.7.

Tabnuus 5.7
Meski BOrHeCTIMKOCTI 32/1i300e TOHHOI CTIHM, BUIIPOOYBAHOI Y BOTHEBHX Ie4ax

i3 pisHuMH Moau}ikaniaMu

Momubikanis neui [{ucnepcis temneparyp, S%, °CMesxa Boraectiiikocti, R, XB
Moaudikariis A 586.59 281
Moaudikaris b 803.557 301
Monudikaris B 512.475 277
Moaudikars I 406.164 271
Moudikars /] 238.902 248
Moudikaris E 205.295 235

3 METOI0 BUBYEHHS BIAMNOBIJHOCTI PE3yNbTATIB PO3PaXyHKy /0 pealbHUX
IpOLIECIB, MO BIAOYBAaIOTBCA B CHUCTEMI, HACKUIBKM SKICHO IPOTHO3yBaTUME
PO3BUTOK LIMX MPOIIECiB, OyJ0 MPOBEIEHE MOPIBHSAHHS JaHUX BUIPOOYBaHb, 11O
Oynu HaBeneHl y 3  po3aunl  JIACHOI  poOOTH. 301KHICTH PE3yJbTaTiB
OOYMCITIOBAJIBHOTO Ta PEAJBHOIO EKCIEPUMEHTY IEpPEBIPEHAa 3a JOIMOMOIOK
BHU3HAUEHHS BEJIMYMHU BEPTHKAIBHOTO MEPEMIILIEHHS! HABAaHTA)KEHOT'O KPalo CTIHU.

OTpuMaHnuii pe3ynbTaT HaBeJAeHH Ha puc. 5.16.

Wy1, MM

t, xB

Puc. 5.16. I'padiku nepemimieHHs] BEpXHbOTO KParo CTIHU Y 3aJI€KHOCTI Bij
yacy TmpH il BUIpoOyBaHHI HA BOTHECTIUKICTh: | — eKCriepuMEeHTa bHI JaHl pa3oM

13 eKCIEPUMEHTAITBHOIO TTOXUOKOI0; 2 — pO3paxyHKOBI JIaHi.
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3a ganumu Tabn. 5.7, moOynoBaHi rpadikud po3paxyHKOBHX 3HAYEHb MEXKI
BOTHECTIMKOCTI 3aj11300€TOHHOI IUIMTH BIJ 3HAYCHHS MaKCHUMaJbHOI aucHepcii
TEeMIIepaTyp Ha oOIrpiBajbHIN MOBEPXHI 3a711300€TOHHOI CTIHU ITiJl YaC BOTHEBHX
BUNPOOYyBaHb Ta MOXMOKM BH3HAYEHHSI MEX1 BOTHECTIMKOCTI BIJHOCHO Camoro

HaliMeHIIoro ii 3HadyeHHs. JlaHi rpadgiku HaBeneHi Ha puc. 5.17.

R, xB. A, %
320 T

300+ S% -

280F S .

26012 .

240 fSZE u

20 | S?, °C?
200 600 1x10° 200 600 1x10°

Puc. 5.17. 3anexHICTh pO3pPaxXyHKOBHX 3HAU€Hb MEXI BOTHECTIMKOCTI
3a11300€TOHHOI CTIHM BiJI 3HAYEHHS MaKCHUMAaJbHOI JUCHEpCii Temmeparyp Ha
o0IrpiBabHIN TMOBEPXHI KOHCTPYKIIi I 4Yac BOTHEBMX BHUMpPoOyBaHb (a) Ta
NMOXMOKH BHU3HAYCHHS MeEXi BorHecrtiiikocti (6) (1 — oTpuMaHOi BHACTIIOK

YHCEIBHOTO EKCIIEPUMEHTY, 2 — perpeciiiHa 3aIe)HICTD).

3a ganumu rpadikiB MOOyJOBaHa perpeciiHa  3aJIeKHICTh  MEXI1
BOTHECTIMKOCTI 3alli300€TOHHOI CTIHM BiJ JAWCHEpCii TeMmmeparyp Ha IXHIX
00IrpiBaJIbHUX MOBEPXHAX, @ TAKOX MOXWOKM BU3HAYCHHS MEXI BOTHECTIMKOCTI,

10 BUPAKAETHCSA (HOPMYIIOTO:

A(S?) =—42.586+0.307-S* -5.355-10 - (S?)* +3.276-10 - (S?)®,  (5.8)

[IpoBeneHi AOCHIKEHHS 3 BHSBJICHHS 3QJIEKHOCTI MEXI BOTHECTIMKOCTI

3a]11300€TOHHOT CTIHM BIJ JUCIEpCii TeMrmeparyp Ha iXHIX OOIrpiBaJIbHUX



122

MOBEPXHAX YMOXJIMUBWIA (OPMYITIOBAHHS Yy3araJlbHEHUX PEKOMEHIAIId s
MIPOCKTYBaHHS HOBHX 1 BJIOCKOHAJICHHS IMapaMeTPiB HASBHUX TOPU3OHTAIBHHUX
OyIIBeIbHUX KOHCTPYKIIM 13 METOI JOCSATHEHHS B Kamepl medi OJHOPITHOCTI
TEMIIEPATYPHOTO MOJII Ha OOIrpIBAIbHUX TMOBEPXHIX KOHCTPYKIIHM, a TaKoX SK
HACIIJOK — TMIiJABUIIECHHS e(PEKTUBHOCTI BUIPOOYBaHh Ha BOTHECTIMKICTH 3a
paxyHOK 3a0e3IeueHHs OUIBIIOT pIBHOMIPHOCTI TEIJIOBOTO MOTOKY:

1. Ik OCHOBY KOHCTPYKIIii YCTaHOBKH HEOOXIJHO BUKOPHCTOBYBATH IIiY,
reoMeTpuyHa (opma, po3Mipd i KOHCTPYKIlIS SIKOi MOBMHHI HaJaBaTH 3MOTY
BUNPOOOBYBATHU 3pAa3KH P13HUX OYIIBEIbHUX KOHCTPYKIIHM, 30KpeMa 3 eJ1eMeHTaMu
BOTHE3aXUCTY, 3a0€3MeUy0UH P [IbOMY PIBHOMIPHICTh TEIIOBOI'O MOTOKY.

2. OTBIp 11 BIABENCHHS MPOJYKTIB TOPIHHA, CIIiJI PO3TAlllOBYBaTH Yy
HWKHIM YaCTHHI KaMepu BOTHEBOI I1eyl.

3. Bucora nedi mae 3a0e3nedyBaTd HEOOX1IHHN MiHIMAJIbHUM 00 €M st
HUPKYJSIIT TPOAYKTIB TOPIHHA, a OTXKe, PIBHOMIPHHI TMpOTpiB IMOBEPXHI
KOHCTPYKIIIi.

4. TlanpbHUKM CIIIJT pO3TALIOBYBATH He Onmxkde HiX Ha 0,8 M BiJl MOBEpxHi
JOCITIIKYBAHOT KOHCTPYKIIII.

5. KunbkicTe mpumnafiB ajii KOHTPOIIO TEMIEPATYpHOTO PEXUMY B Kamepi
neyi (TepMmorap) TMOBHHHA 3aJIeKaTH BiJl TEOMETPUYHHUX PO3MIpIB medi (oHa
Tepmoniapa Ha 1 M? 0OOirpiBanbHOi MOBEpXHI  aHAi30BaHOI  OY/iBENLHOI
KOHCTPYKIIii), ajle He MEHIIIO0, HIX 11’ATh [1].

6. 3HadeHHs Jucrepcii TeMmmepaTyp MO OOIrpiBajibHIM  MOBEPXHI
3aJ11300€TOHHOT KOHCTPYKITii He TIOBUHHO TIEPEBUIIYBATH KPUTHYHOTO 3HAUYCHHS —
600 (puc. 4.4).

7. YmpaBiiHHS poOOTOI0 MAJIMBHOI CHCTEMH Ta PEECTPALIIO pPE3yJbTaTiB
BUNIPOOYBaHb MOTPIOHO OPTaHI30BYBATH 32 JIOMOMOTOI0 OOYMCITIOBAIBLHOT TEXHIKH

(xoMIT’1OTEpA).
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5.5. BUCHOBKH 32 po3aijioM

1. TlpoBeneHo OOYHUCHIOBANBHI  E€KCIEPUMEHTH  WIOJI0  PO3PAXYHKY
3aJIe)KHOCTI MEX1 BOTHECTIMKOCTI BiJ] MaKCHUMaJIbHOI AHCHEpCii TemrepaTyp IIo
00irpiBaibHIN MMOBEPXHI HECYYOI CTIHU ITiJT YaC BUMPOOYBaHb.

2. OnepkaHO 3aJICKHICTh 3HAYEHb MEX1 BOTHECTIMKOCTI HECY4YUX CTIH BiJ
aucnepcli Temmeparyp Ha iXHIX OO0IrpiBalbHHX MOBEPXHSIX, a TaKOX MOXHOKU
BH3HAYCHHS ME)KI BOTHECTIHKOCTI, 110 onucaHi 3a ¢popmyioro (5.8).

3. OOrpyHTOBaHO TMapaMeTpy BEPTUKAIBHOI BHUMPOOYBaIbHOI BOTHEBOI
nedi, 3aBIsSKH YOMY JOCATHYTO 3MEHIICHHS 3HAYCHHs AMCIEpCii TeMrepaTyp Ha
oOIrpiBajbHIN MOBEPXHI OyAiBEIbHUX KOHCTPYKIIHM Mmia yac ix BUIPOOyBaHb Ha
BOTHECTIMKICTh, @ TAKOX aJTOPUTM BU3HAYEHHSI 3HAYEHHS MEX1 BOTHECTIMKOCTI
[IUX KOHCTPYKIIH, KU ypaxoBy€ BHUSIBIICHUW BIUIMB JUCIEpPCii TeMIepaTyp Ha
iXHIX O0OIrpiBaJbHUX TOBEPXHAX HA 3HAYCHHS MEXI BOTHECTIMKOCTI, IO Jajo
3MOTYy MIJIBUIIUTA €(PEKTUBHICTb BUIPOOYBaHb 3 OLIHIOBAHHS BOTHECTIMKOCTI
HECY4YHUX CTiH.

4. ChopMynbOBaHO  pEKOMEHJAlli  I[OAO0  CTBOPEHHS  HOBHX 1
BJIOCKOHQJICHHS ICHYIOUMX KaMmep Tie4el yCTaHOBOK 13 BHUIPOOYBaHb Ha
BOTHECTIMKICTh HECYYMX CTIH JUIsl JOCSTHEHHS OUIBIIOI  PiBHOMIPHOCTI
TEMIEPATypHOTO TOJSI HAa TOBEPXHI  BEPTUKAIBHUX  OTOPOJKYBATBHUX
OyIiBENbHUX KOHCTPYKIIM, $SK HACHIJOK — 3MEHIICHHS TMOXUOKHM BOTHEBUX

BUNPOOYBAHb.
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BUCHOBKU

VY nmucepraiiiiHiii poOOTi, MO SBJISIE COO0I0 3aBEPIICHY HAYKOBO-IOCIITHY
Ipairlto, po3B’sI3aHO OJIHE 3 aKTyaJIbHUX HAyKOBO-TEXHIUHUX 3aBJIaHb I1JIBUILECHHS
e(pEeKTUBHOCTI BOTHEBUX BHUMPOOYBaHb IUISXOM BHSBIICHHS 3aJIC)KHOCTI 3HAYCHB
MEX1 BOTHECTIMKOCTI HECYYHMX CTIH B JUCIepcii Temmeparyp Ha iXHIX
o0IrpiBaJIbHUX MOBEpXHSIX. HalOuIbI CyTTEBI HAayKOBO-TIPAKTUYHI PE3YyIbTaTH
CXapaKTepHU30BaHO HIDKYE.

1. TIlpoanamizoBaHO CTaH HOPMATHUBHOI 0a3u Ta HayYKOBUX PO3POOOK IIOA0
BUNPOOYBaHb 13 BU3HAUEHHA BOTHECTIMKOCTI Hecyuux cTiH. JloBeaeHo
€(EeKTUBHICTh KOMII FOTEPHOTO MOJEIIIOBAHHS IMPOLECIB TEMIOMACOOOMIHY 3a
JIOTIOMOTOI0 CITeIiaibHUX TporpaMHuX KoMiuiekciB «CFDy. 3’sicoBano, mio min
yac BUNMPOOyBaHb 3a CTAHAAPTHUM TEMIIEPATYPHUM PEKUMOM IOXKEXKI yCTaHOBKU
MOXKYTb JIJaBaTH Pe3yJIbTATH, 5Kl BIIPI3HAIOTHCS Ha 30 Ta OiyIbIe BiJICOTKIB.

2. 3a J0MOMOror 3aco0iB KOMIT'IOTEPHOI Ta30[MHaMIKH TMO0YI0BaHO
MaTeMaTU4YH1 MOJIEL, SIK1 OMUCYIOTh MPOLIEC TEINIOMACOOOMIHY Y BUIPOOYBAIBHUX
BOTHEBHUX I€Yax IiJ] YaC BU3HAYCHHS BOTHECTIMKOCTI HECYUHX CTIH, Ta IPOBEICHO
OOYHCITIOBAIbHUN €KCIEPUMEHT 13 11X BUKOpPUCTaHHAM. OKpeclieHO MNUISIXU
MIIBUIEHHS  €(EeKTHUBHOCTI BOTHEBUX BHUIPOOYBaHb NUISIXOM  BHUBYEHHS
3QJICKHOCTI 3HAUYCHb MEXI BOTHECTIMKOCTI HECy4YuX CTiH BiJg gucrepcii
TEeMIIepaTyp Ha iXHIX 00IrpIBAIbHUX MOBEPXHSAX.

3. ITlpoBeneHo ekcnepruMeHTaIbHE BUIIPOOYBAHHS 3a1i1300€TOHHOI HECY4YOi
CTIHM Ha BOTHECTIMKICTh 3a CTaHAAPTHUM TEMIIEPATypPHUM PEXKUMOM 3TITHO 3
MeroaoM, 1o pernamentoBanuii JJCTY b B.1.1-4-98* «byaiBenabH1 KOHCTPYKIIIi.
Metonu ButnpoOyBaHb Ha BOTHECTIHKICTh. 3aranbHi Bumorn» t1a JICTY b B.1.1-
19:2007 «3axuct Bix mnoxexi. Hecydi crinn. Meton BumpoOyBaHb Ha
BOTHECTIHKICTB». MeTol BUPpOOyBaHb MOJISTaB y BUSHAYEHH] MPOMIXKKY 4acy BiJ
MOYaTKy BHUNPOOYBaHHS O HACTaHHA OJHOTO 3  HOPMOBAHUX  JUJIS
OTrOpODKYBAJIbHUX KOHCTPYKLIM TpaHUYHUX CTaHIB 3 BOTHECTIMKOCTI B yMOBaX,
mo permamentytotbes, 3rimno 3 JICTY b B.1.1-4-98. 3a pesynpraTamu

EKCIIEPUMEHTAJILHOTO  JIOCTI/DKEHHS 4Yac HAcTaHHS TpaHUYHUX CTaHIB 13
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BOTHECTIMKOCTI CKJIaB HE MeHIIe HDK 150 XBWJIMH 3a O3HaKaMu BTpPaTH HECydol
smatHocTi (R), mimicHocTi (E) Ta Temnoizomnsimiitaoi cipomoskHocTi (1).

4. TlepeBipeHO aJeKBaTHICTh MOOYJOBAaHMX MaTeMaTUYHUX MOJEieH Ta
eKCIIEPUMEHTAIbHUX JaHuX. Po3paxoBaHl Kputepii aaekBaTHOCTI (t-KpuTepii
Creronenta, Q-xputepiii Koxpena, F-kpurepiii ®imepa) He NEpeBUIIYIOThH
JOMYCTHUMHMX 3HaueHb [55] (Tadm. 3.4), mo 3acBiguye epeKTUBHICTH MOJICIIOBAHHS
TEIUIOBUX MPOLECIB IS 1X BUKOPHCTAHHS B XOJI BUBUEHHS 3aJIEKHOCTI 3HAYEHD
MEX1 BOTHECTIMKOCTI HECYYHMX CTIH B JUCIepcii TemmepaTryp Ha iXHIX
00IrpiBaJbHUX MOBEPXHSIX.

5. Illmsaxom  0oO4YMCIIOBAIbHUX  EKCHEPUMEHTIB 13  BUKOPUCTAHHAM
PO3p00JIEHNX MaTEMaTUYHUX MOJIEEeH 3°sICOBAaHI BEIMUMHU JUCHEPCIi TeMIeparyp
Ha 00IrpiBaJIbHUX MOBEPXHAX HECYYHX CTIH Ta 3aKOHOMIPHOCTI iXHBOT'O BIUIUBY Ha
3HAUYEHHA MEX1 BOTHECTIMKOCTI JOCHIDKYBaHUX KOHCTPYyKIH. OpepkaHo
3QJICKHICTh 3HAY€Hb MEXI BOTHECTIMKOCTI HECYy4YMX CTIH Bix aucnepcii
TeMIepaTyp Ha iXHIX OOIrpiBaJIbHUX MOBEPXHSX, a TaKOX MOXUOKH BU3HAUYCHHS
MEKi BOTHECTIHKOCTI, 0 onucani 3a gpopmyiioro (5.8).

6. OOrpyHTOBaHO MapamMeTpud BEPTHKAIBHOI BHUIPOOYBAIBbHOI BOTHEBOI
nedi, 3aBIsSKH YOMY JOCATHYTO 3MEHIIECHHS 3HA4YeHHs JUCHepcii TeMmIepaTyp Ha
o0IirpiBajbHIN MOBEPXHI OyAiBEIbHUX KOHCTPYKIIM mia yac ix BUMPOOYyBaHb Ha
BOTHECTIMKICTh, @ TAKOX aJTOPUTM BU3HAUEHHS 3HAYEHHS MEX1 BOTHECTIMKOCTI
[IUX KOHCTPYKIIIH, KU ypaxoBy€ BHSBICHUW BIUIUB JMCIEPCIi TemmIeparyp Ha
iXHIX OOIrpiBaJbHUX MOBEPXHAX HA 3HAYEHHS MEXKI BOTHECTIMKOCTI, IO JaJ0
3MOTY MIJBUIIUTA €(PEKTUBHICTb BUIPOOYBaHb 3 OLIHIOBAaHHS BOTHECTIMKOCTI

HECY4YHUX CTIH.
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Mensuyk  Oneru I'puropisuu, cknanmu ueit akT npo Te, wo pe3ynbTaTH
auceprauiiHux nocnimkens Cignes Cranicnasa OnekcanapoBuya BpoOBaIKEHO y
HaBYaIbHUH npouec Yepkacbkoro iHCTUTYTY MOeXHO! Ge3neku iMmeHi ['epoiB
Yoprobuns HauioHanbHoro yHiBepcuTeTy UMBIABHOrO 3aXUCTy YKpaiHW Ha
kadenpi OyaiBeNbHUX KOHCTPYKUIH MiA yac BUKJIAZaHHS HABYANLHHX AHCLMILTIH
«bynini i cnopyau Ta iX noseniHka B yMOBaX MOXexi», «Matepiano3HaBCcTBO Ta
TEXHOJIOTsl MaTepiaiBy KypcaHTaM Ta CTyeHTaM JAeHHOT GOpMH HaBYAHHS,

Pesynbratd nuceprauiiHoi poGOTM BHKOPHUCTOBYIOTBCS Ha MPaKTUYHUX
.3aHATTAX Ta JabopaTopHHMX poGoTax Mifi 4Yac BHKJIANAHHS BMILEBKA3ZAHUX
AMCLUMIUTIH U1 BUBYEHHS 3alle)KHOCTel afeKBaTHOCTI pe3ysbTaTiB BUIIPOoOyBaHb
Ha BOTHECTIHKICTb OyniBeNbHHX KOHCTPYKLIH Bill METPONOriuHMX 0COBIMBOCTEH |
TEXHIYHMX TapaMeTpiB BHMPOGYBaJIbHUX YCTaHOBOK. Marepianu A0CHimKeHHS
BPaxoBYIOTh Crelk(piKy npodeciiHoi maAroToBk: MaibyTHiX haxiBuiB noxexHOT
Ge3nexy Ta UMBITBHOTO 3aXHUCTY.

["onoBa komicil: . L 1O. TI'ypinenko
/
i
)

UneHu Komicii: A . O. Crynak
0/( O.T'. MenbHuk



