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Beryn

[Insx n0 BOpoOBaKEHHSI Y BUPOOHUIITBO HAYKOBUX PO3POOOK JICKHUTH Yepe3
pO3paxyHKH Ta CTBOPEHHS KOHCTPYKTOPCBHKOi JokyMmeHTaiii. Po3poOka Takoi
JOKYMEHTAIlll 11e TBOPUUH Tpoliec, AKUK MoTpedye BijJ MPOEKTYyBaIbHUKA HE TLIHKU
MUOOKUX 3HaHb JUCHMIUIIH, 10 BHUKJIagaoThes y BY3i, ame # ymiHHSA
BUKOPUCTOBYBATH iX MpPHU MPOEKTYBaHHI Ta B yMoBaxX BUPOOHUIITBA. Bin skocti
KOHCTPYKTOPCBKOT JOKYMEHTallli, SIK TPaBWJIO, 3aJieKUTh KIHIEBUH pe3yibTaT
HAyKOBOi pO3pOOKH, J10JIs1 HOBUX MAIIWH 1 araparis.

MertoauyHi BKa3iBKH ckiagaeHo y BianosigHocti 10 'OCT 2.105-95.

1 MeTa Ta 3aB1aHHs PO3PaXyHKOBOI po00oTH

MerToro po3paxyHKOBOi poOOTH € HAOYTTS MPAKTUYHUX YMiHb IPU BUKOHAHHI
CTyJIGHTaMH TEXHIYHOI JOKYMEHTamii 3 JucuuIbiiHu «TexHomoriyHi 00’ ekt 1
npolecu ramysi-1».

3aBaHHSIMU PO3PaXyHKOBOI pOOOTH €:

— TpuBeCTH Kiacuikamixo Ta ONUC BIAMNOBIZHOIO TEIIOOOMIHHOTO

o0JIagHAHHS;

— oOrpyHTyBaty BUOIp THIY arapata ajisi 3a0e31edeHHs MPOIIECy;

— TPOBECTHU MOPIBHSAHHA anapaTa (MalllliHH) 3 aHaJIOTaMU;

— o0rpyHrtyBaTu BuOip MaTepiaiiB AJi1 BUTOTOBJICHHS anapara (MalllHu);

— CKJIaCTH MaTepiajibHUi Ta TEIUIOBHM OanaHcu anapara (MalluHu);

— BHU3HAUUTU OCHOBHI T€OMETPUYHI pO3MIpH anapara (MalluHN);

— BUKOHATH CXeMaTHU4HE 300pakeHHs anmapara (MalluHu) Ta HOTO eJIEMEHTH;

— Tpe3eHTYBaTH BUKOHAHY pOOOTY.



2 3aBaHHSA HA PO3PAaXyYHKOBY po0oTy

3aBIaHHsS BUJAETHCS KOXHOMY CTYACHTY OCOOMCTO MPOTITOM MEPIIMX JIBOX

THKHIB HaByaHHs. [lepemnik 3aBmaHp po3paxyHKOBHX pOOIT HaBEAEHO B poOOoUiid
HaBYAJIbHIN TIporpami JUCHUILTIHY.

Texcr 3aBmaHHA MIANHCYETHCS CTYIACHTOM, SKWid OyJe BHUKOHYBATH
PO3paxyHKOBY pOOOTY Ta KEPIBHUKOM.

3pa30k 3aBIaHHs po3MileHo y JlomaTky A.

3 Ckaan, 00cHr i CTPYKTYpa po3paxyHKOBOI po0oTH

Po3paxyHkoBa poOoTa CKIIalaeTbCsi 3 PO3JLIIB, MEPENIK SKUX BU3HAYAETHCA
KEpIBHUKOM Yy 3aBAaHHI JUIsi BUKOHAHHS po3paxyHKoBoi pobotu (Jomatox A).

OpieHTOBHUM 0OCAT MOSICHIOBAJIbHOI 3anucku 15...25 apkymiiB ¢popmaty A4.

4 Bxa3iBKM 10 BUKOHAHHSA PO31iJiB PO3paxXyHKOBOI po0oTH

[Tpu BuKOHAHHI PO3/iTiB, HEOOXiTHO 3BEPHYTH yBary Ha:

Poznin «Berym».

Y BcTyni KOPOTKO HalaeThes 1HGOpMAIlis MpO aKTyaJdbHICTh 00JIaHAHHS
TEIJIOBOTO Mpoliecy, o OyJie po3paxoByBaTuCh. Jlami y BIAMOBIAHOCTI 10 3MICTY
pOOOTH CTABJIATHCS META Ta 3a7a49i PO3POOKH.

[TpuGnu3nmii oOcsar po3ainy — 1 apkyi.

Pozmin «1. Knacudikamis Ta ommc BiINMOBiZHOI0O TemJI0TeXHiYHOro

o0JIaTHAHHA»

Y po3aini HaBOAWTHCSA KiacH(ikaiis Ta OMMC KOHCTPYKINHM BiAIMOBIAHOTO

TEIJIOTEXHIYHOTO O0JIaIHAHHS.



[Tpubnu3uuii oOcsr po3aury — 5...6 apKylIiB.

Poznin «2 Bubip Tuny anapara ta 00IpyHTYBaHHS i10r0 KOHCTPYKUIiD»

VY po3niii HABOAUTHLCS MPU3HAYEHHS amapaTa Ta BUOMPAETHCS WOTO THI, IO
3a0e3reuye BUKOHAHHS TEXHOJOTIYHOTO TMPOIECY, a TaKOX HAaBOJIUTHCS OIIKC
OCHOBHHUX €JIEMCHTIB CKJIaJIOBUX YaCTHH arapara i HaJaeThCs HOT0 cXema .

[Tpubnu3uuii odcsr po3aury — 1...2 apkyii.

Poznin «3 Bubip Ta xXapakTepucTHKa TeNJIOHOCIIB i MaTepianiB amapara»

HaBoguThcsi xapakTepuCTHKa Ta OOIPYHTYBaHHS BHOOpY TEIJIOHOCIIB, a
TaKOX BUOMPAIOTHCA Marepiaiu il OCHOBHHMX JeTajleil amapara 3 ypaxyBaHHAM
arpecUBHOCTI CEpeIOBUI Ta BUKOHAHHSA YMOB MILIHOCTI. Bka3yroTecs mxepena Ta ix
616miorpadiuHi JaHHI.

[Tpubnu3uuii odcsr po3auty — 1...2 apkyuii.

Poznin «4 TexniuyHa XapakTepucTHKA»
[TogaroTbCsi OCHOBHI  TEXHIYHI BHUMOTHM JO amapara, o Oyne
PO3paxoByBaTHUCh.

[Tpubnu3nuii o0csr po3any — 1 apkyi.

Poznin  «5 Po3paxyHku, 1m0 MOiITBEPIKYWOTh MNpane3laTHICTh

KOHCTPYKIIii anapata (MalIuHu)

[Tigpo3ain «5.1 IlapaMeTpryHUil po3paxyHOK anapara (MalIMHH)»

BukoHyeTbcs MNpoeKTHUH abo0 TMEepeBIPOYHMI pO3paxyHOK amapara Ta
BU3HAYAIOTHCS HOTO OCHOBHI T€OMETPHUYHI PO3MIPH .

[TpuGau3nmit odcsr po3ainy — 8...10 apkymiis.



Po3nin «BUCHOBKH»

Y BHCHOBKY TEpepaxoBYIOTbCA BCi poOOTH, 1m0 OyJId BUKOHAHI Y
BIJIIOBIJHOCTI 7O 3MICTY pOOOTH, Ta NPHUBOJIUTHCA TEXHIYHA XapaKTEPUCTHKA
amapara, SKUH po3paxoByBaiH. Bka3yroThcsi Bci aBTOpChbKi Monudikamii Ta
MOJEpHi3allii.

[Tpubnm3HMit 00csaT po3ainy — 1 apky.

Poznin «Ilepestik mocuaanb»
[TocunanHst Ha BUKOPHUCTaHI JpKepena MPUBOIATHCS B Tiil MOCTIOBHOCTI B SIKii

BOHH 3ralyrOThCA B TEKCTI.

5 PexoMenaanii 10 BUKOHAHHSA MOSACHIOBAJBLHOI 3AIIUCKH

5.1 CTpykTypa NosICHIOBAJIBLHOI 3alIUCKH
[TosicHIOBaJIbHA 3alKCKa PO3paxyHKOBOI POOOTH PO3MOUYUHAETHCS TUTYJIBHUM
JIUCTOM 3 HAJIMUCOM ,,Po3paxyHkoBa po06oTa”, HACTYITHUM apKyIIeM € ,,3aBJIaHHs Ha
npoekTyBaHHs . Jlam ,,3MICT 1 pO3/iI1 3alMCKH BiAOBIIHO 0 3aBJIaHHS".
Jlo [nonaTkiB BHOCATH QJITOPUTMIYHI cXeMH (OJIOK-CXeMH), TaOiauIll

imeHTudikaTopiB, MpOrpamMu, TOBIAKOBI MaTepiany i TOMy HOI10HE.

5.2 Bumoru 10 popMaTyBaHHS NMOSICHIOBAJBHUX 3ANMCOK

TekcT po3paxyHKOBOi pPOOOTH pO3AUISIIOTH HA PO3AUIM 1 TMIAPO3/ILIH,
BIJIMOBIHO /10 3MICTY.

Po3ninu moBWMHHI MaTH TOPSIKOBI HOMEPH B MeEXaX yChOTO JOKYMEHTa
(yacTuHM), MO3HAaYeH1 apadbcbKuMu Ludpamu 3 Kpankoro. [1i1po3 i noBUHHI MaTu
HYMEPALIII0 B MEKax KOXKHOro po3aury. HoMepu nigpo3auiiB CKiIaiaroThCs 3 HOMEPIB
pO3IUIiB 200 MiAPO3Ainy, PO3AUICHHX Kpamnkor. HampukiHii HOMmepa po3aunty abo
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HIJPO3/Ty Kpanka He CTaBUThCA. PO3NUIM, SIK 1 MiAPO3AUIA, MOXYTh CKJIaJlaTUCS 3
JEKUTbKOX IyHKTIB.

HailiMeHnyBaHHs po3/11iB TOBMHHI OyTH KOpoTkuMuU. HaiimeHyBaHHS po3/11iB
1 TAPO3JUIIB 3alKMCYIOTh Yy BUIVIAJI 3aroJIOBKIB 3 a03ally HPONUCHUMHU JITEpaMH
(okpiM TepIIoi BEIWKOI JIITepH) HaMmBXUpHUM (opmaroMm Jitep Bukopucranzs
KypCUBOTO (pOpMaTyBaHHs, NIJKPECICHHS Ta IEPEHOCH CJIB Yy 3arojoBKax HE
JomycKaroThea. Kparnky HampuKiHI 3arojoBKa HE CTaBJSATh. SIKIIO 3aroioBOK
CKJIaJIa€ThCSl 3 JIBOX pPEYEHb, iX PO3AUISIOTH Kparkor. Po3TamoByBaTH Ha3By
O3y, MAPO3ALTY Ta TEKCTY Ha PI3HUX CTOPIHKAX 3a00POHSETHCS.

BiacTanb MK 3aroJoBKOM po3/iay a00 MiApOo3ALTy 1 TEKCTOM MOBUHHA OyTH
y 3 i"nTepBanu. BigcTaHb MK 3aroJioBKamMH po3LIy 1 miapo3ainy — 1,5 iHTepBanu.
KoskeH po3niyl MOSCHIOBAJIBHOI 3allMCKX IMMOYMHAIOTh 3 HOBOT'O JIKCTa (CTOPIHKH).
Biacrtanp MK momepenHiM MiAPO3I1JIOM Ta HACTYIMHUM 3arojOBKOM MiAPO3ALTY
NOBUHHA OyTHU 3 1HTEpBAJIU.

Hywmeparisi cropiHok moBMHHa OyTH HAacKpi3Ha Ui BCi€l 3alUCKH,

BKJIFOUAIOYHX JTOJATKU.

5.3 O¢gopmiieHHs1 po3paxyHKiB

HeoOximHi  po3paxyHKH amaparTiB  BH3HA4YalOTbCI 1  yTOUYHIOKOTHCS
kepiBHUKOM. Bcei Beqtnuunu mogawTthesa B cuctemi CI. B koxxHomy migpo3mini
PO3PaXyHOK CKJIAAAETHCS 33 TAKOI CXEMOKO

1. Merta po3paxyHKy 3 BKa3iBKOIO, 1110 TOTPIOHO BU3HAYUTH.

Po3paxyHnkoBa cxema abo ecki3 BUpoOy (y JOBUILHOMY MacIiTaoi).
BximHi qauHi.
YMOBU pO3paxyHKY.

Po3paxyHok.

AN

BucHOBKH, BIAIIOBIIHO O METH.
[Ipy HaBeneHHI aNrOpuTMIB Ta KOMITIOTEPHUX NpOrpaM  matepial
BUKJIAJIA€THCS y TaK1{ MOCIIIIOBHOCTI :

1. Omnuc maTeMaTUYHOI MOJEJII Ta aJITOPUTM PO3PAXYHKY.



AnropuTMiyHa-cxema Ta ii onuc.
JlanH1 1719 po3paxyHKY.
IIporpama.

PesynbraTy pospaxynky Ha EOM.

A

BucHoBkHM 32 pe3ynbTaramu po3paxyHky Ha EOM.

AnTropuTMidHa-cXeMa, ii OIUC Ta MpoTrpaMa BUHOCUTHCA Y T0JaTOK.

5.4 OdopmiieHHs 101aTKIB

[Ipn HasBHOCTI B TMOSCHIOBAJBHIN 3amucClll JOJATKIB 1X BHUKOHYIOTh Ha
apkymax ¢opmary A4. JIogaToK HyMEPYIOTh YKPAiHCBKUMHM JIITEpAMU Ha MEPUIOMY
apKym J0JaTtky, 3a BUHATKOM jitep €, 3, I, i, 1, O, Y4, b. Koxuuii 101aTOK
PO3IMOYMHAETHCS 3 HOBOT CTOPIHKU MOCEPENHI TEKCTY CIOBOM JOJATOK 3 BKa31BKOIO
HOMEpa N0aTKy. B HaCTyIHIN CTpOULll PO3TAIIOBYETHCS 3ar0JIOBOK JTOAATKY.

TexkcT KOXHOro JOAAaTKy NpH HEOOXIAHOCTI PO3AUISIOTH Ha PO3JALIH,
MIPO3AUTH, K1 HyMEPYIOThCS OKPEMO MO KOKHOMY J0JaTKy. /lomatok mMoxke Matu
CBIM 3MICT Ta mepejik MmocwiaHb. [mrocTpanii 1 Tabauul B J0AAaTKaX HYMEPYIOTh Y
MeXax KO>KHOTO J0JaTKa.

Jlnst Bciel poOOTH MOBUHHA OyTH HACKPiI3HA HyMEpallisl apKyIIiB.

6 Pexomenaanii moao nopsiAKy 3aXucTy po3paxyHKoBoOi po0oTH

30pomrypoBaHa po3paxyHKOBa po0OOTa 3axUIIAEThCA MICHSA TEPEeBIPKU
KEPIBHUKOM.

7 CniuCOK peKOMEHI0BAHOI JiTepaTypu

1. ITaBnoB K.®., Pomankos I1.I'., Hockos B.H. IIpumepsl u 3a1aun o xypcy

MPOLIECCOB M allllapaToB XUMUYecKol TexHosoruu. — JI.: Xumus, 1987. — 576 c.
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M.: Xumus, 1973. — 752 c.
3. OCHOBHBIE MPOLECCHI U annapaTbl XUMU4YecKkor TexHosoruu: [Tocodbue mno
npoextupoBanmto / Ilox pen. 10.U. IsitHepekoro. — M.: Xumus, 1982. — 772 c.

4. Nodbde WN.JI. IlpoexktupoBaHHE MPOIECCOB M alllapaToB XUMHUYECKOU
texHoJsioruu. — JI.: Xumus, 1991. — 352 c.

5. Ky3ueuos A.A., Karepmanos C.M., CynakoB E.M. “PacueTsl mpoiieccoB u
annaparoB HerenepepadbaTbiBatoIMil mpomeieHHocT”. U3a. 2-e , nep. u pom. JI.,
"Xumust”’, 1974 r., 374 c.

6. Jlammnackuit A. A., TomuuHckuii A. P. OCHOBBI KOHCTPYUpPOBAHUS U
pacuera XuMUueckoi anmnapatypsl - JI.: Mammnoctpoenue, 1970. — 752 c.

7. Odopmiierre rpaduueckoil JTOKyMEHTAIlMu. MeToaudecKue yKa3aHHs K
BBITTOJTHEHU IO KYPCOBBIX U JUTTOMHBIX IIPOEKTOB / Cocr.
B.H. Mapuesckuit. — 1989.

8. Bumorn 10 oopmIiIeHHS TEKCTOBO1 JOKyMEHTaIlii. MeToIn4HI BKa3iBKH
JI0 BUKOHAHHS KYPCOBUX, OaKaJIaBPChKUX 1 TUIJIOMHUX MPOEKTIB. YKJI. CTenaHok

A.P., lIseg M.II.
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JlomaTok A

Ipuxaaa BUKOHAHHS PO3PAaXyHKOBOI po00TH

MIHICTEPCTBO OCBITH I HAYKU MOJIOAI TA CIIOPTY YKPAIHHU
HAIIIOHAJIBHUM TEXHIYHWUM YHIBEPCUTET YKPAIHU
“KUIBCbKUU NOJITEXHIYHUN IHCTUTYT”

InkeHepHO-XiMiyHMH (paKyJIbTET

Kadenpa mamuu Ta anapariB Ximivyaux i HagTonepepoOHUX BUPOOHUIITB

PO3PAXYHKOBA POBOTA
Ha Temy: IligirpiBay rigpokcuay HaTpist

conemiaiipHIicTE 6.050202

«ABTOMAaTH3aLI Ta KOMIT'FOTEPHO-IHTErPOBaHI TEXHOJOT1i»

3 TUCLMIUIIHU:

«TexHooriuH1 00’ €KTH 1 mpouecu raiysi-1»

Buxkonas crynent rpynu JIA-81 1O. M. Marnnu

(migmnuc, gaTa)

KepiBHUK IPOEKTY, JIOIL. ML.II. IIBen

(migouc, gara)

Kwuis 2012
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MIHICTEPCTBO OCBITH I HAYKH MOJIOAI TA CIIOPTY SZKPAiHI/I
HANHIOHAJIbHUW TEXHIYHUHW YHIBEPCUTET YKPAIHH
“KUIBCHbKHU MOJITEXHIYHUHA IHCTUTYT”

InkeHepHoO-XiMiuHuMIl pakyabTeT
Kadenapa mamun Ta anapariB Ximivyaux i HagTonepepoOHUX BUPOOHUIITB

3ABJJAHHSA
J10 PO3PaxXyHKOBOI po0oTH
ctynentoBi rpynu JIA-81 Marauu A.A.
1.Tema npoexTy: IligirpiBau rigpokcuy HaTpis

2.Tepmin 31a4i cTyieHTOM 3aKkiHdeHoro nmpoekty: 30 kBiTHs 2012p.
3.BuxiznHi naH1 1o npoekty: Po3paxysaru miairpiad 35% BOASHOIO pO3YUHY
TIAPOKCHLY HATPIsl IS 320€311€UEHHS] HACTYITHUX TEXHOJIOTTYHUX YMOB :

- TMPOAYKTUBHICTh 3,611xkr/c;

— CHUpPOBHHA 35%BoasHU PO3YHH T1IPOKCUIY HATPIS;

— Ttemmepaypa nouatkosa 15 °C;

— TeMmIeparypa KiHIEBa TeMIlepaTypa KUITIHHS;

— BHUOIp rapA4oro TEIIOHOCIS 1 HOTro mapaMeTpu OOrpyHTYBaTH 1 BUOpaTH
CaMOCTINHO.

4.Ilepenik nuTaHb, AKi MaiOTh OyTH po3podieHi: 1) Beryn, 2) Knacudikamis ta
OMUC BIJMOBIJIHOTO TEIIOTEXHIYHOTO oOnagHanHsa, 3) Bubip Tuny amapara Ta
00rpyTyBaHHs HOro KOHCTpyKIii, 3) Bubip 1 xapakrepuctrka TermioHoclis, 4) Bubip
MarepiainiBp amaparta, S5) TexHiuHi BuMoOrujao amapaty, 6) Po3paxyHku, 110
M1ATBEP/KYIOTh Mpale31aTHICTh KOHCTpYKIi, 7) BucHoBku, 8) Ilepernik mocusnaHs.

S.Ilepenik rtpadiunoro (LIFOCTpOBaHOTO) MaTepiany: Po3paxyHKOBI cxemu Ta
CXeMaTH4HEe 300pakKeHHS anapary.

6./laTa Bugayi 3aBgaHs: ,,_ 2012__p.

321BI[3,HH${ HpI/II>'IH$IB A0 BUKOHAHHA CTY.

(niz(rmc, Jata)

KepiBauk po3paxyHkoBoi pobotu, gouent [sex M.IIL.
(migmwuc, nara)
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SMICT

[lepenik CKOpOYEHb, YMOBHHUX [T03HAYEHDb Ta TEPMIHIB

2 Bu0Oip tumy Ta 00IpyHTYBaHHSA KOHCTPYKLIT MITITPIBAUA «.eonnvenneennneenneannenn.

3 Bubip 1 XapaKTEPUCTUKA TETITTOHOCITB ...vveeervrreeererieeenereeeesvreeesereeeensneessssseesanns

4 BuOip 1 XapaKTEPUCTUKA MATEPIATIB ATAPATA ...uveenneenneeaneernneanneenneennnnn.

5 TexHIYHA BUMOTH JO TTTITPIBATA . .vvnnrreennnesennreeennneeanneeanneeennneanns

6 TerutoBUN PO3PAXYHOK TETTOOOMIHHIKA. . ... uveeeeneenteeneenaenneennenneaneannennns
BUHCHOBKH. . ...ttt 26

TIEPEIIK TIOCHIIAHD ...veeeuvveerurieeitiesiteeniieeesateesteeesnseeessseesseeesnseeenseeesnseeensseesseeennne 31

OCHOBHI YMOBHI ITO3HAYEHH A
C — IUTOMA MacoBa TEIJIOEMHICTB;
D — niameTp KOXyXy;
d — BHYTpIIIHIN JlaMeTp TeTI00OMIHHUX TPYO;
d,— eKBIBAJICHTHUH JiaMeTp;
F — noBepxHs Teronepeaadi;
G — MacoBa BUTpaTa TEIUIOHOCIS;
g — IPUCKOPEHHS BUIBHOIO A IIHHS;
K — koediuieHT Temionepenayi;
L — noBxxuHa TErI000MIHHUX TPYO;
| — BU3HAYAIBHUI PO3MIpP B KPUTEPIAX MO11IOHOCTI;
M — Mmaca;
N — 4KCO MIACTUH, MOTYKHICT;
n — YUCJIO TPYO, YMCIIO MapaieIbHUX MOTOKIB;
p — THUCK;
Ap — ripaBiIiyHUM OIip;
Q — TeroBe HAaBaHTAXEHHS;

q — MUTOMA TEIJIOBA HANIPYTa;
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r — MUTOMa MacoBa TEIJIOTa KOHJICH CAllll (BUITApOBYBaHHS);
T, — TEpMIYHUH Omip 1mapy 3a0pyAHEHHS;

S — miona nonepeyHoro nepepizy MmoToKy;

t — TeMIieparypa;

At — pi3HULIA TEMIIEPATYp CTIHKHU 1 TEIJIOHOCIS;

® — MBHJIKICTh PYXY TEIJIOHOCIS;

Z — YHCJIO XO/IIB B KOXKYXOTPYOHUX TETUIOOOMIHHHUKAX;
o — Koe(iLI€HT TEIJIOB111aui;

B — xoedimieHT 00'€eMHOTO PO3IIUPEHHS;

0.1 — TOBIIMHA CTIHKH TEILIONEPEIal04u0i MOBEPXHI;
Aer — TETIOTPOBITHICTD, KOS(DIIIEHT TEPTH;

L — TMHAMI4YHa B'S3KICTh;

p — TYCTHHA,;

G — IIOBEPXHEBUM HATHT;

& — KOe(IIIEHT MICLIEBOTO OTOPY;

Re = Q:—jp — kpuTepiit Peitnonbca;

)

Nu =

| B

— xputepiit Hycenbra;

cl

Pr = = — xpurepiii [Tpasxrs;
A
Gr = g'!-z .'32 A cu .
= [ At — kpurepiii I'pacroda;
Ji

Innexcu:
I—-TemIoHO I 3 OUIBIIO CEPEAHBOIO TEMIIEPATYPOIO (Tapsuuii);
2 — TEIUIOHOCIM 3 MEHIIOK CEPETHBOI0 TEMIIEPATYPOIO (XOJOIHUMN);
H — MOYaTKOBE 3HAYCHHSI, 30BHIIIHINA PO3Mip, HACOC;
K — KIHIIEBE 3HAYCHHS, KOXKYX;
CT — CTIHKa;
T — TEIUIOOOMIHHUK;
Tp — TpyOHUI TPOCTIp;
MTpP — MIKTPYOHUN TTPOCTIp;

I — [TYyUEp.



Beryn

Y 3B’s3Ky 3 PO3BUTKOM IIPOMHCIOBOCTI Ha OCHOBI  CTBOPEHHS
BUCOKOMPOYKTUBHUX YCTAHOBOK 3POCIIO 3HAYEHHS MPOIIECIB TEIIO 1 MAaCOOOMIHY
3 TOYKHM 30pYy pallOHAIBHOIO BUKOPUCTAHHS TEIUIOEHEPTE€TUYHUX Ta CUPOBHHHMX
pecypciB. OIHUM 3 BaXJIMBUX TEXHIYHUX 3aBJlaHb I[POMMCIOBOCTI €
1HTeHCH(IKallisd TEXHOJOTIYHUX MPOLECIB Ta 3a0IIaKCHHS CUPOBUHHUX PECYPCIB,
ocobmuBo mnanuBa. OCHOBHUH WIISAX JUIsI JOCATHEHHS ILbOIO — CTBOPEHHS
TEXHOJIOT1M Ta TEXHOJIOTTYHUX MPOLECIB, MPHU SKUX BECh MOTIK CUPOBUMHU Ta BCI
€HEepreTUYHl  pecypcd  NOBHICTIO, YM 3  MAKCHMaJIbHOK  IOBHOTOIO

BUKOPHUCTOBYIOTHCSI Y BUPOOHHUIITBI TPOAYKITIi.

Jeski raimy3i OPOMHUCIOBOCTI XapaKTEPHU3YIOThCS BUCOKMMH 3aTpaTaMu
TeroTu. ToMy MOTpiOHO CTBOPIOBATH BHUCOKOEKOHOMIYHI TEIJIOBUKOPUCTOBYIOUI
YCTaHOBKHU.

[Iponecn  TemnooOMiHY  MalwTh  BEJIMKE  3HAYEHHS B XIMIYHIH,
HadTOnEepepoOHiil, MeTamypriiiHii, XapyoBid Ta IHIIMX Taly3iX TPOMHUCIOBOCTI.
TermmooOMiHHa amapaTypa CTAHOBUTh 3HAYHY YAaCTKY TEXHOJOTIYHOTO OOJIaIHAHHS B
XIMIYHIA Ta CyMDKHHMX Tally3dX NPOMHUCIOBOCTI. IIuTOmMa Bara Ha migmpueMcTBax
XIMIYHOT MPOMHMCIIOBOCTI TEMJIOOOMIHHOTO OOJaJHAHHS CKJIaJla€ B cepelIHboMy 15—
18 %, y  madroximii — 50 %. CyTTeBa pojb TEIIOOOMIHHOTO OOJaJHAHHS Ha
XIMIYHHX TIAIPUEMCTBAX TIOSCHIOETHCS THM, IO Maike yCi OCHOBHI IpOIECH
XIMIYHOT TEXHOJIOTIT TMOB s13aHi 3 HEOOXIIHICTIO MiABEACHHS YU BiBEICHHS TEILIOTH.

Y nmaHoMy MpOEKTI po3poOJICHO TEMJI0OOMIHHUN amapar JUisi HIpiBaHHS

BOJHOTO PO3YUHY JIYTY A0 TEMIIEpaTypy KUITIHHS.
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1 Knacudikanis Ta onuc KOHCTPYKUiH TeNJI000MIHHIX anapaTiB

3asie’kHO Bij criocoOy nepeaadi TEMIOTH TEIIO0OMIHHUKY MOIISIOTHCS Ha JIB1
OCHOBHI I'pyIH:

- TOBEPXHEBI TEIJIOOOMIHHUKH, B SIKUX OOMIH TEIUIOTOIO MiXK TEIUIOHOCISIMH

B1JI0YBa€ThCS KPi3b TIIYXY CTIHKY, IO 1X PO3MLIISAE;

- TEMJIOOOMIHHMKHM 3MIIIYBaHHS, B SIKMX TEIJIOTa MEPENaeThCsd BHACITIIOK

0e31mocepeIHbOro KOHTAKTY ABOX TEIJIOHOCIIB.

3Ha4yHO piaIIe B XIMIYHINA MPOMHMCIOBOCTI 3aCTOCOBYIOTHCSI pEreHepaTUBHI
TEMJI0O0OMIHHUKH, B SKUX HArpiBaHHS PIJKUX CEPEIOBHII BiOYBAE€THCS 32 PaxXyHOK
iXHBOTO KOHTAKTy 3 MOMEPEIHHO HArPITUMU TBEPAUMH TUIAMU — HACAJKAMU, SIKUMH
3aIIOBHEHMI arapar 1 K1 ep10AUYHO HArpiBatOThCA 1HILIUM TEIJIOHOCIEM.

Haii6inpm momupeHuMH € TMOBEPXHEBI TEIIOOOMIHHUKH, KOHCTPYKIIT SKHX
nyke pizHoMmaHiTHI. Huxde Oyae po3risiHyTO THUIOBi, B OCHOBHOMY HOpMali30BaHi,
KOHCTPYKIIIT TOBEPXHEBUX TEINIOOOMIHHHUKIB.

KoHcerpykuii TemmooOMIHHMKIB MarTh OyTH MPOCTUMH, 3PYYHUMHU IS
MOHTaXy ¥ pPEeMOHTY. Y psji BHUIAJKIB KOHCTPYKI[iS TEMJI0OOMIHHUKA IMOBHHHA
3a0e3neuyBaTy sIKOMOra MeHIle 3a0pyAHEHHS TOBEPXHI TEMIOOOMiHY, IKa Mae OyTH
JIETKOJIOCTYTHOO JIJISl OTJISIAY M OUUIIEHHS.

[ToBepxHeBi  TEIIOOOMIHHMKM  OyBarOTh:  KOXYXOTpyOHI,  TpyOuari,
3polTyBajbHI, 3MIEBUKOBlI , CHIpajbHI, IUTacTUHYATi, OjouyHi.( PucyHku
1.1,1.2,1.3,1.4,1.5,)

KoxyxotpyOHuii oqHOX010B1H TertooOMiHHUK (PucyHok 1.1)

1 — xopnyc; 2 — TpyOHI peunTku; 3 — TpyOu; 4 — KpUILIKH.
Pucynok 1.1 — CxeMa KoKyXOTpyOHOT'0O OJJHOXOIOBOT'O TEINIOOOMIHHUKA
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3acrocyBaHHd. JlaHuil amaparT pamiOHaJbHO BUKOPUCTOBYBAaTH, KOJHU
HIBUJIKICTh TMPOLIECY BHU3HAYAETHCS BEJIMYMHOIO KoedillieHTa TEeIIoBIIIaul y
MDKTPYOHOMY MPOCTOPI, @ TAKOXK Yy MPOLEC] BUIAPIOBAHHS P1AMH.

KoxyxoTpyOHuii TEmI000MIHHUK CKJIQJIa€ThCsl 3 KOpIyca 1 Ta mpuBapeHux J10
HBOTO TPYOHUX peuriTok 2. Y TpyOHMX pelnTkax 3akpimieHud nmydok TpyO 3. Mo
TPYOHHUX PEHIITOK KPIIIATHCS (Ha MPOKIIaiKax Ta 00aTax) KPUIIKHU 4.

VY koxyx0oTpyOHOMY TEIJIO0OOMIHHUKY OJIHA 13 pEYOBHUH | pyXaeThcsi BCepeauHi
Tpyd (y TpyObHOMY mpocTopi), a iHma Il — y mixrpyOHOMY mpocrtopi. PedoBunu
3a3BUYail HANPABJISIIOTH IPOTUTEUIEIO OJHA A0 OAHOI. [Ipu 1IbOMy Ty pe4OBUHY, SKY
HArpiBalOTh, HAMPABJSAIOTH 3HU3Y JOTOpH, a PEUOBMHY, IO BIAJA€ TEIUIO, — B
MPOTUIICKHOMY HampsIMKy. Takuil HampsIMOK PyXy KOXKHOi PEYOBHHH CIIIBIIAJA€ 3
HaIlpsSMKOM, Yy SIKOMY TIparHe pyxaTuCs JaHa pPEYOBUHA IIiJl BIUIMBOM 3MIHM Ii
TYCTUHHM NPU HarpiBaHHl 4M OXOJIOJKeHHI. KpiM TOro, mpu BKa3aHHMX HampsMKax
PYXy JOCSTa€ThbCs OUIbII PIBHOMIPHUI PO3NOAUI IIBUAKOCTEH Ta 1I€HTHUYHI YMOBH
TErI000MiHY 3a IUJIOIICIO TONIEPEYHOro NIepepizy amnapary.

[lepeBaru: [loctaTHbO BeNMKa MIBUIKICTH B TPyOax IMpPH BEIUKUX O0'€MHHUX
BUJATKAX CEPeloBMINA, 10 B HUX pyxaerbcs. IIpocTtora KOHCTpyKLii Ta
eKCIUTyaTallii.

Henoniku: cymapHuii mornepeyHuid mepeTuH TpyO BIAHOCHO BEIMKHM, IO
J03BOJISIE OTPUMYBATH JAOCTATHHO BHUCOKI IIBUJIKOCTI B TpyOaxX TUIbKH MPU BEIIUKHUX
00’€eMHMX BHUTpaTaxX pPEUOBMHHM; HHU3BKHM KOE(DIIIEHT TeIIonepeaadl; HeBeJIruKa
PI3HHIIS TEMIIEPATYP CEPEOBUIIL, MK IKUMU BIIOYBAETHCS TETUIOOOMIH.

Ko:xkyxoTpyOHuii 6araToxoaoBuii TenJ1000MiHHUK

3acTOCyBaHHS. KoxyxotpyOHuii OaratoxogoBui TEII000MIHHUK
3aCTOCOBYETHCS JUIsl MIAICPIBAHHS PIJAMH Ta KOHJEHCATIB, a TaKOX pallOHAIbHO
3aCTOCOBYBATH B CHUCTEMI TEIUIOOOMIHY piIMHA — PiAMHA 1 ra3 — ra3, Npu BEJIHUKUX
TETUIOBUX HaBAHTAKEHHSIX.

B npomy TemnooOMiHHMKY Kopmyc 1, TpyOHI pemnTkd 2, 3aKpillIeHI B HUX
TpyOu 3 Ta KpuILIKK 4 1IEHTUYHI 300pa’keHMM Ha PUCYHKY 1.2. 3a J0mOMOroro
MOTEPEYHUX MEePEeropoAOK 5, YCTAHOBIEHHUX B KPHUIIKAX TEMJIOOOMIHHUKA, TpyOu
PO3JILJICHI Ha CeKIIii, a00 X0/, IO SAKUM IOCTIJOBHO PYXa€ThCs PiAMHA, sSiKa IPOTIKae
B TpyOHOMY NpPOCTOpI TEIIOOOMIHHMKA. 3a3BU4ail po3OMBKY Ha XOIU MPOBOJATH
TaKUM YUHOM, 1100 B YCIX CEKIIISIX 3HAXOIUIAaCh OJHAKOBA KUJIBKICTh TPYO.

3aBAsIKM MEHIIIH IJIOMNII TOMEPEYHOro Mmepepizy TpyO, pO3MIIIEHUX B OAHIN
CeKIlii, B TMOPIBHAHHI 3 TOMEPEYHUM IMEPEPi30oM BCHOTO Mydka TPYyO, IIBUIKICTH
pianHu B TpyOHOMY HPOCTOPi 0araroxoAoBOrO TEIIOOOMIHHUKA 301IbLIYETHCS (IO
BIJIHOIIEHHIO /10 IIBUJIKOCTI B OJTHOXO/I0BOMY TEILJIOOOMIHHUKY) B YUCJIO Pa3iB, pIBHE
yucity XoAiB. Tak, B YOTUPbOXXOJOBOMY TEINIOOOMIHHUKY (PUCYHOK 2) IIBHJKICTb B
TpyOax Mpu 1HIIMX PIBHUX YMOBax B YOTHUPH pa3u OUIbIlE, HI)K B OJHOXOJOBOMY.
JInst 301IbIIEHHST IBUKOCTI Ta MOJOBXEHHS HUIAXY PyXY PIAMHU B MK TpyOHOMY
OpocTOpi  CIOYTYIOTh  CETMEHTHI  meperopogku 6. B ropusoHTanbHUX
TEMJI000MIHHUKAX 111 IEPETOPOAKU CIYTYIOTh OJJHOYACHO MPOMIKHUMH OTIOPaMU JJIsl
nmy4Ka Tpyo.
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[TepeBaru. binpima MBUAKICTH TEMIO0OOMiIHY B TOPIBHSHI 3 OJHOXOIOBUMHU
KOXKYXOTPYOHUMH TEIIOOOMIHHUKAMH.

Henmoniku. Hwuspka pymiiiiHa cuia Temionepenadi, Ta HEMOXKJIUBICTh
BHKOPUCTAHHS TIPH Pi3HHUIX Temnepatyp Oinsme 50°C.
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1 — xopnyc; 2 — TpyOHI peunTku; 3 — TpyOu; 4 — KpULIKK; 5 — EPETOPOJIKH B
KpHULIKax; 6 — IEperopoku y MiXKTpyOHOMY IIPOCTOPI
Pucynok 1.2 — Cxema K0kyXoTpyOHOT0 6araroxo/1oBOro TeriooOMiHHUKA

KoxkyxoTpyOHuii Ten/io00MiHHMK 3 OABITHMMHU TPyOamMu
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1,3 — TpyOHi pemniTKy; 2 — BHYTpIlIHI TpyOH; 4 — 30BHIIIHI TPYOH.
Pucynox 1.3 — Cxema K0KyXoTpyOHOTO TEIJI000OMIHHUKA 3 TIOJIBITHUMU TpyOamMu

3acrocyBanHs. TemI000MIHHUKHY 3 TOABITHUMH TPyOaMu BUKOPHUCTOBYIOTHCS
B OCHOBHOMY B KOHTAKTHO-KAaTAJIITUYHUX 1 pEAKLINHUX MpoIecax.
3 OJIHI€T CTOPOHU amapary po3MILIEH] ABl TPYOHI PELITKH, IPUUYOMY Y PELIITII
1 3akpimiieHuid My4yoK TpyO 2 MEHIIOro AiamMeTpa, BIAKPUTUX 3 000X KIHIIB, a B
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pemritii 3 — TpyOm 4 Oimpmioro giaMeTrpa i3 3aKpPUTHMH JIIBUMHU  KIHIISIMH,
BCTAHOBJICHUMHU KOHIIEHTPUYHO BiTHOCHO TpyO 2 (Pucynok 1.3).

Cepenosuiie | pyxaerbcs 1o KUIbLIEBUX MPOCTOpax MiX Tpybamu 2 Ta 4 i
BUBOJUTHCA 3 MDKTPYOHOro NpOCTOpY TEIUIOOOMiHHMKAa 1o TpybOax 2. IHiue
cepenoBuiie Il pyxaerbcst 3BepXy BHHM3 IO MIKTPYOHOMY MpPOCTOPY KOPIIYCY
TeIJI000MIHHKKA, OMUBAIOUX TPyOH 4 30BHI. Y TEIUIOOOMIHHUKAX TaKOi KOHCTPYKIIIi
TpyOM MOXKYTh MOJOBXKYBATHCS MiJ IIEI0 TEMIIEpAaTypu HE3AJEKHO BlJI KOPIYCY
TEIMJI000MIHHHUKA.

[lepeBaru: HeBenWKi Mepepi3u BHYTPIMIHBOI TPyOH, M0 JA€E MOMIJIHMBICTH
J0CATaTH 3HAYHUX HIBUAKOCTEN PYXY TEIJIOHOCIIB, [0 B CBOIO Y€Pry MPU3BOIUTH 10
M1BUIIEHHS KOe(DIIEHTY TerIonepeaayi.

Henoniku: nopoxunii, HIX KOXYXOTpYOHHUH OZHOXOJOBHH TETIOOOMIHHUK
(MeTaI0eEMHI); CKJIaJHICTh MOHTAXY; OUIBII I'POMI3JIKI.

JIBOTPYOHUII TeMI1000MiHHUK

3actocyBaHHs. B KOHTakTHO-KAaTamiTUYHHUX Ta PEaKIIMHMX Mpolecax, o
BIJIOYBAIOThCS MPU BHCOKUX TEMIIEpaTypax, KOJIM HEOOX1JHO 3a0e3MEeYUTH BUIbHE
NOAOBKEHHs BCiX TpyO. st mporeciB 13 TOPIBHAHO HEBEJIMKMMH TETUIOBUMH
HABAHTAKEHHSAMH 1 BIATIOBIIHO MaJIMMU TOBEPXHAMHU TEINIOOOMIHY.

TennooOMIHHUKHM I1i€] KOHCTPYKIIT CKJIQJatOThCs 3 KUIBKOX IOCIIOBHO
3’€THAHUX TPYOHUX E€JIEMEHTIB, YTBOPEHUX JIBOMa KOHIEHTPUYHO PO3MIIICHUMH
TpyOamu. OJUH TEIJIOHOCIH PYXa€eThCs MO BHYTPIIHIX TpyOxm 1, a iHImMI — 10
KUTBLIEBOMY 3a30py MiX BHYTpimHIMH | Ta 30BHimHIMEH 2 TpyOamu. BHyTpimiHi
TpyOu 3’ €JHYIOThCS KajlayaMu 3, a 30BHIIIHI TpyOu — natpyokamu 4 (Pucynok 1.4).

[lepeBaru: BHCOKI HIBHAKOCTI PyXy pIAMH; MOPIBHSHO BHCOKI Koe(imieHTH
TeIUIonepeaayl; MEHIIa KMOBIPHICTh BIJKJIAJaHHA Hakuly Ta 3a0pyIHEHHS
MOBEPXOHb TEIUIOOOMIHY; MOJKJIUBICTh €(QEKTUBHO MpALIOBaTH MPU HEBEIHUKHUX
BUTpaTax TEIJIOHOCIIB.

Henosiku: O6151b11 TPOMI3JKI, HIXK KOXKYXOTPYOHI1; METAJIOEMHI.

1 — BHyTpimHI TpyOH; 2 — 30BHIIIHI TpyOH; 3 — Kanay; 4 — naTpyOoK.
Pucynok 1.4 — Cxema 1BOTpyOHOIO TEMIO0OMIHHUKA
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3Mi€BUKOBHH TEMJI000OMIiHHUK

3actocyBaHHs. [Ipy BUCOKMX THUCKaxX 1 B XIMIYHO aKTUBHHMX CEPEIOBHINAX, ITPU
NOBEPXHSX HarpiBaHHs 10 10+15 M”.

VY 3aHyproBaHOMY 3M1€BUKOBOMY TEIJIOOOMIHHHMKY KpaIUIMHHA piMHA, ra3 abo
nap pyxawTbCs IO CHipaJbHOMY 3MiHOBHKY 1, BUKOHaHOMY 3 TpyO AiamMeTpoM
15...75 MM, sxuii 3aHypeHUH y piIuHY, 110 nepedyBae B KOpMyci 2 arapary.
Baacninok Benukoro o6'eMy Kopmycy, B SKOMY 3HAaXOJUThCS 3MIMOBHK, IIBUJKICTb
pIIMHU B KOpIyCl HE3HayHa, IO OOYyMOBIIOE HM3bKI 3HAYEHHS Koe]illieHTa
TEIIOBIIIa4ul 330BHI 3MiKoBHKA. J[Jsg HOro 30UIBIICHHS ITABUITYIOTH IIBHIKICTH
PLAMHM BCEpEIMH1 KOPITYCY LUISIXOM BCTaHOBJICHHS B HbOMY BHYTPIIIHBOTO CTaKaHy
3, ajie Ipu LbOMY 3HAYHO 3MEHUIY€EThCSI KOPUCHO BUKOPUCTOBYBaHUI 00'eM Kopiyca
amapaty. Pa3zoM 3 TUM B JeSKHX BUMAAKaX OUTHIINK O0'€M pIOUHH, IO 3aIOBHIOE
KOPITyC, Ma€ 1 TO3UTHBHE 3HAUYEHHS, OCKUIbKH 3abe3neuye OiIbll cTabiibHy poOoTy
TEIJIOOOMIHHMKA TpPHU KOJIMBAHHSAX pexuMy. TpyOu 3MiMOBHKA KpIIUIATHCS Ha
koHCTpyKii 4 (Pucynok 1.5).

[lepeBaru. 3HaxoAsTh IIMPOKE 3aCTOCYBAHHS BHACIIJOK MPOCTOTH OYJIOBH,
JEIIEBU3HU, TOCTYIHOCTI JJI1 OYUCTKHU i PEMOHTY.

Henmoniku.  TemmoBimmaya B~ MUDKTPYOHOMY — MIpPOCTOpl  3aHYpPEHUX
TEMJI00OMIHHUKIB MAaJIOIHTEHCMBHA, OCKUIBKA TEMJIO MepeHaeTbCcsi MPAKTUYHO
IUIAXOM BUIBHOI KOHBEKIll. TOMy TEIUIOOOMIHHHMKHM Takoro THUILy MPaLIOTh MpU
HU3bKHUX TEIJIOBUX HAaBaHTAKCHHSIX.

hy

] -

T — —

Ly

———

1 — cnipasibHMI 3MIHOBUK; 2 — KOPITyC anapary; 3 — BHyTpIIIHIi cTakaH; 4 —
KOHCTPYKLIs JUIsl KPIIUIEHHS 3M1AOBHKA
Pucynok 1.5 — CxeMa 3M1€BUKOBOI0 TEIJIOOOMIHHHUKA
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3pommyBajibHUI TENJI000MiHHUK

3acTocyBaHHs. 3pOIIyBaJIbHI TEMIOOOMIHHUKH 3aCTOCOBYIOTHCSI T'OJIOBHUM
YUHOM B SIKOCTI XOJIOJWJIbHUKIB Ta KOHJEHCATOPIB, MPUYOMY OJU3bKO IMOJOBHHU
TerIa BiIBOJUTHLCS MPY BUNIAPOBYBAaHHI OXOJIO/DKYIOUOi BOJU. B pe3ynbrari BUTpaTu
BOAM PI3KO 3HUKAIOTHCA B TMOPIBHSAHHI 3 ii BUTpaTaMyd B XOJOJMUJIBHUKAX 1HIIUX
THIIIB.
Takuil TETUIOOOMIHHHMK TIPEACTaBisie cOO0I0 3MIMOBUKUA 1 3 PO3MIIICHUX OJWH Ha
OJIHUM TIpSIMUX TpyO, sKi 3'€qHaHI MK coOoro Kamadyamu 2. TpyOu 3a3Buuaii
PO3MIIlIEH] B BUTJISI/II MapaieIbHUX BEPTUKAIBHUX CEKIliM (Ha puc.7 moKa3aHa JUIIe
OJIHA CEKIlif) 3 3arajJbHUMH KOJICKTOPAMH ]IS T0/adl Ta BIIBOIY OXOJOMKYHYOTrO
cepenoBuia (BoAM). 3ropu 3MiHOBUKH 3pOIIYIOTHCS BOJIOI0, PIBHOMIPHO PO3ILICHOIO
y BUIUIAJI Kpamreib Ta CTPYMEHIB 3a JONOMOI'OK K0j00a 3 3 3y04UaTuMH KpasiMu.
BignpanpoBana Boja BIABOAUTHCA 3 MifAoHa 4, BCTAHOBJIEHOTO IiJi 3MiilOBUKaMu
(Pucynok 1.6).

Folfz

1 — cexii npsamMux Tpyo; 2 — Kayayi; 3 — po3NOAUTIOBAIBHUH 0J100; 4 — MiJII0H
Pucynok 1.6 — CxemMa 3polryBajibHOTO TEIUIOOOMIHHUKA

VY 3B'SI3Ky 3 BUIIAPOBYBAHHSM BOJM, IO MIJACUIIIOETHCS IPU HEJOCTaTHHOMY
3pONIYBaHHI, TEMJIOOOMIHHUKM IbOTO THILy YAaCTIIIE 3a BCE BCTAaHOBIIOIOTH Ha
BIJIKDUTOMY TOBITPI; iX OrOPOKYIOTh AEPEB'THUMU PEIIITKAMHU (¥KaIk031), TOJIOBHUM
YUHOM [UJIi TOro, 100 3BECTH N0 MIHIMyMYy pO3MOBCIO/DKCHHS OpPU30K BOJIU.
He3Baxatoun Ha Te, 10 KOEPIUIEHTH TEIUIONEpenadl , skl NPALOTh MO MPUHLIUITY
NEPEXPECHOTO CTPYMY, TPOXH BHILE, HIXK B 3aHYPEHUX, X CYTTEBUMH HEJIOJIIKAMU €:
IPOMI3JIKICTh, HEPIBHOMIPHICTh 3MOYYBAaHHSI 30BHILIHBOI IMOBEPXHI TPyO, HIXKHI
KIHIII SIKHUX TPY 3MEHUIEHH]1 BUTPAT 3pOLIYBaIbHOI BOJU YK€ IMOTaHO 3MOYYIOThCS Ta
MPaKTUYHO HE OepyTh yd4acTi B TEmIOOOMiHI, KOpo3is TpyO KHCHEM IMOBITpH,
HasBHICTH Kparneib Ta OpU30K, K1 MONaJal0Th B HABKOIMUIIIHIN TPOCTI.

[lepeBaru. BigHOoCHO Maill BUTpaTH BOJM - BayKJIMBaA IepeBara 3pollyBajJbHUX
TEMJI000MIHHUKIB, SIKi, KPIM TOTO, BiJIPI3HSIOTHCSA TAKOXK MPOCTOTOI0 KOHCTPYKINT Ta
JICTKICTIO OYMCTKH 30BHIIIHBOI ITOBEPXHI TPYO.

Henoniku. 3pomryBaigbHi  TEMIOOOMIHHUKH TMPALIOIOTh TPH  HEBEITUKUX
TEIUIOBUX HaBAaHTAKEHHAX Ta KOe(IlI€HTH TeIionepeaayi B HUX HE BUCOKI. X 4acTo
BUTOTOBJISIIOTh 3 XIMIYHO CTIMKHMX MarepiaiiB. ['poMi3aKicTh, HEpPIBHOMIPHICTH
3MOYYBaHHs 30BHIIIHBOI MOBEPXHI TPYO, KOPOAYBAHHS TPYO KUCHEM MOBITPSI.
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IlnacTuHYaCTHH TEIJIO0OOMIHHUK

3actocyBanHsl. [Iporecu TemiooOMiHy MIXK piAMHAMEU

B miactuHuaTOMy TEIUIOOOMIHHHMKY TOBEPXHS TEIJIOOOMIHY YTBOPIOETHCS
ropipoBaHUMHU TapaneNbHUMHU TUTACTUHAMU 1,2, 32 JOTIOMOTOIO SIKHUX CTBOPIOETHCS
CUCTEMa BY3bKHX KaHaJiB IIMPUHOIO 3-6 MM 3 XBWJISACTMUMH CTiHKaMu. PimunHu, Mix
SKUMHU B1IOYBAa€ThCS TEIUIOOOMIH, PYXamwThCd B KaHalaX MDK CMDKHUMH
IJIACTUHAMH, OMUBAIOYH MPOTUIICKHI OOKOBI CTOPOHHU KOXHOT IMJIACTUHHU.

[nacTuHa Mae Ha mepeaHid MOBEPXHI TPU MPOIIAPKHU. Biabmmii mpomapok
oOMeXye KaHall i pyXy piIMHUA | MK IJIaCTHHAMU, & TaKOXK OTBOPHU JIJISI BXOIY
pimuHu 1 B KaHa Ta BUXOAY 3 HBHOTO; JIBI Majl KUIBIIEBl MPOKIAAKU YIIIIHHIOIOTh
OTBOPH, Yepe3 AKi HAIXOIUTh Ta BUXOAUTH PiIMHA 2, KA PYXA€ThCS IPOTUBOTOKOM.

Ha pucyHky 6 pyx piavHd 1 NOKa3aHO CXEMAaTHMYHO MYHKTHPHOIO JIHIEIO, a
plavMHU 2 — MIUIbHOO JiHI€. PigquHa 1 HAAXOaUTh Yepe3 WITyuep 3, pyXaeThes Mo
HEMapHUM KaHaiaM (paxylouu cIipaBa HajJiBO) Ta BUXOOUTh dYepe3 MITyuep 6
(Pucynox 1.7).
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1 — mapHi TuIacTUHY; 2 — HEMAPHI JIACTHHM; 3,4 — IITYIEPH JIJIs1 BXOY Ta BUXOY
TertoHocis 1; 5,6 — Te Xk, 1m0 1 11l TETUIOHOCIS 2; 7 — HEpyXoMa T'oJIOBHA IUINTA; 8 —
pyXoMa TroJ0OBHa IUINTA; 9 — CTATYHOYMIl TBUHTOBHI MPUCTPIN.

Pucynox 1.7 — Cxema miacTHHYACTOTO TETUIOOOMIHHUKA

[TakeT mIacTHH 3aTUCKAETHCS MK HEPYXOMOIO TUTUTOIO 7 Ta PyXOMOIO IUTUTOIO 8 3a
JIOTIOMOT'OY0 TBHHTOBOT'O 3KHMY 9.

BHacniiok 3HAYHUX IIBUAKOCTEM, 3 SKUMU PYXalOTbCS PIIMHU MK
MJIACTUHAMM, JTOCSATAIOTHCS BUCOKI KOoe(ilieHTH Teronepenayi, ax 10 3800 BT/kB.M
1 O1JIBIIIE TIPU MAJIOMY T1paBIIYHOMY OIIOPI.

IlepeBarn  IlmacTuHYacTi TEIUIOOOMIHHUKH  JIETKO  PO30MpArOThCS  Ta
OUHUIIAIOTHCS Bif 3a0pyaHeHb. [1iABUIIIEH] TETUIOBI HABAaHTAXKCHHS.

Henomniku. JIo HUX BITHOCSTHCS: HEMOXJIHMBICTH POOOTH TIPH BUCOKUX THCKAX
Ta BaXXKICTh BUOOPY €TACTUYHUX XIMIYHO CTIMKHUX .
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CuipajibHuii Tem1000MiHHUK

3actocyBaHHs. BUKOpHCTOBYIOTH JIJIsl HATPIBaHHS Ta OXOJIOIKEHHS ra3iB,
plauH Ta mapora3zoBux cyMimei. O0sacTh 3aCTOCYBaHHS 0OMekKeHa HEBEIUKOIO
PI3HMIICIO TEMIIEPATYP Ta TUCKIB.

B crnipanbHOMY TEmI000MIHHHMKY TTOBEPXHS TEIIOOOMIHY YTBOPIOETHCS JIBOMA
MeTajieBUMHU JiucTaMu 1 1 2, 3BepHyTUMHU 1O cripaii. BHyTpimHiI KiHII JUCTIB
MIPUBAPEHI JI0 TIYyXOi MEeperopojku 3, a iX 30BHIIIHI KiHIIl 3BapeHl OJUH 3 OJHUM. 3
TOPIIIB CITIpai 3aKPUTI BCTAHOBJICHUMH Ha MPOIIAPKAX IUIOCKUMHU KPHUIIKaMu 4 Ta 5.
Takum 4rHOM, BCEpEAMHI arapaTta YTBOPIOIOTHCS J[Ba 1301bOBAaHUX OJMH BiJl 1HIIIOTO
CHipaJIbHUX KaHaMM (MHUPUHOIO 2+8 MM), MO SKUM, 3a3BUYail  MPOTHUBOTOKOM,
pyXarThcs TeIuloHocli. Sk moka3zaHo Ha puc. 10, termoHocit 1 HagXxoauTh vepes
IITYIEp Ta BUAAIAETHCS yepe3 OOKOBHIA MITyIep B MpaBiii KPUIII TEIUIOOOMIHHUKA,
a TEIJIOHOCIHA 2 BXOJMUTH B BEPXHIM LITYyLIEp Ta BUIAISAETHCSA Yepe3 OOKOBUH LITYIEP
B JiBid kpui (Pucynok 1.8).
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1,2 — mucTu, 3BepHYTI B cripaii; 3 — neperopoaka; 4,5 — KpUIIKH
Pucynox 1.8- Cxema criipajibHOTO TEMI000MIHHUKA

[lepeBarn CmipanbHi TEIIOOOMIHHUKHA JIOCHTh KOMIIAKTHI, MPAaIOOTh MpU
BHUCOKHX IIBHJKOCTAX TEIUIOHOCIIB (1 piauH 1+2 M/c) Ta BOJIOAIIOTH NPU PIBHUX
HMIBUAKOCTSIX ~ CEPENOBMI] MEHIUMM TiJIpaBIiYHUM OIOpPOM, HIDK TpyOuacTi
TEMJI000MIHHUKH PI3HUX THIIIB.

Henomniku. i anapatu ckiagHi B BUPOOHUIITBI Ta MPALIOIOTh TP OOMEKEHUX
Ha/UTMIIKOBUX THCKaxX, Kl HE NepeBULIYIOTH 10aTM, OCKUIBKM HaMOTKa clipaien
YCKJIQJTHIOETHCSA 31 30UIBIIICHHSM TOBIIMHU JIUCTIB; KPIM TOT'0, BAHUKAIOTh TPY/IHOIIT
IIPU CTBOPEHHI IIIJILHOTO 3'€ THAHHS MK CIIpaIsiMU Ta KPUIIIKAMH.
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Bbaouynuii TernJi000MiHHUK

3actocyBanHs. {15 mporieciB Tem1000MiHy, 1110 Bi10YBarOTHCS B XIMIYHO
arpeCUBHUX CEPEIOBUILAX.

brounnii TEMI000MIHHUK CKIIAIA€ThCA 3 OKpeMux rpaditoBux OyokiB 1, mo
MaloTh HACKPI3HI BEPTUKAIbHI KaHAIM 2 KPYTJIOTO MEPETUHY Ta MEPIEHAUKYIIAPHI M
ka"anu 3. TemnoHociii | pyxaeTbcs Mo BEpTUKAIBHUM KaHaiaMm, a Tertonocii I — mo
TOPU30HTAJIbHUM KaHaJaM 3, MPOXOASYM MOCIIJOBHO BCl OJIOKH. ['OpH30HTaNIbHI
KaHaJIM Pi13HUX OJIOKIB 3’€IHYIOTHCSA OJIMH 3 OJIHUM uepe3 OOKOBI MepeTiuHi kamepu 4.
['padiToBi OJ0KM YIIUIBHIOIOTHCS MK COOOI0 MPOKJIAIKaMU 3 PE3UHU YU Te(IOHY Ta
CTATYIOTbCSL TOPUEBMMM KpHIIKamMu S5 Ha Oonrax. KpiM mnpsMokyTHuX OJOKiB
BUKOPUCTOBYIOTh TaKOX LMJIIHIPUYHI OJOKH, B SIKHX TOPU3OHTAJIbHI KaHaJIH
po3MilyoThes paaianbHo (Pucynok 1.9).
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1 — rpaditoBi O10KH; 2 — BEpTUKAIbHI KPYTIJIl KaHAJIH; 3 — TOPU3OHTAIIbHI KPYTJIi
KaHaH; 4 — OOKOBI NMEPETIUHI KaMEPH; 5 — TOPLIEB1 KPUILIKU
Pucynok 1.9 — Cxema 05104HOr0 TEMI000MiHHUKA 3 TpadiTy

ITepeBaru: 3acTocyBaHHS ISl XIMIYHO arpeCUBHUX CEPEIOBUII, JIC
3aCTOCYBAHHS 1HIIMX TEIUIOOOMIHHHMKIB HEAOMYCTHME.

Hemomniku: 3acTOCOBYIOTBCS MPYU HEBUCOKUX THCKaX; HEOOX1THICTH 00pOOKH
rpadity st 3ano0iranHs Woro 3a0pyIHEHHS.
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2 BuOip Tumy anmapara ta 00IpYHTYBAHHSI HOT0 KOHCTPYKIIl

B 3aranbHOMY BHUIYCKY TEJIOOOMIHHMX amapatiB JJig XIMIYHOI Ta CyMIDKHUX
rajy3eid mnpomucioBocti B Ykpaini Outa 80 % 3aiiMaloThb KOXYyXOTpYyOHI
Ter1ooOMiHHMKM. LI amapatw HOCTaTHRO MPOCTI y BUIOTOBJEHI Ta HaAllHI B
eKcIuTyaTalii 1 OJIHOYacHO JOCTaTHbO YHIBEpCAJIbHI, TOOTO MOXYTh OYyTH
BUKOPHCTaH1 IS 31HCHEHHS TEIJIO0O0OMIHY MIX ra3amu, apamMmu, piiuHaMu B Oy/ib-
AKOMY TIO€HAHI TETUIOHOCIIB Ta B IIMPOKOMY Jiama3oHi iX THUCKIB 1 TeMmrmepartyp.
OOpanuii KOXKYXOTpYOHHI TETUIOOOMIHHHMK TOMY, ITI0 BiH BiJANIOBIIa€ TEXHOJIOTIYHUM
YMOBaM 1 OUJIBIIIOCTI BUMOT, SIK1 CTABJIATHCS MEPe]T TEINIO0OMIHHUKAMU

- BIH € TIOBEPXHEBUM, TOOTO HE JIOMYCKAETHCS 3MINTYBaHHS TETUIOHOCITB;

-BIH M€ JIOCUTb BEJIMKUM KOE(DILIEHT TEIJIONEPEIayl, o J03BOISE 3MEHIITUTH
rabapuTHI po3MipH anapara;

- BIH Ma€ NPOCTY KOHCTPYKLIIO Ta MPOCTHI Yy BUTOTOBJIEHHI;

-JIETKICTh OYUCTKHU TPYOHOTO MPOCTOPY;

-HEBEJIMKA METAJIOEMHICTD,

- MaJyia cCOO1BapTICTh BUTOTOBJICHHS;

- MPOCTOTA E€KCILTyaTallli.

B koxyxorpyOHOMY TEIJIOOOMIHHUKY OJMH 3 TeIIoHOCiiB I pyxaerbcs
BcepenuHi TpyO (B TpyOHOMY mpocTopi), a iHmui Il — B MDKTpyOHOMY MTpOCTOPI.
TernmoHoCIT CIPSAMOBYIOTh MPOTUIICKHO OJUH OJHOMY. TeroHOCiH, SKuit HEOOX1THO
HiIrpiBaTH, COPSIMOBYIOTh 3HU3Y BrOpYy, a TEIUIOHOCIH, SIKUi1 HEOOX1THO OXOJIOJUTH,
B MPOTUJICKHOMY HampsiMi. Takuii HampsiM pyXy KOKHOTO TETUIOHOCIS CIIBHAAAE 3
HAIMPsIMOM, B IKOMY PYXAa€ThCS JaHUH TETUIOHOCIH M1 AI€0 3MIHU HOTO TYCTUHU TIPH
HarpiBaHHI YW OXOJIOJ)KEHHI. TeruiooOMIHHUK CKJIadaeTbcs 13 Kopryca 1 1
IPUBAPEHUX 10 HHOTO TPYOHHX PEUIiTOK 2. B TpyOHHMX pemriTkax 3aKpirIeHHd Myq90K
TpyO 3. Jlo TpyOHMX pemnToK KpimiasThecs (Ha MpOKIafKax 4yu Oonrax) kpumku 4
(Pucynok 2.1).

1 — xopnyc; 2 — TpyOHI pennTku; 3 — TpyOu; 4 — KPULIKH.
Pucynok 2.1 — OnHOX010BUI KOXKYXOTPYOHUH TEINIOOOMIHHUK.
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Bracnigok pi3HHII TeMmmepaTyp TEIUIOHOCIIB, IO PYyXaloThCsA y TPyOHOMY 1
MK TpyOHOMY IIPOCTOpi, BiAOYBAETHCS TEIIIOOOMIH: TeMIepaTypa OuIbIl HArpiTOro
TEIJIOHOCIA 3MEHIIYETHCS, @ TEMIIEPATypa MEHII HArPITOrO MiABUILYETHCS.

KoxxyxoTpy64aTi 0HOXOI0BI TEIIOOOMIHHUKHA 3aCTOCOBYIOTh, KOJIU PI3HUIISA
Temreparyp Mik Tpybamu i Koxkyxom Menme 40°C. Ilpu Ginblniii pisHMNi
TeMrepaTtyp TpPyOM 1 KOXyX TEIJIOOOMIHHHMKA TIOJIOBXKYIOTBCS HEOAHAKOBO,
BHACJIIJIOK [IbOTO BUHUKAIOTh HAJIMIPHI HaMpy>XeHHsI B TPyOHUX penriTkax. [{e moxe
MIPU3BECTH JI0 MOPYIICHHS T€PMETUYHOCTI 3'€THaHHS TPYO 13 TPYOHHMU penriTKkaMu 1
SK HACIHIJOK 3MIITyBaHHS TEIUIOHOCIiB. [Ipu pi3HHIN Temmeparyp MK TpyOamu i
KOXKYXOM TerioooMiHHuKa Gibiior 3a 40° C 3acTOCOBYIOTH CIIEL[iadbHI MPUCTPOI
JUIsl 3MEHIICHHSI PYWHIBHOI il HEPIBHOMIPHOTO TMOJOBXKEHHS TPyO 1 KOXyxa
TEII000MIHHUKA.

Jlo TemnoOOMIHHHKIB 3 TaKHMH HPHUCTPOSIMH HallekKaTh: TEIUIOOOMIHHUKH 3
ITABAIOYOI0  TOJIBKOIO  (pucyHOK 1.2, a), TEmIOOOMIHHUKH 3 JIIH30BUM
KOMIICHCATOPOM Ha KOXYyXY TerjiooOMiHHUKA (pUCYHOK 1.2,0), TEMIOOOMIHHHUKYU 3
U-noaiOuumu TpyOkamu (pucyHok 1.2, B).
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1 — nmnaBaroya roJiiBka; 2 — JIiH30BUM KoMmIieHcatop; 3 — U-noiOH1 TpyOKH.
Pucynox 2.2 — TermmooOMiHHHKY 3 KOMIICHCYIOUUMH MTPUCTPOSIMH: & —
TEIUIOOOMIHHHK 3 INIaBAIOYO0IO I'OJIIBKOIO; O — TEINIOOOMIHHHK 3 JI1H30BUM
KOMIICHCATOPOM; B — TeTI00OMIHHHK 3 U-no1iOHIMEU TpyOKaMHu.

Jlns migBuieHHs KoedillleHTy TeIUIoBiaaa4l 3acTOCOBYIOTh 0aratoxomioBi
TertooOMinHI anapaTtu. [Ipyu mpomy 30UIBIIYIOTH KUIBKICTh XOJIB SK B TPYOHOMY
IPOCTOPi TaK 1 B MDKTpYOHOMY mipoctopi. [Ipu 301mbIIeHH] KITBKOCTI XOJIB 3pOCTa€E
IHTEHCUBHICTh TEIJIOOOMIHY, aje MpU IOMY 3pOCTA€ TiJIPaBIIYHHUI OMIp, TOMY
3a3BUYail KUTBKICTh XOJIB HE TepeBuInye 5-6. 3a3Bu4ail po30MBKY Ha XOJU POOJIATH
TaKUM YUHOM, 00 y BCIX CEKIsIX 3HAXOJWJIACh MPUOIM3HO OJHAKOBA KITBKICTH

TpyO.
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1 — koprmyc; 2 — TpyOH1 pennTku; 3 — TpyOu; 4 — KPUIIKH; 5 — IEPEropoaKU B
KpHUIIIKax; 6 — IEPeropo K B Mi>k TpyOHOMY MPOCTOPI.
Pucynox 2.3 — HoTupboXX040BHIl KOXKYXOTPYOHHI TETIIOOOMIHHHUK.

Bnacnigok MeEHIIOI IJIONII CyMapHOIO MOMEPEYHOro MEPETUHY TpYoO,
PO3MIILLEHUX B OJHIM CEKIIii, MOPIBHAHO 3 MOIMNEPEYHUM NEPETHHOM BCHOTO Iy4YKa
TpyO, MIBUAKICTH PIAMHU B TPYOHOMY MPOCTOpPi 0AraroxomoBOro TEIJIO0OMIHHUKA
3pocTta€e (MO BIJHOIICHHIO JI0 IMIBHAKOCTI B OJHOXOJOBOMY TEIIOOOMIHHUKY) B
KUIBKICTh pa3iB, 110 JOPIBHIOE YUCITY XOAiB. Po3MillieHHs MonepeyHrux NePEeTHHOK B
MDKTPYOHOMY MPOCTOP1 MPU3BOAUTH 1O 30UIBIIEHHS 1HTEHCHBHOCTI TEIUIOOOMIHY
BHACIIJIOK 301TBIIICHHS MBUAKOCTI pyXy TEIUIOHOCISI B MKTPYOHOMY MPOCTOPI.

B koxXyXoTpyOHUX TEIJIO0OOMIHHMKAX OJMH 3 TEIUIOHOCIIB PyXaeThCs B TPyOax,
a 1HIMK B MDKTpYOHOMY mpocTopl. ICHYIOTH mpaBWiia, SKUX CIIJ JOTPUMYBATUCH
Opu TOMYy, KOJIM OOMparOTh J€ pO3MIIIyBaTH TEIUIOHOCII, B TpyOHOMY uH
MDKTPYOHOMY IPOCTOPI:

1) TemmoHOCIH, 13 SIKOTO BHAUISETHCS OCa, CIiJ MPOMYCKATH 3 TOTO OOKY
MOBEPXHI TEIJI000MiHY, 3 IKOTO JIETIIIE TPOBOJAUTH OUUILICHHS;

2) s OCATHEHHsS OUIbIIOro KoedilieHTa Terionepeaadyi TEeIIOHOCIH 3
MEHIIIUM KOEe(DIIIEHTOM TEIJIOBIAAAY1 CIIiJl MPOITyCKaTH 10 TpyOax;

3) TErUIOHOCIH, IO BUSBISE KOPO3IMHUN BIUIMB Ha amnaparypy, IOLIIBHO
MPOIYCKATH MO TPyOax, Tak SK B LbOMY BHUMAJAKY 3aCTOCYBAaHHSI aHTUKOPO31MHOIO
Marepialy HEOOXIHO TUIbKK JyUIsi TpyO, PpEmIToOK Ta KaMmMep; KOXyX MOKHa
BUTOTOBUTH 13 3BUYAITHOIO MaTepiaiy;

4) i 3MEHIICHHS BUTPAT TEIUIOHOCIM 3 BHCOKOIO TEMIIEPaTypolO JOIIIBHO
MPOITYCKATH IO TPyOax;

5) TemJIOHOCIH 3 BHCOKMM THCKOM HEOOXITHO MpomycKaTh mo TpyOax, 1moo
KOPILYyC HE 3HAXOAMBCS M1 HAAMIPHUM THCKOM.

B nanomy BumNajky, KOJW € JBa TEIUIOHOCISA: HacuyeHa mapa 1 35% po3uuH
NaOH, po3uuH Jyry AOUUIBHO MPOMYCKaTH B TPYOHOMY IPOCTOPi, @ HACUUEHY Mapy
B MDKTPYOHOMY IIPOCTOPI.
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3 Bu0ip Ta XapaKTepuCTHKA TEMJIOHOCIIB

[Napokcun Hatpilo (KaycTUYHA COJa,KayCTHK, IAKWWA HATpi) — arpecuBHa
piavHa 6e3 3amaxy 1 Koibpopy, BigHocHa ryctuHa 1500-1530 kr/m3, BUKITIOUHO 100pe
pPO3UMHSETHCS B BOAL, Mae B s3kicTh Outst 50 mIla.c, MIMPOKO BUKOPUCTOBYETHCA
py BUPOOHUIITBI OyMaru, MTYYHUX BOJIOKOH, MUIOUHX 3aC001B, TEXHIYHUX MACTHUJI,
SK peareHT Y1 KaTajli3aTop B XIMIYHUX PEAKIIisX, 1 B IKOCT1 Xap4yoBoi Jo0aBku E 524.

Temneparypa KWIHHS BOJSHUX PO3YMHIB 3QJIKUTh BlJ KOHLEHTpALIl Jyry 1
3HAYHO BUIIA BiJ TeMIlepaTypu KHUIMIHHS BOAM. TOMy B SIKOCTI I'pilOYOr0 areHTy
JOLITFHO BHUKOPUCTOBYBATH BOJSHY TMapy, sSKa € HEarpecHBHOI, OCTYITHOIO,

HETOKCHYHOIO Ta MA€ BIITHOCHO BUCOKI TEPMOIMHAMIUHI XapaKTEPUCTUKU
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4 BuoOip marepiajiiB Teni000MiHHUKA.

OCHOBHMMHU KOHCTPYKIIMHUMH MatepiajaMu i 3BapHOi, KOBaHOI Ta JUTOI
XIMIYHOI anapaTypy Halpi3HOMaHITHIIIMX KJIACIB, TUIIB 1 XIMIYHO-TEXHOJIOT1YHOTO
NPU3HAYEHHS € CTajll BYIJIELEBl, HU3bKOJErOBaH1 KOHCTPYKI[IMHI (ByIJIELEB] SIKICHI,
JIETOBaH1), BUCOKOJIETOBaHI (KOPO31MHOCTINKI, JKapOCTIMKI Ta »KapoMillHi), YaBYHU
(cipi, YTOCTIHKI) Ta CIUIABH 31 CHIEL1aJbHUMHU BJIACTUBOCTSIMHU.

s oOuyaiiok, gHUII, (UIaHIB, TPYOHUX PEIIITOK, OONTIB, TPYOHUX MYyUKiB,
naTpyOKiB  IUTyuepiB Ta I1HIIMX JeTajJied 3BapHOi  XIMIYHOI  amaparypu
BIIMOBIJAIILHOTO TPU3HAYEHHS, SKa TMpalioe 3 CEPEeJOBUIAMU CEPE/IHbOI Ta
M1JBUIIIEHOI arpeCUBHOCTI, HalyacTime BUKOPUCTOBRYIOTh cTaib 12X18HI0T T'OCT
5632-72. onyctuma poboua TemrepaTrypa CTIHKU JJI TaKOi cTali: Bl MiHyC 254 1o
wiroc 600 C, a ii temonposianicTe cknamae 17,5 Br/m K. Jlns onopuux nam i
MIIKJIaHUX JUCTIB MokHa Bukopucratu crainb Ct.3nc ['OCT 380-94 (cranb
ByTJICIIEBA 3BHYAWHOI SIKOCTI). JlomycTumuit TuCK auis Takoi ctami He Oinbine 5 Mlla,
momycruma poboda temmeparypa Big minyc 40 mo rumoc 425 C. s MIIAIEOK Ta
oontiB MoxHa Bukopuctatu Cramp 35 T'OCT 1050-88, a mis yuiijabHIOBaJIbHUX

IPOKJIAJIOK — MapoHIT 3aranbHoro npusHadeHHs I'OCT 481-80.

29



5 TexHiYHi BUMOIH 10 TeILI00OMIiHHMKA
AmapaT Npu3HAUEHO IS MAIrpiBaHHA TIAPOKCHUIY HATPisS BOJSHOIO MapOI0
1.IIpoaykTuBHICTb 110 35% BOJASHOMY PO3YUHY JIYTY, KI/C - 3,611
2.Temmepatypa, "C:
a) pO3uMHY JIyTY Ha BXOJIl B armapar - 15
0) po3unHy JyTy Ha BHUXOJI 3 armapata - TeMmmeparypa KUIHHS PO3YUHY
3.CepenoBuliie B anapari:
a) y TpyOHOMY mpocTopi - 35% po3uun nyry ( BUOyXxo0e3neyHui,
arpeCUBHUN);
0) y MDKTpyOHOMY MpoOCTOpi — BojsHa mapa (HE TOKCHYHA, HearpecHuBHA)
4.Ao6comrotaun Tuck, Mlla:
a) y TpyOHOMY IIpOCTOPi 0,3
0) y MDKTpyOHOMY MPOCTOP1 0,3
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1.
6. IlapameTpuyHmii (TENJIOBUI ) PO3PAXyHOK

MeToro maHOTO PO3paxyHKY € BHU3HAUCHHS TMOBEPXHI TEIJIOOOMIHY 1 BHOIp
TEMJI000OMIHHMKA 3 4YuCia CTaHAAPTHUX, A 3a0e3neueHHs €EeKTUBHOrO MpPOIEeCcy
TeII000MiHY 1 MiHIMQJIbHUX ra0apuTiB anapara.

Po3paxyHok nmpoBOAMMO IO METOUII, IpuBeAeHIN y [1].

Buxigni naui:

PO3YMH ,1[0 HArPIBAETHCS - 35% BopsHui po3uuH ayry NaOH
Bunarok nyry - 3,611xkr/c

[TouaTKOBa TemItepaTypa - 15°C

Kinnesa Temneparypa - TEeMIIepaTypa KUIIHHS

I'pirounii areHT - HacuueHa BOJsHA Mapa

[Tpuitmemo nsist MKTpYOHOTO TIpOcTOpy 1HAEKC "1", a 715 TpyOHOTO MPOCTOPY —
iHaekc "2". Po3paxyHKoBa cxema mpoliecy Terionepeaadi 300pakeHa Ha pUCYHKY

3.1.

\quconst

Po3uuH nyry s t;= const, o= const
s

- [~ ‘: At1= tl- tCT]

ytcrl

p - ter Q = const

Aty=tep- 1 >~

\
[~ Boasina mapa

Y [~

t,, 0= const Ocr

Pucynok 6.1. Po3paxyHkoBa cxeMa Ipoliecy Terionepeaayi.

3naitnemo Temneparypy kumiHHA 35% poszunny NaOH (muB. Tabmums XXXVI, c.
535 [1]).Konnentpamis (B mac. %) BomHoro po3uumny NaOH, mo kunuth mpu
atMoc(epHOMY THCKY 3ajaHa B Ta0mumi 2.1.

Taomung 2.1
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Peqoy/ Temneparypa kuminns, °C
120 125

Temmneparypa

NaOH, % 33,77 37,58

3a 10MOMOror0 IHTEePIOJsALINHOT hopmyiu Jlarpanka 3HaxX0AUMO:

_(0,35-0,3758) 1204 (0,35-0,3377)
™" (0,3377-0,3758) (0,3758-0,3377)

-125=121,61"C

B TemnooOMiHHMKY TpilOYMM areHTOM € HacuueHa BOJAfHA mapa. Bimmaroum
Ter10 TpyOIli, BOJa KOHJACHCYEThCS MPHU CTajii Temmeparypi. s Toro, mod Harpitu
po3unn NaOH 5o temmnepaTypu KuUIiHHS, HEOOX1JHO 1100 TeMmmepaTypa HACUYEHOI
BOAsHOI mapu Oyina Ouibioro Ha 10-20°C, Hix TeMiepaTtypa KumiHHS 35% po3uuHy
NaOH. TemnepaTtypa KOHIEHcaIlii HACUYEHOT BOJSHOI TMapu 3aJeXKUTh BiJl THCKY.
tabmmi (muB. Tabmums LVIIL, c. 549 [1]) 3Haxommmo, mo mpu THUCKY 3 Kre/em?,
TeMIeparypa HacuueHol BojsHol mapu 132,9°C. TakuM 4MHOM HpU aOGCOIFOTHOMY
THCKY 3 Krc/cM” MOKIIHBO Gyie HAPITH PO3UMH JIYTy [0 TEMIEPATYPU KUITiHHS.

TemmeparypHa cxema:

1329—*> 1329
15 — 121,61
AG=117,9 0 AL=11,29

Cepenns pi3HULA TEMIIEpaTyp:

_ At,—At, _117,9-11,29
2,3lg2;6 2,31gi72’z

M

At =

cp

=45,44°C

Cepenus remnepatypa 35 % po3zuuny NaOH:
t,=t,—At, =132,9-45,44=87,46'C

3uaiinemo ryctuny 35% pozunny NaOH nipu temmnepatypi 87,46°C (nus.
Tabmums IV c. 512 [1]). B tabnuui 3agano ryctunu 30% 1 40% pozuuniBa NaOH npu

temmneparypax 80 1 100 rpagycax Ilenbcito.
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Tabmuusa 2.2

PeyoBuHa ['ycruHa, Kr/M
80°C 100°C
Temneparypa
NaOH(40% pozuun) 1389 1375
NaOH(30% pozuun) 1289 1276

Cnouvatky 3Haigemo ryctuny 35% poszunny NaOH npu remneparypax 80°C i
100°C 3a 1omoMororo iHTeproyAiiHux Gpopmys Jlarpanxa.
I'ycruna 35% po3uuny nyry npu t=80°C:

pro = 2332030 1359 0.3920.40) 1559 1339 %2
(0,40-0,30) (0,30-0,40) M

I'ycruna 35% pozuuny syry mpu t=100°C:

_(0,35-0,30) 13754+ (0,35-0,40)

KeZ
- 1276 =1325,5—<
Pioo (0,40—-0,30) (0,30—0,40) M

I'ycruna 35% posuuny nyry mnpu t=87,46°C:

_ (87,46-100) 1339+ (87,46—80)

1325,5=1333,96
(80—100) (100—80) M

O06'emunit BugaTOoK 35% po34nHy IYyTY:

3
v, =G 3O 5 g069.10° 28
p, 1333,96 c

Tennoemuicte 35% po3unny NaOH (mnuB. Ilpunoxenue I, crop. 808, [2]). B

JO/IaTKy 3a/laHi HACTYIIHI TETUIOEMHOCTI pO34YHHIB TpH Temmeparypax 80° i 100°.

PeuoBuna ITuToMa TEIIOEMHICTD,
KKaJ/Kr*rpaj
Temmneparypa 80°C 100°C
NaOH(40%) 0,832 0,832
NaOH(30%) 0,869 0,869
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Temnoemuicts 35% po3unny NaOH mpu 80°C:
o= (0,35-0,30) .0.830.4 (0,35-0,40)

b

-0,869 =0,8505«kan / ke - epao
(0,40-0,30) (0,30-0,40)

Temnoemuicts 35% poszunny NaOH npu 100°C:
o= (0,35-0,30) 0.8304 (0,35-0,40)

9

-0,869 =0,8505«kan / ke - epao
(0,40-0,30) (0,30-0,40)

Temnoemuicts 35% po3unny NaOH mpu 87,46°C:
¢, =0,8505kkan / ke - epao

TemnoemuicTh po3unHy ayry B cuctemi ClI:

¢, =0,8505-4190 =3563,595 Jorc / k2 - C

Butparta TenioHocis Ha HarpiBaHHS PO3UUHY JIYTY:

0=Gic (1, ~1,,)=3,611-3563,6-(121,61-15) =1371874,5Bm

Burpara napu 3 ypaxyBaHHsM 5% BUTpAT:

1,050 1371874,5-1,05

G =
! r 2171-10°

=0,6635ke/c,

7ie T — MITOMA TeIJI0Ta KOHIeH calii BoastHo1 apu (tabmwuisa LVII, ctop. 549

[1D.
IpuitmeMo 3HadeHHs koedimienTa Temmonepenadi Ky, = 450 Br/m’K (taGmuis

4.8, crop. 172 [1]). Toai makcumalibHa IUIOIIA MOBEPXHI TETNIOOOMIHY CTAHOBHUTD:

. Q 13718745
"KL AL 450-45,44

min~—"¢cp

=67,090°

Hunamigyauil koediuieHT B’ s3k0cT1 35% po3unny NaOH (tabmuusg IX, ctop. 516
[1]). B momatky 3amaHi HACcTYMHI AMHAMIYHI KOS(DIIEHTH B’ SI3KOCTI PO3YMHIB IPHU

temneparypax 801 100 °C.
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PeuoBuna JuHamigHul KOeiIieHT

B a3kocTi, Mlla.c

TeMHepaTypa SOOC 1OOOC
NaOH(40%) 3,62 2,72
NaOH(30%) 2,16 1,82

Juuamiuauii koedirient B’ s3xocti 35% posunny nyry mnpu t=80°C:

gy, = 0:3370.30) 5 ) 0.3570.30) 465 g9urta-c
(0,40—0,30) (0,30-0,40)

Juuamiuauii koeirieHT B’ s3k0cTi 35% po3uuny nyry mpu t=100°C:

fho = (0,35-0,30) 272+ (0,35-0,40)
(0,40-0,30) (0,30-0,40)

1,82 =2,27mlla-c
Juuamiuauii Koeditient B’ sa3kocTi 35% po3uuny nyry mpu t=87,46°C:

y, = 87:467100) 1, o9  B7:46780) 1, 595 6587mita-c
(80—-100) (100-80)

Teroobmin OyB Ou Ounbine e(EeKTHBHUM, SKOWM TEIJIOHOCIH pyXaBcs B
TypOyJICHTHOMY pexuMi. Ajie uepe3 Te, 10 PO3YUH JIYTY Ma€ BUCOKY B’SI3KICTb IO
npu3BeAe MPU TaKOMY PEXHUMI pyXy 10 3HAYHOTO TiAPaBIIYHOTO OMOPY TPYOHOTO
MPOCTOPY 1 3HAYHUX BUTPAT €HEPrii Ha WOro MepekadyyBaHHSA, TO OyJlie TOIUIbHUM,
00 po34MH JIYyry pyXaBcsi mo TpyOax mpu jamiHapHoMmy pexumi, Re,=2000. Tomi

MIBUJKICTH JIyTy B TpyOax TOPIBHIOE:

. = 20004, 2000-2,6587-107°

) = =0,1898m/ ¢
d,p,  0,021-1333,9645

Heo06xigHa KUIbKICTh TPYO:
v, 0,0027069 _ 41242

n= =
0,785-61’22-602 0,785-0,021*-0,1898
3 tabmumi (XXX4.[1]) 3HaxoguMoO, IO € YOTPHOXXOJOBUU TEIIOOOMIHHUK
niamerpom 600MM 3 uncnom TpyO 232,po3mipamu 25/22, TIIOMICIO TEIIOOOMiHY 72

2 . . . . :
M, 1 TOBXKUHOIO TpyO 4M. Lleii TermnooOMIHHUK HaWKpalle MiIX0uTh JJI 3a1aHOTO
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IpOLIECY HArpiBaHHA CepeJl I1HIIMX MOKJIMBUX THUIIOPO3MIPIB KOXKYyXOTpyOuaTux
TEMI000MIHHUKIB. Po3paxyemo 1ei TermnooOMiHHHUK.

VYTouH0€eMO 3HaueHHs kputepis PeitHonbca:

42

Re, =2000-- = 2000
n 2

=1448,28

BuzHaunmo Koe(ilieHT TEIUIONPOBIAHOCTI ISl PO3YUHY JIYTY. 3 TaOIHIll

OepeMo HaCTyIHIi JAaHi:

PeyoBuna TennonpoBigHICT, KKa/M*u*Tpa
80°C 100°C
Temneparypa
NaOH (40%) 0,48 0,483
NaOH (30%) 0,484 0,487
Koeoiuient Teronposianocti 35% posunny NaOH npu temmneparypi 80°C:
Ay =w-0,48+w-0,484=O,482KKaﬂ/M-q-2pa0
(0,30-0,40) (0,40-0,30)

Koediuient Tertonposigaocti 35% po3unny NaOH npu temmeparypi 100°C:
_(0,35-0,40) 0,483 + (0,35-0,30)

b

Ao = (0,30—0,40) (0,40-0,30)

-0,487 =0,485kkan ! m-u-epao

Koedimient TertonposigaocTi 35% po3unny NaOH npu temmeparypi 87,46°C:
A= (87,46 -100) 10,480 + (87,46 —-80)

b

-0,485=0,4831xxan/ m-u-epad
(80-100) (100-80)

[TepeBenemo koedillieHT TEIIONPOBiHOCTI B cuctemy Cl:

A =0,4831-1,16 = 0,5604 2"

m-K

Kputepiii Ipauarist aust pozunny NaOH npu temmneparypi 87,46°C:

~ =16,908
2, 0,5604

-3
pr, = Gl _ 3563,6:2,659:10

Buznaunmo koediieHT B 06’ €MHOT0 PO3MIKUPEHHS I PO3YUHY JIYTY. 3 TaOIuIll

OepeMo HACTYMHI AaHi:
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PeuoBnHa B*10° 1/rpaz
80°C 100°C
Temnepatypa
NaOH (40%) 0,5 0,51
NaOH (30%) 0,52 0,55

Koedoiuient B 06’ emuoro posmupenns 35% po3unny NaOH npu Temnepatypi
87,46°C:

= 0.9520.40) 5, 0352039 5 55~ 0,51/ 2pao
(0,30-0,40) (0,40-0,30)

By

Koediient B 06’ emuoro posmmpenns 35% pozunny NaOH npu remneparypi
100°C:

~(0,35-0,40) 0.5+ (0,35-0,30)

100 = , -0,55=0,53/2pao
(0,30-0,40) (0,40-0,30)

Koedirient f 06’emHoro posmuperss 1 35% po3unny NaOH npu temnepartypi
87,46°C:

_ (87,46-100) (87,46 -80)

B=-"0" 00 514
(80—100) (100 —80)

-0,53=0,5174/ epao
Jlis po3paxyHky kputepito ['pacroda B nepmomy HaOIUKEHH] 331aMOCs
PI3HMIIEIO TEMIIEPATYD MiK CTIHKOO i po3unHoM Jiyry 25 °C:

3 2 3 2

(2,659%107)> 0,0005174-25=295761,92
H , ;

[TonpaBky MixeeBa i1l BUIIQJIKy HarpiBaHHs PIAMHY NpuiiMaemo piBHoto 1,05.
Yucno HyccenpTa 3HaXOAMMO 13 KpUTEPIATILHOTO PIBHAHHSA U1 JaMIHAPHOTO PyXy
PIIUHU:

0,25
_PPr2 j =0,17-1448,28"” -16,908"* . 295761,92"" -1,05 = 23, 44
T

cm?2

Nu=0,17-Res-%-Pr;»“.Gr;"L

KoedimieHT TemioBiaaadi Bij CTIHKK TPyOH 0 PO3UUHY JIYTY:

- Nudy _23,44-0.5604 _ o ij
d, 0,021 WK

Busznaunmo koedilieHT TEIUIOBiAAa4l MpH KOHACHCAIll BOJSHOI Tapw.
[Ipuiimaemo, 1m0 TEMIOOOMIHHUK BEPTUKAIBHUN 3 BUCOTOW TpyOou H=4m, ns

po3paxyHKy KoedirieHTa TertoBiaadi BuKopucraemo dhopmyny(1):
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2 2
0, =378 44 P9 _378.0.6857; 200889 0025232 _g 0 Bm
1-G 0,0002079-0.6635 MK

Jie mapaMeTpu KoHJeHcaTy (A, p, L ) BUOMPAHI MPU TeMIIepaTypl HACUYEHOI mapu
(132,9 °C) (tabmunsa XXXIX, crop. 537 [1]).

IpuiiMeMo TEIIOBY NpOBiAHICTE 3 GOKy rpitouoi mapu 1/r=5800 Br/(M’K),
TEIUIOBA MPOBigHICTE 3 GOKy posumuy ayry 1/r=5800 Br/(M°K). Toxi cymapna

TEIJIONPOBIIHICTb:

1 1 Bm
= =2580
r 1 N 0,002 N 1 MK

" 5800 17.5 5800

Koediuient remnonepenaui:

1 1 Bm
=7 ] ] —476.19M2K

K =
1
— A + +
a, a, 8189 2580 6255

IloBepxHEBa IryCTHHA TETUIOBOTO NOTOKY:

g= KAl =476.9-45,44 = 21638.09 22
M

At,=qla, =21638.09/625.5=34,6'C
t. =t +At, =87,46+34,6 =122,06'C

Po3paxoBana pi3HULS TEMIIEpaTyp MIX CTIHKOIO 1 po3urHoM JyTy ( 34,6°C)
3HAYHO BIJIPI3HIETHCS Bij paHime npuitHsaToro 3uadeHHsn(25°C). ns apyroi itepartii
BUOHMPAEMO:

At=34"C

3 2 3 2
Gr, =8 L2 g pr = 280U 3596 00517434 = 402236, 2
P (2,659%107)

Kpurepiit Hyccenbra:

0,25
Pprz ] =0,17-1448.28"% -16,908"* - 402236,2"' -1,05 = 24,1683
r

cm?2

Nu=0,17-Re)> - Pr)*- G (

KoedimienT remmoBigaadi Bij CTIHKK TPyOH 10 PO3UUHY JIYTY:

_ Nuydy _24,1683-0.5604 _ o B
d, 0,021 MK

a,
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1 1 Bm

Z rcm ) 1 +0,002+ L :2580M2K
5800 17,5 5800
Koedimient remionepenayi:
K= ! = 11 ——=485,44 B
— > + + wK
a, a, 8189 2580 644.95

[ToBepxHEBa ryCTUHA TEMJIOBOTO MOTOKY:

q=KAi, =485,44-45,44 = 22058,43—”;
M

At, = q/ o, =22058.25/644.95~34,2°C
t,,=1,+At, =87,46+34,2=121,66"C

[Ticnst 1eK1IbKOX eKCTPArot0BaHh BUSHAYMMO KOS(DIIIEHT TEIJIONPOBITHOCTI
1t 35% po3unny ayry npu temneparypi 121,66°C (nus. [Ipunoxenue 111, cTop.
810, [2]), nuramiunamii koedirieHT B’ s13k0ocTi po3unny NaOH (tabmurs [X, crop.

516 [1]), Temmoemuicth po3unny NaOH (auB. [Ipunoxenue 11, ctop. 808, [2]).

~3563,59-2,047-107

Pr,, =12,815
0,5692
0,25 0,25
P | _(16908)" | o)
Pr, 12,815
§=LO=LO7L 000 He

1,05
Taxum urHOM, OTprUMaHe 3HaueHHs At = 34,2 °C npakTHUYHO CITiBIIaJIa€ 3
npuitaTuM HabmmkeHHsaMm 34° C. BBaxaeMo TOUYHICTH PO3paxyHKy MPUHAHATHORO.

Po3paxyHkoBa mioria moBepxHi TEIIO0OOMIHY:

po_Q 13718745 oo
?KAr, 485,43-45,44

Buznaunmo 3amac noBepxHi TEIIO0OOMIHY:

F-F, 72-62,19
F 62,19

P

-100% =15,77%

3anac 1oLl MOBEPXHI TEIJIO0OMIHY JOCTaTHIN. Yepes Te, 1o cepeaHs pi13HULA
TeMIIepaTyp Atcp:45,44°C, 1o Oinbme gomycrumoro 3Hauends 40°C, npuiiMeMo THIl

anapaty TK.
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BucHoBOK

B pesynbrari TEmIoOBOro po3paxyHKy, OyJid BH3HAUY€HI OCHOBHI MapameTpu

poLeCy TEIIOOOMIHY.

[TapameTtpu nporiecy TermI000MiHY

[Tapamerp 3HavyeHHs
Heo6xiiHa HOBEPXHs TEIIIOOOMiHY, M~ 62,19
Koediuient temnosianayi (Bijg mapu 10 TpyoOu), Bm/v’K 8189
Koedimient temnoBigmaui (Big TpyOu A0 pO3UMHY JIyry), | 644,95
Bm/v’K

Koedinient remionepenayi, Bm/m’K 485,44
PexuM pyxy po3uuHy Jayry JlaminapHmit
Kpurepiii Peiinonbica 1448,28
IIIBHAKICTh PYXYy PO3UUHY JYTY, M/C 0,1898
OG6’ eMHHMIi BUATOK PO3UMHY IyTy, M'/c*10° 2,7069
MacoBuii BUJIaTOK PO3UUHY YTy, K2/C 3,611

HaiiGinpm ontumansauM Ui HarpiBanus 35% posumny NaOH Bix 15°C mo

TEMIIEPATyPH KUIIHHS € OJJHOXOIOBUM TETIOOOMIHHUK.

XapaKkTepUCTUKH TETJIO0OMIHHHUKA

Tun TennooOMiHHUKA TK
KinpkicTs X018 4
[10111a OBEPXHI TEIIO0OMIHY, M 72
JloBxuHa TpyO, M 4
Kinpkicts TpyO 58
BryTpimHiit giametp TpyOu, m 0,021
ToBuuHa cTiHKH TPYOH, M 0,002
PoGounii Trck, kec/cv’ (klla) 3

. . . 2
[1no1ma noBepxHi TemI000MiHY TEIIO0OMIHHUKA — 72 M~. Po3paxyHKoBa 1ioma

TerooOMiny — 62,19m°. 3amac nosepxHi TemnoooMiny — 15,77%. TemnooOMiHHUK
Mae OyTH 3 JiH30BMM KommeHcaTopoM (tun TK), OCKiNbKHM pPIi3HHUIS TeMIeparyp

TEIJIOHOCIB, Ginbia 3a 40°C, ToMy L0 MOXOBKEHHS TPYO 1 KOXKyXa HEOIHAKOBI.
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3. Cxema anapary

Po3uun mnopaerbca B TpyOHOMy mnpoctopt (Pucynok 3.1). Boasna mnapa
MOJIA€ThCA y BEpXHINA MaTpyOOK, KOHJIEHCYIOUUCh Ha TpyOax, KOHAEHCAT CTIKa€ 0
HU3y. Takui pyX TeruIoHOCIiB HaWOUIb parioHanbaui. Tak sk NaOH € arpecuBHUM
CepeZOBUIIIEM JIOIIILHO Oyyio O BUOpaTH IS BUTOTOBJICHHS OCHOBHHMX BY3JIB 1
JieTajen TernooOMiHHNKA HeprkaBitouy ctainb Mapku 08X 18HIO0T.

flapa l

Pozyur NaOH

--—

Pozyum NaOH

-

1T \
l KoHdexcam

Pucynok 3.1 — Cxema po3paxoBaHOro amnapary
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