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ITEPEAMOBA

TenaoTeXHONMOTiYHI MPOLUECH € TEXHOJOTIYHOI OCHOBOIO
MIPOMHCIIOBOTO BUPOOHUIITBA KIHIIEBOTO MPOIYKTY.

Cepen TEeXHOJOTIYHOTO OOJQJAHAHHS JCSIKHMX BHUPOOHUITB
0COOJIMBY POJIb BiAIrparoTh 0araTOKOPIYCHI BUIApHI yCTAaHOBKHU.
Toxi Taki ycTaHOBKM € OCHOBHUMH €JIEMEHTaMHU TEXHOJOTIYHOTO
IpoIeCy, CIOXHMBAIOTh 3HAUHY KUIBKICTh EHEpPropecypcis, ix
CIOPY/I’KEHHS Ta eKCILTyaTallisi MoTpeOyroTh 3HAYHUX 3aTparT.

Crynentu cnemiambHOCTi  «TemoeHepreTuka»  BHBYAIOTh
KOHCTPYKIIIIO Ta PO3pPaxXyHOK BUITAPHUX YCTAHOBOK Ha JIEKIISX 1
MPAaKTUYHUX 3aHATTAX 3 JUCHUIUIIHA  «TermoTeXHOIoT1uH1
MIPOLIECH 1 YCTAaHOBKU.

[IpakTr4Hi 3aHATTS JO3BOJSIFOTH 3aKPIMATH 3HAHHA, IO
OTpUMaHl TNpU BHUBYEHHI TEOPETHYHOIO KYypCy, AaKTUBI3yBaTU
pOOOTY KOYKHOTO CTYyJI€HTa, PO3BUBATH HABUYKU CaMOCTIHHOrO
BUKOHAHHS IMOCTaBJICHUX 33734 3 TEIUIOTEXHIYHUX PO3PaxXyHKIB,
aHaJIi3yBaTH pPe3yNbTaTH Ta BUOUPATH palliOHATIbHE PILICHHS.

Merta METOAMYHMX BKa3iBOK — MOMIMOMTH Ta Ha MpPaKTHI
3aKpIMUTH  HABYAJIBHMHA  MaTepiasl, 3aKkpilMTH HaBUYKH 3
PO3paxyHKIB TEIJIOMacOOOMIHHUX MPOIIECIB, 10 XapaKTepHI I
BUTIAPHUX YCTAHOBOK.



1. 3ATAJIBHI BIIOMOCTI npouecy BUNIAPIOBaHHS

[Iponiecu BumMaproBaHHS Yy BHUIIAPHHUX araparax MOJSATaloTh Y
YaCTKOBOMY BHJAJICHHI PO3UYMHHMKA 3 PO3UYMHY, OJCpXKaHHAM
KOHIIEHTPOBAHOI'O PO3UMHY, SKUH B IMOAAIBIIOMY 3arycae a0
OCTaTOYHOI KOHIIEHTpAIlii CyXMX pEYOBHH, a Juii 0araTtbox
TEXHOJOTIH g0 craHy Kkpucram3amii. [Ipm peamizamii mporecy
HEOOXiTHO, TpH 3aJaHii MOTYKHOCTI BHIIAPHOI YCTaHOBKH,
oJiepXKaTu 3TyLIEHUH PO3UMH 3aJaHOl KOHILIEHTpALil, 3 BHCOKOIO
AKICTIO, 0€3 BTPAT CyXUX PEUOBMH IPH MEHIIMX BUTpaTax IaluBa.
BunaproBannss Moke BimOyBaTHCS B OJHOMY amapari, abo y
BUTIAPHIN YCTAHOBIII 3 KUTBKOX MOCTIIOBHO 3B’SI3aHUX MiX CO00F0
amapatiB (kopmyciB) Oe3nepepBHOI il 3 MapoBHM OOITPiBOM.
Bukopucranas 0araTOKOPIIyCHHX YCTaHOBOK Ja€ MOYIIMBICTh
3HA4YHO 3MEHILIUTH BUTPATH MaJIMBa HA MPOLIEC BUMAPIOBAHHS.

BunaproBaHHs ~ pO34YMHIB  BIJIPI3HAETHCSA  BiJl  KHUIIIHHA
OJTHOKOMIIOHEHTHOI PIIUHM (HAIpPUKJIAA BOAM) TUM, L0 PO3UYUHHU
KHIUISTH TIPU OUTBII BUCOKIH TeMITepaTypi, HiXK YUCTUI PO3ZYMHHUK,
IIpH TOMY X TUCKY. JlaHy 0OcTaBHHY HEOOXiTHO BPaXxOBYBATH ITiJ
4ac po3paxyHKy Ta POEKTYBaHHI BUIIAPHOTO arapara, npu BHOOpi
rapaMeTpiB TEMIOHOCIA Ta poOOYOro PeKUMY eKCILTyaTallii.

[Tapy, 10 YTBOPIOETBHCS 3 PO3UMHY (BTOPUHHA Iapa) OJHOTO
BUIIAPHOTO arapara HampapJsIOTh B TPIOYy Kamepy HACTYITHOTO
BUIIAPHOIO arapara Ta IpHu bOMY MiITPUMYIOTh B JIpyroMy araparii
TaKUi TUCK, 1100 TemrepaTypa Li€i napu Oyna Oulblla TemrepaTypu
KUIMIHHA PO34YMHY B JIpyroMy arapari, ToJIi B HbOMY BiaOyBaTucs
BUMAPIOBAHHA, K 1 B MEpIIOMY amapaTi. 3’€JHAHHSA JEKUIBKOX
BUIApPHUX arapariB, B IKUX BTOPUHHA Mapa 3 KOXKHOT'O MONEPEIHBOTO
arapara HamlpaBII€TbCI B TPIlOYy KaMepy HACTYITHOTO arapara,
HA3WBAETHCS BUTIAPHOIO 0araTOKOPITYCHOIO YCTaHOBKOIO.

Jnst peanizaliii KUIIIHHS PO3YMHY B KO)KHOMY KOpITyci, HEOOX1IHO
3a0€3MeYnTH PI3HULI0 MDK TeMIepaTypamMH BTOPMHHOI TMapu
MONEePETHHOT0 KOPITyca Ta KUIUISTUOr0 PO3UMHY HACTYITHOTO KOpITyca.
[lpoBeneHHSAM BHUMApIOBaHHA Yy 0araTOKOPITYCHHX YCTaHOBKaX
JIOCSATAEThCSl 3HAYHA EKOHOMIS Tapv, a 3HAYWTh 1 TaJuBa Ui ii
OTPUMaHHS, TIOPIBHSHO 3 OJHOKOPITYCHHM BHITAPIOBAaHHSM TIPH THX
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KE TIOTYXHOCTsX. lIpuHImMnoBa cxema YOTHPBOXKOPILYCHOI
BUIIAPHOI YCTAaHOBKH 300pakeHa Ha puc. 1.
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Puc. 1. IlpuniumnoBa cxema BUIMApHOT YCTAHOBKH IIYKPOBOTO 3aBOJY:
1 — migirpiBHUKY PO3YKHY; 2 — BUIIAPHI amapaTty; 3 — MapoBUii
KOJIEKTOP; 4 — KOHACHCATO-BiIBITHUKHY; 5 — OapOoMEeTpUUHHIA
KOHJIEHCaTop; 6 — BIIOBMOBaY; 7 — OapoMeTpudHa TPpyoa;

8 — 30ipHuK BoH

JU1s YOTHPHOXKOPITYCHOI YCTaHOBKH, SiKa 300pakeHa Ha puc. 1,
PO3IIISIHEMO CXEMY MiJIrpiBy pO3UMHY, CXEMY JKUBJICHHS arapariB
PO3UMHOM Ta CUCTEMY BUKOPHCTAHHS BTOPUHHOTO TeTlIa.

I'pitoua mapa, sika HaJXOAWTh JO MEPIIOi CTYMEHI BUIIAPHOI
YCTaHOBKHM 4Yepe3 MapoBUH KOJEKTOp 3, Mae TeMmIieparypy, 1o 3
OJIHIET CTOPOHM HeoOXiAHAa Jyis 3a0e3rneueHHsT HEeoOXiIHOTO
TEMIIEpaTYpPHOTO Iepenagy MK Haporo Ta PO3YMHOM y HEPUIOMY
kopryci (8...10°C), a 3 gapyroi — nansi 3a0e3Me4YeHHs PI3HUIl
TeMIepaTyp IO BCi BMIApHIA yCTAaHOBLI, IO JOCTAaTHS s
KOPHUCHOTO Tiepemnajay TemIeparyp y KOXXKHOMY Kopmycl. Aje
3a00poHEHO ©0e3 TEeXHOJIOTIYHOi HEOOXiTHOCTI  MiJBUIILYBAaTH
TEMIIepaTypy Tpilovoi MapH, BUXOASYH 3 TOTO, IO 11 MiABHUIIECHHS
BeJIe /10 HeOBUPOOITKY enekTpoeneprii B TypOini TELI.

Temmneparypa po3uuHy NpH Mojavi HOro B Mepiry CTYIiHb Ma€e
J0CSATaTH TeMIepaTypH KUMiHHSA. [l 1IbOro Y BUNApHii yCTaHOBII
BUKOPUCTOBYIOTH CXEMY pEreHepaTHUBHOTO IMiJIPIBY PO3UHHY.
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YacTuHy ekcTpa-napu 3 Meplioro Kopiycy HoJarTh 10 MEpLIoro
migirpiBauka 1. KinneBwit HarpiB po3uuHy mepen IMojadero Ha
BHUIIAPIOBAaHHS BiJOYBA€ThCSI B HACTYIMHOMY MiAIrpiBadi CBIKOIO
nmaporo 3 TEIl, posmoain sAkoi MK TMEpIIMM KOPITYCOM Ta
miJirpiBayeM 3MIHCHIOIOTH Y TTapoBoMy Kojiektopi. IligirpiBanHs
pO3UMHY TEPBHHHOIO TMapol0 Tepea  MoJayero HWoro Ha
BUIIAPIOBAHHS He 3a0e3ledye eKOHOMIIO Ii€l Mapy Ta HE BIUIMBAE
Ha BEJMYMHY NIOBEPXOHb HArpiBy BCi€l BUMAPHOI YCTAHOBKU. Ale
1€ IPUBOAMTH 10 3MEHIIIEHHS IO TTOBEPXHI HArpiBy BUIIAPHHUX
armapariB 3a paxyHOK 30UIbIICHHS MOBEPXHI HArpiBY MiAirPiBHUKIB
PO3UUHY.

Butpatu TemynoTm Ha HarpiB po3udHy Iepel] NOoJayero Ha
BUIIAPIOBAHHSA Ta Ha KWIIIHHA B KOPIycaX, CYINPOBOKYETHCS
BUJIUJICHHSIM BEJIHMKOI KIJIbKOCTI BTOPUHHOTO TEIJIa y BUTIISAL apu
PO3UMHHMKA Ta Tapsiu0oro KOHAEHCATY, 110 BUJAISAETHCS 3 KOKHOTO
armapara Ta IiJJirpiBHUKIB.

Konpencar i3 mepmoro Kopiryca yCTaHOBKH ITOBEPTAlOTh Ha
TEL| uyu KOTenpHIO, a 3 IHIIUX KOPHYCIB 1 pereHepaTHBHHUX
HiZIrpiBHUKIB BUKOPUCTOBYIOTH JJIsi IPOMHBKH arapartiB 1 Jjis
IHIMX BJIACHHUX TOTPEO.

Bin6ip BTOpHHHOI mapu 3 YCIX KOPIYCIB 3I1HCHIOETHCS IS
CMOXKMBAYiB TEIJIa, Yepe3 1110 BUIIApHA YCTAaHOBKA CIIPOEKTOBAHA 3
IPOTUTEUIMHUM OapOMETPUUHUM KOH/IEHCATOPOM 3MIILITyBaHHS 5, B
SKOMY JUIs KOHJEHCAlil BTOPMHHUX IapiB OCTaHHbOI CTYIIEHI
YTBOPIOIOTH  BakyyM. HaiiOinpln JOLIIBHUMHU — CIIOKMBAaYaMU
HU3BKONOTEHIIIAIbHOTO ~ TeIjla € Tapsiuye  BOJOMOCTAaYaHHS
HaNHOJIMKYMX 11€X1B MIANPUEMCTBA Ta TOOYTOBE CIIOKUBAHHS TeIlIa
B CYCIJIHIX )KMTJIOBHUX paliOHaXx.

Po3paxyHOK BHMIIapHHMX YCTAHOBOK IIOJIATA€ B OJHOYACHOMY
PO3B’A3yBaHHI pPIBHSAHBb TEIUIOBOIO Ta MarepiajibHOro OajaHCiB
YCTaHOBKHM 3 PIBHSHHSAM Teruionepenadi. TernaoTexHIYHI YMOBH
BUTIAPIOBAHHS PI3HUX PO3YMHIB € MOMIOHMMH, a caM Ipolec
BiI0OyBaeThCA B amaparax, mnojaiOHoi OymoBuU. Alne MeToauKa
pO3paxyHKy MOBHHHA BPaxOBYBaTH (PI3MKO-XIMIYHUX OCOOJIMBOCTI
KOXHOTO po3uuHy. JlaHi MeToauuHl BKa3iBKM MOOYJOBaHI 3
ypaxyBaHHAM (DaKTOpiB, IO PEKOMEHIYIOTHCS IS PO3PAXYHKY



BEPTUKAIBHUX BUIAPHHUX YCTAHOBOK Y I[yKPOBOMY BHUPOOHHIITBI.
Termno¢i3nuHi BIACTUBOCTI IIYKPOBHUX pPO3YHMHIB HaBEACHI B
nojaTky, Taou. J12.

2. @I3UYHI OCHOBH MPOLIECY BUITAPIOBAHHS

IlepeBumieHHss  TeMmIeparypyd  KHUIIHHS  PO3YMHY  HaJ
TEMIEepaTypor KHUIIIHHA YUCTOrO PO3UYMHHHMKA IPU OJHAKOBOMY
TUCKY MPHUBOAMTH IO TOTO, IO Mapa HaJl KAIUISTYUM PO3YMHOM M€
TEeMIepaTypy HIXKYY TeMIeparypu KHIIHHSA po3uuHy. Jlany
PI3HHUINI0O  HA3WBAaIOTh  (PI3MKO-XIMIYHOIO  TEMIIEpaTypHOIO
nenpeciero. Y JOBIOKOBIM JiTeparypi NpUBEICHI MHaHi s
BU3HAYCHHS HOPMAJIBHUX TEMIEPAaTYpHUX JIeNpeciii  pi3HHX
PO34MHIB, BUMIPSHHUX MpU aTMOchepHOMY THCKY. [lepepaxyHOK Bif
HOpMaJbHOI Jenpecii g0 genpecii mpu poOOYOMY THCKY B
BUTIAPHOMY arapari IpoBOIATH 3a (HOpMYIIOL0

2

A1=O,01622-TT-A{‘=77-A1‘, (1)
ne A, — ¢i3uKo-XiMi4Ha TemIeparypHa Jenpecis Mpu THCKY B
amapari, °C; T — Temneparypa KUIIiHHS BOJY ITPH TaHOMY THCKY, K;
I — IUTOMa TeIyIoTa MapoOyTBOPEHHS BOJAU IPH JAHOMY THUCKY,
klloic/ke; A] — HOpManbHa, B3dTa NPH aTMOC(EpPHOMY THCKY
¢13uKo-xiMiYHa TemmneparypHa aemnpecis, °C; x# — momnpaBka Ha
THUCK.

VY nonaTky mpuBENEHI 3HAYEHHS HOPMaIbHOI (Di3UKO-XIMIUYHOT
TeMIIepaTypHOi Jenpecii yKpoBux po3unHiB (Tadi./] 3). 3HadeHHs
MIOTIPABOK 7 MIPH PI3HUX TeMIlepaTypax npuse/eHi B Tada. 4.

IIpu po3paxyHKy TeMIepaTypHUX pEXKHUMIB BEPTHKAIbHUX
BUIIApHUX arapaTiB CJI1J] BpaXOBYBAaTH 1 TIpOCTaTUYHY JEIPECIIO,
3B’A3aHy 3 BIUIMBOM Ha TEMIIEpaTypy KHUMIHHS PO3YMHY BHUCOTH
cToBma Kumsiuoi  piauHu. [igpocratmyna  gempecis Az
BU3HAYA€ETHCS SIK PI3HUIA MK TEMIIEPaTypor0 KHUIIHHA PO3YHHY
IpU THCKY B pPO3paxyHKOBIH TOULll amapara Ta TEMIIEpaTypolo
BTOPUHHOI Napu. B TexHiuH1i JniTepaTypi A1 BUIAPHUX YCTAaHOBOK
HaBeJleH1 (popMynH po3paxyHKY rigpocTaTuuHoi aemnpecii. Bona
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3QJICKUTh B TYCTHHU TapOPIIUHHOI €MYJbCii, 1HTCHCUBHOCTI
NepeMilllyBaHHS Ta YMOB LHPKYJALil. Y 3B’S3Ky 3 BiJICYyTHICTIO
JOCTaTHIX JaHUX JUIsl OIIHKM BIUIMBY OaraThoX (haxTopiB s
armaparis, IO MPALIOIOTh MiJ TUCKOM, 3HAUCHHIM A2 3HEXTYIOTb.
[Ipu po6OTI yCTAaHOBOK ITiJT PO3PIPKEHHSIM BIUTHB T'1JIPOCTaTUYHOTO
TUCKY CTOBIIA PiAMHU € OUTBII BIJUYTHUH, TaK SK B IIbOMY BUIAJIKY
TeMIieparypa 30UIbIIYETbCA 31 3POCTaHHSIM THCKY. 3a PaXyHOK
TiIPOCTATUYHOTO e(EeKTy 3MEHIIYETbCS KOPHUCHHUI Tepenan
TeMIeparyp, W0 MPUBOAUTH JO HEOOXITHOCTI 30UIbIIYBaTH
MOBEPXHIO HarpiBy amapara. s HaOMMKEHUX pPO3paxyHKIB
npuitmaroTs A2=1...3°C.

Y  BunapHux 0araTOKOPIIyCHHX YCTaHOBKax IIOTPiOHO
BpPaxoOBYBaTH TaKOX TiIpOJUHAMIUHY JIeTIpecito Az, 110 BUHUKAE 3a
PaxyHOK TipaBIIIYHOTO OMOPY MApONPOBOAIB MK KOPIIyCaMH Ta
3HIDKYE THUCKY HACHMYEHOI mHapu Ta BIANOBITHO TeMIEpaTypu
HacuueHHs. PexomennoBano nmpuitmatu Az = 0,5...1,5°C.

3. TEIUVIONEPEJIAYA Y BUITAPHUAX ATIAPATAX

Y BumapHoMy amapari, Tak sIK 1 B IHIIMX TEIIO0OMiHHUX
MPUCTPOSIX, TEIUIOTA NEPENAETHCS Bl TEIIOHOCIS Yepe3 CTIHKY 10
KHUIUISYOl PiJIMHI, Ta Ha BIIMIHY BiJl 3BHUaHOTO TEIIOOOMiHHUKA
PO3YMHHUK TYT YaCTKOBO CBIM arperaTHUN CTaH 3MIHIOE.

Ilepenaua TerIoTH BiANOBIIA€ 3arajIbHOBIIOMOMY PIBHSHHIO

Q=F -k-At, @)

B sIKOMY Koe(illieHT Terutonepenadi K BU3HAYAEThCS 3 GOpMYIN
k=¢-k, (3)
1€ ¢ — JOCHIAHWNA TOMpPaBOYHMM KOe(]IilieHT BUKOPUCTAHHS

noBepxHi HarpiBy (¢<l); K, — koeirieHT Teronepeaayi s
YHUCTOI CTIHKH, Bml(m?K).

Koeogiuient Ttermonepenaui ans yuctoi cTiHku (y 1-i1 geHb
po0oTH) MOke OYTH BU3HAYEHHI 32 POPMYIIOI0



K,=—7— 4

° 1 5 1° “)
a A a,

ne o1 — Koe(imieHT TeruIoBiqaadl BiJ] TEIJIOHOCIS IO CTIHKH,

Bml(M*K); & — ToBmMHA CTiHKHM, M, A — Koe(ilieHT

TEIUIONPOBiaHOCTI cTiHKU, Bm/(m:K); o2 — KoedillieHT TerutoBiaayi
BiJl CTIHKH J0 KUIUIAYOi piguau, Bm/(v? K).

3.1. Tennogiooaua 6io napu 0o cminku
Jlns BUDAIKy KOHJIEHCAlii Mapd Ha BEPTHUKAIbHIA MOBEPXHi
KOeiIlieHT TemyoBigadyi BiA mapu OO0 TOBEPXHI HarpiBaHHS
BU3HAYA€THCS 3 KPUTEPIAIBHOTO PIBHAHHS
Nu=C-(Pr-Ga-Ku)*®, (5)
ne C — po3paxynkoBa ctaia (C=1,15 ans namMiHapHO-XBUJIBBOTO
pexxumy mpoTikaHHsS KoHaeHcary; C=0,925 nmns mamiHapHOTO
pexxumy); NU — kputepiit Hyccenbra; Pr — xpurepiit Ilpanntis
KkoHjeHcary; Ga — kpurepiii ["amines; Ku — kpurepiit Kyratenanze.
VY po3paxyHKOBifl MNpakTHIl BHUKOPUCTOBYIOTBCSI T'PaHUII
namMiHapHO-XBUIKOBOro pexumy 20<Rex<180. Jlnsg mpakTHYHHUX
PO3paxyHKiB 1BOr0 pexumMy Qopmyna (5) BUIO3MIHIOETBCS Yy
pPO3paxyHKOBE PIBHSHHS:

o=, ©)
(9-H)
ne A1 — MHOXHHUK, SIKUH XapakTepusye (i3UuHI MapameTpu

KOHJIEHCATy 1 3aJIe)KUTh B1Jl HOro Temmeparypu; ( — TEMJOBHM
noTik, Bm/w; H — BicoTa MOBepXHi HArpiBY, M.

3HaueHHs BeNWYMHM A1 JUIsl BOASHOI Mapu IpU TeMIiepaTrypax
koHeHcarlii 80...120°C po3paxoByrOTh 3a GOPMYIIOI0

A =(141+1,85-t,—0,0053-t/ )-10°, @)

ne tk — remneparypa konaeHcariii, °C.

PexomennyeThest Temmneparypy tk mpuitmarn Ha 2-3°C MeHIe
TeMreparypu rpitodoi mapu ts, Tooto t=ts-(2...3)°C.

®opmyna (6) aiiicHa MpH MBHUIKOCTI ApH B MapoBiil KaMepi 10
10 wm/c. Ilpn OGUIBPIIMX MIBUAKOCTSX BHHUKAE TEPTS MiX Haporo i
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IUTIBKOIO KOHJEHcaTy. SKImo HampsMd pyxXy Mapu 1 IUTIBKA
KOHJICHCATy 30iraroThCsl, TO 01 3pOCTa€, B IHIIOMY BHIAIKy —
3MeHIyeTbes. CTaH TOBEpPXHI TEIIOOOMIHY BIUIMBAaE Ha
Koe(iIlieHT TEeIIoBiAMayul o1: TMPU OKHCICHIM TOBEPXHI 01
3MeHIyeThes e Ha 30% 1 Oiblie.

3.2. Tennogiooaua 6i0 cminku 00 KUNIAYOT PIOUHU
JUisi 9uCTHX pIAMH 1 MaJOKOHIIEHTPOBAHHX PO3YMHIB MpHU
PO3paxyHKy Koe(illieHTIB TEIUIOBIAAYl 02 MPU KUMIHHI B TpyOax
BUKOPUCTOBYIOTh KpUTepianbHe piBHAHHSA Kuunrina-TobineBnya:
Nu=3,25-10*. Pe® -GaO’ZS-Kg’7, (8)

a, -, .
me Nu= 7 — kputepiii Hyccenbra, mo Xapakrepusye
Koe(iIlieHT TeruIoBiAavi BiJ] CTIHKM JO KHUIUISIYOI PIAMHH 02,
Koe(illi€HT TEIUIONPOBITHOCTI PIAUHU A Oe3MmocepeHB0 MO0IHU3Y
MOBEPXHI HArpiBy 1 XapaKTEpPHUHN ISl MIPOLECY KUIIHHA JTiHIHHUHA
pO3Mip CHCTEMH, MPOMOPLIHHUIA pO3MIpy MapoBOi KyJIbKH B

MOMEHT BiApuBY ii BiJx MOBEpXHI HarpiBy; G — KOeQiIieHT
MOBEPXHEBOT0 HATATY, ke/m; Pey — kpurepiii [lekie; K, — kpurepiit
Pe-I
— 0
tucky, K, = :
o

[Ticns migcTaHOBKU 3aMiCTh KPUTEPIiB 1X 3HaUeHb Y popMmyiy (8)
OCTaHHSI CIPOILYETHCS 10 BULY
a,=A-q"°, 9)
ne A2 — QyHKIisA (I3UYHUX apaMeTpiB IYKPOBUX PO3UHHIB.
JUist yMCTUX IyKPOBUX PO34YHHIB Ipadik 1i€ei pyHKIIT mokazaHui
Ha puc. [1 nonmartky.

4. IIOCALJOBHICTD TEMJIOBOI'O PO3PAXYHKY
BUIMAPHOI YOTUPBOXKOPIIYCHOI YCTAHOBKH

BukiaieH1 mosoeHHs 1al0Th MOMJIMBICTh OKPECIIUTH 3arajbHUM

IUIaH PO3paxyHKY BUIMAPHOT 6araTOKOPIYCHOI YCTAaHOBKH I[yKPOBOT'O
3aBoay. llpuHImMmoBa cxeMa YCTAHOBKHM, IO TpAIlOE IIij
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MOTIPIIEHUM BaKyyMOM IIOKa3aHa Ha puc. 1. Buximui mani mo
po3paxyHKy HaBeneHi B Ta0i. [[1 qogartky.

MeTo10 TEemI0BOTr0 po3paxyHKy YCTaHOBKH €:

1) BU3HaYEHHS MMOBEPXHI HArpiBy KOPIYCIiB, M

_ Q9
'k AL
e 1IHJeKC i T03HaYa€e HOMEpP KOPITyCYy.

2) po3paxyHOK KiJBKOCTI BOJHM, IO BHUIIAPEHA B KOXXHOMY
KOpITyCi, 1 BATPATH MIapHU B HBOMY 3 ypaxyBaHHSIM 3a7aHOTO Bi10OpPY
BTOPUHHOI ITapy Ha TEXHOJIOT1YHI MOTpedH 3aBOy;

3) posmoxia 3arajgbHOiI KOPHUCHOI PI3HUII TeMIleparyp Mix
KOPITyCaMH.

2

(10)

Buxioni oani 0o pospaxynxy (nus. Tabim. J{1 nogatky)

1) IpoxyktuBHicTh ycTanoBku M=51500 xe/200.

2) Buxiana kinbkicTh po3unny Go=130 x2/100xe.

3) Konmnenrpariii cyxux pedoBus: bo=15%, b=65%.

4) BinOupaHHs BTOpUHHOI apu 3 Kopiycis, xe/100ke:
E1=122 E»=8,2 Es=10,8 E4=7,0.

5) Tuck rpitoyoi mapu 1-ro kopmycy Pi=0,35 MITa.

6) TemnepaTypa BTOPUHHOI IapH B koprycax, °C:

01=125,2 v2=111,0 03=95,0 v4=77,5.

4.1. Bcmanoenenns memnepamypHo20 pejicumy yCmaHo6Ku

Po3paxyHok TpaauuiiiHo Benyte Ha 100 kr cupoBMHH ([UIs
JaHOTO MPUKIIAAY e YKPOBHI OYpSK).

4.1.1 3aranbHa KUIBKICTh BUIIAPYBaHOI BOJIOTH B YCTaHOBIII

b
W302:GO l__o ! (11)

b,
ne Go — 3aranmpHa KUIBKICTh PO3YMHY, SIKMA HAIXOJUTh Ha
BunapoByBanHs, x2/100xe; Do, bk — mouaTkoBa 1 KiHIEBa

KOHIICHTpALlisl CYXUX pPEYOBUH, %o.

w =130-(1-2]-100 <.
. 65 100xe

11



4.1.2. Po3noxin 3araabHOI KITBKOCTI BHWIApyBaHOi BOJU TIO
KopIrycam

CkopHcTaEMOCH CIPOLICHUM METOJIOM PO3paxyHKY KOPIIYCiB,
0 JONYyCKae BIACYTHICTh CAMOBMIIAPIOBAHHSA PO3YUHY TMpU
MIPOXOJKCHHI MOTO 3 OJIHOTO CTYIIEHS B IHIIMI Ta BTPAT TEIUIOTH B
HAaBKOJIMILIHE cepenosuie. IIpu npboMy npuimMaeTses, M0 BUTPATH
rpiroyoi mapu B KOXHOMY arapaTri BIAMOBIAAIOTh KIJIBKOCTI
BUIIaPYBaHOT BOJIH.

Toni BuTpary napu Ha 1-if Kopryc BU3Ha4YMMO 3a (popMyIior:

Wl:D1=%+35+ZE+E, (12)
4 4 4 4

ne Ei1, E», E3 — KUIbKICTh BTOPMHHOI IMapH, IO BiJOMpaeThCs,

k2/100ke.
1 12,2 2 1
W, =D, :E+3-—’+2-8;+E:40,95 ke /100xe.
4 4 4 4
Jlnsi BWIIApHUX YCTAHOBOK 3 BiIOOpaMHM BTOPHHHOI Tapu
CIpaBE/IJIMBE PIBHSIHHS:
D.,=W-E, (13)
ne Di+1 — Butpara napu, xkr/100kr.
Toni BuTpara napu Ha 2-it KopItyc:
W, =D, —E =40,95-12,2=28,75 xe/100x.
Butpara mapu Ha 3-it Kopryc:
W, =W, —E, =28,75-8,2=20,55 k2 /100xe.
Burpara napu Ha 4-ii kopmyc:
W, =W, —E,; =20,55-10,8=9,75 ke /100xe.

IepeBipumo:

i+1

W, =W, +W, +W, +W, =
=40,95+28,75+20,55+9,75=100 e /100xe.
413 3 dopmynu (11) 3HaiimemMo KiHLEBI Ta cepenHi
KOHIIEHTpALlli PO3YMHY 10 KOPITycax YCTaHOBKU:
- IOYaTKOBA KOHIIEHTpALlis PO3YHHY B 1-My Kopmyci:
b, =b, =15 %;

- KiHIIeBa KOHILIEHTpAIlisl pO3unHy B 1-My KopITyci:

12



b 15
= (o = = 05 -
b ==\ = 20,95~ 2L9%:
1-  TOW
s, 130

- cepeHs KOHICHTpallis po3uuHy B 1-My Kopmyci:
b, = b, +bl _15+219 18,45 %

- I0YaTKOBA KOHI_[eHTpaI_[iH PO3YHHY B 2-My KOPIYCIi:

2n blk - 21 9 /0’
- KiHHeBa KOHHeHTpaHlﬂ PO34YHHY B 2- -My KOpHYCi:
b. 21,9
L T ~32,34%;

W, 1- 28,75
Sy —W, 130-40,95
- cepeHs KOHICHTPAIlisl PO3YMHY B 2-MY KOpPIYCi:
b, = b, +b,, _ 21,9+32,34 _2712%:
2 2
- MOYATKOBA KOHIICHTPAIlis PO3YHHY B 3-MYy KOPIYCI:
b,, =b,, =32,34 %,
- KIHIIEBa KOHIIEHTpAIlisl pO3YMHY B 3-MY KOpPITyCi:
b, = - bei’;v3 = ~ 322’03;5 =49,06 % ;
Sy —W, =W, 130-40,95-28,75
- cepeliHs KOHIIEHTpallisg PO3UMHY B 3-My KOPITYCi:
b, = b,, +b;, _ 32,34+ 49,06 40,7 %:
2 2
- MOYaTKOBA KOHI_ICHTpaI_[iSI pO34MHY B 4-My KOpIYCi:
b,, =b,, =49,06 % ;
- KiHIIEBa KOHIICHTpAIlisl pO3YMHY B 4-MYy KOPITyCi:
b 49,06 _
D = W, e 9,75 =05%:
Sy =W, =W, —W, 130-40,95-28,75—-20,55
- cepellHs KOHIIEHTpAllis PO3UMHY B 4-My KOPITYCi:

1-—

13



by, = b,, +b,, _ 49,06 + 65
‘ 2

4.1.4. BuznauaeMo HOpMaJIbHY (Pi3UKO-XIMIUHY TEMIIEpaTypHY
penpecito A ., °C 3a cepeaHbOI0 KOHLEHTPALIEI0 PO3YMHY B

kopmycax b; ¢, Ha ocHOBI Ta0:. JI3 noxatky.

=57,03 %.

Tabmuus 1. [epuuii kopryc

Temnepamypa v napu nao pozuunom 6 anapami, °C

0 120 125,2 130
0 0 0 0
18,45 0,369 0,369 0,369
20 0,4 0,4 0,4

Tabmuns 2. JIpyriit kopiryc

bZ cp

Temnepamypa v napu nao pozuurom 6 anapami, °C

110 111 120

20 0,4 0,4 0,4
27,12 0,614 0,621 0,685
30 0,7 0,71 0,8

Tabmuns 3. Tperiit kopiyc

b Temnepamypa v napu nao pozuurnom 8 anapami, °C

3P 90 95 100

40 1,1 1,15 1,2
40,7 1,156 1,206 1,256

50 1,9 1,95 2

Tabmuis 4. YeTBepTuii KOpnyc

b Temnepamypa v napu nao posuurom 6 anapami, °C
e 70 775 80
50 1,7 1,775 1,8

57,03 2,403 2,531 2,573
60 2,7 2,85 2,9
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4.1.5. Bu3zHauaemMo NOIpPaBKYy Ha TUCK O HOpMaJbHOI (hi3uKO-
XIMIUHOI TeMIlepaTypHOi Jenpecii #; 3aJeXHO Bif TeMIepaTypu
BTOPUHHOI apu v; 3 Tabi. 14 nonatky.

JInst mepiroro Kopmycy:

m :1,144_%.5,2 =1,182.
10

Jlns npyroro xopiycy:

7h=1p7+ﬁg%§ﬁzazlprz
JI1st TpEeThOro KOpIIycCy:

n3=084+1_094

-5=0,97.

ZIJ'ISI IleTBepTOFO KOpl‘chy2
n, =0,82 +% .7,5=0,865.

4.1.6. Buznayaemo 3HaveHHS (i3uKO-XiMiuHOI aempecii ams
po6OYOro THCKY B KOpIycax 3a (hopMyJIor0:

A =An,. (14)
JUJ1s IepIIoro Kopmycy

A, =0,369-1,182=0,436 °C.
Jlia npyroro xopiycy
A, =0,621-1,077=0,668 °C.
JU1 TpeThOro KOpIrycy
A;=1,206-0,97 =117 °C.
Jl1g 4eTBEpTOro Kopmycy
A, =2,531-0,865=2,189 °C.

4.1.7. 3rigHo pexkoMeHAalisM C.8 TpuiiMaeMo HACTYIHI

3HAQYEHHS TIAPOCTATHYHOI Ta TIIPOJAMHAMIYHOI Jernpecii s
KOPITYCiB:

A,=2°C; A,=1°C.
Toxmi cymapHa TemmepaTypHa Jempeciss BHU3HAYAETHCS 3a
dbopmyoro:
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ZA =A+ A, + A, (15)
J1J1s1 TIepIIoro KopIycy:
XA, =0,436+2=2,436 °C.
Jl1st Apyroro Kopmycy:
A, =0,668+2+1=3,668 °C.
JI1st TpEeThOro KOpIIycCy:
XA, =117+2+1=417 °C.
Jly1s1 4eTBepTOro KOpmycy:
XA, =2189+2+1=5189 °C.
4.18. CymapHa TeMmmeparypHa Jempecis Juisl  BCi€l
YOTHPHOXKOPITYCHOT YCTaHOBKHU:
SA=ZA +ZA, +3A,+ZA,, (16)
>A=2,436+3,668+4,17+5,189=15,46 °C.
4.1.9. 3aranbHa KOPUCHA PI3HULIA TEMIIEPATYP YCTAHOBKHU:
At =t —u, —ZA, a7
e t1 — TemMIeparypa rpiro4oi mapy rnepuoro Kopiycy, BU3HAYaEMO
3a Tabu. 15 nonarky: t, = f (B)=f (3,4-105 Ha) =137,57 °C.

At =137,57-77,5-15,46 = 44,61 °C.

4.1.10. Po3nomini KOPUCHOI PI3HUIN TEMIIEpPaTyp IO KOpIycam
YCTaHOBKH IPOBOIMMO 3a 33JJaHUMHU TeMIIEpaTypaM BTOPUHHOI MapH.

Jns mepmioro kopiryca:

TemmepaTypa KUIIiHHS PO3YUHY:

t, =u +2A, =1252+2,436=127,64 °C.
Kopucha pizauis remneparyp:
At =t -t =137,57-127,67=9,94 °C.

Hns gpyroro kopiyca:
Temneparypa nepBUHHOI apH:

t,=u,—A, =1252-1=124,2 °C.

TemmnepaTtypa KUIIHHS PO3YHHY:

16



t,, =0, +(ZA, —AS) =111+ (3,668—1) =113,67 °C.
Kopucha pizHuis remneparyp:
At, =t,-t,,=124,2-113,67 =10,53 °C.
ns TpeTporo kopmyca:
Temneparypa nepBUHHOI Iapu:
t,=0v,-A;=111-1=110 °C.
TemmnepaTtypa KUITiHHS PO3YHHY:
t, =0+ (ZA3 —A3) =95+ (4,17 —l) =98,17 °C.
Kopucha pizHuiis remneparyp:
At =t,—-t,, =110-98,17=11,83 °C.
Jli1g 9yeTBepTOro Kopmyca:
Temneparypa nepBUHHOI IapHu:
t,=0,—-A;=95-1=94 °C.
Temmnepatypa KUIIHHSA PO3UHUHY:
t,=v, +(ZA4 —As) = 85+(5,189 —1) =81,69 °C.
Kopucha pizHutis remneparyp:
At, =t,-t,,=94-81,69=12,31 °C.

[lepeBipka NpPaBUIIBHOCTI PO3MOAUIEHHS KOPHUCHOI pi3HHUII
TeMmImeparyp:

SAt = At +At, + At, +At, =
=9,94+10,53+11,83+12,31=44,61 °C=At,,,.

4.1.11. BusHauaemMo TeMmIepaTypy KOHAEHCAaTy B KOXHOMY
KopIyci
PexomeHyeThCsl IpuiiMaTi Temriepatypy KoHaeHcaTy t. Ha 2-
3°C MeH1I€ TeMIepaTypHu Ipiroydoi napu, To0To

t. =t —(2..3) °C.
Jlis mepioro xKopiyca
t, =137,57—-(2...3)=135 °C.

Jlia npyroro xopiyca
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t, =124,2—(2..3)=122 °C.
Jlnst TpeTboro Kopyca
t;=110—(2..3)=108 °C.
Jlnst TpeTboro Kopyca
t, =94—(2..3)=92 °C.
4112 TemuoBe HaBaHTAXEHHA KOPIYCIB BHU3HAYMMO 32
dhopmyroro:
Q =W, (h, —h,,). (19)
ne hyzi, he — enTamemii Tpir0doi mapu 1 KOHAEHCATY IO KOpITycax

yCTaHOBKH, K/{oic/ke, muB. Tabi. J16 nonatky.
J171g iepiioro Kopmycy:

Q, = 40,95.(2730,6-567,8) =88570 “4

Ke

Jns npyroro kopmycy:
Q, = 28,75(2712,1-512,2) = 63246 2

Ke

Jl1st TpETHOTrO KOPIYCY:

Q, =20,95-(2601,1- 452,9) = 45093 “AC

00x2

J171s1 4eTBepTOro Kopmycy:

Q, =9,75- (2666 -385,4) = 22236 A%

Oxe

Pesynbraté po3paxyHKy TEMIIEPAaTypHOTO PEXHMY 3BEIEMO B
Tadymio 5.

®i3uyH1 (IacTUBOCTI BOASHOI Mapu, AJis 3allOBHEHHA Ta0n.5
HaBejieH1 B Tabu1. J16 nonartky.
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Tabnuist 5. Pe3yapTaTi po3paxyHKy TEMIEPATYPHOTO PEKUMY

Homep xopnyca

Ios. Odu.H i

BUMID. 1 2 3 4
Tuck rpitoyoi napu | Py MlIla 0,34 | 0,233 | 0,15 | 0,083
Temmeparypa t | °c |13757| 1242 | 110 | 94
rpito4oi mapu
E:;;‘m’m" TPHORON | T/ | 2730,6 | 2712,1 | 2691,1 | 2666
Temmepatypa t: | °C |127,64|113,67| 98,17 | 81,69
KUIUISTYOTO PO3YMHY
®di3uKko-xiMiyHa
TeMIepaTypHa A | °C | 0436|0668 | 1,17 | 2,189
Jlenpecis
I'impocratmana
TeMIepaTypHa A; °C 2 2 2 2
Jienpecis
Temnepatypa v | °c |1252| 111 | 95 | 775
BTOPHHHOI Napu
Tuex Bropunnol] p | n\ro | 0241 | 0155 | 0,086 | 0,043
napu
Enranpmia heei | kJbw/cr | 27135 | 2692,6 | 2667,7 | 2638,9
BTOPHUHHOLI IIapn
INaponuHamiuna
TeMIepaTypHa Az °C 0 1 1 1
Jlenpecis
Kopucna — pisumin) | o | 9936 10532 | 11,83 | 12,311
TEeMIIEpaTyp
Temmneparypa t | °c | 135 | 122 | 108 | 92
KOHJACHCATY
Enrabmia he |xDx/xr| 567,8 | 512,2 | 452,9 | 385,44
KOHJIEHCATy
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4.2 Pospaxynok koe@iyicnmis menionepeoayi

Koedinientn Termonepenayi K okpemMux KopIiyciB JOIUIBHO
po3paxyBaTd 3 BHKOPHCTaHHSIM rpadoaHaTITHYHOTO METOMY
PO3paxyHKy, 110 moTpeOye BCTAHOBJICHHS 3aiiekHOCTI = f (At)

IUIs BCiX KoprryciB. Po3paxyHKoOBI naHi ciig 3BecTd B TaO.6, 1uis
noOyJOBH XapaKTEPUCTHK KOXKHOTO KOPIYCY 3aJal0ThCsl TPhOMa
3HAQUEHHSIMHU IHTOMHUX TEIJIOBUX IOTOKIB. 3HAUCHHS MUTOMHUX
TEIUIOBUX TIOTOKIB (i /U1 KOPIYyCiB TNPHEMaEMO Ha OCHOBI
JocmigHUX naHux. Hanpukman, fmis BUnapHoi 40OTHPbOXKOPITYCHOT
YCTaHOBKM I[yKPOBOT'O 3aBOJY, LIO MPALIOE i MOTipIICHUM
BaKyyMOM, PEKOMEHIYIOTbCSl HACTYIIHI Cepe/iHi 3HAYCHHS:

- m1s1 1-ro xopmycy — 15000 Bm/w?;

- muist 2-ro xopmycy — 10000 Bmiv?:

- must 3-ro xopmycy — 5000 Bmiv?:

- 1151 4-ro xoprmycy — 5000 Bm/m?.

Bukonaemo po3paxyHok koedimienTa Terionepeaadi K nepuioro
KOpIyca MpH 3HAYeHHI MUTOMOIO TEIIOBOro motoky =26000
Bmim?. Iami pe3ymbTaTH pO3paxyHKY IIPH PIi3HHUX 3HAYEHHSX
MMUTOMOT'O TETUIOBOTO IMOTOKY JIJIsi KOPITYCiB 3BEIEMO B TaOJIHIIO 6.

4.2.1 TeruoBigaaya Bifl Mapu 0 CTIHKU

Bucoty noBepxHi HarpiBy H npuitMaeMo piBHOO Sim.

MuoxHUK A1 BU3HAYUMO 3a Gopmyoro (7):

A =(141+1,85-t —0,0053 -t/ )-10° =
(141+1,85-135-0,0053-135°)-10° = 294157 5.

Tonai xoedirieHT TEMIOBI LAyl B/l MApH 0 CTIHKH 3Hai1eMo 3a

dbopmynoro (6):
A 294157,5 Bm
a = E 73 2
(qH) (26000-5) m°K
4.2.2 TeruoBigaaya Bijf CTIHKH 10 KUTUISTYOT PiIUHH
OyHkIilo (I3UYHUX TapaMeTpiB  IYKPOBUX PO3UYUHIB A2
3HaiieMo 3a puc. [[1 nonarky.
A, = f(b,, =18,45%;t,, =127,64°C ) =14.
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Koedimient TtemmoBiggadi Bi CTIHKKA 0 KHUIUISIYOI PiTAHA
3HaiAemMo 3a piBHAHHAM (9):

o, = AqP® =14.26000°° = 6239 S

ZK-'

M
4.2.3 KoedimieHT Teruionepeaayi A 9YMCTOI CTIHKY (Ha TEPIIAN
JI€Hb pOOOTH)

k =-2% (20)
o +a,
k = 5807 -6239 3008 Bzm .
5807 + 6239 WK

4.2.4 llpaktnyHuii Koe(ilieHT Temwionepenayi 3HaiHAEeMO 3a
dbopmyioro (3):

k = gk, =0,85.3008 = 2556 2",
MK
ne ¢=0,85 Tta 0,75 — pocmigHMIA TONPABOYHHK KOEQIIIEHT

BUKOPHCTaHHS IOBEPXHI HArPiBY, BIIIOBITHO JJIS IBOX MEPIINX Ta
JIBOX OCTaHHIX KOPITYCIB.

4.2.5 BuzHa4yMMO KOPHUCHY PI3HHIIO TEMIIEPATyp B IMEPIIOMY
KOPITyCi IIpH MMTOMOMY HaBaHTaeHHi Kopiyca 26000 Bm/u?:

q

At:E, (21)
At _ 26000 =12,32 °C.
2556

Ha ocHoBi ganux 1abm. 6 Oyayemo 3aiexHicts (= f (At) TUTS

BCIX KOPITYCiB BUIIAPHO1 YCTAaHOBKH, pHUC. 2.

Kopuctyrounch 1i€ro rpaiqHo0 3aJIeXKHICTIO 32 3HAWJICHUMU
KOPUCHMMHU pI3HULAMU Temnepatyp At (tabn. 1), 3Haxogumo
JIMCHI MHUTOMI TEIJIOBI MOTOKM KOXHOT'O KOPITYCY YCTaHOBKH.
OpnepkaHi 3HAYeHHS (i BHUKOPHUCTOBYEMO JIJISi BU3HAYCHHS
PO3PaxXyHKOBHX BEIWYMH KOe(Illi€eHTIB Terjonepenadi 3a
dopmyioro (21).
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Puc. 2. HaBaHTa)XyBanbHi XapaKTEepUCTHKH KOPIYCiB BUMIAPHOT
YOTHUPBOXKOPIYCHO1 YCTaHOBKH

4.2.6 3HaxoguMO AIMCHI HNUTOMI TEINIOBI IIOTOKHA I BCIX
KOPIIYCiB YCTaHOBKH 3a popmyroro (21):
Jns mepuioro kopiycy:

k =240 _o5g14 B
,936 MK
[ns qpyroro kopmycy:
= 22198 51614 B
10,532 K
JI1st TpeThOro KopIycy:
k=191 13591 B
11,83 MK
Jl1s1 4eTBepTOro KOpmycy:
, = 8901 _.5a Bzm _
12,311 MK
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4.3 Po3paxyHok niowi nosepxorsb Hacpiey KOpnycie
[ToBepxHi HarpiBy BU3HAYa€EMO 32 GOPMYIIOI0:

F_ 10°m-Q,
' 3600-100-k, -At,
7€ M — po3paxyHKOBa MPOAYKTUBHICTh YCTAHOBKH, K2/200.
Jns mepuioro Kopiryca:

10°-51500-88570

(22)

) = = 497,85 m°.
3600-100-2561,4-9,936
Jns ngpyroro kopiryca:
3
- 10°-51500-63246 397 48 2.
3600-100-2161,4-10,532
Jlns Tpetboro Kopiyca:
3
_ 10°-51500-45993 — 409,21 42,
3600-100-1359,1-11,83
[ns yeTBeproro kopmyca:
3
10°-51500- 22236 ~357.38 a2

“~ 3600.100-723-12.311

5. [IUTAHHS 1O CAMOCTIAHOI POBOTH, [1]

1. Tero¢i1314H1 BIACTUBOCTI I[yKPOBUX PO3YMHIB, C.127.

2. OnTruManbHa KUTBKICTh KOPITYCiB BHITAPHOT YCTaHOBKH, C.138.

3. Bubip BunmapHux amapaTiB 1 OCHOBHI NPWUHIMIHN iX
KOHCTpPYIOBaHH, C.164.

4. I1niBKOB1 BUIIApHI anapary, c.168.

5. MarepianbHuii 1 TeII0Bi OanaHcu BUIApHOTo anapara, c.181.

6. BrumB BUTpaTH mapu, BOJIM HAKUIIOYTBOPEHHS, TAPOBiIOOPIB
Ha IPOAYKTHUBHICTH 1 EKOHOMIUHICTh BUMIAPHOI cTaH1ii, ¢.199.

7. [IpyHIMIIOBI cXeMU 0araTOKOPIYCHUX BUIIAPHUX CTaHIIH,

c.208.
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8. Tpancdopmariis Ta aKyMyJsIIlis TEIUIOTH BTOPHUHHOI 1
BiMpalnboBaHoOi Mmapu, c.252.
9. lonoMi>kHE yCTaTKyBaHHs BUIIApPHOI CTaHIIii, ¢.285.

CIMCOK PEKOMEHJIOBAHOI JIITEPATYPH

1. Kyninyenko B. P., Muponuyk B. I'. BunaproBanus 1 BumapHi
amapatd y po3paxyHKax 1 KOHCTPYIOBaHHI: HaBY. 1MOCi0. JJIs CTY/I.
Bysis. K. : Konzmop, 2006. 390 c.

2. Kyninuenko B.P. CnpaBoyHHK 10 TemI00OMEeHHBIM
pacueram. K. : Texnuxka, 1990. 198 c.

3. Uepeko O. I., Ilomepeunuit A. M. Ilpomecu i amapatu
Xap4YOBHX BUPOOHUITB : MIIPYYHHK / 2-€ BUAAHHSA, AOI. Ta BHUIIP.
X. : Cit Kuur, 2014. 495 c.
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Tabmuus J11. Buxiazi gaHi ais po3paxyHKy BUIIAPHOT YCTaHOBKH

TOJATOK

% Z ’g 4 Konmenrpanii BinOupanuasa BTOpuHHOI g 2 = = Temneparypa BTOpHHHOT
28 B O S . Cyxux mapw 3 Koprycis, k2/100ke s g &= apu B kopmveax. °C
€8 2 & | g | pedosun % ’ SE =S4 P piycax,

< ¢ = o o

£ ES g £¢ 3%

Ey 5 25 E = & E

Sq §2 5% 8-

59 &2 | z&| bo | bx | Ex | E2 | Es | Ea | 28 52| v1 | v2 | v3 | 0s
§4 F5 | A 2z & 2

=il > ol &

0 | 51500 | 130 15 65 |12,2| 8,2 | 108 | 7,0 9 |0,35|125,2|111,0| 95,0 | 77,5
1 | 40000 | 120 15 65 [295|185| O 0 8 [0,31)122,0|111,0] 94,0 | 85,0
2 | 37800 | 121 15 65 1180120 ] O 0 7 [0,34127,0|113,0] 97,0 | 79,0
3 | 50000 | 120 15 65 |20,0| 80 |120]| 4,0 6 |0,35]124,0[112,0] 96,0 | 79,0
4 |35600 | 140 16 64 | 90 | 6,0 0 0 5 10,28 1123,0{114,0{101,0| 83,0
5 | 42000 | 127 16 65 |140| 60 | 80 |110| 4 | 0,34 |127,0/113,0| 99,0 | 77,0
6 | 35000 | 130 15 65 [12,0] 8,0 0 0 3 0,34 1125,0/109,0| 98,0 | 80,0
7 | 41500 | 120 15 65 29,0185 ] O 0 2 1032]121,0(110,0| 97,0 | 83,0
8 | 45000 | 140 16 65 | 90 | 6,0 0 0 1 10,29 [125,0]116,0]/102,0| 85,0
9 133500 | 130 15 65 122|182 | 70| 70 0 10,3411240[112,0] 97,0 | 84,0
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Tabmuus 12. Tennodi3nyuHi BIACTHBOCTI IIYKPOBUX

034HHIB

Temre- KO.HLIGHTpa- TennoeMKicTh TC'HJI(?HpO- FyCTI/IHa KiHe,MaT-HLI- HO]EerHe- Yucio
LSt CYXHX BifHiCTE Ha B’SI3KICTH | BUM HATAT
paTtypa pesosi b c Kl Bm P Ke I , K2 [Ipanaris
t,OC % ' ,KZ'K ﬂ,,M—K "ud V'lOG,T oc-10 ,; Pr
1 2 3 4 5 6 7 8
20 3,77 0,59 1069 0,91 6,77 6,3
40 3,31 0,55 1162 2,15 7,16 15,1
50 60 2,899 0,49 1271 10,30 7,36 81,3
65 2,76 0,47 1300 20,90 7,45 162,0
70 2,64 0,44 1330 47,40 7,55 378,0
20 3,77 0,62 1064 0,76 6,67 5,0
40 3,35 0,57 1157 1,71 7,06 11,6
60 60 2,93 0,52 1265 7,50 7,26 53,0
65 2,81 0,50 1295 13,30 7,36 96,8
70 2,72 0,48 1325 28,50 7,45 216,0
20 3,77 0,64 1060 0,65 6,47 41
40 3,39 0,59 1152 1,40 6,87 91
70 60 2,97 0,55 1260 5,50 7,16 37,3
65 2,89 0,53 1290 9,45 7,26 65,0
70 2,76 0,51 1320 18,80 7,26 134,0
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[TponosxenHs tadmuii 12

1 2 3 4 5 6 7 8
20 3,81 0,65 1055 0,56 6,28 3,4
40 2,39 0,63 1147 1,16 6,77 7,2
80 60 3,01 0,58 1255 4,20 7,06 27,2
65 2,93 0,56 1285 6,35 7,16 46,3
70 2,81 0,55 1315 12,70 7,26 86,0
20 3,81 0,66 1050 0,48 6,18 2,6
40 3,43 0,65 1143 0,98 6,67 5,9
90 60 3,31 0,62 1250 3,35 7,06 20,7
65 2,97 0,59 1280 5,15 7,06 33,0
70 2,85 0,58 1310 9,62 7,16 62,0
100 20 3,81 0,67 1040 0,43 6,08 2,5
40 3,48 0,66 1135 0,84 6,47 5,0
60 3,10 0,64 1240 2,65 6,96 15,9
65 3,01 0,62 1270 3,94 6,96 24,4
70 3,93 0,60 1300 6,92 7,06 44,0
120 20 3,85 0,69 1020 0,34 5,88 1,9
40 3,52 0,67 1110 0,60 6,38 3,5
60 3,22 0,66 1220 1,80 6,77 10,6
65 3,10 0,64 1250 2,55 6,87 15,5
70 3,01 0,63 1280 5,90 7,06 24,0
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Ta6mnus 3. Hopmanbha disuko-ximiana Temmneparypua aenpecis A 1yKpOBUX po3unHiB,’C

KonnenTpanis TemnepaTypa v Tapy Haj pO3UMHOM B anapari, °C
pO34KHIB Dy, %0
CYX. PEUOBHH 60 70 80 90 100 110 120 130

20 0,3 0,3 0,3 0,3 0,3 0,4 0,4 0,4
30 0,5 0,6 0,6 0,7 0,7 0,7 0,8 0,8
40 0,9 1,0 1,0 1,1 1,2 1,3 1,3 -
50 1,6 1,7 1,8 1,9 2,0 2,2 2,3 -
60 2,6 2,7 2,9 3,1 3,3 3,6 - -
70 4,2 4.4 4,8 51 54 5,8 - -

Ta6nuus 14. [lonpaBku 10 HOpMaIbHOI (Pi3UKO-XIMIYHOI TeMIepaTypHoOi Jenpecii

3,°C U 3,°C U
60 0,76 100 1,00
70 0,82 110 1,07
80 0,88 120 1,14
90 0,94 130 1,22
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Ta6muus J15. Temneparypa rpirodoi BoJAsSHOI Hapu mnepioro kopiyca, °C, [4]

Py, MIla t, °C

0,2 120,23

0,3 133,54

0,4 143,62

Ta6nuus J16. @izuuni (hracTUBOCTI BOASHOI apH, sIKi HEOOX1THI /s 3anoBHEHHs Tabu. 1., [4]
t, °C | P,, MITa | h", xlloic/xe | W, kloic/ke | V", mBlke | V', mPlke

0 | 0,00061 2500,8 0 206,3 | 0,0010002
10 | 0,00123 2519,2 42,2 106,42 | 0,0010004
20 | 0,00234 2537,2 83,9 57,84 |0,0010018
30 | 0,00424 2555,6 125,69 32,93 |0,0010044
40 | 0,00738 2573,6 167,51 19,55 | 0,0010079
50 | 0,01234 2591,6 209,3 12,05 |0,0010121
60 | 0,01992 2609,2 251,12 7,678 |0,0010171
70 | 0,03116 2626,4 292,99 5,045 | 0,0010228
80 | 0,04736 2643,1 334,94 3,409 | 0,0010290
90 | 0,07011 2659,5 376,98 2,361 | 0,0010359
100 | 0,10132 2675,8 4191 1,673 | 0,0010453
120 | 0,19854 2706,3 503,7 0,8917 | 0,0010603
140 | 0,3614 2734 589,1 0,5087 | 0,0010798
160 | 0,618 2757,8 675,3 0,3068 | 0,0011021
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Puc. JI1. I'padix 1t 3HaX0/PKEHHS pOo3paxyHKOBOro koedimieHTa Az Ui IyKPOBUX PO3UHHIB
3aJIeXKHO BiJl KOHIICHTpAIIil po34uuny D¢, 1 TeMmeparypu kumiHHs tp



