MiHicTepcTBO OCBITH I HAYKH Y KPaiHU

HauionanbHuii yHiBepcuTeT KOpadiaeOyayBaHHs iMeHi axmipaia Makaposa
XepCcoHChbKHIT HABYAIbHO-HAYKOBMI IHCTUTYT

Kadenpa Tennorexniku

«JlomymeHnnit 10 3aXucTy»

M%my}sat{ Kadeapu TeIIOTEXHIKU
K.T.H., no1ieHT I'.O. KobGanasa
9 «_ 10 » _uepBHsa _ 2026 p.

KBAJII®IKAIIMHA POBOTA

HAa 3100yTTH CTylNeHsl BULIOI OCBITH «0aKaJIaBp»

Ha Temy: «P0o3po0Ka NPOEKTY X0J10AUIbHOI YCTAHOBKH JUISA TPIOMIB

TpaHcnopTHOro peppuxeparopa «Sein Frontiery neaseiitom Dw=8100 T»

Buxonas: ctynent IV kypcey, rpymu 4257
CHEIAIbHOCTI
142 «EHeprernyHe MAIIMHOOVIVB aHH»

(um¢p 1 Ha3Ba creniaIbHOCTI)

«XO0JOTWJILHI MAIITHUHY | VCTAHOBKI

(Ha3Ba OCBITHBO-TIpOdECiitHOT mporpaMu)

Ponion IOHOMAPBHOB

(mpi3BuILe Ta iHiLiamm) [ g( s
Kepisuuk _Oxcana IPO3J1 7777
(mpi3BuIIe Ta iHimiamm) LI / 7 ,-"//
Peuienzenr Jmurpo KOHOBAJIOB 774

(mpi3BuILe Ta iHiliamm)

Xepcon — 2026



HanionaneHuii yHiBepcuTeT KopabiieOyayBaHHs iMeH1 aaMipasa MakapoBa
(HOBHG HaﬁMeHyBaHHﬂ BHIIOI'O HABYAJIBHOT'O 3aKnaz{y)

InctuTyT, dhakynprer XHHI HYK, edeprorexHiyauii pakyiabpTeT
Kadenpa TENJIOTEeXHIKH
PiBeHs BHIIOI OCBITH nepmwnii (0akaJIaBpPChKUil)
["any3b 3HaHb 14 «EnexTpuyHa IHXEHEPIIY

(ump i Ha3Ba)
CrerjajsHICTh 142 «E"epreruude MaImnHOoO Y IYBAHHI»

(ump i Ha3Ba)
OcsiTHbO-TIpO(eciiina mporpama __ «XO0J0IMIbHI MAIIUHU 1 YCTAHOBKU

3ATBEP/KYIO

/, ‘APaHT OCBITHBOI NpOorpamMu
/ . .
EF K.T.H., 1o1. I.B. Kaminiuenko

« 22 » xBitHa 2026 poky

3ABAAHHAA
HA KBAJII®IKAIIUHY POBOTY
HAa 3100yTTH CTYNeEeHsI BUILLOI OCBITH «0aKkaaaBp»

3100yBaua [TonomaproB Ponion I'ennanilioBuy, rpymna 4257
(mpi3BuIe, iM’s1, 1O 6aTHKOBI)
1. Tema poboTu «P03p0o0Ka NMPOEKTY X0J10AHIbHOI YCTAHOBKH JUJISI TPIOMIB_TPAHCIIOPTHOIO
pedpukeparopa «Sein Frontier» neapeiitrom Dw=8100 T»
KepiBHHK poootu__ JIpo3x O.B.., K.T.H., 10EHT

(mpi3Buiwe, imM’s1, 1O OATHKOBI, HAYKOBHUI{ CTYIIIHb, BUCHE 3BaHHS)
3atBepkeH1 HakazoM pekTopa HYK Bim « 22 » _xBitHa 2026 poky Ne 293vyu
2. Tepmin nogaHHs cTyaeHToM podotn « _10 » _ uyepBHa 2026 poky.
3. 3MICT po3paxyHKOBO-TTOSICHIOBAJILHOI 3aITMCKU
Berym.
Poznin 1. 3aranenuii onuc 00’ exTy pociikeHHs. Mera kBamigikaiiitHoi poOoTH.
Po3zin 2. TernoBi po3paxyHKH KOMITIEKCY pedprokepartii.
2.1. Bubip mapameTpiB MOBITPsI 1 BOJY B 3aJIEKHOCTI BiJl paliOHY Ta apaMeTpiB MPOJYKTIB, 1110
30epiratoThcss HEOOMEKEHUH paliOH TIaBaHHs, IIBUAKOIICYBHI BaHTaXKI
2.2. BuOip 13014LIHHUX KOHCTPYKIIH OrOpoXX MPUMIIIEHHS, 1110 0XOJIOIKYEThCS.
2.3. Po3paxyHOK TEIJIONPUILINBIB Y IPUMILIEHHS, 1110 OXOJIOIXKYEThCS.
2.4. BuOip cucteMu 0XOJIOKEHHS Ta XOJOAUIBHOIO areHTy.
Po3gin 3. IIpoekTyBaHHs XOJOIUIBHOT MAIITHHU.
3.1. IToOynoBa UKy XOJOAUJILHOT MAaIIMHU Ha Pl-aiarpaMi Ta HOro po3paxyHokK.
3.2. ITixGip XOJI0IUIBLHOTIO KOMIIPECOPa, TEMI000MIHHUX amapaTiB, CACTEMH aBTOMAaTHYHOTO
pETyJIIOBaHHS 1 3aXUCTY.
3.3. Po3mMileHHs 00J1aqHaHHS XOJIOJUIbHOI YCTaHOBKU.
Po3nain 4. KoHCTpYKTHBHUI PO3paxyHOK TEMI000MIHHUKA (0XOJ0)KyBava, HarpiBaua, BUITApHUKA,
KOHJICHCATOPa)
Po3znin 5. Oxopona mpaiii
BucHoBku.
Crucox BUKOPUCTAHUX JITEPATypHUX JHKEpETL.




PozpaxynkoBo-niosicHtoBasbpHa 3anucka (60...80 cTopiHOK TEKCTY) MTOBUHHA BIATIOBIIATH BUMOTaM
€CK/ ta ICTY.
4. llepenik rpadiuHOro Marepiaity
1. KpecneHHst npuMileHHs, 10 0XO0JI0IKYEThCS, 3 130JIAI1€10 Ta MPHUJIaaMH 0XOJIOKEHHs — 1
apkyir gpopmarty Al.
2. [puHniumoBa cxema Ta IUKI XOJOAMIBHOT MAIIMHU Ha -miarpami — 1 apkymn gpopmary A2.
3. KomnoHyBasibHE KpecIeHHsI KOMITpecopa, KOMIPECOPHO-KOHIEHCATOPHOTO arperary adbo
XOJIOMWJILHOT MammHu — 1 apkymn ¢popmaty Al.
4. KpecnenHs TemiooOMiHHUKA — 1 apkym ¢popmaty Al.

5. lata Bugaui 3aBnanHs  « _22 » _kBiTHA 2026 poky.
Jarta npencraBnenHs Ha Kadenpy « 10 » _ dgepBHs 2026 poky.

KAJIEHIAPHUMU IIJIAH
Ne . . . . TepmiH BUKOHAHHA .
Ha3Ba eTamniB BUNIYyCKHOI MaricTepcbKoi po6oTu . Mpumitka
3/m eTamniB podoTH
1. | Beryn + poszgin 1 28 KBITHS BUKOHAHO
2. | Po3nin 2 + kpeciaeHHs MPUMIIIEHHS, 1110 OXOJIOKY€EThCS 10 07 TpaBHS BUKOHAHO
Po3ain 3 + kpecneHHs NIPUHIMIIOBOT CXEMH Ta UKJI
3. A P PHIH] ) HLy 1o 15 TpaBHs BUKOHAHO
XOJOAMIbHOI MaInHu Ha Pl-niarpami
KomnonyBanbHe KpeciaeHHs KOMIIpecopa, KOMIPECOPHO-
4, Y p pecopd, KOMIIpecop 110 23 TpaBHs BUKOHAHO
KOHJICHCATOPHOT 0 arperaTy ab0 XOJOAMIbHOT MAIIUHU
5. Po3nin 4 + KpecieHHs TemI000MiIHHHKA 1o 02 yepBHs BUKOHAHO
6. Posnin 5 + BUCHOBKHU 10 06 yepBHs BUKOHAHO
OcratouHe oQOpMIIEHHS PO3PaXyHKOBO-TIOSCHIOBAIBHOT
7. | 3amucku Ta rpadiuHOro MaTepiany; moJaHHs 1o 10 yepBHs BUKOHAHO
kBaui(ikaliitHoi 6akanaBpchkoi poOOTH Ha Kadenpy
,/ /
3n06yBau L Pogion IOHOMAPLOB
(ni__z’innc) (mpi3BulILe Ta iHiliaIN)

KepiBauk poooru [g‘?fﬂ*{”j _(f Oxcana JIPO3J1

niz[nm‘c)['-,#.'i (mpi3BuiILe Ta iHiNiaIN)



AHOTANLIA

[TonomaproB Pomion ['ennaniioBuy, rpymna 4257.

«Po3poOKa MPOEKTY XOJOAMIIBHOI YCTaHOBKM I TPIOMIB TPaHCIOPTHOIO
pedpuxeparopa «Sein Frontier» nenseittom Dw=8100 1.

KBamidikamiitna pobora Ha 3100yTTs KBamidikaiii 6akamaBp 3a CHEIIaTbHICTIO
142 Eneprernune MamumHoOyayBaHHS (OCBITHRO-TIpodeciiiHa mporpama «X0JIOAWIbHI
MallMHU 1  YCTAaHOBKM»).  XEpPCOHCHKUM  HABUAJIbHO-HAYKOBHM  1HCTUTYT
HamionansHoro yHiBepcuTeTy KopabneOyayBaHHA 1MEHI ajmipana Makaposa,
XepcoH, 2026 p.

Meroro naHoi OakaJiaBpChbKOi poOOTH € JOCHIDKEHHS 1 PO3PaxyHOK
XOJOAMIBHOT YCTAHOBKH JJISl IPOBI31IMHUX KOMOP KOHTEHHEPOBO3a.

[IpoBenennii po3paxyHOK TEIJIONPUILIUBIB Yepe3 130JSIIHHY KOHCTPYKIIIO
MPOBI3i1HHOT KOMOPH. Y TPETHOMY PO3ILUIT TOOYIOBAaHUH ITUKIT XOJOIUIHLHOI MAIIMHU B
B P-h nmiarpami xomomwiabHOro areHta R-448A, Ta mpoBeacHUi HOro po3paxyHOK.
BuxoHanuii mindip xooauiapHOro kKomipecopa mapku Danfoss mapku MLZ045T9A,
TEMI000MIHHUX amapaTriB Ta 1HIIOTO yCTAaTKYBaHHsS. Y YETBEPTOMY O3 poOOTH
3po0JIeHNII KOHCTPYKTUBHHM PO3PaxXyHOK TEIIOOOMIHHOTO amapaTa - KOHJEHCaTopa,
Ta MiA10pano o0IaHAHHSL.

3axoaM 3 OXOPOHI Mpalll y MalIMHHOMY BIJIUIEHHI HABEAECH1 y 1’ SITOMY pO3JILI,
IPOBEJCHO aHAJI3 HEOE3MEUHUX Ta IIKIIJIMBUX (PaKTOPIB, IKUM IM1A1A€THCA EPCOHAN
M1J] 9ac eKCIUTyaralii Ha Cy[H1, pO3TJIAHYTO 3aX0/IH, 111010 3MEHIICHHS 1X BIUIMBY.

KitouoBi cnoBa: xoJjionuiibHAa MalllMHA, KOMIIPECOp, TEIUIOOOMIHHMM amapar,

XOJIOAMIBHUN areHt, p-h miarpama.
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ABSTRACT

Ponomarev Rodion Gennadievich, group 4257.

"Development of a refrigeration plant project for the holds of the transport
refrigerator "Sein Frontier" with a deadweight of Dw=8100 t".

Quialification work for obtaining a bachelor's degree in specialty 142 Power
Engineering (educational and professional program "Refrigeration machines and
plants"). Kherson Educational and Scientific Institute of the Admiral Makarov
National University of Shipbuilding, Kherson, 2026.

The purpose of this bachelor's work is to study and calculate a refrigeration
plant for the provision stores of a container ship.

The calculation of heat inflows through the insulating structure of the
provision store was carried out. In the third section, a refrigeration cycle is built in
the P-h diagram of the refrigerant R-448A, and its calculation is carried out. A
Danfoss MLZO045T9A refrigeration compressor, heat exchangers and other
equipment have been selected. In the fourth section of the work, a structural
calculation of the heat exchanger - condenser has been made, and equipment has
been selected.

Occupational safety measures in the engine room are given in the fifth
section, an analysis of dangerous and harmful factors to which personnel are
exposed during operation on the vessel has been carried out, measures to reduce
their impact have been considered.

Keywords: refrigeration machine, compressor, heat exchanger, refrigerant,
pH diagram.

Apx.
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INEPEJIIK YMOBHHUX ITIO3HAYEHDb I CKOPOYEHD

B - BunapHuk

BuK — BigneHTpOBHIT KOMIIpECOp

'l — TONOBHUY OBUTYH

JIAY — nucraHIiiiiHe aBTOMaTHYHE YIIPaBJI1HHS
JAIB3 — 1BUT'YH BHYTPIIIHBOTO 3rOPSIHHS
A" — nu3enb-reHeparop

K — apocenbHui KianaH

KK — xoedimienT xopucHoi aii

KM — kommpecop

Ku — konaencarop

KuB — xoHieHCaTOp — BUITAPHUK

MB — MacTHIIOBIAAUIEHUK

H — Hacoc

HC — HaBKOJIUMIIIHE CEpeIOBUIIIE

OXx — 0XOJIOTHUK

[1IK — nopirHeBuiA KOMIIpECOp

[TKXM — nmapokoMITpecopHa X0I0IWJIbHA MallluHa
ITO — mpoMiKHUI OXOJIOTHHUK

11T — mpomixkHa rocyiuHa

PK — perymorounii knanax

PT — pene tremnieparypu

CXY — cynoBa X0J0ujIbHa yCTAHOBKA
TOA — ternnooOMiHHMIA ammapaT

XA — XOJTOAUIbHUM areHT

XM — xonoauiapHa MalluHa

D — Danfoss;

GE — General Electric.

3mn.
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BCTVYII

Po3BUTOK CyZHOBHX XONOJWIBHUX YCTAaHOBOK, IPUCTOCOBAHUX  JUIS
OXOJIO/DKCHHSI CKJIAJICBKUX TPHUMIIIEHb TPAHCIOPTHUX CYIAEH, HIAe MO TNUIAXY
CTBOPCHHS ~ KOMIIAKTHMX  KOMIIPECOPHO-KOHJICHCATOPHUX  YCTAaHOBOK,  SIKi
BIJIPI3HAIOTHCS OUIBIII BUCOKUMU €HEPTreTUIHUMU MOKa3HUKaMU, MOXKJIMBICTIO 3MIHU
XOJIOJTIONPOYKTUBHOCTI B IIIMPOKHUX MEXkKaX.

Metorw pod0oTH € po3poOKa MPOEKTY XOJOTUIHHOI YCTAaHOBKH IS TPIOMIB
TpaHCIIOpTHOTO pedpmxkeparopa «Sein Frontier» naenseiitom Dw=8100 T, 3
ypaxyBaHHSM 130JIA111{ Ta TETJIONPHUILIHBIB.

3actocyBaHHsi OUIbII €(GEKTUBHUX XOJOJ0AreHTIB JO3BOJISIE CTBOPIOBATH
OUIBII MPOCTI CXEMU OJHOCTYIEHEBOI KOMIIPECIT 3 BUKOPUCTAHHSIM 0O€3CaIbHUKOBUX
komripecopiB. Lle m03BoJisie 3MEHIIUTH 3aiiMaHy IUIONY Ta 00’€M, 3MEHIIUTH BCE
o0namHaHHS, JOCAITH OUIBII IIOBHOI aBTOMAaTH3allli, MOJIETIINTH TEXHIYHE
00CIyroByBaHHS Ta MiJBULIUTH O€3MEKY EKCIUTyaTalli.

3acToCyBaHHSI CHCTEM IMPSIMOTO OXOJIOMKEHHSI CKJIQJICHKUX TPUMIIIECHb 3a
paxyHOK KHIIIHHS XOJIOJIOAre€HTY B TOBITPOOXOJIO/KYBadaxX MAa€ HHU3KY CYTTEBHUX
mepeBar y TOPIBHSHHI 3 aKyMYJISITOPHHUMHM CHCTEMaMH Ta JI03BOJISIE 3HAYHO
IiIBUIITUTH €HEPreTUIHI XapaKTEPUCTUKH XOJIOIUILHOTO arperary.

Oxon0/KyBaH1 TPUMINIIEHHS BUKOPUCTOBYIOTh TITHKU 0€3MOCEPEIHIO CUCTEMY
OXOJIOKEHHS 3 XJ1agoHoM R448A.

Crpykrypa Ta o06car kBajdidikauniiinoi podoru. PobGota ckimamaerbcs 31
BCTYNy, TII'SITU PO3/AUIB, BHUCHOBKIB, CIUCKY BUKOPUCTAHUX JUKEpen 3
26 naliMeHyBaHb. 3aradbHuUl o00csaT poboTu ckimamae 70 CTOpPIHKH, MICTUTH

14 pucynkiB Ta 6 TaOIUIIb.
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PO3/ILI 1. 3ATAJIBHA XAPAKTEPUCTHUKA OB'€EKTY, KOMILJIEKCY
PE®PUKEPALIIL

1.1. 3araanHi BizomocTi.

SEIN FRONTIER (IMO 9051789) — 1e  miBICHHOKOpCHCHKE
pedpuxepaTopHe CyaHO (TpaHCIIOPTHUN pedprokepaTtop A pudH), moOyI0BaHE B
1993 porii, sike cremiagizyeTbcsi Ha MPUIOMI, 3aMOPOKYBaHHI Ta TPAaHCIOPTYBaHHI

pubwu (puc. 1.1).
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Pucynok 1.1. 3oBuimmHiit Bux cyqaa SEIN FRONTIER

Cyano SEIN FRONTIER (IMO 9051789, MMSI 441723000) - Refrigerated

Cargo Ship, nodynosane B 1993 1 xoquts nig npamnopom Korea.

Apx.
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1.2. OcHOBHI TeXHiYHi XapaKTEePUCTUKH CYJHA.

THIT CYITHA: .ovvvieiiiiiiiiiiieee e Pedpuxeparopue cymHo /
prUOOBO3-TPaHCTIOPT

PiK OYMIBHUIITBA: ..ccceviiiiiiiiiiiiieeeeeeeeeiiiieeeeeeenns 1993

|71 (0] o RS TP P Pecniy6onika Kopes (IliBnenna
Kopes)

JIOBKHHA HAMOUTBIITA: ....vvvvvvveeeeeeeessesiivinnennneeens 126 m

|7 0) 05 RPN 19 m

JenBedT (DWT) ..o 7 179 ToHH,

BanoBa MIcTKICTE (GT) .vvvvviiiiiiiiiiiiiiiiiiieee, 6 082 ToHHM.

BaHTaXKHI TPIOMHE: .....cvviiiiiiieiiiiceniiee e 3aranpHuii  00'eM  puOHUX

TprOMiB cTaHOBUTH 9 809,2 KyO0. M.

MOpPO3HIIBHE OOTATHAHHS: ... eireee e Bxirouae 3 IIBU]IKO-
MOPO3UJIbHI anapaty MIOKOoBOI 3aMopo3ku (Blast) 3aranpnoro npoayktuHicTio 300
TOHH Ha J00Y.

['omoBHMI IBUTYH:

MAPKA ..evviiiiieeeeeeeeeeei e MAN B&W 8S40MC
TTOTYHKHICTD +vvvvvveeessnssneneesssssnnneessssssneessssnsneeensnns 8 640 x.c
........................................................................... 6300 kBt
Hiametp nmmiHapa (Bore) ......vveiiiiiiiiiiennnnnn. 400 MM

Xit TOPUTHS (StrOKe) ..vveeviiiiiiieiiiiiiieee i 1 760 mm

YacToTa 00epTiB KOJIHYACTOTO BATA......cevvveieee 146 06/xB
Jliama3oH PeryatOBAHHS MiJl TBHHT: .......ceeeernenee. 124—-155 06/xs.

Cepenniit ebextuBHUM TUCK (Me p)oau3bko 18.0 6ap

KinbKICTh TYPOOKOMIIPECOPIB ... 1 (3a3Buuait cepii MAN
TCR/TCA a6o ABB)
THIT TTATTHBA ...vvvvveie ettt Baxxki mazytu mapox HFO (o

700 cSt) ta nerki cyaHosi auzen (MDO/MGO)

Apx.
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1.3. EHeprernuHa ycTaHOBKA.

Koncrpyktusni ocodmmBocTi cepii S40MC

Ipsamuii npuBin Ha rBUHT: 3aBISKU HU3BKIH wacToTi 00eptiB (146 06/xB)
JIBUTYH TIKIIOYAEThCA Oe3mocepeiHb0 10 rpedHoro Bajga. CymHOBUN PEAyKTOp HE
noTpi0€EH, 1110 YCYBA€ 3aiiBl MEXaHIYH1 BTPATH, MiABUILYE HAAIMHICTh Ta 3HUXKYE IIYM
y MallMHHOMY B1JIJIIJICHHI.

Kpeiinkondguuii Tun (Crosshead): Ilopiiens 3'eqHaHuid 31 MITOKOM, KU
pYyXa€eTbcs CTPOro BEPTUKAIBLHO uepe3 MoB3yH (kpeitukomnd). Lle moBHicTIO 3HIMae
OOKOB1 3YCHJIJIS 31 CTIHOK IMUTIHAPA, MIHIMI3YIOUM 3HOC HITIHAPOBUX BTYIOK (liner)
Ta TOPIIHEBUX K1JEllb.

Po3aisibHe 3mamyBanusi: Kaprep 3akputuii MeMOpaHOIO BiJl 30HH 3TOPSHHS.
JlyxkHe UWIIHAPOBE MACTUJIO IOJAETHCS OKPEMO dYepe3 JyOpuKaTtopu AJis
HEUTpaTi3allii CipKH 3 BaKKOr0 MajiMBa, 4 MOTOPHE MACTHJIO B KapTepl 3aIMILIAEThCA
YUCTUM POKaMH.

Mexaniune kepyBanHsi (Camshaft): BnopckyBaHHs manuBa Ta BIAKPHUTTS
BUXJIOITHUX KJIANaHIB PETYJIOIOTHCS KYJAuKOBHM pO3NOAUIBHUM BajioM. Cucrema
no30aBJieHa CKJIagHOI cydyacHoi enekTpoHiku Common Rail, sika 3'iBuitacs nizHime y
cepiix ME. JIBUr'yH MOBHICTIO MEXaHIYHUI 1 MOXe OOCIyroByBaTHUCS CHUJIAMU
eKIMaXxXy MpsIMO B MOPI.

Kaananum T1a npoayska: /[IBuryH mnpamioe 3a NPUHIOMIOM HPSIMOTOYHO-
KJIATTaHHOI MPOAYBKU. Y BEPXHIM YacCTHHI LMJIIHJApPA BCTAHOBICHUN OJWH BEIMKUM
TiIpaBIiyHO KEPOBAHWU BUITYCKHHUI KJamaH, a BIIYCKHI BIKHA pO3TAlllOBaHI BHU3Y
BTYJIKH.

OpieHTOBHI Maco-TabapuTHI MOKa3HUKHU ()1 §-IUITIHAPOBOL Bepcii):

Cyxa maca nsuryHa: 01u3bpko 125—135 ToHH.

Hosxuna: 61u3bko 6,3 — 6,8 MeTpiB.

Bucora (Binm ¢ynmamenty): Omuszpko 5,8 — 6,2 merpiB (morpebye 3HAYHOI

BHCOTH MAIIMHHOTO BIJIIIJICHHS JIJIT BUHMAaHHS TTOPIITHIB).

Apx.

KPB.142.4257.04.05.1M3.01

B,

Apx. | Ne doxymenma | Ilionuc |/Jama




JIBUTYH BBaKa€ThCsl 3pa3KOM JIOBIOBIUHOCTI CEpell CYJAHOBHX E€HEPreTHUHHUX
YCTaHOBOK KiHIISI XX cTomTTs. [Ipy npaBuibHOMY KOHTPOJII MMAJIMBHOI arapaTypy Ta
cBOeuyacHId crenu@ikanii 3a30piB  KpeWlkonda BIH JEMOHCTPYE KOJOCAIbHUN
MOTOpeECypC.

BignmoBigHICTE BHMOraM IMOAO OallaCTHUX BOJ JOCITAcThCS  3aBISIKU
BcTaHoBjeHHIO cucteMu Alfa Laval PureBallast nmponyktusnictio 500 m*/roz. Takox
Ha cyaHi BcraHoBieHuid  koten  wmapku  KangRim  Heavy  Industries

NaponpoOAYKTUBHICTIO 710 2 T/Toauny 3 TuckoM 1,0 MITa.

1.4. BucHoBKH 3a po3aiiom 1.

B mepmiomy po3aini poOOTH OMHCAHO CYAHO-IPOTOTHUIT pedprrkepaTopHE
cynHo «SEIN FRONTIER» neneiitom Dw=8100 T Ta  mpuBeneHa 3arajibHa
XapaKTEepUCTHUKA CYJHA, €HEPreTUYHOI YCTAHOBKH, IO CKJIAJA€THCS 3 TOJIOBHOTO

JIBUTYHA, TPbOX JHM3EJIb-T€HEPATOPIB Ta YTHII3ALIHHOrO KOTJIA.

Apx.

KPB.142.4257.04.05.1M3.01

B,

Apx. | Ne doxymenma | Ilionuc |/Jama




KPB.142.4257.04.05.13.02

3MmH. | Apk. No tokym. Iligmuc | Jdara
CmydeHm | lNoHomapbos P. Jlir. ApK. Apky1riB
KepisHuk | Aposg O.B. . | |
Po3din 2
KoHcynem. XHHl HyK 15

3aB.kad. KoGanaga I".O.




PO3JI1 2. TEIUIOBI  PO3PAXYHKH  KOMILIEKCY
PED®PUKEPAIIII.

2.1. BuOip mapaMeTpiB moBiTPS Ta BOAM B 3aJI€KHOCTI BiJl mapaMerpiB

NPOAYKTIB, 1110 30epiraTbes.

s Bubopy mapamMeTpiB poOOYOro cepeaoBuIlla HEOOXITHO 3HATH YMOBHU
eKCIUTyaTallii TpIoMiB, 110 00ciayroByerbes. Biqnosinno ISO Bumoram (ISO 3046-
1: 2002; ISO 1550: 2002), nns cynmHa 3 HEOOMEXKEHUM pPAHOHOM IIaBaHHS
MPUIHATI HACTYIHI TeMnepaTtypH [3, 4]:

TeMIieparypa 30BHIIIHLOTO MoBiTpss  +34 °C;

Temnepatypa 3aboptHoi Bonu +30 °C.

3rinHo «CaHiTapHUM TpaBUjIaM JIsi MOPCbKUX CyJEH» MPUUHSATI HACTYIIHI
TEMIIepaTypH MOBITPS B TPrOMax:

- TPIOM M'sica -18 °C;

- TPIOM pHUOH -8 °C;

- TBIHJIEK OoBOUiB + 4 °C;

- TBIHeH cyxoi npoBizii + 10 °C.

Jlo maHoi cuctemMu npej'sIBsIOThLCA HACTYITHI BUMOTH [3, 4]:

- edeKTUBHI CIOCOOM BIJABEACHHS TEIUIOTH 3 MPHMIMIECHHS 1 JOCTAaTHS
TEIJIOBA aKyMYyJISLIMHICTD;

- YHIBEpCaNbHICTh (IPUIATHICTD JJIsl IEPEBE3CHHS PI3HUX BAaHTAXKIB);

- Oe3neka JjIs YiICHIB eKIMMaXKy Ta BaHTaxXY;

- EKOHOMIYHICTh CHCTEMH Ta HAJIHHICTh B POOOTI;

- POCTOTA 1 3pYYHOCTI B €KCILTyaTarrii.

Po3ramyBanHs pUMILLIEHb HA CyJHI MIPEACTABIIEHI Ha puc. 2.1.

Apx.
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Pucynok 2.1. Tpromu Ta TBIHACKU Cy/IHA

2.2. Bubip i3onsiniiiHUX KOHCTPYKUIA Oropok mNpUMIillleHHsI, 110

0X0JI0IKYETHCsI.

['onoBHUM CHOXHUBa4eM XOJOAY B MPOBI3IMHUX KaMepax € TeIuioTa, sKa
HAJXOAWTHh JI0 TPUMIIICHb, IO OXOJOJKYIOTHCS, 330BHI, Kpi3b KOHCTPYKIIi
OTOPO)KEHb. 3MEHIUEHHS 30BHILIHIX TEIUIONPUILIUBIB CIPUSAE 3MEHIIECHHIO
xonogonorpedu cyaHa. Lle MOxIMBO 3a0€3MeUnTH NUIIXOM BHUKOHAHHS TEIJIOBOT
13071511111 OTrOPOJKYBAJIbHUX TOBEPXOHb. YuUM HIXKYA  TEIUIONPOBIIHICTH
130JISIIIHHOTO MaTepiary Ta Oulbina ii TOBIIWHA, TUM MEHIIE TEIJIOTH MPOXOIUTh
70 TMpUMILIeHHs. AJe 13 301IbLIICHHSIM TOBIIWHU 13071111 3MEHIITYETHCSI KOPUCHUIM
BaHTAXKHUN 00'€eM TPUMIIIEHb, 110 130JIIOIOTHCS, Ta 3pOCTalOTh BapTICTh
130JIALIMHOTO MaTepiany Ta HOro MoHTax. /s Teruoi3onsiiii 3acTOCOBYIOTH
Marepiaiy, y SKUX HU3bKUH KOe(]IIll€eHT TeIUIONPOBITHOCTI.

Oco0aMBOCTI KOHCTPYKI[IM 130I0I0YMX OTOPOXK CYAHOBHX OXOJOJKYBAaHUX

OpUMINIEHh ~ BU3HA4arOThes  [IpaBunmamMu  MOpchKOro  KiacugiKaiiiiHOTo

Apx.
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TOBAPUCTBA, BIANOBIJHO 1O SKHUX, [OBUHHE OyTH 3a0€3[eUeHO BHUKOHAHHS
HACTYIHUX BUMOT [5]:

B oxonomxyBaHMX NPUMIIIEHHAX BCl METaJ€Bl YAaCTUHU KOPIYCY CyJIHA
MOBUHH1 OyTH PETENILHO 130JIbOBAHI;.

[BossALisl  OXOJOMKYBAaHUX IMPUMIIIEHb T[OBUHHA OYTM BHKOHaHa 3
010CTIMKUX, 1, IK MIHIMYM, HETOPIOYMX MaTepialliB, 110 HE MAIOTh 3amaxy, 0akaHo
3 Mol O00'€eMHOI0 Macol 1 HHU3BKUM KOE(IIEHTOM TEIJIONPOBIIHOCTI.
[RBomsamiitHl Marepiau TOBHHHI OyTHM cxBajeHl Kiacu(iKalliiHUMH OpTraHaMH.
JlucTaHLiiiHI MPOKIAIKW, IO BIAAUIAIOTH 130JSIII0 BiJ] CTaJ€BUX IOBEPXOHb
CYMIKHUX MPUMIIIEHb [IUCTEPH 1 HACTHITY JPYroro JHa, TOBUHHI OyTH BUKOHaHI 3
Ha(TOCTIHKOrO MaTepiaiy, 0 He 3ropse, He BUALIIE 3anaxy.

[3omstiist  OXOJIODKYBAaHWX TPUMINICHh TIMOBUHHA OyTH 3axwWIeHa Bif
OPOHUKHEHHS BOJIOTM, @ TaKOX BIJ MOMIKOJKEHb I'PU3YHAMHU Ta MOKPUTOIO
OOLIMBKOIO.

TpyOonpoBoau HE TMOBMHHI MaTth 0O€3MOCEPEIHBOTO KOHTAaKTYy 3
neperopoakaMu ad0 manydaMy B MICHSAX HPOXOJY 4Yepe3 HUX 100 YHUKHYTH
BUHUKHEHHS TEIMJIOBUX MICTKIB.

Marepiaj HOBUHEH BOJIOAITH HU3bKUM KOE(IIIEHTOM TEIJIOMPOBITHOCTI Ais;

Martu many o0'eMHy Bary v;

Bonoaitu 3HM)XEHMMM 3HAUYEHHAMHU MAPOMPOHHKHOCTI, TIIPOCKOMIYHOCTI 1
BOJIONOIJINHAHHS;

Byt minHuM, enacTUYHHM, BIOPOCTIMKHUM, MOPO3OCTIMKHM, O10CTIMKUM,
TEXHOJIOTTYHUM;

BonoxitTu TpuBaiMM TEpPMIHOM CIY>KOM, HE TMOBHUHEH BHKJIHMKATH KOPO3il
METaJIB;

BbyTtu noxexobe3neuHmnm;

Apx.
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He BuainsaTi mKIIJIMBUX PEYOBUH, HE TMEpeaBaTU MPOAYKTaM XapudyBaHHS
3amax, OyTyu HECHPUHHATIMBUM JI0 3alaxiB.

JInst Teroi30iALii TPIOMIB CyAHA BUKOPHCTOBYIOTHCS TEIIOI30JISIINAHI
mnTH 3 Koedimienrom teronposignocti A=0,045 Br/(m-K), rycruna 80 kr/m® Ta

nepeB’siHi Opycu 3 koedimieaToM Teronposigrocti A=0,25 B1/(Mm-K) [6, 10].
Po3paxyHok koedinieHTa Tennonepenaadi i3onsuiiiHOI KOHCTPYKIIil
Jnsa Konerpykuii 130711 1 3alIMBKM 3 PO3TAIlyBaHHSAM OOpEHIITHHKA

NepHeHIUKYIIpHO 10 Habopy (puc. 2.2) koedilieHT Teronepeaadi BU3HAYaeThCs

3a popmyior, Br/m?-c,

6

Kozﬁ (_
S |

n+i S-2h-g¢
+

+4,61
97 H

).

Pucynok 2.2. KoHCTpyKITist 1307151111 1 3aIIUBKHU 3 pO3TalllyBaHHSIM
oOpenrTHIKA MePIeHANKYIIIPHO 10 HAbopy
1 — MerasneBa 00IIMBKa KOPNYCY CyaHa; 2 — miHomacT; 3 — 6pycok 50x50;

4 — gomika; 5 — 3aXUCHUHU JTUCT

Jns  po3paxyHKY TeIJIO TMPUIUIMBY BHOMPAEMO CEpPEHE 3HAUYCHHS

koedinienTa Ternonepenaui k=0,6 Br/(M?K) 3riguo [10].

Apx.
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2.3. Bu3HaYeHHsI CYMAapHOr0 TEIUVIONPHUTOKY i XOJ0XONPOAYKTUBHOCTI

Xy

2.3.1. Jlani 1151 po3paxyHKy

[TpoBi3iiiHi kKamepy MpuU3HaAYEHI JIsl 30epiraHHs MPOIYKTIB XapuyBaHHS JJIs

CYIHOBOi KOMaHJIU Ta TaCa)KUpIiB. [x emMHicTh TOBHHHA OyTH JOCTaTHBOIO JIJIst

3a0€e3MeUeHHs CYyJHOBOTO CKJIaAy MPOAYKTaMH Ha BeCh mepioja peiicy. Takoxk, Ha

ONEMCHBOBO3aX XOJOAWJIbHA YCTAHOBKA IIOBHMHHA O6CHerBYBaTPI HOTpC6I/I

HEBEITMKOTO pPePprKepaTOPHOTO MPUMIMIEHHS, TPU3HAYCHOTO I HEBEITMKHUX

napTiid HIBUAKOIICYBHUX BaHTAXIB.

TermonpuiivBy 10 MPOBI3IHHOT KAMEPUCKIIAAAIOTHCS 3 HACTYITHUX BEIUYUH:

Q1 — TenIonpUILTUBY Yepe3 OTOPOXKi;

Q2 — TerIONPUILIUBY MPU TEPMOOOPOOII BAHTAKY;

Q3 — TEeMmIONPHUILTUBY TIPU BEHTUIIALIT Kamep;

QU -

TCILIOIIPUILIINBHU

MOBITPOOXOJIOAKYBAUIB;

QS5 — 1HII TETIONPUTLITUBH.

Bl  TpAIIOIOYUX  EJIIEKTPOBEHTWISATOPIB

2.3.2. TenionpunjinuBM Yepe3 Orop0:Ki KOHCTPYKILii

Butpara xonony Ha acCUMUTAIIIO TEIUIONPUIUIUBIB KP13b 130JIII0 3AJICKHUTh

BIJl PI3HUII TeMIEpaTyp Ta KOSDIIIEHTIB TEIUIONEpeIadl OKpeMHUX MepedopoK Ta

BU3HauYa€eThes 3a popMmyrioro, BT,

Q1=Q1c + Qir,

ne Qic — TEIUIONPUIUIMBY BiJ| MOTJIMHAHHS 30BHIIIHBOI MOBEPXHI OTOPOXK

TEIJIOTU COHSIYHOI paaiaiii; Qlc He ypaxoByeTbcs, OCKUIBKM KaMepH HE MaroTh

MIOBEPXOHb, BIAKPUTUX COHSYHIN pamiarii.

3mn.

Apx.

Ne doxymenma

Iionuc

Hama

Apx.
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Qir — TEIJIONPUIUIMBY BijJ PI3HUIIl TEMIEPAaTyp 30BHIIIHHOTO TOBITPS Ta
MOBITPS B Kamepax, BT.
TermonpuIuivBY Bij PI3HULI TEMIEPATYP 30BHIUIHBOIO MOBITPS Ta MOBITPS
B Kamepi 3Haxoaumo 3a popmyioro, Bt [10],
Qir = ki F (ta- tv), B,
ne ki — xoedinient reronepenaui oropoxi, Br/(m2K);
F — momma oroposxi, M?;
t, — TeMmepaTypa HaBKOJHUIITHHOTO CEPEOBHINA;
tk — TemmepaTypa MoBiTpsl KaMepH.

Pe3ynbTaTi po3paxyHky mnpuBeaeHo B Tadm. 2.1.

Tabmuns 2.1. PesynbTaTi po3paxyHKy TEIJIONPUILIUBY YE€pe3 OrOpoxKi

HaiimenyBanns oropoxi | F, m? Bkj/ t, °C | t,, °C | At |Qu.Br ng
(m*K)

Hoc. mepebopka 63 0,6 | -18 22 40 1512

- Kopwm. nepebopka 63 0,6 | -18 22 40 1512

o

.; [TpaBwuii 6opT 1176 | 0,6 | -18 10 28 | 1976

2 |JiBuii Gopr 1176 | 0,6 | -18 -8 10 | 706

= [TixBosok 420 | 0,6 | -18 22 40 | 10080
naryba 420 | 0,6 | -18 22 40 | 10080 | 25865
Hoc. nepebopka 63 0,6 -8 22 30 1134

. Kopwm. nmepebopka 63 0,6 -8 22 30 1134

% |Mpasuit Gopr 1176 | 06 | -8 4 | 12 | 847

5 JliBuit 6opT 1176 | 0,6 -8 -12 4 282

& ITixBosIOK 420 0,6 -8 22 30 7560
namyba 420 | 0,6 -8 22 30 | 7560 | 18517

Apx.
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[Tponosxxenns tad. 2.1.

Hoc. nepebopka 60 0.6 10 29 12 432

Kopm. nepebopka 60 0.6 10 29 12 432

o.g | PanHH bOPT 112 | 06 | 10 | 30 | 20 | 1344
2 O | Jlipuii
o' & Jlignit Gopt 112 | 06 | 10 | -12 | 22 | 1478
< N
= | Hlimsonok 420 | 06 | 10 | 22 | 12 | 3024
manyba 420 | 06 | 10 | 22 | 12 | 3024 | 9734
Hoc. nepebopka 60 | 06 | 4 22 | 18 | 648
KopwMm. niepedbopka
Zg:; p ' peoop 60 | 06 | 4 22 | 18 | 648
2 |IIpasnii Oopt 112 | 06| 4 | 8 | 12 | 806
< . o
o 112 | 06 | 4 | 22 | 18 | 1210
= :
< | Hhasonox 420 | 06 | 4 22 | 18 | 4536
manyoa 420 | 06 | 4 22 | 18 | 4536 | 12384
CymapHi TEIUIONPUIUIMBH Y€pe3 Oropoxi kamep, Bt 66501

TemonpuToku i OJHOTO BiJCIKY cTaHOBUTH 66501 kBT, onHak cymapHhi

TETJIONMPUTOKH I 4-X BiJICIKIB CTaHOBUTH 66501*4=266004 xBT.

a0

2.3.3. TensionpunjivBM BiJ TePMOOOPOOKH i OXOIOXKYBAHHS TapH

i TenyonpuIUIMBY HE YPaxOBYIOTHCS, 00 3aMOPOKEH] MPOTYKTH HAXOIATh

NpOBI3IMHUX KaMep 3 TeMIlepaTypamMu, OJIM3bKUMHU JO0 TeMIeparyp ix

30epiranHs, 1 3Ha4HOro KoedirieHTa podoyoro yacy BIJMOBIAHUX KOMIIPECOPIB B

pexumi TepM0ooOpoOLIl HE BiIOYBAETHCS.

Apx.
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2.3.4. TenIONpUILVIMBH NMPHU BEHTWIALIIO KOMOP

TemonpuIivBY BiJi BEHTWIIALIT BUSHAYAIOTHCS 3a (hopMmyJioro, BT,

10
243600

Q, Vie p. N-Co-(tate) = 0,01+ Vic -2 1 N+ (tut),

ne Vi — 00'eM BEHTHIILOBAHOI KaMepH, M2,

p, — TYCTHHA TIOBiTpS IIPH t i () MiATPUMYBAaHHX B KaMepax, KI/M |
N — KpaTHICTh OOMIHY MOBITps, 00M/100Y;

C. — TemIoeMHICTh 30BHIMHBOTO TOBITPSI; ¢ = 1,05 kJIx/(kr K);

ty — TemmepaTypa 30BHIIIHBOTO NOBITPS, °C;

t« — Temmieparypa B kamepi, °C.

PesynbTaT po3paxyHky 3BezieH1 B Ta0. 2.2.

Tabmuus 2.2. Pe3ynapTaTu po3paxyHKy TEIUIONMPUILIMBY TPU BEHTHIIAIT

KOMOP
Komopa ts, °C ty, °C At, °C n Vi, M° | Qsz, Br
M'sica 30 -18 48 2 1764 1964
Pubu 30 -8 38 2 1764 1719
Cyxoi mpoBi3ii 30 +10 20 3 1680 1637
OBouiB 30 +4 26 4 1680 1637
CyMapH1 TEIIONPUIUIMBY MIPH BEHTUIIALIT KOMOp, BT 6957

2.3.5 TeionpwINBH Bi/l NPANIOIYUX MEXaHI3MIB Y KOMOpax

Ha CyJIHI 3aCTOCOBAHO Oe3KaHalbHE MOBITPOOXOJIOJIKEHHS,

eJNEeKTPOABUTYHH, 1110 BOymoBano B [IO mnsg poOOTH €NEeKTPOBEHTUIISATOPIB,

SHAXOAATHCA B OXOJIOPKYBAHUX HpI/IMiH_[eHHHX.

Apx.
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To/l TeIIONPUIIIIUBY BiJ] IIPAIIOI0YUX MeXaH13MiB, BT,
—_ z-y
Q4_ Z.V/MeJ\Ie,q 11,

ner, —4ac podorn CXVY, 24 ronunu;

W, — KOEDILlieHT 0f1HOYACHOCTI po6oTH MexaHi3miB; ¥ wex=0,7 [8];

N,, — IIOTYKHICTb, 5IKa CIIOKMBAEThCA eleKTpoABUryHamu; N, =140 Br;

I — KUTbKICTh MPUJIAJIIB OXOJIOIPKEHHS, IITYK.

3 ormsay Ha BIACYTHICTh JAaHUX MPO TOTYKHICTh, IO CIOXXKHUBAETHCA
eJIEKTPOABUTYHAMH, Ta MaJly BEJIMYUHY IIUX TETJIOBUX HAIXO/KEHb, BPAXOBYEThCS
BCTAHOBJICHA MOTYXHICTh €JIEKTPOJIBUTYHIB BEHTUJISITOPIB 0a30BOi YCTaHOBKHU.

PesynbTaTi po3paxyHkiB 3BejieH1 B Tab. 2.3.

Tabmuis 2.3. Pe3ynbraty po3paxyHKiB TEIIONPUILUIMBY Bij MPaIlOIOYUX B

KOMOpax MEXaHI3MiB

HaiiMmenyBaHHSI. KIJIBKICTh Ne kBt Q4
Kamepu [10
Mm'sica 2 0,28 196
puoH 2 0,28 196
CyXOi MpoBi3ii 2 0,28 196
OBOYIB 2 0,28 196

CymapHi TEIUIONPUIUIMBH BiJI MPALIOI0YNX B KOMOpax _—

MEXaHI13MIB

Apx.
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2.3.6. Po3paxyHOK iHIIMX TEIUIO NMPUILIUBIB

J1o 1HIIMX TEIUIONPUIUIMBIB Bl YCIX TEIUIONPHUIUIMBIB, K1 paHille He Oyau
BpaxoBaHi (TCIUIONPUILIMBU BIJ BIAKPUTTS JBEped, BIiA OCBITJICHHS, BiJl
npuOyBaHHS MEPCOHAII TOILO).

i TerionpunIMBY 3HaXOIATh 32 (OPMYIIOKO:

Qs =10,02 - Q:=0,01 266004 =2660 BT.

2.3.7. CymapHi TenJIOnpuIIMBY B pPeKuMi 30epiranas

CymapHi TeIUIONPUILIMBU B PEKUMI 30€piraHHs 3HaX0AUMO 32 (POpMYIIOO:

Qs6epir = Q1+Q3+Q4+Qs=266004+6957+784+2660= 2/6,4 xBr.

CymapHi TEIUVIONPUIUIMBH B PEXMMI 30€piraHHs B MPOBI3IMHHUX Kamepax

npuiitMaemMo Qsgepir=276,4 KBT.

2.4. Bu0ip cucreMH OXO0JIOMKEHHS TA XO0JOAMIBbHOIO ATCHTY.

Kommiekc  0XonomKyBalbHUX MPHUCTPOIB  (KOMIpecop, KOHAEHCATOp,
BUIAPHUK), BEHTWITOPIB, HACOCIB Ta IOBITPOBOJIB, 3a JOIMOMOIOK SKHUX
3MIMCHIOETHCS BIABEACHHS TEIUJIOTH BiJ MPOBIZIMHUX KaMmep, CKIAal0Th CYIOBY
CUCTEMY OXOJIOJIKEHHS.

['on0BHI BUMOTH, SIKUM Ma€ 3aJOBOJIBHSITH CyIOBa CHCTEMa OXOJOKCHHS
[4, 5]:

- CHUCTE€Ma OXOJIOJKEHHS MPOBI3IMHUX KOMOp IIOBUHHA 3a0e3nedyBaTu
XOpOIIE TEIJIOBE €KpaHYBAHHS OrOPOJKYBAJIBHUX IOBEPXOHb KaMepu 3 METOIO

NEPEeXOIUIEHHS  30BHIIIHIX  TEIUIONPUILIMBIB,  3a0€3Meuyloud  OJHOYACHO

Apx.
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PIBHOMIpHE OOTIKaHHS IMOBITPSM Yy IPOBI3IMHUX KaMepax BaHTAXy JJIsl IIBUJIKOTO
Ta €()eKTUBHOTO BiIBEJCHHS TEIUIOTH;

— 3a0e3neyyBaTy pIBHOMIpHE (OJHOPIHE) TEMIEPATypHE Moyie y Oyab-aKii
TOYIl TPOBI3IMHOI KamMepu 3 MIHIMAJIBHUM BIIXWICHHSM BIJlT ONTHUMAaIbHUX
3Ha4YeHb JJIS JAHOTO BAaHTAXY;

- CHCTE€Ma OXOJIOJKEHHS MOBMHHA MATH BEJIMKY TEIJIOBY aKyMYIISIIHHY
3/IaTHICTh (IHEPUIWHICTh) 3 METOI0 YMOBUIBHEHHS MIABUIICHHS TEMIEpaTypu B
IPOBI3IiHIN Kamepl y pa3i TAMYACOBOI 3yITUHKH XOJOUIbHOT MAIIMHH;

- CHCTeMa OXOJIOJ)KeHHsS TOBMHHAa  3a0e3neuyBaTd  HalMEHIIUH
TEMIEPATypHUI Tiepenaa MK TEMIIEPaTypOIO0 BAaHTaXy Ta TEMIIEPATYPOIO KUITIHHS
xojnonunapHOro arenta. lle 3a 3amaHoi Temmeparypu MpOBI3IHHOI KamepH
3a0e3MeYnTh MaKCHUMallbHEe 3HAYCHHS XOJOAMJIBHOTO Koe(ilieHTa MaIluHH Ta
MIHIMaJIbHI €GHEPTOBUTPATH Ha 30epiraHHs BaHTaXY;

- Malmy Macy Ta Ta0apuTH OXOJO/KYIOUMX TMpUIaJiB Ta CHUCTEM
TPAHCIIOPTYBaHHS XoJjoj0oHocis. HeoOxigHO BpaxoByBaTH, IO Majli rabapuTu
MOBEPXOHb, IO OXOJOJKYIOTh, MOXYTh OYTH IOCSITHYTI TUIBKH 3a PaxyHOK
M1JIBUIIICHHS 3Ha4€Hb KOe(DII[I€HTIB TeIIonepeaayi;

- CUCTE€Ma OXOJIO/IP)KEHHS! TTOBUHHA OYTH HAJ1HHOIO, MIPOCTOIO0 Ta 3pYYHOIO B
eKCIuTyaTallli, Oe3MeYHO Ui JoJed Ta BaHTaxy, 3a0e3leuyBaTd HOpMajbHE
CIIOCTEPEKEHHS 32 PEKUMOM OXOJIOJKECHHSI, JIETKICTh HOTO PEeryJIroBaHHS, PEBi3ii,
PEMOHTY TOIIIO.

Jlnsa 3abe3neuenHs 3aJaHUX TeMIIepaTyp y MpOBI3ITHUX Kamepax HalKpalia
MOBITPSIHA CHUCTEMa OXOJIOPKEHHS 3 Oe3lmocepeAHIM KHUITIHHSAM XOJOJ0areHTy 3
peOpPUCTUMH OXOJIOIKYBadaMH MOBITPSL.

Xo05010areHTOM I JTaHOT CUCTeMH BHOHMpaeMo xiafgoH - R448A. lleit
XOJIO0AreHT HANUOIIbII HEIIKIIJTMBUM JIJIs JIFOACH 1 HAaBKOJUIITHBOT'O CEPEeIOBUIIIA,
0e3neyHuil 1 3a 1HIIMX PIBHUX YMOB MOPIBHSAHO 3 (peoHoM — R 12, mo no3Bosnse

30UTBIITUTH TPOAYKTUBHICTH HA 23% 1 3MEHIIUTU BUTpATy eHeprii Ha 8%.
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B panumit yac B cyaHoBiil xonmoawiabHik ycraHoBli (CXY) TpromiB Ta
TBIHJIEKIB 3aCTOCOBYIOTHCS TBUHTOBI KOMITPECOPHU.

3acTocyBaHHSI TBUHTOBHX KOMIIPECOPIB AO3BOJISIE 3HU3UTH LIyM 1 BiOparlio,
BapTICTh MOHTAXY, YCYHYTH HaliCTOTHIIINI BUTIK XoJomoareHTy B cxemi CXVY Ta
IMIBUIIATHA HATIHHICTb.

Buxopsiun 13 ckazaHOro HaWO1IBIN PaIliOHATILHUM [T IPOBI3IMHUX KaMep €
MOBITpsiHA cucTeMa XY 3 O€3CabHUKOBUM CIIpaJIbHUM KOMIIPECOPOM Ta

Oe3rmocepeIHLOI0 CHCTEMOIO OXOJIOKEHHS 3 X1aJ0HOM R448A.

2.5. BUCHOBKH 32 po3aiJjiom 2.

B nmanomy pozaim OakajgaBpCchKoi BHUIYCKHOI poOOTH OyiM BHU3HAYEHI
napaMeTpy MOBITPS 1 BOAM B 3aJIEKHOCTI BiJ pailoHy Ta mapameTpiB MPOAYKTIB,
mo 30epiraloThCsi y TMPOBI3IMHIA Kamepl, TaKoX MPOBEACHUM PO3paxyHOK
Koe(ILIEHTY TeIIonepeaayl yepes 130110104y MOBEPXHIO.

[TpoBenennii po3paxyHOK TETIOMPUILIUBIB Yepe3 130JSAIIHHY KOHCTPYKIIIIO
NpoBI3iiHOI Kamepu cTaHoBUTh 276,4 xBT. YV skocti xmagony OyB BuOpaHuUit

R448A.
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PO3/ILI 3. IPOEKTYBAHHS XOJIOJUJIBbHOI MAIIIMHU

3.1. IToOynoBa MUKJIY XoJ0dAMIbLHOI MamuHu Ha P-h giarpami Ta iioro

PO3PaxyHOK.

3.1.1. [ToOynoBa NMKJIY X0JOAMIbHOI YCTAHOBKH B P-h giarpami

[{uKT XOJIOAUIBHOT MAITMHKU PO3PAXOBYEThCs 1 OyayeThesl Ha miarpami P-h,
3a HACTYNMHUMU Jlanumi [3, 4, 5]:

to — TemnepaTypa KUITIHHS XO0JI00areHTa;

t« — TemmepaTypa KOHJEHCaIll1 XJ1aJareHTa,;

tnp — MEePeOXoI0KEHH PIAKOro XA B KOHJEHCATOPI;

tsc — BCMOKTYBaHHS.

3a pekoMeHaniaMu [3] npuiiMaeMo 11 MpoBi3iiHUX Kamep to = -28 °C.

Temneparypy KoHAEHCALil BUOMpAaeMO 3anexHo Bif t3; = 30 °C. J{na mammx
CXY.

tc = t3z +(10...12)=45 °C.

Temneparypy mnepeoxosojxeHoro XA Ha BHXOAI 3 KOHJEHcaTopa

IIPUAMAEMO
tp= 13 + (3...4) =34 °C.

Temneparypa napu Ha BCMOKTYBaHHI B KOMIPECOP tse = totty, 3aBkau BUIIE
to. Lle 3anexxuthb BiJ TUIY OPUIAAIB OXOJOKYBaHHS, CXeMH XY, MPOTSKHOCTI
BCMOKTYIOYOTO TPYOOIIPOBOTY, HOTO 130JIA111{ Ta THIITMX YUHHUKIB.

I[Ipuy  pobGOTI 3  HU3BKOTEMIIEPATYPHHUM  IOBITPOOXOJIOMKYBaYEM
tip=4...6 °C.

Criia TakoXX ypaxoBYBaTH IEpErpiB MapH, MOB'SI3aHOI 3 TEIUIOBUALICHHIMU
BOY/IOBaHUX E€JEKTPOJBUTYHIB TE€PMETHUYHHUX 1 O€3CATIbHUKOBUX KOMIIPECOPIB.
VYpaxoByrouu 110 THUI KOMIIpecopa 1 Horo eneKTpoJBUIyHA HaM TOKH HE B1JIOMU,

3TIJHO BEJIMYMHAM, CYMapHUX TEIUIONPUIUIUBIB B OJIOKM KaMep BU3HAuaeMo B |
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HAOMM)KEHHI  THUI  KOMIIpecopa  MOTYXHICTh  enekrpoasuryHa 1 KIIJI
€JIEKTPOJIBUTYHA.

3 ypaxyBaHHSM BUMOT PETiCTpa BUMATra€ThCsl XOJOAONPOIYKTUBHICTD

2Q 5. 24 276,424
Qo= =

=368,6 kBr.

X
Busznagaemo, 1m0 3a nmpoToTUN MOXKe OyTH Y3ATHW TBHHTOBUM KOMIIPECOD
dipmu Bitzer mapku HSN95103-280, 3 HOMIHATBHOK XOJIOONPOAYKTUBHICTIO
o = 368 kBt npu kuminHi to = -30 °C, (mpu mepepaxyHKy Ha TeMIeparypy
kumiHH ~ to = -28 °C mae xonopomnponyktuBHicTh Qo = 380 kxBt) Ta
cnoxuBatounii Ne = 181 kBt 3 macoBoto Butparoro xinagona R448A B kommpecopi
[3].

[TigBuIIIEHHS EHTANBIIIT TApH eJIEKTPOABUTYHA OyIe:
1—
AHgg=H;—Hs = qo(—7735”)=5 K JIK/KT,
c

e n e = 0,75...0,85 x — KoedillieHT BPaxOBYIOUHMI BTpaTH TeIJia B
HaBKOJIMIITHE CEpeIoBUIIE; 77¢g = 0,75...0,85 [3, 5];

Jo BU3HAYAEMO MPU MOOYAOBI ITUKITY

3akiHuyeMO TOOYIOBY IHKITY, a IMapaMeTpPH CTaHYy B XapaKTePHUX TOYKAX

3BoaKMMO B Tab. 3.1 3rigHo po3paxyHKy ukny (puc. 3.1).

Tabmuus 3.1. [lapamerpu cTany B XapaKTepHUX TOUKaX

[TapameTpu Touku nuKITy
CTaHy 1 2 3 3' 4 5 (1s)
t, °C -14 65 35 33 -22 -22
P, MIla 0,23 1,67 1,67 1,67 0,23 0,23
H, xJ>x/kr 395 455 250 253 250 390
v, Kr/Mm3 0,102
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Tomi:

Pucynok 3.1 Iukna B P-h miarpami xmagony R448A

Jo= Hs — H4 = 390 — 250 = 140 xJ[»x/kT.

Hi=Hs + AHgq =390 + 5 = 395 kJIx/KT.

3mn.

Apx.
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3.1.2. TerioBu# pO3paxyHOK IIUKITY XOJOAWILHOI YCTAaHOBKU

1. ITutoma macoBa (poOoya) X0JI0J0NPOTYKTUBHICTb:
Jo = H1 —Hs = 395 — 240 = 145 xJx/kr.
2. Ilutoma o0'eMHa XOJIOJONPOTYKTUBHICTD:
Qv = Qofva = 145/0,102 = 1422 xJIx/m° .
3. MacoBa BuUTpaTa X0JIO10areHTy:
Gop = Qo/qo = 368/145 = 1,83 xr/c.
4. [iticHa 00'eMHa IPOAYKTUBHICTH KOMITpECopa:
Vop = Qo/qv =368/1422= 0,187 m%/c.
5. [luToma NpOAYKTUBHICTH KOMIIpECOPA:
I=H2 — H1=455 — 395 = 60 xJIx/kr.
6. IluToma Temnora KOHIeHcaIll:
Ok = H2 — H3 = 455 — 250 = 205 xJx/kT.
7. TeopeTnuHUN XOJOAMIBHUN KOES(IIIIEHT:

€= qopll = 145/60 = 2,41

3.2. Iliglip X010AMJIBLHOr0 KOMIIpPecopa, TeNmJ0OOMiHHUX amnapartiB Ta

IHIIIOT 0 YCTATKYBAHHS X0J10AWJIBHOI YCTAHOBKH.

3.2.1. BuOip i 00rpyHTYBaHHSI NPUHHATOI KOHCTPYKUII KOMIIpecopa

3acTocyBaHHsST TBHHTOBHX KOMIIPECOPIB  MPU3BOAUTH JO  JESKOTO

301IBIICHHS CHCPI'OCITIOKHMBAHH:A, aJIC JO3BOJII€ 3MCHIONUTH ra6ap1/1TH, IyMm,

BIOpallito, BapTICTh MOHTaXy, BHUKIIOYWTA HAWMOUIBII  3HAYHI  BUTOKHU

XOJIOJIOareHTy (B CAIbHUKY) Ta IMiJIBUIATH HAIAHICTb.

TexHIyHI pIillIEHHd B HAll 4ac MOB'I3aHl 31 30UIbLIEHHSAM padlycy Aii i

3MEHIIICHHSAM Baru KOMIpecopa.
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O6upaemo reunToBUi Kommpecop dipmu Bitzer mapkum HSN95103-280, 3
HOMIHAJIBHOIO XOJIOAOMPOAYKTUBHICTIO Qo = 368 kBT mpu kuminni to = -30 °C,
(mpu  mepepaxyHKy Ha TeMIeparypy KumiHHA to = -28 °C wmae
xonononpoayktuBHicTh Qo = 380 kBt) Ta cnoxkwuBatounii Ne = 181 kBt 3
MacoBOIO BUTpaToro xjajgona R448A B kommpecopi.

3aBIAKM YHIKaJIbHIN cHipaibHIH KOHCTPYKLII Ta THYYKOCTI BHPOOHHUYOTO
IpoIleCy, HOBUH XOJOAWIBHHUI Kommpecop Bitzer mpomnoHye BUCOKOC(HECKTHBHE
pIIIEHHS /U1 BUMOTJIMBUX XOJOIUIBHUX 3aCTOCYBaHb.

Ile HOBE CIMEMCTBO XOJIOAWJIBHUX KOMIIPECOPIB BKIIOYAE 12 po3MipiB
CepeAHbOTEMIIEPATYPHUX  TBUHTOBUX  KOMIIPECOpiB,  MPU3HAYEHUX IS
KOMEPLIHHOTO X0JIOUIBHOI'O 3aCTOCYBAHHS.

3aBASKH CIICIiali30BaHIf XONIOAUIbHINA KOHCTPYKIIl, TBUHTOBUN KOMIIPECOP
3abe3neuye HU3KY MOTY)KHUX IepeBar. 3aBAsSKd BUCOKOEPEKTUBHOMY JABUTYHY BiH
3HWXKYe BHUTpPATH €HEprii B HOPMaJbHUX YMOBax eKCIUTyaTalli Ta 3a0e3neuye
BUCOKY TPOAYKTUBHICTb 1 ONTHMI30BaHE CIHIBBITHOWIEHHS THCKY  JUIS
XOJIOIUIBHUX 3aCTOCYBaHb. 3OBHINIHIMN BUJ Kommpecopa dipmu Bitzer mapku

HSN95103-280 mpencraBineHo Ha puc. 3.2.

.
|
[

-
Il
'

Pucynok 3.2. 3oBHimHi#i Bua koMipecopa dipmu Bitzer HSN95103-280
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Kommnpecopu ¢ipmu Bitzer mapku HSN95103-280 BuroroBnsitorbest 3
BUKOPUCTaHHSIM HANCY4JaCHIIIMX METOMIB OOpOOKH, CKJIaJaHHS Ta KOHTPOJIIO
npoueciB. [li1 yac mpoekTyBaHHS K KOMIIPECOpa, Tak 1 3aBOAY, MPIOPUTETOM
OynM IyKe BHCOKI CTaHJIapTH HAAIMHOCTI Ta KOHTPOJIIO TpolieciB. Pedynbrarom €

BUCOKOC(PEKTUBHUM TPOJIYKT 3 HAWBUILOI MOXJIMBOI HAIIAHICTIO Ta HU3BKUM

pPIBHEM IITyMY.

Texniuni nani reunToBoro kommnpecopa HSN95103-280:

X01010TTPOTYKTUBHICTh — 368 KBT;

O6'eMHa IPOAYKTHUBHICTE - 646 M3/Tox;

Bara serro — 1100 T}

CrnoxuBaHa eleKTpUYHa MOTYXHICTh - 181 kBT.

CxBaJjieH1 X0J10/10ar€HTH R404A, R507, R134a, R22,
R407A, R407F, R448A, R449A, R4A52A, R513A;

CryniHp 3axXucTy IP54.

IMa6aputhi po3mipu kommnpecopa HSN95103-280 mpexncrasneni Ha puc. 3.3.

SL 15 2b 24 19  1b (HP] 1 (HP
DN150/ \ \ \G1/4 \ G1/4 | 1/8-27 NPTF,
1688

L)
L |d

160
i

a v )
1 T
‘
[ \ 510 @21
.
1a (HP \_ 3(HP)

1/8-27 NPTF 1/8-27 NPTF 1/8-27 NPTF DN125

DL

Pucynok 3.3. I'abaputhi po3mipu komnpecopa HSN95103-280
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JlaH1 Mpo TPOIYKTUBHICTh

Jlani po TpOAYKTUBHICTH 0a3yloThCsl Ha €Bporelcbkomy ctangapti EN
12900 Tta pobori 50 I'm. TemmepaTypu BHIApOBYBaHHS Ta KOHJEHCAIli
BIJITIOBIJAIOTh YMOBAM «TOYKU PocH» (HaCMUeHa mapa).

[lepeoxonomxeHHs piAMHU

3a cTaHJapTHUX YMOB MEPEOXOJIOJKEHHS PIAMHU HE BPaXOBYETHCS 3T1/IHO 3
EN 12900. Tomy HOMIHaiIbHA XOJIOAONPOAYKTUBHICTH Ta edekTuBHIiCTh (COP)
MOKA3YIOTh HIKY1 3HAYEHHS MOPIBHSIHO 3 JAaHUMU, po3paxoBaHUMHU Ha 5 abo 8,3 K
NEPEOXOTOIPKEHHS.

Po6ora exonomaiizepa

Hani gyig poOOTH e€KOHOMai3epa MO CyTl BKJIIOYAIOTh MEPEOXOJIOKEHHS
pinuan. TemmepaTypa piauHU BU3Ha4daeTbes sk Ha 5 K Bume temmeparypu
HacuueHHs 3rigHo EN 12900 na Bxomi ekonomaiizepa (tcu = tms + 5 K).

[HauBIAYyaTbHI POOOY1 TOUKU

Jlns netasibHOro BHOOPY KOMIIpEcOopa 3 MOXJIMBICTIO 1HIMBIYaJlbHOTO
BBEJICHHS JaHUX JOCTyIHE mporpamue 3abesneuenns BITZER. Orpumani BuxigHi
JaHl BKJIIOYAIOTh YyC1 BaXJIMBI NapaMeTpu MNPOAYKTHBHOCTI KOMIIPECOPIB Ta
JIOJTATKOBUX KOMITIOHEHTIB, MEX1 3aCTOCYBaHHS, TEXHIYHI JaHi, PO3MIpHI
KpecjaeHHs Ta akcecyapu. KpiM TOro, Mo)XHa CTBOPUTH CIEI[iajibHI TEXHIYHI
JOKYMEHTH, SKI MOXXHa pO3ApYyKyBaTH, ekcrnopryBatu y ¢opmati PDF abo
NEPEHECTH B 1HIII Mporpamu, Hanpukiaa, Excel, nius nonanbnioro BUKOpUCTaHHS.

Kommpecopu ocHaiieHi BHYTpIIIHIM 3aXHCTOM Bl OOpHBY JiHIi,
BCTAHOBJICHMM Ha OOMOTKax JBUTYHA. 3axUCT SBJIS€ COOOI MPUCTPIH
ABTOMATHYHOI'O CKUJIaHHS, 1110 MICTUThH OIMETAIIYHUH BUMHKAY IIBUIKOI JIi1.

BayTpimHi 3aXuCHI MPUCTPOI pearyroTh Ha MEePEeBAHTAKEHHS MO CTPyMY Ta
neperpis. BoHu mpusHaueHi Juisl epepuBaHHS CTPyMY JBUTYHA 32 PI3HHX YMOB
HECIIPaBHOCTI, TAKUX K HEMOXKJIMBICTbh 3aIlyCKY, IEPEBAHTAKEHHS I1] Yac poOOTH
Ta BIIMOBAa BEHTUJATOpA. SIKIIO BHYTPIMIHIA 3aXUCT BIJ TEpPEBaHTAKCHHS

CIpalboOBy€e, BiH MOBUHEH 0XO0J0HYTH Ipubdn3Ho 10 60°C (140°F), m106 ckunytu
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fioro. 3ajie)Ho BiJl TEMIIEPATYpPU HABKOJUIITHHOTO CEPEAOBHUINA, 116 MOXKE 3alHATH
710 KUJIBKOX TOJTUH.

3axucT BiJA 3BOPOTHOr0 00epTAHHS

Komnpecop mpairoBaTumMe HaJleKHUM YUHOM JIMIIE B OJHOMY HAIpPSMKY.
[ToTpiOHO BUKOpUCTOBYBaTH (a3oMeTp JUisl BCTAHOBJIEHHS MOpsSAKy ¢a3 Ta
nigkmodiTe ¢aszu maii L1, L2 ta L3 mo xiem T1, T2 ta T3 BianosigHo. Jlms
Tpu(azHUX KOMIIPECOPIB JBUTYH TMpaIlOBaTUME OJHAKOBO J00pe B 000X
HampsIMKax. 3BOPOTHE 0O0€pTaHHS MPHU3BOAUTH 10 HAJAMIPHOTO IIIyMY; BiICYTHOCTI
pPI3HHMIII THUCKIB MDK BCMOKTYBaHHSM Ta HarHiTaHHSIM, Ta HarpiBaHHs
BCMOKTYBAJILHOI JIiHII, a HE HETAWHOTO OXOJIoMKeHHs. [1ig yac mepmioro 3amycky
MOBMHEH OYyTH TPUCYTHIM CEPBICHUM TEXHIK, 100 NEpPEeBIPUTH IPABUILHICTH
(a3zyBaHHs >KMBJICHHS Ta MPAaBWIBHICTH 00EpPTaHHS KOMIIpECOpa Ta JOMOMIXKHOTO

obnanHanHs. Komipecopu He po3paxoBaHi Ha poOOTY Y 3BOPOTHOMY HampsIMKY.

XoJ1010areHT Ta MAaCTH/IbHI MaTepiaau. 3arajbHa ingopmauis.
I[Tix gac BuOOPyY X0M0/10are€HTY HEOOX1THO BPaXOBYBATH Pi3H1 aCMEKTH:
* 3aKOHO/IABCTBO (3apa3 Ta B MalOyTHBOMY);

* be3neka;

* Mexi 3aCTOCYBaHHS 3aJIEKHO Bl OYIKYBAaHUX YMOB €KCIUTyaTallii;

* [loTyxHICTh Ta €PEKTUBHICTh KOMIIPECOPA;

* Pexomenpariii Ta iIHCTPYKIIii BUPOOHUKA KOMITpECOpa.

JlonaTKOBI MOMEHTH MOXKYTh BIUIMHYTH Ha OCTaTOYHHM BHOIp:

* Exos10oriuHi MipKyBaHHS;

» CtanmapTu3ailisi X0JI0I0areHTiB Ta MAaCTUJILHUX MaTepiaiB;

* BapricTh x0n010arexry;

* HasiBHICTb XOJIO/I0Ar€HTY.

Kommpecopu moBHHHI €KCIUTYaTyBaTUCS 3 3aTBEPHPKCHUMH X0JI0J0areHTaMH

Ta MacTUJIAMH, HaBITh HA TIOYATKy BUMIPOOYBaHb HA BUPOOHUYIHN JTiHI].
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R448A — 1me XoJogoareHT Ha  OCHOBI  TiIpo)TOPBYIJICLIEBOTO
dbymopuzoBanoro rasy (HFO) 3 nogioaumu BaactuBoctsamu (Ckman: 21% R134a;
20% R1234yf: 26% R125; 26% R32; 7% R1234z¢). Mae noka3Huk riio0aibHOTO
norerwtinag (GWP) nmwxkue 1500 ta Biamosinaoth Bumoram €C momo F-rasis.
Xmanon R448A MoXHA BUKOPUCTOBYBAaTH SIK QJIbTEPHATHBY XOJOAOATECHTAM
R404A Ta R507 y cucremax MBP (meranonoriunoi o0poOku). R448A wmae
HYJIbOBUM TOTEHLIaN pyiiHyBaHHs o30HOBOro mapy (ODP=0). R448 A ocobnuBo
MIXOAUTH JIJISl 3aCTOCYBaHb 3 HU3bKOIO TEMIIEPATypOIO BUITAPOBYBAHHS, ajie OTro
TAKOXX MOYKHA 3aCTOCOBYBATH [IJIsl 3aCTOCYBAaHb 13 CEpPEAHBOIO TEMIIEPATYPOIO
BUIIAPOBYBAHHS.

R448A € cymim Ta Mae BEIUKUN TeMIIEpaTypHHH Mepexil, TOMy HOro

HEOOX1/IHO 3aMpaBisATH B ra3oBii (asi.

PerymoBanHs! TpOyKTUBHOCTI

// HS.53 no HS.74:

baratoctyneneBe  perynioBaHHS ~— MOPOAYKTHBHOCTI  —  €(EKTHUBHE
PETYITIOBaHHS MTPOYKTUBHOCTI IIJITXOM 3MIIIEHHS BCMOKTYBAJILHOTO TIOPTY Y JBa
crymeni (75 ta 50%) ;

— TIApaBIIYHO KEpPOBAaHI pPEryiioBalibHI TMOPUIHI — I[P IOBHOMY
HaBaHTaXKE€HH1 a0COJIFOTHO 11€aJIbHO 1 AXOISTh

— 3aXHUCT SIK BiJ 3aCTIMHOI PIIMHM, TAK 1 B1I CUJILHOTO TIEPETUCKY;

— TpoCcTe KEpyBaHHA 3a JOMOMOrol (PIaHIEBUX EJIEKTPOMAarHITHUX
KJIAIlaHiB;

// HS.85: Iloasiiine peryatoBaHHs MPOAYKTUBHOCTI:

— Oe3ctymninyacTe a0o 3-CTymiHYacTe MOB3YHHE KEPYBaHHS 3 KOMIIEHCAIIIEIO
V1 (1 HpKYMX KOE(ILI€HTIB TUCKY TaKOX 4-CTYIIHYACTE);

AJNbTepHATUBHUN pPEXUM pPOOOTH JHUIIE MUIIXOM 3MIHHU TOCHIAOBHOCTI

KepyBaHHS — HeMae MoTpedu B Moudikallii KoMrpecopa,
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— TpOCTE KepyBaHHS 3a JOMOMOIOI (JIAHIIEBUX EJIEKTPOMAarHiTHUX
KJIAIIaHI1B;

// HS.95: be3ctyniHyacTe peryitoBaHHS MPOJYKTUBHOCTI:

— eeKTHBHE OE3CTYIMIHYACTE PETYIIOBAHHSA MPOIYKTUBHOCTI Ta Vi 3aBISKH

ONTUMI30BaH1i KOHIIEIII1 TOB3YHKA

— aBTOMAaTUYHE PeryJitoBaHHA Vi

— BUCOKA €(DEeKTUBHICTh Y IIMPOKUX MEXKAX 3aCTOCYBAHHS

— IHTEJNeKTyaJbHUH MOJYJIb MOHITOPUHTY KOMIIPECOpa 3 PO3UIUPEHOIO
KOHIEMIIIEI0 3aXUCTY Ta MOB3YHKOBUM KEPYBaHHSIM;

ABTOMaTHYHE PO3BAHTAKECHHS 3aITyCKY

HanamroBaHi HarHiTanbH1 MIOPTH

// HSK Mopeni At KOHIUITIOHYBaHHSI MOBITPS Ta CEPeAHbOTEMIIEPATYPHUX
3aCTOCYBaHb;

// Mognem HSN niist HU3bKOTEMIIEPATYPHHUX 3aCTOCYBaHb;

/[ HS.53—-HS.74: Bucoka e(eKTHBHICTh y MIUPOKOMY Jiara3oHi
3aCTOCYBaHHS 3aBISKd cucteMi Duo-Port: cremianpHuUi KOHTYp TIOpTY 3
JOJJaTKOBUM paJialIbHUM BUITYCKOM;

// HS.85: apanrtamisi OPOAYKTUBHOCTI 3a  JIOINOMOTOK  TOB3YHKa
pEryiOBaHHS MPOAYKTUBHOCTI,

// HS.95: aBToMaTn4yHe peryiaroBaHHS MPOAYKTUBHOCTI.

7KuBJ/IeHHSI IBUT'YHA

Kommpecopn MOXyTh MpaIfoBaTH 3a HOMIHAJIBHOI HANMPYTH, 3a3HAYEHOI B
po3nun Tabmuii «Hampyra nsuryna». PoGora 3a 3HM)KEHOI Ta IMiJIBUILIEHOT
HaIlpyTu JIOMYCKAETHCA B MEXaX 3a3HAUCHHUX J1ana3oHiB HANPYru. Y pasl pu3HKy
poOOTH 3a 3HMKEHOI HANpPYTd CIiJI 3BEPHYTH OCOOJIMBY yBAary Ha CIOXKHMBaHHS
CTpyMy, a i OAHO(A3HUX KOMIIPECOPIB MOXKE 3HATOOMTHUCS JTOIOMIKHHUHN

yCKOBHI MPUCTPIi.
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TemnepaTrypa HaABKOJIHMIIHLOT0 CEPeIOBUILNA KOMIIpecopa

Kommnpecopu MOXyTh BUKOPUCTOBYBATUCS 32 TEMIIEPATypy HABKOJIUIIHHOTO
cepenopuma Big -35°C (-31°F) no 55°C (131°F). Kommpecopu po3po0OiicHi sk Ha
100% oxomomKyBaHI BCMOKTYBaHMM Ta3oM 0e3 MOTpeOu B J0JATKOBOMY
OXOJIO/DKCHHI BEHTHJIATOPOM. TeMmIiepaTypa HaBKOJHUIITHBOTO CEpPEAOBHINA Ma€
Jy’Ke HE3HAYHUN BIUIMB HA MPOYKTUBHICTH KOMIIpECopa.

Bucoka TemnepaTrypa HaBKOJMIIHbOI'0 Cepe10BHIIA

VY BuUMagKy 3aKpUTOTO KOPIYCY Ta BHCOKOI TEMIIEpAaTypyd HABKOJHUITHBOTO
CepelIoBUIIa PEKOMEHYETbCS TEPEBIPUTH TEMIIEpaTypy CHJIOBUX MPOBOMAIB Ta
BIMOBIAHICT 1X 1307411 BUMoOram. Y pasi 0e3MeyHOro CHparbOBYBaHHS
BHYTPIIIHBOTO 3aXUCTYy BiJl MEpPEBAaHTAXXEHHS KOMIIpecopa KOMIIPECOp MOBHUHEH
oxoyioHyTr mpuom3Ho 10 60°C (140°F), mepmr HixK MepeBaHTAKCHHS CKHHETHCS.
Bucoka Temrieparypa HaBKOJIMIIHBOTO CEpPEOBHUIA MOXKE 3HAYHO YIOBUIBHUTH
LIEU TIPOLIEC OXOJIOIKEHHS.

Hu3bka TeMiiepaTypa HaBKOJHUIIHBOT 0 CePel0BHINA

Xoda camM KOMIpPECOp MOXKE BHUTPUMYBATH HH3BKY TEMIIEpaTypy
HaBKOJMIIIHHOTO CEPEOBHIA, CHUCTEMa MOXE€ NOTpedyBaTH CHEUIaJIbHUX
KOHCTPYKTUBHUX OCOONMBOCTEH i 3abesreueHHs Oe3medHoi Ta HamiiHOl
pobotu. [luB. po3ain «PekoMeHaailii o0 creniaibHOro 3aCTOCYBAHHS.

MaxkcuMajibHA TeMIIepPaTypa HATHITAJIbHOI 0 ra3y

Temneparypa HarHiTaJbHOrO Tra3y 3aleKUTh TOJIOBHMM YHMHOM BIJl
KOMOIHAIIIT TeMIepaTypy BUMIApOBYBaHHS, TeMIepaTypH KOHIEHC ALl Ta MeperpiBy
BCMOKTYBaHOTO ra3y. Temmeparypy HarHiTalbHOTO Ta3y CliJl KOHTPOJIOBaTHU 3a
JIOTIOMOTOIO0  130J1bOBAHOI TEpPMOIIapu abo0 TepMocTara, MPUKPITUIEHOTO [0
HarHITaJIbHOI JIiHIT Ha BiAcTaHi 15 cMm (6 AroiMIB) B KOPHYyCY KOMIIpEcopa.
MakcumanbHa TeMIlepaTypa HarHiTaIbHOTO Ta3y HE TOBHHHA IIEPEBUITYBATH
135°C (275°F), xonu KOMIIpecop Mpalfoe B MEXKaxX 3aTBEPAXKEHOTO poOOYOro

Jiara3ony.
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OOMexkeHHs 3alIPaBKH X0J1010ar e HTOM

Kommnpecopu MOXyTh TIpalfoBaTy 3 PiIKUM XOJIOA0AT€HTOM J0 MEBHOI MIpH
0e3 cyrreBux npooOsieM. OpHak HaaMIpHA KUIBKICTh PIAKOTO XOJOJ0areHTy B
KOMIIpECOpl 3aBXkJM HEraTMBHO BIUIMBAaE Ha TepMiH ciayxOu. Kpim Toro,
OXOJIOJDKYBaJIbHA  37IaTHICTh  YCTAaHOBKM MOXE OyTHM 3MEHIIEHAa  dYepes
BUIIAPOBYBaHHS, SIKE BIIOYBA€ThCA B KOMITpEcOpl Ta/abo BCMOKTYBaJIbHIN JiHII, a
He Yy BuUmNapHUKy. KOHCTpyKIlis cucTeMH MOBHMHHA OyTH Takorw, 100 KiIBKICTh
PIAKOTO XOJIOMOAreHTy B KoMmmpecopi wmoxeni Oyma oOMexeHa. Y I1bOMY
BIJIHOIIIEHHI TIPIOPUTETHO JOTPUMYMUTECh 1HCTPYKIHA, HaBEAEHUX Yy PO3ALII
«OCHOBHI peKOMEH/1allii 010 TPOEKTYBAHHS TPYOOIIPOBO/IIBY.

BukopucroByiiTe Tabmuil Huk4Ye, 100 MBUAKO OIIHUTH HEOOX1THUI
3aXUCT KOMIIPECOpa 3aJICKHO BiJ 3alpaBKU CHCTEMH Ta 3aCTOCyBaHHS. bimbmn
neTanbHy 1H(OpMaIlI0 MOXKHA 3HAWTH B HAcTynmHHMX maparpadax. byns nacka,

3Beprairtecs 10 Danfoss 110,10 Oyab-IKUX BIAXUJICHD BiJ] ITUX 1HCTPYKITIH.

3.2.2. Po3paxyHok i miglip Temi1000MiHHMX amapartiB Ta IHIIOIO

YCTATKYBAHHS

3.2.2.1. Po3paxyHOK 1 mia0ip MOBITPOOXOJIOKYBada
TemoBuii po3paxyHOK IMOBITPOOXOJIOMKYBAada 3BOJUTHCA 10 BU3HAYCHHS
3arajpHOi  TOBEPXHI  TEIIOOOMIHY, SKa  HEoOXigHa  JUIs  BIJIBEJACHHS

TEILIONPUILIUBIB 3 OXOJIOKYBAHOI KAMEPH, M2,

Fro=Qono/ (Ks-6),
ne  Qomo - TCIUIOBE HABaHTAXCEHHS Ha IOBITPOOXOJOKYBad B
0XOJIOJIXKYBaHiil kamepi, BT;
K, - koedilieHT Terronepeaayi, BIAHSCEHHI 10 MOBHOI 30BHIIIHBOT
pedpucroi mosepxwi 110; k;=18 Br/(M? -K) [5];

0 - moBHa pi3Huug Temmeparyp, °C,

Apx.

KPB.142.4257.04.05.13.03

3mn.

Apx. | Ne ookymenma | Iionuc | Hama

40




t|:‘s1_t32
In _ta1_to .
tBZ_tO

0=

[Tlinbop mMOBITPOOXOJNOMKYBaUa 3AIACHHIOETHCA I KOXKHOI KaMepw.
Po3paxyHok 3arajibHOi MOBEPXHI TEIUIOOOMIHY Ta MapKu MOBITPOOXOJIOIKYBAUiB

JUTST KOYKHOT OXOJIOJIPKYBAHOI KaMepH Tpe/icTaBieH1 B Ta0. 3.2.

Tabmuus 3.2. Po3paxyHOK 3araibHOI MOBEPXHI TEIJIOOOMIHY Ta MapKu

MOBITPOOXOJIOAKYBaUiB AJIs1 KOXKHOI 0XOJIOKYBaHOI KaMepu

Kamepa, mo | Qsgepir, | Ks Atp, F, Tun Kinb-
OXOJIOJKYEThCS | KBT oC M’ arapary KICTh
m'ica 917 18 10 5,1 | TIO-10H 2
pubu 699 18 10 3,9 | IIO-10H 2
OBOYIB 1203 | 18 20 3,3 10-20 2
cyxoi mpoBi3ii | 987 18 26 2,7 10-10 2

3.2.2.2. I1igbip TepMOPETYII0I0Y0T0 BEHTUIIS

30amaHcoBaHa KOHCTPYKIiSl €JIEKTPOHHOTO TEPMOPETYIIIOI0YOro KianaHa
KVS-1C-16 ¢ipmu Danfoss (puc. 3.4) 3abe3neuye ABOIMOTOKOBY poOOTY, a TaKOX
(YHKIIIIO COJICHOITHOTO BIIKJIFOUEHHS B 000X HampsMKax moToky mnpu Pp 40 6ap.

XapakTepUCTUKU Ta MEepeBaru:

- TouHe KepyBaHHS THCKOM Ta TEMIIEPATypOIO;

- [loBTOprOBaHICTh POOOTH KJIAllaHa 3a OYIb-SIKUX YMOB;

- Butuit MOPD (MakcuMalibHO IOMyCTUMUM X171 00€pTaHHs);

- JIerko miAXoAUTh JIJISl PI3HUX 3aCTOCYBAaHb Ta YMOB €KCILTyaTallii;

- IBonoTokoBuid. TeXHOJIOT1 MPSMOro MPUBOAY ABUTYHA KIIalaHa;
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Controller

Temperature sensor [~

N\
CZ W N
A
—~
KVS Colibri®
(_ N\ / regu la(:‘ting valve
C
T

Evaporator
Pucynok 3.4. Enextponnuii Tepmoperymorounii kiaanan KVS-1C-16 ¢ipmu

Danfoss

- lTloryxHWii nOBWTYH, IO TapaHTye TOYHE KEPYBaHHS IIOTOKOM Ta
M1JBUIIIEHY eHEeProeeKTUBHICTh CUCTEMH;

- 3MEHIIIEHHS CKJIaJHOCTI 3aBJISKH 3MEHIIICHHIO KJIBKOCT1 JETaJICH;

- [linTpuMye pi3HOMaHITHI X0I0omO0areHTH, B ToMy uncii R448A, cxBaneHo
7Tt 0€3MAaCIITHUX 3aCTOCYBaHb;

- IIBuakuit yac BIIKPUTTS/3aKPUTTA 2,5 CEK.;

- [lIBuaka peaxitis Ha poOodi yMOBH. [ 'epMeTHYHE 3aKPUTTS COJICHOIIOM;

- bimeranesi 3'ennysaui. [1IBunkuii Ta MOKpalleHUN MPOIEC MasHHSI — HE
noTpiOHE MOKpe 0OropTaHHS;

- Konctpykuiss 3 Hepxkapitouoi crami. CTIMKICTh 70 BHYTPIIIHBOI Ta
30BHIIIHBOI  KOpo3ii [loBHICTIO repMeTHyHa KOHCTPYKIIS 3  JIa3epHHUM
3BapIOBaHHSIM;

- 'epmeTnunuii knanan BianosiaHo a0 Pernamenty €C mono F-razis (EU)
517/2014;

- BiacyTHICTH 30BHINIHIX BHUTOKIB, M0 3a0lIaJ)Kye€ BHUTpaTH Ha

00CITyroByBaHHS Ta BTPATY XOJOI0ATCHTY;
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- 3axMCT HaBKOJIHUIIHHBOTO cepeaoBuia Ta KJ'IiMaTy. BuroroBieno

BiamoBigHO 10 ISO/TS 16949.

3.3. Po3mileHHs1 00/1aTHAHHS XO0J0AWIbHOI YCTAHOBKH Y NPUMIlLIEHHI.

JI71st 3py4HOCT] Ta MiABUIIEHHS SIKOCTI MOHTaXY, 3MEHIIICHHS! KOMYHIKAIIIH 1
KUIBKOCT1 O0JIaIHAHHSI OKpeMi €JIEMEHTH XOJOJWJIbHOI MaIluHU 310paHi Ha OJHIN
pami y BY30J, BHUIOTOBJIEHMH Ha MamMHOOymiBHOMY 3aBozi. lle 3abe3smeuye
M1JIBUIIICHY HAJIMHICTh pOOOTH MAIlIMHU B YMOBAX 11 €KCILTyaTallii Ha Cy/IHI.

[IpoekToBaHa  ycTaHOBKa  BKJIIOYAE:  KOMIIPECOPHO-KOHIAEHCATOPHY
YCTaHOBKY, 0 mpaioe Ha R448A, 3amipHy apmaTypy, MPUCTPOi KEPYBaHHS Ta
3aXHCTY.

KomripecopHo-KoHI€HCAaTOPHUM arperar ckiyiagaersesa 3 [11]:

- TBUHTOBUM KOMIIPECOPHUN;

- KOHJIEHCATOP;

- IPUCTPOIB aBTOMATH3AIIIT;

- TpyOONpOBOAM Ta apMaTypa.

ArperaT MOHTYEThCS Ha (QyHIAMEHTI CyJHA, HA aMopTU3aTopax, IO
3a0e3neuye HeOOX1IHY JKOPCTKICTh KPITUICHHS 1 3HUXKYE B1OpaIliio.

XonoauiabHa YCTaHOBKA pO3TalllOBaHa Ha TOJIOBHIN nanny0i, 3 mpaBoro 6opTy
CyJlHa.

Po3MimenHss MammuHu B aBTOQYpProHi 3a0esnedye MIBUAKUN 1 3pydyHUN
JEMOHTaXX, MOHTaX 1 YHWILICHHS €JIIEMEHTIB XOJIOJWJIbHOI YCTAaHOBKH. BiibHI
MPOXOJIA MK KIHIIEBUMH YacTUHAMU oOsagHaHHsg - 700 MM, MK OOJagHAHHSAM 1
neperopoakamu - He meHme 100 Mm. [[ns 3MEHIIEHHS BIUIMBY pPO3TOMIyBaHHS
CyJIHa Ha poOOTY arperaTy HOro BCTAHOBJIIOIOTH MapalieNIbHO KiTIO Cy/IHA.

B3aemHe posraiiryBaHHs BY3JiB BiAMOBIa€ (DYHKIIIOHAIBHINA MOCHTIOBHOCTI
€JIEMEHTIB y MOHT@XHIH cXxeMi, TOOTO BCl €JEMEHTH pO3TallloBaHl TakK, 1100

CIOJIy4Hl TpyOOINpPOBOAM Malld MiHIMAJIbHY KUIBKICTH BUTKIB. i momaui
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MOpPCHKOi BOAM B KOHJEHCATOp mepemdayeHi BiANEeHTpoBl Hacocu. Ha mynbTi
VIPaBIIHHS ~ PO3TAIIOBaHl  IHAMKATOpPU  BUMIPIOBAJBHUX  MPWIAJIB, IO
KOHTPOJIOIOTH TETUIOBUI CTaH KaMep 3a0e3MeUCHHS.

VY pa3i BUHUKHEHHS MOXKEX1 nepe0oaueHnii aBapiiHU BUKU]T X0JI0J0areHTy
B atMoc(epy. 3aBAsSKH BUCOKIN IUIMHHOCTI XOJOJIOareHTy yCTaHOBKAa OCHAIlleHa

razoaHali3zaTopoM.

3.4. CucreMa aBTOMaTHYHOI 0 KEPYBAHHSA X0JI0ANJIbHOI0 YCTAHOBKOIO

ABTOMAaTHU30BaHI XOJOJWIbHI YCTAHOBKU MPOBI3IMHUX KaMep MOXKYTh JEIIO0
BIZIPI3HATHCS BiJl HANTAINTYBaHb PYYHOTO KepyBaHHSI. ABTOMAaTH30BaHa YCTaHOBKa
3a0e3neuye OUTBII TOYHE BCTAHOBJICHHS Jlama3oHy pI3HUII TeMIepaTyp B
XOJIOAMIBHUAX KaMepax akKTHBYE (DYHKI[IIO PETYIIOBAHHsI, KEpYBaHHS Ta 3aXHUCTY.

VYcraHoBKa ~— peryaroe  Taki  HapaMeTpu:  XOJOAONPOIYKTHBHICTb,
TEMIEpaTypl B KaMepax, IMojady pPiIIKOr0 XOJOJ0AareHTy OO0 BHIAPHUKA, THCK
KOHJIeHcaIi XxojomoareHTy. Ilim dac poOOTH aBTOMAaTHM30BaHOI XOJOIMIBLHOI
YCTaHOBKM TapaMeTpyd aBTOMAaTUYHOTO KEpyBaHHS Ha OCHOBHHMX arperarax
YCTaHOBKM B3a€EMOINOB'A3aHl. TakuM UYHWHOM CTBOPIOETHCS KOMILIEKC, SIKHi
NiATPUMYBAaTUME 3aJjaHy TeMIleparypy B 30HaxX oxoyiomkeHHs. CXVY mpaioe B
JIpEeHaKHUX OaceiHax st BUpoOHUIITBA mapu. OCKUIbKU TeMIlepaTypa MOBITPS B
KOMOpax MOBHUHHA I ITPAMYBATHUCS MOCTIHOI, BUHUKAE MOTpeda B peryoBaHHi
TEMIEPATypH Ta XOJOJOMPOIYKTUBHOCTI. PerymoBaHHs TeMIeparypu B Kamepax
3MIACHIOETHCS ~ JBOMO3UIIIKHAM  CIOcoOOM 32 JOMOMOTOK  JIOJAaTKOBOTO
TEpPMOCTaTa, KM pearye Ha TeMmImepaTypy B IIid kKamepi Ta 3a0esmedye, 100
€JICKTPOMAarHiTHUN KJIaraH, BCTAHOBJICHUM Ha TPYOOIIPOBOJaX, BIAKIIIOUYAB MOIaYy
PIAKOTO XOJOA0AareHTy B OOIMBOYHY KaMepy MPHU HU3bKUX BCTAHOBIEHUX MeEXax
TEMIEpaTypH.

OCHOBHMM  3aBJaHHSIM aBTOMAaTH3aIlli € TIATPUMKA HEOOXIIHOIO

TEMIIEPaTypHOT0 PEXUMY B MPUMIIIECHHSX, 110 OXOJOXKYIOTHCS, IO JOIMOMAarae
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peryatoBaTH  XOJIOAOMPOAYKTUBHICTE  KommpecopiB.  IllogeHHi  I'BUHTOBI
KOMIIPECOPHU PETYIIOIOTHCS JOJJATKOBUM 30JI0THUKOBUM MEXaHI3MOM Y Jliara3oHi
Bi11 100 1o 10% xonomonpoaykTuBHOCTI [15].

OpHak perynasTop MNPOAYKTUBHOCTI Ma€ BENUKY IHEPII0, IO MOXE
IPU3BECTHU 10 HECTAOUTLHOCTI TEMIIEPATYPHOTO PEXUMY B TproMax. ToMy B cxemi
aBTOMaTH3aIlli Mojlaya XOJIOJI0OAreHTY TMEPEeBOAUTHCS 3aJEKHO BiJI TEMIEPaTypH
0XOJIOJI)KYBAaHOI 30HMU.

TepMocTaTU4H1 KJIamaHW BCTAHOBJIOIOTHCS Ha TPYOOMpPOBOAAX, IO
M0JIal0Th OCHOBHY YaCTHUHY XOJIOJI0Ar€HTY /10 BUIIAPHUKA, a MPOMIXKHY YaCTUHY —
1o mifcTadiii. UyTimBi eeMeHTH BCTaHOBJIEHI Ha TEPMOEIEKTPUIHIN Oarapei, a
pemira — Ha mapompoBoii. Miclie BCTaHOBJIEHHS TepMoIlaTpoHa Ta Oarapei
130JIbOBaHE Ui 3aXMCTy HABKOJMIIHHOIO CEPENOBHUINA BiJ 3aHAATO MKOPCTKUX
yMOB. BCTaHOBIIEHHS TEPMOCTAaTUYHOrO KJalmaHa 3 TEPMOEICKTPUYHOI0 OaTapeero
vikoristan nae 3HauHy mnepeBary. TepMOEIEKTPUUHUMA «IT1ICHIIOBAY-KOPEKTOPY
JI03BOJIIE KOHTPOJIFOBATU HE TIIBKH IMEPErpiB MapH, aje i TeMIepaTrypy B TproMi,

OCKIJIbKH B XOJIOAWJIBHIM 30H1 BCTAHOBJIEHA TEPMOOIIOPA.

3.5. BucHoBku 3 po3aiay 3

B nanomy po3aim 6GakamaBpCchKOi BUITYCKHOI pOOOTH TOOYIOBAaHHWM ITUKII
xojoawnbHOI MamuHu B B H-P  miarpami xomomunbHoro arenta R 448A, Ta
MPOBEJICHNN HOTO po3paxyHOK. Takok OyB BHUKOHAHMHA MiI0Ip XOJOAMJIBHOTO
cnipaibHOro kommpecopa ¢ipmu Bitzer mapku HSN95103-280, 3 HOMIHaIBHOIO
X0MOoAONpOoAYKTUBHICTIO Qo = 368 kBT mpu Temmepatypi kumiHHs to = -28 °C,

TErI000MIHHUX arapaTiB Ta 1HIIOTO YCTaTKyBaHHS.
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PO3/ILI 4. KOHCTPYKTUBHUI PO3PAXYHOK TEILJIOOBMIHHUKA

4.1. Teru1ioBM PO3paxXyHOK KOHACHCATOPA

BusnauaeMo TemsoBe HaBaHTaKEHHS Ha KOHJEHcaTop 3a (opmysor, kBT
[13],
Qk = Qot Ne - k,
ne Qo — XOJIOAOMPOIYKTUBHICTh YCTAaHOBKH, KBT;
Ne = 368 kBt - enexkrpuyHa TMOTYXHICTh KOMIIpecopa Ha
PO3PaxXyHKOBOMY pexumi, KBT;
K — koeillieHT, 1[0 ypaXxOBy€e BTpaTH TEIJIOTH B 30BHIIIHE cepenoBuiie; k
= 0,80 [13].
Qk = 368+ 181-0,80 = 513 kBrT.
Temneparypa BoJii Ha BXO/I1 B KOHJIEHCATOP
tw1 = t3s = 30 °C;
[TpuTtuckyemo miairpiB Boau B kKouaeHcatopi 5 °C, Toji Temiiepatypa BOIu
Ha Buxonl 3 Ky
tw2 = twa + 5 =35 °C.

Buznayaemo teMnepaTypHuil Harop B KOHJEHCATOP1

0= tW2t_ktXV%w - 35;o3930 =722 °C,
2,3lg L 23y
tk —tw, 40-35

1 OPIEHTOBHY MOBEPXHIO TEIIOOOMIHY

3 3
- _10°-Q _10°-513 .,

=511 ,,2
“ k-0 1400-7,2 v

.. . . 2 . o . .
IS Ken — KOe(blHleHT TCIIJIOB1Ada41, BT/M K, BIJHCCCHHUU OO0 BHYTPIIIHBO1

MOBEpXHI  TpyOM  KOHjeHcatopa.  J[ns  XJagOHOBUX ~ KOHJEHCATOpIB
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Kex = 1300...1800 Bt/m * K. Tlpunsto ke = 1400 Br/m * K, ockimekn Gyne
3aCTOCOBaHa OpeOpeHa MOBEPXHS TEMIIOOOMIHY 1 BUKOPUCTOBYEThCS R448A.
JUis TpOEKTOBaHOIO KOHIEHCATOpa 3acTOCOBYEMO TpyOy 3 HAIUTHM

OpeOpeHsIM, sIKa Ma€ HACTYIHI XapakTepucTuku [13]:

- 30BHIIIHIN giameTp pedep Dp = 16,2 mwm;
- IlaMeTp TpyOKH B POCBITaxX MK pedpamu du = 14,2 mwm;
- BHYTPINIHIN AiaMeTp TpyOKu deu = 12,0 Mm;
- mar pedep Sp=11,8 mm;
- TOBIIMHA pedpa y OCHOBU Voeu = 0,8 MM;
- TOBIIMHA peOpa y TOBIIMHA V1 =0,65 mm;
- KYT pO301KHOCTI MI>KpEOEpHOi KaHABKU a=220;

- CTYIIIHb OpeOpeHs B =3,3;

. = . o 2
- IIJTOIIIA 30BHIMIHBOI MOBEPXHI Ha MOTOHHUN METP Fuc = 0,129 M/M " ;
- KpOK TpyOH B ITy4YKY 10 TOPU3OHTAMU S1=22 mMm;
. o . 2 3
- KOMITAKTHICTh TEIUIONEPEAAOIIECH ITOBEPXHI W=248m"/m".
2 o .
BpaxoBytoun, mo Fx < 15 M ° , mnpuiiMaeMo 4YHCIO XOAIB BOJAM B
KOHJIeHcaTopl Z = 2.

Burpara oxonomxyro4doi Boau

Gy = = O 245
C,(t,, -t,) 419-(35-30) '

[TputinsBim mBUaKicTh pyxy Boau Ww = 1,0 M/c (Ww 11 MigHUX Tpyou

HE MMOBWHEH MEepeBHINyBaTy 1,5 M/C), BU3HA4a€EMO HEOOXITHY CyMapHY IIJIONTY IS

TIOTOKY BOJHM 3a OJHMH Xi, M2,

oo Gu __ 245
XT W, p,  1,0-1025

w

~0,0238

ne p,= 1025 xr/m® - rycTuHa MOPCBHKOI BOMIN.

Buznauaemo uncno TpyOoK 3a OHUH X1

Apx.
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4, _4-0238 _

X

n = = =
*z.d2 2.0,0127

[Tpuitmaemo uncio TpyOOK 3a OMHUH Xia nx = 189.

Tomi:

Ww = _ 46 >139<15 m/c.

nXZ . d zeup .
KinpkicTh TpyOOK B KOHACHCATOPI CKJIATAE
Nyp =Ny -Z =189-2 =378 .

JloBxkuHa TpyOOK Oy/Je BHU3HAUYEHA IICIS PO3PaxXyHKY YTOYHEHOI MOBEPXHI

TEMI000MIHY.

Tenep nmpoBOAsSYM OCTATOYHY KOMIIOHOBKY KOHZEHcCaTopa i po3po0isieMo

KOHCTPYKIIIIO KOHJIEHCATOPA.

4.2. Bu0ip Ta onuc KOHCTPYKUII KOHAEHCATOPA.

CrangapTHe BUKOHAHHS ISl 3BUYAHOT BOJAU

TpyOu  TeniaooOMIHHMKA  XapaKTEPU3YIOThCS  BHCOKOK  TOBIIUHOIO

Marepiany; TpyOHI PEIIITKH MaroTh TUIACTUKOBE MOKpUTTA. Llg cepis migxoauThb

JUTSL BCIX THITIB OXOJIOJKYBAYiB, SIKi HE TMOMIKOKYIOTh Mifb.

KoHncTpykiis, cTifika 10 MOPCHKOI BOAH

Mogeni K mnepeBipuian cebe MNPOTATOM JECATWIITH y BCIX MOPCHKHX

3acTOoCyBaHHAX. BoHM Ham3BUYalHO CTIHKI A0 KOpo3ii Mopchkoi Boau. [Ipodinbhi

TPpyOM 3 HHU3bKUM piBHEM 3a0pyJHEHHS Ta IUIACTUKOBE IOKPUTTS TPYOHUX

PELIITOK 1 KPUILOK JJIsl PEBEPCUBHOIO MOTOKY OXOJOKYBauiB POOIATH 1X MEPIIUM

Bubopom. Y wmoxemsix a0 K8I13HB piakuii X01070areHT 3JIMBA€THCS 4epes

3aHyproBajibHY TPYyOKy, a moumHatoun 3 KI1053HB - depe3 nBa Buxomu st

XOJIOOOArcHTy.
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[leperpiBaui HarHiTalO4YOro ra3zy

Koncrpykmiiini po3mipu Big K1053H mo K4803T Ttakox nmocTymHi y
CTaHJapTHOMY BHUKOHAHHI IS 3BHYAWHOI BOAM SK TIEpErpiBadi HATHITAIOYOTO
razy. Bce, mo mnorpiOHO, 1€ 3aMOBUTH JOJATKOBUM JPYrHil BUXIA IS
XOJIOJTIOAreHTY.

Jnst  cymHOBOT  XOJIOAWJIBHOI  YCTAaHOBKM 3 XOJOAOMPOIYKTUBHICTIO
Qo= 368 kBT Ta TemnonpoaykTuBHOCTI Ha KoHAeHcAaTop Qk= 513 kBT obupaemo

koHaeHcatop Gipmu Bitzer cepii K8503.B (puc. 4.1).

Pucynok 4.1. Konaencarop ¢ipmu Bitzer

1 — Bxin xmagony; 2 — Buxin xmanony; 3 - Buxin xmagony (omimiitHo);

4 — Kpimienns 3ano0iHoro kianany; S — Kpimnenus 10 GdyHiamMeHTy

VYci kKoKyXoTpyOHI KOHAEHCATOPHM MOKHAa BUKOPHCTOBYBATH 3 HOBUMH

XOJIOJI0areHTaMM 3 HU3bKHUM MOTeHI1ajgoM mapHukoBoro moreniinug (IITTI). L

Apk.

KPB.142.4257.04.05.13.04 o

3MH.

Apx. | Ne ookymenma | Iionuc | Hama




XOJIOJIOAreHTH € BAXKJIWMBUMHM 1HCTPYMEHTAMH JJIsi JOCSTHEHHS CKOPOYECHHS
BUKHUJIB, mependadyeHoro Permamentom €C 517/2014 Ta aHagoOriyHUMU
CIIEHAPisIMH, YiTKO BU3HAYEHMMH B YCHOMY CBiTi. IX BHKOPHCTaHHS BiamoBinae
HAIlIUM 1HHOBAIIHNAM IIJISIM.

Henacuueni ¢ropoBani Byriesoani (HFO) R1234yf ta R1234ze(E), nBa
BapiaHTH TeTpadTOPIpPOINEHY, BifirpaloTh y IbOMY HEHTPAIbHY POIib. IX MOMKHA
BUKOPUCTOBYBAaTH K YHUCTI PEYOBMHU a00 SK KOMIOHEHTH cymimeil. Ywucri
peuoBunn R1234yf ta R1234ze(E) xnacudikyrorbes sk serkoszaimucti B A2L
sriHo 3 ISO817. Vi kKoxKyXoTpyOHI KOHAEHCATOPH MOXXHA BUKOPHUCTOBYBATH 3
€KOJIOT1490 YiCcTUMU XonogoarenTamMu R290 nponan ta R1270 npomes.

JI1st 1erko3aiiMUCTUX XOJIOAOAreHTIB HEOOXIHO MPOBECTH OI[IHKY PU3UKY
JUTSL CUCTEMH, SKa BpPAaXOBYE 3alMHCTICTh, 1 BOHA TMOBHMHHA OyTH TOOYyIOBaHA
BIJIMOBIIHO JI0 HAIllOHAIBHUX a00 MICHEBUX HOPM. JSIKIIO OIiHKAa PHUBHKY
kimacudiKye 30HY  BCTAaHOBJIGHHS  AK  BHOYXOOE€3MEUHYy, KOXYXOTpyOHI
KOHJICHCATOPH BUKOPUCTOBYBATH HE MOJKHA.

J103BOJIEHI XOJ0M0areHTH JIJisi BUKOPUCTaHHS B KoHJeHcaTopl dipmu Bitzer
cepii KO73HB: R134a, R22, R290, R1270, R1234yf, R1234ze(E), R404A, R507A,
R407C, R448A, R448A, R450A, R513A.

J103BOJIEH1 OXOJIOJKYBaIbHI PIAWHU JJIi BUKOPUCTAHHS B KOHJEHCATOPI
dipmu Bitzer cepii KO73HB:

- [IpomuciioBa Boja;

- [IpicHa BOxa;

- TexHomnoriyHa Boaa;

- Mopcbka Boaa;

- ETnnenrimkons/Boaa;

- [IponineHriikoas/Boaa;

- CaCl; y Bogi;

- Tyxofit 1,15 y Bomi.

Apx.
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l'aGaputHi po3mipu KoHAeHcaTopa ¢ipmu Bitzer cepii K8503.B

npeJcTaBiieHl Ha puc. 4.2 Ta B Tabn. 4.1 [19].

42 27,5 27,5
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Pucynok 4.2. I'abaputHi po3mipu koHaeHcaTtopa pipmu Bitzer cepii K8503.B

Tabmuns 4.1. MabaputHi po3mipu KoHAeHcaTtopa pipmu Bitzer cepii K

Model Dimensions in mm

—Pass A A1 B B1 C C1 @D E E1 F G H |

K6703N-4(2) 2037 1528 494 335 834 642 500 125 111 125 305 900 314
K6703T-4(2) 2037 1528 494 335 834 642 500 125 111 125 305 900 314
K8503N-4(2) 2037 1528 494 335 834 642 500 125 111 125 305 900 314
K8503T-4(2) 2037 1528 494 335 834 642 500 125 111 125 305 900 314

XomomoarenT R448A  MOBHICTIO  CyMICHMA 13 KOXYXOTpyOHUM
koHgeHcaropom Bitzer KO73HB. Ockinbku 1€ CyMilll XOJIOJOAreHTIB TPYIH
HFO/HFC, mo mae nmeBHuii Temmepatypauii nepenan (~4 K), mepexim Ha mei
(bpeoH 3MIHIOE JIesK] 3alpaBHI Ta TEIUIOBI MOKA3HUKU O0JIaTHAHHS:

KinbkicTe xomiB Bomu: JIisg miAKIIOYEHHS BUKOPUCTOBYETHCS 2 XOAH
OXOJIO/DKYIOUOI BOAM B BOJJHUX IMAaTpyOKax peryJlOBaHHA y KPHIIIII
KOHJIeHCaTopa.

3anpaBka xosogoarenTom: Hopma makcumanbHOI 3amnpaBku st R448A

(3a 00'emy Termooominanka 90%) cranoButh 183,4 Kr.
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4.3 BucHOBKH 110 po3iiy 4

B nganomy posaini  0OakanaBpchbKOi poOOTH TPOBEACHO PO3PaXyHOK

KOXKYXOTpyOHOro KoHAeHcatropa CXYVY, BH3HAYeHI OCHOBHI IapamMeTpu Ta

TEIJIONPONYKTUBHICTh KOHAEHcatopa. Takoxk Oyno 00aHO OAMH KOHAEHCATOp

dipmu Bitzer cepii K8503.B s excrimyararii CXVY.

3mn.

Apx. | Ne ookymenma | Iionuc | Hama

Apx.

KPB.142.4257.04.05.13.04

53




KPB.142.4257.04.05.13.05

3mH. | ApK. Ne nokywm. Ilinmuc | Jara
CrygeHt lNoHomapbo8 P . Jlir. Apk. Apkyiis
KepisHuk Lpo3d O.B. PO3D"” 5 I I

KoHeyrnbm. XHHI HYK 54
3aB.kad. Kobanaea I'".O.




PO31J1 5. OXOPOHA TTPAIII

5.1. Anani3 He0e3nek B MAIIMHHOMY BiIJLJICHHI HA pepH:KepaTOPHHUX

CyAHAaXx.

Oxopona mpami — OxopoHa mpaill - 1€ CHUCTeMa IPaBOBUX, COILAIbHO -
€KOHOMIYHMX, OpraHi3aliiHO-TEeXHIYHUX, CAHITAPHO-TITE€HIYHUX 1 JIIKYBaJIbHO-
npodUTaKTUYHUX 3aXOMAIB 1 3ac001B, CHPSIMOBAHUX Ha 30€pEKEHHS 370pPOB'S 1
mparie3/1IaTHOCTI JIF0IMHU B Tiporieci mparti [20, 21].

3rigHo ctatTi 50 KOKHUN Mae paBo Ha Oe3rneuHe HaBKOJIMIITHE CEPETOBUIIIE
Ta Ha BIJUIKOAYBaHHS 30MTKY BiJ MOPYIIEHHS 1OTO npaBa. KoxxHuii Mae mpaBo
Ha J0CTyn 70 iHdopMallii mpo CTaH HABKOJMWIMTHBOTO CEPEIOBHINA, MPOIYKTIB
XapuyBaHHS Ta MpeAMETIB MoOyTy, I 1HGOpMaIlld HISKUM YMHOM Ta HIKHMM HE

MOKe OyTH 3aceKpedeHa.

5.2. MoxauBi npuuuHM noxe:;k y MB Ta 3aco0m aJ1s1 iX racinus

Bubyxonoxexo0e3neka 00'ekra 3a0e3neuyeTbcsi cucteMamu [25]:

- IOTIEPEIPKEHHS BUOYXIB 1 OXKEXK;

- IPOTHUIIOKEKHHUHA Ta BUOYX03aXUCT;

- OpraHizaliifHO-TEeXHIYH1 3aXO0/IH.

[Toxxexa (BuOyX) MOXJIMBA 3a HAsBHOCTI 3 (pakTOpiB: TOPIOYOi PEUOBUHH,
OKHCITIOBa4Ya Ta JDKepena 3aiMaHHSA. 3a BIICYTHOCTI OYAb-SIKOTO i3 3a3HAYCHUX
(daxTopiB a00 0OMEKEHHS HOro BU3HAYAILHOTO MapamMeTpa 0e3MeYHUM 3HAUCHHSIM
MOKEKa HEMOXKIIMBA.

I'oproua pedoBMHA 1 OKHCIIOBaY 3a IEBHUX YMOB YTBOPIOIOTH TOPIOYE
(BuOyxoHeOe3neuHe) cepenoBuine. Toal TMoOMepeKeHHs TOXKeX (BHOYXIB)
3BEIETHCS JI0:

- 3a1o0IraHHsl YTBOPEHHIO TOPIOYOT0 CEPEIOBHUINA;

Apx.
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- 3amo0iraHHs TMOsSBI B TOPHOYOMY cepeloBUIlll ab0 BHECEHHI B IIe
CepeOBHUILIE JIKEpeia 3anallOBaHHs.

3axomu 1 3aco0M 3amoOiraHHsS YTBOPEHHIO TOPIOYOTO CEpE/IOBUILA B
KOKHOMY KOHKPETHOMY BHWIIQJIKy BH3HAYAIOTHCS (PAKTUYHUMH YMOBaMU, IO
PO3TJIAAI0THCS, MOKEKO0-BUOYXOBUMH BJIACTUBOCTAMM PEYOBHH 1 MaTepiaiiB, SKi
BUKOPUCTOBYIOTHCSI B TEXHOJIOTTYHOMY ITUKITI.

3aJie’HO BIJl arperaTHOro CTaHy 1 CTyNeHs MOAPIOHEHHS PEUYOBHH TOPHOYY
cepey MOXKYTh YTBOPIOBATU TBEP/I PEUYOBWHU, JIETKO3AaWMUCTI 1 TOPIOYl PIAUHH,

TOPIOYMM TUJI 1 TOPIOY1 Fa3u B IPUCYTHOCTI OKUCITIOBAYa.

5.3 Po3paxyHOK CHCT€MH IITYYHOIr0 OCBITJIEHHSI MAIIHHHOI O

BigaijIeHHs

3aBnaHHs. 3pOOUTH PO3PAXyHOK 3arajbHOTO OCBITJICHHS BHUPOOHHYOIO
npuminieHHs. Jlopxuna A = 11 m, mupuna B = 6 M, Bucora H = 3,2 m. Bucora
po6ouoi moBepxHi hp= 1 m. [{ns1 ocBiT/IeHHS pUMaeMO CBITUIBLHUKH TUITY Y TIM -
15. MiniManpHa OCBITJICHICTH JIaMIIaMU pO3kKaproBaHHs 3a Hopmamu Emin= 100
ak. Koedimient Bigoopaxenus crent p,= 70 %, ctid pc = 50 %, pobo4oi noBepxHi
pp = 10 %. Hampyra mepexi 220 B.
Pimrenns.
Bincranb Bij cTem 10 poO0o40i MOBEPXHi, M:
Ho=H-hp=32-1=22wm.
Biacranb BiJ cTEal 10 CBITHWIILHUKA, M:
hc=0,2 - Ho=0,2 - 2,2=0,44 m.
Bucota migBinryBaHHs CBITHJIBHUKA Ha/I OCBITJIFOBAHOIO TTIOBEPXHEIO, M:
h=Ho-hc=22-044=1,76 m.
Bucora nigBiiryBaHHs CBITWJIBHUKA HAJI MIAJIOTO0, M:

Hn=h+hp=1,76+1=2,76 m.

Apx.
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Jns  JOCSITHEHHS HaMO1IbIOI pPIBHOMIPHOCTI OCBITJEHHS MPHIIMaEMO

BIJTHOIIICHHS:
L/h=15.
Toni BiACTaHb MK IIEHTPOM CBITUIILHHKIB, M:
L=1,5-h=1,5"1,76=2,64 m.
HeoOxi1Ha KIJIbKICTh CBITHJILHUKIB
N=S/L2=A-B/L2=11-6/2,642 = 9,46 mi,

ne S = A-B=11-6=66 M? — 1011 OCBITJIFOBAHOTO MPUMILICHHS;

npuiiMaemMo N =10 CBITUIBHUKIB (71Ba PSIAM MO 5 CBITWIBHUKIB). [HIEKC
MPUMIIIEHHS:

__AB _ 116 _
h-(A+B) 176-(11+6)

3a tabn. 22 [26] npuiimaemo 1 = 2,5; pa= 70 %, pc = 50 %, pp = 10 % nns
cBiTwiabHUKa THNY YIIM-15 KOe(dillieHT BHUKOpPUCTaHHS CBITIOBOIO THOTOKY
n=0,62.

CBITJIOBUH TTOTIK OJHIET JITAMITH, JIM:

o _EuwS-K-z_1006613115 ..
g N 10062

ne K3 =1,3 3 tabn. 5 [26];

Z = 1,15 nnsa namn po3kaproBaHHs [26].

3a 3HaiIeHUM CBITJIOBUM MOTOKOM 3 Tabi. 16 [26] Bubupaemo nammny b21b-
225-150 nmoryxnictio 150 Bt, mo mae cBimioBuii nmotik 2100 nM, HaWO1IbII
OJIM3BKUMA 10 PO3PaXyHKOBOTO.

[Tpu ubomy (hakTUYHA OCBITICHICTD, JIK:

E,= Emm% =100 E)O= 132 5K
P 1591

p
3arangbHa NOTYKHICTh OCBITJIIOBAJIbHOI YCTAaHOBKH, KBT:

P3=PaN=150-10=1500 Br = 1,5 kBr.
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5.4. BucHOBKH 32 po3aijiom 5.

B nanomy posnunt OakaaBpchKoi poOOTH PO3IVIIHYTO MOMKIIMBI TPHUYUHU
noxex y MB Ta 3aco0u [11s iX raciHHs, a TaK0’K BUKOHAHO PO3PAXyHOK CHUCTEMHU

MITYYHOT'O OCBITJICHHSI MAIIMHHOTO BiIIJICHHS

Apx.
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BUCHOBKH

1) B paniii po0OoTi CIIpoeKTOBaHA XOJIOJWJIbHA YCTAaHOBKA IS TPIOMIB
TpaHcnopTHOro pedpuxeparopa «Sein Frontier» neaseiitom Dw=8100 T.

2) Y gpyromy po3nii BUKOHAHWUH BHOIp 130JSIIHHUX KOHCTPYKIIiH
OTOpO’X TMPUMIIIEHb, 10 OXOJOJKYIOTHCS Ta TPOBEICHHN PO3PaXyHOK
TETJIONPUIUIUBIB Y MPOBI31HHI KOMOPH, 110 CKIIATAE Qs5epir—266 KBT.

3) VYV TtperboMy po3aiai MOOYIOBAaHUN IMKII XOJOAMIBHOI MAIIUHKA B P,
h- nmiarpami 1 mnpoBeaeHH# #Horo po3paxyHok. IligiOpaHuii crmipanbHHA
Oe3canbHUKOBUH XosonuiabHuil kommpecop gipmu Bitzer mapku HSN95103-280
3 X0J00npoayKTUBHICTIO 10 Qo = 368 kBT, cnoxuparounii 1o Ne = 181 kBt
€JIEKTPUYHOT OTY>KHOCTI.

4) Sk xonmomoHocii OyB y3saTuit xiaanodH R-448 A, oCcKUIbKY 11€ HAMOUIBII
€KOHOMIYHMI BapiaHT HAa ChOTOIHIIITHIN J€Hb.

5) VYV derBepTroMy pO37ii BUKOHAHWH KOHCTPYKTUBHUH PO3PaXyHOK
koHgeHcatopa. OOpano konaencarop ¢ipmu Bitzer cepii K8503.B. IloBepxus
TeroooMiny konaencaropa ckianae 51 M2, KibkicTh X0O4iB 0XOIOMKY0OUOT BOAN
ckimazae z=2. TemnoBe HaBaHTaXXEHHS Ha KOHAEHcATOp ctaHOBUTH QK = 513 kBT.

6) VY nsaTomMy po3auti po3riSIHYTO NPOOJIEMHI MUTAHHS OXOPOHU Iparli y
MaIIMHHOMY BIJIIIJICHH], PO3TISTHYTO MOXJIMBI IPUUUHH MOXeX Yy MB Ta 3acobu

JUIA 1X TaclHHA.
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