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PE®EPAT

KBamidikamiitna pobota ckiagaersbes 3: 81 cTopiHOK TeKCTy, 12 pucynkis, 18
Tabuid, 12 mocuiianp Ha JIITEpaTypHI JHKEpea.
VYkpaina B 1iei 4ac 3J710KHUIacsl MEPEeBaXHO sIK arpapHa kpaiHa. ToMmy ciibCbke
rOCIOAapCTBO 1 Hajam Oyje OfHIeT 3 OCHOBHUX raly3eil eKOHOMIKK Y KpaiHu.
B po6oTi mpoBenennii MpoeKTHUN po3paxyHOK PppykrocxoBuina MictkicTio 300 T.
B nauiii kBanidikamiitaiii po6oTi posrasayTo BapiaHT 36epiranns s6myk mpu + 1°C.
B sixocti xonomoarenty Oyno npuitasito R407a. Cucrema X01010m0CTavYaHHS
CIPOEKTOBAHOTO XOJOMIBHUKA - IIeHTpati3oBaHa. [Jiis 3abe3neueHns CcTiiikoi poboTH
XOJIOAWIBbHHUKA OYJIH MMigiOpaHi KOMIpecOpHO-KOHIEHCATOpHI arperatu ¢ipmu Bitzer.
Kuaro4oBi cjioBa: GpyKTOCXOBHIIE, CUCTEMA XOJIOOTIOCTAYaHHS, I0TyKa,

KOMITPECOPHO-KOHIEHCATOPHUI arperar

ABSTRACT
The qualification work consists of 81 text pages, 12 graphics, 18
tables, 12 references.

Ukraine at this time developed mainly as an agrarian country. Therefore,
agriculture will continue to be one of the main sectors of Ukraine's economy.

The design calculation of the fruit storages with a capacity of 300 tons is carried
out in the work. In this diploma project the variant of storage of apple at + 1°C is
considered.

R407a was used as a refrigerant. The cooling supply system of the designed
refrigerator is centralized. To ensure stable operation of the refrigerator, Bitzer
compressor-condenser units were selected.

Keywords: fruit storages, refrigeration system, apples, compressor-condenser unit
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Beryn

XonoauinbHe TOCTOAapCTBO B YKpaiHi nepedyBae y BKpail 3aIlyllIeHOMY CTaHi.
Tomy mo OUIBIIICTh XOJOAWJIBHUX KaMmep MNpallolOTh HE OJHUH JIECSATOK POKIB,
BUKOPHUCTAETHCS MOPATBHO U (DI3MYHO 3acTapiiie ¥ CHIIBHO 3HOIICHE BCTATKYBaHHSI.
[le mpuBOAUTH 10 YACTUX aBapii, HEAOTPUMAHHIO TEMIIEPATYPHO-BOJIOTOTO PEKUMY U
B OCTaTOYHOMY MIJACYMKY JO ICyBaHHA 3HAa4HOiI yacTWHU mnpoxaykuii. Kpim Toro,
HaBITh ICHYIOUOI EMHOCT1 CXOBHII] HEIOCTATHRO JIJIst TOTPEO C/T.

Y ngaHMii MOMEHT HAaKONWYEHWW 3HAYHUWA JIOCBiA 1O  30epiraHHIo
IJI0JI0O0OBOYEBOI  MPOAYKIi. Y pe3ylbTaTi MIHUPOKOTO PO3BUTKY KOMIUIEKCHUX
HAyKOBO-JOCHIIHUX pPOOIT y JaHii o0iacTi, a Tak caMO JOCSITHEHb B 00acTi
XOJIOAUIBHOTO MAaIllMHOOYAyBaHHS W PO3BUTOK 3aco0IB aBTOMAaTH3allli, 3'sSBUIACA
MOJXKJIUBICTh TPOEKTYBAaTH CYYacHI CHUCTEMH XOJOIWIHHOTO 30epiranHs. Tomy 1o
XOJIOIUIIbHE 30€piraHHs € EHeProEMHUM BUPOOHHULITBOM, MPUILISETHCS BEJIMKA yBara
eHepro30epiraroyuM  TEXHOJOTisIM 1 MeToJaM  MIiABUIIEHHS  e()EeKTUBHOCTI
XOJNOMUIBHUX cucTeM. [Ipu 1boMy B yMOBax pPHHKOBOI €KOHOMIKA E€KOHOMIYHO
BUT1JIHO CTae€ caMme OYAIBHHMIITBO HOBUX XOJOAWIBHUKIB €MHICTIO 10 1000T.,
BUKOPUCTOBYBAaHUX Yy SIKOCTI 3aroTiBEIbHUX 1 PO3MOAUIBHUX 3 MOXKIUBICTIO
30epiraHHs pi3HUX BUJIIB 1 COPTIB IUIOIOBOI MPOAYKINi. TomMy 110 mepeycTaTKyBaHHS
CTapUX KaMep HalyacTille BUMAara€ He MEHIIMX KaIllTaJOBKJIAJACHb 1 HE JO3BOJISIE
BIIPOBAUTH BCl TEXHIYHO HOBOBBEICHHSI.

Cnig 3a3HauMTH, O KIHLIEBUH pe3ysibTaT MOXE OyTH OTpUMaHUN TUIBKUA MPHU
no0pe HaJIAroJKEHOMYy  XOJOAWIbHOMY JaHUio3l. Tomy 1pu  OyJIIBHHUIITBI
XOJIOMUIIbHAKA HEOOXITHO BpaxoByBaTH IUMHKM psia daktopiB. OcTtaToyHe pillieHHS
NOTPIOHO TPUMMATH TUIBKK MICHS PETENBHOTO0 TEXHIKO-€KOHOMIYHOIO aHamizy. Y
KaMepax XOJOIUIbHUKA BIAMITOBYIOTh CYIUIBHUNA MITA0EIb, 3aJUIIAI0YU TIPA IbOMY
BEHTWISL1HAHI MPOMIKKY IUpUHOIO 10 cM uepe3 KoxkH1 2-4 suuka.

VYV cxoBumax 0e3 3aco0iB MeXaHi3alli SUMKA 3 IJI0JJaMU BCTAHOBIIOIOTh
mTabensMi Ha MJIHECEHOMY IpaTdacTiil miyio3i Bucororo 2-3 m. Yepes koxHi 3-5 m

POOJIATH MPOXOAM MHUPUHOKO 10 1,0 M 17151 OTJISI Y TIPOAYKIITHi.

ApK.
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[IIupoko 3aCTOCOBYIOTh YIAKOBKY 0JIYK B MOJIETHIIEHOBY IUTIBKY. Lle maketu Ha
1,0-1,5 xr, Bkimagumii B sudku Ha 25-30 kr, BKiIaauin B KoHTelHepu Ha 250-350 kr.
VY Takii ymaxkoBIll CHOBUIBHIOETHCS JO3PIBAHHS, 3MEHIIYETHCS BHUIIAPOBYBAHHS
BOJIOTH 1 IHTEHCUBHICTh JUXaHHS. Y TMOJIETUJICHOBIH IUTIBLI MOXYTh 30€epiratucsi He
BCi copT s16myK. [11011 AHTOHIBKHM B TAKUX YMOBaX HMIBUIKO YPaXKalOThCs 3aCMaroro.
Haii6Ginpm criiiki Pener Cummupenka, [[xonaran, [lenun madpannuit 1 iH. [dns
KOXXHOTO COpTYy S0JyK MOTpiOHO mimiOpaTH TOBIUMHY IUIIBKH, PO3MIpP YIIaKOBKH,
CTyHiHb TepMeTH3allli 3 ypaxyBaHHSIM YMOB 30epiranHsa. B pesynbrari s01yKa
30epiratoThCs JOBTO 1 3 HE3HAUHUMHM BTPATAMHU.

VY kamepax 3 PI'C s06;myka 30epiraroTbcs 10 JUMHS. AJie TaKUil Crtocid 00XOMUTHCS
noporo. Tomy 11 OCHOBHOI MacW IUIO/AIB 3aCTOCOBYIOTh 3BHYAWHE XOJIOJHE
30epiranHs 1 peaii3yoTh OPOIYKIIito 10 KBiTHA. Y kamepu PT'C mioau 3aBaHTaxyIOTh
B KOHTEHHepax a0o sAIuKax Ha MiAJ0HaX CYIUIbHUM mTadeneM 0e3 mpoxomiB 3a 2-3
nus. Ilicnst 3aBaHTa)X€HHSI HABIPOTH OTJISAJIOBOIO BIKHA IOMIIIAIOTH KOHTPOJBHI
3pa3Kd B SIIMKAX JJIs CIOCTEPEKEHHS 3a MPOAYKI€r. J[Bepi kaMepu repMeTuyHO
3aKpHUBAIOTh, BCTAHOBJIIOIOTH ONTHUMAJILHY TEMIIEpaTypy 1 BOJOTICTh. 3a JOMOMOTOO
ra3oreHeparopa 1 amapary O4YMILEHHs (CKpyOOepa) CTBOPIOIOTH HEOOXIJIHUN CKJIajd
ra3oBoro cepenosumia. [licis 3akiHUeHHsS 30epiraHHs KamMepu pO3repMETU3YIOTh 1
MPOTATOM 2-3 TOANH IHTEHCUBHO BEHTHIIIOIOTb.

3a KOpPJAOHOM 3aCTOCOBYIOTh MOKPHUTTS IUIOAIB TOHKHM IIIApOM BOCKY 3
nomaBaHHsaM GyHrinuaiB. Llei npuitom [03BOJsE 30€perTd IMIUIBHICTH M'SIKOTI,
3a0apBJICHHS, TT1JIBUIIYE JICKKICTh.

VY Hamriii kpaiHi A7 3aXUCTY BiJl XBOPOO 1 CTapiHHS 3aCTOCOBYIOTH CHELiabHUI
CKJaj 3 Moy, HOIMCTOTO Kalliio, KpoxManto, OikapOoHaTy HaTpiro (XapuyoBa coja) i
Boau. lleit 3axucHuii ckman siBisie co0OK TMOPOIIOK TEMHO-CHHBOTO KOJBOpY 0e3
cMaky 1 3amaxy. S16myka oOpoOISIFOTE BOJHUM PO3YMHOM ITHOTO CKIIaay. B pe3ynbrari
YTBOPIOETHCS] TOHKA MIIIHA IUTIBKA HOAMOJIMEpa, sSiKa Mpu 30epiraHHi He 0OCUTIAETHCS.
[lepen BXMBaHHSM BOHA JIETKO 3MHUBAETHCS TEIUIOI BOJOK. 3aCTOCOBYIOTH TaKOX

3aXMCHUU CKJIaJl, OTPUMAHUN HA OCHOBI XapUYOBUX KHUPIB 1 XapUOBOT'0 aHTUCETITHUKA.
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1 TexHik0-eKOHOMiYHE OOIPYHTYBaHHS po0OTH

ITponoHy€eThCs TPOEKT (PPYKTOCXOBUIIA, PO3TAIIIOBAHOTO B MicTI YOPHOMOPCHK.

Buainena mmomanka ans OyIIBHUIITBA MPOEKTOBAHOTO 00'ekTa mepeldyBae B
IIPOMMCIIOBIA 30HI MICTa W PO3MIPH ii JO3BOJISAIOTH Y NEPCHEKTHUBI PO3MICTHUTH TYT
CKJIQJM MPOATOBAPIB 1 MPOMTOBAPIB.

Penbed miomanku BUMarae BeJIMKOro 00CATy MiaHyBalbHUX POOIT.

[Tin'i3Ha 3anMi3HUYHA KOS BIJICYTHS.

byniBns ¢GpyKTOCXOBHUIIA OJHOMIOBEPXOBA 3 BUCOTOIO Kamep 5 M, CiTKa KOJIOH
6 x 12 M. B 3-x kamepax 3 TemnepatypHumM pexxumoM +1°C, nependayaeTbCcsi TpUBaie
30epiranHs mwiofoBoi mpoaykiii. [lane ¢pykTocxoBuIlle MOBHUHHE 3a0e3leuyBaTH
HacesieHHs MicTa YopHOMOPCHK i1 OKpYXH1 pailoHU SI0TyKamHu.

[IpoekTom mnepenbOavyaeThCss BUKOPUCTAHHS HA BAHTAKHO-PO3BAHTAXKYBaJIbHHUX
po0oTax eneKTPONOrPY3UHKiB.

[ToBiTpsiHE OXOJOJKEHHS BBAXAETbCS HANUOUIBII €PEKTUBHOIO CHUCTEMOIO
BCTaTKyBaHHS XOJOJWIBHUX KaMmep IJIi OXOJO/DKCHHX 1 3aMOPOXKEHHS BaHTaXIB.
[IIupoke BUKOPUCTAHHS MOBITPSHOI'O OXOJIOPKEHHS - JOULIBHO BHACIHIJIOK 3HAYHUX
3MIH XapakTepy BaHTaXIB, IO 30epiraroTbCsa, Crnocody iXHbOrO IaKyBaHHS.
XapakTepHUM I TIOBITPOOXOJIO/DKYBA4iB Cy4aCHHUX KOHCTPYKIIH € 3HaudHe
3HIDKEHHSI EHEpPreTMYHHUX BHUTpPAT HaA IXHIO poOOTy 3aBASKH  ONTUMI3ALil
TEIJI000MIHHO1 MOBEPXHI. 3MEHIIEHHS MOTY>KHOCTI1 €JIEKTPOJBUTYHIB
MOBITPOOXOJIO/KYBAYIB  3HIDKYIOTh BIUIMB TEIUIOBOTO E€KBIBAJIEHTA HA PEXHUM
30epiraHHs BaHTaXIB.

PosminienHst TOBITPOOXOIOMKYBaviB HaJ IEHTPATBHUM MPOXOJOM CIIPOIIYE
JO0CTyll 1 OOCIyroBYBaHHS, a 3HIKEHHS PI3HHUII TEMIIEpaTyp JMO3BOJISE Pi3KO
3MEHIIUTH YCYIIKY.

[Ticns 3akiHYCHHS 3aBaHTAXEHHS SOMyK TeMmIeparypy MOBITPS B Kamepi He
OubIIE HIXK 3a 2 T0OW JOBOASTH O HOPMATUBHUX 3HAUCHD, SKIIO 1HIIN 3HAYCHHS I1€1
TEMIIepaTypy HE BCTAHOBJIEHI B HOPMATHBHO-TEXHIYHOI JOKYMEHTAIlli, 3aTBEPIKEHOT

B YCTAHOBJICHOMY TMOPSAKY Uil BIAMOBIAHOI 30HM (pailoHy, MICIIsl) BHPOIILYBaHHS
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(Hampukian, B pecmyOiKaHChKUX CTaHJAapTax), MpU LbOMY JOMYCKAEThCS 3MIHA
TeMIlepaTypu MOBITPsS B KaMmepi B Jiana3oni He Oibie 2°C.

PexxuM 30epiranHs, BCTAHOBJICHHH JUIsI KOXKHOTO IMOMOJIOTIYHOTO COPTY, KpiM
JlxoHnaran 1 J[>koHapen, - MOCTIMHUN HPOTATOM yChOro mnepiony 30epiranHs. [lns
coprtiB Jl>xoHataH 1 JI>KoHapea 1 MpOTITOM MEePIIOTro MICSIS 3 JHS BUXOJY KaMepu Ha
3aJlaHdld PEeXUM TeMIlepaTypa TMOBITps B Kamepl nmoBuHHa Oytu 2-4°C, npyroro
Micsst 1-3°C, HactymHux micsiiB 30epiranas 0-2°C.

[upkyndamizo TOBITpS B KaMmepl 3AIMCHIOIOTH B TEPioJ  OXOJIOJKCHHS
6esnepepBHO 3 kpaTHicTIO Bij 30 10 40 oOcsriB He3aBaHTaxkeHO1 kamepH B 1 4. Ilicis
3aKIHYEHHSI TEpIOAY OXOJIOMKEeHHs (depe3 3 n00W Mmicls JOCATHEHHS 3a7aHOTO
TEMIEPATYPHOT'O PEKUMY) ITUPKYJIIAIIIO MOBITPS BUPOOIAIOTH MEPIOTUYHO 10 OHIN
roauHi 3 kpatHicTio Bix 10 1o 20 oOcAriB He3aBaHTa)KE€HOI KaMepu B TOJUHY IpPH
3arajbHIi TPUBAIOCTI HE OinbIe 6 TOANH HA 100y .

OOMIH TOBITpsI B KamMepax 3IIMCHIOIOTh Yepe3 IMOBITPOOXOJOMKyBad abo
HarpiBaJIbHI NpUJIAAU B NEPIIl JIBA TUXKHI 30€piraHHs IOJIHA, & HACTyIHUI Nepiof -
yepe3 KoKHY 100y. KiUTbKICTh 10/1a€ThCsl 30BHIMIHBOTO TOBITPS - Bia 1 10 3 00csriB
HE3aBaHTAXXEHOI KaMepHu Ha J100Y.

ITicns 3akiH4eHHs 30epiraHHs abo I Yac BHBAHTAXCHHS sSO0JyK 3 KamMepHu
3a0e3MeYy0Th YMOBH, IO BHUKIIOYAIOTh KOHJICHCAIII0 BOJIOTH Ha iX MOBEpPXHI,
HalpuKiIaa, OOMyBalOTh SOMyKa TEIUIMM IIOBITPSM, JOBOASYH TEMIIEpaTypy ix
noBepxHi a0 3HadueHb Ha 0,5-1,5°C Buie TtemmepaTypu TOYKH POCH TOBITPS
NPHUMIIICHHS, B SIKC BOHW BUBAHTAXKYIOTHCS.

byniBaunrBo ppykrocxoBuia B MicTi YHOpHOMOPCHK BUSBUIIOCS TOIIIBHUM, TI€
MOSICHIOETHCA (PaKTHYHUM 30UIBIICHHSAM IOTPEO JOHHOTO MICTa B IUIOJI0OBOYEBIN
MPOJIYKITii, & TAKOXK MOKITUBOCTSIMU 3a0€3TMICUUTH CIIOKUBAHHS Y€PE3 PUHOK.

PamionansH1 HOpMHE CTIOKUBaHHS (PPYKTIB BIAMOBITHO 10 C(hOPMOBAHOI TOTPEO
y JTAaHOMY paliOHi , a TAKOK MOKJIMBOCTSMHU 3a0€3MEUUTH CIIOKMBAHHS Y€Pe3 PUHOK.

VYce Bulle cka3aHe NIATBEPIKYE TEXHIYHY i EKOHOMIYHY JTOLIIBHICTh

IIPOEKTYBaHHSI.

ApK.
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2. 00 eMHO-IJIaHYBaJIbHE PillIeHHSA

BanTaxuuii o0csr, sskuit HaMm noTpioeH: V,, =300 T
(v — MATOMA HOpMa 3aBaHTaxeHHs ¢, = 0,35 T/M°

O06’eM npuMIIIIEHHS

v =Vu 210 _esn 8
?7q, 0.35

['py30Ba BucoTa 1mradens

Bucota npumitieHHs Bij] 0Jia 0 HU3Y HECYIIUX KOHCTPYKIIii
Nep=he-1=5-1=4 m. [1]

Banraxhna mioma kamep

Vv
F Yo 857 51402
»"h, 4

byniBenpHa mioma kamep

Koedimient Bukopucranss OyiBenbHO1 o kamep $3=0,8

F
_ T 21 oee 2
0.8

chp ﬁ

KinpkicTb Oy1iBeTbHUX MPSIMOKYTHHUKIB

F. 2 . . .
n=—"%= 68 = 3, 72 IMpUUMAEMO 4 6y,HlBCJ'IBH1 MMPpAMOKYTHUKHU
6-12 72
&
o
ApK.
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Bu3HaueHHs MacH BaHTaX1B

[Lnoma kamep

F=a-b(m?)
ne (a) — mupuHa KaMmepH, M., a (b) — T0BKHHA, M., TaHHI 3BeJieMO B Tabmuirio Nel

Ta6mums 1. Ilnoma kamep

Ne kamepu 1 2 3
F moma m° 72 72 144

MicTKICTh KaMepHu B TOHHAX YMOBHOT'O BaHTaXKy

G=BFhy,q,=0.8-72-0.35-4=80.6 .

3BOAMMO JUISI BCIX KaMep MOJIYy4YeHl JaHH1 B Ta0nuIo Ne2

Tabmums 2. MicTKicTh Kamep

Ne xamepu 1 2 3
G MiC-Tb T. 80.6 80.6 161,2

ApK.
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3.Bu3HauYeHHsI TOBIMUHH TEMJIOI30/IALiI OropoaKYBAJIbHUX
KOHCTPYKIIiil
OropoKyBaibHa KOHCTPYKI[IH XOJOAUIbHUKA (CTIHM, CTENs) 3pobieHa 13 3-
X cioWHux amoMineBux maHener Ttumy "Cenasiy" TtoBmuHOO 100 MM. 3
BUKOPHUCTAHHAM, SIK 130Jis11ii meHomnosipyrana Mapku "PIR" o6emHoro macoro 60
kr/mM3. TabapurHi po3mipu manermeii: 120x12000x1500. Kposis xonomwibHika
BUT'OTOBJIEHA 13 CTAJILHOTO MPO(1ILOBAHOTO MeTapiajy, BIOKEHOTr0 MO MPOrOHaM.
3HaX0AMMO TOBIIHUHY 130JIA1I11 /1711 BHYTPIIIHIX TEPEropoaOK
O3 U Ok - PO3PAaXyHKOBI 3HAUECHHS KOE(III€EHTIB TEIIOBIa4l 3 30BHIIIHBOTO 1
BHYTPIIIHHOTO OOKIB OTOPOIKCHHS,
di 1 Aj - TOBUIMHA 1 KOE(ILIEHT TEIJIOMPOBIIHOCTI KOKHOTO OyA1BEIBHOTO APy
KOHCTPYKIIii OTOPOIKEHHS;

Ajz - PpO3paxyHKOBE 3HAUYCHHS KOe(]illeHTa TEIJIONPOBITHOCTI OOpPaHOTO

130JISIIHHOTO MaTepianty OropoKEHHS.

1. AJIFOMIHEBUM JIUCT
??___::i%?
0 =10.001 M, 2 =204 Br/(m K).

2. Tennozonsis "Cuemyp"

0=0.1 M, 2 =0.035 Br/(m -K).

k_=0.394 Br/(m*K). [1]
KoedimienT  Teruonepemadi  BHYTPIIIHIX  CTiH,  MEPEropoAOK  MIXK
OXOJIO/IKYIOUUMHU MPUMIILIEHHAMU
k, =05 Br/(m*-K)

Toni BuOUpaemo o3=9 Br/(M* ‘K)rq 0g=9 Br/(M° ‘K) [1]

Apk.
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1 ,0.001%

(

5,2
=+
9 204

A

5, =L -+ (L= )+ 511062

1

[Ipuiimaemo TOBIIMHY 1304141111 piBHOU 0.1 M., 3HaX0UMO JT1IACHUI
Koe(]iII€HT TeTuIonepeaayi.

_ 1 B 1 B )
k, = 1 6.2, 1 o5 1 00012 1 01 =0.331 B1/(M” -K)
+ Y+ —+( ) PR
a A o A 9 204 9 0.035

K 3

3HaX0AMMO TOBIIUHY 130JIA1I11 JJ1s1 30BHIIIHIX CTIH

7 1. Kitagka kupmiyHa Ha HEMEHTHOM PO34YHHI

01 =0.38 M, 11-0.81 Br/(m -K).

/!‘

TS

NN
N

N
§\§
s\s\\\
MAN
N \\\\

\*(
\
NN
\
N\

2. AJIFOMIHEBHUI JIUCT

02 =0.001 M, 1, -204 Br/(m K).

3. Temnoizomsuis "Cuemyp" A - 0.035 B1/(Mm -K).

Toni BUOUPAEMO O3=11 g O0x=23 [1]

52 5,2, 1 1
e R R
A A a, " 10394

3

0.001-2 N 0.38
204 0.81

1 .1 1 1
S, =[—-[— — —1]1=0.084
s [k3c [aK +( [ +( )+551l M

[Ipuiimaemo TOBIIMHY 1304141111 piBHOO 0.1 M., 3HAX0AUMO MIMCHUN

Koe(irieHT TeruIonepeaayi.

B 1 B 1 B 2
=152 5,2 1 o 1 o000i2 03 1 o1 020 B
—+(—+ )+—+—2  —+( + )+
a A A4 a A 11 ° 204 081’ 23 0.035

[linmora 0xoJIoKyBaHUX MTPUMIIIICHb
[Tigmora ox0JI0MKyBaHUX IPUMIIICHB, 3HAXOIUTHCS HA TPYHTI , HE MAlO4YOTO
00irpiBy. [1o nmepuMeTpy 3acumnana 130J41Iis - TpaBiii KEPaM31TOBHH, IIUPUHON 2M.

ToBHIMHOIO 0,5 M.

Apk.
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4.Po3paxyHoOK TeIIONPUILIMBIB Yepe3 oropo/zKeHHs

Q, - TEMIONPUINBY CKPi3b OTOPOPKEHHS OXOJOKYBaHHX 00'eKTiB[1];

Q.7 - TENPONPUIIUB BiJ| PI3HHUIII TEMIIEPATYP MO 000X OOKAX OrOPOIKEHb;

Q| - TEIUIONPUILIUB BiJl COHAYHOIO ONPOMIHEHHS 30BHILIHIX OrOPOJIXKEHb;
t; - TemmepaTypa 30BHIIIHBOTO CEPEOBUIIA 00 CYyCIAHBOTO, OB TETLIOTO

MIPUMIIICHHS;

tk - TeMmepaTypa 0X0JIOKYBaHOTO 00€’KTa;

K - po3paxyHkoBuii Koe(dillieHT TeIIonepeaadi ist JAHOTO OTOPOKEHHS;

F - moma noBepxHi JaHOTO OTOPOKEHHS.

Q]_T:k'F(t3' tk)

le Q1T+ QIC
Atc - HJUTAIIIKOBA PI3HMIIS TEMIIEPATYP BiJl BIUIMBY MPSAMOTO COHIYHOTO

BUIIPOMIHIOBaHHS Ha JIaHE OrOPOJI>KEHHS.

Q]C:k°F' AtC

P - KoeiIIEHT MPOHUKHOCTI, 1110 3AJICKUTH BIJT MACUBHOCTI OTOPOIKEHHS, 1110
OTIPOMIHIOETHCS COHIIEM;

Jc - pPO3paxyHKOBa HAMPyra COHSIYHOTO BUIMPOMIHIOBAHHS ISl JIITHBOTO TIEPIOY;

€c - KOe(DIIIEHT MOTJIMHAHHS COHAYHOTO BUIIPOMIHIOBAHHS TTOBEPXHEIO OTOPOJIKEHHS;
0.3 - Koe(iIeHT TEIJIOBiAadi BiI HArPITOi COHIIEM TTOBEPXHI OTOPOKEHHS B

HABKOJIUIITHINA TIPOCTIp.
W - IIBUJIKICTh TTOBITPSI, 2.5 M/C
p=0.75 [1]
a, =2.3+11.6J/w =20.6

Apk.
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qc = 342 Br/™M*

Jlns cTinku

>.=0.26
At=p-deZe e _075.342:026 4,4 o
a3
Jlns mokpiBii
0c1=820 BT/M°
ZC1:O.26
At = p-—q°l 2o _ 75820026 _ 42, °c
a3
3BoAMMO JaHH1 B TaOauIr0 Ne3
Tabmuns 3. TermonpuIinBy yepe3 OTOPOIKEHHS.
No Oropojxe K F t, ty At Ate Q
Kamepu | HHs Br/M°K | M* | °C °C °C °C Bt
Crimama. | 0.285 30 | 33 1 32 282
Crina 1. 0.285 30 | 33 1 32 282
CriHa 3X. 0.285 60 | 33 1 32 3.23 | 620
1 kamepa | CriHa cX. 0.331 60 1 1 0 20
[Toxputtst | 0.285 72 | 33 1 32 7,747 | 836
[Tigmora 1 0.48 72 | 33 1 32 1141
)y 3181
Crimama. | 0.285 30 | 33 1 32 223
CriHa 1. 0.285 30 | 33 1 32 223
Crina 3x. 0.331 60 1 1 0 0
2 xamepa | CriHa cX. 0.331 60 1 1 0 0
[Toxpurtst | 0.285 72 | 33 1 32 7,747 | 804
I[Tigmnora 1 0.48 72 | 33 1 32 1106
)y 2356
Crimana. | 0.285 60 | 33 1 32 496
CriHa 1. 0.285 60 | 33 1 32 496
CriHna 3X. 0.331 60 1 1 0 60
3 kamepa | CriHa cX. 0.331 60 1 1 0 60
[Toxpurrss | 0.285 | 144 | 33 1 32 7,747 | 1509
ITigmora 1 0.48 144 | 33 1 32 2005
)y 4626

3mH. | Apk.

Ne dokym.

llidnuc

fama
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Po3paxyHOK TemmonpuinBiB BiJ] BAHTAXIB MPH 1X XOJOAMIbHIN 00poOITi

Gy - 1000Be HAJIXO/KEHHS BAaHTAXXKY Ha XOJIOJIUIIbHY 00pOOKY, T/100Y;

h1 - edranbmis BanTaxy (kJK/Kr), 10 HAAXOAUTH HA 0OPOOKY, IPH MOYATKOBI#
TeMIIepaTypi;

ho - erTanbmis BanTaxy (KJK/KT) pu cepeHii mpu Horo 00eMy KiHIEBii
TeMIIepaTypi;

Ty - TPMBAJICTE UKITY XOJOAUIBHOI 00POOKH, 3 ypaxyBaHHAM 3aBaHTKEHHS i

BHUBAHTAXKECHHSI MPOAYKTY (TOJMHN);

Tp - TPUBANCTE POOOIOro nepiofy (roAUHH), TOOTO GAKTHIHUI Yac MPOTAroM

SKOI'0O CITOKHMBAETChA XOJIOA.

Jst BCiX kKamep mig0oupaeMo 3HAYEHHS CHTAIBIINH BaHTaXY
Kamepa Nel h1=346.5 xJlx/kr, 12=271.7 xJix/xr [1]
Kamepa Ne2 h1=346.5 xJlx/kr, 12=272.9 kJix/kr
Kamepa Ne3 h1=346.5 xJlx/kr, 12=286.7 xJlx/xr

Jlo6oBe HaAXOKEHHS BaHTaXy npuitMaeMo 8%

Gu=G-0.08 3BOAMMO AaHl B Ta0iuiro Ned

Tabmuis 4. JIo60Be HAXOKEHHS IPOIYKTY 0 KaMep

Ne xamepu 1 2 3
G nob6ose 6.45 6.45 12.9
HAJIXOJPKEHHS T.

OckinbKu X0I0uIbHa 00poOKa Ge3repepBHOI il TO Tyy/Tp piBHO 1, Tox

G, -(h—h,) 6.45.(346.5-271.7)

= =5.6 kBT,
Q 0.0864 0.0864

0, = Gy-(h—h) _645-(346.5-272.9) —
0.0864 0.0864

0, = Gy -(h—h,) _6.45-(346.5-286.7) _ 45 KBr
0.0864 0.0864

JUTS THIITUX KaMep OTpUMaHi JIaHH1 3BOJIUMO B Tabnuiro Ne5

Apk.
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Tabnuusa 5. TermonpuiivBY Bi MPOAYKTY P XOJIOAMWIBHIN 00pOOIIi.

No kamepu 1 2 3
Q.1 kBT 5.6 55 4,5

Jlo6oBe HaAXOKEHHS Tapy Ha XOJIOIUIbHY 00poOKY (T/100Y) /1Sl KapTOHHOT
npuitmaemo 10%

I[TutoMa TEmI0EMKICTh

¢:=1.46 Kmx/(kr- K), c,=1.46 Kmx/(xr- K) [1]

Grap= Gy -0.1=6.45-0.1=0.645 T/m100Yy, 3BeJIeMO JaHHI B Ta0IHIio Neb

Tabnuus 6. JJoboBe HaIXOIKEHHS TapH

Ne xamepu 1 2 3
Grap 1/106y 0.645 0.645 1.29

Tenponpuius Bia Tapu
t, — 30BHIIIHSA TemMmeparypa

(atoc ) ) qgs (1:46:33-146-1)

=G . =0.348
Qan =G 64 0.0864 KBr,
3BOJIMMO JIaHH1 B Ta0OHiIro No7
Tabmuus 7. TermonpuruivBy Bix Tapu
Neo kamepu 1 2 3
Q.. kBT 0.348 0.348 0.696

3HaxXoAMMO CyMapHU# TETUIONPHUIIUB Bl BAHTaXIB

Q2=Q21+Q,,=5. 6+0.348=5.95 y B,
Q,=Q,,+Q,,=5.56+0.348=5.91 B

Q2=Q23+Q2,=4.5+0.696=5.2 B

3mH. | Apk. Ne dokym. lidnuc | Aama
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3BOAMMO B TAOJHIFO Ne§

Ta6muis 8. CymapHUi TEIIONPHUILUIMB Bil BAHTAXIB.

Ne xamepu 1 2 3
Q. kBT 5,95 5,91 5,2

Po3paxoByeMo TETUIONPWINB 13 30BHIIIHIM MOBITPSM MPU BEHTUIIALIT

OXOJIO/DKYBAHHX MIPUMIIICHB, /1€
3

V6 - ByniBenbHU#T 00’ €M BEHTHIHOBAHOTO TPUMIIIEHHS, M »
0. - KpaTHICTh MOBITPOOOMIHY 3a 100y, 4 [1];

Px - IIUTBHICT TIOBITPS TPU TEMIIEpaTypi 1 BIIHOCHIN BOJIOTOCTI

OXOJIOJIPKYBAHOT'O TIPUMIIIICHHS, KT/MS;

h5 - eHTaINbIIis 30BHIIIHBOTO MOBITPS MPH PO3PaXyHKOBIH TeMmepaTypi i

BIHOCHIH BOJOTOCTI, KJ[>K/KT;

hg - eHTANIIIs TOBITPS IPH TEMIIEPATYPI 1 BITHOCHIH BOJIOTOCTI B

OXOJIO/DKYBAJIbHOMY MPUMIIIECHHI KJ[>K/KT;
T - OA000BHM 1HTEPBAJ Yacy, MPOTATOM SIKOTO 31HCHIOIOTh BEHTHIISIIIIO
Kamepu, rogunu [1], 8 ro.

Jist Beix kamep V. po3paxoByemo:
V1=12.6.5=360 M
V2=12.6.5=360 M’
V55=12.12.5=720 "
Bubupaemo nansi 3 h-d miarpamu
p - 1.1 km/m%; hy _ 28 kJIK/xT; hy _ 5 KJDK/KT, T
V- p,(h,~h) _360-4-1.1.(28-5)

=126
Qy 3.6-7 3.6-8 kBT
V.-a-p.-(h,—h) 360-4-1.1-(28-5)
= IR It L =1.26
Qx 367 368 KBT
Apk.
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V,-a-p,-(h,=h) 720-4.1.1-(28-5)

@ 367 3.6-8

=2.52 kBt

Po3paxyHOK TEIJIONPUIUBIB Bl PI3HUX JKEPEI

Teruonpuiug Bij] €IEKTPUYHOTO OCBITIICHHS
J - T¥TOMa HOpMa MOTYHOCTI1 CBITWJIBHUKIB, 3 BT;
J - KoehIIIEHT OAHOYACHO MPAIIOIOYNX CBITHIIBHUKIB, 1;
Fg - ,Oy/IiBelIbHa IOIA OXONOIKYBAHOTO IPHMIIICHHS, M*;
st kamep 1 Ta 2
Qu=q-J - F6=31-72=0.26 Br,
JUIsl Kamepu 3

Q41=0- j - F6=3-1-144=0.52 xBt

Teronpuiug Bijl €IEKTPUYHUX JIBUTYHIB

Q,,=Q,+Q,+Q; - cyma po3paxoBaHUX TEIIONPUIIUBIB Il KAMEPH

M - KoedILIEHT, 3yMOBJICHHH SIK BIIHOIIEHHS OTYHOCTI €JIEKTPOABUTYHA 110

XOJIOJOBUIATHOCTI MTOBITPOOX0JI0KyBada, 0.06 [1].

Q,,=1.2- (Q+Q,*Q;) ‘m=1.2+(3,181+5.951+1.26) -0.06=0.73 kBt
Q,=1.2- (Q+Q,*Q;) -m=1.2:(2.356+5.91+1.26) -0.06=0.69 kBt
Q,=1.2- (Q+Q,tQ;) ‘m=1.2:(4.621+5.2+2,52) -0.06=0.89 kBt

3BoaumMoO naHHl B Ta0auro Ne9

Ta6mums 9. TermonpuIIuBY Bl €1EKTPOABUTYHIB.

Ne xamepu 1 2 3
Qs xBt 0.73 0.69 0.89

Apk.
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TerutonpwuB Bij MpaIOrYNX JTHOEH
N - KITBKICTh MPALIOIYUX JOIEH, 2 40l

d, - TETJTIOBUJIICHHSI OJTHIET MPAIFOI0Y0i JTIOAUHH, KBT

05;=0.270-6t=270-6"1=0.264 kBt
Q,;= d,- N=0.264.2=0.528 kBt

Jlis BCiX Kamep OJUHAKOBUI Oy1e TENPONpUIUB

Ternnonpunus BiJ] BIAKPUTUX JiBepen [1]

B - nutroma BuTpara Xonoay npu BITKPUTUX JIBEPSX, 9
Jlns kamep 1 Ta 2

Qu=B. Fg -10°=9. 72 .10°=0.648 kBt

Jlns kamepu 3

Qu=B. Fg -10°=9. 144 .10°=1,3 kBt

CyMa TenionpuinBiB

U1 Kamepu 1

Q4= Qurt Quo+ Quz +Q4s=0.26+0.73+0.528+0.648=2.156 kBt
U1l KaMepu 2

Q4= Qut Qazt Qa3 +Qus=0.26+0.69+0.528+0.648=2.126 kBt
1Sl KaMepH 3

Q4= Qa1+ Quz+ Quz +Q4s=0.52+0.89+0.528+1,3=3.238 kBt

3BoauMO AaHH1 B Ta0auio Nel(Q

Tabmuts 10. TenaonpuIInBy Bill Pi3HUX JHKEPET

Ne xamepu 1 2 3
QskBT 2.156 2.126 3.238

Apk.
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Po3paxyHOK TEIUTONPUINBIB BiJl JUXAHHS IUIO1B

g, i g, - MUTOMi TEIIOBUIINEHHS OB HPH TeMrepaTypax miofis °C

b - Temneparypuuit koedimient mBraKkocti quxanus °C -1

TS A6ITYK 0,=33 Br/r, b=0.1277 °C -1
Jist 0Ty K 0,=20 Br/r, b=0.1277 °C 1
7St SOTTYK 0,=20 Br/r, b=0.1277 °C -1

Jt1 - TUTOMI TETUTOBUIIICHHS TUIOAIB 1 OBOUIB MPU TEMIIEpaTypl iXHbOTO

HAJXOJPKeHHS B Kamepy BT/T;

0, - TUTOMI TEIUIOBUILIEHHSI TUIO/iB i OBOYIB IPH TEMIIEPATYpl IXHBOTO

30epexeHHs B Kamepy BT/t

Ab6nyka
0yy= Ug-e®',=33-¢12""-#=2 2 kBr
0= Gy-e™'=33-¢%#7-°=0,033 kBT
Qs= G; (0,1* 0y, + 0,9* d,)=-80.64 (0,1*2,2+0,9*0,033)=20,2 kBt

SI6nyka
Oy= dye™,=20-e>"*""-*=1,15 kBt
0= Uy '=20-¢%1%"*=0.033 kBT
Qs= G, (0,1* 9 + 0,9* Y,)="161,3 (0,1*1,15+0,9*0,033)=23,3 kBT

Sb6nyka
dy= Uy-e>',=20-e%12"7-3=1 15 kBr

0y,= Uy-e?-'=20-¢%1%""-1=0.023 kBT

Apk.

21
3mH. | Apk. Ne dokym. lidnuc | Aama




Qs=G; (0,1* 4, + 0,9* 4,,)="80.64 (0,1*1,15+0,9*0,033)=11,6 kBt
3Boaumo gadH1 B Ta0auiro Nell

Tabmuis 11. TermonpunianBy BiJ AMXaHHS TUI0/IIB

No kamepu 1 2 3
Qs kBt 20,2 11.6 23,3

POSpElX}’HI(OBC TCIIJIOBC HABAHTAXKCHHA 0XOJIOIKYBAJIbHUX HpI/IJIaI[iB
Qe =(Q1+ Qo+ Qa3+ Qut+ Qs) *1.1=(3,181+ 5.95+ 1.26+ 2,156+ 20,2) -1.1=36 KBT
Qbxan2=(Q1+ Qo+ Qs+ Qu+ Qs) -1.1=(2.356+ 5.91+ 1.26+ 2,126+ 11,6) -1.1=25,6 kBT
Qerans=(Qa+ Qo+ Qs+ Qu+ Qs) 1.1=(4,626+ 5.2+ 2.62+ 3,238+ 23,3) *1.1=43 KBT

3BoanMoO naHHi B Ta0auIro Nel?2

Tabmuis 12. Po3paxyHkoBe HaBaHTaKEHHS HA MPUIIAIA OXOJOMKCHHS

Ne xamepu 1 2 3
Qs , kBT 36 25,6 43

Po3paxyHKOBE TEIJIOBE HABAHTAXKEHHS HA KOMITPECOP
b - koedimieHT poboyoro yacy kommpecopis, 0.6 [1];
g, - Koe(illeHT BTpaT P TPAHCIIOPTYBaHH1 xonoxy, 1.1 [1].
Qa1 =Q1+ Qo+ Qa+ Q4°0.5+ Q5=3,181+ 5.95+ 1.26+ 2,156*0,5+ 20,2=31,6 KBT
Qrean2=Q1+ Qo+ Qa+ Q4°0.5+ Q5=2.356+ 5.91+ 1.26+ 2,126*0,5+ 11,6=22,2 KBT
Qrean3=Q1+ Qot Qa+ Q40.5+ Q5=4,626+ 5.2+ 2.62+ 3,238*0,5+ 23,3=37,4 KBT

3Boaumo nanHl B Ta0auiro Nel3

Ta6mums 13. PO3paxyHKOBe TEMIOBE HABAHTAXKEHHS HA KOMIIPECOP

Ne xamepu 1 2 3
Q:, kBt 31,6 222 374

CymMa BCIX TEIJIOBUX HAaBAaHTAXKECHB
Qs=Qrn1+ Qrot+ Qrst+ Q74=31,6+22,2+37,4=91,2 kBt
N — KUTBKICTh KOMIIPECOPIB, 6 IIT.

Qu=( &/ b n) -Qg=( 1.1/ 0.6-6) -91 2=27.9 kB

ApK.
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5. TemuioBHii po3paxyHoOK Ta migdip KoMmpecopa

R 407 A
t, =45°C,P, =2 MIla
t,=t, —At, =45-5=40°C
t, =t,— At,,;, =40-20=20°C

Tabnuus 14 - [lapameTpu X0JIOAMIBHOTO areHTY

Ne toukn | t, P, V,m® |1,
°C mlla | /xr KJIK/KT

1 20 |0,425]0,06 |388
2 80 |2 - 430
3 40 |2 - 265
4 25 |2 - 242
S -12 10,425 | - 242
6 -7 10,425 | - 365

ooxIy _
oy =21,9xBm
1. [luTroMa MacoBa XOJOAONPOYKTUBHICTh

q, =lg — s =365—242 =123x/{orc | ke

2. I[Turoma 06'eMHa XOJIOIONTPOTYKTHUBHICTh

0y =do /v, =123/0,06 = 2050k /Trc [ re
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3. Burpara napu
M yoxmy =GO 1 4, =27,91123=0,227x2/ ¢

4, TluToMe TeI10 KOHaeH calll

Qx =1, =1, =430—-265=165«/orc [ ke
5. TenoBuil NOTIK B KOHAEHCATOPI1
Quown =M, *qy =0,227*165=37,4xBm
6. [Iuroma amiabarHa poGoTa KoMIpecopa
| =i, —i, = 430 — 388 = 42x/]oic | K
/. lificHa 00'eMHa IPOyKTUBHICTb

\Y

oxmy =M ;v =0,227%0,06 =0, 0136° /¢

8. KoedimienT momadi, o BpaXxoBYy€ BIUTMB MEPTBOTO IMPOCTOPY

i 1
m 1,05
Ao =1-c* Pe -1|=1-0,015* _2_ -1(=0,95
0,425

9. Koedirient, mo BpaxoBye 00'eMH1 BTpaTH
Ay =(To +0)(a*T, + f*0)=(261+50)/(1,12*318+0,5%50) = 0,82
10.KoedimieHT nomaui
A=A.*1, =0,95*0,82=0,78
11.Teopernunuii 00'eM, ONMMUCAHUI OPIIHIMHI
Vi oxn =0,0136/0,78=0,0175x"/ ¢

[TinGuparo moprrHeBUi KOMIIPECOPHO-KOHAeHCaTopHUl arperat BITZER
LH135/44CC-12.2 v, =0,0181%° / c

Apk.
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6. Po3paxyHok moBiTP00X0J10/:KyBa4a

Po3paxyHOK MOBITpOOXOJIOAKYBaya Juist kamep 3t =1C
[Ipu npoBeieHHI pO3paxyHKy IpHUiiMar0 HACTYIHI HapaMeTpu:

TCIIJIOBC HABAHTAXKCHHAA

AL 365 Brm

AMN2 _ OB 6xBm

AN _ A3k Bm
TeMIlepaTypa MoBITPsS B IPUMIIICHH], 1[0 OXOJOKye t, =1C;
BIJIHOCHA BOJIOTICTh TMOBITPS B Kamepi »=90Y%

poboue Timo R407A

['eomerpuuni po3mipu peOpUCTOi TPyOM MOBITPOOXOJOKYyBada, BUTOTOBJIECHOTO

MCTOJOM JIMTBA Hi,[[ THCKOM.:

TpyOa:

30BHIITHIN JIaMeTp d,, =0.025u;
BHYTPIIIHIN JIaMeTp d,, =0.02m;
TOBIIIMHA CTIHKHA &, =0,0025u
matepiai (CTab) A =45Bm | (m*K)
pebpo:

BHCOTa h =0,024nm
TOBIIWHA Yy BEPIIUHU 05, =0,0008. ,
TOBLIMHA B M1JCTaBU Opp =0,0012:;
KpOK u =0,012m,
MaTepiai (aaroMiHIN) Ap =180Bm/(m*K);
KOMITOHOBKA ITy4Ka TPyO IIaXOBUMN MTyYOK.

Apk.
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ToBmumHa amOMIHIEBOTO YOXJIa HA 30BHIIIHIN MOBEPXHI CTaJIEBOi TPyOU piBHA
& =1,5mm; TOJI 30BHIIIHINA IlaMeTp 3 BpaXyBaHHSIM aJTIOMIHIEBOTO 4OXJia Oy/ie

piBHHIA: d, =d,, +2*5 =0,025+2%0,0015 = 0,028

[Tputimaemo miameTp pebpa:
D=d, +2*h=0,028+2%*0,024 =0,076x;

Kpoxk Tpy0 B nmyuKy:
MONEepeYHuid (BIIONEPEK NOTOKY MOBITPS):
S,=(D+2%*6,)+0,003m = (0,076 +2*0,003) + 0,003 =0,085.;

MOI0BXKHIN (y3[I0BK MOTOKY HOBITPSI):

S, =S, =(D+2*5,)+0,002x = (0,076 +2*0,003) + 0,003 = 0,085
IlaroHaJLHUN:
8;=[ S7+(s./ 2)10’5 ~| (0,085)" +(0,085/ 2)2]0’5 =0,0954.

TemnoBuil po3paxyHOK
KiHI11€BOIO METOIO TEIIOBOrO PO3paxyHKY € BUSHAUEHHS ILUIOIII TOBEPXHI1
MOBITPOOXOJIO/IKYyBaya, IKa MOBUHHA BIABOJAUTH 33JaHE TEILIOBE
HABaHTAXEHHA 1 MIATPUMYBATH HEOOX1IHY TeMIEpaTypy HOBITPS B KaMepi.
3ajmaeMocs BEIMYMHOW MIJIOXOJO/JKYBAaHHS TIOBITPS B MOBITPOOXOJIOMXKYBadl
At,=2C.
Busnagaemo Temmeparypy TOBITpsT Ha BHXOAl amapary:
t,=t,, =t —At,=0-2=-2°C.
Busnayaemo cepenHio Temmnepatrypy HOBITpS:
t.,,=05%(t, +t,)=05%(-2+0)=—1'C.
[Ipuitmaemo Temrnepatypy KUMiHHS GPEoHy:

t, =t.,, —(10..15) =—1-11=—-12'C.
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BusznauyBanuii temneparypHuUld HATHUCK:
0=t —t,=—1+12=11"C.

Bubupato ternodizuyuHi BIACTUBOCTI BOJIOTOTO MOBITPS MPU BU3HAYAIBHIN

TeMOeparypl to,:

v, =13,28*10° y° / ¢ - KoeiIiEHT KIHEMAaTUIHOI B'SI3KOCTI,
Ay =2,44*%107Bm/(m*K) - KOC]ILIEHT TEIUIONPOBITHOCTI,
Pr, =0,707 - yucino [Ipanaris,

Py =1,293ke/ M - IITBHICTS,

C, =1,005x/x/(kr*K) - MATOMA TETUIOEMHICTh CyXOT'O MOBITPSI.

. A

K A sckr N 1 \ﬁ.
=1
tBbIX.E 2
>< h,
tn 3
hZ
h
‘\\n
-

on o2 dl d, krkr

Pucynoxk 6.1 - IIponec 3MiHM cTaHy TOBITPsI B IOBITPOOXOJIOKYyBayi

B HACTYIHIN MOCTIIOBHOCTI: 1—> IT — 2(cm.puc)

Jl1st iboTo 3a1a€EMOCS CepEAHBOI0 TEMIIEPATYPOIO MOBEPXHI

MOBITPOOXOJIOKyBava (iHEew) t, 3 YMOBH, 110 t, <t, <t, , BAKOPUCTOBYIOUHU

npuOIU3HE CIIBBIAHOIIECHHS

t, =t —(0,1+0,8)*9=0-0,4*11=-4,4°C.
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ITo mgiarpamih—d ,c JOITOMOIOK PO3PaxXyHKOBUX 3aJI€KHOCTEM, IPUBEIECHUX
HIDKYE, BU3HAYa€MO mapameTpu moBitps (h,d,t).

Tabnunsg 15 - [MapameTpu moBITps

Ne Toukn t,C d-10°3, ke / ke h, ko | ke 0, %
1 0 3,4 9,64 90
2 -2 3 6,47 94
3(m) -4,4 2,6 2,9 100

['pyHTYIOUHCH HA IPUHITUIIL TOAIOHOCTI TPUKYTHUKIB (CM.MaJl), MOXHA

3aIIucCaTu:

(d,—d,) /(4 —t,)=(d,—d,)/ (. ~t,),
3BIJICM HEBIJOME 3HAYEHHS BMICTY BOJIOTH MOBITPS Ha BUXO/1 arnapary:

dz = dl - ((tl _tz)*(dl _d;7) / (tl _tn)) =
=3,4*107° - ((0+2)*(3, 4*107° -2, 6*1073) /1(0+4,4))=3, 04*103k2 [ ke.

BigHocHa BosoricTh MOBITPS, HAa BUXO/I 3 arapary OyJie piBHa:

@, =d,/d;,=3/3,2=0,94,

ae d, u d,- BIAMOBIIHO, BMICT BOJIOTH HACHYECHOTO MOBITPA NIpH t, U t, .

EnTanbnito nmoBitpsa B Toukax 1,2 1 3 mpu HETaTUBHUX 3HAYEHHSX TEMIEpaTypu

MOBEPXHI anapary (iHer0) 3HAXOAUMO MO 3aJICKHOCTSIX:

h, =1,0078*t, +(2835+2,09*t,)*d, =1,0078*0 + (2835 +2,09*0)*3,4*10°° = 9, 64x/Jorc k= |
h, =1,0078*(~2)+ (2835+2,09%(~2))*3*10™° = 6,47x/Joic | e
h, =1,0078* (4, 4) + (2835 + 2,09* (—4, 4))*2,6*10" = 2, 9x/Jorc | xe

reOMCTPpUIHHX XapaKTCPUCTUK

[Tepexonumo 10 pPO3paxyHKy

TEIUIONEPEIAIOLIETO EIEMEHTY.
['eoMeTpuYH1 XapaKTEPUCTUKU TOBEPXHI PEOPUCTOTrO €JIEMEHTY BIIBHOTO BIJ

1HEIO.
[Inoma 30BHIIHBOI MOBEpXHI pedpa:

F.=0,5%7*(D*~d2) + 7*D*&,, =
=0,5%3,14*((0,076)" —(0,028)") +3,14*0,076*0,0008 =8,03*10 ° /?;

Apk.
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[1no11a 30BHIMIHKOI MOBEPXHI TPYOH MIXK IBOMA CYMIKHUMU pedpamu:
F. =z*d, *(u-38,,) =3,14*0,028*(0,012 - 0,0012) =9,5*10* /2.
[1101112 BHYTPIIIHBOI TOBEPXHI TPYOH peOPUCTOrO E€JIEMEHTY
F, =7*d,*u=314*0,02*0,012 =7,5*10"* »/?,
[101112 30BHINIHBOT TOBEPXHI TPYyOU PEOPUCTOTO EIEMEHTY '
F,=F,+F, =803*10°+9,5%10* =8,98*10 /.
Koeditient B 1 Mipa 06peOpeHHs TEII000MIHHOI MOBEPXHI ¢ !

B=F,|F,=898%107/7,5%10" =12,
¢=F, /(z*d, *u)=898*10"/(3,14*0,028*0,012) =8,5.

['eoMeTpuyHI XapaKTEepUCTUKH ITOBEPXHI 1HEIO, III0 OCIB HA PeOpUCTOMY
€JIEMEHTI MMPU TOBIIUHI mapywuu J,,, = 0,002 .

[1om1a 30BHINIHKOI MOBEPXHI 1HEIO HA peOpi piBHA:

Fry =0,5%7-(D+2%8,,)° ~(d, +2%5,,)%) + 7(D +2%5,,) (5, +2*5,,) =
= 0,5%3,14*((0,076+2*0,003)? — (0,028 + 2*0,003)2) +
+3,14* (0,076 +2*0,003) * (0,0008 + 2*0,003) =1,05*10 2 /2.

30BHIIIHS TOBEPXHA 1HEIO HAa TpyOl MDK JIBOMa CYMDKHUMH peOpamMu Mae
IO :
Frp =7*(d,; +2%6,,)* (- (55, +2%5,,)) =
—3,14*(0,028+ 2*0,002)* (0,012 — (0,0012 + 2*0,002)) = 5,1%10™* 1.2,
[ToBHa TUTONIA 30BHINIHBOT TOBEPXHI 1HEIO HAa PEOPUCTOMY EIEMEHTI piBHA!
F,, =F,, +F, =0,0105+0,00051=1,1*10 27,

KoeditienT 06pebpenHs moBepxHi 4", MOKPHUTOI iHEEM, PIBHUI:

B =F,, | F,=11*107/7,5%10 =14,7 .
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MiHiManbHUA KUBUW TEPETHH OJHOrO PEOPUCTOTO €JIEMEHTY, IMOKPUTOTO
I1apoOM 1HEIO MPUUHATOT BETUYMHU, PIBHUM:

fo=u*(S,—d, —2%8,) = 2%h*(S.p, +2%5,) =
= 0,012*(0,082 0,028 —2*0,003) — 2*0,024* (0,001+ 2*0,003) = 2,9*10* 1.°.

3amaeMocsi MIBUIKICTIO TOBITPS B KUBOMY IEPETHHI MOBITPOOXOJIOIKYyBaya
w, =4mlc.

BusnauyBaHuii pexxuM pyxy NoBiTps - yuciio PeliHonbaca
Re=(w,*d,) /v, =(4*0,028)/13,28*10° =8434.
Yucno Hyccenbra 1715t TpyO, BUTOTOBIEHUX METOJIOM JIMTBA 1T TUCKOM:
Nu = (1-n)*C, *C, *¢°*Re" = (1-0,7)*0,95*1*(8,5) "* *8434°" = 54,8,

Jle - C,=(S,—d,)/(S,—d,)=(0,082-0,028)/(0,082—0,028) =1 - koedimicHT, Hopmu
Iy4ykKa

C,=0.95- xoedirieHT, 110 BpaXOBY€ KUTBKICTh PSAAIB B My4KY Y3/I0BX IMOTOKY
MOBITPs; n=0,61*p"*® =0,61%(8,5)"” =0,7, m=S, +¢**® =0,085+(8,5) " =0,03.

KoHBekTuBHMIA KOS]IIIEHT TETUIOBIIIa4l HA CTOPOHI MOBITPS PIBHUK:

Nu- A, _ 54,8*2,44*107 _478 Bm

o, = y
“d, 0,028 M*K

ne d,, - BU3HA4YaJIbHUN PO3MIp, M.
KoeditieHT BaroBeiieeHus 3a X YMOB PIBHUIA:

§:1+ (d;.(*q)K _d;Y)*(r_hH) —
CB*(tK _tn)
_,, (35*10°%0,9-2,6*107)*(2835+9,2)

=135
1,02-(0—-(-4,4))

ne r=2835 k/[x/kr - nuromMa Termiora (a3oBoro nepexony npu t, <0°C;

d, =3.27-10°ke/ k2~ BIArocojepkaHUE BOJIOTOI'O TIOBITPS B MOTPAHUYHOMY IIapi B
MOBEpPXHI 1HE Npu t,=-4,4C 1 BIZHOCHOI BOJIOTICTIO ¢@=1;

h, =2,09*t, =2,09%(-4,4)=-9,2 kJDK/Kr — eHTaJbIisg 1HEH,
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C, =1009+1,87*d =1,005+1,87*8,1*10"° =1,02 k/[x/(krK) — muroma
TEIJIOEMHICTH BOJIOTOTO MOBITPS;

d_ =0,5*(d, +d,)=0,5%(9,64+6,47)*10° =8,1*10 *ke / ke - BIarocoiepKaHme

MOBITPS NPY BU3HAYAJIBHIN TeMIIepaTypi.

[TpuBeneHuit KoeiIieHT TEIUIOBI a4l BT IIOBITPS IO 30BHINITHBOI MTOBEPXHI
TEILTIONEPEAAIOUOr0 €JIEMEHTY 3 BpaxyBaHHAM TEPMIYHOTO OIOPY IIapy 1HEIO
3HANIEeMO SK:

1 ]
anpzﬂ L +5ﬂ] :( L +°’°°3J —32,8- 5"
a 2 4, ) \a7.87135 " 0,2 K

ne , Ay =0,2Bm/(m*K) - KoedilieHT TEIIONPOBIIHOCTI iHEIO.

KoepimienT apextuBHOCTH pedpa 3HaAUAEMO SIK:

_ th(mh) _ th(0,61)
mh 0,61

, 2*a,, . 2*32,8 . o
e mh's [—2 *h = | ————*0,032=0,61 - 6e3p03MIpHHI KOMILJIEKC,
Ocpp X Ap 0,001*180

B .. . . .
Ap :180—mK - Koe(iIlieHT TeTIONMPOBIIHOCTI MaTepiary pedpa
M .

E =0,88,

0,076

=0,032x - yMOBHA BHUcoTa pedpa.
0 028)) M-y pcop

h =h*(+ 0,805*Iog(d3)) — 0,026 (1+0,805*log(

H

YMoBHUM KOE]IIIEHT TEIUIOB1/1/1a4l, BIIHECEHUN /10 30BHIIIHLOT TOBEPXHI
peOpUCTOTO EJIEMEHTY.

Cppy = anp*(FP*E*W*CK +FTP)/FH =
=32,8*(8,03*10°*0,88*0,97*1+9,5*10*)/8,98*10"° = 28, 5?—*m[<
M
ne w=1-0,058*mh'=1-0,058*0,61=0,97 - KOC(III€HT, IO BPAaXOBY€E

HEPIBHOMIPHICTH TEIJIOBIaul 110 BUCOTI pedpa;
C, - Koe(iIieHT BpaxoBy€e KOHTAKTHE TEPMIUHE CIIPATUBJIICHUE MK TPYOOIO 1 pedpoMm.

Jliist GiMeTaniyHoi TMTOT MOBEpXH1 BiH piBHUMA C, =1.
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Koedirient Temnosianayi npy KUIiHHI GpPeoHy B TpyOax amapary:

oy = (103,2+0,19%t,) * 5% = (103,2+0,19%(~12)) *3225°% = 761Bm / (u* *K )

1€ (, - LUIbHICTh TEIUIOBOTO MOTOKY, OTHECEHOTO /10 BHYTPIIIHbOI OBEPXHI TPYyOu:
g = *E*(tepy —t,)* B =47,8%1,35% (—1—(—4,4))*14,7 =3225Bm | m*

KoediuieHT Temonepenayi,0THECEHbIN 10 30BHIIIHBOI IOBEPXHI1 1HEIO, PIBHUM:

* - * N
ng( 1 +¢_5T+ﬁ_ﬂj :( 1 .85 0,0025+14,7j _1825 fm ;
Cpy A O 28,5 45 761 M *K

BIIHECEHUH JI0 30BHIIIHBOI «CYX01» MOBEPXHI 1HEI0, PIBHUM:

K, =K1+ P _1g 5% 12 149 Bm
e gt 14,7 M*K

[TepeBipsieMo 3HaUEHHSI paHillle MPUHHATOT TEMIIEpATypH ITOBEPXHI1 1HEHO.
Po3paxyHkoBa pi3HUIlS TEMIIEpaTyp MOBITPS 1 MOBEPXHI 1HEIO pIBHA:

A, = 201

- - =32C,
a,*E  47,8%1,35

1€ g, - OIUIBHICTh TEIMJIOBOTO MOTOKY, BIHECEHOTO JI0 30BHINIHBOI MOBEPXHI 1HEIO,
piBHA:

G = K2 (10 5 — 1) =18, 25% (-1 (-12)) = 20122,
M

BinHocHa morpiHicTh TPUUHATOL 1 pO3paxyHKOBOI PI3HUII TEMIIEpATyp piBHA:

At, — At
At,

3,2-3,4

*100% = 6% < 7%,

*100% = ‘

ne  At=t,,-t,=-1-(-4,4)=3,4C- mnpuiHATa pPI3HULA TeMIOeparyp TMOBITPSI 1
MOBEPXHI 1HEIO.

Busznavyaemo 101y 30BHIITHBOT TOBEPXHI MOBITPOOXOJIOKYBaYa.

[Tpuiimaro B Kamepi 0XOJIOIKYyBaHHS SOTyK OJTHOMY MOBITPOOXOJIOKYyBaui:
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. Qs 36000

HL T . = " =220m°
RH (tCP.B - to) 14! 9 (_1_ (_12))
Fpp = —— Q _ *26500 160,
KH (tCP.B - to) 14’ 9 (_1_ (_12))
B Qo 21500 131 2,2

" KH *(ICP.B _to) B 14’ 9*(_1_ (_12))
O6'€MHa BHUTpPATa HOBiTpSI qcpe3 HOBiTpOOXOJIO,Z[)I(yBa‘l:

Vay =Qy /[ pg *(h, —h, ) *10° | =36000/ [ 1,293*(9,64 - 6,47)*10° | = 8,782 / ¢ = 316081° / u
Vo, =Qy /[ o5 *(, —h,)*10° | = 25600/ 1,293*(9,64—6,47)*10° | = 6,241° / ¢ = 22464.°  u
Va3 =Qy /[ ps *(h —h,)*10° | = 21500/[ 1,293* (9,64 - 6,47)*10° | =5,24.° / c =18883x° / u

MiHiManbHUI ~ KUBHM  TEPETUH

MOBITPOOXOJO/KyBa4ya 3  1HEEM Ha
TETJI000MIHHIN MOBEPXHI:

Fu =V, /@, =878/4=2195x"
Fo, =V,, | @, =6,24/ 4=1,561"
Fos =Vl 0, =2,5/4=1310°

[1no1ma ppoHTATEHOTO MEPETUHY MOBITPOOXOJIOIKYBaya!

For = Fy *(S,*U)/ £, =2,195%(0,085%0,012)/ 2,9*10* = 7,72/
Fao = Foo *(S,%U)/ f,e =1,56%(0,085*0,012)/ 2,9*10™* = 5,49/
Fos = Fyea *(S,*U)/ £, =1,31%(0,085%0,012)/ 2,9*10™* = 4,61

OpieHTOBHI reOMETPUYHI po3Mipu

TEII000MIHHOT CeKIIii
MOBITPOOXOJIOIKYyBaya!
[Iupuna:
H]=(F,/n)"=(7,72/1)" =2,78n
H} =(F,,/n)"" =(1,56/1)"" =1,25x
H}=(F,/n)"” =(1,31/1)"° =1,15u
JloBkuHa:

Apk.
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L = H*n=2,78*1=2,78x
L, = H,*n=1,25*1=1,25u
L, = H,*n=115%1=115x

OpieHTOBHE YnCiIO0 TPYO y PpOHTATILHOMY MEPETHHI ITyUKa!

Z,,=H'IS,=278/0,085=32,7 =33um
Z,.,=H'IS,=1,25/0,085=14,7 = 15um
Z,.,=H'lS, =115/0,085=13,6 =14um

Yucno TpyO BIomepek MOTOKY MOBITPS OKPYTIIFOEMO 0 IIOT0 3HAYSHHS.

[InpuHa:
H,=2Z,,*S,=33%0,085=2,8x
H,=Z,,*S, =15%*0,085 =1, 275
H,=2Z,,*S, =14*0,085 =119
JloB>KMHa:

L=F,/H =7,72/28=2,76m
L,=F,,/H,=549/1275=4,3Lu
L,=F,,/H,=4,61/1,19=387x

Yucno pedpuctux €JIEMEHTIB y (bpoHTaNEHOMY NepeTHHI
MOBITPOOXOJIOKYyBaya!

Ny = Fyuq ! T, =2,195/2,9%10™* = 7569um
Ny, = Fy, ! T, =1,56/2,9*10* =5380wm
Nys = Fyes ! =1,31/2,9%10°" = 451 7wm

[Inoma cyxoi 30BHIMIHBOI MOBEPXHI OAHOTO psALy TpyO Yy (PpoHTanbHOMY
NEPETHHI MOBITPOOXOJIOHKyBaya:

F., = f, *n, =8098%107°*7569 =681
F.,, = f, *n,, =8,98*10°*5380 = 48/’
F.po = f, *N,, =8,98%10°*4517 = 414/

OpieHTOBHE YKCIIO0 TPYO MO X0y TOBITPS B TOBITPOOXOJIOKYBAYi:
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Z,n=F, I F, =220/68=3,24wum
Z,»,=F, I F,,=162/48=3,375wum
Z,ms=F, | F,; =131,2/41=3, 2um

Po3paxyHkoBi mapameTpu TEII000MIHHOT CEKIIii TOBITPOOXOJI0KyBaya
CyMapHa JIOBXHHA TPYO amapary:

SL=L*Z,,*Z, ., =15%33*4=198x
SL,=L*Z,,%Z,,, =15%15%4=90u
SL=L*Z,,*Z,,, =15%14*4 =84y

TJIOIA 30BHINIHBOT TOBEPXHI:

Fu=3L *7%d,, * f =198%3,14*0,02*12 = 149/
Fup =ZL, *7*d,, * #=90*3,14*0,02*12 = 68/’
Fus =ZL, *7%d,, * f =84%3,14*0,02*12 = 63

rIMOuHa CexIi;
B=S,*Z,,=0,085%4=0,34u
ITo I'padikam H-V HamipHO-BUTpATHUX XapaKTEPUCTUK BEHTUIISATOPIB

BO-12-303-6,3 3abe3neuyroua po3paxyHKOBa BUTpaTa MOBITPS V, =2,5m°/c*2
npu ¢pikcoBanoMy HaTucKy H=125 [1a N =0,55xBm™*2
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7. Po3paxyHOK NMOBITPAHOTr0 KOHAEHCATOPA
J71st KoHJIeH caTOpa 3 MOBITPSIHUM OXOJIOIKEHHSIM MPUMMAEMO KOHCTPYKIIIIO 3

MJIACTHYAaCTUM OpPEeOpEHHSIM, PHC.3

=5

b ]

elad]

Pucynok.3. TermmooOMmiHHA CEKITis
Buznauaemo BUX1/IHI JaH1 A1 pO3paxyHKY
- TerioBe HaBaHTaxkeHHS Q=37,4 kBt
- TeMnepaTypa konaeHcaii t,=40 °C
- xomoauiabHuui arent R407 a
- PO3paxyHKOBa TEMIEPATypa 30BHINIHBOTO MOBITPA t,,,=30 °C
- BIJIHOCHA BOJIOTICTh 30BHINMIHBOTO MOBITPS ¢=50%
- OCHOBHI PO3MIpH €JIEMEHTIB OpeOpeHO01 MOBEPXHI
- 30BHINIHIN miameTp TpyOou d,,;=0.015 m
- BHYTpiIIHI#N aiametp Tpyou d,;=0.013 m
- pebpa riacTUHYAaTI aJlOMIHEBI
- ar pedep S;=0.004 m
- ToBIIKHA pebep 8,=0.0004 m
- yMoBHa BHUcoTa pedbpa hy=0.028 m
- KpOoK TpyOu 1o ¢pponTy noBiTpsa S1=0.028 m
- KpoK TpyOu 1o ¢ppoHTy noBitpsa S;=0.028 m
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- Marepian tpy0 - migs (Cu)
- MaTepian pedep - amominiii (Al)
- po3TaInIyBaHHs TPYO y MUKy — KOPHIOPHE
- XapaKTEPUCTHKHU TPyO oOpaHo 3a nanumu BupoOHUKa Flincoil
3ajaeMocs pi3HULEIO TeMIepaTyp nosiTps Ha Bxoi 30 °C, Ta Ha BUXOI 3

xoHeHcaTopa 36 °C

At=36-30=30 °C

1. BuzHauaemo jorapudMidHy pi3HHUIIO TEMIIEpaTyp:

o A 30

|n((tkA_tt") ) ()

6.55

BuzHauaemo cepeiHe 3HaUEHHSI TEMIIEPATYPHU:
t.cep. =(AL +1,)/2=(36+30)/2=33 °C

T'ycruna p=1.102 xr/m’®
Tennoemkicts ¢,=1.007 xIx/Kr

Vyap=(13.45+0.0885- t, cep+0.00013- t,c.p) -10°=(13.45+0.0885.33+0.00013- 33) -1¢-
6-1.637-10°

KO€e(iIliEHT TEIUIOMPOBIIHOCTI MOBITPst Iipu TeMmeparypi 36 OC

A,=0.024+0.8.10. t, cep=0.024+0.8-10"*. 36=0.027B1/(M-K)

MacoBa BuUTpaTa MoBIiTPs CKIIAJIAE:!

G,=Q./c,-At=37,4/1.007.36=1,03 kr/c

O6emHa BUTpaTa MOBITPS CKIIAAE:

V,= G,/ p=2.152/1.102=0,94 m*/c

ApK.
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2. Buznagaemo 1iomy >KMBOTO TMepepi3y anaparta, JjIsl 90ro MonepeIHbo

pUHMAaEMO MIBUJKICTD MOBITPS =6 M/C
F.= Vi/®=0,94/6=0.16

BuzHnadaemo o1y 30BHINIHBOI TETNIOOOMIHHOI TOBEpXHI 1 M. TpyOu
[ToBepxHs TpyOH Mix pebpamu, po3paxoBaHa Jijis 1 M. TOBXUHU OpeOpeHoi
TpyOu:
Frp=m-0s05- (1- 8,/ Sp)= 3.14.0.015. (1- 0.0004/0.004)=0.042 M*/M

[ToBepxHs pebep, po3paxoBaHa Il 1M JOBKUHU OpeOpeHOi TpyOu:
Fo=2. (S1-1 Uy, /4) -1/S,=2. (0.028-1 0.015%/4) -1/0.028=0.304 m°/m

3. 30BHINIHS NOBEPXHS OpeOpeHOi TPyOU TOBKUHOIO 1 M.
F,= Frp+ F,=0.042+0.304=0.346 m°/m
30BHIIIHS MOBEpXHS M. rmaakoi TpyOu:

Fo= 1-0,,,=3.14-0.015=0.047 M*/m

4. EKBIBaJIGHTHUI AlaMeTp MIKTPYOHOI-peOpUCTOT STUEUKH AJI MPOXOIKEHHS
MOBITPS:

_2:(8,-d,,)(S,-9,) 2-(0.028-0.015)-(0.004 —0.0004)

= =5.64-10"°
(S,-d,)+(S,~6,)  (0.028—0.015)+(0.004 —0.0004)

[Ipuitmaemo KiIBKICTh MapaieibHUX CEKIil a=4 1 po3paxoBEeyeEMO JIOBKUHY

IJIACTHH 10 X0y MOBITPA.
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5. JloBkrHa B HAMPSMi MOTOKY TOBITPSI:

a - KUIBKICTB PAIB TPYO B 3aIaHOMY Hamnpsimi, 4
L=S;- a=0.028. 4=0.112 m
6. Busnauaemo gncno PeitHombaca i XapakTep pyxy MOBITpS:
Re= ®-d./ v=6-5.64.10"/ 1.637.10°=2066
3HaX0IUMO KOeIIiEHTH:

,=0.518-0.02315" (L/de)+0.425-10(L/de)*-3-10"%(L/de)* (1.36-0.24" R/1000)=
0.518-0.02315" (0.112/5.64-10)+0.425°10:(0.112/5.64:10%)%-3-10°:(0.112/5.64- 10"
%3 (1.36-0.24- 2066/1000)=0.169

n=0.45+0.0066 -L/d=0.45+0.0066 -0.112/5.64-10°=0.581
m=-0.028+0.08-R/1000=-0.028+0.08-2066/1000=0.137
N= ¢, R™(L/ds)™= 0.169-2066%>%*-(0.112/5.64-10%)*1¥'=21 .48

Koe(DiIieHT TeroBigadi 3 00Ky MOBITPS:

0, =N-A,/d.= 21.48.0.027/5.64.10°=101.5 Br/m>.K

7. Buznauaemo koeQilieHT TEIIOBITAaY1 3 00Ky MOBITPS BIHECEHUM /10 TOBHOI
opeOpeHoi MoBEepXHi TPyOH:

A - koedirieHT TemionpoBiaHocTi, 217 Bt/M-K

m, = 2. ak _\/ 21015 _ 0o
217-0.004

1( 0.2) = .2 0028( 0028_02) 1011
0.015 028

Apk.
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YMoBHa BucoTa pedpa:

Mp=0.5-0y0s(ps-1) - (1+0.35-In(py))= 0.5.0.015(1.911-1) - (1+0.35.In(1.911))=
=0.00838 m

8. KoedimieHT edekTuBHOCTI pedpa:

5 _th(m,-h,) _ th(48.36-0.00833)

=98.83 B/’
P m,-hy 48.36-0.00838 Brm™K

BusHayaeMo HIIBHICTB TEIUIOBOTIO MMOTOKY 3 OOKY MOBEPXHI JI0 MOBITPA,
BIJTHECEHM 710 30BHIIIHBOI TOBEPXHI anapara. J{j1s1 BU3Ha4eHHs ONOpYy MACTUIBHOTO

3a0pyHEHHS

M=0.12 Bt/m-K, 6,=0.0005 m

JlaH1 Ha TpyOYy:
Ap=384 Br/m.K, 8,,=0.001 M
Onlzl
0, 1
G = . = =24.54
1 . 0, & F—F. 1 . 0001 0.0005, 0.304—0.042
GG ) ) (gees) " aas 02 " oowr )

B1/M?

9. KoedirienT Temnoinadi Big xomoauiabHoro arenta R407a 10 BHYTPIIHBOT TOBEPXHi

TpyOu. BmactuBocti R407a mpu 40 OC:
tertoTa KonaeHcarii 1=33.8 kJ[x/kr

I'yCTUHHICTb PiAMHU pp=1252 KM/M°

koedimient TermonporigHocTi A=0.064 Bt/m-K
KoedimienT quHaMivnoi Bszkocti p=1.59.10" IMa-c

A=129.3.10% toni,

Apk.
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10. IInToMuii TEMIOBUH MOTIK B1J areHTY A0 30BHIIIHBOI HOBEPXHI afgy]

BayTpiniHs noBepXHs TpyOH JOBKUHOIO 1M.
F,.=n-d,,=3.14.0.013=0.041 m*

Buznagaemo HIiJILHiCTL TCILIOBOI'O IIOTOKY 3 60Ky arcHra, BiI[HeCGHy a0

30BHIITHBOTO MOBEPXHI (aFgn:

Garos =0a-Oa- ol Fropn=2211.1(0.0408/0.305)=261,5 0°7°

11. Bupimyemo 3 rpadigHOro piBHIHHS (arg,=261,5 0% ta Qrsn=23.2(6.55-0,)
1 BU3HAYA€EMO IIUIBHICTh TEIUIOBOI'O TMOTOKY (f;0; Ta TEMIIEPATYpHI HAmopu 3 OOKY
areHTa 1 3 Ooky moBiTps. [Ipu moOymoBi rpadika crmoyaTrky BHUKJIQJaEMO Ha OCI
OpAMHAT MacuTabHE 3HA4YEHHS JOrapu(pMIYHOrO Hamopy 1 OyayeMo 3 MOYaTKy
KOOPAWHAT JIIHINHY 3aJIeKHICTh (r;,—=21.6-0;

q
400 \

4

E 300 \\

° 200

5

o0 — ]\

_-"..-d-'

0 | 2 4 5 6 71°C

Sed

12. Bu3nauaeMo 30BHIIIHIO TOBEPXHIO:

F.u=Qu/ Qrn=37400/141,7=163.87 m*
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CymapHa J1I0B)XKMHA TpyO B arapari:

SL= F3n/F,,,=163.87/0.345=474,5 m
For=(S1-0,)(S,-8,)=(0.028-0.015)(0.004-0.001)=0.000039 m?

13. BuzHauaeMo KUJIbKICTh OPEOPEHUX €IIEMEHTIB Y (PpOHTATILHOMY TIEPETHHI

amapara:

Npe=Fx/ Fx,=0.325/0.000039=8333
Busnauaemo cymapHy JOBXHHY TPYO y (pOHTaIbHOMY MEPETUHI ITyYKa

Ly=S, -N,:=0.004.8333

14. BuzHauaeMo IJIONLY BUIBHOTO (DPOHTAIBHOTO MIEPETUHY arapaTta Ha BXO/I1
MOBITPS:

Sy=Fx-S1-Sp/ F4,=0.325.0.028.0.004/0.000039=0.933 M

Komnpecopro-konaeHncaTopuuii arperatr BITZER LH135/44CC-12.2
YKOMITJIEKTOBYETHCS TTOBITPSIHUM KOHACHCATOPOM 3 JIBOMA BEHTHIISITOPAMU

notyxkHicTio 1,05 kBT koxHwmii. ButpaTa nmoBiTps cTaHOBUTH V, =3,91° / c.

Apk.
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8. Po3paxyHok giameTpiB TpyOoONnpoBoaiB

JI71st piAKOTO XOJIOJUIBLHOTO areHTa pekoMeHaoBana msukicts (0,5-1,5) m/c.
[Tpuitmemo mBUAKICTH 1 M/C

G - MacoBa BUTpaTa X0JIOIUIILHOTO areHTa

p - UIUIBHICTh BIJKOT'O XOJOIUJIBHOTO areHTa

V - MIBUIKICTH HIIJIBHOTO XOJOIUIBHOIO areHTa

p=638 kr/™M°, V=1 m/c

e :\/ 4.0.227 0,021 5,
pV-r \6381.3.14

Jj1st mapooOpa3HOro XOJ0AUIBHOTO areHTa PpEKOMEHI0BaHa MBUAKICTb IS

rOpU30HTANBHOTO TpyOompoBoaa He MeHIe 10 m/c. g BepTukanbaux (12) M/c

BeprukanbHuil y4acTOK

p1=3.46 xr/M°, V=12 m/c

d, = 4-G _\/ 4.0.227 0083 ,,
pV,-r \3.46-12-3.14 >

g, - 4-G :\/ 4-0.128 _0.001
oV, \3.46-10-3.14

Y4acToK HA HArHITaHHI

p2=26 Kr/™m°

g, = 4.G :\/ 4.0.227 _0.034
p,V,-m \26-10-3.14

Apk.
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9. TexHiK0-eKOHOMIYHI MOKA3ZHUKHU POOOTH.
Buxigni masi :

[Tnomra 6yxismi -360 M

Bucora Oyaisii - Sm

Citka kojoH -6x12 M

XononunpHuii areut R -407 a

Tun npunaniB 0X0J0IKEHHS — MOBITPOOXOJIOIHUKH

Crioci6 BiABEICHHSI TETIOTH KOHJIEHCAIllT — BUTIAPHI KOHJEHCATOPHU
Piunwmii ponna yacy pobotu ycraHoBku -8760 ro /pik

Tapudna craBka - 0JHO30HHUHN Tapud

Bapricts 1 kB1/r enexrpoeneprii — 1,68 rpu

Bapricts 1 kr xononoarenty -50 rpa

VY po3aini eKOHOMIYHUX PO3pPaxyHKIB 1 MapKETHHIOBOTO aHaJi3y MpeAcTaBieHI
HACTYIIHI MyHKTU:

- MApKETUHTOBUH aHaI3 TOBapy, pUHKY;

- PO3paxyHOK KaliTadbHUX BKJIAJEHb;

- PO3paxyHOK PIYHUX €KCIUTyaTalliiHuX BUTpAT;

- OIlIHKa €KOHOMIYHO1 €()EKTHUBHOCTI;

-3BeJIeHa TA0JIUI TEXHIKO-€KOHOMIYHUX OKA3HHUKIB.

[IpoBeaemo knacudikaiiiHy OliHKY IPOEKTY 32 KPUTEPIIMHU:

- KJIac: MyJIbTIIIPOEKT;

- THIT: KOMEPIIHHHIH;

- BUJ: IHHOBAIL{IMHUIL;

- TPUBAJICTh: JOBTOCTPOKOBHIA,

- pIBEHb: pEriOHAILHUM.

Metoro mpoekTy € OyniBis I OCHAlleHHS HEOOXITHUM yCTaTKyBaHHSIM

XOJIOAWJIBHOTO TIAMPUEMCTBA, MPU3HAYCHOTO TSI TPUBAJIOro 30epiraHHs (PYKTIB,

0 HAAXOIATH 13 TMEPEeBaJOYHMX XOJIOJWIBHHKIB abo Oe3mocepeHpO 13

ApK.
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CLIbCBKOTOCTIOJIAPCHKUX MIANPUEMCTB. ByAIBHULTBO i OCHAIIEHHS XOJOJWJIbHUM
yCTaTKyBaHHSM Mepe10adyaeThCsl 3aBEPIIUTH MPOTATOM BOCHbMU MICSIIIB.

Hane dpykrocxoBuiie nepeadavdaeTbes OyayBaru B micti Ojeca, 1o J04a€ CBOi
oco0nuBOCTI. TakuM YHMHOM, y JaHUX YMOBaxX ONTUMAJIBHUM € XOJIOJWJIbHE
HiIPUEMCTBO, OpIEHTOBAHE HA HAJaHHS OPEHIHOI IUIONI Tij 30epiraHHs MPOaYKIIii.
B ocHoBHOMY mepenbavaeThcsi 30epiraHHs sSO0JyK B OCIHHBO-3UMOBHUM IEpIOJ MPH
temmneparypi B kamepi 0-+4°C, a B iHImMA yac, ab0 MpH HEIOCTATHIM 3aBaHTAKCHHI,
OyJie MpOBaNTHLCSA 37a49a OPCHTHOT TUIOMT].

BpaxyBaHHs GakTOpiB MapKETHHTOBOTO CEPEIOBUIIIA.

OrriHka eKOHOMIYHOT €(heKTUBHOCTI ¥ BUOIp ONTUMATIBLHOTO BapiaHTa OyiBHUIITBA
M eKcruryaTarii XOJOJWIbHUKIB HEMOXJIUBUN 0€3 KOMIUICKCHOTO aHami3dy (akTopiB
30BHINTHBOTO ¥ BHYTPIITHHOTO CEPEIOBUIIA i MAPKETUHTOBUX JIOCIIIIKCHb.

KommekcHuid aHaimi3 (hakTopiB MapKETHHTOBOTO CEpEAOBHILNA MOBHHEH OYyTH
HalJICHU Ha HarpoMapKEeHHsI 1HPpopMallli 3 HACTYITHUX HaIPsIMKIB:

1)BuBueHHS MOMUTY Ha MPOIYKIIIO 3 OOIIKOM:

- ACOPTUMEHTIB;

- TOBAPHOTO BU]ly IPOJYKIIii;

- CETMEHTIB MOTEHIIHHOro pHUHKY (ceno abo MICTO, ONToBa TOPriBiAs abo B
pO31pi0: coliaibHI 0COOJUBOCTI HACENICHHS; TEPUTOPiaIbHE PO3MIILICHHS H 1H.);

- CE30HHICTh POJIAXKIB;

- ICHYI04l HOPMU CIIO>KMBAHHS MPOAYKIIIT;

- POTHO3 3MIHH 1IiH Y Yaci;

2)BuBYCHHS YMOB KOHKYPEHIIIi:

- 00csru BUpOOHMIITBA 1 MTOCTABOK aHAJIOTTYHOTO TOBAapy 1HIIUMHU (pipMamu;
I[IHUA Ha PI3HUX PUHKAX 3aJIEKHO B1Jl TOBAPHOTO BUAY 1 SKOCTI;
3)BuBueHHs yMOB 30yTYy:

-MO>KJIUBICTb 1 BAPTICTh BUKOPUCTAHHS PI3HUX TPAHCIIOPTHUX KOIIITIB;
-IOIUTHHICTh BUKOPUCTAHHS TOCEPEIHUKIB, Pi3HUX (OpM  TOpriBii,
nocIyT 1HGOPMAIIHHO-KOMEPITIHHUX CUCTEM ;

4) OriHka BIUIMBY €KOHOMIYHOTO 3aKOHOJABCTBa (ITOJATKIB, MHTHHUX 300piB 1

ApK.
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T.1.), TapudiB Ha EHEPrilo, IUIaTH 3a MPUPOJHI pecypcu Ha CoOIBapTICTh
BUPOOHUIITBA 1 0OPOOKY IJIOJO0OBOYEBOT MPOAYKIIII.
5) IIporno3 BIUMBY  IHQIAMIAHKUX MPOIECIB HAa COOIBApTICTH 1  IHY

OPOIYKTY.
ExoHOMIYH1 pO3paxyHKH

MeToro 1BOro pPO3AUTY € TEXHIKO-EKOHOMIYHA OI[IHKa MPOMOHOBAHOIO O
OyiBHUIITBA 00'€KTa 1 JOKA3 €eKOHOMIYHOI JIOIIJILHOCTI IMPOIIOHOBAHOI'O BapiaHTa.

Po3paxyHok kamiTalbHUX BKIAJACHB
KamitanbHi BKIageHHS B X0a0auabHuN 00'eKT (K,):

Ky=Kost Kapt Keoopt Kion=778038+2700000=3478038 rpu

ne Kos, Ky Keoop, Kiow - KamliTallbHl BKJIAaJCHHS, BIANOBIAHO, y
XOJIOIMJIbHE BCTATKYBaHHS, OyTMHKH, CIIOPYI>KEHHS, KOMYHIKaIIii.

Po3paxyHKOBY BapTiCTh yCTaTKyBaHHSI CTAHOBUTH BapTiCTb OCHOBHOTO M 1HIIIOTO
BCTaTKyBaHHS, 1110 TIpuitMaemo B po3mipi 10% Big BapTOCTI OCHOBHOTO.

VY cymapHy BapTiCTh YCTaTKyBaHHSI BKJIFOYAIOTHCS TAKOX BUTPATH Ha JOCTaBKY,
MOHT@X KOHTPOJIbHO-BUMIPIOBJILHUX TIPWIAJIB, SIKI PO3PaxoBYIOThCA B % Bif

PO3paxyHKOBOI BAPTOCTI BCTAaTKyBaHHS.

KamitansHi Bkiagenss B 0yniBHUITBO (K,,) po3paxoByroThcs 1o GopmMyIi:
ne F- BupoO6Huua mioma, F =360 M2;

h - BucoTa BUpOOHHYOTO MpHUMileHHs, h =5 M.

I, - cepenrs Bapricts 1 M° BupoGHIUOro npumMimenss, Ll,, =1500 rpa/m°.

K,=F-h-11,,=360-5-1500=2700000 rpH.
Tabmurs 9.1-po3paxyHOK BapTOCTi BCTATKYBAaHHS

Ne |HaiimenyBanus |Twum mapka lryx  |Llina 3a |CymapHa miHa
BCTAaTKyYBAaHH: OJHHUIIIO I'PH.
IPH.
1 |K-K]] arperar Bitzer =~ LH135/44CC-|4 100000 400000
2  |IloBiTpooxo0i0/KyBad Alfa Laval BFGE 405C4 1 37800 37800
3  |Moeirpooxonomkysau | Alfa Laval BFGE 405B4 |1 34000 34000
3  |Moeirpooxonomkysau | Alfa Laval TFGE 404B4 |2 40000 80000
PA3OM 551800
ApK.
. 46
3mH. | Apk. Ne dokym. lidnuc | Aama




Tpancnopri Butparu, 10% 55180
Bapricts inmoro BerarkyBanss, 10% 55180
Vlontax, 15% 2770
(IT1, 5% 7590
Criett. po6otu, 1% 518
YCbOI'O 78038

Po3paxyHok co01BapTOCTI BUPOOHHIITBA XOJIOAY.

Co06iBapTicTh MPOAYKII HAa MPOEKTOBAHOMY XOJOIWUIBHUKY PO3PaXOBYETHCS
MEeTOJIOM KalibKyitoBaHHs cobiBaptocTi 1000 xmx xomomy. CoOiBapTicTh BKIIFOYAE
HACTYTIHI CTaTTI BUTpAT:

1)ButpaTty Ha TONOMIXKHI MaTepiayiv (XOJIOAMIbHAN areHT, Macio 1 iH.) (C,).

2) Burpatu Ha Boay (C,).

3) Butpatn Ha eJIEKTPOCHEPTil0, CIIOKWBAaHY XOJOIMIHLHOK YCTaHOBKOKO
npu BUpOOHUIITBI X010y (Csy).

4) Butpatu 1o 3apoOiTHiM Tu1aTi (OCHOBHA W JOAAaTKOBA 3 BiTYHCICHHSIMH)
BUPOOHNYMX TpailiBHUKIB (C,y)-

5) AMopTH3aIlisi XOJIOAMIEHOTO BCTaTKyBaHHs i Oy auHKiB (C,).

6) Burparu Ha MOTOYHUI PEeMOHT ycTaTKyBaHHs i OyAUHKIB (Cyp.)

7) [amm  mexoBi  BuTpatm  (3apoOiTHa IJIaTa IEXOBOTO  TEPCOHANY 3
BiJ[paXyBaHHSIMH, BUTpPaTH Ha OXOPOHY Tpalli W TexXHIKy O€3MeKu, OIaleHHs,
BUCBITJICHHS, MATPAUMKA YUCTOTH i iH.) (Cy).

Bu3HaunMo KUTBKICTh 3p0OOJICHOTO XOJIOAY.

OCKUIbKM BUTPATH HAa BHPOOHUIITBO XOJOMY MPH PI3HUX TeMIEpaTypax KUMHHS
HEpIBHOI[IHHI, 11X BapTO BIJHOCUTH JO YMOBHOI BEJIMYMHU  HABEJICHOI
XOJIOZOMIPOAYKTUBHOCTI SIKa BU3HAYAETHCA K CyMa JTOOYTKIB XOJIOAONPOAYKTUBHOCTI
B poO0OYMX YMOBax Ha NepeKka3HU KoedilieHT.

BenuuuHa nepeBiiHOro koedilieHTa 3 poOOYUX yMOB y CTaHAAPTHI, MOXE OyTH

NpUNHSTA 3aJIEKHO Bl po00YOi TeMIepaTypy KUITIHHS.

3MH.
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BusnaunmMo BHUpPOOITOK XOJOIy B YMOBHUX OJMHUISX Yy poOOYMX YyMOBaxX:
Qo - X0JIOAONPOAYKTUBHICTh KOMIPECOPIB y pobounx ymoBax, 91.2 kBr;

t - gac mparii komIpecopa 3a pik, cek;
N - KIJTBKICTh KOMITPECOPIB JAHOT'O THUITY.

KoedimienT, mo BpaxoBYyIOTh BTpaTH B TpyOompoBojax 1 amaparax,
npuiiMaeMo Mpu 0e3mocepeaHIM OXOJIOJKEHH1 3aJIe)KHO BIJ TeMIepaTypu
KHIIIHHS XoadoauiabpHoro areara — 0.85.

on6:Q0-k-t-n:91.2-0.85-31536000*4:9,8*108 K/ x/pik

Toni, BUpOOITOK XO0I0My Ha O00'€KTI 3a PiK BH3HAYUMO 1O (opmyi
(cTamapTHI YMOBH):

1e: Ky~ KOeIIIEHT MepeKIaay X0I0I0IPOIyKTUBHOCTI 3 pOOOYHX YMOB y
crannaptHi, 0.76.

Qer= Qpos” ¥,=9,8%10° -0.76=7,5*10% kmx/pix

Buznaunmo BUTpaTu Ha MaTepiaiu:

BianoigHo 1o neBHOro ¢peoHoeMictkicTio cuctemMu Ga=0.280 T Bu3HaA4aEMO
3a TpadikoMm «TuMYacOBHX HOPM ...» HOPMY pPIidHOI MOTPeOM B amiaky s
cuctemu 3 to= 1 °C 1 aBTOMaTUYHUM BHUITYCKOM TOBITPs 13 cuctemu: N=10%.

HopmatuBHy mnorpeOy B XOJOI0AareHTi 3BITHOMY II€pioji BH3HAYUMO I10
dbopmyi:

Gau. six - PIYHE TIONIOBHEHHS CUCTEMH XOJIOJ[0aTC€HTOM |, T.

Gav 5iz=N-Ga&/100=0.280/100=0.0028 .

Po3paxyHOK BapTOCTi piYHOTO CIIOKMBAHHS XOJIOJA0AreHTY:

L1, — miza xomomubHOTO aredTa 3a ToHHy, 50000 rpH

Cro= Gy 5in-11:=0.0028 -50000=140 rpH.

Piuny motpeby B MacTMJIBHHX MarTepiajax Ha 3allOBHEHHS BiJHECEHHS MOKHA

BU3HAYUTH TI0 PopMyTi:
ne g- Butpara macna Ha [ mumiagp, 0,0002 xr;
Z- cyMapHe YUCJIO IMWIHJIPIB BCIX KOMIIPECOPIB, 321IT.;

t- piuaMii yac podboTu Komipecopa, 8760 roauH ;
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t - HopMmaTMBHMII Yac, dYepe3 SKE Macjo IOBUHHE MiHATUCS, roauHa (y

CepeIHbOMY MacJIo MIHSETbCS pa3 y pik, T00To t = 5400 - 2700 roaun).

G.= (g-zt/1000)-t/ t /1000=(0,0002-32-8760/1000) -8760/5400=0,091 1/ron

Piuni BUTpaT Ha Maciao BU3HAYMMO 110 (popMyIi:

M - mina 3a I T macTuia (3 ypaxyBaHHSIM TPaHCHOPTHUX BHUTpPAT),
2500rpH.

C,=Gw-1,=0,091 2500 = 228 rps=.

Po3paxyHok 3araabHOi BEJIMYMHM BHUTpAaT Ha JONOMIXKHI Marepiaiu

BUPOOJISIETHCS B TAOIHUIII

Ne | €& Baprictb ,rpH.

1 | IlonoBHEHHS CUCTEMH XOJOIUILHUM areHTOM 140

2 | Macruna 228

3 | PABOM: 368

4 | Inun HeBpaxoBaHi Burpatu (0.5% Bim cymu| 36
BUIIIE3aPaXOBAHUX CTATEH)

5 | YCBOIO: 404

Butpatn Ha eneKkTpoeHepriio il KOMIPECOPHOi XOJOMMIBHOI YCTaHOBKHU 3

€JIEKTPOIIPUBOAOM MOXHA BU3HAUUTHU 1O (POPMYIi:

ae: XNy - ycTaHOBJIEHA NOTY>KHICTb XOJOJWIBHOI YCTaHOBKU (KOMIIPECODA,
BEHTHJISITOpA, JI/AB. MOBITPOOXONOMKyBadiB) KBT; LN,=12.7-4+2.1-4+4-1.5=65.2
kBT

W5 e Hoon -“KOCDITIEHTH 3aBAaHTKEHHS EIIEKTPOJIBUTYHA IO TIOTY>KHOCTI, OOJIIK BHTpAT
CJICKTPOCHEPTIl B EJIEKTPUYHHX MEXaX MIANPHEMCTBA W BUTpAT CHEPrii Ha MPUBOJ
IOTIOMDKHHMX MeXaH13MiB xooauipHoi cuctemu, 0.85, 1,05, 1.1.

T- piuauit  poHng wacy poOOTH XOJOMUIBLHOI YCTAHOBKH Ha
nianpueMcTBi, Toauaa 3a pik ( T = 5000 ... 8000 )

., - Bapricte 1 xB1-r enexTpoeHeprii, 10 CHOXUBAETbCI Ha

nignpuemctsi, 0,38 kBt
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Cer=Z Ny 15 B Boon T '1e;=65,2:0,85-1,05-1,1-5000-0,38=121619 rp=.
Po3zpaxyHok Qonay 3apoOiTHOT MJIaTH BUPOOHHUYOTO MEPCOHATY

KOMIIPECOPHOTO IIEXY.
ne 3, - npamii MicsyHud (poHa 3apruiaTv, TpH.; 12 - KUIBKICTh MICSIIB Y

poui; 1,2 - xoedimient, mo BpaxoBye po3mip mpemiid; 1,075 - koedimieHt, 1o
BpaxoBYye€ po3mip J0JJaTKOBO1 3apIuiaTH.

3,=3,-12:1,2-1,075, [rps]

Po3paxyHOK 4HCENbHOCTI OOCIYrOBYHOUOIO IMEpCcOHany W (oHIay 3apIuiaTu

3BEJIeH] B TaOJIUIIIO

n/n | [Tocaga K-1b, [Micsaunuit Piunwnii dhong,
Hon.  (poHn, TpH [pH.
1 | HayaabHUK KOMII-TO HEXY 1 1500 23220
2 | MammuHict 5-r0 po3psny 2 1200 18576
3 | MammHict 4-ro po3psiay 2 1000 15480
4 | Carocap 5-ro po3psiny 1 1000 15480
5 | IIpubupanbHUISA 1 750 11610
Cymma 84366

BinpaxyBauus Ha poug 6e3poditHux (1,6%), BimuuCIeHHs HA HECYACHUI BHITaJIOK
(14%), donm TMYacoBOi BTpaTOr0 poOOTO3MaTHOCTI Ta y meHciitaui ¢ouy (33.2%) ix
BCcix Oepemo B cymi 48,8% Bin pigHOTO (POHITY 3apIIaTH IIEXOBOTO MEPCOHATY

Cc.c. = 84366 « 0,488 = 41170 rpH.

Piuni amopTu3atiiiHi BipaxyBaHHS pO3PaxX0OBYIOThCS MO (popMyii:

ne C, - BapTIiCTh yCTAaTKyBaHHSI, TPH.

H,,. - HOpMa BigpaxyBaHHS BiJl BAPTOCTI BCTaTKyBaHHs, 24%.
C,=Cy'H,,=576000-0,24=138240 rpH,

Po3paxyHOK piuHUX BUTPAT HA TOTOYHUA PEMOHT YCTAaTKyBaHHS BUKOHYEMO:

ne I1,- BimcoTok BapTocTi OyAMHKY i ycTaTkyBaHHs, 8%.
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C,=C, 11,=576000-0,08=46080

Butpatu mo oxoposni mpari npuiiMaemo B po3mipi 2500 rpH. Ha OJUHOTO
MPAIOIYOro B PiK:

Co.r.” 7-2500 = 17500 rpH.

Butpatu Ha yTpuMaHHS yCTaTKyBaHHS B UHCTOTi, Ha OIAJCHHS,
BUCBITJICHHS ITpUiiMaeMo B po3mipi 4 % BiJl BAPTOCTI BCTATKyBaHHS:

Ce0:=576000-0,04=23040 rp=.

Butpatu Ha BuHaxoau U parfioHamizaiito npuiimMaemo B po3mipi 1000 rpH. Ha

KO>KHHH 3 00CITyTOBYIOYOT0 TIEPCOHAITY
C,..=1000-6 = 6000 rpH.

Butpatu Ha ManoIiHH1 1 IIBUIKO3HOLIYIOY1 IHBEHTap npuitmaemo B po3mipi 1000

I'PH. Ha OJIMH TPAIIOI0Y0T0
C,= 1000-7 = 7000 rpH.
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VY Takuii croci0 11eX0B1 BUTPATH MOKHA BUSHAUUTH SIK:
C=z 3+ Ce.c+CHCpt Co-r. HCourt ConGm
84366+41700+138240+46080+17500+23040
+6000+7000=363926 rpH
[H1n BuTpaTH npuiiMaeMo B po3mipi 0,5% BiJ IHIIMX LEXOBUX BUTPAT.

[TpuBoauMo 11e B Tabnuiro PA3OM: (1iexoBa co0iBapTiCTh)

Crarrs BuTpar Cyma, rpH.
1. Marepianu 404

2. Enextpoenepris 121619

3 [lexoBi BUTpaTu 363926

4 Tammi mexoBi BUTpaTH 18196
PA30OM: (nmoBHa co0iBapTICTh) 504145

Po3paxyHOok c00i1BapTOCTI OJMHHUII XOJNOAY (KIK) BHUKOHYEMO IIO

dbopmyi:

C1000=C/QOCT=504145/7,5*108=O, 35 rpH/T.x/]x
Po3paxyHOK piuHOTO €KOHOMIYHOTO €(EKTy.
Bennunna ekonHomiuHoro edekrty (mpuOyTKy) Bifl XOJOAUIBLHOI 0OpOOKH ¥
30epiraHHs Ha JAaHOMY MIANPUEMCTBI BU3ZHAUAETHCS I[IHOKO OpeHAU 1M KOpUCHOI

TJIOMII KaMep XOJI0IUIbHUKA.
3arajibHa KOpHUCHA IUIOIIa KaMep XoJoamibauka F,=260 M-,
OpienToBHa 1iHa operan 1M 3a Micsup kopucHoi wromi -1{a=450 rpa/m
T.o., 3a pik 10X0/ BiJl OPEH/IH, 32 BUHITKOM I[€XOBO1 COOIBapTOCTI CKIIae:
21I=F la -T.0-504145=260-450-12-504145= 899855rpH
ExoHoMiuHa eeKTUBHICTD (PEHTA0EIBHICTh) KallTAIbHUX BKJIAJIEHb:

K- xamiTanbHi1 BKJIaJieHHS B X0JI0iuibHe BUpoOHULITBO 3478038 rpH.

X ,= X I1/K=899855/3478038=0,26
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CTpok OKYNHOCTI KamiTaJbHUX BKJafeHb (T) BU3HAYaeThCs 110

dbopmymi:
T= K/X211=3478038/899855=3,89 poku

BaxkaeThcs, 1m0 cTBOpeHHS 00'€KTa €PEKTUBHO B IIOMY, SKIIO:

E>FEn T<Th

ne E,- HOopmartmBHMI KoedimieHT exoHoM, edekrtuBHOCcTi (0,2-0,3) T, -

HOPMAaTUBHUI CTPOK OKYITHOCTI KamiTaJbHUX BKJIaJeHb (4-7 poky). OCHOBHI TEXHIKO-

€KOHOMIYH1 TOKa3HUKH, ITEBHI B MPOIIEC] TPOEKTYBaHHS, 3BOJIATHCS B TAOJIULIIO.

Ne ITokaszHuk [Ipoexkr
1 XO0a010NPOAYKTUBHICTh 92,1

2 KinpkicTh KOMIIpECOpiB, T 4

3 YcraHoBIIeHA MOTYXHICTh, KBT 62,5

5 KinpkicTh 00CTyroByOUOTO IEPCOHAIY, YiJI. 7

6 Co6iBapTicts 1000 k1K X001y, TPH. 0,07

7 KamitanpHi BKJIaIeHHS, TPH. 3478038

8 Excrnmyaraiiifii BUTpaTu, rpH/pik. 504145

9 [TpubyToK, rpH/pikK. 899855

10 CTpoK OKYITHOCTI KarliTalbHUX BKJIAJIEHb, PIK. 3,89

3MH.
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10. Oxopona npaui

OxopoHa mpaiii - 1€ CUCTEMa 3aKOHOJIaBUMX aKTiB, COIIaJIbHO - €KOHOMIYHUX,
OpraHizamiifHuX, TEXHIYHUX, TITIEHIYHUX 1 JIKYBaJIbHO-TIPO(UIAKTUYHUX 3aXOJIIB 1
3aco01B, 110 3a0e3MeUyr0Th 0e3MeKy, 30epeKeHHS 3J0pOB's 1 Mpaie3aTHOCTI JTI0AUHU
B mporeci mpami. IToBHICTIO O€3MeYHMX 1 HEIIKIJIJIMBHUX BHPOOHHUIITB HE ICHYE.
3aBAaHHS OXOPOHU TMpall - 3BECTH J0 MIHIMyMYy WMOBIPHICTh TMOpa3ku abo
3aXBOPIOBAHHS ~ MpAallOl04l 3 OJHOYACHUM 3a0€3ME€YeHHSM KOM(OpTy mpH
MaKCHUMAaJIbHIM TPOYKTUBHOCTI Tipalli. PeanbHi BUpOOHWYI YMOBHU XapaKTEPHU3YIOTHCA,
SIK TIPABUJIO, HASIBHICTIO JICSIKUX HEOe3MeYHUX 1 MIKIJTUBUX (DaKTOPiB.

X7aAOHOB1 XOJOJWIbHI YCTAaHOBKM NIAPO3AUIAIOT Ha 2 TPYNU 3aJIEKHO BIJ
TOJMHHOTO OO0CATY , OIKMCYBaHO MOPIHIHSAMHU Kommpecopa. [lpu posramryBanHs B
OPUMIIICHH] JEKUIBKOX OJHAKOBHUX KOMIpPECOpiB (IO XOJIOAOMPOAYKTHMBHOCTI Tpyla
BU3HAYAETHCS MO V) OHOTO KoMIIpecopa. Y Hamomy Bumnaiaky Vi=0,04 M3/3, BlJHECEMO
YCTaHOBKY /10 Tpynu B.

TpyOonpoBoAbl XOJOAUIBHUX YCTAHOBOK O(apOIIOI0Th Y KOJBOPH, IO BIANOBIAAE
IXHbOMY IPU3HAYECHHIO:

- YCMOKTYBAJIbHUH - Y CUHIH;

- HarHITalo4ui - y Y4epBOHHIA;

- PIAUHHI - CPIOTUCTHIA.

Kanacudikauis BUpPOOHUNTBA 1O cTyneHi BUOyXOHeOe3NMe4HOI ¥ IOXKeKHOI
HeOe3neKH.

[lo mnoxexHOi, BUOYXOBOHEOE3MEYHOW HEOE3NeKn MPUMILIEHHS XOJOIUIbHOI
cTaHuii cranatbes Ao karteropii /. [lane nmpumimenHs craButhes kateropii II-11 3
1JBUIIEHOI0 HEOE3IMEKO0 MOPa3KH EIEKTPUUYHUM CTPYMOM.

BaacTuBocrti xnagony-407a
Xnanoun 407a. Temneparypa KUiHHS IPU aTMOCPEPHOMY THCKY CTAaHOBUTH — 45,7

°C
Xnanon 404a Baxkuii, 6e30apBHUN Ta3 13 AyKe CIA0KUM CHEIUBIYHUM 3aXO0I0M,

110 BIAYYBA€ETHCS MPHU 3MICTI XJ1aJ0Ha B OBITP1 Oibiie 20% Big oOCsTy.
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['pannyno npumyctuma KoHieHTpaiis nap R407a B moBiTpi BUpOOHUYUX
npuMilleHb 1opiBHioe 3000 M/M°. R 407a He TOPUTh, Y CyMIIIIi 3 MOBITPSIM HE
3aMaIiOeThCs M He BUOyXae. Aie IpH 3ITKHEHHSAMHU 3 HarpiTUMU MOBEPXHIMHU a00 IpH
HAsIBHOCTI BIJIKPUTOTO MOJYM'S XJaJ0H PO3KIAAAETHCS. 3 YTBOPEHHSIM TOKCHYHHX
PEUYOBHMH, YTBOPUTHCS BOJIEHb 1 HEBENWKAa KUIBKICTh (Topodocrena. Ilpoaykru
PO3KJIaJJaHHs HE MAIOTh 3aXO0y, KOJIbOpH U 11e 3011bIrye HeOe3neky oTpyeHHs R 407a,
10 BUMArae miJBUIIEHOI T€PMETUYHOCTI CUCTEMHU XOJOJAWIBHUX YCTAHOBOK.

OOcnyroByrounii mepcoHaNl XOJIOJUIBHOI YCTaHOBKM IMOBHHEH yMITH HaJaBaTH
MIEPIIY JOMOMOTY TIOTEPIIINM P OTPYEHHI i TTOPa3Ili X0JI0J0areHTOM.

[Ipn ynyuieHi, BUKIMKaHIA HEJOJIIKOM KHUCHIO B MPUMILIEHHI, 3allOBHEHOMY
ra3onoi0HUM (PpeoHOM, HEOOX1JTHO HEralHO BMBECTH MOTEPHIIOr0 Ha CBIKE MOBITPS.
PexomenayeTscss mUTBO (MIHUN COJOJIKHI dYail, KaBa, JMMOHAJ), BIWXAHHS KHUCHIO
npotsiroM 30-45 xBuiwH. Y BHNAIKy NPUIMHEHHS TOIUXY BapTO POOUTH IITy4YHE
JUXaHHS A0 IPUXO.LY JIKaps.

IIpu BnaydyeHHi ¢peoHy B o4l iX MNPOMHUBAIOTH CTPYMEHEM BOAM KIMHATHOI
TEMIIepaTypH IiJl HEBEJIMKUM THUCKOM 1 3aKONYIOTh B OYl CTEPUJIbHE Ba3eJ1HOBE MAaclo,
MICJISl YOr0 HEOOX1THO HETaiHO 3BEPHYTHUCS J0 JiKaps.

Jlo mocTadaHHsI MUTHOIO BOJOK0 BHCYBAIOTh HACTYIHI BUMOTHU: TeMIIepaTypa BOJIU
noBuHHA 0yTH 20-28°C, He MOBMHHA MICTUTH B CO01 MIKIATUBUX JTOMIIIOK.

Texnika Oe3meku TMpW eKcIUTyaraimii BCTaTKyBaHHs. PoGora KoMmpecopHOro
BCTaTKYBaHHS TMOB'SI3aHa 3 BHHUKHEHHSAM HEOE3MEeYHUX 1 MKIMBUX (aKTOPIiB,
00yMOBJIEHUX HasBHICTIO B KOMIIPECOPA YaCTUH, IO PyXalOThCs, 1 BUCOKOTO THCKY. J{7st
0e3IeuHOoi eKCIUTyaTallii KOMIpecopiB HE0OX1THO, TOJIOBHUM YHMHOM, 3a0€3MEYUTH iXHIO
TEPMETUYHICTb, palllOHAJIbHE 3MAaIlleHHS i IOCTaTHE 0XO0JoMKkeHHs. KoxxHuil nmopiiHeBuit
KOMITIpECOp MOBUHEH OyTH 00JagHaHWi 3aMmoO1KHUM KJIAMAaHOM, YCTAaHOBJICHUM Ha JIiHIT
HarHiTaHHsg. 3amoODKHI KiTamaHu (a Tak camMo 3amoODKHI  PO3PHBHI  MPHCTPOI)
BUKOPHUCTAIOTh JJISl 3aXWUCTy YCTAHOBOK BIiJl MiJBUIICHHS B HHUX THUCKY BHILE MEXI,

YCTaHOBJICHUMH TPaBUIaMU TEXHIKH OC3IECKH.
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VY mocyauHax 1 TpyOOnpoBoaax, MPU3HAYCHUX [JI PI3HUX PIAMH 1 Ta30MOAi0OHUX
arpecMBHUX 1 HEarpeCUBHUX cepenoBull 13 Temneparypamu 223 - 873 K u tuckom 110 32
Miia 3acTOCOBYIOTh 3a001H1 KJIallaH! IpsiMOi 11 (IPY>KUHHI i BaKUJIbHO-BAaHTAXHI).

Bukonaemo po3paxyHoK 3amo0ikHOro KianaHa. Kianan miaoupaeThbes 1Mo BeJIMYHHI
IUIOLII IEPETHHY KJIallaHa, 10 JOPIBHIOE HAMEHIIOT 1011 MEPETUHY B IPOTOYHIM
yacTUHi -P u 3a 3HaueHHsAM KOe(]IIli€HT BUTPATH ra3y JJIg JaHOT KOHCTPYKIIIT KJanaHa - a,
10

BU3HAYAETHCSI BUTOTOBIIIOBaYEM, [7]:

Fog=— 0 (12.1)

B\20(p, - p,)

ne: G - mMacoBa BHUTpara razy uepe3 3anoOvkHMM kiamaH - G=0,6...1 Kr/3,

npuitmaemo piBaEM 0,7 Kr/3;

4 - KoeuuueHT BUTpaTu npuitmaemo 0,75

P11 p2 -MakCUMaJIbHUM aOCOTIOTHUIM TUCK MEepe]l KiianaHoM 1 3a Huwm, [la,

p1 npuitmaetbcsi Ha 15 % Ouiblie po3paxyHKOBOIO, OTXKE JUIsl MPOEKTOBAHOI
yeranoBkd pi= 1,15%1,2* 10° ITa =1,38 10° Ia; p, mpuiiMaemo piBHAM aT™MOchepHOMY
(0,1*10° ITa), ToMy IO ra3 MpH BHXOAi i3 KiIamaHa Oyje IONAanaTH Oe3MOCEPeIHBO B
aTMocdepy;

P - WIIBHICTD CEpeIOBHUINA MIPH THCKY Py i TeMmepaTypi nepex kiamaHom (t=98 °C),
p=52.83 xr/m’; [1, 1.24]

VY - xoedilieHT pO3MUPEHHS CTIKAI0UOTO CTpyMeHs, nmpuiiMaeMo piBauM B=0,476
[1,1.25].

0,6
©0,75-0,476,/2-75.5(L,4-10° —0,1-10°

. * -5
d - /fz 14-9.67*10 —1 Lunt
T 3.14

[Tpuitmaemo dy=15 mm

F =9,76 10 m?
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[IpaBuna Ge3neyHoi eKCIUTyaTarii MOCYIMH, IO MPAIIOTh MiJl TUCKOM MOCYANHA,
IO TIPAIOE IIiJ] THCKOM - TEPMETHUYHO 3aKpUTa €EMHICTh, IPU3HAUYEHA JIJISI MPOBEICHHS

XIMIYHHX 1 TETUIOBUX MPOIIECIB.

Ha Bci mocyanHu i anapaTé XOJIOAWIBHUX YCTAHOBOK HE3aJICKHO Bl BHIY
3aCTOCOBYBAHOTO XOJIO/I0AareHTy NMOMHUPIOOThCS [IpaBuia npuctporo it 6e3neyHoi
eKCIUTyaTallii MOCYyIUH, 10 MPAIIO0Th 1]l TUCKOM, 3aTBEpXKeHI [ 'ocTexHaa30pom.

HaliGi1pm1 yacTUMU NpUYMHAMM aBapiid 1 BUOYXIB MOCYAMH, IO MPALIOIOTh MiA
TUCKOM, € TMEPEBUILECHHS TPAaHUYHO MPUITYCTUMOIO TUCKY, MOPYIICHHS TEMIIEPaTypHOTO
peXuMy, BTpaTa TMOCYJMHOK MEXaHIYHOI MIIHOCTI, MOPYLIEHHS TEXHOJIOTIYHOIO
pexumy pobotu. Hemoctatas kBanmidikairisi 00CIyroByr04oro nepcoHasy M BiJICYTHICTh
HEOOX1THOTO TEXHOJIOT1YHOTO HaTJISI Y.

Bynp-ski MOCYIMHU, 1O MPAIIOIOTH ITiJT THCKOM, BUTOTOBJISIFOTh HA TIPHEMCTBAX,
[0 PO3TAIIOBYIOTH BIJMTOBIIHOK TEXHIYHOI 0a30l0 W MaroTh J03BOJIOM 1HCHEKIIil
['ocTexHaa30pa HA IXHE BUTOTOBJICHHS.

Bci nmocyauHM, 010 MpamioTh MiJ TUCKOM, A0 iXHBOTO MYCKY B poOOTYy IOBHMHHI
OyTu 3apeectpoBaHi B opranax [ 'ocrexnamzopa. [locyaunu, 1o Mpalo0Th i
TUCKOM, TOBMHHI  MiAJaBaTHCS  TEXHIYHMM  OIJIsAaM: BHYTPIIIHbOMY OIJISIAY M
riapaBmiyHuM BUNpoOyBaHHsSM. Ha MOCYTMHAX XOJIOTUITEHUX YCTaHOBOK
riApaBiIiyHl  BUNPOOYBAaHHS  JIO3BOJIAETHCS  3aMIHSTH IMHEBMAaTUUYHMMHU Ha MPOOHUIN
TUCK. BHYTpIITHIN OTJIs1] MOCYANH XOJIOIUIBHUX YCTAHOBOK

yepe3 iXHI0O KOHCTPYKIIIO 3aMIHA€TbCS MHEBMAaTUYHUMHU BUIpoOyBaHHAMH. OO0

HpOBC,HeHi BI/IHpO6yBaHHSI pO6H$ITB 3allUC y MacCropT NOCYAUHU.

Enexkrpo0e3neyHicTh yCTATKYBAHHS.

EnexTpo0e3neuHicTs - 11e CUCTEMA OPraHi3alliHUX 1 TEXHIYHUX 3aX0JIIB 1 3acO0iB,
mo 3a0e3nevyyloTh 3aXHUCT JIOACH BIA IIKIJIMBOTO W HEOE3NMEYHOro BIUIUBY
€JIEKTPUYHOTO CTPYyMYy, EJIEKTPUYHOI JYTH, €JEeKTPOMArHiTHOro Mo M CTaTUYHOI
esieKTpuku. OCHOBHUMH MiIpaMU 3aXHUCTy BIJl TMOPAa3KU EIEKTPUYHUM CTPYMOM €:
3a0€3MeUYeHHs] HEMPUCTYMHOCTI CTPYMOBEAYYUX YACTHH, 10 MepedyBaloTh Mij

HAIpyroo, AJi1 BUNAAKOBOTO JOTHUKY; €JIEKTPUUHUN MO MEPEXK; YCYHEHHS HeOe3NeKu
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Mopa3ku 3 TIOSBOK HANPYyrH Ha KOpIycax, KOXyXaX 1 IHIIAX YacTHHAX
CJICKTPOYCTATKYBaHHS, 1110 JOCSITAEThCS 3aCTOCYBAHHSIM MaJIUX HAIpyT, BUKOPUCTAHHSIM
NOABIMHOI 130JI41111, BUPIBHIOBAHHSM IMOTEHIIAY, 3aXUCHUM 3a3€MJICHHSM, 3aHYJICHUEM,
BIIKTFOYEHHSIM 1 1H.; 3aCTOCYBaHHS CHEIIaJIbHUX JJIEKTPO3AIMUTHBIX 3acO0IB -
NMEePEHOCHUX TPWIAAIB 1 TNPUCTOCYBaHb, OpraHizaiis O€3MeYHoi eKCIuTyartarlii

€JIEKTPOYCTAHOBOK.

Kuaacudikaniss npuMinieHsb mo cTyneHi nopa3ku eJeKTPUIHUM
CTPYMOM

Bci npuMiliieHHs OIS THCA MO CTYIEHI MOPa3Ky JII0IeH eJIEKTPUYHUM CTPYMOM Ha
TPH KJIacH:

1. 0e3 migBuIeHOT HEOE3EKHU

2. C HIABUIIECHOIO HeOE3IIEKOI0

3. oco6nuBO HEeOe3MeyH1

[TpumimeHHs 6e3 MmiABUIIEHOT HeOe3NEKH - 1€ CyX1, OCCITUIbHUE MPUMIIICHHS 3
HOPMaJIbHOIO TEMIIEPATYPOIO MOBITPS il 3 130JIF0I0UUMH (HATIPUKIIA, T1EPEB'THUMM )
MiJJIOTaM#, TOOTO B 5IK1 BiJICYTHbOI YMOBH, BJIACTHBI MPUMIIIICHHSM 3 T11JIBUIIICHOIO
HeOe3MeKo0 M 0CO0IMBO HEOE3TEUHUM.

[TpumiteHHs 3 MiIBUIIEHOI0 HEOE3MEKOI0 XapaKTePU3yIOThCS HASBHICTIO OJTHOTO 3
HACTYMHUX I'ATH YMOB, 1110 CTBOPIOIOTH IiJIBUILIEHY HEOE3MEKYy:

BOT'KOCTI, KOJIM BIJIHOCHA BOJIOTICTh MOBITPSI IOBFOCTPOKOBO nepeBuiye 75%; Taki
IPUMIIIICHHS HA3WBAIOTh CUPUMU,

BHCOKOI TEMIIEpaTypH, KOJIM TeMIIepaTypa MOBITPsI JOBIOCTPOKOBO (TTOHAT 100Y)
nepeBullye +35 '3; Taki NPUMIILIEHHS Ha3UBAIOTh KAPKUMU;

CTPYMOIIPOBITHOTO MUY, KOJIU 32 yMOBaMU BUPOOHHUIITBA B MPUMIIIICHHSIX
BUJIIJISIETHCS T€ 10 TPOBIIHUM TEXHOJOTTYHUM NTWIT (HAlIPUKJIIAJ, BYT1JbHA, METAJIEBA, 1
T.I.) y TaKii KUTBKOCTI, 110 BOHA OCIJIa€ Ha MPOBOAAX, TPOHUKAE YCEPEANHY MAIITUH,
amapariB T T.I1.; TaKl MPUMIIIEHHS Ha3UBAIOTh KyPHUMH 31 CTPYMOIIPOBITHUM ITHJIOM;

CTPYMOMNPOBIAHUX MIAJIOT METAJIEBUX, 36MJISTHUX, 3a11300€TOHHUX, LIETEIbHUX 1 T.I1.;
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MO>KJIMBOCTI OJIHOYACHOTO JIOTHKY JIFOJJMHH 3 MAIOIIOro 3'€JTHAHHS 13 3€MJICIO
METaJOKOHCTPYKLISIM OyAMHKIB, TEXHOJIOT'TYHUM araparaM, MexaHi3Mam 1 T.II1., 3 OTHOTO
OOKY, 1 10 METaJIEBUX KOPITYCIB €JIEKTPOYCTATKYBAHHS - 3 1HIIOI.

[TpumimeHHs: 0co6aMBO HEOE3IEUHI XapaKTepU3yIOThCS HASBHICTIO OJTHOTO 3
HACTYMHHUX TPHOX YMOB, 1[0 CTBOPIOIOTH OCOOJIMBY HEOE3MEKY:

0COOJIMBOT BOTKOCTI, KOJIHM BiTHOCHA BOJIOTICTh MOBITPs Oyn3bka 10 100% (cTinm,
mijjIora i npeaMeT, o nepedyBaroTh Y MPUMIIICHHI, TOKPUTI BOJIOTOI0); TaKi
IPUMILIEHHS HA3UBAKOTh OCOOIMBO CUPHUMH;

XIMI9YHO aKTUBHOTO 200 OPTraHIYHOTO CePeIOBUIIA, TOOTO MPUMIIIICHHS, Y IKUX
NOCTIITHO 200 MPOTATOM TPUBAJIOTO YaCy BTPUMYIOThHCS arpeCUBHI Mapu, ra3u, piIiHHU,
10 YTBOPATH BIAKIaJA€HHS a00 I[BLIb, 1110 AIIOTh PYWHYIOUI Ha 130J511I0 i CTpyMOBEAyYl
YACTUHHM €JIEKTPOYCTATKYBaHHS; TaKi MPUMIIIEHHS Ha3UBAIOTh MPUMIIIEHHAMH 3 XIMIYHO
aKTUBHUM a00 OpraHIYHUM CepeIOBUIIEM,

OJIHOYACHOI HasiBHOCTI JIBOX a00 O1/IbIlIe yMOB, BIIACTUBUX MPUMIIIIEHHSM 3

[MIBUIIEHOIO HEOE3IEKOIO.

Kaacudikania BcrarkyBanns no IIYE.

[TYE pernameHTye IpUCTPiil €NEKTPOYCTaTKYBaHHS Y BUPOOHHYUX MPUMIIICHHSX 1
JUTSI 30BHINITHIX TEXHOJIOTTYHUX YCTAaHOBOK. BUOIp 1 yCTAaHOBKY €JIEKTPOYCTATKyBaHHS
pOOIISATH BIAMOBIIHO /10 IIUX MPABUJI HA OCHOBI Kiacudikailii BUOyxoHeOe3meyHNX 30H 1
CyMiIIeH.

3ona knacy B-1. Jlo Hel BIAHOCATH MPUMILIEHHS, Y SIKHX MOXYTh YyTBOPIOBATUCS
BUOYXOHEOe3MeyH1 CyMillli nap 1 ra3iB 3 HOBITPSIM MPU HOPMAIBHUX yMOBaxX poOOTH

3oHa kiacy B-1a, ¥V 110 30Hy BXOASTh NPUMIILEHHS, YV IKUX BUOYyXOHEOe3MeuH1
CyMIIIIl HE YTBOPSTHCS IPU HOPMAIBHUX YMOBaX €KCIUTyaTallli BCTATKyBaHHs, ajie
MOKYTh YTBOPUTHCS TIPU aBapisix a0 HECTIPABHOCTSIX.

3ona knacy B-16. [lo uporo kiacy BiZHOCATS:

a) MPUMIILIEHHS, Y SKMX MOKYTh YTPUMYBATHUCS TOPIOYI MApH i ra3u 3 BUCOKOIO

HIDKHBOIO Mexero 3ananeHss (15% 1 Ouibliie), 1o BOJIOAII0ThH P13KUM 3aX0JI0M
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0) MPUMIIIIEHHS, Y SKUX MOJIMBE YTBOPEHHS JIUIIIE JIOKAJTbHUX BUOYXOHEOE3MEUHNX
cyminieit B 00cs31 MmeHII 5% NpUMILIEHHS.

3oHa kyacy B-1Mm YV 110 30Hy BXOASTH 30BHILIHI YCTAHOBKH, Y AKUX I1epe0yBatOTh
BUOyxoHeOe3euHi ra3u, napu i JIBJXK

3oHa kiacy B-I1, Jlo Hel BITHOCATh NPUMIIIEHHS, Y IKUX BUPOOJISIETbCSI 00pOOKa
TOPIOYMX TIIIB 1 BOJIOKOH, 3/JaTHUX YTBOPIOBATH BHOYXOHEOE3MEeUHI CyMIIIIi 3 TOBITPSM

IPY HOPMAIBHUX PEKUMaX poOOTH.

3oHa kiacy B-I1a. V 110 30Hy BXOASTh IPUMILIEHHS, Y IKMX BUOYyXOHEOe3meuH1
NBUIEBO3IYIIHBIE CYMIIIl MOKYTh YTBOPIOBATHUCS B PE3YJIbTATI aBapiil 1 HECIIPABHOCTEH.

[TpumimieHHs # yCTaHOBKH, Y SKUX yTpUMYIOThCs 1)K 1 roproul muiu, HAKHS
KOHIICHTpAIliiHa MeXKa SIKUX BUIIIE 63F/M3, BIJIHOCATH /IO MTOKAPOOIIACHUM 1
KIacu(DiKyIOTh y TaKu# crocio.

3oHa kiacy [1-1. Jlo Hei BiTHOCATh MPUMIIEHHS, Y AKX yTpuMyroThes [K.

3ona kiacy I1-11. Y 1ro 30Hy BXOASTh NPUMIILEHHS, Y SIKUX YTPUMYIOThCS TOPIOYi
MWK 3 HIDKHBOIO KOHIICHTPAIIHHOIO MEXKEI0 BUIIES 65r/Mm°,

3oHa kiacy [1-ITa. [To Hel BIAHOCATH MPUMIILIEHHS, Y SIKUX YTPUMYIOTbCS TBEP/I1
roproYi PEYOBUHM, HE 3/IaTHI IEPEXOUTH Y 3BAKCHUI CTaH.

YcranoBku kinacy I1-11I. Jlo HUX BITHOCSTH 30BHIIITHI YCTAHOBKH, Y IKUX
yrpumytothkes K (3 Temnepatyporo cianaxy suie 61°C) abo TBep/Ii TOproYi pe4OBUHH.

YcrarkyBaHHs 110 Ki1acudikaiii BUOyxoHeOe3MeuHi 30HU CyMillel CTaBUTHCS J10
30HHM Kjacy B-16 ( 0)

EnextTpobe3neqyHicTb yCTATKYBAHHS.

EnexrpobesnedunicTh - 1€ cCucTeMa OpraHi3alliiHuX 1 TeXHIYHUX 3aXOJiB 1 3ac00iB,
mo 3a0e3MevyyroTh 3aXUCT JIoJIed B IIKIUIMBOTO W HEOE3MeYHOro BIUIUBY
eJIEKTPUYHOTO CTPYMY, EIEKTPUIHOI AYTH M €JIeKTPOMArHiTHOTO MOJIS.

[IpumineHHss MalIMHHOTO  BIJJIUIGHHS 1O  CTymHeHl HeOe3MmeKu IMOopa3Ku
€JIEKTPUYHUM CTPYMOM BIJIHOCHE JO TMPUMILIEHb 13 MiJBUIICHOI HEOE3MNEKOIO.

EnexTpuuHUM CTPYMOM CTaBIATHCS 10 IPUMINICHB 13 T1BUIIEHOIO HEOE3MEKOI0.
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B mammHHOMY BiIiJIEHHI € CTPYMOIIPOBIIHI MIJUIOTH ¥ IOCUTH TICHO PO3TaIllOBaHA
TEXHOJIOT1YHE BCTATKyBaHHS.

JIo OCHOBHMX TeXHIYHMX 3aco0iB, 1m0 3abe3meuyroTh Oe3meka poOIiT B
€JIEKTPOYCTAaHOBKAaX, BIJHOCATb: 3aXMCHE 3a3€MJICHHS, 3aHYJICHSA, BHUPIBHIOBAHHS
NOTEHI[1aIIB, 3aXUCHE BIJIKJIIFOUYECHHSI, €JIEKTPUYHE MOAUT MEPEXi, 3aCTOCYBaHHS MaJoi
HaNpyTH, OTOPODKEHHS ¥ OJIOKYBaHHS, 130JIA111I0 CTPYMOBEIYUYHUX YaCTHUH, 3aCTOCYBAHHS

M1JIBUIIIEHOT YaCTOTH, JIEKTPO3AIIMUTHI 3ac00y.

Buxopucranns 1ux 3aco0iB y pPi3HHX CIOJIYUYEHHSX J03BOJSE 3a0€3MEUUTH 3aXHUCT
JHOJIe BiA JOTUKY A0 CTPYMOBEAYYUX YACTHH, BiJl HEOE3MEYHOrO MEepexXoy Hanpyru Ha
HECTPYMOBEIy4l YACTUHU, B1Jl KDOKOBUX HAMNPYT 1 T.II.

HaliyacTiime BHKOPHCTAaIOTh 3aXxUCHE 3a3€MJICHHS. 3aXHCHUM 3a3€MJICHHSM
Ha3MBaIOTh HABMHCHE CJICKTPUYHE 3'€HAHHSA 13 3eMJICI0 a00 ii eKBIBAJICHTOM METAJICBUX
HECTPYMOBEIyUHX YaCTHH, K1 MOXYTb BUABUTHCS I11]] HAPyro. BoHo mpu3HaueHo Jis
YCYHEHHS TOpa3KH EJIEKTPUYHUM CTPYMOM Y BHIAJKY ITOTHKY JI0 HECTPYMOBEIYUHUX
METaJeBUX YACTUH €JIEKTPOYCTAHOBKH, OKa3aBIIMMCS M1 HAIPYTOO.

['paHNYHO NPUITYCTUMHNA OMIp 3a3€MJIEHHS B €JEKTPOYCTAaHOBKAX 3 HAIPYIoO 0
1000 ¥V ne noBuHHe nepeBunryBatd 4 OM y Oyab-skuil yac poky (R4 Om). [Ipu npomy
CTPyM, IO MPOXOIUTH uepe3 Tito moauau < 0.05 A. [2]

Bubupaemo tum 1 reomMeTpuyHi po3Mipu 3a3eMIICHb: KOHTYpHE - | = 2Mm; d =40
MM. BijicTaHb M’k BEpTUKAJIbHUMHU 3a3€MJICHHSIMH BUOMPAEMO PIBHUM

L=1wm.

Busznayaemo po3paxyHKOBHUI MUTOMUMN OMIp IPYHTY:

Prace = Pops. "W > 1€ (10.7)

P, = 80 OM — muTomuit onip rpyHry; [1]

w =2 - KIIIMaTnIHui KoedimieHT. [1]

Praci = Pous. "W =2-80 =160m-m

R.,, = OIIp OJJHOr0 BEPTUKAIBHOIO 3a3€MIIMTENIS 3 yPaxyBaHHAM OIIOPY IPYHTY.
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IHoxexna npodiiakTUKA

3axo/y 11010 MOXKEKHOI MPOMUIAKTUKY TIAPO3AUISIOTh Ha:

Opranizaniiifi - npe1ycMaTpUBaIOLIME IPaBUIbHY €KCIUTyaTall0 MallliH,
MPaBWIbHHM 3MICT OYJIMHKIB, TEPUTOPIi, TPOTUIIOKEKHHUI THCTPYKTaK POOITHUKIB Ta
CITy>kOOBIIIB 1 T.1.

TexHniuHi - mpeaycMaTpUBAIOIINE JOTPUMAHHS MPOTHUIIOKEKHUX MPABHII, HOPM TIPU
MIPOCKTYBaHHI OYIMHKIB, MPU MPUCTPOI €JIESKTPOIIPOBOIIB 1 BCTATKYBaHHS, ONAJICHHS,
BEHTWJISILT, BUCBITJICHHS, IPABUJIBHE PO3MILIEHHS BCTATKYBaHHS.

PexxuMmHi - mpenycmaTpuBatoniye 3a00poHy HMaTiHHS B HE BCTAHOBJICHUX MICIISIX
Excrutyaraitiitii - mpodiakTU4H1 OIJISIM, 10 MepeadayaroTh CBOEYACHI, PEMOHTH 1
BUIIPOOYBAaHHS TEXHOJOTIYHOTO BCTaTKyBaHHS. [1]

Marepianu, 3aCTOCOBYBaHI1 JjIsl KOHCTPYKIIIH, 10 0OTOPOIKYIOTh, 1 00p0oOKHU
IPUMIIIEHb, IOBUHHI OyTH BOTHECTIMKUMU. Y OyJMHKY NOBUHHE OyTH nependayeHe He
MEHIII IBOX €BaKyalliiHUX BUXOIB. Y MPUMIIICHHSAX HEOOX1THO OOMEKUTH
3acTocyBaHHs JepeBa. [Ipoxoau, Kopuaopu i poOoUi MiCIis HE CIIiJT 3aXapalllyBaTh
apXiBHUMH MaTepiajlaMy, TanepoM 1 T.A4. Y CUCTEeMI BEHTWIALII MOBUHHI OyTH
nependayeH1 KianaHu JJi MePEeKpUTTS BO3IYXOBOIOB Iipu moxexi. [TloBiTpoBoaH,
BEHTWIALIIHI KaMepH i peryiroidi IPUCTPOi CUCTEM BUKOHYIOTHCS 3 HECTIAJICHHUX
MaTepiais.

IMoxkexxHa aBTOMATHYHA CUTHAJTIZANIA.

HaiiGinpm eexTuBHIM 3ac000M OOPOTHOM 3 TIOKEKEI0 HA 0OUHUCTIOBAIIBHOMY
IIEHTP1 € YCTAHOBKA HAa HUX CHUCTEMH €JICKTPUYHOT TTOKEKHOT CUTHAJI3aIli1.

[TokexHa eneKTprUYHa CUTHATI3aIlisl CITYKHUTh JIJIsl IIBUKOTO TIOB1IOMJICHHS
CITyOM MOKEXKHOI OXOPOHU MPO BUHHUKITY TIOKEXKY B IKOMY-HEOY b TPUMIILIEHH] a00
CHOPY/PKEHHI MIAMPUEMCTBA. Y CUCTEMHU aBTOMATUYHOTO MOXKEKOTACIHHS BKIIOYAETHCS
TaKOX 1 OKeKHa curHamzanis. [Ipn HeoOX1AHOCTI MOKEKHA CUTHATI3alLllsl MOXKe OyTH

CIIOJTyY€HA 3 OXOPOHHOK CUTHAIU3AIlis.
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CucreMa aBTOMAaTHYHOI OKEKHOI CUTHAII3AIl] CKJIAIA€ThCS 3 U3BEIATENICH-
JATYUKOB, YCTAHOBIIIOBAHUX Y TIPUMIILIEHHSX, 1110 3aXUIIAIOTh BiJl MOMXKEXK1, MPUUOMHOI
CTaHIIii (pO3TalllOBaHOI B MPUMIILIEHH] OKEKHOI KOMaH/IN ), JXKepeJl eJIEKTPOKUBIICHHS

1 eJIEKTPUYHOT MEPEXK1, IO 3B'A3YI0Th U3BEIIATEINH 13 MPUHOMHOIO CTaHINETO.

CucremMy aBTOMATHYHOI0 MOKEKOTACIHHSA.

Cepen aBTOMaTHUHUX CUCTEM TOKEKOTACIHHS Ha POMUCIIOBUX MITPUEMCTBAX
HaWUMOIIMPEHIII1 COPUHKIIEPHI i IpeHYepHUE YCTAaHOBKU. BOHU SABISAIOTH COO0IO
PO3/UICHY PO3MOIUTEHY BOJIOTIHHY MEPEXKY 3 PO3MIIIIOBaYA BOJITHUX CTPYMEHIB 200
MOBITPSHO-MEXaHIYHOI IMHU 32 IOMTOMOTOI0 CIPUHKIIEPHUX a00 IPEHUYEPHBIX TOJTIBOK.

CrpuHKIepHa POCTIIIIIOI0YA FOJIIBKA Ma€ BUXITHUM OTBIp, 3aKPUTUN CKIISTHUM

KJIaITaHOM, YTPUMYBAHHUM 3daMKOM, BUT'OTOBJICHHUM 3 JICTKOILNIABKOT'O MCTAJICBOT'O CILJIABY.

[Tpu migBUIIEHH] TEMIIEPATypPH MOBITPs, HATPITOTO MOTYM'SIM TTOXKEXKI, IO
MI0YAIOCs, BHACIIOK PO3IUIABIIOBAHHS CILIaBY 3aMOK PO3MAaJaeThes i 3BUTbHSE KIIamaH,
yepe3 SIKU BOJIa, MaIal0uM Ha PO3ETKY, PO3MOPOIIYETHCS i 3pOIIYE Majayy peHOBUHY.
CruiaB 3aMKa 3aCTOCOBYIOTH 13 TEMIIEpaTyporo TiaBieHHs 72, 93, 141, 182 °Cy
3aJIeKHOCTI BiJl YMOB MOXJIUBOTO 3aropsiHHsA. OJIHOYACHO 3a IOIOMOT0I0 KOHTPOJIBHO-
CUTHAJILHOTO arapaTa MoJIa€ThCs 3ByKOBUM CUTHAJI, BO3BEIIAIOIINI MPO TOKEKY.

JpeHuepH1 yCTaHOBKM T'PYMNOBOI [l TAKOXK CKIAAAI0ThCA 3 pO3railyxi
TpyOOTIPOBO/IiB, 00IaAHAHUX IPSHUCPHUMHU PO3MIITIOBAYaMU TOJIIBKAMHU, ajie 0€3 3aMKiB,
3 BIIKpUTUMHU OTBOPAMH JII BUXOLy BOJIU. BUXi BOM 3aKpUTHH KITaIlaHOM TPYIIOBOT
aii. [Tyck BoaM A1 raciHHS MOXKEX1 MOXKE 3/[1HCHIOBATHUCS BpYYHY a00 aBTOMATHYHO.

BupoOnuua canirapis.

Hopwmu no BupoOHMYii caHiTapii i TirieHi npaii BU3HaA4aroTh IPUCTPIA BUPOOHUUUX

1 TOOYyTOBUX MPUMIIIEHb, POOOYHX MICIb BIAMOBIIHO A0 (Hi310JI0TiT # TirieHoro mparti, a

TaKoX Oe3MevyHi MeXi 3MICTy B MTOBITP1 BUPOOHUYUX MPUMIIIEHB Ta3iB, mMap 1 T.J.
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[IpaBuna it HOpMU IO TEXHIIll OE3MEeKH i BUPOOHUYOI caHiTapli HEOOXiTHO
JOTPUMYBATH SIK IPU MPOEKTYBaHHI, TaK 1 IPH €KCIUTyaTalli MPOMHUCIOBUX 00'€KTIB,

yCTaTKyBaHHS.
Po3paxyHOK NMpOAYKTUBHOCTI BEHTHIISIIII.

BenTunsaiis mpu3HadeHa I 3armo0iraHHs HarpoOMaJKEHHS B MOBITPI MPUMIIICHHS
IIKIUTMBUX PEYOBHH, a TAKOXK I 3a0e3MEeUeHHs 3aJaHuX METEOPOJIOTIYHHUX YMOB Y
BUPOOHWYOMY TIpuMileHHI. BoHa 1gocsAraeTbcs BHUIAJICHHAM 13  IPUMIIICHHS
3a0pyTHEHOTO TOBITPS (BUTSKHA BEHTHJIALIS) 1 MOAAYEI0 B HHOTO CBIKOTO TOBITPS
(mpUIIMBHA BEHTWIALIA). Y 3aralbHOMY BHUIAJKY LI KUIBKOCTI MOBITPS NOBUHHI OyTH
piBHI. MOXIMBOCTI BEHTWIAIII 110 BIABOAY TeIUIa 13 MPUMIIICHHI OOMEXKEHI
TEeMIIepaTypor0 30BHIIIHLOrO MoBiTps. [lo cnocobi mepemilieHHs MOBITPs pPO3PI3HAIOTH
IPUPOAHY ¥ MITYYHY BEHTWISIIIIO, @ TAK CaMO 3MIIIaHy.

JIns TIpOEKTOBAHOTO HEOOXIIHMM NPHUCTPid aBapiHOI BEHTWJIALII, TOMY IO
MO>JIMBO PANTOBE HAJIXOJKEHHS B MOBITPS OUIBIIMX KUIBKOCTEHM WIKIIJIMBUX PEUYOBUH
(mpu BUTOKY XOJIOZ0AreHTy). JJIs po3paxyHKy MPOAYKTHBHOCTI BEHTHJIAIIT HEOOX1THO
3HaTH KUIBKICTh IIKIIJIMBUX PEYOBUH, IO TMOMAJAI0Th y TOBITPS poOOYOi 30HHU.
KinbKiCTh MOBITPS, HEOOXITHOTO ISl BEHTWIALIIT MOKHA BU3HAUWUTHU, 3HAIOYU KUIBKICTh
IIKIJIMBUX PEYOBHH, IO BUIUISIOTHCA, 1 IXHBOI KOHIIEHTpallii B IO BHAAIIE WU
MPUTOYHOM MOBITpi. )1 3pa3koBHX PO3PaxXyHKIB BUKOPUCTAEMO METO KPAaTHOCTI:

L=kV, v/ (12.2)
ne k — koedirieHT KpaTHOCTI, //200UHa,
V — o0csr npuMilieHHs, M3,

KoedirmienTn kpaTHOCTI BEHTHIIAIIT MPEICTABIICHI B HACTYTHIN TaOJIHNIIi:

ABapiitHa
PedoBuHa Burskka [Tpurnus p
BUTSIKKA
®peoHu 4 3 4
OO0csr 11€Xy CTAaHOBHTH
V=AB Hx (12.3)
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ze A — nopxuHa uexy, 4 = 12 m;
Y — mmpuna uexy, B = 24 wu;
H —Bucora uexy, H = 5 m.
L = 1224-5-3,5 =5040 x°/ u.

[ToTy>XHICTh €1EeKTPOABUTYHA BEHTUJISITOPA BU3HAYAETHCS O (hOPMYJIL:

-6
= k-L-H-10 , K6M. (12.4)
3.6 - Neenm. nnepe().
ne H — aeponunamiunuii omip npuiimaemo 250 I1a.

K- KoeilieHT 3amnacy, npuiiMmaemo 1,5
Neenm. = 0.6 =+ 0.8, IPUAMAEMO 740, = 0.7,
Nnepeo. = 0.9 + 1, IPUAMAEMO 7600, = 0.95.
ToJl MOTY>KHICTh €IEKTPOIBUTYHA BEHTUIISATOPA:

N = 1,5-1260-5040-10°°

~ 0,8xem
3,6-0,7-0,95

J1O = 3 kpamuicmeb nPUMSANCHOU BeMMUTAYUU
L=3-5-12-24= 4320 »*/ 4 HEOOXOXUMBIil BO3TyX00OMEH

_ 15-960-4320 .10°°

~ 0,3x8m
3,6-0,7-0,95

/1O = 4 kpamuicmov asapitHoi 6emmuiAYUY
VY CTaHOBIIIOEMO BEHTHIIATOPH (2 mT. poOounx; 1 pe3epBHUIA I aBapiiHOT
BEHTHIIALIT). BiMOBIIHO 10 BUKOHAHOT'O PO3PAaXyYHKY IO KaTajao3l BUOUPAEMO

nigxoaamuid BeHtuisatop. LI — 70 Ne5 Ny=0.55 n=915 oOmiH.
Po3paxyHok BUpOOHUYOTO OCBIUCHHS.

[IpaBunbHO CHpPOEKTOBaHE U BHKOHAHE OCBIYEHHS Ha OyIb-SKIM MIANPUEMCTBI
3a0e3neuye MOXJIMBICTh MPAaBUIIbHOT BUPOOHUYOI NisiibHOCTI. CTaH HEPBOBOI CUCTEMH,
CXOpPOHHICTh 30Dy JIIOAUHU W Oe3leka Ha BUPOOHMIITBI 3HAYHOIO MIPOIO 3aJICKUTh Bif
YMOB OCBiYeHHS. [3 1i€1 MpUYMHU HEOOXi1THO 3pOOUTH PO3PAXYHOK CHCTEMHU IITYYHOTO
BUCBITJICHHS IPUMIIICHHS, y SIKOMY MepeOyBaloTh POOITHHUKH, IO CTEXAaTh 3a POOOTOIO

BCTAaTKyBaHHS B MAIlIMHHOMY BiJITIJICHHI TIEPECYBHOI pedprKepaTOpHOi yCTAHOBKH.
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Po3paxyHOK cuCTeMH IITYYHOTO BUCBITIEHHS MPOBOJUMO IMPH HACTYITHHX
BUXIJHUX JAHUX:

Jowxwuna iexy, 4 = 12,0 m;,

[upuna nexy, B = 24,0 m;

BHCOTA MiJBICY cBiTHIbHUKA h=4,5 u;

Hampyra B Mepexi V' =220V.

Jlo mouyaTKy po3paxyHKY HEOOXiTHO 3poOWTH BHUOIp JDKEpeN CBiT/Ia, THII
CBITWJIBHUKIB, CUCTEMY OCBiU€HHS. Bubupaemo sik JpKepeso CBITIa ra30po3psjiHi JaMIIu.
Cucrema ocBiueHHS - 3aranbHa. Bubupaemo cBituiabHuku tumy [IBJIL.  [lami
PO3MOIIAEMO CBITHIIBHUKH ¥ BUBHAYAEMO TXHIO KUTBKICTb.

3a0e3nedeHHs] PIBHOMIPHOTO PO3MHOALTY JIKEpeNa JOCATAETHCS B TOMY
BUMAJIKy, SKIIO BIJHONIEHHS BIJCTaHI MK IEHTpamMu CBITHIBHUKIB (L) 10 BHCOTH
iXHBOTO MiABICY HaJ pobodoro mosepxHer (h,,;) CTAHOBUTH NEBHE YHUCIO IS THUILY
CBITHIIBHUKIB.

. L

VY upomy Bunaaky npuiiMaemo —— = 1,2

pab

[Mpuiimaemo h,,; =4,5 M, Toni L = 5,25 m

BusHayaeMo K1IbKICTh HEOOXITHUX CBITHILHUKIB:

N = AL'ZB (12.5)
N = 120-240 _ 9.6 ~10 CBITHJILHHKA
5.25°
BuszHagaeMo CBITJIOBHH IOTIK JIAMIT CBITHJILHUKA!
_E, -SNK_ ; 2100 (12.6)
ne E, — MiHiMaJlbHa HOPMOBaHa OCBiueHHs1, npuitMaemo E, =100 ax[1],
S — mmonra mpumimeHHs, S = 288,0 u 2
00 — Koe(IlieHT 3amacy, 110 BpaXoBy€ CTapiHHs jami, do = 1,3, [1].
Z - BITHOIICHHS CEPEIHbOI OCBIUYECHSIM JI0 MiHIMAJIBHOTO,
z = 1,1 (a1 MIOMIHECIICHTHUX JIaMII),
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n - Koe(DiieHT BUKOPHUCTAHHS CBITJIOBOTO TOTOKY, IO 3aJEKHUTh BIJ
BEJIMUMHM 1 - IHACKCY npuMitieHus [1].
Bu3Haunmo 1HIEKC NPUMIILIEHHS:
A-B

i = s A+ B)’ (12.7)

_ 120-240 _
4.5-(12,0 + 24,0)

_100-12-24-1.3-1.1
9-18

) = 25422 1m

BianoBiiHO 10 BUKOHAHOTO PO3PAXYHKY BHOMpPAEMO O CBITWJIBHHUKIB 13
Tproma Jamriamu (N=2) JIb 80 (r=80 Br) 3i cBiTI0BUM 1TOTOKOM 5220 J1M.
[ToTyXHICTb 371€KTPOCBETHIBHON YCTaHOBKHU:

R = r*N*n = 80*9*2 = 1440 Br.

JoJlikapHsiHa 10MIOMOTra MOTEPIIoMY.

VY BUnNaaKy OTpyeHHS poOOUYOI0 PEYOBUHOIO XOJIOMIBHOT YCTAHOBKU MOTEPILIOrO
NOTPIOHO BUBECTU Ha CBIXKE MOBITPS 200 B YMCTE TEIIE MPUMILIEHHS, 3HATU 3 HHOTO
3a0pyJHEHHUH XOJOIUIBHIM areHTOM OJIAAT, MPOCTEXUTH, 00 MOAUX Horo OyIo
BUIbHUM, 1 HaJ]aTH HOMY TOBHUM CIIOKIH.

VY BCIX BUIAJIKaxX OTPYEHHS JAaBaTH BAMXATHU KUCEeHb (mpoTsarom 30 - 45 xB.) i
3irpiBatu XBoporo rpisikamu. [Ipu nboMy noTpiGHO TOTPUMYBATHUCS OOEPEKHOCTI, 11100
HE BUKJIUKATH OIIKiB, TOMY LIO MPHU INIMOOKOMY CHI MOXJIMBE 3HUKEHHS 00JII0U01
qyTnuBOCTi. JloOpe maTu MilHUN cooaKuii Yait abo kaBa. Skmo Oyae morpeda natu
BJIMXAaTH 3 BaTKU HaIIaTUPHUI CTIUPT.

[Ipu po3npaTyBaHHI CIM3yBaTOi 000JIOHKH PEKOMEHIYETHCS MOJIOCKATH TOPIIO U
poMHBATH HiC 2 % - HUM pO3UYMHOM coau abo Bojor0. HezanmexHo Bix cTany
MOCTPAJABIIEro BiH MOBUHEH OyTH BiANpaBieHuit 10 jgikaps. [Ipu yaymeni it kanun

XBOPOT'0 BaPTO TPAHCIIOPTYBATH JIEKAUU
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[Tpu BayuenHi ppeoHy B 04l iX MOTPIOHO MPOMUTH CTPYMEHEM YHUCTOI BOIH i 110
NPUXOAY JIKaps HAJATTH TEMHI 3aXUCHI OKyJisipu. He MoxHa 3a0MHTOBYBaTH OKa i
HAaKJIaJaTH MOB'A3KY.

VY Bumnaaky BIydeHHS (PpeoHy HA MIKIPY 100 YHUKHYTH OOMOPOKEHHS BapTO
00poOuTH ypaskeHa AUIsTHKA Terior Boaoro (35 - 40 °C), a y BUnaJKy nopasku BEJIUKO1
YaCTHHHU TiJIa 3pOOUTH 3arajibHy BaHHY. BuTupaiouu Ti10 Ticis BaHHU, TOTPIOHO
npUKJIaaaTu 100pe BOMpae Boy pyIIHHK, a HE po3TupatH ii. [licis nporo Ha
YIIKOJIPKEHY AUISHKY HaKJIaIaloTh MOB'SI3KY 3 Ma33to (BunineBcbkoro abo
NEHUIWUIMHOBOM ). MOKHa BUKOPHCTATH HECOJIOHE BEPILIKOBE 00 COHAIIHUKOBE MacIIo.

[lepmia gomikapHsIHA JOTIOMOTa PU HEIIACHUX BUMAAKaX BiJl €IEKTPUIHOTO CTPYMY
NOJIATA€E Y BUKOHAHH] HACTYIHUX A1l

-3BUIBHEHHS MMOTEPIIIOTO B Jii CTpyMy (BIIKIIOYUTH €JIEKTPOYCTAHOBKY,
nepepyOaTH MPOBEACHHS, CKUHYTH 3 HOTO TPOBEACHHS 32 IOTIOMOTOI0 JIEPEB'SHOTO IIiTKa
HT.0.);

-Ha/IaTH TIEPIITY MEIUYHY JOTOMOTY (CIOKiM, CBIXKE MOBITPS, IPU HEOOX1THOCTI

3pOOUTH MITYYHE IUXAHHSI, 30BHIIIHIN Macax ceplis, rocmiTatizaiis).

BucnoBok:

B Vkpaini Ha 1aHWii MOMEHT TIOTaHO BUKOHYIOTHCS MpaBa JIOWHU, @ TUM OLTbIIe 11
0e3MneKoro Mnaili Mpyu BUPOOHUIITBI, TOMY HEOOX1AHO MPUHAMATH PIILICHHS IS
npo(IAKTUKY Ta TOKPAIIEHHIO YMOB Ipalll B Uil cepi. PO3risHyTI NUTaHHS OXOPOHU
Ipalli JO3BOJISAIOTH MOKPAIIUTH CAMOIIOUYTTSI JIFOJeH, yMOBH Ipalli, a TaK0X MPUBOJATH

710 3HWKEHHS] BUPOOHUIITBO TPaBMAaTU3MY, TPO(eCciitHMX 3aXBOPIOBaHb.
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11. IMBiABLHME 3aXUCT

Tema: 3abe3nedeHHs CTIMKOCTI poOOTH MPOMHUCIOBUX MIMPUEMCTB B
yMOBaxX Ha/JI3BUYalHUX CUTYaIl1l

[Tig crifikicTio po60TH 00'€KTa HAPOJHOTO TOCIOAAPCTBA PO3YMIETHCS
34aTHICTh 00'€KTa BUMYCKAaTH BCTAHOBJICHI BUIH MPOAYKIlI B obcArax i
HOMEHKJIaTypax, rnepe10aueHnX BiANOBIIHUMU IIJIaHaMH (1711 00'€KTiB, 10 HE
BUPOOJIAIOTH MaTepiaibHl HIHHOCTI - TPAHCIOPT, 3B'30K 1 1H. - BAKOHYBAaTH CBOIi
¢dyHKIIiT), B yMOBax HaJ3BUYAMHUX CUTYaIlil, a TAKOXX MPUCTOCOBAHICTDH IIOTO 00'€KTa
710 BITHOBJICHHS Y BUMAAKY YIITKOKCHHS.

3axony moAo 3a0e3neyeHHs CTIMKOCTI poOOTH 00'€KTa HacaMmIepe. MOBUHHI OyTH
CIIPSIMOBaHI Ha 3axUCT POOITHUKIB Ta CIY»KOOBIIB Bij HacmiakiB Hamg3puuaitHux
CUTYyalliil; BOHM TICHO TMOB'S3aHl 13 3axoJamMu IIOAO MIArOTOBKM W MPOBEICHHS
PATYBaIbHUX 1 HEBIAKIAQAHUX aBapiiiHO-BIJHOBIIOBATLHUX POOIT Yy OCepemKax
ypakeHHs, TOMYy II[0 0e€3 JIIOJACHKHUX pe3epBiB 1 YCIIIIHOI JIKBiJIaIil HACTIIKIB
HAJ3BUUYAHUX CHUTyaliii y oOcepeakax ypaKEeHHS MPOBOJUTH 3aXOIU MO0
3a0e3nedyeHHs e(exTHOi pPoOOTH OO0'€KTIB HAPOJHOTO TOCHOJAPCTBA MPAKTHYHO
HEMOXKJTHBO.

Jlns  mocnmijpKeHHS TIATOTOBKM 00'€ekTa 70 3aXHCTy BiJ  HACHIAKIB
Ha/[3BUYAHUX CHUTyalllid, OIIHKKA (I3UIHOTI CTIHKOCTI W PO3POOKH 3axXO0iB
3a1y4aroThCs 1HXKEHEPHO-TEXHIYHUM nepcoHan 1 nmpauiBHukH mtady O ol'exra; y
HEOOXITHUX BUIMAAKAX - CHIBPOOITHUKHM ab0 rpynu (BiAAUIN) HAYKOBO-JOCTITHUX 1
OPOEKTHUX OpraHi3aiiid, MoB'A3aHUX 3 pPoOOTOI MIANPUEMCTBA. 3arajbHe
KEPIBHUIITBO JIOCTIKEHHIMU 3iicHIOe HadanbHuK 1O (mupekTop) mianmpueMcTBa.
Moro Haka3oM BM3HAYAIOThCA POGOYI TPYHM JUIS JOCHIMKEHHS H PO3POOKH
3aX0J11B IIOJ0 MiJBHUIIEHHS CTIHKOCTI poO6oTH 00'€eKTa B ymMOBax HaJI3BUYANHUX

curyauii(HC). OpHoyacHO pO3pOOISETBCS W 3aTBEPIKY€ETHCA IUIAH MPOBEICHHS
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nociikeHb. KepiBHUIITBO poOOYMMU IpylaMy MOKJIAAA€THCA Ha TOJOBHOTO 1HXKEHepa
00'eKkTa, MpHU SIKOMY CTBOPIOETHCS Ipyla KEPIBHUIITBA JOCHIIKEHHIM, poOoUl rpynu
3BUYAWHO BiJITOBIIAIOTh OCHOBHUM BHPOOHWYO-TEXHIYHUM CITyk0aM 00'ekTa.

Ha mnpomuciioBux O6'€KTaX, JK TIpaBHUJIO, CTBOPIOIOTHCH DO60‘-Ii I'pylii 110

JTOCJIJKEHHIO CTIMKOCTI:

- OyOWHKIB 1 CHOPY/KEHb, CTApIIMA TPYyNu - 3aCTYNHUK JUPEKTOPH IO
KaritaabHoMy OyniBHUIITBY (HadanbHUK OKC);
- KOMYHAJIbHO-EHEPTeTUYHUX MEPEeX, CTApIIUi TPYyNH - TOJIOBHUN €HEPTETHUK;
- BEpCTAaTHOTO M TEXHOJIOT1YHOTO BCTATKyBaHHS, CTapIIUi TPYyMH -
TOJIOBHHI MEXaHIK;
- TEXHOJIOT1YHOTO MPOLECY, CTAPIINN TPYTH - TOJOBHHUIA TEXHOJIOT;
- KEpyBaHHS BUPOOHULITBOM, CTapliMi Tpynu - HaYaJIbHUK BUPOOHHUUYOTO
BLILTY; .
- MaTepiaJIbHO-TEXHIYHOTO MOCTAYaHHs W TPAHCIOPTY, CTApLINi Ipynu
3actynHuk aupekropa no MTC (naganbauk Bigaury MTC).

Kpim toro, crBoproerscst rpyna mrady L{O 00'exta, y sIKy BXOASTh KEPIBHUKU
OCHOBHUX CIIy»)0 00'ekTa.

L1 rpynu mpoBOSTH BCIO PO3PaXyHKOBY pOOOTY 3 JIOCHIIKEHHS CTIHKOCTI poOOTH
o0'ekta. 3anexHO Big ocoOauBOCTE 00'ekTa, HOro po3MipiB 1 CKIaAHOCTI
BUPOOHUIITBA YHCJIO TPYI, IXHIN CKIaj 1 3aBJaHHA MOXYTh MiHsATHCA. KiHIleBa MeTa
TaKMX JOCIiKEHb - OLliHKa CTiKocTi podoTn 06'ekta B ymoBax HC i Bumykysanns
HalOIbIl e(EeKTUBHUX 1 EKOHOMIYHO BHUIIPABAaHUX MLUIAXIB 1 cHOCOOIB 1i
1 IBUIIICHHS.

Ha mepmoMy erami HIOCHIIKEHHS MPOBOAUTHCS aHaNi3 Ypa3iIUBOCTI
NPOMHUCIOBOTO 00'eKkTa M omiHka crilfikocti HWoro po6otu B ymoax HC. Ha
JIpyTroMy eTarmi - po3poOJIsiIOThCS 3aX0JW 00 MiABUINECHHS CTIMKOCTI W 3aBUYacHIU
I ArOTOBIN 00'€KTa 10 BIIHOBJIEHHS.

VY pe3ynbpTaTi BUBYEHHS BCIX MUTaHb Yy pOOOYUX Ipylax 1 MPOBENECHHS MOJOBHUM
1H)KEHEpOM pa3oM 3 KEpIBHUKAaMU [Pyl MONEPEIHbOr0 OOTrOBOPEHHS MIACYMKIB

JOCHIIIDKEHb TPYIOI0 KEPIBHUIITBA CKJIAMA€ThCS 3BITHA JOMOBIAb 1 IUIaH-Tpadik
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HapOIIyBaHHs 3aXO0/IiB 00 MiJABHIIEHHS CTiliKocTi pobotu 00'ekra B ymoBax HC. V
KOXHOMY pPO3iJi TIJIaHy BKa3ylOThCS 3aX0IH, BHKOHYBaHI 00'€KTOM,
OPOEKTHUMHU ¥ 1HIIMMHU OpTraHizauissMu. Y 1iadl abo JoaaTkax 1O HbOTO
BKa3YyIOThCSl 00OCAT 1 BapTICTh 3aIlUIaHOBAHUX POOIT, JKepena (piHAHCYBaHHS, OCHOBHI
Marepiand 1 iXHS KUIBKICTh, MAallMHU W MeXaHi3MHU, poOoua cuia, BiAMOBIIAbHI
BUKOHABIIi, CTPOKM BUKOHAHHS H T.I.

[e# i mmaH-Tpadik KOXKHOTO 00'€KTa 3aTBEPKYETHCS TUPEKTOPOM MiATPUEMCTBA,
HAJA€TbCd Ha 3aTBEP/KEHHS Yy BUIIECTOAIIMN BUPOOHWYMI opraH (HampuKiIald, B
00'eTHaHHSI, TOJIOBKOM), Y SIKHI1 BXOJIUTH 00'€KT.

TakuM yMHOM, JOCIIJKEHHS CTIHKOCTI - II€ HEOJHOpa30Ba i, a TPUBAIUM,
OTUHAMIYHUM TMpollec, 0 BHMAarae MOCTIMHOT yBaru 3 OOKY KepiBHUIITBA,
1H)XE€HEPHO-TeXHIYHOTr0 nepcoHainy U mrady IO o6'ekTa.

JIoCHiPKeHHST CTIMKOCTI TOYMHAETHCA 3 BHUBUCHHS (PAKTOpPIB, IO BIUIMBAIOTH Ha
CTIHMKICTh poOOTH 00'€KTa y BOEHHUI Yac.

CyyacHHI THUTIOBHI KOMIUIEKC TTPOMHCIOBOTO MIiAMPUEMCTBA BKIIIOYAE OYIUHKHU
W CIIOpYJIKEHHSI, Y SIKUX PO3MIIIYIOThCS BUPOOHUYI II€XHU, BEPCTATHE 1 TEXHOJIOTIUHE
BCTaTKyBaHHS; CIIOPY/IKEHHSI EHEePTETUIHOTO roCT0/IapCTRa, CHUCTEMH
€HEprornocTavyaHHs; 1HXEHEPHI ¥ MaJuBHI KOMYHIKAIlii; OKPEMO BapTi TEXHOJOT14YHI
YCTAHOBKH; MEpEka BHYTPIIIHHOTO TPAHCIOPTY, CHUCTEMHU 3B'S3Ky W yHpaBJIiHHS,
CKJIaJIChKE€ TOCIOJAPCTBO; pi3HI OyJAWHKH ¥ CHOPYMKEHHS aJMIHICTPaTUBHOTO,
noOyTOBOro i rocnoapchkoro npusHadeHHs. [linBuieHHs cTikocTi poboTn 00'ekTa
OyJie, BIacHE KaXKy4H, JOCSATATUCA IIJISIXOM MOCUJICHHS HaUO1IbII c1abkux (ypa3auBHX)
€JIEMEHTIB 1 OUISTHOK o0'ekTa. [[msi 1pbOro Ha KOKHOMY OO'€KTI 3aBUYaCHO Ha OCHOBI
JTOCHTII)KEHHSI TUIAHY€ThCS W TPOBOAUTHCS BEIUKHN 00CsSr poOIT, 0 BKIHOYAE
BUKOHAHHS OpPraHi3alliHUX 1 1HXXEHEPHO-TEXHIYHMX 3axoJiB. OcoOJMBO BaXXJIMBE
3HAYCHHS Ma€ MPOBEJACHHS 1HXXEHEPHO-TeXHIYHUX 3aXO0/IiB.

JIoCSITHEHHSI Cy4acHOT HaYKH M T€XHIKH, JO3BOJISIOTH 3/I1MCHIOBATH Taki pillleHHS,
OpU SKUX MIAOPUEMCTBO OyJie CTIMKO /10 BIUIMBY HAa HHOT'O HABITh JOCUTHb 3HAYHHX

HAJUTMIIKOBUX THCKIB. OJHAK II¢ TOB'S3aHE 3 BEJIMKHMH BHTpaTamMu 3aco0iB 1
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MaTtepiaiiB, sIKi MOXYTh OyTH BUIpaBlaHl TUIbKA TOCTPOIO HEOOXIAHICTIO 3aXHUCTY

YHIKaJbHHUX, 0COOJIMBO BaXJIMBHUX €JIEMEHTIB 00'€KTA.

Jlo po3poOKku 3ax0i1B MO0 IMIJABHUINEHHS CTIMKOCTI Tpeba MiIXOIUTH JTOCHUTH
001ymMaHo, BCEOIYHO OI[IHIOIOYM iX TEXHIYHY, TOCHOJAPChKY 1 EKOHOMIYHY
JTOIIBHICTh. 3aX0Au OyayTh €KOHOMIYHO OOTPYHTOBaHI B TOMY BHUIIAJIKY, SKIIIO BOHU
MaKCHMAaJIbHO MOB'sI3aH] 13 3aBJJaHHSAMHM, PO3B'sI3yBaHUMH Y 3BUYAHHUX YMOBaX 3 METOIO
3a0e3neyeHHss  Oe3aBapiiiHOi  poOOTH  00'€eKkTa, TMONIMNIIEHHS YMOB  Mpaill,
yJIOCKOHAIIIOBAHHA BUPOOHUYOTO Tporecy. [lpwkiagamMu TakuxX pIilmieHb MOXYThb
COY)XHTH: BHUKOPUCTAHHS CXOBHUII JUIS HAPOJHOTOCIOJAPCHKUX  IMiJeH i
00CJIyroByBaHHsI HaceJIeHHs; OYyIIBHUITBO MiA3€MHHUX €MHOCTEH IS TOPIOYMX,
OTPYWHHUX 1 arpecMBHHUX piAMH 1 ra3iB Ta iH. OcoOJMBO BEIMKE 3HAYCHHS Mae
po3po0Ka 1HKEHEPHO-TEXHIYHUX 3aX0/11B IPU HOBOMY OYJIIBHUIITBI, TOMY 1[0 B IIpOILIECi
NPOCKTYBaHHS B 0ararbOX BHMAJKaX MOXHA JIOMOTTHUCS JIOTIYHOTO CITOJYYEHHS
3arajJpbHUX THXEHEPHUX pIlIEHb 13 3aXUcHUMU 3axonamu [{O, 1Mo 3HU3UTH BUTPATHU HA
ixHio peanizaniro. Ha icHyrounx 00'eKkTax 3aX0/u 1010 MiJBUIIEHHS CTIMKOCT1 IXHBOI
poOOTH JOIITBHO TPOBOJAUTH B TMpOIEeCi PEKOHCTPYKIi a00 BUKOHAHHS 1HIIHUX
PEMOHTHO-0Y1IBEJIbHUX POOIT.

OcHOBHI 3ax0/¥ B pillIEHHI 3aBIaHb MiIBUIIECHHS CTIMKOCTI pOOOTH MPOMHUCTIOBUX
00'€eKTiB:

. 3AXUCT POOITHUKIB Ta CIIy>KOOBIIIB B1J 30p0Oi MACOBOI'O YPaKEHHS;

. TIABUIIICHHS MIITHOCTI i CTIHKOCTI HABaXIMBININX €JIEMEHTIB 00'€KTIB 1
BJIOCKOHAJTIOBAaHHS TEXHOJIOT1YHOTO TIPOIIECY;

. IABUILIEHHS CTIMKOCTI MaTepiaabHO-TEXHIYHOTO MOCTaYaHHS;

. TIJIBUIIICHHS CTIMKOCTI yIIPaBIiHHSA 00'€KTOM;

. PO3po0OKa 3aX0/IiB OJI0 3MCHIIICHHS WMOBIPHOCTI BHUHUKHEHHS BTOPHHHHX
bakToOpiB ypakeHHs i 30UTKY BiJl HUX;

. TMATOTOBKA JI0 BITHOBJICHHS BUPOOHUIITBA MICISl yPaKeHHS 00'€KTa.

Po3po0ka i1 31iicHeHHSI 3aX0/11B 11010 MIABUIIEHHS CTIMKOCTI poOOTH 00'€KTa B

O1TBIIOCTI BUMAJKIB MPOBOAWTHCS y 3BUYAWHHX yMoBax. Ta wyactuHa poOIT,
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BUKOHAHHA AKHX IIPOBOAUTHCA B YMOBaAX HC, IINIAHYE€TBCA 3aB44aCHO, @ BUKOHY€ETBLCA

npu norpo3i BuHukHeHHsa HC.

[Ipu pimieHHi 3aBAaHb MiABUIICHHS CTIHKOCTI poOOTH 00'€ekTa 0CcOOIMBA yBara
3BEPTAETHCA Ha 3a0€3MCUYCHHS YKPUTTS BCIX MPAIIOIOYMX JIOAEH y 3aXHCHHX
CIIOPY/DKEHHSX. 3 METOI0 BHUKOHAHHS I[bOTO 3aBJaHHS PO3POOJISETHCS IUIAH
OCHAIleHHs] ¥ OyJIIBHUITBA HEOOXIJHOI KUIBKOCTI 3aXUCHHUX CIOPY/KEHb, SKUM
nepen0avyaeTbCs YKPUTTSA POOITHUKIB Ta CIYKOOBIIB Y HIBUAKOCTPOIOUHMX CXOBHUIIAX Y
BUIIQIKY HEJIOIIKY CXOBHIIIB, [0 BiJMIOBIIAIOTh CYYaCHHUM BHMOTaM.

[TocunenHs: MIHOCTI OYJIMHKIB, CIIOPY/IKEHb, YCTATKYBAaHHS 1 IXHIX KOHCTPYKIIN
MOB's3aHE 3 BEJIMKUMH BUTPATaMHU, TOMY TiIBHUINECHHS XapaKTEPUCTHUK JOIIHHO B TOMY
BUIAJIKY, SKIIO:

OKpeMi OCOOJMBO BaXKJIMBI BUPOOHUYI OYIMHKU i CHOPYIKEHHS 3HAYHO
cia0KiIe 1HIMX 1 IXHIO MIITHICTb JOIMIIBLHO JOBECTH JI0 3aralbHONPUHHSATOTO JJIs
JAHOTO TIAMPUEMCTBA MEXK1 CTIHKOCTI;

HEOOX1HO 30eperTd JesKl BaXJIMBI JUISHKHA (1€Xa), SKi MOXYTh CaMOCTIHHO
(GyHKIIOHYBAaTH MPU BUXOJI 3 JIA1y 1HIIUX.

[TigBuIieHHST CTIMKOCTI CHCTEM €HEpPrornocTavyaHHs BIAITpae 3HAYHY POJIb Y
KUTTEMISUTHHOCTI  MPOMUCIOBUX pPAHOHIB 1 00'€KTIB HApOAHOTO TOCTIOJAPCTBA.
[TigBuIeHHS CTIMKOCTI CHUCTEMH CHEPTONMOCTaYaHHS JOCATAETHCS TPOBEIACHHAM SIK
3araJbHOMICBHKHUX, TaK 1 00'€KTOBUX 1HXKEHEPHO-TEXHIYHUX 3aXO/I1B.

[mxeHepHi ¥ eHepreTW4YHI KOMYHIKAIii TEPEHOCAThCS B MIA3EMHI KOJEKTOPH,
HaMOIBII BIAMOBIAAIBHI MPUCTPOi (LEHTPaIbHI JUCIETYEPCHKI PO3MOAUIbHI ITyHKTH)
PO3MIIIAIOTHCS B MIJBATIBHUX MPUMIIIEHHSIX OYJIMHKIB a00 B ClieliaibHO NO0yA0BaHUX
MIIIHUX CHOPY/DKEHHsIX. Ha TUX migmpueMcTBax, A€ YKJIaJaHHS KOMYHIKaIii, 1o
NiABOJSATh, y TpaHIesX ab0o0 TyHEIsAX He MNPEACTaBISAETHCI MOXKIUBHUM,
BUPOOJISIETHCS KPITUICHHS TPYOOMPOBOMIB 10 €cTakal, mo0 yHUKHYTH iXHBOTO
3pymeHHs abo ckuaanHs. [1oTiM 3MIITHIOIOTH caMi €CTakaIu IUISIXOM YCTaHOBKH, 1110
BPIBHOBAXYIOTh iX y MICHUAX IOBOPOTIB 1 po3raixyeHb. JlepeB'ssHi onopu 3aMiHSAIOTh

Ha MeTaJIeBl 1 3aJ11300€TOHHI.
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st 3a0e3neueHHs TMPOBEACHHS PATYBAIbHUX 1 HEBIAKIAIHUX aBapiiiHO-
BIIHOBJTIOBAJILHUX POOIT, a TAKOXK BUPOOHUIITBA HA MovaTKy micis BuHukHeHHss HC (y
BUIIAJKy BHUBOJY 3 JIaly OCHOBHHMX JIKEPEJl €HEPrOKUBIIEHHS) CTBOPIOETHCS pE3EpB
ABTOHOMHUX JIXKEpEJ JIEKTPO- 1 BOJOMOCTAaYaHHA. 3BUYAWHO I1e OyBalOTh MEPECYBHI
€JEKTPOCTaHIIi ¥ HACOCHI arperatd 3 aBTOHOMHHMMH JBHI'YHAMH, HalpUKIaj] 13
JBUTYHAMU BHYTPIIIHHOTO 3TOPSHHS.

CrifikicTh CHUCTEM eJeKTpOoInocTayaHHs O0'€eKTa MIABUIIYETHCS ILISIXOM
NIKJIIOYEHHS MOT0 10 JEeKUIBKOX JHKEpell KUBJICHHS, PO3AUIBHUM OJWH B1Jl 1HIIOTO
Ha BIJICTaHb, II0 BHUKJIIOYA€ MOXKIHMBICTh IXHbOi OJHOYACHOI MOpa3Ku OJHUM
SA1€PHUM BUOYXOM.

Ha o006'ekrax, mo MawTh TEIJIOBI e€JIEeKTpOCTaHIii, o00JaIHYIOTh
npucrtocyBanus s po6oru TEIL[ Ha pi3HUX BuUAax mNaiauBa, BXUBAKOTh
3aX0/11B MO CTBOPEHHIO 3aMaciB TBEPAOro W PIAKOTO MajuBa, HOTO YKPUTTIO U
MOCHUJICHHIO KOHCTPYKI[I CXOBHII TOPIOYUX MaTepiaiiB.

Y Mepexax eJeKTPOIOCTAa4aHHS TMPOBOAATHCS 3aXOAW MO0 TEepeKaxy
MOBITPSIHUX JIIHIA €JICKTpOIepeiad Ha MiJA3€MHI, a JIHINA, TPOKIaJACHUX MO CTiHAX 1
NEPEKPUTTAX OYIMHKIB 1 CIOPYKEHBb - Ha JIiHII, TPOKIaACHI IMiJ MiJJIOT0I0 MEPIINX
noBepxiB (y cneniaJbHUX KaHalIax).

[Ipyu MOHTaXi HOBHX 1 PEKOHCTPYKIIi EIEeKTPUYHUX MEPEeX YCTAaHOBIIOIOTH
aBTOMATWYHI BUMHUKaul, sIKI TP KOPOTKUX 3aMHUKAHHSX 1 MPU YTBOPEHHI MepeHanpyr
BIJIKJIFOYAIOTh YIIKOJKEHI JUISHKHU. [lepeHanpyru B JiHIAX eleKTporepenady MOXKYThb
BUHHUKATH B PE3yJbTaTl pyWHYBaHb a00 YIIKO/KEHb OKPEMHX €JIEMEHTIB CHCTEMU
€HEepromocTayaHHs 00'€KTa, a TAaKOX MPH BIUIMBI E€JIEKTPOMATHITHHUX TOJIB SIEPHOTO
BUOYXY.

Benuke 3HaueHHS I MIABUINEHHS CTIMKOCTI poOOTH 00'ekTa Mae HajiiiHe

MMOCTAaYaHHS MOTO0 BOJOXO. HpI/IHI/IHeHHH noz[aqi BOIM MOKC TIIPHUBECTH OO
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NPU3YNUHEHHS BUPOOHUYOTO MPOIIECY W MPUITMHEHHIO BUITYCKY MPOIYKIlIi HABITh TO/,

KOJIM 00'€KT HAPOAHOTO rOCIOIAPCTBA HE Oye 3pyWHOBAHUN IIBUJIKMX 3aliMaHb.

Bononocrauanus 06'ekta Oyje O1sblie CTINKUM 1 HAAITHUM y TOMY BUIAJKY, SKILO
00'eKT 3a0e3meuyeThCcsl B JACKIIBKOX CHUCTEM a0 BiJ JBOX-TPhOX HE3AICIKHUX
BOJIOJIKEPENT, BIIOKPEMJICHUX OJMH BiJ OJHOTO Ha Oe3reuyHy BifcTaHb. ['apanTtoBane
NOCTa4YaHHs BOJOK MOXK€ OyTH 3a0e3leueHO TUIbKM BiJ 3aXHUIIEHOro JKepena 3
ABTOHOMHHMM 1 TE&X 3aXMIINCHUM JDKepeaoM eHeprii. J[o Takmx Kepea BiJHOCATH
apTe3iaHchki ¥ Oe3HamipHl MmMNapu, sSKi NPUEAHYIOTHCA 10 3arajibHOi CHCTEMU
BoJlonocTayanHa 00'ekta. Ilpu mnaHyBaHHI 3aX0J1B HEOOXIJHO BpaxoOBYBaTH, WIO
ne0IT IUX JPKEpeNT He IOBHICTIO 3a0e3neuye mnoTpeOu BUPOOHUIITBA W BEACHHS
PATYBAJIbHUX 1 HEBIJKJIAHUX aBAPIMHO-BIJHOBIIOBAIBHUX POOIT.

Jlnst GinpIol HamIMHOCTI W MaHEBPEHOCTI Ha BHMNAJOK aBapii abo peMOHTy Ha
00'eKTax CTBOPIOIOTHCS OOBIIHI JIIHII W yJIAIITOBYIOTHCS MEPEMHUYKH, IKUMHU TTOJAI0Th
BOAY B OOXIJ YHIKOJUKEHUX MIISHOK, 3pYMHOBAaHUX OYAMHKIB 1 CIOPYIKEHb.
[ToxkexxH1 TiApaHTU W TPHUCTPOI, MO BIAKIIOYAIOTh, PO3MINIAIOTHECS HA TEPUTOPII,
mo He Oyae 3aBajeHa Yy BUMNAAKy pyHHYBaHHS OYAWHKIB 1 CHOPYIXKEHb.
BopoBamxyrmoThcsi ~ aBTOMaTH4YHI ¥ HAMiBaBTOMAaTW4YHI  TPHUCTPOi,  fKi
BIKIIOYAIOTh YIIKOJXEHI AUISHKM 0€3 MOpYIIEHHs pOOOTH 1HIIOI YacTHUHHU
Mepexi.

Ha 006'exTax, 110 COXKMUBaIOTh BEIUKY KUIBKICTh BOJIH, 3aCTOCOBYETHCS O0OPOTHE
BOJIONIOCTAYaHHS 3 TOBTOPHMM BHUKOPHUCTAaHHSM BOJW JJISl TEXHIUHUX Ilinei. Taka
TEXHOJIOTISl 3MEHILIye 3arajbHy TMOTpeOdy BOAM M, OTXe, MIJBUILYE CTIHKICTh
BOJIOIIOCTa4YaHHs 00'eKTa.

Y wmictax 1 Ha 00'€eKTaXx HapOJHOTO TOCHOJApCTBAa BOJA, NpPU3HAYEHA MJIs
BXKUBAHHS, OYMILAETHCS 1 3HE3aPAXKYETHCSI B OUMCHUX MPUCTPOSIX, 110 NepeOyBaroTh Ha
BOJIOTIPOBIHUX CTAHINSAX. B 0YMCHUX CHOpYIKEHHAX MependadaroTbCcs A0JaTKOBI
3aX0JU II0J0 OYHUIINEHHS BOAW, IO HAAXOAUTh 13 3apakE€HUX BOJOUM, Bif

paniOaKTUBHUX 1 OTPYHHHUX PEUOBUH 1 OakTeplajibHUX 3a0pyIHEHbD.
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VY HaceleHHX MYHKTax CIIbChKOiI MICIEBOCTI IIMPOKO MOMMUPEHI MiA3EMHI
JKepena BOIM (IIaXTHI KOJONs31, JKepena ¥l 1H.). Y HHUX MOXYThb NPOHUKHYTH
pamioakTUBHI W OTpyHHI PEYOBMHM W pi3HI BuAM Oakrtepiii. Tomy mpoBOISITHCA
1HXXEHEPHI1 3aX0/I1 I[0JI0 3aXUCTy BOJ03a00piB HA MIA3€MHUX JDKEpeaax BOIH.

Jlnst 3a0e3nedyeHHsl CTIMKOro ¥ HaAIMHOTO MOCTaYyaHHS MIANPUEMCTBA Ta30M
nepeadadaeThCs HOTO Mojjaya B Ta30BY MEPEKy 00'€KTa Bijl Ta30peTyIIOI0UNX MMyHKTIB
(razoposnoaumbunx ctaHuiv). Ilpu npoekTyBaHHI, OYMIBHHUITBI W PEKOHCTPYKIIIT
ra30BHUX MEpEX CTBOPIOIOTHCS 3aKIIbLBOBAHI CUCTEMH Ha KOXKHOMY O0'€KTI HAPOJHOTO
rocriogapcTBa. Ha Bumagok BUXOAy 3 Jady Ta3operyilolouuX IYHKTIB 1
ra3opo3noAUTPYUX CTaHIIA yCTaHOBIIOWOTHCA (Oaiimacu). Bci By3mm i miHil
ra3onocTayaHHsl pO3TAIIOBYIOTHCS, SIK MPABHIIO, MiJ 3€MJICI0, TOMY IIO 3ariyOJseHHs
KOMYHIKaIlli, 3HaAYHO 3MECHIIIYE MOXKJHUBICTH IMOPa3KU BiJ yJIapHOi XBUJII SJICPHOTO
BuOyxy H iHmux Hacniakie HC. KpiM Toro, ykpurTs cucTeM ra3onoctadyaHHs Mij
3eMJICI0 3HAYHO 3HI)XYE MOXKJIMBICTh BAHUKHEHHS BTOPUHHUX (DAKTOPIB MOPA3KH.

JlJisi 3MEHILIEHHS TOXKEXHO1 HEeOe3NMeKH MPOBOIATHCA 3aXO0Jd, L0 3HUKYIOTh
MO>KJIUBICTh BUTOKY rasy. Ha razompoBojax yCTaHOBIIIOIOTHCS aBTOMAaTH4HI 3amipHi
OPUCTPOi, IO TEPEeMHUKAIOThCA BiJ, AWCTAHIIMHOTO KEpPYyBaHHS, IO JO3BOJISE
BIIKJTIOYATH MEpexkKi ab0o MepeMHUKaTH MOTIK ra3y mpu po3puBi TpyO Oe3mocepeaHno 3
IUCTIETYEPCHKOTO IMMYHKTY.

CyyacHUl THUTIOBHI KOMIUIEKC TMPOMMCIOBOTO MIANPUEMCTBA BKIIOYAE OyAMHKH
I CHIOpYKEHHS, Y SKUX PO3MILTYIOThCS BUPOOHUYI 1[€XU, BEPCTATHE U TEXHOJIOTIUHE
BCTaTKYBaHHS; CHOPYIKCHHS €HEePreTUYHOTO rocroapcTBa, CUCTEMU
€HEeprornocTavyaHHs; 1HXXEHEPHI ¥ MaJuBHI KOMYHIKAIlli; OKPEMO BapTi TEXHOJOT14YHI
YCTAaHOBKH;, MEpexa BHYTPIIIHBOTO TPAHCIOPTY, CHUCTEMH 3B'A3KYy I yIpaBIiHHS;
CKJIaJICbKE€ TOCIOJApPCTBO; pi3HI OyJAWHKM ¥ CHOPYIKEHHS aaMiHICTPATUBHOTO,
noOyTOBOro i rocnojapchbkoro npusHadeHHs. [linBuIlleHHs CTIMKOCTI poboTH 00'€KTa
Oyne, BIacHe KaKy4H, TOCSATATHCS NUITXOM TOCHIICHHS HAMOUTBI C1abKuX (ypa3inBUX )
€JIeMEHTIB 1 MUISHOK 00'exta. J[is 1IbOTO Ha KOXXHOMY O0'€KTI 3aBUYaCHO Ha OCHOBI

JMOCHII)KEHHSI TUIAHY€ThCS W TPOBOAUTHCS BEIUKUN 00cCsar poOiT, 10 BKIHOYAE
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BUKOHAHHS OpPraHi3allifHUX 1 1HXKEHEePHO-TEXHIYHMX 3axojiB. OCOoOJMBO BaXKJIMBE
3HAYEHHS Ma€ MPOBEJIEHHS 1HKEHEPHO-TEXHIYHUX 3aX0M1B.

JloCsiITHEHHSI Cy4acHOI HAYyKW ¥ TEXHIKH, JI03BOJISIIOTH 31MCHIOBATH TakKi PIILICHHS,
Ipu SKUX MANPUEMCTBO Oyjie CTIMKO O BIUIMBY Ha HHOTO HaBITh JOCHUTh 3HAYHHUX
HAJTUITKOBUX THUCKIB. OJHAaK I11€ MOB's3aHE 3 BEJIMKUMHM BHUTpaTamMu 3aco0iB 1
MaTrepiaiiB, sIKi MOXYTh OyTH BUIpaBIaHl TUIBKA TOCTPOIO HEOOXITHICTIO 3aXUCTY
YHIKaJIbHUX, 0COOJIMBO BAXKIIUBUX €JIEMEHTIB 00'€KTa.

Jlo po3poOku 3axoi1B MO0 MIABUIIEHHS CTIMKOCTI Tpeba MiIAXOJUTH JTOCUTH
00mymMaHo, BCEOIYHO OIIHIOIOYHM iX TEXHIYHY, TOCIOJAPChKY 1 EKOHOMIYHY
JTOLUIBHICTh. 3aX0/i1 OyayTh EKOHOMIYHO OOTPYHTOBaHI B TOMY BHUIIAJKY, SIKIIO BOHU
MaKCHMAaJIbHO TIOB'SI3aHi 13 3aBJaHHSMH, PO3B'SI3yBaHUMH Y 3BUYAHHUX YMOBaX 3 METOIO
3abe3neueHHss  Oes3aBapiitHOi  poOoTu  o0'ekTa, TMOJIMIIEHHS  yMOB  Mpairii,
yIOCKOHATIOBAHHS BUPOOHUYOTO TIPOIIECY.

[lpuknagamMu TakuxX pillleHb MOXYTh CIYXHUTW: BUKOPHUCTAHHS CXOBHII JIJIS
HApOJHOTOCHOAAPCHKUX IiJIell 1 0OCIyroByBaHHS HaceJeHHs; OyIiBHHIITBO
N1I36EMHUX €MHOCTEH JJI TOPIOYMX, OTPYWHHUX 1 arp€CUBHUX PiAWH 1 ra3iB Ta IH.
Oco065MBO BeNMKE 3HAYCHHSI Ma€ po3po0Ka 1HKEHEPHO-TEXHIYHUX 3aXO0/1iB TP HOBOMY
OyMIBHUIITBI, TOMY III0 B TMpOIeCI MPOEKTyBaHHS B 0araTbOX BHMAJKaX MOXHA
JIOMOTTHUCS JIOTIYHOTO CIIOJYYCHHsI 3arajbHUX 1HXKEHEPHUX PIIICHb 13 3aXUCHUMU
3axogamu 11O, mo 3HU3UTH BUTpaTH Ha ixHIO peamizamiro. Ha icHyrounx 00'ekrax
3aX0JIM IOA0 MiABUILEHHS CTIMKOCTI IXHBOT pOOOTH JOUIBHO MPOBOJUTH B MPOILIEC]
PEKOHCTPYKIIi1 a00 BUKOHAHHS 1HIIUX PEMOHTHO-0YyXIBETBHUX POOIT.

[linroToBKa 0 BITHOBJIECHHS BUPOOHUIITBA MICIS MOPa3Ku 00'e€KTa, 11e —

BaYKJIMBU MOKA3HUK CTIHKOCTI HOrO poOOTH, TOTOBHICTh 00'€KTa B KOPOTKUM TEPMIH
BIJIHOBUTH BHIYCK MPOAYKIli. YUWM BUIIIE IS TOTOBHICTh, TUM CKOpIIIEe MOXE
OyTH BIAHOBJIEHE BUPOOHMIITBO MPOIYKIII MICHS MOpa3ku 00'€KTa, TUM CTIHKIiIIe i
HaJIHIIIE OIIHIETHCA Horo pobota B ymoBax HC.

Y pesynbrari BuHukHeHHS HC 00'€eKT MOXKe oOJepKaTh IOBHUN, CHJIBHUH,
cepenHiil abo cinabkuii cTymiHb pyiiHyBaHHsA. [Ipu onep:kaHHi 00'€éKTOM MOBHHX abo

CWJIBHUX PYWHYBaHb HaBpsA 4u Oyze NOIIIBHO 3HOBY HAJIaroKyBaTH BUPOOHHIITBO
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B ymoBax HC. Ilpu ogmepxkanni x o00'ektom cimabkux abo cepenHix pyWHYBaHb
BIJIHOBJICHHSI BUPOOHMIITBA IIIJIKOM peasibHO. [0 BiAHOBJIEHHS BUPOOHUIITBA TMICIs
TaKUX pyHHYBaHb 00'€KT 1 MOro nmepcoHal roTOBISATh 3aBYACHO.

Sk mpaBuio, NjIaHU i MPOEKTHU BIJHOBJIEHHS BUPOOHUIITBA PO3POOIISIOTHCS
y JABOX BaplaHTax - Ha BUIMAJOK OJlepKaHHA 00'ekToM ciabKuX 1 cepeaHix
py¥iHyBaHb. J{Jsi IIUX yMOB BH3HAYAIOTHCS XapakTep 1 00cCIT MepHio4eproBHX
B1JTHOBJIFOBAJbHUX POOIT.

VY po3paxyHKax IO BIJIHOBJIEHHIO OYJMHKIB 1 CIIOPYJKEHb YKa3yIOThCS XapakTep
pyWHYBaHHS (YIIKOKEHHSI), TIEPENIK 1 3aradbHUN OOCAT BiJIHOBIIOBAJIBHUX POOIT
(BapTicTh, TPYAOMICTKICTh, CTPOKH BIJHOBJICHHS); TOTpeOM poOouoi  cuiw,
npuBa0dIIIOBaH1 OyJiBEeNIbHI MIAPO3LIN 00'€eKTa i 00CIyroByrounii 00'€KT opraHizaiii;
norpebu B Marepianax, MalldHax 1 MeXaHi3Max 1 1H. Y po3paxyHKax Ha PEMOHT
YCTaTKyBaHHS BKa3yIOTbCS: BUJ YCTaTKYBaHHS 1 HOro KIJIbKICTh, MEPEIIK PEMOHTHO-
BITHOBJIIOBAHMX POOIT 1 IXHS BapTIiCTh, HEOOXiAHa poOoua cuia, marepiaid U
3aMm4acTUHU, CTPOKH BITHOBJICHHS.

[Ipu Bu3HaUeHH1 Yacy Ha MPOBEJCHHS BIJIHOBIIOBAJIbHUX POOIT ypaxOBYETHCS
MOXJIUBICTh PaJTI0aKTUBHOTO 3apakeHHS TEepUTOpii 00'ekTa, a MpPU 3aCTOCYBAHHI
XIM14HO1 30po1 3acTiil OTpyiHUX peyoBHH. Bce 11e MOXKe BiICYHYTH CTPOKH MOYATKY
POOIT 1 3HUBUTH 1XHI TEMIIH.

BinHoBneHHs 00'ekTa MOXIUBO TpH 30€peKEHHI PO3pOOJIEHUX MPOEKTIB,
OyniBedbHOI ¥ TEXHIYHOI JOKYMEHTAalli: MiaHiB, CXeM, 1HCTPYKIIM, TEXHIYHUX
yMOB, KEPIBHUITB 3 €KCIuTyatamii ¥ peMoHTy OyJIWHKIB 1 CHOPYIXCHb,
TEXHOJIOTIYHUX 1 EHEePTEeTUYHUX JIIH1H, arperaTiB, ycTaTKyBaHHS, NPUIAIIB 1 1H.

BucHoBok: 3aBuacHe IuUlaHyBaHHS OyJ0BU O0'€ekTa 13 3a0€3MEYECHHSAM
BUMOT II[OJI0O MIABUIIEHHS CTIMKOCTI poOOTHM 3HAYHO 3HU3UTH BUTPATH.
3axoJu 1010 MiJBUIIEHHS CTIHKOCTI pOOOTH MPOMHUCTOBHUX IiANPUEMCTB,

SKi BUW3HAYEHI y PO3Midi, MO3BOJSIOTH NPOJOBXKHUTH Oe3mepepBHE

BUPOOHUIITBO MPOAYKIli B yMOBaX HaJ3BUUYAWHUX CUTYaIlli.
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