


17 1200 195 12,5 2000
18 1250 205 13,5 4000
19 1300 220 145 6000
20 1350 235 155 8760
21 1400 255 16,5 2000
22 1450 270 17,5 4000
23 1500 285 18,5 6000
24 1425 295 19,0 8760
25 1325 280 18,0 2000
26 1225 265 17,0 4000
27 1125 250 16,0 6000
28 1025 240 15,5 8760
29 925 215 14,0 6000
30 825 205 13,5 4000
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3. BKOHOMUS 2JIEKTPOSHEPT U B TPAHCO®OPMATOPAX

ITpu 3arpy3ke cumoBoro Tpanchopmatopa Ha 30% Harpy3odHble
HOTEPU MOIIHOCTH IPHMEPHO PaBHBI MOTEPSIM XOJIOCTOTO Xoxa. B cpennem
Ha KaXJIoM TpaHcopmaTope Tepsercs a0 7% nepeaaBaeMoil MOILIHOCTH.
PaboTa Tpanchopmaropa B peXXUME XOJIOCTOTO XOJa WIH OJM3KOM K HEMY
BBI3BIBACT M3JIUIIHUE TIOTEPH JJIEKTPOIHEPTUH HE TOJIBKO B CaMOM
TpaHcopmarope, HO M IO BCEH CHCTEME DIEKTPOCHAOKEHHsS (OT camoro
TpaHchopMaTopa 10 MCTOYHHMKA IHTAHHS) M3-32 HH3KOro Kod(pQHIHeHTa

MOITHOCTH.

3.1 Onpenenenne MOTeps IMEKTPOIHEPTUH B ABYXOOMOTOUHOM

TpaHchopmarope

Jdnst  pacyera moTeph  DICKTPOSHEPTMHM B JIBYyXOOMOTOYHOM
TpaHcopmaTrope HEOOXOIUMBI AaHHbIE 10 TEXHUYECKUM XapaKTepUCTUKAM
TpaHchOpMaTOpOB, HANPUMEP, M3 CHPABOYHMKA, a4 TAaKXKe JaHHbBIE I10
pacxony akTuBHOH W, (kBT-4) u peaktusnoit W, (kBap-u) 211€KTpO3HEPTHI
3a pacyeTHBIA IEePUO.

TexHUYEeCKUEe XapaKTePUCTHKH TpaHchopMaropa:

- HOMHHaJIbHasi MOUIHOCTH TpaHcopmaropa S,- KB-A;

- OTEPHU XOJIOCTOro Xoja (IoTepu B cTaiu) Tpanchopmaropa - AP, , kBm,

- HOTEPU KOPOTKOTO 3aMbIKaHUA (HOTepI/I aKTHBHOU MOIIIHOCTH B MC€IU

00MOTOK) TpaHC(OpMATOpa IPU HOMHUHAIBHOI Harpyske - AP, , kBm;

- TOK XO0JIOCTOTO X0/1a Tpanchopmaropa |y, %;
- HAIIPSDKCHHUE KOPOTKOTO 3aMbIKaHus TpaHcpopmaropa — Uy, %;
- TIOTepH PEaKTHBHON MOIIHOCTH NIPU XOJIOCTOM XOJe TpaHchopMaTopa

PaCcCUYUTBIBAIOTCA IO BBIPAKCHUTIO!
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I, %
AQ,, =S, ‘W,K(?ap; (12)

-  TOTepH PEAKTUBHOM  MOIMHOCTH MPH  KOPOTKOM  3aMBIKaHHH
TpaHcopMaTopa pacCUUTHIBAIOTCS 110 BEIPAKEHHIO!
9
AQ,, =S, -%,K&up; (13)

Pacuer noTeppb 31eKTpO’HEPTHN B TpaHC(HOPMATOPE IPOU3BOIUTCS B
CJIEYFOLIEH TTOCIEJ0BATEIbHOCTH

a) omnpeaeaoTcs (aKTHIECKUE WM pacdeTHBIE JaHHBIE MO PACXOmy
9JIEKTPOIHEPTUH 32 PpAcUETHBI MEpHOA MO TOKa3aHMSAM CUETYHKOB
akTuBHOH 3Hepruu - W, (kB14) u mo nmokazaHusiM CYETUMKOB PEaKTUBHON
sneprun - W, (kap-4);

0) paccuuThIBaeTCs tgP., U3 COOTHOLICHHS:

t9e,, =W, /W, (14)

a 3aTeM CPeIHEB3BENICHHBIH KOI(D(HUIMEHT MOIITHOCTH — COSQp,.

JUIs mpeAnpUATHH, Y KOTOPBIX 3JIEKTPOCYCTYMKH YCTAHOBJICHBI Ha
CTOpPOHE MEPBHYHOIO HampspkeHHs (10 aOOHEHTCKOro TpaHcdopmaTtopa ¢
BBICIIMM HampsbkeHHeM OT 35 kB u BwimIe), tgQ., pacCUUTHIBACTCA MO
BBIPAKECHUIO:

9, =W, —aw, )/, -aw,) (15)

B) oTpeneNsaeTcs KO3 PUIHEHT 3arpy3Ku (Harpy3kn)
tpancdopmaropa Kz mo BripaskeHuo:

W

K =—7*% 16
? S, Ty -C0S g, (16)

rae T, — MOTHOE YHMCIO 4acoB paboTel TpaHchOpMaTopa, yac. B MECHII,
KOTOpPOE NPUHMMAETCS PaBHBIM: B SIHBape, MapTe, Mae, HIOJe, aBrycTe,

OKTsIOpe, nekabpe- 744 dac; B ampene, UlOHE, CEHTAOpe, HOsOpe-720 yac; B

(heBpane-672 gac. (U1 BUCOKOCHOTO roja- 696 gac).
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Ecmm Tpancdopmarop OTKIIOUaeTCS Ha Npa3gHUYHBIC JHU A
BBIXOZIHBIE JHHU, TO yKa3aHHOE BpeMs I, JOJKHO ObITh yMEHBILIEHO Ha 3TO
BpeMsl OTKITIOUCHUS TpaHchopMaTopa.

Ilorepu  aKkTUBHOW  JJICKTPO3HEPTHM B TpaHChopMmaTope
PACCUUTHIBAIOTCS MO BBIPAXKEHHIO:

AW, =AP_ -T, +AP_ -K2-T, ;. kBm-u, 17)

pab’
a MoTepu peaKTHBHOﬁ QJICKTPOSHEPTUU B Tpchd)opMaTope
PaCcCYUTBIBAIOTCA 110 BBIPAYKEHUIO:
— 2
AW, =AQ,, Ty +AQ,, -K2-T

paty K6AP - 4, (18)

rne T,,;- 49ucio dYacoB pabOTBl TpaHChOpMaTopa C HOMHUHAIBHOU

pab

Harpy3Kom, 9ac. B Mecll, KOTOpOe IPUHUMAETCS PABHBIM [UIS IPEAIPHUATHH,
pabotatommx B onHy cMeHy-2004ac; B 1Be cMeHBI- 450 4ac; B TpH CMCHEI-

700uac.

3.2 MeToauka OIIEHKH 3KOHOMHUU 3JIEKTPOIHEPTHH IIPU 3aMEHe
HEJIOTPYKEHHBIX TPaHC(HOPMATOPOB MPOMBIIUICHHBIX, TOPOJICKUX U

CENIbCKHX MOTpeduTenen

MeTtoarka mpegHa3HaYCHA JJIS MPHONIDKEHHON OICHKH PacYeTHBIM
Ccroco0OM JKOHOMHH DJJEKTPOIHEPTHH TPU 3aMEHE HEeIOTPYKEHHOTO
Tpanchopmaropa TpaHcHOPMATOPOM MEHBIIICH MOIITHOCTH [4].

BennunHa ycnoBHOH S5KoHOMHUU d1ekTpodHepruu AW, onpezensercs
pasHoctbio  notepp AW,  aKkTHBHOH OHEPrMM B  HEJOrPYKEHHOM

(paxruueckn paboTtaromem) TpaHchOpPMaTOpe M aHAIOTHYECKHX IOTEPh

aKTUBHOH sHepruu AW, B 3aMeHsOIEM TpaHCcpopMaTope MeHbIIER

MOLIHOCTH, IIPU IDTOM MNOTEPHU aKTUBHOU OHEPrun B oboux YKa3aHHbIX
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TpaHchopmaTopax (ABYXOOMOTOYHBIX) OTPEACISIOTCS 10 HM3BECTHOMY
BBIPAKCHUIO:

AW, = AW, — AW,

am (19)
Bonee mompoOHOe BBIpak€HHME I ONPEICICHUS OKOHOMHH
JJIEKTPOIHEPTHH 3a CYET M3MEHEHUs IOTEPb SHEPTUH B TpaHC(hOpMaTopax

Ipy UX 3aMCHEC UMECT cne;[y}oumﬁ BUO:

AP, AP, W/
AW, = (AP, AP, )T, +| —22 — S |, I | (0
S Sy, T,-cos ¢
AP_ AP, S
e P TP "W . COOTBETCTBEHHO, TOTEPH  AKTHBHOM

MOMOIHOCTH XOJIOCTOI'O XOJa, HOTEepU aKTUBHOH MOIIMHOCTH KOPOTKOTO
3aMbIKaHUA, a TaKXEC HOMHHAaJIbHAsA MOIITHOCTH pa60Ta}01uer0

Tpanchopmaropa, kBt, kBt, MBA, koropsie, B YacTHOCTH, s

y r, T,
HarnpspkeHuit oomorok 10/0,4 kB BeIOMpalOTCS IO CIpaBOYHKMKaM; ~ ", -
COOTBETCTBEHHO, TOJIOBOC BpEMs BKIIIOUEHHS W TOJIOBOEC BpeMs pPabOTHI

TpaHcdopmaropoB ¢ Harpyskol, uac; Kz=Sc/Sy- ko3adduuuenr sarpysku

Wr
TpaHcdopmMaTopoB; S, =———- CpeiHeCMEHHAs Harpyska
T, -Cosg
tpaHcopmaropoB, MBA; cos¢e - cpenHEB3BEUIEHHOE 3HAYCHHUE

K03 pHIIMEHTa MOIITHOCTHA MUTAaEeMBIX MOTpeOuTenet Wr - TOZOBOH pacxox
aKTUBHOW DHEPTuH, OMpeAeNiieMblii MO CUETYHKY, YCTAaHOBJICHHOMY Ha

MMOJICTAaHI[UH, ThIC.KBT 4.
[MomHOE uncno padoT (BKItOYeHHUST) TpaHchopmaTopoB Ty B rogy mpu
OTCYTCTBUHM JaHHBIX 00 WX OTKIIOYEHHUSIX MOXKHO TPUHATH PAaBHBIM:

Tyx=8760 4. (365 nueii/ron).
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TomoBoe BpeMs pabOTHI TPAHCPOPMATOPOB C HATPY3KOM Tp s
MPOMBIIUICHHBIX U MPUPABHEHHBIX K HUM MOTpeOUTEIeH MOXKHO TIPHHAMATH
Tp:2400; 5000; 8400 4 B rO&, COOTBETCTBEHHO, IJI1 OJHOCMEHHOM,

JIBYXCMEHHOH M TPEXCMEHHOM pabOTHI MPEANPUATHH.

s cenbCKOX03HCTBEHHBIX, KOMMYHAJIBHO-OBITOBBIX TIOTPEOHTEICH

3HA4YCHUC Tp BI)I6I/IpaeTC$[ n3 Ta0I.3. B 3aBUCUMOCTH OT XapakTepa Harpy3ku

W 3HaYCHHS CPEeIHECMEHHOH Harpy3Ku Tpanchopmaropa Sc.

Tabnuma 3

S¢ kBA T,, 4, npu Xapakrepe Harpy3ku (OpH OJHOCMEHHOM

pabote)

KOMMYHAJIBHO- MPOU3BOACTBEHHON | CMENIaHHOW

OBITOBOI (cos=0,8) cosp=1)

(cosep=1)
Ho 10 900 1100 1300
10-20 1200 1500 1700
20-50 1600 2000 2200
50-100 2000 2500 2800
100-250 2350 2700 3200
Bonee 250 2600 2800 3400

MomHOCTh  3aMEHSIOmEro  TpaHcdopmaropa  IeIecooOpa3HoO
BBIOMPATH C yU4eTOM KO3 HUIHEHTa 3aTPY3KH B 3aBUCHUMOCTH OT KaTETOPHH

MOTpeOHUTENEH MO BRIPAKEHUIO:

5, = (21)
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rae K, - xoaddumuent 3arpysku TpaHchopmaropa, 3HaUYEHHE KOTOPOTO
3aBUCHT OT KaTeTOPHM MO HAASKHOCTH IHUTAIOIIUXCS OT HETO
MOTpeONTEICH:
K,=0,65-0,7 (umpm mpeobnamanmm Harpy3ok |- kareropmm A
nByxtpaHchopmaropubix TIT);
K,=0,7-0,8 (mpum mpeoGmamanum Harpy3ok |l-it  xareropum  mus
nByxtpaHcopmaropubix TII B ciydae B3auMHOrO pe3epBUPOBaHMS
TpaHcopMaTopoB Ha HUBIIEM YPOBHE);
K,;=0,9-0,95 (mpu mpeobnamanmu Harpy3ok |l-ii kareropum u Haamuuw
HEHTPAIN30BaHHOTO (CKIAACKOT0) pe3epBa TpaHc(hopMaToOpoB, a TAKXKE MPU
Harpy3skax |l1-it kareropum).

OKOHOMHUSI DJIEKTPO’HEPTHH TIPH CHIDKCHHM AaKTHBHBIX IIOTEPb
AIIEKTPOIHEPTHH ONPEIEIISETCS 10 BEIPAKEHHUIO:

C=AW,-Ccpr,pyo (22)

rne AWy — CHIKEHHe MoTeph IEKTPOIHEPTHH 3a CUET 3aMEHBI, HallpuMep,

Ha TpaHcopMaTop MeHblied MouHocTH, kBT, Ccr-cpenneronoBas
CTOMMOCTH (TapuQ) AIEKTPOIHEprun, pyo/kBT 4, KoTOpas onpezessercs u3
JOTOBOPOB  MOTPEOMUTENs  BJIEKTPOIHEPIUU C  DIIEKTPOCHAOKAIOIIEH

opraHuszanuei.

IIpumep
TpeOyercst  OnpelesuTh BEIMYUHY IIOTEPh  AIEKTPOIHEPIHH,
CBSI3aHHBIX C HeJOrpyskoii TpaHchopmaropa TM-1000-10/0,4 kB,

MUTAIOIIETO CeNbCKUil paiioH. ['0/10BOI1 pacxo aKTUBHOM 3JIEKTPOIHEPTUU
1o JaHHBIM cyerdnka coctaBmil W,y=651 Teic. kBT'u. Xapakrep Harpysku

cMmemansbiit cosp =0,95.

Pemenne
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1.OmpenensieM npuOIKEHHOE 3HAYECHUE CPEIHECMEHHOW HArpy3KH
TpaHchopmaropa:
Sc=651000/(3400-0.95)=202 xBA,

rae Tp- romosoe Bpems paborsl  TpaHcdopmaropa C Harpyskoi,
MOJIY4YEHHOE 110 KoJoHKe 3 u3 Tabun.3, cocrasut: Tp=3400 4. B rox.
2. lns monmyueHHOro 3HaYeHus Sc=202 kBA u3 Tabdmn. 3 (koyoHka 3)

HAaXO[UM CKOppeKTHpoBaHHOe 3HaueHHe Tp, xotopoe cocrasut 3200 4. B

roj.
3.0OTKOppeKTHPOBaHHOE 3HAYCHHE TpaHc(hOpMaTOpa ONPEeNsIeTCs

IO BBIPAKCHUIO:

S, = 651000/(3200-0,95) = 214 kBA.

4, OnpenenﬂeM PacCyYCTHYIO MOIIOTHOCTH 3aMCHAIOIICTO

TpaHcopmaTopa B COOTBETCTBHH C BhIpakeHHEM (21):

5, = 24 _oe5
" K 0,75

3.MAKC

CnenoBarensHO, BblOMpaeM Tpanchopmarop TM-400-10/04 xB c
HOMHHAJIBLHOM MOIIIHOCTRIO S,,,, = 400 kBA

5.0mpenensieM 9KOHOMHIO JJIEKTPOIHEPTHUHM 32 CYET HW3MEHEHHs
MOTEPh PHEPTUH IIPHU 3aMEHE Ha TPaHC(HOPMATOP C MEHBIICH HOMUHAIBHON

MOIITHOCTBIO (20):

AW, = (2,45-0,95)-8760 + (12,2/1% ~5,9/0,42 ). 651 /(3200- 095 |= 9519 kB - 200

6. DKOHOMHS 3JIEKTPO’HEPTHH MPU CHIKCHWH AaKTHBHBIX IIOTEPh
AIIEKTPO’HEPTUH IPY 3aMEHE Ha TpaHc(hopMaTop ¢ MEHBIIEH HOMHHAIIBHON

MoOIHOCTBIO IpH Ccr (py0./KBT-1) cocTaBuT:

AC, . =AW, -C,,. =9519-3= 28557 py6.

OJ1.9H.
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I/ICXO,HHI)IC JaHHBIC

Tab6muua 4
Ne Bapuanra Tun Wr 1hIC. KBT"4 cosQ
TpaHchopmaropa
1,16 TM-50/10/0,4 20 1,0
2,17 TM-60/10/0,4 40 0,8
3,18 TM-63/10/0,4 45 0,85
4,19 TM-100/10/0,4 66 0,87
5,20 TM-160/10/0,4 92 0,9
6,21 TM-180/10/0,4 103 0,91
7,22 TM-250/10/0,4 136 0,93
8,23 TM-320/10/0,4 116 1,0
9,24 TM-400/10/0,4 261 0,8
10,25 TM-560/10/0,4 424 0,84
11,26 TM-630/10/0,4 492 0,89
12,27 TM-750/10/0,4 563 0,92
13,28 TM-1000/10/0,4 637 0,86
14,29 TM-1600/10/0,4 762 0,83
15,30 TM-1800/10/0,4 820 0,8
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43AMEHA HE3ATPY)XEHHBIX 3JIEKTPOJIBUT ATEJIEN
SJIEKTPOJBUT ATEJIIMU MEHBIIEN MOIITHOCTU

Ecmu cpenusisi Harpys3Kka 3JCKTPOJIBUTATENS COCTaBIsieT MeHee 45%
HOMUHAIIFHOW  MOINHOCTH, TO 3aMEHa €ro MEHee  MOIIHBIM
3MEeKTPOJBUraTeNieM BCErAa LienecooOpa3Ha M IPOBEPKU pacueTaMu He
Tpebyetcs. [lpu Harpyske asnmektponBurarens Oonee 70% HOMHHAIBHOM
MOIIHOCTH MOKHO CUUTAaTh, 4TO 3aMEHa €ro HelenecooOpasHa.

Ilpu wHarpy3ke oanexTpoasurarens B  mpegenax  45...70%
HOMUHAIIFHOW MOITHOCTH IIeJIeCO00Pa3sHOCTh WX 3aMEHBI JOJDKHA OBITH
MOATBEPIKIICHA YMEHBIICHHEM CYMMAapHBIX IIOTEPh aKTUBHOW MOIIHOCTH B
SIEKTPUUYECKON CHCTEME U B DJICKTPOIBUTATEIIE.

OTH cyMMapHbIE TIIOTEpPH aKTHUBHOH MOIIHOCTH MOTYT OBITh

OIMPCACIICHBI IO BBIPAXKCHUIO:

AP, =|Qu -xk2)+x2-Q, |k, + AP, K2 AP, (23)

rne Q. = J3- U, -l.,- peakTHBHas  MOIIHOCTb,  TNOTpeOIseMast

DIIEKTPOBHUIATENIEM U3 CETH TPH XOJIOCTOM XOJ€E, KBap; Iy -TOK X0J0CTOrO

xoma  omekrpoxsurarens, A; U,  -HOMHUHalbHOE  HAaNpsHKCHUE
AJIEKTPOABHUTATENS, B; k, =PIP,- K03 dHULUEHT Harpy3KH

DJICKTPOABUTATECIIA; P'CPGHH}UI Harpys3ka BSJICKTPOABUIATCIIA, KBT; PH -

P
HOMHHQJIbHAs ~MOIIHOCTB 9nekTpojpurarens, kBr; Q, =—"-tg¢,-

H

PCaKTUBHAA MOIIHOCTL JJICKTPOABUIATECIIA HPU HOMMHAJBEHON Harpyske,

KBap; 77, -K.ILJ. DJEKTPOJBUIATeNs IPU HOMUHAIBHOM Harpyske; tge, -

IIPOU3BOJHAS oT HOMUHAJIBHOTO KoddumeHTa MOIIIHOCTH

3JIEKTPOJIBUraTENIS; K, -k03¢ durmeHt U3MEHEHUs HIOTEPB;
_ 1_’7}( Y >

AP =P,|—— || —/— |moTepn akTHMBHOI MOIIHOCTH IIPH XOJIOCTOM

My 1+y
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a.H

1—
Xome onekTpoasmrarens, kBt; AP, =P, (iji—j- TIPUPOCT

AKTUBHOM MOIIHOCTH B 3JIeKTpojBurateine npu Harpyske 100%, kBT;

XX

y= - pacueTHBId KOX(PQUIMEHT, 3aBUCAMUN OT KOHCTPYKLHH

a.n
QJICKTPpOABUTATEIIS U OHpeHeHHeMLIﬁ, HaIlpuMep, U3 BBIPAKCHUSA:

B AP % _
" (loo_nn!%)_APXx'%,

(24)

rae AP,.,%- notepu X.X. B % aKTUBHOM MOIIHOCTH, IOTpeOi1eMoii

aneKkTpoaBHUraTeneM mpu Harpyske 100%.
ITpumep

Heobxonumo npoBepuTh PEHTA0CIBHOCTD 3aMEHBI 3JICKTPOIBUTaTEIIs
A92-2 ¢ HoMuHAIBHOW MoIIHOCTRIO P,=125 xBt, paboratomero c
Harpy3koi P=70 «Bt, oanekrtponsurarenem A82-2 ¢ HOMUHAJIBHON
MomHocTho P,=75 kBT.

KoaddrmreHT m3MeHeHN OTEPh MPHHAMAEM PaBHBIM k,=0,1
kBT1/kBap.
Pewenune

[Tapametpsr snextpoasuratenss A92-2 cocrasmstor P,=125 kBrT;

U,=380B; 7, =0,92; cos9=0.92; 1,,=71A; AP,=4.,4 xBT.

Omnpenensiem:

Q. =+3-U, -1 =+/3-380-71-10" = 46,6 keap;

P 125
=_" .t =——-0,426 = 58 ksap;
Q. 99, 092 P

H

x,=PIP,=70/125=0,7

24



AP,
AP . % =—X -100:£~10023,52%;
P 125

H

AP_. % 3,52

"= 007, %)-AP_ % (100-92)—4,4

xx?

AP, =p 1] [ L o105 (120920 F 1 Vg 04.p
' n, 1+y 0,92 1+0,8

AP, = [46,6-0-072)+0,72 58] 01+4,4+072 6,04 =12,58xBm

=0,8;

IMapametper snekTponsuratens A82-2 cocramstor Py = 75 xBry
U,=380B; 77, = 0,91; cose, = 0.92; I, = 42.6A; APy = 3.2kBT.

Omnpenensiem:

Q. =+3-U, -1 =+/3-380-426-10"% = 27 9 xeap;

P
Q, =—L-tgp, = 07—51 -0,426 = 35keap;

77}-[ 1

x, =PIP,=70/75=0,93

AP
APM,%:P—’“~1OO::;’—52~1OO:4,27 %;

~ AP, % - 4,27 ~
4 (100-7,,%)-AP_ % (100-91)-427

AP, =P, -, | (1 =75. 1-091) 11 =39«xBm
- A 091 ) (1+09

AP, =[27,9-(1-0932)+0,93% .35} 01+3,2+0,932 -39 = 9,97 xBm

B pesynbTaTe 3aMeHBI He3arpyKEHHOTO dJIeKTpoaBUratenst A92-2 Ha

anextpoaBurarens A82-2 MeHbpIIed HOMHWHAJIBHOW MOIIHOCTH TONYYHIIH
25



CHM)XCHHUE TIOTCPH aKTHBHOW MOIITHOCTA B JBHUTaTelIe M BHeKTpI/I‘IeCKOﬁ

CETH, paBHOE!

AP=AP,, —AP,, =1258-997 = 2,61xBm.

3aMeHa HE3arpyKCHHBIX JJEKTPOJABUTATEICH, MAake ecld OHa
OIIpaBIaHa pPacueTOM, MOXET IIPOM3BOAUTHCS TOJBKO MOCIE TIIATENIbHOMN
MPOBEPKH BO3MOXKHOCTM HX IIOJHOM 3arpy3kd 3a c4eT IMPaBUIIBHOTO
UCIIONIb30BaHMsl MPHUBOJUMBIX UMM pabOuMX MalluH. DTO MEpOIpUsTHE
ONpaBIaHO B TeX CIlIydasX, KOTAa IBHIaTeNlb BBIOpAH HENPaBWIBHO U
3aBBIIICH 110 MOIIHOCTH IO CPaBHEHHIO C pabodell MamnMHOH. YCTaHOBKa
JIBUTATENsl MOHWKCHHOW MOIIHOCTH KaK Obl y3aKOHHMBAe€T HEIOCTaTOYHOE
UCTIONb30BaHWE pabodyel MaIMHBI W B MEPCIEKTHBE MOXKET CIYXHTh
NPENATCTBAEM /ISl TIOJIHOTO HCIIOJB30BaHMS €€ IMPU COOTBETCTBYIOIIEM

YCOBEPIMICHCTBOBAHNU TCXHOJIOTMYECKOI'O Ipo1ecca.

WcxonHeie maHHbIC

Tabuuna 5
Ne Bap. P, , kBT Pzp, KBT P,-, kBT
1,16 200 140 160
2,17 160 100 110
3,18 132 70 75
4,19 110 65 75
5,20 90 50 55
6,21 75 48 55
7,22 55 34 37
8,23 45 20 22
9,24 37 19 22
10,25 30 13 15

26



[Ipomomxenwe TaOIUIIBI 5

11,26 22 12 11
12,27 18,5 9 11
13,28 15 6,3 7,5
14,29 250 164 200
15,30 315 215 250
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5.9KOHOMMIA SJIEKTPOSHEPI MU ITPU NCITOJIB3OBAHUN
YACTOTHO PEI'YJIMPYEMOI'O DJIEKTPOITPUBOJA (YPIT)

AnroputM pacdera 3KoHOMHYeckoro 3¢dexra npumenenus YPII B
HacocHbIX cTannusax LITII kommyHansHOM cdepsl [5]:

1. Onpenensercs cpenHuil pacxo/ xoaoqH0i Bobl B uac Ha UTII wm LTII,

Qcp M>/aac:
Qepues M
Q, =2 (M3/uac) (25)
720
2.  PaccumThiBacTCsI ~ MHHHMAAbHO  HEOOXOAMMBINA  Hi.os  0OMIMIA

(craTnueckuil +IMHAMUYIECKUH HAIIOPhI) HAMoOp Ipu HauOoIbIIeH mogayue mo

hopmyiie

H

Heo6x

=C-N-D [M eod.cm.J (26)

rae N-umcno sTaxed (BKIIOYas MOABAN — U MHIUBUAYAIBHBIX TEIUIOBBIX
MYHKTOB), AJIS TPYIIIBI JOMOB — YHCJIO 3TaXkel caMoro BeICOKOro aoma; C-N
- JIOTIOJIHUTENIbHBIA CTaTUYECKHUI HAmop, CO34aBaeMblii CETEBBIM HACOCOM;
C=3 — nmna cra#gapTHeIX JaomoB, C=3,5- nns JOMOB TIOBBIIICHHOM
kompoptHOCcTH; D=10 — mns omuHOYHBIX nOMOB M D=15 — mms rpymisr
JIOMOB, obcyxuBaembIx LTTI.
3. OmnenuBaeTcst TpeOyeMBId JOTOJTHHUTEIBHBIA HAMop, CO3JaBacMBIA
PEryinupyeMbIM HACOCOM:

H H

mpe6 — L peobx ch ' (27)

4. Onpenensiercs: TpedyeMast MOIITHOCTH MPeoOpa3oBaTesi YacTOTHI:

Pnll = (1'1_1'2) Hmpe6 : Qcp /(367 e N osnom )’ KkBm. (28)

Bennunny KIIJI HacocHoro arperata 77,, OHPEAEISIOT Kak
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Mwe = K- Nosnomr
rae K- onpenensror no Tabnuue 7 mns pacxona Qcp

5. OmpenensieTcs CTOMMOCTh TOJOBOW SKOHOMUH 3MEKTPOIHEPTUU
(py6./ron) mo popmyie

CAWro;L =MW,05 Copon = (Hr;bzx ~Hye06 ) Q- troa *Conon /(367‘ Muac " Mos.nom ) (29)
rae AW ., — 3JIEKTpOdHEprus, COIKOHOMIIEHHas 3a roxa, KBTu; t.,,-uncio
gacoB paboTel obOopymoBaHus B TedeHme roma; C,,,;, —1eHa 1 kBtu
3NEeKTpOdHEepTuy, pyo; Hyy, Hyyx-Hamop 1o u mocie Hacoca.
6. Ompenensercst CTOUMOCTh (pyO/TO) TOMOBOW IKOHOMHHU  BOJBI

BCJICACTBUC YMCHBIIICHUA HAIlopa:
CaBeoo =ABB.oy * Copor = 0,07 (Hebzx - HHeOGX)' Qcp 00 " Covou /10, (30)

rae AB,,, - KOIMYECTBO BOJBI, COKOHOMJIEHHOH 3a TO[, M3; Chom-lIEHA IS
BOOBI C y4eToM OYHCTKH, PyO; Hiyx, Hiueosx -Hamop, oOecredmBaeMBblii
x03gicTBeHHBIMU Hacocamu L[TTI.

7. OueHUBaeTCs OPUEHTUPOBOYHBIA CPOK OKYIMaeMOCTH JTOTIOJHUTEIHLHOTO

obopymnoBanus Ty, TeT:
Ty =Cypy ! (CAWrou + CABeaa)' (31)
rae Cuypp- CTOMMOCTH JOTONHHUTENBHOTO oOopymoBanust YPII, BkiITtowas

YCTaHOBKY.

IIpumep

Ocpuen= 7,84 M3 uen.s mecs,

N = 15 — gucno staxei (Briarodast moasain) aust [[TTI.
M = 504-uucio xwurenet B fome (14 3TaxHBIN 10M),
C = 3-mns crappaptHeix gomoB (L TIT)

I = 10-ans ogurOUHBIX qoMoB (L[TTD),
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H,,= 10 m Bog.CT.,

H,.,«=60 M Box.CT.,

Nocuon = 0.8,

Couon = 3 py0.3a 1 kBT'y,

Coom = 21,08 py6 3a 1 M XOJIOJTHOM BOJBI,
Cuyp=(80000...420000) py0., BKIItO4Yast JOCTABKY.
Pewenue

1. Ompenensercs cpenHuii pacxon xonoaHo# Boas! B yac Ha UTII nmm

LTI Q2% u:

Qcp.‘lefl M _ 7,84-504
30-24 720

Q, = =5,49% [ u.

2. H =3-15+10=55m 600.cm.

Heo6X.

3. H 55-10=45m 600.cm.

mpe6. —

12-45.5,49

=——— ' — =16«xBm,
367-0,64-0,8

4. Py

rae 17,.K M50 =08:08=0,64; K ompemensercs mo Tabmuue 7
(K=0,8 npu Q,, /Q,,,, =0,6)

5. Cywron = (60—55)-5,49-8760-3/(367 -0,64-0,8) = 3839 py6.

6. Crppo = 0,07-(60—55)-5,49-8760 - 21,08/10 = 33799 py6.

89000 89000
 3839+33799 37638

Cypr; = 89000 — cTOMMOCTB IOMONHHUTENBHOTO obOopymoBanms YPII,

~ 2,36200a.

BKJIIOYasd YCTAHOBKY.
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Hcxonneie nanHbIe

Tab6muma 6
NBap | Qcpuer | N C D Hgx Hiuix Conon Coom:
M3 mec MBOI.CT. | MBOLCT. | py63al | pyd3a
kBt/4en 1w
1,16 7,84 4 | 35 |15 7 32 1,48 21,08
2,17 7,84 5135 |15 7 35 1,48 21,08
3,18 7,84 6 3 |10 9 33 1,48 21,08
4,19 7,84 10| 3 |10 12 45 1,48 21,08
5,20 7,84 15| 3 |10 12 62 1,04 21,08
6,21 7,84 17| 3 |10 15 65 1,04 21,08
7,22 7,84 6 | 35 | 10 7 35 1,48 21,08
8,23 7,84 10| 35 | 15 15 60 1,04 21,08
9,24 7,84 13| 3 |15 15 59 1,48 21,08
10,25 7,84 15| 3 |15 17 67 1,48 21,08
11,26 7,84 17| 3 |15 20 70 1,48 21,08
12,27 7,84 5135 |10 9 31 1,04 21,08
13,28 7,84 10| 35 | 10 10 55 1,04 21,08
14,29 7,84 13| 35 | 10 10 65 1,04 21,08
15,30 7,84 17| 3 |15 10 75 1,04 21,08
3aBucumocts koddduunenta K ot orHomeHus Qep/Qon
Ta6muma 7
Qce/ 02 03 | 04 05 06 07 08 09 10 11 12 13 14
Quom
K 04 05 | 06 07 08 09 0% 10 102 1025 | 103 1035 | 14
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6.9KOHOMI DJIEKTPOSHEPI'MI B CUCTEMAX
SJIEKTPOOCBELEHU A

B ycnoBust neduimra CcpencTs, BBIACISIEMBIX 00pa30BAaTEIbHBIM
YUPEXKICHUSIM Ha DSHEpProcHaOXeHHe, O4YEeHb BAXXHO YMETh IPaBHIBHO
OIIpeZIeNIATh 3aTpaThl M COEpeXEeHUs OT BHEIAPEHMs dHeprocOeperaronux
MEpOIPUSTUH U TPOEKTOB, T.€. NMPOBOJUTH HX TEXHHKO-3KOHOMHUYECKYIO
OLIEHKY. B mponecce TEXHUKO-3KOHOMHYECKOHW OLIEHKH OMpENeIsIoTCs
CJICTYFOIIe OCHOBHBIE TIOKA3aTENH:

1) mEBeCTHUIINH (KalUTAIBHBIC 3aTPATHI), THIC.pYO.;

2) rozmoBoe cOEpeXeHHE OT BHEAPEHUS TOTO WM WHOTO MEPONPHTHH,
THIC.py0./TOx;

3) cpOK OKyHaeMOCTH MEPONPUATHS, JIET;

4) npuOBIIBHOCTh MEPONPHUATHS, T.€. CKOJBKO pyOIeil MpuObUIN TOJTyYEeHO
Ha KaXbIi BIIOKEHHBIN PYOIIb.

Wusectunmn (lp) BKIIOYAIOT BCE 3aTparhl, CBS3aHHBIE C OOLIMMHU
BIOKCHHSIMH Ha BHEJIPEHHE JHEProcOEperaromiero MepOoNpHsITHI HWIN
npoekrta. OHN BKIJIIOYAIOT CIIEAYIONINE CTAThH 3aTpar:

1) mpoexT;

2) CTOUMOCTH 000y TOBAHUS:
3) CTOMMOCTH MaTepHAaJIOB;
4) MOHTaX U HaJaJKa;

5) apyrue 3aTparthl,

6) mamormu.

I'onoBoe uncroe coepexxenne (B) — uncTie exeronnble coOepexeHus,
MOoJTyJaeMble TOCNIe BHEAPEHMSI DHEProcOeperaromero MeponpHsITHS WIN
MPOEKTA.

B=S-C, (32)
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rae S-cOepexeHHass 3a TOf dSHEprus (dNIEKTpUveckas, TeruioBas W T.1.),
Bru/ron;
C-CTOMMOCTD €OMHUIIBI YHEPTUH, pyOo/KBT 4.
Cpok oxymaemoctu (PB) - Bpems, koTopoe HEOOXOAMMO YTOOBI
WHBECTHIIH OKYIUINCH, JIET:
I
PB=—, (33)
B
HccnenoBanus NOKa3pIBalOT, YTO MHOTHE 3HeEprocOeperaromme
MEpOTIPUATHS, UMEIOIIE OAMHAKOBBIM CPOK OKYIA€MOCTH, AAIOT Pa3HyIo
npuOBIIE NMpH UX BHeApeHHH. IloaToMy IuIs pacmpenesieHus MEepOIpUSTHI
N0 MNPHUOBUILHOCTH HEOOXOJMMO OIpPEACIUTh KOI(D(GUIMEHT YUCTOU
cymectByromeii  npubbu.  KoaddunueHT 9mMcTOW  CyIIECTBYIONICH
npubsu (NPVQ) - oTHOIIEHHE YUCTOH cymiecTByolen npuosuin (NPV) k
o6umm nueectutmsam (Ip):
NPV

NPVQ = , (34)
I 0

Hambompmmmit NPVQ  ykaseiBaer Ha Hambonee NpUOBLTRHOE
MEpOTpPHATHE.

UYucrast cymecTByIOIIas MpUOBUTb ONIPEIEIIIETCS 10 BRIPAXKEHHUIO!

1-(@+r)™"

NPV =B- —lg, (35)

rae r-pcajibHad MPOUCHTHAsA CTaBKa, N-KOHOMUYECKUI CpOK CJ'Iy)K6I)I
MEPOIPHUATHSL.
Peanbnas MPpOHCHTHAsA CTaBKa OPEACIISACTCA 110 BBIPAKCHUIO!
_n.—b
- )
1+b

e n,-HOMHUHAJbHAs TMPOLEHTHAas CTaBKa (COOTBETCBYET 3aeMHOM

r (36)

MIPOIICHTHOH cTaBKM 0aHKa); b-ypoBeHs HHOISAINN.
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TIpumep

Onpenenute CpPOK  OKYNMaeMOCTH H  KOX(PUIHEHT  HYHUCTOH
CYIIECTBYIOIIEH MNPUOBIIM THpPU PEKOHCTPYKIMH CHCTEMBI OCBEIICHHS B
y49e0HOM ITOMEIICHUH.

I'eomeTprueckne pazMmepsl MOMELIEHHS: JUIMHA-0,3M., mupuHa-6,08
M., BBICOTA -3,25 M., BEICOTa paboueii MOBEpXHOCTH OT YpoBHs moja -0,8 M.,
cpeansis ocereHHOCTh -400 sk (coriacHo CanlluH 2.2.1-2.1.1.1278-03). B
MOMEIICHUH YCTaHOBJIEHO 12 nByxiamMmnoBbIX cBeTwibHHKOB JIIIO ¢
namnamu 1o 40 BT, yncno 4aco pabGoTel cBeTunbHMKOB T,=2250 y/rox.
[Ipenmonaraercst 3aMeHa CyHIECTBYIOIIMX CBETHJIBHMKOB Ha Oolee
3¢ hexTUBHBIE.
Pewenue

B pesymbrate mnpoBegeHHoro B mporpamme Dialux pacuera
MOJIy4aeM, 4YTO I OOeCleueHHUs OCBEIIEHHOCTH B 425 JK J0CTaTOYHO
ycTaHOBUTH 4 AByxJaMnoBbIX cBeTwiibHUKAa AOT PRS 258 ¢ mamnamu o 58
Br. CroumocTh omHOTO cBeTMIbHHKA cocTaBisieT -1200 py0. croumocts 1
kBT1/4 3nexTposnepruu 3 pyo/xkBT-4.

l'omoBoe moTpebIeHHE BIICKTPOIHEPTHUH CHCTEMOH BHYTPEHHETO
OCBEILEHHUS onpeessiercs 1o Gopmyie:

Weod :EPycm 'TF 'KI/I 'KHPA'
rne XP,,, — CyMMapHas yCTaHOBJEHHAs MOIIHOCTh BCEX CBETHILHHKOB

CHUCTEMBI OCBEIIEHHUs; 1~ YUCII0O 9acoB pabOTHI B TOAy HpHHUMaeM I
=2250 wyac., Ky -koadpduuuent wcnonp3oBanus, Ky = 0,8, Kppy -
ko3 dunuent noreps B IIPA. Jlnsa snexrpomarautHeix [IPA Kipp, =1,22,
JUTSL 3IIeKTpOHHBIX K7p,=1,05.

Jl0 peKOHCTPpYKLIUU:

W,,,,, =096-2250-08-1,22 = 210816 kBm - u/ 200

2
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ITocne pexkoHCTPYKIMU:

W

200.n.p

=0,464-2250-0,8-1,22 =1018,94 kBm - u/ 2z 00.

T'ogoBast 5KOHOMUSI COCTABUT:

W, , =210816 -1018,94 =1089,22 xBm-u/z00., 4TO B

(hMHAHCOBOM BBIPaKCHUH COCTaBHT
B=1089,22-3~3268 py6./rox

VcranoBka 4 ceetunbHHKOB AOT PRS 258 o6oiinércs B

Iy =4-1200 = 4800 py6.
Ha cerogssmHuii MOMEHT NO pyOJsIM pacyeTHass HOMHHAJIbHAs
NpOLIeHTHas cTaBka 6aHkoB n=23%, a ypoBeHb HH(IAIMK b=12% (naHHbIC
Ha 2014 1.)

CpOK OKYyIIacMOCTHU MOACPHU3AIINHN CUCTCMbI OCBCIICHUA:

I—O 4800 =147 zo00a.
B 3268
UHCThIN TUCKOHTUPOBAHHBIA JJOXO:
n -10
NPy =g o L= 3268-%—4800 ~1528045 py6.
r ;

e r = nr —b = 0,23_0’12 = 0,1, n =10 zem.
1+b 1+012

NHpaekc 10X0QHOCTH:

Npvg - NPV 1528045 o o
I, 4800
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Hcxonneie nanHbIe

Tabmuma 8
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7.9KOHOMU S TEIUTOBOM PHEPTUU 3A CUET IJIYBOKOM
VTWIN3ALIMU TEIUIA BJIAXKHBIX TA30B

Brnaxxaple Ta3bl BO3HMKAIOT MPU CXXHIAHHM BOJOPOAOCOJECPIKAIINX
TOIUIMB (NPUPOIHBIA Ta3, MOMYTHBIH HE(QTSIHOW Ta3, Ma3yT) M BIXKHBIX
TBEPAbIX TOIUIMB (yroib, TOpQ, TOPIOYHE CJIAHIBI) B KOTEJbHBIX,
MPOMBIIIJICHHBIX I€4ax ammaparax C HOIPYKHBIMU TOpeIKaMH U JpYTUX
TOIJIMBOUCIIONB3YIOMIMX  yCTAaHOBKAaX. BmaroconepxaHue MpPOAYKTOB
cropaHusi MokeT cocTaBiATh 100 u Gosiee rpaMMOB Ha KHIIOTPAMM CyXOT'O
ra3a. Temno Takux ra3oB MOXKHO ITIOJIE3HO HCIOJB30BaTh. Ecim mpu 3ToM
MPOUCXOJUT KOHICHCALUS BOASHBIX IApOB, TO 3TOT MHPOLECC HAa3bIBAIOT
TTyOOKOW YTHIIN3AIUEH TeTia BIaKHBIX Ta30B [6].

I'myGokasg yTunu3anus TEIUIOTHI BJAXKHBIX Ta30B  JaeT pAJX
TEXHUYECKUX IIPEUMYIIECTB;

- IpU ee OCYIIECTBICHUH HCIOJb3yeTCs HE TOJBKO (hu3nuecKas
TEIUIOTAa Ta30B, HO U TEIJIOTa KOHACHCAIIUU COJEPKAIIUXCSI B HUX MapOB;

- IIpollecc Mepesiauy TeIla CTAHOBHUTCS TOpa3fo MHTEHCHBHEE W JUIA
YTWIN3allMM ~ MOXHO  HCIOJb30BaTh  TEMJIOOOMEHHbIE —ammaparsl ¢
CYIIECTBEHHO MEHBIIEH IIOBEPXHOCTHIO HArPeBa;

- TpU KOHJCHCAllUM BIAard W3 TMPOAYKTOB CrOpaHHMs B HeH
pacTBOpsAeTCST YacTh OKHCIBl a30Ta, UYTO TIONOXKUTEIBHO BIHSAET Ha
COCTOSIHUE OKPY>KaroIlleH cpe/ibl;

- obOpa3oBaBmIMIiCSI  KOHJAEHCAaT MOXHO  HCIOJB30BaTh  Ha
TEXHOJIOTUUECKHUE HY>KIbI.

Juis  yTuaM3anMum  TemJla  BIAXHBIX  ra30B  IPUMEHSIOTCS
MIOBEPXHOCTHbIE M KOHTAaKTHBIE TEIUIOOOMEHHBIE ammapartsl. Ecmnm
UCTIOJNIB3YIOTCS aNIaparsl MOBEPXHOCTHOTO THIA, TO HX TEIIOOOMEHHas

MOBEPXHOCTH JOJDKHA OBITH 3alUINEHa OT KOPPO3HUH.
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Pacuer cucreM yTWIM3aIMM BIAXKHBIX Ta30B CYNIECTBEHHO
CIIOKHEe, YeM OOBIYHBIX TEIUTOBBIX BOP, mockopKy mporiece TeroooMeHa
COINPOBOXKIAETCA MpoueccoM MaccooOMena. Ilpm 3Ttom ommbkm pacuera
TaKNX YTHIM3ALHOHHBIX YCTaHOBOK MOTYT TIPHBECTH K HETaTHBHBIM
nociencTBusM. Ha  BeIXxosme M3 TEIUIOOOMEHHUKOB-YTHIIM3aTOPOB
HE0OXO0/IMMO TOJICP)KMBATh BIIOJHE ONpEJENICHHbIE TEMIIEpaTypbl |
KOHLIEHTPAIIMM BJIQXKHBIX TI'a30B, TaK KaK HEJb3sl JIONMYCTHTh KOHICHCAIMU
COJIepKallMXCcs B HHUX MapoB B ABIMOBBIX TpybOax W razoxonax. [lpm
HarpeBaHWM XOJOAHBIX Ta30B BO3HUKAET BO3MOXKHOCTH OOMeEp3aHMs
MOBEPXHOCTH TEIIOOOMEHa, KOTOpas yXyAllaeT paboTy Term1ooOMEeHHOTO
anmapaTa ¥ MOXET IPUBECTH K BBIXOJY €TO U3 CTPOS.

IIpn pacuere cucreM YTHIM3AIUM BIAXKHBIX Ta30B HEOOXOIMMO
pemMTh JBa BHAa 3a7a4. K mepBoMy BHIY OTHOCHUTCS OIpeiesIeHHe
KOJIMYECTBA BJArd B IIAPOTa3OBBIX CMecAX, KOTOpOE OIpelenseT
KOJIMYECTBO TCIIJIa, BBIACIIAIOIICCCA IIPU KOHIACHCAIIUM U HWHTCHCHUBHOCTDL
TeII0OOOMEHa NpU OXJaXICHWU ra3a. BTopoil BHJ 3agad cBszaH C
OTIpeZIe]IeHNEM IIJIOIAN ITOBEPXHOCTH TEIIO0OMEHa KOHIEHCAIMOHHBIX
TEIJIOOOMEHHUKOB-YTHIN3AaTOPOB ~ WJIM  ONpEACIEHHEM HX  TEIUIOBOH
Harpy3Kd WM IapaMeTpoB TEIUIOHOCHTEJICH Ha BBIXOJAE AN allaparoB C
3aJ]aHHO} KOHCTPYKIMEH U IUIOMIA/(bI0 TETTIO0OMEHHOM MOBEPXHOCTH.

Bropas rpynma 3agad OTHOCHTCA K ONPEETICHHIO IUIOIAIH
IMOBEPXHOCTHU TENI000MEHHBIX armaparos, npeaHa3sHauYCHHBIX JUIA
yTUin3aouu TCEIUIOTHI BJIAXKHOI'O BO3yXa. an_[e BCEro TaKuC amraparbl
MPE/ICTABISIIOT COOOM Ta30)KMAKOCTHBIE Kanopudepbl C TIAIKUMHA WIN
opeOpeHHbIMU TpyOkamu. Ecim TemmepaTypa XOJIOJHOTO TEIUIOHOCHTENS
HIDKE TEMIepaTypbl TOYKM POCHI TOpSYEro TEIUIOHOCHTENs, TO B
TEIJIOOOMEHHOM arapare IMPOUCXOANUT Mpoliece KOHAEHCAMH Iapa u3

napora3oBoii cmecu. IlonHas TemyoTa, TiepenaBaeMas B TaKHUX
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TETIIO0OOMEHHHKAX, CKIAAbIBACTCA M3 TEIUIOTHI OXJIAXICHHS Ia30B M TEIlIa
KOHJICHCAIINH BOJSHBIX ITapOB.

ITpouecc mepepaun Temna B TEIIIOOOMEHHHMKAX C BIArOBBINAICHHEM
CYIIIECTBEHHO HHTEHCHUBHEE, YeM B OOBIYHBIX TETUIOOOMEHHUKAX.

IIpu HeOoyBIIOM W3MEHEHHH TEMIIEpPaTypbl  TEIJIOOOMEHHOM
MOBEPXHOCTU M €CIM KOHJAEHCAllUs MMeEeT MECTO Ha BCell NMOBEpXHOCTH
TEIJIOOOMEHa, TO ONpeeNieHHE IUIOUIAaH HOBEPXHOCTH TEIIOOOMEHHOTO
ammapaTa MOXeT ObITh INpOBEIEeHO Mo Meroay KkoadduimeHra
BJIAroBbINIaJeHUs. [IpW BBIMAafeHNUM BIAard W3 Iapora3oBOM cMecH Ui
TEIIIOOOMEHHOTO arnapara ¢ INIaAKUMHU TpyOaMH IJIOImaab TETIO0OMEHHOM
noBepxHOCTH F MOXXeT OBITh paccuuTaHa Mo cIeayomuM GopMyiam:

F = Q_, K= 1 ;
K- At V(g -E)+6/ 1+ a,

@7

rne Q - TeruoBas Harpyska TeIIOOOMEHHOro ammapata; K-
ko3 duiuent Temnonepenaun; Af -cpemuss nmorapudmmueckas pasHOCTH

TEeMIlepaTyp B TEIUIOOOMEHHOM ammapare ; ¢, o, -KodddumeHTs!

TCIUIOOTAAYNU CO CTOPOHBI TOPAYErO0 MW XOJOAHOTO TCIJIOHOCUTCIIA HpU

CyXOM TeInooOMeHe; &/A -TepMUYecKoe CONPOTHBIEHUE CTEHKH, & -

KO3 (PHUIUEHT BIIATOBBINAACHUS, NPEACTABISIONUN COOOH OTHOIICHHE
KOJIMYECTBA TOJTHOTO TEIUIa, MepelaBaeMOT0 B TEIDIOOOMEHHOM ammapaTe K
KOJIMYECTBY SIBHOTO TETLIA.

O pacdera Kod(h(UIMEHTa BIArOBBHIMIANCHUS HCIOIB3YIOT

BbIpAXKCHHEC!

SH  H{-Hf
¢= =— 1 (38)
oSt cpti—t])

rae oH -pa3HOCTB SHTANBINH, O -t -pa3sHOCTh TEMIIEPATyp Ha BXOJIE B

TEI1000MEHHBIH afrmapar U Ha BbIXOJ€ U3 HETO.
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Ilpn TemnoBoM KOHCTPYKTMBHOM pacyere TeII00OMEHHOIO
ammapar 3ajaroT ollmee KOJMYECTBO MepeaaBaeMoro B HEM Teluia, a
CIIeNOBAaTeNIbHO, M PA3HOCTh OHTANbIIMA Ha BXOJAE M Ha BBIXOJC.
HewnsBecTHBIM sIBIS€TCS 3HAUCHUE TEMIIEpATyphl Ha BbIxone. Onpenenutsb
9TO 3HA4YeHWE TMPU MaJIOM H3MEHEHHHM TEMIIepaTypbl  XOJIOJHOTO
TEIJIOHOCHUTENST (M TOBEPXHOCTH TEIUIOOOMEHA) MOXHO CIEAYIOLINM
obpasom. B H-d —guarpamme mporecc 00paboOTKH BO3AyXa HPH MajoM
U3MEHEHHH TEMIEpaTypbl INpeJCTaBiIsieT co0ol  NpsAMYI0  JIMHHMIO,
COCIMHSIONIYI0 TOYKH, COOTBETCTBYIOIIME COCTOSHHIO BJIAKHOI'O Ta3za Ha
BXOJIC B TCIUIOOOMEHHHUK M COCTOSHHIO HACBHIMICHHBIX BOISHBIX MApOB IPH
cpenHeil TeMmmepaType IOBEpXHOCTM TeIUIOOOMEHa (MX IOJIOKCHHE
COOTBETCTBYET KpPHBOl HACBILICHUS W TeMIlepaType IIOBEPXHOCTH).
Koneunas TEMIIEpaTypa BJIAXKHOI'O rada JIC)KUT Ha NEPECCUCHHUU JIMHUU
00pabOTKU BO3AyXa U JIMHUM MOCTOSHHOW SHTAJBIIMH, COOTBETCTBYIOIICH
mapameTpaM BJIQKHOTO Ta3a Ha BbIxofe (puc.2). OmpeneneHHas TakuM
00pa3oM TemIiepaTypa MO3BOJSCT HATH KO3 PUIIMEHT BIaroBhINaACHHUS U

paccuyuTarh IJIOMAaJlb NOBCPXHOCTU TEIUI00OOMEHa 110 MNPpUBCACHHBIM BBbIIIC

hopmymam.

Puc.2 TIpoueccet B H-d —auarpamme
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B GonpmmHCTBE CIydaeB B TEINIOOOMEHHHKAX JUIS YTHIIM3ALHUHK TeIlIa
BIIQXKHBIX Ta30B HCIOJIB3YIOTCSA OpeOpeHHBIE IOBEPXHOCTH TEINIOOOMEHa.
Torma gmms pacduera KodpduIMEHTa TEIUIONEpesadd CO  CTOPOHBI
OpeOpEeHHO TOBEPXHOCTH CIIPABEIUBEI (DOPMYJIBL:

1

- I e
K_J/(al-n-t//-é)m/m]/az' n=1 » a-n,). (39

e y=F, / F, - kxoddduruent pa3BuUTHA HOBEPXHOCTH B

opeGpeHHoM Temnoobmennuke; 77 - KIIJ{ opeOpeHHOH OBEpXHOCTH; 17, -

KIIJ] peOpa, BBIUHCISAEMBIH 10 W3BECTHBIM ¢dbopmynam, MO0
HOMorpamMMam. HeoO6XoauMo MOMHHTE, YTO B CIIydae ABM)KEHHS BIIAXKHBIX
ra3zoB KIIJI pebpa m3mensercs. Ero MOXHO MpHONMKEHHO BBIYUCIUTH IO
TeM ke (opMyiiaM, uTo Ui CyXHuX pedep, HO KOI((GHUIMEHT TEIUIO0TIAYH,
BXOJAIIMI B 3TH (OPMYIBl BBIYUCISETCS B OITOM CJlydae C y4eTOM
K03 (PHINEHTA BIATOBBIMACHHUS:
Xpnan = C1° g (40)

YacTo BO3HMKAeT 3ajaya IIOBEPOYHOrO pacyera TEeII00OMEHHOTO
ammapara, B KOTOPOM HEHM3BECTHOW BEIMYMHON SBIAETCS KOJIUYECTBO
MepeaaBaeMoro TeIula, a IUIOIab MOBEPXHOCTH M HA4YaJIbHBIE MapaMeTpsl
TEIUIOHOCHUTENEH CYHMTAIOTCS 3aJaHHBIMH. B 3TOM ciydae Heo0XoauMo
NpeBapUTEIbHO  3aJaThCsi  KOHEYHOH  TEMIIepaTypodl  XOJOJHOTO
TermioHocuTens. Jlanee ompenensieTcsi TEIUIOBask Harpyska, koaddummeHt
BJIArOBBINIAJICHUS, KO(GHUIMEHT TeIIonepeadd M BBIYUCIUTE HOBOE
3HaUCHHWE TEIUIOBOM HArpy3KW I10 3aJaHHON IUIOLIAZM ITOBEPXHOCTH
anmapara. JlanpHeHmmid pac4€r MPOBOIUTCS METOIOM TOI00pa 3a1aBaeMO
KOHEYHOH TEeMIIepaTyphl XOJIOJHOTO TEIUIOHOCHUTENS, IOCKOJIBKY METOJ
MOCJIEIOBATENbHBIX MPHOIKECHNH MIPHU pEeIIeHNH 3TOH 3amadu OOBIYHO HE
CXOJIUTCSL.

IIpumep
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Omnpenenute 53KOHOMHIO TEIUIOBOM SHEPTUM TIPH  yCTaHOBKE
TETJIOOOMEHHMKA AT yTWIN3AIMK TEIUIa BIAKHBIX MPOIYKTOB CTOPAHUSL.
TemmooOMeHHHK TIpeAcTaBiIsIeT coOoi  Kamopudep ¢  OpeOpEHHBIMH
TPYOKaMH C IUIOIIABI0 OpeGpeHHoi oBepxHocTH 114 M2

Temmeparypa mocTynaromux B TEIUIOOOMEHHUK T'a30B COCTaBIISIET
135°C, ux Bnarocojep:xanue — 0,12 kr/kr. [IpoyKThl CrOpaHUs CIyKAT IS
Npe/IBapUTEIBHOTO IOJOTPEBa BOIBI, ITOCTYIAIONIEH B TEIUIOOOMEHHUK C
temreparypoit +9°C. KoahpuIMeHT TerooTauu mpu cyXoM TEIioooMeHe
o CTOpOHBI Bo3ayxa cocrasisier 22,1 Br/(M*K), co croponsr Boms — 11000
Br/(M*K). Pacxon TrasoB uepe3 TemmooOMeHHHK cocTamser 1,48 kr/c,
pacxon xxunkocta 7,0 Kr/c.

PebOpa m3rotoBieHsl U3 amOMHUHUS, X TonmmHa — 0,5 MM, BbICOTa —
10 MM, k03¢ ULHMEHT pa3BUTHUS TOBEPXHOCTH Ipu opedpernu — 10.
Pemenue

3ajagM  KOHEUHYIO  TEeMIeparypy BOJBI Ha  BBIXOIE W3
terooOMennnka — 25°C. TemoBas Harpyska TeIIOOOMEHHUKA IPH 3TOM

COCTaBUT
Q =G, -Cpy(th —t{) =7,0-4200- (25— 9) = 470,4-10° Br.

OHTalbIMsI Ta30B Ha BXOJIE B ammapaT MOXKET OBITh OMpejiesieHa Mo

H-d- quarpamMme unm BeIYKCIIEHA IO HOPMYIIE:
Hf: t'.ll. : Cpl + X]I.(r +q(cp)napa);
H; =135-1,005+0,12 - (2480 +135-1,98) = 466,0 x/Pric/xe;

DHTAJIBIINIO Ta30B Ha BbIXOC U3 arlrapaToB Haﬁ,ﬂ[eM N3 BBIPAKCHUSA!

" ' Q .
Hl:Hl_G_’
1
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4704
H"=4660-——=1482 «xlpi/ke.

1
y

TeMnepaTypa ra30B Ha BbIXOA€ M3 ammnapara HaxXOJUTCA I10 H-d-
Auarpamme Ha  JIMHHUH, COG)II/IHSIIOHIeﬁ TOYKH, COOTBETCTBYIOIIIUEC

HayalbHBEIM TlapaMeTpaM ra3a M CpPEeJHHM MapamerpaM BOAbl  (CM.
o
npunoxeHue), u cocrasnser t) =356 C

Temmeparypa TOYKM POCBHI Ha BBIXOJE Ia30B M3 TEMIIOOOMEHHHKA
cocrasisier 32°C. Takum 06pa3oM, OHa BBILIE, YEM TEMIIEPATYPA XOJIOJHOTO
TCTIOHOCHUTEJIS, M KOHJCHCAIWS Tapa M3 BIAXHOTO Ta3a MMEET MECTO Ha
BCEH TIOBEPXHOCTH TEIIOOOMEHA.

ITo monyueHHBIM 3HAYEHUSIM TEMIIEPaTyphl U SHTAJBIIMU BBIUHUCIUM

KO3((PHIUEHT BIArOBBIMAJCHUS. TCIUIOEMKOCTh JBIMOBBIX Ta30B OepeM U3

TabIuIE! [7] paBHOH C,=110 kJx/(xrK).

Hi-H; 466,0-148,2

Cp (t -t 110-(135-35,6)
BrruncngeM CpemHIO JTOTapH(pMHUYIECKYI0 pa3HOCTh TEMIEpaTyp B
TEIUIOOOMEHHHUKE, TIPUBOAS  MEPEeKPECTHOTOYHYIO CXEMY  JBIDKEHHS

TETJIOHOCUTEJIEH K IPOTUBOTOUYHOM:

-t = (t -t _ (135-25)—(356-9 o
Atnz(l 2(:, (t{) ), Atnz( (1;5(25) ) _ser°c
In~—21_27 In—/—/—— =/
(t/-t3) (35,6 -9)

Jdnst  BbluMcneHus: Kod(pQUIMEHTa Terionepenadyd HeoOXOIMMO

Haiti KI1J] Bnaxkxnoro pedpa. OnpenensiemM napaMeTp m:

2-221
m=_|———-3.20 =35,5.
0,0005- 204
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OddexTuBHOCTE Kpyriioro pebpa MOXKET OBITH OmpeaeneHa 1o

HOMOTpaMMe HJIM BBIYMCIICHA 110 (popmye:

th(mh3/d/dg) th(35,5-0,010- 3/0,039/0, 018) _
Mo =——a=—=—3 7
" mn3d/d, ® " (355.0,010-3/0,039/0,018)

KII/I opebpeHHOV TOBEpXHOCTH:

,935.

w-1 10-1
n=1-———-(@1-ny) =1-——-(1-0,935) = 0,942.
v 10

Koadpdrmmenr  temronepemadmr CcO  CTOPOHBI  OpeOpeHHOH
IIOBEPXHOCTH (TepMHuYECKIM COIIPOTUBIIEHUEM CTEHKU TpyOBI
npeHebperaem):

1 1
) Y(agné) +ofay ) 1/(21,1-0,942-10-3,62) +10/11000 )

Hogoe 3na4eHue TemoBoi Harpys3kKku TEIIO0OMEHHHUKA:

Q=K-F-Aty; Q=627-114-58,7 =4203.10° Br.

HoBoe 3HaueHne TEMIIEPATYPhI BOJABI HAa BBIXOAE U3 allrapara:

. Q 404,4 o

HpI/IHI/IMaeM HOBO€ 3HAYCHUE TEMIICpAaTypbl BOABI Ha BBIXOJC
CPEHUM MEXIY HEPBBIM NPHOJIMKCHUEM W BHOBD ITOJYYE€HHBIM 3HAaUCHHEM
t,;=24,2°C.

IToBTOpsieM pacueTsl, IMOKa TEIJIOBasl Harpy3ka TeNJI0O0OMEHHHKA He
Oyzet MeHATHCS Oornee yem Ha 1%.

B pesynbrare mnonyyaeM OKOHYATEIbHOE 3HAYEHUE TEIJIOBOM
Harpy3Kd, TEMIepaTypbl BOJBI Ha BBIXOJE W3 TEIUIOOOMEHHHKA, a TaKXkKe
TeMrepaTypsl Biarocojepxanus (o H-d-muarpamme) mapora3oBoit cMecu

Ha BBIXOJI€ U3 TEINIOOOMEHHHUKA.
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ty =244°C; Q=4515-10° Br; t; =40,6°C; X = 0,047 xr/xr.
HcxonqHelie naHHbIE

Tab6muma 9
Ne Fm° tl' °c Xl’, - tg °c ! oc Gy.xr/c | Gy,kr/c
BapuaHTa
1,16 50 165 0,08 6 35 1,0 3,0
2,17 60 160 0,085 7 34 11 3,5
3,18 70 155 0,09 8 32 1,2 4,0
4,19 80 150 0,095 9 30 13 4,5
5,20 90 145 0,10 10 29 1,42 5,0
6,21 100 140 0,11 9 27 1,44 55
7,22 110 | 135 0,12 8 25 1,46 6,0
8,23 120 | 130 0,13 7 23 1,52 6,5
9,24 130 | 135 0,12 6 25 1,6 7,0
10,25 140 | 140 0,11 5 27 1,7 7,5
11,26 150 | 145 0,10 6 29 1,8 8,0
12,27 160 | 150 0,95 7 31 19 8,5
13,28 170 | 155 0,9 8 33 2,0 9,0
14,29 180 | 160 0,85 9 35 2,2 9,5
15,30 190 | 160 0,8 10 36 2,4 10,0

JlaHHBIe, KOTOpBIE HE yKa3aHbl B TabiMIle, OepyTcs U3 MpuMepa peneHus.. 8.
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8. SHEPI'OCHABXEHUE B CUCTEMAX BEHTUIALIUN

W3BecTHO, dYTO CHCTEMBl BEHTWLIIUHU SIBISIOTCS BTOPBIM IO
3HAYUMOCTH, a JJIsI OOLIECTBEHHBIX M NMPOMBIIUICHHBIX 3JaHUH HEPEAKH H
MEePBBIM, MOTPEOUTENEM TEMJIOBOW JHEPTMU IIOCIE CHCTEMBI OTOILICHHS.
ITomuMo TemnoBOW »SHEPrHMM MPUTOYHBIE BEHTUISALIMOHHBIE CHUCTEMBI
MOTPEOJIAIOT 3JEKTPUYECKYI0 DHEPrHI0, Ha COOTHOIICHMS MEXIy HHMH
TaKOBO, YTO TEIJIOBas DSHEPrHs cocTaBisieT mnpumepHo 90% obmero
MOTPEOICHNUS PHEPIOPECYPCOB.

Cpenn  sHeprocOeperalonIMX  MEpONPHUSTHH,  CBS3aHHBIX  C
COBEPIICHCTBOBAHUEM IIPOIIECCOB M HJIEMEHTOB BEHTWIAMOHHBIX CHCTEM,
MOYXHO BBIJICIIMTH:

- OpaBWIbHBIA  NOAGOP  BEHTWISATOPa B COOTBETCTBHH  C
a9POJUMHAMHUYECKOM XapaKTEPUCTUKON CETH;

- IOpUMEHEHHE YacTOTHO-  PEryJHpyeMoro  3JIEKTPONpUBOJA
BEHTWJIITOPOB C LEJBIO PETyIMPOBAHMS pacxo/a BO3IyXa;

- TEIUIOBYIO W3OJIIIIMIO BO3AYXOBOJOB B MECTaX MpPOKIAAKH C
TIOHIDKEHHOH TEMIIepaTypoil BO3/1yXa;

- UCIIOJIb30BAHUC TCIIJIOTHI BCHTHIIALIMOHHBIX BI)I6I)OCOB; COBMECCTHOC

MIpUMEHEHHE 00Ie0OMEHHON U MECTHON BEHTWISIINN.

Bo3nyiiHble 3aBechl

BOB,I[yH.IHBIe 3aBEChI NPEAHA3HAUCHBI JJI UCKIIFOYCHUA (HOJ'IHOFO nim
IIaCTI/I‘IHOI"O) INPOHUKHOBCHUA XOJOAHOIO BO3JyXa B 060rpeBaeMoe
IMOMCIICHUE YCPE3 OTKPLITYHO JABEPbL WJIM BOPOTA. C srToi Lejib B CTBOPE
JABEpHU WX BOPOT CO34ACTCA 30HA IIOBBIHNICHHOTO OAaBJICHUA, YTO
JOCTUTACTCA HAIIPABJICHHBIM IIOTOKOM BO34ayXa B BHUJC TUIOCKOM CTpyH,

UMEIOIIET0 BBICOKYIO CKOpOCTb. Bo3aymHas 3aBeca IpENATCTBYET
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MPOHUKHOBCHUIO XOJIOJHOTO BO3AyXa BHYTPh IOMEIICHHS W BBIXOIY
TETIJIOTO BO3/AyXa U3 TIOMEIICHUS.

Pacxon Bo3zmyxa depe3 mpoeM ABEPH WIIH BOPOT 3aBUCHT OT PA3HOCTH
JaBICHUI W TEMIIepaTyp BHYTPH W CHApY)XH, a TaKXKe HalpaBICHUS H
cKopocTu BeTpa. Teruiblif BO3AyX BHYTPU IOMEINEHHUS HMEET MEHBIIYIO
IUIOTHOCTb IO CPABHEHMIO C XOJIOJHBIM BO3JYXOM. OTO BBI3BIBAET Pa3HUILY
JIaBJICHUI B mpoeMe JBepH. XOJOAHBIH HapyXHBIH BO3AYyX BpBIBAcTCS B
MIOMEIICHUE Yepe3 HIDKHIOI YacTh pOeMa JIBEPH, a TEILIbIi BbIJaBIMBACTCS
Yyepe3 BEPXHIOIO JacTh.

TenoBble MOTEpH M3-3a MPOHUKHOBEHHSI XOJOJHOTO BO3IyXa depes3
HE3alMIICHHbIC BEPH M BOPOTa MPOHOPLUHOHAIBHEI PACXOMY XOJOIHOTO
BO3/IyXa IIPOHHMKAIOMIETO B IIOMEIICHWE, K Ppa3sHOCTH TeMIIepaTyp
BHYTPEHHETO M Hapy>KHOTO BO3AyXa. 3ajaya BKIJIIOYAECTCA B OINpPECIICHHU
pacxona Bo3AyXa 4epe3 NMpoeM BopoT WM JBepH. CyIiecTBYeT HECKOJIBKO
METOAMK pacueTa pacxoja. Eciam TemmnepaTypa BHYTPEHHEIO U Hapy>KHOTO
BO3JlyXa M3BECTHBI, TO MOIYT OBITh OIpENeNeHbl WX IUIOTHOCTH W,
CJIC/IOBATENIFHO, pa3HMIA JABICHUII M pPacxoJ]] BO3AyXa depe3 IBEpPHOU
npoeM. C ydeToM NEeHCTBHS BETpa Pacxo]l BO3/LyXa MOXKET OBITh ONpeeseH

u3 ypaBHenwus [8]:
05

L, =BH [0,333- Kg-(g-H-2p/p) +0,25v/2J (41)
rae B- mupuna nsepu, M; H-eicota nsepn ,M; Kg- xosdbdunument pacxona
Bo3ayxa ( I HesammmeHHsx agepeii 0,8- 1,0); g = 9,81 m/c?, yckopennue
CBOOOMHOTO MajieHus; Ap- pa3sHUIA MJIOTHOCTEH BO3AYIIHBIX Macc; pO -
CpenHsisi IUIOTHOCTh BO3AYLIHBIX Macc; V- CKOPOCTb BeTpa MO YIJIOM K
nBepH, M/c; 0,25- yacToTHbINA (hakTop HampasiaeHus BeTpa. OOIMX pacxoma0B

BO3AyXa UYepe3 OTKPHITYI0 IBEph MpEACTaBiIseT cob0il CyMMy pacxomoB,

00pa3yronmxcst BCICICTBUE Pa3HUIIBI TaBIICHUH W BO3JIEHCTBUS BETPA.
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Bo3mymnas 3aBeca cozgaeT Oappep B OTKPBITOM IIPOEME JBEPH,
KOTOPBI NpEeAOTBpAILAET HeXeJlaTeNbHbIN pacxon BO3/yXa.
O¢ddexTnBHOCTE 3aBechl ompenenseTcss KodQPHUIMEHTOM pacxoja BO3IyXa
yepe3 BOpOTa (IBEPhb), KOTOPBIH 3aBHCHUT OT pacxoja BO3AyXa B 3aBece,
KOHCTPYKLIMH 3aBEChl (OJHOCTOPOHHSS WM JBYXCTOPOHHSS, yriia IOJauu
BO3/lyXa).

IIpy mnpoexkTHpOBaHMM BO3AYIIHBIX 3aBeC Yy BOpPOT (IBEpH)

HeOGXOZ[I/IMO OIpCACIINTDb LBP - KOJIMYCCTBO HApPY’>KHOTO BO3JyXa,

BPBIBAIOIIETOCS B BOpOTa Ipu paboTe 3aBechl, B M/4; Q-pacxoj Temia Ha
HarpeB HapyXHOTO BO3JyXa, BPBHIBAIOLIErOCs B IOMEIIeHHE, B KBT; b-
HIMPHHY LIENH 3aBECHI B M; L3-pacxon Bo3ayxa Ha 3aBecy B M/,

IIpu mnpoexkTHpoBaHHE 3aBeC y J1Bepedl OOILIECTBEHHBIX 3IaHMI

KOJIMYECTBO HAPY>KHOTO BO3/1yXa, NPOHMUKAIOUIET0 B IIOMELIEHUE MOXKHO
paccuMTaTh, HAPUMEP HOMb3YsACh popMynot s L, .

1 Ipou3BOACTBEHHBIX MOMEUICHUM MAaCCOBBII PACX0 HAPYKHOIO
Bo3ayxa Ggp (KI/C), MOCTYNAKOIIETO Y€PE3 BOPOTA NPU OTCYTCTBHH 3aBECHI,
COTJIaCHO PEeKOMEHJAIMAM [9], MOXKHO HaiTH, pyKOBOACTBYSCH ITPaBUIAMHU

pacuerta aspaunuvu. I[J'I?[ S,HaHHﬁ co CPaBHUTCIILHO HEOOIBIINMHU

TETIOBBIACTICHUSIMU
G, = A+(a+K-v)-F, (42)
rie A m o - pacxoXsl BO3/yXa, ONpEAeNsieMble B 3aBUCHMOCTH OT
pacdeTHOH TemmepaTypbl ty HApYXXHOTO BO3AyXa JUIS IPOECKTHPOBAHMS
OTOIUICHHUSA. OTH BeIWMYMHBI Haxomsrcs mo Tabm 10; K- ycrmoBHBIH
k03¢ dununeHt, st BOpoT pazmepoM 3x3 M koapduiment K pasen 0,25, ms
BopoT pazmepom 4x4 M- 0,20; V-ckopocTh BeTpa B M/c; F- mromans ceueHust
IIaXT ¥ OTKpPHIBaeMBIX (pamyr B (oHapsx B M (3HaueHHME A U «

npuBeaeHsl B Tadn. 10 [9]).
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TemnoBas momHOCTh (KBT), HeoOXommmas aiisi HarpeBa BO3IyXa,

BPBIBAIOMIETOCS B BOPOTa, 0€3 3aBeCHl HaXOIATCs 1Mo popmyie:
Q=G, ¢, (t, -t,)k (43)

rae G, -MaccoBblif pacxoj BphIBalOLIErocs Bo3ayXa (KI/c), Cp-

TeII0OeMKOCTh Bo3ayxa (kxJ[x/(kr-K)), tg- Temmeparypa BHYTpEHHETO
BO3AyXa; ty- TeMmImeparypa HapyXHOTO Bo3ayxa; k-xoa¢¢urmenT,
YUYUTHIBAIOIIUH (paKTHYECKOe BpeMsl OTKPBHIBAHHS BOPOT B TEUCHHE daca

(k= z’/ 60 , 7 - BpeMsI OTKPBIBAHUSI BOPOT B MHUHYTAX).

TennoBas momHocTh (KBT), HeoOxonumast A HarpeBa BO3AyXa,

BPBIBAIOLIErocs B BOPOTa ¢ pabOTaroIIel 3aBecoil, HAXOAUTHCS 1O (popMyIe:
3

Q=G’w -c,-(t, ~t, )k, (44)

3HaueHHe A WM @ TpU OMNpeleNieHHH HapyXKHOTO BO3/IyXa,

MOCTyHAaromero 4epe3 BoOpoTa npru OTCYTCTBUU BOS,I[yH.[HOﬁ 3aBCChI

Tabmuna 10
Pasme | Buyrpenns | 3Haue Temmneparypa HapyKHOTO BO3ayXa ty, °C
pHI s HUS -10 -15 -20 -25 -30 | -35 | -40
BOPOT, | TEMIEpaTyp | & #
M a  BO3NMyXa, | A,
°C Kr/c
3x3u +5 a - - 1,27 1,38 | 1,46 | 1,51 | 1,55
4x4 +15 - 1,27 1,4 1,5 155|158 | 1,6
3x3 +5 A 6,0 50 58 6,6 74 | 81 | 89
+15 6,5 7,3 8,0 88 | 94 | 100
4x4 +5 A 10,0 11,6 13 14,5 16 | 175 | 19
+15 12,7 13,9 15 16,3 | 175 | 188 | 20

Pacuer  BoO3mymHOI  3aBechl  NIPOM3BOAWTCA MO  rpaduKy,

npuBeZieHHOMY Ha puc.3. Ha rpaduke mpuBeneHBI KpHBBIC BCACBIBAHUS W
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HarHetanusi. KpuBbIMH HarHeTaHUsl CIIEAYeT IOJIb30BaThCS, KOTZAa BOPOTa
HAXOJSATCSl MOJ HEMOCPEACTBEHHBIM BO3JCHCTBHEM BeTpa. YTOJI HAKJIOHA
CTPYH BO3[yXa K IUIOCKOCTH BOPOT MPU OOKOBBIX 3aBECaX PEKOMEHIYETCS
3amaBath « = 45° M HIDKHUX 3aBeC BO M30eKaHNE «HAJIHUIIAHUS) CTPYH Ha
moJ ciemyeT orpaHmduThes yrimom « = 40-35°. Ilpm pacuere 3aBec C
HIDKHEH ToJadell clelyeT WCIONb30BaTh KPHBOW BcackiBaHus. [lo ocu

abcIuce  OTJIOKEHO OTHOCHTEIbHOE KOJHUYECTBO BO3ayXa, KOTOpPOC

3

HeoGX0IMMO TIOIaBATH TETLIoBoii 3aBecoit (( =G, /G, ,

3aeck G, - pacxon

BO3lyXa, oOecreunBaeMblii  3aBecoit; G, - pacxon  Bo3ayxa,

BPHIBAIOIIErOCS B IIOMECIICHHME IIPM HAIMYUH TEIUIOBOH 3aBechl), Kg-
k03(hGUIneHT pacxoja Bo3ayxa (OTHOCHTENBHBIM pacxoja BO3IyXa,
MPOPBIBAIOLIETOCS B TIOMEIIEHNE) NpH paboTaromel TeroBoit 3aBece. Uem
OouipIie MTPOM3BOANTEIHHOCTH MO BO3AYXY TEIUIOBOH 3aBece, TeM MEHBINE
OTHOCHTENIbHAs JOJS BO3AyXa, MPOPHIBAIONIETOCS B MOMeENeHHe. B

pacueTtax HNpOU3BOAUTCIBHOCTHU TEIUIOBOK 3aBEChHI II0 BO3AYXY 3a4at0TCsA

o 3
BenuunHOl Kg m 1o rpaduky Ha puc.3 Haxomar (=G, / G, , a 3areM
o 3
HeoOX0oUMBIH pacxos Bo3ayxa, kak G, =(- G, .
/UA’Q, mz
A . v T T T T
s = Q OOCHOCmOpOHHAS PP L
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Puc. 3 3aBucumocTs K03 QHIIEHTa pacXoa OT OTHOCUTEIHLHOTO

pacxoJa Bo3ayXxa B 3aBeCe

50



Pacxox Temma (xkBtu) 3a mepmon BpemeHm u (B dHacax) 0Oe3

JIEHCTBYIOILEH 3aBECHI:
Qn:GBP’Cp'(tB_tH)'n'k’ (45)

Pacxox Temma (kBT 4) 3a mepmon BpemMeHH n (B Hacax) C
JIEHCTBYIOILEH 3aBECOM:
Qn =G -Cp - (tg ~tgp)- -k, (46)
Pacxop Temia Ha mporpeB BO3yXa, BPBIBAIOLIETOCS B OMEIICHNUE,
YUUTBHIBAETCS B TEINIOBOM OajiaHce P pacdyeTe OTOILICHHS.
OTHOcUTENbHAsT SKOHOMHMSI TEIJIOBOM JHEPruH (OTHOCUTEIHHOE
CHIDKEHHE MOTeph uepe3 IpoeMbl) NpH padoTaroliel TemIoBoil 3aBece

MOJKET OBITh BRIYHCIICHA 110 ClIeayrolei Gopmyie:

A K t, —t,
_Q:l_—q |‘<q_|_q.|3:—|?:> , (47)
QIIOT Kq+q tB _tH

TZie - TEIUIOBBIE TOTEpH uepe3 MpoeM Oe3 AeHCTBYIOmEeH TeIruIoBOi
3aBECHI.

Ecmu tenmoBoii OanaHC 34aHUS MPEICTABUTH KakK
Qg =Qorp + Qupo + Qrior = Qra» (48)
rae Qg — MakcuMalnbHas (TpU pacueTHBIX YCIOBUSX) Harpyska mo
oTomneHuIo, a ( Qo - TEMIOBBIE MOTEPH, CBA3AHHBIE C NPOHUKHOBEHHEM

XOJOZHOTO BO3AyXa 0e3  JeicTBYIOmIEH  TEIIOBOH  3aBeChl, TO

OTHOCUTCJIbHOC YMCHBIICHUC MaKCHUMAaJbHOW OTONUTEIHLHOM Harpysku I1pu

o o o 3
JACUCTBYIOIICHU TCIIJIOBOU 3aBECC ( QO ) MOXXHO 3a11McaThb B BUJIC
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3 K P
Q Q t, -t

=0 —g_cmor. 3 K 4+q-—2 (49)

o° Q" K + q P _tP

0 0 a4 B H
VYpaBHEHHE TIONYYEHO IPU YCIOBHM HEU3MEHHOCTH OCTalbHBIX
COCTaBIIIOIIUX TEIUIOBOro OanaHca. B ypaBHeHHe BXOAAT JBa IapaMmerpa:
JONd TOTEph 4Yepe3  HE3alUIICHHBIH @poeM OT MAaKCUMaJIbHOU

OTONUTENBHONW HAarpy3Kd U TeMIeparypa BO3IyXa, II0JaBaeMoro B

MIOMEILEHUE BO3AYIIHON TEIJIOBOM 3aBECOM.

IIpumep
Paccunrate  sHeprocOeperatommii  3pdexkT OT  TpUMEHEHUs
BO3JIyLIIHOW TEIUIOBO# 3aBECHI Y BOPOT IPOU3BOJCTBEHHOTO TIOMELICHHS IPU

CIENYIONINX YCJIOBHSAX: pasMmep BOpOT 4x4 M; IUIOIIAAh CEUEHHUS IIaXT
F=2M% pacderHas TeMmIepaTypa HapyXHOTO BO3IyXa t,= -26 °C;

BHyTpeHHsist Temiepatypa [, = +15 °C, ckopocts Betpa v = 3 M/c, Bopora

OCTalOTCSI OTKPBITBIMH B TCUCHHU 20 MumH exedacHO. 3aBeca
JIByXCTOPOHHSA ¢ OOKOBOI! Io1aueii Bo3ryxa.
Pemenue

IMonp3ytoch  Tabm. 10, ompenenuM — KOJWUYECTBO  BO3/AyXa,

MOCTYTAIOIIETO B TIOMEIIEHHE Yepe3 BOPOTa MPH OTCYTCTBUH 3aBECHI:

G, = A+(a+K-v)-F, G, =163+(15+0,20-3)-2=205 «r/c;

G,, =20,5-3600 = 73800 kr/u;
3anaemes K =0,4 ( mpu K —0 npon3BoauTeNbHOCTH 3aBECHI 110

BO3AyXy OymeT MaKCHMaJbHOW); TOTJa MAaCCOBBI pacxo] BO3IyXa,

MPOPBIBAIOMICTOCA B IOMCIICHUEC IPHU HAJTUYUEC TEIIOBOM 3aBCChI, 6y)_IGT
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G’ =04G,; G =0,4-73800=29520x2/u;;

G:P =29520/3600 = 8,2x=/ c.

Ilo rpaduxky Ha puc. 3 ompenensieM, 4TO OTHOCHTCIBHBIA PacXoj
BO3AyXa, IIOJJaBA€MOTO BO3IYIIHOW 3aBecoif, cocraBmier ( = 0,65.

MaccoBslii pacxoll BO3Ayxa, I0AaBAEMOI0 BO3AYLIHON 3aBECOM COCTABIISET
G =q-G’ =0,65-29520=19188  kr/u.
3

TemoBast MOIIHOCTB, 3aTpaynBaeMas Ha IIOAOTPEB BO3IyXa:

- 6e3 3aBechl

Q=20,5-1,005- [15-(-26)] - (20/60)=281,6 kBrT;

-C 3aBeCOW MPOM3BOIUTEIHHOCTRIO 19188 Kr/4 mo Bo3ayxy

Q=8,2-1,005- [15-(-26)] - (20/60)=112,7 kBr.

MakcumanbHas SKOHOMHs TeMIOBOi dHepruu Oyner npu K, —0 u
TeopeTHdecku coctaBuT 281,6 kBT, npum 3TOM pacxonq BO3AyXa,

[10J1aBAaEMOr0 3aBeCOi JoJkeH ObITh 73800 Kr/4.

Hcxonnble JaHHbIE

Tabmuma 11

Ne Pazmepst F,M2 tH °C tB °C V, M/c K T ,MUH
Bapu- | BOPOT, M
aHTa

1 3x3 1,2 -10 +15 5 0,25 10

2 4x4 2 -15 +16 4,9 0,2 11

3 3x3 13 -20 +17 4,8 0,25 12

4 4x4 2,1 -25 +18 4,7 0,2 13

5 3x3 1,4 -30 +19 4,6 0,25 14

6 4x4 2,2 -35 +20 4,5 0,2 15
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7 3x3 15 -40 +25 4,4 0,25 16
8 4x4 2,3 -40 +15 4,3 0,2 17
9 3x3 1,6 -35 +16 4,2 0,25 18
10 4x4 2,4 -30 +17 4,1 0,2 19
11 3x3 1,7 -25 +18 40 0,25 20
12 4x4 2,5 -20 +19 3,9 0,2 21
13 3x3 18 -15 +20 3,8 0,25 22
14 4x4 2,6 -10 +21 3,7 0,2 23
15 3x3 1,75 -10 +22 3,6 0,25 24
16 4x4 1.9 -15 +23 3,5 0,2 25
17 3x3 1,65 -20 +24 3,4 0,25 26
18 4x4 18 -25 +25 3,3 0,2 27
19 3x3 1,55 -30 +15 3,2 0,25 28
20 4x4 1,7 -35 +16 3.1 0,2 29
21 3x3 1,45 -40 +17 3,0 0,25 30
22 4x4 1,6 -40 +18 2,9 0,2 28
23 3x3 1,35 -35 +19 2,8 0,25 26
24 4x4 15 -30 +20 2,7 0,2 24
25 3x3 1,25 -25 +21 2,6 0,25 22
26 4x4 2 -20 +22 2,5 0,2 20
27 3x3 1,15 -15 +23 2,4 0,25 18
28 4x4 2,25 -10 +24 2,3 0,2 16
29 3x3 1,1 -10 +25 2,2 0,25 14
30 4x4 2,45 -40 +15 2,1 0,2 12
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9. PACYET TEIUIBIX ITOTEPb HEM30OJINPOBAHHBIMUA
TPYBOITPOBOJIAMM TP HASEMHOW TTPOKJIAJIKE

B nmacrosmem pas3aei€ mpuBOAUTCA ITOCIEAOBATEIIBHOCTh pacde€Ta U

pacdeTHble (OPMYIBI Ui BBIYUCICHHUS TEIUIOBBIX ITOTEPh TPYOOIPOBOJOB

[10]. Bxomsmme B ¢GOpMynasl pacyeTHbIE BENWYMHBI JOJDKHBI OBITH

MPCACTAaBJICHBI B €AMHUIIAX U3MEPCHUS, YKAa3aHbI B Ta6J'H/IH€ 12.

I/ICHOJ'H)?:yeMI)Ie CAVMHNIBI UBMEPCHUA PACYCTHBIX BEJIMINH

Ta6muma 12

PacueTHblil napametp

O0o3HayeHne

Enuauna namepeHus

HcxonHble TaHHBIE

JJIsL pacyueTa

HauanbHas Temneparypa BOJbl B

TpyOOIpoBOC Tw °C
Temmneparypa Bo3myxa Ts °C
Hapy>xHs1it auamerp Tpy6ompoBoia Dy MM
Jnuua Tpy6onpoBoaa L M
CkopocThb BeTpa Mm/c
Pacxon TeruionocuTens Gg T/4
[TpoMexxyTOoUYHbIe 3HAYESHHUS U PE3yJIbTaThl pacyera
YacoBble TEIIOBBIE IOTEPU TPYOOIPOBOAA Q KKaJ/4yac
KoaddumneHT KOHBEKTHBHOH TEIUIOOTAAYH Oy KKaJI/(q'MZ"’C)
KoaddumueHT mydarcTolt TemIooTIaun oy Kkkan/(a-m?-°C)
Koaddumment nomHoit Teruiootaaun Oy KKaJI/(q'MZ"’C)
TenonpoBoJHOCT BO3yXa s kkan/(a-m?-°C)
KuHemarndeckas BI3KOCTh BO3yXa Ve m2/c
Kpurepuii Pelinonbaca Re -
ITorpaBka Ha CKOPOCTH BO3/1yXa Bu -
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[MompaBka Ha yron o0 1yBaHus

Koapdrmumenr wuznydeHns  abCOIIOTHO
YEpHOTo Tela
CreneHb YEePHOTHI HOBEPXHOCTH
TpyOOmpoBOaa

TemmoeMKoCTh BOJbI

CHuxeHue TeMIeparypbl BOABI

Bgu -

Co kkan/(a-m* (°K)?)
&n -

Cw kkau/(xr-°C)
ATy, °C

[MompaBo4nbIe KOG PHUIMEHTH HA BETPOBOE JaBICHUE U CKOPOCTH BO3/IyXa

Tab6muma 13
Tun MmecTHOCTH [TonpaBka Ha [TonpaBka Ha CKOPOCTH
BETPOBOC JaBJICHUE BO3aYyXa Py,
By
OTKpEBITast — TOOCPEKBS
Mopeit " o3ep, 0,75 0,866
IIYCTBIHH, cTemne,
JICCOCTEITH, TYH][Pa
Ilepeceuennas — ropoa-
CKHe TEPPUTOPHUH,
JICCHBIC MACCHBBI U JIp., 0,5 0,707
c MPEMATCTBUSIMU
BBICOTOM 710 10M.
l'opoackas — ropoackue
paifioHBl ¢ 3acTpoOiKOH 0,4 0,632
3MaHUSAMHA BEICOTOH
Oonee 20 M.
[TonpaBounbie K03 PUIUESHTHI OT yrita 00 yBaHHS
Tabuma 14.
o,tpan | 90 | 80 | 70 60 50 40 30 20 10
Bo 1 1 0,98 |09 |087 |077 |067 |060 |O0,55
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IlocnenoBaTembHOCTH pacucra

1.OmpenenseM 1o TaOnWIAM TIPWIOKEHUS A TEIUIOPU3MUECKUE
XapaKTEepUCTUKU BO3AYyXa ﬂ,BH V,pH 33[JaHHOM €ro Ttemmeparype. B

pacdeTe ClelyeT UCIOIb30BaTh 3HAYCHUS, BEIOMpAacMble HEMOCPEACTBEHHO
u3 Tabyui, 0e3 BCAKUX MEPEeBOAHBIX KOA(PQUIMEHTOB, TaKk KaK OHHU
BKJIFOUEHBI B pacyeTHbIE (OPMYIIBL.

2.1lo Tabmuue 13 onpexnenseM nonpaBo4HbId KoddduimeHt Ha
CKOPOCTB BO31yXa [, B 3aBUCUMOCTH OT THIIa MECTHOCTH.

3.OmpenensgeM  3HaueHWE TIOMPaBKM HAa  yroa  OOXyBaHUA
TpyOonposona [, NpUpaBHUBasd ero cpeanemy 3Hauenuto 0,821, unm, ecnu
W3BECTCH yroJl 00IyBaHMUs, ONpeelsis ero no Tabmume 14.

4. OnpenensieM kputepuii PeifHonpaca a1 Bo3ryxa:
Re=1000-U - B, - Dp /vy (50)
5. OnpenenseM ko3P HUIMEHT KOHBEKTUBHON TEIUIOOTIAYH.
Ecnu 3nauenue kpurepust Peitnonbaca mensiie 1000, To BerUKUCICHHE
MPOBOJIUM IO pOpMyJIEe:
0,5
a =43 By, -Re™- 25 /Dy (51)
B npotuBHOM citydae BBIYHCIIEHHE IIPOBOJMM T10 hopmyore:

o, =216, -Re™® 2, /Dy (52)

6.OmpenensieM CTENEHb YEPHOTHI MOBEPXHOCTH TpPyOOmpoBoaa &g
npupaBHMBas ee cpeaHeMmy 3HaueHHio 0,9, miM 0OOCHOBBIBaEM Jpyroe
3Ha4YEHHeE 110 CIPABOYHOM JINTEpaType.

7. OnpenenseM K03(Q(OUIUCHT JIyIUCTOH TEIUIOOTIAYH:

4976, |7, +273)1100)" — (T, + 273)/200)" |

o
g TIT_TB

(53)
8. OmpeznenseM MoMHbIH KO3(GQHUIUEHT TETIIO0TAAYH:
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ap=agtay (54)

9. OnpepenseM 4acoBbIe TEIIOBbIE HOTEPU TPYOOIPOBOAOM:
Q=ay -7-Dy-L-(Ty —T5)/1000 (55)
10. OmpenenseM TOTepU TeIia, 3a PAacUCTHBIA MEpHO] BpEMEHH,

I'kan/gac:
Qy = 24-Q- N /1000000 (56)

rae N — KoJI-BO CyTOK B pacCu€THOM IIEPHOJIE BPEMEHH.

JanpHelimme nelcTBUs CieAyeT BBINOJHATH, €CIU €CTh OMNAaCeHHs,
YTO CHUXKEHUE TEeMIEepaTypbl Ha YYacTKE BEJIMKO M pacyeT CJeayer
BBIMIOJIHATh 10 HEJIMHEWHOW 3aBUCUMOCTH. [lns panpHeiiiero pacuera
JTOJDKEH OBITH M3BECTEH PacXOo/I TEINIOHOCUTEIS Ha YIACTKE.

11. OnpenensieM MOITyJh TIOKa3aTeNs SKCIIOHSHTH AL:
ALzaH-ﬂ~DH~L/106-GW (57)

Ecmu moryueHHOE 3HaYCHNE HE3HAYUTEIHHO OTIIndaeTcs oT 0, To
MOTPEIIHOCTh pacdeTa TEeIUIONOTePh COCTABIAET MIPUMEPHO MOJOBHUHY
BBIUMCIIEHHOIO 3HayeHWs. Tak, eciau moiydeHHoe 3HaueHue pasHO 0,05,
MOXKHO OTKOPPEKTHPOBaTh 3HAYEHHE TEIUIONMOTEPh B COOTBETCTBHU C

OIIPEJEIIEHHON MTOTPEIHOCTbIO:

Q=Q-(1-AL/2) (58)

12. Ecnm 3HavyeHHe MOAYJsl IMOKaszaTelssl dKCIOHEHTbl AL Ooubiune

0,05, mim ecnu  Tpebyercst OoJiee BBICOKAsh TOYHOCTh pacdera, BEIUHCIIEM
CHIDKEHHE TeMIIepaTyphl TETNIOHOCUTENS Ha y4acTKe 3a CYET TeIUIONOTeph

1o 3KCHOHCHHI/IaJII>H0ﬁ 3aBUCHUMOCTHU:

—AL
ATy = (Tw —Tg ) (l—e ) (59)
13. OmpenenseM KOHEUYHYIO TEMIIEPATyPy TEIIOHOCHTENS, YTOOBI

yOenuThbest, 4To TpyOOIIPOBO HE IEPEMEP3HET:
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Tk =Ty — ATy, (60)

14. OnpenensieM yTOUHEHHOE 3HAYCHHUE TEIIONOTEPD:
Q =1000-Gy, - ATy (61)
15. OmnpenensieM yTOYHEHHbIE TIOTEPH TEIUIa 338 pacYETHHIH HEpPHO.

BpEMEHH B COOTBETCTBUU C 1. 10.

IIpumep

Tpebyercs OTIPEIICTINTh MOTEPH TETIIOTHI TIOJAfOIAM
TpyOOIIpoBOOM 32 (hpeBpaTb MPH CIECAYIOIINX UCXOIHBIX JaHHBIX:
D, =426 mm, L = 750 M, T,=78°C, Tg = -21°C, Ug=6,4m/c, G,,—=460 T/uac,
N=28 cyT., MECTHOCTb IIepeCcCeUeHHasI.
Pemenue

1. Ompenensem mo Tabnumam mnpuioxkenus A mpu T,= -21°C:
A5=1,953, v, =11,69.

2. Ilo rabmume 1 ompenenseM Uil NEPECCUYCHHOH MECTHOCTH:
B.,=0,707.

3. IIpunumaem no cpegueMy 3Hadenuio: B,=0,821.

4. Beruucisiem: Re=1000-6,4-0,707-426/11,69=164890.

5. Beruucmsem: &, =2,16-0,821-1625670,6-1,953/420=10,975.

6. [Ipuaumaem no cpenHemy 3Hauenuto: &g = 0,9.

7. Beruncisem: o, = 4,97-0,9-(((78+273) / 100) - 4-((-21+273)/100)
-4) | (78+21) = 4,348.

8. Brruncisem: a,, =10,975+4,348=15,323.

9. Bemuncisem: Q=16,08-3,14-420-750-(78+21)/1000 = 1522392
KKaJ/4.

10. Boramcisiem: AL=16,08-3,14-420-750/(106-460)=0,03343.
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Crie10BaTeNBLHO, TEIJIONOTEPU ObLIM OPEAENIEHBI C OTPEIIHOCTHIO
okos0 0,03343/2:100=1,7%. BerarciaeHuii Mo HENMHERHON 3aBUCUMOCTH HE
Tpebyetcs. [ KOPPEKIUK 3HAUEHHS TEMIONOTEPD BEIUUCIIAEM:
Q=1522392-1(1-0,03343/2)=1496945 xkain/4.

11. Beraucnsem: AT,, = 1496945/(106-460) = 3,254°C.

12. Beraucnsiem: Q= 24-1496945-28/1000000 = 1005,95 T'kau.

Ilpyd BBIUMCIEHMH IO OSKCIIOHEHIMAILHOM 3aBUCHMOCTU MONYYHINA OBl
CIIEIYIOIIUE PE3YIIbTAThL:

AT,=(78+21) - (1-e2%%%)=3,255°C;

Q=1000-460-3,255=1497300 xxaj/4;

Qn=24-1497300-28/1000000=1006,2 I'kas.

Hcxonnble jaHHbIE

Tabmuna 15
Ne Bapuanra MM L, M Tw, °C T, °C | V,M/c Gy, 1/4 N, cyt
1,16 300 500 75 -5 35 340 31
2,17 350 600 77 -10 3,6 380 30
3,18 400 700 79 -15 3,7 420 30
4,19 450 800 81 -20 3,8 480 31
5,20 500 900 83 -25 3,9 510 31
6,21 550 1000 85 -30 4,0 590 28
7,22 600 1500 90 -35 4,1 630 30
8,23 550 1300 88 -40 4,2 590 31
9,24 500 1200 86 -32 43 510 28
10,25 450 1100 84 -28 4,4 480 30
11,26 400 950 82 -26 4,5 420 31
12,27 350 850 80 -24 4,6 380 30
13,28 300 750 78 -22 47 310 31
14,29 250 650 76 -18 4,8 290 30
15,30 200 550 74 -16 4,9 250 31
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K03 pUUHMEHTB! TEMIONPOBOAHOCTH Bo3ayxa A, -10°

Ta6muma 16
Ts, °C 0 1 2 3 4 5 6 7 8 9
-40 | 1,82 | 1,813 1,806 | 1,799 | 1,792 | 1,785 | 1,778 | 1,771 | 1,764 | 1,757
-30 | 1,89 | 1,883 | 1876 | 1,869 | 1,862 | 1,855 | 1,848 | 1,841 | 1,834 | 1,827
T |-20 | 196 | 1,953 | 1,946 | 1939 | 1,932 | 1925 | 1918 | 1,911 | 1,904 | 1,897
= -10 | 2,03 | 2,023 | 2,016 | 2,009 | 2,002 | 1,995 | 1,988 | 1,981 | 1,974 | 1,967
0 2,10 | 2,093 | 2,086 | 2,079 | 2,072 | 2,065 | 2,058 | 2,051 | 2,044 | 2,037
0 2,10 | 2,106 | 2,112 | 2,118 | 2,124 | 2,130 | 2,136 | 2,142 | 2,148 | 2,154
10 | 2,16 | 2,167 | 2,174 | 2,181 | 2,188 | 2,195 | 2,202 | 2,209 | 2,216 | 2,223
R| 20 |223 2237 | 2244 | 2,251 | 2,258 | 2,265 | 1,272 | 2,279 | 2,286 | 2,293
& 30 | 2,30 | 2,307 | 2,314 | 2,321 | 2,328 | 2,335 | 2,342 | 2,349 | 2,356 | 2,363
40 | 2,37 | 2,376 | 2,382 | 2,388 | 2,394 | 2,400 | 2,406 | 2,412 | 2,418 | 4
KoapdumuenT KuHeMaTHIeCKOd BA3KOCTH BO3IyXa V -10°
Tabmuma 17
Ts, °C 0 1 2 3 4 5 6 7 8 9
-40 | 10,04 | 9,959 | 9,878 | 9,797 | 9,716 | 9,653 | 9,554 | 9,473 | 9,392 | 9,311
-30 | 10,08 | 10,72 | 10,65 | 10,57 | 10,50 | 10,42 | 10,34 | 10,27 | 10,19 | 10,12
T |-20 | 11,79 | 11,69 | 11,59 | 11,49 | 11,39 | 11,30 | 11,20 | 11,10 | 11,00 | 10,90
= -10 | 12,43 | 12,37 | 12,30 | 12,24 | 12,17 | 12,11 | 12,05 | 11,98 | 11,92 | 11,85
0 13,28 | 13,20 | 13,11 | 13,03 | 12,94 | 12,86 | 12,77 | 12,69 | 12,60 | 12,52
0 13,28 | 13,37 | 13,46 | 13,54 | 13,63 | 13,72 | 13,81 | 13,90 | 13,98 | 14,07
10 | 14,16 | 14,25 | 14,34 | 14,43 | 1452 | 14,61 | 14,70 | 14,79 | 14,88 | 14,97
20 | 15,06 | 15,15 | 15,25 | 1543 | 15,44 | 1553 | 15,63 | 15,72 | 15,81 | 1591
z 30 | 16,00 | 16,10 | 16,19 | 16,29 | 16,38 | 16,48 | 16,58 | 16,67 | 16,77 | 16,85
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