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OKOHOMWYECKME NMNOKA3ATEJIN
COBPEMEHHDbIX KOTEJIbHbIX YCTAHOBOK

HI/IBKOTCMHe[!aTy[zHHe 1 CBCPXHUBKOTCMIICPATYPHBIC KOTJIbI JJIA PC)KUMA [23.6OTI>I C IJIaBHBIM PC-
CYJMPOBAHUEM C OJTHOCTYNIEHYAThIMH U IBYXCTYNEHYAThIMU TopenakamMu — Yactp [

Pa3zBuTne KOTEIbHOM TEXHUKH B IIOCICIHUE I'O-
JIbl XapaKTepU3yeTCs SHEPTUUYHBIMU yCUITUSIMU,
HaIpaBJIE€HHBIMU HA CHUYKEHUE BO3SHUKAIOIIMX B
KOTEJIbHBIX YCTaHOBKAaxX MOTEPh U YBEJIUYCHHE
TEM CaMbIM T'OZI0BOTO KO3((UIMEHTA HCIIOJb-
30BaHUsl SHEPruM ToIuMBa B Hux. Hambonee
SKOHOMHUYHOE DHEPronoTpedieHue U IO BO3-
MOKHOCTH MHUHHMMAJIbHOE 3arpsi3HEHUE OKpYy-
JKAKOUIEN Cpe/ibl CErO/IHS SIBJISIOTCA BAXKHOM 3a-
Jlayer, KoTopasi CTOUT Nepej] KOHCTPYKTOpaMHU.
[TocnenoBarenbHOE pa3BUTHE MPUBEIO K HU3-
KOTEMIIEpAaTypPHbIM M CBEPXHHU3KOTEMIIEpATyp-
HBIM KOTJIaM TaKXe B 00JacTH cpeHUX U 00Jb-
IIMX MOUIHOCTEW, TaK KaK MPU CHUKEHUU TEM-
nepaTypbl B KOTJIE€ IPOUCXOAUT MPUHIUITUATb-
HOE YJIyYIIEHHWE BCEX JKCIUTyaTallMOHHBIX IO-
KazaTeJeil.

C BeixonoM aupektuBbl VDI 2067 mosiBuiach
MPUTOJIHAsE KOPPEKTHAas OCHOBa i MpOBEJe-
HUS pacyeToB TOJOBOro KodddwummeHTa wuc-
MOJIb30BaHUS OOBIYHBIX KOTEIHHBIX YCTaHOBOK.
OHa, 0JIHaKO, HE BCErJa U HE BO BCEM IPABUIIb-
Ha B NPWIOKEHUU K COBPEMEHHBIM HU3KOTEM-
MEepaTypHbIM M  CBEPXHU3KOTEMIIEPATypPHBIM
KOTJIaM, YCTaHOBKaM C ABYMs u OoJiee KoTioar-
peratamu, a TaKX e KOTJaM C JIBYXCTyIl€HYaThl-
MU ropeinkamu. B nmaHHON paboTe H3I0XKEHBI,
110 MHEHHUIO aBTOpa, HEOOXOAMMBIC TOTIOTHEHUS
K 3TOH pacy€THOM OCHOBe. B kauecTBe BBeje-
HHSI CHAYaJla MPUBEACHBI OCHOBHbBIE WJEU IU-
pextusbsl VDI 2067.

I'rontep Baruep

1. OcHoBHbIe (popmyJibI VI pacyeTa rog0BOro Ko-
3¢ PpuumeHTa UCNOJIB30BAHUA TOIJIMBA U TOIUIM-
BONOTPedIeHUus

PacuérHoli ocHOBOII siBAsieTcst nupektuBa VDI 2067, 1u-
cTku 1, 2 1 4, xoTOpas MpeAcTaBlIeHa B HACTOAMIEH CTa-

Th€ B COKPALICHHOW M YIPOIIEHHOH (Qopme.

1.1. T'onoBoii pacxon TenJia Ha oTomienue 3aanus (Qy,)

QHa = thVH kWh/a (1)

by = byuz + byg h/a (2
G — &

=ffy 242, .— " 2 pjg 3

byz H 2 20 — 0, (3)
G — &

byug = - m-@ta-# h/a (4).

a min

rae

Qp — mOoTpeGHOCTH 31aHKs B TEIUIE, paccynTanHas cornacHo DIN 4701,
kBT;

by — BpeMs HCToNb30BaHUs yCTAHOBKHM 3a TOJI, 9/TOJ;

byhz — BpeMs MCHONBb30BaHUs YCTAHOBKH 32 OTONMMTENBHBINA TEPHOJ,
4/ToI;

bVHS — BPEMsA UCIOJIb30BaHUA YCTAHOBKH HA HYXXbI OTOILUICHUA JIETOM,
u/ToJ;

f — o606maromuii Ko>hGHUIHEHT, NOTyYEHHBIH U3 MIECTH MOMPaBOY-
HBIX KO3 (QUIHEHTOB;

fy — BpeMenHO# K03 duLEEHT OTOIUTIEHN)ST;

Z7 — KOIMYeCTBO JHEW paboThl OTOILIEHUs 32 OTONHMTENLHBIA CE30H,
a/rox;

Zs — KOIM4eCTBO JiHEN paboThl OTOILIEHHS 3a JIETO, J/TOL;

Vim — CpeaHsisi TeMreparypa B 3anum, °C;

V7 — Cpe/lHECYTOYHOE 3HAYEHUE TEMIIEPATypbl HAPYXKHOIO BO3yXa 3a
oTonuTeNnbHbI nepuos, °C;

Vg — CPeHECYTOYHOE 3HAUYEHHUE TEMIIEPATYPhl HAPYKHOTO BO3/yXa 3a
nero, °C;

Da min — MHHHMAJIBHOE PAaCUC€THOC 3HAYEHUE TEMIIEPATYPhI HAPYKHOT'O
BO3xyXa, ‘C.

B kauectBe rpy6oro mpubamKeHus i AoMa Ha OIHY CEMBIO
MOYKHO HCIIOJIb30BATh CIICAYIONINE 3HAYCHUSI byy B 3aBHCHMO-
CTH OT THUIIA KCIIOJIb3YEMBIX PUOOPOB peryIMpPOBAHUS:
VcranoBka c: bvu

PYYHBIM CMECHUTEIEM: 2100 u/ron
TEPMOCTATUYECKUMHU BEHTUIISIMU: 1700 y/ron
TOroJJ03aBUCUMBIM perynupoBanueM (WS) 1700 u/rox

WS + repmocTaTuyeckue BeHTUIN 1550 9/roxn.

1.2. T'onoBoe Temnonorpedaenue Ha Hy:kAbl [ BC (Qwga)
Ilone3sHo ucnosb3yeMoe KOJIMUYECTBO TEIUIA 3a TOJ Ha OJIHY

TOuKy Bozopa3oopa (Qwya)
Cwna = My - N Gy - (B 9 - 1y
rie

My — pacxon ropsiueii Bojs Ha 1 uesioBeka B CyTKH, KI/4 * CYT;
N}, — YKCJIO YENOBEK, MOTPEOIISIONIHMX TOPAIYIO BOALY;

Cy, — yaenbHas terioemkocts Boasl (1,163 Whikg - K);

kWh/a (5).

Vw — TeMieparypa ropsdeii Bos! (006140 gocratogHo 50°C);
Vg — TeMIeparypa XoIoaHoit Boasl, °C;
N, — ymcio aHel ucnoib3opanus ['BC 3a rox.
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Jnst noTpeGiieHus Topsiuei BOABI CIEAYET NPHUHSTH CPEIHION0
BenmuuHy 50 Kr/4 - cyT npu ee temnepatrype 50°C. Meubuinii
pacxoj efjBa JIN COOTBETCTBYET YCIIOBUSIM TUTHUEHBI U NPHUBBIY-
KaM HOpMaJIbHOTO €Bponenna.

1.2.2. Tennonorepu cereil pacnpenenenus 'BC u k.m.a. pac-
IpeJeIcHus

CornacHO HeMELIKOMY 3aKOHY 00 5KOHOMHHM 3HEPruH B paclpe-
JETUTENbHBIX CUCTEMAX C LUPKYJIALHEH B HOYHOE BpeMsl (OKo-
JI0 8 4YacoB) LMPKYJSALMS NODKHA Mpekpamarscs. s exe-
THEBHOTO BpeMeHH HUpKysinun (bz) MMeeTcs IOCTOSIHHOE 3Ha-
YeHHE TEIJIONOoTeph ¢ MoBepxHocTel TpyO. C apyroit CTOPOHEL,
B HOYHOE BPEMSI CHCTEMa OXJIXIAeTCs 0 TEMIEPaTyphl OKpY-
JKAIOIIEH CpeJIbl, TO €CTh YTPOM €€ CHOBa HEOOXOIUMO HarpeTs.
CreoBaTeIbHO, OTJEIBHO NOJDKHBI OBITh PAaCCUUTAHBI MOTEPH
LUPKYJIALMA U TIOTEPU HA HArPEeB CHCTEMBI.

IIpu TOM 00s13aTENBHO YUUTBIBACTCS TOT (DaKT, YTO B HEPHOL
oTomieHus (Zz + Zz) moTepsiMU CIIeAyeT CUUTATh TOJIBKO Tell-
JI00TAa4y OT TpyO B MOABANbHBIX MOMEIIEHHUAX U B KOTEJIBHOM.
Temmonorepu e OCTAIBHBIX TPYO, MPOJOKCHHBIX B CTEHAX,
HA000pOT UAYT Ha MOJB3Y OTOILICHUS U IIPH pacyeTe MoTepb HE
YUYHUTBIBAIOTCS. B neTHHI meprox BCst TEIIOOTAa4a C OBEPXHO-
creil TpyO paccMarpuBaeTcs Kak MOTEPH.

OTiesIbHO pacCUUThIBaEM:

[Torepu HarpeBa geToM:

Gus = Ny - W- (S — 9) - ng Wh/S (6)
[Torepu HUPKYISALUH JIETOM:
Gzg = Z(K'- L) by (S — %) -ng Wh/S (7)

IloTepu HarpeBa B OTONUTEIbHbIN NEPHO;

Gaz = M- W’ - [y d) - nz WhiZ 8)
IloTepu UMpKyJIALIUU B OTONUTENBHBIA NEPUOLL:

Gry = (K" L") - (9 - 9) - Ny WhIZ (9).

rue:
N — CKOJIBKO pa3 3a JIeHb IIPOUCXOAUT Harpes (mpumMeM Na=1);

W — temioeMkocTh Beeil cucTeMbl TPYOOIPOBOAOB, HATIOJIHEHHOH BO-
nou, Bt - K;

W’- 10 e, HO 11t TPYGONPOBOIOB, MPOJIOKEHHBIX B MOABAIBHBIX T10-
MEIIEHUX U B KOTeJIbHOM, BT - K;

Vj _Temieparypa B HOMEIIEHHH JIM00 HApY>KHOTO Bo3ayXxa, °C;

Ng — YUCIIO JITHHUX JHeil 3a Tox;

Nz — 4UCIIO IHEH OTONUTENBHOTO nepuona (Z; + Zz);

bz — 4mCII0 YacOB UMPKYJIAIMHT 32 IEHE;

K’ — ko3¢pduumenT Teruonepenayd, OTHECEHHbIH K IJIMHE TPYOBI,
Br/MmK;

K*’ — 10 3Ke, HO 111 TPYOOIPOBOIOB, IPOJIOKEHHBIX B IIOJBAIBHEIX I10-
MEIICHUSAX U B KOTEIbHOH, BT/M'K;

L — cymmapHast qimuHa TpyO, M;

L’ — 10 e, HO I TPyOOIPOBOJOB, IPOIOKEHHBIX B NOABAIBHBIX I10-
MEIIEHUSX U B KOTEJILHOM, M.

T'onoBoit k.1.1. pacnipeneneHus:

hwa = Qua Wh/a (10)

Quna + Gas + Gzs + Gaz + G2z

1.2.3. 'ooBOi1 K.I1.I. EMKOCTHOT'O BOAOHArpeBaTENs

OmpenenuTh TEIUIOBBIE TTOTEPH €MKOCTHOTO BOJOHArpeBaTENs
OTHOCHTEIBHO IPOCTO. YTOOBI, HarpuMep, ONpeieNUTh TeIlIo-
notepu tpu 50°C, HyXKHO JIMIIb 3HATH BPEMsI, 38 KOTOPOE TEM-
neparypa eMKOCTHOTO BojoHarpesarens ymagetr ot 55°C no
45°C.

Toraa Teronorepu coCTaBsAT

My - Gy - (93 — %)
= = W (1)
C:’Sp ./_\f[_)

My — BOZIOHAIIOIHEHUE EMKOCTHOTO BOJIOHArpeBaTes, Kr;
'V, — TeMIiepaTypa B Hadaje MpoLecca OXIaXKICHHUS;

Ve — TEMIIEpaTypa B Hadaje MPOLEecca OXIaXKICHHUS;
Aty — BpeMs OXJIaKICHHUS, 4.

l'omoBas BenuunHa TECIUIONIOTEPH BOAOHAIPEBATEIIA:

Qsps = Ggp * M- 24 Whia (12)

I'onosoe temnonorpednenue I'BC:

Qusp = Cae 7 (13)
Thwa

I'onoBoii K.11.1l. EMKOCTHOTO BOJOHArpeBaTeNs:

Ty =2 (14)
QNSp + qua

(6e3 TemyoreHepanyy, KOTOPask YYUTHIBACTCS TOJOBBIM KO3(-
(UIMEHTOM HCIIOIb30BaHus KOTIIA).

1.3. BripaboTka Temnia kotioM Miasi oromiedus u I'BC 3a
roj

Qua 4 Qwna — MOJIE3HO HCHONb3yeMoe Teruio. ['ogoBas BbIpa-
0oTKa Teruia KOTJIOM BbILIE HA BEJIMYMHY HOTEPh paclpeierne-
HHS ¥ IOTEPb EMKOCTHOT'O BOJIOHATPEBATEISL.

e + e i (15)

TNHa Thwa Tlasp

Qu =

rae "NHa - rooBoil K.ILI. CHCTEMbI OTOILICHHS C yYETOM IOTEph Pac-
npenenenus. (Eciu mpemycMoTpeHa TEIIOM3OALMS COTNIACHO 3aKOHY
00 3HEpProcOEepeKCHUN U PEXUM PabOTHI ¢ IUIABHBIM PETyJIHPOBaHUEM,

HCIIONB3yeTcst BeuumHa 'VHa B nuTepsare 0,97 — 0,98.)

1.4. PexxuMHBIEe XapaKTePUCTHKH KOTJIA NPH 3aJaHHOM
MAKCHMAJIbHOIi pac4éTHOH NPOM3BOANTEIBHOCTH, H3Me-
pennbie coryiacio DIN 4702 u VDI 2067

1.4.1. Tlorepu ¢ yxoasmmmu ra3zamu (qp)

Ilpu cxuranunu 6e3 obpasoBanus caxu u CO morepu Tera ¢
YXOISAIIUMHE T'a3aMU MOKHO paccyuTaTh o ¢opmyiie 3urepra:
Iy — K
o= f- 2t o (186)
CO,
rue:
V, — Temieparypa yXo/sI[{X ra30B IPH Pacu&THOI POM3BOAUTEIBHO-
CTH;
V1, — TemIeparypa Bo3yxa Iepe]] TOPeIKOi;
CO, — 3amepenHoe conepxxanne CO, B yXOIsLIMX ra3zax;
f — ToruuBHBIN (akTop.

3HaveHHE fZ[J'ISI Ppa3IMYHbIX BUJOB TOILIUBA:

Kuakoe Tommso =0,59
IIpupoanslii ra3 (ropesika ¢ HaJylyBoM) =0,46
TpuposubIii ra3 (atMocdepHas ropenka’) =0,42
Topozckoii ra3 (ropesika ¢ HaITyBOM) =0,38
T'opojckoii ra3 (aTMochepHasi ropeska) =0,35
CoKMKEHHBIN ra3 =0,50

1.4.2. Ilorepu Temna ¢ u3nyyeHueM (qs)

31eck UMEIOTCS BBUIY TEIUIONIOTEPH KOTJA MOCPEICTBOM Tell-
JIOTIPOBOAHOCTH, U3Ty4eHUS! ¥ KOHBEKLUH, BETHINHA KOTOPBIX
3aBUCUT OT KOHCTPYKLHUHM KOTJIAa U KayeCTBAa TEIUIOM3OJIALUHM.
KoppekTHo 3Ty BelIMYuMHY MOXKHO NOJIYYHMTH TOJIBKO NPOBEAS
1a00paToOpHbIC U3MEPEHHs Ha creluanbHoM crenge. [lorepu ¢
U3Ty4EeHHEM 3a7atoTcsi B % OT MOIIHOCTH TOIKH I HOMHU-
HaJIbHOM 3arpy3Ku KoTia.

') 3aMepeHo 3a NPEIOXPAHUTENEM TIOTOKA
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1.4.3. K.n.a. xoT/1a Ipy HOMHHAJIBHON MOIIHOCTH (M)

K.i.a. xoT/1a 3TO OTHOIIIEHHE OJIC3HOW OTJaHHON MOIIHOCTH K
MOIITHOCTH TONKHU. Pa3zHuma Mexny o0erMH BEIMUMHAMU HAXO-
IUTCS U3 TIOTEPH C YXOISIIMMHU Ta3aMH U IOTEPh H3ITyYCHHUSI.

+
e =1— —qA100q3 (17).

1.4.4. HomunanbHast MOITHOCTH kKoTia (Py)

Ona COOTBETCTBYCT OTJAAHHOU KOTJIOM IOJIE3HOW MOITHOCTH

FPe=B-Hy 1 kW (18)

rue:
B — pacxox TorumBa, Kr, i1, M*/u;
Hy — su3was paGouas temora cropanus tommsa, KBt - /kr, i1, M.

1.4.5. HomuHanpHast 3arpy3ka KOTJIa WIA MOITHOCTH Tonku (Pg
win Pr)

Py — B-H, kW (19)
HIIN

PK
Py = X kw (20).

Tk

1.4.6. Pacxox TommBa pyu HOMHHAIBHOH MoIHoCTH (B)

P
B=—"5_ kg I,m¥h (21)
Hy - g
P
B = TB kg: I; m¥h (22).

1.4.7 Yucno yacoB HCIOIb30BAaHMS KOTJIA IPU MOJIHOM HArpys-

Ke (baF)
3T0 BpeMst paboThl YCTAHOBKH 32 T'OJl B HOMUHAJIBHOM PEXHUME
IIpH TOI0BOI BEIpaboTKe Teruia Ha cucteMy (Q.x):

Oa!(
b, = —— h/a 23).
ak P (23)

1.4.8. Yucno yacoB padotsl Torku 3a rof (b,r)

by = 5 h/a (24)
B

rue:

B, — ronosoe norpebienue Tormea, K, I, M /rox.

Hu B xoeMm cityuae Henb3s myTaTh (b,x) € YMCIOM 4acoB paboThl
Tonk# (b,r), KOTOPOE yKa3bIBaeT CYETUYMK YACOB IKCILTyaTaluH
yepe3 ro paboThI KOTIA.

1.4.9. Teruonorepu B pexuMe MOAJEP>KaHUS TOTOBHOCTH WU
YHUCIIO (g KOTJIA

Jlns npaBUIBHO CIIPOSKTUPOBAHHOIO KOTJIA YMCIIO YAcOB HC-
IOJIL30BAHMS YCTAHOBKU IIPH IIOJHOM Harpyske JODKHO CO-
CTaBIATH 1uis yctaHoBok 6e3 'BC okomno 1750 u/roa, ans ycTa-
HOBOK ¢ ['BC okomno 2000 w/rox. (K coxxanenuto, Ha TpaKTHKe
JUIsL GOJIBIIOTO YHCJIAa YCTAHOBOK 3Ta IU(pa HAMHOTO MEHbIIE,
MIOCKOJIBKY TIPH UX IPOSKTUPOBAHMU OBLT 3aJ0XKEH OOJIBIIOI
3amac. B HacTodee Bpemst coriacHo 3akoHy o0 sHeprocoepe-
XKEHUH 3TOro Ooubllle HE JOIYCKAETCs, €CIM pedb HE HIET O
HHU3KOTEMIIEPaTyPHBIX U CBEPXHU3KOTEMIIEPATyPHBIX KOTJIAX.)

3a Bech roj paboThL, 10 KpalHeH Mepe Iyl KOTJIOB, paboTaro-
KX KPYTJblil ron, Bpemsi paboTsl b cocraBisier okojio 8760
4/roz. B gacel (b — b,x) UMEIOT MecCTO 3aTpaThl Teruia, He0OXo-
MBI JIUIIb ISl TO/IePYKaHusl B KOTIIe paboueil Temmepary-
pBL.

OTH 3aTpaThl YUUTHIBAIOTCS YUCIOM (g KoTia. Uncio qp, Takxke
JUISL y)ke paboTalomuX YCTaHOBOK, MOXXHO OTHOCHTEIBHO IPO-
CTO ompenenuTs. it 3TOro KoTel, yxe HaxoIsIuics B pabo-
4eM COCTOSIHMU ¢ TeMreparypoi 75 °C, Heo6X0aUMO OTCEYh OT
cucteMbl otorieHus u I'BC. B Teuenne okoiio 48 4yacoB KOTell,
3a cueT paboThl FOPENIKM U KOTJIIOBOTO PEryJIUPYIOIIEr0 TepMO-
CTaTa, JAOJDKCH MOAICPKHUBATHCS B COCTOSIHUM C pabodei Tem-
nepaTypoil. 3atem m3MepsieTcsa pacxon Tomnuea (By) 3a Bpems
TIPOBEICHHA UCTIBITAHUH (Ny) WIK BpeMs pabOTHI TOPENKH (N ).

B,
s = B (25)
U

m
g = — (26).
Y

Hucno qp kotia 3amepserca cornacHo DIN 4702 mpu Tare B
IBIMOBOH TpyOe (ropenka BbIKIIOueHa) paBHOi 0,05 mOap,
temneparype kotia 75 °C v Temrmeparype B IOMEIIEHHH, T
nposoautcs onbit, 20 °C. U3MepsieMble 3HAYEHUS MOTYT Ha
NpakTUKe OBITH BBILIE, HalpuMmep, npu Oojee CHIBHOHM TsAre
(momkeH OBITh BCTPOEH OIPaHUYUTENb TATH), IIPH HEIUIOTHO 3a-
KPBITBIX BEHTHIAX (HYXKHO HCIIONIB30BaTh TI'PaBHTALMOHHBII
TOPMO3) WJIH 32 CYeT TEeIUIONPOBOAHOCTU Yepe3 IOJCOECIHHEH-
HBIE TPYOOIIPOBOIBIL.

Ecnu BeIOpats Gostee KOPOTKOE BpeMsl IIPOBECHUS OIbITa, OHO
Bcerza OyleT HauMHATHCS ¥ 3aKaHYUBATHCS C aBTOMATHYECKUM
BBIKJTIOYEHHEM U BKIIFOUCHUEM TOPEJIKH.

TeruioBble MOTEPH BCTPOSHHBIX HEMOCPEICTBEHHO B KOTEN He-
pErylupyeMbIX HAKOMHUTENEH ropsueil BOMABI CKIAABIBAIOTCS
BMECTE C MOTEPSIMU B KOTJIE, B PE3YJIbTAaTe YEr0 OHU BXOAAT He-
TIOCPEICTBEHHO B BEIMYMHY (p M 4€pe3 MOTEPH HA M3ITydeHHE
YBEIMYUBAOLIEHCs, B IIEIOM, IIOBEPXHOCTH — B KO3(dumneHt
TI0JIE3HOTO JIEeHCTBYS KOTJIA.

B nmpoTHBONONIOKHOCTE 5TOMY TEIUIOBBIE MOTEPH MOAKIIOYCH-
HBIX K KOTJIY OTJCNILHO, PeryJMpyeMbIX HaKOIUTENeil ropsyei
BOZABl BCErAa JOJDKHBI OIPENEIAThCS CIIELUaNbHO (pas3nen
1.2.3) u ucnonp30BaThCS VIS pacueTa CPEeIHEr0A0BOrO K.IL.
Ecnu 3pech cyMMupyroTcs NOT€pU Ha TOTOBHOCTh HAKOMMTEIIS
C aHAJTOTHYHBIMH MOTEPSAMH KOTJIA, TO IOTEPU HAKOMHTENS
OLIEHHMBAIOT TOJBKO VISl OTIPEACIICHHOTO Tepuona Bpemenu (b —
b.x), XOTSI OHH B JEHCTBHTEIBHOCTH 3alaHBI Ha BeCh roj. Pe-
3yJIBTaTHI pacueTa ObuIn Obl HeM30EKHO HEBEPHBIMU.

1.4.10. CpenneromoBoii k03(hGUIMEHT IOJIC3HOTO ACHCTBHS
KOTEJIbHOM YCTaHOBKH (Nak)

PaboTa koTna Ha cucTeMy IpH TOAOBOM Mojade Teruia Oynet
TIPOU3BOJUTECS NPEXIE BCETo ¢ KO3(D(GHUIUEHTOM ITOJIE3HOTO
JEUCTBUS €ro HOMUHAJIBHON MOIITHOCTH.
JononuuTenbHO 3a1aHo pasHocTHOE BpeMs (b — by) TermioBbIx
HOTepb Ha FOTOBHOCTb. B pesynbrare cpesHeroqoBoi K.I.j1. pa-
BEH:
I _ Qai(
o QaK : \ PK
— + b= by Gy ——
The Tk

(27)

) Dittrich, A.. Der Jahresnutzungsgrad von Warmeverbrauchsanlagen als
Grundlage von Energieeinsparungsrichtlinien. Kongrefbericht XXI. Internationa-
ler Kongrel fir technische Gebdudeausristung 1980 in Berlin. Recknagel/
Sprenger. Taschenbuch fUr Heizungs- und Klimatechnik, Ausgabe 78/80. R. OI-

denbourg Verlag GmbH, Minchen

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.FU



U COOTBETCTBCHHO!

Bae - B H, -1,
M = : i : Tk (28]
Dye - Hy- B+ (b= by)-gg-8-H '

T,
ok = 7}.’( —_— 129y,

Tak ( b 1 ) :

N - gy +
bah / -

Ha puc. 1 noka3aHbl 5KCIlTyaTallMOHHbIE JaHHBIE COBPEMEHHBIX

KOTJIOB, U3MepeHHble cooTBeTcTBeHHO DIN 4702 npu temnepa-

Type kotia 80 °C
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H&2 .1 Kessel-Nennleistung (obere) [

Puc. 1. DkcrutyarauyoHHbIE JaHHBIE COBPEMEHHOT'O Ta30BOI0 U
JKUJIKOTOIJIMBHOTO KOTJIa (cocTosHUE: CeHTAOph 1984)

a — [Ip1 BepXHEH HOMUHAJIbHOW Harpyske

0 — mpu 1-o# crynenn npu 0,6 <Py

B — TOPEHHE NIPH H30BITOYHOM JABICHUH

I' — HOMHHAJIbHAsI MOITHOCTh KOTJIa (BEPXHSS)

1.4.11. TonoBoii pacxox TommBsa (B,)

Gal( . 3
3 = o F kg, I: m“/a (30)

u
H, — Teruiora cropanus Tormea B kBT - yac/kr; M.

1.4.12. O6umii cpeaHerogoBoi K03 PUIMEHT OJIE3HOTO JIeH-
CTBUSA (Mag)

QHa + Gb'f'\la

8, - H,
1.4.13. PacueT yacoB MOJHOTO UCIONB30BAHUS KOTIIA B CYIIE-
CTBYIOIIHUX yCTaHOBKax

i}eg -

[Ipu pacuere NEHCTBUTENEHOTO COCTOSHUS CYIIECTBYIONIHUX yC-
TaHOBOK Yallle BCETO M3BECTHO TOJILKO TOZ0BOE NOTPEOICHUE
torumBa (Ba). Pacxon torumsa (B) u BenmunHa g MOTyT OBITH
OIpe/IeIeHbl OTHOCUTENIBHO IIPOCTO.

B pesynbrate nosyuaercs:

by = —2——= h/a (31)

1.4.14. IIpubau3uTenbHOE ONpeesieHne OTeph Ha H3JIyYeHHe
CYIIECTBYIOIIUX KOTJIOB

ITockonbKy MOTEPU HAa TOTOBHOCTb 00YCIOBIMBAIOTCS YACTUIHO
TIOTEPSIMU Ha U3ITydEeHHUE, TO MEXIy 000NMH JaHHBIMH CYILECT-
BYET B3aUMOCBS3b. B pe3yibTare HECKOIBKUX CEpUN U3Mepe-
HUI 0Ka3aJ10Ch BO3MOKHBIM CEIATh BBIBOJ, O TOM, YTO I1OTE€PU
HA U3JIy4YCHUE [IPU HENPEPbIBHON HOMUHAIBHOM MOLITHOCTU MO-
T'yT ObITh GOJIBILIE BEIMYMHBI (g puOIM3uTessHo Ha 30 — 100
%. Tlpu rpy6oM mpuOIKESHUN

Qs = gg-100-(13...20) % (32}
CrenyeT yunThIBaTh, YTO MPH KAXKAOM H3MEPEHUH MOTEPh Ha
TOTOBHOCTb UMEIOT MECTO TOJIBKO OYEHb KOPOTKHE NTEPHOIBI
paboThI TOPENIKK Ha OYCHB OONBIINX OTpe3Kax BpeMeHH. Tem-
nepatypa He IPOBOAAIMINX BOAY HOBEPXHOCTEH KOTJIA HOHMXKa-
eTcs II0YTH JI0 TEMIIEPaTyphbl IOMEILEHHUs, JaKe €CIIHU IIpUMe-
HSAIOTCSI COOTBETCTBYIOIUE MEPBI TEIIOM30/IALUM ITUX YacTEH.
C apyroii CTOpOHbI, UMEHHO 3TU YacTHU NPH MPOIODKUTEIbHON
HOMUHAJIbHONW MOIIHOCTH HarpeBaroTCsl JO HAUBBICIIEH 110-
BEPXHOCTHOH TeMmeparypbl. COBEpIIEHHO TUIUYHBIM AT KOT-
JIOB ¢ OOMBLION JoJIel He IPOBOAAIINX BOY OBEPXHOCTEH 5B-
JISTFOTCSI XOPOILNE BETWINHBI (g, HO OTHOCUTENBHO BBICOKHE I10-
TepH Ha M3IydIeHHE, €CIIH HEIOCPEICTBEHHO [UIS STHX YacTeH
HE IIPelyCMaTPUBACTCSI 0COOCHHO XOPOIIIast TeIION30JISIIHS.
IIpu pacueTe UCHONB3YIOT TaK¥kKe, 00yCIOBICHHbBIE (hAKTHIESCKI
METO/IaMH U3MEPEHHUS, IOUTH yJIOBIETBOPUTEIIbHBIC BEIHUNHbL
g ¥ TIOYTH HEYJJOBJICTBOPHUTEIbHBIC BEINYNHEI KO duIrenTa
M0JIE3HOT0 AEHCTBUS KOTIIOB. [I0CKOJIBKY OTKIIOHEHUS YBEIH-
YHUBAIOTCS MPAKTUUECKU 000I0IHO, PE3YNIBTAT PacyueTa, Mo
KpaifHel Mepe IS TpaAUIHUOHHBIX KOTJIOB, IIOTHOCTBIO 0011a-
JIa0T JOCTaTOYHOU TOYHOCTBIO.

2. Jlono/iHEeHHe ¥ pacIIMPeHHE OCHOB PACYETOB

IIpuBenennsle HUXE pacueTsl cooTBeTcTBeHHO DIN 2067 neii-
CTBUTEJIbHBI, HA CAMOM JieJIe, TOJbKO /sl KOTJIOB, KOTOPBIE OT-
PEryJIMpOBaHbl HA BEPXHIOI0 HOMUHAIBHYIO MOILIHOCTB ¥ pado-
TaloT B TEYEHHE BCEr0 BPEMEHH AKCILTyaTal[U C TIOCTOSHHON
Temreparypoi or 75 no 80 °C.

JIJ11 KOTJIOB ¢ HOHMKECHHOW HOMHHAJIBHON MOIIHOCTBIO, AJIS
HU3KOTEMIIEPATyPHBIX U CBEPXHU3KOTEMIIEPATyPHBIX KOTIIOB C
JBYXCTYIEHYaTOH pabOTOH TOPEKH, a TAaKkXKe JUIsi MHOTOKO-
TEJIbHBIX YCTAHOBOK CJIeyeT NPUMEHSTh PAaCIIUPEHHbIE METO-
JIbl PacueTOB.

2.1. 3KcnﬂyaTaun0}mme JAaHHBbIE KOTJIA NPH TMOHMKEHHOH
HOMHUHAJIbHOW MOIITHOCTH U nepBoﬁ CTYIICHH I'OPEJIKHA

CoBpeMeHHbIE KOTIIBI MOTYT 3KCILTyaTHPOBAThCS Yallle BCETO B
TIpefieNiax 3aJaHHoOro AUana3oHa MOITHOCTH, Onarogaps 4emy
9KCILTyaTallUOHHbIC JaHHbIE U3MCHAIOTCS.

2.1.1. Ilorepu Ha OTXOAAIINE TA3BI (qy;)

IIpu noHMKEHHOI MOIITHOCTH U COOTBETCTBEHHO YMCHBIIICH-
HOMY pacxojy TOIUINBA TEMIIEPaTypa OTXOISIINX Ia30B
YMEHBIIACTCS Ha CIeUN(UUCSCKYIO U1 KOTIa BenuuuHy. [1pak-
THYECKU MOXHO MPHHSATH MajficHue TeMIIepaTyphbl MPUOIU3H-
TeNBHO Ha BennuuHy oT 12 1o 14 K npu noHmxeHUH MOIIHOCTH
Ha kaxzplie 10 %, ecan coxpaHsAeTcs! IPUMEPHO OANHAKOBBIN
130BITOK Bo3yxa. (comepxanue CO,). s KOTIOB HOBOW KOH-
cTpykiuu Paromat-Duplex naHHBIE 11O TemmepaType oTX01s-
IIMX Tra30B, B 3aBUCHMOCTHU OT YCTaHABJINBAEMOM MOIIHOCTH U
ot paboueil TeMIepaTypsl KOTJIa, MOXKHO HOJYyYHUTh U3 THa-
rpaMM, UMEIOIHUXCs B padoueid fokymeHTauuu. [lorepu Ha oT-
XOZSIIHE Ta3bl (qa,) CIEAYET IePecYUTaTh CHOBA 10 ypaBHE-
HUIO (16) B COOTBETCTBUM HMOHIKEHHON TEMIIepaTypoi OTX0-

nsux ra3os (3 4,) u 3ananneiv conepxanuem CO,.
2.1.2. Tlorepu Ha m3ny4eHue (qs)

IIpu oguHaKoBOH TemmepaType KOTiia IOTepH Ha U3IydeHue (B
kBT) ocrarorcs noutu paBHoil BenuunHel. Ho mockonbeky Te-
Tieph MOTEePH Ha U3TydeHue (B %) Bceraa ciefyeT OTHOCUTD K
JIECTBUTEIBHO YCTAHOBJIEHHON HOMUHAJILHON HArpysKe, TO

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.FU



OHU 00JIbILIC OTHOCUTEIBHO BEPXHEH yCTaHaBIMBAaeMO HOMU-
HaJbHOM HArpy3KH.

PR
Qsr = G5 P_ /o
Br
[lorepu Ha u3nyuyenue B kBT (3HepreTuueckue):
s
e = Pp-—— kW
Fee % 00

2.1.3. KoadurmeHT mone3Horo AeicTBHS KOTIIa PU MTOHU-
JKEHHON MOIIHOCTH (Nkr)

Py, +
PHu <5 Kr se kW
U
Py
Thes =
PFh
PK(
Tr ™ P a
K s
P, + — —
ke ™ e 100
?JTFr
Qar
P"'(1 " 100)
Ter = ﬁ (33)
TK s
Py T
me 100

Tpebyemslii pacxon Tomnusa (B;) MokHO paccuuTaTh MO yp.
2.

2.1.4. BennunHa qg py MOHIKEHHONW MOIIHOCTH (qg;)

Kak u norepu Ha u3inydeHue, BEJIMYUHA (g, €CTECTBEHHO, YBE-
JIMYMBACTCS TAKXKE B COOTHOIIECHNH Py : Pg,, yciioBueM uero sis-
JSIETCS paBHAsI TEMITEpaTypa KOT/a.

Gor = G5 2 = g5 —
Br = 498 5 = 95
' PBr PKr
e
P - 1
der= G p - (34)
Kr* e

2.2. DKCILUTyaTAMOHHbBIE TAHHbIE IPU MOHUKEHHOI TemIe-
partype KotJa

2.2.1. [lorepu Ha oTxonsmue ras3sl ()

Temneparypa OTXOAAIINX ra30B majgaeT B cpegaem Ha 60 70 %
OT TOH BEJIMYIMHBI, Ha KOTOPYIO YMEHBIIAETCS TEMIIepaTypa
kotia. Pazymeercs, 4To KOppeKTHast BEIMIMHA B CBOIO O4Yepelb
SIBJISIETCS ce(UIEcKoil 1JIs KOTJIA U 3aBUCHUT OT TOTO, UMEET
JIK MECTO FOPEHUE C U30BITOYHBIM JIABJICHUEM MU C pa3perKe-
HHEM.
Ecnu 31ech BBECTH KOPPEKTUPYIOIIH KOAQ(HUIMEHT 15t OTXO-
JsMx ra3os a (npeapiaymue 60 — 70 % coOTBETCTBYIOT a,
pasHOoMy oT 0,6 10 0,7), TO HOTEpH HA OTXOISIIIE Ta3bl:
By = e — P a— 5.
CO,

gy =1 o

2.2.2. BnusiHue TMHAMAYECKHUX Pab0OYNX XapaKTePUCTUK

Uro0bl MPaBUIIBHO OLIGHUTH KOTEN C MACCHBHOM TEIIIO0OMEH-
HOI1 IOBEPXHOCTBIO, CIIEYeT yYUTHIBATh €€ ANHAMUYECKHE pa-
0oune XapaKTepUCTUKU. DTH B3aUMOCBS3H NPEICTABICHBI Ha
puc. 2.

HuakoTemnepaTypHbIR KOTEN C rnagKuMu
‘c NOBEPX HOCTAMMU Harpesa
—-— Ocob0 HM3KOTEeMNEPaTYP Hbli KOTEMN C NOBEPXHOCTAMM
200 Harpesa biferral —
160
120
80|
40
lopenka = _:
.4 . ——— e e d e s ————
0 1 | | |
o 10 20 30 40

H821.2
Puc. 2. PaGoune xapakTepuCTHKU KOTJIOB B 00JIaCTH YaCTHYHON
Harpy3Ku

B KOTJIaX ¢ IIaJIKOCTEHHBIMH TEII00OMEHHBIMH [TOBEPXHOCTSI-
MH TEMIIepaTypa OTXOSLIMX ra30B MOCIIE BKIIOUCHHUS TOPEIIKH
OTHOCHTEJIBHO OBICTPO JOCTUTAET ONpe/IeIeHHOE HHEPIIMOHHOE
cocrosuue. [locie aTOro TEMIIEpaTypa OTXOISIINX Ta30B YBe-
JIMYMBAETCS TOJIBKO YMEPEHHO U ITOYTH COOTBETCTBEHHO TEM-
neparype KOoTJa, yBeJIMYHUBaroLIeiics IpH JayibHeimel paboTe
ropenky. bonbias Macca AByXCnoiiHON peOpUCTON CTPYKTYPbI
TEII000MEHHBIX MOBEPXHOCTEH, Harpumep B Vitola-b, Hampo-
THB, 00YCJIOBINBACT CUIILHO 3aMEICHHBII POCT TEMIIEPATyphI.
VIHepLHOHHOE COCTOSIHUE TTOJTy4YaeTCsl 3A€Ch B 3aBUCHMOCTH OT
KOHCTPYKIIMH, U CJICZ0BATEIbHO OT 3aJaHHOI MaCChl, TOJILKO
npubm3uTensHo yepe3 10 — 17 munyT (puc.3).

Puc. 3. Pa3pe3 »XUAKOTOIUIMBHOTO U Ta30BOI'0 HU3KOTEMIIEpa-
TYPHOTr'O KOTJIA C 3JIEKTPOHHOM CUCTEMON SIKOHOMHUU

Co0TBeTCTBYOMIAs MPOAOKUTEIFHOCTD BKITIOYEHHS TOPENKI
TIPU IPAKTHIECKOIT paboTe 3aBUCHUT HETIOCPEACTBEHHO OT Bpe-
MEHHOH, KaK ITPaBIJIO, Or0I03aBUCUMON Harpy3ku kotia. [Ipu
nalaromielt HarpysKe Iepruobl pabOTHI TOPEIKH CTAaHOBSATCS
KOpO4Ye M COOTBETCTBEHHO HIKE CTAHOBHUTCS CPEIHSIS TEMIIepa-
Typa OTXOAAIIMX I'a30B, OIPEACIIAIOIAs COOTBETCTBYIOLINE HO-
TEpH Ha OTXOJAIINX Ta3ax.. B pesynbrare, B 3aBUCHMOCTH OT
Macchl TEIIO0OMEHHON TOBEPXHOCTH KOTIIA, B 00JIAaCTH Yac-
THYHOH Harpy3KH MOTyd4aeTCst JOMOTHUTENbHOE aJCHIE TeM-

IepaTypbl OTXOMSIIKX Ta30B (3 () BBILIEC BEIMYMHBI, KOTOPAs
ABJIAETCS PE3yJIbTaTOM MOHMKAIOIIEHCS TEMIIEPaTyphl KOTJIA.
Jns npenenbHOM YaCTUYHON HArpy3KH pacueTbl MOXKHO IIPOU3-

BOJAUTH C NPUBCACHHBIMU HUKE BEJIMYMHAMU JJIsA S‘A(_)Z

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl www.tvn-systems.ru



Vitola-B SA( 9 = 30K
Vitola-UN S'A ) =25K
Parom.-Turbomat-Duplex Iy =10K.

Taxum 06pa3oM MoTepy Ha OTXOASAIINE I'a3bl B PEXKUME EPHO-
JMYECKON paboThl TOPENIKH B 001aCTH YaCTHYHON HArpy3KH U

[P HOHWKAIOWIEHCS TeMIIEpaType KOTIIa PABHbIL:
s = F I — e = Fd o= 3 -1 — @) — 9 %
Al T ° N '
CO,

3nech:

@k — K03(hGHUIHCHT HArPY3KH KOTJa (B 3aBUCUMOCTH OT HapyK-
HOU TeMIIepaTyphbl, TEMIIEPATYPhl OTOMHUTEILHOIO KOHTYPa
U OT apaMeTPOB YCTAaHOBKH €ro MOXKHO B3SITh U3 puc. 5 —
7)

93’k - cOOTBETCTBYIOLIAs CpeiHss Temneparypa koria B °C

2.2.3. Tlotepu Ha M3Iy4eHHeE NPH TOHIDKEHHO TeMIepaType
xotna (q’s)
YMeHbIIeHHE NOTePb Ha U3JTy4EHUE IPOUCXOAUT B COOTBETCT-
BHU ¢ HOPMYIION:
I — %
[y .
I)K I}H

n

X =

3aech:

9y — TemmepaTypa HarpeBa IIOMEIEHHS MM UCTIbITATENbHAS
temreparypa B °C (20 °C)
N — 9KCMOHEHTa (IO pe3yabTaTaM UCTIBITaHui n =~ 1,3)

9 - cpemusis HopManbHas Temreparypa kotia B °C
(U1 HU3KOTEMIEPATYPHBIX KOTJIOB Obla yCTaHOBJIEHA
MakcHMaJbHas Temiieparypa rnogaun 75 °C npu temmepa-

Type o6partHoro noroka 60 °C, B pesyasrare I = 67,5
°C).

OnHako ciemyeT 00s3aTeIbHO YIUTHIBATH, YTO IIPU MTOHIDKEH-
HOH TeMIiepaTtype KOTiIa IOHMKAIOTCS TOIBKO NOTEePH Ha H3ITy-
YeHHe IPOBOAAIICH BOIY MOBEPXHOCTU KOTNA. JIIst HE mpoBo-
JUIIIMX BOIY (CYXHX) 4acTel CleyeT CUMTAThCS C OCTAloIIeHCs
OIMHAKOBOH BEIMYHMHOI, €CJIH IOJKHA COOJII0NaThCs AeiCTBHU-
TENBbHOCTH YP. (29) (cpaBHuTe paznen 2.4.14).

ITonyuaercs:

G5 = Gs-x-ay + gs- (1 — ay)

gs = lx-ay + (1 — ay)] - gs [%]

3n1ech:

aw —J10JIs POBOJIAIIECH BOIy MOBEPXHOCTH KOTJIA BO BCEX MOTE-
psix Ha uzny4eHue B %/100 (Manblit koTen: npuoIU3U-
TesibHO oT 0,5 10 0,6; 60mbLIOH KOTEN MPUOTU3UTENBHO OT
0,7 o 0,8).

2.2.4. KoaumueHT mone3Horo AeWCTBHUSA KOTIa P TOHU-
KEHHOH TeMIlepaType KoTia

a) Koren ¢ rranqkocTeHHBIME TETI00OMEHHBIMU ITOBEPXHOCTS-
MH

Gy — (e

) -

IIpu noHM>KeHHOM HOMUHAIBHOU MOIIIHOCTH U, COOTBETCTBEH-
HO, 1-0#f CTyNeHH TOpesKH CIeAyeT aHAJIOTHYHO BCTABUTh BE-

JIMYMHBL qg; M A

2.2.5. BenuuuHa qg Npy MOHMKEHHON TeMIIepaType KoTJia
Pacxop teria Ha nojiepikaHue rOTOBHOCTH YMEHbBILIAETCS TIPU
najaroleil TemmnepaType KoTjia S3KCIIOHEHIIMAIBHO.

) / ‘rJu-( -3 I)
9o = % ( I oy
(n=1,3)

IIpy mOHM>KEHHOM MOIIHOCTH U, COOTBETCTBEHHO, NIEPBOI CTYIIEHH IO~
PENKH (p; BCTABIACTCS BMECTO (.

(37)

2.3. Cpeansisi ronoBasi padoyasi TeMnepaTypa HU3KoTeMIIe-
PaTYPHBIX H CBEPXHH3KOTeMIEPaTYPHBIX KOTJIOB
BBonuMeIe B pacyeT cpeaHerooBoro koagQuipeHra moie3Ho-
ro IeWCcTBUs cpeAHri KO3 ULHEHT MOJIe3HOro AeHCTBHS KOT-
Jla ¥ CpPelHss BEJIMYMHA (g 3aBUCAT OT CpEAHEN TOA0BOM TeM-
TepaTypsl KOTJIa, KOTOPYIO MOXHO OIPEJIEITUTh U3 TOIOBOTO
XO/1a Harpy3KH yCTaHOBKH.
T'onoBoit Xox Harpy3Ku yCTaHOBKU MOT OBI TEOPETUYECKHU pac-
CUHUTHIBATHCS 10 TOJJOBOMY X0y Hapy>kHOI Temnepatypsl (DIN
4710). OnmHako U3MEpEHUs B pa3pabOTaHHBIX YCTAHOBKAX MOKa-
3aJI1 MOJIHOE OTCYTCTBUSI COBIAJICHUS C Pe3yJIbTaTaMH pacye-
ToB. Tak, HapsAy C MPOYMM, PACUETHI AAJIU YPE3MEPHO YBEIIH-
4yeHHbIN npuban3uTensHo Ha 60 % cpeqHerooBoi pacxos Tem-
na. [Ipexxae Bcero Ha MpakTUKe HE OblI 0OBSICHEH CKA4OK B
OTONHTENBHON HATpy3Ke BeIMYIHHOIH oT 0 10, MPHONIU3UTENBHO,
13 % mpu oIryCKaHWU TEMIEPATyPhl HIXKE TPAHUIIBI OTOILIE-
HUSL, CIIEZ0BATEIBHO, IIPH IIOHIKSHNH HAPY>KHOH TeMIepaTypsl
Hiwke + 16 °C.

[IprumnHO¥i 3TOrO, ¢ HEKOTOPOI YBEPEHHOCTBIO, MOYKHO CUUTATh
TO, YTO MPH TETJION MOrojie YKa3aHHbIH BBIUTPBIII TEIIa BHYT-
PH 37aHHS BBICOK OTHOCHTEBHO TTOTEpPh TeIrIa Oiarogapst mpsi-
MoMy # Au(pPy3HOMY H3TYUEHUIO, 8 TAKXKE OTIa4e Teria
JFOJBMH, MAIIMHAMH, 000PYZOBaHHEM U OCBETUTEIBEHBIMH TIPH-
6opamu. Takoi BEIMTIPHINI TETIIa, OYEBUIHO, IPUBOAUT K BBHI-
POBHEHHOMY TEIUIOBOMY OaaHCy eIle Ipy Hapy>KHOH TeMIe-
parype, MpUOIU3UTEINBHO, oT 15 10 16 °C, 1, camo co6oii pasy-
MeeTcs, OH He MafaeT BAPYT 0 HyJIs IPU NOHKEHHU TeMIIe-
paTypsl HIDKE TPaHHIB! OTOIUIeHHs. [IpuMeHseMble MeTOIbI
JOJDKHBI YIUTHIBAaTh 3Ty B3aHMOCBSI3b, M HE B IIOCIIETHIOIO OYe-
penb oaromy B DIN 2067 naercst HEOOXOAMMOE COTJIacOBaHUE
TEOPUH ¥ MPAKTUKYU ¢ HOBEIMHU KOPPEKTUPYIOIUMU K03 hHIH-
SHTaMHU.

HMcxons u3 cka3aHHOTO, YIPOIIEHHO, HO JIOCTOBEPHO U C YIIyd-
IICHHOM CBSI3BIO C MPAKTHKOW 3/1€Ch MCIONB3YETCs Psil M3Mepe-
HUH Ha CYLIECTBYIOLIMX YCTaHOBKAX, UTO MOKAa3aHO Ha puc. 4.
Ha sroit nuarpamme pabounii ron paszaesneH Ha 14 paBHBIX 110
MIPOJOIKUTETBHOCTH NTEPHOA0B PaboTsl. [JIst caMOro BpeMeH!
OTOIIJICHUS] MOTYT OBITh B3STHI ECATH MIEPUOIOB PAOOTHI 1O 625
yacoB. 31ech 10 x 625 cooTBEeTCTBYET OKpYIIeHHO 260 nHAM
ororieHus (Z, u Zg), 1 3T0 ObUI OBl IEPHOJI, HCIIOTB3YEMEIH B
OPI'. T'ooBoii X0 Harpy3KH YCTaHOBKH (C MOYaCOBOM pa30OHB-
KOW) MOXKET CUUTBIBATHCS POCTO, KaK U Harpyska (gp) B 0T-
JeNbHBIX Tepruoax paboTel. HemocpeacTBeHHO OTHOCAIIAsCS K
JAHHOMY CITy4aro TeMIIepaTypa OTOMHUTEIBHOTO KOHTYPa MOXKET
OBITh B3sTa IJIs1 yCTAHOBOK PA3HBIX KOHCTPYKIMH HA puc. om 5
0o 7.

9

co

ng =1

D10 IEHCTBUTEIBHO TAKKE I KOTJIA ¢ MACCHBHOM TEII000-
MEHHOW MOBEPXHOCTHIO, HO TOJIBKO IPH MPOJIOIKUTEIBHON HO-

MHHaJIbHOHN Harpy3ke U IMOHM)KEHHOW TeMIlepaType, HallpuMep B

HU3KOTEMIIEPATYPHBIX OTONMUTECIBHBIX CUCTEMAX.

0) Koren ¢ pebpucroii mim ¢ KOMOHHUPOBaHHOW peOpHCTO Te-

TI000MEHHOH ITOBEPXHOCTHIO TP MEPHOHMIECKON paboTe ro-
PEIKH B 00J1aCTH YaCTHIHON HArpy3KH

+ (1 &'\.]:|'G‘_r, ¢ f-

f — 9y
—; -

100

(36).
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HE1 4 yucno yacos paboTel 3a rof (b = 8760h/a)

Puc.4.I'onoBoii xox HArpy3KH KOTJI0BOii ycTanoBkH (P, =

Qv

2.3.1. Cpennsist TemIiepatypa KoTia, onpeaessiemas koddduun-

entoM rnosnesnoro aercteus ($ g n)

31ech IOJDKHBI OLEHUBATHCSl CHAOXKEHUE TEILIOM, pabodast TeM-
nepaTypa 1 IpoJI0JDKUTEIIHOCT eproia paboThl.
n

(G @y T )

1

Gy = .
,§ (@ @, 1)
IIpu ocTaromeicss OqMHAKOBOM NPOIOKUTENBHOCTH NIEPUOAA:
L (o Iip)
iy = —— — [°cl (38)
X o,

1
3necs:
¢p— Harpy3Ka OTONHUTENLHON YCTAHOBKU B COOTBETCTBYIOILIEM
nieprozie paboTsl B %:/100, HanpumMep 110 puc.4.

& kp - CpenHAs TEMIIEPATYPa KOTJIA B COOTBETCTBYIOIIEM TIe-
puoje pabotsl B °C, Hanpumep 1o puc.om 5 00 7.

h,, — IPOOIKUTENEHOCTE TIEpHOa PaObOTHI B Hacax.

Ecnu cBepXHU3KOTEMIIEpaTypHBIE KOTIIBI SKCILUTyaTHPYIOTCS 0e3
CMECHUTeJIS], TO CPEAH TeMIIepaTypa KoTia (3x,) paBHA cpel-

Hell TeMIepaType OTOMHUTEIbHOr0 KOHTYPa ($y,); €Ccin cBepX-

HHU3KOTEMIIEPaTypHHBIE KOTJIbI SKCILTyaTUPYIOTCSI CO CMECUTe-
JIEM, TO JUIsl COOTBETCTBYIOLIMX MEPHOOB SKCITyaTalluy BEN-
YHUHBI TEMIIEPATYPHI CIIETYET YCTaHABINBATh COOTBETCTBEHHO
yCTaHABIMBAEMOH OTOIMTEIbHON XapaKTEPUCTHUKE yIIPaBIIsie-
MOT0 Hapy»KHOH TeMIlepaTypoil KOHTpoJuiepa KoTia. beiio Ob
nenecooOpa3Ho, HaIIpUMep, YTOOBI Yepe3 CMECHTENb (C COOT-
BETCTBYIOIIMM PETYIIATOPOM HIM KOHTPOJUIEPOM) 00ecIIeunBall-
Csl HU3KOTEMIIEpaTypHbIH HarpeB 110J1a, 1 OJHOBPEMEHHO HEllo-
CPEICTBEHHO K KOTIIy MOXHO OBIJIO GBI MOJKIIIOYATh OTOIH-
TeJIbHBINH KOHTYD ¢ paauaropamu (75/65 °C).

Kpome Toro, HeoO6X01MO yUHTHIBATH MUHUMAIBHO JOITYCTH-
MYI0 Temrepatypy kotia. Ecimu, Hanpumep, 3agaetcst TeMnepa-
typa 40, 50 win 60 °C, To Takoe 3HAYEHUE TEMIIEPATYPHI JOJDK-
HO YCTaHaBJIMBATBCS U JJIsI IEPUOJIOB SKCILTyaTalluH, JUIs KOTO-
PBIX TEOPETHYECKH (puc. 5 — 7).3aaeTcs HauMEHbIIasi CPEIHSIS
TeMIIepaTypa OTONUTENBHOTO KOHTypa. Ecnu k KoTiry moakio-
YeHO 000pYAOBaHUE JUISl IPUTOTOBICHUS TOPAYEH BOBI, TO B
3aKITI0YEHHE CIEyeT YIUThIBATh, YTO IS JOTIOIHATEIBLHOH 3a-
TPY3KH HAaKOMHTEIS KOTEJI JOJDKEH BEIBOAUTHCS U3 MOTHOCTHIO
CKOJIB3SIIIETO peXUMa. B cooTBeTCTBHM C HEOOXOAMMOIT TeMIe-
patypoif HakOIUTeNs KOTeN B KOHIE 3arpy3KN HaKONHTeIs Oy-

JIeT TOCTUTaTh 3HAYCHHS TeMIIepaTypsl (3 kw), IPHOIU3UTEIHHO
ot 65 1o 75 °C.
B pesymnbprare 1 KOT/Ia ¢ HOAKITIOYEHHBIM 000PYA0BaHHEM
obecrieueHust ropsYel BOJOH CpeqHss ToI0Bas TeMIepaTypa
paBHa:

b'iK-- i ‘(‘?;(;; + ba.{w ) ‘r‘;;{'\-'i

31(“ -— (39)
' Baien + Bayew

Tabauna 1. CpeaHsisi rogoBasi TeMneparypa noaayuu koria B °C

Pacuer ycranosku (°C) 90/70 75/60 55/47

P [P | P | S | Feo | Sin

1. YcranoBka 6e3 npuro-
TOBJICHU ropﬂqeﬁ BOJbI

1. CepxHH3KOTEMITEPa- 45 55 40 46 33 38
TYpHBIH KoTen Oe3 orpa-
HUYHTENS TeMIEpaTypsl
Huskoremn. koren

2. ¢ orp.temrep. 40 °C 49 56 40 46 33 38
3.corp. 50 °C 54 58 51 52 50 50
4. ¢ orp.temmep. 60 °C 61 63 60 60 60 60

II YcranoBKa ¢ pUroToB-
JICHHEM ropsiyeit BOJbl

1. CepxHH3KOTEMIIEPa- 48 56 44 49 39 41
TYpHBIH KoTen Oe3 orpa-
HUYHTENsS TeMIEpaTypsl
Huskoremnep. xoten

2. ¢ orp. temrep. 40 °C 51 57 47 50 45 45
3. ¢ orp. Temmep. 50 °C 55 59 52 54 51 52
4. ¢ orp. temnep. 60 °C 61 64 61 61 61 61

100 ; 100 ——7
C| | | ap l

80 e 80 —
i By — :

Ll o
5 -10-14

-5 -2
20 15 10 § 0 -5 10 -16
DKCIUTyaTaIlHOHHBIE JTAHHBIE CHCTEMBI BOIS-
Horo oromienus. Pacuer: 90/70 °C
(TeopeTHyecKue AaHHbIC) H 821.5
Puc. 5. JxcnuryaTauuoHHbIe JaHHbIE CHC-
TeMbI BOASAHOro oTomuienusi. Pacuer: 90/70
°C (TeopeTHYECKHE NAHHBIE)

H 821.6

Puc. 6. JxcriiyaTallHOHHBIE TaHHbIE CHC-
TeMbI BOJASIHOTO OTONJIEHHUS
COOTBETCTBYIOLINE MTPAKTHKE TAHHBIE OOBIY-
HBIX OTONHUTENbHBIX YCTaHOBOK. TemioooMeH-
HBIC TIOBEPXHOCTH PACCYUTAHBI C 3aIT1aCOM

- + UJS
a6
- B fabi
104
20 02
ady [ - |
} [/
20 15
20
- - 20 15
0 -5 -10 -1
H821.7

Puc. 7. HuskoTemnepatypHas cucTeMa 0To-
nienns. Pacaer: 55/47 °C

okoiio 35 %, cieoBaTeabHO MOTPEOHOCTH B
TeIyie yMEHbIIeHa NPUOIM3UTENbHO Ha 27 Y.

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.TU




b,k — BpeMs IIOJTHOTO UCIIONIb30BaHUS KOTIIA JUIsl OTOIUICHHS B
qacax/rof

baxw — BpeMsi IOJIHOTO MCIIOIb30BaHUs KOTIIA Ul 00eCIIeueH s
ropsiyeil BOJOH B yacax/Tox

OpHeHTUPOBOYHBIE 3HAYEHHUS U1 3"y COOTBETCTBEHHOT a6

1.

2.3.2. Cpenusist TeMIiepaTypa KOTia, OIpeesoIas cpeHee
3Ha4YeHHE Jp

[loTepu Ha TOTOBHOCTH MMEIOTCS TOJIBKO B Iepro] BpeMeHH (b
— b,y), ¥ clle1oBaTENEHO B JII000€ BpeMs, B TeUEHHE KOTOPOTro
KOTeJI He TTOCTABJISLT TEIUIO HU JUTS OTOIUICHUS IOMEIeHNH, HI
1u1s obecrieyenust ropsiueid Bogoi. Takum o6pa3zom, HCKOMoOe
3HAUCHUE TEMIIEPATypPhl 3aBUCHUT TOJIBKO OT BPEMEHHU U OT TeM-
epaTyphl.

Z %,

kg = ——[°C] (40)

Zp

Jlst KOTiIa co CMeCHTENIeM ¢ MEXaHWIECKHUM IIPHUBOJIOM, a TAKXKe
JUIsL KOTJIa C OTpaHNYCHUEM MUHHUMAJIbHON TeMIepaTypsl aeii-
CTBUTEINILHO CKa3aHHoe B pazzaene 2.2.1. Kpome Toro, cieayer
YUHUTBIBATh, YTO HU3KOTEMIIEPATypPHbIE U CBEPXHU3KOTEMIIEpa-
TYpPHBIE KOTJIbI JJIs1 OTIOTHUTENBHO 3arpy3Ku HaKOMUTeIei
pa3orpeBaroTcs 10 TeMIIepaTypbl, IpUOIH3UTENBHO, 0T 60 10 70
°C. OTKIIFOYCHHE TOPENIKU POMCXOAUT TIPU JOCTHKCHUH 3a-
JaHHOM Temrepartypsl Hakonurelst, Hanpumep, 50 °C. B o0uiem,
3arpy304HbIil Hacoc Onarofapst TaitMepy MpoOJOJIKAET elle pa-
60TaTh, MIPUOIU3UTENBHO, OT 4 10 5 MUHYT, YTOObI TEMIIEpaTypa
KOTJIa MOHU3UIIACh HA, IPUOIM3UTENBHO, OT 5 10 8 K mpexzae
4yeM ObLIa CHOBA pa3pelleHa OTJaqa TeIIa B OTONUTENbHBIH
koHTYp. Eciut 31ecs nmeer MecTo TpeboBaHMe TeInIa TO TeMIIe-
parypa KoTJIa O4eHb OBICTPO IOHMKACTCSI COOTBETCTBEHHO He-
00X0JUMOH TeMIlepaTypbl OTONHUTEIBHOr0 KOHTYpa. Vimeroiee-
Cs1 B TAKOM CJIydae B CHayaja B KOTJIe M30BITOYHOE KOJIMYECTBO
TeIJIa OTAAETCsI TAKXKE C MONb301 B OTOMHUTENBHYIO CHCTEMY,
4TOOBI KOMIEHCUPOBATH ASPULUT TEI1a, BO3HUKAIOIUH TaM BO
BpeMsI 3arpy3KH HAKOMUTENA. B 4ncto neTHeM pesxnme Takas
BO3MOXXKHOCTb OTCYTCTBYET. biiarogaps xopouuei Ternion3os-
LM ¥ HE3HAYUTEJIFHBIM ITOTEPSIM Ha TOTOBHOCTB Y COBPEMEH-
HBIX KOTJIOB HX TEMIIEPaTypa IOCIIe 103arpy3KH HAKOIIUTEIs
aJiaeT JHIIb OYCHb MEUIEHHO.
[Nanenue TeMnepaTypsl BO BpDEMEHH MOXET PaCCUUTBIBATHCS,
€CJIM M3BECTHBI BEJIMYMHA (g ¥ Macca KOTJa.

Bennuuna maccel kotia:

My = My - ¢, + M, - ¢, [Wh/K] (41)
M,, — Macca MeTaJl1a KOTja B KI'
My — Macca BOJIbI KOTJIa B KT
Cp, — crienmdyeckoe TeIo (CTanbs win 4yryH) B Br-uac/kr K
(¢ = 0,14 Breuac/kr K)
Cyw — cieruduueckoe Temio Boasl (cw = 1,163 Br.uac/kxr K)

TManenue Temneparypsl Koia (3« ) BO BpeMs OTKItoueHus (Z)
paBHO

M,
Koy = Tk = "H-(‘l —e (42)
e — gncio Deiinepa (e =~ 2,718)
IIpumep a1t CBEpXHU3KOTEMIIEPATYPHOTO KOTIIA!
Macca meranna M,, = 180 xr
Macca Bojbl M,, =70 xr
Benuuuna q’g npu 60 °C q’B 60 = 0,009
HomunanbsHas Harpyska Pg=24200 Br
TemmoTexXHHYeCKUH K.IL.1.. Ng = 0,93
Mywk =70,0-1,163 + 180,0 . 0,14 =106.6 Br-yac/K
ITanenue TemnepaTypsl 3a z = 12 yacos:

1066 (60 — 200 ©

Iy = (60 —20)-[1—2718 “TETF ) 474k

Tlockonbky B cirydae peryIupoBaHHs IPHOIM3UTEIBHO Yepes §
— 12 gacoB mo/mKHA IPOU30IMTH HOBAs 3arpy3Ka HAKOIMTENS, TO
B YHCTO JIETHEM PEKHUME ISl HU3KOTEMIIEPATYPHBIX U CBEPX-
HHU3KOTEMIIEPaTypHBIX KOTJIOB MOIy4YaeTcs CPEIHsS TeMIIepaTy-
pa komia npubausuTenbHo ot 50 10 55 °C. X0Ts MOXHO OBLIO
ObI IPOCTO NPEYCMOTPETh HAKOMUTEH TOpsYeH BObI GOJIbLIIC-
ro 00beMa, KOTOPBIC HaJI0 3aIOJHATh TOJIBKO OJIMH Pa3 B CYTKH.
CpenHsist exxeHEBHasI TEMIIEpaTypa KOTJIa OIlycKauach Obl Ha
ouepennbie 5 — 7 °C. IIpu 3TOM CIIEAyET TOIBKO Y4eCTh, YTO Ha-
KOIUTENb OOJIbLIEI eMKOCTH XapaKTepHU3yeTCsl TaKkXKe a0COI0T-
HO GOJIBLIMMY HOTEPSMH TeIlIa, KOTOPBIE MOTYT COIIPOBOXIATh
HPOLIECCHI B TEYEHHUE BCEro rojja. B HaIlMX MMPOTax YUCTO
JIETHUH PEXKUM PEIKO MPOAOIDKACTCS O0JIee TPEX MECSALIEB.

OpueHTHPOBOYHBIE 3HAUCHUS 3 1 3’y IpHBEACHD! B mabi. 1.
[H 821]

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
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OKOHOMWYECKME NMNOKA3ATEJIN
COBPEMEHHDbIX KOTEJIbHbIX YCTAHOBOK

HuzkotremMiepaTypHble ¥ CBEPXHU3KOTEMIEPATYPHbBIE KOTIbI Ul PEKMMA paOOThI C INIABHBIM pe-

CYJMPOBAHUEM C OJTHOCTYIIEHYATBIMU U IByXCTYIIEHYAThIMU ropenakamu — Yacrts 11

Pa3BuTHe KOTENBbHOW TEXHWUKW B IOCIETHHE TOIBI
XapaKTepu3yeTcsi DSHEPTrUYHbIMH YCHWIMSIMH, Ha-
MIpaBJICHHBIMA Ha CHW)XEHHE BO3HHUKAIOUINX B KO-
TEJILHBIX YCTAaHOBKAX MOTEPh U yBETUUEHHUE TEM ca-
MBIM TOIOBOTO Kod((UIlMEeHTa WCIIOIb30BaHUS
SHEpruM TOoIUIMBa B HMX. Hambonee sxoHOMHYHOE
SHepromnoTpediIeHre U MO0 BO3MOKHOCTH MHHUMAIIb-
HOE 3arps3HEHUE OKPYXKAIOIIEH Cpellbl CerONHS SB-
JAIOTCS BaXXHOW 3ajaueil, KOTopas CTOUT Iepes
KoHCTpyKTOopamu. IlocienoBarensHOoe — pa3BUTHE
MIPUBENI0 K HHU3KOTEMIEPAaTypHBIM W CBEPXHH3KO-
TeMIepaTypHBIM KOTJIaM Takke B 00JacTH CpegHIX
1 OOJILIIMX MOIIMHOCTEH, TaK KaKk TPU CHUIKECHUH
TEMIEepaTypbl B KOTJIE MPOMCXOAMT MPUHIMIINAIIb-
HOE YIIydIlIeHHe BCEeX OKCIUTyaTallMOHHBIX IOKa3a-
Tenei.

C BeixogoM aupextussl VDI 2067 mosBuiiack mnpu-
rojHasi KOppeKTHasi OCHOBA IS TIPOBEACHUS pacye-
TOB TOIOBOTO KOd(dHIMEHTa HUCIOIB30BAHMS
OOBIYHBIX KOTENBbHBIX yCTaHOBOK. OHa, OJHAKO, HE
BCerja M HE BO BCEM MpPaBHJIbHA B MPUIOKEHUH K
COBPEMEHHBIM HHU3KOTEMIIEPATypPHBIM W CBEPXHU3-
KOTeMIepaTypHbIM KOTJIaM, YCTaHOBKaM C ABYMS U
Oosee KoTjiOarperarami, a TaKkKe KOTJIaM C JBYX-
CTYNEHYaThIMU ropeiakamMu. B vactu 2 naHHOU pa-
6othI (wacte 1 B HLH 1/85) u3nmokeHsl, 110 MHEHHUIO
aBTOpa, HEOOXOIUMBIE JOTOJHEHHS K 3TOW pacuér-
HOW OCHOBE U MPHUBEICHBI IPUMEPHI PACUETOB.

I'tontep Baruep, Amienaopd

2.4. Koren paGoraromeii B JBYXCTeNeHYATOM pesKUMe Io-
peJikoit

Ha puc. 8 u 9 noka3aHsl HU3KOTEMIIEpaTypHbIE I'a30BbIE U KU~
KOTOIUIUBHBIE KOTJIBI CPEeAHEH 1 OOJIBIIOH MOITHOCTH.

B coOTBeTCTBHUM C IMPEKTHUBOH O OTONMTEIBHBIX yCTaHOBKAX
Heiz.Anl.VO kotibsl ¢ mMomHOCTEIO Bbime 120 kBT 1oipkHEI
UMETh ABYXCTYyIEHYAThIe TOpeNKd, 100 HeoOxoaumas oOras
MOIIHOCTh JOJDKHA PAcIpefenaThcsi Ha JBa HIM HECKOJBKO
KOT0B. DaKTHUECKN OBYXCTYNEHYATHIH PEKUM pabOTHI 00y-
CIIOBIMBAET TPOJOIDKUTEIBHYI0 pabOTy TOPENKH TOIBKO HA
NIepBOi cTymeHHu. Bropast cTyneHb MOXET BKIIIOYAThCS TPH CO-
OTBETCTBEHHO OonbIIold motpebHOCTH B Teme. M, HaoGoport,
€CJIM IIepBasi CTYIEHb UCIIOIb3YEeTCs TOJIBKO KaK BCIIOMOTAaTelb-
HOE CPEJICTBO IIyCKa, TO IIPH pacyeTrax clelyeT paccMaTpuBaTh
OJTHOCTYTIEHUYATBIN PEKUM PaOOTEHI.

DaKkTU4ECKH ABYXCTYIEHYATHIH PeXXUM PabOThl KOTIOB peau-
3yeTcsl ISl OCTOSIHHO TTOBBIIIAIOIIEHCS TeMIIepaTyphl HOCpe-
CTBOM TOTO, YTO PEryJSATOpP TEMIEpPaTyphl MEPBOil CTyNEHH yC-
TaHABJIMBACTCS NPHOIM3UTENBHO Ha 5 — § K BhIIIe BeJMUMHBI
perymnsaTopa BTopod crymeHH. s onTHMM3AnMU paboThl HU3-
KOTEMIIepaTypHbIe KOTJIBl JOJDKHBEI 000pPYOBAaThCS IIOT0J03a-
BUCHMBIMH DJICKTPOHHBIMU KAaCKaJHBIMH U CIEASIIUMHU yCTPOH-
CTBaMH, yNpPaBIIEeMbIMU B 3aBUCUMOCTH OT Harpy3Kd U BpeMe-
HHL.

2.4.1. nons cTyneHel ropesiki B TOJJOBOM OCTAaBKE TeIIa

s onpeneneHus 3TOM JOMM MOKHO CHOBA UCIIONIB30BATH PUC.
4 (aactp 1 B HLH 1/85, ctp. 13). OnHako yclioBHEM 3TOTO SBIIS-
€TCsl pPaBEeHCTBO HOMMHAJIBHON MOITHOCTH KOTJIa IIOTPEOHOCTH B
temte coorBercTBeHHO DIN 4701. IToBepxuocts A-B-C, o6pa-
30BaHHAsl HAa 9TOH JUarpaMme Me1y KPHUBOW U JIMHUSIMU KOOp-
JINHAT, SKBUBAJICHTHA OOILCH roJ0BOii paboTe MO MOCTABKE TeIl-
na. Ecnu, Hanpumep, NPUHATH MOIIMHOCTb MEPBOM CTYNEHH Iro-
penku Py, = 0,5 Py, To oHa BeIOIHAET pabOTy IO MOCTaBKE Te-
mia, Kotopas coorsercTByeT miowmaau A-D-E. Bo BpemenHoit
obmactu D-F mepuoanvecku BKIIOYaeTCs BTOpasi CTYIEHB (CO-
w10). IIpoomKUTEIEHOCTE BKIIIOYEHHST BTOPOTO COIUIA IOJTyda-
€TCsl B TAaKOM ClIy4ae M3 cooTBeTcTBYyMowEel riockoctu D-B-F
paboThl 1O MPOW3BOACTBY TEIUIA M HPHPOCTY MOLIHOCTU IIPH
MOJIKJI0YeHUH BTOoporo coria (Ppy).

B pesynpraTe mpomoKHUTENFHOCTD MOAKIIOUCHHS 2-0i cTyme-
HH paBHa!

Bapa = Quk * fpo/Pp2 (aacos/rom)
TlockonbKky Temepb MpH MOAKIIOYEHUH 2-0i CTYHNEHH KOTeN pa-
00TaeT ¢ MOIHON MOIHOCTBIO, TO/I0Basi BBIpabOTKa TeIuia ¢ HO-
MUHaJIbHOM MOITHOCTBIO paBHA:
Qan=bups « Px (kBT - yac/ron)
ITocraBka Teruia ¢ 1-0if cTyneHsto, U, CleA0BaTENbHO, C IIOHU-
JKCHHOW HOMHHAJIBbHOU MOIIHOCThIO (Py,) paBHa:

Qar: QaK' Qan (KBT . ‘IaC/FO,Z[)
OpueHTUPOBOYHBIE BEIUYHMHBI JOJEH MOCTaBKM TEIJIa ¢ HOMHU-
HalbHOW MOHIHOCTHIO (f,) W yMEHBIIEHHOH MOIIHOCTBIO (f;)
TIpUBEACHHI B Ta0M. 2 U

Tab6auna 1. CpeaHsisi rooBasi TeMneparypa nojaauu koraa B °C
(OtkoppekTupoBaHHas penakuus Tabmuusl 1 B yactu 1. B pacuere Obuta
JomnyiieHa omubka BBoga. Kpome Toro, mepruos oTomIeH s ObIT pac-
LIMPEH 10 OTHOCUTENbHBIX 6800 yacoB B ro).

Pacuer ycTaHOBKH 90/70 75/60 55/47

Frg | Y | Fxa | Fxa | o | Fin

1. Ycranoska 6e3
MPUTOTOBJIEHHS TO-
psAeii BOJBI

1. CBepxHU3KOTEM- 20,0 | 42,0 | 51,5 37,0 | 44,5 30,5 | 350
nepaTypHBIN KOTEI

2.Huskoremmep. 40,0 | 46,5 52,5 43,0 47,0 40,5 41,0
KOTel

3. Koren 50,0 52,5 56,0 51,0 52,0 50,0 50,0
4. Huzkoremrep. 55,0 - - - - 55,0 55,0

KOTEJI, KOHCTAHTa

II YcranoBka ¢
MPUTOTOBIEHUEM
ropsiueid BoJIbl
1. CBepXHH3KOTEM- 20,0 435 53,5 40,0 47,0 35,0 39,0
nepaTypHbIH KoTen

2. HuzkoTemmnep. 40,0 47,0 54,0 43,0 49,0 42,5 44,0
KoTeln

3. Koten 50,0 | 52,0 57,5 50,5 53,5 50,0 | 52,0
4. Huzkoremmep. 55,0 - - - - 56,0 56,6

KOTEJI, KOHCTaHTa

b.ku = 1700 yacos/rox; bxw = 200 yacos/rox
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Koren | Ty T, T, Bpewmst pabotsl (b) yac/ron
bes npuro- C IIPUrOTOB-
TOBJICHUS JICHUEM TOP.
TOp. BOJBI BOJIBI
Py, =05k Oxoio Oxono
1 1,0 0,15 0,85 6 800 8760
1 0,92 0,52 0,40 6 800 8 760
2 0,08 0,02 0,06 1500 1500
: : 1 0,78 0,63 0,15 6 800 8760
T e 2 0,19 0,11 0,08 3000 3000
Puc. 8. Pa3zpe3 Hu3KoTeMnepaTypHOro 3 0,03 0,01 0,02 400 400
KkoTJia Paromat-Duplex P, = 0,6 Py
1 1,0 0,11 0,89 6 800 8 760
1 0,92 0,33 0,59 6 800 8760
2 0,08 0,018 0,062 1500 1500
1 0,78 0,56 0,22 6 800 8 760
2 0,19 0,10 0,09 3000 3000
3 0,03 0,008 0,022 400 400
) GnK
o = - : ~
—OHK_{H+—O“-’: -+—[£>--DHK-.I‘..—2-1'.1“<-J’,]-(.}r__;,-i
Ul Ther Mer
Tk = 1 (43
Ta, = ."'_, i 7 Bbos 1\ ; 1-| (43).
T M ( by« f 2 J ke ]
[ mr060ii rpafanyuy MOIIHOCTH ACHCTBUTENIBHO:
1
s 'rn ‘fr b — ba.-( = {" . .1- -
Sy = g
Puc. 9. Pa3pe3 Hu3koTemMneparypHoro koria Turbomat- Mk Tk b - f- P .
Duplex TP ]

JEHCTBUTENBHBI IS rpajalu MomHocTu Py, = 0,5 px 1 Py, =
0,6 Py.

Ecnu BeiOupatoTcs apyrue rpagalnuy, TO J0JDKHBI COOTBETCT-
BEHHO 3aHOBO PAaCCUUTHIBATHCS JPYTHE COCTABIISAIONINE, HAIIPU-
Mep 10 puc. 4.

2.4.2. DKclulyaTallMOHHBIE IaHHbIE KOTJIA [IPU IBYXCTyIIEHYA-
TOM pexHuMe PaboThI

PacueT npousBoauTcs cOOTBETCTBEHHO paszaenam 2.1 u 2.1.5.
Baxxno, 4To0b! 1 1-ast CTyneHb ropeiki peryjupoBajiach Kop-
PEKTHO COOTBETCTBEHHO U3MepeHusM. Y HaobopoT, coaeprka-
Hre CO, OTHOCUTEIIBHO HOMUHAIBHOW MOIIIHOCTH HE JA0KHO
OBITH OoJIbIIIE YeM, MPUOIM3UTENBHO, Ha 0,5 % 1 camoe 601b-
mee — Ha 1,0 %.

2.4.3. CpenHeronoBoil K03 GHUIHUCHT TOIE3HOTO ICHCTBUS B
JIBYXCTYTICHYATOM PEKIME pabOTHI

Bo Bpemst paboThl 00eux cTyrneHel KoTen padoraer co cBoer
HOMHHaJILHOH MoLTHOCTBIO (Py). TTockonbky Ha 3TOM oTpeske
BpPEMEHH HE MOXKET MPOUCXOAUTH MOJTHOE OTKIIIOUCHHE TOPEIIKY,
TO 3/1€Ch HET TaKKe IMOTepPb Ha FOTOBHOCTb. | eHepupoBaHue Te-
12 IPOUCXOUT C K.IL.JI. HOMHHAIILHON MOITHOCTH (N).
OcTaToYHOE TCHEPUPOBAHUE TEIUIA MPOUCXOANT IIPH MOHKEH-
HOW HOMHHAJIBbHOU MomHOCTH 1-0# ctymenu (Py,) u cooTBercr-
BYIOILIEM K.II.J. KoTJ1a (Ng,). Ha 3TOM oTpe3ke BpemeHu, ecTecT-
BEHHO, OBIBAIOT MOJIHBIE OTKJIIOUEHHS U B PE3YJIbTaTe 3TOTO —
MOTEPU Ha TOTOBHOCTh, KOTOPbIE MOT'YT ITOKPBIBATHCS TOJIBKO 1-
O CTYIICHBIO M OLIEHUBATHCSI, BCICACTBHE 3TOTO, IIOCPEICTBOM
qBr-
Bpemst moTHOro UCTIONB30BaHUs KOTIAa ¢ HOMHHAIEHON MOIITHO-
cThi0 (b,,) ¥ TOHMKEHHON MOIIHOCTBIO (by,,):
Qo - 1 -~ R Bax -

P R
(b, cooTBeTcTBEHHO ypaBHeHUIO 23 1 31, 1-ast 4acTh)
Ecnu Py =2 « P, u, coorBerctBenHo, Py, = 0,5 Pk, To

b, = G&]K"I";Q'bﬁr'bw(""

! IIDI<r }p\('

b yac/ron

an =

yac/ron

(YuutsiBatoTCst H3MeHEHHs BenuuuH f, u ;).

2.5. KoTejibHbIE YCTAHOBKH € ABYMSI H HECKOJIBKHMM KOT-
JaMu

OtaenbHBIE KOTIIBI OJDKHBI OBITH OTPEryIMPOBAHBI HA BO3MOX-
HOCTb IIEPEKPHITHUSI CO CTOPOHBI ceTeBoH Boabl. KOTiibl, KOTOpBIE
HE HYXXHBI B COOTBETCTBUH C TPeOyeMOil MOIHOCTBIO, JOJKHEI
HOJIHOCTBIO MEPEKPBIBATHCS U OXJIAXKAATHCS 0 TEMIEPATYPhI
oraruiMBaeMoro nomeuieHus. Hu B koem citydae He clienyeT Ha-
rpeBaTh HEHYXKHBII KOTEJI, HAaIIpUMep 4epe3 NpeaoXpaHnuTelb-
HYIO PaCIIUPUTENBHYIO JIUHHUIO.

B npunuuMne nelcTBUTENBHO ClleayIOLIEE:

Ecnu B cucteme ¢ 1ByMS NI HECKOJIBKUMH KOTJIAMH BCE KOTIIBI
TIOCTOSIHHO TTOIEPKUBAIOTCS TIPH pabodelt Temmeparype, To
CPeAHEro10Boit KO3 PUIMEHT HCIIOTB30BaHUS BCET/IA XYyKE
4YeM B CHCTEME C TOJIBKO OJHUM KoTiioM. Ciemyer Taoke o0si3a-
TEJILHO YYHUTHIBATH, YTO IIPH PaCIIPeIeNICHUH O0IIel MOLITHOCTH
Ha HECKOJIBKO KOTJIOB COOTBETCTBEHHO puc. 1 (cM. 1-yIo 4acTp,
ctp. 10) B pacueTax ciaeqyeT UCIOJIb30BaTh HAMMEHBIINE K.I1. 1.
KOTJIa ¥ HauOOJNbIINE BETMYHUHBI (g, YTO YACTO YIyCKaIOCh.

B ycTanoBke ¢ AByMs1, HaIIpuMep, KOTJIIaMU BTOPOH KOTEI HE
JOJDKEH MOAKIIOYAaThCS yXKe IPH KPaTKOBPEMEHHBIX THKaX Ha-
TPY3KH , KOTOPBIE TOJIBKO BEIXOAT 32 IIPE/IeIIbl MOIHOCTH TIep-
BOT0 KOTJIA JINII KpaTKoBpeMeHHo. CuikoM GICTpoe clie/s-
I1ee NOAKIIOYECHNE KOTJIa COBEPIICHHO BPEIHO, TAK KaK MPU
YacThIX BKIIOYCHUSX U BBIKIIOUCHHUSIX COOTBETCTBEHHO BO3HU-
KaloT IIOTE€PU HAa HArPEB U OXJIAXKACHHUE.

CanmkoM ObICTpas peakuus claeIsIiero KOTJIOBOro ycTpoicTBa
MOXET, KPOME TOTO, B YACTHOCTH IIPH TaK Ha3bIBAEMOM OIITH-
MHU3HPOBAHHOM PETyJIHPOBAHUN C OBICTPBIM HArPEBOM, IPUBO-
AT TOMY, YTO CIIEISIIIUI KOTEN YKe P paHHEeH OCeHH U eIle
IIpU caMoM T031HeH BecHe OyIeT KpaTKOBPEMEHHO BKITFOUAThCS,
XOTS BeIyIIMi KOTEJ MOT OBl IPEO10JIeTh KPATKOBPEMEHHEIE
MHUKY HAarpy3KH AaXke caM, yBeJaudnBas Ha 5 — 20 MUHYT HepHo-
JbI TTOJTHOM Harpys3ku. IlockosbKy Teneps, IpH OTIMYHBIX 3Ha-
YEHHUAX g COBPEMEHHBIX KOTJIOB OOJIBIION U cpeaHel MOIIHO-
CTH, TEMIEPaTypa KOTJIa MafaeT JIUIIb YPE3BEIYaliHO MEUIEHHO,
TO TIOYTH TIOCTOSTHHO BCE KOTJIBI TTOJICP>KUBAIOTCS TIPH TEMITE-
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patype roroBHOCTH. ClielyeT TakKe OTKa3aThCs OT 4acToi cMe-
HBI BEIyILLIEro KOTia B caensieM ooopynoBanuu. OqHopazoBoe
MEPEKITIOUEHHUE 3 Ol SKCILTyaTal[M1 BO BCEX OTHOIIEHHUSX ca-
Moe€ npaBuiIbHOE. B TakoM ciyyae ciensimuii KOTes MOJTHOCTbIO
OTKJTIOYAETCS Ha MIPOJODKUTETBHOE BPEMS, TPHOIM3UTETBHO C
KOHI[a (heBpasst 10 Hadaja AeKalpsi; TOITOMY €ro MOXKHO XO-
POIIO BBIYUCTUTH U 3aKOHCEPBUPOBATH Ha JUIUTEIHFHOE BPEMsL.

2.5.1. YcraHoBKa C IBYMsI UJIM C HECKOJILKUMU KOTJIaMHU U OJ1-
HOCTYIICHYATOM PEXHUME PabOThI TOPEIKH

Ecinu o61iasi MOLIHOCTD PACIIPEAIAETCS MEXKILY KOTJIaMHU CO-
BEpLICHHO PaBHO, TO:

PKl...n = PKg/IlK kBT

IJie Nk — KOJHYECTBO KOTIIOB,

TakuM 00pa3oM o0IIee YHCI0 YaCOB MOJHOTO HCIOIb30BAHHS
BCEX KOTJIOB PaBHO:

bake = bak Nk YacoB/TOJ

IIpu HEOMMHAKOBOM pACTIPEICIICHIH MOIIIHOCTEH MEKIY OT-
JICJIbHBIMH KOTJIAMHU:

BaKl = le . (PKg/PKI) . baK ‘IaCOB/FOZ[

U T.J. (Y4UTBIBaeTCsl U3MeHeHne Ko duiueHTos fy).

J171s KOTJIOB OJJHOTO TPOM3BOIUTEIISI U PABHOW MOIIHOCTH, [IPH
OIMHAKOBO XOPOILEH PeryInpOBKe TOPEIOK, MOKHO MPUHUMATH
TaK)Ke OJJMHAKOBEIC SKCILTYyaTallMOHHBIC TapaMeTpEI.

B Takom cnydae cperHerooBoi K03 GUIUEHT UCTIONB30BAHMS
paBeH:

e

1)-qB+1

Mo = — 5 (45).

by - i
rze Y \b — cyMMa nepuooB BPEMEHH KCILTyaTall BCEX KOTJIOB
B yacax/rop.

Ecnu npenycMaTpuBaroTcs KOTJIbI pa3IMYHON MOLIHOCTH, pac-
YeT OTJETbHBIX KOTJIOB JIOJDKEH IIPOU3BOJUTHCS C PA3INIHBIMU
9KCINUTyaTalMOHHBIMH ITAPaMETPaMHU.

B takom cnyuae:
1

Mo =
fK-I + - 'ng__ "

Mak1 Nakz

e T

Puc. 12. DkenuyaTauuoHHbIe apa-
MeTpbl HU3KOTEMIIEPATYPHBIX KOT/IOB

1 COOTBECTCTBCHHO:
1

Tk = = T UE—
i by 3 1, b.
L( _1'.%‘_1 ﬁi_(_a _1).%2+1
Tt Baiq ] Mz byyo ]

(46).

2.5.2. YcTaHOBKH C IBYMS M HECKOJIbKUMH KOTJIaMHU M (haKTHUe-
CKHMM JIByXCTYHEHYAThIM PEKHMOM IOPEIIOK

Ecnu

Pxi..n = (Pxg/ng) « Pgg= Qn b Px; = 0,5« Pg,

TO CyMMa YacoB ITOJHOT'O HCIIONIb30BaHUS BCEX KOTJIOB C HOMHU-
HAJILHON MOIIHOCTBIO:

Zbyy = by - gy + fp + =)o g uacos/rop

Eby, = by Ef g vacos/ron  (47).
CyMMa 4acoB IOJIHOTO MCIOb30BaHUs BCEX KOTJIOB C IIOHU-
JKCHHOM HOMHHAJIBHON MOILHOCTBIO IIPU IIEPBOM CTYIIEHH I'O-
peJku:
Eb, = by X1 -ne-2 yacos/roa (48).
IIpu xoTnax paBHOW MOIIHOCTH, HO C APYTOil peryIupoBKOn 1-
0i1 cTyneHu:
PK
yacos/rog, (49)

I‘:‘K
(yuutbiBaeTcst n3MeHeHnue ko duimentos f;)). Y b,, cocrout u3
PaBHBIX BEJIMYMH.
JI1s1 KOTJIOB ¢ OIMHAKOBOW MOITHOCTBHIO M Py, = 0,5 Pk

1

52 I 53 20 5 S ' '
Zhoy ) L Sl M S 1) g
e e by - Zh-2-ng J (50).

JI11 KOTJIOB ¢ OJJMHAKOBOI MOIITHOCTBIO, HO € IpyTrOi HaCTpOii-
KOH MepBOH CTYINEHHU:

by = by Th- e

o, =

1
Ii‘a(="'\. - = = x 7
b IR o
Zh _[ Elml QT ERUEE 1)_%' + 1}

(51)

I Kessel konst, 75 °C

ST M "

0 S —o cpeaHeii U 6OIBIIOH MOIHOCTH MPH J

oLl [ \qgf 46 NMOHMKEHHO} TeMIepaType KoTJia 78 [

W73 LSE BTk 2 3 |

HE1,

A fi Puc. 11. KoadppuumenT nosae3noro 20 30 W0 _ 50 50 675
Puc. 10. ko3 unmeHT M0JIE3HOrO0 Aei- neidcTBHS B 00J1aCTH YACTHYHOM Ha- Y Km _
CTBHSI CBPXHH3KOTEMIIEPATYPHOTO rpy3Ku 0 a3 032 055 08 1

KOTJIa B 00JIaCTH YaCTUYHOM Harpy3xKu

nang, Kenbh)

(KpuBas 1 neMoHCTpUpYET, MEXIY IPO- 4
YHM, OYEHb XOpOIIIee COBIAJAEHHE C pe-
3yJIbTaTaMH Psifia H3MEPEHUH Ha HCIBITa-
TebHOM cTenjie 1o 3akasy TUV Peitn-

HEZ1 1T
a — CBepXHHU3KOTEMIIEPaTyPHBIN KOTEI
6 — koTe, KoHcTanTa 75 °C

| 2
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HpI/I HEOAMHAKOBBIX MOUIHOCTAX U pa3sHbIX HaCTpOﬁKaX TOpPEIIOK:

Tak =

fn' + fr1
| Mk e

11r:12

T2

1
bl_b 1
( = 1) Qe + 1]+

ar1

2.5.3. YcTaHOBKH C BYMS MJIM HECKOJIBKUMU HU3KOTEMIIEpa-
TYPHBIMH CBEPXHHU3KOTEMIICPATYPHBIMH KOTIaMU

DKCIUTyaTalMOHHbIe TaPaMeTpPbl KOTJIOB, a TAKXE CPEIHHUE Io-
JIOBBIE pabouue TeMIIEpaTypbl MOXHO PACCUUTATH COOTBETCT-
BeHHO ab3amam 2.1. — 2.3. /Iy Bcex KOTJIOB MOXHO IPHHSATH
PaBHBIMH CpeJHHE Pabodue TeMIIepaTyphl; 3TO IeHCTBUTEILHO
Taroke 1yt 1-o0# ctynenn. C HoJrydeHHBIME TaKUM 00pa3oM
JAHHBIMHU PaCCUUTBIBACTCS CPEHEr0JOBOM KO3 (MHUIIMEHT UC-
10JIb30BaHUsl COOTBETCTBEHHO pazzeiam 2.5.1. —2.5.2.

3. Bpemst paGoThI 0AHOI0 KOT./1a B TeyeHue roga (b)

B o0mem ciaydae 11 KOTJIOB ¢ HOAKIIOYEHHBIM 000py10BaHH-
€M AT IPUTOTOBIICHUSI TOPSTIEH BOABI MOXKHO IIPHUHSTH YHCIIO
yacoB paboTsI 3a rof okoJo 8 760, a g KoTI0B 6€3 000py10-
BaHMS JUISl IPUTOTOBJICHHS TOPSIEii BOJBI M IIPHOIM3UTEIEHO
275 nusimu ororieHust — okoso 6 500 yaco. OiHaKo y coBpe-
MEHHBIX KOTJIOB BO3MOJKHBI ITOJTHBIE OTKJIFOYEHYS, HAIIPHMED B
HOYHOE BpPEMsl, a TAK)Ke JIETOM BHE IIEPHUOI0B 3aIl0JIHEHHS Ha-
konuTeneil. Eciiu mpuHATL BpeMs HOUHOTO MOHMKEHUST PABHBIM
8 "yacoB/neHb, a BpeMsi JeTHero otkimodeHus 2 x 11,5 ga-
COB/IIeHb, TO O0LIEe TOJ0BOE BPEMs OTKIIOUYCHHUS PaBHO:

T,s=275.84+90.2.11,5=4270,0 yacos/rox

Ecnu BBeCTH 3Ty BEIMYMHY IIPSMO B BUJIE BEIYUTAEMOTO, TO 3TO
OBl 03HAYAJIO, YTO JJISI JAHHOTO IIPOMEXKYTKA BPEMEHH He OBLIO
ObI HUKaKoro pacxona Hepruu. OJHaKo 3TO ObLIO OBl JOKHOE
3aKIII0YCHHE.
Tak pabouas TemnepaType KOTJIa HEMOCPEACTBEHHO MOCIE MOJ-
HOTO OTKJTIOYEHHSI HU B KOEM ClTy4yae He MOHIKaeTcs OpocKoM
JI0 TeMIIepaTyphl OTAIIMBAEMOr0 OMEIIeHHsI. TOUHO Tarke Ha
ClIefiyIoIiee yTPo WK Hepes 3alloIHEHHEM HaKomuTeNs pabodast
TeMIeparypa KoTia He MOKET ObITh H3MEHEHa 10 He0OX0AUMO-
TO 3HAaUCHHUs 63 COOTBETCTBYIOIIETO PACX0/a SHEPIHU.
UToObI HONYyYUTh KOPPEKTHBIE PE3yJIbTATHL, CIEAYET PaCCUUTaTh
NaJIcHue TEMIIePaTypbl BO BPeMsl OTKIIIOYEHHS M PACXOJ dHep-
THU JUIs1 TIOBTOPHOT'O HAarpeBa.
Pacxon sHeprum aj1si HOBTOPHOTO HarpeBa:
Mk - % (=)

Mk
Y COBpeMEHHBIX KOTJIOB B COOTBETCTBHU C pasznesioM 2.3.2 npu
temieparype otkitoueHus 60 °C 3a 12 yacoB majgeHue Temrie-
parypsl niosryganocsk 17,4 °C. 3aecs 60 °C COOTBETCTBYIOT TEM-
nepatype KOTJIa MOCJIe 3al0JIHEHHS HAKOMIUTENS C Y4eTOM Ipo-
JOJDKAIOILEHCs paboThl 3arpy304HOT0 HACOCA B UHCTO JIETHEM
pexHIMe.
Jlnst BpeMeHH HarpeBa CpeHss TeMIepaTypa KOTjIa K MOMEHTY
HOYHOTO OTKJIFOYEHHS MOXKET OBITh IPUHSATA PAaBHOH 0K0JI0 37
°C. ITagenue TemMiepaTypsl 3a 8 4aCOB B COOTBETCTBHH C YPaB-
HeHHEeM 42 MOXKeET M0JIyyaThesl paBHbIM okoito 5,0 K.

BT yac.

Qa

Pacxon sHepruu Ha Harpes (J€TOM) paBeH:
Qa=(106,6+17,4:0,93)-90-2 .10~ =359,0 kBT - wac/roxn
Bpewms narpesa:

Qa=(106,6-5,0:0,93)-275+1+ 107 = 158,0 xBr - ac/rox
Qag= 517,0 kBt « yac/rox
Ecnu Bo BpeMst eproioB 6e3 1mojaun Teruia mpoJoJnKaroT Ho-

nepxkuBath TeMil. 60 °C, coorBercTBeHHO, 37 °C, TO pacxon
SHEPTUH Ha MOTEPHU TMPH MOJICPIKAHUU TOTOBHOCTH (JIETO):

(52).

fro N (bQ = bano
Tkre L barz

Qp=Ps-q’p-z
Qg =24,2-0,0085-90-2-11,5=186,0 kBt - gac/rox
Qg =24,2-0,0035-275.1-8=426,0 kBt - yac/rox
Qag=612.0 kBT - yac/ron
AQ =95.0 kBt . gac/rox
3nech pakTHUecKas IKOHOMUS SHEPTHH OJ1arofapsi IOJIHOMY
OTKITIOYEHHIO COCTABIAET OK0JIO 95 KBT - 4acoB mim, COOTBET-
CTBEHHO, 9,5 J1 KOTEJILHOTO TOIUINBA. V1 HaNPOTHB, €CIIN CUUTATD
(axTHUECKH COKpalieHne BpeMeH! paboTsl mpumepHo 1o 4 270
4acoB/TOJ1., TO DKOHOMHS JocTuraer 612 4acoB/rof, 4to cooT-
BETCTBYET OKOJIO 61 J1 KOTEIBHOIO TOILIUBA.
Brpouewm, 65110 OB HEIIPABUIIBHO TAKOKe ISl IEPHOJIOB OTKITIO-
YEeHUs IPHHAMATH OCTHIBAHHE KOTJIA A0 TEMIEPATypPhl OTAILIH-
BaeMOT0 IIOMEIIEHUs], a 3aT€M YUHTBIBATh PacXo]l SHEPruu Ha
HOBTOPHBII Harpes j10 60 °C wiu, coorBercTBeHHo, 37 °C. B
TaKOM CJIy4yae pacxo]] SHEPIHy Ha HarpeB OKa3bIBAIICS ObI BAPYT
OOJIBIINM, YeM JUIsl IOAAEP)KUBAHUS TEMIIEPATYPBl, a 3TO Gu3u-
4ECKH HEBO3MOXKHO.
Taxum o0Opa3oM, B KauecTBEe BpeMeHH paboTHI (b) Bceraa ciemy-
€T BBOANUTH CPEJHET0JJOBOM MEPHO, B TEUEHHE KOTOPOTO KOTEl
HnMeeT pabouylo TeMIepaTypy, KOTOpast BEIIIE TEMIIEPATyph
OTaIUIMBaeMOro nomemieHus. st HU3KOTeMIIepaTypHbIX 1
CBEPXHHM3KOTEMIIEPATyPHBIX KOTJIOB TAKXKE CIEIyeT BBOAUTD B
dhopmyiy okosio 8 760 yacoB/ro1 UM, COOTBETCTBEHHO, 6 500
4acoB/TO[1.
MO>KHO OLIEHHTH MOJHBIE OTKIIOYEHHS TOJIBKO JUIsl KOPOTKUX
TIPOMEKYTKOB BPEMEHH, HarlpuMmep, oT 8 10 12 4acoB/neHb ¢
COOTBETCTBEHHO YMEHBIICHHBIMHU CPEAHETONOBBIMU Pab0dInMu
TeMIiepatypamu (maoa. 1).
ITo cMeICIy B KadyecTBe may3 B paboTe JIeHCTBUTENBHEI TOIBKO
HepPHO/Ibl BPEMEHH, B TEUCHNE KOTOPBIX TeMIIepaTypa KoTia
OITyCKaeTCs IPUOIM3UTEIIBHO 10 TEMIIEPATyphl OTAIIMBAEMOTO
MoMeIeHHs. DTH ePUOIbl BpEMEHH MOTTIH Obl H3MEPATHCS Ha-
KJIaHBIMH KOTJIOBBIMH TEPMOCTATaMH U CYETUNKAMH 4aCOB pa-
00TBI. DTO OBUTO OBl HHTEPECHO, pa3yMeeTcsl, TOJIBKO B yCTa-
HOBKaX C ABYyMs HJIM HECKOJIBKIMU KOTIaMH. 31€Ch, 0 MEHb-
mreit Mepe, MOXKHO JIOTIOJTHATEIEHO YCTAaHOBHUTH OIINOKHU B DKC-
IUTyaTalyy WK B CIIEASIEeM 000pyI0BaHIH KOTJIOB.

— 1) ggp + 1

4. IIpumepsl pacyeToB

B xauecTBe ycnoBus 3/1ech IPUHUMAETCSl OANHAKOBO XOPOIIast
TEIIOM30JISIINS, @ TAKKEe OJJMHAKOBO XOpOIIee Ka4eCTBO TOILIH-
Ba, XOTS B 3TOM, €CTECTBEHHO, MOTYT OBbITh OTJINuMA. Takum 00-
pa3oM, HaTpuMep, IPH MaJIEHBKUX MOIIHOCTSAX KOTJIBI C TOMOY-
HBIMH KaMepaMH W3 JISTHPOBAHHOH CTaJIM MOTYT Jerde 3Kc-
IUTyaTHPOBATHCSA C OYEHb HE3HAUUTEIBHBIM H30BITKOM BO3IyXa,
YeM TaKHe jke KOTJIBI C TOIOYHBIMU KaMepaMH ¢ CUCTEMOM IIpo-
ToKa Bozbl. C ApyToli CTOPOHBI, BRIOpaHHAs TOJIIMHA TEILIO-
M30JISLMN TAKKe MEHBIIE CKa3bIBACTCsl Ha KaYeCTBE TEIION30-
JISILIM — 3TO TAK)KE OYSHb CHJIBHO BJIMSET Ha TO, HACKOJIBKO
CHJIBHO MCK/TIOYAOTCS TETJIOBBIE MOCTUKH U IIPEIOTBpaIaeTCs
LUPKYJIALMS BO3AyXa MEXLY KOTJIOBBIM OJIOKOM M TETUIOU30JIs-
LUCH.

31ech ciaemyeT TOIbKO yKa3aTh Ha TO, KaKUe Pa3iIHdus 3aJai0T-
Csl, TIPH IIPOYNX PABHBIX YCJIOBHUSX, B 3aBUCHMOCTH OT MOIIIHO-
CTH, IPUHIHIA PabOTEL, paboyeil TeMnepaTypsl 1 AUHAMHYE-
CKHMX Pabounx XapakTepuCTHK. [109TOMy 17151 HOMUHAIBHO
MOIIHOCTH, U3MepeHHO# coorBeTcTBeHHO DIN 4702, ycnosuem
ABJIAIOTCS €JIMHBIE, 3aBUCSIIME OT MOIHOCTH SKCILTyaTaI[OH-
HBIE TTapaMeTphl, TaKUe Kak B mabauyax 3 u 4, HOYTH peaabHO
yKa3aHHBIE 715l TEXHHYECKOTO ypoBHs 1984 rona.

Jlnst BceX HOBBIX YCTaHOBOK B MPUMEpPaxX pacdeToB IPUHUMACT-
csl MoNHOe Hctiob3oBanue Komia (b,k) 1900 wacos/rox 1 Kpyr-
JoroguyHas paboTa ¢ obecredeHneM ropsiueil Bomou.
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4.1. ITapaMeTpbl KOTJIAa IIPH OHUKEH-
HOIi MOLITHOCTH

TaﬁJmua 3. HapameTpm COBPEMEHHBIX KHAKOTOIVIMBHBIX U I'a30BbIX KOTJIOB IPH Bepreﬁ

M MOHIKeHHoi MougHocTH 3, = 75 °C (KoTes MaJIeHbKOI MomHOCTu)

1. HoMuHanbsHast MOIIHOCTE Py kBt | 17,0 21,0 27,0 43,0 67,0
VKazauHbli B mabn. 3 Koten ¢ BepxHeit 2. HwxkHsss HOMMHAJIbHAS MOIITHOCTh Py, kBT 14,1 17,4 22,4 35,7 55,6
HOMHHAIBHOM MolHOCTBIO0 27,0 KBT s1071- 3. TemnepaTypa OTXOASIIMX ra3oB npu Py N °C 210,0 | 210,0 210,0 | 210,0 210,0
JKeH OBITh OTPETyJIMPOBaH Ha YMEHBIICH- 4. Temnepatypa OTXOISIINX I'a30B IpH Py, 9a °C 187,0 187,0 187,0 187,0 187,0
Hy1o Ha 17 % moutHocts 22,4 kBT. Tem- 5. Coneprxanne CO, npu Py co, | % 13,2 13,2 13,2 13,2 13,2
Tiepatypa OTXOIUIIIX Ta30B yMCHBIMACTCA, | ¢ Copnepsxanme CO; mpu Py, co, | % 13,2 13,2 13,2 13,2 13,2
npubnusurensHo, Ha 13,5 °C npu noHu- T b 2 5 G 53 3 G o3
JKEHUH MOIIHOCTHU Ha Kaxkasie 10 %. - OTCPH Ha OTXOIATINC Ta3BI MPH Fic Qa 70 ’ ’ > ? ’
IIpy CHKUraHMKM KOTENBHOTO TOIIMBA: 8. IToTepH Ha OTXOZAIIHE Ta3Bl NPH P Q | |75 7.5 7.5 7.5 7,5
[orepu Ha oTxomsmue ra3ol qu; (Yp. 16): 9. Ilotepu Ha u3IyueHHEe Qs % 2,9 24 2,0 1,6 1,4
Qar=10,59-1210,0 - (1,7 -13,5) - 20] : 10. K.ii.a. kotuia ne | % | 886 |80 |85 [899 [0l
— )
13,2=75% . 11. K.m.a. kotna % 89,0 89,6 90,07 90,56 90,80
Koa¢durrent nonesHoro fefcTBhs KOTIA Mke
(yp. 33): 12. BenmunHa qp mi1s Py Qg % 1,45 1,32 1,20 0,95 0,75
) 75) 13. Benuunna gp st Py, Qe | % 1,76 1,59 1,45 1,15 0,91
22.4. (1 — -J 14. ITotepu Ha uznydeHue Juis Py, Qs | % 3,5 2,9 2,43 1,94 1,70
100
Mer = = = 0,9007
224 4 _’_7_-0_ ) _2_{1 Ta6anua 4. [IapaMeTpbl COBpeMeHHBIX *KHIKOTOIIMBHBIX H Ta30BbIX KOTJIOB Cpe/Hell n
' 0885 100 60.1b1110ii MOLITHOCTH IIPH FOPEHUH ¢ H30BITOYHBIM IaBJIeHUEM
e s rromrs .34 om0 TI08 TS0 o0 o
o= 1,2/(27,00,9007) : (22,4-0,895= | ¢ HHOCTR TP A ’ ’ : : ’
E 1,45 %. 3. Temnepatypa oTxomamux rasos ipn P | g | °C | 2200 | 2200 | 2200 | 2200 | 2200
OTEpH Ha U3JTyYEHHE:
Qs =2,0-(27,0-0,9007) : 22,4 - 0,895 = 4. TemnepaTypa OTXOAAMMX Ta30B MpHU Py, 9a °C 155,0 | 155,0 | 155,0 | 155,0 155,0
=243 %, 5. Conepxanne CO, npu P CO: % 13,8 13,8 13,8 13,8 13,8
6. Conepxanne CO; nipu Py, COs % 13,2 13,2 13,2 13,2 13,2
7. Ilotepu Ha oTXoxs1IKE Ta3bl Ipu Pk Qa % 8,55 8,55 8,55 8,55 8,55
8. [lorepu Ha oTxonsMe ra3sl Npu Py, Qa % 6,03 6,03 6,03 6,03 6,03
9. IloTepu Ha U3IyYeHUE Qs % 1,2 0,80 0,6 0,45 0,3
10. K.m.1. koTina Nk % 90,25 | 90,75 | 90,85 | 91,00 91,15
11. K.n.a. kotiia Ne % 91,93 | 92,61 92,95 | 93,19 90,46
12. Benuuuna qp amst Px Qs % 0,60 0,35 0,30 0,23 0,18
13. BennuuHa qp 1714 Py, Qer | % 1,02 0,60 0,51 0,39 0,31
14. Tlotepu Ha u3ny4eHue Juis Py, Qer | % 2,04 1,36 1,02 0,78 0,51

4.2. ITapaMeTpbl CBEPXHU3KOTEMIIEPATYPHOI0 KOTJIa B 00-
JIACTH YACTHYHON HATPY3KH

B kagectBe ycnoBus GepeTcs CBEpXHU3KOTEMIIEPAaTyPHBINA KO-
TeJ ¢ MaCCHBHOM ABYXCIIOHHON peOpUCTOii CTpyKTYypoi. B co-
OTBETCTBUU C pazfenoM 3.1 Takoil KOTed JOJKEeH ObITh OTpery-
JIUPOBAH Ha OHIKEHHYIO MOIIHOCTB, Hanpumep, 22,4 kBt. I1o

pesyibratam nsmepennii 34 pasro 30 K, ay paso 0,6 u a
pasHo 0,65. Ilpu cpenneit Temneparype Kotia, Harpumep, 50
°C (akTHYecKas CTEINEHb UCIOJIb30BaHus B ycTaHoBke 75/60 °C
C pagnaTtopamMH paBHa

= (,55.

o — ( 9 — 8 ) ( 50,0 — 200"

% — &) 67.5 — 200 |

Iorepu Ha uznyuenue (yp. 35)

[0 —20\" 06 + (1 —06)|-243 = 1.770%
q., (675_20 06 4+ (1—086)]-243 = 1,77%

IMoTtepu Ha oTxopsmue rassl (yp. 35)

1870 — (67,5 50).-065 — (1 — 0,55)-30 20
Q4 = 059
13.2
= 6,350,

K.a.g. xotna (yp. 35)

_ 177 — 635
N = = 0919,

100

HOTepI/I Ha T'OTOBHOCThH

s (590 20,0\"° -
e " \ers — 20,0) = 0.79r.

Ha nuarpamme (puc. 10) nokazaH K.11.J. yIOMSHYTOI'O BbILIE
CBEPXHU3KOTEMIIEPATypPHOT0 KOTJIA /TSl TPEX BEIMYMH MOIIIHO-
CTHU B 3aBHCUMOCTH OT CPEHEH TeMIepaTypbl KOTJa, TeMIiepa-
TYpPBI IOAAYX KOTJIa ¥ CTEIICHH HCIIONb30BaHMUSI.

: T
111
94 I |!
4

Y Ve

82

{
1
|
’
1 | 1
6 8107 kW 2 3 4

| | L
& 102 2 3 45

Puc. 13. CpeaneronoBoii k03(ppuumeHT NCNO0JIb30BAHUS B 3aBHCH-
MOCTH OT MOLIHOCTH, THIIA KOT/1a H NPHHIMNA JeiicTBHSsI

(1 - KOTeT COOTBETCTBEHHO MUHUMAIEHEIM TpeboBanmsaM DIN 4702,
BbITyck 1979; 2 - kored, koHcTanTa 75 °C, oqHOCTYIIeHYaTast TOPEJIKa,
TOPEHHE NPU pa3pexeHuu; 3 - KoTell, KoHcTaHTa 75 °C, oMHOCTyeHYa-
Tasi TOpeJIKa, TOPeHHUe NIPpU N30BITOYHOM JaBIICHUH; 4 - KOTel, KOHCTaH-
ta 75 °C, ABYXCTYNEHYATHIN PEIKUM TOPEJIKH, TOPEHHUE [IPH pa3pexke-
HUY; 5 — KoTelI, KoHcTaHTa 75 °C, IByXCTyHNEHYATBIi PEXXUM TOPEIIKH,
ropeHue Mpu U30bITOUHOM JaBJIEHUHU; 6 - HU3KOTEMIIEPATyPHbIH KOTEN ¢
JIBYXCIIOMHOM CTPYKTYpPOii TEIUI00OMEHHBIX TIOBEPXHOCTEH, C IBYXCTY-
NIEHYaTOH paboTOl ropeNky, TopeHne ¢ U30BITOYHBIM JaBIeHHEeM; 7 —
CBEPXHHU3KOTEMIIEPATYPHbII KOTEJI C ABYXCIOHHOM CTPYKTYpOH TEII0-
OOMEHHBIX OBEPXHOCTEH M OHOCTYIIEHYATOH TOPENIKOil; 8 — cBepx-
HU3KOTEMIIepaTypHBIil KOTEN C ABYXCIOWHON CTPYKTYPOH TeIIo00MeH-
HBIX TIOBEPXHOCTEMH, C OJJHOCTYIIEHYATOH IOpPEIIKOM, C HYKHEH HOMU-
HaJIbHOI MOIITHOCTBIO

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.FU




4.3. KoappuumeHT HCIO0IH30BAHUS IJHEPTUH B 00J1aCTH Yac-
THYHOI HATPY3KH

YpaBuenus Jurtpuxa (yp. ot 27 10 29) no3Bois0T, KpoMe
MIPOYET0, PACCYUTATH KOI(PDHUIIMEHT UCIIONB30BaHHS KOTIOB
pu J1000# YacTUYHOH Harpyske. JlocTaTOYHO TONBKO BCTaBUTh
B ypaBHeHHe 1/¢ BMecTo b/b,k. Kpome Toro, nomkus! onpene-
JISTECS CTIelM(HYECKUe TapaMeTPhl KOTIIOB.

Jl1st yka3aHHOTO BBIILIE CBEPXHU3KOTEMIIEPATYPHOI'0 KOTJIA C
MoOIIHOCTHIO 22,4 kBT, Hanpumep, npu ¢ = 0,55 (1aHHbIE COOT-
BETCTBEHHO puc. 10)

0,919
Toss = = 09813
( - 1)-000?9 b
| 0,55
npu g = 0,32
0,828
Moas = ] = 0,819
—— — 1] -0,0046 4
0,32

CpaBHHM C 9THM pe3yJIbTaTOM TPaJULIOHHBII KOTEJI, KOTOPBIH
MOCTOSTHHO padoraeT ¢ Temmneparypoit 75 °C. Tlomyuaercs:

09007
Mg = mm—————— = 0,89

— — 1]-0,0145 + 1
5

0,9007 .
Mgz = — ; = 0,873

1)-0.5145 + 1

 0.32

XapaKTepHCTHKa APyroro K03 (GUIMEeHT HCI0Ib30BaHNUs MTOKa-
3aHa Ha puc. 11.

4.4. CpeanerooBoii kK03(pGpuuHEeHT HCTOIb30BAHUSA
4.4.1. HuskoremnepaTypHblii KoTen

Ipu kpyrioroau4Hoi paboTe C IPUTOTOBICHUEM TOpsTYel BOJIBI
CpPEIHEro10Bas TeMIlepaTypa rnojadn kotia Jy, paBHa okoio 47

°C,a 9’Kg - okonio 40 °C. Torga B cooTBeTCTBUH C puc. 10 Nk,
~ 0,926, a q’g, =~ 0,004, ecu cHOBa peyb UAET O YKa3aHHOM
BBIIIIE CBEPXHU3KOTEMIIEPATYPHOM KOTJIE C MOLIHOCTHIO 22,4
kBrt. Ecim BcraButh B popmyity b,k paBaeiM 1900 wacos/rox,
TO:

0926
MK = o gy

. ~ 0913,
8760
- 1) .0.004 +1

1900

4.4.2. Koten ¢ nocrosHHOH paboueit Temneparypoit 75 °C

B cootBercTBUM ¢ mabn. 3 cieayeT BCTaBUTh B GopMyity Ny =
0,9007 u qg = 0,0145.

0,9007

= 0,856

Nag = —
oy 8 760
( 1900

= 1) -0,0145 + 1

Hcxons u3 9Toro, OTHOCUTENBHO BapuaHTa paszaena 4.4.1, no-
JIy4aeTcst JOIOIHUTENbHBIN pacxo okoio 6,65 %.

4.5. Ko1y10BBIC YCTAHOBKH Cpe/iHeil MOLIHOCTH

B kauecTBe ycnoBus BO3bMEM COBPEMEHHBIN KOTEJ C MOLIHO-
cteio 1 070 kBt pu yactuuHo# Harpyske (Py) u ¢ MOIITHOCTBIO
642 kBt npu wactuynoii Harpy3ke (Py;). DkcrmyaTannoHHbIe
TapaMeTpbl MOXKHO B3SITh B mabi. 4 WM PacCUNTATh.

4.5.1. OngHocTyneHuyaTast paboTa TOPENIKU ¢ MOCTOSHHOM Temrie-
patypotii kotna 75 °C

Nk = 0,91; gz = 0,0023.

CpenHeronoBoit KO3(GHUIUEHT HUCIIOIb30BAHMS

0,91
Mo - 0,9025.

8760 !
( 'I)-C'C(JZZB + 1

1900

4.5.2. [IByxcrynenyarasi paboTa rOpesKd ¢ TIOCTOSIHHOW TeMIe-
partypotii kotma 75 °C

nk =0.91; nk, 0,9319; qg,= 0,0039.

B coorBercTBUM ¢ mabn. 2: f, = 0,11; f,=0,89.

(3mech, pasymeeTcsi, HEPAaBUIBHO pacCUUTAHHAs CTyIIeHYaTast
CXeMa CJIeKEHHS] MOXKET IPUBECTH K COBEPLIEHHO HHBIM pe-
3yJbTaTam).

CpenneronoBoii koadduunent ucnonb3oBanust (yp. 44):

1
I) 00039 + 1
0,82294

0.89 B760 — 1900- 0,11
08319 (
OpHaKo HY B KOEM ClIy4yae HeNb3s ObUIO Obl MEXaHHMYECKH Iie-
PEHOCHUTB 3TOT PaAYIOLIHIl PEe3y/IbTaT Ha MaJIble KOTJIBI C IBYX-
CTYIICHYAaTBIMU OPEJIKAMHU.

Max =
' on
091 1
1900.089. —
086

4.5.3. HuskoremneparypHbliil KOTeN CpeAHell MOLIHOCTU C
JIBYXCJIOWHOM CTPYKTYpOil TETUI0OOMEHHBIX TOBEPXHOCTEH U
JBYXCTYIIEHYaTOH paboTOH TropeKu

Eciu MUHMMAIBHO JOMycTUMas Temneparypa Koia (3 min) ye-
TaHOBJIEHa, HanpuMep, Ha 40 °C, TO B COOTBETCTBHU C mab. 1

CPEIHET0I0Bas TEMIIEPATypa oaun KoTia 3F'xn = 49 °C, a

9’kq =43 °C, ecnn cHOBa GepeTcst yCTAHOBKA C TEMIIEPATyPoit
75/60 °C. B TakoM city4ae COOTBETCTBEHHO puc. 6 (1-as yacth
CTaThU) WM PAacUueTy TU BEINYMHBI UIMEIOT 3HaYEHHE OKOJIO 46
°C u, cooTBeTCTBEHHO, 40 °C. Eciiu Tenepp BBIKIIOYHUTE 1-yI0
CTyTI€Hb, HATIPUMEp IS MOTyYEHUs] MUHUMAlIbHON TeMIepary-

poi ko, ipu Jiy = 40 °C 1 nipu 52 °C, 10 1 ¥’ crenyer ot-
HECTH K CpellHel TeMIieparype Kotia okoiio 46 °C.

Ilpu ay =0,7ua=0,7, SA(_) =15 K u npu napamerpax coot-
BETCTBEHHO mabi. 4 MOMy4aeTCs:

(46,0 — 20,0\

(m) = 04568

i =

94 = 220 (67.5— 46) - 07 — (1 —0,4568) - 15— 20 = 176.8 °C
059- 78 _ 7 55001
da 59 - 138 590/
(460 — 200"
a5 ] 07 + (1 —07) |- 045 = 0,279%

675 — 200

7559 + 0279
100

= 09216

( 1
Jay = 155 —(67.5—46)-07 (': 0,4568- 06 )-15 =11637°C
=
3nech pakTHUECKOEe HCIOIb30BAaHKE IPH 1-0i CTYIEHU TOPETIKH
OoJbine B cooTHOImeHuH Py : Pk,,, To ecthb 1 : 0,6, 4T0O 10KHO

YUHTBIBATBCS B pe3yibTate ().

Q' ar= 0,59 (116,37/13,2) = 5,201 %.

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.FU



: (46,0 — 20,0 B i .
q5, ( T ) .07 + (1 —07)|-078 = 04834
I 5,201 + 0,483
Mg =1— ———— = 09432
100
Hnu
(- |
642 -(1 )
i 100
Mgy =—— 4 = 09432
1070 0279
Gl 1l i
091 100
_ 46,0 — 200\
g =039 [————— ) 0,178%.
67,5 — 200

CpenHerooBoii K03(Q(UINEHT UCIIOIb30BAHUSL:

011 089 8760 — 1900011 \ 000178
o — . — . 17 3
09216 = 09432 1
1900089 . —
06
= 09378
JlaHHBIE JUTS IPYTHX BEJIMYMH MOILIHOCTH HU3KOTEMIIEPaTyPHO-
ro KOTJ1a IpUBEJCHbI Ha puc. 12.

4.5.4. YcraHoBKa C JBYMsI KOTJIaMU COOTBETCTBEHHO pa3Jieny
4.5.3.

[TapaMeTpbl OTAENBHBIX KOTJIOB MOXHO PAaCCUUTHIBATH OMUCAH-
HBIMH CII0OCO0aMU WJIH MOTy4aTh Ha puc. 12.

Ipu N’kae = 0,921, N’k = 0,9415, q’prye = 0,0022, b; = 8 760
4gacoB/rol, b, =1 500 wacos/rox, > fn= 0,348, u ) f, = 0,652
MTOJTYYaeTCsL:

> =28760+1500=10260,0 gyacos/ro.

My =
) 0.348

0652 /102680 — 1900-0348.2
I . e 1\ 00022 + 1
0,921 09415 1
190006522 ——
06
08327,

DTOT pe3ysbTaT MOXKET YAUBHUTH. Pacnpenenenue ooreit Mou-
HOCTH MEXAY IByMs 1 OoJiee KOTJIaMH, CIEe0BAaTEIbHO, HE TIPHU-
BOJH 00513aTEIBHO K YIIYUIICHHIO CPEIHEr0J0BOro ko3 huiu-
€HTa UCIIOIb30BaHMSI.
[IpaBna, ects uckiarouenue. [Ipu kakoi-mmdo MoTpeGHOCTH B
MOIIIHOCTH, KOTOPAsi B HACTOSIIEE BpeMsi 00eCIIeUBaCTCsl TOMb-
KO KOTJIaMH C TIOBBIIICHHON TeMIEepaTypoi, IPUMEHSIOT JBa
WM TPU HHU3KOTEMIIEpaTypHBIX KOTIIa.
3nech ycioBueM ObUIO crelisilee BKIIIOUSHHE CTyNeHEe! rope-
K{ 1 KOTJIOB IPY OOBIYHOM OCHAILEHUH, @ UMEHHO: KoTen 1,
crynenb | — koten 1, cTynens 2 — koten 2, crynesb 1 — Ko-
TeJN 2, CTyTeHb 2.
Ecnm mocnenoBaTensHOCT U3MEHSIETCS, TO €CTh: KOoTen 1 —
cryness 1, koren 2, crynens 1 — xoren 1 — crynens 2 — ko-
Tel 2, CTYIIeHb 2, TO 3TOT Pe3yJbTaT MOXKET yJydmarscs. [Ipas-
Iia, B IEPBYIO OYepe.b CIIEyeT CUMTAThCS C TEM, YTO BpeMsl pa-
60THI BTOpOTO KOTiIa (b)) IOYTH YABaUBAETCs, 3aTO FOIOBAs pa-
60Ta 10 NPOU3BOACTBY TEIIA, KAK M B YCTAHOBKE TOJBKO C OfI-
HHUM KOTJIOM, PaCCMaTPUBAETCS IPEUMYIIIECTBEHHO CO CTYIe-
HBIO 1.
[omyuaercs: b =8 760 + 3 000 = 11 460 wacos/rox.

1

,.1‘.

0,11 0,89

11760 — 1900-0.11-2
- : — 1)-0,0022 + 1
0921 09415 1 )
1900-0,89-2-
= 0,9373. 0.6 '

Taxoli pe3yabTaT Uil YCTAHOBKH C TOJILKO OJTHMM KOTJIOM, pa-
3yMeeTcsl TOJIbKO ¢ TeopeTrueckumu 0,05 %, Bce-Taku He J0C-
TUTAeTCs, U JEMCTBUTENBHO HE UMEET OOJIBIIOTO 3HAYECHHMS, a

6saroaapst BBICOKOH 3KCITyaTallMOHHON HaJe)KHOCTH MOTJIa
Ob1, 0€3yCIIOBHO, MPEIaraThCsl yCTAHOBKA C IBYMsI KOTJIaMH.
Tenepb MOXXHO JIETKO OTBETUTH Ha BOIPOC O PacIpeeIeHIN
MOIIIHOCTH B yCTAHOBKAX C ABYMS M TpeMsl KOTIamH. 37ech Oma-
rozapsl HarIIAHOMY PACCMOTPEHHIO IPOOIEMBI MOXKHO OMpeie-
JIMTH HPeIOoYTEeHNEe U BEIOPAaTh COBEPIICHHO PaBHOE pacipeie-
nenue MomHocTH. Kpome Toro, Hanpumep, B yCTaHOBKE C IABY-
Ms KOTJIaMH U paclipeesieHueM MouHoctu 1o 50 % Ha kax-
JIbIH, TIPY BBIXOZE OTHOM OPEJIKH U3 CTPOS ellie BO3MOXKEH
IpueMJIeMblii aBapuitHbIi pexxuM. Y Hao0opoT, npu pacmpene-
nennn 1/3 u 2/3 v BeIxoe U3 cTpost OOJBLIEro KOTIA MOTYT
BO3HUKATh CEPHE3HBIE TPYIHOCTH.

4.6. CpenneronoBoii kK03(pGpuuHeHT HCIOIb30BAHMSA

Ha puc. 13 npencraBieHsl pe3ybTaThl PACUETOB JUTS AUaNa30oHa
moitHocTel ot 14 kBT 10 5 MBT B 3aBUCHMOCTH OT THIIa KOTJIa
W TIPUHIIUIIA €T0 PabOTHI.

4. O6cyxneHune pe3yJIbTATOB U 3aK/JII0YeHUE
JlocTUrHYTHIN yrKe B IIpebLIyIIIe OBl Iporpece B 001acTi
KOTJIOBBIX TEXHOJIOTUil OYEHBb XOPOLIO JEMOHCTPUPYETCS pac-
CTOSIHUEM KPHBOW 1 OTHOCHTENBHO APYTrUX KpUBBIX. B pe3ynb-
TaTe MOJYepPKUBACTCS, KAKOE KOIMIECTBO SHEPIHU MOXKHO KO-
HOMHTS 1 KaK CHJIBHO MOXKHO yMEHBIINTH HArPy3Ky Ha OKpy-
JKAIOIIYIO CPeJly, €CIIM U3MEHHTh yCTapEBIINe YCTAHOBKH B CO-
OTBETCTBUH C COBPEMEHHBIM YPOBHEM TEXHUKH.
Ecnu TonbKO CpaBHUTH COBPEMEHHBIE KOTIIBI, 0a3UpysICh Ha
PaBHBIX OCHOBHBIX IapaMeTpax NMpu HOMHUHAIBHOH MOIITHOCTH 1
temmneparype 75 °C, To nIpu MajibIX MOIIHOCTSX HU3KOTEMIIepa-
TYPHBIX KOTJIOB TTOJTy4ar0TCs JIydIIne pe3yabTaTel. B obmactu
CpeIHHX ¥ OONBIINX KOTIOB HU3KOTEMIIEPAaTypHbIE KOTIIBI C
IIBYXCTYTIEHYATOH pabOTOH TOPETIKH JOCTUTAIOT B HACTOSILEE
BpeMsI HaUBBICIIIETO KO3()(QHIUECHTA CPETHET0JOBOTO UCIIOIB30-
BaHMs. 15t paboTaroONMX C TOCTOSIHHO MOBBIIICHHON TeMIiepa-
TYpPO# KOTJIOB C TEIUI00OMEHHUKAMHU OTXOJISIINX Ia30B 9TH 3HA-
YEeHUs JOCTHIAIOTCS He ITOJHOCThI0. Bonpekn oueHb BHICOKMM
pacxonaM Ha obopyaoBaHue U MHBeCcTHIMAM. [IpHu cooTBeTcT-
BYIOIIEM PacueTe JOIKHO, Pa3yMeeTCsl yUUTBIBATLCS, UTO U3-3a
OOJIBIION, B 1I€JIOM, CYMMAapHOI1 MOBEPXHOCTH KOTIA M TEIIO-
OOMEHHUKA JOJDKHBI MOTydaThCsl OONbIINe 3HAYCHUS (g ;; (p.
Bo BceM ocTansHOM COBpEeMEHHBIE CBEPXHH3KOTEMIIEpaTypHEIE
W HU3KOTEMIIepaTypHBIE KOTIIBI B ONpeesisiomieil 00iacTi Jac-
THUYHOH Harpy3KH, ¥ BCer/a KOTJIbI C HU3KOM TeMIepaTypoi oT-
XOJISIIIMX Ta30B, a Takxke 1npu HerTo okojo 110 — 120 °C, noc-
THUTAOT MPU CKUTAHUU KOTENbHOTO TOIUIMBA HUKHIOIO TPaHUY-
Hy1o BennuuHy. [Ipu cxxuranuu rasa ¢ KOHAEHcalMen conep-
JKAIIErocsl B OTXO/SIIMX Ta3aX BOASHOTO Mapa BO3MOXKHBI 1
JpyrHe yaydiieHus. JTo, OJHAKO, Ipyras TeMa, KoTopas Ooiee
HE MOXXET 00CYyXIaThbcsl B TaHHOU cTtaThe. Ho 31ech cnenyer
CHOBA TPEIyIPEIUTh 0 HEOOOCHOBAHHOCTH U3JIMIIHNX OXKHU/Ia-
HUH.
B craTbe ObUI IpeACTaBIeH MAaTEeMaTHIECKH IPOCTOH METOJ
pacueTa, KOTOPBIH IT03BOJISICT BBECTH B ITPOLIECCHI BEIYMCIICHUI
crieuuduyeckre napameTps! Koria. JIleMOHCTpUpyeTcs, 4To
pa3paboTaHHOE TOKTOPOM JJummpuxom OCHOBHOE ypaBHEHUE
(yp- 29) coxpaHsieT CBOIO IPUMEHUMOCTD, H YTO 3TO ypaBHEHUE
MOXET MPUMEHSTHCS TAKXKe B MIPOCTHIX MPIIIOKEHHUAX AT yC-
TaHOBOK CO CKOJIB3SIIIIIM PEKHMOM PabOTEHL, ¢ ABYXCTyIeHYa-
TBIMH TOPEJIKAMH, a TAKXKe JUIs YCTAaHOBOK ¢ ABYMs 1 Goiee
KoTamMu. TakKe OYeBUIIHO, YTO JIOJDKHBI OBITH IPUHATHI pac-
mmpenHbie B DIN 4702 criocoObl ucnbITaHmid (KOHEIT).

[H 821]
Cnucox JuTepaTypbl

H. Ristschels Lehrbuch der Heiz- und Luftungstechnik (S. 385, 8.4.2), 14. Auf-
lage, 1963 Springer-Verlag

Dissertation A, Dittrich, TH Aachen 1981, Fortschrittsbericht VDI-Z, Reihe & Nr
&7

Dittrich, A.. Energieverbrauch von Niedertemperatur-Kesselanlagen. HLH 34
(1983) Nr_ 11, 8. 455/60

COBPEMEHHbIE CUCTEMbI N TEXHOJIOTUK, COXPaHUM Npupody Halnm OEeTAM
NPEMUYM UHXEHEPHbIE CUCTEMDI + MaTepuanbl WWW.tVﬂ-SyStemS.FU



