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1 OcHOBY TeXHIYHOI TEPMOTUHAMIKHT

1.1 Pegepar

TexuiuHa TepMoarHaMIKa sIK po3Ain pizuku. [IpeameT TeXHIYHOI TePMOJIUHAMIKH Ta
ii 3amayi. OCHOBHI TepMOJMHAMIYHI MapaMeTpu cTaHy. TepMoIMHAMIYHI CHUCTEMH Ta
nporeccu. PiBHSAHHS cTaHy ienpHUX Ta3iB. OCHOBHI 3aKOHM iAecanbHUX Ta3iB. Cywmirni
1IeaTbHUX Ta3iB. BractuBocTi peanbHUx Tas3iB. Ilepmmit 3aK0oH TepMOAMHAMIKHU.
Buytpimus enepris. Pobota posmupennsa. Enransmis. Termoemuicts rasiB. ExnTpomis.
TepmoannamMiuHi iporecH iaeansHux rasis. [pyruit 3akon Tepmoaunamiku. Llukn Kapao.
Bopasauil map, OCHOBHI MapameTpH, JiarpaMyd BOASHOTO napy. ButikanHs rasiB Ta mapis.
JlpocemoBadHs ra3iB. OCHOBHI TapaMeTpH BOJIOTOTO TOBITps, i0- miarpamMa BOJIOTOTO
MOBITPSL.

1.2 Tepminu, no3HaAYeHHS

Jlitrepue OnuHung
Tepminn NO3HAYEHHS BUMIpY
JloBxxuHa I M
Maca m KD
Yac T c
Temmneparypa T K
KinbkicTh pe4oBUHU v MOJIb
Enepris E JIx
Cuita N H
[ToTyXHICTb Q Bt
[Tutomuii 00’ em v M /KT
I'yctuna p K/ M
Tuck p I1a
[1moma F M
IIutoma Temnora q Br/M°
["a3oBa nocriitHa R JIx/(kxr-K)
TermnoemuicTh Cv.Cr JIx/(xr-K)
BuyTpiHs enepris u JIx/kr
EnTanemis [ JIx/kr
EnTpomis s JIx/(xr-K)
[IBuaKiICTH m/c
®
BigHocHa BoJoricTh Q %
Bonoro3mict d /KT
[TapiianbHUM THCK P; Ila




1.3 IloHaTTS, BUBHAYEHHSI

BigHOCHA BOJIOTICTh- BiAHOIMIECHHS IMCHOI a0CONFOTHOI BOJIOTOCTI 10 MaKCUMAILHO
MO>KJIIMBO1 a0COJIFOTHOT BOJIOTOCTI MPH JIaHii TemrepaTypi HOBITpSI.

Bo10ro3micT- BiJHOIIEHHS! MacH BOJSHOTO Mapy y BOJOTOMY MOBITPI JO MAaCH CyXOro
MOBITPS B HHOMY.

BHyTpimmHs eHepris ra3zy- cyMa KiHETHYHOI Ta TOTEHINHOI eHeprii ra3y, € QyHKITis
TEMIIEpaTypH rasy.

['ycTuHa- BITHOIIEHHS MacH rasy g0 Woro o0’ emy.

["a3zoBa mocriitHa- (i3uyHa MOCTIHHA, 10 3aJIeKUTh BiJ IPUPOJIU Ta3y, HE 3aJICKUThH
BiJl HOTO CTaHy, Ta YUCEJbHO JOPIBHIOE POOOTI, SIKY BUKOHYE OJMH KIJOTrpaM Ta3y Npu
HarpiBaHH1 Ha OJIMH TPajayc.

JloBXkUHa- XapaKTepU3ye po3Mip Tija.

EnTanbnis- 1ie moBHa eHepris ra3y, sika CKJIaJa€eThCs 13 Oro BHYTPIIIHBOI €HEeprii Ta
MOTEHIIHOI, siKa OOyMOBJIEHa THUM, IO a3 3HAXOAUTHCS MiJ THUCKOM. EHTambmis €
(yHKLIEIO TEMIEPATYPH 1 HE 3AJICKUTH B1JI IHIIUX IMAPAMETPIB rasy.

EnTpomnisg- e ogHo3HauHa (yHKLIS CTaHy Ta3y 1 JOPIBHIOE BIJHOIIEHHIO KUIBKOCTI
TEIUIOTH 710 a0COJIIOTHOI TeMIepaTypu razy (IpuBeacHa TEIIO0Ta).

KinbkicTh pedoBHHU (MOJISIpHA Maca)- 1€ Maca MOJid PEYOBHMHHU, fAKa 3ajJaHa B
KiJlorpamax 1 YMCeIbHO JIOPIBHIOE MOJIEKYJISIPHINA Maci pe4OBUHH.

[lapuiaJibHUN TUCK- 11€ TUCK, SKUA MaB OM JaHUN KOMIIOHEHT ra30BO1 CyMIIll, IKOU
BiH OJIMH 3aliMaB BeCh 00’ €M Ta30BOi CYMIIIIl MPHU TIH Ke TeMIepaTypi.

[Tutomuii 06’ eM- 06’€M OJUHUILII MacH Ta3y.

[TuToma TermioTa- BiHOMIEHHS I'YCTUHH TETIJIOBOTO MOTOKY J0 TUIONII TOBEPXHI Tija.

TemnepaTypa- xapakTepu3ye CTYMiHb HArpiTOCTI TiJia 1 MpEACTaBisie cOO0I0 MIpy
CepeHbOI KIHETUYHOI EHEPTii pyXy YCIX MOJIEKYJI Ta3y.

TennoeMHICTh- BIAHOIIEHHS KIJTBKOCTI TEIlIa, sIKe BUTPATUIIN HA HAarpiBaHHS rasy, 10
3MiHU WOTO TeMIEepaTypH.

TepMoaMHAMIYHUM TIPOIIEC- CYKYIHICTh 3MIH CTaHy rasy Ipu Mepexoil Bij OJHOTO
PIBHOBAXHOTO CTaHy JI0 IPyTOro.

TepMoanHaMiuHa piBHOBAra- SIKIIO CTaH BCIX TUI, IO BXOJATH 10 TEPMOJIUHAMIYHOT
CHCTEMH, HE 3MIHIOETHCS.

IneanbHUid ra3z- ne ras, y SIKOro Heae CWJ MPUTSKIHHA Ta BIJIUTOBXYBAHHS MIX
MOJIEKYJIaMHU, & MOJIEKYJIM TPAKTUYHO HE MatOTh 00’ eMy (B MOPIBHSHHI 13 00’ €MOM rasy).

Tuck- ne cepenniil pe3yiapTaT ynapiB MOJEKyJ razy o0 CTIHKA COCydy, B SIKOMY
3HAXOAMUTHCS Ta3. THUCK MpeACcTaBisie COOOI0 BITHOIICHHS CHUJIH, IO Ji€ IO HOpMasi Ha
MOBEPXHIO, JI0 TUIOIIi MOBEPXHi.

[lapoyTBOpeHHS- TMPOIEC TMEPETBOPEHHS PEUOBMHU 13 CTaHy pIIMHUA  JO
ra3omno/ii0HOTO CTaHy.

BunapoByBaHHS- mTpoIec MapoyTBOPEHHS, SKUW BiAOyBaeThcsa TpuU  OyIab-sKiit
TEeMIIepaTypl Ha BUIbHIM MOBEPXHI1 PIJIUHU.

Kuninns- npouec napoyTBOPEHHs, SIKMW BiIOYyBa€ThCS K Ha BUIbHIA IOBEPXHI
PIAMHY, TaK 1 BCEpeIWHI HEl MpHU MEBHIM TeMIepaTypl, sika 3aJeKUTh BiJl BIACTHUBOCTEU
PIIMHHU 1 TUCKY.

KonneHcartis- nepexij peuoBUHHM 13 CTaHy ra3y J0 piIMHU a00 TBEPOTO Tija.




Hacudyenuii map- 1e nap, sSIKuii KOHTaKkTye€ 13 PIIUHOIO 1 3HAXOJUTCS 13 HEIO0 B CTaHI
TEPMIYHOI pIBHOBArH.

Cyxuil HacHuYeHUW Tap- 1€ HACUYCHUH map, B SKOMY BIJCYTHI BHUCOKOJMCIIEPCHI
YaCTHUHHU PIJIUHH.

Bosoruii HacuyeHuit map- 11e HaCM4YE€HUN Nap, B AKOMY € BUCOKOJUCIIEPCHI YaCTHHHU
PIIVHHU.

CryniHb CyXOCTI apy- 11€ MacoBa J0JIsl CyXOT0 HACUYEHOTO Mapy y BOJIOTOMY.

[eperpituii map- 1e nap, KK Mpu MEBHOMY THCKY Ma€ OUIbIII BUCOKY TeMIIepaTypy,
HIXK CyXUH.

[ToTpiifHa TOYKa BOAM- 1€ CTAaH BOJAM, KOJM BOHA OJHOYACHO MEpedyBaE y TPbOX

dazax: mijg, piguHa, map.

TennoTa mapoyTBOpEHHS- KUTBKICTh TEIJIOTH, SIKa BUTPAY€HA HA MapOyTBOPEHHS | Kr
BOJM IPU TEMIIEPATypl KUIIHHSA JO CyXOr0 HACUYEHOTo Hapy.

Comio- KaHall, B IKOMY 301IbIIYEThCS IIBUIKICTh Ta 3MEHBIIYETHCS TUCK ra3zy.

JIndysop- kaHall, B IKOMY 30UIbIIYETHCS TUCK Ta 3MEHBIIYETHCS IIBUAKICTh Ta3y.

JpocentoBaHHs- 3MEHbIIEHHS! THUCKY ra3y 0e3 BHKOHAHHS 30BHILIIHBOI POOOTHU MpH
Nepexo/il Yepe3 OTBIP, AKUM 3BYKY€EThCS.

BoJjore noBiTpsi- CyMilll CyXOTo MOBITPS 13 BOJSHUM MapOM.

AGCOJIIOTHA BOJIOTICTh- MACCa BOASHOrO mapy B 1 M° HOBITpS.

TemnepaTypa TOYKH pocU- TeMIlepaTypa MOBITPs AOPIBHIOE TEMIIEpaTypl HACUYECHHS
IpH JAaHOMY MapIiadIbHOMY TUCKY BOJASIHOTO TIapy.

1.4 3akonu, popmyTHOBaHHSA

3akon boitnsg-Mapiora:
[Ipu mocTiiiHif Temmepatypi 00’eM, KU 3aiiMae 17eabHUM Ta3, 3MIHIOETHCA OOEPHEHO
MPOTIOPIIIHO HOTO THUCKY.

3akoH ['eii-JIrocaka:
[Ipu nmocTiiitHOMY THCKY 00’€M OJHI€] 1 Ti€l KITBKOCTI 11€aJIbHOTO Ta3y 3MIHIOETHCS TPSIMO
MIPOTOPIIIITHO aOCOMIOTHIN TeMIepatypi.

3akoH [llap:
[Ipu mnoctiiiHOMy 00’€MiI THCK 1A€aJIbHOrO Ta3y MpsIMO MNPOMNOPLIHHUN aOCOMIOTHIN
TeMIIepaTypi.

3akoH ABOrajipo:
[Ipu onHakoBiM TeMmIepaTypl T'yCTHMHHM Ta3iB MPSAMO MPOMOPIIHHI IX MOJEKYISIPHUM
Macam.

3akoH JlanpTOHA:!
3aranbHUN THUCK CyMIII Ta3iB JOPIBHIOE CyMmi MapIiialbHUX THUCKIB OKPEMHX Ta3iB, SIKi
CKJIQZIaI0Th CyMIIII.

[epmiwii 3aK0H TEPMOTUHAMIKHU:
[linBemeHna g0 poOOUYOTO TLJIA TEIJIOTa BUTPAYAETHCS HA 3MIHY WOTO BHYTPINIHBOI €HEPrii
Ta BUKOHAHHS 30BHIIIHLOT pOOOTH.

Jpyruii 3aKOH TePMOIMHAMIKH:
Tennora He MOXXe TMEPEXOAUTH BiJ XOJOAHOTO TiJIa A0 OUIBII HArpiToro camo co0oro
JapOBUM IpoliecoM (06€3 KoMIeHcalli).

[epiiuii 3aKOH TEPMOIUHAMIKH JIJIs TOTOKY ras3y:
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Temnora, 1m0 MIABOAUTHCA O MOTOKY Tra3y, BUTPAYae€TbCid Ha 3MiIHY HOro €HTaJbIii,
KIHETUYHOT €HEepTii Ta BUKOHAHHS KOPUCHOI pOOOTH.

1.5 OcHoBHi dpopmy.siu
PiBHsiHHS cTany ieanbHOro ra3y (piBHsHHS Kinanelipony):

PV =mRT

PiBusiHHSA cTany imeansHOTO Ta3y Knaneiipony-Menaeneena:
PV =8314T

3MiHa BHYTPINIHBOI €HEPTii:
AU =C, (T, ~T;)

Po6oTa po3mupenHs rasy:
Vy
dl=Pdv; 1=|Pdv
4

3MiHA €HTAJIBIII, CHTAIBITIS:

Ai=C (T,-T); i=U+PV
PiBHSIHHA nepIIoro 3aKOHY TEPMOJAMHAMIKHU:
Ag =AU +1
EnTpormis:
ds =4
T
3MiHa EHTPOITIi:
S,-8=C, an—Rlni 39, =8,=C, ln£+Rln£
1 B 1 V
V 5

S,-8=C In-2+C,In-2
2 1 P I/l Vv })1
PiBHSHHS 130XOPHOTO TIPOIIECY:

h_4L
L
PiBHsiHHSA 1300apHOTO MPOIIECY:
h_h
V, T,
PiBHSIHHS 130T€PMHOTO TIPOIIECY:
PV = const
PiBHsIHHS a11a0aTHOTO MPOIIECY:
PV* =const

Tepmiunuit KK/I npsmoro mukiy:



Q1 _q2 :l_q_2_ l

n, =7 =
q, 9, 4
Xoa0MIbHUHN KOSDIITIEHT IUKITY:
£=q,/l

PiBHSIHHS HEPO3PHBHOCTI [IOTOKY rasy:
@ _ />

®, f

PiBHsHHS pyXy ra3y:
aodw = —VdP

[IBUAKICTH BUTIKAHHS Ta3y:

0, =20, -1,) =J2[é}(fm -V

MacoBi BUTpaTH rasy:
m=awlV,
Kputnunuit Tuck:

K

2 k-1
Py =B P = rasi L

PiBHSIHHSA TIpo1IeCy APOCETIOBAHHS:

L =1,.

1.6 Masronkn, rpadgiku, Tadauii
Taomums 1.6.1-Di3nuni DOCTINHI IEIKAX Ta31B

XimiuHa Bignocna I'azoBa I'yctuna
T'as dopmyna | MonekymApHa | moOCTiifHa | ra3y,Kr/m’
Maca R,Jx/kr
0, 32 259,8 1,429
Kucenn

Bonenb H, 2 41243 0,090
Aot N, 28 296,8 1,250
Oxwucen ByIJICIIO CO 28 296,8 1,250
[ToBiTpst — 28,96 287 1,293
Byrnekucnuii ra3 CO 5 44 189 1,977
Bonsuuii map H,O 18 481,6 0,804
[emiii He 4 2077,2 0,178
Apron Ar 40 208,2 1,784
Amiak N H, 17 488,2 0,771
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Taomuus 1.6.2- Cyxuii HacCMYeHHH ap TA BOJA N0 KPUBIl HACM4YeHHH (B 3aJ1€2KHOCTI BiJ

TeMIIEPATyPH)

T, Py, V', V, P, i, i, r, s, s”,
°C MlIIa M3/KT M/kr | koM kJDk/kr | kJbx/r | kbx/Kr | kJDk/(kr-K) | kJbx/(kr-K)
1 2 3 4 5 6 7 8 9 10
0 |0,0006108 | 0,0010002 | 206,3 | 0,004847 0 2500,8 | 2500.8 0 9.1644
5 10,0008718 | 0,0010001 | 147,2 | 0,006793 | 21,06 2510 2489 0,0762 09,0242
10 [0,0012271 |0,0010004 | 106,42 | 0,009398 | 42,04 | 2519,2 | 2477,3 | 10,1511 8,8995
15 | 0,001704 | 0,001001 | 77,97 | 0,01282 | 62,97 | 2528,4 | 2465,4 | 0,2244 8,7806
20 | 0,002337 |{0,0010018| 57,84 | 0,01729 | 83,9 | 2537,2 | 24534 | 0,2964 8,6663
25 | 0,003167 | 0,001003 | 34,4 | 0,02304 | 104,8 | 2546,4 | 2441,7 | 0,3672 8,557
30 | 0,004241 |0,0010044 | 32,93 | 0,03036 | 125,69 | 2555,6 | 2430 0,4367 8,4523
35 | 0,005622 | 0,001006 | 25,25 | 0,0396 | 146,58 | 2564,8 | 2418,3 | 10,5049 8,3518
40 | 0,007375 |0,0010079 | 19,55 | 0,05115 | 167,51 | 2573,6 | 2406,1 | 0,5723 8,256
45 | 0,009582 | 0,0010099 | 15,28 | 0,06545 | 188,41 | 2582,4 | 2394 0,6385 8,1638
50 | 0,012335 |0,0010121| 12,05 | 0,08302 | 209,3 | 2591,6 | 2382,3 | 0,7038 8,0751
55 | 0,015741 |0,0010145| 9,578 | 0,1044 | 230,19 | 2600,4 | 2370,1 | 0,7679 7,9901
60 | 0,01992 |0,0010171| 7,678 | 0.1302 | 251,12 | 2609,2 | 2358 0,8311 7,9084
65 | 0,02501 |0,0010199| 6,201 | 0,1613 | 272,06 | 2617,6 | 2345,4 | 0,8935 7,8297
70 | 0,03116 |0,0010228| 5,045 | 0,1982 | 292,99 | 2626,4 | 2333,3 0,955 7,7544
80 0,4736 | 0,001029 | 3,409 | 0,2933 | 334,94 | 2643,1 | 2308,2 1,0752 7,6116
90 | 0,07011 |0,0010359| 2,361 | 0,4235 | 376,98 | 2659,5 | 2282,5 1,1924 7,4785
100 | 0,10132 |0,0010435| 1,673 | 0,5977 | 419,1 | 2675,8 | 2256,7 1,3071 7,3545
110 | 0,14327 |0,0010515| 1,21 | 0,8263 | 416,34 | 2691,3 | 2230 1,4185 7,2386
120 | 0,19854 |0,0010603(0,8917| 1,122 503,7 | 2706,3 | 2202,7 1,5278 7,1289
130 | 0,27011 |0,0010697 |0,6683| 1,496 546,4 | 2720,6 | 2174,2 1,6345 7,0271
140 | 0,3614 |0,0010798 |0,5087 | 1,966 589.1 2734 | 21449 1,7392 6,9304
150 0,476 |0,0010906 | 0,3926 | 2,547 632,2 | 2746,5 | 2114,3 1,8418 6,8383
160 0,618 |0,0011021|0,3068 | 3,259 675,3 | 2757,8 | 2082,5 1,9427 6,7508
170 0,792 10,0011144 |0,2426 | 4,122 719,3 | 2768,7 | 2049,4 | 12,0419 6,666
180 | 1,0027 |0,0011275(0,1939| 5,157 763,3 | 2778,4 | 2015,1 2,1395 6,5858
190 | 1,2553 |0,00114150,1564 | 6,395 807,6 | 2786,3 | 1978,7 2,2358 6,5075
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[Tponorxenus Tadmuii 1.6.2

1 2 3 4 5 6 7 8 9 10
200 1,555 0,0011565 | 0,1272 | 7,863 | 852.4 2793 |1940.6 2,3308 6.4318
210 1,908 0,0011726 | 0,1044 | 9,578 | 897.6 2798 |1900/4 2,4246 6,3577
220 | 2,3202 0,00119 |0,08606| 11,62 | 943.,7 | 28014 |1857.7 2,5179 6.2848
230 | 2,7979 |0,0012087 |0,07147| 13,99 | 990,2 | 2803,1 |1812,7 2,6101 6,2132
240 3,348 0,0012291 |0,05967| 16,76 | 1037,5 | 2803,1 | 1765,6 2,7022 6,1425
250 3.978 0.0012512 |0,05005| 19,98 | 1086.1 | 2801 |1714.9 2,71934 6.0721
260 4,694 | 0,0012755 |0,04215| 23,72 1135 | 2796,4 | 1661,3 2,8851 6,0014
270 5,505 0,0013023 | 0,0356 | 28,09 | 1185,3 | 2789,7 | 1604.,4 2,9764 5,9298
280 6.419 0.0013321 |0,03013| 33.19 | 1236.8 | 2779.6 | 1542.8 3.0685 5.8573
290 7,445 0,0013655 |0,02553| 39,17 1290 | 2766,2 | 1476,3 3,161 5,71824
300 8,592 0,0014036 |0,02164| 46,21 | 1344,8 | 2749,1 | 14043 3,2548 5,7049
310 9,869 0,001447 |0,01831| 54,61 | 1402,2 | 2727.3 | 13251 3.3507 5,6233
320 11,28 0,001499 |0,01545| 64,74 1462 | 2699,6 | 1237,6 3,4495 5,5354
330 | 12,864 | 0,001562 |0,01297| 77,09 | 1526,1 | 2665,7 | 1139,6 3,5521 5,4412
340 | 14,608 0,001639 |0,010/8| 92,77 | 1594,8 | 2621,8 | 1027 3,6605 5,3361
350 | 16,537 0,001741 |0,00880| 113,6 | 167/1,4 | 2564,6 | 893 3,7786 5,2117
360 | 18,674 | 0,001894 [0,00694| 144,1 | 17614 | 24811 | 719,7 3,9163 5,053
370 | 21,053 0,00222 |0,00493| 202,4 | 1892,4 | 2330,8 | 4384 4,1135 4,7951
474 | 22,087 0,0028 [0,00347| 288 20319 | 2147 | 1147 4,3258 4,5029
Tabmuusg 1.6.3.Cyxuil HacCMUeHHUi ap Ta BoJia Mo KPUBIA HaCUYEHHs (TI0 TUCKY)

P, tH, V’, V”, P, 1, , r, S, s”,
MIla °C | m¥r | M¥xr | xe/m® | kJlx/kr | kIDx/xr | kJDr/kr | kDk/(krK) | xDx/(xrK)

1 2 3 4 9) 6 8 9 10
0.001 | 6,936 | 0.001 |130.04|0,0077| 29,18 | 25134 | 2484.2 0.1053 8.9749
0,002 |17,486| 0,001 | 67,24 |0,0149, 734 2533,1 | 2459,7 0,2603 8,71227
0,0025|21,071| 0,001 | 54,42 |0,0184| 88,36 | 2539,5 | 24511 0,3119 8,6424
0,003 |24,07/8| 0,001 | 45,77 10,0219 | 100,93 | 25453 | 24444 0,3547 8,5784




lMpodoexeHHst mabnuui 1.6.3

1 2 3 4 3) 6 [ 8 9 10
0.004 | 29,95 | 0.001 | 34,93 [0.0286 | 121.33 | 2553.7 | 2432.3 0.4225 8.4737
0,005 | 32,89 | 0,001 | 28,24 |0,0354| 137,79 | 2560,9 | 24231 0.4764 8,3943
0,006 | 36,17 | 0,001 | 23,77 |0,0421 | 15149 | 2567.1 | 2415.6 0.,5209 8.3297
0,008 | 41,53 | 0,001 | 18,13 |0,0552 | 173,89 | 2576,4 | 2402,5 0,5919 8,2273
0,01 | 45,82 | 0,001 | 14,7 |0,0681| 191,84 | 25839 | 23921 0,6496 8,1494
0.014 | 52,57 | 0,001 | 10,69 |0,0935| 220,05 | 2596.1 2376 0,7368 8.0305
0,018 | 57,82 | 0,001 | 8,448 | 0,1184 | 242,03 | 26054 | 2363,3 0,804 7,9445
0,02 | 60,08 | 0,001 | 7,652 |0,1307 | 251,48 | 2609,2 | 2357.7 0.8324 7,9075
0,025 | 64,99 | 0,001 | 6,201 | 0,1613 | 272,03 | 2617.6 | 23455 0.8934 7,83
0,08 | 69,12 | 0,001 | 5,232 | 0,1911| 289,3 | 2624,6 | 2335,3 0,9441 17,7673
0,04 | 75,87 | 0,001 | 3,999 |0,2501| 317,62 | 2636,3 | 2318.7 1,0261 7,671
0,05 | 81,33 | 0,001 | 3,243 | 0,3083 | 340,53 | 26452 | 2304.,7 1.0912 7,5923
0,06 | 8594 | 0,001 | 2,734 | 0,3658 | 359,9 | 2653,1 | 2293,2 1,1453 7,5313
0,08 | 935 | 0,001 | 2,089 |0,4787| 391,75 | 2665,3 | 22735 1,2331 7,4342
0,1 | 99,62 | 0,001 | 1,696 |0,5896 | 417,47 | 2674,9 | 22575 1,3026 7,3579
0,12 | 104,8 | 0,001 | 1,43 |0,6992| 439,34 2683 2243,6 1,361 17,2972
0,16 |113,31|0,0011| 1,092 | 0,916 | 475,41 | 2696,3 | 2220,8 1,455 7,2017
0,2 |120,23/0,0011| 0,886 | 1,129 | 504,74 | 2706,8 2202 1,5306 17,1279
0,26 |128,73|0,0011|0,6929| 1,443 | 5412 | 27189 | 21777 1,6213 7,0399
0,3 |133,54|0,0011|0,6055| 1,652 | 561,7 | 27255 | 2163.8 1,6716 6,9922
0.4 |143,62|0,0011|0,4623| 2,163 | 604,3 | 2/38,7 | 21341 1,7766 6,8969
0,5 |151,84/0,0011|0,3749| 2,667 | 640,1 | 2748,9 | 2108,7 1,8605 6,8221
0,6 |158,84/0,0011|0,3156| 3,169 | 670,6 | 2/56,9 | 2086,3 1,9311 6,7609
0.8 |170,41/0,0011|0,2403| 4,161 | 7209 2769 2048.1 2,0461 6.663

1 179,88 | 0,0011|0,1945| 5,143 | 7624 | 27778 | 20153 2,1383 6,5867
1,2 |187,95|0,0011|0,1633 | 6,125 | 798,4 | 2784,6 | 1986,2 2,2156 6,5224
1,4 |195,04|0,0011|0,1408 | 7,102 830 2789,7 | 1959,7 2,2841 6,4699
1,6 |201,36|0,0012|0,1238| 8,08 | 8583 | 27935 | 1935,2 2,3437 6,4221
1,8 | 207,1 |0,0012|0,1104 | 9,055 | 884,2 | 2796,5 | 1912,3 2,3975 6,3794
2 212,36 10,0012 10,0996 | 10,04 | 908,6 | 2799,2 | 1890,/ 2,4471 6.3411
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lMpodoexeHHs1 mabnuuyi 1.6.3

1 2 3 4 ) 6 [ 8 9 10

24 |221.77/0.,0012|0.0832| 1201 | 9518 | 2801.8 1850 2.5346 6.2727
2,8 |230,04|0,0012|0,0774| 14 990,2 | 2803,1 | 18128 2,6101 6.2129
3 233,83 |0,0012 | 0,0666 | 15,01 | 1009,4 | 2803,1 | 1794,7 2,6455 6,1859
3.5 |24254/0,0012|0,0571| 17,53 | 1049,8 | 2802,8 1753 2,7251 6,1249
4 250,33 10,0013 | 0,0498 | 20,09 | 10875 | 2800,6 | 1713,2 2,7965 6,0689
5 263,91 |0,0013 | 0,0394 | 25,39 | 1154,2 | 27939 | 1639,6 2,921 5,9739
6 275,56 | 0,0013 10,0324 | 30,84 | 12139 | 2784,4 | 1570,5 3,0276 5,8894
7 285,8 [ 0,0014 10,0274 | 36,53 | 1267.6 | 27723 | 15047 3,1221 5,8143
8 294,98 | 0,0014 | 0,0235| 42,52 | 1317,3 | 2758,6 | 14412 3,2079 5,7448
9 303,31 |0,0014 | 0,0205| 48,8 | 13639 | 2742,6 | 13788 3,2866 5,6783
10 |310,96|0,0015| 0,018 | 55,47 | 14079 | 2724,8 | 1316.,9 3,3601 5,6147
11 | 318,04 |0,0015| 0,016 | 62,62 | 1450,2 | 2705,2 1255 3,4297 5,5528
12 324,64 |0,0015|0,0143| 70,15 | 14911 | 2684.6 | 1193,5 3.4966 5,493
13 330,81 |0,0016 | 0,0128 | 78,22 | 1531,3 | 2662,3 | 1131,1 3,5606 5,4333
14 | 330,63 |0,0016 | 0,0115| 87,04 | 15/0,8 | 2637,9 1067 3,6233 53731
16 |347,32|0,0017 |0,0093 | 107,3 | 1649.6 | 2581,7 | 9321 3,7456 5,2478
18 356,96 |0,0018 | 0,0075| 133,2 | 1732,2 | 25106 | 778,44 3,8708 5,1054
20 |365,71| 0,002 | 0,0059| 170,5 | 1826,8 | 2410,3 | 5834 4,0147 4,928
22 373,7 10,0027 10,0037 | 2725 | 2016 2168 152 4,303 4,591
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Tabnuns 1.6.4-Cepenns MoJisipHa TEIIIOEMHICTD Ta3iB MPU MOCTIHHOMY THCKY

[ToBiTps
t, °C O, N, CO CO, H,O | SO, | (abcomroTHO cyxe)
0 [29.274]29,019|29.123| 35.86 | 33,499 | 38.85 29,073
100 |29,538|29,048 29,178 | 38,112 | 33,741 | 40,65 29,152
200 [29,931 29,132 29,303 |40,059|34,118 | 42,33 29,299
300 | 30,4 |29,287|29,517|41,755|34,575| 43,88 29,521
400 30,878 | 29,5 |29,789| 43,25 | 35,09 | 45,22 29,789
500 [31,334 29,764 |30,099|44573| 35,63 | 46,39 30,095
600 |31,761 |30,044 | 30,425 | 45,453 | 36,195 | 47,35 30,405
700 | 32,15 | 30,341 30,752 |46,813 | 36,789 | 48,23 30,723
800 |32,502(30,635| 31,07 |47,763 | 37,392 | 48,94 31,028
900 |32,825(30,924 |31,376|48,617 | 38,008 | 49,61 31,321
1000 | 33,118 | 31,196 | 31,665 | 49,392 | 38,619 | 50,16 31,598
1100 | 33,386 | 31,455 | 31,937 | 50,099 | 39,226 | 50,66 31,862
1200 | 33,633 | 31,707 | 32,192 | 50,74 | 39,825 | 51,08 32,109
1300 | 33,863 | 31,941 | 32,427 | 51,322 | 40,407 - 32,343
1400 | 34,076 | 32,163 | 32,653 | 51,858 | 40,976 - 32,575
1500 | 34,282 | 32,372 | 32,858 | 52,348 | 41,525 - 32,774
1600 | 34,474 | 32,565 | 33,051 | 52,8 |42,056 - 32,967
1700 | 34,658 | 32,749 | 33,231 | 53,218 | 42,576 - 33,151
1800 | 34,834 | 32,917 | 33,402 | 53,504 | 43,07 - 33,319
1900 | 35,006 | 33,08 | 33,561 | 53,959 | 43,539 - 33,482
2000 | 35,169 | 33,231 | 33,708 | 54,29 {43,995 - 33,641

Tabmuus 1.6.5-Cepenns MoJisipHa TEIUIOEMHICTD Ta3iB MPU MOCTIHHOMY 00’ €Mi

[ToBiTpst
t,°C | O, N, CO | CO, | HO | SO, | (abcomotHo cyxe)
0 |20.95920.704 | 20.808 | 27.545 | 25.184 | 30,52 20.758
100 {21,223 (20,733 20,863 | 29,797 | 25,426 | 32,52 20,838
200 |21,616| 20,8 |20,988|31,744|25,803| 34 20,984
300 |22,085|20,972 |21,202 | 33.44 | 26,26 | 35,55 21,206
400 |22,563 21,185 | 21,474 | 34,935 | 26,775 | 36,89 21,474
500 |23,019 21,449 (21,784 |36,258 | 27,315 | 38,06 21,78
600 | 23,446 (21,729 | 22,11 |37.438| 27.88 |39,02 22,09
700 | 23,835 (22,027 | 22,437 | 38,498 | 28,474 | 39,9 22,408
800 |24,187| 22,32 |22,755 39,448 | 29,077 | 40,61 22,713
900 | 24,51 |22,609 |23,061 | 40,302 | 29,693 | 42,28 23,006
1000 | 24,803 | 22,881 | 23,35 | 41,077 | 30,304 | 41,83 23,283
1100 | 25,071 | 23,14 |23,622|41,784 (30,911 | 42,33 23,547
1200 | 25,318 | 23,322 | 23,877 | 42,425 | 31,51 | 42,75 23,794
1300 | 25,548 | 23,626 | 24,112 | 43,007 | 32,092 | - 24,028
1400 | 25,761 | 23,848 | 24,338 | 43,543 | 32,661 | - 24,25
1500 | 25,967 | 24,057 | 24,543 | 44,033 | 33.21 | - 24,459
1600 | 26,159 | 24,25 |24,736 | 44,485 |33,741| - 24,652
1700 | 26,343 | 24,434 | 24,916 | 44,903 | 34,261 | - 24,836
1800 | 26,519 | 24,602 | 25,087 | 45,289 | 34,755 | - 25,004
1900 | 26,691 | 24,765 | 25,246 | 45,644 | 35,224 | - 25,167
2000 | 26,854 | 24,916 | 25,393 | 45,975 | 35,68 | - 25,326
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Tabmuns 1.6.6-Cepents MacoBa TEIJIOEMHICTh ra3iB MPU NOCTINHOMY THUCKY

[ToBiTpst

t,°C| O N, | CO | CO, | HO | SO, | (abcomorHo cyxe)
0 10,9148 |1.0304 | 1.0396 | 0.8148 | 1.8594 | 0,607 1.0036
100 |0,9282|1,0316|1,0417|0,8658 | 1,8728 | 0,636 1,0061
200 |0,9353|1,0346 |1,0463 | 0,9102 | 1,8937 | 0,662 1,0115
300 | 0,95 | 1,04 |1,0538|0,9487|1,9192 0,687 1,0191
400 |0,9651|1,0475|1,0634 10,9826 |1,9477 {0,708 1,0283
500 |0,9793|1,0567 |1,0748|1,0128 | 1,9778 | 0,724 1,0387
600 |0,99271,0668 |1,0861 | 1,0396 | 2,0092 | 0,737 1,0496
700 |1,0048 11,0777 |1,0978 |1,0639 |2,0419 | 0,754 1,0605
800 |1,0157|1,0881|1,1091 |1,0852|2,0754 0,762 1,071
900 |1,0258 11,0982 | 1,12 |1,1045|2,1097 | 0,775 1,0815
1000 | 1,035 |1,1078|1,1304|1,1225|2,1436 | 0,783 1,0907
1100 [ 1,0434| 1,117 |1,1401|1,1384|2,1771|0,791 1,0999
1200 | 1,0509 | 1,1258 | 1,1493 | 1,153 | 2,2106 | 0,795 1,1082
1300 | 1,058 |1,1342|1,1577| 1,166 |2,2429 | - 1,1166
1400 | 1,0647 | 1,1422|1,1656 |1,1782|2,2743 | - 1,1242
1500 | 1,0714|1,1497|1,1731|1,1895|2,3048 | - 1,1313
1600 | 1,0773|1,1564 | 1,1798|1,1995|2,3346 | - 1,138
1700 | 1,0831|1,1631|1,1865|1,2091 | 2,363 - 1,1443
1800 | 1,0886 | 1,169 |1,1924|1,2179|2,3907 | - 1,1501
1900 | 1,094 |1,1748|1,1983|1,2259|2,4166 | - 1,156
2000 | 1,099 11,1803 11,2033 11,2334 (2,4422| - 1,161
Tabmuus 1.6.7-Cepenst MacoBa TEIIOEMHICTD Ta31B MPU MOCTIHHOMY 00’ €Mi
[ToBiTpst

t,°C| O, N, | CO | CO, | HO | SO, | (abcomorHo cyxe)
| 0 ]0.65480.7352/0.7427]0.6259] 1.398 [0.477|  0.7164
100 |0,6632|0,7365|0,7448 | 0,677 |1,4114|0,507 0,7193
200 |0,6753|0,7394|0,7494 10,7214 | 1,4323 | 0.532 0,7243
300 | 0,69 |0,7448 | 0,757 |0,7599 | 1,4574 | 0,557 0,7319
400 |0,70510,7524 |0,7666 | 0,7938 | 1,4863 | 0,578 0,7415
500 |0,71930,7616 |0,777/5| 0,824 | 1,516 | 0,595 0,7519
600 |0,7827|0,7716|0,7892 | 0,8508 | 1,5474 | 0,607 0,7624
700 |0,7448|0,7821|0,8009 |0,8746 | 1,5805 | 0,624 0,7733
800 |0,7557|0,7926 |0,8122 |0.8964 | 1,614 | 0,632 0,7842
900 [0,7658 | 0,803 |0,8231|0.9157 | 1,6483 | 0,645 0,7942
1000 | 0,775 |0,8127 10,8336 |0,9332 | 1,6823 | 0,653 0,8039
1100 | 0,7834 | 0,8219 | 0,8432 | 0,9496 | 1,7158 | 0,662 0.,8127
1200 | 0,7913 | 0,8307 | 0,8566 | 0,9638 | 1,7488 | 0,666 0,8215
1300 | 0,7984 | 0,839 |0,8608 |0,9772|1,7815| - 0,8294
1400 [ 0,8051 | 0,847 |0,8688|0,9893|1,8129 | - 0,8369
1500 | 0,8114 | 0,8541 | 0,8763 | 1,0006 | 1,8434 | - 0,8441
1600 | 0,81/3|0,8612 | 0,883 |1,0107|1,8728| - 0,8508
1700 | 0,8231|0,8675|0,8893|1,0203|1,9016 | - 0,857
1800 | 0,8286 | 0,8738 | 0,8956 | 1,0291 | 1,9293 | - 0,8633
1900 | 0,834 | 0,8792 10,9014 11,0371 |1,9552| - 0,8688
2000 | 0,839 10,8847 10,9064 11,0446/1,9804 | - 0,8742
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Tabmuns 1.6.8-Cepenns 00’ eMHa TEIIIOEMHICTH Ta31B MPU MOCTINHOMY THUCKY

[ToBiTpst

t, °C 02 N2 CO C02 HZO SOZ (abcomoTHO cyxe)

0 [1.3059|1.2946|1.2992|15998 | 1.493 |1.733 1.2971
100 |1,3176|1,2958|1,3017|1,7003 | 1,502 |1,813 1,3004
200 |1,3352|1,2996 |1,3071|1,7873|1,5223| 1,888 1,3071
300 |1,3561 11,3067 |1,3167|1,8627 |1,5424 | 1,955 1,3172
400 |1,3775(1,3163|1,3289 |1,9297 | 1,5654 | 2,018 1,3289
500 | 1,398 |1,3276|1,3427|1,9887 |1,5897 | 2,068 1,3427
600 |1,4168|1,3402|1,3574|2,0411|1,6148|2,114 1,3565
700 |1,4344 11,3536 | 1,372 |2,0884 | 1,6412 | 2,152 1,3708
800 |1,4499| 1,367 |1,3862|2,1311| 1,668 | 2,181 1,3842
900 |1,46451,3796|1,3396|2,1692 | 1,6957 | 2,215 1,3976

1000 | 1,4775]1,3917|1,4126 | 2,2035 | 1,7229 | 2,236 1,4097
1100 | 1,4892 | 1,4034 | 1,4248 | 2,2349 | 1,7501 | 2,261 1,4214
1200 | 1,5005 | 1,4143 | 1,4361 | 2,2638 | 1,7769 | 2,278 1,4327
1300 | 1,5106 | 1,4252 | 1,4465 |2,2898 | 1,8028 | - 1,4432
1400 | 1,5202 | 1,4348 | 1,4566 | 2,3136 | 1,828 - 1,4528
1500 | 1,5294 | 1,444 |1,4658 |2,3354 |1,8527 | - 1,462
1600 | 1,5378 |1,4528 | 1,4746 | 2,3555|1,8761 | - 1,4708
1700 | 1,5462 | 1,4612|1,4825|2,3743|1,8996 | - 1,4867
1800 | 1,5541|1,4687|1,4901|2,3915/1,9213| - 1,4867
1900 | 1,5617 | 1,4758 |1,4972|2,4074 11,9423 | - 1,4939
2000 |1,5692|1,4825|1,5039 |2,4221 |1,9628 | - 1,501

Tabmuusg 1.6.9-Cepennst 00’eMHa TEIIOEMHICTb ra3iB PU NOCTITHOMY 00’ €M1

[ToBiTpst

t,°C 0O, N, CcO co, H,O | SO, | (abcomotHo cyxe)

0 ]0.9349|0,9236 |0,9282 | 1,2288 | 1,1237 | 1,361 0,9261
100 |0,9466|0,9249 | 0,9307|1,3293 |1,1342 | 1,44 0,9295
200 |0,9642 10,9286 |0,9362 | 1,4164 | 1,1514 | 1,516 0,9362
300 |0,9852|0,9357|0,9458 11,4918 |1,1715| 1,587 0,9462
400 |1,0065|0,9454|0,9579 |1,5587 |1,1945 | 1,645 0,9579
500 | 1,027 10,9567 09718 |1,6178|1,2188| 1,7 0,9718
600 |1,04590,9692|0,9864 | 1,6701 | 1,2439 | 1,742 0,9856
700 |1,06340,9826|1,00111,7174|1,2703 1,779 0,9998
800 |1,0789| 0,996 |1,0153|1,7601|1,2971|1,813 1,0132

900 |1,0936|1,0086 |1,0287|1,7982|1,3247 1,842 1,0262
1000 | 1,1066 | 1,0207 | 1,0417 | 1,8326 | 1,3519 | 1,867 1,0387
1100 |1,1183|1,0325|1,0538 | 1,864 |1,3791 | 1,888 1.0505
1200 | 1,1296 | 1,0434 | 1,0651 | 1,8929 | 1,4059 | 1,905 1,0618
1300 | 1,1396 | 1,0542 11,0756 |1,9188 11,4319 | - 1,0722
1400 | 1,1493 | 1,0639 | 1,0856 | 1,9427 | 1,457 - 1.0819
1500 | 1,1585|1,0731|1,0948 | 1,9644 | 1,4817 | - 1,0911
1600 | 1,1669 | 1,0819 | 1,1036 | 1,9845 | 1,5052 | - 1,0999
1700 |1,1752 11,0902 |1,1116 | 2,0034 | 1,5286 | - 1,1078
1800 |1,1832 11,0978 |1,1191 | 2,0205|1,5504 | - 1,1158
1900 | 1,1907|1,1049 |1,1262 | 2,0365 | 1,5713 | - 1,1229
2000 [1,197811,1116(1,1329(2,0511 (11,5918 | - 1,1296

95



Tabmus 1.6.10-®13uynHi mapametpu cyxoro nositps npu Tucky 101,3 kIla

T, | p, Co, 2107 | a10%, | p10® | v10®, | Pr
K | xoim® | kIx/(krK) | Br/(MK) | M%/u M/c
263 | 1,342 1.009 2,361 6.28 1.67 | 1243 |0.712
273 | 1,293 1,005 2,442 6,77 1,72 | 13,28 | 0,707
283 | 1,247 1,005 2,512 7,22 1,77 | 14,16 | 0,705
293 | 1,205 1,005 2,593 7,71 | 1,81 | 15,06 | 0,703
303 | 1,165 1,005 2,675 8,23 1,86 16 0,701
313 1,128 1,005 2,756 8,75 191 | 16,96 | 0,699
323 | 1,093 1,005 2,826 926 | 1,96 | 17,95 | 0,698
333 | 1,06 1,005 2,896 9,79 | 2,01 | 18,97 | 0,696
343 | 1,029 1,009 2,966 10,28 | 2,06 | 20,02 | 0,694
353 1 1,009 2,047 10,87 | 2,11 | 21,09 | 0,692
363 | 0,972 1,009 3,128 1148 | 2,15 | 22,1 | 0,69
373 | 0,946 1,009 3,21 12,11 | 2,19 | 23,13 | 0,688
393 | 0,898 1,009 3,338 13,26 | 2,29 | 25,45 | 0,686
413 | 0,854 1,013 3,489 1452 | 237 | 27,8 [0,684
433 | 0,815 1,017 3,64 158 | 2,45 | 30,09 | 0,682
453 | 0,779 1,021 3,78 17,1 | 2,53 | 32,49 | 0,681
473 | 0,746 1,026 3,931 1849 | 26 | 34,85 | 0,68
523 | 0,674 1,038 4,268 2196 | 2,74 | 40,61 | 0,677
5731 0.615 1,047 4,606 25,76 | 2,97 | 48,33 10,674
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1.7 3anuTaHHs 151 CAMOKOHTPOJIIO

1o Ha3uBaeTHCS aOCOMIOTHOIO TEMIIEPATYPOIO?

1o Ha3uBaIOTh PIBHIHHIM CTaHY?

1o Ha3uBaOTh PIBHOBAXKHUM MPOIIECOM?

o Take TepMOgUHAMIYHUIN TIpo1ec?

1o Take TepMoauHaMIvYHa piBHOBAra?

[ToHATTS 1IpO 17€aIbHUH Ta3.

PiBusinna Knaneiipony 11s i1eaJibHOTO rasy.

YuM BiIpi3HAETHCS YHIBEpCalbHA ra30Ba MOCTIHHA Bijl ra30BO1 MOCTIHHO1?

. Po3MipHICTh Ta30B01 OCTIHHOI Ta i1 Pi3M4HA CYTh.

10.3akon JlanbToHy.

11.1I{o Ha3uBaIOTh MapIiaIbHUM TUCKOM?

12.11lo Ha3uBaroTh MpUBEACHUM 00’ €MOM?

13.1I{o Ha3uBaIOTh MacoOBOIO Ta 00’ €MHOIO JOJICIO Ta3y?

14 5Ix BU3HAUMUTH ra30BYy MOCTIMHY CyMIIIl ra3iB 32 MACCOBUMH Ta 00’ €EMHUMH
noJsIMu?

15.11{o po3yMi€eThes i BHYTPIIIHBOIO €HEPTIEI0 razy?

16.Bin sikux mapameTpiB ra3y 3aJeKUTh HOT0 BHYTPIIIHS €Hepris?

17 .51k Bu3HA4a€ThsI pOOOTA PO3IIUPEHHS ra3y?

18.Yum 300pakaeThcst podota Ha PV-miarpami mporecy?

19.T1lepmmii 3aKOH TEPMOIMHAMIKH.

20.111o Take eHTaNbITIsA?

21.®i13u4Ha CyTh €HTAbIIII.

22.Bu3HaueHHs TEMI0EMHOCTI.

23.YuM BiApi3HAETHCA TEIJIOEMHICTD NMPU MOCTIHHOMY THUCKY BiJ TETUIOEMHOCTI
IPU MOCTIHHOMY 00’ €eMi?

24 Slka QyHKIIisI HA3UBAETHCS HTPOITIEI0?

25.111o 300paskae moma i KpUBOIO Tporiecy Ha TS—miarpami?

26.51x rpadiuno 300pakaeThes Ha PV-miarpami i30xopa, i300apa, izotepma ta
agiabara?

27.HanucaTu piBHSHHS OCHOBHUX TPOIIECIB.

28.Hanucatu popmynu 115t poOOTH pO3MMPEHHS 711 KOKHOTO TPOIIECY.

29.5Ike B3aeMHe po3TalryBaHHS 130TepMu Ta afaiadatu Ha PV-miarpami, SKImo
BOHU MTPOBEJICHI 13 OJIHI€T TOUYKHU TIPU PO3ITUPEHHI Ta MPU CTUCHEHHI ra3y?

30.dpyruii 3aK0H TEPMOAMHAMIKH.

31.111o nasuBaroTh TepMiunuM KKJI?

32.0Onucatu npsmuii iuka KapHo.

33.51k BU3HAYAETHCS XOJIOIUIBHUA KOEDIIEHT?

34.111o Ha3MBaIOTh KUTIIHHAM, TAPOYTBOPEHHIM Ta BUTIAPOBYBAHHSIM?

35.Akuii map Ha3UBaIOTh BOJIOTUM HACUYEHUM, CYXUM HACUUYEHUM, MeperpiTuM?

36.111o Take cTymiHb CyX0OCTi?

37.Bu3HaueHHs TEMJIOTH MapOyTBOPEHHS.

38.PV-,TS-,1S-niarpamu BOASIHOTO TMapy.

39.I1oTpiitHa TOUKa BOJIH.

CoNoaR~LNE
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40.PiBHSIHHS TIEPIIIOTO 3aKOHY TEPMOJUHAMUKH JIJISI TOTOKY Ta3y.
41.5Ix1 kaHAIM HA3UBAIOTh COTLIOM Ta audy3opom?

42.PiBHSHHS HEPO3PUBHOCTI JIJIsl TIOTOKY Ta3y.

43.51x BU3HAYA€THCS MBUAKICTh BUTIKAHHS razy?

44 Sk BriiuBae npodiik coria Ha MBUAKICTh BUTIKAHHS razy?
45.SIkuii mporiec Ha3uBaIOTh JPOCEIIFOBAHHSAM 1 JIe BiH 3aCTOCOBYETHCA?
46.Edext JIxoynsa-Tomcona.

47.3miHa poOOTH Mapy MpHU HOTO APOCENIOBAHHI.

48.111o Ha3MBaIOTHh BOJIOTUM MOBITPSIM?

49.A6com0oTHA Ta BITHOCHA BOJIOTICTh.

50.11o Take BosOro3micr?

51.5k pocsartu TOuku pocu?

1.8 Tunogi 3a1a4u i3 po3B’A3aHHAM

3agava 1. BuzHauntu abCOMIOTHUN TUCK Y TAPOBOMY KOTJI, AKIIO HAJTUIIKOBUI
THCK y KOTJII, BU3HAYCHUH 3a MaHOMETPOM Py,,=2500xkI1a, a 6apomMeTpu4Huil TUCK 3a
6apomeTrpom mpu Temneparypi tg=0°C Pg=765 mm pr.cT.

Po3é’a3annsa. AGCONIOTHUMN TUCK y KOTII

Pa= PyuantPo = 2500000+(765-133,32) = 2602000 ITa = 2602 xIla (26,026ap)

3apaua 2. Busnauutu Maccy moBitps y Oanoni emHictio 80m npu t=37°C Ta
trucky Ha MmanomeTpi 1100kI1a, Tuck Ha GapomeTpi 765MMm pT.cT. TipH t;=25°C.

Po3é’azannsn. llpuBegemo nokasauku 6apomerpy no 0°C.

Bp=B(1-0,000172t)=765(1-0,000172-25)=761,7 Mmm pT.cT.

abo

Bp=761,7-133,32=101550I1Ta= 101,55 xIla= Pq

AOGcooTHUH TUCK y OaJoHi:

P=Pya,+Pp=1100+101,55=1201,55 xIIa

Maca noBiTps y O6aJsoHi:

m=PV/RT=1201550-0,08/(287-310)=1,08 xr.

3anaua 3. BuzHauuTu ra3oBy MoCTiHHY aTMOC(HEPHOTO MOBITPS, IKE CKIAAA€ThCS

o 00’emy 13 21% xucuio O Ta 79% azoty Ny ipu HOpManbHUX (PI3UIHUX YMOBAX.
Po3é’azanna. Busnaunmo 00’ €MHI J10J11 KUCHIO Ta a30Ty:

1o, =0,01-21=0,21
ry. =0,01-79=0,79
2

BusHaurMo ra3oBy nocTiiiHy MOBITPS

1 1
R= ) = = =2 K
/Z(”/ R) 7o n 021 079 287l K)
T 0598 2068
RO RN b 6

2 2
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e R02 Ta RN2 -ra30B1 MOCTIWHI KUCHIO Ta a30TY, B3sUIM 13 Tabmumi 1.6.1.
3amava 4. Sky KUIbKICTh TEIUIOTH HEOOXITHO MiABECTH JO0 TMOBITPS B 3aKPUTOMY
. 3

cocyni 0o6’emom V1=0,5 M, skmo mouarkoBa Temrieparypa t1=100°C, tuck p1=300

klla, a xiameBa Temneparypa tp=500°C? BuzHauntu Takox Macy MoOBITps Ta KiHIICBUI
THUCK.
Po36’a3anna. Macy NOBITpsl BU3SHAYEMO 13 PiBHSIHHS CTaHY:
m=PV/RT=3000000,5/(287-373)=1,4xe
[TuToMy TemIoeMHICTh IOBITPS BU3HAUMMO 3a Tabd. 1.6.7.:

t — |t {
’ :[CV 2t2 _CV 6t1J/(t2 _t1):

f 0

=(0,7193-500—0,6632-100)/(500—100) = 0,73 3x/{orc/(r2 - K)
Bu3HaunMo KUITIBKICTh HiABEACHOT TEIIOTH

CV

t2
0, =mC,| (t, —2,)=1,4-0,733(500 —100) = 412 x/pnc.

1

KinneBuit THCK BU3HaYMMO 110 3aKkoHy I ei-Jlrocaka:
P = Psz/T1 =300- 773/373: 623 klla.

3apaua 5. Cocya emHictio V1=200 J1 MICTUTh KUCEHb IPH aOCOIIOTHOMY THUCKY

P1=1000 xIla Tta Temneparypi t1=47°C. Bu3HauMTH Macy KHUCHIO, KIHIEBY
TEeMIIepaTypy, 3MIHY €HTPOIIi Ta KIIbKICTh TEIUIOTH, Ky HEOOXIJHO MiJABECTH, 100
HNIATpUMATH THUCK B TIpolieci mpu moctiiHoMy o0’emi g0 P2=2000 klla. Ilutomy
TEIJIOEMHICTh BBAXKATH BEJIMYUHOIO 3MIHHOIO.

Po3é’azanna.
Macy MOXHO BHU3HAa4YuTH 32 piBHAHHIM Kianeipony:

m= PV, /T, =1000000 -0,2/(259,8-320)=2,4 e

Kinmesy tremneparypy BusHauumo 13 3akony [lapis:

T, =T,P,/P, =200000032(0/1000000= 640 K

HeoOxixHa KIJIBKICTh TEIJIOTH:

t

— |t
5 t,=Cp, 6@ =2,4(0,7-367 - 0,66 -47) =543 x/prc.

QV =AU = m(CV

3MiHa EHTPOTTIi:

AS=S,-S, :mCVln%:2,4-0,707-ln%(;:1,12 oAy
1

3agaya 6. BuszHaunTu mapaMeTpu BOJOTOr0 HACHYEHOTO BOISHOTO Mapy MpH
tucky 2,0 MIla Ta crynesni cyxocti X=0,9.
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Po3é’azannn. 3a tabmuismu 1.6.2 ta 1.6.3 abo 3a |S-miarpamoro BOASHOTO mMapy

(main.1.6.14) 3HaxXoAMMO MapaMeTpH BOJIU, IO KUMUTh, Ta CyXOr0 HACUYEHOTO Mapy Mpu
P=2,0 MIla

_ 0. _ K,ZZDfC . r_ M3 .
t =21237°C; r=18507 i V'=00011768 20/ .
" s/ e,/ . " Ko/ .
V" =000961 %/ : i'=9086 4/ . i"=27992 WX/ .
S = 24471 W ST =63411 WGl
(Ke-K) (

ke K)’
3a HMMH JaHUMU BU3HAYMMO [TapaMeTpU BOJISHOTO Napy

V,=V'(1-x)+V"X =0,00117680,1+0,099610,9 = 0,08977 M%e;

. o'

iy 09— Wi/
l, =1 +2X =9086+18907-0,9=261Q2 42,

1 1
Px =y = 008077 e

S, =5"+rX/T =24471+(18907-09)/48552=5949 *47¢/ |

3agaya 7. I3 KOMOIHOBaHOro coIUia ra3oBOi TYpOIHM BHTIKAIOTh MNPOAYKTH

. 5 . . .
sropanHs mig tuckom Pp=13-107Tla. Ilpm Bxomi A0 comja THUCK Ta3iB JOPiBHIOE

P2:1O,0-105Ha npu temrnepatypi 1200K(927°C). macoBi Butpatu raziB m=0,8 xr/c.

Burtikanus BBakatu ajaiadbatHuM, noka3sHuK amiadatu K=1,35. BusHauntu MiHIMaJIbHY

Ta BUXIJHY IJIOIIY COILIA, a TAKOXX TeMIIEpaTypy T'a3iB Ha BUXO/I 13 COILIA.
Po3é’a3annsa. BuznayumMo KpUTHYHE B1THOIIIEHHS TUCKIB:

By = %(%{ + 1)%_1 - (%35 + IJM%MSI) =0,537.

BusHaunmo BITHOIIEHHS THUCKIB:

P 13
=22="2013<
B P10 P

Tak sk B<Bk, To HeoOX1aHO BUKOpUCTAaTH cotuio JlaBans. BusHaunMo MIBUAKICTD ra3iB:

_ K _ 5| L35 1200=
a)K—\/2[/(K+1)}R7] _\/2{ (1,35“)}287 1200=629 wm/c

[T1o1ma KpuTUIHOTO PO3pi3y coruia (MiHIMAbHA):

= mV% = 0;8-0,546 =0,000694 m*> =694  mm’
fmln a)K 629 >
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1
Ve =V, Bk =03444/ 0537 =546 20/

Ji(S
V,=RT /B =2871200100-10° =0,3444 M%e'

JliaMeTp KpUTHYHOTO PO3pi3y COIIa:

dy =~ fiin /0,785 = ,/694/0,785 =29 8 mm.

[IIBUAKICTH Ta3iB Y BUXITHOMY PO3pi3i COTUIA:

o = \/2[1{/(1( - 1)]RT1(1 - ,B(K_%j _

(1,35-1)
= [2[1,35/(1,35 -1)R87 -1200(1 -0,13 135} =782 f%
[Toma BUX1JHOTO OTBOPY COILIA:

/, =m% 081529/ =0001559¢ =1559 aus?
6

6

JliameTp BHX1JTHOTO OTBOPY COILIA:

D= \/ f, /0,785 = [1559/0,785 = 44,6 .

Temnepatypa rasiB pu BUXO/I1 13 cOILIa:

T,=PV,/R=13-10"-1,524/287=693K =420 C.

1.9. 3agaui 11 CaMOCTIHHOTO PO3B’SI3aHHS.
. . . 2
3adaua 1. BusHauntu Macy TOBITps y KIMHATI, SIKa Ma€ IUIONIy S=25M , BUCOTY
h=3,2m, Temnepatypa noitps t=18°C, 6apomeTpuyHHii TUCK MOBITps B=745MM.pT.CT.
3aoaua 2. B cocyni emuicTio V1=2001 3Haxoautcs mosiTps mmig trickom P1=1000
klla Tta Temmepatypi t=40°C. Sky KiNTbKICTh TeIUIa HEOOXiTHO MiABECTH, 100

MIJBUIIUTH TUCK MOBIiTps 10 Po=2100 xIIa.

3aoaua 3. T'a30Ba cyMilll CKIaJaeThes 13 aprony M;=10kr ta kucHro My=10kr mixa
tuckoMm P=0,3 MIla ta npu Temneparypi t=20°C. BuzHauutu nuTOMY ra3oBy MOCTIHHY
CYMIllll Ta 3arajJbHUi 00’ €M CyMIllIi.

3adaua 4. HapymmkoBuil TUCK B TEIUIOOOMIHHUKY 32 MPY>KMHHUM MaHOMETPOM

nopiBHIOE Py,,=1520 klla. AtmocdepHuil THCK 3a pTyTHUM OapoMETpPOM CKIIaJae
Parv=770 Mmm.pT.cT. BusHaunTH aOCOMOTHHI TUCK B TETUIOOOMIHHUKY.

3aoaua 5. Ilpu nocriinux temwnoeMHocTax Cy ta Cp BU3HAUUTH 3MiHY eHTportii 1
Kl TIOBITPSA Yy MpONECi MOro po3IIMpeHHs, AKIo noyaTkoBi mapamerpu: t1=600°C;

P1=4000 xIla; xiameBi mapametpu: to=100°C; P»,=400 xlla. Busnaunt Takoxx 3MiHY
EHTPOIIIi MPU 3MIHHUX TEIJIOEMHOCTSIX.
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3aoaua 6. B mwmaapi aeuryHa ewmHicTio V1=5001 3Haxomuthcs Ta3 (i3
BIIACTHBOCTAMHU MOBITPs) IIiJ HAUIMIIKOBUM THCKOM Py, =3900 xIla Ta mnpwu

temrepatypi t1=1500°C. Armochepuuii tuck P,r=100 xlla. Bix ra3y BimOuparotb
KUTBKICTh TEIUIOTH TPHU MOCTIMHOMY THCKY [0 3HIDKEHHS HOTO TeMmIeparypu 10
t,=200°C. BusHauutu Macy Tra3y, KiHIEBUH 00’eM, 3MiHy BHYTPIIIHBOI €HEprii,
KUTBKICTh BIJIIOpaHO1 TEIJIOTH, BUKOHAHY POOOTY CTUCHEHHS Ta3y Ta 3MiHY €HTPOITIi.
3aoaua 7. TloBitpsa macow 10 kr posmmproerbes i3otepmHo npu t1=400°C Bif

noyatkoBoro THcKy P1=800 xIla mo kinneBoro o0’emy V=5 M°. BusHauutH
MOYaTKOBUH 00’ €M, KIHIIEBUN THUCK, pOOOTY PO3IMIMPEHHS, 3MIHY €HTPOIii, EHTAJIbIII Ta
BHYTPILIHBOI €HEPTii.

3aoaua 8. B xomrmpecop ra3oTypOiHHOI YCTaHOBKHM TIOCTYIa€ 5 KI TIOBITpS 13
nouyaTkoBuMu napamerpamu : P1=100 kIla ta t1=27°C. IloBiTps CTHCKYy€ThCS afiabaTHO

no tucky P2=4000 klla. Bu3HauuTh NOYATKOBUM Ta KIHIICBUM 00’€MH, KIHIIEBY
TeMIeparypy, poOOTy CTUCHEHHS, 3MIHY BHYTPIIIHBO1 eHeprii Ta eHtpomii. [loka3sHuk
agiabaTtu s iaeanbHoro razy K=1,4.

3aoaua 9. BU3HaunuTH CTaH BOJSIHOTO APy, SKIIO JAHO:

1) P=1,0 MIla; v=0,17m>/kr:
2) P=1,2 MIla; t=200°C.
3aoaua 10. Bu3zHauuTu Macy Ta CHTAJIBIIIIO O,SM3 BOJIOTOT'O TIapy 13 CTyIeHEeM

BoJiorocti 10% Ta Tckom 1,0 MI]a.
3aoaua 11. Bu3HauuTu BUTpATH KUIBKOCTI TEIJIOTH B IMapoHArpiBayeBl Ha 1Kr

napy, Skuo mnapamerpu Ha Bxoni: P1=8,0 MIla; X1=0,95; na Bxomai: P»=8,0 Mlla;
t,=200°C.

3aoaua 12. Tleperpituii map po3MIUPIOETHCS B KOMOIHOBaHOMY coruti JlaBamns Bin
MOYATKOBHX IMApaMETPIB. THUCKY 15-105 ITa Ta Ttemneparypu 300°C n0 THCKY
CepeNoBHINA, PIBHOTO 0,5-105 [Ta. Bu3HauuTy cTaH Ta MBUAKICTH IApy B KIHII
IPOLIECY, a TAKOXK OCHOBHI PO3MIpH COIIA, SIKIIO KoedimieHT BTpat eneprii ¢=0,11, a
MacoBl BUTpaTH nmapy m=2,5 Kr/c, KyT KoHycHocTi cora Q=10°.

3aoaua 13. Maemo 1 kr neperpitoro BojasgHoro napy i3 tuckom P1=10 Mlla Ta
t1=530°C. B mnepuiomy BUNAIKy NpH LUX [apaMeTpax Hap MOCTYIae A0 MapoBOi
TypOUWHH, A€ aiiadaTHO PO3MUPIOETHCA 0 KiHIeBoro Tucky Po=0,005 MIla. B npyromy

BUIAJKY Map CIOYaTKy APOCENIOEThCS Y BEHTHII 10 poMikHoro tucky P1=0,3 Mlla, a
NOTIM aJ1a0aTHO PO3IIUPSAETHCA B MAPOBIA TYpOMHI O TOTO  KIHIEBOI'O THUCKY.
BusHauutu TemriepaTypy mnapy 3a BEHTWJIEM, 3MIHY EHTpOINii Ta BTpaTH KOPUCHOI
poOOTH BHACIIIOK JPOCEITFOBAHHSI.
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2 IlpukiagHa TepMoOAMHAMIKA

2.1 Pedepar

Kowmmpecopu, npunnun aii. [uknau omHOCTyneHEeBOTO Ta 0araToCTyIeHEBOTO
NOPIIHEOBOTO KoMIipecopy. Kiacudikariiiss ABUTYHIB BHYTpilIHbOrO 3ropanHs (/B3).
Huxn B3 3 migBogom temiotu B mporeci V=const. [uxn /B3 3 migBo1oM TemioTu B
nporeci P=const. Iluxkn JIB3 3 migBogom Temiotu B mporeci V=const ta P=const.
[TopiBusius nukiis [IB3.

["azotyp6inni yctanoBku (I'TY). Hukn I'TY i3 migBogoM TemoTH B MpoOIEci
P=const. [uxa I'TY i3 miaBomom Temmotu B mporieci V=const. TlopiBHIHHS IHMKITIB
['TY. Meroau nigsumenns KK/ I'TY. Huknu peakTMBHUX ABUTYHIB.

[Huxn Kapno mis BoasiHoro mapy. Ilukin PeHnkina ajist mapoTypOIHHOI yCTaHOBKH.
Bmiiue ocHoBHuX napameTtpiB Ha KK/ nukny Penkina.

OCHOBHI TOHATTA MNPO POOOTY XOJOJWIBHUX YCTaHOBOK. LIMKIM TOBITpSIHUX
XOJIOMUIBHUX YCTAHOBOK. [lMKI mapoBOi KOMIPECOPHOI XOJIOAMJIBHOI YCTaHOBKH.
['muboke 0X0N0HKEHHS.

2.2 TepmiHu, MO3HAYCHHS

Jlitepue OnuHung
TepmiH MO3HAYCHHSI| BUMIpY
TexHiyHa pob6oTa Kkomnpecopy | JIx/Kr
o - . Moo %
0O6’emHUM KoediLieHT KOPUCHOI Ail
Komnpecopy
A\ M
LLkianMBuin npocTip Komnpecopy
N, Bt
MoTyXHicTb Ha NpuBiA KOoMnpecopy
O06’emHa moga4a KOMITPECOPY V, M/c
CtyniHb CTUCHEHHS MOBITPS X -
Tepmiunnii KK/ nukiy 7 %
Cryninb cTucHeHHs rasiB y J1B3 £ -
Cryninp miaBUIleHHS TUCKY y B3 A .
Cryninp moONepeHbOTO PO3IMIMPEHHS Ta3iB Y P -
J1B3
KinpkicTh miiBeqeHol TEMI0TH 01 JIK/KT
KiIpKiCTE BIIBEAEHOI TEMIOTH 0z JIx/Kkr
CryniHp miaBUILEHHS TUCKY NTOBITPs B ['TY p .
CryniHb JOAATKOBOTO MiJIBULICHHS THCKY B A -
I'TY
XonoauibHUN KOS(PIIIEHT UKITY & -
Cryninb 1300apHoro posmmpersas B ['TY P -
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2.3 IoHATTS, BU3SHAYEHHS

Texniyna poOoTa KoMIpecopy- poboTa, sKa BTpAavyaeTbCs Ha OJepXKaHHS 1Kr
CTUCHEHOTO Tasy.

Komnpecop- mammHa, sika mpu3HaveHa JJisi CTUCHEHHS PI3HOMaHITHHUX Ta3iB.

BcMokTyBaHHS- Mpoliec HAAXOMKEHHS Ta3y A0 HWIHIPY KOMIIpecopa.

CTHCHEHHS- TIPOIIeC 3MEHIIICHHS 00’ €My Ta3y B MIJIIHIPI KOMIIpecopa 3a PaxyHOK
NepeMIIEeHHS MOPILHIO.

HarnitanHs- npoiiec mojaadi CTUCHEHOIO Ta3y 13 MHJIIHIpa KOMIIPEcopa /10 ra30Boi
MaricTpali.

O06’eMHMI KOeDIIIIEHT KOPUCHOT Jiii KOMIIPECOPY- BIAHOILIEHHS 00’ €My Ta3y, KUl
MOJaHO JI0 MUJIHJPY, 10 TOBHOTO 00’ €My IUIIHIPY.

HIKIIIMBUA MPOCTIP KOMIIPECOPY- BUIBHUH 00’€M MK KPHIIKOIO ITWIIHIAPY Ta
MOPIITHEM IPH HOT0 KpalfHHOMY TOJIOKEHH] 1] YaC BUIITOBXYBAHHS CTUCHEHOTO rasy.

[ToTyXHICTh Ha TPUBIJ KOMIPECOPY- PoOOTa, Ky BUTPATUIU MPHU MOTITPOITHOMY
CTUCHEHHI Ta3y, 13 ypaxyBaHHSIM 10/1aul KOMIIPECOPY Ta KOEPILIEHTY KOPUCHOI Aii.

OG’emHa mojaya KOMIOpPECOpy- 00’€M Ta3y, SIKMU MOJAETHCS KOMIIPECOPOM 0
MaricTpajl Mpyu HOpMaJIbHUX YMOBAX.

CryniHb CTUCHEHHS MOBITPSI- BIAHOIICHHS TUCKY Ha BUXOJII KOMIIPECOPY 10 TUCKY
Ha BXOJIl KOMIIPECOPY.

bararocTyneHeBe CTHUCHEHHSI ra3y- CTHCHEHHS Ta3y B JEKUIbKOX IMIIHIApaxX 13
MPOMIXKHUM OXOJIOJIPKEHHSAM Tra3y MiCis KOXKHOI CTYIEH1 CTUCHEHHS.

Tepmiunmii KK/ 1iukity- BiIHOIIEHHS KUIBKOCTI TEIUIOTH, SIKa TEPETBOPUIIACH B
KOPHUCHY poOOTY, 70 3arajbHOi KUIBKOCTI TEIUIOTH, sika Oyia miaBeAeHa J0 poOoYoro
Tija.

Cryninb cTucHeHHs rasiB y JIB3- BinHOMIEHHS 00’€My rasy B KiHIlI CTUCHEHHS J10
MIOYaTKOBOT'O 00’ €My Tasy.

Cryninb ninBuieHHs Tucky y JIB3- BIAHOIIEHHS TUCKY ra3y B KiHI[I CTUCHEHHS 10
MOYaTKOBOTO THUCKY Ta3y.

CryniHb nonepeHboro po3mupeHHs ra3is y JIB3- nonepenHe po3mMpeHHs rasis
IPU MiABOJII TEMJIOTH A0 razy.

KinbkicTh MiABENEHOI TEMmIOTH- TEIUIOTa, SIKy MiABENHW a0 poOodoro Tijia B
npouecax P=const, V= const abo P=const i V= const.

KinbKkicTh BIIBEACHOI TEIJIOTU- TEIUIOTA, SIKY B IIUKJI1 BiABEIHU J0 TEIUIONpUMaya.

InnikatopHa giarpama JIB3- 3MiHa THCKY B LMJIIHAPI JABUTYHA B 3aJ€KHOCTI BiJ
MIOJIOKEHHS TIOPIITHIO 33 BECh ITUKJI.

YOoTUPHbOXTAKTHUM JBUTYH- JBUTYH, B SKOMY POOOUYHMH MPOLIEC BUKOHYETHCS 3a
YOTUPH XOJU (TAKTH) MOPIIHIO.

Cryninp miBUIICHHS TUCKY mOBITPpS B ['TY- BITHONMICHHS KIHIIEBOTO THUCKY
MOBITPSI B KOMITPECOP1 JI0 MOYATKOBOTO TUCKY MOBITPSI HA BXOJ1 10 KOMITPECOPY.

CryniHb J0IaTKOBOTO MiAIBUIIIEHHS TUCKY B ['TY - BITHOIIEHHS TUCKY Ta3iB B KiHIII
npoliecy MiABEAEHHS TEIIOTH JO TUCKY ra3iB MiCisl KOMIIPECOPY.

Crynine 1300apHoro po3mupeHHs B ['TY- BigHOIIEHHS 00’eMy rasy B KiHII
MPOIIECY MiABEECHHS TEIUIOTU 10 00’ €My Ta3y MpH Moaadl HOro 10 KaMepH 3ropaHHs.
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XOJAOMUABLHUN KOEMIIIEHT ITUKIY- BIAHOMIEHHS TEIUIOTH, SKY BiMiOpamu Bim Ti,
110 OXOJIO/KYFOTBCS, 10 BUTPAYCHOI Ha 11l mpoiiec poOoTH.

2.4 OcHoBHi popmyn
Texniuna poO0oTa KOMIIPECOPY:

2
4 :_IVdP :_(iz —1 _Qa)
1

O06’emumt KOePIIIEHT KOPUCHOT /111 KOMIIpECOPY:
n. = V
06— 1,
Vi
[ToTy>XHICTh Ha IPUBIJT KOMITPECOPY:

Nf = 1’7"7/(77”77Mex Han)

CtyniHb CTUCHEHHS MOBITPSl Y KOMIIPECOPI:

PP
X=—2=Z %
P A

Tepmiuanit KK/ nukiy:

_ 949 _ Q/)
. R N
T q, ( %

Cryninb cTucHeHHs rasis y J1B3:

oV
-y,

CryniHp MiaBUILEHHS TUCKY Y JIB3:

_P
="

Cryninb monepeHboro po3mmpenHs rasis y J1B3:

_V
P="y,

KinekicTs nigBenenoi temwiotu y JAB3:
¢, =C,(1;~1,)=C,(, ~T,)=C, (I, - T,)+ C, (T, - T;)
KinekicTs BiBeaeHoi remiotu y JIB3:
9,=C,(I,-1)=C,(;-T))

Cryniab nigBuieHHs TUCKY y ['TY:

Crymninb 1300apHoro po3mmperas B ' TY:
o-",
V,
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CrymniHb 10AaTKOBOTO MiABHILEHHS TUCKY B ['TY:

P,
="

XonoaunpHUN KOSQIIEHT IUKITY:

_q
o=,

Tepmiunnit KK mukny Penkina:

7; :(i1 —1I )/(il _iz')

2.5 MaJjonku, rpadiku, Tadaumi

| FFF Ty rarrasrssy.
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Maitonok 2.5.1-Cxema ognoctyneneBoro  MatoHok 2.5.2-1{uki i1eanbHOro

MOPOIIHHOBOTO KOMITPECOPY IPITHEOBOTO KOMITPECOPY
g ?
7

L
Yy |
{ B L/ L \,\ !

P Yy o 7
| L

Manmtonok 2.5.3-1{uki peanbHOro mOpuIHOBOTO KOMIIPECOPY
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MaitoHok 2.5.4-Cxema 6ararocTyneHeBOro nopirHbOBOT0 KOMIIPECOPY

- J
NN F

2 LmyneHs

a "

7 emynens
J 2o

14 4

Mamonok 2.5.6-InaukaropHa aiarpama

Mastonok 2.5.5-1ukn

0araToCTyIeHEBOTO KOMIIPECOPY /B3

Mamonok 2.5.7-Hukn IB3 i3 V=const nva Mamtonok 2.5.8- I{uxn JIB3 13 V=const
PV-niarpami Ha TS-miarpami
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Ta6numa 2.5.9-3anexunicts KKJ]I Bij cTyneHi CTUCHEHHS

[ Nt € Nt
npu k=1,35 | npu k=14 npu k=1,35 | npu k=14
3 32,0 36,0 7 49,4 55,0
4 38,0 43,0 8 51,7 57,0
5 42,5 47,5 10 55,2 61,5
6 46,5 51,5
r
8
N [
4 == M 4
2l 2 ;
I
im l
/) 1S
5 . 0

Mastonok 2.5.10-Iukn JIB3 13 P=const Mastonok 2.5.11-Iuxn JIB3 13 P=const
Ha PV-niarpami Ha TS-miarpami

Mamonok 2.5.12-Huxa JIB3 i3 V=const = Mamonok 2.5.13-Iuxn JIB3 i3 V=const Ta
ta P=const na PV-ngiarpami P=const na TS-miarpami
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2
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1 | 5
| | 4
| 5

I
6 7

Mamtonok 2.5.14-ITopiBusans mukiniB -~ Mamorok 2.5.15-Cxema I'TY 13 migBogom

J1B3 TEIIoTu mpu P=const
7 J
2=
4
-
> | ! | |
i | S
Mamonok 2.5.16-Iuxka I'TVY 13 Maitonok 2.5.17-Iuxn I'TY i3 P=const va TS-
P=const Ha PV-niarpami Jiarpami

7 g 2

Mamronok 2.5.18-Cxema I'TVY 13 Mamonok 2.5.19-Ilukn I'TVY 13 V=const na
M1JIBOJIOM TEIIOTH Tipu V=const PV-niarpami
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5 16 S
S
Mantonok 2.5.20-Hukn I'TY 13 Mamtonok 2.5.21-IlopiBasuns nukiis ['TY
U=const na TS-nmiarpami IIPU PIBHUX THUCKAX

Maimonok 2.5.22-ITopiBHSHHS Mamonok 2.5.23-Cxema I'TV 13 perenepariiero
kB ['TY npu piBHUX TEIJIOTH
MaKCHUMaJbHUX TeMITepaTypax

=
Maimtonok 2.5.24-1{uxkn I'TY 13 Mamtonok 2.5.25-1{ukn I'TVY 13 perenepariiero
pereHepariiero Teriotu Ha PV- TEIUIOTH Ha
niarpami TS-niarpami
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1, PRV
Maimronok 2.5.26-1{uki Maironok 2.5.27-CxemMa peakTUBHOT'O
6aratoctyneneBoi [ TY Ha TS- JIBUTYHA
aiarpami
Maimonok 2.5.28 Cxema mapoTypOiHHOT Mamonok 2.5.29-Iuxn Kapuo ais
YCTaHOBKH napoTypOIHHOI yCTaHOBKHU
? A a
T /
f

717 4 i
% ?

A

g
% /) y g2 ™,
//ﬂ

(7 ;
2’ | i z
Y V : 4
Mamonok 2.5.30-1luxn Pexina ms Mamtonok 2.5.31-BruinB mo4yaTtkoBOro TUCKY
napoTypOIHHOI YCTAaHOBKHU napy Ha poOOTy YyCTaHOBKHU
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Mastonok 2.5.33- BriiuB KiHIIEBOTO THUCKY

MaumroHok 2.5.32- BB 1mo4aTkoBO1
rapy B KOHJIEHCATOp1 Ha poOOTY YCTaHOBKH

TeMIlepaTypu napy Ha poOoTy
YCTaHOBKHU

7 /gr .

Z

f o
774
2
5 § 8

MairoHok 2.5.34-X0JI0QHUN UK Ha
TS-niarpami

Mamtonok 2.5.35-Cxema noBiTpsiHO1
XOJIOAUIIBHO1 YCTAaHOBKH

Mamtonok 2.5.36-1{ux noBiTpsiHO1
XOJIOIWJIBHO1 YCTAaHOBKHU Ha PV-

niarpami

P 41 T 2
J Vi
J &
I !
4 ! 4 s
72 r

Mamtonok 2.5.37-1{ux noBiTpsiHOT
XOJIOWIILHOT YCTAHOBKY Ha T S-miarpami
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Maimonok 2.5.38-CxemMa mapoBoi Maimonok 2.5.39-1{uki napoBoi
KOHJICHCATOPHO1 XOJIOAUIBHOT KOHJICHCATOPHO1 XOJIOAWIBHOT YCTAHOBKH
YCTaHOBKU

Mantonoxk 2.5.40-Cxema CTaHOBKH IS
TJIMOOKOTO OXOJIOMKEHHS
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2.6 3anuTaHHA TAa 3aBJAHHA JJI CAMOKOHTPOJIIO
SIka MallIMHa HA3UBAETHCS KOMITPECOPOM?
JlaiiTe onuc KOHCTPYKIIIi OAHOCTYIIEHEBOI'O KOMIIPECOPA.
TeopernyHa iHAMKATOPHA JiarpaMa OAHOCTYIIEHEBOT'O KOMIIPECOpa.
SAxuii mpoliec CTUCHEHHS € HaOUIbIII eKOHOMIYHUM?
UuM Bipi3HAETHCS JAiiiCHA 1HIUKATOPHA JliarpaMa KOMIIPECcopy BiA
TEOPETUYHOI?
o Take mIKigIUBHI POCTIP?
J10 SIKOT0O TUCKY BUKOPUCTOBYIOTh OJJHOCTYIIEHEBUI KOMIIpECOp?
[Tpuntmn aii 6araToCcTyNeHeBOro KOMIpPECopy.
Ha sixi rpynut po3AiiiioTh MOPITHBOBI IBUTYHU BHYTPIIIHBOTO 3rOPAHHS
(/IB3)?
10. MaiiTe onmc ineanpHOTO KTy JIB3 i3 V=const.
11. 1atite onuc ineanbHoro mukiy JIB3 13 P=const.
12.TTopiBasaiiTe nuka JAB3 13 V=const 13 riukiom mipu P=const.
13.5Ix1 mpuunnau ctBopeHHs JIB3 13 3Mmianum miBo1oM Teruia?
14.0OcHoBHi xapakTepuctuku J[B3.
15.3a paxyHOK 4Oro 3amnajatoeThcs najauBHa cymim y JIB3 pizHux rpyn?
16.0OcHoBHI HeoiKK opITHEOBUX JIB3.
17.I1epeBaru razorypobunnux ycranoBok (I'TY) nepen JIB3.
18.OmumriTe ineanpaMi muka I'TY i3 P=const.
19.0mumriTe ineanpaUE muka ['TY i3 V=const.
20.ITopiBusiite ukau ['TY 13 P=const Ta V=const.
21.51xi meToaun BUKOPUCTOBYIOTH Auis migsuinenas KK I'TY?
22.0numiiTh ieanbHi IUKIN PEaKTHBHUX ABUTYHIB.
23.YumM Bigpi3useThes maporypOinHa ycranoska (I1TY) Big JIB3?
24.OnuniTe nuka KapHo 11t HacCHYeHOoTo Tapy.
25.Yum Biapi3useThesa nuki Penkina Bin nukiny Kapuo?
26.51x BrmuBae movarkoBuit TCK napy Ha KK mukny Penkina?
27 .IlosicuiTh BB nmovyaTkoBoi Temneparypu Ha KK/ nukiry Penkina.
28.YoMy 0OMeKy€eThCsl KIHIIEBUI THCK TTapy B KOHJIEHCATOP1 B UK Penkina?
29.Ha sKi rpynu AUIAThCS XOJIOAWIbHI YCTAHOBKU?
30.111o Take xonoaunbHUI KOedIIi€HT?
31.0muiTh MOBITPSHY XOJOUIBHY YCTAHOBKY Ta 11 HEAOTIKH.
32.0nu1iTh MapoBy KOMIPECOPHY XOJOAWIIbHY YCTAaHOBKY Ta ii HEJIOMIKH.
33.OnuIIiTh UK TITHOOKOTO OXOJIOMKEHHS.

abrwn e

© o~

2.7 Tumnosi 3agadyi i3 po3B’A3aHHAM
3agaya 1. BusHauutu TeopeTHUHY poOOOTY Ha NPUBIA OJHOCTYIEHEBOTO
KOMITPECOPY MPU CTUCHEHHI MOoBITPps A0 TUcKy 12,5 MIla. TlouaTkoBuii Tuck 0,1MlIla,
noyatkoBa temneparypa 300°C. noka3HUK MOJITPONU TPUUHATH piBHUM N=1,2, 00’ em
noBiTps 1M°. BUSHAYUTTH TAKOK TEMIIEPATYPY TOBITPS B KiHIli CTHCHEHHSI.
Po3eé’azannn. PoboTy Ha mpUBIA KOMIPECOPY BU3HAYNMO 32 PIBHSHHSM:
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n-1 1,2-1
n P/ \n 1,2 6 [125 )12
L, =——PJV, 2 —1|=- 0,1-10°-1 > —1|=
KT a1 (/Dj 12-1 0,1

—0,6-10° [Jorc/ m* = =744 ko] m?

TeMnepaTypa B KiHITI CTUCHEHHSI:

/ (%’j T T(%) 300+273)(12AJ —573-2,24:1284K

3amava 2. /[ns 11€aqbHOTO UKy MOPIIHHOBOTO JBUTYHA 13 T1JBOJIOM TEILJIOTH
npu V=CONSt BU3HAYMUTH TMapaMETPH YCiX TOYOK Ta KOPHCHY IUTOMY poOoTty. JlaHo:
P,=0,1MIIa; T,;=320K;e=4,0; R=287 x/[x/xr-K; x=1,4.
Po3eé’azanns.
[TapameTpu Toukn 1:
P, =0,IMIla;T, =320K;

_RT / _287-320 _ m
= %31‘ %0,1-106_0’92 42‘

[TapameTpu TOUKH 2:

V) 092/ _0oaai’/ .

=ty =09 =0

P v,/ \"

%:(%j —E5P =P EF =0,1-4,0" = 0,738 MTa
1 2

[TapameTrpu ToukM 3:
3
Vi=V,= 0,23M42;P3 =P,-2=0,738-4 =296 MIla;

T,=T,-1=592-4=2368K.
[TapameTpu TOUKH 4:

K-1 K-1 1.4-1
v _ w/ I/ _(V (V. _ O,Zy o .
V, =V =092 42,4T3_ ) m=nly ) =036 %)) <1340 K
_RT,/ _287.134 _
P = %4_ /0(/)’92—417000Mﬂa.

Kopuchna nutoma poboTa:

b=l Y= Yy fo-2)-
[%’4_1)}(2,96-106 .0,23—0,417.106 _0992)4_ [%’4_1)}(091_0’92_0,73 8. 0’23).106 _

742000-195000=547000 ﬂg’% .
K2

3apaua 3. Jlng igeanbHoro mukiny ['TY 13 mimBogom Teruiotd mpu P=const
BU3HAYUTH TIApaMETPU XapaKTEPHUX TOYOK Ta KOPHUCHY MUTOMY POOOTY, TEPMIUHHIA
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KK uwukmy. IlouatkoBi mapamerpu poGouoro Tima: P31=0,1MIla; T1=300K;
B=P,/P1=10;K=1,4; T3<1000K.

Po3é’azannsa. Ilapamerpu Touku 1:
P =0,MIla,T, =300K;

_RT,/ _287.300 _ M
V= %’1_ 0,1-106‘0’86 42‘

[TapameTrpu Touku 2:
P,=P-f=01-10=1,0Mlla;

_V/_0,92 _ w/ .

v,="/ = 4_0,23 42,
K-1 _
7 1,4-1

K-1 s
./, (B/\& .- _+ (P 3 L0/ Y4 _ .
=) men ) =001, ) =m0
_RT, / _287-580 _ M
v, = /Pf AO.106—0,1665 -

[Tapametpu Touku 3:
P, =P, =1,0MIIa;T, =100K;

_RT,/ _287-100 P
v, = /})3_ %0.106—0,287 42.

[TapameTpu TouKH 4:

1
v, P, K
P4:Pl:O,1MHa;/V3:(/P4) ;

1

1
(P K 1,0 4 W/
V4—V3(/P4j —0,287( Al) — 1,488 42,

PV _0,1-106-1,48y _
T,="4 %_ fg7=518K.

Kopucna nutoma poboTa:

R LA (A TAR AR 7 (A A8

1,0-10°-(0,287- 0,1665)+[%1 4_1)}(1,0-0,287—1,488- 0,1)-10° —
~0,1-10° -(1,488—0,86)—[%1 4_1)}(1,0-0,1665—0,86-0,1)-106 =

— 486500-263500= 203000 ﬂ”’% _ 203’9179*7
K Ke

Tepmiuanit KKJ] nuky:

7, =1~ Vii=1-"V . =048
ﬂK 101,4
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3agaua 4. Busnauntn KKJ| igeanmpHoro mukiny PenkiHa npu mouyaTKOBiH

temriepatypi napy t;=500°C, kinueBomy TtHcKy P,=0,01MIla, moyatkoBOMy THCKY
P,=2,0MIIa.

Po3zé’azanna. Tepmiunuit KK/ mukmy:

7, = (il —1 )/(il _iZ')

13 TabuIIl BoAstHOTO mMapy abo |S-miarpamu BoasSHOTO Mapy 3HaXOIUMO:

11=3470k]x/kr; 19=2360kJK/KT; 1'0 =192K /KT

1, =(3470-2360)/(3470-192)=0,34.

3agauya 5. Po3paxyBaTtu MOBITPSIHY XOJOIWIbHY YCTAaHOBKY MPH TaKMX YMOBAaX.
[ToBiTpsa moctymnae 10 XonoAmibHOT kKamepu mia tuckom P;=0,1MIla Ta temmepartypi
t;=-15°C, B xommpecopi MOBITpsS CTUCKAaeTbes 1o amiadati mo P,=0,4MIla, a motim
NOCTYyIAaE 10 OXO0JIO/KyBaua, Ae npu P=const 3meniye cBoto Temnepatrypy 1o t3=10°C.

B typboaeTanaepi moBITpsS pO3IIUPIOETHCSA a11a0aTHO 0 MOYATKOBOIO THUCKY, IICHS
YOro HaNpaBJIAE€THCS 10 XOJIOAUIBHOI KaMepH.

Busznaunti TemmepaTrypy MOBITpS MiJ 4Yac Iojadi JI0 XOJOJWJIBHOI KaMepH,
pOOOTY IUKITY Ta XOJIOTUILHUM KOCHIIIEHT.

Po3zé’azanna. Temneparypy moBiTps T, Ha BXOAl JO XOJIOAWJIBHOI KamepH
BHU3HAYAEMO 13 az[ia6aTHOr0 npoiecy 3 4'

/ (/’) i T(%J ‘283(0 04)1;":=191K.

Po6GoTa mukiy:

by="0,—10, =127-93=344K/]xc/Ke.

PoGoTa xomMmpecopy:

0. =C,(T,-T)=1,012(384 —258) = 127,4 k/Prc /xe.

TemmnepaTypa NOBITPSI MICJISI KOMIIPECOPY:
K-1 1,4-1

K-1
./ (B/\K.r _o(BP/\K _ 0,4/ Y4
R G N /R

Po6GoTa, onep:xkana B TypOOI€TaHI0DI:

ET() =C,(T,—T,)=1,012283-191)=93x/Joic/xe.

X0n0AuIbHUN KOEDILIEHT YCTAHOBKHU:

4/ _61/ _
g_%o_é4,4_1,95

Temnora, Ky BiiiOpasio MOBITPsI B XOJIOIMWIBHIN KaMepi:
¢, =C,(T —T,)=1,012258-191)= 6 7x/Jorc/ .

2.8 3agauvi 1151 CaMOCTIHOTO PO3B’SI3aHHS
3aoaua 1.Bu3HauUTH TEOPETUYHY pOOOTYy HaA TMPHUBIL TPHOXCTYNEHEBOTO
KoMIpecopy mpu cTucHeHHl moBiTps 1o 15 MIla. IlouarkoBuit Ttuck 0,1 Mlla,

temneparypa 30°C, mokazHuk mnojitponu N=1,1, 06’eM mOBITpA 10M°. BusHauwtn
TEMIEPATYPY B KIHII CTUCHEHHS 11 KOXKHOI CTYTICHI.
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3a0aua 2. Jlns 17eallbHOTO TOPIIHHOBOTO ABUTYHA 13 MIJBOAOM TEIUIOTH MpHU
P=const Bu3HauMTH MapaMeTpu yCiX OCHOBHUX TOYOK, KOPHUCHY NMUTOMY pPOOOTY Ta
tepmiunuit KKJ[ nukny. Jano: P1=0,1 MIla; t;=350K; £€=20; p=2; R=287]x/(kr-K);
k=1,4.

3a0aua 3. B UMKl TOPUIHBOBOTO JBUTYHA 13 3MIIIAHUM IIiJIBOJOM TeIUIa
nouatkoBuii trick P;=0,1 MIla, mouatkoBa Temmepatypa t;=33°C, €=12,7; A=1/4,
p=1,6; R=287]x/(xr-K); Cy=0,72 xJlx/(kr-K); x=1,4. Busnauutu mnapamerpu B
OCHOBHHUX TOUYKaxX, KOpUCHY poOoty Ta Tepmiunuit KK/I.

3aoaua 4. B nukm ra3oTypOiHHOI YCTAaHOBKH 13 IMIBOJIOM TEIUIOTH MpU V=const
movaTtkoBi mpameTrpu pobodoro Ttima P;=0,1MIla; t;=300K; p= P,/ P;=10; x=14.
Temnepatrypa B T.3 He moBuHHa nepeuinyBatud |100K. BusHauntu napameTpu B
OCHOBHMX TOYKaX, KOPUCHY MUTOMY pob6oTy, Ta Tepmiunuii KKJI nukiy.

3aoaua 5. BuzHauuTu TeMmriepaTypu yciX TOYOK TeopeTtuuyHoro mukiay ['TY 13
migBoAoM Teruta mpu P=const, skmo Bimomo, mo t;=25°C, B=5, TemmepaTypa rasin
nepen corutamu TypOinu t3=800°C. PobGode TiJ10 Ma€e BIIACTHBOCTI MTOBITPS.

3aoaua 6. Buznauntu tepmiunnii KKJI imeansnoro mukiny I'TY, skuii mnpartoe 13
nigBoAoM Teriotd npu P=const, a takoxx Tepmiunuii KKJI mificHoro mukiy, sKIIoO
BHYTpitHi BiHOCHI KKJ[ TypOinu Ta Kommpecopa Nrype=0,88, Nkommp=0,85. Binomo,
mo t;=20°C, =6; Temmepatypa ra3iB nepen comiamu TypOiau t3=900°C. Poboue Tino
Ma€ BJIaCTUBOCTI MOBITPs, kK=1,4.

3aoaua 7. Buznauntu tepmiunnii KK/ nuukmny PeHkiHa nmpu mo4yaTKOBOMY THCKY
napy P;=4,0 MIla ta nouarkosiit Temnepatypi t;=500°C. Kinueuii Tuck P,=0,05MI]a.

3aoaua 8. llapotypOiHHa yCTaHOBKa MpaIllo€ 3a HUKIOM PeHKiHa 13 meperpitum
napoM npu nmovyarkoux ymoBax P;=2,0 MlITa, t;=400°C Ta kinueBomy tucky P,=0,005
MIla. Buznauntu repmivnuit KKJI nukiy Ta mutomi BUTpaTH mnapy.

3aoaua 9. BukoHaTH TEIJIOBHM PO3PAaxXyHOK aMiayHOI XOJOJUIBLHOI YCTaHOBKH,
SKIIO KOMIIPECOP BCMOKTY€ aMiauyHu# Bosioruil Hacuuenuit map npu t;=—30°C, X=0,95 1

CTUCKYy€E Horo amiabatHo mo Tucky Po=1,0 MIla, remneparypu neperpitoro t;=126°C.
TemmepaTypa pikoro amiaky Ha BUXO/1 13 KoHAeHcaTopa 14=25°C.
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3 Tennonepepava

3.1 Pegpepam

Beryn. OcHOBHI TOJOXKEHHS TEIUIONPOBITHOCTI. TemmeparypHe mose. I'palieHT Temmeparypu.
OcHOBHHI 3aKOH TeruionpoBigHOCTI. J(udepeniiine piBHAHHSA TeruionpoBigHOcTi. KpaiioBi ymMOBH.
TermmonpoBiqHOCTI Yepe3 OJHOIIAPOBY Ta 0araTomapoBy IUIOCKY CTiHKY. TemIonpoBigHICTH depes
OJIHOIIIAPOBY Ta OaraTomapoBy MUNHAPIYHI CTIHKH. Teruionepemada yepe3 IJIOCKI Ta MMJIIHIPHYHI
CTiHKH. TerIonpoBiAHICT, NPH HECTALIOHAPHOMY pEXHUMi: OCHOBHI TIOJOXEHHS, HEOOMeKeHi
miactTuHa Ta mnHAp. OCHOBHI Teopii KOHBEKTHBHOTO TeruiooOMiHy. OCHOBH Teopii MOiOHOCTI.
Kpurepii noxidHocTi. MoentoBaHHsI KOHBEKTUBHOTO TEII000MiHy. TemnooOMiH npu Teyil piiuHu B
Kpyriux TpyOax Mpu JIaMiHApHOMY, TypOYJEHTHOMY Ta MEpPeXiTHOMY pekuMax. TerutooOMiH TpHu
MOTIEPEYHOMY OMHUBaHHI O/Hi€l TpyOM Ta myd4kiB TpyO. TeriooOMiH mpu BUIBHOMY pyCl piIHHH.
3aranbHi  BIIOMOCTI TIPO  TEMJIOOOMIH  BHUIPOMiHIOBaHHSM. (OCHOBHI 3aKOHU  TEIJIOBOTO
BUIIPOMIiHIOBaHHA. TerI000MiH BHIIPOMIHIOBAaHHSIM MiX TBEPAWMH TijlaMH (TIapaJieNibHi TUIACTHHU Ta
OJIHE TiJO BcepeneHi apyroro). Temnosi ekpanu. BunpominroBanHs rasiB. CkIaaHHIA TEIO00OMIH.

3.2 TepMiHU, MO3HA4YeHHS

Tepmin bykBenHne Onuunis
MIO3HAYCHHSI BUMIpY

I'pagient Temmneparypu gradt ot/on rpaj/m
KoedimienT TemmonpoBigHoCcTi A B1/(M-°C)
TennoBwuii noTik Q Bt
['ycTrHa TErmIoBoro noToKy q Br/m°
TemnepaTyponpoBiAHICTb a M/c
KoeoinienT Tennosianayi o Br/(M*-°C)
TemnepaTypHuil Hamip At °C
Tepmiunuii omip O/A (M%-°C)/Br
KoeoinienT Tennonepenaut K Br/(M*-°C)
JliniiiHuii koedilieHT Temonepeayi K B1/(M-°C)
Kpwurepiii bio Bi —
Kpurepiit dyp'e Fo —
be3posmipHa KoopauHaTa x/I —
TemnepatypHuii Kputepiit D —
Yucao Pelinonbaca Re —
Yucno [Ipanaris Pr —
Yucno ['pacroga Gr —
Yucno Hyccenbra Nu —
UYucno Einepa Eu -
KinemaTtnuHa B'A3KiCTb ) M/c”
[IBuAKiCTH Tazy ® m/c
IHTerpasipHiil NOTIK BUIPOMIHIOBaHHS Q Br
['ycTuHa 1HTEerpasbHOrO MOTIKY BUNIPOMIHIOBAHHS E Bt/m
[HTEHCHBHICTh BUIPOMIHIOBAHHS I Bt/™m
JloBXMHA €JIEKTPOMAarHiTHOT XBHIII by MKM
KoedinienTt nornuHanHs Temna A -
Koedinient nponyckanss termia R —
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KoedirmienT BinOnBaHHs Teria D -
[Mocriitra Credana-bonapiimana o BT/(MZ-K"')
Koedirmient vopaotn € -
KoeinieHT BUpOoMiHIOBaHHS a0COIIOTHO YOPHOTO Tija Cs Br/(M%K*)
KoediwieHT BUIPOMiHIOBaHHSI CIpOT0 Tijia C Br/(m>K?)
KyroBuii koedirieHT BUTPOMiHIOBaHHS [0) —
CepelHs TOBIIMHA T'a30BOTO MIAPY Sk M

3.3 NoHssmMmsi, 6U3Ha4Y€HHS

TennonpoBiAHICTE — MOJEKYJISPHUN Mpolec mepefadi TeIUIOTH MK JBOMa TUIaMH, IO
TOPKAIOTHCS OJIHE APYroro, abo B OJTHOMY TiJII TPU HASBHOCTI Pi3HMII TEMIEpPaTyp.

KonBekirist — mporiec po3noBCIODKEHHS TEIUIA B PiIMHAX Ta ra3ax 3a paXyHOK IepeMileHHs a0o
nepeMilryBaHHs 00’ €MiB HEPIBHOMIPHO HArpiTUX piauH abo rasy.

KOHBEKTHBHHMI TEINIOOOMIH — OJHOYACHE pO3MOBCIODKCHHS TEIUIOTH KOHBEKIIEI Ta
TEIIOTPOBITHICTIO.

BinbHMIY KOHBEKTUBHUN TEILIOOOMIH — TETUIOOOMIH 3a paXyHOK MEPEMINICHHS PiIHHA a00 Ta3y
Mi]] BIUIMBOM Pi3HUII TEMIIEpaTyp OKPEeMHUX 4acTOK abo Mij] yac HarpiBaHHS.

BumnpomiHioBaHHS — MpOIeC PO3MOBCIOKCHHS TEIUIOTH 3a JONOMOTOI0 EJIEKTPOMArHiTHUX
XBUJIb.

CxJ1aIHAN TeII000MiH — CYKYIHICTh TETIONPOBITHOCTI, KOHBEKI[iT Ta BUTIPOMIHIOBaHHS.

[30TponHe TiJI0 — TiJ10, SIKE Ma€ OAHAKOBI (Pi3MUHI BIACTUBOCTI 32 BCiMa HaNpsIMKaMH.

TemmeparypHe mojie — CyKYIHICTh 3HA4€Hb TEMIIEpAaTypH B INEBHUH MOMEHT 4Yacy ISl yCix
TOYOK TiJa.

HecramionapHe TtemmeparypHe Toje — TeMIleparypa Tila 3MIHIOETBCS 13 YacoM Ta 3a
HanpsMKaMHu.

CrairionapHe TeMmIiepaTypHe IoJie — TeMIeparypa Tijia He 3MIHIOETHCS 13 YaCOM 1 3aJIEKHUTh BiJl
KOOP/IMHATH TOYKH.

['pafieHT TeMiepaTypu — 1€ BEKTOp, KUl CIpSIMOBaHUM 110 HOpMaJIl 10 130TEPMHOI MTOBEPXHI Y
HaMpsIMKY 3pOCTAaHHS TEMIIEpPaTypd 1 YMCENbHO JOPIBHIOE MOXIAHIM Bl Temrmeparypu MO LbOMY
HAIpSIMKY.

KoedillieHT TemIonpoBiaHOCTi —XapakTepu3ye 31aTHICTh Tilla POBOIUTH Temo. Moro umciose
3HAUEHHS BKa3ye, siKka KUIbKICTh TEIUIa IPOXOAUTH Yepe3 OAMHUIIIO 130TEPMHOT MOBEPXHI 32 OJIMHULIIO
qacy MpH YMOBI, 110 I'PAJI€HT TEMIIEPATypH JOPIBHIOE OAMHUILL.

KpaifoBi yMOBH — 1€ CYKYITHICTh TPAaHHYHHX Ta MOYAaTKOBHUX YMOB.

['paHMYHI YMOBHU MEPIIOTO POJY 3aJal0ThCs PO3IMOJALTIOM TeMIEpaTypH Ha MOBEPXHI Tiia s
OyIb-sIKOTO MOMEHTY Yacy.

['paHMYHI YMOBHM JPYroro pojay 3aJal0ThCs IMOBEPXHEBOIO T'YCTHHOIO TEIJIOBOTO IMOTOKY B
KOJKHIM TOYIIl Ha MIOBEPXHI1 Tija AJ1s1 Oy/Ib-IKOTO MOMEHTY Yacy.

['paHMYHI YMOBHU TPETHOTO POJY 33Jal0ThCA TEMIIEPATypOI0 CEPEOBHIINA, SIK€ KOHTAKTYe 13
TLJIOM , Ta 3aKOHOM TETUIONepe1ayul Mi>K TTOBEPHEIO Tijia Ta 30BHIMIHIM CEPEIOBHIIIEM.

[ToyaTKOBI YMOBH 33/1al0THCS PO3MO/IIOM TEMIEepaTypu A MOMeHTY yacy t=0.

KoedilieHT TennoBifgadi XapakTepu3ye iHTEHCHBHICTh TEIJIOOOMIHY MK MOBEPXHEIO Tila Ta
HABKOJIMIIHIM CEPEJOBUILEM 1 YHCETbHO JOPIBHIOE KUIBKOCTI TEIMJIa, 110 BIANAETHCS (CIpUilMaeThCs)
OJIMHMIICIO TIOBEPXHI 32 OJMHUIIIO Yacy MpPU Pi3HMII TEMIIEPATyp MiX MMOBEPXHEIO Tila Ta 30BHIIIHIM
CepeIOBUIIEM B OJIFH I'PAIyC.

TemmneparypHuil Hamip — 1e PI3HUI TEMIEpaTyp MiX OKPEeMHMHU MOBEPXHSAMH Tina abo Mix
MMOBEPXHEIO TiJIa Ta HABKOJIUIIIHIM CEPEIOBHUIIIEM.

Tennonepenaya — 1€ NMEPEeHECEHHs TEIUIa BiJl OJHOTO PYyXOMOT'O CepeloBHINA (Tapsyoro) A0
JIPYToro (XOJIOJHOTO) Yepe3 OAHOMIAPOBY a00 0araTomapoBy TBEPY CTIHY Oyab-sK0i GopmHu.
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KoeoilieHT Temmonepenadi — YUCENbHO JOPIBHIOE KUTBKOCTI TETUIOTH, SIKa MPOXOIUTH 4Yepe3
OJIMHMITIO TIOBEPXHI CTIHKU 32 OJUHUITIO Yacy BiJ] rapsdoro J0 XOJOJHOTO TEIUIOHOCIS MPH PI3HMII
TEMIEPATyp MK HUMH B OJMH T'PATYC.

TemnoBa i3omsiis — Oyab-siKe MOKPUTTS TOPSY0i MOBEPXHI, SIKE 3MEHINYE BTPAaTH Telia B
30BHIIITHE CEPEIOBUIIIE.

HeobmerxkeHa miacTuHa — po3MipH IUIACTUHU B JIBOX HANPSIMKAaX i3 TPhOX HEOOMEXKEHI.

JlamiHapHUN PEKUM — 1€ PyX PiAMHU O€3 ImyNbcalliil, ClIOKiiHMMA, 13 YTBOPEHHSAM CTPYMEHIB, SKi
MOBTOPIOIOTH NMPOQiIh KaHATY.

TypOyneHTHUH] pexkuM — L1 pyX PiIAHHH, IPU SKOMY Oe3repepBHO BiOyBa€ThCs MEPEMINTIyBaHHS
yCiX IIapiB piauHU.

JvHaMiYHUY TPUKOPJIOHHWMA Iap —I€ TOHKHHM IIap piAuMHM OuIS MOBEpPXHI TUIa, B SIKOMY
B1IOYBA€ETHCS 3MiHA MIBHJIKOCTI PIIMHU BiJ] IIBUIAKOCTI MaKCUMaJIbHOI J0 HYJS OE3MOCEepPEeHhO HA
MOBEPXHI CTIHKH.

TennoBuil NPUKOPIOHHUN IIap — M€ map, B SKOMY 3MIHIOEThCS TeMIlepaTypa PiAHHU Bill
MOYATKOBOT JIO TEMITEPaTyPH CTIHKH.

PiBHsHHS 1omiOHOCTI —II€ 3aleXKHICTh MDK OyIb-KUMH YHCIaMUd TOMIOHOCTI, SKi
BM3HAYAIOTHCS, Ta YKCIIAMU ITOAIOHOCTI, SKI BU3HAYAIOTh BKa3aH1 YMCIA.

MoenmoBaHHs — METOJ] EKCIIEPEMEHTAIBHOIO JIOCTIDKEHHS, B SKOMY BHUBYAIOTH OyJb-sKe
¢iznyHe SBUILE HA 3MEHIICHIH MOJIETT.

B’sa3KicHO-TpaBiTalliiHUNA PEXHUM TEMJI00OMIHY — BHUMYILEHA TEYisl PIIUHU CYMPOBOJKYETHCS
BUTLHOIO KOHBEKIIIEIO.

CenexkTUBHE BUNPOMIHIOBaHHA — II€ BHUIIPOMIHIOBAHHS ra3iB, SKI BUITYCKAlOTh MPOMEHI Ha
MIEBHUX JIOBKMHAX XBHJI1.

AOGCOJIFOTHO YOpHA MTOBEPXHS — 1€ MIOBEPXHSI, SIKA MOTJIMHAE BCI IIPOMEHI, 110 MaIal0Th Ha Hel.

AOComoTHO OiTa HOBEPXHS — IIe MOBEPXHS, SKa BiIOMBA€E BCl MPOMEHI, 110 MaIal0Th Ha HEl.

3.4 3akoHu, ghopmysiro8aHHs

OCHOBHUH 3aKOH TEMJIONPOBIAHOCTI (3akoH Dyp'e):

KinpkicTh Tema, 1Mo MNpPOXOJUTh Yepe3 eNeMEHTapHYy IUIOLIMHY, sIKa 3HAXOJUTHhCS Ha 130TEpMHIN
MOBEPXHI, MPOIOpIiiiHa MOBEPXHI IUIOIMHY, BIPI3KY Yacy Ta IPai€HTy TeMIepaTypH.

3axoH H'toToHa /1151 pyXoMoi piiuHu:

Cuna Tteprs MK mapaMu ab0 YaCTMHAMHU PIIUHM, SIKI PYyXarOThbCAd 13 PI3HUMH IIBUIKOCTSMH,
ponopLiiHa TPaJi€HTy IBUIKOCTI 10 HOPMaJIl IO HAIPSIMKY PYyXY.

Knac sy — 11e Taka CyKynHICTb SIBUIL, , SIKI XapaKTepU3YIOTCS OHAKOBUM MEXaHI3MOM IPOLECIB Ta
OJTHAKOBOIO (DI3UIHOIO TIPUPOJIOIO.

Teopema noaiGHOCTI:

VY noni6HUX SBUI KpUTEPii MO1IOHOCTI YMCETBHO PIBHI.

3axoH [Ilnanka:

CrnexTpaibHa BUIIPOMIHIOBAHICTh a0COJIFOTHO YOPHOTO TiJIa Ta JIFOOOTO PEAIbHOTO TiJIa 3aJIEKUTH BiJT
TEeMIIepaTypu Ta JOBXKUHH XBHJIL.

3akoH Bina:

[Ipu 30inbIIeHHI TemIeparypd JOBXKHHA XBWI, Ha $Kiii BUIPOMIHIOBAHHS MaKCHUMaJIbHE,
3MEHIIYETHCS.

3akoH Credana-boabimana:

['ycTHa BUIIPOMIHIOBAHHS YOPHOTO TiJla MPOMOPIiifHa aOCONIOTHIN TeMieparypi B YETBEPTOMY
CTYIEHI.

3akoH Kiproda:

BinHomeHHa 31aTHOCTI BUIIPOMIHIOBATH €HEPrilo A0 KOE(]Ili€eHTY MOTVIMHAHHS Tijla OJHAKOBE IS
yCiX CIpUX TUI, SKIIO BOHU MAalOTh PIBHY TeMIEpaTypy, 1 AOPIBHIOE 3JaTHOCTI BUIIPOMIHIOBATU
€Hepriro abCOIIOTHO YOPHOT'O TiJIa MPH Til ke TeMIeparypi.

3akoH Jlambepra:
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HaiibinbIa eHepris BUNPOMIHIOCTHCS TIOBEPXHEIO B HANPSAMKY, SIKUN NEPIEHIUKYISIPHUAN 10 HEf.

3.5 OcHoBHi popmyau
['panieHT Temmneparypu:

ot

gradt = lim‘ﬂ
An A—0 on

3akon Qyp'e:
dQ = —AdAgradtdt = —dedr(%)

I'ycTrHa TEnmnoBoro noToKy:
dd ot
q = — = _7& _
dA on
Huddepenuiiine piBusaus Oyp'e:

a A(d 7t O
= +—+
or Cpla® 8° &

3akon H'rorona-Pixmana:

q= O('(tpiﬂ; - tCT)
KinpkicThb Tera, sike MPOBOAUTHCS MJIOCKOIO CTIHKOIO:
Q= At~ )
TennonpoBigHICTh Yepe3 OararomapoBy CTIHKY:
Q _ A(t:}T - t::'T)
n Si

2.

TemnonpoBIAHICT Yepe3 HUIIHAPUYHY CTIHKY:

- 2ml(ty, —t7,)

i i In di+1
1Ay dy
Tenﬂonepe;[aqa 4gcpes3 MIOCKY CTiHKy:
At —ty)
Q=—— 51 = kA(t; —t5)

—+Y

o, i Ay Oy

Temonepenayda yepes NUIIHAPUIHY CTIHKY:

A(t, —t
Q=7 l(ld ) 1
i+1+

—+ In
03] 12212)\‘1 d.

1

a 2d 30BH

Kpurepiii Bio:
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CT
Kpurepiit Oyp'e:
art
F 0= 1—2
Kpurepiii Peiinonbaca:
od
Re=—
A%
Kpurepiit [Ipanaris:
A%
Pr=—
Kpurepiiit Hyccenbra:
[
Nuy=——
A
Kpurepiii ['pacroda:
P At
G- P8 :
| 4
PiBHsAHHS Oa10OHOCTI:

Pr..
TernnooOMiH BUITPOMIHIOBAHHSIM MiXK TTapajieIbHUMU TTACTUHAMMU:

4 4
o=C, (Lj _(&) A
100 100

[TpuBenenunii KoediieHT BUIPOMIHIOBAHHS:

0,25
Nu = cRe" Gr® Prm(mﬂ]

C

_ _ S

CHp €npCs
1 1
—+——1
€1 &

TennooOMiIH BHNPOMIHIOBAaHHSM MIDK TUIaMH, OJIHE 13 SKHX 3HaXOJIUTHCS
BCEpeICH1 IPYyToro:

4 4
i) oo
1+A1(1 1] 100/ \100/ [

¢, Ay

Cr Cg
CrymiHp YOpPHOTH Ta3y:

€. =€co, +Pem,0
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3.6 ManrwHku, rpadiku ,Tadauui

A

An AS
/_K

Maumtonok 3.6.1- M3otepmiuni moBepxHi 3 Temneparypamu t i t+At.

5Qy

- dz

oQx

v

___________ cooo

ax

3Q7z

Mamonek 3.6.2 — EnemenrtapHuii napamienemninen 3 peopamu dx, dy, dz.
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Mantonok 3.6.6-Teronepenada Kpi3b IIOCKY
CTIHKY

Matonok 3.6.7- Teronepenaua kpi3b
HWITIHJIPUYHY CTIHKY

fa
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Manronok 3.6.8-OxonmomkeHHs Mamntonok 3.6.9-BuHHKHEHHSI TETIJIOBOTO TPUKOPAOHHOTO

TUIOCKOITAPANIENIBHOI IUTACTUHU mapy
Yo ”
- o
= “©
e —
[
zslfﬂ'c anura  mpyds
IR A 061

Mautonok 3.6.12-3miHa KoedirienTta
TEIUIOBIaul B3/10BX TpyOu

Mamonok 3.6.10- BUHUKHEHHS TUHAMIYHOTO
MPUKOPIOHHOTO APy

i
™

re

a) 0)

-y —

7

I
>1-10%

Re<2-10". ]

Mamonok 3.6.13-Po3noin mBuAKOCTe! IUIMHY PiIMHYU O TUIONII Tepepi3y MOTOKY (a) npu
JaMiHapHOMY, (0) pu TypOyJIeHTHOMY pyxXax
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Mamntonok 3.6.14-CepenHs TeruoBigaaya npy TypOYyISHTHOMY PEXUMI TUTHHY PiTUHU B TpyOax
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Mamtonok 3.6.15-Kpusi kommuiekca Ko B nepexianiit o6nacti Bij uncia Re
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Mamtonok 3.6.16-3miHa KoedirienTa
TETUTOBIA4H B 3aJI€KHOCTI BT KyTa
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Mamonok 3.6.18-KopumopHa (a) Ta maxoBa (0) cxema po3MillleHHS TpyO B IMy4YKax

a) Zg Kopumopue J) ) g Llaxose

20r Z | re -4 97|

o ELLANASED ] 2 PINY 4D
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Mauntonok 3.6.19-TemnooOMiH A1 KOpUIOPHOI (2) Ta 1axoBoi (0) cXeMH pO3MIIIEHHS TPYO B IMy4Kax
o Togts —

Mamtonok 3.6.20-TermmooOMiH G111 BEpTUKAIBHOT Mamtonok 3.6.21-TemnooOmin Oiis
TpyOu TOPU30HTAIEHUX TPYO
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Maonok 3.6.22-3a1eKHICTh BUITPOMIHIOBAHHS MamroHok 3.6.24-Temmoo0MiH MiXK TijJaMH, OJHE
BiJl TEMIIEpaTypH Ta JOBXKUHU XBHIII 3 SIKUX 3HAXOJIUTHCS BCEPEIUHI APYTrOro

7
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Maionok 3.6.25-CeneKTUBHUN XapaKTep Mamonok 3.6.26-Ckiagauii TermioooMin

BI/IHpOMiHIOBaHHSI
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3.7 3anuTaHHA VI CAMOKOHTPOJII0

CoNoA~WNE

WWWWWWWWWPNDNNPNDDNDNMNDMNDNDDNEFRPRPRPRPRPEPRPERPRPRRRRE
CONO U WNPOOO~NOUITRARWLWONPFPOOONOOIWDNEO

3apaua 1. Ilnocka crampHa crinka 13 A;=50 B1/(M-K) Ta ToBmmHOMO 6:=0,02 M i30/bOBaHa BiJ
TEIUIOBUX BTpaT IIapoM acOecToBOro kaproHy i3 Ap,=0,15 Bt/(M-K) ToBmmuoIO 8,=0,2 M Ta mapom
BaTH 13 A3=0,045 B1/(M-K) ToBmumHOIO 83=0,1 M. Busnauutu toBumuHy mapy neHoberony i3 A=0,08

Ha3BiTh OCHOBHI BUITaJIKH TETNIOOOMiHY.

[Ilo Ha3UBaIOTh TETUIOMPOBITHICTIO?

[Ilo Ha3uBaIOTh KOHBEKTUBHUM TEIIOOOMIHOM?
[Ilo Ha3UBaIOTH BUITPOMIHIOBAaHHSIM?

[[{o Ha3UBaIOTh CKJIAJHUM TEIIOOOMIHOM?

1o Take rpaaieHT TemMrepaTrypu?

3akon Dyp'e.

PiBusinns @yp'e.

[Ilo Ha3uBaIOTh TEMIEPATYPOIPOBIAHICTIO?

. SIk 3a7ar0Th rpaHUYHI YMOBH?

. lITo Take koediIieHT TEUIOBiAIaY1?

. 3akon H'torona-Pixmana.

. PIBHSIHHS TEIJIONMPOBITHOCTI Yepe3 MIOCKY CTIHKY.

. PIBHSIHHSI TETUIONPOBITHOCTI Yepe3 MUIIHAPUIHY CTIHKY.

. Ilo Ha3uBaloTh Temonepeaauco?

. PIBHSIHHS Terutonepeaayi.

. Illo Ha3uBarOTh KOEediliEHTOM Teruionepeaayi?

. lIlo Ha3MBaIOTh HECTAIIOHAPHIM TEMIIEPATYPHHUM ITOJIEM?

. PIBHSIHHS TeMIIepaTypHOTO MOJIs 7151 HECTALlIOHAPHOTO PEKUMY.

. I3 AKuX KpHUTEPiiB MOAIOHOCTI CKIIATAETHCS PIBHAHHS TEMIIEPATYPHOTO MO ?

. JluHaMiyHU# Ta TEIUIOBUN TPAaHUYHI Iapy Ta iX (i3UYHA CYTh.

. SIki OyBarOTh peXXUMH TeUil piJUHHA Ta YAM BOHH BiJIPI3HAIOTHCS?

. SIkuM € MexaHi3M mepezadl Temia Ipu JaMiHapHOMY Ta TypOyJIIEHTHOMY peKumax?
. SIk 301U TH KOe(DIIiEHT TETUTOBI a4l BiJ] TOBEPXHI CTIHKU 10 PiIUHU?

. Homy a1 BU3HaUEHHS KOE(III€HTIB TEIIOBIA1a4l BAKOPUCTOBYIOTH TEOPi0 MOAIOHOCTI?.
. SIke piBHSIHHS Ha3UBAIOTh PIBHAHHIM MOIIOHOCTI?

. SIkUM CHiBBIAHOILIEHHSIM BPaxOBYIOTh HANPSIMOK TEIUIOBOI'O MOTOKY?

. Onucatu MexaH13M BUHUKHEHHSI BUIBHOTO PyXY P1IMHH.

. SIki myuyKku TpyO BUKOPUCTOBYIOThH B TETIJIOTEXHII?

. IIpupona eHeprii BUIPOMIHIOBAHHS.

. I1lo Ha3uBarOTh KOe(iLlIEHTOM MOTJIMHAHHS, BIIOMBAHHS Ta MPONYCKAaHH?

. 3axoH [1nanka ta iforo rpadiune 300paxeHHs.

. 3akoH Bina.

. 3akoH Credana-bonbimana.

. [1lo Ha3uBaIOTh CTyIIEHEM YOPHOTH?

. 3axon Kiproda.

. 3akoH JlamOGepra.

. TenoBi expaHu.

39.
40.

BurnpomintoBaHHS: rasis.
CxJragHui TerIo00MiH.

3.8 Tunoei 3a0ayi i3 po3e'sa3aHHAM

Bt/(Mm-K) 3amicTh KapTOHY Ta BaTH, 11100 BJACTUBOCTI TEIIO130JIS1111 HE 3MIHUITUCS.

Po3¢’azanna. BuzHaunMo €KBIBaJIGHTHY TEIUIONPOBIIHICTD AJI TPhOXILIAPOBOT INIOCKOT CTIHKH.
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S, +8, +8 ooz+02+01
Moo o=—L "2 773 = 0,092
8 8, 8y 002 02, / -K)
—+ =+ +
A Ay Ay 50 0,15 0,45

3anuiiemMo piBHSIHHS 1)1 €KBIBAJIGHTHOI TEIJIOMPOBITHOCTI JIJIsl ABOXIIAPOBOI CTIHKHU:

5, +8 0,02 + X
= : 2 = = - .
XCKB 871 § b 0909 0902 . X 9
A A 50 0,08
X=0,133 m.

3agauya 2. CrampHa mapoBa TpybOa miamerpom dp/dp =180/200 MM i TemaompoBigaicTio A1=50
B1/(M-K) BkpuTa mapom mapaTpuBKOi 1307111l ToBIMHOK 02=50 MM, A2=0,18 B1/(M-K) Ta mapom
miuBaty 3 63=50 mm, A3=0,06 B1/(M-K). Temneparypa napwu, sika pyxaeTbcs BcepeneHi Tpyou t1=427
°C, temmepatypa 30BHImIHbOTO MOBITps t2=27 °C. KoediuieHT TemoBigmayi Bix mapu 10 TpyOH

a1=200 BT/(MZ-K). Busznaunutu BTpatu Temia Ha 1 M JOBXHUHU TpyOU Ta TeMIepaTypud OKpEeMHUX
IapiB.
Po3é'azanna. BusHaunmo aiamMeTpu 13011 Ta Tpyou:

Hiametpu tpyou: dgy=0,18 m; d1=0,2 m.
Hiametp i3osmsmii: dp= d1+262=200+2-50=300 mm =0,3 M.

Hiametp minBaTu: d3= d;pp= d2+263=300+2-50=400 mm =0,4 M.
TemoBi BTpatu Ha 1 M:

_ IR ”(tl_tz) _
4=yl —1)=——— a1 _d, 1.4 1
+—In—+ In—=+—mh—=>+——
adg 24 w24 dp 24 d, aydy,,
B 3,14(427 -27) _
T T 02 1 03 1 04 [ 0B
200-0,18 2 50 018 2-018 0,2 2-0,06 03 10-0,4
Temneparypa BHYTpilIHBOT OBEPXHi TPYOU:
, q 330 o
=t —— =427 = 424°C.
o,d,, m 200-0,18-3,14
Ipuiimemo, mo tp, =t,. = 424°C.
Temrieparypa 30BHILIHBOI TOBEPXHI 1301
d
prop 9 92 gy 330 4 03 sp00
2mh,  d, 2-3,14-018 0,2
TemnepaTypa 30BHIIIHBOI TOBEPXHI MIHBATH:
o=t 9 o7y N _s330¢
cm 2 ogd & 10-0,4-3,14
2 306H
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3agaua 3. BusHauuTt KoedillieHT TErIoBiga4l o MOBITPS, SKE pyXaeThes 13 MBUAKICTIO =10 M/c,
10 CTIHKW mpsmoi Tpyou miamerpom d=0,1 m Ta moexwunOw0 =2 M. Cepemnsi Temreparypa MOBITPS

tros=120 °C.

Po3é’azanna. BuszHaumMo pexxuM pyxy MOBITpsS y TpyOi. Jns 1poro BU3HAUMMO KpHUTEPIiH
Peiinonnaca:

Re=2d_ 10-01 6,00~ 10000,

v 2545.107°

-6
ne v=2545.10 = m%/c 1pu tyop=120 °C 3a tabn. 1.6.10. Tak sk pexuM pyxy TypOyIeHTHHIL, TO s
BU3HAYEHHS KOe(ilieHTY TEIIOBI a4yl BUKOPUCTAEMO piBHsAHHS (27.10) /2/:

Nu=O,018Reo'820,018'392000’8:85,2
KoedimienT rernosignayi:
o = Nu-A  85,2-0,0334
d 0,1
2
ne A=0,0334 Br/(m K) 3a Tabn. 1.6.10

Tax six 1/d=2/0,1=20<50, To HeoOXiAHO BBECTHU MOIMPABKY 51 = 1,13. Toni koedilieHT TEIIOBIIaY1

o, =0, =284-113=32,2 Br/(mM’K).

=284 Br/(M°K),

3agaua 4. BuzHauntu nepefady TeIUla MpU BUIbHIM KOHBEKIIi BiJl BEpTHUKAIbHOI TPYyOU JiaMeTpoM
d=120 mm Tta Bucotoro h=6 m mositpio. Temmeparypa crinku T¢r=523 K, Temmeparypa moBitTps

Thos=293 K.
Po3é'azanna. BuzHauuMo pexxuM pyxy MOBITPsA B3IOBX TpyOu. s mbOro miipaxyeMo MHOXXHUHY
Gr-Pr:

3 6°9.81(523 - 293
_BhsaT _ 679,81 ) 734102,

Gr 5=

v 293(15,06- 10—6)

e v=15,06-10'6 w2/ 32 12611, 1.6.10

Gr-Pr:7,34~1012-0,703=5,16-1012,
e Pr=0,703 3a ta6mn. 1.6.10.

6 . . .
Tak six Gr-Pr>6-10 , To pexxum TypOyIeHTHUH 1 piBHSHHS MO1IOHOCTI Ma€ BUTIISI:

12
NU=0.15(Gr-Pr)>°=0,15(5,16-10-9) " >>=2320,

Toni koedilieHT TeTIoBiIaayi:
o NLJK _ 2320-0,026 10 BT/(MZ K)

2
ne A=0,026 Bt/(m K) 3a ta6um. 1.6.10.
Brpatu temnna tpy6oro:

3agaya 5. Mix ABOMa NOBEPXHSMH BCTaHOBJEHO €KpaH, KOEQIIIEHT BUIPOMIHIOBAHHS

2 4
noBepxonb Ta expany C1=C2=Cexp=4,8 Br\(m K ), Temneparypu nosepxons T1=600 K, T2=300 K.
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Busnauntu TeriooOMiH BHIIPOMIHIOBAaHHSM JO 1 MICJIS YCTAaHOBKHM €KpaHy, a TaKOXX TEMIIepaTrypy
eKpaHy.
Po3e'azannsa. IIpoMeHeBHIA MOTIK MiX MMOBEPXHSIMH /10 YCTAHOBIICHHS €KpaHYy:

1 T\ (T, 1
P 1 1 1) b TT 1T
C, C, Cq 48 48 577
4 4
x (@j —(@j = 5070 Br / m*.
100 100

[TpoMeHneBuUit MOTIK MicIs YCTAHOBKU €KpaHy:

2
®;=0,50 =0,5-5070 = 2535 Bt/m .
Temnepatypa expany:

T 4 4 4 4
ep | LG ) (L) J L6000 30005 o).
100 21100 100 21100 100

T =100%4690 =512 K.

exp

3.9 3adau4i Onsi caMmocmitiHo20 po3e8 ‘si3aHHs
3a0aua 1.B TpuMIIIEHHI BCTAaHOBJICHHO IMIIHAPUYHUN CTaJIbHUN IigirpiBad TOBITPS 0Oe€3
i3omsimii. Koediient BumpominroBanns moBepxmi mimirpiBasa C1=4,9 Br/(M°K?), Ttemmeparypa
nosepxHi t1=270 °C, nomxuHa miairpiBada 1=2,5 M, giamerp d=0,6 M, Temmeparypa HpUMIIIEHHS
tp=20 °C. KoediuieHT BUIPOMIHIOBaHHS CTiH C]_:4,9BT/(M2K4), JOBKMHA TpuMimieHHs ;=16 wm,

HmIMpuHa ap=7 M, Bicota hy=3,2 M. Bu3HaunTu TennooOMiH BUIPOMIHIOBAHHSIM MDXK HiAIrpiBayeM Ta

CTIHAMH MPUMIIIEHHS.
3a0aua 2.BU3HAUNTH TEIMJIOOOMIH BUIPOMIHIOBAaHHSM MDK JBOMa BEJIUKUMH IapajelbHUMU

noBepxHsMHU 13 Temmeparypamu t1=527 °C, tp=130 °C, ski MarOTh BIAMOBIAHO KOEQIIIEHTH

BumnpomMinoBans: C1=3,3 BT/(M2K4), C2=39 BT/(M2K4).

3a0aua 3.BuzHaunTu cepeaHii KoedilieHT TeIIoB1Iaui KOHBEKIIIEIO Bijl MOMEPEUYHOro MOTOKY
HarpiToro MoBiTPs A0 CTIHOK HIECTHpsAIHOro mydka TpyO. Tpydu miamerpom d=76 MM po3MilleHi 3a
KOpUIOpHOIO cxemoro. CepesiHsl MBUAKICTh HMOBITPSE ®=7,6 M/c, TeMIieparypa MOBITps Mepesl MyuYKoM
t1i=130 °C, micna myuka tr2=490 °C, xyt araku (¢p=50°.

3a0aua 4.1luninapuuna TpyOa i3 30BHIMIHIM giameTpoM d=36 MM Ta JIOBXUHOK |=7 M

OXOJIOJDKYETHCS TIONIEPEYHUM MTOTOKOM BOJM i3 Temrieparyporo mepen mydkoM tg=19 °C. IlIBunkicts

BOIM ®=2,4 M/c, Temrieparypa noBepxHi Tpyou ter=205°C, kyt araku ¢=60°. BusHauntu koedimieHTt
TEIUIOBIIa4i BiJl TpyOU 0 BOAM Ta TETUIOBUH MOTIK.

3aoaua 5.BuzHaunTH KOEQIIEHT TEIUIOBIa4l Ta TEMJIOBHH TOTIK, SKIIO B TOPU3OHTAILHIN
TpyOi miamerpom d=0,07 M Ta momxuHOK |=5,4 M pyxaerscs Boma i3 mBuakicTio ©=0,6 M/c i3
Temrneparyporo tg=93 °C npu Temrepatypi cTinku Tpyou ter=24 °C.

3adaua 6.Bu3HAYUTH TYCTHHY TEIUIOBOTO MOTOKY, 1110 IPOXOJUTH Yepe3 IJIOCKY CTalbHY CTIHKY

ToBIIMHOIO 0=15 MM 13 A=44 B1/(M-K) Big rasy i3 remneparypoto t1=970°C no Boau, 1110 KUIUTH IpU
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tp=201°C. KoedimieHT TeruioBigaadi ra3iB 10 CTiHKUA Tpyom a1=125 BT/(MZ'K), BiJl CTIHKM 1O BOJIHA
0,=4750 Br/(M*K).
3aoaua 7.BuzHaunTu KoedillieHT TEIUIonepeaadi Ta TeMIEepaTypud MK IIapaMH CTIHKH, SKa

CKJIIQJIA€ThCS 13 TPHOX IMApiB: BHYTPIMIHIA — 1eriaa TomuHOK 01=230 mm i3 A1=1,4 Bt/(M-K),
CepeHii — niaToMiT TOBIUHOKW 02=115 MM 13 A2=0,3 B1/(M-K) 1 30BHIiIIHII — BaTa TOBUIUHOIO O=75
MM 13 A=0,15 B1/(M-K). Temmneparypa ra3y, 110 KOHTAKTy€ i3 BHYTPIIIHbOIO moBepxHero t1=720°C,
Koe(IllieHT TETUIOBIIa4l BiJ ra3y 1o mernu o1=315 Br/(M%K), TEeMIIEpaTypa 30BHIIIHBOTO MOBITPS

tp=17°C, Bix BatH 10 TOBITPs 0,9=6,5 B1/(M*K).
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4 MexaHika miYHHUX rasis

4.1 Pedepar

OCHOBHI BJIACTMBOCTI MIYHUX ra3iB. He3alle)kHICTh THCKY BiJl Opi€HTAIl MMOBEPXHI y MPOCTOPI.
BumiproBanust Tucky ra3y. OCHOBHI pIBHSHHS KiHEMaTHMKH Ta JWHAMIKM Ta3iB; pIBHSHHS
Hepo3puBHOCTi, Eiinepa, bepnyni. Cratuka ogHoro razy. Cratuka mivyHux rasiB. PiBHsaHS Bepnymi
JUIS TIYHUX ra3iB. 3arajibHi MOJIOKEHHS pyXy MiYHUX ra3iB. Pyx Ta THCK rasziB y pobo4mx Kamepax
neueil. BrpaTu eneprii ra3iB mpu pyci B kaHanax. Bentwisaropu ta aumococu. CtaTuka JUMOBOI

TpyoOu.

4.2 Tepminu, MO3HAYEHHSA

TepMminu Jlitepue Onuuuis
IO3HAYCHHS BUMIPY
JuaaMiganii KoeimieHT B’ A3KOCTI 1! [la-c
['yctuna razy p Kr/ M°
[TpruckopeHHs BUIBHOTO MaTiHHS g M/ ¢
Bucota croBna miuHuX rasis H M
I'eoMeTpUYHUN THCK Pr ITa
I1’e30MeTprUUHMI THCK Per IIa
JluHaMiqHAN THCK Py [la
Brparu tucky ITa
APgm
KoedimieHT TemIoBoro po3mupeHHs razin B 1/K
[Tutoma Bara rasis Y H/ m°
Brparu Tucky Ha TepTd APqep ITa
Brparu Trcky Ha MicueBui omip AP, Ila
[NppaBniuHuN KOEPIIEHT TEPTS u -
['igpaBaiyHui 1iaMeTp KaHay dr M

4.3 IIoHATTSI, BU3HAYEHHS

MexaHika rasiB- Hayka po 3aKOHHU pIBHOBaru Ta pyxy rasis.

CraTuka rasiB- 11€ CTaH HEpyXOMOT0 ra3y, KUl 3HaXOJIUThCSl y PIBHOBA31.

Kinemaruka ra3sis- 11e¢ CTaH ra3sis, KOJH BiH PyXa€eTbCs pIBHOMIPHO 0€3 MPUCKOPEHHS.

JluHamika ra3is- 1€ CTaH rasy, KOJu IIBUAKICTb HOTo NepeMilleHHs MOCTIMHO 3MIHIOETHCS.

JuHamiuHuN KoeillieHT B’A3KOCTI ra3y- XapakTepu3ye B’A3KICTh razy B 3aJI€KHOCTI BiJl HOTO
(bi3UYHUX BIACTUBOCTEN Ta TEMIIEpPaTypH.

Kinematnunuii koedimieHT B’S3KOCTI Tra3y- XapakKTepu3ye MPUCKOPEHHS 4YacTOK Ta3y IIija
BIUIMBOM Jlii B’SI3KOCTI.

['eoMeTpHYHMI THUCK- I1€ THCK CTOBIIA Ta3y, SIKHA 3aJI€KUTh BiJl BACOTH CTOBIIA Ta TYCTHHH Ta3y.

CraTu4HMid THUCK- 1€ THCK Ta3y, SKUH 3aJeXHUTh Bl B3a€MOJIii YAaCTOK Ta3y 1 MOPIBHIOETHCSA 13
aTMOC(hepHUM THCKOM.

JluHaMigyHUI a00 MIBUAKICTHUN TUCK Ta3y - 1€ TUCK, KU 3aIeKUTh BiJ] IIBUIKOCTI ra3y Ta Horo
T'YCTHHH.

IluToma Bara razy - e Bara OJMHUII 00’eMy rasy, sika 3aJI€)KUTh BiJl IPUCKOPEHHSI 3€MHOTO
TSOKIHHSL.

HepospuBHicTh ra3zy - 1e CcTaH rasdy, KOJIW BiH MpEACTaBisie COOOI0 CYLUIbHY Macy Oe3
MOPO>KHEYI.
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Cunu _iHepili- 1e CuiM, SKI HPOTHUIIIOTH MEPEeMIIICHHI0 Ta3y 1 3ajexaTh BiJl Macu Ta
MIPUCKOPEHHS Ta3iB.

l'eomMeTpuyHUil Hamip - XapakTepu3ye BUCOTY ra3y BiJIHOCHO JIOBUIBHO BHOpaHOi
TOPU30HTAIILHOT ITOBEPXHI.

CraTuyHMii HaMip - 11e BUCOTA CTOBIIA PiIUHM, IO BPIBHOBAXKYE THCK B JJaHIi TOYIIi rasy.

JluHaMiYHUW Hamip - 1€ BHUCOTAa, MPU NaAiHHI 13 SKOi TUIO y BaKyyMi JOCATae 3HAYCHHS
HIBUJIKOCTI Ta3y.

JlumoBa Tpyba - 11e Tpyda, KA CTBOPIOE PO3PIIHKEHHS 1 32 paXyHOK IIbOI'0 BUBOJUTD IIYHI Ta3u
13 TIei /10 30BHINIHBLOTO CEPEIOBUIIIA.

BrpaTu THCKY ra3y Ha TepTs - Ii¢ 3HWKCHHS TUCKY T'a3y IIPH MEPEMIIICHHI 10 KaHATy 3a PaxyHOK
B’SI3KOCTI Ta3y .

Brpartu THCKy ra3y Ha MIiCIIEBUI OMIp- 11€ 3MEHIIICHS a00 30UIBIICHHSI IIBUAKOCTI Ta3y MpH 3MiHI
TEOMETPHYHUX MMapaMeTpiB Mepepizy KaHary.

BenTwistop- e npucTpii A1 mepeMilleHHs ra3is.

BijlieHTpoBHI BEHTWISATOP- 1€ BEHTHIISITOP, Y SIKOTO Ta3 BXOJIUTH JI0 poO0OYOTo KoJieca B3IOBXK
oci o0epTaHHs KoJjieca, a BAXOJUTh PaliaJibHO.

OChOBMI1 BEHTWJISITOP- € BEHTWIATOP, Y SKOMY Ta3 IEPEeMIIIYEThCSI TUTBKU B3JO0BXK OCI
o0epTaHHs KoJjieca.

JIuMococ- 1€ BEHTHIISATOP, KA BUKOPUCTOBYIOTH JIJIsl 3a0€3IeUeHHs TPUMYCOBOI MTYYHOI TSITH
JUTS TIEPEMIIIICHHS TTIYHKUX Ta3iB.

4.4 3akonu, GopmMy.II0BAHHS

HezanexxHicTh THCKY ra3y BiJl Opi€HTallii MOBEPXHi: THCK B OJAHIM TOYIl razy He 3aJeXHUTb Bij
Opi€HTAIlii TOBEPXHi Y IPOCTOPi.

Hepo3puBHicTh razy: MIBUAKICT 3MIHU T'YCTUHU a3y 00€pHEHO MPOMOpIiiHA MIBUIAKOCTI 3MIHU
00’eMy rasy.

OCHOBHMI IPUHIIUIT MEXAHIKU: CyMa MPOEKIIIH CUJl, sIKi JIFOTh Ha TUTI0, TOPIBHIOE MHOKHUHI Macu
PYXOMOTO TiJTla Ha HOTO IPUCKOPEHHS.

3akon bepHyini: mpu cramoMmy pyci iieaqbHOI PIAMHU CyMa TE€OMETPUYHOTO,
CTaTUYHOTO Ta JUHAMIYHOTO THUCKIB € BEJIMYMHA TOCTIHHA B OyIb SIKOMY Mepepisi
CTpYMEHS ra3y.

3akoH [lackans: KOXHHUI METp KBaJpaTHUN 3€MJIl OTPUMYE THUCK, SIKHH JOPIBHIOE Ba3l CTOBIIA
rasy.

4.5 OcHoBHI popmyJin
JunamiuHui KoedilieHT B’ A3KOCTi:
H=pv

I'eomeTpuyHUI TUCK ra3y:

PZ@OM :H(pnoe _pZ)g *

JluHaMiuyHUN THUCK razy:
_pPT
2g

ITutoma Bara rasy:
V=P

PiBHAHHS HEPO3PUBHICTI:

dp (0w, 0o, Jdw

ir N\ ax o o

P

ue

V4
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PiBusiHHS bepHyni 17151 IPUCKOPEHOTO pyXy Ta3iB:

1 0P do, 1oP do, 1P do,

- _ - 5 y - > - :
p Oox dr p oy dr p Oz dr
PiBusinns Edinepa s ra3y, 1o 3HaX0IUThCS Y CIIOKO1, 800 pyXaeThCsl pIBHOMIPHO:

_lep. 1P 1dP
p Ox’ d p oy’ p Oz

PiBusiHHs bepryni 1i1s i1eaibHOTO Tasy:

2

pg/Z+ P+ p% =const

X z

PiBusinHs bepHymi ajis mivHUX Ta3iB:
(Zl _Z2X7/2 _7/1106‘)_|_hcm1 +h<)1 = hcm2 +h02 +h6np .

Bucora numoBoi Tpyou:

2

AP+ p, ©e
H = 2 _
(p, —p.)— Cer
g pn pe Ileeppe 2dcp

Brparu tHcky ra3zy Ha Teprs:
2

a)e
Pmep = O’Sﬂmpgloz

2d.
Brparu THCKy ra3zy Ha mMicueBUi oIip:
2
a)z
P, =kp, EX

[Tnoma nepepizy BUXiJHOT YaCTHUHU TPYOH:

S=V/(360Qw,).
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4.6 ManwHkH, rpadiku, Tadaumi

MatoHok 4.6.1-Cxema BUMIpIOBaHHS THUCKY:
a) CTaTUYHOTr0; 0) JMHAMIYHOTO

e

3
f
by

—y
[

L

Maitonok 4.6.2-CxeMa BUXOAY JUMOBHUX ra3iB 3
neyi

i

I
|
WishWe {, Wochy
m_n'_n}ﬂ'-{-}* OcHOBHHH Y¥acToR
yuactox 1

ZapaKTepHC THEH CTPYMEHED
hy

3
g
&
Mamonok 4.6.3-Xapakrep pyxy Mautonok 4.6.4-Po3noin mBuakocTet Ta 3MiHa
MOTOKIB XapaKTEPUCTHUK 3a JIOBKUHOIO BUIBHOTO CTPYMEHS
P ¥ B
: ¥
!
| '
*
b 2 & :
I
1 3

Mamntonok 4.6.5-BianeHTpoBaHuil BEHTUIISITOP

J e

¢ -

MastoHoKk 4.6.6;HefnsIHa TUMOBa TpyOa

142



”ﬁf

MaswuHok 4.6.7-CxeMa 1TMMO0COCIB

LR

&

Ta6mui 4.6.8-O13u4HI mapamMeTpu AUMY IPH THCKY

101300 ITa
TeMneg)aTypa Cp, kJx/(M>K) | Ax107, ax10" m°/c, P, vx107°, Pr
K(0) Br/(MK) (x10%,m°/4) Kr/m° M/e
273 (0) 1,041 2,28 0,169 (6,08) 1,295 12,20 0,72
373 (100) 1,068 3,02 0,308 (11,10) 0,950 21,54 0,69
473 (200) 1,096 4,02 0,489 (17,60) 0,748 32,80 0,67
573 (300) 1,121 4,85 0,698 (25,16) 0,617 45,81 0,65
673 (400) 1,150 571 0,941 (33,94) 0,525 60,38 0,64
773 (500) 1,183 6,56 1,210 (43,61) 0,457 76,30 0,63
873 (600) 1,212 7,44 1,510 (54,32) 0,405 93,61 0,62
973 (700) 1,239 8,29 1,840 (66,17) 0,363 112,10 (0,61
1073 (800) 1,262 9,16 2,200 (79,09) 0,3295 131,80 |0,60
1173 (900) 1,289 10,005 2,580 (92,87) 0,301 152,50 |[0,59
1273 (1000) 1,305 10,09 3,014 (109,21) 0,275 174,30 |0,58
1373 (1100) 1,321 11,75 3,460 (124,37) 0,257 197,10 |0,57
1473 (1200) 1,339 12,62 3,920 (141,27) 0,240 221,00 |0,56

Tabmuis 4.6.9-KoeditieHTu MiciieBoro onopy

Ne Cxema Koeoiuient onopy JlonaTok
1 2 3 4
1 Bxin mo xanamy
S S S
W &=0,5 & BiHECe-
- - HO JI0 ®
S S S S S
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[Iponosxxenns tadbmuii 4.6.9

2

3 4
PanToBe po3impeHHs
,;L;LLLL; o
i
W1 :X _Wa, 95:(1——1) £ Binnece-
Fjlb—r Fa F> HO 710 ®1
]
4 E
Konycuwuit mudyzop Y
F & BigHECE-
HO 110 ®1
¢ | 10|20 | 30 | 40 | 50 | 60 | 120|180
Wy — W,
Y Ma F,|
n 020406509 |11(1,13/1,08|1,03
&= f(FyF:)
PanroBe 3By:KeHHHA
'\.h‘; F . é
\ Z1101/02/03|04|05[06|07|08]0,49 | HCCHO
Wi AN W, Fs 710 @1
F, e P2
C g ¢ 10,510,46/0,42|0,37/0,32(0,26| 0,2 |0,13|0,06
Konycuuit nudyszop F
E=C-|1-=
Fl a
(0} 20 40 60 80 120 {180 BiJIHECE-HO
Wl - WI 0 2
1 9 Fy 0,45 | 0,41 | 0,40 | 0,40 | 0,43 |0,5
C 0,05 0,32 | 0,20 | 0,19 | 0,23 | 0,32 |0,5
npu 0,1 | 0,20 | 0,20 | 0,13 | 0,17 | 0,29 |0,5
I/d 0,6
Konino xpyrnoro a6o E=A4-B-C
MPSIMOKYTHOTO PO3pi3y
[0) 20 | 40 | 60 | 80 | 90 | 120 | 180 &
A | 30|20 15 |1,25(1,25|1,25| 1,25 | BirHECE-HO
B [01/02|04]08|10]|19] 3,0 70 ®

C

Jlnst Kpyraux Ta kBajgpaTtHux Komin C=1
h/b 0,5 1,0 20 40 6,0 8,0

1,1 1,0 09 0,8 0,75 0,7
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[TponoBxenus Tabnuui 4.6.9

1 2 3 4
7 KomiHo 3 po3ramyxeHHsIM
X . £
o e N BiJIHECE-HO
E=¢, ne & - i3 Ne6 10 0
W
8 | KomiHo npsiMOKYTHOTO pO3pi3y
(9=90°) i3 posmmm- E= f(h/bib:/ )
pPEHHSIM a00 3BY)KCHHSIM &
, 9—0p" by/b,|06(08|10(1,2|14|1,6|1,8]2,0|BigHece-HO
b . 025/18|1,4[1,22[1,19[ 1,1 |1,11,1 10| "O™
h h mpu| 1,0 | 1,8 1,35/1,15|1,05/0,95| 0,9 |0,85| 0,8
W
e b "4011,41,11]0,95/0,85] 0,8 0,75 0,7 [0,65
F, 50(14|10/(08]0,7 (0,65 0,6 (0,55 0,5
9 KoumiHo 13 3akpyrieHumMu E=A4-B-C &
KpasMu BiIHECE-HO
¢ [0) 40 80 90 | 120 | 160 10 ©
b A | 055085 10 | 12 | 13
h Rd|01]02]03]| 04| 05| 06 | d-npuse-
e W B 0,7 1 04 | 03 025|022 0,2 J{leHHﬁ
B hd | 056 | 10 | 20 | 40 | 60 | 80 AlaMeTp
C 12 | 10 | 085] 09 [ 095 ]| 10
Kopo0, 110 36upae :f(Fl/Fz)
W,k F, Fi/F,| 05 | 10 | 15 | 20 | 25 | 3,0 £
- BiJIHECE-HO
et a) E(@ | 125160 |225| 3, |425| 55 710 ©1
1 WI
WI;I_'_I_I_'_I_I_'_I'I_'_I_:EE;TZ EO)| 125 19 | 28 | 40 | 55 | 7,0
Fi
11 Kopo0, 1110 po3aae =f(F1/Fz)
W, hF1 Fi/F,| 05 | 10 | 15 | 20 | 25 | 3,0 £
BiJTHECE-HO
W2 a) E@ | 10 | 15 | 225| 35 | 50 | 6,0 70 o1
F, W
1
WIW §(0) auB.Nel0
F, 6)
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[TponoBxenus Tabnuui 4.6.9

1 2 3 4
12 [Iu6Gep y xanai E=f (h/ d )
L h/d 0,2 0,4 0,6 0,8 1,0
w hl | =71/ g
F ;[L_“‘a BiJIHECE-HO
a) IPAMOKYT- € (0) 40 8,0 2,0 0,4 0 10 ®
= HOMY
=
¢(a) 30 4,0 1,0 0,2 0
) KpyTIIOMY
13 BryTpimHs moBepXHs _
rOJIbYaATUX TPYO 5= f(l) g
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Mamntonok 4.6.10-I'padik 11t BU3HAY€HHS MOTNEPEAHbOI BUCOTH TPYOH

Ta6mums 4.6.11-A0com0THA IIOPOXOBATICTh A I PI3HUX MaTepiaiB

Marepian Tpy6 Cran Tpyou A,MM
CKJ10 Ta KOJILOPOBI METAIIN Hosi TexanuHO TnaaKi 0,001
CranbHi Hosi 0,05
[TomipHo ip>kaBi 0,50
Crapi ipxasi 1,0
O1nuHKOBaHI1 0,5
YapyHHI Hosi 0,3
Bynu B poborti 1,1
Crapi 3,0
Acbo1ieMeHTHI Hosi 0,085
beronsui Hosi 0,2
Bynu B poborti 0,5
I3 HEOOpOOIIEHOTO OETOHY 1,0-3,0
Tabmung 4.6.12-®13u4yHi1 napaMeTpu JUMy
TeMneg)aTypa P, Ax107, ax10" m°/c, vx107, Pr
K(C) Kr/M> Br/(MK) (x10% Mm%/4) M/c
1 2 3 4 5 6
273 (0) 1,293 2,44 0,188 (6,77) 13,28 0,707
323 (50) 1,093 2,83 0,258 (9,26) 17,95 0,698
373 (100) 0,946 3,22 0,337 (12,11) 23,13 0,688
423 (150) 0,846 3,58 0,425 (15,30) 28,99 0,684
473 (200) 0,746 3,93 0,514 (18,49) 34,85 0,680
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[Tponossxenus tabmuiri 4.6.12

1 2 3 4 5 6
523 (250) 0,674 4,27 0,610 (21,96) 40,61 0,677
573 (300) 0,615 4,61 0,715 (25,76) 48,33 0,674
623 (350) 0,566 4,90 0,819 (29,47) 55,46 0,676
673 (400) 0,524 5,22 0,930 (33,52) 63,0 0,678
773 (500) 0,456 5,75 1,155 (41,51) 79,38 0,687
873 (600) 0,404 6,23 1,384 (49,78) 96,39 0,699
973 (700) 0,362 6,71 1,635 (58,82) 115,40 0,706
1073 (800) 0,329 7.18 1,885 (67,95) 134,80 0,713
1173 (900) 0,301 7.64 2,163 (77,84) 155,10 0,717

1273 (1000) 0,277 8,06 2,461 (88,53) 177,10 0,719

1373 (1100) 0,257 8,50 2,762 (99,45) 199,30 0,722

1473 (1200) 0,239 9,16 3,165 (113,94) 223,70 0,724

4.7 3anuTaHHs ISl CAMOKOHTPOJII0

CoNoR~ LN E

[lo xapakTepusye B’SI3KICTh ra3in?

UuM BiIpi3HIETHCSA MUTOMA Bara ra3y Bij il rycTuHu?

[l{o BuBYae MexaHiKa MIYHUX Ta3iB?

Bin yoro 3anexutb reoOMeTpUUHUN THCK Ta3y?

[llo Ha3uBarOTh CTATUYHUM THUCKOM?

o xapakTepusye TMHAMIYHUI TUCK ra3zy?

SIK BUMIPIOIOTH CTATUYHUH Ta JUHAMIYHUHN THUCK Ta3y?

JloBeiTh, 1110 TUCK ra3y He 3aJIe)KHUTh B/l Opi€HTAIli] MOBEPXHI y MPOCTOpi?
[I{o Bupaskae piBHSHHS HEPO3PHUBHOCTI?

. SIki mapaMeTpu rasy 3B’s13ye Mix coboro piBHsHHS Eitnepa?

. Hanmumits piBHsiHHSA bepHymni 11 11€anbHOrO rasy.

. UuM Bifpi3HSAETHCS piBHIHHS bepHyni A5 miYHUX ra3iB BiJl ieanbHuX?

. YoMy THCK ra3y 3MEHbIIY€EThCS IPH 30UIBIIEHH] BUCOTH TOUKHU?

. HoMy nepeMillieHHs YaCcTKU ra3y Bi10yBaeThCs €3 BTpaAT 30BHILIHBOI €Heprii?

. YoMy y TMMOBOMY TpPaKTi THCK IYHHX Ta3iB MEHIIE aTMOC(epHOTro?

. SIK yHUKHYTH BUOMBAHHS MIYHUX a3iB 10 HABKOIIIIHHOI'O CEPEIOBUILA Yepe3 BIKHO

3aBAHTAXKECHHS?

. SIKMM IPUCTPOEM PETYITIOIOTh TUCK MIYHUX T'a3iB y poOouoMy MmpocTopi neyi?
. YoMy 0111 OCHOBU JUMOBOT TPYOH YTBOPIOETHCS BaKyyM?
. Big sxux mapameTpiB 3aJIeXKHUTh PO3PIIKEHHS, IKE€ CTBOPIOE AUMOBA TPYOa, 1 IKUM

YUHOM?

. YoMy BHCOTY TUMOBOI TPyOH pO3paxoBYIOTh ISl TETIJIOTO Mepioy poKy?

. Homy ra3 BTpayae TUCK MPHU MEePEMIIICHH] 110 KaHaTy?

. Big yoro 3anexatb BTpaTu THCKY ra3zy Ha TepTs?

. [Ilo B IMMOBOMY TPaKTi CIYKUTh MICIIEBUM OIOPOM?

. B sskomMy Miclii JUMOBOTO TPAKTY 3MIHIOETHCS TE€OMETPUYHHUNA THCK MIYHUX ra3iB?
. [IpuHIIATT 117 BIAIIEHTPOBOTO BEHTUIISATOPA.

. 1o xapaxrepusye KK/I BenTriaTopa?

. I3 "oro cknagaeTbcs NOBHUM nepenaj TUCKY BEHTUIIATOpa?

. SIk opraHi3yeTbcs CTpPyMHHUH pyX Ta3iB y MpocTopi nevi?

. Konu BUKOpUCTOBYIOTH HUKJIOHHUN PYX MIYHUX ra3iB?

. YoMy inpTpariiinuii pyx Mi4HUX ra3iB € HalOUIbII ePPEKTUBHUM 3 TOUKHU 30pY

TETII000MIHY?
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4.8 Tunosi 3aga4u Ta iX po3B’siI3aHHA

3agauya 1.BusHauuTH BTpaTH THCKY ra3y Ha TEpPTs IpPU MEPEMILICHHI MYHOro razy mo 00poBy
NPSIMOKYTHOTO Tiepepisy i3 posmipamu a=0,5m, b=0,6M, mnosxkunoro |I=15m. Temmeparypa rasis Ha

) . 3 )
Bx0/1i 10 6opoBa t1=250°C, mBuAKicTh razy ®=2,4 mM/c, ryctuHa razy pr=1,02kr/Mm , MaTepian Ki1aJIKu
0OpOBY- ITAKOOETOHHI ITJTUTH.
Po3é’azanna. Buznauumo pexum pyxy razy. Uucno PeliHonbaca:
wd 2,4-0,54
R, = = —=33188>1000C
v 3905-10

ne d- rigpaBaiuHuil giaMmeTp OOPOBY, M:

4F  4ab _ 4-05-0,6 _

2

= = = =0.54.
I 2a+b) 2(05+0,6) !
V- KIHEMaTUYHUIA KOe(illi€HT B’SI3KOCTI rasy.

-6 2
3a 1a6:1.4.6.8 ipu 1;=250°C 1=39,05-10 6 M /c.

Pexum pyxy TypOynentHuii. Toai koediieHT TepTs
0,25

0,25
A 68 :0,11(1,5 68}

u=011—++ +
dpp Re 0,54 33188

=0,13

ne A=1,5 3a ta61.4.6.11.

Temmneparypa mumy B KiHIi 60poBa, °C:
t,=t,—(1..2)/ =250-2-15=220
Cepenns Temneparypa ra3y B 6oposi, °C:

teep = 0,5(, +1,) = 0,5(250 +220) = 235

Brparu tucky Ha Teprs, [1a:

‘o 15 24%( 235
Pmep:ug,oz7(1+,Btcep):0,130541,02 5 (1+273)=14,8

3agaya 2. BusHaunuTu BTpaTH TUCKY Ha MICLEBOMY OIOpi, SKILIO B KiHIIl O0poBa (IUB. YMOBHU

HoTepeIHbOI 3aa4i) 3p00MIIN panToBE PO3LUIMPEHH O0poBa /10 po3mipiB a1=0,5m, b1=0,6Mm.
Po3é¢’azanna. BusHaunMo koeillleHTH MICLIEBOTO OIOPY IS IBOX Mepepi3iB KaHaIy:

Ha BXo7i 10 6opoBa:k1=0,5 (Ta61.4.6.9)

2 2 2
Ha  posmmwmpenni:kp=(1-F/F;) =(1-ab/aibq) =(1-0,5-0,6/2-2,4) =0,88 (dhopmyna B3sra i3
Ta011.4.6.9).

Brpatu tucky Ha micueBuii omip, I1a:
2

@ * 2,47 250
PM.O :Klpe 7(1+:8t1)+K2,027(1"':85):0,5'1902' 5 1"‘273 =49.

3anaua 3. Po3zpaxyBaTu 00’eM MiYHMX Ta3iB, sIKi BUOMBAIOTHCS Yepe3 BIKHO KaMEpHOT medi i
yac 3arpy3ku metamy. Temmeparypa miuaux rasiB Tr=1473K, TemmepaTypa 30BHIIIHBOTO MOBITPS
Tr=293K, Bucora Bikna h=0,4 m, mmpuna Bikaa b=0,8m.

. . . . 3
Po3é’azanna. O6’eM NIYHUX Ta3iB, K1 BAOMBAIOTHCS Yepe3 BIKHO, M /C:

V= %hb\/zh(pn —p,)= % -0,4-0,8,/2-0,4(1,25-0,24) = 0,19

Jie pPr- TYCTUHA TIOBITPA, ,OHZI,ZSKr/M3 npu Tp=293K 3a 1a6:1.1.6.10.
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Pr- TycTHHa rasis, pr= 0,24 kr/m° npu Tr=1473K 3a 1a611.4.6.8.
3anaua 4. BuzHaunTy BTpaTH TUCKY MIYHUX Ta3iB B TOJbYaTOMY peKymnepaTopi. Yucmo psiB
TpyO B HampsIMKy pyXy MiyHHX Tra3iB h=5, uucio cexuiif pexymneparopy m=3, BiICTaHb MK T'OJIKaMHU
pexyneparopy a=17,5 mm. llIBuakictes aumy =2,5 M/c, ryctuna razy pr= 0,94 Kr/n®, TeMmrmeparypa
’ o
UMY Ha BXO/Il 10 peKyIepaTopy 4 » = 790°C, na Buxozi i3 pexyneparopa fg =520C.

Po36’a3annn. Brpatu THCcKy Ha MicuieBuit ormip, Ia:

2 t . 2,
» _Kolp, [1+ cep}: 2,02-2,5-0,94 (ngij:ls’g

M0 2 273 2

ne K- koedirienT micrieBoro onopy. 3HaxoauThes 3a piBHAHHM /4.6.9, nonarok 13/:
K=K"(h+m)=0,253(5+3)=2,02
tcep- cepeHs TeMIiepaTypa rasie B pekymneparopi, °C:

=0,5(¢)- + 1) = 0,5(790 + 520) = 655°C

3auaqa 5. Bu3HauuTH NPOIYKTUBHICTH Ta MOBHHHM THUCK BIJIEHTPOBOTO BEHTUJISATOPA, KU
MOJIA€ TIOBITPS 7O MOJYyM STHUX NaJIbHUKIB KaMepHoi medi. KinbKicTh manpHUKIB y medi N=12mir,
TEOpeTHYHI BHTPATH MOBITps Ha craleHHs rasy lg=5M°/M°, BHTpaTh rasy Ha ONHMH NAIBHHK
B=80,0m>/rox, koedimient Hammmmky noBitps o=1,1. JiaMerp Tpy6wu, Mo sKiii MOKAETHCS MOBITPS
d;=0,07m/c, moexuna Tpyou |;=13mM, mBuakicte moBiTps m;=0,07M/c, Temmeparypa MOBITPs
tn=300°C. Tpyba mae aBa KosiHa Kpyriaoro mepepidy mig kyromM ¢=80°, moBiTps HONEpeaHbO

NiAirpiBa€ThCs B TONBYATOMY PEKynepatopi i3 noBxuHO0 Tpy6 lpp=1385mm, aiamerpom drp=0,3m
Ta JBOMA XOJIaMH TIOBITpSI.
Po3é’azanna. Buznaunmo HeoOXiqHuUM 00’ €M MOBITPs (IPOAYKTUBHICTh BEHTUIISATOPA), M/e:

V =nBal, =12-80-1,1-5/3600= 1,46M%
Brparu Tucky Ha TepTs B pr6i, [Ta:
l, @ t, 13 12° 300
P —L 11+ 0,025 ——-0,615—| 1+ 247,2
mepmp ”dl P ( 273} 0,07 2 ( 273)

ne p-koediuieHt TepTs. [Ipuiimaerbes s cranbHux Tpyo n=0,25.
pr- TycTHHa noBiTps, pr=0.615 kr/m® npu Temneparypi tp=300°C 3a Ta6:m1.1.6.10.
Brpartu THCKY Ha TepTs B pexyneparopi, [1a:

V4 2 2
Prepper = —L- p, -2 (1+ t”j 002521383, 0615£(1 300j 5.917a
' iy 2 273 0,3 2 L 273

Brparu THcky Ha MicueBuii omip:

w? t 127 300
P, =12K +K Sl U i [/ 2:-1+2)-0,615—| 1+ =3633/1a
M.O. ( 1 2),017 5 ( 273) ( ) > ( 273 3

ne Ki-xoedimieHT onopy st KoJiHa
KpyTJoro nepepizy. BusnagaeTncs 3a
Ta01.4.6.9, nogaTok 6 3a
PIBHSHHSIMU:

Ki=A-B-C=1,25-0,8-1=1

Ko—koedimienT onopy s ronp4atux TpyO (BHYTpIITHS MOBEepXHs). BusHawaeTbest 3a Tabi.

4.6.9, nonatok 13 B 3a51€KHOCTI BiJ J0BXHUHU Tpyou Ko=2,1.
3aranbHi BTpaTH THUCKY NOBITps, [1a:

P,=P, +P  +P =2472+59+3633=6164

mep.nmp mep.p
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3agaya 6. BusHauuTH BHCOTY LEIVIAHOI JTUMOBOI TpyOM, $Ka TOBHHHA CTBOPIOBATH
po3pimkenas AP=310I1a, sikmio rycruHa mivyHUX ras3iB pp=1,28 Ko/, TeMIlepaTypa ra3iB Ha BXOJi J0
Tpyou tr=450°C, mBHIKICTh ra3iB HA BXOAI A0 TPyOH mr=2Mm/c, TemmepaTypa 30BHIIIHBOTO MOBITPS
t=20°C, KiIbKICTh MYHUX ra3iB Vr:5,32M3/C.
Po3’6sa3anna. Bu3HaunMO OPIEHTOBHY BUCOTY TpyOu 3a mai. 4.6.10,
hop=40M.
HiameTrp TpyOH Ha BXO/Il Ta3iB,M:

g | 4532 o
' e, 3142 7

HiameTp TpyOH Ha BUXO/Ii T'a3iB,M:

d, _182_, 5,

L5 15
Cepenniii miameTp TpyoH,M:
dcepzo,5(d1+d2):0,5(1,82+1,21):1,52
[IBuKicTh ra3iB Ha BUXO1 TpyOH, m/c:

W :4Va _ 4'5,32 :465
omd? 3141210

CepenHsi IBUIKICTH Ta3iB, M/C:

®,, =0,5(c, + w,)=0,52 + 4,65 =3,28

Bucora numoBoi Tpyou,m:

2

2
0] 7?2
. AP+ p, % ) 3104049127 s
- o> - 328’ S
(P~ Pr) HmepPs % . 9,81(1,213 —0,49) - 0,050,491 - A 152
e ,01121,2131<r/M3 npu  tg=20°C 3a 1a01.1.6.10

pr=0,491xr/™M’pn tr=450°C  3a Tabi.1.6.12.
3agaya 7. 3HaliTH aOCOMIOTHUN Ta TE€OMETPUYHHUI TUCK MIYHUX Tra3iB MiJ CKICHMIHHSAM Ieyi.
Bucora po6odoro npocropy neui H=1,2m, Tick goskominiabsoro nosiTpst Po=101,3 kIla, remneparypa
mumy tr=1000°C, Temneparypa noBitps tp=20°C, rycTuHa razy Ta HOBITpsl IPU HOPMAJIbHUX YMOBax
pr=pr=1 29kr/™°,
Po3é’azannsa. AOCOIIOTHUN THCK Ta3is, I1a:

T 273
P.=P,-P, .=P, — 2 oH=101300-129—————-98-1,2=10129
r =4o~tgax=1Lo = Pr, T, g 1000+ 273 67
['eomeTpuyHMii THCK rasis, [1a:
T T 273 273
P =oH 2 5.-92)=981-1,21(1,29—————-1,25————)=1009.
ceon=8H(Py 7 Pr ) 129573020 " 10001273

4.9 3agayvi 1151 CaMOCTIIHOTO PO3B’SI3aAHHS
3aoaua 1. Bucora po6ouoro npoctopy neui H=1,4m. Ha piBHI mogy miaATpUMy€eThCS TUCK MIYHUX
rasiB, sikuil gopiBHIOE atMochepHomy Po=0,1MIla. Buznauntu abCOMIOTHUN Ta T€OMETPUYHUNA THCK
MNiYHMX Ta3iB Ha PIBHI CKJEMIHHS Medi, AKIIo TeMreparypa miyHux rasiB tr=950°C, temmeparypa

noBitps tp=15°C, a ryctuna rasis Ta nosirps npu 0°C p[1:pr:1,29KF/M3.
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3a0aua 2. BusHauuTH BTpATH THUCKY Ta3y Ha TEpPTS MpU pyci ra3y 1o Kpyriiid craibHiid TpyOi
JiaMeTpoM dTp=0,9 M Ta JoBkuHOKW |=22M. Temneparypa rasiB Ha Bxomai A0 Tpybu t=325°C,

WIBHKICT Ta3y op=2,9M/c, rycruna rasy npu 0°C pr=1,13kr/m>.

3a0aua 3. Bu3HauuTH BTpATH THCKY Ha MICIIEBMI OIip MpH NepeMilleHHi ra3zy mo O6opoBy i3
nernu i3 posmipamu a=0,8Mm, b=1,0M. BopoB Mae 1Ba MOBOPOTH IiJ MPSAMHM KYTOM Ta PalTOBE
3BY)KEHHS 710 po3mipiB a=0,4m, b=0,8Mm. JloBxrHa 6opoBa 10 3BykeHHs |=15M. TemnepaTypa rasis Ha
Bxoi 10 6opoa {r=900°C, nepmnii mMOBOPOT 3HAXOAUTHCS HA BIJACTaHI 3M BiJ BXOJY Ta3iB, a ApYyruit
Ha BIZICTaHi 4M BiJ MEPIIOTO TOBOPOTY.

3aoaua 4. BuzHaunty 00’€M MIYHUX Ta3iB, SKI BUXOAATH Yepe3 BIKHO IeYl MPU 3aBaHTAKEHHI
neraneil. Temneparypa meui tppy=1300°C, Temmeparypa 30BHIIIHBOTO MOBITPs tp=25°C, po3mipu
BikHa h=0,5M b=1,1m.

3aoaua 5. BusHauuTu MPOAYKTUBHICTH Ta MOBHUN THUCK BEHTWISATOpA VIS MOAA4l MOATrPITOrO
MOBITPS 10 MANBHUKIB THMNA “TpyOa B TpyOi”. KibKicTh ManbHUKIB B meyi N=8, TEOPETUYHI BUTPATH
MOBITPS Ha CHAJIEHHS rasy 16=8,1m% >, KoeQilieHT HAAMUIIKY HOBiTps o=1,13, NPOayKTUBHICTH
OIHOTO TalbHHKa Br=125m/rox. Hiametp TpyOOIIpOBOIY dTp=110 MM, JIOBKHHA TPYOU ITp:22M.
[ToBiTps mixirpiBaeThcs B MPIMOTPYOHOMY pEKyIiepaTopi i3 ABOMa X0/1aMH MOBITpsi BUCOTOIO h=3M.

3aoaua 6. Bu3HauUTH BUCOTY CTalbHOI TPYyOW JJIsi BHBEIEHHS MIYHUX Ta3iB BiJl KaMEpPHOIO
cymmina. HeoOximue pospimkenHs AP=220ITa, rycruna rasis mpu 0°C pp=l,2Kr/M3. Temmnepatypa

ra3iB Ha Bxoli Ao Tpyou 1(r=205°C, mBuAKICTH Ta3y Ha BUXOl 13 TpyOu wy=3M/c, 00’eM rasis
Vr=1800M3/roL[, TeMIepaTypa 30BHIITHLOTO MOBITPs trp=5°C.

3aoaua 7. BU3HAYUTH BTPATH TUCKY B IPSIMOTPYOHOMY pEKYIEpaTopi i3 PO3MIIMIEHHSIM TPYO Y
IyYKy 32 KOPHIOPHOI CXeMor. BimHorieHHs BijcTaHi MK Tpybamu S2/S1=3, MIBHIKICTH IUMY
®p=5M/c, 30BHIIHIi niamerp TpyO pekymneparopa 0=0,07m, cepeanst Temneparypa aumy t;=630°C,
rycTHHa auMy pn=1,1 K/,
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5 IlanuBo Ta Horo ropinnd. Temorenepauisi 3a paxyHok
eJIEKTPOeHepril

5.1 Pegepar

3aranbHi BIIOMOCTI MPO MajuBO. XIMIYHUHM CKJIaj manuBa. Temjaora 3ropsHHS
najguBa. XapaKTepUCTHUKa TBEPJOTO, PIAKOTO Ta Ta30moAi0Horo manuBa. OCcHOBHU Teopil
ropinHsa. ['opiHHS ra3onoAiOHOro manuBa. 3arajibHi MOJIOKEHHS €JIEKTpOHArpiBaHHS.
Temnmorenepariisi 3a paxyHOK MPUKJIaAaHHS PI3HMUIN MOTEHINATIIB JI0 TBEPAOro Tijia Ta

pinuau. Temoreneparis B poOOYOMY TiIi, IO 3HAXOAUTHCA Y 3MIHHOMY
CICKTPOMAIrHUTHOMY TIOJII.
5.2 Tepminu, nNo3HAYECHHS
Tepminu Jlitrepue OnuHus

NO3HAYEHHS BUMIDY
Cyxa Maca naimBa %
["oproya maca nanusa r %
OpraniyHa Maca najBa 0 %
Po6oua maca nanvBa P %
Tennora 3ropstHHS 0] 11; K]Z[)K/Kl\;é kJIx/
TeMneparypa crialaxHEHHSA t. °C
[IBUAKICTH TOPIHHS Or M/ ¢
KoedimieHT HaUIUIIKY TOBITPSI -

o
Jilicauii 06’eM noBiTps l, MY/ M
TeopernuHa BUTpaTa MOBITPS In M/ M
tx °C
Temnepatypa 3ropsiHHs

Cwiia cTpymy J A
Harmpyra ctpymy 9) B
AKTHBHHH onip aeTaii R Om
[Tutomuii enexTpudHuii onip P Om-Mm
YacrtoTa ctpymy f I'n
MarniTHa IPOHUKHICTb U I'n/m
['muOuHa MPOHUKHEHHS CTPYMY A M
PeakTuBHMII omip 1IHAYKTOpa X OMm
[ToTy>XHICTh €J1eKTpHUYHA N Br
MarsiTHUM TTOTIK D B0
Hanpy)xeHHICTh MarHiTHOTO NOJIst H A/M
MarsiTHa iIHIYKIIs B Tn

5.3 IloHATTS Ta BUBHAYEHHS

Cyxa maca najimBa- 10 CKJIajy MajuBa He BXOJAUTH BOJIOTA.
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I'oproua Maca manuBa- 10 CKJIay MajuBa HE BXOAUTH BOJIOTA Ta 3071a.

OpraniyHa Maca najivBa- 0 CKJIaay MajuBa BXOJSATh BOJIE€Hb, BYIJellb, KUCEHb Ta a30T.

PobGoua maca manuBa- 10 CKJIAAy MajuBa KpiM TOPOYOi Macu (BKJIIOYAE TOPIOYY CIpKy Ta
OpraHiuHy Macy) BXOJSTh BOJOra Ta a3zoT.

Tenora 3ropsHHs- KUIBKICTh TEIJIOTH, 0 BUAUISETHCS MPU TOPiHHI KT TBEpAOro, piAMHHOTO
a60 1M° ra30Boro nammsa.

Buiia Tensiora 3ropsiHHSA- BpaxoBY€ KUJIbKICTh TEIUIA, 110 K¢ Ha BUMIAPOBYBAHHS BOJIOTH.

Hux4a TemioTa 3ropsiHHsI- HEe BPaXOBY€EThHCS KUTBKICTh TEIUIOTH, SKa Milllla HA BUIApPOBYBaHHS.

Temmeparypa crianaxHeHHs- TeMIIEpaTypa MiJirpiBaHHs FOPIOYO0] CyMillli, PH SIKiil YyTBOPIOETHCS
MOJIyM s1.

I'opiHHA- POLIECC MIBUIKOTO XIMIYHOTO 3’ €JHAHHS TOPIOYHX €JIEMEHTIB MAJIMBA 3 OKUCIIOBAYEM.

KineTnyHuii pexuM TOPiHHA- TPHUBATIICTH CYMIIMIOYTBOPEHHS 3HAYHO MEHINE BiJ dYacy
NpOTiKaHHS Oe3MmocepeIHhO TOPiHHA, BiOYBA€THCS NPU MOIMEPEIHHOMY OJEp’KaHHI Ta30MOBITPSHOI
cyMii.

JAudy3iiHui  pekuM TOPIHHSA- MPOLECC CYMINIOYTBOPEHHS BiAOYBAa€ThCS OIJHOYACHO 13
mporeccoM 6e3mocepeHLOr0 TOPiHHS.

ToMoreHHe TOpiHHS- BiIOYBAETbCS y 00CA31 OTHOPIAHOT ra30MOBITPSHOT CyMiITi.

I'eteporeHHe ropiHHg- BiIOYBAa€THCS HA MOBEPXHI YACTUHOK P1JIKOTO Ta TBEPOTO MajInBa.

HIBUAKICTD TOPiHHSA- MBUAKICTH MOMIUPEHHS TOPIHHS B Ta30MOBITPSHIN CyMmiTi.

KoedilieHT HAATUIIKY TOBITPS- BITHOLIEHHS A1CHOTO 00’ €My MOBITPS 10 TEOPETUYHOTO.

Teopernunuii  00’eéM TOBITps- HaWMEHBIIA KUIBKICTh TOBITPS, HEOOXIJHOTO 3TiIHO 3
pPO3paxyHKaMHU ISl IOBHOTO 3TOPSIHHS OAMHMIII MaJHBa MIEBHOTO CKIIaay.

Jilicauii 06’eM TOBITPS- 30UIBIICHUN TCOPSTHYHUI 00’ €M TOBITPS [Tl 3a0e31eUeHHsT TTIOBHOTO
3TOpSIHHSA MAJIMBA.

TemmepaTypa 3ropsHHS- TEMIIEPaTypa, KO JOCATIIN MIYHI ra3U BHACTIIOK TOPIHHS ITaTHBA.

InpykuiliHe HarpiBaHHs- 1€ HarpiBaHHs Tila IPU HOTO PO3MIIIEHHI B 1HAYKTOPl 32 paxyHOK
IHAYKYBaHHS B TiJIi BUXPOBUX CTPYMiB (cTpymu DyKo).

5.4 OcHoBHIi Gpopmy.in
OpraniyHa Maca najuBa:
C'+H’+0°+N° =100%
I'oproua maca nanusa:
C'+H"+0"+N" +8" =100%
Cyxa Maca naiuBa:
C+H +0° + N +8 +4° =1000%
Poboua maca nanguBa:
C'+H"+O"+N"+S"+ A" +W" =100%
Temnora 3ropssHHA TBEPAOI'O Ta pi,[[I/IHHOFO I1ajanBa, KI[)K/ KT
Qf =339C" +1030H" —-1090" —S")—2Ww"

TeroTa 3ropsiHHS Ta30BOT0 MaJINBA, K)I}K/M3:

0" =108H, +357CH, +560C,H, +596C,H, + 636C,H, +913C,H, +1185C,H,, +

+1465C.H,, +234H,S +127CO

TeopeTnuHi BUTpaTH MOBITPs Ha 1 KT MazyTy, MY/KT:

1, =0,0474L867C" +5,6H" +0,7(S" —-0")|
TeopeTuuHi BUTpATH MOBITPs HA M rasy, M°/ M°;

! —0.047 0,5CO* +0,5HY +2CH; +3C,H; +3,5C,H} + (1-0.001241,)
"7 +5C,HE +6,5C,HE +8C.HE - 0" ’ ’
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JliiicHI BUTpATH MOBITPS:

[, =1 a

Buxin nmpoaykTiB 3ropsiHHs 1 KT MasyTy, M/KT:

VC'O2 =0,019C"

Vf'lzo =0,0112H" +0,0124W "

V]\',2 =0,008N” + 0,791,

Buxiz mpoyKTiB sropsiaas 1M° rasy, M°/ M°;

Veo, =0,01(CO° +CO; +CH| +2C,H} +2C,H{ +3C,H{ +4C,Hyo +5CH )

0,124d 1,

Vio = 0,0(H) +2CH; +2C,H} +3C,H} +5C,H; +4C,H; +6C.H, + H,0" );

1+0,00124 d,

I
Vs, =021(a-1) m :
1+0,00124 d,
791
7y, =001(Ny + n ),

1+0,00124 d,

CyMapHuii BEXiJ[ IPOyKTIB 3ropsiHHs, M /KT, M/ M*:

. ' ' 4 '
V,= VCO2 + VHZO + VO2 + VNz‘

[TpoueHTHUII CKiIa TPOAYKTIB 3rOpsiHHSA, %o:

co, =y o %m0
VO V()
100V, 100V,
0, = 2. N, = —
V() V()
I'ycTuHa razsy, Kr/M®;
1

or = 220 (16CH} +28C,H? +20C,H} +44C,H} +58C,H +

+72CHS +2H) +28C0O° +44CO7 +28N7 +18H,0" +3207).

I'yCTHHA MPOIYKTIB 3TOPSHHS, KI/M";

D, = ﬁ(MCOZ +28N, +18H,0+320,).

Tero3MicT NOBITPA, K Jx/m:

. Lt,C,
i, = v

Teruosmict razy, kJx/m:
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0,0,

0

+CHyy Coyy +Hy -Cpy +C0"Coy +CO; - Coo + N, -Cy +0,-Cp)

1
r 3t

(CHf 'CCH4 +C2Hf ‘CCZH4 +C2Hf ‘CCZH6 +C3HsB 'CC3H8 +C3H1€) 'CC T

Kanomerpuuna temmieparypa 3ropsinus, °C:
1 P @ @
e =——(0f + 0 +07)
cv,
Teopetnuna Temneparypa 3ropsaus, °C:
1 (p
ty=——(07-0..)
T i o
CV() uc
Miticua TemriepaTtypa 3ropsiaus, °C:
1 (p
t,=—=—(0f = 0. ~0ur)
CVO uc

['muOuHa NIPOHUKHEHHSI CTPYMY, M:

A=503\/p/(1" f)

KinbKiCTh TEIUIOTH NIPH €IEKTPOKOHTAKTHOMY HarpiBaHHi, Jk:

O=J°Rt.
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5.5 ManwoHku, rpadiku, Tadauni

l £ ;
~ 50/ 4
Maumonok 5.5.1-Cxema ingykuiiiHoro HarpiBanas ~ ManroHok 5.5.2-IIpuHnumniansHa cxema
€JIEKTPOKOHTAKTHOT'O HArpiBaHHs
229380 8. 50 s
=]
® =
ptd &= {==]
MaJoHok 5.5.3-CxemMa yCTBHOBKH /1Sl HATPIBAaHHA B €JICKTPOJIITI
Tabmuns 5.5.4.1-ExTanenis noBiTps
Temmeparypa mizorpisy, 'C 200 250 300 350 400
Enranemis noitps, Cg, KI[)K/(MS'K) 1,310 1,315 1,320 1,325 1,330
Tabmung 5.5.4.2-ExTanemis npoyKTiB 3ropsiHHS NajluBa
Temneparypa, °c icoz 1H20, KI[)K/M3 I\ 102
1 2 3 4 3)
1400 3256,3 2536,3 20219 2133,5
1500 3520,0 2570,9 2180,6 2298,2
1600 3784,6 29774 2337,6 2463,2
1700 4049,7 3204,6 2496,7 2629,8
1800 4316,8 3430,4 2660,2 2801,5
1900 45848 3656,1 2818,7 29749
2000 48527 3889,7 2971,0 3146,6
2100 5124,0 4127,5 31427 3315,3
2200 5397,0 4362,8 3309,0 3485,7
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[Iponowxenus Tabnuui 5.5.4.2

1 2 3 4 5

2300 5669,2 4601,5 3472,3 3661,1

2400 5937,2 4840,1 3636,4 3838,2

2500 6213,5 5078,8 3802,2 4012,3

2600 6481,4 5325,8 3968,8 4194,2

2700 6753,6 5564,5 4131,3 4362,8

2800 7002,4 5723,6 42945 4514,2

Taomuus 5.5.5-Tero3micT rasis
Temme- I'a3
PP | O, | 1O H‘F’;‘T’ N, | 0, | H, | co | sO, | CHs | CoHa
1 2 3 4 5 6 7 8 9 10 11
0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

100 171,3 | 150,0 | 130,0 | 130,0 | 132,3 | 129,2 | 130,2 | 182,0 | 160,9 | 210,1
200 360,6 | 302,4 | 2619 | 261,6 | 267,2 | 259,6 | 2615 | 379,2 | 349,4 | 4659
300 563,9 | 418,7 | 395,7 | 394,6 | 409,4 | 390,6 | 395,7 | 589,5 | 563,2 | 759,5
400 777,1 | 623,4 | 533,0 | 530,1 | 551,4 | 521,7 | 532,2 | 810,2 | 800,7 |1080,0
500 |1001,1| 690,2 | 672,4 | 667,8 | 699,6 | 654,0 671 | 1037,9 | 1060,2 | 1447,0
600 |1236,4| 964,3 | 814,7 | 889,4 | 850,8 | 7859 | 802,2 | 1272,4 | 1341,8 | 1830,5
700 |1475,1|1143,0| 959,0 | 950,9 | 1004,5| 919,5 | 960,7 | 1510,7 | 1549,5 | 2233,8
800 |1718,8|1328,9 | 1106,9 | 1098,7 | 1160,5 | 1086,9 | 1110,3 | 1751,8 | 1968,3 | 2675,5
900 |1967,5|1526,8 | 1259,4 | 1247,7 | 1320,2 | 1041,3 | 1261,1 | 1997,6 | 2300,3 | 2991,2
1000 |2219,5|1721,0 | 1412,3 | 1399,3 | 1479,7 | 1330,2 | 1414,4 | 2243,8 | 2647,0 | 3564,8
1100 |2476,6| 1910,9 | 1564,9 | 1553,8 | 1629,0 | 1469,6 | 1570,1 | 2655,5 - -
1200 |2732,8|2113,6 | 1721,7 | 1708,3 | 1802,5 | 1614,5 | 1726,3 | 2738,3 - -
1300 |2992,4|2321,1 | 1879,5 | 1862,8 | 1970,0 | 1758,5 | 1926,8 | 2994,9 - -
1400 |3256,3 | 2536,3 | 2038,6 | 2021,9 | 2133,5 | 1904,2 | 2042,8 | 3246,2 - -
1500 |3520,0| 2750,9 | 2272,7 | 2180,6 | 2298,2 | 2072,5 | 2199,8 | 3497,4 - -
1600 |3784,6 | 2977,4 | 2355,6 | 2337,6 | 2463,2 | 2200,3 | 2361,5 | 3747,4 - -
1700 |4049,7 | 3204,6 | 2515,5 | 2496,7 | 2629,8 | 2350,5 | 2521,8 | 4005,3 - -
1800 |4316,8 | 3430,4 | 2677,2 | 2660,0 | 2801,5 | 2505,5 | 2683,9 | 4262,4 - -
1900 |4584,8 | 3656,1 | 2836,3 | 2818,7 | 2974,9 | 2658,7 | 2847,2 | 4932,3 - -
2000 |4852,7 | 3889,7 | 3000,4 | 2871,0 | 3146,6 | 2813,7 | 3007,9 | 4651,7 - -
2100 [5124,8 |4127,5 | 3162,4 | 3142,7 | 3315,3 | 2970,2 | 3174,2 | 5024,4 - -
2200 |5397,0|4362,8 | 3321,1 | 3309,0 | 3485,7 | 3132,3 | 3337,5 | 5284,0 - -
2300 |5669,2 | 4601,5 | 3510,3 | 3472,3 | 3661,1 | 3291,8 | 3502,4 | 5539,4 - -
2400 |5937,2 | 4840,1 | 3650,2 | 3636,4 | 3838,2 | 3452,6 | 3667,8 | 5799,0 - -
2500 |6213,5|5078,8 | 3820,6 | 3802,2 | 4012,3 | 3615,5 | 3834,8 | 6054,4 - -
2600 |6481,4|5325,8 | 3983,5 | 3968,8 | 4191,2 | 3779,1 | 4002,7 | 6309,8 - -
2700 |6753,6 | 5564,5 | 4151,8 | 4131,3 | 4362,8 | 3940,0 | 4166,9 | 6569,4 - -
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Tadnuus 5.5.6-TerioeMHiCTF KOMIIOHEHTIB rasa

Kommnonentu TemnoemHicTs, kx/(M>K) py TEMIIEPaTypi, ’c
raza 100 150 200 250 300 350 400
CH,4 2,448 2,628 2,807 3,041 3,175 3,352 3,529
C,Hy 1,827 2,001 2,171 2,327 2,478 2,607 2,736
C,Hsg 2,067 2,278 2,490 2,680 2,870 3,042 3,214
C3Hg 2,016 2,237 2,458 2,646 2,834 2,997 3,161
C4Hyo 2,027 2,241 2,456 2,635 2,815 2,972 3,129
CsHy 2,025 2,236 2,448 2,624 2,799 2,953 3,108
H; 14,45 14,47 14,50 14,52 14,53 14,56 14,58
CO 1,044 1,051 1,058 1,069 1,080 1,093 1,106
CO, 0,914 0,953 0,993 1,027 1,057 1,078 1,110
N> 1,034 1,038 1,043 1,051 1,060 1,070 1,082
0, 0,933 0,948 0,963 0,978 0,994 1,009 1,034
§ 5
) Z
,g’ %
2000
2750 {{f;ﬁ
2500 f,},//ﬁ ,.é i
zmr i ]
2000 #a
Y ot
1750 — — =
500 7
£250 b 4
100G =]
750
500 |
23

Mautonok 5.5.7-i-t giarpama st rasis i3 QS >12000 KI[)K/M3
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5.6 3anuTaHHA Ta 3aBJAHHSA JAJIS1 CAMOKOHTPOJIIO

[Ilo BkIIOYa€e roproya Maca najaupa?

[Ilo BXOAUTH 10 CyXO1 MacH najauBa?

Ywum BIIPI3HIETHCS OPTaHiYHA Maca MMajyuBa Bijl TOPrOY0i?
1o BxoauTh 10 pobo4oi Macu maausa?

[1{o HAa3UBAETHCS TEILIOTOXO 3TOPSHHS?

YuM BiZpi3HAETHCS HUKYA TEMIepaTypa 3TOPSIHHS BiJl BUILOI?
[I{o Ha3WBaIOTh TEMIIEPATYPOIO CIIAJIaXHEHHS?

1o mpencrainsie o000 ropiHHS nanuBa’?

Yum XapaKTepu3yeThCsl KIHETUYHUN PEKUM TOPIHHS?

10. Konn BuHMKae auy3iiiHUA pesxum ropiHas?

11. Tlpu axux yMOBax MpOTIKaE TOMOTEHHE TOPIHHS?

12. ITo Ha3UBaIOTh IreTEPOTCHHUM TOPIHHAM?

13. [I{o Ha3MBIOTH MIBUIKICTIO TOPIHHS?

14. 1lo noka3ye Koedili€HT HAJTUIIKY TOBITPs?

15. Sk BU3HAYAETHCS TEOPETUYHUMA 00’ €M MOBITPs?

16. 1o Ha3uBaIOTh IIHCHUM 00’ €MOM TMOBITPS?

17. SIk BU3HA4Ya€THCS TeMIepaTypa 3ropsiHHS?

18. IpuHmn aii iHIYKIIHHOTO HArpiBaHHS.

19. IlepeBaru Ta HEJOJIIKU CICKTPOKOHTAKTHOTO HArpiBaHHS.
20. MexaHi3M HarpiBaHHs J€TaJIel B €IEKTPOJIITI.

21. XapakTepucTHKa TBEPIOTO MaIHBa.

22. XapakTepHucTUKa ra3onoAiOHOro nanmsa.

23. XapakTepuUCTUKA PiIKOTO MaInBa.

24. 3a paxyHOK 4OTO HarpiBa€eThCs AETANb y PO3IIIaBi couti?
25. Sk migBumIiTH e(heKTUBHICTD 1HIYKI[IHHOTO HAarpiBaHHS?
26. SIxi ra3u BXOJATH JI0 CKJIATy MPOTYKTIB 3rOPSTHHS?

27. TlepeBaru eneKTpOHATPIBaHHSA MEepe]l HarpiBaHHAM 33 PaXyHOK 3TOPSIHHSI MTaJIHBa.

CoNoA~WNE

5.7 Tunosi 3a1a4u 3 po3B’A3aHHAM

3agaua 1. Buznauntu po6ouy Macy cyxoro rasy, skuit Mictute CO=25%, CO2=63%, N»,=12%,
Ta Mae Bostoricts W=30r/m>.
Po3¢’azanns. 3MICT BoJIOTH B Ta3i,%:

100 100-30
*7 8036+W 8036+30
KoediuieHT nepepaxyHky i3 Cyxoro najuBa Ha BOJIOTE:
K= 100 -H,0 _ 100 —-3,6 — 0,964
100 100

Cknan Bojyororo rasy,%:

CO® =kCO =0,964-25=241 CO? =kCO, =0,964-63 = 60,73

b

NE=kN,=0964-12=11,57 H,0" =36

3agaua 2. Busnauntu poGouy Macy masyty. Ckiax masyty, %: C°=50,0; H°=9,5; S°=0,5.
Bomnoricts mazyty W=5%.
Po3é’azanna. Cxnan po6ouoi macu masyty, %:
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or _ e 100-W 1005

=85,52
100 100
e 100 -w :9,5100—5 8,99
100 100
§F _ g€ 100 -w :0,5100_5 0,49
100 100

3agaua 3. BuzHauuTH TEIUIOTY 3TOPSHHS Ma3yTy, SIKHA MiCTUTh: 86,5% CP, 10,5%HP, 0,3% 0",
0,3% S",1,8% W’
Po3é’a3annsn. 3a pisasaasam J1.1. MeHieneeBa 3HaX0IMMO HIDKYY TETUIOTY 3TOPSHHS Ma3yTy:

0! =3391C" +1256 H —108,9(0" —=S*)—25(W" +9H") =
=339,1-86,5+1256 -10,5—108,9(0,3 — 0,3) — 25(1,8 +9-10,5) = 40045 Kﬂo’% .

3agaua 4. BU3HauuTH TEIUIOTY 3rOPSHHS IPUPOIAHOTO ra3y, IKHH MiCTUTh:

94%CH?”, 2.0%C,HE, 1.0%C,HE, 0.4%C,HE,

0.2%CO%, 0.5%NZ, 1.9%H,0".
Po3¢’azanna. BusHauuMo TEMIoTy 3rOpSIHHS:

Qf =358CH; +636C,H; +913C,H, +1185C,H =
=358-94,0+636-2,0+913-1,0+1185-0,4 =36328 Kﬂ%3
3agaua 5. Busnauntu 00’eM Ta CcKiajn HpO,Z[yKTiB 3ropssHHS KOKCOJOMEHHOI'O rasy. Ckiang
Bosororo rasy,%: CH, =11.15CO” =18.68 H =25.16,CO; =6.19,N} =34.12,
3

H,0" =4.74. Teopernunuii 06’eMm MOBiTps |T=2,02M3/M3, nivicauit 06’em mositps 1,=2,39 MM,
BOJIOTiCTH TOBITPst dg=10r/M".
Po3e’azanna. O6’eM CKIaJJOBUX MPOJIYKTIB 3TOPSHHS, M/

VC'O2 =0,0(CO” +CO; +CH})=0,01(18,68+6,19+1115)=0,36;

Vio=001(H, +2CH; + H,0" 4yt 0.124 )=
2 1+0,00124 d,
0,01(2516+2-1 1,5+4,74110'2’08'0’124)=o,595,
1+0,0012410
V! =0,21(a—1) Ly =0,21(1,15-1) 2,39 =0,074
2 1+0,00124d, 1+0,0012410
Vy, =0,01(N; + 79, )=0,01(3412+ 79-2,39 )=2,2.

1+0,001244d, 1+0,0012410

O06’eM MPOAYKTIB 3TOPSTHHS, MM

Vy=Vio, tVio +V5, +Vy, =0,36+0,595+0,074+2,2=3,229
3amava 6. BusHauuTH ryCTHHY NPOIYKTIB 3rOPSIHHS ra3y, SKUH MiCTHTB:

11.12%CO0,, 68.1%N,, 18.4%H,0, 2.29%0,.

Po3zé’azanna. 'ycTuHa IPOIYKTIB 3TOPSHHSA, Kr/M;
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b

2o (44C0; +18H,0+ 28N, +320;) =

Py =

=;(44-1 1.L12+18-184+28-68.1+32-2.29) =1.25.
2240

3agauva 7. BuzHauutu Temneparypy 3rOpsiHHS 11 H}gonﬂoro rasy, SsKH{ Ma€ TeIIOTy 3rOpsIHHSA
32200k x/M°. 06°em npoaykTiB 3ropsuusa V,=11,6m°/M°, aiticuuii 06’ em moBitps ly= 9,7m° /v,
Temrneparypa niairpiBanns nositps t,=300°C.

Po36’a3anna. Bu3HaAUMMO TEIUIO3MICT IPOYKTIB 3TOPSHHSA, KI[)K/MSI

p 322
ia=Q—H=—3 00 =2777.
v, 11,6
Tenno3MicT migIrpiTOro MOBITPS, KK/
l. -t - . .
i - N CB:9,7 3001,32:33Q
v, 11,6

ne cg=1,32xJIx/(M*>K) 3a 1a61.1.6.10.
3aranbHUI 3MICT POIYKTIB 3rOPSHHS, kJK/M:

I, =i,+i,= 2773+330=31023
3rifHo i3 maHuMu Ta01.5.5.4. 17151 TPETHOT rPyNH NMaJIUB (Qf > 12006(’21%3 ) st 1773103 K]Z[)K/M3

3HAaX0JIMMO TeMIieparypy 3ropenns: t=1900°C.

5.8 3amaui a1st caMOCTIHOIO PO3B’A3aHHA
3aoaual.Buznauutu pobody Macy cyxoro mnpupomHoro raszy. Ckmax razy,%: CH,=88,6;

CoHg=1,0; C3Hg=0,2; C4H10=0,09; C5H12=0,06; CO2=0,05; N2=10,0. Bonoricts rasy W=40 r/n".

3adayal. BusHauuTi pobody Macy MasyTy, sikuit Mictutb:92%CC, 6,5%HC, 1,0%0°. Boxoricts
mazyty W'=6%.

3a0aua3.BUsHAYNTH TEIIIOTY 3rOpsHHS MasyTy, skmil Mictuth: 82.8%C", 11.6H°, 0.4%0",
0.8%S", 0.8%N", 0.2%A", 3.4%W".

3aoaua4.Bu3HAYUTH TEIUIOTY 3rOPSHHS T€HEPATOPHOTO ra3y, skuid MicTuTh: 0.9%CH,, 1.2%H,,
35%CO0, 62.1%N,. Bonoricts razy W=15 M.

3aoaya5.Bru3HaunTy niicHui 00’ €M MPOYKTIB 3TOPSHHS F€HEPATOPHOTO ra3y (CKJaj razy B3siTH
13 3amaum 4).

3a0aua6.Bu3HauYuTH TYCTUHY TPOJAYKTIB 3TOpsHHA MpHpoaHoro razy. Ckiaa MNpOIyKTIB
sropsHHS: 12,8% COy; 19,2%H,0; 1,2%0,; 65,8%N..

3a0aua7. Bu3HaunT TEMIlepaTypy 3TOPSHHS JOMEHHOTO Ta3y, SKHi Ma€ TeIUIOTY 3TOPSHHS

=410 i/ M . 06 €M TIPOYKTIB 3TOPSIHHS Va=2,6M3/M3, IiMcHMI 00’ €M TOBITPS Ia=l,2M3/M3,
H poay P p
Temreparypa miairpiroro mositps t=350°C.
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6 Marepiaju Ta OyaiBe/IbHI eJIeMeHTH neveil

6.1 Pegepar

BusnauenHss BorHeTpuBKUX MartepiaiiB. Bumoru no BorHeTpuBiB. Kiacudikarris
BorHeTpuBiB. (CrnocoOM BHUTOTOBJIICHHS BOTHETPUBIB. I[lOPUCTICTH BOTHETPUBIB.
BoruerpuBkicth Ta il BuU3HA4YeHHA. [a30MPOHUKHICTH Ta  TEIJIOMPOBIAHICTH
BOrHeTpuBiB. ['paHnyHa Temmeparypa BUKOpPUCTaHHS. Bu3HaueHHA TepMIYHOT
cTifikocti. ['ycTMHa Ta UUIaKOCTIHKICTh BOTHETpHBIB. [luTomMa TemiIoeMHICTH Ta
TEIIONPOBIAHICTE. CXEMH BUTOTOBJCHHS KPEMHE3EeMHHX Ta, AalIOMOCHIIIKATHHX,
MarHe3uTOBUX  BOTHETpHUBIB. BorHerpuBki po3umHM Ta HaOWBambHI  Macwu.
Tennoizonsuiiini Marepianu. byniBenbHi MaTepianu Ta Metand. DyHIaMEHTH Ta
¢dyTtepiBka neyeil. Apo4Hi Ta MmiIBICHI CKJeniHHA. MeTaneBl KOHCTPYKIIT edei.

6.2 Tepminu, mo3HAYEHHS

TepMminu Jlitepue OnuuuIs
MO3HAYCHHSI BUMIpY
Boruerpuskictb °C
B
TepMmiuHa CTIHKICTh m Yucno
TEIIO3MIH
[TopucricTh %
1
MexaHiyHa MIHICTH MIla
M
['pannuHa Temneparypa BUKOPUCTAHHS tp °C
[InakocTifKiCTh %
L

6.3 [loHsATTS TA BUBHAYCHHSA

BorsuerpuBki maTepianu - 1je HEMETaJl4Hl MaTepiajau Ta BUPOOH, 10 MOXKYTh IpalloBaTH IpU
Temrneparypi, He Huxkuil Big 1580°C.

ITpupo/IHi BOTHETPUBHU — BUPI3AIOTHCS O€3M0CEPEHBO 13 TIPCHKUX MOPII.

HITy4YHi BOTHETPUBH — OJIEPKYIOTh MIPECYBaHHIM, TpaMOyBaHHAM a00 JIUTTAM.

BorHeTpuBKicTh — 11€ BJIACTUBICTh MaTepialy NPOTUCTOATH TPUBAIIN Jii BUCOKOI TeMmepaTypu
0e3 po3maBieHHs Ta 1e(opMyBaHHS.

TepmiuHa CTIMKICT — I1€ 3/1aTHICTh MaTepialy BUTPUMYBATH pi3Ki KOJIMBAaHHS TeMIeparypu 0e3
MOSIBU Ha 1X MOBEPXHI LIUIMH a00 1HIINX O3HAK PYHHYBaHHS.

MexaHiuHa MIITHICTh BOTHETPUBIB — II€ BIIACTUBICTH BUTPUMYBATH THCK 0€3 pylHYBaHHS.

[TopuCTICTh BOTHETPUBIB — 11€ BIITHOCHUIA 00’ €M TOP Y BUPOOI.

[ 11akOoCTIMKICT — 1€ 3aTHICTh BOTHETPUBIB YMHUTH OMIp PYHHYBAaHHIO BHACITIIOK il MIYHUX
rasiB, IaKiB, OKAJIMHH TOIIO.

I'pannyHa Temmeparypa BHMKOPHCTaHHS — L€ TeMIepaTypa, MpH SKii po3Mipu BOTHETpHBaA
3MEHIIYIOThCs O1IbI IK Ha 40%.

TennoizonsuiHi MaTepianu — 1ie Marepiaiau. SIKi MalOTh HU3bKY TEIJIONPOBIIHICTD T4 BUCOKY
MOPUCTICTb.
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6.4 Manronku, rpadiku, Tadauni

Tabmuus 6.4.1-BnacTUBOCTI BOTHETPHUBIB Ta TEIUIOI30JIALIHHIX MaTepiajiB

Temnepa-
Marepian A, B1/(Mm-K) Cp, K/ (xrK) P, Kr/m®> BH?CI)II;?/IC_
TaHHS, o°c
1 2 3 4 5
JluHac 3BUYaiHui 0,815+0,00067t 870+0,193t 1900-2000 1620
JluHac BUCOKOI I'yCTHHH 1,58+0,00038t 870+0,193t 2000-2100 1660
[IamoT 0,7+0,00064t 865+0,210t 1800-2000 1300
[IIamoT Ki1acy A 0,88+0,0023t 865+0,210t 1800-1900 1350
bararomamoTHi BUpoOu 10,4+0,00015t 865+0,210t 2300-2800 1400
Kaomnin rycruit 1,75+0,00086t 865+0,210t 2400-2500 1400
HamiBkuci Bupobu 0,71+0,00070t 868+0,190t 2350-2500 1430
I'muusHa ueria 0,465+0,0052t - 1600 -
BararornunosemHi:
BI'O-45 0,84+0,00058t 835+0,250t 2200 1550
BI'O-62 1,76-0,00023t 835+0,250t 2400 1600
BI'O-72 1,76-0,00023t 835+0,250t 2500 1700
MyniT Ta KOpYyH/ Ha TIHHSHINA
3B S13101 2,1+0,0018t 795+0,210t 2700-2900 1500
Myt TuBapHUN 28-0,023t 835+0,210t 3300 1700
Kopyna nuBapuumii 58-0,029t 880+0,210t 3800 1850
Maruesit 6,28-0,0027t 1050+0,145t 2600-2800 1580
CoJ1010MIT 1,86-0,00078t 1000 2700-2850 1800
dopcTepiT 3BHUaRHUI 1,63-0,00040t 900+0,210t 2350-2500 1620
®dopcTepiT HacaI0UHUN 4,23-0,0016t 900+0,210t 2350-2500 1620
IIninens 5,1-0,035t 880 2850-2900 1700
Tanpk 1,05+0,00031t 677 2000 1350
XpoMoOMarHe3ur 2,8-0,00087t 920 2700-2850 1520
Marsne3uToxpomit 4,1-0,0016t 920 2800-2900 >1500
[TepuxirazommiHeTiTHi 4,17-0,0011t 920 3100-3150 >1600
[{upkoHiit 1,3+0,00064t 540+0,12t 3300 1600
[{upkon 2,1-0,00093t 530+0,125t 3100-3400 1600
KapOopynn:
pedpakc 37,1-0,0344t 960+0,145t 2100 >2500
kapOodpakc 2,62-0,00116t 1100 2100 >2000
['padir:
20% C 3,7 835 1800-1900 >2500
50% C 5,42 835 1800-1900 >2500
Byrnens 3,14+0,0021t - 1350-1650 >2500
Byrnens rpagitu3oBanuit 7,9+0,014t - 1350-1650 >2500
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[Tponorxenus Tabnumi 6.4.1

1 2 3 4 5

BorueTrpuBkuii 6eTOH:

HAIOBHIOBAY-IIAMOT, IMHAC ~0,45 850 1850 >1700

HaITOBHIOBAY-XPOMIT 1,97 npu 400°C 850 2350 1770

3,02 mpu 800°C

[IirakoOeToH 0,7 800 1500 -
3aimi300eToH HaOUBHUMI 1,55 840 2200 -
IITamMOT JIETKOBAaroBHUi:

111J16-0,4 0,116+0,00016t 960 400 1100

111J15-0,8 0,225+0,00022t 960 800 1200

1JIB-1,0 0,314+0,00035t 960 1000 1300

11J1b-1,3 0,465+0,00038t 960 1300 1300
Jlupac erkoBaroBui

JuJl-1,0 0,29+0,00037t 960 1000 1430
BHCOKOIIIMHO3EM JIETKOBATOBUHA 0,7 960 1300-1350 1400
KapOopyHn nerkoBaroBuit 0,93-1,62 950 1400 1600
JlnatomiBTOBA IIETIIA 0,116+0,00015t 920 500 -
Jnatomir:

MIPUPOIHIN 0,163+0,00043t 920 444 1000

MOJIOTHI 0,091+0,00028t 920 400-500 900
30HOIIT(BEPMHUKYIIIT) 0,072+0,00026t 950 150-250 1100
BepMmuKymiTOBI TNIUTH 0,081+0,00023t 1000 250 600
Tpenen cyxuii, TOPOIIOK 0,105+0,00028t 880 900 900
AcbecToBuil KapTOH 0,157+0,00014t 835 1000-1250 450
Ac603ypiT 0,162+0,00017t - 450 600
[Tinomamot 0,28+0,00023t 880 950
» 0,10+0,000145t 850 600 i
[TionauHac 0,8 92 680 -
VYapTpanerkoBuit 0,14-0,24 835 280 -
[TiHorIMHO3EM 1,65 920 960 -
ITino6eToHH1 OJI0KH 0,099-0,122 - 400-500 850
[TinomiaToMiT 0,093+0,00020t - 230-430 -
ITinockio 0,124-0,16 - 290-450 -
CKJIOBOJIOKHO 0,029+0,00029t - 100-200 450
IIImakoBa Bata
Mapku 200 0,048+0,00014t 1050 <200 500
MiHnepainbHa BaTa 0,053+0,00018t 920 125 600
MiHepansHU BOMIIOK 0,058-0,076 920 250-300 -
Kaominosa Bara BK 0,03+0,0002t 870+0,21t 100 1100
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[Tponosxennsa Tabaui 6.4.1

1 2 3 4 5
Ity 13 KaoIiHOBOI BaTH 0,12+0,0016t 870+0,21t 400 1100
[Tty HaMiBXKOPCTKI 13
MiHEpaJbHOT BaTH 0,05+0,0002t 920 150 400
[TepmiT BciyueHuii (3acumka) 0,06+0,000116t 920 150 900
CoBeniToBHIA TOPOIIIOK (3aCHUITKA)
0,1+0,000116t 920 500 500

c,
KQwferky 16
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Tabmuns 6.4.3-Pexomennartii 1uist BUOOpPY TOBIIMHH (PYTEPOBKH IeUeit

Mautonok 6.4.4-OyHpaMeHT redi

BHyTpimHii map Hlap Tenoizomsmii
Temmepa-
EnemenTn kimaaku S’ TosimuHa . Tosmiuna, .
Typa, C Marepian Martepian
KJIagK1, MM MM
1 2 3 4 5 6
(i BHCOTOR0 210 1o 1200 120 mamor kinacy B 250 Theriesiona abo
IM JiaMiToBa Iieria
Tex Cal\ﬁv’l Oibme 1200 250 TEX caMe 250 TEX caMe
» » 1o Im Bunie 1200 230 mamot kiacy b | 120-250 » »
» » OlIblre 1M » 1200 230-350 » » A 120-250 » »
CxileniHgs ne-4ei
13 IUPH-HOIO JIO o 1000 120 » » b 120-150 |izossriiiHa 3acHmKa
Im
Tex came, 10 3,5m| 10 1000 230 TEX caMe 150-200 TEX caMe
» » OlnpIIe 3,5M 1o 1000 300 » » 150-200 » »
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ITponoBxxenns Tadnuui 6.4.3

1 2 3 4 5 6
CxJiemiHHS 1e-yei
13 mumpu-uorw no | 1000-1200 120 mamot kiacy A | 120-150  |i3ossAniiiHa 3acumnka
Im
Tex came, 10 3,5m | 1000-1200 230 TEXK came 150-200 TEX came
» » oubiie 3,5M | 1000-1200 300 » » 150-200 » »
TexX came, 10 1M | Buie 1200 230 » » 120-150 » »
» » » 3,5M 5 1200 300 nuHac ado mamMoT 150-200 5
Kiacy A
» » Oumeine 3,5m | » 1200 300 TEXK came 150-200 » »

¥ Lot

%‘F%?
L LT

LAy

==

14 ]

(%
L

4
o

Marntonok 6.4.5-ApouHe CKIICTIIHHS Tedi
: |

'5.--"""-.‘..
e ~El

{
3

*

Mauttonok 6.4.7-XKopcTkuii kapkac nedi

Mautonok 6.4.8-JIuta pamka poOOYUX BIKOH
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Mantonok 6.4.9-JIuta 3aTyinka Mautonok 6.4.10-I'micaxkni TpyOu B epepisi

6.5 3anuTaHHs Ta 3aBJAHHA JJIsI CAMOKOHTPOJIIO

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.

SIki MaTepiaiu BiTHOCATH 10 BOTHETPUBKHUX ?
OCHOBHI BUMOTH JI0 BOTHETPHBIB.

OO6nacTi BUKOPUCTaHHS BOTHETPHUBIB.

Krnacudikarriss BOrHETpHUBIB 3a (Hi3UYHUM CKJIATIOM.
Ha3BiTh ocHOBHI (hopMHU BOTHETPHBIB.

SIKi ciocoOM BUTOTOBJICHHSI BOTHETPUBIB BUKOPUCTOBYIOTh Y IIPOMHUCIIOBOCTI?
[I1o Ha3uBaKOTh BOTHETPUBKICTIO?

Sk BUBHAYAETHCS TEPMOCTINKICTh BOTHETPHUBIB?
MexaHi4Ha CTIHKICTh BOTHETPHUBIB.

SIK BU3HAYAIOTh TEPMOCTIMKICTh BOTHETPUBIB?
MexaHiuHa MIIIHICTh BOTHETPHUBIB.

Sxoro OyBae MOPUCTICTh BOTHETPUBIB?

Sk BNIMBA€E MOPUCTICTh HA CTPOK CITY>KOM BOTHETPUBIB?
SIK BU3HAYAIOTh MOPUCTICTh BOTHETPUBIB?
[InakocTifKicTh Ta il BU3HAUEHHS

TennonpoBiHICTh BOTHETPHBIB.

[luTomMa TETI0EMHICTh BOTHETPHBIB.

Cxema BUpOOiB IIaMOTHHUX BHPOOIB.

Sk BUTOTOBJISIOTHCS IMHACOBI BUPOOH?

Cxema BUpOOy MarHe3uTOBUX BUPOOIB.

[TpuponHi Terno130MAM1iHI MaTepiaiu.

HITy4Hi Teroi30Ms1iiHI MaTepianu.

ByniBenbHI MaTepiaau Ta METaIH 1 BUMOTH JI0 HUX.
SIK BUKOHYIOTH (DyHJITaMEHT neueii?

SIK BUKOHYIOTH (DyTepiBKY neyeit?

Oco0arBOCTI apOYHOTO Ta MiABICHOTO CKIIETiHHS.
J171st 4oro BUKOPUCTOBYIOTH METAJIEB] KapKacH revei?
OCHOBHI CXeMH 3aTyJIOK poOOYUX BIKOH MEYEH.
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/ KoHCTpyKIIii Ta 0c00JMBOCTI po00TH HArpiBaJIbLHUX MeYeil.
TexHoJsi0oris HarpiBaHHA MeTaJIiB. TeroBi po3paxyHKu

7.1 Peepar

Bumoru no medeit Ta ix kiacudikamiga. Teronepenada B poO04oMy MpOCTOPi
neueid. TermooOMiH BUMPOMiIHIOBaHHSIM. TermnooOMiH KoHBekIi€ro. KoHcTpykiis Ta
MIPUHIINI J1i KAMEPHUX TIEYEH 13 CTAJIO TEMIIEpaTyporo B pobouiii 30H1. KamepHi meui
13 3MIHHOIO TEMIIEpaTyporo0 B po0oUiil 30H1. MeToau4Hi1 1medi, KOHCTPYKIIiS Ta MPUHITUIT
nii. CymuiibHi nedl a1 cymku micky. CylmiibHI eyl Ui CymKd (opM Ta CTEPKHIB.
OcCHOBHI TOKa3HUKM HarpiBaHHs MeTany. TemrepaTypHi HampyXeHHs Ta 60poTh0a 3
HUMU. OKHCIIEHHSI Ta 3HEBYTJICHOBYBAaHHS IpPHU HarpiBaHHl. TpuBaliCTh HarpiBaHHS.
Pexxum HarpiBanusi. Po3paxynok HarpiBaHHsi metany. [Iponec cyminns. [Ipuctpoi mis
dopcynok. BuOip nanbHukiB. KoHcTpykiii Ta mpuHOuMm aii pekyneparopis. Po3paxyHok
pekyneparopiB. KoHcTpykii pekyneparopis.

7.2 TepMinu, Mo3HAYEHHS

JlitepHe OouHuns
TepmiH IO3HAYEHHS BUMIpY
TpuBaiicTs HarpiBaHHS T c
PiBHOMIpHICTH HarpiBaHHS At °C
Macosuii yrap m %
HIBHAKICTE OKUCIIEHHS ® F/(CMZ-FOII)
EdexTrBHa 1101112 TENJIONOIIMHAHHS MaTepiaty F M’
CryniHb pO3BUTKY KIIaJIKH ® -
HIuprna poboyoro npocTopy nedi B M
JloBkHHA po60OYOro NpoCTOpy neui L M
Bucora 00K0BOi CTIHKM eyl H M
Crpina cKJIeniHHA hc M
LenTpanpHuil KyT neyi o rpan
JlonycTuMMii iepenaj TeMIeparyp B Marepiaii At °C
Monynb NpyXHOCTI E MlIla
KoeditieHT J1iHIHOTO PO3MIKUPEHHS B 1/K
Me>xa MIITHOCTI cTaiil Oy Mlla
Po3paxyHKoBa TOBIIMHA JIETaJl S M
Koedinient popmu Tina K; —

7.3 IloHATTS, BU3HAYEHHSA

TpuBamicTh HarpiBaHHs — yac, HEOOX1JHUHN JJI HarpiBaHHS 3aTOTOBKH 32 33JJaHUM PEKIMOM.

PiBHOMIpHICTh HarpiBaHHs — II€ PI3HMLS TeMIepaTyp MK IMOBEPXHEIO Ta LIEHTPOM 3aroTOBKH

IIpY BUBAHTaXKEHI 11 13 mei.

MacoBwuii yrap — BTpaTu MacH MeTajly i yac HOro OKUCIEHHs B Iedi.

HIBUIKICTH HArpIBaHHS — 3MiHA TEMIIEPATYPH 3arOTOBKHU B OJJUHUIIIO Yacy.
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IIIBUAKICTh OKUCIEHHS — BiJHOLICHHS MacH OKaJIMHU JO IUIOIII MOBEPXHI 3arOTOBKU Ta 4Yacy
OKHCIICHHSI.

EdexTnBHA muioma TEIIONOINIMHAHHSA Marepiaqy — e IJIoUla MOBEPXHi, sKa MOTJIMHAE TEIUIO
neui.

CrymiHb pPO3BUTKY KIAJIKH — BIAHONICHHS IUION[I BHYTPIIIHBOI MOBEPXHI KIAIKKA Tedi J0
e(heKTUBHOI TUIOIII TEIJIOMIOTIMHAHHS MaTepially, 1110 HarpiBaeThCs.

Crpina ckieninHg — 1€ BiJICTaHb 10 BEPTHUKAJIl BiJ] BEPXHBOI TOUKA OOKOBOI CTIHKH /10 BEPXHBOI
TOYKHU CKJICTIIHHSI.

LleHTpasIbHUH KYT 1eYi — 1€ KyT, YTBOPEHUH pajiilycaMH apOYHOTO CKJICHIHHS, SIKi TPOBEACHI 110
BEPXHIX TOYOK OOKOBHX CTIHOK.

Po3paxyHKoBa TOBIIMHA JIeTaNli — 3AJIEKHUTDH BiJl HANPSIMKY INepeaadi Termia a0 3aroToBku. [Ipu
OJTHOCTOPOHHBOMY HAarpiBaHHI BOHA JOPIBHIOE TOBIIMHI 3arOTOBKH, IPH JIBOXCTOPOHHHOMY —
MIOJIOBHHI TOBUIMHHU 3aTOTOBKH.

Koedimient dopmu Tina — 3anexuts Biag Gopmu tina. g mnactun Ki=1, ana muniaapy Ki;=2,
s mapy Ki=3.

7.4 OcHoBHI Gopmy.in

TpuaniCTs HarpiBaHHs TOHKOTrO Tina,: C
_ SpCp In t1EY —tn
K tppy—tx

T

b

Temmnepatypa neui, °C:

Ly =100g" /C,, +(TX, /100 —273

2.
['ycTuna TemiaoBoro notoky, Br/m”:

4 4
K _c They) (Tqh
49n =Lrm. >
100 100
KoedimieHT TeminoBigiayi BiJi IpocTOpy Medi A0 3arOTOBKH, Br/(M*K):
K
T IHEY — r i

TemmepaTypHHil KpuTepiil MOBEpXHi 3arOTOBKU:
o = ey "l .
I — ’
Iney —n
TemmneparypHHil KpuTepiil LEeHTPY 3arOTOBKU:
_lmeg—ly
Oy =
lney —
Temneparypa ueHTpy 3arotoBku, °C:
ty =tpey —Pyney —1tn);
Butparu Terna Ha HarpiBaHHS 3arOTOBKH, KJ[X:

Oy =Gty —tr);

Brpatu temnna i3 BignpanbOBaHHUMU MYHUMU Ta3aMu, KJ[x:

Q. =BVyCoty;
Btpartu teria uepes Biakpure podoue BikHO, KJ[k:
T 4
Op =c,| 2= | KF;,
£ 100
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IT71011a TOBEPXHi TEIIOOOMIHY PeKyTepaTopa, M2:

F=—2
KAt,,

Brparu Terna Ha HarpiBaHHs MOBITP, KJDK:
KK n.n
o=V (c t, —c, tn}

Cepennbosorapipmiunuii mepemnaj reMmnepaTyp p pexyneparopi, °C:

IPSIMOTOYHA CXEMa:
[ !/ 14 14
At :(tll_tn)_(tﬂ_tn),
cep tr _t,,,l s
In

" "
th—1ty

IIPOTUTOYHA CXEMA:

G-)-G-1)

Atcep = t! _ tn 5
In 2"
t” Z_I
1 tnm
KinbKkicTh €1eMEeHTIB peKyneparopy:
F
n= 7,

7.5 MamoHku, rpagiku, Tadanui
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MantoHok 7.5.1-Po3nogin 3arotoBoK Ha TepMi4HO TOHKi Ta TePMi4YHO TOBCTI
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ManroHoK 7.5.2-PexxumMmun HarpiBaHHA cTani
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MamnroHok 7.5.6-Panianiiini pexyneparopu
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okeaxi  OOICIAIOW) LAY
Matonok 7.5.7-3MiHa TeMIepaTypu JMMOBHX T'a3iB 1 MOBITPS B peKymeparTopi
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Mautonok 7.5.8-KamepHa miu 31 CTaorw TemMreparyporo B pooodoMy MpocTopi
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MamtoHok 7.5.9-I1iu kamMepHa 3 BUKOUYBaHUM IOJJOM
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MamntoHok 7.5.10-Cxemu penupKyisiii NIYHUX ra3iB B KAMEPHUX Iidax
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Mauttonok 7.5.21-3anexHicTe cymMapHOTo KOedillieHTy TeIIonepeiadi B TOIbYacTOMY peKyrnepaTopi
B1JI IIBUJIKOCTI TUMY Ta TTOBITPS
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MamntoHok 7.5.22-3anexxHiCTh CyMapHOT0 Koe(ilieHTy Teryionepeaayi B TepMoOIIo1Li Bl IIBUAKOCTI

pyXy AuMy Ta HOBITps

Tabmuus 7.5.23-PexomMeH10BaH1 MBUKOCTI Ta3y, UMY Ta OBITPS B peKynepaTropax

Tumn pekynepatopy or OB o
Mertanesi TpyOuaTi:

MIPY BUKOPUCTAHHI MOJXYM STHUX MaJlbHUKIB 3-5 5-10 1,5-5
MIPY BUKOPUCTAHH1 1HKEKIIMHUX MaJIbHUKIB 5-20 5-10 1,5-5
TepmobmouHi 3-10 3-10 0,5-3,0
Pamiariiiai - 20-30 3-5

KepamiuHi:
NpY BUAAJICHI UMY depe3 Tpyoy - 1-2 0,5-2
MIPY BUJIAJTICHI UMY JHMOCOCOM - 1-2 2-5

Tabmuusg 7.5.24-OCcHOBHI XapaKTEPUCTUKHU T'OJIbYACTUX TPYO

TloBsi- [Tepepis, M st IPOXO0Y [ToBepxHs HarpiBaHHS, M’ KA OMUBAETHCS
UMY IUMOM

Ha 1py- BO3/1yXa TUT TPpyOU O3y THUI TpyOU YMOBHa

ou, MM 1 5 3 XOM 1 5 3
880 0,008 0,06 0,07 0,042 0,83 1,34 0,95 0,40 0,25
1135 0,008 0,08 0,092 0,055 1,12 1,81 1,26 0,53 0,33
1385 0,008 0,10 0,114 0,067 1,41 2,27 1,60 0,66 0,425
1640 0,008 0,12 0,136 0,080 1,70 2,64 1,90 0,79 0,50
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Tabmuus 7.5.25-OCHOBHI XapaKTEPUCTUKHU CEKIII METaJIeBUX TPyOUaTUX PEKyNepaTopiB

Ho- ITnomma Iroma Po3mipu, Mmm
mep | O P phoxomo- d” /d
Cxema cerc- | HHE L epe- | 28T | 20 (A My o e || L | R
i1 rplBaHz_ pizy M2
H HS, M ’
1| 100 | 02115 | 7/95 | 71125 | 76x4.5 | 630x8 | 5400 | 3440 | 760 | 1200 | 1690 | 865 | -
2 | 150 | 0,30/1,8 | 8/95 | 9/125 | 76x4,5 | 630x8 | 5400 | 3440 | 760 | 1200 | 1880 | 960 | -
3 | 200 | 04121 | 995 |11/125| 76x4.5 | 720x8 | 5400 | 3440 | 760 | 1200 | 2070 | 1055 | -
4 | 250 | 053125 | 10/95 | 13/125| 76x4,5 | 720x8 | 5400 | 3440 | 760 | 1200 | 2260 | 1150 | -
5 | 300 | 066/28 | 11/95 | 15/125| 76x4,5 | 820x8 | 5400 | 3440 | 760 | 1200 | 2450 | 1245 | -
76x4.5
- . ) 1| 100 | 020537 | 61140 | 77150 | {22 | 630x8 | 6000 |3000 | - | - | 2480 | 1340 | 1090
l 'I 1—'!—
& H' ‘l'r'u 2 | 150 | 0.28/4.6 | 7/140 | 9/150 71%—21’65 630x8 | 6000 | 2800 | - | - | 2760 | 1480 | 1230
N
=l E‘F' *T| 3 | 200 | 038/63 | 8/150 | 11/165 %’g 720x8 | 6000 | 2600 | - | - | 3200 | 1700 | 1450
(] | 76x4.5
| 1L L 4| 250 | 049/66 | 9/150 |12/165| 1 %> | 720x8 | 6000 [2400 | - | - 3500 | 1850 | 1600
| 76x4.5
5 | 300 | 06276 |10/160|13/175| Z°* | 820x8 | 6000 [2200 | - | - 4000 | 2100 | 1850
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Ta6mmist 7.5.26-XapakTepUCTUKU CEKITiN TEPMOOIOYHUX PEKYIepaToOpiB

[Tapamerp Konctpykuis

MEI Tennonpoexry HNHITmanry

JliaMeTpIoBITpSIHUX TPYO, MM 19/25 1/2” 1/2”
(dsiy:=15,75 MM) | (dguy:=15,75 mm)

[lepepi3 AMMOBHX KaHAIIB, MM 108%30 95%30 100%30
[ToBepxHs HarpiBaHHA i3 CTOPOHU
MOBITPS, M 1,2 2,15 0,663
[ToBepxHs HarpiBaHHA i3 CTOPOHU
UMY, M 15 2,7 0,656
KinbKicTh MOBITPSI, IKE MPOXOAUTH 0,067 (mpu ®o=9
4yepe3 CEKIIito, Mc 0,028 M/c) 0,063
KinpkicTh Tpy0 y cekmii 10 -o6paznux 38 mpsiMux 36 npsamux
KinbkicTbKaHamiB JyIisl UMY 8 10 9
O06’eMm cexl1ii, MM 1000x150%330 1180x136x540 495x322x446

Tabmuus 7.5.27-1lponykTuBHicTh nanbHUKIB B Ta H

Tuni | Temnora 3ropsiHHs rasy, kJix/m° | Tun i TenJjiora 3ropsiHHA rasy, K Jlx/m°

HOMep HOMEP

naab- | 34900 | 30300 | 26880 | 17050 | maan- | 3760 5020 6270 7250 8780
HHUKA HHUKA
BI5 0,5 0,6 0,7 1,9 HI15 14 9,5 7 5 3,7
B18 0,7 0,9 1,1 2,5 HI8 19 13 10 8 6
B21 0,9 1,2 1,5 3 H21 27 19 14 11 7
B24 1,2 1,6 1,9 4,5 H24 32 21,5 18 14 11
B28 1,7 2,2 2,6 5,8 H28 45 33 24 18 15
B32 2,2 2,8 3,4 7,7 H32 64 41 31 24 18
B37 2,9 3,7 4,5 10,5 H37 81 57 42 31 25
B42 3,8 4,7 6 13,3 H42 105 75 55 40 33
B48 5 6,1 7,7 17,5 H48 136 98 68 52 40
B56 6,6 8,5 10,4 24 HS56 185 130 95 70 56
B65 9 12 14 32 H65 245 174 130 95 75
B75 12 15 18 44 H75 335 225 180 125 100
B86 18 20 25 56 H86 445 300 220 175 130
B100 22 28 34 76 H100 580 430 300 225 180
B116 29 38 44 103 H116 750 575 415 320 235
B134 38 49 60 134 H134 | 1070 750 530 400 310
B154 50 65 78 178 H154 | 1430 1000 750 530 420
B178 65 85 104 240 H178 | 1900 1300 950 750 580
B205 90 116 128 320 H205 | 2500 1715 1270 1000 770
B235 118 146 180 590 H235 | 3400 2300 1700 1300 1000
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MamoHok 7.5.28-1HXkeK1iliHi DaJIbHUKA

Mamtonok 7.5.29-ITanbauku TennonpoexTy

Tabmuus 7.5.30-I1ponykTHBHICTS NANBHUKIB THITY 1

Tum Ta Teru1oTa 3ropsiHHs rasy ,kJHK/Mm
HOMEp
HATEHUKA 5850 | 6690 | 7520 | 8360 | 3760 | 4180 | 5430 | 5850 | 6270 | 6690
165 113 92 73 66 277 230 169 145 134 112
I175 166 128 105 85 362 307 226 197 171 147
185 212 184 130 108 480 414 288 257 245 215
11100 302 250 187 161 659 562 399 344 328 294
I1116 408 326 254 208 896 782 550 486 425 368
11134 555 437 353 280 | 1200 | 1010 | 755 653 583 516
11154 725 564 445 363 | 1590 | 1330 | 960 845 757 664
11178 952 762 630 506 | 2030 | 1820 | 1250 | 1125 | 1000 | 885
11205 1245 | 1005 | 805 645 | 2650 | 2130 | 1660 | 1440 | 1260 | 1130
1235 1580 | 1270 | 1010 | 830 | 3480 | 2930 | 2090 | 1880 | 1680 | 1450
1270 2110 | 1700 | 1320 | 1080 | 4542 | 3860 | 2780 | 2480 | 2210 | 1900
i 5 ] 1%, |
=l
{ 1
g, ) x
bos B2 S AW B

Mauttonok 7.5.31-JIByXnpoBo/iHi MaabHU-KU

Cranbnpoekrty
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Ta6mmist 7.5.33-11poayKTHBHICTH Ta OCHOBHI ITapaMETPH TUIOCKOTIOIYM *STHUX TaJbHUKIB

ITo3HaueHHA n . OCHOBHIi po3Mipu, MM
MaJbHUKA POAYKTUBHICTH dy dr dp |
I'TI1-1 5 25 26 34 190
['TII1-2 10 35 30 48 230
I'TII1-3 20 50 40 68 330
['TII1-4 40 75 60 93 400
I'TII1-5 80 105 74 112 490
I'TII1-6 125 140 115 146 620
['TIIT-7 160 165 135 166 700

:-GTX il ﬁ_l

Mantonok 7.5.34-®opcyHKa HU3bKOTO THCKY Mantonok 7.5.35- @opcyHKa BUCOKOTO TUCKY

I-_R | S

Tabnuna 7.5.36-XiMI4HMI CKIIa]] ByTJIeeBUX cTamei, %

Pexum
TepMuYec-
Map- KO 00pa-

Ka OOTKHU: OT-
JKUT 1IpH t,

°c

08xm | 0,06 | 0,01 | 0,38 |0,035|0,017 | 0,022 | 0,055 | 0,03 | 0,08 |0,001 0,039 930

08 | 0,08 ]0,08]|031]005/0029| 0,045 | 0,07 | 0,02 |Cnensr | 0,002 | 0,032 930

20 | 0,23 0,11 |10,635|0,034|0,034 | Caenst | 0,074 | - 0,13 | 0,01 | 0,036 930

40 |0,415| 0,11 |0,643|0,029|0,031| >> | 0,063 0,12 0,006 | 0,033 860

ys8 | 08 |013] 0,32 |0,009(0,008] 0,11 | 0,13 | 0,01 | 0,07 |0,004| 0,021 800

y8 | 0,84 | 0,13 | 0,24 10,014 |0,014 | Cnexns! | Cnensl 0,02 |0,004 | 0,008 -

y12 | 1,22 10,16 | 0,35 |0,015]|0,009| 0,11 | 0,13 | 0,01 | 0,077 | 0,006 | 0,025 800
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Ta6mmia 7.5.37-KoedilieHT TErmIonpoBOHOCTI BYTJICHIEBUX CTaJCH, BT/(M'OC)

TeMHeg)aTy-pa, Mapka crami
C 08kt 08 20 40 V8 v V12
0 65,1 59,5 51,9 51,9 49,8 511 45,2
50 62,8 58,6 51,5 51,5 49,4 50,2 45,2
100 60,2 57,7 51,1 50,6 48,1 48,9 44.8
150 57,7 55,2 49,9 49,8 46,9 47,7 42,2
200 55,6 53,5 48,5 48,1 45,1 46,1 42,7
250 53 51,5 46,5 46,9 43 43,9 411
300 50,9 49,4 44.4 45,6 41,4 41,9 40,2
350 48,5 47,7 43,6 44,3 40,2 40,2 38,5
400 46,5 44.8 42,7 41,9 38,1 37,6 37,2
450 43,5 42,3 41,1 40 36,4 36,9 36,1
500 411 40,2 39,3 38,1 35,2 35,6 34,7
550 39,4 38,1 37,7 36,1 33,9 34,4 33,5
600 37,4 36,1 35,6 33,6 32,7 33,3 31,9
650 36,1 33,9 33,9 31,9 31,4 31,9 30
700 33,9 31,9 31,9 30 30,1 30,7 28,3
750 31,9 29,8 28,5 26,9 26,9 27,3 26,9
800 30,1 28,5 25,9 24,8 24,3 24,3 23,7
850 21,7 27,2 25,9 24,8 24,3 24,3 23,7
900 27,2 26,7 26,4 25,7 25,7 25,2 24,8
950 27,2 27,2 27,2 26,1 26,5 26,1 25,7
1000 21,7 21,7 21,7 26,9 26,9 26,9 26,1
1050 28 28 28 27,2 21,7 21,7 26,9
1100 28,5 28,5 28,5 28 28,6 28,6 27,2
1150 29,3 29,3 29,3 28,7 29,4 28,7 28
1200 29,8 29,8 29,8 29,5 30,2 29,5 28,6
Tabmuna 7.5.38-Temno3micT ByraeneBux cranei, kJK/Kr
Temmnepa- Byrneuesi crani
Typa, °C 08K 08 20 40 V8 V8’ V12
1 2 3 4 5 6 7 8
100 48,57 48,57 48,56 48,57 48,57 50,24 48,57
150 74,11 74,11 74,11 74,11 75,36 76,62 75,36
200 100,48 100,48 100,48 99,65 102,99 104,67 102,99
250 127,69 127,69 127,69 126,65 130,84 130,84 130,84
300 175,55 155,75 155,75 154,49 159,52 155,758 159,52
350 184,64 184,64 184,64 183,17 189,03 190,49 189,03
400 214,36 216,04 216,04 212,69 219,39 221,06 217,72
450 146,81 246,81 246,81 244,93 250,58 254,35 250,58
500 280,52 280,52 280,52 278,42 284,70 286,79 282,61
550 315,48 317,78 315,48 213,17 320,08 322,38 317,78
600 354,20 354,20 354,20 349,18 356,72 361,74 351,69
650 397,33 394,61 394,61 386,44 391,88 400,05 389,16
700 439,61 439,61 439,61 424,96 433,75 442,54 430,82
750 483,58 496,14 502,42 508,59 543,24 558,94 540,09
800 542,61 545,96 562,71 539,26 572,75 589,50 572,75
850 580,08 590,76 597,88 562,29 604,99 619,23 604,99
900 625,51 633,04 633,04 591,59 636,81 651,88 636,81
950 656,28 664,24 664,24 620,48 668,28 680,15 668,21
1000 690,82 729,76 695,00 653,14 699,19 711,76 699,19
1050 725,36 698,00 725,36 685,70 729,76 742,95 729,76
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ITponosxenns Tadmuii 7.5.38

1 2 3 4 5 6 7 8
1100 709,90 764,51 759,90 713,85 764,51 773,72 764,51
1150 789,63 794,45 794,45 746,29 794,45 808,89 794,45
1200 823,96 828,99 823,96 778,74 828,99 839,03 828,99
1250 858,29 863,53 858,29 816,43 863,63 873,99 863,83
1300 908,95 892,63 892,63 849,08 898,07 908,95 892,63

Ta6mmma 7.5.39-'ycTrHa ByTIeIeBUX CTaJICH, r/em®
Temmnepa- Byrnenesi crani
Typa, °C 08K 08 20 30 V8 V12
0 7,876 7,861 7,863 7,858 7,855 7,834
15 7,871 7,856 7,859 7,854 7,851 7,830
50 7,861 7,847 7,849 7,845 7,842 7,822
100 7,846 7,832 7,834 7,832 7,829 7,809
150 7,830 7,846 7,819 7,817 7,815 7,796
200 7,814 7,800 7,803 7,801 7,800 7,781
250 7,798 7,783 7,787 7,784 7,784 7,765
300 7,781 7,765 7,770 7,766 7,767 7,749
350 7,763 7,748 7,753 7,748 7,749 7,731
400 7,745 7,730 7,736 7,730 7,731 7,713
450 7,727 7,711 7,718 7,711 7,713 7,694
500 7,708 7,692 7,699 7,692 7,694 7,675
550 7,688 7,673 7,679 7,672 7,675 7,655
600 7,668 7,653 7,659 7,652 7,655 7,634
650 7,648 7,632 7,635 7,628 7,632 7,613
700 7,628 7,613 7,617 7,613 7,612 7,592
750 7,610 7,594 7,620 7,624 7,604 7,581
800 7,598 7,582 7,624 7,635 7,594 7,565
850 7,601 7,789 7,616 7,617 7,565 7,528
900 7,602 7,594 7,600 7,590 7,533 7,489
950 7,580 7,572 7,574 7,564 7,509 7,463
1000 7,550 7,543 7,548 7,538 7,485 7,438
1050 7,523 7,515 7,522 7,512 7,460 7,413
1100 7,495 7,488 7,496 7,486 7,436 7,388
Tab6muma 7.5.40-KoeditieHT JiHIHHOTO PO3MIMPEHHS BYTJICIICBUX CTAJICH, 10°1/°C
TeMnega- Byrneuesi crani
Typa, C 08kn 08 20 40 V8 V12
1 2 3 4 5 6 7
50 12,38 11,74 11,92 10,72 10,84 10,30
100 12,62 12,19 12,18 11,21 11,11 10,60
150 12,86 12,63 12,43 11,69 11,39 10,90
200 13,08 12,99 12,66 12,14 11,72 11,25
250 1327 13,27 12,88 12,60 12,11 11,68
300 13,46 13,51 13,08 13,00 12,49 12,11
350 13,64 13,71 13,27 13,31 12,84 12,51
400 13,83 13,91 13,47 13,58 13,15 12,88
450 14,04 14,11 13,67 13,82 13,41 13,21
500 14,25 14,30 13,92 14,05 13,65 13,53
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[Tponosxenns tabnwui 7.5.40

1 2 3 4 5 6 7

550 14,45 14,49 14,17 14,33 13,90 13,85

600 14,65 14,68 14,41 14,58 14,16 14,16

650 14,88 14,91 14,85 14,98 14,56 14,50

700 15,00 15,05 14,88 14,85 14,74 14,69

750 15,01 15,10 13,75 13,22 14,19 14,38

800 14,72 14,79 12,64 11,84 13,83 14,33

850 13,68 13,57 12,33 12,04 14,45 15,32

900 12,89 12,60 12,41 12,65 15,19 16,33

950 13,20 12,88 12,91 13,14 15,47 16,60

1000 13,79 13,49 13,37 13,59 15,72 16,84

1050 14,24 13,96 13,78 13,99 15,95 17,06

1100 14,65 14,38 14,16 14,36 16,15 17,26

1150 15,02 14,77 14,50 14,69 16,34 17,44

1200 15,37 15,12 14,81 15,00 16,52 17,60

Tabnuna 7.5.41-XiMiuyHUI CKJIa] HU3bKOBYTJICIICBUX CTael

Ne Mapxka 3MICT eJIeMeHTIB, B %
n/n crail C Mn Si Cr Ni Mo \V
1 15X 0,12-0,18 | 0,4-0,7 |0,17-0,37 0,7-1 0,25 - -
2 15XA 0,12-0,17 | 0,4-0,7 |0,17-0,37 0,7-1 0,25 - -
3 20X 0,17-0,23| 0,5-0,8 |0,17-0,37 0,7-1 0,25 - -
4 15XM 0,11-0,18 | 0,4-0,7 |0,17-0,37| 0,8-1,1 0,25 0,4-0,55 -
5 15XD 0,15 0,57 0,56 1,08 - - -
6 15M 0,1-0,18 | 04-0,7 |0,17-0,37 0,3 0,3 0,4-0,55 -
7 12XH2 0,13 0,33 0,19 0,39 2,18 - -
8 12MX 0,15 0,54 0,28 0,52 - 0,5 -
9 12XM®D 0,12 0,4-0,6 0,2-0,4 0,9-1,2 - 0,25-0,35 | 0,15-0,3
10 | 30X 0,315 0,69 0,2 1,09 0,073 - -
11 | 3012 0,23 1,51 0,12 0,06 0,04 0,025 -
12 | 30XTC 0,36 0,9 1,05 1,04 - - -
13 | 3512 0,3-0,4 1,4-1,8 0,13 0,05 0,06 - -
14 | 30XM 0,26-0,34 | 04-0,7 |0,17-0,37| 0,8-1,1 0,25 0,15-0,25 -
15 | 35XM 0,3-0,4 0,4-0,7 | 0,15-0,3 | 0,8-1,1 0,06 0,15-0,25 -
16 | 30XH3A | 0,27-0,33| 0,3-0,6 |0,17-0,37 | 0,6-0,9 | 2,75-3,15 - -
17 | 40XC 0,37-0,45 | 0,3-0,6 1,2-1,6 1,3-1,6 0,07 0,08 -
18 | 40X3M 0,4 0,6 0,3 3,0 0,08 0,5 -
19 | 40T 0,35-0,55 0,7-1 0,17-0,37 0,3 0,3 0,08 -
20 | 5012 0,45-055| 1,418 |0,17-0,37 0,05 0,06 0,07 -
21 | 50C2r 0,485 0,9 1,98 0,04 0,156 - -
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Ta6muis 7.5.42-KoedimieHT TemonpoBiTHOCTI HU3HKOBYTJICIIEBUX CTaJICH

Ne Mapka KoedirienT Termmonposoasocti, Br/(m-°C), npu Temneparypi °C

n/n craii 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000

1 15X 39,0 | 37,0 36,1 |349|338|330]325(315|308|298|294

2 15XA 39,2 37,3 |363|351|34,1|332|326|316|309 300|295

3 20X 393|374 |363|350|340 331|324 |314|30,7|302 | 29,7

4 15XM 443 | 44,2 | 41,3 | 40,7 | 38,9 | 36,1 | 33,7 | 32,4 | 29,1 | 28,5 | 28,8

5 15X 45,2 |1 45,0 | 44,3 | 43,5 | 40,7 | 37,7 | 33,7 | 29,8 | 29,7 | 9,5 | 29,8

6 I15M 45,6 | 45,3 | 43,6 | 42,4 | 40,7 | 37,2 | 36,1 | 32,6 | 31,4 | 30,2 | 30,6

7 12XM3 37,8 |375|363|351|34,1|332|326 316|309 301|296

8 12MX 45,0 | 445 | 43,1 | 40,9 | 38,7 | 36,9 | 34,7 | 33,6 | 325 | 31,8 | 32,3

9 12XM® | 44,8 | 44,2 | 41,3 | 40,7 | 38,9 | 36,2 | 33,7 | 31,5 | 29,1 | 28,5 | 28,8

10 | 30X 47,71 465|444 | 42,3 |38,5|358 | 319|388 | 26,1267 |280

11 | 30I2 46,3 | 34,9 | 44,8 | 43,7 | 40,2 | 37,2 | 34,4 | 31,4 | 29,8 | 25,6 | 27,2

12 | 30XTC 37,6 | 37,2 | 40,7 | 38,4 | 37,2 | 36,1 | 349 | 33,7 | 32,6 | 32,8 | 33,0

13 | 35I2 391|386 (382|378 |374|371|366 359356352354

14 | 30XM 43,6 | 38,6 | 38,1 | 379|378 | 37,4 | 37,0 36,2 | 350353355

15 | 35XM 449 | 418 | 41,0 | 40,3 | 39,3 | 354 | 32,2 | 32,0 | 30,0 | 26,0 | 27,1

16 | 30XM3A | 421|416 | 400|369 |350|34,1|372 323325327330

17 | 40XC 47414411399 | 360|344 |34,2|34,1|339 337|340 | 34,2

18 | 40X3M 37,0 37,2 |37,7|368 | 34,7330 (309|293 291|293 |295

19 | 40U 65,2 | 57,3 | 51,4 | 48,2 | 48,2 | 45,8 | 44,7 | 44,2 | 445 | 44,7 | 45,1

20 | 5012 425139,2|37,0|36,2 (354|345 |44,7 335|334 (338|341

21 | 50C2T" 26,7 | 285]30,2|31,1|311|31,1 302|280 251|256 | 26,4
Tabmuus 7.5.43-Tenno3MicT HU3bKOBYTJICIIEBUX CTAJICH

Ne | Mapka Temno3mict, kJk/Kr, mpu Temmepatypi °C

n/n| crami 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100|1200
1 | 15X 46,4 | 95,2 |147,8|204,8|265,1|338,8|418,7|531,2|629,3|704,2|780,8 |850,4
2 | I5XA 46,5 | 95,4 |148,2|205,1|265,3|339,0|418,9(531,4|629,1|704,1|780,6|850,3
3 | 20X 46,6 | 95,5 |148,4|205,3|265,6|339,3|419,0(531,7|629,8|702,0|780,5|845,4
4 | 15XM 46,2 | 95,1 |147,4|204,6|265,0(339,1|419,1|531,9|629,4|704,5|780,7 |850,6
5 | I5X®D 46,1 | 95,0 |147,1|204,2|264,8|338,9|418,8(531,3|629,5|704,6|781,2|851,2
6 | I5SM 46,3 | 95,3 |147,2|204,4|264,9|339,0|419,2(532,0|629,6|704,7|782,3|852,1
7 | 12XH2 46,4 | 95,4 |147,7|204,7|265,1|339,4|419,4|533,2|628,9|703,1|781,4|849,2
8 | 12MX 46,3 | 95,3 |147,4|204,5|265,0|339,3|419,5(534,1|628,3|703,2|780,1|848,6
9 | 12XM® | 46,5 | 95,4 |147,5]/204,6|265,2|339,5|419,6 |534,4|628,0|703,4|780,2|848,8
10 | 30X 46,8 | 95,6 |148,3|205,5|265,7|339,7|419,9|535,2|630,3|698,8 | 780,3 |850,0
11| 3012 46,9 | 95,7 |149,1|206,4|266,3|340,2|420,1(536,3|630,5|699,0|773,4|846,2
12 | 30XTC 46,7 | 95,5 |148,7|206,2|266,1|340,3 |420,2|536,8|630,7|698,5|772,5|847,3
13| 3512 47,1 | 95,8 |149,3|206,6|266,7 |340,4 |420,3|536,9|631,2|699,2|770,1|842,1
14 | 30XM 46,6 | 95,3 |148,1|205,9|266,2|340,1|420,0(537,3|630,2|698,1|770,4|848,2
15| 35XM 46,8 | 95,4 |147,9|205,2|265,9|339,8|419,9(537,2|631,3{698,9|771,0|841,0
16 | 30XH3A | 46,9 | 95,5 |148,4|205,8 |266,4|340,5(420,4|538,0|632,8|699,3|772,6847,9
17 | 40XC 47,1 |95,52|148,9|206,3|267,0|341,1|420,5(538,4| 68,3 |698,4|769,2|840,2
18 | 40X3M | 47,0 |95,48|148,5|206,0|266,7|340,8|420,2|538,2|628,5(699,2|768,1|839,3
19 | 40T 46,9 |95,42|148,0|205,7|266,4 |340,5|419,8|537,9|629,0|700,3|767,5|835,6
20| 5012 47,2 | 95,8 |149,2|205,9|267,1|341,2|420,1|540,2|624,1|701,4|760,3|832,1
21| s0C2r 47,3 195,86|149,3|206,6|267,5|341,4|420,5(542,31620,0|702,0|762,0|830,4
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Ta6muist 7.5.44-KoedimieHT TiHIHHOTO PO3MIMPEHHS] HU3bKOBYTJICIICBUX CTAJICH

Ne Mapka Koedirient minitiroro posmupenns, 10° 1/°C, npu Temneparypi °C

n/n crai 50 100 200 300 400 500 600 700 800
1 15X 11,6 11,7 12,2 12,9 13,4 13,7 13,9 14,2 11,9
2 15XA 11,5 11,6 12,3 12,8 13,5 13,8 14,0 14,3 12,0
3 20X 11,5 11,8 12,5 13,0 13,6 14,0 14,3 14,4 12,0
4 15XD 11,8 11,9 12,4 13,1 13,7 14,2 14,5 14,6 12,2
5 15XM 11,7 11,9 12,6 13,2 13,7 14,0 14,3 14,5 12,1
6 I15M 11,8 12,0 12,6 13,2 13,7 14,2 14,7 14,8 12,3
7 12XH2 12,0 12,2 12,9 13,2 13,6 14,2 14,3 14,5 12,6
8 12MX 12,3 12,7 13,2 13,6 14,2 14,5 14,9 15,1 12,5
9 12XMD 13,1 13,6 13,7 14,0 14,2 14,5 14,7 14,8 12,3
10 | 30X 11,8 12,2 12,8 13,3 13,7 13,1 14,5 14,8 12,1
11 | 3012 11,5 11,9 12,7 13,4 13,9 14,3 14,7 15,1 12,1
12 | 30XTC 11,9 12,1 12,6 13,2 13,5 13,9 14,2 14,5 11,9
13 | 3512 12,0 12,2 12,4 13,2 13,9 14,2 14,4 14,4 12,2
14 | 30XM 12,0 12,3 12,6 13,0 14,5 14,5 14,6 14,7 12,4
15 | 35XM 12,1 12,3 12,5 13,5 14,2 14,4 14,7 14,5 12,1
16 | 30XH3A | 10,9 11,4 12,3 12,8 13,2 13,4 13,7 13,3 10,7
17 | 40XC 10,9 11,5 12,1 12,6 13,1 13,6 13,9 14,1 10,9
18 | 40X3M 10,7 11,3 12,0 12,5 13,0 13,5 13,7 14,2 10,8
19 | 40T 11,1 11,7 12,2 12,7 13,3 13,8 14,1 14,3 11,0
20 | 5012 10,8 11,4 12,3 13,0 13,6 13,9 14,2 14,3 12,8
21 | 50C2I 10,6 11,2 12,2 12,9 13,4 13,5 14,1 14,4 13,6

Tabmuus 7.5.45-1'ycTiHA HU3BKOBYTIJICIEBUX CTAJICH

Ne Mapka craii I'ycTuHa, Kr/M°, Ipu Temmepatypi -C

/T 0 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 {1000|1100
1 | 15X 7840 (7845 [7800 [7750 [7720 [7710 [7960 [7665 [7640 [7625 [7615 [7605 [7690
2 | 15XA 7835 (7830 [7810 [7790 [7770 [7740 [7720 [7700 [7682 [7654 [7640 [7625 [7615
3 | 20X 7845 [7840 [7830 [7805 [7780 [7755 [7730 [7720 [7705 [7690 [7665 [7550 [7536
4 | 15XM 7850 [7850 [7790 [7758 [7725 [7690 [7656 [7622 [7615 [7605 [7594 [7590 [7585
5 | 15X®D 7763 [7758 [7790 [7759 [7726 [7693 [7654 [7618 [7580 [7570 [7561 [7553 [7549
6 | I5SM 7850 [7850 [7789 [7758 [7725 [7690 [7654 [7615 [7607 [7601 [7591 [7585 [7770
7 | 12XH3  [7819 [7814 [7788 [7756 [7722 [7686 [7650 [7613 [7577 [7565 [7555 [7550 [7540
8 | 12MX 7810 [7805 [7795 [7785 [7750 [7710 [7695 [7680 [7670 [7660 [7650 [7640 7620
9 | 12XM® [7800 (7800 [7790 [7790 [7770 [7755 [7745 [7735 [7720 [7710 [7700 [7690 7680

10 | 30X 7847 (71842 [7818 [7787 [/753 [7/718 [7681 [7643 [7603 [7619 [7579 [7525 [7510

11 | 3012 7854 (7849 [7826 [7/794 [7760 [7723 [7685 [7646 [7705 [7626 [7590 [7532 [7515

12 | 30XT'C  [7842 [7830 [7815 [7803 [7775 [7750 [7730 [7704 [7686 [7/670 [7652 [7630 7621

13 | 3512 7850 (7846 [7828 [7796 [/762 [7/732 [7703 [7680 [7654 [7628 [7600 [7/586 [/572

14 | 30XM 7830 [7805 [7774 [7752 [7730 [7704 [7688 [7662 [7646 [7524 [7604 [7590 [7582

15 | 35XM 7825 [7810 [7790 [7765 [7735 [7705 [7692 [7660 [7635 [7615 [7590 [7/575 [7665

16 | 30XH3A [7851 [7845 [7824 [7793 [7760 [7727 [7693 [7657 [7625 [7650 [7596 [7522 7515

17 | 40XC 7855 [7850 [7830 [7810 [7/794 [7773 [7758 [7741 [7711 [7689 [7/656 [7645 [7634

18 | 40X3M  [7850 [7847 [7830 [7802 [7784 [7762 [7/748 [7726 [7704 [7690 [7679 [7662 7651

19 | 40 7842 (7836 [7812 [7790 [7/772 [7757 [7743 [7730 [7715 [7702 [7690 [7/676 [7668

20 | 5012 7785 [7780 [7752 [7726 [7702 [7691 [7670 [7652 [7626 [7601 [7590 [7572 [7561

21 | 50C2r 7729 [7725 [7703 [7672 [7639 [7605 [7570 [7533 [7495 [7477 [1442 71392 [7380
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Tabmuis 7.5.46-Mexxa MIITHOCTI cTajgei

No Mapka Mexa mirsocti, MH/M%, ipu Temneparypi °C

wm | Tl 20 100 200 [300 [400 [500 |600

1 15X 5104 4952 |501,3 4853 |4782 |420,2 |294,1

2 15XA 5153 4994 [5022 4884 |480,1 |4223 |296,2

3 15XM 5296 |5158 5052 4961 14923 14413 |304,0

4 15XD 512,2 14974 5032 14894 4823 4252 |3003

5 15M 5114 1496,2 |500,2 |487,2 |480,5 |4223 |298.2

6 20X 520,2 5112 [5041 [4952 4911 |438,2 |3027

7 12XH2 450,1 [4352 [4804 4782 4526 |3988 |303,2

8 12MX 446,2 | 422,7 4491 |473,7 [449,1 |397,2 |306,0

9 12XMD 490,3 [451,1 [4511 |400,5 [4315 |[3432 |2157

10 30X 570,3 |560,2 |540,3 |5354 5057 |480,3 |4520

11 3012 572,1 |5650 |550,1 |5342 |510,6 |4852 |4533

12 30XTC 5750 |566,2 5513 5354 5120 4873 4552

13 30XM 5710 15613 5424 15263 5060 14814 4531

14 30XH3A [5740 5632 5448 5315 |508,7 |483,2 |454,6

15 35172 582,1 |5732 5613 |5426 5203 14916 |460,7

16 35XM 580,2 |570,3 |5584 5385 |516,6 |487,7 |456,8

17 40XC 5954 |580,5 |567,6 |551,7 |530,8 |5959 |464,1

18 | 40X3M 596,7 15818 15699 5531 5322 |496,2 |465,2

19 |40r 597,2 15821 |570,2 5543 15334 4975 |466,6

20 5012 640,1 16212 |601,3 |5804 |556,6 |520,6 |481,7

21 50C2r 6452 16233 16154 5915 5626 |526,7 |490,1
Tabmuus 7.5.47-Mopgynb npy>KHOCTI CTaJei

No . Monynb npyxHocTi E- 10* Mrma, npu TeMIeparypi °C

wn | Mapra crai 20 200 300 400 450
1 08k 20,7 18,6 15,6 144 14,0
2 08 20,8 18,7 15,8 145 141
3 20 20,2 17,9 17,0 16,1 16,5
4 25 20,2 19,5 18,9 16,7 15,9
5 40 21,0 19,6 19,1 16,8 16,0
6 Y8 20,8 19,6 18,8 16,5 15,6
7 Yi2 20,9 19,7 18,9 16,6 15,7
8 45 194 18,3 15,9 145 141
9 15X 20,2 18,7 17,0 16,3 15,7
10 15XA 30,4 18,9 17,3 16,4 15,9
11 15XM 20,3 18,8 17,1 16,2 15,6
12 15XD 20,1 18,6 16,8 15,9 14,8
13 15M 20,4 18,9 17,2 16,3 15,7
14 20X 20,5 18,7 17,4 16,4 15,6
15 20 20,8 194 17,9 16,4 15,6
16 12XH2 20,0 18,5 17,1 16,0 154
17 12MX 20,1 18,6 17,2 16,2 15,5
18 12XMD 20,2 18,7 17,3 16,3 15,6
19 30X 19,7 17,8 17,0 16,6 154
20 3012 19,9 17,6 17,1 16,7 15,6
21 30XTC 19,8 17,7 17,2 16,9 15,9
22 30XM 21,3 20,8 20,1 19,2 15,8
23 30XH3A 21,1 20,7 19,6 18,3 15,1
24 35172 21,2 20,6 19,5 18,0 15,3
25 35XM 21,3 20,8 20,1 19,2 15,7
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[Tponosxenns tadbnwui 7.5.47

1 2 3 4 3 6 7
26 40XC 20,7 20,0 19,2 18,3 15,2
27 40X3M 20,5 19,6 18,7 16,8 149
28 40 21,4 19,8 18,9 17,0 1538
29 5012 21,7 19,3 19,1 171 159
30 s50¢c2r 21,8 19,6 19,0 17,2 16,0
@,
0,2
04
0,08
0,06
005
0,04
005
0,02
0,01
0,008
0,006
0005
0,004
0,00 0
0 200 400 600 80O {000 1200 1400 1600 {800 £°C

Mauttonok 7.5.48-CTyniHb YOPHOTH BYTJIEKHCIIOTO ra3y
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4
Tabmuus 7.5.60-3nauenns (H273j
100

4 4 )
(r+273 O t+273 O (z+273)4 O [z+273j4 O (r+273j
100 - 100 - 100 o 100 L 100

55,55 300 1078 600 5808 900 18932 1200 47077

L

0

10 64,14 310 1155 610 6079 910 19586 1210 48369
20 73,70 320 1237 620 6359 920 20256 1220 49687
30 84,29 330 1322 630 6649 930 20944 1230 51031
40 95,98 340 1412 640 6948 940 21649 1240 52403
50 108,85 350 1506 650 7258 950 22372 1250 53802
60 122,96 360 1606 660 7578 960 23113 1260 55229
70 138,41 370 1709 670 7908 970 23872 1270 56684
80 155,27 380 1818 680 8248 980 24649 1280 58168
90 173,63 390 1932 690 8600 990 25446 1290 59681

100 193,57 400 2051 700 8963 1000 26261 1300 61223

110 215,18 410 2176 710 9337 1010 27096 1310 62795
120 238,54 420 2306 720 9723 1020 27951 1320 64397
130 263,77 430 2442 730 10121 1030 28826 1330 66029
140 290,94 440 2584 740 10530 1040 29721 1340 67692
150 320,16 450 2732 750 10952 1050 30637 1350 69386
160 351,52 460 2887 760 11387 1060 31573 1360 71112
170 385,14 470 3048 770 11834 1070 32531 1370 72870
180 421,11 480 3215 780 12295 1080 33511 1380 74661
190 459,54 490 3389 790 12768 1090 34513 1390 76484

200 500,55 500 3570 800 13256 1100 35537 1400 78340

210 544,24 510 3759 810 13757 1110 36584 1410 80230
220 590,73 520 3955 820 14272 1120 37653 1420 82154
230 640,14 530 4158 830 14801 1130 38746 1430 84112
240 692,58 540 4369 840 15345 1140 39863 1440 86105
250 748,18 550 4588 850 15904 1150 41003 1450 88134
260 807,07 560 4815 860 16479 1160 42168 1460 90197
270 869,36 570 5050 870 17068 1170 43358 1470 92297
280 935,19 580 5294 880 17673 1180 44572 1480 94434
290 | 1004,69 590 5547 890 18294 1190 45812 1490 96607

Taomuus 7.5.61-3nauennsa K, ta Kj
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Kpure- I1nura Huninap KBanpaTtna npuzma
plI71 Bi Kz K3 Kz K3 Kz K3 Kz K3
0 2 3 2 2 2 1,67 1,5- 2,0
0,02 1,999 3 1,905 2 1,99 1,67 - -
0,08 1,99 2,984 1,98 1,994 1,97 1,665 - -
0,10 1,985 2,98 1,976 1,991 1,967 1,663 1,475 2,0
0,20 1,968 2,74 1,951 1,984 1,932 1,656 1,438 1,985
0,30 1,955 2,969 1,931 1,975 1,914 1,638 - -
0,40 1,941 2,962 1,910 1,967 1,89 1,636 1,430 1,945
0,50 1,928 2,955 1,890 1,963 1,864 1,634 - -
0,60 1,917 2,949 1,87 1,958 1,84 1,626 1,387 1,930
0,70 1,905 2,943 1,85 1,951 1,816 1,62 - -
0,80 1,894 2,937 1,833 1,945 1,794 1,616 1,358 1,915
0,90 1,884 2,932 1,818 1,94 1,773 1,612 - -
1,00 1,864 2,926 1,80 1,935 1,752 1,608 1,350 1,90
2,00 1,802 2,883 1,675 1,893 1,57 1,57 1,262 1,85
3,00 1,757 2,858 1,591 1,867 1,58 1,545 1,220 1,815
4,00 1,726 2,840 1,534 1,848 1,39 1,525 1,178 1,790
5,00 1,703 2,827 1,49 1,835 1,34 1,511 1,144 1,775
6,00 1,686 2,817 1,46 1,825 1,30 1,50 1,130 1,760
7,00 1,673 2,811 1,436 1,818 1,26 1,486 - -
8,00 1,663 2,804 1,417 1,814 1,23 1,484 1,117 1,740
9,00 1,654 2,798 1,400 1,807 1,21 1,482 - -
10,00 1,647 2,795 1,387 1,803 1,19 1,478 1,107 1,730
20,00 1,616 2,755 1,321 1,782 1,10 1,46 1,040 1,715
30,00 1,599 2,468 1,30 1,775 1,07 1,452 - -
40,00 1,592 2,764 1,29 1,771 1,05 1,459 - -
50,00 1,588 2,762 1,28 1,769 1,04 1,446 - -
60,00 1,586 2,76 1,273 1,767 1,03 1,444 1,03 1,695
80,00 1,581 2,758 1,267 1,765 1,02 1,442 - -
100,00 1,579 2,757 1,263 1764 1,01 1,44 1,02 1,690
- 1,5708 2,752 1,25 1,762 1,00 1,433 1,0 1,68
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Mamntonok 7.5.62-I'padiku 1uist BATPUMKU METally HA MOHOJITHOMY XOAY

Tabmuis 7.5.63-KoHncTpykTuBHI JaHi OJOYHUX KepaMiYHHX PEKyIepaTopiB

[ToBepxHs HarpiBaHHs OJIOKY (Ha TUMOBIM CTOPOHI) 0,161m°
[Tnoma monepeyHoro nepepizy s MPOXOoTy MOBITPS 0,013m°
Tex came ns npoxoay AUMY O,O274M2
ExBiBaseHTHI 11aMeTPUTIOBITPSIHAX KaHAJIIB 0,0565m
Tex came TMMOBUX KaHAJIB 0,158Mm
JKvBwii iepepi3 MOBITPSIHUX KaHATIB B JIOJISIX TIOBHOTO TIEpepi3y peKynepaTopy
0,21
Tex caMe KaHaIIiB 0,34
Tabmuis 7.5.64-3nauennHs koedinieHTiB A Ta B
.. Temneparypa tep, °C
Koeiuient 100 200 300 400 500 600
A 1,98 2,29 2,6 2,84 3,12 3,41
B 0,841 0,965 1,1 1,19 1,31 1,44
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7.6. 3anuTaHHs i 3aBAaHHSA IJI51 CAMOKOHTPOJIIO.
1. Big yoro 3ajekKuTh TPUBAIICTh HATPiBaHHS MeTay?
2. Sk BIIMBa€e piBHOMIPHICTH HarpiBaHHS Ha SKICTh TEPMOOOPOOKH Ta COOIBApPTICTh
00pOOKH TUCKOM?
3. SIki (hakTOpH BILUTMBAIOTH HA IMIBUAKICTH HarpiBaHHs CTai?
4. Bix 4oro 3a1eXUTh BEIIMYMHA TEMIIEPATYPHUX HANPYKEHb B 3arOTOBIII?
5. SIki xpuTepii BUKOPUCTOBYIOTHCS JUTsl PO3IIOLTY TiJ HA MACHBHI Ta TOHKI?
6. Lo ABNsSETHCA METOIO PO3PAXyHKY HArpiBaHHs MeTary?
7. Big yoro 3aexuTh po3paxyHKOBa TOBIIMHA 3aTOTOBKH?
8. Sk momepenuTH BUHUKHEHHS TPIIlliH B 3aTOTOBIII?
9. Bix yoro 3anexarb po3Mipu 1edi?
10. B sxux BUIaAKaxX BUKOPUCTOBYIOTD MiABICHE CKIICTIIHHS?
11. SIx BU3HAYa€THCS JOMYCTUMHUI Mepernaj TeMnepaTyp B 3aroTOBIII?
12. SIx 3MEHIIUTH OKUCJICHHS METAITy B Tiedi?
13. SIkuit HeraTUBHUH BIUIMB BUKJIMKAE 3HEBYTJICIIFOBAHHS CTai?
14. SIx BrMBa€e OKaJIMHA Ha TIPOIEC HArpiBaHHS Ta 0OPOOKH TUCKOM?
15. OcHOBHI BUMOTH J0 IPUCTPOIB ISl CIIATIOBAHHS MAJINUBA.
16. 3a sskuMU O3HAaKaMU KIACU(IKYIOTh MaTbHUKHA?
17. 3a paxyHOK 4OTO YTBOPIOETHCSI KOPOTKE Ta JOBre MOJIYM S B MAIbHUKaX?
18. IpuHnmn xii pagianidaux TpyoO.
19. llpunnmn aii hopcyHKH.
20. 3a sskMMU TapamMeTpaMy BUOMPAIOTh MAIBHUKU Ta (POPCYHKH?
21. TlpuzHaueHHs peKynepaTopy Ta pereHeparopy.
22. Henomiku pereHeparopis.
23. IIpotutouHa Ta NpAMOTOYHA CXEMa PyXy MPOAYKTIB 3TOPSHHS Ta MOBITPS B
TETIOOOMIHHUX MPUCTPOSIX.
24. 111o € OCHOBHOIO METOIO PO3pPaxXyHKy peKyrnepatopa’?
25. KoHCTpyKIIisl Ta TPUHIIMIL Jii TOJTYACTHX PEKYIIEepaTopiB.
26. OCHOBHI METOJI PO3pPaXyHKHU HArpiBaHHS MaCHBHUX 3arOTOBOK.
27. KoHCTpyKIIis Ta MPUHIMT J1ii KAMEPHUX MeUeH 13 HEPYXOMHM ITOJIOM.
28. Oco0yMBOCTI KOHCTPYKILIIT KAMEPHUX Mevel 13 pyXOMHM MOJIOM.
29. KoHCTpyKIIis Ta MPUHIAT /i1 METOAMYHUX TIeUei.
30. KoncTpymist Ta mpuHLIMN J1ii 6apabaHHUX CYIINI.
31. Cymmna s GopM Ta CTEpIKHIB.
32. SIx mpoxouTh mpolece Cymku Gopm?

7.7 Tunosi 3agad4i i3 po3B’A3aHHAM

3amaua 1. BusHauutu yac HarpiBaHHs 3aroToBkH i3 ctaii 08 miamerpom d=30MM Bif

temneparypu t,=20°C nmo temmeparypu t,=900°C. Temmneparypa meui t;,,=1000°C,
NpUBEeICHUN KOEQIIIEHT BUIPOMIHIOBAHHS Ti4- MeTal CH,M,=3,6BT/(M2-K4), HarpiBaHHs
JTIBOXCTOPOHHE.

Po3zé¢’azanna. ]I GUIbII TOUHOTO BU3HAUYEHHS Yacy pO3IUIMMO IPOIECC HarpiBaHHs Ha
TPH TEMIIEPaTypPHUX 1HTEPBaJIH:
I- Bix t,=20°C mo t,=600°C;
I1- Bix t,=600°C mo t;,=800°C;
I11- Big t,,=800°C mo t,=900°C.
Tax sik po3mipu qyxe Malli, TO OCHOBHOIO ()OpMYJI0t0 Oy/ie PIBHSHHS JJI1 TOHKOTO Tija:

_ SpChp In tEY ~ln

Kia  tgpy—tg
ne S- po3paxyHKOBa TOBIIMHA Tina, M. JIJIsl JBOXCTOPOHHBOTO HArPiBaHHS
S=0,5d=0,5-0,3=0,015m.

T
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p- TYCTHHA CTaJl, kr/M°. BusHauaeMo sk CEpENIHIO B KOXXKHOMY IHTEpBaJll TEMITEpaTyp,

KOPUCTYIOUHCh JaHUMU Ta011.6.5.39:

p|:O,5(p20°C +peoooc):0,5(7871+7668):7770 KF/MS;

p||:0,5(p60()oc +p8()ooc):0,5(7668+7598):7635 KF/MS;
pii=0,5(psooec +p9oo-c)=0,5(7598+7602)=7600 Kkr/nm>;
Cp- cepenns temnoeMuicts ctani, Jx/(kr-K), Bu3HauaeMo Ui KOXKHOTO IHTEpBaILy

TeMIlepaTyp 3a TaHuMH Ta071.6.5.38:

C = leogc —hoc  354,2-387
| = -

= 0531@[]9,@/(1{2-[() = 590ﬂof0/(K2'K);

t,—ty 600 — 20
i —i 542.61-354.2
C, =3800C 600C _ =~ ™ = = 0,942 ke (k2 - K) =942 JTe/ (ke - K);
11 t—1, 200 — 600 K/]. /( ) A /( )
lon - —Ieny 62551 —542.61
C,, =200C BOOC _ ==  =0,829 k/ic/ (k2 - K) = 829 JTnc/(ke - K);
11l — 900 — 800 Jlone/( ) Horef( )

.o .. . . . 2
o- cepeHil KoeilieHT TETUIOB1IIa4uM Bi 1edi 10 3arotoBku, B1/(M”-K). BU3HAayaemo 3a

T

T

ned I

PIBHSTHHSIM:

100

I _[IOJ N Gooj _Uo%j

A = O’S(al ta, ) =0,5C,,,.

lLhew — 1 Lyew — Ui
_(1000 +273j“ _(600 +273)“ (1000 +273j“ _(20 +273J“ ]
0536 L 100 100 ) .\ 100 00 ) |_
1000 — 600 1000 — 20
=140,04 Bm/(m* - K)
(Tnqu4_(le4 (Tneuj4_(Tllj4
o —0s(a, +a)=osc, [ L100) L100) 100 ) li00) |
¢ o Liew — 1 Liew — 1y
_(1000 ; 273)4 ) (600 , 273}“ (1000 , 273}4 ) (900 +273 J“ ]
0536 L 100 100 ) L 100 100
1000 - 600 1000 — 800

= 208,98 Bm/(m* - K);
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4 4 4 4
DEANEED
a, =05C 100 100 N 100 100) |_
C

n.m.

(1 000+ 273)“ _(800+ 273)“ [1 000+ 273}4 _(900+ 273}4 |
05361100 100 ) L 100 100 _
1000-800 1000-900

=2488 11;;71/@%2 -K);

K1- koedimienT popmu 3arotoku. st muminapy Ki=2.
TepmiH HarpiBaHHS B KOXKHOMY Iepioii,C:

0.015-7770-590 - o 200 =20
o 1000-600 _ 555,..
! 2.140,4 ’

1000 - 600

0,015-7635-942-In —~ " *
1000-800 _7g..

T =
a 2.208.98

1000 - 800

0,015-7600-829-In "~
1000-900 _ {56,

T =
m 2.248.87

3araiapHUN yac HaniBaHHﬂ, C:
T= TI + T]] + T[]] e 222 +178 +156 - 5560.

3agaya 2. BuzHauutu yac HarpiBaHHsS MacHMBHOTO TiJa 3a TpadikaMu MpH MOCTIHHIN

temneparypi neyi tpeq=1300°C Tta koedilieHTI BUMNPOMIHIOBAHHS Crn=4,07B1/(M*K?).
Hiametp 3arotoBku 0=0,6M, mapka crami 30XH3, mouaTkoBa TemmepaTypa 3aroTOBKH
t,=30°C, xinmena - t,=1280°C.
Po3é’azanna. Po3ainuMo npolecc HarpiBaHHS Ha TPU MEPUOIH:
I- Big t,=30°C mo t,=1000°C;
I1- Bix t,=1000°C gmo t;,=1200°C;
I1- Bix t;,=1200°C no t,=1280°C.
BuznaunMo koe(ilieHT TerIoBiAauu y nepuiomMy nepioii:

() (i) (1) i)
0‘1C20=5Cn.M. 100 100 N 100 100

tneu _tH tneu _tl

(1000+273]4_£30+273)4 (1300+273j“_(1000+273]4_
_05.407 L 100 100 ) \ 100 100 _

1300-30 1300-1000

=33504Bm/(m* - K)
Cepenniii Koe]iIlieHT TETUIOMPOBIAHOCTI B MEPIIOMY TTEpioi:
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i]c _ Asgee + ASO;C + Apoec _ 355 +33,35 +29,05 _ 320 1Bm/(m2 -K)

1e A — KoeQiIieHT TeTIONPOBIIHOCTI IPH NMEBHIHM Temmeparypi, B3siH i3 Tadi. 6.5.42.
Yucno bio:

o, R 3350506
2o 3201

TemmnepaTypHuii KpUTepiid MOBEPXHI 3aTOTOBKH:

o _ lmpy—t; _1300-1000 _ .
U ey —t;  1300-30

3a mai1.6.5.53 3HaxoaumMo kputepiit dyp’e:

B, = 3,14,

F, =0,24.
3a Mai1.6.5.54 3HaX0IMMO TeMIIEPaTyPHUN KPUTEPii IIEHTPY 3arOTOBKHU:
Fy =0,52.

Toni TemnepaTypa LEHTPY 3aroTOBKH y mnepiioMy nepioni, °C:
tU[ == tnEq - @H (ZHE(_[ - tn) == 640 + 0,5(1000 - 640) - 8200 C.
CepenHst TEIJIOEMHICTB 3aTOTOBKH y niepiomy nepiofi, JJx/(kr-K):
c. bl 698115
C, — -
t,—t; 1000-30
Jie I-TEeIUI03MICT 3a MEBHOI TeMIIepPaTypH, B3sUIH i3 Ta011.6.5.43.

cepenHil kKoedimieHT Terutonposignocti, Br/(M-K):

_ Apc T Aec T Aoooe T Asarc  35,5+33,5+23,05+31

= 0,704 k/{orc/ (ke - K) =704,

yl =26,76Bm/\m* - K
c ; ; )
KoedirieHT TemmneparyposigHocTi, M/c:

A
4 c, 2678 _5.10—6’

Ce rpe T04-7686
zie- Pc, CepenHs ryCTHHA CTaJll B IEpLIOMY Tepiozl, Kr/M;
Pe, = O,S(ptn +p, )=0,5(7851+7522) = 7686.
3Ha4yeHHs TYCTUHU CTali B3sUl 13 Ta01.6.5.45.
UYac HarpiBaHHs y NepIIOMY NEpIol, C:
R 0,3

7, =Fy ~—=024-—"—

"a 5-10

AHJIOTIYHO BU3HAYAEMO Yac HArpiBaHHS Yy IPYrOMY Ta TPETbOMY Iepiojiax.
3aranbHUM yac HarpiBaHHS, C:

T=1,+1, +1, =4320+1285+1813 =7418c.

3agaya 3. BusHauuTH yac HarpiBaHHS 3arOTOBKM 32 METOIOM TEIJIOBOI JliarpamH.
Mapka crami Y8, posmip 3arotoBku 2S=0,7x0,7M, modaTkoBa TeMIlepaTypa 3aroTOBKH

=4320.

t,=25°C, kinneBa Ttemneparypa t=1250°C, koedinient BumnpomiHoBaHHs Cpy=3,85

Br/(M%KY), Temneparypa nedi tpeq=1280°C.
Po3é’azanna. Po3ninumo npouecc HarpiBaHHs Ha TPU MEPioau:
I- Big t,=25°C mo t,=1000°C;
I1- Bix t,=1000°C gmo t;,=1170°C;
I1- Bix t;;=1170°C nmo t,=1250°C.
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Yac HarpiBaHHsI BUBHAYAETHCS 3 PIBHSHHSM:
AiSpc
T=—" 9
Klqcp
3agaua 4. BuzHauntu BTpaTu Teria 4epe3 GyTepoBKy Iedi, sika CKIAAA€Thes 13 TBOX

mapiB: BHYTPIIIHBOTO — IIAMOT TOBIMMHOKW O,=0,23M, 30BHIMIHIA JIETKOBarOBUH IMIaMOT
TOBIIUHOIO Oy, =0,175M. Po3mipu medi i3 miiBiCHUM cKiemiHHAM: mupuHa B=5,0Mm, noBxuHa

I=6,3m, Bucota H=1,4m. Temneparypa BHYTpilmHboi nosepxni dyreposku f., =823°C,

. . 14 o . .
30BHIWHBOI -7 ,,,, = 20" C. Tepmin poboru neui t=1589c.
Po36’a3anna. BTpaTy Teria BU3HAYAIOTHCS 32 PIBHAHHAM

E (¢ —t' )

_ T ep\fem cm
0= S Oun 17
7+7 R
A An @

1€ Ay~ TETUIONPOBIIHICTH IIAMOTY MPHU HOTO CepeliHil TeMIepaTypi:
_ 1044 _ 104 _11Bm
A, =07+64-107% =0,7+6,4-10.623 =11 %M )

0.

tu — cepenns Temnepapypa mamory,C’;
t¢ =0,5[0,5(,, +¢" )+t ]=0,50,5(823 +20) + 823] = 623.
Ay~ TETUIONIPOBITHICTH JISTKOBAroMOT0 MIaMOTY:

A =0,12+1,6-107%¢ =0,12+1,6-107%-221=0,158m
w1 wa (MK)

C
tmﬂ - CepeHsl TeMIepaTypa JerkoBaroBoro mamory, °C

t. =05[05(, +t" )+t ]=0,5[0,5(823 +20) + 20| = 221

o.- Koe(iLI€HT TeIOB1A1a4l BiJl 30BHIIIHBOT OBEPXHI €4l JI0 MOBITPSI.
a=10...20B1/(M*K).

[Ipuiimaemo o=10 BT/(MZ-K).

F4- mioma nosepxHi GpyTepoBKH, M
Fo=F6ctFrctFexn=2LH+2BH+BL=2-6,51,4+2-5-1,4+5-6,3=112,7.
0= 63,7-(823-20)-1589

0,23 0175 1
+ +

L1 015 10

3agaya 5. BusHauuT BTpaTH TEIUIA 13 BIANPALbOBAHUMU T'a3aMH, SIKIIO TEMIEpaTypa

=51,2-10° .

rasiB t,=700°C, 06’eM NpOayKTiB 3rOpsHHS V0210M3/M3, BUTpPATH rasy B=2m’/c, TepMiH Aii

neyi, 7=20000c. Ternora 3ropsiHHs Ta3y Q: =28000k JIx/M°.
Po3é¢’azanna. Brpatu tenna , Jx:
Q=V,-B-i,-t=10-2-1028-20000 = 4112-10° Joc
e 1)~ TEIUI03MICT BiIpaIibOBaHUX Ta3iB. 3a Ta0J. 3HAXOUMO TEILJIO3MICT ra3y MpH
t,=700°C s mepIoi Tpynu majinBa:
i9=1028k /M.
3agaua 6. [liniOpatu manbHUK IS 3TOPSIHHS IPUPOAHOTO Ta3y i3 TEIIOTO 3TOPSIHHS
Qu’=35000 k/[x/m°. Butparu rasy B=700 m*/rox, Temreparypa migirpiBanss moBirpst tn=350

°C, nilicanii 06’em mnositpst Lj=9,8 M>/ M. TIaibHUKE BCTAHOBIGHO B TPHOX 30HAX
METOJMYHOI TIedi mupruHoo B=4,0 m.
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Po3é’azanna. B wmeTonmuuHuX TIeyax IS PIBHOMIPHOTO HarpiBaHHS MeETaly
BUKOPUCTOBYIOTH JJOBI'OIIOJIyM siHI MMAJIbHUKH TUIY TpyOa B TpyOi.
BuszHaunMo Ki1bKICTh NAbHUKIB

n=z &+1 =3 i+1 =126
[ 1250

[Tpuiimaemo n=12.
TTOTYXHICTh OXHOTO MATBHHKA JUIS XOJTOXHOTO MOBITPS, M /TOLL.

Voo BL, 700-9,8
" n 12

TTOTYXHICTh OJHOTO MATBHHIKA P BUKOPHCTAHHI MiAIrpiToro mositps, m/c:

293+t
vo-v 1253 F 560 (2934350 _ 290\ B ron = 0,22
293 293

3a man. 6.5.13 g tcky mositps P,=1,2 kIla Ta moryxsocti 0,22 M*/c moBiTps
BuOupaemo nabauK TUy JABC110.

3agauya 7. [lixibpatu HOpCyHKY HU3BKOTO THCKY JIJISl CIIATIOBAHHS 26 KI/TOJ Ma3yTy.
Koediuient Haanumky nositpsa a=1,2, Tuck noBitps nonepeny ¢opcynku P,=4,2 klla.

Po3zé’azanna. Burpatu mazyty 3a 1 ¢, kr/c:

V, =26 /3600 = 0,0072.

3a main. 6.5.17 Bubupaemo HailOmmx4dy crangaptHy ¢opcysky. [Ipu Burparax masyry
Vy = 0,0072 xr/c, tucky nositpss P,=4,2 xlla ta a=1,2 cmamoBaHHS Ma3yTy 3a0e3rnedye
dopcynka J{y100.

3agaya 8. BusHauuTt 4mciao OJOKIB KepamMidHOTO PEKyNepaTopy AJs IiIirpiBaHHSI
MOBITPS, KO BUTpaTH nanusa B=6,11 M3/C, nificHuit 06’em noBitps L=0,785 M3/M , 00°eM
oMy Vi=1,63 M’/ Mm%, Temmeparypa migirpiBamms moBiTps t,"=550 °C, Temmeparypa
xoJjoaH0T0 ToBITps t,’=20 °C, TemmnepaTypa BiANpanboBaHUX Ta3iB Ha BUXOI 13 medi t;’=950
°C.

=569

Po3é’azanna. HeoOxigHuii 06’eM OBITPA, M/e:
V=B- L;=6,11-0,785=4,8
Po3paxynkoBuii 06’ €M MoBiTps, M/c:
Vg*=Vg+nVn/2=48+0,1548/2=516,
7ie N — BUTpaTH noBiTps. i kepaMidyHUX 3peKyHepaTopiB n=0,1+0,2. IIpuitmaemo
n=0,15. Butpatu 1umy nepen pekynepaTopom, M°/c:
V,;=m-B-V,;p=0,86,11.1,63 = 7,97
1e M — koedilieHT BTpat quMy B miedi ta 6oposi. m = 0,65+0,85. ITpuitmaemo m =
0,8;
p — koedinieHT migcMokTyBaHHs MoBiTps. p=0,1+0,15. [Ipuitmaemo p=0, 60 B
HAIIOMY BUIAJKY MiICMOKTYBaHHS BIJCYTHE.
Po3paxyHKoBa KUIBKICTh UMY, M/c:
V=V, +nVy/2=797+0,154,8/2=8,33.
Temmeparypa auMy mHicis peKynepaTopy BH3HAUYAE€ThCA 3a TEIUIO3MICTOM UMY,
K}I}K/M3:
o Vaind ~Vaiy _ 7.97-1460-09-48-710 _ o
Wy envy e (7,97 +0,15-48)-0,9

e 1, — rerosmict aumy mipu t;’= 950 °C. 3naxoaumo 3a Tabm. 5.5.4 i,"=1460
K}I}K/M?’.
1"y — TEMIO3MICT MiZirpitoro moBiTps. 3Haxoaumo s t,”’= 550 °C 3a Tadn. 5.5.4
=710 xJx/™°.
€ — xoeimieHT BTpat Teria B pexyneparopi. £=0,85+0,95. [Tpuitmaemo
£=0,0.
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Libomy 3Ha4YeHHIO Tenno3micTy BignoBigae
Temnepartypa aumy t,”= 590 °C (amB. Tabn. 5.5.4).

CepegHbonorapudpmMiyHMn TemnepaTtypHun Hanip, °C:

(=) 1) (950-550)—(590-20) .
Atcep_ t;[ _tlr_l - 1 w —475 .

1 n
TR 590 — 20

bi n

Opi€HTOBHE YUCIIO KepaMiYHUX OJIOKIB:
Zop= 1540-Vg = 1540-5,19 = 7950.
Pozninsemo 6J10kH 1O MHMPHHI, BUCOTI Ta JOBXKHHI peKyIiepaTopa TaKMM YHHOM, 100
21 =125, a23=22;. Toni z; = 16; z, = 16; z3 = 31.
[IBUAKICTE PyXy IUMY, M/C:
V8332
a)ﬂ = = =
(zy =1z, f, (16—1)-16-0,027
7ie N — 9UCII0 XO/iB B peKyreparopi no aumy. s epekTHBHOI pob0oTH peKymnepaTopa
3 BPaXyBaHHAM, IO Z;> 8, Bubupaemo N = 2;

f, — mioma nepe}zmy OJIOKyY JJ1s POXOTy AMMY. 3a JaHuMHU Tabm. 6.5.63
£:=0,0274 m".

b

sk

0. — V anl . 5,16
" oz1z3f, 16-31-0,013

ne f,— rm(z)ma nepepizy 00Ky JUIst TPOXOAy AuMy. 3a ganumu tadi. 6.5.63 f,=0,013

.
2%

M°.
KoeoimieHT Temmonepenadi pekyneparopa:
1
K=
I 5 0 8’
o l o,

A
Te Oy — Koe(biuieHT TEIUIOBI1aul BiJ] IUMY JI0 CTIHKH OJ0Ky. Bu3HauaeTbcs 3a

plBHHHHfIM Oy = O(;l + O(H , A€ O(H - KO€(1)1].I1€HT TCHJ'IOBI,Z[I[a‘ll KOHBCHI_I1€IO

0.8
a’a

0,8
o =(351+0,000311-2,)- 20 =(3,51+0,000311-770)- —=>— / o
M

ne tn- cepemnst remmneparypa aumy, °C:
t, =0,5(t, +13) =0,5(950 + 590) = 770,
d- exBiBaJICHTHUII JiaMeTp TUMOBUX KaHAIB y OJIOI peKyreparopa.
3a marumu Ta61. 6.5.63 d=0,158 Mm.

I3 ypaxyBaHHSIM cTaHy OBEPXHI CTIHKH IPUHMAEMO:
af =11-af =1,1-186 =20Bm/ (s’ - K).

B
a, - Koe(]ilieHT TeIUI0Bi/1aui BUITPOMiHIOBaHHIM. Bu3zHavaeTses 3a Mait. 6.5.57 nist

Temneparypu aumy t,=770°Ta TOBIIMHI ra30BOrO Iapy
S=0,9-d=0,9-0,158=0,142m.

a? =87 Bm/(v* - K)
Toni:
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a, =af +af =20+8,7=287Bm/(»* - K).
Cepenns Temmneparypa noitps, °C:
t, =05-(¢, +11,)=0,5-(20+550)=285C
Pi3nunsg remrepatyp cTiHKu 050Ky Ta moBiTps, °C:
At=t —t, =05-(t, +t,)—t, =0,5-(770+285)—285=242 C.
KoedimieHT TermmoBianayi Big OJIOKY 10 MOBITPS, Bw/ (Jl/l2 ‘K ):
0,2 0,1 0,2 1
ay =(4-00 +1)B- A" = (2,41-0,8"2 +1)-1,02-242 =58
ne A,B- koedinieHTH, sKi 3aexarhb BiJ] CEpeIHbOI TEMIIEPATypH CTIHKU
t.=0,5(t,+ t,)=0,5(285+770)=527°C.
3a Tabi. 6.5.64 3naxogumo A=2,41; B=1,02.
I3 ypaxyBaHHSIM CTaHy IOBEPXHI CTIHKH PEKYIEpaTopy:
a, =11-a, =11-58=6,5Bm/(v* - K)
S- TOBIIMHA CTIHKU OJIOKY peKymneparopa.
S=0,02m.

A- KOe]IIiEHT TEIUIONPOBITHOCTI MaTepially CTIHKH peKyrnepaTopa (IamMoTy).
BusHavaeThest U1 cepeHbOT TEMITEPATYPH CTIHKHU 3 PIBHSIHHSIM:

A=0,7+0,000751, =0,7+0,00075527=12Bn/(»* - K)

Toni
— 1 _ 2
K=—005 08 =58Bm/(n*-K)
+ +
287 12 65

I110111a TOBEPXHI HArPIBAHHS PEKYIEPATOPY, M :
0Oy 3,54-10° _
T K-Aty, 58475

ne Q- BUTpaTH TeIUla Ha MiAIrpiBaHHs NoBiTps, BT:

0, =VX(i" —i))=516710-25)-10° =3,54-10,

KinbkicTh 010KIB pekynepaTopy:

Z:£:_128O:7950
fs 0161

ne fg,- mmona moBepxHi HarpiBaHHs OHOTO OJIOKY.

280,

3a nanumu 1a61.6.5.63 f5,=0,161M%
Tax stk Z=Zp TO pO3paxyHOK BUKOHAHO BipHO. SIKI0 Z>Zyp, TO Tpeba 3poOuTH HOBUM

PO3paxyHOK, 3aMiHUBIIN Zop Ha Z.

7.8 3agauyi 1151 caMOCTIIHHOTO PO3B’SI3aHHS

3a0aual Bu3HaunTy 4yac HarpiBaHHS 3aroTOBKH i3 cram 45 miametrpom d=25MM Bin
temneparypu tp=15°C no temneparypu tx=850°C. Temneparypa neui tppy=1100°C, C;,.=3,8

Bm/(v? - K*).

3a0aua2?.Bu3HaunTH dYac HarpiBaHHS MAacHUBHOi 3aroToBKM 3a rpadikamMu Hpu

temmeparypi nedi tppy=1250°C ta Cppp=3,95 Bm/ (M2 K 4). Jliametp 3arotoBku d=30MMm,
craib 15XM, tg=30°C, tx=1120°C.
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3aoaua3. Bu3zHaunTH Yac HarpiBaHHS MAaCHBHOI 3aroTOBKHM METOJOM TEIJIOBOI
miarpamu. Mapka crami 20, ToBmmHa 3arotoBku 2S5=0,6x0,6M, tp=20°C, tx=1180°C,
Con=4,02 Bm/(3% - K*), tngu=1300°C.

3aoaua4. Bu3HauuTH BTpAaTH TEIUIa 4Yepe3 KIAJAKy Iedi. BHyTpimHii map — giHac
TOBIIMHOIO 0,=300MM, 30BHINIHINA MiaTOMIT TOBIIUHOKO O;;=200MM. Po3mipu medi i3 apodHuM
CKJICTIIHHSIM: B=2,1wm; L=2,5m; Hcep=1,1Mm. Temneparypu MTOBEPXOHb:

r " o

ter =900C ¢ =15C.

3a0aua5. Bu3HaunTH BTpATH TEIUIa BUIPOMIHIOBAHHSAM Yepe3 BIKHO 3aBAaHTAXCHHS i3
po3Mmipamu: mupuHa a=0,9m, Bucota 6=0,5m, ToBmuHa knaaku 6=0,35m. Temrepartypa meui

tney=1200°C, yac BuBanTaxxenus t=0,1rom.
3a0aua6. BuszHauuTH HOMEp TMaJbHHWKA JUISl CIAJIOBAHHS JIOMEHHOTO Tra3y

(Q; = 4000 Kﬂ%J [ToBiTpst x0nmoaHe. Butparu razy B=250 M>/TOJI, KiNbKICTh MAJIbHHKIB

n=4, mmpuHa mneyi 2,2M.

3aoaua7. linibpatu GOpCyHKY BHCOKOTO THUCKY AJsi cnaimoBaHHS Ma3yTty (B=0,2kr/c)
pU HATUIIKOBOMY THCKY Ma3yTy 400k[la. Tuck moBiTps nepea pOpcyHOUHOK KOPOOKOIO
1kIla, temmeparypa moBitTps 600°C. Koedimienr Butpat mositps 1,2. Ckiamg masyry:
Cp=86,2%:; HP:1O,6%; SPZO,S%; OP:0,3%; NP=0,6. Butpatu moBiTps Ha PO3NMUIIOBAHHS
ma3yty Bp=1,25kr/kr.

3aoaua8. BusHaunTu noTpiOHY MOBEPXHIO HArpiBaHHS Ta KUIBKICTh TPYO B TOTYACTOMY

pexynepatopi. Temmeparypa xomomsoro mositps ¢, =20°C, temmeparypa mifirpitoro

nogitps~ ¢;; =300°C,  Temmeparypa muMy Ha  BXOm 10  peKymeparopa

3 3
Z‘(')' =850 C Burparu qumy V), = 0,645M4 , moBitpsa V;; = 0,645M4 .
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