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1. TexHONoru4yeckmne pac4yéTbl ra3onpoBoaoB

[Ipu ABMKEHUM peabHOTO Ta3a Mo TPyOONpOBOAY MPOUCXOAUT 3HAUM-
TEJIbHOE MMA/ICHUE JABJIEHHUS 10 JUIMHE B PE3YJIBTATE MPEOJOJIECHUS THIPABIH-
YECKUX COMPOTUBIICHUN.

I'a3 — cxxumaemas cucreMa. [lpu nBH>KeHHH Ta3a 1o TpyOONpoOBOaYy Be-
JUYMHA MJIOTHOCTH raza 0yJeT MOHOTOHHO YOBIBaTh OT HAYaJbHOTO Y4acTKa
K KOHeuHOMY, Tak kak p = f (P).

C y4éroMm 3aKOH Ha COXpaHEHHUs MACChl TPAHCIOPTHPYEMOU CUCTEMBI

(p-v = const) nuHEHHAs CKOPOCTh TCYCHHS TAKOW CUCTEMbI Oy1eT MOHOTOHHO
BO3pacTaTh OT HAYAJILHOTO Y4acTKa K KOHCUHOMY.

Ipumep.

MaccoBebiii pacxon (G) TpaHCHOPTHPYEMOIO ra3a mo mpybonposoody (d
= 1020, 6 =10 mm) coctaBnser 180 kr/c. HaliTu ckopocTH TedeHHs raza B
Havaje (1) 1 B KoHIe (1») ydacTKa ra30MpoBOa, €CM U3BECTHO, YTO ILIOT-
HOCTH Ia3a B HayaJje ydyacTka paBHa 45 Kr/M°, @ B KOHIE 25 KI/ M.

Pewmrenne.



1. Haxoaum CKOpPOCTh TEUEHMS Ta3a B HAUAJIbHOM Y4YaCTKe Tra30MpoBoIa

(v1):

Q= G_,. S, m*lc - obvemmbviii pacxoo; (1)
P
T d 2 3

S = 7 m” e - naowaos cevenus, (2)

4.G 4.180

v, = Q_ == > =49 mlc- cxopocmy 2aza 6
S px-d’ 45.314.102 (3)
HAYATLHOM YYACMKeE.
2. Haxomum ckopoCTh TEUEHHS ra3a B HAaUaJIbHOM YYacTKe ra3omnpoBo/ia
(v2):
4.G 4.180
Vv, = = > =882 wmlc- ckopocmo 2aza 6 Hauanb-
0, -7-d?  25.314-102 (4)
HOM yuacmke.

To ecTb CKOPOCTH TEUEHHUS ra3a K KOHITY y4acTKa ra3ornpoBo/ia yBEIU-

8,82
YHUBAETCSA [4—9 =18 | B 1,8 pa3za no cpaBHEHUIO CO CKOPOCTBIO B €r0 HavaJe.

1.1. FmapaBnu4eckumn pacuyeT NPOCTbIX ra3onpoBooB

Y craHoBHBILIEECS H30TepMUIecKoe (7T=CONSt) qBukeHue rasa B razo-
IIPOBO/JIE OITUCHIBACTCS] CUCTEMOM TPEX YPABHEHUN:
YpaBHeHue bepHyIn, 3aKOH COXpAaHEHUS SHEPTUU:

2
ar + Y du+dz+/1-@-u—:0. (5)
g p. 28 d 2g
YpaBHEHHE COCTOSIHUSL:
P=p.R., Tz, (6)

20e R.=R/M.
3aKOH COXPaHEHHUS MAacCChl, BBIPAXKAIOIINKCA B IOCTOSHCTBE MacCOBOIO
pacxoja:
G = p.-u's = const. (7)
[Ipu 3TOM cneayer MOMHUTh, YTO U30mMepMuyecKul MPoLecC OMHUChIBa-
ercsa ypaBHeHueM boisa-Mapuorra:
P/p = const. (8)
g pacueta maccoozo pacxoja raza no TpyOoonpoBOay OCHOBHOMU SIB-
nsiercs popmyra.

B -P  116-G*-L
2.z-R,-T  2.7%d°
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2 2 p2
Gzﬂ'd \/ (Pl _PZ).d ,Kkelc. (10)
4 A-z-R,-T-L
B cucreme CH pa3smMepHOCTH UCITOJIb3YEMbIX BEJTMUUH CIICTYIOIINE:
G — maccoeswiii pacxoo eaza, ke/c;
d - enympennuii ouamemp 2azonposooa, m,
P.% P, — Oaenenue 6 nauane u Konye 2a3onpoeood, cOOMEemCmeeHHo,
Ila;
A - K02 uyuenm cudpasiuyeckKo20 conpomueieHus.,
R. - eazosas nocmosnnas, [ic/(ke*K);
R — ynusepcanvuasn cazosas nocmoauuas, pasuas 8314 [c/(kmons*K);
T — abconromnas memnepamypa 2aza, K;
L — dnuna eazonposooa, m;
U - IUHelHAsl CKOPOCMb 2a3d, M/C;
D, — NIOMHOCb 2a3d, K/M°.
[To ypaBHEHHIO COCTOSIHUSA TS Ta3a U BO3yXa UMEEM:
£=£I/IHI/I Rez—Rg'p6 =&, (11)
pZ p6 pZ p
20e  p= plp,— omuocumenvras RIOMHOCMb 234 NO 8030YX).
ObvemHblll pacxoo eaza, TPUBEICHHBINA K CTAaHIAPTHBIM yCIOBHUSIM:

G G
V,=—=—"-, (12)
pcy P Pg

20e ., — NIOMHOCMb 2A3a NPU C.).
[TonctaBuB 3HaueHus R, u G, moaydnm:

2 2 5
Ve :ko' (Pl _Pz )'d ’ (13)
A-Z2-p-T-L

T 1

e KTy R,

[Mpu cmanoapmuwix ycrosusix (t = 20 °C, P =760 MM pT. CT.) INIOTHOCTH

R 83143 T P’
Bo3ayxa pp= 1,205 kr/M° 1 Ry =—2— = 2 287 . ko =3,87-10%
A% Pa B70896 2896 ko KO
U coOOTBETCTBEHHO:
pP? _p?
v, =387-107%. (A -F) (14)
A-p-z-T-L

[Ipu Hopmanvuvix ycnosusix (t = 0°C, P = 760 MM pT. CT.) IIIOTHOCTh
Bo3ayxa pg= 1,293 xr/m° u Rg = 287 Jix/kr-K, ko = 3,59-107%,
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1.2. OnpeneneHue KoadcpuLmeHTa ruapaBnnyYecKoro
COMPOTUBIIEHUSA

3HadeHne Kod(pPUIMeHTa TUIPaBINIECKOTO COMPOTUBICHUS A paccuu-
TBIBACTCS B 3aBUCHMOCTH OT PEKHMMa JBMKCHHSI Ta3a U IIEPOXOBATOCTH TPYO
1o TeM ke (popmymam, 9To U IJsl HepTempoBOIa.

Hns euopasnuueckux enaokux Tpyo A HE 3aBUCHUT OT IIEPOXOBATOCTH
BHYTPEHHEH TOBEPXHOCTH TPYOBI M paCCUUTHIBACTCS IO PopMyIIe:

0,2
158" 0,1844
A=0,067-| — =, 15

(Rej Reo’2 ( )

[Ipu kéadpamuunom pesxcume TeueHus: A He 3aBUCHUT OT Re, u sBiseTcs
(yHKIIMEN OTHOCUTENIBHOM IEPOXOBATOCTH:

0,2
1:41067-(%§j . (16)

ITo yauepcanbHoii popmyne BHUU 2a3a:
158 2AjQ2

—+— .
Re d
3HadeHue ynciaa Re 1 cMecu ra3oB:
_vc-d-pc

pe
20e ¢ — 8A3KOCHb CMECU 24308,

Oc — NJIIOMHOCMb CMeCU 2a308 8 YCI08UsAX Mpyoonposood, Kke/m®.

A=0,067 - ( (17)

RGC (18)

3.
20e  p,— naomuocms cmecu 2a306 npu H.Y., ke/m”;
P., u P, — coomeemcmeenno cpeonee oaesnenue 6 mpyoonpogooe u oa-
P
pomempuueckoe, Ila;
Tep u T, — coomsemcmeeHHO CpPeOHssE memnepamypa NepeKauyku u
memnepamypa abcontromuozo vy (273.15 K).
2
2 P
2
Pop==+P +—2—|. (20)
3 P +P,
[Ipu TexHuuyeckux pacuerax A (C y4E€TOM MECTHBIX COIMPOTUBIICHUIA)
MO>KHO TPUHUMATh:
A=(1,03-1,05) -Azp. (21)
OOBIYHO TEUYCHHUE ra3a MPOUCXONUT IIPH BBICOKHUX CKOPOCTSX, KOTJIa CO-
MIPOTHUBJICHUE OTPEEISAETCS TOJIBKO IEPOXOBATOCTHIO TPYyO (KBaapaTuyHas



30Ha). Tak Kak HIEpPOXOBATOCTb HE 3aBUCUT OT JIuameTpa TpyOompoBoja,
MOYKHO CUUTaTh, UTO A 3aBUCHT TOJIBKO OT AMAMETPA ra30IpoBOIa.

OnHoit U3 GopmMyt 1Jis OLIEHKH BEIMUYUHBI A, Kak QyHKIMH quameTpa (A
= Ad), monyumBIIel MUPOKOE pacnpocTpaHeHue, sBisieTcs Gopmyna Beti-
mayma.

4=0,009407/3a . (22)

®dopmyna Beiimayra (6.159) MoXeT MCIONB30BAThCS MPU OPUEHTUPO-

BOYHBIX pacueTax JIuaMeTpa U MPOIYCKHOW CIIOCOOHOCTH MPOCTOTO T'a30Ipo-
BO/a. B 3TOM citydae pacueTHbie (GOPMYIIBI UMEIOT BUI:

G?> z-R--T-L M6
d= Z , (23)
65- (P - P)
{ . 2_ 2
z-Rp-T-L

N3 dbopmyser (6.151) MOKHO MOMYYUTH BBIpAKEHHUE IS ONIPEICTICHUS
mHbl L, nuamerpa d ¥ KOHEYHOTO JNaBjieHHs P, MPU U3BECTHOM HAYaJIbHOM
Py

2 4
P2:\/Plz—/1 P Z3§72VFdSL 0 (25)

1.3. 3apaHusa ona camocToATeNIbHOW paboThbl
TunoBas 3apayva 1

Ipumep. M3BectHO oTHOMICHUE AaBieHuit (P/P;) 1,4 B ceyenusx 1 u 2
ra3onpoBojia MOCTOSHHOTO AuaMeTpa. TedeHne M30TePMHUYCCKOEe, M3BECTHA
ckopocth raza (V1) 20 m/c. Haiitu V.

Pewenne.

YUHUTBIBAS 3AKOH COXPAHEHUsi MACCbl TPAHCTIOPTUPYEMOM CUCTEMBI (P L
= coNst) 1 ypaBHEHUE COCTOSIHUS

P=p, R, Tz,
Pi/Py; =pilp2, p1/p2 = va/vr v =31,5 m/C.
P, P,
3P g rake 2L =2 Takum obpazom v, =—+-v, =1,4-20=28 m/c.
P, p, P2 Uy P,



3ananme. M3BecTtHo oTHOIIEHWE naBieHui Pi/P> B ceueHusx 1 u 2 raso-
IIPOBOJA MOCTOSIHHOTO JHMaMeTpa. TedeHHe M30TEPMHUUYECKOE, W3BECTHA CKO-
pocTb raza vy m/c. Haiiti V,. FicxoaHble JaHHBIE IPEeICTaBICHbI B Ta0I. 1.



Hcxoouwvie oannvie k 3a0aue 1

Tabauna 1

Bapuanmot
llapamemp 1|12 ]3| 4 5 6 7 8 9 | 10 |11 |12 |13 |14 |15
P,/P, 4 3 2 35 |42 |28 |32 |19 |24 | 15 |25 |38 |44 |5 5,5
Vi, M/c 25 | 15 | 20 | 16 28 18 22 14 26 21 |30 35 31 40 |44
Bapuanmu
Tapamemp 16 | 17 | 18 19 20 21 22 | 23 | 24 25 |26 27 28 29 30
P,/P, 7 6 6,5 | 62 | 45 | 23 | 7,3 8 7775118 |33 |53 |71 |68
Vy, M/c 33 | 42 | 46 48 22 29 38 | 20 | 45 19 |17 16 23 49 50




TunoBasa 3apgava 2

Ipumep. OnpenenuTs MacCoBbIN U 00BEMHBIN PACXO/IbI IS Ta30IIPOBO/IA
muHOM 100 km, C HAPYKHBIM TUaMeTpoM 720 Mm U TOJIUHONU CTEHOK 0 mm.
AOGcomoTHOE aBlieHHE B Havaje ra3zonposoaa p, = 5 Mlla, B xouue p, = 1,1
MITa. TINOTHOCTH Ta3a [PH CTAHIAPTHBIX YCIOBUSX p, = 0,8 ke/u’, ra3oBas mo-
crosiHas R = 8,31 /ic/(mone: K). KoadummeHnT muHaMIIeCcKOi BI3KOCTH L
= 12-10° Ia-c, xorddumpent cxumaemoctu Z = 0,93. Temmeparypa rpyHTa Ha
rIyOuHE 3a105KeHus Ta3onpoBoa 5 ’C. DKBUBaJIEHTHAsI IIIEPOXOBATOCTH BHYT-
peHHel moBepXHOCTH TPYO A4 = 0,2 mm.

Pemenne.
1. 3amaBasich KBaJpaTUIHBIM 3aKOHOM T0JTydaeM
3\0.2
A =0,067- (2'0’722'010J =0,0149-

2. B cooTBeTCTBUM C pacyeTHOE 3HauYeHHUE NMPUHUMAIOT A = 0,0157.
[To HaxoIMM MacCOBBIN Pacxo[l Uil Ta30IPOBOIA:

3140757 \/ (52 -112)-10" 0,75
Y4 0,0157-0,93-8,31-278-100-10°
OueHHBaeM 00BEMHBIN pacxon ra3oipoBoaa:

G =855, ke/c-

3aganue. OnpenenuTb MacCOBBIM CYTOUYHBIM pacxoj rasa, KOTOPBIH
MOXHO TepeaTh 10 ra3omnpoBOy, YIOKEHHOMY U3 TpyO nuamerpom d M,
Ha pacctosiHue L kM. AOconoTHOe JaBiieHHE Tra3a Ha BBIKHJIE KOMIIPECCOp-
HoMl cranimuu P; MIla, B konie ygactka P, MIla, mioTHOCTb raza p, npu at-
mochepHom nasneruu (0,1 MIla) n temnepatype nepekauku 20 ° C. ['a3 cuu-
TaTh COBEPIIICHHBIM, TEYCHUE N30TepMIYeCKUM. McxoaHbIe TaHHbIe B TA0M. 2.
Vkazanue. J1na pacuera xo3puirieHTa ruipaBIMuecKoro COnpoOTHB-
JIEHUs BCTIOIB30BaThes popmyion Betimayma.

Ilepesoo enecucmemnoix eounuy 8 eounuyvl CH

Enunune! naBnenus

1 krc/em” 98066,5 Tla
l ar (armocdepa TexHUUECKas) ~0,1 Mlla
1 atm (atmMocdepa puznueckas ) 101,325 klla

1 mm pT.CT. 133,322 ITa

1 MM BOJ.CT. 9,80665 Ila

Eannaunel 1uHaMU4ecKOM BSI3KOCTH
1 ITay3 0,1 ITaxc
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HUcxoouwvie oannvie Kk 3a0aue 2

Ta0muma 2

Bapuanmuot
Hapanempu 1 [ 2 | 3 [ 4 [ 5 | 6 | 7 [ 8 [ 9 | 10
JlmameTp razonpoBoja, MM 326 420 280 312 500 380 412 400 300 480
JlimHa ra3onpoBojia, KM 185 150 68 90 30 80 60 50 65 70
P,, MIla 6,5 5,2 6,6 5,6 8,0 7,5 7,0 7,2 6,8 5,0
P,, Mlla 4.7 3,4 55 4,5 6,8 5,0 4,6 5,2 3,8 3,2
Pr, KI/M 0,86 | 0,80 | 0,74 | 0,88 0,9 0,68 | 0,78 | 0,62 | 0,70 | 0,72
Hapamempui Bapuanmuot
11 12 13 14 15 16 17 18 19 20
J{mametp razonposoja, MM 529 630 720 820 920 | 1020 | 630 820 | 1200 | 1020
JimHa razonpoBojia, KM 20 30 40 50 60 70 80 90 10 100
P, Mlla 0,6 0,8 6,6 6,8 7 7,2 7,3 7,4 0,5 7,5
P,, Mlla 0,1 0,15 1 1,5 1,3 2 1,8 1,4 0,2 1,2
Pr, KI/M 075 | 08 12 | 102 | 09 | 088 | 13 | 121 | 15 | 16
Mapamempur Bapuanmut
21 22 23 24 25 26 27 28 29 30
JluameTp razonponojia, MM 630 420 326 500 380 | 1200 | 1020 | 412 820 400
JliMHAa ra3onpoBoja, KM 30 50 90 35 80 40 20 100 60 75
P, Mlla 0,9 7,0 6,6 0,75 0,5 6,4 55 0,8 7,2 5,2
P,, Mlla 0,4 2,4 1,5 0,15 0,1 1,2 1,8 0,25 1,6 1,3
Pr, KI/M 0,8 1,2 0,88 0,9 0,74 1,6 1,2 1,3 1,6 0,86
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Omeemubl k munosou 3adave Nol

Omeemul k munoegoi 3a0ade No2

Ne Bap A Gwm, kxr/c 3’321;1
1 0,01366822 | 86,23885608 | 8,663996704
2 0,0125613 | 164,9306145 | 17,81250636
3 0,0143791 | 77,04053835 | 8,995003396
4 0,01386967 | 81,64783614 | 8,016333003
5 0,01185208 | 628,8458302 | 60,3691997
6 0,01298743 | 245,7157126 | 31,22034937
7 0,01264209 | 332,2371712 | 36,80165588
8 0,01276726 | 317,4661821 | 44,2404486
9 0,01405219 | 146,4008331 | 18,07004569
10 | 0,01201445 | 336,5896667 | 40,39076001
11 | 0,01163142 | 125,6601201 | 14,47604583
12 | 0,01097331 | 217,1680705 | 23,45415162
13 | 0,01049559 | 2229,22613 | 160,5042814
14 | 0,01005032 | 2867,426134 | 242,8878608
15 | 0,00967212 | 3689,478997 | 354,1899837
16 | 0,00934511 | 4522,830833 | 444,0597545
17 | 0,01097331 | 1197,278453 | 79,57296792
18 | 0,01005032 | 2341,50973 | 167,1954055
19 | 0,00885233 | 1222,89628 | 70,43883
20 | 0,00934511 | 4050,360506 | 218,7194673
21 | 0,01097331 | 222,8097391 | 24,06345182
22 0,0125613 | 477,4405138 | 34,37571699
23 | 0,01366822 | 176,9904894 | 17,37724805
24 |0,01185208 | 101,5187332 | 9,74579839
25 |0,01298743 | 21,53344617 | 2,514175336
26 | 0,00885233 | 8388,000526 | 452,9520284
27 | 0,00934511 | 6357,861645 | 457,7660385
28 | 0,01264209 | 37,06510411 | 2,463403842
29 |0,01005032 | 2770,511675 | 149,6076305
30 |0,01276726 | 262,0685954 | 26,32875191

NeBap | V2, wm/c
1 25
2 15
3 20
4 16
5 28
6 18
7 22
8 14
9 26

10 21
11 30
12 35
13 31
14 40
15 44
16 33
17 42
18 46
19 48
20 22
21 29
22 38
23 20
24 45
25 19
26 17
27 16
28 23
29 49
30 50
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YyebHoe n3gaHue

UYXAPEBA Hartanbsa BayecnasoBHa

PACYET IMPOCTBIX U CI10XXHbIX FTA30I1POBO4OB
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