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3aganmne Ne 1
PACUETA ®U3NYECKOI'O COCTOAHUA ITPUPOJTHOI'O I'A3A

Hean pacuera: onpeneneHre 3Ha4eHUN K03 PUIIEHTa CKUMAEMO-
CTH, MJIOTHOCTU U AMHAMHYECKOW BSI3KOCTH MPUPOJHOIO ra3a MpH 3a/1aH-
HBIX 3HAYEHUSX JIaBJICHUS U TEMIIEpaTyphl.

OO01mue cBeaeHus

B ocHoBe pacuera (U3MUECKOTr0 COCTOSHUSI MPUPOJHOTO raza Jiexkar
rocyaapctBeHnbie crannaptbl PO: 'OCT 30319.0-96. I'a3 npupoansii. Me-
TOJIbI pacyera ¢pusnueckux cBoictB. Ooume nonoxenus; OCT 30319.1-96.
["a3 npupoansiii. Merons! pacuera puznueckux cBorcTB. Onpenenenue du-
3UYECKHX CBOMCTB MPHUPOHOrO T'a3a, €ro KOMIOHEHTOB U MPOJIYKTOB Mepe-
pabotku; 'OCT 30319.2-96. I"a3 npupoansiil. Metobl pacuera (pru3ndecKux
cBoiictB. Ompeneneaue koddduimenta cxxumaemoctu; PJ[ 153-39.0-112-
2001 Meroauka onpeaeneHuss HOPM pacxoa U HOPMaTUBHON MOTPEOHOCTU
B IIPUPOJHOM Ta3e Ha COOCTBEHHBIE TEXHOJIOTUUECKHUE HYXKJIbl MarkCTpalib-
HOT'O TPaHCIOpTa rasa.

Hacrosimuye crangapTsl yCTaHaBIMBAIOT METOJIbI KOCBEHHOT'O ONpe/ie-
neHust Kodh@ UIMEeHTa CKMMAEMOCTH, IJIOTHOCTH, IOKa3aress aauadarhl,
CKOPOCTH 3BYKa, JUHAMUYECKOW BSI3KOCTH U OOBEMHOM YAETHHOM TETLIOTHI
CrOpaHusi IPUPOAHOrO Ira3a Mo U3MEPEHHBIM 3HAUEHUSIM TEMIIEpaTyphl, JaB-
JICHHSI, KOMITOHEHTHOT'O COCTaBa M IJIOTHOCTH MPU CTAHAAPTHBIX YCIOBUSIX.

CraHgapThl yCTaHABIMBAIOT METOJIbI KOCBEHHOTO OmpeseineHus Qpu-
3MYECKHX CBOMCTB KOMIIOHEHTOB IIPUPOJIHOTO T'a3a U MPOJIYKTOB €ro mnepe-
pabOTKH 110 U3MEPEHHBIM 3HAYEHUSIM TEMIIEPATYPHI U 1aBJICHUSI.

OcHoOBHbBIE TEPMHUHBI U ONIPEACICHUA

Hoeanvnoe 2azosoe cocmosinue — YCIOBHOE COCTOSIHUE Ta3a WM
CMECH Ta30B, KOTOPOE XapaKTepU3yeTcs OTCYTCTBHEM B3aUMOJICHCTBUS
MOJIEKYJI Ta3a, a CaMH MOJIEKYJIbl HE UMEIOT COOCTBEHHOTO 00BEMA.

Peanvuviii 2az — ra3, KOTOpbIN IEUCTBUTEIBHO CYIIECTBYET B IIPUPO-
1€, T.€. COCTOSIHME 3TOTO ra3a XapaKTepU3yeTcsl B3auMOJIEUCTBUEM MOJe-
KYyJI, & CaMU MOJIEKYJIbl UMEIOT COOCTBEHHBIN 00BEM.

[To cocTaBy rassl MOTYT ObITh UACTHIMH U CMECSIMH.

YucThIMU ra3zaMu SIBJISIOTCS Ta3bl, B KOTOPBIX COJIEPKUTCA HE Oosee
0,05 % (MOJIApHBIX) IpUMECEH ra30B JPYTrUX HAUMEHOBAHHUIA.
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l'aso6as cmecb — cMeCh YUCTBIX Ta30B, HE BCTYNAIOLINX JIPYT C APY-
IOM B XHMHUYECKYIO PEAKLIHIO.

Ilpupoonulii 2a3 — 3TO ra3oBas CMECh, KOMIIOHEHTaMU KOTOPOH B
OCHOBHOM SIBJIIIOTCA npeaeiabHble yraeBoopo bl (CnHagr), a30T, TMoKcHg
yIIepoia v CEpOBOAOPOI.

KoMIOHEHTHBIN COCTaB CMECH ra30B, B TOM YHUCJIE U IPUPOJHOIO Ta-
3a, onpeaensiercs B 00bEMHBIX WM MOJIIPHBIX JOJSX.

JU1st IpUPOIHOTO raza XapaKTEPHBIM SBJSETCSA CIECAYIOIIUNA KOMIIO-
HEHTHBIN COCTaB, BEIPAKCHHBIA B 00BEMHBIX JOJISX:

0,6 <Meran (CHy) <1,0

0,00 < A3zor (N,) <0,16

0,00< Oran (C,Hg) <0,12

0,00 < quokcun yraepoxaa (CO,) <0,16

0,00< IIponan (C;Hg) <0,06

0,00 < CepoBonopon (H,S) <0,01

0,00< BYTaH (C4H1()) <0,04

0,000< I'enuit (He) <0,002

0,00< Ilentan (CH;3(CH;);CHj3) <0,04

Apyrux KoMnoHeHToB B cymme <0,002

Jliis HenepepaObOTaHHBIX Ta30B JOMYCKAETCA COJEP>KaHUE CEPOBOJIO-
pona 110 0,30 0ObEMHBIX JOJIEH.

Vpasnenue cocmosnus npupooHnozo 2aza — ypaBHEHUE, KOTOPOE CBS-
3bIBACT (PAKTOP CIKUMAEMOCTHU, TEMIIEPATypy, MIOTHOCTh U MOJISIPHBIC JI0-
JI1 KOMIIOHEHTOB.

Koagppuyuenm corcumaemocmu eaza (M CMECH Ta30B) €CTh OTHO-
nieHue (akTopa CKMMAeMOCTU 3TOTO rasa mpu pabodux YCIOBUSX K €ro
(bhaxkTopy CKMMAEMOCTHU TIPU CTAaHAAPTHBIX YCJIOBHUSAX WJIU 3TO OTHOIICHUE
yIIeTbHOro 00bEMa raza (WM CMECU Tra3oB) K YAEIbHOMY 00bEMY HJi€alb-
HOTO Ta3a (WM CMECH Ta30B) C TAKOM K€ MOJISIPHOM MaCCOM.

IInomnocmy 2aza (WM CMECH Ta30B) €CTh OTHOILIEHHE MAacCChl 3TOTIO
ra3a K 3aHIMaeMOMYy UM O00bEMY.

Bsaskocms 2aza xapaktepusyeT cliocOOHOCTh ra3a OKa3bIBaTh COMPO-
THBJICHHE NIEPEMEILICHUIO OJJHOM YaCTH raza OTHOCUTEIILHO JPYroil U 3aBU-
CUT OT €ro COCTaBa, TeMIepaTypsl U JaBicHusA. CylecTByeT NWHAMUYE-
CKas |\ U KHHeMaTudecKkasi (OTHOCUTEIIbHAS) V BA3KOCTh rasa.

B cranmaprax uCnoyib3yrOTCs CIEAYIOIIME HHACKCHI IApAMETPOB:

a — a30T; U — UACAIBHO Ia30BOE COCTOSIHUE; K — KPUTUYECKOE 3HaYe-
HUE; 1 —TIPUBEICHHOE 3HAYEHUE; ¢ — CTaHIAPTHBIC YCIIOBHS; 2 — CTaH-
JApPTHBIE YCJIOBUS TOPEHHUS T'a30B; ¥ — JUOKCHUJ YTIEPOaa; i, j — HHACKCHI
IIPOYMX KOMIIOHEHTOB CMECH TI'a30B.



3Ha4YeHUs apaMETPOB JABJICHUS U TEMIIEPATypbl IPU CTAHAAPTHBIX

yenoBusix o 'OCT 2939: p. = 0,101325 MlIla; 7. = 293,15 K.

ITepeBonnbie equuunbl: 1 MIla =10,19716 KFC/CMZ; 1 krc/em® =
0,0980665 MlIla.
YcnoBuble 0003HAuUEHUSI, MPUHSTHIE B CTAaHIAPTE, COOTBETCTBYIOT

cranaapram MCO 5167, UCO 6976 u npuBeneHs! B Tadn. 1.1.

Tabauma 1.1
Ycii0BHOE 0003HAYECHUE BEJMYHH
VYcnoBHOE HaunmenoBanue Ennaunna
0003HaUYEeHHE W3MEpEHUs

H O0bémHast yenpHast TEIIOTa CTOPaHUs Jox/™m
K; Koa¢pduuuent cxumaemoctu —

m Macca KT

M Momnsipaas macca T/MOJTh
p AOCOIIOTHOE JTaBJICHUE MIla

r OOBémHast 107151 KOMIIOHEHTA B TA30BOM CMECH TPH —

CTaH/IaPTHBIX YCIOBHSIX

R YHuBepcaiibHas ra3oBas nocrosinHas R = 8,31451 JIx/mons-K

t Temneparypa °C

T TepmoamnHaMuueckas TeMieparypa K

V O06BéM M

u CKkopocTh 3ByKa Mm/c

X MoxnsipHast 10711 KOMIIOHEHTa B ra30BOM CMECHU —

z @DaKTOp CKUMAEMOCTH —

) OTHOcUTENBHAS OTPELIHOCTD C BEPOATHOCTHIO 0,95 %

K IToka3arens aguadaThl —

0 JlnHaMmu4eckas BA3KOCTh ITa-c

p [InoTHOCTH KT/M

Q @axrop IIutnepa —

IHopsizok pacuera

[TnoTHOCTH MPUPOTHOTO Ta3a MpH PabourX MABICHUU M TEMIIEPATY-
pe OMpEeNeNaioT OTHOCUTEIBHO IUIOTHOCTH MPHUPOJHOTO raza MpH CTaH-
JapTHBIX YCIOBUAX MO (popmyrie

_ p.rI,

P pJTK,’
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I1€ P, — IUIOTHOCTh MPUPOJHOIO ra3a MpU CTAaHAAPTHBIX YCIOBUSX; D
[MIIa] u 7. [K] — naBneHue u temmeparypa MpUPOJHOTO rasa npHu CTaH-
naptHbiX ycioBusx; p [MIla] u T [K] — paGouue naBieHue u Temmneparypa
NPUPOAHOrO raza; Kz — ko3 PUIMeHT C:KMMaeMOCTH MPUPOTHOTO raza:

z

K, =—, (1.2)
C
TJI€ Z ¥ Z. — (PAaKTOpHI CKUMAEMOCTH MIPUPOJTHOTO Ta3a MpH 3aJaHHbIX JTaB-
JIEHUW Y TEMIIepaType U MPHU CTAaHIAPTHHIX YCIOBUSAX, COOTBETCTBEHHO.
B coorBerctBun ¢ MCO 6976 minoTHOCTh OPUPOJHOrO Ta3a MpH
CTaHJAPTHBIX YCIOBUSX BBIYUCIIIIOT TTO (hopMyJie

Z (xi ) pc.u().i)
p, = , (13)

Ze

TJI€ Peuoi — IVIOTHOCTD I-TO KOMIIOHEHTAa MPHUPOTHOTO Ta3a MpH CTaHAAPT-
HBIX YCJIOBHSIX B HJEaJIbHO Ta30BOM COCTOSHWHU, TpUBEIeHa B Tabm. 1
I'OCT 30319.1-96; x; — MomnspHasi 40JI1 KOMIIOHEHTA MPUPOJHOTO ra3a

— }/}/Zci
YT ) -

l

rae r; — 00bEMHasI 10JI1 KOMIIOHEHTa MPUPOAHOIO ra3a Mpu CTaHAapTHBIX
YCIIOBUSIX.
DakTop CHUMAEMOCTU KAXKJIOr0 KOMIIOHEHTA MPUPOJAHOIO ra3a mpu
CTaHJAPTHBIX YCIOBUSIX Z.; Taza npuseaeH B 1a0a. 1 TOCT 30319.1-96.
DakTop CKMMAEMOCTH MPUPOJHOTO ra3a Mpu CTaHJAPTHBIX YCIOBU-
X Z, IOIIyCKAeTCs ONPENETATh 10 GpopmyIe

2, :1—[2()@@0’5 )T (1.5)

l

rae KodpduimeHT bl.o’5 JUISL KQXJJOr0 KOMIIOHEHTA MPUPOJIHOTO Ta3a IMpu-
BeaeH B Ta0a. 1 TTOCT 30319.1-96.
DakTOp CKUMAEMOCTH MPUPOIHOTO Ta3a z MPU 3aJaHHOM JIaBJICHUU

U TeMIiiepaType, Bxoaauui B popmyiny (1.2), Moxer onpeaenurbes mno PJJ
153-39.0-112-2001:

z=1-](10,2p-6)0,345-10% - p, —0,446-107 )+ 0,015

1.6
[1,3-0,0144(T —283,2)], 4o



rae p [MIla] u T [K] — 3anaHHbIe 1aBIeHHE U TEMIIEpATypa MPUPOIHOTO
rasa; po — OTHOCHTEJIbHAs INIOTHOCTb IIPUPOJHOIO ra3a o BO3AyXy.
OmHocumenvHas nI0MHOCMb TIPAPOAHOIO ra3a py — OTHOILIEHUE IIJI0T-
HOCTH MPUPOIHOIO Ta3a p. K INIOTHOCTH BO3yXa P, IPU CTAHAAPTHBIX YCIIO-
BusaX (p. = 0,101325 MlIla; 7. = 293,15 K). /Ins yrneBogopoaHbIX ra3oB OT-
HOCHTEJIbHAS IJIOTHOCTH Py O BO3AYXY U3MeHsiercs B npenenax 0,6 — 1,1.

Py =< (1.7)
Pe

Bsi3koCcTh mpuMEHSIETCS 111 BBIYUCICHUS 4Yuciia PerlHobaca, KOTo-
poe SABIAETCSA OJHOW U3 BAKHEUIIMX XapPAKTEPUCTUK TEUCHUS BA3KOU Cpe-
Ibl U OINPENEIACTCS OTHOLICHUEM WHEPLMOHHBIX CHJI K CHUJIaM BSI3KOCTH.
Yucno Pelinonpaca npuMeHsieTcs s onpenenacHus: kodhuimenta ucre-
YEHUSL.

Bs3KOCTh Ta30B M MX CMECEU CHJIBHO 3aBUCUT OT TEMIIEpaTypbl U
IJIOTHOCTH T'a30B NIPU HU3KHUX AABJICHUSAX. 3ABUCUMOCTb BSI3KOCTH OT JIaB-
JIEHUS BbIpaxkeHa ciado.

JIMHAMUYECKYIO BA3KOCTb IPUPOAHOIO I'a3a U MHOTMX €r0 KOMIIO-
HEHTOB, 3aBUCALIYIO0 OT TeMIeparypsl, npu nasieHusx 1o 0,5 Mlla BeI-
YUCJISIOT 110 hopMyIie
7% +1,37-9,09p'%

€ ) [MxIIa-c]. (1.8)

=34
" p%° +2,08—15(x, +x,

i€ X, U X, — MOJISIpHAsl JOJIs1 a30Ta U AUOKCHJIA YIIIEpOa IIPHU UX HAJIHMYUU
B MIPUPOJIHOM Ta3e.
®opmyina (1.8) mpumenuma B nuamnazone temmeparyp 240 — 360 K.
[TorpemntHoCTh OMnpeeeHNsI BI3KOCTU B 3TOM Juara3oHe He npesbimaet 1,0
% nns metana, 2,5 % — s otana, S % — s mpornasa, OyraHa, MOHOKCH/IA
yIJIepo/a, JUOKCUJIA Yyriaepoia u a3ota, 3 % — i MpUpPOIHOro rasa, €ciiu
MOTPEITHOCTH U3MEPSIEMBIX TTapaMETPOB IPUHSATHI PABHBIMU HYJTIO.
BsiskocTh mipu moBbIIeHHBIX AaBieHusX (ot 0,5 mo 12 MIla) ans
MIPUPOTHOTO T'a3a BEIYUCIISIIOT TI0 popMyIie
7% +1,37-9,09p%'%

< )'cu [MxIla-c]; (1.9)

=324
" p%S +2,08—1,5(x, +x,

2
14
¢, =l+—"—, 1.10
" 30(T, —1) (1.10)
e NPUBCACHHBIC JABJICHUEC p, U TEMIICpATypa T, BEIYUCIISIIOTCS KaK
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p, =L (1.11)
pl’lK
T
T =—, 1.12
! TI’!K ( )

/1€ TICEBJOKPUTHYECKUE NTABIICHUE P, U TeMIepatypy 7, pacCUUTHIBAIOT
o ¢opmynam (17) u (18) T'OCT 30319.2, a umeHHO:

P =2,9585(1,608-0,05994p,, +x, —0,392x, ); (1.13)
T, =8825(0,9915+1,75%, —x, —1,681x, ); (1.14)

B ¢opmymnax (1.13) u (1.14) momyckaeTcsi BMECTO MOJISIPHBIX JTOJICH
a30Ta ¥ JUOKCUJA YIJIEPOJA X, U X, IPUMEHSATH UX 00BbEMHBIE JOJIU ¥y U T,

[To paccunTaHHBIM JTAHHBIM CTPOSITCSI B IPOrPAMMHOM KOMILJIEKCE
Matlab rpaduku 3aBucumocteii p =f(p; 1), u=fp; 1), K= f(p; T).

Jlist moctpoenust rpaduku 3aBucuMocteil B Matlab HeoOxoanmo B
paboueit oomactu MATLAB BpyuHnyto 3a1aTh MaTpHIly 3HAY€HUN HcCCTe-
nyemoro napamerpa [6x6], Hanpumep miotHocTH p (Ro):
>>7=[11,21,31,41,51,61;12,22,32,42,52,62;13,23,33,43,53,63;14,24,34,44,54,64,15,
25,35,45,55,65;16,26,36,46,56,66]

Hanee 3amaeM Matpuliibl 3Ha4eHUH p (X) u 7T (y) cOrjiacHO AUANa3oHy
Y 1Iary U3MEHEHUsI IaBJICHUS U TEMIIEPaTypbl, HAIPUMED:
>> [x,y]=meshgrid(0.1:2:8.1,-60:30:60)

PaznoxxeHne naHbIX B BEKTOP-CTONOELL:
>> p=x(:)
>>T=y(:)
>> Ro=z(:)

NuTepnonsims JaHHbBIX:
interpRo = fit( [p, T], Ro, 'cubicinterp" )

BriBon rpaduka 3aBucumoctu Ro=f(p,T):
>> plot(interpRo, [p, T], Ro);
xlabel('naBnenwne p, Mlla');
ylabel('remnepatypa T, oC");
zlabel('nnoTHocTb NpmpoaHoro rasa Ro, kr/m3');
grid on

HMcxoanble JaHHBIE ISl pacyeTa

[Ipu pacuerax kosdduimeHTa CKMMaeMOCTH, TIIOTHOCTH U JUHAMU-
YECKOW BS3KOCTU TMPHUPOJHOIO Ta3za MPUHUMAETCS M3MEHEHHE pabdodero
naBienus p = 0,1 + 8,1 Mlla ¢ marom 2 Mlla u u3ameHenue paboueir TeM-
neparypsl 7 =—-60 ++60 °C c marom 30 °C.



BapuaHThl UCXOHBIX JaHHBIX ISl pacueTa ¢ KOMIIOHEHTHBIM COCTa-
BOM MPUPOJIHOTO Ta3a MpuBeAeHbI B Ta0. 1.2.

BapI/IaHTbI HCXOAHBIX JAaHHBIX IJIA pacueTa

Tabmuna 1.2

OOBEMHBIE 1011 KOMIOHEHTOB MPUPOIHOTO Ta3a, 7;

Howep Otan Huokenn [Iponan
Bapuanta | Meran (CHy) | A3otr (N») yriepoja
(C,Hp) (CO,) (CsHy)
2
l. 0,7 0,1 0,1 0,1 —
2. 0,75 0,05 0,1 — 0,1
3. 0,8 — 0,1 0,05 0,05
4. 0,85 — 0,05 0,05 0,05
5. 0,9 0,033 0,033 0,033 —
6. 0,95 0,01 0,03 0,01 —
7. 0,7 — 0,1 0,1 0,1
8. 0,75 — 0,1 0,05 0,1
9. 0,8 0,05 0,1 0,05 —
10. 0,85 0,05 0,05 — 0,05
11. 0,9 — 0,033 0,033 0,033
12. 0,95 — 0,01 0,03 0,01
13. 0,7 0,1 0,1 — 0,1
14. 0,75 — 0,05 0,05 0,15
15. 0,8 0,05 0,05 — 0,1
16. 0,85 0,05 — 0,05 0,05
17. 0,9 0,033 — 0,033 0,033
18. 0,95 0,01 0,01 — 0,03
19. 0,7 0,15 0,05 — 0,05
20. 0,75 0,15 0,05 — 0,05
21. 0,8 0,07 0,03 — 0,1
22. 0,85 0,05 0,05 0,05 —
23. 0,9 0,033 0,033 — 0,033
24, 0,95 — 0,03 0,01 0,01
25. 0,96 0,01 0,01 0,01 0,01

Bomnpocs! u 3aganus 11 3alIATHI KOHTPOJIbHOM PadoThI

1. Yro Takoe npupoaHbIii raz?
2. Yewm ornuyaercs peanbHbIi ra3 0T UACATBHOr0?
3. Ilepeuncnure BeIMUYUHBIL, ONPEACIISIIONINE OCHOBHBIE (DU3UUECKUE
CBOMCTBA MPUPOJHOIO rasa.
4. Yto NOHMMAKOT MO/ CTAaHAAPTHBIMU YCIOBHSIMU ISl ra3a’?
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5. UTo mOHMMAKT MNOJ OTHOCUTEIBHOM IUIOTHOCTBIO MPHUPOIHOTO
rasa 1o Bo3ayxy?

6. Urto mpexacraBisieTr coboit 00bEMHAS 0T KOMIIOHEHTA MPUPO/I-
HOI'0 ra3a Ipu CTAHJIAPTHBIX YCIOBUSIX?

7. Kak BIHSIOT Ha BA3KOCTh MPHUPOJIHOrO Ta3a TEMIEpaTypa U J1aB-
neHue?

8. Uto mpencrasmnser coboi KO3PPHUIIUESHT CKUMAEMOCTH rasza?

3aganue Ne 2
FI/I,Z[PAB.JII/I‘IECKI/II?'I PACYET YUACTKA HE®TEITIPOBO/JIA

Lean pacuera: onpeneneHne 3HaYCHU 0OBEMHOTO pacxo/ia Tra3oHa-
CBIIIIEHHOW He()TH, CyMMapHBIX TOTEPh HAIopa, MOTEPh HANlopa Ha TPEHHE,
TpeOyeMoro JaBleHHs], pa3BUBaeMOro HeprenepekaunBaroeil CTaHIUeH.

Oo0mue cBeIeHUA

Kunkocts nBuXKeTCS 110 HE(TENPOBOY, €CIM €€ HEPrusl B HaJaJe
TpyOompoBoia O0bIlle, YeM B KOHIIE. DTOT Mepemnaj; YPOBHEH SHEPTHH
MOXKET OBbITh cO37aH Jub0 padboToil Hacoca, TUOO Pa3HOCTHIO YPOBHEM
KUIKOCTH B HaYaJbHOM M KOHEYHOM CEUYCHHsIX TpyOorpoBoaa. ITox rum-
PaBIMYECKUM PacdyeToOM IMOHUMAIOT OIpEACIICHUE MMapaMeTPOB JBMKCHHUS
KUJIKOCTH TIPU 33JJaHHOUM cXxeMe He(TEepoBOoia ¢ M3BECTHBIMUA KOHCTPYK-
[IMOHHBIMU DJIEMEHTaMH, JIHOO OlpeaeieHrue pa3MepoB HedrenmpoBoa,
o0ecITeunBaronMX HEOOXOAMMbIC TTapaMETPhI IBUKEHUS JKHIKOCTH.

B HedrerazoBom nene HaCOCHI MMPUMEHSIOTCS JUIsl TpaHCTIOpTa HePTH
1 He(TenmpoAYKTOB Mo HedTerazonpomeicity. Baxkuelime napameTpsl pa-
00ThI Hacoca — Hanop H u mogaya Q.

BennunHa Hamopa XapakTepH3yeT BBICOTY, Ha KOTOPYIO >KHJIKOCTH
MOYKET OBITH IOJHSATA C MOMOIIBIO JaHHOro Hacoca. I[lomaua Hacoca O —
00BEMHOE KOJMUYECTBO KHUIKOCTH, KOTOPOE 3a CIUHUILY BPEMEHH IPOXO-
auT 4yepe3 Hacoc. [lomava Hacoca paBHa pacxoay KHUIKOCTH B TPyOOIpo-
BOJIe, IPUCOEAMHEHHOM K Hacocy. Hamop u mojada — B3auMO3aBUCUMBIE
BEJIMYHMHBI: YEM BBIIIC pa3BUBAEMbIN JaHHBIM HACOCOM HArop, TEM HUXKE
€ro 1mojiayva.

[Toreps Hamopa B He(pTENPOBO/IE CBSI3aHA C TEM, YTO IMOTOK HE(TH, ITPO-
TEKAIOIIN BHYTPU TPYOBI, HCIBITHIBACT THJIPABIUYECCKOE CONPOTHUBIICHHUE.
Ero BenmunHa 3aBUCHUT OT:

1. nmametpa TpyObl — 4eM MEHbIIIE JTUAMETP, TEM OOJbIIE COMPOTHB-
JICHHE;
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2. CKOpOCTH IMOTOKa — 4eM OOJIbIIIe CKOPOCTh MOTOKA, TeEM OOJIbIIE CO-
MIPOTHUBJICHUE;

3. I1aJKOCTU BHYTPEHHEH MOBEPXHOCTHU TPYODI;

4. MECTHBIX COIPOTUBJICHUI HACOCA.

Jlaxxe ABurasch Mo MpsIMOW, TOPU3OHTAIBLHON TpyOe, MOTOK HedTu
UCIIBITBIBAET comnpoTuBieHue. [Ipu OonbIol MpOTSHXKEHHOCTH HedTenpo-
BOJIa CYMMapHOE COMPOTUBJICHUE MOXKET OKa3aThCsl 3HAUUTEIbHBIM.

[IpuBeneHHass METOAMKA MpeIHA3HAYEHA JIJISl TUPABIAYECKOTO pac-
yeTa HEPTEMPOBOAOB, TPAHCHOPTUPYIOIIMX Ta30HACHIICHHBIE HEDTH B
0JTHO(a3HOM COCTOSHHH.

B MeTonuke nmpUBOJATCS OCHOBHBIE pacyeTHbIE (POPMYIIbI JJIsl OTpe-
JIeJIeHUs TIOTEepPh Haropa B TPyOOINpoBojie; TpeOyeMbIX HAllOpPOB HA HarHe-
TaTeJIbHOU CTOPOHE He(TenepeKaunBarOINX CTaHIMI; MaCCOBOI'O pacxoja
NepeKayrBaeMoOro 1o TpyooIrpoBo1y rasa.

OcHOBHBIE TEPMUHBI U OTIPe/IeICHUS

[lon eazonacwviwyennou Hegpmovio moHUMaeTcss HE(PTh C PaCTBOPEH-
HBIMU B HEM KOMIIOHEHTaMU MPUPOJHOTO Ta3a, JJIg MOIJIEPKaHUS OJHO-
(a3HOro COCTOSIHMSI KOTOPOM TpeOyeTcs aBJICHHE, MPEBBIIIAIOIIEEe aTMO-
chepHoe.

[lon eazocoodepoicanuem noHUMaETCs OTHOILIEHHWE O0beMa rasa, npu-
BEJICHHOTO K CTaHAapTHBIM ycioBusaM (760 mm. pt. cT., 293 K) k 00bemy
Jiera3upoBaHHON HEe(TH, U3 KOTOPOM 3TOT T'a3 BHIIACIUIICA.

JI71s1 BBITIOJTHEHUSI PAacueTOB MO HACTOSIICH METOIUKE HEOOXOIUMBI
CJICAYIOIINE UCXOAHBIC JTAHHBIE!

1) mpou3BoAUTENHLHOCTH HE(DTEIPOBOAA MO JIETa3uPOBAHHON HEPTH;

2) k03 HUIMEHT KHHEMATUUECKON BSI3KOCTH MPU 3aJTaHHOM Ta30Co-
NEPKAHUU U PACUETHOM TEMIIEPATYPE;

3) TIOTHOCTH, JIETa3UPOBAHHON M Ta30HACKIIICHHOW HEeTHU MPH pac-
YETHOU TEMIIEPATYPE;

4) MJIOTHOCTH ra3a MPH CTAHJAAPTHHIX YCIOBUSIX;

5) razoconeprkanue HeDTH;

6) BHYTPEHHUI JUAMETP TPYOOIIPOBOIA UK OT/ICIBHBIX €0 YYaCTKOB,

7) nnuHA TPyOOMpPOBOJA WM OTIACIBHBIX YYACTKOB C Pa3IMYHBIMU
TuaMeTpaMu;

8) pa3HOCTh I'e0JE3UYECKUX OTMETOK KOHIIA M Hadajla pacuyeTHOTO
y4acTKa;

9) BUJIbI U KOJIMYECTBO MECTHBIX CONMPOTUBIICHUN B KOMMYHHMKAIIHSIX
HeTenepekaunBaroIIe CTaHIINH.

YcnoBHble 0003HAUCHUS BEJIMYUH, MIPUHATHIE B METOJIMKE TIPHU pac-
4yeTe, MPUBEICHBI B Ta0M. 2.1.
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YcioBHOe 0003HAUYEHHE BEJTHYNH

Tabmuma 2.1

VYcnoBHOE Ennaunna
0003HAYCHHE Hanveronane W3MEpeHus
H CyMmMapHble IOTepHU Haopa Ha pacyYeTHOM Y4aCTKe M
Ry [ToTepu Hamopa Ha TPEHUE HA PACUETHOM Y4acTKe M
Rye [ToTepn Hanopa Ha MECTHBIX CONPOTHUBIIEHUAX M
AZ AnreOpanyeckasi pa3HOCTb BBICOTHBIX OTMETOK KOH- "
11a ¥ Hayajla pacyeTHOro y4acTka
Pa3HOCTh BHICOTHBIX OTMETOK MaKCUMaJIbHOTO 3aJIH-
AZ, Ba MPOJIyKTa B Pe3epByapax CTaHLUUU ¢ EMKOCTbIO U M
KOHIIA PACYETHOr'0 y4acTKa
[ JUIMHa pacyeTHOro yyacTKa M
i I'mppaBnryeckuil yKIOH y4acTKa M/M
A Koaddunuent rugpaBindeckoro cConpoTUBICHUS
d BuyTpennuii nuamerp TpydonpoBoa M
w CKopocTb IBUKEHUS KUAKOCTH B TpyOONpoBOE Mm/c
Wne PacueTHast cCKOpOCTh ABMKEHMSI )KUJKOCTH B MECT- we
HOM COITPOTUBJIEHUHU
g YCcKOpeHHe CHITBI TskecTH, g = 9,81 m/c” m/c?
Re [Tapametp (uncio) Peltnonbaca -
& Koadduiirment mectHOro COnpoTUBICHUS —
¢ [TonpaBouHbIN KO3 (PULMEHT peKUMA TEUEHUS —
v Koaddunuent knunemaTnueckoil BI3KOCTH HehTH m/c
p [110THOCTH IIPH CTAHAAPTHBIX YCIOBUAX Kr(T)/M°
o) OOBeMHBIN pacxo]] ra30HACHILIEHHONW HEPTH M/c
G MaccoBslif pacxo/1 Ta30HaCBHIIIEHHON HehTH Kr/C
@ I"azoconepxanue HEPTH M/
i TpeOyemblii HaNOp CTaHIIUU HETTOCPEACTBEHHO 3a "
PETYJISITOPOM JTABICHUS
Do Tpebyemoe naBieHue CTaHIIUH 3 PETYISATOPOM J1aB- HAd
JeHUs
Ds JlaBneHue HACBIEHU HEPTU HA yUaCTKE H/m?
JlaBieHue 3anaca HaJl JaBJIEHUEM HACBHIICHUS HE]-
Ds TH JUIsl IPEAOTBPALEHHs] 00pa30BaHMsl IBYX(a3HOIO H/M*
IIOTOKA
N [Toamop k OCHOBHOMY HacocCy, 00eCIeunBaIOIINN v

€ro 0eCKaBUTAIMOHHYIO paboTy

* U BETMYMH WCTIOJIB3YIOTCS CIIEYIONINE UHICKCHL: HO — JUISl IETa3UPOBAHHON HE(TH;
He — JIJIsl TA30HACHIIIEHHON He(TH; 2 — JJIs rasa.
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IHopsizok pacuera

PacueTHbie (hopMyIbl TO3BOJISIIOT ONPEICIIUTS:

e TpeOyeMble HaloOpbl Ha HarHeTaTeJIbHOW CTOpPOHE HedTenepeka-
YUBAIOLIEH CTAHLIMU, HEOOXOUMBIE ISl MEPEKAYKH 3aIaHHOTO KOJIUYECT-
Ba JIera3upOBaHHON HeDTH;

® pacxo/] ra30HaChIIEHHOW HEPTHU MPHU 3alaHHOM PacxXoje Jera3u-
poBaHHOU HedTH;

e pacxoj HedTenpoBoja MO raszy, MPUBEACHHBIA K CTaHAAPTHBIM
YCIIOBUSIM.

['uppaBnuueckuii pacueT HeTENnpoBOJa, MPEAHAZHAYEHHOIO ISt
TPaHCIOPTUPOBAHUS T'a30HACHIIICHHON HE(THU B OJHOPA3HOM COCTOSIHUU
MPU U30TEPMUYECKUX YCIOBUSIX, IPOU3BOIUTCS CIECTYIOIINM 00pa3oM.

[Ipu 3amaHHOM MaccoBOM pacxoje HepTenpoBoAa MO Jera3upoBaH-
HOI HepTH onpenensieTcss 00bEMHBIN pacxoa

G,
Qup =" 2.1)
Puo
OOBeMHBIN pacxo] ra30HACKIIIEHHON HE)TH HAXOAUTCS IO (hopmyJie
0,. =0, 1+ D= [P (22)
Puo ) Pue

MHorourcieHHbIE AKCIEPUMEHTAIbHBIC JaHHBIE IO HW3MEHEHUIO
MJIOTHOCTU HEe(PTEH MO3BOJISIOT MCIOJIb30BATh SMIIMPUUYECKYIO 3aBUCH-
MOCTB, CBS3BIBAIOIIYIO TJIOTHOCTH Ta30HACHIIICHHOW W JeTa3supOBaHHOM
HetH:

0,05

Puwo 140,057
P

CymMmapHbIe MTOTEpH Haropa Ha PacdeTHOM YYacTKE OMPEIEIISIFOTCS
o ¢opmyie

(2.3)

H=h,,+h, +AZ. (2.4)
[Torepu Hanopa Ha TpeHHE HaXoAsTCA 1o hopmyiie
By =101 (2.5)

I'mapaBnmyeckui yKIJIOH I €CThb HE YTO MHOE, KaK BEJIMYMHA NOTEPHU
HaIopa Ha TPEeHHE, OTHECEHHAs K €IMHUIIEC IJIMHBI TPYOOIIPOBOIA.
I'mapaBnmyecKkuil yKIOH ONPEAEISIETCS 110 YPABHEHUIO
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e

i = , 2.6
J 29 (2.6)
7€ CKOPOCTh JBWKEHUS KUJIKOCTU B TPYOOIIPOBOIE
4
= e 2.7)

nd?

KoadduiineHT rugpaBimdeckoro COMPOTUBIICHUS A OMPEETSETCS B
3aBUCUMOCTH OT 3Hau€HUs napameTtpa (uucna) Pelinonbaca

Re="4. (2.8)
\Y%

CnoxxHOCTh pacueTa 1o GopMylie 3aKJII0YaeTCsl B MPABUILHOM OIIpe-
neneHuu KoddduimenTa A, 3aBUCSIIETO OT PEKUMa JIBIKECHUS KUIKOCTH
(mamunapusii Re <= 2040 unmu TypOynentusiii Re > 2040). JlamunapHoe
TEUEHUE XapaKTEPHO I BBICOKOBS3KHX MXUIKOCTEM B Y3KMX KaHalax,
TypOyJIE€HTHOE — JIJIsl MaJIOBSI3KMX >KHIKOCTEH B TpyOax (kaHasax) O0Jb-
1I0TO AMAMETPa; MPH ITOM, MPU YBEIUUYEHUHU CKOPOCTH TEUEHUS JIAMUHAP-
HOE T€UEHHUE MEePEXOTUT B TYpOYIEHTHOE.

o4 npu Re <2040;
Re

A =4(0,16Re~13)-10"* npu 2040 < Re < 2800; (2.9)

0,3164
R

N

npu Re> 2800

[lorepu Hamopa Ha MECTHBIE CONPOTUBIICHUS &; ONPEACISAIOTCS IO
dbopmyne
2
w
— MC
Rye =28 . (2.10)
i 2g
Ko uirieHTsl MeCTHBIX CONMPOTUBIIEHUHN & MpuBEIEHbI B Ta0d. 2.
P/ 39-30-718-82. Metoauka THIpaBIMYE€CKOro pacuera HeQpTEnpOBOIOB
MIpU MepeKayKe ra30HachIIEHHBIX HEPTEH.
Pacuernas BenmnunHa ckopoctu W,,. HaXOAUTCS MO CPEIHEN CKOPO-
CTH TIOTOKa HE(THU C YUETOM PEXHUMA TEUEHUS MO0 (hopmyIie

W, =Wo, 2.11)
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r7ie MONPaBOYHBIM KOAIPPUIMEHT ¢ paBeH: sl TYpOYJIEHTHOro pexuma
¢ = 1; 115 TaMMHApHOTO peXUMa 3HAYEHUE MONPABOYHOr0 KO3 PUIeHTa
¢ OIpeAeIIsIeTCs B 3aBUCUMOCTH OT yucia PeliHonbaca (puc. 2.1.)
TpeOyempblit Hamop, pa3BuBacMblii HerenepepadaThIBaIOIIECH CTAHIIH-
€1 HEMOCPEICTBEHHO 3a PETYIIATOPOM JIABJICHHsI, HAXOAUTCS IO (popMyiam

H,=H+ P 1L a7 . (2.12)
pHZg pHZg

P2
0; s, g 2. SO
LS i

1 \ _

SN

2 \\ .
32 " y
20 " " 1
@ " =

(4
. —~ ‘
(2 vl # » "
m .~ Py y s -~

0 a0 w0 &N sl Mo GO AD Blo 200 I%m

Puc. 2.1. 3aBucumocts ¢ oT Re a1 naMuHapHOTo pexuma
3aBHCHMOCTD JIaBJICHHS HACBHIMICHUS HEPTU Ta30M p; OT IJIOTHOCTU

p.o U Tazocojepkanns HepTu @ onpenensieTcs Mo SMIUPUIECKOr hopmy-

ne KyaymoBa Pyouna P. u Kyuymona P.P. [8]. 3aecy miioTHOCTh nerasu-
poBaHHO# He(yTH Gepercs B [T/M°], a razocoepxkanue Heptn @ B [M/M].

P, = (324,34p20 ~1081p>, +1351,2p>, —749,93p, + 155,89)@ (2.13)

TpebyeMoe naBiieHue, pa3BuBaeMoe HedTemnepekaunBaroneldl CTaH-
1Men, onpeaensercs mo Gopmye

pcm :Hcmszg’ (214)

MaccoBblil pacxoj] IepekayMBaeMoro Mo TpyoonpoBoay raza Haxo-
auTcst mo popmyie

G.=0,®p.. (2.15)
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Hcxonnbie naHHbIE 1JI pacyeTa

BapuaHTbl UCXOHBIX JAHHBIX ISl pacyeTa ¢ KOMIIOHEHTHBIM COCTa-
BOM MPUPOJIHOTO Ta3a MPUBEEHBI B Ta0. 2.2 1 2.3,

Ta0muma 2.2
BapuaHTbl HCXOAHBIX JAHHBIX VISl pacyeTa
(mapamMeTpsl ra3oHachIlleHHOH HedTH)
Howmep Ba- [TapameTpsl razoHachIIIEHHONW HEDTH
puaHTa Ds, H/m* Pros /™ P2, Kr/M v, 10° M/c @, v/M°
1. 0,050p, 0,70 0,65 25 50
2. 0,055p, 0,71 0,66 26 52
3. 0,060p, 0,72 0,67 27 55
4. 0,065p, 0,73 0,68 28 58
5. 0,070p, 0,74 0,69 29 60
6. 0,075p, 0,75 0,7 30 62
7. 0,080p, 0,76 0,71 31 65
8. 0,085p, 0,77 0,72 32 67
9. 0,090p, 0,78 0,73 33 70
10. 0,095p, 0,79 0,74 34 73
11. 0,100p, 0,80 0,75 35 75
12. 0,150p; 0,81 0,76 36 77
13. 0,050p, 0,82 0,77 37 80
14. 0,055p, 0,83 0,78 38 81
15. 0,060p, 0,84 0,79 39 82
16. 0,065p, 0,85 0,80 40 86
17. 0,070p, 0,86 0,81 41 88
18. 0,075p, 0,87 0,82 42 90
19. 0,080p, 0,88 0,83 43 92
20. 0,085p, 0,89 0,84 44 94
21. 0,090p, 0,90 0,85 45 96
22. 0,095p, 0,70 0,86 46 98
23. 0,100p, 0,71 0,87 47 100
24. 0,150p; 0,72 0,88 48 102
25. 0,120p, 0,73 0,89 49 105

17




Tabnuma 2.3

BapI/IaHTbI HCXOAHBIX JAaHHBIX IJIA pacueTa

(mapamerps! HepTenposona)

Homep
BapHaHTa

[TapameTps! HedTenmpoBoaa

AZ, m

AZ

‘D>

G0, KT/C

d, m

L,m

Bunpr MecTHBIX
CONIPOTUBJICHHI

5,0

2,50

0,35

110000

Brrxon u3 pesepByapa
OTtBox 90°
3aBIKKA OTKPHITAS

5,5

2,55

0,40

110500

Brixon u3 pesepByapa
OTtBog 60°
KommnencaTop caabHUKOBBIN

6,0

2,60

0,45

111000

Brixon u3 pesepByapa
OtBopx 45° (2 mwT.)
3a/BMKKA OTKPHITAS

6,5

2,65

0,50

111500

Brixos U3 pesepByapa
OTtBox 90°
Anddysop

7,0

2,70

0,55

112000

Brixon u3 pesepByapa
OTtBog 60°
Beunrtuin

7,5

2,75

0,60

112500

Brrxon u3 pesepByapa
OtBopx 45° (2 mwT.)
Bentuin

8,0

2,80

0,65

113000

Brrxon u3 pesepByapa
OTtBox 60°
3aBIKKA OTKPHITAS

8,5

2,85

0,70

113500

Brixon u3 pesepByapa
OTtBox 90°
KommnencaTop caabHUKOBBIN

9,0

2,90

0,75

114000

Brixon u3 pesepByapa
OtBox 60° (2 mT.)
3a/BMKKA OTKpPHITAS

10.

9,5

2,95

0,80

114500

Brixon u3 pesepByapa
OTtBox 90°
Beunrtuin

11.

5,0

3,00

0,85

115000

Brixos U3 pesepByapa
OTtBog 60°
[uddysop

12.

5,5

2,50

0,90

115500

Brixon u3 pesepByapa
OtBop 45° (3 mwit.)
Beutuin

13.

6,0

2,55

0,95

116000

Brrxon u3 pesepByapa
OTtBog 60°
3aBIKKA OTKPHITAS

14.

6,5

2,60

1,00

116500

Brixon u3 pesepByapa
OTtBox 90°
KommnencaTop caabHUKOBBIN
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Homep
BapUaHTa

[Tapametps! HedTempoBoaa

AZ, m

G0, KT/C

d, m

LM

Bunpr MecTHBIX
CONIPOTUBJICHHI

15.

7,0

2,65

1,05

117000

Brrxon u3 pesepByapa
OtBop 60° (2 mmit.)
3aBIKKA OTKPHITAS

16.

7,5

2,70

1,10

117500

Brrxon u3 pesepByapa
OTtBox 90°
3aBIKKA OTKPHITAS

17.

8,0

2,75

1,15

118000

Brixon u3 pesepByapa
OTtBox 60°
KommnencaTop caabHUKOBBIN

18.

8,5

2,80

1,20

118500

Brrxon u3 pesepByapa
OtBox 45° (2 mwit.)
3aBIKKA OTKPHITAS

19.

9,0

2,85

1,25

119000

Brrxon u3 pesepByapa
OtBop 45° (2 mwit.)
BenTnnn

20.

9,5

2,90

1,30

119500

Brrxon u3 pesepByapa
OTtBox 60°
3aBIKKA OTKPBITAS

21.

5,0

2,95

1,35

120000

Brixon u3 pesepByapa
OTtBox 90°
KommnencaTop caibHUKOBBIN

22.

5,5

3,00

1,40

120500

Brixon u3 pesepByapa
OtBox 45° (3 mwit.)
Bentuin

23.

6,0

2,50

1,50

121000

Brrxon u3 pesepByapa
OTtBox 60°
3aBIKKA OTKPBITAS

24.

6,5

2,55

1,55

121500

Brixon u3 pesepByapa
OTtBox 90°
KomnencaTop caaibHUKOBBIN

25.

7,0

2,60

1,60

122000

Brixon u3 pesepByapa
OtBox 45° (3 mwit.)
Beutuin

Bomnpocs! u 3aganus 11 3alIATHI KOHTPOJIbHOM PadoThI

=

Ha3oBuTe BBIXOHBIE MapaMeTpbl Hacoca?

OT 4ero 3aBUCUT TUAPABINYECKOE COMPOTUBICHHE HeTenpoBoaa?
Ha uto Bnusietr uncno PeitHonbaca?
YeMm oTIIMYAIOTCS JIAMUHAPHBIN U TYpOYJICHTHBIA PEKUM JIBHKE-
HUS JKUJIKOCTU?

5. UeM OTIMYAIOTCS MAaCCOBBIN U OOBEMHBINA PACXO/] YKUIAKOCTH?
6. W3 yero cocTtosAT CyMMapHbIE MOTEPU HAIlOpa Ha PACYETHOM yya-

CTKE?

7. Uto Takoe rupaBINYECKUN YKIIOH HedrenpoBoaa?
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3ananue Ne 3

PACYET U BBIBOP HE®TEI'A30BOI'O CEITAPATOPA THUIIA
HI'C

Lesan pacyera: coriacHO 3aJlaHHBIM TMapaMeTpaM MPOAYKIMHA CKBa-
’KUHBI TIPOU3BECTH pacueT v BHIOOP HEPTETra30BOro cemaparopa, Tpedyemoe
KOJIMYECTBO, IapaMeTprl U pasmep cenaparopa tuna HI'C mo TY 3683-015-
00220322-99.

Oo0mue cBeIeHUA

[Toctynatomiass U3 HE(PTSIHBIX U Ta30BbIX CKBAKHUH MPOIYKIUS HE
MpEACTaBIsIET COOOM COOTBETCTBEHHO YMCTYIO0 HE(PTh M ra3. M3 ckBaxuH
BMECTE C HE(DThIO MTOCTYMAIOT TIJIACTOBAs BOJIA, MOMYTHBIN (HEPTSIHOI) Ta3,
TBEP/bIC YACTUIIBI MEXAHUYECKUX MpUMeceH [8].

Jlist crabunu3anuu HeTH Ha MPOMBICIAX KCIOJBb3YIOT B OCHOBHOM
Meroa cenapaimi. [Iporiecc cenapanuu 10KEH HAYMHATHCS Cpasy ke Npu
IBWKEHUM HEPTH, KOrja W3 Hee oTOupaercs ras, BBIICIUBIIMIICS B pe-
3yJlbTaTe CHUKECHHS JaBJICHUS WM MOBBIINICHUS TeMrepatypsl. [lpu pes-
KOM CHIDKEHUM JIABJICHUS B CENapaTope 3HAUYUTEIBHO YBEIMYHMBAETCS KO-
JMYECTBO TSKENBIX YITIEBOAOPOJIOB, YHOCUMBIX CBOOOJHBIM razoMm. Ilpu
OBICTPOM MPOXOKICHUM HEPTH Yepe3 cenaparop BO3PACTAET KOJUYECTBO
JIETKUX YTI€BOAOPOJI0B B HEPTH [7, 8].

MHorocryrneHyaTasi cucTeMa cemapaluy IO03BOJISIET MOJIy4YUTh Ha
MEPBBIX CTYNEHIX METaH, KOTOPBII HApaBIseTCss Ha COOCTBEHHBIE HYK/IbI
WM TTOTPEOUTENSIM, a Ha TTOCJIEAYIOIIHNX CTYIEHSX — HCUPHDIL 2a3, CONEP-
Kalmid Oosiee TsoKesble yraeBoAopoibl. JKUpHBIHM ra3 OTIpaBisieTcs Ha ra-
300€H3UHOBBIE 3aBOJIbI JUIsl MOCienyome nepepadorku. [Ipu Hamuuuu
ra300€H3MHOBOIO 3aBOJIa SKOHOMHYECKH 11€1eco00pa3HO MPUMEHSTH
IBYXCTYIIEHYATyIO CUCTEMY cernapanuu [7, 8].

OcHOBHbBIE TEPMHHBI U ONIPe/IeICHUS

[Mon cmabunuzayueli Heghmu ciiemyeT MOHUMATH U3BJICUCHHE JICTKUX
YIIIEBOIOPOIOB, KOTOPHIC TIPH HOPMAJIBHBIX YCIOBUSAX SIBIISIOTCS Ta3000-
pa3HBIMH, JUIA JATbHEHIIEr0 WX HWCIOJb30BaHUSA B HE(DTEXUMUUYCCKOU
pOMBITIUIEHHOCTH. CYIIECTBYIOT JIBa Pa3IMYHBIX METOJA CTaOMIIM3aIuN
Heptn — cenapayusn v pekmugpuxayus [8].
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Cenapayus — otaeneHue oT He(pTU JIETKUX YIJIEBOAOPOAOB U COIYT-
CTBYIOIIUX Ta30B OJHOKPATHBIM WJIM MHOT'OKPATHBIM HCIAPEHHEM IyTEeM
CHIDKEHHUS TaBJICHUs (4acTo ¢ MpeaBapUTEIbLHBIM MOA0rpeBoM HedTH) [8].

Cocyn, B KOTOPOM MPOUCXOAUT OTACICHHE ra3a oT He(pTH, Ha3bIBAIOT
cenapamopom. B cenapaliMOHHBIX YCTaHOBKaxX MPOUCXOJUT U YaCTUYHOE
otneneHre BoAbl OoT HedTu. [IpuMeHsiemble cenapaTopbl MOXKHO YCIOBHO
pa3AeuTh Ha CIEIYIONINE OCHOBHBIE TUIIHI [§]:

1) mo TpUHIMIY NEUCTBUS — TPABUTAIMOHHBIC, IICHTPOOCKHBIC
(THUIPOLIMKIIOHHBIE), YIBTPA3BYKOBBIE, KATIO3UNHBIE U JIP.;

2) mo reomMeTpuyeckor (opmMe M MOJIOKEHHIO B MPOCTPAHCTBE —
chepuueckue, IWIMHIPUUECKUE, BEPTUKAIbHbIC, TOPU3OHTAIBHBIE U Ha-
KJIOHHBIE;

3) no paboueMy naBiieHHIO — BbIcOKOro (6onee 2,5 Mlla), cpeanero
(0,6 — 2,5 MIla) u auzkoro (0 — 0,6 MIIa) naBneHus, BAaKyyMHbIE;

4) Mo Ha3HAYCHHUIO — 3aMEPHBIC U padouue;

5) o MecTy MoJIOkKEHUs B cucTeMe cOopa — MepBOM, BTOPOI U KOH-
LIEBOU CTYIIEHEU Cenapanuu.

D¢ dekTUBHOCT, PabOTHl CEMapaTOPOB XaAPAKTEPUZYETCS YHOCOM
JHCUOKOCMU — KOIIMYECTBOM KHAKOCTH, YHOCHMOII ra3oM (I/M’), U 3axea-
MoM 2a3a — KOJIMYECTBOM rasa, OCTaBIIErocs B HeTU mociie cenapaiuu
(M’/T). UeM HIKe STH MoKa3aTend, TeM 6oiee >ddeKkTuBHa paboTa arma-
para [8].

Koaddunnents! yHOCa )KUIKOCTA U 3aXBaTa Ta3a OMPEAEIIIIOTCS KaK
[7, 8]:

K, =T (3.1)
q

K, =3 (3.2)
e

IJ1€ TII€ ¢, — OOBEMHBIN pacxo KameJIbHOU KUIKOCTH, YHOCUMOMW IMOTO-
KOM Ta3a, M/4; ¢. — 0ObEMHBIH Pacxojl OKKIIOJMPOBAHHOTO T'a3a, YHOCH-
MOTO TOTOKOM HJIKOCTH, M /4; 0. — 00BbEMHBIH PacXoJ ra3a Ha BHIXOJIE U3
cemnaparopa, M /d; O, — 00beMHBIN PACX0/1 )KUAKOCTH Ha BBIXOJE U3 Cema-
paTopa, pu PabodNX TEMIIEPaType U JABJICHHH, M /4.

Yem menbiie K, u K, Ipy MPOYNX PaBHBIX YCIOBUAX, TEM COBEPILICH-
Hee cenapaTtop. OHaKO yMEHbILIEHHE 3TUX MoKa3aresieil OOBIMHO CBSI3aHO C
YCJIOKHEHHEM KOHCTPYKIUH CEeraparopa U YBEJIMYEHHUEM ero rabapuTHBIX
pa3MepoB. [103ToMy O4eHb BBICOKAs CTEIIEHb OUYMCTKHU I'a3a U KUJIKOCTH OKa-
3bIBACTCS HE BCET/Ia ONMPaBIaHHOM. 37ech HEOOXOAUMO OPUEHTUPOBATHCS Ha
TpeOyeMyt0 CTENeHb OYMCTKH, KOTOpasi B U3BECTHOW MEpEe 3aBUCUT OT KOH-
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KPETHBIX YCJIOBUH cOOpa HepTH M Tra3a U CPAaBHUTEIHLHO TPYIAHO MOAIACTCS
TEOPETUYECKOMU OLICHKE. 110 MpakTUYeCKnM e JaHHBIM B HACTOSIIEE BPEMSI
MIPUHSTHI BPEMEHHBIE HOPMBI, B COOTBETCTBUH C KOTOPHIMU KOIPDHUITMEHTHI
YHOCA >KMJIKOCTH Y ra3a UMEIOT CJIEAYIOIIME OPUEHTUPOBOYHBIC 3HAYCHUS:
K, <50 cM’/1000 v° raza u K, < 20-10° em’/v’ xmmkocta [7].

He mMeHee BaxHbI JIJ1s1 OLICHKM TEXHUYECKOIO COBEPIIEHCTBA CEMaparo-
pa ToKa3aTeNu MpeAeTbHONU CpeTHEN CKOPOCThIO ra3a B CBOOOTHOM CEUCHUHU
CEnapaTopa Vymax U BPEMEHH 3aJICPKKH KUJKOCTH B CEMapaTope f3, TaK Kak
onHU U Te k€ K, n K, MOXKHO MOJTy4YUTh B CEMAPATOPAX PA3TUYHOTO KOHCT-
PYKTHUBHOI'O UCIIOJIHEHHSI M C PA3JIMYHBIMU TEXHUKO-’KOHOMUYECKUMU TTOKA-
3aressiMu. [IpenenbHOe 3HAUEHUE Vyiyax OTIPEIIETISIETCS CKOPOCTHIO OCAXKICHUS
Kafnellb UJKOCTH MHUHUMAJIbHO 3aJJaHHOTO pa3Mepa. IJTOW BEITUYMHOU
OOBIYHO TOJIB3YIOTCS JJIs pacueTa MPOIyCKHOM CIIOCOOHOCTH cemapaTopa 1o
ra3y. 3HAUCHUS Vypx IS PA3JIMYHBIX KOHCTPYKIIMH CENaparopoB MOTYT W3-
MenaTbes ot 0,1 10 0,55 m/c [7].

Bpemst 3anepkKku £;CyIecTBeHHO BiMseT Ha 3(()EKTUBHOCTh OYMCTKH
KaK Ta3a OT KaneJbHOW XUJKOCTH, TaK M >KHJIKOCTU OT rasza. Y CTaHOBJIEHO,
YTO JIJIs1 HEBCIICHUBAIONTUXCS He(pTel 3HaYeHHE #3MOKET U3MEHSThCS OT 1 110
5 mun. Jlyna BcneHuBaroumxcss Hedrel f;yBennuuBaetTcs or 5 10 20 MUH.
BbI00Op KOHKPETHOTO 3HAYEHUS f3/17151 PA3IMIHBIX yCIOBUM pabOTHI cemapa-
TOpa BO3MOXKEH TOJBKO IO PE3yJIbTaTaM KCCIEAOBAHUS YHOCA KUIAKOCTH U
raza. Takum oOpazom, Jj1st TOJTHOM OleHKH 3(h(HEKTUBHOCTH padOTHI cenapa-
Topa Hapsgy ¢ nokazarensiMu K, u K, HEOOXOJUMO yYUTHIBATh U CTEIICHb
TEXHUYECKOT0 COBEPIIICHCTBA CENaparopa, T. €. Vimax U f3. Ecii cemapartop
HCCJIETyeMOT0 TUTIa 00ECTICUnBAET MOTYYCHUE YCTAaHOBJICHHBIX HOPM yYHOCA
oT K, 1 K, Ipy MEHBITNX #31 OONBIINX V/inax IO CPABHEHUIO C OJTHOTUITHBIM B
OJTHUX M T€X 7K€ MPOU3BOJICTBEHHBIX YCIOBHIX, TO OH TEXHUYECKH OOJIee Co-
BEPILICHEH U SKOHOMMYEH [7].

HHopsaok pacuera

['uapaBiryeckuii pacyer cemapatopoB MO ra3y CBOJUTCS K pacyeTy
Ha TPOIMYCKHYIO CIIOCOOHOCTH WJIM K BBIOOPY pa3sMepoB (IuaMeTpa) amma-
paTa B 3aBUCHMOCTH OT pacxoja raza. B OCHOBY pacuera cemapaTropos
I'PaBUTAIIMOHHOTO THUIIA ITOJI0XKEH BBIOOP JTOMYCTUMOM CKOPOCTH Ta3a, IpH
KOTOPOM OCaKJAFOTCS YacTHUILIbI 3aJJaHHOTO pa3mMepa [7].

T.e. mpu BeIOOpE cemapaTopa HEOOXOAUMO PACCYUTATh €T0 MPOITYCK-
HYIO CIIOCOOHOCTH IO Ta3y M CPaBHUTH €€ C 3aJaHHBIM PAcXOJIOM Ta3a Ha
cemaparop, €ciM pacueTHOE 3HAYCHHE MPOMYCKHOW CIOCOOHOCTU cemapa-
TOpa MO ra3y OOJBIIE YeM 3aJaHHBIA pacXo]l raza, TO CernapaTrop MOIXOIuUT.
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B cnydae mamnoii pacueTHOW MPOMYCKHOM CIOCOOHOCTU JOITyCKAaeTCs WC-
MOJIb30BaTh JBE CTYNEHH Cemapalud — JBa cernaparopa, padoTaroumx Mo-
CJIEZIOBATENILHO, JTUOO JMEIUTh MOTOK MPOAYKIIUN CKBa)KMHBI HA paBHbIE Yac-
TH 1 UCMOJIb30BaTh JIBa U OoJiee cenaparopa, paboTaroNMX MapajuieibHo [7].

TpeOyemyro mpOIyCKHYI0 CHOCOOHOCTh TPaBUTALMOHHOIO Cerapa-
TOpa FOPH3OHTAIBHOTO THIA 110 Ta3y Qr, M’/CYT IPH 3aJaHHON TeMIiepa-
type T, K u naBnenuu P, MIla nedrerazoBoii cMecu Ha BXO/JIE€ B cE€maparop
MOXXHO OTpeAeNUTh 1o dopmyie [7]

O, =67858D% -v L [M/cyT], (3.1)
r 8 r

aT™M Z
rae P., — atmocdepnoe nasnenue, Mlla; Ty — HopMasibHas TeMIieparypa,
K; (Paw = 0,101325 MlIla; Ty = 293,15 K); Kz — koapduiiueHT cxumaeMo-
CTH Ta3a; vy — IOIyCTUMas CKOPOCTh Taza, M/c; D, — BHyTPEHHUN JTUaMETP
amnmnapara, M.
Koaddutnuent n mpencraBiser coboii oTHomieHHE >(HPEKTUBHOM
BHYTPEHHEH JUIMHBI cenaparopa L K ero BHyTpEHHEMY AuaMeTpy [7]

_4L
.

B

n (3:2)

Jliiss mpuOMMKEHHBIX PAacyeTOB JIOMYyCTUMYIO CKOPOCTh ra3a TpaBU-
TAIIMOHHOTO CeMapaTopa rOPU30HTAIFHOTO THIIA ITTMHOM 6osee 3 M MOXKHO
OIPEIENUTD O dMIUpUUeckoit popmyie [7]

(3.3)

IZi€ P, U P, — INIOTHOCTH YaCTHUI] HE(TU U ra3a B CMECH COOTBETCTBEHHO.

[IpuMeHeHne BepTUKAIBHBIX CENapaTopoB ¢ BbICOTOU MeHblne 0,6 M
U TOPU3OHTAJILHBIX CEMapaTOpOB AJIMHOW MeHee 3 M HE PEKOMEHJyeTcs,
TaK Kak B 3TOM CJIy4ae KauecTBO celapaluy pe3Ko YXYIIIaeTcs U JAOIyc-
THUMBbIE CKOPOCTH JIOJIKHBI OBITh 3HAUUTEIHHO YMEHbIIIEHBHI [7].

OOBEMHBII pacxoj ra3a, IOCTYMAIOIIErO Ha CenapaTop MOKHO Orpe-
JETUTh Yepe3 OOIIMN MacCOBBIA pacxoj ra30HACHIIIEHHON cMecu (. U €€
ra3zoBoro (paxkropa v:

QF.3a0 = Qcy . (3 4)

CpaBHUBas pacyeTHYIO MPOIYCKHYIO CIIOCOOHOCTh TPABUTAIIMOHHOTO
ceraparopa 1o ra3y € 3aJJaHHbIM PacxoJIOM ras3a Ha Cernaparop, ACIacTcs
BBIBOJI O COOTBETCTBUU BBIOPAHHOTO cerapaTopa TpeOOBaHUSIM.
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3anaHue ¥ HCXOAHBIE JaHHbIE

Ha cenmapanuoHHyl0 yCTaHOBKY MOCTYNAET ra30HACHIICHHAsT HEPTh
(CMech) ¢ MAacCOBBIM PacxooM Q., THIC.T/CYT ¢ Ta30BbIM (HAKTOPOM Y, M /T
(00bEM raza mpuBeleH K HOpMaJIbHBIM yciioBusiM). Cenapatusi pou3Bo-
nutes npu aasiennu P, MIla u temnieparype 7, K Ha BXxozxe B cenaparop.
[1noTHOCTH YacTUll HEPTHU U ra3a B COCTaBE CMECU COOTBETCTBEHHO PABHBI
Prus Pe-

[IpousBecTu pacyeT MPOMYCKHOM CHOCOOHOCTH TPaBUTAIMIOHHOTO
cerapaTopa rOpU30HTAILHOIO TUIIA IO Ta3y W mojxo0parh MoTpedHOoe AJis
YCTaHOBKHU KojuuecTBO cenaparopoB tuna HI'C (oaun Gosbinoit wim He-
CKOJIbKO, paboTaromux napamienbio) mo TY 3683-015-00220322-99 «Ce-
napatopsl He)Tera3oBblie», IpUHUMAas B KaueCTBE KpUTepusi BbIOOpa MH-
HUMYM MeTauioBiIokeHui. IlpuBectu uepTéx, MmoApoOHOE oOmKCaHHEe
MpUHIMIA paboThI U MapaMeTpbl BEIOpaHHOTO cenapaTopa [6].

BapuaHThl UCXOJHBIX JaHHBIX ISl pacyeTa ¢ KOMIIOHEHTHBIM COCTa-
BOM MPUPOJIHOTO Ta3a NpuBeAeHbI B Ta0u. 3.1.

Ta0muna 3.1

Bapl/IaHTbI HCXOAHBIX JAaHHBIX IJIA pacueTa

Bapuant | Q. ThIC.T/CYT | 7, M /T P, Mlla T,K Prs /™M P2 Kr/M°
1 10 100 0,6 300 0,70 0,65
2 20 120 1,0 310 0,71 0,66
3 30 140 1,6 315 0,72 0,67
4 40 160 2,5 320 0,73 0,68
5 50 180 4,0 330 0,74 0,69
6 60 200 6,3 340 0,75 0,7
7 70 100 0,6 300 0,76 0,71
8 80 120 1,0 310 0,77 0,72
9 90 140 1,6 315 0,78 0,73
10 100 160 2,5 320 0,79 0,74
11 10 180 4,0 330 0,80 0,75
12 20 200 6,3 340 0,81 0,76
13 30 100 0,6 300 0,82 0,77
14 40 120 1,0 310 0,83 0,78
15 50 140 1,6 315 0,84 0,79
16 60 160 2,5 320 0,85 0,80
17 70 180 4,0 330 0,86 0,81
18 80 200 6,3 340 0,87 0,82
19 90 100 0,6 300 0,88 0,83
20 100 120 1,0 310 0,89 0,84
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21 10 140 1,6 315 0,90 0,85
22 20 160 2,5 320 0,70 0,86
23 30 180 4,0 330 0,71 0,87
24 40 200 6,3 340 0,72 0,88
25 50 100 0,6 300 0,73 0,89
Bomnpocs! u 3aganus 11 3alIATHI KOHTPOJIbHOM PadoThI
1. HazoBute meToabl cTabmmm3anuu HedTH.
2. Yrto moHuMaroT moj cenaparueit Hedptu?
3. CKOJBKO CEKIH UMEET rPaBUTAILIMOHHBIN cernaparop?
4. K xakoMy KJaccy 1o JaBJIE€HUIO OTHOCSTCS BbIOMpaeMble cemnapa-
TOpPBI?
5. Kakumu mnokazatensiMu olieHUBaercs: 3(PQPEeKTUBHOCTh PabOThI
cenaparopoB?
6. [l yero Hy>XHBbI )KaJlto3u B cenaparope?
7. Tlo kKakuM KpUTEpHUSIM BHIOMpPAETCS TPaBUTAIMOHHBIN cenaparop

TOPU30HTAIIBHOIO THIA?
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