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1. XAPAKTEPUCTHUKA HE®TU.
PACYETHBIE METO/AbI OIIPEJEJEHUA
®U3NKO-XUMHUUYECKHUX CBOUCTB U COCTABA HE®THU

B ctpanax CHI npunsra «Enunas yauduimpoBaHHas mporpaMma mc-
cieoBaHus He(THU», KOTOpasi MO3BOJISIET MOJIY4YaTh COIMOCTABUMBIE JIAHHbIE
110 COCTaBy W cBoicTBaMm HedTH [1].

Hcnonb3yembie METOBI aHANIM3a HEDTH MOKHO Pa3/IeTUTh Ha CIEIy-
FOIIME TPYIIIBL:

@usuyeckue — oOmNpeneNeHUEe IUIOTHOCTU, BS3KOCTH, TEMIIEPATypPhI
IIJIABJICHUA U KUMEHUSI, TEIJIOTHI CTOPAHUS, MOJICKYJISIPHOM MACCHI U Ap.;

Qusuko-xumureckue — Xxpomarorpadusi, CHeKTpOCKOIHS, KOJOPUMETPUS U
Ap.;

Xumuyeckue — WUCHOJB3YIOIINE TPAAULMOHHBIE IMTPUEMBl AHAIUTHYE-
CKOU
XUMUU;

cneyuanbhble — ONPENEICHNEe OKTAHOBOIO M LIETAHOBOTO YHCIIA MO-
TOPHBIX TOIUIUB U JP.

1.1. XapakrepucTuieckne TOUYKM KUNEHUs HePTAHBIX Pppakumii

Hed1p u €€ dpakiuu — 3To cMeCh Pa3IUYHBIX YTJIEBOJIOPOJIOB U UX
COCAVMHEHUN, BBIKMIIAIONIAs B OIpEAEIEHHOM HMHTepBase temneparyp. Ilo-
ATOMY TIPH pacyeTax TMOJB3YIOTCS TOHSITHEM CpPEIHEH TeMIlepaTypbl KHIIe-
HUs. B 3aBUCHMOCTH OT criocoba yCpeaHEHUs pa3InvaroT CPeIHe-00bEMHYIO
(tcp.06)>, CPEAHE-MONIEKYIAPHYIO (Zcpmon.), CPEIXHE-MACCOBYIO (ep yace.)s CPEAHE-
KyOUUYEeCKYIO (fepxys.), CPEAHE-YCPEIHEHHYIO (fpyc) TEMIEPATYpPBl KHUIECHH,
HO 4Yalle BCEro UCIOJB3YIOT [UI1 PAacyeTOB CPEIHE-MOJEKYIAPHYIO (fepwon)
[2-4]

_ Nty + Nty +...N,t, :Zx.t. (1.1)

t =
Cp.MOIL.
Ny + N, +...N,

N, G,

i _ i

o | T ’
2N M,

t, tay ..., by, (t;) — cpenHEapu(MeTUYECKHE 3HAUYCHUS TEMIIEPATYP KHIIe-
Hus (pakuuii, °C,

Ny, Ny,..., N,, (N;) — monu (1 % MOJL.) OTACNIBbHBIX (Ppakiuid,

X; — CoAepKaHue y3KuX (ppakuuii, MOJIbHBIC JOJIH,

rane  x; =



M; — MonekyIsipHasi Macca OTACIbHBIX (paKLnid,

G, — Macchl (WU Macc. 1011 %) OTAeNbHBIX (paKIIU.

[IpnOnMKeHHO CPeNHIO TeMNEPATYPY (fep.os) MOKHO ONPENEIUTD KaK
temneparypy 50 % oTrona ¢pakuuy no KpuBOil UCTUHHBIX TEMIIEpaTyp KH-
nenus (UTK) wim xak cpenHee apudmeTHuecKoe HadyalbHONM M KOHEYHOMN
TEMIEPaTyp KUIICHUS.

1.2. Xapakrepucruiecknii pakrop

Xapakrepuctudeckuii dakrop K ompenensieT XUMUYECKYI0 MPUPOIY
HedTenpoayKkTa, ero napadhuHUCTOCTh. PaccuuThiBatOT 1o popmyiie

1,2163[T

Cp.MOJL.
15,56 ’ (1.2)
P15,56

rae T — cpeaHe-MoJIeKysipHas Temieparypa, K;

pig’gg — OTHOCHUTEJIbHAS TUIOTHOCTh HEPTEIPOTYKTA.

CpenHue 3HaYeHHsI XapaKTepUCTUIECKOro (hakTopa:

napauHUCTHIE TPOTYKTHI 12,5-13,0;
HaTEHOAPOMAaTUUYECKHE 10,0-11,0;
apOMaTU3UPOBAHHBIE 10,0;

IPOIYKThI KPEKUHT-OCH3MHA 11,5-11,8;
IIPOAYKTBI KDEKHHTA 10,0-11,0.

XapakTtepucTudeckuid (pakTop IMpUMEHSIETCS B HEKOTOPBIX pacyeTax
JUTSI TIOBBIIIIEHUSI UX TOYHOCTH.

1.3. KoOMIIOHEHTHBIN COCTAB

B mpakTtruecknx pacuerax cOCTaB MHOTOKOMITOHEHTHON CMECH BBIpa-
JKAeTCsl B JOJAX WM TporeHTax. COOTHOIICHUE MEXITY TOJIIMH U TPOIICH-
tamu — 1:100.

MaccoBas 1075 x; (y;) KOMIIOHEHTa MPEJCTaBIICT COOOM OTHOIIEHUE
€ro Macchl m; K Macce cMecH (m): x,=m;/m, 3HaYuT Zm,=m;

Zn:xl:l. (1.3)
1

Ilpumep. Cvemanu Tpu MacisiHble (Qpakiuu B KOJIMYECTBAX: m1=96
Kr; mp,=160 Kr; m;=64 kr. OnpeneanTs MacCOBYIO JOJIIO KaXJ10H (pakuuu B
CMECH.

Pewenue. Halinem o611y1o Maccy cMecu



m=mtm,tm;=96+160+64=320 kr.
Ornpeaenum MacCoOBYIO JOJ0 KaXI0W (hpaKIIiu:

96 gy M0 g5 6t
320 320 320

MosipHast (MobHast) 10715 x, (Y] ) KOMITOHEHTa — 3TO 9HCIIO0 MONeH N,

0,2.

X

ATOr0 KOMIIOHEHTa K 001eMy 4uciy Monei N cmecu x; =N, /N :

> x=1. (1.4)

1

[TepecueT MaccoBOro cocraBa B MOJIBHBIN U OOpaTHBIN MEPECUYET OCY-
HIECTBIISIETCS 10 (popMyiam

x; /M,

xi = Z(.X';/MZ) 5 (15)
x=—§xMM (1.6)

rie M, — MolieKyJsipHas Macca KOMIIOHEHTA.

Ilpumep. llepecuutatr maccoBble nonu ¢pakmui 0,3; 0,5 u 0,2 B
MOJIBHBIE, €CIM MOJIEKYJISIPHBIE MacChl KOMIIOHEHTOB paBHbl M;=300;
M,=320; M5=390.

Pewenue. Onpenenum cymMmy OTHOIIICHHI MacCOBBIX AoJiel (Ppakiiuii

0,3 ,05 , 0,2

: —21.10°3
K UX MOJIEKYJIIPHBIM MaccaMm: 300+32O+390_3’1 10™.
Haxonum MonsipHbIe JOJU KaXKI0M Ppakiuu:
X = 0,3/39? 0,32, x = 0,5/32_? —0,51;, x = 0,2/3939 ~0.17.
3,1-10 3,1-10 3,1-10

JI71st mpoBepKH MPAaBUIBHOCTU PE3YJIbTATOB CYMMUPYEM MOJIbHbBIE J0-
T

0,32+0,51+0,17=1.

CrnenoBatenbHO, IEPECUET BHITIOJIHEH BEPHO.
O6bemnas nois X, (¥, ) KOMIOHEHTA — 3TO OTHOLICHHE ero 00bema v;

K 00BeMy Beeii cmecn (v): X, =V, /V;



Y, =1. (1.7)
1

I[JIH nepecucra 00BEMHOI'0 COCTaBa B MAaCCOBBIM M 06paTHO HCO6XOI[I/IMO
3HATh IVIOTHOCTDH P; KAXAOI'0 KOMIIOHCHTA:

xv.=—x"/p" ; (1.8)
' le-/pi
X, " P;
xl.=vf—p’. (1.9)
va,.'pi

Jns sKuaKod cMecHu MpsSMOM ImepecueT 0ObEeMHBIX JI0JICH B MOJIBHBIC
JIOCTATOYHO CJIOKEH, MO3TOMY HPEANOYTUTENIBHO €ro MPOBOAUTH C IMOMO-
IIHI0 MAacCOBBIX JOJIeH. [[71s1 ra30BO# cMecH COCTaB, BHIPAKEHHBIH 0OHEMHBI-
MU U MAaCCOBBIMU JOJIIMH, OJITMHAKOB.

Ipumep. Ta30Bas cMech monydeHa u3 95 M’ mporaHa u 23 M° JTaHa.
TI10THOCTS MponaHa M 3TanHa pasHa 2,0037 kr/M” u 1,3560 kr/M’ cooTBerT-
CTBEHHO. BrIpa3uth cocTaB cMecH B O0BEMHBIX U MACCOBBIX JOJISX.

Pewenue. Halinem o6muit o0beM cmecu

v=95+23=118m".
O6bemuble ponm: mponana x, =95/118 =0,805;
orama  x, =23/118=0,195.
0,805-2,0037 ~
0,805-2,0037 +0,195-1,3560
- 0,195-1,3560 -
2770.805-2,0037+0.195-1,3560 _

MaccoBbie HAOJIM KOMIIOHCHTOB. X, =

5 2

141

b

1.4. Ili1oTHOCTH

Ilnomunocmoro [1-4] nazvieaemcs macca eounuyvl 06vema eewecmea
(ne¢pmenpodykma, nepmu). Pazmeprocts B cucteme CU — kr/m’.

Ha mpakTuke daiie BCEro OMPEAeNSIFOT OTHOCHUTENBHYIO IJIOTHOCTb.
Ot1o0 6e3pa3zmepHasi BEIMUMUHA, MPEICTABIISIIONIAs cO00i OTHOILIEHUE IIOTHO-
ctu HepTenpoaykra rmpu 20 °C K MIOTHOCTH AUCTUIUTMPOBAHHOMN BOABI (3Ta-
nonnoe BerectBo) mpu 4 °C (p;’). YMHOKEHHEM 3HAYEHUS] OTHOCUTEIBHOM

3
1oTHOCTH Ha 1000 MOXXHO MOIYYUTH TNIOTHOCTH B KI/M™.



B CIIIA u Aurnuu cTanaapTHble TeMIlepaTyphl JUisl HeQTenpoayKTa u

BOJBI OAMHAKOBBL: ~15,56 °C (p%), TOrJa OTHOCHTENBHYIO IUIOTHOCTD

p:’ ompenensor mo Gopmyiie
20_ 15,56
Ps =P1556-07 - (1.10)
3aBMCHMOCTb TUIOTHOCTH He(TH U HE(TEMPOIYKTa OT TEMIIEPATYPhI OC-

HOBAaHA HA JIMHEHHOM 3aKOHE (C TOBBIIICHHEM TEMIIEPATyphl MX TUIOTHOCTH
CHIDKAETCS):

t_ 20
P4 = Px —}/-(t—20), (1.11)
rie P, — OTHOCHTENbHAS IIOTHOCTD IIPU TEMIIEPATYPE aHANIN3a;
p>’ — OTHOCHTENbHAS IIOTHOCTH Tipu 20 °C;

Y — CpenHss TeMreparypHas nornpaska mioTHocTH Ha 1 °C;

{ — Temneparypa, Ipyu KOTOpo NpoBOAUTCA aHanu3, °C.

3aBucuMocTs (1.11) cTporo crpaBeinBa B MHTEpBaJEe TEMIIEPATYp OT
0 no 50 °C gys HedTelt 1 HePTENPOIYKTOB, COEPIKALIUX OTHOCUTEIBLHO He-
OonpIIMe KOJTMYECTBA TBEPAOTO MapaduHa M apOMATHYECKUX YTIIEBOJOPO-
JIOB.

TemneparypHyto ONPaBKy pacCYUTHIBAIOT IO Gopmyiie

y=0,001828-0,00132-p>". (1.12)

3HavyeHus1 TeMIepaTypHoOu nonpaBku Aansl B [Ipu. 1.
[TnotHOCTH p, HEPTEenpoaykToB B npeaenax =20-250 °C MoxHO pac-

CUMTHIBATH 1O opmyde [1]

038, _50)- | —1200(p2 - 0,68)|

=1000p3° -
Py P4 pio 1000

(t-20) . (1.13)

Jnst HeTeil U TUCTUIUIATHBIX (PpaKUUi AOMYCKAETCS pacyeT IUIOTHO-
CTH IO CIEAYIOIUM (HOopMyJIaM:

P’ =2,037n3 —2,112 (st HedyTr), (1.14)
P30 =1,9851n2) —2,0666 (st bpaxiwmii), (1.15)

2
rje 1, — NoKasaTesb npeiomiuenus npu 20 °C.

3aBucuMocTh (1.15) pekoMmeHyeTcsi MPUMEHATh, €clii (Ppakiuu ma-
paduHO- HAQTEHOBOIO XapaKTepa U UMEKOT 3HadeHus 7, He Oonbmre 1,50, a

p:’— He Gonbure 0,38.



Jnst ppakiuii, oOoraieHHbIX apOMaTHYECKUMHU COSIUHEHUSIMU, CIIpa-
BEJIJIMBA 3aBUCUMOCTh

i =1,885n7 —0,8775. (1.16)

[To 3aBucumoctu (1.16) OTKIOHEHHE OT IKCIIEPUMEHTAIBHBIX 3HAYe-
HUM coctaBisieT He Ooiee 4 %.

bamtHUWHIIT npennoxkena ¢opmyia s pacdyeTa IUIOTHOCTH Y3KHX
HEe(DTAHBIX PpaKIuit

P’ =2,841n3 —3,468. (1.17)

W3 nepeunciieHHbIX QOpMyIN JUisl pacyeTa IJIOTHOCTA HAMOOJBIIYIO
toyHOCTh Aa€T hopmyna (1.17) bamHWUMHII (oTkiIOHEHUS OT AKCIIEpUMEH-
TajabHbIX 3HaueHui 0,5 %). Ota dopmyna BKIOUYEHA B YHUDUIIMPOBAHHYIO
porpamMmy UccieoBaHusl HeTu.

[110THOCTH XKMIKMX HE(MTENPOAYKTOB MPH BBICOKUX TEMIIEpaTypax
MOXHO ONpEAENUTh U T0 HoMorpammam (cm. [lpun. 2, 3, 4). YkazanHble HO-
MOIPaMMBbI JaIOT XOPOIIUE Pe3yabTaThl npu aasieHuu 1,5 Mlla.

Ilpumep. OnipenenuTh OTHOCUTEIBHYIO TUIOTHOCTD KUIAKON HEPTIHOM
¢dpakuuu nipu 100 °C, ecnu e€ pi* =0,811.

Pewenue. JIns storo Bocmosb3dyemcs rpadukom I[lpui. 2, KOTOpHIit
MO3BOJISIET TI0 U3BECTHOM TUIOTHOCTH HaTH Jto0Oyo apyrytro. Ha ocu abGcuuce
OTJIO)KHUM 3HaueHue 1miaoTtHoctu 0,811. M3 mosyyeHHOM TOYKM A BOCCTaHO-
BUM MEPHEHAUKYJSP A0 MEPECEUEHUS] C TOPU3OHTAIBIO, COOTBETCTBYIOIIEH
temriepatype 20 °C, mpu KOTOpO# ompeseneHa 3ajaHHas MIIOTHOCTh (TOYKa
B). U3 Touku B mapamnenbHo Onvkaiiiedl HaKJIOHHOM KPUBOM MPOBOIUM
JIMHUIO 10 TIEPECEUEHUsI C TOPU3OHTAJIbIO, COOTBETCTBYIOIIECH UCKOMOU TEM-
nepatype (touka C). OnmyctuB u3 Touku C nepneHAuKyIsp Ha OCh adCLUCC
(Touka JI), HaxoauMm TpeOyeMyto IoTHOCTh p'=0,755.

II;moTHOCTE ABISETCA AAAUTUBHBIM CBOWMCTBOM, IO3TOMY IIPU CMeEIIe-
HUU PA3JIMYHBIX HEPTEIPOIYKTOB IJIOTHOCTh CMECH, B 3aBUCUMOCTHU OT CIO-
co0a BBIpaKEHUSI €€ COCTaBa, OMPEEISIOT MO CISAYIONINM YPAaBHCHUSIM:

m

Pey = — 10 33JJaHHBIM MaccaM KOMIIOHCHTOB; (1.18)
Z(mi/ Pi)
1
= ———— — I10 MacCOBBIM JOJISIM; 1.19
Pey = va,- -p; — IO OOBEMHBIM JOJISIM. (1.20)



Ecnu cocTaB BBIPAKEH B MOJISIPHBIX JOJIIX, UX CIEAyeT BHa4ale repe-
CUMTATh B MACCOBBIE U 3aT€M HAWTH IIJIOTHOCTH CMECH.

IIpu Bceil TOUHOCTM pacyeTa SMIMPUYECKUE 3aBUCHUMOCTH, IOTYYEH-
HbI€ Ha Pa3JUYHOM CTaTUCTHYECKOM MaTepHualle, MEHEE TOYHBI, YEM DKCIIE-
puMeHTanbHble. M, Kak MNpaBWIo, UX NPHUMEHSIOT JUJIi OPHEHTHPOBOYHOMU
OLIEHKH TTOKa3aTeseil CBOMCTB HEPTH.

OKCIEPUMEHTANBHO IJIOTHOCTh HE(TH OINpPENessioT CTaHIapPTHBIMU
METO/IaMH: apeoMeTpoM (He(PTeIeHCUMETPOM), TUAPOCTATUYECKUMU BECAMU
Becrdanga-Mopa u nukHomerpom. Hanbonee TOUHBIM SIBIISIETCA MUKHOMET-
puYecKuii MeToA. /sl 3KCIpeccHOro ONpeneaeH sl INIOTHOCTH UCTIOIb3YETC s
apeoMeTp.

3agaun

1. OnpenenuTs OTHOCUTENBbHYIO IUIOTHOCTh HeTenpoaykra npu 250
°C, ecnu ero p =0,800; K=11,5.

2. Hed1p Haxomutes B pesepByape npu temmneparype 12 °C. Omnpene-
JIUTH €€ OTHOCUTENbHYIO MNIOTHOCTh B IAaHHBIX YCIIOBUSIX, €CITU pio =0,8675.

3. OnpeaenuTh OTHOCUTENBHYIO IUNIOTHOCTh CMECH, cocTosien u3 250
Kr GeH3MHa TIOTHOCTBIO p; =0,756 u 375 KI' KepoCHHA IUIOTHOCTHIO
p3’ =0,826.

4. Tlpu nepekauke HedTH M0 HEPTENPOBOLY €€ TeMIiepaTypa U3MeHs-
ercs oT 8 no 15 °C. HaliTu OTHOCHUTENIbHYIO INIOTHOCTh B HAYaJIbHON U KO-

HEYHOW TOUYKaX TPAHCHOPTUPOBKH, €CIU €€ pio =0,851.

5. OmpenenuTh IUIOTHOCTH CMECH cliefyroniero cocraa (B 00. %):
25 OeH3uHa (pio =0,756), 15 murpouna (p’=0,785) u 60 KepocuHa
(3" =0,837).

6. Hedth 3akavanu B pesepByap npu temmeparype 15 °C; mioTHOCTb

(ompenenena nencumerpom) coctaBuia 0,845. Uepe3 cyTku temmeparypa
He(dtr nogHsiack a0 25 °C. Onpenenuts €€ MIOTHOCTh MPU 3TOM TemIepa-

Type.
7. NuzensHas gpaxuus 180-230 °C Ha BhIXOJE M3 XOJOAWIbHUKA aT-

MochepHo-BakyymMHou TpyOuaTtku (ABT) umeer temneparypy 30 °C. Haiitu
€€ OTHOCUTEJIbHYIO TUIOTHOCTH MPU 3TOW TEMIIEPATYpE, €CIIN pio =0,8364.

8. Cmechb cocrout u3 60 Kr H-eHTaHa, 50 kr H-TekcaHa W 25 KT H-
rentada. OmpenenuTs CPEIHIOK IUIOTHOCTh CMECH, ©CIH JUIsl H-TIeHTaHa

pio =0,6262, H-TeKcaHa pio =0,6594, n-renrana pﬁo =0,6838.



9. Camotiopckas HeTh MMeeT IIOTHOCTH 852.5 kr/M mpu 20 °C.

. 6
OnpenenuTs €€ OTHOCUTENBHYIO IIIOTHOCTh p%g’g@

10. [TnotHOCTH KEepocuHoBoro auctuiuiaTa (bpakuus 120-230 °C) npu

temmeparype 27 °C paua 805 kr/m’. Haiitn pigzgg.

11. Bersurosas dpakius (p;° = 0,7486 ) HarpeBaercs B TEIIOOOMEHHH-
ke ot 30 no 52 °C. Onpenenutb W3MEHEHUE OTHOCUTEIBHOM TJIOTHOCTH 3TOM

bpaxiuu.
12. Cpenusisi MOJIEKyJIsIpHAsl TeMIIepaTypa KUATIEHUS JIETKON HePTSIHON

bpakuuu paBHa 97 °C, xapakrepuctuyeckuii paktop — 12,3. Onpenenuts eé
OTHOCHTEJBHYIO TUIOTHOCTH P .

13. Temmepatypa 50 %-ro otrona Hedtenpoaykta paBHa 145 °C.
Haiitu ero pg:gg , ecim K=11,3.

14. Ma3yt Bbixonut u3 kojioHH K-2 atmocdepnoit Tpyouarku (AT) ¢
temneparypoit 330 °C. OnpenenuTts €ro ImIOTHOCTh IIPU ATOM TEMIIEpATypeE,
ecim m3BecTHBI g =0,9611 K=10,1.

15. JInsg npoBeneHrs UCHBITAaHWA NPUTOTOBHIIM NMPoOy O€H3HHa, CO-
CTOSIIYIO W3 5 KT TIPSIMOTOHHOM OCH3MHOBOW (pakiiuu (pi0 =0,7369) u 15

2
KI' OCH3MHA KaTaJTUTUYECKOTO KpPEeKUHTa (p40 =0,7623). Onpenenutbs OTHO-

CHTENBHYIO IIIOTHOCTH ( ;) TIOMy4eHHOH CMECH.

16. ApomaTu4ecKkuii KOHUEHTPAT MPEACTABIAET COOOM CMECh, COCTO-
auryto u3 120 kr 6ensona, 75 kr Toayona u 25 xr stunOen3ona. Haittu mac-
COBBIU
Y MOJIBHBIN COCTaB CMECH.

17. Ilpuponssiii ra3 CeBEPHOr0 MECTOPOKIAEHUS COCTOUT U3 CIIENYIO-
IUX KOMIOHEHTOB (B 00heMHBIX mporeHTax): CHy — 96,8; C,Hg — 0,9; C3Hg
- 0.4;
CsHip—0,3; N, — 1,0; CO, — 0,6. HaliT MaccOBBIii COCTaB CMECH.

18. lana cmech JOBYX Y3KHX OEH3MHOBBIX (pakluii CaMOTIOPCKOU
HedTU:

TemmepaTypa BbIKUIIAHUSA MonekynsapHas macca MaccoBoe coaeprkanue,
dbpakun, °C %
105-120 103 30
120-140 112 70

HaiiTu cpenHioo MONEKYJISIPHYIO TEMIIEpaTypy KUIIEHUSI CMECH.
19. meetcst cMech IBYX HEPTSIHBIX (DpaKIIMiA:
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TemnepaTypa BbIKMIIAHUS Momnspnas macca, | [InmotHocTs p, | MosbHas noius
¢dpaxuuu, °C KI/KMOJIb KT/M:
180-210 168 806 0,34
210-230 182 833 0,68

HaiitTn 00beMHBIN COCTAaB M CPEIHIO MOJIEKYJISPHYIO TEMIIEpaTypy
KHUIICHUS] CMECH.

1.5. MoaexkyJasipuass macca

3HaueHUs] MOJEKYJISIPHOW MAacChl UCHOJIb3YIOT B TE€XHOJOTMYECKUX U
TEIUIOBBIX pacyeTax, NpH OMNPENEICHUU CTPYKTYpHO-TPYNIIOBOTO COCTaBa
HEe(PTAHBIX PpaKIIUA.

Heobxoanmo paznuuath 0e3pa3MEpHYI0 BETUYUHY — OTHOCUTENBHYIO
MOJIEKYJIIPHYIO MAaccy U pa3MEpHYI0 BEIMYHMHY — MOJISIPHYIO Maccy (B CH-
creme CU, kr/kmonb). YUnclieHHbIE 3HAaYeHHs] OTHOCUTEITLHON MOJIEKYJISIPHON
Macchbl 1 MOJIIPHOM Macchl COBIAAAOT.

st HedTr M HeTENPOAYKTa ONPEACIAIOT CPEIHIOI MOJCKYJISPHYIO
Maccy COEIMHEHUH, BXOAAIUX B UX COCTaB, OMPENEIAIOT €€ I100 dKCIepH-
MEHTaJIbHO, TUOO0 PAaCUETOM IO SIMIUPUYECKUM 3aBUCUMOCTSIM.

MonekyssipHas Macca yBEJIMYUBAETCS C MOBBIIIEHUEM TEMIIEPaTypbl KH-
neHust HeQTAHOM (pakimy. ITa 3aBUCUMOCTbD JIEKUT B OCHOBE (hopMyJibl b. M.
Bownnosa

M =a+s6lg, +ctg, (1.21)

rae M — monekyJisipHas Macca,
a, 6, c — KOHCTAHTBI, pa3jIMYHbIC I KaKI0r0 Kilacca yrileBOAOpPOI0B;

tep — CPElHss MOJIEKYJISIpHasl TeMIlepaTypa KUIEeHUs He(TelnpomyKra,
°C
s mapaduHOBBIX (Ppakiuii 3Ta popMysia UMeeT BUT

M =60+ 0,3, +0,001z,. (1.22)
C y4eToM XMMHUYECKOTO cocTaBa HEPTAHOM dpakiuu

M = (7K -21,5)+(0,76 - 0,04K )z, +(0,0003K —0,00245) 12 , (1.23)

rae K — xapakrepuctudeckuid pakTop, paccuntbiBaeMblil o Gopmyiie (1.2)

K = 1,216-2 Tcp.Mon.

15,56
Pi15,56
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3HaYeHUEe XapaKTepUCTUIECKOro (pakTopa OOBIYHO KOJIEOJETCS B Mpe-
nenax 10,0-12,5.

Monexkynspayto Maccy y3kux 10-rpaaycHbIX (Ppakiivii CEpHHCTBIX U
BBICOKOCEPHHUCTHIX HE(DTEH BBIYHUCIISIOT 110 (hopMyIie

M = (160 - 5K ) - 0,075¢,, +0,000156K -2, . (1.24)

Bo BHUUMHII gyst pacuera MonekysipHON Macchl He(TAHBIX (pakuuit
Ha OBM wucnonsizyercs Gpopmyia

M =KClp, (1.25)

r1€ p — OTHOCUTEIbHAS IUIOTHOCTH (hpakumu npu 15,56 °C;

C=1216T;

T — cpennss remneparypa kunenus ppakuuu, K;

K =0,02523-1,944¢, eciu C < 10, 1. e. CpeIHss TeMrepaTypa Kure-
Hus ¢pakiun He npesbiaet 280 °C;

K =0,02523-1,944%/[1+0,6(p-0,85)-(C -10) ],

ecu C> 10, T. e. cpenHsiss Temneparypa kureHus ppaxuun Boime 280 °C. Pac-
XOXKICHHUE Pe3yIbTaToB pacyeTa 1o dopmyse (1.25) 1 MeTogoM KpHUOCKOIIUY B
HadTauHe He mpeBbimaeT 5 % (IKCIEPUMEHTAIBHO MOJIEKYJIIPHYIO Maccy
HeTH U HePTENPOAYKTa ONMPEACIIIOT METOAOM KPHOCKOITUU ¢ OCH30JI0M HJTU
HaTATMHOM).

Ilpumep. B kauecTBe ChIpbsl KaTaJTUTHUECKOrO pudOpMHHTa IS TO-
JTy4YEeHHs] KCHIIOJIOB MCIONb3yeTcs y3kasa 6ensuHoBast (pakuus 120-140 °C ¢
WI0THOCTBIO p; = 0,7513.U3BecTHO conepxkanue (B MOJBHBIX JOJSAX) B Chi-
pbe S-rpaaycHbix dpaxmmit: 120-125°C — 0,20; 125-130 °C - 0,24; 130-135°C —
0,30; 135-140°C — 0,26. Haiitu cpeaHIOI0 MOJIEKYJISIPHYIO MAcCy ChIPbSI.

Pewenue. 1. Omnpegensem cpeanee apupMETHYECKUE TEMIEPATYpPhI
KUTICHUS 5-TpalyCHBIX (hpaKIIUiA:

tl:%:m,s‘)c; t,=127,5C; £,=132,5°C; #,=137,5°C.

2. Haxoaum cpeHIO MOJEKYIISIPHYIO TEMIEpaTypy KUIEHUS ChIPbs

topmon, = D Xyil = 0,20-122,5+0,24-127,5+0,30-132,5+0,26-137,5=130,6 °C

1

3. Iepecunraem p.’ Ha pigjgg o gopmye (1.10)
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pisse =0,7513+5-0,000831=0,7554.
4. Onpenenum xapaktepuctudeckuit haktop mo popmyse (1.2)

K 1,2163/130,6+273
0,7554

=11,9.

5. PaccuuTaem cpeliHIO MOJIEKYJISIpHYIO Maccy 1o ¢opmyde (1.23)
M=(7-11,9-2,15) + (0,76-0,04 -1 1,9)130,6 + (0,0003 -1 1,9-0,00245) . (130,6)2

=117,99~118 (J'II/I6O 118 xr/kMOB — MOTISIPHAS Macca).

3aBUCHUMOCTh MEXIy MOJIEKYJSPHOW Maccod U MIOTHOCTHIO MOKHO BBIpa-
3uth hopmynoi Kpara
15,56
44.,29p,5756
M=————F%=. (1.26)
1 03_ 5,56
»U2-P15,56

MonekyaspHy0 Maccy CMECH PACCUMTBIBAIOT I10 MPABUILY aJIUTUBHO-
CTH, UCXOJISl U3 U3BECTHOI'O COCTABA U MOJIEKYJISIPHBIX MACC KOMIIOHEHTOB:

M=> M.y Mo (1.27)

Z(xi/Mi).

Ilpumep. Cmemanu 27 xr macnsinoit ppakiuu [ (pﬁo =0,8647) u 63 kr
macisiHol ¢pakuuu 11 (p3° =0,8795). Onpenenurs MOJNEKYISIPHYIO Maccy

CMCCH.

Pewenue. 1. Haxoaum II0THOCTB p o

15,56

s hpakiuu I
p1236=0,8647+5-0,000686=0,8681

s hpakiuu 11
p!330-0 8795+50,000673=0,8829

2. Ilo dopmyne (1.26) ompenenuM MOJEKYJISIPHYIO MacCy KaKIou
bpakuuu:

_A29-08681 0 o 4429-08829 ) o
1,03-0,8681 1,03-0,8829

) .
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3. OnpenenseM MacCoBbIE 107U (PpaKIHiA:

27 .. 63
27+63

g 2763

b 50

4. Haxonum MoJIeKyJIsipHYIO Maccy cmecu (1.27)

1
M= 03 . 0.7 =256,6 KI/KMOJIb.

237,5 265,8

3agaum

20. OmpenenuTh MOJICKYJIAPHYIO Maccy HeDTSHBIX (Ppakiuii, cpeaHsis
temneparypa kunenus kotopbix 110, 130 u 150 °C.

21. KOMIIOHEHT AU3€TbHOIO TOIIMBA UMEET CPEIHIOI MOJIEKYJIPHYIO
temriepatypy kurenus 274 °C, ero xapakrepuctuueckuii ¢akrop 10,8. Pac-
CUUTATh MOJIEKYJISIPHYIO MacCy KOMIIOHEHTA.

22. OnpenenuTh CPEIHIO MOJEKYISIPHYIO Maccy y3KoW (pakiuu
IPSAMOM IIEPETOHKH IIOTHOCTBIO p{§j§2=0,758.

23. ben3un — pactBopurenb bP-1 «[anoma» xapakrepusyercs
tepmon =97 °C 1 K=12,5. KakoBa ero monekyispHas macca?

24. OnpenenuTb CPeIHIO MOJIEKYJISIPHYIO Maccy IIMPOKON (PpaKiuu,
cocrosmeit u3 20 % 6enszuna ¢ M=110, 40 % murpouna ¢ M=150, 20 % xe-
pocuHa
¢ M=20 u 20 % razoiunsa ¢ M=250.

25. OmnpenenuTh CpPeIHION MOJEKYJSIPHYIO MacCcy He(TernpoayKTa,
MMEIOIIEro TIOTHOCTE P, =0,856.

1.6. Bsa3kocth

BsizkocTh ucnonib3yercs mpH MojcyeTe 3anacoB HeTH, BbIOOpa CIIo-
co0a TpaHCTIOpTa U CXEeMbI IEpepabOTKU HEYTHU, B XUMMOTOJIOTUH.

Paznuyaror TMHaMUYECKYI0, KHHEMATHYECKYIO U YCIOBHYIO BSI3KOCTb.

JlnHamuyeckast BSI3KOCTb 1] — 3TO OTHOLIEHHUE JCHCTBYIOLIETO KacaTellb-
HOTO HAMpPSHKEHUS K TPAJUEHTY CKOPOCTH TPU 3aJIaHHOW TeMIiepatype (B cUcTe-
Me CU —Ila-c, Ha mpakTHKe MUJUTMIIACKaIb ceKyHa, Mlla-c).

Omnpenensiercs o ¢popmyse [lyazeitns
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n=nP - r*v/8VL, (1.28)

rne P — naBnenue, npu KOTOPOM MPOUCXOJUT UCTEUECHUE JKUIKOCTU U3 Ka-
NWUISIpa;

V — 00beM KUAKOCTH, MPOTEKAIOIIEH Yyepe3 Kamuiuisp;

T — BpeMsl UCTEUEHUS KUIKOCTH B 00BEME;

L — nnvHa Kanuuisipa,

7 — paguyc Kanuuispa.

Bennuuna, obpatHas AMHAMHYECKOW BSI3KOCTH, HA3bIBACTCS TEKyue-
CTBIO.

B TexHoormyecknx pacu€rax 4aiie MCIOIb3yeTCs KMHEMaThyecKas
BSI3KOCTh V. DTO OTHOIIEHUE JTUHAMUYECKON BSI3KOCTH >KUIAKOCTH K IJIOTHO-
CTH IIPU TOM K€ TeMmepaType:

| KT

v=n/p, [v=—M-C=1p?/c] (1.29)
M
(M°/c; MM*/c — cooTBeTcTBYeT lccT).

JI1s XapakTepUCTUKH BSI3KMX HEPTENPOIYKTOB OMPENEISAIOT YCIOBHYIO
Bs3koCTh (BY). OHa BhIpakaeTcsi OTHOLIIEHHEM BpPEMEHU UCTeYeHUs: HedTe-
MPOAYKTa MPH 33JJaHHOU TemIepaType KO BPEMEHH MCTEYEHUS TaKOro K€ KO-
JMYeCcTBa TUCTHITMpoBaHHOM BoJibl ipu 20 °C. Enunuiia uaMepeHus — yciaoB-
HbIe rpaaychl (°BY).

HeobxoaumocTh onpenenenns KHHEMAaTHYECKON U YCIIOBHOM BA3KOCTH
CBS3aHA C TEXHUYECKUMH TPYAHOCTSIMU ONPEACIICHUS] TMHAMUYECKOU BSI3KO-
ctu (1) [TpedyeTcs UCTOYHUK MOCTOSTHHOTO JTABJICHUS HA KUIKOCTh, CIOXK-
HOCTb BOCIIPOU3BEACHHUS U T. 1.].

B metone onpeneneHus KHHEMAaTUYECKOM BSI3KOCTH BMECTO IMOCTOSIH-
HOTO JIaBJieHUs (BHEIIHEW CUJIbl) UCIIONB3YETCs JaBJIeHUE CTOI0a KUIKOCTH,
KOTOpOE€ PaBHO MPOU3BEICHUIO BBICOTHI CTOJI0A KUAKOCTH, €€ TUIOTHOCTH U
YCKOPEHHS CUJIbI TSDKECTH. [ 3TOM 1eNM MCHOJNB3YIOTCS CTEKIISIHHBIE Ka-
MUJUISIPHBIE BUCKO3UMETPHI.

KuneMatnueckyto BSI3KOCTh ONPENENSAIOT JJIS JU3EIbHBIX TOIUIUB U
CMa304HbIX Macesl (HbFOTOHOBCKUE KUJIKOCTH).

JIluHAMUYECKYIO0 BSI3KOCTH MPUPOJHBIX OUTYMOB, TSDKETBIX HedTel u
HEe(PTENPOAYKTOB (HEHBIOTOHOBCKHE >KUIKOCTH) OIPEACTSIOT B POTALUOH-
HBIX BUCKO3UMETpPAX.

B CHI" Hedtn moapasienstoT Ha TpU Kilacca 10 JUHAMUYECKOM BS3KO-
CTH

B IJIACTOBBIX YCIOBUsIX: ¢ Mayion (<5 wmlla-c), moBermennoit (5—-30 mlla-c) u
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BbIcOKOU (>30mlla-c) BsI3kocThIO. BepxHuii npenen BA3KOCTU — BBICOKOBSA3-
ke Hegtu — 10000 mlTa-c.

CornacHo yHMGUUIHMPOBAHHOW MpOrpaMMe MCCleOBaHus 1Jsi HedTei
OTIPEIEIISIIOT KHHEMAaTUYECKYI0 (MJIM JUHAMUYECKYI0) BSI3KOCTb IPH TEMIIe-
paTypax oT
0 10 50 °C (uepe3 10 °C). Jlnsg manoBs3kux HedTel onpeae/icHHe HAUMHAIOT
¢ munyc 20 °C. Il KEepOCHUHOBBIX JTUCTHILIATOB OMNPEAEIAIOT KHHEMAaTH4e-
ckyto BaskocTh npu 20 u munyc 40 °C. lna auzensHbix — npu 20 °C, mis
Macinsaabix — nipu 40, 50 u 100 °C. [Ins octaTkoB, BhIKMNAKOMKX Bbiie 350
°C, onpenensitoT yclIoBHYI0 Ba3kocTh npu 50, 80 u 100 °C.

C moHmXeHueM TeMIiepaTypbl BHICOKOBSI3KME HEPTH, MPUPOJHbIE Ou-
TYMBI
U OCTaTOYHbIE HEPTENPOAYKThI (Ma3yT, TYAPOH) MOTYT IPOSBIATH aHOMA-
JIMIO BSI3KOCTU (TaK Ha3blBaeMasi CTPYKTYpHas BS3KOCTb). [IpuunHa CTpyk-
TYpHOU BSI3KOCTH OOBSACHSETCS HAJIUYUEM CMOJIMCTO-ac(aabTEHOBBIX BE-
HIECTB W MapaduHOB, MPU 3TOM UX TEUEHHE MepecTaéT ObITh MPOMOPIHO-
HaJIbHBIM MPWIOKECHHOMY HANpPSDKEHHIO, T. €. HE(PTU CTAHOBATCS HEHBIOTO-
HOBCKHMH.

Ycunne, Heo0X0quMoe ISl pa3pylIeHUs] HAMOJIEKYJIIPHOU CTPYKTY-
Pbl HEHBIOTOHOBCKHX JKHMJIKOCTEH, Ha3bIBACTCS NPeOesiom YRpy20Cmu.

Jlns ompeneneHuss KUHEMATHYECKOW BA3KOCTH MCHOJB3YIOT HOMO-
rpaMMBbl 3aBUCHMOCTH BSI3KOCTH OT TemriepaTypsbl (cm. Ipwi. 5-7) n smmu-
puueckue GOpMyIbl, Tak Ui y3KUX HEPTSIHBIX (Ppakuuil e€ MOXKHO paccyu-
THIBATh 110 3aBUCUMOCTU Banprepa:

Iglg(v+0,8)=2,96(3,696 —1gT)-(1+ £, /100) — 4,763, (1.30)

rle  V — BA3KOCTb [IPU 3aJaHHOI TeMIepaType, MM°/c;

b, — CPENIHSISL TEMITEpaTypa kuneHus ppaxuuu, °C;

T — remneparypa, K.

Jlnst mpsAMOTOHHBIX (pakiuil (KepOCHUHOBAs, U3€NIbHAs, Ta30MsIeBas)
C IJIOTHOCTBHIO pi0=0,77-0,90, CEPHUCTBHIX M BBHICOKOCEPHUCTHIX He(TEH KHU-

HCMATHUYCCKYIO BA3KOCTb MOXHO BBIYUCIIMTD 110 (bOpMYJ'IaM

Inln(v,,+0,5)=14,83p3’-12,035 (1.31)
Inln(vsy+0,35)=17,25p3"-14,535; (1.32)

VYcenosuyto BsazkocTh npu 80 u 100 °C npsIMOTOHHBIX OCTaTKOB C IJIOT-
HOCTBIO pio =0,94 + 0,99 paccuuTsiBatroT 0 PopMysIam

16



InBY 4,=37,82p3"-34,06; (1.33)
InBY,,,=33,68p;°-30,81. (1.34)

Hcnonp3yst npubInKeHHbIE 3aBUCIMOCTH, MOXKHO MEPEBECTH KMHEMa-
TUYECKYIO BSI3KOCTh HEPTEPOAYKTOB B IPaayChl yCIOBHON BA3KOCTH:
st v =1+120 Mm*/c v, =7,31BY, -6,31/BY,;

(1.35)

s v>120 Mm*/c v,=7,4BY, wm BY,=0,135-v,. (1.36)
Wnu 1m1st 9TOM ey UCTIONIb3YIOT TaONHIIBI TIEpeBOa KHHEMATHUECKON BS3-
kocTH (MM7/c) B ycoBHy0 (°BY) (cm. Ipui. 8).

Ilpumep. YcnoBHas BS3KoCTh MacisiHoi ¢pakiuu mipu 100 u 50 °C
cooTBeTcTBEHHO 2,6 1 20 °BY. Onpenenuth €€ yCcIoBHYIO BA3KOCTb mpu 70
°C.

Pewenue. JIns Hax0oxaAeHUS UCKOMOM BSI3KOCTH Ha rpaduke I[Tpum. 5
onpenenseM noyoxenue Touek ¢ koopaunatamu 100 °C; 2,6 °BY u 50 °C; 20
°BY. Uepes naiinennsle Touku A u B nmpoBogum npsmyro. Ha ocu abcumce
HAaXOJUM TOYKY, cOOTBETCTBYIOIYyO 70 °C, M3 KOTOPOHM BOCCTaHABIMBAEM
NEPIEHINKYJIAp 10 nepeceyenus ¢ npsmoit AB. Ilomydaem Touky C. U3 aTon
TOYKH MPOBOJIUM FOPU30HTAIIH JI0 IEPECEUEHHUS CO IIKAION YCIOBHOM BSI3KO-
ctu. [Tonyyaem 3nauenue ycnoBHou Baskoctu npu 70 °C: BY;=7,1.

KauecTBO mMacen 3aBHCUT OT CTENEHM M3MEHEHHUS €ro CBOWCTB C IO-
BBILIEHUEM TeMIepaTypbl U JaBiieHHs. OUeHKa BA3KOCTHO-TEMIIEPATYPHBIX
CBOICTB MPOMU3BOAUTCS MO MOKa3aTento uHAeKca Bi3koctu — B (yciaoBHas
KOHCTaHTAa), KOTOPbIH ONpenenstoT 1o Homorpammam (cm. Ilpun. 6), no us-
BECTHBIM 3HAYEHUSM KHHEMAaTHYECKOW BSI3KOCTU IPHU JBYX TEMIIEpaTypax
(IpUHATO OTHOIIEHUE KWHEMaTu4deckou Bs3KocTH npu 50 °C kK KuHeMaTuye-
ckoii ipu 100 °C).

Ilpumep. Bsskocts motopHoro macia npu 100 °C cocrasmser 10,5
mm/c,
aipu 50 °C — 59 MMm2/c. Onpenenuts UHIEKC BA3KOCTH Macia.

Pewenue. Ha opiuHaTHBIX OCSIX BS3KOCTH U Temneparypsl (cm. [Tpu.
6) OTMETUM TOYKH, COOTBETCTBYIOIIME BEJIUYMHAM V100:10,5MM2/C u =100
°C
U IPOBEAEM 4Yepe3 HUX NPSIMYIO JMHUIO. BTOPYIO JIMHUIO NMPOBEIEM Uepes
JBE JPyTHe TOUKH: V5o=59 MM/c 1 =50 °C. Touka mepecedeHns AByX mps-
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MBbIX OyJeT HaxOJWUThCS Ha KpuBOM, oOo3zHaueHHou 100. CrnemoBaTenbHO,
nHaekc Ba3koctu Macia UB=100.

UeM MeHbIIIe MEHSIETCSl BSI3KOCTh Macja ¢ U3MEHEHUEM TeMIIepaTyphl,
TeM 00JIee KaueCTBEHHBIM OHO CUMTAETCH.

C NOBBIIIEHUEM JIaBJIICHUS BSI3KOCThH KUJIKOCTH BO3pactaeT: 10 24,5
MlIa-
MOYTH TMPSAMOIPONOPIIMOHAIBHO, a 3aTeM OoJiee ObIcTpo. [Ipu HEBBICOKHX

JABICHUAX BA3KOCTS (V},) JKUAKHUX IMPOLYKTOB MOKHO BBIYHCIIUTH IO (hopMy-
ne [4]

N,=No (1+aP), (1.37)

rgpe 1, — AMHaMH4eCKasd BA3KOCTb IIPpHU aTMOC(l)GpHOM JaBJICHHUH,

P — u30pITOYHOE HaBieHue, I1a;

a — noctossHHas, ~0,001.

Jl1st pacdeToB ycloBHO NMpuHUMAKOT, 4to 10 4MIla BsizkocTh HedTe-
MIPOAYKTOB HE 3aBUCUT OT JABJICHUS.

Bs3zkocTh cMmecel KUAKOCTH HE MOJUUHSETCS MPaBUILy AIIUTUBHOCTH.
Haubonee TouHbIE pe3ynbTaThl BA3KOCTH AAET 3KCHEPUMEHTAIBHOE €€ Onpee-
JICHHE.

Jlisa mpuONMM>KEHHOM OLIEHKH BSI3KOCTH, KaK y>Ke ObUIO CKa3aHO BHIIIIE,
UCIIOJIB3YIOTCSL SMIUpHUUYECKHe (POpMYJIbI U HOMOTpaMMbl. B mpakTuke yacto
ucnosb3yercss Homorpamma (cM. [lpun. 7), kotopas mMoO3BOISET ONPENETUTh
BA3KOCTh CMECH JBYX HE(TENPOAYKTOB PA3IMUYHON BSI3KOCTH B OIpPEAEIICH-
HBIX OTHOILICHMSX MPHU JTaHHOW TEMIIEPAType, a TAKKE OMPEHEIUTh COOTHO-
HIEHUE KOMIIOHEHTOB
B CMECH ISl MOJYyYEHUS MPOAYKTA 3aJaHHOM BSI3KOCTH MPU JAHHOW TeMIle-

parype.

Ipumep. Cumech cocTaBieHa u3 kommoHenta A (15=12,5MM7c) u B
(vs=60MM7/c). OTIpeeITHTb:

a) BA3KOCTh cMecH, coctosied u3 40 % xommnoneHnta A u 60 % kommo-
HeHTa B (110 00bemy);

0) COOTHOILIEHHE B CMECH KOMIIOHEHTOB A U B, npu KOTOpOM KHHEMa-
THYECKas BSI3KOCTD Vsg=39 MM’/C.

Pewenue. Ha xoopnunaTtax ocu Homorpammsl (cm. Ipui. 7), cooTBeT-
ctBytomux 100 % kommnonenta A u 100 % xommnonenra B, oTiioxkum 3Haue-
HHE BA3KOCTH 12,5 1 60 M°/C U COCAMHUM MOIyYCHHbIC TOUKU /1 U 1 PSIMOi
nuHuen. [Ipsmas mn xapakTepusyeT BSI3KOCTb CMECH B 3aBUCUMOCTH OT CO-
OTHOILICHHS] KOMIIOHEHTOB. /{711 OTBETa HA MEPBBIM BONPOC U3 TOUYKU HA OCH
abcuucce, oTBevaromieit cocraby cmecu (40 % A u 60 % B), BoccTaHOBUM
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MEePICHAUKYJISIP 10 NepecedeHus ¢ npsiMoil mn. OpAauHaTa TOUYKHU IMepeceye-
HHS JAaCT 3HaUCHHE KHHEMaTUUCCKOM BI3KOCTH JJAHHOM cMecH Vs=29,5 Mm2/c
(Ha HOMOTpaMMe — CIUTOIIHASL JTUHUSA).

s orBeTa Ha BTOPOW BOIIPOC HA OCU OpAMHAT OIPEHEIAEM TOYKY C
KHHEMATHYECKOH BSI3KOCTBIO V50=39 MM’/C U depe3 IpSIMYIO M IPOSLHPYEM
e€ Ha och adcuucc. [lomyyaem cooTHomeHHe KOMIIOHEHTOB A-25 % u B-75
% (TTyHKTUpHAs JIMHUS).

3agaum

26. MacnsHas ppaxiust umeeT yciaoBHY0 Bsa3kocTh npu 40 u 60 °C co-
orBeTcTBeHHO 5,24 u 3,81. Paccuutath, noias3yscek dhopmynoi (1.36), kune-
MATHYECKYIO BA3KOCTb 3TOH (DPaKIHK B M/C IIPU TEX Ke TeMIePaTypax.

27. @pakmus 240-350 °C cobonuHOi HEPTH UMEET KHHEMATUYECKYIO
BSI3KOCTB 150=8,4 MMY/c U 15=3,6 mm*/c. Haiitu KMHEMATUYECKYI0 U yCJIOB-
HYIO BSI3KOCTh 3TOM dpakiuu mpu 70 °C.

28. Kunemarnueckass BI3KOCTh KOMIIOHEHTA AU3EJILHOIO TOIUIMBA MPHU
20 °C paBHa 5,6 Mm’/c, a ipu 50 °C — 2,6 mm*/c. OnpenenuTs KHHeMaTHde-
ckyto Bs3kocTh npu 0 °C.

29. JI€rkuid NpsIMOTOHHBIA MACJSHBIA JTUCTUIUIAT XapaKTepU3yeTcs
CJIETyIONTUMU BSI3KOCTHBIMU TMOKa3aTesIMu: Vso=14,5 MMY/C U Vigp=3,9 MMm7/c.
OnpenenuTh UHIEKC BA3KOCTH TUCTUILIATA.

30. Haittu Bsi3kocTh cmecH, coctosie u3 30 % (oO0beMHBIX) Macia
BsA3KOCThIO BY,=6,5 u 70 % Mmacna Bsa3kocTbio BY,;=3,5.

31. lns mpuroToBIEHUS CMECH B3sThI 0a30Bble Macia M-8 (100=8
MM>/c)

1 M-14 (vi=14 mm*/c). HaifTn BA3KOCTH CMECH IIPH TOIl ke TeMIepaType,
€CJIM COOTHOLIEHUE KOMITOHEHTOB 1:1 110 00bEMY.

32. Cmech coctout u3 70 % wmacmsHoit ¢pakuun 1 (15=14,5-10"
MM?/C)

1 30 % wmacmstHoit ppakmmn 11 (v5=55-10° wmm*/c). OnpenenuTs BI3KOCTH
cmecu nipu 50 °C.

33. B KakOoM COOTHOLIEHHH HEOOXOJIMMO CMEIIaTh Maciia YCIOBHOMU
B3KOoCTH BY,=16 u BY,=7,5, 4T00B MONXYy4YUTh MacjiO C BSI3KOCTHIO
Byz():l 1 .

34. ITpuroroBuiu cMech U3 35 % macnsiHoro norona I u 65 % macns-
Horo norona II. Bs3kocte morona I v5=12,5 MM/c U Vioo=3,5 MMz/C, BSI3-
kocth morona 11 14=28,5 Mm’/c. ONpenenTh KHHEMATHYECKYIO BA3KOCTH
cmecu mipu 40 °C.
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35. Kunemarudeckasi BSI3KOCTh CMECH JIBYX MACIISIHBIX JTUCTWILISTOB V5=35
MM?/C, BI3KOCTb KQXKIOTO M3 HUX cooTBeTcTBeHHO 20 1 45 MM*/c. KakoBo co-
OTHOILICHHE MEXAY TUCTUIISATAMU B CMECH?

36. YcnoBHas Bs3kocTh cypaxaHckoil Hedtu npu 50 °C paBna 1,63.
OnpenenuTh KUHEMaTUYECKYI0 U JTUHAMUYECKYIO BSI3KOCTh HE(TU TIPU TOU
e TeMIlepaType, €CIIM TUIOTHOCTh e€ p=879 Kr/M.

1.7. JaBJieHNe HACBIIIEHHBIX MAPOB

JaBnenne HacwimeHHbIX napoB ([IHII) — aTo maBneHue, NMpou3BOaM-
MoO€e TMapoBoil (ha3oii, KOTOpasi HAXOAMUTCS B PABHOBECUM C >KUJIKOCTBIO IMPHU
onpeneneHHon temneparype. JAHII — onuH U3 BakHEWIIMX ITapaMeTPOB Iie-
PErOHKH, PEeKTU(PUKALIMU, HA OCHOBE KOTOPOI'O NMPOU3BOJIUTCS MEPECUET TEM-
nepatyp KUIEeHHUs ¢ OJHOTO JAaBJICHUS Ha PYTroe; sBIseTcs 0a30BOM BEIHYU-
HOM JJIs1 OIpesielIeHns] KOHCTaHT ()a30BOT0 paBHOBECHs. 3HAUCHHE JABJICHUS
HACBIIICHHBIX MAapOB 3aJ0XEHO B HOPMAax Ha KayecTBO OCH3WMHA U JAPYTUX
HE(PTENPOAYKTOB.

JlaBieHre HACBHIIICHHBIX ApOB HEPTH U HEPTETPOTYKTOB 3aBUCUT HE
TOJIBKO OT TeMIeparypbl (KaK B cllydyae ¢ MHAMBUAYaJbHBIM YUCTBHIM BEIlle-
CTBOM), HO M OT COCTaBa MapoOBOM U KUAKOHN (a3 U UX COOTHOLLEHUS.

[Ipn mpoBeneHUM NPAKTUYECKUX PACUETOB UCXOIAT M3 JOMYIICHUS:
TSl y3KOU HePTsHOHN (dpaKIMu COCTaB MapOBOM M KUIKOM (a3 mpu ucnape-
HUHU CYILIECTBEHHO HE MEHSETCS, T. €. IABJICHUE HACBIIIECHHBIX [TAPOB 3aBUCUT
TOJIBKO OT TEMIIEPATYPBL.

[Ipy u3ydyeHun ¢pakimOHHOTO cocTaBa HEPTH U TEXHOJIOTUUECKUX
pacderax Mepecyer JaBJICHHs HACBIIIEHHBIX TapOB HEPTEIPOYKTOB MIPHU OJI-
HOU Temmeparype Ha JaBlieHue MPU IPYro MpOU3BOJAAT MO GopMyiam, Mpu-
BeACHHBIM B [11,12], u HoMorpammam (cm. ITpui. 9, 10).

Jlist pacdera faBiIeHUS HACHIIEHHBIX MApOB y3KUX HEPTAHBIX (pak-
U pY HU3KUX JaBICHUSAX MOJIB3YIOTCS PopMyJoil ABopTa

2,68/ (T)
(%)

rae  P; — IaBiieHME HACBIIIEHHBIX ITapoB Ipu temmneparype 7, [1a;

Ty — cpenusist Temneparypa KureHus (ppakiyy npu aTMOC(HEpHOM JIaBJie-
oy, K;

T — cooTBeTcTBYIOIIAs TeMmneparypa, K.
DyHKIUSA TEMITEPATyPhI

Ig(B—3158)=7,6715- , (1.38)
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7(7)= 1250 -1 (139)
JT2 +108000—307,6

Oynakumio f{7,) onpenesoT aHaJTOTHYHO.
3HadeHust QyHKIUU i pa3nudHbix Temneparyp (7' u 7;) npuBeneHbl
B [Ipun. 11.

Ilpumep. Y3kas uedTsaHas ¢paxius Tpu aTtMochepHOM TaBICHHUH
uMeeT cpenHow Temneparypy kunenus 170 °C. Onpeaenutb JaBieHUE
HACBIIICHHBIX MapoB 3Toi (ppakuuu mpu 260 °C.

Pewenue. Tlo Tlpun. 11 naitnem 3nauenus f(7,) mist remnepatypst 170
°C
u A(T) nns Temneparypst 260 °C.

ATy)=4,124; AT1)=2,924.
[ToacraBum 3T1 BenuuuHbl B hopmyay (1.38):
2,682,924
4124

Ig(P-3158)=5,7715.

Ig(P;-3158)=7,6715-

[To Tabnuiiam aHTUIIOTapU(PMOB WM C OMOIIBI0 MUKPOKAJIBKYJISITOPA
HaxXOJVM 3HA4YE€HUE dTOr0 Yucia

P;-3158=590900;
P;=590900+3158=594058I1a .

JlaBrieHre HACBIIIEHHBIX MapoB JaHHOU (pakiuu rpu 260 °C
P =59405811a.

[Ipn HEOOXOIMMOCTH NEepecueTa JaBJICHUS HACBIIIEHHBIX MAPOB C OJI-
HOW TemIepaTypbl Ha JIPYTYIO WIH CPEAHEH TeMmIepaTypbl KUIeHHUs HedTe-
IIPOAYKTA IPU U3MEHEHUN JABIICHHS UCIIOJIB3YIOT HOMorpammsl [lpui. 9, 10.

Ilpumep. Cpenssisi Temneparypa KUIEHHUsS y3KOW OEH3MHOBOW (pak-
1y opu arMocheproM pasienuu (~1-10° Ila) cocrasmser 127 °C. Haiitu e
TeMIIepaTypy KHIeHHs TIpH nasieHnn 2-10° Ia.

Pewenue. Ha rpaduxe Kokca (cm. [lpun. 9) Haxoaum TOUKy ¢ KOOp-
muHatamu 10° [a u 127 °C (400K). U3 HaiiaeHHON TOYKH HPOBOAMM PaBHO-
YAQJIEHHYIO OT JIBYX COCEIHMX JIydel MpSIMYI0 J0 MepeceueHus ¢ BepTUKa-
JIbIO, COOTBETCTBYIOMIEH napieHnio 2-10° [Ta. V3 monydeHHO# TOYKH IPOBO-
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JTUM TOPU30HTAIIb, MApaIeNbHYI0 OCH abcuuce, 10 MEePEeceYeHMs C OChI0 Op-
JIMHAT, Ha KOTOPOH MOJIyYUM TOYKY, COOTBETCTBYIOILYIO Temmepatype 151 °C
(424K). D10 1 ecTh TeMnepaTypa Kunenus Gppaxiuu npy aasiaennn 2-10° IMa.

Ilpumep. Tlpn BakyyMHOU pa3roHKe HE(PTSHOTO OCTAaTKa Ha ammapar
APH-2 npu naBnenun 133,3 Ila (1 MM pt. cT.) ObUla moJlydeHa (paxuus
196213 °C. OnpenenuM Tpeaeibl BBHIKMIAHUA ATOM (Ppakuuu Mpu aTMo-
chepHOM J1aBJICHUHU.

Pewenue. Ha npaBoit kpuoit Homorpammsl (cM. [pui. 10) ormeTum
octatouHoe nasienue 133,3 I1a, Ha neBoii — TeMIiepaTyphl Havalla ¥ KOHIIa
KUTIeHHS QPaKIMY TIPU TaHHOM JaBJieHUH. Torma Ha CpeHe 1mKase moy-
YUM TOYKH, COOTBETCTBYIOIIHME TEMIIEPATypaM KUTICHUS MIPU aTMOCPEPHOM
nasnenuu: 400 °C u 420 °C. Hckomas pakmus BeIKuaeT B mpeaenax 400—
420 °C mpu aTMOC(PEepHOM JTaBICHHUH.

1.8. KpuTtnueckue u npuBeAeHHbIE NAPAMETPHI

[Tpu onpeneneHHbIX 3HAYCHUSIX TEMIIEPATYPhI U JaBICHUs 1ByX(pa3Has
cucteMa (KUIKOCTh-TIap) MOXKET MEPEXOAUTh B 0JHO(a3HYIO (1ap), KOTopas
XapaKTepU3yeT KPUTHUECKOE COCTOSIHUE BEIIECTBA.

Kpumuueckas memnepamypa éewyecmea — TeMneparypa, BbIILIE KOTO-
POI1 BEIIECTBO MOKET HAXOAUTHCS TOJIBKO B ra3000pa3HOM COCTOSIHHH.

Kpumuueckoe oasnenue eewjecmea — NaBlIeHHE HACBILIEHHBIX MapOB
BEILECTBA [IPU KPUTUUECKOMN TemMmeparype.

Kpumuueckuii ob6vem — ynenbHbli 00bE€M, 3aHUMAeMbIi BEIIECTBOM
MIPU KPUTHUYECKOU TeMIIepaType U KPUTUYECKOM JaBICHUU.

[TpubnnxeHHO KpUTHYECKUE MapaMeTpbl HePTAHbIX (Ppakiuil onpee-
JS10T ¢ noMotnbto rpaguka (cM. Ilpui. 12) mo u3BECTHBIM MOJIEKYJISIPHBIM
Maccam, CpeIHUM TeMIepaTypaM KUIIEHUSI U OTHOCUTEIbHON IIJIOTHOCTH.

Jns pacdera kpuTHdeckux napamerpoB (T, Kip, Pyxp) MOKHO MCIOJIb-
30BaTh SMIUPUUECKHE (POPMYJIbI

T =355+0,97a - 0,000494>, (K); (1.40)
p i lw 10 (ITa) (1.41)
= ) a), .
Kp p M
Iac a:(198Tcp.Mon.'359)p{§:§g;

K, =5,53+0,88520 10
60
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to, t70 — TemriepaTypsl orroHa 10 u 70 % nedrenponykra mo 'OCT 2177-82,
°C.

Koncranra K;, napauHOBBIX yriieBogqopoaos — 5,0-5,3; HaQTeHOBBIX —
6,0; apomatudeckux — 6,5-7,0; HEPTEIPOIYKTOB MPSMOIl MEPErOHKH — 6,3-
6,4; kpekuHr-kepocuHoB — 6,8-7,0. T, yon TPUOIMKEHHO NPUHUMAETCS TEM-
neparypa
50 %-i#t Touku oTroHa [4].

Kpurndeckyro TeMmneparypy MOXKHO PacCUMUTHIBATh MO YHPOIIEHHOU

dbopmyie
T, =1,05T, +160. (1.42)

Kpurnueckue temnepatypa U naBieHre HeTENPOIyKTa SBISAIOTCS mapa-
METpaMH yCpEeIHEHHBbIMU. VX Ha3bIBAalOT TakkKe INCEBAOKPUTHIECKUMU (T, M
Pyp), 1 MOXHO HalTH 110 rpaduky (cM. Ilpmin. 12) B 3aBUCHMOCTH OT MOJI€E-
KYJISIPHOW Macchl paklnu U XapakTepuctuyeckoro (akropa K.

ITpu pacuerax TEIUIOBBIX U APYTUX CBOMCTB HEPTENPOAYKTOB IpHUME-
HSIOT TaK Ha3bIBa€Mbl€ IPUBEIEHHBIE TEMIIEPATYPY U JaBJICHHUE.

IIpuseoénnoii memnepamypou Ty, Hazvléaom omHouleHue memnepa-
mypul eewgecmea T k e2o Kpumuueckou memnepamype.

Ty =T/T: (1.43)

IIpusedénnvim Oaenenuem (Pyp) nazviearom ommowienue oaénenus 6
cucmeme, 8 KOMOPOU HAXOOUMCS He(hPmenpoOyKm, K €20 Kpumuieckomy 0as-
nenuio Py

P,=PIP,,. (1.44)

Ilpumep. KepoCHHOBBIM IUCTHUIUIAT CAMOTIOPCKOM HeDTH HMeeT
dbpakmuonHsiii cocrar: 10 % — 132 °C, 50 % — 180 °C, 70 % — 203 °C. Ero
wiotHocTh p; = 0,7945, monekynsapHas macca M=156. Paccuurars KpuTH-

YeCKHe TeMIepaTypy U JaBJICHHE NUCTUILIATA.
Pewenue. Kputndeckyro temneparypy Haxoaum mno dopmyse (1.40),

MpeIBAPUTENLHO TIOJICUUTAB P,; 5 M KOHCTAHTY a:
p!336-0,7945+5.0,000778=0,7984

ITpumeM BMecTO Tpyon TeMIepaTypy 50 % ortrona (B KempBuHax).
Torna a=(1,8-453-359)0,7984=364.,4 u Tx=355+0,97-364,4-
0,00049-364,4°=643,4 K.
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Kpurnueckoe naBnenue HavigeM no ¢opmyne (1.41), onpenenus npe-
BapUTEILHO KOHCTAHTY K

K, =5.53+0,855200 192 _ ¢ 54,
P 60
_6,54-643,4:10°
@ 156

=269733111a = 2,7MlIla.

Ilpumep. Onpenemuts Py, u 1, A1 yIIEBOAOPOAA, lepuon=200 °C,
d)33 = 0,850 npu 210 °C (483K), nasnenue — 0,6 MIla.

Pewenue: 110 n3BecTHbIM BeNMUMHAM (CpEAHEN TeMIepaType KUIEHUs
1 1otHoctH) HaxoxuM (cM. Ilpmn. 12) snavenmsa T, u Py, Ilomyuum
T,p=673K; P,=2,7MIla. Haxoaum 3HaYeHHE IPUBEAEHHBIX KOHCTAHT.
483 0,6
= =——=0,22.

=——=0,71;, B =
673 P2

p

9

1.9. KooppuumeHnT c:knmaeMocT. PYyruTUBHOCTD

C MOBHIIIICHUEM JTABJICHUS U TTOHIKCHUEM TEeMIIEPaTyphl pealbHbIC ra-
361 (HETENPOAYKTHI U UX Maphl) HE SBIAIOTCS WACaTbHBIMUA CHCTEMaMHU, T10-
ITOMY
B ypaBHEHUSI, OMUCHIBAIOIINE TIOBEICHNE MICaTIbHBIX CHCTEM, BBOJATCS Pa3-
JUYHBIE TonpaBovYHbie KodddummenTsl. [lonpaBounsiii kodduimeHT, BBo-
JUMBII TIpU pacdy€Te KOHCTAHTHI (Da30BOTO PaBHOBECHS, TEILIOEMKOCTH, 00b-
éma mapoB, HasbiBaeTca KoddduimrentoM (paxrtopom) cxumaeMocTH (Z).
KoaddummeHT Z 3aBUCHUT OT BETMYUHBI TPUBEAEHHBIX TAPAMETPOB:

Z=fTups Pay). (1.45)

CreneHb OTKJIOHEHHSI CBOWCTB PEAIbHOTO Ta3a OT UACAIBHOTO B CIIY-
yae M30TEPMHUUECKOr0 IMpoIecca XapaKTepusyeTcs: (yruTUBHOCTHIO f (JIeTy-
YECTh).

DyzumusHocmy — 3TO JABIEHUE PEaTbHOTO Ias3a, CBOMCTBa KOTOPOTO
BBIPXCHBI YPABHEHUEM COCTOSIHHSI HICATBHOTO Ta3a.

[Ipy HEBBHICOKMX NABJICHUSX U TOBBIIICHHBIX TeMIlepaTypax Hedre-
NPOAYKTHI ¥ UX Mapbl HOJUUHSIOTCS 3aKoHy Payns u JlanproHa:

. P
P.x;, =Py; WIIH i i k; (1.46)
x; P
u X +y =P

rae X, ,y; — MOJbHAs JOJ i-r0 KOMIIOHEHTA B XKHMIKOH U apoBoii (ase;
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P; — naBlieHHe HACHIIICHHBIX MMAPOB YUCTOTO i-T0 KOMIIOHEHTa, [1a;

P — oOmiee naBineHue B cucteme, Ila;

K; — xoHCTaHTa ()a30BOTr0 paBHOBECHS.

B peanpHbIX ycioBusXx (OOJbIINE AABICHUS U HU3KUE TEMIICPATYPHI, T.
1.)
B pacué€THbie (HOPMYJIBI BBOMIST ITOMPABKH (f), TOT/Ia BBIpAKEHUS JJIs KOH-
cTanThl (pazoBoro paBHoBecHs (1.46)

K= fF/ A [ = £, (1.47)

rne  f;",f" — pyruTHBHOCTH )KUIKOCTH U €€ IapoB.

@OyruTHBHOCTh M3MEpPSIETCS B TEX K€ €AMHMIIAX, YTO W JaBJICHUE, U
3aMEHSET €r0 B YPaBHEHUSIX UCATBHOTO COCTOSIHHS.

B ycnoBusix, Korja peanbHBIA a3 MpUOIIKASTCS K COCTOSHUIO HJIe-
aJIbHOTO Ta3a, BEWYMHA f TpUOIIKaeTcs K BeIuaune P;.

OTtHotreHue (GyruTUBHOCTH K JaBJICHHUIO HAa3bIBaCTCS KOADPUITUEHTOM
aKTUBHOCTHU

(1.48)

o~

Jns npeansHoro raza y =1.

KoadummenT akruBHOCTH siBNIsIeTCss GYHKITMEH MPUBEICHHBIX TEMIIE-
paTyphl U JaBlieHUs. 3HAYCHUS (PYTUTUBHOCTH MOXKHO OTPENETUTH IO T'pa-
¢uxy (cm. [pun. 13), a uz popmyinsl (1.48) paccuuTHIBAIOT IaBICHUE HACHI-
meHHBIX mapoB P;. bonee momHO pacu€Thl K03 dUIMeHTa aKTUBHOCTH, (Y-
TUTUBHOCTU U C)KMMAEMOCTH MPUBEICHBI B [16].

JI71st TOUHBIX pacyETOB KOHCTAHTHI ()a30BOr0 PaBHOBECHS, KOTIA KUJ-
KUl KOMIIOHEHT HAaXOJUTCS HE MoJ AaBiieHueM (P;) CBOMX HACHIIICHHBIX Ta-
pOB, a TOJ1 JIFOOBIM APYTUM JIaBlieHHEeM, GyTUTUBHOCTh 3TOTO KOMIIOHEHTA B
Kuakon (aze HaxomaT o dhopmyiie [4,15]

3lg ff;f _Vu(P=F) (1.49)

2 )
RT

5

t,P

rae ftj‘}, ftf‘joi— (yruTUBHOCTh NpPHU AABJICHUH B cUCTeME P U JaBiIeHUU

HACBIIIEHHBIX ApOB P; COOTBETCTBEHHO, [1a;
V.. — MOJIbHBIN 00BEM KOMIIOHEHTA, JI/MOJIb, M>/KMOJIb;
P — naBnenue B cucteme, Ila;
P; — naBiieHHe HACBIIIEHHBIX TAPOB YUCTOTO KOMIIOHEHTA, [1a;
R — yauBepcanpHas ra3oBas noctosinas k/x/(kmomns-K);
T’ — remneparypa cucremsl, K.
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Ilpumep. Omnpenenutb (QPYrUTUBHOCTH IApOB y3KOW OCH3MHOBOM
dbpakuuu (M=100), saxomsmmxcsa npu 400 °C u 4,55 MlIla. Kpuruueckue
napaMmeTpsl ppakunu t,=321 °C u P,=3,72 MIla.

Pewenue. Haxonum 3HaueHne NPUBEAEHHBIX TEMIEpaTyphl U AaBJe-

HUA:
- = —T = —673 =1, 3, I = —P = 4,55 = 1,22 .
PTT, 594 »T R3]

Ha rpaduxe (cm. IIpun. 13) no BeraucienssM T, u Py, HaX0auM, 4TO KO-
s ¢unment aktuBHoctu y = 0,7. IlomyueHnHble JaHHBIC MTOACTABISEM B YpaB-
Henue (1.48)

ffp =4,55-0,7=3,2MI]a.

Ipumep. Paccumrate KOHCTaHTy (asoBoro paBHoBecus K, i H-
rekcana npu 180 °C u 784 xlla. Kpurtnueckue mapamerpsl t,=234,7 °C,
P,=2932 xIla. JaBnenune HacwleHHBIX TapoB P=1252 xIla.

Pewenue. IlpuBenéunplie Temriepatypa U 1aBJICHUE PABHBI

T 180 +273

T, 234,7+273

.
3 >

_ P _ T8 07

np - =
B, 2932

Ha rpaduke (cm. Ilpun. 13) ana 77,=0,89 u P,,;=0,27 Haxonum Kod(-
¢unuent aktuBHoCcTH Y =0,86; GYyrUTUBHOCTH IAPOB H-T€KCAHA
fip=r-P=0,86-784=674xlla.

OnpenenuM GyruTUBHOCTH >XuAKOro H-rekcana npu 180 °C, naBieHue coO-
CTBEHHBIX HachlleHHbIX napoB P=1252 kIla. [IpuBenénnoe napnexnue

Hus 3navenns 17,,=0,89 u P,,=0,43 no rpaduxy (cm. IIpun. 13) Haxonum ko-
s unmeHT aktuBHOCTH Y = 0,78. OYTrUTUBHOCTH JKUIKOTO H-T€KCaHa, HaXoO-
JIIErocsl MpU TeMrepaType t ¥ MoJ JIaBJICHUEM COOCTBEHHBIX HACBHIIIEHHBIX
napoB P;, paBHa QyTryTUBHOCTH €T0 K€ MapOB MPH TEX K€ YCIOBHSIX:
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7% =0,78-1252 =977 kIla.
KoncranTa (baSOBOI’O PaBHOBCCHA paBHA

X
Jfop 977
K,=—+=—-~=144.
fip 674
Kpome paccmorpenHOro BbIIe crnoco6a, KOHCTaHTY (a30BOr0 paBHO-
BECHS MOXXHO HaXOJUTh 10 HoMorpammam (cm. [lpun. 14, 15).

3agaun

37. ben3uHoBas (Qpaxius Ipu aTMOC(hEepHOM JIaBJIEHUH B mpesenax S6-
310°C. Onpenenuth AaBiaeHUE HACHIIIEHHBIX TapoB dpakuu mpu 190 °C.

38. bensun pactBopurens bP-1 umeer cpenHioo temmneparypy Kuie-
HUS
98 °C. Haiitu naBieHHe ero HaChIIEHHBIX MmapoB mpu 25 °C.

39. B cooTBETCTBMM ¢ HOPMAMH JABJICHUS HACBIILIEHHBIX [1APOB TOBAPHO-
ro 6ensuHa AM-93 npu 38 °C paBuo 66660 ITa. Kakum Oyzaer sTo naBieHue
npu 25 °C?

40. Hedtsnas ¢paxmus umeeT temrneparypy Havana kunenus 350 °C
py ocTaTOYyHOM JaBieHuu 7,33 klla. Onpenenuts TeMepaTypy Hadauia Kd-
neHus 3Toi (pakuuu npu arMochepHom naBiaeHuu (Homorpamma, cMm. [Tpui.
10).

41. Onpenenutb KpUTHUYECKUE TEMIIEPATypy U JaBJeHUE OCH3MHOBOMU
(bpakuuy JTyruHEeUKod HePTH, €CIU U3BECTHBI €€ MIOTHOCTh pﬁ0=0,7485 U

¢pakunonHsIii coctas: 10 % — 55 °C; 50 % — 108 °C u 70 % — 129 °C.

42. Haiitu nipuBeEHHBIC TEMIIEpaTypy U JIaBJICHUE MACITHOM (ppaKiiu Tpu
400 °C 1 15 MITa. Xapaxrepuctuka dpaxu: £, =410 °C; p;'=0,8711, M=315
KI/KMOJIb, KOHCTAHTa Kp =6,4.

43. Omnpenenuth ¢yrutuBHOCTh H-TekcaHa mpu 180 °C, xorma oH
HaxXOJUTCS MO/ JIaBJICHHEM COOCTBEHHBIX HACBIIIEHHBIX napoB (P=1277klla
). Kputnueckue temmneparypa u JaBlieHHE paBHbI COOTBETCTBEHHO 234 °C
3028 kl]1a.

44. Onpenenutb GyrUTUBHOCTh (PpaKIUK aBTOMOOWJIHHOTO OEH3MHA,
BBIXOJIAIIINN ¢ Bepxa KOJIOHHBI, rae Temieparypa 110 °C, naBnenue 539 xlla.
Kpurnueckoe nasinenue F, =2451klla, kpuruyeckas Temmeparypa

fep =220 °C.
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45. Onpenenutb PyruTUBHOCTD KUJAKOU HePTssHON dpakiuu mipu 170
°C, ecim KpUTHYECKas Temneparypa 31oil ¢ppakuun £, =200 °C, kputHye-

ckoe pasienue F;=2400 klla . JlaBieHne HaCHICHHBIX NTAPOB (PAaKIHK PH

170°C cocraBnser F= 800 klla.

46. Cepxy orben3uHmBaromiei kojmoHusl (¢ = 120 °C, P = 0,5 Mlla)
oTOMpaeTcs ToJIOBHAs (hpakivsi, CPEIHSISI MOJICKYJISIpHAS TEMIIepaTypa Kulie-
HUs KoTopoi paBHa 92 °C. Haiitu koHCTaHTY (Da30BOT0O paBHOBECHS OCH3MHA,
€CJIM €r0 KPUTHUYECKUE TEMIIEpaTypa U AaBieHHE cocTaBisawoT 252 °C u 2,9
MITa.

47. OnpenenuTh KOHCTaHTY ()a30BOro paBHOBECHUS Uil IPOAYKTA, BbI-
xoasuero u3 kojoHHsl npu 180 °C u nox nasnenunem 588 klla. Kputuueckue
TeMIiepaTypa U JaBieHUE JAaHHOTO MPOAYKTa paBHbI cooTBeTcTBEeHHO 307 °C
u 4020 xIla. Cpegusis TemnepaTypa kurenus 6enzuna pasaa 120 °C.

1.10. TensioBBIC CBOMCTBA

[Ipn TexHonormyeckux pacué€rax oOopyaoBaHusi HedrenepepadaThI-
BAIOIIMX 3aBOJIOB HEOOXOJMMO YUYHUTHIBaTh TEIJIOBbIE CBOWCTBA HedTel u
He(TENPOAYKTOB: TEIJIOEMKOCTh, TEIUIOTY WCIApPEHUs U KOHAECHCAIUH, dH-
TaJbIUIO (TEIIOCOACPIKAHUE), TEINIOTY CTOPAHUS U IPYTHE.

Tennoémkocms — 3TO OTHOILIEHUE KOJIMYECTBA TEIUIOTHI, MEepeAaHHON
BEIIIECTBY, K COOTBETCTBYIOIIEMY M3MEHEHHUIO €ro Temrneparypsl. Yarie Bce-
rO MPUMEHSIOT YOelbHY 0 Men10EMKOCHb — KOIMYECTBO TEIUIa, KOTOPOE Tpe-
Oyercst ;i HarpeBa 1 kxr manHoro BemiecTBa Ha 1 °C. Enuauna uzmepeHus
yaenbHOM Temoémkocth B CU — JIx/(xr-K), kpaTHple enuHHIBI —
kJx/(xr-K), MJx/(xr-K).

C mOoBbBIIIIEHUEM TEMIIEpAaTypbl HarpeBa TEIMIOEMKOCTh KUIAKUX
He(PTENPOAYKTOB BO3PACTAET, IO3TOMY B HEPTENPOAYKTE UCIOIB3YIOT MTOHS-
THE UCMUHHOU
U cpeoHell menioémMKoCmu.

CpenHio TEIIOEMKOCTh KUAKUX HEPTEHPOAYKTOB OIMPENCISIIOT B
UMHTEpBaJe TEMIIEpaTyp HAarpeBaHus WM oxJaxaeHus. CpeaHIon TerioeM-
KOCTh MOKHO PaccuyuTarh 1o ypaBHeHno Poprtua u Yurmena [3,17]:

15,56
C,p =1,444+0,00371z,, (2,1 ~ P33 ) (1.50)

rae 1., — CpeiHss apupMeTHIECKas TEMIIEPATypa TEMIIEPATYPHOro MHTEpBa-

1a, °C.
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HctuHHasg TemIoEMKOCTh KUIKUX HE(PTENpPOAYKTOB COOTBETCTBYET
HEKOTOpo# pukcupoBanHO# TeMriepatype u 10 200 °C MoxkeT ObITh ompee-
nena o popmyine Kpoara [3,17,18]

C:;(O,762+0,0034T). (1.51)

[ 1556
P15,56
HcTuHHas TEmIoeMKOCTh NapoB Napa@UHUCTHIX HEPTENPOIYKTOB MPU
MajioM MOCTOSIHHOM JABJICHUH OMNpENEseTcs Mo ApyruM (hopmyiiaM, Hampu-
Mep 1o ypaBHeHuto banbke [3, 4, 17]
15,56

4,0—
C, = FA556 (1 87 4+211), (1.52)

P 1541
rae  C, — TEIIOEMKOCTb I1apoB.
C y4eToM XapaKTepucTUuueckoro (paxkropa
15,56
c =207 P55 (1 g7 4 911)(0,146K ~0,41). (1.53)
1541
TennoemkocTh HePTIHON PpakIIUKM U HAXOAIMXCS HAJ HEW MapOB CBS3aHBI
MEXy coO0 COOTHOIICHHEM [3]

15,56
C,=C-0,3768/p{23¢ . (1.54)

Jlii yriponieHust pacueToB MOKHO TOJIb30BaThCcsl HOMOrpaMmoit (cm. [pun. 16).
3Has MJIOTHOCTh JKUJKOTO He(TEempoayKTa, MOKHO OIpPEACIUTh MO yKa3aH-

HOM HOMorpamme mpu Temmeparypax or 0 mo 500 °C. Hanmpumep, mis

HePTAHOM (HpaKIUU MIIOTHOCTHIO pig’gg=0,900 TEIUIOEMKOCTh MApOB U KUI-

kocty nipu 300 °C (myHKTHpHAs JUHUSA) COOTBETCTBEHHO paBHa 1,96 u 2,31
kJx/(xr-K).

TennoéMKOCTh HEKOTOPBIX Ta3000pa3HBIX U SKUAKUX YIJIEBOJIOPOJIOB
npuBeaeHa B [Ipu. 18 u 20. Ilo rpaduxy B [Ipun. 19 moxxHO onpenenuTs Ter-
JOEMKOCTB I1apOB IIPH HOBBIIIEHHOM JABIEHHHU B 3aBUCUMOCTHU OT T U Py

Ilpumep. Onpenenutsh TEMIOEMKOCTh MapoB HedTenpoaykra mpu 400

°C
u 1,5 MIla, nmeromero p{§;§2 =0,750, P,=3,0 MIla u cpennroro Temiepary-

py kunenus 110 °C.
Pewenue. OnpenensaeM NpuBeAEHHbIE TAPaMETPBI 1yp U Pyp:
P 15

p =
3,0

Hp:

=0,5;
Kp
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tp =1,050+160=1,05-110+160 = 286°C;
- _ 400+273 _ 673 _1.20
P 283+273 559
OmnpenenseM Tem10éMKOCTb MapoB C, Ipu aTMOC(HEPHOM JaBICHUM:

4-0,750
Po

(1,8 673+ 21 1) ~ 3,0 x/[x/(kr-K).

ITo rpacduky IIpun. 19 vaxoaum (1o Ty ¥ Prp)
Cp=8,38 kJlx/(krK); AC =C -C_;

C,=C, +AC,=3,0+8,38~11xx/(xr-K).

Ilpumep. Haiitu TemoéMKOCTh KUAKOTO OeH3MHA ( pg’gg =0,743) u

ero napos npu temneparype 100 °C.
Pewenue. Tenno€mkocTs kuaKoit Gpasel HaxoauM 1o popmyie (1.51)

C=—L__(0.762+0,0034-373)=2,35x/(xr - K)

{0,743

[To popmye (1.52) onpenenum TEMI0EMKOCTh MapOB

_4-0,743

C
P 1541

(1,8-373+211)=1,86 xJIx /(xkr-K).

TemnoeMkocTh cMeceit HeTEPOIyKTOB MOACYUTHIBAETCS 11O MPABUITY aJJIU-
TUBHOCTH:

n
Cou =Cx +Cyxy +..+ Cox, =D Cix;
1

rie  Cg, Ci, Gy, ..., C, — TEIIIOEMKOCTh CMECH U €€ KOMIIOHEHTOB, KJK/(KT
K);

X1, X2, ..., X, — COJIEpKAHUE KOMIIOHEHTOB, Mac. JIOJIH.

Tennoma ucnapenus (menioma napooopazoeans) — 3T0 KOINUECTBO
Ter1a, KOTOPoe He0OX0IMMO COOOIITUTh BEIIECTBY B PABHOBECHOM M300apHO-
HU30TEPMHUYECKOM IIPOIIECCE, YTOOBI IEPEBECTH €TI0 U3 JKUIKOTO COCTOSIHUS B
napooOpazHoe (TO e KOJIMYECTBO TEIUIOThI BhIACTSETCS MPU KOHACHCAIIMH T1a-
pa B xKuAKoCTb) [19]. Tennoma ucnapenus — 9acTHbIN ciyuda meniomol ha-
306020 nepexooda. Paznuuaior yeiapHyI0 TEIIOTY HCTIapeHwusl (M3MepseTCs B
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JIK/KT, 4acTO MPUMEHSIOTCS KpaTHbIe eIMHUIIBI — KJ[K/KT, M JIX/KT) 1 MOJIb-
HY10 (MOJIIpHYIO) TeIUIOTY ucnapenus (J>x/Momb).

TernoTy ucnapeHus XMMUYECKH YHCTHIX HHAUBHUAYAIbHBIX YTJIEBOJO-
POJIOB MOKHO HaiiTh B utepatrype [4, 10, 17]. Jns nedrsabix dhpakuuii Term-
JI0Ta UCTIAPEHUS MOXKET OBITh HaWJIeHA Pa3IMYHBIMH PACUYETHBIMH U Tpadu-
yeckumu Metonamu [3—5]. [Tockonpky HedTsHAS (pakiusi ecTb CMeCh yrJe-
BOJIOPOJIOB, BBIKMIIAIOIIASI B HEKOTOPOM HMHTEpBaJIE TeMIlepaTyp (a He mpu
CTPOTO ONpPEAEICHHON TeMIEPAType), TO TEIJIO 3aTPAYMBAETCS HE TOJIBKO Ha
UCIIapeHUE, HO U Ha MOBBILLIEHUE TEMIIEPATYPhl CMECH.

Teruora ucnapeHus: He(PTENPOAYKTOB 3HAYMTEIBHO MEHBILE TEIJIOThI

UCIIApEHUs] BOJABI, YTO UCIOJIb3YEeTCS B TEXHOJIOTMU NEpepadOTKu HEPTH U
rasa.
B cpeanem Ttemora ucnapeHus JETKuUX He(TenpoayKToB coctaBisieT 250—
340, tsoxenbix 160-220 x/lx/kr. Teruiora ucnapeHus MPHU TMOBBIIICHHOM
JIABJICHUU MEHBIIIE, a B BaKyyMe OOJIbIIIe, YeM MPU aTMOC(HEPHOM JIaBIICHUU;
MIpU KPUTHYECKUX TEMIIEpaType U JaBJIICHUU OHA paBHa Hy:to [4]. ns ompe-
JIETICHHS] TETJIOTHI MCTIapeHus MapadUHUCTHIX HUZKOKHUIISAIUX HE(DTEPOIyK-
TOB NMPUMEHUMO ypaBHeHue Kpara

1

=~ 1556
P15.56

L

Cp.MOJL.

(354,1-0,3768T,,, s ). (1.55)

Bo3moxkeH pacyer TeruioThl MCHAapeHusl MO Pa3HOCTH SHTANbINU Hedre-
IPOIyKTa B mapoBoi [, W xuukoit [ (asze mpu OJAMHAKOBBIX TEeMIepaTrype u
JIABJICHUU:

L=I"-TI%, (1.56)

Oumanvhus. Y AelibHas SHTAIBIUS )KUIKUX HE(PTEPOLYKTOB YUCICHHO
paBHa KOJIMYECTBY Teruia (B JUKOYJISX WIM KUJOMKOYJSAX), HEOOXOIUMOIO
ms Harpesa 1 kr npoaykra ot 0 °C (273 K) 10 3aganHoi TeMiepaTypbl. DH-
TaNblMs MAapoB NPU 3aJaHHON TemrepaType OoJiblIe SHTAIbINU >KUIKOCTH
Ha BEJIWYMHY KOJMYECTBA TEIUIOTHI, 3aTPAYEHHOI'O0 HA MCIIAPEHUE KUIKOCTU
Y TIEPETPEB MAPOB.

OHTANBIUIO KUIKUX HEPTEHNPOAYKTOB MpH Temreparype 1 MOKHO
HaiiTh 1o ypaBHeHussM @optua u Yurmena, Kpara; nis mapoobpas3HbIXx — 1o
ypaBHeHUI0 Yaiipa u Utona [2, 4]. YpaBHenue Kpara

I :;(0,001#2 +0,762T ~334,25). (1.57)

[ 15,56
P15.56
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O0603HauuB BBIpaXKEHHUE B CKOOKax a = (0,0017TZ+O,762T -334,25), mo-
JYYHUM YIIPOIIECHHBIN BUJT YPaBHECHHS

I* = ! a. (1.58)

[ 1556
P15.56

B ITpui. 21 npuBeeHbl 3HaYEHUS SHTAIBIIUU KUJIKOTO HE(TEpOoIyKTa
B 3aBUCUMOCTH OT TEMIIEpaTyphl (BEIMYUHA @).
YpaBuenue Mtona —

17" =(129,58+0,134T +0,000597° ) 4 - p{336 ) ~308.99. (1.59)
DOTO ypaBHEHHE TakXe MOXKHO ympoctuth: b = (129,58 + 0,134T7 +
0,0005977).
Tornma

1! =b(4- p{33¢ ) -308,99. (1.60)

B Ilpun. 22 npuBenena tabnuua Uisi ONPEICICHHUS 3aBUCUMOCTH DH-
TaJbIIUU ApOB HEPTEHPOAYKTOB OT TEMIIEPATYPHI (3HAUCHUE BETUYUHBI ).

B Ilpun. 23 u 24 nansl napameTpbl HACBIIIEHHOTO U MEPETrPETOro BOIS-
HOTO Mapa.

3agaun

48. OnpeaenuTh UCTUHHYIO TEMIOEMKOCTh OEH3MHOBON (PpaKIMy MIOT-
HocTbio p3’=0,7613 npu Temneparype 70 °C.

49. KakoBa MCTHHHAs TEIUIOEMKOCTh Masyta (p;2=0,9687), HarpeToro 1o
200 °C?
50. OnpenenuTh cpenHio0 TeroeMKocTh npu 100 °C xuakon HedTs-

HOU (hpaKIuu IIIOTHOCTHIO p%g =0,910.

51. OmnpenenuTh TEIIOEMKOCTh MAapOB HEMTENPOAYKTa IJIOTHOCTHIO
p%g =0,756 tipu 250 °C u atMocepHOM JTaBICHUMU.

52. OmnpenenuTh TEINIOEMKOCTh IMAapOB HE(MTENPOAYKTa IJIOTHOCTHIO
pﬁo =0,789 npu 300 °C u armocepHOM JaBICHUH.

53. Onpenenutb TEIUIOTY UCIAPEHUS H-OKTaHA IMPU TEMIIEpaType HcC-

napenus 120 °C, ecau ero ioTHOCTh pio =0,78.
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54. Haiiti mpubamkeHHO TeIUIoTy ucnapeHust HedrsHou ¢pakimu npu 200
°C. Cpennss MonekysipHast macca ¢gpaxiuu pasua 100.

55. OnpenenuTs SHTAIBIHIO KUAKON HEPTAHON (paKlUU MIOTHOCTHIO
p3’=0,875 npu 205 °C.

56. OnpeaenuTh KOJIMYECTBO TEILIAa, KOTOPOE OTAACT Ma3yT XOJIOJHOMY
TEIUIOHOCUTEIIO0 B TEIJIOOOMEHHUKaX mpu oxjaxzaeHuu ot 140 go 100 °C.

[IpokaunBarot mazyta 60000 kr/4, ero pﬁo =0,930.

57. OnpenenuTh SHTAIBNNI0 HEDTIHOU (Gpakiu, UMEIOIIEH MOJEKY-
nsipayro macey 108, mpu 427 °C u 7Mlla, eciu nsBectHo, 4to f,,=290 °C u
p%§=0,765. [Tpunsate kodpduruent K=5,5.

58. HaiiTu sHTansnuio napoB HeTIHON HpakIuu C pio =0,720, M=100
npu 314 °C; 2,9 Mlla u K=5,6; tcp=120 °C.

59. B remnmoobmennuk mnocrynaer 12000 kr/a ausenbHOU (pakiuu
(pﬁo =0,8459). PaccumtaTh TEmJIOBOM NOTOK, KOTOpPHIA MHOTpedyeTcs st

HarpeBanus ¢paxiuu ot 90 no 150 °C.
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2. ACITIOJIb3OBAHUE METOI0OB PACUETA

®U3NKO-XUMUUYECKHUX CBOUCTB IIPU
CMEIIUBAHUU HE®TEM, T'A30B U TA3BOKOHJIEHCATOB

2.1. llepememuBanue razoHeQTAHBIX CMeceil pa3JIM4HOr0 COCTaBa

Jlnst pacuera cOCTaBOB CMeceH, MOJyYaroUIuXcsl B pe3yibTaTe mepe-
MEUIUBaHUS ¥ CMECEN Pa3IMYHOTO COCTaBa, MOKHO BOCIOJIB30BATHCS CIEAY-
IOLMMHU YPABHEHUSIMU

® JJIs CMECEil Ta30B B HOPMAJIbHBIX (CTAaHAAPTHBIX) YCIOBUSIX

r r
Jj=1 Jj=1
e Nl-j Nisx — MonsipHast A0JIs i-TO KOMIIOHEHTA B j-M T'a3€ U B CMECH, MOJY-
4aeMOM B PE3YJIbTATE CMEIIECHUS Ia30B, COOTBETCTBEHHO;

Vj — 00beM, IPUBEICHHBI K HOPMAJIBHBIM (CTaHIAPTHBIM) YCIOBHUSIM;

e sl cMecelt HedTel

r r
Ng=2Nyn; | 2n;, (2.2)
J=1 J=1
rIe  h; — 9HCIIO MOJIEH j-i He(TH;

¥ — o0111e€ KOJIMYECTBO MEPEMEITUBACMBIX HE(TEH.

VYpaBuenue (2.2) sBisieTcss 00IMKUM U CIPaBEJIMBO JUIsl cMecer (pac-
TBOPOB) BEIIECTB B JIOOBIX arperaTHbIX cocTostHUSAX. Hampumep, mpu nepe-
MEITUBAHNH TJIACTOBBIX He(DTEH U3 CKBAXKUH, SKCIUTYaTUPYIOIMINUX PA3TUIHBIC
TOPU3OHTHI W PAOOTAIOIMNUX B €AUHBIA KOJUJIEKTOP, COCTAB TOJYYarOIIETOCs
MOTYTHOTO HE(DTSHOTO ra3a MOXKET OBITh PACCUMTAH 10 YPAaBHCHUIO

Ny = -21 N0, T / -ZlQ“fFf’ (2.3)
J= J=

rae Oy — AeOUT cenapupoBaHHOM HE(PTHU j-TOW CKBayKUHBI (00bEM rasa IpH-
BEJICH
K HOPMaJIbHBIM, WJIM CTAHJIAPTHBIM YCJIOBHSIM).

Heobxoaumo oTMeTuTh, 4TO 00pasyromue cMecu (pacTBOPHI) OJHO-
POJIHBI TIO COCTaBY, @ XMMHYECKUE PEAKIIUU MPEBPAIICHHS OTICIBHBIX KOM-
MTOHEHTOB
B CMECH OTCYTCTBYIOT.
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[lpu ynaneHun W3 CMECH OTACIbHBIX KOMIIOHEHTOB IMOJHOCTBIO HIIH
JaCTUYHO MOJISIPHBIC JIOJHM OCTAaBIIMXCS KOMIIOHCHTOB HE(PTH MOXHO pac-
CUMTAThH CIEAYIOIIUM 00pa3oM:

N.—N.
L. 2. (2.4)

=— ,
1'2 NiYII
i=1

rie  N; — MoJsipHasi 10N i-TO KOMIIOHEHTa B CMECH NIEPBOHAYAILHOTO CO-
CTaBa,

Niy, — MOJIsIpHas 0]l YacTH I-I'0 KOMIIOHEHTA, yJIalIieMOro U3 CMECH
HONHOCTBIO (Ny,= N;), 4acTuuHO (Njy; <NV;).

Nig

1

Ilpumep 2.1. Onpenenutb MOJISIPHYIO JOJIO METaHa B HE(QTIHOM Tase,
oGpasyromemcst B pesyibrare cMemmmBanmst 80 M° rasa I ropusonra u 20 M
ra3a Il ropuzonTa. MossipHbliii coctaB ra3oB, %, I ropuzoHt: cepoBonopon — 20,
a3ot — 40, metan — 10, aTan — 5, 6yran — 5; Il ropusonT: meTan — 80, 3TaH, TIPo-
naH, Oytan — 5, meHtan — 5 . OOBbEMBI Ta30B ONPENIEICHBI B CTaHIAPTHBIX
YCIOBUSIX.

Pewenue. B cootBerctBuu ¢ (2.1) MonsipHast 0Jjis MeTaHa B oOmiei
CMECH JIByX MHOT'OKOMITOHEHTHBIX Ta30B PA3JIMYHOIO COCTaBa OyJieT

~0,1-80+0,8-20
CH.2 80 + 20

=0,24.

Ilpumep 2.2. I1nactoBbie HEPTU TPEX TOPUZOHTOB — (OAMKUPCKOTO,
BU3EHCKOTO U MAIIUUCKOTO) MO €AMHOMY COOPHOMY KOJUIEKTOPY MOMaat0T
Ha YCTAHOBKY MOJATOTOBKU HEPTU. ONpeeuTh COCTaB MOTy4aroIerocs
He(TSHOTO Ta3a, ecin B cOOPHBI KoyuiekTop moctynaet (M /cyt): 101 Hedru
Oamkupckoro, 145 — puseiickoro, 204 — manmmiicKoro ropu30HTOB COOTBET-
CTBEHHO. ['a30coiepxkaHue T1acTOBbIX HEPTEH 3TUX TOPU3OHTOB COOTBET-
CTBEHHO COCTAaBJISIET, MM 33,0 — Gamkupckoro, 39,2 — Buseiickoro u 37,6
— nammiickoro. O6beM raza npuBe/ieH K CTaHJAPTHBIM YCIOBUSIM (Tad. 2.1).

Pewenue. CoctaB HEDTSIHOTO Ta3a MOKHO PacCUUTATh 1O YPABHEHUIO

(2.3), koTOpOE ISl KOHKPETHBIX YCIOBH 3aja4u npu N, =V, NPHHHMAeT

BU]I
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3
2.0y
=1

3
ZQHjF'

J=1

Uy =

b

rae vy — o0beMHas OIS /-0 KOMIIOHEHTA B IIOIyTHOM Ia3e He(TH j-ro ropH-

30HTA.

Tabmuma 2.1

CocraB Hedreit

O0BeMHOE COJIep’)KaHie KOMIIOHEHTOB, %

HedTb ropusoHToB CH, | CHe | Cals C4Hyo | CsHyotBoicume | CO, Nj

bamkupckoro 24.6 20,6 19,5 10,3 5,1 1,0 18,9
Buselickoro 41,8 14,9 15,5 7,8 3,8 0,3 15,9
ITammiickoro 34,5 14,1 18,2 8,2 2,8 0,2 22,0

Bcex ropuszonToB

35,0 15,7 17,5 8,5 3,6 0,4 19,3
(pacuer)

Tax kak N; =v; (v; — o0beMHast 10JIsl i-TO KOMIIOHCHTA B IIOIyTHOM

raze He()TH j-TO TOPU3OHTA), HAXOJAUM OOBEMHYIO KOHIICHTPAIIUIO METaHa B
MOy THOM Ta3e cMecH He(Tei:

24,6-101-33,0+41,8-145-39,2 +34,5-204-37,6

=35 %.
101-33,0+145-39,2+204-37,6

Uch,z =

Pe3ynpTaThl aHAJIOTMYHBIX PACUYETOB JUJISl APYTMX KOMIIOHEHTOB IOITYTHOTO
He(TAHOrO raza cMecu HepTeil Tpex rOpU30HTOB MPEACTaBICHbI B Ta0MI. 2.1.

2.2. T'a3oconep:xanue HeTH U ee 00beMHbIH KO3 PUIIHEHT

["azoconepxanne HedTHU ONpEeAeNaoT Kak OTHOIIeHHEe o0beMa Trasa,
BBIICIIAIONIETOCS U3 TUIACTOBOM HE(TU B pe3yJibTaTe €€ OJHOKPATHOIO pasra-
3upoBaHus 10 aTMochepHoro aamieHus npu Temieparype 20 °C, k 00bemy
OCTaBILICHCS CeapupOBaHHON HEPTH:

FOZ_ra (25)

rae  V.—obbem rasa oTHOKpaTHOTO pa3ra3upoBaHusl IIacTOBOM HedTH npu 20
°C, NPHUBEICHHBIH K CTAHIAPTHBIM YCIOBHSIM, M’
V:— 00beM cenapupoBaHHOU He(TH, OCTarOLIEHCs TTOCIIE OJHOKPATHO-
. 3
ro pasrazupoBanus actoBoi Hedtu mipu 20 °C, M.
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MaccoByto J10J110 paCTBOPEHHOT0 B HE()TH raza MOKHO pacCUUTATh 1O
YpaBHEHUIO

T

m___Lob (2.6)

o mH+mF pH+F0'pr’
rae  my, M, — MaccChl cenapupoBaHHON HeTH U Ta3a, COOTBETCTBEHHO Mpe/I-
CTaBJISIONIUE B PACTBOPE IJIACTOBYIO HE(PTh, KT;

Py — TUIOTHOCTh CEMapupOBAHHONW HE(PTH C CTAHJAPTHBIX YCIIOBHSIX,
KT/M;

pr — IUIOTHOCTh Ta3a OJHOKPATHOT'O pasrasupoBaHus He(TH, NpuBe-
JICHHOTO K CTaHJIApPTHBIM yCJIOBUSIM, KO/M.

MaccoBasi 1011 pacTBOPEHHOr0 B HE(TH Ta3a PacCUUTHIBACTCS II0
YPaBHECHHIO

L, -p.M
Nr: 0" PrMyr , (27)
o.M |14, Pr
Pu

rie M, M. — MonspHble MacChl HE()TH C PACTBOPEHHBIM B HEW Ta3oM H
PacCTBOPEHHOTO Ta3a COOTBETCTBEHHO, KT/KMOJIb;

N;— MouisipHasi 10J11 paCTBOPEHHOIr0 B He()TH rasa.

Ecnu HeusBecTHa MoJisipHasi Mmacca HeTU C PaCTBOPEHHBIM B HEM ra-
30M, TO MOJISIpHAsi Macca paCTBOPEHHOTO B HE(PTH ra3za MOXKHO pacCUUTATh IO
YPaBHEHUIO

1
N.= : (2.8)
e M,

FoprMH

rae  M,—MoisipHas Macca Jiera3upoBaHHON HEPTH.
N3 conocrasnenus (2.7) u (2.8) cnenyer

1+F0p—r

p
M, =M, H (2.9)
1+7, Pr M,

Py M,

Ilpumep 2.3. Onpeaennuts MaCCOBYIO U MOJIBHYIO JOJIM PACTBOPEHHO-

ro

B IJJACTOBOM HE(TH ra3a U MOJSIPHYIO MAaccy IUIacTOBOM He(dTH, €CIH ra3o-
3,3 3

conepxkanne HedtH /(=100 M”/M°, mIOTHOCTH Ta3a p,=1,5 Kr/M’, IIOTHOCTH
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cenapupoBaHHOi HeTH P, =860 Kr/M’, a MOIApHAS Macca CermapupOBAHHOMN
Hedtu M,;=200 Kr/KMOJb.
Pewenue. Ilo (2.6) onpenensitoT MacCOBYIO JTOJIFO PACTBOPEHHOTIO raza

100-1,5

q,= =0,149.
860+100-1,5

MonsipHast 10y paCTBOPEHHOTO Ta3a HE MOXET ObITh pacCUMTaHa IO
(2.7) n (2.8) u3-3a HEAOCTATKA UCXOAHOW MH(MOPMAIIUH.

OpnHako WM3BECTHO, YTO MOJISIPHBIM 00BEM Ta3a B CTAaHIAAPTHBIX YCIIO-
BHSIX B TIEPBOM IPHOIMKEHHN MOXKHO IPHHATH PABHBIM 24 M’/KMOJb, T. €.

M., =24 M /kMOTb.

r/p,

CrnenoBarenbHO, U3 (2.8) MmoaydaroT

1
Ny=—sr—,
1+724PH
FOMH
TOTaa
1
Ne=—%60 =%
4+ 020
100-200

CoOOTBETCTBEHHO ISl MOJISIPHOM MAacChl IUIACTOBOM HE(TH B TEPBOM
npuommkeHuu us3 (2.9) cnenyer

147, Pr

M =My —— i,
1+, ——
p, 24

NI

1410012
M, =200- 860 —119 kr/kmons.

1+100 200
860 -24
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2.3. 3aBHCHUMOCTD BA3KOCTH CCNAPUPOBAHHON He(PTH OT TeMIepaTypbl

VY aoBieTBOpUTENbHAS CBSI3b MEXKIY BSI3KOCTbIO CENapHUpOBAaHHOMN
He(TH
Y TEMIIEPATYPOU OMUCHIBAETCS U3BECTHBIM ypaBHEHUEM Banbrepa

t
lela(v. +0.8) = a, - a, lg| 1+ —— |, 2.10
glg(v,+0,8)=q, zg( 273) (2.10)
rac Vg — OTHOCHUTCIIbBHAsA KHMHEMATHUYECKass BSA3KOCTbH CeHapHpOBaHHOﬁ

HeTH npu TemmnepaType ¢, YUCIECHHO COBNAJAIONIasi ¢ KHHEMaTUYECKOU BA3-
KOCTBIO HE()TH, BRIPAKECHHOU B KBAJIPAaTHBIX MUJUIUMETPAX HA CEKYHITY;

ay, a, — dMIUpuydeckue Kod(PphUImneHThl, 3aBUCSIIHNE OT cOCTaBa HE(TH.

Hns npumenenus (2.10) HeoOX0AMMO 3HAHUE DKCIEPUMEHTATBHBIX
3HAUYCHUH BA3KOCTU He(PTH MpU JBYX TemIepaTypax, MOACTaBIsAsI KOTOPHIC B
(2.10), MoxHO onpenenuTh KO3 PUITUEHTHI a; U a;.

Hcnonb3yst 1Ba HKCIIEPUMEHTAIbHBIX 3HAYEHUSI BA3KOCTH HEPTH MpHU
temneparype 20 u 50 °C, temrneparypHyr0 3aBUCUMOCTh JUHAMUYECKOM BSI3-
KOCTH HEe()THU MOKHO ONUCATh

(t-20)/30

g
lg 4, = (1g t1p) : H : (2.11)
Hoo

TZ€ oo, Ms0, L — OTHOCUTENbHBIE TMHAMUYECKHE BA3KOCTH He(pTH IpHU aTMO-
chepHoM maBieHun u temmneparypax 20, 50 u ¢ °C cOOTBETCTBEHHO, YHCIICH-
HO PaBHbIE COOTBETCTBYIOIINM 3HAYEHUSAM JUHAMHYECKOHN BS3KOCTU CENapu-
pPOBaHHOW HE(PTH, BHIPAKECHHON B MIJUTUTIACKAIIAX B CEKYH]TY.

Ecnu “3BECTHO TONBKO OJHO 3KCIEPUMEHTAIBHOE 3HAYEHUE BA3KOCTH
He()TH NpHU KaKoW-TuOO TeMueparype #y, TO 3HaUCHHE €€ MPHU IPYroil TeMIie-
paTtype MOKHO ONpPEeAETUTh Mo (hopMyIie

1 x
#==(Cpi) (2.12)
C
1
x= )
1+a(r—1,)1g(C- 1)

W, W,, — AMHAMHAYECKas BS3KOCTb HEQPTH IPU TEMIIEPATYPE ¢ U ¢y COOT-

rac

BETCTBEHHO, MlIa-c;
a, C — smnupudeckue KodhQUIIEHTHI.
Ecmu p> 1000 mlla-c, To
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C=10 ! : a=2,52-10" 1/ °C;
mlla-c

eciim 10 < p < 1000 mlIIa-c, To

C=100 ! - a=1,44-10"1/°C;
mlla-c
eciu p < 10 mlla-c, To
C=1000 ! - a=0,76:10" 1/ °C.
mlla-c

[Ipy OTCYTCTBHH SKCIIEPUMEHTAIBHBIX JAHHBIX U1 OPUEHTUPOBOYHBIX
oLIeHOK Bsi3kocTH HepTu npu 20 °C u atMocepHOM JaBICHUU MOKHO BOC-
M0JIB30BAThCS CIEAYIOIMMU (POpMyIaMu:

Eciu 845 < p, < 924 xr/n’,

2
| 0,65802 |
HH|:103886-p2:| ) (213)
eciu 780<p <845 kr/nm’,
2
| 0,456p2 514
g™ 103833—p2 D ( . )

II€ Ly, Py — BA3KOCTb M IJIOTHOCTH cemapupoBaHHoW HedTH mipu 20 °C u
3
aTMoc(epHoM naBieHuu, mlla u Kr/M”, COOTBETCTBEHHO.

Ilpumep 2.4. Onpenenuth BA3KOCTH cemapupoBaHHOW HedTu mpu 73
°C, ecnu U3BECTHA TOJBKO €€ MIIOTHOCTh npu 20 °C B MOBEPXHOCTHBIX YCJIO-
BHUAIX, paBHas 919 kr/m’,

Pewenue. Tlo (2.13) onenuBaroT Bsazkocth HePTH npu 20 °C u atmo-
chepHOM JaBJICHUU

_0,658-919°
10° -886-919°

3arem mo (2.12) paccunThiBarOT BA3KOCTh He(TH mipu 73 °C.

=180 mlla -c.

Hy

Tak kak 10<p,<1000 mIla-c, To

C=100 ! - a=1,44-10"1/ °C,
mlla-c
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a IIOKa3aTCJib CTCIICHU
. 1
11,4410 (73-20)1g(100-180)

=0,7549.

Taxum oOpazom, BsizkocTh HedTu Tipu 73 °C Oyaet

(100-180
100

)0,7549

Woy = =93 mlla-c.

2.4. BA3KOCTBb ra3oHachbIECHON HePTH

[To ¢popmyne Ubto u KoHHENM MOXHO paccUMTaTh BSI3KOCTh ra30Ha-
CBILLIEHHON HEQTU NPU JTaBJICHUN HACBIILICHUS

ne=Apg, (2.15)

IZI€ | — BI3KOCTh HE()THU, HACBIIIEHHOW ra30M, IpU TeMIlepaType t U JaBiie-
HUM Hacelmenus, mlla-c;

L, — BA3KOCTh cenapupoBaHHOM HedTu npu Temneparype t, mlla-c;

A, B — sMmnupuyeckue Ko3pPUIUeHThl, onpenensieMble no Gopmyiam

A=exp[(12,4 10°7,-8.,576). 10‘3FOJ , (2.16)

Bzexp[(8,02 10°7,-4,631): 10‘31@ . (2.17)

Ilpumep 2.5. Paccuutath TMHAMUYECKYIO BS3KOCTh HE(TH, €CIIH J1aB-
JICHWE HACBIIIEHUs yMeHbIIMIoCh oT 14,2 no 2 Mlla (npu Temnepatype 42
°C) ¢ COOTBETCTBYIOIIMM YMEHBIIIEHUEM Ta30HACHIIIEHHOCTH OT 68,2 10 10
M>/M’ ¥ HOCTIEIYOIIMM 3aTeM OXJIaxeHieM HedTi Ha 18 °C.

N3BecTHO, 4TO BA3KOCTh cenapupoBanHoil HegTu npu 20 u 50 °C co-
OTBETCTBEHHO cocTtaBideT 23,6 u 8,3 mlla-c.

Pewenue. Ecnu u3BeCTHO 1Ba 3HAY€HUs BA3KOCTH CEMAPUPOBAHHOU
He(TH, TO MOKHO PACCUUTATh BSI3KOCTh CEMapupoBaHHOM HePTH nipu 42 u 24
°C (na 18 °C Hmxe) o (2.11):

(42-20)/30
lgﬁJ =1,0229,

lgu4z=(1g23,6)[1g23 -

OTKyJa Ly, =10,5 mITa-c.

Amnanornyso npu 24 °C
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(24-20)/30
1g8.5 j =1,3014,

lguz4=(lg23,6)(lg23 -

OTKyJa W,,=24 mlla-c.

[To (2.16) u (2.17) naxonsaT ko3pduimenTsl A U B ipu Ta30HACHIIICH-
HOCTH 68,2 M>/M:

A= exp[(12,46-68,2-10_3 —8,576)68,2-10‘1 ~0,590;

B=exp _(8,02 682107 -4,631)68.2. 10‘3}0,757;
TIPH Ta30HACKIEHHOCTH 10M /M

A=exp| (12.46-10- 10‘3-8,576)10.10'3}:0,919;

B=exp _(8,02 10-107-4,631)10- 10‘3}0,956.

ITo (2.15) paccuuTHIBAOT BA3KOCTH T'a30HACHIIIIECHHON HE(THU IIPH TEM-
nepatype 42 °C u JaBIE€HUH HACBIILICHUS

1, =0,59-10,5%77=3,5 mIla -c
H I1pH OCTaTOYHOM I'a30HACBINICHHOCTHU 10M3/ M3
11g=0,919-10,5%9°0=8 7 mIIa - c.

CnpaBoyHoe 3HaueHue BsI3KOocTU HepTu npu temmnepatype 42 °C, ra-
30HACBIIIEHHOCTH 68,2 M/M W JaBJIEHUH 14,5 MIla cocraBasger 3,5Mmlla-c,
YTO COBMAJAET C PACUCTHBIM €€ 3HaueHueM npu naasieHuu 14,2 Mlla. Bnus-
HUEM HE3HAYUTEIBHOTO pa3iuyMsl JaBJIEHUS Ha BI3KOCTb HEDTU MOXKHO
npeHeopeyb.

OxJ1aXkIeHue Ta30HACKIIICHHON HE(TH BBI3HIBACT HE TOJBKO YBEIMUYCHUE
€€ BSI3KOCTH, HO Y CHIDKEHHE JIaBiieHus HackimeHus. Mudopmarmn mis pacuera
CHIDKEHUS HACBIIIICHUSI HEIOCTATOYHO, TOATOMY ONPEACISIOT BA3KOCTh YaCTHY-
HO JIeTa3upOBaHHON HeTH mocie ee oxiaxaeHus 10 24 °C mo Toii ke dhopmyre
(2.15)

ng=0,919-20%%°=16,1 wmlla-c.

ITonydyenHnas pacdeTtHasa Bsi3KocTh 16,1 mlla-c HeckoyibKO 3aBbIllICHA
M3-3a HE y4yeTa C)KUMAeMOCTH HEe(TH IPH JABJIICHUH BBIIIEC JaBJICHUS HACHI-
IIEHHUS.
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2.5. Moasipuast Macca HepTH

MounspHas macca cenapupoBaHHOW HEPTH (KI/KMOJIb) B pe3yibTaTe €€
OJIHOKpaTHOro pasrazupoBanus npu 20 °C 1o atMocdepHOro AaBiIeHUS] MO-
JKET OBITh paccurTaHa 1o Gpopmyiie

M, =0,2p, ", (2.18)

H
rae W, — BSI3KOCTb CENAapHUPOBAHHON HE(PTH IPU CTAHAAPTHBIX YCIOBUSX,
mlla-c.

B onpenenennom auamnazoHe miIOTHOCTH CEapupoOBaHHONW HePTH yI0-
BJIETBOPUTEILHBIE PE3YyJbTaThI 1aeT u3BecTHas ¢popmyia Kpara

M, =4429Pu__ (2.19)

1,03-p,
— ~ (]
rie  p, — OTHOILIEHME IUIOTHOCTH cenapupoBaHHoi HedtHu npu 15,5 °C k
IJIOTHOCTH BOJBI IIPU TOM K€ TEMIIEPATypE;

M, =0,157p, 1n*%" ecom p, <1,5mlla-c, (2.20)
0,136
M, =0,172p, - g2 =77, ect g, 21,5mlla - ¢ (2.21)
WIIH 110 JIByXIIapaMeTPHIECKOn popMmyJie

+
M, —443— PutPrlo (2.23)
1030-p, +1,8457,

Ilpumep 2.6. Haiitu MOJISIpHYIO MacCy cenapyupoBaHHON He(TH, eciu ee
IUIOTHOCTB — 893 Kr/M’, Bsi3kocTb — 41,2 mITa-c mpu 20 °C u atMocdepHOM JaB-
JIEHUH.

Pewenue. Tlo (2.18).

M, =0,2-893-41,2%" =269 xr/mons.

MoutsipHy10 Maccy cenapupoBaHHOW HEPTH OMpENestoT o Gopmyie
Kpora (2.19), ans 3Toro HaxoasT OTHOCUTEIBHYIO IIJIOTHOCTh HE(PTH MpH
temmneparype 15,56 °C. KoadduimeHt TepmMuyeckoro pacimvdpeHus HeQTu
MJIOTHOCTBIO

893 kr/M’ paBeH 0,7485-10°1/°C, Torna miotHOCTH Heptu npu 15,56 °C
Oyner

893
1+0,7485-107 (15,5-20)

P (15,56)= =896 xr/m’.
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Tak Kak OTHOCHTENbHAs TIIOTHOCTH 110 Bojie B 1000 pa3 MenbIe, To 1o dhop-
myze Kpara
M =44,29&=296 KI'/KMOJIb .

: 1,03-0,896
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3. TPABUTAIIMOHHOE PA3JIEJIEHUE ®A3

[Ipu cOope u moaroTroBke HePTH Ha MPOMBICIAX MPUXOIUTCS UMETh
JIE0
C CaMbIMU Pa3HOOOPA3HBIMH CMECSIMH, OOpa3yIOIUMH CYCHEH3UU, dIMYJIIb-
CUH, TIE€HbI, TyMaH, IbIM (ObUIb). [Ipyn mocTaToyHOM pa3aUYUU IJIOTHOCTEH
JIACTIEPCHOMU
U TUCTIEPCUOHHON (ha3 HanboJiee MPOCTHIM METOJAOM MX PA3JCIICHUS SBIISCT-
cst orctauBanue [20-22].

B none TsxkecTH Ha ocenaroluryto (BCIUIBIBAIOIIYIO) YACTUILY JEHCTBY-
I0T:

® Pa3HOCTh CHJIBI TSKECTH U MOIBEMHOM CHIIbI ApXuMena

AF:%d%p, (3.1)

rae  Ap — pa3HOCTb INIOTHOCTEN YACTULBI U OKPYKAIOIIEH CPEbI;

g — YCKOpeHue cBOOOHOr O HaJIeHMs;
d — AuameTp 4acTHLbL;

¢ Cujia COIIPOTHUBJICHUA CILIOLITHOM CpCabl

nd* oy
e=b= P

rie &, — k03 (PUIUEHT THAPABIMYECKOTO CONPOTUBIIEHHS CIUIOIIHON Cpe-

(3.2)

JIbl IBUKCHUIO B HEM OJJTMHOYHOM YaCTHUIIBI;

a)g — CKOPOCTb JABUKEHUSA OJUHOYHOM YACTHULBI OTHOCUTEIIBHO CILIOLI-
HOU CpEJIbL;

P, — INIOTHOCTH CILIOIIHON CPEBI;

Jomyctum, 4TO TeMnepaTrypa BO BCEX TOUKax alrapara rpaBUTallMOH-
HOTO pa3lesieHus (OTCTOMHHMKA) OJIMHAKOBA, TOTJAa KOHBEKIIMOHHBIE TOKH
OTCYTCTBYIOT. [IpH MOCTOSTHHOM CKOPOCTH JIBUKEHHS YACTHULIBI B CPEIE

AF =F,. (3.3)
Otkyna, ¢ yuetom (3.1) u (3.2), cnenyet
&oReg =§Ar , (3.4)

rae  Rey — xpurepuit PeriHonbaca
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Re, = 2P (3.5)
He
W, — AMHaMU4ecKas BA3KOCTb CILUIOLIHON CPEebl;
Ar — kputepuid Apxumena,
¢ Pe

V. — KHHEMaTH4€CKas BA3ZKOCTb CILIOILITHOM CpCIbI;

Ar= (3.6)

v

P, — IWIOTHOCTb AUCIEPCHOM (a3hl (YaCTULIBI, KAILIN).

B ycnoBusix CTECHEHHOTO OCa)XJeHUs (BCIUIBITHUSI) YaCTHII, T. €. MpHU
B3aMMOJICHCTBUU MEXK/y YaCTUI[aMU, UMEEM aHaJOTU4YHO (3.4) paBEeHCTBO
) 4

GReZ=2 A, (3.7)

rae  (, — K03pOULIUENT TUAPABIMYECKOTO CONPOTUBIIEHUS Ul JUCIIEPC-

HOM (ha3bl B IMYJIBCHH;
Re, — kpurepnit PeliHOnbACA B YCIOBUAX CTECHEHHOTO ITOTOKA.
Tak kak npassie yactu (3.4) u (3.7) OAUHAKOBBI, TO

&, ReZ=ERe; . (3.8)
Ilycth
& =Sonf (), (3.9)
rae éoﬂ — KO3(PUIMEHT TUIPABINYECKOTO COMPOTHUBICHUS CIUIONTHOM

Cpellbl 1711 OTHOM YaCTHIIbl B YCIOBUSIX CTECHEHHOT'O MTOTOKA;
¢ — 0O0BbeMHas A0S TUCIIEPCHOI a3kl B CUCTEME.

SKCHepI/IMeHTaHBHBIMI/I HCCIICAOBAHUAMMA IIOKA3daHO, YTO CKOPOCTH
OoCCOaaHusd 9aCTUllbl B YCIIOBHAX CBO6OI[HOFO OCaXJICHUA U CTCCHCHHOI'O IIO-
TOKa CBsA3aHbl COOTHOIICHHUCM

n
0o =wy(1-9)", (3.10)
rae  ®,; — CKOPOCTb OC@XKACHUS YACTUIBI OTHOCHTEIIBHO CILIOLIHO CPebl

B YCIOBHUAX CTCCHCHHOI'O IIOTOKA, Wy — CKOPOCTbH CBO6OI[HOFO OCaAXKACHUA

YaCTHUIIBI.
[ToaTomy

Re, =(1-¢)" Re,. (3.11)

DKCNEPUMEHTAIBHO TaKXK€ YCTAaHOBJIEHO, 4To Ipu Re < 500
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§0=£(1+o,15Re8’687) : (3.12)

Re,

rae
24

C =
0,8431g(¢/0,065)

(3.13)

¢ — K03 (dULUEHT GOpMBI YaCTUILIbI, PAaBHbIM OTHOLIEHUIO IUIOIIACH
NOBEPXHOCTEN c(hepruuecKoi YacTHIBI U peaTbHOW YacCTHIIBl OJMHAKOBOTO
oowema. Jlnsa chepruueckux gactur ¢ =1, ciemoBarensno C=24.

N3 (3.8) u (3.9) cnenyer
& Reg =&, f(p)Re. (3.14)

Otkyna, ¢ yaetom (3.12), monyyaroT
Rey (1+0,15Re(* ) = £ (¢)Re, (1+0,15Re) ). (3.15)
[Tpu maneix Re u3 (3.11) u (3.15) cnenyer
flo)=(1-¢)" (3.16)

[Tpu Re>500 koadpuiieHT conpoTUBIIEHUS HE 3aBUCUT OT CKOPOCTH,
CJIENOBATEINBHO, &= , modTOMY U3 (3.14)

Rej = f(¢p)Re:. (3.17)
Torma uz (3.11) u (3.17)
flo)=(-)™. (3.18)

OKCMEPUMEHTAIBHBIMU  UCCIEOBAHUSIMU YCTAHOBJICGHO, 4TO f ((p),

onpenensemas o (3.16) u (3.18), usmensiercss ot (1_ (P)—4,65 10 (l_(P)_477g,
CJIeI0BAaTENIbHO, B TIEPBOM MPUOIMIKEHUU TPUHUMAIOT, YTO

f(p)=(1-9)™". (3.19)

[TosTomy BMecTO (3.10) MOKHO 3amucarh

Zon _(1- q,)—“, (3.20)

W,

N3BecTHBI Takke ClEAyIOIIMe SMIupuueckue GopMmyJibl IJisd ydera
BJIMSIHUSL CTeCHEHHOCTH [11]:
mpu ¢ < 0,3
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mpu ¢ > 0,3

(6]
a)oﬂ _ 0,123 (1 . ¢)3
@, ®Q

(3.21)

(3.22)

Ilpumep 3.1. ConocTaBUTh paCYETHbIE OTHOCUTEIBHBIE CKOPOCTH OCE-
JaHUs Karneiab BOJbl B HEPTH B 3aBUCUMOCTH OT €€ 0OBOJHEHHOCTH, OIpeie-
nenHoi 1o (3.20), (3.21) u (3.22).

Pewenue. Tlycth 00BOJHEHHOCTh BOAOHE(DTSIHOW SMYJbCHH paBHA 5

%, Toraa no (3.20)

o (3.21)

Don_(1-0,05)"" =0,7858;
g

Do~ (1-0,05)7 - 10582005 = 0,7319.
©g

Paznocth PE3YJIbTATOB PACUCTOB COCTABJIACT

0,7858-0,7319=0,0539.

Pe3ynbTaThl aHAJOTMYHBIX PACUETOB JJIsI JPYTrUX OOBOJHEHHOCTEHW Mpe-

CTaBJIEHBI B Ta0J. 3.1.

Kak cnenyet u3 tabn. 3.1, cpaBHHBaemMbie POpPMYIIbI JatOT OJIM3KHUE pe-
3yJbTaThl, TO3TOMY TOJIB30BATHCS MOKHO JIFOOBIMU U3 HUX.

Tabmwna 3.1
CoriocraBlieHHE Pe3yIbTaTOB PACUCTOB
OGBOLHERHOCTS, % Pe3yabTaTel pacyeToB 1o GpopMysiaMm PAsHOCTE
(3.20) (3.21) (3.22)

5 0,7858 0,7319 - 0,0539
10 0,6095 0,5327 - 0,0768
20 0,3504 0,2768 - 0,0736
30 0,1871 - 0,1406 0,0465
40 0,0906 - 0,0664 0,0242
50 0,0385 - 0,0308 0,0077
60 0,0135 - 0,0131 0,0004
70 0,0035 - 0,0047 -0,0012
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3.1. Pacuer ckopocCTH OCa:KIeHHs Kale/b IPH U3BECTHOM MX AMaMeTpe

OO6nacTh JJaMUHAPHOTO PEXKUMaA OCAKACHUS XapaKTepU3YyeTCs CIETy-
OLMMU 3HAYCHUSIMHU nlapameTpa PeitHomnbaca:

10*<Re<?2. (3.23)

CoOTBETCTBEHHO KOC—)(b(I)I/IHI/ICHT TUAPABIMYCCKOTO COIIPOTHUBIICHUA
CpCAbl ABUKCHHIO KAIlJIK IIPHU 9TOM PCIKHUME PAaBCH

24
=—. 3.24
G (3.24)
N3 (3.4), c yuetom (3.24), cnenyet
Re=2F (3.25)
18

Hcnonw3ys rpaHnyHble 3HaueHust kputepus Pelinonpaca, u3 (3.23) no
(3.25) nmerko paccuMTaTrh I'paHUYHbIE 3HAYEHUs KpUTepuss Apxumena B o0Ja-
CTH JJAMHUHAPHOTO PEKUMA OCAXKIACHUS Kallelb

18-10°<Ar < 36. (3.26)
B o6nactu nepexoHOro pexumMa OCakIeHHUsI
2<Re <500, (3.27)

a K03 (PULHUEHT TUAPABINYECKOTO COIPOTUBIICHUS CPEbl OCAKICHUIO KaIlju
OTpeNeIsIIoT 1o Gopmyiie AJieHa

18,5
Eo= RS (3.28)
U3 (3.4), c yuetom (3.28), mist kputepust PeitHonbca momy4aercs
0,714
Re=Ar (3.29)
6,545

[To ananoruu ¢ BeiBosIOM (3.26) u3 (3.29), ¢ y4eToM IrpaHUYHBIX 3HA-
yeHut kputepus Re (3.27), ciaeayer, 4TO COOTBETCTBYIOIIME TPaHUYHBIC
3HAUEHUS KpUTEpHs Apxumena B 00JaCTH MEPEXOTHOTO PEKUMA OCAKICHUS
Kareiab OyayT

36<Ar <83,3-10°, (3.30)

T. K. Kpurepui PeriHobACa
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Re= Q9P (3.31)
u

IIPU U3BECTHOM AMaMETpe YyacTulbl 1 3HaueHuu Re (3.31)
_Re-p
dp,

Takum 06p&30M, B 00JacTH JJAMUHAPHOI'O pCKUMa CKOPOCTb OCAKIACHUS Ya-
CTHIIBI paBHaA

®, (3.32)

Ar-p

0= , 3.33
" 18pd) N
B 06HaCTH HepeXOI[HOFO pe)KI/IMa OCaXKIACHUA —
0,714
=21 (3.34)
6,545p.d

Wtak, 11 pacuera CKOPOCTH CBOOOIHOTO OCAXICHUS Kareilb MPU U3BECTHOM
UX JIMaMeTpe BHAYaJle PaCCUUTHIBAIOT KpUTEpUil Apxumesaa

3
d pc (pz[ _pc )
2 2
w
€CJIM €ro 3HAYCHHE YJOBIETBOPSET HEepaBeHCTBaM (3.26), TO CKOPOCTb CUH-
TaroT 10 (3.32), a ecau cooTBEeTCTBEHHO HepaBeHcTBaM (3.30), To o (3.34).

Ar= (3.35)

Ilpumep 3.2. PaccuuTtaTh CKOPOCTH CBOOOJHOTO OCaXKJCHHUS Kameilb
BOJbI 12 pazmepoB B HEQTH, eciau BA3KocTh HepTu |, =3Mlla-c, maoTHOCTH

pH=820Kr/M3. Pasmeps! Kanenb Bojbl (IOTHOCTBIO p,=1100kr/™M’) cresy-
romue: 3,4, 5, 10, 20, 30, 40, 50, 60, 80, 100, 1100 mMxm.

Pewenue. Tlycts xamnsa Boabl auamerpom 20 mxM. Ilo (3.35) omnpene-
JSI0T KpUuTepui Apxumena

(20-10—6)3 .820-(1100-820)-9,81
(3-10‘3)2

Tak kak 18-107<20,021-10<36, to o (3.33) paccuuThIBaIOT CKO-
pPOCTh CBOOOJHOIO OCAXICHHSI Kareib BObl AuaMeTpoM 20 MKM HEPTH

Ar = =20,021-107*.
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~20,021-107*-3-107°
18-820-20-107°

BapuanTsl 3a1aHuil U pe3yJIbTaThl aHAJIOTUYHBIX PACUETOB IS IPYTUX
pa3MepoB Karellb BOJIbl, OCAXAaroIuXxcsi B HeQTH, Aanbl B [1pui. 25.

=2,03-10° M/c=7,3 cm/u.

®q

Ilpumep 3.3. PaccuntaTh CKOPOCTH CTECHEHHOT'O OC@XKJICHUS Karlellb
BOJIbI 110 YCIOBUSIM INpuMepa 3.2 ams cieayroieid 0OBOJIHEHHOCTH IMYJIb-
cuit: 5, 10, 20, 30, 40, 50, 60, 70 %.

Pewenue. ViccnenoBanusiMu yCTaHOBIICHO, YTO TIPH 0OBEMHOM COJIEp-
KaHUU qucniepcHor ¢asbl 6onee 5 % HEOOXOAMMO YUYUTHIBATh CTECHEHHOCTh
OCaXJIeHUS (BCIUIBITHUS) Kalleb.

ITo (3.20) nns ycnouii npumMepoB 3.2 u 3.3 noiayyum

Do =D (1- B)4’7 .

4,7
3HaueHus o, OepyT M3 pelmeHus npumepa 3.2, a KOMIUIEKca (1 -B ) ’

— u3 npumepa 3.1. Hanmpumep, myctb AuaMeTp Kariyd BoAbl paBeH 50 MKM,

4,7
CKOPOCTb €€ CBOOOJHOr0 OocaxkJieHus paBHa 45,9 cm/4, a mapameTp (1 -B )

paBeH npu 50 %-ii o6BogHeHHOCTH 0,0385, crieioBaTebHO

0o,=45,9-0,0385=1,77cm/4,

T. €. CKOPOCTh CTECHEHHOTO ocaxkaeHus npu 50 %-ii 00BOJHEHHOCTH AIMYJIb-
CHM B 26 pa3 MEHbIIIE CKOPOCTH CBOOOIHOTO OCAXIECHUS KaIleb.

CKOpOCTH CTECHEHHOT'O OCaX/I€HUS Kalelb BOJbI IS IPYTUX pa3Me-
POB Kamelb U psjia 00BOJAHEHHOCTH JaHbl B [1pui. 26.

Ilpumep 3.4. Paccunurtarh TuHAMUKY OOBOJHEHHOCTH TOJIUIACTIEPCHOM
AMYJIbCUM TI0 BBICOTE€ OTCTOMHWKA MEPHUOJMYECKOTO ICHUCTBUS, €CIIM B HEH
coAepKaTCA Kalulki BOABI CIEAYOINUX pasmepos: 3, 4, 5, 10, 20, 30, 40, 50,
60, 80, 100, 200 MKM C OTHOCUTEIBHBIM YHCIOM HX B 3MYJbCUU COOTBET-
CTBeHHO 5, 15, 20, 18, 15, 8, 5, 3, 3, 2, 2, 4.

Pewenue. Jlomyctum, 4to pacnpeaencHue Kameiab BoAbl B HeTH mo-
CcJie 3aloJHEHUs] OTCTOWHHMKA paBHOMEpHO. CienoBaTebHO, 0OBOIHEHHOCTh
AMYJIbCUU
B JTI000OM CEUEHUHU €€ OJMHAKOBA M paBHA UCXOJHOU 00BogHEHHOCTU B. OT-
HOCUTEJIbHAS CKOPOCTh CTECHEHHOIO OCAXKJICHHSI YacCTHUI[ BOJAbI AUAMETPOM
d; B coorBercTBHH C (3.20) paBHa
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((D"ﬂj:(l -B)". (3.36)

W,

3aBUCHUMOCTb CyMMAapHOro 0o0beMa OT OTHOCHUTENBHOIO pa3Mepa Ka-
IIEJIb BOJBI B AMYJIbCUU XOPOULIO aIPOKCUMHUPYETCS YPAaBHEHUEM

id}Q*Nj
=

idlsNi
i=l1

I€  dmax — MAKCUMAJIBHBINA pa3Mep Karuiu.
B BbIIEIEHHOM 00bEME 3MYJIBCUU COJIEPKAHUE BOJIBI COCTABIIAET

(3.37)

TSN =T,
ggj =V (3:38)
1=

r€ 1 — YUCJIO Kameiab BOJIbl B OMYJIbCUHU (1171 Hatel 3agauu n=100);
V; — 00beM BOJIBI B AMYJIbCHH.
AHaJIOrMYHO

n
%EﬁNzﬂh (3.39)
i=

rae  Vz; — 00beM BOABI BO BCEX Te€X, KAIUIAX, pa3MEpPbl KOTOPBIX MEHbIIE
WIH paBHbI d,, T. €.

d;<d,. (3.40)
Ilo OIIpCACIICHNTIO O6BOI[HCHHOCTB OMYJIBCUH €CTb OTHOIICHUC
B=V,/(Vs-Vs). (3.41)
Otkyna
B
AHaJ'IOFI/I‘-IHO I 06BOI[H€HHOCTI/I B CJIOC OSMYJIbCUHU
B.
Vei =V T lBi (3.43)
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[ToncraBnss (3.42) u (3.43) B (3.37), ¢ yuerom (3.38) u (3.39), nomny-
YaoT CIEAYIOLIee PaBEHCTBO:

B 1-B

B'1-B ’ G4y
1

(3.45)

[Toncrasnsst (3.45) B (3.36) u npeoOpa3oBbIBast, UMEIOT
- 4,7

Poa | _ (3.46)

o, ).

Takum o6pazom, 1o (3.46), B omyinuue ot (3.36), onpenensroT OTHOCH-
TEBHYIO CKOPOCTh OCaXJICHUS Karelb BOJBI B CIIO€ AMYJIbCHU C OOBOIHEH-
HOCTBIO B;, KOTOpas MEHbIIE Ha4albHOW OOBOJHEHHOCTH dMYJIbCUU BCIE-

CTBHC OIICPCIKAOIICTIO ABHIKCHHUA KallCJIb PpasMCpOM OoubIIIe di' CJIC,ZIOBa-

TENbHO, 10 (3.46) MOYKHO paccUMTaTh CIEKTP CKOPOCTEH CTECHEHHOIO Oca-
KJIEHUsl KalleJdb BOJbI C YYETOM HM3MEHEHHs] OOBOJHEHHOCTHU SMYJbCUHU IO
BBICOTE OTCTOMHHUKA.

Ha MoMeHT BpeMeHHu T Mocie Hayajla TPaBUTALIMOHHOTO PaCCIOEHUs
AMYJIbCUH HYDKHSISL TPAHULA CIIOSl AMYJIBCHH, COAEPIKALIEH KAl pa3MepoM
d, 1 MeHbIIE, MOKET OBITh HalIeHa IO (hopMyJIe

By =10, (3.47)

Ecnu 06111215[ BbBICOTA SMYJIbCHHU B CMKOCTH h, TO OTHOCHTCJIbHAA BBICO-
Ta OYUIICHHOTO CJIOA OMYJIbCHUHU, COACPKAIICTO KAIlJIM pa3MCPOM di N MCHb-

e, OyJeT paBHa

h.
g;=—+. (3.48)
h
JluHaMuKy MOCJIOHHON 0OBOAHEHOCTU AMYJIbCUH B PE3yJIbTaTe T'PaBU-
TallMOHHOTO pa3/iesIeHUs PACCYUTHIBAIOT 1O (3.45).
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ITpu B=0,2; d. =20 mxm u d_, =200 MKM

2
I- 1(22(;)0j
B;=0,2- .100=10,13 %,

2
20
1-0,2,/1-| —
200
T. €. OOBOJHEHHOCTb CJIOSI 3MYJIbCHHM, B KOTOPOM OCTAJIUCh TOJBKO KaIlIH

nrameTpoM 20 MKM 1 MeHblie, paBHa 0,13 %.
Jnsa nuametpoB d; kanens Boasl 10, 20, 30, 40, 50, 60, 80, 100, 200

MKM
B pe3yJbTaTe aHAJOTUYHBIX PACUYECTOB /I OOBOJHEHHOCTH COOTBETCTBYIO-
IIMX CIOEB dMYJIbcUU B; moiydarorcs cienyromumu: 0,03; 0,13; 0,28; 0,50;

0,79; 1,14; 2,04; 3,24; 20 %.

Ilpumep 3.5. UccnenoBath BIMsHUE OOBOJHEHHOCTH AMYJILCUM Ha OT-
HOCHUTEJIBHYO CKOPOCTh CTECHEHHOT'O OCaXKIEHUS KaIleb BOBI.

Pewenue. ®opmyna (3.46) BbIBEE€HA W3 YCIOBHUS ONEPEXKAIOLIETO
JBH>KEHUS KarleJb BOJbBI 10 OTHOUIEHUIO K KaIIsIM MEHbIIero nuamerpa. Co-
OTBETCTBEHHO KaIUIM MEHBILIEr0 JUaMeTpa OCEHaroT B CIIO€ 3MYJIbCUU MEHb-
1€l 0OBOJTHEHHOCTH M, KaK CJEJCTBHUE, YBEIUUYHUBAIOT CKOPOCTh OCAXKICHUS.
®opmyna (3.46) yuuThIBAET MOCIOWHOE U3MEHEHHE OOBOJHEHHOCTH dMYJIh-
CUM BCJIEJICTBUE OINEPEKAIOLIEro JBUKEHUS KPYIHBIX Kalelb, €ClId 3aBUCH-
MOCTh CyMMapHOIo 0O0beMa Kareidb BOAbl OT MX OTHOCHTEIBHOIO pa3Mepa
annpokcumupyercs ypaBHenueM (3.37).

Homyckarot, uro (3.37) cnpaBemiuBo. Torma OTHOIIEHHE © K

0]l max

®,,; PABHO

(3.49)

€CJIM CKOPOCTh CBOOOJIHOTO OCQXKICHHS KaIlId OMPEIESIoT 1Mo (opmyse
Croxkca.

Kaxk cnenyet u3 taba. 3.2, mpu onpeaeaeHHOM COYeTaHuU 001Ieil 00-
BOJTHEHHOCTU AMYJIbCUU U JAUAMETPOB Karellb, ONEPEkKAIONIETO JBUKEHUS
OoJiee KPyHHBIX Karelb He mpoucxoauT. Hampumep, s sMyibcur 00BOJ-
HEHHOCTBhIO B=0,7 CKOPOCTh OcakAeHus Kariu guameTpom 200 MKM BCEro B
15,5 paza Gosbllie CKOPOCTH OCAXKACHUS KaIUM JUAMETPOM B 3 MKM, T. €.
AMYJIbCHS HE JIOJKHA PacCaauBaThCs 10 KOAryysiluM Karelb. [ aMmynbcun
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o0BoHEeHHOCTRIO B=0,1 omepekaroiiee MBMKEHUE O0Jiee KPYIMHBIX Karleib
MIPOMCXOJIUT MPAKTUICCKHA BO BCEM JIMAIA30HE UX Pa3MEpOB.
Tadmuna 3.2

OTHOCHUTEIIHLHBIC CKOPOCTH CTCCHCHHOI'O OCAKACHUA KaIICJIb

OTHolIEHNE CKOPOCTU CTECHEHHOT'O OCAXACHUS Karejlb MaKCUMaIbHOIO pa3-
d. Mepa

— K CKOPOCTSIM OCa)KJICHHS KaIlelb MEHBIIIET0 pa3Mepa MpHu CIIeAyIoIei oomen
dax 00BOJAHEHHOCTH SMYJIbCUI

B=0,1 B=0,2 B=0,3 B=0,4 B=0,5 B=0,6 B=0,7
0,015 2708.,9 1557,9 831,5 403,0 171,1 60,0 15,5
0,020 1523,8 876,1 467,8 226,7 96,3 33,7 8,7
0,025 975,3 560,8 299,5 145,2 61,6 21,6 5,6
0,05 2439 140,4 75,0 36,4 15,5 5.4 1,4
0,10 61,1 35,2 18,9 9,2 3,9 1,4
0,15 27,2 15,8 8,5 4,2 1,8
0,20 15,4 9,0 4,9 2,4 1,1
0,25 9,9 5,8 3,2 1,6
0,30 6,9 4,1 2,3 1,2
0,40 4,0 2,4 1,4
0,50 2,6 1,6
0,60 1,9 1,2
0,70 1,4
0,80 1,2
0,90 1,0
0,99

Taxum o6pa3oM, u3 gaHHBIX Taba. 3.2 U KUHETHKHU PACCIOCHUS BOJIO-
HE(PTSAHBIX AMYJIBCUI BUIHO, YTO pelIalomuM (HakTOpoM B MEXaHU3ME pac-
CJIOCHUSI SMYJIbCUM TMPU OOJIbIIOW OOBOJHEHHOCTH SIBISIETCS KOATyJISIIUS
MPEUMYILECTBEHHO HamOoJiee KPYMHBIX Kaledb W MocleAyrollee ObICTpoe
BBINIJICHUE UX B 0CaJ0K. B pe3ynbTaTte 00BOJHEHHOCTh AMYJIbCUH YMEHbIIIA-
€TCsl, BEPOSITHOCTb CTOJIKHOBEHHUS KPYMHBIX Karelb BOJbI CHU)XXAeTCs U
HAaYMHAeT NpeodiaiaTh MEXaHU3M 0e3K0aryJIMOHHOTIO OCaXICHUS Karlelb
C BO3MOXHBIM 3aXBaToOM OoJiee MeIKUX yacTHull. [Ipy 0OBOJHEHHOCTH dMYJIb-
cum 6oinee 10 % BO3HHMKAIOT OJIATONPUATHBIE YCIOBHS (yBEIHMUYCHUE KOHIICH-
TpalMy OTHOCHUTEJIBHO KPYIIHBIX Kamellb) Ui KOaryJsluuu Kameib, T. €.
YMEHBUIEHUE JUCHEPCHOCTU 3MYJIBCUHU B JIOKaJbHOM cioe. Koarymsanus ka-
nenb 00JIeryaercsl Mpu HCIOIb30BAaHUHM MOBEPXHOCTHO-aKTHUBHBIX BELIECTB
JUI. YMEHBIICHHUS MPOYHOCTH «OPOHW» Ha KAIUIAX M IPU YMEHBIICHUU BSI3-
KOCTH HE(PTH.

CrnepnoBarenbHO, pa3ieieHue 3MYJIbCUU MOXKHO MPEICTaBUTh UTYIIHM
OJIHOBPEMEHHO Kak Obl B IByX HallPaBICHUSIX:
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® OIEPEeXAIEM OCEeaHWU KPYMHBIX Kamelb, Mepexoae MX B BOJ-
Hy10 a3y, T. €. YMEHbIICHUN OOBOJIHEHHOCTH BEPXHUX CJIOEB 3MYJIbCUU IO
OTHOILICHUIO
K UCXOJHOM;

® YBEIIMYCHUH OTHOCHUTEIBHBIX pPa3MEpOB OCTAIOUIMXCSA Kareidb Ha
(boHe 001Iero YMEHbIIEHHS KX a0COIOTHBIX Pa3MEPOB.

Takum oOpa3om, Ipu pacyere rpaBUTALMOHHBIX OTCTOMHUKOB pasfe-
JsieMbl€ IMYJIBCUU MOXHO KJIACCU(UIMPOBATH CIEAYIOINUM 00pa3oMm:

1) pazbaBieHHast ¢ 0OBOJIHEHHOCTHIO 5 % M MEHbIIE, T. €. CTECHEHHO-
CTBIO OCaX/ICHUS Kalejb MOKHO NpeHeOperars;

2) AByXCIOMHas, CoiepkKaliasi B BEpXHEM clioe pa30aBIECHHYIO YMYJIb-
CHIO,
B HIDKHEM — 0o0jiee KOHIICHTPUPOBAHHYIO, XapaKTEPU3YIOUIYIOCS CTECHEH-
HBIM OCQKJCHHEM;

3) KOHIICHTPUPOBaHHAs, T. €. OCAXJICHUE Kareab MPOUCXOAUT B CTEC-
HEHHBIX YCIOBHUSAX;

4) ¢ U3MEHSIOLENCs TUCTIEPCHOCTBIO, T. €. MPeodsIalaeT KoaryJsius
WIH JUCTICPTUPOBAHUE KaTlellb.

Ilpumep 3.6. VccnenoBarb XapakTep 3aBUCUMOCTH CyMMapHOI0 00b-
€Ma Kaneiab BOAbl OT UX OTHOCHUTEIIBHOTO pa3Mepa, UCIOIb3ys 3KCIIEPUMEH-
TaJbHBIC JaHHbIE, IPeICTaBIeHHbIe B padoTte [20] (Tabdm. 3.3).

Pewenue. Jlsi ycTaHOBJIEHHST BO3MOKHOM KOPPEIALMOHHON CBSI3U
MEXKy OTHOCUTEIBHBIM JIMAMETPOM Kamelb U CyMMapHbIM HX BKJIAJOM B
o0t 00BeM AUCTIEPCHOM (ha3bl MPEACTABISAIOT JaHHBIE Tabn. 3.3 B BUIE
Tabi. 3.4. MakcuManbHBIA TUaMETpP YaCTHUIl B IMYJIbCUSIX Y CKBaXXUHBI U TIe-
pen razoHedTsiHBIM cenapatopoM paseH 200 MKM, a Mmocie cemnaparopa u Io-
clle OXMMHOro Hacoca — 15 MxM. HopmupoBaHme nmaMeTpoB BO BCeX
AMYJBCUAX MTPOU3BEACHO N0 MAKCUMAIIBHOMY THAMETPY B OMYJIbCHH.

Takum 00pa3oM, OTHOCUTENbHBIA TUAMETP Kamelb BOJbl B BOISHOM
AMYJIbCUH B POMBICIIOBOM cUCTEME cOOpa paBeH

d;
d

max

d; = (3.50)

Tabnuma 3.3
OKcrepUMEHTANbHBIE JaHHBIE PACTIPEICTICHHS TUCTIEPCHOM (a3bl
BOJIOHE(PTSHOU IMYIBECUU

JnameTp Karesbp, Hons o0bemMa SMyJIbIUPOBAHHON B BUJIE KaIlelb BOJIbI
MKM B OMYJIbCHUHU B MecTax oTOopa mpob, %
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nepen ocje ocJje
y CKBa)KUHBI
CenapaTopom cenaparopa JTIOXKUMHOTO
1 - 0,0001 0,0002 0,0003
3 0,0002 - 1,16 3,9
5 0,0008 0,0003 432 5,6
10 0,0070 0,0006 28,84 11,22
15 0,0120 - 65,70 79,20
25 0,1500 0,7890 - -
50 2,0300 1,2100 - -

200 98,000 98,0000 - -
CpenHeB3BelIeHHBIM 116,800 742 8.6 7.7
paJyc Kamneib, MKM

Tabmuma 3.4

CBs13b OTHOCUTEIIBHBIX THAMETPOB KaIlelb C UX CYMMapHbIM BKJIAJ0M
B OOIIMI TUCTIEPCHBIN 00beM AUCTIEPCHON (ha3bl

OTHOCHTENbHEIH IHAMETD CymmapHbIit OTHocheanEH?I 00BeM Karesb BOJIbI
d / d B aucnepcHoit daze, %
Kanenb d; [ d .
Y CKBa)KUHbI nepeJl cenapaTopom
0,005 - 0,0001
0,015 0,0002 -
0,025 0,0010 0,0004
0,050 0,0080 0,0010
0,075 0,0200 -
0,125 0,1700 0,7900
0,250 2,2000 2,0000
1,000 100,0000 100,0000
nocJie cernaparopa nocJie Hacoca
0,067 0,0002 0,0003
0,200 1,16 3,90
0,330 5,48 9,50
0,670 34,32 20,72
1,000 100,00 100,00

CyMMapHBIi OTHOCUTEIIBHBIH 00beM Kamellb BoJIbI (%) B JTUCIIEPCHOM
(daze onpenenseTcs Mo BEIPAKCHUIO

rac

1

= =
Viz_

>d;
i=1

N, — 4KCn0 Kanenab JUaMeTPoM d;;

3
AN,

100,

n — o0I1ee YMCIIOo Kareb B OMYJIbCHH;
N; — cyMMapHO€ 4HCIIO Karelb AUaMeTPOM d; U MEHBIIIE.

(3.51)
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Ilpumep 3.7. PaccuntaTh HEOOXOAUMYIO IJUHY 30HBI OTCTOS MPHU He-
MIPEPBIBHOM TM0J1aue IMYJIbCUU B OTCTOMHHK, €CJIM €€ 00BOJHEHHOCTh B=0,2,
pacrpeiesieHue 4acTull [0 pa3MepaM MpeCcTaBieHo B mpumepe 3.4, BbICOTa
CJI0s1 AMYJIBCUM HA BBIXOJE — 1,75 M, TOpU30OHTAIbHASL COCTABJIAIONIASI CKOPO-
CTH 3MyJIbcUM Ha Bxoje o =10M/4, BA3kocTe HedTu 3Mmlla-c, MIOTHOCTH

Hedtu — 820 Kr/M3, IJIOTHOCTH BOAbI — 1100 Kr/a’.

Pewenue. Heobxoaumyto IIUHY 30HBI OTCTOSI SMYJIbCUH ONPEICISIOT
OCTaTOYHOM BOJIOHACHIIIIEHHOCTHIO, TOPU3OHTAIBHOM COCTABJISIONICH CKOPO-
CTH JABWIKCHHS dMYJIbCUU U CKOPOCTBIO PACCIOCHUS IMYJIbCHH.

[Toaromy

[fo.T, (3.52)
riae [ — JyiuHa 30HBI OTCTOS AMYJIBCHUH, M;
®_ — FOPU30HTAIbHASL CKOPOCTh JABHXKEHHS SMYJIbCUU HA BBIXOJE B OT-

T

CTOMHUK, M/C;

T — BpeMs peObIBaHUS SMYJILCUU B OTCTOWHUKE, C.

Bpewms npeObiBaHuS IMYIBECUN B OTCTOMHHUKE MOXKET OBITh OIPEIEIICHO
KaK OTHOIIICHHE

= (3.53)

rae s — BbICOTa CJ0sl BOJOHE(TSIHON 3MYJIbCUM HA BBIXOJI€ B OTCTOMHUK;
®,,; — CKOPOCTb CTECHEHHOI'O OCEIaHUs KaIlelb BOAbI IUAMETPOM d, ;
T, — BpeMs OCEaHus 4acTUll IUAMETPOM d,, T. €. BpeMs IPOXOXKIe-

HUS WX Yepe3 CJI0U SMYJIHCUH BBICOTOM /.
[Toncrasmnss (3.53) B (3.52), ¢ yuetom (3.46), monyyaroT

14,7

ll-<]’l (Dr'lg'“c

< : 3.54
d?-Ap-9,81 G-

rae |, — BA3KOCTb CPENBbI;
d, — MakCUMaJIbHbIM MaMeTp Kamesb BOJAbI, KOTOPbIE MOTYT COZAEp-

1

KaTbCsa
B OMYJIbCHMH Ha BBIXOJC U3 OTCTOﬁHHKa,

Ap=p, Py
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3
Py> Py — IWIOTHOCTB BOJIBI U HEPTU COOTBETCTBEHHO, KI/M’;
d .« — MAKCUMAJIBHBIN TUaMETpP Kalleslb BOJbl B OIMYJIbCUU HA BBIXOJE

B OTCTOMHMUK, M;
[,— nrHA 30HBI OTCTOSI KaIleJlb BOJBI AUaMeTpoM Oosee d;, M.

ITycts d;,=100 mkM, TOTI2

4,7

1-0,2 1—(10())2
1,75-10-18-3-107° ’

_3600-(100-10_6)2~(1100—820)-9,81 1-0,2

~1L,2Mm

Ecnu 30Ha orcTost amynbecun — 11,2 M, TO ocaxaar0Tcsa BCE Karuiv BO-
JbI
B sMmyJbcun auamerpom 100 MxMm u Gonee. CiaenoBaTeabHO, B OMYJIbCHH Ha
BBIXOJIE MOTYT COJIEPKAThCA TOJBKO KaIUlM BOJABI JuaMeTpoM Menblie 100
MKM. B COOTBETCTBUU C 33/IaHHBIM PACIPEICICHUEM Kallellb BOJbl B SMYJb-
CUH II0 pa3MepaM Ha BBIXOJE M3 OTCTOMHHUKA C JJIUHOW 30HBI OTCTOS 11,2 M
cozeprKarcs Karuy Boabl ruamerpom 100 MKM ¥ MeHbIIe.

OOBOJHEHHOCTh AMYJILCUU Ha BBIXOJE M3 OTCTOMHHMKA MOXET OBbITh
paccuntana no (3.45), npuHUMas pa3Mepsl Kaneib BOJAbI, TOKUJAIOIUX OT-
CTOMHUK B COCTaBe dMyJbcuU, 80 MKM U MEHBLIE:

2
1-( ]
B, ;=0,2 100=3,2%.

2
1-0,2 1—(80J
200

Pesynbratsl pacuetoB /; u B,y Ui OCaKIEHUS Pa3IMYHBIX JUaMETPOB

npuseneHsl B [Ipwi. 27.

3.2. Pacuer 0TCTOHHON annmapaTypsbl

TeXHOJIOTUYECKUIA PacueT OTCTOMHOM ammaparypbl 3aKIOYacTcs B
OTIPEJICIICHUH MPOIYCKHOM CIIOCOOHOCTH OTCTOMHUKA HIIA €T0 Pa3MEPOB.
Ecnu ckopocTh CIMsSHMS Karelib BOJIbI C BOJHOW MOAYIIKON (ciioeM
BO/IbI)
B OTCTOMHHUKE MEHBIIE CKOPOCTHM HAKOIUICHUS YacCTUIl Ha BOJAOHEPTIHOM

59



pazzaene, To MeXay He(TbiO U BOJHOW MOAYIIKON 00pa3yeTcsl MepexoiHOM
CJIOW, TOJIIIIMHA KOTOPOr0 YMEHBIIAETCS K BBIXOY OT OTCTOMHHUKA.

OOBOJHEHHOCT, HE(TH Ha BBIXOJE M3 OTCTOMHMKA OMPEIEINSIOT IO
COJICP’KAHUIO MEJKUX Kalejb BOJbI, BpPEMS OCaXJACHHUS KOTOPBIX OOJbIle
BPEMEHHM OCEBOTO IIEPEMEIICHUS Pa3lEIIeEMON 3MYJIbCUM B OTCTOMHHUKE.
CKOpOCTh JABMXXEHHMSI 3MYJbCHUHM BJIOJb OTCTOMHMKA OT BXOJA JI0 BBIXOAA
HEINPEPBIBHO YMEHBIIAETCS OT 3HAYEHUS HAa BXOJE

_0
O,y _S_j , (3.55)
J10 3Ha4YCHUS Ha BBIXOE
Oy ik =% , (3.56)

H

rae O, — KOJINYECTBO XKUIKOCTU (IMYJIBCHH), HEMPEPHIBHO ITOCTYIAIOILEE

B OTCTOMHMK AJI pasaciiCHus 3a CAMHUIY BPEMCHU,

S, — IUIOLIA/b MONEPEYHOr0 CEUEHUs, 3aHATasl CJI0eM HePTH (3MyJIb-

CHH) Ha BXOJE B OTCTOMHUK;
sk

QH — KOJIHMYCCTBO OMYJIbCHHU C OCTAaTOYHBIM COACPKAHUCM BOJHI,

HEIIPEPHIBHO BBITEKAIOIEE U3 OTCTOMHMKA B €JUHUILY BPEMCHU.

3a BpeMs IIPOXOKJIEHUS IMYJIBCUU OT BXOJa 10 BBIXOAA U3 OTCTOWMHU-
Ka KOHLEHTpalus JUCHepCcHOM (as3bl B dMyJIbCUU M3MEHsAeTcs. B BepxHei
4acTH OTCTOMHHKA OHAa YMEHBIIAETCS II0 CPABHEHHUIO C INEPBOHAYAIBHOMN
KOHLeHTpanuel. CinenoBaTellbHO, BA3KOCTh SMYJIBCHM IO BBICOTE B OTCTOM-
HUKE IIEPEMEHHA, TPUYEM B BEPXHEW YAaCTH OTCTOMHHKA OHA YMEHBLIAETCS
BJI0JIb TOPU30OHTAIILHOM OCH OT BXOJa 10 BeIxojaa. [lo BepTuKamu B KaxkI0M
CEYEHHH OTCTOWHHKA BSI3KOCTh AMYJIbCHHM BO3pPAacTae€T OT MUHUMAJIbHOU y
BEpPXHEN 00pa3yromieil OTCTOMHHUKA 10 MAaKCUMaJIbHON HAa IPAHMIIE C BOJHOU
MTOAYILIKOM.

[IpuHuMas BpeMsi OCaKJIEHUsI MaKCUMaJbHBIX Kaneidb BObI, BHIHOCS-
HIMXCS TOTOKOM He(TH, paBHBIM BPEMEHU JIBHXKEHHS SMYJIbCUH BJIOJb 30HBI
OTCTOSI, MTOJIy4aeM BO3MO>KHOCTb PACCUUTATh IMPOMYCKHYIO CIIOCOOHOCTH OT-
CTOMHHUKA

Reb_L (3.57)

[
O‘)oai (Dcp

rae R —paanyc OTCTOMHUKA,;
h — BBICOTa CJI0s1 BOJbI B OTCTOMHHUKE;
@y, — CPEAHSAS CKOPOCTH [BIKCHUS SMYJIbCUH;
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®,,;; — CKOPOCTb OCAXKIACHUA KallCJIb BOAbI JTHAaMETPOM di B OMYJIbCUHU

oma
U3 KOTOPOUW BBIHOCSTCS TTOTOKOM HE(PTH BCE OTCTABIINE KAl MEHBIIIETO
pa3mepa;

[ — 4YacTh NJIWHBI OTCTOWHWKA OT CEYCHHMs, TJIc HAUMHACTCS TPaBHUTa-
IIMOHHOE pa3JielIeHue dMYJIbCUU (BBOJ), IO CEUCHUS, TJC OHO MpEeKpaIiaeTcs
(BBIXOT).

N3 (3.55) cnenyer

[
(Dcp:(’)oni T_h (358)
[IpomyckHast cnocoOHOCTh OTCTOMHMKA U3 (3.54) onpenensercs Kak
Q)K = a)BXSH :

Tak kKak cpenHsst CKOPOCTh IBUKEHUS IMYJIbCUU B OTCTOMHUKE MOMKET
OBITh IPUHSATA KaK CpeHssa apupMeTUIecKasi Ha BBIXOJE, TO

Ocp :Oas(@Bx ~OWppix ) ’
OTKYJ1a
Wpx :zmcp ~Opprx >

uiu, ¢ yuetoM (3.56),

%k

Opx =20¢p- SH

Taxum oOpaszom, MporyckHasi ClIoCOOHOCTh B OTCTOMHUKE Oy1eT
*
Ox=20¢pSy - Oy - (3.59)

N3 marepuanbHOro 6ajaHca paboThl OTCTONHUKA, IpeHeOperas 3axBa-
TOM HE(TH APEHAKHON BOAON, MOKHO MTOKA3aTh, YTO

0:=0x 5 T B (3.60)

BBIX

CnenoBarenbHo, u3 (3.59), ¢ yuerom (3.60), mocie npeoOpazoBaHUit
uMeeM

S 1 BBBIX
PepZny 0,5(B+ Byyx )

O =

(3.61)

[Toncrasnss (3.58) B (3.61), mosyuum
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ZSH 1- BBBIX

Oy = Wy 2R-h.1—0,5(B'BBBIX)-

(3.62)

Tak kak CKOPOCTb CTCCHCHHOI'O OCAXXJICHUA KaIICJIb paBHA
- 4.7

1-B

2
d.:
1-B,1-| -
i (dmax] |

JU1s1 CBOOOAHOTO TIpU Re<2 COOTBETCTBEHHO
2
D= di (pz['pc)

(02} 18”(; g H

a TIPOITYCKHAasl CIIOCOOHOCTh OTCTOMHUKA OyeT

2

Q — ZSH . di (pB'pH)

*OR-h 18,

rie F(B, Byux) — QyHKIIMS 0OBOJTHEHHOCTH Ha BXOJI€ M BBIXOJI€ U3 OTCTOMHHU-
Ka,

omi~ “Woi

g F(B, BBHX), (3.63)

- 4,7
1-B
2
1B 1-[@
i dmax ]
(3.64)

pB’ Py — INIOTHOCTH BOIBI U He(i)TI/I B OTCTOMHMKE COOTBCTCTBCHHO,

BbIX

T1-0,5(B+ By

1-B
F(Ba BBBIX)

KT/M;
| — nnvHAa 30HBI OTCTOS, M;
h — MakCHMMaJbHas BBICOTA BOJHON MOMYNIKHA B OTCTOMHHUKE B 30HE OT-
CTOSI, M;
L, — BA3KOCTh He(TH B OTCTONHUKE, [Ta-c;
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d; — MakCUMAaIbHBIN AUAMETpP KaIllellb BOJBI, KOTOPBIE BMECTE C Karl-
JSIMA MEHBIIEr0 pa3Mepa MOTYT BBIHOCHTBCS W3 OTCTOMHHUKA IOTOKOM
HeTH, M;

B, Byyx — 00BOJTHEHHOCTh MYJILCHH Ha BXOJZIEC B 30HY OTCTOSI M BBIXOJIC W3
Hee;

dyax — MAKCHMAIBHBIM pa3Mep Kallellb BOJbI B OMYJILCHH HA BBIXOJIE
B 30HY OTCTOSI, M.

N3 (3.44) cnenyert, 4to

2 2
4 | _ 1 -(B'—B")Z, (3.65)
A nax B*(1-B,)
2 2
dy —1- (B - BB) ’ (3.66)
rmax B*(1-B,, )

rie  d, — MakCUMaJIbHBI JUaMeTp Kallejib, BBIHOCUMBIN M3 OTCTOMHHKA C
MMOTOKOM He(TH.

CBs13b MEXIY d; 1 MAaKCUMAaJIbHBIM JUAMETPOM KAaIlJId, BEIHOCUMBIM U3
OTCTOMHHMKA MOXHO YCTaHOBUTH CIEAYIOLIUM 00Pa30M.

[lepen BeIXx0mOM He(pTH M3 OTCTOMHMKA B 30HE OTCTOS B JAPEHAX YyXO-
JUT TIOCJEIHSS KAl d;, KOTopas SIBJsUIach JUIsl OCTAIOIIMXCS Kallelb MaK-
CUMAaJIbHOM, MO3TOMY OOBOJHEHHOCTH CJIOSl AMYJIbCUU C KAIUIAMH d, MOXET

OBITh IMpCACTaBJICHA B BUAC

ﬁ _1— (Bi _BBBIX) > (3.67)
d; B} (1-B,,,)

BBIX

[IpencraBum (3.63) B BuIE

_ ZSH _dliax (pB_pH)
2R-h 184,

Oy F(B,By,)- (3.68)

BbIX

rue
4,7 2
1-B)(1-B;)" 1-B;
F(B,BBHX):( J(1-5) 1- (1-5) : (3.69)
1-0,5(1-B;) B(1-B,
l
Heo0x0aumMo OTMETHUTD, YTO A0 BOJBI B IOTOKE HE(PTH HA BBHIXOJE U3
OTCTOMHMKA SIBIAETCA (DYHKIMEH BBICOTHI BOASHOW MOIYIIKH, MPOMYCKHON
CIOCOOHOCTH OTCTOMHHMKAa M €ro KOHCTPYKTHMBHBIX mHapaMmeTpoB. Iloatomy
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pacdeTr MPOIMYCKHOM CITOCOOHOCTH OTCTOMHHWKA 1O (3.68) MOCTATOYHO TpPH-
OJIVDKEHHBIN.

Ilpumep 3.8. B npoayKIMIO CKBOKWH Ha TPYIIIOBOM COOPHOM ITyHKTE
BBOZAT [IAB-aesMynbratop 1 HACOCOM OTKAYKM €r0 MOJAIOT Ha JTOKUMHYIO
HACOCHYIO CTaHIIUIO, 000PYIOBaHHYIO ABYMsI Oy(EepHBIMU €MKOCTSIMUA THAMET-
poM 10 2 M
M o0beMoM 115 M’ ¢ OTBOJAMM Ul IPEIBAPUTENHLHOTO COpOCa BOMBL
Harpyska Ha Kaxayio OyepHyio eMKkocTb konednercs or 2000 m’/cyT ¢ 06-
BogHeHHOCTRIO 37,7 % mo 1500 M3/cyT ¢ 00BoHEHHOCTHIO 36,6 %. BricoTy
BOJISTHOM MOAYIIKH B €MKOCTSIX MOJAJEPKUBAIOT HA TIOCTOSIHHOM ypoBHE — 60
CM.

OueHutsb conep)kanue BoJbl B HE(PTU Ha BBIXOJE U3 Oy(PEpHBIX €MKO-
cTeii, ecnu Ba3kocTh Hetn — 5 MIa-c, mnotHOCTh HedTH — 860 Kr/™M’, a Bo-
JIbI — COOTBETCTBEHHO 1050 Kr/M”.

Pewienue. 3nas 06bem OydepHOil eMKOCTH, HAXOIST €r0 AITUHY

4V 4-115
L=—=>=
nD- 3,14-4

=36,6 M.

Tak kak jJIMHA 30HBI OTCTOS MEHBIIIE €MKOCTH Ha CYMMAapHYIO JUIHHY
CeKIIMH BBOJAa W BBIBOJA SMYJIbCHU, HNPUHHUMAIOT JJIMHY 30HBI OTCTOS
[=30 M.

Bpemst 3aepikKu dMYJIbCHU B €MKOCTH OIPEACISAIOT JJIMHONW 30HBI U
CKOPOCTBIO €€ JIBUKCHHS B eMKOCTH:

AT

— IuIomaab IOMECPCHYHOI'0 CCUCHUA B CMKOCTH, 3aHATAA HC(bTBIO,

L

rae S,
2
M,
3
(O, — Harpyska Ha €MKOCTh IO HIKOCTH, M/c. Tak Kak BBICOTa

cjios Bojbl B eMKocTu 7 =0,6m, To €=0,6, clie0BaTENLHO,

Su=R| 0,5w+(1-0,6),J0.6(2-0.6) +arcsin(1-0,6) |=2,349 - R.

3Hast HArpy3Ky Ha MEepBYI0 eMKOCTb 110 xuakoctn 2000 M’/CyT., Haxo-
JSIT BpEMSI 3aJIEPKKU AMYJIbCHH B HEH
30-17-2,349

byan = 86400 =3044c.
2000
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OueBHIHO, YTO BpeMs OCEJAHUsS Kalesab BOABI B Oy(pepHON eMKOCTH
t, PABHO BPEMCHH 33/ICP)KKH SMYIIbCUH [, B HEH, T. €. 1, =1, . C Apyrou

CTOPOHBI, BpEMA OCCAaHUs KaIlICJIb BOAbI B OMYJIbCUHU B CMKOCTH PABHO
D—h
l.=—7,

oc
wom'

rac 030)1[ — CKOPOCTb CTCCHCHHOI'O OCCAAHUS KaIlJIM SOMYJIbCUU Pa3MCPOM d i

m/c.
OTKyna MOKHO HAUTH CKOPOCTb O, :
Dy i _p-T 5 06 46107 we.
toe 3044
13 (3.44) MOKHO BBIPasuTh d; uepe3 dp,y :
2
B-B;
d? =d2.. 1_% _
B*(1-B)

Kak cnexyer u3 ycinoBuil 3a1auu, B MPOAYKIMIO CKBaXUHBI HA T'PYII-
OBOM cOOpHOM nyHKTe nonaaatoT [IAB u 3arem ee nepekaunBaroT HACOCOM
OTKa4YKH JI0 JI0’KUMaeMOW HacOCHOM cTaHIUU. [IpOMBICIOBBII TPyOOIIPOBOA
oT rpynnoBoro coopsnoro nyHkra a0 JHC mMoxHO paccmaTpuBaTh Kak CBOE-
oOpa3HbIii KamieoOpazoBaTenb — YKpynmHUTENb [20,22] ¥ IPUHATH TTOITOMY
MaKCHUMaJIbHBIA pa3Mep Kameidb B 3MYJIbCUU Ha BXOJEe B Oy(depHyI0 eMKOCTh
B nuanasone d ., =300-350MKM .

Taxum oOpa3om, MOKHO 3amucaTh CIEAYIOIee PaBEeHCTBO:

(Doz[i'lg'uH(l'Bi)z

2 B\
dr%lax(pB'pH)g (I'Bi) '[l'Blj

~(1-B,)"". (3.70)

PesynbraTthl pemenus paBeHctBa (3.70) nmpuBenenst B [lpun. 28, us
JaHHBIX KOTOPOTO CIEAYET, YTO, IOJICTAaBIIA] YMCIOBOE 3HAUEHNUE U3BECTHBIX
BEJIMYUH, BXO/SIINX B 9TO PABEHCTBO, IPU 145 =325 MKM IOy IUM

0,46-10°.18-5.10°  (1-8)’
(325-10_6)2(1050—860)9,81 (1-B,) _(I_Bi)z
l B

~(1-8)"", (371
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B KOTOPOM COJICPKHUTCS TOJBKO OJHO HEU3BECTHOE — OCTATOYHas OOBOJIHE-
HOCTb HE(TH MOCIIE OCAKICHHS Karelb pasMepoM Gonblie d; .

B 3aBHCHMOCTH OT BEIUYHHBI dmax B OMYIJIbCHUH, BXO,ZI)IH.ICﬁ B OTCTOM-

HUK, Ha BBIXOJIC M3 OTCTOWHHKA MONYYatOT HEPTh C PA3IMIHBIM COMCPKAHH-
eM BOIbL: NMPH 5 =325 MKM 00OBOAHEHHOCTh HE()TH Ha BBIXOJE U3 OT-

croiinuka Menbiie 12,5 %, a npu d . =350MKM BbIxOmHAs OOBOJHEH-

HOCTb ITPOAYKIMHU MEHbIIIE 8 Y.

Takum 00pa3om, IJis OUEHKH COJIEP>KaHUS BOJbI B AMYJIbCUU HA BBIXO-
JI€ U3 OTCTOMHHKAa HEOOXOJIMMO 3HaTh MAaKCHUMAJbHBIA TUaMETp Karelb B
AMYJIBCUH HA BXOJIE€ B 30HY I'PAaBUTALIMOHHOIO OTCTOS.

B Ilpun. 29 — mHoxkuTenu u npucrasku B cucteme CU st o6pasosa-
HUS JECATUYHBIX KPATHBIX U JOJIBHBIX €IUHULL.

B Ilpun. 30 gaHel HEKOTOPBIE COOTHOLIEHUS MEXKIY €IMHULIAMH OJHO-
POMHBIX (DU3NYSCKUX BEIUYHH [23].

B Ilpun. 31 — nepeBoa BHECUCTEMHBIX eAUHUL] B eAMHUIBI CU [4].
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HPUJIOXKXEHUSA

Ipunoxenue 1

Cpennue TemMneparypHble NONPABKU Y MJI0THOCTH Ha 1 °C
A He(pTH M He(PTeNnPOaAYKTOB

IImoTHOCTB pfo [TormpaBka y
0,6900-0,6999 0,000910
0,7000-0,7099 0,000897
0,7100-0,7199 0,000884
0,7200-0,7299 0,000870
0,7300-0,7399 0,000857
0,7400-0,7499 0,000844
0,7500-0,7599 0,000831
0,7600-0,7699 0,000818
0,7700-0,7799 0,000805
0,7800-0,7899 0,000792
0,7900-0,7999 0,000778
0,8000-0,8099 0,000765
0,8100-0,8199 0,000752
0,8200-0,8299 0,000738
0,8300-0,8399 0,000725
0,8400-0,8499 0,000712
0,6900-0,6999 0,000910
0,8500-0,8599 0,000699
0,8600-0,8699 0,000686
0,8700-0,8799 0,000673
0,8800-0,8899 0,000660
0,8900-0,8999 0,000647
0,9000-0,9099 0,000633
0,9100-0,9199 0,000620
0,9200-0,9299 0,000607
0,9300-0,9399 0,000594
0,9400-0,9499 0,000581
0,9500-0,9599 0,000567
0,9600-0,9699 0,000554
0,9700-0,9799 0,000541
0,9800-0,9899 0,000528
0,9900-1,0000 0,000515
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3aBHCHUMOCTH OTHOCUTEJIbHOM MJIOTHOCTH KU AKHX He ¢prenpoaykroB
MERNLNRONRATNL
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Ipuiaoxenue 3

3aBHCHMOCTD «IJIOTHOCTh—TEMIIEPATYPa»
IS SKMAKHX He(PTAHBIX (ppakuuii npu NOCTOSIHHOM J1aBJIeHUH

(001acTH HU3KHUX MJIOTHOCTEMN)
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Ipunoxenue 4

3aBHCHUMOCTD «IUIOTHOCTb—TEMIIEPATYyPa»
MJIS AKUAKUX HePTAHBIX ppaKkuuil NpH MOCTOSTHHOM [1aBJICHUH
(001aCcTH BBICOKHMX IJIOTHOCTEH)
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IHpnioxenue S
Homorpamma 1is1 onpeaesieHusi BA3KOCTH HepTAHBIX Macel
B 3aBMCHMOCTH OT TeMIIEPATYPHbI
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Ipuiaoxenue 6

HOMOI‘paMMa AJIA onpeaeJICHNA MHIACKCA BASKOCTH CMa309YHbIX MacCel
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IHpniaoxenue 7
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Ipuiaoxenue 8
Tabauna nepeBoaa eIMHUI KHHEMATHYECKON BA3KOCTH (MMZ/C)
B ycJoBHYIO (°BY)

mv/c| °BY |mm*c| °BY |mm*/c| °BY |mv/c| °BY |mMc| °BY |mm*/c| °BY |mm%c| °BY |mmYc| °BY

1,00 | 1,00 | 6,20 | 1,50 | 11,8 [ 2,03 | 22,2 | 3,22 | 32,6 | 4,54 | 43,2 | 592 | 53,8 | 7,30 | 64,4 | 8,71

1,10 | 1,01 | 6,30 | 1,51 | 12,0 [2,05]| 224 | 3,24 | 32,8 | 4,56 | 43,4 | 5,95 |54,0] 7,33 | 64,6 | 8,74

1,20 | 1,02 | 6,40 | 1,52 |1 12,2 2,07 22,6 | 3,27 | 33,0 | 4,59 | 43,6 | 597 |542] 7,35 | 648 | 8,77

1,30 | 1,03 | 6,50 | 1,53 | 12,4 (2,09 22,8 | 3,29 | 332 | 4,61 | 43,8 | 6,00 | 544 | 7,38 | 65,0 | 8,80

1,40 | 1,04 | 6,60 | 1,54 | 12,6 [ 2,11 23,0 | 3,31 | 334 | 464 | 440 | 6,02 | 546 | 7,41 | 652 | 8,82

1,50 | 1,05 | 6,70 | 1,55 12,8 [ 2,13 23,2 | 3,34 | 33,6 | 466 | 442 | 6,05 | 548 | 744 | 654 | 8385

1,60 | 1,06 | 6,80 | 1,56 | 13,0 [ 2,15]| 23,4 | 3,36 | 33,8 | 4,69 | 444 | 6,08 | 550 | 7,47 | 65,6 | 8,87

1,70 | 1,07 | 6,90 | 1,56 | 13,2 [ 2,17 23,6 | 3,39 | 34,0 | 4,72 | 44,6 | 6,10 | 552 | 7,49 | 65,8 | 8,90

1,80 | 1,08 | 7,00 | 1,57 | 13,4 12,19 23,8 | 3,41 | 342 | 474 | 448 | B,13 | 554 | 7,52 | 66,0 | 8,93

1,90 | 1,09 | 7,10 | 1,58 | 13,6 [ 2,21 | 24,0 | 3,43 | 344 | 4,77 | 450 | 6,16 | 55,6 7,55 | 66,2 | 8,95

2,00 1,10 7,20 | 1,59 | 13,8 12,24 24,2 | 3,46 | 34,6 | 4,79 | 452 | 6,18 | 558 | 7,57 | 66,4 | 8,98

2,10 1,11 7,30 | 1,60 | 14,0 | 2,26 | 24,4 | 3,48 | 34,8 | 4,82 | 454 | 6,21 | 56,0 | 7,60 | 66,6 | 9,00

2,20 (1,121 7,40 | 1,61 | 14,2 12,28 | 24,6 | 3,51 | 35,0 | 4,85 | 45,6 | 6,23 | 56,2 | 7,62 | 66,8 | 9,03

2,30 (1,13 7,50 | 1,62 | 14,4 12,30 | 24,8 | 3,53 | 352 | 4,87 | 45,8 | 6,26 | 56,4 | 7,65 | 67,0 | 9,06

2,40 1,14 | 7,60 | 1,63 | 14,6 | 2,33 | 25,0 | 3,56 | 35,4 | 4,90 | 46,0 | 6,28 | 56,6 | 7,68 | 67,2 | 9,08

2,50 [ 1,15 7,70 | 1,64 | 14,8 | 2,35 25,2 | 3,58 | 35,6 | 4,92 | 46,2 | 6,31 |56,8| 7,70 | 67,4 | 9,11

2,60 1,16 | 7,80 | 1,65 | 15,0 12,37 | 254 | 3,61 | 358 | 495 | 464 | 6,34 | 57,0 7,73 | 67,6 | 9,14

2,70 | 1,17 | 7,90 | 1,66 | 15,2 12,39 | 25,6 | 3,63 | 36,0 | 4,98 | 46,6 | 6,36 | 57,2 | 7,75 | 67,8 | 9,17

2,80 1,18 | 8,00 | 1,67 | 154242258 | 3,65 | 36,2 | 500 | 46,8 | 6,39 | 574 | 7,78 | 68,0 | 9,20

2,90 1,19 8,10 | 1,68 | 15,6 | 2,44 | 26,0 | 3,68 | '36,4 | 5,03 | 47,0 | 6,42 | 57,6 | 7,81 | 68,2 | 9,22

3,00 [ 1,20 | 8,20 | 1,69 | 15,8 | 2,46 | 26,2 | 3,70 | 36,6 | 5,05 | 47,2 | 6,44 | 57,8 | 7,83 | 68,4 | 9,25

3,10 1,21 | 8,30 | 1,70 | 16,0 | 2,48 | 26,4 | 3,73 | 36,8 | 5,08 | 47,4 | 6,47 | 58,0 7,86 | 68,6 | 9,28

320 (1,21 8,40 |1,71|16,2|2,51|26,6 | 3,76 | 37,0 | 5,11 | 47,6 | 6,49 | 58,2 | 7,88 | 68,8 | 9,31

3,30 (1,22 8,50 1,72 | 16,4 |2,53|26,8 | 3,78 | 37,2 | 5,13 | 47,8 | 6,52 | 58,4 | 7,91 | 69,0 | 9,34

3,40 (1,23 8,60 1,73 16,6 12,55]|27,0| 3,81 | 37,4 | 5,16 | 48,0 | 6,55 | 58,6 | 7,94 | 69,2 | 9,36

3,50 (1,24 |8,70 | 1,73 | 16,8 | 2,58 | 27,2 | 3,83 | 37,6 | 5,18 | 48,2 | 6,57 | 58,8 | 7,97 | 69,4 | 9,39

3,60 1,25|8,.80|1,74|17,02,60]|"27,4| 3,86 | 37,8 | 5,21 | 484 | 6,60 | 59,0 | 8,00 | 69,6 | 9,42

3,70 [ 1,26 | 8,90 | 1,75 | 17,2 12,62 | 27,6 | 3,89 | 38,0 | 524 | 48,6 | 6,62 | 59,2 | 8,02 | 69,8 | 9,45

3,80 (1,27 (9,00 | 1,76 | 17,4 12,65 | 27,8 | 3,92 | 38,2 | 526 | 48,8 | 6,65 | 59,4 | 8,05 | 70,0 | 9,48

3,90 (1,28 9,10|1,77|17,6 12,67 28,0 | 3,95 | 38,4 | 529 | 49,0 | 6,68 | 59,6 | 8,08 | 70,2 | 9,50

4,00 1,2919,20 | 1,78 | 17,8 | 2,69 | 28,2 | 3,97 | 38,6 | 531 | 49,2 | 6,70 | 59,8 | 8,10 | 70,4 | 9,53

4,10 11,30 19,30 | 1,79 | 18,0 | 2,72 | 28,4 | 4,00 | 38,8 | 534 | 494 | 6,73 | 60,0 | 813 | 70,6 | 9,55

4,2011,31]9,40 | 1,80 | 18,2 | 2,74 | 28,6 | 4,02 | 39,0 | 5,37 | 49,6 | 6,76 | 60,2 | 8,15 | 70,8 | 9,58

4,3011,32]9,50 | 1,81 | 18,4 2,76 | 28,8 | 4,05 | 39,2 | 539 | 49,8 | 6,78 | 60,4 | 8,18 | 71,0 | 9,61

4,40 11,33 19,60 | 1,82 | 18,6 | 2,79 | 29,0 | 4,07 | 394 | 542 | 50,0 | 6,81 | 60,6 | 821 | 71,2 | 9,63

4,50 11,3419,70 | 1,83 | 18,8 | 2,81 | 29,2 | 4,10 | 39,6 | 544 | 50,2 | 6,83 | 60,8 | 8,23 | 71,4 | 9,66

4,60 11,35]9,80|1,84|19,0|2,83|29,4 | 4,12 | 398 | 547 | 50,4 | 6,86 | 61,0 | 8,26 | 71,6 | 9,69

4,70 11,36 19,90 | 1,85 | 19,2 | 2,86 | 29,6 | 4,15 | 40,0 | 5,50 | 50,6 | 6,89 | 61,2 | 8,28 | 71,8 | 9,72

4801137100 |1,86|19,4|2,88|29,8| 4,17 | 40,2 | 5,52 | 50,8 | 6,91 | 61,4 831 | 72,0 | 9,75

4901138 10,1 |1,87]19,6 2,90 30,0 420 | 404 | 5,54 | 51,0 | 6,94 | 61,6 | 834 | 72,2 | 9,77

5,001,39110,2 11,88 19,8 12,92]30,2 | 422 | 40,6 | 557 | 51,2 | 696 |61,8] 837 | 72,4 | 9,80

5,101,401 10,3 | 1,89 20,0 {2,95]30,4 | 425 | 40,8 | 560 | 51,4 | 6,99 |62,0] 8,40 | 72,6 | 9,82

5201,4110,4]1,90]20,212,97]30,6| 427 | 41,0 | 563 | 51,6 | 7,02 | 62,2 | 842 | 72,8 | 9,85

5301,42110,5]1,91]20,4 (299|308 430 | 41,2 | 565|518 | 7,04 | 624|845 | 73,0 | 9,88

5,40 11,42 110,6 | 1,92 20,6 |3,02]| 31,0 433 | 41,4 | 568 | 52,0 | 7,07 | 62,6 | 8,48 | 73,2 | 9,90

5,501,43110,71,93]20,83,04]31,2] 435 | 41,6 | 5,70 | 522 | 7,09 | 62,8 | 850 | 734 | 9,93

5601,44110,8 11,94]21,0(3,07|31,4)| 438 | 41,8 | 5,73 | 524 | 7,12 | 63,0 853 | 73,6 | 9,95

5,701 1,45110,91,95]21,23,09]| 31,6 | 441 | 420 | 5,76 | 52,6 | 7,15 | 63,2 | 8,55 | 73,8 | 9,98

5,801,461 11,0 1,96 | 21,4 |3,12|31;8 | 4,43 | 42,2 | 5,78 | 52,8 | 7,17 | 63,4 | 8,58 | 74,0 | 10,01

590 1,47 11,2198 ]21,6 3,14]32,0] 446 | 424 | 5,81 | 53,0 | 7,20 | 63,6 | 8,60 | 74,2 | 10,03

6,00 | 1,48 | 11,4 2,00 21,8 13,17|322| 447 | 42,6 | 584 | 53,2 | 7,22 | 63,8 8,63 | 74,4 | 10,60
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6,10 (1,49 | 11,6 | 2,01 |22,0]3,19]|324 | 4,51 | 42,8 | 586 | 534 | 7,25 | 64,0 | 8,66 | 74,6 | 10,09
' 43,0 | 5,89 | 53,6 | 7,28 | 64,2 | 8,68 | 74,8 | 10,12
75,0 | 10,15
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IIpuiaoxenue 10

Homorpamma nuist onpeesieHisl TeMnepaTypbl KMIIeHUs] HepTenmpoayk-
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3navenus f (T ) K ¢popmy.re (1.39)

Hpuioxenune 11

Temnepartypa, °C f (T ) Temnepartypa, °C f (T )
-40 12,122 240 3,144
-30 11,363 250 3,031
-20 10,699 260 2,924
-10 10,031 270 2,821

0 9,448 280 2,724
10 8,914 290 2,630
20 8,421 300 2,542
30 7,967 310 2,456
40 7,548 320 2,375
50 7,160 330 2,297
60 6,800 340 2,222
70 6,660 350 2,150
80 6,155 360 2,082
90 5,866 370 2,005
100 5,595 380 1,952
110 5,343 390 1,891
120 5,107 400. 1,832
130 4,885 410 1,776
140 4,677 420 1,721
150 4,480 430 1,668
160 4,297 440 1,618
170 4,124 450 1,569
180 3,959 460 1,521
190 3,804 470 1,476
200 3,658 480 1,432
210 3,519 490 1,339
220 3,387 500 1,348
230 3,263
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IIpuiaoxenue 12

I'paduk s onpenesieHuss KPUTHYECKUX TeMIIEPaTYP U JaBJIeHUMN
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IIpunoxenue 13

I'paduk nis onpenesienns ko3ppuuueHTa aKTUBHOCTH Y
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IIpuioxenue 14

Homorpamma uist onpeeieHusl KOHCTAHT (pa30BOro paBHOBECHSA
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IIpuiaoxenue 15

HOMOI‘paMMa AJIA ONIPENCICHUA KOHCTAHT q)a30130r0 PaBHOBECHUSA
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IIpunoxenue 16

Homorpamma 1151 onpeieieHUs TENJI0OEMKOCTH He(TENPOAYKTOB
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Ipunoxenune 17

IL10THOCTDH M TENJI0EMKOCTD B0O3yXa 1 BOJAbI NP MOCTOSTHHOM

JaBJICHHUH
Temmneparypa, °C I110THOCTB, KI/M’ Temmneparypa, °C I110THOCTb, KI/M’

0 1293,0 1,005 4,2295

20 120C,5 1,005 4,1868

40 1126,7 1,009 4,1793

60 1059,5 1,009 4,1864

80 999.8 1,009 4,1973
100 945,8 1,013 4,2094
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IIpunoxenue 18

Fpaq)mc AJIS1 ONPEaCICHUA TEIMJIOEMKOCTH HEKOTOPLIX YIJIEBOJA0OPO/10B
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IIpuiaoxenue 19

Fpaq)mc AJS ONIPECACJICHUA U3MCHCHUA TCIIJIOEMKOCTH
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IIpuiaoxenue 20
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IMpuaoxenue 21

3Ha4yeHnune KodppuumrenTa a
JJISL pacyeTa dJHTANBIINY KUIAKHX HedTenpoaykTos no ¢popmy.ie (1.58)

t,°C a, KJIx/kr t,°C a, KJx/kr t,°c a, KJIx/Kr
0 0,00 170 336,07 340 770,28
10 17,05 180 358,91 350 798,86
20 34,44 190 382,08 360 827,81
30 52,16 200 405,59 370 857,06
40 70,26 210 429,43 380 886,68
50 88,66 220 453,60 390 916,39
60 107,38 230 478,12 400 946,94
70 126,78 240 503,00 410 977,56
80 145,93 250 528,19 420 1008,53
90 165,71 260 553,75 430 1039,83
100 185,82 270 579,60 440 1071,50
110 206,27 280 605,83 450 1103,47
120 227,05 290 632,39 460 1135,82
130 248,17 300 659,29 470 1164,48
140 269,66 310 686,53 480 1201,48
150 291,45 320 714,10 490 123483
160 313,62 330 742,00 500 1268,52
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3Hauenue ko3pdunuenrta b

IIpuinoxenue 22

JJIS pacyeTa SJHTAJbIINM NapoB HedTenpoaykToB 1o ¢popmy.ae (1.60)

t,°C b, k]JI>x/kr t,°C b, x]JI>x/kr t,°C b, kJI>x/kr
10 214,94 200 325,14 390 477,66
20 219,72 210 332,09 400 486,87
30 224,58 220 339,22 410 496,17
40 229,52 230 346,38 420 505,60
50 234,64 240 353,71 430 515,20
60 239,83 250 361,17 440 524,83
70 245,19 260 368,72 450 534,64
80 250,64 270 376,42 460 542,43
90 256,17 280 384,22 470 554,54
100 261,87 290 392,10 480 564,68
110 267,65 300 400,14 490 574,95
120 273,60 310 408,27 500 585,34
130 279,64 320 416,56 550 639,49
140 285,75 330 425,15 600 696,22
150 292,04 340 433,41 650 755,90
160 298,41 350 442,04 700 818,53
170 304,94 360 450,76 750 884,11
180 311,56 370 459,60 800 952,65
190 318,27 380 468,60 850 1024,13
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Ipuaoxenue 23

I[TapameTpbl HACHIIIEHHOT'0 BOJASHOI0 Mapa

JlaBnenue, Temmeparvpa. °C Ouransnus, KJDK/Kr VY nenwpHas Temiora
10° Ta patypa, KUIKOCTH napa ucnapenus, KJHx/kr
0,01 6,7 28,2 2514- 2486
0,0B 32,5 136.,5 2562 2425
0,10 45,4 190.4 2585 2395
0,15 53,6 224.5 2599 2375
0,2 59,7 249.9 2610 2361
0,4 75,4 315.9 2638 2322
0,6 85,4 358,1 2652 2296
0,8 93,0 389.9 2666 2276
1,0 99,1 415,2 2676 2258
1,2 104,2 435,8 2684 2247
1,4 108,7 456,4 2691 2235
1,6 112,7 4733 2697 2224
1,8 116,3 488,5 2703 2214
2,0 119,6 502,5 2708 2206
4,0 142,9 602,1 2740 2138
6,0 158,1 667,5 2758 2090
8,0 169,6 718,2 2770 2053
10,0 179,0 759,6 2779 2020
12,0 187,1 795.,3 2786 1991
14,0 194,1 826,7 2791 1965
16,0 200,4 854,8 2795 1940
18,0 206,1 880,7 2798 1917
20,0 211,4 904,6 2801 1896
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IIpuinoxenue 24

ITapameTpsl neperpeToro BOASHOIO mapa

CpenHsisi TETUIOEMKOCTb,
JaBnenue, | Temmeparypa, OHTABINA, cJx/kr Kk Jlx/ (xr-K)
10°TTa °C npu | Opu | TpU | 0OpH 1o 10 iy} Ho
100°C | 200°C | 300°C | 400°C | 100°C | 200°C | 300°C | 400°C
0,1 45,4 2689,9|2881,4|3078,7|3282,4| 1,919 | 1,915 | 1,973 | 2,036
0,3 68,7 2687,412880,6(3078,3/3282,2| 1,962 | 1,931 | 1,978 | 2,036
0,5 80,9 2684,9(2879,313077,9(3282,0| 2,015 | 1,944 | 1,986 | 2,040
0,7 89,4 2682,412878,5(3077,5|3281,6| 2,032 | 1,961 | 1,990 | 2,041
0,9 96,2 2679,5|2877,213076,7|3281 2| 2,090 | 1,978 | 1,994 | 2,045
1,0 99,1 —  |2876,913076,63281,1] 2,090 | 1,986 | 1,997 | 2,045
2,0 119,6 2871,813074,213279,5| — 2,024 |2,024 | 2,053
3,0 132,9 2866,73071,213278,2| — 2,103 ]2.045 | 2,070
4,0 142,9 2862,6(3068,7(3276,5| — | 2,149 | 2,061 | 2,078
5,0 151,1 2856,313066,2(32749| - 2,179 2,112 | 2,087
6,0 158,1 2851,7(3063,7(3273,2] - |2,233 2,120 | 2,095
7,0 164,2 2847,1[3060,7(3271,9] — |2,288 | 2,137 | 2,112
8,0 169,6 2841,6(3058,2|3270,2| — 2346 ]2,166 | 2,120
9,0 174,5 2835,7(3055,7(3268,6] — |2,384 2200 2,128
10,0 179,0 2830,0[3052,813266,9] — |2422 2229 2,141
Ipuioxkenue 25
BapuaHTsbI 3aJaHUH ¥ pe3y/bTaThl pelieHus npumepa 3.2
CxopocTb
Juamertp .
Bapuantsl | Kanenb BOIBI, Kpurepui cBobozEHOrO [Ipumeuanus
KM Apxumena OCaXKJCHUS,
cM/d
1 3 0,068-10'4 - YacTumpl ¢ TakUMH
2 4 0.160-10™* - pasmepamMu, 4YTO HUX
’ CKOPOCTBIO  OCaXKIe-
3 5 0.313-10* - HUS MOXKHO IIpEHe-
’ Opeub
4 10 2,503:10™ 1,8
5 20 20,0210-10" 7,3
6 30 67,571~10'4 16,4 Ob6nacte JaMUHAPHO-
7 40 1,6017-10 29,5 T PeAMa OtmRAe:
HUS
8 50 3,1283-10~ 45,9
9 60 5,4057-10 65,9
10 80 12,8135-10™ 117,2
11 100 0,2503 183,1
12 200 2,0021 732,5
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IIpunoxenue 26

CKOpOCTI/I CTECHCHHOI'O OCaAXKACHHUA KalleJIb

glgil\;ﬁ:p CKopocTh ocaXaeHus (CM/4) IpU Pa3TUIHON 00BOTHEHHOCTH, %o
mem |5 10 20 30 40 50 60 70
10 1,41 1,10 0,63 0,34 0,16 0,07 0,02 0,006
20 5,74 4,45 2,56 1,337 0,66 0,28 0,10 0,05
30 12,89 10,00 5,75 3,07 1,49 0,63 0,22 0,06
40 23,18 18,01 10,34 5,52 2,67 1,13 0,40 0,10
50 36,07 27,97 16,08 8,59 4,16 1,77 0,62 0,16
60 51,78 | 40,16 | 23,09 12,33 5,97 2,54 0,89 0,23
80 92,09 71,43 | 41,06 21,92 10,62 4,51 1,58 0,41
100 143,88 | 111,59 | 64,15 34,25 16,60 7,04 2,47 0,64
200 575,59 446,43 | 256,64 | 137,01 66,39 28,18 9,87 2,55
Ipunoxenue 27
BapuanTsl 3agannii 1us pacdyera [ u B
d, MKM 10 20 30 40 50 60 80 100 200
[,m 957 240 108 61 40 28 16,45 | 11,16 6,8
B, . % - 0,03 0,13 0,28 0,50 0,79 1,14 2,04 3,24
Ipunoxenue 28
PesyabTaTtsl pemienus: ypasHenus (3.70)
3 3nauenHe MPaBoii ua- 3HaveHue JieBoi yactu ypasHenus (3.70) npu
! cru ypasHenus (3.70) d__ =325MKkM d__ =350MKkm
0,05 0,786 1,2639 0,090
0,10 0,609 0,631 0,544
0,15 0,466 0,422 0,364
0,20 0,350 0,321 0,276
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IIpunoxenue 29

MHOKUTEJIHN U NMPUCTABKH CUCTEMBI CHhu
AJIA 06p330BaHI/ISI ACCATUYHBIX KPAaTHBIX U NOJbHBIX €IHHUII

[IpucraBka IIpucraBka

MHOXUTEND o0o3HayeHne | MHOXUTEIh 0003HaUYeHHE

HAaUMEHOBaHUE — HauMEHOBaHUE vexa. | pye.
10" JKCa E €] 10” JeH d hi|
10"° nera P I1 10~ CaHTH c c
10" Tepa T T 10” MUJLIIN m M
10° rura G r 10° MUKPO U MK
10° Mera M M 10” HaHO n H
10° KHJIO K K 107" MIUKO p 1
10° T'eKTO h r 107 dhemTo f (1)
10" neKa da na 1078 aTTo a a

HexoTopblie cOOTHOLIEHUSI MeKAY eTMHULIAMHA

Ipuioxenue 30

OTHOPOJAHBIX (PU3NUYECKUX BeJTMYNH
(3Be3104YKO0Ii 0TMe4YeHbl BeJIUYHHBI, MOAJIeKAINE U3BSTHIO)

EauHunbl mJI0THOCTH

Enunuia KT/M° /e’ KF/I[M3 /™ kre ¢-/m”
1 ko/™° 1,00 10° 10° 10° 0,102
1 r/em’ (v/m) 10° 1,00 1,00 1,00 102
1 kr/mm° (kr/im) 10° 1,00 1,00 1,00 102
1 /™ (Mr/nm) 10° 1,00 1,00 1,00 102
1 krc ¢*/m” 9,81 9,81 107 9,81 107 9,81 107 1,00
EI{I/IHI/IIIBI IIHHaMI/I‘leCKOﬁ BA3KOCTH

Enuauna [Ta-c IT* Kr-c/M>*
1Ta-c 1,00 10 0,102
111 (mya3)* 0,10 1,00 1,02 107
1kr-c/M°* 9,81 9,81 1,00

EnyHunbsl KHHEeMATHYeCKOM BA3KOCTH

Enuania M2/c M2/g ome/c MM-/C
1m*/c 1,00 3600 10* 10°
1M /a 2,78:10™ 1,00 2,78 278
1C1* (lem’/c) 10 0,360 1,00 107
1 cCr* (Imm7/c) 10° 3,60 10~ 10~ 1,00

92




EI[I/IHI/I]_[I)I IMMOBEPXHOCTHOI'0O HATHKCHUS

Enuunia H/m IMH/CM KI'C/M rc/cm

1 H/m 1,0 10° 0,102 1,02
IMH/™ (1 muw/cm) 107 1,00 1,02:-10™ 1,02:107
1 kre/m 9,81 9,81-10° 1,00 10,00

1 re/em 0,981 981 0,10 1,00

EnuHuub! yaejabHON TEMJI0eMKOCTH

Ennnanna JIx/(xr-K) kJx/(xrK) apr/(1-°C) kkat/(kr-°C)

1 Jx/(xr'K) 1,00 10~ 10 2,39-10"

1 xJx/(xr'K) | 10° 1,00 10”7 0,239

1 5pr/(r-°C) 10* 107 1,00 2,39-10°

1 kxan/(kr°C) | 4,19-10° 4,19 4,19-107 1,00

EauHunbl TeMueparypbl
Ennnnna I'pagycel
K °C °F
T, K (rpanycel KenbBuHa) 1,00 tt273,15 1,8
14+255,37
ty, °C (rpagycsl Llenbcus) 7-273,15 1,00 (t4-32)/1,8
1y, °F (rpagycel @apenreiita) 1,8 (7-255,37) 1,8 #,+32 1,00
EIII/IHI/IIIBI AABJCHHUA U MCXAHUYCCKOI'O Hanpmlcemm

Enunnna IIa IT'Tla Mlla klla mlla
Ia (H/™) 1,00 10” 10° 10~ 10°
['Tla 10° 1,0 10° 10° 10"
MIla 10° 10° 1,00 10° 10°
lla 10° 10°° 107 1,00 10°
mlla 10° 10" 107 10°° 1,00
Gap* 10° 10° 0,100 10 10°
H/eM” 0,100 107 107 10 10°
Kre/ em* 9,81-10" 9,81:107 9,81:10~ 98,1 9,81-10’
MM BOJL.CT. * 9,81 9,81-10” 9,81-10° 9,81-107 9,81-10°
MM pT.CT. * 133 1,33-10” 1,33-10" 0,133 1,33-10°
Enunnna oap* III/IH/CMZ* Kre/ em>* MM BOJI.CT.* | MM PT.CT.*
Ia (H/M?) 107 10 1,02:107 0,102 7,5:107
['Tla 10* 10" 1,02:10* 1,02:10° 7,5:10°
MIla 10 10’ 10,2 1,02-10° 7,5:10°
xIla 10° 10* 1,02:107 102 7.5
mlla 10° 107 1,02:10° 1,02:10™ 7,5:10°°
Gap* 1,0 10° 1,02 1,02-10° 750
TaH/CM” 10° 1,00 1,02:10° 1,02:107 7,5-107
kre/ em* 0,981 9.8:10° 1,00 10* 735
MM Boz.CcT. * | 9,81:107 98,1 10 1,00 7,35:10~
MM pr.cT. * | 1,33:107 1,33-10° 1,36:107 13,6 1,00
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IIpunoxenue 31

Hepeson BHECUCTCMHBbBIX ¢IHNHHUI B ¢ANHUNIbI Ccu

EauHune!l nuHaMudeckol BI3KOCTH

1 IT (myas3) ‘ 0,1 ITa-c
EuHune! kuaeMaTu4ecKon BA3KOCTU
1 Cr (cTOKC) 10 m/c
1 cCr 10°m°/c
Enununp! naBiaenus
1 kr/em” 98066,5 ITa
1 at (atMocdepa TeXHUIecKas) 0,1 MIIa
1 at™m (atmMocdepa puznueckast) 101,325 xlla
1 MM pT.CT. 133,322 I1a
1 MM BoOZ.CT. 9,80665 Ila

EnuHuIe MmaccoBor CKOpPOCTH

1 t/(em*c) ‘ 10 kr/(m*-c)

EapHunel TermioBoi MOIHOCTH U TEIUIOBOT'O IIOTOKA

1 kxan/u | 1,1630 Br

Enununp! yaensHON TenaoTh! (YAeIbHBIX SHTATIBINNA, BHYTPEHHEH SHEprun)

1 KKa/KT | 4186 Jux/xr = 4,1868 Kk JIx/Kr

EnvHuie! yaenpsHOM MacCOBOM TEIIIOEMKOCTH

1 xkan/(kr-°C) ‘ 4,1868 xJIx/(kr-K)

EnuHuIbl NI0THOCTH TEIUIOBOIO IIOTOKA

1 kxan/(m>a) ‘ 1,1630 Br/m”

Enuauier ko3QuipenToB TermioooMeHa (TeII00TAa4u ) U TeTUIonepeadn

1 kxan/(m”4-°C) | 1,1630 Br/(M*K)

Enunuter ko3¢ duiinenTa TernaonpoBOAHOCTH

1 kxan/( M4-°C) | 1,163 Br/(m'K)
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28,2:10° m*/c. 27. 2,45 mm*/c; 1,16 °BY. 28. 11,5 mm*/c. 29. 70. 30. 4.2 °BY.
31. ~10,5mm/c. 32. 21-10° m*/c. 33. 64 %; 36 %. 34. 25 mm*/c. 35. 30 Y%; 70
%. 36. 6,6810° Tlac. 37. 0,39 MIla. 38. 9180 Ila.
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kl]a.
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53. 314 KJK/KT.
54. 227 kI[k/kr. 55. 445 xJDx/kr. 56. 1444-10° Br. 57. 1222,7 xJDK/KT.
58. 959 kJDx/kr. 59. 4,5:10° kBr.
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