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YAK 621.867

B «PexoMeHtauHax MO ruApaB/ HYECKOMY paCHeTy CHCTEM Ha-
MOPHOMO I'IAPOTPAHCNIOPTAa 30JOWJAKOBHX MaTepHaNoB» R3J0OXKe-
Ha MEeTOaHKa THAPABJIHYECKOro pacyera TpyOOonpoBOAOB H METOUH-
Ka OfIpeac/IeHHR peXHMOB paldoTh HACOCOB THAPOTPAHCIIOPTHHX
YCTAHOBOK ZAJIA THApPO30NOYAaJeHyR Ha TeNJOBHX 3J/EKTPOCTaH-
oUHaXxX.

[lo cpapHeuuo ¢ MaTepuataMmu, OnMYGIUKOBAHHBIMH N0 LaHHO-
My Boripocy B uHdopmaunoHHoM coobwenwy BHHUHIa «Hanop-
HHft raapoTparcnopT 3oan ¥ uiiaxa» (loconeprouszart, 1963 r.)
HacToAUHe «PexoMenaauHH» CYWEeCTBOHHO H3MEHEHH M pacilupe-
HEl C YMETOM HaKOIWIEHHOTO ONbLITa HCCASXOBAHHH.

B COOTBEICTBHH ¢ 3arpocaMlf MPOMBILJIEHHOCTH 3HAUHTENbHO
YBeJHYCH AHAlladoH KoHUEHTpaUHN H AnaMeTpoB TpyGONpOBOAOB,
OTpaxeHbl pe3ynbTaTH HCC/AaRO0BAHHA B 06/1aCTH paloTH LEeHTpO-
Oe)XHHX HaCOCOB HA 30JI0UIIAKOBHIX MaTepHaax.

PaipafoTaH MeToJ OI'pele/IeHHA 3HePreTHYecKH HaHBbLUrOd-
HeHIUX peXHMoB paboThl CHCTEM TIHIpPO3O/IOyRaJeHHsl, KOTOpHH
NO3BONUT B AanpHelitieM nepedTH K OOvee WINPOKOMY M €QUHCT-
BEHHO NPaBHJIbHOMY METOUY BHIOOPAa OCHOBHWX NapaMeTrpoB CH-
CTEM 30/01INaKOYaaleHHR Ha OCHOBE ONIPEAENeHHA IKOHOMHYECKH-
HAHBBLIQXHEHWHX PEXHMOB HX 3IKCOIIYaTaLHH.

«PexoMeHgauHH» roArorosneHHl Bcecolo3HLIM HaydyHO-HCCJIe-
LOBATEJNHCKHM HHCTHTYTOM rHApOTeXHHWKH WM. DB. E. BeleneeBa #
Hucturyrom YkpHHUHUT napoyroan.

© Bcecolo3HnA HayqHO-HCCAe0BATENLCKHA HHCTHATYT
ruaporexnnky uMenH b, E. Beneneepa (BHHMMT), 1977
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PexoMeHaallHH I

MuHHCTEpPCTBO nNo rHApaBAHYECKOMY pacyeTy 1 61-77
JHEPreTHKH CHCTEM HANOPHOro TG AT

30N0WNAKOBbLIX MAaTepPHAJIOB

—

1 anekTpudpnkauun CCCP rHApPOTpaHcnopTa ‘ BrHnkl
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{. OCHOBHHWE NOJOXEHHA

1.1. Hacrtoauine PekoMeHaallHH pacnpOCTPAHAIOTCA HA AP aBIH-
yeCcKHe pacueTbl, CRA3aHHbIE C BLIOOPOM PEeXXHMOB THAPABAHYECKOTD
TPAHCIIOPTA 3040WJAKOBbIX MaTepHaoB, noayyaeMmblx Ha TILL
TIC B pesyabrTaTe CKUTAHUA Yyriasd, CJaHUEB HAM TOp(a B TONMKAaX

NMapoBLIX KOTJOB, 8 TAKyK€ HA pacyeTbl, CBI3aHBbIe ¢ NePCCUETOM Xa-
PAKTEPHCTHK HACOCOB € BOAbI HA MIAPOCMECh.

1.2. TlpuBeAeHHLIH HIKEC METOA TIAPABJAHYECKOIO pacyeTa MUCT-

POEH B COOTBETCTBUII C OCHOBHLIMI udepTaMH (PHUINUECKOH MOAeH
B3BECEeHEeCYLero noroka (cM. npnan:kenne 1).

1.3. PekoMenagaunn nanaraior MeTOAHKY riApPaBaueckoro pacye-
Ta MOTOKOB 30/IOLIJIAKOBbLIX MaTepHaJIOB B He3aHJeHHbIX Tpybonpo-
BOJaX H 0OO0CHOBHIBAIOT BHIOOpP Hacoca H pacueT pabouynX peXXHMOB
THAPOTPAHCNOPTHLIX YCTAHOBOK, B 3aBHCHMOCTH OT CJeAYIOUIHX OC-
HOBHLIX hakTopoB: AnamMetrpa D TpyO, COCTOAHIA 11X CTEHOK, CO3/1d8-
uierocst B npouecce padboTol, CKOPOCTH LABHKEHIA 30/0WNAKOBOI ritfl-

POCMECII H €e KOHLEHTpaUuHll i rpaHyJOMeTPHYECKOro COCTaBa TpaHc-
NOPTHPYEMOro 30JI0LLIJIAKOBOrO MaTepliana.

1.4. B «Pexomennauuax» npnusatra MexAyHapoaHas clICTeMA
eAuHnu H3Mmepenus CH.

Buecenst BcecowanbiM HayyHo-
HCCAEROBATEAbCKHM HHCTHTYTOM Yreepxaenot BHUHI oM
ruapoTexHikd WM. b. E. Beneneesa HM. b. E. Beneneesa Chok
pelwreHneM Ne 59 POR
Y KpaHHCKHM HAy4HO-HCCAENOBaTENb- or 19 mapra 1977 r, IH‘;Biﬁ:H“:ﬂ
CKHM H NPOEKTHO-KOHCTPYKTOPCKHM H COTJacCOBAHbI ]977[):
HHCTHTYTOM TNOA3EMHOH rHapasan- ¢ ["aasHuHIIpOEKTOM '
YeCKO# AOOLIYK yras Mussnepro CCCP |
YKpHHUHUT unpoyroap*




1.5. B pexoMenpauusix npHHdATa caeaympoluas TEePMHHOJOTHA M
0003HauyeHHHA:

a) Tpy6onpoBod (30J0WNAKONPOBOA, IFYJbIONPOBOJA) — CHCTE-
Ma TpyO, N0 KOTOPOH TPAHCMNOPTHPYETCH MeXaHHYeCKasd CMeCb BOABI
11 30J10lIJ1aKa: 30/10I1aKOBas NyJabna,

0) 3oaownakoBbld (6arepHbiil) HacoOC-MeXaHM3M AJA 104a4H 30-
NOWJAKOBOH NYJbMNbl OT HCXOLHOTO A0 KOHEYHOro NMYHKTOB;

B) o6beMHbIll (Qw, M3/c) n BecoBoit (G, H/c) pacxon soabl: un-
CN0 KyOHUYEeCKHX MeTPOB H HbIOTOHOB BOJbl, NPOTEKAIOUIHX B OAHY Ce-
KYHLY uepe3 nonepeyHoe ceueHne (F, m?) TpyOui;

r) o6beMHbili (Qs, M3/c) u BecoBoit (G, H/c) pacxoab 3on0maa-
KOBOrO MatepHaJa: uHcJ0o KyOlyeckKnX MeTpos 3onoutaka (6e3 yue-
Ta NOP) H YHUCJAO HbIOTOHOB 30JI0UINAKA, NPOXOAALLHX B OLHY CEKYH-
1y yepe3 nonepeyHoe ceueHue (F, m?) TpyOumi;

1) o6beMHAass KOHUEHTPalUHs S 30/1011/13KOBOIi NYJblbi — OTHO-
IIeHHe CYMMbI 06beMOB BCeX TBEPAbIX YACTHL, 3aKJAIOUYEHHBLIX B AaH-
HblH MOMEHT BpeMeHH B o0beMe TPYyObl MeXXy ABYMS ee TonepeyHbi-
'MH CeYeHHAMH, K BeJTHYHHe 3TOoro obnema;

€) BeCOBas KOHCOHUCTEHUMA [] 30010l IAKOBOA MYyJbbl — OTHOLIE-
HHe Beca PPYHTa B €IHHWUE 00BEMa DHAPOCMECH, TPOTeKaloller 3a
eTHHHLY BpEMEHH uepe3 nonepedHoe ceueHHe TpyGomposBola (s, K
BeCY BOAB B 3TOM o6beMe Gy [T=G/Gy;

XK) o6beMHasi pacxomHas KOHCHCTeHUHA Cp 3010112 KOBOH ITYJb-
Nbl — OTHOLUIEHHE CYMMbl O00bEMOB BCEX JBHXKYUUHXCA TBEPAbIX uYa-
CTHU, NPOIIGIIHX B eIHHHILY BpeMeHH ueped Jlo60e NonepeyHoe ce-
yeHHe TpyOhl, KO BCeMY 06beMy MYJblbl, NpoLledlIeMy TO Ke CeueHHe
3a TO Xe BpeMs;

3) ckopoctb (U, M/C) nomoka 30uI0LVIAKOBOH NYILIBI: CPEeILHSS
N0 NOMepeYyHOMY CeYeHHI0 TPYObl CKOPOCTD MYJIBNHI:

U_g_gfﬂ;qf_’ MIC (l)

W) KpHTHUYECKAS CKOPOCTb JIBHXEHHS 3OJIOLLJAaKOBOH MYJIbMbI
(Uc, Mic) — nanMeHblasag ckopocTb U TyJbInbl, TpH KOTOPOH Ha JIHe
Tpy6bl HauyWHaeT O0pPa30BLIBATHCA HEMOJIBHKHLIH CJOH BbiaBLUIKX
‘H3 TOJVILLH MMOTOKA YaCTHL 30IOUNIAKa;

K) CBf3b MEXAY KOHUEeHTpauuer S5 H 06bEeMHOH PacXOTHOH KOH-
cucreHwHed Cp 3aBHCHT OT MHOTHX (QaKTOpOB H, MPHOIMKEHHO, MO-
XKeT ObiThb npemcTaBuiena Tabdu. 1.

J) yoeabHbIH Bec ruapocMecd (y, H/m3): Bec eguuHub o6bema
NABHXKYILLEHCA NHIDOCMEeCcH:

Y= ll + B —1)s], (2)

A =Ya! Yw: (3)

Vw — YAEJAbHBII Bec BOAB, Yw=1 10 H/M3,
Ya — arperaTHHil yAeJbHH BEC YaCTHL 30JOIIAKOBOro MaTepHana:

Va=2,1-104+3,0- 104, H/m?

rae



Tabrvya |

S L CP -
UlU. = 1,0 1.1 12 | 1,3
| |
0,02 0,011 0,011 0.011 | 0,011
0.04 0,023 0.023 0.023 0.023
0.05 0.036 0.037 0.037 0.038
0.08 0,051 0,058 0,054 0.055
010 0.068 0.070 0072 | 0074
0.12 0.087 0.089 0.092 0,093 |
0.14 0.107 0110 0112 0,114
0.16 0.128 0.131 0133 | 0135
018 0.149 l 0,152 0.155 0.157
0.20 0.172 0174 0.177 0.179
025 | 0297 0.230 0.232 0.235
0.30 0.284 0.286 0.288 0.289
0.35 0.339 0.341 0.343 0.34 |
0.40 0 304 0,395 0.396 0.397
0,45 0.447 0.448 0.448 0.449
0.50 l 0.199 l 0.199 0.500 0500

M) HIpaBIHYeCKasd KPYIHOCTD 3€peH 300U aKOBCT0 MaTepHala
(W, mMic): ckopocTb IPABHOMEPHOTO Na18HHS 0JHOTO 3epHa B 6e3npa-
HIYHOM obbeMe ToKoAILeIICsH Bo/1bl.

lMpumeuaunn: |, Cesab mekay sesmgunvamn Cp 1 S (raba. 1) ewipamaerca
(bopmyaan

S
Cp S S
—_— =1 e [ — | 4
5 ! S ( > su) “
06 —S§
So =S+ g (5)
2. CBaab Mex:1y se.HmMiHamu S o [l (nn. J 11 ¢) oipakaerca Popuvaavu:
S—'—"—!?"‘* 6 B AS

2. 30J101JIAKOBbIH MATEPHAJI

2.1. O6uue cBefdeHHs O PH3NKO-MeXaHHYeCKHX CBOICTBAN 10.10-
IIJIAKOBbIX MaTepHaf0B TenaoBbiX 3JekTpHuecknX craninil CCCP
NMPHBEAEHbLl B NPHAOKEHHH 2.

2.2. Pe3ynbTaThl TPAHYNOMETPHUYECKOIO dHaJl3a 3000WTaK0OBOTO
MaTepHaJsia npeacraBiasioTCcR B Blixe Taba. 2; uudpoBoil ripinMep pac-
yeta tabJ. 2 npuBeseH B npHaoKeHun 4.

2.3. KaxKablii HeOLHOPOAHDBII HO KPYIHOCTH 3epeH d 30.1010.1aK0-
BbIH MaTepHaJ npu pacuyere pa3ObHBaeTcs HA ABe OCHOBHbIE TPYIILL.

[lepas rpynna 0<d;<dpa; O< Wy << Wh,.
Bropas rpynna doo<di<dmaxe;, Woo< Woi < Wiare.



Ta6aruya 2

‘ [lopsaxopuft HOMep

| Kpynsocto aepeH d, MM

|

Cpeansas KPYNHOCTD

¢ paKuHHU KaxxJoro Kaac-

ca: d;, MM

O6beMublid BbIXOL Ma-
| TepHaJia KaXjaoro Knac:
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m — YHCJ0 PPaKUNH, Ha KoTOphle pazbHsaeTca npoba 3o001/1aKa NPH aHanH3e.

['panuyHas Mex1y oG6euMH TpynnaMi KpYNHoCTb dop Onpenesser-
CA 4yepe3 COOTBETCTBYIOLUYIO €H I'paHHUYUHYIO THAPABAUYECKYIO Kpyn-
HocThb Wy M ckOpoCTb TpaHcnopTHposauus U no ¢popmyae:

Woo = U130, M/c. (8)

CBsi3b MeXJY KpYynHocTbli0o 3epeH d, (MM) H THApPaBJHYECKOH
Kpynkwoctbio W, (cm/c) faercsa B Taba. 3.

2.4. [Ina KaxJA0OH H3 ABYX TpPynn B3BECH. B OTHLEJbHOCTH MOTYT
ObiTb onpefleJieHbl CpefiHe-B3BeIU@HHbIE KPYNHOCTH 3€peH:

loq oo m m
dy = 2 din;: E n;. (9) doy = 12 dingx 2 nj (10)
1 1 00 {oo

TRE loo —~ NOPRAKOBHIH HOMep  KJacca, CcOOTBETCTBYIOUIEro KPYNHOCTH  doo:
| < o<,

CpenHsis — Nno BCeMY I'PaHCOCTaBYy — reoMeTpHUYeCKasi KPYMHOCTh
30J10111aKa dgp BHYHCAsIETCA 11O opMyJe:

m m
de= Zdiﬂ“ an, (II)
1 l

2.5. IlpuusiToMy B 1. 2.3 pasfiesIeHHIO MacChl TPAHCIOPTUPYEMOTO
MaTepuana Ha JABe Irpynnbl COOTBETCTBYIOT ABE IpYynnosble 06beM-
Hble KOHUEHTPAUHU S| u S,, npHUeM:

S+ §;=3, (12)



Ta6aruya 3

Fnapapanyeckas kpynHocte W, cM/C, NpH arperatHoM YJAelAbHOM Bece
narepuana 1,10 Him?

d, MM o
2,10 2,30 5,50 265 | 2,80 3,00
1 2 3 4 5 | 6 7
0,0009 0,0010 0,0012 0,0013 0,0013 0,0016
0,0034 0,0040 0,0046 0,0051 0,0056 0,0052
0,0077 0,0091 0,0105 00115 0,0127 0,0141
0,0137 0,0162 0,0186 0,0225 0,0235 | 0,0250
0,0307 0,0362 0,0418 0,046 0,0507 0,0562
0,0547 0,0646 0,0745 | 0082 0,090 0,100 |
0,0854 0,1009 0.116 0,128 0,141 0,156
0,123 0,145 0,167 0,184 0,203 0,225
0,167 0,198 0,228 0,251 0,276 0,306
0,219 0,259 0,298 0,328 0,340 0,400
0,276 0,326 0,376 0,414 0,456 0,506
0,342 0,404 0,460 0,512 0,563 0.625
0,20 1,14 1,37 1,55 1,70 1,86 2.07
0,30 1,88 224 2 56 2,82 3 08 4,42
0,40 2,63 3.11 3,58 3,93 4,30 4,77
8.50 3,37 3,99 4.59 5,05 9,02 6,13
60 4,12 4,87 5,61 6,17 6.74 7.48
0,70 4,89 5,75 6,62 7,29 7.96 8.8.3
0,80 5,61 6,63 7.64 8.40 9, 18 10,18
0,90 6,35 7.51 8.66 9,52 10 40 11,55
1,0 7,10 8.39 9,67 10,64 11,62 12,110
1,2 8,59 10,16 11,71 12,88 14.05 15.62
1.4 10,07 11,91 13,80 15,11 16,50 18,32
1,6 13,92 15,92 15,12 16,25 17 00 18,75
1,8 14,78 16,04 17,23 18,05 18,75 19,85
2.0 15,55 16,90 18,20 19,00 19.75 20,95
2,2 16,33 17.73 19,07 19,95 20,80 21,95
2.4 17,07 18,52 19,90 20,80 21,75 | 22,90
2.6 17,75 19 27 20,70 21,65 22,65 23,85
2.8 18,40 20.00 21,50 22,50 23.50 24,80
3.0 19.05 20,70 22 25 23,30 24.35 25.65
3,2 19,70 21,40 23,00 24,05 25,15 26,50
3,4 20,30 22.05 23,70 24,80 25,90 27,30
3,6 20,90 22,70 24,35 25,50 26,65 28,10
3,8 21,45 23,30 25,05 26,20 27,40 28 85
4.0 22,00 23,90 25,70 26,90 28,10 29 60
4,2 22,55 24,50 26,35 27,55 28.80 30,36
4,4 23,10 25,05 26,95 28,20 29,45 31,05
4.6 23,60 25,65 27,55 28,80 30,15 31 .75
4,8 24,10 26,10 28.15 29.45 30,80 32,40
9,0 24,60 26,75 28.70 30.05 31,40 33,10
5,2 25,10 27,25 29,25 30,60 32.00 33,75
5,6 26,05 28,30 30,40 31,80 33,25 35,005
5,8 26,50 28,80 30,90 32,35 33,80 35,70
6,0 26,95 20,25 31,45 32 90 34,40 36,20
6,2 27,40 29,75 31,95 33,45 34,95 36,85
6,4 27 85 30,25 32,50 34,00 35,50 37,40
6,6 28,25 30,70 32,95 34,50 36,05 38,00
6,8 28,70 31,20 33,45 35,05 36,60 38,55




[1p odoarncenue mabn. 3

[

1 2 3 4 5 G I 7
7,0 29,10 31,60 33,95 39,09 37,20 39,10
7.2 29,50 32,05 34,45 36,05 37,70 39.70
7.4 29.95 32,60 34,90 36,50 38,20 l 40,25
7.6 30,30 32,%) 35,40 37.00 38,70 40,80
7.8 30.70 33,40 39,85 37,50 39,20 41,3()
8,0 L1 | 3380 3630 | 3800 | 3970 | 41,80
I 8,2 31,50 34.20 36,75 38,45 4020 | 42,30
8.4 31,90 34,60 37.20 38,90 40,65 42 .85
8.6 ! 32,25 39,05 37,70 39,40 41,10 43,40
S8 32,60 39,45 38,05 39,85 41,60 43,90
9.0 33,00 35,85 38,00 40,25 42,10 44,40
4,2 | 33,35 36,25 88,90 40,70 42,50 44 85
0.4 33,70 36,85 39,35 41.15 43,00 49,30
9.6 34,05 37,05 39,80 41,60 43,50 45 80
0.8 34.45 37,40 40,20 42.00 43.90 46,30
10,0 34,80 37,80 40,60 42.60 44 40 46,80
Ilpu sToM
- "
S = > nS. (13) S.= ¥ nS. (14)
1 iﬂﬂ

2.6. [lepsadq rpynna TpaHcnopTHpyeMoro 3oJiouljiaka o6pasyer B
CMeCH C BOJOH CYCMEH3HI0 YAEJbHOro Beca

Tt =7a [l + (4 — 1) &), Hima, (15)

Bropas rpynna 3oqo0uaaka TpaHCIOPTHPYETCA 3TOH CyClieH3HeH
YAeJbHOTrO Beca vy;.

2.7. B cayuae, ecqt npu npoeKTHPOBAHHH 30J0WJAKONPOBOAA
rpaHyJOMETPHYECKHI COCTAB NMOAJe/AKallero TPaKHCnoOpTHPOBAHHIO 30-
JIOWNAKd HEH3BECTCH, PCKOMEHAYeETCA NOJIb30BAaTLCA MaTepHallaMi,
npupejcuHbiMN B TabJa. 8, 9 1 10.

J. PACYET MOLWWHOCTH U HANOPA B CUCTEMAX HAIIOPHOI'O
FNMAPOTPAHCTIOPTA 30JI0IUJNTAKOBbLIX MATEPHAJIOB

3.1. [Ipu pacuete ruApaBAHYECKHX NOTEPb B CHCTEMAX HANOPHOTO
FMAPOTPAHCIOPTA 30/0IJTAKOBbLIX MaTepHAaJOB CUHTAIOTCA 3aJaHHLI-
MH CAeAYIOULHe BEeJHYHHBI:

a) (pH3HYECKHEe CBOMCTBA TPAHCIIOPTHPYEMOTO MaTepHaJa: ero ar-
pE’EI‘aTHblﬁQYJIE-JIbeH"l BEC Ya H €ro rpaHyJjoMeTpH4YeCckKHil COCTaB B BH-
ne tabn. 2;

0) oObeMHbIil pacxol 6e3 nop (s TPAHCNOPTHPYEMOro Mare-
pHaJa;

B) Tpacca 30101aaK0NPOBOAA;

HcKoMbIMI BeTHYHHAMH SBAAIOTCS:

a) 06beMHBIA pacXol Qu BOAM;

0) nuamerp D tpybonpoBoaa;



B) KOHLEHTPAUHA S 30/10UaKOBO NYJbMNbI;

r) moaHas mouwHocTe N,y 3aTpaudBaemMasi Ha TPAHCIOPTHPOBA-
HHE 30/101UJAaKOBOH NYJbIlbI;

1) HeoOXoauMblit Hanop H, cooTBETCTBYIOWHN MOILHOCTH Ny, ¥
00beMHOMY pacxoay Q ruApocMecH;

€) XapaKTepHCTHKH BbIOpaHHBLIX 30/10WJNAKOBBIX (O6arepHniX) Ha-
COCOB NpH nojlaye HMH 30JI0WJIAKOBOH NYJbIlbl.

3.2. Pacuer npoBOAHTCA ANl PDA3JUUHBIX BapHaHTOB Qu H D H
HMeeT Le1bl0 OTbICKAHHE 3HepreTHYeCKH HauBbIrOJAHeHeld KOMOHHA-
IIHH 3THX BEJH4YHH, COOTBETCTBYiouUleH, npH 3agaHHOM Gy AONYCTH-
MOMY B JaHHBIX YCJOBHAX MHHIMYMY 3aTPAUHBAEMON MOLUHOCTH Vs
NMPpH HeNpeMeHHOM H XKeCTKOM YCJIOBHH o0ecrneueHHs] HaJleXKHOCTH pa-
60Thl cHCTeMbl «TPYOONMPOBOA — HACOC» (MPONYCK KPYMHBIX KYCKOB
HIJ1aKa, ZONYCTHMAsA HCTHPAEMOCTb CTEHOK TPYO U T. 1.).

3.3. IIpyn pacyere KakKJ0ro orie/bHOro BapHaHra pexuma pabo-
Thl CHCTEMbl 30/0MJIAKOTPAHCIOPTA 344aK0TCA pPa3vIHYyHble 3HAYEHHS
Qv ¥ D, KxoTOpble B COEAHHEHHH ¢ 3aJaHHbIMH B M. 3.1 BeNHYHHAMH

o6pasyioT AN KaxXXAOTo BApHAHTAa FPYINNy HCXOAHBLIX BeJHUYHH:
Gy Qu» Us. sy D, 1w Ta

3.4. Ckopoctb U 30J1011/1aKOBON MNYJIblbl B HE3aWJEHHOH Tpybe
NONepeyHiono ceyeHns F coryiacHo n. 1,5, 3 paBHa:

Qw + Qs

v (16)

U =1,276

CkopocTb U He monxKHa ObITb HHXKE KpHTHYeCKOoH ckopocTH U,
onpeaensieMol corgaacko n. 3.17, uem orpaHHuHBaercs BLIOOp BO3-

MO>XHBIX BAPHAHTOB.
3.5. PacxoaHnas o6beMHad KOHcHCTeHUHA Cp 30J101/1aKOBOH NYJlb-

bl onpeaeasercss GOpMYJIOH

Os
Cp = Quw + Us (17)
3.6. O6beMHass KOHUeHTpAaUHUs S 30J011/1aKOBOH NYJbIbl onpeje-

nsaercs yepes Cp N0 AaHHBIM Tabu. 1.
3.7. TlonHas mMowHOCTL Ny, 3aTpaynBaeMasl Ha TPAHCMOPT 30J10-

LIJTIaKOBOH NYJbMNEI, PaBHA:
Nﬁ.s:‘-Nf—]—ENg. (18)

rac N;— MOLIHOCTb, 34Tpa4YHBaACMdA Ha MPEOALOJCHHE CHJ TPEHHA 30J0LUINAKO-

BOH I'HAPOCMECH O CTeHKH Tpyfonposoaa,
ZN; — cyMMa MolLHOCTel, 3aTpavyHBaeMuX B OTAEJbHBIX 3BEHbAX CHCTEMb! Ha

npeogoJieHue Bcex APYruX (Kpome TpeHHs) BHAOB NOTEpb.

lpumeyvanne: 3 ncex caarawoughix N, MollHocTell Hawbousblueil, oOLIYHO, AB-
aserca Ny, BeleacTBHe 4ero HHorga HMeHHo no Ny MOXHO, NpHOJMHXKEeHHO, BHOpPATh
JHepreTHUYECKH HAHBHIFOAHEHIIHH PEXHM 3KCNJAYaTaulldi CHCTEMbl TPyOONMpOBOAHOro
TPaHcnopra.

3.8. Hanop H, cooTBeTcTBYIKCIIHA HaHgeHHOH MOLLHOCTH N4, OI-

peaenseTcsi paBeHCTBOM.
H=Nys: (Gy + Gg), M (19)
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3.9. MowHocTe Ny, 3aTpauHBaeMasi HA NPeOfOJIEHHE CHJ TPEeHHUs
MNOTOKA 30JI0UIJIAKOBOH MYJibMbl O CTEHKH TPYOONpPOBOJA HA BCeX ro-
PU30OHTAJNbHBIX U MaJso (MeHblwe 25°) HAKJIOHEHHBIX K TFOPH3O0HTY
yuacTKax tTpybonpoBoja AJHHOI /; u pHameTpoM D; KaxKAkIl, BLIYUC-
Jsgetrcsd no gopmyJe:

G 1 Upg
Nf:10(0w+“f)2{)‘£0] j [1+@—18S5,]+
J

w2 Wag
4 02 [004—{—25 U‘j ]S;.}lj, Bt . (20)

rjie, KpoMe paHee BBeAeHHbIX 0003HAYEHHN:
l; — nauna j-ro ywactka rpybonposona auamertpa Dj;
Ai — KO3QOPHIHEHT THAPABAHYSCKOIO CONPOTHBJEHHS TpeHHs, onpefensieMudl co-
raacHo n. 3.10;
U; — cKopocTh NOTOKA 30J0WaKOBO{I nyJblbl, Onpegeasemas coraacHo nm. 3.14 u
3.17 ana Kaxkaoro yuactka tpybonposona [j, D; B 0oTA@NABHOCTH.

Qopmyna aas pacuera Ny nosyyeHa Ha OCHOBAHHUM oﬁpaﬁoTKn
pe3yJabTaToB J1aboOpaTOPHBIX U NMPOU3BOACTBEHHbIX ONBITOB (CM. MPH-
JJOKeHHe 3) M0 H3MepPeHHIO THAPABJAHYECKHX COTIPOTHBJIEHHH TPeHHA
NOTOKa 30JOLIJAKOBOH MNYJ/bIbl, CcpeAHEeKBaJApaTHYHOE OTKJ/IOHEHHe
Pe3yJibTATOB PACYETA OT ONBITHLIX BeNHYNH paBHo 12,3%.

3.10. Kosbdpuunent ruapaBinueckoro CONPOTHBAEHHA TPEHUS
j-ro yuacTka Tpybonposojsa aAnaMerpa [J; 113 HOBbIX CTaabHbIX TPYO,
HaAH TpyO, OTIIVIH(POBAHHLIX NPH THAPABAHYECKOM TPAHCIIOPTE ChINY-
YHX MaTepHasOB, BLIYHCAAETCSA N0 popMy.e:

0,31
b= g Re, — 17, D
rae
[.D,
R(:'-.;' w2 d '!, (22)
| Tws
NpHYEeM
M
Yws = T (a =15, " (23)
V' ~— KO3 dMIIEHT KilHEMaTHYeCKOl BA3KOCTI ROALI, NPHHIIMAeMbIli MO CNPABOYHIL-
wam; npu {=20°C, v=10-% m?fc;
M — ko3 inedT, onpaaeaseMblii Tatn, 4,
Tabiuya 4

| I IHTepnoAAUKA pe3yabTaTo? ONWTOB Aan $,=0-0,25 [1o marepHanaM ONLITOB

L

0,25 | 0,30 035‘040 0,45| 0,501 0,55

S 0 [(005]10,10}0,15(0,20

‘wmm“ I | e

M |10 115[135 162 195|240 3,16 | 4,50 | 7,10 {11,20(20,0 [44,7

L el B s e e B e el R e e

B cayyae 11C11onb30BaHUA CTaNAbHLIX TPYO, 3KCNAYATHPOBABLIHXCA
paHee KakK BOAONPOBOAHLIE, HAH TPYO ¢ KOPPO3HPOBAHHOH BHYTPEH-

10



HEH NMOBEPXHOCTbIO, B NEPHOA BpeMeHH, NOKa 3TH TPYOLI He O ruIHPO-
BaJHUCh TPAHCINOPTHPYEMBIM 30JI0LIJTAKOBBIM MaTepHa.oM, KO3(Q(Pu-
LLHEHT Aj, BLYHCAAETCH 1O popmyae:

19. IO-EI | ‘lﬂ.??ﬁ
A =024 | 2 T 4 . 24
/ [ b, e =9

B cayuae Hcnonb30BaHHA cTaMbHBIX TPYO, 3KCITyaTHPOBABLIHXCA
paHee OJA TPAHCIOPTA 30J4bl H UIaKa H MOTYLIHX ObITh MOKPBITbIMII
U3HYTPH CJO0eM TBepPABIX OTJOXKEeHHII HJAH B caydae, eCJll 3TH OTJO-
JK€HHS NOJABEpPrJaHCh yAaJeHHI0 MeXaHHYeCKHM cnocoboM, kKoadpdu-
LHEHT HX THAPaABANUYECKOTO conpmnmemm OyAeT B HEeCKOMAbKO pa3
6onbue paccuntTaHHoro 1o dopmyaam 1. 3.10. Haupumep, nupn cacn-
FaHWH TONNAHB NepBOH rpyiib (no 1<.nacwrb1mauuu BTE) b uporou-
HeIN cucTeMmax [3Y, n npn CKHraunnt Tonanus nepsol rpynns (no
Knaccugukauun BTH) n nocrynaennn B symndg 6arepHbix nHacocos
o6opotHoit clicteMbl ['3Y CTOKOB APYTIIX LEXOB IMEKTPOCTAHUHI B
obbeme He mMeHee 10% unpxkynupymwinero B cHcTeMe pacxola Ha
BHYTPpeHHell NoBepXHOCTI TPy6 o6pa3yeTcA CJa0Il HEPaACTBOPIIMDBIN
ocaakoB. Koapduunenr 2; B 3THX cayuasx aoaxeH Obirh ysealluen
B JlBa pa3a 110 CPaBHEHHIO C PACCYETHBIM.

Ilpn ncnonb3zosanun tpyo6, obannoBavnbIX 6a3adbTOBLIMN JOTKA-
MU, Koapdiuent A; posmen 6uitL yseduen uwa 30% no cpasHeniio
¢ PACCUETHBIM,

J.11. das tpy6onpoBonor, o6paszoBaHHbix TpyOaMH 0AHOrO H TO-
ro ke nuamerpa D, aHak cymnbl B opmyae n, 3.9, eCTeCTBOHHO, OT-
manpaer.

3.12, Bbluncsnenne mMowHocreii Ny, 3aTpaunBaeMblX Ha npeojoJie-

HHE HHBEIX, KPpOMEe rHAPAaBJAHYECKOr0 TPeHHS, NoTepb, NPOH3BOAHTCA MO
dbopMysaM:

a) MoutHocTh Ny, 3aTpauiiBaemas Ha NPeoloeHIle YRAOHA, Urmn-
3O0BAHHOIro pPa3HOCTbK) OTMETOK BOLIXOAHOIO Il BXOAHOro CeYeHIld Ha-
KJTOHEHHOrO K rOPH30HTY y4yacTka TpPyoObht:

N =Gy + G) E [p sin 8, (25)
k

rae fy M Ox — ANHHA U YPOA HAKJAOHA K TOPH3OHTY A-1'0 YYaCTKa TpvOonposoja;
yron ,>0 Ha yyacTkax noabvema nyabnbi; yron thy <0 Ha yuacr-
KaX ABHMXKEHHA NYAbnbl BHII3,
A — MOPATKOBLIIT HOMEDP yuacTka Tpybonponona.

6) MoulHocTb N, 3aTpayuBaeMas Ha UPEONOJCHIC MCCTHBIN CO-
NPOTHBJACHHH:

] G Um®
N, = ((fw TR E (cws)m 77 (26)
tHi
1L M — NOPAAKOBHIT HOMUD MOCTHOTO COIPOTIIBICHIS

(Gus)m — KOMPHUUHEHT NOTEPHL, aHAaNOIIMHBIT Ko3(MMunenTy Bancdaxa, Ho
OT/IIMYHLIN OT HErD KOJAWMOCTBEHHO, BCACJNCTBUC HAMNMIA B NOTOKE
YACTHLL BIBECIL.

Il



[Tpu6nurKeHHo, 0co6eHHO At BOLO30NbHON NMyJbIbl, MOXKHO CUH-
TaTh:

B) MOIUHOCTb N3, 3aTpaulBaeMasl Ha IMpeOAOJieHll€ THApaBJHue-
CKHX CONPOTHBJIEHHHA BO BXOLHOM B TPYyOy CEUEHHH I Ha CO3[JaHHE
CKOPOCTHOIO Hanopa npH BCACBIBAHHUH 30JIOUIJIAKOBO#A MYJbILI H3 eM-
KOCTefl, rle 3Ta NnyJbla HAXOLHTCH B ITOKOeE:

G. Us
M= (0w F) 0+t g @)

rae & — xoa(puilHeHT CONPOTHBIAEHUS HAa BXOAE, KOTOPLII npHOAHKEHHO MOXer
NPpHPaBHWBATLCA eMHIILe,

3.13. MowHocTs N 30g01mnakoBoro (6arepHoro) Hacoca onpene-
nsercs GOpMYyJIOH:

N= w = f‘_"i (29)
1 Y
nae N — KOMPPHUHEHT MoNe3HOro JAeficTBHA Hacoca NpH nojaye 300WWJNMaKOBOM
MYJbIh.

d.14. Bri6op 3HepreTHUeCKH HauBbITOJHelllero BapHaHTa I'HApO-
TPAaHCIOpTa, COOTBETCTBYIOLLEro AONYCTHMOMY B JAAaHHKIX YCJOBHAX
3HAUEHHIO (N ys) mun, OTIpelensierca cKopocTAMH U, paBHLIMH HJIH He-
CKONLKO 60NbIIMMH KpHTHUYECKOH cKopocTH Ug; BbIOODP OTHOLUEHHS
U: Ug 3aBUCHT OT cneuMdHUKH 3KCIJIyaTaUUH NPOEKTHPYEMOH 3J€eK-
TPOCTAHUHH H MHOTHX YCNOBHI, He noanampumuxca yyety B o6mux Pe-
KOMEH/ialuHAX no TIApaBJAHYECKOMY pacueTy CHCTEM 30JI0LIJIAKOYyAa-
J1eHUSA; HHOTAA, Aad obecredyeHHs YCTOMUHBOHM 3KCNAYaTalHH CHCTe-
Mbl npuHuMaerca: U=Il,1U..

B cayvae Tpy6onpoBoAa, COCTABJEHHOrO H3 TPYO pas3jHUYHOIO
auamMerpa, NpUBeJeHHoe PaBEHCTBO cO6a0aaeTCA AN YYacTKOB TpyO
HaHdoMbWIEero nHaMeTpa.

3.15. Ilpu pacuerax 3HepreTnueckH HaHBbLITOAHEHIIEro peXxXuma H
COOTBETCTBYIOWEro eMy AMamerpa 0 Ttpyb, caeayeT pyKOBOACTBO-
BATLCA CcOpTraMeHTaMu Ttpy0, BoiGupas npuH 3TOM AHaMeTtp, OAHXKaH-
WIHH MEHbIIIIH TOMY, KOTOPbIH NOJIYdeH pacyeToM.

3.16. Kpurnueckass U; CKopocTb NOTOKa 30/101IJIAKOBOH MYJIbIIHI
BbIMIICNSIETCA MO YCNOBHSIM TeueHHS Nyabnbl B Tpyb6e HanbGoabuiero
Dyake 11aMeTpa 13 BceX TPYO, COCTaBJSIOUIHX JaHHYIO THAPOTPaH-
CIIOPTHYIO0 CHCTEMY.

3.17. Kputnueckas ckopocts U Bhiuucagercsa no dopmysnam:

119 30J10UJaKa cpeHell KpynHOCTH dep<< 2 MM

U.=07KAPV gD: (30)
AJS 30/10WJ1aKa KPYNHOCTH dgp, > 2 MM.
d —
Ue = KAP (1 + -g-'-) V gD, (31)

rae A==y, ! Yw, COVIaCHO M. 1.5, J; K¢ — MHOXHTEb, OnpeneydeMbiil 10 rpakpuky
pHC. 1.
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DopMyabl A pacyera KPHTHUYECKUX CKOpOCTell NnonayyeHuol Ha
OCHOBaHHH 00pabOTKH pe3yabTaToB JabopaTOpHbIX 1t IIPOH3BOACT-
BEHHBIX OMBITOB (CM. NPUJOMNKKeHHEe 3) MO H3MEepeHHUIO 3THX CKOPOCTEIN:
CpeAHeKBaAPaTHYUHOE OTKJOHEHHE PACUETHLIX BENIUIIH OT ONbITHBIX
pasuo 229,

Puc. 1.

3.18. Ecaun kpome peconoro pacxosa (U 3oqouniaka 3agalbl clle
KakHe-nHO00 napaMerpbl ruapoTpancnopra, nanpumep D nian S v
U/, TO 4HCNO BAPUAHTOB pacuetra COOTBCTCTBEHHO COKPAUWLACTCSH.

3.19. Boi6op HauBbirogHeiwiero peAxnMa riipoTpaucliopTa 30410-
LIAAKOBOI 1YJblibl ODPEeAENANeTCH CPABHEeHIEM Pa3jliunubiN Baplian-
ToB S, D 11t U, 3aknioueHHblX, B 061eM, B npeaesax:

S=5-+30%: D=150+-600mm: U=1-+5 m/c.

4. BblbOP HACOCA U PACYET PABOYHUX PEXHMOB
FTHAPOTPAHCNOPTHDBIX YCTAHOBOK

4.1. {10 BLIYNCACHHBIM COMMACHO PCKOMEHAAWIAM pastena 3 1upo-
H3BOAHTENbHOCTH, HANoOpy II MOLIHOCTH THAPOTPAHCHOPTHOH YCT4-
HOBKH IPOH3BOAHTCSH OPHEHTHPOBOYHLIN BLIGOP HACOCA 10 KaTaJloram
peinyckaeMblx B CCCP Hacocos, coneprkauiuM X pabouyHe Xxapakre-
PHCTHKH.

4.2. PabouHil pexXHM THRAPOTPAHCNOPTHOH YCTAHOBKI oOnpeiens-
eTCS TOUKOH NepeceyeHHs] HanoPHO-PACXOAHbIX XapaKTepHCTHK HACO-
ca H—Q ¥ BHewHel cetH Hy,,—Q, NOCTPOEHHBIX B 0JHOM MaciuTabe
[TPH ONpeJevieHHOH COVIaCHO pa3jedny 3 KOHUEHTPalWHH DHIPOCMECH.

B cayuae, ecod KOHUEGHTpAlWMA NHAPOCMECH H3MEHAETOA BO Bpe-
Ms FKCIVIyaTaludu B npegenax SV+3S™) mno pabouass 3oHa pPeXKHMOB
MHLPOTPAHCIOPTHON YCTAHOBKH Onpenedsencda otiacTblo, Onp aHHYeH-
HOH pacXOJHO-HAMOPHBIMH XapaKTepHCcTHKaMu HacocoB HH—QWM)

1 1
Hm—Qm y cemn Hy) —Q", HE! — Q™.
Ha puc. 2 nprselenbl XapaKTePHCTHKH Hacoca W CeTH npi pabo-
Te Ha Boje S=0 n na nmyvipne S>0.



4.3. I1lpuBeneHHbie B KaTaaorax  clpaBoyHHKax padouue Xapak-
TePUCTHKH HACOCOB, I1OJIy4YeHHble NPH HCIILITAHHAX Ha BOAE, NOJIXKHbI
ObITb NepecyYnTaHbl Ha 30J0L1JIaKOBYIO MYJbIY 3aJaHHOH KOHIIEHTpa-
IIHH € y4yeTOM 00/1aCTH NPOMbILIJIEHHOTO HCIIO/MIb30BaHHA Hacoca Mo
NPOH3BOAHTENbHOCTH H AONYCTHMOro CHHXKEHHA HAanopHOH XapakrTe-
PHCTHKH M3-32a ruapoabpa3uBHOro H3Hoca paboOYHX OpraHoB.

| I

QM
Puc. 2. M7C

4.4. Ilepecyer HAaNOPHO-PACXOAHON XapaKTEPHCTHKH Hacoca C BO-
bl Ha 30J10WJ1aKOBYIO NMYJAbNY NPOU3BOAUTCA 10 GopMyae

H=ky[l + (A —1)S] Hy. (32)

rne A, Hv —Hanopu Hacoca COOTBETCTBEHHO Ha 30JIOMIJAKOBOA NyJLNe H B BOJE
(IpH OAHHAKOBOH IIPOHIBOAHTENHLHOCTH, M BOJ. CT.;

Ru — KOMPPUUHEHT HAMOPA, HE 3aBMCALIHA OT NPOHSBOUAHTENLHOCTH, OINpe-
AensseMBH o QOpMYJe:

ku — l -_ 0,6 S. (33)

4.5, Ilepecyer xapakTepHCTHKM MOILHOCTH HAacoca C BOIBI Ha 30-
JIOMIJIAKOBYIO IIYJNbNY NPOH3BOAHTCSA 110 popMYyJe:

N=~Fkyl[l+ (A1) S] Ny, (34)

rae N, N. — MOILHOCTb Hacoca, COOTBETCTBEHHO Ha 30J0IIJIZKOBON NYJLE H B
BQOAE NPH OIHHAKOBOH NPOUIBOUHTEVILHOCTH, KBT;

Ry — KOo(PDUUHEHT MOIMHOCTH, OMpelelseMu no Tal/, O B 3aBHCHMOCTH
OT KOHUSHTPAIHA 30J0ITAKOBOH ITYAbIH.
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Tadaruya 5

-

It i e S i Lt ettt it AT A gl o

S 0,06 10,10 { 0,15 0,20 |1 0,25 | 0,30 {035 (0,40 [0,45 | 0,50

e ¥ paikeeeEsseeanns | Saev——— | ———— [ SEEEE—— ] esesle—— | ee——————- | A——— | T — T -

By 0,999 | 0,995 | 0,990 | 0,983 | 0,975 | 0,964 | 0,954| 0,951 0,950| 0,949

4.6. Onpenenenne KIII wHacoca, paGoramwiuero Ha 30./011.JaKO-
BOH myJibne, ecan ussecred ero KIIJ npu pabote Ha Boae, npoH3-
BOAHTCA NO popmy.e:

M= R Mw. (35)

e 1, Nw — KII Hacoca COOTBETCTBEHHO Ha 30J0IIJIAKOBOM Ny/able H BOAC 11
QQHHAKOBOH NPOH3IBOSLHTENLHOCTH,
kn — KoadupuuHeHT nepecnera KII, He 3aBucawuil oT NpOH3BOIMTE b-

HOCTH H Ompeaje/saMui no cneayolled dopmy.ae (¢ yuerom mn. 4.4,
4.5)

b= 2 (36)

4.7. TlepecueT KaBHTaLHOHHOH XapaKTEPHCTHKH HACoCa C BOABI
Ha 30JI0LLVIAKOBYIO NYyJbIy NPOH3BOAHTCA NO pOpMyae:

Hy=Hyp [l + (8 —1)S] —(H4 — Hun) (A — 1) S, (37)

re 1y U My — NONyCTHMBIE BAKYYMMETPHYECKHE BLICOTH BCACHIBAHUA NPH pa-
60Te Hacoca COOTBETCTBEHHO Ha 3OVIOWJAKOBOH NYJAMIE H BOJe ¢
OJMHAKOBOH NMPOHIBOAHTEJNBHOCTHIO, M BOU. CT.;

H , — atmoodepHoe naBieHHe, onpajgesseMoe B 3aBHCHMOCTH OT BHICO-
Thl YCTaHOBKH Hacoca Hajl yposHeM Mopsa no rtaba. 6 (M BoA.
CT.);

Hun — ynipyrocTh HacHilleHHOrO napa Hecywleft cpeabl, M BOA. cr. (om-
paneaserca A48 poasl mo taba. 7},

Tabauua 6
Buicota najy ypoHeM Mopda, M. . [—600[—200( 0 | 200 : 200 | 1000 { 2000
HopmaabHoe aTtmocdepHoe ,II;-B_;I_; T
RABJACHHE, M BOM. CT. » ¢ o o . + . 11,3110,6 1 10,3 | 10,1 , 97 192 | 81
Ta(mm;a 7
Temneparypa, °C . . . . . . .. 0 10 ’ 20 30 40 | 50

e TTr——re— e Ty —— L [ R

Ynpyrocth HacbllU€HHOTO BOASAHO-
ro mapa, M, BOoA. CT.. . . . . . . . 0061012 | 0,24 | 0,43 {075 | 1,26




4.8. Honyctumas reomerpHueckass Hr BHICOTA BCaCbiBAlOLEro Ha-
coca, paboTarolero Ha 30JI0IIJIaKOBOH 11yJiblle B KOHKPETHOH yCTa-
HOBKe, MOXeT ObITb HalleHa Nno dopMmye:

l+@—1)S 2¢°
rae Hpg -— notepll Hanopa BO BcacohiBalolleii nHBHH NPpH pab6oTe Ha 30/0IJAaKOBOIl
NyJabne, M BOA. CT., OMpeueNAIOTCA N0 METOAHKE pacueTa noTeph SHOPrHH

8 TpyOQnpoBOde C MECTHHMH COTMPOTHBJIEHHSIMH, H3/MOXKEeHHOH B paaje-
ge 3;

Us — -cmb-och noToKa BO BCachiBaiollieM naTpybxe Hacoca, M/cC.
OTpHllaTenbHOEe 3HAUeHHe fIr YKaXKeT Ha BeJHYHHY HeOOXOAHMO-

r'o INnpeBbllUEHHST YPOBHA THAPOCMECH B NYJbNOCOOPHHKE HaA OChIO
Hacoca.

4.9, llsMeHeHHe XapaKTEePHCTHKH HAcoca AJS TPAHCIOPTHPOBA-
HUA 30J01UJAaKOBOH NYJbNbl MOXET NMPOH3BOIAMTLCA NMyTeM H3MeHe-
HHSA 4yacTOTbl BpPalUeHHs BaJja Hacoca HAH 06pe3kol pabounx KoJec.

Ilpu naMeHeHHH 4acCTOTHl BPAalIeHHSA BaJjJa Hacoca, npu Aonyiue-
nul, uto KI1[L coxpanser csoe 3Hayenue, Q, H, N naMeHsotca cine-
AYIOUWHM 06pasoMm:

H, = (38)

ﬂn
Q= Q2 (39)
Hy =11, (E—;—) (40)
3
Ny = Ny (2], (41)

rae Qi H,, Ny, — npoHspoaHTeNbHOCTb, Hamop H MOWHOCTh Hacoca NPH YacToTe
BpaLLeHIA Bana M;
Qs, Hy, Ny — Te xe napaMerpbl P 4acTOTE BpalleHia Baja n,.

B cnyuae o6pesxu pabouinix xonec Q, //, N namensiiorca cnenyio-
HIIM 00pAa3oMm;

D*\ 1,62

7 =D ) (42)
H D*

7=(3) (&
N*  [D*\4,0

v ={5)" (44)

' Q, H, N — npou3poaHTeVIbHOOTb, HANOP H MOLLHOCTL HAcOCa C HOPMaah-
HbiM DalbOuHM KOJNCOOM, HMEIOUWMM HapyXHBi anamerp D;
Q*, H* N* — t1e e napamerphl Nph oOpeSaHHBIX KOJecax A0 aHamerpa D*,

4.10. PexxuMm napannenbHoil paboTbl ABYX LEHTPOOEXKHBIX HaCO-
COB Ha OAHH 30J0MPOBOJ onpejeaserca rpadpuueckuM crnocobom, Tak
e KakK H A1 HacocoB, paGoTalolUMX Ha BOAE, C Y4eTOM BO3MOXKHOTO
B NpoLecce 3KCMJAYyaTallid H3HOCA ONHOTO MJH ABYX HacocoB. I1pH
9TOM CyMMapHas NMPOH3BOAHTENbHOCTb ABYX HacocoB Q. MOJIKHA OT-

Beyarh TeOOBAHIIIO:
QE = (1,7 - 2,0) OO“TI (45)

rde Qonr — ONTHMAJALHAN MPOHIBOMAHTENBROCTL HACOCA.
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4.11. YyuTbiBafl, UTO HOMEHKJATypa BBINYCKaeMbiX HACOCOB He
MOXKeT, B of1eM cayuae, cogepxaTb Hacoca, B TOYHOCTH TpebyeMoro

ISl AaHHOM THAPOTPAHCIIOPTHOH YCTAHOBKH rHAPAaBJAHYECKHM pacye-
TOM pasn. 3, 4, no Katajaory Bolbupaercsa Hacoc, Hanbonee GAH3KHH

K TpeOyeMOMY nocJie rnepecyetra ero xapakrepHCTHK ¢ BOAbl HA JaH-
HYIO 30JIOLUJIAKOBYIO NYJbNY.

[1poH3BOAHTENDHOCTD FTHAPOTPAHCIOPTHON CHCTEMBLI ONpelnensiorT
N0 TOYKE nepeceyeHHsd pacXOAHO-HANOPHLIX XapaKTepPUCTHK Hacoca H

BHELLHEH CEeTH.
B cayuae, ecay BesTHUHHA pacXxoxaeHHS pabouyeH NPpOH3BOAHUTE/b-

HOCTH C pacyeTHOH HenpuemJeMa, NPOEKTHPOBUIHKY NpeACTaBJseTCA
Ha BbIOOp JABE€ BO3MOXHOCTH: -

a) M3MEHHTb XapaKTEePHCTHKY BLIOPAHHOro Hacoca nyTeM li3Me-
HeHHSl 4YacTOThl BpallleHus BaJja (npH NOMOLIH H3MEeHeHHH YaCTOThI
BpallleHHA ABUTaTesisl) HJAH YMeHblUueHHs AHaMmeTpa pabouero KoJeca
(B LONYCTHMBIX npenesax);

6) u3MeHUTb AHaMeTp Tpydonposojsa HJAH KOHCHUCTEHUHIO 30.10-
I11JIAKOBOH NMYJbLNLL, AJA Yero cjelyer NOBTOPHTb BCE pacyeThl 110 Me-
TOAHKe, H3/IOXKEeHHOH B pasnene 3, HMes NPH 3TOM BBIAY, UTO MOJAY-
YeHHble HOBbl€ 3HAUEHHA AuaMeTpa TpybonpoBoAa U KOHUEHTpPaAUHH
FTHAPOCMECH yXe He OYAYT 3HepPreTHYeCKH HAHUBbITOJHEeRUIMH.

Hnsg nosyyeHHA ONTHMANbHOrO pelleHHA HHOrAa NPHXOAHTCH
npuberarb K OJJHOBPEMEHHOMY H3MEHEHHIO W mapaMeTpoOB Hacoca I
XapaKTepPHCTHKH BHeLIHEeH CeTH.

4.12. O6nacTb BO3MOXHOTO HCMOJIb30BAHHAI HAcoca OnNpenessieT-
c ero MHHHMAJIbHOH H MaKCHMaJIbHOH NMPOH3BOAHTEJNbHOCTbLIO.

MuHHMaNbHAasA NMPOH3BOAHTEJNLHOCTb HAacoca MNMpH ero paboTe Ha
30JIO0LIJIAKOBOH MNYyJible onpenesasercd H3 YCAOBHSA, 4ToObl CKOPOCTH
ABHXEHHSA Nyablbl B TpyGonposoAe (Kak BO BCAChIBAIOLLEM, TakK 1 B
HarHeTaTeJbHOM) Obls1a Bhlllle KPHTHYECKOH NMpH 3aMaHHOH KOHUEH-
Tpauuyu (3.3; 3.14).

MakcHMaJbHO BO3MOXHas NPOH3BOAHTEJLHOCTL 1HOBOTO 1AacoCa
npH paboTe HA 30/I0LIJIAKOBON MYJIbIIE ONpeaensieTCsl ero KaBHTallll-
OHHOH XapaKTEepHCTHKOH npH paboTe Ha NyJble H KOHCTPYKIIIEH y3-
Jla BCaCblBaHUS THAPOTpaHCNOpTHONH ycTaHoBKH. [Ipn 6GeckaBurauii-
OHHOH paboTe Hacoca AOJXKHO BBITOJHATHCHA YCAOBIIE:

H.. <H,, (46)

roe Hye m H y— cooTBeTcTBEHHO HeO0XO0IHMAas BAKYYMMETPHUYECKAA BbLICOTA BCa-
CBIBAHHSA Hacoca B JaHHOH THAPOTPAHCMIOPTHONH yCTaHOBKE 1 10-
NycTHMas BaKYYMMeETPHUEOKaf BbICOTAa BCACHIBAHHS Hacoca Tpi
OAWHAKOBHIX 3HAYEHHSAX NMPOHIBOAHTEJILHOCTH H KOHCHCTEHUMH 30-
JOWAAKOBOI NIYALNb, M BOJ. CT.

¥

U3
Hye = [ “|‘(A‘—1)S](Hr -+ 'f_)é‘)-l'Ha- (17)

MaxkcHManbHO BO3MOXKHAsA NPOH3BOJAHTEJAbHOCTb HACOCA B 3a/aH-
HbIX YCJOBHSAX MOXeET ObiThb rpadHuecKH pacCYHTaHa KakK TOUKa Ie-

peCeueHs1 KPHBHIX
Hye=f(Q) u Hy = f(Q)
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B cayuae, ec/H NpH 3aflaHHBIX 3HAUEHHAX MPOH3BOAHTENbLHOCTH
11 KOHUEHTpPAaUHH THAPOCMECH OKaxXeTcf, YTO HeoOX0AHMaA BaKyyM-

MeTpHyeckas BbICOTA BCaCbiBaHHA GoJblue AONYCTHMOH, HEOOXOAHMO
MEHATb KOHCTPYKLUHK Yy3Jla BCAacbiBaHHAA TaKuM 06pa3oM, 4TOObl

YyMeHbUIHTb H U Hp.
[lepecuer XapakTepHCTHK HAcCOCOB ¢ BOJAbl Ha 30JIOLIJAKOBYIO

NYJAbIY NPOU3BOANTCA B 00J1aCTH NPOU3BOAHTENbHOCTEH, onpeaense-
MbIN BBIpasKeHleM:

Om — me [1 -{- (A — ]) S] (48)

re Quwm, Qu — MAKCHMAIBHO JONYCTHMARA NPOHIBOAHTE/NLHOCTL Hacoca npx pa-
(0Te Ha BOAEe H NyJHNe.

4.13. [lpu ruapoabpa3nBHoM H3HOCe paboOuHX OPraHoB Hacoca
NNPOHCXOAHT CHHZEHHE DAacXOAHO-HAINlOPHOH XapaKTEepPHCTHKH.

JlonycTumblit H3HOC OnpenesnfeTca H3 yCJAOBHA CHHXKEHHS TNPOH3-
BOANTE/LHOCTH 30/10W/TAKOBOH NYJbNbl A0 KPHTHYECKOrO 3HAYEHHS:

Q. = FU.. (49)

KoHTpoab 3a H3HOCOM Hacoca MAOJMMKEH TNPOH3BOAHTLCHA C MO-
MOlbIo pacxoaomepa. [1pu yMeHblUeHHA NMPOH3BOAHTENBHOCTH HHUXKe
KPUTHYECKOH, faabHelluad 3Kcnayatauda ruaApoOTPaHCNOPTHOH CH-
CTEMbl OyYAeT NPOH3BOAHTLCA B peMlUMe 3aHWNeHHH, UTO MOXKeT APH-
BECTII K 3AKYNOPKe TPYOSONPOBOAA.

[Ipu orcyreTBnn pacxoAOMepHOro YCTPORCTBA, AOMYCTHMbBIH 13-
HOC MOXXeT OllpeAeNaTbCs 110 CHHXXEHHIO Hanopa, QUKCHPYEMOMY Ma-
HOMETPOM.

JlonycTumoe cHixkenue Hanopa OH MoxeT OGbiTb OnpefesieHo 110
dbopmye:

8H = H— H, (00)
rae H 4 He — raapasinyeckiie Hamopw OpH pacyeTHON H KPUTHUYECKOH CKOPOCTH
ARHMKEHUN NYAnNbl, M BOJ. CT. COOTBEeTCTBeHHO (n. 3.8).

Mertoa onpenencuus JIONYyCTHMOro H3HOCA 110 CHHMKEHHIO HAMopa
IIpUTOJEH B TOM CJayuae, ecJH sBesqiHubnHa 6 H >0,07 H.

[Ipu BoiGOpe HACOCOB, B KauecTBE PAaCUETHbLIX CAedyeT NPHHHUMATH

XdPAKTEePHCTHKH, CPEeAHNE MeNAYy XAPAKTepHCTHKAMH HOBOIO H AO0-
NYCTHMO H3HOIWUCHROTI'O HACOCA,



Mpuaooxcernue I

HEKOTOPbBIE PU3UYHECKHE OCHOBAHHA METOAHKH
FHAPABJIHYECKOTIO PACYETA 30JIOILJTAKONMPOBOOOB

1. 3onownakoBas ruapocMech paccMaTpPHBAETC KaK MeXaHliye-
CKafd CMeCb IHCKPETHbIX YaCTHil 30Ji0WaaKa (HecoMad cpena), ysae-
KaeMblX NOTOKOM BOABI (Hecywiaa cpepa). Beaeacrsue pasalyHbix
JJOKaJibHbIX CKOpocTeH obeHX cpeld, Kax<aas TBepaas 4dacriiia obre-
KaeTcs OKpyxawuwel ee KIAKCCTLIO ¢ OTJANUYHOH OT HYA OTHOCH-
TeJIbHOH CKOPOCTHIO.

2. Ilna vacTiil 301bl MTHOBEHHAN OTHOCHTENbLHAST CKOPOCThL BCCh-
Ma MaJa, T. C. YaCTHUbI 30Jbl ABHXXYTCA NPaKTHYECKH C TOH 7K€ Npo-
NOJIbHOH OCPeHEHHOH CKOPOCTbLIO, KaK I OKPY»Kalolilas X Boaa, Me-
XaHHYeCKOe BO3IEHCTBHE KOTOPOH BbIPpANKAETCH Yyepe3 CpeAHEeKBaLAPa-

THYHYIO BEJHUYHHY 11YJAbCALHOHHOMN COCTaBAAIOWEH CKOPOCT V w2 H
aBjasercd pyHkuHeil ubcaa PeiiHoabaca:
) wa,

Rt‘w: “—"“‘J ,

rae dp — XapaKkTepHblit pasmep cpeaHell 4aCTHuUbl 304bl.

BcnencrBue ManoctH V' w’? yactHub 304bl 06pa3yloT ¢ BOAOI
rHApocMech (CYCNeH3HI0), KoTopas, hH3HYeCKH, 6/i3Ka K pacTBopy
H oOpaTtHaach 6bl B PacTBOP B CAyYae YaCTIL 304bl MOJEKY.TAPHOI
KpYnHocTd, [ln0oTHOCTB p. TaKofi cycneHann pasua:

p=rPwll-+(d—1)5]
rae P — NAOTHOCTh BOADL;
A= 0 :pyw— Te Py ArperaTHas NJOTHOCTb YACTHU 30Jbl;
S| — o6beMHan KOHUEHTPAUHA 30/1bl B FHAPOCMECH.
3. I'nap aBiipieckoe CONPOTHBAGHNE 8P TPEHHA MOTOKA CYCTEH3HIH
onpegesieTcs mo 3akoHy lapcwu:

| Ue |
bpy = A o (14 (A—1) 5],

rae A — Ko3pPHUHEHT rHAPABAHUECKOTO CONPOTHBACITHA;
D — npunameTtp tpybonposoaa;
{/ — CKOPOCTb NMOTOKA CYCMEeHIHI.

Koadpprunent A asasenca gymkineil yircvia Pefinonbiaca:

UD UD
Re =z ~—— == T [ P10 [l -+ (4 -~ 1) §].

h;

3nech p — (pH3NHYECKAA BASKOCTb CMecCH BOALI ¢ 30J0f1, CBA3AHHAN ¢ KOHUEHTPALII-
eil S| axcnepHMenTaabHOM dasionMoctbio (23).
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4. Eciy B coCTaBe TpaHCNOPTHPYEMOH B3BeCH KpOMe 30Jbl HMe-
I0TCS ropaszxo GoJiee KpynHble, yeM OHAa, YacTHUb Llaka, CpemHed
KPYITHGICTH do2, TPH KOHUWEHTPAWHH Sz, TO TPAHCMODPTHPOBAHHE ITHX
HACTHL NPOH3IBOJAHTCH YK€ He BOMOH, a CMECbl0 BOALI H 30J1bl KPYTI-
HOCTH do; NPH €e KOHLEHTPAUUH S, oGpasylollel CYCNeH3HI0 WIOT-
HOCTH P H PHBHYECKOH BA3IKOCTH .

B oTanune OT MeNIKHX YaCTHIL 3IVILl, YACTHIE WIaKa, BOISICTBHE
TPEHHUS O QHO TPYOL! ABHKYTCH C MPOMOVIBHEIMH CKOPOCTAMH, OTVIHY-
HBIMHU OT CKOPOCTH BOJBI, T. €. WMEIOT M0 OTHOILISHHIO K CYCIIeH3HHY He-
KOTOPYIO OTHOCHTEVIbHYIO CKOPOCTh H, B 9TOM OTHOCHTEVIBHOM JIBHKe-
HHU, B oblleM CIyyae, MPEACTABAAIOT VI OYCITSH3HH JJNOTMOJIHH TeV1b-
HOe K 0p; NHIpaBJIHUYECKOe COMPOTHBUIEHHE Op2, TaK TTO OOLee THMI-
paBJHYyeCKOe CONPOTHBJECHHE TPEeHHS JIOTOKY 30J01U7aKa §p paBHO:

3}? = bpl - BPQ-

BesnyuHa cOMmpOTHBIIEHHS 32 OMNpeIeiAeTcsd OTHOCHTEVIBHON CKO-
pPOCTbIO BOABI 110 OTHOLUIGHHIO K YacTHLAM lLW1aka., 3a OTCYTCTBHEM
B HACTOSILEE BpeMs HaleXHOTO ONLITHONO MATEDHANE H MOb3YACh
IKCNEPHUMEHTANbHO A0KAa3aHHOH JIHHEHHOH 3aBUCHMOCTBIO CpeIHeH
OTHOCHTEVIBHONW CKOpPOCTH («COKOIBXKEHHA®) YaCTHIl IIAaKa OT CKOpPO-
CTH TIOTOKA, JOMOVIHHTEJbHbIE MOTEPH 0p2 MOXKHO B ONLITHOH POPMY-
je MpeACTaBHTD B BHIE PYHKIHH OT IOKOPOCTH NHAPOCMECH.

PeaJyibHble 300TOIUJAKH TIPHHATO XapaKTEPHIOBATh KYM WIS THBHDI-
MH KPHBLIMH TpaHyJOMeTpHuIecKoro cocraBa. uas HCToNb30BaHHsA
pacyeTHHX «POopPMYI Kaxaasd H3 STHX KPHBBIX JOVIXKHA ObLITh Da3ln-
T4 MHHHMYM Ha JBe yacTH. K mneppoit yacTH omHocATod «GpaKiHH
KpynHOCTH do) < doo, 06pa3yOLIHe B CMECH € BOMOR CYCTI@H3HIO KOH -
IlEHTpallWK S;, B KOTOPOH TPaHCNOPTHPYETCA BTOpAs 4YacTb CMECH C
bpakuuamMu KpynmHocTH deo>doo ¢ KOHIEHTpallneRi Sp Tak, uro:

81 + Sg — S;
rape S~ KOHUSHTPAUHA 30J0IUJaKa B LEJOM.

[panrmiia Mexay o6eyMH COCTaBHBIMH YacTAMY 30JIOUNIAKa 3aBH-
CHT ‘T CKOPIOCTH TIOTOKA YVIbTIbi: YeM BbIlIE CKOPOCTb MOTOKA MWib-
nbl, TeM BCce 60Jiee KpynHble 3epHA B3BECH HQOJIKHBI ObITb OTHECEHH K
nepsoi rpynne. Mibimu ciioBaMy TpaHHLla ‘KPYMHOCTH ABJASETCSA Ipa-
HHILEH He reOMeTpPHYecKOoH, a KHHeMaTHyeckoH KpymuocTH. I[To onn-
TaM C 3OJIOUIWTAKaMy YCTaHOBJISHO COOTHOLUECHHE:

Yoo
Woo
rae U -— cKoOpoCTh NMYJAbNH;

Wy -— r’HApaBAHUECKAs KPYNHOCTb 3epeH 30/01UJaKa reoMeTpPHYeCKOH Kpyal-
HOCTH dogo.

AHaJHTHYECKHA pacueT KPHTHYECKHX CKOPOCTEH T'MIpOTpaHCcIiop-
Ta CBHIMTYYHX TVl BOSMOXEH TOVILKO Ha OCHOBE JNBYXMEpPHOX H Tpex-
MepHOR CXeM TBHXKEeHHS THMIPOCMECeH U O P a3paboTKH 3THX CXeM OC-
TAGTCA oOVIACTbIO YHCTOR 3MITHP HKH.

[TorpeniHOCTL ONBLITOB MO OMPEIVIGHHI0 NHADABJHYSCKHX MOTePhb

B JAaGOPATOPHLIX TYJbNOBOLAX QUEHHBAETCA BEIHYHHOA MOpPALKA
+109%.
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[TorpewrnocTs onpegevyreHHA KPHTHYECKHX CKOPOCTEH B ClYy Cre-
UHPHKH Tv1a30MEpPHOrO OmpeleyieHHs HavaJa o0pa3oBaHHs Hemno-
IBHXKHONO CJ1OS OTVIOPKEHHH TBepJoH (asbl ‘Ha JHe TpyObl, HECKOJIbKO
Bhillle, H He MeHee 13—15%. HMmenno atomy ycnopuio W yaosaer-
BOpSET MpHBeYIeHHan B « PekoMeHyauaxy gopmyvta (31).

[Tpusococerue 2

¢ HU3IHKO-MEXAHHYECKHE CBOHNTTBA 30/J1bl
H HIJIAKA

. Fpanyromerpuuecknit cocras 3onnl # maaxa ' 2

O6wue csedeHusn

30J1a -— MPOIYKT CropaHus TONIHBA, KOTOPbI BHIHOCHTCH 1bIMO-
BbIMH ra3aMH H3 TOMKH KOTVIA ‘H YJaBJINBACTCA 3OOV TOBH TESAMIN,

UTaK — YaCTHUbI IPOULYKTOB CHHTAHHA, KOTOpbIie CKATINIBAKTCH
no Mepe CroparmMsa TONJAWBA B L aKOCOOPHIKAX.

[‘panyvioMeTpHyecKHil coCTaB 30Jbl W UNIAKA HAHHONO NBepPILoIn)
TOMVIHBA 3aBHCHT OT Gy IOULHX (DaKTOpPOB:

KOHCTPYKIHH TOMOK KOTAOATPEraTOB (IC AMHTKHM 1 TBeDJbIM 1J10-
KoyJaasteHHeM ) ;

YCIIOBHi (PaboTH KOTVIOB (napoBble Hanpy3KH, PaAaBHOMEPHOCTL M
TeMnepaTypa PDOpPpeHHs TOMJHBA B KaMepe CKITAHUA, C/KITaHIe TON-
JHBA COBMECTHO ¢ Ma3yToM H mp.),

CHCTEeMbl NbWVICIPHNOMOBUICHHS H MOJaud YOTBHOK MLl /5 CAKIH-
ragug (TN, NPOHGBOIIHTENbHOCTb, IKCMJYaTAHOHHOE COCTOSHHE M
KOUITHYECTBO OMHOBPOMEHHO paldOTaIoWHX TLWIEYNOMbHBIX MEJbHHU;
HayMyHe M HCTIPABHOCTD Cenapanopa, a TaKXe BeIHYHHA OTKPLITHS
ero CTBOPOK; TeMmepamnypa CyllHJIbLHONO areHTa W T. JL.);

THna MeybHHY, (6apabaHHO-11apOBble, MOJOTKOBbIE, CPpEIIle-NO/L0-
Bble BaJVIKOBble H MeVIIOLLHEe BEHTHASITOPHLI) H HX 3KCIWIYaTaluHOHHOTO
COCTOSAHHUA (M3HOC GHJ1 H KOpryca B MOJIOTKOBBIX, H3MEHEHHE MacChl
3arpyX<eHHbIX Wapos H 6apabdaHHO-1IapOBbIX ME&VIBHHLLAN H T. 1.).

KpoMe TOro, npaHyWIoMeTpHUYECKHH COCTAB 3OUibl ONpPEIeIseTCs:
— KOHCTPYKIHEH 30I0YVIaBJHBAOILHX YCTPOHCTB (npH CyXoM 30-
MOYJIABJHBAHHY TWIOXI0 YyJaaBawBalones ¢Qpakiud Menblue 0,000 MM;
JEKTPOPHILTPLl HEYUIOBJETBOPHTEJNbHO paboTatwT ¢ 30J0H, obOJa-
Aawued OoJNblIUM 3JEKTPHYECKHM COMPOTHBJACHHEM, MOKpPbie 30J10-
YJIOBHTENH — C 3OJIOH, conepKallled B ¢BOeM coCTaBe GovIbLIOE KO-

' PyKOBOACTBO N0 NMPOEKTHPOBAHHIO 30JI0OOTBAJIOB  TOIJOBLIX HNCKTPHYECKHX

i1 20-74
ctanuui. JI., «3Heprusy, 1974, ¢. 60—76. BHUWT -

2 Manrtenees B. I'. Hekoropuie (MMIHKO-MEXAHHYLCKHE XAPAKTEPUCTHRN 30J1H
K WAdKa TENJOBbIX IJeKTPOCTAHUL. — «DAeRTPHUeCKHe cTanmm», 1975, Ne 10,
c. 27—29.
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YeCTBO XHMHUYECKHX KOMIOHEHTOB, CnocOOCTBYIOUIMX 06pa30BaHHIO
HEPACTBOPHMbBIX COGIHHEHHH ) ; .

— IKCMIVIYaTaUHOHHBIM COCTOSIHHEM annapaToB 3JioyVlaBJ/IHBaHHA
(M3HOC WHKVIOHHBIX 3JI6MEHTOB H XKavilO3HHHLIX pellenoK B OaTapeH-
HbIX LWHKJICHAX H XKATIOHHHBIX YWIOBHTEASX, MOBPEXIGHHE 'KOopIryca
H CHCTEMBbl 10JauH BOJbl B UeHTPOOKHBIX OKpYyGOepax, Hencmnpas-
HOCTH MeXaHH3MOB BCTPAXUBAHUS HJAH [MONaTaHusd Ma3dyra Ha 3JIEK-
TPOADL! B 3J1€KTPOQHIbTPaAX).

Ha cocraB 306l 0Ka3biBAOT BJAHAHKHE H YCJAOBHA (KauecTBO) 3KC-
MJyaTaluyd 3JeKTPOPHILTDOB, a '‘Ha coCTaB lLlaKa — yCTpPOHCTBaA, ¢
MOMOILbLIO KOTIOPBIX 3TOT MaTepnaa nogaencs B cucremy T3Y (wxe-
KW, TPAHCIOPTEPHI) H3 XOVIOMHbIX BOPOHOK HAHM LI AKOCMbIBHBIX
IaXT, a TakXe KOHCTPYKLWHA ULTakonpod wioK.

3010y aBJIHBAKOLHe YCTPOHOTBA B 3aBHCUMOCTH OT TpaHyJioMe-
TPHUECKOrO cOCTaBa 30vbl, MOKTYnalouleil B kKaHavibl [ 3Y, MOXHO pas-
JEeMHTb Ha JBe IpYIbl;

1) MOKpble 30J0WIOBHTEeNH, BEPTHKAJIbHbIE annexrrmocpmnmp b,
HHEPUHOHHBIE (MeXaHHWUeCKHe) 3IOMOYJOBHTEIH, HMeIOLHe 110 Xomy
OYHCTKH IBIMOBBLIX F'a308 OAHH 30J0YAaBJAUBAIOILKK anfapar;

2) NBYXCTYM€HYaTble HJAH KOMOHHHPOBAHHbLIE 30JIO0YJIOBHTEMH
(HHEe DU HOHHBIC 3CVICYVIOBUTEIH — NepBas CTWISHb, MPpeIBKIII0YeHHbIe
B WIEKTPOOHUABTPLl — BTOPaA CTYyNeHb), MHOTOMNONbLHbIE T'OPH3OH-
TaJbHble JEKTPOPUILTPE U HHOPIUHOHHBLIE 30JIOYJIOBHTENH, HMEI0-
IIjHe MO X0y OYHCTKH ILIMCBBIX Fa30B HECKOMbKO annapaTos.

OcHOBHOE OTJIMYHE YKa3aHHbIX YCTPOHCTB oJemylolee: as yJo-
BUT&IEH TePBOH NPYINbI 30,14, IOCTyalollass B ‘CMBIBHLIE KaHaJbl
['3Y, xapaxkTepu3syeTcs CpeyHUM NO KPYNHOCTH COCTABOM; O] 30410-
Y.JIOBHTEJel BTOPOH TPYNMbl — 30vIa KaXA0MO amnnapara He oTpaxXa-
eT CDe1HEero COCTaBa BCEnO maTepHasia, a pachnpelevieHa 1o BhITYC-
KaM MO KPYMHOCTH ((p aKUWHOHHOMY COCTaBYy) — Hanbovlee KpyrmiHble
YACTHLBI 30.1bl, KaK NpasuIo, yJ1aBJAHBAIOTOR Ha MEPBLIX amnaparax,
nanfosee MESKHE — Ha NocagTy IOULHX.

I'panyromerpuueckuil cocras 3046t

Ha octoBanun obcreqosanus 68 TIC, obapyaoBaHHbLIX pa3Hy-
HBIMH TH0 KOHCTPYKIHH 30VIOYJIABJIMB alOLLLHMH YCTPOACTBAMH H pabo-
TAIOULHMMH Ha PA3JHYHLIX TBEpAbIX TOMMMBAX, ObLIH MOCTPOSHB 06006-
Itarollye KpHBble NPaHYJOMETPHUYECKOr0 COCTaBa 304bl HA CJenylo-
LIHX PHCYHKAX: pHC. 3 — /s 3OVIOYWIOBHTE el nepBo# rpynns! (a, 6
8, & — YTroJibHble TOMJHWBA;, 0 — CJlaHel;, e — Topid); TOMJIHBO H3MEJb-
yasoch: a — GapabaHuo-IapPOBLIMH; 6, d, e — MOVIOMKOBLIMH, 6 —
CpeiHEXONO0BbLIMH BAJKOBbIMH M@NbHHIAMH, & — MeJIOIUHMH BEHTH-
JATOPAMH) ; pHC. 4 — {1151 30JI0YVIOBHTE/16M BTOPIOH NPYNMEl (POJIBKO
HHEPILHOHMHbBIE 30JIOYJOBUTENIH a — PopT4Kamephl; 6 — GaTapelHble
[LHKJIOHbI; KOMOHHHPOBAaHHbIE 3€JICYJIOBHTEJIH, NepBas CTYNeHb, 8 —
oCcallTelbHble KaMephl, 2 — 6aTapeidsble MUKVIOHBI; BTONAA CTYIEHb;
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0 — neépBoe; ¢ — BTOPOE; M — TPETbe H YEeTBEPTOE ICNAA 3/MeKTpO-
¢ HABTPOB).

OTH KpHBble NOCTPOEHbl ¢ yyeToM HamnboJjee BaKHbIX (paKTOpOB,
KOTOpble BJHAKT HA cOCTaB 304bl. Ha ocHoBanuu o000lEeHHS pe-
3YWIBTATOB H3YY@HHA TPaHYJNOMeTpHYeCKOr0 COCTaBa 30JIbl MOZXKHO
caenaTh CeIyroUuyde BbIBOILI:

1) cocTaB 30J1bl 3ABHCHT OT TOHKOCTH [OMOJA TOMJAUBA H, Kak
CAGICTEHE 3TON0, MeXaHH3Ma nbwienmpurotTosJenus. CoryacHo pHC. 3,
MpH H3IMeJIbYeHWH ‘ToMJtHBa OapafaHHO-UIAPOBbIMH  H CpeAHe-X0J0-
BLIMH BAVIKOBBIMH MEJILHHLUAMH, 30/1a B UeJOoM SBJAAeTCA O6oJiee TOH-
KOH, 4eM 30J/1a NPH H3IMEeNAbYyeHHH TOMNMBA MOJIOTKOBbIMH MeNbHHLA-
MH H MeJIOIHMH BEHTHJISATOP aAMH;

2) 3o0a, YJAOBJIGHHAA MOKDBIMH 30/I0YJOBUTONAMH, N1PH VOpeaHeE-
HHH ABJseTCA 60J1ee TOHKOH, ueM 30J1a 'YJ0BJEHHAS CYXHMH 30J10Y/10-
BHTEJIAMH;

3) COCTaB 30J1bl, OTOOP AHHON H3 MHONOCTYNOHYATHIX 30V10YJIOBHTE-
Jei, 3aBHCUT OT KOJITHYECTBA MOC/eMOBATENIbHO BKJIIOYEHHLIX anmnapa-
TOB 30J10YJ1aBJHBAHHSA. 31014, YJOBJAEHHAS MEPBLIM 10 X0y OUHCTKH
JBIMOBLIX razos annaparoM (Ha TIC ob6blyHO YCTaHaBJKWBAIOTCS 0CAa-
OHMTEJbHbIE KaMephbl), XapaKTepH3IyeTcd KpawHe HEeOUHHAKOBbLIM CO-
CTAaBOM,; OQHAKO0 30V1a, YJAOBIeHHAS BTOPbLIM 30JVI0YJ aBJAHBAIOLUYMM all-
napaToM, He3aBHCHMO OT pOaa TBEePJIOro TOMJHBA, UMeeT Q0CTAaTOYHO
61H3KHe cocTaBbl (pHC. 4);

4) cocTaB 30J1bl, YJOBJJIOHHON MHOTOMOIbHBIMH TOPH3OHT A/ bHbIMH
NEKTPOPHILTPAMH, 3aBHCOHT OT poJa TBEPJAONrO TOMJAHBA, a TaKXKe
KOJIHYeCTBA H KOIPPHIHESHTOB 30UI0yJ1aBJAHBAHHA TPEIBKJOYEHHbIX
arnaparos, B KavyecTse KOTOpLIX Ha TOC o6bMHO yCTaH aBJIHBAOTCS
OCAMUTeJIbHble HAH (QOpPT-KaMepbl HAH Ke OarapedHble WHKJIOHHI.
[IpH kOMOHHHPOBAHHOM 30UIYAaBAHBAHHH HanboNee KpynHble Ppak-
[IBH 30J1bl WIaBJHUBAIOTCS Ha NepBOH CTYNEHH CUHUCTKH JIbIMOBBIX ra-
30B, a Hauboviee MeIKHe Ha BTOpOo# — Ha anekTpoduabTpax. CocTas
30J1bl, YJIOBJISHHOH BTOPLIM, TPETHHM H YENBAPTHLIM NOJAMH 3/J1EKTPO-
PHILTPOB, HIMEHAETCA HE3HAYHTENLHO: TaKad 30418 ABJSETCH BEeCh-
Ma TOHKOH MpH MaKOHWMaJbHOM pa3Mepe yacmuil He Gonee 0,20 MM
(pwc. 4);

5) MHHHMaVIbHasl KPYMHOCTb YacCTHU 30./bLI, NOCTyNaloulas B CH-
creMy kaHanoB ['3Y, npubansurenbto paBHa duuma=0,005 MM,

3ona topa sBasercd HaunboJee KPYNHOH, a 30/1a 3CTCHCOKHX
CJJaHLEeB U aHTPEHCKHX yrJaei Haubosiee MeJIKOI.

I'panyromerpuueckuti cocras waaka

Ha TOC B 3aBHCHMOCTH OT KOHCTPYKUHH KOTJOarperata B TOI-
Kax oOpasylomcs ABe Pa3HOBUAHOCTH LIJAKA: TBEPAbIH H KHIKOH,
KOTOpble HaKe MpPH CXKHTAHWH OQHOrO TOMNJJHBA 00/IaZal0T KpauHe
HEOHHAKOBBIMH CBOHCTBAMM.

[Ipn TBepCM WJIAKOYLANSHHH B 3ABHCOHMOCTH OT POJla TBEDLOTO
TOMJHBA, pexxuMa paboTbl KOTVIOANPEratTa M ero KOHCTPYKIHWH B TOM-
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KaX MOJXeT 00pa3OBLIBATHCS MEJKHI N0 COCTAaRYy LJaK (0T CHXKHra-
HHA Topda M CAaHUEB) WIH JOCTATOUYHO KPYIIHBIH (OT CXKHUIaHHA He-
KOTOPBIX yrJied), Ho obJialalclyHil KpadHe MavioOH NpoOUHOCTLIO. K Ta-
KHWM Pa3HOBHAHOCTAM YroOJbHOTO LIAKa OTHOCATCA TYronJapKHe
LI1aKH, HMeollHe Temneparypy pasmamenus lp=1350° C — 3kHu-
6aCTY30KOro, KaparaHIHHOKONO, paiyHXHHOKONO, JI€PMOHTOBCKONO,
CMECH TKHGYJABCKONO H TKBAPUE/JHOKONO, a3eHCKOono, YepeMXOBCKONo
H HeKOTOpbIX Ap. yrvied, na meepaoro uwaka yKa3aHHbIX TONJHB
AN pa3pyllueHHsd B TONKAaX KOTJIOB KPYMHbIX BKJIOGEHHA OObIYHO 1O-
CTATOYHO MWJIAKOYLANAIOUIHX YCTPOACTB (UPHEKH, JOHTOUYHbIE TP aHC-
NopTephbl), KOTOPbie MNepaMeillaloT IWJAAaK H3 XOJOLHBIX BOPOHOK K
cOPOCY B CMLIBHOH KaHaja., OTMmeyeHHble OCOGEHHOCTH B CBORCTBAKX
lHlaKa IMO3BOJAIOT OTKA3aThed OT eno ApodJleHHs H [MO3TOMY TaKOH
IJIAK cOpacbiBaercs B CMbiBHbie KaHaabl ['3Y npakTHYUeCKH B TOM
BHI€E, KOTOPbIH OH WMeJ1 B TOnKax.

Ins TBepIOro linaKa YroJbHbIX TOMNJIHB — OpeIHeNNaBKHX fo=
='1350+.1250° C, a Takxe aerkonaabkux fp=1250° C (ww1ak rycHHo-
O3EPICKON0, KY3HEILKOTO, CMeCH WePHOBCKON0 H XapaHOPCKONO, KHPNU3-
CKOro, yeasOnHCKONO, AHNPEHCKONO, NAbBOBCKO-BOJILIHICKONO H HEKO-
TOPLIX QPYMHX YrJeil), a HHONLA Ralke H A48 XKWIKONO WJIaKa, mpH
e pHOJHUEKOM cOpoce 1 HaBOABIWOM aGCOMIOTHOM BbLIXOAE LIJIAKA C
KaX@ono KoTaoarperaTtd, eno 4acTo He H3IMeNb4yaloT nepey copocom
B CMBIBHOH KaHaJ. B 3TOM cayuae ¢ uevibl0 HOKJ/OUEHHS TIOMaJLaHHs
B kKaHaaol ['3Y kpynubix BxAOueHHiA waaka Ha psage TIC nepen
cOpIOCOM YCTaHOBJIEHbI pelIeTKH ¢ pagMepoM syeeK 8 X8+ 10X 10 oM

B apyrux cayyaax akcrnayataund TOC copeaHenJaBKHA U 1erKo-
WIABKHH IJ1AK YNOJBbHBIX TOMVIHB H3IMeJabyaloT ApOOHAKAMM.

IHHaax yroabhbix Tonans TOC pakoMeHjayeTcs pagaedaTh Ha cJe-
JYIOLLHE NPV

MBEPADLIA HIMENBUSHHDBIH LN AK;

TBEP, bl HEH3MEJbUSHHDbIA LIaK — KPYIMHbIA, CpeHel KPYMHOCTH
H MeVIKHH;

XKHAKHH WIaK H3Me1bYeHHbIH;

KUWAKHHA 1IN aK HOH3MeVIbYeHHBIH;

TBEPALIA LW aK CaHLeB;

TBePYbIA IW1ak Topda.

K Meaxomy, Kpomve waaka mopda v CAaHLEB, OTHOCGHTCS TYIO-
VIABKHH LIVIAK YDOJbHBIX TOIJIHB, @ K KPYTHOMY — VIENKOTWIABKHHA.
Hlnax coaHueB — Hawbosee MEJIKHA MO COCTaBy, a HaHboJee Kpyil-
HbIH ~— XHWIKHH HEH3IMCAbYRHHBIH LJaK.

Ha puc. 5 npuBOgATCH OCPEUHEHHbIE (NYHKTHPHAS JHHHSA) KpH-
Bble Np'adyJOMETPHUSCKONO COCTABA BHASTEHHBIX Npymn waaka (a, 6,
8, 2, 0, 3 — yroJikHble TOMJIHWBA, e — CJaHel, s — 1opd: a, 6, 8, 2, e,
H — TBEPULbIH, 0, 3, — MHAKHH WAAK; a, 0, 8, €, H, 3 — HEHAMEVIbYEH-

Hbl{; 2, 0 — M3MEJIPYGHHBIH LIWIAK, TBEPALIA IJIAK YIOIbHBIX TOTJIHB;
a —— MeJIKHHA; 6 —¢pelHeill KPYNHOCTH, 8 — KPYIHbIN) .
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Bolbop pacuernozo cocTasa 30A10UWAQKOBLLY MATEDUANOS
npu npoeKTuposanul 2u0poTpPaHCnopTa.

3osia ¥ wvaK Ha TIAC TpaHCnOpTHPYIOTCS HA OTBAd COBMECTHO
HJIH p a3yl evibHo.

l'[npm“ Pa3neJbLHOM Y/1aJIGHHH 30J1bl AJS 30J0YJ/IOBHTENel Tpynnbl |
CPEIHHH IDaHYJIOMETPHYECKHH COCTAB CAQIYET MPHHHEMATEL B 34BHCH-
MOCTH OT poja TBePAONO TOMJHBA H KOHCTPYKIHH [bW1&YNO/bHbLIX
MEJIbHHLL coryiacHo Ta6u. 8. [IpusoauMbii B Tabu. 8 cpeyinmii cocTam
30/1bI OJTYYeH Ha OCHOBaHHH OCPeIHEHHUS JaHHbIX DHC. 3.
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Jns MHOrOCTYNnenyaThlX 30/0YNOBUTE/NEN CPEAHHA TpaHyJloMeTpht-
YeCKHH COCTaB 30J1bLl, MOCTynamleil B 6arepHylo HaCOCHYIO CTaHIHIO,
cJeyeT MPHHHMATDL JHOO0 Ha OCHOBAHHH OOPEIHEHHS AaHHBIX TalbJ. 8
(npu navecmHbiXx coctase d KITI sonoynosurenedt; KI1I sonoynosu-
TeIeH MPHHHMaeTcsd Ha OCHOBaHHH TEXHOJONHY eaKono 3aiaikius ) , JIH 60
MPHOVIHKEHHO paBHLIM COCTAaBY 30J1bl OQHOCTYTEHYAThIX 30J0YJIOBH-
Teielt (uro cnpapeniwso npu Gamsocmn K11 szonoynoswrenefi — 3o
ycJIoBHe OObIYHO BBIMOIHAETCA MpH 3kcnayaTtaugud T3C).

Ta6ruya 8
OcpeaHeHHBIA rpaHyaOMerpMYecKHA COCTaB 301bl PA3NHYHBLIX TONAHB

[TpoueHTHO® coaepxanue dpakUKHA, MM

[IbiAeyrofApHbie ME@ALHHIIL H
JOAOYAOBHTEAH

—

l
N
=

0,5_'0,25
0,1-0,05
0,02—0,01
<0,01

0,05-0,02

1-0,5

l

F
N
Lo

\ 4

n
-
N

Qo

l-a rpynna 3oaoyaroBntTeneh

YrolbHbleée TONAHBA:

6apafaHHO-l1ApOBbIE MeabliHUbl . , | — | 4 9121 | 39| 221 5

MOJNOTKOBbIE ME@JAbHHLL . . . , . . | — | 4 12 | 256 | 3 | 16 | &

cpelHexXoR0Bble BaAKOBble MEAbHHLUbI | — | 5 Q1201 86 | 10 | —

MEMIOLIHE BEHTHARTOPHI . . . . . . 8 15 (22 131 18} 6

Moaorkosne MeabHHUDI:
CMNAHUBL & & & 4 4 v v s o o s o o — | 2 12 | 25 | 38 | 16 | 7
Topdp . ... ... ... R 5 27 | 32 19 8 4
2-A rpynna 3onoyaopuTenelt
I
HuepuHoHHble 30A0YJOBHTEAN:

(nmocaenoBaTeAbHOCTb BKJAOYEHHSA) | :
nMepBLIA annmapar . . . . . . . . 71 7 (24|31 (31| — | —
BTOPOH anmapart . . . . . . .. | — | 3 | 10 ] 24 | 35 | 20 8

KOMOHHHPOBAHHbBIE 30/M0YNOBHTEAH:

(Mocaea0BaATEAbHOCTh BKAIOYEHHA)

MHepunoHHbIE 30M0YA0BHTENAN:

(mepBas CTyneHs) |
OCafHUTEeNbHbIE KaMepbl . . . ., . |— | 7 | 23 | 36 | 34 | — | —
GaTapeHHble UHKAOHBLI ., , . . . \ — | 7 9 | 18 | 44 | 22 | —

JAeXTPOohHAbTPLI (BTOPAA CTYNEHD)
neppoe noae , ., , ., ., . . ... — | o l 16 { 19160 — | —
BTOPOE  , . . v v v v v — 1 4 |11 ] 1513192 | 10
TpeTee , . . . . .. . . . .= 1 3| 11 [ 39 | 31 | 15
YyeTBEepTOE Moje , . . . . , . -~ b} 3111 |3} 31| 15

l'lpun pa3deJbHOM yJaJieHHH WaKa ero CpeftHHH rpaHyJJOMeTpH-
JeCKHH COCTaB lLJlaka CJAeqyeT NMPHHHMATb B 3aBHCHMOCTH OT POJAA
CXKHTAaeMOTO TBEPJOTQ TOMJHBA, CHCTEMBI IJIAKOYAAJEHHS H TeMMe-
paTyphl nJjaBsJeHnsa fp cornacHo 7aba. 9.
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[Tpu cOBMECTHOM YJa/ieHHH NPaHyJOMETPHYECKHH COCTaB CMedH
NPOINYKTOB CXHIaHUA IOJKeH OBbITh NOJAYyYeH Ha OCHOBAHWH nepe-
cyeTa 1o H3BECTHOMY codepKaHHio uraka Pm B 00LeM KOJHYECTBE
30UIOLLII AKOBBIX MaTepHaJioB, BbigaBaeMblX TIC, Payn. IIpH 3THX BHI-
YHOISHHAX colepXKaHHe Uljaka oieqyer NpHHHEMAaTb Ju60 Ha OCHO-
BAHHH TEXHOJOMHYECKONO 3ajlaHHA, JAH60 NPHOVIHKEHHO B 3aBHCH-
MIOCTH OT KOHCTPYKIUHH KOTVIoanperaTa:. A/ TONOK ¢ XOJIOIHBIMH BO-
poHKaMH Pp~15%, mns Tomok ¢ yrenyieHHbIMH BOpoHKamu 25Y%,
AJ1s1 OMLHOKAMEDHbBIX TOMOK C XHAKHUM LuaakoyransenveM 40% u aad
- wukJIOHHBIX TOMmOK BTH ¢ xunxuMm waaxkoyaanenieMm 55%. B 1a6a. 10
NPHBOAATCA HambOJee XapaKTepHble CpelHHE IpaHYIOMETPHYSCKHE
COCTaBbl CMECH 30J1bl H UIIAKa Pa3yiHuyHbIX TBEPJAbLIX TOMJHB, BbIUHC-

JJeHHble Ha OCHOBAHHH AaHHbIX TabJ. 8, 9.
Tabauya 9

OcpeaHeHHbLIA rpaHyJIOMeTPHYECKHHA COCTAB LINAKA

———

[TpouentHoe coaepxxaHne QpaxkuHi, MM

)

laax L ; 3
& = Ve 2 :f' I ':‘f' 3
o -.:L :.L CT 0 T 2 & - S
«r o | - 7o N — e o [ v
n
YroibHbie TONAHBA

Teepawiit nameapuennwtit . ., . {— |11 ] 10| 9| 51 619122113 | 5

TBepabii HeH3aMenbYeHHbIH: |
Mk . . . . . . .. .. —~)|— | —1 8] 7] 6143520} 10
cpenned xpynHoetu* ., . . .| 71 8| 614 |11 [ 11 {1215 |12 ] 4
KpPynubid®* . . . . . . . .. 46116 71 91 3y 3] 31 6| 3| 4
Kuaxkufi vaMeabyeHHotdi . . .| 9116 (27 {32 (12| 2¢ 2| —~ | — | —
HMuakuit HeuameabueHumdi * , . |37123 120113} 6| 2| —| — | — | —
Chavuwet ., . . . . ., . .. =1 —=1-—-1 61 4119125012911 ] 6
Topp . . . . .. . ... .. —|— 1 711311912121 |11} 6] 2

* MaxcumaabHbii pasmep OTAeAbHBIX KYCKOB IUJaKa, MOCTYNalOWHX B Ka-
Haael I'3Y, cocrasager 80—100 MM (cM. Taxkxe taba. 10).

[lpn smnx BbIYHCAeHHAX ObLIIO NPHHATO: NPAHYIOMEDPHYSCKHA CO-
CTaB WJaKa CorJacHo TabJ. 9, 30abl — Tabul. 8, npHuemM AJS YroJb-
HbIX TOMJJHB COCTaB 30Jbl ObWl NPHHAT IV MOJOTKOBbLIX MEVIbHHIL
(kaKk HanbGoviee pacmpocTpaHeHHblx Ha 1IC); TOC obopymosaHbl
KoTvroanperaTaMu Jubo ¢ X040 HBIMH BOPOHKAMH MpH TBEPAOM LIJLa-
KowiaJJeHud (A48 TBepoOTNO LIaKa), AWG0o ¢ OHOKAaMepHBIMH TOIl-
KaMi TIpH KHIKOM IaKoyaldeHuy (A48 XKHAKONO LWIaKa); BbIXOL
mtaka anad ropda 6o NPHHAT HA OCHOBAHWH [POH3BOIILCTBEHHBIX
AAHHLIX DABHBIM 59 .

Ilpneenentbe B Taba. 8, 9 u 10 MamepHansl COOTBENCTBYIOT Cpe/l-
HWM COCTaBaM 30Jibl, LIJTaKa, CMeCH 30kl M Uraka, [lpemxenbHble
COCTABbl (MWHHMAJIbHbIe HJH MAKCHMAJIbHble) MOIYT ObITh [OJIYYeHE
H3 npaduxos puc. 3, 4, 5 — aeBble H NpaBble OPHOANOLIHE KPHBLIE - -
mpy H3BECTHOM MpOL e BHIXOILA 304kl H Iaka ¢ TOC,
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Tabauya 10
OcpenHeHHbIR rpaHyNOMETpHYeCKHH COCTAB CMECH 30Jbl H lIJAKA

[TpoueHTHOe coAepaHHe (PAKUHA, MM

CMech 30AH ¥ WJAaKa l

& = \ 2 § :f :T IEIH1I f -
Lttty dististalelliglals
= & = 3 |-l o| o =) =) ') \
YrojibHble TONAHBA ' |
Teepabii u3Menbuenuniii | — (1,64 1,51 1,410,7(0,96,3113,4123,2134,0(12,7 | 4,3
TBepAbiit HEH3MeEAbUEH- - |
HbIH:
MEeAKHH . . . . . . . — |-t —11211,110915,5115.4124.2 |134,7 12,7 14,3
cpeavefi  kpynuoctn | 1,1[1,2]10,9] 2,1(1,6(1,6(5,2(12,5(23,0(34,2;12,7{4,3
KPYOnHbIH ., . . , . . 6924 1,1 1,3 l0'4 0,413,9(11,1§21,7133,8112,714.3
Xuaxuh namenpuennniit | 3,6 (6,41108(12,8 4,810813,2f 7,2{15,0{23,4] 9,0} 3,0
Xuaku#t Henamennuennnit|14,8 (9,21 8,01 5,2 2,010,8 (2,41 7,2115,0{23,4| 9.0 3,0
Chanuel . . ., . . . . — t—|—109 0,6128]55]14,6 |122,833,3|13,615,9
Topd . . . . . . . .. — 1—1| 0,4 0,6.0,915,815,8126,2|30,7 (18,2 7,6 | 3,8

2. ArperaTtHbit yaenbHbli Bec 30/b H UIJAKA

Ob6ujue csedenusn

B pacuerax cucrem I'3Y nonoab3yioTes ase GH3HuecKHe BeJIHYH-
Hbl — YIIEJIbHbIH B&C H anpenaTHbBIH YAeJbHbIH BE&C YaCTHLL 30Jibl H
(1akKa.

Y AeuIbHbIA BeC — (PHIHYESCKAA BES/MYWHHA, paBHas A THCTEPCHbIX
TeJl Tpeleny OTHOLIeHHS Beca martepHaunia Py, cJararoueno YyacTHILy,
K ero obbeMy V npH HeorpaHHueHHOM YMEHbIIeHHH (pacTHpPaHHH)
3TOH YaCTi b

AP,

= lim | :
L Ay =) AV

ArperaTHblil yJe/bHbIH BeC — OTHOLIGHHE Beca 4YacTHUbI Py K ee
ob6reMy Vy

Ta=

BeanynHbl WIeJIbHONO B&Ca H anperamHOno yAeJbLHONO Beca paBHbI
TOJIBKO TOTJd, KOMla YacTHUbl He HMelT 3aMKHYTHX mop. [Tpume-
poOM TaKHX MaTepHaMOM CAYXAT MeCOK, NPaBHH H Mmp.

HacTuubl 3001bl M 1WJ14aKa MMEIOT 3aMKHYTble ITOpBI, 3aMQJiHaHHbIE
BO3AYXOM H NMO3TOMY OJIi HHX WIEJbHbIH BeC H anperaTHbLIH Yy/leJb-
Hblfi BeC He paBHbl. DTH PHUIHUSKHE BEVIHYHHbI CBA3aHbI MeXJY CO-
601 cJaeIyIOILeH 3aABUCHMOCTHIO:

Ta =1 (1 —ny’),

rae n’s — OTHOCHTe/NbHas BeJHUYHHA oGbeMa 3aMKHYTHIX MOP B JOAfAX eNHHHLBI
obdbeMa 4yacTHILLL.
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B ta6a. 11 npusoasmics ype/bHbIH BeC, anpenramHbii yeJbHbIN Bec
H 06beM 3aMKHYTHIX TIOp UIJ1aKa MHOTHX TBepAbIX TomyiHe TIC.

O6beM 3aMKHYTBIX NOP YaCTHL 30Jibl B QpeHEM He MpeBbIlIaeT
4—59%, nooemomMy aas 30UIbl arperaTHbil VeJIBHbIH BeC H Y.de/bHbI
BEeC MPHOMMUIHTEILHO PABHBI Ya = Y.

OT1aelibHble YAaCTHUILbl, BXOAALIHE B COCTAB 30Jbl H LIJAKA, HMEKT
HEOJHH AKOBBII XHMHUECKHH COCTaB H, K&Kk CJAeJCTBHE 3TOrN0, HEOIlH-
HaKOBbIH anperamHbiii yienuHbH Bec. [loaToMy Macoy 30/101UJ1aKOBbLIX
MATEPHAJVIOB XapaKTepHayeT TaK Ha3blBaeMbli, CpeiHuii | arperaTHblil

WIEJIbHBIH B€C, pPAB!blidH OTHOLEHHIO BECA BCeX KYCKOB eCTeCTBEHHOMN
SP,
LV

KPYNHOCTH B mpobe Py K ux obbemy 2V, ya=

Boitbop pacueTHO2o aepeecarHoco yodeabHo2o 8ecu 30A0WUAAKOBbIX
MaATepuaros npu NPOeKTUPOBAaHILIL 21I0POTPAHCNOPTA

AnperaTHblfl ylle/bHbIH Bec 30J0WAAK0OBbIX MareprHanos TIC npu
MPOSKTHPOBAHWH NHIPOTPAHCIOPTa CAemyeT NPHHEMATb COrJacHO
Taby. 12, B KOTOPOH pasesrHO NPHBOWATCH [QaHHbIE MO YIeJbHOMY
BECY 30Jbl, TBEPNOMO H XMIKOrO lLijaka pasyiHuHbiX Tonaus TIC.
B rex cayuaax, korna A48 304bl H WAaKa JLaloTed npefesbl anperar-
HOMO YAEJbLHONO Beca, IPH pacyeTe THLPOTPaAHONOpPTa, C lUedblo 3a-
naca, cJeayer ITPHHHMATb MaKCHMaJibHble 3HAYeHHWA 3TOH (HBHYe-
CKOH BEJIHYHHDI.

[Ipn coBMecTHOM yWaNeHWH 30Jbl H WJaKa, TPH YCAOBHH, YTO HX
anperaTHblil yAeNbHbIH BeC HEOIHHAKOB, anperaTHLIN YJAeNbHbIA Bec

CMECH Yawr HOJIXKEH ObIThb BBHIMHCJ/JIEH NO HIBECTHOMY BBIXOLY 30bl H
wnaka ¢ TIC no caeyyomen popmyde:

‘T_ =Pm—7_am+(]00“Pw)T_as
3W T 150

ri€ Yas Yam — arperaTHh y/eJbHblli BeC COOTBETCTBEHHO, 30JIbI W lIJaKa
(traba. 12).

' B nocaenywluemM ¢ uenbly CokpauledHHd CPeAHHIl arperatHbill yaenbHbIN BecC
OyneM OOBLIYHO Ha3blBaTL arperaTHbIM BeCOM.
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Tabauya 11

3HAYEHUA ¥, Ya M. ANA WNAKA TBepAblX TONJAHB Pa3aH4YHbIX TIC

Yaeap. | Cheanun

Brua HauMmenoranue B Hraem Rof | arPeratHuiRl ’
IuAaKa TAC ' c};r-““e i 1?;26:1_ gg::e#:l'iﬁ]?: :5
Him? Hime
T
Hasaposckas I'P3C | Upwa-6opoaunckut | 3,45 3,15 9
Aurpenckasi [P3C AHrpeHckuii 2,96 2,92 1,5
| BypuiTeinckas 'PIOC | JibBoscko-Boabinckuit | 2,83 2,67 5,0
Kunkuii | Moanasckas T'PIC | NoHeukuii 2,81 2,65 6
| T3l Yensabuuckoro |UYeas6uuckuii 2,57 245 | 5
METAMANYPrHYECKOro
| 3aBoja
CpenHee ~5
[Llekuuckasa P2C [To4MOCKOBHDIf 2,81 2,76 2
HoBomockoscast TP3C| I1oAMOCKOBHBIT 2,68 2,09 3,0
Mpxytckaa TOLL-O Aselicxuii 2,67 1,94 27
Ho6potBopckasn I'PIC| JIibBoBCKO-BOALIHCKHIT | 2,63 2,26 14
$epranckas TIL] Tawkymoipckuit v ap. | 2,61 1,90 27
KHPruackue
Y nan-¥ asuckan T3] | I'ycunoosepcknit 261 | 1,74 33,9
Kuposckas 'P3AC Muatunckult u popky- | 2,59 2,07 23
THHCKHH |
Anrpenckans PIC AHrpeHckHuil 2,057 2,48 3,0
Yutnuckas 'P3C Yepuosckufi u xapa- | 2,57 1,66 35
HOPCKU K
OwMmckas TI1l-4 JKH6aCTY3CKHI 2,56 2,15 16
JIeHHHrpanckas Ky3aneukuft 2,55 1,90 26
Toepasiit| ;1 17
P MpkyTtckaa TILI-10 | Hepemxosckuii 2,00 1,96 22
Pattunxuuckas FPIC | Paftunxunacknil 2,93 2,49 3,0
Uurnuckas TILL [ledopcknit 2,41 2,40 0,5
Maranaunckas TOU Y pranabckuit | 2,41 1,58 39
Txsapueanckads I'PIC | TkBapyeabCkHii H 2,07 2,36 8,5
TKHOYNbC KHil |
Apkaraaunckas FPIC| ApxaraauHCKHi 2,04 | 2,22 13
[Taprusanckas P3C |[loaropoanenckuii u | 2,29 1,78 | 22,5
NapTH3aHCKHU
Bopkyruuckas TILI-2 | BopkyTuHCKHI 2,28 | 2,12 7
Ueaaburckas TI3L-2 | Yeasbuuckufl 2,23 2,04 9
Anma-Atusckasa [PIC| Yran Kyy-Uexuuckoro| 2,16 | 2,06 4.5
pa3pesa KaparaH-
JHHCKOTO MECTOPOX-
NeHHA
Caxaaunckaa I'PIC | JlepmouToBcKkHii 2,13 1,93 9,5
1

Cpentee ~15
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Tabauua 12

MNpenenst 3HaYeHHA Y, 30JbI H IIJAKA PAa3NHYHLIX TBEpPAbLIX TONJHB

Poa tonauba

Yrau:
Ha3apoOBCKHH . .
NNOAMOCKOBHLI .
AHTPEHCKHH .,
pPaHYHUXHHCKHIT .
NOHEUKHHA .
NbBOBCKO-BOJLIHCKHIL .
NEYoOpCKHH . . . .
a3eHcKHH, qepemxoncxuu -
YepHOBCKHH, T'YCHHOO3€PCKHA . :
KH3H/-KHACKHH H JP. KHPrH3IcKHe yr.rm
YeNAOHHCKHH . .
TAalUKYMBIPCKHA H np KHpmacxne yrmi
TKBApUYeJbCKMA H TKHOYJLCKHA .
60rocnoBCKHA
KaparaHAHHCKHH
apKaraJMHCKHR . . .
PeTTHXOBCKHH, nonropon}lencxuu ndp-
TH3aHCKHH, apTEeMOBCKHA M ap. pafb-
HeBOCTOUHbIE YIJIH .
XapaHOpPCKHHA
BOPKYTHHCKHH
KY3HEelKHA .
SKHGacTy3cKuh
ypraabCKen . .
6HKOBCKHI, cuﬂempcxnﬁ (Mec'ropom
AeHHA O. Caxa.nHH) .
JIePMOHTOBCKHH (Mecmpnmnenun 0.
Caxanun)
Topg:
TPOCTHHKOBHIH . .
MEeCTOPOXKLEeHHA E!poc.naacxoﬁ 062,
MecTopoxnenuss benopycckosi CCP,
Jlarsufickoi CCP, JIeHHHrpanc-xoﬁ
o6a. .
Mecmpoxmeﬂnﬂ MockoBcxo o6
ChaHuu:
3CTOHCKHHA
IrIOBCKUHA
KaIUPCKHUNA

CpeadHi arperatHolfl yaeAbHbA Bec,
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lIpusrowenue 3

JKCNepHMenTanbHbie aaHHne HHCTUTYTA YKPHHUHUTMuapoyroas
NO rHAPOTPAHCNOPTY 30A0UINTAKOBbIX MATEPHANOB

B s3TOoM mpPHIOKEHWH, LOTONHHTENBHO K MPUHATBIM B pasgede |
0003H aueHHIM, TIPHHATO:

) { — ruapaBAHYecHit YKAOH MOTOKA PHApocMecn B Tpyée, pas-
HBIH:

1w L.
rae Ap — pa3HoCTb aabaeHui p, [la, B noTOke THAPOCMECH B ABYX NOMEpPevHbIX
CeYEeHHAX TPYOb, HAXOAAULMXCA HA pacCCTOAHUWM L Apyr oT Apyra.

2) C'p — BEeCOBas pacx0JHAA KOHCHCTEHLHA 3OTOLLJIAKOBON MYJ1b-
nbl — wnmuemme CYMMbl BE&COB BCEN MBHXXYUIHUXCS TBEPbIX YaCTHIL,
NpOLEIIUMX B €IHHUILY BpeMeHH uyepe3 Ji000e nomnepeyroe ceyeHHe

TPYObI, KO BCEMY 00beMy Myviblbl, NPOLIEILIEVMY Yepe3 TO XKe cedeHHe
B elHHILYy BpeMenn (Taba. 13).

Tabauya 13
3onrownakosbie matepranbl Ueanosckoi M'P3IC
dep = 0,23 MM | Ya = 2,76-10¢ H/m3
Cumoswmii cocmas

Kaaccbi, MM >-0,5‘ 0,5—0,3 | 0,3—0,2 0.2—-0.1o| 9002 | <00
Boixon xnaccom, % {1400 22,75 0,13 15,05 24,05 23,42
|
D = 149 mm
7=105-10¢ H/m3; $=284% |U, wic|1,35 [150 |200 |250 |3.00 350
Co'=710%; Uc=135mfc | ¢ [00129 [0,0148 [0,0242 0,0369 |0,0499 [0,0642

y=1,15-10¢ H/M3%; S$=872% (U, m/c[1,55 [2,00 [250 [300 | — | —
Cp' =20,6%: Uc=155 mjc { (0,0189(0,027410,010110,0547f — | —
1=1,25.10¢ H/M3; S=14,5% |U. M/c|1,50 12,00 |2,50 [3,00 . —
Cy'=316%; Uc=150mc | ¢ |002020,02340,0427/00601| — | —
y=1,35.10¢ H/M% S=204% |U, m/c| 145 200 [250 | — | — | —
| Cy'=412%; Uc.=145m/c [ 10,0204 i0,.0328 0,0483 | ~- — | —
D = 202 mwm
1=1,05-10¢ H/w3 284% U, wje 150 1200 1250 1300|350
Cpy =7,10%; U i 50 M/c 0,0108 |0,0186 [0,0267 (0,0355 | 0,0469
1=115-10 HjMs,_S=8,72% | U, wjc |180 1200 1250 1300 | —
Cp'=20,6%; Uc_l 80 M/c 0,0107 [0,0207 [0,0291 |0,0399 | —
(=1,25-104 H/u3;, S=145% | U, [c 165 [200 [250 3,00 | —
Cp'=316%; Uc=165u/c 0,0175 (0,0224 [0,0321 [0,0439 | —
-,:135 104 Hjw?, S—204% | U, w/c |1,65 1200 |200 ]300 | —
C, =412%; Uc=165 mc i 10,0191]0,0246 [0,0347 [0,0479| — |
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D = 250 mwm

(=1,05.10¢ H/m% S—=284% U. wjc 175 200 250 | 300 |
Cpy'=710%; U.,=175 Mjc 00099 0,0134 0,.0202I 0,0268
1=1,15-10¢ H/m3; 872% U, /c 2,00 |2,50 |3,00 —
Cy' =20,6%: UC—QOO /e 0,0158 { 0,0225 {0,030t | —
y=125.10¢ H/u3% S—145% U owic 1,80 |2,00 ,2,50 3,00
Cy'=316%:;  Uc=180 w]c 00156 { 0.0189 | 0,0258 | 0.0346
(=1,35.10¢ H/u3; S=20,4% Uwjc  |1,80 [200 [2,50 -
Cp'=41,20%; U.=180 m/c i 0,0181 | 0,0204 | 0,0294 _—
= 306 MM
1=1,05.10¢ H/m3%; S=284% | U, mjc [230 [250 [300 [350° |4.00 |
Co' =7,10%: U.=2:0 mfc i [0,0130 10,0157 [0,0213 {0,0277 | 0.0361 |
y=1,15.104 H/m3; S=872% | U m/c [240 (250 (300 [3,50 |4.00 |
Cp =20,60%; U.=2.40 mjc i [0,0150 [0,0169 J0,0228 10,0302 | 0,0391
(=125-100 Hjm3 S=145% | U, mjc 230 [2,50 3,00 [3,50 —
C,'=31,60%; U.=2,30 M/c [ |0,0152(0,0178 0,0248 [0,0322 | —
1=1,35-10¢ H/m3, §=20,40% U, mic 210 250 3,00 (3,50 —_
Cp'=41,20%; U:=2.10 m/c i |0,0145 [0,0201 {0,0265 0,0374 | — I
y=145.10t H/M3; S=2620% | U.m/c [195 [2.50 [3.00 |3;50 .
Cp'=49.20%; Uc=195 mjc i 00145 (0,0227 [0,0293 [0,0377| —
y=155101 (ms; $=3200% | U mjc [1.80 [200 [250 [300 | —
Cy'=56,20%: U.=1,80 m/c {7 |0,014510,0170 (0,047 [0,0323| -
D = 358 MM
1=1.05.10¢ Hjus; S=2.845% U mjc [250 (300 |350 | 400 !
' =710%; Ucs=250 mc : 0,0135|0,01820.0245 | 0,0318
=1,15.10+ H/u3; S=872% U mjc (250 [3,00 [350 | 400
2"=20,60%; Uc=250 M/c / 0,0148 [ 0,0202]0.0275| 0,0343
=125.10¢ H/M3 S=1450% | U, m/c (250 |300 |350 | —
2 =3160%; U:=2,50 M/c z 0,0175 [0,0227 |0,0208| —
~1,35.-10¢ H/m3; S=2040% | U, m/c 250 |300 |350 —
y=41,20%; Uc=2,50 Mjc i 0,0188 [ 0,0247(0,0340| —
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D =410 MM

(=1,05.10+ H/m3: S=284% | U m/c [250 (3,00 |350 | 4,00
Co=7,10%;  U.=250 mjc i 0,0121 | 0,0161 | 0,0204 | 00270
1=1,15.10¢ H/m3: S=872% Umic [290 [300 [350 | 400
Co=20,60%; U.=2,90 m/c i 00167 | 0,0184 | 0,0224| 0,0295
' —
1=1,25-10¢ H/mM3; S=14,50% U, m/c 3,00 |350 |4,00 —
| Cp=31,60%; U:.=3,00 m/c { 0.0204|0,0244 10,0315 —

3onownakosnie matepuanst Tpouukoit PIC

dep = 0,14 MM | 1a—=2,00.10¢ H/m3
Cumosstii cocmas

Knacehl, M | 508 ‘ 0,4—0,8 | 0,2—0.4 | 0,1—0,2 |o,07--0,10| <0,07

|Bb1x011 KAACCOB, %l 95 | 16 | 11.0 ‘ 36,1 | 125 | 36,3

D = 202 MM

400 |
3,065

S%|U, M/c]1,80
i 00175

-

0,0206 |0,0286 10,0370 10,0492

2,00 I2,50 lg.oo |3,50

v=1,181.10+ H/m3: S5=18,1%
Cp'=304%,; U.=170 m/c

U, M/c
[

1,70
0,0185 0,0226

'1.60 |2 00 lz 50

| v=1,27-10¢ H/m3; S5=27,0%|U, m/c 3,00 13,50 —
C,r—4150%; U.—160 mjc| i [0.0195 |0,0256 [0,0346 0:0455 [0,0577 | —
(=1,362.10¢ H/m3; S=362%|U, mc[1,50 (200 l250 [300 [330 | —
Cy'=580%; Uc=150mc" | "1 |0,02050,0296]0,0396 [0,0515 (0,083 | —
v=1,427.10¢ H/m3; S=42,7%(U, m/c[1,40 (2,00 [2,50 (3,00 {3,350 —
Cp =60%: U.=140 m/c " |0,02100,0336 {0,0461 [0,06030,0783 | —
D = 3510 mm*
| (=1.025-10 H/ue, S=25% |U, mjc|2,00 [2,50
Comd8%; Ue=3.0 e ;' |0,0061-/0.0088
1=1,05-10¢ H/m® S=50% |U, m/c[2.05 [2,50
Com9.6 % Ue=2.05 e | 0.0069 [0,0095
| 1=1,06.10¢ Hiws, S=60% |U, wicl210 [2:50
‘ Co=11,3%; U.=210 mjc [ [0,0075 |0,0100

* 3aMepbl NpoH3BedeHbl Ha JeHCTBYOUlEM 30J0-
nposone Tpouukod I'PIC.

36



D =614 um

L  —

(=1,05-10¢ H/m3 S=50% (U, m/cj2.20 250 [300 [350 [400 (450 !

C/—96%: U.~220 umjc I [0,0059[0,0071 [0,0097 [0,0132 0,0167 0,0217
(=1,10-10¢ H/u?; S=100%|U, m/c[2,30 (250 {300 [3.50 [4,00 [4,50

Co=182%: U.=930 mjc | i 0,0077 {0,008 [0,0107 |0,0145 0.0182 [0.0227
(=1,15.10¢ H/m3, S=150%|U, m/c[2.40 [2.50 [3.00 [350 [4.00 [4.50

Co~261%: U.—=240 mlc | 1 |0,00910,0094 [0,0119]0,0155 |0.0197 [0,0239 |
(=120-104 H/m3: S=200%|U, m/c}2,35 [250 [300 [350 [4.00 [4,50

c,;.._.334% Uc=235 mjc | ¢ |0,0101{0.0104 |0,0130 |0,0170 00207 |0,0252

— e LA —

1==125-10¢ H/m3; S=250%|U, m/c[220 [2,50 [3.00 [350 [400 [450 |

cpf._.4o 0%; Uc=2.20 mjc | "¢ [0,01030,0111[0,0137(0,0180 0,0219 0,0272 |
—130.10¢ H/m3: S=30,0%|U, mjc[220 [250 [300 [350 |400. | —

l c '=462%: U.=220mjc | 1 [0,0113]0,0123]0,0149 |0,0195 [0,0237 | — ’

Jonrownakorsie maTepuann lNpubanrtuiickoh I'PIC
dep = 0,29 MM 1a=2,90-10% H/m
Cumoabz&' cocmas

sl il -

0.80— [0,28— [0,20— [0,14— |0,10—
Kﬂaccm. MM >0.8 Ozb 020 I0.14 0'10 l0,0?l <0,071
|
. | ' —
Bmxon knaccos, % l 2.50 |36,75| 11,101 11,051 7,30 13,15‘ 18,15
D = 202 MM
T 4 T T - "__i""'"'"'
+==1,10. 10+ H/m3:
§—665a M50, w150 tz,oo 2,50 [3.00 [350 4,00 [4,50
V' =15.10% i [0,0105 {0,0186 10,0271 [0.0360 |0,0477 [0,0619 [0,0753
UF =1,50 mjc | -
:1,20-10* H/m3 |
133 U w160 [200 [2.50 [3,00 |3,50 400 | —
C’ =927 60 { 0,0150 {0,0216 10,0296 {0,0405 10,0652 [0,0699{ -—
=1,60 m/c
-—1 30-10¢ H{m?; ' l
§ 90,05 U w155 1200 [250 [300 350 |400 | —
p-_38 4% i 10,0160 [0,0241 |0,0:346 (0,0450 |0,0587 10,0789 —
=:1,85 M/ ,, | B
=1,40-10* H/m;3 | |
—96,6 % v [/, m/c|1,60 (2,00 [2,50 3,00 [3,50 ]4,00 —
—=47,5%: ! 10,017010,0271 10,0381 10,0500 }0,0642 |0,0864 | —
Uc .....l 00 M/[C
—-1,50-104 H/m3: | I
=324 4 M U, m/c(1,35 (1,560 (2,00 [2,50 (3,00 [3,50 [4,00
€y =540% i 10,0170 [0,0190 [0,0301 |0,0426 [0,0550 [0,0717 0,0949
Ue =135 u[c | B
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D = 358 MM

| Y =1,016.10¢ H/u% S—1.07%|U. M/c]1.80 [2.00 [250 (300 [350 J400 |
Cp”-—2 o0%; U.=1,80 M/c i 00082 0,0100 00135 0,0174 10,0231 10,0305
y=1,046.10¢ H/m3; S=3,06%|U. M{c 230 250 (300 [350 (4,00 ~—
Co'=7,40%; U.=2,30 Mm/c ° 0,0127 (0,0145 10,0184 [0,0241 10,0315 —-

“=1,17-10+ H/u?; S=11 390"""'0“ M""c"'Q' 50 13,00 13,50 4,00 | — | —
Cp'=242%,; U.,=250 Mm/c 00170 0,0207 {0,0270 10,0331 | — | —
y==1.23-10¢ H/m3; S=18,7% |U, M1c200 2,50 3,00 [3,50 1 =
Cp =36,5%; Uc=2,00 m/c i (0.013510.0185{0,0232|0.0208 | — I -
1==1,41-10¢ H/m3; S=27, fl()‘x,lU Mic|l,60 2,00 2,60 3,00 3,50 —_
Cp’=48.50%- U.=1,60 m/c 0,0105 [0,0147 10,0205 10,0252 [0,0318 | —

Joaownaxkosbie matepHanbsi Crapobewesckoit FPIC
dep = 3,23 MM Ta = 2,22.10¢ H/m3
Cumosoili cocmas

Kaaccel, MM l >13 |13--6\ 6—3 l 3—1 I 1,0— 83_ lo ggi_l < 0,071

Boixon kaaccos, % | 3,14 | 6,72 | 21,97 45,00 | 721 | 8,01 | 3,71 | 4,24

=1,05-104 H/m3 |
If _410%; U, M/c]1,90 2,00 250 13,00 13,50 [4.00 (4,50 [500

C‘ ' =867 % { 10,0335 10,0346 [0,0411 [0,0475 |0,0557 10,0664 {0,0778 |0,09 00
U =1,90 mjc |
721,10*101 H/Ma
$=8,20% U, mjc] 2,20 12,50 13,00 1350 1400 |4.50 — —
C.'=16,55« { 10,0455 10,0511 10,0575 10,0672 10,0774 0,0888 | — —
Ui=2,20 M/C

| |

—1.15.
S=12,30¢ |U, M/c|2,00 13,00 13,50 [4,00 (4,50 — | —
C,=2375% | | [00631(0,0695 [0,0787|0,0884 00088 — | —

3;15'40%1 U, M[c]240 [2,50 (3,00 13,50 ——
C.”=3030% { [0,0725 [0,0731 |0,0765 [0,0857 | —

||

S=20,50% U, M/ci2,30 12,50 (3,00 3,50 [4,00
Cp’ =36,40% i 10,0385 |0,0856 |0,0905 {0,0987 |0,1074 |
U.=2,30 m/c

=1,30.10¢ H/m2
= S— 2450%/M U, M/c|220 (2,00 13,00 |3,50 [4,00
Cp' =42,00 % { 10,0925 10,0971 [0,1045 10,1107 10,1174

U.=2, 25 M/C

=1,35-10¢ 3
= $=28 '?oslwzm U, m/c|2,20 (2,50 (3,00 (3,50 — . I . l .

| |

l
T
I

| |
||

C,' =4720% i (0.102010,1071 [0,1135 [0.1227
Ue=2,20 mjc

v==1,40.10¢ H/m3
8= 3280%/M U, Mlcg.?o 2,00 13,00 13,50

Cp""“SQ 0 l 1V, 155 10,1206 10,1245 0,1307
Ue=220 m/c |
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== 308 MM

1=1,05-10¢ H/m3; S=4,10% U, M/C 3,00 350 | 4,00
C.'=867%: U.,=300 m/c 0,0272 | 0,0345 0,0408
1=1,085-10¢ H/m3;, S=7,00% U, mjc | 340 350 | 400 |
Cp'=1431%: U 340 M/C z 0,0430 | 0,0445 0,0538 |
y=1,15-10¢ H/m3; §=12,30% U, mfc 3,60 4,00 _
Cp" -—23,75%; U.=3,60 M/c i 0,0675 0,0672 —
=1,20-10¢ H/m3; S=16,40% U, mjc | 3,50 4,00 — ]
C __3030% U.=3.50 M/c i 0,0625 0,0748 — I
= 614 MM
y=1,061.10¢ H/m3; §=500% U wjc |380 |400 |450 | 500
Cp'=1046%; U.=3,80 mjc i 10,0295 | 0,0307 | 0,0347 | 0,0385 |
v=1,122.10¢ H/M3; §=10,0% U,mjc 430 |4,50 |5,00 —
c,;=1977% U.=4,30 m/c z 0,0415|0,0427 | 0,0480| —
1=1,183.10¢ H/m3;, S§=15,00% U mjc |430 14,50 5,00 —
Cp' =28,15%; Uc=4.30 mjc i 0,0535 00542 0,0570| —
y=1244.10¢ H/m%; $=2000% | U, m/c (425 |[450 [5,00 —
c,,'_..35 70%: U.=425 M/c i 0,0640 | 0,0652 {0,0700 | —
v=1,305.10¢ H/m3; S$=20,00 U, mfc {420 [4,50 [5,00 —
Cp'=42,54%; U.=420 M/c j 0,0724|0,0747|0,0790 |  —
|

JlOMeHHble WJiaKH
dep = 3,03 MM Ya =2,50. 104 H/m3
Cumosstiii cocmas

Kaaccbl, MM >13 |16—13 | 3-6 } 1—3 ’ 0,0—1 < 0,5
1 | T

Buixos xaaccos, % l 5,06 | 2,43 23,60 I 41,38 11,98 9.55

| I

D = 149 mm
v=1,075-10¢ H/m3;, §=5,00% |U, m/c|2,20 (2,50 (3,00 (3,50 [4,00 [4,5
Cpo/'=11,60%; Uc=220 Mm/c { 10,0420 10,0457 10,0562 |0,0697 |0,0867 |0,1 ]09
1=1,15-10¢ H/mM3; S=10,0% |U, m/c(2,50 (3,00 13,50 (4,00 (4,50
Co’ =21 809%;: U.=250 M/c { I0,.0633 0,0712 00842 0 1007 10,1249
y=1,225-10¢ H{m3; S=15,0% U, M/c|2,50 (3,00 1{3,50 (4,00
C ’ o= 30 ,60 % ; UC_.Q 50 M/c i 10,0783 10,0887 l0,.100'3’ 0,1167




D = 202 MM
1=1,075-104 H/M3: S=500% U e |250 1300 (3,50 | 4,00
Cc’ 11,60%; U.=2,50 M/c { 0,0374 | 0,0454 | 0,0552 | 0,0676
y=1,150.10¢ H/M3; S=10,0% U ,mjc |275 300 |350 [ 4,00
C,=217%: U.=275 Mm/c i 0,0605 | 0,0635 | 0,0732| 0, 0859
v=1225.10¢ H/M; S=15.0% U mjc (275 3,00 {35 | 4,00
Cy =30,60%; U.=2,75 mM/c i 0,0770 | 0,0785 | 0,0867 | 0,0994
D = 358 mMm
' y=1,038-10 H/M3;, S=2,50% U wmjc 1325 ]350 [400 | 450
C, =602%: U.=325 m/c i 0,0290 1 0,0302 | 0,0373 | 0,0434
| v=1,075-10¢ H/m3; S=4,50% U wc 340 1350 4,00 —
C, =11,60%; U.=23.40 M/c i 0,0375]0,0380(0,0433| —
1=1,113-10¢ H/m3;, S§=7,50% U, M/c 3,50 |4,00 — —
Cp'=1690%: Uc=350mjc | | 0,0435[00478] — | — |
7..:1’150 10¢ H/M3; S=10,0% U, M/c 3,40 13,60 14,00 —
Co'=21.70%, S=340 m/c [ 0,0485 | 0,0490 | 0,0538 —
| y=1,188-10¢ H/m3: S=125% | U. wmjc |340 [350 l400 | —
| Cp'=263%; Uc=3,40 mc / 0,0520 (0,0525 |0,0583| —

Joaownakosbie Matepnann Cepepojsoneukoin TILL

dep = 0,18 MM 1a=1,80-10¢ H/m?
Cumossiti cocmas

Kaacce, MM > 083 l0.20—0 80]010 02010070 —01] <0,071
Beixoa xaaccos, % l 5,27 9,27 ' 9,63 | 713 68,70
D = 104 MM

v==1,16-10¢ H/mM3;, S$=200% U, M/ ¢ 1,0 1,5 2,0 2,5
Cp'=31,0%; U.=10 M/c i 0,0131 10,0229 10,0371 | 0,0546

fTpusrodxcenue 4

NPUMEPDBl THAPABJUYECKOIO PACYETA 30JIO0UJIAKONPOBOLOB

B Buae uinocmpaluli H3J0KE@HHOMO B pasjede 3 METOAa pacyera
SHepreTHUYeCKH HaHBLITOAHEHWEro B 3aJaHHLIX YCJOBHAX peXuMa
MHPOTP AHCIIOPTA 30JIOIJIAKOBOH NYJbIbl B 3TOM naparpade 1pHBo-
nATCA ABa IpUMepa pacyeTa THAPOMPAHCNIOPTA OYanOBBIX OCTATKOB
OT OMHON0 OJIOKAa JBYX PAa3VIHYHLEX TenJOBbIX 3NEKTPOCTAHLHH
CCCP.
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Mpumep 1

Hano: BecoBoll pacxoa 3onomnaka: Gy,=47 Hfc; rpaHysoMeTpH-
YeCKHH COCTaB 30JI0lJaKa; anperamHbld yAeJbHBI BeC 30J011/1aKa
va=2,6+10% H/Mm3 Tpacca ropH3oHTanbHOTO 3OVIOILULJIAKOMNPOBO/AA,
agauHon 1000 M.

[Topadok pacuera

. Ha ocHoBaHHM JaHHBIX O I'paHCOCTaBe 3OVIOLLJIAaKOBOrO MaTe-
pHaJa no Tarry rabJa. 2 cocrasasgenca Taba. 14.

2. Ilo dopmyne (11) ompeneasenca dcp, KOTOpOE COTJIACHO
Tab6a. 14 moryqaencs pasHbiM ={0,164 MMm.

U, m i R

[ Ty .
. ‘,ff ' m— o ~a 1§

3. o pasaHyHbiX, TPOHIBOILHO BHIOpAaHHLIX B YKa3aHHBIX
(eMm. n. 3.19) npenenax muamerpos Tpybomposona D, 3apaBasch A
KaXIOoN0 H3 HHX pa3JUYHBIMH, TAKXe NPOH3BOJLHO BblOPaHHbIMH
(n. 3.19) KoHueHTpaWHAMH (S, caelyeT, Ha OCHOBAaHHH M. 3.17 BhIYHC-
JIUTb CEPUI0 KPHTHUECKHX cKopocTeil Ue.

4. IlpyHuMasg nogXOOSAULHIl B JAHHBIX YCJOBHAX «KOIPDHIHEHT
HaJleXXHOCTH 3KcnJjayaTaiHu», Hanpumep 1,1, corsacno n. 3.14 caeny-

er and Kaxaoin U; BHMHCAWTL COOTBENCTBYIOUEHE ckopocTd U:
{j=l,1(jc.r

5. Haa kaxaono auamenpa TpybonpoBoga caenyer OCTPOHTD
rpapux sasuwcumocT U or S (pmc. 6, kpuBbie A, Ag, As. .. As).

6. [loabaysice Tabsa. 1 U npuHATEIM omHOmreHHeM U : Ug, caenyer
AJISL KaXKA0H S BBIYHCAHTD, QWA BLIGP aHHBIX JHAMETPOB TP YOOMpoBO-
0B, COOTBETCTBYIOLYHE UM PacXOIHble KoHCHCTeHunH Cp.
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oy

[Topaaxoanll 1
HOMEp
3el;[e)¥l?ﬂ.‘:? 'c 1;:11 <0.01
|
d,; 10,01
n; 0.032
d;n; 0,0003
m
> din; |0,0003
m
> n; 0,032
D, .
M S HC{C
0,1501 0,092 1,60
0,175{ 0,067 | 1,70
0,200 0,044 1,72
0250} 0,020 1,70
0,300| 0,005{ 1,65

0,01-0,02

0,03
0.32
0,0086
0,0099

0,352

815
0,1150] 1150

0,02-0,04

Tabruya 14
—
4 S 6 7 8 9 10 1t 12 13
|

0,04—0,10 }0,100—0,125 |0,125--0,250 |0,250—0,500 {0,500—1,000; 1—-2 2—3 3-5 l 5-7 7—10

0,075 0,175 0,375 0,750 1.5 2.5 4,0 — 18,5

0,267 0.247 0,105 0005 {002 10,002 [0,001 — 10,001

0020 0,013 0,039 0,004 {003 [0,005 [0,004 - 10,009

0,299 0,0729 01119 0,1159 }0,1459{0,1509|0,1549| — [0,1633

0,619 0,866 0,971 0,976 10,996 |0,998 |0,998 — {1,000

m

2. d;‘ﬂj

de = %"‘_‘ = 9,_12:.?2 :0,164 MM,

Suo*

!

Tabruya 15
1 1

- G_+G Ia, (N g), (V £)1000: H 1000,

S, Ss A ® LS /, fy | I=1+1, Bfr S, o
0,089 10,003 [0,0166 282 [0,0164{0,0018| 0,0182 5,14 5.14 18,2
0,065 (0,002 10,0158 408 |0,01470,0011] 00158 6,46 6,46 15,8
0,043 [0,001 }0,0153 540 10,0124 10,0005 0,0129 6,97 6,97 12,9
0,0195 10,0005 10,0145 833 1{0,00881000031 00,0091 7,96 7,056 9.1

005 00141 1168 10,0066 0O 0,0066 7,70 7.70 6,6



7. Ona xaxgon KoncucteHuuH Cp, 118 BHIGDPAHHBIX HAMETPOB

TpyOOmpOBOAa, CaelyeT ONpeleNtTh COOTBETCTBYIOUIHE O6BEMHbIE
pacxoubl BObl @y (M. 3.5):

1—-C 1-C, G
— P e ................_p -5 3/c.

8. Tlo xaxaomy Q. caemyer Boiukcants U: U= (Qw+Q.) : F.

JTH CKOPOCTH CASNYET HAHECTH B TOM Ke MacllTate Ha npadHk
prHe. 6 (KpuBbie By, By, ... Bs) B dyHKkiwmu or S.

9. Ha rpadmke puc. 6 ToukH o), oo, . .. o5 OMPEIESOHb NEepeceye-
HHeM KpHBbLIX A, ... As ¢ coomBeNncCTBEHHbLIMH KPHBbIMH B, ... Bs u
NPeACTaB/AOT peasbHO OCYLWeCTBHMblEe KOMOGHHAUHH Beanuydu: D —
— U — §, npuBenennbie B Taba. 15.

A
r‘ '
Ini _\‘-é‘ | |

N4

Puc, 7.

10. OOveMHBIR Quw N BacoBOi Uy, pacxoabl BOAB IS DEXHMOB,
onpejesieHHbIX TOYKAMH @y, &g, a3, BBIYHCIFIOTCA MO POpPMyJiam:

w= UF'_"QS MSI’C; Gw:Yw ' Q-w Hic

M npuBeaeHbl B Taba, 15.

1. Tlo popmyae 8 n. 2.3 paa kaxknoro U onpenensiores rpaHuy-
Hble THAPABJIHYEeCKHE KPYNHOCTH Woo 4 1o Tabil. 3 COOTBETCTBYIO-
lI{HE HM TeOMeNPHYECKHEe KPYTTHOCTH dog (TabJ. 15).

12. Ha nHrenpasbHOA KPHBOH IPaHyJOMETPHUSCKONO COCTABA
(puic. 7) opauHaToin C ompenensiencd MOJOXKEGHHE TOYKH B, cooTBeT-
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CTBYlOLLee HaMIeHHOMY doo, PH ITOM Ha OCH OpIHHaT vmpesok OD =

=] peauncs Ha gactu OC u CD, sbrpaxaloliie COOTBETCTBEHHO
m

iﬂﬂ

\ |

2 niw 3 oni, paomue cornacko @ 25 (Taba. 15) iSi=
= Vo

fon m
— SZ n! H Sg — S 2 n,.
{=0 {oo

13. Kak Buamo H3 Taba. 15, mp peasibio CyUleCTBYIOULeM Ha JaH-
Hoit TOC mpyGonposone anamerpa D =350 mm oxosto 989 Bcero 3o-
JIOWaKa, COCTOALLErO IJ1aBHEIM O0pasoM H3 30J1bl, OTHOCATCS K nep-

D=150mm

H 1000

150

S. %
V) 10
Puc. 8.

BOi rpynme S~=S| ¥ B cMeCH ¢ BOAOH 0o0pa3yeT CYCIEH3HIO, MOMOK
KOTOPOH noraoulaer MOLWHOCTL Ny, OnpenesiseMyio NepsbliM cJ/arae-
MbiM GoOpMyabl n. 3.9, komopas aaa TMpyGonposoLa, oO6pasoBaHHONo
mpybamy o4HONO AuaMetpa D, naer Ha MONOHHOM MeTpe AJMHbLI TPY-
661 MOULHOCTE Nyf), paBHYIO:

G\, 1 U
Ny =(Gw+ T"-) D 7g [1+(4—1)S], Br

Ta6a. 15 comepwur MOUHOCTb (N;) 1000, NOrJ0OMAaeMyio 1000 mer-
paMH JJHHbl TPYObl Ha paboTy CHJI NHP ABJIHYSCKOr0 TPEHUA MOTOKA
30JH0LUJ1 AKOBOH NHIPOCMEOH O CTEHKH CcTaJdbHOH TpyOn. Ha puc. 8
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MOLYHOCTE (Nj) 1000 MpEICTaBAGHA B BHAE 3aBUCHMOCTH OT S npu D
KakK I[lapaMenpe.

Kax caemyer u3 puc. 8 HauMeHLIULEM MOLHOCTAM (/Nf) 1000 COOT-
BencTByeT guaMmenp Tpyonl D =150 MM, KaK HHXKHUHN npeyes 3Haye-
HUi D, ykagsaHHbili B n. 3.19. Imo mramenp, oOTBeyafollHd HaHMEeHb-
e METaNM0eMKOCTH cHCTeMbl ['3Y M OXHOBPEMEHHO MOGBOJIAIOLLHHA
MPOMYOCKaTh KYCKH WaKa., PacueTHble CKOPOCTH MOTOKa TPH TP aHKC-
NOpPTe 30J1bl TOJIHOCTHIO TAP AHTUPYIOT TPYOONPOBOI OT 3HAUHTEJbHO-
ro HCTHPaHHKA, YTO NpHOAHXKAaeT BLIOpAHHBIH AHEPTETHUESCKH HaHBbI-
FOQHEHIIHA peXHM K pPeXHMY, HaWBBITOAHEHLIEMY 3IKOHOMHUECKH,
BLIGOP KOTOPONO BHIXOUWHT 32 paMKH 321a4 3THX PeKOMEeHI AL, JT0-
MY JHaMeTpy npyGonpoBola corsacHo taba. 15 coomBeTcTByeT Hanop
18,2 M, co3ganHe KOTOPOTO JeNMKO OCYLLeCTBAAENCS BbIMTYCKaeMbIMH
B HACTOsILlee BPeMs HacOCaMH.

14. TlpuHaTaa Ha OCHOBAHHH BbIUGH3JIOXEGHHOIO MOUHOCTD
(Ny) 1000 CKNAABBaeTcs ¢ MoWHOCTAMH N)... N3 corsacHo n. 3.12
AJIS TOJIYYeHHS ClyMIMaPHOA MOLIHOCTH N ;.

15, CoraacHo 0. 3.13 Boinucagencs MOULHOCTL N 30J10L11 AKOBOMO
Hacoca.

16. Ilo popmyne n. 3.8 BriuncasgeTcs Hanop Hacoca f, cooOTBETCT-
BYIOUYHA MOILHOCTH N H BECOBOMY pacCXoly MYJBILI.

17. Boibop Hacoca, omBeyalolrero TpedyembiM MourHOCTH N n Ha-
nopy H, NpoH3BOIHTCA MO KaTaJoraM, ¢ YY4enoM HEOOXOLUMOCTH Me-
pecyeTa XapakTepUCTHK Hacoca ¢ BOYIbl Ha 30JI0ILJIAKOBYIO MYJbMY,
YCJLIOBHH BCACBHIBAHHA H KaBHTALLHH, COrJACHO pa3neay 4 HacTOAIHX
«Pexomenaani»,

NMpumep 2

Lano: BecoBoit pacxol 3oaownaka G,=55,6 H/c; rpanyaomeTpH-
YECKHH COCTaB 30J10lJIaKa; anperaTHbIH yeyIBHbIfi Bec 30JI0LJ1aKa
(B naoTHOM Ttenae) ya=2,52-10* H/M*, mpacca ropmusoHTaasHOrO 30-
aou akonposopa aaxnHoR 1000 m.

[Topadox pacuera

. Ha ocHOBaHHH OaHHBIX O NPAHCOCTABE 30JIOLIJAKOBOTO MarTe-
pHaJia mo Tunv tabJj, 2 cocraBasercd Tabda. 16.

2. Ons pasanyHbIX, NPOH3BOVIbHO (n. 3.19) BLIGPAaHHBIX AHAMET-
pow Tpybonposona D, 3anaBasch AN KaX1O0M0 H3 HHX P a3JIHYWHBIMH,
TaKXe TPOU3BOABHO (m. 3.19), BLIGpaHHBLIMH KOHUEHTpAlUHAMH S,
CASLYST, Ha OOHOBaHHH M. 3.17 BLIYHCAHTDL CepHI0 KPHTHUECKHX CKO-
poctent U.

3. Ilpunamas noaxoasilinii B HAHHBIX YCJAOBHAX «KO3DDHUHEHT
HaAEXKHOCTH IKCII/IY aTallHH», Hampumep 1.1, cornacho n. 3.14 caeny-
eT 1J Kaxnoi U¢ BHIYHCIHTD COOTBETCTBY IOLLHE CKOPOCTH:

U= l,lUc 'M/lc.
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Tabruya 16

[Topaaxosuif 1 ) 9 4 5 6 T
Homep (!)
Kpynuocrs 3epen, | 40 o6 | 105 | 5-2 | 2-1 |1-0,25 0{',2'?5; O'Iﬁ' %;},;’ 06?31—

d, MM

d; 25 175 |35 {15 |062 |0,187(0112| 0,07 | 0,025
n 0,026 ] 0.096] 0,152| 0.102] 0,036 | 0,058 | 0.035| 0,12 | 0.375
dn, 065 | 0,72 10,5321 0,153 0,022 | 0,011 0,004] 0,008 [ 0,009
m
2.d;n; 065 | 1,37 | 1,902| 2.055] 2,077 | 2,088 2,092 2,100 2,109
m

i 1,00 | 0,974| 0,878] 0,726 | 0,624 | 0,588 | 0,530 | 0,495 | 0,37

dcp == 2,11 MM,

4. Jlaa Kaxjaoro adamerpa Tpybonposoja cJjeayer OOCTPOHTH
npauk 3apucnmoct™d U ot S (puc. 9, xpubsbie A, Ay, As. .. As).

UMz ,f‘/’—-‘.’_\%"\' _D:EUBMM

4 |-
— 40t

250

l / : As | I
JF : - A, - _ 300

-,
8 S
e —————— - [ — — _ — ' —————
no a0 o o 015 0.20 s 5

Puc. 9.

5. Iloabpsysach taban. | 1 npHHATHIM OTHoweHueM U=1,1U; cae-
AyeT AN KaX[I0H KOHLEHTPAUHH S BLIYHCAUTD A8 BhIOpDaAHHBIX LHAa-
MEeTpOB TPYOONMPOBOAOB, COOTBETCTBYIOILHE HM pacXoAaHble KOHCH-

creniynn Cy.
6. dana kaxpoi KoHCHCTeHUHH Cp Ans8 BbIGpAHHBIX JHaMETpPOB

TPYOOMpoOBONOB CHaeAYyeT ONpeAeiHdTb COOTEETCTBYIOUHE O00beMHble
pacxoanl Boabl Q, (m. 3.5):
1-C, Gy

1—C
Q - Qs = M3/c.
» = Cp g Cp Ta
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7. TTo kKaxaoMy Q. clleyeT BEIYHCIUTD

U= -Q-ELFi'Q—"', M/C.

ITH CKOPOCTH CJeIyeT HaHeCTH B TOM e Macurrabe Ha rpadmk
(puc. 9), Kpusnle B, By... Bs B QyHkunu ot S.

8. Ha rpaduke puc.9 TOUKH &) ... o5 OnipeaesieHbl mepeyncaeHsem
KpHUBHX Aj ... As ¢ COOTBETCTBEHHbIMH KPHBbIMH B, . .. Bs u onpene-
NAT peavlbHO OCyilecTBHMble KoMOHWHauWH Beauuun D—U—S,

nipUBeIeHHbIe B TabJa. 17.
9. O6bemunft Q, 1 Becopoit (G, pacxonbl BOAbI AJA PEXKXHMOB,
onpefeseHHbIX TOYKaMH o) .. .05, BBIMHCAAKTCA M0 GOpMYJIaM:

Qw = UF — Qs; Uy = ‘erw
H npHBeaeHbl B Taba. 17,

100 v~ _ e
n;, %

o, - —

il skl aaaay S -

77— —

20

2\
0,01 071 1,0 0 d, mm

Puc. 10,

10. I'lo dopmyae n. 2.3 mas Kaxnoro U onpenensitoTes rpaHHy-
Hbl€ T'HPaBJIHYeCKHe KpymHOCTH Wos 0 nmo taba. 3, COOTBETCTBYIO-
IJHEe ‘HM DEOMETPHYECKHEe KPYMHOCTH oo (Tab.a. 17).

11. Ha uHTerpanbHOil KPHBOH TIpaHYJOMETPHUECKOI0 COCTaBA
(puc. 10) opmuHaToit C onpesensierics NoJsoKeHHe TOUKH B, cooi-
BETCTRYIOIee HaHAEHHOMY doo; IIPH ITOM HA OCH OPILMHAT OTPE30K
OD=1 peauwnca Ha mse yacty OC u CD: Bbipa)kalollHe COOTBETCT-

lﬂﬂ I Inn m

BEHHO D p. g D) Mi, M0 KOTOPBIM Haxomamcst S;= S > niuSe Yn,
0 .

00 =1 £on
coraacwo n. 2.5 (ra6a. 17).
12. Kak BHAHO H3 Ta6a. 17, npH peasbHO CYLLECTBYIOWEM Ha JAdH-
Ho#t TOC mpyGomposone anamenrpa D =350 MM, owosao 629% 3o0J0-
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D, M S {J, M/c pr m3/c Gw: Hjc oy MM S S,
0,150 0,081 2 96 0,0378 378 0,79 0,050 0,031
0.175 0,054 2 32 0,0534 534 0,81 0,034 0,020
0,200 (). 040 2 36 0.0720 720 0,83 0,025 0,015
0,250 0027 2 42 0.1096 1096 0,84 0,017 0,010
0,300 0,023 257 0,1793 | 1793 0,89 0.014 0,009
dgg = (,0004 ™
Lo
2 n;, = 0,62

0

nis1aka OTHOCHTCH K nepmoil rpynrne, ofpaaylolled B cMecH C BOROIL
cycrien3Hio, a 38% — ko Bropo#. CaeaoBaTesbHO MOUWHOCTb, MOTJO-

&5
tl
[ 8

ey i

T e

i i gy . w —— " oy e vy =TT

:é;
3
™
30
40\-
h
130 i.:'()
15|
20
10
0

o ) =300MM
T o -]
D =750mM
(N¢) 1000
iy

]

F

T

|

e e}

300
S, Y%
5 10
Puc. 11,

liaeMasi MOTOKOM Ha eJHHHLe ero AJAHHbI, COCTOHT H3 ABYX cJarae-
MbBIX M omrpeensienca dopmymoil n. 3.9 (ans mpy6omposoga, oGpaso-
 paHHONO Tpy6aMu oyHoro axHamenpa D), wMemollell coaeuyIoLyil BH:

48



Tabauya 17

ag

g, +_9 (¥ £) 10000 Hirnos
0,0155 400 0,0300 0,0193 0,493 19,7 19,7 49,3
0,0149 256 0,0254 0,0121 0,0374 20,8 20,8 37 .4
0,0142 742 0,0214 0,0090 0,0304 22,5 22,5 30,4
0,0137 1118 0,0170 0,0058 0,0228 20,5 29,9 22,8
0,0131 1815 0.0146 0.0050 0,0196 30,6 35,6 19,6
Wog == 0.3 M/C

G 1 U3 W’ Q.SW(H
Ny =|G -3 A — 1 Ao 221004+ - } .
/1 ( w T A){[l + ( ) S)] D 2z gdm[ T~ ]Sg Bt
nie dogz onpeeasienca AJa 2-i TPYMnb B3BECH, corJacHo dopmyane
n. 2.4, a Wyo Haxoaunos no tabJ. 3, cooOTBETCTBOHHO HAaNNeHHOMY dos.

B ta6n. 17 uHa puc. 11 nana mouynoets (Ny) 1000, MOTAOIWaEMas
Ha 1000 M aauubl Tpy6onpoBosa, a TakxKe Hanop Hiop, COOTBETCT-
BYIOLLHH TOH Ke AJIHHe TPYObl, BbIYHCN@HHBIH M0 opMmyde . 3.8.

13. Kax cneayer u3 tabn. 17 npuamerpam 1py6 150 u 175 mm
COOTBETCTBYIOT NPHOJIH3IHTENbHO oOAHHAKOBble MOILHOCTH (Vy) 1000,
ONHAaKO, NpH ycTaHoBKe TpyO AHamerpom 175 MM noTpeOHBIH Hanop
Hacoca no cpaBHeHMIO ¢ Tpy6aMu auamerpom 150 MM nagaet ¢ 50 no
38 MempoB, yTO B pAje CAYYAEB MPEICTABAAEST IHAUHTENLHOE Mpe-
UMYLIECTBO H OKYNnaeT HeCKOJbKO 60/e€ BBIQOKYIO METaNOeMKOCTD
cucteMbl I'3Y.
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fIpuasroxcenue 5

Ta6nuua 0606MeHHbIX JaAHHBIX THAPABIHYECKOr0 pacyeTa rHAPOTPaHCNOPTA
30M0MJIAKOBbIX MaTepHanoB Aad 2-X 4YaCcTHBIX CAydYaeB:

1) vay = 31104, H/m3; dep = 3,42 MM
2) vam = 2,3 104, H /m3: dey = 3,42 MM
Ta6bauya 18
| P =40 1/4 P_==60 (4 P_=100 1/u P.=200 1t | P.=400 1/4
N { 10004 | 1000¢ 10001 10001 i 10004
y M ——— e PR
Qw | kBT | Qw '{ kBT Qw | kBr Qw "] &Br Qw | BT
‘ M3/C i Mi/c M/c? Mic | m3/c

1aw = 3, 1- 104 H/m3; dep = 3,42 MM

0,150 0‘085'96 36,7 'G}()%’g': 45,6 L%%‘- 61,0 | ' | '
o0 | 343 | ao7 | S46 | se | S97 1 7o L1278 107,5| - |
0,250 i‘)jio_ég?l 58,1 ‘(.)_41% 603 | 0519402 39,8 '08]23§2 124,7 |0}12130§ 188
0,300 02096, b7 10326 ?7 e, I04242§4 1043'0.621536 W73 08199‘.198 209.9
0,350 022“8§1| 70,0 T 2390?5| 89,0 o?aﬁégo| 121,7 ;%g_gl 171,5 |0637l£7ll. 237,8
o | |~ o] 2 e 1] 04 ] 2
0,450 i l ‘ 0.255530 130 0?037! !0451;5 2045
0,500 I I l I 0'2‘329*24' 156.4 .0%%:%7_ 232, 0379338 329,2
Ny 0,550 l l l - l - l — IG%'%I 2632‘130‘;;6l 361:
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ITpusoodcenue 6

Mepecyer XapakTepHCTHKH UeHTPOOLKHOFO RACOCA C BOAL
Ha 30J01AAKOBYIO FHAPOCMECD

Jaxo: XapaKTepHCTHKa LEeHTpoOeKHON0 Hacoca npu pabore Ha
BOje (puc. 2).

HeobxonaMo nepecyuTaTh XapaKTEPHCTHKH Haooca ¢ BOUbI Ha

3OVIOIIJIAKOBYIO THIpOCMech ¢ oO0beMHOH KoHLUeHTpauwed S=0,2 u
va=2 - 10* Him3,

1. Ompenensiem koadpduuHeHT Hamopa (n. 4.4.).
Ry=1-—0,6 S=0,88.

2. 13 Taba. 5 HaxoquM kozaddHIHEHT MOUIHIOIC'DH ky=0,983.
3. PaccumtoiBaem Bemuuuny Koadbduirwenra &y (m. 4.6).

0,88
k4 =0.083 = 0:89.

4. YnenpHbH Bec NIPOCMECH
Y= 71wl 4+ (A — 1)S] =1,2.10¢ H/m8.

4* ol



5. Hanop Hacoca npy pa6éoTte Ha MHPOCMECH
H="Fky[l + (A—1)S]Hy = 1,000H,,.

6. MouyHocTh Hacoca npu paboTe Ha THAPOCMECH
N=rky[l+(a—1)S| Ny = 118N,

7. KI1[ nacoca npu pa6Gote Ha nuapoaMech
M=k, M= 0,835,

Pesyabrnarhl fiepecyera ceeaaHbl B Tada. 9.

Tabruua 19

l [TpOM3BOAUTEABHOCTb Hacoca, M*/u :
MapaMeTpbi B T T S s S T Y T
1oulzoo|soo |-4no|5oo|ﬁuo|7oo|auo|900 | 1000

I Hy, M BOO. CT. 95 90) 90| 90| 85 ) 8 | 81| 78| 67 | 36

N, kBt 139 | 164 { 177 | 190 | 230 242 | 268 | 293 | 295 | 293
Nw 020 0,331 0,44 0,55 0,621 0,63| 0,69 0,69{ 0,63 | 0,56 |
T |
I H, M BOJ. CT. 101 95| 95| 951 90 90| 8 | 83| 71 38
N, nBt 164 | 194 | 210 | 224| 243 | 288 | 316 | 345 | 350| 345
| " | 0,18 0,30| 0,39 0.49| 0.55| 0,56 | 0,62 0,62| 0,56 | 0,50

COOEP)XAHHE

. OCHOBHHE MOJMOMeHHA . . . . . v o e 3
2. JoMoWNaKkoBHIl MaTepHas
3. Pacuer MOIMZHOCTH H Hamopa B CHCTE@MAaX HANOPHOrO TH1POTPAHCITOPTA

on

30/I0LJIAKOBBIX MAaTepHa OB . . . . . . . . . ... 8
4. Bbop Hacoca H pacuer palouHX PEXHMOB IMMIPOTPAHCTROPTHWX YCTa-

HOBOK C e e e e e e e e e 13
[Ipunoxenue | C e e e e, 19
[Ipunoxenne 2 C e e 21
IIpunoxenne 3 C e e e e e e e 34
ITpunoxenne 4 e e e, 40
IIpunoxenne 5 s, o0
[Ipmoxenue 6 C e e e e e 51
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PEKOMEHAALUUNH

10 THAPABJIMYECKOMY PACYETY
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