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1. OBUHE NOJIOKEHHUA

1.1, TpcGoBauua HacToAlIero nocofus pacApOCTPaHMIOTCA Ha TPOEKTHPOBAaHHe
NPOMbILINEHHOTO IMAPaBIMYECKOro TpaHcropTa (B fjarpHeflllemM — THAPOTPaHCNOpTA)
pa3paboOTaHBIX TPYHTOB M HEPYIHBIX TNOJIE3HBLIX HCKOMaeMbIX KpynhocTsio 0,1 . . .
. . . 10 MM; nponykToB OGOTallleHHs PYAHBIX MO.163HLIX UCKOMAEMBIX KPYMHOCTHIO
0,03 ...0,3 Mm; 30nL U UDTAKA TENNMOBHIX 3NEKTPOCTAHUHK KpynHocteio 0,025 ...
. . . 10 mm. K nponyxram oboramenus oTHocaTcs GnoTauHOHHBIe KOHUEHTPATH, Npo-
MEXYTOYHble TPOMYKTHI H OTBAITBHBIE XBOCTLI 0GoTalleHus,

1.2, OCHOBHEIMH COOPYXEHMAMH CHCTEMbLI TMAPOTPAHCIIOPTA ABNAIOTCA Nepexa-
YMBAIOIUME CTAHUMH, NYNBNONPOBOAE] M BOJONPOBOBI C 3aMOpHON M OpyTOH apmary-
poft, TeMnepaTypHLIMH KOMMEHCATOPaMH, NYNBIONpHeMHble Kamepbl (3yMNIdEI) .

1.3. Pexxum paBoThI CHCTEM THAPOTPAHCIIOPTA PazpaGoOTAaHHLIX I'PYHTOB U Hepyd-
HBIX MOJIE3HEIX HCKOMAeMbIX [PUHHMACTCA, KaK MPaBIUIO, CE30HHBIM Y CHHXPOHHBIM
¢ paGoToif THAPOMEXAHH3UPOBAHHOrO 3aBOMA; KPYIJIOTOOOBON pexHM paboTsl cHCTeM
THAPOTPAHCNOPTA M HE3aBUCHUMBI pexHm paboTsl TMAPOTPAHCIIOPTA M 3aBOAa € Opra-
Hu3auMefl MPOMEX YTOYHOIO CKAafa TPAaHCMOPTHPYEMOro MaTepuana oGOCHOBLIBAETCH
NMPOEKTOM.

PexxyM paGoThl CHCTEM THAPOTPAHCHOPTa MPOAYKTOB OGOTAlIEHMS, 2 TaK)Ke 307BI
H LUIAKA TEMNOBBIX MIEKTPOCTAHUMI JOMKeH GBITH YBA3aH C PEXXUMOM paGoTH OCHOB-
HOTO NPON3BOACTBA,

2. THAPABIIMYECKHE PACYETHI HANTOPHLIX MYJILITIOMPOBO XOB

2.1. Tunpannuueckue PacueThl THAPOTPAHCHOPT2 IeOOGXOMMMbBLI IS ONpefeneuuns
YUENBHBIX MOTEph Haopa Ha TpeHHe H MECTHBble COMPOTUBNEHHS, KPUTHYECKON CKO-
POCTH [BIKEHHMSA NYNBNL!, OHaMETPa MyJIBNONPOBOAA, HANTBHOCTH TPAHCMOPTHPOBAHUS
OfHHM MIIM HECKONBbKHMH HacocamMM  (OQHOM HIIH HECKOJILKMMH HACOCHBIMHM CTaH-
UHAMH) .

JHepreTuyeckH HauGornee BBITOMlEH THAPOTPAHCNOPT NpH pabouHx CKOpPOCTAX ¥ P
PAaBHLIX W HeCKONBKO OONBIIMX KPHTHUECKMX CKOPOCTeHM Vyn, NpH KOTOPBIX Ha
aHe tpybonporoaa HauuHaeT o6pa30BLIBATHCS HeMOMBIDKHLIM CTTON BbINABLUMX U3 NMYNb-
IIBI YACTHIL MaTepUana,

st oBeciteveuns ycrounBoi IKCANyaTaLUMH CHCTEME] TIPHHHMAETCH ¥ p = l,vip
B cnyuae, korna Tpy6onpoBsofi cocTanineH U3 Tpy6 pasnmuinoOro AMameTpa, NpHBEeHHOe
paBencTBO cobnomaeTest AN y4acTKoOB Tpy6 HauGoNbLUIETO HHaMeTpa,

[lpn TpaHCHOPTHPOBAMMM MEJIKO3CPHHUCTBIX HECNEXKHBAOIUMXCA MaTepHanoBs Ho-
nyckaeTcs pexumM paboTel ¢ YaCTHYHBIM 3auneHuem. Ilpy 2Tom TOoMUHA cnos 3aune-
HHU He J0NXHa npesbiliaTh 1/10 AMameTpa nynenonposona.

B mpakiuke NpoeKTHPOBAHUA THAPOTPAHCHOPTA AN pacucTa KPHTHYECKHX CKOpOC-
TeH M MOTepp Hanopa NMPHMEHAIOTCH METOAMKH, AuddepeHuMpoBaHHbIe B 3ABUCHMOCTH
OT BHMA TPalCIIOPTUPYEMOTO MaTepHana,

Mpu 1poexTHPOBaHMH T'HAPOMEXAIIM3UPOBAHHLIX KApLhepOB HEPYHHOTO CHIPBA JJIA
pP4acYeTOB THUPOTPAHCMOPTa MPHMEHSETCA METOOMKa, NpelIoXeHHas B HHcrpykuuu
MO pacyeTy THAPOTPANCNIOPTA NECYaHBIX M MECUIHO-TPABMAHBIX MaTepHanos, paapaGo-
TanHoi uHcTHTyTamu BHHUHxenezoberon v [Ipoek Trapomexainsauus,

JIins pacuera NapameTPOB HAMOPHOTO PeXHMa THOPABIHYECKOrO TPRHCIIOPTAP OBAHUS
NpoayKTroB oforalleHus MPUMEHACTCH MeTOMuKa, paspaloranHas HMucrutytom rupapo-
mexannku AH YCCP u MexanoGpowm.



Ipn npoeKTHPOBAHMM CHCTEM THAPO3ONOyHaNeNus TETNOBLIX 3NeKTpocTaHuui
OJIS pacyeTa MMAPOTPAHCIOPTA 307Tl K 30MI0ILAIAKOBLIX cMecelt TpHMensTes "PexoMen-
JaUuMH MO THIPABITHUYCCKOMY pacyeTy CHCTEM HanopHoro THAPOTPAHCIIOpPTA 307110UINA-
kOBBbIX MaTepHanos’’ [161-77 (J1., BHUUT, 1977). 3tH pekoMeHOaUNH NPHHATH 32 OC-

HOBY B upHmencHnom B Tlocofuu THOPaBMHYECKOM pacyeTe NyNIONPOBOACB JUIA
'[pchnoanpona}mn 30JI0WUNAKOBbIX Marepuanon.

2.2. TuppasnmuecKHe pacyeThl HAMOPHHIX MYNHIOMNPOBOROB IS TPAHCHOPTHPOBA-
HUA Ppa3paboTaHHLIX TPYHTOB M HCPYOHBIX TONIC3HBIX HCKOMAEMBLIX peKOMeHJIyeTcs
BLIMONHATE MO MCTOAMKE, NpuBencHHoli B mn. 2.3-2.5. HcxognbIMH IAHHLIMH Fipu
3TOM ABRAIOTCA: Q‘r — TpefyemMas NIPOM3BOMMTENLHOCTE THAPOTPANCIIOPTA 1O TBEPHO-
My marepuany, M /u' d ~ KpyniOCT, TBepAOTO MaTepHana, MM; Py — ATOTHOCT Ma-
Tepuana (OTHOIUEHHE TJIOTHON TBeproit OCHOBBI cKeneTa K o0BEMY 3TOro ckene-

Ta), T/M3; Py —~IIOTHOCTD BOLSY, T/M3; m— MOPUCTOCTL TBEPAOIO MaTepHasna, onpese-
naeMast no popmyne

m= (p—r_pe)/p'[’

THe Po — NIOTHOCTD NOPOMLI B CCTCCTBCHIOM CITOXEHHH (C MopaMmu) ,
2.3. PacXofl My mbiibl @ Ms/‘l,oﬂpc)ILCIIF[CTC?{ no hopmyne

On =0 [ -m) +n], )
THe N — YIZCHT}H])IE PacXox BOALI 1ia TpaHCHOPTUPOBAHHAE 1 M TBepAOro MaTepuana

B MaccHBe, M , IPYHAMAETCS 1O COOTBCTCTBYWILMM HOPMAM TeXHOJIOTHMECKOTO
npoekmpoaamm

KpuTHuecKad cKOPOCTH ABIKCHHS IHOPOCMECH ¥ Kp-* M/c, onpenensercs no Gpopmyne

o= 49803/ 4, ), @)

roe § — ofmemuasi KOHUCHTPAlMA THOPOCMECH; £ — YCKOpeHHe csoGonmoro mnaje-

HHUA, M/C D — nuameTp TpyOonposoma, M; Cl}f — cpenunit Koadpduument 1060BOTO

COHpOTH)U]CHHH (ko3 uuscHT conporunncrmx CTHU Pa3HOPOIHOTO FPYHTA NMpH CHO-
BOMIIOM (1aficHHH B BOMIC) .

0O6beMHan KoHUeHTpauxs IyJiLNLI onNpenensercs no ¢popmyne
§ = (py ~ PPy - Py)- (3)
MTnoTthnocts nynenbl oy, T/M3, ofnpefensiercst no opmyne

p“=[npﬂ+pT(1—m)]/[n+(l—m)]. (4

2 4. YnenpHble NOTCPH HANOPA IS NyTIbIbI { m M/m, onpenensioTes ro gopmyne

B{1+1sss [v Zﬁw/go]“1’4}, (5)

The i p — YHCITBUBIC OTCPY HATIOPA JUIS BORMI, M/Mm:

iy =Av?/(2gD); (6

V — cKOpOCTh OBHXcHUA BOJLI, M/c; A — K03hHIMEHT CONPOTHBIICHRA TpeHHs
IR THAAKKX TpyO, onpepensieMslil o popmyne :

A=1/(1.8lgRe - 1,52)2, N
roe Re —uucno Peitnonnica.
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Re =v D9, 8

2
rae ¥ — KuHeMaTHYEeCKHA KO3PPHIHEHT BATKOCTH, M~ [C.

Pacuerdble Bemyuuvnbl 100 A mns poms!, noAcuxTaliHele MO HopMyne 7, npusemeHs!
B Tabu. 1,

TaGnuual
cxo- | Tstamserp Tpy6ompoBora, M D
POCTE | — e e e e e e e e e
mewxe- | 6,2 | 03 |04 | 05 |06 08 |1 1,2 1,4
HUA
BOJIBI,
m/c
___________ T;;é—;;po_e’o_&t_u;);;snw;;xu 2nadkue B
1 1,66 1,54 1,45 1,4 1,35 13 1,27 1,24 1,21
2 146 135 1,29 1,24 1,19 1,14 1,13 1,1 1,07
3 1,35 1,26 1,19 1,15 1,12 1,07 1,05 1,03 1,01
4 1,29 1,19 1,14 1,1 1,07 1,02 1 0,98 0,96
5 1,23 1,15 1,1 1,06 1,03 0,98 0,96 0,95 0,93
Tpybonposodsl wepoxoaarsvie
(¢ KOPPO3UPOBAHHOI NOGEPXHOCTOIO CTEHOK)
1 1,93 1,77 1,66 1,58 1,54 142
2 185 1,70 1,59 1,51 145 1,36
3 1,82 1,67 1,56 1,48 143 1,34
4 180 1,65 1,55 1,47 141 1,32
5 1,79 1,64 1,54 146 140 1,32

2.5, Tunpasmiuecke pacueThl IPOBOJSTCA B CICIYIOUIEM NOPAIKeE.
1. Mo 3agaHHOMY TpaHYNOMETPHYCCKOMY COCTaBY MaTepHaya ONpefesisieTcs 3Haue-
Hue KoaddbuumueHTa TpancnoprabensiocTn \I',- Ui KaxAoH dpaxumu no Tabn. 2.

Tabnuuna 2
1143;2;,751;;.]‘E{“[[“Ea;;;,‘q?p;;.‘ '@}"']r'ﬁéme—p_qTEa;T I 7

uui, MM wait, MM uuit, MM

40-80 1,7  s-1 1,9 0,5-1 0,75
20-40 1,8 3-5 1,75 0,25-0,5 0,40
10-20 2 2-3 1,5 0,1-0,25 0,10
7-106 1,95 1-2 1,2 0,1 0,02

2. Onpepenstercst cpeHee 3sHadeHMe Ko3dhULEHTa TpaHCIopTabenbHOCTH \Pcp iyt
MalepHana B I1eJIOM 110 GopmyIlie

lIJcp= (\I,lxl+\ll2X2+...+\IjiXt )/100, 9
rne Wy, Wy, ¥; — Koa(HUMENTH! TPANCHOPTAGENEHOCTH OTHENBHLIX hpaKii (Wpy-

HMMAIOTCA TO Tal. 2);x1, X9, X; —~ COpepxanse farHol dbpaxuuy, %.
3. 1o Hal\leHHOMY 3HAYECHIIO \I’cp ONpeenseTcst BeTHYMIa C‘P no Ta6n. 3.



Ta6nuua 3

T Y R N B B
0,1 21,7 0,195 88 0,46 2,83 0,95 1,07
0,105 2Q3,2 0,2 8,5 0,48 2,67 i

0,11 18,9 0,21 8 0,5 2,52 1,05 0,94
0115 178 022 16 052 239 11 0.88
012 169 023 71 054 228 1,15 0,82
0125 16 0.24 67 0.56 216 1,2 0.79
0,13 15,1 025 63 0.58 2,07 125 0,75
0,135  14.5 026 6 0.6 1,98 1,3 0.71
014 137 027 575 062  1.89 135 068
0145 132 028 54T 064 1,82 14 0,64
01s 12, 029 521 0.66  1.74 145 0,61
0155 12 03 4,97 068  1.67 1.5 0,58
016 11,5 032 457 0,7 1.6 17 0,49
0165 111 034 422 0,72 1.55 1,8 0,46
017 106 036  3.91 074 149 1.9 043
0175 102 038 364 0,76 143 2 04
018 99 0.4 341 078 139 2,1 0,37
0,185 9.6 042 3.8 0.85 124 22 0.35
019 9.1 044 298 0.9 1.15 23 033

4. TTo sajaHHOMY 3HAUCHHIO (1 ofpemenscTcs NPOH3BOOMTENBHOCTh TIO ITyJreiie
Q, o cdopmyne (1), o6beMias KOHUEHTPAUMA S W MIOTHOCTH HYJHITHI Py oo dop-
mymam (3) n (4).

5. TlpepsapuTensHo HasHauaeTcs IMamerp mynblounposoma D m mo dopmyne (2)
OTIPEPETALTCH KPHTMIECKAA CKOPOCTR HBIDKEHWS mnynbnkt v .. Tlpepmapurenbioe
OMpCHenieHHe ITHX BEJIHYHH PEKOMEHAYETCA TPOBOAMTS 1o Tabi. 4, a Taxxe 1o npwn.l.

Tabnuna 4

TTpoM3BoOMTENb- Huamerp TpyOompoBofa, MM, B 3aBHCHMOCTH OT TPaHCIOPTHDY -
H(}(;’!'b o Mynsne, eMBIX TPYHTOB

M U e e e ——————— e e ————

TlecyaHbIX I: TPaBCIIHCTHIX HECKOB | TPaBHHHBIX

10 000 w00 %00 %0
6000 800 700 600

4000 600 500 450

2000 500 450 400

1300 400 400 350

800 350 300 250

6. OnpelenseTcst pacuerHas CKOPOCTh HRHKCHUSA MY ITHIBL ¥

v p =4Qy/ (1D* 3600). (10)

7. IlpoBepsieTcst OTHOILEHMe V p/u Kp = 1,1; npu 3HAYHTEABHBIX OTKIOHEHMAX
nonyycHnol semumHel or 1,1 BRIGHpaeTCs HOBBIY JMaMeTp MynsNONPOBONA W licpe-
MCNEeHHbIE BHILUC MAPAMCTPH ONpeSICNAIOTCA 3aR0OBO.

8. Onpepengrorca mMOTCPH Hanopa i nkp TPH ¥ yp HO dopmyne (§) unu Mo HOMO-
TpaMMme TIpHit. 2.

9. OupenensioTci NOTEPH Haopa HO Nynble [ NPH PAacUETHOM CKOPOCTH V p @
dopmyne

6
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Puc. 1. Tpaduku 3aBHCHMOCTH yAenb- g.%
ULIX NOTEPL NANOPa BOABL OT CKOPOCTEH j NEVEYIN 7
ABHXKEHHA €€ B HANOPHBIX TpYGOMposO- . 7

Aax TMpH AHaMeTpax Tpyo, MM: 7 i
1 —200; 2 - 250; 3 — 300; 4 — 350; //

5 — 400; 6 - 500; 7 — 600; & — 700; —///?

9 - 800; 10 —-900

e —4

|
im0
s
, Wl
Wy
Y
=1 A, an

roe § o — ompegenserca no gopmyne (6) ww mo rpaduxy (puc. 1); A =f( p/
v Kp) onpenenseTcs Ho npui. 2.

10.Tipnv p > xp NoTepH Hanopa i;; KoppexHpyloTcs no hopmysne

En =y e —Taxp) VY xpl%p > a2z

:"Jle=iv3 Kp ~ yHeNnbHLIE IIOTEPH Haropa Ha TpeHHe B NMYJNBIIONPOBOAe A BOAKI NpH

Kp*
1. Mpp v, <V P (rMppOTPAHCNOPT  C 4acTWMHBIM 32JU1eHMeM) NOTepH Hanopa
i 13 onpenen‘»gowcx no QopMyine
’na =1nKpK5» (13)

ae K, — Ko PUIHNEHT, 32BUCTILIHA OT OTHOLIEH)S pr/Qa' onpepensiercy no rabn, 5.

_____________________ Tab6nuna S
N I N IR N N N
K l 1 l 1,013 | 1,024 f 1035 | 1,045 | 1,054

QK M Qa — pacxoj, TYNbIThL coBCTBEHHA TPU KPUTHUECKOH CKOPOCTH W pacueTHBI}
npy 3auiieHuH, M /c.
2.6. TuzpansidueciKie pacyeTbl HANOPHLIX I1YJTLIONPOBOMOB NPOAYKTOB 0GoTalleHH s
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PYIHBIX TOJME3HBIX HCKOMAeMBIX PEKOMEHIIYETCA BEIIONHATS 110 METOIMKE, H3NOXEHHOM
B . 2.7 — 2.44,

Jlns BBLIIONHeHW( PacyeTOB HeoGXOMMMEBI CreMylouMe HCXOIHBIE AaHMble: Qo -
obun pacxop, Iymsmsl, BRIXOOAWME 13 oboraturensHolt Gabpuxu, MS/C; d — xpyn-
HOCTh TBEPAIOTO MaTepHana, MM; Py — nnomom,T/M3; S — 06LeMHaA KOHLIEHTpauMA
THAPOCMECH p'B’ 9 - nn%mocrb H BA3KOCTE TPAHCNOPTHPYIOLIEH K HIKOCTH ITPH 3aJIaH-
Holt TemmepaType, T/M~, M~ [c; I — TemMnepaTypa NyNnsnLl M ee KoneGamuwa, °C.

2.7. Hcxomible DAHHBIC CHTOBOTO COCTaBa 3alMCBIBAIOTCA Mo dopMe, NpHBeleHHOMH
B Tabmn. 6.

TaOnuua 6
opuam | | o [ wdy | Imd [ Ty ] dg
B TtaGnuue di =05, * dm + 1) — Cpe/RUIA KPYNHOCTh HACTHU B Iipefiefiax

n; W n; 1 CTAHJAPTHOW Qpaviuu; 7; — YHenBHBI Bec §  (paKuMM B JONAX eH-
HIMUBI; Z{ni d; = (Tm; _qdp_y) +npdps Imp = (Zn; _ 1)+ ongdeps
=Eni d; |(Zn;).

2.8. Tlo maHubiM Tabn 6 cTposTeA Tpaduxu B norapudMuveckoll cetke d; =
=f(En; ) wdgy; =g (Zn; ).

29 3HaquHepd : npun&ln- = 1 mpunnMaeTcs 3a d

7 cpi i cp.

2.10. Tlo rpapuxy d; = f(Eni ) ONpemensAeTCA CpeNHAA KpynHocrh vacTHu d; =
=d gy, COOTBETCTBYIOLIA Zn; =0,9.

2.11. Omnpepensercs KoaGdHuUMeHT pPa3HOPOIHOCTH TBEPHOro Marepnana j 10
dbopmyne

j=dgldgg. (14)

2.12. OnpenenseTcs cpe/iHeB3BelIeHIas KPYIHOCTh YacTHL & , MM, KOTOPEIE MOTYT
CYUMTaTBCH MEJTKUMH NpH v xp 1° dopmyne:

3 w
do =6l [ (py -pp)], (15

THe M, — cpeqHeB3BelleHHAN MAcCa MEJKOM HaCTHIBY, 10_6 r.

2.13. Mo rpaduky d,; = w(Zni ) ompepenseTcs CofepaKHe B TBEPHOM Mare-
pHarne uacTMIl KpyniHOCTEIO d , (1), T.c. Eni = n pu dcpi =d;; B ciyuae, ecnu d >
>d,  npusaMaeTes dy=d,u Zn; =n=1,

2.14. Cpemlesasememmig muameTp vactHy d g+ KOTOpBlE OTHOCATCA K KaTeropHu
KPYNHBIX, ONpefenAeTcs o popmyne

dg = (dgp —ndy) (1 =) . (16)

2.15. Onpepensercs oGpeMHas KOHUEHTPAUMA MEJIKMX “acTHIl B TpyGompososie
S, mo ¢opmymne

= 17
S, =nS, an

e § — 06reMH2g KOHUESHTPAIHA YL B TPySonporoye, onpenensgeMar 1o ¢opMmyne

S=TH(T+XKp/pg)s {18)



TMK — orHolueHMe MacChl TBEPOIO MarepHalia K macce BOfk B eMinme obrema
Ty JIBITBI.
[TnomiocTs My ILNEI P, ONpenensercs no dbopMyie
Py =(T +XK)TIo + XK]pg).
2.16. OmpenenseTcs KOHUCHTPAUMS “KPYMHBIX™ uacTHU B TpyGomposonme S, NMo
dopmyne
Sp=SQ-n. (19)
2.17. Onpenensierca NNOTHOCT. Hecy1led XUTKOCTH—CMECH BOIB! ¢ MEIKHMHM YaCTH-
1AMH TBEPROTO P o 10 (opMyrte
Po=SoPypt (1 =5, Py (20)
2.18. Onpepensiercss MpeHeNbHO BO3MOXHAS KOHUEHTpauus TBepHOTO MarepHana
B TpyGonpoBopne Snp no ¢popmyne
Sgp= (1 =m)/ (A —m), @
T7ie M~ NOPHCTOCTh KPYIHLIX YacTHU TBepHOTO MaTepHana.
2.19. Onpenensierct xodbduuyerr F, yuursmaloumit BITMANHE MeTKHX YAaCTHIl Ha
CHMXKeHHe DHEPro3aTpar IIpH rHOPOTPAHCIOPTe
F=1-09nS/Sy, [1+n(1-—-S/Snp)]. ©2)

2.20. Onpepensterca kodddumerT M, 3aBucAunit 0T KOHISRTPALMH MeNKHX YaCTHIL
B TpyGompoBone

M=1+25S,+10552 +0,0027316:6 5o, 23)

rie ] — oCHOBAHME HATYPANLHLIX NOrapudMOB.

22]. Onpepensercs KHHEMaTHYeCKHH Ko3(pdUIHERT BAIKOCTH Hecymielt s»umKOCTH
v, mo dopMmyne

Vo = vuPgM/Po,

rae vy — KuHeMaTHUeCKuit Ko3bdMUMeNT BA3KOCTH I BOMHL, M2 le.
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2.22. Onpenenserca xo3dduuueHT o+ YUMTHIBAOIMI BIMSTHHE XaPaKTEPHCTHK
TBEPHAOTO MaTepHana, no Gpopmyne

ag=1/(1,5 - n). (242)
2.23. OnpenensieTcs B NEPBOM NpHONIHXeHHH AHaMeTp Tpy bompoBoaa
2, 10,2
D=3+ 15 [(a,0p/g] (25)

2.24. llng HafigeHHBIX 3HaueHWH dcp' dy n D senmcngiorcss 3uaveus 100 d cp/D
®100d,/D.

2.25.Tlo Ta6n. 7 onpepensiorcs koadduupentsr § n .

2.26. Onpenensercsd ONMTHMANBHAA CKOPOCTD MBYOKCHMSL 11y JTHIILI ¥ o 1o dbopmyne

3

v =3 V2D. (26)
2.27.Onpepensercs wicno Peitonnuca

Re =vyD[v,. @n



Ta6nuua 7

100d/D Dyamerp TpyGo1, M
0,30 0,40 0,50 0,60 0,70 0,80 0,90

1 2 3 4 5 6 7 8
0,05 0,050 0,051 0,052 0,053 0,054 0,055 0,056
0,10 0,090 0,100 0,110 0,125 0,140 0,150 0,180
0,15 0,120 0,130 0,155 0,180 0,210 0,230 0,250
0,20 0,140 0,170 0,205 0,240 0,270 0,300 0,330
0,30 0,180 0,210 0,260 0,300 0,340 0,375 0,410
0,40 0,215 0,275 0,325 0,370 0,400 0,435 0,475
0,50 0,230 0,305 0,360 0,405 0,440 0,475 0,505
0,60 0,240 0,330 0,380 0,430 0,470 0,505 0,535
0,70 0,277 0,350 0,400 0,450 0,490 0,530 0,560
0,80 0,250 0,365 0,410 0,465 0,510 0,545 0,580
0,90 0,255 0,375 0,420 0,480 0,530 0,565 0,605
1,0 0,260 0,388 0,430 0,490 0,540 0,580 0,615
1,5 0,270 0,402 0,460 0,530 0,580 0,630 0,665
2,0 0,280 0,415 0,470 0,550 0,595 0,650 0,690
2,5 0,285 0,425 0,480 0,565 0,605 0,665 0,705
3,0 0,290 0,430 0,490 0,575 0,620 0,675 0,715
35 0,295 0,435 0,500 0,585 0,630 0,680 0,725
4,0 0,300 0,450 0,510 0,595 0,635 0,685 0,730
4,5 0,300 0,450 0,520 0,600 0,640 0,690 0,735
5,0 0,300 0,450 0,530 0,600 0,640 0,690 0,735

Tipu 100 d/ D < 0,05 xooddrunent § npuimiMacTes pasusim 100 d] D.

228, Onpepensercs KoadHIMEHT THAPABIKUECKOTA CONPOTHBREHMA TPYGONpoBOaa
A\ 110 cnemyonymM hopMystam,

A HOBBIX cTanbkpiX TPyG WiH TpyG, BHYTPEHHAS TOBEPXNOCTh KOTOPBIX OTILIH-
dosana

A=031/(gRe —1)2 (28)

Ana TpyS, naXooMBLMXCA B IKCIUTYATRUMH, WM Tpy6 ¢ Kopposupopamiolt BHYT-
peHHelt TOBEPXHOCTEIO

X =024 (1,910 %/D + 1/Rc) 9226 (29)

2.29. OnpepensieTcst napamMeTp Bxp’ YUYHTEIBAIOWIKH BIMAHNHE XapaKTepHUCTHK Toep-
HOTO MaTepuasia X Ty Nbibl:

Byp =6 A1 Fs VBT, (30)

rme A = ( Py — Pg)/ Py — OTHOCHTeNBHASA MIOTHOCTH TBEP/IOro Matepuanas § = 0,5 x
x (1+ 2 —koapduuuert GopMsl TBEPABIX YACTHLL.

2.30. OnpepienACTCH COCTABNAOWAA YACNEHEX TOTEPh Hanopa i ,,,, o6ycnossicHsis
B3BEIUHBAHHMCM H NEPEHOCOM KPYIHEIX MaCTHL, IPH ¥ () O HopMyte

iov = AVZ 0/2qu0/pB- @31
2.31. OnpepensteTcst BestunHa K o dopmy e
Ko = wxp/’bv) 1/3

32)
ecn K < 1, Tovg >va

10



e Ky D> 1,109 <,
2.32. B 3aBHcUMOCTH OT 3HaveHU K, 5afiaeTCsl BapUALHOHHEIR PAN, 3HAvEHMI :

V=V0; Vl; Vz,...,vn

2.33. lInst pspa BLIOPAHHBIX 3HAveHHH OMpeleNnsOTes 3Havelus Re, A\ , B xp» 0>
Kg no popmynam (27) — (32); pesynrrarthl pacueToB IaNHUCLIBAIOTCH NO q)opme,npn-
BefeHio# B Tabn, 8.

Ta6nuua 8

2.34. [lo pannbM Ta631. 8 cTposTes coMmecTno rpaduxu K o ST Wuv]y,=f)

TIpoexums Touky nepeceveHHs rpaduKoB Ha OChL ¥ onpedenseT 3HaueHHe KPUTHYEC-
K0 CKOPOCTH ABMKeHHs TYIIBIILL v KD

2.35. Benuuuny v Kp CTTERYET YTOUHUTS 110 dopmyne I'.T. CazoHoBa.

Vip =V 2 (b~ 205+ p) [ (1073p) 33)
I7fie Pa3MepHOCTH BXOMSMUMX BENHYMH: &, M/C 3 dcp’ M P, 1M,

H3 monyyemsix 3HaueHuft v
¥ 1 10 Tpaduxy.

g.36. QaxTuyecKads CKOPOCTh MBHXEHHS IYNHILL Vp B TpyGonpoBone ¢ NPUHATHIM
HauaMeTpoM onpepengerca no dopmyne (10).

2.37. Nipu Yp =y Kp CIIeRYIOIIHM 3TANOM pacyeTa ABNACTCS OfpedcneHHe YAeNbHbIX
II0Teph Hanmopa B TpyOGornpoBope (cM. Huxe) .

238, llpu ¥p *v 9A210TCs1 HOBLIe NPUOMDKeHHEIE 3HAYEHUS OMaMeTpa TPy Gonposo-
3 M HauMHag ¢ m. 2 4 BeCh UMKI pacuera NMOBTOpPAETCHA OO MPHOMDKeHusA v p ¥ Vkp
TIOCNE Yero oNpefenATes YenbHbIe NoTepH Haopa B Tpy6onposofe.

2.39. NMpwumaercs Gmxaltitee GoNblliee CraHAAPTHOS 3HaueHue puamerpa TpyGo-
HPoOBOJA.
N 62 40. Jins npHHATOrO AMaMeTpa TpyGonponola ONPefelNsIOTCH 3HaueHHs v P’ Re,
e

2.41. OnpenensuoTcs YHeNbMble NMOTEpH Hanopa | o AN HeCyule# XHAKOCTH MNpH
v pno dopmyne (35).

242, OnpeRenaoTcs yAeibHLIe OTepH Hanopa | s MW KPYITHBIX HaCTHL, TI0 YMaCTKaM
Tpy6ouposona no gopmy.

= ﬁsdcp/d AFS r§\/[3/S VicplVpeos o, (34)

TAS @ — YroJi Hakjlona -xpyﬁonponona 1< TOPU3CHTANEHON MOBEPXHOCTH,

xp CMeAlyeT BEIGpaTh Memklliee, NpH N = 1 TpUHMMAaTh

2,43, OnpenensieTcsi CYMMApHan BERMWUMHA YHCREHBIX HOTCPhL HANOpa JIIS MYNHILL
i n 1o dopmyne

I

= o +ig

(35)

11



2.44. NIna sb6Opa ONTHMANBIBIX NAPaMCTPOB THAPOTPAHCIOPTA VHCTHTYTOM Me-
xauobp paspaGorama nporpamma GIDRON pns peanusauuu pacueroB nHa IBM
EC - 1033.

2.45. I'vapaBIMyecKHe pacueThl HAMIOPHLIX IYILIONPOBOJOB 30kl M HUIAKA PeKO-
MeHIyeTCA BLINONHATE 10 METOMMKe, u3anoxennolt B n. 2.46 — 254,

OCHOBHLIMH HCXOOHBIMH JaHHRIMU ABIAIQTCA: QT —_ npmnnnmn‘em.uoc'rb FPU[pO—
TpaHCIlOpTa [0 TBepHOMY MaTcpHany, T/4; p; — BRIXOA UUMaKa, T/4; Pr — MIOTHOCTH
TBepOOro martepuana, t/m°; L — panpliocTs TpaHcHopTtupoBanua, m; Hpy — BblcoTa
HOABEMA NYJIBILI, M

MeTOmMKa K MOPANIOK I'HAP2BIHYECKHX PAcieTOB B JAHHOM CIIY'ae peryiiaMeHTHPYIOT-
cs1 PexoMeHDauusAMM 1O THOPABIKYECKOMY PacyeTy CHUCTEM HAMOPHOTO TIHApPOTpaHC-
YOPTa 307TONINAKOBBIX Matepnanos, nm. 61-77 (J1., BIIUAUT, 1977).

PacueTHBIC 3ABPUCHMOCTH FIO OMPCOENCHII0 KPHTHYCCKMX CKOPOCTcH, NpubBedenubie
B Pexomenpgauwsax BIIUMUT oM, nogseprHyTsl ananuriucckoft Tpancdopmaumn, He 3aTpa-
THBAOWEHR (DU3IMNEeCKYI0 HHTeprpeTanio sBIEeHMH, HO CYLIECTBEHHO Yynpourasoied
TNpolenyPy pacueTa.

2.46. PacueTiiat CKOPOCTh OBHKEHUA MYINDIbI ¥ p IPH COBMECTHOM TpalCNOPTe 30J1LL
H UUTaKa OTpeiesisieTcs 110 dopMy e

0,14
vy = 0,8 [1+0,650,,/00) %" 1 /oyl py - 10x (36)

ITpu TparcmopTe 30mbt (Gea uviaxa)

- / — 0,14
vp=08Vpo /oy ~10; 3N
TIpu Tpascnopre xujiKoro waka (Ge3 30MBL)

V= 1,33Vp,/py - 100,14, (38)

247, O6vemunlit pacxop nynwnst ¢); onpepensercs no dhopmyrne

On = 3600vp(7rD2/4) , (39

rae D — npuiaTHIt guameTp TpyGorponorna, M.

2.48. O6wemunifi pacxom BOABI (BOAHOR COCTaBIIOWER NySENLD) Qn onpenens-
eTcs 1o rhopMyre

0y = O — 04/ Py (40)
2.49. O6wvemuan KonucHTpauus Sy onpencnasercs no hopmMyne

Sn = QT/(pTQU) . (41)
2.50. [TNOTHOCTS MYIBIK Oy ONPEACHACTCS NO hapmyne

P = pg U+ (o o, ~ 1S, . 42)

2.51, Yaenshnte noTepw nanopa i 11 OnpeneNsIoTes 1o hopmyne
[y = -4, b
I =10=%- 7,000, L83/D ) 10 1/(1 — 1,2501.8) - pry/py (43)
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2.52.MoTepy nanopa / q Ha nkke L tpyGonpoBopa onpeuensniorcs no hpopmyne
I, =i;L. (44)

2.53. lloTepu Hanopa npu MombeMe NYNbibl Ha BLICOTY M onpemensioTes no dop-
Myne

Tn = igHy Pyl Py (45)

2.54. BuiGop HauBBITO/HEIETO peXUMa I'HAPOTPAHCIOPTA 30JI0LINAKOBONR NYyTBL]
onpefensiercsi CpaBHeHHEM DPAa3JIHYHBLIX BAPDHIHTOB S“, Du Vp’ BelIHYHHbl KOTOPBIX
B 00u1em 3axnioyelibl B Mpedenax:

S, = 0,03...0,5;
D =020...080Mm
V, =10 - 25 /.

3. THAPABITUYECKHE PACYETH!I BESHANOPHBIX
[ynbnonPORONOB

3.1. Uenuio ruppaBiuMecKUX pPacucToB GeanmanopHbIx {1yIBIONPOBOAOB U JIOTKOB
SBNHETCA ONpefesicHye OCHOBHBLIX NAPaMeTpoB Ge3HaNlOPHOro PHAPOTPAHCIIOPTA, B TOM
YyHCNe PasMepoB XHBOTO cevelMs NOTOKA MYJbILI, CKOPOCTH e¢ ABIKeHUs, YHebHbIX
TUAPABIIMYECKHX NOTePh H FEOMETPHYECKOTO YKIIOHA.

3.2. BeananopHblfl MMAPOTPAHCNOPT CIIEAYET NPOCKTHPOBATH TAKKM 0Bpriom, uro-
6bl CKOpPOCTh ABWXeHHA TNYIBNbI obecleylBaiia OBMXEHUE TBEPHBIX YaCTHL BO B3Be-
IIEHHOM COCTOSTHHH (¥ p Zv Kp) . HapameTpnl 6e3HaNOPHOTO PeXHMa ITHAPABITHYECKOTO
TPAHCIIOPTHPOBaHUs OfpesiensIoTca 1o Meroauke B.C. Knoposa 1 TLI. Erpokumosa.

3.3. Pacuers! Ge3HanopHOIro TPaHCIOpra PaspaboTAHHLIX I'PYHTOB H HEPYIHBIX MO-
JIe3HBIX HCKONdeMbIX BLINONHIIOTCA Ha OCHOBE MCXOMHBIX DAHUBIX, NPHBEACHHBIX B
pasfi. 2, B clefyolleM TopAaKe:

1) ompepensiiorcs MOTepH HaNopa i xp 1O MeTOMKe, nplBesietinod AN CooTneT-
CTBYIOLIMX MATEPHAIIOB B pasf, 2;

2) onpenensiercsi MUHMMATBHLIH yKITOH Tpy6bl (10TKa) No popmyne

1= 1y pKye (46)

rae K — xoadduunenl, npunumaemMeiit panibiM Uil MeTULTHYECKHX TpYG 1,15 i
lepeBAHHLIX JIOTKOB 1,2;

3) ompepensieTcs WMpHHA JTOTKA N0 [y H, UCXOAS W3 PABEHCTBA IMAPABIHUCCKHX
PajliycoB HANOPHOTO MPH ¥ 4\, | Ge3HarIopHOro rMAPOTPANCIOPTa

b=2Dh|(4h D). a7
Pexomennyiorcs otHowtewus: b/h = 3npud = 125m; b/h = 4npud =1,5M.
34, Pacuersl Ge3nallopHOra rUAPOTPANCIOPTa MPOAYKTOB OGOralieHUS BhHINONHSA-

IOTCS H2 OCHOBE HCXOHBIX AAITHLIX, MPHBERCHHBbIX B Pa3ll. 2, B CleHyOUEeM NOpsaKe:
1) npenBapuTeNbHO HazHavaeTCs WHPHUA JTOTKa b;

13



2) onpepcnsieTcsl FCOMCTPHYCCKHR YIUTIOH la  NOTKa 2 no opmyne lifean

L= Q2 (b %, CPRY, (48)

3
Tae @, - Momava no mynsne, M- /c; A Kp ~ my6GHHa NOTOKa NYNBIbl B KPHTHYECKOM
Ge3HanoOpHOM pEXKMC, M

hep = Cnf Ovyp) s
V kp ONPEgIACTCS 1o pasn 2, C =RY[n — xod>déuumenr e3u; y = 2,5 \/n_— 0,13 -

- 0,775 VP (N n —=10,1), n — xoxpduimeHT wWCpOXOBA1OCTH JNIOTKA, R —
THOPABIKYCCRHN pajHy L NOTOKA M

R= thp/ b+ Zth) ;

3) Hajmavdaetcs phicoTa BopTa MOTKAa KoTOpas QOMKHA COCTABJIATE He MeHee 2A K

35 VYKIOHBI JHAa KaHANOB M JIOTKOB AN Oe3HanopHoro M™MApPOTPAHCNOpPTa 30MbI
K LUIIAKA HA3HAYAIOTCH, MCAOOA M3 TCXHHKO-JKOHOMHUYECKHX coolpawenufi YKIOHEI
NoTKOB (KaHAMOB) PCKOMECHMY CTCA He McHee, %

LOJIS 301Tbl 1,0
" TBepOoro liujlaka 1.5
» NOIMKOIO MUTaK1 18-20

Mpu commectHoM OGe3naropHOM IMAPOTPAHCHOPTE 307BI W lINaKa YKNOHbL JHa
JTOTKOB TTPUHHMAITCA TAKHMH e KaK NPH PasHenbHoM THOPOTPaHCIOpTe COOTBET
CTBYIOLICTO BIfIA UU1aKAa

4 PACUYLTBI F'HAPOABPA3UBIOIQ H3HOCA
U CPOKOB CITYKEbl HANTIOPHBIX CTAJIbHLIX TYJILNIOINPOBOJOB

4.1. PacieThl ruapoabpa3sHBHOTO H3HOCA H CPOKOB CIYXOGbI HAMOPHBIX MYNBNONPOBO-
H0B peKOMeHAYeTCs NPOBOMMTH B COOTBEICTBHH ¢ PYKOBOJMICTBOM Mo pacyeTy IONIO
BEUHOCTH TpPYOOMpPOBOROB [WAPOTPAHCIOPTHLIX CHCTEM M METOHAM €€ MOBBILLIEHHS,
paspaboranubim  Micrutyrom ropuoit mexauukd um A Uynyxunge Axazemin
Hayk [pysuuckofi CCP PykoBoglTBo we pachipocrpatisiercd Ha TpyGonpoBojibl, 110
KOTOPBLIM TPJHCIIOPTHPY KOTCA MYJNbIlhI  COMEPKAILHE TONIBLKO TOHKONHCIEpCHRIE Kildac
Cbl THePABIX MAaTepPHLIOB O0pPAYIOLUINX CTPYKTYpPHbIE XHIKOCTH, 2 1aKXe HA PeXXum
paboThl CO clloem  34HNEHHsi TBCPHLIX MATCPHAIOB B HIXHel YacTH ceueHust TPyGh

4.2. Bpems pabGoThl NyneNONpPoBoOfa 40 K3HOCA TOMILIMHLI CTEHKN Ha 1 MM Tl onpe
OengeTcs no opmyie

Ty = Q1/Q;. 49
by ( Ql — ofOpem (MAcc1) MPONMYUICHHOTO MO NyNBAONGOBO/lY TREPAOTrO MaTepHana,
BBI3BaBILUEFO yMeHBILEHKE TONLMHBL CTeHKH Ha 1 MM, M™ /MM (1/mMMm) 3 O — rolloBad
r/lpou):momnenbuom CHCTEMB! THAPOTPAHCTIOPTa Mo TREPHOMY Martepwany, M” /ron (t/
ron,

4.3. BemutHa (| onpeaenseTcs no opmye

TP TPAHCTIOPTHPOR AIHMH YaCTHI TBEPIOTO MaTepHaJIa KPYNMHOCTHIO JIo 2 MM

= 1,7 .0,25 1
0y = A KK DV p0B 1K KK v (50)

NP TPANCIIOPTHPOBAHHI YaCTHI KPYTHOCTHIO Gornice 2 MM

14
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2 7/ /,/"’"‘r
" [
4/ 3

L
! 0-5 0-15 20-25 30-35

Puc. 2. Ipadux usmesenus KodhdHumema K; B 3aBHCHMOC-
TH O PACCTOAHUA TPAHCHOPTHUPOBANNA L, KM

1 = 18 ManoabpaMBHBIX MATCPHANIOB C TBEPAOCTBIO H =
=2-2,5 no wkane M ocaé — Aas maicpuanon cpemiedt ab-
<4,

Pa3UBHOCTH NpH 2, 5> 5; 3 — mnst BEICOKOAGPa3HBHBIX
MdTepuanos rpu ff Z5

0 = AK K D20 KK gy, 6n
rae A, — xospduiment abpa3sMBHOCTH ITaloHHOro Marepuana (mecolq Hopmanwsm
1A ulnbnanus uemen108 110 FOCT 6139 — 178, copepxanve Si0; >98%, d... =0,5 -
0,9 mMm), npunumaercs paBHuIM 8 106; A4 -~ K02 pULHUEHT aﬁpaaﬂnﬂocg)u YacTHL
TBEPHOro MaTepHana ('raﬁn 9): — THIPaBJIMYECKAN KPYIHOCTH AJIS CpefHeB3pe-
[eHHLIX yacTul d - Koaﬁbfbmmeﬂ'r H3HOCOCTOMKOCTH MaTepHana NyIIbIp-
nposBona (tabm. 18? L - Koaebq)uuuem AaNpbHOCTH TPAHCIIO PTHPOBAHHS, YYUTHIBAIO-
upii u3MeHnenue aﬁpaammmx CBOMCTB TBEPHOTO MaTepHana 1o [NMHE TPaHCIOPTHPO-
Babua (puc. 2); K. — xo3ddHUMEHT OTHOCHTENEHOH TMIPOaGPAIUBHOCTH — OTHOLUE-
HUe Koaddimmetror aGpazuBHOCTH TPAHCHOPTUPYEMOIO U ITWIOHHOI'O TBEPHBIX Ma-
TepHanon; 3HaveHud K A CHCTeM TMAPOTPAaHCHIOPTa PEKOMEHIYeTCS onpenensrs
3KCHEPHMEHTANIBHO ¢ YYeTOM XHMHYECKOW aKTHMBHOCTH Hecyuiell cpensl. MerooMka
onpenenedns K. paHa B Pyxonoucme (cM. 1. 4.1), OpUEHTHPOBOYHBIE 3HAYCHUS K
npuBeaeHsbl B Ta%n 11, — K03 uuneHT HAKNOHA TpyS, YUUTHIBAIOUIMA M3HOC C're-
HOK B 3aBHCHMOCTH OT yma HaKJoHa mynefonposofa (Tabn.12); XK D~ Ko¥hdunpenrt
NpHBefeHHOK IUIOTHOCTH, YUYMTBIBAKNIKY BAMAHKE IDIOTHOCTH NYNBLIEI NAA YaCTHL
KPYWHOCTBIO JI0 2 MM, IPHHUMACTCS B 34BUCHMOCTK OT 0

pyxr/m® .. <1100  1100-1300 08 > 1300
Kpeow 1 [Cop =0 ol By — Py) P1T" 0,7

OAs 4acTriL KpynHoeTsio 2—100 MM np mobolt MIOTHOCTH MyMBOBL ONpeAensdeTc
no opmyne

p 1/(1 +n), 52)
Ifie 1 — coliepKakue B MyJbNe yacTru knacca 0—1 mMm.,
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Tabnuua 9

I'paHuT

[TecyaHnk Ha KApOOHATHOM lIEMEHTe
TMecuaHMK Ha FIHHACTOM I(EMEHTE,
necyaHo-rpaBHiHAA cMeCh
AJTEBDOJIHT, NECKH KPYITHO3EPHHCTHIE

Cymecu (TsOKenble) , NECKH CPCAHC3CPHUCThIE

H3BecTHAK
Mpamop
ApPrHIIiuT
CyTnuHKH

YacTHIL

Wi=ta'sn

OO~ Nwun
b N G P YN
~3 L GO W

OpusMeuanuas 1. Tlps Hanuny B MYJIBHC PadITHYHBIX TBEPALIX MaTepHAIOB

Koahduumnent abpasimsHoct A onpepensercs no fopmye

A =Xn ;A 100,

rfe 74— MPoUCHTHOC Coliepxarue Marepuana, A ; — Ko>bdmpenT ero aGpasuBHocT™.

2. TIpH OTCYTCTBMHM HAHHLIX O COACPXKAHMH TECYaHUKa B TPAHCIIOPTHPYEMBIX CyT-
JIMHKax ¥ aprunnvTe Tabmwmble 3uaveHns A IS0 9THX MaTepHanoB HROKHBI ObiTh
YBeJIHUEHBs KCXOLA W3 YCIOBUH comepkanisi B HuX 20% xBapua.

X18
Harnnasku:
T-590
"Copmanr 1»
Monuotuncu
[Monunmwinopun
[Tonuyperai na ociose CKY
XpomHcrelit yyryn HoX28H2
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Tabunuuya 11

JranoHHBI#t necox 1
InuHKCTEIE ITECKH 0,
Cyrnunxy 0
Knapuesbiit necox
npu d, MMm:

o 2 1,8
2-3 2,7
I'paBuiHO-TaneyHHKOBBIA TPYHT 2
XBoctel noTauun yrneoboraTHre b-
HbIX HabpHK Npy 30abHOCTH, %:
no 60 0,4
cB. 60 0,8

QJI0TOKOHIIEHTPAT 0,3~

BogoyronsHas cycreH3us 0,2

d=0,3mm

Yrons knacca 0,6 MM 0,8

Ninams! anOMHHHEBBIX 32BOROB;
8i05= 10%pu d, Mm:

no 0,2

no 0,2-0,3

¢B. 0,3

Si0, = 20% npu d, Mmm:

no 0,2

0,2-0,3

¢B. 0,3

> 04

Mpony<isl cropaiys TBepALIX TOMIMBY;
3ona
TBEPALIA LINAK
wuaxuk 7
30JI0LUMAK

1BepAsli wnak + 3o0ma
HHAKHA MInak + aona

Xsocret o6oramenus TOKos** npu, mm:

no 0,1

0,1-0,25
cs 0,25-0,4

=
L

o= ©
IM
<o
oo
N
w

(7]

P
NN W -

|
—OOO0
—
N
N

-

L
=

—00 oo oL

(Il
|
Lo
$
IR

|
—o
~) w

Nh cw UhN-

|
=
£
o
[2))
e

conwo co
—
)
—
w

N
w
!

=
O\~
i
~
=
O
A

*Hixhve 3Havenus Ky O1HOCA1CA K NPORYKTAM CTOPAHHA MeHee NPOYHOTO TOM-
nupa (Hanpumcp, Yrnm mecropoxacHufi Kpacuospexoro kpas, Kyauneuxue, JInBos-
cko-Bonbinckue, Yensabuuckue cranubl M T.0L), BEpXHHEC — OTHOCHIETHHO MPOYHOIO
(naupumep, yriy JloHenkue, Ixubacrysckue, Kusenosckue u T.IL) .

**Bepxue nNpepenbible sHavennst Ky OTHOCATCA K OTXOJAM C COACPMANHCM
Si0, (unu npyrux BricoKk0abpasuBiubiX Marepnanos) ca. 70%

4.4, PacueTHyI0 TONIIMHY M3HOCA CTEHOK MynbHompoBofa & p CMEAYeT OnpenensTs
no $opmyne

5p =Tel(Tyn YK §) , (53)

rae T, — pacucTHbIt pecypC IKCIUTYaTallMM NYJIBNONPOROOA 32 BECh CPOK CIYX-
61, neT; n — wicno paboumx mosoxenuit Tpy6 OpU ocywiecTBNICHMM npodaKkTHYeC-
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KUX TIOBOpawMBaHuit; ¥ — KOXPHUMIMEHT HepaBHomepwoCTH u3HaUmBamus; Kg -
KO3 MUMENT KHCTIONBIOBAHMA DPECYPCOB TOMUMHBI CTEHOK MPH MPoHITAKTHYECKOM
OBOPaYMBaHUH.

Benuunnst #, ', K'§ onpeRoismores no T1abn. 13 (And MEAKO- H cpe/iHe3epHHCTHIX
“acTHIL TBEpfAoro MaTepdana) u no Tabn.14 (s yacti KpynHocTso 2100 mm) .

Tadbnuga 12

Yron nakno- Koasdpdnimerirnt naknona 1py6 npH KpynRocTH HacTiy

Ha Ny Nb- TBEpAOro MaTepHaNa, MM

TOMPOBOOA | — — —~ — o e e e e e

g, rpan, zo 2 2 # Gonee

HHMCXOAMNIAHM BOCAOSIUMH HACX O UMH Bocx oSt

J 010K MOI10K TI010K IOTOK

0-15 1-1,07 1-0,96 1-1,4 1-0,95

15-30 1,07-1.4 0,96 -0,93 1.4-2 0,95-0.89

30-40 1,4-1,55 0,93-0,88 2-2,25 0.89- 0,86

40-6, 1.55—~1,18 0.88-0,68 2,25-1,65 0.86--0,65

60-75 1,15-0.65 0,68-0,45 1,65-1,25 0,65 -0,4

75-90 0,65--0,4 0,45-0,3 1,25-0,4 0,40 -0,3

Koadipu- r3na‘leuuc koo(hduumenta npud < 2 mm u Py TPAR
UHCHT | — e e T e
045 [ 45-90 ] 90—120 [ 120-180

Koadduument 3Hayexre KO2DGHHLUMEHTOB B 3aBUCHMOCTH OF YI1a SlaKIoHa
nymnonposoaa f, rpan
6-25 I 25-45 ] 45-175 o

Cropocts OguxeHus nyasnsl Vp %VKP

n 6 4 3

v 0.5 0,6 0,65

K3 0.8 0,8 0,9
Cropocro dguwenun nyavist Vp 1,25 Viep

n 4 3 2

Y 0,55 0,65 0,75

ks 0.8 0,9 0,9



Puc. 3. I'paduk 3aBHCHMOCTH
ko3bdmmenTa @3 or yrma
HAKNONZ mNy/LUONPOBOAa f§,
rpag

175 //
P
15
/
1,257

"o 0 20 0« 50 &0 &

Mpu arom B Tabn. 13 yrom cexTopa MaKCHManLioTO H3HOCA @, ONpefensdeTcs no
dopmyne

Pra= K g P3P 05 (020 ), (54)

rae K, — sMmtprueckuit xodhduipent (K¢= 2000 npud £ 0,5 mm; K, =1600
npu d 0,5 - 1,5 mm); an ~ KO3PEPUIHMEHT yIMa HaKIOHS MyNbIONPOBOMa, ONpeme-
nHeTcH no rpadiiky, npuBeieHHOMY Ha puc, 3.

4.5. YToueHHe TOMUMHE! CTEHOK TYIIBLIONPOBOAA C YUETOM YCIIOBHHl 3KCTNyaTa-
LMK M KOPPO3UH CTEHOK 8y onpenensieTcs no Gopmyne

by=K,8,1+018), (55)

rne K. y = K03 PHLUMENHT, YUHTLIBAIOUMI YCIIOBHS SKCIUTYaTAUHK CHCTEMEl THAPOTPaHC-
1OpTa, [ TIPOEKTHPYEMBIX CHCTEM NPUHMMaetcd Anst TpyG: M3 MATOYTNepPOomMCThIX
crajeit, yacro HaXomsIUMXcA B pesepBe Ge3 xoHcepsaud — 1,35; M3 KOpPPOIUOHHO-
CTOMKHX MaTepHanos HiH paboTalouidX NOCTOFHHO M HAXOIILMXCS B pe3epBe B COCTONA-
MY KOHCEPBALMHM HE3aBUCHMO OT Martepuana TpyS — 1; O, — mMunmmanbuo nonyern-
Masi M3 YCNOBMH TNpouMOCTH TOMUMHA  cTeHok TpyG, onpepenseMas no

ClHulT 2.05-06-85.

lMonyyeimoe no dopmyne (55) 3navemte 5y OKpyITISeTcst fo Onuaftelt cTaH-
fAapTHo# TomumiHLI & B cooTBeTcTBUM C AciicTdylownm 'OCTom Ha TpyGonposoasl.
Ecnut 3nauenue NpeBbIlaeT MaKCHMANTBLHYIO TONUIMHY CTeHkH TpyGomnposofia, npe-
pycmorpentylo 'OCTom, oHo ymeulitaercst o Gminkaifiiefl senduuHsl, BiOHpaemoit
Y3 CTaHOApPTHOI'O PAAa TOMUHH.

4.6, Texuuuecku#t pecypc nynsiionpoofa T (wicToe BpeMs paboThl 0 NpeNenbHoro
M3HOCA 3a BeCh [IEPHOJ 3KCINYaTalyH) onpefensercs no dopmyrne

T= (8- 8§,)Tn YK g/K,. (56)

4.7, GakHueckH# Cpox cny KOLI MyNBNONPOBOAa A0 MPCASABHOrD H3HOCa Tq),nc] y
onpenensicrca no gopmyne

Tq) =T +¢,, (X))

IAe ty — CymMmapHoe Bpems BCCX [POCTOCE MYNBIONPOBOJA 710 KCTEUCHUS pecypea
T, net.

4.8. Bpems paGoThl nymplonposofia N0 ovcpeaHoro npodHnakTHYeCKoro noBopa-
uuBatua T jieT, onpepenserca no Gpopmyrne

Ty =Tl (58
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4.9. OpUeHTHPOBOUHLI! cPoK CnyObl KPUBONHHEHHBIX YYaCTKOB Tpy6 nynbHonpo-
sona 7, npuy p <1,25v kp CTICAYET OTIPCAEIATE MO opmyie

Te=Tg -z — +1}, (59)
(RID -2 +11
roe R — pamnyc IOBOPOTa KPHBOJIMHERHOTO YYacTKa TPy 6bl, M.
4.10. [Ipu pacycTa CNCAYCT YYHTLIBATH, YTO H3HOC B CTBIKOBRIX COeMHENHSAX TPYO.,
ocofeliHo B ¢UiaHueBLIX 1f OBICTPOPA3bLEMHBIX, Ha 25—50% Gonbwie n3noca Ha ups-
MOIRHEHHBIX YYaCTKaA,

5. TEMJOTEXHAYMECKHE PACYETHI HANTOPIHBIX AYJILIIONPOBOJOB

5.1, TcioTexNMieCKUe PACHETHI HAHOPHBIX HYILIOIPOBOJIAB BLUTOIAIOICH B lie-
NAX ONpefeNicHHA [UIMHBI HC3aMep3aiouIero [y AbNONpoBoda IMPH 3A/@HHBIX UMK
YCIOBUAX JKCIUIYATAMY, TPOAOIIKHICHBUOCTH NpebniBanua uyneuni B TpyGonpono-
AC NMPYU BUC3IAMHOM W HCOPEAYCMOTPCHIION OCTAUOBKE PabOTLI TMIPOTPAHCIIOPTA,

5.2. JuiMa He3aMeplaoilero uynnuonponopa Ly, MOXeT 6n(Th ollpefenena rno

dopmyne
PuQuC(ty~ti) +pqQn-lp/a27
e . (60)

rage C — ypenbHasn 1CMIIOEMKOCLL Ty JIbIbL, icJbk/ (kr . ©C), onpenensierca no,rabs. 15;
Pn  — MNOTHOCTE NyAawnst, T/M~; n — HPOHIBOAHIENBHOCTS NO Nynbne, M~} ty -
Ha4anplas TeMmlicpalypa Nylsnel B 3ymngpe, °C; £y — TeMnepaTypa HyJsibiel Ha pac-
croAanuu Ly, OT lacoca, oC; {, — pacderusiff Hanop, pa3BsmBacMbiil wacocoM, M BOI,
T ; ~ " KO3 HUMEHT TFellJICOTAAYH [JIA HEeH3IOJIMPOBAHHBIX CTaNbBHHIX TPYO,
B’r} (M° . OC), onpepensicics no 1a6x. 16; ¢ — TeMmepaTypa HapyxHoro Bosnyxa, °C,

Ta6nuuna 15

InotHoCT 3 1000 1032 | 1065 | 1102 [ 1142 | 1230 { 1330 | 1450
Iy ALMNbI, KT/M

Yaenstas Ten- 4,19 4,01 3,855 | 3,64 3,52 3,18 2,84 2,51
NOCM KOCTh

ny AbAbI, KX
{(xr °C)
TaGnuua 16
Inamertp 3naucHue KoappuumeHTa U IpH CKOPOCTH BeTpa, M/c
MYABNO- | e e
npoBOAd, MM | 1 T 3 ] 6 I 9 ] 12
400 5,93 13,49 22,79 30,59 44,54
500 3,65 12,79 21,52 29,08 36,4
600 5,38 12,21 20,82 27,69 34,19
700 5,23 11,86 20 27,1 33,26
800 5,06 11,4 19,42 25,82 32,33
900 4,88 11,07 18,72 25,24 31,4
1000 4,74 10,76 18.14 24,39 29,717

5.3. Tlponojokin cIBHOCTL TIPEOBIBAMYMA NYNBNLI B HCYTCHANENHOM NYALNONPOBO-
ge (somsl B 1p)6onpoponic) Anascrpom 300-600 mm npu ocranonke ruipoTpai-
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Puc. 4. Ipadwux juin onpepenenns Ao- t°C
NYCTUMOI NPONOIDKUTENBLHOCTH OCTAHOB-
KH HaNOJMEeNHOro BOAOH HeyTerufeHwo-
ro rpy6GonpoBoaa pumamerpom 300

600 MM

N
N
~ |

0 2 4 3 8 0T

CIOPTa pexoMeH/IyeTcR ofipeAesiaTh Mo rpaduky, npusejieHHoMy Ha puc. 4 (cocras-
1IeK 1o onbtTHRIM JantibiM BHUHUT um B E.Bencieesa).

5.4. Konuuecrso canpHHKOBLIX KomIlelicaTopop Mk, Heobxoaumoe [ns ycTaHos-
KK HA NPAMOJIHHENHOM yuacTKe Nysbilonposona MiHHOR Lyy otipemensiercs no ¢op-
myine

Luy
Ry = ————, 61
In
rRe I — paccTosiHMe MeXJy CATLHHKOBBIMM KOMIIEHCATOPaMH, ONpefensieMoe MO
dopmyne
— lex
Ig= e e
(B4 tKy)
lox — cBoGomMbLIt XOM canwiiikoBOUo Kommetcatropa, pasueit 0,15-0,2 m; [ =

= 0,000011 - xosdduuuenr nuHeltnoro paciumpenust crann, 1/°C;  Apr _ usmetie-
HUe TeMllepaTypsl CTEHOK NYNLNONPOROAA, C Y4eTOM HArpeBa cOJIHUEM ONOpOXHEH-
Holt TpyG1, 0C; K, — koadiduuvent 3anaca, ipuHiMacMbit pantitiv 1,15-1,2.

5.5. Yknanxa tpy6onpoBoRoB aMeiikoit™ Oe3 MCHONR30BAHMA KOMIEHCaTOp-~
HBIX ycTpoHcTB Ui paGoThl B HH3KOTEMMEpATYpPHbIX YCNOBHAX AOMyCKaeTcH NPHU
0G0OCHOBAHUH COOTBETCTRYIOUIMMH CTaTHYECKMMH H TNMPOYHOCTHRIMH PpacdeTaMH
¢ yuetoMm HauGosiee HeGMarORPUATHOTO COYETAHHA Harpy 30K,

6. PACYETHI M BbIBOP OBOPY HOBAHHSA

6.1, llenvio pacueror oSOpyNORaHUS THAPOTPAHNCIOPT2 ABNAETCH ONpeNeleHue
NapaMeTPOB HAacOCOB ¥ WX NPHBONOB, MO3RONAOUige BLIOPATHL THNLI M KONKUECTBO
oGopynoRanus uia yctoliuupoit paboThl CHCTEMBI THOPOTPAHCIIOPTA B 3aNaHHLIX Tipe-
Lenax BbIXOAA MYJIRIBI OT TEXHOIOTHIECKOTO Npoilecca Upe/InpUATHS.
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6.2. Onpepenetine NapameTpoB HACOCOB M MOLHOCTH MX TPHBOAOB NPOW3IBOMMT-
CH Ha OCHOBE pacyeTOB CYMMAapHLIX NOTeph Hallopa B CHCTeMe uapoTpancnopra. Pac-
Y€1 N01ephb HAUOPA B CHCTEME Beflercs no popmyne

Heoyer =ho (P — Py) [ Ps THe Py / Py + iyl +
+ ZHy (VKZ - Vu2 ) /2% PulPs. (62)

1ne hg — rnyBuna BrackiBalus DYNLILI - PACCTOANME O yCThSi BCAcubiBaoIue 1py-
6b1 10 ropu3onta Boubl, M; Hp — 1€0UC3HYCCKAA BLICOIA [IO4bLEMY (YNLILL - pdc-
C10siHiHe Ol LOPH3IOHTA BOAL! A0 OLH BBIIYCKRHOIO cedenus TpyOnl Ha Kaple HambIBa,
M; L — pnuna rpyGonpoBofos, M; ZHM — CymMma BCex [Orepb Haluopa Ha mecrfHble
CONPOTHBIEHHKA B apmarype, Gaconnbix yacisix rpybonposonos, M:

- 2
ZHy = ZEy Vp© [ (28);
&M~  Ko3pHIHenT, Y4YHIBIBAIOIWHA  OTHENsHbIE  MecTHble  COHDOTHUBAECHMA;

Vie? - Vil /28 — P43HOCTH CKOPOCTHLIX HAMOPOB B KOHEUHOM U HAYAJILHUM ceue-
Hiax rpyfonposoaa, M Boa CT,

Jna yuer1a BO3MOXHOIO CHIDKCHMA HAIIOP2 NYNBLNOHACOCOB B APONECCE DKCNIYa-
TAUHK 34 CYeT I1AP0AaGpaIMBHOTO M3iloca clefyel Bsectu koxhduumem sanaca Ky =
= L10-1,15. B osiom cayuag TpeGyouisiics HANOP, 110 KOTOPOMY AOJDKHBL BRIGHPATE-
C HACOCHI, COCTABMI

H =K, Heper. (63)
6.3. Hna pacueToB Ha ypoBHe TPOCKTHHIX NMPopaoroxk CyMmapHsle MOtTepd Ha-
nopa s cucreme THAPOTpAHCIIOP1a MOXKHO ONIpEedeiuTL NO q)opmyne

H =K KLig ¥Hppu/py, (64)

rae Ky — ko3 @UUACHT, YNIILIBAONHA MECTIble TOlepH Haflopa. Benwumma ero mo-
Her NpuHMMaTecs B npefenax 1,05—1,1 B 3aBHLMMOCTH OT AANBLHOCIH TPAHCHOPIM-
POBAHHA H CNOXHOCTH 1pacchl.

6.4. PaGouuit pekHM THAPOIPAHCHOPTHOR cHcTeMul otpefenselch rpagruccKum
1IyTeM 110 TOUKe MepecedMeHHs HANOPHOH XapaAKTEPHCTHKH Hacoca ¢ xapakrepucTHxkof
rpy6onponopa. Ilacnopmiast xapakiepuciuka rpyH10BOro I4coca [aercs npu paGo-
T¢ Ha Bofe. llepecuer Manopuol XapakTepUETAKH C BOMABI HA NYJIbIlY MOXKHO LPOM3-
BOJAUTE 110 popMmyne

Hn =Hy pnMh | (Pp7Na), (65)
rae Ty — KT nacoca npu nepexayxe mynuisl

N =1 -ty (1 =10y pu/Pn.

It cHCTeM  PHOPOTPAHCIOp1a, fEepeKaynBADUIHX  (eCHaHO-PPEBHAIbIE CMECH,
nepecyer Hailopa Hacoca ¢ BOJILI HA THAPOCMECH HPEANOYIMTENbHEN 1IPOH3BOJIMLIL 110
HOPMYIIC, B KOIOPOR YUMILIBACICH IHApABIMUCCKA] KPYNHOCTE MATEPHANIA:

Hy=H, (1+8 RIVAY (66)

rae S - Kouuentpauus nymuis; W - kospduument 1pancnoprabenshoctn, onpese-
naempii No gpopmyne (9),

6.5. BAxyyMMETPHUCCRAS BBLICOId BCACHIBAHHIL 1O NACNOPINLIM AAHHLIM COULT-
perciByel paboie na nojie QU HPAKIHYECIKUX PALUETOB MOXHO NpHHAMATE
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JIon
(1{222 Yo = UTgax I e (67)

6.6. XapakTtepHcTuka cucreMsl TpyGonporogos nipy paGoTe Ha BOIe, T.e. 34BM-
CUMOCT, comporusrienun TpyGonpoBopor ot ofbeMHOl nopaun HTp, npeAcTasiseT
cobofl kpuBy, HMEIONYI0 ypapHelne Napabonpl. Xapaxk repucT¥ka CTPOHICA 110 RaH-
HBEM pacue1a noleps HAMOPA NPH Pa3JIHUHBIX MOLAYAX, 10 YpaBleH Wio

IHyp=Her + KQ?, (68)

rie He, — cratieeckuit nanop, xotopnifi  npu pafoTe HA BOJle COOTBETCTBYET reoc-
nesmeckolt neicoTe hopbema Hp; K — kosdduunelllr  nporopuHOHANEHOCIH, KOTH-
peift Ui pacuerniof nopaud Q BhlumcnAeTca no ¢opmyne K = igL (1,05...1,1)/Q°.

XapakTepHCTHKA cHcTeMb! 1pyGOTIPOBONIOB TpK paboTe ua nyspie HTp(n)—
—~ Qp CTPOMTCS HAa OCHOBC PaclieTd NMotepk nanopa no dopmyne (58) wia OTAENBHBIX
BesIHUMIl Toflaud QO B Npelenax 3a0aHioro Ouana3zoHa M3MeHeHHst NPOU3BOMMTENb-

1octH oF Qpin 10 Oniax-

6.7. Pexumul paGothi (HapameTphl) ONPENENAIOTCA rpaduuecKHM MyTem 1O ToY-
KaM fepecedeuss HAMOPHOR XAPaKTEPHCTUKHM HACOCA, NEPECUNTaHHON No BRILIENPH-
BeeHHOW MeTofMKe JUI yciioBuit paBGoThl Ha NyNbME, H XAPAKTEPHUCTHKH CHCTEMBI
tpySonposonos, nocrpoensoit B npegenax Omin 1 Omax-

6.8. Heobxoumass MOUTHOCTL NPHBOJIA TPYHTOBOro Hacoca N onpefensercs Mo
dopmyie

N=QuHuprl (M- 102-3600) (69)

6.9. BriGop Hacoca TPON3BOUAT [0 KATanoTaM-ClipaBoOMHKKAM,  COMAEPXAIHMM
paboune Xxapak1epHCTHKH HACOCHOTO 0GOpYIORANHS.

TexHH4CCKHE PaNHble TPYHTOBBLIX HACOCOB, NpHMeNHsEMBIX JNRK THIPOIpaHcnop-
Ta, NpHUBeENeNBl B pui, 3,

B cnywae, KOrna HOMECHKIIATYpPa BhINYCKAEMBIX MPOMEIIDIEHHOCTHI0 HACOCOB
e COJIEPXKHT HACOCA, MAPaMETPbl KOTOPOro B TOYHOCTH COOTBETCTBYIOT TpebyembiM,
BuIGupactea Gmivkabutilt no napametpam, JIpn arom nNpeAacTaBaAsercs BO3MOXHOCTS!

M3MEHMIb XAPaKTEePHCINKY BBIGPAHHOrO Hacoca 3a cuer WIMEHCHHS! 4acTOThl Bpa-
uletina pabGovyero kosneca {(cM, pasn. 9, TaGn, 18) wiM ymenblcHHS iKAMeTpa KoJie-
ca 3a cuer nosipe3axu (cm. pasp, 9, tabn. 19) ;

MPOU3BecTH TONrOHKH pekiMa paboTel, H3MeHNB nuamelp BriGpainioro Tpy6o-
fIPOROAA WITH IIPHHATYIO KOHLIEHT PALKIO TUIPOCMECH,

6.10. Tlpn cyuecTBeHHOM H3IMEHEHIM THAPARIHYECKOTO CONPOTUBISHHA MMyJb-
NOUpOBOAA B 3aBUCUMOCTH OT ycnoBull TpancnopthpoBaHus H obGreMa NyNbMbl, MO-
cTvnaiell oT TEXHOJOrMYECKOTO Mpolieccd, PeKOMEHIYeTcd B LesiX COKpauieHns
HEeNpOH3ROJIIMENHOTO Pacxola SNeKTPOdHEPTrHd H yMeHbleHus aGpa3uBHOTO W3HOCA
o6opynoBaHua lpUMelieliHe NPUBOAA HACOCOR ¢ peryiupyemMoli uactoTofl BpaulcHHA.

7. MEPEKAYUBAIOIHE CTAHUHH

7.1, Komitononka nacocHofl cTaHUMM NPOH3BOJATCA B 3IBHCHMOCTH OT €€ pac-
MONOMEHHA 11 TeHMIale NPeAnpwITHS, penbeda MCCIIIOCTH, HATIPABICHHS W yCTOBHIt
OrBOJjA NMyJLNL OT CTANUMM, 3nanie HacociHoli cTaHuMy 1oinkHo umers HauBonee npo-
cTyio (GopMy B MNake U COCTOATL W3 OfIHOTO WM HECKONLKHUX MapaluleNnbHbiX Npone-
TOB € MHHHMaJTbHBIM HHCIIOM TUIOPA3MCPOB KOHCTPY KUKt 10 [UIHHE K BhICOTe.
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7.2. na o6ecneyenus Hapexuocrd paGoTbl CHCIEMBI THIPOTPANCIIOp1A Na Ha-
COCHBIX CTaHUMAX DOJDKHLI MPeAYCMATPHBATLCA pe3epBHbIC HACOCBI, KOJNHYECTBO KO-
TOPLIX PEKOMEHAYETCH MPpHMHHMAlh A0 COOTBEICIBYIOUIHM HOpMaM TeXHOJOTHYECKO-
Io NPOEKTHPOBAHMS,

7.3. B noMeuieHuH fy/bAOHACOCHON CIAHUMH TeXHONMOTHYecKpe o6OpyHoBaHHe,
apMalypy o 1py6onpoBOALIL CiefyeT pa3MenaTs ¢ yderoMm leobxoimocrn obecne-
YEHHA K HHM AOCTYMa mofeht uis 06cay X MBaHKHA, OCMO1pa HIK 3dMEHbI.

linpuuy npoxonos cnegyel NpHHHMATE, M

MEXAY MalliMitamy .., 1,2;

Mex/y cTenoft u Maluwioft .. 1;

MECTHbIX CyXeHMH npH cobinofeHN HOpMaNbHbIX paBouMX NPOXOHMOB MeX-
Ay MAWHHAMH M MeXUY CTEHOH M MalldHO#W, K MaluMHaM H MeXaHH3MaMm
ana obcnyxunduna M pemoura, K GakaMm, yaHaM M pe3epByapam ans o6-
CITYXHMBAHHI H peMonrd,., 0,9,

7.4. Pasmepnl (GyHARMEHTOB MOM arperaTbl HyNbiloHacocHo#t claHuMu BeIGHpa-
I0rca B 3aBUCHMMOCTH OT rafapu1oB arperara, IpYHTOBBIX YCIOBHA B COOTBETCIBMH
¢ AMHAMMYMECKHMMH M  CTraTHYe(KHMU pacueiamu, flpy npensapurensioft yciauos-
Ke HAcocoB Ha oTaenbHoM ¢ynaamMeHTe maccy (yHAAMEHTA PEKOMUHIYETCA H4a3aHa-
YaTh He MeHee Yem B 3 pasd npeBoCXosiLch coBCTBElNY 0 MacCy Hacoca,

7.5. NynpnotacocHuie clalliuy nepsoro noabema ¢abpux no oGoraieHwmo pya
cliefyer pacronarats B 3fjaHuMM Koplyca oboramuenus nubo na miomagke oborart-
TeabHbIX (abpuk B nenocpencTBeluol Gmuszocin 01 3uaHMa xopnyca oborawcHus,

Bo u36exdlHye 3aTOTeHMs HAcOCHBIX CldHUMA 11epBOro flofibeMa 1P OCraHoB-
Ke HacoCOB ClleQlyeT yCTpaMBalb aBapitiilible camMOTeuHble OTBOMALI, MO BO3IMOKHOCTH
C aBTOMATHUECKHM MepeKsiouelneM [OFOKa MyInbibl 43 3ymnda B asapuliibift oTBON
(JloTok), u aBapuiiHele Gaccefnnt (kamepbl), 00beM KO1OPLIX NOJ/bKEH Ha3HAYa1bCH
U3 pacyera npxema nynbner B Tedenue 0,5 u (1 u) pabo1bl NynbMOHACOCHON CranUUM,
ITpu stom pgomkHel 6er1b HpeRycmoipenbl 3deKTHBHBIE CpeiciBa JIJiA OMNOPONHE-
Hus aBapuitHbix OaccefiioB (kamep).

7.6. IlomewseHne HacocHOH clanuuM [OJDKHO LObITh 060pyAOBaHO APtHAXKHBLIM
NPUAMKOM BMECTHMMOCTBIO He Metiee 1—3 M~ nna c6opa OpeHaXHbIX BOJ, M Bof foc-
sie rugpoyfopkH NoMeuieHusi. YKIIOH Mona B MOMEUICHHH CTAaHUMUM JOoKeH Gbirb He
menee 1%, a ykisoH ApeHaxnoro norka — 1,5%, uro posvkHo obecrteynBath cBoGof-
HbIR I'WIpPOCMBIB ¢ HOJIOB H 1PAlCNOPTHPOBAHME MNPOAYKI1A CMBIBA K ApeHaKHOMY
APHAMKY. B KauecTse HPeHaHLIX PEeKOMEHAy1CA HACOCH runa "Itom™ wian ueut-
pobexcHrle camoscacuiBaounie nacocnl tuma HUC. Ina pegepBHpoBaliMa ApeHaxcHBIX
HAacoCOB [OMYCKAETCA HCMONBLIOBAIL BOAOCTPYAULIA MKeKTOp, NpMcoedMHEHHBIA K
CUCTeMeE YTUIOTHHUTENLHOR BoaLL.

7.7. Onsa sxkciutyarauun o60pynosanus, apmMalypel M TpyGONpOBONOB RACOCHBIE
CTAHUMH LO/KHb! OLITh 060pPYIOBAHLI 3/1EK 1 pUMECKHM B 1 PalldM W,

7.8. B otmenvio crosieft HacocHOR CTAHUMK HOMKiA GbI1h NPCAYCMO1PEHa MOH-
TaXHad NNOMAAKA A IpoBeleHMs YKPYNHHIeNLHOH cOOpKH. pemol1a H peBUH3uUM
ofopyloBaHHA M apmalypbl. PasMepnl MOHTRXHON NMNOUIAIKH B IUIAIC ONPEQENsion-
cA raGapuramu npuMensemoro oGopyHoBaHusi, NpuOIMKeHHEM KPIOKA KpaHa W BH-
AoM BHeuuiero tpaxcnopra., HocTtasnaTe ofopynoBaHHe, apMaTypy M Marepuansl Ha
MOHTRXHYIO IUIOWAAKY cCjieflyel HapyXHbIM MOHOPENLCOM, ABTOKPAHOM, ABTOMAlLIH-
Hol unH neGeaxolff. B nomenienun nynbiloHaCOCHON ClaHUMH YA MPOH3IBOACTBA MEJ-
KOr0 PEMOHTA CleAyeT lIpellyCMaTpUBaTh MacTepckyl Wi csobopmoe mecro ans
YCTAHOBKH BEPCTAKA M HEOGXO/IMMOT0 MeEXaHUYeCKOro 060pyoBa Ui,
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7.9. Tlpu pa3paboTike apXHTEKTYPHO-CTPOMTENBHBIX peulcHuil oTOensHo cTos-
LUMX HACOCHBIX CTAHUMI cCTle/lyeT mMpejlycMaTpHBaThL CAHW1apHo-BuITOBBIC K cnyxkeb-
Hele noMeinelinsa. CocTaR 3THX NOMEIUCHHH W MX ITOKa3aTellH HAa3HAUAOTCH B COOTRET-
crBaM ¢ TpeGoBannaMHu "CaHUTapHbIX HOPM TPOCKTHPOBAHUA MPOMBIULIEHHKIX fpen-
npusTuii® CI1 245-71.

8. PACYETDBI YCTPOHUCTB 3AINMUTLI OT TH/IPABJIIMYMECKHX YIAPOB

8.1. TflpwinHaM¥W BO3HHKHOREHHS T[IJIPABJIHNCCKHX YNAPOB (pe3koro UoBbIIe-
HWA [aBJIEHNA) B HANOPHBIX KOMMYHHKAUMAX MOTYT RBISITRCA: PE3KOE 3JAKPBITHE
KaKOoro-~IH6o 3aMopHoro ycTpolicTBa, 3aKyNnopKa NyNRIONpOBOAa, pe3Koe HIMeHEHHe
TIIOTHOCTH TYNBNLI, Bile3aliHasg OCTAaHOBKA HACOCA, cKOMIIEliMe BO3JlyXa B OT/AENLHBIX
DOBLIEHHEBTX YHACTKAX NYNBITONPOBOJIA.

8.2. ITpu SnicTpoM TEPEeKPBLITHH MTOTOKA NYJIRILI ¥ UPH OTCYTCTBHY B MYyNBIE CBO-
GoRHOrO BO3NYXAa MAKCHMAJIBHAN BeNHYKIIA NpEeBLIUICHUSA JaBJicHUA Hap pabounm (rum-
pasnHueckoro ymapa) & P B nynsionpoBofie onpesensercs no gopmyne H.EXKykos-
CKOT'O:

AP = aph vig, (70)

Ifle @ — CKOpOCTh pACIPOCTPAHEHHSI y[Hapuol BonHel B IyJsisflonpoBome, m/c (npH
Ppa6 <3 MIla oupepensercs no 1abn. 17, npu GonpUINX [aBNEHUAX ~ TIO ClleUHanb-
HbiM Merofukam); Oy — gaMetieHne CKOPOCTH IBHEHHUA Jynblbl, M/c, npUHHMaceT-
CA PaBHbIM Vp; § — YCKOpeHHe csoGoanoro napenus (9,8 m/c”),

TaGnunua 17
CKOpOCTH PaclpocTpaliciiis BOMHEE THAPABIHYECKOrO
ynapa, M/c, il GBHKCHI NyTBIBI ¢ YACTHLAMM TBEPHOTO

Boytpennnit] Tonmuuna

nHaMer CTEHKH

nymenor  |mymeno-  |[MATEPMAN KpyGHoctho, MM
nponona, | posoua, o 3 Gornee 3

MM MM MUKCH- MIHH- MaKCH- MHHH-

I @@I_l_:l_l_ﬂf__LwJ:d_ylbﬁﬂf __|_manpuas J_Manbnax___
200 6 1250 1200

200 8 1250 1150

300 9 1150 1060 1100 1100

400 10 1060 970 1020 930

500 10 970 920 930 860

600 12 920 850 860 800

700 12 850 790 800 740

800 12 790 740 740 680

900 15 740 720 680 640

1000 15 720 640 640 580

1200 15 660 640

8.3, Mlpu MereHHOM MEPEKPHITHH MOTOKA YJlbOBl H MPH OTCYTCTBHR B HYsib-
ne ceoBoiHoro so3ayxa &P onpegensiercs 1o gopmyrie:

OP=20pAv/ftg), (1)

roe | ~ prvna npoGera yaapioft BosHbl MO 11yJILNONPOBOAY OT MYNKIOHACOCHON CTaH-
UHH [10 NlepeKpblBacMOlt 3a[IBHXKH, M; {3 — BpeMs 3aKPBITHS 320BHKKH, C,
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8.4. Ilna samMrILl NYABNONPOBOHVB OT [ KUPABJMYECKHX yRapos Heobxoammo
cobmonare TpeboBaMME K 1pdcce NyNBUONPOBOHOB, npeAaycMolpenusie Clull
2.05.07-85, a Taxxe MOXKIO NpeRyCMATPHBATL Cle/lyIOIHE METOABL H CPEICTBa:

cbpoc nynenel Yepes Hacoc B 06parHom HanpasjieHus;

BIlYCK BO3[1yXa B IIOTOK NYJIbllbI;

NpenoXpaHuTe/iblibie YCTPORLIBY €O CPE3HBLIMH 1AAbUAMM, PAIPLIBHBIMM wafi-
GamHu 1 T.0.;

BO3YLIHbIE KOMIGHHBL K ApYHe rdCHl e/ THAPaBIHYeCKHX YAapOB.

8.5. B BepxuHuX TOUKaX MepesioMOB NPOMONBHOIO MpodMAs TPACCH HANMOPHBIX
NyNLNONPOBOAOB  CleAyeT MNpeaycMaTpHnals BIYCKHO-BLUlYCKHBIE Kianaust (Ban-
Ty3bl) [/ BLIIycka Bo3gyxa J[[uamerp BIYCKHO-BBIIYCKHOIO OTBEPCTHA BaHiyda
dg onpenensercs 1o dopmyne

dy =D /0,9 vp/vyos, (72

roe ¥gg3 - CKOPOCTH ABMXEHHS BO3[YXa, OPHEHTHPOBOUHO NPHHUMAETCS NPH ONOPOXK-
Hexd pasHoél 1015 m/c, npu HanonHenun tpy6onposopa — 40—-50 m/c.

8.6. Mpu dg, paBHom300-400 MM, Ha NYILNONPOBOAE CNEMYET YCTAHOBM1L Hec—-
KONBKO BAHTY30B ¢ CYMMApHO#fl TUIOINAMEIC BRYCKHO-BBINYCKHBIX OTBEpClUit pas-
HOH# nnowagx nxamerpom dg.

8.7. BoainyuiHble KOJIOHHLL PEKOMCHAYETCA YCTaHaBAMBArbL BGNIM3M oyarops rua
PABNIMUECKHX yNAPOB — OOpPATHLIA KJANdHOB, OKOJIO HACOCHBIX CTaHuuit. [luamelp
KOJIOHH MNPpMHMMAE1CA paBHLIM WIH GOJLUIMM OHAMETPR 3aLHUIAEMOro MNyJBIOIPO
Bofia, O6bemM kosloHH Vi mpH atMocdephom dasnedud (o6rem Bo3ayxa), Heobxomu-
MBIA NI yMeEHBIIEHHA MAKCHMANbLHOrO AABJlelHs NpH CUApaBAMYECKOM ygdape [0
HONYCTHMOH Be/IMMMHLI, MOXHO ONpedeHTh N0 ymnpouiedHo# dQopmyne H.EXKy-
KOBCKOTO

Vie =KD? wptyn Hy* | (HolD), (73)

rne K - xoadduuMenT, npuiHMaeMbiil paBibIM 2,2 NpY YCTAHOBKE KOJIOHHBI Ha Ma-
ricTpaid, # 1,1 — npu ycraHoBKe KONOHHBL ¥ 3afABHXKH Wi o6partHoro Knamaga;
tyn — a3a ynapa, pasHas Lfa, c; H; — rHapoAHHaMHYecKOE JiapjieHHe B KOJIOMHe,
npHHMMaeMoe pasBibiM Hg, M; Hy — Harlop, pasBuBaemeli nysnavnouacocom, My H —
OOlYCTHMOE faBJicHMe B 1py0ax, uCcXOoUus H3 MX RPOYHOCTH € yueloM ruapoabpasus-
HOro M3Hoca, m, L — nnuna nynpnonpososd, M.

8.8. B MUOTOCTYHEHYATLIX CUCTEMAX IHAPO1PAHCIOP1d € NOCHEAOBAIC/BHO COe-
OHHEHHBIMM HAcOCAMM HA HACOCHBIX Cl1AHUMAX CileAlyeT MPeayCMATpHBATL YC1aHOBKY
racuiesnell rHOpaBIMYECKOTO ylapa ¢ oBpaTHBIM KJlanasoM ABOHHOTO AefcTBiA U 06-
BojHol TpyGoit (Galinacom).

8.9. MNpu Heob6xomumOciu Gonee NETANLHOro pacyera I'uPOPMHAMMUECKMX IMa-
paMerpoB MOXXHO BOCMOJNIL30B41bLCA ''PyKOBOACTBOM NO 33aU(HTE HANOPHEIX [MAPO-
TPAHCMOPTHLIX CHCTEM OT IWap¢s/ideckuX ypapos BCH 01-81, pajpaboraHHbImM HH-
CTHTYTOM ropxo mexauuku AH I'CCP,

9. BLIBOP ONTHMAJILHOTO CITOCOBA PETYJIHPOBAHUA
ITPOR3BOAUTEIBHOCTH CUCTEMbl THAPOTPAHCIIOPTA

9.1. Cucrema rugpoTpaHCcHOpra B NpoUecce 3IKCIUYalaunu MOXeT GBITH BhIBEHe-
Ha M3 PacyeTHOTO PeXHMMd B CHNY BJHAIILE HA ee pabory MHOHX dK10POB: H3MeHe-

26



H}sl KOJIMYECTBa MYJIBNBI, NOCTyMaouied OT TeXHOIOI'WYECKOro npouecca Npemrpus-
THA, H3MelieHHA YCIOBHH TpaHCIOPTHPOBaHuA (JanpHOCTH TPAHCUOPTHPOBAHHA Ha
KapTy HaMbIBa, BBICOTHI KapTel HaMme1Ba, TnyOuHbl pajpabatoiBacMmoro 3aGos), uame-
HEHHA THIPABJIHYECKO! KPYIIHOCTH MaTepHana, H3Hoca HacocoB H Ip. B sTux cnyuagx
It NOMICPXAHHA ONTHMANBHOro pexxHMa paboTbl CHCTeMbl THAPOTPAHCIOpTa HOMK-
Ha peryJHpoBaTLCH €€ NPOH3BOIUTENbHOCTE.

Ipy NMpoeKTHPOBAHHM CHCTeMbI THHIPOTpaHcropTa HeoGxomMMo BuIGpaTh crOcol
peryjiMpoBaHust pexuma paGoThl HacoCOB, KOTOPBIH ONTHMHU3HPOBan Gbl paboTy cHc-
TeMbl B 3a/1aHHOM [IHaNa30He H3MeHeHHA NPOH3BOAUTCIBHOCTH,

B nocnensine ronwr paszpa6oTaHkl HOBbie criocoObl U ycTpoficTBa perynHpoBaHHA
TIpOH3BOAMTENIBHOCTH CHCTEM THapoTpancnopra, PerynuposaHHe o6bemito#t momaud
Nynslbl N03BOJIAET CHHU3MTH pacXompl GassacTHoX BOOB! M TeM caMbiM 3Heprosarpa-
Tbl Ha THOpoTpaHciopr, Kpome TOro, 3a cuer peryjdpoBainf CKOpPOCTH JBHXEHHA
Ayneiibl NPH TPAHCIOPTUPOBAHHH MenkodpakUMOHUBIX matepHanoB (xsocrow ¢io-
TaUHU YyraeoboraTHTenbHeiX $abpHK, TOPHOOGOraTHTEABHBIX KOMGUHATOB K OpP.) MOX-
1o obecrneynTs MUHHMAIBIBIA H3HOC U COOTBETCTBCHHO MAaKCHMATLHYI0 AONTOBEYHOCTH
THWIPOTPAHCNOPTHOrO 060pyaoBanMs,

3a kpurepmit onTuMaIBHOCTH cnocoba perynupoBanus TPHHHMAETCS MHHUMYM
NpHBeNEeHRBIX PACXOA0B, ONpenensieMbit TEXHHKO-3)KOHOMIMECKUM DPACYeToM.

9.2. OnpepensiouuM 371eMeHTOM MpH BbiGope crocofa perynHpoBaiHs NpPOU3BO-
NUTEeNBHOCTH CHCTEMBI THAPOTPAHCNOpPTa SABJIACTCA e¢ Ha3HauyeHHe B oOuie#t TexHono-
rHYecKOH Uenyu NpefnpHATHA., B COOTBETCTBHH € 3THM CHCTEMBI I'HMOPOTPAHCNOPTa MOX-
HO pasfienyTh Ha NIBE I'PYIIILL,

K nepsoit rpynne oTHOCATCA CHCTeMbl I'MOAPOTPAHCIIOPTA C 3eMCHapsifaMy, Apeld-
HasHayeHHbIe TONBKO ANA NMepeMelieHHs HePYNHBIX MaTepHaIOB H He CBA3aHHbie C Ipy-
'MMH TEXHOJIOTHYECKHUMH MpoueccamH. 33“8‘{6“ PeryJyiipoBaHus JUIA TAKHX CHCTEM
apngerca ofecreyeHHe MaKCHMANIbHON NMPOM3IBOAWTENBHOCTH o TBepaomy {Jy. OcHoBs-
Hple CMocoOnl perynupoBaHHsg MPOU3BOJIMTENIBHOCTH THAPOTPAHCIIOPTHOR CHCTEMBI
3eMCHApAIOB NpHBedeHb B Tabn. 18.

TaGnuuma 18

Cnioco6 u ycrpoHcrso O6nacTs npuMeHEHHS TexHieck e HaHHbIe
peryaHpoBaHus

1, H3meneRue vacrorsl apauqe-
Rus 3nexTponpueooa .
YactoTiisie mpeoGpa3oBaTesiy ACHHXPOHHbIE KOPOT- Yacrora Toka f =5 =
(tuna IKT-160 u np.) KO3aMKHYTbIE H peaK- <80 I'y, n=0,92-0,87
THBHBIE 3IeKTPONBU-
raTe/iM MOLIHOCTRIO

no 200 xBr
AcCHUXPOHHRUA peryRHpyeMBbIit Acuixpornnple 3nexTpo-  Yacrora Bpauienus ko-
neurarens APJ1-250 nRuraresu ¢ ¢asielM po- Jsleca Hacoca n — 5§25~
TOPOM MOIIHOCTHIO 700 06/mun
250 kBt
AcHHXpPOIHO-BeRTHABHEI Kackal  To xe, Ilnanason perynuposa-
ABK (c yacToTHBIMM peoGpazo-  moluHocrhio 100— ung (1,0-0,7) nyom
Batesamu [TABIC-TON2) 2000 xBTt npu 11 =0,96 uacrora

Toka [ =0,5 50 Iy
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peryndpoBasnus

Cnocob6 # ycTpoAcTBO ]

Cucrema CABK-4/18 — perynu-
pyembifl CHHXpOHHBIR (BEHTHIIB-
HEIf) ABHraTeNb C THPUCTOPHBIMH
npeobpasopatensimMu

YCKATeNH YacrOTHbIC BLICOKO-
BonbTHBIE THNa [TUB-6000/400,
TTYB-6000/800 (cuciema no
X3IM3)

I1. Hamenenue cxonvicenusa 08u-
2aTenR OTHOCUTEAbHO NPUBOOHO-
20 gapezara (nacoca)

HUupykTophsie MyQTHI CKOTBXKE-
wua (UMC

T'upponvnamuyeckue mydibl
(XappxoBckuit 3asop "Kounu-
LHOHED')

. Hamenenue duamerpa paboue-
20 Koneca Hacoca

flonpeska pabouxx Koriec 110
nHaMe1py

Hannaska pabounx xornec 1o
IHAMETPY

1Y. IMoaviwenue ecacviaaroujed
CNOCOBHOCTU CucTemMbl

JKeKTOpHOE yCTPOHCTBO

Horpyxso# 6ycrepubiit Hacoc
OTknoyeHse 01AENLHBLIX HACOCOB
B CHCTEME, CKOMIIOIIOBAHHOA M3
arperaTos pa3jiMuHOH NMpou3so-
OHTENLHOCTH

H3MeHeHHe YacTOThl BpallieHus pabove-

To Koeca Hacoca OT iy Ao n;

28

CuHXpOHHbIE 3NEKTPO-
IBHFaTENH MOILHOCTEIO
630-1000 kBt

To xe,
moLnocTeio 1000
H Oonce KBt

MpuBonst HacocoB
mouyiocTeio 1o 200 kBr

To »e,MOLHOCTRIO 10
130 kBt

Ins ymeHplICHHs
00 beMHON nopayu nyfe-
Mbi HACOCOM

It noBLiuteHKUs Hano-
pa Hacoca

T'uppotpancnopr u3
rinybokux 3abos

To xe

Kpynusie cuciemsl rug-
poTtpancnopia oboraru-
1ensHLIX Pabpux, 3a80-
nos, 'P2C

IIpodonxcenue rabn. 18

Homuuanetbil nepe-
JiaBaeMbIil KpyTAIUMA
MOMEHT oT 75 10
200 krm, (uns My@r
HMC75 =HMC200)
N=n®

Cootnoiuelue paGo-
4UX napaMeTposn

cM. B Tabn. 19, pua-
Na3oH H3MeHeHUsA
JMaMerpa Koneca
(1-0,9)

ANana3od uimeHe-
HMs JiaMel1pa Kolle-
ca (1-1,08)

OnTUMH3NpYETCAH 110
P 1p max

Toxe
OnTUMH3INpyeTCcs Mo
pexumMy paGoTei
(NpoH3IBOAHTENIBHOC-
1H) UpCANPHATHA

Tabnuuna

Coornouietive paGoynx napamerpos

NPH peryJiHpOBaHUH

Opu Hpeop =0: Quom/Qi = Ruom/ni



NapameTpsl
O, Hy, Ny, Hasie — niogaua, Hanop,

MOLIHOCTE H 1ONYCcTUMAA BAKYYMMET-
pWUECKAast BLICOTA BCACBIBAHHA NMPH
CKOPOCTH BPAUIEHUS My om’

Qi,H,',N,',H‘H’gE — Te e MapaMeTpbl NpH
CKOPOCTH BpameHus nj

Hjy — npepbinetine 6apomMeTpHYECKOro
OaBJ/IeHNS Hajl aBlleHHeM TApOB nepe-
KauHBaeMOH XHAKOCTH

HNMonpeaka paGovero koneca oT

Tpodoaxenue rabn. 19

Coornouretine paGounx napameTpos npu
peryJjupopalnu

Hyll | = (ginp?
NulNy = (yopa/np) 3

AN

Bak H2on

=Hy - (Hy — Hyax

) (ilngom)

Mpu I} ey > 0 cooTHoLIEN e NapameT-
poB omipeiensieTcs rpado-aHATHTHIECKHM
criocobom

Dy1/Dy €Qyp/Q1 — nonycrumas pestuun-

K RO DK] Ha o6TOuKH

IMapamerpsr*
On, Ay, Ny — nonaya, Hanop # Moiu-

HOCTB HacOca ¢ HOpMAansiibIM paGoium
konecom Dy

01/Q2 = D¢y D) L6

01,H{,Ny — Te xe napamMeTphi ¢ Tox-

HyjHy = Dy, /D) 25
pe3aiHbIM KojslecoM O0 Dy 1

QK{p — Mopaya, COOTBETCTBYIOUIAR KpU- NNy = Dy 1{DK) 4
THYECKOH! CKOPOCTH TPAaHCTIOPTHPOBAHHS

[Jannaska paGovero koneca ot Dy no
Dyun

TMapamerpnl

Qun/Cn = (DKI;m/D,Ql,G

Hyn! Ty = DxeqnnlDi) 2,5
- 4
NIHI/NH - (DKIFHI/DK)

Cun, Hun,Nuyp — nofiaua, Hatop ¥ Moul-
HOCTh HAcOCA ¢ Hary1aBneHHRIMH JToNac-

TAMH KoJleca

Ko BTOpoli rpymnne MOXHO OTHECTH 1HIPOTPAHCIIOPTHHIE CHCTEMKl OGOTaTHTENL-
weix abpux, saponoB, TIC, UX 3apaua — obecrnieyuTsh nepeMeiucHne OfipeaenieHHoOTo
KOMHYeCTBA TBEPOr0 MarepHana (OTXOMOB TMPOH3BOACTBA), Koropoe 0GYycnoBIIEHO
NPOH3IBOOHTEILHOCTHIO MpednpuatHa., B 3atux venopuax  TeXHHKO-3KOHOMHYECKHE
MOKA3aTeNTl CHUCTeMbI THOPOTPAHCHOPTA ONpPele/IRIOTCA KOHUEHTpauueR nynsniel S,
noaromy cnoco€ pery/JHpoBaHHKs 30eCh OoDKeH oGecrneYWTh TPaHCMOpT MOCTYMHBILE-
ro o6BbeMa Ny BNl NPH MEHHAMAJIBHBIX 3HEPreTHIeCKHX 3aTpaTax.

TakHe CHCTEMbl THIpPOTPAaHCNOpTa TNPUEKTHPYIOTCA, KAK H3BECTHO, Ha MAaKCH-
ManpHY NpPOH3IBOAHTENHHOCTh, NMO3TOMY peryJjiHpOBaTh NPOHIBOHTENBLHOCTh HacoOC-
HOH ycTAaHOBKH NPHXOOHTCH B CTOPOHY €€ yMelBLIeIIHA,

9.3. HauGonee pauHoOHANLHBIM CNOcOGOM peryTHpoORaHNs NPOHIBOLUTENBHOCTH
HACOCOB AB/AETCA H3IMEHEHHE YacTOTH! Bpawlelind paboUuero koneca Hacoca.

Jluana3oH perynudpoBaHHS YacTOTHI BpallleNMs MNPHBOJAA Hacoca OfNpefensercs
no popmyne
74)

The nypoy — CTAHAAPTHAA 4acToTa BpaUIeHWA HeperyJHpyeMoro IpHBoa, COOTBETCT-

B n =ngom — Nmins
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ByIOlIAA TaCHOPTHON XapaKTepUCIHKE HACOCA; Mpyyn = Muom N/ Nuom/Nmax — mu-
HMMAaNBHAA YacTOTA BpalleHust NpHBOAA Hacoca, TpeGyemas Mo ycnosBHAM IKcnayara-
UMH CcHCTEM THApoTpaHcropia, Npyyu; — MOUIHOCTB 3JIEKTPONIPUBONA, KOTOpas rpe-
OGyercd Inst NepPeKayky [yNbAbLl ¢ MWIMMANBLHLIMH [ApaMeTpaMi TpaHCROPTHPOBA-
Hua (Qn pun> Hinn) ; Niiom — MOILHOCTL 2J1eK1pONpHBOLA, fpebyeMas ANA nepexay-
KH Oynbilsl ¢ MAKCHMAUTBHLIMHM [APAMETPAMM  TPAHCHOP (HPOBAHM  (KOTOpblE NpH
NPOEKTHPOBAIHK NPHUAILI B KauecTBe HoMMaeHbIX O nom; Huom) -

Cpennsna BenMyuHa riyGHHbl pel yJIMPOBAaHUA TPOU3BOMMTENLHOCTH NI KPYMHBIX
xenesopyanbix T'OKou oupenensercs 1o dopmyne (Qn yom — @n mun)! Cn nom H
cocrannsieT 10-12%.

Mpu BuIGope crnocoba perysMpoBaHHs ! MOPOTPAHCIIOPIHBIX YCTaHOBOK, paSolalo-
WHX HA YJaJleHHH OrXofoB oGoTailleHus HEPYOHOro Chipbf, AHANA3OH peryJHPOBaHHS
NpOHIBOAMTENLHOCTH OfpefensieTcss a OCHOBE BeAWYsHBI HOPMArMBHOTO KO3(hdu-
LMeHTa HEPaBHOMEPHOCTH MOJayK Lbipbst 1ia oGoraTurenbHyo ¢pabpuky.

9.4. Ina olecheyenuss Hajle)KHOCTH paGOTbl CHMCTEMBl THAPOTpANCNOpTa € yue-
TOM PerynupoBaHus ¢¢ NPOU3BORUTENEHOCTH HeobXOQMMO NpPOM3BECTH TMPOBEPOUIILIK
I'MApaBJIMYECKHA pacyer CHCTEMBI [UIM HIDKHEH FPaHHubl PACHEINOrO AHANasoHa pe-
ry/MpOBaHHs,

9.5, [InA perynupoBaHus 3/eKTPONPHBOXA CHC1EM THADOTPAHCIOPIA MHCIWTY-
tom BHUWUInckTponpusos pa3paBoTaHbl acHMHXPOHHO-BeHTHJsHBIC Kackame!r (ABK).
Cucrema ABK crpomnrcst Ha ocHose arperatos cepim THII-2 (rupucTopHBIe MHOAHBIE
npeoGpazosatenu), BoilyckaeMblx CapanCKHM 3aBOAOM  “INEKTPOBLIIPAMUTENS,
H CTaHUMi ynpaB/ieHHA, BbiMycKaemblX YeGOokcapckuM 3MEKTPO4NNAPATYPHLIM 3a-
sogom Arperatsl THOYI-2 npeanasxayeHsl IS MIABHOTO peryMpoBaHMs CKOPOCTH
BpaleHHA ACHHXPOHHBIX [BUrarenel ¢ ¢asHsiM pOTOpOM MomHocrsiw ot 100 no
2000 xBTt, ¢ HOMHHaNBHBEIM TOKOM portopa Ao 2500 A M HOMHHANEHBLIM HanpskeHHEM
no 1700 B, pabounm Hanpspkernem poropa fo 700 B, Texuuueckue gauible arpera-
toB TAI1-2 npuseneHst B TaGn, 20

TaGénuua 20

Tun arperara Homu- TMapamerpsl poTopHo# nens | JTutefnoe
HaJb- ABHrarels HanpsHKeHue
HAf MOIf- | ———— =~ ———— nyraounieH
HOCIb, Hanps- HOMH- cBepx- | ceru, B
KBt Ketue HanepHBIA | rok ¢a-

npu MH- | Tok dasel,| bl A
HuUManmb- | A

uolt cxo-
pocry, B L
_______________ —_— el ———
TOI2-0630/400-1T 360 350 400
630 1100
TAMN2-0630/400-2T 720 700 400x2
THOIM2-1250/400-1T 720 350 400
} 1250 2200
TOM2-1250/400-2T 1440 700 400x2
THI12-2500/400-2T 1440 350 400
} 2500 4400
TIM2-2500/400-4T 2880 700 400x2

ITpumeuanue Yacrora Tona nuiaowledt cern 50 Ty, poropHo#t uenu 0,5-
50T
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fIpuson ABnNAETCR MEPCNEKTUBHRIM [UIA MYNBIOHACOCOB, 0GOPYNOBAHHLIX ACHH-
XPOHHBLIMK INIEKTPOABHIATENISIMH C KOPOTKO3aMKHYTLIMH POTOPaMH  MOUIHOCTHIO
mo 200 xBrt. PaspaBoranu npeoGpazosatenyu cepuit IKT momuoctsio go 500 xBr.

AcHHXpoHHBIt perynupyembil amuratens tuna APH-250 moMunancuo# mouwHo-
creio 250 kBT npegHasznaveH [uis MpuBopa HacocoB Tuna 12p-8T u nonoGHeIX emy
no napamerpaM, oGecrieyupas u3MeHeHHe YACTOTHI MX BpaleHHs B Auanasone 525...
.. 700 of/MuH; HOMIANbHOE Hanpsmxerue ctatopa 6000 B; HomMUHanbHBIl TOK CTa-
Topa 21,5 A; macca anektpoppurarenss — 3760 wr; ukaga ynpasnedus — 1150 kr.
Bo3MOXHO BKIWUEHWe AaCHHXPOHHO pEryJipyeMoTO JIBUI'aTens B €OMHYI0 CHCTeMYy
ABTOMATHYECKOrO YHPABNCHUS TEXIHUSCKUM IPOECCOM BCEro NPeANPUSTHS,

Perymupyemsift snexrponpuson no cucreme CABIK-500-4/18-YXJ14 umeer yn-
POILEHHYI0 CWIOBYIO YaCTh M YTPOUIEHHYIO JIOTMKY B CpaBHeHMH C NPHBOJIOM ¢ myc-
wkarensamu [TUB-6000/400 u TIYB-6000/8G0 zasoma XIM3, uto obccneyunaer emy
KITIT 92-93%. Kpome toro, on tpeGyer ropasno menbuicit momanu (pasmeuieHye
npeoGpaszoBaTenei [TYB-6000/800 Tpebyer nomeurerutsa pazmepom 9x12 m).

10. BLIBOP ¥ PABMEBIEHHE KOHTPONTBHO-H3MEPHTEILHBIX
TMPHBOPOB B CHCTEME r'HAPOTPAHCIIOPTA

10.1. OcHoBHBIMH 3a/1anaM# KOHTpoJILHBIX HalnlomeHHd npoiecca TpaHCNopIa
ABIAIOTCA TNPOBEPKa COOTBETCTBUA (DAKTHYECKHX [MapaMcTpOB CHCTEMBI THIPOTpaH-
criopra 3afaHHBLIM, OUEHKA KONMYECTBZ TPAHCIOPTHPYGMOTO MaTepuana, ofipenesne-
Hue abpasuBHoro #3Hoca tpybonpoBonos u oBopynoBatud,

10.2. IInst xoHTpons paboTsi M yyeTa NMPOHIBOAHICHBHOCTH CHCTEMB! THAPOTpAH-
crnopta Moxer 6plTh NMpUMeHeH KOMINIEKT Tpufoposn, palpaGoraHueiXx HHCTHTYTOM
rigpomexadiky AH YCCP. Ha puc. 5 B kauecTse npumMepa NMpueeneHa cxema yCTaHOB-
KH KOMIlekca npuGopoB 1Ha HUCXOIAIUEM HAKJOHHOM NyNLAOHpoBOe.

1312

Puc. 5. Cxema pasMeureHHA KOMIUICKTa NpHOOPOR KOHMIPOIA H y4eTa NPON3IBOAKTeTh-
HOCTH CHCTEMBI THAPOTPANCHOPTA

I u 2 — aupmadomerpbl JIM COOTRETCTBEIHO TOTHOMEpAa M pacxogomepa; 3 — oT-
GopiuK napirelud [WUOCOBLIA nioTHOMepa; 4 — OTCTORNIMK C 3NACTHYHBIM pasenure-
neM; 5 H 6 — oTGOPHHKH JABIEHKS PACXOOMEPA COOTBETCTBEHNO MMHYCOBEBIR i Tio-
comniil; 7 — T1py6ka mmmynecuas 12x2,5: & - xopnyc pacxopmoMepa 700/504 mwm;
9 — TpyGonpoBon HANMOPHLIN HaKINOHHBIA nHamerpom 500 mm; 10 — namiuk mapo-
BOH — OTGOpHMK paBneHnst MHMHYCOBEHIft mnoTHoMepa; /] — rpy6Gomposon HaNOpHLIA
ropulonTankHbiil puamerpom 500 mm; 12 — pene pasnienvst PII-MS (unn PI1-3-01) ;
13 — manomerp; 14 — Tpofinnk min coennnenua MMIyNbeRbX TpYBoK; 15 — wryuep
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10.3. Ina koHTpONs pacxona Myjbfbl BbIYCKAOTES HHOYKUMOHHBIE PacXojo-
Meprl UP-5 1, narorosutens — Tannunckufl npu6OpocTpOUTENBHEIA 3aBOL,

10.4. Ha BcacbiBaoouiem natpyOxe IyNnbllOHacoca IepBoll CTYNEHH PEKOMEHMY-
€TCA YCTaHaBJIMBATL MAaHOBAKyyMMeTp ¢ MNpefienamu uamepennsa 1,0—1,5 xr/cmz. s
M3MepeHHs NaBjieHMs Ha BXOMAE M BLIXOJE HAacoca peKOMEHNyercsi Ha BCachIBAIOLLEM
M HarHeTaTensHbIX NaTpybkax nylnbnonacoca BTopoft cryneHu (6e3 pa3phiBa NOToKa
Nyneibl) YcTaHaBiWBaTh HMatyuk tvna MO, nopxkmouennnifi K BTOpHMHOMY npubo-
py KCH-2-003 da 3amaHHbI#t HHTEpBAN faBeH,

10.5. dna u3mepeHua H 3anucH KoieGamuit nynbnoHacocoB PEKOMEHRYETCA HC-
nons3oBaTs BHOGporpadri M-BITI'MK c ranepanomerpamy MOOL1-2A u ceficMopaTyn-
kamu OCII ¢ ransBaHomeTpamu M002,

10.6. IIns onpepenieHHA BeNMYHHLI THIPABIHYECKHX CONpOTHBNEHHH Ha pa3niuy-
HBIX Y4acTKax Tpy0olpoBO[a peKOMeHAYE1CH HCIIONb3OBATH CAMOINHKUIYL({HE MaHO-
merpsl MTC-11 1 MTC-12, nudmanomerpst IM-5M u JIM-50 u nbe3oMeTpeL

10.7. [Onsi KOHTPOJIA COCTOSHMA CTEHOK METAsifiMuecKnx TpyGonpoBoooB MOX-
HO HCMOMBLIOBATE MOPTATHMBHBIC YNLTPa3BYKoOBhIe mpuGoper “Ksapu-16> (usrorosu-
Tens — KuunmHescxkui#t 3aBon 'OnextpoTounpubop’™) B KonuueciBe He MeHee ABYX
Ha CHCTEMY THAPOTPaHCNOpTa,

10.8. B cucremMe ruApOTPaHCNIOPTA HOJDKHBI TAKXKE MPenyCMATPMBATHECH CHEAYIO-
e npubopel: CYUETUMKM YacoB paboThl HACOCOB; YKAa3aTenu YpOBHS MyJbAbl C KOH-
TAKTHLIMH YCTPONCTBAMH B 3yMIipax NynuloHacocoB H HACOCOB OCBETNICHHOH BOLI;
pene ypoBHA B ApeHaXHLIX NPHAMKAX; TePMOMEIDbl ANA H3IMePEHHA TeMIEpaTypbl
MyA60LL K TEMIEPATYPHL MOJIUITHUKOB HACOCOB,
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IIPUIIOXEHHE 1

Pacverdnie BeNHIHHBI KPHTHIECKHX CKODOCTEH

H YAEN:HBIX NOTeph HANMOPA NPH THAPOTPAHCHOPTE NECKOB
H NeCYaHO-TPABWAHBIX CMecelt

Hanmeno- Oua- OTHOWICHHE TBEPAOTO K KUIAKOMY
BRaHue =7y + I B e T ma
TPYHTa Tpybo 1:5 1:7 1:10 1:15 1:25

MPOBO- | —— e e e e e e e e e b e e e

A3, MM Vgp Inkp Vkp I nkp Vip lnkp Vkp ] Inkp Vip Iyep
[Tecox 600 2,91 0,023 2,61 0,018 2,31 0,015 2,01 0,012 1,68 0,008
fblrne- 500 2,66 0,024 2,38 0,019 2,11 0,016 1,84 0,012 1,54 0,009
BATHIH 400 2,38 0,025 2,13 0,02 1,89 0,016 1,64 0,013 1,37 0,009
nph Ciy= 300 2,06 0,027 1,84 0,022 1,64 0.018 1,42 0,014 1,19 0,01
=13 250 1,88 0,028 1,68 0,023 1,49 0.016 1,39 0,015 1,09 0,001
[Tecox 600 3,91 0.039 3.5 0,032 3.11 0.026 i 0,02 2,26 0,014
MEJIKHHA 500 3,57 0,041 3,20 0,033 2,83 0,027 2,47 0,021 2,06 0,015
npH C‘p—"—' 400 3,19 0,043 2,86 0,035 2,54 0,038 2,21 0,022 1,85 0,016
=4 300 2,76 0,046 2,48 0,038 2,2 0,03 1,91 0,024 1,46 0,018

250 2,52 0,048 2,26 0,04 2 0,032 1,74 0,025 1,46 0,018
Mecox 600 4,2 0,044 3,76 0,036 3,34 0.029 2,9 0,023 2,43 0,016
cpenHe- 500 3,83 0,044 343 0,038 3,05 0,03 2,65 0,024 2,22 0,017
JepHHUC- 400 3,43 0,049 3,07 0,04 2,72 0,032 2,37 0,025 1,98 0,018
THIY ApU 300 2,97 0,052 2,66 0,043 2,36 0,035 2,05 0,027 1,72 0,019
Cp=3 250 2,71 0,055 2,43 0,045 2,15 0,036 1,87 0,028 1,57 0,02
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IIpodoaxcenue npun. 1

Haumeno- DNua- OTHolLIEHHe TBEPAOTO K IHKOMY
BaHHe METP | e e
TpyHTa TpyGoO- 1:5 1:7 1:10 1:15 1:25
APOBO- | ———qem oo e e
A3, MM | Pkp Inkp Ykp ]: Inkp Ykp inkp Vkp ikp Ykp Inkp
flecyano- 600 4,49 0,05 4,02 0,041 3,57 0,033 3,1 0,026 2,60 0,018
rpaBui- 500 4,1 0.052 3,67 0,043 3,26 0,034 2,83 0,027 2,37 0,019
Hasl CMech 400 3,66 0,055 3,28 0,045 2,91 0,036 2,53 0,028 2,12 0,02
C copepxa- 300 3,17 0,059 2,84 0,049 2,52 0,039 2,19 0,03 1.84 0,022
HHEM rpa- 250 2,9 0,062 2,59 0,051 2,3 0,041 2 0,032 1,68 0.023
Busa go 10%
npu Cp=2.3
To xe, 600 4,85 0,06 4.44 0,049 3,94 0,039 3,42 0,031 2,87 0.022
10-20% 500 4,52 0,063 4,05 G,051 3,59 0,041 3,13 0,032 2,62 0.023
npu C,,~ 400 4,04 0,066 3,62 0,054 3,21 0.044 2,80 0,034 2,34 0,24
=1,5 300 3,5 0,071 3,14 0,058 2,78 0,047 2,42 0,036 2,03 0,026
250 3,2 0,074 2,86 0,061 2,54 0,049 2,21 0,038 1,85 0,028
To xe, 600 5,53 0,074 4,95 0,06 4.39 0,048 3,82 0,037 3,2 0,027
20-30% 500 5,04 0,077 4,52 0,063 4,01 0,05 3,49 0,039 2.92 0,028
npu C,;~ 400 4,51 0,081 4,04 0,066 3,59 0,053 3,12 0,041 2,61 0,03
=0,7 300 3.91 0,087 3,5 0,071 3,11 0,057 2,7 0,044 2,26 0,032
250 3,57 0,091 3,2 0,074 2,83 0,06 2,47 0,047 2,06 0,034



ITPHJIOXEHHE 2

HomorpaMma 1l onpeaeienist KPHTIIeCK HX CKopocTeii
HYREARHBIX MOTEPH HAMIOPA MPH FHAPOTPAHCROPTE Pa3paGoranibiX FPYHTOB
H HEPYAHBIX MONEIBIX HCKOIMAEMBIX

iy o Uup.tfe D, s v 2(vVep)
{ »
g';g 8 ] Jz20
on 7 J600 ]
013 3
ar? s 1
on ] J10
01 1°% 3
009 4 J
008 1 ]
ao? 3 ] 400 ? 25
006 ] 304
005 03
300 1
904 15 - Jo2
1 ;
003 ] ]
f )
200 Jor

Hpaeu.rm HOA6308AH A H()M'(J?[)G.MJHOH

st onperienenust KPHTHYECKOH CKOPOCTH Viep HeoGXonnmo:

coenuiuTh upsamoil nuHuell 3anaunnie 3naveHuss § U D U NMONYYHTh TOUKY HA [po-
MexXyTouno# mxane @ ;

COCMHHIBL TOUKY, 110JIYYEHHYI) HA LPOMEXYTOUHOH 1uKMmic O, ¢ pacucTibiM 3Ha-
yeHuem Ha mkane W ;

Ha 1IKANe Viep NIPOYCCTH HCKOMLIH pely ibTarT.

Ina oupepenedns nunefiHpiX noTeps NANoOpa Mo fyisie in opu paGodelt ckopoc-
TH Py HCHOAB3yeTCA wikana A. Ha mefl KaxoMy 3HAYCHWO OTHOUICHHS vp/qu coaT-
BercTpyer KoahduumenT A, Ha wkoToprifl HEOBXOMHMO YMHOXHTE 3HAYeHHE AHNeRULIX
NOTeps Hanopa no nojie ig (NpH pacuerHoli CKOPOCTH)



IIPHJIOXEHHE 3

TexHwieCKHe XapaKTep HCTHK H I eHTPOOeMHLIX IPYRTOBLRIX RACOCOB

Mapxa Hacoca I [Topaya Hanop, | Yacrora | K[, % | Honyc- rMoumom Hopmartus- [Inamerp
- ——gm T M Bpalle- | He me- KaeMbI#f | Hacoca, HhIF pa3- |paboyero
M/u ajc HuA, Hee kapura- | kBT, He  imep mpo- [xoneca,
o6/MuH uMOHHEIR | Gonee XOZHOTO MM
3anac, M, CCUYCHHA
He bonee npoTOoY-
HOTO Tpak-
Ta, MM,
He meHee
_____________ b e - —_4 - de—_—
I'pT 50/1 50 13,9 16 1450 63 2 S 40 225
rg'r 1(%/20 100 27,8 40 1450 55 4 30 50 365
I'pT 160/71a 160 44.5 63 1450 57 5 70 55 434
I'pT 160/31,5 160 44,5 31,5 1450 66 S 25 55 32§
I'pY 160/16 160 44,5 16 1450 62 4 13 55 254
I'pT 400/40 400 111 40 965 67 5.5 85 85 515
I'pY 400/20 400 111 20 965 64 4,5 42 85 405
TpT 800/71 800 222 71 965 65 8 250 100 730
T'pT 800/71-B 800 222 71 965 65 8 250 100 730
I'pY 800/40 800 222 40 965 65 6 170 115 700
TpT 1250/71 1250 347 71 965 67 1,5 420 120 710
I'pT 1250/71-B 1250 347 71 965 67 7,5 420 120 710
T'pT 1600/50 1600 445 50 725 69 7 340 140 840
I'pK 1600/50 1600 445 50 725 69 7 340 140 840
I'pK 1600/50M 1600 445 S0 725 69 7 340 140 840
I'pY 1600/25 1600 445 25 725 65 7 170 140 650
I'pY 2000/63 2000 555 63 580 68 7 650 180 1050
I'pT 4000/71 4000 1110 71 485 73 8 1260 230 1390
rpT 8000/71 8000 2220 71 375 74 8,5 3200 310

M pumewvuanuasa: 1. OTKIOHEHHe HANOpPa OT BEJHYMH, YKa3aHHBIX B TabNHle foMycKaeTca B npedenax +5%. 2. Ins Haco-
COB C [eTansiAMHM [POTOYHOMN YacTH K3 a0pasHBHOrO MaTepHana Ha OPraHHYecKOH CBA3Ke MNM ¢ paGouHMMHM KONEcaMH, OCHAIICHHBI-
MU OTGOMHBIMH nONMaTKaMu, Ronyckaercs npuumMmars KIIII Ha 6% MeHee yxazadHroro. 3. MOWMOCTH Hacoca npy pabore Ha Ny
ne NOJKHA M3MEHATHCS NPONOPIHOHANILHO COOTHOLICHMIO TUTOTHOCTEH Iy LML H BOOEL.



LE

[TIPHJIOXEHHUE 4

TexHMYeCKHe JaHHBIE CTAILHBIX TPYS (31eKTPOCBapHbIe NMNAMOLIOBHBIE
# ciupansHowoBHsie FOCT 1070476 *; rpynna nocTaBku B, 0 = 340 MIla)

HuameTp Tpy6Gel Macca | m Tpy6, Kr, NpH TOMLUMHE CTEHKH, MM

MM

ycnoB- | BHeul-

Hb1# Hudt 1q 5 6 7 8 9 10 11 12 13 14
200 219 21,2 26,4

250 273 26,5 33,0

300 325 31,7 39,5 47,2

350 377 26,8 45,9 54,9

400 426 41,63 51,91 62,15 72,33 87,47 92,56 102,6 112,6 122,4

450 478 58,33 69,84 81,33 92,73 104,1 1154 126,7 137,9

500 530 51,79 64,61 77.39 90,11 102,9 1154 118,0 140,5 153,0

600 630 77,07 92,33 107,5 122,7 137,8 152,9 167,9 182,9

700 720 88,17 105,7 123,1 140,5 157,8 175,1 192,3 209,5

800 820 100,5 120,5 140,33 160,2 180,0 199,5 219,5 239,1

900 920 157,6 179.2 202,2 2244 246,6 268,7 290.,8 312,8
1000 1020 199,7 2244 2491 273.7 2983 322,8 347,3
1100 1120 219,4 246,5 273,7 300,8 327,9 3549 38L,9
1200 1220 268,83 2984 328,0 357,5 387,0 416,4
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