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I[MPAKTUYECKOE 3AHATHE 1

I'mapaBauyeckuid pacyeT BHIKUIHON JUHUM

TeopeTnueckasi 4acThb

Bormpocsl c6opa 1 moAroTOBKU MPOAYKIIMM CKBAKUH HEPA3PHIBHO CBSA3AHBI C
BONPOCAaMH  JKCIUTyaTalldd  JOOBIBAIOIIMX  CKBAXHH, YTO  OOYCIIOBIEHO
TUAPOJMHAMUYECKUM €IMHCTBOM PA3JIMYHBIX IJIEMEHTOB BCEM CHUCTEMBI JTOOBIYU
HeTU W ra3a. TexXHONOruss U XapaKTepUCTUKHU CHUCTEMbI cOOpa M MOJATOTOBKH
IOPOAYKIMHA OKa3blBAIOT MPSIMOE BO3JECWCTBHE HA IPOLECC SKCILUIyaTaluu
JOOBIBAIOIIMX CKBAXKHH.

W3BnedeHne U3 3aJieXku MIaCTOBOM HEPTU HA MOBEPXHOCTH OCYIIECTBIIAETCS
yepe3 cucTeMy A0OBIBAIOLIMX CKBaXUH. BMecTe ¢ HEQThIO U3 Help AOOBIBAIOTCA
3HAYUTENIbHbIE 00BbEMBI TUIACTOBON BOJIbI, KaK BBITECHSIOLIEIO areHTa, MOIyTHBIN
(HedTaHOI) ra3, TBEpAbIE YAaCTHUIl MEXaHWYECKHX IpuMeced (FOpHBIX IMOPO/,
3aTBepAeBIIEro IeMeHTa). [loaToMy CKBaKMHHas MNPOAYKIUS HEPTAHBIX
MECTOPOXKIACHUM BCErJa MpPEeACTaBIsieT COOOM  CIOXKHYIO  MHOro(asHyo
MHOTOKOMITOHEHTHYIO JUCIEPCHYIO CUCTEMY.

ITpombIicioBOE 00yCTpOCTBO TpeOyeT OONBIIOro 00bheMa KalHUTAIBHBIX
BJIO’)KEHMM, 3HAUMTENIbHAS JI0Jsl KOTOPBIX MPUXOAMUTCS HA COOPYXKEHUE CHUCTEM
cOopa U TpaHCIOpTa MPOAYKLHUH CKBAYKUH.

[Tox cuctemoii cOopa HEPTH, Ta3a U BOABI Ha HEPTIHBIX MECTOPOKICHHIX
MOHUMAIOT BCE OOOpYAOBAaHHE M CHCTEMY TPYyOONpPOBOAOB, MOCTPOEHHBIX ISt
cOopa MpPOIYyKIUHU OTIENIbHBIX CKBRXUH U JOCTABKH €€ /10 IIEHTPaJIbHOrO IyHKTa
MOATOTOBKHU HE(TH, Ta3a U BOJBI.

Cucrtema cOopa ¥ MOATOTOBKM HE(THU BKIIOYAET KOMIUIEKC MPOMBICIOBBIX
TEXHUYECKUX CPEACTB U YCTAaHOBOK, COETMHEHHBIX TpyOomnpoBogamMu. OOBIUHO Ha
MECTOPOXKACHUSAX MPUMEHSETCS HAlopHas repMETU3UpOBaHHAsA cUcTeMa cOopa u
HOJIFOTOBKU MPOIYKIUU CKBAKMH, TMOYTH IOJHOCTHIO MCKIIIOYAIONIasi MOTEpU

yTIIEBOAOPOIOB.



Enunoii yHuBepcanbHON cuctembl cOopa He(dTH, Ta3a U BOIbl HE
CYUIECTBYET, TaK KaK KaXJ0€ MECTOPOKICHHE HMEET CBOM OCOOCHHOCTH:
pa3mepsbl, GOpMBI, perbed) MECTHOCTH, MPUPOIHO-KIMMATHYECKUE YCIOBUSA, CETKY
pa3MelieHuss CKBaXKWH, CIOCOObI M 00BeMbl He(TH, Traza U BOAbI, (HU3HUKO-
XUMHYECKHE CBOMCTBA IJIACTOBBIX KUAKOCTEH U IpYyTHE.

['unpaBnuueckuit  pacder He(TSIHOW JHMHUM JOOBIBAIOUIMX CKBAYKUH
OazupyeTcs Ha UCHOJAb30BaHMU YypaBHeHus JI. bepHymwiu, 3amnucaHHOro
OTHOCUTENIFHO BBIOPAaHHOW IIJIOCKOCTH CpaBHEHUS JUIS JBYX CEUYeHH (ycTbe

JOOBIBAIOIIEH CKBAXKUHBI — BXOJI B CETIAPAIlMOHHYIO YCTAHOBKY):

vZ—v2
pg(zy —z.) + (py — pc) + ply—d) _ AP + Apye, (1.1)
2

I€ Zy, Zc— COOTBETCTBEHHO aOCOJIOTHBIC BEIMYMHBI HAJ IUIOCKOCTBIO
CPaBHCHHHU YCThSI CKBa)KHHBI U CEIAPATOPa, M; PyPc - COOTBETCTBEHHO JaBICHUS
Ha yCThE CKBAXHUHBI U cemaparop, Ila; vy,v. COOTBETCTBEHHO CKOPOCTH JIBHKCHUS
HeTH Ha yCTh€ CKBa)XXMHBI M TEpeJ]] BXOJOM B cemapaTop, M/C; p - IUIOTHOCTb
HedTH, KI/M; Ap,, —OT€pU IaBIECHUA HA TPEHHE IO IJIMHE IPH JBHKCHUU
Heptn nmo cemaparopa, Ila; Ap,. — TOTepu Ha MECTHbIE CONPOTHUBJICHUS
(3aaBWXKH, quadparMbl, TOBOPOTHI U T.J.).

[ToTepu Hamopa mo JyirHE TPyOOIPOBOIa MIPH YCTAHOBUBIIIEMCSI IBIXKCHHUH
onpenenstores mo ¢popmyne Japcu-BeiicOaxa:

lp Vv?
AP =g

(1.2)

rae | — mHa BRIKUIHOW TUHUH, M; dg,, - BHYTPCHHUH TUAMETP BBIKUIHOM
JUHUU, M; V — CpEIHSs CKOPOCTh JBW)KEHHMS B BBIKUJHOW JHHUM, M/C;A
KOA(PUIIMEHT TUIPAaBINUECKOTO COPOTUBJICHUS.

_ 2
ApMc - EP(V1 - VZ) /21 (13)
. 2
rae & - Ko3pUIMEHT TOTeph Ha MECTHBIX CONMPOTHUBICHHSX; (V4 — Vy)* —

MNOTEPsAHHAA CKOPOCTb HA MECTHOM COITPOTHUBJICHHH.



Koad¢unmenTsl noTepb Ha MECTHBIX CONPOTUBICHUAX ISl PA3IMYHBIX UX
BUJIOB (BHE3AITHOE PACUIMPEHHUE WM CYKEHHE MOTOKA, 3a/IBH>KKH, TTOBOPOTHI U T.
11.) IPUBOJATCS B CIIPABOYHUKAX.

Koadduiment ruapaBIuvecKuxX COMPOTUBICHUN A pPACCUUTHIBACTCSA TIO

COOTBETCTBYIOIMUM (POPMYJIaM B 3aBUCUMOCTHU OT PEKUMA ABUKCHUS KUTKOCTH.

A=T(Re,e), (1.4)
rae Re — yncno PeliHomnbca
e=2e/D, (1.5)

Trac e — a0COJIFOTHAS MEPOXOBATOCTb CTCHOK TPY6BI.

Uucno PeitHonbaca onpenensercs no Gopmye:

__vDp

Re o (1.6)

TJIe [t — TMHAMHUYECKas BA3KOCTD KHUIKOCTH.
CpenHsist CKOPOCTh OTPEACIISETCS

v=4Q/

T[ . dBH’ (1'7)
rae Q — 00bEeMHBIN pacxo]1 KUIKOCTH.
Ecmu Re < 2320, To TeueHUe >XKUAKOCTU JIaMUHApHOE (TMOCIONHHOE) U

MESPOXOBATOCTb CTCHKH HC OKa3bIBACT BJIMSAHHC Ha KOB(l)(bI/I]_II/ICHT

THIPABINYECKOTO COMPOTUBIIEHUS, A otnipeaensercs no hopmysie Ctokca
_ 64

A= (1.8)
[Tepexoausrii pexum 2320 < Re < 2800:

2,7
A = Re0,53" (1'9)

Ecou Re > 2800, To Teyenue >xuakocTu TypOysneHTHoe. TypOyieHTHoe
TEUCHUE XapPaKTEPU3YETCS XAOTHYHBIM OECIOPSAAOYHBIM JBM)KCHHEM YaCTHII
KUIKOCTH B sIpe TIOTOKA W JIAMHHAPHBIM TIOJICIOEM Y CTEHKH TPYOBL
XaoTH4yeckoe OCCHOpSIOYHOE  JIBIDKCHHE  YacTHI[  KUIAKOCTH  BBI3BIBACT
YBEIMYCHHUE 3aTpaT SHEPTHMH Ha TPEHHUE JKUIKOCTH, YTO TPUBOJUT K POCTY

kKod(durreHTa TUAPABINYECKOTO conpoTuBieHus. [Ipu TypOyIeHTHOM pexume



ABUKCHHA XKHUAKOCTH KOC—)(I)(bI/ILII/IeHT uApaBINYCCKOr0o COIIPOTHUBJIICHUSA MOXKET

ObITH ompesiesnieH no hopmyine brasuyca:

A = 2220 (1.10)

T Re025°

JIJist IPOCTBIX HAMOPHBIX TPYOONPOBOAOB MPU TEUEHHH B HUX JKUIAKOCTEH
TUAPABINYECKHI pACYEeT CBOJUTCS K PELICHUIO OJHOM U3 CIAEAYIOIIMX 3a]1ay:
® pacyeT NPOIMYCKHOHN CIIOCOOHOCTH;
® pacyeT HayaJbHOTO JIaBJICHMUS;

® pacyer JuaMeTrpa TpyOooIrpoBoa.

3amaua 1.1
Paccuutars JaBieHuE Ha YCThe Dy OOBIBAOIIEH CKBAXXWUHBI  JJISA
CJICAYIOIINX YCIOBUM: BHIKUIHAS JJUHUS TOPU30HTAIbHA, MECTHBIE COMPOTUBIICHUS

OTCYTCTBYIOT, JUTMHA BBHIKMAHOW JMHUK | = 3600M, BHYTpEHHHI AUAMETp JTUHUU
dy, = 0,1 M, nebut ckBaxkuusl Q = 280 M3/CyT, IUIOTHOCTh HEPTH Py = 865 KT/M;

JaBJICHUE TIEpe]l BX0I0M B cemnapatop p.~1,6 MIla, Bs3kocts HedTu p,= 5 mlla-c.

Pewenue:

Tak Kaxk BBIKMIHAsA JIMHUSA TOPHU3OHTalbHA, TO Z, = Z.YUWThIBas, 4TO
JUaMETp BBLIKUIAHOW JIMHHMM IIOCTOsHEH,Vy = V.. Torma ypaBHenue beprymim
3alMCBIBACTCS B BUJE:

Py = pc + Apy, (1.11)

IIpexne yem paccumrath Ap,,, ONPEAENIEM CKOPOCTh ABUKEHUS HEYTH

V:

.4 =4280/(86400-3,14-0,1%) = 0,413 m/c.
BH

PaccunteiBaeM unciio PertHoabCca;

o_ VP _0413:01:865
=W T s5-10%

Tax xak uncno Peiinonpaca Re = 7145 > 2320, To pexxum TypOyJIeHTHBIN

1 K03 (DUIMEHT TUAPABINYECKUX COMPOTUBICHUHN BBIYHUCIIAEM 110 (OpMYyJIe:

A =0,3164/Re%?> = 0,3164/7145%2°> = 0,3164/9,194 = 0,0344.
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PaccunteiBaeM Ap,; o popmyne (1.2):

Ap,, = 0,0344 2000865 0413° ) o M
Pan = % 0,12 - 4
Omnpenensiem 1o (1.4) naBneHrue Ha yCTbe CKBAXKUHBI

py = 1r6 + 01092 = 1,7 MlIla

Taxum oOpa3om, JaBieHHE HAa YCThe CKBAXHHBI JOJDKHO OBITH paBHBIM 1,7

MIlIa.

3amaua 1.2.
PaccuntaTh naBieHWe Tiepes; BXOAOM B cemapaTop IS CIEIYIOIIUX

YCJIOBUM: JJaBJICHHE Ha yCThe CKBaxxuHbl p = 1,82 MIla, nmuna L=14,1 kM, nedut
ckBaxuHbl Q, = 147 T1/cyr, minoTHocTs HepTH Pr=890 koM, d,, = 0,1 m.

BelkugHasg nuHHAS TOPU30HTalNbHA. BapuaHTel 11 pacyeTa NPEACTABICHBI B

tabnuite 1.1

Taomuma 1.1 — Ucxonnble naHHble K 3amaue 1.2:

BapuanTsl

[TapameTpsl
1 2 3 4 5 6 7 8 9 |10

JlaBnenue Ha yctee, MIla | 16 | 1,2 1182014 16|18 12 |20|24

JlnuHa BeIkuaHOM muumm, | 15 | 16 | 17 | 14 | 18 | 20 | 19 | 17 | 20 | 14

KM

Heout ckBaxxunsl T/cyt | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190

BapuanTsl
[TapameTpsl

11 112 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

JlaBnenue Ha ycthe, MIla | 16 |18 11,2 120 (2416|1218 |20|14

JlnuHa BeIKMAHOM muamM, | 15 | 16 | 17 | 14 | 18 | 20 | 19 | 17 | 20 | 14

KM

Heo6ut ckBaxunbl T/cyT | 120 | 130 | 140 | 150 | 160 | 200 | 210 | 220 | 230 | 240




BapuanTsl
[TapameTpsl

21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 29 | 30

JlaBnenue Ha ycthe, MIla | 1,2 120 /24116 (1218201416 |18

JlnuHa BeIKMAHOM muanm, | 13 | 17 | 14 | 12 | 18 | 19 | 20 | 21 | 22 | 23

KM

He6ut ckBaxunsl T/cyT | 200 | 210 | 220 | 230 | 240 | 150 | 160 | 170 | 180 | 190

Bompocsr:

1. Kakoit HedTenpoBo Ha3bIBACTCS BHIKUIHBIM?

2. TlonsaTne cucteMbl cOOpa U MOATOTOBKU MPOTYKIIMHA CKBAKUH.
3. OOwscHUTE cMbICH ypaBHEeHUs bepHymu.

4. Yto onpenenser uucio Pelinonbaca?

IHNPAKTHUYECKOE 3AHATHUE 2
Pacyer nponyckHO# cClIOCOOHOCTH BEPTHKAJBLHOI0 TPABUTALIMOHHOI'0

cemaparopa

Teoperuuyeckasi 4acTh
PacueT nanHOro BMja anmaparta BEIeTCs AJI ra30BOM U >KHJIKOU (a3.
Jlnis ra30BO a3kl pacCUUTHIBAETCS MPOIMYCKHAs CIOCOOHOCTH cemaparopa
V., nipH, U3BECTHBIX AuaMmeTpe cenaparopa D., Tepmobapuyeckux ycioBUSIX B HEM
(p. T¢) m cBoiicTBax a3 (Py, Prs Mus Hr)-
Hcxoas u3 ocakaeHus B ra30BOM MOTOKE KUJIKMX U TBEP/bIX YaCTHUI B TIOJIE

3
CHWJIBI TSIKECTH, MAKCUMaJTbHAsS TIPOITYCKHAsI CIIOCOOHOCTH TI0 Ta3y, M /CyT.

2 2 _

cHrZ

1€ Vimax — MaKCUMaJbHasl MPOIYCKHAS CIIOCOOHOCTH CemapaTopa Io Tasy,

PacxoJ KOTOPOro MPHBEICH K HOPMAIBHBIM YCIOBHSAM, M /cyT; D. — BHyTpeHHHil




9

nuaMeTp cemnaparopa, M; O, —muaMerp Karmu KkuakocTd, M (dy, = 1+107% m); p. —
JaBieHue B cenaparope, Ila; T, — remneparypa B cenaparope, K.

Hexons u3 yclioBUEM BCIUIBITHSA Iy3bIPBKOB ra3a JBWXKYILIEHCS B cenaparope
He()TH, MaKCHUMallbHas MPOIMYCKHas CIIOCOOHOCTh Cemaparopa MO KUAKOCTH,
M°/CYT.

2 _
Qumax = 36964D2 LPx=PD 2.2)

My
-3 .
rae d. — muameTp my3sIpbka raza, M (MokHO mpuHATH O, 1-10™ M); p, —
Bs3kocTh HedTH [la-c.

["a30BbIi QakTOp paccuuThiBaeTCs Mo popmyre:

Vr.max
F - Q)K.max’ (2.3)
3amaua 2.1

PaccunTtaTh MpOMyCKHYIO CIIOCOOHOCTHh BEPTUKAIBHOIO TI'PABUTAIMOHHOIO
cemapatopa auamerpom D.=1,2 M. Kuzakas daza — HeQTh MIOTHOCTBIO p,; = 852
Kr/M> (mpu naBnenuu B cenaparope p. = 1,6 MIla, temneparype Tc = 293 K) u
BSI3KOCTBIO MPU ATUX YCIOBUSX W, = 6 mlla-c. IInmoTHOCT raza B HOpMaJIBHBIX
YCIOBHSIX pro = 1,35 kr/m°. BsiskocTh Tasa B ycaoBusx cemaparopa i, = 1,3-107
[1a-c. KoadpduuueHnt z npuHsaTh paBHbIM 1.

Pewenue:

Hpe,Z[BapHTeJII)HO BBIYUCJIAEM ITIJIOTHOCTH I'a3a HpI/I YCHOBI/UIX B CeHapaTOpe
Ty  135-1,6-273
r=Proy Tz~ 0,1-293-1

P = 20,12 kr/m3

I[lo d¢opmyne (2.1) paccuuTbiBa€M MaKCUMAJIbHYIO  IPOIYCKHYIO
CIOCOOHOCTH cenaparopa 1o rasy

v _842:1,2%11,6:10%(1-107*)?+(852-20,12)
rmax = 293-1,3-1075-1

= 4,23 -10°m3 /cyT.

[IpomyckHasi CHOCOOHOCTH IO KUIAKOCTH

122.(1-1073)2 -
Qm_max _ 36964-1,2°+(1-107°)=(852—20,12) — 7380 M3/CYT.

6:1073
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Takum 00pa3om, Mpu 3aaHHBIX YCJIOBHUSIX B JaHHOM cemaparope Oynaer

3¢ (dEeKTUBHO cenmapupoBaThbes HEPTH C COACPKAHUEM B HEH 10

[ =423 EL 573m3 /M3 rasa.

7380

3anaua 2.2

PaccunTaTh MpOMyCKHYIO CIIOCOOHOCTh BEPTUKAIBHOTO TPABUTALMOHHOTO
cenaparopa (pacdeTHbIe JaHHBIE cMOTpH B Tadsmie 2.1) quamerpom D.. Kuakas
¢aza — He(Th IOTHOCTHIO Py (TIPU JABJIEHUU B Cemaparope p., remmneparype Tec =
297 K) 1 BA3KOCTBIO IPH 3TUX yCIOBHX L, = 5,5 Mlla-c. IlnoTHOCTH raza B

3
HOPMAJIBHBIX YCIIOBUSX Pr, = 1,25 Kr/M°. BA3KOCTB Ta3a B yCIOBUAX cemapaTopa i,

=1,35-10” IMa-c. Kosbduuuent Z npuusth pasabiM 0,93.

Tabmuia 2.1 — Mcxoanble qaHHBIE K 3aa4e 2.2

ITapameTpb! BapuanTsl
1 2 3 4 5 6 7 8 9 | 10
Huamerp D, M 161218201416 (18|12 |20 |24
[TnoTHOCTE HETH 850 | 860 | 852 | 865 | 840 | 820 | 870 | 850 | 860 | 840
P, KT/M
JlaBnenue B cenapartope, | 1,6 | 1,8 | 1,7 | 15|16 |1,7|16 15|16 |17
MlIla
ITapameTpb! Bapuantsl

11 |12 | 13| 14 | 15| 16 | 17 | 18 | 19 | 20

JHuamerp D, M 161812 /20 /24|18 20|14 |16 18

[TnotHocTh HepT | 855 | 865 | 850 | 860 | 845 | 825 | 875 | 855 | 865 | 845

Py, KI/M®

JlaBnieHue B 141161313517 (175]15|165|18|1,45
cenaparope, Mlla

[TapameTpsl Bapuante!

21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

Huametp D, M 1212012418 (20(12|18|20(14 |16
[TnotHOCTH HEDTH 860 | 845 | 825 | 875 | 855|865 | 840 | 820 | 870 | 850

Py, KT/M°

JlaBnenue B 131351717515 (17 1516 |17 |16
cenaparope, MlIla
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Bormpocsr:
1. KoaduimenTsl, XapakTepu3yromye COBEpPIICHCTBO cenapaTopa.
2. OCHOBHBIE KaTE€rOpPUH CEMapaTopoB.

3. Ilo kakum mapameTpaM pacCUUTHIBAIOTCS CEMapaToOPhI?

[MPAKTUYECKOE 3AHATHE 3

OmnpeneseHue ycJoBH TrHAPaToO00Opa3oBaHMs IPH  TPAaHCHOPTe

IIPUPOJAHOIO ra3a B 3a/ilaHHBIX TEXHOJIOTHYIE€CKHUX YC/I0BHUAX.

Teoperuuyeckasi 4acThb
['a3zoBble  THApaTel —  TBEpAble  KPUCTAJUIMUECKHE  COCAMHEHUS
oOpa3zyroniuecs TpU  ONpEACICHHBIX  TepMoOapUuecKux  yCioBusAX  (Ipu
OTpHUIIATEIBHBIX TEMIIEpATypax WM MOJIOKUTEIBHBIX TEMIIEpATypax /10 HECKOIBKO
JIECSITKOB TPAJYCOB M BECbMa BBICOKHX JIaBICHUIX) M3 BOJBI (KUAKAs BOAA, JE,
BOJSHBIE Tapbl) U HHU3KOMOJEKYJSIPHbIX Ta30oB. K TakuMm TazaM OTHOCSTCS
IPUPOAHBINA a3 U €ro COCTABIISIIONINE — METAH, 3TaH MPOMaH, KUCIopo, a3or, CO,
U Jp. Ta3bl.
[TocnencTBus 00pa3oBaHus rUAPATOB B TPYOOIPOBOIE:
— CO3/IaI0T COMPOTHUBIICHHE NMOTOKaM He(TH U ra3a;
— 3aKymnopka TpyOonpoBoja;
— CPBIB THIPATHOM MPOOKHU, MOKET MIPUBECTHU K Pa3phiBy TPyOOIPOBOIA;
— TOBpEXKIACHUE 000pYAOBaHUS TIPU JOOBIYE.
Metob1 60pBOBI:
— TOAJep:KaHue TeMIIePaTyphI BBIIIE TOUYKH 00pa30BaHuUs THIPATOB;
— OCYyIICHHE Ta30B Iepe TPYOONpOBOAHBIM TPAHCIOPTOM (YMEHBIIICHUE
TOYKHU POCHI);
— MOJJep>KaHUEe JaBJIEHUSI HUKE TOUYKU 00pa30BaHUs THIPATOB;
— BBEJEHUE MHTUOUTOPOB TUApPaTOOOpa3oBaHus (ISl TPEeIOTBpAICHUS

3aTBEPAECBAHUS CMECH).
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OcHOBHBIMH (haKTOpamMu THIIPATOOOPA30BaHUS SIBIIAIOTCS BIAKHOCTH rasa,
€ro COCTaB, JIaBJICHUE U TEMIIEpaTypa B ra30MpOBOJE.

[Ipumensembie  uHrHOUTOpPHl  (MeTaHonm  CH30OH,  sTuiEHIIMKOMD,
JUATUICHIJIMKOJb, TPUITHIECHIIIUKOJIb, 30%-HbIi pacTBOP XJIOPUCTOTO KaJbLMS U
T. JI.) TPOIECCOB TUAPATOOOPa30BaHMs CIIOCOOCTBYET CHIKEHHUIO TEMIIepaTyphl
rUApaTo00pa30BaHuUA.

HeoOxoaumblid pacxoj MHTHOUTOpPA MOXHO BBIYHUCIUTH MO CIEAYIOIICH
bopmyie:

q= (W, —W,)-C,/(C; — Cy), kr/1000 »> (3.1)

rae Wi, W, — conepkanue Biiard B rase J0 M MOCJI€ BBOJAa MHTHOUTOPA,
kr/1000 m° rasa;C,, C, — maccoBas KOHIICHTpAITUSI CBEXEro U OTpabOTaHHOTO
uHruouropa, %.

Bnaroconepxanue raza omnpenensercs s AaHHBIX TEPMOOApUUYECKUX
ycioBui 1o puc. 3.1.

TeMneparypa Hauana ruaparooopazoBanus t, onpeaensercs no puc. 3.2 nis
3aIaHHBIX OTHOCUTEIBHOM IJIOTHOCTH ra3a U Ha4aJdbHOTO JABJICHUS Ta30IPOBO/IE.

3aTeM BBIUUCISAETCS MOHM)KEHUE PABHOBECHOW TEMITEPATYpPhI

At=t -t , (3.2)

rae t— TeMmmeparypa Havajia rugparooodpasoBanus, °C; t— Temmeparypa B
KOHIIE TazonpoBoja, °C.

[Ipu w3BeCTHOM TOHIKEHWHM PaBHOBECHOW TemriepaTypbl Atmo puc. 3.3
OTIPENIEeTISIIOT MaccoBOE cojiepxkaHue oTpadotanHoro areHta C,. PaccuutbiBasi mo
(3.1) g,ompenensIoT CyTOUHBIN PACXOJ] areHTa

Qeyr = Qa'vr; (33)

rae V,— CyTOYHOE€ KOJIMYECTBO TPAHCIOPTHPYEMOIO IO Ta30mpOBOLY

3
rasa, ThIC. M /CYT.
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Pucynok 3.1 — Bnarocoxaep:kanue NpUPOJHBIX Ta30B B 3aBUCUMOCTH OT

JaBJICHUS U TEMIIEPATYPBI
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Pucynok 3.2 — KpuBbie paBHOBECHBIX YCJIOBUU THAPATOOOpPa30BaHUS B

3aBUCUMOCTH OT OTHOCUTEIbHOM IJIOTHOCTH rasa
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Pucynox 3.3 — 3aBUCUMOCTH CHIDKEHHUSI TeMIIepaTypbl 00pa3zoBaHUs

TUIPATOB OT MAcCOBOTO COJIEpKaHUS Pa3IUYHBIX XMUMHUYECKUX areHToB: | —
CaCly; 2 — CHz OH; 3 — TpuaTHIIEHIIIHKOIIb; 4 — muaTuineHriukonb (IJ00); 5 —

OTHJICHIJINKOJIb.

3axaua 3.1.
PaccunTaTh KOMMYECTBO HHTHOUTOPOB VIS CIASAYIOIINX YCIOBUHN JTBHKCHUS

raza mo ra3onpoBOJly: HadallbHOE JAaBliecHWE Ta3a B razompoBoge 0,981 Mlla

2 0
(10xrc/cm®) u temmeparypa 0 C; KOIWYECTBO Tras3a, TPAaHCHOPTHPYEMOTO IIO
3
razonpoBojy, paBHO 900 Teic. M*/cyT. OTHOCHUTENbHAS TIOTHOCTH Ta3a Mo BO3AYXY
0,7.

Pewenue:
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CornacHo HOMOIpamMMe, KOJIMUeCTBa Biaru B Havase razomnposojga W, = 2,0
kr ma 1000 ™ rasza. PasHocTb W, —W, ngact KoOJIMYECTBO BOJBI,
KOHJICHCUPYIOIIEHCS Ha KaXKAbIX 1000n° raza:

AW =W, - W, =22—-20=0.2«kr

Temneparypa Hauaia 0Opa3oBaHMsSI TUAPATOB  OMNpENETseTCs U3
rpaduka. /st Hamero cimydas oHa Oymer +3,5 °C. BenMumHa MOHIKEHHS
paBHOBECHON Temmeparypel At, ompenensercss IO PUCYHKY, [Jis pacTBopa
XJIOPUCTOTO KaJIbIUsI COCTABUT:

At=35-00C=3,50C

I[To rpaduxy Haxommm, uro mis At = 3,5 OC koHueHTpaius oTpabOTaHHOTO
pactBopa xJiopuctoro Kaibuus paBHa 10% wmacc. Ilo ypaBHeHUIO ompenensiemMm
yaenbHbIN pacxon 30%-Horo pacTBopa:

q=0,2-10/(30 — 10) = 0,2 kr Ha 1000 m3
CyTO4YHBII1 pacxo]] COCTaBHUT:
Qeyr = 0,2-900 = 180 kr

Onpenenum konmdectBo JOI°, KOTOpoe cieayeT BBECTHM B MOTOK rasa Jjist
MpeoTBpaIleHUs: 00pa30BaHKs THAPATOB MPU YCIOBUAX, PACCMOTPEHHBIX BBIIIIE.

Havanpnas xonnentpanus 20 C; = 80%. Hns At = 3,5 0C nmo rpaduxy
onpenensem C, = 12,5% — konHnenTpanuo orpadoranHoro DI, koTopyr Haao
NOAJCPKUBATh JJIsl YKAa3aHHOW BEJMYMHBI CHHKEHHUS TeMIepaTypbl Hauaja
oOpa3oBanus rupatoB. [1o ypaBHEeHUIO OnpeesieM YASIbHBIA PacXo] TITUKOJIS:

q=0,2-12,5/(80 — 12,5) = 0,39 kr va 1000 M3

Cyrounslii pacxon 31" cocTaBurt:

Qeyr = 0,39 - 900 = 351 kr

3agaua 3.2.
PaccunTaTh KOJIMUECTBO MHTHOMTOPOB THIPATOOOpPA30BAHUS, TI0/IABAEMBIX B
ra3onpoBoj. YcinoBus JABWKeHHs raza Omnpenenensl naienueM (P,) u

TeMmrnepaTtypoi rasa (t,) B Hauaje rasonpoBojia u gasienuem (P,) u temmneparypoit



17

(to) B KOHIIEe Ta3omnpoBoja. M3BeCTHO KOJMYECTBO TpaHCHOpPTHpPYyeMoTo ra3a (Q) u
IJIOTHOCTh Ta3a MO BO3JyXy, a TaK € HadaJlbHbIE KOHIEHTPAIMKM HUHTHOUTOPOB

(Cy) cm. Tabmumy 3.1.

Taomuma 3.1 — Ucxoanble JaHHBIE K 3a/1aUe 3.2

No P, [tu| Po |t, | Q10° | p C,% | CL,% | Cp,.%
Bapuanra | MIla | °c | MIla | °C M/cyT meranon | JDI' | CaCl,
1 1,2 |20 0,2 -8 850 0,8 95 - 30
2 06 (10| 0,2 -8 880 0,8 - 75 30
3 15 |25] 0,3 -2 850 0,7 95 75 -
4 1 10| 0,2 |-12 830 0,7 93 75 -
5 1 15| 0,2 |-10| 920 |0,7 94 80 -
6 1,2 (20| 0,2 | -8 870 |0,6 94 77 -
7 15 |20 0,5 0 850 0,8 95 75 -
8 1 15| 0,2 |-10 800 0,7 - 80 30
9 1,2 |20 0,2 -6 875 0,6 90 78 -
10 1 15| 0,2 |-10| 940 |0,6 93 80 -
11 1,8 |25 1 5 880 0,7 95 70 -
12 4 |25| 02 |-12| 830 |0,6 95 70 -
13 0,8 |20| 0,2 |-15| 860 |0,7 80 78 -
14 1 30| 0,2 -2 800 0,8 - 75 30
15 15 |15] 0,6 0 850 0,7 93 70 -
16 0,98 (20| 0,19 | -7 900 0,7 90 12 -
17 1 (22| 0,3 0 920 |0,6 92 - 30
18 2 |25]| 05 0 850 0,8 93 80 -
19 25 |25| 0,2 |-10| 880 |0,7 95 70 -
20 3 30| 0,2 -6 850 0,6 80 78 -
21 4 30| 0,2 |-10 830 0,6 - 75 30
22 5 30 1 5 920 0,7 93 70 -
23 75 30| 02 |-15| 870 |0,7 90 72 -
24 10 |30| 02 | -2 875 10,8 92 - 30
25 1,25 |15| 0,6 0 940 |0,7 90 78 -
26 08 (10| 0,19 | -7 880 0,8 93 80 -
27 04 (15| 0,3 0 860 0,8 95 70 -
28 2 (20| 0,2 | -8 800 |0,7 80 78 -
29 25 (30| 0,2 -8 880 0,7 90 78 -
30 3 201 0,3 -2 850 0,7 93 80 -
Bompocsr:

1. TlonsATHE ra30BBIX THIPATOB.
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2. TlocnencTBust 00pa30BaHMs Ta30BBIX THIPATOB.
3. YcnoBus o0pa3zoBaHUs ra30BbIX THIPATOB.

4, Metoasl 00pbsOBI ¢ THAPATOOOPA30BAHUEM.

[TPAKTUYECKOE 3AHATUE 4

PacyeTr u3MeHeHUs1 THAPABIMYECKUX IAPAMETPOB TPAHCIIOPTAa He(PTH B

pe3yJbTaTe 0TJI0:KeHHs Napa(MHOB HA BHYTPEeHHEeH CTeHKe TPy0OOonpoBo/I0B

Teoperuuyeckasi 4acThb
[TapadguHOBBIE OTIOXKEHMS, OTJararolMecss Ha CTEHKax TPyOONpOBOJOB
MPEACTABIAECT CMeCh TBEPJBIX NapadUHOBBIX yriieBoAopoAoB cocraBa Ci,Hse -
C36H74, w TUOpPUIHBIX YIJIEBOAOPOAOB —IIEPE3UHOB —alIKaHO-HA()DTEHOBOTO

cocCTaBa C36H74' C71H144.

TexHUYECKHUI napaduH IIpeACTaBIIsCT u3 ceos CMECh:
[Tapaduubr  10-75%
CMOJIBI 10-30%

Acdanbrensr 2-5%

Cesiznas HedTh 10 60%

TBEpable  MeTaHOBBIE  YIJIEBOJOPOJBLI,  TapaduHbl, PUCYTCTBYIOT
MPAKTUIECKA BO BCEX HEQPTAX, UX COJACPIKAHME MOXKET KOJIeOAThCSA OT CJICAOB JI0
20-28%.

NHornma wx BiusSHME HA TEXHOJIOTMIO M TEXHHKY J00bIYM, cOopa
TpaHCIOPTa, NOJATOTOBKY U NMepepaboTKy HEYTU MOXKET ObITh PELIAOLIUM.

CocrosiHue napaguHOB B HE(TH 3aBUCUT OT TEMIIEPATYPHI U TABJICHUS.

OHU XOpOIIO pacTBOPSIIOTCA B HEeDTU TOMBKO TPU TOBBIINICHHON
temneparype (40°Cu Oomnee) Ttemmeparype. T.k. TIacToBas TemIepaTypa
He(TIHOU 3ayexku B OOIbIIMHCTBE cirydaeB Bbiie 40°C, To MOKHO MPUHSTH, YTO

napauHbl B IUIACTOBBIX YCIOBHIX 00pa3yloT B HE()TU TOMOT€HHBINA PacTBOP.
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[Ipu uzBneyeHun HePTH, T.€. MPU CHIKEHUU HABJICHUS, TEMIIEPATypbl U
pasrazupoBaHnM, €€ PacTBOPSIONIAs CIMTIOCOOHOCTh MO OTHOIICHUIO K mapaduHaMm
YMEHBIIAETCS. ITO MPUBOAUT K MEPEHACHIIICHUIO HEPTU MapapruHOM U TIEPEXOay
YacTU B KpPHUCTANIMYECKOE cocTosiHue. Ho 3TOT mepexoa MOKeT OCyHIECTBUTHCS
TOJIBKO Ha KaKOM-TO MOBEPXHOCTH. LleHTpaMu KpUCTAIIIM3ALHUN CIIYKaT BBICTYTIbL,
HIEPOXOBATOCTH MOBEPXHOCTH TPYO U MEXAHUYECKUE B3BECU B IMOTOKE HE(TH.

Mexanuzm omnoxcenusa napaguna

B pesynbrare oxnaxaeHuss HedTH MOJ BO3ACHCTBHEM OOJEe XOJOTHOU
OKpY’)Karolmel cpeabl B TOHKOM IIPUCTEHHOM CJIO€ BO3HHUKAET paauajbHbIN
TeMIepaTypHblii  rpagueHT. CyllecTBOBaHME pPaJAHAIBHOIO TEMIIEPATYPHOIO
rpaleHTa IpPUBOJUT K OOpa30BaHUIO I'PAJUEHTa KOHLUEHTPALUU PaCTBOPEHHOTO
napapuHa. 3a CcU€T 3TOr0 MPOUCXOJUT JIBHXKEHHE PACTBOPEHHBIX YaCTHUIL
napadpuHa K CTeHKE TpyObl MoJ JehcTBUEM MoJekyisipHoi mauddysuu. Ilo
JOCTIDKEHUHM 4YacTUIaMU TlapaduHa CTEHKA TPYObl WM TPaAHUIBI TBEPIBIX
OTJIO)KEHHI MPOUCXOAUT UX KPUCTAJUIM3ALUs U BbIICIIEHUE U3 PacTBOPA.

Ecnu Ttemmeparypa B INPUCTEHHOM CJIO€ HMKE YpPOBHS, IPU KOTOPOM
napauH HaYMHAET BBINIAAATh U3 HEPTH, TO U B IOTOKE HEPTHU OyIyT COAEPIKATHCS
KpUCTaUlbl TapapuHa, a >Kuakas ¢a3za OylneT HaxoIUTbCA B COCTOSHUU
TEPMOJIMHAMHYECKOTO paBHOBecHsi ¢ TBEpAoi (¢azoii. C yMeHbIIeHHEM
TeMrepaTypbl Macca KpHUCTaUIOB TMapaduHa, B3BELICHHBIX B  HedTH,
YBEJIIMYUBAETCS, & KOJIMYECTBO PACTBOPEHHOTO NnapaduHa — yMEHbILIAETCS.

Kpucrannsl napadguHa u UX CKOIJIEHUs, BO3HUKILINE HETMOCPEICTBEHHO Ha
BHYTPEHHE TMOBEPXHOCTH TpyO, M 00pa3yloT mnapa@uHOBBIE OTIIOKEHUS.
Kpucramnel napaduna, oOpazoBaBmiuecs B o0béMe HedTH, B (PopMHUpPOBAHUU
OTJIO)KEHHI MPAKTUYECKU HE YUACTBYIOT.

Dakmopol euAIOWUE HA OMIOICEHUE NAPAPUHOE

HEBXOAVUMBIMU ycnoBusiMu  00Opa3oBaHHsl OTJIOKEHUU  SBISIOTCS
ClelyIoLue:

* IPUCYTCTBHE B HEPTH AOCTATOYHOTO KOJIUYECTBA BBHICOKOMOJIEKYJISIPHBIX

YTIE€BOJOPOIOB MapauHOBOTO PSa;
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* CHWKEHHE TeMIlepaTypbl MOTOKa He(THU A0 3HAYEHUI, MPU KOTOPBIX
BO3MOXKHO BbIJeieHHe UX HedTu TBEPAON mapadunoBoil (asel. HeoOxomammbie
TEMIIEPATYPHBIE YCIIOBUS BO3HUKAIOT IIPEKJE BCErO HAa BHYTPEHHEM CTEHKE
TPYOBI;

* JOCTaTOYHO TPOYHOE CLEIUICHHEe TapaUHOBBIX OTJIOXKEHUH C
HOBEPXHOCTBIO TPYyOOIIPOBOAA, HCKIIOYAIOIIEE BO3MOXKHOCTbH IOJIHOTO CMBbIBA
OTJIOXKEeHUI MmoTokoM HegTu. Kpome TOro, BhISBIEHA poJib €€ psia (paKTopoOB.
OCHOBHBIMH U3 HUX SIBJISIFOTCS:

* repenajg TEMIEpaTyp: C YBEJIMYEHUEM Pa3HMIBI MEXIY TeMIlepaTypamu
OKpYXarolen cpeAbl U MOTOKAa HE(PTH KOIMYECTBO OTJIararouierocs napagpuHa
IIPOIIOPLIMOHAIIBHO BO3PACTET;

* TABJICHUE U Ta30BbIi (haKTOP: MPU JABICHUU BbIIIE AaBICHUS HACBIIICHUS
TEMIIepaTypbl Hayaja BbINAJACHUS NapauHOB BO3PACTAET C YBEJIUYEHUEM
JaBieHus. Eciin 1aBlieHME HWDKE JaBJICHHS HACBIIEHHS, TO IPH CHUKECHHUHU
JABJICHUsl HAOMIOAAETCS POCT TEMIEpATypbl Hayana KpUCTALIM3ALHUH, YTO
OOBSICHSIETCS YBEIMUEHUEM 00BEMA BBIIEISIONIETOCS ra3a, KOTOPBIM CYIIETBEHHO
BIMSET Ha PAacTBOPUMOCTh NapapuHa B HepTH M TemmepaTypy (IIOHMKaeTcs)
He(TerazoBoro rnoToKa;

* CKOpPOCTb TEUYEHMUS: HWHTEHCUBHOCTb HAKOIUIEHUS OTJOXKEHHHA C
YBEIMYEHHEM CKOPOCTU MOTOKAa HeDTH CHaudaja pacTET BCIEACTBUE YBEIWYEHUS
MaccoIlepeHoca, a 3aTeM — CHUXKaeTcsa. Takol xapakTep 3aBUCUMOCTH 00YyCIIOBIIEH
dakTopamu, ONpEEAOIUMU JUHAMUYECKOE paBHOBECHE MEXIY
MEXaHUYECKMMHU CBOMCTBAMM OTJIOKMBIIETOCS NapapuHa U THAPOAUHAMUYECKUMU
XapaKkTepucTHKaMu ToToka He(pTH. IIpu BBICOKMX CKOPOCTSAX TEUEHHUS IOTOK
CMBIBAa€T OTJOXKHUBIIMKCA TapapuH CO CTEHOK TpyO, dYTO OOBACHSIETCS
MIPEBOCXOACTBOM CHUJI KacaTelIbHbIX HANpsHDKEHUH HaJl CUJIaMU CLETUICHUS MEXIY
yacTuIaMu napadpuHa u TOBEPXHOCTHIO TPYOHI;

* CBOMCTBA IMOBEPXHOCTH: Ha HAYAJIBHOMU cramuu

NMHTEHCHUBHOCTD 3anapaduHuBanus 3aBUCUT OT CBONCTB TTOBEPXHOCTH

TpyOOnpoBOJa, T.K. IMIEPOXOBATOCTh MPH PA3BUTOM TYpPOYJIEHTHOM PpEKUME
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UHTEHCU(QULMPYET MEepeMEIINBAaHNE, a, CJIEAOBATEIbHO, W BBIIEICHHE raza Hu
napaduna. OmHako mocie oOpazoBaHUs cios mapaduHa HEOOJBIION TONIIUHBI
CKOPOCTb HAaKOIUIEHMsI OTJIO)KEHUH napaduHa yKe HE 3aBUCUT OT UHUCTOTHI
00paboTKu MoBepXHOCTU. OT XapaKTEPUCTUK TMOBEPXHOCTH 3aBUCHT MPOYHOCTD
CHEIUUIEHUSA napaduHOBBIX OTJIOXEHHH € MOBEPXHOCTHhIO. C yBeTMUYEHHEM
CTEIEHU MOJIIPHOCTU MaTepuaia U YUCTOThl 0OpabOTKU MOBEPXHOCTH CLIETIIICHHUE
ocnabeBaeT, ¥ CMbIB apaQUHOBBIX OTJIOKEHUN OYyAET MPOUCXOTUTh MPU MEHBIINUX
CKOPOCTSIX IOTOKA HEPTH.

* 00BOJHEHHOCTh MPOAYKLHU H: C YBEJIWYEHUEM JOJU BOJbl B IMOTOKE
MHTEHCUBHOCTb OTJIO)KEHUS] CHUYKAETCS 10 JIBYM IMPHUUYMHAM:

1)  U3-3a yBenwueHHs CyMMapHON TEIUIOEMKOCTH (TEIIOEMKOCTh BOJIbI
BBIIIE, YEM TEIUIOEMKOCTh He(TH) TemIeparypa IOTOKAa MOBBIIIAETCA, YTO
NUBOJUT K YMEHBIICHHUIO OTIIOKEHUS apaduHa;

2)  U3-3a u3MeHEHUs XapakTepa CMaYuBaeMOCTH TOBEPXHOCTH;

. ac(paybTO-CMOJIMCTHIE BEILECTBA: o0Opa3oBaHue IUIOTHBIX,
TPYAHOYAANSAEMBIX C METAJUIMYECKON IMOBEPXHOCTH MapaUHOBBIX OTJIOKEHUN
IPOUCXOAUT TOJIBKO MPU HAIWYUHU B HE(PTU acanbTo-CMOJUCTBIX BeleCTB. B nx
MPUCYTCTBUM TMOBEPXHOCTh OTJIOXKEHUH UMEET PA3BUTYIO LIEPOXOBATOCTh. llpu
OTCYTCTBUM — TIOBEPXHOCTh CTAHOBUTCS HJIEANbHO TJAJAKOW, a OTJIOKECHHUS
MPEACTABIAIOT COOOM CIOM C PBIXJIONW CTPYKTYpOHM M HHU3KUMH MEXAHHMYECKUMU
XapakTepucThuKaMu. T.e. mapaguH — OCHOBHOM MaTepuasi OTJIOKEHUU, a CMOJIbI
001a1al0T EMEHTUPYIOIUMHU CBOMCTBaAMH. Y CTAHOBJIEHO, YTO Ye€M OOJIbILIE CMOJI
uMeercs B HeTH, TeM 0oJiee MIIOTHBIE OTII0KEHHS 00pa3yrOTCsl HA TOBEPXHOCTH;

* KOMIIOHEHTHBIH cOCTaB HE(QTHU: OH HEro 3aBUCUT PACTBOPSIOIIAS
CIIOCOOHOCTh HE(PTH OTHOCUTEIbHO mNapaduuHa. Uem OoJblIe BBIXOA CBETIBIX
bpakuuii (Beikunaromux 10 350 °C) tem OosbIie BhINaaeT napapuHa;

* IUIOTHOCTh He(PTH: YeM Tsbkelnee HepTb, TEM XYK€ OHa pPacTBOpSET
napaduH, T.e. TEM UHTEHCUBHEE OyayT BbINaAaTh U3 TaKOH HEPTH apapuHbI;

* BJIMSHUE BPEMEHHU: C TEYEHUEM BPEMEHHM KOJIMYECTBO OTIIOKHMBIIETOCS

napaduHa  BospactaeT. Hambonplmas  MHTEHCHMBHOCTh  TNapadUHU3AIUU
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HaOJIIoaeTCsl B Havaje mpolecca, 3aTeM CKOPOCTh pOCTa OTJIOKEHUH CHUXKAETCS
U3-32 yYMEHBIIEHUS TEIJIOOTAAYd OT HE(PTH BO BHEIIHIO CpEAy BCIEICTBUE
YBEJIMYEHHUS TOJIIIMHBI OTJIOXKHUBIIETOCS €05 napaduHa.

Ilocneocmeusn evinadenus napaguna

* YBEJIMYMBAIOTCS THAPABIMYECKUE CONMPOTUBIICHHMS], CHH)KAETCS MPOIMYCKHAs
CIIOCOOHOCTH TPYOOIIPOBOIA;

* U3MEHAIOTCS PEOJIOTHUECKHE CBOWCTBA HE(PTH, BIUIOTH 1O OOpa30BaHHs
CTPYKTYpPBbI BO BCEM 00bEME HEPTHU U TIOTEPU TEKYUECTH;

* MUKpPOKpHUCTaUIbl NapaduHa, KpUCTAJUIM3YICh HA TpaHulle pasnuena (a3
BoJla-HE(PTh, CTAOWUIU3UPYIOT BOJAOHE(PTIHYIO SMyJbcUiO. BrocinencTBuu Ha
CTaJUM TOATOTOBKM HePTH I pa3pylIeHUs Takod 5SMYJIbCUU TOTpedyeTcs
MOBBIILICHHAS TEMIIEpATypa U JE3IMYJIbraTOpPhI.

Cnocoowt 60pbobl ¢ napagunuzayueit mpyoonpoeooos

a) MpeaynpexaeHUE OTI0KEHUN napadurHa;

0) yInajaeHue OTI0KECHUIA.

1. [IpyMeHeHrEe BBICOKOHAIOPHBIX CUCTEM COOpa CKBAaXKMHHOM MPOITYKLIUH.

2. [IpumeneHnue nenpeccopHbIX J00aBOK.

3. TepmoobOpaboTka HehTH

4. IlokpeITHE BHYTpPEHHEH TOBEPXHOCTH TPYyOONpPOBOJA TMOJSPHBIMU
MaTepuaniamu, O0OJIaJalolMMU HU3KOM ajare3nel K mnapa@uHy U HMEIOIIHX
IJIaJIKYO IIOBEPXHOCTb.

5. IlpuMeHnenne X0M0AUIBHUKOB — KPUCTAIIN3ATOPOB.

6. [Ipumenenue nonorpeparesne (yCTbEBBIX, TyTEBBIX )

7. Mexannueckasi OYMCTKA BBHIKUIHBIX JTHHUN OT mapa(UHOBBIX OTIOXKEHUHN
C IOMOUIBIO PE3UHOBBIX IIAPOB.

8. TemnoBoil cnoco® OYMUCTKM TPYOONpPOBOAOB OT MapaUHOBBIX

OTJIOKEHUI.
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3agaua 4.1

I[Ipu mnepekauke H©HehTH BA3KOCTH V= 0,04-10"*mM?/c, C pacxomom
Q=7,85am3/crio TpyOomnpoBoay BHYTpeHHHM guameTpoM d=100 MM u aOCOIIOTHO
DKBUBAJICHTHOW mepoxoBarocth A=0,2 MM TIOCTEIEHHO Ha €ro CTEHKax
oOpa3zoBajics cioi napaduHa TOIIUHON 0=5 MM.

PaccuuTaiiTe, BO CKOJIBKO pa3 U3MEHSTCS IOTEPU HAIMlOpa HAa TpEHUE?

Pewenue:

st pacu€ra moTepb Hamopa Ha TpeHue ucnoiibdyem Gopmyny [lapcu-

Beiic6axa:

L W?

th=}\'a'2g,M (41)

rjae hrp - IOTEps HAMopa Ha MPEOI0JICHUE TPEHUS 10 JUTMHE TPYyOOIpoBOa
KPYTJIOTO CEYEHUs TMpH J0OOM YCTAaHOBUBIIEMCS PEXKUME TEUCHHUS, A —
KOA(O(PUIMEHT THUAPABIMYECKOTO COMPOTHUBIICHUS, KOTOPHIH 3aBHCHUT OT YHCIA
Peiinonpaca (Re) 1 oTHOCHTENHHOM MIEPOXOBATOCTU CTEHKU TpyoOompoBona; L —
JuMHA TpyOompoBonaa, M; d — BHyTpeHHHMIA auametp, M; W — cpelHssl CKOPOCTb,
M/C; J — YCKOpEHHE CHIIBI TSKeCTH, paBHoe 9,81 m/c? .

UYtoOBl OTBETHTH Ha BOMPOC 3a7a4d, HYXHO HAWTH OTHOIICHUE IIOTEPh
HaIopa Ha TpeHHUE B 3amapaUHEHHOM TPyOOIPOBOIE K MOTEPSM B TPyOOIIPOBOIE

0€e3 OTJIOKEHUU:

[Tpown3BenéM pacuéT BceX HEM3BECTHBIX BETUIMH:
1. Juametp 3anapaduHEHHOTO TPyOOIPOBOIA:
d, =d; —2-68.(4.3)
d, =100—-2-5 =90 Mm.
2. CKopoCTh MOTOKA KUIAKOCTH B TPYOOINPOBOIE O€3 OTIOKECHHUI:

_Q__Q
S; 0,785-d3’

=
[

M/cC (4.4)

7,85:1073

=—=1 Mm/c.
1™ 0,785-0,12 /
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3. CKOpocCTh TIOTOKA KHUJIKOCTH B 3anapamHEHHOM TpyOOTIpoBOIe:
Q Q
W, = — = S —— M/C
7S,  0.785-d3 /
7,851073
27 0,785:0,09% 1,23 m/c.

4, [Tapamerp Peiinosnbaca:

Ww;-d
Re, = %(4.5)

W, -d
Rez = —2 2
\Y
1-0,1

Rel -2 = 25000,

0,04-10

1-0,09

Rez =2 = 27500.

0,04-10
S. OmnpenenuM pesxuM TSUCHUS
Re<2320 — namMmuHapHBIN; (4.6)
Re> 2800 — typOynenTtHbIi, 30Ha brasuyca; (4.7)
2800 > Re>2320—nepexoanblii pexum.(4.8)
6. Ecnmm ycTaHOBJICH JIaMHHAPHBIN PEXUM JIsi 000MX TPyOOIIPOBOIOB,

64

X—E,(4.9)
CJIEI0BATEIIBHO:

h_l B Rez d2 W_lz

7. Ecnu ycranoneH TypOyJeHTHBIN pexuM U 30Ha brasuyca s 06oux

TpyOOIPOBOJOB, TO:

h, Re(l)'25 d, Ws

hy B Re(z)’25 d, W_lz

8. Ecnu ycraHoBiIEHBI pas3Hble peXUMbl B TpyOONpoBOJax, TO

paccUMThIBaEM A JJI KaXI0r0 TpyOONpoOBOAa U BHIYUCIISIEM MOTEPU HAMopa:
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a) 1 30HbI briazuyca

}\iz

0,3164
Re0.25 !

(4.10)

0) 114 30HBI CMEIIAHHOTO TPEHUS:
= . (88 | ANo0,25

A =0,11 (Re + d) (4.11)

9. PaccuuteiBaem h, /h;.

T. k. B HameMm ciy4ae 3Ha4eHHE TlapaMeTpoB PeiiHoibaca yis
3amapauHEHHETO W He3amapaguHeHHOro TpyOompoBoaoB Oomnbiie 2800, ToO

pPEXUM TEUEeHUS B 000UX TpyOOINpoBoaax TypOyJIeHTHbIH, 30Ha brnasuyca, 3HauuT:

h, 25000%* 01 1,237
h,  22500%%° 0,09 12

= 1,403.

BI)IBOIIZ IIOTCPpU HaIlOpa HA TPCHHUC B BaHapa(bI/IHGHHOM TPY6OHpOBOIIe B

1,403 pa3za GoJbliie, 4ueM B He3anapauHEHHOM.

3aganmue.

CornacHo cBoemy BapuaHTy u3 TaOiuibl 4.1, TPOU3BECTH BBIUUCIICHUS

3agaun 4.1.

Taoauna 4.1 — UcxoaHble JaHHBIE K 3aga4e 4.1

HcxoaHble Bapuantsl
JaHHbIE 1 2 3 4 5 6 7 8 9 10
A0-4
VI\:ZO/C ! 0,052 | 0,048 | 0,036 | 1,00 | 0,076 | 0,1422 | 0,1376 | 0,0835 | 3,25 | 16,4
Q, ,Z[M3/C 8,45 9,15 | 10,00 | 7,85 | 6,85 5,495 4,71 8,64 7,85 | 8,15
d, Mm 117 129 219 100 100 90 90 150 100 | 100
A, MM 0,010 | 0,015 | 0,012 | 0,20 | 0,200 0,150 0,020 0,140 | 0,15 | 0,20
0, MM 6 7 8 5 4 6 5 6 55 7
HcxoaHble Bapuanrtsl
JaHHbIE 11 12 13 14 15 16 17 18 19 20
104
VD:S/C ! 0,05 0,04 0,04 1,0 0,08 0,2 0,24 0,08 3,00 13,4
Q, ,Z[M3/C 8,4 9,15 | 10,20 | 7,85 | 6,85 5,40 4,70 8,4 7,9 8,1
d, Mmm 112 123 209 100 100 90 90 150 100 100
A, MM 0,010 | 0,015 | 0,011 | 0,20 | 0,200 | 0,150 | 0,020 | 0,140 | 0,150 | 0,200
0, MM 6 7 8 45 41 6,2 5,4 6,1 5,0 7,2
Hcxonnbie Bapuantsl
NAHHbIE 210 [ 22 | 23 | 24| 25 | 26 | 27 | 28 | 29 | 30
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V';ZO /_:' 007 | 006 | 008 | 1,8 | 009 | 032 | 022 | 012 | 24 | 140
Q, am3/c 8,45 9,15 | 10,00 | 7,85 | 6,85 | 5495 | 4,71 8,64 7,85 8,15
d, mm 113 120 209 104 103 98 92 151 120 100
A, MM 0,010 | 0,02 0,02 | 0,2 0,2 0,2 0,04 0,2 0,2 0,22
0, MM 6 7 8 5 4 6 5 6 5,5 7
Bomnpocsr:
1. IlonsTue napadUHOBBIX OTJIOKEHUM.
2. MexaHu3M OTJIOXKEHUs napaduHOB.
3. DakTopbl OTJIOKEHUSI TapauHOB.
4. TlocnencTBus BbIafeHUs napaduHa.
5. Cnoco06sl 00pKOBI U MPEOTBPAIEHUS TAPAPUHOBBIX OTI0XKEHUH.
[TPAKTUYECKOE 3AHATHE 5
I'mapaBian4yecknil pacuer NPOCTHIX TPYOONPOBOIOB
Teoperuuyeckasi 4acThb
[Ipu fABWKEHUM peaTbHOTO Ta3a [0 TPyOONMpOBOAY MPOUCXOIAUT

SHAYUTCIBHOC IMAACHUC OaBJICHWA 110 AJIMHC B PE3YyJabTaTC MNIPCOAO0JICHUS

TUJAPABIMYECKUX COMPOTUBIICHUM.

l'az — cxumaemass cucrema. [Ipu 1BHXXEHUM raza Mo TpyOOIPOBOIY

BCINMYHWHA IIJIOTHOCTH TIa3a 6yI[CT MOHOTOHHO Y6BIBaTB OT HAYaJIbHOI'O y4aCTKa K

KOHEYHOMY, Tak Kak p = f(P).

C yyeTom 3aKOoHa COXpaHEHHUs] MacChl TpaHCTIOPTUPYeMoi cucteMbl (p -V =

const) JUHENHHas: CKOPOCTh TE€UEHUS TaAKOW CUCTEMBI OYJIE€T MOHOTOHHO BO3PACTaTh

OT HAYAJIbHOI'O YYAaCTKa K KOHCYHOMY.

VYcraHoBuBIIeecsT HM30TepMUYEcKoe JBMkeHue raza (T

ra3onpoBOJIE OMUCHIBAETCA CUCTEMOU TPEX YPABHECHUM:

YpaBHeHue bepHysuin, 3aKOH COXPAHEHUS SHEPTUU:

const) B
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v2

dp v-dv dx
+dz+A T =0, (5.1)

+ —
8Pr 2g

YpaBHEHUS COCTOSAHUSA:

P=p."R."T-z, (5.2)

rae R, = R/M.

3aKOH COXpPaHCHHMS MAacCChl, BBIPAXKAIOIIUICS B IIOCTOSHCTBE MAacCOBOTO
pacxoja:

G = p, Vs = const. (5.3)

[Tpu 3TOM cllelyeT MOMHHUTh, YTO M30TEPMHUUCCKUIN IMPOIECC OMUCHIBACTCS

ypaBHeHUeM bouns-Mapuorra:
g = const. (5.4)

Jlist pacuera MaccoBOTO pacxoja Tra3a IO TpyOONpoOBOAY OCHOBHOM
aBisieTcs popMmyna:

G== \f AzR-TLS 1C (5.5)

rae G — MaccoBBIN pacxoj ras3a, Kr/c;

d — BHyTpeHHHMIA AMaMETp ra30MpPoOBOJIA, M;

P, ,P, — naBnenue B Hayasie u B KOHIIE ra30IIPOBO/Ia, COOTBETCTBEHHO, [1a;
A — k03hPUIMEHT TUAPABINYECKOTO COMTPOTUBIICHHUS,

R, — razoBas nocrosianas, J[x/(kr-K);

R— yHuBepcasibHas razoBas nocrosinHas, pasHas 8314 [x/(kmounb:K);

T — aGconroTHas Temneparypa rasa, K;

L — nnuHa razonpoBoja, M;

V — JIMHEWHasi CKOPOCTh Ta3a, M/C;

Py — IIIOTHOCTB T'a3a, KI/M°.

IIo YPaBHCHHUIO COCTOAHMSA JJIA I'a3a U BO3AyXad HMCCM:

R, R Ry R
T =22y R, =2 =2 (5.6)
Pr P Pr p

r7ie p = pP./Py — OTHOCUTENbHAS TUIOTHOCTH Ta3a Mo BO3IYXY.

OOBEeMHBIN pacxo/] ra3a, MPUBEICHHBINA K CTAHJAPTHBIM YCIIOBUSIM:
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G
=—= v
VF Pcy p'pB, (5 )

IJI€ Py — INIOTHOCTD Ta3a MpH C.y.

IToncraBus 3HaueHust R, u G, mony4um:

— 1. . ’(PE—P%)'dS
VF - ko AzpTL ' (58)

1
pB'\/R_B.

IIpu craumaprasix yemosmsx (t = 20 °C, p = 760 MM pT. CT.) IUIOTHOCTB

riae kg =g

R, _ 83143
28,96 28,96

Bo3ayxa p, = 1,205 kr/m’u R,= 287 ko =3,87-1072.

W COOTBETCTBEHHO:

_2g87.10-2. |®i-PD
V, =387-10 /}\_Z_p_T.L. (5.9)

Ipu HopmambHbix ycmoBusix (t = 0 °C, p = 760 MM pT. CT.) IUIOTHOCTB

R, _ 83143
28,96 28,96

BO3IyXa py = 1,293 kr/m’ i R,= 287 ko =3,59-1072.
y

Onpeoenenue KoIppuyuenma 2uopagiuuecKkozo0 cOnpoOmMuei1eHuUA

3HaueHne  Kod3(ppuuueHTa  TUAPABIMYECKOTO  CONPOTUBIEHUS A
pPacCUUTBIBAECTCS. B 3aBUCUMOCTH OT PEKHMMaA JBWXKEHHMS ra3a U IIEPOXOBATOCTH
TpyO 1o TeMm ke hopmyiam, 4To U i1 HeTenpoBoaa.

JUist ruapaBAMYECKUX TIaAKUX TpyO A HE 3aBUCUT OT IIEPOXOBATOCTH

BHYTPEHHEH MOBEPXHOCTH TPYOBbI M pACCUUTHIBACTCS IO OpMYyJIE:

(5.10)

0,1844
Re02’

A=
[Ipy kBagpaTUYHOM pEXKHUME TEUCHHMSIA HE 3aBUCUT OT Re, u sBiseTcs
(byHKIIMEH OTHOCUTEIHHOM IEPOXOBATOCTH:
A=0,067 (= )0 2 (5.11)
1o ynusepcanbnoit popmyne BHUMU raza:
158  2A
A =0,067 - (g + ?)0'2. (5.12)
[Ipu TexHUYeCcKUx pacdyeTax A (C y4eTOM MECTHBIX COMPOTUBIIEHUN) MOXKHO

IIPUHUMAThb!:
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A= (1,03 —-1,05) - App. (5.13)

OOBbIYHO TeueHHe raza IPOMCXOJUT IPU BBICOKUX CKOPOCTSIX, KOrna
COIIPOTUBIICHUE OIPEAEIAETCS TOJIBKO IIEPOXOBATOCThIO TPYyO (KBagpaTH4Has
30Ha). Tak Kak IIepOXOBAaTOCTh HE 3aBUCHUT OT JAMAMETpa TPyOOIPOBOJA, MOXKHO
CUMTATh, YTO A 3aBUCHUT OT IMAMETpPa ra3onpoBoJia.

Onno#t u3 Gopmyn sl OLIEHKH BEIMYUHBI A, KaK QYHKIMH nuameTrpa (A =

f(d)), momyuuBmeit mupokoe pactpocTpaneHue, sipisiercs Gopmyna Beiimayra:

1
A =0,009407 5=. 5.14
) % ( )
Q®opmyna Belimayra MOXKET MCHOJIB30BATHCS IIPU  OPUEHTUPOBOYHBIX
pacuderax JuaMeTpa U MPOIyCKHOW CIIOCOOHOCTH MPOCTOro ra3omnpoBoja. B stom

cily4ae pacueTHbIe (JOPMYIIbl UMEIOT BUI:

(5.15)

3
I:GZ.Z.RF.T.L:I /16
65(Pf—P3)

G = d%s [P (5.16)

3apaua 5.1

W3BectHo oTHOmIeHue nasinenuii Pi/P, 1,4 B ceuennsax 1 u 2 ra3ompoBojia
MOCTOSTHHOTO uameTpa. TedeHue n30TepMUYecKoe, U3BECTHA CKOPOCTh razaV =
20 m/c. Haiitu V,.

Pewienue:

YuuThIBasi 3aKOH COXPaHEHHUS MAacCChl TPAHCIIOPTUPYEMOM CHCTEMBI P, " U =
constu ypaBHEHHE COCTOSTHUS

P=p."R.- Tz,

% = z—i, % = i—:, i—: = z—i, TaKuM 00pa3zoM

9, =-1-9; =14-20 =28 m/c.

2

Brruucnuth 3amauy 5.1 COrNIacCHO MCXOOHBIM JAHHBIM MPEICTABICHHBIM B

tabmnure 5.1
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3anauya 5.2

OnpenenuTh MaccoBbI U OOBEMHBIM pacxXoibl JJIs Ta30MpOBOAA ITMHOU
100 kM, cHapyxHbIM pguameTpoM 720 MM H TONIIMHOM CTEHOK 10 mM.
AOCOIOTHOE JTaBJICHUE B Hauaje ra3onpoBoja py = 5 Mlla, B koHue p, = 1,1 Mlla.
[1I0THOCTD Ta3a IPH CTAHIAPTHBIX YCIOBUSX pr = 0,8 KI/M°, ra30Basi MOCTOSHHAS
R = 8,31 Ix/(monb-K). Kooduupent nunammdeckoii Bs3skoctr p = 12-10° ITa-c,
kodhdument cxumaemoctu z = 0,93. Temmeparypa rpyHTa Ha TiyOuHE
3alOKeHnss rasompoBoma 5 °C. DKBHBAJICHTHAas IIEPOXOBATOCTh BHYTPEHHEH
NOBEpPXHOCTH TpyO A = 0,2 mm.

Pewenue:

1. 3a)1a13a51<:b KBaJIpaTHUYHLBIM 3aKOHOM I10JIy4acM

2-0,2:1073

22220 )02 = 0,0157.
720

A =0,067"(

2. Haxommm mMaccoBBIi pacxoj JiJIs Ta30TpOBOA:

3,14-0,72 (5% -1,1% )-0,7
G, = . = 855,kr/c.
4 0,0157-0,93-8,31-278-100000

3. OnenuBaeM 00bEMHBIN PACX0/1 ra30MPOBO/IA:

_ G _ 85 _ 3
Q= = os 1068,75,m° /c.
3axaua 5.3

OnpenunuTh MacCOBBIM CYTOUYHBIM pacxo] ra3a, KOTOPbI MOXHO MEpeaaTh
10 Ta30IPOBOAY, YJIOKCHHOMY U3 TpyO auameTpom d MM, Ha paccTostHHe L K.
AOCOIOTHOE JIaBJICHHE Ta3a Ha BBIKUJE KomIiipeccopHout ctanuuu P; Mlla, B
KoHIle ywacTka P, MIla, mmoTHOoCcTh Taza p, mpuarMochepHOM JaBICHUU U
TEMIIEPATYpPE  TEPEKAUYKHU 20°C. Ta3 cunrats COBEPUICHHBIM, TEUYECHUE

n30TepMUYecKuM. VicxoaHbie JaHHBIC TIpeICcTaBlIeHbl B Tabnwuie 5.2. J{ns pacuera
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Koa(duieHTa TUAPaBINYECKOr0 COMPOTUBIIEHUS BOCIOJIL30BATHCS (POpMYIION

Belimayra.

Tabmuua 5.1 — Ucxonable nandble K 3agaue 5.1

Mapame BapuaHTsl
PaMEID M > T3 4[5 6 | 7|89 ]10]11]12[13[14]15
P,/P, 4 3 2 135142128(32(19(24/15|25(38|4,4| 5 |55
V1, M/c 2511512016 12818 |22 |14 (26|21 |30 |35|31 |40 ] 44
Mapame BapuanTel
pametp 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30
P,/P, 7 6(65(62145(23|7,3 8177175/18/3,3/53/7,1/6,8
Vi.wm/c | 33| 42| 46| 48| 22| 29| 38| 20| 45| 19| 17| 16| 23| 49| 50
Tabmuma 5.2 — McxonHble JaHHbIE K 3a7a4de 5.3
BapuanTsl
Ilapamerp 1 2345 161 7181 9 |10
HuameTp ii‘;onpomﬂa’ 326 | 420 | 280 | 312 | 500 | 380 | 412 | 400 | 300 | 480
Aomra ra}i’;“pomﬂa’ 185 | 150 | 68 | 90 | 30 | 80 | 60 | 50 | 65 | 70
P,, MIla 65| 52 | 66 | 56 | 8 | 75 | 7 | 7.2 | 68 | 5
P,, MIla 47 | 34 | 55 | 45 | 68 | 5 | 46 | 52 | 38 | 32
Pr, KI/M® 086| 08 | 074|088 | 09 | 068 | 078|062 07 | 072
Mana BapuanTel
pametp 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Huametp ij;onpomﬂa’ 520 | 630 | 720 | 820 | 920 | 1020 | 630 | 820 | 1200 | 1020
Aomra ra}i’;HPOBOI‘a’ 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110
P,, MIIa 06| 08 | 66 | 68 | 7 | 72 | 73 | 74 | 05 | 75
P,, MIla 01 1015 | 1 | 15 | 13 | 2 | 18 | 1.4 | 02 | 12
Py, KT/M 075] 08 | 1,2 [ 1,02] 09 [088 ] 13 [121] 15 | 16
n BapuaHTsl
apameTp 21 ] 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Jluamerp r;‘;o“pomﬂa’ 630 | 420 | 326 | 500 | 380 | 1200|1020 | 412 | 820 | 400
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HAomra ra;fd“p OBOAA, | 39 | 50 | 90 | 35 | 80 | 40 | 20 | 100 | 60 | 75
P, MIla 09| 7 | 66 |075| 05 | 64 | 55 | 08 | 7.2 | 52
P,, MIla 04 | 24 | 15 | 015 | 01 | 12 | 1.8 | 025 | 16 | 13
0r, KTV 08 | 12 | 088 09 |074| 16 | 1.2 | 13 | 16 | 086
Bomnpocsr:

. IloHsiTIE MacCOBOTO pacxonaa.
. OcHOBHEBIE PECIKUMbBI TCUCHU I1I0TOKA.

. YpaBuenue bepnymim.

1
2
3. TonsTtue ko3 duLreHTa ruApaBINnIECKOr0 COMPOTHBICHHUS.
4
5

. 3aKoH COXpPaHCHHA MACCHI.

[TPAKTUYECKOE 3AHATHUE 6

Fm[paBqueCKne pacqéTu CJI0KHBIX pr60Hp0BOIIOB

PaznuuaroT yeTkipe KaTeropuu CI0KHBIX TPYOOIIPOBOIOB:

Teopernueckast 4acTb

l. KOJ'IJ'IGKTOp IMOCTOSAHHOI'O AWMaMCTpa C PaclpCcaCIICHHBIM II0 OJIMHC

O0TOOpPOM TMPOAYKIMHU (pa3gaToOuHBId KOJUIEKTOP B pe3epByapax, OTCTOWHUKAX,

cermaparopax) (puc 6.4).

Il. COOpHBII KOJIIEKTOp MEPEMEHHOTO AMAMETpa C PacCHpelesIeHHbIM IO

JUTMHE TIOCTYIJICHHEM MPOAYKIHMU (cucTema cOopa CKBOKUHHOHN MPOAYKIUH) (pUC

6.1).

I1l. Komnektop ¢ mapaulebHBIM Y4acTKOM TpyOompoBoja (Oaiimac Ha

BOM0OBOAax) (puc 6.3).

IV. 3aMKkHYTBIH KOJUTEKTOp (KOJBIIEBOM BOJOBO) (pUC 6.2).

C; D¢

Pr D, P Dy Py Dy Pa

it Dp Pn G

J4T |

P

‘k, ‘l#a qn-!_,fn

Cr
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Pucynok 6.1 — COopHBIi KOJUIGKTOp TMEPEMEHHOTO JuaMeTrpa ¢

pacIpeneaeHHbIM OCTYIUIEHUEM NTPOAYKIUN

(KHC
I A D, ., & KD
- ! " = - : -
o |5 o)
L J : ] B
& ZEE?—r
5 \ih

Pucynox 6.3 — Kosnektop ¢ nmapamienbHbIM Y4aCTKOM

T'uopasnuueckuii pacuem mpyoonpoesooa I kamezopuu

BeeneMm nousATue o IByx pacxonax:
TPaH3UTHBIA pacxod XUAKOCTH Q7, KOTOPBI MOCTyMaeT Ha Y4YacTKH,

MIPUMBIKAIOIINAE K pACCMaTPUBAEMOMY
* MMyTeBOM pacxoa )KuAKocTH (Q— CyMMapHBbIi MyTEBOM pacxo.1 KHIKOCTH),

KOTOPbI OTOMpaeTcs Mo JIJUHE KOJUIEKTOpa Yepe3 Kak cymMma BCeXOTOOPOB (o

JJINHE.

YpaBHeHHE MaTepuaIbHOIO OajaHca’
(6.1)

Q=Qr+Qn=0r—X%1q,
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rje gi - 00bEMHBIC PACX0/Ibl JKUIKOCTH B OTBETBICHHSIX.
Pacuetnas cxema cioxkHOro TpyOompoBoaa | kareropuu mpeacTaBiieHa Ha

puc. 6.4.

Q, Q

— —il

Wod 1. 9

Pucynok 6.4 — PacueTHas cxema ciio)KHOro TpyoornpoBoja | kareropumu.

ITockompky AMaMeTp pa3laTOYHOIO KOJJIEKTOpAa OJMHAKOB Ha BCEM
IPOTSKEHUH, A PACXOAbl JKUIAKOCTM HA Ppa3IMYHBIX YYacTKax pasHble, TO U
PEKUMBI TEUCHUS Ha KaXKJIOM Y4acTKe MOTYT ObITh pa3Hble (puc. 6.4).

[lepenag paBiaeHUs MPU pacyeTe CIOXKHBIX TPyOONPOBOJOB MOXKHO

paccuuThiBaTh U 110 hopmyne Jlapcu-Beiicbaxa u o gpopmyne Jleitbenzona:

QZ—m,vm,l

AP = Pl - Pz = B' q5-m - p - g, I1a. (62)

Jlyis paccMaTpuBaeMoOro ciiydasi meperaj Ha 1-oMm ydacTke TpyOompoBoja
Oyner:

Q> M, |

P —P =B 5-m P-g. (6.3)

Ha Bropom yuactke

(Qr—q)* ™™,

P —P, = f3, q5-m ‘pP-g. (6.4)

Ha n-om yuactke:

- 2-m,,,m,
Pn—l _ Pn — Bn - (Qr—(q1+9z+-:+qn)) v, p-g. (65)

d5—m

OO6mmit mepenaj Mo BCei IIMHE KOJUIEKTOopa:

Vm

P—P, =[5 (Qr — X5 a)® ™ - ;- Bil. (6.6)

Takum 06pazom, AJist CJIOKHOTO TpyoOorpoBoja I kareropuun o61IMil epenasy

JaBJICHUS PaBC€H CyMMC HalleHI/Iﬁ AABJICHUSA 110 YHaCTKaM:
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AP = Z?:l AP,. (6.7)
Aneopumm pewenus 3a0aqu Ha onpeoesienue nepenaca 0aeieHUsL.
1. Haxoastcst cKOpoCTH ABUKEHUS KUIKOCTH 10 y4aCTKAM.
2. JIns kaxxaoro ydacTka TpyOOmpoBoa OMPEACIIICTCS PEKUM JTBUKCHUS
YKUAJIKOCTH I10 3HAaYCHUIO napamerpa Re u €.
3. PaccuuthiBaeTcsi KO3(PQPUIMEHT THUIPABIMYECKOTO COMPOTUBICHUS A,
ecnu pacuer Benercs no ¢opmyne lapcu-Beiicbaxa, unu BeIOMparoTcs 1o Taoul.

6.1 3HaueHuss kodphuIMEHTOBR B M m, eciau pacdyeT Bemercs mo Qopmyse

Jleiitben3oHa.

Tabmuua 6.1 — dopmynsl s pacdeTa Kod(pPUIMEHTA TUIPABIMYECKOTO

CONPOTUBJICHUS
Janunaprilii pexcum TVpovaeHmublil PexcliM
Re < 2320 3oHa baaznyca | [Iepexonnas 3oHa | KBagpaTH9HAf 30HA
64 03164 T CAD 025
A=— A=—0g— | 2=011|2+2 0112
Re iRe \Re d A=0I15 ..|
30HA SHOPAETHYECKH STaorux JOHA SHAPABTUYECKY WepOX08amblx
mpyvo mpyo
m=1 m=4025 m=0125 m=0
128 0.241 _ - 0125 84
8= B = B=00185=¢ = :
;Tg E’ T g

4. PaccuuThIBalOTCS IMOTECPH JaBJICHHA HA KaXXKIOM YUAaCTKCE.

5. PaccuuTsiBaeTcsi oOmasi moTeps JaBJIEHUS MO BCEH JJIMHE KOJUIEKTOPA,

KaK CyMMa IIOTCPb Ha OTACIIbHBIX YUAaCTKax.

T'uopasnuueckuit pacuem mpyoonpoeooa II kamezopuu

Bo3moskHO Ba BapuaHTa TpyOOIPOBOIOB JaHHOUW KaTErOpPHUH.

[lepBbIil — ocnenoBaTeabHOE COEIMHEHHE TPYO pa3Horo nuamerpa. B atom

cllydae pacxoj *KMJIKOCTH OCTAeTCsl MOCTOSHHBIM O BCel anmuHe TpyoornpoBoaa Q
= const , a TOTepU HaIopa B TPyOOIpoBoJie OyIyT paBHBl CyMMeE MOTEPh Haropa

Ha y4acTKax:
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hroey = hrqg +hpy +---+hy (6.8)

BTOpoii BapuaHT — NepeMeHHBII JuaMeTp TPyOOIpoBoIa U IepPEMEHHBIH MO
JJIMHE PACXO/I.

VpaBHEHUE MaTepHAILHOTO OallaHCa:

Q=Qr + Qn = Qg + Xi=1 ai, (6.9)

Tak Kak auaMeTpbl TPYO MO y4acTKaM pPasHbIe, TO HA Pa3HBIX YYacTKAX

BO3MOYKHBI Pa3JIMYHBIC PSKUMBI TeueHHs (puc. 6.5).

4
Q. _Q
IR Y S S SR, Y

g g q.q

1 2 n-1

=

Pucynok 6.5 — Pacuetnas cxema cnoxxHoro Tpyoonposoaa Il kareropun

ANrOopUTM 3a7a4d  Ha ONpeACICHUE TMOTepU JaBICHUS IO BCEMY
TpyOONPOBOy aHAJIOTUYEH ATOPUTMY TIPEAbIAYIIEH 3a/1a4uu.

T'uopasnuueckuit pacuem mpyoonpoeooa Il kamezopuu

OTBeTBJIEHUS OT OCHOBHOM MAarucTpaid MOTYT OBbITb 3aMKHYTBIMU U
Pa30MKHYTBIMHU.

JIns 3aMKHYTBIX OTBETBJICHUW — JIYNMHTOB (OT AaHMJI. — TeTIs) —
CIIpaBEIJIUBBI COOTHOIIICHUSI:

1. Pacxon, npoxosinii yepe3 BeCh pa3BETBICHHBIN y4acCTOK, pABEH CyMME
PacxoJioB B OTJIEJIbHBIX BETBSX:

Q06Lu =Q:+Qy+ -+ Qy. (6.10)

[ToTrepu Hamopa ajis BCETO Pa3BETBJICHUS W B JIFOOOW €r0 BETBU DPaBHBI
MEXIy co0OM, Tak KaKk pa3HOCTh HAmopoB B Toukax A u B ommnHakoBa it Bcex
BETBEU:

h06ﬂl: h1:h2=hn=HA_HB, (611)
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i€ Qoom M hogm — COOTBETCTBEHHO pacxoJl U MOTEPU Hamopa Ha BCEM

Pa3BCTBJICHHOM Y4aCTKC.

3amaua 6.1

B navano c6opnHoro xosuiekropa mimHou 10 kM, nuamerpom 0,2 M MoAarOT
TOBapHYI0 HePTh B KoimdecTBe 180 1/4, BsazkocThio 20 mlla-c u mmotHOCTRIO 800
kr/mM3. I3 cOopHOTO KOJIIEKTOpa HEDTH OTOMPAIOT B TPEX TOUKAX, HA PACCTOSHUSIX
4 xm 0,2 kM 3 kM, cooTBeTcTBeHHO, 20 T/4, 50 1/4, 100 T/4. Onpenenuts oOMUH
repernaj JaBJIeHUs

Pewenue:

ANTOpUTM peElIeHUs MJaHHOM 3aJayd 3aKII0YaeTCsi B TNPEICTaBICHUU
CJIO’)KHOTO TPYyOOMpPOBOJIa COCTOSIIMM U3 HECKOJIBKUX YYaCTKOB, Pa3IMYarOIINXCS
10 BEJIMYMHE PacXxoa0B. Kax bl yHaCTOK pacCUUTBIBAETCS OTACIBHO KaK MPOCTON

TpyOomnpoBoa. OOmmMii mepemnan MaBJieHUS PABEH CyMME IMOTEph JABICHUS T10

y4acTKaM.
1. Brauane onpenenstor CKopocTb HeTH 10 EPBOii TOUKU 0TOOpa
Q 4-G 4-180 M
W === = — =1,98~.
S (md2)p  (3600-3,14:0,22:800:1073 c
2. PexxuM nBUKEHUS HA JaHHOM Y4acTKe TypOYyJE€HTHBIH, TaK Kak
wq-d- 1,98-0,2:800
Re; = 1u b= ————= 15750 > 2320 (3ona brasuyca).
3. KoadduimeHnT ruipaBaIndyeckoro CONpoOTUBICHUSI A ONPENEISIOT s

KaXXI0Tro0 y4aCTKa B OTACJIbHOCTHU

_ 03164 _ 03164

A = Re02Z5 15750025 0,028.
4, [ToTepu naBneHus Ha IEPBOM y4aCTKE OMpPEACSIOT 1Mo popmyiie:
1 2
AP =P, — P, =x-a-%-
2
AP = 0,028 - 222°. % . 800 = 0,875 MIla.
d. Jnsg  onpeneneHus NOTEPp HA  BTOPOM  Y4YacTKE  BHAUYAJIE

PacCYUTHIBAIOT CKOPOCTh MOTOKA HEPTHU
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G- 4-(180-20
, =& A%0729 __ _ 1,76 m/c.
p-S 3600-3,14+0,22-800-1073
6.  Pexum nBMKEHUS HAa JAHHOM y4acTKe TypOyJICHTHBIH, TaK KakK:

wy-dp _ 1,76:0,2:800

Re, = — = 14200 > 2320.
1} 20-10
1. [Torepu naBiaeHUsA HA BTOPOM YYACTKE
200 1,762

AP, = 0,0292 oz 2 800 = 0,337 Mlla.

8. AHJIOTHYHO CKOPOCTh HE(TH HA 3 ydacTKe:
G-(q1+92) 4-(180—(20+450)
(1)3:( q1 q2): ( )_ =1,21M/C
p's 3600-3,14-0,22-800-1073
Q. PexxuM nBUKEHUS HA JAaHHOM Y4acTKe TypOYJIEHTHBIN TaK Kak

wz-d:p _ 1,21:0,2:800

- = = 9560 > 2320.

Re3 =

10. KoaddumueHT rupaBindeckoro COnpoTUBICHUS

03164
3 7 9560025

= 0,0321.

11.  Tlotepu naBiieHUsS HA TPETHEM Y4acTKE

2
APy = 0,0321 - 222+ 22800 = 0,278 Mlla.

12. CxopocTh HEQTH Ha YETBEPTOM y4acCTKe

_(G=(q1+qz2+q3))  4-(180—(20+ 50+ 100))
B p-S ~ 3600-3,14-0,22-800-1073

M
w3 = 1,11~

13. PexuM nBrKeHHUS HA JAHHOM y4acTKe

wydp __1,11-0,2-800

- = = 8880 > 2320.

Re4 ==

14.  KosddunueHT rupaBindeckoro COmpoTUBICHUS

03164
"~ 88800.25

. = 0,0326.

15. TIlotepu naBieHUs] Ha YETBEPTOM Y4aCTKE

2
AP; = 0,0326 - 22> 22 800 = 4879 Ila.

OO6muit mepenaj JaBJICHUS TOJYy4alOT TPU CIOXKEHUM TIeperajgoB Ha
OTIICTILHBIX y4acTKaxX

AP =2XP, =0,875+ 0,037 + 0,278 + 0,049 = 1,24 MIla.
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3aganmue:

PaccrosiHre oT Havana KOJUIEKTOpa M 0 TOYEK 0TOOpa HEPTH, CIACAYIONINE:
l1, I,. Onpenenuthy oOmmiA mepenan AaBieHus AP, ecnu HadaabHOE JIaBJICHHUC
paBHO P. COOpHBIH KOJUIGKTOP IIPOJIOKEH TOPU30HTAJIBHO W MECTHBIX

COIPOTHBIICHUH He uMeeT. McxoiHbIe JaHHbBIE TPECTaBICHbI B Ta0uIe 6.2.

3anaya 6.2

Ha nedrenpopone nuamerpom 500 mm, nepekaunBaromem 70,0 /4 HedTH ¢
IIOTHOCTHIO 820 KI/M° M BS3KOCTBIO 04 cM?/c uMeeTcs CIBOCHHBIN Y4acTOK W3
TpyO ¢ BHyTpeHHUM auametpom d; = 300 Mm u d; = 500 MM OJTMHAKOBO# JITUHBEI.

OHpCIIeJII/ITB pacxoabl U FI/IIIpaBJ]I/ILICCKI/Iﬁ YKJIOH Ha CABOCHHOM Y4YaCTKC.

Pewenue:

1. Brruncnsem o0beMHBIN pacxoa HedTH B TpyOONpoOBO/IE:
G103 70-103

Q= = =0,0237 m3/c.
p3600 8203600

2. PaccuntsiBaeM CKOPOCTB JBMKECHHS B TPYOOIIPOBOJE:

4-Q 4-0,0237
w= = = 0,1208 m/c.
m-d2 3,14-0,52 /

3. [TapameTp PeitHounbca:

od __ ®d10® _ 0,1208-0,5
v v 0410*

Re = = 1509 namMuHAPHBIA.

4. OnpenenseM pexuM JABWKEHUS U 30HY CONpOTHBIEHMS. Kaxmaomy
pEXKUMY JBUKEHUS COOTBETCTBYIOT Ko3(pduuueHTsl Qopmyinbl JleliOeH30Ha

(Tabmuma 6.1).

S. PaccunTthiBaeM rujpaBiInvecKuil YKIOH TPyOOIpoBOa:

.o QFm 0,1208:0,4-107% _4

i=f om = 4,1596 o =0,63-107".

6. [Ipeanonaras pexuM JBHXKEHHS B TpyOax Ha CIBOGHHOM Yy4acCTKe

JaMUHAPHBIM, OIIpeAeIsieM pacxo/l Ha yuacTke Ab (puc. 6.3):

Q= — e =28 =2092-10"%m3/c.

—m

d2\2-m (ﬂ)ﬁ
1+(d1) 1+ 500

wu

1. U no mapamnensHo# Tpyoe nuamerpom S00 mm:
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Q,=Q—Q; =(23,7—-2092)-1073=2,72-10"3m3/c.

8. ['mapaBnu4ecKnid YKJIIOH Ha CIBOGHHOM YYacCTKe:
; 5-m 10-6 5-1
ip =i = = () T (o) =55.8-107°
o\ d1 300\5=1 500
2)\2-m 300Y2-
1+(3) 1+(5%s)
9. IIpoBepka NpUHATOTO peKUMa JBUKEHUS HA CIBOCHHOM Y4acCTKE
4-20,92:1073
Re; = = 2226;
3,14:0,5:0,4-10~*

4-2,72:1073

= 2809.
3,14:0,3-0,4-10~*

Rez =

Pexxum BbIOpaH mnpaBUIbHO. 3HAsg pPEXUMBl JABWKEHUS U JUIMHBI
napajiebHbIX YYaCTKOB, JIETKO OMPEAENSIOT KOA((UIMEHTH TUAPaBINYECKHUX

COHpOTI/IBJIGHI/Iﬁ U IIOTCPU HAIIOpa HA TPCHHUC.

3aganue:

Onpenenuts pacxoAbl U TUAPABIMYECKUN YKIOH Ha CABOCHHOM YYacTKe
HedTenpoBoaa ¢ M3BeCTHBIM auamerpoM d, pacxomom Q/G, MIOTHOCTBIO p U
BsI3KOCThI0O v. Ha HedTenpoBome umeeTcs CABOCHHBIM y4acTOK M3 Tpyo C
BHYTpeHHUM guametpoM O, u d, oAMHAKOBOW JIuHBL VICXOAHBIC [JaHHBIC

IpecTaBlIeHbI B Tabnuie 6.3.

Tabmuma 6.2 — VicxonHele JaHHbIE [JI8 TUIPABIMYECKOTO pacyeTa

TpyOOIIpoBOJa 1 KaTeropuu CJI0KHOCTH.

BapuanTsl
1 2 3 4 5 6 7 8 9 10
JliuHa TpyOOTIPOBOIA, KM 10 8 6 12 | 15 7 5 9 4 3
JlnmHa epBoro ygyactka, v | 3500 | 2000 | 3000 | 6000 | 5000 | 1500 | 2000 | 3000 | 1000 | 1000
JlnuHa BToporo yyactka, M | 1000 | 2000 | 500 | 2000 | 3000 | 2500 | 1000 | 3000 | 1000 | 1000
Jlrametp TPYS;HPOBOM’ 205 | 219 | 312 | 426 | 426 | 312 | 217 | 219 | 247 | 219
MaccoBslii pacxoa HepTH,
T/4

OTOOp Ha TIEPBOM Yy4YacTKe,
T/4q

OTOOp Ha BTOPOM Yy4YacTKe,
T/q

ITapamertp

180 | 200 | 250 | 270 | 260 | 240 | 210 | 230 | 190 | 235

30 50 40 | 45 | 50 | 40 | 20 | 45 | 25 | 35

40 20 40 | 30 | 20 | 30 | 30 | 45 | 35 | 50
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[Tn0THOCTD He(TH, KI/M 870 | 842 | 856 | 880 | 864 | 870 | 832 | 815 | 823 | 854
Aunamuteckas - BASKOCTE o oo | g 0149|0,023|0.002| 0,04 |0,025(0,032(0.027/0,019(0,012
Hedu, Ila-c
1 Bapuantsl
apametp 11 | 12 | 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20
JlnmHa TpyOonpoBoaa, KM 9 ) 11 | 14 6 9 4 10 4 7
JlmuHa nmepBoro y4yactka, M | 4200 | 1000 |2500 | 6300|3000 | 1500 | 2000 | 5000 | 1500 | 3000
Jlmuna Broporo yuactka, M | 1000 | 3200 | 3500|2600 | 1000 4500 | 500 | 2800|1000 | 1300
Huamerp TPYS;HPOBO’“’ 200 | 319 | 242 | 405 | 426 | 290 | 215 | 236 | 247 | 370
Maccossi pi‘/’joﬂ HeTH, | 194 | 160 | 230 | 370 | 210 | 340 | 110 | 230 | 220 | 235
?;601’ Ha TICPBOM YHACTKS, 40 | 35 | 50 | 45 | 30 | 20 | 40 | 35 | 45 | 25
Sff"p Ha BTOPOM y4aCIKe, g4 | 45 | 20 | 40 | 15 | 10 | 30 | 45 | 25 | 30
[l10THOCTB He(TH, KI/M° 856 | 870 | 848 | 864 | 820 | 840 | 850 | 815 | 833 | 869
Aunamirieckas - BASKOCTH g g6 | 015 |0 031[0.012|0,004]0,042|0,052(0,031[0,019/0,011
Hedrw, [1a-c
n BapuanTsr
apametp 21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30
JlnmHa TpyOonpoBoaa, KM 11 14 3 9 4 12 6 8 13 5
Jlnuna nepsoro yuactka, M | 5500 | 4000 | 100 | 3600 | 1500 | 3500 | 2200 | 3000 | 4800 | 1400
lmuna Broporo yuactka, M | 2000 | 4000 | 1500|5000 | 1000 | 3500 | 2800 | 2000 | 5400 | 1500
Huamerp TPYS;HPOBOM 205 | 215 | 286 | 366 | 210 | 236 | 257 | 409 | 284 | 332
Maccosii p‘;‘zof‘ HedTH, | 514 | 150 | 250 | 240 | 180 | 255 | 160 | 330 | 246 | 235
326013 Ha TCPBOM YHACTKS) 50 | 55 | 35 | 40 | 50 | 30 | 25 | 45 | 45 | 40
326013 Ha BTOPOM YHaCIKe 10 | 30 | 20 | 35 | 15 | 25 | 40 | 45 | 20 | 30
[110THOCTB He(TH, KI/M° 876 | 840 | 864 | 873 | 855 | 869 | 878 | 840 | 842 | 836
Aunamiieckas - BASKOCTH g e | 0137(0 025| 1.02 0.014/0,033| 0,42 | 0,06 [0,033/0,078
HedTH, [1a-c
Tabmuma 6.3 — VcxonmHple J[aHHBIC JJI1 THUIPABIMYECKOTO pacuera
TpyOOmnpoBoja 3 KaTEropuH CI0KHOCTH.
BapuanTsl
Hapaverp 1 2 3 4 5 | 6 | 7 | 8 9 | 10
[¥a] [¥a] [¥al [¥al [¥a] [¥al [¥al ¥al < <
= = = = = = = = e =
O0bexr T | T 4 T | 8| T8 T g 2
jas] jas] jas jas jas jas jas an]
Pacxo 30 8 8 300 | 182 | 300 | 182 | 900 | 8 8
a ,Z[M3/C ,Z[M3/ IIM3/C Mg e | M | T/4 T/Cy ,Z[M3/ ILM3/
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C T C C
Mgﬁ(‘)’:f;c;mg 819 | 860 | 860 910 | 895 | 910 | 895 | 860 | 991 | 991
Kunemarnueckasa
sssxocrs, 10° | 098 1 05 | 05 | 05 |042] 05 | %% | 015 | 000 | 0,00
2 2 66 | 66
ﬂ“aMeLﬁfpy&"’ 150 | 100 | 100 257 | 156 | 257 | 156 | 205 | 80 | 80
HuameTtp
BCTABKIA, 200 | 150 | 150 309 | 203 | 308 | 203 | 309 | 100 | 100
MM
; yf;‘ljr:;pw 100 | 100 | 150 257 | 156 | 257 | 203 | 205 | 50 | 80
AOcoroTHas
;‘;‘;}ﬁiﬁi‘g‘;ig 01 | 01 | 041 01 |01]011]01|011| 05/ 05
MM
ITapaverp Bapuantsl
11 | 12 13 | 14 [ 15 [ 16 | 17 | 18 19 20
w w w cv < = 2 - - =
OO0BEKT § § § § § —g —g —g —g —g
Pacxo 1\?13/ 18 18 ?\403/ i/[oe'/ 180 | 180 | 180 80 1/u 60
A A c ale | amle a c A c 9 | T4 | T/4 T/4
mglfggf;";;’mg 1000 | 1000 | 1000 | 996 | 996 | 870 | 870 | 870 | 849 849
Kunemammieckas | 431 | 013 | 0,013 | 0,00 | 0,00 | 0,57 | 0,57 | 0,57 0,13
BSI3KOCTb, 0,1376
104 a2 31 1 1 8 8 5 | 5 5 76
ﬂ“aMeL&pr&"’ 100 | 100 | 100 | 100 | 100 | 205 | 211 | 209 | 205 | 205
[uamerp
BCTABKH, 156 | 156 | 130 | 130 | 125 | 257 | 257 | 257 | 257 | 211
MM
; yf;;‘r:;pw 156 | 100 | 156 | 130 | 130 | 205 | 257 | 209 | 257 211
AOcoroTHas
;ﬁ;ﬁiﬁi‘g‘;jﬁ 05 | 05 | 05 | 05|05 |01|01] 01 0,1 0,1
MM
TTapaverp BapuanTsl
21 | 22 23 | 24 | 25 | 26 | 27 | 28 29 30
= = = = 2 = 2 2 2 =
Obnekt 5 | 5 A B e A I o B 4 £ £
o] o] o] jus] T jus] T T T o]
Pacon 90 | 90 | .| 80 | 185|185 | 185|208 | , . . | 208
T/94 T/94 T/9 T/4 T/4 T/9 T/4 T/4




43

TlnotHocTs | 951 | 991 | 870 | 870 | 869 | 869 | 869 | 892 | 892 892
JKUJIKOCTH, KI/M
Kunemarnueckas
BA3KOCTD, 163 | 1633 | 059 | 059 | 940 | 04010401039 49, | 039
Koc 3 3 3 3 7 7
107 m“/c
ﬂ“aMeE;fpym 211 | 211 | 257 | 257 | 267 | 267 | 267 | 309 | 309 309
[uamerp
BCTaBKH, 257 | 257 | 309 | 309 | 309 | 359 | 315 | 359 | 359 359
MM
Auamerp 257 | 211 | 309 | 257 | 309 | 359 | 315 | 359 | 315 309
J'IYHHI/IHI‘EI, MM
AOcomoTHag
SKBUBAICHTHAA | 4 | 91 | 02 | 01|01 ]01|01] 01 0,1 0,1
I.HCpOXOBaTOCTB,
MM
Bompocsr:
1. Cxema cnoxHoro TpyOonpoBoja 1 KaTeropum.
2. TlonsTe mymnuHra.
3. Cxema clI0KHOTO TpyOOIpoBoJia 2 KaTErOpUH.
4. Cxema CJI0OXKHOTO TpyOOIpoBoJa 3 KaTErOpUH.
5. CXGMa KOJIBIICBOI'O BOJ0BO/1A.

IMPAKTHUYECKOE 3AHATUE 7

KaToaHasi 3a1iuTa OJJHOHUTOYHBIX MaAarucCTpajibHbIX prﬁOl’[pOBOI[OB

Teopernueckast 4acTb
Karognast 3amura — 3TO DJEKTPOXMMHUECKAs 3allldTa OT KOPpPO3UH,
OCHOBaHHAasi HAa HAJIOKEHUU OTPUIIATEIIFHOTO TOTEHIMAA Ha 3alllHUIIAeMYIO
neranb. KaToaHyro 3amuTy, Kak MpaBHIIO, COBMENIAIOT C HAHECEHUEM 3alUTHBIX
MTOKPBITHUH.
Cranmuun katonnou 3amuthl (CK3) mpeactaBisioT coOOi yCTpOMCTBa,

COCTOAIIMEC N3 NCTOYHHKA ITOCTOSAHHOI'O TOKA UJIN npeo6pa30BaTen>1 IIoABOANMOI'O
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K HUM TI€PEMEHHOTO TOKAa B TMOCTOSHHBIA, KOHTPOJBHBIX M PETYIUPYIOLIUX
pUOOPOB U COEUHUTENBHBIX KaOeneil.

Karognass 3ammura MUPOKO MPUMEHSAETCS ISl 3allUThl OT KOPPO3HUH
HapY>KHOH TOBEPXHOCTH OOJBIINX METAUIOEMKUX OOBEKTOB JIHEPreTHUYECKOTO
KOMILIEKCA, TAKMX KaK MOJ3E€MHbIC U Ha3€MHbIC MAruCTPaJIbHbBIE U MIPOMBICIOBbBIC
TpyOonpoBoasl HedTH, raza U HEPTENPOAYKTOB, TEIUJIOBBIE CETH, KPYIHbBIC
pesepByapsl UM T.J. B cioydyae HEBO3MOXXHOCTM WM HELEIECO00pa3HOCTH
MPUMEHEHUSI KaTOJHOM 3alUThI JJIsl 3alUThI OT KOPPO3HH HEOOIBIINX 0OBEKTOB
MO>KET MPUMEHSTHCS MPOTEKTOPHAS 3alIUTA.

HeoOxonumbie pacueTHble MapaMeTpbl KaTOIHOW 3aIlUThl MaruCTPaIbHBIX
TpyOonpoBogoB — uucio CK3, nnuna 3ammutHON 30HB ogHoM CK3 u MomHOCTh
omuon CK3.

Uucno CK3, "HeoOxoammoe ISl 3alIMThl MarucCTpaIbHOTO TPyOOIpoBoOaa

OIIPpCACIIACTCA:

N = oo (7.1)

Lsan

1€ Logy, — NPOTSIKEHHOCTh MATUCTPAILHOTO TPyOOIPOBOIA, M;
Loy - AVTMHA 3aIIMTHON 30HBI OHOM CK3, wm;

JITHAa 32U THOM 30HBI ONIPEEseTcs Mo ciaeayonei hopmyie:

2 EmaX
sy = o "I [KB-Emin-(1+6)]’ (7.2)

raeK, - koadduiuenT yuntsiBaroniuii B3auMmoniusaue coceqaux CK3:

L

1

1+\/1—(%)2-(1+e)

Ky = (7.3)

O — BEJIMYMHA ITOCTOSHHOM pacopeaciiCHusl NMOTCHIHAJIOB W TOKOB BJO0JIb

TpyOOTIPOBOIa BEIUUCISAETCS IO (hOpMYyJIe:

R,
Q_Jmmmﬂ@

rie R, — 3HadeHue mPOAOJBHOrO COMNPOTHUBJICHUS TPyOONPOBOJIA
onpenensercs mo Ttabnuue Ilpunoxenus A, B 3aBUCUMOCTH OT JUameTpa

TpyOONpPOBOA U TOIIIHUHBI CTEHKU TpyOompoBoaa, OM-M;
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R,5(Tye) — cCONpOTHBICHHWE EAWHMIBI JJIMHBI H3O0JSMUU K  KOHILY

HOpPMaTUBHOTO cpoka ciyk0n1 CK3, coctapmnser:

R, _g.
RI/I3(THC) = e BTHC! (75)

2.
rne R, - mepexoaHoe conporuieHue Tpyda-rpyHT, OM-M*;
Tyc - HOpMaTUBHBIN cpok ciyx0b1 CK3, T, = 9,5 s1eT;

B - mokasarenb CKOPOCTH CTapeHus, 1/Tox;

O - pacueTHbII TapaMeTp, paBHBIN:

= Tt (7.6)

T2 mZey
r7Ie y - YAQJIEHHE aHOHOTO 3a3€MJICHUS OT TPYyOOIpOBOIa;
Z, — BXOJIHOE€ COIIPOTHUBIICHHE HM30JIMPOBAHHOTO TPyOOIpPOBOJA HA KOHEI]

HOPMAaTUBHOTO CPOKA CITYXKOBI:

Ly = 0,5- \/RT ) RI/I3(THC)' (77)

[Ipu karomgHOM 3amuUTe TPYOONPOBOJAOB pA3IUYAIOT TPU 3HAUYCHHUS
MOTEHIMAJIA:

1) €CTECTBEHHBIN (CTallMOHAPHBIN) moTeHuan E.., CylecTBynmi 10
BKJIFOUEHHS 3aIUTHI;

2) HAJIOKCHHBIA (PAacyeTHBIM) NOTCHOUAN Emin (max), AOMOJHHUTENBHO
HAaKJIaIbIBAEMbIIl HA COOPY>KEHUE B PE3YJIbTATE ICUCTBUS 3aIUTHI;

3) 3alUTHBIN  (OOIIMi) TOTEHIMA COOPYKEHHS, YCTAaHOBUBIIHMICS
MOCJI€ MOAKIIOUEHUSI 3alTUTHI.

Emax(min)y — HAJIOKEHHBIH (PaCYETHBIA) MNOTEHIHUAN, JOMOJHUTEIHLHO
HaKJIaIbIBAEMbII HA COOPY>KEHUE B PE3YyJIbTATE NCUCTBUS 3aLIUTHI:

Emax = Esam(max) — Eecr; (7.8)

Emin = E3am(min) — Eeers (7.9)

rae E.., — ecTecTBeHHBIN (CTAllMOHAPHBIN) MOTEHIMAN, CYIIECTBYIOMIUNA 10
BKJIFOUEHHS 3aIUTHI;

MHOTrOYMCIICHHBIMM ~ HU3MEPEHUSIMH  YCTAHOBJICHO, 4YTO  BEJIWYMHA

CCTCCTBCHHOI'O ITOTCHIIMAJIA ITIOA3CMHBIX MCTAINIMYCCKHUX COOp}I)KeHI/Iﬁ KOJIEOIeTCS
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B uHTepBasie ot -0,23 no -0,72 B. Ecnu He umMeeTcsi TOUHBIX JaHHBIX O BEJIUYUHE

€CTECTBEHHOT'0 IOTEHIIMAJIa CTAJIN B pACCMATPUBAEMOM IPYHTE, TO PEKOMEHIYETCS

npuHumath E., = -0,55 B mo memHocynbhaTHOMY 3JIEKTpOAYy CpaBHEHHUs (IO

MCD).

Esammax) ¥ Esam(min) - 3aMTHBIA (OOIIMI) MOTEHIMA COOPYXKEHHS,

YCTaHOBUBIIUICS TIOCIIC MTOAKITFOYCHUS 3amuThI (Ta0a. 7.1 u 7.2)

Tabmuna 7.1 — MuHuManbHBIE 3AIIUTHBIE TOTEHIIUAIEI

Y CII0BHSI MPOKJIAIKK U SKCILTyaTalluy TPyOOIpoBoia

MuHuUManbHBIN 3aIUTHBIN
noteHiman (U,) OTHOCHTEIIBHO
HACBIIICHHOTO METHO-
Cynb(haTHOTO AJIEKTpoaa

cpaBHeHus, B

C oMHUecKOH

[Tonstpu3annoOHHBIN .
COCTaBJISIOLIEH
['pyHTBI ¢ yAENbHBIM 3JIEKTPUYECKUM compoTuBieHueM HeMunyc 0,85 Mumnyc 0,90
meHee 10 OM'M unu cojaepkKaHHEM BOJOPACTBOPUMBIX
coneit He Oonee Ir Ha lKr rpyHTa, WIM TpHU TEeMIeparype
TpaHcnoptupyemoro npoaykra He 6osiee 293 K (20 °C)
I'pyHTBI € yHENBHBIM BIIEKTPUYECKUM comnpoTuBieHueM | Munyc 0,95 Mumnyc 1,05

meHee 10 OM'M, HIM COJEp)KAHUEM BOJOPACTBOPUMBIX
coseil 6onee 1r Ha 1kr rpyHTa, WK IpU ONACHOM BIUSIHUU
OJIy’KIAIOLIMX TOKOB MpOoMbIIUIeHHON vactoTsl (50 I'm) u
HOCTOSIHHBIX TOKOB, WIN npu BO3MOXHOMH
MHUKPOOHOJIOTUYECKOH KOPPO3MH, WM TpU TeMIepaType
TpaHcnopTupyeMoro npoaykra 6omnee 293 K (20°C)

[Ipumeuanus

1. JIns TpyOonpoBOAOB ¢ TeMIepaTypoi TpaHCIIOPTUpyeMoro npojaykra He 6oiee 278 K (5°C)
MUHUMAaJIbHBIN MOJIAPU3ALMOHHBIN 3alllMTHRIA NoTeHiuan paseH MuHyc 0,80 B oTHOCuTEnbHO

HaChIIICHHOT'O MCI[HO'Cy.]'IBq)aTHOFO QJICKTpOaa CPaBHCHU.

2. MuHUMaNBHBI 3alIUTHBIA TIOTEHIIMAT C OMHYECKOW COCTaBISIONICH TPH TEeMIIepaType
Tpancnoptupyemoro npoaykra ot 323 K(50°C) no 343 K(70°C) - munyc 1,10B; ot 343 K(70°C)

710 373 K(100°C) - munye 1,15B.

3. IIpu ocyriecTBIEHUH JIEKTPOXUMHUECKOHN 3aIUTHI ydyacTKa TPyOONpoOBOa, MOBPEXKIEHHOTO
Kopposueit (6osnee 10% TONIIMHBI CTEHKH), MUHUMAJIbHBIE 3alIUTHBIC MOTCHIHAJIBI JTOJDKHBI

ObITh Ha 50 MB oTpuIiatenbHee yka3aHHbBIX BEJIMYHH.

Tabmanma 7.2 — MakcuMaJjibHbIE 3alUTHBIE TOTEHIINAIEI

MakcuManbHBIA 3allUTHBIM IIOTEeHIIHAI
(Uo OTHOCHTEIBHO HACHIIIEHHOTO MEIHO-

YcnoBus MPOKIIAIKU U KCIUTyaTal[i TPyOoOopoBoia |Cylb(haTHOro 3IEKTpoJa cpaBHeHus, B

. |C OMHYECKOH
[TonsipruzannOHHbBIN .
COCTaBJISIOLIEH
Ilpu npoxsaake TpyOompoBoga c¢ Temmeparypoi(Munyc 1,10 Munyc 1,50
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Tpancnoptupyemoro npoaykra Boime 333 K (60°C) B

rpYHTax c yIIeJbHBIM ANEKTPUUECKUM

conpotuBiiecnneM wmeHee 10 Om'M wumu  1pu

[OJIBOAHOM IIPOKJIAJIKE TpyOompoBoa c

TEMIEPATYpOil TPAHCHOPTUPYEMOIO MPOIYKTa BBILIE

333 K (60°C)

[Tpu npyrux ycaoBHsIX MPOKIAAKU TPyOOIIPOBOIOB:

- ¢ OUTYMHOM U30IIALUEH Munyc 1,15 Munyc 2,50
- C MOJIUMEPHOUN U30JALMECH Munyc 1,15 Munyc 3,50
[Ipumeyanus

1 Jlns TpyOOIIpOBOIOB M3 YIIPOUHEHHBIX CTaEH ¢ mpeaesoM npoynocty 588 Mlla (60 KFC/MMZ)
u 0osiee HE JOMYCKAIOTCA MOJSAPU3AIMOHHBIE MOTEHIMAIBI 00Jiee OTPULIATETIbHBIC, YeM MHUHYC
1,10 B.

2 B rpyHTax ¢ BBICOKMM YAEIBHBIM JJIEKTPUYECKUM conpoTuBieHueM (6onee 100 Om-m)
JOMycKatoTcs  Oojiee  OTpHUIATEeNbHbIE  MMOTEHLMAIbl €  OMHUYECKOM  COCTaBIISIOIICH,
YCTaHOBJIEHHbBIE SKCIEPUMEHTAIBHO WIM PACYETHBIM IIyTeM B cooTBeTcTBUM ¢ H/I.

MorHocTh, moTpebnsieMas KaTOJAHBIMH  YCTAHOBKAMM  ONPEACIISICTCS
CJIEAYIOIINM 00pa3oM:
Pexs = Ip - AE, (7.10)
rae L, - HeoOxomuMast cuiibl Toka CK3, HeoOxommMast st oOecreueHus

3alMThl MArUCTPAIBLHOTO TPYyOOIIPOBOIA:

AP Zop(1+2-e” Cleamy )’
rie Zg, - BXOJHOE CONPOTHBJIEHHE H30JMPOBAHHOIO TpyOOmpoBoga B
cpeaHeM 3a nepuoj skcruryatannu CK3:
Zcp =05"/R;" R]/I3.Cp.7 (7.12)
rie Ryscp - cpenHee CONPOTUBIICHWE EIMHULBI JUIMHBL W30JSIUM 32
HOPMATHUBHBINA CPOK CITYKOBI:
Ry

RH3.cp. = S (1 - e_BlTHC): (713)

D BTy
rae AE - nanpsbkenue Ha Beixojqe CK3
AE = |Epax — Eminl + I,qp ) (Rnp + Ra)’ (7.14)
rae Ry, - yIeIbHOE 2JIEKTPOCONPOTHBIICHUE MaTepUIa TIPOBOJIA;

Ra - COIIPOTHUBIICHUC PACTCKAHWIO TOKA C aHOJAHOI'O 3a3CMJICHHA.
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3agaua 7.1

Onpenenmuts Heobxonumoe uymcno CK3 mis 3ammTbl MarucTpaabHOTO
TpybomnpoBoaa auamerpoM 820 mwm, jmuHOM 1200 KM, HMMEIONIETO TONIIUHY
CTeHKH, paBHYI0 9 MM. TpyOoIrpoBOj MPOKIAABIBAETCS MO MECTHOCTH, yYacCTKU
KOTOPOM UMEIOT CpeAHEEe 3HAYEHUE YJIEIbHOTO 3JIEKTPOCONPOTUBIIECHUS TIPyHTa
BJIOJIb TPACCHl TPYOONpoBoaa Iy, = 60 OM* M, IepexoHOe CONPOTHBIEHUE TpyOa-
rpyHT paBHo 9000 Om-M°; TIOKa3aTemb ckopoctu crapenuss — 0,125 1/rox;
yIaJleHHe aHOJHOrO 3a3eMiieHHsi oT TpyborpoBoma — 350 M; yaenbHOE
AIEKTPOCONPOTUBIIEHUE MaTepuia npoojga 1 OM; CONPOTHBIEHUE PACTEKAHUIO
TOKA C aHOJHOTO 3a3emiueHus 8 OM.

Pewenue:

1. T. k. cpeaHee 3HAYEHUE YAEIBHOIO 3JIEKTPOCONPOTUBIEHUS TPyHTa
BIOJIb Tpaccel Tpyoonposoaa Iy, = 60 Om- M > 10 Om- M, To MuHHMAaJIBHBIA
3alIUTHBINA MOTEHIMA OTHOCUTENBHO HachllleHHOro MCO npuHMMaeMm 1o TaoJl.
13.1E5am(min)=-0,9, a MaxkCMMalbHBIA 3aIIUTHBIA IOTEHIHAI OTHOCHTEIBHO
HacelleHHoro MCO npuHuMaeM i1l TpyOOIpOBOJIOB ¢ OUTYMHOM M30JILUEH TTO
1a0M. 13.2E55 (max)=-2,5B PaccunThiBaeM 3HaUYEHUS HAJOKEHHOrO (PaCcYETHOIO)
NOTEHIMAJIA, JOMOJHUTEIBHO HAKJIAIbIBAEMOTO Ha COOPYKEHHE B pe3yibTaTe
JICVCTBHS 3aIIUTHI:

Emax = —2,5—(—=0,55) = —-1,95 B;
Enin = —0,9 — (—0,55) = —0,35 B;
2. ConpoTUBIIEHHE €IUHULIBI JUIMHBI U30JILHUHA K KOHIY HOPMATHUBHOIO

cpoka ciayx0b1 CK3, cocTaBiser:

Rua(Tu) = Jppass " € 12575 =1066,042

3. BxoaHoe conmpoTUBIEHUE H30JIMPOBAHHOTO TPYOONPOBOAA HA KOHEI]

HOPMATHUBHOTO CPOKA CITY>KOBI:

Z,=05" \/10,7 +1076-1066,042=0,053401.
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R, = 10,7 - 107% OM/M conpoTupieHre TpyOONpoBOAa OINpeAeIseM 110

IMPHIIOKCHUIO A B 3aBUCHMOCTH OT TOJIINHMHBI CTCHKHU pr60np0130)1a n €ro

IuameTpa
4, Pacuernsiii mapamerp:
0= a =0,511.

"~ 2:3,140,53401-350
5. BenuurHa MOCTOSHHOM pacrpeielIeHUs] TOTCHIIMAIOB U TOKOB BJIOJIb

TpyOOIpOBO/Ia paBHa:

a= /1"7—10'6 — 0,0001.
1066,042

6. Koaddumment yuutsiBaromuii B3aumosiusiHue cocequnx CK3:
1
K, = = 0,506.
1+\/1—(}'§§)2-(1+0,511)
7. JInmHa 3ammUTHON 30HBI paBHa:
2 -1,95 _
3all " 0001 n [0,506-(—0,35)-(1+0,511)] = 39721,968 m.

8. Uucno CK3, HeoOxogumoe Uil  3allUThl  MAaruCTPaIbHOTO

TpyOONpOBOJa paBHa:

N = 1200000 _ 5050

"~ 39721,968

3amava 7.2

Hcnonb3ys ucxomHble W pacyeTHbIE AaHHbIE M3 3amadd 7.1 omnpenenuts
MoIHOCTH oaHOM CK3.

1. CpenHee  CONpPOTUBIICHWE  €OUHUIIBI  JUJIMHBI  W30JISIIMU 34

HOPMATHUBHBIA CPOK CITYKOBI:

R . 9000
M3.CP. " 314.0,82:0,1259,5

(1 — e~ 212595y = 2045,79.

2. BxoaHoe conpoTUBIeHHE U30JIUPOBAHHOTO TPYyOONPOBOJA B CPEAHEM

3a nepuon 3kcmuryatanuu CK3:

Zo, =0,5" \/10,7- 10-6-2045,79 = 0,074.



50

3. HeoOxomumasa cumiel Toka CK3, HeoOxommmast st oOecrieyeHUs

3aIATHl MATUCTPAIBLHOTO TPYyOOIIpOBOIA:

[ = |=1,95] — 17,0155 A.

Ap 0,074-(142-~0,0001:39721,968 4.0 511)

4, Hanpsoxenue Ha Beixoae CK3

AE = |-1,95 - (-0,35)| + 17,0155 (1 + 8) = 154,74 B.

5. MomHocTh, moTpebsieMass KaTOAHBIMUA YCTAHOBKAMH OIPEEsIeTCs
CIIEAYIONIMM 00pa3oM:

P, = 17,0155 154,74 = 2632,982 Br.

3aoanue:

Onpenenuts HeoOxonumoe uyucio CK3 u momuocts onnoit CK3 s
3allUThl MarucTpaJibHOrO TpyOompoBoda auamerpoM D, Mm, mmuHou L, xwm,
HMMEIOIIEr0 TOJIIIUHY CTEHKH, PaBHYIO O, MM. TpyOompoBOJ MPOKIIAIBIBACTCS I10
MECTHOCTH, YYaCTKU KOTOPOMl HMMEIOT CpeJHee 3HAueHHE  YIEIbHOTO
DIICKTPOCONPOTHUBIIEHHA TPyHTa BJOJb Tpaccel TpyoOompoBoxa Ire, OM-M,
MIEPEX0IHOE CONMPOTUBIICHHE TPYOa-rpyHT paBHO R, OM-M%; TI0Ka3aTeb CKOpPOCTH
crapennst — 0,125 1/rox; ynanenue aHOgHOTO 3a3eMJICHHS OT TpyOompoBoaa — 350
M; YACIBHOE JIEKTPOCONPOTHUBICHHE MaTtepuia npoBoaa 1 OM; CONpOTUBIICHUE
pacTeKaHul0 TOKa ¢ aHogHoro 3aszemyieHus 8 Owm. Hcxoanele [maHHBIE

IpeCTaBIeHbI B TabauIe 7.3.

Tabmuma 7.3 — Ucxonuele maHHbBIE K 3a0aHui0 0 TeMme: «Karomnas 3ammra

OJIHOHUTOYHBIX MarucTpajbHbIX TPYyOOIIPOBOIOBY

No I,y R,
BapHaHTa R I OMI‘) M |OM: M
1 530 5 800 40 8000
2 530 6 900 45 8500
3 530 7 1000 50 9000
4 530 8 1100 55 9500
5 530 9 1200 65 10000
6 720 8 800 40 8000
7 720 9 900 45 8500
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8 720 10 1000 50 9000
9 720 10,5 1100 55 9500
10 720 11 1200 65 10000
11 820 8 800 40 8000
12 820 9 900 45 8500
13 820 10 1000 50 9000
14 820 10,5 1100 55 9500
15 820 11 1200 65 10000
16 1020 9 800 40 8000
17 1020 10 900 45 8500
18 1020 11 1000 50 9000
19 1020 12 1100 55 9500
20 1020 15 1200 65 10000
21 1220 11 800 40 8000
22 1220 12 900 45 8500
23 1220 14 1000 50 9000
24 1220 15 1100 55 9500
25 1220 16 1200 65 10000
26 1420 14 800 40 8000
27 1420 15 900 45 8500
28 1420 16 1000 50 9000
29 1420 17 1100 55 9500
30 1420 20 1200 65 10000

Bompocsr:

. [TpuHIMNO AEUCTBUS KATOIHOM 3allIUTHI.

. IloHsTHe cTaHIMM KaTOOHOM 3alllUTEI.

. ®opmyma mis ompeneneaus uuciaa CK3, HEOOXOAMMBIX MJIs 3allUTHI
TpyOOnpoBOA.

. MomnocTts ogHoi CK3.

. IloHsiTHE ecTeCTBEHHOTO (CTAIlMOHAPHOTO) MTOTEHIINAIA.

. Ilonstue pacdCTHOr o MOTCHUMAJAa.
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I[TPAKTUYECKOE 3AHATHUE 8

Ouenka 3¢)¢peKTUBHOCTH HHTHOMTOPOB KOPPO3UH

Teoperuueckasi yacThb
Koppo3ueit Ha3bIBaeTCs TpPOIECC pa3pyIlIeHUs METaUIOB BpeE3yJIbTaTe
XUMHUYECKOTO WM JIEKTPOXUMUYECKOTO BO3ICUCTBUSOKPYKAIOIIEH CPEIbI.
CkopocTb KOPPO3HH K, BBIPAKAIOT YHUCIIOM rpaMMOB
MeTajuia,pa3pylieHHOr0 B Te4YeHWe roja Ha miomaau 1 M (r/M 4ac) wumm

pacrpocTpaHeHHUEM Mpoliecca B TIIyob (MM/TO).

_ mp—myq,
Ky = —5— (8.1)

IZie To - HauaJbHAasl Macca MeTaJljia 10 UCIIbITaHuUs, T;

T; - Macca MeTajula Mocje UCIbITaHus, T;

S- pabouas MOBEpXHOCTh 00pasIa, M ;

T - IPOAOJKUTEIBHOCTh UCTIBITAHMS], Yac.

Huzuoumopul koppozuu

Hayuyno oOocHOBaHHasT ¥ TEXHHYECKHM TIpPaMOTHO OpraHU30BaHHas
MHTUOUTOpHAs 3aliuTa MeTajula BHYTPEHHEH MOBEPXHOCTH TPYyOONpOBOIOB
MO3BOJISIET CYIIECTBEHHO TOBBICUTh MX HAAEXKHOCTb, JIOJITOBEYHOCTh U
MIPOMBIIIICHHYIO 0€3011aCHOCTb.

NHrubuTopel - 3TO BEHIECTBA OPraHUYECKOr0 WM HEOPraHUYEeCKOro
IPOUCXOXKJEHUS, KOTOpbhle OO0JaJal0T CIOCOOHOCTBIO CHMXKaTh CKOPOCTh
KOPPO3HOHHOTO Tpouecca. MHruOuTopsl SBASIOTCS MOBEPXHOCTHO AKTUBHBIMU
BEILECTBAMH.

MexaHu3m JeiCTBUST MHTMOUTOPOB CBOJUTCS K CIENYIOIIEMY: IMOJSPHBIC
MOJIEKYJIbI MHTUOMTOpa aacopOMpYyIOTCS Ha BHYTPEHHEW NOBEPXHOCTH TPYOBI,
o0pasys IJIEHKY, 3aIlIMIIAIONTYI0 BHYTPEHHIOIO MOBEPXHOCTh TPYOBI OT KOHTAKTa C
BojoM. TakuM 00pa3oM, YCTpaHsSETCSd OJHO M3 HEOOXOAMMBIX YCIOBHM IS
MPOTEKaHUS AIEKTPOXMMUYECKON PEaKIMK: U3-3a HAJIMYUS 3alUTHOM TUICHKU HE
MOJKET MPOUCXOAUTH pa3psi BOJOPOIHBIX HOHOB U MPOLIECC PACTBOPEHUS MeTaslia

3aTOPMAKHBACTCA. I/IHFI/I6I/ITOp TaKOI'o THIIa 6Y)ICT Ha3bIBAThCA KaTOAHBIM
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UHTUOUTOPOM, T.K. OH BIIMAET HA CKOPOCTh peakuuu Ha Karojae. CyllecTBYIOT
aHOJTHbIE MTHTHOUTOPHI, KOTOPBIC BIMUSIOT HA CKOPOCTh PEaKIIUU Ha aHOJIE.

Boibop wuHruOGuTOpOoB 11 HE(PTENMPOBOAOB 3aBHUCUT OT  CTEIECHH
O0OBOJTHEHHOCTH TPOAYKIMU CckBaxkwH. [Ipu ob6Bomuennoctu g0 30 %
MPEANOYTCHUE OTAACTCSl WHTHOWTOpaM, pacTBOpHUMBIM B BomHOoW (daze. C
yBEJIMYEHUEM  coJiepKaHuss  Boabl B Hehtu  Oosiee 3P dEeKTUBHBI
TJICHKOOOPa3yIoue HHTHOUTOPHI.

O} pekTUBHOCTh MHTHOUTOPOB KOPPO3UHM 3aBHUCUT OT MHOTHX (DaKTOpOB,
OJIHAKO OYEHb BAXKHBIM YCIOBHEM SBJISETCS HEOOXOAUMOCTb TOrO, YTOOBI
UHTUOUTOP JOCTUT MOBEPXHOCTH 3AIMINAeMOr0 MeTajia W afcopOupoBaliics Ha
Hel. Huszkast KoHIeHTpaIusi HHTHOUTOpa MOXKET CKOpee MPUBECTH K YCKOPEHHIO
KOPpO3HUH, YeM K €€ 3aMeIJICHUIO.

[IpumeHeHre WHTHOUTOPOB - ATO JOCTATOYHO JOPOTOCTOSIIAS 3aluTa
TpyOOIIPOBOJOB OT KOPPO3HM, KOTOpass TpeOdyeT CTpOroro CcoOIroieHus
TEXHOJIOTHYECKOTOo pexuma. [lodTomy st BBIOOpa W HMCIOJB30BaHUS B
KOHKPETHBIX YCJIOBHSIX TOTO WM WHOTO MHTHOUTOpA y JIMIlA, NMPUHHUMAIOIIETO
perieHue, uMeeTcss WHMOpMaIuUs MO0 CTOMMOCTH HMHTUOUTOpAa U Pe3yibTaThl
71a00paTOPHBIX, CTEHIOBBIX IMPOMBICIOBBIX HCIBITAHUH, COTJIACHO KOTOPBIM II0
['OCT 9.506-87 ompenensroTcsl MOKa3aTeau 3allMTHON CIIOCOOHOCTH MHTUOUTOpA
- CKOPOCTh KOPPO3WH M CTEIICHb 3AIUTHI TI0 00pa3mamM-CBUACTENISIM, BBOJUMBIM B
MOTOK CKBaKMHHOW TpoayKIuu (puc. 8.1).

a) 0)

Pucynox 8.1 — OOpasmpl-cBumeTenu U3 CcTaau: a) oOpaboTaHHBIC

UHTHOUTOpOM; 0) HeoOpaboTaHHbIE MHTHOUTOPOM
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DddexruBHOCTh MHTHONTOpA onpenensiercs coriaacHo ['OCT 9.50687:

2z =575 1009 (8.2)
Ky

Wi KO3 (PULIHEHT TOPMOKEHUS:

K1

Y (8.3)

rae Ki u K, — cxkopocts Kopposun 6€3 HHTMOMTOPa M ¢ HHTHOUTOPOM.

[IprMep yCcTaHOBKH BBOJIa HHITHOUTOPOB KOPPO3HHU

Jlns BBOJA MHTHMOMTOPOB KOPPO3UHM B TEXHOJIOTMYECKOH cxeme cOopa U
IIoATOTOBKHA CKBAOKUHHOU MMPOAYKIIMH HCIIOJIb3YIOT Pa3INIHbIC 6HOKI/I
no3upoBanus peareHToB (puc. 8.2). Binok no3upoBaHus OpeaHasHadyeH jis
AO3UPOBAHHOI'O BBOJA KKHAKHUX ACOMYJIbraTOpOB H I/IHFI/I6I/ITOp0B KOpPppO3Hunu B
TpYOOIPOBOJL IPOMBICIIOBON CHCTEMBI TPAHCIIOPTA M MOATOTOBKH HE(TH C IEJTBIO

OCYLICCTBJICHUA BHYTpI/ITp}I6OHp0BOI[H0ﬁ ACOMYJIbCalln HC(bTH, a TaK)KC 3alll1UThI

TpyOONpPOBOJOB u o0opynoBaHus oT KOPPO3UHU.

Pucynok 8.1 — bnok no3upoBanus pearentoB «O3Ha [{o3atop»

b/IP Bxitouaer:



55

- HACOC-/103aTOP,  OCYIIECTBIISIIOUIMHA  HENpephIBHOE  OOBEMHOE
JIO3UPOBAHUE JKUJIKUX JEIMYJIBraTOPOB U HHTHOUTOPOB KOPPO3HH;

- Hacoc HIECTEPEHOYHBIN, OCYILECTBIISIFOILIHAM 3aM0JIHEHUE
TEXHOJIOTUYECKOW E€MKOCTM pEareHTOM W NEPHOJUYECKOE IEepEMELIMBAHNE
peareHra B eMKOCTH;

- pacxoigHass ~ €MKOCTb  IpPSMOYTOJBHOIO  CEYEHHUs,  CBapHas
npeaHa3HayYeHHasl A JO3UPOBAHHOTO BBOJA OMPEICICHHOTO O0BeMa KHIKHX
JIEAIMYJIbraTOPOB U HHTUMOUTOPOB KOPPO3UHU B TPYOOTIPOBOJI 32 PErJIaMEHTUPYEMbIH
MIPOMEKYTOK BPEMEHH;

- €MKOCTh TEXHOJOIMYECKas NpPsIMOYTOJbHOIO CEUEHHUs, CBapHad,
npeAHa3HaueHHas JJIsl XpaHEHWs W TMOJOrpeBa peareHTa ¢ MOMOIIbIO
BMOHTHUPOBAHHOTO 3JIeKTpoHarpeBaress. TexXHonornyeckas eMKOCTh COEMHEHA C
yKa3zaTelleM YpPOBHS >KUJIKOCTH, KOTOPBIM CIYKUT [Js BU3YaJdbHOTO KOHTPOJIA
YPOBHS dKUJKOCTH.

TexHoa0rnM BBOJa HHTHOUTOPOB KOPPO3UU

Ha ceronHsmHuil N1eHb CYIIECTBYET HECKOJBKO TEXHOJIOTMHUIIPUMEHEHUS

HHTUOUTOPOB KOPPO3HH, ITO:

o HETIPEPBIBHOE JO3UPOBAHHUE,

° HENPEPBIBHOE  JO3UPOBAaHUWE C  MPEABAPUTEIIBHOM  YJIAapHOWU
JIO3UPOBKOM,

o POOKOBBIE TEXHOJIOTHUH,

o MEpUOANYECKAS M101a4a,

o 3aKayka B IUIacT.

3agauya 8.1

Onpenenuth 3GGEKTUBHOCTh HCIOJIB30BAHMSI HMHTUOUTOpPA KOPPO3UU
«Conkop» Mo KO3h(OUIMEHTY TOPMOXKEHMSI a MpU 2-X TEXHOJOTHSX BBOJa B
cucteMy HedTecOopa: 1 TEXHOJOTHS - TOCTOSHHAsI JO3UPOBKA MHTHOWTOpA; 2
TEXHOJIOTHUS - IEPUOIUYECKast J03UPOBKA C MArHUTHO#M 00paboTKoii (Tadum. 8.1).

S — mronraabk 00pa3a-cBUACTENS, M
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M; — Macca 10 UCHBLITaHus, T;

M, — Macca MocJe UCTIBITAaHUS TTPHU MIOCTOSTHHOM T03UPOBKE, T;

m,' — Macca MMocje UCTIBITAHUS MPU IEPUOINICCKON JO3UPOBKE + MarHUTHAs
o0OpaboTka, T;

T — IPOJIOJDKUTETHFHOCTD UCTIBITAHUN TIPH TIOCTOSIHHOM JTI03UPOBKE, CYTOK;

T — MPOJIOJDKUTEIILHOCTh UCIBITAHHA TPU TMEPUOJIUYECKON JTO3UPOBKE +
MarHutHas o0paboTKa, CyTOK;

y — YMEHbIIICHHE Macchbl oOpasia-cBujaeTesss 0e3 BBojga MHruouropa, % B

CYTKH.

Tabmuua 8.1 — BapuaHTbl 3a7aHuil K pacyeTy OLEHKH 3(PPEeKTUBHOCTU

UHTUOUTOpA KOPPO3UHU.

Ne BapuanTa | S, M m,r| mpr m,, T |1, CyToK | T, CyTOK | y, %
1 0,15 | 350 |349,915| 349,92 7 5 0,007
2 0,1 | 300 |299,935 | 299,94 7 5 0,008
3 0,18 | 380 |379,875| 379,88 7 5 0,008
4 0,25 | 450 |449,815| 449,82 7 5 0,007
5 0,28 | 480 |479,875| 479,88 7 5 0,006
6 0,31 | 510 |509,725| 509,73 7 5 0,007
7 0,21 | 410 | 409,915 | 409,92 7 5 0,006
8 0,13 | 330 |329,925| 329,93 7 5 0,008
9 0,17 | 370 |369,915| 369,92 7 5 0,006
10 0,23 | 430 | 429,885 | 429,89 7 5 0,0075
11 0,12 | 320 |319,925| 319,93 8 6 0,007
12 0,16 | 360 |359,915| 359,92 8 6 0,008
13 0,27 | 470 | 469,865 | 469,875 8 6 0,008
14 0,24 | 440 |439,875 | 439,885 8 6 0,007
15 0,11 | 310 | 309,935 | 309,945 8 6 0,006
16 0,19 | 390 | 389,895 | 389,905 8 6 0,007
17 0,22 | 420 |419,915 | 419,925 8 6 0,006
18 0,3 | 500 |499,725 | 499,735 8 6 0,008
19 0,14 | 340 | 339,915 | 339,925 8 6 0,006
20 0,2 | 400 |399,885 | 399,895 8 6 0,0075
21 0,15 | 360 | 359,915 | 359,925 6 4 0,007
22 0,29 | 490 |489,735 | 489,745 6 4 0,008
23 0,23 | 430 |429,835 | 429,845 6 4 0,008
24 0,08 | 280 | 279,955 | 279,965 6 4 0,007
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25 0,09 | 290 | 289,945 | 289,955 6 4 0,006

26 0,15 | 340 | 339,915 | 339,925 6 4 0,007

27 0,26 | 460 | 459,695 | 459,705 6 4 0,006

28 0,16 | 350 | 349,915 | 349,925 6 4 0,008

29 0,2 | 390 |389,875 | 389,885 6 4 0,006

30 0,24 | 450 | 449,775 | 449,785 6 4 0,0075
Anzopumm pewienus:

1. PaccunteiBaeM Maccy oOpasiia cBujeTenass O0e3 BBOJAa HHTHOMTOpA

MOCJIE 5-U ¥ 7-U CYTOK SKCIIEPHUMEHTA.

m=m;-(1-y)', (8.4)
2. OmnpenensieM ckopocTh kKoppo3uu K 06pasioB 6€3 BBOJa HHTHOUTOPA.
3. OmnpenensieM ckopocTh Koppo3uu K oOpa3ioB ¢ BBOAOM MHTHOUTOpA

IPU TOCTOSHHOM M NEPUOJUYECKON JO3UMPOBKE B COYETAHMM C MArHUTHOMN
00paboTKOM:
4, PaccuuthiBaeM 3(QQPeKTUBHOCTH HMHTHOUTOpPA TIPU  Pa3TUUHBIX

TCXHOJIOTHAX BBOJa U KOB(i)(bI/II_II/ICHT TOPMOXKCHUA.

Bompocsr:

1. [loHATHE KOPPO3UH.

2 Crioco0bl peynpexaeHrs KOPpO3uu.

3 dopMyiia CKOPOCTH KOPPO3HUHU.

4, [ToHsiTHE UHTUOUTOPOB KOPPO3UHU.

5 TexHooruu BBOIa HHTHOMTOPOB KOPPO3HHU.

[MPAKTUYECKOE 3AHATHUE 9

Pacuer HOpMBI ecTecTBEHHOM YObLIM He(pTH U HePTENPOAYKTOB

Teoperuyeckas 4acThb
TpancnopTupoBka u xpaHeHue HeTU U HEQTETPOTYKTOB COMPOBOKIAIOTCS

HX IIOTCPSIMU.
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[lox mopmont ecmecmeennoit yobLIUTIOHUMACTCS JOMYCTUMAs BEIMYMHA
0€3BO3BPATHBIX IOTEPH He(TH (HETENPOIYKTOB), IIPOUCXOIALINX
HEIMOCPEJICTBEHHO TPU  TOBAPHO-TPAHCIIOPTHBIX  OMEpalUsX, BCIEICTBUE
COIPOBOXAAIOIMINX MX (PU3MUYECKUX MPOIIECCOB, a TAKXKE MOTePh, HEM30EKHBIX Ha
JAHHOM YpPOBHE COCTOSIHUA NPHUMEHSIEMOT0 TEXHOJIOIMYECKOro 000pYy/I0BaHUA
(moTeps OT UCHApEHMs], Yepe3 YIJIOTHEHUSI HACOCOB M 3aJBUKEK, OT HAJIUMAHUS U
T.1.). B HOpMBI ecTeCTBeHHOW YOBUIM HE BKIIOUAIOTCA TOTepH HedTH
(HeTEenpOayKTOB), CBSI3aHHBIE C 3aYUCTKOM pE3EpPBYapoOB U TPAHCIOPTHBIX
€MKOCTEH, C PEMOHTOM TPYOOIPOBOJIOB M apMaTypbl, BCE BUIbl ABAPUUHBIX
NOTEPb, & TAKKE MOTEPU MTPU BHYTPUCKIIAJICKUX MEPEKAYKAX.

HopMmbl ecTecTBeHHON YOBLIM SABISAIOTCA NPEIEIbHO JIOMYCTUMBIMH U
MIPUMEHSIOTCSI MOAbKO 6 CAy4asax (hakmuueckux Heoocmau Hedpmu (neghpme-
nPOOYyKmMoe).

Cnucannie HedTH (HEeDTENPOAYKTOB) B Mpeleax HOPM €CTECTBEHHOU
yOBLIM 10 yCTaHOBJIEHUA (DaKTa HEAOCTAUYM 3aIPEIIACTCS.

JUis TpUMEHEHUsT HOPM E€CTECTBEHHOM yObUIM HEe(TH U HEPTENPOAYKTOB
tepputopust Poccuiickoit denepanuu pasfeiieHa Ha KIMMAaTUYECKHE 30HBI WA
nosica. Hopmbl ecrecTBeHHOM yObUIM HEPTU U HEPTENPOTYKTOB YCTAHOBJICHBI IS
JBYX IIEPUOJIOB roJia:

- oceHHe-3uMHero (¢ 1 oktga0ps o 31 mapra);

- BecenHe-neTHero (¢ 1 ampesns mo 30 ceHTsaops),

a TaK)Ke€ B 3aBUCUMOCTH OT TUIIa U BMECTUMOCTH PE3EPBYAPOB U UX OCHAILIEHHOCTH
CpeACTBAMHU 3alUTHI OT MOTEPh (MOHTOH, ra30Bast 0OBA3KA).

OcHoBHble  (popMynbl  JUIsl  ONpEAENICHUS  €CTECTBEHHOW  YOBLIM

He(TENMPOAYKTOB TpeAcTaBieHbl B Ta0n.9.1. B Hel NpPUMEHEHBI CIEAYIOIINE

0003HAYECHUS:

Tabnuua 9.1 — Pacuer ecrecTBeHHON YObUIM HEPTEIPOTYKTOB
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Buas! noreps
HCeTouHuK | ppy CyMMapHbI€e TOTEPH No

MOTEPh  [3aronn IIPH XpaHEeHHH (Gu~ Gy) Gopmy s
eHUH

Pesepsyapel| . M——l _ (M ]
Hededas pi- G [pﬂ-m[n G, ||Pi+p.+p;s - 1 |-G, (9.1)

PezepByaphbi
6a3 nnu-
TENBHOTO
XpaHEeHHUs

- [p2}1 + p};{ ) (M,u - 12)1 ) G.\' [pZJ] + p3)i .(MJL _12)] .G_\( (92)

Pesepryapil
A3Cwu
IYHKTOBR
3arpaBKu

He quddepednupyloTes PascG (9.3)

3emusubic

aMGapul e guddepenunpyrores panm F-M, (9.4)

Gy, Gx - KOTMYECTBO COOTBETCTBEHHO HAJIMBAEMOTO M XPaHUMOTo Hed-
TEMPOAYKTa B TEUCHHE T'0JIa, T/TOI;

G - rpy30000pOT 10 HEDTENPOAYKTY, T/TO; P1, - HOPMATHUB €CTECTBEHHOM
yObUIM HE(TENpOIyKTOB MpHU TMpUEME B pe3epByapbl HedrTebas, kr/T (Tadn. 9.2,
9.4); p, - HOPMATUB €CTECTBEHHON YOBLTHM HEPTEHPOAYKTOB MPH XPAHCHHU B
pesepByapax g0 1 mecsama, kr/t (tabm. 9.3, 9.4); p3 - HOPMATHB €CTCCTBEHHOM
yObUTM HEePTENpOAYKTOB TMpPU XpaHEHUWH B pe3epByapax CBbime 1 Mecsia,
kr/(T-mec). (Tabu. 9.5);

M - 4ncno MecsIIeB B pacCMaTpUBAEMOM KaJICHIapHOM TIEPHUO/IE;

N- koapdunreHT obopaurBaeMOCTU pe3epByapoB, 1/rox;

P2 - HOPMAaTHB €CTECTBEHHOW YOBUTH HEPTEIPOIYKTOB IMPHU IMPHUEME, OT-
MYCKE U XPaHEHUH B MEPBBIN 01 JITUTEILHOTO XpaHeHus, KI/T (Tabi. 9.6);

P3x - HOpPMaTHB E€CTECTBEHHOW YOBLIM HE(TEMPOMYKTOB IPH XPAHCHHH
CBBIIIIE OJIHOTO rofia (TUTEeIbHOE XpaHeHue), Kr/(T-mec). (tadi. 9.7);

M}, - 9uCII0 MECAIIEB ITUTEIHHOTO XpaHEHUsI HE(QTEPOTYKTOB, MEC. ;

PA3C ~ HOpMaTHB €CTECTBEHHOM YObUIM HE(PTENpPOIYyKTOB NPH IpUEME,

XPaHCHUH, OTITYCKC HAa aBTO3AaIIPABOYHBIX CTAHIUAX U ITYHKTAX HAJIMBA, KI/T (Ta6J'I.

9.8);
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Pam - HOPMAaTHB €CTECTBEHHOW YyOBUIM Ma3yTa IpH IpHEME, OTIYCKE |

2 :

XpaHEHUH B OTKPBITHIX 3eMJITHBIX ambapax, Kr/(mec -M”) (1a0:1.9.9);
2.
F - mutoraib HOBEpXHOCTH MCIIApEHUS B ambape, M,

M,- 4Hciio MecAIIeB XpaHEeHUsI MazyTa B am0ape, Mec.

3amaua 9.1

OrnpenenuTh €CTECTBEHHYIO YObUTh aBTOOeH3MHAa 13 pe3epByapa PBC 2000
B oceHHe-3uMHMI nepuoj. Koadduiment obopaunBaeMocTu pe3epByapa paBeH 15
l/ron. Hedrebaza pacmosiokeHa B l-WkamMaTruueckoi 3o0He. ['py3oo0opor
pe3epByapa 1o 6eH3uny cocranisier 22500 1.

Pemenne

1. [To tabn. 9.2, 9.3, 9.5 HaxoAWM COOTBETCTBYIOIINE HOPMATHBHI
ectecTBeHHON yOBUTH:p;=0,12 xr/T, P,=0,13 kr/T, P3=0,05 Kr/(T-Mec). s
OTIpeJIeIICHHs TPYIIbl He(QTEPOAYKTA UCTIONB3YyEM MpHiioxkeHue b.

2. BriunciisemM UCKOMYIO €CTECTBEHHYIO YObLIb 110 (hopmyiie (9.1):

¥=(0,12+0,13+0,05-0)-22500=5625 xr

3agaua 9.2

OnpenenuTh €CTECTBEHHYIO YOBLIb INpU XpaHeHUH B pesepByape PBC
50003700 T aBTo0en3uHa ¢ 1 okrss0ps 1991 r. mo 31 mapra 1993 r. Pe3zepByap
pPacmoioKeH BO 2-HKJIMMaTH4YecKoH 30He. CpeaHeroaoBas TUIOTHOCTh OCH3MHA

750 Kr/M7°.

Pemenne
1. HaxonmuMm crereHb 3amofHeHus pe3epByapa:
G 3700
n=—"—= = 0,98.
Vp:p  5000:0,750
2. [To Ttabmume 9.6, 9.7 HaxoAMM COOTBETCTBYIOIIME HOPMATHBBI

€CTECTBEHHOW yOBUIM: B OCEHHE-3MMHUH TIepuox Ppz;° = 2,6 KI/T, p3y’ =
0,05 kr/(T - Mec); B BeCeHHe-JICTHUI Tepron p," = 3 Kr/T, p3;" = 0,28 kr/(T"
MecC).

3. Brruncisem HCKOMYIO €CTECTBEHHYIO YObLUIb 110 hopmyiie 9.2
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Y =10,5-(2,6+3)+0,5:(0,05+0,28)-(18-12)]-3700=14023 xr

3apaua 9.3

OnpenenuTh €CTECTBEHHYIO YOBUIb aBTOOCH3MHA U3  3ariyOJICHHBIX
pesepByapoB A3C, pa3menieHHON B 3-iiKJIMMAaTHYeCKOi 30He. Macca mpHUHSTOTO
U Ppeajn30BaHHOTO HEPTENpPOAYKTa COCTaBISET: B BECEHHE-JIETHUH TMEepuoOJ
G®" = 1000 T, B ocegne-3umuaui G° 3 = 500 T.

Pemenue

1. [To Tabnuie 9.8 HaxoaMM BETMYHUHBI COOTBETCTBYIOIIMX HOPM:

P = 0,56—, p%d =048

2. Brruucisem HCKOMYIO €CTECTBEHHYIO YOBLIb 110 hopmyiie 9.3

¥ =0,56-1000+0,48-500=800 «r.

Tabmuma 9.2 — Hopmbl ectecTBeHHO# yObUTH HEeGTEpoaAyKTOB 1 1 2 Tpynm

IIpU IIpUEME B pe3epByaphl (B KUjIorpaMmax Ha 1 T IpUHATOrO KOJIMYECTBA)
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Knumarvdeckue 30Hb
['pynna
T Hedrre- 1 2 3 4
p€3€pByapOB HpOﬂyK' QCeHHE~ |BECCHHE-| OCEHHEe- [BECEHHE~] OCEHHE- BECEHHE-{ OCCHHE- |[BECEHHE
TOB 3uMHUi | nerdnii | 3umunii | netHril | 3uMupi | neTHrl | 3aMuBE | Te THAR
nepuon | nepuox | nepuox | NEPUo | Nepuoll | NepUos | neprox | nepyon
Haszemurnie
crannHbie
BMECTHMO-
CTHIO!
3 i 0,22 | 0,37 0,24 | 041 0,30 049 | 032 | 0,53
710 400 m
2 0,20 | 0,36 | 0,22 0,39 | 0,22 | 0,47 0,29 | 0,52
1 020 { 036 | 023 040 { 0,30 { 046 | 0,31 0,52
70 10 3 2 L] ] H E ] H b1
0 00w 2 0,18 | 0,33 0,21 0,38 | 0,21 0,43 0,25 | 043
2000 M° 1 1 0,12 | 0,21 0,17 025 | 0,17 | 0,27 | 0,19 | 0,28
donee 2 0,12 { 0,21 0,17 | 0,25 0,17 0,27 0,19 | 0,28
Hasemupie
cTansHpIc ¢
[TOHTOHOM
BMECTHUMO-
CTBIO:
0 400 18 i 0,14 | 0,31 020 | 0,36 | 0,20 | 042 | 0,20 | 042
A M 2 0,12 0,31 0,15 0,34 | 0,15 042 | 0,20 | 0,42
i 0,08 0,23 0,20 034 | 0,20 { 0,37 0,20 | 0,37
3 b) s ) ) 3 ] 3 ’
700100075 007 1 023 | 015 | 029 | 015 | 014 | 0.06 | 018
2000 M> u 1 0,06 | 0,12 | 0,06 | 0,14 | 0,06 0,14 | 0,06 0,18
donee 2 0,05 0,11 0,06 { 0,14 | 0,06 | 0,14 | 0,06 0,14
Hazemupie
CTANBHLIE,
HMeEIOIHE
ra3zoByio
00BA3KY,
BMECTHMO-
CTEIO
1000 o i 0,12 1 0,20 | 0,12 | 0,20 | 0,13 0,27 | 0,13 0,30
A¢ 1 2 lotolon|oiz]oi7]oi2] 018|013/ 019
2000 M® 1 i 0,11 0,20 | 0,11 0,25 0,12 | 0,27 0,13 0,15
donce 2 0,10 .| 0,13 0,10 | 0,17 | 0,11 0,18 | 0,13 0,14

Tabnuua 9.3 — HopMel ecrectBeHHOM yObutH HedTenpoaykToB 1 u 2 rpynn
OpU XpaHEHHWH B pe3epByapax [0 OJHOTO Mecsua (B KuiorpaMmax Ha 1 T

XPaHUMOT'O TIPOIYKTa B MECSIII)
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Krnumaruyeckue 308561
Ipymnna 1 2 3 4
Tun Hedre- BECEH- BeceH- BeCeH- BeceH-
pesepeyapos | npoxyk- [ocenne] T Jocensed T 7T Jocenne-| T foceed
rog |3MMHHHA teTHuih 3UMHUIA neTraii 3SUMHMH - 3UMHHE neTHui
IIEPHOL riepHox IICPHOX HepHOx nepyon nepHon rnepyon HepHOT
HazeMmHbIC CTaNBHBIC, BMECTHMOCTBIO!
) 1 023 | 0,66 1 032 090 | 0,39 | 1,11 | 0,50 | 1,49
10 400 M 2> | o017 | o064 | 027 | 084 | 037 | 1,07 | 048 | 1,22
3 1 0,16 | 065 | 028 | 0,88 | 032 [ 1,05 | 0,39 | 1,34
700-1000M7 o ) ois | 063 | 023 | 079 | 0s1 | 091 | 032 | oo
2000 »° 1 013 | 034 | 0,14 | 0,45 | 0,15 | 048 | 0,16 | 0,56
H OoJice 2 0,13 | 0,34 | 0,14 | 042 | 0,15 [ 0,48 { 0,16 | 0,56
[TaseMIbIe CTaiblbIe € HOITOHOM, BMCCTHMOCTBIO!
3 1 0,07 } 0,15 | 007 | 0,21 | 0,08 | 0,28 | 0,08 | 0,37
26 400 u 2 | 005 | o1a | 006 018|008 022|008 033
3 | 0,05 | 0,14 | 0,05 | 0,20 | 0,06 | 027 | 0,07 | 0,33
700 1000w 1 505 1 06 | 005 ] 03 | 005 | 021 | 007 | 029
2000 M” u i 0,05 [ 0,08 | 0,05 | 0,10 | 0,05 [ 0,11 | 0,05 | 0,16
Gonee 2 0,05 1 0,06 | 0,05} 0,09 1 005 | 0,11 ] 005 | 0,16
[HaseMiIbie CralblbIC, MMCIONME FA30BYI0 00BA3KY, BMCCTUMOCTLIO:
3 1 0,10 1 0,20 | 0,10 | 0,26 { 0,10 | 0,32 | 0,14 | 0,35
50 1000w 2 0,06 | 020 ] 0,08 | 0,25 | 0,08 | 026 | 0,14 | 0,28
2000 v 1 i 0,10 | 0,19 | 0,10 | 026 | 0,10 | 0,28 | 0,02 | 0,28
Gonee 2 0,05 1 0,19 | 0,08 [ 021 { 008 | 0,24 } 0,12 | 0,25
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Ta6bmumna 9.4 — HopMmbl ectecTBeHHOM yObuIM HedTenpoaykToB 3, 4, 5, 6

TPYIII IPU IPUEME U XPAHEHUH B pE3EPBYyapax 10 OJHOI0 MecAla (B KWIOrpaMmax

Ha | T XpaHUMOTO MPOAYKTA B MECSIII)

Knumarnyeckue 30Hbl
T l; E(y]frg? 1 2 3 4
pe3cpBya- nmpouyKk-|ocenHe- BECER | ocentie-| P |ocenne-| P Jocenne-| B
poEB .| He- .| He- .| He- .| He-
rog |3MMHHE _Y3uMEMEA| T |3uMHEME . |3nMBwit .
Hepuox neTHUH Mepuox neruui HepHOx AeTHUR HepHox netHui
IIEPHOX EPHOX IIEPHOx IIEpHOT
3 0,08 | 0,15 0,11 0,18 | 0,12 | 0,20 | 0,10 | 0,22
HazeMubie 4 0,08 | 0,11 0,08 | 0,12 | 0,08 | 0,11 0,12 1 0,14
CTAbHBIE 5 0,03 0,03 | 0,03 0,03 | 0,03 § 0,03 { 0,03 | 0,03
6 0,02 | 0,02 { 0,02 [ 0,02 | 0,02 | 0,02 | 0,02 | 0,02
3 0,07 | 0,08 | 0,07 | 0,08 | 0,07 { 0,12 | 0,07 | 0,14
3arny6nen- 4 0,07 0,08 0,07 0,08 0,07 0,08 0,07 0,08
HblE 5 0,02 1 002 1¢ 0,02 [ 0,02 [ 0,02 ¢ 0,02 | 0,02 | 0,02
6 0,02 1 0,02 | 0,02 | 0,02 | 0,02 1 0,02 ] 0,02 | 0,02
3adanue:

Pemmts 3agaum 9.1, 9.2, 9.3 cornacHo cBoMM BapuaHTaM, IPEACTABICHHBIM

B Ta0mune 9.10.
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Tabmuma 9.5 — Hopwmbl ecTecTBeHHOW YyOBLIM HEPTENPOAYKTOB IIpHU
XpaHEHUHW B pe3epByapax CBBIIIE OJHOTO Mecsna (B kKujorpammax Ha | T

XPaHUMOTO IIPOJAYKTa B MGCHH)

Kiaumaruyeckue 30HbI
I'pynna
Tun Hedre- i 2 3 4
pe3epByapoB HPO.-’IYK' QCE€HHE~ |BeCeHHE~| OCEHHE- |pECEHHE~] OCEHHE~ |BECEHHE=) OCEHHE~ [BECCHHE -
TOB IUMHMIL | neriuit | 3umuni | nerauit { sumumii | nethuit | 3umHui | neTHui
nepyon | nepyol | nepyoa | nepwon | epuon | mepuon | nepuoa | nepnon
HazemHutie
cTansHble,
BMECTHMO-
CTBIO:
1 0,09 0,43 0,09 0,59 0,28 0,83 0,29 0,86
| 400 o 2 0,09 1 0,26 0,09 { 043 0,17 0,62 0,18 0,63
A0 3 - loost - toos| - Joos| - ]o10
4 - - - - - 0,05 - 0,05
i 0,09 | 0,41 0,09 | 0,57 0,27 0,80 0,28 0,82
700...1000 2 0,09 | 0,25 0,09 0,42 0,16 0,59 0,17 0,61
wm 3 - | 0,05 - 0,05 - 0,08 - 1 o0
4 - - - - - 0,05 - 0,05
1 0,05 0,24 0,09 0,37 0,13 0,46 0,14 0,52
2000 M° U 2 0,05 0,18 0,05 0,26 | 0,09 0,38 0,09 0,40
Gouee 3 - 0,05 - 0,05 - 0,05 - 0,05
4 - - - - - 0,05 - 0,05
fa;il‘fﬂgc 1 - o0 - |o1s | 005|019 | 005! 020
TANBEHLIC C
HOLITOIOM 2 - 0,09 - 0,10 0,04 0,13 0,05 0,14
i - 0,10 0,05 0,10 0,10 0,10 0,10 0,10
33‘?5?:"'“' 2 ool - [o010] 005010 005|010
3 - - - - - 0,05 - 0,05
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Ta6muma 9.6 — Hopmbl ecTecTBeHHON YOBUTH HE(DTENPOIYKTOB MPH IIpUEME,
OTITYCKE€ W XPaHCHWHM B pe3epByapax B NEPBBIA TOJ IJIUTEIHHOTO XpaHCHUS (B

KWJIorpaMmax Ha IT IIPpUHATOTO KOJ'II/I‘{CCTBa)

KnnMaruveckue 30051

T ['pynna | ; 3
pegep:;apoa nﬂ;&;@}(‘ OCEHHe- | BECCHHe- | OCEHHE- | OCEHHe- | BeceHHeE- | OCeHHe-
Top | SUMHHH | JCTHHA | 3MMHMA | 3UMHWH | AeTHMH | 3uMHuH
[epuoa | mepuoi | mepdop | mepuop | nmepuop | mepuox
] 4,000 | 4400 } 2,600 | 3,000 | 249 | 2800
HasemHsie 2 3,100 | 3460 | 2320 | 2,620 | 1630 | 1,970
Cﬂf:g“;‘f;;oﬁ 31 0570 | 0670 | 0448 | 0524 | 0370 | 0,466
sarpy3ic 95% 4 0252 | 0324 | 0,183 | 0233 | 0,180 | 0,214
4 BLILE 3 0,190 t 0,190 | 0,110 | 0,110 | 0,100 | 0,100
6 0,240 | 0240 | 0240 | 0,240 | 0240 | 0240
Hasewmsie | 1 | 4,000 { 4400 | 2,700 | 3,050 | 2,490 | 2,800
C::;Tz";‘g‘p:oﬁ 30 0570 | 0670 | 0,520 | 0,600 | 0390 | 0490
Sarpy 3K 4 0280 | 0360 { 0209 | 0257 { 0,190 | 0,228
Menee 95% 5 0,190 | 0,19 | 0,120 | 0,20 | 0,100 | 0,100
1 2200 | 2,420 | 1,368 | 2172 | 1,040 | 1,810
Sarnyense 4 0,497 | 0,682 [ 0310 [ 0353 | 0,188 | 0,280
. 5 0,122 { 0,160 | 0,080 | 0,110 | 0,064 | 0,082
6 0,360 | 0,360 | 0360 | 0360 | 0360 | 0,360
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Ta6mumna 9.7 — HopMbl ecTecTBeHHON yOBITH HEPTEMPOAYKTOB IIPH CBBIIIIEC

OZHOTO rofa (IIUTeNFHOE XpaHEHHE)

Knumaruyveckue 30HbL

I'pynna
1 2 3
Tun pesepsya-| uedre-
poB nponyk- | OCCHHe- | BeCeHHe- | OCeHIe- | OCeHHe- | BeCeHHe- | OCeHHe~
TOB 3UMHHA | NETHHH | SUMHHA | 3UMHHIT | JACTHUN | 3UMHHHA
nepuon | mepuon | nepuon | nepwon | nepHon | nOepUoi
J Haszemusie 1 0,130 0,450 0,050 0,280 0,040 0,180
M:Ta”“”"fc*‘”e 2 0,080 0,250 0,040 0,180 0,030 0,140
HOpMOii 3a-
rpysii 95% i 3 0.010 0,040 - 0,019 - 0,019
BLILIC 4 - 0019 - 0,009 - 0,009
Hazemiunie
METALIHYCCKAC 1 0,130 0,450 0,060 0,300 0,040 0,180
C 11OpMOit 3a- 3 0,010 0,040 - 0,019 - 0,019
rpy3«H 4 - 0.019 - 0,010 - 0,010
Mmence 95%
3ArTVEeIe 1 0,060 0.100 0,009 0,049 0,010 0,030
ybrettte 4 - 0,018 ; 0,010 - 0,009

Tabnuua 9.8 — HopMbl ecTecTBEeHHON yObLIN HE(DTENPOAYKTOB MPU MPUEME,
OTITyCKE, XpaHCHWW Ha aBTO3AMPABOYHBIX CTAHIUAX M TYHKTaX 3alpaBKH (B

KWJIorpaMmMax Ha IT IIPpUHATOTO KOJ'II/I‘-ICCTBa)

KauMaruuecKue 301

. I'pynna
Ty nedre- : 2 3 4
peseppya- IEPOIYK~ | OCCHIIC- [BCCCINC-| OCCHIIC- [BECCIINIE-| OCCIINIE- [BCCCINIC-| OCCIIE- [BECEIHIC-
pos TOB suMudi | nernmif | sumomil | neriaid | sumoot | oierisid | samouii | pernmid
repuo | nepuost § nepuoi | EpHOML | HEpHOo | HCPHOA | HICPUOA | NCPHOR
1 0,08 0,60 (0,54 0,99 0,72 1,05 0,74 1,25
Hazemurie

5 002 {002} 003 | 003 1] 003700310031 003
6 0,02 | 002} 002 | 002} 002 | 002 | 002 [ 0,02

CTaSIbHLIC

Hazemursie
CTANILHLIC ¢ 1 0,15 0,30 0,27 0,40 0,40 0,56 0,41 0,62
NOHTOIIOM
0,23 0,30 0,36 0,40 0,48 0,56 0,49 0,68
3arny6-
5 0,01 0,02 0,01 0,02 0,02 0,02 0,02 0,02
JICHHbBIE

6 0,02 | 0,02 [ 002 | 002 [ 002 | 0,02 f 0,02 | 0,02
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Ta6muma 9.9 — Hopmsel ecTecTBeHHOHN yOBUTH HE(DTENPOIYKTOB MPH IIpUEME,

OTIIyCKE M XPAaHEHUU B OTKPBITHIX 3€MIIIHBIX amOapax (B Kwiorpammax Ha 1

2
M TIOBEPXHOCTH MCHapeHHs He(TenpoayKTa B MECHIIL)

Knumatudeckue 30H5I
1 2 3 4
oceHde- | secedHe- | oceHue- | Becedude- | oceHHe- | BeceHHe- | oceHHe- | BeceHHe-
3UMHRI AeTHUI | 3uMHMIT Aerddii | 3uMHMI | nerHMit | 3uMHHIT JeTHUH
nepuon | mepuon | nepuon | nmepuox | nepuon | mepuox | nepwoa | nepHoa
1,44 2,16 1,84 2,56 2,16 2,88 2,16 2,88

Tabnuua 9.10 — BapuanTs! Jy1st pacyeTa HOpMbI €CTECTBEHHOHN yObUIU HePTH

1 He()TEPOIYKTOB

< Macca .
§ peanu30BaHo- 3 . g © e = E
E = TOH HpI/IHﬂTOFO §\ H" = Fﬁ E En g ;[‘
e g nedrenpoaykTa 3 % E s 5 s = %mz
Sl ey o, o 3 Tposyxr s | &2 5 T |5at
< E IOE o q:) B = g < 9 o % E 13 =
m < T =5 X = = = = > O & < o 9
s |lox Qg &9 = = o E = < [ o=
E|Q B8 Blg 2R A < < = O B
E|l22§los g = = N =S¢ g
2 |m  EHle ®E =
1|1 | 1000 | 500 | PBE OeHsuH | 99500 | 710 | 01.05.2010 | 01.09.2011 | 730
1000 aBTOMOOWJIbHBIN
2 | 2| 1050 | 525 | PBC OeHsuH | 95000 | 1560 | 01.09.2009 | 31.01.2011 | 740
2000 aBHAIMOHHBINA
3| 3| 1100 | 550 | PBE& KePOCHH | 51500 | 2150 | 01.06.2010 | 31.09.2011 | 750
3000 TEXHUYECKUN
4| 2| 1150 | s75 | PBC KepOCHH | 51000 | 3900 | 01.10.2009 | 30.04.2011 | 760
5000 OCBETUTEIILHBIN
5 | 1| 1200 | 600 | PBE TOIIHBO 20500 | 6200 | 01.02.2010 | 28.02.2011 | 770
7000 IN3EbHOE
6 | 2 | 1250 | 625 ?SOCO MasyT 20000 | 800 | 01.11.2009 | 01.07.2011 | 780
7| 3| 1300 | 650 | PBE OeHsuH | 19500 | 1300 | 01.04.2010 | 01.09.2011 | 790
2000 ABTOMOOMJIbHBIN
8 | 3| 1350 | 675 | PBC Oensni 19000 | 2300 | 01.01.2010 | 28.02.2011 | 800
3000 ABUAIMOHHBIN
9 | 1| 1400 | 700 | PBE KepocuH | 18500 | 3600 | 01.08.2009 | 31.01.2011 | 810
5000 TEXHUYECKUU
10| 2| 1450 | 725 | PBE KepoCHH | 18500 | 5200 | 01.06.2010 | 31.09.2011 | 820
7000 OCBETUTEIbHBII
11| 3 | 1500 | 750 | PBC TOIIHBO 17500 | 710 | 01.06.2010 | 31.09.2011 | 830
1000 IU3€EIIbHOE
12| 2 | 1550 | 775 1;13820- MasyT 17000 | 1560 | 01.08.2009 | 31.01.2011 | 840
13| 1 | 1600 | soo | PBC Oewsui | 1e500 | 2150 | 01.01.2010 | 28.02.2011 | 850
3000 aBTOMOOWJIbHBIN
14| 2 | 1650 | 825 | PBC Gemsmm 16000 | 3900 | 01.04.2010 | 01.09.2011 | 860
5000 aBHAIMOHHBIA
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15 1700 | sso | PBC KepocHH | 45560 | 6200 | 01.11.2009 | 01.07.2011 | 870
7000 TEXHUYECKUN

16 1750 | 875 | PBC: KCPOCHH — | 15000 | 800 | 01.02.2010 | 28.02.2011 | 880
1000 OCBETUTEIIHLHBIN

17 1800 | 900 | PBC- TOTLIHMBO 14500 | 1300 | 01.10.2009 | 30.04.2011 | 890
2000 IU3EIBHOE

18 1850 | 925 glgocd MasyT 14000 | 2300 | 01.06.2010 | 31.09.2011 | 745

19 1000 | 950 | PBC- OeHsuH | 13500 | 3600 | 01.09.2009 | 31.01.2011 | 755
5000 aBTOMOOWIBbHBIN

20 1050 | 975 | PBC Oensni 13000 | 5200 | 01.05.2010 | 01.09.2011 | 765
7000 aBHAIMOHHBINA

21 2000 | 1000 | PBC- KepocuH 12500 | 710 | 01.06.2010 | 31.09.2011 | 775
1000 TEXHUYECKUAN

22 2050 | 1025 | PBC- KGPOCHH — | 15000 | 1560 | 01.10.2009 | 30.04.2011 | 785
2000 OCBETUTEIILHBIN

23 2100 | 1050 | EPBC- TOTLTHBO 11500 | 2150 | 01.02.2010 | 28.02.2011 | 795
3000 IN3EIbHOE

24 2150 | 1075 I;]Soco MasyT 11000 | 3900 | 01.11.2009 | 01.07.2011 | 805

25 2200 | 1100 | PBC Oewsun | 10500 | 6200 | 01.04.2010 | 01.09.2011 | 815
7000 ABTOMOOMJIbHBIN

26 2250 | 1125 | PBC- OewsuH | 14000 | 800 | 01.01.2010 | 28.02.2011 | 825
1000 aBUAIMOHHBIN

27 2300 | 1150 | PBC- KepocuH 9500 | 1300 | 01.08.2009 | 31.01.2011 | 835
2000 TEXHUYECKUMI

28 2350 | 1175 | PBC KepOCHH | 9500 | 2300 | 01.06.2010 | 31.09.2011 | 845
3000 OCBETUTEIILHBIN

29 2400 | 1200 | PBE& TOIIMBO 8500 | 3600 | 01.06.2010 | 31.09.2011 | 855
5000 IN3EIBbHOE

30 2450 | 1225 I;]SOCO' MasyT 8000 | 5200 | 01.08.2009 | 31.01.2011 | 865

Bompocsr:

1. TloHsITUE HOPMBI ECTECTBEHHOMN YOBLIH.

2. Xpanenue HedTH 1 HE(DTETPOTYKTOB.
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IIpunoxenune A
3HaveHHUe MPOJOJIBHOIO CONMPOTURBJIEHUS TPYOonpoBoaa Rrnpu

PAa3JIHYHON TOJIIIMHE CTEHKN TPYObI

Tabmuma A.1 — TonmuHa creHku TpyOs! OT 4 10 9,5 MM, NPU YCIOBUU UYTO

pr=2,45-107 Om-m; t =20 °C

HuameTp TommuHa cTeHKH Tpyor 6,103, M

TpYOR
Dy 140 5,0 55 6.0 6,5 7.0 7,5 8,0 8,5 9,0 9,5

3

0,46 | 137.0 | 111.0 | 101.0 | 92.8 | 86,0 | 80.2 | 75.1 | 70.6
0,152 | 132.0 | 106,0 | 96.8 | 89.0 | 825 | 76.8 | 72.0 | 67.7
0,159 | 126.0 | 101,0 | 924 | 850 | 787 | 733 | 68.6 | 64.6
0168 | 1190 | 957 | 87.3 | 802 | 743 | 69.2 | 64.8 | 60.9
018 | 111,0 | 89.1 | 813 | 747 | 69.2 | 644 | 603 | 36.7
0194 | 1030 | 825 | 752 | 69,1 | 64.0 | 59.6 | 55,8 | 52.4
0219 | 90,7 | 729 | 664 | 61.0 | 565 | 52.6 | 49.2 | 46,2
0,245 | 809 | 650 | 592 | 544 | 503 | 468 | 43.8 | 41.1
0273 | 72,5 | 582 | 530 | 487 | 450 | 419 | 392 | 36.8
0299 | 661 | 53] | 483 | 444 | 41.0 | 382 | 357 | 33.5
0325 | 607 | 487 | 444 | 407 | 37.7 | 350 | 32.8 | 308
0377 | 523 | 41,9 | 382 | 350 | 324 | 301 | 281 | 264 | 249 |
0426 | 462 | 37.0 | 337 | 309 | 286 | 26.6 | 24.8 | 233 | 22.0 | 20.8

0,530 297 1270 | 248 | 229 | 213 | 199 | 187 | 17.6 | 16.6

0.720 [ 168 | 156 | 146 | 137 | 129 | 122 | 116
0.820 128 | 12,0 | 1.3 | 10,7 | 10,1

1,020 8,57 | 8.12

IIpumedanue— Bpacuer 3a R IDHHKHMaETCA BEIHYHHA, YKA3IAHHAA B TAOINIE H YMHOMKEHHAA Ha
10-¢. Hanprmep, mia Tpy6 ouaserpom 0,82 M H TOMMMHOH CTEHKM 8 MM IIPOLOJIEHOS COMPOTHRICHIE
paeHo 12,0-10% O,

Tabmuua A.2 — TommuHa creHkd TpyObl oT 10 10 20 MM, TP YCIIOBUU YTO

pr=2,45-10"7 Om-m; t = 20 °C

AnanmeTp TomnwyHa cTenxH Tpyow 8,-1073, M
TPYGE —
Y 10,00 | 10,3 11,0 11,5 12,0 12,5 14,0 15,0 16,0 17,00 | 20,0
07 11,00 | 10.50 | 10.00 ]
0,82 9,63 9.18 | 876 | 8.39
1.02 7,72 736 | 703 | 672 | 645 | 6,19 3,54 | 5,17 | 4,85 4,57
1,22 | 586 5.61 5.38 2,17 462 | 431 4,05 381 | 325
142 3.9 | 390 | 347 3.27 2,79
1.62 ' i [ 347 | 324 | 304 | 286 | 244
Mpumevanne— Bpacyerza R NpHHUMASTCA BEIHIHMHE, VEAJAHHAA B TabIHIE M YMHOKEHHAA HA
{ 107" Hanpumep, ans 1py0 amasverpom 1,02 M ¥ TonMRiMHo# cTenky 12 MM IPONOIBHOE COTIPOTHRIEHHE
| PEBHO 6,45-1079 On/u.
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Ipuioxenue b

PacnpenesieHne He()TENPOAYKTOB 110 IPyNIIaM

1 2pynna

1. ben3uHbl aBTOMOOUIIbHBIC

2 epynna

1. ben3uH-pacTBOpUTEIDb 711 PE3UHOBOM MPOMBIIIIIICHHOCTH
2. ben3uHbl aBHAIMOHHBIE

3.  benzon nedrsanoi

3 epynna

1. ben3uH-pacTBOpUTENH 151 TAKOKPACOYHON TIPOMBITIIUICHHOCTH
2. Kepocun miis TeXHUYECKUX 1een

3. OTUIOEH301 TEXHUISCKUN

4 epynna

1. [TenooOpa3zoBaresnb

2. Kepocun ocBeTUTeNbHBIN

5 epynna

1. TonnuBo AN3ENBbHOE

2. TonanBo MOTOpHOE

3. Macio normoTuteabHoe HepTsIHOE

4, CrupThl CHHTETHUYECKHE JKUPHBIC TIEPBUYHBIE (QPaKIIAN
6 cpynna

1. Ma3zyt

2. Macna cMa3o4HbIe

3. butyMb1 HEDTAHBIC KUTKHEC

7 2pynna

1. Cmasku Bcex Mapok

OUTYMBI TBEP/IbIE

[epe3un

Pa3Hbie TBeppie HEPTENPOAYKTHI

2

3

4, [TacTel pa3Hbie
3)

8 epynna

1

Hedtu pazubie
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CnucoK peKoMeHIyeMoii TUTepPaTyphl

Cnucok OCHOBHOM JIUTEpaTyphI

l.bym3ynak, b. B.. OpranuzandoHHO- TEXHOJOTHYECKHUE  CXEMBI
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b. B.byt3ynak, I'. I'. Bacunbes, B. A. UBanos — M.: I'aznpom, 2002.

2. Bacuibes, I'. I'. TpybonpoBoausiii Tpancmopt HedTu.[Texcm] / T. T.
Bacwuibes, I'. E. KopoOkoB, A. A., Kopmak A. A. — M. : Henpa, 2002.

3. Yyxapesa H.B., A.B. Pymauenko, A.®. bapxaros, .B. deaun -
TpancopT CKBaXMHHOW NPOMyKIMK: yuyeOHoe nocodue. [Texcm] — Tomck: W3n-
BO TOMCKOro monuTexHuueckoro ynusepcurera, 2011. — 357 c.

4. baxmar I'.B., BacunseB I'.I'., T'onpsiHoB A.W. u np. — TpaHcnopT u
XpaHeHHe HeTH U Ta3a B mpuMepax u 3anadax[7excm] / [lox obmr.pen 3eMeHKOBa

I0.1. — M.: Henpa, 2004. — 544 c.

CHucoK TOTIOTHATEILHON JTUTEPaTyPhI
5. Menagenes, B. ®. Coop u noaroroBka Hedptu u Bousl [Texcm] / B. @.
Mensenes — M.: Henpa, 1986.
6. JIyromkun, I'. C. COopHUK 33724 110 cOOpY U TOJATOTOBKE HE(PTH, raza u

Bosbl Ha mpombicie[Texcm] / T'. C. Jlyromkun, U. W. dyntomkun — M.:Henpa,
1985
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MUHHUCTEPCTBO HAYKHU U BBICIIET'O OBPA30BAHUSI POCCUMCKOIA
®EJEPALIAN
@euepanbﬂoe rocy1apCTB€HHO€ aABTOHOMHOE OﬁpaSOBaTeﬂbHOC YUupexxkaeHue

BhICIIEr0 00pa3oBaHUSA

«CEBEPO-KABKA3CKHWM ®EJEPAJIbHbIA YHUBEPCUTET»

METOINYECKHUE YKA3ZAHUSA
10 OPraHM3ALUH U NIPOBEACHUIO

CaMOCTOSITeIbHOH padoThI

TpaHcnopT U XpaHeHHe YIJI€BO0POI0B

JUIsL CTyneHTOB HampasieHus noAarotorku 21.03.01 Hedrerasoroe neno
HaNpaBJICHHOCTH (Tpoduib) «CoopykeHUE U PEMOHT OOBEKTOB CUCTEM
TPYOOTIPOBOTHOTO TPAHCTIOPTA

Crasponosns 2026
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Meroaudeckne pPEeKOMEHIAMHM TIpeIHA3HAYEHBI JUIS CTyIeHTOB By3a «Cesepo-

Kaskazckwii (henepanbHbBIN YHHBEPCUTET»

[lenu METOIMYECKUX PEKOMEH AN

1. MeToandeckoe COMPOBOXIEHHE TIpolecca BBEACHUS W peanu3alud TpeOOBaHUIMA
®DenepanbHOTO TOCYJapCTBEHHOIO 00pa30BaTeIbHOTO CTaHAapTa Bhicimiero oOpasoBanus (namnee OI'OC
BO), nomo1p nipu pazpaboTke padbounx y4eOHBIX MPOrpaMM AUCUUILIMH U MPO(ecCHOHAIbHBIX MOAYIEH

oOpazoBarenbHO# mporpaMmsl (nanee OIT).

2. Co3nmanue B 00pa3oBaTEIbHOM YUPEKICHUH Y4EOHO-METOIUYECKOTO OOCCIICUCHUS

O6p330BaTCHI)HOFO rnponecca.

MeToaudeckne PEeKOMEHAAINN OIPENENSIFOT CYIIHOCTh CaMOCTOSITENTFHOW Pa0OTHI

CTY/ICHTOB B BY3¢, €€ Ha3HaUeHHUE, TUIAHUPOBaHUE, (POPMBI OPTaHU3AIMH U BHIBI KOHTPOJIS.
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Conep:xanue

1. HopmaTuBHOe 00ecniedeHue caMoCcTosITeIbHOI padoTsl B PI'OC BO.

2. HaznayeHue U BUABI CAMOCTOSATEJIHHOMH PadOTHI CTYI€HTOB.

3. KoHTpoJib caMoCTOATEILHOM PadoThl CTYA€HTOB MpenoiaBaTeassMH.



77

1. HopmatuBHOe o0ecnieueHne camoctosTesbHoi padotel B PI'OC BO

1.1. ®I'OC pazgen: «TpeboBanus k ycnoBusMm peanuzanun OI»:

— TpeboBanus Kk 0053aTENPHOMY MHHUMYMY COJIEpKaHHsI 00pa30BaTeIbHOM MPOTrPAMMBI
MOJATOTOBKU CIEIMAINCTA, K YCIOBHUSIM €€ peaiu3alMi U CPOKAM €€ OCBOCHHMS OINPEEIIIIOTCA
HACTOSALIUM (eIepaIbHBIM TOCYJapCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM;

— OCHOBHasi o0Opa3zoBaTellbHas NporpamMma TOJATOTOBKH CIICIMAIMCTA COCTOUT W3
JUCIUIUIMH  OOIIEHAYYHOTO H TMPO(PECCHOHAIBHOTO IUKIOB, COCTOSIIUX U3 0a30BOM U
BapUATUBHOW YaCTEeH M TUCLUILIMH IO BBIOODY;

— MaKCHMaJbHBIH 00beM y4eOHOW Harpy3KH CTYACHTa yCTaHaBIMBaeTcs 54 daca B

HEZeN0, BKIFOYasi BCE BHJBI ayAHTOPHOW W BHEAYIWTOPHON (CaMOCTOSATENBHOI) ydeOHON

paboTHL.

Bo Bpemst caMOCTOSTEIbHOM TOATOTOBKH 00yYaroIuecs JA0JKHBI ObITh 00eCcTIeYeHbI
noctynoM k cetn WHTepHer. Peanmzanusi o0pazoBaTenbHOW MPOrpaMMBbl  MOATOTOBKH
CHELHAINCTa JIOJDKHA O00eCleunBaThbCcd AOCTYIOM KaKAOTO CTYJCHTAa K OHUOIHMOTCYHBIM
donmaMm u 0OazaMm JaHHBIX, (OPMHUPYEMBIM IO T[OJIHOMY TMEPEYHIO JIUCHIUIUIMH
o0Opa3oBaTeibHONH MpOrpaMMbl M3 pacueTa OOECHCUCHHOCTH YYCOHMKAaMH U y4eOHBIMHU
nocobusimu He Menee 0,5 SK3eMIUIsIpa Ha OJHOTO cTy/eHTa. bubianoTeka By3a I0KHA UMETh
JOCTaTOYHOE KOJIMYECTBO COBPEMEHHBIX YUCOHMKOB U YYEOHBIX MOCOOMH MO BCEM LIUKIaM
JTUCHUIUIMH W TIOCTOSHHO BOCIIOJHATHCS HAYYHOW JIMTEPaTypoil W NEePHOAMYECKHMH

M3JTaHUSMH He(DTEerazoBoro npoQuis

O0bveM BpeMeHH, OTBEICHHBI Ha BHEAyAUTOPHYIO CAaMOCTOSTENbHYIO paloTy,

HaxXOOUuT OTPAKCHUC!

. B paboyeM y4eOHOM IUTaHE — B IIEJIOM IO TEOPETUYECKOMY OOYUCHHUIO, KAKIOMY M3
[IUKJIOB JUCITUILINH;
. B pabo4mx mporpaMmmax y4eOHBIX AUCIUIUIMH UKIIOB JUCIUIUIAH C paclpeaeleHrneM 110

pasjienaM Wi KOHKPETHBIM TEMaM.
2. HaznaueHue 1 BUAbI CAMOCTOSITEIbHOM PaOOThI CTYJIEHTOB.

CaMocTosTeIbpHas pa60Ta MMPOBOAUTCSA C LECIIBIO:

. CHUCTEMAaTH3allU M 3aKPEIUICHUS MOJTYYESHHBIX TEOPETHUECKUX 3HAHUM U MPaKTHUYECKUX
YMEHUH CTYJICHTOB;

. yTayOJIeHns: M paclIipPeHHs TEOPETHUECKUX 3HAHUH;

. dbopMHpOBaHHsST YMEHHI HCIIONIb30BaTh HOPMATHUBHYIO, IIPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIIHIO U CIIEHATIBHYIO JTUTEPATypy;

. pasBUTHS TO3HABATENBHBIX CHOCOOHOCTEH W AaKTHBHOCTH CTYIEHTOB: TBOPUYECKON
WHUIMATHBBI, CAMOCTOSITENBHOCTH, OTBETCTBEHHOCTH, OPraHU30BaHHOCTH;

. (bopMHpOBaHNE CaMOCTOATENILHOCTH MBIIUICHUS, CIIOCOOHOCTEW K CaMOpPa3BHUTHIO,
COBEPIICHCTBOBAHHUIO M CAMOOPTaHU3AIIH;

. dopMupoBaHUs TpakTHYecKuX (00mEey4eOHbBIX M MPOQECCHOHANBHBIX) YMEHHH U
HaBBIKOB;

° Pa3BUTHUIO UCCICAOBATCIBCKUX YMGHI/Iﬁ



B yuebnom npouecce OV BbIIENAIOTCS 1BA BHJIA CAMOCTOSATENFHON paboThI:

PN

AyauTopHas no gucumninHe,
MeXANCUMNANHAPHOMY Kypcy

BHeayauTopHas no AMcumnianHe,
MEXAMCLUMNANHAPHOMY Kypcy

BbIMNOJ/IHAETCA Ha y‘-IE6HbIX 3aHATUAX,

nog HenocpeacCTBeEHHbIM

PYKOBOACTBOM npenogasartena un no

€ro 3agaHuio

BbIMNOJIHAETCA NO 3a4adHUI0
npenoaasaTena, HO 6e3 ero
HenocpeAacTBeHHOro y4acTtuma.

BreaynutopHas camocrosiTenbHas paboTa - TIaHWpyeMas ydeOHas, y4deOHO-

HCCIICO0BATCIIbCKAasA, HAYYHO-UCCIICAOBATCIILCKAA paGOTa CTYACHTOB, BLINIOJHACMAA BO

BHCAYAUTOPHOC BpPEMs 10 3aJaHUIO U IPU MECTOJUYCCKOM PYKOBOJACTBE IIPCIIOAaBaTeA, HO

0e3 ero HermocpeACTBEHHOT0 YUaCTHSI.

3. KoHTposb caMocTosATENbHON pabOThI CTY/IGHTOB MPEIOo1aBaTeIsIMHU.

KouTpoiib camocTosITeIbHON pa00ThI CTYJCHTOB IPEyCMaTPHUBACT:

COOTHCCCHHUEC COACPIKAHNA KOHTPOJIA € ICISIMU O6y‘{€HI/IH;

00BEKTHBHOCTh KOHTPOJIA;
BaJIMIHOCTD KOHTPOJIAA

IpearoaraeTcs MpOBEPHUTS);
T epeHInaImio KOHTPOILHO-U3MEPUTEIBHBIX MaTEPUAIIOB.

HBoOoo~Nor~wNE
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(cooTBeTcTBHE

IpEaABbABIACMbBIX 3a,I[aHI/Iﬁ TOMY,

@DopMbl KOHTPOJISI CAMOCTOSATEILHOI PadoThI

[IpocMoTp 1 ITpoBepKa BBITOIHEHHUS CAMOCTOSATENIbHOM pabOTHI MpenojaBaTesieM.
CamornpoBepka, B3aMMOIIPOBEPKa BHIMOJHEHHOTO 331aHUsl B IPYIIIE.
O6cyxnenue pe3ynbTaToB BHIIOJHEHHON paOOThHI HA 3aHATHH.

TectupoBanue.

[Tucemennsiii onpoc.

VYerHbI ompoc.

NupusupyansHoe cobeceioBaHue.
Konnoxsuym.

Ortuer o mpoaenanHoi padore.

3amuTa peepaToB MM KypcOBOH paOOThI.

TBopueckuii KOHKypC.
WnTtepuer - koHpepeHun.
Kontponbsnas pabora.

4qTo
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Kputepun oneHkn pe3yibTaTOB caMOCTOSITEIbHOI padoThI

KpurepussMu OLIEHOK pe3yJabTaTOB BHEAYIUTOPHOW CaMOCTOATENLHONW paOOTHI

CTYACHTA SABJIAIOTCA:

. YpOBEHBb OCBOCHHSA CTYJEHTOB y4eOHOTO MaTepHana;

. YMEHHS CTyJIEHTa UCIIOJIb30BaTh TEOPETHUECKUE 3HAHUS TIPH BHITIOTHEHUN MTPAKTUIECKUX
3a/1ay;

. ¢dopmupoBanue Habopa M3 OOMIEKYJIBTYPHBIX W TPO(GECCHOHANBHBIX KOMIETEHINH
OyIyIIero CrienuaitncTa;

. YMCHHS CTYJCHTa aKTUBHO HCIIOJb30BaTh 3JCKTPOHHBIE 00pa30BaTEIbHBIC PECYPCHI,
HAXOAWTH TPEOYIONIYIOCI HH(DOPMAITUIO, U3y4aTh €€ U MPUMCHSTh Ha MPAKTUKE;

. 000CHOBaHHOCTh ¥ YETKOCTDh U3JIOKEHUS OTBETA;

. odhopMIIeHHE MaTepHalla B COOTBETCTBHH C TPEOOBAHUSIMH;

. YMEHHE OpUEHTHPOBATHCA B TIOTOKE MHPOPMAIINH, BBIIEIATH TTIABHOE;

. YMEHHE 4YeTKO c(opMynmHpoBaTh NpoOiIeMy, IMPENJOXKUB €€ pelIeHHe, KPUTHIESCKH
OIICHUTH PEIICHNE U €T0 MOCIIEICTBUS;

. YMEHHE I[I0Ka3aTh, MPOAHATN3UPOBATh AallbTEPHATUBHBIE BO3MOXKHOCTH, BapHAHTHI
JICHCTBHI,

. yMmeHue c(hOpMHUPOBATEH CBOIO MO3UIINIO, OLIEHKY M apTyMEHTUPOBATH €¢.

Conep:kaHue BHEAyTUTOPHOI CAMOCTOSITEILHOI
NeATEJILHOCTH CTYA€HTOB

MCTOILI/I‘ICCKI/IC YKazaHusgd ajid CTyAC€HTOB 110 BBIIIOJHCHUIO CaMOCTOSITCILHOM

paboThI:

1. IloaroroBka K JIEKIIAAM

2. HO,Z[FOTOBKa K OIPaKTUYCCKUM 3aHATUAM
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