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I[MPAKTUYECKOE 3AHATHE 1

I'mapaBauyeckuid pacyeT BHIKUIHON JUHUM

Teoperuueckasi yacThb

Bormpocsl c6opa 1 moAroTOBKU MPOAYKIIMM CKBAKUH HEPA3PHIBHO CBSA3AHBI C
BOMPOCAaMH  OKCIUTyaTalldd  JOOBIBAIOIIMX  CKBAXHH, YTO  OOYCIIOBJICHO
TUAPOJMHAMUYECKUM €IMHCTBOM PA3JIMYHBIX IJIEMEHTOB BCEM CHUCTEMBI JTOOBIYU
HeTu W ra3a. TexXHONOruss U XapaKTePUCTUKH CHUCTEMbl cOOpa M MOJATOTOBKH
OPOAYKIIMM OKAa3bIBAIOT TMPSMOE BO3JIEHCTBME HA TMPOIECC OKCIUTyaTalluu
JOOBIBAIOIINX CKBAKHH.

W3BnedeHne U3 3aJieXku MIaCTOBOM HEPTU HA MOBEPXHOCTh OCYIIECTBIIACTCS
gyepe3 CHUCTeMy J00BIBAIONINX CKBaXUH. BmecTe ¢ HEQTHIO U3 HEIp HMOOBIBAIOTCA
3HAUUTEIbHBIE O0OBEMBI TIACTOBOM BObI, KAK BBHITECHSIONIETO areHTa, MOMyTHHIN
(HedTsHOM) ra3, TBEPJBIE YACTUIIBI MEXAHMUYECKUX MpUMeceil (TOpHBIX MOPOJ,
3aTBepJieBIIEr0 IeMeHTa). [lodToMy CKBaXKMHHAas MPOAYKIUS HEPTIHBIX
MECTOPOXKJACHUM  BCErla TMPEACTaBISeT COOOW  CIOXKHYIO  MHOTO(Da3HYIO
MHOTOKOMITOHEHTHYIO JUCTICPCHYIO CHUCTEMY.

ITpombIicioBOE 00yCTpOCTBO TpeOyeT OONBIIOro 00bheMa KalHUTAIBHBIX
BJIO)KCHHM, 3HAYHMTENbHAS JIOJSI KOTOPBIX MPUXOIUTCS Ha COOPYXKEHUE CHUCTEM
cbopa 1 TpaHCIIOPTa MPOAYKIIMN CKBAKUH.

[Tox cuctemoii cOopa HeTH, Ta3a U BOABI Ha HEPTIHBIX MECTOPOKICHHIX
MOHUMAIOT BCE 000PYI0BAaHUE U CUCTEMY TPYOOIIPOBOAOB, TOCTPOCHHBIX J1JIs cOOpa
MPOAYKIIMA OTACIBHBIX CKBAXWH W JOCTaBKA €€ 10 IEHTPAJbHOTO ITyHKTA
MOTOTOBKHW HE(TH, Ta3a U BOJIBI.

Cucrtema cOopa ¥ MOATOTOBKM HE(THU BKIIOYAET KOMIUIEKC MPOMBICIOBBIX
TEXHUYECKUX CPEJCTB M YCTAHOBOK, COCIMHEHHBIX TpyOompoBogamu. OOBIYHO Ha
MECTOPOXKICHUAX TPUMEHSIETCS HarlopHas TepMETU3MpPOBaHHAs CUCTeMa cOopa U
MOATOTOBKM TMPOMYKIIMM CKBA)XWH, TOYTH TMOJTHOCTBHIO HCKIIIOYAONIAsl TOTEepH

YTJIEBOJIOPOOB.



4

Enunoii yHuBepcanbHol cucteMbl cOopa He(TH, ra3a U BOJIbI HE CYIIECTBYET,
TaK KaK KaXJI0€ MECTOPOXKICHHE HMMEET CBOU OCOOECHHOCTH: pa3Mephl, (POPMBI,
penbed MECTHOCTH, NPUPOJHO-KIMMATUYECKHE YCIIOBUS, CETKY pa3MEIlCHHUs
CKBa)XHH, CIIOCOOBI 1 00beMbl He(DTH, Ta3a U BOJIbI, PU3HKO-XUMHUECKHE CBOMCTBA
IJIACTOBBIX JKUAKOCTEN U JPYTHE.

['unpaBnuyeckuid pacueT HEPTIHOM JUHUM JTOOBIBAIONIMX CKBaKHH
OazupyeTcs Ha UCHOJb30BaHUM ypaBHeHusi JI. bepHymnu, 3anucaHHOrO
OTHOCUTEJIBHO BBIOPAHHOW TIUIOCKOCTHM CpPaBHEHHS ISl JIBYX Ce4YeHUH (yCThe

JOOBIBAIOIIIEH CKBAKUHBI — BXOJI B CETIAPAIMOHHYIO YCTAHOBKY):

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

rac Zy, Z; — COOTBETCTBCHHO a0COIIOTHBIC BEJIMYMHBI Had IINIOCKOCTBIO
CpaBHCHHH YCTbA CKBAXHUHLI U CCIIapaTopa, M, py Pc - COOTBETCTBCHHO OABJICHUSA

Ha YCThE€ CKBaXXMHBI U cenaparop, I1a; vy, v. COOTBETCTBEHHO CKOPOCTbH ABM)KEHHUS
He()TH Ha YCThE CKBAKUHBI U IEPE]] BXOJIOM B CE€NapaTop, M/C; p - INIOTHOCTh HE(TH,
kr/mM% Ap,, — OTepH JaBJICHUs HA TPEHHE 110 JUIMHE NPH JBIDKCHUH HEe(TH 10
cenaparopa, Ila; Ap,. — TOTEepH Ha MECTHbIC COMPOTUBICHUS (3aJIBUXKU,
nuadparmbl, TOBOPOTHI U T.1.).

[Totepu Hamopa no anuHe TPyOONpPOBOJA NPU YCTAHOBUBILIEMCS JIBH)KEHUU
onpenenstorces mo ¢popmyne Japcu-BelicOaxa:

VZ

1
Apun = )\d_p T (1.2)

BH 2

rae | — anvMHa BBIKMAHON JTUHUH, M; dg, - BHYTPEHHUH JTUaMETP BBIKUIHOU
JUHAHA, M, V — CPEIHSAS CKOPOCTh JBW)KCHHUS B BBIKUIHON JMHHH, M/C; A —
KO3 GUIIMEHT THIPABINYSCKOTO COPOTHBIICHUS.

_ 2
ApMc - EP(V1 - VZ) /21 (13)
. 2
rae & - kKo3pUIIMEHT TOTeph Ha MECTHBIX CONMPOTHUBICHHSX; (V4 — Vy)“ —

MNOTEPsAHHAA CKOPOCTb HA MECTHOM COITPOTHUBJICHHH.



Koad¢unmenTsl noTepb Ha MECTHBIX CONPOTUBICHUAX JUISI PA3IMYHBIX UX
BUJIOB (BHE3AITHOE PACIIMPEHUE WIIH CYKEHUE MOTOKA, 3aABUAKKH, IOBOPOTHI U T. 11.)
IIPUBOJATCS B CIIPAaBOYHUKAX.

KoadduimenT ruapaBIuvecKuxX COMPOTUBICHUN A pPACCUUTHIBACTCSA TIO

COOTBETCTBYIOIMUM (POPMYJIaM B 3aBUCUMOCTHU OT PEKUMA ABUKCHUS KUTKOCTH.

A=T(Re,e), (1.4)
rae Re — uncno PeliHomnbnca
e=2e/D, (1.5)

rac e — a0COJIFOTHAS MCPOXOBATOCTb CTCHOK TPY6I>I.

Uucno Peitnonbaca onpenensercs no Gopmye:

Re = V'% (1.6)

TJIe [t — TMHAMHUYECKas BA3KOCTD KHUIKOCTH.
CpenHsist CKOPOCTh OTPEACIISETCS

v=4Q/

T dBH’ (17)
rae Q — 00bEeMHBIN Pacxo]1 KUJIKOCTH.
Ecmu Re < 2320, To TeueHHe >KMIAKOCTH JIaMHHApHOE (TIOCIONMHOE) U
IIEPOXOBATOCTh CTEHKHU HE OKA3bIBAET BIUSHHE Ha KOA(DPUIIMECHT THAPABINIYECKOTO

COMPOTHUBJICHUS, A onpenensercs o ¢popmyne CTokca

_ 64
r=2 (1.8)

[epexonnsriii pexxum 2320 < Re < 2800:

2,7
Re0,53"

A= (1.9)

Ecim Re > 2800, To TeyeHue xuarocTu TypOyneHTHoe. TypOysieHTHOe
TEUCHUE XapaKTEPU3YETCS XAOTHYHBIM OECIOPSAAOYHBIM JIBM)KCHHEM YaCTHII
YKUIKOCTH B SJIPE MOTOKA M JAMUHAPHBIM TTOICIIOEM Y CTCHKH TPYOBl. Xa0THUECKOE
OecropsiIouHOe JABMKCHUE YACTUIl >KUJIKOCTH BBI3BIBACT YBEIWYCHHUE 3aTpaT
PHEPrUM HA TPEHHE JKHUJIKOCTH, YTO NPHBOJUT K POCTy Koddduimenra

THAPABINYECKOTO COMpOTuBIeHus. I[lpu TypOylneHTHOM pexuMe JIBUKEHUS



KHUIKOCTHU KOB(I)(i)I/IHI/IeHT HApPaBIMYCCKOr0  COIIPOTHUBJIICHHUA  MOXKET OBITH

ompeneneH no ¢popmyne brasuyca:

_ 03164
~ Re025

(1.10)

JIJIsi IPOCTBIX HAMOPHBIX TPYOONPOBOAOB MPU TEYCHUH B HUX KUIAKOCTEH
TUAPABINYECKHI pACYEeT CBOJUTCS K PELICHUIO OJHOM U3 CIAEAYIOIIMX 3a]1ay:
® pacyeT NPOMYCKHOU CIIOCOOHOCTH;
® pacyeT HayaJbHOTO JIaBJICHMUS;

® pacyer JuaMeTpa TpyOooIrpoBoa.

3amaua 1.1
PaccuuTtarh 1aBiaeHUe Ha yCThE Dy TOOBIBAIOIIEH CKBAYKUHBI JIJIS CJICTYIOIINX
YCIOBUM:  BBIKMJHAS JIMHUS  TOPU3OHTAJIbHA, MECTHBIE  COIMPOTUBJICHUSA

OTCYTCTBYIOT, JJIMHA BBIKMAHOHN JuHuU | = 3600M, BHYyTpeHHUN AMAMETP JIMHUU
dsw = 0,1 M, ne6ut ckBaxuubl Q = 280 M3/cyT, MIOTHOCTL HeBTH Py = 865 KI/M3;

JaBJIEHUE TIEpe]l BXOI0M B cemnapatop p.~1,6 MIla, Bs3kocts HedTu p,= 5 mlla-c.
Pewenue:
Tak kak BBIKMHAS JIUHUSA TOPU3OHTAIIBHA, TO Zy = Z.. Y YUTHIBASI, UYTO JUAMETP

BBIKMHOW JIMHUU MOCTOSAHEH, Vy = V.. Torna ypasHeHnue bepHyium 3anucsiBacTcs

B BUJIC:
Py = pc + Apy, (1.11)
IIpexne yem paccumrarh Ap,,;, ONPEAENIEM CKOPOCTh ABUKEHUS HEYTH
V= 4Q/T[ d = 4-280/(86400-3,14-0,1%) = 0,413 m/c.
BH

PaccuuteiBaeM unciio PetHoIbICA;

vdp _ 0,413:0,1-865
W 51073

Re = = 7145.

Tax kak uncno PeitHonbaca Re = 7145 > 2320, To pexxum TypOyJICHTHBIN U
KO3 PUIIMEHT ruapaBIMuYeCKUX COIPOTUBIECHUN BBIYHCIISIEM 110 (hOpMYJIE:
A =0,3164/Re%?> = 0,3164/7145%2°> = 0,3164/9,194 = 0,0344.

PaccunteiBaeM Ap,; o popmyne (1.2):
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Ap,, = 0,0344 2000865 0418° ) o M
Pan =5 0,12 — 4
Omnpenensiem 1o (1.4) gaBneHre Ha yCTbEe CKBAXKUHBI

py = 1r6 + 01092 = 1,7 MlIla

Takum 00pa3om, MaBJICHWE HA YCThE CKBAXUHBI TIOJDKHO OBITH paBHBIM 1,7

MIlIa.

3amaua 1.2.
PaccuntaTh maBiaeHue nepes BX0I0M B cerapaTop JJIs CISAYIOIMINX YCIOBUM:

JIaBJICHHE Ha YCThe CKBaKUHBI p = 1,82 MIla, anuna L = 14,1 kM, 1eOUT CKBaKUHBI
Qu = 147 T/cyT, mnotHOCTh HEPTH Pr = 890 kr/M3, Oy = 0,1 M. BeikuaHas TuHUAS

rOpU30HTadbHA. BapuaHTsl 715 pacueTra npeacraBiieHbl B Tadbmuue 1.1

Taomuma 1.1 — Ucxonnble naHHble K 3amaue 1.2:

BapuanTsl
112|134 |56 /|78 910
JlaBjieHuE Ha yCThE, 161218201416 /18|1,2|20]|24
MlIa
JInrHa BRIKHMIHOM 15116 | 17 | 14 | 18 | 20 | 19 | 17 | 20 | 14

[TapameTpsl

JIMHUH, KM

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

BapuanTer
11 |12 |13 |14 | 15|16 | 17 | 18 | 19 | 20
JlaBneHue Ha ycTbe, 161812202416 |12|18|20|14
MIla
JnrHa BBIKMIHOM 1516 (17 |14 |18 | 20 | 19 | 17 | 20 | 14

[TapameTpsl

JIMHUH, KM

Hebut ckBaxkunsl T/cyT | 120 | 130 | 140 | 150 | 160 | 200 | 210 | 220 | 230 | 240




BapuanTsl
[TapameTpsl

21 | 22 | 23 |24 |25 |26 | 27|28 | 29 | 30
JlaBrieHue Ha yCThe, 12,2024 116(12|18 /2014|1618
MIla

JlnmnHa BRIKMIHOM 13 |17 | 14 | 12 | 18 | 19 | 20 | 21 | 22 | 23

JIMHHUH, KM

Heobut ckBaxkunsl T/cyT | 200 | 210 | 220 | 230 | 240 | 150 | 160 | 170 | 180 | 190

Bormpocsr:

1. Kaxoit He)TenpoBO HA3bIBAETCSA BHIKUIHBIM?

2. IlonsTue cuctemsl cOOpa U MOATOTOBKU MPOAYKIIMH CKBa)KHH.
3. O0bsicHUTE CMBICT YpaBHEHUS bepHymu.

4. Yro onpenenser uucio PeliHonbaca?

IMPAKTUUYECKOE 3AHSITHUE 2
Pacuer nponyckHO# cl1OCOOHOCTH BEPTHKAJBLHOIO TPABUTAIIMOHHOTO

cemaparopa

Teopernueckast 4acTb
Pacuer nanHoro Buja amnrapara BeJeTCs JJIs Ta30BOM U KUAKOH (ha3.
JIiist Ta30BoM ha3bl pacCUUTHIBACTCS MPOIMYCKHAsI CIIOCOOHOCTH cemapaTopa
V., npu, U3BECTHBIX AuameTpe cenaparopa D¢, Tepmobapuyeckux yciaoBUSIX B HEM
(pc T.) u cBo#icTBax a3 (Pu, Pry M Lr).
Hcxons u3 ocaxkieHus: B ra30BOM MOTOKE KUJKUX U TBEPABIX YaCTHIL B MOJIE

CHUIIBI TSKECTH, MAKCHMAJIbHAS IIPOIYCKHAs CHOCOOHOCTS IO rasy, M°/CyT.

2 200 _
V = 842 Depcdi(Py pr)’ (21)
Teprz




rae Vimax — MaKCUMasbHasi MPOIYCKHAsI CIIOCOOHOCTh cemaparopa Io Trasy,
Pacxo KOTOPOro MPUBEAEH K HOPMAJILHBIM yCIOBUAM, MY/cyT; D¢ — BHyTpeHHUI
d —1.10-% m)-
IUaMeTp cenaparopa, M; dy —aumaMeTp Kariw KuaKocTd, M (d,, = 1-107* M); p. —
JaBjieHue B cenaparope, [1a; T, — remmneparypa B cenaparope, K.
Wcxons u3 yclioBUid BCIUTBITHS MMy3bIPHKOB T'a3a JABWXKYIIEHCS B cenaparope

He(TH, MAKCUMAaJIbHAs ITPOIYCKHAs CIOCOOHOCTh CENapaTopa I10 XKUIKOCTH, M°/CYT.

2 _
Qumax = 36964D2 P20 2.2)

Hu

rae d. — amamerp myseIpbka rasa, M (MoxkHO npuHATH O 1-10° M); W, —
Bsi3kocTh HedTu [a-c.

["a30BbIil PakToOp paccuuThIBaETCS MO (hopmyJe:

Vr.max
= Qxmax’ (2.3)
3agaua 2.1

PaccunTtaTh MpoOMyCKHYIO CIIOCOOHOCTHh BEPTHUKAJIBHOIO TI'PABUTAIMOHHOIO
cenaparopa auametpom D.~=1,2 m. Kunkas ¢a3za — HeQTh MIOTHOCTHIO Py = 852
kr/M° (Ipu maBneHuu B cemaparope pe = 1,6 MIla, temnepatype Te = 293 K) u
BA3KOCTBIO MPU 3TUX ycloBusX Wy = 6 Mlla-c. IImoTHOCTH Ta3a B HOpMaJIbHBIX
YCIIOBHSAX Pro = 1,35 kr/M>. BA3K0CTB ra3a B ycloBHsAX cenaparopa .= 1,3-10° Ia-c.
KoadduimenT z npuHaTh paBHbIM 1.

Pewenue:

[IpenBapuTenbHO BRIUKCIIAEM IUIOTHOCTD rasa MpU YCIOBHUAX B cemapaTope

T 1,35-1,6:273
PrePro 2L = = 20,12 kr/m3
poTcz 0,1-293-1

I[To dopmyne (2.1) paccunTbiBaéM MaKCUMAJIBHYIO  TIPOITYCKHYIO

CIIOCOOHOCTH ceraparopa 1o razy

842-1,2%2:1,6:10°%(1-107%)2-(852—-20,12
Vo g = (110 )7 ¢ ) = 4,23 -10°m3 /cyT.

293:1,3-1075-1

[IponyckHast cCmoCOOHOCTH IO KUIKOCTH

36964-1,22:(1-1073)?(852-20,12) 3
Qicmax = 610-3 = 7380 m° /cyT.
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Takum 00pa3om, Mpu 3aaHHBIX YCJIOBHUSIX B JaHHOM cemaparope Oynaer
3¢ (deKTUBHO cenapupoBaThbes HE(PTh C COACPKAHUEM B HEH 110

[ =423 L 573m3 /M3 rasa.

7380

3anaua 2.2

PaccuuTtaTh MpoOMyCKHYIO CIOCOOHOCTH BEPTUKAIBHOIO TI'PABUTAIMOHHOIO
cenaparopa (pacdeTHbIe JaHHBIE cMOTpH B Tadymie 2.1) quamerpom D.. Kuakas
daza — HeQTh MWIOTHOCTHIO Py (MPU JABJICHUU B CENapaTtope p., Temmneparype Tc=
297 K) 1 BA3KOCTBIO IpPH 3TUX yCIoBHIX W, = 5,5 Mlla-c. IlnoTHOCTH raza B
HOPMAJILHBIX YCIIOBHAX Pro = 1,25 Kr/M°. BA3KOCTB rasa B yCJIOBHSX CENapaTopa L

=1,35-10" ITa-c. Koodduuuent z npunsars pasasim 0,93.

Tabmuma 2.1 — Mcxoanble faHHbIE K 3aa4de 2.2

BapuanTsl
1 2 3 14| 5 6 7 8 9 | 10
Huametp D, M 1611218201416 (18|12|20|24
[Tnornocts HedTu py, | 850 | 860 | 852 | 865 | 840 | 820 | 870 | 850 | 860 | 840

[TapameTpsl

Kr/M°
JlaBieHue B 1618171516 |17 ,16 15|16 1,7
cenaparope, Mlla
o BapuaHnTsl
APAMCETPHT 11121314 (15[ 16 |17 ] 18 [ 19| 20

Huametp D, M 161181220 (24|18 20|14 |16 18
[Tnornocts HepTu | 855 | 865 | 850 | 860 | 845 | 825 | 875 | 855 | 865 | 845
Pu, KT/M3
JlaBieHue B 1416 (13(135|1,7(1,75/15/165|18 1,45
cenaparope, Mlla

BapuanTel
21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Huametp D, M 1212012418 12012182014 |16
[TnotHocTs HEdTH Py, | 860 | 845 | 825 | 875 | 855 | 865 | 840 | 820 | 870 | 850
Kr/M°
JlaBneHue B 1,3 (1351,7(17/7515 1715161716
cenaparope, MIla

[Tapamerpsl
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Bormpocsr:
1. KoaduimenTsl, XapakTepu3yromye COBEpPIICHCTBO cenapaTopa.
2. OCHOBHBIE KaTE€rOpUH CEMapaTopoB.

3. Ilo kakum mapameTpaM pacCUUTHIBAIOTCS CEMapaToOPhI?

[MPAKTUYECKOE 3AHATHE 3

OmnpeneseHue ycJoBH TrHAPaToO00Opa3oBaHMs IPH  TPAaHCHOPTe

IIPUPOJAHOIO ra3a B 3aiaHHBIX TEXHOJIOITNYE€CKUX YCJI0BUSAX.

Teoperuuyeckasi 4acThb
["a30BbIe TUAPATHI — TBEP/bIE KPUCTAIUIMUECKUE COETUHEHNS 00pa3yIoIuecs
IpU  ONpPENENEHHBIX TEPMOOAPUUECKUX  YCIOBHUSIX (MpU  OTpULIATEIBHBIX
TEMIEpATypax WIN MOJOXKUTEIbHBIX TEMIIepaTypax IO HECKOJbKO JI€CATKOB
rpajJyCcoB U BEChbMa BBICOKMX JABJICHMSX) U3 BOJAbI (>KHMIKas BOJA, JEd, BOASHBIC
napbl) 1 HU3KOMOJIEKYJISIpHBIX ra3oB. K TakuMm razaM OTHOCSATCSI IPUPOAHBII ra3 u
€r0 COCTAaBJISIOIIME — METaH, 3TaH MPONaH, KUCIopoa, azot, CO, u Ap. rassl.
[TocnenctBust 0Opa3zoBaHus TUAPATOB B TPYOOTIPOBOJIE:
— CO3Jal0T COMPOTUBIICHHUE ITOTOKaM He(pTH U ra3a;
— 3aKynopka TpyOoonpoBoaa;
— CpBIB T'MIPATHOM MPOOKHU, MOKET MIPUBECTHU K Pa3phIBy TPyOOIPOBOA;
— TOBpeXAcHUE 000pya0BaHuUs MpHU J00ObIYE.
Metob1 60pBOBI:
— TMOoAJep)KaHue TeMIEepaTyphl BbIIIE TOUKH 00pa30BaHus THIPATOB;
— OCYIIIEHHE Ta30B Nepe TPYOOrpOBOAHBIM TPAHCIIOPTOM (YMEHBIIIEHUE TOUKHU
pochl);
— TMOAJep)KaHue AABJICHUS HI)KE TOUKH 00pa30BaHuUs THIPATOB;
— BBEJCHHE MHTHOUTOPOB TUApaTOOOpa3oBaHusi (g MpeAOTBpAIlCHUs
3aTBEPACBAHUS CMECH).
OcHOBHBIMU (paKTOpaMU THIPATOOOpa30BaHUs SIBISIIOTCS BIAXKHOCTH rasa,

ero COCTaB, JIaBIICHHE U TEMIIEpaTypa B ra30mpoBOJIC.
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[Ipumensiemple  uHrubutopel  (Metanon  CH3;OH,  sTuneHrIMkosb,
JUATUICHIJIMKOJb, TPUITHIEHIIIUKOJIb, 30%-HbII pacTBOP XJIOPUCTOTO KAJIbLHS U
T. JI.) MPOIIECCOB THUAPATOOOPA30BAHUS CIIOCOOCTBYET CHIXKEHHUIO TEMIIEPATYpPhl
rUApaTooOpa3OBaAHMUSL.

HeoOxoaumplil pacxoJ MHIHOUTOpPA MOXHO BBIYHCIUTH MO CIEAYIOIIEH
bopmyie:

q=(W; —W,)-C,/(C; — C,), kr/1000 m® (3.1)

rae Wi, Wy — coneprkanue Biard B rase /10 M Moclieé BBOJa MHTHMOUTODA,
kr/1000 m3 rasa; Ci, C, — MaccoBasi KOHLEHTpPALUS CBEXETO0 U OTPaOOTaHHOTO
uHruouropa, %.

Bnaroconepxanue raza ompenensercs s AaHHBIX TEPMOOApUUYECKUX
ycaoBuu 1o puc. 3.1.

TeMneparypa Hauana ruapatrooOpazoBanus t . onpenensercs mno puc. 3.2 ais
3aIaHHBIX OTHOCUTEIBHOM MJIOTHOCTH T'a3a U HAYaJIbHOIO JABJICHHS Ta30IIPOBOJIE.

3aTeM BBIYUCIISETCS MOHMKEHUE PAaBHOBECHOM TeMIepaTyphl

At=t —t,, (3.2)

rjae tr — TeMreparypa Hadana ruaparooodpa3oBanus, °C; tx — TeMmepaTypa B
KOHIIE TazonpoBoja, °C.

[Ipy M3BeCTHOM TIOHWMXCHWH paBHOBECHOW TemrepaTypsl At mo puc. 3.3
OIpENESIOT MAacCOBOE cojiepkaHue oTpaboraHHoro arenra C,. PaccumthbiBas mo
(3.1) qa onpenenroT CyTOYHBINA PacXo]I areHTa

Oeyr = Ga- Vi, (3.3)

rae V. — CyTO4YHOE€ KOJHUYECTBO TPAHCIOPTUPYEMOTO IO Ta30MpPOBOAY

rasa, ThiC. M>/CyT.
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JaBJIEHUS U TEMIIEPATYPBI



14

P.10° Ma

500 //
400 / //
300 /1

200 ///47

150 ,/ /////
100 / //

80 / /l/
o
4518 / ya.// A=1.0

30 / 4 //5%\\ o,’g

. // ﬁ%r\\o’s
s ///// ~_[>o07

W OO0 00 O

-5 0 5 10 15 20 t,°C

Pucynok 3.2 — KpuBble paBHOBECHBIX YCIIOBUW T'MAPATOOOpa3oBaHUs B

3aBUCHUMOCTH OT OTHOCHTEIBLHOM INIOTHOCTH ra3a
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Pucynox 3.3 — 3aBUCUMOCTH CHIKEHHsI TeMIeparypbl 00pa3zoBaHUs

TUAPATOB OT MAaCCOBOTO COJAEPKaHUS PA3JIMYHBIX XUMHUUYECKUX areHToB: 1 —
CaCly; 2 — CHz OH; 3 — TpudTUIEHTIIMKONB; 4 — audTuieHrukob ([21); 5 —

OTHUJICHTJIUKOJIb.

3axaua 3.1.
PaccunTtaTh KOIMYECTBO UHTUOUTOPOB JIJIS CIASAYIOIINX YCIOBUHN JBHKCHUS

raza 1o ra3onpoBOJly: HadaJlbHOE AaBiieHHe rasa B razompooje 0,981 Mlla (10

krc/cM?) u Temmeparypa 0 °C; KOJMYECTBO Tra3a, TPAHCIOPTHPYEMOTO IO
razonposozy, pasHo 900 Teic. M3/cyT. OTHOCHTENBHAS IIOTHOCTD T'a3a M0 BO3AYXY
0,7.

Pewenue:

CoryracHO HOMOTpaMMe, KOJIMYECTBA Bjard B Hadasie razomnposoga W, = 2,0
kxr Ha 1000 ™M°® ra3a. Pa3HocThb W, —W, ngact KoOJIMYEeCTBO BOJBI,

KOHAeHcUupytomiencs Ha kaxasix 1000 m° rasa:
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AW =W, - W, =22-20=0.2«kr

Temnepatypa Hagasia 00pa3oBaHus TUAPATOB onpeensercs u3 rpaduka. s
Hamero ciydas oHa Oymer +3,5 °C. BenuuuHAa IOHIKCHHS pPABHOBECHOI
Temrepatypsl At, onpenensieTcs Mo pUCyHKY, JUIsl paCTBOPa XJIOPUCTOTO KalbIIUS
COCTaBUT:

At=35-00C=3,50C

[To rpaduxy Haxomum, uro 1 At = 3,5 OC koHueHTpanus orpabOTaHHOTO
pactBopa xJiopuctoro kanbius paBHa 10% wmacc. Ilo ypaBHeHuro omnpexaensiem
yaenbHbIN pacxon 30%-Horo pacTBopa:

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

Onpenenum konmuectBo JOI', koTOpOE cremyeT BBECTH B MOTOK rasa Jjist
peaoTBpalieHus: 00pa30BaHUsI TUAPATOB MPU YCIOBUSAX, PACCMOTPEHHBIX BHIIIIE.

Havanpnas xonnentpanus 20 Ci1 = 80%. Jns At = 3,5 0C mo rpaduxy
onpenensiem Cp = 12,5% — koHuentpamuto orpadorannoro /31, koTopyro Hamo
MOAICP)KUBATh ISl YKa3aHHOW BEJIWYHMHBI CHWDKEHHUS TeMIlepaTyphl Hadaja
oOpazoBanus ruapaToB. [1o ypaBHEHHIO ONpenensieM YAeIbHbIN pacXo TIUKOIS:

q=0,2-12,5/(80 — 12,5) = 0,39 kr va 1000 M3
Cyrounslii pacxon 31" cocTtaBur:

Qeyr = 0,39 - 900 = 351 kr

3agaua 3.2.

PaccunTtaTh KOJMYECTBO MUHTMOUTOPOB TUIPATOOOPA30BAHUS, T01ABAEMBIX B
ra3onpoBoj. YcinoBus JABWKeHHS raza Omnpenenensl naieHueM (P,) u
Temneparypoit rasa (t,) B Hauasne razonpoBoja u aasieHueM (P) u temmneparypoii
(tc) B KOHIIEe Ta3onpoBoa. M3BeCTHO KOJMYECTBO TpaHCHOpPTHpPYyeMoro ra3a (Q) u
IUIOTHOCTH T'a3a 10 BO3IyXY, a TaK )K€ Ha4aJbHbIC KOHIICHTPAUK HHTHOUTOpOB (C1)

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

Ne Py, ta, Ps, tx, Q'10'3, p C1,% C1,% C1,%
Bapuanra | MIla | °c | MIla | °c | m%cyr 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| 05 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| 0,2 |-12 830 0,6 95 70 -
13 08 (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 72 -
17 1 221 0,3 0 920 0,6 92 - 30
18 2 251 0,5 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 0,2 |[-15 870 0,7 90 72 -
24 10 (30| 0,2 | -2 875 0,8 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 2 200 0,2 | -8 800 0,7 80 78 -
29 25 |30 0,2 | -8 880 0,7 90 78 -
30 3 20| 0,3 | -2 850 0,7 93 80 -
Bompocsr:

1. TloHsiTHE Ta30BBIX THUAPATOB.
2. TlocnencTBusi 00pa30BaHMUs T'a30BbIX THAPATOB.
3. YcnoBus o0pa3oBaHUs ra30BbIX THIPATOB.

4. Metoasl 00pbOBI C THAPATOOOPA30BAHUEM.
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[TPAKTUYECKOE 3AHATHUE 4

Pacuer usmeHenus T'MAPABINYECCKHUX MAPpaAaMETPOB TPaHCIIOPTAa He(l)Tl/I B

pe3yJbTaTe 0TJI0:KeHHUS Napa()MHOB HA BHYTPEeHHEH CTeHKe TPyOOnpoBo/10B

Teoperuuyeckasi 4acThb
[TapaduHOBBIE OTIIOKEHHS, OTJIAaralolUMecs Ha CTEHKax TpPyOOIpOBOIOB
MPECTABISIET CMECh TBEPJBIX MapaUHOBBIX yriaeBoAoponoB coctaBa Ci,Hze -
C36H74, w TUOpPUIHBIX YIJIEBOAOPOAOB —IIEPE3UHOB —alIKaHO-HA()DTEHOBOTO

cocCTaBa C36H74 = C71H144.

Texuuyeckuit napapuH MPEICTABIISCT u3 ceost CMECH:
[Tapadpuner  10-75%
CModsI 10-30%

Acdanbrensr 2-5%

Cesiznas HedTh 10 60%

TBépaple  MeTaHOBbIE  YIVIEBOAOPOJIbI,  MapaduHbl, MPUCYTCTBYIOT
IPAKTHUUECKU BO BCEX HEPTSAX, UX COAEpHKAHUE MOXKET KoJebaTbes OT caeaoB 110 20-
28%.

WHorna ux BAMSHUE HA TEXHOJOTMIO W TEXHUKY J00bIYM, cOopa U
TpaHCIOPTa, NOJATOTOBKY U MepepaboTKy HEYTHU MOXKET ObITh PELIAOLIUM.

Coctosinue napaduHOB B HEDTH 3aBUCUT OT TEMIIEPATYPHI U JABJICHUS.

OHu XOpOLIO pacTBOPSAIOTCS B HE(DTH TOIBKO MPH MOBBIILIEHHOM TEMIIepaType
(40°C u Oonee) temmneparype. T.k. miacToBas TemrepaTypa He(TSAHON 3ajeKU B
OoonpmmHCTBE ciiydaeB Boimie 40°C, TO MOXHO TpPHHITH, YTO TapaduHBI B
IUTACTOBBIX YCJIOBUSIX 00pa3yroT B HE(TH TOMOTE€HHBIN pacTBOp.

[Tpu w3Bnedennn HEPTH, T.€. TPU CHIDKEHUHU [ABJICHHS, TeMIEpaTyphl U
pasrasupoBaHuy, €€ pacTBOPAIOIIAs CIIOCOOHOCTH MO OTHOIICHHIO K mapadunam

YMEHBIIAETCS. ITO MPUBOAUT K MEPEHACHIIICHUIO HEPTU MapapruHOM U TIEPEXOay
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YacTU B KPUCTAJUIMUECKOE cOCTOssHHME. HO 3TOT mepexoa MOKET OCyIEeCTBUTHCS
TOJIBKO Ha KaKOM-TO MOBEPXHOCTH. LleHTpaMu KpUCTAIIIM3ALHUU CITyKaT BBICTYTIbL,
IIEPOXOBATOCTU IIOBEPXHOCTH TPYO U MEXaHUYECKUE B3BECU B IOTOKE HEPTH.

Mexanuszm omnoscenun napagpuna

B pesynprate oxnaxkaeHus HeTH TOJ BO3ACHCTBHEM OO0j€€ XOJOTHOU
OKpYy’Xallled cpeAbl B TOHKOM IPUCTEHHOM CIJIO€ BO3HUKAET paJualIbHbII
TeMIiepaTypHblii  rpagueHT. CyllecTBOBaHME pPaJAHAIBHOIO TEMIIEPATyPHOIO
rpaleHTa NPUBOJUT K OOpa30BaHUIO I'PAJUEHTa KOHLUEHTPALUU PAaCTBOPEHHOTO
napaduna. 3a C4€T 3TOro NPOUCXOANT ABMKEHHUE PACTBOPEHHBIX YacTULl TapaduHa
K CTEHKE TpyObl MOJ JeHCTBUEM MoJieKyJsipHOW auddy3un. Ilo moctmxenun
yacTulaMu mapaduHa CTEHKH TpyObl WJIM TpaHULbl TBEPABIX OTIOKEHUMN
IMPOUCXOJIUT UX KPUCTAILTU3ALMS U BBIJIEJICHUE U3 PACTBOPA.

Ecnu TemnepaTypa B IpUCTEHHOM CJIO€ HUYKE YPOBHSI, IIPU KOTOPOM napaduH
HauMHAeT BbINAAATh M3 HEe(PTHU, TO U B MOTOKE HepTU OYIyT COAEp’KAThCS
KpUCTaUlbl TapapuHa, a >Kuakas ¢a3za OylneT HaxoJIUTbCd B COCTOSHUU
TEPMOJIMHAMHYECKOTO paBHOBecusi ¢ TBEpAoi (azoii. C yMmeHblIeHHEM
TEMIEpaTypbl Macca KpUCTAUIOB mapaduHa, B3BEIIEHHBIX B  He(TH,
YBEJIMYHUBAETCS, @ KOJIMYECTBO PACTBOPEHHOTO NapapuHa — yMEHbILIAETCS.

Kpucrannel napadguHa u UX CKOIJICHHS, BO3HUKILINE HETOCPEICTBEHHO Ha
BHYTPEHHE TMOBEPXHOCTU TpyO, M 00pa3yloT mnapa@uHOBBIE OTIIOKEHUS.
Kpucramnel napaduna, oOpa3zoBaBimmecss B 00béMe HePTH, B (HOpPMHPOBAHUU
OTJIO)KEHHI MPAKTHYECKH HE YUaCTBYIOT.

Dakmopbl e1ruaOWUE HA OMI0NCEHUE RAPAPUHOE

HEBXOAVUMBIMUN ycnoBusiMu  00Opa3oBaHHsl OTJIOXKEHUU  SBISIOTCS
ClIeyIOIIue:

* MIPUCYTCTBHE B HE(MTU JAOCTATOYHOI'O KOJIMYECTBA BBHICOKOMOJIEKYIISIPHBIX
yII€BOIOPOI0B apahpHOBOTO PAa;

* CHIDKCHHE TeMIepaTrypbl MOTOKa He(TH 10 3HAYEHUH, NpU KOTOPBIX
BO3MOXKHO BbIJeNeHne X HedTu TBEpAoN mapadunoBoil daspl. Heobxommmbie

TEMIIEpaTypHBIE YCIOBHUS BO3HUKAIOT NPEK/IE BCErO Ha BHYTPEHHEHN CTEHKE TPYyOBI;
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* JIOCTaTOYHO IPOYHOE CLEIUVIEHHE NapaUHOBBIX OTJIOXKEHUH C
MOBEPXHOCTBIO TPYOONPOBOJA, HCKIIOYAIOIIEE BO3MOKXHOCTH IOJIHOIO CMBIBA
OTJIOKEHUH MoTOoKOM HepTH. Kpome Toro, BhIABIEHA poiib €€ psijia (PaKkTOpOB.
OCHOBHBIMH U3 HUX SIBJISIIOTCA:

* @epernaj TeMIlepaTyp: ¢ YBEIMYEHHEM pa3HULBI MEXIy TeMIEepaTrypamu
OKpYy’KaroIlled cpenbl M MOTOKa He(TH KOJIMYECTBO OTJIararouierocs mnapagdusa
MPOIMOPLMOHAIBHO BO3PACTET;

* JABJICHUE U Ta30BbIN (PAKTOP: MIPH JaBJICHUHU BBILIEC JaBICHUS HACBIICHUS
TEMIEpAaTypbl Hayala BbINAJACHUA Mapa@UHOB BO3pacTaeT C YBEJIUYECHHUEM
naBieHus. Eciy naBieHHe HWXKE JaBJICHUS HACBILIEHUS, TO MpPH CHHKEHHH
JaBJ€HUsS HAOJIOAeTCsl POCT TEMIEpaTypbl Hayala KpUCTALIM3ALUU, 4YTO
OOBSCHAETCS yBEIMYEHUEM 00BEMA BBIJIEISAIOLIEIOCS ra3a, KOTOPbI CYIIETBEHHO
BIUSET HA PACTBOPUMOCThH MapaduHa B HEPTH U TeMmmeparypy (IIOHUKAETCH)
He(TEra3oBoro NOTOKa;

* CKOpPOCTb TEYEHHUS: HWHTEHCHUBHOCTb HAKOIUIEHUS OTJOXKEHUUA C
YBEJIIMYEHUEM CKOPOCTH MOTOKA HETH CHayana pacTET BCIEACTBUE YBEIMUEHUS
MaccoIlepeHoca, a 3aTeM — CHUXKaeTcsa. Takol xapakTep 3aBUCUMOCTH 00YyCIIOBJIEH
(bakTopamu, onpeaAeIIoIMMI JUHAMUYECKOE PABHOBECUE MEXK]Ty MEXaHUYECKUMHU
CBOMCTBaMHU OTJIO’KHUBILIETOCS napaduna " TUIPOIMHAMUYECKUMU
XapakTepucTukaMu Mnotoka Hedtu. IIpu BBICOKHX CKOPOCTSIX TEUYEHHUS IOTOK
CMBIBAaET OTJIOXKUBIIUKCA TlapaduH CO CTEHOK TpyO, dYTO OOBACHSETCS
IIPEBOCXOACTBOM CHJI KAacaTEJIbHbIX HANpPsDKEHUN HaJl CHJIAMU CLEIUICHUS MEXIY
yacTUIlaMU NTapauHa ¥ MOBEPXHOCThIO TPYOBI;

* CBOMCTBA IMOBEPXHOCTH: Ha HAYAJIbHON cTaguu

NMHTEHCHUBHOCTD 3anapaduHuBaHus 3aBUCUT OT CBOMCTB MOBEPXHOCTH
TpyOONpoBOJa, T.K. IIEPOXOBATOCTb IPU PA3BUTOM TYpPOYJIEHTHOM pEKUME
UHTECHCU(QUIIMPYET MepeMellInBaHue, a, CIEIOBAaTeIbHO, W BbIIEICHHE raza u
napaduna. OmgHako mocie oOpa3oBaHUs Ciios MapauHa HEOOJBIIONW TOJIIUHBI
CKOPOCTh HAaKOIUICHHMSI OTJIO)KCHUU mapaduHa yke He 3aBUCUT OT UUCTOTHI

00paboTKu MOBepXHOCTU. OT XapaKTEPUCTUK TMOBEPXHOCTH 3aBUCHT MPOYHOCTD
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CHEIVIEHUA mapadguHOBBIX OTJIOXKEHHH ¢ moBepXHOCThI0. C yBenM4yeHUuEM
CTETICHU MOJIIPHOCTU MaTepuaia U YUCTOTHl 00pabOTKM MOBEPXHOCTH CIICTIIICHHE
ocllabeBaeT, ¥ CMbIB MapaUHOBBIX OTIOKEHUM OyAET MPOUCXOAUTH MPU MEHBIIINX
CKOPOCTSIX TOTOKA HEPTH.

* 00BOJHEHHOCTh MPOAYKLIHUU H: C YBEIWYCHHEM JOJU BOJBI B TMOTOKE
MHTEHCUBHOCTb OTJIO)KEHUSI CHUKACTCS 10 IBYM IIPUUUHAM:

1)  U3-3a yBenudueHUs: CyMMapHOW TETUIOEMKOCTH (TETLUIOEMKOCTh BOJIBI
BBIIIIE, YEM TEIUIOEMKOCTh HE(TH) TeMIepaTypa MOTOKa MOBBIIIAETCS, YTO MUBOIUT
K YMEHBIIECHUIO OTJIO0XKEHUs napaduHa;

2)  U3-3a u3aMeHeHHs XapakTepa CMauuBaeMOCTH ITOBEPXHOCTH;

. ac(anbTO-CMOJIMCTHIE BEILIECTBA: oOpasoBaHue MJIOTHBIX,
TPYJHOYJAJISEMbIX C METAJUIMYECKOW IMOBEPXHOCTH Mapa(UHOBBIX OTJIOKEHUN
MPOUCXOJUT TOJBKO MPHU HATUYMU B HePTH achanbTO-CMOJIUCTHIX BellecTB. B nx
MPUCYTCTBUHM MOBEPXHOCTh OTJIOKEHUH MMEET pa3BUTYIO ILIEpoXoBaTrocTh. [lpu
OTCYTCTBUU — TIOBEPXHOCTh CTAaHOBHUTCS HACAIBHO TJIAJKOW, a OTJIOXKECHHS
MIPEACTABISAIOT COOOM CIIOW C PBIXJIONW CTPYKTYpOH W HU3KUMHU MEXaHUYECKUMHU
XapakTepucThUKaMu. T.e. mapaguH — OCHOBHOM MaTepuan OTJIOKEHUU, a CMOJIbI
00Ja1at0T IIEMEHTUPYIOIUMH CBOMCTBAaMH. Y CTAHOBJIEHO, YTO Y€M OOJIbILIE CMOJI
uMeeTcs B HeTH, TeM 0oJiee TIIOTHBIE OTII0KEHUS 00Pa3yOTCsl Ha TOBEPXHOCTH;

* KOMIIOHEHTHBIA COCTaB He(TU: OH HEro 3aBUCUT pPaCTBOPSIOLIAs
CrocOOHOCTh HePTH OTHOCUTENbHO mapaduHa. Uem OombIe BBIXOA CBETIBIX
dpakuuii (Berkumaromux 10 350 °C) Tem 6obIne BrinaaeT napadpuHa;

* IUIOTHOCTH HE(THU: YeM TshKelee He(PTh, TeM XyKe OHa pacTBOpsET napaduH,
T.€. TEM HHTCHCHBHEE OYyT BHITIAaTh U3 TaKoW HeTH napaduHbI;

* BJIMSHUE BPEMEHHU: C TEYEHUEM BPEMEHHM KOJIMYECTBO OTJIOKHUBIIETOCS
napadpuHa  Bo3pactaeT. HauOosblmas  WHTEHCHMBHOCTh  MapaduHU3aAIUU
HaOJIOaeTCsl B Havase mpoliecca, 3aTeM CKOPOCTh POCTa OTJIOKEHUIH CHUXKACTCS
U3-32 YMEHBIIEHHUS TEIJIOOTAAYd OT HE(PTH BO BHEIIHIOI CpEAy BCIECACTBUE
YBEIMYCHHMSI TOJIIMHBI OTJIOXKHUBIIIETOCS CJIOs MapaduHa.

IHocneocmeusn évinadenus napaguna
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* YBEJIMYMBAKOTCS TUAPABIMYECKUE CONPOTUBIICHHUS], CHUKAETCA MPOITYCKHAs
CIOCOOHOCTH TPYOONPOBOIA;

* U3MEHSIOTCS PEOJIOTUYECKHE CBOMCTBAa HE(TH, BIUIOTH 10 OOpa3oBaHUs
CTPYKTYpPbI BO BCEM 00bEME HE(DTH U OTEPU TEKYUECTH;

* MHUKPOKpHUCTAJUIBI mapaduHa, KPUCTAUIM3YACh Ha TpaHHIle pazzaena (a3
BOJa-HE(PTh, CTAOMIM3UPYIOT BOJAOHE(PTIHYIO AMYJbCcUIO. BriociaeacTBuu Ha cTaiuu
MOJITOTOBKU HEDTH ISl pa3pylICHUs] TaKOW dMYIbCUU MOTPeOyeTCs MOBBIIICHHAS
TEMIIEpATypa U J€IMYJIbIaTOPHI.

Cnocoowvt 60pbowl ¢ napagunuzayueit mpyoonpoeooos

a) MpeaynpexIeHUe OTI0KEeHUI mapaduna;

0) ynajaeHue OTI0KCHUIA.

1. [IpuMeHeHre BHICOKOHATIOPHBIX CUCTEM COOpa CKBAKMHHOM MPOTYKIIMH.

2. IlpuMeHeHne IenpeccopHbIX J00aBOK.

3. TepmoobOpaboTka HEDTH

4. TlokpelTE BHYTpPEHHEH TMOBEPXHOCTH TpyOONpoOBOJa MOJISIPHBIMU
MaTepuagamu, o0Ja1aloMMU HU3KOH aare3ueil Kk napapuHy 1 UMEIOIINX IIIaJKyI0
MIOBEPXHOCT.

5. IlpyuMeHeHne XOIOANIBHUKOB — KPUCTAIIIN3ATOPOB.

6. [Ipumenenue nonorpesartenei (yCThbEBBIX, TyTEBHIX )

7. MexaHnueckasi OYMCTKA BBIKUIHBIX JIMHUM OT apaMHOBBIX OTI0KEHHM C
MIOMOILBIO PE3UHOBBIX IIAPOB.

8. TermmoBoii crtocod ouncTKH TPyOOITPOBOIOB OT MapaPUHOBBIX OTIOKEHHUN.

3axaua 4.1

[Ipu mepexauke HedTH BsizkocTu v = 0,04 - 107* mM?/c, ¢ pacxomom Q=7,85
am3/c mo TpyOompoBoay BHyTpeHHMM auameTpom (=100 MM U aOCOIIOTHO
DKBUBAJIEHTHOW 1epoxoBarocTd A=0,2 MM NOCTEIEHHO Ha €ro CTEHKax

oOpa3zoBajcs cioi napaduHa TOIIUHON 0=5 MM.
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PaccuuraiiTe, BO CKOJIBKO pa3 U3MEHSTCA MOTEPU HAIOpa HA TpeHue?
Pewenue:
Jlns pacuéra moTeph Hamopa Ha TpPEHUE HCIoJb3yeMm ¢opmyny Jlapcu-

Beiic6axa:

L W?

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

rae hpp - moteps Hamopa Ha MPEeooJIEHNE TPEHUS O JJIMHE TpyOompoBoIa
KPYIJIOTO CEUEHHUs TMpU JIO0OM YCTaHOBUBIIEMCS pPEXKHUME TEUEHUS; A —
KOA(PGUIIMEHT THUAPABINYECKOTO COMPOTUBICHUS, KOTOPHIM 3aBHUCHT OT YHCIa
Petinonpaca (Re) u oTHOCHTENBHOM MIEPOXOBATOCTU CTEHKU TpyoOorpoBona; L —
JUTMHA TPyOOonpoBoa, M; d — BHyTpeHHHMIA nuameTtp, M; W — cpenHsisi CKopocTh, M/C;
J — YCKOpEHHE CHIIBI TSKECTH, paBHOE 9,81 M/c? .

YtoObl OTBETHTHh Ha BOMPOC 3a/ayd, HY)XHO HAaWTH OTHOIIEHHE TMOTEPh
Hamopa Ha TpeHHe B 3anapaduHEHHOM TpyOOIpOBOJE K MOTEPSM B TpyOONpoBoiE

0€e3 OTJIOKEHUIA:
2=22.1.22 (4.2)

[IpousBeném pacdy€T BCEX HEM3BECTHBIX BEJIUYNH:

1. JuameTp 3anapaduHEHHOTO TPyOOIPOBOIA:
dz = dl - 2 ) 6. (4.3)
d, =100—-2-5 =90 Mm.
2. CkopocTh MOTOKA KUAKOCTU B TPYyOOIPOBOE O€3 OTIOKECHUI:
_Q__2Q
Wi = S, 0,785:d%’ M/c (4.4)
7,85:1073
Wi = 0,7850,12 1 m/c
3. CKopoCTh MOTOKA KUAKOCTHU B 3anapa)uHEHHOM TPYOOIIPOBOIE:
_Q__2@
W2 = S, 0.785-d2’ /c
7,85:1073

=———=1,23 Mm/cC.
2 ™ 0,785-0,092 23 m/c

4, [Tapamerp Peiinosnbaca:
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Ww;-d
Re, = % (4.5)
W,-d
Rez =22
A%
1-0,1
Rel = = 25000,
0,04-10
1-0,09
Rez = = 27500.
0,04-10
S. Onpenenum pexuM TeYEHUs
Re<2320 — namMmuHapHBI; (4.6)
Re > 2800 — typOyneHTHbIH, 30Ha brasnyca; 4.7)
2800 > Re > 2320 — mepexoIHbII PEXHM. (4.8)
6.  Ecnu ycraHoBieH JaMUHAPHBIA pexXUM JUIst 000UX TPYOOIIPOBOIOB, TO:
64
X—E , (4.9
CJIEZIOBATENBHO:
hy _ Rey dy W3
h1 - Re, d2 W%.
7. Ecnu ycraHoBneH TypOyJeHTHBIN pexuM U 30Ha brazuyca nis 06oux

TpyOOIIPOBOJIOB, TO:

0,25
h, _ Rey™ d; W3

h, W d Wi
8. Ecnmm ycraHOBIEHBI pa3HbIE pEXUMBI B TpyOOmpoBOJaxX,  TO
PACCUHMTBIBAEM A JIJIS KaXKJIOTO TPyOOIPOBO/IA U BHIYUCIISIEM MOTEPHU HAMopa:
a) i 30HbI bazuyca

_ 03164

i Re0,25’ (410)
0) J17151 30HBI CMEIIIAHHOTO TPEHUSI:

— (88 4 B\oz2s
A= 0,11 (Re + d) (4.11)

9. PaccuuteiBaem h, /h;.
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3Ha4Y€HUWE mnapamMeTpoB PelHonbaca mis

3amapauHEHHETO 1 He3amapaduHEHHOTO TPyOompoBoa0B OoJbIie 2800, TO pexum

Te4YeHUs1 B 000UX TpyOOIpoBoiax TypOyJIeHTHBIN, 30Ha biasuyca, 3HauuT:

h,
h; 225002

25000

0,25

01 1,232

="

0,09

12

= 1,403.

BriBo: moTepu Hanopa Ha TpeHue B 3amapaduaeHHOM TpyodorpoBoe B 1,403

paza Oouibliie, 4eM B He3anapauHEHHOM.

3amanue.

Cormnacuao CBOCMY BapHaHTy H3 Ta6J'II/II_[bI 41, IMPOU3BCCTU BBIYUCJIICHUA

3agaun 4.1.

Tab6auna 4.1 — Ucxoanble JaHHBIE K 3aga4e 4.1

Hcxonnbie Bapuanrtsl
JaHHbIE 1 2 3 4 5 6 7 8 9 10
104
VI\:ZO/C ' 0,052 | 0,048 | 0,036 | 1,00 | 0,076 | 0,1422 | 0,1376 | 0,0835 | 3,25 | 16,4
Q, nm3/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
6, MM 6 7 8 5 4 6 5 6 55 7
Hcxonnbie BapuaHTbl
JaHHbIE 11 12 13 14 15 16 17 18 19 20
104
VI\:ZO/C ’ 005 | 004 | 004 | 1,0 | 0,08 0,2 0,24 0,08 3,00 13,4
Q, nm3/c 8,4 9,15 | 10,20 | 7,85 | 6,85 5,40 4,70 8,4 7,9 8,1
d, mm 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
6, MM 6 7 8 4,5 4,1 6,2 5,4 6,1 5,0 7,2
Hcxonnbie BapuaHTbl
JaHHbIE 21 22 23 24 25 26 27 28 29 30
104
VI;ZO/C ’ 0,07 | 006 | 008 | 1,8 | 0,09 0,32 0,22 0,12 2,4 14,0
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 55 7
Bormpocsr:

1. Tlonarue napaduHOBBIX OTIOKEHUH.
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2. MexaHusMm OTJI0KeHUs apaguHOB.
3. DakTopbl OTJIOKEHUS TapauHOB.
4. TlocnencTus BbIMaieHUs MapaduHa.

5. CrnocoOw1 60pHOBI U TpeIOTBPAIICHUS TApa()UHOBBIX OTIOKEHUH.

[TPAKTUYECKOE 3AHATHUE 5

I'mapaBianyeckuii pacyeT MpocThIX TPYOOINIPOBOI0B

Teopernueckast 4acThb

IIpy nBWKEHUM peabHOIO Ta3a IO TPyOONMpPOBOAY IPOUCXOIUT
3HAQUUTEJIbHOE TAJICHUE JaBJIEHUS 10 JUIMHE B pe3yjibTaTe MpeoI0ICHUs
TUIPABINYECKUX COMPOTUBICHUM.

I'a3 — cxxumaemas cucrema. [lpu 1BMKeHNH ra3a mo TpyOonpoBOIy BEIUIMHA
IJIOTHOCTH Ta3a 0y/J1eT MOHOTOHHO YOBIBAaTh OT HAYaJbHOI'O Y4acTKa K KOHEUHOMY,
tak kak p = f(P).

C yyeToMm 3aKOoHa COXpaHEHHUsS] MacChl TpaHCTOPTUpYeMoi cucteMbl (p -V =
const) JIMHEHHAS CKOPOCTh TCUCHHS TaKOW CHCTEMBI OYJIeT MOHOTOHHO BO3pPacTaTh
OT HA4YaJIbHOI'0 y4acTKa K KOHEYHOMY.

VYcraHoBuBIIeecsT HM30TepMUUYEcKoe JBMkeHue raza (T = const) B
ra3oIpoOBOJIE ONUCHIBACTCI CUCTEMOU TPEX YPABHEHUM:

YpaBHeHue bepHysuin, 3aKOH COXPAHEHUS SHEPTUU:

. 2
L o dz 42 Z Lo, (5.1)
gPr 2g d 2g

YpaBHEHHS COCTOSTHUS:

P=p."R.- Tz, (5.2)

rne R, = R/M.

3aKOH COXpaHEHHMsS MacChl, BBIPAKAIOIIMMCSA B TOCTOSHCTBE MAacCOBOIO
pacxopa:

G = p,*Vv's = const. (5.3)



27

ITpu »TOM cliegyeT MOMHUTb, YTO M30TEPMHUUECKUN MPOIECC ONMUCHIBAETCS
ypaBHeHueM bouns-Mapurorra:

P

5= const. (5.4)

Jl1is pacueTa MaccoBOTO pacxoa ra3a o TpyoornpoBoay OCHOBHOM SIBIISIETCS
dbopmyna:

_ md®  [(Pi-P3)d kr
G== N rzRroTL’ /C (5.5)

rae G — MaccoBbIi pacxoJ ra3a, Kr/c;

d — BHyTpeHHHMIA AMAMETp ra30MpPoOBOJIa, M;

P, ,P, — naBienue B Hayase v B KOHIIE Ta30IIPOBO/Ia, COOTBETCTBEHHO, [1a;
A — KO3 HULIMEHT THUAPABIMYECKOTO COMTPOTUBIICHNUS;

R, — razoBas nocrosinnas, Jx/(xr-K);

R — yHuBepcanbHas razoBas noctostHuasi, pasHas 8314 Jlx/(kmoib-K);

T — aOGcousroTHas Temneparypa rasa, K;

L — mnuHa razonpoBoja, M;

V — JIMHEWHAasi CKOPOCTh Tra3a, M/c;

pr — INIOTHOCT ra3a, Kr/m>,

Ilo ypaBHEHHIO COCTOSIHUSA IS Ta3a U BO3AYyXa UMEEM:
R _ Ry Ry

R .
L =2 R, == (5.6)
Pr Ps Pr p

re p = pP./pPy — OTHOCUTENIBbHAS TUIOTHOCTH Ia3a Mo BO3IYXY.

OOBeMHBIN pacxo/] ra3a, MPUBEICHHBIN K CTAHJAPTHBIM YCIOBUSIM:

G G
VF = — = ,
Pcy P Ps

(5.7)

I7I€ Py — INIOTHOCTD Ta3a MpH C.y.

IToncraBus 3HaueHust R, u G, nonyqum:

L . [(PI-P3)-d°
V. =k /x.z.p.m’ (5.8)

1

rae ko =

1A

7

Ps"
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Ipu cranpaptaeix ycaosuax (t = 20 °C, p = 760 MM pT. CT.) IIIOTHOCTh

RO _ 8314,3 — 287 'Zl_)K’ kO — 3’87 . 10_2-
28,96 28,96 krK

BO3ayxa p, = 1,205 kr/m3u R,=

M cOOTBETCTBEHHO:

_3g7.10-2. |®iPD
V. =387-107 [~ (5.9)

I[Ipu HopMmanbsHEIX yeaoBusax (t = 0°C, p =760 MM pT. CT.) ILIOTHOCTH BO3LyXa

RO — 8314,3 — 287 ,Zl_)K’ kO e 3,59 " 10_2
28,96 28,96 Kkr-K

Py = 1,293 kr/M®u R,=

Onpeoenenue KoI(pguyuenma 2uopasiuuecKko2o cOnpoOmueieHuA

3HaueHue  Kod(pPuuMEeHTa  THUIPABIMYECKOTO  COMPOTHBICHHUS A
PacCUMTHIBACTCS B 3aBUCUMOCTH OT PEKMMa JIBIXKCHHS ra3a v IepoX0BaTOCTH TPyO
o TeM ke (hopmysaM, 9To U 11 HepTempoBoa.

JUisi TUApaBAMYECKUX TIAAKUX TpyO A HE 3aBUCUT OT IIEPOXOBATOCTH

BHYTPEHHEH MOBEPXHOCTH TPYOBI M paCCUUTHIBAECTCS MO popmyIie:

_0,1844
"~ Re02’

(5.10)

[Ipu kBajpaTUYHOM peXUME TEUEHUS A HE 3aBUCUT OT Re, u sBigercs

byHKIIMENH OTHOCUTETHLHOM IEPOXOBATOCTH:

A =0,067- (5)°2. (5.11)

1o ynusepcanbnoit popmyne BHUMU raza:

A =0,067 - (= +2)°2. (5.12)

[Ipu TexHuYyeckux pacyerax A (C y4eTOM MECTHBIX COMPOTUBIECHUIN) MOKHO
IPUHUMATB!

A= (1,03 —-1,05) A (5.13)

OOBIYHO TEueHWE Ta3a MPOUCXOJUT TPU BBICOKUX CKOPOCTSX, KOTJa
COTNPOTUBJICHUE OMNpPEIEACTCS TOJBKO IIEPOXOBATOCTHIO TPyO (KBagpaTU4HAas
30Ha). Tak Kak HIEpOXOBATOCTh HE 3aBUCUT OT AUaMETpa TPyOONpOBOAA, MOKHO
CUMTATh, YTO A 3aBUCUT OT IMAMETPA Ta30MPOBO/IA.

Onnoit U3 GhopmMyJl Jis OLIEHKU BEIUYMHBI A, Kak QyHKIUM auamerpa (A =

f(d)), momyuuBmei mupokoe pactpocTpaneHue, sipisiercs Gopmyna Beiimayra:
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1
A =0,009407 5—. 5.14
) :i/a ( )
Q®opmyna BeliMayra MOXKET HCHOJIB30BATHCS IIPU  OPUEHTUPOBOYHBIX
pacuerax JuaMeTpa U MPOIyCKHOW CIIOCOOHOCTH MPOCTOro ra3omnpoBoja. B stom

clly4yae pacyeTHble (JOPMYJIbl UMEIOT BUI:

3
. [GZ'Z'RF'T'L] /16
~ les(P2-p2)

2_p2
G=d"’s /% (5.16)

3agaua 5.1

(5.15)

W3BectHo oTHOIIeHKMe naBieHuii P1/P; 1,4 B ceuennsax 1 u 2 ra3ompoBoja
MOCTOSTHHOTO raMeTpa. TedeHue M30TepMUUEeCcKOe, U3BECTHA CKOPOCTh razaVi =
20 m/c. Haiitu Vo.

Pewenue:

YuuTtbiBasg 3aKOH COXPAHEHUSI MACChl TPAHCIIOPTUPYEMOM CUCTEMBI O * V =
const 1 ypaBHECHHE COCTOSHUS

P=p."R.- Tz,

Pr_92 p1 _PiPi_ 9

= = = —=, TakuM o0Opa3oMm
p2 91 p2 P, P, 9 p

9, =_1-9; =14-20 =28 m/c.

2

Beruuciauth 3amady 5.1 corinacHO MCXOJHBIM JaHHBIM NPEICTABICHHBIM B

tabmure 5.1

3anaya 5.2

OnpenenuTs MaCCOBBIN U 0OBEMHBIN PacX0/Ibl IJIs Ta30mpoBoAa AiuHOM 100
KM, CHapy>KHbIM auameTpoMm 720 MM U TommuHOW cteHok 10 mM. AOGcomoTHOE
JIaBJIEHHE B Hadayie razonpoBoja py = 5 Mlla, B koHue px = 1,1 MlIIa. IInotHoCTB
rasa Ipu CTaHAAPTHBIX ycnoBuax p, = 0,8 kxr/m°, rasosas moctosnHas R = 8,31

Jx/(Monb-K). Kosdpduiuent amHammueckoii Bsaskoctn p = 12-10° Tla-c,
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koadpurenT cxumaemoctu Z = 0,93. TemriepaTypa rpyHTa Ha ri1yOrHE 3a10KEHUS

raszonposoza 5 °C. DKBUBaIeHTHAS EPOXOBATOCTh BHYTPEHHEH HOBEPXHOCTHU TPYO

A=0,2 mm.

Pewenue:

1. 3angaBasich KBagpaTUYHBIM 3aKOHOM TOJIy4aeM

02103
A= 0,067 ()

0.2 = 0,0157.

2. Haxomum mMaccoBbIi pacxXo/1 AJIs Ta30MpoBOIa:

Gy

(5% -1,12 )-0,7

_3,14-0,77
4

0,0157-0,93-8,31-278:100000

3. OnenuBaeM 00BbEMHBIN PACXO0/1 Ta30MPOBO/IA:

Q=P

3agaua 5.3

_ 855

= 1068,75, M3 /c.

= 855, kr/c.

OnpenunuTh MacCOBBIM CYTOUYHBIM pacxo] ra3a, KOTOPbId MOXHO TMEpeaaTh

110 Ta30MPOBOAY, YJIOKEHHOMY 3 TpyO muamerpom d mm, Ha paccrosiHue L k.

AOGcCoI0THOE JaBJIeHHE ra3a Ha BeIKUAE KoMrpeccopHoi ctaniuu P1 MIla, B koHiie

yuactka P, MIla, ninoTHOCTh ra3a pr npuarMoc(epHOM AaBICHUH U TEMIIEPAType

nepekaukn 20°C. Ta3 cuMTaTh COBEPIICHHBIM, TEYEHUE HM30TECPMHYECKUM.

Hcxonubie naHHbIC MpeacTaBieHbl B Tabmuie 5.2. [ns pacdera koadduimenta

TUAPABIMYECKOTO COMMPOTUBIICHUS BOCIIOJIB30BaThCs (hopmyiion BelimayTa.

Taomuna 5.1 — Ucxonnabie nanuble K 3amaue 5.1

Tapamerp BapuanTsl
12|34 5|6 |7]8]9(10/1112]13|14 |15
P1/P, 4 | 312 1(35/42/28/32(19/24/15/25[38|44| 5 |55
Vi,m/c [25|15]|20 |16 |28 |18 |22 |14 26|21 |30 |35 |31|40 |44
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apamer BapuaHTbI
P p 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30
P./P, 7 6/65/6,2|145(23|7,3 817,7/75118(3,3/53|7,1/6,8
Vi.m/c | 33| 42| 46| 48| 22| 29| 38| 20| 45| 19| 17| 16| 23| 49] 50
Taomuna 5.2 — UcxoaHbie naHHbIE K 3amade 5.3
BapuanTsl
Ilapamerp 1] 2] 31 4 5 6] 718 910
Huametp f\i‘;onpomﬂa’ 326 | 420 | 280 | 312 | 500 | 380 | 412 | 400 | 300 | 480
Hmina ra;;HPOBOHa’ 185 | 150 | 68 | 90 | 30 | 80 | 60 | 50 | 65 | 70
P., MIIa 65 | 52 | 66 | 56 | 8 | 75| 7 | 72 | 68 | 5
P,, MIIa 47 | 34 | 55 | 45 | 68 | 5 | 46 | 52 | 38 | 32
or, KI/M3 086| 08 | 0,74 | 088 | 09 | 068 | 0.78 | 0,62 | 07 | 0.72
apaner BapuanTsl
pametp 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Huamerp f\i‘;‘mpomﬂa’ 529 | 630 | 720 | 820 | 920 | 1020 | 630 | 820 | 1200 | 1020
Hmra raz;“powﬂa’ 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110
P,, MIla 06| 08 | 66 | 68 | 7 | 72 | 73 | 74 | 05 | 75
P,, MIIa 011015| 1 | 15 | 13| 2 | 18 | 14 | 02 | 12
Pr, KI/M® 075 08 | 1,2 | 102 | 09 | 088 | 1,3 | 121 | 1,5 | 1,6
Tapamer BapuanTsl
pametp 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Jluamerp FI\Z‘;OHPOBOM’ 630 | 420 | 326 | 500 | 380 | 1200|1020 | 412 | 820 | 400
Annta raz;“pomﬂa’ 30 | 50 | 90 | 35 | 80 | 40 | 20 | 100 | 60 | 75
P,, MIIa 09| 7 | 66 |075| 05| 64 | 55 | 08 | 7.2 | 52
P,, MIIa 04 | 24 | 15 |015] 01 | 12 | 1.8 | 025 | 16 | 1.3
pr, KI/M3 08| 12 | 088 09 | 074 16 | 12 | 13 | 16 | 0.86
Bomnpocsr:

Ok wWNhE

3aKoH COXpaHCHUSA MACCHI.

[TonsiTME MacCOBOTO pacxoia.

OcHoBHBIE PECKHUMBI TCUCHU IIOTOKA.

[TonsiTue ko3¢ duLMeHTa rTUAPABINYECKOTO COMPOTUBICHUS.
YpaBuenue bepnyim.
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I[MPAKTHUYECKOE 3AHATHE 6
I'mapaBianyeckue pacyérTpl CJI0KHBIX TPYOONIPOBOA0OB

Teopernueckas yacTb

PaznuuaroT yeTkipe KaTeropuu CI0KHBIX TPYOOIIPOBOIOB:

|. KoutekTop NOCTOSSHHOTO TMaMeTpa ¢ pacipeIeI€HHbIM 0 JUTMHE 0TOOPOM
NPOAYKINH (pa3aaTouHbId KOJUIEKTOP B pe3epByapax, OTCTOMHUKAX, CernapaTopax)
(puc 6.4).

Il. COOpHBII KOJJIEKTOp MEPEMEHHOTO AUMAMETPA C PACHpPENENICHHBIM II0
JUTUHE TOCTYIICHUEM TPOIYKIUU (crcTeMa cOOpa CKBRKUHHOM MPOIYKIUH) (pHC
6.1).

I1l. Kosnektop ¢ mapaulelbHBIM YY4acTKOM TpyOompoBoja (Oaiimac Ha
BOJIOBOJIaX) (puc 6.3).

IV. 3amMKkHYTBIH KOJIEKTOp (KOJIBIIEBOM BOIOBON) (pHC 6.2).

Pn G

C; Bt P D, 5 D; 0 Dy Pa fﬁl-f-pn

1
- IR ARZA l'fj

G & UG Y G G

Pucynok 6.1 — COopHBIA KOJJIGKTOp IEPEMEHHOTO JuUaMeTpa ¢

pacIpeneaeHHbIM OCTYIUIEHUEM MTPOAYKIUN
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KHe

- » i . {
5% \&&

Pucynok 6.3 — KosuiekTop ¢ napajijieiabHbIM y4acTKOM

T'uopasnuueckuit pacuem mpyoonpoesooa I kamezopuu

BBenem nousATHe 0 IByX pacxonax:

* TPaH3UTHBIA pacxoi KHUAKOCTH Qr, KOTOPBIA MOCTyMaeT Ha Y4YacTKH,
IIPUMBIKAIOIIME K PACCMaTPUBAEMOMY;

* MyTeBOM pacxo )KuAKocTH (Q — CyMMapHBIid TyTEBOU pacXo/1 XKHUIKOCTH),
KOTOPBIA OTOMpaeTcs Mo JUIMHE KOJIJIEKTOpa uyepe3 Kak cymMMma Bcex 0TOOpOB (i IO
JUIVHE.

YpaBHeHUE MaTepuaIbHOTO OajlaHca’

Q=0Qr+0Qn=0r— X1 ¢ (6.1)

rae gi - 00bEMHBIE PACXO0IbI JKUAKOCTH B OTBETBIICHHUSX.
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Pacuetnas cxema cioxkHoro TpyoomnpoBoaa | kareropuu mpeacraBiieHa Ha

puc. 6.4.

Q, Q

— —iln-

N 1. 9

Pucynok 6.4 — PacueTHasi cxema cioKHOro Tpyoomnposoja | kareropumu.

[lockonbKy AMamMeTp pa3faToyHOro0 KOJUIEKTOpa OJWHAKOB HAa BCEM
MPOTSKEHUH, @ PACXO/IbI )KUJKOCTH Ha PA3IMYHBIX YYACTKAX PAa3HbIE, TO U PEKUMBbI
TEUCHHS Ha KaXJIOM y4acTKe MOTYT ObITh pa3Hble (puc. 6.4).

[lepenag paBiaeHUS MpPU pacyeTe CIOXHBIX TPyOONPOBOJOB MOXKHO

paccuuthiBaTh U Mo Gopmyie Hapcu-Beiicbaxa u mo popmyse Jleitbenzona:

QZ—m,Vm_l
d5—m

AP =P —-P,= [3- -p-g Ila. (6.2)

Jlns paccMaTtpuBaeMOTo ciiydas Iepernaj Ha 1-oM ydacTke TpyOompoBojia

Oyner:

Q 2—m, ml
Qv g, (6.3)

d5—m

P -P =0
Ha Bropom yuactke

(Qr—qy)*T™v™

P —P,=f, q5-m ‘pP-g. (6.4)

Ha n-om yuacrke:

(Qr—=(q1+Qgz++qn))*>~Mv™1
Pp_1— P = Bn' — zds_mn npg (65)
OOGmuit mepenaj Mo BCel JIMHE KOJJIEKTOopa:

P—P, =EE. [Fho1(Qr — BB q)* ™ Ly - Byl. (6.6)

Takum 06pazom, 1715t CIOKHOTO TpyOompoBoaa | kaTeropuu o0l epemnasn

JaBJICHUS PaB€H CyMMCE Ha,Z[GHI/Iﬁ AABJICHUSA 110 YHaCTKaM:
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(6.7)

Aneopumm pewenus 3a0aqu Ha onpeoesienue nepenaca 0aeieHUsL.

1. HaXO,ZI}ITCH CKOpPOCTH ABMKCHUA XUAKOCTHU I10 YHACTKaM.

2. JIns kaxxaoro ydacTka TpyOOmpoBoa OMPEACIIICTCS PEKUM JTBUKCHUS

YKUAJIKOCTH I10 3HAaYCHUIO napamerpa Re u €.

3. PaccuuthiBaeTcst K03 OUIIMEHT TUAPABINYECKOTO COIPOTUBIECHUS A, €CITH

pacuer Benetrcs mo ¢opmyne Jlapcu-Beiicbaxa, unu BeiOuMparoTcs mo Tabm. 6.1

3Ha4YeHUs Ko3(phuimeHToB B 1 m, eciiu pacyeT Benercs no Gopmysie JleitbeH3oHa.

Tabmuua 6.1 — ®opmynsl 11 pacdeTa Kod3(pPUIUEHTa TUIPaBIMYECKOrO

COIIPOTHUBJICHUSA

JaruHapHulil pexcum

TVpoyIenmublil pexcliv

Re < 2320 3oHa baaznyca | [Iepexonnas 3oHa | KBagpaTH9Had 30Ha
'ﬁq' ﬂ-_}'].ﬁq' f '53 .:'. gL h _.ji W E.:j
A= A=— =011 —=+2 _n1i1l 2
e T =011 =+ A=01 ]1 -~ |
JOHA SHOPASTHYECKN STaoKNY JOHA SHOPASTHYECKU WEPOX08amBIX
mpyvé mpyo
m=1 m=4025 m=0125 m=40
128 0.241 _ - 0125 8.4
8= g = £=00185x¢ f= ;
TE g T g

4. PaccunThIBalOTCS IMOTCPH JaBJICHHA HA KaXKIOM YUAaCTKCE.

5. PaccuutbiBaeTcs oO11as moTeps AaBjieHUs MO BCEH IJIMHE KOJUIEKTOPa, Kak

CymMMa MOTCPb HA OTACIIbHBIX YHACTKax.

T'uopaenuueckuit pacuem mpyoonposooa Il kamezopuu

Bo3moskHO 1Ba BapuaHTa TpyOOIPOBOIOB JAHHOW KATETOPHH.

[TepBrbIit — mocnenoBaTeILHOE COSTMHEHUE TPYO pa3HOTo nuaMerpa. B aTom

cllydae pacxof *UAKOCTH OCTAeTCsl MOCTOSHHBIM MO BCEH uiMHE TpyOonpoBoaa Q

= const , a MOTepH Haropa B TPyOOIIPOBOIe OYIyT paBHBI CyMME MOTEPh Hamopa Ha

y4acTKax:

hTO6I.L[ = th +hT2 ‘l“l‘h1

(6.8)
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Btopoii BapuaHT — nepemMeHHbIN TuaMeTp TpyOOonpoBoaa U MEPEMEHHBIHN M0
JUIMHE PACXO/I.

ypaBHCHI/Ie MaTCpUuaJILHOT'O OajaHca:

Q=Qr+Qn=0Qr+2XiLiqi (6.9)
Tak kak AMaMeTpsl TPyO MO ydacTKaM pasHble, TO Ha PAa3HBIX Y4acTKax

BO3MOYKHBI Pa3JIMYHbIC PSIKUMBI TeueHHs (puc. 6.5).

4
Q, Q
—1Gios 4 % 2.4

qa q q.4q

1 g

Pucynox 6.5 — Pacuetnas cxema cnoxknoro tpy6onposoga Il kareropuu

AJITOpUTM 33Ja4d HA OMNPEICIICHUE TOTEPU JABJICHUA IO BCEMY
TpyOOTIIPOBOy aHAJIOTUYEH ATOPUTMY TIPEABIAYIIEH 3a/1a4uu.

T'uopasnuueckuii pacuem mpyoonpoeooa Il kamezopuu

OTBeTBJICHUS OT OCHOBHOM MAarucTpaid MOTYT OBbITb 3aMKHYTBIMH U
Pa30MKHYTBHIMHU.

J171s1 3aMKHYTBIX OTBETBJICHUM — JIYITUHTOB (OT aHTJI. — METJISI) — CIIPABE1JIUBBI
COOTHOLIEHUSI:

1. Pacxon, npoxosiinii yepe3 BeCh pa3BETBICHHBIN y4acCTOK, paBEH CyMME
pacxXxoJI0B B OTACIbHBIX BETBSX:

Qo61u =Q;+Qz+ -+ Q. (610)

[ToTepu Hamopa 11 BCETO pa3BETBICHHUS U B JIFOOOM €ro BETBH PaBHBI MEXKTY
co00M, TaK KaK pa3HOCTb HANOPOB B TOUKax A u B onnHakoBa /st BCeX BETBE:

hoey = hy =h, =h, =H, — Hp, (6.11)

i€ Qosm ¥ hosmy — COOTBETCTBEHHO pacxoj W IMOTEpU HAmopa Ha BCEM

Pa3BCTBJICHHOM Y4aCTKC.



37

3agaua 6.1

B navano c6opnHoro xosuiekropa mimHou 10 kM, nuamerpom 0,2 M MOJarOT
ToBapHYyI0 HePTh B KoaumdecTBe 180 1/4, BsazkocThio 20 Mmlla-c u mmotHOCTRIO 800
kr/M3. U3 cOopHOTO KOITEeKTOpa HeTh OTOMPAIOT B TPEX TOUKAX, HA PACCTOSTHUSIX
4 xm 0,2 kM 3 kM, cootrBeTcTBeHHO, 20 T/4, 50 T/4, 100 T/4. Onpenenuts 00U
repernaj JaBJIeHUs

Pewenue:

ANTOpPUTM pelIeHUs MJaHHOM 3aJayd 3aKII0YaeTCs B NPEACTABICHUU
CJI0)KHOTO TPyOOIIPOBOAA COCTOSAIIUM M3 HECKOJIBKMX YYacCTKOB, Pa3IMYarOLINXCs
10 BEJIMYMHE Pacxon0B. Kaxaplil y4acTOK pacCUUTBIBAETCS OTAECIBHO KaK IPOCTOU

TpyOomnpoBoa. OOmmMil mepemnan MaBJeHUs PABEH CyMMeE IMOTEph JABICHUS T10

y4acTKaM.
1. Bnauasne onpenensitor ckopocTh He()TH 10 IEPBOM TOUKHU 0TOOpa
Q 4-G 4-180 M
W === = — =1,982.
S (md2)p  (3600-3,14:0,22:800:1073 c
2. PexxuM nBUKEHUS HA JaHHOM Y4acTKe TypOYyJIEHTHBIH, TaK Kak
wq-d- 1,98-0,2:800
Re; = 1u b= ————= 15750 > 2320 (3ona bnasuyca).
3. KoadduimeHT ruipaBaIndeckoro COnpoTUBICHUS A ONPENESIOT s

KaXXI01r0 y4aCTKa B OTACIIbHOCTHU

03164 _ 03164
1 = Revas ~ Ta7so0m — 0028,
4. [Torepu naBneHus Ha MEPBOM y4aCTKE ONPEILISIIOT 10 hopMyJie:
1 w?
AP=P, —P,=A---—-
1~ a7
4000 1,982
AP =0,028 - —- - 800 = 0,875 Mlla .
S. Jlnst onpeesieHrs oTepb Ha BTOPOM Y4acTKE BHAYAJIE paCCUUTHIBAIOT
CKOPOCTb MTOTOKAa HEPTHU
G- 4-(180—-20
2=( ED ( ) — = 1,76 m/c.
p-S 3600-3,14-0,22-800-1073
6. PexxuM nBUKEHUS HA JAHHOM y4acTKe TypOYJEHTHBIH, TaK KaK:

wy-dp _ 1,760,2:800

- o107 = 14200 > 2320.

Rez ==
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7. [ToTepu naBneHus: HA BTOPOM y4acTKe

AP, = 0,0292 "oz T -800 = 0,337 MIla .

8. AHJIOTHYHO CKOPOCTh HE(TH HA 3 yJacTKe:
G-(q1+92) 4-(180—(20+50
3 :( q1 qZ): ( ( )) - — 1,21M/C.
ps 3600-3,14+0,22-800:1073
9. Pexxum IBUXKEHUS HA TAHHOM Y4YacTKe TypOyJICHTHBIN Tak Kak

wz-dp _ 1,210,2:800

" o103 9560 > 2320.

R63 =

10.  KoaddumueHT ruapaBimdeckoro COmpoTUBICHUS

__ 03164
95600,25

5 = 0,0321.

11. Tlotepu naBieHUs: HA TPETHEM YUaCTKE

2
AP, = 0,0321-22.222. 800 = 0,278 MIla .

02 2
12. CkopocTh He()TH HA YETBEPTOM yUaCTKe

_ (G=(q1+Q2+0q3)) __ 4-(180—(20+50+100))
- p-S "~ 3600-3,14-0,22:800-10~3

M

=1,11-
c

w3

13. PexuM nBrKeHHUS HA JAHHOM y4acTKe

wydp __1,11-0,2-800

- = = 8880 > 2320

Re4 ==

14. KosbdumueHT ruapaBindeckoro COmpoTUBICHUS

A, = —22% = 10,0326

8880025
15. Tlotepu naBieHUs] HA YETBEPTOM Y4aCTKE

2
APy = 0,0326 - 22>+ 22— 800 = 4879 Ila.

OO6muit mepenaj JaBJICHUS TOJYy4alOT TPU CIIOXKEHUM TIeperajgoB Ha
OTIICTILHBIX y4acTKaxX

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

3aganue:
PaccTostHue oT Havana KOJUIEKTOpa U 0 TOUeK 0TOopa HedTH, CIeAYIOIIHE:

1, I,. Onpenenuts oOMIMit epena naBieHuss AP, eciiu HadallbHOE JaBJICHUE PABHO
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P. COOpHBIIA KOJJIEKTOP MPOJIOKEH TOPU3OHTATHHO U MECTHBIX CONIPOTHUBIICHUN HE

uMeeT. MicxoaHble TaHHbIE MPeCTaBIEHbI B Ta0auLe 6.2.

3agaua 6.2

Ha medrenpoBoae nuamerpom 500 mm, nepexadunBatomem 70,0 /4 HedTH C
wiotHOCThIO 820 Kr/M° U BsizkocThio 0,4 cM?/c WMMeeTcs CABOCHHBIH y4acCTOK U3
Tpy0 ¢ BHyTpeHHUM auametpom dz = 300 MM u d; = 500 MM OJTMHAKOBO# JITUHBEI.

OHpC,ZIeJII/ITI) pacxoabl U FI/II[paBJ'II/I‘IeCKI/Iﬁ YKJIOH Ha CABOCHHOM Y4YaCTKC.

Pewenue:
1. Briuncnsem o0beMHbIN pacxoa HeQTH B TpyOOIPOBO/IE:
G103 70-103
Q= = =0,0237 m3/c.
p-3600  820-3600
2. PaccuntbiBaeM CKOPOCTh JBUKEHUS B TPYOOIIPOBOJE:
4Q _ 40,0237
w = = = 0,1208 m/c.
md2  3,14-0,52 ’ /
3. [Tapamerp PeitHonpaca:
od  d10® _ 0,1208-0,5 .
Re = — = = — = 1509 naMuUHAPHBIH.
v v 0,4-107%
4, OnpenensieM peXuM JBUXKEHUS M 30HY comnportuBieHus. Kaxmomy

peXKUMY JBUKEHUS COOTBETCTBYIOT Ko3(pduuueHTsl Qopmyinbl JleliOeH30Ha

(Tabmuma 6.1).

S. PaccuuThiBaeM ruipaBIMvYeCcKuil YKIOH TpyOOTIpOBOa:

.o QFm 1 0,1208:0,4:107* a0—4

i=p o = 4,1596 T =0,63-107".

6. [Ipenmonarast pexuMm NIBIKEHUS B TpyOax Ha CABOCHHOM YYacTKe

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

Q = —m = —227 . =20,92- 1073 M3/c.
HET
1. U no mapamnensHo# Tpyoe nuamerpom 500 mm:

Q, =Q—Q, =(23,7—-20,92):1073 =2,72-103m3/c.

8. ['mapaBnu4ecKni YKJIOH Ha CIBOGHHOM YYacCTKe:
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: 5—-m 1n—6 5-1
i, =i, = 1 (L) =83 (22) "= 5581076
2)2-m 30032—
1+(32) 1+(300)
0. [IpoBepka MpUHATOTO pEeKUMA JBUKECHUSA HA CIIBOCHHOM YYaCTKE
4-20,92-1073
Re; = = 2226;
3,14+0,5-0,4-10~4

4-2,72:1073
3,14+0,3-0,4-10~4

Re, = = 289

Pexum BbIOpaH mnpaBUIbHO. 3HAas PEXUMBl JABWKEHUS U JUIMHBI
napajyiebHbIX YYaCTKOB, JIETKO OMPEAENSIOT KOA((UIMEHTHl TUAPaBINYECKHUX

COHpOTI/IBJIGHI/Iﬁ U IIOTCPU HAIIOpa HA TPCHHC.

3ananmue:

Onpenenuts pacxodbl W TUAPABIMYECKUN YKIOH Ha CIABOCHHOM YYacCTKe
HeTenpoBoaa ¢ M3BeCTHBIM auamerpoM d, pacxomom Q/G, IIOTHOCTBIO p U
BsI3KOCThI0O v. Ha HedrenpoBome wmeeTcs CABOCHHBIM y4acTOK M3 TpyO C
BHyTpeHHUM auamerpoM O, u d; oaMHAKOBOH [IHHBL VICXOJHBIC [JaHHBIC

IpecTaBlIeHbl B Tabnuie 6.3.

Tabmuma 6.2 — VicxonHele J[aHHbIE [JI8 TUIPABIMYECKOTO pacyeTa

TpyOOIIpoBOJa 1 KaTeropuu CJI0KHOCTH.

BapuanTsl

Hapaverp 1 2 3] 4 5] 6 7] 81 910

JliuHa TPyOOTIPOBOIA, KM 10 8 6 12 | 15 7 5 9 4 3
Jlnaa epsoro ygactka, M | 3500 | 2000 |3000 | 6000 | 5000 | 1500 | 2000 | 3000 | 1000 | 1000
Jlnuna Broporo yuactka, M | 1000 | 2000 | 500 | 2000 [ 3000 | 2500 | 1000 | 3000 | 1000 | 1000

Auamerp Tpybonposoza, 205 | 219 | 312 | 426 | 426 | 312 | 217 | 219 | 247 | 219

MM
Maccospii packon HeTH, | 194 | 200 | 250 | 270 | 260 | 240 | 210 | 230 | 190 | 235
2?{601’ Ha TCPBOM YHACTKS, 30 | 50 | 40 | 45 | 50 | 40 | 20 | 45 | 25 | 35
?/2601’ Ha BTOPOM yHaCTKe, 44 | 20 | 40 | 30 | 20 | 30 | 30 | 45 | 35 | 50
[InoTHOCTH HedTH, KI/M° 870 | 842 | 856 | 880 | 864 | 870 | 832 | 815 | 823 | 854
Junavuteckas - BASKOCTE o oo | 0149(0,023|0.002| 0,04 |0,025(0,032(0.027/0,019(0,012
Hedru, [1a-c

[TapameTp BapuanTel
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11 | 12 | 13|14 | 15 | 16 | 17 | 18 | 19 | 20
JlnmHa TpyOonpoBoaa, KM 9 ) 11 | 14 6 9 4 10 4 7
JlmuHa nmepBoro ydyactka, m | 4200 | 1000 |2500 | 6300|3000 | 1500 | 2000 | 5000 | 1500 | 3000
Jluna Broporo yuactka, M | 1000 | 3200 | 3500|2600 | 1000 4500 | 500 | 2800|1000 | 1300
Huanerp TPYS;HPOBOM 200 | 319 | 242 | 405 | 426 | 290 | 215 | 236 | 247 | 370
Maccosii p";‘/’fl‘oﬂ HedTH, | 194 | 160 | 230 | 370 | 210 | 340 | 110 | 230 | 220 | 235
?/ffof’ Ha NCPBOM YHACTKS, 40 | 35 | 59 | 45 | 30 | 20 | 40 | 35 | 45 | 25
?/ffof’ Ha BTOPOM y4aCIKe, g4 | 45 | 20 | 40 | 15 | 10 | 30 | 45 | 25 | 30
[TnotHOCTH He(TH, KI/M> 856 | 870 | 848 | 864 | 820 | 840 | 850 | 815 | 833 | 869
Junamuseckas - BASKOCTE o oo | 015 |0.031|0.012(0,004|0,042(0,052(0.031|0,019(0,011
Hedrw, [1a-c

n BapuanTtsl

apametp 21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30
JlniuHa TpybonpoBoaa, KM 11 14 3 9 4 12 6 8 13 5
luna epsoro yuacTka, M | 5500 | 4000 | 100 |3600 | 1500 | 3500 | 2200 | 3000 | 4800 | 1400
Jluna Broporo yuactka, M | 2000 | 4000 | 1500|5000 | 1000 | 3500 | 2800 | 2000 | 5400 | 1500
Auamerp prﬁ;“p"ma’ 205 | 215 | 286 | 366 | 210 | 236 | 257 | 409 | 284 | 332
Maccosii p‘;‘;fl‘of‘ HedTH, | 514 | 150 | 250 | 240 | 180 | 255 | 160 | 330 | 246 | 235
?/f"p Ha MEPBOM YHACTKS, oy | 55 | 35 | 40 | 50 | 30 | 25 | 45 | 45 | 40
?/f"p Ha BTOPOM Y9aCTKe, 1 | 30 | o0 | 35 | 15 | 25 | 40 | 45 | 20 | 30
[TnoTHOCTH He(TH, KI/M> 876 | 840 | 864 | 873 | 855 | 869 | 878 | 840 | 842 | 836
Aunamirieckas - BASKOCTH g g6 | 0137(0 025| 1,02 0.014/0,033| 0,42 | 0,06 [0,033/0,078
HedTH, Ila-c

Tabmuma 6.3 — VcxomHple J[aHHBIC [JIS THUIPABIMYECKOTO pacuera
TpyOOmnpoBoja 3 KaTeropuu CI0KHOCTH.
BapuanTsl

Hapaserp 1 2 3 4 516 ] 7] 8 9 [ 10

2 a2l &2 2|2l ElElE| 8] =

OGmnext T 5| T T | 8| S| T 5| g ¢

) ) ) j=n) e j=n) =) =

pacx 30 33/ 8 | 300 |182 | 300 | 182 3/20 33/ 33/

A e | 7 e | M | t/a | M%u | T/u y A a1

C T C C
Mnotwoets * | 19 | 860 | 860 | 910 | 895 | 910 | 895 | 860 | 991 | 991

JKUIKOCTH, KI/M
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Bs3KoCTD, 107 0’218 05 | 05 | 05 |o042| 05 | %015 Oé%O oé%o
M2/c
ﬂ”aMe;pMpr&’I’ 150 | 100 | 100 | 257 | 156 | 257 | 156 | 205 | 80 | 80
Huamerp
BCTABKH, 200 | 150 | 150 309 | 203 | 308 | 203 | 309 | 100 | 100
MM
Jlnavierp 100 | 100 | 150 | 257 | 156 | 257 | 203 | 205 | 50 | 80
JIYHHI/IHI‘a, MM
AOcojroTHas
PKBHBAICHTHAA | 4 | g1 | 01 01 |01/01101|011| 05/ 05
H_IepOXOBaTOCTB,
MM
I BapunaHTb1
apametp 11 | 12 13 | 14 | 15 | 16 | 17 | 18 19 20
< < < < < = A A = A
OGbexT S S S S| g ? ? ? ? g
Pacxo 1513/ 18 18 ?\403/ ?\403/ 180 | 180 | 180 80 1/u 80
A A c ,Z[M3/ c I[M3/C A c A c /4 | T/4 T/4 T/4
Mnornoers 4500 | 1000 | 1000 | 996 | 996 | 870 | 870 | 870 | 849 849
JKMIKOCTH, KI/M
Kunemaruseckas | 01| 0013 | 0013 | 0,00 | 0,00 | 0,57 | 057 | 0.57 0,13
BSI3KOCTbD, 0,1376
N 31 1 1 8 8 5 | 5 5 76
HHaMeIEWpr@’I’ 100 | 100 | 100 | 100 | 100 | 205 | 211 | 209 | 205 | 205
Huamertp
BCTABKH, 156 | 156 | 130 | 130 | 125 | 257 | 257 | 257 | 257 211
MM
Jlnametp 156 | 100 | 156 | 130 | 130 | 205 | 257 | 209 | 257 | 211
JIYHHI/IHFa, MM
AOcojroTHas
JKBUBAIICHTHAA | a5 | 05 | 05 | 05| 05 |01 |01 | 01 0,1 0,1
IEPOXOBATOCTb,
MM
Mapaver BapuanTsl
pamerp 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 29 30
= = 2 2 2 2 2 2 2 =
O0bexT 5 | 5 A B e~ A B o B 4 £ £
o] o] jast T T T T T T o]
90 | 90 80 | 185 | 185 | 185 | 208 208
Pacxon T/4 T/4 85 1/4 T/9 T/9 T/9 T/4 T/9 208 1/ T/9
Mnorwoets - 159 | 921 | 870 | 870 | 869 | 869 | 869 | 892 | 892 892
JKUIKOCTH, KI/M
Kunematnueckas | 1,63 1633 | 059 | 0,59 0,40 | 0,40 | 0,40 | 0,39 0,397 0,39
BSI3KOCTD, 3 3 3 3 7 7
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10 m%/c
ﬂ”aMe;pMpr&’I’ 211 | 211 | 257 | 257 | 267 | 267 | 267 | 309 | 309 309
Huamerp
BCTABKH, 257 | 257 | 309 | 309 | 309 | 359 | 315 | 359 | 359 359
MM
Juaverp 257 | 211 | 309 | 257 | 309 | 359 | 315 | 359 | 315 | 309
J'IYHHI/IHI‘a, MM
AOcojroTHas
PKBUBAICHTHAA | 04 | 91 | 02 | 01|01 ]01|01] 01 0,1 0,1
H_IGPOXOBaTOCTB,
MM
Bompocsr:
1. Cxema cnoxHoro TpyOomnpoBoja 1 kaTeropum.
2. TlonsTe mymnuHra.
3. Cxema clI0KHOTO TpyOOIpoBoJia 2 KaTErOpuHu.
4. Cxema CJIO)KHOTO TpyOOIpoBoa 3 KaTErOpUH.
5. CXGMa KOJIBIICBOI'O BOJ0BO/1A.

IMPAKTHUYECKOE 3AHATUE 7

KaToaHasi 3a1iuTa OJJHOHUTOYHBIX MarucCTpaJjibHbIX prﬁOl’[pOBOI[OB

Teoperuuyeckasi 4acTh

Karognass 3ammra — 3TO 3JEKTPOXMMMYECKAs 3allliTa OT KOPPO3HH,
OCHOBAHHAsI HAa HAJIO)KEHUH OTPUIIATEIILHOTO MOTEHIIMAJIA Ha 3aIAIIAEMYIO 1€Tallb.
Karognyro 3amury, Kak mpaBuiio, COBMEIAIOT C HAHECEHUEM 3aIlUTHBIX TOKPBITUH.

Cranuun katoguoit 3ammtsl (CK3) npencraBisioT coboil  ycTpoicTBa,
COCTOSIIUE U3 UCTOUYHHKA MTOCTOSIHHOTO TOKA WUJIM MpeoOpazoBartess moJBOAMMOrO
K HUM @E€PEMEHHOIO TOKAa B IOCTOSHHBIA, KOHTPOJIBHBIX M PETYIUPYIOLIUX
pUOOPOB U COSAMHUTENBHBIX KaOemneil.

Karognass 3ammra MUMPOKO MPUMEHSAETCS Ui 3alUThl OT KOPPO3HH

HApY>KHOH TOBEPXHOCTH OOJBIINX METANIOEMKUX OOBEKTOB 3IHEPreTHYECKOTO
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KOMIUIEKCa, TAKUX KaK MOJ3EMHbIE U Ha36MHbIE MaruCTPaJbHbIE U MPOMBICIOBbIE
TpyOOINpoBOAsl HEPTH, Taza W HEPTEHPOAYKTOB, TEIUIOBbIE CETH, KpPYIHBIC
pesepByappl U T.JA. B cioydyae HEBO3MOXHOCTH WM HELEIECOOOPAa3HOCTH
NPUMEHEHHUs] KaTOJAHOM 3alUThl JJIs 3alUThl OT KOPPO3UHU HEOOIBIIUX OOBEKTOB
MO3KET IPUMEHATHCSA TPOTEKTOPHAS 3aIUTA.

HeoOxonumeble pacueTHble MapaMeTpbl KaTOAHOM 3aIlMThl MaruCTPajJbHBIX
TpyOompoBogoB — uncino CK3, mnmuna 3ammrtHo# 30HE onHoi CK3 u moirHOCTH
oxnou CK3.

Yucno CK3, HeoOxonumoe sl 3allUThl MarucTpajlibHOTO TpyOOIpoBoaa

OIpCACIIACTCA:

N = coou (7.1)

L3a1.u
1€ Logy, — NPOTSIKEHHOCTh MATUCTPAIILHOTO TPyOOIPOBOIA, M;
Lsam - JJIMHA 3alIuTHOM 30HBI oJHOM CK3, M;

JImvHa 3aIUTHOM 30HBI ONIPEALIAeTC 1Mo caeayoeh hopmyie:

Lija, = =~ In [ 2| (7.2)

KB'Emin'(1+9)

rae K, - koaddunment yunteiBatomuii B3aumoBiausaue cocenqunx CK3:
1

K. =
’ 1+J1—(%)2-(1+9)

: (7.3)

O — BEJIMYMHA IIOCTOSIHHOM pacnpcaciiCHusd IMOTCHIOHNAJIOB W TOKOB BIOJIb

TpyOOIIpOBOJA BEIYUCIIAETCS 1O (hopmyie:

/ R;
*= Rys (Tic)’ (74)

rie R, — 3HaueHWe mpPOJOJILHOTO COMPOTUBJICHHUS TpyOOmpoBoa
ompexaensiercss no Ttabmuue Ilpunoxxkenuss A, B 3aBUCHUMOCTH OT JuameTpa
TpyOONpOBOa U TOJIIIHUHBI CTEHKU TpyOompoBoaa, Om-M;

Rs(Tye) — CONpOTHBICHHWE EAWHMIIBI JJIMHBI H3O0JSUM K  KOHILY

HOpMAaTUBHOTO cpoka ciyk0b1 CK3, cocraBmser:

Ry —_R.
RI/IS(THC) = D L BTHC’ (75)

rae R, - nepexoanoe conporusienue Tpyoa-rpynt, OM-m?;
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Tyc - HOpMaTUBHBIHN cpok ciyx0b1 CK3, T, = 9,5 s1eT;
B - mokaszaTeslb CKOPOCTH cTapeHus, 1/rox;

O - pacueTHbII TapaMeTp, paBHBINA:

_ _Trep
= omzy (7.6)

r7ie y - yAaJIeHHe aHOHOTO 3a3€MJICHUS OT TPyOOIpOBOIa;
Z, — BXOJIHOE€ COITPOTHUBIICHHE H30JIMPOBAHHOTO TPyOOIIPOBOJA HA KOHEI]

HOPMATHUBHOTO CPOKa CITY>KOBI:

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

[Ipu xkaTogHOW 3amuTe TpPyOONpPOBONOB PpA3IUYAIOT TPU 3HAYCHUS
NOTEHIMaNA:

1) €CTECTBEHHBIN (CTallMOHAPHBIN) MOTeHIHUAN Ecer, CYIIECTBYIOIIUN 10
BKJIFOUEHHS 3aIUTHI;

2)  HaNOXCHHBIH (pacyeTHBIH) MOTEHHHAT Emin (max), TOTOIHHTEIHHO
HAaKJIaIbIBAEMbIIl HA COOPY>KEHUE B PE3YJIbTATE ICUCTBUS 3aIUTHI;

3)  3amuTHBIN (0OIIMIA) MOTEHIIUA COOPYKEHHSI, YCTAHOBUBIIHMIACS TIOCIIE
NOJKJTFOYEHUS 3aLUTHI.

Emax(min)y — HAJIOKEHHBIM (PaCYETHBIA) MNOTEHIHUAN, JOMOIHUTEIHLHO
HaKJIabIBAEMBIF Ha COOPY)KCHHUE B pe3yJIbTaTe ACHCTBHUS 3aIIUTHI:

Emax = E3aLu(max) — Eecrs (7.8)

Emin = Esam(min) = Eecrs (7.9)

rae Eer — €cTecTBEHHBIN (CTallMOHAPHBIN) MOTEHIMAN, CYIIECTBYIOIUNA 10
BKJTFOUCHUS 3aIUTHI,

MHOTOYHCICHHBIMA ~ HW3MEPEHUSIMHA ~ YCTAHOBJICHO, YTO  BEJIMYHHA
€CTECTBEHHOTO MOTEHITATA TIOJI3EMHBIX METAJUTMYECKUX COOPYKEHUN KOJIeOIeTCs
B uHTepBasie ot -0,23 no -0,72 B. Ecnu He uMeeTcsl TOYHBIX TAHHBIX O BEJIUYUHE
€CTECTBEHHOTO TTOTECHIIMAJIa CTAJIM B pACCMAaTPUBAEMOM I'PYHTE, TO PEKOMEHTyETCS
npuHUMaTh Ee; = -0,55 B mo mearocynbdaTHOMy nekTpoay cpaBHenus (mo MCD).

Esam(max) ¥ Esam(min) - 3QIMTHBIA (0OLIMiA) MOTEHIMAT COOPYXKEHHM,

YCTaHOBMBILUICS ITOCIIE MOAKITIOUSHHS 3aUThI (Tadm. 7.1 u 7.2)



46

Tabmuna 7.1 — MuHuManbHBIE 3AIIUTHBIE TOTEHIIUAIEI

MuHuManbHBIN 3alUTHBIN
noteHiman (U,) OTHOCHTEIBHO
HACBIIIEHHOT'O MEIHO-CYJIb(aTHOTO

VYcnoBust mpoKIIaIKU M 3KCIUTyaTalluu TpyOonpoBoia
P A yatan PYOOIPOBOZ 3JIEKTPOJIa CpaBHEHUS, B

C oMHUECKOI

[TonsapuzanMoOHHbBIHI o
COCTaBJIAIONIEH

I'pyHTBI C ylenbHBIM 3JIEKTPUUYECKUM cONpoTHUBIEHHEM He|Munyc 0,85 Mumnyc 0,90
MeHee 10 Om'M wiam coaep)kaHUEM BOJIOPACTBOPUMBIX
coieid He Oonee Ir Ha 1Kr rpyHTa, WIK MPH TEMIEpaType
TpaHcropTupyemoro npoaykra He 6omee 293 K (20 °C)

I'pyHTBI C yAENbHBIM 3JIEKTPUUECKUM comnpoTusiieHueM|Munyc 0,95 Munyc 1,05
Menee 10 OM'M, WM COAEp)KaHUEM BOJAOPACTBOPUMBIX
cojeil 6osnee 1r Ha 1Kr rpyHTa, UM [IPU ONMACHOM BIUSIHUU
OMy>KIAIONIMX TOKOB MPOMBIIUIEHHOW YacToThl (50 ') u
MTOCTOSTHHBIX TOKOB, WA npu BO3MOXHOH
MUKpPOOHUOJIOrMYECKON KOPPO3UM, WM TpU TeMmIepaType
TpaHcnoptupyemoro npoaykra 6ozee 293 K (20°C)

[Ipumeuanus

1. JIns TpyOOMpoOBOAOB € TEMIEPATYpOil TpaHcHopTUpyeMoro npoaykra He Oonee 278 K (5°C)
MUHHMMAJIbHBIN MOJISPU3ALMOHHBIN 3alUTHBIN noTeHuuan paBeH Munyc 0,80 B orHocuTenbHO
HACBHIIIEHHOTO METHO-CYJE(ATHOTO JIEKTPO/1a CPABHEHHUS.

2. MUHMMAaNbHBIA 3alIUTHBIA TOTEHIMAT C OMHYECKOW COCTaBISIONIEH MpU TeMIepaType
Tpa"cnoptupyemoro npoaykra ot 323 K(50°C) no 343 K(70°C) - munyc 1,10B; ot 343 K(70°C)
1o 373 K(100°C) - munyc 1,15B.

3. IIpu ocymiecTBIEHNH AIIEKTPOXUMUIECKOH 3aIIUTHI y4acTKa TPyOOIpOBO/Ia, TOBPEKICHHOTO
Kopposue (6osnee 10% TONIIMHBI CTEHKH), MUHUMAaJbHbIE 3aIIUTHBIE MOTEHIMAIBI JOJKHBI
6b1Th Ha 50 MB oTpuiarenbHee yKka3aHHbBIX BEJTHYMH.

Tabmuia 7.2 — MakcuMaibHbIE 3alUTHBIE TOTEHIAAIbI

MakcumanbHblii 3aLIUTHBIA ITOTEHLIAAT
(Uo OTHOCHTENHHO HACBIIIIEHHOTO MEHO-
VY cnoBus MPOKIIa KU U SKCIUTyaTallii TpyOOpoBoaa (CyIb(aTHOIO IEKTPo1a CpaBHeHHs, B
. |C OMMUECKOHN
[Tonsspu3annoHHbII .
COCTaBJISIOLIEH
[Ipn mnpoknanke TpyOonmpoBoaa c¢ Temieparypoii|Munyc 1,10 Mumnyc 1,50
TpaHcnopTupyemoro npoaykra ssiuie 333 K (60°C) B
rpyHTax C yETbHBIM ANEKTPUUYECKUM
conporuBieHueM MeHee 10 Om'M wimm  npu
MOJIBOJHOM MPOKJIAIKE TpyOompoBoa c
TEMIEPATYPON TPaHCIOPTUPYEMOIO IPOAYKTA BBIIIE
333 K (60°C)
[Tpu apyrux yciaoBusix MpoKIagku TpyOOIpOBOAOB:
- ¢ OUTYMHOM H30JAIHMeH Mumnyc 1,15 Munyc 2,50
- C NOJIMMEPHOMN U30JIALMEN Mumnyc 1,15 Mumnyc 3,50

[Tpumevanus
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1 Jnst TpyGONPOBOIOB M3 YIIPOUHEHHBIX CTaneil ¢ mpejenoM mpounoctn 588 MITa (60 kre/mm?)
u OoJsiee HE JOMYCKAIOTCA MOJSPU3ALMOHHBIC MOTEHIIHAIBI 00Jee OTPHUIIATEIbHBIC, YeM MHHYC
1,10 B.

2 B rpyHTax C BBICOKHM YAEIBHBIM JJIEKTpUYECKHM compoTtuBieHuemM (6omee 100 Om-m)
JOMyCKaloTCs  0oJiee  OTpUIATENbHBIE TOTCHIHMAIBI C  OMHYECKOH  COCTaBISIONICH,
YCTaHOBJICHHbIE SKCIIEPUMEHTAIBHO HIIM PACUCTHBIM ITyTeM B cooTBeTcTBHH ¢ HJI.

MomHOoCTh, mOTpeOsieMass KaTOAHBIMA YCTAaHOBKAMHU  OIPEACIISACTCS
CJIeTYIOITUM 00pa3oM:

Pexs = Ip - AE, (7.10)

rae 1, - neobxomumas cuibl Toka CK3, HeoOXomumas st obecrieueHus
3aIUThl MATUCTPATILHOTO TPYOOTIPOBOJA:

[ = [Emax| (7.11)

AP T 7y (142-e” % Laam gy’

riae Zc, - BXOJHOE CONpPOTHBJICHHE H30JUPOBAHHOIO TPyOONpOBOIa B

cpeaHeM 3a nepuoj skciuryararuu CK3:

Lep = 0,5 /R;- Rys.cp.s (7.12)

rae Ryscp - cpemHee COMPOTUBICHHWE CIMHHIBI JIWHBI HM30JSIHA 32

HOPMATHUBHBINA CPOK CITYKOBI:

Ry _B.
Rns.cp. = TBTHC ’ (1 —e BT”C), (713)

rae AE - nanpsiokenue Ha Beixojqe CK3
AE = |Epax — Eminl + Ly * (Ryp + Ra), (7.14)
re Ry, - yIeIbHOE SJIEKTPOCOPOTHBIICHIE MaTepHiIa IIPOBOJIA;

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

3agaua 7.1

Onpenenuts Heoboxonumoe umcno CK3 mist 3ammTbl MarucTpajibHOTO
TpyOonpoBoaa nuamerpom 820 mm, ymHON 1200 KM, UMEIOIIETro TOJIIINMHY CTEHKH,
paBHy0 9 MM. TpyOomnpoBoJ MpOKIaIbIBACTCS MO MECTHOCTH, YYaCTKU KOTOPOM

HMCIOT CpE€AHCC 3HAUCHHUC YACIbHOI'O0 OJJICKTPOCOIPOTHUBICHUA TIPYHTA BJIOJb
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Tpaccel TpyOonpoBoaa Irep = 60 OM: M, IEpexoJHOE CONPOTUBICHUE TPyOa-TPyHT
pasao 9000 Om-M?%; nokasatenb ckopoctu crapenus — 0,125 1/ron; ynmaneHue
aHOJHOTO  3a3eMJyieHUss oT  TpyOompoBoga — 350 M;  yxaenbHOE
AIEKTPOCONPOTUBIIEHNE MaTepuiia npoBoga 1 OM; CONpOTUBIIEHHWE PACTEKAHUIO
TOKa C aHOJIHOTO 3a3eMyieHust 8 OM.

Pemenue:

1. T. k. cpeaHee 3HAYEHUE YACIBHOTO 3JIEKTPOCOMPOTUBIICHUSI TPYyHTA
BJ0JIb Tpacchl TpyOompoBoaa frep = 60 Om- M > 10 Om- M, To MuUHUMAaNIBHBIN
3aIUTHBIM MOTEHIMAT OTHOCUTEIBHO HachillleHHOro MCD npuHuMaem mo Taoi.
13.1 Esayymin)=-0,9, a MaxkcuManbHbIA 3allMTHBIA MOTEHIMAT OTHOCHTENLHO
HacelleHHoro MCO npuHuMaeM i1l TpyOOIpOBOIOB ¢ OUTYMHOM H30JILUEH TTO
1a01. 13.2 E, oy (max)=-2,5B PaccunteiBaeM 3HaUCHNUS HAIOKEHHOTO (Pacuy€eTHOIO)
MOTEHIHAJIa, JOTOJHHUTENBHO HAKIIAJIBIBAEMOTO Ha COOPYKEHHE B PE3yJbTaTe
JICVICTBHS 3AILUTHI:

Emax = —2,5 — (—0,55) = —-1,95 B;

Epmin = —0,9 — (—0,55) = —0,35 B;

2. ConpoTuBiieHHE €AUHULBI JIUHBI U30JSUUA K KOHIY HOPMATUBHOTO

cpoka ciyk0b1 CK3, cocrapiser:

Rua(Tu) = Jppass " € 12575 =1066,042

3. BxomHoe conmpoTHBIIEHHE H30JIMPOBAHHOTO TPYOOMpPOBOAa HA KOHEI]

HOPMAaTUBHOTO CPOKA CITYXKOBI:

Z,=0,5-" \/10,7 -107%-1066,042=0,053401.
R, = 10,7 - 107® OM/M conpotupieHue TpybONpOBOAa ONIpeneIseM MO

NPUJIOKEHUI0O A B 3aBUCHUMOCTH OT TOJIIMHBI CTEHKH TpyOOINpoBOJa U €ro

auamerpa
4, Pacuernslii mapameTp:
60
0= =0,511.
2:3,14-0,53401-350
5. BenuunHa nocTosSHHON pacnpeziesieHusl NOTEHLIUAI0B U TOKOB B/0Jb

TpyOOIIpOBO/Ia paBHa:
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o= /M = 0,0001.
1066,042

6. Koadduruent yuntsiBaroiuii B3auMoBiusaue coceqaux CK3:
1
K, = — = 0,506.
1+\/1—(_1:95)2-(1+o,511)
1. JlnmHa 3aIUTHOM 30HBI PaBHA:
2 -1,95 _
Lsaw, = 00001 1 [0,506-(—0,35)-(1+0,511)] = 39721,968 m.

8. Yucno CK3, HeobOxomumoe i  3allUTBl  MarucTpajibHOIO

TpyOONpOBO/Ia paBHa:

1200000
"~ 39721,968

= 30,21.

3amaua 7.2

Hcnonb3yss MCXOAHBIE M pacyeTHbIC JaHHbIC M3 3a1auud 7.1 omnpenenuthb
MoInHocTh ojgHou CK3.

1. CpenHee cONpOTUBIICHUE €IMHUIIBI JTTUHBI U30JISILIUU 32 HOPMATUBHBIHN

CPOK CITy>KOBI:

_ 9000
U3.CP- 314.0,82:0,1259,5

R - (1 — e~012595) = 2045,79.

2. BxomaHoe conpoTuBiieHHE W30JIMPOBAHHOTO TPYOONPOBOJIA B CPEAHEM

3a mepuon skcruryarauun CK3:

Zep = 0,5°/10,7 - 1076 - 2045,79 = 0,074.
3. HeoOxomumass cuael Toka CK3, HeoOxommMmas i1 oOecriedeHHs

3aIIUThl MATUCTPATILHOTO TPYOOIPOBOIA:

[ = [=1,95] — 17,0155 A.

Ap 0,074-(142-~0,0001:39721,968.4.0 511)

4. Hanpsixenue na Beixoqae CK3

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

5. MormHOCTh, TTOTpebsieMass KaTOJHBIMU YCTAaHOBKAMH OTPEIEISIETCS
CJIEAYIOIIUM 00pa3oMm:

P.., = 17,0155 - 154,74 = 2632,982 Br.
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3aoanue:

Onpenenuts HeoOxomumoe uyucio CK3 u mommuocts omHoit CK3 s
3alUThl MArucTpaJibHOTO TpyOompoBoga auametrpoM D, Mm, mnmuHoit L, kwm,
UMEIOIIETO TOJIIIUHY CTEHKH, PaBHYIO O, MM. TpyOOmpoBOa MPOKIAILIBACTCS 10
MECTHOCTH, Yy4YaCTKM KOTOpPOM HMEIOT CpeJHee 3Haue€HHE  YJEJIbHOTO
AJIEKTPOCOIIPOTUBJIEHUS] TPyHTa BJOJIb Tpacchl TpybompoBoja [rep, OMm-M,
IEPEXOHOE CONPOTUBIEHHE TPYyOa-TPyHT paBHO R, OM-M?; IOKa3aTenb CKOPOCTH
crapenust — 0,125 1/ron; ynanenue aHogHOTO 3a3eMJICHUS OT TpyOomnpoBoaa — 350
M; YZIeJIbHOE DJIEKTPOCOMPOTUBIICHHE MaTepuiia nmpoBoja 1 Om; compoTUBICHUE
pacTEeKaHUIO TOKa ¢ aHOAHOTO 3a3eMiieHus 8§ OM. McXoaHbIe TaHHbIE TPEACTABICHBI

B TaOuie 7.3.

Taomuna 7.3 — Ucxogusle JaHHBIE K 3amaHuio 1o teMe: «KaTtogHas 3ammra

OJHOHHUTOYHBIX MAaruCTpaJIbHBIX TPY6OHpOBOI[OB))

No Fep, Ru,
BapUaHTa R B 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
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
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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:

. [IpuHIMN AEUCTBUS KATOHOM 3alIUATHI.

. IloHsTHe cTaHIMM KaTOOHOM 3alllUTEI.

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

. Momnocts ognou CK3.

. TloHsiITHE €CTECTBEHHOTO (CTAI[MOHAPHOI0) MOTEHIIMAIA.

. IlonsTue pacdCTHOr0 MOTCHIAJa.
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I[TPAKTUYECKOE 3AHATHUE 8

Ouenka 3¢)¢peKTUBHOCTH HHTHOMTOPOB KOPPO3UH

Teoperuueckasi yacThb
Koppo3ueit HaspIBaeTCs TpOIECC pPa3pyIICHUS METAUIOB B PE3yibTaTe
XUMHYECKOTO WIIH JICKTPOXUMHUYECKOTO BO3JICHCTBHS OKPYIKAIOIICH CPE/IbI.
Ckopocth koppo3un K; BBEIpaXarOT YHCIOM TpPaMMOB MeTajia,
pa3pyIICHHOTO B TCYCHHE Toja Ha Tutomaau 1 M (I/M 4ac) Ik pacipoCcTpaHeHUEM
nporiecca B riyob (MM/To).

_ Mo—my
Ky = —5— (8.1)

IZie To - HauaJbHAasi Macca MeTaljia 10 UCIIbITaHuUs, T;

T1 - Macca MeTajula Mocje UCIbITaHus, T;

S - pabouas MOBEpXHOCTh 00pasia, M ;

T - IPOAOJKUTEIBHOCTh UCTIBITAHMS], Yac.

Hnzuoumopul koppozuu

Hayuyno oOocHOoBaHHasT M TEXHHYECKHM TIpPaMOTHO OpraHU30BaHHas
MHTUOUTOpHAs 3allUiTa MeTajla BHYTPEHHEH MOBEPXHOCTH TPyOONpOBOIOB
MO3BOJISIET CYIIECTBEHHO TOBBICUTh MX HAAEXKHOCTb, JIOJITOBEYHOCTh U
MIPOMBIIIICHHYIO 0€3011aCHOCTb.

NHrubuTopel - 3TO BEHIECTBA OPraHWYECKOr0 WM HEOPraHUYEeCKOro
IPOUCXOXKJEHUS, KOTOpbhle OO0JaJal0T CIOCOOHOCTBIO CHMXKaTh CKOPOCTh
KOPPO3HOHHOTO Tpouecca. MHruOuTopsl SBASIOTCS MOBEPXHOCTHO AKTUBHBIMU
BEILECTBAMH.

MexaHu3m JeiCTBUSI MHTHOUTOPOB CBOJUTCS K CJEIYIOMIEMY: IMOJISPHBIC
MOJIEKYJIbI MHTUOUTOpa aAcopOMpYIOTCS Ha BHYTPEHHEW MOBEPXHOCTU TPYOBI,
o0pasys IJIEHKY, 3aIlIMIIAIONTYI0 BHYTPEHHIOIO MOBEPXHOCTh TPYOBI OT KOHTAKTa C
BojoM. TakuM o00pa3oM, yCTpaHsSeTcs OIHO M3 HEOOXOIWMBIX YCIOBHHA Jist
MPOTEKaHUS AIEKTPOXMMUYECKON PEaKIMK: U3-3a HAJIMYUS 3alUTHOM TUICHKU HE
MO>KET MPOUCXOJUTH Pa3psi BOJAOPOJHBIX HOHOB U POLIECC PACTBOPEHUS METAILIA

3aTOPMAKHBACTC. I/IHFI/I6I/ITOp TAKOI'0O THIIA 6y,H€T Ha3bIBATHCA KAaTOJHBIM
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WHTHOUTOPOM, T.K. OH BIIMSET HA CKOPOCTh peakuuu Ha karozae. CyliecTBYIOT
aHOJHbIE MHTMOUTOPBI, KOTOPBIE BIUSIOT HA CKOPOCTh PEAKI[MU HA aHOJIE.

Beibop WHTHOMTOPOB UIsi HEPTEIPOBOJOB 3aBUCUT OT  CTEMEHU
OOBOAHEHHOCTH TMPOAYKIMH ckBaxuH. [Ipu o6BoguenHoctn np0 30 %
NOPEINOYTEHUE OTAACTCS HWHTHOMTOpaM, pacTBOpHUMBIM B BoaHol (aze. C
yYBEJIMUEHUEM COJIep KaHus BObI B HepTH 6osiee 3(pheKTUBHBI TNIECHKOOOPpAa3yrolne
UHTUOUTOPBHI.

O} pekTUBHOCTh MHTHOUTOPOB KOPPO3UHM 3aBHUCUT OT MHOTHX (DaKTOpOB,
OJIHAKO OYEHb BAXKHBIM YCIOBHEM SBJISIETCS HEOOXOAUMOCTh TOTO, YTOOBI
UHTUOUTOP JOCTUT MOBEPXHOCTH 3aIMIAeMOr0 MeTaia W aacopOupoBaiics Ha
Hel. Huszkast KoHIeHTpalusi HHTuOMTOpa MOKET CKOpee NMPUBECTH K YCKOPEHUIO
KOPpO3HUH, YeM K €€ 3aMeIJICHUIO.

[Ipumenenne WMHTUOMTOPOB - 3TO JOCTaTOYHO JOPOTOCTOSIIAs 3alluTa
TpyOOIIPOBOJIOB OT KOpPPO3HM, KOTOpass TpeOdyeT CTpOroro CcoOIIoeHus
TEXHOJIOTHUECKOro pexkuma. [loaTomy amst BEIOOpa M UCTIOIB30BaHUS B KOHKPETHBIX
YCJIOBUSIX TOTO WJIM MHOTO MHTHOUTOPA Y JIUIIA, IPUHUMAIOIIIETO PEIICHUE, UMEETCS
uH(dOpMaIUs 0 CTOUMOCTH MHTUOUTOPA U PE3YJIBTATHI TA0OPATOPHBIX, CTEHIOBBIX
MIPOMBICIIOBBIX UCTIBITaHUM, corsiacHO KOTOopbIM o ['OCT 9.506-87 onpenensatorcs
NOKa3aTeNH 3alIMTHON CIOCOOHOCTH MHIMOUTOpA - CKOPOCTh KOPPO3UU U CTETIECHb

3alIUTHhI I10 O6p&3HaM-CBI/II[eTCJ'I$IM, BBOJAUMMBIM B IIOTOK CKBaXXUHHOM IMpOAYKIINH

(puc. 8.1).

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

UHTUOUTOpPOM; 0) HEOOpabOTaHHBIE HHTUOUTOPOM
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DddexruBHOCTh MHTHONTOpA onpenensiercs coriaacHo ['OCT 9.50687:

__Ki-K;

—2-100%, (8.2)

Z

Wi KO3 (PULIHEHT TOPMOKEHUS:

K
o ===
K>

(8.3)
rae K1 u Ko — ckopoctu koppo3uu 6€3 UHruouTopa u ¢ UHTHOUTOPOM.
[Ipumep ycTaHOBKH BBOJIa MHTUOMTOPOB KOPPO3UU
Jlist BBOZa MHTMOUTOPOB KOPPO3WU B TEXHOJIOTHMUECKOW cxeMe cOopa u

MOATOTOBKU CKBAXKMHHOM MPOAYKIIMU UCTIOJIB3YIOT Pa3IuyHbIe OJI0KU 103UPOBaHUS

pearenToB (puc. 8.2). binok mo3upoBanus npeaHa3HaAYeH AJIs JO3UPOBAHHOTO BBO/IA

KUIKUX JI€IMYIIBIaTOPOB U HHTUOUTOPOB KOPPO3HUH B TPYOOIIPOBOT TPOMBICIOBOM

CUCTEMBl TpPAHCIOpPTa W TMOATOTOBKA HE(PTH C LEIbI0 OCYIIECTBICHHS

BHYTPUTPYOOIIPOBOJIHOM JI€IMYJIbCAIlUU HEPTH, a TAaKXKE 3alUThI TPyOOIIPOBOIOB

U 00opyI0BaHus oT KOPPO3HH.

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

b/IP Bxitouaer:
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- HACOC-/103aTop, OCYIIECTBJISIOIIUI HETPEPHIBHOE 00BEMHOE
JIO3UPOBAHUE KUJIKUX JAEIMYJIBraTOPOB U UHTUOUTOPOB KOPPO3UH;

- Hacoc IECTEPEHOYHBIH, OCYIIECTBIISIONIN I 3aroJHCHHUE
TEXHOJIOTUYECKOM E€MKOCTH PEAareHTOM U IIEPUOJNYECKOE IMEPEMEIINBAHNE
peareHTa B €MKOCTH;

- pacxoaHas €MKOCTb MPSAMOYTOJIBHOTO CEUYCHUS, CBapHas
MpeaHa3HAYCHHAs JUIsl JO3UPOBAHHOTO BBOJAA OIMPEIACICHHOTO O0OBheMa JKHUIKHUX
JIeAMYJIBIaTOPOB U HHTHOUTOPOB KOPPO3UHU B TPYOOTIPOBO/I 32 PETIIaMEHTHUPYEMBIi
MIPOMEXKYTOK BPEMEHU;

- €MKOCTh TEXHOJIOTMYECKas MPsIMOYTOJIbHOTO CEUEHUs, CBapHas,
NpEeIHA3HAYCHHAs JJI1 XPAHEHWsT W TMOJOTPEBA pearecHra C  IIOMOIIBIO
BMOHTHUPOBAHHOTO 3JICKTpOHArpeBaTess. TeXHOJIOrnYecKass €eMKOCTh COSIUHEHA C
yKa3aTeJIeEM YpPOBHSA KHUJKOCTH, KOTOPBIA CIYXUT JJIsl BHU3YyaJIbHOTO KOHTPOJIS
YPOBHS JKUIKOCTH.

TexHosioruu BBO/1a UHTHOUTOPOB KOPPO3UU

Ha cerogusmuuii 1eHb CymIeCTBYET HECKOJIBKO TEXHOJOTHUUA MPUMEHECHUS

HHTUOUTOPOB KOPPO3HH, ITO:

o HETIPEPBIBHOE JO3UPOBAHHUE,

° HENPEPBIBHOE  JO3UPOBAaHUWE C  MPEABAPUTEIIBHOM  YJIAapHOWU
JIO3UPOBKOM,

o POOKOBBIE TEXHOJIOTHUH,

o NEpUOANYECKAs M101a4a,

o 3aKayka B IUIacT.

3agaua 8.1

Onpenenuth 3GGEKTUBHOCTh HCIOJIB30BAHMSI HMHTUOUTOpPA KOPPO3UU
«Conkop» Mo KO3hOUIIMEHTY TOPMOXKEHMSI a TMpU 2-X TEXHOJOTHSX BBOJIa B
cucreMy HedTecOopa: 1 TEXHOJOTHS - TOCTOSHHAsI JO3UPOBKA MHTHOUTOpA; 2
TEXHOJIOTHS - IEPHOANYECKast JJO3UPOBKA C MarHUTHOW 00paboTKO# (Tadu. 8.1).

S — nnomaae 06pasua-cBUAeTeN, M2,



56

M; — Macca 10 UCHBLITAaHUs, T

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

M,' — Macca Mocjie UCTIBITaHUS MTPU TIEPUOTNICCKON JO3UPOBKE + MarHUTHAS
o0OpaboTka, T;

T — IPOJIOJDKUTETHFHOCTD UCTIBITAHUN TIPH MIOCTOSTHHOW JTO3UPOBKE, CYTOK;

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

y — YMEHbIIICHHE Macchbl oOpasia-cBujaetesss 0e3 BBojga uHruouropa, % B

CYTKHU.

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

UHTUOUTOpA KOPPO3UHU.

Ne Bapumanrta | S,M? | my,r | myp, T m,, T |1, CcyToK | 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 cBujeTens 0e3 BBOAa 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 oOpas3ioB ¢ BBOAOM MHTHOUTOpA

IPU TOCTOSHHOM M NEPUOJUYECKON JO3UMPOBKE B COYETAHMM C MArHUTHOMN
00paboTKOM:
4, PaccuuteiBaeM 3(QQPeKTUBHOCTH HWHTHOUTOpPA TPU  Pa3TUUHBIX

TEXHOJIOTUSIX BBOJIa U KOA(DOUIIMEHT TOPMOKEHUS.

Bompocsr:

1. [loHATHE KOPPO3UH.

2 Crioco0bl penynpexaeHnus KOppO3uu.

3 dopMyiia CKOPOCTH KOPPO3HUHU.

4, [ToHsiTHE UHTUOUTOPOB KOPPO3UHU.

3) TexHonoruu BBOJa MHTUOUTOPOB KOPPO3UH.

[MPAKTUYECKOE 3AHATUE 9

Pacuer HOpMBI ecTecTBEeHHOH YObLIM He(pTH U HePTENPOAYKTOB

Teoperuyeckas 4acThb
TpancnopTupoBka u xpaHeHue HeTH U HEPTEIPOTYKTOB COMTPOBOKIAIOTCS

HX IIOTCPSMU.
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[lox mopmoni ecmecmeennoit yovliu NOHUMAETCS JOIMYCTUMAas BEIMYMHA
0€3BO3BPATHBIX IOTEPH He(TH (HETENPOIYKTOB), IIPOUCXOIALINX
HEIMOCPEJICTBEHHO TPU  TOBAPHO-TPAHCIIOPTHBIX  OMEpalUsiX, BCIEICTBUE
COIPOBOXAAIOIMIUX MX (PU3UUECKUX MPOIIECCOB, a TAKXKE MOTEPh, HEM30OEKHBIX Ha
JAHHOM YpPOBHE COCTOSIHUA NPHUMEHSIEMOT0 TEXHOJIOIMYECKOro 000pYy/I0BaHUA
(moTeph OT UCHApEHMs], Yepe3 YIJIOTHEHHUSI HACOCOB U 3aJBUKEK, OT HAJUIAHUS U
T.1.). B HOpMBI ecTeCTBeHHOW YOBUIM HE BKIIOUAIOTCA TOTepH HedTH
(HeTenpoayKTOB), CBSI3aHHBIE C 3aYUCTKOM pE3EpPBYapoOB U TPAHCIOPTHBIX
€MKOCTEH, C PEMOHTOM TPyOOIPOBOIOB M apMAaTyphl, BCE BU/IbI aBaAPUITHBIX MTOTEPB,
a TaKXe MOTEepPU P BHYTPUCKIIAJCKUX NEPEKAYKaX.

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

Crnucanue HepTH (HEPTEPOLYKTOB) B IPEEIaX HOPM €CTECTBEHHOU yObLIN
JI0 YCTAHOBJIEHUS (paKTa HEJOCTAUX 3alpPEeIaeTCs.

JIJisi IpuMEeHeHUsT HOPM E€CTECTBEHHON yObITM HEePTH U HedTEeNnpOIyKTOB
tepputopust Poccuiickont @enepannu paszfeicHa HAa KIMMATHYECKUE 30HBI WIIH
nosica. Hopmbl ecrecTtBeHHOM yObutM HEPTH U HEPTENPOAYKTOB YCTAHOBJIEHBI JJIs
JBYX IIEPUOJIOB roJia:

- oceHHe-3uMHero (¢ 1 okTs0ps o 31 mapra);

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

a TaK)K€ B 3aBUCUMOCTH OT TUIIa U BMECTUMOCTH PE3EPBYapOB U UX OCHAILEHHOCTH
CpelICTBaMH 3alUThI OT MOTEPh (MIOHTOH, ra30Basi 0OBA3KA).

OcHoBHble  (popMynbl  JUIsl  ONpEAENEHUS  €CTECTBEHHOW  YOBLIM

He(TEeNpOAYKTOB MpeAcTaBieHbl B Tabha. 9.1. B Hel NpUMEHEHBI 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)

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

G - rpy30000pOT M0 HEDTEPOAYKTY, T/TO; P1, - HOPMATUB €CTECTBEHHOM
yObLTH HE(PTEPOIYKTOB MPH IIPUEME B pe3epByapsl HedTedas, Kr/T (Tadi. 9.2, 9.4);
p2 - HOpPMAaTHUB €CTECTBEHHOH YOBUTM HEPTEHPOAYKTOB TPHU XPAaHCHUHU B
pesepByapax 10 1 mecsia, Kr/T (tadi. 9.3, 9.4); ps - HOpMAaTHB €CTECTBEHHOMN yObLIH
He(TENPOAYKTOB MPU XPaHEHUH B pe3epByapax cBblIie 1 mecsia, Kr/(T-mec). (Tabir.
9.5);

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

N - ko3 puimeHT 06opavynuBaeMOCTH pe3epByapoB, 1/rox;

P2x - HOPMATHB €CTECTBEHHON YOBUTH HE(PTEIIPOTYKTOB MPH IPHEME, OTITYCKE
Y XpaHEHHUH B MEPBBIA rOJ1 JTUTEILHOTO XpaHeHus, KI/T (Tadi1. 9.6);

P31 - HOPMATUB €CTECTBEHHOM YOBUTH HEPTEITPOTYKTOB IPH XPAHCHUH CBBIIIIC
OJHOTO roja (IIuTensHoe XpaHenue), Kr/(T-mec). (Tadim. 9.7);

M}, - 9UCII0 MECAIIEB ITUTEIHHOTO XpaHEHUsI He()TEPOTYKTOB, MEC. ;

PA3C ~ HOpMAaTHWB €CTECTBEHHOW YOBUIM HEPTEHIPOIYKTOB MPH TPHEME,

XpaHEHUH, OTIYCKE Ha aBTO3aMPABOYHBIX CTAHLIMUAX M MYHKTAaX HAJIMUBA, KI/T (Ta0.

9.8);
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PaM - HOPMATHB €CTECTBEHHOW YOBUIM Ma3yTa IpH IMpHUEME, OTIyCKE W
XPaHEHHMH B OTKPBITBIX 3¢MIISHBIX ambapax, kr/(mec-m?) (ta611.9.9);
F - myiomiaaps MOBEPXHOCTH MCIIapeHus B ambape, M2

My - 94MCIIO MecALIEB XpaHEHUsI Ma3yTa B aMmOape, Mec.

3amaua 9.1

OrnpenenuTh €CTECTBEHHYIO YObUTh aBTOOeH3MHAa U3 pezepyapa PBC 2000
B oceHHe-3uMHMI nepuoj. Koadduiment obopaunBaeMocTu pe3epByapa paBeH 15
1/ron. Hedrebaza pacnonokena B 1-ii kammMaTuyeckoil 3oHe. ['py3oobopor
pe3epByapa 1o 6eH3uny cocranisier 22500 1.

Pemenue

1. [To tabn. 9.2, 9.3, 9.5 HaxoAWM COOTBETCTBYIOIINE HOPMATHBHI
ectecTBeHHON yObUTH:p1=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 TpU XpaHeHuu B pesepByape PBC 5000
3700 T aBroOen3uHa ¢ 1 okrsadpa 1991 r. mo 31 mapra 1993 r. PesepByap
pacrmosoxeH BO 2-i KIMMaTHuyeckoii 30He. CpeqHeroaoBas TUIOTHOCTh O€H3MHA

750 xr/m°.

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

€CTECTBEHHOW YOBUIH: B OCEHHE-3UMHUM TIEPUON Po5° = 2,6 Kr/T, p3;° = 0,05 kr/
(T - MeC); B BeCCHHE-JIETHHH neproat pp,” = 3 Kr/T, p35" = 0,28 kr/(T - Mec).

3. Brraucisiem HCKOMYHO €CTECTBEHHYIO YOBLIL TI0 hopmyrie 9.2

V =[0,5-(2,6+3)+0,5-(0,05+0,28)-(18-12)]-3700=14023 kr
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3agaua 9.3

OnpenenuTh €CTECTBEHHYIO YyOBUIh aBTOOEH3WHA W3  3ariyOJIeHHBIX
pesepByapoB A3C, pa3MellieHHOHN B 3-il KIIMMaTH4ecKoi 30He. Macca mpUHSITOro
U peajn30BaHHOT0 HEPTEMPOYKTa COCTABIISIET: B BECEHHE-JIETHUM niepuoy G°™7" =
1000 T, B ocenne-3umunii G°~3 = 500 T.

Pemenue

1. [To Tabmure 9.8 HaxX0UM BETUYHHBI COOTBETCTBYIOIINX HOPM:

P = 0,56—, p%d =048

2. Brrancisem HCKOMYI0 €CTECTBEHHYIO YOBLIB 110 hopmyiie 9.3

Y =0,56-1000+0,48-500=800 xr.

Tabnuua 9.2 — HopMbl ectrecTBeHHOM yObUTH HeTenpoAyKToB 1 u 2 rpymnm

IIpU MpUEMeE B pe3epByaphl (B KHJIOrpaMMax Ha | T MPUHSATOrO KOJIUYECTBA)
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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 — HopMsbl ecrecTBeHHOM yObutH HedTenpoaykToB 1 u 2 rpynn
IpU XpaHEHHUH B pe3epByapax J10 OJIHOTO MecsIa (B Kuiorpammax Ha 1 T XxpaHUMOTO

IPOIYKTa B MECHIL)
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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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Tabmuma 9.4 — HopMmbl ectecTBeHHOU yObuM 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 3amaum 9.1, 9.2, 9.3 cornacHo cBoMM BapuaHTaM, NPEACTABIEHHBIM

B Ta0mune 9.10.
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Ta6nuna 9.5 — Hopmbl ecTecTBeHHOMN yOBUTH HEDTENPOYKTOB IIPU XPAaHEHUHU

B pe3epByapax CBBIIIE OJTHOTO MecsiIa (B KIiIorpaMMax Ha 1 T XpaHUMOro NpoayKTa

B MECSIII)
Kiaumaruyeckue 30HbI
I'pynna
Tun Hedre- i 2 3 4
pe3ep3yapoa HPOIIYK' 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 | 043 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| - | o0
4 - - - - - 0,05 - 0,05
1 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 1 024 | 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 1 040
Gouee 3 - 0,05 - 0,05 - 0,05 - 0,05
4 - - - - - 0,05 - 0,05
faﬂﬂm 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 ecTecTBeHHOM yOBUTH HE(QTENPOIYKTOB 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 IIPU 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 ecTecTBeHHON yObLIN HE(DTENPOAYKTOB MPU MPUEME,
OTITyCKE, XpaHCHWH Ha AaBTO3aMPABOYHBIX CTAHIUAX M IIYHKTaxX 3ampaBKu (B

KWJIorpaMMmax Ha | T IpHHSATOTO KOJMYECTBA)

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 — Hopmel ecTecTBeHHOM YOBUTH HE(DTENPOIYKTOB MPH IIpUEME,
OTITyCKE U XPaHEHHHM B OTKPBITHIX 3EMIIIHBIX ambapax (B KujorpamMmax Ha 1 m?

MIOBEPXHOCTH MCIIAPCHUS HEPTEIPOAYKTA B MECSII)

Knumatudeckue 30H5I
1 2 3 4
oceHde- | secenne- | oceHue- | Becenue- | ocedue- | BeceHHe- | oceHHe~ | BeceHHe-

3UMHRI AeTHUI | 3uMHMIT Aerddii | 3uMHMI | nerHMit | 3uMHHIT JeTHUH
nepyoa | mepdon | nepuwom | nmepuon | nepuon | Nepuon | nepuon | nepHon

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 .
§ peanu30BaHoO- s - g ) e 5 E
E § To I/IHpI/IHﬂTOFO C;S\‘ sﬂ S [_:\ E Eﬁ g g[\
= E HeTENPOayKTa 2 g E s z & = %m
% 5 b H A % [ponykr 8 %E‘ § 5 ) A
< = TS Lo a, 2 < O = & =33}
m < £EE 5 B E 5 2 o & « . 3 ©
s O IEgd 5 EC E a o E [ < Q. I
g o & 5§ 8 5 =5 = S S 8 o5
=l gegeg35g F = = = g
Y| m B = YF =
1|1 | 1000 | s00 | PBE Gemsus | 95500 | 710 | 01.05.2010 | 01.09.2011 | 730
1000 ABTOMOOWJIbHBII
2 | 2| 1050 | 525 | PBE Gemsus | 95000 | 1560 | 01.09.2009 | 31.01.2011 | 740
2000 aBUAIMOHHBIN
3| 3| 1100 | 550 | PBE KepoCHH | 51560 | 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 OCBETUTEIIHHBIN
5 | 1| 1200 | 600 | PBE TOIIHBO 20500 | 6200 | 01.02.2010 | 28.02.2011 | 770
7000 IU3EBbHOE
6 | 2 | 1250 | 625 | LBC MazyT 20000 | 800 | 01.11.2009 | 01.07.2011 | 780
1000
71 3| 1300 | 650 | PBC Gemsui | 19500 | 1300 | 01.04.2010 | 01.09.2011 | 790
2000 ABTOMOOWJIbHBIN
8 | 3| 1350 | 675 | PBC Gemsui | 19000 | 2300 | 01.01.2010 | 28.02.2011 | 800
3000 ABUAIIMOHHBIN
9 | 1| 1400 | 700 | PBC KkepocuH | 4a560 | 3600 | 01.08.2009 | 31.01.2011 | 810
5000 TEXHUYECKUAMN
10| 2 | 1450 | 725 | PBE KepOCHH | 18059 | 5200 | 01.06.2010 | 31.09.2011 | 820
7000 OCBETUTEJILHBII
11| 3 | 1500 | 750 | TBCE TOIIIMBO 17500 | 710 | 01.06.2010 | 31.09.2011 | 830
1000 U3EJILHOE
12| 2 | 1550 | 775 g]g’(% MasyT 17000 | 1560 | 01.08.2009 | 31.01.2011 | 840
13| 1 | 1600 | soo | TBC Gemsun | 16500 | 2150 | 01.01.2010 | 28.02.2011 | 850
3000 ABTOMOOWJIbHBIHI
14| 2 | 1650 | 825 | PBC Gemsim 16000 | 3900 | 01.04.2010 | 01.09.2011 | 860
5000 aBUAIMOHHEIN
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15| 3 | 1700 | ss0 | TBC KepochH 15500 | 6200 | 01.11.2009 | 01.07.2011 | 870
7000 TEXHUYECKUN

16| 2 | 1750 | 875 | PBE KCPOCHH | 15000 | 800 | 01.02.2010 | 28.02.2011 | 880
1000 OCBETUTEIIHHBIN

17| 1 | 1800 | 900 | PBE TOTLIMBO 14500 | 1300 | 01.10.2009 | 30.04.2011 | 890
2000 IN3EIBHOE

18 | 2 | 1850 | 925 1;}3(% MasyT 14000 | 2300 | 01.06.2010 | 31.09.2011 | 745

19| 3 | 1900 | 950 | PBC Gemsui | 13500 | 3600 | 01.09.2009 | 31.01.2011 | 755
5000 ABTOMOOWJIbHBII

20| 3 | 1950 | 975 | PBC Gensnn 13000 | 5200 | 01.05.2010 | 01.09.2011 | 765
7000 aBUALIMOHHBIN

21| 2 | 2000 | 1000 | PBC KepocHH 12500 | 710 | 01.06.2010 | 31.09.2011 | 775
1000 TEXHAYECKUN

22| 3 | 2050 | 1025 | PBC KEPOCHH | 15000 | 1560 | 01.10.2009 | 30.04.2011 | 785
2000 OCBETUTEIIHHBIN

23| 3 | 2100 | 1050 | PBC TOILTHBO 11500 | 2150 | 01.02.2010 | 28.02.2011 | 795
3000 IN3EIBbHOE

24 | 2 | 2150 | 1075 1;‘350 MasyT 11000 | 3900 | 01.11.2009 | 01.07.2011 | 805

25 | 1 | 2200 | 1100 | PBE Oemsui | 10500 | 6200 | 01.04.2010 | 01.09.2011 | 815
7000 ABTOMOOWJIbHBIN

26| 1 | 2250 | 1125 | PBE Oensun 10000 | 800 | 01.01.2010 | 28.02.2011 | 825
1000 aBUAIMOHHBIN

27| 2 | 2300 | 1150 | PBC KepocnH 9500 | 1300 | 01.08.2009 | 31.01.2011 | 835
2000 TEXHUYECKUN

28 | 2 | 2350 | 1175 | PBE KepocuH 9000 | 2300 | 01.06.2010 | 31.09.2011 | 845
3000 OCBETUTEIIHHBII

29 | 3 | 2400 | 1200 | PBE TOTLITHMBO 8500 | 3600 | 01.06.2010 | 31.09.2011 | 855
5000 IN3EIBHOE

30 | 2 | 2450 | 1225 1;13(% MasyT 8000 | 5200 | 01.08.2009 | 31.01.2011 | 865

Bompocsr:

1. TloHsITUE HOPMBI ECTECTBEHHOUN YOBLIU.

2. Xpanenue HedTH 1 HE(DTETPOTYKTOB.
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IIpunoxenune A
3HaveHNe MPOAOJIBHOTO CONPOTUBJIEHUS TPyOonpoBoaa Rt mpu

PAa3JIHYHON TOJIIIMHE CTEHKN TPYObI

Tabmuma A.1 — TommuHa CTEHKH TPYOBI OT 4 710 9,5 MM, TIPH YCIIOBUH YTO Py

=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,

Ta6nuna A.2 — Tonmmnaa ctenku Tpyost oT 10 10 20 MM, TTpH YCIIOBUHU YTO P

=2,45-107 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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IHpuioxenue b

PacnpenesieHne He()TENPOAYKTOB 110 IPyNIIaM

1 2pynna

1. ben3uHbl aBTOMOOUIIbHBIC

2 epynna

1. ben3uH-pacTBOpUTENH A1 PE3UHOBON IPOMBIIILIEHHOCTH
2. beH3uHbI aBHAIMOHHbBIE

3.  benzon nedrsanoi

3 epynna

1. ben3uH-pacTBOpUTENH IS TAKOKPACOYHON TIPOMBITIUICHHOCTH
2. Kepocun miis TeXHUYECKUX 1een

3. OTUIOEH301 TEXHUISCKUN

4 epynna

1. [TenooOpa3zoBaresnb

2. Kepocun ocBeTuTENbHBIN

5 epynna

1. TonnuBo AN3ENbHOE

2. TonanmBo MOTOpHOE

3. Macio norfmoTuTeabHoe He(TSIHOE

4, CrupThl CHHTETHUYECKHE JKUPHBIC TIEPBUYHBIE (QPaKIIAN
6 cpynna

1. Ma3zyt

2. Macna cMa3ouHbie

3. butyMbl HeQTAHBIE KUIKHE

7 epynna

1. Cmasku Bcex Mapok

OUTYMBI TBEP/IbIE

[epe3un

Pa3Hbie TBeppie HEPTENPOAYKTHI

2

3

4, [TacTel pa3Hbie
3)

8 epynna

1

HedTu pasnsie
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b. B.byr3ynak, I'. I'. Bacunbes, B. A. UBanos — M.: I'aznpom, 2002.

2. Bacunbes, I'. I'. TpybonpoBoausiii Tpancmopt Heptu. [Texem] / T'. T.
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MUHUCTEPCTBO HAYKH U BLICHIET'O OBPA30BAHUSI POCCUIICKOI
®EJEPALIUN
@euepanbﬂoe rocy1apCTB€HHO€ aABTOHOMHOE OﬁpaSOBaTeﬂbHOC YUupexxkaeHue

BhICIIEr0 00pa3oBaHUSA

«CEBEPO-KABKA3CKHWM ®EJEPAJIbHbIA YHUBEPCUTET»

METOINYECKHUE YKA3ZAHUSA
10 OPraHM3ALUH U NIPOBEACHUIO

CaMOCTOSITeIbHOH padoThI

TpaHcnopT u XpaHeHue yrieBo10pPoi0B

JUIsL CTyneHTOB HampasieHus noAarotorku 21.03.01 Hedrerasoroe neno
HaAIPABJICHHOCTh (MTPOPHIIb) « IKCIUTyaTalusi ¥ 00CTy)KiBaHUE 00BEKTOB TOOBIUN
HeTr»

CraBporioins 2026
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MCTOI[I/IIICCKI/IC PCKOMCHAAIIMN MNPEAHA3HAYCHBI I CTYACHTOB BYy3a «CeBepo-

KaBkasckuii ¢enepanbHblii YHUBEPCUTETY

L[CJ'II/I METOAUYCCKUX peKOMCHHaHHﬁ:

1. MeToanyeckoe COMPOBOXJICHHE TIpoIlecca BBEACHUS W pealu3alud  TpeOOBaHMIA
®enepallbHOTO TOCYIAPCTBEHHOTO 00pa30oBaTeNFHOTO CTaHAapTa Beicmiero obpasosanus (manee OI'OC
BO), momomp mipu pa3zpabotke pabounx y4eOHBIX IPOTPaMM TUCITUILTHH U MPO(ecCHOHaTHHBIX MOAYIEeH

obpazoBarensHO# mporpammel (nanee OIT).

2. Cozmanne B 00pa3oBaTENIbHOM YUPEXKICHHH Y4eOHO-METOIUYECKOTO 0OecredeHus

00pa3oBaTEILHOTO MPOIIecca.

MeToauueckue peKOMEHIAIUU OIPEICSISIFOT CYIIHOCTh CaMOCTOSITEIbHONW Pa0OThI

CTYZEHTOB B By3¢, €€ Ha3HaUCHHUE, IUIAHUPOBAaHUE, (POPMBI OPTraHU3ALUH U BUIBI KOHTPOJIS.
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Conep:xanue

1. HopmaTuBHOe o0ecniedeHne caMmocTosATeNbHOI padoTel B ®I'OC BO.

2. HazHa4veHue ¥ BUABI CAMOCTOSITEILHOH PadoThI CTYI€HTOB.

3. KoHTpoJIBb caMOCTOATEIBLHOMH PadoThl CTYAEHTOB MpenoiaBaTeIssMH.
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1. HopmatuBHOe o0ecnieueHne camocTosTenbHoi padotel B PI'OC BO

1.1. ®I'OC paznen: «TpedoBanust K ycinoBusiM peanuzanun OlD»:

— TpeboBanus Kk 00s13aTEIILBHOMY MHHIUMYMY COJIEp>KaHUS 00pa30BaTEILHON MPOrPaMMBI
MOJITOTOBKH CHENHATUCTA, K YCIOBUAM €€ pealu3allii U CPOKAM €€ OCBOCHHUS OIPECISIOTCA
HACTOSIIUM (eIepabHBIM TOCYJapPCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM;

— OCHOBHasi o0Opa3oBaTelibHAas MporpaMma TOJATOTOBKH CIICIIMAIMCTAa COCTOUT W3
JUCIUIUIMH  OOIIEHAYYHOTO M MPO(PECCHOHAIBHOTO IIUKIOB, COCTOSIIMX #3 0a30BOi U
BapUATUBHOW YaCTEeH M TUCHUILIMH 10 BBIOODY;

— MaKCHMaJbHBIH 00beM y4eOHOW Harpy3KH CTYACHTa yCTaHaBIMBaeTcs 54 daca B

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

paboTEHL.

Bo Bpemst caMOCTOSTEIbHOM OATOTOBKH 00yYaroIuecs JA0JKHBI ObITh 00eCcTIeYeHbI
noctynoM Kk cetn WHTepHer. Peanmzanus o0pa3oBaTeibHOM MPOrpamMMbl MOATOTOBKU
CHELHAINCTa JIOJDKHA O00eCleunBaThbCcd AOCTYIOM KaKAOTO CTYJCHTAa K OHUOIHMOTCYHBIM
¢onmaMm wu ©OazaM JaHHBIX, (OPMUPYEMBIM [0 IIOJIHOMY TEPEYHIO JUCIUIUINH
o0Opa3oBaTeibHONH MpOrpaMMbl M3 pacueTa OOECHCUCHHOCTH YYCOHMKAaMH U y4eOHBIMHU
nocobusimu He Menee 0,5 SK3eMIUIsIpa Ha OJJHOTO cTy[eHTa. bubianoTeka By3a 10HKHA UMETh
JOCTaTOYHOE KOJIMYECTBO COBPEMEHHBIX YYCOHHKOB M YUE€OHBIX MMOCOOMH MO BCEM IHMKIIAM
JTUCIUIUIMH U TIOCTOSHHO BOCTIOJIHATBCSI HAYYHOW JIMTEPaTypold H NEepUOAHMYECKHMH

W3JaHMSMH He(TEra30Boro npoduis

OO0beM BpeMeHH, OTBEICHHBIM Ha BHEAYAUTOPHYIO CaMOCTOSATENbHYIO paloTy,

HaxXOOUuT OTPAKCHUC!

. B pabodeM y4eOHOM IIaHE — B IIEJIOM IO TEOPETUIECKOMY 00YUEHUIO, KAXKIOMY U3 IIUKJIOB
JIACITUTUINH;
. B pabo4mx mporpaMmmax y4eOHBIX AUCIUIUIMH UKIIOB JUCIUIUIAH C paclpeaeleHrneM 110

pasjenaM Wi KOHKPETHBIM TEMaM.
2. HazHaueHue 1 BUAbI CAMOCTOSITEIbHON PabOThI CTYJIEHTOB.

CamMocTosTenbpHas pa60Ta MMPOBOAUTCA C LECJIBIO:

. CHCTEMAaTH3alliN M 3aKPEIUICHUS TOITYYCHHBIX TEOPETUYECKUX 3HAHUHA U MPAKTHIECKUX
YMEHUI CTYJIEHTOB;

. yTayOJIeHnsl M pacIIPEeHHs TEOPETHUECKUX 3HAHUM;

. dbopMHpOBaHUsST YMEHWI HCIIONb30BaTh 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 TIpakTHYecKuX (0OMmEey4eOHbIX W MPOQPECCHOHANBHBIX) YMEHUH U
HaBBIKOB;

° PAa3BUTHUIO UCCIICAOBATCIILCKUX YMCHI/If/’I



B y4e6HOM miporiecce OY BBIACHAIOTCS JBa BHIa CAMOCTOATEIHHON paOOTHI:

PN

AyauTopHas no aucuMnianHe,
MEXANCUMNANHAPHOMY Kypcy

BHeayauTOpHas no AMcumnianHe,
MEXAMNCLUMNANHAPHOMY Kypcy

BbIMNOJ/IHAETCA Ha y‘-IE6HbIX 3aHATUAX,

noa HenocpeaCTBEHHbIM

PYKOBOACTBOM Mpenoaasatens v no

€ro 3agaHuio

BbIMNOJIHAETCA NO 3a4adHUI0
npenoaasaTena, HO 6e3 ero
HenocpeAacTBeHHOro y4yacTtuma.

BreayauropHasi camocrosTensHas paboTra - TUIaHUpyemas ydeOHas, ydeOHO-

HCCIIEA0BATEIIbCKasd, HAYYHO-HUCCIIEA0BATCIIbCKasd pa60Ta CTYACHTOB, BBIIIOJIHAEMAsA BO

BHEAYAMTOPHOE BpeMs 10 3aJaHHUI0 U IPH METOAMYECKOM PYKOBOJCTBE IpENoiaBaTesis, HO

0e3 ero HermocpeACTBEHHOT0 YUaCTHSI.

3. KoHTponb camocTosATENbHOM pabOThI CTYIEHTOB MPENOIABATEISIMH.

KoHTpons caMocToATensHOM paboThl CTYACHTOB MPEAyCMaTPUBALT:

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

00BEKTHBHOCTh KOHTPOJIA;
BaJIMIHOCTD KOHTPOJIAA

IpearoaraeTcs MpOBEPHUTS);
T epeHInaImio KOHTPOIbHO-U3MEPUTEIBHBIX MaTEPHAIIOB.

RBPooo~NooO~LONE

0.
1.
12.
13.

(cooTBeTCTBHE

NpEaABbABISICMbIX 3aHaHI/Iﬁ TOMY,

@DopMbl KOHTPOJISI CAMOCTOATEILHOI padoThI

[IpocMoTp U IIpOBEpKa BBHIOIHEHUS CAMOCTOSTEILHOM PabOTHI Mpeno/jaBaTeieM.
CaMomnpoBepka, B3aUMOIIPOBEPKA BEITIOTHEHHOTO 33/IaHUS B TPYIIIIE.
OO6cyxaeHue pe3yabTaTOB BRITOTHECHHOW pabOThI HA 3aHITHH.

TectupoBanue.

[Tucemennsiii onpoc.

VYcrHblit onpoc.

NupusupyansHoe cobeceioBaHue.
Konnoxsuym.

Ortuer o mpoaenanHoi padore.

3amuTa peepaToB MM KypcOBOH paOOThI.

TBopueckuit KOHKYpC.
WuTepHeT - KoHpepeHun.
Kontponbnas pabora.

qTO
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Kputepun oneHkn pe3yibTaTOB caMOCTOSITEIbHOI padoThI

KpurepussMu OLIEHOK pe3yJbTaTOB BHEAyIUTOPHOW CaMOCTOATENFHOW pPaOOTHI

CTYACHTA SABJIAIOTCA:

. YpOBEHBb OCBOCHHSA CTYJEHTOB y4eOHOTO MaTepHana;

. YMEHHS CTyJIEHTa UCIIOJIb30BaTh TEOPETHUECKUE 3HAHUS TTPH BBHITIOTHEHUN MTPAKTHIECKUX
3a/1ay;

. ¢opmupoBanue Habopa H3 OOMIEKYJIBTYPHBIX W TPOGECCHOHANBHBIX KOMIIETEHIUI
OyIyIIero CrienuaitncTa;

. YMEHHUSI CTYJCHTa aKTUBHO MCIIONB30BATh 3JCKTPOHHBIE 00pa3oBaTeIbHBIC PECypCHI,
HaXOJUTh TPEOYIOIIYIOCS HHPOPMAIUIO, U3y4aTh €€ U MPUMEHSTh Ha MPAKTHKE;

. 000CHOBaHHOCTh M YETKOCTh U3JIOKEHUS OTBETA;

. odopmIIeHHE MaTepralia B COOTBETCTBUU C TPEOOBAHHUSIMU;

. YMEHHE OpUEHTHPOBATHCA B TIOTOKE MHPOPMAIINH, BBIIEIATH TTIABHOE;

. yMEHHE YeTKO c(opMynmHpoBaTh NpoOIeMy, IMPEAJIOKUB €€ peIIeHHe, KPUTUICCKH
OIICHUTH PEIICHNE U €T0 MOCIIEICTBUS;

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

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

Conep:xanue BHeAYAUTOPHO# CaMOCTOSITEILHOM
NeATeJHLHOCTH CTYIEHTOB
MeToauueckue yKa3aHus ISl CTYICHTOB I10 BHIMOJIHEHUIO CAMOCTOSATEIILHOM PaboThI:
1. IToaroroBka K JEKIIASIM

2. HO,I[FOTOBKa K IPAKTUYCCKUM 3aHATHUAM
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