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I[NPAKTUYECKOE 3AHATHE 1

I'mapaBauyeckud pacyer BbIKUIHON JJUHUM

Teoperuueckasi yacThb

Bormpocsl cOopa 1 MoAroTOBKU MPOAYKIIMHM CKBAKUH HEPA3PHIBHO CBS3aHBI C
BOMPOCAaMH  OKCIUTyaTalldd  JOOBIBAIOIIMX  CKBAXHH, YTO  OOYCIIOBJICHO
TUAPOJMHAMUYECKUM €IMHCTBOM PA3JIMYHBIX 3JIEMEHTOB BCEM CHUCTEMBI JTOOBIYU
HeTH W ra3a. TeXHONOruss U XapaKTePUCTUKH CHUCTEMbl cOOpa M MOJATOTOBKH
OPOAYKIIMM OKAa3bIBAIOT MPSMOE BO3JICHCTBME HA TPOIECC OKCILTyaTaluu
JOOBIBAIOIINX CKBAKHH.

N3BnedeHne U3 3aJIe’u MIaCTOBOM HEPTU HA MOBEPXHOCTh OCYIIECTBIIAETCS
yepe3 CHCTeMY J00BIBAIONINX CKBaXUH. BmecTe ¢ HEQTHIO U3 HEIp HA0OBIBAIOTCA
3HAYUTEIbHBIE O0OBEMBI TJIACTOBOM BObI, KAK BBHITECHSIONIETO areHTa, MOMyTHHIN
(HedTsHOM) ra3, TBEPJBIE YACTUIIBI MEXaHUYECKUX MpUMeEced (TOPHBIX MOPO/I,
3aTBepjieBIIero IeMeHTa). [lodToMy CKBaXKMHHas MPOAYKIMS HEPTIHBIX
MECTOPOXKJACHUM  BCEerla TMPEACTaBIsSeT COOOM  CIHOXKHYI0  MHOTO(a3HYIO
MHOTOKOMITOHEHTHYO JUCTICPCHYIO CUCTEMY.

ITpombicioBOoe 00ycTpoiicTBO TpeOyeT OOIBIIIOro 00beMa KamUuTadbHBIX
BJIO)KCHHM, 3HAYMTENIbHAS OISl KOTOPBHIX MPUXOIUTCS Ha COOPY)KCHHE CHUCTEM
cbopa 1 TpaHCIIOPTa MPOAYKIIMN CKBAKUH.

[Tox cuctemoii cOopa HEPTH, Ta3a U BOABI HA HEPTIHBIX MECTOPOKICHHIX
MMOHUMAIOT BCE 000PYI0BAHUE U CUCTEMY TPYOOIIPOBOIOB, TOCTPOCHHBIX JIJIst cOOpa
MPOIYKIIMA OTACIBbHBIX CKBAXMH W JOCTaBKU €€ 10 IIEHTPaJbHOTO ITyHKTa
MOITOTOBKHW HE(TH, Ta3a U BOJIHI.

Cucrema cOopa ¥ MOATOTOBKM HE(THU BKIIOYAET KOMIUIEKC MPOMBICIOBBIX
TEXHUYECKUX CPECTB M YCTAaHOBOK, COCIMHEHHBIX TpyOompoBogamu. OOBIYHO Ha
MECTOPOXKICHUSAX TMPUMEHSIETCS HalopHas TepMETU3UPOBAaHHAs cUcTeMa cOopa u
MOATOTOBKM TMPOAYKIIMH CKB)XKHWH, MOYTH TOJHOCTHIO HCKIIOYAIONas TMOTEepU

yTJIEBOAOPOIOB.
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Enunoii yHuBepcanbHOM cucteMbl cOopa HE(TH, ra3a U BOJIbI HE CYIIECTBYET,
TaK Kak KaXJI0€ MECTOPOXKJICHHE MMEET CBOM OCOOCHHOCTH: pa3Mepbl, (OpPMEI,
penbed MECTHOCTHU, NPUPOJHO-KIMMATUYECKHE YCIIOBUS, CETKY pa3MEIlCHUs
CKB&)XHH, CIIOCOOBI 1 00beMbl He(DTH, Ta3a U BOJIbI, PU3HKO-XUMHUUIECKHUE CBOMCTBA
IJIACTOBBIX JKUAKOCTEN U JPYTHE.

['unpaBnuyeckuid pacueT HEPTIHONM JUHUU J1OOBIBAIONIMX CKBaKHH
O0azupyeTcs Ha UCHOJb30BaHMU YypaBHeHus J[. bepHymwiu, 3anucaHHOTO
OTHOCUTEJIHHO BBIOPAHHON TIUIOCKOCTH CpPaBHEHMs JUIsl JBYX CEYeHHH (yCThbe

JOOBIBAIOIIEH CKBAXKUHBI — BXOJI B CETTAPAIMOHHYIO YCTAHOBKY):

vZ—v2
pg(zy —z.) + (py —pc) + % = Apg; + Apye, (1.1)

rae Zzy, Z. — COOTBETCTBECHHO a0COTIOTHBIC BEJIMYMHBI Hag IINIOCKOCTBIO

CpaBHCHHH YCTbiA CKBAXHHLBI U CCIIapaTopa, M, py Pc - COOTBETCTBCHHO OABJICHUSA

Ha YCTbE CKBaXXUHBI U cenaparop, I1a; vy, vc COOTBETCTBEHHO CKOPOCTbH ABM)KEHHUS
He()TU HAa YCThE CKBAKUHBI U ITEPE]] BXOJIOM B CE€NapaTop, M/C; p - INIOTHOCTh He(TH,
Kr/M’; Ap,, — OTEpH JaBJICHUs HAa TPEHHE 110 JUIMHE NPH JBIDKCHHH HEe(TH 10
cenaparopa, Ila; Ap,. — TOTEpHM Ha MECTHBIC COMNPOTUBICHUS (3aJIBUXKU,
nuadparmbl, TOBOPOTHI U T.1.).

[Totepu Hamopa no anuHe TPyOONpPOBOJA NMPU YCTAHOBUBLIEMCS JIBHKEHUU
onpenenstores mo ¢popmyne Japcu-Belicbaxa:

1 2
Apun = )\d_p = (1.2)

b
BH 2

rae / — AnvHa BBIKUAHON JTWHUM, M; dg, - BHYTPEHHUHN ITUaMETpP BBIKUTHOU
JUHUU, M, V — CPEIHsISl CKOPOCTh NIBIDKCHMSI B BBIKMJIHOW JIMHUU, M/C; A —
KO3 UIIMEHT THIPABINYECKOTO COITPOTUBIICHUS.

_ 2
ApMc - EP(V1 - VZ) /29 (13)
. 2
rae & - Ko3pUIMEHT TOTeph Ha MECTHBIX CONMPOTHUBICHHSX; (V4 — Vy)“ —

MNOTEpsAHHAA CKOPOCTb HA MECTHOM COITPOTHUBJICHHH.



KoadduimenTsl moTeppr Ha MECTHBIX CONMPOTHBIICHHUAX IS PA3IMUHBIX HUX
BHJIOB (BHE3AITHOE PACIIUPEHUE WU CYKEHUE TTOTOKA, 3aJIBUKKH, IOBOPOTHI U T. 1.)
MIPUBOJISATCS B CITPAaBOYHUKAX.

Koaddumment rumpaBardeckux COMPOTHUBICHUNA A PACCUMUTHIBACTCS IIO
COOTBETCTBYIOIMUM (POPMYJIaM B 3aBUCUMOCTHU OT PEKUMA ABUKCHUS KUITKOCTH.

A=f(Ree), (1.4)

rae Re — uncio Pelinonbaca

e =2¢e/D, (1.5)

r7ie e — a0COIOTHAS MIEPOXOBATOCTh CTEHOK TPYOHI.

Uucno Peitnonbaca onpenensercs no popmyrie:

Re = V'% (1.6)

rac 4 — JMHaAaMHUICCKasd BA3KOCTb JKUAKOCTH.

CpenHsisi CKOPOCTb ONPEACIISETCS

v="Y Q.. (1.7)

rae O — 00beMHBIN pacxo]1 )KUJIKOCTH.

Ecmu Re < 2320, To TeueHHe >KMIAKOCTH JIaMHHApHOE (TOCIOHHOE) U
IIEPOXOBATOCTh CTEHKHU HE OKa3bIBAET BIUSHHUE Ha KOA(DPUIIMECHT THAPABINIYECKOTO

COMPOTHUBJIEHUS, A onipeaensercs o hopmyie Ctokca

__ 64
A= (1.8)
ITepexonnsiii pexxum 2320 < Re < 2800:
2,7
A= (1.9)

Ecou Re > 2800, To Teyenue >xuakocTu TypOysneHTHoe. TypOyieHTHoe
TEUCHUE XapPaKTEPU3YETCS XAOTHYHBIM OECIOPSAAOYHBIM JBM)KCHHEM YaCTHII
YKUIKOCTH B SJIPE MIOTOKA M JAMUHAPHBIM ITOICIIOEM Y CTCHKH TPYOBl. Xa0THUECKOE
OecropsiIouHOe JABM)KCHUE YACTUIl >KUJIKOCTH BBI3BIBACT YBEIWYCHHUE 3aTpaT
DPHEPrUM HA TPEHHWE JKHUJIKOCTH, YTO NPHBOJUT K POCTy Koddduimenta

THIPABINYECKOTO COMpOTuBIeHUs. I[lpu TypOylneHTHOM pexuMe JIBUKEHUS



KHUIKOCTHU KOS(I)(i)I/IHI/IeHT TUApPaBIMYCCKOI0  COIIPOTHUBJIICHHUA  MOXKET OBITH

ompeneneH no ¢popmyne brasuyca:

_ 03164
T Re025

(1.10)

JIJist IPOCTBIX HAMOPHBIX TPYOONPOBOAOB MPU TEYCHUH B HHUX KUAKOCTEH
TUAPABIMYECKHI pAcYeT CBOJUTCS K PELICHUIO OJHOM U3 CIEAYIOIINX 3a]1ay:
® pacyeT MPOMYCKHOU CIIOCOOHOCTH;
® pacyeT HayaJbHOTO JIaBJICHMUS;

® pacyer JuaMeTrpa TpyOooIrpoBoa.

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

OTCYTCTBYIOT, JUIMHA BBIKUAHON JUHUU | = 3600M, BHYTpEeHHUI IHAMETp JTUHUHU
dw= 0,1 M, ne6ur ckBaxkunsl Q = 280 M*/cyT, MWIOTHOCTH HEYTH Py = 865 Kr/M>;

JaBJICHUE TIEpe]l BXOJI0M B cemnapatop p.~1,6 MIla, Bsa3kocts Hedtu W, = 5 mlla-c.
Pewenue:
Tak Kak BbIKMHAs JIMHUSA TOPU30HTAJIbHA, TO Zy = Zc. Y YUTBIBAs, YTO JUAMETP

BBIKMHOW JIMHUU MOCTOSIHEH, Vy = V. Torga ypaBHeHue bepHyiuu 3anucsiBacTCs

B BUJIC:
Py = pc + Apu, (1.11)
IIpexne yem paccumrarh Ap,,, ONIPEAENIEM CKOPOCTh ABUKEHUS HEYTH
v = 4Q/1T 4. =4 280/(86400-3,14-0,1%) = 0,413 m/c.
BH

PaccunteiBaeM unciio PetHoabCca;

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

Re = = 7145.

Tax kak uncno PeitHonbaca Re = 7145 > 2320, To pexkxum TypOyJISHTHBIN U
KO3 PUIIMEHT ruapaBIMuYeCKUX COPOTUBICHUN BBIYHCIISIEM 110 (hOpMyJIE:
A =0,3164/Re%?> = 0,3164/7145%2°> = 0,3164/9,194 = 0,0344.

PaccunteiBaeM Ap,; 1o popmyne (1.2):
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Ap,. = 003445000865 0413% _ oo
Pan =% 0,12 - 4
Omnpenensiem 1o (1.4) naBneHrue Ha yCTbe CKBAXKUHBI

py = 1,6+ 0,092 = 1,7 Mlla

Takum 00pa3om, MaBICHHE HA YCThE CKBAXUHBI IOJDKHO OBITH paBHBIM 1,7

MIlIa.

3amgaua 1.2.
PaccuntaTh naBiaeHue nepes BX0I0M B cerapaTop JJIs CISAYIOIINX YCIOBUM:

JIaBJICHHE Ha YCThe CKBaXUHBI p = 1,82 MIla, anuna L = 14,1 kM, 1eOUT CKBaKUHBI
Qu = 147 t/cyT, mnotHOCTH HEPTH P = 890 Kkr/M>, dgy = 0,1 M. BolkuaHas auHUs

rOpU30HTaJdbHA. BapuaHTsl 7151 pacuera npeacraBiieHbl B Tadbauue 1.1

Taomuma 1.1 — Ucxonnble naHHble K 3amaue 1.2:

BapuanTsl
1 2 3 4 5 6 7 8 9 | 10
JlaBieHue Ha yCTheE, 1612182014 (16|18 | 1,220/ 2,4
MlIa
JIIMHa BBIKMHOM 15|16 | 17 | 14 | 18 | 20 | 19 | 17 | 20 | 14

[TapameTpsl

JIMHUH, KM

Hebut ckBaxuusl T/cyT | 100 [ 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190

BapuanTer
It 1213141516 |17 | 18 | 19 | 20
JlaBiieHHE HA YCThE, 16181,220(24 16 ]1,2 18|20 14
MIla
JITMHA BBIKMIHOU 15|16 |17 | 14 | 18 | 20 | 19 | 17 | 20 | 14

[Tapametpsl

JIMHUH, KM

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




BapuanTsl
21 [ 22 [ 23 124 25|26 |27 |28 |29 | 30
JlaBjieHuE Ha yCThE, 12120124116 (1,2 1,820 14 |1,6 1,8
MlIa
JImiHa BBIKMIHOW 1311714 |12 |18 | 19 |20 | 21 | 22 | 23

[TapameTpsl

JIMHHUH, KM

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

Bomnpocsr:

1. Kakoit HeTenpoBO/I Ha3bIBAETCS BHIKUIHBIM?

2. TlonsTre cuctembl cOOpa U MOJATOTOBKH MPOIYKIIUU CKBAKHH.
3. OOmwscHUTE cMbICH ypaBHEHUs bepHymu.
4

. Uro onpenenser uncno Pertnonsaca?

INPAKTUYECKOE 3AHSITHUE 2
Pacuer nponyckHO# c1OCOOHOCTH BEPTHKAJBLHOIO TPABUTAIIMOHHOTO

cemaparopa

Teopernueckast 4acThb
Pacuer nanHoro Buja amnmapara BeJeTCs JJisl Ta30BOM U KUAKOH (as.
Jlns ra3oBoi (a3l pacCUUTHIBACTCS MPOIYCKHAS CIIOCOOHOCTH cermaparopa
V: 1ipu, U3BECTHBIX JUaMeTpe cemaparopa D., TepMoOapUUeCKUX YCIOBUSIX B HEM
(pc T¢) m cBoiicTBax a3 (Pu, Pr, His Hr)-
Hcxonst u3 ocaxkaeHus B ra30BOM MOTOKE KUAKUX U TBEPJIbIX YaCTHII B MOJIE

CHIIBI TSDKECTH, MAKCHMMAJIbHAs IIPOITYCKHAs CHOCOOHOCTE I10 Ta3y, M>/CyT.

2 2 _
V = 847 DePcdi(py pr)’ @.1)
Teprz




r71€ Vimax — MaKCUMAaJbHasl MPOIYCKHASI CIIOCOOHOCTh cemaparopa Io Trasy,
Pacxoj KOTOPOro MPUBEAEH K HOPMAIBHBIM yCIOBUSAM, M>/cyT; D, — BHyTpeHHUI
JUaMEeTp cenapaTopa, M; d, —auaMerp Karim kuakocTd, M (dy, = 1107 m); p. —
JaBjieHue B cenaparope, [la; T, — remmneparypa B cenaparope, K.

Wcxons u3 yclioBUid BCIUTBITHS MMYy3bIPHKOB T'a3a JABWXKYIIEHCS B cenaparope
He()TH, MaKCHMAaJIbHAs ITPOITYCKHAs CIIOCOOHOCTH CENapaTopa Mo KUAKOCTH, M>/CyT.

2 _
Qumax = 36964D2 P00 2.2)

My
d. — d. 1-107 m); —
rae d. — auamMerp my3bIpbKa raza, M (MOXHO TPUHATH dr M); Ly
Bsi3kocTh HedTu [a-c.

["a30BbIil PpakTop paccuuThIBaeTCS MO (hopmyJe:

Vr.max
= Qxmax’ (2.3)
3axaua 2.1

PaccunTtaTh MpOMyCKHYIO CIIOCOOHOCTHh BEPTUKAIBHOIO TI'PABUTAIMOHHOIO
cenaparopa auametpom D.~=1,2 m. Kuakas ¢a3za — HeQTh MIOTHOCTBIO Py = 852
kr/M (mpy 1aBiaeHud B cemaparope pe = 1,6 MIla, temneparype Tc = 293 K) u
BA3KOCTBIO NPU 3THUX YCIOBUAX [, = 6 MIla-c. I[InmoTHOCTH raza B HOpMaJbHBIX
YCIIOBUSX Pro = 1,35 kr/M>. BA3koCTh rasa B ycinoBusax cemaparopa i, = 1,3-107 Ia-c.
KoadduimeHT z npuHaTh paBHbIM 1.

Pewenue:

[IpenBapuTenbHO BBIUUCIISAEM INIOTHOCTD rasa MpU YCIOBUAX B cemapaTope

To _ 1,351,6:273
PrePro 2L = = 20,12 kr/m3
poTez  0,1-293-1

I[To dopmyne (2.1) paccuuTbiBaéM MaKCUMAJIBHYIO  TIPOITYCKHYIO

CIIOCOOHOCTH ceraparopa 1o razy

842:1,2%:1,6:10°(1:10%)2-(852-20,12)
V = — —— =4,23-10°m3 /cyT.
r.max 2931,3:1075:1 ’ /ey

[IponyckHasi cCmoCOOHOCTH IO KUIKOCTH

36964-1,22:(1-1073)?(852-20,12) 3
Qxcmax = 103 = 7380 m3/cyT.
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Takum 00pa3om, Mpu 3aaHHBIX YCJIOBHUSIX B JaHHOM cemaparope Oynaer

3¢ (deKTUBHO cenapupoBaThes HE(ThH C COACPKAHUEM B HEH 110

[ =423 L 573m3 /M3 rasa.

7380

3anauya 2.2

Paccuntarh mpoOmycKHYI0 CIIOCOOHOCTh BEPTHKAIBHOIO T'PaBUTAIL[MIOHHOTO
cenaparopa (pacdeTHbIe JaHHBIE CMOTpH B Tadsmie 2.1) quamerpom D.. Kuakas
¢daza — HeQTh MIIOTHOCTBIO Py (IIPU JABIECHUU B CEMapaTope pc, Temmneparype Te=
297 K) U BA3KOCTBIO IPH 3TUX yCIOBHIX W, = 5,5 Mlla-c. IlnoTHOCTH raza B

HOPMAJIbHBIX YCIOBUSX Pro = 1,25 Kr/M>. BS3KOCTB ra3a B yCIOBUSX CEIAPaToOpa Ly

=1,35-107 ITa-c. Koo duimenTt z npuHaTh paBHbIM 0,93,

Tabmuma 2.1 — Mcxoanble qaHHbIE K 3aa4e 2.2

ITapamerpb! BapuaHTsl
1 2 3 4 5 6 7 8 9 | 10
Huametp D¢, M 1,6 1,2 ]1,8[20(14|1,6|18]1,2|20|24
[TnotHocTh HedTH py, | 850 | 860 | 852 | 865 | 840 | 820 | 870 | 850 | 860 | 840
Kr/m>
JlaBieHue B 16 118(1,7|1,5]16 1,716 |15 |1,6| 1,7
cenaparope, Mlla
BapuanTsl

HapameTper 11121314 [15] 16 |17 ] 18 | 19 | 20

Huamertp D¢, M 1,6 1,8 1,220 (24|18 (20|14 |1,6]| 1,8
[TnotHocTh HedTn | 855 | 865 | 850 | 860 | 845 | 825 | 875 | 855 | 865 | 845
Py, KT/M°
JlaBrieHue B 141613135 1,7|1,75|1,5]1,65|1,8|1,45
cenaparope, Mlla

Bapuantsl
21 | 22 |23 124 | 25|26 | 27 | 28 | 29 | 30
Huamerp D¢, m 12120 (2418 |20[1,2]1,8]20]|14|1,6
[TnoTHOCTH HEedTH py, | 860 | 845 | 825 | 875 | 855 | 865 | 840 | 820 | 870 | 850
Kr/Mm>
JlaBneHue B L3135 1L,7 L7515 1,7 1,5]1,6|1,7]|1,6
cenaparope, MlIla

[Tapamerpsl
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Bormpocsr:
1. Koad¢uimenTsl, XapakTepu3yoIirue COBEPIICHCTBO CenapaTopa.
2. OCHOBHBIE KaTErOpPUH CEMapaToOpoB.

3. ITo kakum mapameTpaM pacCUUTHIBAIOTCS CEMApaTOPhI?

[TPAKTUYECKOE 3AHATHE 3

OmnpeneseHue ycJoBHH TrHAPATOO00Opa3oBaHMs IPH  TPaHCHOPTeE

IIPUPOJAHOIO ra3a B 3a/laHHBIX TEXHOJIOTHIE€CKHUX YC/I0BHUAX.

Teoperuyeckasi 4acThb
["a30BbIe TUAPATHI — TBEP/bIE KPUCTAIUIMUYECKUE COCTMHEHNS 00pa3yIoIIHecs
IpU  ONpPENENEHHBIX TEPMOOAPUUECKUX YCIOBHUSIX (MpU  OTpULIATEIBHBIX
TEMIEPATypax WU TMOJOXKUTENbHBIX TEMIEpaTypax JI0 HECKOJIBKO ECATKOB
IpalyCoB U BEChbMa BBICOKMX JABJICHMSIX) U3 BOJAbI (>KHMIKasi BOJA, JEA, BOASHbBIC
napbl) U HU3KOMOJIEKYJISIPHBIX Ta30B. K TakuM razaM OTHOCSITCSI PUPOJIHBIN Ta3 U
€ro COCTAaBIIIOIIME — METaH, 3TaH MPONaH, KUCIopo, a30oT, CO, u Ap. rassl.
[TocnencTBust oOpazoBaHus rUAPATOB B TPYyOOIIPOBOJIE:
— CO3Jal0T COMPOTUBIICHHUE NMOTOKaM He(pTH U ra3a;
— 3aKynopka TpyOoonpoBoaa;
— CpBIB T'MJIPATHOM MPOOKHU, MOKET MIPUBECTHU K pa3pbIBy TPyOOIIPOBOA;
— TOBpeXAcHUE 000pya0BaHus MpHU J00bIYE.
Metob1 60pBOBI:
— TMOJJEep>KaHUe TEMIIEPATyphl BBIIIE TOYKH 00pa30BaHUs THAPATOB;
— OCYILIEHHE Ta30B Nepe TPYOOrpOBOAHBIM TPAHCTIOPTOM (YMEHBIIIEHUE TOUKHU
pochl);
— TOJJepKaHue JaBICHUS HUKE TOYKUA 00pa30BaHUs THIPATOB;
— BBEJEHHE WHTUOUTOPOB THUAPATOOOpazoBaHus (sl TPEIOTBPAIICHUS
3aTBEPACBAHUS CMECH).
OcHoBHBIMH (haKTOpaMu THIPATOOOPA30BaHUS SBISIOTCS BIAKHOCTH rasa,

CT0 COCTAaB, JJABJICHUC U TCMIICpATypa B I'a30IIPOBO/JIC.
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[Ipumensiemple  uHruoOutopel  (metanon  CH3;OH,  »TuneHIIMKoIb,
JUATUICHIJIMKOJb, TPUITHIEHIJIUKOJIb, 30%-HbII pacTBOP XJIOPUCTOTO KAJIbLIMS U
T. JI.) MPOIIECCOB THUAPATOOOPA30BAHUS CIIOCOOCTBYET CHIKEHHUIO TEMIIEPATYpPhI
ruApaTooOpa3oBaAHMSL.

HeoOxoaumplii pacxo MHIHOUTOpA MOYXHO BBIYHCIUTH MO CIEAYIOIIEH
bopmyie:

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

rane W;, W, — conepkanue Bjiard B rase /10 M 1oclieé BBOJa MHTHOUTODA,
kr/1000 m> raza; C;, C, — MaccoBas KOHIICHTPAIIMSI CBEXEro W OTPabOTaHHOTO
uHruourtopa, %.

Bnaroconepxanue raza ompenensercs s JaHHBIX TEPMOOApUUYECKUX
ycioBui 1o puc. 3.1.

TeMneparypa Hauana ruApaTooOpa3oBaHusl ¢ . ONIpEaEsAeTCs 1Mo puc. 3.2 1is
3aIaHHBIX OTHOCUTEIBHOM IJIOTHOCTH ra3a U Ha4aJlbHOTO AABJIECHUS ra30MpOBO/IE.

3aTeM BBIYUCISAETCS MOHMKEHUE PABHOBECHOU TeMIIEpaTyphbl

At=t —t,, (3.2)

rjae tr — TeMrepaTrypa Hadaja ruaparoodpa3oBanus, °C; t, — TeMiepaTypa B
KOHIIE Ta3onpoBoja, °C.

[Tpy M3BeCTHOM TIOHMXCHWHM pPaBHOBECHOW TemriepaTypsl At mo puc. 3.3
OIpENEISI0T MAacCoOBOE cojiepkaHue oTpabdoranHoro arenra C,. PaccumtbiBas mo
(3.1) qa onpenensitoT CyTOYHBIN pacxXo]] areHTa

Qeyr = qa" Vr, (3.3)

rae V. — CyTOYHOE€ KOJHMYECTBO TPAHCHOPTUPYEMOTO IO Ta30MpPOBOAY

rasa, ThIC. M°/CYT.
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Pucynok 3.1 — Bnarocoaep:kanue NpPUPOJHBIX Ta30B B 3aBUCUMOCTH OT

JaBJICHUS U TEMIIEPATYPBI
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Pucynox 3.3 — 3aBUCMMOCTH CHIXKEHHSI TeMIepaTypbl 00pa3oBaHUA

THAPATOB OT MAacCOBOTO COJIEpPKaHUS PA3JIMYHBIX XMMHUUYECKHUX areHToB: | —
CaCl,; 2 — CHs OH; 3 — TpuUATUIIEHTIIMKOINbB; 4 — AudTUiIeHTIMKob ([I21); 5 —

OTHUJICHTJIUKOJIb.

3axaua 3.1.
PaccunTtaTh KOIMYECTBO UHTUOUTOPOB JIJISI CIAEAYIOIMIMNX YCIOBUHN BUKECHUS

raza 1o rasonpoBOJly: HadallbHOE AaBlieHue ra3za B razomnposoje 0,981 Mlla (10

krc/cM?) u Temmeparypa 0 °C; KOJMYECTBO Tra3a, TPAHCIOPTHPYEMOTO IO
razonpoBoxy, pasHo 900 Teic. M*/cyT. OTHOCHTENBHAS ITIOTHOCTH Ta3a MO BO3AYXY
0,7.

Pewenue:

CormacHo HOMOTpaMMe, KOJIMYECTBA BJlaru B Havase razonpooaa Wy = 2.0
kr Ha 1000 ™° Tasa. PasHoCTh W, —W, pgact KoOJIMYEeCTBO BOJBI,

KOHAeHcUpytomiencs Ha kaxasix 1000 M° raza:
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AW =W, - W, =22-20=0.2«kr

Temneparypa Hauana 0Opa3oBaHus THAPATOB onpenessercs u3 rpaduka. s
Halmero ciydas oHa Oymer +3,5 °C. BenuyMHA IOHMXCHHS pPaBHOBECHOI
TeMIiepaTypbl At, onpenenseTcss Mo pUCyHKY, IS PaCTBOPA XJIOPUCTOTO KaJbITUS
COCTaBUT:

At=35-00C=3,50C

[To rpaduxy Haxomum, uro mis At = 3,5 OC koHueHTpanus orpabOTaHHOTO
pactBopa xJsiopuctoro kanblius paBHa 10% wmacc. Ilo ypaBHeHuio ompezaensieM
yaenbHbI pacxon 30%-Horo pacTBopa:

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

Onpenenum konmuectBo J[OI', koTOpOE cremyeT BBECTH B MOTOK rasa Jjist
MpenoTBpaIieHus: 00pa30BaHUsI TUAPATOB MPU YCIOBUSAX, PACCMOTPEHHBIX BBIIIIE.

Havansnas xonunentpauus 20 C; = 80%. Jnsa At = 3,5 0C no rpaduxy
onpenensem C, = 12,5% — koHnenTpanuto orpadoransHoro /DI, koTopyro Hazo
MOICP)KUBATh IS YKAa3aHHOW BEJIMYHMHBI CHWDKEHHUS TeMIlepaTyphl Hadaja
oOpazoBaHus ruapaToB. [1o ypaBHEHUIO omnpeesisieM YIeabHbIH pacXo 1 TIINKOJIS:

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

Qeyr = 0,39 - 900 = 351 kr

3anpaua 3.2.

PaccunTaTh KOJIMUECTBO MHTMOMTOPOB T'UIPATO0OpPa30BaAHUS, M0/IaBAEMbIX B
ra3onpoBoj. YcinoBus JABWKEHHs raza Omnpenenensl naienueM (P,) u
TeMnepaTrypoi rasa (t,) B Hauajue ra3onpoBoja u gasienuem (P,) u temmneparypoii
(tx) B KOHIE Ta3onpoBoaa. N3BeCTHO KOJIMYECTBO TpaHcHopThupyemoro rasza (Q) u
MJIOTHOCTBH Ta3a Mo BO3/IyXY, a TaK K€ HaualbHbIE KOHIIEHTpAIuu HHruouTopoB (C)

cM. Tabnuiy 3.1.
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Tabmuna 3.1 — Ucxoaubie qaHHbIE K 3a1a4e 3.2

Ne P, ta, P, te, | Q- 10-3, p C,% C1,% C1,%
Bapuanra | MIla | °c | MIla | °c | m/cyr metanon | 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 1,5 |25 03 | -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 1,5 (20| 0.5 0 850 0,8 95 75 -
8 1 15| 0,2 |-10 800 0,7 - 80 30
9 1,2 [20] 0,2 | -6 875 0,6 90 78 -
10 1 15 0,2 |[-10 940 0,6 93 80 -
11 1,8 |25 1 5 880 0,7 95 70 -
12 4 125 0,2 |-12 830 0,6 95 70 -
13 0,8 [20| 0,2 |-15 860 0,7 80 78 -
14 1 30| 02 | -2 800 0,8 - 75 30
15 1,5 [ 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 |25] 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 7,5 |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 0,8 | 10| 0,19 | -7 880 0,8 93 80 -
27 0,4 (15| 03 0 860 0,8 95 70 -
28 2 120] 0,2 | -8 800 0,7 80 78 -
29 2,5 (30| 02 | -8 880 0,7 90 78 -
30 3 20| 03 | -2 850 0,7 93 80 -
Bompocsr:

1. IloHsATHE ra30BBIX THAPATOB.

2. TlocnencTBus 00pa30BaHMs Ta30BBIX THIPATOB.
3. VYcnoBust 00pa3oBaHUs ra30BbIX THIPATOB.
4

. Metoapl 60psOBI ¢ THAPATOOOPA30BAHUEM.
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[TPAKTUYECKOE 3AHATHUE 4

Pacuer usmeHenus T'MAPABINYECCKUX MaApaMETPOB TPAaHCIIOPTa He(l)TI/l B

pe3yJbTaTe OTJI0:KeHHUs Napa(MHOB HA BHYTPEHHEH CTeHKe TPy0OOnpoBo/10B

Teoperuyeckasi 4acThb
[TapadrHOBBIE OTIIOKEHHS, OTJIAraloluecs Ha CTEHKax TpyOOINpOBOIOB
MPEACTABISIET CMECh TBEPJBIX MapadUHOBBIX yriaeBoAoponoB coctaBa Cq,Hze -
C36H74, w TUOpPUIHBIX YIJIEBOAOPOAOB —IIEPE3UHOB —aJIKaHO-HA(DTEHOBOTO

coctaBa C3gH74 - C71Hygg.

Texuuueckuit napapuH MPEICTABIISCT u3 ceost CMECH:
[Tapadunbr  10-75%
Cwmoutbl 10-30%

Acdanbrensr 2-5%

Cssiznas Hedg b 10 60%

TBépaple  MeTaHOBbIE  YIVIEBOAOPOJIbI,  MapaduHbl, MPUCYTCTBYIOT
IPAKTHUYECKU BO BCEX HEPTAX, UX COAEpKAHUE MOKET KoJjiebaTbes oT cieaos 10 20-
28%.

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

CocrosiHue napa@uHoOB B HETH 3aBUCUT OT TEMIIEPATYPhI U TABJICHUS.

OHU XOpOLIO pacTBOPSAIOTCS B HE(PTU TONBKO MPH MOBBIILIEHHON TeMIIepaType
(40°C u Oonee) Temneparype. T.k. muacToBasi Temreparypa He(TIHON 3aleXHU B
OoonpmmHCTBE ciiydaeB Boimie 40°C, TO MOXXHO TPHHITH, YTO TapaduHBI B
IUTACTOBBIX YCJIOBUSIX 00pa3yroT B HE()TH TOMOTE€HHBIN pacTBOp.

[Ipu uzBneyeHun HePTH, T.€. NMPU CHIKEHUM HABJICHUS, TEMIIEPATypbl U
pasrazupoBaHuy, €€ pacTBOPAIOIIAs CIIOCOOHOCTH MO OTHOIICHHIO K mapadunam

YMEHbIIIACTCS. ITO MPUBOAUT K MEPEHACHIINICHUIO HEPTH TTapadUHOM U TIEPEX0y
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YacTU B KPUCTAJUIMUECKOE cOCTOssHHME. HO 3TOT mepexoa MOKET OCyIEeCTBUTHCS
TOJIBKO Ha KaKOM-TO MOBEPXHOCTH. LleHTpaMu KpUCTAIIIM3ALNN CIIYKaT BBICTYIIbL,
IIEPOXOBATOCTU IIOBEPXHOCTH TPYO U MEXaHUYECKUE B3BECU B IOTOKE HEPTH.

Mexanuszm omnoscenun napagpuna

B pesynprate oxmaxkaeHus HeTH TOJ BO3AEHCTBHEM Oo0j€e XOJOTHOU
OKpYy’XaoIlled cpeAbl B TOHKOM IPUCTEHHOM CIJIO€ BO3HUKAET paJualIbHbII
TeMIiepaTypHblii rpagueHT. CyllecTBOBaHME pPaJAHAIBHOIO TEMIIEPATypPHOIO
rpaleHTa NPUBOJUT K OOpa30BaHUIO I'PaJUEHTa KOHLUEHTPALUU PaCTBOPEHHOTO
napaduna. 3a C4€T 3TOro NPOUCXOANT ABMKEHHUE PACTBOPEHHBIX YacTULl TapaduHa
K CTEHKE TpyObl MOJ JeHcTBUEM MoJieKyJsipHOW auddy3un. Ilo moctmxenun
yacTUlaMu mnapaduHa CTEHKH TpyObl WJIM TpaHULbl TBEPABIX OTIOKEHUMN
MPOUCXOJIUT UX KPUCTAILTU3ALMS U BBIJIEJICHUE U3 PAaCTBOPA.

Ecnu TemnepaTypa B IpUCTEHHOM CJIO€ HUYKE YPOBHS, IIPH KOTOPOM napadux
HauMHAeT BbINAAATh M3 HEe(PTH, TO U B MOTOKE HepTU OYIyT COAEp’KAThCS
KpUCTaUlbl TapapuHa, a >Kuakas ¢a3za OylneT HaxoJIUTbCd B COCTOSHUU
TEPMOJMHAMHUYECKOTO paBHOBecus ¢ TBEpHOM Qazoil. C  yMeHbIICHHEM
TEMIEpAaTypbl Macca KpUCTAUIOB mapaduHa, B3BEIIEHHBIX B  HEQTH,
YBEIMYHMBAETCS, @ KOJIMYECTBO PACTBOPEHHOTO NapapuHa — yMEHbIIAETCS.

Kpucrannel napadguHa u UX CKOIJICHUs, BO3HUKILINE HETMOCPEICTBEHHO Ha
BHYTPEHHE MOBEPXHOCTU TpyO, M 00pa3yloT mnapa@uHOBBIE OTIIOKEHUS.
Kpucramnel napaduna, oOpaszoBaBmmecss B 00béMe HePTH, B (HOpPMHPOBAHUU
OTJIO)KEHHI NMPAKTUYECKH HE YYaCTBYIOT.

DakKkmopbol euAIOWUE HA OMIOIICEHUE NAPAPUHOE

HEBXOIMMBIMU  ycnoBusiMmu 00pa3oBaHUSI OTIOXKECHHM  SIBISIOTCS
ClIeIyIoLue:

* MIPUCYTCTBHE B HE(MTU JAOCTATOYHOI'O KOJIMYECTBA BBHICOKOMOJIEKYIISIPHBIX
yIJI€BOI0OPOA0B apahHOBOTO PAa;

* CHIDKCHHE TeMIepaTrypbl MOTOKa He(TH 10 3HAYEHWH, NpU KOTOPBIX
BO3MOXKHO BbIJIeJieHHE uX HedTu TBEpAoM mapadunHoBoi ¢aszpl. HeoOxomumbie

TEeMIIepaTypHbIE YCIOBHS BO3HUKAIOT MPEK/IE BCETO HA BHYTPEHHEH CTEHKE TPYOHI;
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* JIOCTaTOYHO IPOYHOE CLEIUICHHE NapaUHOBBIX OTJIOXKEHUH C
MOBEPXHOCTBIO TPYOONPOBOJA, HCKIIOYAIOIIEE BO3MOKXHOCTH IOJIHOIO CMBIBA
OTJIOKEHUH MoTOoKOM He@TH. Kpome Toro, BhIABIEHA poiib €€ psijia (paKkTOpOB.
OCHOBHBIMH U3 HUX SIBJISIIOTCA:

* mepernaj TeMIlepaTyp: ¢ YBEIMYEHHEM pPa3HULBI MEXIy TeMIEpaTypamu
OKpYy’KaloIlled cpenbl M MOTOKa He(TH KOJIMYECTBO OTJIararouierocs mnapagdusa
MPOIMOPLMOHAIIBHO BO3PACTET;

* JABJICHUE U Ta30BbIN (PAKTOP: MPH JaBICHUHU BBILIEC JaBICHUS HACBIICHUS
TEMIEpATypbl Hayajla BbINAJACHUA Mapa@UHOB BO3pacTaeT C YBEJIUYCHHEM
naBieHus. Eciy naBieHMe HUXKE J1aBJICHUS HACBIILIEHUS, TO MpPH CHIKEHHH
JaBJICHUsS. HAOJIIOAeTCs POCT TEMIEpaTypbl Hayala KpUCTALUIM3ALUU, 4YTO
OOBSCHAETCS yBEIMYEHUEM 00BEMA BBIJIEISAIOIEIOCS ra3a, KOTOPbI CYIIETBEHHO
BIUSET HA PACTBOPUMOCThH MapaduHa B HEPTH U TeMmmeparypy (IIOHUKAETCH)
He(TEra3oBoro MNOTOKa;

* CKOpPOCTb TEYEHHUS: HWHTEHCHUBHOCTh HAKOIUIEHUS OTJOXKEHUH C
YBEJIIMYEHUEM CKOPOCTH MOTOKA HETH CHayana pacTET BCIEACTBUE YBEIMYEHUS
MaccoIlepeHoca, a 3aTeM — CHUXKaeTcsa. Takol xapakTep 3aBUCUMOCTH 00YyCIIOBJIEH
(bakTopamu, onpeaAeaIoIMMI JHHAMUYECKOE PABHOBECHE MEXKTy MEXaHUYECKUMHU
CBOMCTBaMHU OTJIO’KHUBILIETOCS napaduna " TUIPOIMHAMUYECKUMU
XapakTepucTUKaMu MoToka Hedtu. IIpu BBICOKHX CKOPOCTSIX TEUYEHHUs IOTOK
CMBIBAaET OTJOXKUBIIUKCA TlapaduH CO CTEHOK TpyO, dYTO OOBACHSETCS
IIPEBOCXOACTBOM CHJI KAacaTEJIbHbIX HAIPSDKEHUN HaJl CUJIAMU CLEIUICHUS MEXIy
yacTUIaMU napapuHa U TOBEPXHOCTHIO TPYOHI;

* CBOMCTBA IMOBEPXHOCTH: Ha HAYAJIbHOU cTaguu

MHTEHCHUBHOCTD 3anapaduHuBaHus 3aBUCUT OT CBOMCTB MOBEPXHOCTH
TpyOONpoBOJa, T.K. IIEPOXOBATOCTb MPU PA3BUTOM TYpPOYJEHTHOM pEKUME
UHTEHCU(QUIIMPYET MepeMellnBaHue, a, CIEIOBAaTeIbHO, W BbIAEICHHE raza u
napaduna. OmgHako mocyie oOpa3oBaHus Ciios MapauHa HEOOJBIIONW TOJIIUHBI
CKOPOCTb HAaKOIUICHHMsI OTJIO)KEHHUU mnapaduHa yke He 3aBUCUT OT UUCTOTHI

00paboTku moBepXxHOCTU. OT XapaKTEPUCTHUK TMOBEPXHOCTH 3aBUCHT MPOYHOCTH
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CHEIUVIEHUA mnapaduHOBBIX OTJIOXKEHHH ¢ MoBepXHOCThIO. C yBenM4YeHUEM
CTETICHU MOJIIPHOCTU MaTepuaia U YUCTOTHl 00pabOTKM MOBEPXHOCTH CIICTIIICHHE
ocjlabeBaeT, ¥ CMbIB MapaUHOBBIX OTIOKEHUM OyAET MPOUCXOAUTH MPU MEHBIIINUX
CKOPOCTSIX TOTOKa HEPTH.

* 00BOJHEHHOCTH MPOAYKLIHUU H: C yBEJIWYCHHEM JOJU BOJBI B IMOTOKE
WHTEHCUBHOCTb OTJIO)KEHUSI CHUYKACTCS 0 IBYM IIPUUUHAM:

1)  U3-3a yBenuveHHs CyMMapHOW TEIIOEMKOCTH (TEIJIOEMKOCTh BObI
BBIIIIE, YEM TEIUIOEMKOCTh HE(TH) TeMIepaTypa MOTOKA MOBBIIIAETCS, YTO MUBOIUT
K YMEHBIIEHUIO OTJI0XKEHUs napaduHa;

2)  HW3-3a u3MeHeHus XxapakTepa CMauuBa€MOCTH MOBEPXHOCTH;

. ac(ajbTO-CMOJIHUCTHIE BEILECTBA: oOpa3oBaHUe IUIOTHBIX,
TPYJHOYJAJISIEMbIX C METAJUIMYECKOW IMOBEPXHOCTH Mapa(UHOBBIX OTJIOKEHUN
IPOUCXOJIUT TOJIBKO MPHU HANMYMU B HE(PTHU achambTo-CMOIUCTHIX BemecTB. B nx
IPUCYTCTBUM TOBEPXHOCTh OTJIO)KEHUH HMEET Pa3BUTYIO IIepoXoBaTocTh. llpu
OTCYTCTBUU — TIOBEPXHOCTh CTAaHOBHUTCS HACAIBHO TJIAJKOH, a OTJIOXKECHHS
IPEJCTaBISIIOT COOOM CIIOM C PBIXJIOW CTPYKTYpPOH M HUZKUMH MEXaHUYECKUMU
xapaktepuctukamu. T.e. mapaduH — OCHOBHOM MarepHall OTJIOKEHUM, a CMOJIbI
00Ja1at0T IIEMEHTUPYIOIIUMH CBOMCTBAMH. Y CTAHOBJIEHO, YTO Y€M OOJIbLIE CMOJI
uMeeTcs B HepTH, TeM 0oJiee TIIOTHBIE OTIIOKEHUS 00Pa3yOTCsl Ha TOBEPXHOCTH;

* KOMIIOHEHTHBIH COCTaB He(TU: OH HEro 3aBUCUT pPaCTBOPSIOLIAs
CrIocOOHOCTh He(PTH OTHOCUTENbHO mapaduHa. Uem OombIe BBIXOA CBETIBIX
dpakuuii (Berkunaromux 10 350 °C) Tem OobIle BhINaaeT napapuHa;

* IUIOTHOCTH HE()THU: UeM TshKelee He(PTh, TEM XyKe OHa pacTBOpsET napaduH,
T.€. TEM UHTEHCHBHEE OyyT BHITIAaTh U3 TaKoW HedTH napaduHsbI;

* BJIMSHUE BPEMEHHU: C TEUYEHUEM BPEMEHHM KOJIMYECTBO OTJIOKHMBIIETOCS
napadpuHa  Bo3pactaeT. HauOosblmas  WHTEHCHMBHOCTh  MapaduHU3AIUU
HaOJII0JaeTCsl B HavaJie MpoLecca, 3aTeM CKOPOCTh POCTa OTJIOXKEHUI CHHU)KaeTCs
U3-32 YMEHBIIEHUS TEIJIOOTAAaYd OT HE(PTH BO BHEIIHIOIO CpEay BCJEACTBUE
YBEJIMYEHUS TONIIMHBI OTJIOKUBILETOCS €05 napaduHa.

Ilocneocmeusn evinadenus napaguna
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* YBEJIMYMBAKOTCS THAPABINUYECKUE CONPOTUBIICHUS], CHUKAETCS MPOITyCKHAs
CIIOCOOHOCTH TPYOOTPOBOIA;

* U3MEHSIIOTCS PEOJIOTUYECKHE CBOMCTBAa HE(TH, BIUIOTH 10 OOpa3oBaHUs
CTPYKTYPBI BO BCEM 00bEME HEPTH U TIOTEPU TEKYUECTH,

* MUKPOKpHUCTAJUIBl mapaduHa, KPUCTAUIM3YSICh Ha TpaHUlle pazzaena a3
BOJa-HE(PTh, CTAOMIM3UPYIOT BOJAOHE(PTIHYIO AMYJIbCcUIO. BriociaeacTBUM Ha cTaiuu
MOJTOTOBKU HE(DTH ISl pa3pylICHUs] TaKOW dMYIbCUU MOTPeOyeTCs MOBBIIICHHAS
TEMIIEpATypa U J€IMYJIbIaTOPHI.

Cnocoowt 60pbobl ¢ napagunuzayueii mpyoonpoeooos

a) MpeaynpexaeHUe OTI0KEHUN napaduHa;

0) ynajaeHue OTI0KCHHI.

1. [IpuMeHeHre BICOKOHATIOPHBIX CUCTEM COOpa CKBAXKMHHOM MPOIYKIIMH.

2. IlpuMeHeHne IenpeccopHbIX J00aBOK.

3. TepmoobOpaboTka HEDTH

4. TlokpbeITHe BHYTpPEHHEH MOBEPXHOCTH TpPyOONpoBOJa MOJISAPHBIMU
MaTepuagamu, o0Ja1aloMMU HU3KOH aare3ueil Kk napapuay 1 UMEOIUX INIaJKy0
IIOBEPXHOCTb.

5. IlpuMeHeHne XOI0ANIBHUKOB — KPUCTAIIIN3ATOPOB.

6. [Ipumenenue nonorpepartenei (yCTbEBBIX, ITyTEBBIX )

7. MexaHu4deckasi OYMCTKA BBIKUIHBIX JTUHUI OT MapadUHOBBIX OTIIOKEHHUH C
ITIOMOIIBIO PE3UHOBBIX LIAPOB.

8. TermnoBoii crtocod 0OUMCTKH TPYOOTIPOBOIOB OT Mapa(UHOBHIX OTIIOKEHUH.

3axaua 4.1

[Tpu mepekauke HedTH BsizkocT Vv = 0,04 - 107* mM?/c, ¢ pacxomom Q=7,85
am3/c mo TtpybGompoBony BHyTpeHHHM auamerpoM d=100 MM ©u aOCOIIOTHO
SKBUBAJIEHTHOW miepoxoBatocTd A=(0,2 MM TIOCTENEHHO Ha €ro CTeHKax

oOpa3zoBajics cioi napaduHa TOJIIUHON 0=5 MM.
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PaccuuraiiTe, BO CKOJIBKO pa3 U3MEHSTCA MOTEPU HAIOpa HA TpeHue?
Pewenue:
Jlns pacuéra moTeph Hamopa Ha TpeHUE Hcmoiab3yeMm (opmyny [lapcu-

Beiic6axa:

L W?

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

rae hpp - moTeps Hamopa Ha MPEeooJICHNEe TPEHUS 0 JAJIMHE TpyOompoBoIa
KPYTJIOTO CEUCHHUS TIpU JIOOOM YCTAHOBUBIIIEMCS PEXKHUME TEUCHUS, A —
KOA(O(PUIMEHT THUAPABIMYECKOTO COMPOTUBIICHUS, KOTOPHIA 3aBHCHUT OT YHCIA
Peiinonpaca (Re) 1 oTHOCHTENBHOM MIEPOXOBATOCTU CTEHKU TpyoOorpoBona; L —
JUTMHA TpyOomnpoBoa, M; d — BHyTpeHHUN AuamMeTp, M; W — cpeaHssi CKOpOCTb, M/C;
g — YCKOPEHME CHIIBI TSKECTH, paBHOE 9,81 m/c? .

UtoOBl OTBETUTH HAa BOMPOC 3aJlauyd, HYXHO HAWUTH OTHOIICHUE TMOTEPb
Haropa Ha TpeHHUe B 3amapaUHEHHOM TPYOOIPOBOJIEC K MOTEPSM B TPyOOIIPOBOIE

0€e3 OTJIOKEHUIA:
—= === 4.2)

[IpousBeném pacdy€T BCEX HEM3BECTHBIX BEJIUYMH:

1. JuameTp 3anapaduHEHHOTO TPyOOIPOBOIA:
dz = dl - 2 * 6. (4.3)
d, =100—-2-5 =90 Mm.
2. CkopocCTh MOTOKA KUAKOCTU B TPYyOOIPOBOIE O€3 OTIOKEHUIA:
_Q__2Q
Wi = S,  0,785-d2’ /c (44
7,85:1073
Wy = 0,7850,12 1 m/c
3. CKopoCTh MOTOKA KUAKOCTHU B 3anapa)uHEHHOM TPYOOIIPOBOIE:
_Q__Q
W2 = S, 0.785-d2’ /c
7,85:1073
27 0,785:0,09% 1,23 m/c.

4. [TapameTp Perinosbaca:
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Ww;-d
Re; = % (4.5)
W,-d
Rez =22
A%
10,1
Rel = = 25000,
0,04:10
1-0,09
Rez = = 27500.
0,04-10
5. OnpenenuMm pexxuM TEUEHUS
Re<2320 — namuHapHbIii; (4.6)
Re > 2800 — typOyneHTHbIN, 30Ha biasuyca; 4.7)
2800 > Re > 2320 — nepex0oaHbIN PEKUM. (4.8)
6. Ecnu yctaHoBIeH TaMUHAPHBIN PEKUM /I 000MX TPyOOIIPOBOJIOB, TO:
64
X_ﬁ , (4.9)
CJIEIOBATEIIBLHO:
hy _Rey dy W3
h1 - Re, dz W%.
7. Ecnu yctanoBiieH TypOyJIEHTHBIN pexkuM U 30Ha bnaszuyca ajist oooux

TpyOOTIIPOBOJIOB, TO:

0,25
h, _ Rey™ d; W3

h; Red?® d, w?
8. Ecnu ycTraHOBIEHBI pa3Hble peXUMbI B TpyOONpoOBOAaX, TO
paccuuThIBaeM A JUIsl K&XJI0T0 TpyOONpoOBO/ia U BBIYUCIIIEM MTOTEPHU HAMOpa:

a) 11 30HbI bazuyca
_ 03164

) Re0.25° (410)
0) J1J1s1 30HBI CMEIIIAHHOTO TPEHUSI:

— (88 4 B\oz25
A= 0,11 (Re + d) (4.11)

9. PaccumrteiBaem h, /h;.
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3HA4Y€HUE mnapamMeTpoB PeunHonbaca s

3amapauHEHHETO 1 He3amapaGuHEHHOTO TPyOompoBoaoB OoJbiie 2800, TO pexum

Te4YeHUs1 B 000MX TpyOOIpoBoiax TypOyJIeHTHBIN, 30Ha briasuyca, 3HauuT:

h,

hy  22500%2

25000

0,25

01 1,232

="

0,09

12

= 1,403.

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

paza Oouibliie, 4eM B He3anapauHEHHOM.

3aganue.

CormnacuHo CBOCMY BapHaHTy H3 Ta6J'II/II_[I>I 41, IMPOU3BCCTU BBIYUCJIICHUA

3agaun 4.1.

Tab6auna 4.1 — Ucxoanble JaHHBIE K 3aga4e 4.1

Hcxonnbie BapuanTsbl
JaHHbIE 1 2 3 4 5 6 7 8 9 10
10-4
VI\:ZO/C ’ 0,052 | 0,048 | 0,036 | 1,00 | 0,076 | 0,1422 | 0,1376 | 0,0835 | 3,25 | 16,4
Q, im3/c 8,45 9,15 | 10,00 | 7,85 | 6,85 5,495 4,71 8,64 7,85 | 8,15
d, mm 117 129 219 100 100 90 90 150 100 | 100
A, MM 0,010 | 0,015 | 0,012 | 0,20 | 0,200 | 0,150 0,020 0,140 | 0,15 | 0,20
0, MM 6 7 8 5 4 6 5 6 5,5 7
Hcxonnbie BapuaHTbl
JaHHbIE 11 12 13 14 15 16 17 18 19 20
10-4
VI\:ZO/C ’ 0,05 0,04 0,04 1,0 0,08 0,2 0,24 0,08 3,00 13,4
Q, 1m3/c 8,4 9,15 | 10,20 | 7,85 | 6,85 5,40 4,70 8,4 7,9 8,1
d, Mmm 112 123 209 100 100 90 90 150 100 100
A, MM 0,010 | 0,015 | 0,011 | 0,20 | 0,200 | 0,150 | 0,020 | 0,140 | 0,150 | 0,200
0, MM 6 7 8 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
10-4
VJZO/C ’ 0,07 0,06 0,08 1,8 0,09 0,32 0,22 0,12 2,4 14,0
Q, im3/c 8,45 9,15 | 10,00 | 7,85 | 6,85 | 5,495 | 4,71 8,64 7,85 8,15
d, Mmm 113 120 209 104 103 98 92 151 120 100
A, MM 0,010 | 0,02 0,02 | 0,2 0,2 0,2 0,04 0,2 0,2 0,22
0, MM 6 7 8 5 4 6 5 6 5,5 7
Bompocsr:

1. Tlonstue mapadUHOBHIX OTIOKEHUU.
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MexaHu3M 0TJI0XKeHus napaduHOB.
dakTOpHI OTIOKECHUS TTapapUHOB.

HOCJICI[CTBI/I}I BBITIaICHU S Hapa(bHHa.

A

Crioco661 60pHOBI M IPEIOTBPAIICHUS TapaPUHOBBIX OTIOKCHHM.

[TPAKTUYECKOE 3AHATUE 5

I'mapaBianyeckuii pacyeTr mMpocThIX TPYOOINIPOBO/I0B

Teopernueckast 4acThb

[Ipy nBWKEHUHM peabHOIO Ta3a IO TPyOONMpPOBOAY IPOUCXOIUT
3HAUUTEJIbHOE TAJICHUE JaBJIEHUS 10 JUIMHE B pe3yjibTaTe MpeoI0ICHUs
TUJPABINYECKUX COMPOTUBICHUM.

I'a3 — cxxumaemas cucrema. Ilpu 1BrMKeHHH ra3a mo TpyOonpoBOIy BeIUIMHA
IJIOTHOCTH Ta3a 0y/l1eT MOHOTOHHO YOBIBAaTh OT HAYaJbHOI'O Y4acTKa K KOHEUHOMY,
Tak Kak p = f(P).

C yyeToMm 3aKOHa COXpaHEHHUs] MacChl TpaHCHOPTUpYeMoi cucteMbl (p -V =
const) JIMHEHHAS CKOPOCTh TCUCHHS TaKOW CHCTEMBbI OYJIeT MOHOTOHHO BO3pPacTaTh
OT HAYaJIbHOI'0 y4acTKa K KOHEYHOMY.

VYcranoBuBieecss u3zoTepmuueckoe aBuwxkenue raza (T = const) B
ra3oIpoOBOJIE ONUCHIBACTCA CUCTEMOU TPEX YPABHEHUM:

VYpaBHeHnune bepHyIn, 3aKOH COXpAaHEHUS YHEPTUU:

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

YpaBHEHHS COCTOSTHUS:

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

rae R, = R/M.

3aKOH COXpaHEHHMsS MacChl, BBIPAKAIOIIMKCSA B TOCTOSHCTBE MAacCOBOIO
pacxopa:

G =p, v+'s=const. (5.3)
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ITpu »TOM cliegyeT MOMHUTb, YTO M30TEPMHUUECKUN MPOIECC ONMUCHIBACTCS
ypaBHeHueM bouns-Mapuorra:

P

5= const. 5.4

Jl1is pacueTa MaccoBOTO pacxoa rasa o TpyoornpoBoOay OCHOBHOM SIBIISIETCS
dbopmyna:

_ md®  [(Pi-P3)d kr
G== N rzRTL’ /C (5.3)

rae G — MaccoBbIi pacxoJ ra3a, Kr/c;

d — BHyTpeHHHMI TMaMeTp Ta30MpoBOAa, M;

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

R, — razoBas nocrosinnas, Jx/(kr-K);

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

T — abcomoTHas Temneparypa rasa, K;

L — nnuna razomnpoBojia, M;

V — JIMHEWHAasi CKOPOCTh Tra3a, M/c;

pr — INIOTHOCTH Ta3a, Kr/M°>.

IIo YPAaBHCHHUIO COCTOAHUA OJIA ra3da U BO3JyXada UMCCM:

B B R, =Rl R (5.6)

b

Pr Ps Pr p

rjae p = pP./pPy — OTHOCUTENIBbHAS TUIOTHOCTH ras3a Mo BO3IyXY.

OOBeMHBIN pacxo/] ra3a, MPUBEICHHBIN K CTAHJAPTHBIM YCIOBUSIM:

G G
Vl"=_= . s
Pcy PPs

(5.7)

I7I€ Py — INIOTHOCTD Ta3a MpH C.y.

[ToncraBuB 3nauenus R, u G, nonyunm:

— I . /(Pf—P%)'ds
Vl" - kO }\ZpTL b (5'8)

1

rae ko =

1A

7

Pg"
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IIpu crangaptaex yenosusx (t = 20 °C, p = 760 MM pT. CT.) IUIOTHOCTH

R , _
o _ B3 _ 287 Xk, =3,8710"2,
28,96 28,96 kr-K

Bo3ayxa p, = 1,205 kr/M*n R,=

M cOOTBETCTBEHHO:

_3g7.10-2. |®iPD
V. =387-107- 2 (5.9)

[Ipu HopManbHbIX yeaoBusx (t =0 °C, p =760 MM pT. CT.) ILIOTHOCTH BO3LyXa

R , _
o - B3 _ 987 &k, =3,59-102.
28,96 28,96 Kr-K

p, = 1,293 kr/M*u R,=

Onpedenenue Ko3ghpuyuenma 2uopasiuuecKkozo0 cOnpPOMuUGIeHuUs

3HaueHue  Kod(pPuIMEeHTa  THUIPABIMYECKOTO  COMPOTHBICHHUS A
PacCUUTHIBACTCS B 3aBUCUMOCTH OT PEKMMA JIBUKEHUS ra3a U ILEepOXOBATOCTH TPYO
1o TeM ke (hopmyiaM, 4TO U JJi1 HePTenpoBoaa.

JUis TUApaBIMYECKUX TIAJAKUX TPyO A HE 3aBUCUT OT HIEPOXOBATOCTHU

BHYTPEHHEH MOBEPXHOCTH TPYObI M paCCUUTHIBAECTCS 1O (popmyIie:

)\ = 2184 (5.10)

Re0:2

[Ipn kBajpaTUYHOM peXUME TEYEHUS A HE 3aBUCUT OT Re, m sBisAercs

(GyHKIMEH OTHOCUTENBHON IEPOXOBATOCTH:

A =0,067- (5)°2. (5.11)

1o ynusepcanbnoit popmyne BHUMU raza:

A=0,067 (=2 + 2202, (5.12)

Re d

[Ipu TexHu4yeckux pacyerax A (C y4eTOM MECTHBIX COMPOTUBIECHUIN) MOKHO
IPUHUMATB!

A= (1,03 —-1,05) App. (5.13)

OObIYHO TeueHue ra3a MPOUCXOJUT MPU BBICOKUX CKOPOCTSX, KOrna
COMPOTHUBJICHUE OMNPENENAETCS TOJBKO IIEPOXOBATOCThIO TPyO (KBaapaTUUHAs
30Ha). Tak Kak HIEpOXOBATOCTh HE 3aBUCUT OT AUaMETpa TPyOONpOBOAA, MOKHO
CUMTATh, YTO A 3aBUCHUT OT IMAMETpPa ra3onpoBo/ia.

OpHoit u3 hopmyn AJisi OLEHKU BEJIMYUHBI A, KaK QYyHKUUU Juamerpa (A =

f(d)), momyuuBIIel mmMpoKoe pacpocTpaHeHue, spisercs popmyna Beitmayra:
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1
A =0,009407 5—. 5.14

) :i/a ( )

Q®opmyna Belimayra MOXKET MCHOJIB30BATHCA IPU  OPUEHTUPOBOYHBIX

pacuerax JuaMeTpa U MPOIyCKHOW CIIOCOOHOCTH MPOCTOro ra3omnpoBoja. B stom

cily4yae pacueTHble (JOPMYJIbl UMEIOT BUI:

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

G = d%s [STEFD) (5.16)

3axaua 5.1

: (5.15)

N3BectHO oTHOmIeHME naBienuii Pi/P, 1,4 B ceuenusax 1 u 2 rasompoBojia
MOCTOSTHHOTO JuameTpa. TeueHue n30TepMUYecKoe, U3BECTHA CKOPOCTh razaV =
20 m/c. Haiitu V,.

Pewenue:

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

P=p."R."T-z,

Pr_92 pr P Pi_ 9

= = = —=, TakuM o0Opa3om
p2 91 P2 P’ P, 9y p

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

2

Beruuciauth 3amady 5.1 corinacHO MCXOJHBIM JaHHBIM TPEIACTABICHHBIM B

tabmure 5.1

3anaya 5.2
OnpeneauTh MacCOBBIM 1 00BEMHBIN PacXObI JJIs Ta30IpoBoaa AauHoM 100
KM, CHapy>KHbIM auameTpoM 720 MM u TommuHOW cTeHok 10 mMMm. AOGcomoTHOE
JIaBJICHHWE B Hadayie razonpoBoja py = 5 Mlla, B koHue px = 1,1 MlIIa. IInotHOCTB
— 3 _
rasza mpu CTaHAApTHHIX ycioBusx pr = 0,8 xr/m°, razoBas moctosHHas R = 8,31

Jix/(Monb-K). Koshduuuent nunammueckoi Bsskoctn p = 12:10° Tla-c,
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koahuimenT cxumaemoctu z = 0,93. TemriepaTypa rpyHTa Ha ri1yOrHE 3a10KEHUS

razonpoBoja 5 °C. DkBHUBaleHTHAS IEPOXOBATOCTh BHYTPESHHEH ITOBEPXHOCTH TPYO
y

A=0,2 mm.

Pewenue:

1. 3aI[aBa$ICB KBaJIpaTUIHBIM 3aKOHOM I10J1y4acM

. 103
A = 0,067 - (F22—)%% = 0,0157.

2. Haxomum mMaccoBbIl pacxoJ JjIs Ta30IpoBoaa:

Gy

3,14-0,72 (5% —1,12 )-0,7
= . \/ = 855, kr/c.

4 0,0157-0,93-8,31-278:100000

3. OueHuBaeM 00BEMHBIN pacxo/l ra3onpoBoja:

_ G _ 85 _ 3
Q= iy 1068,75,m° /c.
3agaua 5.3

OHpCI[I/IJII/ITB MaCCOBBIU CYTO‘IHBIﬁ pacxon rasa, KOTOpBIﬁ MOJXHO IICpCaAaThb

10 Ta30NpOBOAY, YJIOKEHHOMY U3 TpyO nuamerpom d mm, Ha paccrosiHue L kM.

AOcoI0THOE JaBJIeHHE ra3a Ha BeIKUAEe KoMrpeccopHoi ctaniuu P; MIla, B koHiie

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

nepekaukn 20°C. Ta3 cuMTaTh COBEPINEHHLIM, TEYEHHE HM30TEPMUYUECKUM.

Hcxonubie naHHBbIC MpeAcTaBieHbl B Tabmuie 5.2. [ns pacdera koadduimenta

TUAPABIMYECKOTO COMMPOTUBIICHUS BOCTIOJIb30BaThCs (hopmyiioi BelimayTa.

Taomuna 5.1 — Ucxonnble nanuple K 3amaue 5.1

Tapamerp BapuanTsl
112131456 |7 ]8]9 |1011]12]13 |14 15
P,/P, 4 13 |2 1(35(42(28(32|19(24(1,5/12,5[3,8(44| 5 |5,5
Vi,m/c |25 (1512016 |28 |18 |22 |14 26|21 |30 |35|31|40] 44
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apamer BapuaHTb!
PaMETP e T 171 18] 19] 20| 21] 22| 23| 24 25] 26| 27] 28] 297 30
P/P, | 7| 6165|6214523173| 817775183353 |7,1]68
Viomic | 33| 42| 46| 48] 22 29| 38| 20| 45| 19] 17| 16] 23| 49 50
Taomuma 5.2 — Ucxonnble 1aHHbIE K 3amade 5.3
BapuanTsl
Ilapamerp 1 1 23] 45161 77181910
Hnametp ii‘;onpomﬂa’ 326 | 420 | 280 | 312 | 500 | 380 | 412 | 400 | 300 | 480
Homna Fasﬁnpomﬂa’ 185 | 150 | 68 | 90 | 30 | 80 | 60 | 50 | 65 | 70
P,, MIla 65 | 52 1 66 | 56| 8 | 75| 7 | 72 | 68 | 5
P,, MIIa 47 | 34 | 55 | 45 | 68 | 5 | 46 | 52 | 3.8 | 32
Or, KT/ 0.86 | 0.8 | 0.74 | 0.88 | 0.9 | 0,68 | 0,78 | 0,62 | 0.7 | 0.72
ananer BapuanTsl
pametp Ml 12 13 ]14]1516] 171811920
Hunamerp ii‘;onpomﬂa’ 529 | 630 | 720 | 820 | 920 | 1020 | 630 | 820 | 1200 | 1020
Hmra raz;“p%oﬂa’ 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110
P,, MIIa 06 | 08 | 66 | 68 | 7 | 72 | 73 | 74 | 05 | 75
P,, MIla 01 1015 1 | 15 | 13 | 2 |18 | 14 | 02 | 12
Pr, KT/M° 0,75 08 | 1,2 | 1,02 09 [ 088 | 1,3 [ 121 | 1,5 | 1,6
Tapamer BapuanTsl
pametp 21 ] 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Jluamerp FS;OHPOBOM’ 630 | 420 | 326 | 500 | 380 | 1200|1020 | 412 | 820 | 400
Annna FaIfOHPOBOHa’ 30 | 50 | 90 | 35 | 80 | 40 | 20 | 100 | 60 | 75
M
P,, MIIa 09| 7 | 66 |075] 05 | 64 | 55 | 08 | 72 | 52
P,, MIIa 04| 24 | 15 015 01 | 12 | 1.8 | 025 | 16 | 13
Or, KT/ 08 | 12 | 088 | 09 |074| 16 | 12 | 13 | 1.6 | 0.86
Bomnpocsr:

1. TToHsiTHE MaccoOBOIo pacxoja.

OCHOBHBIE PEXKUMBI TEUEHUS MTOTOKA.

[Tonsitue ko3¢ duLMeHTa rTUAPABINYECKOTO COMPOTUBICHUS.
Ypasuenue bepHyim.

ok we

3aKOH COXPAHEHUSI MACCHI.
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I[MPAKTHUYECKOE 3AHATHE 6
I'mapaBianyeckue pacyérTpl CJI0KHBIX TPYOONIPOBOA0B

TeopeTnueckasi 4acThb

PaznuuaroT yeTkipe KaTeropuu CIOKHBIX TPYyOOIPOBOIOB:

[. KosnekTop MOCTOSIHHOTO TuaMeTpa ¢ pacrpeaeieHHbIM 10 AJTMHE 0TOOPOM
IPOAYKIMH (pa3aaTOYHBIA KOJIEKTOpP B pe3epByapax, OTCTOMHUKAX, CENMapaTopax)
(puc 6.4).

II. COopHBII KOJUIEKTOp MEPEMEHHOTO AMAMETpa C pacHpeeiIeHHBbIM I10
JUIMHE TOCTYIJICHUEM MPOAYKIMH (crucTeMa cOopa CKBaKMHHON MPOAYKLUHU) (pHC
6.1).

III. KomnekTop c mapauielbHBIM Yy4acTKOM TpyoOompoBoja (Oaifmac Ha
BOJI0BOAaX) (puc 6.3).

IV. 3amMKHYTHIN KOJJIEKTOP (KOIBIEBOM BOJI0BON) (puc 6.2).

Pn G

C; Bt P D, 5 D; 0 Dy P4 fﬂ‘l-f-pn

1
- L I | Iz l'fj

G B UG Y G G

Pucynoxk 6.1 — COopHBIA KOJJIGKTOp TIEPEMEHHOTO JuaMeTpa C

pacIpeneaeHHbIM OCTYIUIEHUEM MTPOAYKIUN
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KHe

- » i . {
4% \&&

Pucynok 6.3 — KosuiekTop ¢ napajijieiabHbIM y4acTKOM

T'uopasnuueckuit pacuem mpyoonpoesooa I kamezopuu

Bgenem nousTHe 0 AByX pacxomax:

* TPaH3UTHBIM PACXOJ KUAKOCTU (J7, KOTOPBIM IOCTYIIA€T HA YYACTKH,
IIPUMBIKAIOIIME K pACCMaTPUBAEMOMY;

* IIyTE€BOM pacxo1 KUAKOCTH ((;7 — CYMMapHbIN MyTEBOW pacXo KUJIKOCTH),
KOTOPBIA OTOMpaeTcs Mo JUIMHE KOJIJIEKTOpa Yyepe3 Kak cymMMma BceX OTOOPOB ¢; MO
JUIMHE.

YpaBHeHUE MaTepuaibHOro OanaHca:

Q=0r+Qn=0r— X4 (6.1)

r7e qi - 00bEMHBIC PACXO/IbI JKHIKOCTH B OTBETBIICHUSX.
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Pacuetnas cxema cnoxkHoro TpyoOomnpoBoaa | kaTteropuu mnpeacraBiieHa Ha

puc. 6.4.

Q, Q

— —iln-

N 1. 9

Pucynok 6.4 — PacueTHasi cxema cioxkHoro Tpyoomnposoja I kareropumu.

[TockonbKy AMamMeTp pa3faToyHOro0 KOJUIEKTOpa OJWHAKOB HA BCEM
MPOTSKEHUH, @ PACXO/IbI )KUJKOCTH Ha PA3IMYHBIX YYACTKAX PA3HBIE, TO U PEKUMBbI
TEUYEHUsI Ha KaXXJ0M y4acTKe MOTYT ObITh pa3Hble (puc. 6.4).

[lepenag paBiaeHUS MPU pacyeTe CIOXKHBIX TPyOONPOBOJOB MOXKHO

paccuuThiBath U 1o popmye lapcu-Beiicbaxa u o hopmyie Jleitbensona:

Qz—m_vm_l

AP=P, —P,= - S P8 ITa. (6.2)

Jlns paccMaTtpuBaeMOTo ciiydas Iepernaj Ha 1-oM ydacTke TpyOompoBojia
Oyner:

Qp2Tmvm,

P —P =8 $5-m P 8. (6.3)

Ha Bropom yuactke

(Qr—gy)? MM,

Pl - PZ = BZ d5—m ) p ) g * (6'4)

Ha n-om yuacrke:

1+qz+4+qp)) 2TV,

Paoy — Py = B - pg. (6.5)

OOGmuit mepenaj 1Mo BCel JIMHE KOJJIEKTOopa:

Vm

P—P, =[5 (Qr — I aD® ™™ I - Bil. (6.6)

Takum 06pazom, 715t CIOKHOTO TpyOompoBoaa | kaTeropuu o0l epemnasn

JaBJICHUS PaBC€H CyMMC HalleHI/Iﬁ AABJICHUSA 110 YHaCTKaM:
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(6.7)

Aneopumm pewenus 3a0aqu Ha onpeoesieHue nepenaca 0aeieHUsL.

1. HaXO,ZI}ITCH CKOpPOCTH ABMKCHUA XUAKOCTH I10 YIAaCTKaM.

2. JIns kaxxaoro yqacTka TpyOOmpoBoa OMPEACIIICTCS PEKUM JTBUKCHUS

YKUJIKOCTH T10 3HAYCHUIO napamerpa Re u €.

3. PaccuuthiBaeTcst K03 OUIIMEHT TUAPABINYECKOTO COMIPOTUBIECHUS A, €CITH

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

3Ha4YeHUs Ko3(phuimeHToB B 1 m, eciu pacyeT Benercs no ¢opmysie JleitbeH3oHa.

Tabmuua 6.1 — ®opmynbel 11 pacdeTa Kod(pPUIUEHTa TUIPaBIMYECKOrO

COIIPOTHUBJICHUA

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. PaccuuThIBalOTCS IMOTCPH JaBJICHHA HAa KaXKIOM YUACTKCE.

5. PaccuutbiBaeTcs oO1ias moTeps AaBjieHUs MO BCEH IJIMHE KOJJIEKTOPa, Kak

CyMMa IMOTCPb Ha OTACIIBHBIX YIaCTKax.

T'uopasnuueckuii pacuem mpyoonposooa Il kamezopuu

Bo3moskHO 1Ba BapuaHTa TpyOOIIPOBOIOB JAHHOW KAaTETOPHUH.

[TepBrbIit — ocnenoBaTeILHOE COSTMHEHHE TPYO pa3Horo nuamerpa. B atom

cilydyae pacxof *UAKOCTH OCTAeTCsl MOCTOSHHBIM 1O BCEH uiMHE TpyOonpoBoaa Q

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

y4dacTKax:

hroey = hrqy +hypy +---+hy.

(6.8)
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Btopoii BapuaHT — nepeMeHHbIN TuaMeTp TpyOOonpoBoaa U MEPEeMEHHBIHN M0
JUTUHE PACXO/I.

ypaBHCHI/Ie MaTCpUaAIILHOT'O OajaHca:

Q=Qr+Qn=0Qr+2XiLiq; (6.9)
Tak kak guameTphl TpyO IO ydacTKaM pasHble, TO Ha Pa3sHBIX Y4acTKax

BO3MOYKHBI pa3JInuHbIe PEXUMBI TeueHus (puc. 6.5).

4
Q, Q
—1Gios 4 4 2.4

g q q.4q

Pucynox 6.5 — Pacuetnas cxema cnoxkHoro tpyoonposoga Il kareropuu

ANTOopUTM 3a7a4d  Ha ONpPEACJIICHUE TMOTepU JAaBICHUS IO BCEMY
TpyOONPOBOy aHAJIOTUYEH ATOPUTMY TIPEAbIAYIIEH 3a/1a4uu.

T'uopasenuueckuii pacuem mpyoonpoesooa Il kamezopuu

OTBeTBJIEHUS OT OCHOBHOM MAarucTpaid MOTYT OBbITb 3aMKHYTBIMH U
Pa30MKHYTBIMHU.

J171s1 3aMKHYTBIX OTBETBJICHUM — JIYITUHTOB (OT aHTJI. — METJIS ) — CIIPABEIJIUBBI
COOTHOILICHHUS:

1. Pacxon, npoxonsinii yepe3 BeCh pa3BETBICHHBIN y4acCTOK, pABEH CyMME
PacxoJiOB B OT/ICJIbHBIX BETBSIX:

Qoom = Q1 + Q2 + -+ Qp. (6.10)

[ToTepu Hamopa /U1t BCETO pa3BETBICHUS U B JIFOOOI €ro BETBU 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 M hosmy — COOTBETCTBEHHO pacxoj W IMOTEpU HAmopa Ha BCEM

Pa3BCTBJICHHOM Y4aCTKC.
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3agaua 6.1

B navano c6opnHoro xosiekropa mimHou 10 kM, nuamerpom 0,2 M MoAarOT
ToBapHYyI0 HePTh B KoaumdecTBe 180 1/4, BsazkocThio 20 mlla-c u mmotHOCTHIO 800
kr/M3. U3 cOopHOTO KOJIEKTOpa 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 0OMMIA
nepernaj JaBJIeHUs

Pewenue:

ANTOpPUTM pEUIeHUs MJaHHOM 3aJa4d 3aKII0YaeTCsi B TNPEACTABICHUU
CJIOKHOTO TPYyOOIPOBO/Ia COCTOSIIIIUM M3 HECKOIBKUX YYACTKOB, Pa3IMYalOIIUXCs
10 BEJIMYMHE pacxonoB. Kaxaplil y4acTOK pacCUUTHIBAETCS OTACIBHO KaK MPOCTON

TpyOomnpoBoa. OOmmMil mepemnaa MaBJICHUS PaBEH CyMMeE IMOTEph JABICHUS T10

y4acTKam.

1. Bnauasne onpenensitor ckopocTh He()TH 10 IEPBOIM TOUKU 0TOOpa

Q 4G 4-180 M
w; === = — =1,98-.

S (md?)p  (3600-3,14:0,22-800-10~3 c
2. PexxuM nBrKEHUS HA JAHHOM Y4acTKe TypOYyJE€HTHBIH, TaK KaKk

w;-d- 1,98:0,2:800

Re, = 111 P = ~o1o-5 = 15750 > 2320 (3ona bnasuyca).
3. KoadgduumeHT ruapaBindecKoro COnpoTUBICHUS A ONPEACISIIOT ISt

KaXXI01r0 y4aCTKa B OTACJIbBHOCTHU

03164 _ 03164
1 = Revas ~ Ta7sooms — 0028
4. [Torepu naBneHus Ha MEPBOM Y4aCTKe ONPEIEISIIOT 10 hopMyJie:
1 w?
AP=P —P,=A---—-
1~ a7
4000 1,982
AP =0,028 - —- - 800 = 0,875 Mlla .
5. Jlnst onipeesieHrs 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 JAaHHOM Y4acTKe TypOYJEHTHBIM, TaK KaK:

wydp __1,76-0,2-800

- Co = 14200 > 2320

Rez -
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7. [Torepu naBieHUsA HA BTOPOM YYaCTKE

AP, = 0,0292 ET 800 = 0,337 Mlla.

8. AHJIOTHYHO CKOPOCTh HE(TH HA 3 ydacTKe:
G—(qq+ 4-(180—(20+50
ps 3600-3,14+0,22-800:1073
9. PexxuM nBrKEHUS HA JAHHOM Y4acTKE TypOYJEHTHBIN TaK KaKk
w3-d- 1,21:0,2-800
Re; = =—f = = 9560 > 2320.

U 20-1073

10.  KoaddurmeHT ruapaBInaecKoro COMPOTHBICHUS

03164
"~ 9560025

5 = 0,0321.

11. Ilotepu maBieHUs HA TPETbEM YUaCTKE

2
AP, = 0,0321 - 222.222. 800 = 0,278 MIla .

02 2
12.  Cxopocth He(pTH Ha YETBEPTOM YHACTKE

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

M

=1,11-
c

w3

13. Pexum ABHJKCHHUA HA JTaHHOM YYaCTKC

wydp _1,11-0,2-800

- " = 8880 > 2320

Re4 =

14.  KoadduiumeHTt ruipaBIndecKoro COnpoTHUBICHUS

A, = —22% = 10,0326

8880025
15. Ilorepu naBneHus HA YETBEPTOM YYaCTKE

2
APy = 0,0326 - =2 - == 800 = 4879 Ila.

OO6muit mepenaj JaBJICHUS TMOJYy4alOT TPU CIOXKEHUM TEepernagoB Ha
OTJICIIbHBIX y4acTKax

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

3aganue:
PaccTostHue oT Havana KOJUIEKTOpa U 10 TOUeK 0TOopa HedTH, CIeAYIOIIHE:

[1, [;. Onpenenuth 001K Nepenan AaBiaeHus AP, eciv HaYaabHOE JIaBJICHUE PABHO
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P. COOpHBIIA KOJIJIEKTOP MPOJIOKEH TOPU3OHTATHHO U MECTHBIX CONIPOTUBIICHUN HE

uMeeT. MicxoHble TaHHbIE MPeCTaBIeHbI B Ta0IuLE 6.2.

3agaua 6.2

Ha medrenpoBone nuamerpom 500 mm, nepekadunBatomem 70,0 /4 HedTH C
wioTHOCcThIO 820 Kr/M° U BsizkocThio 0,4 cM?/c MMeeTcsl CIBOCHHBII y4acCTOK U3
TpyO ¢ BHyTpeHHUM auameTpoM dz = 300 MM u d; = 500 MM 0IMHAKOBOM JJIMHBI.

OHpC,ZIeJII/ITI) pacxoabl U FI/II[paBJ'II/I‘IeCKI/Iﬁ YKJIOH Ha CABOCHHOM Y4aCTKC.

Pewenue:
1. Briuncnsem o0beMHBIN pacxoa HeGTH B TPyOOTIPOBO/IE:
G103 70-103
Q= = = 0,0237 M3 /c.
p-3600  820-3600
2. PaccunthiBaeM CKOPOCTh JBUKEHUS B TPYOOIIPOBOJE:
4Q _ 40,0237
w = = = 0,1208 m/c.
md?  3,14-0,52 ’ /
3. [Tapamerp PentHonbaca:
od _ ®d10® _ 0120805 .
Re = — = = — = 1509 naMuHAPHBIH.
\V v 0,410~%
4. OnpenensieM peXuM JBUXKEHUS M 30HY comnportuBieHus. Kaxpomy

pEXKUMY JBUKEHUS COOTBETCTBYIOT Ko3(QduuueHTsl Qopmyinbl JleliOeH30Ha

(Tabnuna 6.1).

3. PaccuuThiBaeM ruipaBIuvYeCcKuil yKIOH TpyOOTIpOBOa:

.o QFm 0,1208:0,4-10"% -4

i=f o = 4,1596 o5t =0,63-107".

6. [Ipeanonarast pexuM JOBHXKEHUS B TpyOax Ha CIBOEHHOM Yy4acCTKe

JaMUHApHBIM, onipeniessieM pacxo Ha yyactke Ab (puc. 6.3):

Q = —m = —227 . =20,92- 103 mM3/c.
W@ (Y
7. U no mapamnensHo# Tpyoe nuamerpom 500 mm:

Q;=Q-Q; =1(237-2092)-107° = 2,72- 107%™’ /c.

8. ['mapaBinyecKkuil yKIIOH Ha CABOEHHOM YUYaCTKeE:
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: 5—-m 1n—6 5-1
=i, = 1 (4 — 6310 . (390 —558-10"
2 1 4 g_—m 2—m d1 200 % 2—1 500 ’ .
2)2-m 30032—
1+(32) 1+(300)

9. [IpoBepka MpUHATOTO peKUMa JBUKECHUSA HA CIIBOCHHOM YYaCTKE

4-20,92-1073
Re; = = 2226;

3,14-0,5:0,4-104

4-2,72:1073

Re, = = 289.

3,14:0,3-0,4-10~*
Pexxum BbIOpaH mnpaBUIbHO. 3Has PpPEXUMBl JABWKEHHS U JUIMHBI
napajuIebHBIX yYacTKOB, JIETKO OMNPEAENSIOT KO3((UIMEHTh THAPABIMYECKHX

COHpOTI/IBJIGHI/Iﬁ U IIOTCPU HAIIOpa HA TPCHHC.

3ananmue:

OnpenenuTh pacxolbl U TUJIPABIWYECKUN YKIOH HAa CIBOCHHOM YYacTKeE
HedTenpoBona ¢ u3BecTHbIM auamerpoMm d, pacxomoM Q/G, TJIOTHOCTBIO P U
BSA3KOCThIO v. Ha HedrempoBome wumeeTcss CIABOCHHBIM YYacTOK U3 TpPyoO C

BHYTPCHHHUM OHUAMCTPOM dB n dn O,Z[HHaKOBOﬁ JJINHBI. HCXOI[HBIG JaHHBIC

IpeCTaBIICHbI B TabuLe 6.3.

Tabmuma 6.2 — VicxonHele JaHHbIE [JI8 TUIPABIMYECKOTO pacyeTa

TpyOOIIpoBOoJa 1 KaTeropuu CI0KHOCTH.

BapuanTel
1 2 3 4 5 6 7 8 9 10
JlnnHa TpyOonpoBoaa, KM 10 8 6 12 | 15 7 5 9 4 3
JlimHa nepsoro ygactka, M | 3500 | 2000 | 3000 | 6000 | 5000 | 1500 | 2000 | 3000 | 1000 | 1000
JlnmHa Broporo ydactka, M | 1000 | 2000 | 500 {2000 | 3000 | 2500 | 1000 | 3000 | 1000 | 1000

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

ITapamertp

MM
Maccoseii pijf{“’ﬂ HeTH, | yeq | 200 | 250 | 270 | 260 | 240 | 210 | 230 | 190 | 235
33{601) Ha TCPBOM YHACTKS) 30 | 50 | 40 | 45 | 50 | 40 | 20 | 45 | 25 | 35
?/f"p Ha BTOPOM yHaCTKe, 44 | 20 | 40 | 30 | 20 | 30 | 30 | 45 | 35 | 50

[TnotHOCTL HedTH, KI/M 870 | 842 | 856 | 880 | 864 | 870 | 832 | 815 | 823 | 854

Jlunammueckas - BA3KOCTS| () 5|0 0149(0.023/0,002| 0,04 [0,025]0,03210,027(0,019]0,012
HedTy, [la-c

[TapameTtp BapuanTsl
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1m |12 |31l is] e 17] 18] 19 20
JlnmHa TpyOoonpoBoaa, KM 9 5 11 14 6 9 4 10 4 7
J{nmuna nepBoro yuactka, M | 4200 | 1000 | 2500 | 6300|3000 | 1500 | 2000 | 5000 | 1500 { 3000
Jluna Broporo yuactka, M | 1000 | 3200 | 35002600 | 1000 [4500| 500 | 2800|1000 | 1300
Huamerp prﬁ;“pomﬂa’ 200 | 319 | 242 | 405 | 426 | 290 | 215 | 236 | 247 | 370
Maccosii pi‘/’zoﬂ HedTH, | o0 | 160 | 230 | 370 | 210 | 340 | 110 | 230 | 220 | 235
3?{601’ Ha TICPBOM YHACTKS, 40 | 35 | 50 | 45 | 30 | 20 | 40 | 35 | 45 | 25
8?1601’ Ha BTOPOM YHACTKE 30 | 15 | 20 | 40 | 15 | 10 | 30 | 45 | 25 | 30
T10THOCTS HebTH, KI/M> 856 | 870 | 848 | 864 | 820 | 840 | 850 | 815 | 833 | 869
Jlunammaeckas - BAKOCTS! () ¢ | 6 015 (0.031/0,012[0,004]0,042(0,05210,031[0,019]0,011
Hedrw, [1a-c
n BapuanTtsr
apametp 21 | 22 [ 23 [ 24 [ 25 | 26 | 27 | 28 | 29 | 30

JlniuHa TpybonpoBoaa, KM 11 14 3 9 4 12 6 8 13 5
luHa mepBoro yuacTka, M | 5500 | 4000 | 100 |3600 | 1500 3500 2200|3000 [ 4800 | 1400
luna Broporo yuactka, M | 2000 | 4000 | 1500|5000 [ 1000 3500 [ 2800|2000 | 5400 | 1500
Auamerp TPYS;HPOBOM 295 | 215 | 286 | 366 | 210 | 236 | 257 | 409 | 284 | 332
Maccospii paT‘/:fl‘OI‘ HedTH, | 510 | 150 | 250 | 240 | 180 | 255 | 160 | 330 | 246 | 235
?;601’ Ha TICPBOM YHACTKE, oy | 55 | 35 | 40 | 50 | 30 | 25 | 45 | 45 | 40
?/f"p Ha BTOPOM YHACTKE, 15 | 30 | 20 | 35 | 15 | 25 | 40 | 45 | 20 | 30
TLTOTHOCTS HebTH, KI/M> 876 | 840 | 864 | 873 | 855 | 869 | 878 | 840 | 842 | 836
Jlunamaeckas - BASKOCTE () o |0 0137]0.025| 1,02 [0,014(0,033] 0,42 | 0,06 [0,033[0.,078
HedTH, Ila-c

Tabmuma 6.3 — VcxonmHple J[aHHBIC JIS THIPABIMYECKOTO pacuera

TpyOOIIpOBOa 3 KaTEropuH CIOKHOCTH.

TMapaver BapuanTsl
pametp 1 2 3 4 51 6 | 7] 8 9 | 10
= =T - T - A T - T = O R
Obnext g | g 4 A A - - I - S
T T T T jus] T T T
Pacxe 30) 33 8 300 | 182 | 300 | 182 3/20 33 / 133 )
A e | B a/e | Ma | t/a | M/a | T/a y| A A
C T C C
Mnotnoets ~ g1 | 860 | 860 910 | 895 | 910 | 895 | 860 | 991 | 991
JKUJIKOCTH, KI/M
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Kunemaruueckas
ssxocts, 104 | P18 1 05 | 0 05 |042] 05 | %% | 015 | 900 | 0,00
A 2 2 66 | 66
M-/c
ﬂHaMe;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
Juaverp 100 | 100 | 150 257 | 156 | 257 [ 203 | 205 | 50 | 80
JIYHHI/IHI‘a, MM
AOcojroTHas
JKBUBAIICHTHAA | ) g1 | 0 01 | o011 01]0,1 05 | 0,5
H_IepOXOBaTOCTB,
MM
I BapuaHTbl
apametp 11 | 12 13 | 14| 15| 16 | 17 | 18 19 20
w w <== < < 2 = 2 - -
OOBbeKT = = g = g 5| | = = =
S| 2 | 8 | 8| R |EF|E| Y| ¢ |E
Pacxo 1\5/13/ 18 18 ?vg/ ?vg/ 180 | 180 | 180 80 1/u 80
A Hc /e | avi/c Hc Hc /4 | /94 | T/4 T/4
Hnornoets = 14600 | 1000 | 1000 | 996 | 996 | 870 | 870 | 870 | 849 | 849
JKUIKOCTH, KI/M
Kunemarwieckas | g 01| 0013 | 0,013 | 0,00 | 0,00 | 0,57 | 0,57 | 0.57 0,13
BSI3KOCTbD, 0,1376
o 31 1 1 8 8 5 5 5 76
10 m*/c
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
Jlnaverp 156 | 100 | 156 | 130 | 130 | 205 | 257 | 209 | 257 | 211
HYHHI/IHFa, MM
AOcojroTHas
JRBUBAICHTHAA | 5| 5 | 05 | 05| 05 | 0,1 ] 0,1 | 0.1 0,1 0,1
IEPOXOBATOCTb,
MM
Mapaver BapuanTsl
pametp 210 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 29 30
¥a) ¥a) ¥al ¥al ¥al ¥al ¥a] ¥al ¥a] ¥al
= = = = = = = = = =
O0bexT T | T A N e~ A B o B 4 £ £
jes] o] T T T T jas] T T T
90 | 90 80 | 185 | 185 | 185 | 208 208
Pacxon T/9 T/9 85 1/4 T/4 T/4 T/4 T/9 T/4 208 /4 T/4
Mnorwoets =~ g5 1| 901 | 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 M3/c
ﬂHaMe;pMpr&’I’ 211 | 211 | 257 | 257 | 267 | 267 | 267 | 309 | 309 | 309
HMuamerp
BCTaBKH, 257 257 309 309 | 309 | 359 | 315 | 359 359 359
MM
Jlnametp 257 | 211 | 309 | 257 | 309 | 359 | 315 | 359 | 315 | 309
JIYHHI/IHI‘a, MM
AOcoimoTHas
FKBUBAIICHTHAA | g | 02 | 01 | 01 | 0,1 | 0,1 | 0.1 0,1 0,1
H_IepOXOBaTOCTB,
MM
Bormpocsr:
1. Cxema cioxHOro TpyoornpoBoja 1 kateropuu.
2. llonsATne mynuHra.
3. Cxema cJI0KHOTO TpyOOIpoBoJia 2 KaTErOpHHu.
4. Cxema CJIO)KHOTO TpyOOIpoBoa 3 KaTErOpUH.
5. CxeMma KOJIBIIEBOr'O BOJIOBO/IA.
IMPAKTUYECKOE 3AHATHUE 7

KaToaHasi 3a1iuTa OJJHOHUTOYHBIX MaAarucCTpajibHbIX prﬁOl’[pOBOI[OB

Teoperuuyeckasi 4acTh

KaTOI[Haﬂ 3allluTa — 3TO JJICKTPOXHUMHUYCCKAA 3aluTa OT KOPPO3HU,

OCHOBAaHHAsA Ha HAJIOKCHUHN OTPHULATCIIBHOI'O IIOTCHIMAJIa Ha 3allUINACMYIO 1€TaJIb.

KaTOI[HYIO 3alllUTYy, KaK IIpaBHUJIO, COBMCIIAIOT C HAHCCCHUCM 3allIUTHBIX HOKpLITHﬁ.

Cranuun katognoil 3ammTel (CK3) npencraBidioT coboil ycTpoicTBa,

COCTOAIIME N3 NCTOYHHKA ITOCTOSIHHOI'O TOKA WU Hp€06p&30BaTeJ'I$I IIOoABOAUMOI'O

K HHM IICPECMCHHOI'O TOKa B HOCTOHHHBIﬁ, KOHTPOJIBHBIX W PETryJIUPYIOIINX

pUOOPOB U COSAMHUTENBHBIX KaOeneil.

KaTOI[Haﬂ 3allliTa IMUPOKO IIPUMCHACTCA 4 3alllUTbl OT KOPPO3HUHU

HApY>KHON TIOBEPXHOCTH OOJBIINX METAUIOEMKHX OOBEKTOB JHEPTETHUYECKOTO
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KOMIUIEKCa, TAKUX KaK MOJ3EMHbIE U Ha36MHbIE MaruCTPaJbHbIE U MPOMBICIOBbIE
TpyOONpoBOAsl HEPTH, Taza H HEPTEHPOAYKTOB, TEIUIOBBIE CETH, KpPYIHBIC
pesepByappl U T.JA. B cioyyae HEBO3MOXHOCTM WM HELEIECOOOPA3HOCTH
NPUMEHEHHUS KaTOJAHOM 3alUThl JJIs 3alUThl OT KOPPO3UU HEOOIBIINX O0BEKTOB
MOJKET MPUMEHATHCSA TPOTEKTOPHAS 3aIUTA.

HeoOxonumele pacueTHble MapaMeTpbl KaTOAHOM 3aIlMThl MarucCTPajJbHBIX
TpyOomnpoBogoB — uncino CK3, mnmuna 3ammrtHo# 30HB onHoi CK3 u moirHOCTH
oxnou CK3.

Yucno CK3, HeoOxonuMoe sl 3alIUThl MarucCTpaJibHOTO TpyOOIpoBOaa

OIpCACIIACTCA:

N = —oou (7.1)

L3a1.u
1€ Logy, — NPOTSIKEHHOCTh MAaTUCTPAILHOTO TPyOONpOBOaa, M;

Lsam - INIMHA 3amuTHOoM 30HbI ogHOoM CK3, M;

JInmvHa 3aIUTHOM 30HBI ONIPEACIAeTC 1Mo claeayomeh hopmyie:

2 Emax
b = 0 [t (72

rae K, - koaddunment yunteiBaromuii B3aumoBiausaue cocenquux CK3:
1

. 2
1+\[1—(?£ﬁ)2-(1+9)

K, = (7.3)

O — BEJIMYMHA IIOCTOSIHHOM pacnpcaciiCHusd IMOTCHIOHNAJIOB M TOKOB BIOJIb

TpyOOIIPOBOJA BEIYUCIIAETCS IO (popmyie:

/ R;
*= Ry (Tuc)’ (74)

rie R, — 3HaueHWe MPOJOJILHOTO CONPOTUBJICHUS TpyOompoBoja
ompexaensiercss no Ttabmuue Ilpunoxkenus A, B 3aBUCHUMOCTH OT JuameTpa
TpyOONpOBOa U TOJIIIMHBI CTEHKU TpyOompoBoaa, OM-M;

Rys(Tye) — CONpOTHBICHHWE EAMHMIIBI JJIMHBI H3O0JSMUM K  KOHILY

HOpMAaTUBHOTO cpoka ciyk0bs1 CK3, cocraBmser:

Ry —_R.
RI/IB(THC) = e BTHC: (7-5)

rae R, - mepexonnoe conporusienue Tpyba-rpynt, Om-m?%;
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Tyc - HOpMaTUBHBIN cpok ciyk0b1 CK3, T, = 9,5 s1eT;
B - mokaszaTeslb CKOPOCTH cTapeHus, 1/rox;

O - pacueTHbIN TapaMeTp, paBHBINA:

_ _Trep
- 2'1'['ZK'y’ (76)

r7ie y - YAaJIeHHe aHOJHOTO 3a3€MIICHUS OT TPyOOIpOBOIA;
Z, — BXOJIHOE€ COIIPOTHUBIICHHE HM30JIMPOBAHHOTO TPyOOIIPOBOJA HA KOHEI]

HOPMAaTHUBHOTO CPOKa CITY>KOBI:

Zy=05" \/RT " Rya (Two)- (7.7)

[Ipu xkatogHOW 3amuTe TPyOONPOBONOB pA3IUYAIOT TPU 3HAYCHUS
NOTEHIMANA:

1) €CTECTBEHHBIN (CTallMOHAPHBIN) MOTeHIHUAN Ecer, CYIIECTBYIOIIUHN 10
BKJIFOUECHUS 3aIlUTHI;

2)  HaJIOXKEHHBIM (pacyeTHbIA) MOTEHUUAN Emin (max), 1OMNOJHUTEIBHO
HAKJIaJ(bIBAEMBbIIl HA COOPYKEHHUE B PE3YyJIbTATE JCHCTBUS 3aILUTHI;

3)  3amwmTHBIN (OOUIMIT) MOTEHIMAT COOPY>KEHUS], YCTAHOBUBILMICS MTOCIIE
MOJKJIFOYEHUS 3aLUTHI.

Emax(min)y — HAJIOKEHHBIM (PaCYETHBIA) MNOTEHIHUAN, JOMOJHUTEILHO
HaKJIabIBAEMBIF Ha COOPY)KCHHE B pe3yJIbTaTe ACHCTBUS 3aIIUTHI:

Emax = E3aLu(maX) — Eecrs (7.3)

Emin = Esam(min) — Eecrs (7.9)

1€ Eeer — €cTecTBeHHBIN (CTAllMOHAPHBIN) MOTEHITAN, CYIIECTBYIOIIUN 10
BKJTFOUCHUS 3aIUTHI,

MHOTOYMCICHHBIMA ~ HW3MEPEHUSIMA ~ YCTAHOBJCHO, UYTO  BEJIMYHHA
€CTECTBEHHOTO MOTEHIMAIA TIOJI3EMHBIX METAJUTMYECKUX COOPYNKEHUN KOoJIeOIeTcs
B uHTepBasie ot -0,23 no -0,72 B. Ecnu He uMeeTCsl TOYHBIX TaHHBIX O BEJIUYUHE
€CTECTBEHHOTO TTOTCHIINAJIA CTAJI B pACCMAaTPUBAEMOM T'PYHTE, TO PEKOMEHIYETCS
npuHUMaTh Ee.; =-0,55 B mo meanocynbdaTtaomy snexkrpoay cpaBaenus (mo MCD).

Esam(max) ¥ Esam(min) - 3QUMTHBIA (0OIIMiA) MOTEHLHUAT COOPYXKEHHS,

YCTAaHOBUBLIUICS TOCIIE MOAKIOYEHUS 3auThl (Tad. 7.1 u 7.2)
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Tabmuua 7.1 — MuHuManbpHbIE 3AIIUTHBIE TOTEHIIUAIBI

MuHuManbHBIN 3aIUTHBIN
noteHian (U,) OTHOCHTEIBHO
HACBIIIEHHOT'O MEJIHO-CYJIb(ATHOrO

VYcnoBus NpoKIJIaKy U 3KCIUTyaTalluyd TpyOOIIpoBoa
P A yatan PYOOTpOBOA 3JIEKTPOJIa CpaBHEHHUs], B

C oMHUECKOIt

[Tonsapu3zanMOHHbBIMA N
COCTaBJIAIOIIEH

I'pyHTBI C ylenbHBIM AJIEKTPUUYECKUM coNpoTHUBiIeHneM He|Munyc 0,85 Munyc 0,90
medee 10 Om'M wuiam coaep:kaHUEM BOJIOPACTBOPUMBIX
coieid He Oonee Ir Ha 1Kr rpyHTa, WIK MPH TEMIEpaType
TpaHcIopTHpyemMoro npoaykra He 6omee 293 K (20 °C)

I'pyHTBI C yAENBHBIM 3JIEKTPUUECKUM comnpoTusiieHueM|Munyc 0,95 Munyec 1,05
MeHee 10 Om'M, WM COIEpX)aHUEM BOJIOPACTBOPUMBIX
cojeil 6osnee 1r Ha 1Kr rpyHTa, UM [IPU ONMACHOM BIUSIHUU
OMy>KIAIONINX TOKOB MPOMBIIIIEHHOW YacToThl (50 ') u
MTOCTOSTHHBIX TOKOB, WA npu BO3MOXXHOH
MUKpPOOHUOJIOrMYECKON KOPPO3UM, WM TpU TemIepaType
TpaHcnopTupyemoro npoaykra 6ozuee 293 K (20°C)

[Tpumeuanus

1. dnst TpyOOIIPOBOIOB ¢ TEMIIEpaTypoil TpaHCIIOpTUpyeMoro npoaykra He 6omnee 278 K (5°C)
MUHUMAJIbHBIN MOJISPU3ALMOHHBIN 3alIUTHBINA noTeHuuan paBeH Mmunyc 0,80 B oTHocuTenbHO
HACBHIIIEHHOTO METHO-CYJIE(ATHOTO JIEKTPO/1a CPAaBHEHHUS.

2. MuHUMaJIbHBIA 3AIIMTHBIA MOTEHIMAI C OMHUYECKOH COCTaBJSIOIIEH IMpH TemIeparype
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 ocymiecTBICHNH AIIEKTPOXUMUYECKOH 3aIIUTHI y4acTKa TPyOOIpOBO/Ia, TOBPEKICHHOTO
Kopposuet (6osiee 10% TONIIMHBI CTEHKH), MUHUMAaJIbHBIE 3AIIUTHBIE MOTEHIMAIbBI JOJIKHbBI
6bITh Ha 50 MB oTpuiiarenbHee yKa3aHHbBIX BEJTHUYMH.

Tabmuia 7.2 — MakcuMaibHbIE 3alUTHBIE TOTEHIAAIbI

MakcumanbHbli 3aLIUTHBIA ITOTEHLIAAT
(Uo 0OTHOCHTENIBHO HACBILIEHHOTO METHO-
VYcnoBus POKIIa K| U SKCIUTyaTallid TPyOOpoBoaa (CYIb(aTHOIO IEKTPOo1a CpaBHEHHs, B
. |C OMMUECKOMN
[Tonsspn3annoHHbII .
COCTaBJISIOLIEH
IIpn npoknanke TpyOonpoBoaa c¢ TeMmmeparypoii|Munyc 1,10 Munyc 1,50
TpaHcnopTupyemoro npoaykra Beie 333 K (60°C) B
rpyHTax C y€IbHBIM ANEKTPUUYECKUM
conporuBieHueM MeHee 10 Om'M wumm  1npu
MO/IBOJHOM MIPOKJIaJIKE TpyOoIpoBoja c
TEMIEPATYPON TPaHCIOPTUPYEMOIO IPOAYKTA BBIIIE
333 K (60°C)
[Tpu apyrux yciaoBusiX MpoKIagku TpyOOIpOBOAOB:
- ¢ OUTYMHOM H30JSAIeH Munyc 1,15 Munyc 2,50
- C NOJIMMEPHOMN U30JIALMEN Mumnyc 1,15 Mumnyc 3,50

[Ipumeuanus
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1 Jlns TpyOOIPOBOIOB M3 YIIPOUHEHHKIX CTanel ¢ mpesenoM npodsocTu 588 MIla (60 krc/mm?)
u OoJsiee HE JOMYCKAIOTCA MOJSPU3ALMOHHBIC MOTEHIIAIBI 00Jee OTPHUIIATENIbHBIE, YeM MHHYC
1,10 B.

2 B rpyHTax ¢ BBICOKMM YJEIbHBIM 3JIEKTPUYECKUM corpoTuBieHueM (6onee 100 Om-m)
JOMyCKalOTCs  0oJiee  OTpUIATEIbHBIC TOTCHIMAIBI C  OMHYECKOH  COCTAaBISIONICH,
YCTaHOBJICHHBIE SKCIIEPUMEHTAIBHO MIIM PACUCTHBIM ITyTeM B cooTBeTcTBHH ¢ H/I.

MomHOoCTh, mOTpeOsieMass KaTOAHBIMA YCTAaHOBKAMHU  OIPEACIIACTCS
CJIETYIOITUM 00pa3oM:

Pexs = Ip + AE, (7.10)

rae I, - neobxomumas cunbl Toka CK3, HeoOxomumas myis obecrieueHus
3aIUThl MATUCTPATILHOTO TPYOOTIPOBOA:

[ = [Emax| (7.11)

AP T 7y (1+2-e” % Laam gy’

rie Zc, - BXOJHOE CONpPOTHBJICHHE H30JUPOBAHHOIO TPyOONpOBOIa B

cpeaHeM 3a nepuoj skcruryararuu CK3:

Lep = 0,5- VRt Rusep.s (7.12)

rae RHB_Cp_ - CpeIHee COIMPOTUBICHUE €AWHHUIIBI JJIMHBI H30JSIUM 34

HOPMATHUBHBINA CPOK CITYKOBI:

Ry _B.
Rns.cp. = TBTHC (1-—e BTHC); (7.13)

rae AE - nanpsbkenue Ha Beixojqie CK3
AE = |Epax — Eminl + L, * (Ryp + Ra), (7.14)
rie Ry, - yIeabHOE SJIEKTPOCOTPOTHBIICHHE MaTepHiIa IIPOBOJIA;

Ra - COIIPOTHUBJICHUC PACTCKAHNIO TOKA C aHOJHOI'O 3a3CMJICHU .

3apgaya 7.1

Onpenenuts Heobxonumoe unciao CK3 mist 3ammThl MarucTpajlibHOTO
TpyOonpoBoaa nuamerpom 820 mm, ymHOU 1200 KM, UMEIOIIETro TOJIIIUHY CTEHKH,
paBHy0 9 MM. TpyOomnpoBoJ MpoOKIaabIBAETCS MO MECTHOCTH, YYaCTKU KOTOPOMH

HMCIOT CpEAHCC 3HAYCHHUC YACIbHOI'O0 OJ3JICKTPOCOIIPOTUBIICHUA TPYHTA BIOJIb
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Tpacchl TPyOONnpoBoAa Irep = 60 OM: M, EpexoHOE CONPOTUBIICHUE TPyOa-IpyHT
pasao 9000 Om-M?; mokasarenb ckopoctd crapenus — 0,125 1/ron; ynaneHue
aHOJHOTO  3a3eMJyieHUss oT  TpyOompoBoga — 350 M;  yxaenbHOE
AIIEKTPOCONPOTUBIIEHNE MaTepuiia npoBoAa 1 OM; CONpPOTUBIEHUE PACTEKAHUIO
TOKa C aHOJIHOT'O 3a3eMieHust 8 OM.

Pemenue:

1. T. k. cpenHee 3Ha4YEHUE YAEIBHOTO JJIEKTPOCONPOTUBIICHUSI T'PyHTa
BJ0JIb Tpacchl TpyOompoBoaa Iy = 60 Om- M > 10 Om- M, To MuUHUMAaNIBHBIN
3aIIATHBIN MMOTEHITMAT OTHOCHTEIBbHO HachillieHHoro MCD mpuHHMaeM 1mo Tabil.
13.1 Eqaumin)=-0,9, a MaxkCHMaibHBIM 3alIUTHBI MOTCHIMAI OTHOCHUTEIHHO
HacelleHHoro MCO npuHuMaeM i1l TpyOOIpOBOJIOB ¢ OUTYMHOM M30JILUEN TTO
1a0i. 13.2 E oy (max)=-2,5B PaccunteiBaeM 3HaUCHNUS HAIOKEHHOTO (Pacuy€THOIO)
MOTEHIMAJIa, JOMOJHUTEIBHO HAKJIAJbIBAEMOTO Ha COOPYKEHHE B PE3yJIbTaTe
JIEVCTBHS 3aIUTHI:

Emax = —2,5—(—0,55) = —1,95 B;

Enin = —0,9 — (—-0,55) = —0,35 B;

2. ConpoTuBiieHHE €AUHULBI JIIMHBI U30JSUUA K KOHIY HOPMATUBHOTO

cpoka ciayk0b1 CK3, cocrapiser:

9000 — .
RHB(THC) = m - @70/1259,5 =1066,042.

3.  BXxoagHO€ CONpOTHBIIEHUE HM30JUPOBAHHOIO TPYOONpPOBOJA HAa KOHEIl

HOPMAaTUBHOTO CPOKA CITY>KOBI:

Z,=05- \/10,7 -107%-1066,042=0,053401.
R, = 10,7 - 107® OM/M conpotupieHne TpybONPOBOAa ONpeAeIseM MO

IMPHIIOKCHUTO A B 3aBHCHUMOCTH OT TOJIIIIMHBI CTCHKHU pr6onp0130;[a n €ro

IraMeTpa
4. Pacuernbiii mapamerp:
60
0 = =0,511.
2-3,14:0,53401-350
5. BennunHa noCTOSHHOW pacnpenesieHuss NOTEHIUAIOB U TOKOB BIOJb

TpyOOTIIpPOBO/Ia paBHa:
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@ = /M — 0,0001.
1066,042

6. Koadduruent yuntsiBaromnuii B3auMoBiusaue coceqaux CK3:
1
K, = =— = 0,506.
1+\/1—(_1:95)2-(1+o,511)
7. JlimHa 3alMTHOW 30HbBI PABHA!
2 -1,95 _
Lsaw, = 00001 1 [0,506-(—0,35)-(1+0,511)] = 39721,968 M.

8. Yucmo CK3, HeoOxomumoe il  3allMThl  MarucCTPajJbHOTO

TpyOOIpOBO/Ia paBHa:

1200000
"~ 39721,968

= 30,21.

3amaua 7.2

Hcnonb3yss MCXOAHBIE M pacyeTHbIC JaHHbIC M3 3a1aund 7.1 omnpenenuthb
moIHocTh ogHon CK3.

1. Cpennee cOnpOTUBIICHUE €AMHUIIBI JTTUHBI U30JISILIUU 32 HOPMATUBHBIN

CPOK CITy>KOBI:

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

R (1 — e 912595y = 2045,79.

2. BxomHoe conpoTuBiieHHE W30JIMPOBAHHOTO TPYOONPOBOJIa B CPEAHEM

3a nmepuon skcruryaranun CK3:

Zep = 0,5-1/10,7 - 1076 - 2045,79 = 0,074.
3. Heo0xomumass cuael Toka CK3, HeoOxomuMmas i oOecredcHHs

3aIMThl MArUCTPAIBLHOTO TPYyOOIIPOBOA:

[ = [=1,95] — 17,0155 A.

AP 0’074_.(1+2.6—0,0001'39721,9684_0,511)

4. Hanpsxkenue Ha Beixone CK3

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

5. Mor1HOCTh, MOTpedIiieMas KaTOJHBIMU YCTaHOBKaMH OIpEAeseTCs
CJIEAYIOIIUM 00pa3oMm:

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

Onpenenuts HeoOxonumoe uyucio CK3 u mommuocts omHoit CK3 s
3alUThl MArucTpaJbHOrO TpyOompoBoga auametpoM D, Mm, mmuHoi L, kwm,
UMEIOIIETO TOJIIUHY CTEHKH, PaBHYIO O, MM. TpyOOmpoBOa MPOKIAILIBACTCS 10
MECTHOCTH, YYAaCTKH KOTOPOMl HMMEIOT CpEeAHEe 3HAYCHHE  YAECIbHOTO
AJIEKTPOCOIIPOTUBJIEHUS] TPyHTa BJOJb Tpacchl TpyOompoBoja Irep, OMm-M,
IIEPEXOJHOE COIPOTHUBIIEHHE TPyOa-rpyHT paBHO R, OM-M?%; mokasarens CKOpOCTH
crapenus — 0,125 1/rox; ynaneHne aHOAHOTO 3a3eMJICHUS OT TpyOomporoaa — 350
M; YIIeJIbHOE DJIEKTPOCOMPOTUBIICHHE MaTepuiia npoBoja 1 Om; compoTUBICHUE
pacTEeKaHUIO TOKa ¢ aHOAHOTO 3a3eMiieHus 8 Om. MlcXoqHbIe NaHHbIE TPEICTABICHBI

B Ta0uie 7.3.

Taomuna 7.3 — Ucxoguele qaHHbIe K 3amaHuio 1o teMe: «KartogHas 3ammra

OJHOHHUTOYHBIX MAaruCTpaJIbHBIX TPY6OHpOBOI[OB))

Ne Tep, Ry,
BapHMaHTA D, w18, My Logu, KM ONF'M Om-Mm?
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

Bomnpocsr:

. IIpuHUMD AEUCTBUSA KATOIHOM 3aIlUATHI.

. IloHsaTHe cTaHIMM KaTOMHOM 3aIIUTEL.

. ®opmyna g ompenenenuss yucina CK3, HEOOXOAMMBIX I 3allUTHI
TpyOOmnpoBOA.

. Momnocts ogHoit CK3.

. TloHsiTHEe ecTecTBEHHOTO (CTAIIMOHAPHOIO) IMOTCHIINAA.

. Ilonsatue pacdCTHOr 0O MOTCHUAJa.



52

I[TPAKTUYECKOE 3AHATHE 8

Ouenka 3)¢peKTUBHOCTH HHTHOMTOPOB KOPPO3UH

Teopernueckasi 4acTb
Koppo3ueil Ha3pIBaeTCsi NpPOLECC pa3pylIEHUsT METANIOB B PE3ysbTaTe
XUMHUYECKOTO WIIH 3JIEKTPOXUMUYECKOTO BO3ICUCTBHS OKPYKAIOIIEH CpPeJIbl.
Ckopocte koppo3unm K, BBIpaXarOT 4YUCIOM TIPaMMOB MeETajla,
pa3pylIeHHOro B TEYEHHE rojia Ha Tuiom@aan 1 M (/M yac) WM pacrpocTpaHeHueM

npoiiecca B riy0b (MM/TO).
Mo~y

K. =
M St

(8.1)

IZie To - HauaJbHAasi Macca MeTaljia 10 UCIIbITaHUs, T;

T; - Macca MeTajula Mocje UCIbITaHus, T;

S - paGoyJas MOBEpXHOCTH 00pasIa, M ;

T - IPOAOJIKUTEIBHOCTh UCTIBITAHUS], Yac.

Huzuoumopul koppozuu

Hayuyno oOocHOoBaHHasT M TEXHHYECKHM TIPaMOTHO OpraHU30BaHHas
MHTUOUTOpHAs 3allUuTa MeTajla BHYTPEHHEH MOBEPXHOCTH TPyOONpOBOIOB
MO3BOJISIET CYIIECTBEHHO TOBBICUTh UX HAAEXKHOCTb, JIOJITOBEYHOCTh U
MIPOMBITIICHHYIO 0€3011aCHOCTb.

NHrubuTopel - 3TO BEHIECTBA OPraHWYECKOr0 WM HEOPraHUYECKOro
IPOUCXOXKJICHUS, KOTOphle OO0JaJal0T CIOCOOHOCTBIO CHMXKaTh CKOPOCTh
KOPPO3HOHHOTO Tpouecca. MHruOuTopsl SBASIOTCS MOBEPXHOCTHO AKTUBHBIMU
BEILECTBAMH.

MexaHu3m JeiCTBUST MHTMOUTOPOB CBOJUTCS K CIENYIOIIEMY: MOJSPHBIC
MOJIEKYJIbI MHTUOMTOpa ajcopOMpYIOTCS Ha BHYTPEHHEW MMOBEPXHOCTU TPYOBI,
o0pasys IJIEHKY, 3alIMIIAIONTYI0 BHYTPEHHIOIO MOBEPXHOCTh TPYOBI OT KOHTAKTa C
BojoM. TakuM o00pa3oM, yCTpaHsSeTCs OIHO M3 HEOOXOIWMBIX YCIOBHH st
MPOTEKaHUS AIEKTPOXUMUYECKON PEaKIMM: U3-3a HAJIMYUS 3alIUTHON TUICHKU HE
MOKET MPOUCXOIUTH pa3psi BOJAOPOJHBIX HOHOB U IPOLIECC PACTBOPEHUS METAILIA

3aTOPMAKHBACTC. I/IHFI/I6I/ITOp TAaKOI'0 THIIa 6Y)ICT Ha3bIBAThCA KaTOAHBIM
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WHTHUOUTOPOM, T.K. OH BIIMSET HA CKOPOCTh peakuuu Ha karozae. CyliecTBYIOT
aHOJHbIE MHTMOUTOPHI, KOTOPBIEC BIUSIIOT HA CKOPOCTh PEAKIIUU Ha aHOJIE.

Bei6op WHTHOMTOPOB Uil HEPTEIPOBOJOB 3aBUCUT OT  CTEMEHU
OOBOAHEHHOCTH TMPOAYKIMH ckBaxuH. [Ipu o6BoguenHoctn np0 30 %
IOpEINOYTEeHUE OTAACTCS WHTHOMTOpaM, pacTBOpUMBIM B BoaHoi (aze. C
YBEJIMUEHUEM COJiep KaHus BObI B HepTH 6osiee 3(pdheKTUBHBI TNIECHKOOOPpa3yrolne
WHTHOUTOPBI.

O} dekTUBHOCT UHTHOUTOPOB KOPPO3UH 3aBHUCUT OT MHOTHX (DaKTOpOB,
OJIHAKO OYEHb BaXXHBIM YCIIOBHEM SBISCTCS HEOOXOAMMOCTh TOTO, YTOOBI
UHTUOUTOP JOCTUT MOBEPXHOCTH 3alMIAeMOro MeTaia U aacopOupoBaiics Ha
Hel. Huszkast KoHIIeHTpalusi HHTHOMTOpa MOKET CKOpEe MPUBECTH K YCKOPEHUIO
KOPpO3HUH, YeM K €€ 3aMEIJICHUIO.

[IpumeneHne WMHTUOMTOPOB - 3TO JOCTATOYHO JOPOTOCTOSIIAs 3alluTa
TpyOONIPOBOJOB OT KOpPPO3HM, KOTOpass TpeOdyeT CTpOroro CoOIIoeHus
TEXHOJIOTHUECKOro pexkuma. [loaTomy st BBIOOpa M UCTIOTIB30BaHUS B KOHKPETHBIX
YCJIOBUSIX TOTO WJIM MHOTO UHTHOUTOpA Y JIUIA, IPUHUMAIOIIETO PEIICHUE, UMEETCS
uHdOpMaIs 0 CTOUMOCTH MHTUOUTOPA U PE3YJIbTATHI TA0OPATOPHBIX, CTEHIOBBIX
MIPOMBICIIOBBIX UCTIBITaHUM, cOTsIacHO KOTOphIM o ['OCT 9.506-87 onpenenstorcs
MOKa3aTeNH 3alIMTHON CIOCOOHOCTH MHIMOUTOpA - CKOPOCTh KOPPO3UU U CTETICHb

3aIIUTHhI 110 O6pa3I_IaM—CBI/II[eTCJ'I$IM, BBOJMMBIM B IIOTOK CKBaXXUHHOM IMpOAYKIIMH

(puc. 8.1).

Pucynox 8.1 — OOpasmpl-cBumeTenu U3 Ccraad: a) oOpaboTaHHBIE

UHTHOUTOpOM; 0) HeoOpaboTaHHbIE MHTHOUTOPOM
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OddexruBHOCTh MHTHONTOpA onpenenseTcs coraacHo ['OCT 9.50687:

__Ki-K;

-+ 100%, (8.2)
Ky

Z

Wi K03 (GULIIHEHT TOPMOKEHUS:

K
o=,
K>

(8.3)
rae K; u K; — ckopoctu koppo3uu 6€3 UHrHOUTopa U ¢ UHTHOUTOPOM.
[Ipumep ycTaHOBKH BBOJIa HHTHOUTOPOB KOPPO3UU
Jlist BBOJa MHTMOMTOPOB KOPPO3UWM B TEXHOJIOTMUECKOW cxeMe cOopa u

MOATOTOBKHU CKBOXKMHHOM MPOAYKIIMU UCIIOJIB3YIOT Pa3InyHbIe OJI0KHU 103UPOBaHUs

pearenToB (puc. 8.2). biiok no3upoBaHus IpeaHa3HAYEH ISl JO3UPOBAHHOTO BBOJIA

KUIKUX JI€IMYIIBIaTOPOB U HHTUOUTOPOB KOPPO3HUH B TPYOOIIPOBOT TPOMBICIOBOM

CUCTEMbl TpAHCIOPTa U TMOJATOTOBKM HEPTHU C 1EIbI0  OCYIIECTBICHUS

BHYTPUTPYOOIIPOBOJIHOM JI€IMYJIbCAIIUU HEPTH, a TAKXKE 3alUThI TPYOOIIPOBOIOB

U o0opynoBaHus oT KOPPO3HH.

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

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

- Hacoc HIECTEPEHOYHBIN, OCYILECTBIISIFOLIHAN 3aMO0JIHECHUE
TEXHOJIOTUYECKOW E€MKOCTM pEareHTOM W NEPHOJUYECKOE IEepEMEIIMBAHNE
peareHTa B eMKOCTH;

- pacxoigHass ~ €MKOCTb  NIPSIMOYTOJBHOIO  CEYEHHUs,  CBapHad
npeaHa3HayYeHHast A JO3UPOBAHHOTO BBOJA OMPEICICHHOTO O0BeMa KHIKHX
JI€AIMYJILraTOPOB U HHTMOUTOPOB KOPPO3UU B TPYOOTIPOBOJ 32 PErNIAMEHTUPYEMbIN
MIPOMEKYTOK BPEMEHH;

- €MKOCTh TEXHOJOTMYECKas NPSIMOYTOJbHOIO CEUEHHUs, CBapHasd,
NpeAHa3HaueHHas JJIsI XpaHEHUs W TMOJIOTpeBa peareHTa ¢ MOMOIIbBIO
BMOHTHUPOBAHHOTO 3JIeKTpoHarpeBaress. TeXHOonornueckas eMKOCTh COEMHEHA C
yKa3zaTelleM YpPOBHS >KHJIKOCTH, KOTOPBIM CIYKUT IJs BU3YyaJlbHOTO KOHTPOJIS
YPOBHS dKUJKOCTH.

TexHos0rMM BBOJA HHTHOUTOPOB KOPPO3UU

Ha ceromHsmHuil €Hb CYIIECTBYET HECKOIBKO TEXHOJOTHM MPUMEHEHUS

HHTUOUTOPOB KOPPO3HH, ITO:

o HETPEPBIBHOE JO3UPOBAHNUE,

° HENPEPBIBHOE  JO3UPOBAaHME €  MPEABAPUTEIIBHOM  yJapHOU
JIO3UPOBKOM,

o POOKOBBIE TEXHOJIOTHUH,

o MEpUOANYECKAS M101a4a,

o 3aKayka B IUIacT.

3anaya 8.1

Onpenenuts 3G(GEKTUBHOCTh  HCIOJIB30BAHMSI HMHTUOUTOpPA KOPPO3UU
«ConHkKop» MO KO3h(OUIMEHTY TOPMOXKEHMSI a MpU 2-X TEXHOJOTHSX BBOJA B
cucreMy HedTecOopa: 1 TEXHOJOTHS - TMOCTOSHHAsI JO3UPOBKA MHTHOWTOpa; 2
TEXHOJIOTHS - TIEPUOANYECKasl TO3UPOBKA ¢ MArHUTHOM 00paboTkoi (Tadm. 8.1).

S — momaas 06pasa-CBUIETENs, M2,
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m; — Macca 10 UCIILITaHuS, T

m, — Macca IoCJie HCIIBITaHMsI IPU IIOCTOSTHHOM JIO3UPOBKE, T;

m,' — Macca MMocJIie UCIBITaHUS TIPU IEPHOAUUECKOM JO3UPOBKE + MarHUTHAs
o0OpaboTka, T;

T — MPOJIOJDKUTEIIBHOCTD MCIIBITAHHIA TTPH ITOCTOSTHHOM JI03UPOBKE, CYTOK;

T — IPOAOJDKUTEIBHOCTh HCIBITAHUN NPU IEPUOAMYCCKON TO3UPOBKE +
MarHuTHas 00paboTKa, CyTOK;

y — YMCHBIIICHHE Macchl oOpasma-cBujaereliss 0e3 BBOJa MHTHOHMTOpa, % B

CYTKH.

Tabnmuua 8.1 — BapuaHThl 3agaHuil K pacyeTy OIEHKH 3(PGHEeKTUBHOCTH

WHTUOUTOpPA KOPPO3HH.

Noe Bapuanra | S,m? | m;,r | my, T m;, T |T,CyTOK | T, CYTOK | y, %
1 0,15 | 350 |349,915| 349,92 7 5 0,007
2 0,1 300 |299,935| 299,94 7 5 0,008
3 0,18 | 380 |379,875| 379,88 7 5 0,008
4 0,25 | 450 | 449,815 | 449,82 7 5 0,007
5 0,28 | 480 |479,875| 479,88 7 5 0,006
6 0,31 | 510 |509,725| 509,73 7 5 0,007
7 0,21 | 410 | 409,915 | 409,92 7 5 0,006
8 0,13 | 330 |329,925| 329,93 7 5 0,008
9 0,17 | 370 | 369,915 | 369,92 7 5 0,006
10 0,23 | 430 | 429,885 | 429,89 7 5 0,0075
11 0,12 | 320 |319,925| 319,93 8 6 0,007
12 0,16 | 360 |359,915| 359,92 8 6 0,008
13 0,27 | 470 | 469,865 | 469,875 8 6 0,008
14 0,24 | 440 | 439,875 | 439,885 8 6 0,007
15 0,11 | 310 |309,935 | 309,945 8 6 0,006
16 0,19 | 390 | 389,895 | 389,905 8 6 0,007
17 0,22 | 420 |419,915 419,925 8 6 0,006
18 0,3 500 |[499,725 | 499,735 8 6 0,008
19 0,14 | 340 |339,915 339,925 8 6 0,006

20 0,2 | 400 | 399,885 | 399,895 8 6 0,0075
21 0,15 | 360 |359,915| 359,925 6 4 0,007
22 0,29 | 490 | 489,735 | 489,745 6 4 0,008
23 0,23 | 430 | 429,835 429,845 6 4 0,008
24 0,08 | 280 |279,955 | 279,965 6 4 0,007
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25 0,09 | 290 |289,945 | 289,955 6 4 0,006

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

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

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

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

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

1. PaccuuthiBaeM Maccy oOpasua cBujeTens Oe3 BBOJAA HMHTUOMTOpa

MOCJIE 5-U ¥ 7-U CYTOK SKCIIEPHUMEHTA.

m=m, - (1-y), (8.4)
2. OmnpenensieM ckopocTh kKoppo3un K 00pa3iioB 6e3 BBOjja HHTHOUTOPA.
3. OmnpenensieM ckopocTh Koppo3uu K oOpa3ioB ¢ BBOAOM MHTHOUTOpA

IPU TOCTOSHHOM M NEPUOJUYECKON JO3UMPOBKE B COYETAHMM C MArHUTHOMN
00paboTKOM:
4. PaccuuthiBaeM 3(QQPEKTUBHOCT HHTHOMTOpPA TMpPU  Pa3IUUHBIX

TCXHOJIOTHAX BBOJAa U KOB(i)(bI/II_II/ICHT TOPMOKCHUA.

Bompocsr:

1. [loHATHE KOPPO3UH.

2 Crioco0sI peaypexACHNS KOPPO3HH.

3. dopmyna CKOPOCTH KOPPO3HH.

4 [ToHaTHE UTHTHOUTOPOB KOPPO3UH.

5 TexHomO0rMM BBOJIa UHTUOUTOPOB KOPPO3UH.

IMPAKTHUYECKOE 3AHATHUE 9

Pacuer HOpMBI ecTecTBEeHHOH YObLIM He(pTH U HEPTENPOAYKTOB

Teoperuyeckasi 4acThb
TpancnopTupoBka u xpaHeHue HeTH U HEPTEIPOTYKTOB COMTPOBOKIAIOTCS

HX IIOTCPSMU.
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Ilon Hopmont ecmecmeennonl yoviau NOHUMAETCS JOMYCTUMAas BEIUYHMHA
0€3BO3BPATHBIX IOTEPH He(TH (HETENPOIYKTOB), IIPOUCXOIALINX
HEIOCPEACTBEHHO INPU  TOBAapHO-TPAHCIOPTHBIX  OINEpalusX, BCJIEACTBUE
COIPOBOXAAIOIMINX UX (U3UUECKUX MPOIIECCOB, a TAKXKE MOTEPh, HEM30OEKHBIX Ha
JTAHHOM YPOBHE COCTOSIHUS TPUMEHSEMOT0 TEXHOJIOTUYECKOTO 000pyAOBaHUA
(moTeph OT UCHapeHusi, Yepe3 YIUIOTHEHHUSI HACOCOB U 3a/IBHXKEK, OT HAJIUIAHUS U
T.1.). B HOpMBI ecTeCTBEHHOW YOBUIM HE BKIIOUAIOTCA TOTEpH HePTH
(HeTenpoayKTOB), CBSI3aHHBIE C 3aYMCTKOM pE3epBYyapoB U TPaHCHOPTHBIX
€MKOCTEH, C PEMOHTOM TPyOOIIPOBOIOB M apMAaTyphl, BCE BU/IbI aBAPUITHBIX [TOTEPB,
a TaKXe MOTEePU NP BHYTPUCKIIAJCKHUX NEPEKAYKaX.

HopMmbl ecTecTBeHHON YOBLIM SABISAIOTCA NPEIEIbHO JIOMYCTUMBIMH U
MIPUMEHSAIOTCSI MOAbKO 6 CAy4asax (pakmuueckux Hedocmau Hedmu (Hepme-
nPOOYyKmoe).

Crnucanue HepTH (HEPTEPOIYKTOB) B IPEEIaX HOPM €CTECTBEHHOU yObLIN
JI0 YCTAHOBJIEHUS (PaKTa HEJOCTAUX 3alPEIaeTCs.

JUis IpYMEHEHUsT HOPM E€CTECTBEHHOM yObUIM HEe(TH U HEPTENPOAYKTOB
teppuropust Poccuiickoit denepanuu pasziesieHa Ha KIMMAaTUYECKHE 30HBI WIH
nosica. Hopmbl ecrectBeHHOM yObuIM HEPTH U HEPTENPOAYKTOB YCTAHOBJIEHBI JJIs
JBYX IIEPUOJIOB roJia:

- oceHHe-3uMHero (¢ 1 okTs10ps o 31 mapra);

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

a TaK)K€ B 3aBUCUMOCTH OT TUIIa U BMECTUMOCTH PE3EPBYapOB U UX OCHAILEHHOCTU
CpelICTBaMHM 3alUThI OT MOTEPH (MIOHTOH, ra30Basi OOBA3KA).

OcHoBHble  (popMynbl  JUIsl  ONpEAENIEHUS  €CTECTBEHHOW  YOBLIM

He(TEeNpPOAYKTOB MpeAcTaBieHbl B Tabna. 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)

Gy, Gx - KOJUYECTBO COOTBETCTBEHHO HAJIMBAEMOI0 M XPaHUMOIO Hed-
TEMPOAYKTa B TEUCHHE T'0JIa, T/TOI;

G - rpy30000poT 1o HEDTENPOAYKTY, T/TOM; P1, - HOPMATUB €CTECTBEHHOU
yObLIM He(PTENPOAYKTOB IIPH MpUeMe B pe3epByaphl HedTedas, Kr/T (Tad:n. 9.2, 9.4);
p2 - HOpPMAaTHUB €CTECTBEHHOH YOBUTM HEPTEHPOAYKTOB TPHU XPAaHCHUH B
pe3epByapax 1o 1 mecsa, Kr/T (tadi. 9.3, 9.4); p; - HOpMaTHUB €CTECTBEHHON YOBUTH
He(TENPOAYKTOB MPU XPaHEHUH B pe3epByapax cBblIie 1 mecsa, Kr/(T-mec). (Tabir.
9.5);

M - 4ucno MecsIeB B pacCMaTpUBAEMOM KaJICHIapHOM MEPHUOJIE;

n - ko3¢ duireHT 060pavynBaeMoCTH pe3epByapoB, 1/ro;

P21 - HOPMATHB €CTECTBEHHON YOBUTH HE(PTEITPOTYKTOB MPU IPHEME, OTITYCKE
Y XpaHEHUH B MEPBBIN TOJ NTUTEIHLHOTO XpaHeHus, Kr/T (Tabm. 9.6);

P31 - HOPMATUB €CTECTBEHHOM YObUTH HEDTEIIPOTYKTOB ITPH XPAHCHUH CBBIIIIC
OJIHOTO Tojia (JUIMTEIIbHOE XpaHeHue), Kr/(T-mec). (Tadmn. 9.7);

M}, - 9uCI0 MECAIIEB ITUTEIHHOTO XpaHEHUsI HE()TEPOTYKTOB, MEC. ;

PA3C -~ HOpMAaTHWB €CTECTBEHHOW YOBUIM HE(PTEHIPOIYKTOB MPH TPHEME,

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

9.8);
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PaM - HOPMAaTHMB €CTECTBEHHOW YyOBUIM Ma3yTa IpH TIpHEME, OTIYCKE |
XPAaHEHUH B OTKPHITBIX 3€MJISHBIX amOapax, Kr/(mec-M?) (1a61.9.9);
F - miomaas NOBEpXHOCTH UCIIapeHus B ambape, M;

My - 4MCIIO MecALIEB XpaHEHUsI Ma3yTa B aMm0ape, Mec.

3agaya 9.1

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

Pemenue

l. [To Tabn. 9.2, 9.3, 9.5 HaxoAMM COOTBETCTBYIOUIME HOPMATHUBHI
ectectBeHHOM yObUTH:p1=0,12 xr/T, P,=0,13 xr/T, P3=0,05 KU/(T-Mec). s
OTIpeJIeIICHHs TPYIIbl He(QTENPOAYKTA UCTIONB3YyEM MpHiioxkeHue b.

2. Briunciisem HCKOMYIO €CTECTBEHHYIO YObLIb 110 (hopmyiie (9.1):

¥=(0,12+0,13+0,05-0)-22500=5625 kr

3anaya 9.2

OrnpenenuTh €CTeCTBEHHYIO YObLIb TpU XpaHeHuu B pesepByape PBC 5000
3700 T aBroOen3uHa ¢ 1 okrsa0psa 1991 r. mo 31 mapra 1993 r. PesepByap
PacCIOJIOKEH BO 2-i KJIMMATHYecKoil 30He. CpelHerofoBas MJIOTHOCTh OCH3MHA

750 /™.

Pemenue
1. Haxonum crenens 3anoaHeHus pe3epByapa:
m= VGJ-Cp - 500307-20750 = 0,98,
p )
2. [Io Ttabmume 9.6, 9.7 HaxoAWMM COOTBETCTBYIOIIME HOPMATHBBI

€CTECTBEHHOW YOBUIH: B OCEHHE-3UMHUM IIEPUOL Po5° = 2,6 KT/T, p3;° = 0,05 kr/
(T - MeC); B BeCCHHE-JIETHUH neprost pp,” = 3 Kr/T, p35" = 0,28 kr/(T - Mec).
3. Brruucisiem HCKOMYO €CTECTBEHHYIO YOBLITL TI0 hopmyie 9.2

Y =[0,5:(2,6+3)+0,5-(0,05+0,28)-(18-12)]-3700=14023 &r
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3agaua 9.3

OnpenenuTh €CTECTBEHHYIO YyOBUIh aBTOOEH3WHA W3  3ariyOJIeHHBIX
pe3epByapoB A3C, pa3MelIeHHON B 3-H KJIMMAaTH4YeCKOM 30He. Macca NpuHATOro
Y peajn30BaHHOI0 HEPTEMPOIYKTa COCTABIISET: B BECEHHE-JIETHUM niepuog G°™7" =
1000 T, B ocenne-3umunii G°2 = 500 T.

Pemenue

1. [To Tabnuie 9.8 HAXOAUM BETMYHUHBI COOTBETCTBYIOIINX HOPM:

P = 0,56, p%d =048

2.  BpiuucnsieM HCKOMYIO €CTECTBEHHYIO YOBUIb 110 dhopmyiie 9.3

¥ =0,56-1000+0,48-500=800 Kr.

Tabnuua 9.2 — HopMbl ecrecTBeHHOM yObuIH HepTenpoAyKToB 1 u 2 rpymnm

IIpU MpUEME B pe3epByaphl (B KMJIOrpaMMax 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 — HopMel ecrectBeHHOM yObutH HedTenpoaykToB 1 u 2 rpynn
IIPU XpaHEHHUH B pe3epByapax 10 OAHOro Mecsla (B KWIIorpaMMmax Ha 1 T XpaHUMOro

MPOAYKTa B MECSII)
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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 | 0,32 | 1,05 | 0,39 | 1,34
700-1000M7 o ) ois | 063 | 023 | 09 | 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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Tabmumna 9.4 — HopMmbl ectecTBeHHOU yObuM HedTenmpoaykToB 3, 4, 5, 6

TPYIII IPU NPUEME 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
3aoanue:

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

B Ta0mune 9.10.
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Ta6numa 9.5 — Hopmbl ecTecTBeHHOHN yOBUTH HEDTENPOYKTOB IIPU XPAaHEHUHN

B pe3epByapax CBBIIIE OJIHOTO 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 | neriunit | 3umuni | nerauit { sumumii | nethuit | 3umHui | neTHuiR
nepyon | nepyol | nepyoa | nepwon | iepuon | 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
HOIITOIOM 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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Tabnuua 9.6 — HopMbl ecTecTBEeHHON yObUIM HE(DTENPOAYKTOB MPU MPUEME,
OTIYCKE M XpaHEHUWU B pe3epByapax B MEPBbIA T'0Jl JJIUTEIBHOTO XpaHeHus (B

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

KnnMaruveckue 30051

T ['pynna | ; 3
pegep:;apoa nﬂ;&;@}(‘ OCEHHe- | BECCHHe- | OCEHHE- | OCEHHe- | BeceHHE- | OCeHHe-
Top | SUMHHH | JCTHHA | 3MMHMA | 3UMHWH | AeTHMH | 3uMHuH
[epuoa | mepuoi | Nepdop | 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 HEPTEIPOAYKTOB IIPH CBBIIIIEC

OJTHOTO roJia (IJIUTEIbHOE XPAHEHNUE)

Knumaruyveckue 30HbL

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

Tabnuua 9.8 — HopMbl ecTecTBEeHHON yObUIN HE(DTENPOAYKTOB MPU MPUEME,
OTIYCKE, XpaHEHWU Ha AaBTO3ANpPABOYHBIX CTAHIMSAX W IYHKTaxX 3ampaBKkud (B

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

KauMaruuecKue 301

. I'pynna
Ty nedre- : 2 3 4
peseppya- IEPOIYK~ | OCCHIIC- [BCCCINC-| OCCHIIC- [BECCIINIE-| OCCIIIE- [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

Hazemusie
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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Tabnuua 9.9 — HopMbl ecTecTBEeHHON yObLIM HE(DTENPOAYKTOB MPU MPUEME,

OTIIYCKE U XPAaHEHUHM B OTKPBITHIX 3eMIITHBIX ambapax (B KujaorpamMmax Ha 1 m?

MOBEPXHOCTU UCHApEHUS HEPTEIPOYKTA B MECHII)

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

Tabnuua 9.10 — BapuanTs! Jy1s pacyeTa HOpMbI €CTECTBEHHOHN yObUTH HePTH

U He()TEPOIYKTOB

s Macca o

§ peanu3oBaHo- s . g o ‘C:i . E\

= = IO U NPUHATOTO s [a" § = = = 2 5

= HePTEpoayKTa £y =y = g Q: I 5 S

Sl El e d g d B | o g JERl ERE

S| E|EEH 254 = 8 s 8 = = 53

m g E T d = B d = 2 8 E g < & T

ok § 8 S5 =5 = & ] = = =)

S| 2egcs5y © =] = ~ 5 | °¢

Y| m B a7 F =

1| 1| 1000 | so0 | PBS Gemsui | 29500 | 710 | 01.05.2010 | 01.09.2011 | 730
1000 ABTOMOOWJIbHBII

2 | 2| 1050 | s2s5 | PBC Gemsum 22000 | 1560 | 01.09.2009 | 31.01.2011 | 740
2000 aBUAIIMOHHBIN

303 | 1100 | sso | PBE KepochH - 21500 | 2150 | 01.06.2010 | 31.09.2011 | 750
3000 TEXHUYECKUN

4 | 2| 1150 | s75 | PBC KEPOCHH 1 51000 | 3900 | 01.10.2009 | 30.04.2011 | 760
5000 OCBETUTEIILHBII

5| 1| 1200 | 600 | PBE TOIIHBO 20500 | 6200 | 01.02.2010 | 28.02.2011 | 770
7000 U3EJIbHOE

6 | 2| 1250 | 625 1;‘3&; MaszyT 20000 | 800 | 01.11.2009 | 01.07.2011 | 780

713 | 1300 | es0 | PBC Gemsue | 19500 | 1300 | 01.04.2010 | 01.09.2011 | 790
2000 ABTOMOOWJIBLHBIM

g | 3| 1350 | 675 | PBC Oensnn 19000 | 2300 | 01.01.2010 | 28.02.2011 | 800
3000 ABUAIIMOHHBIN

o | 1| 1400 | 700 | PBC KepocHH 18500 | 3600 | 01.08.2009 | 31.01.2011 | 810
5000 TEXHUYECKUN

10| 2| 1450 | 725 | PBC KCPOCHH | 18000 | 5200 | 01.06.2010 | 31.09.2011 | 820
7000 OCBETHUTEIbHBIN

11| 3| 1500 | 750 | PBE TOTLIHMBO 17500 | 710 | 01.06.2010 | 31.09.2011 | 830
1000 IU3eJIbHOE

12| 2 | 1550 | 775 Iz)]ggo' MasyT 17000 | 1560 | 01.08.2009 | 31.01.2011 | 840

1311 | 1600 | soo | PBC Gemsus | 6500 | 2150 | 01.01.2010 | 28.02.2011 | 850
3000 ABTOMOOWJIbHBII

14| 2 | 1650 | s2s5 | PBC Gemsmm 16000 | 3900 | 01.04.2010 | 01.09.2011 | 860
5000 aBUAIIMOHHBINA
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15| 3 | 1700 | sso | PBE KCpOCHH 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 OCBETUTEILHBIN

171 1 | 1800 | 900 | PBE TOTLIMBO 14500 | 1300 | 01.10.2009 | 30.04.2011 | 890
2000 IU3EJIbHOE

18] 2 | 1850 | 925 1;13(% MasyT 14000 | 2300 | 01.06.2010 | 31.09.2011 | 745

1913 | 1900 | 950 | PBC Gemsui | 13500 | 3600 | 01.09.2009 | 31.01.2011 | 755
5000 ABTOMOOWJIbHBII

20| 3 | 1950 | 975 | PBC Oensni 13000 | 5200 | 01.05.2010 | 01.09.2011 | 765
7000 aBUAILIMOHHBIN

21 2 | 2000 | 1000 | PBE KepocHH 12500 | 710 | 01.06.2010 | 31.09.2011 | 775
1000 TEXHUYECKUI

2| 3 | 2050 | 1025 | B KEPOCHH | 15000 | 1560 | 01.10.2009 | 30.04.2011 | 785
2000 OCBETUTEJILHBIN

23| 3 | 2100 | 1050 | PBE TOTLITMBO 11500 | 2150 | 01.02.2010 | 28.02.2011 | 795
3000 U3EJILHOE

24 | 2 | 2150 | 1075 I;]goco' MaszyT 11000 | 3900 | 01.11.2009 | 01.07.2011 | 805

25 | 1 | 2200 | 1100 | PBC Gemsui | 10500 | 6200 | 01.04.2010 | 01.09.2011 | 815
7000 ABTOMOOWJIbHBIN

26 | 1| 2250 | 1125 | PBC Oensnn 10000 | 800 | 01.01.2010 | 28.02.2011 | 825
1000 aBHAILIMOHHBIN

27| 2 | 2300 | 1150 | PBE KCpOCHH | 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 OCBETUTEILHBII

20 | 3 | 2400 | 1200 | PBE TOTLITMBO 8500 | 3600 | 01.06.2010 | 31.09.2011 | 855
5000 IU3EJIbHOE

30 | 2 | 2450 | 1225 I;}g(% MasyT 8000 | 5200 | 01.08.2009 | 31.01.2011 | 865

Bompocsr:

1. TloHaTHE HOPMBI €CTECTBEHHON yOBUIH.

2. Xpanenue HePTH U HEPTENPOAYKTOB.
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Ipunoxenune A
3HaveHNe MPOJAOJIbHOI0 CONPOTUBJIEHUS TPyOonpoBoaa Ry mpu

PAa3JIMYHOM TOJIIMHE CTEHKN TPYObI

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

=2,45-107 Om'Mm; t =20 °C

HuameTp TommuHa cTeHKH Tpyor 6,103, M

TpYOR
Dy, ™M | 40 5.0 5.5 6.0 6,5 7,0 7,5 8,0 8,5 9,0 9,3

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,

Ta6muna A.2 — Tonmmaa ctenku Tpyost oT 10 10 20 MM, TTpH YCIIOBUHU YTO Py

=2,45-107 Om'm; t =20 °C

AnanmeTp TomnwyHa cTenxH Tpyow 8,-1073, M
TPYGE S
DM 10,00 | 10,5 11,0 11,5 12,0 12,5 14,0 15,0 16,0 17,0 20,0
07 11,00 | 10.50 | 10.00 ]
0,82 9.63 9.18 876 | 8.39
1.02 7,72 7.36 7.03 6,72 6,45 6,19 3,54 5,17 4,85 4,57
1,22 | 586 5,61 5,38 2,17 4,62 4,31 4,05 3.81 [ 3.25
142 3,96 3.70 3.47 3.27 2,79
1,62 ' i [ 347 | 324 | 304 | 286 | 2.44
Mpumevanyne— Bpacyerza R NpHHUMASTCA BEIHIHMHE, VEAIAHHAA B TabIHIE M YMHOKEHHAA HA
{ 107" Hanpumep, ans 1py0 mmanverpom 1,02 M M ToNMRiMHO# cTenky 12 MM IPONOIBHOE COTIPOTHRIEHHE
| PEBHO 6,45-1079 On/u.
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IHpuioxenue b

PacnpenesieHue He()TENNPOAYKTOB 110 IPyNIIaM

1 2pynna

1. ben3unbl aBTOMOOMIIbHBIE

2 epynna

1. bensuH-pacTBOpUTENH 11 PE3UHOBOM IPOMBIIIIEHHOCTH
2. beH3uHbl aBUAIMOHHbBIE

3. benson nedrsanoi

3 epynna

1. ben3un-pacTBopUTEIb 7151 JAKOKPACOUHON MPOMBIIICHHOCTH
2. KepocuH 17151 TEXHUYECKUX 1IeIe

3. OTH0EH30J1 TEXHUUECKUI

4 epynna

1. [Tenoo6pa3zoBaresnb

2. KepocuHn ocBeTUTENIbHBIN

5 epynna

l. TornuBo 1u3enbHOE

2. TornnmBo MOTOpHOE

3. Mac:o nornotutenbHoe HeTIHOE

4, CrnupThl CHHTETUYECKUE KUPHBIE TIEpBUYHbIC (DpaKIIuu
6 cpynna

1. Masyt

2. Macna cmMa3ouHble

3. butyMmbl HeQTAHBIE KUIKHE

7 2pynna

1. Cma3zku Bcex MapokK

OUTYMBI TBEP/IbIE

[lepe3un

Pa3Hbie TBeppie HEPTETPOTYKTHI

2

3

4. [TacTel pa3Hbie
5

8 epynna

1

Hedtu pazubie
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CnuCcoK peKoMeHIyeMoii TUTepPaTyphl

CnHcok OCHOBHOM JIUTEpaTyphI

l.bym3ynak, b. B.. Opranu3zandoHHO- TEXHOJOTHYECKHUE  CXEMBI
IIPOM3BOICTBA PA0OT MPU COOPYKEHUN MAruCTPaIbHBIX TpyOonpoBoaoB [Texcm] /
b. B.byt3ynak, I'. I'. Bacunbes, B. A. IBanos — M.: I"'aznpom, 2002.

2. Bacunbes, I'. I'. TpybonpoBoaubiii Tpancriopt Hedtu. [Texcm] / I'. T.
Bacuibes, I'. E. KopoOkos, A. A., Kopmrak A. A. — M. : Henpa, 2002.

3. Yyxapera H.B., A.B. Pymauenko, A.®. bapxaros, [A.B. ®enun -
TpaHcnopT CKBaKMHHOM MPOAYKIMU: yueOHoe nocodue. [Texkcm]| — Tomck: U3n-
BO TOMCKOro monuTexHuueckoro yuusepeurera, 2011. — 357 c.

4. baxmar I'.B., BacunseB I'.I'., I'onbsiHoB A.W. u np. — TpaHcnopT u
XpaHeHue He(TH U ra3a B npuMepax u 3anavax [Texcm] /Ilox obur.pen 3emeHKOBa

I0.1. — M.: Henpa, 2004. — 544 c.

CnmcoK TOTOJTHUTETLHON JIUTEPaTyPhI
5. Mengenes, B. ®. C6op u noaroroBka HedtH u Boubl [Texcm] / B. @.
Mensenes — M.: Henpa, 1986.
6. JIyromkun, I'. C. COopHUK 33724 110 cOOpY U TOJATOTOBKE HE(PTH, raza u

BoJibI Ha poMeiciie [ Texem] /T, C. Jyromkun, U. W. lynromkua — M.:Henapa, 1985
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MUHUCTEPCTBO HAYKH U BLICHIET'O OBPA30BAHUSI POCCUIICKOI
®EJEPALIUN
@euepanbﬂoe rocy1apCTB€HHOE€ aBTOHOMHOE OﬁpaSOBaTeﬂbHOC YUpexxKaeHue

BhICIIEr0 00pa3oBaHUSA

«CEBEPO-KABKA3CKHWM ®EJEPAJIbHbIA YHUBEPCUTET»

METOINYECKHUE YKA3ZAHUSA
10 OPraHM3ALUH U IPOBEACHUIO

CaMOCTOSITeIbHOH padoThI

CoBpeMeHHbIE MEeTOIbI XPaHEHUS YIJIEBOIOPOI0B

JUIsL CTyAeHTOB HampasieHus nmoAarotorku 21.03.01 Hedrerasoroe neno
HaNPaBIEHHOCTH (TPOPHIIb) «IKCIUTyaTanusi ¥ 00CIy)kKiBaHUE 00BEKTOB
TpaHCIIOPTa U XpaHEHUsS He(PTH, ra3a U MPOTYKTOB IEPEPaOOTKI»

Crasponoins 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. Metoaudeckoe CONMPOBOXKICHHE TIpoIlecca BBEACHUS M peaju3alud  TPeOOBaHMIA
®DenepallbHOTO TOCYIAPCTBEHHOTO 00pa3oBaTeNbHOTO CTaHAapTa Beicmiero obpasosanus (manee OI'OC
BO), momomp mipu pa3zpabotke pabounx y4eOHBIX IPOTPaMM TUCITUILTHH U MPO(ecCHOHaTHHBIX MOAYIEeH

obOpazoBarensHO# mporpammel (nanee OIT).

2. Cozmanne B 00pa3oBaTEIbHOM YYPEXKICHHH Y4eOHO-METOIUYECKOro 0OecredeHus

00pa3oBaTeNHHOTO MpoIiecca.

MeToaudeckue peKOMEHIAIUU OIPEICSISIFOT CYIIHOCTh CaMOCTOSITEIbHONW Pa0OThI

CTYZAEHTOB B By3¢, €€ Ha3HaUCHHUE, IUIAHUPOBaHUE, (POPMBI OPraHU3ALIH U BHIBI KOHTPOJIS.
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Conep:xanue

1. HopmaTuBHOe o0ecniedeHne caMmocTosATeNbHOI padoTel B @PI'OC BO.

2. HazHa4veHue ¥ BUABI CAMOCTOSITEILHOH PadoThI CTYI€HTOB.

3. KoHTpoJb caMOCTOATEILHOMH PadoThl CTYAEHTOB MpenoiaBaTeIssMH.
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1. HopmaTtuBHOe obecnieuenne camocrosTenbHoi padbotsl B PI'OC BO

1.1. ®I'OC pazmen: «TpedoBanus K yciaoBusiM peanuzannn OlD»:

— TpeboBanus Kk 00s13aTEIILBHOMY MHHIUMYMY COJIEp>KaHUS 00pa30BaTEILHON MTPOrPaMMBI
MOJITOTOBKH CHENHAIUCTA, K YCIOBUAM €€ pealu3allii U CPOKAM €€ OCBOCHHUS OIPEHEISIOTCA
HACTOSIIUM (eIepaIbHBIM TOCYIaPCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM;

— OCHOBHasi o0Opa3oBaTellbHAas MporpaMma TOJATOTOBKH CIICIIMAIMCTAa COCTOUT W3
JUCIUIUIMH  OOIIEHAYYHOTO M MPO(PECCHOHAIBHOTO IUKIOB, COCTOSIIUX H3 0a30BOi U
BapUATUBHOW YaCTEeH M TUCLIUILIMH 10 BBIOODY;

— MAaKCHMaJbHBI 00beM yd4eOHOW Harpy3KH CTYAEHTa yCTaHaBIHBaeTcs 54 daca B

HEJeN0, BKIFOYasi BCE BHIBI ayAHTOPHOW W BHEAYIWTOPHON (CaMOCTOSATENBHOI) ydeOHOH

paboTHL.

Bo Bpemst caMOCTOSITEbHOM TOATOTOBKH 00yYaroIuecs JA0JKHBI ObITh 00ecTIeYeHbI
noctynoM kK cetn WHTepHer. Peanmsanmsi o0pazoBaTenbHOW MPOrpaMMBbl  MOATOTOBKH
CHELHAINCTa JIOJDKHA O0eCleunBaThbcd AOCTYIOM KaKAOTO CTYJCHTAa K OHUOIMOTCYHBIM
donmaMm u 0OazaMm JaHHBIX, (OPMUPYEMBIM IO T[OJHOMY TMEPEYHIO JIUCHUIUIMH
o0Opa3oBaTeibHONH MpOrpaMMbl M3 pacueTa OOECICUCHHOCTH YYCOHMKAaMH U y4eOHBIMHU
nocobusimu He Menee 0,5 SK3eMIUIsIpa Ha OJHOTO cTy/eHTa. bubianoTeka By3a I0HKHA UMETh
JOCTaTOYHOE KOJIMYECTBO COBPEMEHHBIX YUCOHMKOB M YYEOHBIX MOCOOMH MO BCEM LIUKIAM
JUCHUIUIMH U TIOCTOSHHO BOCTIOJNHATBCSI HAYYHOW JIMTEPaTypod H NEepUOAMYECKHMH

M3JTAaHUSAMH He(DTEerazoBoro mpoguis

OO0beM BpeMEHH, OTBEICHHBIM Ha BHEAyAUTOPHYIO CaMOCTOSATENBHYIO padoTy,

HaxXOoauT OTPAKCHUC!

. B pabodeM y4eOHOM IIIaHE — B IIEJIOM 10 TEOPETUIECKOMY 00YUEHUIO0, KAXKIOMY U3 IIUKJIOB
JACITUTUINH;
. B pabo4mx mporpamMmax y4eOHBIX AUCIUIUIMH UKIIOB JUCIUILUIAH C paclpeie]eHHneM 110

pasjienaM Wi KOHKPETHBIM TEMaM.
2. HazHaueHue 1 BUAbI CAMOCTOSITEIbHON PaOOThI CTYJIEHTOB.

CamMocTosTenpHas pa60Ta MMPOBOAUTCA C LECJIBIO:

. CHUCTEMAaTH3allMN U 3aKPEIUICHUS MOJTYYEHHBIX TEOPETUUECKUX 3HAHUM U MPaKTHUYECKUX
YMEHUH CTY/JICHTOB;

. yTayOJIeHns: M paclIiPeHHs TEOPETHUECKUX 3HAHUH;

. bopMHpOBaHUsST YMEHWH HCIIONb30BaTh HOPMATHUBHYIO, IIPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIIHIO U CIIEHATIBHYIO JTUTEPATypy;

. pasBUTHS TO3HABATENBHBIX CHOCOOHOCTEH W AaKTHBHOCTH CTYAEHTOB: TBOPUYECKOU
WHUIMATHBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH, OPraHU30BaHHOCTH;

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

. dopMupoBaHUs TIpakTHYecKHX (0OMEey4eOHbIX M MPO(QECCHOHANBHBIX) YMEHHH U
HaBBIKOB;

° Pa3BUTHUIO UCCIICAOBATCIBCKUX YMGHI/Iﬁ
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B y4e6HOM miporiecce OY BBIACIAIOTCS Ba BUJIA CAMOCTOSTEIBHON pabOTHI:

PN

AyauTopHas No AUCLUMUNAUHE, BHeayauTOpHas no AMcumnianHe,
MEXANCUMNANHAPHOMY Kypcy MEXANCUMNANHAPHOMY KypcCy

BbIMOIHAETCA Ha Y4EOHbIX 3aHATUAX,
no4 HenocpeACcTBeHHbIM
PYKOBOACTBOM Npenoaasatens v no
€ro 3agaHuto

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

BreayauropHasi camocrosTensHas paboTra - TUlaHUpyemas ydeOHas, ydeOHO-
UCCIeI0BaTeNbCKasl, HAayYHO-HCCIIEA0BATEIbCKass padoTa CTYJICHTOB, BBINOJHSAEMAs BO
BHEAyIUTOPHOE BPEMs IO 33JaHHUIO0 U MPHU METOAMYECKOM PYKOBOJACTBE MpEIonaBaTelisi, HO

0e3 ero HermocpeACTBEHHOT0 YUacTHSI.

3. KonTponb caMocTosTenbHON pabOThl CTYICHTOB MPEIo1aBaTesIMHU.

KoHTponbs caMocToATensHOM paboThI CTYACHTOB MPEAyCMaTPUBACT:

. COOTHECEHHE COZIEPKaHMS KOHTPOJIS C LIEJIIMU O0yUeHHS;

. 00BEKTHBHOCTH KOHTPOJIS;

. BAIMIHOCTb  KOHTPOJNA  (COOTBETCTBHE  IPEObABISIEMBIX  3aJaHUMH  TOMY, UTO
IpearoaraeTcs MpOBEPHUTh);

. T QepeHInaImio KOHTPOIbHO-U3MEPUTEIBHBIX MaTEPHAIIOB.

@DopMbl KOHTPOJISI CAMOCTOSATEILHO PadoThI

[IpocMoTp 1 TIpOBEpKa BBHITTOIHEHUS CAMOCTOSITEILHOM PabOTHI IpernojaBaTesieM.
CaMomnpoBepka, B3anMOIPOBEPKA BEITIOJTHEHHOTO 3a/IaHUS B TPYIIIIE.
O6cyxnenue pe3ynbTaToB BHIIOJHEHHON paOOThI HA 3aHATHH.
TectupoBanue.

[Tucemennsiii onpoc.

YcrHblii onpoc.

WunusuayansHoe cobeceioBaHue.

Konnoxsuym.

Ortuer o mpoaenanHol padore.

3amuTa peepaToB MU KypcoBOH paObOTHI.

TBOpueckuit KOHKYpC.

WnTtepuer - koHpepeHun.

13.  KoutponbHas padora.

VoAb W=

—
N =o
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Kputepun oneHkn pe3yaibTaTOB caMOCTOSITEIbHOI padoThI

KpurepussMu OLIEHOK pe3yibTaTOB BHEAYJUTOPHOW CaMOCTOSATENBHOH pPaOOTHI

CTYACHTA SABJIAIOTCA:

. YpOBEHBb OCBOCHHS CTYJEHTOB y4eOHOTO MaTepHana;

. YMEHHS CTyJIEHTa UCIIOJIb30BaTh TEOPETHUECKUE 3HAHUS TTPH BHITIOTHEHUN MTPAKTUIECKUX
3a/1ad;

. ¢dopMupoBanue Habopa W3 OOMIEKYJIBTYPHBIX W TPOGECCHOHANBHBIX KOMIIETEHITHI
OyIyIIero CrenuanncTa;

. YMEHHUSI CTYJCHTa aKTUBHO HCIIONB30BAaTh 3JEKTPOHHBIE 00pa3oBaTelbHBIC PECypCHI,
HaXOJIUTh TPEOYIOLIYIOCS HHPOPMAINIO, U3y4aTh €€ U MPUMEHSTh Ha MPAKTHKE;

. 000CHOBaHHOCTh M YETKOCTh U3JIOKEHUS OTBETA;

. odopmIIeHHE MaTepralia B COOTBETCTBUU C TPEOOBAHMAMIU;

. YMEHHE OpPUEHTHPOBATHCA B TIOTOKE MHPOPMAIINH, BBIIEIATH TTIABHOE;

. YMEHHE YeTKO c(opMynmHpoBaTh NpoOJIeMy, IMPENJOKUB €€ pelIeHHe, KPUTHIESCKH
OIICHUTH PEIICHNE U €TO MOCIIEICTBUS;

. YMEHHE I[I0Ka3aTh, MPOAHATN3UPOBATh AallbTEPHATUBHBIE BO3MOJKHOCTH, BapHaHTHI
JICHCTBHI,

. yMmeHue c(hOpMHUPOBATH CBOIO MO3UIINIO, OLIEHKY M apTyMEHTUPOBAThH €¢.

Conep:xanue BHeAYAUTOPHO# CaMOCTOSITEILHOM
NeITeJLHOCTH CTYIEHTOB
MeToauueckue yKa3aHus JJIsl CTYICHTOB IO BHIMOJIHCHUIO CAMOCTOSATEILHOM PabOThI:
1. IToaroroBka K JEKIIASIM

2. HO,I[FOTOBKa K IPAaKTUYCCKUM 3aHATUAM
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