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INVTIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUA 110 OOII

Kon pesynbrara

PesynbpTar 00yueHus

P1

HpI/IMeHHTb CCTCCTBCHHOHAYYHBLIC, MaAaTEMATHUYCCKHUC, T'YMaHHUTApHBIC,
HKOHOMHYECKHUE, NHKECHEPHbIE, TEXHUYECKHUE U TIyOOKHEe PO eCcCHOHATBHBIE
3HaHUS B OOJIACTH COBPEMEHHBIX HE()TEra3oBBIX TEXHOJOTHU Uil PELICHUs
NPUKIAOHBIX ~ MENCOUCYUNTUHAPHBIX — 3a0a¥y W UHJICEHEPHbIX — NpooieM,
COOTBETCTBYIOIIMX MPO(UII0 TOArOTOBKA (B HE(PTETa30BOM CEKTOpE
HPKOHOMUKH)

P2

[[1aHupoBaTh W TPOBOJWTH AHAIUTHYCCKUE M OKCICPHUMEHTAJIbHBIC
uccnedo6anusi C UCIOJIb30BAHUEM HOBEWIUX JOCTHIKCHHA HAYKH U TEXHUKH,
YMETh KPUTHYECKH OLICHHBATh PE3yJbTaThl M J€JIaTh BHIBOBI, TIOJYYCHHBIC B
CHLOJICHbIX U HEONPeOeNéHHbIX — YCI08UsX,  WUCIOJIb30BaTh  NPUHYUNDBL
1300pemamenbcmed, NpPagoBble OCHOBLI-G  0OIACTU  UHMELLEKMYATbHOU
cobcmeennocmu

P3

[TposiBNsATE IPOGECCHOHATBHYIO 0C8E00MIEHHOCHb O NepedoBblX 3HAHUAX U
omkpulmusAx B 001acTé HEPTETra30BBIX TEXHOJOTHI C YYETOM nepedo8oco
omeuecmeenHo20 U 3apy0extcHo20 ONbITa; WUCIONb30BaTh UHHOBAYUOHHBIU
1n00x00 TIpU pa3pabOTKEe HOBBIX UACH U METOJOB NPOEeKMUPOBAHUs OOBEKTOB
HETEra30BOr0 KOMIUIEKCA [UIS pPeuleHUss UHNCEHEPHLIX 3a0ay pazeumus
HEeTEra3oBbIX  TEXHOJOTHH, MOOepHuzayuu U  YCOBEPULEHCIBOBAHUS
He(Tera3oBoro pomu3BoO/ICTRA.

P4

BHepsTh, SKCIUTYyaTHPOBATh U 00CITY)KUBATh COBPEMECHHBIC MAIIMHBI U MeXa-
HU3MBL 051 peanu3ayui  MmexHOA02UYeCcKUX npoyeccos Heghmezazosoll
obracmu, obecneuusams ux BBHICOKYIO 3(DPEKTUBHOCTD, c0OI00amsb npasuid
OXpaHBI 3JI0POBBbSI W O€30MACHOCTH TPYIa, 6bINOIHAMb Mpebosanus no
3alIUTE OKPYKAIOIIEH CPEIBI.

P5

EBICTpO OpPUCHTHUPOBATLCA U BI:I6I/IpaTB ONnMuMalbHble PEUUEHUS 6 MHOZOgbaK'
MOPHBIX cumyayusdx, BIAACTb MCTOAaMU U CPCACTBAMU MamemamudecKkozo,
Mode/zupoeanz TCXHOJIOTMYCCKUX MPOUCCCOB U 00BEKTOB

P6

O(PGEeKTUBHO MCIOJIB30BaTh JIFOOOM MMEIOIIUICS apceHal TEeXHUYECKUX
CPEICTB  JII ~ MAaKCUMAJIBHOTO  NPUONMKCHHS K  TMOCTABJICHHBIM
MPOM3BOJICTBEHHBIM IEISIM TIPH  pazpabomke U pearu3ayuiu npoeKmos,
MIPOBOJIUTD 9KOHOMUYECKUL AHAU3 3AMPam, MapKemuH208ble UCCie008aHUs,
paccuumvléams IKOHOMULECKYIO dhhexmusHocmo.

P7

DPhekTUBHO padoTaTh UHOUBUOYAILHO, B KAYECTBE WleHA U PYKOBOOUMENs
KOMaHObl, yMEHUE (POPMHUPOBATH 3aJIaHUSI H ONepamueHvle NiaHbl BCEX BUIOB
NESATSIIBHOCTH, PACIPENCATh O0S3aHHOCTH WICHOB KOMAaHJIbI, TOTOBHOCTH
HECTU 0MBemCmMEeHHOCMb 3d Pe3yIbmamvl pabonul

P8

CaMOCTOATENBHO YYHUTBCS M HENPEPBIBHO NOGbIUAMb KEAMUDUKAYUIO B
TE4YEHHUE BCETro Iepruoja Npo(ecCHOHaIbHON AeATENbHOCTH; aKTUBHO 671a0€emb
UHOCMPAHHLIM ~ A36IKOM ~ HA  ypOBHE, IO3BOJIAIOIEM  paboTaTth B
MHTEpHALMOHAILHON cpeze, pa3pabaThiBaTh JOKYMEHTAIMIO W 3allUIIATh

PE3YyIbTaThbI HH)KeHepHOﬁ JACATCIIBHOCTH
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KaK ()aKTOp B3pHIBOOIIACHOCTH.
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Bo3HukuIelt YC u Mep 1o TMKBUIALUU €€
MOCJICACTBUI.
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PE®EPAT

Brinycknast kBanudukanuonHas padora coaepkut 126 crpanui, 15 pucynkos, 16 tabmui,
63 ncTouHMKA,8 MPUITOKEHUM.

KirueBble cjioBa: HeTh, XpaHEHHE, pe3epByap, HCHApeHHs, METOAMKA, pacyeTsl,
IPOTHO3UPOBAHUE, IOTEPH, COKPALICHUE, [IOHTOHBI, IPOrpamMma.

O0beKT HccaeI0BaHUSI — OIpEeNIeHUe MOTeph HEPTH OT HMCIApEeHUil M3 pe3epByapoB
CTaJIbHBIX BEPTUKAJIbHBIX.

IIpeamer ucc/ie10BaHUsA — TEXHOJOTHS XpAaHEHUs TOBapHOW HEPTH ¢ MHUHHUMHU3AIUEH
HOTEPb.

Ieas paGoTbl — ompeneneHue ONTUMAIbHONW METOAMKHM pacueTa IMoTepb HepTu OoT
UCMIApEHUH IIPU XPaHEHUH U CIIOCOOOB UX COKPALIECHUS.

AKTyabHOCTH padoTbl — B Hacrosiee Bpems psii METOAMK IO OIPEICIICHUIO MOTEPb
HeTH OT MCIApPEHUH, HE IM03BOJAET IOIYYUTh KOHEYHbIE pEe3yJbTaTbl € MHHHMMAIbHOM
MOTPEIIHOCTHI0. BOJBIIMHCTBO CYIIECTBYIOMIMX METOIMK pa3padoTaHbl Ui pacdeTa MoTepb OT
UCTIAPEHHS CBETJIBIX HE(PTENPOAYKTOB U HE YUUTHIBAIOT CIEUU(UKY XpaHEHHs Oeliee BHICOKHX II0
IUIOTHOCTH M BSI3KOCTH JKHJKHX YTJIEBOJOPOAOB. [loaTOMY BCEe BOMPOCHI, CBSI3aHHBIE C TOMCKOM
HOBBIX PELIEHUI N0 ONPEIEICHUIO IOTEPh HEPTU OT UCIIAPEHUH, SBIIAETCS aKTyalbHOM 3a1aueil. B
CBSI3U C BBIMIEU3IOKEHHBIM TeMa paboThl «OmnpejeneHne ONTUMAIbHOW METOJUKH pacdyera U
IPOTHO3UPOBAHUA NOTEph HEPTU OT HCHApEeHUH JUIsl BbIOOpA CPENCTB MO MX COKPALICHUIO»
SBIISICTCS AKTyaJIbHOM.

B npomecce mucciaenoBaHusi NPOBOAWJIMCH. (OPMHPOBAHUE EAMHOIO TOAXO0JIA K
OTIPENIEJICHUIO MTOTEPh HEPTH OT UCHAPEHUI U3 Pe3ePBYapOB BEPTUKAIBHBIX CTANBHBIX, MTOy4YCHHE
OKCIEPUMEHTAIBHBIX JaHHBIX JUISI pacdyeTa NPOTHO3UPYEMBIX IOTePh HE(PTH NpU 3aKauke,
pa3paboTka MPOrpaMMHOTO KOMITJIEKCA C YUETOM CIeUu(pUKN BHIOPAHHBIX METOJUK MCCIICIOBAHMUS
JUI TIPOTHO3UPOBAHMS MOTEPh HE(PTH OT MCHAPEHHId MpH 3aKauke B pe3epByap, (POpPMYIHPOBKa
PEKOMEH ALK 110 BEIGOPY CPEICTBA COKPAICHHS TOTeph s pesepyapa PBC-20000 wm.

B pe3yabTaTe muccieaoBaHusi: pa3paboTaH MPOrpaMMHBIA HPOAYKT Uil OLEHKH
NPOTHO3UPYEMBIX MOTeph HE(PTU OT McHapeHuil mpu OONBIIMX ABIXaHUSX pe3epByapoB Tuna PBC,
NPEUI0KEHO M3MEHEHHE KOHCTPYKLMHU MOHTOHA JUISl YJIYUIICHUsI €ro XapakTepUCTUK NpU 3alluTe
MOBEPXHOCTH HCTIapeHusi HeTH B pe3epByapax.

Teopernueckasi M MPaKTHYECKasi 3HAYUMOCTH PadoThI

TexHOoNIOTHM KOHTPOJIS KOJIMYEeCTBA MOTEPh HEPTH OT McrapeHus. TeXHUIEeCKne CpeacTBa
JUTSL 3alIMTHI 3epKaia HeTH OT UCTIAPCHUSI.

O0J1acTh NpUMEHEeHHsI: IPOTHO3MPOBAHNE KOJIMYECTBA MOTEPh HEPTU OT UCHAPEHUHN NPU
«OOTBIINX JIBIXaHUAX» B Mpolecce 3anonHeHus PBC.



ABSTRACT

Graduate qualification work contains 126 pages, 15 figures, 16 tables, 63 sources, 8

appendices.

Keywords: oil, storage, tank, evaporation, methods, forecasting, losses, pontoons,

program.
Target of research — to determine oil losses from evaporations in steel vertical tanks.
Research subject — oil loss reducing equipment and tools.

Objective — based on the chosen technique, to propose methods of reducing oil losses from

evaporation taking into account their efficiency and reliability.

Relevance: Today, there are a number of techniques to calculate oil losses from
evaporation. However, accuracy assessment of these techniques has not been made yet. The
obtained formulas for oil are applied only in definite cases. At that moment, there are no universal
formulas to calculate oil losses, which could be used for any type of oil irrespectively to its
properties and composition. Therefore, the formulas derived for gasoline are quite often applied for
oil. Thus, the purpose of the research is to define the technique to calculate and forecast oil losses

from evaporation and to propose the methods of reducing oil losses.

Within the research: previous oil losses research was reviewed, oil losses from
evaporation were calculated, oil losses reducing equipment and tools were analyzed, reliability and

efficiency were assessed, the choice of oil losses reducing equipment and tools was grounded.

Research result: software for oil loss calculation was developed, recommendations for

selecting oil losses reducing equipment and tools were given.

Application area: technique to calculate oil losses from evaporation from steel vertical

tanks, oil loss reduction.
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BBenenue

B Hacrosiee Bpemsl psii METOJIMK IO OIpPENEICHUI0 NOTEph HEPTH OT
WCIIAPEHNUM, HE II03BOJIIET MOJYyYUTh KOHEYHBIE pE3yJbTaTbl C MUHHUMAIBHOU
HOTPEIHOCTHIO0. BOJIBIIMHCTBO CYIIECTBYIOUIMX METOJIUK pa3pabOTaHbl JIs pacyera
NOTEePh OT HCIAPEHUS CBETJBIX HEPTENPOAYKTOB M HE YUYUTHIBAIOT CIEHU(DUKY
XpaHeHus: 0ojiee BBICOKMX IO TUIOTHOCTH M BSI3KOCTH JKUIKUX YIJIEBOJAOPOJIOB.
[ToaTOMy BCe BOIPOCHI, CBSI3aHHBIE C MIOMCKOM HOBBIX PELICHUI IO ONPEIEICHUIO
notepp He(PTH OT WUCHApEHUM, SBIAETCA aKTyalbHOW 3amadeil. B cBsa3u ¢
BBIILIEH3JI0KEHHBIM TeMa paboThl «OnpeseneHne ONTUMAIbHOM METOJUKU pacyeTa u
IPOrHO3UPOBAHMS MOTEPh HE(PTH OT HCHAPEHUl Ui BBIOOpA CPEACTB IO HX

COKPpAIICHUIO» ABJIACTCA aKTyaHBHOﬁ.

Ob6vexm uccnedosanus. OnpeneneHue NOTEpb HEPTH OT HUCHAPEHHN U3
pe3epByapa CTalbHOro BepTHKanbHoro PBC-20000 m°,

IIpeomem uccnedoeéanus. TeXHONOTUS XpaHEHUS TOBApHOW HEPTH C
MUHHAMH3ALUEN TTOTEPB.

Llenv pabomwi. OmnpeneneHve ONTHUMAIbHOW METOIMKHM pacuera MOTeph

He(TU MTPU XPAaHEHUHU U CIIOCOOOB MX COKPAIICHHUS.

s peanuzayuu nocmasnennou yeau HeobXoouMo SbINOIHUMb CAeOYIOuUe
3a0avu.

1) dopmupoBaHHEe EAWHOTO IMOAXO0Ja K BBIOOPY ONTHMAIBLHOM METOIMKH
pacdera norepb He()TH OT UCHAPCHUIN NPH XpaHCHUU B pe3epByapax Ha OCHOBAHUHU

JUTEpaTypHOro o03opa.

2) TlonyueHue SKCHEPUMEHTAIBHBIX JTAHHBIX JIJIsi TTPOBEACHUS MPOTHO3HBIX

pacyeToB MOTEPh HEPTH OT UCTIAPCHUS.

OnpedeneHue  onmumarnbHOU  MemoOUuKU  pacyema

u

rpo2Ho3Upo8aHUsi nomepb Heghmu om ucrapeHul Onsi ebibopa
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3) Pa3paGorka  ONTUMHU3BHPOBAHHOW  MpOrpamMmbl Ui pacyeTa
IPOTHO3UPYEMBIX MOTEPh HEPTH OT HUCMAPEHUN C YUETOM CHelU(PHUKU BHIOPAHHBIX

MCTOJUK UCCICAOBAHU.

4) PazpaboTka pekOMeHJAlUi 1O HW3MEHEHUI0 KOHCTPYKIMU TIOHTOHA,
MIPETHA3HAYCHHOTO JIJIsi COKpAIeHHUs MoTeph HePTH OT MCHapeHuil B pe3epByapax

BCPTHKAJIbHBIX CTAJIbHBIX.
Hosusna u npakmuuieckasd SHa4YumMocCniob

B unterpupoBannoii cpene paspadorku Microsoft Visual Studio 2012 6bL1
pa3paboTaH MPOTPaMMHBIN KOMILUIEKC, MO3BOJISIIONIUNA paccunuTaTh NoTepu HEPTU OT
«OOJIBIIIOTO JBIXaHHUS» MPH 3aKauKke HePTH B pe3epByap C 3aJaHHBIMH IIapaMeTPaMH,
0e3 NCIOJIb30BAHUS WIIH C HCIIOJBb30BaHHEM HEKOTOPBIX CPEJICTB COKPAIICHUS MTOTEPh

C y4eToM UX 3((HEKTUBHOCTH.
Anpobayus 6blnyCcKHOU KEATUDUKAYUOHHOU padOOmMbl MASUCPA.

Pe3ynbTarsl paboThl ONyOIMKOBaHbI:

MennukoBa M.M. CpaBHUTENBHBIN aHAIU3 METOJUK pacueTa norepb HepTH
ot ucrnapenuii // Hayunoe coobmectBo cryaeHToB XXI cronerus. TEXHUYECKUE
HAVKMU: c6. ct. mo mar. LII mexayHap. crtyd. Hayd.-mpakT. kKoHP. Ne 4(51). —
HoBocubupck, 2017 — c. 229-233.
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1.1

1. Previous research review

Criteria equations to calculate oil evaporation dynamics in tanks.

Today, there are a number of techniques to calculate oil losses from

evaporation. However, accuracy assessment of these techniques has not been made

yet. The obtained formulas for oil are applied only in definite cases. At that moment,

there are no universal formulas to calculate oil losses, which could be used for any

type of oil irrespectively to its properties and composition. Therefore, the formulas

derived for gasoline are quite often applied for oil.

The main task in calculating oil losses from evaporation in tanks is to

determine the average concentration of hydrocarbons in vapour-air mixture. To

address this issue, N. N. Konstantinov has offered the evaporation coefficient which

is constant for any technological process. The formula to calculate oil losses from

evaporation derived by N. N. Konstantinov [1] is written as:

where

G=Tl'Ft'(PS—P)'T=n'Ft'(Cs_C)'Patm'T’

n — evaporation coefficient, n = (0,5...2) - 10 1/h;

F, — tank area, m?;

P — pressure in gas space, Pa;

P,, C, — pressure and concentration of oil saturated vapour, Pa;

C — average concentration of oil vapor in gas space;

P, — atmosphere pressure, Pa;

T — evaporation duration, h.

(1)

However, N. N. Konstantinov does not give any recommendations how to

choose the value of evaporation coefficient value for various cases. The coefficient n

depends on many factors (tank capacity, properties of fluid to be stored, ambient

OnpedeneHue onmumarbHOU MemoOuKu pacdyema u
rpo2Ho3uUpos8aHUs Nomepb Hechmu om ucriapeHul 65 ebibopa
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temperature and many others) and, therefore, the impact of technological parameters
on dynamics of oil evaporation is not considered in calculations. As a result, the

prediction error in oil losses from evaporation can reach 400%.

In work [2], the empirical formula is offered to calculate oil losses from

evaporation in vertical storage tank:

G=a b2V, (2)
where a, b — the coefficients depending on physical and chemical properties of oil
and tank operating mode;
T, V,;; — temperature and volume of the pumped oil.
The work [3] provides the empirical coefficients for oil extracted in Western
Siberia and transported through the Nizhevartovsk-Kurgan-Kuibyshev pipeline in
1980-1983:

within rather low temperature range (273< T< 313,5):
a =0,337;b = 1,029,
within high temperature range (315,5< T< 328):
a = 0,094;b = 1,062,

For other grades of oil, the author [2] proposes to define value of boundary

temperature on the basis of the phase equilibrium theory:

iz KiXoi = 1, ©3)
where K; — relationship of mole fraction of a component in vapor phase to that in

a liquid phase.

Like all empirical dependences, formula (2) does not consider a substantial
number of the factors which determine the volume of oil loss from evaporation, and
as a result, it can be applied only under the conditions of the measurements being
made.

Jlucm
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The next stage in elaboration of oil loss calculation technique is connected

with mass-transfer coefficient . Unlike evaporation coefficient, this coefficient has

CS_C
1-C

the following dimension [kg/(m*h)]. Multiplied by the driving force , It defines

the amount of evaporating oil from the unit of surface per unit time.

To calculate oil losses from evaporation, F.F.Abuzova [4] proposed the

following equation:

G:ﬂ'Ftis:g'T, (4)
where 8 — mass-transfer coefficient, kg/(m*-h);

F; — oil "mirror" area in tank, m?.

To define coefficient, some authors [5, 6] recommend to use various criteria

equations of mass-transfer.

Thus, for example, based on a set of experiments aimed at determining losses
of the volatile oil fraction in oilfields of Tataria and units of JSC "Northwest main oil
pipeline”, A. V. Fillitov [5] proposed to find mass-transfer coefficient using the

following dependence:

Nu* = Nu + 13,3Re®535 . pr0:33, (5)

where Nu, Re, Pr — Nusselt number, Reynolds number, Prandtl number.

The equation can be applied only for RVS-5000 operated within the studied

region.

The study [6] examines the experimental results concerning oil evaporation
during tank (vertical steel tank 2000, 5000 and the reinforced concrete tank) filling at

various rates. Experiment conditions were the following:

—  temperature of pumped oil — 293K;
—  Reid vapor pressure — 38000 Pa;
— gas factor — 0.3.

Jlucm
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Based on the obtained results, the following criteria equation was derived:

0,0164 0,0009 6
Nu, = 0,955 - Re8% . §c—0343 . (”—) (32) ©)
Py D¢
where  Nu,,Re«— Nusselt, Reynolds numbers during tank filling;
Nu, = &mPle. pp — Lalt (7)
E3 Dm ) * Vm ]

where ¢, — mass-transfer coefficient;
D, — tank diameter, m;
D,, — diffusion coefficient of oil vapor, m%h;
u, — upward gas flow rate, u, = 1,0856u,;
u; — tank filling rate;
v, — kinematic viscosity, m’/s;
Sc — Schmidt number;
Sc =% (8)

= o0
v,, — kinematic viscosity of vapour-air mixture, m?/s;

Dy = am + by - T, 9)
m, b, —empirically determined coefficients;

:’—* — dimensionless number, describing degree of saturation gas space by
g

oil vapor;

H, — level of gas space.

There are no data on calculations of Nu error, in formula (6), however the last

two factors are not significant.

Subsequently, having neglected a number of significant factors, authors have

deduced a formula on the same experimental material:

Nu, = 0,955 - Rep,*® - Sc=0343, (10)
Formulas (6), (10) are valid only for the considered type of oil which contains

gas. However, they do not provide data on the limits of parameter change.
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Based on the experiments on emptying and filling of vertical steel tank 20000
with oil extracted in Ust-balyksky filed [7], the following criteria mass-transfer

equations are deduced:
For tank emptying:

Sh,,, = 0,02 - Re%8* . 5c=210.. (%1)1,24 : (%)_2'49,

(11)

for tank filling:

Shy = 1,4-107% - Rep®" - Sc™145 - (2) - (1 + Gr)°¢, (12)

P
where Shem, Shy — Sherwood number for emptying and filling;

Re.m, Re; — Reynolds numbers for tank emptying and filling;
Re,,, = 0,788 - L%. /N, (13)

Vgvm

U — air stream rate at the surface of the pumped-out oil, m/s;

U=14,378 —2_, (14)
3,56+

U, — air stream rate in installation adapter of breather valve, m/s;
U, = Qem (15)

2Ny’

where Q. — flow rate of the pumped-out oil, m/s;
r — radius of installation adapter, m;
N, — number of breather valves on the tank;
H, — level of gas space prior to pumping, m;
d, — diameter equivalent to the cross-section area of air stream;
d, = 0,44-H, - /N, (16)
where Gr — Grashof number;
Gr =g H3 - Vgim * Br - |Tyas = Tair|, (17)
where S — gas-formation volume factor;

P;, P — average air partial pressure and absolute pressure in gas space, Pa.

Jlucm
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Data on calculation errors for formulas (11), (12) in work [7] are not given.

According to F.F.Abuzova's school, it is agreed to specify not an error of the obtained

criteria equations of mass-transfer, but correlation coefficient between calculated and

experimental values. For engineering calculations, it is necessary to know not the

closeness of correlation relationship, but the scale of error with which mass-transfer

coefficients are calculated.

The analysis of error scale in mass-transfer coefficient calculation on the basis

of F.F.Abuzova's formulas has shown that the calculation error makes 63,9% at tank
emptying and 121,4% at tank filling (table 1, 2).

Table 1 — Calculation of mass-transfer coefficient error at emptying RVS-20000 tank.

Homl Cis| d,|u [D-10% |v-10°, Beaic: Bexps | €%
% m [m/h | m¥h m?/s kg/m’h|  kg/m?
h

7,9 28,21 49|12 3,2 10,8 1,8 1,7 6,7
8,8 27,8/ 55|12 3,2 10,8 1,9 1,7 11,7
8,1 32,3 50|10 3,2 10,8 2,3 2,0 13,8
8,6 316/ 53|10 3,2 10,2 2,3 1,7 38,3
9,0 30,8/ 56|10 3,2 10,2 2,4 1,2 97,0
5,8 428, 3,6(1,3 3,2 10,2 2,0 1,7 16,9
6,3 3200 39|11 3,2 10,3 1,8 14 24,9
6,8 319 42|11 3,2 10,3 1,8 1,9 3,9
7,4 304 46|09 3,2 10,5 15 0,8 101,1
7,7 30,2 4,2|0,9 3,2 10,5 15 0,8 84,0
8,1 29,8/ 50|09 3,1 10,4 1,6 0,7 1121
49 358 31|12 3,2 9,7 2,0 1,9 7,6
55 343 34|12 3,2 9,8 2,0 1,3 57,8
6,1 341 38|12 3,2 9,8 2,2 1,9 13,8
6,7 335 42|12 3,1 9,8 2,3 1,9 24,4
6,2 338 38|11 3,2 9,9 2,1 1,6 31,2
6,7 338 42|11 3,2 9,9 2,3 2,3 1,9
7,3 324 45|11 3,2 10,0 2,3 1,3 77,8
8,0 319 49|12 3,1 10,1 2,4 1,3 84,4
8,7 274 51|11 3,2 10,8 1,7 0,8 111,2
55 30,7 3,8 1,1 3,2 10,3 14 0,9 65,0

standard error A, % 63,9
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Table 2 — Calculation of an error of mass-transfer coefficient at filling RVS-20000

tank.
H.m| C,% de,| u, |D-102, v Beaic: Bexp: £,%
m m/h | m¥h 10°, kg/m’h|  kg/m®h
m?/s

4,3 52,6 6,0/ 1,3 3,2 10,9 1,6 1,3 55,2
4,6 52,8 65| 1,2 3,2 10,2 2,1 1,6 70,6
7,9 53,7 7,0/ 0,6 3,2 9,05 3,6 2,9 372,1
2,6 43,6 300 14 3,2 10,4 0,7 0,5 70,4
3,3 43,9 124 1,4 3,2 10,3 0,9 0,6 65,0
4,5 441 120 1,3 3,2 10,0 1,3 1,0 53,8
5,4 44,7 11,2 1.1 3,2 9,9 1,5 1,4 27,8
4,3 46,3 109 1,2 3,2 11,0 1,0 0,8 12,2
3,8 47,3 10,8 1,1 3,2 10,9 0,9 0,7 68,0
4,3 47,7 11,8 1,1 3,2 10,8 1,2 0,9 68,1
4,6 56,6 121 1.1 3,2 10,3 1,5 1,9 28,3
2,5 56,6 46| 1,8 3,2 12,4 1,2 1,0 35,0
3,3 56,6 47 1,7 3,2 12,3 1,5 1,2 100,1
3,9 56,6 49| 15 3,2 12,0 1,8 1,5 154,1
4,5 56,7 54| 14 3,2 11,7 2,2 1,8 202,1
4,1 50,9 48 1,3 3,2 11,9 1,8 1,5 86,3
2,4 53,3 48| 1,55 3,2 10,4 1,0 0,8 36,1
3,9 55,2 47! 15 3,2 10,1 2,1 1,6 65,1
5,0 55,6 45 1,3 3,2 10,0 3,0 2,4 104,1
5,2 58,0 41 1,2 3,2 9,8 3,2 2,6 102,1
4,2 52,6 6,0/ 1,3 3,2 10,9 1,6 1,3 55,2

standard error A, % 121,4

The equations (11) and (12) have some limitations. First, these equations do

not cover almost all possible changes in the parameters influencing evaporation

processes. Therefore, when filling rate is close to zero, the calculated mass-transfer

coefficient also tends to zero, however, it is hardly possible.

Secondly, the criteria mass-transfer equation for tank off-period is obtained at

due to processing the experimental data on evaporation of oil and gasolines. Such

approach could hardly be applied.

Considering the mentioned problems of the described methods to calculate oil

losses from evaporation including [8, 9], the criteria equations (11), (12), and also a
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high error of calculation, there is a need to deduce more exact criteria mass-transfer

equations regarding oil.

It should be emphasized that when deducing the mass-transfer criterion for
sameness there is a problem to choose the characteristic linear size. The estimates
have shown that to use tank diameter for these purposes is not reasonable. It is of
particular importance when it comes to the experiments on models. Therefore, on the
basis of the method of dimensional analysis, [10, 11] a new criterion of sameness

which does not include the linear size has been offered:

Kt = J . ’Vgam'Mvam'T (18)
Pgvm'Dm 9 MoirTair

where ] —mass of the evaporating oil, kg/(m*h);

Kt — the dimensionless criterion of sameness characterizing intensity of
oil evaporation;
pgvm — density of vapour-air mixture, kg/m®;

P-Mygm
pgvm = RT , (19)

where P — absolute pressure, Pa;
R — universal gas constant, R = 8314 J/kmole - K;;
Vyam — Kinematic viscosity of vapour-air mixture, m?/s;

M,,qm — molar mass of vapour-air mixture, kg/kmole.

The physical significance of J is following: it shows the amount of oil (olil
product) which evaporates from the surface per unit of time. This value is necessary
for calculation of oil and oil products losses from evaporation at “filling” and

“breathing” based on the new formulas deduced by A. A. Korshak [11].

Filling loss can be determined by the following formula:

GrL = py - Co- {(QF +0.) (T,—1y) + ﬁi—LBzTO [(31 + :_z)l—ﬁz _ (ﬁ1 + 11)1_32]}’ (20)

To

where Q.— additional flow rate of vapour-air mixture while filling;
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Q, = Lol (21)

l
Pvamg

where Jsto — density of flow of evaporating hydrocarbonic liquid mass at
storage, kg/(m*h);

Bo, B1, B — calculated coefficients, not time-dependent;

for oil:

Bo = 2,106 - Ar~0452 . 5c=284 . Y 9°%% . (A, —0,7)725; B, = 0,188;

Ft'HO
=1
A + QF'To’
where H, — initial level of tank filling, m; 7, — unit time, 7, = 1h;

T4, T,— Mmoments of the beginning and termination of "breathing-out™.

With reasonable accuracy, it is possible to accept t; = 0, 7, = 7 — filling

duration.

A. A. Korshak proposes to find breathing-loss by the formula:

GpL =V_9{ 1 '[PgZ'(1_lnM)_Pmax];'[Pg1' (22)

R (Tgmax gmax T gmin
Pg1—Pmi
g1~ Pmin
<1_ln T gmin >_Pmin]}!

where 1, —the volume of gas space in tank, m?®;

R — universal gas constant, R = 8314 J/kmole - K

Tymin, Tgmax — respectively, maximum and minimum temperatures of GS

within a day, K;
Pyq, Py, — respectively, maximum and minimum absolute pressure in gas

space of the tank, Pa;
Prins Pnax — respectively, maximum and minimum partial pressure of

hydrocarbons in gas space of the tank, Pa;

Jlucm

1. Previous research review

N3m. | Jlucm Ne dokym. lNoodnucsk |[Jama 24




Using dimensional method, authors of formula (24) state that generally the

scale of sameness criterion Kt depends on the following factors [12]:

Kt = f(Am, Sc,Regy, FT - Re), (23)

where  Am — driving force of evaporation;
A = Cs—C
S e (24)

C, — saturated vapour concentration (unit fraction);

Re,,, — average Reynolds number;

Fr - Re — similarity number characterizing agitation level of oil in the tank

when filling;
Fr-R We
- Re = ,
9 " Vvam (25)
W, — characteristic rate of oil stirring in tank;
Wrin
I/VC = %;
1+ thil!ll (26)
Wy, — oil rate in inlet nozzle of tank;
_ Qrin
Wrin = (27)

Qi — filling flow rate, mh.
F,;, — area of inlet nozzle, m’.
Vi — oil filling rate, m®.
Experience in application of Kt-criterion when calculating losses of gasoline
[11] from evaporation shows that the mean square error does not exceed 26,5%.
Therefore, the author expected that application of Kt-criterion would allow them to
decrease considerably calculation error in oil losses from evaporation. In this regard,
oil density has been entered into the right side of formula, as its influence on the size

Kt was significant.
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Evaporation of oil and gasolines occurs at different rates. In addition,
according to the foreign research [13, 14], during evaporation of oil, gasoline
properties and composition of vapour-air mixture are various in tank. Therefore, the
mass-transfer equations obtained by authors [11, 15] for gasolines cannot be applied
for oil. New mass-transfer equations to calculate oil losses during tank emptying and

filling, as well as oil storage, are required.

1.2 Oil losses reducing equipment and tools application range

Today, various such as disks-diverters, gas-equalizing systems, gas
connections, floating roofs, pontoons and vapour recovery systems aimed at reducing
hydrocarbon emission into the atmosphere [16, 17] are applied. Also, many

alternative solutions were proposed. However, most of them are not used [18, 19].

Application of disks-diverters is ineffective, and as shown the research [20],
the real reduction of losses secured by application of disks-diverters has changed

from O to 86%, however, it also depends on turn-over ratio of tanks.

To reduces oil losses from evaporation, tanks are often simply closed.
Floating protective emulsions [21], plastic microballs [2, 22], pontoons [23, 24] and

floating roofs are applied as floating covering to impede oil evaporation [25].

It is also offered to use a gas connection (pipeline system connecting gas
spaces of tanks) and the gas-equalizing system equipped with so-called gas collector.
However, neither the gas connection, nor gas- equalizing system, unfortunately,

secure 100% protection [1].

It is possible to solve a problem of vapour-air mixture emissions from tanks to
the atmosphere and a problem of oil loss using various vapour recovery systems
(VRS) [26]. Based on the method hydrocarbons separation from PVS, the ULF
systems are divided into the adsorptive [27], absorptive [28, 29], condensation [30]
and compression [31]. For a number of reasons, ejector vapour recovery systems

have become widely used [32]. Advantages of ejector installations are as follows:
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simple design, reliability, not-deficiency of associated parts. Their service does not

demand additional personnel.

Existence of various technical equipment and tools to reduce oil losses from
evaporation implies the definite selection procedure appropriate for a certain case
[33]. The technical guidance RD 153-39.4-113-01 JSC «Transneft» «Norms of
technological design of trunk oil pipelinesy» specifies that tanks with floating roofs or
with pontoons have to be used for oil losses reduction (application of other types of
tanks requires accomplishment of feasibility study). Unfortunately, in this document
there are no recommendations on the choice of other methods to reduce oil losses
from evaporation, and calculation is not presented. However, to implement any
equipment or tool, first of all, the choice criterion must be formulated, and, secondly,

careful efficiency analysis should be carried out [34].

In our country, economic indicators were initially used as criterion to choose
the equipment or methods to reduce oil losses. The research [34] analyzes the cost
efficiency of using gas-equalizing system by means of comparing the values of

gasoline storage cost in a tank:

3= 1 5.6, (28)

n¢Ta
where n, —number of tanks in system;
K, — cost of one tank with equipment;
K, — gas collector cost;
T, — depreciation period,;
a4 — price of 1ton of gasoline;

G, — size of annual losses of gasoline from one tank.

The following conclusions are presented in work:

1)  more frequent turnover is required at the smaller nominal volume of the

tank and volume of the gas collector;

1
year

2)  payback of system comes at turnover coefficients n, > 24

Jlucm

1. Previous research review

27

U3m. | Slucm Ne dokym. lNoodnuck | Jama




3) gas-equalizing system is less preferable in northern areas use than in

southern.

Unfortunately, the results presented in work [35] are based on the prices of
the 60th years of the last century. In addition, the formula (28) does not consider the
operating costs concerning oil loss reduction. In research carried out by the same
author, the problem of the choice of oil loss reduction methods and tools is
considered in relation to the tanks with a capacity from 400 to 5000 m® equipped with
either a gas binding, or gas- equalizing system, or a metal or synthetic pontoon at
extent of filling of equal n, = 0,8. Coefficients of coincidence were taken equal 0,25;
0,5; 0,75 and 1. However, the main limitation of the above-mentioned calculations is
that they do not consider the achieved reduction of losses due to application of

pontoons wasn't considered.

The study [36] proposes to perform the choice of means to reduce the losses

from evaporation with regard to the reached economic effect:

Ef = (S;Gr+ Sy Gp) - (0, 4+ 0,) — (Es + Egm + Emr) - K, (29)
where S, S, — total losses reduction, respectively from “filling” and “breathing”;
G, G, —annual losses from them;
g, — oil product price;
a,, — unit capital expenditure related with petroleum industry;
E, — standard efficiency coefficient of capital expenditure;
Eam Emyr — fraction of assignments, respectively, on depreciation and
maintenance repair;
K — capital costs connected with the reservoir equipment and facilities
aimed at losses reduction.
For pontoons [36], it is recommended to accept Sf = 0,8, S, = 0,7, and for
other means of oil loss reduction, there are no recommendations about the choice of

the sizes Sy and Sj,.
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The main limitation of the proposed dependence is the fact that is does not
consider the cost of the electric power consumed by the equipment designed to

reduce oil losses.

In the instruction [37], value of reduced rate is used as criterion to choose the

loss reduction means.

R=Ceoxp +E--K+E 0, Gy, (30)
where  C,,, — annual operational costs including deprecation cost, assignments on
maintenance repair, costs of storage (lighting, water, the sewerage, etc.),
salary with charges, the cost of the oil product loss from evaporation;
K — costs of tank construction with the additional equipment (GES,
pontoons, floating roof);
E,. — standard effectiveness ratio of the interfaced capital investments;

G, — losses from evaporation.

The following assumptions have been made [37]:

—  pontoons reduce losses from evaporation at “filling” and from revertive
exhalation by 70%;

—  floating roofs reduce all types of losses from evaporation by 65%;

—  Elastic gas collector is connected to gas connection, and the coefficient

of coincidence of operations of pumping is accepted to be equal 0.2...0.9.

The calculation results based on formula (30) are presented in the form of 72
figures representing dependence of unit reduced costs per 1 m® of tank capacity on
turnover ratio for each of the considered technical means, for tanks with a nominal

volume from 100 to 30000 m® and for all climatic zones of the USSR.

Quite a great research [37] becomes absolutely useless due to the fact that Sp,
Srr and Sges are accepted constants irrespective of turnover ratio and a standard size

of tanks.
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In work [38] "according to a technique to define economic efficiency from
using new equipment, inventions and improvement suggestions” calculation of
annual cost benefit due to application of losses reduction means is offered to be made

on the formula

3= [31 By PatBy | (' -Wp)-By(KpoK'y) 32] A, (31)

B, P,+Ey P,+Ey,

where  3;, 3, — reduced cost unit of basic and a new means of labor,
determined by a formula;
3 = C+ EgK, (32)

where  C— unit cost, rub;
K — unit capital investments in enterprise assets, rub;

Ey — standard effectiveness ratio of capital investments;

% — coefficient of the accounting of growth of productivity of unit of a

2

new means of labor in comparison with basic;
B;, B, — the annual volume, production (work) made when using unit;

respectively, to basic and a new means of labor, in physical units;

Pi+E : g i ice li
—P1+E” — accounting coefficient of in-service life change of a new labor
2TEH

means in comparison with basic;
P,, P, — fraction of balance cost on a complete recovery (renovation) of a
basic and new means of labor; calculated as value reciprocal service life

of labor means taking into account their depreciation;

U'1-W')—Eq(K',-K'1)
P,+E,

— economy of consumer’s current costs on operation

and relevant capital investments into service life of new means of labor
in comparison with basic, rub;

K',, K’y — relevant capital investments of a consumer when using a basic
and new means of labor per the volume of production;

n';, W', —annual operating costs of consumer when using of a basic and
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new labor means per the volume of production, rub;
A, — annual production volume of new means of labor in settlement year
in physical units.

The criterion similar to formula 32 is used in work [39], in which the
assessment of technical and economic efficiency of loss reduction means is evaluated
according to the recommendations stated in "Standard methods of economic
efficiency of investments definition", "instructions for definition new equipment and
inventions construction economic efficiency ", and Construction Norms CH-509-78.
At the same time, the annual expenses determined by the formula were accepted

regarding to the main technical economic criterion of the choice.

Mp = X13; + EXTK;, (33)

where Y’ 3 — total operational costs;
E — standard coefficient of economic efficiency of capital investments of
works;

K; —total investment cost for tank construction.

During technical and economic comparison, only three options were
considered: vertical steel tank with stationary roof and pontoon, vertical steel tank

with a standard floating roof and vertical steel tank investigated in work.

Based on the calculation results, it is possible to conclude that “the maximum
economic efficiency is achieved in case of construction and operation of new
generation tank - with the mounted controlled air camera. Efficiency is reached due
to considerable decrease in costs on construction, consumption of the expensive low-
alloyed steel, reductions of labor costs at construction and operation of the studied
tanks". However, the author has not considered and compared other means of

reduction.

Authors [21] have proposed the dimensionless criterion to choose the loss

reduction means:
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d=5-(1-2) (34)

O-H
where S —achieved reduction of losses;

6 — specific reduced costs on loss reduction of a ton of gasoline.

The size of 6 -criterion represents the relation of the achieved economic effect
D¢ to the cost of the o, - G, gasoline lost as a result of evaporation before using loss
reduction means. In fact, the criteria described by formulas (33) and (34) represent
the same, but the d-criterion is more general (as considers also energy consumption)

and is more convenient in use (as has a dimensionless appearance).

The common disadvantages of formulas (32) ... (34) is the fact that they are
based on the outdated economic data and do not consider the modern market

conditions.

In  regulation document 153-39.2-048-00 "Technique of efficiency
determination of vapour recovery system from tanks", determination of technological
efficiency of vapour recovery system use is represented as calculation of reduction of

oil loss from evaporation:

Ao = (Gy5 + 61c) — (Oof + Tac), (35)

where Ao — technological efficiency of vapour recovery system in period of year,

% mas.;

a1 — seasonal oil losses from feed tanks for the same period of year at the

disconnected vapour recovery system, % mas.;

a1 — seasonal oil losses from commercial tank for the same period of year

at the disconnected vapour recovery system, % mas.;

o, — seasonal oil losses from feed tanks for the same period of year at the

connected vapour recovery system, % mas.;

a,. — seasonal oil losses from commercial tank for the same period of year

at the connected vapour recovery system, % mas.
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Seasonal technological losses of oil from evaporation from tanks are
calculated as an arithmetic average of separate test losses for every period of year and

represented in terms of percentage of the mass of oil.

The economic component which has to be also considered when determining
efficiency of application of oil losses reduction means is not considered in the
mentioned technique. Besides, in formulas (34, 35) extent of losses reduction was set
by different technical means as fixed value, depending neither from tank type, nor
from the operation mode. Also, the possibility of stage-by-stage equipment

installation was not considered.

Today, under current market conditions, it is more preferable to use net
present value — the sum of the discounted values of payment flow. The indicator of
NPV represents a difference between all  cash inflows and outflows given by the
time of the assessment of the investment project. It shows quantity of money which
the investor expects to receive from the project after monetary inflows pay back his
initial investment expenses and periodic monetary outflows connected with
implementation of the project. As monetary payments are estimated taking into
account their temporary cost and risks, NPV can be interpreted as the cost added by

the project.

The study [40] proves that the evident efficiency from application of loss

reduction means is achieve when considering the value of Ka dimensionless criterion:

_ Ka’i _ i . _ Eun . N\ kun 36
Ka = te  te (1 a,ﬁ) F(l) a,’;]’ ( )

where Ka* — dimensionless criterion;
Ka* = NPV, (37)

04GL

where NPV — net present value;
g, — generalized price of 1 ton of oil;
G, — oil losses from evaporation in a year without introduction of vapour

recovery systems;
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t. — period of project service;

S — oil losses reduction reached as a result of application ejector vapour
recovery systems;

E,., kyn — specific initial cost and operational costs for losses reduction
of 1t of ail;

F (i) — function which size depends on discount rate.

When using modern data on costs and capital investments, comparison of Ka
criterion for various conditions and various loss reduction means allow estimating
adequately efficiency of oil loss reduction means including the limits of their

application.
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2. O0beKT M METOAbI UCCJICI0BAHUA

OOBekTamMu HCciIeAoBaHUs B pabOTe SBISIOTCS pe3epByap - PBC-20000
M> 1 ToBapHas He(Th. OOl BHA pe3epByapa MpeacTaBieH B IIpuioxkeHnn A,

napamerpsl pesepsyapa npunstel B pabore cornacto |GG 48], »

U3JI0KEHBI B TA0IUIIE 3.

Ta6uua 3 — mapamerpsi pesepayapa [JJj PBC-20000 M

MecTto pacnoioKeHus pe3epByapa

Tun n 00BEM pe3epByapa
1HBEHTAapHBIN HOMED
[TeXHOJIOTUYECKUIT HOMED

JluameTp pesepByapa, M

Bricora 6a3oBasi, M

["eomeTprueckuii 00beM, M
MakcuManbHbId YPOBEHb 3allOJIHEHUS
10 IPOEKTY, M

Homep  mpoekta, 1m0  KOTOpOMY
IIOCTPOEH pe3epBYyap

JlaTa BBO/Ia B 9KCIUTyaTaIMIO
JlpIxaTenbpHas apMarypa

[ IpnemMo-pa3zaToyHOE YCTPOMCTBO

Jlist mpoBeAeHUsl pacyeToB ObUIM HM3MEpPEHBbI MapamMeTpbl KayecTBa HedTH,
JIAHHBIC O MPOBEACHHBIX M3MEpeHusAX mnpuseaeHsl B Tabnuue b.1 (Ilpunoxenue b).
Ot60p mpo0 Hedtu B coorBercTtBUM ['OCT 2517-85 Hedth M HEPTENPOTYKTHI.
Metoabl otbopa mpo6 [43] mpobooTOOpHHMKOM HHAMBHAyadbHbIM THma WII-3.

KonreHTpaliis HachleHHbIX mapoB HepTH C; o hopmyite (38) [44]:

_ P (38)

S
PaTM+PK,£[’

rae P, — naBnenune HacwimeHHbIX mapoB 1mo 'OCT P 8.601-2003, I1a;

OnpedeneHue onmumarnbHOU MemoduKu pacyema u
Mpo2HO3uUpo8aHuUsi Momepb Heghmu om ucrnapeHul Ons ebibopa
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P, — aTMocdepHoe naBienue, [1a;
Py — ycTaBKka kinanana gasienus, Ila.
Taxske 1151 MpOBeIEHUSI PACUETOB MOTPEOOBAIUCH TapaMeTphl 3aKauKH, Kak

pacxoz 3akauku, pacxo [IBC, u miIoTHOCTh BBITECHSIEMBIX TAPOB HEPTH.

Pacxon 3akaunBaemoii HeTH HaxoauIIcs Mo Gopmyiie:

Q, = Va (39)

rae  V, — oObeM 3akauMBaeMoOl HE(PTH, ONPEACIIICTCS MO IPaIyHPOBOYHBIM
3.
TabIumIam, M,
T — BpeMs 3aKayKH, 9.

dakruueckue motepu cormacuo PJI 153-39-019-97 [45] o popmyie:

¢ (40)

100%’

my =pn'QHBC'T'

3.

rae P, — IUIOTHOCTh BBITECHSIEMBIX TapoB HEPTH, KI/M”;
) 3 .
Qnpc — pacxon BeiTecHsiemoit [IBC, M7/,

C — KOoHUEeHTpanus napoB HePTH, Y.

[I10OTHOCTE  BBITECHSEMBIX TIAPOB  OMpEACAeTCS TO  pe3ysibTaTaMm
xpoMarorpaduuecknux aHajgu30B cocTaBa NpoO mapoBosaymHou cmecu mo ['OCT
14920 [46].

[Ipu OTCYTCTBUUM JaHHBIX XpPOMATOTpapUUECKUX aHATU30B INIOTHOCTH MAPOB MOYKHO

paccuuTarth 1o hopmyre:

My (41)

Pu = 22,41

e M, = 0,0043(212 + T, )'” — MonspHas Macca napoB, KI/KMOJIb.

Pacxon BeiTecHsemoit [IBC ompenensercss poOTalMOHHBIMH —Ta30BbIMU
cuetyrikamu PI" mo "OCT P 8.615. [47] KonieHTpaius mapoB OIMpeaeseTcs 1o
aHajguzamM TpoO MapoBO3JYyIIHOM cMmMecu Ha raszoaHanuzatopax KIA  1-

1(OCT.25.1256). IlorpemHocTh onpeneneHus norepb Hedtu 6%.
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CpenctBoM pa3pabOTKU MPOrpaMMBI SIBIISIETCS SI3bIK MporpammupoBanust C#,

mwiatdopmoii — .NET Framework, uHTerpupoBaHHON cpenoii pa3pabOTKU SBISETCS

Microsoft Visual Studio 2012.
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3. CpaBHUTe/IbHBIN aHAJTU3 METOAUK pacyeTa noreps HegTH OT McNAPeHUIH

Jnsa oueHkun 3(PPEKTUBHOCTH BHEAPEHUS TOTO WJIM HMHOTO CpEICTBa

COKpalmCHUA IIOTCPb BAKHO 3HATH KOJIUYCCTBO IIOTCPb He(bTI/I oT chapeHHﬁ, C

,Z[OCTaTO‘IHOﬁ I MHXKCHCPHBIX pAaCYCTOB TOYHOCTBIO, ITIOCJC IIPOBCACHUA aHAJIM3ad

CYIIECTBYIOIIUX TMOTepb He(TH ObUIO BHIOpaHO TpuU HamboJee YHUBEpCAJIbHBIE U

TCOPCTUYICCKU 00OCHOBAHHEIC MCTOAUKHU pacdCTa IIOTCPb HC(l)TI/I. BI)I6paHHI>I€

MCTOAUKH PaCUCTa IIPCACTABIICHLI B Ta6J'II/IHC 4.

Tabnuna 4 — METOANKY pacueTa MoTepb HEPTH OT UCTIAPEHUM MPU 3aKaYKe

O6o3HaueHne ABTOp MeTonuku | Onpenensomue BeITUnINHbI

METOINKHU Y UCTOYHUK

Meroauka A Yepuukun B.U. u | OO6beM r1a30BOro  MNpOCTPAHCTBA,

ap. [48] o0BeM BBIIIIEIIICH I1BC,

KOHIICHTpAIUs TapoB HEPTH.

Meroauka b Aoby3oBa ©.D. [4] | Kosddurmenrt MacCOOTJayH,
IUIOIAAb  IMOBEPXHOCTH, MOAYJb
JBUKYIIEH CHJIBL.

Metoauka B Kopmax A.A[11] | Be3pasmepHblii KpuTepuii MOA0OHS,
XapaKTepU3yIOIN HHTEHCUBHOCTD
ucnapeHus: HeTH MpU 3aKauKe

B namHOM pasnmene mpoBeneH aHadW3 TOYHOCTH BBIOPAHHBIX METOJUK Ha

OCHOBC JAaHHBIX, ITOJIYYCHHBIX B PC3YyJILTATC H3M€pCHHI>i, IMPOBCACHHLIX IMPH 3dKa4YKEC

HedH B pesepByapst PBC-20000 m°

OnpedeneHue onmumarnbHOU MemoduKu pacyema u
rpo2Ho3uUpos8aHuUs nomepb Heghmu om ucrnapeHull 015 ebibopa

Wam. | llucm Ne dokym. Modnuce |Jama cphedcme o Ux COKpalleHUro

Pa3pab. MedHukosa Jlum. Jluem Jlucmos
Korcysbm. 3. CpasHumernbHbIl aHanu3 L | 38 126
Pykosodum. | Yyxapeea H.B. MemoOuK pacyema rnomepb
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3.1 Pacuer notepb oT Hcnapenust HeQTH NP 3aKaYKe MO METOAUKE A
3.1.1 TeopeTuyeckre OCHOBBI pacyeTa METOAMKH A

OnnHolt u3 nepBwIX (popMyI 1Jis pacuera nmoTepb HePTH OT «OOJIBIIUX

IpIxaHuiy seisercs Gopmyna Uepnukuna B.U [48]:

rne V, — oOwvem mapoBozaymHoit cmecu (IIBC), Bwimenemeit mpu
OJHOKPATHOM 3aIlOJIHEHUH PE3epByapa;
I — ob6bem razoBoro mpocrtpaHcTBa pesepByapa (I'TIP) mepen 3akaukoii
HeTenpoayKTa;
P, — abcomotHoe naBnenue B ['TIP B koHIIe 3aKayuku;

P, — abcomorHoe naBinenue B I'TIP B Hauase 3akaukw;

Py — IWIOTHOCTh [IaPOB HE(TH;

N3m.
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P, — cpenHee pacyeTHOE MapUUANbHOE JIABIEHUE MAPOB HEPTH B MpoOLECCe

3aMoJHEHUs pe3epByapa.

[TnoTHOCTH MapoB HedTH MO HAXOAUTCS 110 Popmyie (43):

_ PMy (43)
y RT.'
rie P., T. — abcontoTHOE JaBJICHHE U TEMIIEpaTypa ra30BOT0 MPOCTPAHCTBRA;

R — yauBepcanbHas ra3oBas nocrosaHas R = 8314/lx/(Kmoub -
K);
M,, — MonsipHas Macca napoB HE(TH;
M, = 0,0043 - (T, — 61)'7, (44)

Ty« — TeMIepaTypa Hayajia KUIeHUs! He(TH.

CpGIIHCC paCdCTHOC IIapOHUAJIBHOC JaBJICHUC IIApOB He(l)TI/I B IIPpOLCCCC

3aI0JIHEHUS pe3epByapa:
Py = Ccp.saKP21 (45)
rae Cepsax — cpenmusist konnerpanus ¥YB B [IBC, Boirecusiemoit u3 PBC B
IIPOLIECCE 3aI0JIHEHMUS.

MaccoBasi KOHUEHTpauuss HE)TM B Ta30BOM IPOCTPAHCTBE pe3epByapa B

MOMEHT OKOHUYAHMS 3aKaYKH BBIUUCIISIETCS TIO (hopMyJIe:

CT _ myo+Amy.3aK_AmnBc'Ccp.3aK (46)
saK mHBC0+Amy.3aK_AmHBC ’
TAC My, My — Macca coorBercTBeHHO Hepru u I[IBC B rasosom
IIPOCTPAHCTBE;

Amy ;. — Macca He(QTH, WCHApUBLIEHCS B a30BOEC IPOCTPAHCTBO B
IpoLIeCcCe 3aKaAYKU;
Amy.saK = ] ) Fi) " T. (47)

3.1.2. Pacyer notepn He()TH NPHU 3aKAYKe MO0 METOAUKEe A

Jlucm
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[Tnomanp moBepxHoctu HedTHu o Ghopmyite [48, ¢. 391]:

CpCI[HHH BBICOTA B3JIMBA IIPH 3dKAYKC:

He, = I

Cpennss Beicota I'TI npu 3akauke:

CKopocCTh 3aKaunBaeMoOi HEPTH B IPUEMO-Pa3JaTOYHOM yCTPOICTBE:

OO0beMbl XKUAKOM M mapoBod a3 HAa MOMEHT Hayaia 3aKayku U HUX

cootHomeHue[48]:

Vo = Ko - Hy = I

I[aBJ'IeHI/IC HaCBIICHHBIX MapOB BO BPEMs 3aKAYKH.

[IpyHUMaeM KOHIIEHTpalKIO NapoB HE(TU B pe3epByape paBHOW KOHIIEHTPALIUU

HaCBIIICHHBIX ITAPOB.

Jlucm
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Macca napos Hed Ty, [IBC u HEQTH HcapuBIIeHCcs B IPOLIECCe 3aKaYKHU .

my. = [
m, = I
am =] - F, - = I
O06neM 3akaunBaeMoi HepTH 1 Macca BeiTecHsieMol [IBC:
v, = I
Amy. = I

Cpennsist MaccoBasi KOHIIeHTparus [48]:

Cpennsst maccoBast KoHreHTparus HegTu B ['T] B mporecce 3amonaenus (46):

- I

Tak xak C* > C; npuaumaem C* = I

AoGcomotHbie naBneHus cpadbareiBanus KJC-3000:

[TnoTHOCTH MapoB HedTH B Tporecce 3akauku (43):

Hedbmu om ucnabeHul
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[Totepu HedTH OT OOJIBIIOrO AbIXaHuUs (42):
Gor = Vo —Vor | m——— || ="
i [n ) <P2_Py>] P,

3.2 Pacuer norepb HedTH OT HCIIAPEeHH NPH 3aKa4YKe M0 MeToauKe b

3.2.1 TeopeTuyeckne 0OCHOBbI MeTOAUKH b

B cnenyromeit Mmetoauke mo pacuety norepb @.M.Aby30Ba [4] npemioxuia

ypaBHEHHUE!
G = ﬁ . Fp C:;_S__é: - T, (48)
rae f— koaddHIHEHT MaccooTaun, Kr/(M 4);
g = Sh-pD (49)

d, '

2
F, — nnomaap «3epkana» HedTU B pe3epByape, M .

p

[Totepu onpexnensitorcst o dhopmyie (54), koahuimeHT Maccootnaqu f 1o

dopmyne(55), rae Sh —uucno lllepByna, 11 3akavku onpeaensieTcs no Gopmyie:

Sh=1,4-107% - Rey®" - 5c=045 - (21) - (1 + Gr)°s, (50)

rae  Re, —uucno PeliHomnb/ica Ipy 3aKayuke;
Sc —yncno IlImunara;
P;, P — COOTBETCTBEHHO, CpEIHEE MAPLIMATIBLHOE JIaBJICHUE BO3/1yXa B
[1BC u abGcomoTHOE TaBICHHUE B Ta30BOM MPOCTpPaHCTBE, [1a;

Gr — aucno I'pacroda;
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Re, ==, (51)

A€ U, — CKOPOCTb BOCXOAIIEIO MOTOKa raza, u, = 1,0856u,;
d, — TraMeTp Kpyra, SKBUBAJICHTHOTO IO TIJIOMIAH, OMBIBAEMOU CTpyeH
MOJICAChIBAEMOT0 BO3/lyXa B PE3€pByape, M;
d, = 0,44-H.\/N,, (52)
Ny — KOJIMYECTBO JIbIXaTEJIbHBIX KJIAIIaHOB,;
Vppe — KMHEMaTuueckas Bsi3kocTh [I1BC, M/c;
Gr=g-H? vyt Br- T — Tl (53)

rae [ — xoddpdumnuent ooremuoro pacmmpenus [I1BC.

3.2.2 Pacyer notepn He()TH NMPH 3aKauKe MO0 MeToauke b

Paccuuraem notepu o metoauke AOy3oBoi @.®. UCTIOIB3YS TE K€ JIAHHBIE,

YTO U B IPEABIAYLIEM IIPU pacyeTe NoTeps N0 MeToauke Yepuuknna B.U.

Cornacho [4] npumeM k03hGUITEEHT 00BEMHOI'O PACIIUPEHHUS TapOB HEDTH

B,=0,088 K™. ITo popmyre (52) d.,:

Uucno Peitnonbaca no gopmyie (47):

Yucno I'pacroda cornacuo (53):

¢r = I

Yucno llepByna, miist 3akauku onpeaensiercs no popmyie (50):

sh = I

Jlucm

3. CpasHumeribHbIU aHanu3 MemoOuK pacyema riomepb

N3m.

Heabmu om ucrniabeHutl 44

Jlucm Ne dokym. lModnucek | dama




3.3 Pacuer notepn HepTH OT McniapeHnid HedTH NMPH 3aKavyKe MO MeToAuKe B

Koadduiment maccoornaun (49):

s - I

[Torepu ot GombIIOrO ABIXaHUS IO hopmyIie (48):

G = I

3.3.1 TeopeTuyeckue 0CHOBbI MeTOAUKH B

HEPTENPOYKTOB MPH OOJIBIIKX 10 opMysie, moaydeHHoi A.A. Kopmakom [11].

Taxk e B padoTe MpoBEAEH pacueT BEIMYUHBI MIOTEPH OT UCTIAPEHUS HEPTH U

[lotepu HePTH OT «OONBIIOrO JBIXAHHUS» HAXOAATCS MO CIEIyHoUIeH

bopmyie:

Gep = p2 - Co- {(QF +Q.) (1) +——— ﬁo Q* 0. [<ﬁ1 )1_ (,31 )1 ﬁz]}, (54)

rac

By = 2,106 - Ar=0452 . 5c=28% . 70564 . (7 0,7)725; B, = 0,188;

Q. — nononuutensbHbIA pacxon [IBC 3a cuer mapoB, oOpa3yromuxcs B
X0JI€ 3aKa4yKu (€CM CUMUTATh MJIOTHOCTh MOTOKA Macchl J IS ycrnoBui

POCTOS);

— ]xpO'Fp (55)
Q* pl'IBCO ’

Jxpo — TUIOTHOCTH TOTOKA MAacChl HCHAPSIOLICHCS YTIICBOJOPOIHOM

2.y,
YKHUJIKOCTH IIPH €ro XpaHeHuu, Kr/ (M u);

Bo: 1, B2 — pacueTHbie KO3 GUIIUESHTHI, HE 3aBUCAIINE OT BPEMEHH;

(56)

Ft'HO

)
QF'To

ﬂ1:1+

Hedbmu om ucnapbeHul
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rac

H,— HavaJIbHBIA YPOBEHB 3alI0JIHEHUS PE3EPBYaApa, M;
To — CIMHUYHOE BpeMmsd, To = 1u;

T1, Tp — MOMCHTEHI Ha4aJia 1 OKOHYaHHUA «BbILIOXA».

C I[OCT&TO‘IHOﬁ AJI1T MTHKCHCPHBIX PACYCTOB TOYHOCTBIO MOKHO IIPUHATH

7, = 0, T, = T; — IPOAOIKUTEIBHOCTH 3aKAYKHU.

rac

rae

rae

Ocnosublie mapameTpsl [IBC 1 napoB HedTH pacuuThIBAIOTCS TIO (hopMyIam:

Mpge = My, Cep + My - (1 = Cp), (57)
Mppc — MoJIsipHas Macca MapoBO3YIIHON CMECH, KI/KMOJIb;

M, — mongpHas Macca Bo3nyxa, M, = 29Kr/KMoJb;

_ 1076 (58)
Vupe = 1 N Cep ]
0,1-T—14,1  0,0225T-3,61

Vie — KHHEMATHUCCKAS BSI3KOCTD [TAPOBO3AYIIHON CMECH, M7/C;
D,=a,+B8,-T=-00111+ 0,000139 - 279,5, (59)
D,, — ko3dduupent mubdysun mapos, M2/d;
a,,, By — dMIHUpUYecKue K03 puiueHTsl, cormacHo tadymie 10.1 B [48]:
a, = —0,0111,8, = 0,000139.

NutencuBHOCTh ucnapeHuss HedTH B pe3epByapax XapaKTepu3yeTcs

BEJTMYMHOM TIOJIHOTO TOTOKA MAacChl Hcmapsomeiics Hedtu J, 3Ta BenmuymHa

IMMOKa3bIBACT CKOJIbBKO KHWJIOIpaMMOB He(i)TI/I HCTIapACTCA C CAWHUIBI ITOBEPXHOCTHU B

CANHHUIY BpPCMCHHM. HHH HaXO0XJICHUA J HCIIOJIB30BaINCH CJIICOAYIOIIHNC

KPUTEPHUAIIbHBIE YPAaBHEHUS:

Kty = 2,17 -1073 - Ag0403 . §¢00932, (60)
Ktoo = Kto[1 + 1,34Sc1327 - D770 - (Fr - Re)*0%7], (61)
Kt _ ] vch'MnBc'TH (62)

Pusc'Dm g-MyTy ’

rne Kty — 6e3pa3MepHblil KpuTepuii MoA00us, XapaKTepU3yrOIIHii
MHTCHCHUBHOCTb UCIIApCHUS He(bTI/I IIpH IIPOCTOEC pe3epByapa,
. Jlucm
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Kt.,, — Oe3pa3MepHbIi KpUTEpUM TOAOOHUS, XapaKTEePU3YIOITUN
WHTEHCUBHOCTh UCTIapeHUS HE(TH TIPH 3aKaUKe;

AT — MOIyJIb IBUKYILEUW CUJIBI,

_ CS_CCp
Am = 1—¢. (63)
rane  Sc —uucno lHImunara;
— Ynsc
Sc = D, (64)
Fr-Re — mnapamerp mnoaoOus, XapaKTepU3YIOIIHA HHTEHCHUBHOCTb

nepemMenBanus HeTU B pe3epByape Mpu 3arnoJTHEHUY;

W3
Fr-Re = —/—, (65)

gvHBC
rne W, — cpemHss XapakTepHas CKOpPOCTh IE€pEeMEIIMBAaHUS HEPTH B

pe3epByape;

W3aK
W, = (66)

14+——2

V3a}<

rae W,k — ckopocTh He(TH B IPUEMHOM MATPyOKe pe3epByapa;

V,ax — 4acoBOM 00beM 3aKauku HETU B pe3epByap.

3.3.2 Pacuer notepb He()TH NPH 3aKauUKe M0 MeToauKe B

[Tnomans moBepxHocT HedTH [48, . 391]:

-~

CpenHss BbICOTA B3JIMBA IIPU 3aKaUKe:

He, = I

Cpenuss Beicota I'TI npu 3akauke:

3. CpasHumeribHbIU aHanu3 MemoOuK pacyema riomepb
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CkopocTb 3aKkaurBaeMoi HETH B IPUEMO-Pa3aTOYHOM ycTpolicTse [48, C.

OOBbeMbl KUIKON U MapoBoi (a3 Ha MOMEHT Havalla 3aKauKy U UX

392]:

cooTHoIieHue [48]:

Vo = Ko - Hy = I

Vn 0
V)KO

I[aBJ'IeHI/Ie HACBINICHHBIX IApOB A0 HavyaJia 3aKa4yKH.

[TapunansHO€E HaBlICHUE!

P =

Cpennue 00beMBbI KUIKON U TapoBOH (ha3 B MPOIECCEe 3aKaUYKU U HX

cootHomeHue [48, ¢. 392]:

Vo = Fi - He, =
Vo =V, = Vo = [ IR
V)KO
. Jlucm
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I[aBHCHI/IC HaCBhIMICHHBIX BO BPEMA 3aKaYKH.

I

Tx P > Py(o) TO B MPOIECCE 3aM0JIHEHUS pe3epByapa OyaeT NPOUCXOAUTh
noHaceienue I'Tl napamu HegTH, npumem CC(S_)%K = -
[Tpu nanHO#M KOHIICHTpanuu MossipHas macca [IBC (57):

Mg = I

M, =
Mppc = I

[TnotrocTh [IBC o popmye (43):

Kunemaruueckas Bsizkocts [IBC 1o hopmyie (58):

VI'IBC -

Koaddunuent nuddysun mo dopmyie (59):

D, = a, + B, - T = I

Yucio HImuara mo dpopmyte (64):

3. CpasHumeribHbIU aHanu3 MemoOuK pacyema riomepb
Hecbmu om ucrnaneHul
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Monaynb aBrxyien cuibl 1o popmyie (59):

ANT=——— =
TTH

Benmnunna Kt-kpurepus mo 3aBucumMocTtsiM (60, 61):

Kto =

Ktoae = Kto[1 +1,348¢1327 - D085 . (Fr - Re)0087)
= I
|

Cpennsisi xapakTepHasi CKOpOCTb IepeMenBanus Hetu B pesepByape (66):

Wiax

1+
V3aK

BennunHa komiuiekcHoro napametpa (67):

3
Wx N _
9Vngsc

[InoTHOCTH MMOTOKA Macchl HE(PTH MPU UCTTAPEHUH B TIPOIECCE 3aKAYKU U3

Fr-Re =

3aBHCHMOCTH (62).

]=_

Macca napo Hedtu, [IBC u HedTH ncnapuBsIieics B porecce 3akauku [48,

c. 392]:
my. = [
m, = [
. Jlucm
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Am =] - F, T = I

O0beM 3akaunBaeMoii HeTH 1 Macca BeiTecHsiemoit [IBC (57):
v, = I
Am,,. = I

CpCI[HHH MaccoBasd KOHLCHTpaMA.

- [ -

Cpennsst maccoBast KoHreHTparus Hetu B ['TI B mpornecce 3amonnenus (46):

Tak kak C* > C,; npuanmaem C* = [N

PaccuuTaem oTkioHEHME:!

3HauuT cpenHss KoHmeHTpamus mapoB HedTu B ['TI pezepByapa B mporiecce

3aroJHEHUs BEIOpaHa MpaBUIIbHO.

Jononautenbhblit pacxon IIBC mo popmyie (55):

bespasmepHbie KoapPUIMEeHTHI TI0 3aBUcUMOCTsM (56) [11]:

B, = IR
. Jlucm
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[TnoTHOCTH MTapoB HedtH (53):

[Totepu ot OoJbIIOrO AbIXaHus o Gopmysie (54):

Gy = I

3.4 Pe3ybTaThl H BHIBO/bI 110 NPOBEEHHBIM pacyeTaM

P C3yJIbTAaThl paCUCTOB, MPCACTABJICHHBIX BbIINIC U daHAJIOTMYHBIX PACUYCTOB IIO

TpCM MCTOAHWKAM, BBIIIOJIHCHHBIM B Exel, IMpCaACTaBJICHbI B Ta6JII/IH€ B.2

(punoxcerme B). |
I (o momyMEHHBIM pesymBTATAM

MO>KHO CJIENIaTh CICAYIOIINE BBIBOIBI:

1) Pacuer mo meromumke A maer Oosbmine morpemHocta (Oomee 60%),
BEJTMYMHBI TOTEPH 3aHIKCHBI, TaK KaK B OTOM METOJIWKE HE YUYHUTHIBACTCS
JIOHACBHIIIIEHUE Ta30BOT0 MPOCTPAHCTBA Pe3EpBYyapa MpH €ro 3ar0JTHCHHH.

2) Metoauka b mpuBoauT Takke K OonbmuM morpemHocTsam (6oaee 30%),
TaK Kak B HEW HE YYHMTHIBAIOTCS TEOMETPUYECCKUE pa3Mephl pe3epByapa U JUHAMUKA
IepeMEeIINBaHUs 3aKauynBaeMOl HE(DTH, TakKe SMIIMPHUCCKUN TpauK MpUpOCTa
OTHOCUTEJIBHBIX KOHIIGHTpAIIUH IMOCTPOEH JUIsi OCH3WHOB, YTO TOXKE BJIMSAET Ha
BEJIMYUHY MTOTPEITHOCTH.

3) Hawubomblreld TOYHOCTHIO OOsamaer meroiuka B (Menee 10%), arta

METO/IMKA TaKXKe ABJIAETCS HauboJee TEOPETUUECKH 0OOCHOBAHHOM, OHAa YYUTHIBAET
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U TEOMETPUYECKUE pa3Mephl pe3epByapa U JOHACHIIEHUE Ta30BOr0 IPOCTPAHCTBA B
IpoLIECCEe 3aKAaYKW JMHAMHUKY HCHApEeHHUs W NepeMellrBaHus NpoAykTa. JlaHHas
METOJIMKA YUYUTHIBAET TPU COCTABIISIOIINE:

1) motepu, koTopbie umenn Obl MecTo, ecnu Obl goHackimenus I'T1 B xone

3aKauKM He IPOUCXOIUIIO — Pyy * Co * Q5 * (T2—Ty);
2) morepH, CBS3aHHBIE C MCIAPEHHUEM 3aKauyMBaeMOro HEPTENpPOIyKTa B
TPOILECCE NPOCTOS— Pyy * Co * Q@ * (T2—T1);

3) norepu, cBA3aHHbIE ¢ U3MeHeHueM KoHueHTpauuu [IBC B xozne 3akauku, a

TaK)ke C 0OoJyiee BBICOKOH I[I/IHElMPIKOﬁ nmponeccCa HUCIAapCHUA IIPH 3aKadKC II0

1-B2 1-8
CPaBHEHHIO C IPOCTOEM — Py * Lo '{ﬁiQZTO [(51 TZ) (ﬁl Tl) 2]}

Jlist  pacuetoB TOMOBBIX TMOTeph HehTu Kopmak A.A. pexomMeHayer

UCTIOJIb30BaTh opmysty 63[11]:

Groa = GGA "MNoes (67)
rac n06 — KOB(I)(I)I/H_IHGHT 060pan/IBaeMOCTI/I pe3cpByapa, I10Ka3bIBACT

YCJIOBHOC KOJIMYCCTBO 3al0JIHCHUM U OHOpO}KHeHI/Iﬁ pE3CpBYyapa.

Jlucm

3. CpasHumeribHbIU aHanu3 MemoOuK pacyema riomepb

Hecbmu om ucnabeHul 53
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7. Pe3yibTaThl MPOBEAECHHOI0 UCCIEA0BAHUS

B xoxe paboThl ObUIM MpOaHAIM3UPOBAHBI TPU METOJIMKH pacyeTra MOTeEpPb
HepTH OT «OoypmMX [biIxaHui». llo pesynbraraM cpaBHEHUS TOYHOCTH IS
IporpaMMbl pacdeta nmotepb HeTHu Oblla BEIOpaHa METOAMKa B. T.K. IOTPemHoCThb

pacueToB coctaBmiia MmeHee 10%.

boin mpoBenen aHanu3 3()QPEKTUBHOCTU PA3IUYHBIX CPEICTB COKpALICHUS
MOTEPh, HA OCHOBAHUHU aHAJIN3a MOXHO cienaTh BbiBO, 4To BIOOp CCII 3aBUCHT OT
MHOTHX (haKTOPOB, OTMPEICISIOMNMHA SBIISIOTCS 000padyMBAaEMOCTh pe3epByapa, €ro
reOMETPUYECKUE pa3Mephl U OCTAaTOYHBIM CpOK ciay»KObl. [Iisi paccMaTtpuBaemoro
pe3epByapa HambOojee TMPEAMOYTUTEIBHBIM CPEJICTBOM COKPAICHUS  SIBIISCTCS
MOHTOH, HE TPEOYIOMMA OONBIIMX KAMUTAIOBIOKEHUM W HMEIOUUN JOCTATOYHO
BBICOKYIO A dexTuBHOCTh (O60see 90%), u oxkynaromuii cedsi 3a CPOK OCTATOYHOM

9KCILIyaTalluu.

B cpene Visual Studio 2012 ma ocHOBaHWM BBIOPAaHHOW METOAMKH OBLI
pa3paboTaH MPOrPaMMHBIH KOMILIEKC, TIO3BOJISIONIMN pacCUYMTaTh MOTEpU HEPTH OT
«OOJBIIOTO JBIXaHHsD MPH 3aKauke HeTH B pe3epByap C 3aaHHBIMH TapaMeTPaMH,
0e3 UCII0JIL30BAHUS WIIH C HCIIOJIB30BAHUEM HEKOTOPBIX CPEJICTB COKPAIICHUS TOTEPh

C yueToM uX 3((PEeKTUBHOCTH.

C nomoripio pa3paboTaHHOW TPOrpaMMbl OLIEHEH 3(P(HEKT OT MPUMEHEHUS
MOHTOHA U JPYTHX CPEICTB COKPAIIEHUS MOTEPh MPH PA3IUIHBIX Kod(hdummeHTax
o0opaunBaeMoCT pe3epByapa. bblna mpemiokeHa KOHCTPYKIUS CHUHTETHUYECKOTO

nowrrona na ocnone |

aHaJIn3 HHC ITOHTOHA ITOKa3all, YTO YCJIOBH:A IIPOYHOCTU BBITIOJIHACTCA.

OnpedeneHue onmumarnbHOU MemoOuUKU pacyema u

rpo2Ho3uUpo8aHUs Nnomepb Heghmu om ucriapeHul 055 ebibopa

Usm. | Nlucm Ne dokym. lModnuck | Jama cpedcma o Uux cokpalwleHUro

Paspab. MeodHukosa Jlum. Jlucm Jlucmoe

KoHcysnsm. 7. Pe3ynibmamel rnpogedeHHO20 | | 75 126
uccriedosaHusi

Pykosodum. | HYyxapeesa H.B.

M.0. 3ae.kagp. | Bypkos. I1.B. HU TI1Y 2p.25M55




8. GuHAHCOBBIIl MEeHEIKMEHT, pecypcod(PpPeKTUBHOCTH U pecypcochepe:keHue

BBenenue
B wmarucrepckoil auccepTanMi OMUCHIBAECTCA IEJI€COO00Pa3HOCTh MOHTaXKa
MOHTOHA Ha pesepByape Tuma PBC-20000 m° monrtona. Heo6xoammo paccunrtaTh
3¢ (HEKTUBHOCTD TAHHBIX CPEJICTB COKpAILIEHUs NOoTeph HEPTH OT ucnapeHuii. C sToit
LEIbI0 HEOOXOAMMO PACCUUTATh €AUHOBPEMEHHBIE (IPUOOpPETEHNUE 00OPYAOBAHUS U
€ro MOHTa)Xa) M OJKCIUTyaTallMOHHBIE 3aTpaThl MJIsi TOro, 4YTOObI CpPaBHUTh
HIKOHOMHUYECKYIO 3(D(PEKTUBHOCTD MpeIaracMoil PeKOHCTPYKIIMM CUCTEMBI JTOOBIYU

He()TU U CTOMMOCTb 3aKYIIKA U YCTAHOBKU aHAJOTUYHOTO 00OPYIOBAHHUS.

8.1. Pacuer 3aTpart Ha 000pyA0BaHHe pe3epByapa NOHTOHOM

[IpennaraeTcss yCTaHOBUTh Ha pe3epByap aTIOMUHUEBBIA MOHTOH MAapKHU.
Pecypc maHHOTO MOHTOHA 0 MEPBOTO CPEIHETO peMOHTa cocTasisier 10 jer, a cpok
ciyx0b6l — 20 5er mpu OAHOM peMOHTE. 3a CYET BHEAPEHUs MOHTOHA MOTEepU
COKpATATCSI, B PE3yJbTaTe YJIYUIICHUS IKOJIOTUUECKON 0OCTAaHOBKHM HA MPEANPUATUU
COKpaIaroTCs TIaTEKH 32 BRIOPOCHI B aTMOChepy.

OnpenenuM cyMMmapHbI€ 3aTpaTrhbl, CBSI3aHHBIE C IMOKYIKOWl MaTepualioB H

u3zienuii. 3aTpaThl Ha TPUOOPETECHUE MAaTEPHUAIIOB ONpeAesITCS o hopmyre 76:

Byar = C " N, (80)
rae  C —1eHa 3a equHMILy, pyo/en.;

N — xonr4ecTBO HEOOXOAMMOTr0 MaTepuana, el.

OnpedeneHue onmumarnbHOU MemoOuKuU pacyema u

rpo2Ho3uUposaHuUs nomepb Heghmu om ucrnapeHull 0115 ebibopa

Usm. | Nlucm Ne dokym. lModnuck | Jama cpedcme o Ux coKpalleHUto
Paspab. MeodHukosa . Jlum. Jlucm Jlucmoe
Korcymbm. 8. ®uHaHco8bIl MEHEOXMeHM, | | 76 126

Pyxosodum. | Yyxapeea H.B. pecypcoahhekmusHocmsb U

n.0. 3ae.kag. | Bypkos. I1.B. pecypcocbepexerue HU Ty 3p.25M55




Hcxonnble naHHBIE W pe3yiabTaThl pacuyeToB MpHBENEHb B Tabnuie 8

cornacno IOCH 09-02-016-01 |

Tabmuma 8 — Pacxox matepuaion

No

Haumenosaunue

Ex. Uswm.

Pacxon

Kucnopon
TEXHUYECCKUHN
ra3z000pa3HbIi

N

YalT-cniupuT

DIIEKTPOIbI
TaMeTpoM 4 MM
D42A

bonTel ¢ raiikamu u
aitoamMu
CTPOUTEJIbHBIE

o1

Betomnib

KI'

[Iponan-OyTaH, cMech
TEXHUYECKas

KI'

[IBemnepsr Ne 16
ctanb Mapku Ct31ic

I'epmeruk
CUJIIMKOHOBBIMN
CHEMLUX 9015,
CAaHTEXHUYCCKUM,
MIPO3paYHbIN U
LIBETHBIC

AJTIOMHUHHEBBIE
KOHCTPYKIUHU

CToumMoCTh
ell.
Py6.

WILIET

Bcero

'—U
<
o

I nmim

3arpaThl Ha MaTepuaibl JUIsl YCTAHOBKHU IIOHTOHA COCTABST _py6.

8.2 PacyeTr BpeMeHH HA NMPOBeleHHe MePONPUSITUS

CornacHo CHpaBOYHUKY

OnpenenuM HOPMBI BpEMEHU Il YCTAaHOBKM IIOHTOHAa Ha pe3epByap.

«EnuHBIE  HOPMBI

N PaCOCHKHM Ha CTPOUTCIIBHEIC,

N3m.
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MOHTQ)XHbIE U PEMOHTHO-CTpOUTENbHbIE padoTel. COopHuk ES5-22%» [56] Bpems Ha

BBITIOJTHEHHE MEPOIIPUATHS MPEACTABICHO B Tabnuie 9.

Ta6J'II/IHa 9 — BcnoMorarensHOE BpEM: HA BBITOJIHCHUC MCPOIIPUATHA

Onepanus Bpewms, 4
MoHTaxx IEeHTpaIbHOU YaCTH IIOHTOHA 110
YcTanoBka KOpoOOB IMMOHTOHA 273
VYcranoBka naTpyoOKoOB JIJ1sl OMOPHBIX CTOEK 50
COopka 1 ycTaHOBKa OITOPHBIX CTOCK 48,5
Y CTpOMCTBO YINIOTHUTEIBHOTO 3aTBOpA 198
HcnbiTanne cBapHBIX MIBOB HEHTPAIBHON YaCTH 30,5
Hroro: ] 710

CormacHo CAWHBIM HOpPMaM pPACLHCHKH Ha BBIIOJHCHUC MCPOIIPHUATHA BCCTO

notpedyercs 710 gacos.

8.3 Pacuer koqM4yecTBa HEOOXOAUMOIl TEXHUKHU U 000Py10BAHUS

MOHTOHA, YCTAaHOBKAa KOPOOOB MOHTOHA, YCTAaHOBKA MATPYOKOB ISl OTIOPHBIX CTOEK,
cOOpKa M yCTaHOBKA OMOPHBIX CTOCK MOTPeOyeTCs KpaH Ha aBTOMOOHMIIBHOM XOJy U

JABa CBApPOYHBIX HHBCPTOPA. HH@BMOI{pGJ’II/I JJIs1 BBIITOJIHCHUSA TCX XKE onepauplﬁ u

JIns BBITOJMHEHMS CIEAYIOLIMX OINEepalyid: MOHTAX UEHTPAIBHOM YacTH

YCTpPOMCTBA YIUIOTHUTEIBHOTO 3aTBOPA.

Bpewms ncnonp30BaHus €AUHULIBI TEXHUKU 1, COCTABIISET:
T, =T, (81)
rae T; — Bpems Ha BBITIOJIHEHUS OTIepaIiy B COOTBETCTBUM C TaOiuIen 9.
JIns KpaHa ¥ CBapOYHBIX HUHBEPTOPOB:
T = T, = I

JIga maeBMoapenen:

T, = I

u pecypcocbepexeHue

U3m.
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Pesynbratel pacuetoB npuseneHsl B Tadbnuue 10.

Tabnuna 10 — KonnyecTBo HE0OX0IUMOM TEXHUKH JIJIs1 YCTAHOBKH MTOHTOHA

No | HanmmeHnoBanue Bug pabdor KomuuectBo | KonmuecTtso,
4acoB T
1 | Kpan Ha MOHTAaXX LICHTPaJIbHOU 4acTU - I
ABTOMOOUJIBLHOM | IOHTOHA, yCTaHOBKA KOPOOOB
xony MOHTOHA, YCTAHOBKA MaTPyOKOB
JUTSL OTIOPHBIX CTOEK, COOpKa U
YCTaHOBKA OMOPHBIX CTOEK
2 | CBapOuHBIii MOHTaX IIEHTPaJIbHOM YacTu - I
UHBEPTOP MOHTOHA, YCTAHOBKA KOPOOOB
CBAPOI' TIG | noHTOHa, ycTaHOBKa NaTpyOKOB
500 P (W302) | 1Jist OTIOpHBIX CTOCK, COOpKa U
YCTAHOBKA OMOPHBIX CTOEK
3 | [IlneBMozapens | MOHTaX IIEHTPAILHOMN YacTu - I
NI1-1027 MIOHTOHA, YCTAaHOBKAa KOPOOOB
MOHTOHA, YCTAaHOBKA MaTPyOKOB
JUTSL OTIOPHBIX CTOEK, COOpKa U
YCTaHOBKA OMOPHBIX CTOEK,
YCTPOMCTBA YIIIOTHUTEIHHOTO
3aTBOpa

Takum oOpa3oM, KpaH Ha aBTOMOOWMJIBHOM XOJY HCITOJb30BAJICSI B TCUCHUH

B :acos, umseprop cpapounsiii | uacos, nenmonpens | uacor u3

oOLIEro BpeMEHU Ha IPOBEICHUE MEPOTIPUSTHS.

8.4 3aTpaTbl HAa AMOPTU3AIMOHHbIE OTYMCJIEHUSI

3artpaThl OMNPEAENSIIOTCS, WCXO0Nd M3 0aqaHCOBOW CTOMMOCTH OCHOBHBIX
MPOU3BOJICTBEHHBIX (OHJOB U HEMaTepPUAIbHBIX AaKTUBOB, W YTBEP)KICHHBIX B
YCTAHOBJIEHHOM TOPSJKE HOPM aMOPTHU3ALIUH, YUUTHIBASI YCKOPEHHYIO aMOPTHU3ALUIO
WX aKTUBHOUM uyacTu. HopMbl amopTu3anuu Ajis aBTOMOOMJIBHOTO KpaHa BBIOMpAaEM

cornacHo Ilocranomnenuto IlpaButensctBa P® ot 01.01.2002 N 1 (pen. or

07.07.2016) «O Knaccudukalmd OCHOBHBIX  CPEJICTB, BKIIOYACMBIX B

AMOPTU3aINOHHBIC  TI'PYIIILD»). Pacuer am OPTHU3aIMOHHBIX OTUYMCJICHUM Inpu

COOpPY)KEHUHU pe3epByapa C IMPUMEHEHHUEM MEXaHU3UPOBAHHBIX CIIOCOOOB CBapKU

npeacTaBiieH B Tabimie 11.
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Tabnuna 11 — Pacuetr aMOpTU3allMOHHBIX OTUYMCICHHUM MPU COOPYKEHUU TOHTOHA

H H
Hopwma opmd opMd Bpemsi| Cymma
Croumoc amopTu3ail | amopTu3zail |[Komn
OOBbeKT aMopTH3aIL paboT | amopTHU3aIl
Tb pYyoO. WU BTOJl, | UM B 4Yac, |-BO
uu % bl, 4yac.| uu, pyo.
pyo pyo.
Kpan Ha -
aBTOMOCHIGH | H B B | N
OM X0y
CBapouHbIii
WHBEPTOP
ceacor HH I HE H 1 H B
TIG 500 P
(W302)
Meewowe: | NN | W | BN | B 1 W BN
» UI1-1027

HTroro -

Pacuer aMOPTHU3allOHHBIX OTYHMCJICHUM IIOKa3bIBACT, YTO aMOPTHU3AIIMOHHBIC

orancnenus coctasst || pYO.

8.5. Pacuer 3aTpar Ha onJiaty Tpyaa

K pacxomam Ha omnaty Tpyda OTHOCATCA. CYMMBI, HA4MCIIEHHBIE I10
Tapu(HBIM CTaBKaM, JOJDKHOCTHBIM OKJaJaM, CICIbHBIM paclieHKaM W B
MPOLIEHTAX OT BBIPYYKHU OT peau3aluy NpoAyKuu (paboT, yciIyr) B COOTBETCTBHUH C
MPUHATBIMY Ha MPEANPUITUH (OpraHu3ain) popMaMu U CUCTEMaMHU OIJIAThI TPYAQ;

HaJ0aBKU MO pallOHHBIM Ko3(duuumeHTam, 3a padoTy B pailoHax kpaitHero Cesepa u

)=
3
=
a
o
)
(@]
o)
(@]
-
=
=
=
a
)|
(@}
-
jov]
jor]
=
a
as)
&
os]
=
o
o)
=
=~
=
(¢}
|
N

Jlucm

8. @uHaHco8bIl MeHedXMeHm, pecypcoaghhekmueHoCmb

N3m.

u pecypcocbepexeHue 79

Jlucm Ne dokym. lModnucek | dama




Tabnuna 12 — Pacuet 3apaboTHOM T1aThI

[Tpodecc | Kommuect | Pasp | Tap Bpemsi na | Tapudn | CeB. u

¢Huas Bl (hoH T _ | 3apabotn
sl BO M| rapa | TPOBACHH | 3y py6. paid. ag
, e Ko>d. | TUaTac
py6./u MEPOMPHUST 50%+50 g:;g;\g
ac us, 4. % K, pyo.
Macrep | [ I m H B I
Monraxe | ] i B B EE
. -
Ceapuyc | ] I m I B B
Crecaps | | I m I B B
Kpanosm | || 1 | I B
UK
H B N N

Hroro I I I

Pacyersl 3aTpar Ha oIuaTy TpyAa IIOKa3ajdd, 4YTO Ha OIUIATy Tpyda

pa6otuuxos npu ycranoske nourona tpebyercs ||| ERpyo.

8.6 3aTpaThl Ha cTPaxoBble B3HOCHI B FOCYAapCTBEHHbIE BHEOIOMKETHbIE (DOH/IBI

3aTpathel Ha cTpaxoBblie B3HOCHI B IleHcumoHHBIN doHa, POHA COLMATBLHOTO
ctpaxoBanus, OoHJ 0053aTENTFHOTO MEAUIIMHCKOTO CTPAXOBaHUSI MPU COOPY>KEHUU
pe3epByapa ¢ IPUMEHEHHEM MEXaHU3UPOBAHHBIX CIIOCOOOB CBapKHU MPE/ICTABJICHBI B

tadymue 13.

PaccuutbiBass 3arpaTbl Ha CTpaxOBaHHWE OT HECYACTHBIX CJIy4yaeB Ha
MIPOU3BOJICTBE U NMPodecCHOHANbHBIX 3a00eBanuii, BoiOupaem kiacc VIII ¢ Tapudom
0,9 1t MPOM3BOICTBA OOIIECTPOUTENHHBIX PAOOT MO CTPOUTEIHCTBY IPOUYUX 3TaHUHN

U COOPYXKCHHH, HE BKIIOYCHHBIX B Apyrue rpynnuposku (kox mo OKBD/] — 45.21.6).
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Tabnuna 13 — PacueTt cTpaxoBbIX B3HOCOB ITPU MOHTa)KE MTOHTOHA

Ilokazarennb

Macrep

311, pyO.

®CC
(2,9%)

®OMC
(5,1%)

TIOP (22%)

CrpaxoB-ue
OT HECYAaCT.
Cityuaes
(Tapud
0,9%)

LRl
LR
LILILL
LLEL

Bcero, py0.

Oo6mas
cymma, pyo.

MOHTaXHUK

Capmuk

1 B
L
1 B
1L
1

Crnecapb

KpanoBmmk

!

1!

Ananuz Ta6HI/IHI)I IIOKa3aJl, 4TO BCCTrO pacxXxodbl Ha CTPaxOBBIC B3HOCHI

cocrasst || pyo.

8.7 3aTpaTsl Ha poBeeHNEe MEPONIPUATHS

Ha ocHoBaHuM BBIIENEPEUYUCICHHBIX PACUETOB 3aTpaT OMpeAesieTCs 001as

CymMMa 3aTpaT Ha HOPOBCIACHHUC OPraHU3aAlIMOHHO-TCXHUYCCKOTIO MCPOIIPUATHUA

(Tabnuma 14).

N3m.
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TabOmuma 14

MEpONPUATHUSA

— 3arpatsl

Cocras 3arpar CymmMma, pyo

AMOpTI/I3aHI/IOHHBIC OTYHUCJICHUA

3aTpatrbl Ha MaTepuabl

Omnara Tpyna

CtpaxoBble B3HOCHI

Haxnagnsie pacxoani(20%)

Bcero 3aTpar:

OO6mme 3aTtpaThl Ha TpoBeAecHHEe MOHTaka ToHToHa Ha PBC-20000 M

cocrasuy || pyo.

8.8 Pacuer 3(p(peKTUBHOCTH NMPUMEHEHHS CPEACTBA COKPAIIEHUSI MOTEPb.

Ha TIIPOBCACHUC OPraHHU3al[MOHHO- TCXHHUYCCKOI'O

3

Paccuntaem skoHOMUYECKU 3((PEKT, KOTOPBIM TOCTUTAETCS MPU YCTAHOBKE

IIOHTOHA Ha pE3CPBYyap, OLCHKA IIOTCPb HG(bTH B ,Z[aHHOﬁ pa60Te IIOKa3ajia, 4TO 3a I'oJ

u3 pesepByapa PBC-20000 m® tepsiercst o 50 T medrtn. 3a cpok ciykObI 5 jeT

MOHTOHA COKpauieHue mnorepb JocTUrHeT 250 TOHH HePpTH. be3peMOHTHBIN Cpok

9KCILTyaTalliy IIOHTOHA COCTAaBJISAACT 10 JICT, OTCrOAa HOpMa aMOPTU3allUH:

rae N — cpok ciry>kObl TOHTOHA.

CTaBKax IIJIAaThI

H, = % 100% = 1—10 100% = 10%, (82)

Torna aMmoOpTHU3alMOHHBIE OTYUCIICHUS 3a S JIET COCTABSIT:

A =H, - C-5 = I

Cornacuo IlocranoBnenuto IlpaBurensctBa P® ot 13.09.2016 N 913 "O

32 HEraTuBHOE BO3JCHCTBHE HAa OKPYXAIOLIYyI0 Cpeay |

JIOTIOJIHUTENIBHBIX KOA(PUIIMeHTaX», CTaBKa IJIaThl 32 BHIOPOCHI HEPTU COCTABJISET

3,2 pyo/T.

Cokpalienue miathl 3a BBIOPOCHI YIJIEBOJIOPOJOB B aTMocdepy 3a 5 jet

N3m.
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AC,c, = (83)

Oappenb, Kypc aomutapa 56.98 py0, B ogHol ToHHE HedTH 7,48 Gappernei.

11 = AC, + ACuus, = I (85)
rae AC,, — 5KOHOMUS 3a CUET peanu3anuu HeTH.
A dKOHOMHYECKUM dPDEKT:
-- *
=3=
3akioueHue

[Tepecuntaem B pyOsu 32 TOHHY:

1] = (84)

Takum 006pa3zoM T0X0J OT MPOBEAECHHOTO MEPOIIPUSATHS 3 5 JIET COCTaBHT:

ITo cocrosauio Ha ampenb 2017 mena Ha HedTh Mapku Urals 53,098 3a

Takum o00pazoM 3a 5 JeT yCTaHOBKA IIOHTOHA TMO3BOJISIET JOCTHYb

sxonomuueckoro sddexra | 6e3 yuera sxcnnyaranmonneix sarpar Ipoexr mo

BHCAPCHUIO ITIOHTOHA ABJIACTCA O9KOHOMHWYCCKU Bq)(l)eKTI/IBHBIM.
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Q. COIII/IaJIbHaH OTBETCTBCHHOCTD

BBenenue

[{esbr0 BBIMOTHEHHS JAHHOTO pa3Jielia MaruCTEPCKON JUCCEPTALUN SIBIIACTCS
BBISIBJICHUE U aHAJIU3 MIEPEUHUCIICHHBIX OMTAaCHOCTEN B paboyeit 30He SISl UCKITFOUCHUS
HECUYACTHBIX CITy4aeB, 00ECIICUeHHS 3alIUThI 3I0POBbs PAOOTHUKOB, CHUKEHUS
BPEIHBIX BO3JICVCTBUI HA OKPYXKAIOIIYIO CPEAY, SKOHOMHUHU IPUPOJAHBIX PECYPCOB.

Marucrtepckas quccepTalys MOCBIIEHa BOIIPOCY TPOTHO3UPOBAHUS, pacueTa
U COKpaIlleHUsI NOTepb HEPTU OT UCTIAPEHUI B pe3epByapHOM Mapke, B HEM
paccMaTpUBAIOTCS METOAUKH OIPEJIEIICHUS MOTEPb HEPTU U BEIOOP CPEICTB

COKpalmCHUA IIOTCPb.

OOBekT mccienoBanus: Paboueld 30HON sBIIAETCS pe3epByapHbIM MapK, Ha
KOTOPOM BEIYTCSI CTPOUTEIbHO-MOHTa)KHbIE paOOThl MpPH BHEIPEHUHM CPEICTBA
COKpalleHHsl ToTepb HeTH U3 pe3epByapa. Paboyast 30Ha HaXOAUTCA MOJ OXPaHOM.
Ha Teppuropun oObeKTa HaXOAATCA METAJUIMYECKUE OTPaXKJACHHS, 3HAKH,
0003HaYa0IIME ONACHBIN MTPOU3BOJICTBEHHBI O0BEKT, CXeMa 00BEKTA, €T0 Ha3BaHUE
U OpeanpusThe oOCIyXKUBarollee AaHHbIM 00bekT. Ha pabouyro 30HY Jomyckaercs
TOJIBKO YIIOJJHOMOYEHHBIN IEPCOHAI CTPOUTENBHOW opraHu3zanuu. CTpouTesnbHas
OpraHu3allvs, BBIMOJHSIOMIAS CTPOUTEIBCTBO PE3EPBYAPHOTO MapKa, a TakKxKe
opraHuzanus O0OCIy>KMBAIOILAsl pPE3EPBYAPHBI MApK HECYT OTBETCTBEHHOCTh 3a
COOJTIO/IEHNE MMPOCKTHBIX PEIICHUH, CBA3aHHBIX C OXPAHON OKPY>KAIOIICH PUPOTHON
Cpellbl, a Takke 3a COOJIIOJIEHHE TOCYJAapCTBEHHOTO 3aKOHOJATEIhCTBA MO OXpaHe

MIPUPOJIBI.

9.1 Ilpou3BoacTBeHHAs1 0€30MACHOCTH
Bpennbie u onacHble MPOU3BOICTBEHHBIE (DAKTOPHI, BOSHUKAIOIIUE TP TIPO

BEJICHUN CTPOUTEITHLHO-MOHTAXHBIX PaObOT HA PEe3epPBYyapHOM MapKe, MPUBEIACHBI B

OnpedeneHue onmumaribHoOU MemoOuKU pacyema u

rpo2Ho3uUpos8aHus Nnomepb Heghmu om ucriapeHud 0ns ebibopa
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tabmmre 15. [57]
Tabnuna 15 — OCHOBHBIE AJIEMEHTHI MTPOU3BOJCTBEHHOTO Mpoliecca, hopmupyromme
OIacHbIe M BpeIHbIE (DaKTOPHI MPH BHIMOJIHEHUN CTOPUTEIBHO-MOHTAXHBIX padoT B

pe3epByapHOM TapKe.

Hanmenosa dakTOophI Hopmartnea
HUE BUJIOB (I'OCT 12.0.003-74-CCBT ¢ u3men. 19991.) |E®IC
paboT Bpennsie OmnacHble JTOKYMEHTBI
1. O6pazoBanue IoCT
1. TIOBBIEHHBIA UIyM; | B3pBIBOOIIACHOU U 121005-88
2.J11oHMKEHHBIE NN I0XKapOOIACHOM Cpe/IbI P 2.2.755-
MTOBBIICHHBIC 2. 3ara3oBaHHOCTb 99
Crpourens | TCMICPTYPBI, BO3/yxa paboyeil 30HHI, roct
HO- 3. 3ara3oBaHHOCTb KaK (axTop 12.4.011-
MOHT&)XHBIC | BO3TYIHOH CPEIBI; B3pPBIBOOIIACHOCTH. 89
paboThI Ha 3.Brinonnenue pabot Ha rocT P
4.HenocrarouHast 12.1.019-
pe3epByapH BBICOTE. i
OCBEIIEHHOCTh Ha paboy . 2009
BIX TIAPKAX. | o\ oo 4.Bo3neiicTBre Ha Opra’
’ 3M OP-15.00-
YeNoBeKa a9:2Lots
KTH-004-
AIEKTPUIECKOTO 3-03
TOKa M CTaTUYECKOTO
AJIEKTPUYECTBA.

9.1.1 AHanu3 BpeIHbIX NPOU3BOACTBEHHBIX (PAKTOPOB BOZHUKAKIIUX MPH

MpoBeIeHNH PadoT HA pe3epPBYapHBIX MapKax

BpenubiMu  TIpOM3BOACTBEHHBIMH — (paKTOpaMH  Ha3bIBAIOTCS  (haKTOPBI,
OTPULIATEILHO  BJMSIOMIME Ha  pabOTOCIOCOOHOCTh  WJIM  BbI3BIBAIOIINE
npodeccruoHanbHble 3a00JIEBAHUS U IPYTUe HEOIaronpusTHbIE TTOCIEICTBUA.

IoBbIIEHHBIN LIYM

HcTtounukamMu 1ymMa sBISIOTCS  3BYKH, BBI3BaHHBIE B  pe3yibTaTe
IPOU3BOJCTBEHHON AESITENbHOCThIO MOTOIOMIIBI, aBTOMOOMIISIMH, MPUBJICYECHHBIMU

JUTsl HEOOXOIMMBIX padoT IO JOKAIU3AIMU U JIMKBUJANK aBapuid. [leficTBue mryma
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Ha 4YEJOBEKa OINpEAENIeTCsl BIMSHUEM Ha CIyXOBOM ammapaT U MHOTHE JpYyrue
OpraHbl U CUCTEMbI OPTaHU3Ma, B TOM YUCJIE U HEPBHYIO CUCTEMY.

I'pomkocTh HUxe 80 1b 0OBIYHO HE BIUSET HA OPraHbl CIyXa.

JlnutenpHOE neucTBUE IIyMa™> 85 nb B COOTBETCTBMM C HOPMATHUBHBIMU
nokymeHntramu CH 2.2.4/2.1.8.562-96 u T'OCT 12.1.003-83, npuBoauT K
MIOCTOSTHHOMY TTOBBIIICHHIO ITOPOTa CIIyXa, K MOBBIIICHUIO KPOBSHOTO naBieHus.[58]

OcHoBHBIE METOABI OOPHOBI C ITYMOM:

—  CpencrtBa unauBuayanbHoi 3amutel (CU3): HaymiHuKY,

—  CoOmonenue pexxuMa Tpyia v OTIbIXa;

— KomnnektuBHble cpencTBa 3alUThl: YKPBITHE MCTOYHUKOB IIymMa B
KOXYXHU, KaOWHBI, CO3/IaHUE NTYMO3AIIUIIEHHBIX 30H, MPUMEHEHHE MAaJIOIIYMHBIX
TEXHOJIOTHYECKHUX MPOILIECCOB M MAIIMH, OCHAILEHHE IIYMHBIX MAIIUH CPEJICTBAMHU

AUCTAHIIMOHHOTI'O YIIPABJICHHA K1 ABTOMATHYCCKOI'O KOHTPOJISA U T.AO.

IloBbllIeHHAs WM NMOHUKEHHASl TeMIlepaTypa Bo3AyXxa padoueil 30HBI.
IToBbIIeHHAST MJIM MOHM/KEHHAS BJIAKHOCTH BO3yXa

MakcumanbHast Temiieparypa st ToMckoi obiactu cocraiser +37,7 °C,
MHHHMabHas Munyc 55 °C.

HopmupoBanue napameTpoB Ha OTKPBITHIX ILIOIIAJKAX HE MMPOU3BOJIUTCS, HO
ONPENENSIOTCA KOHKPETHbIE MEPONPUATHS 1O CHUKEHUIO HEeOJIaronpusTHOrO
BO3/ICICTBUS UX Ha OpraHu3M padoyero.

PabGoraronme B 3UMHUM TepuUOA  ToJla JOJKHBI OBITh  OOECIeuYeHbI
CTICTIOACKION C TEeTIO3aUTHRIME cBolicTBaMu. [Ipu TemmepaType Bo3ayxa -40 °Cu
HIOKEe He0OX0IMMa 3all1Ta OpraHoB JbIXaHUs U JUIIA.

B nernmii mepuon pabGortaroniye AOMKHBI ObITh 00ECHEYEHBI TOJIOBHBIMHU
yOOpaMy UCKITIOYAIOIHE MEPErPeB TONIOBbI OT COTHEUHBIX JIyUEeH.

3ara3zoBaHHOCTb BO31yXa pado4eil 30HbI

3ara3oBaHHOCTh BO3JAyxXa pabodeil cpeapl BO3HUKAET H3-3a '"'MaibiX" U
"OonpmMx" BIXaHUAX pe3epByapa M HEraTUBHO CKa3bIBA€TCSI HAa COCTOSIHUS

opraHu3Ma pabOTHHUKOB.
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Bnusgnue napoB He(TH HA OpraHU3M YeI0BEKa:

TokcuuHOCTH HEPTENPOAYKTOB W  BBIACIAIONMIMXCS W3 HUX Ta30B
ONpeeNsIeTCs, TJIABHBIM 00pa3oM, COYETAHWEM YIJIEBOJOPOAOB, BXOIAIIMX B HX
coctaB. Haubonee BpeqHOW s OpraHu3Ma YeJIOBeKa SBISETCS KOMOMHAIUS
YIJIEBOJIOPOAA U CEPOBONOPOAA. B 3TOM cilydae TOKCHYHOCTD MpOsBIIAETCs ObICTpEE,

YeM NPU U30JIUPOBAHHOM HX JICVCTBUM.

Bce yrneBomoponbl BIMSAIOT Ha CEPACYHO-COCYIUCTYIO CHUCTEMY U Ha
MOKa3aTeld KPOBU (CHIKEHHE COJEp KaHUsI TeMOTrJIoOMHA W SPUTPOIUTOB), TAKXKE
BO3MOYKHO MOPAKEHHE NEYEHHW, HAPYILIECHUE JAESITEIIbHOCTU 3HJIOKPUHHBIX >KEJe3.
OcoOeHHOCTH BO3JEHCTBUS MApOB HEPTH M €€ MPOAYKTOB CBSI3aHBI C €€ COCTaBOM.
Hedth, Oemnas apoMaTHYECKUMH YIJIEBOAOPOJAMHU, IO CBOEMY JICHUCTBUIO
npuOamkaeTcss K OeH3MHOBBIM (ppakuusaM. [Ipu momananum mapoB HePTH uepe3
JBpIXaTeJIbHbIE MYTU WM B pE3yJbTaTe BCACBIBAHHWS B KPOBb H3 IKEIYJAOUYHO-
KHUILIEYHOTO TPaKTa, MNPOUCXOJUT YACTUYHOE PACTBOPEHHE IKUPOB U JIMIHIOB
OpraHu3Ma. JTO MOPAKAET LEHTPAIBHYIO HEPBHYIO CUCTEMY, MOXET BbI3BATh OCTPBIC
U XPOHUYECKUE OTpaBIEHUS, HMHOTJA CO CMEPTEIbHBIM HCX0J0M. Bce Buubl
He(TEeNPOAYKTOB 00JIaJal0T BBIPAXKEHHBIM JIEUCTBUEM Ha CEPJIEYHO-COCYAMUCTYIO
cucreMmy. Pa3znpaxeHue peLenTtopoB BbI3BIBAE€T BO30YXKJIEHHE B KOpE T'OJOBHOIO
MO3ra, KOTOpOE€ BOBJIEKAET B MpPOILIECC MOJABIEHUS OPraHbl 3peHus U ciyxa. llpu
OCTPOM OTPAaBJICHUH COCTOSIHUE HAllOMUHAET AJIKOroJIbHOE omnbsiHeHHe. OHO
HACTynaeT MnOpu KOHUEHTpamuu mnapoB B Bo3ayxe 0.005-0.01 Mr/MC. [Tpu
koHueHTpauu 0.5 Mr/m° CMEpPTh HACTyNaeT IOYTH MIHOBEHHO. B pesynbrare
YacThIX MOBTOPHBIX OTPABJIECHUN DPa3BHBAKOTCS HEPBHBIE pPacCTPOMCTBA, XOTS NpHU
MHOTOKpPATHBIX ~ BO3JEHUCTBUSIX HEOONBIIMX KOJUYECTB MOMKET BO3HUKHYTH

npUBbIKaHUE (OHMKEHUE YYBCTBUTEIBHOCTH).

CpencrBa wuHauBUAyanbHOW 3amuThl: [llnaHTOBBIM WM  KHUCIOPOIHO-

V30JIMPYIOLINN IPOTUBOra3.

Cpe,Z[CTBa KOJIJICKTUBHOM 3alllUThI: JAaTYUK KOHTPOJA 3ara3oOBaHHOCTH B

pe3epByapHOM IapKe.
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HenpocraTouHasi 0CBEelIEHHOCTH HA paﬁoqu MeECTE

[Ipy HETOCTATOYHOCTH OCBEIICHHOCTH PAOOTHUK OBICTPO yTOMIISETCS,
CHUYKAETCSI BHUMATEIbHOCTh M KOHIICHTPAIIUS, YTO 3HAUYMUTENIBHO IMOBBIIIAET PUCK
MOJIy4eHHUs] TpaBM M NPUYMHEHHS Bpena 3A0poBbio. [lpu nnmutenbHO padoTe B
YCIOBUSIX CIIa0OW OCBEIIEHHOCTH CYIIECTBYET OMACHOCTH YPE3MEPHOr0 YTOMJICHHUS,
pa3BUTHUSL OJM30PYKOCTH U MPOQPECCHOHANBHBIX 3a0oieBaHui Tia3. sl CHIKEeHUs

BpeJla IaHHOTO (haKTopa HY>KHO HCIOJIb30BaTh HAJIOOHBIHN (hoHApB.

9.1.2 AHa/143 ONACHBIX MPOU3BOICTBEHHBIX (PAKTOPOB U MEPONIPUSTHS

10 UX YCTPAHEHUI0

OnacHbIMM  TPOM3BOJCTBEHHBIMH  (PAKTOpaMH  HAa3bIBAIOTCS  (PAKTOPBI,
CHOCOOHBIE IIPU OIPENIETICHHBIX YCIOBUIX BBI3BIBATH OCTPOE HAPYIIEHHUE 370POBbS U
ru0enu yenoBeka.

Oo0Opa3oBaHue B3PbIBOONIACHOM M MOKAPOONIACHOM CPeabl

B3peiBoonacHass 30Ha — 3TO 30Ha, B KOTOPOM MMEIOTCA WA MOTYT
00pa30BaThCsl B3pHIBOONIACHBIE CMECH.

[IpenoTBpaiienne oOpa3oBaHMsI BO B3PBIBOOMACHOM Cpele HCTOYHHMKOB
3a)KATAHUS JOJKHO JOCTUTaThCs:

— MIPUMEHEHUEM IIEKTPOOOOPYIOBaHMS, COOTBETCTBYIOILIETO

II0YKapOOINaCHOW M B3pPBIBOOIIACHOM 30HAM, T'PYIIIIE M KAaTErOPUU B3PBIBOOIIACHOM

CMECH,

— TPUMEHEHHWEM TMPHUEMOB H PEKHMOB TEXHOJOTHYECKOTO IIpoIiecca,
o0opy10BaHMS, YIOBJICTBOPSIOIINX TpeOOBaHUSIM AJIIEKTPOCTATUYECKOM
0e301acHOCTH;

— YCTPOMCTBOM U PETYIISPHOU MPOBEPKOU MOJIHUE3AIINUTHI 30aHUI, COOPYKEHUN
1 000pyIOBaHUS;
— OPUMEHEHHEM B KOHCTPYKIMU OBICTPOACHCTBYIOIIMX CPEACTB 3aIUTHOTO

OTK/IIFOYCHHUA BO3MOXXHBIX HCTOYHHKOB 3aKUI'aHUA,
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— IIPUMEHEHUEM UCKPOTACUTEIIEH U HCKPOYJIABIINBATENEH;

— MCHOJIb30BAaHUEM HEUCKPSLIEr0 MHCTPYMEHTA pU paboTe ¢ 000pyI0BaHUEM,
COJIEpKallUM JIETKOBOCIUIAMEHSIFOLUXCS JKUJIKOCTEN U TOPIOYUX JKUJKOCTEH;

— KOHTpPOJIEM TEMIIEpATyphl HAarpeBa MAallWH, MEXAHU3MOB, IOIIIUIIHUKOB,
YCTPOMCTB, KOTOPBIE MOT'YT BOUTH B KOHTAKT C TOPKOYEH CPEIION;

— YCTpaHEHHEM KOHTAKTa C BO3JlyXOM MHPOPOPHBIX BEIIECTB;

— BBINIOJIHEHHWEM TpeOOBaHWH HOPMATUBHONW TEXHUYECKOW JTOKYMEHTAIIUH,
IIPABUJI IPOMBIIIEHHON 0€3011aCHOCTH.

3ara3oBaHHOCTb B0O31yXa padoyeii 30HbI, KaK (paKTOP B3PHIBOONACHOCTH

OmacHas 3ara3oBaHHOCTh BO3HHUKACT, KaK IIpaBHJIO, IIPH HNHTCHCUBHOM
BBIXOAC IIapOB B aTMOC(i)epy B IIpOLCCCC «00JIBIIIOrO AbIXaHW:» PE3CPBYyapa. Yro

MOYET IPUBE3TU K B3pPBIBY WIM NOKAPY, HAIIPUMEP, IIPU MONAJAHUU MOJHHUU.

JInsl CHUKEHHSI M YCTPAHEHUs MOKApOONACHOM 3ara30BaHHOCTH TEPPUTOPUU
pE3EpBYApHBIX MApPKOB PEKOMEHIYIOTCS CICAYIOIIME MEPOINPUATHS C YYETOM
MECTHBIX YCIJIOBHIl: TPUMEHSTh PE3€pPBYaphl C IJIABAIOLIEH KpPBIIEH U PE3EPBYAPHI C
MOHTOHOM  TIPU  YCJIOBUM  YCTPAHEHHUSI  B3PBIBOOMACHOM  HAJAMOHTOHHOTO
MPOCTPAHCTBA, UCIOJIb30BATh TUIIOBBIC JBIIIAIINE pe3epPBYaphl AJisl HEPTEIPOIYKTOB
¢ ynpyroctbio mapoB 10 0,094 Mlla npu paboueli Temmeparype, IKCILTyaTUPOBAThH
pe3epByapbl CO CTAIlMOHAPHOM KpBIMIEH ©O€3 TMOHTOHAa MPEUMYIIECTBEHHO C
HETMOJBW)KHBIM YPOBHEM KUIKOCTH, 3alpellaeTcsl MCIOIb30BaTh pE3epByaphl B
KaueCTBE H3MEPUTEIBHBIX €MKOCTEH, MIMPOKO MPUMEHSTh CUETYUMKH KUIKOCTU B
TpyOONpoOBOJaX Ha MOTOKE, UCIIOIb30BaTh Ta30yPaBHUTEIIbHBIC OOBSI3KU ISl Tapbl
WM HEOOJBIION TPyNIbl CHHXPOHHO pabOTAIOIIMX pe3epBYyapoB, MPUMEHSTH

nokapo0e30MacHbIe ra300TBOIbI BMECTO TUITOBBIX JIBIXaTEIbHBIX YCTPOHCTR.[59]

BrinosiHeHue padoT Ha BbICOTE

PaGoTbl Ha BbICOTE OTHOCATCS K paboTamM C MOBBIIICHHOW OMACHOCTBHIO U
BKJIIOUEHBI B IepeueHb mpodeccuid U BUAOB pabOT, K KOTOPBIM MPEIbABISIOTCS
MOBBLIIIIEHHBIE  TpeOOBaHUS 1O  COOJIIOJCHUIO TpaBWI  O€30MaCHOCTH  MpH

npou3BoJicTBe padboT. K pabore Ha BBICOTE OTHOCATCSA paOOThI, IIPU BBITOJHESHUH
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KOTOPBIX PAOOTHHK HAXOAWUTCS HA PACCTOSTHUM MEHEe 2 M OT HE OrpaKAEHHBIX
nepernajos 1o BeicoTe 1,3 M u Ootee.

CpencTBa KOJUIEKTUBHOW 3alUThI: OTPasKICHHUS.

OCHOBHBIMHU CpEACTBAMH WHAMBHUAYAIBHOMN 3aIIMTHI IPU BHIMIOTHEHUH padoT
Ha BBICOTE SIBJISIOTCS:

— npegoxpanutenbhbie nosca mo 'OCT 12.4.184-95.

— MPEJOXpaHUTEIbHBIE MTOyaBTOMATUYECKHIE BEPXOJa3HbIEe YCTPONUCTBA THIIA
[1BY-2;

— JIOBUTEIIU C BEPTUKAIBHBIM KAaHATOM HJIM C IPYTUMHU YCTPOHUCTBAMU;

— kaHaThl cTpaxoBodHbIe o ['OCT 12.4.107-82;

— xacku ctpoutenshbie mo ['OCT 12.4.087-84.

Bo3aeiicTBHe Ha OpraHusM 4YejoOBeKa JJIEKTPUYECKOI0 TOKa M
CTATHY€eCKOI0 JJIeKTPUYECTBA

BoO3HUKHOBEHHE 3JEKTPOTPABMBI B PE3YJIbTATE BO3ACHCTBUS IEKTPUUECKOTO
TOKA WJIM DJIEKTPUIECKON AYTH MOXKET OBITh CBSA3AHO:

— C OJHOBPEMEHHBIM NPUKOCHOBEHHEM YEJIOBEKa K JBYM TOKOBEAYIIHM
HEU30JUPOBAHHBIM dYacTsaM ((azam, mot0caMm) 3JIEKTPOYCTAHOBOK, HAXOISIIUXCS
M0]T HATIPSDKEHUEM;

— ¢ 0JJHO(a3HBIM (OJHOTIOIIOCHBIM) MPUKOCHOBEHUEM HEU3OJUPOBAHHOTO OT
3eMiid  (OCHOBaHHA) YEJIOBEKA K HEU30JMPOBAHHBIM TOKOBEAYIIMM YacCTsAM
AIIEKTPOYCTAHOBOK, HAXOJSIIMXCS TOJ HANpPsDKEHHWEM, WM K METaNInYeCKOMY
KOPITYCY 3JIEKTPOOOOpYI0BaHUS, OKA3aBLIETOCS MOJ] HATIPSKEHUEM;

— C TMpUOTIKEHUEM Ha OTMACHOE PACCTOSHUE YEJIOBEKa K HEM30JMPOBAHHBIM
OT 3€MJIM TOKOBEOYLIUM 4YacTsIM  3JIEKTPOYCTAHOBOK, HaXOASIIUXCS  MOJ
HaPsDKEHUEM.

Cornacio I'OCT 61140-2012 nns MakcuManbHOM 3alllUThl TEpcOoHasa
HE0OXO0IMMO MPEANPUHUMATD Ciieaytomue Mepbl [59]:

— M30JIUPOBATh TOKOBEIYIIIME YaCTH 000PYIOBaAHUS;

— 3a3€MJIATh TOYKM MCTOYHHKA NMUTAHUS WM MUCKYCCTBEHHOM HEUTPaIbHOU
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TOYKH;

— IPUMEHSTH CPEJICTBA MHINBUIYATPHON 3aIIUTHI, HE MPOBOISIIIAE TOKH;

— yCTaHABIWBAaTh 3HAKH TMPEAOCTCPEIKCHUS B MECTaxX ITOBBIIICHHOM
OIIACHOCTH.

st obecriedeHusT 3JICKTPOCTATHUECKOW HMCKPOOE30MacHOCTH pPE3epPBYapoB
HEO0XOIUMO:

— 3a3€MJIMTH BCE DJICKTPONPOBOIHBIC Y3JIbI M IETAIN PE3EPBYapOB;

— UCKJTIOYHUTH MIPOIIECCHI Pa30pBI3TUBAHUS M PACTIBUICHUS HEPTH;

— OTPaHUYUTH CKOPOCTH UCTEUYCHHS He(DTH TpH 3aMOTHECHUH PEe3epPBYyapoOB H

pPa3sMbIBE JOHHBIX OTJIOKCHUH A0IIYyCTUMBIMH 3HAUCHUAMMU.

9.2 DKoJIornYecKas 0€30MacHOCTh

9.2.1 Onenka Bo3JeiicTBUA HA aTMOC(epHBI BO31yX

K d4ucny OCHOBHBIX — 3arpA3HSIOIIMX — BELIECTB, BHIOPACHIBAEMBIX U3
pe3epByapoB, OTHOCATCSA YTJIEBOAOPOABI, OOpa3yroIIUecs BCIEACTBHE HCIAPEHUS
He(TU U3 pesepByapoB. B coorBercTBUU ¢ 3akoHOM P® «O0 oxpaHe OKpyKarolieu
IPUPOJIHON CpellbDy BBIOPOCHI 3arpsA3HSIONIMX BEIIECTB B aTMOc(epy AOMYCKaITCs
Ha OCHOBE pa3pelleHUs] Ha BBIOPOC, BBIAABAEMOIO PETHOHAJIbHBIMU OpraHaMu IO
OXpaHe MPUPOJIbl, HA OCHOBAaHUM YTBEPKJIECHHBIX HOPM MPEAEIbHO JOMYCTUMBIX

BBIOPOCOB 3arps3HSIONINX BelecTB B aTMochepy [60].

Hopwmbl mipenenibHO JOMYyCTUMBIX BBIOPOCOB JIsI pPE3epPBYyapoB ¢ He(PThIO
YCTaHABIMBAIOTCSI B COCTaBE IMPOCKTa HOPMATHBOB TMPEACIBHO JIOIMYCTUMBIX
BbIOpocoB s HIIC wmaructpansHbix He()TENmpoBOAOB U MPOEKTA HOPMATHBOB
MPENENbHO JOMYCTUMBIX BBIOPOCOB il HedTeba3. KoHTponb BBIOPOCOB JOKEH
OCYHIICCTBJIATLCA JIMOO CHUJIAMU TMPEANPHITHS, JTUO00 CIeHUAIM3UPOBAHHBIMA

OpraHu3alysMyd Ha JOTOBOPHOM OCHOBE. /[lJI1 CHMXKEHUS YpPOBHS 3arps3HCHUS
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aTMoc(epbl BEIOpOCAMU YIIIEBOIOPOIOB HEOOXOIUMO OCYIIECTBISATH MEPOIPUATHS

10 COKpAILEHUIO IToTeph HeTH U3 pesepByapos [60].

HepequL TCXHUYCCKUX CPCACTB II0 COKpPAIOICHUIO IIOTCPb OT HMCIIApCHUA

He(TU U3 pe3epByapoB U Mokazarenu ux F3((PEKTUBHOCTU TMPE/ICTABIICHBI B TAOIMIIE

16.

Tabmuna 16 — Ilokazarenu 3(pGHEKTUBHOCTH TEXHUYECKUX CPEACTB COKpAICHUS

noTepb HePpTH OT McCHapeHws (OT BEIUYHMHBI MOTEPh HEPTH W3 pe3epByapoB 0Oe3

CPEIICTB COKpaIIEHUs TOTEPb)

TexHn4eckoe CpeacTBO

[loka3zareinp
aPekTUBHOCTH
COKpalIEHUH MOTEPB, %o

1. [maBaromye KpbIy, TOHTOHBI

B 3aBUCUMOCTH OT IIPUMEHAEMOI0 THIIA ot 80 10 95
VIUIOTHSIOIIETO 3aTBOPA
2. ["azoypaBHUTEIBHAS cucrema,
3 PEKTUBHOCT,  NPUMEHEHHUS  3aBUCHUT  OT
kodpdunmreHTa  COBHAJEHUS  ONEpalui o
3allOJTHCHUIO M ONOpOXHEHUIo pe3epByapoB (K.); 40
0< K, <1, addextuBHOCTs ['YC HMeeT mpeaensl oT
0 1o 100%;
mpu K. = 0,5
3. JIpixarenbHble kiananbl Tana KJ[C 3
4. JIucku — oTpaxkaTesn
B 3aBUCHUMOCTH  OT  00OpauyMBaeMOCTH ot 15 mo 30
pe3epByapa
5. Okpacka pe3epByapos,
110 2 JIET 3KCIUTyaTallid BKIIFOYUTEIBHO 7
CBBILIE 2 10 4 JIET BKIIFOUUTEIBHO 3

9.2.2 OueHKa BO3AeHCTBUA HA BOJHbIE 00bEKThI

[Tpon3BOICTBEHHO-IOK/IEBbIE  CTOYHBIC

BOJIBI

He(TenepeKkauynBaroIux

ctaHuuid U Hedreba3 mepea cOPOCOM HMX B BOJOEMBI M BOJOTOKH JOJDKHBI OBITH

ountieHsl. HeoOXxoaumasi cTeneHb OYMCTKHM JIOJDKHA OBITh OOOCHOBAaHA C Y4ETOM

nN3m.
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MECTa C6pOC3 CTOYHBIX BOJ M YCTAHOBJICHHOI'O HOpMATHBa NPCACIIBHO AOITYyCTUMOTO

cOpoca 3arpsi3ustomiero Bemiectsa [60].

HopMbl npenensHO JOMyCTUMOro cOpoca 3arps3HSIOIIMX BEIIECTB CO
CTOYHBIMU BOJAaMH YCTAaHABIMBAIOTCA B  pa3pelIeHUsX Ha  CIELUAIbHOE
BOJIOTIOJIb30BAHUE B COOTBETCTBHM C «WHCTpyKUMEld O MOpSIKE COIVIACOBAHUS H

BBIJIAYM pa3pelieHni Ha crersoaonoas3osanne» HBH 33.5.1.02.

9.2.3 Ouenka BO3/1€eiicTBUA HA NOYBY

HcTounukaMy 3arpsi3HEHUs TOYBBI HE(PTHIO Ha HepTENepeKauynBaOLIUX
CTaHIUSAX MAaruCTPaJbHBIX HE(PTENPOBOJOB U HedTeOa3zax SBISIIOTCS HEIMIOTHOCTH
3allOpHON apMaTyphl, (IaHIEBBIX M MY(TOBBIX COECIUHEHHH, CBAapHBIX CTHIKOB;
YTEUKH BCIIEACTBUE KOPPO3HOHHBIX IIOBPEXKACHUN pEe3EpBYapOB; MIPOIYKThI 3aUUCTKH

pe3epByapoB.

Jlns mpenoTBpalieHus: 3arpsi3HEHHsS] TMOYBBI IPU pasiuBaxX, OTOOpe Mnpod
He(TU U3 pe3epBYapOB U PEMOHTAX HEOOXOAMMO YCTPauBaTh 3aKPHITHIC JPEHAXKU B
3arnyOJIeHHBIE pe3epByapbl C aBTOMarhueckoil oTkaukod HedTu. [lomkeH
OCYILECTBIISITECSL TOCTOSIHHBIA HAA30P 34 TE€PMETUYHOCTBIO TEXHOJOTMYECKOTO
000OpyZIOBaHUs, CAJIbHUKOBBIX YCTPOWCTB, (DIAHIEBBIX COCIUHEHUN, CHEMHBIX

JIeTaneu, JIOKOB M T.II.

Bo uzbexanue nepenvBoB HEPTH CIEAyET MPUMEHSTh MPEAOXPAHUTEIIbHbBIE
yCTpOMCTBa, aBTOMAaTHYECKH NpeKpallarolue IMojaadyy He(TH MO JAOCTHKEHUU

3a7aHHOTO ypoBH: [60].

JIumMuTHI 00pa30BaHNUs M pa3MelleHUus1 0TX010B

Tepaple oTxoapl  (TIPOAYKTBI  KOPPO3WH, MEXaHUYECKHE TPUMECH,
He(dTenuiambl), oOpasyromuecs TpU 3a4UCTKE PE3epPBYapoB, JIOJDKHBI  OBITH

YTHIM3UPOBAHBI I PAa3MEIICHBI B CIICIIMATIBHO OTBEACHHBIX MecTax [60].
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9.3 be30nacHOCTH B Ype3BbIYAHBIX CHTYALMAX

9.3.1 AHa/1u3 BepoOSITHBII Ype3BbIYaHbIX CUTY AUl

Pe3epByapHbIe mapku MarucTpaibHBIX HE(QTEIPOBOIOB OTHOCITCS K OTTACHBIM

IMPOU3BOACTBCHHBIM 0O0BEKTaM.

qPCBBBIqaﬁHBIe CUTyallUi MOI'YT BO3HHUKHYTH B IIPOHOCCCC OSKCILIyaTallin

pe3epByapoB MO Pa3IuYHbIM IPUUHHAM:

— 10 IPUYHMHE TEXHOTEHHOI'O XapaKTepa;
— IIOTIJJaHUE B pe3epByap MOJIHUY;

— JIECHBIE TI0KAPBI;

—TE€PPOPUCTUYECKUE AKTHI.

B xoHEYHOM UTOTE 3TO MPUBEIET K aBApUUHOMY pa3jiuBy HE(PTH.

OCHOBHBIMHM ITPUYMHAMH BO3HMKHOBEHUS aBapHil SABISIOTCS: KOPPO3UOHHBIE
paspylieHus, Manble WU OoJbIIME [AbIXaHWS, Iepenaabl TEeMIeparyp, BaKyyM,
HEBEPHOE  TEXHHYECKOE  OOCIy)KMBaHHE, OTKa3 MpUOOPOB  KOHTPOJIA H

CUTHAJIM3UPOBAHUS, (DAKTOPHI BHEIITHETO BO3/ICHCTBUS (MOJIHUH, YparaHbl U MPoUee).

9.3.2 MeponpusiTusi 1o NPeI0TBPALLIEHUIO U IeCTBUA B CJIydae

BO3HMKHOBEHHS YPEe3BHIYANMHBIX CUTYALMH

OnHMMHM W3 NPUMEPOB UYPE3BBIYANHBIX CUTyalMHd MOXKET CIYXKUTh IPSAMOE
IOMAaJaHUE MOJHMM B pe3epByap ¢ He(dTblo. Takoe MNPOUCIIECTBUE HMMEET
pa3pyLIMTENbHBIA XapakTep M BeCbMa ONAcHO. [l mpenynpekaeHus nonagaHus
MOJIHUM B pe3epByap ¢ He()ThIO HEOOXOMMO YCTAHABIMBATH MOJIHUEOTBOAbI, KOPITYC
pe3epByapa nomkeH ObITh 3azeMiéH. [lo mepumerpy pesepByapa HEOOXOIHMMO
yCTaHaBJIMBATh 3a3€MJINTENH yepe3 Kaxable S0 M no nepumerpy. Takxe, 3a3eMIISOT
BCE KOMMYHUKAIIMM, HAXOIAIIMecs Ha o0beKkTe. J{Js 3amuThl pe3epByapHbIX MMapKoOB

OT JIECHBIX TIO’KapOB HEOOXOAMMO BBIKOPYEBHIBATH JIEPEBbsi U KYCTHI Ha 25 M OT
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TEPPUTOPUU pe3epByapHOro napka [61].

[Ipu mepenuBe HedTempoayKTa M3 pe3epByapa OTBETCTBEHHOMY CMEHBI
CIIEAyeT OCTAaHOBUThH 3allOJIHEHHE pe3epByapa, BbI3BAaTh IOXKAPHYIO OXpaHy,
U3BECTUTh CBOETO WM  BBIIIECTOSILIETO PYKOBOAUTENA, COOMOas  MEphI
0€301acHOCTH, IPUCTYIUTD K JUKBUAALNN aBapUH.

[Tpu BakyyMHOM cMSTHH (IedopMannu pe3epByapa) OTBETCTBEHHOMY CMEHBI
HEOOXOJMMO OCTAaHOBUTH OTKAuKy He(TENpOAyKTa W3 3TOTO pe3epByapa, COOOIIUTH
O CIYYHBILIEMCS] CBOEMY HETOCPEACTBEHHOMY WJIM BBIIIECTOSIIEMY PYKOBOJIUTEIIO U
JICICTBOBATH COTJIACHO TUTAHY JTUKBHIALIMU aBapUA.

[Ipn mosiBIEHWUM TpPEUIMH B CBapHBIX IIBaX WM KOPIyce pe3epByap
HEOOXOJMMO OCBOOOAUTH OT HE(PTEnpoayKTa MOJHOCTBIO WJIM YacTUYHO B
3aBHCHMOCTH OT CTI0c00a €ro MPeACTOAIIETO PEMOHTA.

B cnydae Bo3ropaHus M B3pBIBOB Ha TEPPUTOPUH PE3EPBYApHOrO IapkKa
CTapuieMy II0 CMEHE HEOOXOJIMMO OCTAHOBUTh BCE BHUJbl IE€PEKAUYKH, BbHI3BATH
MOKapHYI0 OXpaHy, NIpH HEOOXOJMMOCTH, CKOPYIO MEAUIUHCKYI0 TOMOIIb,
U3BECTUTh CBOETO MJIM BBIIIECTOSIIETO PYKOBOIUTENS, IEHCTBOBATh COIJIACHO IUIaHY
JMKBHIAIMH aBapuii [66].

9.4 IIpaBoBbBI€e U OPraHNU3ANMOHHBIE BONMPOCHI 00ecneUeHns 6€30MacHOCTH

CtpouTenbHO-MOHTaXXHbIE pabOThl U OOCIYKMBAaHUE PE3EPBYapHOro Mapka
IPOBOJSITCS COINIACHO TPEOOBaHUSM MHCTPYKLUHN 110 OXpaHe TPyAa, YyCTAaHOBICHHBIM
B OpraHu3alu.

9.4.1. CneunajibHble (XapaKTepHbIe 1Jisl MPOEKTUPYeMOii padoueii 30HbI)

NPaBOBbIe HOPMbI TPYI0BOI'0 3aKOHOAATEJIbCTBA

B oGnactu oxpasbl TpyJa U 0€30MACHOCTH KU3HEACSATENBHOCTU TPYIOBYIO
NESATETbHOCTh PETIAMEHTUPYIOT CIENYIONME TPaBOBbIE, HOPMATHBHBIC AaKTHI,
WHCTPYKTUBHBIC aKTHI B 00J1aCTH OXPaHbI TPYla U OTpacieBble TOKYMEHTHI:

1. 3akon 00 ocHoBax oxpasbl Tpyna B PD Nel81-d3 ot 17.07.1999 r (c
n3meneHusiMu ot 20 mas 2002 r., 10 saBaps 2003 r., 26 nexadbps 2005 r.).
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2. @enepalbHbIi 3aKOH O TMPOMBIIUIEHHON O€30MacHOCTH OIMAaCHBIX
POU3BOACTBEHHBIX 00BEKTOB 116-®3 o1 21.07.1997 1. ¢ uamenenusimu ot 7.08.2000
T.

3. TpynoBoii komekc Nel97-®3 (¢ W3MEHEHHSIMH U JOMOJHEHUSMH,
BCTYNUBIIUMU B crity ¢ 13.04.2014 r.).

OTBETCTBEHHOCTh  3a  COOJIOACHME  TPeOOBAHMH  MPOMBIIUICHHON
0€30MacHOCTH, a TAKXE 3a OpPraHU3alUI0 U OCYIIECTBIECHUE IMPOU3BOJCTBEHHOIO
KOHTPOJISI HECYT PYKOBOJUTENb OHKCIUTyaTHPYIOIIEH OpraHu3aluyd W JIMLA, Ha
KOTOPBIX BO3JIOXKEHBI Takhe OOS3aHHOCTH B COOTBETCTBUU C JOJKHOCTHBIMU

UHCTPYKITUSIMU.

K paboram no 3kcmityaraliuu pe3epByapoB JIOMYCKAIOTCs JIMLA HEe MoJIoke 18
JET, MpOLIECAIINE B YCTAHOBIEHHOM IOPSAKE WHCTPYKTaX, IIOATOTOBKY, HE
UMEIOIINE  MEAUIMHCKUX MPOTUBONOKA3aHMM TMpu  pabdoTe Ha  OMNAaCHBIX
IPOU3BOACTBEHHBIX 00BEeKTax. OOCIy)XMBaHHME M PEMOHT TEXHHYECKHUX CPEJCTB
pe3epByapoB U PE3EpPBYapHBIX MAPKOB JOJKHBI OCYIIECTBISITBCS HAa OCHOBAaHUU
COOTBETCTBYIOIIECH JUIEH3UU, BBIIAHHOW (heepaibHbIM OPraHOM HCIIOJIHUTEIbHON
BJIACTH, CHELMAIBHO YIOJIHOMOUYEHHBIM B 00JIACTU MPOMBIIUIEHHON 0€30MacHOCTH,
IIPU HAJIMYHMH JOTOBOpA CTPAXOBAHMUS PUCKA OTBETCTBEHHOCTH 3a MPUYMHEHUE Bpeaa

npu ux dKcruryaranuu [60].

OO0cmyXKUBaIOIINNA TIEPCOHAT PE3EPBYAPHOTO MapKa JOJIKEH 3HATh CXEMbI €T0
KOMMYHUKAIIMH, 4TOOBI MPU SKCIUTyaTallMu, aBapusix, Mokapax B HOPMATHBHBIE
CpPOKH 0e301IMO00YHO BBIMOJHATE HEOOXOIUMbIE MEPEeKTtoUeHUs. CXEMbl JOJKHBI

HAXOJUThCA Ha pabOYMX MECTAX.

9.4.2 Oprann3anuoHHble MEPONPUATHS IPU KOMIIOHOBKE padoyeii 30HbI

Kaxnpi  pesepByap  HOJDKEH  HMMETb  HOMEpP,  COOTBETCTBYIOLIMH
TEXHOJIOTHYECKOM cxeMe, HanucanHbIi Ha creHke PBC, a niua JKBP on nomken ObITh
HAIlMCaH Ha CTEHKE Kamepbl (KOJOJIa) YIpaBJICHHS 3aJIBIDKKaMU WU Tpadapere,

YCTAaHOBJIEHHOM Ha KPOBJIE pe3epByapa.

Jlucm

9. CoyuarnbHas omeemcmeeHHOCMb

97

UNam. | Jlucm Ne dokym. lModnucek | dama




Ha teppuropun pe3epByapHbIX HapKOB MHpU OOCITYyXKHBaAaHHUH HEOOXOIUMO
OCYILECTBJISITh KOHTPOJIb BO3AYIIHOW CPEABl HAa HAJWYUE BPEAHBIX BEIIECTB C

IIOMOIIIBIO TIGPEHOCHBIX ra30aHanu3aTopoB [60].

CaHuTapHO-TUTUEHUYECKHME TpeOoBaHUS K BO3AYXy pabodeil  30HBI
(Temmepatypa, BJIAXKHOCTb, MOJIBMKHOCTh BO3JyXa paboyel 30HBI, MPEAEIbHO
JOMYCTUMOE  COJIEpP’)KaHME BPEAHBIX BEIIECTB, METOABl KOHTPOJSA) JOJDKHBI

cootrBercTtBoBaTh ' OCT 12.1.005.

Jlis BXOoJa Ha TEPPUTOPUIO PE3EpPBYapHOTO TMapka MO 00€ CTOPOHBI
0OBaJIOBaHUs WK OTPa)kAaloIeld CTEHBI CJIEAYET YCTAHOBUTH JIECTHUIIBI-TIEPEXOIBI C
nepujaMu: 7l OTACJIBHO CTOSIIETO pe3epByapa -HE MEHEE NBYX, ISl TPYIIIbI
pe3epByapoB — He MeHee 4eThipex. llepexonuth uepe3 OOBaJIOBaHUSI B JPYrux

MCCTax 3arpcuiacTcs.

[Ipu skcruTyatamuy pe3epByapa U pe3epByapHOTO 000py10BaHUS, U3MEPEHUHN
YPOBHSI U 0TOOpE IPOO 00CITY>KMBAIOIIUN TTEPCOHAN JIOHKEH UMETh OCKy U 00YBb,
M3TOTOBJICHHBIEC U3 MaTEPUAIOB, HE HAKAMUIMBAIOIINX CTATUYECKOE AJIEKTPUUYECTBO, B
cootBercTBUM ¢ TpeboBanusimu ['OCT 12.4.124. OOyBb HE HOKHA UMETh

MCTAINIMYCCKUX HAKJIaAOK U FBOB,Z[eﬁ.

[Ipu pyuHom otTOope npoO U 3aMepe YpOBHA HePTH, MpPU CIyCKE
MOJITOBAPHON BOJbI, OTKPBITUM 3aMEPHBIX W JAPYTUX JIIOKOB OOCITYKUBArOIINNA

MepCcoHa A0KEH HAXOUThCSI C HABETPEHHOUM CTOPOHBI (CTOSTH OOKOM K BETPY).

IIpu paboTe ¢ OTKPBHITHIMU JIIOKAMU TOCJIEAHUE JOKHBI OBITh 3aKPBITHI
NpEeJOXPAaHUTEIIbHBIMA  pelieTkamMu. [Ipu  HEOOXOAMMOCTH  HaXOAUThCA  C
MOABETPEHHONM CTOPOHBI MEpPCOHANl  JOJDKEH MOJb30BaThCSl  MPOTHBOTA30M.
3ampemiaeTcs 0e3 MPOTHUBOraza 3aryisiibiBaTh B OTKPBITBIM JIIOK WM HHU3KO
HAKJIOHATHCA K €ro TOpPJOBHMHE BO W30EKAHME OTPABJICHUS BBIICISIONUMUCS

BpEIHBIMU Tlapamu U razamu [60].

PaboThl Mo 3auncTKe M Jerasaiuy pe3epByapoB, HEKOTOPHIE BUIBI PEMOHTA

(M3071s1IMsT  BHYTPEHHEH TIOBEPXHOCTH U Jp.) OTHOCATCA K Ta300IMacHBIM,
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BBIIIOJIHAKOTCSL 110 HapsAIy-IOIyCKY Ha NPOBEIECHUE OTHEBBIX (PEMOHTHBIX) padoT.
Otn paboThl AOHKHBI BBINOJHATHCS TOJIBKO OpHrajgoil B COCTaBE HE MEHEE ABYX
yenoBeK. K 3aumcTke, nerazaluu M NPOBEACHUIO PEMOHTA JOIMYCKAIOTCA JIMIIA,
OpOUIeNIINEe WHCTPYKTAX M0 TEXHUKE O€30MacHOCTH, METUIIMHCKUN OCMOTp U

C/IaBIIIME K3aMEH Ha JIOIyCcK K padote [60].

NHcTpyMeHT, pUMeEHsIeMbIH JIJIs1 YaleHUs] 0CaJKoB (COBKHU, CKpeOKH, Beapa
U JIp.), TOJKEH ObITh M3TOTOBJIEH M3 MAaTepUasoB, He 00pa3yIoIUX UCKPY IMPHU yaape
O CTaJbHBIE NPEIMETHl U KOHCTPYKIMH. JIJIsI OYMCTKM pe3epByapoB CIEAYET

IMPHUMCHATH IICTKNU U3 HCUCKPAIIUX MATCPHUAJIOB U ACPCBAHHBIC JIOIIATHI.

Jlyist BeIMOSTHEHUST paboOT Ha BBICOTE HEOOXOJIUMO MPEAYCMOTPETh HAIUYUE
ucnpaBHbIX —orpagurenbHbix  cpeactB no  ['OCT  12.4.059 wu  3amuTHBIX

npucnocobnennii mo I'OCT 26887, 'OCT 27321, 'OCT 27372.

OCHOBHBIM CPCACTBOM IIPCAOXPAHCHUA pa6OTHI/IKOB OT IMaaACHHNA C BBICOTEI BO

BpeMsi pabOThI SIBISIETCS €ro CTPaxoBKa MpeAoxpaHuTelbHbIM mosicom no ['OCT

12.4.089.

HpI/I pa60Tax Ha BBICOTC IJIA 3alllUTHI I'OJIOBBI BCC pa6OTHI/IKI/I, HaxoaAmuecs

B OTOH 30HE, TOJDKHBI oOecreunBaThes kKackamu 1o I'OCT 12.4.087.

O4nCTKY ¥ TPOMBIBKY BHYTPEHHUX CTE€H pe3epByapa pabouue JOJKHBI
BBITIOJTHATh B CPEACTBAX MHAMBUIAYAIbHOM 3amuThl opraHoB aeixanus (CU3 O]),
crieriofexae u cnerodysu. O0yBb paboyux HE T0HKHA UMETh CTAIbHBIX HAKIIATOK M
reo3nei. [loBepx crmemozexasl cleayeT HajAeBaTh ChacaTelbHBIM MOSIC  C
KpPECTOOOpa3HbIMU JISMKAMU U TPUKPEIJICHHBIMU K HEMY JBYMS IPOYHBIMU
CUTHAJIbHBIMU BEpEBKaMH, CBOOOIHBIE KOHIbI KOTOPBIX JOJKHBI BBIXOJUTH HAPYKY

yepe3 OmmKalii HUKHUM JTIOK U HaXOJUTHCS B pyKax y HaOJOJaroIero.

Crnenoaexna, 00yBb U Apyrue CpeACcTBa UHAUBUYATHHOM 3alIUTHI BBIAAIOTCS
pabOTHHUKAM B COOTBETCTBUU C YTBEPKICHHBIMU OTPACICBHIMA HOPMAaMHU BBIJAYH.
VYka3zaHHbIE HOPMBI SIBISIOTCS O0S3aT€IbHBIMH M MOTYT OBITh JIOMOJIHEHBI TI0

pemwennto OAO MH B wyactm yBenuYeHUsS KOJIMYECTBEHHO-KAUYECTBEHHOIO
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ACCOPTUMEHTAa M YMEHBIIECHHSI CPOKOB CiIyObl. KOHTpOJb HajJ MNpPaBHUIBHOCTHIO

XpaHCHUA, BblAAa4M, YyXOJa W IIOJIb30BAHHA CPCACTBAMU HHI[PIBHI[y&J'IBHOﬁ 341U ThI

(CH3) Boznaraercs Ha otaen oxpansl Tpyna OAO MH, unxenepos no Th ¢unmnanos

OAO MH u cTpyKTypHBIX OJIpa3I€ICHUM.

nN3m.
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3akio4eHue

B XO0JI€ IPOBCACHUA UCCIICIOBAHNI.

1. [Tony4eHsl 3KCIIEpUMEHTAIbHBIE JTaHHBIC JIJISI IPOBEACHUS MPOTHO3HBIX
pacyeToB MoTeph HEPTH OT HWCIAPEHUS HA OCHOBE W3MEPEHUM, MPOBEACHHBIX TPU
3aKauke He(TH B pesepByap THia PBC-20000 v®;

2. Paccuntanbl (akTHUeCKMEe W TPOTHO3UPYEMBIE TOTEPH  JIETKUX
YTIEBOJAOPOAHBIX (PpaKiuii, B COOTBETCTBHU C KOTOPHIMH BBIOpaHAa METOJWKA C
MUHUMAJIbHON TIOTPEIIHOCTh Pacuera;

3. Ha ocHOBe MOJy4yeHHBIX JAaHHBIX BIEPBBIE pa3pabOTaH MPOTrPaMMHBIN
MPOJYKT JJI OLEHKH MPOTHO3UPYEMBIX MOTEPh HEPTH OT MCHAPEHUS MPU OOJBIITUX
neixanusx PBC;

4, [IpennoxxeHo M3MEHEHHE KOHCTPYKIUU TMOHTOHA ISl YIYUIICHHS] €ro
XapaKTEPUCTUK TPH 3alIUTe 3epKajia HEPTH B MpoOIlecCCe XPaHEHUS U MPOBEICHUS
TEXHOJIOTHYECKUX omnepannil B pesepByapax tuna PBC;

S. [IpoBeeH pacueT [EHEKHBIX CPEACTB HAa YCTAaHOBKY IIOHTOHA U
YCTAaHOBJICH 2-JI€THUM TEpUOj] OKYMaeMOCTH 3aTpar mnpu  KodhduimeHte

000paurMBaeMoOCTU pe3epByapa N, = 15.

OnpedeneHue onmumarnbHOU MemoOuUKU pacyema u

rpo2Ho3uUpo8aHUs nomepb Heghmu om ucriapeHul 055 ebibopa
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Hpuiaoxenue A

Oo6mmii Bux pesepayapa [JJj PBC-20000 »° |




Ipuioxenue b

Tabnuna b.1 — U3mepenune napaMeTpoB kauecTBa HEPTH

VYcaoBus nIpoBeIeHNs U3MEPEHU, TPUMEYaHUs

W3mepsiemblit | Equn | Hopmatu | [lorpe | IIpuGopsl
napameTp uia BHBII ITHOCTh
U3Mep | TOKyMEH | U3Mepe
€HUs | T HUU
[IimoTHOCTB kr/m® | TOCT 0,6Kr/M | TEpMOMETp PTYTHBIN THUIIA
HedTU 3900-85 |° TJI-4, apeomerp AHT-1
BszkocTthb mm?/c | TOCT 3% Bucko3zumerp tuma BIDKT-2
He(TH 33-2000
(1CO
3104-94)
Temnepatypa |K Ioct 1°C TepMmoMeTp CTEKIIITHHBIN
Hayaja 2177-99 prytHbIil o 'OCT 400 Tuna
KUIIEHUS TUH 4-1
JlaBnenue klla I'OCT P | £2 kIIa. | aBTOMaTHYECKUI
HACBIIEHHBIX 8.601- nabopaToOpHBIN TPUOOP
apoB HEPTHU 2003 AJITI-01 OII-01,6apometp-
anepous tuna bAAM-
l;TepMocTaT )KUAKOCTHBIN
tuna VT-8.
YpoBeHb M I'oCT- | 1mm YPOBHEMED, U3MEPUTEIIbHAS
He(dTu B PBC 7502 pYJIETKA C JOTOM




Ta6uuma B.1 — McxoHble JaHHBIS IUTs pacueTa MoTeph IpH 3aKadke B pesepByap PBC-20000 v
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Tabnuna B.2 Pe3ynbTaThl pacyeToB noteph HETU U UX MOTPEUTHOCTD

No Pacuer B

3aMmepa | COOTBETCTBUU  C
PJI 153-39-019-
97, xr

1

2

3

4

5

6

7

8

9

10

11

12

CpenHss norpemHocTs, %

Pacuer no meTtonuke B Pacuet no meTonuke b Pacuer nmo meTonuke A
[Tomneie | [lorpemnocts, | Ilomnasie | I[lorpemmnocts, | [lomubsie | Ilorpemnocts,
notepu, | % norepu, | % norepu, | %
KT KT KT
[ 10,4 B 22 B 379
4 | EX B |72l
Bl 106 | HEX B

1,1 40,1 27,3

1,9 23,7 84,2

10,3 35,6 90,7

3,9 29,2 56,7
| IEE B | 44,6 | EE
B 6! B | 48,1 B 3771
B 179 B 214 B | 1630
N N

12,6 35,9 180,2

9,64 — 35,8 — 63,5




Hpuioxenue I'
Tabmuna I'.1 — JlocrounctBa, HegoctaTku u 3@dextuBHocts CCII

COKpAIIICHUS ITOTEPb,
HAJC)KHOCTh U
PaboTOCIIOCOOHOCT.

YIPOIICHUU KOHCTPYKIIUH ITOBBIIIACTCS
MOTOILIAEMOCTD KPBIIIHA U CHUYKACTCS €€
HAJCKHOCTb.

— HEIIeJIecO00pa3HOCh UCIIOJb30BaHUS B
YCIIOBUSIX CYpPOBOTO KJIMMaTa

— HEOOXOAMMOCTh COOPY)KCHHS KaTydeu
JICCTHUIIBI U IPEHAXKHBIX CHCTEM

CpenctBo JlocTonHCTBa Henocratku O¢dhekTuBHOCTD
COKpAIlIeHUS TOTepPh COKpaIleHHsl oTepb, %o
3aluTHbIC — XOpoIIIee PacCIpOCTPAHCHHE MO | — HEMPOJOHKUTEIBHBIA CPOK CITYXKOBI ot 17 mo 99
AMYJIbCHH BCE TOBEPXHOCTH HEPTH MITH (okogo 3 mec.)

He(TENpOAYyKTa, HE3aBUCUMO OT | — 3aMep3aHue TMpH  OTPULIATEIBHBIX

OTKJIOHEHHSI CTEHKH pe3epByapa | TeMIeparypax;

OT IWJIMHIPUYECKON POPMBIL; — MPU OTIOPOKHEHUH pe3epByapa 3axBar

— MPOCTOTA U3TOTOBJICHUS U ¥ YHOC SMYJIbCHU U3 pe3epByapa.

IPUMEHEHUS1, BO3MOKHOCTb

UCIIOJIb30BaHUs B pe3epByapax

Pa3IMYHBIX KOHCTPYKLUHN 0€3 X

PEKOHCTPYKIIUHY;
Muxkpoiapuku u3 — UCIIOJIb3yEMbIH 00BbEM — YHOC U3 pe3epByapoOB BMECTE C 1o 80
IJ1acTMaCC pEe3€pPBYAPOB C pa3IMYHON OTKaYMBaeMbIM HE(DTEPOTyKTOM

KOHCTPYKIIMEH KPOBIU HE — HaJIMTIAaHUE Ha CTEHKU pe3epByapa.

YMEHBIIIAETCSI. —CMep3aHie MUKPOIIIAPUKOB MPH

OTPHIIATEIBHBIX TEMIIEpaTypax.

[InaBaromiuie KpbIy | — BeICOKas 93PPEKTUBHOCTD — TIpY IOHWKEHUHN METaJNIOEMKOCTH U ot 80 g0 90




[Tponomxenue Tadaub I'.1

CUCTEMBI U T'a30BbIE
OOBSI3KH

«OOJIBIINX IBIXaHUI)

Kod(pduireHTa CoOBNaeHus onepanui

— METATIOEMKOCTh

— He0e30MacHOCTh U KOPOTKUHM CPOK CITY>KObI
HEMETATTNYECKHUX Ta3T0JIbJICPOB

CranbHble TOHTOHBI | — 3(()EKTUBHOE CPEICTBO — YE€M BBIIIE HAJIEKHOCTh TEM BBIIIIE ot 80 10 90
COKpAIIeHHsI TOTEPb HE(YTH WIH | METAJTUIOEMKOCTh
JETKOUCTIaPSFOIINXCS
HE(PTENPOAYKTOB OT «MAJIBIX U
OO0NBIINX JbIXaHUI» U
«00paTHOTO BBLIOXA»
ANIOMHUHNEBBIE U - OoJIpLIIast TIJIAaBYYECTh; - IOTEpU HEPTEMPOJAYKTOB CO CMOUEHHBIX 10 95
CUHTETUYECKUE - JIETKOCTh U OBICTPOTA CTEHOK PE3€PBYapOB IIPU IKCILUTyaTallN;
MTOHTOHBI MOHTaXa; - BO3MOXKHOCTb MTOTOIJIEHUS M3-3a IIEpeKoca
- MaJlas Macca [0 CPaBHEHUIO CO | HAMIPABJISIOIUX TPYO
CTaJIbHBIMU TOHTOHAMH; —BBICOKHE TPeOOBaHUS K T€OMETPHUHU
- JIETKOCTh BOCCTAHOBJICHHUS pe3epByapa;
IJIaBYy4Y€CTH MPU NOTOIJICHUH; - MIOBBIIIEHHBIE AKCILTyaTal[AOHHBIE 3aTPATHI
- BO3MOXKHOCTb PEMOHTA 0€3 (mponapka mpu 3a4UCTKE);
PUMEHEHUSI OTHEBBIX palOT; - YCTAHOBKA 3-X JOMOJHUTEIbHBIX
CUTHAJIN3aTOPOB YPOBHSI.
Hucku-otpaxkarenn | - 3(PEeKTUBHO B Ka4eCTBE — 3aBUCUMOCTbH OT KO3 duireHTa ot 0 10 86
BPEMEHHOT'O CPEICTBA 00opayrBaeMOCTH
COKpAILIEHHs] IOTEPh — CHIKEHHUE 3PEKTUBHOCTH MPH JTUTETLHOM
— IPOCTOTa KOHCTPYKLIHHU IIPOCTOE pe3epByapa
['a30ypaBHUTENBHBIE | — COKpPALIEHUE ITOTEPDH OT — 3¢ dexTuBHOCTH I'O MONMHOCTHIO 3aBUCHUT OT 1o 30




[Tponomxenue Tadaub I'.1

COKpaIlleHHuEe MOTeph HEPTH
OT JbIXaHUH

[ONaaeT YUCTBIA BO3/1yX, YTO PUBOIAUT K HOBBIM
UCIIapeHUsIM He(TENPOAYyKTa U JOTMOTHUTEIIBHOMY
BpEMEHU padOThl YCTAHOBKU;

- BBICOKAsl CTOUMOCT;

- B CJIy4asiX OCTAHOBKU CHUCTEMBI JJIs1 BHITTOJIHEHHUS
npO(PHUIAKTUYECKUX UM PEMOHTHBIX padoT, OyaeT
IPOUCXOJIUTH BHIOPOC MAPOB UEPE3 AbIXaTEIbHbIC
KJIAIlaHA PE3EPBYAPOB.

PesepByap —Bo03Mo)HOCTh TOJTHOCTRIO | —CII0KHas1 KOHCTPYKIIUS, BBICOKME METAII03aTPaThl 10 90
BBICOKOT'O JaBJICHUS | JIMKBUAUPOBAHBI IOTEPU OT | U CTOUMOCTh
«MAJIBIX JBIXaHUI» U — 3aBUCUMOCTH BEJTMYMHBI U30BITOUHOTO JIaBJICHUS
YACTUYHO OT «OOJBIINX 0T 000paunBaEMOCTHU pe3epByapa, pusuko-
JbIXaHUI» XUMHUYECKHUX CBOWCTB HE(PTENPOAYKTA U
METEOPOJOTUYECKUX YCIOBHII.
OTtpaxkaresbHO- — COKpAILIEHHE MTOTEPH OT — HE COKpaIlaeT MOTepH OT OOJIBIINX AbIXaHUN no 57*
TEIIOBAs U30JISIUS | MAJIBIX JIBIXaHHUM —IpU HENOJHOM SKPaHUPOBAHUU 00pATHBIN 3D PeKT
(yBEenIMYeHHUE NOTEPB)
Opomenue —COKpAILEHHE MTOTEPH OT - 3(DPEeKTUBHOCTD 3aBUCUT OT MOTObI no 47
pe3epByapa BOJIOM | MaJIbIX JIbIXaHHI — BOJSIHOE OPOLIEHUE SIBISETCS MIPUUMHONU KOPPO3UH
CTEHKH pe3epByapa M pa3MbIBa (PyHIaMeHTa
OxkpammBaHue — YHUBEPCAIBHBIA METOT — CHIKEHHUE 3P(EKTUBHOCTH CO BPEMEHEM 1o 54**
pe3epByapa Oesoll | COKpalleHUsl IOTEPb OT
kpackou (MJI-12 MaJIbIX JIbIXaHUH
I1XB-1)
Cucremsl YVJIO — MaKCUMaJIbHOE - B PEKUME «MAJIBIX» JIBIXaHUW B PE3EpBYyap 10 99

* IIpu mOJTHOM SKpaHUPOBAHUU U CTeNeHU 3anoHeHus 0,8
**¥0T MaJbIX ABIXaHUHN TI0O CPABHEHHIO C HEOKPAIIIEHHBIM PE3epPBYyapoM




Hpuaoxenue |
Kox nporpammsl 11s1 pacyera norepb HeTu U3 pe3epByapa
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Ipuioxenue E
Tabmuma E.1 — TlporHo3upyemas orieHka 3pGEeKTUBHOCTH CPEACTB COKPAIICHUS MTOTEPh

Koaddurment
000pauyMBaeMOCTH

pesepByapa

Cpennsis
BEITMYMHA
OTePh
HedTH 3a
TOJ, KT

O INOOOTBIWN -

1
I

1
|

Cpennsist BenmuunHa notepb Hed T 3a rox ¢ ucnoub3zoBanueM CCILkr
Jnck- AmomunueBsiii | Cuatetnueckuil | [InaBaromas | 'azoypaBuutensHas | CucremMa
OTpa)KaTellb | IOHTOH OHTOH KpbIlIa cucrema yIJIaBIUBaHUS
JIETKHUX
bpakiui

T ——
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21

22

23

24

25

26

27

28

29

30

I

B
| |

Tabmuua E.2 — DxoHomuyeckuid 3pPEeKT OT MPUMEHEHUS CPEACTB COKPAILIEHUS ITOTEPh

Koaddunment Oxonomus ot npumenenus: CCILpy0
obopaunBaemoctu | J{uck- AmomunueBslil | Cunternueckuil | [InaBatomas | 'azoypaBautenbHas | Cucrema
pesepByapa OTpa)KaTesb | HOHTOH MIOHTOH KpbIlIa cucrema yJIaBIUBAHUS

JIETKUX
bpakuit

ONOOTPRIWN PR




a0nuie E.2

[Iponoimkenue T
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Ipuioxenne K
OO6umii BH OHTOHA /LIsi pe3epByapa PBC-20000 m°




Ipuioxenune U
Ta6miua 1.1 — Orenxa nanpsoxenuii, Bosunkaroumx B Hactute noutoxa ||| Gz 2 pezepsyap PBC-20000 M

Amromu [TonuaTn
Apmupo-
- Crexio- JIEH
TexHuueckue dopmyna Crainb . | Kesmap | Kesnap JlakpoH . BaHHas
HUEBBIN BOJIOKHO BBICOKOU
XapaKTePUCTHKHU pacuera Cr3cn5 29 49 T-33 pe3uHa
CILJIaB J10T- Ne637
AMTI2 HOCTH j
PazpeiBHas -

po4YHOCTh, MIIa

Mopyie ynpyro-
ctu, Mlla

Tonmunaa, MM

Koaddumment
yaccoHa

[unmuaapuyecka
A JKECTKOCTh ITPU
u3ruoe
TJTACTUHKHU

[Tapamerp S

MaxkcuMaibHBIA
nporuo, M

_
I
I
_
N
T

4 1 Lol -
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[Tponomxenue Tadmumb N.1

N3rubaromuii
MOMEHT,
H-m

MaxkcumaiibHOE
HANpPsKECHHUE,
Mlla




