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AHHOTAILIUS

CHIXeHHe TOKCHMYHOCTH IO HECTOpPEB-
MM YTJI€BOJOpOoAaM B OEH3MHOBBIX JBUTATe-
JIAX SIBJIAETCS 3HAYMMOM M aKTyaJlbHOM 3a7ayeil.
B ©GakamaBpckoit pabore mpeacTaBieH CIOCO0
CHI)KEHHE TOKCUYHOCTH 10 HECTOPEBILUM YTJie-
BOJIOPOJIaM C TIOMOIIbIO MPUMEHEHHS JTO0ABKU
BOJIOPO/ia, TO3BOJSIONIEH aKTUBUPOBATH IIPO-
[IECC CTOPaHMsI U TOBBICUTH €r0 MOJHOTY, YTO
0COOEHHO Ba)KHO HA YaCTUYHBIX Harpy3Kax.

[To aToMy B maHHOM OakanaBpCKOW pa-
00oTe Mpe/CTaBICHbI PE3yNbTaThl MPOEKTUPOBA-
Husa 8 kianaHHoro aurarenis BA3 ¢ pabouum
1,5 11 ¢ cuctemoi mojayu BOAOPOJA Ui CHIKE-
HUE TOKCHYHOCTH I10 HECTOPEBIIUM YTJIEBOIO-
ponam. bakanaBpckasi paboTa COCTOUT U3 TOsIC-
HUTEJIbHOM 3anMcku U rpapuyeckoit yactu. [lo-
SICHUTEJIbHASI 3aliCKa COCTOUT W3 CIEAYIOIINX
pa3elios:

— ObocHoBaHue >(QPEKTUBHOCTH NpPUMEHE-
HUA J00aBKU BOJOpoJa B OEH3WHOBBIX
JBUTATENSAX NIl CHUKEHUS TOKCUYHOCTH
0TpabOTaBIINX T'a30B.

— TennoBoil pacuer u TemjaoBoW OanaHC
JIBUTATENs, TAC MPOBEACH pacdyeT OCHOB-
HBIX [1apaMeTPOB MPOEKTHUPYEMOTO JIBUTa-
Tesl.

— Kunemarnuecknii pacder mokas3bIBaeT W3-
MEHEHHE KWHEMAaTHYEeCKHUX TapaMeTpoB
MOPIIHEBOU TPYIIIHI.

— JluHaMHU4YeCcKuid pacyeT, TIe ONpeaestoT-
Csl CWJIBI M Harpy3KH JICUCTBYIONIHNE B KPH-
BOIIMITHO-IIATYHHOM MEXaHU3ME, a TAKKe
YCIIOBHS ISl YPaBHOBELIMBAHUS JIBUTATE-
TSl

— B paznene cnenuanbHONW 4acTH, MPOBEACH
aHanmu3 A¢G(HEeKTUBHOCTH TPUMEHEHHUS BO-
Jopoaa JUisi CHUXKEHHE TOKCHYHOCTU TIO
HECTOPEBILIUM YTJIEBOAOPOAAM TIPU €Tr0
no0aBKax Ha Pa3IMUHBIX PEKUMaX pabOThI
JBUTATEIIS.

I'paduueckas vactb pabOTHI COAEPKHUT 8§
auctoB (popmata Al WITIOCTPUPYIOIIUX MaTe-

Reducing the toxicity of unburned hy-
drocarbons in gasoline engines is a significant
and urgent task. The bachelor's work presents a
way to reduce the toxicity of unburned hydro-
carbons by using the hydrogen additive, which
allows activating the combustion process and in-
creasing its completeness, which is especially
important at partial loads.

Therefore, this bachelor's work presents
the results of designing an 8-valve VAZ engine
with a working capacity of 1.5 liters with a hy-
drogen supply system to reduce toxicity over
unburned hydrocarbons. Bachelor's work con-
sists of an explanatory note and a graphic part.
The explanatory note consists of the following
sections:

- Rationale for the effectiveness of the
use of hydrogen additives in gasoline engines to
reduce the toxicity of exhaust gases.

- Thermal calculation and heat balance of
the engine, where the calculation of the main pa-
rameters of the engine being designed.

- Kinematic calculation shows the
change in the kinematic parameters of the piston
group.

- Dynamic calculation, where the forces
and loads acting in the crank mechanism are de-
termined, as well as the conditions for balancing
the engine.

- Calculation of the main engine parts,
consisting of the calculation of the most loaded
elements of ICE, namely, the calculation of the
piston group, the calculation of the crank group
and the calculation of the crankshatft.

- Calculation of engine systems, consist-
ing of calculating the cooling system and calcu-
lating the lubrication system.

- In the section of the special section, an
analysis of the effectiveness of hydrogen has
been performed to reduce the toxicity of un-
burned hydrocarbons with its additives at vari-
ous engine operating conditions.




puan IpPEACTABICHHBI B IIOSCHUTEIBHOM 3a-
IIHCKE.

The graphic part of the work contains 8
sheets of Al format illustrating the material pre-
sented in the explanatory note.
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BBEJEHUE

3amorom ycnemHoro BHeApeHusi TtexHonornun GDI mocmyxkuma paspaboTka
HOBOT'O THUIIa HHXEKTOPA, KOTOPBINA MO3BOJIIII YBEIHUNUTh JABJICHHUE BIPHICKA, rapaH-
TUPOBAaTh CTAOMJIbHBIA M TOYHBIN MOTOK TOIUIMBA, @ TAKXKE BO3MOXKHOCTH KOHTPOJIS
MOJIayll BO3yXa. DTO TMO3BOJIIO JOOUTHCS CTaOMJIBHOCTH MPSIMOTO BIIPBICKA. B
Hactosiiee Bpems texnosorusi GDI pacumpsiercst 3a npeaenamu SnoHuU U 3TO CBS-
3aHO C JAJIbHEWIINM Y>KECTOUEHHEM CTaHAApTOB BBIXJIONA BPEIHBIX ra30B B aTMO-
chepy. [apaiite Teneps pazdoepeM 3¢ dexktuBHOCTh TexHOTI0THH GDI 1 BOmIpock! BbI-
XJIOMHBIX I'a30B, KOTOPBIE CTOSUIN A0 BOZHUKHOBEHUS, a TAKXKE ONPEAEITUM PUYNHBI,
oYeMy Takasi TEXHOJIOTHUS 3apOIUIaCh.

Bce aBurarenn BHYTPEHHETO CTOpaHHs BOCIUIAMEHSIOT TOILTUBO B BO3IyXe, H
Ka)KIbI{ TUI TOIUIMBA UMEET U/I€aJIbHOE COOTHOLLIEHUE CMECH, IPU KOTOPOM TOILIMBO
CTOPUT MOJHOCTHIO MITM MaKCUMAJIbHO TIOJTHO. BO BceM Mupe MHXEHEPHI, CO3IAr0IINe
JIBUTATEIH, JIOMAIOT TOJOBY HAJl TEM, YTOOBI TOCTUTHYTh MICATLHOTO COOTHOIICHUS
BO3/yXa M TOIUIMBA IS TIOJTHOTO Cropanus cMecu. Kak mpaBmiio, 93TO Tak Ha3bIBae-
MO€ CTeXHOMETPUUYECKOe COOTHOoIeHHue. Y OeH3uHa oHo paBHo 14,7:1 (14,7 dacreit
BO31yxa M 1 yacTh BO3/AyXa MO BeCy). DTO COOTHOUIEHHE JOJKHO MOAJIEPKUBATHCS
Ha pa3HBIX Harpy3kax JIBUTATElNs W MPU PA3HBIX YCIOBUAX. PaHbIe Takoe COOTHO-
IIEHWE MHOI/Ia IOCTUrajiock B KapOroparope. OnHako kapOrwopaTop UMe CBOM Bepx-
HUI TpeJen pa3BUTHA, HECMOTPSI HA SKOHOMUYHOCTb U JJOCTaTOYHYIO MOIIHOCTb, O~
HAKO HOBBIE MOJIENH TpeOoBayy erie OoNbIIeli MOIIHOCTH ¢ OAHOBPEMEHHBIM YiKe-

CTOYCHHUCM BBIXJIOIIA.



1 O030p MHOCTpPAHHBIX MCTOYHMKOB II0 CHOCOOAM CHMKEHUS TOK-

CHUYHOCTHU OTpa6OTaBIHI/IX ra3oB II0 YIJICBOJOPpOaAaM

OpurruHan u epeBoji HAY4HOTO TEKCTa

Review on Exhaust Gas Heat Recovery for
I.C. Engine

PaccmoTpenue pekyrnepanuu Temia OTpaOOTaHHBIX
ra3oB JUIsl IBUTaTeIed BHYTPEHHETO CrOpaHus

Abstrac. The increasingly worldwide prob-
lem regarding rapid conomy development
and a relative shortage of energy, the in-
ternal combustion engine exhaust waste
heat and environmental pollution has been
more emphasized heavily recently. Out of
the total heat supplied to the engine in the
form of fuel, approximately, 30 to 40% is
converted into useful mechanical work; the
remaining heat is expelled to the environ-
ment through exhaust gases and engine
cooling systems, resulting in to entropy
rise and serious environmental pollution,
so it is required to utilized waste heat into
useful work. The recovery and utilization
of waste heat not only conserves fuel (fos-
sil fuel) but also reduces the amount of
waste heat and greenhouse gases damped
to environment. The study shows the
availability and possibility of waste heat
from internal combustion engine, also de-
scribe loss of exhaust gas energy of an in-
ternal combustion engine. Possible meth-
ods to recover the waste heat from internal
combustion engine and performance and
emissions of the internal combustion en-
gine. Waste heat recovery system is the
best way to recover waste heat and saving
the fuel.
INTRODUCTION
Recent trend about the best ways of
using the deployable sources of energy
in to useful work in order to reduce
the rate of consumption of fossil fuel
as well as pollution. Out of all the
available sources, the internal combus-

Pedepar . Bce Oonee pacmpocTpaHeHHass B MHpE
npobiieMa OBICTPOrO0 SKOHOMHYECKOTO Pa3BUTHS U
OTHOCHUTEJIBHOM HEXBAaTKOUW SHEPTHHU, BBIXJIION OTpa-
OOTaHHBIX Ta30B JIBUTATENSI BHYTPCHHETO CrOpaHHS
U 3arpsi3HEHHE OKpPYXKaIolIe cpeisl ObUIO B 0O0JIb-
HIel CTETNEeHU MOMYSPKHYTO B TocienHee Bpems. M3
00mIero KOJIMYEeCTBa TEIUIa, MOJAaBAaEMOTO B JBUTA-
TeMb B BHUJAC TOIUIMBA, mpuoOimsurensHo 30-40%,
IpeBpamaeTcs B MoJIe3Hy0 padory. MexaHuueckas
o0OpaboTtka; OcTaBiieecs TEIJIO BbIOpAChIBAeTCS B
OKPYXKAIONIYIO CPEy Yepe3 BBIXJIOIHBIC Ta3bl U CH-
CTeMY OXJIQXKJICHHSI TBUTATEIIS, YTO MPUBOJUT K PO-
CTYy SHTPOIUU U CEPbE3HOMY 3arpsi3HEHUI0 OKpYKa-
IOIIEH Cpelibl, TOATOMY TpeOyeTcs HCIOIb30BaTh OT-
paboTaHHOE TEIJIO B MOJIE3HYI0 paboTy. Y TUIU3aIus
U HCIIOJIb30BaHUE OTPAOOTAHHOTO TEIUIa HE TOJBKO
SKOHOMHT TOILTMBO, HO TaK)K€ YMEHBIIACT KOJIHYeC-
CTBO OTpabOTAaHHOTO Telja W TMapHUKOBOTO Tasa,
neMiupoBaHHBIC B OKPY’KaIOIIYIO cpe-
ny. McciaenmoBanne MoOKa3bIBaeT HAIMYHE M BO3MOXK-
HOCTh HCIIOJIb30BaHHsI OTPabOTaHHOTO TeIia OT
BHYTPCHHETO CrOpaHUsl JIBUTATEINS, TAKXKE OIHUCHI-
BAaIOT MOTEPIO SHEPTUU BBIXJIOMHBIX ra30B JIBUTaTEIs
BHYTPEHHETO CropaHus. Bo3aMokHBIE MeETOABI BOC-
CTaHOBJICHUSI OTPAOOTAaHHOTO TeIila OT JBHTATENs
BHYTPEHHETO CTOpaHUs U PabOYHX XapaKTEPUCTHK, U
BBEIOPOCOB ~ JIBHTATeNlI  BHYTPEHHEr0  Cropa-
Hus. Cuctema pereHepanuu oTpabOTaHHOTO TerUIa
JTy4IIUA cocod BOCCTAHOBUTH OTPabOTaHHOE TEIJIO0
¥ 5KOHOMHUTH TOIUIUBO.

1.BBEJJEHUE

HenaBHsis TEHOSHIMS K JIYYIINM CIIOCO0aM HCIIOJb-
30BaHMs Pa3BEPTHIBACMBIX HMCTOYHHKOB JHEPTHH B
MOJIE3HYIO PabOTy C IEIbI0 CHIKCHUS TIOTPEOJICHHS
MCKOITAaeMOT0 TOTUIMBA, & TAK)KE 3arps3HEHUST OKPY-

JKaromen cpensl. 3 Bcex MMEIMECS UCTOYHUKOB,




tion engines are the major consumer
of fossil fuel around the globe. Out of
the total heat supplied to the engine in
the form of fuel, approximately, 30 to
40% is converted into useful mechani-
cal work. The remaining heat is ex-
pelled to the environment through ex-
haust gases and engine cooling sys-
tems, resulting in to entropy rise and
serious environmental pollution, so it
Is required to utilized waste heat into
useful work. The recovery and utiliza-
tion of waste heat not only conserves
fuel, usually fossil fuel but also reduc-
es the amount of waste heat and
greenhouse gases damped to environ
ment. It is imperative that serious and
concrete effort should be launched for
conserving this energy through ex-
haust heat recovery techniques. Such a
waste heat recovery would ultimately
reduce the overall energy requirement
and also the impact on global warm-
ing. The Internal Combustion Engine
has been a primary power source for
automobiles and automotives over the
past century. Presently, high fuel costs
and concerns about foreign oil de-
pendence have resulted in increasingly
complex engine designs to decrease
fuel consumption. For example, en-
gine manufacturers have implemented
techniques such as enhanced fuel-air
mixing, turbo-charging, and variable
valve timing in order to increase ther-
mal efficiency. However, around 60-
70% of the fuel energy is still lost as
waste heat through the coolant or the
exhaust. Moreover, increasingly strin-
gent emissions regulations are causing
engine manufacturers to limit combus-
tion temperatures and pressures lower-
ing potential efficiency gains . As the
most widely used source of primary
power for machinery critical to the

JIBUTATEITU BHYTPEHHETO CTOPAHUS SBJISIOTCS OCHOB-
HBIM MOTPEOUTEIEM HCKOMAeMOr0 TOILIMBA BO BCEM
mupe. O0IIee KOMUYECTBO TEIUIa, MOJAaBaeMOro B
JBUTATEeNb B BHJE TOIUIMBA, MpuOIM3uTenbHo 30-
40% npeBpamiaeTcs B MOJE3HYIO MEXaHUUYECKYIO pa-
6oty. OcTaBiieecs Temio BbIOpachlBaeTCs B OKpPY-
KAIONIYIO0 Cpelly Yepe3 BHIXJIOMHBIE T'a3bl U CUCTEMY
OXJIQXK]ICHUS ABUTATEINsl, B CBSI3U C POCTOM SHTPOIUU
U CEPbE3HBIM 3arpsi3HCHUEM OKPYXKAIOUIEH Cpelsbl,
HEO0OXOIMMO HCTOJIB30BaTh OTPAOOTAHHOE TEIJIO B
MoJIe3HYI0 paboTy. BoccTaHOBICHNE W HCIIOJIB30Ba-
HUE OTpPabOTAHHOTO TeIJIa HE TOJBKO SKOHOMHUT
TOIIMBO, HO TaK€ YMEHBIIAeT KOJIUYECTBO OTpado-
TaHHOTO TeIlJla ¥ MapHUKOBBIE Ta3bl, AeMIl(pupoBaH-
HbIE B OKpyXkarouiyro cpeny. Heobxonumo mpuio-
JKUTh CEPbE3HbIe U KOHKPETHBIC YCHIJIMS JJISl COXpa-
HEHHUE ATOW SHEPruu 3a CUeT peKymnepanuu oTpado-
TaHHOTO Tera. Takoe BOCCTAaHOBIICHUE OTXOJISIIETO
TeIia B KOHEYHOM CYETEe CHH3UT 0OIue moTpeOHo-
CTH B SHEPIUH, a TAaK)Ke BO3JCHCTBHUE Ha TII00ATBHOE
noTericHue. JIBurareins BHyTPEHHETO CTOPaHUs ObLT
MEPBUYHBIM UCTOYHHUK DHEPTUH ISl aBTOMOOUIIEH B
mpouienneM cToleTu. B HacTosmiee Bpemsi BBICO-
KM€ 3aTpaThl Ha TOIJIMBO U 3aBUCHUMOCTH OT HHO-
CTpaHHOH HE(PTH MPUBEIH K YCIOKHEHHUIO IKCILTya-
TallUM TakuX aBTOMoOUIeH. YToOBl CHU3UTH PacXo/l
TOTUIMBA TIPOU3BOJUTEIN JIBUTATENICH BHEAPWIH Ta-
KM€ METOJIbl, KaK YTYIICHHOE CMEIIMBAHHUE TOTLTUBA
¥ BO3/yXa, TypOOHArHeTaHUE W TIEPEMEHHBIN KIIariaH
4TOObI YBEINYUTH TEIIOBYIO ¢ dexTuB-
HocTb. OHako, okoio 60-70% TONIMBHOW 3HEprUn
BCE €Ille TepsSeTCs B KauecTBE OTPabOTAaHHOTO Teria
yepe3 XJaJareHT uiaM Beixiomn. bonee Toro, Bce 6o-
Jiee CTPOTHE HOPMBI BBHIOPOCOB IMPHU3BIBAIOT MPOU3-
BOJMTENCH OrpPaHWYUTH TEMIIEpaTypy TOpPEHUS |
JIABJICHHE , CHIDKAIONIEE TIOTCHIIHAIBHBIE BBITOJIBI
s dextuBrOCTH . Kak Hambosee mupoKo UCIOIb3y-
eMBbId UCTOYHUK TEPBUYHOW SHEPTUU AJIs MAIIUH,
CTPOUTETFHOM H  CElbCKOXO3sIi-
CTBEHHOM CEKTOpax, IBUTaTeldh MNOTpebneT Ooiee

TPaHCIIOPTHOM,

60% wuckonaemoro macna. CoxpaHeHUE 3HEPTUU Ha
JBUTATENIC - OJUH M3 JYYLIMX CIOCOOOB MOCKOJIBKY
3TO MOXET YIY4YIIUTh HCIOJIb30BaHUE HHEPIHH,
KIIJI nBuratens u yMeHbIIAET BHIOPOCHI . Y UUTHIBAs
BOKHOCTH TOBBIICHHUS 3(P(HEKTUBHOCTH TIpeoOpa3o-




transportation, construction and agri-
cultural sectors, engine has consumed
more than 60% of fossil oil. On the
other hand, legislation of exhaust
emission levels has focused on carbon
monoxide (CO), hydrocarbons (HC),
nitrogen oxides (NOXx), and particulate
matter (PM). Energy conservation on
engine is one of best ways to deal with
these problems since it can improve
the energy utilization efficiency of en-
gine and reduces emissions . Given the
importance of increasing energy con-
version efficiency for reducing both
the fuel consumption and emissions of
engine, scientists and engineers have
done lots of successful research aimed
to improve engine thermal efficiency,
including supercharge, lean mixture
combustion, etc. However, in all
the energy saving technologies stud-
ied. Engine exhaust heat recovery is
considered to be one of the most effec-
tive. Many researchers recognize that
Waste Heat Recovery from engine ex-
haust has the potential to decrease fuel
consumption without increasing emis-
sions, and recent technological ad-
vancements have made these systems
viable and cost effective . This paper
gives a comprehensive review of the
waste heat from internal combustion
engine, waste heat recovery system
and methods of waste heat recovery
system.
Il. POSSIBILITY OF HEAT RECOVERY
AND AVAILABILITY FROM I.C. EN-
GINE Waste heat is heat, which is gener-
ated in a process by way of fuel combus-
tion or chemical reaction, and then
“dumped” into the environment even
though it could still be reused for some
useful and economic purpose. This heat
depends in part on the temperature of the
waste heat gases and mass flow rate of ex-

BaHUs SHEPTUU ISl YMEHBIIECHUS KaK pacxojia TOT-
JIUBA, TaK U BEIOPOCHI JIBUTATENIS, yUCHBIC U HH)KEHE-
pBI MPOBEIIM MHOXKECTBO YCIICUTHBIX HCCIICTOBAHHIA
HANPaBIICHHBIX HA TIOBBIIICHHE TEIUIOBOM J(dek-
TUBHOCTH JIBUTaTeNsl, B TOM 4YMCJe CKUraHue oben-
HEHHOW cMecH U T. . OgHAKO BO BCEX H3YUEHBIX
SHEpProcOEperarouX TEXHOIOTHIX BBIXJIOMHbIE Ta3bl
JIBUTATENsl CUUTACTCS OAHUM M3 HambOoisee rdhdex-
TUBHBIX. MHOTHE WCCIEAOBATENN TPU3HAOT, YTO
BOCCTAaHOBJICHHE OTPAaOOTAaHHOTO TeIia OT JIBUTaTe-
7. UMEET TIOTEHIIMAN JJIsi CHUKCHHSI pacXxo/ia TOILIH-
Ba 0e3 yBeIMUYEHHsS BBIOPOCOB, a MOCJIECIHUE TEXHO-
JIOTUYECKHE YCOBEPIICHCTBOBAHUS CHEJalld 3TU CH-
CTEMbI KU3HECIOCOOHBIMH U d(DdekTuBHBIMY . B
HACTOSAIIEM JIOKYMEHTE JAeTCsl BCECTOPOHHUIN 0030D.
OTtpaboTaHHOE TEIJIO IBUTATENs BHYTPEHHEro Cro-
paHusi, oTpabOTaHHOE TEIIO CUCTEMbI PEeKyIepaliuu
¥ METOJIOB PEKYIEepanuu OTPadOTaHHOTO TerIa.

I1. BOBMOXHOCTbH PEKYIIEPALIMN TEIUIA U
JOCTYITHOCTb UCXOIHOT'O IBUT"ATEJIA
OTtpaboTaHHOE TEIIO - 3TO TEIJI0, KOTOPOE IreHepu-
pyeTcsi B polecce CXKUTaHUs TOIUTMBA WM XUMHUYe-
CKOM peakuuu, a 3areM '"cOpacbiBaeTca" B OKpyXka-
IOLIYIO Cpely, HECMOTPsl Ha TO, YTO OH BCE €Ille MO-
JKeT OBITh MOBTOPHO HCIIOJIB30BAH IJII HEKOTOPBIX
MOJIE3HBIX W DKOHOMHYECKHX IIeJIei. DTO Terio 3a-
BHCHUT OTYACTH OT TEMIIEPATyPhl OTXOJSIINX TEILIO0-
BBIX Ta30B U YIEJIBHOTO MAacCOBOTO pacxoia BBI-
XJIONHBIX Ta3oB. [lorepu TemnoBoW SHEpPrUM BO3HU-
KalT Kak U3 3a Hed(h(PeKTUBHOCTU 00OpYIOBAaHUS U
OT TePMOJAMHAMUYECKUX OTPAaHUUYEHUI Ha 000pyI0-
BaHWU W TIporieccoB. Hampumep, paccMOTpUM BHYT-
pEHHHE, BUTATEeNh BHYTPEHHETO CrOpaHus MpuOIu-
sutenbHO OT 30 1m0 40% mpeoOpasyercs B IMosie3Ha-
VIO MeXaHW4ecKyro paboty. OcraBmieecsi TEIUIO BbI-
TECHSIETCSI B OKPYKAIOIIYIO CPeAy Yepe3 BBIXJIOMHBIC
ra3pl ¥ CHCTEMBI OXJIQXKICHHS JBUTATEINS. DTO O3HA-
gaer mnpubmmusutensHo 60-70% moTeph JHEPrHH.
BrIxiomHble Ta3bl, BRIXOSAIINE HETIOCPEICTBEHHO H3
JBUTATENsl, MOTYT UMETh TeMIIepaTypy, KoTopas J10-
cruraet 842-1112 ° F [450-600 ° C].
CrnenoBaTenbHO, 3TH Ta3bl UMEIOT BBICOKOE TETLIOCO-
Jiep>KaHue, BHIOPOC BBIXJIOMHBIX Ta30B. MOXHO Npu-
JIO)KUTH OOJBIIE YCWIMHA IS DHEProcOepekeHus,
peBepOepaTop C YIYyUIICHHOW mepenadeil Teria u
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haust gas. Waste heat losses arise both
from equipment inefficiencies and from
thermodynamic limitations on equipment
and processes. For example, consider in-
ternal combustion engine approximately
30 to 40% is converted into useful me-
chanical work. The remaining heat is ex-
pelled to the environment through exhaust
gases and engine cooling systems. It means
approximately 60 to 70% energy losses as
a waste heat through exhaust (30% as en-
gine cooling system and 30 to 40% as en-
vironment through exhaust gas). Exhaust
gases immediately leaving the engine can
have temperatures as high as 842-1112°F
[450-600°C]. Consequently, these gases
have high heat content, carrying away as
exhaust emission. Efforts can be made to
design more energy efficient reverberatory
engine with better heat transfer and lower
exhaust temperatures; however, the laws of
thermodynamics place a lower limit on the
temperature of exhaust gases . Fig. 2.1
show total energy distributions from inter-
nal combustion engine.

Radiation

5o
Cooling ‘

- '

e

Exhaust

3%
Fig. 1 Total Fuel Energy Content in I. C.
Engine A. Benefits of ‘waste heat recov-
ery’ can be broadly classified in two cate-
gories 1. Direct Benefits: Recovery of
waste heat has a direct effect on the com-
bustion process efficiency. This is reflect-
ed by reduction in the utility consumption
and process cost. 2. Indirect Benefits: a)
Reduction in pollution: A number of toxic
combustible wastes such as carbon monox-
ide (CO), hydrocarbons (HC), nitrogen ox-
ides (NOx), and particulate matter (PM)
etc, releasing to atmosphere. Recovering of

Biake

Porwer

Oosee HU3KME TEMIeEpaTypbl BBIXJONHBIX Tra-
30B; OJTHAKO, 3aKOHbI TEPMOJWHAMUKHU YCTAHABJIHU-
BAIOT HWKHUU NPEJEN TEMIIEPATYPhI BBIXJIOMHBIX I'a-
30B. Ha pucyHKe IOKa3aHO IIOJHOE pacIpelclICHUE

OHEPIYU OT ABUTATECIA BHYTPCHHETO CropaHus.

Obuieee sHepronoTpebneHmne
TONAMBa B ABUratene

= PaguaTop = Cuctema oxnoxKaeHua

BbInyckHas cuctema = 3pdeKTUBHAA MOLLHOCTb

A. TlpeumyniecTBa «yTHJIM3AaLUU OTXOJSINEIO TeTl-
J1a» MOTYT OBITh B IIUPOKOM CMBICIIE MTOAPA3ACTATh-
Csl Ha JIBE€ KaTeropuu

1. [Ipsimble BBITOJIBI:

BoccranoBnenne oTpaGOTaHHOrO Terja HampSIMYIo
BJIMSIET HA A3PPEKTUBHOCTH MpoLiecca CKUTaHUS. ITO
HAXOJIUT CBOE OTPaKEHHE B COKPAIICHUH B Pacxojax
Ha KOMMYHAJIBHBIE YCIYTH U B TIPOIIECCE.

2. KocBeHHbBIE BBITOJIBI:

A) CHuxeHHe 3arps3HEeHMs: psiJ TOKCUYHBIX TOpIo-
YuX Takue Kak MoHookcun yrieponaa (CO), yrieBo-
noponbl (HC), okcunbl azota (NOX) u TBepable ya-
ctuel (PM) wu T1.n., BeIIycKas B aTmocde-
py. BoccTanoBieHue Tenia ymMeHbLIaeT YpOBHM 3a-
IPSA3HEHUS OKPYKAIOLIECH CpeIbl.

B) Coxkpamenue pazmMepoB 000pyI0BaHUS: YTHIIN3A-
Usi OTpabOTaHHOTO TeIIa CHIDKAET PAacXOf TOIUIH-
Ba, YTO NPUBOJUT K CHIDKCHHIO TTPOU3BOIUMOTO JTBI-
MOBOTO Ta3a. DTO MPUBOAMT K COKPALICHUIO pa3Mepa
00opymoBaHusl.

C) Coxpamienue nOTpeOIEHUST BCHOMOTaTEIbHBIX
HHEProOpecypcoB: COKpallleHHe pazMepa o0opyaoBa-
HUS JAIOT JIONOJHUTEIbHbIE MPEUMYIIECTBAa B BUJE
YMEHBIICHHE  BCIIOMOTATEIBHOTO  MOTPeOICHUs
SHEPTHH .

B aBTOMOOMJIBHBIX ABUTATENSIX 3HAYUTEIHLHOE KOJIH-
4eCTBO YXOAUT  OKpYXKAloIIyl0  cpe-
ny. Hanmpumep, nensix 35% TteruioBoi sHEpruu, 00-

TCILJ1a

pasyrormiasics pyu CrOPaHUM B aBTOMOOWJIBHOM JBU-
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heat reduces the environmental pollution
levels. b) Reduction in equipment sizes:
Waste heat recovery reduces the fuel con-
sumption, which leads to reduction in the
flue gas produced. This results in reduction
in equipment sizes. ¢) Reduction in auxil-
jary energy consumption: Reduction in
equipment sizes gives additional benefits
in the form of reduction in auxiliary energy
consumption . In automobile engines sig-
nificant amount of heat is released to the
environment. For example, As much as
35% of the thermal energy generated from
combustion in an automotive engine is lost
to the environment through exhaust gas
and other losses. The amount of such loss,
recoverable at least partly or greatly de-
pends on the engine load . Among various
advanced concepts, Exhaust Energy Re-
covery for Internal Combustion (IC) en-
gines has been proved to not just bring
measurable advantages for improving fu el
consumption but also increase engine
power output (power density) or downsiz-
ing, further reducing CO2 and other harm-
ful exhaust emissions correspondingly .
Which was predicted that if 6% of the heat
contained in the exhaust gases were con-
verted to electric power, 10% reduction of
fuel consumption can be achieved .

B. Possibility of Waste Heat from Internal
Combustion Engine Today" s modern life
is greatly depends on automobile engine,
i.e. Internal Combustion engines. The ma-
jority of vehicles are still powered by ei-
ther spark ignition (SI) or compression ig-
nition (CI) engines. CI engines also known
as diesel engines have a wide field of ap-
plications and as energy converters they
are characterized by their high efficiency.
Small air-cooled diesel engines of up to 35
KW output are used for irrigation purpose,
small agricultural tractors and construction
machines whereas large farms employ
tractors of up to 150 kW output. Water or

raTtelie TepsieTCsl B OKpYy)Karollel cpeae uepe3 Bbl-
XJIOMHBIE Ta3bl M ApYrux mnorepb. Cymma Takoro
yOBITKa, BO3MEIAETHCS MIPH XOTsI OBl YACTHYHON WIIN
B 3HAYUTEJIILHOW CTENEHHU 3arpy>KEHHOCTH JBUTaTe-
ns. Cpen pa3iMyHBIX NEPEOBBIX KOHIICTIINUM, BbI-
XJIOMHAsI CUCTeMa JIsl ABUTaTeId BHYTPEHHErO Cro-
paHus, ObUIO JOKA3aHO HE TOJBKO TO YTO BBIXJIOMHAS
CUCTeMa JaeT U3MEpUMble MpPEeuMyIlecTBa s
VIIy4IIEHUs] MOTPEOJICHUsT TOIUIMBA, HO TAaK:KE MOX-
HO YBEJMYUTH MOIIHOCTh JBUTATENs (IUIOTHOCTH
MOIIIHOCTH) WM COKpallleHWe, AaJIbHeIIee CoKpa-
mieare CO 2 u Ipyrux BpEAHBIX BBIXJIOMHBIX Ta30B U
BBIOPOCHI COOTBETCTBEHHO. KOTOpHBIN OBLT mpencka-
3aH, 4TO eciu 6% Teria, CoAepKaIIerocs B BBIXJIOMN-
HBIX Ta3ax, ObUIM MPeoOpa3OBaHbI B SIEKTPOIHEP-
TUI0, CHWXKEHuE pacxoaa TormiuBa Ha 10% Moxer
OBITh TOCTUTHYTO.

B. BO3MOXHOCTh yTWJIM3aLlMM TEIUIA OT JBUIATEIA
BHYTpeHHero cropanusi CerogHsuIHsAsS COBpEeMEHHAs
’KW3Hb BO MHOTOM 3aBHUCUT OT aBTOMOOWJs. [[Bura-
Tenb, T.€. JBUTATeIM  BHYTPEHHETO  Cropa-
Hus. bonpmias  4Yacte  4ero-nmbo, TpPaHCHOPTHBIE
CpENICTBA BCE €Ile MUTAITCS JHUO0 UCKPOBBIM 3a3KH-
ranueM (SI), nubo nBurateneit ¢ BOCIUIAMEHEHUEM
ot cxkartus (CI). Isurarenu CI, Takxe H3BECTHBIE
KaK JU3eNIbHBIC JIBUTATENId HUMEIOT IIHPOKYI0 00-
JIACTh MPUMEHEHHS U B KaUeCTBE DHEPTUU OHU OTIHU-
4aroTcs BhICOKOU d(pdexkTuBHOCTHIO. HeGonbmme nu-
3€JIbHBIC JIBUTATEIN C BO3AYIIHBIM OXJIAXJICHHUEM
MOIIHOCTBIO 710 35 KBT Mcnonb3yroTes 1uist opolie-
HUS, HEOONbBIINE CENbCKOXO3SHCTBEHHBIE TPAKTOPHI
U CTPOUTETHHBIX MAIINH, TOTAA KaK KpymHbIE (ep-
MBI HUCHOJIB3YIOT TPakTOpPbl MOIIHOCTBIO 10 150
kBT. BoasiHbie WM BO3YIITHBIC JBUTATENIH HCIIONb-
3YIOTCSI JI71s1 HEOOJIBIITUX CYJIOB M MAJIBIX CAMOJIETOB
nuama3od 35-150 kBT, nBuraTtenu ¢ BOASHBEIM OXJIa-
KIACHUEM TIPEATIOUTUTENbHEE IS OOJBIIEH MOIIHO-
cTH. MamuHbl I 3eMJISTHBIX paboT HCHONB3YIOT
JIBUTATEIN ¢ MOIIHOCTHIO 0 520 kBT mnu gaxe BbI-
me 1o 740 xBt. Mopckue cyga M JOKOMOTHBBI
OOBIYHO HCHOJB3YIOT JBUTATENN C MOIIHOCTHIO 150
kBt u Oosee. ['py30Bble aBTOMOOWIN U TOPOXKHBIE
MamHbl OOBIYHO HCHOJB3YIOT BBICOKOCKOPOCTHBIE
IU3eJIbHBIE IBUraTed MOIMHOCTRI0 220 kBT mnm
Oonbie. J[u3enbHple OBUTATENM HUCHOJIB3YIOTCS B
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air-cooled engines are used for a range of
35-150 kW and unless strictly air cooled
engine is required, water-cooled engines
are preferred for higher power ranges.
Earth moving machinery uses engines with
an output of up to 520 kW or even higher,
up to 740 kW. Marine and locomotive ap-
plications usually employ engines with an
output range of 150 kW or more. Trucks
and road engines usually use high speed
diesel engines with 220 kW output or
more. Diesel engines are used in small
electrical power generating units or as
standby units for medium capacity power
stations [10].

Table 1. Various Engine and There Output

St Power
I';ol Engine type output Waste heat
. kW
1 Small air cooled diesel engine 35
2 Small agriculture tractors and 150 30-40% of
consiruction machines Energy
3| Water air cooled engine 35.150 | Waste loss
4 | Earth moving machineries 520-720 From LC.
— - — Engine
5 Marine applications 150-220
L] Trucks and road engines 220

The table I. shows that various engine and
there power ranges. In general, diesel en-
gines have an efficiency of about 35% and
thus the rest of the input energy is wasted.
Despite recent improvements of diesel en-
gine efficiency, a considerable amount of
energy is still expelled to the ambient with
the exhaust gas. In a water-cooled engine
about 35 kW and 30-40% of the input en-
ergy is wasted in the coolant and exhaust
gases respectively. The amount of such
loss, recoverable at least partly, greatly de-
pends on the engine load. Mr. Johnson
found that for a typical 3.0 | engine with a
maximum output power of 115 kW, the to-
tal waste heat dissipated can vary from 20
kKW to as much as 400 kW across the range
of usual engine operation. It is suggested
that for a typical and representative driving
cycle, the average heating power available
from waste heat is about 23 kW, compared
to 0.8-3.9 kW of cooling capacity provid-
ed by typical passenger car VCR systems

MaJIO MOIITHOCTH WJIM B KaueCTBE PE3EePBHBIX OJI0-
KOB JJISI CPETHEN MOLTHOCTH AJIEKTPOCTAHLIUU.
Tabmuua [. Pasznuuuble OBUTATENM U MOLIHOCTH HA

BBIXOJIC.
Ne  Tun neurarens Mom-  Iloteps
HOCTh  DHEPrUU
KBT
1 Mausnit IU3ENbHBIT 35
JBUTATE€Nb C BO3AYII-
HBIM OXJIAX/IEHUEM
2 Mansie cenpckoxosstit- 150 30-40%
CTBCHHBIE TpakTOpa u [Toreps
CTPOUTEIIbHBIE  MaIllH- SHEPTUU
HBI JUISL  JIBH-
3  Bopmguoii ngBurarens ¢ 55-150 rarens
BO3JYIIHBIM OXJIAXKe- BHYTpEH-
HUEM HEro Cro-
4  3emnepoitnple  mexa- 520- paHus
HHU3MBI 720
5  CynocrpoutenbHas 150-
IPOMBIIIJIEHHOCTh 220
6 I'pysoBeie aBTOoMOOWIIM 220

1 JOPOKHBIE MAITUHBI

Tabnuna I. moka3eiBaeT, 4TO pa3iIUYHbIC BUTATEIU
W MOIIHOCTG. B 11e110M, nu3enpHbIe ABUTATEH 00J1a-
natoT kg 35% u, TakuMm o0pa3oM, OcTalbHas 4acTh
BXOJHOMW dHEpruu tepsercsa. HecMoTpst Ha HelaBHUE
yinydiieHus: 3PQGEeKTUBHOCTH JTU3EIbHBIX J[BUTaTe-
Jied, 3HAYUTENbHOE KOJUYECTBO JHEPTUU BCE elle
BBITECHSETCS C BBIXJIOITHBIM Tra3oMm. B nBurarene c
BOJSHBIM oXJIaxkaeHneM oxkoiio 35 kBt u 30-40%
BXOJHOW SHEPrUM TepseTCsl B XJIAJAr€HTE U BbI-
XJIOMHBIX razax. CymMMa Takoro yiep0a, BOCCTaHaB-
JMBAaeMOE [0 MEHbIIEH Mepe YacTUYHO, B 3HAYU-
TEJBbHOM CTENEHHU 3aBUCHUT OT HArpy3KH JBUTATEIIs.
I'-n JI>xOoHCOH OOHapy»Xui, 4yTo JUIsl TUIMU4YHOTrOo 3.0-
JIUTPOBOIO JIBUTATENsl C MAaKCUMAJIbHON BBIXOJIHOU
MormHocThIO 115 kBT, o0miee kommyecTBO 0Tpabo-
TaHHOI'O TeIlJIa MOKET BappupoBaThesa oT 20 kBT 1o
400 kBT B momepedHuke. DTO AMANA30H OOBIYHON
pabotel aBurarens. [Ipeamonaraercs, 410 AN TH-
MAYHOTO M TMPEJCTABUTEIBLHOTO IMKIIAa BOXICHHUS,
CpenHui HarpeB OTpabOTAaHHOTO TeIia COCTABIISIET
okoJio 23 kBT, o cpaBHEHUIO C XO0JOIONPOU3BOIU-
tensHOCTRIO 0,8-3,9 kBT, oOecmeunmBaemas 0OBIU-
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[11]. Since, the wasted energy represents
about two-thirds of the input energy and
for the sake of a better fuel economy, ex-
haust gas from Internal Combustion en-
gines can provide an important heat source
that may be used in a number of ways to
provide additional power and improve
overall engine efficiency. These technical
possibilities are currently under investiga-
tion by research institutes and engine man-
ufacturers. For the heavy duty automotive
diesel engines, one of the most promising
technical solutions for exhaust gas waste
heat utilization appears to be the use of a
useful work.

HBIM [ACCAKUPOM AaBTOMOOWJIBHBIMU CHUCTEMaMHU
VCR . Tak kak moTepsiHHasE YHEPTUs NPEACTABISIET
OKOJIO JBYX TPETEH BXOIHOM DHEPIUU U PaaH YIIyd-
IIEHHAss 3KOHOMUS TOIUIMBA, BBIXJIONHBIE Ta3bl OT
JIBUTaTells BHYTPEHHErO0 CropaHusi MOryT olecre-
YUTh Ba)XXKHBIA HCTOYHHUK TEIUIA, KOTOPBIA MOMKET
OBITh HCIOJB30BAH HECKOJIBKUMH CIOCOOAMU JUIs
o0ecrieyeHHs ONOJIHUTEIbHON MOILIHOCTH MU YIIyd-
MIUTH O0IYI0 3(P(PEKTUBHOCTH ABUTATENSA. DTH TEX-
HUYECKHE BO3MOXHOCTU B HACTOSIIEE BpeMs UCCIie-
JYIOTCSI UCCIIEJOBAaHUSIMU MHCTUTYTOB U IIPOU3BOM-
Tesel npurareneit. s TsSoKenbIX yCIOBUHM JKCIUTya-
TallMM aBTOMOOWIbHBIE TU3ENIbHBIE IBUTATENIN, OHU
U3 CaMbIX NEPCHEKTUBHBIX. TE€XHUUYECKUE PEIICHUS
[0 YTHJIM3alUM OTpabOTaHHOIO ra3a Mo-BUIUMOMY,
SBJISICTCA MOJIE3HON PaOOTOM.

Performance and Exhaust Gas Emission of
Compressed Natural Gas Fueled Internal
Combustion Engine in Dual Fuel Mode

[Tpon3BOIUTENBHOCTE U YPOBEHb BBIOPOCOB BBI-
XJIOIIHBIX T'a30B CKATOr0 IMPHUPOAHOIrO ra3a B JIBUra-
TeJe BHYTPEHHETO CTOPAaHMs B JIBYXTOIUIMBHOM pe-
JKHAME

Abstract

In this study, a comprehensive review of
various operating parameters and concerns
have been prepared for better understand-
ing of operating condition (spark and com-
pression ignited engines) and constrains
for a natural gas fueled internal combus-
tion engine. The overall objective of this
project was to produce an engine control
strategy to facilitate engine operation that
was efficient, reduced exhaust emissions,
and minimized fuel usage. The dual fuel
and steady state are compared to determine
if any emission and efficiency benefits are
produced. In the present study an experi-
mental investigation was carried out with
CNG as an alternative fuel engine.

1. INTRODUCTION

Air pollution is fast becoming a serious ur-
ban as well as global problem with the in-
creasing population and its sub sequent
demands. This has resulted in an increased
interest in using compressed natural gas
(CNG) as a fuel for internal combustion
engine (IC). CNG resources are vast and

Pegepar

B panHOM wucciaenoBaHUM TOKa3aH KOMIUIEKCHBIN
0030p pa3IUYHBIX OMEPAIMOHHBIX MapaMeTpoOB U
PHUCKOB, OBLTU MOATOTOBIEHBI AJS JIYUIIEro MOHU-
MaHUsl pabo4yero CoCTOsSHUS (MCKpPbI U CKaTUS BOC-
MJIJAMEHEHHUs CMECH B JIBUTATEJI€) U OTPAaHUUCHUN TI0
BO3MOKHOCTH JTOOABJICHHS TIPUPOHOTO ra3a K TOI-
JUBY JIBUTATENS] BHYTpeHHEro cropanus. Llemas sToro
MPOEKTa 3aKJIIYallaCh B CO3/JaHUM JIBUTATENs, CHU-
CTeMe YIpaBlIeHUs [UIsi OOJierdeHus ero paboThl,
9T00Bl 3()PEKTUBHO, CHU3UTH OOBEMBI BBIXJIOMHBIX
ra3oB M CBECTU K MUHUMYMY MCIOJIb30BAaHUE TOILIU-
Ba. B gaHHOM wHccreoBaHUM JKCIIEPUMEHTAITHEHO
CIII' B kaudecTBe
QTHTEPHATUBHOTO TOIIJINBA B JIBUTATEIIC

1. BBEJIEHUE

3arpsizHeHuEe BO3AyXa OBICTPO CTAHOBHUTCS CEPhE3-
HOW TOpPOJACKOW, a Takke TiobambHON MpobiIemMoi

IMPOBOANIIOCE HCIIOJIB30BaAHUEM

CBSI3aHHOW C pOCTOM HaceJeHHs. ITO MPUBEIO K TO-
BBHIINIEHHON 3aMHTEPECOBAHHOCTH B HCIIOJIb30BAHUU
KOMIIpUMHpOBaHHOTO TiprpoaHoro raza (KIII') B ka-
YeCTBE TOIUTMBA JUIS ABUraTells BHYTPEHHETO Cropa-
Hus ([ABC). Pecypcer KIII' oOmmpHBI ¥ XOpOIIO
pacIpoCTpaHeHbl TeorpapuuecKd U HEe OrpaHHYCHBI
B TIOJTUTHYECKU YSA3BUMOM MECTE, KaK 3TO XapakKTep-
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widespread geographically and are not lim-
ited to politically sensitive location as is
typical for crude oil. Based on current con-
sumption rates, the estimated total, recov-
erable gas, including proven reserves, is
adequate for almost 200 years. To benefit
from the use of CNG in IC engines, it is
necessary to understand its combustion and
to study the effect of various parameters on
it. This review aim to prepare a conics
state of art that provides an idea of various
concerns related to employment of Com-
pressed Natural Gas as a vehicular fuel in
order to improve the rapidly deteriorating
air quality condition in urban regions The
parameters of particular interest are engine
torque, power and specific fuel economy.
The actual power output of an engine de-
pends on the ambient air temperature and
pressure in the test cell. These engine per-
formance characteristics affect driving
techniques and fuel economy. Engines are
basically air pumps. For more power, an
engine must burn more fuel; hence more
air must be pumped into the cylinders. The
amount of air available to the engine de-
pends on the resistance to flow though the
engine intake system. Space occupied by
the fuel reduces the amount of air entering
the engine; hence the power output of the
engine is reduced. Theoretically, loss in
power output for LPG (4%) is less than
CNG (9.5%). Liquid fuels vaporize mani-
fold as they mix with air in the engine’s in-
take and then enter the cylinders. Gaseous
fuels, on the other hand, are already in a
vapor form and do not provide any cooling
of air/fuel mixture. This loss of cooling
constitutes an additional power loss of gas-
fueled engine compared to liquid fueled
engine. Injection of the fuel directly into
the engine cylinder would eliminate the
power loss. Turbochargers and super-
charges (T&S) is frequently used on en-
gines to provide a better balance between

HO U151 chIpoit HedTu. Mcxo1s U3 HBIHEIIHUX TEMITax
noTpebieHus, 1o OIeHKaM, 00IIero oobema , U3BJIe-
KAaeMOro rasa, BKJIIOYas pa3BeJaHHbIE 3alachl, XBa-
TUT Ha ,ipuMepHo 200 ner. YToOb! OblIa BBITOA OT
ucnonp3oBanus KIII' B JIBC, HEoOX0aUMO MHOHSTH
IIPOLIECC €r0 CrOpPaHMsl U U3YYUThb BIUSHUA pa3ind-
HBIX ITapaMeTpoB. DTOT 0030p JaeT MpeJICTABICHHE O
C)KaTOM IIPUPOJTHOM I'a3e B KaueCTBe aBTOMOOMIIBHO-
ro TOIUIMBA C LIEJBIO YJIYYILEHUS KauecTBa BO3IyXa
Y CHWKCHUIO TOKCUYHOCTH OTPaOOTABIINX T'a30B.

[TapameTpamu peCTABISAIOMIMMU OCOOBIH MHTEpEC
JIBUTATENS SIBJSIOTCS KPYTSIIMI MOMEHT, MOIIIHOCTb
U yIENbHBIN pacxo] TorumBa. PakTuyeckas BbIXOM-
Hasi MOILIHOCTH JBUTATENs 3aBUCUT OT TEMIIEPATYPbI
OKpPYXKAIOIIEero BO3/lyXa U JaBJIEHUSA B KaMepe Cro-
paHus. OTH XapaKTEPUCTUKU ABUTaTENsl I0Ka3bIBAIOT
BIIMSIHUE HA CTUJIb BOXKACHHS U SKOHOMMIO TOIUIMBA.
JlBurarenm —TO B OCHOBHOM BO3JYILIHBIE HACOCHI.
Jnist monydeHust 1ONOJHUTENIBHON MOIIHOCTH, JBU-
rarenb JOJDKEH CKedb OOJIbIE TOIUIMBA, CIIEIOBA-
TeIbHO OOJIbIIE BO3/yXa JODKHO MOCTYNaTh B Kame-
py cropanus. [IpocTpaHCcTBO, 3aHUMaeMO€E TOIUIMBOM
YMEHBILIAET KOJUYECTBO BO3/1YXa, MOCTYIAIOIIETO B
JIBUTATENb; CIEN0BATENbHO, BbIXOJHAs MOIIHOCTH
JIBUTATENsl CHUKAETCs. TeopeTudecku, oTeps B BbI-
XOJITHOM MOIIHOCTH Il C)KMYKEHHOTO He(TSHOTrO ra-
3a (4%) mensbie, yeM KIII' (9.5%). XKuakoe Tormu-
BO HCIapsieTcs B KOJUIEKTOPE, MOCIe TOIO OHO Iepe-
MEIIMBaeTCcs C BO3AYXOM U IO BIYCKHBIM KaHallaM
MOMAaAaT B LMWIMHAPKEL. DTO MapooOpazoBaHHE IO-
[JIOIAET  DHEPrUI0 M OXJIAKAAET
BO3AYIIHYIO cMechb. ['a3000pa3Hoe TOILIMBO, C JIPY-
roil CTOPOHBI, YK€ B BHUJE Mapa He 00eCreynBaroT

TOIIJIUBO-

OXJIQXKCHUS BO3/IyXa/TOIJIUBHON CMECH. JTa MOTepst
OXJIXKCHUS MPEACTABISET COOON TOTOJTHUTEIbHbIE
MOTEPH MOIIHOCTH W3 pabOTaIOIMUX Ha ra3e JBUTa-
TeJIeH 10 CPaBHEHUIO C JIBUTATeNIeM paboTalomuM Ha
JKUJKOM TOIUIMBE. BHpbICK TOIIMBa HENmocpe.-
CTBEHHO B LIWJIMHJIP JIBUTaTeNsl MO3BOJIUT YCTPAHUTD
notepu TypOokoMrpeccopsl W HarHETaTeNu 3ada-
CTYIO HMCIIOJIB3YIOTCS Ha JBUTaTEIsAX, YTOObI o0ecte-
YUTh Jy4YIIHA OallaHC MEXIY MOIIHOCTBIO U TOTI-
JUBHOW SKOHOMHUYHOCTBIO, 32 CUET CHKATHs BO3IyXa
JUISL TOPEHUS, TIOCTYNAIONIETO B IFJIMHJIPHI IBUTATE-

JIg, BCE DTO IIO3BOJAET OOJBINE TOIIMBA, YTOOBI
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power and fuel economy. T&S compress
the combustion air entering the engine’s
cylinders thus allowing more fuel to be
burned and providing more power for a
given engine size.

A. Compressed Natural Gas as an Alterna-
tive fuel for IC Engines CNG defuses in
air fuel mixing at lower inlet temperature
than is possible with either gasoline or die-
sel. This leads to easier starting, more reli-
able idling, smoother acceleration and
more complete and efficient burning with
less unburned hydrocarbons present in the
exhaust. The higher ignition temperature
of gas compared with petroleum based fuel
leads to reduced auto ignition delays. Due
to the higher ignition temperature, CNG is
less hazardous than any other petroleum
based fuel. The higher octane rating (120)
for CNG as compared to that of gasoline
(87) and consequently more efficient fuel
consumption. B. Types of Compressed
Natural Gas Engines Gaseous fuels are
more suitable for higher compression en-
gines (due to high octane value that per-
mits a high compression ratio, leading to
higher thermal efficiency at full-load con-
dition) as well as produce less polluting
exhaust gases, if appropriate conditions are
satisfied for their mixing and combustion.
Therefore, it is more economical and of
environmental advantage to use CNG in
diesel DF engines. Hence, some type of
ignition aid is required. Dual fuel (DF) is
one practical way to use CNG in such en-
gines. Hence, some type of ignition aid is
required. Dual fuel (DF) is one practical
way to use CNG in such engines.

C. Present Status of Compressed Natural
Gas EnginesCombustion Characteristics In
an experimental study on combustion
characteristics of a turbo charged CNG and
diesel duel-fuelled CI engine, ignition de-
lays, and effects of pilot diesel and engine
load on combustion characteristics were

cKeub U oOecrieurBas OOJbIIE MOIIHOCTH JUISL JTaH-
HOTO 00bEeMa JBUTATEISI.

A. Cxatplil IpUPOAHBINA Ia3 B KAYECTBE allbTEpHa-
tuBHOTO ToruBa st JIBC

Pazpsxennsiil Bo3ayx cmemmBaercs ¢ KIII', u 3atem
C TOILTUBOM IIpu OoJiee HU3KOW BXOJIHOM TemrepaTy-
pe, ueM OEH3UH WM AU3eNIbHOE TOILUIMBO. DTO IMpH-
BOJUT K JIETKOMY 3amycKy, Oojiee IJIaBHOMY XOJIO-
CTOMY XOAY, IJIABHOMY YCKOPEHHIO U 00Jiee IOJIHO-
My U 3(QPEKTUBHOMY TOPEHUIO C MEHBIIUM KOJHYe-
CTBOM HECTOPEBIIUX YIJIEBOJOPOJIOB, IPUCYTCTBY-
IOIUX B BBIXJIONHBIX ra3ax. Beicokas Temmeparypa
BOCIIAMEHEHUS ra3a Mo CPaBHEHMIO ¢ He(TAHOI oc-
HOBE TOIUIMBA MPUBOAUT K CHUKCHUIO 3a/ICPKKHU
BOCIUIAaMEHEHUs] ToIuMBa. M3-3a Ooiee BBICOKOU
temneparypsl BocrmameHenus, KIII sBnsieTcs menee
OMACHBIM, YeM JI000e Ipyroe TOIIUBO, Ha HedTs-
HOUM ocHoBe. Bricokoe oxrtanHoBoe uucio (120) mns
KIII" mo cpaBHeHuto ¢ OeH3MHOM (87) MO3BOJISAET J0-
cTuraTh 0osee 3(pPEKTUBHBIN pacXo1 TOIUIHBA.
b.Bunpl neuraresneil Ha ¢KaToM MPUPOJHOM rase [ a-
3000pa3HOe TOIUIMBO OOJIbIIE MOAXOMAT IJIsi IBUTA-
Tesel ¢ O6osiee BBICOKOM CTEMEHbI0 cxKaThs (3a cyeT
BBICOKOT'O OKT@HOBOTI'O 4HcJia 3HAa4eHHue, uTo obecre-
YHBAET BBHICOKHI KOA(D(PUIIMEHT CKaTusi, 4TO MPHUBO-
AT K noBeIeHuto Tepmuyeckoro KII/[ mpu nonHoM
Harpyske), a TakXe IMPOU3BOJAAT MEHbBIIE BbIXJIOMN-
HBIX T'a30B, IPU COOTBETCTBYIOLIUX YCIOBUAX I UX
cMmelieHus u ropenus. CnenoBaTenbHO, OH ABIISETCS
Oosiee SKOHOMUYHBIM U 3KOJOTMYECKHX IMpEeUMy-
miecTB ucnoib3oBanusi CIII' B qu3enbHbIX JgBUTaTE-
nax JId. JIsoitnoe tommmBo (HAT) - a3To omuH u3
MpaKTU4eCKuX croco6oB ucnonszoBanus KIII' B Ta-
KHUX JIBUTATENSX.

B.CoBpemMeHHOE COCTOSTHHE U XapaKTEPUCTHKHU CKa-
toro mpupoaHoro raza B JIBC. B akcniepumenTans-
HOM HCCIIEJOBAaHUM Ha XapaKTEPUCTHUKU CTOpaHUs
KIII' =na
Harpy3Kkd OBbLTH MPOAHATU3UPOBAHBI MO JIaBIECHUIO.

JM3EIIBHOM ~ TypOMpPOBaHHOM  MOTOpE
IIpy HU3KOM CKOPOCTH U MajOW HAarpy3Kd yCIIOBHUS
AKCIUTyaTallMi, CKOPOCTb HAapacTaHUs JaBJICHUS
Habmroanack AOBOJBHO BhICOKas. KomnyecTtBo BbI-
OpOCOB BO3paCTaeT C yBEIMYEHHEM KOHLIEHTpAIUH
Merana (Harpy3ku). Korga J1® neuratenu paborarot

B YCIIOBHUSIX HEOOJBIION HArpy3K, IBIMHOCTH JIBH-
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analyzed using measured cylinder pressure
of the engine. Under lowspeed and low-
load operating conditions, the rate of pres-
sure rise was observed rather high. When
DF engines run under low-load conditions,
that exhaust is always smokeless. Even if it
is operated at full-load condition, smoke is
less still less than that form diesel engine
A study was undertaken as to hoe a pilot
injection of diesel fuel affects the combus-
tion of CNG-air mixture in an environment
approximating that of a diesel cycle. After
calibration of a 3D numerical mode by
combustion bomb tests, parametric studies
were carried on the pilot injection pres-
sures and the number and size of nozzles
holes for a fixed diesel fuel floe rate. The
numerical model gave a very good agree-
ment with experimental results in predicat-
ing the combustion pressure. However, at
the tail of the burning period, the experi-
mental results fall more rapidly than those
of the simulation. Also, when the injection
pressure increases (20-60 Mpa), the com-
bustion pressure increases (30). The higher
fuel injection pressure gives a faster com-
bustion of CNG. The results show that a
high injection pressure has the beneficial
effect of increasing the performance of DF
combustion. E. Air pollution A study or
fueled vehicles on emission testing has
shown that formaldehyde level of CNG
vehicle are generally equivalent or less
than formaldehyde levels for gasoline
fuels. In terms of efficiency, performance
and range study, DF vehicles suffer major
drawback either in term of efficiency or
acceleration performance.

2. RESULTS AND DISCUSSIONS Car-
bon monoxide is present in the exhaust gas
is due to unavailability of oxygen for com-
plete combustion process. Higher concen-
tration of CO in the exhaust is a clear indi-
cation of incomplete combustion of the
pre-mixed mixture. The CO levels were

raTelis MpakTUYeCKH HeT. Jlaxe eciii OH JKCIUTyaTHu-
pyercs Ipy NOJHOW Harpys3ke ycjaoBHE, AbIMA MEHb-
11e, 4eM Ha IPOCTO AU3EIbHOM MoTope. B uccieno-
BaHUU TaKXke ObLIa MPEIIPUHATA TOMBITKA BIPHICKA
nusenbHoro Tormmmea Ha B CIII' v noHATh BiMsiHUE
Ha cropanue rasza. [locne xanubpoBku 3D uucieH-
HOTO peXXMMa FOPEHHUs] CMECH MapaMeTpUUeCKHUe HC-
CJIeIOBaHMs IPOBOAMIMCH METOIOM M3MEHEHHUS J1aB-
JICHHS, YUCIIAa U pa3Mepa Comesl OTBepCTH 1 (HuK-
CUPOBAaHHOT'O JIU3€JIbHOrO TOIUIMBA. YMCIEeHHas Mo-
JIeNib JJajla OYeHb XOPOIIEE COBIAJEHUE C IKCIEPH-
MEHTaJbHBIMU pe3yibratamMu OpHako, B XBOCTE(
KOHIIE) TOPEHHUsS], SKCIEPUMEHTAIbHBIE PE3yIbTaThl
MOKA3bIBAIOT, YTO MaJeHUE HAaBJICHUS MPOUCXOIUT
Oornee OBICTPHIMU TEMIIAMH, Ye€M MIPU MOJAETUPOBA-
Hus. Taxoke naBneHue BIpbicka yBenuuuBaeTcs (20-
60 Mlla), naBnenue cropanusi Bo3pactaeT (30%).
bonee BBICOKOK JaBiieHHE BIpPbICKA TOILJIMBA YCKO-
pser cxxuranue CIII'. Pe3ynbTaThl moka3pIBatoT, YTO
BBICOKOE [JaBJIEHHME BIPHICKA HMEET 0JIarOTBOPHOE
BIIMSIHUE YBEJIWYEHUs MPOU3BOJIUTEILHOCTH CHUCTE-
Mbl DF cropanus. E. 3arpssaenue Bosayxa Hccine-
JIOBaHKe TOMIUBf TPAHCIOPTHBIX CPEICTB MO AMUC-
cuu Qopmanpaeruaa mokasano, 4ro yposenp CIIT
TPAHCIOPTHOT'O CPEACTBA, KaK MPaBUIIO, SKBUBAJICH-
T€H WIM MEHbIIIe YpoBHs dopmanbaeruaa st OeH-
3MHOBBIX TOIUIMB. B muane s dexTuBHOCTH, TPOU3-
BOJIMTENILHOCTH M JMaria3oHa uccieaoBanus, [P as-
TOMOOWJIM OTJIMYAIOTCS CEPhE3HBIM HEIO0CTaTKOM
1100 B Cpoke paboTOCHOCOOHOCTU WIIM YCKOpPEHHE
MPOU3BOJUTEIBHOCTH.

2. PE3VJIBTATHI

Oxkuch yriepoaa NpUCYTCTBYET B BBIXJIOMHBIX ra3ax
MPOUCXOJUT M3-32 OTCYTCTBUS KUCIOpOAA AJS IMOJI-
HOTO mporiecca cropanus. bosee BbICOKHE KOHIICH-
Tparuu Co B BBIXJIOITHBIX Tra3ax- 3TO SBHBIMA MPU3HAK
HEMOJIHOTO CrOpaHHs MpeIBapUTENIbHO CMENIaHHON
cmecu. CoBMeCTHOE YpOBHHU OBbUTM BBIIIE U3-32 HE-
3¢ (HEeKTUBHOCTHU CTOPAHUSI.

Hekoropoe konuuectBo raza CIII', nonanaer B KoJ-
JIEKTOp, YTO MPUBOAUT K HEIOCTYIMHOCTH BO3AyXa
JUIsL HaJuiexkamero ropenusi. Ha ocHoBe mpou3Boau-
TETLHOCTH W TMapamMeTpoB BbIOpocoB, KIII' mHIyK-
[[UU PACIIONIOKEHHE Ha 2CM OT JIBUTaTelis KOJIJIEKTOP
MPUHUMAETCS B KayecTBe ONTUMalbHOTO. Topmos-
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higher due to combustion inefficiencies.
Some amount of CNG gas replacing air in
the intake pipe that leads to unavailability
of air for proper combustion. Based on the
performance and emission parameters, the
CNG induction location is at 2cm away
from the engine manifold is taken as opti-
mum. The brake thermal efficiency is in-
creasing with increasing the induction dis-
tance away from the engine manifold. The
brake thermal efficiency of dual fuel in-
ducted at 2 cm is 13.11% By inducting of
CNG gas at the diesel consumption is re-
duced to the normal diesel operation

Hoil Tepmuueckuil KIIJI Bo3pacTtaer ¢ yBenuueHuem
HaNpspKEHUs OT ABUTATENS KOJUIEKTOP. TOpMO3HOMU
tepmuueckuid KIIJ{ nBoiiHOro Tominusa BBEAEH Ha 2
cm 13.11%, Ilyrem nmobGaenenus CIIIT Ha OeH3uH
pacxos yMEHBIIAETCS 10 HOPMAJIBHOIO JU3EIBHOIO
LUKJIA.

Exhaust Emissions and Its Control Tech-
nology for an Internal Combustion Engine

BBI6pOCBI BBIXJIOIIHBIX I'a30B U TCXHOJOI'HA HMX KOH-
TPOJIA IJI ABUTATCJIA BHYTPCHHETO ClrOpaHUs

I. Introduction

Undesirable emissions in internal combus-
tion engines are of major concern because
of their negative impact on air quality,
human health, and global warming. There-
fore, there is a concerted effort by most
governments to control them. Undesirable
emissions include unburned hydrocarbons
(HC), carbon monoxide (CO), nitrogen ox-
ides (NOx), and particulate matter (PM),
we present the U.S. and European emis-
sions standards, both for gasoline and die-
sel operated engines, and strategies to con-
trol the undesirable emissions. The role of
engine design, vehicle operating variables,
fuel quality, and emission control devices
in minimizing the above-listed pollutants
are also detailed. “Emissions” is a collec-
tive term that is used to describe the unde-
sired gases and particles which are re-
leased into the air or emitted by various
sources, Its amount and the type change
with a change in the industrial activity,
technology, and a number of other factors,
such as air pollution regulations and emis-
sions controls. The U.S. Environmental
Protection Agency (EPA) is primarily con-
cerned with emissions that are or can be
harmful to the public at large. EPA consid-

Brenenne

HexenaTtenbHble BHIOPOCHI B JIBUraTeNsiX BHYTPEH-
HEro CropaHus BbI3BIBAIOT CEPbE3HOE HETATUBHOE
BO3/ICIICTBIE HA Ka4yeCTBO BO3/1yXa, 3J0POBbE UEJIO-
BeKa,u riobanbHOe mnoTemieHue. [loatomy 60ib-
IIMHCTBO IMPABUTENIBCTB KOHTPOIMPYIOT uX. Hexe-
JaTeNbHBI BBIOPOCHI BKIIOUAIOT HECTOPEBILIHE YT-
neBonopoasl (hc), MoHoOKcuA yriepoaa (co), OKCH-
JIbl a30Ta (nOX) U TBepAble YacTulbl (pm), MbI npen-
CTaBJIsIEM BBIOPOCHI B CIlIa U €BPOIIe, OHU CTAaHAAPTHI,
KaK Ui OCH3MHOBBIX, TaK U JU3EJbHbBIX JBUTATENEH.
Ponb KOHCTpyKUMH JABHUTatrens, TPaHCIOPTHOTO
Cpe/ACTBa AKCIUTyaTallMOHHbIE MapaMeTpbl, KAYECTBO
TOTLIMBA U BHIOPOCHI YCTPOMCTB YIpPaBIEHUS B LIETSAX
MUHHMMH3ALANA  BBIIIENIEPEUUCIIEHHBIX 3arps3HUTe-
neil. «BbIOpoCh» - 3TO KOJIEKTUBHBIH TEPMHH, KO-
TOPBII UCTIONB3YETCS ISl ONMCAHUS HeXKeNaTeIbHbIX
ra3oB U YacCTHUIl, KOTOpbIE BHIOPACHIBAIOTCS B BO3IYX
WU UCITYCKAE€MbIX Pa3IMYHBIMA MCTOYHUKAMH, €TO
KOJIMYECTBO U THUIl U3MEHEHUS C U3MEHEHUEM MTPOU3-
BOJICTBEHHOM J€ATEIbHOCTH, TEXHOJIOTUU U P APY-
ruxX (aKTOpOB, TAKUX KaK PETYIUPOBAHUIO 3arpsi3-
HEHMsI BO3JyXa M KOHTPOJIIO 3a BBIOpOCaMHu.
ATreHTCTBO MO OXxpaHe okpyxarwomen cpeasl CIHA
(EPA) BOCHOBHOM KacarTCs BBIOPOCOB, KOTOpBIC
SBIIIOTCS UM MOTYT OBITH BPEIHBIM JIJIsl OOIIEeCcTBa
B 1ienioM. EPA cuutaer Oxkuck yriepona (CO), cBu-
uen (Pb), nuokcun azora (NO2), o3on (O3), TBepbie
yactuipl (TY) u Jduokcun cepst (SO2) B kauecTBe
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ers carbon monoxide (CO), lead (Pb), ni-
trogen dioxide (NO2), ozone (O3), particu-
late matter (PM), and sulphur dioxide
(SO2) as the pollutants of primary concern,
called the Criteria Pollutants. These pollu-
tants originate from the following four
types of sources. 1. Point sources, which
include facilities such as factories and
electric power plants. 2. Mobile sources,
which include cars and trucks but also
lawn mowers, airplanes, and anything else
that moves and releases pollutants into the
air. 3. Biogenic sources, which include
trees and vegetation, gas seeps, and micro-
bial activity. 4. Area sources, which con-
sist of smaller stationary sources such as
dry cleaners and degreasing operations.
Gasoline and diesel fuels are mixtures of
hydrocarbons, compounds which contain
hydrogen and carbon atoms. In a “perfect”
engine, oxygen in the air would convert all
the hydrogen in the fuel to water and all
the carbon in the fuel to carbon dioxide.
Nitrogen in the air would remain unaffect-
ed. In reality, the combustion process can-
not be “perfect,” and automotive engines
emit several types of pollutants. II. “Per-
fect” Combustion FUEL (hydrocarbons) +
AIR (oxygen and nitrogen) CARBON DI-
OXIDE + water + unaffected nitrogen
Typical Engine Combustion: FUEL + AIR
UNBURNED HYDROCARBONS + NI-
TROGEN OXIDES + CARBON MON-
OXIDE + CARBON DIOXIDE + water
III. Exhaust Pollutants « HYDROCAR-
BONS Hydrocarbon emissions result when
fuel molecules in the engine do not burn or
burn only partially. Hydrocarbons react in
the presence of nitrogen oxides and sun-
light to form ground-level ozone, a major
component of smog. Ozone irritates the
eyes, damages the lungs, and aggravates
respiratory problems. It is our most wide-
spread and intractable urban air pollution
problem. A number of exhaust hydrocar-

3arpsi3HUTENeH TepBUYHBIX KoTopble Ha3bIBaIOTCS
Kputepusmu «3arpsa3Hurenu». OTu 3arpsisHUTENen
MPOUCXOJAT U3 CIEAYIOUINX YETHIPEX THUIIOB HUCTOY-
HUKH. 1. ToyeyHble HCTOYHUKH, KOTOPBIE BKIIOYAIOT
00BbeKThl Takux Kak 3aBOJbl M 3JIEKTPOCTAHIMHU. 2.
MoOuiIbHBIE HCTOYHHUKH, KOTOPBIE BKIIIOYAIOT aBTO-
MOOWIN U TPY30BHKH, HO TaKK€ I'a30HOKOCHIIKH, Ca-
MOJIETBI M BCE€ OCTAJIbHOE, 4YTO NEPEeMEIaeT U BbI-
CBOOOXKIAET 3arpsi3HSIONIME BEIIECTBA B  BO3-
IyX. 3.buoreHHbple UCTOYHMKH, BKJIIOYAIOLIUE Jepe-
BbsS U PACTHUTEIBHOCTH, T'a30BBIX MPOCAYMBAHUN M
MUKpOOHOUM akTuBHOCTH. 4. [lnomans McTounukw,
KOTOpBbIE COCTOST M3 00jee MEJIKHUX CTAal[MOHAPHBIX
UCTOYHUKOB Takux Kak XMMYHUCTKAa U 00€3KupUBa-
HUe. BeH3uH M au3enbHOEe TOIUIMBO MPECTABISIOT
coboii cMecu YTIeBOJOPO/bl, COETUHEHNUS, KOTOPbIE
conepxar Bogopoa M aromsl yriepoaa. B «uneans-
HOM» JBurarene Bo3nyx mpeBpaTuil Obl Bech BOJO-
pol B ToIuBe, yToObl Boja u Bech yriaeposa B TOI-
JIMBE K YIJIEpOy NUOKCUJ. A30T B BO3JYyXE OCTaHET-
csl He3aTpoHyThIMU. Ha camom nene, mporiecc rope-
HUs He MoxeT OBITh «COBEpLICHHBIM», & aBTOMO-
OUJIbHBIE IBUTATEIH M3JIy4aroT HECKOJIBKO BHJIOB 3a-
IPA3HSIONINX BEIECTB.

Il. «Cosepmennoe» cropanue TOIIJIMBO (yrneso-
noponsl) + BO3AVX (xucnopon u azor) YIJIE-
POJIHBIN JIMOKCUJT + Boza + He3aTpOHYTHII a30T
Tunuunoe cropanue TtormBa: TOIIJIMBHBIE +
BO31YX HEOBXOUMBIE YTJIEBOAOPObI +
OKCHJIbI A30TA + MOUYEHHBIN YTJIEPOJ +
JANOKCHUJL YTJIEPOJA + Bojibl

I1l. 3arps3uuTtenu BeIxJonHbIX Ta3oB ¢ YIJIEBO-
JOPO/IbI

Br16poch! yrieBo10po0B BO3HUKAIOT, KOT/1a TOIUIH-
B0 MoJekyiabsl B ABHraTelle HE TOPSAT WA TOPAT

pearupyoT B
npucyrcTBUM OKCHIIOB a30Ta U COJIHEYHOI'O CBETA C

TOJBKO YaCTHUYHO. YTJIEBOJOPOIBI

oOpa3oBaHHEeM Ha3eMHOTO ypoBHS O30H , OCHOBHOU
KOMIIOHEHT cmora. O30H pa3zapaxaer ['nasza, nmospe-
JKAaeT Jerkue u ycyryounser [Ipobnemsl ¢ qpixaHu-
eM. OTO Hall caMblil pacrpocTpaHeHHbI u Hepas-
pemmMas mpobiieMa 3arpsA3HeHUs BO3AyXa B TOpoO-
nax. KomnuectBo BhIXTOnHbBIE YTiI€BOIOPOIBI TaKKE
TOKCUYHBI, MOXKET BbI3BaTh pak.

* OKCUJZIBI A3BOTA (NOx)
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bons are also toxic, with the potential to
cause cancer. « NITROGEN OXIDES
(NOx) Under the high pressure and tem-
perature conditions in an engine, nitrogen
and oxygen atoms in the air react to form
various nitrogen oxides, collectively
known as NOx. Nitrogen oxides, like hy-
drocarbons, are precursors to the formation
of ozone. They also contribute to the for-
mation of acid rain. « CARBON MONOX-
IDE Carbon monoxide (CO) is a product
of incomplete combustion and occurs
when carbon in the fuel is partially oxi-
dized rather than fully oxidized to carbon
dioxide (CO). Carbon monoxide reduces
the flow of oxygen in the blood stream and
is particularly dangerous to persons with
heart disease.

* CARBON DIOXIDE

In recent years, the U.S. Environmental
Protection Agency (EPA) has started to
view carbon dioxide, a product of “per-
fect” combustion, as a pollution concern
.Carbon dioxide does not directly impair
human health, but it is a “greenhouse gas”
that traps the earth’s heat and contributes
to the potential for global warming.
Evaporative Emissions

Hydrocarbon pollutants also escape into
the air through fuel evaporation. With to-
day’s efficient exhaust emission controls
and today’s gasoline formulations, evapo-
rative losses can account for a majority of
the total hydrocarbon pollution from cur-
rent model cars on hot days when ozone
levels are highest. Evaporative emissions
occur several ways:

DIURNAL.: Gasoline evaporation increas-
es as the temperature rises during the day,
heating the fuel tank and venting gasoline
vapours.

RUNNING LOSSES: The hot engine and
exhaust system can vaporise gasoline when
the car is running.

HOT SOAK: The engine remains hot for a

ITox BBICOKUM [aBIIEHUEM U TEMIIEPATYPOU Y CIIOBUS
B JIBUIaTeje, aTOMax a3oTa U Kuciaoponaa B Boznyxe
pearupyoT ¢ 00Opa30BaHUEM pa3IMYHBIX OKCHIOB
azorta, CoBmecTHO uMenyembie NOx. Okcuibl a3ora,
KaK YTJIeBOAOPObI, SBIAIOTCS IpeKypcopamu (op-
MUpoBaHUA 030H. OHM TaKkke CIIOCOOCTBYIOT oOpa-
30BaHUIO KHCIIOTHI T0XK/Ib.

* MOHOOKCHU/] YI'JIEPOJJA

Oxkwucs yriepona (CO) siBisercs npoaykrom Hemorn-
HOTO CrOpaHusl M MPOMCXOAUT, korga TorimBo 4a-
CTHUYHO OKHCIISIETCS, a HE IOJHOCThI0 OKucisercs 10
nuokcuna yraepona (CO). MoHookeua —yriaepoja
YMeHbIIaeT NOTOK KHUCIOpOoJa B KpoBOTOKe U Oco-
OEHHO oIaceH JJIs JII0JIeH C cepAeYHbIM OOJIE3HU.

« VIJIEKUCJIBIN A3

B nocnennue rompl ArentctBo mo oxpane (EPA)
HayaJlo paccMaTpuBaTh Yriaepoj AUOKCHUI, MPOAYKT
«UJCAIBHOTO» CXKUTAHUS, KaK 3arpsi3HeHHue. Yriie-
KHMCIIBI ra3 HE HalpsIMyI0 HAaHOCUT BpE] 30POBBIO
YeJI0BEKa, HO 3TO «IIApHUKOBBIA Ta3y», JloBymiku
Tera 3emMiu u crocodctByer IloreHuuman st rio-
OanpHOrO mnoreruieHus. VcrnapurenbHble BBIOPOCHI
3arpsI3HUTENN YIIIEBOJOPOIOB TaKXe yXoaar B Bos-
IyX 4epe3 ucnapeHue Tormusa. C ceroJHsAIIHUMU
spdexTuBHbIMH KOHTpONIE BBIOPOCOB BBIXJIONHBIX
ra3oB U coBpeMeHHoro OeHznHa CocTaBoOB, UCHAPH-
TelbHBIE MOTEPU MOTYT cocTaBiATh llomamistomiee
00bIIMHCTBO 001ero Tekyiine MoJen aBToMOOHU-
Jed B JKapKHe JHH, KOIZIa YPOBHU 030HA SIBISAIOTCS
caMbIMH  BBICOKMMHU. McnapuTenbHble  BBIOPOCHI
UMEIT  MecTo  Heckosnbko — mytu:  Cyrou-
HOM: beH3nHoBbIe McnapeHus Bo3pacTtaeT npu Tewm-
neparypa NoJHUMAeTCs B TEUEHUE JHS, HarpEBAETCs
TOIUIMBO TaHK M BEHTWJIMPOBAHUE MMAPOB OEH3MHA.
[Iporeuku: ropsunii ABUraTenb U BbIXJIONHYIO CH-
cTeMa MOKET UCHapsaTh OCH3WH, KOTJa aBTOMOOWIIH
ber. IIporpeBanue B : JIBUraresib OCTaercsi ropsyuM
B TEUYEHHE Nepuoaa BpeMeHu nocne BBIKIIOYEHUS
aBTOMOOWIA M OeH3uHa VMcmapeHue mpojoikaercs,
KOTJJa aBTOMOOMJIb CTOUT Ha CTOSIHKE.

3AITPABKA: ITapsr 6eH3uHa Bcerja mpUCyTCTBYIOT
B TormBHBIX 6akax. DT mapbl BHITECHSAIOTCS, KOT 1A
bak 3amonHeH XUIKUM TOIITMBOM. BBIOpOCH! nBUTA-
teneit Si Beibpocwr asurareneii SI menstcs Ha Tpu
KaTeropuM - BHIOPOC BBIXJIOMHBIX ra3oB, HCHApEHUE
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period of time after the car is turned off,
and gasoline evaporation continues when
the car is parked. REFUELING: Gasoline
vapours are always present in fuel tanks.
These vapours are forced out when the
tank is filled with liquid fuel.

Si engine emissions S.I. engine emissions
are divided into three categories as exhaust
emission, evaporative emission and crank
case emission. The major constituents
which contribute to air pollution are CO,
NOx, and HC coming from S.I. engine ex-
haust. The relative amounts depend on en-
gine design and operating conditions but
are of order, NOx -> 500-1000 ppm (20
gm/kg of fuel), CO -> 122% (200gm/kg of
fuel) and HC -> 43000 ppm (25 gm/kg of
fuel). Fuel evaporation from fuel tank and
carburettor exists even after engine shut
down and these are unburned hydrocar-
bons. However in most modern engines,
these non- exhaust unburned HCR effec-
tively controlled by returning the blow by
gases from the crank case to the engine. In-
take system by venting the fuel tank and a
vapour absorbing carbon canister which is
purged as sum of the engine intake air dur-
ing normal engine operation. The order
constituent includes SO2 and lead com-
pounds. The petrol rarely contains sulphur
therefore; SO2 is not a pollutant from s.i.
engine exhaust. Petrol contains lead in
small percentages but its effect is more se-
rious on human health. Therefore Delhi
govt has restricted the use of petrol without
lead. One of the most important variables
in determining S.1. emission is the fuel air
equivalence ratio. The Sl engine is always
operated at stoichiometric or slightly rich
mixture. At the starting of the engine, very
rich mixture is supplied as vaporization is
very slow. Thus, until the engine warms up
and this enrichment is stopped, CO and
HC emissions are high. At part load condi-
tions, lean mixture can be used which will

DOMHCCHOHHBIX u KPHUBOIIHUITHBIX KOpITy-
coB. OcHoBHBIM CocCTaBstONINE, KOTOPbIE CIOCO0-
CTBYIOT 3arpsi3HeHuro Bo3ayxa, sBistorcs CO,
NO x, u HC ucxonas u3 Beixnomna asurarenas Sl. Ot-
HOCHUTEIIbHBIC BEJTMYMHBI 3aBUCST OT ABHUrateis. u-
3aliH M YCJIOBUS AKCIUTyaTalllud, HO UMEIOT TOPSJIOK,
HET x -> 500-1000 yacre#i nHa mmwuiioH (20 r / kr
toruuBa), CO -> 122% (200 r / kr Tornusa) u HC ->
43000 ppm (25 I' / kr ToruBa). Mcnapenue Tormsa
u3 TorumBHOrO Oaka m KapOGroparop cymecTByeT
Jla’Ke TIOCJIe BBIKIIOYCHHUS JABHUTaTeNss U JTO HECTo-
peBmme yrieBonoponsl. OmHako B OOJBIIMHCTBE
CoBpeMCHHBIC JBUTATENIN, 3TH HEHUCYEpIIaeMbIe He-
cropesiiie  HCR  DQQekTHBHO KOHTPOIMPYETCS
BO3BparoM yaapa razamu OT Kaprepa K JBHrare-
mro. Crucrema BITycka BeHTWIISAIUS TOITMBHOTO Oaka
Y TIOMJIOINAIONIEro mapbl yriepoaa Kanucrpa, KoTo-
pasi ouMIIaeTcss Kak CyMMa MOTPeOJICHUsT ABUTATENs
Boznyxa pabore

ns1. [Ipuka3 cocrapmstomei BkirodaeT B cedst SO 2 u

IIpU  HOPMAaJIbHOU JBUrarTe-
coeauHeHus: cBUHIA. [loaToMy OEH3MH peaKo co-
nepkut cepy; SO 2 He sBnseTcss 3arpsi3HUTENb OT
BBIXJIONHBIX Ta30B JBHUraTens. beH3suH comepxur
JlunepcTBO B HEOOIBIINX NPOLIEHTaX, HO ero 3¢ (et
Oonbumie  Cepbe3Hble AN 3]I0POBbS

ka. [Toaromy Jlenuiickoe mpaBuTenbcTBO OrpaHuye-

YCJI0BC-

HO HCIoNb30BaHME OeH3uHa Oe3 cBuHIA. OIuH U3
Haubonee BakHble NEpEeMEHHBbIE NMPU ONPECICHUN
CH Dwmuccus - ko3 HULIHUEHT HKBUBAJIEHTHOCTH K-
BuBasieHTa TormBa. CU JIBurarens Bcerja paboraer
npu crexuomeTrpuieckom uiau Crierka oborarieHHas
cmech. [Ipu 3anmycke asurarens, OueHp Ooraras
CMECh IOCTABIISIETCS, MOCKOJIBKY MCIIAPEHUE OYEHB
MeasieHHBIH. TakuM 00pa3oMm, IMOKa JBUTAaTENb He
nporpeetrcss u OOoraieHne MpeKpaniaeTcsi, BEIOPO-
cel COu HC

BbIcoKast. [Ipu ycroBusix yacTUYHON HaArpy3Kku oden-
HEHHYIO CMeCh MOXHO Vcnonb3yercs uisi CHUKEHUS
BbIOpocoB YB u CO u

ymepenHnble Beiopocsl NO X. Mcnonb3oBanue — pe-
UPKYJIMPOBAaHHBIX BBIXJIOMHBIX Ta30B Ui pa30aB-
JICHHBIA BO3yX03a00pHUK JABUraTelNsi CMECh CHUXKa-
er NO X Ho yxynmaer Ka4yecTBO TOPEHHsI. BBIXJIOM
Pemmpkynsnus raza (EGR). Meron ucnonbs3yercs ¢
CTexruoMeTpUUYECKUX CMECEH BO MHOTUX JIBUIaTEIAX
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reduce HC and CO emissions and moder-
ate NOx emissions. Use of recycled ex-
haust to dilute the engine intake mixture
lowers the NOx level but deteriorates
combustion quality. Exhaust gas recircula-
tion (EGR). Method is used with stoichio-
metric mixtures in many engines to reduce
emissions. The sources of pollution are
mainly three as mentioned earlier, the en-
gine exhaust, (CO, NOx,HC), the crank-
case breather (HC) and direct evaporation
of petrol from carburettor and fuel tank
particularly in hot weather(HC).

Cl engine emissions Diesel combustion is
heterogeneous in nature, unlike spark-
ignited engines where the combustible
mixture is predominantly homogeneous. In
diesel engines fuel is injected into a cylin-
der filled with high temperature com-
pressed air. Emissions formed as a result
of burning this heterogeneous air/fuel mix-
ture depend on the prevailing conditions
not only during combustion, but also dur-
ing the expansion and especially prior to
the exhaust valve opening. Mixture prepa-
ration during the ignition delay, fuel igni-
tion quality, residence time at different
combustion temperatures, expansion dura-
tion, and general engine design features
play a very important role in emission
formation. In essence, the concentration of
the different emission species in the ex-
haust is the result of their formation, and
their reduction in the exhaust system. In-
complete combustion products formed in
the early stages of combustion may be oxi-
dized later during the expansion stroke.
Mixing of unburned hydrocarbons with ox-
idizing gases, high combustion chamber
temperature, and adequate residence time
for the oxidation process permit more
complete combustion. In most cases, once
nitric oxide (NO) is formed it is not de-
composed, but may increase in concentra-
tion during the rest of the combustion pro-

JUTSE BBIOPOCKL. VICTOUHUKAaMU 3arpsi3HEHUS SBIISTIOTCS
B ocHOBHOM Tpu Kak ynmomuHanoch paHee, BBIXJIOI-
ueix razoB jasuratens (CO, NO x, HC), canyn kap-
tepa (HC) u npsmoii Mcnapenue OeH3uHa U3 Kap-
OropaTopa M TOITUBHOTO 0aka OCOOCHHO B YKAPKYIO
noroxy (HC). Beiopocer npurareneii CI Cxuranue
JU3ETbHOTO TOIJIMBAa HEOAHOPOJHO B XapakTep, B
OTJIMYHME OT JBUTATENCl C MCKPOBBIM 3a)KUTAHHUEM,
rJie TOPIOYMH CMECh SIBJISIETCS MPEUMYIIECTBEHHO
OJIHOpO/HA. B AM3enbHBIX JABUTATENAX TOIUIMBO
BIIPBICKHUBAETCA B L{MIuHAp, HAIlOJHEHHBIA BBICOKO-
TEMIIEPATYPHBIM CXKaThIM BO31yX. BeiOpockl, obOpa-
30BaBIIUECS B pe3ylbTaTe CXKUTaHUs 3Toro ['erepo-
TeHHAass CMeCh BO3AYyX / TOMIMBO 3aBUCUT OT [Ipeob-
Ja/Ial0IIMe yCIOBHUS HE TOJBKO BO BpEMSI TOPEHHS,
Ho Ttakke BO Bpemsi pacmiMpeHusi ¥ OCOOEHHO 0
OTtBepctue BhITyCKHOTO KiamnaHa. [logroroBka cme-
cu Bo Bpemst 3a7iepiKKU 3a)KUTaHUsI, KaYeCTBO 3aXKH-
raHus TornBa, Bpemst mpeObIBaHUs TP PA3ITUIHBIX
TeMriepatrypax ropenus, [IpogomKuTeNbHOCTh pac-
UPEeHUS U 00IMid qu3aiH aBuratesst OyHkium ur-
paroT OYeHb BAXXHYIO pOJIb B OMHUCCHH 00pa3oBa-
Hue. B cymHocT, koHueHTpanusi Pe3ynbratoMm sB-
JISIOTCSL Pa3MyYHbIe BHUJIBI BBIOPOCOB B BBIXJIOMHBIX
razax Mx oOpa3oBaHus U YMEHBIICHHUS HX B BBI-
XJIOMHBIX Ta3ax cuctema. HemosHbie TPOTYKTHI CTO-
panus, oOpa3oBaHHble B PaHHHME CTaguu TOPEHHS
MOTYT OBITh OKHCJIEHBI T037Hee Bo Bpemsi TakTa
pacmpennsi. CMEIIMBaHUE HECTOPEBIINX YTJIEBO-
JIOPOJBI C OKUCISIONIMMHU ra3aMH, BBICOKOE TOPEHUE
TemmnepaTypa B KaMepe M JOCTaTOYHOE BpeMs Ipe-
ObiBaHus {7151 mpoliecca OKUCICHHS TMO3BOJIIOT 00-
Jiee TIOJHO cropaHusi. B GonbpIIMHCTBE ciiydaeB, KO-
raa okcua azota (NO) ChopmupoBana, oHa HE pas-
JlaraeTcsi, HoO MOXKET yBeIMuHMBaThcss KoHIeHTparus
BO BpeMs OCTalbHOM yacTu cropanus [Iponece, eciau
TeMmnepaTypa octaercs Bbicoko Hopmel eBpo BrI-
XJIOMHBIE Ta3bl OT JBUTATENEN BHYTPEHHETO Cropa-
HUs B ocHOBHOM CojiepaT HeCTOpEBILINE YIIIEBOI0-
poxst (HC), morookcup yriepoaa Okcun (CO) u ok-
cuasl azora (NOX), koTopsle sBisitoTcs B ocHOBHOM
OTBETCTBEHHBI 3a 3arpsi3HEHHE BO3/yXa, KOTOPHIE
BbI3BIBAIOT ONAaCHOCTEN ISl 3I0POBBA U TUIOXUX MO-
CIEICTBUN ISl CEIbCKOXO3SMCTBEHHBIX KYIBTYP.
[TosTomy mnpaButenbcTBO. Hamoxxuimo Ha BBIOPOCH
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cess if the temperature remains high

IV. Euro norms

The exhaust gases from IC engines mainly
contain unburned hydrocar-
bons(HC),carbon mono oxide(CO), and ni-
trogen oxides(NOXx), which are mainly re-
sponsible for air pollution which cause
health hazards and bad effects on the crops
also. Therefore, the govt. has imposed on
emission standards which limit the amount
of each pollution emitted by the engine in-
to the atmosphere. The govt. of India has
accepted the emission norms laid down by
European countries and these are known as
“Euro- Norms”

CrannapThl, KOTOpble OTPAaHUYMBAIOT 00BEM KaX10-
ro 3arpssHenus lMcryckaemoro nBurareiaeM B aTMO-
coepy. [IpaBurensecTBo. MHIuMM mnpuHATA HOPMBI
BBIOpOCOB, ycTaHoBjieHHbIe [1o eBpomeiickum crpa-

HaM, 1 OHH U3BCCTHBI KaK ((EBpO-HOpMBI»

Exhaust emissions estimation during tran-
sient turbocharged diesel engine operation
using a two-zone combustion model

OrneHka BHIOPOCOB BBIXJIOMHBIX Ta30B BO BpeMs Iie-
PEXOAHBIX MPOLECCOB B JU3EIBHOM JIBUraTelie ¢
TypOOHaJyBOM, HCIIOJIb3Ysd JABYX30HHYIO MOJEIb
rOpeHus

1 Introduction

Nowadays, the turbocharged diesel engine
is the most preferred prime mover in me-
dium and medium-large units applications
(truck driving, land traction, ship propul-
sion and electrical generation). Moreover,
it continuously increases its share in the
highly competitive automotive market ow-
ing to its reliability that is combined with
excellent fuel efficiency. Particularly, its
transient operation is of great importance
in everyday operating conditions of en-
gines, being often linked with off-design
and consequently non-optimum perfor-
mance. Turbocharger lag is the most nota-
ble off-design feature of diesel engine
transient operation that significantly dif-
ferentiates the torque pattern from the re-
spective steady-state conditions. It is
caused because, although the fuel pump re-
sponds rapidly to the increased fuelling
demand after a load or speed increase, the
turbocharger compressor air-supply cannot
match this higher fuel-flow instantly, but
only after a number of engine cycles owing
to the inertia of the whole system; the

1. Beenenue

B Hacrosiee Bpems 1u3eabHbIN 1BUTaTENb C TYpOO-
Ha/ITyBOM SBIIsieTCsl HanboJsiee NpeArnouTUTEIbHBIM
NEPBUYHBIM JIBUTATEIIEM B CPEIHUX U OOJIBIINX €U~
HUI[ IPUMEHEHUS (BOXKAECHHUE I'PY30BHKA, TATOBOE
yCHUJIE Ha cyllle, ABM)KEHHE KopalJs U dJeKTpuye-
ckas rerepanusi). Kpome Toro, o nocTosiHHO yBe-
JMYHUBAET CBOIO JIOJII0 B KOHKYPEHTOCIIOCOOHBIN aB-
TOMOOMJIBHBIN PBIHOK O1arosiapsi CBOed Ha/IeKHO-
CTH, COYETAIOLIENCs C MPEBOCXOAHBIM 3(h(HEeKTHB-
HOCTb TOILIMBA. B 4acTHOCTH, €ro nepexoHas orne-
panus umeeT O60JIbII0e 3HAUEHHE B TOBCEAHEBHOM
OKCIUTyaTalluOHHbIE YCIOBHSI IBUTaTENEH, 4aCTO
CBSI3aHHbIE C HECTAHAAPTHBIM JU3aHHOM U, CJIeJIOBa-
TenbHO, HeonTumanbHast mpou3BOAUTENb-

HOCTb. 3a/iep:kKa TypOOKOMIIpeccopa sIBIsieTcs
HauboJee 3aMeTHON 0coOeHHOCThIO [lepexonHbIit
PEXUM JU3EIBHOTO JBUTATENS, KOTOPBIH CyIlle-
CTBEHHO OTJINYAET JUarpamMmy KpyTsILIEro MOMEHTa
oT COOTBETCTBYIOLIME YCTAHOBUBIIHECS YCIIO-

BHA. JTO BBI3BAHO TEM, YTO, XOTS TOIJIMBHBINA HACOC
BeicTpo pearupyet Ha yBeanueHHe NOTPEOHOCTH B
TOIJIMBE 110CJIE YBEJINYEHUS HArpy3KHU UIH CKOPO-
cti, Bo3nynHbIi MOTOK KOMITpeccopa TypOOKOM-
Ipeccopa He MOXKET MTHOBEHHO COOTBETCTBOBATh
3TOMy 60Jiee BBICOKOMY pacxoly TOIIJIMBA, HO TOJb-
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above phenomenon is enhanced by the un-
favourable turbocharger compressor char-
acteristics at low loads and speeds. As a
result of this slow reaction, the relative
air—fuel ratio during the early cycles of a
transient event assumes very low values
(even lower than stoichiometric) deterio-
rating combustion and leading to slow en-
gine (torque and speed) response, long re-
covery period and overshoot in particulate,
gaseous and noise emissions. On the other
hand, the high fuel-air equivalence ratios
experienced after a speed or load increase
transient event, produce high combustion
temperatures favouring nitric oxide (NO)
and soot formation, with the latter being
identified as black smoke coming out of
the exhaust pipe (Rakopoulos and Gia-
koumis, 2006a). During the last decades,
diesel engine modelling has intensively
supported the study of engine operation
under transient conditions with simulations
of various levels of complexity. Extensive
studies have been conducted for a variety
of purposes, such Exhaust emissions esti-
mation during transient turbocharged die-
sel engine 129 as investigation of the effect
of various parameters on engine transient
response (Watson and Janota, 1982; Win-
terbone, 1986; Benajes, Lujan and Serrano,
2000; Rakopoulos et al., 2004a; Rakopou-
los and Giakoumis, 2006b), ways of im-
proving response (Watson, 1984;
Rakopoulos and Giakoumis, 2006a), com-
pressor surging (Rakopoulos, Michos and
Giakoumis, 2005), second-law balance
(Rakopoulos and Giakoumis, 2004) and is-
sues concerning engine dynamics
(Rakopoulos, Giakoumis and Dimaratos,
2007). The study of exhaust emissions dur-
ing transients — although of primary con-
cern to engine manufacturers since newly
produced engines must meet the stringent
emission regulations following a legislated
transient cycle — has been dealt with so far

ko [locrne psia UKIIOB ABUTaTENs BCICICTBUE
MHEPLHUU BCEH CUCTEMBI; BbIILIECKAa3aHHOE SIBlIeHNE
YCUJIMBAETCS] HEOIArONPHUATHBIMU XapaKTePUCTHUKA-
MU KoMIpeccopa Typbokommpeccopa npu Huskue
Harpy3Ku U CKOpocTd. B pe3ynbpraTe 3T0i1 MeieH-
HOM peakluu OTHOCUTEIHLHOE COOTHOIIIEHUE BO3IYX-
TOIUIMBO B TeueHUE PaHHME LUKIIBI IEPEXOAHOTO CO-
OBITHS MPENOoIaraloT O4eHb HU3KKE 3HaUeHus (1a-
ke HuxKe, yeM CTEeXMOMETPUUYECKUM) VX YAIICHHUE
CrOpaHMsl U IPUBOJIUT K MEJIEHHOMY JIBUTaTEIIO
(KpyTsIIME MOMEHT U cKOpocTh) PearupoBanue,
JUTATEITbHBIA TIEPUO]] BOCCTAHOBJICHUS M BEIOPOCHI B
BU/JIE YACTHII, ra30B U mrymMoB. C Ipyroi CTOPOHBI,
BBICOKHE KO3((DUIIMEHTHI SKBUBAJIEHTHOCTH TOILJIMBA
Y BO3/yXa, BOSHUKAIOIIHE MTOCIIe CKOPOCTH UITU
Harpy3Ky YBeIHUMBAIOT MIEPEXOAHOE COOBITHE, TTPO-
M3BOJISIT BBICOKHE TEMIIEpaTyphl TOPEHHUS B MOJIb3Y
okcuga azota (NO) u o6pazoBaHue caxu, MpuIeM
MOCJEeTHUHN ObLT HACHTU(UIIMPOBAH KaK YSPHBIN
JIBIM, BBIXOSIIIUE 13 BbixjiomHast Tpyoa (Rakopoulos
u Giakoumis, 2006a ).

B Teuenue nocneHUX AecATUIETUI MOIEIMPOBAHNE
JIU3ENbHBIX JIBUTAaTEIed HHTEHCUBHO MOIEP>KUBAIIO
uccnenoBanre PaboTsl ABUraTess B EPEXOJHBIX
YCIIOBHSX C UMUTALIMEH pa3IMYHBIX YPOBHEH CIIOXK-
HOCTb. bbutH MpoBeIeHbl OOLIMPHBIE UCCIIEI0BaHUS
JUTSL pa3iIMYHbIX Lenel, Takux kak Kak uccnenosa-
HUE BIMSIHUSL Pa3IMYHbIX TapaMeTPOB Ha MEPEXo.i-
HbI otk aurarens (Watson U Janota,

1982; Winterbone, 1986; Benajes, JIyxan u Serrano,
2000 ; Rakopoulos Et al., 2004a; Rakopoulos n
Giakoumis, 2006b), myTu ymy4leHus: pearupoBa-
uus (Watson , 1984; Rakopoulos and Giakoumis,
2006a), komnpeccopHoe HarHeranue (Rakopoulos,
Michos and Giakoumis, 2005 ), Bropoii-ripaBoBoi
6ananc (Rakopoulos u Giakoumis, 2004) 1 Boripocsl
OTHOCHUTEJIbHO IMHAMUKHU JBUTATENS

(Rakopoulos, Giakoumis u Dimaratos, 2007 ). 13y-
YeHHE BHIOPOCOB BBIXJIONIOB BO BPEeMsl IEPEXOAHBIX
IIPOLIECCOB - XOTS U UMEET NIEPBOCTENIEHHOE 3HAYe-
Hue Uit M3roroBurenei ABUraTesiel, OoCKOIbKY
HOBBIE IBUTATEIIN JOJDKHBI YAOBIETBOPATH CTPOTHM
AMHUCCHAIM B cOOTBETCTBUM € 3aKOHOAATEIHCTBOM
MEPEXO/IHOTO IMKJIA - B HACTOSIIIEE BPEMsI DKCIIepHU-
MeHTanpHas 0aza ( Kang u ®@apemnsi, 2005; Xares,
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mainly on an experimental basis (Kang
and Farell, 2005; Hagena, Filipi and As-
sanis, 2006). On the other hand, the major-
ity of transient models have not included
exhaust emissions prediction in their simu-
lations. The latter emanates from a com-
promise that has to be made, since transi-
ent simulations require relatively high
computational time, which would become
prohibitive if exhaust emissions prediction
were also included. Thus, transient codes
incorporating a multi-or even a two-zone
combustion model are scarce (Bazari,
1994; Chan, He and Sun, 1999), with the
latter reference addressing NO emissions
predictions only. On the other hand, ap-
proximations using quasi-linear models
that are based on steady-state engine per-
formance fail to predict accurately exhaust
emissions during transients, especially so
for the turbocharger lag cycles (Hagena,
Filipi and Assanis, 2006), since no actual
modelling of the relevant off-design phe-
nomena is included. The aim of the present
work is to fill this apparent gap in the open
literature by conducting a preliminary as-
sessment of NO and soot exhaust emis-
sions during transient operation of a turbo-
charged diesel engine. To achieve this tar-
get, an experimentally validated two-zone
transient diesel combustion model is used,
having the added advantage of limited re-
quirements in terms of execution time and
computer memory. Analytical modelling
of in-cylinder processes, such as air mo-
tion, fuel spray development, wall im-
pingement and combustion chemistry is
included, and detailed equations concern-
ing all engine sub-systems describe the
phenomena, which diversify transient from
steady-state operation. The results of the
study will be given in a series of diagrams,
which depict exhaust emissions develop-
ment during transient operation. The re-
sponse of important engine parameters,

Filipi u Assanis, 2006). Ha C npyroi#i cTopoHBHl,
OOJBIIMHCTBO MEPEXOAHBIX MOJCIICH HE BKITFOYATIN
BBIOPOCHI BBIXJIOMHBIX Ta30B [IporHo3upoBanus B UX
cuMyssiiusx. [locneanee HCXOIUT U3 KOMIIPOMHUCCA,
KOTOpBIH JoikeH ObITh [lockonbKy nepexoiHoe Mo-
JenupoBaHue TpeOyeT OTHOCUTEIBHO BHICOKOTO BbI-
YUCJIUTEILHOIO BpeMEHHU, KoTopoe byner crano-
BUTBCS 3aMPETUTEIBHBIM, €CIIU OYIET TakKe BKITIO-
YCH MMPOTHO3 BRIOPOCOB BBIXJIOMHBIX Ta30B. TakuMm
obpa3om, [TepexoaHBIX KOJOB, BKIIFOUAIOIUX MHOTO-
WJIU 1K€ IBYX30HAIBHYIO MOJIEIb COKUTaHUsI, HEJI0-
crarouno (Bazari, 1994; Chan, Ou u BC, 1999), ¢
nocaeaHen ceplikont aapecaruu NO [TporHo3oB Bbl-
6pocoB. C apyroit CTOpOHBI, MPUOIMKEHUS C UC-
M0JIb30BaHNWEM KBa3WJIMHEWHBIX Mojienell OCHOBaH-
HBIC HA YCTAHOBUBIIHUXCS pa0OUUX XapaKTEPUCTHUKAX
JIBUraTensi, HE MOT'yT TOYHO MPEACKa3aTh BbIXJION-
HbIE ra3bl BIOPOCH BO Bpems epexoI-

HBIX MPOIIECCOB , 0COOCHHO ISl IIMKJIOB 3aria3/ibIBa-
Hust TypOokommpeccopa (Xaren, Filip s u Assanis,
2006 ), Tak kak He (PaKTHYECKOE MOCITUPOBAHNE
COOTBETCTBYIOIIMX SBICHUI HEPACUETHOTO HE
BKItOueH. [lenp HacTosIel paboTh - 3aMOTHUTH
ATOT OYEBUHBINA MPOOEI B OTKPHITON JUTEpaAType
[IpoBeaenue npeBapuTEIbHON OLIECHKH SYMUCCUU
NO u caxxu BO BpeMmsl IepexoHbIX npoieccoB Pabo-
Ta JU3EJILHOTO JBUTATENS ¢ TypOOHaAyBoM. J1jis
JIOCTHKEHUS 3TOM LEIU SKCIEPUMEHTAIBHO Vcronb-
3yeTcsl BAIMIUPOBaHHAs ABYX30HHASI MOJIENb TIEpe-
XOJTHOTO TU3EIHHOTO TOIUTUBA, ¢ JoOaBieHueM [Ipe-
UMYIIECTBO OTPAHUYECHHBIX TPEOOBAHUH C TOUKH
3pEHUsI BPEMEHH BBIMOJHEHUS U TAaMSATH KOMIIbIOTE-
pa. AHAIMTHYECKOE MOJEIMPOBAHNE MPOIIECCOB B
UAJTUHIPE, TAKUX KaK JBUKEHUE BO3IyXa, PacIblie-
HUe ToTuBa Pa3paboTKu, XMMHUM CTEH U TOPESHUS, a
TaKKe MoJApOOHbIE Y paBHEHUS, OTHOCAIINECS KO
BCEM IIOJICUCTEMAaM JIBUTATEJSI, OTIMCHIBAIOT SIBJIE-
HUS, KOTOpbIe uBepcuGuIupytoT [lepexoaHblii ot
CTaIIMOHAPHOTO peKruMa paboThl. Pe3ynpTaThl uc-
cienoBaHus OyayT mpeacTaBlieHbl B cepun Jua-
IpaMMBbI, KOTOPBIE OTPAKAIOT Pa3BUTHE BEHIOPOCOB
BBIXJIOITHBIX FA30B BO BPEMsI EPEXOIHBIX MPOIIEC-
coB. Peakuys BaXHBIX TapamMeTPOB JIBUraTes, Ta-
KHX KakK KO3()PHUITMEHT S5KBUBAJICHTHOCTH TOTUIMBO-
BO3YIIHOW cMecH uiu 3apsij Temieparypa, Takxke
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such as fuel-air equivalence ratio or charge
temperature, will be also provided. In addi-
tion, individual intermediate transient cy-
cles will be studied in comparison to their
steady-state counterparts, in terms of in-
cylinder NO and soot formation. Owing to
the narrow speed range of the engine in
hand, mainly load increases with constant
governor setting are investigated, which,
nonetheless, play a significant role in the
European or American transient cycles of
heavy duty engines.

Oyner npenocrasieHa. Kpome Toro, oTaenbHbIe
IIPOMEKYTOUYHBIE IIEPEXOAHBIE IUKIIBI bynyT n3y-
4aTbCA IO CPABHCHUIO C UX CTAHUOHAPHBIMHA aHAJIO-
ramu B TepmuHax In-cylinder O6pazosanue NO u
caxxu. brnaromapst y3koMy Juana3oHy 4acTOTHI Bpa-
IICHHUs IBUTATElIsl B PyKe, B OCHOBHOM VccienyroTes
Harpy3KH ¢ IIOCTOSIHHBIMU HACTPOWKaMH PEeryJisiTo-
pa, KOTOpBIE, TEM HE MEHee, UTPAIOT POJIb 3HAYH-
TCJIbHYIO POJIb B eBpOHeﬁCKHX HJIM aMCPUKAHCKUX
NEePEXOTHBIX IIMKJIAX JIBUTATesIel OOJIBIION MOIIHO-
CcTH.

Exhaust emissions of diesel engines oper-
ating under transient conditions with bio-
diesel fuel blends

Br1Opockl oTpaboTaBImIMX Tra3oB padOTAMOIIMX JH-
3eJbHBIX JIBUTATElICH B MEPEXOIHBIX PEXKHUMaX C
OMOIM3ETHHBIM TOTLTUBOM

Abstract

The transient operation of turbocharged
diesel engines can prove quite demanding
in terms of engine response, systems relia-
bility and exhaust emissions. It is a daily
encountered situation that drastically dif-
ferentiates the engine operation from the
respective steady-state conditions, requir-
ing careful and detailed study and experi-
mentation. On the other hand, depleting re-
serves and growing prices of crude oil, as
well as gradually stricter emission regula-
tions and greenhouse gas concerns have
led to an ever-increasing effort to develop
alternative fuel sources, with particular
emphasis on biofuels that possess the add-
ed benefit of being renewable. In this re-
gard, and particularly for the transport sec-
tor, biodiesel has emerged as a very prom-
ising solution.

The target of the present work is to review
the literature regarding the effects of die-
sel-biodiesel blends on the regulated ex-
haust emissions of diesel engines operating
under transient conditions (acceleration,
load increase, starting and transient cy-
cles). The analysis focuses on all regulated
pollutants, i.e. particulate matter, nitrogen
oxides, carbon monoxide and unburned
hydrocarbons; results are also presented

Pedepar

[Tepexonnast paboTa AM3ENBHBIX IBHTATENeH C Typ-
OOHaAJlyBOM MOXKET OKa3aThCsl BECbMa CJIOXHOM ¢
TOYKH 3PEHUSI pEeaKLUU ABUTATENs], HAJIEKHOCTU CHU-
CTEM U BBIOPOCOB BBIXJIOIHBIX T'a30B. DTO €KEIHEB-
Has CUTyalus, KOTOpas pe3Ko OTJINYaeT paboTy JIBU-
rarenasi OT COOTBETCTBYIOUIMX CTallMOHAPHBIX YCIIO-
BUH, 4TO TpeOyeT TIIATENbHOTO0 U JIETaJbHOI0 H3Yy-
YEeHUs U IKCIIepUMeHTOB. C Apyroil CTOpOHBI, UCTO-
HIaloIIMecs 3amachl M pacTyllde LEHbl Ha ChIPYIO
He(Th, a TAKXKe MOCTEIIEHHO Y>KECTOYAIOLIUECs] HOP-
MBI BBIOPOCOB M NpPOOJIEMBI C NAPHUKOBBIM Ta30M
IIPUBEJIM K BCE BO3PACTAIOIIMM YCUJIUSAM IO pas3pa-
00TKE anbTepPHATUBHBIX UCTOUHUKOB TOILIMBA C yie-
JeHreM 0co00ro BHUMaHUS OMOTOIIMBAM, KOTOPbIE
00J1aJat0T JTOTIOJIHUTENEHBIM PEUMYIIECTBOM BbITH
BO300HOBIsieMbIM. B 3Toif cBsi3u, 0COOEHHO s
TPAHCIIOPTHOTO CEKTOpa, OHOau3enb CTal BechbMa
MEPCIIEKTUBHBIM PEIICHUEM.

[lenwro HacToOsMIEH PabOTHI ABISIETCS 0030p JIUTEpa-
TYpbl O BIIMSHUU JM3€JIbHO-OMOAU3ENIbHBIX CMecei
Ha peryiaupyeMble BHIOPOCHI BBIXJIOMHBIX T'a30B JIH-
3eJbHBIX JIBUTATeNel, paboTalolMX B MEPEXOIHBIX
pekuMax (yCKOpEHHE, yBEIMYEHHME Harpys3ku, ITyc-
KOBBbIE M NIEPEXOJHbIE IIUKIBI). B 3TOM aHamuse oc-
HOBHOE BHHMMAaHHUE YIENSAETCS BCEM PETYIHPYEMbIM
3arps3HSAIONIMM BELIECTBaM, TO €CTh TBEPIbIM Ya-
CTHMIIaM, OKCHJAM a30Ta, MOHOOKCUAY YIiepoaa M
HECTOpEBIINM YIJIeBOAOpOoAaM; Pe3ynbraThl Takke
IIpeJICTaBJIEeHbI AJIs LIyMa ropenus 1 koHueHrtpanuo
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for combustion noise and particle size con-
centration/distribution. The most important
mechanisms of exhaust emissions during
transients are analyzed based on the fun-
damental aspects of transient operation and
on the impacts the physical and chemical
properties of biodiesel have relative to
conventional diesel oil. Biodiesel feed-
stock, transient cycle and fuel injection
system effects are also discussed.

For the majority of the reviewed transients,
a decreasing trend in PM, HC and CO, and
an increasing trend in NOx emissions is es-
tablished when the biodiesel ratio in the
fuel blend increases. Irrespective of driv-
ing cycle type, the NOx emission penalty
and the PM benefit with biodiesel seem to
increase for more aggressive cy-
cles/driving patterns. Moreover, biodiesels
produced from unsaturated feedstocks tend
to increase the NOx emission liability, at
least for older production engines; no such
correlation has been established for the
emitted PM, HC or CO. Since the research
so far stems from engines optimized for
diesel fuel, application of revised engine
calibration (e.g. EGR, injection system)
can prove very useful in eliminating, at
least in part, any inefficiencies caused by
the use of biodiesel.

Based on a large amount of published data
over the last twenty years, best-fit correla-
tions are deducted for quantification of bi-
odiesel benefits or penalties on all regulat-
ed pollutants during various transi-
ent/driving cycles. Also, a detailed list is
provided summarizing data from all pub-
lished works on the subject during the last
two decades.

Keywords: Diesel engine; Biodiesel; Tran-
sient operation; Exhaust emissions; Turbo-
charger lag; Transient cycle

/ pacmpeneneHue 4acTull 1o pasmepam. Hamboisee
Ba)XHbIE MEXAHM3MBI BBIOPOCOB BBIXJIONMHBIX Ta3oB
BO BpEMsl IEPEXOJHBIX MPOIECCOB aHATU3ZUPYIOTCS
Ha OCHOBE (PyHIAMEHTANbHBIX aCHEKTOB palbOTHI
TpaH3UCTOpa U BO3ACUCTBUS (PU3NYECKUX U XUMHYE-
CKUX CBOMCTB OMOIM3€sIi OTHOCUTEIBHO OOBIYHOTO
JM3eNbHOro TormMBa. Takke oOcyxaaroTcst Ouoau-
3€JbHOE ChIpbE, MEePEXOAHbIN LUK U 3PPEKThl cu-
CTEMBbI BIIPBICKA TOIUINBA.

Jis  GONBIIMHCTBA PACCMOTPEHHBIX MEPEXOIHBIX
IPOLIECCOB HAOJIOAAETCS TEHJCHLUUS K CHUKCHUIO
PM, HC u CO u TeHAeHIUS K YBEIUYCHHUIO BBIOPO-
coB NOx, Korja COOTHOLIEHHWE OWOIU3eNs B TOI-
JMBHOM cMecu yBenuuuBaeTcs. HezaBucumo ot tumna
LUK BOXKAEHUs, mTpad 3a BeIOpockl NOX U BBITO-
a1 ot TU ¢ OMOAM3ENbHBIM  TOIJIMBOM,
BUJMMOMY, YBEJIMUUBAIOTCS /17151 O0Jiee arpecCUBHBIX

I10-

IIUKIIOB / cxeM BoxjeHus. Kpome toro, Ouoamsenu,
IIOJIyUE€HHBIE U3 HEHACBHIIIEHHBIX UCXOAHBIX MaTepH-
aJIOB, KaK IPaBWJIO, MOBBIILIAIOT OTBETCTBEHHOCTH 32
BbIOpOCckl NOX, 1Mo KpaitHeil Mepe Jij1si 0ojiee CTaphIx
JIBUTaTeNell Mpou3BOACTBA; Takas Koppensius He
Obuta ycranoiieHa /i BiOpocoB PM, HC nmm CO.
ITockonbKy MccnenoBaHus A0 CUX IOP NPOUCXOIAT
U3 JBUTATENEeH, ONTUMHU3UPOBAHHBIX ISl AU3EITHHOTO
TOIUIMBA, MIPUMEHEHHUE MEPECMOTPEHHON KaauOpoB-
ku naeuratens (Hampumep, EGR, cucrema Bmpricka)
MOJKET 0Ka3aTbCs OYEHb MOJIE3HBIM JUIsSl YCTPAHEHHUS,
1o KpaiHeil mepe, YactuuHo, jto0bie HEAIPPEKTHB-
HOCTH, BbI3BaHHBIE HCIIOJIb30BaHUEM OMOIU3ENS.
OcHOBBIBasiCh Ha OOJIBIIOM KOJHYECTBE OMYOJIUKO-
BaHHBIX JAHHBIX 32 MOCIEAHHUE MBAANATH JIET, ONTH-
MaJbHBIE KOPPENSIHUHU BBIYUTAIOTCA JUISI KOJUYe-
CTBEHHOM OIIEHKU BBITOJ OT HCIOJIb30BaHUs OHOAU-
3€JIbHOTO TOIUIMBA WJIM IITPadoB 3a BCE pErynupye-
MBbI€ 3arps3HUTENN B TE€UEHHE PA3IMYHBIX MEPEeXO-
HBIX / IPUBOJIHBIX 1IUKJIOB. Kpome Toro, mpuBoauTcs
MOJPOOHBIN TepeueHb, 0000IIAIMNN JaHHBIE BCEX
OINyOJIMKOBAHHBIX pabOT MO 3TOMY BONPOCY 3a IO-
CJIETHUE JIBA JECSITUIIECTHS.

KntoueBble ciioBa: AM3ENbHBIA JBUTATENb, OHOAM-
3€J1b; MePEXOAHbIE MPOIECCHI; BBIOPOCH! BBHIXJIOMHBIX
ra3oB; 3aJilepkka TypOOKoMIpeccopa; MepexOoHbIN
LUKJI.
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2 TemyoBoil pacyeT ABUTATENS

Hcxoanwie qanHbie A1 TemioBoro pacdeta: Vi = 1.5 1; ny = 5600 MuH ' i = 4:
Tt = 4; ¢ = 10,5, nmpu gyactore BpameHus: Nmin=900 MuHE", N = 2000 mua’, ny=3500

MUH ", Nn=5000 MUH ", Nmax=3600 MUH "

CpenHuil 31eMeHTapHbId COCTAaB U MOJIEKyJsipHas macca TommBa: C = 0,855;
H=0,145 u my= 115 KI/KMOJIb.

Huzmas termiora CrOopaHuA TOILNIMBA:

H, = 33,91C + 125,6H — 10,89(0 — S) — 2,51-(9H + W); x/Txc/xr (2.1)
H, = 33,91-0,855 + 125,6:0,145 — 2,51-9-0,145 = 43930 x/l/xr.

TGOpCTH‘ICCKI/I H€O6XOI[I/IMO€ KOJIMYCCTBO BO3AyXa IJIA CIrOpaHUs TOIIJIIMBA:

1 (g+ﬂ_gj_ 1 (0,855+0,145j:0’516
12 4 32

0~ -

0,208 0,208\ 12 4 kMot Bos/kr Tort;,  (2.2)
|, = L[% +8H —oj _ L@ : 0,855+8~O,145j —14,957

0,23\ 3 0,23\3 kr Bos/kr o, (2.3)

[Ipumem o = 1 Ha Bcex pexuMax, Kak JJjig 0a30BOrO Tak W ISl CIIPOEKTUPO-

BAaHHOI'O ABUT'AaTCJIIA.

KonnuecTBo roproueii cMecu:

M; = a Lo + I/mg ; xmons rop. em/kr Tom. (2.4)

KonnuecTBO OTAEIBHBIX KOMIIOHEHTOB MPOAYKTOB cropanus mpu K = 0,5:

=L 2152 45081,
12 1+K ; kMostb COo/KT TOILT; (2.5)
M, =22"% 02081,
1+K ; kMonb CO/Kr Torm, (2.6)

28



MHzozi—ZK-l_a

.0,208- L,

2 1+ K ; kMoutb HoO/kT TomuT; (2.7)
l-«
M, =2K-2=%.0,208-L,
1+ K ; KMoutb Ho/Kr ToImI; (2-8)
My, - 0,792-0-Lo ; KMok Ny/KT TOTLIL. (2.9)

OO611ee KOJIMYECTBO MPOAYKTOB CTOPAHMSL:

M M., M

M, M
€O, 77 CO 7 H0 7 My + 7N ¢ kMOJTB TIP.CI/KT TOILL (2.10)

M2 =
KoadduimenT MonekyasipHOro U3MEHEHHUS CBEXKEN cMecH

W= M,/ M, (2.11)

B Tabnune 2.1 npuBeneHbl mapaMeTpbl pacdeTa pabouero Tena AJjisl OJHOTO

peXuMa, TaK KaK COCTaB CMECU OJMHAKOB, TO YU HAa OCTAJbHBIX PEKUMX pacueT He

1enecoodpaseH.

Tabnuma 2.1 - [lapameTpsl pabodero Tena

Kosdduument | My, kMo Mco2, Mco, Moo, Mz, Mpg2, My,
GbiTica BO3- | rop.cM./KT KMOJIb | KMOJb | KMOJb | KMOJb KMOJIb KMOJIb 0
"3 T COy/kr | CO/kr | H,O/kr | Hy/xr N,/kr p.Cr./KT ©
nyxa TOIIIL.
TOILIL TOILIL TOIIIL. TOIIIL. TOILL TOIIIL.
1 0,525523 | 0,07125 0 0,0725 0 0,409327 | 0,553077 | 1,052432

AtMmocdhepnsbie ycioBus: po = 0,1 MIlau Ty=293 K.

JlaBiieHHE OCTATOYHBIX I'a30B:

pr = pe(1,035 + A;:10°n?), (2.12)
rae pi = 1,18po=1,18-0,1 = 0,118 MIIa; A, = (P — po1,035) 108/(”§ Po).

B tabnuue 2.2 npumMeneHbl pe3ysibTaThbl pacdera MapaMeTpoB OKPYKaroIlIeH

Ccpeabl U OCTATOYHBIX I'a30B.
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Tabnuma 2.2 - IlapameTpbl OKpy’Karolei Cpeibl U OCTaTOYHBIX Ta30B

JlaBnenue
[aBnenue Yacrtora | [InotHocts | TeMnepatypa
OCTAaTOYHBIX | BpamleHHs], | BO3AyXa, | BO3AyXa IpH fpH Temrnepatypa
rasos, Mlla MHH Kr/m3 Biycke, K Blﬁ;ie’ O, K
0,103875 900 1,189 293 0,1 1160
0,105349 2000 1,189 293 0,1 1170
0,109164 3500 1,189 293 0,1 1195
0,115059 5000 1,189 293 0,1 1235
0,118 5600 1,189 293 0,1 1300
Jsurarens BA3-2112
0,109 900 1,189 293 0,1 1080
0,112 2600 1,189 293 0,1 1161
0,114 3700 1,189 293 0,1 1245
0,116 5000 1,189 293 0,1 1265
0,118 5600 1,189 293 0,1 1305

[Mpunumaercs ATy = 10°C, torma, Ar = ATy /(110 — 0,0125ny), caenoBareib-

HO AT:
AT = Ar(110 —0,0125n).

I110THOCTB 3apsina Ha Bycke: pe = P 10%/(RgT,); Kr/nm’.

[ToTepu naBieHUs Ha BIYCKE.
Ap, = (ﬂz + S )Ar?nzpk 107°/2 MIlIa

JlaByiieHrE B KOHIIE BITYCKa:
Pa = Px — Apa; MlIa.

KoaddurmenT ocraTounbIx ra3os:
}/ _ TK + AT ¢01¢ pr
' Tr g¢003 pa - goott pr ,

I7I€ (Poq— KOIPPUIUEHT OUUCTKH; P05 — KOIPOULIMEHT TO3aAPAIKH.

Temneparypa B KOHIIE BITyCKa:

Ta= (T + AT +yT)/(1+y,) ; K.
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KoaddunmenT nanonnenus:

- L ep, 0,0
77V TK—AT 8—1 pK (0003 a (001, r (2.18)
VY nenpHBINA 00beM paboyero Teaa B KOHIIE POIecca HAITOJTHCHHUS
V, =8.314-10° L, 1 T 1 I
a_8'3 -10 a-—+— |l [( +a'0)pa]
Mg  Hy (M3)’ (2.19)
PesynpTaThl pacueTa mporiecca BITycKa MpUBEIEHBI B TabuIe 2.3.
Ta6nuna 2.3 - Pacuer nporiecca BIycka
KoadPpumment KO;(SS)TH_ N
OCTaTOYHBIX Ta, K 1 Va, K "1 AT,°C | Apa,Mna | pa, Mna | @ou | o3
HaIroJIHE- MHWH
Tra30oB
HUA
0,036197 | 347,1114 | 0,755371 1,0209 | 900 | 24,6875 | 0,006783 | 0,093217 10,99 | 0,9
0,033024 | 341,6072 | 0,790464 | 1,04618 | 2000 | 21,25 0,010275 | 0,089725 | 0,94 | 0,96
0,029779 | 335,1675 | 0,832584 | 1,058665 | 3500 | 16,5625 | 0,013004 | 0,086996 | 0,88 | 1,02
0,032173 | 333,8676 | 0,750205 | 1,114729 | 5000 | 11,875 | 0,0176995 0,0823 | 0,84 | 0,97
0,031019 | 332,9951 | 0,722023 | 1,133133 | 5600 10 0,019425 | 0,080575| 0,8 | 0,95
Jpurarens BA3-2112
0,043126 344,4703 | 0,721787 | 1,000492 | 900 19,75 0,005779 | 0,094221 1 ]085
0,036289 338,3532 | 0,770691 | 1,033941 | 2600 15,5 0,010275 | 0,089725 | 0,94 | 0,93
0,033797 336,4559 | 0,804532 | 1,067569 | 3700 12,75 0,013588 | 0,086412 | 0,98 1
0,029931 330,4714 | 0,758778 | 1,079382 | 5000 9,5 0,016054 | 0,083946 | 0,81 | 0,95
0,029751 330,0071 | 0,721778 | 1,122965 | 5600 8 0,019425 | 0,080575 | 0,77 | 0,94
KoadduimeHT MosiekyisipHOro u3aMeHeHus padoueit cMecu
m= (1o +y)/ (1 +yr) (2.20)
3HavyeHue NoKa3aTess MOJIUTPOIIbI CKATHS
8.314
nl =1+ -3/ .n-1
20.16+1.738-10 (™ +1) T, (2 21)

JlaBneHue, TemMneparypa U yaeldbHbII 00BEM B KOHIIE CKATHUS:
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P :Pgnl MIYCI. (222)

_ n-1
Te=Tae K, (2.23)

VYaenbHbld 00bEM, TaBIECHUE U TeMIepaTypa pabodero Tejla B MOMEHT BOC-

IIaMCHCHUSA, IIPH YIJIC OIICPCIKCHUA 3aKUT'aHUSA © )

; (2.24)

P, = Pa[vaj ‘MTla T, =Ta(vaj K
Vy : Vy : (2.25)

PGBYHBTaTBI pacdcTa Ipouccca CxKaTus;d pa60qero TCJIa 1 HadalJla BOCIIJIaMC-

HCHUA CMCCHU IIPUBCACHLI B Ta6JII/III€ 2.4,

Tabnuna 2.4 - J[aBnenue, TeMiiepaTypa u yaeabHbIM 00bEM B KOHIIE CHKATHSI  BOC-

IIJTaMCHCHU A :

[Toka3zarens
nomutponsl | P, , MIla T., K O°TIKB Vy, M 3 /xr | Py, Mlla T,,K n, MUH " 1)
cxaruia

1,3702 2,337381 | 828,9211 12 0,11026 | 1,967552 | 791,23 900 1,050601
1,374725 | 2,273893 | 824,503 14 0,117763 | 1,80708 | 774,445 2000 1,03894
1,37283 | 2,194925 | 805,3634 16 0,124724 | 1,639063 | 743,95 3500 | 1,039063
1,37496 | 2,086875 | 806,2679 19 0,141498 | 1,405866 | 723,92 5000 | 1,038972
1,37538 | 2,045133 | 804,9556 24 0,164719 | 1,143217 | 686,809 5600 | 1,050855
JBuratens BA3-2112
1,37058 | 2,364652 | 823,3493 15 0,115161 | 1,823871 | 767,52 900 1,060488

1,372 2,259369 | 811,433 20 0,134725 | 1,469604 | 722,15 2600 | 1,050596
1,3728 2,180028 | 808,4022 23 0,150917 | 1,267603 | 697,78 3700 | 1,050718
1,37378 | 2,122703 | 795,8551 26 0,166039 | 1,098591 | 665,27 5000 | 1,050909
1,3753 2,044748 | 797,5824 28 0,182916 | 0,977444 | 652,08 5600 | 1,050917

Kosdduruent BbimeneHus TEmoThl O, YYUTHIBAIONIUN HEMOJIHOE CropaHue
TOTUIHBA;
5o [H, —-119950(1— a )L, ]
Hy | (2.26)

Koaddunment apdextuBHOCTH Cropanus TOIIUBA &
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Y nenbHas TEmIoTa CTOpaHu:A pa60qel71 CMCCHU

¢*H,
(1+7/r)(0‘*|0+1);1<£[>1d1<r.

g, =

E, = (o.oozvijqz :Mila

a

I[aBJ'ICHI/Ie Ta30B B IIPOLECCC CropaHusd

P, = E,AX,,+P '(Kl—Zl//((DJt)_ W((D; ))
Kiow (o) -vie})

wlp)=1+ E—_J'K1+ lj —(cosgo’ +1\/1—/12 -sin® go'ﬂ
e 2 A A ;

JloJist TOIUIMBA, CTOPEBILETO HA PACCMATPUBAEMOM YUYaCTKE:

m+1 m+1
X, =exp| - 6-908{ﬂ} —exp| — 6.908{&}
gDZ ¢z

CpenHee 3HaYeHUE 10U TOTLJIMBA CTOPEBIIETO HA yyacTke 1-2;

m+1 m+1
Az, =l exp —6.908{ﬁ} —exp —6.908{&}
2 ?, ?,

OTHoOLIEHUE CPeTHUX TEIIOEMKOCTEN pabouero Tena Ha yyacTke 1-2.

k,, =1.259+ {76.7 - (13.6 - &jxlz } i - (0.0665— wjxlz
o T a

1-2

®dakrop TermnoéMkocten K.,

33

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)



K., +1 B
K, —1 (2.35)

Cpennsist Temmiepatypa Ty, Ha ygactke 1-2.

Kl—2 =

c2 (2.36)

Temneparypa T, ra3oB B mporiecce CropaHus:

_ T,Pyle})
? Py‘//((ﬂé )ﬂl—z ’ (2.37)
rje:
, e-1,

o= [1+ i) - {cos(go') + 1*\/1— 2% (sin(e"))? }
2 P ; (2.39)

CpEIIHUI Ha PacCMAaTPUBAEMOM ydacTKe KOI(POHUIIMEHT MOJEKYJISIPHOTO M3MEHEHUS

paboueii cmecw,

m+1
(2o 1){1 exp{ 6.908{%} “
?,
_ Mt Hy =1+

Fre = 1+7, | (2.40)

I[OJ'I?I BBII'OPCBIICT'O TOILIIMBA X PACCUUTHIBACTCA 11O YPABHCHUTIO BBITOPAHMA:

y=1- exp[ 6-908££jm+1] (2.41)

OcHoBHbBIE KO3(DPHUIMEHTH TEPMOJMHAMHYECKOIO pacueTa MNpPUBEICHBI B

tabmure 2.5.
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Tabnuna 2.5 - KoappuipeHTs TepMoInHaMUYECKOTo pacuera

VY nenbHas

TEIIoTa n,

CropaHus E,, MIIa o, , TPaL, IIKB. m MI/llH 0 v é
paboueit
cMecH, JIK/KI

2311,506 47,544497 28 2 900 1 0,87 0,87
2291,177 45,990604 36 2.2 2000 1 0,9 0,9
2375,011 47,11143 42 2.4 | 3500 1 0,93 0,93
2420,459 45,59819 50 2.6 | 5000 1 0,95 0,95
2643,545 48,99202 54 2.8 | 5600 1 0,99 0,99
Jsuratens BA3-2112

2095,696 43,98798 40 3.1 900 | 0.9435 | 0,81 | 0,764277
2284,733 46,40438 48 3.2 2600 1 0,86 0,86
2556,549 50,28953 55 3.3 | 3700 1 0,96 0,96
2592,875 50,44589 58 3.4 | 5000 1 0,97 0,97
2646,799 49,49647 62 3.5 | 5600 1 0,99 0,99

CreneHp MOCIEAYIOMIET0 PACIIUPEHUS TPHU V

F=ValV, (2.44)
CpenHuii mokasaTenb NOJUTPONBI PACIINPEHHUS:

8.314

1

n, =1+
23.7+ 0'0046{5n1—1 +1j T,

: (2.45)

[TapameTpbl B KOHIIE TIPOLIECCa PACIIMPEHUS KaK MTOJIUTPOIIHOTO Mpolecca

P, =—-= Mlla

6" ; (2.46)
T, -2k

o ; (2.47)

Texymme 3HaueHus yaeapHoro o0bEMa, NaBiIeHNs U TEMIIEPATyPhl B MPOIEcce

pacuIMpeHust HAXOAST MO CIAeAYIOIUM (popmyiam:

v, =V—{1+%-((1+§j—[cos(¢ﬁ>+§-Jl—fsinzwm

g . (2.48)
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(2.49)

(2.50)

I{J’ISI OOCHKH ITPAaBHUJIIBHOCTHU B5160pa SHAUYCHUA TCMIICPATYPhI OTpa6OTaBHII/IX

ra3os, IIPOU3BEIEM IIPOBEPKY

HOTPEIIHOCTh pacuéra A:

(2.51)

(2.52)

Pe3ynbpTaThl pacueTa npouecca paciiupeHus U BbIIyCcKa IPUBEACHBI B TAOIHIIE

2.6.

Tabnuia 2.6 - PacyeT nporiecca paciimpeHus U BbITyCKa

Crenenb P, T - Ao | D o T P
aCIIIH- n ' r ,% ’ S 3 2,
PpeHM;I 2 MITa b K , K 1 Vi, M z,K MIa
8,48804 | 1,177 0,58329 [2067,555(1163,224 | 0,2779 900 0,1202843019,243(7,230007
7,27169 | 1,1796 |0,55548 2035,725|1169,602| -0,034 | 2000 0,143871R907,2095,768566
6,50078 | 1,1795 |0,55682 [2064,706(1199,442| 0,3717 | 3500 [0,162852[2889,058|5,06501
5,63196 | 1,1804 |0,53085 [2072,834(1245,126| 0,8199 | 5000 ,1979292831,083|4,08341
5,79622 | 1,17476 |0,56284 2213,654(1315,048 | 1,157 5600 0,195495| 3009,4 #,435073
Jpurarens BA3-2112
6,688 1,188 0,5354 |1846,58 (1086,178| 0,572 900 |0,1494 |2639,83 | 5,121
6,139 1,1835 | 0,5504 | 1975,7 |1162,08 | 0,093 2600 | 0,1684 |2756,27 | 4,714
5,474 1,1775 | 0,5815 |2155,05 |1244,545| -0,036 3700 | 0,1951 |2913,76 | 4,303
5,474 1,1767 | 0,5789 |2168,77 |1265,439| 0,0347 | 5000 | 0,1972 |2929,05 | 4,279
5,474 1,175 0,5669 |2209,79 (1309,556| 0,349 5600 | 0,2052 |2976,31| 4,179
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Teopetnueckas MHAMKATOpHAs paboOTa IUKIIA:

Pll + P2|

NV, -V

PacuétHoe CPCOHCC NHANKATOPHOC JAaBJICHHUC

iT

&

I—|T

e-1v,

NunukatopHbii KO3G(UITUEHT MOJIE3HOT0 ICUCTBUS

=8.314

M, -Pr - Ty

o vy

VY nenpHbIN UHAUKATOPHBIA pacXxo TOILIMBA

~ 3600
n-H

107,

u

r/kBT -4

(2.53)

(2.54)

(2.55)

(2.56)

Pe3ynpTaThl pacueTa HHAMKATOPHBIX MMOKa3aTesIe pabouero 1uKIa MpuBee-

HBI B Ta0uIE 2.7.

Tabnuna 2.7 - VuaukaTopHbIE MTOKa3aTeu pabouyero mMukiia

WunukatopHOe MOoIIHOCTE KIT/T npixa- g n, _ Pabora
JIaBIIEHNE, HMHIMKATOPHAs, . % MUH [IHKIIA,
Miza <Br TOPHBIN r/kBt*4 1 kT
1,26863 14,27209 0,489426 167,4399 | 900 | 1,1718807
1,17975 29,49376 0,456318 179,5886 | 2000 | 1,1166917
1,200507 52,5222 0,440856 185,8873 | 3500 | 1,1498939
1,125416 70,33848 0,458662 178,6709 | 5000 | 1,1350542
1,234851 86,43956 0,498398 164,4257 | 5600 | 1,2659878
JBuratenr BA3-2112
1,1060343 12,442886 0,4289854 191,03093 | 900 1,0012
1,1651984 37,868947 0,4405874 186,00051 | 2600 1,09
1,2379594 57,255621 0,4484105 182,75552 | 3700 1,1957
1,2533459 78,334121 0,4813589 170,24613 | 5000 1,224
1,2210353 85,47247 0,4929888 166,22992 | 5600 1,2406
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JlaBieHue MEXaHUYECKUX MOTEPh MPHU S/D =71/82=0.865

n
POCTH TIOPIIIHS: 30
CpenHee JaBlIeHHE MEXAaHUYECKHX TIOTEPh

P, =0.034+0.0113% ,MIla

Cpennee 3(pdhekTUBHOE TaBIICHHUE
P,=P; -R,,Mlla

Mexannueckuii K.I1.I.

Pe
P

Oddexrunbiii K.ILI.

Me =1 "Tw

VY nenbHbIN 3 (PEKTUBHBIN pacX0/1 TOTUIMBA

9i

g.=—,KkBr-u
Y
DddhexTuBHAST MOIITHOCTH
P.-V,-n
N, =—=—%— kBr.
307

YacoBou pacxon ToriMBa

G; =N,-0,, kr/u
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, €CIIN CpCOAHsAA CKO-

(2.57)

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)



Kpytsuuii MOMEHT

3-10°-N
M, = £, H-m
7N (2.64)
Pacuet 3¢ hekTUBHBIX MTOKa3aTeNeH qBUTATENS TIPUBEACH B TabmuIe 2.8.
Tabmuma 2.8 - DpdexTuBHBIC TOKA3ATENN TBUTATES
Cpennee
dhexra- g MormHOCTh, | MOMEHT Vv 1
_ ey ’ ' m.cpy -
BHOC J1aB Mu Ne /(<B4 <Br Hou GrT, KIr/4 e Pw, Mmia | n, MUH
JIEHUE,
Mia
1,2035 | 0,9471 | 0,4643 | 176,4996 13,539 143,64 2,389 2,13 0,0671 900
1,0827 | 0,9143 | 0,4188 | 195,6686 27,069 129,23 5,296 4,733 0,10148 2000
1,0537 | 0,8765 | 0,3869 | 211,7794 46,1 125,76 9,763 8,283 0,14834 3500
0,9290 | 0,8263 | 0,3786 | 216,43 58,067 110,88 12,567 11,833 0,1952 5000
1,0188 | 0,8264 | 0,4112 | 199,2899 71,317 121,59 14,212 13,253 0,2139 5600
Jpurarens BA3-2112
1,0389 | 0,9393 | 0,4029 | 273,3719 11,68 123,99 3,377 2,13 0,0671 900
1,0449 | 0,8968 | 0,3951 | 267,3998 33,96 124,72 9,043 6,153 0,1202 2600
1,0834 | 0,8751 | 0,3924 | 258,8332 50,11 129,3 12,464 8,756 0,1546 3700
1,0581 | 0,8442 | 0,4064 | 261,652 66,13 126,29 15,336 11,833 0,1952 5000
1,0071 | 0,8248 | 0,4066 | 271,5434 70,49 120,19 17,208 13,253 0,2139 5600
OO11ee KOJIMYECTBO TEIUIOTHI, BBECHHOW B ABUTATE/Ib C TOIUIUBOM: [1]
H G, 4393
0, = 1ulr _ 4393 _ 153036,
3.6 3.6 (2.65)
Tennota, sxBuBaneHTHAs 3P dekTUBHOM padoTe 3a 1 c:
Qe=1000N, u g.=Q*100/Qq (2.66)
Temnota, nepegaBaeMasi OXJIAKIAOUIEH CpEE:
ciD"*"n" (H,—AH,)
Qs = aH
u , (2.67)
0s=Qs*100/Qy; (2.68)
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Temnota, yHeceHHas ¢ OTpabOTaHHBIMU Ta3aMH:

0, (36J{M [ch +8.315}f M[ch 2°+8315]z}

: (2.69)
0:=Qr*100/Qo (2.70)
20 _
e (mev ), = 20'775KI[>K/(KM0JH,* rpajl) — TEMIOEMKOCTb CBEXKErO 3apsija.
(mey "), - TeTJIOEMKOCTh OCTaTOYHBIX Ta30B.
Teruora, norepsiHHAs W3-32 XUMHUYECKOW HETIOTHOTHI CTOPAHHUSL.
Qu.c = AI{U * GT /3’6 (2.71)
=Q,..*100/Qy (2.72)
Heydrennble moTepy TEMIOTHI:
rom = QD - (Qe + Qé’ + Q}" + QHL') , (2.73)
qocm:rom*loolQO (274)

Pe3ynbTaThl pacueToB TEIUIOBOM OajaHC IBUTATENs CBOJAMM B Tadbnuiry 2.9.

Tabnuia 2.9 - TeruoBoi 6aanc pa3pabaTbiBa€MOT0 JIBUTATEIS

QEl qe, QB! qu Ql'v QH.C.1 QOCT1 GT, HOHHaH
ar, % Cocr, %0 SHEprus
Ix/c | % Ix/c | % Jx/c Ix/c | Ix/c Kr/da T/ ’

8432 | 36,1 | 6352 | 27,2 | 6080 | 26,0 0 1181 5,1 2,389 23363
16556 | 38,5 [12405| 28,9 |12509 | 29,1 0 1508 3,5 5,296 42977
22048 | 36,4 |18022| 29,8 (18004 | 29,7 0 2450 4,0 9,763 60525
33381 | 30,9 |34522| 32,0 |35201| 32,6 0 4845 4,5 12,56 | 107949
33212 | 28,7 |35804| 30,9 36961 31,9 0 6514 5,6 14,21 | 115752
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3 PacyeT xuHEMaTHKH ABUTaTCIIsA

[Ipememienne nopurHs

S, = R{(l —Cosg)+ %(1— cosng)} MM,

(3.1)
CKkopocTb nopuIHs
. A .
o). :a)R(sm(p+Esm2(pjmlc. (3.2)
Y cKOpeHuu nopuIHs
j = w*R(cosp + 1c0s2¢); m/c?. (3.3)
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4 JIuHaMUYECKUM pacyeT ABUTaTENs

OHpCI[eJ'II/IM MacCCy IMIOJABHXHBIX 3JICMCHTOB KPHBOIOIWUITHO-IHIATYHHOI'O MCXa-
HU3Ma.

. 2
- Macca OPITHEBOM TPYIIITHI (JUTSI IOPITHS U3 ATFOMUHHEBOTO ciutaBa M,=100 kr/m*)

m =m -F =100-0,005282=0,528kr;
n n o n

4.1)
- Macca maTyHa (IS CTaabHOr0 KOBAHHOTO mIaTyHa My=150 kr/m°)
m,=m, - Fn =150-0,0052783=0,792xr; (4.2)
- Macca HeypaBHOBEIICHHBIX YacTeH OJTHOTO KOJICHA Bajia €3 MPOTUBOBECOB
m.=m_- Fn =140-0,0052783= 0,739xr. (4.3)
Macca maTyHa, cocpeIOTOYEHHas: Ha OCH MOPIIHEBOro Naiblia
m, .= 0,275- m, = 0,275-0,792=0,218«kr . (4.4)
Macca maryHa, cocpeloTOYEHHass Ha OCH KPUBOIIIUIIA
m = 0,725- m, = 0,725-0,792=0,574«r . (4.5)
Macchl, coBepiiaronme BO3BpaTHO-MOCTYNaTENbHOE TBUKEHUE
mj =m +m = 0,528+ 0,218=0,746kr. (4.6)

Maccm, COBCpHIAIOIIHE BpalllaTCIbHOC IBHUXKCHHC
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m-=m +m =0,739+0,574=1313«r.
K ut.K

R 4.7)

Ol'[peI[eJI}ICM SHAYCHUA CHUJIbI HHCPIHUU BO3BPATHO-IIOCTYIIATCIIBHO ABMKYIIUX-
Csi Macce

P, =-m,;j=0,746> j (4.8)

[enTpoOexHas cuiia UHEPLMK BpalaloluXcs Macc MaTyHa OJTHOTO [IWJIMH]Ipa

K. =-m -R-®2-10"° =-0574-0,0355-5862 -10" > = —6,9974«H.
Ruu ULK. (4.9)
[lenTpoOesKHast CriTa MHEPIIMH BPAIIAONIMXCS MacC KPHBOIIHIIA
2 . -3 > . 3
K. =-m -R-@?-10~3 =-0739-0.0355-5862 .10 = —9,0088xEL
Re = M. (4.10)
[lenTpoOeskHast CHiTa MHEPIIMH BPAIIAOIIMXCS MacC KPHBOIIHIIA:
K_=-m. -R-»2 =-10313-0,0355-5862 -10" > = —16,0062xH
R™ M / / ‘ (4.11)
CI/IHa, COCpeI[OTOLIeHHaH Ha OCHUu HOpHIHeBOFO ImaJiblia
P=AP 4P (xH) (4.12)
Hopmansbhas cuna
N=P9s (xH) (4.13)

Cuita, neficTByroIIas BAOJb MIaTyHa
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S =P*(/cosp) (k) (4.14)
Cuna, neficTByoImas Mo paanycy KpUBOIIHIIA

K =P*cos(p+ f)/cosp (xH) (4.15)
[TonHas TaHreHIIMATBHAS CUJIa

1 _ psin(p+ p)
cosf  (xH) (4.16)

PGBYJ'IBTaTI)I JAUHAMHYCCKOI'O pacucTa I‘pa(i)I/ILIGCKI/I IMpCACTABJICHBI HA ILJIAKATC.

KpyTsmmii MOMEHT OIHOTO TUIUHApPA

M., =T-R (4.17)

Cpennuii KpyTAIIMA MOMEHT JIBUTATEIIS:

- 11O AaHHBIM TCIIJIOBOT'O pacdcTa

M ._=M.='vIe 145 _ 168 H-m; (4.18)

o o« M
- TIO TUIOIA/IM, 3aKJIFOYEHHOW MO KPUBOM ~ ¥

i(Mkp.i +2M1<p.i+l ] 10°

i=1

M,., = . =155 H - m
360 . (4.19)
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Ommubxka pacuera:
A =(168-161)-100/168 = 4,2%. (4.20)
MaxkcuMalIbHBI I MUHUMAJIBHBIN KPYTSAIIAE MOMEHTBI:

17— 409,5 H-m, (4.21)

Mgpmin= - 57,0 How. (4.22)

CymMapHas cuiia, IeHCTBYIOIAs Ha MIATYHHYIO IIEHKY M0 PaJnyCy KPUBOIIU-

Ia.

P=K + Kg,=(K-5108) H. (4.23)
Cpennee 3HaueHue Rua OTIpEIEISIETCS TI0 PA3BEPHYTOM TUarpaMmme

R = Z((Rmi +R,,:.1)/2)*10°/720° = 9342H
i=1 (4.24)

CymMapHas cuia, JeMCTBYIOIAs Ha KOJIEHO BaJla [0 paJuyCy KpUBOIIUIIA

K, =P + Ky =(P,—15324),H (4.28)
Pei’:y.]]BTI/IpyTOH.IaH cuia, HeﬁCTBYIOHlaH Ha KOJICHO BaJia
Rk = RMZJ.m + K;k . (429)

Cuna, 1eiicTBYIOIIAs HAa MIEPBYIO KOPEHHYIO HIEHKY
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Rx.m.l = _0’5* Rkl (430)

Cuna, faeiicTByromIas Ha BTOPYIO KOPEHHYIO IIEHKY

Rewz = \/Tk22 + Kk22 ’ (431)

TI€E:

T, ==05% (T, +T, €08y, o) = Ko *SiNy, ) = =0.5%(T, + T, *C0s180" —

— K, *sin180°) = ~0.5*(T, - T,); (4.32)

Kip ==05% (K q +T,*8Inyy 5 = Ky, €08y, 5) = =0.5% (T, + T, *sin180" -

— Ky, ¥08180°) = ~0.5* (K ;1 — K ). (4.33)

Cuuita, nelicTByronasi Ha TPEThIO KOPEHHYIO LIEUKY

Rews = \/Tkzs + K¢, (4.34)

rie:

Tz ==0.5%(T, +T5%C0S, (5) — K3 *SiNYy2)) COS Yoy =—0.5% (T, +

+T;%c0s0° — K 5 *sin0") **c0s180=0.5*(T, +Ty); (4.35)

K, =-05%(K ,, +T3*siny, ;5 — K3 ¥C0SY, (5 5 ) COSY(y o =—0.5% (K, +

+T;*sin0” =K, *c0s07) *c0s180° = 0.5* (K, — K 5)- (4.36)

JnarpaMmmebl Rwl, RK-WZ, Rk-w?’, IIEPECTPOCHBI B MPSIMOYTOJIbHBIE KOOPAUHATHI.
ITo aTuM auarpammam orpenensiem:

- s 1 (5)-1 KopeHHOU IEHKU:

RK.mlcp = Z((Rx.mli + RK.utlHl)/z)*:l'oO /7200 = 9325H
| (4.36)
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- 3151 2 (4)-i KOpEHHOU IIEUKHU:

RK.chp = Z((RK.WZi + Rx.m2i+l) / 2) *10° /7200 =3350H
i=1

: (4.37)
- IS 3-1i KOPEHHOW IICVKH:
Ry = zn:((RK.Wsi +R_..,)/2)*10°/720° =18058H
= , (4.38)
PaBHOMEpPHOCTH KPYTSIIIETO MOMEHTA
=M =My )| M, = [49987 - (20157)/14793= 4,74 (4.49)
N36bITOUHAs paboTa KPYTAIIEro MOMEHTA
L, =A*4*7/(4*90) =16961*4* 7 /360 = 592,05 /o , (4.50)

rIe Lo - IJIOIIAb HA/I IPSIMOW CPETHETO KPYTAILIETO MOMEHTA.

PaBHOMEPHOCTB X071a JBUTaTeNs npuauMaeM 9 = 0,015.
MOMEHT MHEpLUMHU ABUXYIIUXCS MAacC JBUTaTENsl, IPUBEAECHHBIX K OCH KOJIEH-
4aToro Bajia

I, =L

u36

/(6* @) =592,02/(0,015*586") = 0115k * w* (4.51)
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5 CnenmanpHasg 4acTh

5.1 Onucanue cucTeMbl HEOCPEICTBEHHOTO BIPHICKA TOILIUBA CITPOCKTUPO-

BAaHHOI'O ABHUT'aTCJIA

HenocpencTBeHHbIN BIPHICK TOIIMBA C BOSMOXXHOCTBIO OCYIIECTBIICHUS pac-
CJIO€HHSI TOIUIMBHO-BO3AYIIHOM CMECH PEaIU3yEeTCsI MHOTMMU aBTOIPOU3BOAUTEN -
MU. B kadecTBe aHaora KOTOpbIid Mbl XOTUM IPUMEHUTH B XOJ€ MOJECPHU3ALUN 1BU-
ratenst BA3-2112 BbiOpaH cucTeMbl HENOCPEACTBEHHOTO BPIbICKA TOILJIMBA MIPUMeE-

Hsaemasi KoHlepHoM DonbplBareH-Ayau rpynin, IpeIcTaBICHHbIN Ha pUCYHKE S.1.

Epaceri gomye - yron 20rpagycos Tomn i
Cmmﬂ}rc yron TOrpanycoe  Brewxa Bneum

Pucynok 5.1 - Cuctembl HEMOCPEACTBEHHOT'O BPIBICKA TOTUIMBA ITPUMEHsIEMast KOH-
uepHoM PonbuBareH-Ayau rpyr

B pesynbTaTe TEXHUYECKOTO MOMCKA ONTUMAJbHBIX BO3MOXKHOCTEHM HJIsI MO-
nepHuzaiuu asurarens BA3-2112, BIOpoaHbl ¥ peaiu30BaHbl CIASAYIINUE IIaru mo-
MO/JICpHU3ALINU:

1. cnpodunupoBad mopieHb GopMa JTHUIA KOTOPOTO TO3BOJSET OCYIIECTB-
JSITh PACCIIOCHHUE TOPIOYETO M OKUCIIUTENS B KaMepe CropaHusi, Ha JHUIIE MOPIIHS
npuMeHeHa (opma CO CeIHaTIbHON HAIMpaBJISIONICH K CBEUE 3KUTAHUS U 30HOU C
OKHCJIUTEIIEM;

2. pacuMTaHa M CIIPOEKTUPOBaHA (POPCYHKA JJIsl HEIOCPEACTBEHHOTO BIPHICKA

TOIIMBA, Ha 0a3e mpenoxkeHHon GopcyHkr KoHIepHOM DonbuBareH-Ayau rpymni;
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3. pa3mernieHa ¢opcyHKa B OJIOKEe MUIUHAPOB, s OoJiee 3PHEeKTHBHOTO pac-
NBUICHHS TOIUIMBA B 30HY CBEYH 3aXKUTAHMSL.

PaccMmoTpum napameTpsl padoTy U YCIOBHUS PACCIOCHHUS 3apsija B MOJIEpHE3U-
pyeMoM JBuratene. B mpemiokeHHOW KOHCTPYKUMH HEMOCPEICTBEHHOIO BIPHICKA
TOIUIMBA CYHIECTBYET TPU OCHOBHBIX PEKHUMa pabOThl U OJIM BCIIOMOTATENIbHBIN /IS
CHUKEHHSI TOKCUYHOCTH IO OKCHJAaM a30Ta.

[lepBbIli pEXUM 3TO OCHOBHOM MOIIHOCTHOW PEXUM IIPU KOTOPOM JBUTATEID
paboTaeT Ha CTEXUOMETPUYECKOM COCTaBE CMECH, ITO 00ECIIEUNBAETCS B TOM CIlyyae,
KOI'/1a BCE TOIIMBO MOJAETCS B MPOLIECCE BITyCKa, TOT/Ia OHO YCIIEBAET NEepeMeEIIaTh-
Csl C BO3AYXOM M 00€CIEeYUTh TOMOT€HHOCTh CMECH ISl YCTOMYMBOIO BOCIIAMEHE-
HUS U OBICTpPOro cropaHus. JlaHHBIM peXUH HAa3aBA€TCsl TOMOTEHHBIM U UMEHHO Ha
ATOM PEXUME ONPEIEISIOTCA TapaMeTpbl BHEIIHEW CKOPOCTHON XapaKTEPUCTHKHU.

BTopoii pexuM 3TO pe’UM YaCTUYHBIX HAarpy30K, KOTOPBIM OCYLIECTBISAETCS
npu Harpy3kax oT 40 no 85%, B 3TOM peXUME 4YacTh TOIUIMBA B 3aBUCUMOCTH OT
Harpy3Ku BIPBICKMBAETCS B MPOIECCE BIYCKa JJIi PaBHOMEPHOTO PaCIpPEHCICHHUS
[0 KaMepe CrOpaHHus, a BTOpas MOPLUS BIPHICKMBAETCS 3a HECKOJIBKO I'PAIyCOB 10
MO/Ia4yM MCKPOBOIO pa3psiia B 30HY CBEYM 3a)KUTaHUS, NMPUYEM BEIMYMHA BTOPOU
NOPLIMHA MOCTOSIHHA, a KOJIMYECTBO MOJABAEMOI0 B IWJIMHJP TOIUIMBA BapbUPYETCS
IIEPBOM YaCThIO BPOBICKA TOILIMBA. [ 3TOTO pexuMma XapakTepHO, 4YTO B IIPUCTE-
HOYHOM 30HE OOCIHEHHAs CMECh, a B 30HE CBEYHM 3aKUTaHWUs oOoramieHHas s
OBICTPOTO BOCIUIAMEHEHHUSI U YCTOMYUBOTO cropanus. Takke Ha TaHHOM peXUMeE KO-
JMYECTBO IMOAABAEMOT0 BO3JlyXa MOXKET BapbHUpPOBATHCS JIPOCCEIIBHON 3aCIOHKOM,
T.K. o0 ko3 duimer u3obITKa Bo3ayxa coctariseT oT 1,2 g0 1,8, a JokanbHbIN B
30He o0eHeHHs cMecH He HiKe 1,6-1,7, 4TO COOTBETCTBYET yCIOBUSAM YCTOMYMBOTO
pacnpocTpaHeHus MJIaMEHU B 30HE JOTOPAHMUSL.

Tpetnii pexXuM 3TO PEeKUM HU3KUX HArpy30K M XOJOCOTO XOJa, KOrja JBHUra-
Teo TpeOyeTcss MUHMMAaJIbHAsk MOLTHOCTh, TOTJja TOIUTUBO BIPHICKMBAETCS TOJIBKO B
KOHIIE C)KaTHUs K CBEUE 3aKUraHus, YTO 0OECIeYMBaET MOJHOE CrOpaHus CBEpX 00e -
HEHHBIX CMECeH, TaK KaK TOIUIMBO HAXOJUTCS B 30HE CBEYM 3aKUTAHUS, a B IPUCTE-

HOYHOM U YAaJICHHBIX o0macTax HaXOJUTCA TOJBKO BO3AYX. I[aHHBIﬁ PEKNM UMUTH-
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pPYT pabOTHI AU3ETHLHOTO ITUKJIA JUIsl ABUTATENIEH ¢ MCKPOBBIM 3akuranueM. [1pu sTom
COCTaB CMECH BapbupyeTcs oT 2 110 4 o kodhuMeHTy n30bITKa BO3aAyXa.
JIOTIOTHUTEIBHBIM PEKIMOM paOOTHI SBIIACTCS PEKUM BPEMEHHOTO oOorarie-
HUs 10 cocTtara B 0,8-0,9, 4To HEOOXOAMMO /I HOPMATBHOU pabOTHl HEUTPATH3ATO-
pa OKCHJIIOB a30Ta HAKOMUTEIBHOTO THMA. J[aHHBINA peXUM pabOThI OCYIIECTBISICTCS
pu padboTe Ha OCTHBIX CMECSAX (BTOPOM M TPETUH PEKUM) CISAYIOITUM 00pa3oM, pas
B 60 cexyH/a MPOU3BOJIUTCS KpaTKOBpEMEHHOe oboraiieHue cMecu Ha 1-3 cexyHpl,
4TO 00ECNENrBAECT HETPAIU3ATOP HEOOXOJUMBIM KOJIMYECTBOM HECTOPEBIIUX YIJIe-

BOJOPOJIOB JUIsl IOJTHOTO BOCTAHOBJIEHUSI HAKOMJIEHHBIX OKCHJIOB a30Ta.
5.2 PacyeT OCHOBHBIX JIEMEHTOB AJIEKTPOMArHUTHOU (POpCyHKH

1. HI/IKJIOBEUI Imoaa4da TOIIJINBa:

o - 9 N,-z _270-71,3-4-1000 _ 04218ex e
120-n__-p,  120-6200-790 5.1)

2. Ilepuon cnenoBaHus MOIay:

T, =207 1002 %92 1400-9677 we
j-n.. 2-6400 (5.2)

[IpoAOMKUTENBHOCTD YIIPABIIOLIIUX UMITYJIBCOB:

7. <T—t =9677-1=8677xc;

m

T <8,677mc (5.3)
3. Cratnueckasi IpOU3BOIUTEILHOCTh (POPCYHKHU:
g, = ,Qmax _ 01210 =0.00702 cm® /e = 7,02 um® [ mc
-t 2-8677 (5.4)

4. lnamMeTp A03UPYIOLIET0 OTBEPCTHS:

3
9, @ = 7.021/M =0.2234 mm?
uo-fg= | Pr 790 , (5.5)
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JlnaMeTp JO3UPYIOMIETO OTBEPCTHS:

2
S:ﬁ-d :d:\/4-s :\/4-0.116320.37%%
4 /4 3.14 _ (5.6)

Juddepennmansaoe ypaBHeHHE (GOPCYHKH

Ty _u TR
dt (5.7)
Ycunue 31eKTpoMarHura:
Jw’ 1
" :_( 2 j'”(’S_Z’H
(5.8)
[imomaap 351eKTpOMaruuTa
T (~2 2 3.14 2 2 4 2 2
s="(D?-d?)="2"2(0.015? —0.008? ) =1.264-10* x> =126 4un
4 4 (5.9)

MOMEHT HHEpPIIMHU CEpJICUHUKA!

2 2
(W) _4-F-x*_ 4 26_(50.0012) 9425697 Lun? e
i,-S  1.257-107°.1.264-10 (5.10)

Jw=+/94256971=970,86

I/IH)IYKTI/IBHOCTB KaTyIllIKH:

2 2 -4
_027w'S s 02:314-647°-126410° o
X 0.0012 (5.11)

L
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HJIOIHEII[L MOoNnepeYHOro CCUYCHUA IMPOBO/JIA C HBOHﬂHHCﬁI

z-d,, 314-0,47

S = =0,1736mn°

np

]_IJ'II/IHa KaTYIIKHU 3JICKTPOMAIrHUTA:

S .w-2 ) .
A2 _ 0.1736-647-2 39 Lans
D-d 15-8

OHpCI[CJIHCM COIIPOTHUBJICHHUC OOMOTKH QJICKTPOMAIrHuTa:

JlnmuHa 1-ro BUTKAa:

_ D+d _ 0.015+0.008

. 5 5 =0.0115% - A =7-d =3.14-0.0115=0.036

JlnmHa Bcet 0OMOTKH:

Aysy = A -W=0.036-647 = 23.29u

06Mm

Conporuienne 1M nposoga d = 0.4mm: R =3.89-10°On

ConpoTuBIIeHHE BCEH KaTyIIKA:

R=R-4,,=389:10%-2329=091 Ou

06m

ITocTosinHas BPCMCHH JJICKTpOMArHuTa:

T=L/R=28-10"/0.91=3,07-10"¢
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6 be3omacHOCTh U 3KOJOTHYHOCTD MPOEKTA

6.1 Onenka 6€30MaCHOCTH U JKOJOTMYHOCTH O0BEKTa pa3paboTKu OakayiaBp-

CKOH pabOThI

B GakanaBpckoil pabote npoBeneHa MoaepHu3auus asurarens BA3 ¢ mensio
CHIYKCHUS] TOKCUYHOCTH T10 YTJICBOJOPO/aM 3a CUET Peayn3a,llud ¢ y4eTOM ero KOM-
TIOHOBKH, CHCTEMbI HEMIOCPEJICTBEHHOTO BIIPHICKA TOIUIMBA C PACCIOCHUE TOPIOYETo U

OKHCJIMTCJIA B 30HC CBCUH 3aKUTaHUA Ha HaCTUYHBIX U HU3KUX HAarpys3Kax.

6.1.1 OueHka B3pBIBO-TI0KApOOE30MaCHOCTH 00BEKTa pa3paboTKu OakanaBp-

CKOU paboOThI

[Toxapo- 1 B3pbIBO-0€30MaCHOCTh MPOESKTUPYEMOTO ABUTATENS HE U3MEHUTHCS
TaK KaK BUJI TOIUIMBA B XOA€ MOJICPHHU3ALINH HE MOMEHSJICS, a CIEA0BATEIbHO U
YCJIOBUM JIJIs1 U3BMEHEHHUSI TApaMETPOB T0KapO- B3PHIBO-0€30MTaCHOCTH aBTOMOOWIIS B
1[EJIOM HE TOMEHSUTUCh. MOXKHO JIUIThL OTMETUTh HAJIMYKE HAcOCa BHICOKOTO JaBjie-
HUs 00€CTIeUurBaroIIero noiavy TorBa ¢ nasienuem B 120 armocdep, cienona-
TEJLHO TpeOyeTcs 00jiee BHUMATEIBHO, HA TEXHUYECKOM OOCTY>KUBAaHUU, TPOBEPSATH

COCTOAHHC TOILNTMBOIIPOBOJOB BBICOKOI'O JaBJICHUA.

6.1.2 CHWKeHHe TOKCUMYHCOTH 10 HECTOPEBIIUM YTJIEBOJ0OPOaM B MIPOETUPY-

CMOM ABUT'AaTCIIC

CocTaB BBIXJIOITHBIX IA30B B HALIEM cllydyae Oy/IeT CHJIbHO 3aBUCHUTh OT PEXKHU-

Ma paboThl JBUTATENS, pa3AesiuM Halll PEeXUMBI Ha JIBA OCHOBHBIX BUA, 3TO PEKUM

TOMOT'€HHOTO CTEXMOMETPUYECKOTO CrOopaHus, U pexuM O0OeIHEHON paboThl MHpu
paccioeHne CMECH.

— Jlns yrieBogopoIoB B MEPBOM ciydae OyAeT KjacCuueckas CUTyalus, Kak u J0

MOJICpPHHU3AL1H, CYIIECTBEHHOI'O H3MEHEHUS UX KOHLICHTPAllMU Ha PEXXUME MaK-

CUMaJIbHOW MOIIHOCTH HE HAOIIOACTCs, 1T BTPOTO CIIydasi PeKUMBI C pacciio-
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€HHEM TOPIOYET0 U OKUCIUTENS, TaM OyAeT 3aMeTHOE CHUKEHHE BHIOPOCOB yT-
JI€BOJIOPO/IOB, MPUYEM MPU YMEHBUICHHH HArpy3Kd HX KOJUIMYECTBO OyIeT
CTPEMHUTHCS K HYJIO, TaK KaK OCHOBHON MCTOYHHUK YTJICBOJIOPOIOB ITO MPHUCTE-
HOYHBIM CJIOW W 30HBI TalllEHUs, a B HUX KOHIICHTpAIUs TOIUIMBa Oy/leT MUHHU-
MaJibHa, a Ha TPETheM PEXXUME PabOTHl M COBCEM paBHA HYIIIO.

J1J1ss MOHOOKCH/Ia YTJIepoJia €To CoJIepKaHue Takke OyaeT Ha MOIIHOCTHOM pe-
KUME TPUMEPHO TaKMM)KE Kak Ha 0a30BOM, a IpHU OOEIHEHWU CMecu OyaeT
YMEHbILIATHCS.

JlJ1s OKCHIOB a30Ta CUTYyalUsl HE CTOJIb XOPOIasi, XOTsI UX KOJUIMUCTBO HE OyeT
3aMETHO MPEBBINIATH TO, KOTOpOe oOpaszyercs npu padoTe 0a30BOro JBUTATEIS,
HO OHM, 33 MCKJIIOYEHHEM pPEXUMa MAKCUMaJIbHOM MOIIHOCTH, HE CMOTYT BO-
CTaHABIIMBATHCS HA KaTaIM3aTOPe M3-3a HEIOCTaTKa HECTOPEBIINX YTIEBOIOPO-
JIOB B MPOJYKTaxX CTOpaHUs, CIEIOBATEILHO IS UX HEHUTpaIu3aluu MpHIETCS
IPUMEHATH CHEIHAIbHBIM HENTpaIN3aTOp HAKOMUTENIBHOTO THUIIA, KOTOPBIN BbI-
JaBIMBAET WX U3 TIOTOKA BRIXJIOMHBIX Ta30B U HAKAIUJIMBACT B OTCTOWHUKE, a MPU
BKJIFOUEHUH CIIELMAIbHOIO PEKMMa O0OTallleHHs CMECH OH MX BOCTAHABIMBAET
3a CYET SHEPTUH JIO)KUTaHUS POTYKTOB HETIOJHOI'O CTOPAHUSI.

[To TBepaBIM YacTUIIAM BCE HE TaK XOPOIIO KaK ¢ OCTAIBHBIMU BUJAMHU TOKCHY-
HBIX KOMIIOHEHTOB, BE/lb HE CEKpPET, YTO UMEHHO MacCOBOE paclpOCTpaHEHHE
JBUTATENIE ¢ HETIOCPEICTBEHHBIM BIIPHICKOM TOIUIMBA BBHIHYMIIO €BPOMEHCKUE
BiactH, a Takke Amnonuto u CIIIA BBecTH HOpMUpOBaHKE HA BEIOPOCH! TBEPA(DX
yacTUll OCH3WHOBBIMHU JIBUTATEISIMU. JTO MPOUCXOIUT B TOM Cllyyae KOrja B
30HE OOOTAICHUS] CMECH Y CBEYH 3a)KHTaHUS MIPH PACCIOCHUM 3apsijia, Mpouc-
XOJUT HETOJIHOE CTOPaHUE B CBS3M C HEAOCTATKOM KHCIOPOAA, U aTOMBI yIjie-
poJia MpH BHICOKOM JaBJICHUH HaYMHAIOT 00pa30BBIBATh YaCTUUKHU CaXH, KaK Ha
TU3eJILHOM JIBUTATEINe, a TIPU MEePEMEIINBAHUN C BO3yXOM ITH YaCTUYIKU CAXKU
0 KaKOMTO MPUYMHE HE BCEr/a JOOKUCISIOTCS A0 MPOAYKTOB MOJHOTO CTOopa-

HUA.
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6.1.3 Ouenka 3KOJIOTHYHOCTH, MO HIYMY, O0OBEKTa pa3pabOTKH OakaiaBpCKO

paboThI

VBenauueHue mama oT pa6OTBI JABUTaTCIIA 6YI[CT CBA3aHO C HAJIMYMEM OOIIOJI-
HHUTCJIIBHOI'O arperara, a UMCHHO HACOCa BBICOKOI'O HAaBJICHUA, pa60Ta KOTOPOI0 MO-
KCT HCCKOJIBKO CKAa3aTbCiA Ha 06IHCM IrymM<e IABUIAaTCJIA, B OCTAJIbHOM IIYM IIPpUHIIN-
MMHUAJIHO U3MCHUTCA HC NOJIKCH MHAXOAWUTCA B TCX JKC IPCACIIaX KaK U JJIA 0a30BOTO

JABHUI'aTCIIA.

6.2 BeIBOIBI IO pa3naeiry

1. TToxxapo6e301macHOCTh HE U3MEHUTCHL.

2. lllym nBuratess Ha OCHOBHBIX peXUMax pabOThl HE U3MEHUTCS.

3. ToKkCMYHOCTh MO MPOAYKTaM HEMOJHOIO CrOpPaHUs U YIIIEKUCIOMY rasy
CHUBUTCS, JIJIs1 BBIMOJHEHUS] HOpM TokcuuHOocTH EBPO-6 Tpebyercst ycTaHOBKa KaTa-
Ju3aTopa JIOKUTraTeNsl TPOJAYKTOB HEMOIHOTO CrOpaHMs, MOCJE KaTaln3aTopa HaKo-
MUATENS OKCUIOB a30Ta.

4. JIns BBIMOJHEHUS HOPM MO TOKCHMYHOCTH OKCHJAMH a30Ta, CJIEIYeT yCTa-
HAaBJIMBATh KaTATUTUYECKHUI HEUTPAIN3aTOP HAKOMUTEIBHOTO THUIIA.

5. B 1ieom aBUTaTeb yAOBJIETBOPSIET COBPEMEHHBIM TPEOOBAHUSIM MO IKOJIO-
TUYHOCTH, HO TpeOyeTcs CYyIIECTBEHHOW MOJEpPHU3AIMN CHUCTEMbl HEUTpaIu3aluu
OTpa0OTaBIINX T'a30B YCTAHOBKOW JBYX HEUTPAIU3aTOPOB, OJIUH JJIsI OKCUIOB a30Ta,
a BTOpOU JjIsl MPOAYKTOB HETMOJHOTO CTOPAHMS, U COBCEM Ha BBIITYCKE CaXKEyJIOBUTE-

Jit, Il YMCHBIICHUS B6pOCOB TBCPAbIX 4YaCTHUII.
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SAKJITOYEHHUE

B 6akanaBpckoii paboTe mpoBeaeHa mMoapHu3amus npurateias BA3-2112 mns

CHMKCHUS TOKCHUYHOCTH I10 YITICBOJAOPOAaM, 3a CUCT aJdallTallui ABHUIATCIIA IO pa-

00Ty IIpH HEMOCPEICTBEHHOM BIPBICKE TOIUIMBA B IWIIMHJP. B X0oae pacueTroB nomny-

YCHbI OCHOBHBLIC XapPaKTCPUCTHUKH pa6OTI>I ABUI'ATCJIA W HAIPY3KH Ha 3JICMCHTLI

KIIM, npoBeieHHBIN pacyeT JICKTPOMArHUTHON (hOPCYHKH MO3BOJIMII CIIPOCKTUPO-

BaTh €€ M pa3MEeCTUTh B OJoke HMIMHAPOB. [IpoBeaeHHas OLlEHKA BIHMSHUS PabOTHI

CUCTCMBbI HCIIOCPCACTBCHHOI'O BIIPBICKA HA 3KOJIOTHYCCKUC XAPAKTCPHUCTHUKU pa6OTBI

JABHUIaTCJIA IIOKasaja, 4To.

— TOKCHYHOCTB MO MPOIYKTAM HEIOJHOTO CTOPAHUS U YTJIIEKUCIOMY a3y CHU3HUT-

csl, U1 BBIMOJTHEHUsT HOpM TokcuuHocTu EBPO-6 Tpebyercst ycraHOBKa KaTasu-
3aTopa JOYKWTATeNsl MNPOIYKTOB HEIMOJIHOTO CropaHus, MOCJE KaTalu3aTopa
HaKOTUTENSI OKCUJIOB a30Ta M B KOHIIE YCTAHOBKA CaXKEBOTO (DUIIBTpA.

J171s1 BBINIOJIHEHUSI HOPM MO0 TOKCUYHOCTH OKCUIAMU a30Ta, CIAEAYET YCTaHABIHU-
BaTh KaTAIUTUYECKUNA HEUTPAIU3aTOP HAKOMUTEIBLHOIO THIIA.

[Ipu 3TOM 3HEPreTUYEeCKre XapaKTEPUCTUKN PadOThl U3BMEHWINCH CIIETYIOIIUM

obOpazom:

— MUHUMAaJbHBIA yenbHbIN 3D PeKTuBHBIN pacxo ToruBa 242 r/kBt*4, cHike-

HUE TI0 CPaBHEHUIO ¢ 6a30BBIM COCTAaBHIIO 6-8% B CBS3M C TEM YTO Ha OCHOBHOM
pexkuMe pabOThl YCIOBHS MOATOTOBKH TOIUTMBHO-BO3AYIITHOW CMECH CXOXH, a
Ha peXUMaX YaCTHYHBIX HATPY30B M XOJOCTOTO X0/1a CHUYKCHHE yIeTHHOTO pac-
xona coctaBuiio 10 50%;

MaKCUMAaJIbHYIO MOIIHOCTh cocTaBujia 72 kBT mpu uactore Bpamenus 5600

-1 0
MUH , [10 CPAaBHEHUIO ¢ 0a30BBIM yBeIU4YEHHUE cocTaBuio 1-1,5%.
CHIDKEHHE TOKCHYHOCTH B OTPa0OTaBIIUX ra3ax M0 HECTOPEBIINM YTIIEBOJAOPO-

naM (CH) u oxcunam azota (NO).
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[MTPMJIOXKEHHME A

Ta6muma Al - VicxoaHbie gaHHbIE )1 TETUIOBOTO pacueTa

Koad-
bunueHT
[Iponon- | Koadpdu- | Cre- | momeky- Koaddu-
OOBeM pa-pKUTEIBHOCTH ITUEHT U3- | IEHb |JIIPHOTO U3- VYrou one- |ITonHO-Ta LIUEHT OCTa- IToxasareny Yacrora
Oouero Te-| mpolecc |ObITKa BO3-| CXKa- | MEHEHHS pexenust |cropa-uus| Ep, |TOYHBIX ra- Xapakrepa | BpalleHus
na, M° CrOpaHus nyxa THS CMECH Py Ty 3akuranus | torua-pa | Mlla 30B A CrOpaHus KB
JlBurarens ¢ HEOCPEACTBEHHBIM BIIPHICKOM TOIUIMBA
1,029192 28 1 10,5 | 1,025724 1,913 789,86 13 0,94 51,955535 | 0,033925 0,293 2,5 900
1,043288 36 1.05 10,5 | 1,015327 1,8066 778,05 14 0,95 49,116924 | 0,032378 0,293 2,6 2000
1,055293 42 1.05 10,5 | 1,015368 1,4796 726,67 19 0,96 49,21437 | 0,029589 0,293 2,7 3500
1,044442 50 1.05 10,5 | 1,015341 1,2128 696,77 23 0,97 47,2572 | 0,031428 0,293 2,8 5000
1,104081 54 1 10,5 | 1,025809 1,1001 680,13 25 0,98 49,24586 | 0,030549 0,293 2,9 5600
Jsurarens BA3-2112
0,989923 40 0.96 10,5 | 1,060488 1,823 767,52 15 0,76 43,98798 0,043126 0,293 3.1 900
1,028942 48 1 10,5 | 1,050596 1,469 722,11 20 0,86 46,40438 0,036289 0,293 3.2 2600
1,05791 55 1 10,5 | 1,050718 1,267 697,718 23 0,96 50,28953 0,033797 0,293 3.3 3700
1,08835 58 1 10,5 | 1,050909 1,098 665,279 26 0,97 50,44589 0,029931 0,293 3.4 5000
1,150416 62 1 10,5 | 1,050917 0,977 652,082 28 0,99 49,49647 0,029751 0,293 3.5 5600
Ta6muma A2 - Pe3y/bTaThl TEIUIOBOTO PacyeTa JBHTaTeNs ¢ HEIOCPEICTBEHHBIM BIPHICKOM TOILTHBA Tipr N = 900 Mun™
Koaddu-
[ons Bbl- | Cpea-Has LIMEHT MO- Temne-
nenu- Ha yyacT- Je- Xapakte- | VYrox paTypa Temne-
BLUEerocsd Ke Tem- KyJIIPHOTO puctuka |IIKB ot [Texymuii| npegno- paTtypa
Ha yyacT- npe- U3MEHEHUS TEennoBbl- | Hayaga | yroiu norae- aewncr- YaenbHbIn
Ke Tenna | patypa, K k1l-2 K1-2 DX1-2 [asneHve cMecH m;_, penenns |ropennsi| IIKB mas/, K BUTENb-HasA obbem s y (f1)
2,97E-05 | 790,9425 5,95E-05 | 1,91405 1 1 0 0 -13 | 787,0153 | 787,01531 | 0,11341 | 0,0331 | 1,15699
0,000307 | 801,2881 | 1,355958 | 6,618639 | 0,000613 | 1,972511 1 1 595E-05| 1 -12 | 794,8697 | 794,8696 | 0,11114 | 0,0282 | 1,13391
0,001052 | 818,7097 | 1,35467 | 6,639044 | 0,002105 | 2,042709 1 1 0,000673 | 2 -11 | 807,7065 | 807,70583 | 0,10906 | 0,0237 | 1,11263
0,002403 | 847,6335 | 1,352568 | 6,672663 | 0,004806 | 2,135752 1 1,00002 | 0,002777 | 3 -10 | 829,7129 | 829,7102 | 0,10715 | 0,0196 | 1,09316
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0,004451 | 892,7368 | 1,349273 | 6,726183 | 0,008902 | 2,264611 | 1,0001 | 1,00005 | 0,007583 | 4 -9 18655541 | 865,5447 | 0,10542 | 0,0159 | 1,07552
0,007245 | 958,4727 | 1,344567 | 6,80438 | 0,01449 | 2,442867 | 1,0002 | 1,00011 | 0,016485 | 5 -8 1919,9196 | 919,89361 | 0,10387 | 0,0126 | 1,05971
0,010782 | 1048,582 | 1,338506 | 6,908307 | 0,021563 | 2,683193 | 1,0003 | 1,00022 | 0,030975 | 6 -7 1997,0259 | 996,96661 | 0,1025 | 0,0096 | 1,04574
0,01499 | 1165,654 | 1,33143 | 7,03445 | 0,029979 | 2,995772 | 1,0005 | 1,00039 | 0,052538 | 7 -6 | 1100,138 | 1100,0255 | 0,10131 | 0,0071 | 1,03363
0,01972 | 1310,784 | 1,323861 | 7,175483 | 0,039441 | 3,386877 | 1,0008 | 1,00063 | 0,082518 | 8 -5 11231,171 | 1230,9926 | 0,10031 | 0,0049 | 1,02336
0,024739 | 1483,306 | 1,316341 | 7,322287 | 0,049478 | 3,857693 | 1,0011 | 1,00095 | 0,121958 | 9 -4 1 1390,396 | 1390,1522 | 0,09948 | 0,0031 | 1,01496
0,029729 | 1680,63 | 1,309303 | 7,466143 | 0,059458 | 4,403405 | 1,0016 | 1,00136 | 0,171436 | 10 -3 | 1576,217 | 1575,9274 | 0,09884 | 0,0018 | 1,00842
0,034312 | 1898,172 | 1,30302 | 7,600216 | 0,068624 | 5,01263 | 1,0021 | 1,00187 | 0,230894 | 11 -2 | 1785,043 | 1784,7442 | 0,09838 | 0,0008 | 1,00374
0,038079 | 2129,472 | 1,297617 | 7,720046 | 0,076159 | 5,667379 | 1,0028 | 1,00246 | 0,299518 | 12 -1 | 2011,301 | 2011,0338 | 0,09811 | 0,0002 | 1,00094
0,040646 | 2366,532 | 1,293112 | 7,823342 | 0,081291 | 6,343794 | 1,0035 | 1,00313 | 0,375677 | 13 0 2247,643 | 2247,445 | 0,09802 0 1

0,041706 | 2600,422 | 1,289457 | 7,909484 | 0,083411 | 7,013788 | 1,0042 | 1,00386 | 0,456968 | 14 1 2485,421 | 2485,3209 | 0,09811 | 0,0002 | 1,00094
0,041093 | 2822,106 | 1,286574 | 7,979011 | 0,082187 | 7,647588 | 1,005 | 1,00463 | 0,540379 | 15 2 2715,423 | 2715,4349 | 0,09838 | 0,0008 | 1,00374
0,038823 | 3023,382 | 1,284365 | 8,033217 | 0,077645 | 8,216861 | 1,0058 | 1,0054 | 0,622566 | 16 3 2928,788 | 2928,9142 | 0,09884 | 0,0018 | 1,00842
0,035101 | 3197,789 | 1,282731 | 8,073866 | 0,070202 | 8,697945 | 1,0065 | 1,00614 | 0,700211 | 17 4 3117,977 | 3118,2084 | 0,09948 | 0,0031 | 1,01496
0,030307 | 3341,275 | 1,281572 | 8,102981 | 0,060614 | 9,074544 | 1,0072 | 1,00683 | 0,770413 | 18 5 3277,601 | 3277,9229 | 0,10031 | 0,0049 | 1,02336
0,024929 | 3452,519 | 1,280793 | 8,122677 | 0,049858 | 9,339307 | 1,0077 | 1,00743 | 0,831028 | 19 6 3404,95 | 3405,3437 | 0,10131 | 0,0071 | 1,03363
0,019483 | 3532,799 | 1,280308 | 8,135012 | 0,038966 | 9,493951 | 1,0082 | 1,00795 | 0,880885 | 20 7 3500,088 | 3500,5344 | 0,1025 | 0,0096 | 1,04574
0,014427 | 3585,476 | 1,280039 | 8,141868 | 0,028853 | 9,547915 | 1,0085 | 1,00836 | 0,919851 | 21 8 3565,509 | 3565,9906 | 0,10387 | 0,0126 | 1,05971
0,010091 | 3615,213 | 1,279922 | 8,144851 | 0,020183 | 9,515953 | 1,0088 | 1,00867 | 0,948704 | 22 9 3605,442 | 3605,9438 | 0,10542 | 0,0159 | 1,07552
0,006647 | 3627,128 | 1,279906 | 8,145248 | 0,013294 | 9,41527 | 1,009 | 1,0089 | 0,968887 | 23 10 | 3624,985 | 3625,4947 | 0,10715 | 0,0196 | 1,09316
0,00411 | 3626,06 | 1,279955 | 8,14401 | 0,008219 | 9,262908 | 1,0091 | 1,00906 | 0,982182 | 24 11 | 3629,272 | 3629,7817 | 0,10906 | 0,0237 | 1,11263
0,002377 | 3616,085 | 1,280042 | 8,141792 | 0,004754 | 9,073856 | 1,0092 | 1,00916 | 0,990401 | 25 12 | 3622,848 | 3623,3517 | 0,11114 | 0,0282 | 1,13391
0,001281 | 3600,309 | 1,280151 | 8,139004 | 0,002563 | 8,860108 | 1,0092 | 1,00922 | 0,995155 | 26 13 | 3609,322 | 3609,816 | 0,11341 | 0,0331 | 1,15699
0,000642 | 3580,895 | 1,280274 | 8,135878 | 0,001283 | 8,630544 | 1,0093 | 1,00925 | 0,997717 | 27 14 | 3591,297 | 3591,7787 | 0,11585 | 0,0383 | 1,18187
0,000297 | 3559,225 | 1,280405 | 8,132531 | 0,000594 | 8,391378 | 1,0093 | 1,00927 | 0,999 28 15 | 3570,492 | 3570,9599 | 0,11846 | 0,0439 | 1,20853
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Ta6muua A3 - Pe3y/IbTaThl TEIUIOBOTO pacdeTa ABHTATE s ¢ HEOCPEICTBEHHBIM BIPBICKOM TOLTHBA Ipr N = 2000 Mun™

Koaddu- Hons
LIUEHT MO- Temne- Bbloenu-
Cpepa-Has ne- Xapakte- | VYroxn paTypa Temne- BLUerocs
Ha yyacTke KYJIIPHOTO puctuka | IIKB ot (Texymmii| npegno- paTypa Ha
Temnpe- U3MEHEHUs TennoBbl- | Hauama | yroa norae- nencr- YpaenbHbIn yyacTtke
paTtypa, K k1-2 K1-2 DX1-2 |Oaenenue| cmecu m;_ penexus | ropenus | I[IKB mas/, K BUTENb-Has 00beMm s vy (£1) Tenna
7717,7241 0,0000 | 1,8072 | 1,0000 | 1,0000 | 0,0000 0 -14 | 774,4584 | 774,45835 | 0,1174 | 0,0383 | 1,1819 | 0,0000
784,9117 | 1,3576 | 6,5926 | 0,0002 | 1,8616 | 1,0000 | 1,0000 | 0,0000 1 -13 | 780,9898 | 780,9897 | 0,1150 | 0,0331 | 1,1570 | 0,0001
794,0977 | 1,3567 | 6,6069 | 0,0007 | 1,9186 | 1,0000 | 1,0000 | 0,0002 2 -12 | 788,8336 | 788,83336 | 0,1127 | 0,0282 | 1,1339 | 0,0003
806,7931 | 1,3556 | 6,6251 | 0,0016 | 1,9814 | 1,0000 | 1,0000 | 0,0009 3 -11 | 799,3618 | 799,36107 | 0,1106 | 0,0237 | 1,1126 | 0,0008
824,7447 | 1,3540 | 6,6497 | 0,0031 | 2,0543 | 1,0001 | 1,0001 | 0,0025 4 -10 | 814,2243 | 814,22237 | 0,1086 | 0,0196 | 1,0932 | 0,0016
849,8438 | 1,3519 | 6,6837 | 0,0052 | 2,1422 | 1,0002 | 1,0002 | 0,0056 5 -9 835,265 | 835,26014 | 0,1069 | 0,0159 | 1,0755 | 0,0026
884,0182 | 1,3491 | 6,7294 | 0,0080 | 2,2504 | 1,0004 | 1,0003 | 0,0109 6 -8 | 864,4226 | 864,41121 | 0,1053 | 0,0126 | 1,0597 | 0,0040
929,1087 | 1,3455 | 6,7885 | 0,0114 | 2,3844 | 1,0007 | 1,0006 | 0,0188 7 -7 1 903,6137 | 903,58893 | 0,1039 | 0,0096 | 1,0457 | 0,0057
986,7400 | 1,3412 | 6,8614 | 0,0156 | 2,5494 | 1,0012 | 1,0010 | 0,0303 8 -6 | 954,6037 | 954,55412 | 0,1027 | 0,0071 | 1,0336 | 0,0078
1058,1941 | 1,3363 | 6,9473 | 0,0205 | 2,7496 | 1,0018 | 1,0015 | 0,0459 9 -5 11018,876 | 1018,7851 | 0,1017 | 0,0049 | 1,0234 | 0,0102
1144,2979 | 1,3309 | 7,0437 | 0,0259 | 2,9883 | 1,0026 | 1,0022 | 0,0663 | 10 -4 11097,512 | 1097,358 | 0,1008 | 0,0031 | 1,0150 | 0,0129
1245,3279 | 1,3253 | 7,1474 | 0,0317 | 3,2669 | 1,0036 | 1,0031 | 0,0922 | 11 -3 | 1191,084 | 1190,8438 | 0,1002 | 0,0018 | 1,0084 | 0,0159
1360,9357 | 1,3198 | 7,2545 | 0,0379 | 3,5848 | 1,0048 | 1,0042 | 0,1240 | 12 -2 | 1299,572 | 1299,2242 | 0,0997 | 0,0008 | 1,0037 | 0,0189
1490,0969 | 1,3144 | 7,3612 | 0,0440 | 3,9394 | 1,0063 | 1,0056 | 0,1618 | 13 -1 1422,3 | 1421,8278 | 0,0995 | 0,0002 | 1,0009 | 0,0220
1631,0878 | 1,3094 | 7,4643 | 0,0500 | 4,3256 | 1,0080 | 1,0072 | 0,2059 | 14 0 1557,894 | 1557,2895 | 0,0994 | 0,0000 | 1,0000 | 0,0250
1781,5009 | 1,3048 | 7,5611 | 0,0554 | 4,7360 | 1,0100 | 1,0090 | 0,2559 | 15 1 1704,281 | 1703,5433 | 0,0995 | 0,0002 | 1,0009 | 0,0277
1938,3077 | 1,3008 | 7,6498 | 0,0599 | 5,1610 | 1,0121 | 1,0110 | 0,3112 | 16 2 1858,721 | 1857,8562 | 0,0997 | 0,0008 | 1,0037 | 0,0299
2097,9766 | 1,2972 | 7,7294 | 0,0632 | 5,5893 | 1,0144 | 1,0133 | 0,3711 | 17 3 2017,895 | 2016,9173 | 0,1002 | 0,0018 | 1,0084 | 0,0316
2256,6475 | 1,2942 | 7,7992 | 0,0652 | 6,0082 | 1,0169 | 1,0157 | 0,4343 | 18 4 12178,058 | 2176,9839 | 0,1008 | 0,0031 | 1,0150 | 0,0326
2410,3539 | 1,2916 | 7,8594 | 0,0655 | 6,4046 | 1,0195 | 1,0182 | 0,4995 | 19 5 2335,237 | 2334,0831 | 0,1017 | 0,0049 | 1,0234 | 0,0328
2555,2769 | 1,2894 | 7,9101 | 0,0643 | 6,7658 | 1,0220 | 1,0207 | 0,5650 | 20 6 | 2485,471 | 2484,2559 | 0,1027 | 0,0071 | 1,0336 | 0,0321
2688,0045 | 1,2877 | 7,9519 | 0,0614 | 7,0806 | 1,0245 | 1,0233 | 0,6293 | 21 7 2625,083 | 2623,8215 | 0,1039 | 0,0096 | 1,0457 | 0,0307
2805,7675 | 1,2863 | 7,9856 | 0,0570 | 7,3398 | 1,0269 | 1,0257 | 0,6906 | 22 8 | 2750,926 | 2749,633 | 0,1053 | 0,0126 | 1,0597 | 0,0285
2906,6219 | 1,2852 | 8,0120 | 0,0514 | 7,5373 | 1,0291 | 1,0280 | 0,7476 | 23 9 | 2860,609 | 2859,2939 | 0,1069 | 0,0159 | 1,0755 | 0,0257
2989,5537 | 1,2844 | 8,0320 | 0,0451 | 7,6700 | 1,0311 | 1,0301 | 0,7991 | 24 10 | 2952,635 | 2951,3078 | 0,1086 | 0,0196 | 1,0932 | 0,0225
3054,4929 | 1,2838 | 8,0465 | 0,0383 | 7,7384 | 1,0329 | 1,0320 | 0,8442 | 25 11 | 3026,472 | 3025,1391 | 0,1106 | 0,0237 | 1,1126 | 0,0191
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3102,2338 | 1,2834 | 8,0564 | 0,0315 | 7,7460 | 1,0344 | 1,0336 | 0,8824 | 26 12 | 3082,513 | 3081,1792 | 0,1127 | 0,0282 | 1,1339 | 0,0157
3134,2776 | 1,2832 | 8,0625 | 0,0250 | 7,6987 | 1,0356 | 1,0350 | 0,9139 | 27 13 | 3121,954 | 3120,6227 | 0,1150 | 0,0331 | 1,1570 | 0,0125
3152,6193 | 1,2831 | 8,0657 | 0,0192 | 7,6042 | 1,0366 | 1,0361 | 0,9389 | 28 14 | 3146,601 | 3145,2749 | 0,1174 | 0,0383 | 1,1819 | 0,0096
3159,5136 | 1,2830 | 8,0666 | 0,0142 | 7,4712 | 1,0373 | 1,0369 | 0,9581 | 29 15 | 3158,638 | 3157,319 | 0,1201 | 0,0439 | 1,2085 | 0,0071
3157,2518 | 1,2831 | 8,0657 | 0,0100 | 7,3081 | 1,0879 | 1,0376 | 0,9722 | 30 16 | 3160,39 | 3159,0799 | 0,1229 | 0,0499 | 1,2370 | 0,0050
3147,9783 | 1,2831 | 8,0635 | 0,0068 | 7,1231 | 1,0382 | 1,0381 | 0,9823 | 31 17 | 3154,114 | 3152,8146 | 0,1259 | 0,0562 | 1,2671 | 0,0034
3133,5632 | 1,2833 | 8,0604 | 0,0045 | 6,9232 | 1,0385 | 1,0384 | 0,9891 | 32 18 | 3141,843 | 3140,554 | 0,1291 | 0,0630 | 1,2991 | 0,0022
3115,5372 | 1,2834 | 8,0568 | 0,0028 | 6,7143 | 1,0387 | 1,0386 | 0,9936 | 33 19 | 3125,284 | 3124,0071 | 0,1324 | 0,0700 | 1,3327 | 0,0014
3095,0818 | 1,2836 | 8,0526 | 0,0017 | 6,5009 | 1,0388 | 1,0387 | 0,9964 | 34 20 | 3105,791 | 3104,526 | 0,1359 | 0,0775 | 1,3681 | 0,0008
3073,0605 | 1,2838 | 8,0482 | 0,0009 | 6,2864 | 1,0389 | 1,0388 | 0,9981 | 35 21 |3084,373 | 3083,1213 | 0,1396 | 0,0853 | 1,4051 | 0,0005
3050,0737 | 1,2839 | 8,0435 | 0,0005 | 6,0733 | 1,0389 | 1,0389 | 0,9990 | 36 22 | 3061,748 | 3060,509 | 0,1435 | 0,0934 | 1,4438 | 0,0003

- -1
Tabnuua A4 - Pe3ynbTarhl TEIUIOBOIO pacyeTa JBUraTeNs C HEMOCPEACTBEHHBIM BIPBHICKOM TorumiBa mipu N = 3500 muH

Koapdu- Oons

IIHEHT MO- Temne- Temne- Bblaenun-
Cpen-Hssi ne- XapakTte-| VYrox paTtypa paTypa BLUEerocs
Ha yyacTke KYJISIpPHOTO puctuka |I1IKB ot npegno- | Aencrt- Ha
Temnpe- W3MEHEHUsI TennoBbl-| Havana | Tekymuit | norae- | BUTENb- | YOEnbHbIN yyacTtke
patypa, K k1-2 K1-2 DX1-2 |JaBneHve| cwmecu m;_, |aenexus |ropenus | yroa [IKB | wmasg/, K Hast obbeM S y(f1) Tenna
726,8004 0,0000| 1,4797 | 1,0000 | 1,0000|0,0000| O -19 [723,2775723,2775 0,1339 0,0700 1,3327 0,0000
734,1506 | 1,3645 |6,4865|0,0001| 1,5328 | 1,0000 | 1,0000|0,0000| 1 -18 [730,3232730,3231 0,1306 |0,0630| 1,2991 | 0,0000
742,4548 | 1,3635 | 6,5026|0,0003| 1,5879| 1,0000 | 1,0000|0,0001| 2 -17 737,9779737,9773 0,1274 |0,0562| 1,2671 | 0,0002
752,4924 | 1,3623 | 6,5204|0,0008| 1,6464 | 1,0000 | 1,0000|0,0004| 3 -16 [746,9316746,9301 0,1243 |0,0499]| 1,2370 | 0,0004
765,2066 | 1,3609 |6,5418|0,0015| 1,7103 | 1,0000 | 1,0000|0,0012| 4 -15 |758,0532 758,05 | 0,1215 |0,0439]| 1,2085 | 0,0007
781,6713 | 1,3592 |6,5682|0,0025| 1,7819| 1,0001 | 1,0001|0,0026| 5 -14  |772,3599772,3535 0,1188 |0,0383| 1,1819 | 0,0013
803,0529 | 1,3570 |6,6016|0,0039| 1,8642 | 1,0002 | 1,0002|0,0051| 6 -13  [790,9826790,9704 0,1163 |0,0331| 1,1570| 0,0020
830,5634 | 1,3544 |6,6436|0,0058| 1,9605 | 1,0004 | 1,0003|0,0091| 7 -12  815,1232815,1007 0,1140 |0,0282| 1,1339 | 0,0029
865,4064 | 1,3512 |6,6952|0,0080| 2,0740 | 1,0006 | 1,0005|0,0148| 8 -11  [846,0037845,9634 0,1118 |0,0237| 1,1126 | 0,0040
908,7177 | 1,3474 |6,7571|0,0107| 2,2083 | 1,0009 | 1,0007|0,0229| 9 -10 884,8091884,7397 0,1099 |0,0196| 1,0932 | 0,0054
961,5053 | 1,3431 |6,8291|0,0139| 2,3666| 1,0013 | 1,0011|0,0336| 10 -9  1932,6264932,5115 0,1081 |0,0159]| 1,0755 | 0,0069
1024,5898| 1,3384 |6,9103|0,0174| 2,5517 | 1,0019 |1,0016|0,0474| 11 -8 1990,3841990,2022 0,1065 |0,0126]| 1,0597 | 0,0087

(o}
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1098,5510| 1,3334 |6,9988|0,0214| 2,7659 | 1,0025 | 1,0022 | 0,0648| 12 -7  |1058,7951058,52| 0,1051 |0,0096| 1,0457 | 0,0107
1183,6796| 1,3283 |7,0926|0,0256| 3,0105 | 1,0034 | 1,0029|0,0862| 13 -6 |1138,3071137,909 0,1039 |0,0071| 1,0336 | 0,0128
1279,9356| 1,3231 |7,1891|0,0301]| 3,2857 | 1,0044 | 1,0039|0,1118| 14 -5 ]1229,0531228,504 0,1029 |0,0049| 1,0234 | 0,0151
1386,9143| 1,3182 |7,2859|0,0347| 3,5908 | 1,0055 | 1,0050|0,1419| 15 -4 1330,8191330,092 0,1020 |0,0031| 1,0150 | 0,0174
1503,8223| 1,3135 | 7,3805|0,0393| 3,9233 | 1,0069 | 1,0062|0,1766| 16 -3 1443,01(1442,085 0,1013 |0,0018| 1,0084 | 0,0196
1629,4664| 1,3091 | 7,4712|0,0437| 4,2796 | 1,0084 | 1,0077|0,2159| 17 -2 |1564,6351563,496 0,1009 |0,0008| 1,0037 | 0,0218
1762,2593| 1,3050 | 7,5565|0,0477| 4,6543 | 1,0101 | 1,0093|0,2595| 18 -1 |1694,298 1692,94| 0,1006 |0,0002| 1,0009 | 0,0238
1900,2473| 1,3014 |7,6353|0,0512| 5,0410| 1,0120 | 1,0111|0,3072| 19 0 1830,221828,645 0,1005 |0,0000| 1,0000 | 0,0256
2041,1627| 1,2982 |7,7070|0,0539]| 5,4318 | 1,0140 |1,0130| 0,3584| 20 1 1970,2741968,489 0,1006 |0,0002| 1,0009 | 0,0270
2182,5018| 1,2954 |7,7712|0,0558]| 5,8180 | 1,0161 |1,0150|0,4123| 21 2 2112,0512110,071 0,1009 |0,0008| 1,0037 | 0,0279
2321,6276| 1,2929 |7,8279|0,0568| 6,1902 | 1,0183 | 1,0172|0,4681| 22 3 2252,9532250,795 0,1013 |0,0018| 1,0084 | 0,0284
2455,8906| 1,2908 |7,8772|0,0566| 6,5393 | 1,0205 |1,0194|0,5249| 23 4  [2390,3032387,989 0,1020 |0,0031| 1,0150| 0,0283
2582,7623| 1,2890 |7,9196|0,0554 | 6,8564 | 1,0227 |1,0216|0,5815| 24 5 2521,4792519,031 0,1029 |0,0049| 1,0234 | 0,0277
2699,9670| 1,2875 |7,9553|0,0531| 7,1335| 1,0249 | 1,0238|0,6370| 25 6 [2644,0462641,485 0,1039 |0,0071| 1,0336 | 0,0266
2805,6044| 1,2863 | 7,9849|0,0499| 7,3644 | 1,0269 |1,0259|0,6901| 26 7  |2755,8882753,236 0,1051 |0,0096| 1,0457 | 0,0249
2898,2475| 1,2853 | 8,0090| 0,0459| 7,5443 | 1,0289 |1,0279|0,7400| 27 8  [2855,3212852,596 0,1065 |0,0126/| 1,0597 | 0,0229
2977,0075| 1,2846 |8,0280|0,0412| 7,6710| 1,0307 |1,0298|0,7858| 28 9 [2941,1742938,395 0,1081 |0,0159]| 1,0755| 0,0206
3041,5593| 1,2840 |8,0427|0,0362| 7,7439| 1,0323 |1,0315|0,8270| 29 10 3012,8413010,023 0,1099 |0,0196| 1,0932 | 0,0181
3092,1233| 1,2835 |8,0535|0,0310| 7,7649| 1,0337 |1,0330| 0,8632| 30 11 3070,2783067,436 0,1118 |0,0237| 1,1126 | 0,0155
3129,4076| 1,2832 |8,0610|0,0258| 7,7374| 1,0349 | 1,0343|0,8942| 31 12 3113,9693111,114 0,1140 |0,0282| 1,1339| 0,0129
3154,5161| 1,2831 |8,0657|0,0210| 7,6665 | 1,0359 | 1,0354|0,9200| 32 13 3144,8463141,989 0,1163 |0,0331| 1,1570| 0,0105
3168,8352| 1,2830 |8,0682|0,0166| 7,5580| 1,0367 | 1,0363|0,9410| 33 14 3164,1863161,334 0,1188 |0,0383| 1,1819 | 0,0083
3173,9105| 1,2829 |8,0689|0,0128| 7,4183 | 1,0374 |1,0371|0,9576| 34 15 3173,4843170,64 0,1215 |0,0439| 1,2085 | 0,0064
3171,3286| 1,2830 | 8,0681|0,0095| 7,2538 | 1,0379 |1,0376|0,9704| 35 16 3174,3363171,51§ 0,1243 |0,0499| 1,2370 | 0,0048
3162,6147| 1,2830 | 8,0662|0,0069| 7,0706 | 1,0383 |1,0381|0,9799| 36 17 3168,3213165,524 0,1274 |0,0562| 1,2671 | 0,0034
3149,1547| 1,2831 | 8,0634|0,0048| 6,8742 | 1,0385 |1,0384|0,9867| 37 18 |3156,9093154,138 0,1306 |0,0630| 1,2991 | 0,0024
3132,1460| 1,2833 | 8,0600|0,0032]| 6,6692 | 1,0387 |1,0386|0,9915| 38 19 3141,40113138,66| 0,1339 |0,0700| 1,3327 | 0,0016
3112,5756| 1,2834 |8,0561|0,0021| 6,4596 | 1,0388 | 1,0388| 0,9948| 39 20 3122,8913120,182 0,1375 |0,0775| 1,3681 | 0,0011
3091,2223| 1,2836 |8,0519|0,0013| 6,2484 | 1,0389 | 1,0389|0,9969| 40 21 |3102,263099,584 0,1412 |0,0853| 1,4051 | 0,0007
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3068,6764

1,2838

8,0473

0,0008

6,0380

1,0390

1,0390

0,9982

41

22

3080,185

3077,543

0,1451

0,0934

1,4438

0,0004

3045,3694

1,2840

8,0426

0,0005

5,8302

1,0390

1,0390

0,9990

42

23

3057,168

3054,561

0,1492

0,1019

1,4842

0,0002

Tabnuma AS - Pe3yabpTaTsl TEIIIOBOrO pacueTa ABUraTeNsl ¢ HEMOCPEACTBEHHBIM BIPHICKOM TorukBa mpu N = 5000 mun

1

Kosddu- Hons
LIHEHT MO- Temne- Temne- Bblaenu-

Cpegn-Has ie- Xapakte-| VYron paTypa paTypa BLUErocs

Ha y4yacTke KYyJISIPHOTO puctuka | IIKB ot npepno- | Aencr- Ha
Temnpe- H3MCHCHUS TennoBbl-| Havana | Tekywmuidl | rorae- | BuTENb- | YAEnbHbIN yyacTtke
paTypa, K k1-2 K1-2 DX1-2 |OaBneHue| cmecu m_, peneHus | roperus | yron [IKB | mas/, K Has obbem S y(f1l) Tenna
691,3046 0,0000 1,2764 11,0000 1,000 0,0000 q -23687,6783687,6783 0,147 0,1019 1,4842 0,0000
698,7904 | 1,3699 |6,4062|0,0001| 1,3259 | 1,0000 | 1,0000 | 0,0000 1 -22  1694,9309694,9307 0,1436 |0,0934| 1,4438 | 0,0000
706,9614 | 1,3688 |6,4236|0,0002|1,3776 | 1,0000 | 1,0000 0,0001 2 -21  [702,6499 702,649| 0,1398 |0,0853| 1,4051 | 0,0001
716,3037 | 1,3675 |6,4424|0,0005| 1,4323 | 1,0000 | 1,0000| 0,0003 3 -20 |711,273|711,271| 0,1361 |0,0775| 1,3681 | 0,0003
727,3907 | 1,3661 |6,4636|0,0010| 1,4911| 1,0000 | 1,0000| 0,0008 4 -19 |721,3345721,3304 0,1326 |0,0700| 1,3327 | 0,0005
740,8660 | 1,3644 |6,4883|0,0016| 1,5554 | 1,0001 | 1,0000| 0,0017 5 -18 |733,447(733,439¢6 0,1292 |0,0630| 1,2991 | 0,0008
757,4247 | 1,3625 |6,5176|0,0025| 1,6269 | 1,0001 | 1,0001|0,0033 6 -17 |[748,2849748,2722 0,1260 |0,0562| 1,2671 | 0,0012
777,7935 | 1,3602 |6,5527|0,0036| 1,7075| 1,0002 | 1,0002 | 0,0058 7 -16 |766,5644766,5438 0,1230 |0,0499| 1,2370 | 0,0018
802,7075 | 1,3575 |6,5943|0,0049| 1,7990 | 1,0004 | 1,0003| 0,0094 8 -15 [789,0225788,9901 0,1202 |0,0439| 1,2085 | 0,0025
832,8854 | 1,3544 |6,6432|0,0065| 1,9037 | 1,0006 |1,0005|0,0143 9 -14 816,3925816,3432 0,1176 |0,0383| 1,1819 | 0,0033
869,0035 | 1,3509 |6,6995|0,0084| 2,0236 | 1,0008 |1,0007|0,0208| 10 -13  |849,3783 849,306| 0,1151 |0,0331| 1,1570 | 0,0042
911,6703 | 1,3470 |6,7631|0,0105| 2,1608 | 1,0011 | 1,0010|0,0292| 11 -12  |888,6288888,5261 0,1128 |0,0282| 1,1339 | 0,0053
961,4019 | 1,3429 |6,8334|0,0129| 2,3171| 1,0016 |1,0013|0,0397| 12 -11  934,7119934,5712 0,1107 |0,0237| 1,1126 | 0,0065
1018,6000| 1,3384 |6,9094|0,0155| 2,4941 | 1,0021 |1,0018|0,0527| 13 -10 988,0919987,9054 0,1087 |0,0196| 1,0932 | 0,0078
1083,5321| 1,3339 |6,9898|0,0184| 2,6929 | 1,0027 | 1,0024|0,0682| 14 -9  ]1049,1081048,869 0,1070 |0,0159| 1,0755 | 0,0092
1156,3142| 1,3293 |7,0730|0,0214| 2,9143 | 1,0034 | 1,0030|0,0866| 15 -8 [1117,9561117,659 0,1054 |0,0126| 1,0597 | 0,0107
1236,8954| 1,3248 |7,1576|0,0245| 3,1582 | 1,0042 | 1,0038|0,1080| 16 -7 |1194,6721194,313 0,1040 |0,0096| 1,0457 | 0,0123
1325,0458| 1,3204 |7,2420|0,0277| 3,4240| 1,0052 | 1,0047|0,1325| 17 -6 |1279,1191278,695 0,1028 |0,0071| 1,0336 | 0,0139
1420,3466| 1,3162 |7,3248|0,0309| 3,7103 | 1,0062 | 1,0057|0,1602| 18 -5 |1370,9731370,487 0,1018 |0,0049| 1,0234 | 0,0155
1522,1849| 1,3123 |7,4048|0,0341| 4,0150| 1,0075 | 1,0069|0,1911| 19 -4 1469,72|1469,174 0,1010 |0,0031| 1,0150 | 0,0170
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1629,7528| 1,3086 |7,4811|0,0370| 4,3350| 1,0088 | 1,0081|0,2252| 20 -3 1574,65(1574,047 0,1003 |0,0018| 1,0084 | 0,0185
1742,0542| 1,3052 |7,5530|0,0398 | 4,6664 | 1,0102 | 1,0095|0,2622| 21 -2 |1684,8561684,203 0,0998 |0,0008| 1,0037 | 0,0199
1857,9181| 1,3021 |7,6200|0,0422| 5,0046 | 1,0118 |1,0110|0,3020| 22 -1 [1799,2521798,555 0,0996 |0,0002| 1,0009 | 0,0211
1976,0213| 1,2993 | 7,6817|0,0443| 5,3444 | 1,0134 |1,0126|0,3442| 23 0 1916,5841915,849 0,0995 |0,0000| 1,0000 | 0,0221
2094,9198| 1,2968 |7,7380|0,0458| 5,6800 | 1,0151 | 1,0143|0,3885| 24 1 2035,4592034,6920 0,0996 |0,0002| 1,0009 | 0,0229
2213,0875| 1,2946 |7,7888|0,0468| 6,0055 | 1,0169 | 1,0160|0,4343| 25 2 2154,381 2153,59| 0,0998 |0,0008| 1,0037 | 0,0234
2328,9633| 1,2926 |7,8344|0,0473| 6,3147 | 1,0188 | 1,0178|0,4811| 26 3 2271,7942270,984 0,1003 |0,0018| 1,0084 | 0,0236
2441,0022| 1,2909 |7,8748|0,0471| 6,6018 | 1,0206 | 1,0197|0,5284 | 27 4  2386,1322385,308 0,1010 |0,0031| 1,0150 | 0,0235
2547,7290| 1,2894 |7,9103|0,0463| 6,8611 | 1,0224 | 1,0215|0,5754| 28 5 2495,8722495,038 0,1018 |0,0049| 1,0234 | 0,0231
2647,7918| 1,2881 |7,9412|0,0448| 7,0879 | 1,0242 | 1,0233|0,6217| 29 6  2599,5862598,747 0,1028 |0,0071| 1,0336 | 0,0224
2740,0112| 1,2870 | 7,9676|0,0429| 7,2783 | 1,0260 | 1,0251|0,6665| 30 7  |2695,9982695,156 0,1040 |0,0096| 1,0457 | 0,0214
2823,4221| 1,2861 |7,9901|0,0404| 7,4293 | 1,0277 | 1,0268|0,7094| 31 8 [2784,0252783,183 0,1054 |0,0126| 1,0597 | 0,0202
2897,3063| 1,2854 |8,0088|0,0375| 7,5393 | 1,0292 | 1,0285|0,7498| 32 9 [2862,8192861,979 0,1070 |0,0159| 1,0755 | 0,0187
2961,2122| 1,2847 | 8,0241|0,0343| 7,6076 | 1,0307 | 1,0300|0,7873| 33 10 [2931,7932930,956 0,1087 |0,0196]| 1,0932 | 0,0171
3014,9610| 1,2842 |8,0364|0,0308| 7,6349 | 1,0320 | 1,0314|0,8215| 34 11 |2990,6312989,799 0,1107 |0,0237| 1,1126 | 0,0154
3058,6395| 1,2839 |8,0460|0,0273| 7,6229| 1,0332 | 1,0326|0,8524| 35 12 3039,2913038,463 0,1128 |0,0282| 1,1339 | 0,0136
3092,5785| 1,2836 | 8,0531|0,0237| 7,5743 | 1,0343 | 1,0338|0,8796| 36 13 3077,9883077,166 0,1151 |0,0331| 1,1570 | 0,0119
3117,3212| 1,2834 | 8,0581|0,0203| 7,4924 | 1,0352 | 1,0348|0,9033| 37 14 3107,1693106,353 0,1176 |0,0383| 1,1819 | 0,0101
3133,5813| 1,2832 |8,0612|0,0170| 7,3811 | 1,0360 | 1,0356|0,9236| 38 15 [3127,4733126,663 0,1202 |0,0439]| 1,2085 | 0,0085
3142,1968| 1,2832 | 8,0628|0,0140| 7,2447 | 1,0367 | 1,0363|0,9406| 39 16 3139,6893138,885 0,1230 |0,0499]| 1,2370 | 0,0070
3144,0809| 1,2832 |8,0630|0,0113| 7,0876 | 1,0372 | 1,0370|0,9547| 40 17 3144,7043143,906§ 0,1260 |0,0562| 1,2671 | 0,0057
3140,1751| 1,2832 | 8,0621|0,0090| 6,9140 | 1,0377 | 1,0374|0,9660| 41 18 [3143,4573142,665 0,1292 |0,0630| 1,2991 | 0,0045
3131,4069| 1,2833 | 8,0603|0,0070| 6,7280 | 1,0380 | 1,0378|0,9750| 42 19 [3136,8933136,107 0,1326 |0,0700| 1,3327 | 0,0035
3118,6544| 1,2834 | 8,0577|0,0053| 6,5331| 1,0383 | 1,0382|0,9819| 43 20 [3125,9213125,141 0,1361 |0,0775| 1,3681 | 0,0026
3102,7201| 1,2835 | 8,0544|0,0039| 6,3328 | 1,0385 | 1,0384|0,9872| 44 21 [3111,3883110,613 0,1398 |0,0853| 1,4051 | 0,0020
3084,3134| 1,2837 | 8,0507|0,0029| 6,1297 | 1,0387 | 1,0386|0,9912| 45 22 [3094,0523093,284 0,1436 |0,0934| 1,4438 | 0,0014
3064,0427| 1,2838 | 8,0466|0,0020| 5,9262 | 1,0388 | 1,0387|0,9940| 46 23 [3074,5743073,812 0,1476 |0,1019| 1,4842 | 0,0010
3042,4144| 1,2840 | 8,0422|0,0014| 5,7242 | 1,0388 | 1,0388|0,9960| 47 24 3053,5113052,755 0,1518 |0,1108| 1,5262 | 0,0007
3019,8387| 1,2842 |8,0376|0,0009| 5,5251 | 1,0389 | 1,0389|0,9974| 48 25 [3031,3183030,568 0,1561 |0,1200| 1,5698 | 0,0005
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2996,6395| 1,2844 |8,0327|0,0006| 5,3300| 1,0389 | 1,0389|0,9984| 49 26 3008,363007,616 0,1606 |0,1295| 1,6150 | 0,0003
2973,0664| 1,2846 |8,0277|0,0004 | 5,1397 | 1,0390 | 1,0389|0,9990| 50 27 [2984,9192984,182 0,1653 |0,1393| 1,6618 | 0,0002

- -1
Tabnuua A6 - Pe3ynbTarsl TEIUIOBOIO pacyeTa JBUraTeNs C HEMOCPEACTBEHHBIM BIPHICKOM TOIUIMBA Iipu N = 5600 MuH

Koaddu- Hons

IIMEHT MO- Temne- Temne- BblOenn-
Cpepn-Hsas ne- Xapakte- | VYron paTypa patypa BLUerocs
Ha yyacTke KYJISIpHOTO puctuka | IIKB ot npegno- | Oencr- Ha
Temnpe- U3MCHEHUS TennoBsbl- | Havana | Texymwuii | norae- | BUTenb- | YAenbHbIN yyacTke
patypa, K k1-2 K1-2 DX1-2 |NaBneHue| cmecu m_, genexus |ropenus | yron [IKB | wmas/, K Hast obbeM S y(f1) Tenna
682,0387 0,0000( 1,1233 | 1,0000 | 1,0000| 0,0000 0 -25 1678,427|678,427| 0,1651 |0,1200| 1,5698 | 0,0000
689,3775 | 1,3715 |6,3842|0,0000( 1,1677 | 1,0000 | 1,0000| 0,0000 1 -24 1685,651685,6504 0,1605 |0,1108| 1,5262 | 0,0000
697,0662 | 1,3703 |6,4016|0,0001| 1,2138 | 1,0000 | 1,0000| 0,0000 2 -23  1693,105/693,1042 0,1561 |0,1019]| 1,4842 | 0,0000
705,3810 | 1,3690 | 6,4196| 0,0002| 1,2620| 1,0000 | 1,0000| 0,0001 3 -22 |701,028(701,0269 0,1518 |0,0934| 1,4438 | 0,0001
714,6706 | 1,3677 |6,4388|0,0005| 1,3129| 1,0000 | 1,0000| 0,0003 4 -21 |709,734|709,732¢ 0,1477 |0,0853| 1,4051 | 0,0002
725,3484 | 1,3663 |6,4599|0,0008| 1,3672 | 1,0000 | 1,0000| 0,0008 5 -20 |719,607|719,604| 0,1439 |0,0775]| 1,3681 | 0,0004
737,8857 | 1,3647 |6,4837|0,0013| 1,4259| 1,0001 | 1,0001| 0,0016 6 -19 731,09 731,0852 0,1401 |0,0700| 1,3327 | 0,0006
752,8019 | 1,3629 |6,5111|0,0019] 1,4901 | 1,0001 | 1,0001| 0,0029 7 -18 |744,681|744,674| 0,1366 |0,0630| 1,2991 | 0,0010
770,6538 | 1,3608 | 6,5428|0,0027| 1,5611 | 1,0002 | 1,0002| 0,0049 8 -17 1760,922(760,9112 0,1332 |0,0562]| 1,2671 | 0,0014
792,0225 | 1,3584 |6,5796|0,0037| 1,6403 | 1,0004 | 1,0003| 0,0076 9 -16 |780,385(780,3688 0,1301 |0,0499| 1,2370| 0,0019
817,4977 | 1,3557 |6,6221|0,0049| 1,7292 | 1,0006 |1,0005| 0,0113 10 -15 803,66 803,6358 0,1271 |0,0439| 1,2085 | 0,0024

847,6611 | 1,3527 |6,6706|0,0063| 1,8295 | 1,0008 | 1,0007| 0,0162 | 11 -14 1831,336831,3018 0,1243 |0,0383| 1,1819 | 0,0031
883,0686 | 1,3493 |6,7254|0,0079| 1,9428 | 1,0011 | 1,0010| 0,0225 | 12 -13 | 863,987(863,9398 0,1217 |0,0331| 1,1570 | 0,0039
924,2318 | 1,3457 |6,7861|0,0097| 2,0706 | 1,0015 | 1,0013| 0,0304 | 13 -12 {902,151/902,0877 0,1192 |0,0282| 1,1339 | 0,0048
971,6002 | 1,3417 |6,8523|0,0117| 2,2144 | 1,0020 | 1,0018| 0,0401 | 14 -11 | 946,313[946,2304 0,1170 |0,0237| 1,1126 | 0,0058
1025,5439| 1,3377 | 6,9232|0,0139]| 2,3756 | 1,0026 | 1,0023| 0,0518 | 15 -10 |996,887996,7819 0,1149 |0,0196| 1,0932 | 0,0070
1086,3373| 1,3335 |6,9979|0,0163| 2,5549| 1,0033 | 1,0030| 0,0657 | 16 -9 1054,2 |1054,069 0,1131 |0,0159]| 1,0755| 0,0081
1154,1442| 1,3292 |7,0751|0,0188| 2,7532 | 1,0042 | 1,0037| 0,0819 | 17 -8 1118,47|1118,315 0,1114 |0,0126| 1,0597 | 0,0094
1229,0037| 1,3250 |7,1537|0,0215| 2,9705| 1,0051 | 1,0046| 0,1008 | 18 -7 1189,81|1189,62¢6 0,1100 |0,0096| 1,0457 | 0,0108
1310,8174| 1,3209 | 7,2324|0,0243| 3,2065 | 1,0062 | 1,0057| 0,1223 | 19 -6 1268,19|1267,975 0,1087 |0,0071| 1,0336 | 0,0122
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1399,3391| 1,3169 | 7,3101|0,0271| 3,4604 | 1,0074 | 1,0068 | 0,1466 | 20 -5 1353,44/1353,195 0,1076 |0,0049| 1,0234 | 0,0136
1494,1660| 1,3132 | 7,3859|0,0299| 3,7305| 1,0088 |1,0081| 0,1737 | 21 -4 1445,24|1444,964 0,1067 |0,0031| 1,0150 | 0,0150
1594,7337| 1,3097 | 7,4588| 0,0327 | 4,0146 | 1,0103 |1,0096| 0,2037 | 22 -3 1543,1 1542,799 0,1060 |0,0018| 1,0084 | 0,0163
1700,3157| 1,3064 | 7,5282|0,0353| 4,3101 | 1,0120 |1,0112| 0,2364 | 23 -2 1646,37|1646,054 0,1055 |0,0008| 1,0037 | 0,0177
1810,0275| 1,3033 | 7,5936|0,0377| 4,6132 | 1,0138 |1,0129| 0,2717 | 24 -1 1754,26|1753,924 0,1052 | 0,0002| 1,0009 | 0,0189
1922,8378| 1,3005 | 7,6546|0,0399| 4,9201 | 1,0157 |1,0147| 0,3094 | 25 0 1865,8 (1865,447 0,1052 |0,0000| 1,0000 | 0,0199
2037,5857| 1,2980 | 7,7110|0,0417| 5,2262 | 1,0177 | 1,0167| 0,3493 | 26 1 1979,88|1979,522 0,1052 |0,0002| 1,0009 | 0,0209
2153,0054| 1,2957 |7,7626|0,0432| 5,5267 | 1,0198 | 1,0188| 0,3910 | 27 2 2095,29(2094,927 0,1055 |0,0008| 1,0037 | 0,0216
2267,7566| 1,2937 | 7,8096| 0,0441| 5,8164 | 1,0220 | 1,0209| 0,4342 | 28 3 2210,72(2210,351 0,1060 |0,0018| 1,0084 | 0,0221
2380,4618| 1,2919 | 7,8519| 0,0446| 6,0904 | 1,0243 | 1,0231| 0,4783 | 29 4 2324,79(2324,424 0,1067 |0,0031| 1,0150 | 0,0223
2489,7472| 1,2903 | 7,8897|0,0446| 6,3436 | 1,0265 | 1,0254| 0,5230 | 30 5 2436,132435,761 0,1076 |0,0049| 1,0234 | 0,0223
2594,2863| 1,2889 |7,9231|0,0441| 6,5716| 1,0288 | 1,0277| 0,5676 | 31 6 2543,36(2542,999 0,1087 |0,0071| 1,0336 | 0,0220
2692,8435| 1,2877 |7,9525|0,0430| 6,7704 | 1,0310 | 1,0299| 0,6117 | 32 7 2645,212644,846 0,1100 |0,0096| 1,0457 | 0,0215
2784,3164| 1,2866 | 7,9779|0,0414| 6,9367 | 1,0332 | 1,0321| 0,6546 | 33 8 2740,482740,123 0,1114 |0,0126| 1,0597 | 0,0207
2867,7730| 1,2857 |7,9997|0,0394| 7,0681 | 1,0353 | 1,0343| 0,6961 | 34 9 2828,152827,803 0,1131 |0,0159| 1,0755 | 0,0197
2942,4818| 1,2850 | 8,0182|0,0369| 7,1630| 1,0373 |1,0363| 0,7354 | 35 10 |2907,39[2907,048 0,1149 |0,0196| 1,0932 | 0,0185
3007,9337| 1,2844 | 8,0335|0,0341| 7,2211| 1,0392 |1,0382| 0,7723 | 36 11 |2977,57(2977,233 0,1170 |0,0237]| 1,1126 | 0,0171
3063,8531| 1,2838 | 8,0460| 0,0311| 7,2426 | 1,0409 | 1,0400| 0,8064 | 37 12 3038,3 3037,963 0,1192 |0,0282| 1,1339 | 0,0155
3110,1989| 1,2835 | 8,0559|0,0279| 7,2290 | 1,0425 | 1,0417| 0,8375 | 38 13 |3089,413089,083 0,1217 |0,0331| 1,1570 | 0,0140
3147,1534| 1,2831 | 8,0635|0,0247| 7,1824 | 1,0439 | 1,0432| 0,8655 | 39 14 3130,993130,665 0,1243 |0,0383| 1,1819 | 0,0123
3175,1016| 1,2829 | 8,0691|0,0215| 7,1056 | 1,0452 | 1,0445| 0,8901 | 40 15 |3163,323163,00) 0,1271 |0,0439| 1,2085 | 0,0107
3194,6020| 1,2828 | 8,0728|0,0183| 7,0019 | 1,0462 | 1,0457| 0,9116 | 41 16 |3186,88|3186,57| 0,1301 |0,0499| 1,2370 | 0,0092
3206,3505| 1,2827 | 8,0750|0,0154| 6,8748 | 1,0472 | 1,0467| 0,9299 | 42 17 |3202,32|3202,01| 0,1332 |0,0562]| 1,2671 | 0,0077
3211,1403| 1,2827 | 8,0758|0,0127| 6,7283 | 1,0480 | 1,0476| 0,9454 | 43 18 |3210,383210,074 0,1366 |0,0630| 1,2991 | 0,0064
3209,8214| 1,2827 | 8,0754|0,0103| 6,5660 | 1,0486 | 1,0483| 0,9581 | 44 19 3211,9 3211,595 0,1401 |0,0700| 1,3327 | 0,0052
3203,2605| 1,2827 | 8,0740|0,0082| 6,3916 | 1,0491 | 1,0489| 0,9684 | 45 20 |3207,743207,441 0,1439 |0,0775| 1,3681 | 0,0041
3192,3065| 1,2828 | 8,0719| 0,0064 | 6,2085 | 1,0495 | 1,0493| 0,9766 | 46 21 |3198,783198,477 0,1477 |0,0853| 1,4051 | 0,0032
3177,7606| 1,2829 | 8,0690|0,0049| 6,0197 | 1,0499 | 1,0497| 0,9830 | 47 22 |3185,84[3185,53§ 0,1518 |0,0934| 1,4438 | 0,0024
3160,3543| 1,2831 | 8,0656|0,0037| 5,8279 | 1,0501 | 1,0500| 0,9879 | 48 23 |3169,6913169,389 0,1561 |0,1019| 1,4842 | 0,0018
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3140,7353| 1,2832 |8,0618|0,0027| 5,6353 | 1,0503 | 1,0502| 0,9916 | 49 24 |3151,02[3150,727 0,1605 |0,1108| 1,5262 | 0,0013
3119,4599| 1,2834 |8,0576|0,0019 | 5,4438 | 1,0504 | 1,0504| 0,9942 | 50 25 [3130,45(3130,154 0,1651 |0,1200| 1,5698 | 0,0010
3096,9930| 1,2836 |8,0532|0,0013| 5,2548 | 1,0505 |1,0505| 0,9961 | 51 26 |3108,4713108,179 0,1698 |0,1295| 1,6150 | 0,0007
3073,7125| 1,2837 |8,0485|0,0009 | 5,0696 | 1,0506 | 1,0506| 0,9975 | 52 27 |3085,513085,222 0,1747 |0,1393| 1,6618 | 0,0005
3049,9177| 1,2839 |8,0437|0,0006 | 4,8890 | 1,0506 | 1,0506| 0,9984 | 53 28 |3061,91|3061,62| 0,1798 |0,1495| 1,7101 | 0,0003
3025,8403| 1,2841 | 8,0388|0,0004 | 4,7134 | 1,0507 | 1,0507 | 0,9990 | 54 29 |3037,9213037,635 0,1851 |0,1600| 1,7599 | 0,0002
Ta6uuia A7 - Pesy/ibTaThl TEIIIOBOro pacyeta 6a30Boro gsuraress mpu N = 900 mun™
Kosddu- Oons
Cpegn-Has LIHEHT MO- Temne- Temne- Bblaenn-
Ha y4acT- 1e- XapakTte- | VYron patypa | paTypa BLUErocs
Ke Tem- KYJISIPHOTO puctuka | IIKB ot npegno- | OEwncT- Ha
npe- N3MEHEHUS Tennosbl- | Hayana |Tekymmii | norae- | BUTeNb- | YAEnbHbIN y4yacTke
patypa, K k1-2 K1-2 DX1-2 |OaBneHuve| cmecu m_, penenusi | ropenust |yroa I[IKB| mas/, K Has obbem S y(f1) Tenna
762,5295 1,9E-06 1,824 1 q q -15759,4314759,4314 0,113940,0439 1,2085 9,3E-07%
768,7397| 1,3596 | 6,562 | 3E-05 |1,88036 1 1 1,87E-06 1 -14 |765,6275765,6275 0,11143 |0,0383 1,1819| 1,5E-05
775,1405| 1,3588 | 6,5746|0,00014 | 1,93641 1 1 3,2E-05 2 -13 |771,8518771,8518 0,10908 0,0331 1,157 | 6,8E-05
782,1335| 1,3579 | 6,5875|0,00038 | 1,99269 1 1 0,000169| 3 -12 |778,4292778,429| 0,1069 (0,0282 1,1339|0,00019
790,273 | 1,357 | 6,6015|0,00082|2,05016 1 1 0,000549| 4 -11 |785,8377785,8373 0,1049 (0,0237 1,1126|0,00041
800,2637| 1,356 |6,6176|0,00152| 2,1103 | 1,0001 | 1,0001 | 0,001369| 5 -10 [794,7083794,7076 0,10306 (0,0196 1,0932|0,00076
812,9502| 1,3548 | 6,6371|0,00254|2,17506| 1,0002 | 1,0001 | 0,002889| 6 -9 805,8191805,8179 0,1014 (00,0159 1,0755|0,00127
829,2989| 1,3533 | 6,6614 | 0,00394| 2,24685| 1,0003 | 1,0003 | 0,005428| 7 -8 820,0814820,0795 0,09991 00,0126 1,0597|0,00197
850,368 | 1,3514 | 6,6919 |0,00577|2,32849| 1,0006 | 1,0004 | 0,009366| 8 -7 838,5165838,5132 0,09859 (0,0096 1,0457|0,00288
877,2659| 1,349 |6,7301|0,00808|2,42309| 1,0009 | 1,0007 |0,015135| 9 -6 [862,2195862,2141 0,09745 |0,0071 1,0336|0,00404
911,0985| 1,3462 | 6,7768 | 0,01091|2,53387| 1,0014 | 1,0012 |0,023217| 10 -5 1892,3123892,3034 0,09648 0,0049 1,0234|0,00545
952,9056| 1,3429 | 6,8326|0,01427|2,66395| 1,0021| 1,0017 |0,034127| 11 -4 1929,8847 929,87 | 0,09569 [0,0031 1,015 |0,00714
1003,591| 1,3391 | 6,8974 |0,01816| 2,81611| 1,0029 | 1,0025 | 0,048397| 12 -3 975,9264975,9031 0,09507 |0,0018§ 1,0084|0,00908
1063,852| 1,335 | 6,9706 |0,02255|2,99254| 1,004 | 1,0035 |0,066558| 13 -2 |1031,2561031,22| 0,09463 |0,0008 1,0037|0,01128
1134,107| 1,3306 | 7,0505|0,02737|3,19452| 1,0054 | 1,0047 | 0,089109| 14 -1 1096,4481096,394 0,09437 0,0002 1,0009|0,01369
1214,43 | 1,326 | 7,1353|0,03253|3,42225|1,0071 | 1,0062 |0,116484| 15 0 [1171,7651171,68¢ 0,09428 0 1 0,01627
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1304,499| 1,3214 | 7,2228 |0,03788 | 3,67459| 1,0091 | 1,0081 | 0,149015| 16 1 [1257,0951256,984 0,09437 (0,0002 1,0009|0,01894
1403,55 | 1,3169 | 7,3105|0,04323|3,94896| 1,0114 | 1,0102 | 0,186894| 17 2 [1351,9031351,753 0,09463 |0,000§ 1,0037|0,02162
1510,359| 1,3127 | 7,3964 | 0,04838 | 4,2412 | 1,014 | 1,0127 |0,230128| 18 3  [1455,1971455,002 0,09507 |0,001§ 1,0084 |0,02419
1623,243| 1,3087 | 7,4784|0,05307 | 4,54569| 1,0169 | 1,0155 |0,278508| 19 4 1565,521565,273 0,09569 (0,0031 1,015 |0,02654
1740,099| 1,3051 | 7,5552|0,05705|4,85541| 1,0202 | 1,0185 |0,331579| 20 5 [1680,9651680,662 0,09648 0,0049 1,0234 |0,02852
1858,477| 1,3019 | 7,6254 | 0,06006 | 5,16221| 1,0236 | 1,0219 | 0,388626| 21 6 [1799,2321798,871 0,09745 |0,0071 1,0336|0,03003
1975,691| 1,299 |7,6885|0,06187|5,45725|1,0273 | 1,0254 |0,448681| 22 7 |1917,7211917,302 0,09859 |0,0096 1,0457|0,03094
2088,964| 1,2966 | 7,7439|0,06233|5,73146| 1,031 | 1,0292 |10,510554| 23 8 2033,662033,184 0,09991 00,0126 1,0597|0,03116
2195,596| 1,2945 | 7,7917|0,06132|5,97612| 1,0348 | 1,0329|0,572881| 24 9 2144,2672143,73§ 0,1014 00,0159 1,0755|0,03066
2293,143| 1,2927 | 7,8319|0,05886|6,18353| 1,0386 | 1,0367 | 0,634205| 25 10 2246,9252246,348 0,10306 |0,0196 1,0932|0,02943
2379,581| 1,2913 | 7,865 |0,05505]|6,34751| 1,0421 | 1,0403 |0,693068| 26 11 [2339,3612338,741 0,1049 (0,0237 1,1126|0,02752
2453,447| 1,2902 | 7,8914 | 0,05009 | 6,46395| 1,0455 | 1,0438 | 0,748117| 27 12 [2419,8012419,147 0,1069 (0,0282 1,1339|0,02504
2513,925| 1,2894 | 7,9117 |0,04427|6,53105| 1,0485 | 1,047 |0,798203| 28 13 [2487,0922486,409 0,10908 0,0331 1,157 |0,02213
2560,876| 1,2887 | 7,9266 | 0,03795|6,54939| 1,0512 | 1,0499 | 0,842472| 29 14 [2540,7572540,053 0,11143 0,0383 1,1819|0,01897
2594,806| 1,2883 | 7,9369|0,03149|6,52182| 1,0535| 1,0524|0,880418| 30 15 2580,9962580,27§ 0,11394 0,0439 1,2085|0,01574
2616,76 | 1,288 | 7,9433|0,02525|6,45303| 1,0554 | 1,0545|0,911906| 31 16 2608,6152607,889 0,11662 |0,0499 1,237 |0,01262
2628,189| 1,2879 | 7,9465|0,01953|6,34903| 1,057 | 1,0562 |0,937155| 32 17 2624,9042624,175 0,11946 0,0562 1,2671|0,00976
2630,776| 1,2879 | 7,9471|0,01453|6,21652| 1,0582 | 1,0576 | 0,956681| 33 18 2631,4732630,74¢4 0,12247 |0,063|1,2991|0,00727
2626,269| 1,2879 | 7,9458 | 0,01039|6,06231| 1,059 | 1,0586|0,971215| 34 19 [2630,0782629,357 0,12565 | 0,07 | 1,3327|0,00519
2616,333| 1,2881 | 7,943 |0,00712|5,89277| 1,0597 | 1,0594 | 0,981604| 35 20 [2622,4592621,74¢ 0,12898 |0,0775 1,3681|0,00356
2602,441| 1,2882 | 7,9391 | 0,00466|5,71349| 1,0601 | 1,0599 |0,988721| 36 21 [2610,2072609,504 0,13247 (10,0853 1,4051|0,00233
2585,811| 1,2884 | 7,9345|0,00291|5,52909| 1,0604 | 1,0602 | 0,993382| 37 22 [2594,6762593,985 0,13612 |0,0934 1,4438|0,00146
2567,389| 1,2886 | 7,9294|0,00173|5,34313| 1,0606 | 1,0605 | 0,996294| 38 23  [2576,9472576,269 0,13993 |0,1019 1,4842|0,00087
2547,865| 1,2889 | 7,9239|0,00098|5,15825| 1,0607 | 1,0606 | 0,998024| 39 24 2557,8312557,166 0,14389 |0,1108 1,5262|0,00049
2527,718| 1,2891 | 7,9182 |0,00052|4,97627| 1,0607 | 1,0607 | 0,999 40 25 2537,9 2537,249 0,148 | 0,12 | 1,5698|0,00026
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Tabmuma A8 - Pe3ynbrathl TETuIoBOro pacuera 6azoBoro asuratesns npu N = 2600 Mmun

Koaddu- Hons
Cpepa-Has LMEHT MO- Temne- Temne- Bblaenun-
Ha yyacT- Je- XapakTe-| Yron patypa | patypa BLUerocs

Ke TeM- KYJSIPHOTO puctuka |I1IKB ot npegno- | Aencr- Ha
npe- N3MEHEHUS Tennosbl-| Hauana | Tekymuii | norae- | BUTenb- | YAenbHbINA y4yacTke
paTtypa, K k1-2 K1-2 DX1-2 |[aBneHue| cmecu m;_ penexus |ropenus | yron IIKB | mas/, K Hasi 06BbeM s vy (£f1) Tenna
722,1109 0,00000 1,46976 1 1 q g -20718,6469718,6469 0,134060,077491,36807 0,00000
729,0405| 1,36522 |6,47621|0,00001|1,52332 1 1 6E-07 1 -19 [725,5749725,5847 0,13060 0,070051,33271|0,00001
736,0423| 1,36421 |6,49140|0,00005|1,57772 1 1 1E-05 2 -18 |732,5061732,5258 0,12730 |0,062961,29907| 0,00002
743,2928| 1,36320 | 6,50656|0,00014|1,63311 1 1 6E-05 3 -17 [739,5785739,6082 0,12417 0,056241,26715| 0,00007
751,0474| 1,36218 | 6,52207|0,00031|1,68979 1 1 0,0002| 4 -16 [747,0071747,0473 0,12122 (0,049891,23696| 0,00016
759,6431| 1,36111 | 6,53845|0,00059|1,74830 1 1 0,0005| 5 -15 [755,0877755,1393 0,11843 (0,0439(01,20853| 0,00030
769,499 | 1,35995 | 6,55636|0,00101|1,80938| 1,0001 1 0,0011| 6 -14  764,1985764,2629 0,11582 0,038291,18187|0,00051
781,1137| 1,35864 |6,57659|0,00159|1,87404| 1,0001 | 1,0001 | 0,0021| 7 -13  [774,7994774,8784 0,11338 |0,033051,15699 0,00080
795,0603| 1,35714 |6,59998|0,00237|1,94352| 1,0002 | 1,0001 | 0,0037| 8 -12  787,4279787,524| 0,11112 0,028191,13391/0,00119
811,9767| 1,35540 |6,62744|0,00337|2,01934| 1,0003 | 1,0002 | 0,0061| 9 -11  [802,6926802,8088 0,10903 |0,023711,11263|0,00169
832,552 | 1,35337 |6,65986|0,00463|2,10321| 1,0005 | 1,0004 | 0,0095| 10 -10 [821,2609821,4006 0,10712 |0,019611,09316| 0,00231
857,5073| 1,35100 | 6,69802|0,00615|2,19699| 1,0007 | 1,0006 | 0,0141| 11 -9 843,8431844,0101 0,10539 0,0159(01,075520,00308
887,5734| 1,34828 |6,74250|0,00797|2,30267| 1,001 | 1,0009 |0,0202| 12 -8 871,1716871,3699 0,10385 [0,012571,05971| 0,00399
923,463 | 1,34521 |6,79363|0,01010|2,42223| 1,0014 | 1,0012 | 0,0282| 13 -7 903,9753904,2085 0,10248 |0,009631,04574| 0,00505
965,8409| 1,34180 |6,85142|0,01255|2,55754| 1,0019| 1,0017 |0,0383| 14 -6 942,9507943,2223 0,10129 0,007081,03363| 0,00627
1015,292| 1,33810 |6,91548|0,01530|2,71023| 1,0026 | 1,0023 | 0,0509| 15 -5 988,731989,0435 0,10028 |0,004921,02336| 0,00765
1072,288| 1,33416 | 6,98507|0,01836|2,88159| 1,0034| 1,003 |0,0662| 16 -4 [1041,8531042,208 0,09946 |0,003151,01496| 0,00918
1137,158| 1,33008 | 7,05913|0,02168|3,07241| 1,0043 | 1,0038 | 0,0845| 17 -3 [1102,7241103,122 0,09882 |0,001771,00842 0,01084
1210,051| 1,32593 | 7,13636|0,02522|3,28286| 1,0054 | 1,0048 | 0,1062| 18 -2 [1171,5911172,032 0,09836 [0,000791,00374/0,01261
1290,914| 1,32179 |7,21532|0,02893|3,51238| 1,0067 | 1,006 |0,1314| 19 -1 1248,5111248,991 0,09809 [0,0002(01,00094| 0,01446
1379,464| 1,31774 |7,29454|0,03272|3,75961| 1,0081 | 1,0074 | 0,1603| 20 0 1333,3181333,83¢§ 0,09799 |0,000001,000000,01636
1475,165| 1,31384 |7,37262|0,03650|4,02231| 1,0098 | 1,009 |0,1931| 21 1 1425,611426,161 0,09809 |0,0002(01,00094 0,01825
1577,22 | 1,31016 | 7,44831|0,04016|4,29736| 1,0116 | 1,0107 | 0,2296| 22 2 1524,7211525,302 0,09836 [0,000791,00374|0,02008
1684,567| 1,30672 |7,52054|0,04357|4,58075| 1,0137 | 1,0127 | 0,2697| 23 3 1629,721630,32¢ 0,09882 |0,001771,008420,02179
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1795,886| 1,30356 | 7,58847|0,04661|4,86768| 1,0159 | 1,0148 |0,3133| 24 1739,4131740,039 0,09946 0,003151,01496|0,02331

1909,629| 1,30068 | 7,65148|0,04915|5,15269| 1,0182 | 1,0171 | 0,3599| 25 1852,3581852,999 0,10028 0,004921,02336| 0,02457

2137,309| 1,29581 |7,76120|0,05222|5,69291| 1,0233 | 1,022 |0,4601| 27 2081,222081,879 0,10248 0,009631,04574 0,02611

2247,449] 1,29379 | 7,80759|0,05256|5,93576| 1,026 | 1,0247 | 0,5123| 28 2193,3992194,061 0,10385 0,012571,059710,02628

4
5

2024,06 | 1,29810 |7,70914|0,05105|5,42983| 1,0207 | 1,0195 | 0,4091| 26 6 1966,9 1967,552 0,10129 0,007081,03363|0,02553
7
8
9

2352,577| 1,29204 | 7,84833|0,05202|6,15259| 1,0286 | 1,0273 | 0,5649| 29 2301,5 [2302,163 0,10539 0,015901,07552|0,02601

2450,904| 1,29055 | 7,88358|0,05060|6,33821| 1,0313| 1,03 |0,6169| 30 10 [2403,6552404,31§ 0,10712 0,019611,09316/ 0,02530

2540,841| 1,28929 |7,91358|0,04833|6,48841| 1,0338 | 1,0326 | 0,6675| 31 11 [2498,1532498,811 0,10903 0,023711,11263|0,02416

2621,084| 1,28824 |7,93863|0,04528|6,60014| 1,0363 | 1,0351 |0,7159| 32 12 [2583,5292584,183 0,11112 0,028191,13391 0,02264

2690,677| 1,28739 | 7,95908|0,04158|6,67170| 1,0386| 1,0374 |0,7611| 33 13 [2658,6392659,28§ 0,11338 0,033051,15699 0,02079

2749,054| 1,28672 | 7,97533|0,03739|6,70281| 1,0407 | 1,0396 | 0,8027| 34 14 2722,7152723,357 0,11582 |0,038291,181870,01870

2796,058| 1,28621 | 7,98779|0,03289|6,69459| 1,0426 | 1,0416 | 0,8401| 35 15 [2775,3942776,03| 0,11843 |0,043901,20853|0,01644

2831,929| 1,28584 | 7,99689|0,02826|6,64944| 1,0443 | 1,0434 | 0,873 | 36 16 [2816,7232817,353 0,12122 |0,049891,23696(0,01413

2857,262| 1,28559 | 8,00307|0,02370|6,57085| 1,0457 | 1,045 |0,9013| 37 17 [2847,1352847,759 0,12417 |0,056241,26715/0,01185

2872,948| 1,28544 | 8,00675|0,01937|6,46310| 1,0469 | 1,0463 | 0,9249| 38 18 |2867,39[2868,00§ 0,12730 0,062961,29907|0,00968

2880,089| 1,28538 | 8,00832|0,01541|6,33093| 1,0479| 1,0474 10,9443 | 39 19 [2878,5062879,119 0,13060 0,070051,33271|0,00771

2879,911| 1,28538 | 8,00815|0,01192|6,17930| 1,0487 | 1,0483 | 0,9597| 40 20 [2881,6712882,279 0,13406 0,077491,36807| 0,00596

2873,679|1,285446| 8,00659|0,00895|6,01301| 1,0493 | 1,049 |0,9716| 41 21 [2878,1512878,754 0,13769 |0,085291,40511|0,00448

2862,615|1,285554| 8,00392 | 0,00652 | 5,83653 | 1,0497 | 1,0495 | 0,9806| 42 22 2869,2072869,805 0,14149 0,093441,44382/ 0,00326

2847,836|1,285698| 8,00041|0,00459|5,65380| 1,05 | 1,0499 |0,9871| 43 23 2856,0222856,616§ 0,14544 0,101941,48419 0,00230

2830,318|1,285867|7,99625|0,00313|5,46816| 1,0503 | 1,0502 | 0,9917| 44 24 12839,65[2840,239 0,14956 0,110781,52619 0,00156

2810,868/1,286056| 7,99163|0,00206 | 5,28228| 1,0504 | 1,0504 | 0,9948| 45 25 [2820,9862821,57| 0,15383 0,119961,56981 0,00103

2790,129| 1,28626 | 7,98666|0,00130|5,09824 | 1,0505 | 1,0505 | 0,9969| 46 26 [2800,7512801,332 0,15826 0,129481,61501| 0,00065

2768,5891,286473|7,98146|0,00079|4,91755| 1,0506 | 1,0506 | 0,9982| 47 27 [2779,5082780,084 0,16285 |0,139321,66178 0,00040

2746,603|1,286694|7,97608 | 0,00046 |4,74130| 1,0506 | 1,0506 | 0,999 | 48 28 |2757,672758,243 0,16758 0,1495(01,71010 0,00023
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Tabmuma A9 - Pesynbrathl TETuioBoro pacuera 6azoBoro asuratesns npu N = 3700 Mmun

Kosddu- Oonsa
Cpepa-Has LIMEHT MO- Temne- Temne- Bblaenun-
Ha yyacT- ne- XapakTte- | VYron patypa | paTypa BLUerocs

Ke Tem- KYJISIpPHOTO puctuka | IIKB ot |Texymmii| npegno- | OencT- Ha
npe- U3MEHEHUS TennoBbl- | Hadama | yrox norae- | BuUTenb- | YAenbHbIN yyacTtke

paTtypa, K k1-2 K1-2 DX1-2 |OaeneHve| cmecu m;_, penexus | ropenus | ITKB mas/, K Hasi 00beM s vy (£f1) Tenna
694,9687 2,27E-07 1,26777 1 1 0 0 -23691,4311691,4311 0,14950,1019 1,4842 1,1E-07%
702,0472|1,36936| 6,4147 | 4,24E-06|1,31659 1 1 2,27E-07 1 -22 1698,5064698,5257 0,1455 |0,0934 1,4438| 2,1E-06
709,1644|1,36825|6,43107| 2,11E-05|1,36662 1 1 4,47E-06 2 -21 |705,5881705,6267 0,1416 |0,0853 1,4051| 1,1E-05
716,4066|1,36715| 6,4473 | 6,25E-05|1,41789 1 1 2,56E-05 3 -20 [712,7407712,7989 0,1378 (0,0775 1,3681| 3,1E-05
723,9055|1,36606| 6,4636 {0,000142|1,47051 1 1 8,8E-05 4 -19 [720,0724720,1507 0,1343 | 0,07 |1,3327| 7,1E-05
731,8414|1,36495|6,48024|0,000273|1,52471|1,00001|1,00001| 0,00023 5 -18 727,7385727,8378 0,1309 |0,063|1,2991|0,00014
740,4453|1,36379|6,49761|0,000473|1,58081|1,00003|1,00002|0,000503 6 -17 [735,9443736,0659 0,1277 (0,0562 1,2671|0,00024
749,9997/1,36257|6,51616|0,000757|1,63927|1,00005| 1,00004|0,000976| 7 -16 [744,9463745,0922 0,1246 |0,0499 1,237 |0,00038
760,8391|1,36124|6,53644|0,001141|1,70071|1,00009| 1,00007|0,001733| 8 -15 [755,0532755,2261 0,1218 |0,0439 1,2085 | 0,00057
773,3472|1,35978|6,55902|0,001643|1,76587|1,00015|1,00012|0,002873| 9 -14 1766,6249766,828| 0,1191 |0,0383 1,1819|0,00082
787,9543|1,35813|6,58453| 0,00228 | 1,83568|1,00023|1,00019|0,004517| 10 -13 [780,0695780,307| 0,1166 (0,033 1,157 |0,00114
805,1311|1,35628| 6,6136 |0,003069| 1,9112 ({1,00035|1,00029|0,006797| 11 -12 [795,8392796,1157 0,1142 (0,0282 1,1339|0,00153
825,3803|1,35418|6,64683|0,004025| 1,9936 | 1,0005 |1,00042|0,009866| 12 -11 814,4229814,7436 0,1121 (0,02371,1126|0,00201
849,2271|1,35182|6,68472|0,005163|2,08418|1,00071| 1,0006 | 0,01389 13 -10 836,3377836,7082 0,1101 (0,0196 1,0932|0,00258
877,2058|1,34918|6,72765|0,006496|2,18428|1,00097|1,00084|0,019053| 14 -9 862,1166862,5423 0,1084 |0,0159 1,0755|0,00325
909,8453|1,34627|6,77583|0,008033|2,29526| 1,0013 |1,00113|0,025549| 15 -8 1892,295{892,7811 0,1068 |0,0126 1,0597|0,00402
947,6527| 1,3431 | 6,82924|0,009782|2,41842|1,00171| 1,0015 [{0,033582| 16 -7 1927,3955927,9463 0,1054 |0,0096 1,0457|0,00489
991,09641,33969|6,88765(0,011744|2,55494|1,00221|1,00196(0,043364| 17 -6 967,91 |968,529| 0,1041 0,0071 1,0336|0,00587
1040,587| 1,3361 |6,95059|0,013915|2,70578| 1,0028 |1,00251|0,055108| 18 -5 ]1014,2831014,972 0,1031 |0,0049 1,0234|0,00696
1096,46 | 1,33237|7,01737/0,016287|2,87166|1,00351|1,00316(0,069023| 19 -4 1066,8911067,65| 0,1023 |0,0031 1,015 |0,00814
1158,956|1,32856|7,08713|0,018842| 3,0529 |1,00434|1,00393| 0,08531 20 -3 [1126,0291126,856 0,1016 |0,0018 1,0084|0,00942
1228,203|1,32473| 7,1589 |0,021556(3,24943| 1,0053 |1,00482(0,104153| 21 -2 (1191,8831192,775 0,1011 |0,0008 1,0037|0,01078
1304,201|1,32094|7,23164|0,024393|3,46068| 1,0064 |1,00585|0,125709| 22 -1 (1264,5231265,475 0,1008 |0,0002 1,0009| 0,0122
1386,803|1,31724|7,30432| 0,02731 |3,68556|1,00764|1,00702(0,150101| 23 0 [1343,8791344,884 0,1008 0 1 0,01366
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1475,703|1,31368|7,37596|0,030256| 3,9224 |1,00903|1,00833|0,177412| 24 1 [1429,7271430,778 0,1008 |0,0002 1,0009|0,01513
1570,424|1,31029|7,44568|0,033167|4,16896|1,01057| 1,0098 |0,207668| 25 2 [1521,6791522,767 0,1011 (0,0008 1,0037|0,01658
1670,315|1,30709|7,51271|0,035975|4,42244|1,01226|1,01141|0,240835| 26 3 |1619,17/1620,287 0,1016 [0,0018 1,0084|0,01799
1774,544|1,30412|7,57644|0,038604|4,67951|1,01409|1,01317| 0,27681 | 27 4 (1721,461722,597 0,1023 |0,0031 1,015 | 0,0193
1882,111|1,30137|7,63639|0,040974|4,93638|1,01605|1,01507|0,315414| 28 5 |1827,6291828,77§ 0,1031 (0,0049 1,0234|0,02049
1991,855|1,29886|7,69219|0,043006|5,18891|1,01814|1,01709|0,356389| 29 6 |1936,5921937,747 0,1041 (0,0071 1,0336| 0,0215
2102,485|1,29658|7,74362| 0,04462 | 5,4327 |1,02032|1,01923|0,399394| 30 7 2047,1182048,271 0,1054 |0,0096 1,0457|0,02231
2212,605|1,29453|7,79056(0,045748|5,66328| 1,0226 |1,02146|0,444015| 31 8 [2157,8532158,999 0,1068 |0,012§ 1,0597|0,02287
2320,757| 1,2927 |7,83297|0,046331|5,87623|1,02492|1,02376|0,489763| 32 9 [2267,3582268,493 0,1084 |0,0159 1,0755|0,02317
2425,466|1,29108| 7,8709 (0,046325| 6,0674 |1,02728| 1,0261 |0,536094| 33 10 [2374,1552375,275 0,1101 |0,0196 1,0932|0,02316
2525,297(1,28967|7,90444|0,045708|6,23304|1,02964 | 1,02846(0,582419| 34 11 2476,7772477,879 0,1121 |0,02371,1126|0,02285
2618,903|1,28844|7,93376|0,044479| 6,37 |1,03196| 1,0308 |0,628127| 35 12 2573,8172574,901 0,1142 |0,0282 1,1339|0,02224
2705,085| 1,2874 |7,95904|0,042662|6,47586|1,03423| 1,0331 |0,672606| 36 13 |2663,992665,054 0,1166 (0,0331 1,157 |0,02133
2782,834|1,28651|7,98051|0,040307|6,54902| 1,0364 |1,03531|0,715267| 37 14 |2746,182747,225 0,1191 |0,0383 1,1819|0,02015
2851,379|1,28578|7,99842|0,037486|6,58881|1,03845|1,03742|0,755574| 38 15 [2819,4892820,514 0,1218 |0,0439 1,2085|0,01874
2910,209(|1,28518|8,01305|0,034294|6,59547|1,04036| 1,0394 | 0,79306 | 39 16 [2883,2692884,276 0,1246 |0,0499 1,237 |0,01715
2959,095|1,28471|8,02466|0,030837|6,57013| 1,0421 |1,04123|0,827354| 40 17 [2937,1492938,138 0,1277 |0,0562 1,2671|0,01542
2998,087|1,28435|8,03356(0,027234|6,51473|1,04367|1,04289|0,858191| 41 18 [2981,0412982,015 0,1309 |0,063|1,2991|0,01362
3027,5 |1,28409|8,04003|0,023604|6,43193|1,04506|1,04436|0,885426| 42 19 [3015,1343016,094 0,1343 | 0,07 | 1,3327| 0,0118
3047,883(1,28392]| 8,04436|0,020058| 6,3249 |1,04626|1,04566|0,909029| 43 20 [3039,8673040,814 0,1378 |0,0775 1,3681|0,01003
3059,974|1,28382| 8,04682|0,016697|6,19718|1,04728|1,04677(0,929087| 44 21 [3055,8983056,834 0,1416 |0,0853 1,4051|0,00835
3064,657(1,28378|8,04768|0,013604|6,05248|1,04813| 1,0477 |0,945784| 45 22 [3064,0513064,977 0,1455 (0,0934 1,4438| 0,0068
3062,899| 1,2838 | 8,0472 |0,010837|5,89451|1,04882|1,04848|0,959388| 46 23 [3065,2643066,182 0,1495 (0,1019 1,4842|0,00542
3055,698|1,28387|8,04559|0,008433|5,72683|1,04937| 1,0491 |0,970225| 47 24 3060,5343061,444 0,1538 0,110§ 1,5262|0,00422
3044,035|1,28397|8,04308|0,006403|5,55272| 1,0498 | 1,04959|0,978658| 48 25 [3050,8623051,766 0,1582 | 0,12 | 1,5698| 0,0032
3028,828| 1,2841 |8,03983|0,004738|5,37507|1,05013|1,04996| 0,98506 | 49 26 [3037,2073038,106 0,1627 0,1295 1,615 |0,00237
3010,906|1,28425|8,03601|0,003415|5,19636|1,05037|1,05025|0,989799| 50 27 (3020,4493021,343 0,1674 0,1393 1,6618|0,00171
2990,985(1,28442|8,03175|0,002393|5,01862|1,05054|1,05046|0,993213| 51 28 [3001,3633002,253 0,1723 |0,1495 1,7101| 0,0012
2969,662|1,28461|8,02717|0,001629|4,84344|1,05066| 1,0506 |0,995606| 52 29 [2980,6072981,492 0,1773 | 0,16 | 1,7599|0,00081
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2947,418|1,28481|8,02234(0,001076|4,67205|1,05075|1,05071|0,997235| 53 30 ([2958,7182959,599 0,1825 (00,1708 1,8113|0,00054
2924,626(1,28501|8,01734|0,000689| 4,5053 | 1,0508 |1,05077|0,998311| 54 31 [2936,1192936,997 0,1878 |0,1819 1,8641|0,00034
2901,565(|1,28522|8,01221|0,000427|4,34377|1,05084|1,05082| 0,999 55 32 [2913,1332914,007 0,1933 10,1933 1,9184|0,00021
Ta6uuia Al0 - Pe3ymbTaTh! TeIIoBoro pacdera 6a3oBoro asuratess mpu N = 5000 muw™
Cpea- Koadpu- Lons
HAS Ha LIUEHT MO- Temne- | Temne- Bbloenn-
yyacTke ne- XapakTte- | Yron patypa | paTypa BLUErocst
Temnpe- KYJISIPHOTO puctuka |IIKB ot |Texymwuii| npegno- | AencTt- Ha
paTtypa, N3MEHEHUS TEeNMoBbl- |Hayama | yrox norae- | BuTenb- | YOenbHbIN y4yacTke
K k1-2 K1-2 DX1-2 [aBnenne | cmecu m_p aenexvsa |ropenmsi| ITKB mas/, K Has obbem S y(f1) Tenna
674,414 1,2E-07 1,09876 1 1 a o -26 |670,832| 670,832 0,16740,1295 1,615 6E-08
681,596 1,37273|6,365839| 2,42E-06 | 1,14244 1 1 1,2E-07 1 -25 1677,996|677,978| 0,1627 | 0,12 |1,5698| 1,2E-06
688,831 1,37153|6,383148| 1,26E-05 | 1,18753 1 1 2,54E-06| 2 -24 |685,195|685,158| 0,1582 |0,110§ 1,5262| 6,3E-06
696,176| 1,37035| 6,400338 | 3,85E-05 | 1,23407 1 1 1,51E-05| 3 -23 |692,468|692,413| 0,1538 |0,1019 1,4842| 1,9E-05
703,719 1,36917 | 6,417538| 8,95E-05 | 1,28213 1 1,000002| 5,36E-05| 4 -22 |699,885|699,811| 0,1497 |0,0934 1,4438| 4,5E-05
711,582 1,36799 | 6,434948|0,000176(1,33185 | 1,00001 | 1,000005|0,000143| 5 -21 |707,552|707,459| 0,1456 |0,0853 1,4051| 8,8E-05
719,93 | 1,36678|6,452837| 0,00031 |1,38347|1,00002|1,000012|0,000319| 6 -20 |715,613|715,498| 0,1418 |0,0775 1,3681|0,00015
728,964 | 1,36553 | 6,47154 | 0,000503|1,43728|1,00003 | 1,000024|0,000629| 7 -19 |724,248|724,111| 0,1381 | 0,07 |1,3327|0,00025
738,929 1,3642 |6,491458|0,000768| 1,4937 |1,00006|1,000045|0,001131| 8 -18 |733,681| 733,52 | 0,1347 |0,063|1,2991|0,00038
750,11 | 1,36278|6,513046|0,001118|1,55324| 1,0001 |1,000077|0,001899| 9 -17 |744,177|743,991| 0,1313 10,0562 1,2671|0,00056
762,834 1,36122 | 6,536803| 0,001568| 1,61653 | 1,00015 | 1,000125|0,003017| 10 -16 |756,044|755,828| 0,1282 10,0499 1,237 |0,00078
777,465 1,3595 |6,563249|0,0021321,68433|1,00023|1,000193|0,004586| 11 -15 |769,625|769,376| 0,1253 |0,0439 1,2085|0,00107
794,399 1,3576 |6,592906|0,0028221,75751|1,00034 |1,000287|0,006717| 12 -14 |785,304|785,019| 0,1225 |0,0383 1,1819|0,00141
814,063 | 1,35548 | 6,626265| 0,003653|1,83704 | 1,00048 | 1,000413| 0,00954 | 13 -13 |803,494|803,167| 0,1199 0,0331 1,157 |0,00183
836,904 | 1,35312 | 6,663748| 0,004638| 1,92398 | 1,00067 | 1,000577|0,013193| 14 -12 |824,633|824,259| 0,1175 10,0282 1,1339|0,00232
863,378 | 1,35053 | 6,70568 | 0,005786|2,01946|1,00091 |1,000787|0,017831| 15 -11 |849,175| 848,75 | 0,1153 10,0237 1,1126|0,00289
893,945 1,34769 | 6,752246| 0,007108 | 2,12464 | 1,0012 |1,001052|0,023617| 16 -10 |877,582|877,099| 0,1133 |0,0196 1,0932|0,00355
929,05 | 1,34462 | 6,803468| 0,008611 | 2,24064 | 1,00156 | 1,001379|0,030725| 17 -9 1910,308/909,764| 0,1115 |0,0159 1,0755|0,00431
969,116 1,34134|6,859184| 0,010298 | 2,36854| 1,002 |1,001778|0,039335| 18 -8 1947,792/947,181| 0,1098 [0,01264 1,0597|0,00515
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1014,53|1,33789|6,919043|0,012171 | 2,50927 | 1,00252 | 1,002258 | 0,049634| 19 -7 990,44 |1989,758| 0,1084 (0,0096 1,0457|0,00609
1065,61|1,33431|6,982519|0,014224 | 2,66356 | 1,00314 | 1,002828 | 0,061805| 20 -6 |1038,61/1037,85] 0,1071 (00,0071 1,0336|0,00711
1122,63 | 1,33064 | 7,048932|0,016447| 2,83193 | 1,00386 | 1,003498 | 0,076029| 21 -5 11092,61|1091,77] 0,1061 (0,0049 1,0234|0,00822
1185,76|1,32693 | 7,117488| 0,018826 | 3,01454 | 1,00469 | 1,004277|0,092476| 22 -4 11152,65|1151,73| 0,1052 00,0031 1,015 |0,00941
1255,09|1,32324|7,187322|0,021336| 3,2112 |1,00565|1,005172|0,111301| 23 -3 |1218,87|1217,88| 0,1045 (0,0018 1,0084|0,01067
1330,58 | 1,31961 | 7,257548| 0,023948 | 3,42129| 1,00673 | 1,006191 | 0,132637| 24 -2 |1291,31|1290,23| 0,104 0,0008 1,0037|0,01197
1412,09|1,31609|7,327297|0,026624 | 3,64372| 1,00795| 1,00734 |0,156585| 25 -1 |1369,86|1368,71| 0,1037 (0,0002 1,0009|0,01331
1499,32|1,31271|7,395763| 0,02932 | 3,8769 | 1,0093 |1,008624| 0,18321 | 26 0 |1454,32|1453,09) 0,1037 0 1 0,01466
1591,84|1,30949| 7,46222 |0,031982|4,11877|1,01079|1,010044| 0,21253 | 27 1 |1544,33|1543,01] 0,1037 |0,0002 1,0009|0,01599
1689,06| 1,30646 | 7,526051| 0,034552 | 4,36675| 1,01241|1,011599|0,244512| 28 2 |1639,36/1637,98| 0,104 0,000§ 1,0037|0,01728
1790,25|1,30364 | 7,586747|0,036966 | 4,6178 |1,01417|1,013288|0,279064| 29 3 |1738,77{1737,31] 0,1045 |0,001§ 1,0084|0,01848
1894,52|1,30103 | 7,643913| 0,039156 | 4,8685 |1,01604|1,015103| 0,31603 | 30 4 |1841,73|1840,22| 0,1052 10,0031 1,015 |0,01958
2000,85]1,29863 | 7,69726 | 0,041054|5,11507|1,01803|1,017035|0,355186| 31 5 1947,3 |1945,72| 0,1061 |0,0049 1,0234|0,02053
2108,1 | 1,29645 | 7,746598|0,042593 | 5,35355|1,02011|1,019071| 0,39624 | 32 6 |2054,39|2052,76| 0,1071 (00,0071 1,0336| 0,0213
2215,03|1,29447|7,791822|0,043713|5,57987|1,02227|1,021194|0,438833| 33 7 2161,8 |2160,12| 0,1084 |0,0096 1,0457|0,02186
2320,37| 1,2927 |7,832901|0,044359| 5,79 |1,02449|1,023384|0,482546| 34 8 |2268,27(2266,54| 0,1098 |0,012§ 1,0597|0,02218
2422,771,29113 | 7,869865 | 0,044493 | 5,98011 | 1,02675| 1,025619|0,526905| 35 9 |2372,47|2370,7| 0,1115 [0,0159 1,0755|0,02225
2520,95|1,28974 | 7,902798| 0,044088| 6,1467 | 1,029 |1,027874|0,571399| 36 10 |2473,08|2471,28| 0,1133 |0,0196 1,0932|0,02204
2613,66 | 1,28852|7,931826|0,043138| 6,28679|1,03124|1,030123|0,615487| 37 11 |2568,82| 2567 | 0,1153 10,0237 1,1126|0,02157
2699,78|1,28748 | 7,957107| 0,041655| 6,39798|1,03343|1,032336|0,658625| 38 12 | 2658,5 (2656,66| 0,1175 10,0282 1,1339|0,02083
2778,32|1,28658 | 7,978829|0,039673 | 6,4786 | 1,03555|1,034488| 0,70028 | 39 13 |2741,05(2739,19| 0,1199 (0,0331 1,157 [0,01984
2848,491,28583 | 7,997203|0,037246| 6,52775|1,03756|1,036552 | 0,739953| 40 14 |2815,58(2813,71| 0,1225 10,0383 1,1819|0,01862
2909,73|1,28521 | 8,012456| 0,034445| 6,54537|1,03945| 1,038505|0,777199| 41 15 | 2881,4|2879,53| 0,1253 |0,0439 1,2085|0,01722
2961,69| 1,2847 |8,024827|0,031359|6,53218| 1,0412 |1,040324|0,811644| 42 16 |2938,06|2936,18| 0,1282 |0,0499 1,237 |0,01568
3004,3 | 1,28431 | 8,034565|0,028084 | 6,48965 | 1,04279|1,041994|0,843003| 43 17 |2985,33|2983,45| 0,1313 |0,0562 1,2671|0,01404
3037,68|1,28401 | 8,041921|0,024723|6,41995| 1,04422 | 1,043503|0,871087| 44 18 |3023,26|3021,39| 0,1347 |0,063|1,2991|0,01236
3062,23| 1,2838 |8,047149|0,021377|6,32575|1,04547|1,044843| 0,89581 | 45 19 |3052,11|3050,24| 0,1381 | 0,07 |1,3327|0,01069
3078,5 | 1,28367 | 8,050497| 0,01814 | 6,21015|1,04656|1,046013|0,917187| 46 20 [3072,35| 3070,5| 0,1418 |0,0775 1,3681|0,00907
3087,22| 1,2836 |8,052206|0,015095|6,07649|1,04748 |1,047016|0,935327| 47 21 |3084,65|3082,81| 0,1456 |0,0853 1,4051|0,00755
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3089,2 | 1,28359 | 8,052505|0,012306| 5,9282 |1,04824|1,047859|0,950422| 48 22 |3089,78|3087,95| 0,1497 |0,0934 1,4438|0,00615
3085,35| 1,28362 | 8,051611| 0,00982 |5,76865|1,04887|1,048555|0,962728| 49 23 |3088,62|3086,81| 0,1538 |0,1019 1,4842|0,00491
3076,58 | 1,2837 | 8,04972 | 0,007663|5,60105|1,04937|1,049116|0,972548| 50 24 13082,08/3080,29| 0,1582 |0,1108 1,5262|0,00383
3063,77| 1,28381 | 8,047014| 0,005842| 5,4283 |1,04975| 1,04956 |0,980211| 51 25 |3071,07|3069,29| 0,1627 | 0,12 | 1,5698|0,00292
3047,74|1,28394 | 8,04365 | 0,004347|5,25297|1,05005|1,049903 | 0,986053| 52 26 |3056,46|3054,69| 0,1674 00,1295 1,615 |0,00217
3029,25| 1,2841 |8,039768|0,003154|5,07726|1,05027|1,050161| 0,9904 53 27 3039,02|3037,28| 0,1722 0,1393 1,6618|0,00158
3008,93 | 1,28427 | 8,035484| 0,002228 | 4,90296 | 1,05043 | 1,050352|0,993554| 54 28 |(3019,47/3017,74| 0,1773 0,1495 1,7101|0,00111
2987,33|1,28446| 8,030896 | 0,001532 | 4,73147| 1,05054 | 1,050488|0,995782| 55 29 [2998,39|2996,68| 0,1824 | 0,16 | 1,7599|0,00077
2964,88 | 1,28465| 8,026081 | 0,001023 | 4,56386 | 1,05062 | 1,050584 | 0,997314| 56 30 |2976,27(2974,58 0,1877 10,1708 1,8113|0,00051
2941,93|1,28486|8,021101 | 0,000663 | 4,40089 | 1,05067 | 1,050649 | 0,998337| 57 31 | 2953,5(2951,83 0,1932 [0,1819 1,8641|0,00033
2918,74 | 1,28506 | 8,016003 | 0,000417| 4,2431 |1,05071|1,050691| 0,999 58 32 |2930,37/2928,72| 0,1988 (0,1933 1,9184|0,00021
Ta6uuia All - Pe3ymbTaThl TEINIOBOro pacdera 6a30Boro ABUraTess mpu N = 5600 muw™
Koaddu- Oons
LIUEHT MO- Temne- | Temne- BblOENU-

Cpepa-Has ie- Xapakte- | Yron paTtypa | paTypa BLUerocd

Ha y4yacTke KyJISIPHOTO puctuka |[IKB ot |Texymwuit| npegno- | pencr- Ha

Temnpe- N3MEHEHUsI TENOBbI- | HAYaya |  yroi norae- | BuTenb- | YAEnbHbIN yyacTke
patypa, K k1-2 K1-2 DX1-2 |OdaBneHue| cmecu m_p penexus [ropernsi| TTKB mas/, K Has 0bbem y(f1l) Tenna
671,6450 0,0000 | 0,9774| 1,0000 | 1,0000 |0,0000| O -28 | 668,02 | 668,02 | 0,1874 |0,1495 1,7103| 0,0000
678,9099 | 1,3732 | 6,3591 | 0,0000 | 1,0167 | 1,0000 | 1,0000 | 0,0000| 1 -27 | 675,27 | 675,21 | 0,1821 |0,1394 1,6620| 0,0000
686,2221 | 1,3720 | 6,3767 | 0,0000 | 1,0574 | 1,0000 | 1,0000 | 0,0000| 2 -26 | 682,55 |682,44| 0,1770 |0,1295 1,6152| 0,0000
693,6016 | 1,3708 | 6,3942 | 0,0000 | 1,0994 | 1,0000 | 1,0000 | 0,0000| 3 -25 | 689,89 | 689,73 | 0,1720 (0,120Q 1,5700| 0,0000
701,0847 | 1,3696 | 6,4115 | 0,0001 | 1,1429| 1,0000 | 1,0000 | 0,0000| 4 -24 | 697,31 |697,09| 0,1672 (0,110§ 1,5263| 0,0000
708,7255 | 1,3684 | 6,4289 | 0,0001 | 1,1879| 1,0000 | 1,0000 | 0,0001| 5 -23 | 704,86 | 704,58 | 0,1626 (0,102Q0 1,4843| 0,0001
716,5983 | 1,3672 | 6,4463 | 0,0002 | 1,2344 | 1,0000 | 1,0000 | 0,0002| 6 -22 | 712,59 | 712,26 | 0,1582 (0,0935 1,4440| 0,0001
724,7990 | 1,3660 | 6,4641 | 0,0003 | 1,2826 | 1,0000 | 1,0000 | 0,0004 | 7 -21 | 720,60 | 720,21 | 0,1540 0,0853 1,4052| 0,0002
733,4461 | 1,3648 | 6,4823 | 0,0005 | 1,3326 | 1,0000 | 1,0000 | 0,0007| 8 -20 | 728,99 | 728,54 | 0,1499 0,0775 1,3682| 0,0002
742,6817 | 1,3636 | 6,5012 | 0,0007 | 1,3846 | 1,0001 | 1,0000 | 0,0012| 9 -19 | 737,90 | 737,37| 0,1460 |0,0701 1,3328| 0,0004
752,6718 | 1,3623 | 6,5210 | 0,0010 | 1,4388 | 1,0001 | 1,0001 | 0,0019| 10 -18 | 747,47 | 746,87 | 0,1423 0,0630 1,2992| 0,0005
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763,6065 | 1,3609 | 6,5421 | 0,0014 | 1,4955| 1,0001 | 1,0001 | 0,0029 | 11 -17 | 757,88 | 757,20| 0,1388 |0,0563 1,2672| 0,0007

775,6988 | 1,3594 | 6,5647 | 0,0018 | 1,5551| 1,0002 | 1,0002 | 0,0043 | 12 -16 | 769,34 | 768,58 | 0,1355 |0,0499 1,2370| 0,0009

789,1837 | 1,3578 | 6,5893 | 0,0024 | 1,6180| 1,0003 | 1,0003 | 0,0061 | 13 -15 | 782,06 | 781,22 | 0,1324 |0,0439 1,2086| 0,0012

804,3152 | 1,3561 | 6,6160 | 0,0031 | 1,6846 | 1,0004 | 1,0004 | 0,0085| 14 -14 | 796,30 | 795,36 | 0,1295 |0,0383 1,1819| 0,0015

821,3636 | 1,3543 | 6,6452 | 0,0039 | 1,7556 | 1,0006 | 1,0005 | 0,0116| 15 -13 | 812,33 | 811,27| 0,1268 |0,03311,1570| 0,0019

840,6112 | 1,3523 | 6,6773 | 0,0048 | 1,8313| 1,0008 | 1,0007 | 0,0154| 16 -12 | 830,40 | 829,23 | 0,1242 |0,0282 1,1339| 0,0024

862,3470 | 1,3501 | 6,7123 | 0,0059 | 1,9124| 1,0010 | 1,0009 | 0,0202 | 17 -11 | 850,82 | 849,52 | 0,1219 00,0237 1,1127| 0,0029

886,8605 | 1,3478 | 6,7505 | 0,0071 | 1,9995| 1,0013 | 1,0012 | 0,0261| 18 -10 | 873,87 | 872,44 0,1198 (0,0196 1,0932| 0,0035

914,4350 | 1,3453 | 6,7919 | 0,0084 | 2,0932 | 1,0017 | 1,0015 | 0,0332| 19 -9 | 899,85 898,26| 0,1178 |0,0159 1,0755| 0,0042

945,3393 | 1,3427 | 6,8365 | 0,0099 | 2,1939| 1,0021 | 1,0019 | 0,0416| 20 -8 | 929,02 927,28 | 0,1161 |0,0124 1,0597| 0,0050

979,8195 | 1,3399 | 6,8842 | 0,0116 | 2,3021 | 1,0026 | 1,0024 | 0,0515| 21 -7 961,66 |959,75| 0,1146 |0,0096 1,0458| 0,0058

1018,0905| 1,3370 | 6,9347 | 0,0134 | 2,4181 | 1,0032 | 1,0029 | 0,0632| 22 -6 | 997,98 | 995,90| 0,1132 |0,0071 1,0336| 0,0067

1060,3261| 1,3340 | 6,9877 | 0,0154 | 2,5422 | 1,0039 | 1,0035 | 0,0766| 23 -5 11038,20{1035,94| 0,1121 |0,0049 1,0234| 0,0077

1106,6503| 1,3310 | 7,0428 | 0,0175 | 2,6742 | 1,0046 | 1,0043 | 0,0920| 24 -4 11082,45/1080,02| 0,1112 |0,0031 1,0150| 0,0087

1157,1279| 1,3279 | 7,0994 | 0,0197 | 2,8141| 1,0055 | 1,0051 | 0,1095| 25 -3 |1130,85|1128,23| 0,1105 |0,0018 1,0084| 0,0099

1211,7558| 1,3248 | 7,1571 | 0,0220 | 2,9612 | 1,0065 | 1,0060 | 0,1292| 26 -2 |1183,41|1180,61| 0,1100 |0,000§ 1,0037| 0,0110

1270,4551| 1,3218 | 7,2152 | 0,0244 | 3,1149| 1,0076 | 1,0071 | 0,1512| 27 -1 |1240,10|1237,13| 0,1097 |0,0002 1,0009| 0,0122

1333,0635| 1,3188 | 7,2732 | 0,0268 | 3,2742| 1,0089 | 1,0083 | 0,1756| 28 0 |1300,81|1297,67| 0,1096 |0,000Q 1,0000| 0,0134
1399,3297| 1,3159 | 7,3305 | 0,0292 | 3,4378 | 1,0102 | 1,0095 | 0,2024 | 29 1 |1365,32|1362,02| 0,1097 (0,0002 1,0009| 0,0146
1468,9096| 1,3132 | 7,3866 | 0,0315 | 3,6040 | 1,0117 | 1,0110 | 0,2316| 30 2 |1433,34/1429,89| 0,1100 |0,000§ 1,0037| 0,0158
1541,3645| 1,3105 | 7,4409 | 0,0338 | 3,7712 | 1,0133 | 1,0125 | 0,2631| 31 3 ]1504,48(1500,89| 0,1105 |0,001§ 1,0084 | 0,0169
1616,1622| 1,3080 | 7,4932 | 0,0358 | 3,9371 | 1,0150 | 1,0141 | 0,2968 | 32 4 11578,25|1574,54/ 0,1112 (0,0031 1,0150| 0,0179
1692,6817| 1,3057 | 7,5429 | 0,0377 | 4,0996 | 1,0168 | 1,0159 | 0,3327| 33 5 ]1654,07|1650,25| 0,1121 |0,0049 1,0234| 0,0189
1770,2211| 1,3035 | 7,5899 | 0,0393 | 4,2563 | 1,0187 | 1,0178 | 0,3704| 34 6 |1731,29|1727,36| 0,1132 |0,0071 1,0336| 0,0197
1848,0098| 1,3015 | 7,6339 | 0,0406 | 4,4048 | 1,0207 | 1,0197 | 0,4097| 35 7 |1809,15|1805,14| 0,1146 |0,0096 1,0458| 0,0203
1925,2240| 1,2996 | 7,6747 | 0,0415 | 4,5426 | 1,0227 | 1,0217 | 0,4503 | 36 8 |1886,87|1882,78 0,1161 |0,0124 1,0597| 0,0208
2001,0071| 1,2980 | 7,7122 | 0,0420 | 4,6675| 1,0248 | 1,0238 | 0,4918 | 37 9 |1963,58|1959,43| 0,1178 |0,0159 1,0755| 0,0210
2074,4916| 1,2965 | 7,7464 | 0,0421 | 4,7773 | 1,0270 | 1,0259 | 0,5338 | 38 10 |2038,43|2034,23| 0,1198 (0,019 1,0932| 0,0210
2144,8251| 1,2951 | 7,7773 | 0,0417 | 4,8701 | 1,0291 | 1,0280 | 0,5759| 39 11 |2110,55|2106,31) 0,1219 00,0237 1,1127| 0,0209
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2211,1968| 1,2939 | 7,8048 | 0,0409 | 4,9443 | 1,0312 | 1,0301 | 0,6176| 40 12 |2179,10|2174,83| 0,1242 10,0282 1,1339| 0,0204

2272,8640| 1,2929 | 7,8292 | 0,0395 | 4,9987 | 1,0332 | 1,0322 | 0,6585| 41 13 |2243,29/2239,01| 0,1268 (0,0331 1,1570| 0,0198

2329,1783| 1,2920 | 7,8503 | 0,0378 | 5,0325| 1,0352 | 1,0342 | 0,6980| 42 14 |2302,43|2298,14| 0,1295 (0,0383 1,1819| 0,0189

2379,6076| 1,2912 | 7,8685 | 0,0357 | 5,0455| 1,0372 | 1,0362 | 0,7358 | 43 15 |2355,92|2351,63| 0,1324 (0,0439 1,2086| 0,0178

2423,7553| 1,2905 | 7,8838 | 0,0332 | 5,0379| 1,0390 | 1,0381 | 0,7715| 44 16 |2403,29/2399,00, 0,1355 (0,0499 1,2370| 0,0166

2461,3727| 1,2900 | 7,8964 | 0,0305 | 5,0101 | 1,0406 | 1,0398 | 0,8047 | 45 17 |2444,22|12439,94| 0,1388 (0,0563 1,2672| 0,0152

2492,3656| 1,2896 | 7,9064 | 0,0276 | 4,9634 | 1,0422 | 1,0414 | 0,8352| 46 18 |2478,53|2474,27| 0,1423 |0,063( 1,2992| 0,0138

2516,7936| 1,2893 | 7,9142 | 0,0246 | 4,8991 | 1,0436 | 1,0429 | 0,8628 | 47 19 |2506,20(2501,97| 0,1460 |0,070%1 1,3328| 0,0123

2534,8619| 1,2890 | 7,9198 | 0,0215 | 4,8190 | 1,0448 | 1,0442 | 0,8874| 48 20 |2527,38|2523,17| 0,1499 |0,0775 1,3682| 0,0108

2546,9063| 1,2889 | 7,9235 | 0,0186 | 4,7251 | 1,0459 | 1,0454 | 0,9089 | 49 21 |2542,34|2538,16| 0,1540 |0,0853 1,4052| 0,0093

2553,3724| 1,2888 | 7,9255 | 0,0157 | 4,6194 | 1,0468 | 1,0464 | 0,9275| 50 22 |2551,47(2547,32| 0,1582 10,0935 1,4440| 0,0079

2554,7906| 1,2888 | 7,9260 | 0,0131 | 4,5043 | 1,0476 | 1,0472 | 0,9432| 51 23 |2555,27(2551,16] 0,1626 |0,1020 1,4843| 0,0065

2551,7477| 1,2888 | 7,9252 | 0,0107 | 4,3817 | 1,0483 | 1,0480 | 0,9563| 52 24 |2554,31(2550,23| 0,1672 |0,110§ 1,5263 | 0,0053

2544,8584| 1,2889 | 7,9233 | 0,0085 | 4,2539 | 1,0488 | 1,0486 | 0,9670| 53 25 |2549,19(2545,14| 0,1720 |0,120Q 1,5700| 0,0043

2534,7385| 1,2890 | 7,9204 | 0,0067 | 4,1227 | 1,0493 | 1,0490 | 0,9755| 54 26 |2540,53|2536,52| 0,1770 |0,1295 1,6152| 0,0033

2521,9803| 1,2892 | 7,9168 | 0,0051 | 3,9899 | 1,0496 | 1,0494 | 0,9822| 55 27 |2528,95|2524,98| 0,1821 |0,1394 1,6620| 0,0026

2507,1333| 1,2893 | 7,9125 | 0,0038 | 3,8569 | 1,0499 | 1,0497 | 0,9873| 56 28 |2515,01|2511,08| 0,1874 |0,1495 1,7103| 0,0019

2490,6901| 1,2895 | 7,9077 | 0,0028 | 3,7250 | 1,0501 | 1,0500 | 0,9912| 57 29 |2499,25|2495,36] 0,1929 |0,160Q 1,7602| 0,0014

2473,0780| 1,2898 | 7,9024 | 0,0020 | 3,5952 | 1,0502 | 1,0501 | 0,9940| 58 30 |2482,13|2478,28| 0,1985 |0,170§ 1,8115| 0,0010

2454,6557| 1,2900 | 7,8969 | 0,0014 | 3,4682 | 1,0503 | 1,0502 | 0,9960| 59 31 |2464,03|2460,22| 0,2043 |0,1820 1,8644 | 0,0007

2435,7150| 1,2902 | 7,8912 | 0,0010 | 3,3448 | 1,0504 | 1,0503 | 0,9974| 60 32 |2445,28|2441,51] 0,2102 |0,1934 1,9186| 0,0005

2416,4864| 1,2905 | 7,8852 | 0,0006 | 3,2252 | 1,0504 | 1,0504 | 0,9984| 61 33 2426,1482422,41| 0,2163 |0,2051 1,9743| 0,0003

2397,1461| 1,2907 | 7,8792 | 0,0004 | 3,1097 | 1,0504 | 1,0504 | 0,9990| 62 34 |2406,83|2403,13| 0,2226 |0,2171 2,0314| 0,0002
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[MPUJIOXXEHUE b
(oGs3aTeBHOE)
Tabnuma b1 - pacdeTHbie 3HaUCHUS TIEPEMEIICHHSI, CKOPOCTH M YCKOPEHUS TTOPIITHS
mpu N = 5000 muu ™" ¢ marom B 10 rpaxycos IIKB

js, PAA js, TP Sx, MM Vx, M/c Wy, M/ c? Wk, M/ c? Wx1, M/c?
0 0 0,000 -0,230 12587,94 | 3491,4184 16731,6
0,1745 10 0,620 3,933 12268,24 | 3280,8601 16319,9
0,3491 20 2,600 7,894 11333,69 | 2674,5816 15116,3
0,5236 30 5,838 11,456 9857,42 | 1745,7092 13212
0,6981 40 10,174 14,457 7952,85 | 606,27844 10748,8
0,8727 50 15,400 16,776 5761,95 | -606,2784 7904,35
1,0472 60 21,275 18,344 3440,76 | -1745,709 4874,38
1,2217 70 27,543 19,141 1143,92 | -2674,582 1853,83
1,3963 80 33,953 19,198 -990,23 -3280,86 -981,726
1,5708 90 40,268 18,588 -2852,10 | -3491,418 -3491,42
1,7453 100 46,282 17,413 -4369,57 | -3280,86 -5579,99
1,9199 110 51,827 15,793 -5512,05 | -2674,582 -7202,99
2,0944 120 56,775 13,851 -6289,56 | -1745,709 -8365,8
2,2689 130 61,038 11,702 -6747,01 | -606,2784 -9116,9
2,4435 140 64,563 9,439 -6954,57 | 606,27844 -9536,29
2,618 150 67,326 7,132 -6995,40 | 1745,7092 -9720,63
2,7925 160 69,318 4,821 -6952,33 | 2674,5816 -9767,12
2,9671 170 70,541 2,522 -6895,21 | 3280,8601 -9758,18
3,1416 180 71,000 0,230 -6870,50 | 3491,4184 -9748,77
3,3161 190 70,694 -2,068 -6894,48 | 3280,8601 -9758,18
3,4907 200 69,619 -4,388 -6950,87 | 2674,5816 -9767,12
3,6652 210 67,766 -6,733 -6993,20 | 1745,7092 -9720,63
3,8397 220 65,129 -9,086 -6951,63 | 606,27844 -9536,29
4,0143 230 61,712 -11,406 -6743,34 | -606,2784 -9116,9
4,1888 240 57,537 -13,621 -6285,16 | -1745,709 -8365,8
4,3633 250 52,654 -15,635 -5506,91 | -2674,582 -7202,99
4,5379 260 47,149 -17,333 -4363,70 -3280,86 -5579,99
47124 270 41,148 -18,588 -2845,50 | -3491,418 -3491,42
4,8869 280 34,820 -19,278 -982,89 -3280,86 -981,726
5,0615 290 28,370 -19,298 1151,99 | -2674,582 1853,83
5,236 300 22,037 -18,574 3449,57 | -1745,709 4874,38
5,4105 310 16,074 -17,072 5771,49 | -606,2784 7904,35
5,5851 320 10,740 -14,810 7963,13 | 606,27844 10748,8
5,7596 330 6,278 -11,855 9868,43 | 1745,7092 13212
5,9341 340 2,901 -8,327 11345,43 | 2674,5816 15116,3
6,1087 350 0,773 -4,387 12280,71 | 3280,8601 16319,9
6,2832 360 0,000 -0,230 12601,14 | 3491,4184 16731,6
6,4577 370 0,620 3,933 12281,45 | 3280,8601 16319,9
6,6323 380 2,600 7,894 11346,89 | 2674,5816 15116,3
6,8068 390 5,838 11,456 9870,62 | 1745,7092 13212
6,9813 400 10,174 14,457 7966,05 | 606,27844 10748,8
7,1558 410 15,400 16,776 5775,14 | -606,2784 7904,35
7,3304 420 21,275 18,344 3453,95 | -1745,709 4874,38
7,5049 430 27,543 19,141 1157,11 -2674,582 1853,83
7,6794 440 33,953 19,198 -977,05 -3280,86 -981,726
7,854 450 40,268 18,588 -2838,92 | -3491,418 -3491,42
8,0285 460 46,282 17,413 -4356,39 | -3280,86 -5579,99
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8,203 470 51,827 15,793 -5498,88 | -2674,582 -7202,99
8,3776 480 56,775 13,851 -6276,39 | -1745,709 -8365,8
8,5521 490 61,038 11,702 -6733,84 | -606,2784 -9116,9
8,7266 500 64,563 9,439 -6941,41 | 606,27844 -9536,29
8,9012 510 67,326 7,132 -6982,24 | 1745,7092 -9720,63
9,0757 520 69,318 4,821 -6939,18 | 2674,5816 -9767,12
9,2502 530 70,541 2,522 -6882,06 | 3280,8601 -9758,18
9,4248 540 71,000 0,230 -6857,36 | 3491,4184 -9748,77
9,5993 550 70,694 -2,068 -6881,34 | 3280,8601 -9758,18
9,7738 560 69,619 -4,388 -6937,73 | 2674,5816 -9767,12
9,9484 570 67,766 -6,733 -6980,07 | 1745,7092 -9720,63
10,123 580 65,129 -9,086 -6938,51 | 606,27844 -9536,29
10,297 590 61,712 -11,406 -6730,22 | -606,2784 -9116,9
10,472 600 57,537 -13,621 -6272,04 | -1745,709 -8365,8
10,647 610 52,654 -15,635 -5493,80 | -2674,582 -7202,99
10,821 620 47,149 -17,333 -4350,59 | -3280,86 -5579,99
10,996 630 41,148 -18,588 -2832,40 | -3491,418 -3491,42
11,17 640 34,820 -19,278 -969,80 -3280,86 -981,726
11,345 650 28,370 -19,298 1165,08 | -2674,582 1853,83
11,519 660 22,037 -18,574 3462,65 | -1745,709 4874,38
11,694 670 16,074 -17,072 5784,56 | -606,2784 7904,35
11,868 680 10,740 -14,810 7976,20 | 606,27844 10748,8
12,043 690 6,278 -11,855 9881,49 | 1745,7092 13212

12,217 700 2,901 -8,327 11358,49 | 2674,5816 15116,3
12,392 710 0,773 -4,387 12293,77 | 3280,8601 16319,9
12,566 720 0,000 -0,230 12614,19 | 3491,4184 16731,6
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Ta6mmma B1 - CBoHas Tabnmia AMHAMHAYECKOTo pacdeTa aBuratens ¢ maroM B 10 rpagycos [IKB

[MPMJIOXXEHUE B
(oGs3aTeBHOE)

pj, MIla Apr, Mna | p, Mna tgB pn, MIla 1/cosP ps, Mna cos(B+@)/cosB | px, Mna sin(B+@)/cosf | pr, Mma T, kH Mip.q, HM
-1,741 0,005 -1,736 | 0,000 0,000 1,000 -1,736 1,000 -1,736 0,000 0,000 0,000 0,000
-1,697 0,002 -1,695 | 0,051 -0,086 1,001 -1,697 0,976 -1,654 0,224 -0,379 | -2,004 -71,137
-1,567 -0,001 -1,569 | 0,101 -0,158 1,005 -1,577 0,905 -1,420 0,437 -0,685 | -3,618 | -128,445
-1,363 -0,004 -1,367 | 0,148 -0,203 1,011 -1,382 0,792 -1,083 0,628 -0,859 | -4,538 | -161,092
-1,100 -0,007 -1,107 | 0,192 -0,213 1,018 -1,127 0,643 -0,711 0,790 -0,874 | -4,617 | -163,905
-0,797 -0,010 -0,807 | 0,231 -0,186 1,026 -0,828 0,466 -0,376 0,914 -0,738 | -3,895 | -138,283
-0,476 -0,013 -0,489 | 0,263 -0,128 1,033 -0,505 0,272 -0,133 0,997 -0,487 | -2,574 -91,383
-0,158 -0,018 -0,176 | 0,287 -0,050 1,040 -0,183 0,072 -0,013 1,037 -0,182 | -0,963 -34,197
0,137 -0,018 0,119 | 0,302 0,036 1,044 0,124 -0,123 -0,015 1,036 0,124 0,653 23,166
0,394 -0,018 0,377 | 0,307 0,116 1,045 0,394 -0,307 -0,116 0,999 0,376 1,988 70,558
0,604 -0,018 0,587 | 0,302 0,177 1,044 0,612 -0,470 -0,276 0,932 0,546 2,886 102,442
0,762 -0,018 0,745 | 0,287 0,213 1,040 0,774 -0,611 -0,455 0,841 0,626 3,307 117,391
0,870 -0,018 0,852 | 0,263 0,224 1,033 0,881 -0,727 -0,620 0,734 0,626 3,304 117,302
0,933 -0,018 0,915 | 0,231 0,211 1,026 0,939 -0,819 -0,750 0,618 0,565 2,985 105,985
0,962 -0,018 0,944 | 0,192 0,181 1,018 0,961 -0,889 -0,840 0,496 0,468 2,471 87,719
0,967 -0,018 0,950 | 0,148 0,141 1,011 0,960 -0,940 -0,893 0,372 0,353 1,864 66,156
0,961 -0,018 0944 | 0,101 0,095 1,005 0,949 -0,974 -0,919 0,247 0,233 1,232 43,747
0,954 -0,016 0,938 | 0,051 0,048 1,001 0,939 -0,994 -0,932 0,123 0,116 0,611 21,699
0,950 -0,014 0,936 | 0,000 0,000 1,000 0,936 -1,000 -0,936 0,000 0,000 0,000 0,000
0,953 -0,012 0,942 | -0,051 -0,048 1,001 0,943 -0,994 -0,936 -0,123 -0,116 | -0,614 -21,790
0,961 -0,009 0,952 | -0,101 -0,096 1,005 0,957 -0,974 -0,928 -0,247 -0,235 | -1,243 -44,132
0,967 -0,007 0,960 | -0,148 -0,142 1,011 0,971 -0,940 -0,903 -0,372 -0,357 | -1,885 -66,901
0,961 -0,004 0,957 | -0,192 -0,184 1,018 0,975 -0,889 -0,851 -0,496 -0,474 | -2,505 -88,936
0,933 -0,002 0,931 | -0,231 -0,215 1,026 0,955 -0,819 -0,763 -0,618 -0,575 | -3,037 | -107,797
0,869 0,007 0,877 | -0,263 -0,230 1,033 0,906 -0,727 -0,637 -0,734 -0,644 | -3,399 | -120,665
0,762 0,020 0,781 | -0,287 -0,224 1,040 0,812 -0,611 -0,477 -0,841 -0,657 | -3,469 | -123,160
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0,603 0,037 0,640 | -0,302 -0,193 1,044 0,668 -0,470 -0,301 -0,932 -0,596 | -3,149 -111,782
0,394 0,060 0,454 | -0,307 -0,139 1,045 0,474 -0,307 -0,139 -0,999 -0,454 | -2,395 -85,027
0,136 0,095 0,231 | -0,302 -0,070 1,044 0,241 -0,123 -0,028 -1,036 -0,239 | -1,262 -44,798
-0,159 0,145 -0,014 | -0,287 0,004 1,040 -0,015 0,072 -0,001 -1,037 0,015 0,079 2,809
-0,477 0,221 -0,256 | -0,263 0,067 1,033 -0,265 0,272 -0,070 -0,997 0,256 1,350 47,910
-0,798 0,339 -0,460 | -0,231 0,106 1,026 -0,471 0,466 -0,214 -0,914 0,420 2,218 78,749
-1,101 0,526 -0,575 | -0,192 0,110 1,018 -0,586 0,643 -0,370 -0,790 0,454 2,399 85,174
-1,365 0,823 -0,542 | -0,148 0,080 1,011 -0,548 0,792 -0,429 -0,628 0,341 1,799 63,869
-1,569 1,162 -0,407 | -0,101 0,041 1,005 -0,409 0,905 -0,368 -0,437 0,178 0,939 33,331
-1,698 1,971 0,272 | -0,051 -0,014 1,001 0,273 0,976 0,266 -0,224 -0,061 | -0,322 -11,425
-1,743 4,210 2,467 | 0,000 0,000 1,000 2,467 1,000 2,467 0,000 0,000 0,000 0,000
-1,698 6,837 5138 | 0,051 0,262 1,001 5,145 0,976 5,015 0,224 1,150 6,075 215,666
-1,569 6,628 5059 | 0,101 0,510 1,005 5,085 0,905 4,579 0,437 2,210 | 11,669 414,267
-1,365 4,789 3,424 | 0,148 0,508 1,011 3,461 0,792 2,711 0,628 2,152 | 11,362 403,360
-1,102 3,168 2,066 | 0,192 0,397 1,018 2,103 0,643 1,327 0,790 1,632 8,617 305,890
-0,799 2,309 1,510 | 0,231 0,348 1,026 1,549 0,466 0,704 0,914 1,380 7,289 258,754
-0,478 1,742 1,264 | 0,263 0,332 1,033 1,306 0,272 0,344 0,997 1,260 6,655 236,238
-0,160 1,362 1,202 | 0,287 0,344 1,040 1,249 0,072 0,087 1,037 1,246 6,580 233,588
0,135 1,101 1,236 | 0,302 0,373 1,044 1,290 -0,123 -0,153 1,036 1,281 6,762 240,065
0,393 0,917 1,310 | 0,307 0,402 1,045 1,369 -0,307 -0,402 0,999 1,309 6,911 245,347
0,602 0,786 1,389 | 0,302 0,419 1,044 1,449 -0,470 -0,653 0,932 1,294 6,831 242,512
0,760 0,691 1,451 | 0,287 0,416 1,040 1,509 -0,611 -0,887 0,841 1,220 6,445 228,804
0,868 0,621 1,489 | 0,263 0,391 1,033 1,538 -0,727 -1,083 0,734 1,093 5,773 204,946
0,931 0,569 1,501 | 0,231 0,346 1,026 1,540 -0,819 -1,229 0,618 0,927 4,894 173,744
0,960 0,532 1,492 | 0,192 0,286 1,018 1,519 -0,889 -1,327 0,496 0,739 3,905 138,611
0,966 0,432 1,397 | 0,148 0,207 1,011 1,413 -0,940 -1,314 0,372 0,519 2,742 97,343
0,960 0,332 1,292 | 0,101 0,130 1,005 1,298 -0,974 -1,258 0,247 0,319 1,686 59,865
0,952 0,232 1,184 | 0,051 0,060 1,001 1,185 -0,994 -1,176 0,123 0,146 0,771 27,385
0,948 0,132 1,080 | 0,000 0,000 1,000 1,080 -1,000 -1,080 0,000 0,000 0,000 0,000
0,952 0,032 0,984 | -0,051 -0,050 1,001 0,985 -0,994 -0,977 -0,123 -0,121 | -0,641 -22,755
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0,959 0,022 0,981 | -0,101 -0,099 1,005 0,986 -0,974 -0,956 -0,247 -0,243 | -1,281 -45,487
0,965 0,020 0,985 | -0,148 -0,146 1,011 0,996 -0,940 -0,926 -0,372 -0,366 | -1,933 -68,624
0,960 0,019 0,978 | -0,192 -0,188 1,018 0,996 -0,889 -0,870 -0,496 -0,485 | -2,561 -90,909
0,931 0,018 0,949 | -0,231 -0,219 1,026 0,973 -0,819 -0,777 -0,618 -0,586 | -3,094 | -109,833
0,867 0,017 0,884 | -0,263 -0,232 1,033 0,914 -0,727 -0,643 -0,734 -0,649 | -3,429 -121,725
0,760 0,016 0,776 | -0,287 -0,222 1,040 0,806 -0,611 -0,474 -0,841 -0,652 | -3,445 -122,283
0,602 0,015 0,617 | -0,302 -0,186 1,044 0,643 -0,470 -0,290 -0,932 -0,574 | -3,033 -107,669
0,392 0,014 0,406 | -0,307 -0,124 1,045 0,424 -0,307 -0,124 -0,999 -0,405 | -2,140 -75,957
0,134 0,013 0,147 | -0,302 -0,044 1,044 0,153 -0,123 -0,018 -1,036 -0,152 | -0,804 -28,553
-0,161 0,012 -0,149 | -0,287 0,043 1,040 -0,155 0,072 -0,011 -1,037 0,155 0,817 29,020
-0,479 0,011 -0,468 | -0,263 0,123 1,033 -0,484 0,272 -0,127 -0,997 0,467 2,464 87,464
-0,800 0,010 -0,790 | -0,231 0,182 1,026 -0,811 0,466 -0,368 -0,914 0,722 3,814 135,391
-1,103 0,009 -1,094 | -0,192 0,210 1,018 -1,114 0,643 -0,703 -0,790 0,864 4,564 162,014
-1,367 0,008 -1,359 | -0,148 0,201 1,011 -1,374 0,792 -1,076 -0,628 0,854 4,509 160,070
-1,571 0,007 -1,564 | -0,101 0,158 1,005 -1,572 0,905 -1,416 -0,437 0,683 3,608 128,071
-1,700 0,006 -1,694 | -0,051 0,086 1,001 -1,697 0,976 -1,654 -0,224 0,379 2,003 71,117
-1,745 0,005 -1,740 | 0,000 0,000 1,000 -1,740 1,000 -1,740 0,000 0,000 0,000 0,000
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Tabnuna B2 - Tabnuma kpyTsimero MoMeHTa asurarens ¢ maroM B 10 rpagycos

IIKB

CymMMapHbI
KpyTALLMA MO-

MEHT ABuUraTens 1-n 2-1 3-n 4-1
MKDLL ’ MKDLI, ’ MKDLI, ’ MKDLl ’

M. , Hv Hwm (pokpmsom Hwm (poKDMBOLLI Hwm CPDKDMBOLU Hwm CPDKDMBOLU
-22,755 0,000 0,0 0,000 | 180,0 0,000 | 360,0| -22,755| 540,0
109,984 | -71,137 10,0 | -21,790| 190,0 | 215666 | 370,0| -12,755| 550,0
238,935 | -128,445 20,0 | -44,132| 200,0 | 414,267 | 380,0 -2,755 | 560,0
182,613 | -161,092 30,0 | -66,901| 210,0| 403,360 | 390,0 7,245 | 570,0

70,294 | -163,905 40,0 | -88,936 | 220,0| 305,890 | 400,0 17,245 | 580,0

39,919 | -138,283 50,0 | -107,797 | 230,0 | 258,754 | 410,0 27,245 | 590,0

61,434 | -91,383 60,0 | -120,665 | 240,0 | 236,238 | 420,0 37,245 | 600,0
123,476 | -34,197 70,0 | -123,160 | 250,0 | 233,588 | 430,0 47,245 | 610,0
208,694 23,166 80,0 | -111,782 | 260,0 | 240,065 | 440,0 57,245 | 620,0
298,123 70,558 90,0 | -85,027 | 270,0| 245,347 | 450,0 67,245 | 630,0
377,401 | 102,442 | 100,0 | -44,798 | 280,0| 242,512 | 460,0 77,245 | 640,0
436,248 | 117,391 110,0 2,809 | 290,0 | 228,804 | 470,0 87,245 | 650,0
467,402 | 117,302 | 120,0 47,910 | 300,0 | 204,946 | 480,0 97,245 | 660,0
465,723 | 105,985 | 130,0 78,749 | 310,0| 173,744 | 490,0 | 107,245| 670,0
428,748 87,719 | 140,0 85,174 | 320,0 | 138,611 | 500,0| 117,245| 680,0
354,612 66,156 | 150,0 63,869 | 330,0 97,343 | 510,0 | 127,245 | 690,0
274,188 43,747 | 160,0 33,331 | 340,0 59,865 | 520,0| 137,245 | 700,0
184,904 21,699 | 170,0| -11,425| 350,0 27,385 | 530,0 | 147,245 | 710,0
157,245 0,000 | 180,0 0,000 | 360,0 0,000 | 540,0 | 157,245 | 720,0

Tabnuna B3 - Tabnuma cun, aeicTByOmUX Ha maTyHHyo meiky KB ¢ marom B 10

rpanycos [IKB
Rk T K Pk RLLI.LLI. KpK

25,85829 0 -9,16796 | -14,9614 | 14,9614 | -25,8583
25,50422 | -2,003847 -8,73505 | -14,5285 | 14,6661 | -25,4254
24,45765 | -3,618165 -7,49821 | -13,2917 | 13,7754 | -24,1885
22,86318 |  -4,53779 -5,718 | -11,5115 | 12,3736 | -22,4083
20,96128 | -4,617037 -3,75614 | -9,54963 | 10,6072 | -20,4465
19,07799 | -3,895284 -1,98577 | -7,77925 | 8,7000 | -18,6761
17,58307 | -2,574176 -0,70329 | -6,49678 | 6,9882 | -17,3936

16,7853 | -0,963283 -0,0673 | -5,86079 | 5,9394 | -16,7576
16,78077 |  0,652561 -0,07774 | -5,87123 | 5,9074 | -16,7681
17,41409 |  1,987548 -0,60997 | -6,40345 | 6,7048 | -17,3003
18,37561 |  2,885687 -1,45728 | -7,25077 | 7,8039 | -18,1476

19,3774 | 3,306791 -2,40283 | -8,19632 | 8,8382 | -19,0932
20,23399 |  3,304271 -3,27204 | -9,06553 | 9,6489 | -19,9624
20,86521 2,9855 -3,96018 | -9,75367 | 10,2004 | -20,6505

21,2684 |  2,470966 -4,43404 | -10,2275 | 10,5218 | -21,1244
21,48657 |  1,863541 -4,71528 | -10,5088 | 10,6727 | -21,4056
21,58099 | 1,232311 -4,85544 | -10,6489 | 10,7200 | -21,5458
21,62061 | 0,611253 -4,92163 | -10,7151 | 10,7325 | -21,612
21,63585 |  6,06E-16 -4,94552 | -10,739 | 10,7390 | -21,6359
21,64113 | -0,613794 -4,94209 | -10,7356 | 10,7531 | -21,6324
21,62422 | -1,243145 -4,89813 | -10,6916 | 10,7636 | -21,5885

21,5413 | -1,884527 -4,76838 | -10,5619 | 10,7287 | -21,4587
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21,33348 -2,505236 -4,49554 | -10,289 | 10,5896 | -21,1859
20,93956 -3,036542 -4,02789 | -9,82137 | 10,2801 | -20,7182
20,34218 -3,399021 -3,36587 | -9,15935 | 9,7697 | -20,0562
19,52198 -3,46929 -2,5209 | -8,31439 | 9,0092 | -19,2112
18,54969 -3,148789 -1,59015 | -7,38364 | 8,0270 | -18,2805
17,58922 -2,395124 -0,73505 | -6,52854 | 6,9540 | -17,4254
16,88788 -1,261914 -0,15034 | -5,94383 | 6,0763 | -16,8407
16,69605 0,079115 -0,00553 | -5,79902 | 5,7996 | -16,6959
17,11235 1,349578 -0,36872 | -6,16221 6,3083 | -17,059
17,95872 2,218289 -1,13086 | -6,92434 | 7,2710 | -17,8212
18,79598 2,399255 -1,95189 | -7,74538 | 8,1085 | -18,6422
19,04255 1,799115 -2,26704 | -8,06053 | 8,2589 | -18,9574
18,65974 0,938905 -1,94577 | -7,73926 | 7,7960 | -18,6361
15,29085 -0,321822 1,402866 | -4,39062 | 4,4024 | -15,2875
3,660282 -3,19E-15 13,03005 | 7,236561 7,2366 | -3,66028
11,52331 6,07509 26,48217 | 20,68868 | 21,5622 | 9,791835
13,86819 11,6695 24,18364 | 18,39015 | 21,7801 | 7,493306
11,60739 11,36226 14,31742 | 8,523929 | 14,2042 | -2,37291
12,95978 8,616625 7,00996 | 1,216472 | 8,7021 | -9,68037
14,88176 7,28884 3,715757 | -2,07773 | 7,5792 | -12,9746
16,29316 6,654585 1,818094 | -3,97539 | 7,7516 | -14,8722
17,51366 6,579934 0,459718 | -5,33377 | 8,4702 | -16,2306
18,75738 6,7624 -0,80565 | -6,59914 | 9,4487 | -17,496
20,04073 6,911195 -2,121 | -7,91449 | 10,5073 | -18,8113
21,26721 6,831337 -3,44986 | -9,24334 | 11,4938 | -20,1402
22,32425 6,445181 -4,68329 | -10,4768 | 12,3005 | -21,3736
23,13891 5,773131 -5,71682 | -11,5103 | 12,8770 | -22,4071
23,69332 4,894189 -6,492 | -12,2855 | 13,2245 | -23,1823
24,01636 3,904532 -7,00651 -12,8 | 13,3823 | -23,6968
23,78708 2,742059 -6,93817 | -12,7317 | 13,0236 | -23,6285
23,39559 1,68635 -6,6444 | -12,4379 | 12,5517 | -23,3347
22,91446 0,771406 -6,21114 | -12,0046 | 12,0294 | -22,9015
22,39492 2,1E-15 -5,70459 | -11,4981 | 11,4981 | -22,3949
21,86083 -0,640995 -5,1611 | -10,9546 | 10,9733 | -21,8514

21,7766 -1,28132 -5,04854 | -10,842 | 10,9175 | -21,7389
21,66793 -1,933066 -4,89119 | -10,6847 | 10,8581 | -21,5815
21,4391 -2,560823 -4,59528 | -10,3888 | 10,6997 | -21,2856
21,02318 -3,093883 -4,10395 | -9,89743 | 10,3697 | -20,7943
20,37632 -3,428863 -3,39542 | -9,1889 | 9,8078 | -20,0857
19,49994 -3,444596 -2,50296 | -8,29645 | 8,9831 | -19,1933
18,47265 -3,032919 -1,53164 | -7,32513 | 7,9282 | -18,222
17,47843 -2,139638 -0,65664 | -6,45013 | 6,7958 | -17,347
16,80541 -0,804298 -0,09582 | -5,88931 5,9440 | -16,7862
16,76738 0,817465 -0,05711 -5,8506 | 5,9074 | -16,7474
17,53738 2,46377 -0,67312 | -6,46661 6,9201 | -17,3635
19,02086 3,813844 -1,94425 | -7,73774 | 8,6266 | -18,6346
20,90732 4,563769 -3,7128 | -9,50629 | 10,5450 | -20,4031
22,82194 4,509014 -5,68175 | -11,4752 | 12,3293 | -22,3721
24,43449 3,607622 -7,47636 | -13,2699 | 13,7515 | -24,1667
25,50176 2,003291 -8,73263 | -14,5261 | 14,6636 | -25,423
25,87746 4,5E-15 -9,18713 | -14,9806 | 14,9806 | -25,8775
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Ta6muma B4 - Tabnuia cui, 1elcTBYyIONME Ha KOpeHHBIE ek ¢ marom B 10 rpagycos [1KB

1-# xpuBOIIUI 2-s1 KOpCHHasI IIeHKa 2-1 KpUBOIIHUTI 3-51 KOpEHHasI IIeHKa 3-i KPUBOIIIHUIT
Rk.1, T1, Tk2, Rx.m2, T2, Tk3, Rxk.m3, T3,

(OF! kH kH | Kpkl,kH| xH | Kx2,xH kH (O kH | Kpx2,xkH| kH | Kk3,kH | kH Q'3 kH | Kpk3,kH
0 25,858 | 0,000 -25,858 | 0,000 2,111 2111 | 180 0,000 -21,636 | -0,320 | -21,744 21,746 | 540 | -0,641 -21,851
10 25,504 | -2,004 -25,425 | 0,695 1,896 2,020 | 190 | -0,614 -21,632 | -0,948 | -21,686 21,706 | 550 | -1,281 -21,739
20 24,458 | -3,618 -24,189 1,188 1,300 1,761 | 200 | -1,243 -21,588 | -1,588 | -21,585 21,643 | 560 | -1,933 -21,582
30 22,863 | -4,538 -22,408 1,327 0,475 1,409 | 210 -1,885 -21,459 | -2,223 | -21,372 21,487 | 570 | -2,561 -21,286
40 20,961 | 4,617 -20,446 1,056 -0,370 1,119 | 220 | -2,505 -21,186 | -2,800 | -20,990 21,176 | 580 | -3,094 -20,794
50 19,078 | -3,895 -18,676 | 0,429 -1,021 1,108 | 230 | -3,037 -20,718 | -3,233 | -20,402 20,657 | 590 | -3,429 -20,086
60 17,583 | -2,574 -17,394 | -0,412 -1,331 1,394 | 240 -3,399 -20,056 | -3,422 | -19,625 19,921 | 600 | -3,445 -19,193
70 16,785 | -0,963 -16,758 | -1,253 -1,227 1,754 | 250 -3,469 -19,211 | -3,251 | -18,717 18,997 | 610 | -3,033 -18,222
80 16,781 0,653 -16,768 | -1,901 -0,756 2,046 | 260 -3,149 -18,280 | -2,644 | -17,814 18,009 | 620 | -2,140 -17,347
90 17,414 1,988 -17,300 | -2,191 -0,063 2,192 | 270 -2,395 -17,425 | -1,600 | -17,106 17,180 | 630 | -0,804 -16,786
100 18,376 | 2,886 -18,148 | -2,074 0,653 2174 | 280 -1,262 -16,841 | -0,222 | -16,794 16,796 | 640 0,817 -16,747
110 19,377 | 3,307 -19,093 | -1,614 1,199 2,010 | 290 0,079 -16,696 1,271 | -17,030 17,077 | 650 2,464 -17,363
120 | 20,234 | 3,304 -19,962 | -0,977 1,452 1,750 | 300 1,350 -17,059 | 2,582 | -17,847 18,033 | 660 3,814 -18,635
130 20,865 | 2,985 -20,651 | -0,384 1,415 1,466 | 310 2,218 -17,821 3,391 | -19,112 19,411 | 670 4,564 -20,403
140 21,268 | 2,471 -21,124 | -0,036 1,241 1,242 | 320 2,399 -18,642 3,454 | -20,507 20,796 | 680 4,509 -22,372
150 21,487 1,864 -21,406 | -0,032 1,224 1,225 | 330 1,799 -18,957 2,703 | -21,562 21,731 | 690 3,608 -24,167
160 21,581 1,232 -21,546 | -0,147 1,455 1,462 | 340 0,939 -18,636 1,471 | -22,030 22,079 | 700 2,003 -25,423
170 21,621 0,611 -21,612 | -0,467 3,162 3,196 | 350 -0,322 -15,287 | -0,161 | -20,582 20,583 | 710 0,000 -25,877
180 21,636 | 0,000 -21,636 0,000 8,988 8,988 | 360 0,000 -3,660 0,000 | -10,175 10,175 | 720 0,000 -16,690
190 21,641 | -0,614 -21,632 6,142 14,563 | 15,805 | 370 | 11,669 7,493 4,833 -8,966 10,186 10 -2,004 -25,425
200 21,624 | -1,243 -21,588 6,303 9,608 | 11,491 | 380 | 11,362 -2,373 3,872 | -13,281 13,834 | 20 -3,618 -24,189
210 21,541 | -1,885 -21,459 5,251 5,889 7,890 | 390 8,617 -9,680 2,039 | -16,044 16,173 | 30 -4,538 -22,408
220 21,333 | -2,505 -21,186 4,897 4,106 6,390 | 400 7,289 -12,975 1,336 | -16,711 16,764 | 40 -4,617 -20,446
230 20,940 | -3,037 -20,718 4,846 2,923 5,659 | 410 6,655 -14,872 1,380 | -16,774 16,831 50 -3,895 -18,676
240 20,342 | -3,399 -20,056 4,989 1,913 5344 | 420 6,580 -16,231 2,003 | -16,812 16,931 60 -2,574 -17,394
250 19,522 | -3,469 -19,211 5,116 0,858 5187 | 430 6,762 -17,496 2,900 | -17,127 17,371 70 -0,963 -16,758
260 18,550 | -3,149 -18,280 5,030 -0,265 5,037 | 440 6,911 -18,811 3,782 | -17,790 18,187 | 80 0,653 -16,768
270 17,589 | -2,395 -17,425 4,613 -1,357 4,809 | 450 6,831 -20,140 4,409 | -18,720 19,233 | 90 1,988 -17,300
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280 16,888 | -1,262 -16,841 3,854 -2,266 4,471 | 460 6,445 -21,374 | 4,665 | -19,761 20,304 | 100 2,886 -18,148
290 16,696 | 0,079 -16,696 | 2,847 -2,856 4,032 | 470 5,773 -22,407 | 4,540 | -20,750 21,241 | 110 3,307 -19,093
300 17,112 | 1,350 -17,059 1,772 -3,062 3,638 | 480 4,894 -23,182 | 4,099 | -21,572 21,958 | 120 3,304 -19,962
310 17,959 | 2,218 -17,821 0,843 -2,938 3,056 | 490 3,905 -23,697 | 3,445 | -22,174 22,440 | 130 2,985 -20,651
320 18,796 | 2,399 -18,642 | 0,171 -2,493 2,499 | 500 2,742 -23,629 | 2,607 | -22,376 22,528 | 140 2,471 -21,124
330 19,043 | 1,799 -18,957 | -0,056 -2,189 2,189 | 510 1,686 -23,335 1,775 | -22,370 22,440 | 150 1,864 -21,406
340 18,660 | 0,939 -18,636 | -0,084 -2,133 2,134 | 520 0,771 -22,901 1,002 | -22,224 22,246 | 160 1,232 -21,546
350 15,291 | -0,322 -15,287 | 0,161 -3,554 3,657 | 530 0,000 -22,395 | 0,306 | -22,003 22,006 | 170 0,611 -21,612
360 3,660 | 0,000 -3,660 | -0,320 -9,096 9,101 | 540 | -0,641 -21,851 | -0,320 | -21,744 21,746 | 180 0,000 -21,636
370 13,868 | 11,669 7493 | 6475 | -14616 | 15986 | 550 | -1,281 -21,739 | -0,948 | -21,686 21,706 | 190 | -0,614 -21,632
380 11,607 | 11,362 -2,373 | -6,648 -9,604 | 11,680 | 560 | -1,933 -21,682 | -1,588 | -21,585 21,643 | 200 | -1,243 -21,588
390 12,960 | 8,617 -9,680 | -5,589 -5,803 8,056 | 570 | -2,561 -21,286 | -2,223 | -21,372 21,487 | 210 | -1,885 -21,459
400 14,882 | 7,289 -12,975 | -5,191 -3,910 6,499 | 580 | -3,094 -20,794 | -2,800 | -20,990 21,176 | 220 | -2,505 -21,186
410 16,293 | 6,655 -14,872 | -5,042 -2,607 5,676 | 590 | -3,429 -20,086 | -3,233 | -20,402 20,657 | 230 | -3,037 -20,718
420 17,514 | 6,580 -16,231 | -5,012 -1,481 5,227 | 600 | -3,445 -19,193 | -3,422 | -19,625 19,921 | 240 | -3,399 -20,056
430 18,757 | 6,762 -17,496 | -4,898 -0,363 4911 ] 610 | -3,033 -18,222 | -3,251 | -18,717 18,997 | 250 | -3,469 -19,211
440 | 20,041 | 6,911 -18,811 | -4,525 0,732 4,584 | 620 | -2,140 -17,347 | -2,644 | -17,814 18,009 | 260 | -3,149 -18,280
450 | 21,267 | 6,831 -20,140 | -3,818 1,677 4,170 | 630 | -0,804 -16,786 | -1,600 | -17,106 17,180 | 270 | -2,395 -17,425
460 | 22,324 | 6,445 -21,374 | -2,814 2,313 3,643 | 640 0,817 -16,747 | -0,222 | -16,794 16,796 | 280 | -1,262 -16,841
470 | 23,139 | 5,773 -22,407 | -1,655 2,522 3,016 | 650 2,464 -17,363 1,271 | -17,030 17,077 | 290 0,079 -16,696
480 | 23,693 | 4,894 -23,182 | -0,540 2,274 2,337 | 660 3,814 -18,635 | 2,582 | -17,847 18,033 | 300 1,350 -17,059
490 | 24,016 | 3,905 -23,697 | 0,330 1,647 1,680 | 670 4,564 -20,403 | 3,391 | -19,112 19,411 | 310 2,218 -17,821
500 | 23,787 | 2,742 -23,629 | 0,883 0,628 1,084 | 680 4,509 -22,372 | 3,454 | -20,507 20,796 | 320 2,399 -18,642
510 | 23,396 | 1,686 -23,335 | 0,961 -0,416 1,047 | 690 3,608 -24,167 | 2,703 | -21,562 21,731 | 330 1,799 -18,957
520 | 22914 | 0,771 -22,901 0,616 -1,261 1,403 | 700 2,003 -25,423 1,471 | -22,030 22,079 | 340 0,939 -18,636
530 | 22,395 | 0,000 -22,395 | 0,000 -1,741 1,741 | 710 0,000 -25,877 | -0,161 | -20,582 20,583 | 350 | -0,322 -15,287
540 | 21,861 | -0,641 -21,851 0,320 2,581 2,600 | 720 0,000 -16,690 | 0,000 | -10,175 10,175 | 360 0,000 -3,660
550 | 21,777 | -1,281 -21,739 | -0,361 -1,843 1,878 10 -2,004 -25,425 | 4,833 -8,966 10,186 | 370 | 11,669 7,493
560 | 21,668 | -1,933 -21,582 | -0,843 -1,304 1,562 | 20 -3,618 -24,189 | 3,872 | -13,281 13,834 | 380 | 11,362 -2,373
570 | 21,439 | -2,561 -21,286 | -0,988 -0,561 1,137 30 -4,538 -22,408 | 2,039 | -16,044 16,173 | 390 8,617 -9,680
580 | 21,023 | -3,094 -20,794 | -0,762 0,174 0,781 40 -4,617 -20,446 1,336 | -16,711 16,764 | 400 7,289 -12,975
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590 | 20,376 | -3,429 -20,086 | -0,233 0,705 0,742 | 50 -3,895 -18,676 | 1,380 | -16,774 16,831 | 410 6,655 -14,872
600 | 19,500 | -3,445 -19,193 | 0,435 0,900 1,000 | 60 -2,574 -17,394 | 2,003 | -16,812 16,931 | 420 6,580 -16,231
610 | 18,473 | -3,033 -18,222 | 1,035 0,732 1,268 | 70 -0,963 -16,758 | 2,900 | -17,127 17,371 | 430 6,762 -17,496
620 | 17,478 | -2,140 -17,347 | 1,396 0,289 1,426 | 80 0,653 -16,768 | 3,782 | -17,790 18,187 | 440 6,911 -18,811
630 | 16,805 | -0,804 -16,786 | 1,396 -0,257 1,419 90 1,988 -17,300 | 4,409 | -18,720 19,233 | 450 6,831 -20,140
640 | 16,767 | 0,817 -16,747 | 1,034 -0,700 1,249 | 100 2,886 -18,148 | 4,665 | -19,761 20,304 | 460 6,445 -21,374
650 | 17,637 | 2,464 -17,363 | 0,422 -0,865 0,962 | 110 3,307 -19,093 | 4,540 | -20,750 21,241 | 470 5,773 -22,407
660 | 19,021 | 3,814 -18,635 | -0,255 -0,664 0,711 | 120 3,304 -19,962 | 4,099 | -21,572 21,958 | 480 4,894 -23,182
670 | 20,907 | 4,564 -20,403 | -0,789 -0,124 0,799 | 130 2,985 -20,651 3,445 | -22,174 22,440 | 490 3,905 -23,697
680 | 22,822 | 4,509 -22,372 | -1,019 0,624 1,195 | 140 2,471 -21,124 | 2,607 | -22,376 22,528 | 500 2,742 -23,629
690 | 24,434 | 3,608 -24,167 | -0,872 1,381 1,633 | 150 1,864 -21,406 | 1,775 | -22,370 22,440 | 510 1,686 -23,335
700 | 25,502 | 2,003 -25,423 | -0,385 1,939 1,977 | 160 1,232 -21,546 | 1,002 | -22,224 22,246 | 520 0,771 -22,901
710 | 25,877 | 0,000 -25,877 | 0,306 2,133 2,155 | 170 0,611 -21,612 | 0,306 | -22,003 22,006 | 530 0,000 -22,395
720 | 16,690 | 0,000 -16,690 | 0,000 -2,473 2,473 | 180 0,000 -21,636 | -0,320 | -21,744 21,746 | 540 | -0,641 -21,851

88




