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Annomayuss — B cTaThe MPOBOJAUTCSA aHANM3 OCOOBIX PEKUMOB OSKCIUTyaTalldM JBHTaTENeit
MOXAPHBIX ABTOMOOWJICH B YCIOBHSX HX MNPUMEHEHHUs, Ha OCHOBAaHUH KOTOPOTO IPEIAraroTcs
pa3paboTaHHbIE METOBI 0e3pa300pPHOr0 JUATHOCTUPOBAHMS TOILIMBHO-3KOJOTHYCCKHUX MapaMeTpoB IO
COCTaBy OTpPaOOTABIIMX Ta30B C IENbI0 BBISBICHHUS aBAPHHHBIX PEKUMOB JKCIUTyaTalldd MOMXKAapHBIX
aBTOMOOMIICH MEXTy TUIAHOBO-TIPEAYPEUTSILHBIMUA TEXHHUSCKUME 00CITYKHBaHUSIMH.

Knioueevie crnosa: 3KkcIutyaTaiyst; TMarHOCTHPOBAHUE, TEXHMYECKOE OOCTY)KHBAHUE, MOXKAPHBIIMA
ABTOMOOMJIb.

FEATURES OF ENGINES DIAGNOSTIC FOR FIRE-ENGINE VEHICLES
V. N. Logkin, D. A. Lakeev, O. V. Logkina
St.-Petersburg university GPS of the Ministry of Emergency Measures of Russia
196105, St.-Petersburg, the Moscow avenue, 149;

Summary — In article is carried out the analysis of particular treatments of operation of engines of
fire-engine vehicles in the conditions of their application on which basis the developed methods
6e3pazboproro diagnosings of toplivno-ecological parameters on structure of the fulfilled gases for the
purpose of revealing of emergency operation of operation of fire-engine vehicles between scheduled
preventive maintenance service are offered.
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OcoObIMH yCTIOBHUSIMH DKCILTyaTaIlluu Tabnmuna 1 — Yacrora npumenenus ITA B

nokapHbix aBromoouneit (ITA) sBusiroTcs ux ropoaax P®
4acTOTa WCIONb30BAaHUS M PEXHUM PabOTHI
JIBUTATEIIEH. Tuns! [TA YacroTa ucnomnas3o-
Ha ocHOBaHMM  CTaTUCTHUYECKOH BaHU4,
00pabOTKM  CBEIEHMH O  peaabHbIX % ot obuiero yncna
mpoleccax TYIIEHHsS IO0XKapoB B TopoJax [OXkKapoB
P® BHUUIIO MUYC Poccuu [1] Obutu ABTOLMCTEPHBI 99,4
MONy4eHbl JIaHHbIE 00 HWCHOJIB30BaHUU ABTOHacocel  (Ha- 2,7
OCHOBHBIX U criennanbHbIX [1A (Tadm. 1). COCHO-pYKaBHBIE
Kak BUIHO u3 aHaIn3a ITA)
MPUBEIECHHBIX JTAaHHBIX, MOKapHbIe ABTOMOOWIM  TIEH-
ABTOLMCTEPHBI UCTIOIB3YIOTCS MPU TYIICHUN HOTO M TIOPOIIKOBO- 0,4
MPaKTUYECKH BCEX MOKAPOB. ro TYIICHHS
B Tedenwe CyTok  mOXKapHbIE ABTOJIECTHUIIBI, KO-
ABTOMOOWJIM MOTYT BBI3BIBATHCS HA MOXKAPHI JIeHYaThle TOTbEM- 1,4
10 HECKOJbKY pa3 [2]. O yacToTe moxapoB HUKHU
CYyIAT 1O 4YHCIy BBIC3JOB Ha IOXapbl ABTOMOOWIN CBA3U 1,6
OMNEPATUBHBIX MOAPA3ACICHUN MOXKAPHOU Y OCBEIICHUS
OXpaHbl. YCTaHOBJIEHO [2], YTO MOTOKHU ABTOMOOMIH  TeX- 0,6
BBIC310B ITA wHa MmoXxXapbl TMOAYHUHAIOTCA HUYECKOU cﬂy)KGH

pacnpexnenenuto [IyaccoHa.
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B coorBeTrcTBUM C 3THM 3aKOHOM
BEpOSATHOCTh Py (T) TOro, 4ro 3a 000
NPOMEKYTOK BPEMEHH MPOU30iiieT K BbIe3-

noB [1A, paBHa
ﬂ' ‘ -t
P.(t) = % e, M

r7e. A — cpeqHee YUCIO BhIE3J0B B €AMHUILY
BpPEMEHHU; T — JII000 MPOMEKYTOK Bpeme-
HU; € = 2,72 — OCHOBaHHWE HATYpaJIbHOTO
aorapudma; k! = 1-2-3-...-k.

Pacnpenenenue uucina Beie3ioB [TA
[0 CyTKaM Jjsi KpyIHOro ropoja Ha Ipo-
TSOKEHMM roja INoka3zaHo Ha puc. 1. Kak
BHUJIHO, JICMCTBUTEIBHOE pacCHpeiesiCeHuE U
TEOPETUYECKOE, BBIUMCIECHHOE O QopMmyIe
(1), nocratouHo xopoio cornacyrorces. Ta-
KO€ pacrpe/elicHure, M0 JaHHbIM [2], sBIIs-
€TCsl TUIIMYHBIM JJIs TOpoja C HaceleHUueM
300 ... 400 ThIC. UEOBEK.

CrnyualiHblil XapakTep BO3HHUKHOBE-
HUSA [10apOB BO BPEMEHU ONPENIEIIAET CTO-
XaCTUYHOCTh PEeXUMHBIX cocTtosiHui [1A. B
TeueHue cytok IIA Moxker HaxoauThca B
COCTOSIHUU JI)KYPCTBa, OOEBBIX IEHCTBUIA
WIM TEXHUYECKOro OO0CTyxuBaHUs. Bepo-
SATHOCTb TMPEOBIBAHUS TMOXKAPHOTO aBTOMO-
Ounsg P B KaXJOM M3 3TUX COCTOSHUH OII-
pexnensercs OTHOLLIEHUEM

P=rl/z, (2)

rae 7y — NPOAOJIKUTEIBbHOCTh Ipe-
ObIBaHUS B OJIHOM W3 COCTOSIHHM, 4 T, —
JIOCTATOYHO JIJIMHHBINA MPOMEKYTOK BpeMe-
HU B 4acax, paBHBIM HECKOJIBKUM CyTKaM.
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UHcT0 BEI3OBOB B CYTKH

Pucynox 1 — PacnpeneneHne BbIe310B IO-
JKaPHBIX MOJApa3iesieHHii B ropoje ¢ Hacee-
HueMm 340 — 400 ToIc. yegoBekK [2]: - - - — meii-
CTBUTEIILHOE PACIIPE/ICTICHHUE BbIC3/IOB;

— — TEOPETUYECKOE PACIIPEICIICHUE BBIC3/IOB.

[Ipu kaxmaoOM BBI3OBE Ha TMOXKAP
BCEr/Ja BBIMOJHSETCS PsiJl OOEBBIX JIEHCTBUIA:
BBIC3]I M CIICMIOBAHWE HA TOXKAap, pa3BeIKa
noxkapa, 00eBoe pa3BepThIBAHME, TYIICHUE
Mo’kapa, BO3BpAIICHUE B TIOKAPHYIO YaCTh.
Takue OoeBble NEUCTBUS MPUHATO HA3bIBATh
NOCTOSIHHBIMU. [[pyrue OoeBble AEHCTBHS
(crracanue nroACH, yaajeHue JbpIMa U T. II.)
BBITTOJIHSIOTCSL TAJIGKO HE Ha BCEX MOXKapax
(Tabmuma 1).

OKcIulyaTanus MOKapHbIX
aBTOMOOMIIEH OCYILIECTBISETCS B )KECTKHX, a
[IPH TYHICHUH MOKAPOB U B AKCTPEMATbHBIX
YCIIOBUSIX, Ha pEeXHMaX, HEXapaKTEPHBIX
JUTSI TPAHCTIOPTHBIX IIACCH, Ha 0a3e KOTOPHIX
oHM co3nanbl. Kak ObUTIO OTMEUYEHO paHee,
OCHOBHBEIM BHJIOM [TA SBIISIOTCS TTOKapHBIC
aBrouuctepunl  (ALl). Cerognss  ux
KOJIMYECTBO COCTaBIsIET OKoJo 73% oT
o0mreit yncnennoctu Beex [IA [3]. Cpennue

WHTEPBaJbl BPEMEHHU, XapaKTEPHUIYIOIIUE
PEKUMBI MCIOJIb30BaHUS MOKapHOU
aBTOIIMCTEPHBI MPU  TYHICHUH  OJHOTO

noxkapa npuBeIcHbI Ha PUC. 2).

{, MIH

43

Pemier mc-
TI0TB30BAHIA

Pabora ¢ CeepreBa- CredoBanme
HacocoM MO HHe 000pY- B IOEADHVE
TVIEHHI0 ~ 1OBAHHA  44cTh
noapa

Briesm, Boesoe
CTEI0BAHHE  DA3BEPTRI-
HATIORD  BaHHE

Pucynox 2 - Pacnpenenenune cpeﬁ}iero

BpeMeHH padoThl noxkapHoii AL [4].

PaccmoTpuM 0coOG€HHOCTH pabOThI

JBUTATENsl HAa XapaKTEpHBIX peXUMax
npumenenus ALl
B  pexuMe  oxugaHus ~— 1puU

WCIIOJIb30BAaHUU HEMPOTPETOr0  JIBUTATEIS
Ha XOJIOCTOM XOHIy CIIEAyeT OXHUIaTh
MOBBIIIEHHBIE JBIMHOCTh OI' 1 BBIOPOCHI ¢
OI" CO, CH, anpaeruios.

[Ipu Beie3ge u cnenoBanuu All Ha
MoXkap JBM)KCHUE aBTOMOOWIISI HAaUMHAETCH,
KaK MpaBWJIO, C HEMPOTPETHIM JIBUTATEIIEM
(yxe gepe3 50 — 60 cexyHa mocie 3amycka u
paboThl JABHUTATENST B PEKUME XOJIOCTOTO
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xona). B ropoackom pexume BHKEHHS CO
cpemHe ckopocThio okoyio 40 Km/gac,
CpeHsIsl 1aJbHOCTh MOE3/IKM HE MPEBbIIIACT
7 xMm [4]. ITpu 3TOM Temmeparypa ABUTATEIIS

nocruraer He Oomee 50 — 60 % or
ONTHMAaJIBHOTO 3Ha4YeHHs [5].

Jlannbrii pPEeKUM Haunbosee
KPAaTKOBPEMEHHBII B  00IIeM BpEeMEHHU
(bYHKIMOHUPOBAHUS H0KapHOT0

ABTOMOOWIISA: TPU KaXJI0M OOEBOM BbIE3[IE
BpeMsi JABWXKeHUs cocTaBisieT 10 — 12 muH.
Mexay TeM HMMEHHO OJTHUM pPEXKHUMOM
olnpeAessaTcs Hanbojiee MHOTOYMCICHHbBIE
U Ccepbe3Hble TpeOOBaHUSA K JBUTATEIIO
6azoBoro mraccu All. Dtu TpeboBaHus
MOKHO OOBEUHUTH B JIBE TPYIIBL: obecrie-
YCHHE BBICOKMX CKOPOCTHBIX KAa4eCTB,
BKIIOYass  JMHAMUYECKHWE  TIOKa3aTellu;
CO3/IaHHE KOHCTPYKIIMOHHBIMH PEIICHUSMU
ycloBUM  0e30macHOro  ABMXKEHHUS — (C
HAaUMEHBIIIMM BBIOPOCOM  3arps3HSIONIMX
BellecTB). BrimonHenue 3Tux TpeOOBaHUMN
oOecrieunBaeTcs TakUMM MepaMmH, Kak
dopcupoBaHre  MOIIHOCTH  JIBUTATEIs,
YCKOPEHHE C TOMOUIBI0  TEXHUYECKUX
YCTPOMCTB  BBIXOJAa HA  ONTUMATbHBIN
TEIUIOBOM PEXUM, YIIYYIICHUE BBIXOIHBIX
XapaKTePUCTUK TPAHCMHUCCHH.

Paboraromee Ha mokape IIaccu
JOJKHO MMETh BBICOKYIO MPOXOJUMOCTb U
3anac MOIHOCTH (N max — puc. 3), HeoOXo-
IUMbIE IS TPEOJIONIEHUsT  TPYIHO-
MIPOXOJUMBIX yYYaCTKOB HETIOCPEICTBEHHO B
30HE MOXkapa.

IIpu 5TOM [BUraTenb MOXKET 3KC-
TUTYaTUPOBATHCS HA BCEX PEKMMaxX BHEIIHEH
«BETBM»  CKOPOCTHOW  XapaKTEPHUCTUKH,
BKJIIOUasi PE)KUM HOMUHAJIBHOW MOIIHOCTH U
HanOoJiee HEOIArONMPHUATHBIN 10 0€30T1acHO-
CTH (TIOBBILICHHAS] BIMHOCTH) PEKUM MakK-
CUMAJIBHOTO KPYTAMIEro MoOMeHTa. Yem
Kpyue TMOAHWMaeTcs KpuBas M, Tpu
YMEHBILIEHUU YacTOThl BpaleHus (Oosblie
3HaueHue kod(pdunrenta npucrnocobdIssemo-
CTH — Mg max | Me Nmax), TEM MEHBIIIE CHU3UT-
csi ckopocth IIA mpu yBenwueHUU CoO-
MIPOTHUBJICHHS IBUKCHHIO.

CrnenoBarenbHO, MOXKHO OyJIeT mpe-
oJloyieBaTh Oojiee KpyThle MOIBEMBI U TIpe-
MSATCTBUS, HE TIEPEXO/I Ha HU3IIIYIO Tepe/ia-

roBble KauyecTBa aBTOMOOWIJIS, BBIIIE CpeEJ-
HSIsl CKOPOCTb U JIErde yIpaBJIeHHE.

W3 puc. 2 BumHO, 4YTOo Hamboiee
JUINTEJIbHBIN pexXuUM UCIIOJIb30BaHUS
MOXKapHOW aBTOLMCTEPHBI — 3TO padoTa ¢
HACOCHOM  YCTAaHOBKOW MpH  TYIICHUH
noxkapa. B aToM pexxume IBUTaTENh MOXKET
UCIOJIb30BaThCsl BHAYaje MAJS 3arOJIHEHHS
[IO’)KapHOI'0 Hacoca BOJOM € IOMOUIbIO
BCTPOGHHOI0 B cucTeMy Bblnycka OI
YCTPOMCTBA BCACBHIBAIOLIETO I'a30CTPYHHOIO
(YBI'). Dxkcrmyaranust ABUTATeNsE B ATOM
pPEKMME XapaKTEpU3YyeTCs IOBBILLIEHHBIM
IPOTHBOJABIEHHUEM B  Ta30BbIIYCKHOM
TpakTe W, KaK CIEACTBHE, — IEPEPACXO0M
TOIJIMBA,  OOWJIBHBIM  JBIMJICHHEM U
noBblIeHHBIM BIOpocom CO u CH.

OnHako, COMIaCHO CTaTUCTHYECKUM
nanHbiM [4], Ha Kaxzasie 200 BbIe3IOB Ha
noXxap B ropojax Tojbko 2 wiM 3 pasa
IIPOU3BOJIUTCS 3a00p BOJBI U3 OTKPBITOIO
BOJISIHOTO HCTOYHHMKAa. B TO e Bpewms,
IIpOBEpKa HCIIPABHOCTHU BaKyyMHOMU
cucteMsl nipu nomomu YBI' npousBoautcs
€KETHEBHO IPU CMEHE KapayJa.

Taxum 00pa3oM, OCHOBHOE TpeOoBa-
HUE K JBHUTrarento 0a30BOro maccu, pabdo-
TAIOLIEMY Ha I0Xape, — BO3MOKHOCTb Che-
Ma CTallMOHAPHON MOIIHOCTH JUIsl NMPUBOJA
IIITH. Bpemsa nomyckaeMol HENPEPBIBHON
paboThl IBUraTels B 3TOM PEKUME — HE Me-
Hee 6 4 (B ciiydyae HEOOXOJUMOCTH — C yCT-
POWCTBOM ISl JTOTIOJIHUTEIBHOTO OXJIaXKIe-
HUS JBUraTess, YCTaHaBIMBaeMbIM 3aBO-
JIOM-U3TOTOBUTENEM MOKAPHBIX MAIIKH).

OcobenHocTh0 3KcIuTyaTtaruu ALl
Ha I0XKape SABJSETCS TO, YTO JABUraTeNIH MpU
TYLIEHUU TI0KapoB, IPHUBOJS BO BpallCHUE
pabouee KoJieco IEHTPOOEKHOTO Hacoca,
paboTalOT HAa YAaCTHYHBIX HArpy304HbIX H
CKOpPOCTHBIX pexkumax (puc. 3). s
MOYKapHBIX Al MaKCHUMaJIbHas
notpedseMast MOIIIHOCTb HauboJee
pacnpoctpaneHHoro Hacoca [IH-40YB =me
npesbiiiaet 62,2 kBt [4] (puc. 4, kpusas 3).

I'paduxu puc. 4 cBUIETEIBCTBYIOT O
KpailHe  HeOJarompusTHOM  COYETaHUU
PEKUMOB COBMECTHOMH pPabOThl Hacoca H
JBUTaTeNsd. OKCIUTyaTallMOHHBIE PEXHMBbI
orOopa MOIIHOCTH Ha TPUBOJA Hacoca

gyy. Takum obpazom, yem Oosbie K03 hu- COOTBETCTBYIOT YaCTUYHBIM
[IUEHT MPUCTIOCOOIIEMOCTH, TEM JIyYllle Tsi- (HEPKOHOMUYHBIM) pexumam paboThI
8 HUUTTC



Ocobennocmu Ouaznocmuposanusn 08uzameieil NOHCAPHLIX AGMOMOOUTIENL

neurarens. Tak, mpu momade Hacoca 40 1/c CoJIepIKaHus MPOJIYKTOB HEIOJIHOTO
u Harope 100 M ynenbHbIN pacxoi TOIUIMBA cropanus torusa B Ol
M0 CPaBHCHHUIO C HOMHUHAIBHBIM PEKUMOM
MOKET OBITH Goublie Ha 15%, a npu mogaue 250
3,6 n/c u Hanope 50 M (pexuM, Ha KOTOPBIN
MPUXOAUTCS OKOJI0 50%
OPOJOIDKUTEIBHOCTH  paboTel  [IA  Ha 200 -
nokapax [4]) oH MoeT ObITh OOJIBIIIE YXKe
Ha 70% [4]. 5 // .
5 150 > L
| K Ko =100 <
e may . 3 ///
N P
50
\ é/ )
i T
\ 0
M, "‘ 1000 1400 1800 2200 2600
\ n, o6/MuH
1 Pucynok 4 — CoBMmelmeHHe BHEIIHUX
99'2/,{3” t XapaKTePUCTUK IM3eJIbHbIX JBHUIaTeJIeil:
< KamA3-7403.10 (1) u KamA3-740.10 (2) c
Ny o0nacTpio OTOOpPa MOIIHOCTH Ha MPHBOJ

a, Ry ' fpay Mogsy A,00kan  Hacoca ITH-40YB (3)
Pucynok 3 — BHemHsis  CKOpOCTHasi Takum oOpazom, cnenuduka
xapaktepuctuka asurareas IIA: 1, 2, 3 - skciutyataiuu - [IA, B omimume  OT

COOTBETCTBEHHO, M3MEHEHHE  IPPEKTHBHOU
momHocTH (N,), KpyTsmero momeHTa (M) u
YIENBHOIO pacxoia TOmInBa (Je) MO BHEIIHEH
CKOPOCTHON XapaKTepUCTHKE; 4 — HW30IMHUHU
OJIMHAKOBBIX YAENBHBIX Pacxo/J0B TOIUIMBA IO
YaCTUYHBIM  HArpy304YHbIM M  CKOPOCTHBIM
pexxumaM paboThl ABUraTeis; Ny — 4YacToTa
BpaleHus Baja JIBUTATENs (n),
COOTBETCTBYIOIIAsl MAKCUMAJILHOMY KPYTSILIEMY
MOMEHTY (M max); Ny — YacTOTa BpAILCHUS Baja
JIBUTaTENs (n), COOTBETCTBYIOLLAS
MakcuManbHOH 3¢ (hekTnBHON MOITHOCTH (Ne max
npu M, nma); N' — YACTOTA BpallEHHs Baja
JIBUTATENsl, COOTBETCTBYIOIIAS  IPEIEIIBHOM
MOIITHOCTH (Ne'); Nmax — MaKCHUMaJbHas 9acToTa
BpalllCHUs Bajla JBHIaTels; Npusy yacToTa
BpallleHUs, TP KOTOPOM JIBUraTeNb YXOAMT «B
pasHocy.

Ilo Mepe pocra Harpy3sku Ha
JIBUTATelb, IpU paboTe MOXKapHOrO Hacoca,
npoucxoauT Ooisiee 3(HEKTUBHOE CTOpaHHE
TOIVIMBA, YBCIWYHUBACTCA MAKCHMAJIbHAA
Temmneparypa pabodero MmHKiIa, 4YTO, B
nejaoMm, IMpUBOAUT K YBCIUYCHHUIO
00pa30oBaHUIO OKHUCIIOB a30Ta M CHUKEHUIO

TPOXIAHCKUX  YCIIOBHH, JJIS  KOTOPBIX
co3ziaroTcsi 0a30BbIE IIACCH, COCTOUT B TOM,
4TO MpH CIEJOBAaHUM Ha TOXap U 00eBOM
pa3BepThIBAHUU («IOAPYIUBAHUM» K Oyary
noxkapa) k apurarento [1A mpenbsBisercs
TpeboBaHue  ¢opcupoBaHus  pabouero
mpolecca Mo MOIIHOCTH, a Mpu padoTe Ha
Hacoc, — TMpHUMEHEHHE MEepONpPHUATHil,
HaIpaBJICHHBIX Ha MUHUMH3AINIO
notpelieHuss TomuBa. Bcece 3TO JOKHO
JIOCTUTAThCSI, TPEXKAE BCET0, U3MEHEHHEM
COOTBETCTBYIOIIUX perynmupoBok TA (ux
ONTUMU3AIIHECH ).

Kpome Toro, kak moOKa3bIBaeT
NPaKTHKa, OOJBIIMHCTBO OTEYECTBEHHBIX
aBTOMOOMJIbHBIX JIBUTaTeNeH,
AKCIUTYyaTUPYIOLINXCS B HACTOAIIEE BpeMs,
HE  YJOBIIETBOPSIOT  JEHCTBYIOIIUM U
MEPCIEKTUBHBIM TPEOOBaHUSM CTaHIAPTOB
1o 9KOJIOTMYECKOHN 0€30IMaCHOCTH.
Hanpumep, BBIOpOCHI BpEAHBIX BEILECTB C
OI' y naubosiee pacrpoCTpaHEHHOTO TU3EIS
KamA3-740.10 cocrasmsaror o CO — 9,17
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r/kBtu, mo C,Hy, — 1,63 r/kBt'u, mo NOy —
10,29 r/xBt4 [5].

[Tpu pa3paboTke HOPM IO IMHCCUHU
Bpeaubix BemectB ¢ OI' [6-11] Bcerma pac-
CMaTPUBAJICS BONPOC O PaCHPOCTPAHCHUU
UX HE TOJHKO Ha HOBBIE, HO U HA HAXO.s-
mecss B JKCIUTyaTallil aBTOMOOWIIH, TIO-
CKOJIbKY MMEHHO OHHU U 3arpsi3HSIOT OKpY-
KAIoNIylo cpeny. B pesynbraTe ecTecTBeH-
HOT'0 M3HOCA JleTalell B MeXaHu3Max JBHUra-
TEJsI ¥ Pa3peryJMpOBOK B CHUCTEMaxX YIpPaB-
JIeHUsl TOIUIMBOIOJA4Yei, BO3ayXOCHa0Xe-
HUS, Ta30BBINYCKA U T. Jd., — YXYAIIAETCS
coctas OI'.

B 270l CBsI3M, KOHTPOJIb COOIFO/IC-
Hus HOpM 1o smuccun Ol momkeH OBITh
TECHO B3aMMOCBSI3aH C KOHTPOJIEM W JIHar-
HOCTUKOW TEXHHUYECKOTO COCTOSIHUSA JBUTA-
Tele aBTOMOOMIIEH, HAXOIAIIUXCSI B JKC-
IUTyaTally, U KauyeCTBOM IPOBEJICHUS TEX-
HUYECKOTO OOCTYKUBAHUS JIBUTATEIIS, B Ya-
CTHOCTHU PETYJIMPOBOYHBIX pabOT Ha OCHOBE
U3YYCHUS CBS3HM JBIMHOCTH U TOKCHUYHOCTHU
OI' TpaHCHIOPTHBIX CPENICTB C TOIUIMBOIIOAA-
yeil u pexxumamu sKcruryatanuu JIBC.

BrInosIHEHHBIN aHAINU3 MTOKAa3aJl, YTO
neurarenu [TA paGoTaroT B 0COOBIX yCIOBH-
X, 9YTO MOXET MPUBECTH K UX aBapUHHOMY
COCTOSTHUIO MEXTY TJTAHOBO-
npenynpeANTeNIbHBIMA TEXHUUYECKUMU 00-
CIY)KMBaHUSAMH. OTO JeNaeT aKTyaIbHBIM
MPUMEHEHHE METOJ0B 0e3pa30opHOro Tex-
HUYECKOTO JIMarHOCTUPOBAHUS JIBHTATEIICH
[TA B ycloBHsIX TOKapHBIX JIETIO.

Jnst pemieHust TaHHOW 3a7adu ObLT
pa3paboTaH METOJl TEXHHYECKOTO IHarHo-
ctupoBaHus apuratenen [1A ¢ uenpro BbISIB-
JICHUSI aBapUIHBIX PEKUMOB UX IKCILTyaTa-
IIUU, COIPOBOXTAMOIIUXCS TOBBIIICHHBIM
BbIOpocoM ¢ OI' TOKCHYHBIX BEIIECTB U TIe-
pePacxoIoM TOILTHBA.

Teopust MeToa OCHOBaHa Ha IIMPO-
KO ampoOUpPOBAaHHBIX JICTCPMUHUPOBAHHBIX
TEPMOXUMHUYECKUX 3aBUCHUMOCTSX [12 — 15],
YCTaHABIIMBAIOIINX B COOTBETCTBHH C TEO-
pueil paboduMx MPOLECCOB TMOPIITHEBBIX H
KOMOWHHUPOBAHHBIX JBHraTencit [6] cBs3u
MEXy IUKIOBOW mojaavel ToruBa (Qy),
Bo3ayxa (G;), uuciom 1umuHapos (i), Teo-
peTHYeCKH HEOOXOIMMOr0 KOJINYEeCTBAa BO3-
JyXa JIsl oJHoro cropanusi torwea (L),
YacTOTHI BpAIICHHsI KOJIEHYATOTO Baja JIBU-

rarenst (n), kouueHtpanusmMu O,, CO,, B
JaTbHEHIIIEM, — TBIMHOCTBIO OTPa0OTaBIIIHMX
ras3os.
gu = 1,2:10° [(CO»G,)/ (i-Lo"COmaxc)];
3
gu = 1,2:10°[((O, — O2)-G,)/(i-Ly'Ou)].
4
Jlnst cpaBHEHHS TOIUIMBHBIX ITOKa3a-
TeJIeH pa3IMYHbIX JBUTATENEl yno0HO BOC-
I0JIb30BAThCs TIOHATHEM YIEIbHOU LHUKIO-
BO¥ mojauu toruea g, = ¢,/1Vh, Torma oy-
JIeM UMETh
0y = 1,2:10°[(CO2Gy)/(i-V Lo CO2maxN)];
| (5)
0y = 1,2:10°[((O5 — O2)-Gu)/(i-ViLo'Opn)],
| (6)
rae: g, — mr/mukini, Vy, — pabounii o0beM
AJTUHIPA TBUTATEIS.
3HaueHus KOoHCTAHT Lo, m COzmax,
BXOAsAIMX B ypaBHeHus (3 — 6) B oOriem
cily4yae JOJIKHBI OBITh BBIYHMCICHBI IO pe-
3y/lbTaTaM XUMHUYECKOT0 aHallh3a MpHuMe-
HAEeMOro ToruBa. Beipaxkenue mig Lo, ¢
Y4eTOM HAJIUYUS CEpbl B COCTaBE TOILIMBA
OyIeT UMeTh BUJT
L, =(8/3C,+8H, + S, - 0,)(87,5/0, + 1/8),
(7
rae. Cr, Hy, S; 1 O; — COOTBETCTBEHHO CO-
Jiep>KaHue Yriiepojaa, BOJIOPOJa, CEpbl U KU-
CJI0pO/1a B TOILJIMBE, MACCOBBIE JIOJIH.
Bripaxkenue aist onpeneneHus BeIu-
quHBl COpmax 0 XUMUYECKOMY COCTaBY TO-
IJIMBA C YYETOM COJIEP>KAHHS CEPhl MOXKET
OBITh MOJIYYEHO U3 COOTHOIICHUS MOJBHBIX
KOHIIEHTpanuii KoMmmoHeHToB cyxux OI.
[Tpu coBepiIeHHOM CropaHuu | KT TOIIHMBA
B oOmeM ciydae BbICIUTCS (B K'MOJb)
(COy)' = C,/12, (SOy)' = S,/32, xpome ToTO,
B OI' Oyaer mpuCyTCTBOBATh OCTATOYHBIN
azoT
(N2)' = (1 - 0,/100)-Ly',
rae: Lo = Lo/m, — TeopeTruecku HeoOXoau-
MO€ KOJIMYECTBO BO3AyXa JUIsl CTOPaHUS
CIUHUIIBI MacChl TOILJIMBA B MOJIBHOM BEBI-
paXeHUU; My — CpPEIHsAs OTHOCUTEIhHAs
MOJIEKYJIIpHas Macca Bo3ayxa, y.e. Konuue-
ctBo CO7, oTHECEHHOE K OOIIEMYy KOJIMYe-
ctBy OI', naet BennunHy COyaxc-
COomax = 102[(CT/ 12)/(C/12 + S,/32 + Lo'(1
—0,/100))], ©)
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[Tonyuennsie cooTHowmeHus s gy
ABIIIOTCS OJIHAKO TMPUOIMKEHHBIMHU, TakK
KaK HE YYMTBHIBAIOT JIOCTATOYHO CTPOrO MU3-
MEHEHHUsI 00beMa ra3oB JI0 U IOCIE Cropa-
Hus. B paGore [16] yka3biBaercs, 4TO U3-
MeHeHHe o0bema ra3oB B pacCMaTPUBAEMOM
Clly4ae BbI3BAHO BIMSHUEM BOAOPOJA, BXO-
JSIIIETO B COCTaB TOILIMBA M CrOPAIOIIETO C
oOpa3oBaHueM BOJSHBIX mapoB. [IpoBeneH-
HBI pacueTHbI aHanu3 [9] mokaszam, 49To
METOJMYECKasi IOrPELIHOCTh, BHOCHMAs B
pe3yNbTaThl pacdyeToB ;' MO BhIICIPHUBE-
JEHHBIM 3aBUCHUMOCTSIM, MMEET B O0yactu
HOMHMHAJIFHOM HArpy3Ku AU3eNsl BEIUYUHY
nopsiaka 2% W pacTeT M0 Mepe CHUKCHUS
HArpy3Kd, JIOCTHrasi BEJIMYUHBI TOpPSAIKA
5,5% B obmacTtu xomocroro xona. s yct-
paHeHHsI HETOUHOCTH PAcyeTOB, BbI3BAHHBIX
JAHHBIM OOCTOSATENBCTBOM, IpeAJiaraeTcs
UCIIONIb30BAaTh YTOYHEHHBIE COOTHOILCHUS
U1l YACJNbHOM LMKJIOBOW MOJAYM TOIUIMBA

MOTYT OBITh MIpe/ICTaBICHBI B BUE

g = L210°[((100 +  p) Gy
I((I"Vi'Lo'Oy)-([(200 — Oy + py/

/(1 + B)](1/COz) + 1)-n]; 9)

g0 = 1,2:10>Gy/ ((i"VirLo)[((100 — O, +
wO0y)/[(100 + p)(Oy + Oz)] + (OL/(100 +
wln)

ITocne mpeoGpaszosanust u BbIHECE-
HUA KOHCTAHTHBIX BCIIMYWH ITOJYYCHHBIC
BBIPQXEHHUSI MOTYT OBITh MPEICTaBICHBI
TaKXe B CIeayromieit popme

gy’ = 1,2:10™[(100 + p)-(Oy'i*ViLo)][Gu/
/[((100 — Oy + w)/((1 + B)-CO2) + 1)-n]);

(10)

gy’ = 1,2:10%[(100 + p)-(Oy'i*ViLo)][Gu/
/[((100 — Oy + p)/(Oy — Op) + 1)-n]),

(11)
rae | — Ko3QOUIMEeHT, yYUTHIBAIOIIUN 31e-
MEHTApPHBIN COCTaB BOJOPOAOCOIEPIKAIIETO
TOIUIMBA, PAaBHBIN
pu=32,82[(C, +0,37S,)/(H; — 0,1250; +
0,002C,)]. (12)

[IpuMeHeHne MOCIeIHUX 3aBHUCHMO-
CTEW II03BOJIUT IIOBBICUTH TOYHOCTH orpe-
JeneHus g, 1o JaHHBIM MPOCTOTO aHaIu3a
Oor.

OHaKO MOCJEeIHUE 3aBUCHMOCTH HE
YYHUTHIBAIOT BO3MOYKHOCTH HEIIOJIHOTO OKHC-
JICHUA TOINIMBA W CBA3BIBAHUA KHCJIOPOOa
azoroM. Jlusi CHWI)KEHHS HAaHHOM IIOT-
PEIIHOCTH HEOOXOAMMO IPH pacyeTax y4H-

THIBaTh U TO KOJUYECTBO KHUCIOPOIA, KOTO-
poe motpelyercst Ui MOJHOTO OKUCICHUS
MPOJIYKTOB PEAKIMH U KHUCJIOPOJ, CBS3bI-
BaeMbIii a3oToM Bo3ayxa. Kpome Toro, mo-
TpeOyeTcss BHECTH TMOMPABKH B 3HAYCHUS
comepkaHua JByokucu yriepoaa B OI' ¢
ydyetoM Hanuuusi B coctaBe OI' koMImoHeH-
TOB, COJIEPXKAILUX HE OKUCICHHBIN YTIEpO.
BaxxnemuMu u3 TakKuxX KOMITOHEHTOB, KO-
TOpBIE KEJNATEIIbHO YUUTHIBATh NP aHAIIN3E
OI, saBasItOTCA CIEAYIONINE: OKUCH YIIIepoia
CO, meran u apyrue yriaeBoaopoab (CH),
okucisl azota NO u caxa C,,.

B paborax [9, 16] Ha ocHOBe aHa/IH-
3a XMMHM3Ma O00pa30BaHMS YKa3aHHBIX CO-
€IMHEHUN BBIBOJATCS COOTHOLICHUS IS
CKOPPEKTUPOBAHHBIX 3HAYCHUH COJICPIKAHUS
KHCIIOpOJia U ABYOKHUCH yriiepona B Ol
0O,'=0,—-0.5CO - 2CH + 0.5NO —

0.187Cy, (13)
CO;' = CO, + CO + CH + 0.187C,,. (14)
OnpeneneHI/Ie MaCCOBOI'O

caxeconepxkanust B OI' mnpexncrasnser
U3BECTHYIO  TPYAHOCTb  JUIsl  YCIIOBUH
JKCIUTyaTaluu. B TO ke BpeMs Mexay
MoKa3aTelsIMu JLIMHOCTH or u
cakecoepKaHueM, Kak 3TO OBUIO IMOKa3aHO
B riaBe 1, CyIIecTBYeT KOppesIHOHHAs
CBS3b.  BEITTOJIHEHHBIH  CTAaTUCTHYSCKUH
aHallM3 OJKCIEPUMEHTAIBHOTO MaTrepuana
MMOKa3aJl BO3MOKHOCTb OITMCAHUS JaHHOM
cBs13M (¢ BepoaTHOCTHIO 0,95 monuHomMoM 4-
O CTEeHHU
Cor=1,2625510*K? — 1,97748:10°K +

3,67243-10%, (15)
rae Cor — r/M3; K — xoaddumment ocnabdie-
HUS CBETOBOT'O MOTOKA 1o mikaie Hartridge,
%. Paccumrannsie 3mauenus O, u CO,'
MIOJICTABJISIOTCS J1ajieeé B COOTBETCTBYIOIINE
BBIpXEHUS AT Gy

[TosrydeHHbIC BBINIE COOTHOIICHUS
MOTYT OBITH TpEJCTaBICHBI B Ooyiee KOH-
kpetHoi Qopme. Tak, 11 MPUMEHSIEMBIX B
HACTOAIIEE BpeMs OECCEPHUCTBIX IHU3ENb-
HBIX TOIUTUB CPEJIHECTATHCTHYECKOTO CO-
craBa (C; = 0,857; H; = 0,133; O, = 0,01) u
paboTe B OpJAWHAPHBIX KIMMATHYECKUX YC-
noBusx (O, = 21%, N, = 79%), Bxoasmue
nmapamMeTpbl TPUHUMAIOT KOHKPETHBIE 3Ha-
gerus: Lo = 14,39; COomax = 15,39; B =
0,364; u = 210,74 u 3aBucumoctu (10, 11)
peoOpasyroTes K YIPOIIEHHOMY BUTY:

TEXHUKO-TEXHOJOI'MYECKHUE IMTPOBJIEMbI CEPBUCA Ne3 (17) 2011 11



B. H. Jloxnckun, /1. A. Jlakees, O. B. Jlosickuna

gu' = 1.239-10°(1/(i-Vin))[Gy/
(289,74/CO, + 1)], (16)

g = 1.239-10°(1/(i-Vy-n))-
[G:/(289,74/(21 - Oy) +1)]. (17)
[TpuMeHHUTEIBHO K TOILIHUBY YTSDKE-

neHHoro ¢paknuonnoro cocraBa (TYDC),
conepxkamiemy cepy: C, = 0,865; H, =0,12;
0O, =0,01; S;=0,005; Lo = 13,99; CO2max =
15,33; B = 0,325 u p = 236,14 3aBucuMocTH
nproOpeTaroT BUI:

0u' = 1,373-10°(1/(i-V-n))<(G,/ (237,8/CO, +

1) 5 (18)
g’ = 1,373-10%(L/(i-Vn))-(G,/(315,14/(21 —
0y) +1)). (19)

[Io paccuMTaHHBIM 3HAu€HUSAM ('
MOTYT OBITH ONpPEAENEHBI U IPYTUe TOIUINUB-
HBIC TIOKA3aTeNId JU3eIs, HalpuMep, 4aco-
Boii (G;) W ynenbHbIH 3(deKTHBHBINA (Je)
pacxoipl TOITNBA
G: = (Qu"i"'V'n)/(0.6:10°),

e = (3.6:10%G,)/N,, (20)
rae: Vi — pabounii o6beM nuiuHapa, ; Ne —
a¢dheKTHBHASI MOIITHOCTH TU3elis, KBT.

JpIMHOCTD (OmTHYECKasi HEMpo3pay-
HOCTb) SIBJISISICH XapaKTEPUCTUKON coliepika-
Hus B O IpOAYKTOB HEMOJHOTO CTOpaHUs
TOIUIMBA B UWIMHApPAX JU3EICH, MOXKET
CIIY’)XHTh CBOCOOPa3HbIM HHAMKATOPOM CO-
BEPIIICHCTBA OpraHU3aluyd padoyero IMpo-
ecca € TOYKM 3pEHHs] 3aBEPUICHHOCTH
OKHUCJIUTEIHHBIX pPEaKIUid TOPCHHS W, CIIe-
JOBATE€IbHO, DKOHOMHHU pacxofa TOTIMBA
[9-16].

Ha puc. 5 moka3aHbl 1aHHBIE CTaTU-
CTHYCCKUX HcclieqoBanuii [9 — 15] mo B3au-
MocBsi3u abiMHOCTH Ol ¢ yenbHBIM pacxo-
JIOM TOITMBA. JlaHHBIC IONYYCHBI Ha He-
CKOJIbKUX JeCSATKax JBWUTraTelleld, HaXojs-
OMXCA B DKCIUTyaTallMd W W3 CEPHITHOMN
OPOIYKIIMM, B TOM YHCJE: HE MpupaboTaH-
HBIC JIBUTATENH, JU3C]IM K KOTOPBIM OBLTH
MpeIbSIBICHBI MPETEH3UN TIPU KOHTPOJIE Ka-
YecTBa M3TOTOBJICHUS. 3aBUCUMOCTh PHC. 5
COOTBETCTBYET 3HAYCHHSIM JBIMHOCTH Ha
peXMMax IOJHOH Harpy3Kd TpU OTHOIIE-
HUM YacToT Bpamenus n/ny = 0,45; 0,6; 0,8;
1,0, rae N — gacToTa BpalleHus: KOJIECHYaTOro
Bajia JIBUTaTels; Ny — HOMUHAIbHAS 4acTOTa
BpallleHHs.

s mocnenyromei MaTeMaTU4eCcKon
00paboOTKH, C IEIBIO MOTYYEHUS 3aBUCUMO-

ct Gy = f (Micy), MONTyYeHHBIC PE3yIbTATEI
CBOJIMJIKCH B OOITYIO TaOJIHILY.

B pesynbraTe MaTeMaTH4ecKo 00-
pabOTKH JTAaHHBIX IO PE3yJIbTaTaM HCCIIEI0-
BaHUIl Ha HamboJee MacCOBOM B CHCTEME
I'TIC MYC Poccun npurarens J-245 nns
ITA ¢ maccu 3un-130 Obuta moMydeHa 3a-
BHCHUMOCTD

G =1 (M) (21)
rae G, — pacxoj ToIuMBa AU3ENs IPH €ro
paboTe Ha YCIIOBHOM pPEXKHUME, OIpeese-
MOM HMHTErPaJIbHOM CYMMOW CTAaTUCTHYCCKU
B3BCIICHHBIX BO BPEMCHH CTAI[MOHAPHBIX
IKCIUTYaTaI[MOHHBIX PEKUMOB pPabOTHI, OII-
pelensBIIEMCS METOJIOM YHCIEHHOTO WH-
TErPUPOBAHHUS 1O BBIPAKCHHUIO

=1 =1

G = X0.29/n° Gy + £0.29/m Gy + £0.42/1- G
20.22 e
(22)

Je, T/XKBT'9y
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Pucynok 5 — Cssa3s asimuoctun OI' (K) ¢
yAeJbHBIM pacxoaoM TomauBa (ge) Ha
peKrnMe HOMHHAJILHOW MOIITHOCTH

rne:GTi, GTj, GTk— COOTBETCTBEHHO PacXO/Ibl
TOIUIMBA HAa PEXKUMaX, COCTABJISIONINX CO-
BOKYITHOCTH XapaKTEPHBIX PEXKHUMOB IKC-
TUTyaTalMy 110 Harpy3ke W YacToTe Bparlle-
HHS KOJIEHYATOro Bajia asurareias n, m, | ;
Mkey — MATEMATUYECKOE OXKUJIAHHE JBIMHO-
CTH B pE&XHME CBOOOIHOTO YCKOPEHHUS IO
BCEH  COBOKYITHOCTH  JKCIUTyaTaIllHOHHBIX
PEKUMOB PaOOTHI IBUTATEIIS.

9Ta 3aBUCHUMOCTH, JUIA IHU3EIEH C
ypoBHEM (OpPCUpOBaHUsI PabOUEro mporec-
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ca OmM3KUM K ypoBHIO nBurarens [[-245,
MOJKET OBbITh OIKMCaHa ypaBHEHUEM

G, =0.02K.y + 7.64, (23)
rae Ky — IBIMHOCTB, ONpefensieMa B COOT-
BeTcTBUU ¢ TpeboBanusimu ['OCT P 52160-
2003 [9].

PaccMoTpeHHbIE B3aMMOCBSI3H MEXK-
Zy IBIMHOCTBIO, coctaBoM OI' u TommmBHO-
IKOJIOTMUECKUMU I0Ka3aTelsiMu, Onarogaps
pa3BUTHIO OBICTPOJCICTBYIONIEH Tra3zoaHa-
JUTUYECKON almapaTrypbl, OCHOBAaHHOW Ha
buznyecKux MeToJaxX H3MEpEeHHUs, JeIaroT
peaibHbIM IpuMeHeHHe aHaimuza O g
OLICHKH aBapUNHBIX PEKHUMOB PAOOTHI JIBU-
rarenei [1IA B ycloBusIX peanbHOU 3KCIUTya-
TalNH.
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