TEXHOJOI'M KOHCTPYKIIMOHHBIX
VK 621.43.052 MATEPUAJIOB 1 MAIINHOCTPOEHUA

@. U. ABPAMYYK, n-p TexH. HayK, 3aB. kad., XHAJIY, Xapbkos,;

A. H. KABAHOB, xaun. TexH. Hayk, goil., XHAJIY, Xapbkos;

H. B. IIETPOB, accuctent, CeBepo-BocTounblii GpenepalibHblil yHUBEPCUTET
uM. M.K. AmmocoBa,. Skytck, Poccus

METOJIUKA PACUETA IMPOLIECCA CTOPAHUS B ABTOMOBWJIHBHOM
BUOI'A30BOM /IBC

IIpencraBinena yrounéHHas MeToauKa pacu€ra mpoiiecca cropanus B OuorazoBom JIBC. IlpuencHbr
pe3yabTaThl pacyéTa Tpolecca CropaHus C HCIONb30BAHWEM IOJTYYEHHOM METOJMKHA B CPaBHEHUU C
pe3yiabTaTaMu IKCIIEPUMEHTA.
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BBenenne. buora3 sBusercss OogHUM U3 HaWOOJIEe TEPCIEKTUBHBIX MOTOPHBIX
TOIUIUB. J[laHHOE 00CTOSATEIHCTBO BBI3BAHO HE TOJBKO TEM, YTO OMOTa3 — BO30OHOBIISIEMOE
TOIUUIMBO, HO U TEM, YTO METaH — OCHOBHON KOMIIOHEHT Ouorasa — SBJISETCS OAHUM W3
Han0oJIee YUCTHIX YTIEBOJOPOIHBIX TOILIUB [1].

Ontumuzanusi  MokaszaTejaeld  MOIIMHOCTH, SKOHOMHUYHOCTM UM  TOKCHYHOCTHU
OMOra3oBOr0 JBHUrarelii TOJbKO JKCIEPUMEHTAJbHBIM IyTeM HYXXIAeTCs B OYECHb
OOJIBIIMX 3aTpaTax MaTepHaJbHBIX PECYpPCOB, IMOATOMY IMPU PEIICHUH 3TOM 3adauu
[EJI€CO00pa3HO HCIOJIb30BaTh MAaTEMAaTHYECKYI0 MOJENb IMPOIlecca CrOpaHus, KOTopas
M03BOJISUIA OBI MOTYYUTh 3TH MTOKA3aTEIM PACUETHBIM My TEM.

AHanu3 jgutepatypbl. CylllecTBYeT HECKOJbKO TMOJXO0J0B K pacué€ry Impoiiecca
cropaansi B JIBC ¢ HCKpPOBBIM 3aKHTaHHEM. YCJIOBHO WX MOXHO OOBCIWHHUTH B
cnenyrome rpymnmbl: CFD-moxmenu [2], momysMIUpUYecKHe MOJCIH, OCHOBAaHHBIC Ha
CKOPOCTH paclpoCTpaHEHUsl TuIaMeHU (TPEX30HHBIC Mojenu) [3] U MOTyIMIUPUUECKUE
MOJICJIM, OCHOBAaHHBIC HA 3aKOHE PACHOpPEACICHUS OTHOCHUTEIBHOW  IUIOTHOCTH
3 PEKTUBHBIX IICHTPOB peakiuu [4].

[TepBbIit THIT MOJIEICH MO3BOJSET PACCUUTATh paclpeeiacHre (U3UKO-XUMUISCKUX
nmapamMeTpoB paboyero Teira B TEYCHHE pabodero MpoIlecca, OJHAKO OTJIMYACTCS OT
OCTaJIbHBIX CIIOKHOCTBIO 1 TPOMO3JIKOCTRIO. TaKkne MOJICTH 1eJIeco00pa3HO UCITOIh30BaTh
Npu aHaM3e BIUSHUS (POpPMBI JeTalie Kamephbl CrOpaHMs, BIYCKHBIX W BBIITYCKHBIX
KaHAJIOB HA MPOLECC CrOPaHHUS.

Bropori Thun mopenel mo3BOJISIET ONMHMCATh MPOUECCHI, MPOUCXOASAIINE B TUIAMECHH,
OJHAKO, KaK IMOKAa3aJId UCCIIEIOBaHUs, TOYHOCTh PACU€Ta HKOJOTMYECKUX IMOKa3aTesen C
VICTIOJIb30BAHUEM JIBYX30HHOW M TPEX30HHOW MOJEJIEN NMPAKTUYECKU HE OTIMYAIOTCS, TaK
KaKk B TPEX30HHOM MOJENU CYIIECTBYET IMpoOjemMa TOYHOCTH pacuéTa TOJIIUHBI H
CKOPOCTH pacnpocTpaHeHust GpoHTa TIaMEHHU.

B Hacrosiiee Bpems B mMupe Hanbosiee 3(h()EKTUBHBIM METOJOM pacydera Ipoiiecca
cropanusi mpu3HaHa MeToauka Bube, KOTOpas OTHOCHTCS K TpPETheMy THITY MOJEIEH.
brnarogapst ygayHOMy codYe€TaHHIO TPOCTOTHI M A()QPEKTHUBHOCTH, JaHHAs METOJIMKa
MOJTy4YrJIa MPU3HAHUE KaK Y OTEUECTBEHHBIX, TAK U Y 3apyOEKHBIX UCCIICIOBATEIICH.
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K Henmocrarky maHHOM MOJENIM MOKHO OTHECTH YCPEIHEHUE TEMIIEPATYP B HWJIMHAPE
JIBUTATENSl B IMPOLECCE CropaHus, 4YTO CHWKAET TOYHOCTh pacyéra IoKazaTenen
TOKCUYHOCTH. JIaHHBIM HEJIOCTAaTOK MOXXHO YCTPAHWTh MAOIOJHEHHWEM MeTOoaAuKu Bube
JIBYX30HHOM pacyETHOM MOJEIbI0, KOTOpasi, KaK MOKAa3bIBAKOT UCCIIEAOBAHUS, TTO3BOJISIET
JIOCTaTOYHO TOYHO pPACCUYMTATh I[IOKA3aTEIM TOKCUYHOCTH [JBUIaTeNsl C HCKPOBBIM
3aKuUraHuem [35].

Heab paGorbl. lMcxoass w3 BBIIECKA3aHHOTO, LEJIbIO HCCICAOBAHUS SIBISETCS
agantamus metoaukn UM Bube mist mccnemoBaHus mpoliecca cropaHus OMOTa3oBOTO
JIBUTATEIIS] C UICKPOBBIM 3KUTAHUEM.

Anantanusi metoauku U.U. Bude. B meronuke Bube nis pacuéra xapakTepUCTUKH
TEIUIOBBIICIICHUS UCTIOJIB3YETCSl YPAaBHEHUE

m+1

x=1—exp| —6,908.| 2= | |, 1)
¢,

rane X — J0JI1 BBITOPEBLICIO TOIUIMBA B MOMCHT ¢, ¢ — TeKYIHI/Iﬁ yrojl moBOpOTa
KOJICHYATOr0 Baja, rpal. I1.K.B.; (pg — YI'OJI Ha4YaJla CropaHusd, rpad. I1.K.B.; (o — YI'OJ1,

KOTOPBIi OTBEYAET o e v
IPOJIOJDKUTEIBHOCTH CTOPAHMs, Ipajl.

IL.K.B., M — IIOKa3arejb CropaHus

BubGe.

Uccnenosanus B [6, 7] mokaszanu,
YTO  TMOKa3aTellb  Cropaus M
M3MEHSCTCS B TMPOIECCE CTOpPaHUsA, H
€CJIM ATO HE YUYUTBHIBATh — CHUKAETCS
TOYHOCTbh pacu€ToB [7].

Jlna  mosyyeHuss  ypaBHEHUSA
MEPEMEHHOI0 TIOKa3aTessl CropaHus
U1t OMOra3oBOro JBHUTaTels OBLIO

BBITIOJTHCHO AKCIIEPUMEHTAIBHOE

HCCJICMOBAHUC Ha MOTOPHOM CTCHAE, Puc. 1 — DxcnepuMeHTaIbHbIA CTEH J1sT
CO3/IaHHOM Ha 0a3e MaJOIMTPAKHOTO  yceneJ0BaHMs aBTOMOGHIIBHOTO GHOTa30BOTO
owmorazoporo  JIBC  (pwmc. 1). IBC

[Tocneanuii ObLT MOYYEH NIEPEBOIOM
Ha OWOra3 MaJlOJIUTPAKHOTO aBTOMOOWIbHOro nBuratenss MeM3-307. B pesymnbrare
WCCJIeI0BaHUS ObLIN TOJIYYCHBI MHAUKATOPHBIE AUarpaMMsbl i1l 80 peKUMOB pabOTHI

ABUI'aTCJII. [ UGoaG0 vt region i st i e e 3 36, i A
OO0paboTka  MHIUKATOPHBIX iz TP co raf:
] [.3" 195 Y- w2 [aoos q [ll—
qyarpaMM € LEJbI0  MOJYYEHHUS e e ik
XapaKTePUCTUKU TETUIOBBIICTICHUS PO 7T Troer i coz oo Tex @
T0 307 ar- s npo
MPOU3BOJMIACE  C  ITOMOIIBIO e s C om
METOOuKH, omnucaHHo B [7]. Ha el cong 1 U
Veon [&5718 CIHs oo w0 0221
puc. 2 TOpUBEICHO IHAJIOTOBOE vefiE—— Cane e @
OKHO  TIporpaMMbl  00pabOTKH A CE12 e e T
VHIUKATOPHBIX JUarpamm, (Ompopeen] il JL_FENIL] |
CO3JAaHHOM ¢ uCHoJp30BaHMeM Puc. 2 — JInamoroBoe OKHO MporpaMMbl 00paboTKU
JTAHHOW METOJUKH. WHIUKATOPHBIX JHArpaMM

3HaueHue nepeMeHHoro nokaszatens cropanus M. Y. Bube O6b110 momyyeHo u3
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HKCIIEPUMEHTAIPHBIX XapaKTEPUCTHUK TEIUIOBBIJICICHHUS C HCIIOJIB30BAHUEM CIIEIYIONIEH
METOJIUKH [7]

—6.908
. =-1-log, ————, 2
m o9 In(1-x,) @

rac (Z — OTHOCHUTEJILHBIN YToJI MOBOPOTA KOJICHYATOI'0O BaJia.

3a OCHOBY SMIHMPUYECKONM 3aBUCUMOCTH OBLJIO B3STO YpaBHEHHE W3MEHEHUS
NEPEMEHHOr0 ToKa3arens cropanus Bube B mpouecce cropanust Ui MajOJUTPaKHOIO
ra30BOr0 JABUraTeNsl C MCKPOBBIM 3a)KUraHueM, nonydennoe yu€uoimu XHALY [8]

.., ~10639-5,(a+000025) B B S A0

3
..—28.025- 3 +98.045- 5 —156.86- 5 +86.88- ¢,

1€ € — CTCIICHb CXKaTui, (EI — OTHOCHUTEJIbHBIN YIroJl CropaHusi, (EI = 01, N — gacToTa

BPAILCHHS KOJICHYATOrO Baja JBHTaTelIsl, MUH - 0L — K09 HUIHEHT H36bITKA BO3TyXa; Ty —
K02 (pHUIMEHT HAMTOTHEHHMSI; O — YTOJl ONepeKeHUS 3aKUTaHusl, rpaa. ks 10 BMT.

[TpoaomKUTETLHOCTS CTOPAHUS TAK)KE PACCUMTHIBANIACH C IMTOMOIIBI0 SMIUPUICCKON
3aBUCHMOCTH, ITOJYYCHHOM Ha TEX € HKCICPUMEHTAJIbHBIX JaHHBIX W TIPU TEeX IKE
YCJIOBUSIX, UTO U ypaBHeHUE (3)

@, =31 (0,812 -a—0,045-6+4,223-10* -n—0,1258- 77, + 0,107). 4)

O6paboTKa 3KCIIEpUMEHTANBHBIX JAHHBIX IMOKa3ajia, 9YTO BIMSHHE COCTaBa OMorasa
Ha TIEPEMEHHBIN MTOKA3aTelb CTOPaHUs BBIPAKASTCS CIICAYIONIUM YPaBHECHHUEM
m,=m_,+¢-0,09-r,, (5)
rae lcoy — o0bémHas nonst CO, B Ouworaze, %; Myyp — 3HAYEHHUE Mg, MOJYYEHHOE C
MTOMOIIIBIO 3aBUCUMOCTH (3).
Taxoke OBLIO MOYYEHO ypaBHEHHUE ISl pacuéra MpOI0JDKUTEIHFHOCTH CrOPaHUs
@, =P, +1,24- Moo - (6)
Ha pwuc. 3 npuBeneHbl SKCIEPUMEHTANbHBIC 3aBHCUMOCTH JUIsl TMEPEMEHHOTO
MOKa3aTelsi CrTOpaHus My, JUTS PEKUMa MaKCUMaJIbHOTO KpyTsimero momenta (N = 3600
MUH 1; nv = 0,79; o = 1,05; 6 = 32 rpax. nkB 10 BMT) mns pasnmuanoro coxepxanust CO,

B Omorase.
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Ha puc. 4 mnpuBeneHa SKCHEPUMEHTANIbHAs 3aBUCUMOCTb IPOJOKUTEIBHOCTH
CropaHus Ha JJaHHOM pexkumMe oT cojiepskanus CO, B 6uorase.

[IpoBepka MoJieM BBINOIHUIACH CPABHEHHUEM C AKCIIEPUMEHTAIbHBIMU JIAHHBIMU Ha
22 pexxumax pabotel 6morazoBoro JBC, OTAMYHBIX OT T€X, O KOTOPHIM OBLIN MOJTYYEHBI
SMIIUPUYECKHUE 3aBUCUMOCTH (5) u (6).

[IpoBepka moOKa3zajlia, YTO MaKCHMajbHasi IMOTPEIIHOCTh pacu€Ta CPEIHEro
WHIUKATOPHOTO JIABJICHHS Pj IPH MCIOJIb30BaHUH 3aBUCUMOCTEH (3)...(6) B cpaBHEHUU C
IIOCTOSIHHBIM 3HaY€HUEM TOKa3aTess cropanus ysenuuuiacs ¢ 11,6 % no 4,2 %.

Onucanue JABYX30HHOH MojAeau mpouecca cropanusa. I3BectHo, uyTO
pacrpeenieHue TeMIiepaTyp B LWJIMHIPE ABUTaTENsl C UCKPOBBIM 3KUTaHUEM B MPOLIECCE
CropaHusi OYEHb HEOJAHOPOJHO — TEMIlepaTypa CrOpPEBUIMX TIa30B IPEBBIIIAET
TEMIIEPATYPY HECTOPEBIIEH CMECH, KaK IPABUIIO, B HECKOJIBKO pa3 [3].

Bcenencreue storo meroguka M. Bube nmeer npuHIMIIHATBLHBIA HEAOCTATOK — OHA
NO3BOJISIET PACCUUTHIBATH TOJBKO CPEAHIOID TEPMOAMHAMUYECKYIO TEMIIEpaTtypy B
mwnaape JIBC. BeneacTBre npuBeIeHHBIX BbIle 00CTOSTENBCTB UCTIOIb30BaHUE TAHHON
TEeMIIepaTyphl HEIOMYCTUMO MJii pacu€ToB MOKa3aTelied TOKCHYHOCTH OTpaOOTaBIIMX
ra3os.

JUist ycTpaHeHusi 3TOrO HENOCTaTKa YTOYHEHHAas METOJMKa pacuéra mpolecca
cropanusi OMOra3zoBOro JBUTATeNsl OblIa JOMOJHEHA IBYX30HHOM MOJIEIBIO Tpoliecca
CrOopaHusi, ONKCaHHOM B [8].

JIByX30HHasi MOJENb IMpollecca CropaHusl MOJAPAa3yMEBAET pPAa3JCICHUE 30HbI
HWIMHAPA Ha CrOPEBIIYID W HECTOPEBIIYID CMECh, TPAHHUIIEH KOTOPBHIM CITYXKHUT
MOBEPXHOCTh (GpoHTa MiIaMeHu. Takke B ATOW MOJENH MPEANOoNaraloTcs Ciexyroliue
JOMYLIEHUsI: CMECh B KaXJOM 30HE TOMOT€HHass M HMEET OJUHAKOBbIE (U3UKO-
XUMHYECKHE CBOMCTBA BO BCEM 00BEME 30HBI; JaBJICHNE B KOKIOW TOYKE HAIIOPIITHEBOTO
MPOCTPAHCTBA OJMHAKOBO B OMpPEAEIEHHBIM MOMEHT BPEMEHH; TOJIIIMHA (DPOHTA TUIAMEHU
OECKOHEYHO MaJa; ra3bl B HAJNOPUIHEBOM MPOCTPAHCTBE CUUTAIOTCA WJI€ATbHBIMU;
notepu paboyero Teira B HAAMOPIIHEBOM MPOCTPAHCTBE 3a CYET MPOpHIBA Ta30B Yepes
KOJIBIIEBbIC YIUIOTHEHHMsS] KaMepbl CropaHus HE YyuuThiBalOTcs. lMcxoms w3 3THx
JOMYLIEHUH, MpeIaraeTcs Ciaeayoas MeToIUKa.

Macca pabodero Tena B HAAMOPITHEBOM MPOCTPAHCTBE COTIACHO 3aKOHY COXPAHECHHUS
MacChl HEM3MEHHA U TIOTYUHSAETCS COOTHOIICHUIO, KT

m=m,+m, (7)
r7ie M, — Macca HeCTOpeBILIEel cMecH; My, — Macca CropeBIlIEl CMECH.

O6bEM paboUero Tera B HAAMOPIIHEBOM IPOCTPAHCTBE, M°

V=V +V,, (8)
rae Vy — 00béM Hecropesmen cMecH; Vy — 00bEM CropeBIIei cMecH.

JlaBneHnne P W cpenHsAs TEepMOAMHAMMYECKas Temmeparypa | B HaANOPIIHEBOM
MIPOCTPAHCTBE PACCUUTHIBAIOTCA MIPU TIOMOIIN MeTo MK Bube.

Tak kak HaM U3BECTHBI Macca U JABJICHHE CMECU B HAAMOPIIHEBOM MPOCTPAHCTRBE, a
TaK)K€ COCTaB paboueil cMecH B CropeBIIEH M HECTOPEBIIEH 30HAX, MOKHO, MCHOJb3Ys
IPOCThIE COOTHOIIECHUS TEPMOJUHAMUKH, OIPEACIUTh TEMIEepaTypbl CropeBlIed U
HECTOpEBUIEH 30H.

B Hecropesieil 30He TeMiepaTypa pabodeil cMecu yBEINYUBAETCA UCKIIOUUTEIHHO

3a cu€T aanabarHoro cxkarus. CienoBaTesibHO, TEMIIEpATypa CMECH B HECTOPEBIIIEH 30HE,
K
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k-1
kU
T =T (L) , (9)
Uil Ui
P;
rae Ty, — temmeparypa HecropeBmer cmecu, K; p — maBmenme B nmnmuuape, I[la; n, —
NIOKA3aTeJIb TOJMTPOIIBI CXKATHS HECTOPEBIICH CMECH; | — MOPSIKOBBIM HOMEP dJIEMEHTA B
MAacCCHBE.
[TokazaTtenp MOJUTPOIIBI CKATUSI HECTOPEBILIEN CMECH

R
n =1+—, 10
. c (10)

vu

rae R, — xapakrepuctuyeckasi ra3oBasi MOCTOsSIHHAs Hecroperiieit cmecH, JIx/(kr-K); C,, —
M30XO0pHAas TEIUIOEMKOCTh HECTOPEBILEH CMECH.
TemnepaTypa cropeBlield CMECH pPAaCCUMTHIBAETCS C HUCHOJIb30BAaHHEM YpaBHEHUS
COCTOSTHHS
PV, =mRT,, (11)
rae R, — xapakTepucThyeckas ra3oBas MocTosiHHas cropeinedt cmecu, JIx/(kr-K); Ty —
TeMIeparypa cropenuieit cmecu, K.
Ucxons u3 (7), Macchl CropeBIiiei U HECTOpPEBIIEH CMeCH B JIFOOOH MOMEHT IpoIiiecca
CrOpaHusi Mbl MOXEM PacCUUTATh CJIEIYIOUIMM 00pa3om
m, =m;- X, (12)
m,=m-(1-x). (13)
B ypaBuenun (11), kxpome Ty, npucyTcTByeT BTOpas HeusBecTHass — V. UToObI €€
UCKJTIOUNTH, IpuBeAEM ypaBHeHue (11) k Bugy

p(V-V,)=mRT,, (14)
N
pvV —pV,=mRT,. (15)
Vcxons u3 ypaBHEHUS COCTOSHHSI
pV,=mRT,. (16)

IlogcraBuB ypaBuenus (11), (12), (13) u (16) B (14), momyuum Temmneparypy
cropesiieit cmecu, K
_p-V—m-Ru-Tu~(1—x). (17)
- X-m-R,

BeiBoabl. B pe3ynbrare BBIIIOJIHEHHBIX UCCIIEIOBAHUHN MTPEASIOKEH METO] aAaNTalluN
K YCJIOBHUSIM aBTOMOOWJIbHOro Ouorazooro JIBC meTonuku pacuéra XapaKTEpUCTUKU
teriobieneanst WM., Bube. JlanHas MeToauka JOMOJTHEHA [BYX30HHOW MOJENbBIO
npouecca cropanusi. CpaBHEHHE pPacUETHBIX PE3YyJbTAHOB, IMOJIYYEHHBIX C MOMOIIBIO
JAHHOM METOAMKH, C IKCIEPUMEHTAIbHBIMU, MOKA3aJ0, YTO 3a CUET JAHHOM ajanTanuu

MOTPENTHOCTh pacy€ra CPeTHEr0 MHIMKATOPHOTO JaBjieHus P; cHuzunach ¢ 11,6 % no 4,2
%.
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MeTtonuka pacuéra mpoiecca cCropaHusi B aBTOMo0uJIbHOM 6uorazosom JIBC / Adpamuyk .
H., Ka6anoB A. H., IlerpoB H. B. // Bicauk HTY «XIII». Cepis: HoBi pimeHHS B CydacHUX
texaonorisax. — X: HTY «XIl», — 2013. - Ne 70 (1043). — C.3-8 . — biGuiorp.: 8 Ha3B.

[IpencraBieHo yTOYHEHY METOIUKY PO3paxyHKY Ipoliecy 3ropsHHs y 6iorazoomy JIB3. HaBeneno
pe3yabTaTH PO3paXyHKY MpOILECy 3TOPSIHHSA 3 BUKOPUCTAHHSAM OJEp’KaHOI METOIMKU B IOPIBHSHHI 3
pe3yiabTaTaMu CKCIICPUMCHTY.

Karwuosi cioBa: 0iora3, aBTOMOOIIBHMN JABUIYH, TIpOLIEC 3TOPSIHHA, XapaKTepUCTHKA
TETUIOBUIIICHHS.

Corrected method of combustion process calculation in a biogas engine is presented. Results of
combustion process calculation using the obtained method in comparison with experimental results are
shown.

Keywords: biogas, automotive engine, combustion process, heat release rate.

VIJK 621.785.53
K. O. KOCTHK, xann. texH. Hayk, goil., HTY «XIID»

MIABULIEHHS 3HOCOCTIMKOCTI JETAJEN NPEC-®OPM JIUTTS
M1 TACKOM METOJIOM BOPYBAHHS 3 HAHOIIACT

3amponoHOBaHAa HOBAa MNPOCTa JUIS BUKOPUCTAHHS Ta EHEPreTUYHO JIOIJIbHA TEXHOJOTis OOpyBaHHS
BUPOOIB 3 BYIVICLIEBUX Ta JIETOBAHMUX CTajel, sfKa CIpsIMOBAaHAa HAa CKOPOYEHHsS TPUBAIOCTI XiMiKO-
TepMidHOT OOpOOKM TpH OJep>KaHHI BHCOKOSKICHUX OOpHUIHHMX IIapiB, sKi 3a0e3MedyroTh HEOOXimHi
€KCIUTyaTalliifHi BJIaCTUBOCTI pec-(hopM JIUTTS il THCKOM.

Kurouogi ciioBa: mpec-hopma, 6opyBaHHsI, cTali, CTPyKTypa, nudy3iiHi mapH.

Beryn. HaiiGinbin 3aTpatv mpu JUTTI MiJ TUCKOM BIJHOCSTHCSI 10 BUTOTOBJICHHS
npec-dopm. i 3atparu ckinanarots 50-70 % BiJ 3arajbHOI COOIBAPTOCTI BUTOTOBJICHHS
BWJIMBKIB METOJIOM JIMTTS miag THCKOoM. Ha TemepimHii 4yac AOUUIBHUM € ITiIBUIICHHS
3HOCOCTIMKOCTI AeTaiell mpec-popM.

KouctpyktuBHi neram mnpec-¢popM (mautH, o0OWMH Ta iH.) BUTOTOBISAIOTH 3
KOHCTpYKI[iitHUX ctaned 35, 40, 45, 50. Bonu miamaroTbcs MOJIMITYBATbHIN
TepMOOOPOOIIl, a TBEPAICTH iX MoBepxHi ctanoBUTH HRC 30-34.

JleTaui, 110 MpaioTh B yMOBaX 3HOCY (BUILTOBXYBaul, 3aMKH MOB3YHIB, HaIllPsIMHI
BTYJIKH 1 KOJIOHKH TOIIO) BUTOTOBJIAIOTH 31 cTtaneit Y8A 1 Y10A, 5SXHM 3 tBepaictio HRC
48-52.

Opnum 3 HaOLTBII €(EKTUBHUX METOJIB MIJIBUILEHHS CTIMKOCTI BUPOOIB € XIMIKO-
TepMmiuHa OOpoOKa, mpu sKiM 3ailcHIOeTbes 3MinHeHHA. Cepen pI3HUX MPOLECIB
IUQy31HOTO HACUYEHHS Bce OUIble MpUBEPTA€E yBary OOpyBaHHs 3aBJISKH 3a0€3MEUEHHIO
BHUCOKOI TBEPAOCTI, 3HOCOCTIHKOCTI, TEIUIOCTIMKOCTI 1 KOPO31MHOI CTINKOCTI IOBEPXHEBOTO
mapy. Oco0IrBO He3anepeyHa nepeBara 00pOBMICTKUX MOKPHUTTIB 1, 30KpemMa
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