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H.B. IIPOKOIIEHKO, E.U. SHHYEHKO

O METOJUKE NPOIHO3UPOBAHUS PECYPCA PABOTBI KPOMOK KAMEP CI'OPAHUS
MHNOPIIHEHU ®OPCUPOBAHHBIX BBICTPOXO/JHBIX TU3EJIEN
C YYETOM MOJIEJIM OKCIIVTYATAIIUN IBUT'ATEJIA

B paboTe npoaHaM3UpOBaHbI CYIECTBYIOIIHE METOIMKY IPOTHO3HPOBAHYS THTEIBHOM IPOYHOCTHU IOPIIHEH OBICTPOXOIHBIX U3eNIeH C yIeTOM yCTaTIOCTH,
TOJI3Y4ECTH U UX KOMIUIEKCHOrO BiMsiHUs. TIokazaHo, uTo Ha Ipolece MoN3y4ecTH MaTepHana B PealbHbIX KOHCTPYKIAX HOPIIHEH CYIECTBEHHOE BIMSHUE
OKa3bIBAET [UIHTEBHOCTD UKIJIA HArPy)KEeH s MaTepuasa. OTMedeHo, YTo CKOPOCTh TONI3y4eCTH MaTepHasa B IPOU3BO/IBHBI MOMEHT BPEMEHH TAKKE 3aBHCUT
OT paHee HAKOIUICHHOW Je(opMamiy Hom3ydecTd. Ilapamerps! Harpy:KeHHs MaTepyana OT IHKIA K IHKIy OymyT m3MensThes. OOOCHOBaHO, UTO
TPOTHO3UPOBAHKE JUTHTEIBHOR M TEPMOYCTAIOCTHOW MPOYHOCTH MOPIIHEH (OPCHPOBAHHBIX OBICTPOXOMHBIX AHM3EICH CIETYeT OCYIIECTBIATE C yYETOM
KOMIUIEKCHOTO BJIMSIHUS YCTaNOCTH M IOJI3y4eCTH Ha IPOLIECC HAKOIUIEH s MOBpexkaAeHUi. PaspaboTaHa METOIMKA OLIEHKH IMTENBHOM M TEPMOYCTAIOCTHOM
MIPOYHOCTH HOPIIHS C Y4ETOM OTMEYEHHOTO KOMIUIEKCHOTO BIMSIHHS YKa3aHHBIX IIpOIeccoB. IIpoBeneH aHaNM3 BIMSHMSI UCTOPHU HATPYXKCHUS ITODIIHS
OBICTPOXOIHOTO JIN3EIIst HA JIONITOBEYHOCTh KPOMKH KaMepbl cropanusi. PaspaboTana MeTozmka, Mo3BOJIIOIIAs IPOrHO3UPOBATh BPEMsl 10 Pa3PyILCHNs KPOMKH
Kamepbl CrOpaHHs Ha HAYAJIbHBIX CTA/IUAX IIPOSKTUPOBAHMS IBUTATENS C YJETOM MOJIENH €0 SKCILTyaTalliH.

KimioueBble ¢J10Ba: TEMIIEPATypHOE COCTOSIHNUE; TPAHUYHBIE YCIIOBHS, OBICTPOXOMHBIN /IM3elb; KaMepa CTOPaHIs; KOd((GUIMEHT TEIIIONPOBOIHOCTH,
TIOpILIEHb, JUTUTEbHAs IPOYHOCTD, MOJIEIb IKCILTyaTaluH

M.B. IIPOKOIEHKO, 0.1. 3IHYEHKO
PO METOJIUKY ITPOTHO3YBAHHS PECYPCY POBOTH KPOMOK KAMEP 3rOPSIHHSA
MOPLIHIB ®OPCOBAHUX HIBUIKOXITHUX JIU3EJIB 3 YPAXYBAHHSAM MOJEJI
EKCILTYATAIIT IBUTYHA

B poboTi mpoaHamizoBaHO iCHYIOWi METOAWKH IPOTHO3YBAHHS TPUBANOI MINHOCTI IOPIIHIB IIBHAKOXITHUX AU3ETIB 3 YpaxyBaHHAM BTOMH,
MOB3Y4OCTi Ta iX KOMIUIEKCHOTO BIUIMBY. Iloka3aHo, 110 Ha MpoLEC MOB3Y4OCTi MaTepially B peallbHUX KOHCTPYKISX MOPIIHIB iCTOTHO BILIMBAE
TPUBATICTh UKy HaBaHTa)KeHHsI MaTepialy. Big3HaueHo, 0 MBHAKICTH HOB3YYOCTi MaTepialy B JOBIIBHHII MOMEHT 4acy TaKOX 3aJEKHTh Bil
paHine Hakonu4eHoi Aedopmarii mos3ydocti. [lapameTpn HaBaHTa)KeHHS MaTepialy BiJ MUKy IO OUKIy OyayTs 3MiHIoBaTHCS. OOIPYyHTOBAHO,
[0 HPOTrHO3YBAaHHS TPUBAJOl i TEPMOBTOMHOI MIIHOCTI MOPIIHIB ()OPCOBAHMX MIBHAKOXIJHUX IH3EIIB CIIJ 3IIMCHIOBATH 3 YypaxyBaHHSIM
KOMIUICKCHOTO BIUIMBY BTOMH Ta [OB3yYOCTi Ha MPOLIEC HAKOMMYCHHS IOLIKO/KEHb. PO3POOICHO METONMKY OLIHKM TPHBAJIOl I TEPMOBTOMHOL
MIIHOCTI MOPIIHS 3 ypaXyBaHHSIM 3a3HAYCHOr0 KOMILICKCHOTO BIUIMBY 3a3HAa4CHHX MpoleciB. [IpoBeaeHO aHaImi3 BIUIMBY icTOpii HaBaHTAKECHHS
TOPIIHS MIBUIKOXIZHOTO JM3€Ns Ha JOBTOBIYHICTE KPOMKH KaMepH 3ropsiHHsA. Po3po0GieHo MeToamuKy, IO JI03BOJISE MPOTHO3YBATH 4Yac 10
pyHHyBaHHS KPOMKH KaMepH 3rOPSHHS Ha II0OYaTKOBHX CTAMAIsX IPOCKTYBAHH ABUIYHA 3 ypaxyBaHHSIM MOJENI HOro eKcIuryaranii.

Kiro4oBi cj10Ba: TemnepaTypHuii CTaH; TPaHHYHI YMOBH; IIBHIKOXIIHUI JTH3eNb;, Kamepa 3ropsHHs; KOS(Ili€HT TEeIUIONPOBIIHOCTI; MOPIICHb;
TpHBaJIA MIlIHICTb; MOJIE/b SKCILTyaTALli

M. PROKOPENKO, O. ZINCHENKO
ABOUT PREDICTION METHOD FOR WORK RESOURCE OF COMBUSTION CAMERAS SHIPS
OF FORCED HIGH-SPEED DIESEL SPISTONSTAKING INTO ACCOUNT ENGINE

OPERATION MODEL
The paper analyzes the existing methods for pirglitie long-term strength of high-speed dieselhesgistons, taking into account fatigue, creepthair
complex effect. It is shown that the material cieegeess is significantly affected by the duratibthe material loading cycle in real piston sties. It is noted
that at an arbitrary time the material creep fatedepends on the previously accumulated creepnaietion. The material loading parameters will gesinom
cycle to cycle. It has been substantiated thabribdiction of the long-term and heat-fatigue stiterogj the forced high-speed diesel engines pigthosld be
carried out taking into account the complex eftédatigue and creep on the damage accumulatiaegsoA method has been developed for estiméting t
long-term and thermal fatigue strength of the pigtaking into account the noted complex effethe$e processes. The analysis is carried outatigphistory
influence of a high-speed diesel piston on the cstidn chamber edge durability. A technique has begeloped that makes it possible to predictithe to
destruction of the of the combustion chamber etitye dnitial stages of engine design, taking &wtcount the model of its operation.

Keywords: temperature state; border conditions; high-speesietiicombustion chamber; thermal conductivitytguislong-term strength;
operating model

Metoguka NMPOrHO3UPOBAHUSA JUTATeIbLHOM
NMPOYHOCTH MOPIIHA 6]>ICTp0XOZ[HOl"O am3eas ¢
YUueTOM KOMIUIEKCHOI0O BJIHAHHUA YCTAJO0CTH H

HArpYy)XeHHUs] K cieayroouieMy OynmeT u3MeHsaTbes [1].
OTO IPUBOIUT K TOMY, UTO W IapaMeTphbl HArpyKEHUS
MaTepuaja oOT [HKIa K IMUKIy Takke OyayT

MOJI3y4YecTH HA npouecc HaKOIJIEHHUS n3MeHATbes. Ha puc. 1 mpencraBieHBl 3aBUCUMOCTH
noBpexkaennii. Ha  mpouecc  monsyudectd, a W3MEHEHHS C TEYEHHMEM BPEMEHH MAKCUMAILHOTO,
CIIENOBATEIBHO UM pEJIaKCalud  TEPMOYIPYIUX MUHUMAJIBHOTO W  aMIUTUTYJHOTO  JAEUCTBYIOIIMX
HampsDKeHUM,  HMMEIOIIUA  MECTO B pealbHbIX HanpspKeHUil B 30He KpoMmku kamepsl cropanus (KC)
KOHCTPYKLUSIX  TOpPIIHEH, NOMHMO  ypOBHEH tuna [THUJW mopmast jguzens 4YH12/14. U3
JEACTBYIOIUX TEMIICPATYp u HaNpsHKEHUH CONOCTAaBJICHUSI OTMEUYEHHBIX 3aBUCUMOCTEH BHJIHO,
CYIICCTBCHHOC  BJIIMSAHHUC  OKAa3bIBACT TaAKXKE H 4TO MAaKCHMMaJlbHOC HANpPsOKCHHE LMKIA 3a IEPBBIC

JUTHTEJIBHOCTh IMKJIA HArpyxeHus marepuana [1-29.
Takxe Ba)KHO OTMETHTH, YTO BCIEACTBUE YIPOUHECHUS
MaTepHajia CKOPOCTh IIOJI3YYECTH B IPOU3BOJIBHBIN
MOMEHT BPEMEHH 3aBHCHUT HE TOJIBKO OT ACHCTBYIOLIIX
TeMIepaTypbl W HampsDKeHHs, HO W OT paHee
HaKOTIJICHHOW JeOpMaIliH IMOJI3YIeCTH, T.€. BEINIHHA
pellaKkcalii  HANpSOKCHHA — OT  KaXIOro  IUKIa

0,54aca pabotsr camwkaercs ¢ 99 Mlla no 64,6 MIla,
T.c. B 1,53pa3a, a yepe3 1009acor — o 60,8MlIIa, T.c.
B 1,62 pasa. Ilpu 3TOM MHHHMAJILHOE HAIPSKCHUE
COOTBETCTBEHHO mamaer ¢ 4 mo —-22,1 MIla (8
1,35paza) u —28,0 MIla (8 1,47 paza). ITomoGHoe
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U3MECHEHHE  JCHCTBYIOUIMX  MAaKCUMAIbHBIX U
MUHUMAJIbHBIX HAMPSUKEHUH MPHUBOIUT K CHUXKEHHIO
AMIUTUTY/IB HANPSDKCHUH, TPHYEM 110  CIIOKHOMY
3akony (puc. 1, 6). Tak, aMIuuTya HanpsHKEHUN 3a
nepBeie 0,2yaca ymenpmunace ¢ 47,5 no 43,2 MIla,
3aT€M BHOBb HECKOJIBKO MOBEICHIAChE — 10 44,5 Mlla.
Bce 3T0 03HAYaeT, YTO HAIMYHUE HPOIEcca MOI3yYeCTH
(penakcamuu HanpsbkeHuid) B 30He Kpomkun KC B
YCIIOBHSIX IIUKJINYECKAX HU3KOYACTOTHBIX HATPYKEHUIN
MaTepuajia OKa3blBae€T CYIICCTBCHHOC BJIMSHHAC Ha
MPOIECC HAKOIUICHHS YCTAJOCTHBIX IOBPESIKICHHUI
HCCIIelyeMOH IeTaj.
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Pucynok 1 —3MeHeHnue napaMeTpoB LUKIIA HATPYKESHUS
kpomku KC tuna ITHUJIN noprunst auszens 49H12/14npu
€ro TepMOMEXaHNYECKOM IUKINIECKOM HarpyKeHUH

Takum 006pazoM, IPOTHOZUPOBAHKE TUTEIHLHOM
u TEPMOYCTaJIOCTHOU MIPOYHOCTH MopiIHei
(opcHupOBaHHBIX OBICTPOXOIOHBIX AM3ENEH ClexyeT
OCYUIECTBJIATb C YYETOM KOMIUICKCHOTO BIIMSHUSA
YCTAJIOCTU M TOJ3Y4YEeCTH Ha MPOLECC HAKOIUICHUS
MIOBPEXKICHU.

Hamu  paspaboTana  MeTOJgWKa  OLICHKHU
IITUTEILHON U TEPMOYCTAJIOCTHOM MPOYHOCTH MOPIIHS
C YYEeTOM OTMEYEHHOTO KOMIUIEKCHOTO BIHSHUS
ykazauHbiXx mpoueccoB [2]. K ocoGeHHOCTSIM
mpeularaéMoi METOJUKH OTHOCHUTCS TarkkKe TO, dYTO
OMMMCaHWE  TIpoIlecca  MoJ3ydecTH  (perakcaiuu
HanpspkeHni) GasupyeTcs Ha TEOPHH YIIPOYHEHHS C
YYeTOM UINTENFHOCTH IHKJIAa Harpy)KEHUS MaTepuaia
X0l U3 DHEPreTHMYECKOTO KPUTEpHusi NpOYHOCTH. B
OCHOBY METOJMKHM TIOJIOKEH MPHUHIMII JIMHEHHOTO

CYMMHPOBaHHMSl YCTAJIOCTHBIX M KBa3HCTaTHYECKHX
nospexaeHuid. IIpu 3ToM paspyiieHue maTepuana npu
HEM30TEPMUYECKOM HU3KOYAaCTOTHOM  HATPYyXEHUU
0c000 TEIIOHAINPSKEHHON 30HbI UCCIIEAYEMOH JIeTann
HACTYIAEeT, €CIH:

N T
dirde [ SR Je o=l @
1 WNi Uo

DTO ypaBHEHHE IMO3BOJISIET OLIEHUTH BpeMsl U
YUCJIO IMKJIOB [0 HACTYIUIGHHS  MPEAENIBLHOrOo
COCTOSIHMSI Marepuaja B 0CO00 HarpyXCHHOH 30HE
meramm  KC — wMomeHTa 00pa3oBaHUs TpeuIuH
BCJIEAACTBHE BO3JIEHCTBUS MAJOLMKIOBOW YCTAJIOCTH U
OUKITAYECKON TTOI3Y9IeCTH.

IIpz 3TOoM pacdeTsl NPEeAeTHHOTO COCTOSHUS
MaTepuajia  OCHOBBIBAIOTCS HAa  OIpEIeICHUH
BO3ZHHUKAIOIIMX  IDIACTHYECKHX  jgedopmammid
pasmaxoB dTux aedopmarmid. OJHAKO pacdeTs
HanpsbKkeHHO-aedopmuposanHoro cocrostaust  (HIC)
npumenutenbHo kK geramsim  KC ¢ yuetom
[UIACTUYHOCTH W moJi3ydectd (B HEJIMHEHHOU
MOCTAHOBKE)  KpaiiHe 3arpynmHeHsl. OnHUM U3
3¢ (GEKTUBHBIX U JOCTATOYHO JOCTOBEPHBIX CIIOCOOOB
MIPEOIOJICHUST JTAHHOTO OOCTOSATENBCTBA  SABISCTCS
WCTONIb30BaHWe  TNpuHNMNa  Helibepa,  KOTOpPBIH
TIO3BOJISIET y4ecTb BIIHSTHUE TUTACTHYECKUX
nedopmannii Ha yKazaHHOE IPEAETHHOE COCTOSHHE
IIPU WCIOJB30BAHUU pe3yibpraToB pacderoB HJIC
JIETaJId B YIPYTOH NMOCTaHOBKE.

Jdnst 0co60 HArpy»keHHOW 30HBI IeTald (30HBI
KOHI[EHTPAIMKM HATPSHKEHUH) 00OOIIEHHBIN MPUHIMIT
HeiiGepa 3anmceiBaetes B Buze [3, 4:

Z=0,E" @

rne €~€,%E. (€,, €, — ynpyras u muactudeckas
nedopMaryu) — mosHas aedopManus;

M — roka3aTtesb CTENEHH!, 3aBUCSIIUN OT YCIOBUH
Harpykenust (mpuHuMaer 3HadeHuss or O (KecTkoe
HarpyskeHue) 10 1 (Msarkoe HarpyxeHue), puc. 2).

VYcramocTHbIE CBOICTBa Marepuana,
XapakTepu3yeMble  aMIUTATYyIaMH  yIOpyrod  u
[IACTHYECKON  aedopManuii, CPOPMYTHUPOBAHEl H
npemioxensl JIx. Mappoy B Buje [5]:

I

€~ o ’ ®)
El2N, P
Srm:s’f(ZNfr' (4)
3nece Q'; W e, - KO3((DHUIIMEHTHI YCTAIOCTHOM

MPOYHOCTU U BSI3KOCTU COOTBETCTBEHHO, 3aBUCSAIINE
OT TeMmIeparypsl, a b u C — mokasaTenu LHUKIHIeCKOH
MPOYHOCTH M IUIACTHYHOCTH. VX 3HA4YeHMS MOTYT
M3MEHSTBCA B CIIEAYIOIIUX mpeaenax [6]:

b=-0,08... -0,15 = -0,40... -0,91.

42 Bicnux Hayionanvrno2o mexniunoz2o ynieepcumemy «XIIID». Cepis. Mawwunosnascmso ma CAIIP, Ne 2 2019



ISSN 2079-0775

£y &y £

Pucynok 2 —I'padudeckas HHTEpPIpeTaLHs IPHHIHIA
HeﬁGGpaZ 1- O-,TLIH = Esy ’

O \|\b
2-&6=_ % ‘fm-k‘-[ij — IMarpaMMa [MUKIHYeCKOro
E o)
neOpMUPOBAHUS;
e u
3-Eg, g, *€,, =C0oNSst (coorHomenue Heiibepa)

Ousnyeckuit CMBICI MMapaMeTpOB, BXOMALIMX B
ypaBHenus (3) u (4), wutroctpupyet puc. 3
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lgex
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Pucynok 3 —CxemaTnieckoe n300pakeHHe 3aBUCHMOCTH
aMIuaTy bl iactuaeckoi (1), ynpyroit (2) u nonuoii (3)
nedopmaryii OT yCTaIOCTHOW 10JITOBEYHOCTH

I
Iocrosuueie b u O f/ E axexsarnn HaKJIOHY

W OpJAUHATE TOYKH (COOTBETCTBYIOIIEH IEPBOM CMEHE
3HaKa  Jedopmanuu) — NOPAMOH,  OTOOpaKaromien
3aBHCHUMOCTh aMIUIMTYIBl YNIPYrod aedopMamyuud OT

I
MOCTOSIHHBIE C H € ¢ -

JIOJITOBEYHOCTH;
COOTBETCTBEHHO, HAKIOH U  OpPAMHATY  TOYKH
(cooTBeTcTBYIONIEH nepBoOM CMEHEe 3HaKa

nedopMarnyn) npsMoi, 0TOOpaXkarolleil 3aBUCUMOCTh
aAMILTHTY/IbI acTuiecko  nedopmanuu or
JIOJTOBEYHOCTH.
Touka mepeceueHHs: 3TUX MPSIMBIX HA3bIBACTCS
[1EPEX0HOM I0NroBedHOCTbI0 (opsiaka 10° ukiios).
KoaddunmeHT ycTamocTHOW MPOYHOCTH CBA3aH
C OmpeeNsIeMBIMU IO PE3yJIbTaTaM OIBITOB MPEACIOM

npouyHoctd (O, ¥ KOI(D(PUIUEHTOM IONEPEUHOTO

cyxeHust o0pasia npu paspbie W sasncumoctsio [7:

o
1ok—6 (5)
o' =Ky

— KO3 UIMEHT pa3pyIIaroIIeH

rae k=%a3p/Pm

Harpy3ku (0,6< k < 1);
Mpasp® Prax ~ COOTBETCTBEHHO, yCHITHE Pa3phIBa

ax

o0pa3ma ¥ MakCHMallbHOE yCHIHE, OIpeaesieMoe II0
WUCTHHHOU AuarpamMme Ae(popMupoBaHus;
O, — Ulpelen MNPOYHOCTH Marepuana IpH

CTaTUYECKOM pPACTSHKCHHH, 3aBHCAIIMA OT YPOBHS
TEeMIepaTyphl;

U —  3aBHCsIIEe OT  TeMIepaTypsbl
OTHOCHTEJIbHOE CY)KCHHE [IOMEPEYHOr0  CeUeHHUs
o0pasiia npu ero pasphbise.

Koaddunment ycramocTHOW BA3KOCTH g'f
MOXHO OIpPEJCIUTh Yepe3 HCTUHHYIO CTaTHYECKYIO

BSI3KOCTB IpH paspyuienuu f [3]:

Er. aol-c P (©)
€«
rue

a,=4,931 Q482 3,=3,945 Q151 — ()

YHHBEpCaJIbHBIE Oe3pa3MepHbIe KOHCTAHTHI,

oo o)

Henocrarkom ypaBHenuii (3) u (4) snsiercs To,
YTO OHHM JICHCTBUTENbHBI JHUIIb B O00JAaCTH, Kak
NPABHJIO, OTPAHMYCHHOH 3HAYCHUSIMU [\, , PABHBIMH

10 LIMKJIOB. Jnst MIPOJIOJIKESHHS obnactu

IPUMEHUMOCTHU ypaBHEHUN Moppoy 1o Ni=10..10
LUKJIOB TPUHUMAIOT BO BHHMAaHHE CYLIECTBOBAHHE
obpaTumon HEIOBPEXKAAOLIEH MIaCTHUECKON
nepopmanmu  [3].  Ilom  JaHHBIM  IIOHATHEM
HOJpPa3yMeBaOT MOPOrOBOE 3HAUCHHE aAMIUTUTYIbI
IUIACTUYECKON JleopMaruy, KOTOpasi peajmu3yercs
cMmenleHreM auciokanuid. B padorax B.T. TporeHko,
II. Jlykama, M. KnecHuna mnokaszaHo, 4TO Mpeneln

YCTAJOCTH  MaTepuayia  CBS3aH C  BEIWYWHON
HepaspylIaronei IJTACTUYECKOU nehopmaryu.
CrnenoBarenbHO, MOIU(PUIIMPOBAHHOE  YpaBHEHHE

Moppoy ¢ yuerom (3) IpUMET CIEAYIOMNI BUI:;

Eun=Eu=Ewn=€1(2N:).  ®

rae Epyp. — Heobpatumas (paspymiaiouias) 9acth
wiactuaeckor  pedopmanmu; £, — oOparumas
(mepaspymiaromias) — miacTHyeckas  aedopmanus,

KOTOpasi HaXouTCs B mpexenax 30° + 410° [4].

Torma, HCXOs U3 NPUBEICHHBIX YpaBHEH I (3),
(4) u (8), cooTHOLICHHE AT ONPEACICHUS AMILTHTYIbI
ynpyroii  nedopManuy B 3aBUCUMOCTH OT YHCIIA
LUKIJIOB 10 Pa3pyIICHHUS UMEET BUL
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HpI/I OTOM JJid OHNpEACJICHUA 4YHCJla LHUKIOB

HAarpy)KeHHH 10  paspyIlcHUs Nt  moxuo
BOCIIONIb30BATLCS  YHUBEPCAJIBHBIM ~ COOTHOLICHHUEM,
NOJIyYEHHBIM M3 COBMECTHOTO PEILEHHs yPaBHEHWM
(2), (8 m (9) u mHaspiBaeMbIM ypaBHEHHEM b.

IMocnumna [3, 4:

b m
O = 0,1 (ZN pi): +%7'f"' ¢ X

o GO

c

0 (NP B
Ele NG e,

rae Ouun. — aMIUIUTYa HAIPSDKEHUM, paccYMTaHHAs
o 3axkoHy I'yka.

Jst peanuzanuu JAHHOM METOIUKU
HEOOXOIWMO TIPH TIOMOIIM CTPYKTYPHOTO MeToja
paccuntaTh TermnoBoe U HJIC B Teie mopmiHs 3a MUK
ero HarpyxeHwms. /Jlamee, B 30HE KOHICHTPAIHU
HANpPsOKEHUH 1 MAaKCHUMAJIbHBIX TeMIIEpatyp (KOTOpPOiA,
Hampumep, sBisiercs kpomka KC  mopmiss), 10
pa3MaxaM TJaBHBIX HANpsHDKCHUH MOXET OBITh
paccuMTaHa SKBUBAJICHTHASI aMILTUTY/Ia LIUKJIA:

0.2 02 por-20 0T (0

rne AO1AO2AO3 —pa3Maxu TJIaBHBIX HANPsDKEHUN
3a LMKJI HAaTPy>KEHUSL.
IIpu paccmorpennn moBepxHocTH Kpomku KC

OCHOBHBIMHU SBJISIOTCSL OKPY?KHBIC HANPAKCHUA 03,

nockonbKy rnaBuble Hanpsokerus O1 u O2
npakTUYecku OJu3KH K Hyo [8, 9.

Ipu ACHMMETPUIHOM IUKITHIECCKOM
Harpy>keHWd, XapaktepHom s geraneii  KC

IBHUTATENs, pPAacCYMThIBacMyr0 B BbIpaxkeHun (11)
aMIUIATYAy UMKIa (J, = CIHCAYeT CKOPPEKTHPOBATH

BBeleHHEM KOX(DQUIIMEHTa BIHUSAHUA AaCHMMETPHH
makaa A [4]:

= ; 12
O-a.ﬂuH.a,“,_, O-u.,'mﬂ..Ql' ( )
(6]
a= [—max , (13)
Ga
rae Omax BerHI/Iﬁ YPOBEHb HANPAKECHHOI'O
COCTOSIHH . MaKCHUMaJIbHasA pacTaruBaroas HUIn

MHHUMAaJIbHas CXXUMaromas BCJIMYHWHA

JIEHCTBUTENILHOTO TJIABHOTO HAMPSIKECHHUS;
O, — ACHCTBHTE/IbHAS AMILTUTY/1d HAIPSIKCHUH

LMKJIA.

3HayeHH ﬂeﬁCTBHTGHLHLIX MaKCUMAJIbHBIX

HAMNpPSDKCHUI IUKIA (J, W aMIUIMTYJa HalpsOKCHHI

IUKIIa Ga OMPCACIIAIOTCA C

Y9eTOM  YOpYyTuX

HAaNpsOKEHUM M IUIACTHYECKOro  1e(hOpMHUPOBAHMS
Marepuana. PaccMarpuBasi COBMECTHO ypaBHeHuUs (2)—

(4), nonyuaem:
V 1-m
b

n (o
o _=0"|0+E¢';| = -(14)
O ¢

Hus  orbickanus pernenus ypaHenus (10)

otnocutensio N, ¢ yuerom coorHomennii (12)—
(14), MOXHO HCMOJIB30BATh UTECPALMOHHYIO (HOPMYITY
Herorona—Padcona [4]:

f(N) (15)

:N_
N-a= N7 45 (N)/dN

rac N+1 u N — nocieayrouee, 0ojee TOYHOE
HpI/I6J'II/I)K€HI/I€ peuicHus, U NpeArnojgIaracMoe peuicHuc

f ( N ) =0 ... " O s, COOTBETCTBEHHO,
ompenensemoe ¢ yaerom (10)u (12).

Baxxno OTMETUTD, qTo TIpoLIECC

HEM30TEPMHUYECKOW  yCTAJIOCTH  TPU  MEPEMEHHOU

TEeMIIepaType TpencTaBiIseT co0oi Oojee omacHoe
SBJICHWE C TOYKH 3pPEHHS TOBPEXKICHUH, YeM TpH
MIOCTOSIHHOM TeMIIepaType, paBHOW CpeJHEMY 3HAYEHHUIO
TeMneparypsl nukia. Vcxons u3 3Toro, Bce mapaMmerpsl,
BXOJIIME B YpPaBHEHHS M OIMCHIBAIOLIME MPOLECCHI
ycTajocTd  (KOTOpbIE  3aBHCAT OT  TEMICPATyphi)
HE00X0MMO OIpesIeIsTh npu s heKTHBHOIM
TeMIeparype LMKIa HarpyxeHus. [lns onpeneneHus
3G PEKTUBHONH  TeMITEpaTyphI HEM30TEPMUIECKOTO
YCTaJIOCTHOTO TIpOIiecca C JOCTATOYHOW TOYHOCTBIO
MOJKHO MPHHSATB BeIpaxkeHue [4]:

k
1 Ztl ql
t - = t +|:7 (16)
) 2 max T,
win [10]:
t = (3tmax+tmin) . (17)
’ 4
I[.Hf{ ydeTa KOMILJIIEKCHOI'O BIIUAHUSA

MaﬂOHHKﬂOBOﬁ YCTAJIOCTHU U HHKHH‘IGCKOﬁ MOJI3y4eCTH
npeajiaracMad METOAWKa IMpeanojaract CJICAYIOLICC.

VcxoaHple LUK HM3MEHEHHS TEeMIleparypbl U
HampsDKeHUsT  pa3OWMBarOTCsl Ha  Tpedyemoe  yIs
obecrieueHnss  TOYHOCTH  PACUYETOB  KOJMYECTBO

44 Bicnux Hayionanvnozo mexuiunoco yuisepcumemy «XI1I». Cepis: Mawunosnaecmeo ma CAIIP, Ne 2 2019



ISSN 2079-0775

y4acTKoB. Jlamee pacdeT MPOIECCOB peaKCaliu
HANpPSUKEHUH M HAKOIUIEHUS  TIOBPEKICHUIA,
BBI3BAHHBIX  [MOJ3YYECTBIO,  OCYHIECTBISJICA IO
YTOYHEHHOH METOJMKE, MpeacTaBieHHon B [11].

Kak OBbLIO OTMEYEHO BBHIINIE, HAKOIUICHHbIE
nedopMaInK, BEI3BAHHBIE IUKIMYECKOMN TOI3YYECTHIO,
Kak B 00JaCTH C)KaTHs, TaK U B OOJIACTH PacTSXKEHHs
Marepuaja NPUBOAAT K H3MEHEHUIO IapaMeTPOB
mukina. Torga Beipakenne (12) MOKHO IPEICTABUTH B
BUIE!

o-,aJuH.axe. = Ola,,mH, %’ ! (18)
rae

0, = O O (19)

0-().maxr ,
Ja.a.r

(20)

e Omaxt um Omint — MakcumaibHbie u
MUHHMAJbHbIC HAMpsDKCHHs (pa3Maxu HalpsDKeHHH) 3a
IIUKJI HATPY>KeHUS B MeCTaX JOKAJIBHBIX AKCTPEMYMOB,
paccuuTaHHBIE MCXOIS U3 HAYaJlbHOW  YyIpyrou
neopMalii M HAKOIUICHHOW K PacCMaTPUBACMOMY
MOMEHTY BPEMEHH Je(OPMAIIIH TTOJI3YUECTH,

Oomaxt  u  Opar — peiicTBuTeNBHOE
MaKCHMAaIbHOE HANpPSHKCHUE LMKIA U JCHCTBUTENbHAS
aMIUTUTYa HANpPSDKCHHS LMKJA, pACCYMTAHHBIE C
y4eTOM MIHOBEHHBIX IUIACTHYECKUX JedopMmaruii,
ucxo/st U3 Beipaxkenus (14).

Jdnst  OTBICKaHWsT KOMMYECTBAa ILMKJIOB [0
pa3pyIICHHs COIVIACHO IIPEACTABICHHON METOAUKE
HEOOXOOMMO pAcCYMTATh AMIUIUTYAY HAMpPSDKCHHS

]
makna O aun. onpeneuTh Kod(QOUIIUEHT BIIHSTHH

I
acuMMeTpun  mmkna A um maiitm w3z (18)

!
SKBUBANEHTHYIO aMIuTyay mikaa O aumoxs. . 3aTeM,
ucronb3yss  popmyiny Herorona—Padceona, crienyer

peunts ypaBHeHue (15) oTHOCHTEIBEHO N | samenus

B HCM O-a.,um.axg. Ha PACCUYMTAHHOC BbIINIC 3HAYCHUC

!
0- AJUH.IKE. «

Takum 00pa3oM, U3MEHEHHE OT IUKJIA K [UKITY
napametpoB cooTHoureruii (18)—(20) mpuBoauT K
MOJYYEHHIO JUTS KaXKIOTO M3 TOCICIYIONINX IMKIOB
pa3IUYHbBIX 3HAYEHUN JIOJIN HAKOIJIEHHBIX
MOBPEXICHUN KAaK TOJ3y4eCTH, TaK M YCTAJIOCTH.
ITosTomMy oOlleHKa HaKOIUJICHUS MOBPEXACHUH, B
COOTBETCTBHU C MIPUBEICHHOU METOINUKOM,
MPEAIoaraeT IMPOBEACHUE pPACYETOB BCEX IIUKIIOB
Harpy>KeHUs 10 MOMEHTA BBIITOJHEHHS paBeHCTBa (2).

OrnieHka noJield YCTAJIOCTHBIX TIOBPEXACHUN H
MTOBPEIKICHHUH, HAKOIUIEHHBIX B pe3yabTare
MOJ3YYECTH B TOPIIHAX OBICTPOXOJHBIX JU3ENei, MO
MPEJICTABJICHHON BBIIE METOJHMKE MPEANOoJaraet
HCMOJIB30BaHUE OOJBIIOr0 4YHcia KOA((PHUIMCHTOB,
3aBUCAIIMX OT TMPHUMEHSIEMOr0 Marepualia, YpPOBHS
JICUCTBYIOIIUX TEMIIEPATYP M YCJIOBHH HArpyKeHHs
HCCIIelyeMOH eTaju.

Tabmuma 1 — VYcrajocTHele  XapaKTEPUCTHKU
MOpIIHEBOTO cutaBa AJI25
Temme- o o
b, ' fa

EéTypa' Mia | ¥ & Ef MITa
250 167,5 0,034 0,034 0,022 173,4
270 159,0 0,040 0,041 0,027, 165,¢
290 149,5 0,046 0,047 0,031 155,
310 136,0 0,053 0,054 0,035 1434
330 120,0 0,059 0,061 0,040 127.%
350 99,5 0,066 0,067 0,044 1081
370 81,0 0,072 0,074 0,049 87,2

DT0 00CTOATENBCTBO BHI3BIBAET CYIECTBEHHBIC
pacxXokIeHUs: B 3HAUEHHAX  KOI(DPUIHUEHTOB
Beipaxkenust (10), MoJIyYeHHBIX Pa3JIMYHBIMU aBTOPAMHU
[8, 9, w npuBOAMT K  PACXOXICHUSAM B
NPOTHO3UPYEMBIX  3HAYEHUSAX  JUIMTEIBHOM u
TEPMOYCTAIOCTHOM MPOYHOCTH MOPIIHS.

Ha ocHOBaHMM NPOBENEHHOIO HAMH aHaIKM3a

YCTaHOBJICHO, qTo JIISL OITHCaHUA mponecca
HAKOIIJICHUSA HOBpCX(HCHHﬁ, BBI3BAHHOTO
HHN3KOYaCTOTHBIM MUKJINYCCKHUM Harpy>Ke€Huem

nopiuHs (BbIMOJIHEHHOTO M3 ciuiaBa AJI25), nanbonee
JOCTOBEPHBIMU  SIBJISIIOTCSL  3HAYEHHs IOCTOSHHBIX

mareprana ) u C , a Taxke mokasarens crenenn M
B popmyne Heiibepa, npuBeaeHHsie B padotax [20,23.

OHM COOTBETCTBEHHO PaBHBI b=-012; Cc = -0,6;
m =0,12.

Benmunna Enis. mpumsita pasHoit 410° [20], a

ko3pduiuent A B popmyne (5) — paBHBIM €IUHHUIIE,
KaK JUIs XPYIKUX MaTepHaIOB.

Ha  ocHoBe  guarpaMM  IUKIHYECKOTO
neopMHpOBaHUS  MOpHIHEBoro  cmasa — AJI25,
coriacHo BeipaxeHusiM (5) u (6), Hamu omnpeneneHb
OCTallbHbIE XaPaKTEPUCTHKH Marepuaga B (DYHKIUSIX
TeMnepatypsl (cM. Tabdn.1, konoHku 4—6).

C yd4eToM TMOJYYeHHBIX KOI()(PHUIMEHTOB TIO
NPEICTABICHHOM BBIIIC METOMKE HAMH OCYIICCTBICH
pacyeT TEpPMOYCTaJIOCTHOW W JUIMTEIIbHOW MPOYHOCTH
BBIMOJIHEHHBIX n3 ciutaBa AJI25 mopmaei ¢ KC tuma
HHUOW nuseneii 44H11/12,5u 44H12/14. Pacyers
BEIUCh [UISl HamOoJiee OMACHOW TOYKH, KOTOPOH
seisiercss kpomka KC. B kauecTBe UCXOMHBIX JTaHHBIX
B3ATHl JIAHHBIE [0 TEPMOIMKIMPOBAHUIO  BBIIIE
YKa3aHHBIX TOpIIHEH Ha OE3MOTOPHBIX TEILIOBBIX
crengax (BTC) [20, 23, 25.

Jlyist mOpIIHSL MEPBOrO JBUrATeNss (HPU3MUECKOE
MOJICJIMPOBAHUE MPOBOJAMIOCH B YCIOBUSIX JIHIIb
HM3KOYaCTOTHBIX TepMOHarpyxenuii (T, = 4 muH) [8,
12), a ans BTOPOTO — B IBYX BapHaHTax: Kak MpH
BO3JICHCTBUH TEIUIOBBIX HATPYKEHUM HU3KOH YaCTOTHI
(ty = 6 ™MuH), T.e. B YCIOBHAX OMHO(PAKTOPHOTO
HArpY>KCHUsSI, TaK W MPU COBMECTHOM HAJIOXEHHU
TEIUIOBBIX HATrpY)KEHUH HU3KOHW M BBICOKOW YaCTOTHI,
T.e. mpH JABYX(AKTOPHOM TepMmoHarpyxeuuu [9].
Pasmax konebanusi Temmeparypsl Ot B TeueHHE
BBICOKOYACTOTHOTO ~ MEPHOAUYECKOTO  HArPYKEHHS
(wmarensrocTeio 1000 koneGaHMii B MUHYTY, 49TO
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coorBerctByer 2000 obGoporaMm B MHHYTY
YeTBIPEXTAKTHOTO ABUTaTeNs) cocTaBisti 13°C.
Nmesmne MEecTo 3aKOHBI N3MEHEHUS

TemmnepaTyp U HampsbkeHHM B 30He kpoMmok KC

NOpIIHEH pa3NMyHbBl W IpuBeAeHbl Ha puc. 4, 5.

MakcumanbHble M MUHHMAJbHBIE  OKPYXHBIE
HAMPSDKEHUST  [MKJIa  JJIi  TEPBOTO  JIBUTrATels
coOTBeTCTBOBAMN 3—1 1 125+ cekyHaaM muKia, a s
BTOpOro — 8-t u 3661 cexyHaM COOTBETCTBEHHO.

120 /&«T” 420
i \ EE
a
™=
60 mCl 300
—1—260
» 4 180

0 0,01 0,02 0,03 0,04 0,05 T, uac.

Pucynok 4 —/I3MeHeHne TeMIIepaTypbl U OKPYKHBIX
HapsDKEHUIT B 30HE KPOMKH KaMepbl CrOPaHUs THIIA
[IHUON nopunast musens 49H11/12,5npu dpusuueckom
monenuposanuu Ha BTC

Lt
320 2~
260
200 /
140
0 1 2 3 4 5 1, MHH.
a
Mifh [
4 I
30 i/al \\
— |
40 ] 7
N
0 1 2 3 4 5 1, MuH.
7]

— HH3KOYACTOTHOE aNEPHO/IMUECKOE,

CYMMAapHoe SKBHBAJICHTHOC
Sesssssescesess— —  HArPYKEHHE OT COBMECTHOIO
EeHCTBHS HU3KO- U
BBICOKOTACTOTHBLIX Harpy)xe}miﬁl

PucyHok 5 —3MeHeHre Temneparypsl (a) U OKPYKHBIX
HanpsoKeHuH (0) Ha MOBEPXHOCTH KPOMKH KaMephbl CrOPaHHs
nopiss qu3enst 49H12/14 na Mopenupyroeil ycTaHOBKe

OcHOBHBIC napameTpsl UKIHYECKOTO
HATPYXKCHUS KpPOMOK, a TaKKe IMOJNYyYCHHOE NpHU
¢usnaeckom MonenupoBanuu Ha BTC ymcno 1ukioB
IO UX Pa3pyILICHUS MPECTAaBICHEI B Ta0M. 2.

Crnenyer OTMETHTH JBE OCOOCHHOCTH, YYTCHHBIC
B METOJIHKE PAacUeTa KOJUUECTBA IUKIIOB (BpeMEHH) 10
paspymenus kpoMkd KC B ycroBusX 1ByX(akTOpHOTO
HaTpY>XCHUS TOPIIHS.

1. HakoruieHrue TOBPEXKICHHA OT TepMOMeXa-
HUYECKOI YCTaJOoCTH, 00ycIoBIeHHOE
MEPUOTNIECKUMH HArpy>KCHHSIMH BBICOKOH YacCTOTHI
BBIYKCIISIMNCH B COOTBETCTBHUM C BhIpakeHuem [13-1§:

dp=2 2 (1)

3necy Z un Nim — HapabOTaHHOE KOJUIECTBO ITUKJIOB
Harpy>KCHHsT BBICOKOM YacTOTBl M  IPEACibHas
JMOJTOBEYHOCTh ~ MaTepHaiia TMpH  i—X  YCIOBHSX
HATPYXCHUS COOTBETCTBCHHO.

HpI/I OTBICKAHUU Nitm HMCITOJIB30BAaHbI KpI/IBBIC
No.= T (Ac +t)

KoJIe0aHMi

MHOTOIMKIIOBOU ycrajioctu

(3aBucumocTs aMITATY b
TEPMOMEXaHUIECKUX HAMPSIKECHUH (J; OT KOJINYECTBa
LUKJIOB JI0 HACTYIUIEHHS INPENEeIBHOTO COCTOSHHUS
cwiaBa AJI25), aKCIepUMEHTAIbHO MOJIYyYCHHBIC B
UIIIl AH VYxpaunsl B YyCIOBHAX LUKIMYECKUX
TEPMOMEXaHUYECKUX Harpy>keHui o0pasios
MaTEpHAIIOB IIOPIIHEH OBICTPOXOAHBIX nuzeneit [14].
IIpy coBMECTHOM BO3JICHCTBMHM MEXaHUYECKHX U
TEPMUYECKUX  HANPSDKEHWH  BBICOKOM  4acTOTHI

BEINMYUHY (O i MOXHO OINpCACINTb, HUCXOAA U3

BoIpakeHusi [14]
0 =Aow *¢ A0, (22)

e AOwi, Aoy - pasMaxu MeEXaHM4YeCKUX W
TEePMHUYECKUX HAIPSDKSHUH;
¢ - K03((PULMEHT BEIHOCIHBOCTH.
|

Tabmuua 2 — OCHOBHBIE MAapaMeTpPhbl LUKIMIECKOrO
Harpy>keHWs, YCTAJIOCTHOH W JUIUTCIBHOM IPOYHOCTH
KPOMOK HCCIIEyEMBIX ITOPIITHEH

[Tapametp 49H11/12,5 | MH12/14* | AH12/14**

MaxkcuMaabHEIC u
MUHUMAaJIbHBIE  YII-
pyrue HampspKeHus,
MlIla

84,43/-6,5| 99,7/4,1] 111,85/4/1

Pasmax Temneparyp

o 3815200 | 377-171| 385,171
B 1ukire, °C

JlmuTenbHOCTD LUKIIA
Harpy>keHusi, MUH

4 6 6

D¢ dexTuBHas TeM-

o 345 330 336
nepatypa nukia, °C

Amruryga  peicrt-
BUTENBHOTO  HAMpsi- 73,1 71,2 73,8
xenust (0,), MITa

[Tonyuennoe npu
¢usuueckoM  Moje-
JIMpoBaHUM Ha ycra-| 1800:200 2050 1100
HOBKE YHUCIIO ITUKJIIOB
JI0 pa3pyLIeHUs]

Pacuernoe 4YHUCIIO
LUKJIOB A0 pa3pyuie-
uus  kpomkn KC| 1680 1220 580
nmopiiHsa 0e3 yuera
MOJT3Y4YECTH

Pacuernoe 4YHUCIIO
LUKJIOB 10 pa3pyuie-
Hus kpomku KC
MOPILHS IIPU COBMEC-
THOM JEHUCTBUM yCTa-
JIOCTHU U TIOJI3y4eCTH

1810 1930 1060
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Oxonuanue mabn. 2

44H11/125| AH12/14* | MH12/14*

[Tapamerp
Jlonst HakoIIeH-
HBIX TIOBpEXKJIe-
HUH OT TepMo- 0,3 0,54 0,6
MEXaHUYeCKOMH
ycranoctu (df)
Jlons HaKOTUICH-
HBIX MOBpEX/e-
HUH OT IMKJIH- 0,7 0,46 0,4
4Yeckol  momsy-
yectH (dy)

* — Hu3KkouacToTHOE (0MHO(PAKTOPHOE) TEPMOMEXAHMYECKOE
HarpyxeHue;

**  — COBMECTHBIC HHM3KOYaCTOTHOE H BBICOKOYACTOTHOC
(nByx(akTOpHOE) TEPMOMEXaHUYECKOE HATPYIKEHHUE

B ycnoBusiXx TepMOLUKIMPOBAaHMS MOPIIHA Ha
BTC pa3smaxu  DOyJAbCUPYIOUIMX  MEXaHMUYECKUX

HarnpspKeHUH JAYeV! NPUHUMAINCH PaBHBIMU HYIIO, a
pasMaxy TEPMHUYECKUX HAIPSHKEHUH B TEUEHUE LUKIIA
BBICOKOI 4aCTOTHI BEIYUCIISUTUCH IO hopMmyote:

OBt 23)
ti —V,
3rece Oy, Ei, Vi — KO3 QHUIMEHT JTUHEHHOTO

pacumMpeHus, MOIYJIb YIPYrocTh W KodduuueHrt
ITyaccona mopumneBoro cmiaBa AJI25 npu i—x
YCJIOBHSIX HarpyXeHus. XapakTepHCTHKH Marepuaa

a., E, v OIpEEIIIHCH 110 JaHHBIM paboTsl [17].

KoadduumeHT BBIHOCIUBOCTU (. B wuHTEpBANe
I

temneparyp 230-290°C npunumaics paBaeiM 0,5, a
ceoiire 290°C-0,4[14)].

YCTaHOBIIEHO,  YTO  NPUMCHHUTEIBHO K
tepmouukinpoBanuo nopimns ¢ KC tuna LTHUIAN
mm3ens 44UH12/14 mwa BTC 1nons HAKOIICHHBIX
MOBPSXKJICHUA OT TEPMOMEXAaHWYCCKOH YCTaJOCTH,
00yCIIOBJICHHASI ~ TCPUOJUYCCKUMH  HATPYKCHHUSIMU
BBICOKOH YaCTOTHI, HACTOJILKO Masia (HE MpeBbIIIaeT
snauerus 0,03),4T0 €10 MOKHO IpeHeOpeYb.

2. Pacuer HaKOIUICHWS TIOBPEXICHHH OT
mnporecca  MOJ3Y4ecTH npu  AByX(haKTOpHOM
Harpyxenuu criaBa AJI25 ocymiecTBisuics Ha OCHOBE
CYMMapHBIX (ausKo- u BBICOKOYACTOTHBIX)
SKBUBAJICHTHBIX 3HAYCHHH TEMIeparyp U OKPYKHBIX
TEPMOYNPYTruX Hampspkenuit (cM. puc. 5) [9]. Dro
MO3BOJIIIO (popManmM30BaTh pacyeT OXHO(DAKTOPHOU
METOJIMKH.

Pacyersl konmMyecTBa IUKIOB O pPa3pylICHUS
KPOMOK KC paccMaTpUBaEMbIX MOpIIHEH
MIPOBOJIWIIMCH B JBYX BapuaHTax — 0e3 ydyeTa mporecca
MOJI3YY4ECTH U C YYETOM KOMIUICKCHOTO BJIHSHUS
MPOLIECCOB MOJ3YYECTH M YCTAJOCTH Ha TPOLEecc
HaKOIUICHUS] TOBpexAeHU. Pe3ynbrarel pacueToB
npuBeacHbl B Tabm. 2. BuagHo, uyto 0e3 ydera
MOJI3Y4ECTH TOYHOCTh IOJIy4aeMbIX PE3YJIbTaTOB IS
MPaKTHUKH OKa3bIBAETCS HEIPUEMIIEMOIA.

JloBosiIbHO XOpoIIas CXOAUMOCTb PE3YJIbTATOB
MPOBEJCHHBIX PAacYeTOB C OKCIEPUMEHTAJIbHBIMU
JNAHHBIMUA TIO3BOJISIET MCIIOJIB30BATh MPEIJIOKEHHYIO
METOJIMKY JUISl pacyeTa HAKOIUICHUS! MOBPEXKICHUI OT
HpPOLIECCOB TEPMOYCTAIOCTU u MOJI3y4eCTH
ATIOMAHUEBOTO  TOPIIHA C  y4eToM  Mojenei
SKCIUTyaTalliyl  JABWTATeled, T.€.  OCYIIECTBIATH
HamOoJliee  JTOCTOBEPHOE  NPOTHO3MPOBAaHHE WX
JIUTUTEIPHOM W TEPMOYCTAJIOCTHOM MPOYHOCTH C
Y9E€TOM KOHCTPYKTHBHBIX M pEANbHBIX PEKUMHBIX
(hakTOpOB.

AHajiu3 BJHMSAHAA WCTOPHH HATPYKEHUS
MOPUIHS OBICTPOXO/THOTO IH3€eJIsl HA J0JITOBEYHOCTH
KPOMKH KaMephbl cropanmusi. HeykioHHBI pocT
ypoBHsI (HOpCUpPOBaHHS OBICTPOXOJHBIX JIHU3EIHHBIX
JIBUTaTeJIeil BBI3BIBACT HEOOXOAMMOCTH OOecreyeHus
Tpebyemoro pecypca padboTel kpomkn KC mopurHs.
IIpp >TOoM [0 HaACTOSIIErO0 BpEeMEHH Hamboiee
HAJCKHBIMH METOJaMH OIICHKH SKCIUTyaTallMOHHOW
JOJITOBEYHOCTH KPOMKH ClemyeT CUHTATh
okcriepuMenTtanbipie  [18]. Ilo  sroii  mpuuune
pa3paboTka METOMAMK, ITO3BOJISIIOLIMX IPOrHO3HPOBATh
Bpems 1o paspyureHust kpomku KC yxe Ha HadaabHBIX
CTaIUsX MPOCKTUPOBAHUS IBUTATEINs U, YTO BAXKHO, C
YYETOM MOJICITU €T0 HKCIUTyaTaIlH SBISCTCS JOBOJIBHO
aKTyaJIbHOH 3a7aue.

[To oOmemMy MHEHUIO CIIEIHAIHUCTOB, BpEeMs JIO
paspymenust kpoMkn KC MOXHO OTIpenenuTh UCXOAs
W3 BHEMIHE TIPOCTOTO JIMHEHHOTO CYMMHpPOBAHHS
TTOBPEXKICHHUM, BBI3BAHHBIX MPOIECCAMH  yCTAIOCTH

df U MOJI3YYCCTU dS
df+ds:1. (24)

C yueroMm (24) wu npuHITOH MoOAeNH
9KCIUIyaTaliy [BUTATesl OTHOCHTENBHBIA pecypc
paboOThI KPOMKH paBEH

Tp 1 , (25)

5L Ly
==\ Us P

e 1, = abcoroTHass HapabOTKa TMOPIIHSA [0

paspymenus kpomku KC;

T — IJTAaHUPYEMBIH MOTOpPECYPC;
j - DKCILTYaTalHOHHBIX

MEPEeXOJHBIX  PEKUMOB  pabOTHI
BBIOpaHHOW MOJENH SKCILTyaTalluHy,

M — KOJIMYECTBO HHU3KOUACTOTHBIX LUKJIOB
HATPY)XCHUSI i—TO MEPEXOOHOr0 peXuMa paboThI
JIBUTATEIIS,

KOJNYCCTBO

JABUTATCIIA B

N & — anecno unkior o mosABNEHNA TPEIIHH TIPH
paboTe ABUraTess Mo i—My NMEPEXOIHOMY PEXKUMY NPH
k—oM 1uKIIe HarpyKeHus;

U o — YAenbHas HEPrus paccenBaHus B POLECCe

NOoJI3ydecTd mpu  paboTe ABUTATENs 1O  i-MYy
MEPEXOHOMY PEIKUMY MPU  K-OM IUKIIE HATPY)KEHHUS;
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U s KPUTHYCCKOC 3HAYCHUC yﬂeHLHOﬁ OHEPIrun

pacceuBaHusl.
3aMeTHM, YTO BEIWYMHA YACTBHOHW DHEPTUU
paccenBaHMs OTIPEIEIIETCS KaK

T
UK

Usk: J. SO'dT ! (26)

0

T.€. 3aBUCHT OT BPEMEHU K—T0 UKIA HArPYyKEHUS Ly

CKOpPOCTH  MON3y4ecTd € W JCHCTBYIOLIErO

HanpsokeHust O .

BeinonHeHHslii B [19] aHanmi3 CBUACTENBCTBYET,
4TOo U1 ONMCaHWs  Ipolecca  HOA3y4YecTd
AIIOMHHUEBBIX CIUIaBOB, OCOOCHHO B ciydae HX
HU3KOYAaCTOTHOTO  HAarpy>KeHWs,  MOXeT  ObITh
HCTIONIb30BaHA TEOPHSI YIIPOUHCHNUS

e="f(g,0,). (27)

IJic € — HAKOIUICHHAs! K PaccMaTpHBaeMOMY MOMECHTY
BpeMeHH JieopMalius MOoJI3y4ecTy;
t — geiicTByroIIas TeMIeparypa.

I'paduueckas naTepnpeTanys neGopMHUPOBAHI
Marepuaga B COOTBETCTBHMHM C JIaHHOM TEOpHeH Mpu
JIBYPEKMMHOM HArpy»k€HHHM Marepualia rpejcraBiieHa
Ha puc 6. 31ech mepexoj OT pexxuma i Ha pexum i-1
OCYIIECTBJIICTCS. B MOMEHT BpeMeHH T; B Touke 1' m
3aKaHYMBAETCS B MOMEHT BpeMeHH Tz B Touke 2. [Ipu
WHOM 4YepeloBaHHU pPAcCMaTPHBAEMbIX PEXKHUMOB
HarpykeHust (B Ciaydae HEHM3MEHHOH HapabOTKH Ha
Ka)XIOM U3 HUX) MEPEeX0A OT pekuMa i-1 Ha pexum i
OCYILECTBIISICTCS. B MOMEHT BpeMeHHU T,=T3-T; B TOUYKE
1" u 3aKaHYMBACTCS B MOMECHT BPEMCHH T3 B Touke 2''.
BungHo, 4TO CcMeHa mMOpsaKa YepeIOBaHUS PEKUMOB
HATPYXKCHUS TPUBOIUT K TOMY, YTO IOCIEAyIOIICe
ne(popMHUpPOBaHUEC MaTepuaa CTaHOBUTCS
HEMoCPEICTBEHHO 3aBUCSILUM oT HUCTOPHU
MPE/ALIECTBYIOIIEr0 €ro HarpyKeHus. JTO O3Hayaer,
YTO B OOIIEM cllydae OTHOCHUTEILHBIN pecypc paboThI
kpomku KC, onpenensemsiii B (25), 10JKeH 3aBUCETH
OT TIOpSAMKA YEpPEHOBAHWS | OKCIUTYaTAIHOHHBIX
MEPEXOIHBIX PEIKHUMOB PAOOTHI IBUTATEIS.

OpHako, ciedayer 3aMeTUTh, YTO I[OMHUMO
N3MEHEHHMsT C  TEUYCHHEM  BPEMEHH  CKOPOCTH
nomyuecti &€, B 30He Kpomku KC mmeer MecTo
peaKcanysi HanpsHKCHUN

_1do
E dt
ITocnemnee 0OCTOSATENECTBO OKa3bIBaeT yxKe

CJIO’KHOC BJIMAHUEC HA 3HAYCHUA BCIINYWH U sk 1 N fk .

IMpu stoM B [20] Hamu OBLIO IMOKA3aHO, YTO IIPH
NpeebHO BBICOKHX napameTpax MKIIA
TEPMOMEXAHUYECKOTO HATPYKEHUS KPOMKH KaMephl
cropanust  THnma IHUIU (thax = 375...385°C,
tmin = 170C, Opax = 100...110MIla, O, = 4MIla)
HOPSJOK YEPENOBAHUS HU3KOYACTOTHBIX PEKUMOB

(28)

Harpy>KCHuUs ABUTaTClid HE OKa3bIBACT MPAKTHUYCCKOIO
BJIMSIHUA HA BPEMA 0 paspylICHUSA KPOMKHU.

'

f E—

i\

O < & 2=
1 LR T
— PSKHM | — pexum i—1
— pexum  i-1 — pexuM i mocie
" " " pocnepexumai "®®®™' pexumai-—1

Pucynok 6 —JlepopmupoBaHue MaTepraa B YCIOBHIX
M0JI3y4YECTH NIPU ABYPEKUMHOM Harpy>KEHUH

B memsix MOCHEAYIOLMIETro MPOTHO3UPOBAHUS
BpeMeHH a0 paspymenus kpomku KC aHajsoruvxoe
pacyeTHOE MCCIIEIOBAHUE BBITIOJIHEHO MPHUMEHHUTEIBLHO
K mopmHio ¢ TopouganbHoii KC, B ToM umncie u B
JIMANa30He U3MEHEHHs TEMIIEpaTyp M HAmpsHKCHUH,
obecreunBammux TPeOyeMyl0 3KCIUTyaTallMOHHYIO
MPOYHOCTH KPOMKH.

CrereHb BIIHSTHUS MOCJIEI0BATEILHOCTH
YepeoBaHus PEKUMOB PabOThI JBUTATENS] HA PECYpPC
paboOTBl KPOMKM YCTAaHABIWBAIaCh Ha MPHUMEpPE
JBYPEKHMHOTO  [UKIMYECKOT0  HHU3KOYaCTOTHOTO
Harpys;keHus nopiias ausens 49H12/14. [lns nepsoro
pPEeKHMa MOJCITHPOBAIICS LIUKII HATPY)KSHUS IBUTATEIs
X.X. & 0,93Ny0y, 01 BTOpOro — 0,5Ny0y < 0,6Ny0n- B
COOTBETCTBUHM C 3arpy3Koil TPakTOPHOTO [U3eisl B
YCIOBUSIX PSIIOBOH €ro 3KCIUTyaTalud BpeMsi paboThl
(mpu  pecypce 10000 wyacoB) Ha mepBOoM H3
paccMaTpuBacMbIX PEKUMOB MPUHHUMAIOCH PaBHBIM
620 yacos, Ha BTopoM — 3200uacos [21]. B kauectse
BapbUPYEMbBIX [APAaMETPOB  BBICTYIMAU:  MOPSIOK
YepeqoBaHus YKa3aHHBIX PEXKHUMOB B PACUETHOM
HCCIIeJOBAHHH, BpeMs OJTHOTO [UKJIA

HU3KOYACTOTHOTO HarpyxeHus nopmss ( Ly« = 4 Mun
u 6 MuH), ypoBeHb (OPCHPOBAHMS JBHUrATEINs
(N, = 14,5«Bt/n u 20Bt/7).

VYpoBHH  [EHCTBYIOIIMX  TEMIIEPATyp u
HampspkeHnd B 30He KpoMmku KC cocTaBisioT npu
¢dopcupoBke N, = 14,5 kB1/n Ha mepBoM pexuMme
Harpyxenus 207 314°C u 43 54,5 Mlla, a nHa
BTOpoM — 265-288°C wu 49-.51 Mlla
cootBeTcTBeHHO. IIpHu popcuposke g0 N,=20 kBt/x1 na
MEPBOM PEXUME YPOBHH JCHCTBYIOUIMX TEMIIEpaTyp
207~ 355°C, ypoBHM [CHWCTBYIOIIMX HAMPSHKCHUN
43, 58,5 MIla, Ha BTOpoM pexume — 286 310°C u
51 54 MIla coorBercTBEeHHO. Pe3ynbraTel pacueToB
MIPHUBEICHBI B Ta0JI. 3.

Amnanmus MTOTyYSHHBIX pe3yIbTaToOB
CBUJICTEIICTBYET, YTO B  YCIOBHAX  CIOXHOTO
TEPMOMEXaHUIECKOTO UKITAYECKOTO
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HU3KOYaCTOTHOro HarpyxeHus kpoMmku KC mnopmns
MOPSIIOK  YepelOBaHUsl PEXKUMOB pabOTHI JBHTraTels
IPAaKTUYECKH HE OKa3bIBAa€T BIUSHUS Ha pecype
paboThl KPOMKH. DTO O3HAyaer, YTo IIpU pa3paboTke
MOJICTIH SKCIUTYyaTallUK IBUTAaTENsl yYUTHIBATh MOPSI0K
YepeJOBaHMs PEKUMOB €r0 HarpY)KEHHS HE CICIyeT.

Tabmuua 3 — BnusHHe pa3nUYHBIX [EPEXOJHBIX
PSXUMOB Ha HaKOIUIEHHE MOBpexaAeHUH B 30He Kpomku KC
MOPIIHSA C TEIIOBOAOM

Mpouece N, kBt/n Ty MUH Oi+ds
HarpyxeHus
Bapuant 1
1 14,5 4 0,1388
2 4 0,0868
Bcero Bapuanra 1 0,2256
BapuanT 2
2 14,5 4 0,1206
1 4 0,104
Bcero Bapuanra 2 0,2246
BapuanTt 3
1 14,5 6 0,0948
2 6 0,0542
Bcero Bapuanra 3 0,149
BapuanTt 4
2 14,5 6 0,081
1 6 0,07
Bcero Bapuanra 4 0,151
Bapuant 5
1 20 4 3,44
2 4 0,8968
Bcero Bapuanra 5 4,3368
Bapuant 6
2 20 4 0,963
1 4 3,334
Bcero Bapuanra 6 4,297
Bapuant 7
1 20 6 1,6738
2 6 0,4974
Bcero Bapuanra 7 2,1712
BapuanT 8
2 20 6 0,5522
1 6 1,575
Bcero Bapuanra 8 2,1272

PesynbpTaThl pacyeTHON OLIGHKH HAKOIUICHHS
oBpexkAcHU B 30He KpoMku KC mpy nBYypeKUMHOM
HaTrpy>XCHHHU TIOPIIHSA B JaTbHEHIIEM HCIOIB3YIOTHCS
JUIA  pacueTa UINTEIbHOM TPOYHOCTH C YYETOM
MIEPEXOAHBIX TPOIIECCOB PAOOTHI ABUTATEIS.

OueHKa CTeNmeHH BJIUSHAS  Pa3JIHYHBIX
nepexoJHbIX MpoueccoB B  o0meld Mogenau
IKCILTYATAIMH AU3eJsI HA JJIHTEIbHYK) MPOYHOCTH
mopuras. OIIGHKAa CTENCHW BIUSHHUS IEPEXOIHBIX
IIPOLIECCOB  JM3eJii Ha JUIMTENBHYI0 MPOYHOCTH
MOPIIHS OLIEHMBAJIACh HA IPUMEPE €TI0 UCIIOIb30BaHMUs
Ha TPaKTOpPEe B VYCIOBHAX PAAOBOW OKCILTyaTaIllH,
YCTQHOBJIEHHOW 1O JaHHBIM TOJOBOM 3arpy3Ku
TpakTOpa TIpH  BBHITNIOJHEHHUH TIOJIHOTO  OOBeMa
CEIIbCKOXO03SCTBEHHBIX pador [15]. Takas
TEOpeTHYeCcKass MOJENb  PSAOBOW  AKCIUTyaTaI[lH
OBICTPOXOIHBIX JHU3eJCH TpencraBieHa B Tabn. 4

(3IIGCI) Tq — OTHOCHUTCJIbHAasA Hapa60TKa JABHUIaTClIsl Ha

Ala-

g
pexuve (qu=1), a Ne wu
1

COOTBETCTBEHHO OTHOCHUTEIbHAS MOIIHOCTh U 4acTOTa
BpalleHWs KOICHYaToOro Bama | = N. O/ Nem., )

ﬁq = nq/ Nyow )

Tabmmma 4 — Teopernueckas MOAENb PAIOBOI
9KCIUTyaTald OBICTPOXOIHBIX Au3eseil (psAaoBbIC YCIOBHUS
9KCIUTyaTaliH)

HOMep Tq Neq ﬁq
pexuMa q
1 0,035 0 0,65
2 0,022 0,23 0,69
3 0,17 0,35 0,73
4 0,15 0,50 0,78
5 0,41 0,65 0,82
6 0,28 0,70 0,86
7 0,07 0,85 0,91
8 0,02 0,90 0,95
9 0,03 0,93 0,95

PacueTHble HMCCIEIOBaHHS BBIMOJIHEHBI  JUIS
nopuaeii ¢ TopommansHoit KC musens 44H12/14,
¢dopcupoBannoro g0 25 kBr/n.  Uccnemyemsiii
JBUTATEIb HMMEET MNPOMEXKYTOYHOE  OXJIAKACHHE
Ha/UIyBOYHOI'O BO3/AyXa M MacisHOE CTpyHHOe
OXJIaXJICHHE MOpPIIHSI. PaccMOTpeHBl BapUaHTHI C
npuMeHeHneM u  0Oe3 npumenenus [-o0pa3Horo
teroBoga. OmnpenencHre HAKOIUICHHS MOBPEKICHUIMA
B 30H¢ KpoMku KC OCYIIECTBIISIIOCH MO METOMAMKE,
W3JI0)KCHHOW BBIIE C YYETOM BBICOKOYACTOTHOM
COCTABIIIONICH HarpyxeHws. PacdeT mpoBoamics,

HCXOm W3 IUIAHHPYEMOTO pecypca  IBHTATEld,
pasHoro 100004acos.
Tabmuma 5 — Biusnue pasnuYHBIX IT€PEXOHBIX

PEKUMOB Ha HAKOIUJICHUC HOBpe)KZ[eHHﬁ B 30HC KPOMKH KC
TOPIIHA 0e3 TEILIOBOAA

< <
2l g |22 | 5|8 S
% = ] z % 1 © =
& ol E| | B E ©
o o
1.9 | 620 [320[ 189 | 493| -26 0507 31,
1.8 | 80 [315 189 | 480] -2,6] 0069 4,3
2.8 | 360 315219 | 449| -38 0023 14,
2.7 | 80 [307[ 219 452| -3,8 0,060 3,7
3.7 | 1320 | 307 235 | 43,6| -45 0,556 34
3.6 | 1500 | 285 235 | 36,9| -45 0,077 438
3.5 | 680 | 278 235 | 34,7| -45 002§ 18
4.5 | 3160 | 277 256 | 32,5| -55 0,075 4,7
Pe3yHLTaTLI, NOJYYCHHBIC [JIs1 HOPLIHA 0e3

TEIUIOBOJIA TIPEJICTABJICHEI B Ta0l. 5,a ¢ TEIIOBOIOM — B
Tabu. 6 Baeck T — BpeMst pa0OTHl HA PacCMaTPHBAEMOM

UKIE; tmax
MHUHHAMAJILHBIC

tminy

Omax  Omin

3HAYCHUS
Hanpspkenuit (MI1a) B 30He KpoMKH Kamepbl cropadust; d

TeMmeparyp

Q)

MAaKCHMAJIbHBIC W

)51
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— BEJMYMHA HAKOIUICHHBIX TOBPEXICHHUN; Oy — BKIIA
HAKOILICHHS TOBPEXKICHUN Ha PAacCMATPUBACMOM IHKIIC
B OOL[yl0 OO HAKOIUICHHBIX MOBPSXKICHUN 32
100004acoB, %).

W3 Tabnun BUIHO, YTO HAMOOJIBIIUI BKIAA B
cyMMapHoe HakoruieHue nospexacauii 3a 10000uacos

BHOCAT pexkuMbl 1o 9 (mo 32%) u 37 (o 35%).

OnHako C y4eToM TOro, 4ro Ha pexnme 1o 9
MOJyYCHHOE HAKOIUICHHUE MOBPEKICHHUN JOCTHIACTCS B
nBa pasa Obictpee (3a 620 wacos, npotus 1320 4acos
pekuMa 3o 7), MOKHO YTBEPKAaTh, YTO CTEHCHb
BIUsiHAA pekuMa 1o 9 Ha JUIMTENBHYH) HPOYHOCTH
MOPIIHS sBJIseTCS HamOosbmiei. [lo 3Toil mpuymHe
OIIGHKY HAKOIUICHWS TIIOBPEXKACHUN Ha paHHUX
CTamusAX TPOEKTUPOBAHMA IOPIIHEH IesecooOpa3sHo
OCYIIECTBIISITE IMEHHO Ha 3TOM PEXHME.

Tabmma 6 — BnusHME pa3IUYHBIX TEPEXOIHBIX
PeXMMOB Ha HAaKOIUIEHHE MOBpEXJeHU B 30He KpoMku KC
MOPLIHS C YYETOM TEIJIOBOAA

< <
2 g ||| 5B |8

o] o)
19| 620 | 307| 169 49,4 -3,0 0,2161 31,9
1-8 80 302| 169| 48,2 -3, 0,0372 5,
2.8 | 360 | 301| 201 44,9 -42 0,1011 149
27 80 293 | 201| 45,2 -4,2 0,0328 458
3.7 | 1320 293| 218 43,4 -4,9 0,2083 30,7
3.6 | 1500| 270| 218 36,6 -4,9 0,0349 5]1
3.5 | 680 | 262| 218| 34,4 -49 0,0147 22
4.5 | 3160| 262 240, 32,14 -58 0,0334 4)9

BeiBoabl. 13 BhIIeCKa3aHHOIO MOXKHO CHI€NaTh
CIEIYIOUINE BBIBOABI.

Ha ocHOBe skcnepuMeHTaNbHbBIX UCCIEI0BaHUN
noisydectr cruiaBa AJI25 B ycrnoBHSIX LUKINYECKOTO
HU3KOYAaCTOTHOTO  HM3MEHEHHS  TeMmeparyp U
HampsDKCHUH, pa3paboTaHa MeETOOAWKAa  OMHCAHUS
mporecca IUKINYECKON ION3YYECTH, yUUTHIBAIOIIAS
JUTTENIFHOCTh IMKJIA HATpPYXeHHs MmaTepuaina. B ee

OCHOBY TMIOJIOXKEHO YTOYHEHHOE  aHAINTHIECKOE
ONHMCAaHWE HCCIEAYeMOro Tpoliecca 10 TEOPHH
YIPOUYHEHHS.

Ha OCHOBE MIPUHLUTIOB JIMHEMHOT O

CYMMHPOBaHHMS MOBPEXKACHUH pa3paboTaHa METOIMKA
OLIGHKU JUIUTEIbHON U TePMOYCTaJIOCTHOM MPOYHOCTU
0co00 TerIoHanpshkeHHoH 30HbI kKpoMku KC nopuiss
C y4YeTOM KOMIUIEKCHOTO BIHSHHA  IIPOIIECCOB
YCTQJIOCTH W TON3Y4YEeCTH HA MPOLECC HAKOIUICHHS
noBpexxaeHuit. K ee 0coOEHHOCTSAM  OTHOCSATCS:
OIMCAaHKE [MKIMYECKOH IMo3ydecTd (penakcaunuu
HANPSDKEHUI) C Y4eTOM YHPOYHEHMsI Marepuaia |
BPEMEHH LUKJIA €r0 Harpy)XEHHS, ONpEIeNICHHE NOIH
MOBPEXJCHUN, BBI3BAaHHBIX MOJ3Y4YECTHIO, UCXOAS U3

OHEPIreTUICCKOro KpuUTepus IIPOYHOCTH, y4deT
HU3MCHCHHA oT UKIIa K HUKITY 3HAYCHUI
MakKCUMaJIbHOI'0, MHUHUMAJIBHOTO HW aMIUIUTYAHOT'O

YIPYTuX U AeHCTBUTEIBbHBIX HanpspKeHui. M3menenue

yKa3aHHBIX MapaMETPOB IMKIA BJIEKYT 3a coOou
W3MEHEHHE JI0JIed  HaKOIUIEHHBIX IOBPEXICHU,
BBI3BAHHBIX KaK YyCTaJOCThIO, TaK U TMOJ3Yy4ECThIO, a
TaK)Ke MPUBOJAAT K U3MEHEHHUIO XapaKTepa MPOTEKaHUs
Ipolecca pejlakcalliy HaMpsDKeHUH B MOCIENYIOIIEM
UKIe, T.6. K W3MEHCHHIO 3HAYCHWH HaKaITMBACMBIX
MTOBPEXXACHUN OT ITHKJIA K IIHKITY.

3. Hcnonb3oBanue pa3pabOTaHHBIX METOAMK
OLIEHKH JJIMTEIBHOM M TEPMOYCTaJIOCTHON MPOYHOCTH
MOPIIHS TO3BOJHJIO YCTaHOBHTH, YTO B YCIIOBHSX
CIO)KHOTO  TEPMOMEXaHHYECKOTO  MUKIMYECKOTO
HU3KOYACTOTHOrO HarpyxkeHusi kpomku KC mnopiuns
MOPSIOK YCPEAOBAHUS PEKUMOB PAOOTHI JBUTATEIS
MIPaKTUYECK HE OKa3blBaeT BIUSHUS Ha pecypc
paboThl KPOMKH. JTO O3HAYaeT, 4To MpU pa3paboTke
MOJEJHU HKCITyaTallul ABUTATENs] YUUTHIBATh MOPSAOK
YyepeaoBaHMs PEKUMOB €r0 Harpy>KeHUsl He CIeayerT.
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