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BIL/INB BUJY KEPYIOUNX ®YHKIIN HECTAIIIOHAPHOI 3AJIAYUI
TEIIJIONPOBIJHOCTI HA PECYPCHY MIIHICTD ITIOPIIHA

Bukonano ananiz po3paxyHko80-eKCnepumMeHmanbHux OaHux memMnepamypHozo ma mepMOoHAnpyHCeHo20 CMmany no-
PUWHA 8 nepexionux npoyecax pobomu 08ueyHa. Busnaueno xepyioui yHKyYii 6 30Hi nepuio2o ma 0py2020 NOPUIHEBUX
Kineyb. OMpUMaHO pe3ynbmamu memMnepamypHo2o Cmamy NOPWIHA 3 YPAXYBAHHAM SUSHAYEHUX KEPYIOUUX (DYHKYIL.
Ompumani pezynomamu 30i2aromvcsi 3 eKCHePUMEHMATbHUMU OAHUMU 3 HOXUOKOI 6 donycmumux mexcax. Poszens-
0aemvcsi 0OHOCMYRIHYACA 3MIHA KEPYIOUUX (QYHKYIU 6 NOPIGHSAHHI 3 OMPUMAHUM 8UOOM Kepyrouux @yuxyiil. Tloxa-
3AHO BNAUB BUOY KEPYIOUUX (YHKYI HeCMAayioHApHOL 3a0ayi MenionpogioHOCMI HA MeMNePAMmypPHUL Mma MmepMoHan-
PYorceHuli Cman KpoMKU Kamepu 320psiHHs NOPUHA. 3anponoHo8ano CRpoweHi apiaHmu Kepyouux QyHKyii Ha oc-
HOBI OOHOCIYNIHYACOT 3MIHU 8UOY Kepylouux QYHKYil. Bukxonano oyinky pecypcHoi miynocmi nopuita 3 ypaxyeam-
HAM 0coOaUBOCMEll 3MIHU CNPOWEHUX Kepylouux Qyukyill. Busnayeno cnpowenuil eapianm xepyouux @yHKyit, wjo
8i0nosidae Konyenyii 2apanmosano2o 3abesneueHHs pecypey KpOMKU Kamepu 320PAHHA NOPUIHSL.

Beryn

3arajJLHOBIZIOMO, 1[0 TEHJEHII 3MiHH IOKa3HH-
KiB 1 KpUTEPIiB SIKOCTI KOHCTPYKIIN IBUTYHIB BHYTpI-
LIHBOTO 3TOPSIHHS CBIYaTh PO TMOCTIHHE 3pOCTaHHS
nutoMoi notyxHocti. [lopsan 3 iHmMM 1 oOcTaBHHA
CYTTEBO YCKJIQIHIOE TIPOIEC NMPOCKTYBAHHSI OCHOBHHX
TETUIOHANPY)KEHUX IeTalel 1 By3JiB, IO CyNEpeduTh
LIIM CKOPOYEHHS 4acy Ta BUTpAT Ha IPOEKTYBaHHS.
OCHOBHHUM TiJIXOJIOM TYT CTa€ 3MEHIICHHS Yacy AOBO-
JIKM JABHUTYHIB 3a PaXxyHOK BIIPOBa/UKEHHS METOMIB Ta
3ac00iB TaKk 3BaHUX, BIPTYaJbHOTO MPOEKTYBaHHS Ta
MO/JICTIFOBAHHS.

[IMomo 3abe3meyeHHsT BICOKUX TOKa3HUKIB (i3h-
YHOT HAJIIHOCTI TEIUIOHANPY)KEHHUX EJIEMEHTIB JBHUIY-
HIB TYT OJA€ThCs LIb JOTPUMaHHs KOHLIENIi rapaH-
TOBAHOTO 3a0€3IEUCHHS pecypcy KOHCTPYKIii came Ha
eTari mpoekTyBaHHA. Ilpn 1boMy OJHOYACHE CKOpPO-
YeHHsI 4acy, BUTpAT Ha MPOEKTYBAHHS Ta JIOTPUMAaHHS
BKa3aHOI KOHIEMNIii rnepeadayae MEBHBI NMPHUITYIICHHS
Ta CIPOIIEHHS IION0 MOJICIIOBAHHS TeMIEepaTypHOTo,
Harnpy)XeHO-e()OPMOBAHOTO CTaHy JeTaned Ta Mpo-
rHO3YyBaHHs X pecypcHoi minHocTi [1]. B nepury uep-
Ty IIe CTOCY€ETHCS TPUITYCTUMOTO CHPOIIEHHS I'paHN4-
Hux ymoB (I'Y) 3agadi TemionpoBifHOCTI, 1110 € J0cTa-
THBO CKJIAHOIO HAyKOBOIO 33/1a4€IO.

BinmoBimHO 10 HaBeICHHX ITiIXOJIB 3HAYHA yBa-
ra MpHIUIEThCS 3a0€3MeUeHHI0 PECYPCHOI MIITHOCTI
nopiHs. Po3TpickyBaHHS KPOMOK KaMepH 3TOpSIHHS
(K3) € pmocute pPO3MOBCIOMKEHOI —MPOOIEMOIO,
OB’ sI3aHOK0 caMe 3 IiABHUINCHHSM PiBHIB (POpCYBaHHS
JIBUryHIB. OCHOBHOIO IPUYMHOIO O3HA4YEHOT IpodiieMu
€ Jacrta 3MiHa pexuMmiB excruryatarii [2]. [{e o3nauae,
10 JOTPUMaHHS KOHLEMNIIi I'apaHTOBAaHOTO pecypcy
TIOPIIHIB MMOBHHHO 0a3yBaTHCh Ha palliOHAJIBHUX pe-
KOMEHJAIisIX MPU3HAYEHHS CHpOIeHHX Mmojened 'Y
HecTallioHapHOI 33/1a4i TeTUIONPOBIAHOCTI MTOPIIHIB.

AHnaui3 nydaikauii Ta 3agayi qocaixKeHHs

Jl1s MotetoBaHHS TIEpeXiHOTO MpoIecy poooTn
JIBUT'YHAa BUKOPHUCTOBYIOTH HECTAI[lOHApHI MOJEIi eKc-

IuTyaTtallii, OCHOBaHi Ha cTamiOHapHUX Mozensx [3].
JaHi Moziesi ONHUCYIOTh KOKEH PEKUM OKpeMo. Takum
YMHOM JJIsI BU3HAUCHHS Pecypcy HEOOXiZHO BpPaxoBy-
BaTH MEPEXOJU MDK pO3MNISIHYTHMHU pexumamu [1].
Bu3HaueHHs OLIHKH pecypcHOI MILTHOCTI B PO3paxyH-
KOBOMY BHTJISIII MOKHA TIPEJICTABUTH 32 JaHUMH [4]:

NO N1 1 1 NO N1 0
=22 o2V’ @
i=l j=1 fj i=1l j=1

ne NO — KimbKiCTh BIIMIHHHMX MEPEXiMHUX TMPOLECIB
TEMJIOBOI'O HABAHTAXXEHHsI MOPIIHS B IPUUHATIH Moze-
mi ekcmuryaTanii nBuryHa; N1 — KiTbKiCTh IUKIIB Ha-
BaHTa)KCHHSI MOPIITHA, BiINOBITHUX i-My TepeXiTHOMY

i . . . .
nponecy; N $J-) — KUIBKICTh IIMKJIIB IO BTPATH MIITHOCTI,
BUKJIMKaHUX YTOMOIO B YMOBaX OJHOTO j-TO TNepexii-

. () ; ;
Horo npouecy; Uj” — eHepris poscitoBaHHs MPU MOB-

3Yy4OCTi, 1[0 BUKJIHKAHA OJHUM j-UM IMKJIOM HABAHTA-
JKCHHSL.

Taky Mozelb MOXJIHMBO BHKOPHCTOBYBATH Ha
OCTaHHIX eTanax MPOCKTYBAaHHs IMMOPIIHS MPHU HAasBHO-
CTi BIIOMOCTEW MIOAO KePYHUHX (PYHKIIHA TPaHHIHHX
yMOB 3-r0 POy 3a7ayi HecTal[ilOHAPHOI TEIUIOMPOBIiI-
HOCTI @Dy(1) Ta Di(T) Wi kKoxkHOTO 3 NO XapakTepHHUX
mepexinTHux nporecis. Lle mo3Bomse BCTAHOBUTH BEJH-
YMHY HAKOMMYEHHX TOMIKO/KEHb MaTepiamy s mpo-
TATOM 3aJIaHOTO pecypcey P.

[Ipote, 3HaxomkeHHs Kepyrounx ¢yHkmin 'Y
@,(1) Ta Di(T) HA CHOTOAHI MOKITHBO JIUIIE 3 EKCIIEPH-
MeHTy. [Ipukian pe3ysbTaTiB BU3HAYCHHS KEPYIOUHX
¢yskmin @q(t) Ta P(t) mogano B [5]. Ipukimagm 3a-
BranHa ['Y cramioHapHOi 3amadi TEIUTOTPOBITHOCTI
MO/TaHo B [6].

B [4,7] HaBereHO METOMKY 3MEHIIIEHHS KiJTbKOC-
Ti CTAllIOHAPHUX EKCIUTyaTaliiHUX HaBaHTa)KCHb JIBH-
ryHa BABidi i Ounbire. B minomy 1i 3acTocyBaHHS mpH-
BOJIUTH JI0 3MEHIICHHS Yacy Ha npoekTyBaHHs. OmHaK
JUISL TIOYaTKOBHX €TalliB MPOEKTYBAaHHS BOHA BCE OJHE
3aJIMIIATUMETHCS] HEEKOHOMIYHOIO.
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3a HallMEHIIy KiJbKICTh INEPeXiHUX IPOLECiB
HECTAI[lOHApHOi ~ MoJedi  ekcruryaTamii  Oa)xaHo
npuitHATH onuH. Toni ans mporo mporecy Bupas (1)
HaOyBa€e PO3pPaxyHKOBOTO BHUIIIAAY JJISI BUKOPUCTAHHS
Ha MOYATKOBUX €TaIax MPOeKTYBAHHS:

N1 1 1 N1 o
dﬁ=ZW+U*ZUJ , )

= Y i=t

ne obpaHuii mepexigHuii mporec i=1 Bimmosimae Bu-
3Ha4YaJIbHOMY LMKy HaBaHTAXXCHb NBUryHa &1 3 MeEB-
HUM YMOBHHM HapoOiTkoM Pi. 3a BU3HAYaIbHUN IUKI
HaBaHTaXEHb &1 TYT CIIiJ MPUHMAaTH MEpexigHui mpo-
eC 3 PEKUMY XOJIOCTOTO XOJly Ha PEKHM MaKCHMallb-
HOTO HaBaHTa)KCHHS Ta B 3BOPOTHOMY Hanpsimi. [Tixxin
(2) npu ILOMY TO3BOJISIE TIOPIBHIOBATH SIKICTH HOBOI
KOHCTPYKLII 3 TaKO0, 10 HaAIHHO MpAaIIoe B eKCILTya-
Tauii (HaBiTH NpU IHIIOMY piBHI ()OPCYBaHHS JIBUTY-
HA).

3 HaBeIEHOTO MOXHA C(HOPMYITIOBATH IBi 3amadi
JOCIHI/DKEHHS, [0 BIANOBINAIOTH METI CKOPOYEHHS
TepMiHY TpPOCKTYBaHHS HOPIIHA IPH JOTPUMAHHI
KOHIIENIi rapaHTOBAaHOrO 3a0e3Ne4YeHHs Horo pecypce-
HOT MILTHOCTI:

1. BusHaueHHs yMOBHOro HapoOiTKy Pi 3a BH-
3HaYaJbHUM LIMKJIOM HABaHTa)KCHb JIBUTYHA.

2. Po3poOka pexoMeHaliil 11010 TIPUITYCTUMOTO
CIPOIICHHS TPaHUYHUX YMOB 3ajadi HecTal[ioHapHOI
TEIUIONPOBIHOCTI MOPIIHS B YaCTHHI 3aBIAHHS Kepy-
tounx QyHKIii @y(1) Ta Dy(T) 11 BU3HAYAIBHOTO IIH-
KJ1y HaBaHTa)KeHb JIBUTYHA.

OCHOBHI pe3yJbTaTH J0C/iIKEeHHS

ExcriepuMeHTanbHE JOCIHIKEHHS TEMIeparyp-
HOTO CTaHy [OPIIHS BHKOHAaHO IIOAO  JIU3EIA
4YH12/14. Po3ristHyTO MEepexiTHUi MPOLEC 3 PEXXKUMY
XOJIOCTOTO X0y IPH 9acTOTi 00epTaHHS KOJIIHIACTOTO
Baiy (KB) n=1500xB" 10 pexuMy MakcUMaibHOI IO-
TyxHocTi npu N=1500x8?, mo Bimnoeinae makcuma-
JIBHOMY KPYTHOMY MOMEHTY AJISl JaHOTO ABUTYHa [8].

3a DaHUMHU EKCIIEpUMEHTAJIHHOTO JTOCIIKCHHS
Oynmu oTpuMmaHi Kepyrodi (yHKOII g mepexigHoro
MIPOLIECY B 30HI MEPIIOro Ta APYroro MOPIIHEBHX Ki-
nenp (IIK). Pesymbraté po3paxyHKy TeMmIIepaTypHOTO
CTaHy TOPIIHSA 3 BUKOPHUCTAHHAM O3HAYCHHUX (PYHKITIH
MOKa3alyd BHCOKHH 30ir 3 EKCIEepUMEHTAIBHUMH Ja-
HumH [8]. TeMnepaTypHuil cTaH 30H MOPILIHS 3 ypaxy-
BaHHSIM OTPHMaHUX KepyrouuxX (YHKIIH MOKa3aHO Ha
puc.l. HaBeneno nani mono 30Hu Kpomku K3, 30HM
Bepxuboro I1K, nepudepiitHoi 30H1 BOrHEBOro JEHIS
nopumHA. TemnepaTypHUil CTaH BKa3aHWX 30H BU3HA-
Yae HanpyXeHO-Ie(pOpPMOBaHHIA cTaH KpoMku K3.

CyIiIBHOO JIiHI€0 Ha pUC. | TpecTaBIeHO MaHi
EKCTIEPUMEHTAILHOTO JIOCII/UKEHHS, MePepHUBYACTOIO
— po3paxyHKoBi 3HaueHHA. [ToxuOKku oTpuMaHuX pe-
3yJ'H)TaTiB 3HaXOJAUTHCA B JONYCTHUMHUX MEXKax Ta HC
nepeBuIyoTs 10%.
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Puc.1. Temnepamypnuii cman 301 HOPWIHSL 8 NEPEXIOHUX NPOYecax
HaxkuoauHs (a) ma ckuoanus (6) HaBAHMANCEHHS

B [9] Ta iHmmx poboTax 3ampOMOHOBAHO 3Jiiic-
HIOBAaTH BU3HAYEHHS TEMIIEPATypPHOT'O CTaHy IOPLIHS B
MePeXiJHOMY TPOIeCi 3 BUKOPHUCTAHHSAM OJHOCTYIIiH-
4acToro BUly ynpasisitounx ¢yHKiii. ToOTo npu 3mi-
Hi peKMMy HaBaHTaKeHHs ABUTYHa ['Y 3amadi Termo-
MIPOBIAHOCTI 3MiHIOIOTHCSI MUTTEBO.

IMopiBHSHHS PO3PaxyHKOBHUX TEPMOHAIPYKEHUX

craniB kpomku K3 nmmzens 4YH12/14 3a ngiiicHum i
MHUTTEBHM XapaKTEepOM 3MiHM Kepyrouux (yHKmiid
npeacraBieHo Ha puc.2. TyT Ha puc. 2a MoJaaHo 3MiHY
TEeMIIepaTypHOTo CTaHy B 4aci, Ha puc 20 — BiAIOBIz-
HHUX TEPMIYHUX HanpyxeHb. CyLIBbHOIO JIHIEIO MOKa-
3aHO JaHi 3 BUKOPHCTaHHSM JIiHCHOTO BUIY KEPYIOUHX
(G yHKIIH, TepepruBYACTOI0 — OHOCTYMIHIACTHI BH].
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Puc.2. Bnaue sudy xepyouux yHryit Ha mepmoHanpyscenuti cman kpomxu K3 nopuns

3a pe3ynbTaTaMH HaBEJCHUX IOPIBHSIHb BUJHO,
IO MPU PO3PAXyHKY 3 BUKOPHUCTAHHAM OJHOCTYIIiHYa-
CTOrO BHAY Kepyrounx (yHKHiA mepmi 50 ¢ mporec
3pOCTaHHS TEMIICPATYPH € 3aBUINCHUM BiTHOCHO Iiiic-
nux ['Y. lle o3Hayae, 110 KOHIICMIliS rapaHTOBAHOI'O
3a0e3NeueHHs] pecypcy 3a KpUTEpiEM TeMIIepaTypHOTO
CTaHy KOHCTPYKLIT BUKOHYETBCSL.

OnHak, pe3yibTaTH PO3PaxyHKIB TEPMIUYHHMX Ha-
MPY’>KeHb 3aCBIMYYIOTh MPOTWICKHUH €EeKT — Hampy-
XKEHHS 32 OIHOCTYNIHYaCTUM BHIOM € MCHIINM.
OcCTaHHE CBIMYUTH NMPO HEBUKOHAHHS MPUIHATOI KOH-
LETii 32 UM KpUTepieM.

OTpuMaHi pe3ynbTaTd HE € BUKIIOUYCHHAM. AHa-
JIOTIYHI MOPIBHSHHS TEPMOHAIPYKEHOTO CTaHy HaMHu
Oyno 3xilicHeHO I mopuHiB ausenis 44H12/14,
6UH21/21, 44H10,5/12 gns pisHEX piBHIB (hopcyBaH-
HS, CTYICHS OXOJOKEHHS TOPIIHIB, TIPH Pi3HUX (op-
Max K3. OtpumaHni qaHi TakoX MPU3BEIH 10 Pi3HOHA-
NIPaBJICHOT 3MIHM TEMIIEpaTyp Ta TEpMIUHHMX HaImpy-
>kenb [10].

Came HaBeJieHa HEOJTHO3HAYHICTh cripoiieHHs ['Y
HECTaI[lOHAPHOT 3aja4i TEIUIOMPOBITHOCTI TOTpeOye
BHKOPHUCTAHHS Tiaxony (2).

Po3paxyHKoBa KUTBbKICTh IUKIIB HHU3bKOYACTOT-
HOTO HaBaHTa)XEHHsI MOPILIHS BU3HAYAETHCS 32 TPHUBa-
JICTIO OAMHUYHOTO MEPEXiTHOTO MPOLIECy:

N1=P1/ 1, (3)
Jie Ty — TPUBAIICTh OJMHUYHOTO ILUKIIy HaKHUIAaHHS-
CKHJIaHHS HABaHTa)XCHHS Ha TNPHUHHATOMY Ba)XKOMY
eKCIUTyaTallifHOMY peXHMi HaBaHTa)K€HHS IBUTYHA.
3a ganumu gociipkenHs [1] BiAmoBiaHO 10 KOH-
Lenii TapaHTOBAHOTO MPU3HAYEHHS Pecypcy HpHuiiMa-
€MO T, = 6 xB. Po3paxyHKH NpOBOIMIIHCS 3 BUKOPHC-
TaHHSM TPOTPAMHOTO KOMIIekcy «Pecypey [11].

OcCoOJIMBICTIO HAKOIMYEHHS ITOMIKOMKEHL € iX
CyTTEBA HENIHIMHICTh. BigMiueHO, 10 BHACIIIOK 3Mi-
IIHEHHsI MaTepialy MBUAKICTh IIOB3y4OCTi 3MEHITYETh-
Cs B 3QJISKHOCTI BiJl HAKOMTMYEHOI JedopMaliii moB3y-
qocTi [1].

[Tpote pi3Hi MoOJEN HecTaliOHAPHOI eKCIuTyaTa-
mii HaBaHTa)XEHHS [BUTYHa MAalOTh PI3HHHA piBEHb
BIUIMBY Ha PE3yJIbTaT HAKOMIECHHS MOIMIKOKEHb B (1)
i (2). BpaxoByroui BIacTHBICTb 3MILHEHHS Marepiary
TYT Ma€ Micle e(eKT 3aTyXaHHS HAKONMUYEHHX MOII-
KOJDKEHb B Jaci.

Lle BinoOpakeHO B MPOBEJCHUX PO3paxyHKax Ha-
KONMYEHHSI TOIIKO/DKEHb JUISl  TOPLIHSA  JTU3eNs
449H12/14 3a yMOB eKcIuTyaTtalii BAHTQ)KHOTO aBTOMO-
Oinms. PesynpraTé po3paxyHkiB mogano B tadm. 1. Tyt
HOMEpHU PEXKHUMIB (KOJIOHKA 2) BIANOBIJAIOTH JAHUM
pobotu [3], a mopsAmOK iX YepryBaHHS Ta HapOOITOK
MepexiTHUX mpoueciB P;, (KoloHKa 3) BCTAHOBIICHO 3a
Metoaukoro [1].

BenmnurHa HaKOMMYEHHX [OMIKOMKEHb 5, sKa
T0JjaHa B KOJIOHIII 5, TIpe/ICTaBiIeHa 110 PAAKaM cymap-
HO, TIOYMHAIOYH 3 MIEPIIOTO.

3 Tabiu. 1 BUAHO, 10 HAKOIMMYEHHS ITOIIKOIKEHD
3 POCTOM HOMeEpa MEPEXiTHOTro MpOoLEeCcY MaroTh 3ara-
JIbHY TEHJICHIIIIO JI0 CYTTEBOTO 3aTyXaHHS. Tak 3a Iie-
pui 10 mepexiTHUX MpPOIECiB HAKOMMYEHI MOIIKO-
JDKEHHS JUIsl TU3eJIsl aBTOMOOLISL JOCSTAIOTh BETMYMHU
dis = 0,97. Tyt HapOOITOK 3a CYMOIO JIECATH HPOILECIB
cknagae 5100 roxuH. TakuM YWHOM TpHIMaEMO 3a
JIOCTATHIA PO3paxyHKOBUH HApPOOITOK JJIsi aBTOMOOI-
nmpHOTO Aum3ens P1=5000 roauH mpu KiITBKOCTI TIOBTOP-
HuX po3paxyHkiB N1=50000.

3 Taba. 1 TakoX BHIHO, [0 BU3HAYAIHHHM IIHMK-
JIOM BHCTYTIA€ TEPIIUi mepexigHuii mporec, i=1. Jus
LILOTO TIPOIIECY BEJINYMHA HAKOMMYEHUX MOIIKOIKEHb
y MOHajA 2 pa3u NEepeBHIIyeE 3arajbHy BIINOBIIHY Be-
muauHy. Toal oTpuMyeMo HaWOITBIT €KOHOMIUHY MO-
JIeTb eKCIUTyaTalil IBUTYHA, 10 BiINOBIAAE MEpIIOMY
MepeXiTHOMY TIPOILeCY IpH 3HAYeHHI YMOBHOTO HapoO-
oiTky P1=5000 roauH.

OTpuMaHi AaHi JO3BOJSIOTH 3MIMCHUTH MPAKTHY-
HE 3aCTOCYBaHHS BHpasy (2) npu JOTPUMaHHI KOHIIe-
MIii rapaHTOBaHOTO 3a0€3MEeUeHHsT MIITHOCTI KOHCTPY-
KIiT Ha II0YaTKOBHX €Tarax il IPOeKTyBaHHSI.
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Tabmuus 1. HakonmueHHs nomkoukeHb KpoMku K3 nopirsst aBToMo6iiabpHor0 nusens 4UH12/14
1ipu ioro ¢opceysani 10 30 kBr/n

Hapobitox Kinbkicth
Howep nepe- Home NEPEXiIHAX | TepexiIHuX
XIJTHOTO p PeXIL PEXIIH dss
nporecyi peXUMY npouecis P, IIPOLIECIB
oI N1
1 2 3 4 5
1 1-27 820 8200 0,4252
2 1-26 200 2000 0,4652
3 2-26 740 7400 0,6154
4 3-26 340 3400 0,6869
5 4-26 160 1600 0,7236
6 5-26 740 7400 0,8961
7 6-25 300 3000 0,9347
8 6-24 360 3600 0,9413
9 7-24 1160 11600 | 0,9645
10 8-24 280 2800 0,9709
11 9-24 600 6000 0,9845
12 9-23 80 800 0,9863
13 10-23 380 3800 0,9945
14 10-21 180 1800 0,9956
15 11-21 500 5000 0,9967
16 11-20 1240 12400 | 0,9985
17 11-19 480 4800 0,9992
18 12-19 160 1600 0,9995
19 13-19 240 2400 0,9998
20 13-18 100 1000 0,9999
21 14-18 460 4600 1,0001
22 14-16 260 2600 1,0001

OTxe, 311 ICHEHO BH3HAYEHHS CIPOILICHUX Kepy-
tounX (yHKUIN 3a7a4i HecTal[ioHaApHOI TEILIONPOBiJ-
HOCTI HOPIIHS 32 03HAYEHOIO BUIIE METOIUKOIO.

Hamu 3anpornoHOBaHO PO3IJISIHYTH BIUIMB Ha Te-
MIIepaTypHUi, TEPMOHANPYXEHUH CTaH Ta PECypCHY
MilHICTh KpoMKkH K3 TOpIIHS OJHOCTYMIHYACTOrO BH-
Iy 3MIHU KepyrouuX (YHKIIH i3 3MIOICHHSAM 32 9acOM
X 3aCTOCYBaHHS BIJJHOCHO 4Yacy MOYaTKy MepexiHOro
nporecy.

Po3rnsiHyTO Taki BapiaHTH OJHOCTYIIHYACTOTrO
BUY KEPYIOUNX (QDYHKIIIMH:

— 3miHa ['Y BifgOyBaeThCsI MHUTTEBO 3 MOYATKOM
MIEPEXiTHOTO MPOIIECY;

—3mina ['Y BinOyBaeThcst 13 3ami3HeHHsIM Ha 6, 17
Ta 22 ¢ BIITHOCHO TIOYATKY II€PEXiJHOTO MPOLECY.

Otpumani 3a BUpa3oM (2) mAaHi pO3TISAHYTO Bij-
HOCHO BIJMOBITHNX JAaHUX 3 BUKOPHCTAHHIM JIHCHUX
Iy:

f= dsf,ZZ /dsf3 ) (3)

e dsfﬂ_ ,Z[iﬁCHe 3HAUYCHHA BCJIMYMHH HAKOIIMYCHUX
IIOIIKOKCHb, dsf3_ 3HAa4YCHHA BCJIMYHMHHU HAKOIINYC-

HHX TIOIIKOJDKEHb B 30HI KpoMku K3 mpwu mneBHiii Be-
JMUYWHI 3CyBY modatky 3miHu ['Y 3a ogHOCTymiHUYAcC-
TUM 3akoHOM. [Ipu BuKOpucTaHHI Bupasy (3) KOHIEN-
1lisl TapaHTOBAHOTO PECYpCy BUKOHYETHCS, KOJIM 3Ha-
4yeHHs f € He MEHIMM 32 OIMHHUIIIO.

OtpuMaHi pO3paxyHKOBI pe3yiabTaTH HpPEACTaB-
JieHi B Ta01.2 Ta Ha puc.3.

Tabmums 2. OiHKa pecypcHOi MIITHOCTI TOPIITHS

neuryna 44H12/14
Bapiantu kepyrounx ¢yHK- f
i

Jiiicauii BapiaHT 1
Murresa 3mina I'Y 0,7095
3amizHenHsa 3MiHu I'Y Ha 6 ¢ 0,4018
Bamizaenns 3mian 'Y Ha 17 ¢ 1,0107
3amizHenns 3Mian I'Y Ha 22 ¢ 1,0193
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KoHnempykyus BC

1.2

0.8
0.6
0.4
0.2

t,c

Puc.3. Cniggionowenns snavens kpumepiio f wooo
kpomku K3 nopwns ons pisnozo 6uoy kepyrouux QyHx-
yitl 3a0aui menaonpogioHocmi

OTtpuMaHi pe3yapTaTh OWIHKH PECYPCHOI MiITHOC-
Ti kpoMku K3 nokaszainy, 1110 3acTocyBaHHS MHUTTEBOTO
OJTHOCTYIMIHYACTOTO BHIY KepyrouuX (GyHKUil mpu3Bo-
IIUTH JT0 3aBHUILIEHOTO Pe3yJbTaTy PECypCHOI MIIHOCTI
dis. Lle o3Hawae, m0 B JaHOMY BHIAAKY KOHIICIIIIiS
rapaHTOBaHOrO 3a0e3MeuYeHHs pecypcHOi MIIHOCTI
KOHCTPYKILii MopymnryeTscs. BogHouac BCTaHOBIEHO,
II0 BUKOPHUCTAHHS OJHOCTYMIHYACTOTO CIIPOIIEHHS
Kepyrouux (YHKUiH mpu 3ani3HeHHi 3minu ['Y Ha 17-
22 ¢ BIIHOCHO MOYATKy MEPEXiAHOTO MpoLeCy NPaKTH-
YHO BiAmoOBimae nificHoMy BapianTy 3MiHu ['Y. Takum
BCTaHOBJICHO MOJKJIMBICTH crpolneHb 'Y HecTaiioHa-
PpHOT 3aa4l TEMIONPOBITHOCTI.

3amadi € BUPIMICHIMH.

BucHoBku

OTpuMaHi pe3ysbTaTH pO3paxyHKIiB TeMIeparyp-
HOTO Ta TEPMOHAINPYKEHOTo cTaHiB KpoMku K3 mopr-
HS B NEPEXiJIHUX Tpolecax poOOTH JBUTYHA, a TAKOXK
Pe3yJbTaTH OIIHKH PECYPCHOT MIITHOCTI TO3BOJISIOTH
3pOOUTH HACTYITHI BUCHOBKH.

BpaxoByroui ckinagHicTh TP BU3HAYCHHI TIHCHO-
ro BUAy Kepyrouux (QyHKLIH 3a7a4l TeruIonpoBi JHOCTI
B IIEPEXiTHOMY IIPOIIECi HABAaHTAXKECHHS IBUTYHA HEO0O-
X1THO MaTH OUTBII TIPOCTi CIOCOOM TX 3aBIaHHS.

Bapiant mutteBoi 3miau 'Y mpu 3MiHI pexumy
HABaHTAXKCHHS JIBUT'YHAa HE BIAIOBiJa€ KOHIEMIi ra-
PaHTOBAHOTO 3a0e3NeUeHHs] PecypCHOI MIITHOCTI KpO-
Mku K3 nopurnst.

JloTpuMaHHsT KOHLENIiT rapaHTOBaHOTO 3abe3re-
YeHHs pecypcy KpoMmku K3 mopimHs Ha moyaTKoOBHX
erarax HOro MpPOEKTYBaHHA € MOMJIMBMM 32 YMOBH
3ari3HeHHs B yaci 3MiHu ['Y BiTHOCHO MOMEHTY rova-
TKY NEPEXiHOTO MPOIECy HABaHTAXKSHHS IBUTYHA.

Po3paxyHOK pecypcHOI MITHOCTI B pa3H NPHCKO-
PIOETHCS TPU BpaxyBaHHI OJHOTO HAWOINBII Ba)XKKOTO
MIePEXiTHOTO MPOIIeCY Ta YMOBHOTO HapoOiTKy Pi , 1o
nopisaIOE 5000 roauH.

[Nopanbmmii HaPsIMOK poOIT HAIJIEHO HA CyMic-
He BpaxyBaHHs HU3bKO- Ta BUCOKOYACTOTHHX TEPMid-
HHUX HAaBaHTa)XCHb MOPIIHIB.

Cnucok nimepamypu.
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BJUSHUE BUJA YIIPABJISIOIUX ®YHKIIAA HECTAIIMOHAPHOM 3AJJTAUM TEIJIOIPOBOJHOCTH HA
PECYPCHYIO ITPOYHOCTbD ITOPILIHSA

H.A. Moposunuyesa. A.H. 303yna, B.A. Ilvines, P. Apuan

BerinosHeH aHanM3 pacueTHO-9KCIEPUMEHTANIBHBIX JAHHBIX TEMIIEPATypHOTO U TEPMOHAINPSDKEHHOIO COCTOSHUS MOPILHS B
MepexoaHbIX Iporeccax paboTs! aBurarens. OnpeneneHs! yIpaBisione GyHKIMY B 30HE IEPBOTO U BTOPOTO MOPIIHEBBIX KO-
nern. [ToxydeHs! pe3yabTaThl TEMIIEPATYPHOTO COCTOSIHUS MOPIIHS C yIETOM ONpEeTIeHHBIX ynpaBistonmx ¢yHknuii. [Tomryden-
HBIE Pe3yIbTaThl COBMAJAIOT C 3KCIHEPUMEHTANBHBIMU JaHHBIMU C IOTPEIIHOCTRIO B IOIYyCTHMBIX Tpefenax. PaccmarpuBaercs
OJHOCTYIIEHUATOE U3MEHEHHE YIPABISIONMX (QYHKINI B CPABHEHUH C TIOJYYE€HHBIM BHIOM YNpaBIsomux GpyHKiui. [lokazano
BIIMSIHUE BHJA YIPABIAIOMNX (QYHKIMI HECTAl[MOHAPHOH 3a/lau¥l TEIUIONPOBOHOCTH HA TEMIIEPAaTypHOE M TEPMOHAIIPSIKEHHOE
COCTOSIHHE KPOMKH KaMephl CropaHus HopIHs. [IpeiokeHi ynpoIieHHbIe BApPHAHTH! YIPABILIIOMMX (QYHKIHI HA OCHOBE OJTHO-
CTYIIEHYAaTOr0 M3MEHEHHs BHJa YIPABILIIOMNX (YHKIMHA. BBIONHEHA OIleHKa pecypcHOI MPOYHOCTH MOPIIHS C YI€TOM OCO-
OeHHOCTEH M3MEHEHHMs YIPOIICHHBIX YHPaBSIOMNX (QyHKOuiA. OmpemesieH YHpOIIEHHBIH BapHaHT YNPABILIIOMNX (QyHKIHH,
COOTBETCTBYIOIMINH KOHIIETIINHI TAPAaHTHPOBAHHOTO 00ECTICUSHUSI pecypca KPOMKHI KaMephbl CTOPAHHS OPIITHS.

INFLUENCE OF A TYPE OF CONTROLLING FUNCTIONS OF NON-STATIONARY PROBLEM OF THERMAL
CONDUCTING ON THE RESOURCE STRENGTH OF THE PISTON

Mordvintseva I., Zozulya A., Pyilev V., Aryan R.

The analysis of calculation and experimental data of the temperature and thermo-stressed state of the piston in the transient
processes of the engine is performed. The control functions are determined in the zone of the first and second porous rings. The
results of the temperature state of the piston have been obtained taking into account certain control functions. The obtained re-
sults coincide with the experimental data with an error in the admissible mediums. A one-step change in control functions is con-
sidered in comparison with the obtained type of control functions. The influence of the type of control functions of the non-
stationary heat conduction problem on the temperature and thermo-stressed state of the edge of the combustion chamber of the
piston is shown. The simplified variants of control functions are offered on the basis of one-step change of the type of control
functions. The estimation of the resource strength of the piston is taken into account taking into account the peculiarities of the
change of simplified control functions. A simplified version of control functions is defined, which corresponds to the concept of
guaranteed maintenance of the resource of the edge of the combustion chamber of the piston.
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