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PE®EPAT

[TosicHroBanbHA 3amUCKa O Marictepcbkoi poboTu Ha Temy: «llokpamieHHs
e(eKTHUBHOCTI TIAPaBIIYHUX aMOPTHU3ATOPIB HA(TOTA30BOTO TEXHOJOTIYHOTO
TPAHCIIOPTY B 3MMOBHUX YMOBax» CKJIajaeTbes 13 89 apkymiiB opmary A4, Ha IKUX
MicTaThest 6 po3ainis, 10 Tabmuis, 26 pUCyHKIB.

PO3KpHUTO OCHOBHI XapaKTEpUCTUKH TPAHCIOPTHOTO Mpolecy B HadTOTra3oBii
rajy3i Ta BIUIMB HU3bKUX TEMIEpaTyp Ha eKCIUIyaTalilo Ha@TorazoBoro
TEXHOJOTIYHOTO TpaHcmopty. Omucani MeToau 3a0e3nedyeHHs (YyHKIIOHYBaHHS
TiIpaBIIYHUX aMOPTU3ATOPIB HA()TOra30BOr0 TEXHOJIOTIYHOTO TPAHCIIOPTY 32 YMOB
HU3BKUX TEMIIEPATyp.

[IpoBeneHO TEOpPETHUHMI PO3PAXYHOK 3HAY€Hb CHJI OMOPY TIAPABIIYHUX
aMOpPTHU3ATOPIB 3 BpaXyBaHHSIM 3MIHU TEMIIEpaTypH HABKOJIHUIIIHBOTO CEPEIOBHUIIIA.
BcranoBieHe 3Ha4Ye€HHS TPaHUYHOI TEMIEpaTypH, 3a SIKOT CHJIM OIMOpY TiApaBiiy-
HUX aMOPTHU3aTOPIB MEPEBUIIYIOTh HOpMaTHUBHI 3HaueHHs. [IpeacTaBieHa marema-
TUYHA MOJENIb (PYHKIIOHYBaHHS TIIPaBIIYHOIO amMopTu3aropa. BcraHoBieH1 oc-
HOBHI 3Hauylll (akTopH, 10 BIUIMBAIOTH Ha Mpoliec (PyHKI[IOHYBAaHHS aMOpTHU3a-
TOPIB.

ExcrniepuMeHTanbHO JOCHIKEHO BIUIMB BUOpaHMX (aKTOpiB Ha MHapameTpu
GyHKIIOHYBaHHS aMOPTU3ATOPIB HA(TOTra30BOT0 TEXHOJIOTTYHOTO TPAHCIOPTY Ha
maci BaHTaxHOTO aBTOMOOLII KpA3-260 3a HM3BKUX TeMmIlepaTyp CKCILTyaTallii.
Po3po6ieHo 1 OOrpyHTOBaHO CKJIaJ Ta YMOBHM 3aCTOCYBaHHS MOAM(DIKOBAHOI
PIAVHY TiIpaBIIYHUX aMOPTHU3ATOPIB JIJI1 YMOB HU3BKHUX TEMIIEPATyp AOBKIJUIS.

TexHIKO-eKOHOMIYHE OOTPYHTYBaHHS MIATBEPIKYE €(DEKTUBHICTh MPUUHATHUX
pILIEHB.

KuarouoBi cioBa: HadTOTra30BHil TEXHOJOTIYHUN TPAHCHOPT, TIAPABIIYHUAN

aMOpTHU3aTop, MiJBicCKa, MOAU(DIKOBAaHA PiIUHA, MATEMAaTUYHA MO/IETTb.



THE ABSTRACT

Explanatory note to the master's thesis on the topic: "Improving the efficiency
of hydraulic shock absorbers of oil and gas technological transport in winter
conditions™ consists of 89 sheets of A4 format, which contain 6 sections, 10 tables,
26 figures.

The main characteristics of the transport process in the oil and gas industry and
the influence of low temperatures on the operation of oil and gas technological
transport are disclosed. Methods for ensuring the functioning of hydraulic shock
absorbers of oil and gas technological transport under low temperature conditions
are described.

A theoretical calculation of the values of the resistance forces of hydraulic
shock absorbers is carried out, taking into account changes in the ambient
temperature. The value of the limit temperature at which the resistance forces of
hydraulic shock absorbers exceed the standard values is established. A
mathematical model of the functioning of a hydraulic shock absorber is presented.
The main significant factors that influence the process of functioning of shock
absorbers are established.

The influence of selected factors on the parameters of the functioning of shock
absorbers of oil and gas technological transport on the chassis of the KrAZ-260
truck at low operating temperatures was experimentally investigated. The
composition and conditions of use of the modified hydraulic shock absorber fluid
for conditions of low ambient temperatures were developed and substantiated.

The feasibility study confirms the effectiveness of the decisions made.

Keywords: oil and gas technological transport, hydraulic shock absorber,

suspension, modified fluid, mathematical model.
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BCTYII

Jliis mepeBe3eHb pi3HUX BaHTAXIB HA TEPUTOPIT YKpaiHU BUKOPUCTOBYETHCS
MEPEBAXHO aBTOMOOUTLHUN TpaHCIOPT [2, 6]. Sk mokasye mpakThka, BAKOHAHHS
o5u3bK0 40 % o0cary poOIT npunanae Ha Nepioj] 3 HU3bKOI Temmneparyporo Bij -0
1o -15 °C TpusanicTio npaktTuyHo B 3-4 micsi. g npobiema € akTyanbHOIO 7S
BaHTQXHUX aBTOMOOUTIB PI3HMX MapoOK, 110 BUKOPUCTOBYIOTHCS JIJIsl TIEPEBE3CHD 1
MOBUHHI BiAmoBinatu ocobmuBumM kputepism [20]. [IpoTe y cuimy BUCOKHUX BUMOT
MOJI0 BAOCKOHAJICHHS TPAHCHOPTHOTO TIPOIECY, OJHUMH 3 HAWYMCETHHIMINX
(6muzbko  21% Bim  yciX BaHTaXHUX AaBTOMOOUIIB) Ta MEPCHEKTUBHHUX
TPAaHCHOPTHUX 3aco0IB Uil HA(TOra3oBOr0 TEXHOJIOTIYHOIO TPAHCIOPTY €
BaHTa)XH1 aBTOMOO1111 ciMeiicTBa KpA3.

Excrutyarariisi HEmiAroTOBJIEHUX aBTOMOOUIIB B YMOBAaX HU3BKUX TEMIIepa-
Typ NPU3BOJUTH JI0 301TBIIICHHS] HABAHTAXKEHDb Ta BIAMOBIIHOTO 3POCTAHHS KIJTBKO-
CT1 BIIMOB CHUCTEM Ta arperariB. BinOyBaeTbcsi 3pOCTaHHsI KUIBKOCTI BIIMOB arpe-
raTiB 1 cuctem o 40 % Bij 3arajgpbHOTO iX YMCIa, 30Kkpema a0 15 % mpumnangae Ha
niaBicky. KiIbKiCTh B1IMOB MiJIBICKM aBTOMOOUIIB Y 3UMOBI MiCSIIl 301JIbIIY€ETHCS
Maifke B 2,5 pa3u, BEJIMKY YaCTKY SIKUX CKJIaJaloTh T1IpaBIiuHl aMOPTU3AaTOPH (10
40%). Anani3z HeCpaBHOCTEH MOKAa3aB, M0 HAHOUIBII 3HAYYIIOIO € BUTIKAHHS PO-
00401 piAMHU 3 amopTU3aTopa — 10 55 %.

Husbki Temmepatypu ekcrilyartailii BIUTMBAIOTh HE TIIBKA HA 301IBIICHHS
KUJIBKOCT1 HECIPaBHOCTEH €JIEeMEHTIB MiJBICKH, aje 1 Ha MOTIPIIEHHS eKCITyara-
HIAHUX XapaKTEPUCTHK aBTOMOOLIIB, TAKUX SIK 3HUKEHHS CEpe/IHbOi €PEeKTUBHOI
IIBUKOCTI, 30UTBIIIEHHS TaJIbMIBHOTO IIISAXY, MOTIPIICHHS] YMOB TpaIli, 3HWKEHHS
MPOJYKTUBHOCTI 1 30UIbIIEHHS eKCIUTyaTaliiHuX BUTpaT. OIHUM 3 OCHOBHMX
€JIEMEHTIB TiJBICKH, [0 BIJIMBA€ HA aKTHUBHY Oe3Meka 1 € HaWOUIbIIl CXWJIHBHUM

BIUITMBY HU3bKHX TEMIIEpATyp 1, sIK HACTIAOK, 3HOCY, € T1PaBIIYHUN aMOPTHU3aTOP

[5]
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BianoBigHO 10 BUMOT HOPMAaTUBHHUX JOKYMEHTIB, OJTHUM 3 MOKa3HUKIB, 1110
BU3HaYa€ YMOBH (DYHKIIIOHYBaHHSI T1APABIIYHUX aMOPTH3ATOPIB MiABICKH € CHIIH
ormopy. 3Ha4YeHHs CHWJI ONOpPY Ha BiOid 1 CTUCKAHHS MOBWHHI BIAMOBIJATH KOHC-
TPYKTOPCHKIN JOKYMEHTAIlll NP MaKCUMaJIbHUX MIBUAKOCTIX PyXy MOPIIHS 10
0,52 M/c 1 He IepeBHUIIyBAaTH TOMYCTUMUX MEXK. 3a poO0Uy PIAUHY B T1IpaBIIYHIX
aMOPTHU3aTOpax BUKOPHCTOBYIOThH CIEIialibHI PiAMHU Ha HadTOBIM OCHOBI, 301J1b-
HICHHS B'SI3KOCTI 32 HU3bKUX TEMIIepaTypax SIKUX MPU3BOJIUTH JO CYTTEBOTO IMOTi-
piieHHs (YHKI[IOHYBaHHS aMOPTU3aTOPIB TPAHCMICIT Yy KOMILIEKCI.

Takum uyuHOM, a1 (PYHKIIOHYBaHHS TIIPaBIIYHUX aMOPTU3ATOPIB 3a
HU3BKUX TEMIlepaTypax 3 IapamMeTpamM, OOYMOBJICHUMH KOHCTPYKTOPCHKOIO
JIOKyMEHTAIll€l0, HEO0OX1HO 3a0€3MeYuTH BIAMOBIAHI BJIACTUBOCTI PoOOYOT
pinuHu. IcHyrodi crocoOu BUpIIIEHHS J1aHO1 MPOOJEMU HE 3HAWIUIM IHUPOKOTO
3aCTOCYBaHHSA B CHUJIy HU3bKOi €()EKTUBHOCTI 1 3HAYHUX BUTPAT ISl MAacoBOIO
3aCTOCYBaHHS, a TAKOK MaJlol BUBYEHOCTI JaHOTO HampsMKy. [lepenbavaerbes, 1m0
3a0€3MEeUCHHs] eKCIUTyaTalliiHUX XapaKTepUCTHK TIAPaBIIYHUX aMOPTHU3ATOPIB,
MPAITIOI0YNX B YMOBaX HU3BKUX TEMITEpaTyp, MOXIIMBE MIJISTXOM aIalTaIlii CKIIaay
po0OoYOi piIMHU J1I0 YMOB HAaBaHTAXEHHS Ta TEMIEpaTyp HaBKOJUIITHHOTO
CepeIOBHIIIA.

Meta pobGoTH — TIABUIIEHHS EKCIUTyaTaI[iliHUX XapaKTePUCTUK TiApaBiiiy-
HUX aMOPTH3aTOPIB aBTOMOO1IIB, MPAIIOI0UYUX B HAPTOra30BOMY TEXHOJIOTTUHOMY
TPAHCHOPTI 3a HHU3BKUX TEMIIEPATyp 3aBJASKA 3aCTOCYBAaHHIO MOJU(DIKOBAHOI
poOOoYOi PIAVHH.

OO6'eXT MOCHTIKEHHS — MPOIEC 3MIHU €KCIUTyaTallIiHUX XapaKTePUCTHUK TiJ-
pPaBIIYHUX aMOPTH3aTOPIB HAPTOTa30BOr0 TEXHOJOTIYHOTO TPAHCTIIOPTY B YMOBax
HU3BKHX TEMIIEPATyp.

[IpeameT mocCiimKeHHS — 3aJIeKHOCT]I 3MIHM €KCIUTyaTaIlliHUX XapaKTepuc-
TUK TIAPABIIYHUX aMOPTU3aTOPIB HAPTOra30BOro TEXHOJOTIYHOTO TPAHCIOPTY B

YMOBAX HU3bKUX TCMIICPATYP.
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1 AHAJII3 CTAHY IUTAHHS, META 1 3ABJIAHHS
JOCJIKEHHS

1.1 XapakTepucTHKA TPAHCIIOPTHOIO NMpoiuecy HAPTOrazoBoro
TEXHOJIOTIYHOI0 TPAHCIIOPTY

OpHi€ero 3 HAWBAKIIMBIMIUX SKCILTyaTAIMHUX SIKOCTEH aBTOMOOUTBHUX TIifT-
BICOK € 30€pe)KCHHS 3a/IaHUX MMapaMeTpiB MOTJIWHAHHS BIOpaIlliHMX HaBaHTaXXEHb
3a pi3HUX yMOB ekcrutyatamii [12]. OCHOBHUMU YMHHHMKAaMHU, 1110 BIUIMBAIOTh Ha
NOTIPUIEHHS SIKOCTI iX poOOTH, € YMOBH €KCIUTyaTalli: TPaHCIOPTHI, TOPOXKHI 1
kiiMatuyHi. [l yac TpaHCIOpTYBaHHS BaHTaX1B BPAXOBYIOThCS SIK OOCSTH, BUJIH 1
BIJICTaHI NIEPEBE3EHb, TAK 1 YMOBU NPH HABAHTAKEHHI Ta PO3BAaHTAXXEHHI, & TAKOX
YMOBH PEMOHTY Ta TEXHIYHOTO OOCIYyrOBYyBaHHS TPAHCIOPTHUX 3ac00iB [6].

Ha nmpakTtumi 3yctpiyaroTbes pi3HI BUIW MEPEBE3€Hb: CHELiaIi30BaHl, Ipo-
MHCJIOBI, CIUJIBHOTO MPU3HAYEHHS, CUIbCHKOTOCIOAAPCHKI, Oy/iBENIbHI, a TaKOX
TPAHCIIOPTYBAHHSI CHEIlai30BaHUX BAHTAXIB, IMiJ Yyac 3a0€3MeUeHHs SIKUX J0/aT-
KOBO YTOYHIOIOTHCSI YMOBU TPAHCIIOPTYBAHHS T4 MOKJIMBI HaBaHTAKEHHS. 3aJex-
HO BiJ] JJOPOXHIX YMOB TIiJl YaC BUKOPUCTAHHSI aBTOMOO1IIB MPpUIMaIOThCS 10 yBa-
TH: THII JOPOKHBOTO TIOKPHUTTSI, PO3PAaXyHKOBA IMIBHUAKICTh PYXY, JOIMYCTUMI HaBa-
HTAXXEHHS Ha BICh, €JIEMEHTH NPO(DIII0 TOPOKHBOTO MOJIOTHA 3 BpaxyBaHHSIM pe-
needy MicrieBocTi [4, 25].

3a 10JAaTKOBI YMOBHU TaKOX BPaxOBYIOTHCS KIIMATHYHI OCOOJMBOCTI ISt
MPOTHO3YBaHHS 1 BHU3HAYCHHS (PYHKI[IOHYBaHHS €JIEMEHTIB. YCi I yMOBH B
pe3ynbTari 1 BHU3HAYAIOTh PEXUM POOOTH TPAHCIOPTHOTO 3aco0y — Ha-
BaHTA)KyBaJbHUM Ta IIBUAKICHUH.

Cepenni TemriepaTypu y CidHI Ha TepuTopii YKpaiHu BapitoroTh Bia 0 10 -
20°C, nunus - Bia 15 go 35°C. KnimaTtuuHi ¢pakTopu BpaxOBYIOThCS Ii]1 4ac BCTa-
HOBJICHHSI HOPM 1 TEXHIYHMX BUMOT, BUOOP1 peKMMIB BUIIPOOYBaHb, MJIaHYBAaHHS,
HOPMYBaHHsI 1 OpraHi3aiiii TeXHIYHOI eKCILTyaTailii, 30epiranHs 1 TPaHCIIOPTYBaHHS
aBTOMOOUIBHOTO TPAHCIOPTY, MPHUJIAIB Ta TEXHIYHUX BUPOOIB, MPU3HAYEHUX IS

eKCIUTyaTallii. 3a OCHOBHI KJIIMaTH4HI (PaKTOpH MiJ Yac parloHyBaHHS TEPHUTOPii
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JUISL TEXHIYHHUX L1JIed mpuiMaloThCs TeMIlepaTrypa 1 BIJHOCHA BOJIOTICTh MOBITPSI.
Vi kimiMaTU4Hl palloHU CTBOPIOIOTH OCOOJIMBI YMOBHU JIJII PyXOMOTO CKJIaay, IO
XapaKTEPU3yIOThCS TTOETHAHHAM HECTPUATIUBUX (PakTopiB. Tak ms KIIMaTUYHO-
ro paiiony 30uu Kapnat, Ha miBHOYI 1 CXOA1 KpaiHW XapakTepHi HE TIIbKUA HU3bKa
TeMIlepaTypa HaBKOJUIIHHOTO TOBITPS Ta BITPH, aje W BaxKyl JOPOXKHI YMOBH
(CHIrOBi 3aMeTH B3UMKY, poOOTa Ha AOpOrax 3 MepexXiTHUMU MOKPUTTAMH 1 1HIIIE).
s cyxoro KIiMaTHYHOTO pailoHy (miBAeHb YKpaiHu), KpiM BHCOKOI TeMIie-
paTypu, HETaTUBHUMH (DAKTOpAMU € COHSIYHA Pajiiallisl Ta BEJIMKA 3aMUJICHICTh M0-
BITpSI.

[ToripuieHHss yMOB poOOTH arperariB Ta CUCTEM aBTOMOOUIIB 3a HU3BKUX
TEMIEPATyp HABKOJIMIIHBOTO IMOBITPS MMO3HAYAETHCS HA PO3MOALIL BIIMOB BIPO-
JIOBX POKY 1 BIAMOBIJHIA 3MiHI TPYIJOMICTKOCTI iX ycyHeHHs. Ha pucynky 1.1
MPEICTABIICHO PO3MOILT MOTOKY BIIMOB MiABICKM aBTOMOOLIIB 32 MICSIISIMU POKY.

Ha rpadiky 4iTKO MpPOCTEKYETHCS 3aJIEKHICTh 3017BIICHHS YaCTOTH BIIMOB
arperaTiB IiJBICKa MPU 3HMKEHHI CEpeIHbOA000BOI TEMIIEpaTypH EKCIUTyaTalli B
nepioJ i3 AUcTomnaaa mo 6epeseHsn. [lpu 1boMy KiTBKICTh BIIMOB MJBICKH aBTOMO-
O111B y 3MMOBI MICSLI1 3pOocTae Maiike B 2,5 pasu [3].

Excrutyaraiiiss HEMmiAroTOBJIEHUX aBTOMOOUIIB B YMOBaX HU3bKUX TEMIIEpa-
Typ TOB'sI3aHa 3 MIJBUIIEHHSAM OIOPY B arperarax IiJIBICKA 4epe3 301JIbIIeHHS B'sI-
3KOCTI TexHI4HOI piguau [17]. Lle icTOTHO BIIMBA€E Ha 301IbIIICHHS BUTPATH CHEP-
rii JUisl OJIOJIAHHSI BUHUKAIOYUX CHJI OMOPY IIMHAMU 1 MiABICKOIO, OCOOJIMBO MICIIs
TPUBAJIMX CTOSHOK Ha BIAKPUTUX MaWJaHYMKaX MPU HU3BKIN TeMIepaTypu MOBIT-
psa[16].

[Tin wac mepeBe3eHHS BaHTaXiB HA(TOBOI Ta Ta30BOi MPOMHCIOBOCTI

HaWOIBII 3aTpeOyBaHUM € aBTOMOOLTLHUHN TpaHCTIOPT (pucyHok 1.2) [2]
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Pucynok 1.1 — Po3noit BiIMOB arperatiB MiJIBICKM aBTOMOOLIIB IO MICSIIISIM POKY
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Pucynox 1.2 — Po3nozin o6csiry aBTOMOOUIBHUX TIEpeBe3eHb HA(TOTa30BUM

TEXHOJIOTTYHUM TPAHCTIOPTOM TIO MICSIISIX

Ak moka3ye npakTuka, BUKOHaHHsS OUThin HIXK 40% o00csary poOiT 3/1HCHIO-
€TbCS BaHTAXHUMHU aBTOMOOUIsIMH [20] Ta mpumagae Ha TEpioJg 3 HHUZBKOIO
TEMITEPATypPOIO TPUBATICTIO TPAKTUIHO B 3 MICSIIIB.

VY HadTOra30BOMy TEXHOJOTIYHOMY TPAHCIIOPTI CIIOCTEPITa€ThCs MOCTIMHUIMA
nediuT TpaHCIIOPTHUX 3acOo0IB MiJ Yac TMEpPeBE3€HHS PI3HUX BHJIIB BaHTAXIB,
TaKUX TEXHOJOTIUHI PIWHU, MaTepiaiu, CelTexHika Ta oonaaHands. [Ipu upbomy
JI0 TIOCTITHO BUKOPUCTOBYBAHOI aBTOTEXHIKM CTaBJISTHCS BHCOKI BUMOTH: TIEPII

3a BC€ HAIMHICTB, IO J03BOJISE 3a0€3NeYUTH OE3BIIMOBHY POOOTY
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BIIPOJIOBXK BCHOI'O CE30HY; 3HAYHA MAHEBPEHICTh, 3PYYHICTh Yy BUKOPHUCTAHHI 1
Majia TPYJAOMICTKICTb IMIJATOTOBKH J0 POOOTH; €KOHOMIYHICTh 1 MPOCTOTA I Yac
eKCIUTyaTallil; HU3bKa TPYJAOMICTKICTh TEXHIYHOTO OOCITyroByBaHHs [23].

Bun BaHTaxy TakoXX € OJHMM 3 OCHOBHUX (DaKTOpiB, BHU3HAYAIBHUX Y
BUOOpI THUITy PYXOMOTO CKJIaay 3a BaHTKOMIJHOMHICTIO 1 KUIBKICTIO CTODIH
nepekuganus ky3oBa [10]. Cmig 3a3HauuMTH, 1O B HAPTOra3oBOMy  CEKTOPI
eKCIUTyaTallisl TpaHCIOPTY Ma€ MeBHY crienudiky, 10 SKOi Cif BigHecTH: (Pi3uKo-
MEXaHI4YH1 1 arpo0i0JI0TiUHI BIACTUBOCTI BAHTAXIB, BIICTaHb MEPEBE3EHbB, TOPOXKHI
YMOBH, OOCSTH IMEPEBE3CHb 1 IX CE30HHI KOJMBAHHSA, CTYIIHb MEXaHi3allii BaHTaX-
HO-PO3BAHTAKYBAJIBHUX POOIT 1 T.J. BIAMIHHOIO OCOOJIMBICTIO TPAHCTIOPTYBAHHS B
HaTOTa30BOMY TEXHOJIOTIYHOMY TPAHCIOPTI € TEPEBE3CHHS BEIHMKOBArux
BAaHTQXIB TIPU TOBHOMY BHKOPUCTaHHI BaHTAXOIIIAOMHOCTI TPAHCIIOPTHUX
3aco0iB. IlepeBe3eHHs HapTOra3oBoi NPOAYKUIi 3 BHKOPUCTAHHSIM aBTO-
TPAHCIOPTY XapaKTEPU3YEThCSI TEBHUMH OCOOJMBOCTSMU — CE30HHICTIO 1
BIJICTAaHHIO TepeBe3eHb. HallOuIbIn 3HaUyIUMH B XOJIOIH1 MICAILl €KCIUTyaTallii €
BHYTPIIIHHOIOCHIOJAPChKI MEPEBE3CHHS, 10 CTAHOBIATH Onm3bko 50% BCHOrO
BaHTaX000iry. TeXHOJOTiYHI YCTaHOBKM Ha(TOra3oBOro TEXHOJOTIYHOTO
TPAHCIOPTY MEPEMIIIAIOThCA MO TEPUTOPii HAPYTONPOMHUCIOBOTO paiioOHy, B
cepenHboMy, Ha Bijmcranb Bix 10 7o 20 kM B yMOBax MoraHux Aopir abo MOBHOTO
oe3nopixxs. OTxe, K maci s HA(TOrazoBOTO TEXHOJOTIYHOTO TPAHCIOPTY
NOTPIOHO BHKOPHUCTOBYBAaTH BUCOKONPOIYKTUBHY TEXHIKY, IO BIANOBIIAE PALY
KOHKPDETHUX YMOB Ta BHUMOI TiJ dYac 1i BHUKOPUCTAHHS TMPOTITOM YChOTO

KaJICHJAPHOTO TEPMIHY €KCILTyaTallii.

1.2 BiuidB HU3bKHMX TeMIEPATyp HA eKCILUIyaTalilo MiABiCKM BaHTaXK-
HHUX aBTOMOOIJIiB

Ha BaHTaxXHHMX aBTOMOOLISAX, IO BUKOpPHUCTOBYIOThCs sik maci HI'TT,
Hampukiag, y aBToMoOUIsiX KpA3 omHuM 3 HaWBaKIUBINIMX E€JIEMEHTIB, IO
BIUIMBA€E Ha O€3BIAMOBHICTh POOOTH BCIX BY3JIB, € miaBicka [5, 12, 15]. Ilix gac

poOOTH aBTOMOOWIIB 32 HU3BKUX TEMIEPaTyp €KCIUTyaTallii BiIOYBA€ThCS MOTip-
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HIeHHS (PYHKI1OHYBaHHS OLIBIIOCTI OT0 arperarTiB, BHACIIOK YOTO 301IbIIY€EThCS
JMHAMIYHa HaBaHTAKEHICTh, MOTIPIIYIOTHCS MOKA3HUKHU TUIABHOCTI XOJy 1 IMajae
cepenHs epeKTHBHA MIBHIKICTh PYXY, @ TaKOX 3POCTA€ KUIBKICTh HECIIPAaBHOCTCH

(pucyHnok 1.3).

KinekicTs HecripaBHOCTEN, %0
40 T T T T

1

—

Bl
Cucremu 1 ar-
peraTu BaHTa-
’KHUX aBTOMO-
O1miR

Pucynok 1.3 — KingpKicTh BiIMOB CHCTEM Ta arperariB aBTOMOOLIIB ITiI yac

eKCIUTyaTarlii B yMOBaX HU3BKUX TEMIIEPATYP

JliteparypHuil orisj mokasas, 10 poOOTa €JIEMEHTIB MiJIBICKU 3 MOPYIIICH-
HsIM (QYHKIIIOHYBAaHHS CTaHy 3HUKY€ JIOBTOBIYHICTH BY3JIB 1 arperariB BChOTO aB-
ToMOOWIs OLIbIe, HIXK y 1,5 pa3u [23] 1 noripirye Oe3neKy nepeBe3eHuX BaHTaXIB.
OnuH 3 HaWBKIUBIIMIUX HEOJIKIB, MOB'SI3aHUX 3 €KCIUTyaTalli€l0 aBTOMOO1IIB B
yMOBaX HU3bKUX TEMIEPATYp — MOTIPIIEHHS KEPOBAHOCTI, CTIMKOCTI 1 O€31eKH py-
Xy, 1 B KIHIIEBOMY PaxyHKY, 3HI>KEHHs TOKa3HUKIB HaIIHHOCTI [3, 4]. Ha pucynky
1.3 mokazano, mo npaktTudHo Ha 40% 301IbITYEThCS KUTBKICTh BIJIMOB arperaris 1
CHUCTEM B YMOBaX HU3BKHX TEMIIEpATyp eKCIUTyaTallii, MPUYoOMy Ha IiJIBICKY MpH-
magac 10 9% Bif 3arajbHOro iIXHBOro umcia. Ilocumroersest e 1 TUM, L0 IIif 4ac
TPaHCTIOPTYBAHHS BAaHTAXIB Ha BHYTPINIHBOTOCIIOAAPCHKUX TEPEBE3ECHHAX 4Yepes3

HEBEJIMKI BIJICTaH1 TpaHCHOPTYBaHHs BaHTaxiB (Bix 1 1o 20 kM) BinOyBa€eThCs He-
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3HayHe HArpiBaHHS €JIEMEHTIB MiJBICKH, a M Yac BaHTAXKHO-PO3BAHTAXKYBAIBHUX
poOiIT 1 X oxosomkeHHs (pUCYHOK 1.4) B mpoMikKy BiJ 3 10 17 XBUJIMH, TUM ca-

MUM MOPYIIYETHCA iX TEIIOBHM pexxuM (DyHKIIIOHYBaHHS.

TeMH‘epaTypa aMopTH3aTopHOI piguau, C
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Pucynok 1.4 — JluHamika 0X0JIOJKEHHS T1APABIIYHUX aMOPTU3aTOPIB

[Tin wac ekcruryatamii Ha@TOrazoBoi TEXHIKM 1 B TOMY YHCIl aBTO-
MOOUIBHOTO TPAHCIIOPTY B YMOBaX HU3BKHUX TEMIIEPATyp CIOCTEPIra€ThCs 3HAYHE
30UTBLIEHHS YuCa iX BIIMOB, 0COOJIMBO 32 BiICYTHOCTI ONaJIFOBAaHUX MICLb 30€epi-
radHs. Haiibinpia KuUTbKICTh BIIMOB BiIOyBaeThest y 3uMoBi wmicsinl [3]. JopoxkHi
YMOBH BIUTMBAIOTh HA 3MIHY PEXUMIB pOOOTH arperariB aBTOMOOLJIS, a TaKOX Ha
JIOBrOBIUHICTh arperaTiB MiJBICKM 1 BUKJIUKAIOTh HECHPABHOCTI, OOYMOBJIEHI BH-
XOJIOM PO3MIpIB JIeTajell mia yac X 3HOCY 3a MEXI JOIYCKY, MOKJIMBI BHACIIJIOK
TPUBAJIOl eKCIUTyaTalli MPU HU3bKUX Temreparypax [3].

HecnpaBHa mijiBicka 301IbIIYy€ TAKOX TPUBAIICTH 1 YACTOTY BIUIMBY Ha BOis
KOJIMBaHb, 110 BUHUKAIOTH M1 Yyac pyxy TPAHCIOPTHOTO 3aCO0M 3 YaCTOTOIO OJH-
3pk0 80 ' [19]. HaliBaxauBIIIMM MOKAa3HUKOM, 1110 BU3HAYA€ BUCOKUU DPIBEHb
TEXHIYHOI TOTOBHOCTI 1 O€3MeKH aBTOTPAHCIIOPTHOTO 3aco0y Ta BaHTaxy, IIO Ie-
PEBO3UTHCS, € (PYHKIIOHYBaHHS arperaTiB MiBICKM B MPOLECI pyXy Y PI3HUX KJIi-
MaTU4HMX yMoBax. Lleil moka3HUK 3HAYHOIO MIpOI0 BU3HA4Yae KOMQopT Ta Oe3reKy
PYXy TPaHCIOPTHUX 3aC001B, O€3MEKy MEPEeBE3CHNX BAHTAXKIB, CEPEIHIO TEXHIYHY

MBUAKICTH Ta iH. [4, 25]. [Ipobiema MOPYIICHHS TEIUIOBOIO PEKUMY CIIEMCHTIB
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MIBICKU TOB'SI3aHA 3 MIABUIIEHHSM B'S3KOCTI pOOOYUX PITUH, 3MIHOIO THCKY Ta
HEJIOCTaTHIM (DYHKI[IOHYBAaHHSIM OCHOBHUX PYXOMHUX BY3JiB, 3MIHOIO BJIacCTHUBOC-
Tel TyMOTeXHIYHUX BUPOOiB 1 MeTaniB [3]. [IpakTuka mokasye, 0 HaBITh pa3oBa
eKCIUTyaTallisl HeMiArOTOBICHOT TEXHIKM 32 HU3BKUX TeMIIepaTyp MPU3BOAUTH 10
BIJIMOBHU PI3HUX E€JIEMEHTIB 1 By3/iB (pucyHok 1.5). SIk 3a3HaueHo Ha rpadiky, 30i-
JBIICHHS! HABAaHTA)KCHDb HA CJIEMEHTH ITIJBICKU MPU3BOUTH O BUHUKHEHHS TaKUX
MIOJIOMOK, SIK HECIIPABHOCTI NMPY>KUHHKUX eJleMeHTiB (3%), 3HOC Ta MOJIOMKa PYJIbO-
Bux 1mapHipiB (13%) Ta omnopuux enemeHTiB (21%), 3HOC 1 pO3pUB TyMO-
MeTaJIeBHX IapHipiB [5, 12].

[IpoTte GiybIIICTh HECTIPABHOCTEN — 1€ HECIIPABHOCTI T1APABIIYHUX aMOPTH-

3aTtopiB [15], yacTuHa 3 SIKUX 3yMOBJICHA BUTIKAHHIM pOO0OYOT PITUHHU.

40

30 -

20 —

10 -

KinbkicTe HecipaBHoOCTeili miaBickH i
PY/1b0BOIO KepyBaHHS aBTOMOOGIIs, %o

I'ymoBo-meranesuit OnopHuit PympoBi AmopTtH3aTtopu IpyxunHuii
HIapHip €JIEMEHT MapHipu HiJBICKH €JIEMEHT

Pucynok 1.5 — Po3no/iis HecripaBHOCTEH IT1JIBICKH aBTOMOOLTIB

Ha nmiarpami Ha pucyHky 1.6 mpejicTaBiieHa CTaTHCTUKA HECIPABHOCTEH
aMOpTHU3aTOpiB, OLIbIIA YACTHHA SIKUX TOB'sI3aHa 3 BUTIKAHHAM poOOUOl PIAMHU Ta

MOPYIISHHSIM POOOTH KJaraHHoi cuctemu [ 11].
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, Hopymiena pobora Kia-
naHiB, 30%
BTpaT, 12%

HenpaBuiibHuit MOHTaX
Ha aBTOMOO11, 3%

30%

Pucynok 1.6 — Craructuka NpuyuH BTPATU MPare3qaTHOCTI TiAPaBIIYHUX
aMOpTHU3aTOPIB

[TopymieHHs: TepMETUYHOCTI 1 BUTIKAHHS POOOYOi piIMHA BUHHUKAIOTh YEPE3
BTpaTH €JaCTUYHOCTI 1 MOIIKO/KEHHS CaJbHUKOBOTO YIIUIBHEHHS y BUIAJKY Iie-
penaniB Temneparyp. MoxInBe TakoXX CTapiHHSA T'yMHU, 0OYMOBJICHE OKHUCIICHHSIM
Kay4dyKy IMiJl JI€I0 KUCHIO B IOBITPl HAaBKOJUIIHBOTO CEPEIOBUIA, PYWHIBHUM
BIUTMBOM X0JI011y, MeXaHiuHoi Bromu [3]. Lle npu3BOAMTH 10 3HUKEHHS CTIHKOCTI 1
€JIACTUYHOCTI poOOUYOT MOBEPXHI CallbHUKA MiJl YaC MEXaHIYHOrO BIUIMBY, a Y BHU-
MaJKy IMiIBUIICHHS B'I3KOCTI poO0Ya MOBEPXHS CAIbHUKA CTAa€ MEHII €JIaCTHYHOIO,
110 301IbIIIYE BUTIK aMOPTU3ATOPHOT PIAMHM Ta 3HUXKYE il pIBEHb B OCHOBHOMY pe-
3epByapi. Tak, 32 BEJIMUMHU BUTOKIB aMOPTHU3ATOPHOI piAMHU 00’emoM 110 15 %
BiJIOYBAETHCS 3HIKCHHS AeMII(YI0Y0i 3aTHOCTI 1 3MEHIIIeHHs ¢l oropy 10 50 %
B1Jl HOMIHAJILHOTO 3HAYCHHS. Y BUMAJAKY 3HUKEHHSI €JJaCTUYHOCTI poOOoUO0i moBep-
XH1 callbHUKA BiJIOYBAETHCS MOTPATUITHHS a0pa3uBYy 1 BOJAM B OCHOBHUHN pe3epByap
3 aMOPTHU3ATOPHOIO PiIMHOIO, IO MPU3BOUTH 10 i CITIHIOBAHHS Ta €MYJIbCYBaHHS,
a 11e 3Ha4HO MPHUCKOPIOE 3HOILIYBAHHSA KJIAMAHIB 1 BHYTPIIIHIX €J1€MEHTIB aMOpPTH-
3atopa. BinOyBaeThcs Takoxk MmosioMKa ab0 3HOC YIIUTHHIOBAIBHOTO KIJIBIIS TIOPIII-
HSl TP TOTIPIIEHHI 3MalllyBaJlbHUX BJIACTHUBOCTEM aMOPTU3aTOPHOI PIAMHMU BHa-
CJIJIOK PO3BEJICHHS 1i BOJIOIO 1 a0pa3MBHUMH YaCTUHKAMMU.

binbmiicTh onrcaHuX BHINE HECTIPABHOCTEN MPOSBISIOTHCS B PE3YJIbTaTI MO-

pPYIIEHHS TepMETUYHOCTI aMopTu3aTopiB. CriocTepiraeThes 301UIbIICHUN 3HOC PY-

* [TigTikanus piguau, 55%

« 30UTBLIIEHHS TAaPA3UTHUX
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XOMHX 3'€THaHb Ta OCJIA0JCHHS KPIMUIBHUX €JIEMEHTIB IMIIIHIPA, a TAKOX TOpy-
HICHHS B3aEMHOI €KCLIEHTPUYHOCTI HAMPSMHOI BTYJIKU IITOKA, CATbHUKIB, 000MMH,
BHYTPIIIHBOTO IIIIHJIPA, TOPUIHS Yepe3 HU3bKUI PIBEHb aMOPTU3ATOPHOT PIAMHH.
BHracnigok BuTikaHHS poO0YOi piAMHA BUHUKAE WMOBIPHICTH JAedopMaliiid JUCKIB
KJIAITAaHHOTO MEXaH13My 1 HEpIBHOMIPHOTO 3HOCY iX cijel. Yepe3 301bIIeH] 3a30pu
MO’KJIMBA TIOSIBA BUTHHOTO TMEPEMIIMIEHHS MTOKA 0€3 CHJI OTIOpY Ha MOYATKy XOIy
BiJl1a4i Ta CTUCHCHHSI.

OTxe, OTHUM 13 HAMOUTBII CXUJIBHUX JIO BIUTMBY HU3bKUX TEMIEpaTyp 1, K
HACIIJIOK, 3HOITYBaHHS, € T1APaBIIYHUN aMmopTu3aTop [15]. buibliicTs HecpaBHO-
CTell aMOpPTU3aTOPIB, III0 BUHUKAIOTh B TOM YHCII 1 32 HU3BKHUX TEMIIEpaTyp eKc-

TuUTyaTallii, moB'si3aHi 31 3HAYHUM 301UIBIIEHHSIM B'sI3K0CTI poboyoi pinunu [17] (pu-

cyHoK 1.7).
KiHeMaTHqHa B’S3KICTh, MM'ZI/C
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Temneparypa amoptu3aTopHoi pigunu, C

Pucynox 1.7 — 3anexHiCTh 3MiHM KIHEMAaTHYHOI B'I3KOCTI aMOPTHU3aTOPHOI
PIIMHU PI3HUX MapOK Bij ii TeMnepaTypu

OCHOBHI aMOPTH3aTOPHI PIAMHA — JTUCTUJISITHI HAPTOBI OJIMBH, MEPEBAKHO
BepeTeH1, TypOiHHI, TpaHC(HOPMATOPHI, a TAKOXK CUHTETUYHI OJIUBH, 3MIHA B'S3KOC-
Ti SIKAX BiIOYBA€ThCSA 3a ONMM3BKUMHU 3aKOHOMIPHOCTSMH 3 PEIITOI0 MajJUBHO-

MacTWJIbHUX MartepiaiiB. Ha ocHOBI aHasi3y BUKOPUCTOBYBAHUX B aMOPTHU3AaTOpax

pobounx piauH moOyaoBaHui rpadik 3MiHN KIHEMAaTUYHOI B'S3KOCTI BiJ iX TeMrie-
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patypu (pucyHok 1.7). 3rigHo 3 rpadikom, B iHTepBam Bix Hynsa n0 -20 ° C 3Ha-
YEHHS 3pOCTaroTh Maixke B 4 pa3u. HaliMeHiie 3MiHa B's3kocTi B aiana3oHi Big 300
10 1800 mm?/c BinGyBaerbes y pimuan Mapki AMI'-10, mpoTe BOHA IIPAKTHYHO HE
BUKOPHUCTOBYETHCA B aMOPTU3aTOpaxX 3aBOJCHKOTO BHKOHAHHA. 3HAYHO 301IbIIY-
€ThCSl KIHEMAaTU4YHA B'S3KICTh 3a TeMIlepaTypu BiJl HyJs a0 Minyc 40°C y pinuH
AX-12T ta TPXK-12 — 3i 3Hagens 700 Ta 800 Mm?/c 10 6700 ta 7000 Mm*/c Bimmo-
BIJTHO, [0 IPU3BOJIUTH JI0 IOPYIIECHHS (PYHKI[IOHYBAaHHS aMOPTH3aTOpa B IIIOMY.
OckiJIbKH B11I0YBA€ETHCS YACTKOBE OJIOKYBAHHS PYXOMHUX €JIEMEHTIB aMOpPTH-
3aTopa, KOJIMBaHHs, BUKJIMKaHI HEPIBHUM MpoQ1IeM MOBEPXHI, O AKii nepemiiia-
€TbCS aBTOMOO1JIb, HE 3racaioTh B MOBHOMY 00Cs31, a YaCTKOBO NEPENAIOThCS Ha
Ky30B TPaHCIIOPTHOTO 3aco0y [4]. 3HMKeHHs e()eKTUBHOCTI POOOTH aMOpPTU3ATO-
piB 32 HU3BKUX TEMIEPATYpP EKCIUTyaTallil Ja€ThCsl B3HAKU Ha 301IbILIEHH] IHTEHCH-
BHOCTI 3HOIIYBaHHs Horo pgeraned. Omxe, g 3a0e3nedeHHs] (PyHKLIOHYBAHHS
aMOpTH3aTOPIB 32 HU3bKUX TEMIEPATyp eKCIUTyaTallii MoTpiOHO 3a0e3MeUnTH B'sI3-
KICTb poOOYOi PIAMHY B J1al1a30Hi, MPU IKOMY MOXJIMBE 30€pEeKEHHS MapaMeTpiB

(GyHKIIOHYBaHHS 1 HAJIHHICTb.

1.3 MeTtoau 3abe3neveHHsi GyHKIiIOHYBAHHS TiApaBJiYHUX aMOpPTH3a-
TOPiB HA(TOra3oBOro TEXHOJIOTIYHOIO0 TPAHCIMOPTY HA INACI BAHTANKHUX
aBTOMOOLITIB Y B YMOBaX HU3bKHMX TeMIIEPaTyp

BiamnoBigHo 10 HOpMATUBHUX JOKYMEHTIB BCTAHOBJICHI TEXHIYHI BUMOTH JI0
aMOpTHU3aTOPiB, BU3HAYAJIbHI YMOBU (DYHKIIIOHYBaHHSI, 32 SIKUX CHJIM, HEOOXI1JHI
JUISL TIEPEMIILICHHST PYXOMUX JIeTajiell, MOBUHHI BIAMOBIATH BUMOTaM KOHCTPYK-
TOPCHKOT JOKYMEHTAIlll Ha aMOpTH3aTOp KOHKpeTHOi Mapku [5]. [Ipu mpomy Bif-
XWJICHHS 3HAY€Hb CHUJI ONOPY aMOPTU3ATOPIB 32 MAKCUMAaIbHUX HIBUIKOCTEH MOP-
s 10 0,52 M/c moBuHHI niepeOyBatu B 1onycTuMux mexax. [loOyaoBy pobouunx
JiarpaM TPOBOASTH B pe3yjbTaTli BUMPOOYBaHb, B MPOIEC] SKUX PyXOMi JeTai
aMOPTHU3aTOPIB MOBHMHHI NIEPEMIIIATUCS TIJIaBHO, 0€3 3aiaHb, a 3HaUYCHHS CHUJI OIO-

piB HE TTOBMHHI MIEPEBUIIYBaTH TPAHUYHUX 3HAUYCHB, 3a3HAUYEHUX B KOHCTPYKTOP-
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ChKi JokyMeHTalli. OgHUM 3 HaOUIBII BaKIMBUX MapaMeTpiB, BU3HAYAJIbHUX
JU1s1 QYHKITIOHYBAHHSI aMOPTHU3aTOPIB, € CUJIa OMOPY B peXUMI poOOTH aMOpTHU3a-
TOpa Ha BiJI01M Ta CTHUCK.

IcHyrOTh pi3HI ciocoOu 3abe3neueHHs (YHKIIIOHYBAaHHS aMOPTHU3aTOPIB 3a
HU3BKHUX TEMIEpaTyp eKcruryarairii. BiimoBiiHO 3 onmucaHUMHU paHiiie mpobiema-
MU po3poOJieHa cxema CHoco0iB 3a0e3nedyeHHs (PYHKIIIOHYBaHHS TiIpaBIiuyHUX

amopTHu3aTopiB (pucyHok 1.8).

Cnocobu 3abe3neueHns

¢ynkuionysanus ['A
—| KonctpykruHi | | Excruryaramiitai |
YnpaBmiHHS TEIUI0- VnpaBiiHHS B’ SI3KiCHO-
MOKIIMBICTB peryJIroBaHHs! BHUM PEXUMOM TeMIIepaTypHUMH XapaKTepUCTHUKAMK
KJIAIIaHHOTO MEXaHi3My I
i i PiiMHI TS XOJIOXHOTO |
36epexeHHs BHYTpil- BuxopucTaHHs 30BHIII- | kimary AXK-170, Fer
BuKOpHCTaHHS IOJaTKOBOTO [0 HEOI'O TEILIA HIiX JpKepen Teruia MITI-10 Tommo
PO3BaHTaXyBaJIbHOI'O KJIallaHa i
Yoxunu, TeMI0i30s i HHi JloziaBanks criemiansHux |_|
MaTepian . R ;
BukopucTaHHs IPOrpeCUBHOT e Enextpuuni HarpiBaui = = MaJIoB’ I3KHX P1AVH
XapaKTEPUCTHKH
JonaBanHs CHIETianbHuX |_|
BuKopHCTaHHS BTOPHH- [pHUCANoK

Horo Teruia /IB3

Pucynox 1.8 — CmocoOu 3abe3neyeHHs (DYHKIIOHYBAHHS TiApaBIIYHUX

aMOPTHU3aTOPIB AaBTOMOO1JISI

OcoOnuBICTIO KOHCTPYKTHUBHUX CHOCOOIB 3a0e3neyeHHsl (PYHKI[IOHYBAHHS
aMOpTH3ATOPIB € BCTAHOBJICHHS JTOJATKOBUX OOXITHUX KIIalaHiB abo MoJepHi3a-
ist 0ydepa B11000 IJIs1 3MEHIIIEHHS OMOPY PYXy aMOPTHU3aTOPHOI PIIMHM 3a pa-
XYHOK J0aaTkoBuXx OTBOpPiB [10]. OaHUM 13 TEeXHIYHUX 3aBAaHb JAHOTO METOIY
MO’KHA BBYKATH TOJIIMIIEHHS JeMI(PYyIOUnX XapaKTepUCTUK aMopTU3aTopa 3a pa-
XYHOK OUIbIII BUIBHOTO MIEPETIKAHHSA aMOPTU3ATOPHOIL PIJIMHHU, @ TAKOXK MOKIUBOC-
T1 PETYJIIOBATH CHJIA OTIOPY B 3aJICKHOCTI BiJ B'si3K0CTI poOouoi piauau [21]. [Ho

HEJIOJIIKIB JAHOTO CTIOCO0Y MOYKHA BITHECTH HU3bKOE(DEKTUBHE TaciHHS KOJMBAHb
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3 MaJOI0 aMILTITY0I0 MiJ Yac HArpiBy PiAMHM, a TaKOXK 3017IbIIEHHS Macu amop-
THU3aTOPiB, Ta BHECEHHS 3MiH B KOHCTPYKIIIIO 3aBOJICBKOTO BUKOHAHHS.

OckiJIbKH OUIBIIICTh aMOPTU3aTOPIB MAIOTh PErPECUBHY XapaKTEPUCTUKY
nemmdyBanns, y poborax [14, 21] mpomoHyeTbcsl 3HUKYBAaTH PIBEHBb BiOpaIriid
TPaHCIOPTHUX 3acO0IB JO HOPM, IIIO BiAMOBIIaI0Th BUMOTaM 32 PaxyHOK 3aCTOCY-
BaHHS MPOTPECUBHOI XapaKTEPUCTUKU aMOpPTU3aTopiB. BueHumu Oyno qoBeneHo,
IO iICHYIOTh 30HH Hee(EKTUBHOT pOOOTH aMOPTHU3aTOPIB, MPHU AKUX BiAOYBAIOTHCSA
3HA4YHI 3MIHHM CUJI onopy. BUKopHUCTaHHS MPOTrPECUBHUX XapaKTEPUCTUK JO3BOJISIE
JOCSTTA €(EeKTUBHOCTI POOOTH TiAPABIIYHUX aMOPTU3ATOPIB Ta PETYNIOBATU iX
3aJIeXKHO B1J] YMOB €KCIUTyaTallii, y TOMY YHUCII 32 HU3bKUX Temmepatyp. OgHak, sk
1 B paHillle OMUCAaHOMY CIIOCO01, MOTPIOHO 3MIHIOBATH KOHCTPYKIIiO IITATHOTO BY-
3714 JIPOCEJIIOBAHHS, 10 B OUIBIIOCTI BUIAJIKIB YCKIIAJHUTh KOHCTPYKIIIIO, IPU3BE-
JIe 70 3HATTS 3 TapaHTil MiJ 4yac il 3aMiHMU 1 30UIBIIUTH BapTICTh aMOPTHU3aTOpa B
L1JIOMY.

ExcrutyaramiiinuMm crnocoOom 3a0e3nedeHHs: (PYHKIIOHYBaHHS aMOPTH3aTO-
piB € KepyBaHHS TEIUIOBUM PEXHMOM aMOPTH3aTopa abo ympaBiIiHHS B'SA3KICHO-
TEMIEPATYPHUMHU XapaKTEPUCTUKAMHU aMOPTHU3aTOPHOI PiAMHU. YTIpaBIiHHS Tem-
JIOBUM PEXKUMOM arperaTiB MOKJIUMBE 32 PaXyHOK 30€peKEeHHS] BHYTPIILIHBOTO TEM-
Ja TETUIO130JAIINHUMY MaTepiajlaMu Y BUKOPUCTAHHAM JIOJATKOBUX JIXKEPEI Te-
mia (pi3HUX HarpiBaJIbHUX MPUCTPOIB [16]).

AHam3 MeToJiB 1 3ac00iB 3a0€3MEUeHHS TEIIOBOI'O PEKHUMY JI03BOJIMB
BCTAaHOBUTU HACTYIHE: BUKOPUCTAHHS TEIUIOI3OJIAIINHUX MaTepiaiiB ajisi 30epe-
YKEHHsI BHYTPIIIIHLOTO Teria MoxJiuBe [14, 15], mpoTe Mae HU3bKY €(EKTUBHICTb.
Bukopuctanss, HapuKiIaa, YOXIiB 3 CHEIIaTbHOr0 MaTepiany € e(peKTUBHUM JIH-
e y TOMYy BHUIIQJIKy, KOJIM TPAHCIOPTHUHN 3aci0 30epiraeTbcsi B TEIUIUX MPUMI-
MICHHSX, 1 JIO3BOJISAE JIUIE 30epiraTi Ha KOPOTKUM MPOMIKOK Yacy (10 3 Toj) mo-
3UTHUBHY TeMIeparypy. ¥ BUMNaAKy Oe3rapakHoro 30epiraHHs caMopo3irpiB aMop-
TU3aTOPHOI PIIMHU B1IOYBAETHCS MEPEBAKHO 32 PAXyHOK JIPOCENIOBAHHS, JJIs 3a-
Oe3rnedyeHHs IKOTO MOTPiOHE 1HTEHCUBHE (DYHKITIOHYBAHHS aMOPTU3aTOPIB, IO Ya-

CTO HEMOXKIJIHUBO. I[HH 3HMKCHHA T€HJIOO6MiHy 3 HaBKOJIMIITHIM CECPpCOOBHUILIEM MO-
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JKJIMBE 3aCTOCYBAHHS PSAY CIEMIAIBHOTO CKJIATy MIHOMOIYPETaHIB, TEPMOIAKO-
bap6 Ta piIKuX 130JAMIHHUX MOKPUTTIB. [1iciisi HaHECEHHST MOKPUTTS Ha MiJATrOTOB-
JICHI TIOBEPXH1 YTBOPIOETHCS TEPMOI3OJIALINHUN I1ap, SIKUKM MEePEenIKoKae BTpaTi
TEIUIa B HABKOJIMIIHE CEpeOBHILE. TeroBifaaya TaKOrO MOKPUTTS CTAaHOBUTH B
cepenuboMy 2.4 B1/M°C. Tak camo iX 3actocyBaHHS Malloe()€KTHUBHE, OCKIIbKU
noTpiOHA SKICHA MiATOTOBKA (PapOyBaTbHUX MOBEPXOHbB, 1 TIOBHE 3HATTS MOKPUTTS
y BUMAJIKY €KCIUTyaTallii aBTOMOOLUIIB y JIITHINA NEPiO] POKY.

VY BuUMaAKy BUKOPUCTaHHS HArpiBaJIbHUX €JIEMEHTIB PI3HOTO TUIY MO>KHA
3a0€3MEeUYNTH TEIUIOBUN PEXUM aMOPTHU3ATOPIB, MPOTE NOTPIOH] 3HAUHI BUTPATH HA
iX mpuaOaHHs, BCTAHOBJICHHS Ta 0OCIYrOBYBAaHHS IiJl Yac €KCIUTyarailii, o B Je-
SKUX BUMAJKaX MOXE BIUTMHYTH Ha 30UIBIIEHHS BUTPAT PECYPCIB.

OnHuM 3 MEPCHEKTUBHUX CHOCOOIB 3a0e3nedeHHsT (DYHKIIOHYBaHHS aMop-
THU3aTOPIB € YNPAaBIIHHS B'A3KICHO-TEMIIEPATYPHUMHU XapaKTEPUCTHUKAMHU 3aCTOCO-
BYBaHOI P1AMHH.

Po3pobnenuii ckiiag aMOpTU3aTOPHOI piauHu, 110 € aHajgoromM AXK-12T, 3a-
CTOCOBYBAHOiI B aMOPTHU3aTOpax aBTOMOOLIIB, B TOM YKCI1 BaHTAXXHUX 1 CIIeIiaib-
HOT TE€XHIKU. Ba30BO0 OCHOBOIO 3aITPONIOHOBAHOT aMOPTU3ATOPHOT PIAMHU € CYMIII
TpaHcopMaTopHOi Ta TypOIHHOI 0JIUB 3 JO0OABKOIO cremianbHux npucaaok: 0,2%
Viscoplex-2670 i 0,5% Viscoplex 5-309, 0,5% IXII-14M, 0,6% J®-11, 0,5% io-
Hoiy, 0,003% IIMC-200A. MoaudikatopaMu B JaHOMY BHIAJKy BHCTYINAIOTh
crieriajgbHl MPUCAAKHU, MO 3a0€3Meuyl0Th MOKPAIICHHS XapaKTePUCTUKHU 0a30BOi
piauHu. Jl0 HEMOMIKIB MOKHA BIJHECTH BIJICYTHICTh PE3YJIBTATIB JOCIHIKEHb 3a-
MPOMOHOBAHOT PIUHU B peajbHUX yMOBax, a TaK0X PECYpCHUX BUIIPOOYBAaHb
[17].

Po3pobnena koMmno3uiist Jjisi BATOTOBJIEHHS T1IpaBiIiuHOI aMOPTHU3aTOPHOL
pPIAMHU HA OCHOBI CyMIIIl OYHUINEHOT HAPTOBOI OCHOBH 3 BY3HKOI TU3EIHHOIO
dpakxiiero 1 A0JATKOBOrO0 HAOOPY 3arymiyrouux, TUCIEPTYIOUUX 1 MPOTHITIHHUX
npucanok [17]. TexHiuHuil pe3yabTaT AOCITaBCA 32 PaXyHOK 301IbIICHHS THIEKCY
B'SI3KOCTI, 3MEHIIIEHHS 3HA4YeHb KiHeMaTW4HOi B's3kocti mpu — 30°C, 3HMKEHHS

TEMIICPATYPH 3aCTUTaHHA, SMCHILICHHSA CXUJIBHOCTI J0 CITIHIOBAHHS.
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IcHye cmocib mokpareHHs! B'sI3KICHO-TeMIIEpaTypPHHUX BIaCTUBOCTEM TEXHIY-
HUX PIIUH 32 PaXyHOK PO3PII>KEHHS MaJOB'SI3KUMU piIMHaMU ab0 JAU3EIbHUM Ma-
JMBOM, IO € HAaWJOCTYIHIIIMM B YMOBaX MiANPUEMCTB. JlOoCHiKeHHS TIpeICcTaB-
JICHOTO CMOCO0Y MOKa3ajy, 10 Y BUIMAIKY PO3PIIKEHHS B'A3KOT OJUBU MaJOB'sI3-
KM KOMIIOHEHTOM BiJIOYBa€ThCA HE TUILKU 3MEHIIECHHS B'S3KOCTI, @ ¥ 3HMYKEHHS
KOHIIEHTpAIlli MMOBEPXHEBO-aKTUBHUX PEUOBHUH, IO BXOASTH A0 CKJIaxy 0a30BOi
onuBu. [IpoTe 3a 301IbIIEHOMY BMICTI MOBEPXHEBO-aKTUBHUX PEUYOBUH y 0a30Bii
OJIMB1 JOIMYCTUME PO3PIHKEHHS MaJIOB'A3KMM KOMIIOHEHTOM JI0 TIEBHUX MEXK. Sk
MOKa3ye MPAKTHKa, BUKOPUCTAHHS PO3PIHKEHOI OJIMBHU JIl€ CIPUATIMBO 1 HA TeM-
JIOBUM CTaH By3Jia TEPTS, 1 K HACNIJIOK, HA MOrO JIOBFOBIYHICTh. 30KpeMa JIOCIi-
JUKEHUHM CKJIaJ PO3PIIKEHO1 TpaHCMICITHOI OMBHU 3a paxyHOK noxaBanHsa 10 %
JIM3EIBbHOTO 3UMOBOT0 naiauBa abo 20 % BepeTEeHHOI OJUBH, 1110 3HAYHO MOKPaILy€e
B'sI3KICHO-TEMITEpaTypHI BIACTUBOCTI 0a30B01 osuBH [19].

[Ipote 3ManryBasbHI BIACTUBOCTI Ta 3AATHICTh PO3PIIKEHOI OJMBU BUTPU-
MyBaTH BUCOKI MUTOMI TUCKHM 3HAYHO 3HIKYIOThCS. [1i1 yac mpoBeneHHs pecypc-
HUX BHUIPOOYBAaHb BHSIBJICHO, 110 3HOC MEXaHI3MIB BiJOYBa€TbCS 1HTEHCHBHIIIE
IIPY BUKOPUCTAHHI HITPOJIy 3MMOBOr0 3 AojaBaHHsM Bix 10 n1o 20% 3umoBoro na-
JMBa B YMOBaX OCOOJHMBO HU3BKUX TEMIEPATYP.

BiamoBigHO 10 BUMOT TEXHIYHOI €KCIUTyaTarlii TpaHCIIOPTHHUX 3ac001B BEJIH-
Ka YacTUHA HABEAEHUX CMOCOOIB MPU3BOJIUTH JI0 3MIHM KOHCTPYKI[li €JIE€MEHTIB
mTaTHUX amoptu3atopi. [IpeacTaBieHi ciocobu 31 30epekeHHs] BUPOOIIOBAHOTO
TeIjla aMOPTU3aTOPIB € HU3bKOC(PEKTUBHUMH y BHUIIAJIKY BIJICYTHOCTI Tapa)XHOTO
croco0y 30epiranHsi aBToMoOUTIB. [IpucTpoi AJid miIrpiBy aMOPTU3aTOPHOIL Piau-
HU PI3HUMH CTIOcoO0amMu € OuUThIl e(EeKTUBHUMHU, HIK 3aCTOCYBaHHS TEILIO130JIs-
HIHHUX MaTepiajiiB, MpoTe NOTpiOHE MPUAOAHHS, BCTAHOBJIEHHS 1 00CIYyroByBaHHS
JIOJIATKOBUX €JIEMEHTIB, a TaKOXX TMOPIBHIHO BEJMKI €KCIUTyaTalliiiHi BuTparu. Ha
MiJICTaBl HABEJICHUX JOCIIKEHb 1ICHYIOUHUX CHOCO0IB 3a0e3medeHHs] (PyHKI[IOHY-
BaHHS T1APaBIIYHUX aMOPTHU3aTOPIB BU3HAYEHO, 110 HAWOLIBII MEPCHEKTUBHUM 1
TEXHOJIOTIYHUM, Ha HAIIl MOTJISA, € CIIOCIO YIpaBIiHHS B'SI3KICHO-TEMIIEPATyPHUMHU

XapaKTCPpUCTUKaMHA 13 JO0JaBaHHAM MaJoOB'sI3KHX plI[I/IH HpOTC BHUKOPHUCTAHHA UX
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CTHIOJIYK BUMAarae J0JaTKOBHUX JIOCHIKEHb SIK B PEAIbHMX YMOBax, TakK 1 IMiJ Yac

CTEH/IOBUX PECYPCHUX BUIPOOYBaHHSX.

1.4 BucHOBKM 32 Po3/1iJIoM, MeTa i 3aBJAaHHS 10CJIiIZKEHHSA

HpOBe,ZIeHI/Iﬁ aHaJT13 BUKOHAHUX I[OCJ'IiI[}KCHB ITOKa3aB HACTYIIHC.

1. Ins HadTOra30BOro TEXHOJIOTIYHOTO TPAHCIOPTY Ha Teputopli YKpainu
BUKOPHUCTOBYETHCSI TMEPEBAKHO IAacl aBTOMOOILILHOTO TPAHCIOPTY PI3HUX
aBTOBUPOOHUKIB. Bukonanus Ounbi, Hix 40% o0cary poOiT mocijiae Ha nepios 3
HU3BKOIO TeMIiepaTyporo. Jlid 311iiCHEHHSI TEXHOJOTIYHUX POOIT 3aCTOCOBYIOTh-
Csl BaHTaXH1 aBTOMOOLI1 pI3HUX MapoK, MPOTE B CUITy BUCOKMX BUMOT 13 3a0e3re-
YEHHsS TPAHCIOPTHOTO TPOIECY HaWOLIbII MacoBUM 1 NPUIATHUM Ui
TE€XHOJIOTIYHUX pPOOIT Ta TPAHCHOPTHUX IE€PEBE3E€Hb, € BAHTAXKHI aBTOMOOLIL
KpA3.

2. ExcriyaTariiss HEmiAroTOBIEHUX aBTOMOOLTIB B yMOBaX HHM3BKUX TeMIIe-
paTyp NpU3BOIUTH 10 30UIbILIEHHS HABAaHTA)KEHb HA OCHOBHI €JIEMEHTH Ta BY3JIH,
TaKl sIK €JIEMEHTH MiABICKH, 110 MPU3BOIUTH /10 3POCTaHHS KUIBKOCTI HECTIPABHOC-
Ted. SIk BCTaHOBIJIGHO paHille, BiMOYBa€ThCs 30UTBIIIEHHS KUTBKOCTI BIJIMOB arpe-
raTiB 1 cuctem 110 40% BiJ 3arajJibHOr0 4ucia, B TOM 4yucil 10 9% mnpumnanae Ha
N1JBICKY, MPUYOMY YacTOTa iX BUHUKHEHHS B 3UMOBI MICSI1 30UIBIIYETHCS MailKe
B 2,5 pa3u. 3 yciX HECIPABHOCTEH BEMKA YaCTHHA MPHUIAJAE HA TiIpaBIiyHI aMo-
pTU3aTOpPU, a CaMOI0 3HAUYIIOK € BUTIKaHHSA po0O0YOi PIIMHU 3 aMOpPTHU3ATOpa.
OTxe, OTHUM 3 HaWOLIBII CXWJIBHHUX JI0 BIUTMBY HU3BKHUX TEMIIEpaTyp, 1, IK HACJi-
JIOK 3HOCY, € caMe T1IpaBJIIYHUN aMOpPTHU3aTOP.

3. OgHuM 3 OCHOBHHUX MapaMeTpiB (DYHKIIIOHYBAHHS aMOpPTU3aTOpa € 3Ha-
YEHHS CHJI OTIOPY Ha Bi01¥ 1 CTUCK, BCTAHOBJICHI KOHCTPYKTOPCHKOIO JOKYMEHTA-
uiero. Jna 3a0e3nedeHHs: PyHKIIIOHYBaHHS aMOPTH3aTOPIB 32 HU3bKUX TeMIepa-
Typ €KCIUTyaTarlii 00paHo HaHOUIBII MEPCTIEKTUBHUM CIIOCIO, IO BUKIIIOYAE 3MIHY
MITATHUX €JIEMEHTIB amopTu3aTopiB. OMHUM 3 TaKUX CIOCOOIB € YIpaBJIiHHS B's3-

KICHO-TEMIIEpaTypPHUMHU XApaKTEPUCTUKAMU 32 PAXYHOK JOJIABAHHS MAaJIOB'S3KUX

Apk.

MP.AT-19.00.00.000 13

3MH.

Apk. Ne gokym. Mignuc | darta

22




pinuH. Ha migcTaBi BHINEBUKIAJACHOTO METOI poOOTH € 3a0e3neueHHsT (yHKITIO-
HYBaHHS T1JIpaBJIIYHUX aMOPTHU3ATOPIB aBTOMOOUTIIB, IO BUKOPHUCTOBYIOTHCS B
Ha(TOra30BOMY TEXHOJIOTIYHOMY TPAHCHOPTI 3a HU3BKUX TEMIEPaTyp, 32 PaXyHOK
OOTPYHTYBaHHSI €KCIUTyaTalllfHO-TEXHOJOTIYHUX BUMOT JI0 aMOPTHU3AaTOPHOI
PIIUHH.

BiamoBigHO 3 IMOCTaBIEHOK METOIO JOCIIHKEHHS 1 CTAHOM BUBYEHOCTI ITH-
TaHHS HEOOX1THO BUPIIIUTH HACTYMHI 3aBIaHHS:

1. BcTaHOBUTH 3a71€KHOCTI 3MIHM €KCILTyaTalliiHUX XapaKTEPUCTUK TiapaB-
JIYHUX aMOPTHU3aTOPIB AaBTOMOOLIIB, IPALIOIOYMX B YMOBAX HU3bKUX TEMIEPATYD.

2. Po3pobutn matemMatuyHy Mojieib Ipoiiecy (pyHKIIOHYBaHHS TiApaBiid-
HUX aMOPTH3aTOPiB aBTOMOOLIIIB B yMOBaX HU3BKHUX TEMIEPATYp HABKOJIUIIHHOTO
CepeI0BHIIIA.

3. OOrpyHTyBaTu Ta po3poOUTH CKJIaJ POoOOUOT PIAMHM JJii aMOPTH3aTOPIB
aBToMoOUTIB KpA3, 110 BUKOPUCTOBYIOTHCS B Ha(TOra3oBOMY TEXHOJOTIYHOMY
TPaHCHOPTI ITPU HU3bKIN TEMIIEPATYPI.

4. TTpoBecTH eKCIEPUMEHTAIbHY MEPEBIPKY 1 OI[IHUTH €KOHOMIUHY e(PeKTH-

BHICTh OTPUMaHUX PE3YJIbTATIB AOCIIHKEHHS.
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2 TEOPETUYHUM PO3PAXYHOK 3HAYEHD CHJI OITIOPY
I'TAPABJIITYHUX AMOPTU3ATOPIB 3 BPAXYBAHHSAM 3MIHU
TEMIIEPATYPU HABKOJIMIITHBOI'O CEPEJIOBUIIIA

2.1 Po3paxyHok 3Ha4eHb CHJI OMOPY Ha Bif0iil Ta CTHCK 3aJIesKHO Bij
TeMIepaTypu HABKOJHIIIHLOI0 cepea0BHINA

Excrutyaraiis  BaHTaXKHMX  aBTOMOOWUIIB, SIK IAacl  TEXHOJIOT1YHOTO
TPaHCIOPTY, Ha PI3HUX THUIIAX JOPIr Ta B MOJHOBUX yMOBaX, XapaKTePU3YIOTHCS
BOKKMMH YMOBaMH, YacTO TOB'S3aHUMH 3 TOJOJAHHSM TIOBHOTO OE3T0PIKXKS,
PI3HUX TEPEIIKO] Ta IMIJABUIICHUM 3HOCOM €JIeMEHTIB miaBicku. Ilig dac pyxy
BAaHTKHOTO AaBTOTPAHCIIOPTY B TaKUX YyMOBaX 30LIBINYETHCS BIUIUB 3HAKO3-
MIHHMX HaBaHTa)X€Hb Ha JieTalll MiABICKH (pUCYHOK 2.1), 30KkpeMa Ha MpYKHI eJe-
MEHTH 2 Ta amoptuszatopu 4 [4 ,14]. Bce e npu3BoAUTh 10 30UIBIICHHS IHTEHCH -

BHOCTI KOJIMBAHb CUCTEMHU I1JIBICKH, KOJIMBAHHS SIKOi MEPEJAIOThCS Yepe3 HalpsiM-

Hl €JIEMEHTH 3 Ha OMOPHI YaCTHHU Ky30Ba 1.

1

1 - onopHa yacTuMHaA Ky30Ba; 2 - MPYKHUN €JIEMEHT; 3 — HalnpsAMHUN MOpH-
CTpiif; 4 - aMOpTU3ATOP

Pucynoxk 2.1 — Cxema B3aeMO/1ii €JI€MEHTIB MiABICKH aBTOMOOLITIB

3pocTaHHsl aMIUTITYAW TIEPEMIIICHb HEMIIPECOPEHUX YaCTUH 1 YaCTOTU BU-

MYILIEHUX KOJMBaHb NOTipirye (QyHKIIOHYBaHHS 1 IOBITOBIYHICTh €JIEMEHTIB MiBIi-
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cku [16]. lng BU3HAUEHHS BIUIMBY 30BHIIIHIX YMOB €KCIUTyaTallil MiABICKM aBTO-
MOOUTBHOT TEXHIKM B YMOBaX HU3BKUX TEMIIEPATyp NOPEYHUM € TOCIiIKEHHS Me-
XaHIYHOT B3a€MO/I1 B CUCTEM1 «aBTOMOO1JIb — IOPOTay.

[Tig gac pyXy TpaHCIIOPTHUX 3aC0O0IB IO HEPIBHOCTSIM JOPIT BUHUKAIOTH KO-
JWBaHHS, BEJIMKA YaCTHUHA SIKUX MepelaeThesa Ha Ky30B. Uepes3 Koseco 30yproBalib-
Hi CHUJIH, III0 BUHUKAIOTh B PE3yJIbTaTi MEPEMIIICHHS HANPSIMHUX €JIEeMEHTIB 3, Te-
penaroTbes y By3id 4 1 2, B SIKUX CTBOPIOETHCA MPOTHIIOUA CHJIA. 3aJIEKHO Bij
CIIPSIMOBAHOCTI CHUJI BY3JIM MEPEMIIYIOTbCS Y BEPTUKAIBHIN TUIOMIKHI, 10 3HUXKYE
BEPTUKAJIBHUN PyX Ky30Ba aBTOMOOLIA [5].

Jlst BUpIlIEHHs] MOCTaBJICHUX 3aB/laHb B paMKax KBali(ikaiiiHoi poOoTH
JUIsL MOJIETIIOBaHHA Ipolecy (PYHKIIOHYBaHHS aMOpPTU3aTopa po3po0JIeHO KiHeMa-

TUYHY CXEMY JIIOUHMX CHJI B PE3yJIbTaTl HAi3ay Kojeca Ha OJMHOYHY MEPEIIKOTY

(pucyHoK 2.2). |
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Pucynok 2.2 — Cxema cuj, Ail0YMX B pe3ysbTaTi Hai3ly Kojeca Ha Mepell-
KOZly

Jirode Ha KoJieca aBTOMOOLISI BEPTUKAJIbHE HABAaHTAXEHHS Fypyy., BAHUKAE B
pe3yJbTaTl Hai3oy Kojieca Ha OJUHOYHY MEPeIKOIy 3 aMILTITY010 A, i€ Ha TOY-

Ky npukiaganis cui O. Y 1aHoMy BHUIIAJIKy CHCTEMa IMiJIBICKH i1 4ac 31TKHEHHSI
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13 HEPIBHICTIO 3a0e3meuye pyx KoJjieca 3 OOMEXEHHSAM NEPEMIILEHHS By3/la y Bep-
TUKaJIbHIN TJIOMIMHI. 3BOPOTHUM X1J1 MIABICKH 3a0€3MeUy€EThCS 32 paXyHOK cymap-
HHUX OPOTHIIIOYUX CHI Fyonop, 10 BUHUKAIOTH B IIPYKHOMY €JIEMEHTI Ta TiIpaBii-
YHOMY aMOPTH3aTOPI 31 IBUAKICTIO NEPEMINICHHS OPUIHS Vi (op).

KOHCTpYKTUBHO T1JIpaBiIiyHUIl aMOPTU3ATOP CIPOEKTOBAHUN TaKUM YHUHOM,
o0 Oibllla YacTHHA €HEPTii KOJIMBaHb HE TMepeaBaiach Ha BEpTUKAIbHI peakiii
omop Ry, R; 1 R3, a mepeTBOproBanacs 3 MexaHI9YHOO eHeprii B TerioBy [15].

VY pe3ynbTari nepeMilieHHs MOPIIHS TipaBIiuHOr0 aMOpTU3aTopa CTBOPIO-
€ThCSI TUCK B HAAMOPIIHEBOMY 1 MIAMOPIIHEBOMY MIPOCTOPaX MpPHU BUTICHEHHI 1 Ie-
peTIKaHH1 aMOPTU3aTOPHOI PIIMHU Yepe3 APOCEIbHY CUCTEMY 3 OJIHIET TOPOKHUHU
B 1HIIY. YTBOPEHHS CHJI ONOPY JAPOCEIIOI0UUX €JIEMEHTIB 3 HACTYIIHUM BUTICHEH-
HSIM PIIMHU B1IOYBA€ETHCS B 3aKPUTOMY LIMIIIHJIP1 Yepe3 TAPaBIIYHE 3'€THAHHA Ta
KJIamaHHUM OJIOK 3a paXyHOK MEpPETBOPEHHSI KIHETUYHOI €HEprii CTpyMEHs piAMHU
B TEIUJIOBY €HEPTIIO.

3a OCHOBY B3fTa CTaHIapTHA METOJMKA PO3PaxXyHKY TiIpaBIidyHOTO ApOCE-
JHLHOTO MEXaHI3My 3 HECUMETPUYHUM HABAHTAKECHHSIM BIAKPHUTTS KJIAMIAHHOTO BY-
3na [21]. [lixg yac po3paxyHKy T1ApaBIIvYHOTO aMOPTHU3aTOpa 3 KJIallaHHUM MEXaHi-
3MOM TPHUIHATA MOJETH PIIMHU, IO CTHCKAETHCS, 3 30CEPEPKEHUMHU MapaMeTpa-
MU, TOOTO B pO3paxyHKax MNPUWMAEMO, IO 3MiHA THUCKY BCEPEIMHI 3aMKHYTHX
00'eMIB T1IpaBIIYHUX aMOPTHU3ATOPIB BiIOYBAETHCS y BCIX TOYKAX OJTHOYACHO.

VY po6orti [22] BUKOPUCTOBYETHCS MaTeMaTHYHA MOJIEIb T1APaBIIYHOI CTPY-
KTYpH aMOPTHU3aTOPa, sIKa JI03BOJIsIE OTpUMATH (HOpMYIH (PYHKI[IOHYBaHHS T1paB-
J1YHOTO amopTu3aTopa. Ha OCHOBI MpecTaBlieHOl CXeMHU po3po0sieHa MaTeMaTHy -
Ha MOJICJIb BUTPATH PIIUHU TiIPaBIIYHOTO aMOPTU3aTOpa 3 HECUMETPUYHUM HaBa-
HTQKEHHSIM pOOOTH KJIAllaHHOTO MEXaHi3My, MpejcTaBiieHa gopmyiamu (2.2) Ta
(2.3):

Qi = Qui + Qzi + Qi + Qqi, M/c; (2.1)
Qi = Qui + Qs + Qq, M/c, (2.2)
e Q; — cyMapHa BUTpaTa aMOPTH3ATOPHOI piauHu, M° /C;

Q1i — BUTpaTa aMOPTU3ATOPHOI PIAMHMU Yepe3 pajiaibHUM 3a30p LITOK — Ha-
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npsIMHA, Mc;

Qi — BUTpaTa aMOPTHU3aTOPHOI PIAUMHU 4Yepe3 pajialibHUN 3a30p MOPIICHb-
IWTIHIID, M/c;

Qsi— BUTpaTa aMOPTH3aTOPHOI Pi/IMHM depe3 IpocerbHi 0TBOPH, M /C;

Q. — BUTpaTa aMOPTH3aTOPHOI PiIMHK Yepe3 KianaHHi 0TBOPH, M /C.

3rizHo Kepena [22], ais TIAPaBIIYHUX aMOPTU3ATOPIB PyX TiAPaBIIUHOT

PIIMHYU € HeYCTaJeHUM, TOMY JIOLIILHOPO3PAaXOBYBATH AIMCHY BUTpATy aMOPTH-
3aTOPHOI PIUHU, BUKOPUCTOBYIOUH BHPA3:

Qi =K, -S,V,, M/c, (2.3)
ne Kk, — koe(illieHT BUTOKIB aMOPTH3aTOPHOI PiAUHHU, 1[0 XapaKTEPH3y€erepMeT-
YHICTh MPUJIATAHHS YIIIJIEHIOBAJILHOTO KIJIBIIS JI0 CTIHOK IMUTIHAPA;

Syi — MJI0111a MOPIIHS, M2
V;— HIBUJIKICTh BITHOCHOT'O TIEPEMIILICHHS MMOPIITHS, M/C.
Bupasu 2.4 1 2.5 n03BOJSII0TH po3paxyBaTH IUIONI MOPIIHS HA PI3HUX pe-

KHUMax pO6OTI/I aMOopTHu3aTopa:

d?-d?> m
o =”+,MM ; (2.4)
d2 *TC 2
Sei = n4 » MM , (25)

S

ne d, — miaMeTp MOopILIHS, M;

d,.. — miaMeTp mIToKa, M;
[lin wac po3paxyHKIB BUTpATH PIAUHU 4Yepe3 paaialibHi 3a30pU IITOK-

HaIpsiMHA Ta TOPIIEHB-ITIHAP (2.6) Ta (2.7) y pekumMi poOOTH aMmopTHU3aTOpa Ha
BiJIOIM Ta CTUCK BUKOPUCTOBYIOTh piBHSIHHSI XareHa-Ilyazeiisisi, 3a OCHOBY $IKOTO

B3STO PIBHSHHS TEYil PIIMHUA Yepe3 KUIbILIEB] 3a30pH 1 mapayiefbHl MJIaCTUHU KJjla-

MIaHIB:
_ T -dm -83 3
Q01,2 WAPI y M /c (26)
n-d 83 3

- AP M/ 2.7

ch 12“p|2 M ( )
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ne O — pajilaJbHUM 3a30p MIXK €JIeMEHTaMHU, M;
Il — KiHeMaTH4Ha B'S3KiCTh pianHu, M7/c;
p — ['yCTHHA aMOPTH3aTOPHOI PiAHHH, KI/M°
|, — akTHBHA JOBKWHA IIITOKA, M;
|, — akTHBHA TOBKHMHA MTOPIIHS, M;
AP; — nepenaj TUCKY piauHH Ha BiAOiii (ctucHenHs), MIla.
[lepenaa THCKY B HAAMOPIITHEBOMY Ta MiAMOPITHEBOMY IMPOCTOPI 3HAXO/IH-
MO 32 BUPaA30OM:
AP,y = P1 — P,, MIla; (2.8)
APcm =P, Py, MHa, (29)
ne P; — tuck B HajmopiHeBoMy npoctopi, MIla;
P, — tuck B mianopuHeBoMy npoctopi, Ml1a.
3HaYeHHS THCKY B HAATIOPITHEBOMY Ta MiAMOPITHEBOMY MMPOCTOPaX 3HAXO-
TUMO 32 hopMyIaMu:
K , HAv?, (2.10)

s

P
8i
ne Fi — cuna onopy Ha Bi101# abo Ha cTuck, H.

Sk BCTaHOBIIEHO paHillie, 3aJIeKHO BiJl TEMIEPATYpH aMOPTU3ATOPHOL Piu-
HU BiJI0yBa€ThCs 3MiHA 3HAYCHHS JUHAMIYHOI B'SI3KOCT1 PiIUHU. Y TaKOMY BUIA-
Ky 3aKOHOMIPHO, IO BIJOYBAa€ThCS 1 HE3HAUYHA 3MiHA 3HA4Y€Hb LILIbHOCTI. Jlnd
IIbOTO B PO3PAXYHOK IIUIBHOCTI aMOPTHU3aTOPHOI PIAMHU BBEJICHO MPOMIKHHI PO-
3paxyHOK 3 BUKOPUCTAHHSM MOMPABOYHUX KOE(IIIEHTIB:

p = pao[1+ L+ (Ty, = )], i’ (2.12)
ne & — Kkoe(imieHT TeII0BOro 00'eMHOTO PO3IIMPEHHS TEXHIYHUX PiJIMH HA OCHOBI
HadtH, 1/K;

P20 — IIUIBHICTH aMOPTU3ATOPHOT PIAMHM 32 TEMIIEPATypU HABKOJIMUIIHBOIO Cepe-
nosuima 20 °C, KT/MS;

T .0« — TEMIIEpATypa aMOPTU3ATOPHOI PIAMHM, IO TOPIBHIOE 3HAYCHHIO IMIUITBHOCTI
npu 293 K, K;

T — TemniepaTypa amopTtu3zaTopHoi piagunu, K.
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Butpaty piauHu yepes qpocenbHi Ta KJIalaHHl OTBOPH PO3PaxOBYEMO:

2-F 3
, M/ 2.12
R SV ”O\/(pzo[uc - TD5, &1
2F 3
=V k1 - Si e 2.13
Q4 v O\/(p20[1+g ( nou T])'Ss.i e ( )

1e Y, — Koe(iIlieHT BUTPATU PIAUHU Yepe3 APOCEIbHI OTBOPH;

Win — KOS(DIIIEHT BUTPATH PIIMHM Uepe3 KJIallaHHI OTBOPH;

S, — IUIOIIA IIPOXiAHOTO TEPEpi3y APOCEIBHOTO OTBOPY, M;

Sy — ILIOIIA IPOXiAHOTO MEepPePi3y KIAMAHHOTO OTBOPY, M~

p — ryctrHa amopTtusatoproi pinman AXK-12T (mpu 20° C), kr/m®,;

Fi— cuia onopy rijpaBiiyHOro aMopTHU3aTopa B peKUMi HOTO poOOTH Ha BiO1i

ab6o ctuckanss, H.
OO0'enHaBIIM i Yac pO3PaXyHKIB YCl BUPA3U 3AJIEKHOCTEN BUTPATH PiAMHU

yepe3 eJIEMEHTH JPOCETbHOT CUCTEMU T1PaBIIYHOIO0 aMOPTU3aTOPa B PEKUMI «Bi-

n01i1», OTpUMAEMO BUPA3:

47tk V0 S
3(uhS, 40P 20 [1+C (T —T])(\Ifasﬂo\l’msm +
%d,5°
36866,()uzl \p S22 Sz
020|-1+C (T now — TJ
Seio(P20[1+C (T, —T])

AHANOTIYHO BUTPATy PIAMHMU Yepe3 €IEeMEHTH APOCEIbHOI CUCTEMH Ti1JIpaB-

6n“ky| 1Vndn 83.6166 :

Feié =
(2.14)

ARPILY gr Skn +

JIIYHOTO aMopTu3aTopa B pe)KI/IMl «CTHUCKAHHS» pO3paxOBYEMO BUXOASAYN 3 TOTO,

110 BTpaTa PIAMHA Yepe3 paaialIbHANA 3a30p MOPIICHD - IUIIHAP BUKITIOYCHA:

2202
For e fyas K ViSagm, H (2.15)
kv d 8 275"
ynw o Jgo0°k1V ki1

3}1'2 3cm(p20[1+c.» ( nou ])

Jlia ananizy po3po6isieHoi Mojieni moOy10BaHO TEOPETUYHY 3aJI€KHICTh 3Mi-

HU CHJI OIIOPY TiIpO0aMOPTHU3aTOpa BiJl TEMIIEpATypH eKcIuTyaTallii (puc. 2.3).
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[Tomani Bupasu (2.14) ta (2.15) 103BOJIUIN BCTAHOBUTH BIUTMB HU3bKHX Te-
MITEpaTyp HABKOJHUIIHHLOTO CEPEJOBHINA HA 301IBIIESHHS CHJI OMOPY Ha BiOiM Ta

CTUCK.

Frp FBi,E[
E 4 /_— F(maX)Bi/:[
LI: !\\g
S ; A
% 3 : F(min)Biz{
= '
=
5 2 ! I:CT
/ ] F(maX)CT
l 5 I:(min)cT
245(-28) 249(-24) 253(-20) 263(-10)

Temneparypa amopTtuzatopHoi pinnnau, K(°C)

Pucynok 2.3 — TeopeTuyHa 3aj€kKHICTh 3MIHHU CHJI ONOPY T1JPaBIIYHOIO

amopTH3aTopa BiJ TEMIEpaTypH eKCILTyaTarlii

OTtpuMyeMo, IO 3HAYCHHS CHJI OMOPY TiJIPaBIIIYHOTO aMOPTHU3aTOpa BUXO-
JATh 3a MEX1 3HaU€Hb, BCTAHOBJICHUX 3aBOJIOM-BUPOOHHUKOM, 3 Mo3Hauku 249K (-
24 °C) 1 pocsraroth 4022 1 1226 H Ha Bi0iil Ta CTUCKAHHS BIAMNOBIIHO, OTXKE, Y
IIUX TOYKAaX aMOPTH3ATOp CTAaE Hermpale3aaTHUM. 30HOO 31 IITPUXYBAHHIM ITO3HA-
YEHO, 1O TIIpaBIIYHUN aMOPTU3aTOp Mpale3JaTHUN B J11ala30H1 TeMIeparyp Bij
263 K (-10 °C) no 3a3Ha4yeHOI0 JiHIi, 1aJll CHJIA OMOPYy NMEPEBUIIYIOThH 3a/IaH1 3Ha-

YEHHS B K1JIbKa pa3iB.

2.2 Po3paxyHOK TeIJIOBOIr0 0ajaHCy riApaBjaivyHOro aMOpPTHU3aTOPA BaH-
Ta:;KHOT0 aBTOMOOIIA KpA3

YTBOpEeHHS TEIUIOBHUI €HEprii y By3Jax TiIpaBJIiyHOTO aMOpTU3aTOpa MOXK-
Ha OMHMCATH CXEMaTUYHO, a TAKOK BCTAHOBUTH 3B'SI30K MK HUMU y IMEBHIN MOCITi-

JIOBHOCTi. 32 OCHOBY pOOOYOTO MPOIECY TiAPaBIIYHUX aMOPTH3ATOPIB, K OYII0
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OIKCAHO paHillle, B3ATUH MPOIIEC MEPETBOPEHHS MEXaHIYHOK €HEeprii 1 eHeprii Ti-
JIPABJIIYHOTO TEPTS B By3J1aX y TEIJIOBY €HEPTIIO.

HaBeneHi TeopeTuyH1 AOCTIIKEHHS TO3BOIMIIA BCTAHOBUTH, 1110 YTBOPEHHS
TEIUIOBOT €HEepTii BCepelrHI TiIpaBIIYHUX aMOPTU3ATOPIB 3aJEKHUTh B OUIBIIIMA
MIpi BiJ MPOIECY APOCEIIIOBAHHS aMOPTU3aTOPHOI PIIMHMA Yepe3 CIelianbHl Kia-
nanu [5]. [Ipote edexkTuBHICTH pOOOTH TiIPaBIIUHUX aMOPTH3ATOPIB TaKOXK Oe3-
MOCEPEIHBO 3AJIEKHUTH 1 BiJI 1X BIACTUBOCTI MIATPUMYBATH €(EKTUBHY TEMIIEpaTy-
py — NiITpUMaHHS TEIJIOBOTO OallaHCy, a came, BIJIBE/ICHHS HAJTUIIKOBOI TEIUIOTH
B atMoc(epy yepe3 30BHIIIHI MoBepxHI. CxeMa B3a€MO3B'sI3KY MPOILIECIB, 110 BU-
HUKAIOTh B pe3yJIbTaTl MEPETBOPEHHSI MEXAHIYHOI €HEPrii B TEIJIOBY Mij 4ac pooo-
TH T1JIpaBIIYHOTO aMOPTU3ATOPU, IPEJICTABICHA HA PUCYHKY 2.4.

BianoBigHo, TerioBUiA OanaHC ripaBiivHOro aMoOpTU3aropa Oyae MaTH Ha-

CTYHHHﬁ BUIJIAA:

Qs = Qros + Qpuar, ok (2.16)
ne Qs — KUTbKICTh TEIUIOTH, [0 BUIUIMIIACS B aMOPTU3ATOP1 32 PaXyHOK JPOCEINIO-
BaHHS aMOPTHU3ATOPHOI PIAMHM Yepe3 CUCTEMY KIIalaHiB MiJ 4ac MEepPeMIILEHHS
MOPIITHS BIIHOCHO CTIHOK BHYTPIIIHBOTO pe3epByapy, Ix;

Q,.0s — KUIBKICTB TETUIOTH, BIJIBEICHOT 3 TOBEPXHI T'IPaBIIYHOr0 aMoOpTu3aropa, JIx;
Q,.u> — KITBKICTD TEIJIOTH, BUKOPUCTAHOI JJI HarpiBy JeTajeH TiIpaBIiYHOTO aMoO-
pruszaropu, JIx.
Tennora, BuAUIEHa B PE3yJbTaTl JPOCEIIOBAHHS aMOPTU3ATOPHOI PIAMHU
Qs, BUTpAvYaEThCS HA 3MiHY BHYTPIIIHBOI TEIJIOBOI €HEprii arperaty Qya.r, a TaKoX
Ha BTPATH TEIUIOTH BHACIIAOK TEIUIOOOMIHY 3 HABKOJIMIIHIM CEPEIOBUILEM.
KinbKiCTh TEIJIOTH, 10 BUAUIAJIACS B aMOPTU3ATOPl 32 PaXyHOK APOCENto-

BaHHS aMOPTU3aTOPHOI PiAMHN, BABHAYAETHCS 3 BUPaA3y
2
Qs = Kkgp - Vi, [k (2.17)
. . 2.
ne K., — cepeniit koedirieHT onopy amoprtusartopa, H-c/m*;

V, — IIBUJIKICTh TIEPEMIIIEHHSI IITOKA T1paBIiyHOTO aMOPTU3aTOpa, M/C;
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|

lNgpasnivuamii
aMOpTHU3aToOp

ButicHenns pinuHu 3
po00v0i KaMepH B KOM-
MEHCAIIHHY

v

HpocentoBanHs piaAnHu
Yyepe3 CUCTEMY KJIallaHiB

v '

INippasmigne Tepts Ha | | ['inmpasmiude TepTs Ha | |['igpaBiidne TepTs mifg
BXO/Ii B KJTaITaHHUI BXO/Ii B KaHAI 4yac BXOJLy CTPYMEHS B
KaHaI pianHy
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BuHuKHEHHS cHI
OTIOPY Ha IITOLI

v

Harpis amoptu3zaTopa |y

Btparu Tenna B Ha-
BKOJIUIIIHE CEPEIOBU-

) me
TeroBuii 6a-
JIaHC

Pucynok 2.4 — B3aeM03B's130K IpoOIIECiB, 1110 BUHUKAIOTh y PE3YJIbTaTi Iepe-

TBOPEHHSI MEXAHIYHOIO €HEprii B TEIUIOBY MiJl Yac poOOTH TiApaBIIYHOIO aMOPTH-
3aropa

Posnucasum K., piBHsHHS (2.17) HaOyne BUIILY:

Q

K, +K
= o0 " Tem 2 Tk (2.18)
S n
2
ne Ko — KoediIieHT onopy aMmopTh3aTopa Ha Xo/i Bijgooro, H-c/m;
K — KOSOIIIIEHT OMTOPY aMOPTH3aTOpa Ha X011 CTUCHEHHS, H-c/M;
3 popmynu (2.18) BTpaTu TEMJIOTH 3 MOBEPXHI T1IPAaBIIYHOTO aMOPTU3ATOPA
ONHCYIOTHCSI HACTYITHUM YHHOM:
QHOB:a'AHOB'AT't,H)K (219)

1ie oL — Koe(DIIeHT TeIIoB1A/1adul, 0 XapaKTepru3ye IHTEHCUBHICTh KOHBEKTUBHOTO

Tertoodminy, Jix/(M>K-c);
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Aoz — TIJIOIIA TTOBEPXHI T1IPABIIYHOTO aMOPTH3ATOPH, 10 OEPE y4acTh B TEILIO-
nepeaadi 3 JOBKIUISIM, M2;
AT — nmepemnag TemMrepaTyp MK TEMIEPAaTypOI0 aMOPTU3aTOPHOI PIAMHHU 1 TEMIIE-
paTyporo OTOKY MOBITPs 330BHI, K;
t — yac poOOTH TiapaBIIYHOTO aMOPTU3ATOPA, C.
SIK110 po3nucaTy IOy MOBEPXHI TAPABIIYHOTO aMOpPTH3aTOpa 1 mepenasn

TeMIiepatyp, Bupas (2.19) nabyne Burisay:

Quog=0a.-(m-D-L)- (TaM.p ~To50,) -1, [ (2.20)
ne D — niametp 30BHINIHBOT CTIHKY IMTIH/IPA T1IPaBIIYHOTO0 aMOPTH3aTOPa, MM;
L — noBXHHa IMIIIHAPA aMOPTU3aTOPa, MM;
Ty — cepeHs AMHAMIYHa TEMIIEPaTypa aMOPTU3aTOPHOI piauHy, K;
1,60, — CEpENHS JUHAMIYHA TEMIIEpaTypa MoToKy nositps, K.

Buxoasuu 3 Bupasy (2.14), po3paxyBaTtu KUIbKICTh TEIUIOTH, BUTPAYEHOT HA
HarpiBaHHs JeTajiell T1IpaBIiuyHOr0 aMOPTU3aTOpa MOKHA 3 BUKOPUCTAHHSAM BHUpa-
3y (2.21):

Quar=c-M- (TaM.p — Tooon) 5 JAK (2.21)
Jie ¢ — MATOMI TEMJIOEMHOCTI aMOPTU3aTOPHOI PIIMHU Ta JACTalell aMOpTU3aTopa,
10 OepyTh ydacth y Teriooomini, [x/(kr-K);
M — maca aMOpTH3aTOPHOI PIJIMHHU 1 A€TaJIel aMOpTU3aTOopa, 10 0epyTh y4acTh B
TEII000MIHI.

[Ipote icHyIOU1 MOJEN PO3PAXYHKY MMApaMETPIiB TAPABIIYHUX AMOPTU3ATO-
piB HE TO3BOJIAIOTH BU3HAYUTH TEMIIEpATypy aMOPTH3aTOPHOI PiAMHM 3a ycTaje-
HOTO PeXHUMY PYXy aBTOMOOLIS. 32 YMOBH CHUIBHOTO BHUpilIeHHI BupasiB (2.19),
(2.20) 1 (2.21), oTpumMaemMoO PIBHSAHHS TEIUIOOOMIHY T1IpPaBIIYHOTO aMOpPTHU3aTOpa
miJ 4ac Moro poOOTH Ha YCTaJICHOMY PEXHUMI, K€ J03BOJIUTHh BU3HAYUTH CEepe-
HBOJMHAMIYHY TEMIIEPATypy aMOPTU3aTOPHOI PIIUHHU:

K. +k v
roor oy Ketkale o (2.22)

waep 0001 2(0(, * FHOB 't + C 'V)
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Ha miacrasi mpencraBinenoi mojeni, onucanoi gopmyinoro (2.22), moOymo-
BaHa TEOPETUYHA 3aJICXKHICTh YCTAJICHOI TEMIIEPaTypy aMOPTH3aTOPHOT PIMHHU BiJ|

TEeMIIepaTypy HABKOJIMITHBOTO CEPEIOBHUINA, 1110 TIPE/ICTaBlIeHa HA PUCYHKY 2.3.

~ 270(-3) —— . ,

Th=263K(-10°C)
A T

265(-8) 264(-9)

260(-10)

: 256(-17)
255(-18)

[ ]

50(-23)

i i | .‘....\.f;T‘nw=2431<(—30°C) 242(-29)
- ‘ — ™ el Ty et S TS wrt
240(-33) ' ! ' ‘ : :

|
263(-10) 253(-20) 243(-30)
TemnepaTtypa HaBKOTUIITHBOTO cepenoBuiia, K(°C)

Temnepatypa amopTtusatopHoi pinuau K(°C)

Pucynok 2.3 — 3asiexHiCTh yCTaJICHOI TeMIIepaTypyu aMOPTU3aTOPHOI PiTUHU

BiJl TEMIIEpaTypy HABKOJHUIITHHOTO CEPEOBHUIIIA

3MiHa TeMIepaTypu aMOPTH3aTOPHOI PIAMHU BIAOYBA€ThCSI HECYTTEBO, MPHU
MOYAaTKOBUX Temmneparypax T, =243 K (-30 °C) Bona 301nb1yeThest Ha 4 K, a ipu
Thoa =253 K (-20 °C) 1 Ty,0q =263K (-10°C) Bcboro Ha 5 K. 31 3HUKEHHSM 30BHIIII-
Hbo1 Temneparypu a0 243 K (-30 °C) temnepaTypa aMOpTU3aTOPHOT PIAMHHA 3HU-
KY€ETHCS MPAKTUYHO /10 MOYATKOBUX TEMIIEPaTyp, 10 CBIAYUTH MPO 3HAYHUI Tem-

J0OOOMIH MOBEPXOHb aMOPTHU3ATOPA 3 HABKOJIUILIHIM CEPEAOBHILIEM.

2.3 Moaeab GyHKUiOHYBAHHS TiIPaBJIiYHOI0 aMOPTHU3aTOPA
Sk omucaHo panimie, TOpyIIeHHsT (YHKIIIOHYBAaHHS aMOPTU3aTOPIB 1ICTOTHO
BIUIMBAE 1 HA 30UIBIICHHS BIOpAIifHOIO HaBaHTaKEHHS BCIX €JIEMEHTIB aBTOMOOI-

miB. [IpyunHOIO LMX SBUILL € /11 CUJI, III0 BUHUKAIOTh Y BUMIAJKY MOTIPLUIEHHS JeM-
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nyrUYnx BIACTUBOCTEH OCHOBHUX €JIEMEHTIB, a TaK0X HEKOPEKTHOIO iX pobo-
Tor0. Bigomo, 110 rigpaBiaiyHui aMOpTU3aTop 3a | IUKI POOOTH B HOPMaJIbHUX
yMOBax MOTJIMHAE 32 PAXYHOK JPOCENIOBaHHA 10 95% MexaHIYyHOIO eHeprii KOoJu-
BaHb. [IpoTe B pexxnMax poOOTH amMOpPTH3aTOPiB, IO HE BIANOBIIAIOTH iX HOpMa-
JbHOMY (DYHKI[IOHYBaHHIO, HAMPUKIIAJ, 32 YMOBH HU3bKUX TEMIIEpaTyp €KCILTya-
Tallii, MOXJIMBE TOTIPIIICHHS X MTOKA3HUKIB, 110 30UIBIIY€ 3arajibHy BiOpOHABaH-
TaXEHICTh aBTOMOO1JI.

JIst BU3HAUEHHA MapaMeTpiB (PYHKI[IOHYBaHHS aMOpTU3aTOpa, a TaKOX Iie-
PEBIPKM aJ€KBATHOCTI 3alIPOIIOHOBAHOI MaTEMAaTUYHOI MOJENI, 3J1NCHEHUN KOM-
OIHOBaHMI PO3PAXyHOK TIAPABIIYHOTO aMOpTU3aTopa B MakKeTl Mporpam
SOLIDWORKS Simulation.

[1ix yac mpoBeneHHs aHaji3y METOJIOM KIHLEBHX €JIEMEHTIB 1 BIPTYaJbHOTO
tectyBaHHd CAD-Mozeni, a TakoX MPOTrHO3YBAHHS MOBEIIHKUA MOJIE aMOpTH3a-
TOpa B yMOBaX peaibHOi ekcruryataiii [16] moOygoBaHa TBEpJOTIIbHA MOJECIb
aMopTH3aTOpa 3 BUKOPUCTAHHAM pEalbHUX F€OMETPUYHUX PO3MIPIB 1 MapaMeTpiB
Matepiaiy, 3 IKOr0 BiH BUTOTOBJICHUH, a TAKOXK MTapaMeTPiB 30BHIIIHBOTO CEPE/O-

BUIIA (PUCYHOK 2.4).

OSumme HacTpoiixe ? >

Maganemn Jaimee

-‘Tonm FCAOONG ey BHE U o8 Koo emmnr - £
T BHIE B 110 YWD 1195 HIMG) TRANCOTLAA '# N 3308w
1 il

o Pret ety TENcorTAse

Terneparips Brstrsd T2 sl cpsa | ‘Qg TeKyuRs Cpsas
Wepooearocy .
- Yancoue npockaaLoLandmia E Natepuas

AXIZT O
E Yuropun v creveny ]

| Hevansaue yentens

Pucynox 2.4 — TBepnoTiibHa MOJEIb TIAPABIIYHOTO aMOPTU3AaTOpa BaHTa-

»kHoro aBTomoOu1ss KpA3

Jns po3paxyHKY TiApaBIIYHUX 1 TEMJIOOOMIHHHMX IPOIIECIB MPOTPaMHUI
KOMIUIEKC BUKOPHUCTOBYE ycepeaHeHe piBHAHHA HaBbe-CTokca, TONOBHEHE 4YacT-
KOBUMHM MOXIAHUMU. 3a BUXIJHI OYJIM NPUUHATI aHi, OTPUMaHI B pe3yjbTaTi MO-

JICNIOBaHHS TIAPABIIYHUX Ta TEIUIOBUX PO3PaxyHKIB, Kl Oynu oOpoOieHi B pe-
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3yAbTaTi MpOrpaMHOro MojentoBaHHs. DyHKIIOHATFHA MOJCIb T1APaBIIYHOTO

aMOpTH3aTOpa MPeICTaBICHA Ha PUCYHKY 2.5.

l 243.2 K

Min = 243.2 K Max = 248.308 K

Pucynok 2.5 — I'padiune 300pa’keHHS MOJIETIOBaHHS TEMIIEPATypU aMOPTH-

3aropa

Ha pucynky 2.5 BijoO6paskeHo npoiib ycTajaeHoi TeMIiepaTypyu aMopTHU3aTo-
pa. HarpiBanss piakoro cepenoBuiia Bii0yBaeThCss HEPIBHOMIPHO 1 1OCATAE TPAHUY-
Hux 3HaueHb 248 K (-25 °C) Bix nouatkooi temneparypu 243 K (-30 °C). binbiia
YacTUHA €HEPrii BUAUTIETHCS B KJIAITAHHOMY OJIOI MOPIIHS 1 HEPIBHOMIPHO PO3MO/Ii-
JISIETHCS TIO CTIHKAaX y KOMIIEHCAI[lHIN KaMepl, IpyU UbOMY TeMIlepaTypa 4YaCTUHU
PIIMHYU B HUKHIN MMOPOXKHUHI IOPIBHIOE TEMIIEPATYP1 JOBKLUILIIS.

Opniero 3 (QYHKIIOHATHPHUX MOMXJIMBOCTEH MPOrpaMHOTO 3a0e3nedYeHHs
SOLIDWORKS Simulation € Tako» MO>XJIMBICTh TPOTrHO3yBaHHS MOBEIIHKH MO-
JIeJIl T1IpaBIIvYHOTO aMOPTHU3aTOpa B peasibHIN eKCIUTyaTallli, a TAKOXK aHasi3y 3Ha-
YUMOCTI pi3HUX (akTopiB. Pe3ynbraTty aHamizy MOJETIOBaHHS MPOIECy (PyHKITIO-
HYBaHHsSI aMOPTH3aTopa MPeICTaBIeHI Ha PUCYHKY 2.6. JO3BOJSIOTH BCTAHOBUTH,
10 HAWOLIBIT 3HAYYIUMHA (PaKTOPaMH, 110 BILUTUBAIOTH HA TEMIEPATypy aMOPTH-
3aTOPHOI PIIMHM, € TeMIlepaTypa HaBKOJIUIIHLOTO CEPeJIOBHINA, IIBUJIKICTh 1 Be-
JUYMHA TepeMillieHHs mToka. Ha pucynky 2.6 mokaszaHa 3ajeXHICTh 3MIHH yCTa-
JIEHO1 TeMIlepaTypu aMOPTU3aTOPHOI PITUHU BiJ BETUYMHH 1 IMIBHAKOCTI TIEpEMi-

IMICHHA IITOKA.
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PucyHok 2.6 — 3anexHICTh yCTaJ€HOI TeMIepaTypu aMOpTH3aTopa BiJ Be-

JIMYUHU Ta MIBUJKOCTI IEPEMIIIICHHS IITOKA

30UTbIIIEHHST TEMIIEPATYPH aMOPTU3aTOPHOI PIAMHU B1IOYBAETHCS CYTTEBO B
niama3oHi Big 20 1o 80 MM, 1 TaKOXK 3aJICKUTH BiJl IOYATKOBOT TEMIIEPATYPU aMOP-
tuzatopa. [Ipu Toq, 1m0 qopiBHIOE 243 K (-30 °C) Ta 253 K (-20 °C), pi3HuUlls TEM-
nepatyp cknana 8 K, a mpu T,y = 263 K (-10 °C) nopisnroBana 10 K. Ilpu Benu-
ypHax xoay Meniie 20 1 6inpire 80 MM pizHUI TemIiepaTyp ckiana He Oumbine 1 K
1 He Ounpmie 10 K, mo ¢Bigumniio mpo BCTaHOBJICHHS YCTAJICHOI TEMIIEPaTypH.

OpHuM 3 HaWOLIBIT 3HAUUMUX (AKTOPIB, 10 BIUIMBAE HA 3MIHY TeMIIEpaTy-
pU aMOPTU3ATOPHOI PIAUHU, € MIBUIKICTh MEPEMIIIEHHS IITOKA, IUHAMIKA 3MIHU
SKOTO TpeJcTaBiIeHa puc. 2.6. AHami3 rpadikiB 103BOJUB BCTAHOBUTH, 110 HaiOi-
JIBIIMI BIUTMB HA 3MIHY TEMIEPATYPH PIAUHA MA€ MBUAKICTh TEPEMIIIICHHS MITOKA
B mianazoni Big 0,26 mo 0,52 m/c — 12 K, 13 K Ta 14 K BiAnoBigAHO MpH MOYATKO-

Bux temmneparypax 243 K (-30 °C), 253 K (-20 °C) ta 263 K (-10 °C).

BucHoBKkH 10 po3aity

1. Po3po0GieHo maTeMaTUIHy MOJIeTb pOOOTH TiAPaBIIYHAX aMOPTH3ATOPIB,

110 JI03BOJISIE BU3HAYUTH 3HAYEHHS CHJI OTIOPY Ha BiA01M Ta CTUCK 3aJIEKHO BiJI TEM-

MP.AT-19.00.00.000 13

3mH. | Apk. Ne gokym. Mignuc | darta




nepaTypu HaBKOJIMIIIHBOI piIMHA. BCTaHOBIEHO, IO TPAHWYHI 3HAYEHHS CHJT OTIOPY
nocsraioth npu 249 K (-24 °C) 4022 1 1226 H na Bif0iii Ta CTHCK BiAMOBIIHO.

2. OTpuMaHO TeOpeTUYHE PIBHSAHHS TEIJIOBOTO 0ajaHCy T1IPaBIIYHOTO aMo-
ptuzaTopa KpA3-260 B ycraneHoMy pexumi. 3MiHa TEMIIEPATypy aMOPTU3aTOPHOT
piavHM BiIOyBaeTbes B Mekax 4-5 K, a mpu 3HM)KEHH1 30BHINIHBOI TeMIepaTypu
no 243 K (- 30 °C) 3nauenns cximagaots 242 K (-29 °C), 256 K (-17 °C) i 264 K (-9
°C), mo CBi- QUUTh TPO 3HAYHMNA TEIUIOOOMIH TOBEPXOHb aMOpTH3aTopa 3
JTOBKIJUISIM.

3. Ha ocHOBI oTprMaHHMX 3aJ€KHOCTEH MPOBEACHUI KOMOIHOBAaHHMA pO3pa-
XYHOK TBEPAOTLILHOI MOjeli rifpaBiiyHoro amoptuszatopa KpA3-260 B makeri
nporpam SOLIDWORKS Simulation, a Takok BCTaHOBJIEHI OCHOBHI (haKTOpH, 110
MalTh HAWMOUTBIIMI BIUIMB Ha TEMIEpaTypy amMopTU3aTOpHOI pinuHdA. Harpis
aMOPTHU3aTOPHOT PIAMHU TIPH 3MiHI IIBUIKOCTI MEPEMIIICHHS IITOKA CKiaB Bija 12

1o 14 K, a npu 3MiHI BeTMYMHU X0/1a mTOKa - Big 8 10 10 K.
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3 METOAUKA EKCIIEPUMEHTAJIBHUX JOCJIIKEHDb 3AKO-
HOMIPHOCTEM 3MIHH CHUJI OIIOPY I'I/IPABJITYHUX AMOPTH3A-
TOPIB BAHTA’KHUX ABTOMOBLJIIB KpA3-260

3.1 ExcniepuMeHTAJIbHI YCTAHOBKH i 0012 THAHHA

Jlyis BU3HAYEHHS 3HAUMMOCTI KOHKPETHUX (paKTOpiB Ha mpoiec (yHKI[IOHY-
BaHHS T1IPaBIIYHUX aMOPTHU3aTOPIB BaHTaKHUX aBToMOOLTIB KpA3-260 B ymoBax
HU3BKUX TEMIIepaTyp MPOBOIUIUCEH JTA0OpATOPHI MOCTiHKeHHS. 30ip HEOOXITHUX
CTaTUCTUYHHUX JAaHUX, a TAKOXK OLIHKA BIUIMBY YMOB €KCIUTyaTallii, MIpOBOJUINCS B
pe3ysibTaTi €KCIEpUMEHTIB B YMOBax LieXy TexHojoriuHoro tpancnopry HI'BY
«HangipHanadrora3» y c. [IniB. Ha 0a31 ycTaHOBKM 71l KaliTalbHOTO PEMOHTY
ceepmioBuH AOPC-60 na maci KpA3-260 O6yno 3MOHTOBaHE €KCIEPUMEHTAIbHE
obOnagHaHHA (pUCYHOK 3.1) 1uisl MPOBEACHHS eKCILTyaTalliiHuX BUNIPOOyBaHb. [1pu

bOMY TeMIlepaTypa HABKOJHUIIHBOTO CepefoBHUIla Oyia migiopaHa BUXOISYU 3

YMOB €KCILTyaTailii aBTOMOO1JIA.

Pucynok 3.1 — ExcniepumenTanbia yctanoBka AOPC-60 Ha 6a31 aBToMOOLIs
KpA3-260 13  BCTaHOBJIEHMMH  JaTYMKaMU  KOHTPOJIIO  TeMIepaTypu

aMOPTHU3ATOPHOI PITMHU 1 TEMIIEPATYPH HABKOJIUIITHHOTO MOBITPS

VYcraHoBka 3MOHTOBaHa Ha 0a3i BaHTaxHOro aBToMoOLIT KpA3-260,

MICTUTH B COO1 BUMIPIOBAIBHUI KOMILUIEKC 1 IEPCOHATBHUN KOMIT'toTep. s
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eKCIIEPUMEHTAJIbHOTO MIATBEP/HKCHHS aJeKBATHOCTI PO3pOOJIEHOI aHATITUYHOI
MOJIeJli, a TaKOX JOCITIHKEHHS BIUIMBY HaWOLIbII 3HAUyHIMX (DaKTOpiB HA mapa-
MeTp  (YHKIIOHYBaHHS  MPOBOJWJIMCS  JIOCHIKEHHS Ha  JJabopaTOpHIM
MIPOMHUCIIOBIA yCTaHOBIN (puUCyHOK 3.2), MmO BKJIOYae B ceO€ MIarHOCTHYHHMA

CTEHJ, 3MOHTOBAaHMH HAa HBOMY TIJIPaBIIYHUI aMOPTHU3aTOpP 1 BUMIPIOBAIBHY

amaparypy.

PI/ICYHOI( 32— HpOMI/ICJ'IOBa CKCIICPUMCHTAJIbHA YCTAaHOBKA IJIsI BU3HAYCHHA

eKCIUTyaTalllifHUX XapaKTepUCTUK aMOPTHU3aTOPIB

BianoBingHo 3 0COOMMBOCTSIMH, BUKIIAIGHUMU B PO3ALIIL 1, mpobiema € akTy-
IBHOIO 3/1€OLTBIIIOTO VISl €IEMEHTIB IMiJIBICKM BaHTAXHUX aBTOMOO1IIB YKpaiHCh-
KOTO Ta POCIKCHKOTO BUPOOHUIITBA. BiAMOBIgHO 3 aHAMI30M CKJIaay MapKy BaHTa-
KHUX aBTOMOOWTIB, aBToMOOUTI Mapku KpA3 e mommpenumu y HadTOra3oBiii
rany3i. 3a pi3uuauii 00'eKT HOCHIKEHb OyB 00paHUil TiApaBIiYHUIA aMOPTH3ATOP
tumy 1140.3.2905005. OTpuManHs JaHUX, HEOOX1AHUX JJIs1 BU3HAYEHHS TEIJIOBOTO
peXUMY TIIPaBIIYHUX aMOPTH3aTOPIB Ha PI3HUX MIBUAKICHUX 1 HaBaHTAXyBallb-
HUX peXuMax poOOTH MiJ] BILIMBOM YMOB JIOBKULIS, TPOBOJUIIOCS B TP €TaIH.

Ha nepmomy erami Ha 0a3i BanTaxkHoro astomMoOnst KpA3-260 Oymo
3MOHTOBAaHE BHMIpPIOBaJbHE OOJAJHAHHS, MPEACTaBICHE HAa PUCYHKY 3.3, s
3alMCy JaHUX TMPO TMOTOYHI YMOBHU €KCIUTyartarlii, a TaKOoX BIJICTEKCHHS

3aJIE)KHOCT1 3MIHM TEMIIEpATypPH aMOPTU3aTOPHOT PiAUHHU.
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Pucynok 3.3 — Cxema ekcriepuMeHTaIbHOI yCTaHOBKH

VYcranoBka 3MOHTOBaHa Ha 0a3i aBTOMOOUIS 7 1 MICTUTh B €001 MPUCTpii
KOHTPOJIIO TeMIiepaTypH 1, mepeTBoproBadi iHTepdeiciB pizHoi Mmoaudikamii 21 3,
MEPCOHANILHUN KOMI'TOTEp 4 1 TepMOTIEpETBOPIOBaYl 6, OIMH 3 AKUX BCTAHOBJICHUIA
B KOpIyCl aMmopTH3aTopa 5.

Ha pucynky 3.4 npencraBieHa cxemMa eKCIIEpUMEHTAIbHOTO MPOMHCIOBOTO
CTeHJa 3 BUMIPIOBAJbHUM KOMIUIEKCOM JUJIsl BH3HAYEHHS XapaKTEPUCTHUK
TiIpaBIiYHAX AMOPTHU3ATOPIB.

JlaHe BuUMIpIOBajgbHE OO0JIQIHAHHS BKJIIOUANIO B ce0e TepMOIepeTBOPIOBaYl
oropy JATC 034-50M i ITC 044-50M (matumku TeMneparypu) pisHux Moaudika-
11/, BCTAHOBJIEH] B KOPITYCl T1IpaBIIYHOTO0 aMOPTU3aToOpa 1 Ha KabiHl aBTOMOOLIIA
JUIsL KOHTPOJIIO TeMIIepaTyp aMOpPTU3aTOPHOI PIIMHU Ta HABKOJHUIIHBOTIO CEpeno-
BUIA. TepMorepeTBOpIOBayl MPU3HAUCHI JIJIsi Oe3MepepBHOTO BUMIPIOBAHHS TEM-
nepaTypu pi3HUX poOOUYMX cepeAoBHIL (razy, pIAMHU 1 TOIIO) 1 MAIOTh KJIac JI0My-
cKy B, ToOTO momyctume BiIXHJIEHHS 3HaueHb Temneparypu piBHe * 0,3 °C, mo
3aJI0BOJIbHSIE TOTpe0aM BUMIPIOBAHHS TEMIIEpaTypyd aMOPTU3ATOPHOI PIJIMHU Ta

TEMIEPATYPU MOTOKY MOBITPSI.
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11/ 12/

Pucynok 3.4 — ExcriepuMeHTanbHa MPOMUCIOBA YCTAaHOBKA JIJII BUSHAYEHHS

AY
\9 \10
EKCIUTyaTallltHUX XapaKTePUCTHUK T'APaBIIYHUX aMOPTU3AaTOPIB

ExcrniepuMeHTanpHa MPOMUCIOBA YCTAHOBKA MPALIOE HACTYNHUM YHHOM:
BCTAHOBJICHUH Ha paMi | eneKTpUYHUM JBUTYH 2 Mepesae yepe3 NacoBy mnepeaady
oOepTaHHsl Ha KPUBOLIMIHO-IIATYHHUH MexaHi3M 3. Ilix wac pyxy maryHa 4 mo
HampsIMHIA peillli, BIH MepeMillye TIAry S5, NEepeTBOPIOOYM OOEpTaHHS Baa
€JIEKTPUYHOTO JBUTYHA Y 3BOPOTHO-TIOCTYNAJIbHUM PyX IITOKA amopTu3aTopa. Jis
3MIHM BEJIMYMHHU MEPEMILIEHHS IITOKa aMOPTU3aTopa B TA31 NependadeHi OTBOPH,
pO3TaIioBaHi Ha PiBHIN BIJACTaHI1 OJIUH BiJ OJTHOTO, Yepe3 siKi BOHA (HIKCYEThCS MK
OIYHMMH CTIHKaMHU IJIAaHKU O, TIPU TMO3JI0BXKHBOMY MEPEMIIICHHI SIKO1 BEJIMYHMHA
nepeMilleHHs] MToKa 30UIbIIyeThbcs abo0 3MeHIyeTbes. [[ns BU3HAYEHHS CHII
OTIOpPY BiA00I0 1 CTUCKAHHS aMOPTHU3aTOPA BCTAHOBIICHUN JaTUYMK JBOCTOPOHHBOTO
Iii  TEeH30MEeTpUyHOro Tumy 7. Y pexumi (QYHKLUIOHYBAaHHA amMopTU3aTopa
3MIMCHIOETHCS  BIJUIIK  KUIBKOCTI MEPEMINIEHb IMIYJIbCHUM  JIaTYUKOM 8.
BuwmiproBau Ttemmeparypu 9 BcTaHOBJICHMI Ha Kopmyci amoptuszatopa 10.
Bentunsarop 11 ayig cTBOpeHHsI 001yBHOTO MOTOKY TaK0 OCHAIICHUI YaCTOTHUM
nepeTBOpIoBaYeM CTpyMmy 12, 110 JO3BOJISIE€ PEryjlOBaTH IIBUIKICTH B 33JaHOMY

iara3oHi.
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JIist 3MiHM MIBUIKOCTI TIEPEMIIIIEHHS IIITOKA aMmopTrU3aropa OyB BCTaHOBIIC-
HUM BekTOpHUM Tpudazuuii neperBoproBau yactoru BECITEP E2-8300-005H mo-
TyxHicTIO 3,7 KBT, 1110 103BOJIsI€ 3MIHIOBATH MIBUJIKICTh Yy Mexax Big 0,26 mo 0,52
M/c. 3HaUEHHs MEepeMIIIeHHs ITOKAa 3MiHIOBaIX B fiana3zoHi Big 20 mo 80 mm 3
KpokoM 30 MM.

Jlna 3a6e3nedeHHst 00 IyBaro4oro MOTOKY MOBITPSA, a TAKOX I 3MIHH HOTO
MIBUIKOCTI OyB BCTaHOBJIEHUI ochoBHi BeHTHIsITOp B06-300. [IIBHAKICTH TIOBIT-
PSHOTO TMOTOKY, CTBOPIOBaHA BEHTWJISTOPOM, Maja MOXJIUBICTh 3MIHIOBAaTHCS B
niama3oHi 10 15 m/c. 3MiHa MIBUAKOCTI MOBITPSIHOTO MOTOKY B 33JIaHOMY Jl1ara3oH1
3MIICHIOBAJIACS TaKOX BEKTOpHUM meperBoptoBaueM yactoTu BECIIEP E2-8300-
005H.

Jlst BU3HAYCHHS 3QJIEKHOCTI MK 3HAUYCHHSMH IMOTOYHOTO IMapaMeTpa Ha
MEePETBOPIOBAYl YACTOTH 1 MIBUJKICTIO MOTOKY IMOBITPSl, CTBOPIOBAHOTO BEHTHIISI-

topoM B06-300, mBHAKICTH BITPY BHU3HAYAIU MOKPOKOBO AHEMOMETPOM MapKH

DT-8894.

3.2 MeToanka CTeHI0BHUX i eKCILTyaTAlliHHUX BUIPOOYBaHb

3.2.1 MocaigeHHs TeNJOyTBOPEHHS IiIpaBJivHOT0 aMOPTH3aTOpa Ba-
HTAKHOT0 ABTOMOOIJIA 32 HU3bKHUX TEMIIEPATYP eKCILIyaTamii

JInsi BU3HAYEHHS TEIJIOBOTO PEXUMY POOOTH T1IPaBIIYHUX aMOpPTU3aTOPIB
YCTaHOBKH I KamiTadbHOTO peMoHTy cBep/uioBuH AOPC-60 3a HH3BKHX
TeMriepaTyp Ha 0a31 BaHTaxHoro aBTomMoOuIs KpA3-260 Oynu mnpoBeneHi
eKCIUTyaTalliiiHi BUTPOOYBaHHS y PI3HUX PEKUMAX.

YMoBH pyxy Oyiau HACTyNHI: TeMIlepaTypa HaBKOJIMIIHBOTO CEpeloBHUIIA
cranoBuia -20 °C Ta -10 °C BIAMOBIIHO; MBUIKICTh PYXY BUOUpPAIN BUXOJSUH 3
HIBUIKICHOTO PEXHUMY B 3MIIIAHOMY peXUMI pyxy, mo craHoBuia 20, 40 ta 60
KM/TO7l. ABTOMOOUIh pyXaBcs 13 3a3HAYCHOIO IMIBUIKICTIO 0€3 HaBaHTAXKEHHS 1 B

PEXMMi HOMIHAJILHOIO HABAHTKEHHS, 1110 CKJIaJaJI0 HE MEHIIIE 5 T.
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Jlani yepe3 BOCbMHKaHAIBHUN TpUCTPiil KoHTpodto Temmeparypu YKT 38
LI 4-TII 1 uepe3 neperBoptoBaul iHTEpPeiiciB OBEH AC-2M 1 AC-4 peanizoByBa-
BCA 3B'SI30K 1 O€3MEpepBHUI 3aIlKC 3HAY€Hb Yy CTBOPEHY 0a3y JaHMX 3a JOIMOMOTOI0
SCADA-cuctemu OWEN PROCESS MANAGER (OPM) — nporpamuoro 3a6e3-
MeYeHHsI, Mpu3HaueHoro s 3aiicHenHs 3B'13ky [1K 3 mpunagamu OBEH.

[Mopsnox BukoHanHs podotu: 1. 3anmyck ABUTYHA. 2. YBIMKHEHHS MPUJIAIY.
3. 3amyck mporpamu «Owen process manager». 4. [louatok pyxy aBTOMOOUIS 13
BCTAHOBJICHOIO MIBUAKICTIO 0€3 HaBaHTa)XCHHS, a TaKOXK 3 HOMIHAJIbHUM 3aBaHTa-
YKEHHSM IoHalMeHe 5 ToH. 5. Tpupa3oBuil 3amip TeMnepaTypu aMOpTU3aTOPHOL
PLAMHM 1 TEMIEPATypHU HABKOJIMIIHBOTO CEPEOBUILA 3 BHECEHHSIM 3HAYEHb B I10-
MEePEHbO CTBOPEHUN €NEeKTPOHHMM NToKyMeHT y [1K.

3.2.2 JlociiazkeHHs BIUIMBY BHOpaHuX (pakTOpiB HA mapamMeTpu (pyHK-
HIOHYBAHHSI AMOPTH3ATOPIiB BAHTAKHOT0 aBTOMOOLISA 32 HHU3bKHUX TeMIlepa-
TYP eKCIIyaTauii

B ymoBax mexy HadrorazoBoro TtexHosoriuHoro Ttpancnopty HI'BY
«Hansipuanadroras», c¢. IIHIB NpoBOAWIMCH JOCHIDKCHHS Ha IPOMHCIIOBIM
yctaHoBli. Ha  cmemiaabHO  3MOHTOBAaHOMY  CTEH1 JJIsl  BU3HAUCHHS
EKCIUTyaTal[lfHUX XapaKTePUCTUK TIIPABIIYHUX aMOPTHU3ATOPIB, MPEICTABICHOMY
Ha pUCYHKY 3.4, mMpoBOIMIUCS BUIPOOYBAaHHS TiAPABIIYHUX aMOPTH3aTOPIB Ha
PI3HHX peXUMaXx.

BunpoOyBaHHs IpOX0IMIN B Jlana3oHl TeMIlepaTyp HAaBKOJHUIITHHOTO TOBI-
Tpst Big 253 K (-20°C) no 263 K (-10°C) 1 mBHAKOCTI TOTOKY MOBITPS, IO 001yBa€
amoptuzatop, 10 15 m/c. IIBUAKICTH IEPEMIIICHHS IITOKa aMOPTH3aTOpa 3MIHIO-
Basacs Big 0,26 mo 0,52 m/c, 3 kpokoMm 0,13 M/c; 3HaUCHHS TIEPEMIIIICHHS IITOKA B
niama3oHi Bia 20 10 80 MM 3 kpokom 30 MM.

Ha po3poOnenomy cTeHai mpoBOIUIN BUIIPOOYBAHHS aMOPTU3ATOPIB 3T1HO
po3po0JeHOT METOAMKH 3 BUKOPHCTAHHSAM OOJIQAHAHHA ISl BUMIPIOBAHHS CHII
OIOpY Ha X0JIax BI0OI0 1 CTHUCKaHHA. BumiptoBanbHe 00J1aJHAaHHS BKJIIOYA€E B ceOe

T1 % OPUIIAIHU Ta MEPETBOPIOBAYl sl BUMIPIOBAHHS TEMIIEPATYPH aMOPTU3aTOPHOI
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PIAVMHYU Ta HABKOJIMIITHBOTO CEPEOBUINA, a TAKOXK KUIBKOCTI IMITYy/bCiB. {151 BuMmi-
pIOBaHHS CUJI OMOPY Ha BiJ01# Ta CTUCK BUKOPUCTOBYBAIM S-TIOJIOHUI TEH30MET-
puunuii natuuk K-16A nBocroponHboi aii. JlJis mepemadi CUrHaMY BiJ TEH30MET-
PUYHOTO JaTYMKa 3aCTOCOBYBABCS MOJYJb BBEJCHHS CHTHAJIB TEH30/IaTYMKIB
MBI110-1TJI cminsHO 3 meperBoproBaueM iHTepdeiicy OBEH AC-4. [lns 3miiic-
HEHHS 3B'A3Ky 1 O€3MepepBHOTO 3amucy 3HAYCHb BUKOPUCTOBYBAIU IOMEPEIHBO
CTBOpEHY 0a3y maHux 3a gomoMororo Tiei )k SCADA cucrtemu.

3.2.3 JocaixkeHHs: 00paHOro cnocody 3ade3nedyeHHsi GyHKUiOHYBaHHSI
riApaBJiYHUX aMOPTU3ATOPIB 32 PAXyYHOK MOAM(IKOBAHOIO CKJIALY aMOPTH-
3aTOPHOI PiIUHH

B ananoriyHux npoMHUCIOBUX YMOBaXx IeXy Ha(TOrazoBOro TeXHOJOT14HOTO
tpancnopty HI'BY «Hangipnanadtorasy», c. [IHIB mpoBOIMINCH TOCHIIKEHHS 3
BUKOPUCTAaHHAM JabopaTopHOi ycTaHOBKM. [y 3a0e3medeHHs] (PyHKI[IOHYBaHHS
TIAPABIIYHAX aMOPTU3AaTOPIB MPOBOJUIIN 3aMiHY CKJIaay aMOPTH3aTOPHOI PIAMHU
IUISIXOM TOETAIMHOTO J0JlaBaHHs Mojudikatopa y BUIJISAL JU3EIBHOIO MaJKBa
JI1-3 Big 5 mo 25% Bijg 3araJbHOr0 00’€My aMOPTH3aTOPHOI PIIUHU 3 KPOKOM 5%
BiJl 3aranpbHOro 00’emy 475 mi. PexxuM (yHKI[IOHYBaHHSI BIJNOBIJIAB PEXKUMY

BUNPOOYBaHb, OMUCAHOMY B IMyHKT 3.2.2.

BucHoBOK 10 po3ainy

3anpornoHoBaHe OOJaJHAHHS Yy METOJIMKH JIO3BOJUIM B YMOBaX IEXY

HadrorazoBoro texHosoriunoro tpancnopty HI'BY «Hansipuanadrorasy, c. [1His,

BU3HAYUTH OCHOBHI €KCILTyaTalliiiHI XapaKTepUCTUKU aMOPTU3aTOPIB YCTAaHOBKH IS

KamitabHOro peMoHTy cBepmioBuH AOPC-60 nHa maci KpA3-260 3anexxHo Bifg

pEeXKUMIB POOOTH.
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4 PE3YJIBTATU EKCHEPUMEHTAJIbHUX JOCJ/IIIKEHb

4.1 JocaigskeHHsI yCTAJEHOI TeMIlepaTypH

riApaBJIivYHOr0 aMOpPTH3aTO-

Pa YCTAHOBKH VISl KalliTAIbHOr0 peMOHTY cBepaAioBuH AOPC-60 na maci KpA3-

260

Ha nepiomy erari MeTOI0 JAOCTIIKEHb 0yJI0 BCTAHOBJICHHS BIUIUBY PI3HUX

HaBaHTa)XyBaJbHUX 1 MIBUAKICHUX PEXKUMIB pOOOTH,

d TaKOX YMOB HABKOJIMITHLOT'O

CepeI0BHIIA HAa 3MIHY TEMIIEpaTypH TapaBIIYHIX aMOPTH3aTOPiB MiaABicKU. Biamo-

BIJIHO JI0 METOJIMKH, BUKJIAJCHOT B pO3/11Il 3, /11 BUBHAYCHHS YCTaJEHO1 TeMriepa-

Typu amMOpTH3aTOPiB MiABICKM Ha 0a3i BaHTaxkHOro aBToMoOiIa KpA3-260 Oymo

3MOHTOBAaHO BHUMIpIOBaJIbHE OOJIQJIHAHHS Ta OYyJu
JOCIIJIKEHHSI Y PEXUMI pealibHOi eKCIUTyaTarii.

npoOyBaHb PEACTABICHI HA PUCYHKY 4.1.

MIPOBE/ICHI €KCIIEPUMEHTAJbHI

PGBYJ'IBTaTI/I IIPpOBCACHUX BH-

Temmneparypa
aMopTU3aTOpHOi pinnau, K
270
| * ] IT sk I
| Al | ! noy
-—% G iy "
265 ; %-—y-..;_i
bl
[ | ‘-Q
260 a2ttt ]
| | | | | |
' ' ' | Tu0=253K
At I =
SR A R
5D I L N |
20 40 60

HIBUaKICTH pyXy aBTOMOOLIIS, KM/TOJT

Toow = 263 K (-10 °C), Al =4 K; Tyou = 253 K

(-20 °C), A2 =5K

Pucynok 4.1 — 3anexHIicTh yCTaJIeHOI TeMIlepaTypyd aMOPTU3aTOPHOI PiIu-

HU B1J] BUAKOCTI PyXy aBTOMOOLIIS

MP.AT-
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VY mportieci nocaikeHb GYHKIIIOHYBAHHS T1ApaBIiYHUX aMOPTHU3aTOPIB BaH-
TaxxHux aBToMOOLTIB KpA3-260 3amexxHo BiJ TemMmeparypud HaBKOJUIIHHOTO
Cepe/IOBHINla BCTAaHOBJIEHO, IO Tpolec (YHKI[IOHYBAaHHS aMOPTU3ATOPIB 3a
HU3BKUX  TEMIIEpaTyp  CYNPOBOKYEThCS  HE3HAYHUM  OXOJIO/KEHHSM
amoptuzatopHoi pimuau Big 1 mo 4 K. Ile moB'si3aHo 3 TpHWBaJIMM BILUIMBOM
00JTyBal04oro IMOTOKY MOBITPsS Ha 30BHIIIHI MOBEPXHI aMOpPTHU3aTOpa, a TaKOX
HU3BKOIO €(EKTUBHICTIO HOTO (PYHKIIOHYBaHHS, IO MPU3BOJIMIO JO 3HAYHUX
BTpAaT TEIUIOTH B HAaBKOJIUIIHE CEPENOBUIIE. 3O0UIbIIEHHS IMIBUIKOCTI PyXy
BaHTa)XHOTO aBTOMOOWIA 3 20 g0 60 KM/TOJ CyHpOBOIKYBAJIOCS 3HUKEHHSIM
YCTAJICHOI TeMITepaTypy aMOPTH3aTOPHOT PiIWHHU.

3a mWBUAKOCTI pyxy aBToMOoOUIA 10 20 KM/TOA Ta TEMIEPATypl HABKOJIMII-
Hporo cepenonuia 253 K (-20° C) HarpiBy aMOpTH3aTOPHOI PIAMHU HE BigOyBa-
JI0Cs B 3B'SI3KY 3 HU3BKOIO €(PEKTUBHICTIO IEPEMIIIICHHS MiABICKH €JIEMEHTIB.

BcTanoBieHo, 110 TOCATHEHHS YCTAJIEHOI TEMIIEPATypPU PIBHOMIPHE Y BChO-
My Jlara3oHi HU3bKUX TeMIiepaTyp. BusHaueHo, 110 B MpeACTaBICHOMY Jliama3oHi
TEeMITepaTyp HABKOJMITHLOTO CEPEIOBUINA BETUYMHA OXOJIOKEeHHS (A2) aMopTH-
3aropiB He nepepummia 4 K. Xapakrep 3MiHM TeMmIepaTypu aMOpTU3aTOPHOI Pi-
JMHU Ma€ HEJIIHINHY 3aJeXKHICTh. Y pe3ysbTaTi eKCIUTyaTallliHUX BUIPOOYBaHb
TaKO0X BCTAHOBJICHUM yac cTabumi3allii TeMnepaTypu, 10 CTaHOBUTH Oubiie 35 XB.

Ha mizicraBi oTpuMaHux pe3ysbTaTiB MOKHA 3pOOUTH HACTYITHUN BUCHOBOK:
MiJ] 4yac eKCIuTyaTallii BaHTaXKHUX aBTOMOOLIB, OCHAIEHUX T1APABITYHUMU aMOp-
TU3aTOpaMHu, ICHye IpoOsiemMa, MOoB'si3aHa 3 MOPYLIEHHSM TEIJIOBOTO PEXHUMY Ti]I-
pPaBIIYHUX aMOPTHU3aTOPIB BAaHTAXXKHUX aBTOMOOLTIB B JIOCHIKyBAaHOMY Jliarma3oHi
HU3BKUX TeMIeparyp. SIK onucaHo paHime B po3auiax 1 12, 3MiHa TEMJIOBOro pe-
KUMY TiAPaBIIYHOTO aMOPTH3aTOpa BIUIMBAE HA 30UIBIICHHS B'S3KOCTI poO0YOi
pinuHN. OTXEe, BUKOPUCTAHHS BAHTAXHUX aBTOMOOUTIB B YMOBaX TPHUBAJIOTO
BIJIUBY HU3bKOI TEMITEpaTypy y Pi3HHUX JOPOKHIX Ta MBUIKICHUX PEKHMAX PYXY
30UTBIITY€E TEMI000MIH 3 HaBKOJIMIIIHBOTO CEPEIOBHINEM 1 MOBEPXHSIMHU aMOpPTH3a-
TOpiB. 30UIbIIECHHS 3HAYE€Hb B'SI3KOCTI aMOPTU3aTOPHOI PIAMHU MOTIpIIyE PYHKII-

OHYBaHHS aMOPTHU3ATOPIB, 1110 1HOI IPU3BOJAUTH 10 YACTKOBOTO 200 MOBHOTO 0OJ10-
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KyBaHHS MEpEeMIIlEeHHsI pOOOYNX €JIEeMEHTIB aMOPTU3aTOPIB Ta €JIEMEHTIB MiJIBiC-

KH.

4.2 Pe3ybTaTH CTEHA0BUX BUIIPOOYBaHb IiIpaBJivHNX aMOPTU3ATOPiB
B YMOBaX HMU3bKHX TeMIlepaTyp

JIist miaTBEpXKEHHST TEOPETUUHUX TMEPEIyMOB, BUKIIAJEHUX Yy pO3AuI 2, a
TaKOX TIiJ] 9ac BCTAHOBJICHHS OCHOBHUX (PaKTOPIB, IO BIUIMBAIOTH HA MapaMeTPH
(GYHKIIIOHYBaHHS T1JIpaBIIYHUX aMOPTH3aTOPiB, OyJIU MPOBEICHI CTEHI0B1 BUIIPO-
OyBaHHSI.

Jlyis BU3HAYEHHS Yacy JOCATHEHHS YCTaJICHO1 TEMIIEpaTypy aMOPTU3aTOPHOT
PIAMHU PEXUM BUIPOOYBaHb OyB HACTYNHHMIA: 3a MOCTIMHOI IIBUAKOCTI HEpEMi-
nieHHs mroka 0,52 M/c, BeJMYMHI MEpEeMIIIEeHHs Toka amoprtuzatopa 80 MM 1
IIBUJIKOCTI 00JyBarouoro MOTOKY MOBITpS 5 M/C aMOpTU3aTop (PYHKIIOHYBaB B
oe3nepepBHOMY pekumi. Pe3ynbratu BUunpoOyBaHb, MpeAcTaBieHl Ha rpadiky 3a-
JIEKHOCT1 yCTaJIEHOi TeMIEpaTypyu aMOPTU3aTOPHOL PIAMHU Bl yacy poOOTH aMo-
pTH3aTOpa, CBiAYATH MPO Te, IO TeMIepaTypa aMOPTU3aTOPHOI PIAMHM JocsTana
no3Hauyku 280 K (kpuBa 1) npu nmoyaTkoBii TeMrepaTypi HaBKOJUIITHHOTO TTOBITPSI
Thow = 263 K nume yepes 30 xB pobotu Ha Benmuuuny Al. Jljist TeMmeparyp ekc-
roryatanii 253 K (kpuBa 2) niama3zoH 3MiHU TeMIEpaTypu aHAJIOTIYHUNA KpuBii 1 1
ckiaB 0m3bko 0,6 K 3a XBUIMHY, 110 CBIYHUTH MPO 3HWIKEHHS e(PEeKTUBHOI pOOOTH
rigpaBiaiyHux amoptusatopis. [licig nocsaraenHs 30 XB NIABULIEHHS TEMIIEPATypU
aMOPTHU3aTOPHOI PIIUHU NPUIIHUHATIOCS, IO OyJI0 MOMEHTOM BUXOJy arperary Ha
cTabuIbHUI TeroBui pexxuM. [TopiBHSHHS 3HaYeHb Al, A2 103BONIMIIO BCTAHOBH-
TH, 10 HAMOUTbII 1HTEHCUBHUI PICT TeMIEpaTypu aMOPTU3ATOPHOI PITUHUA MOXK-
JUBUH 3a TemrepaTyp ekcrutyataiii He Huxuae 253 K (-20 °C).

OpHuM 3 HaWOLIBII 3HAYYIIUX (PAKTOPIB, IO BU3HAYAE €(PEKTUBHICTH POOO-
TH TIAPaBIIYHUX aMOPTH3ATOPIB € MBHAKICTh MEpeMillleHHs mToka. Jis moci-
JOKEHHS BIUTMBY 3MIHU IIBUJIKOCTI TIEPEMINICHHS IITOKA HA TEMIIEpaTypy aMOPTH-
3aTOPHOI PIIMHU MPOBEICHA Cepisl EKCIIEPUMEHTIB, PE3YIbTaTH SIKUX MPEACTaBICHI

Ha PUCYHKY 4.3.
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Temneparypa
amoptuzatopHoi pigunu, K(°C)
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Tuoe = 263 K(-10° C), Al = 18 K; Tyoq = 253 K(-20° C), A2 = 19 K

Pucynok 4.2 — 3anexHiCTh yCTalleHOI TEMIIEpaTypu aMOPTU3aTOPHOT P1IUHH

B1J1 yacy poOOTH aMOpTU3aTOpa YCTAHOBKH /ISl KaliTAIbHOTO PEMOHTY

ceepmiioBuH AOPC-60 na maci KpA3-260

VY pe3ynbTaTi €KCIEPUMEHTIB BCTAHOBJICHO, IO y BHUMAAKY 301JIbIICHHS

MIBUIKOCTI TIEPEMIIICHHS IITOKA BiAOYBa€ThCS HAMIHTECHCUBHIIIE 3DOCTAHHS TEM-

nepaTypu aMOpTU3aTOPHOI PIIUHU, MPOTE, KpailHIM 3HAYEHHSM € MBHUIAKICTH 0,52

Mm/c.

KpuBumu 1 1 2 BigoOpakeHO 3MiHY TeMmIepaTyp aMOPTH3aTOPHOI PiIUHU

YCTaHOBKHU JJIA KamiTalbHOTO peMOoHTy cBepuioBuH AOPC-60 na maci KpA3-260

MPU MOYATKOBUX Temmeparypax Tpoy =253 K1 Ty =263 K. Anani3 3amexHocTei

MoKa3as, 10 pi3Hullg temmnepatyp Al 1 A2 omHakoBa 1 X 3Ha4YEHHS TOPIBHIOBAIN

14 K ta 15 K. Le cBigunno npo 3HaYHE HarpiBaHHS aMOPTU3ATOPHOI pinuHu. [lpu

IOMY JIPOCENTIOBAHHS PITUHU MPOXOAUIIO B O€3MepepBHOMY pexuMi, 6€3 OJI0Ky-

BaHHSI pyXOMHUX €JIEMEHTIB.

3MH.
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Temmneparypa
amopTtu3zatopHoi piaunu, K(°C)
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[IBUaKICTH IEPEMIILICHHS IIITOKA, M/C
Thow =263 K (-10 °C), A1=15K; Tpeq =253 K (-20 °C) A2=14K
Pucynok 4.3 — 3anexxHiCTh ycTaIeHOI TEMIIEpaTypyu aMOPTU3aTOPHOT P1IMHH

B1JI IIBUAKOCTI MEPEMIILICHHS IITOKA

Byno BcTaHOBIIEHO TakoX, 110 MaKCUMaJllbHA PI3HUIISI MK TOYATKOBOIO Te-
MIIEpaTypol0, PIBHOIO TeMIEpaTypl HABKOJMIIHBOIO CEPEIOBHIA, 1 TeMIepaTy-
pPOI0 aMOPTHU3aTOPHOI PIJIMHU, TOCATHYTOI B Pe3yibTaTi (PYHKI[IOHYBAaHHS aMOPTH-
3aTopa TpU 3MiHI IIBUAKOCTI TEpeMilieHHs ImToka B miamazoHi Big 0,39 mo
0,52 m/c cknana 278 K (15 °C).

JIist BU3HAYEHHS 3aJI€KHOCTI 3MIHM TEMIIEpAaTypu aMOPTU3ATOPHOT PIIUHU
B1JI BEJIMYMHU TIEPEMIILICHHS IIITOKA MPOBEICHI CTEHAOBI BUIIPOOYBaHHS, 13 3MIHOIO
BEeJIMYMHHM B aiana3oHi Big 80 mo 20 MM 3 kpokoM 30 Mm.

Ha pucynky 4.4 300paxeHa 3aJeXHICTb 3MIHM YCTaJ€HOI TeMmIepaTypu
aMOPTHU3aTOPHOT PIIMHM BiJ BEJIMUMHM MEPEMIIICHHS IITOKA. SIK MoOKa3aHoO Ha pHU-
CyHKy 4.4, xpuBi 1 Ta 2 ONUCYIOTh HEMHIWHY 3MiHY TEMIIEpAaTypu aMOPTU3aTOPHOI
pinuau. [Ipu BenmnuuHi Xoay mroka 20 MM Ta MOYaTKOBINA TeMmepaTypl T, =253

K (-20 °C) piznunsg temnepartyp ckiana 2,5 K. 3MiHa BennuuHu xoja mroka g0 50
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MM CYHpPOBOKYyBasacs OUTbII 1HTEHCUBHUM HarpiBaHHSM aMOPTHU3aTOPHOI piau-
HU, 110 cTaHOBUJIA B cepenHbomy a0 8 K. IIpu BenmnuuHi xoay mroka 80 MM Harpi-

BaHHS JocATano 3HaueHb 263 K.

Temmeparypa
aMOPTHU3aTOPHOI PiIMHH, K(°C)
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[TepemiteHHs MITOKA, MM
Toos =263 K (-10 °C), A1=10K; Tyos =253 K (-20 °C) A2=8K

Pucynok 4.4 — 3anexHicTh TEMIIEpaTypyu aMOPTU3AaTOPHOI PIAMHHU Bij mepe-

MIIIEHHS MITOKA TipaBiaiaaux amoptuzatopiB KpA3-260

3yMOBJIEHO 1I€ TUM, IO MEPEMIIIEHHs OUIBIIOro 00’€My aMOPTH3aTOPHOT
pPIAMHYU 3 pOOOUYMX KaMep 3a IUKI POOOTH CIpHUs€ OUIbII IHTEHCUBHOMY BUJIIJICH-

HIO TEIJIa 32 PaXyHOK APOCEITIOBAHHS Ta TAPABIIYHOIO TEPTS.

4.3 ExcnepuMeHTa/IbHA NepeBipka cnocoly 3a0e3nevyeHHst (PYHKIIOHY-
BaHHA riapasiaiuaux amoprusatopis KpA3-260

Ha mincraBi HaBeAeHUX BUCHOBKIB 1 MPOBEICHUX BUIPOOYBaHb, MPEACTAB-
JICHUX B po3auIi 4.2, BIAI0Cs BCTAHOBUTH, 110 13 3HWKEHHSM TeMIIEpaTypu aMmop-
TU3ATOPHOI PIIUHU BIOYBAETHCS 301IBIICHHS CUJT OMIOPY Mij Yac (PyHKIIIOHYBaH-

HSl aMOpTHU3aTOpa Yepe3 30UTbLIEHHS B'SI3KOCTI aMOPTU3aTOPHOT piauHu. Beranos-
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JICHO TaKOX, IO iICHy€ (PyHKIIOHAIbHA 3aJI€KHICTh MK CHJIaMHU OTIOPY aMOpTH3a-
TOPIB 1 B'SI3KICHO-TEMIEPATYPHUMH XapaKTepUCTUKaMHu poOodoi piauHu. OTxe,
3abe3reueHHs] (YHKIIIOHYBaHHS TiJIpaBIIYHUX aMOPTU3ATOPIB MOXKIJIMBE IUIIXOM
3a0e3MeUeHHsI B'SI3KOCTI aMOPTU3aTOPHOI pinuHu. Ha mijcTaBi BHIEBUKIAACHOTO
METOI0 JaHOTO eTary Oyio po3poOka meToay 3abe3nedeHHs (YHKI[IOHYBaHHSI
aMOPTHU3aTOPIB BAHTAKHUX aBTOMOOLIIB HA OCHOBI 3aCTOCYBaHHS aMOPTH3aTOPHOI
piavHU 3 MOAN(IKOBAHUM CKIIAJIOM.

OpHuMm 13 crocoOiB 3HMXKEHHS B'SI3KOCTI poO0YOT PIAMHU aMOPTHU3aTOPIB Y
BUPOOHUYUX YMOBAaxX, Ha Halll MOTJISIA, MOXKE OyTH JOJaBaHHS JESKOI KIJTBKOCTI
MaJIOB'SI3KUX PIWH, HANpUKIaa, auszenbHoro nanuBa [I1-3-KS nns 3amanoro mia-
Ma30Hy TEMIIEpaTypyu HABKOJHUIITHHOTO CepeoBHINA. SIK BCTAHOBIICHO paHIIlIe, Mij
yac TpuBajuoi (Outebie 30 XB) ekcIuTyaTallli aMOpPTU3aTOPHA PiJIMHA HAarpiBa€ThCs
He Ounblne, HIX Ha 4 K npu Temneparypi ekcrutyaTaiii Hk4ue -20 °C, 1o € Heno-
CTaTHIM 17151 3a0e3neyeHHs1 (yHKIIOHYBaHHS aMOPTU3aTOPIB MijJ Yac caMopo3irpi-
By, II0 B MOJAJBUIOMY BIUIMBA€ Ha 30UIBLIECHHS ONOPY MEPEMILIEHHS PYyXOMHUX
CJIEMEHTIB TI1BICKH.

Jns oOrpyHTYBaHHS CKJIaqy MoaudikoBaHoi piguHu Oyno po3poOiieHa me-
TOJMKA Ha OCHOBI ONMHMCAHMX paHilie nepeaymMoB. Ha mepriomy etami ajisi BUSB-
JIEHHSI HEOOX1JTHOTO CHiBBIJHOIICHHS aMOPTHU3aTOPHOI PIAMHU Ta JU3EIHHOTO Ta-
JWBa TiJ 4YaC BUKOPUCTAHHS IITATHOTO TIiJIPaBIIYHOIO amMopTH3aTopa MOAENI
[140.32905005 B amoptuzatopuy pimuny AXK-12T nomaBanu nu3enbHE MaIUBO
JI1-3-K5 Big 5% 1 Oinbiie Big 3aragbHOro 00’eMy pobouoi piaunu 475 miu. s
BU3HAUEHHS HaWOUIbII BIAMOBIIHOTO CKJIaJy BHUKOPHUCTOBYBAJIM OMHUCAHY paHille
7abopaTopHy yCTaHOBKY. BumpoOyBaHHS MPOBOAMIIA MPU TEMIIEpaTypi HABKOJIH-
IIHBOTO cepenoBua, piBHiil 249 K (-24 °C).

VY pesynbTaTi BUIpOOYBaHb OTPUMaHa 3aJICKHICTh 3MIHU CHJI OTIOPY TiJIpaB-
JIYHOTO aMopTHU3aTopa YCTAaHOBKH JUIS KAaiTaJbHOTO PEMOHTY CBEPAJIOBUH
AOPC-60 na maci KpA3-260 nns pi3HOro BMICTY JAM3EIBLHOIO TajiiBa B

3arajJpHOMY 00’ €Mi aMOPTU3aTOPHOI PIAMHM, KA 300pakeHa Ha PUCYHKY 4.5.
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Bwmict mogudikaropa JI1-3, %
Pucynok 4.5 — 3anexHoCTi 3MiHU CHIT ortopy Ha Binoiit (F,;y5) Ta ctuck (F.,)
TIIpaBIIYHUX aMOpTU3aTopiB 13 BMicToM Moaudikatopa JII-3 y 3araapHOMY

00’eM1 aMOpPTU3ATOPHOT PiIUHU JUIs Temnepatrypu excruryaraiii 249K (-24 °C)

AHaJII3y0un JlaHi 3aJie’KHOCTI 3MIHM cuil ornopy Ha BinOin (Fgy5) 1 ctuck
(F.,) BCTaHOBJIEHO, 1110 Y BUIMAIKY JA0JaBaHHS JU3EIHHOIO IMaJHBa B Jiara3oHi Bij
5 1o 20% [03BOJIMIIO 3HU3WUTH 3HAYEHHS CUJI ONOpPY, IPOTE IX 3HAYEHHS IEPEBU-
IIyBaJIM MaKCUMaJbHO BCTAHOBJICHI TEXHIYHOIO JOKYMEHTAIIIEI0 3HAUCHHS Ha Bij-
6111 4022 H ta ctuck 1226 H (3amTpuxoBaHa 00iacth). 31 30UIIIEHHSIM BMICTY
JIM3EJIbHOTO NanuBa 10 25% 3HaueHHs CUJl ONopy Ha BiAOIM 1 CTUCK 3MEHIIMIIUCH
MPAKTUYHO JI0 TPAHUYHUX JOMYyCTUMUX 3HadeHb 1 ckianu 4030 ta 1343 H Biamo-
BimHO. Ha pucyHKy 4.6 mpeacTaBiieHi 3aJIeKHOCTI 3MiHM 3HaYEHb CHJI OTIOPY aMop-
Tu3aropa 3 podounmu piauHamu AXK-12T 1 mogudikoBaHoto 3 BMicTOM 25% ause-
npHOTO manuBa JI1-3.

Sk BkazaHo Ha pucyHkax 4.6 1 4.8, y BuOpaHomy jAiana3zoHi HU3bKHUX TeMIIe-
patyp excruryaranii g0 249 K (-24 °C) nomaBanHs nau3enbHOro maiauBa 25% Bif
3arajJbHOTO 00’€My poO0ouoi pinuHU 3abe3neuye (PYHKI[IOHYBaHHS aMOPTHU3ATOPIB

BIJIMOBIHO 3 TapaMeTpaMH, BCTAHOBJIEHUMH TEXHIYHOIO JOKYMEHTAIIIETO.
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Temneparypa amopTtuzaropHoi pinuau, K(°C)
PucyHok 4.6 — 3ajiexHICTh 3MiHU CHJT ortopy Ha Binoii (F,ys) Ta ctuck (F,)
y BUIIQJIKy BUKOpPUCTaHHSI amopTu3atopHoi pinuau AX-12T i moaudikoBaHoi 3a

HU3BKUX TEMIEPATYpP EKCIUTyaTalii

OTxe, ONTUMANILHUM CITIBBITHOIICHHSIM JU3EIHHOTO MaJliBa 1 aMOPTU3aTO-
pPHOI PIAMHU MiJ Yac eKCIulyaTalli BAHTaXXHUX aBTOMOOUIIB 3a HU3bKUX TeMIIepa-
Typ eKCIUTyaTallli MOXHa BBaxkaTH mporopiito 25% nuzenpHoro namusa JI1-3 1
75 % amoptuzatoproi pinuau AXK-12T Bix 3aranbHOro 00’ emy.

JocnixeHHs: BIUIMBY MOAM(DIKOBAHOI PIAMHU 3 BMICTOM JU3EIbHOTO Malu-
Ba 25% MOPIBHSIHO 31 CTAHAAPTHOIO HA PECypC T1APaBIIYHOIO aMOPTU3aTOpa MOKa-
3aJid, M0 CYTTEBOTO BiIXHWJICHHS 3HAYCHb CHJI OMOPY BiJl €TAJIOHHUX 3HAYEHbH HE
Bi1OyBasiocs 1 He nepeBUmIo 4% 3a 2 MUTBMOHU IUKIIB (YyHKIIIOHYBaHHS, IO
BIJINOBIJIa€ BUMOTaM KOHCTPYKTOPCBHKIM JOKyMeHTallii. Takox B pexumi (QyHKITI-

OHYBaHHS Y T1IpaBJIIYHUX aMOPTU3ATOPIB OYJIM BIACYTHI MPOBAJIH.

BucHoBku 10 po3ainy
1. ITig 9ac MOCHIKEHHS TETUIOBOTO PEXUMY (PYHKITIOHYBaHHS T1APABIIYHUAX

aMOpTU3aTOPIB BaHTAXXHUX ABTOMOOLUIIB 3aJIEKHO Bl HU3BKUX TEeMIlepaTyp Ha-
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BKOJIMIIIHBOTO CEPENOBUIIA BCTAHOBJIEHO, IO IMiJl 4YaC PYyXy YCTaHOBKH MJisi
KamTaJlbHOTO peMoHTy cBepasioBuH AOPC-60 na maci KpA3-260 31 mBUAKICTIO
B121 20 1o 60 kM/rox pi3HULS TeMIepaTyp He nepeuiyBaia 4 K.

2. Tlig 9ac mocmimKeHHS BIUTMBY 3MIiHM IIBUIKOCTI TIEPEMIIICHHS IITOKA
BCTAHOBJICHO, 110 HAMO1IbIIA PI3HUI TeMIepaTyp Aocsraiacs 3a mBujakocti 0,52
m/c. Ilpu mouatkoBux Temnepatypax Toq = 253 K 1a Tyoq = 263 K pizauis temrie-
patyp cranoBmia 14 ta 15 K BianosigHo.

3. Y pe3ynbTaTi MOCHIKEHb 3MIHM XOJy IITOKa aMOPTHU3aTOpa YCTaHOBKHU
JUTS KamiTambHOTO peMOHTY cBepioBuH AOPC-60 Ha maci KpA3-260 B miama3oni
B 20 1o 80 MM BcraHoBieHe He3HauHe (Bia 2,5K no 8K) 30i1bIeHHS TemMIepary-
pY aMOPTU3ATOPHOI PIJIMHU 32 MOYATKOBUX Temmepatyp 253 ta 263 K BimoBigHO.

4. Ilix yac HOCHIIKEHHS BILUIMBY TEMIIEPATypH HABKOJUIIHBOTO CEPEIOBU-
ma Ha CWJIM OIOPY aMOPTU3aTOPiB YCTAHOBKMU [JIsi KamiTaJIbHOTO PEMOHTY
ceepmiioBuH AOPC-60 na maci KpA3-260 Busiieno, mo npu 249 K (- 24°C)
BOHH TEPEBUIIYIOTh 3HAYEHHS CHJI, BCTAHOBJICHUX 3aBOJOM BUPOOHUKOM Fj 5 =
4022 HiF., = 1226H.

5. Po3p0o0iieHO 1 eKCIEpUMEHTAIBHO JOCIIKEHO CMOCiO, 110 T03BOJISIE 3a-
0e3neunTH (PyHKIIOHYBaHHS T1APaBIIYHUX aMOPTHU3ATOPIB BaHTAXXHUX aBTOMOOI-
JIB 3a pPaxXyHOK 3acTOCyBaHHS MOJM(}DIKOBAHOT aMOPTHU3ATOPHOI PIAMHU Yy
BUPOOHMUYMX yMmMOBax. BCTaHOBIIEHO, IO BUKOPUCTaHHS MOAM(IKOBAHOI PIIUHU 3
BMmicToM pausenbHoro mamuBa JII1-3 mo 25% Bim 3araabHOTO 00°€MY JTO3BOJISE
3MEHIIUTHA 3HAYEHHS CUJI OMOpY Ha BiAOIM 1 CTUCK JO0 JOMYyCTUMHUX 3HA4YE€Hb, 110
cknanu 4030 1 1343 H Bianosiano. Onucana piguHa B nponopiii 25% au3enbHoro
namuBa JT-3-K5 ta 75 % amoptusaropuoi piguaun AXK-12T Bixg 3arambHOTO
o0’emy 475 wmn no3Bojsie 3a0e3neuyBaTH  (PYHKIIOHYBAaHHSA TiAPaBIIYHUX
aMOpPTHU3ATOPIB 3 JOMYCTUMUMH BIIXWJICHHIMH BiJl €TAJIOHHUX 3HAYEHBb CUJI OTIOPY

110 4% Tpu pecypCcHUX CTEHIOBUX BUITPOOYBaHHSX.
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5 OXOPOHA ITPAIII TA BE3IIEKA Y HAJI3BUUAVHUX CUTYAIISIX

5.1 AnaJi3 0e31meYHOCTI JOCTi/IZKeHHS OHIHKU TeXHIYHOI0 CTaHy TiIpaBJiv-
HOT0 AaMOPTHU3aTOpPa MABICKH M 4Yac eKCIuIyaTamii yYCTAHOBKH [IJIA
KanmiTajJibHOro peMonty cBepaioBun AOPC-60 na maci KpA3-260

[IpoBiBIIM aHaji3 yMOB Ipalll MiJ 4Yac MPOBEICHHS IOCIIKCHb, BIAIOCS
BCTAHOBHUTH TMPHUYMHU 1 3aKOHOMIPHOCTI BUHMKHEHHSI HEOE3MEYHHX CHUTyalld 4u
TpaBMaTtu3My. Ha ocHOBI oTpumaHoi iH(popMaIlii po3poOISIFOTECS 3aX0IH Ta 3aco-
Ou cTOCOBHO NMPOGIIAKTUKU aBapitHUX CUTYyAIllid 1 BAPOOHUYOTO TPAaBMAaTU3MY.

[Tix yac aHanmizy BUpOOHMYOTO TPaBMATU3MYy 3aCTOCOBYIOTHCS HACTYIHI OC-
HOBHI METOJU: CTATUCTUYHUH, TONOTrpadiuyHuil, eKOHOMIYHUN, METOJI AaHKETYBaH-
HSl, METOJ] €KCIIEPTHUX OLIHOK.

Ha mijncraBl onep>kaHMX JaHUX BCTAHOBIIIOETHCA JTHWHAMIKa BUPOOHHUYOIO
TpaBMaTu3My, IpodeciiiHOi Ta 3arajJbHOI 3aXBOPIOBAHOCTI 3a 3BITHHM MEpioj, sKa
JTO3BOJISIE OLIHUTU CTaH OXOPOHU Ipalll Ha BUPOOHUIITBI.

[Tix yac nociiKeHHsT poOOTH TIAPABIIYHOTO aMOPTU3aTOpa MiABICKH aBTO-
MOO1JIS B1ZIOYBAIOTHCS MPOIIECH TIOB’sI3aH1 13 JII€I0 CHJI, IO M1FOTh Ha Bi01id 1 CTHUC-
KaHHS aMOPTHU3aTOpPa, a TAKOK YACTKOBO MOT'O HArPIBOM.

["onoBHI HeOe3MmeKku, M0 MOXKYTh BUHUKHYTH TiJ] 4aC pOOOTH YMOBHO PO3/Ii-
JISIFOTHh HAa TPU BUU: MEXaHIYHI, TEIJIOBI Ta eJIeKTpUyHi. JJo MexaHIYHMX HeOe3meK
BIJIHOCATBCA Ti, SIKI MOXYTh CTBOPIOBAaTUCh OOEPTOBMMHU Ta IHILIMMU PYXOMHUMH
YaCTUHAMHU BEHTHJIATOPA JabOpaTOPHOI YCTAHOBKU Ta WOTO MPUBOY BiJl €JIEKTPO-
nBUTYHA. TerioBi 3yMOBJIEHI HarpiBoM poOOYO0i PiAMHU aMOpTH3aTopa Mija 4ac
pobOoTH aBTOMOOWUIA B E€KCTpeMaIbHUX yMOBax. [0 €NeKTpUYHUX BIIHOCHUTHCS
YpaKE€HHS TPAIIBHUKA €JICKTPUYHUM CTPYMOM IIiJl YaC BUKOPUCTAHHS €IEKTPO/I-
BUT'YHA MPUBOAY TiAPABIIYHOTO aMOpTHU3aTOpa. Y BHUIIAJKY PO3PUBY MPHUBIIHOTO
rmaca MOYKJIMBE MOMIKOHKEHHS KIHIIIBOK 1 M’ IKMX TKaHHUH.

CBoeyacHe BU3HAYEHHS MOKJIMBOTO BHHUKHEHHS HEOE3MEeYHOi CUTYyarlii Ta
noOy/10Ba MOJieli BUHUKHEHHSI TPaBMOHEOE3MEeYHOI CUTYaIlll 1al0Th MOMJIMBICTh

MOTIEPEINTH HEIIACHUN BUMAA0K Ta 30€perTH KUTTS 1 370poB’a poOiTHHKA [18].

Apk.

MP.AT-19.00.00.000 13

3MH.

Apk. Ne gokym. Mignuc | darta

56




5.2 Ouinka piBHsSI HeOe3nekyM BUHUKHEHHSI aBapiili Ta TpaBM mija 4ac
NMPOBeAEHHS JOCJiKeHb TAPaBJIiYHOI0 aMOPTHU3ATOPAa ABTOMOOLIs

HaBenemo MeToawky moOymOBH JIOTIYHO-IMITAIIHHOT MOMEI JOCIITKEHb
riporicuiiroBadya. MeToJ1 JOT1YHOTO0 MOJICJIFOBaHHS MOTEHIIMHUX aBapiii, TpaBM
BiJIKPUBAE MOJIMBICTH PO3POOUTH TOCKOHATY CUCTEMY YIIPaBJIiHHS OE3MEKOI0 Ha
pobouoMy Miclii, sika 0a3yeTbCsl Ha ONEPATUBHOMY MOIIYKY BHUPOOHMUUX HeOe3-
MeK, X TIMOOKOMY JIOTIYHOMY (TIpH HEOOX1THOCTI 1 MaTeMaTUYHOMY) aHami3l M
TEPMIHOBOMY MPUWHSTTI 3aX0/IiB JAJI YCYHEHHS MOTEHIIIMHUX HEOE3MeK IIe 10 BU-
HUKHEHHS TPaBMOHEOE3MEUHNX CUTYaIliH [9].

[Ipouec nouryky NOTEHIIHHUX HEOE3MEK IPYHTYETbCS TOYHOMY 1 €(PEeKTUB-
HOMY IPOBEJICHHI ICHYIOUOr'0 ONEPAaTUBHOIO KOHTPOJIIO, SIKUM TaKOK MOBUHEH OY-
TH BIAMOBIAHO TpoBeaeHuid. Cirii MaTH Ha yBa3si, 10 KO>KHA BUITAJIKOBA MO, JI0
K01 BXOJSTH 0a30B1 MO/I1i, MOKe OPMYBaTUCA i BUHUKATHU MPU BXOHKCHH1 y Hel
JIBOX 1 O11bIIIE 0A30BUX MO1M BIAMOBIIHUX OMEPATOPIB.

[TobynoBaHa 1 nepeBipeHa MOJIENb MiJIArae MaTEMaTUYHOMY OIPAIIOBAHHIO
JUUIS. BU3HAYEHHSI KMOBIPHOCTI KOXKHOI BUMAJAKOBOI MOJii, 1[0 YBIMIILIA 10 MOAEII,
MOYMHAIOYH 3 0A30BUX 1 3aKIHUYIOYHU TOJIOBHOIO.

3a maHMMU BUPOOHMIITBA BU3HAUYAEMO MMOBIpHICTH 0a30Bux nofiii. Hampu-
KJ1aJ], 6a30Ba mois ""cTaH KOHTPOJIIO 3 0XOpOoHU mpaii". J{ns BU3HaueHHs IMOBIp-
HOCT1 MU MTOBHMHHI BCTAHOBUTH, HACKUIBKH y BIJICOTKAX BIJ 11€aIbHOTO PiBHS 311~
CHIOETHCA BIJIMOBITHUN KOHTPOJIb Ha 00'e€kTi. SKI10 Oyae BCTAaHOBIIEHO, [0 TaKUN
piBeHb KOHTPOITIO cTaHOBUTH 50% a60 20%, To IMOBIPHICTH BiAMOBIIHO MOPIBHIOE
0,51 0,2. IIpu BiACYTHOCTI KOHTPOJIFO MMOBIPHICTh HE 31HMCHEHHSI KOHTPOJIIO CTa-
HOBUTHME |, SKIIIO KOHTPOJIb 1JICAJIbHUI, TO BIATIOBITHO HMOBIPHICTH J0piBHIOE (.

[Ticnst oOuucaeHHsT UMOBIPHOCTI BCiX MOJIHM, pO3MIIIEHUX y poMmbax (pucy-
HOK 5.1), 1 6a30BHX MOJiH, TOYMHAIOYH 3 JIIBOT HIDKHBOT TJIKH "mepeBa', mo3Haya-

€MO HOMEpaMH BCl BUIAIKOBI MOJi1, IO YBIAIIUIA IO MOJEMI.
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Pucynok 5.1 — Jloriko-iMiTariifHa MOZieJib BAHUKHEHHS TPaBMU 11 4ac AOCTII>KEHHS aMOpTU3aTopa



MeToauKom OILIHKKA PiBHS HEOE3MEeKH poOOYMX MICIlb, MAIIMH, JOCTIIHUX
MPOIIECIB Ta OKPEMHUX BUPOOHUIITB IepeAdadYeHO MOIIYK 00'€KTUBHOTO KPHUTEPIIO
(moka3HMKa) PiBHA HEOE3MEKH JIsi KOHKPETHOro 00'ekTa. TakuM IMOKa3HUKOM
CIIY)KUTh WMOBIPHICTh BUHUKHEHHS aBapii, TPaBMH 3aJIKHO B1JI JIOCIIKYBaHOTO
SIBUIIIA.

['omoBHY BUNAIKOBY MOJiI0 (KOHKpPETHA aBapis, TpaBMa), MOJICIb SIKOi HaM
HE0OX1THO ToOyayBaTH, BUOHMPAIOTh BUXOJSYM 3 OILIHKHA BIJAMOBIAHOTO 00'€KTa,
BUPOOHUIITBA UM OKPEMOT OJMHULII 00JIaJHAHHS 1 3MICTY HOTO HaNOUIbII Hebe3Ie-
YHOTO SIBUIIA, SIKE 32 IEBHUX YMOB BUPOOHUIITBA MOXKE BUHUKHYTH.

[Ticist BU3HAUCGHHS BIAMOBITHUX aBapiiHUX, TPAaBMOHEOE3MEUHUX CHUTYaIlIN
Ta iX KUJIBKOCTI, BU3HAYAIOTh 1HIII MOJii, 1[0 BXOASITh O KOXKHOI TakOl CHUTYaIlii,
JIOTIYHUM aHaJI30M 13 3aCTOCYBaHHAM onepaTtopiB «I», «ABOy» Ta inmmux. [Ipouec
moOy/I0BM MOJIeJIl TPUBAE MOKU HE OyayTh 3HAWJEHI yCl MOli, [0 BU3HAYAIOThH
MeXy MOJIeNI 11 BUKOHYIOTh 3a JJOTIOMOT'OI0 MaTeMaTUYHUX 00UYUCIICHb.

[lin yac mochipKeHHs TiApo MiACHIIOBaYa PYJIbOBOTO KEpyBaHHS, WMOBIp-
HICTh BUHUKHEHHS BUX1AHOI MOJ1i Py (Y HAIIOMy BUNAAKy — TPaBMyBaHHsI JOCIII-
JTHUKA) BU3HAYAEMO 3 HACTYITHUX MaTeMaTHYHUX BUPA3iB:

ﬁMOBipHiCTb noAii P,; BU3HAYA€MO HACTYITHUM YMHOM:

P21:P1+P2-P1‘P2 = 0,4+0,2-0,4‘0,2:0,5
ﬁMOBipHiCTb ot Poo.
P22:P3+P4'P3'P4 - 0,4"‘0,5'0,4'0,5:0,7

PIMOBipHiCTb ol Poa.

P24:P5+P6-P5‘P5 = 0,3"‘0,5'0,3'0, 5=0,65
ﬁMOBipHiCTb roJiii Po.
P26:P7+P8-P7‘P8 - O,3+O,5'0,3'0,5=0,65
ﬁMOBipHiCTb ol Pos.
P23:P21+P22-P21'P22 = 0,52+0,7'0,52°0, 7:0,85
PIMOBipHiCTb omii Pos.

P25:P23+P24-P23'P24 = 0,856+0,65-0, 8560, 65:0,95
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ﬁMOBipHiCTB omii Py7:

Py;=Py+P19-PyP1o = 0,3+0,5-0,3:0,5=0,65
ﬁMOBipHiCTb roaii Pog:

Pog=P11+P1o-P11P1, = 0,4+0,5-0,4-0,5=0,7
ﬁMOBipHiCTb ol P

Py9=P13+P14-P13-P14 = 0,5+0,3-0,5-0,3=0,65
ﬁMOBipHiCTb romii Psg:

P30=Py7+Pag+Pog-Po7:Pog-Po7Pag—Pog Prg = 0,65+0,7+0,65-0,65-0, 7-
0,65-:0,65 —0,7-0,65 = 0,67

ﬁMOBipHiCTb ol Pa;.

P31=P15+P15-P15-P15 = 0,3+0,5-0,3-0,5=0,65
ﬁMOBipHiCTb ol Paa.

P34=P3p+P31-P3p°P3; = 0,67+0,65-0,67-0,65=0,88

ﬁMOBipHiCTb ol Psy.

P3y=P17+P1g-P17-P1g = 0,5+0,3-0,3-0,5=0,65
ﬁMOBipHiCTb ol Pas.

P33=P19+Pyy-P19'Poo = 0,5+0,3-0,5-0,3=0,65
ﬁMOBipHiCTB o1l Pss.

P35=P3,+P33-P3;P33 = 0,65+0,65-0,65-0,65=0,87
ﬁMOBipHiCTb ol Pag.
P3s=P34+P35-P34P3s = 0,8775+0,88-0,8775-0,88=0,98

PIMOBipHiCTL mo1ii Pao:

P39:P36+P37-P36‘P37 - 0,9496"‘0,9853'0,94960,9853=0,99

NmoBipHICcTh oAl Py BU3HAUYAEMO SIK JOOYTOK KIHIIEBUX MOAIHN Psg Ta Psg,

OCKUIBKH MOJKJIMBI IB1 3 HUX:

P4o:P38‘P39:0,999'0,]= 0,0999
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Takum yrHOM, HA POOOUYOMY MICII i Yac JOCTIHKEHHS pOOOTH TiapaBiiy-
HOTO aMOPTHU3aTOpa, MPU HASBHOCTI TUX HEAOMIKIB 3 OXOPOHU Tparll, sKi BimoOpa-
KeH1 y 6a30BHUX NOJIAX, MOxkHA ovikyBatu 0,01 TpaBMmu.

k110 3a3HaveH1 HEAOJIKH YCYHYTH: MIABUIIATUA MpodeciiHuil piBeHb Ipa-
IIIOIOYUX, TIBUIIUTH KOHTPOJIh Ta BUKOPUCTOBYBATH 00JIaJIHAHHS 32 BCiMa BUMO-
ramMu TeXHIKM O€3MeKH, TO MOXKHA IMO0AYUTH Ha MOJENI IUISIXOM ITOBTOPHOTO PO3-

pPaxyHKy, 1110 piBeHb HeOe3neku Oyae Habmkatucs 10 0, a piBeHb O0e3mneku 10 1.

5.3 IlpnynHA BUHUKHEHHS Ta 0CO0JIMBOCTI PO3BUTKY HAA3BUYAIHUX CH-
Tyauiu

[TpuurHamu, siKi BUKJIMKAIOTh HaJA3BUYAlHI CUTYyaIllli, BBAXKAaOTh aBapii, Ka-
TacTpo(u, CTUXIKHI JIUXa, @ TAKOXK €IM1JeMIi, TEpOPUCTUYHI aKTH, 30pOKiHI KOH(II-
KTH.

ABapist — 11e ONIKOXKEHHSI, BUX1J] 3 Jaay Oy/Ib-sIKOTO MEXaHi3My, TEXHOJIO-
TIYHOI JiHI1, pyiiHyBaHHSI OyJAMHKIB, MOCTIB, TPAHCIIOPTHUX MAaricTpajiei Ta BUXij
3 JIay BHPOOHHUIITBA. 32 PO3MIpaMH Ta 3aBJAaHOIO IIKOJOK PO3PI3HAIOTH JIETKI,
CEpeJiHI, BaJKK1 Ta 0COOJIMBO BAXKKI1 aBapii.

byBaroTh BUNAAKK, KOJM BUAUICHI MiJ 4Yac aBapii €HEpris 1 peyOBUHA 3Mi-
HIOIOTh CE€pEI0BUIIIE ICHYBaHHS HACTIIbKH, 1110 BOHO CTa€ Ha JEAKHUI Yyac Hempuia-
THUM JIJIs1 ICHYBaHHS.

ABapii NOAUSIIOTHCS Ha JIB1 KaTeropii:

- 1o I-i kareropii HaJlexaTh aBapii, BHACIIIOK SIKUX 3arMHYJIO 5 a00 TpaBMO-

BaHO 10 um OubIIe 0ci0; cTaBCs BUKUI OTPYWUHUX, PAAIOAKTUBHUX Ta IHIIUX HeOe-
3MIEYHUX PEYOBHMH 32 CAHITAPHO-3aXMCHY 30HY MiANPHUEMCTBA; 3011bIINIACH KOH-
IEHTpaIlisl 3a0pyHIOIYNX PEUOBWH Yy MOBKLLT Outhin ik y 10 p. 1 3pyitHOBaHO
OyIiBIi, CIIOPYIM YM OCHOBHI KOHCTPYKIIi 00’€KTa, 110 CTBOPWIIO 3arpo3y IS
KUTTS 1 30pOB’Sl IPAIIBHUKIB MAMPUEMCTBA YA HACETICHHS.

- 1o I1-i kareropii HajiexaTh aBapii, BHACIAIJOK SKMX 3aruHyso 5 abo Tpas-

moBaHo 4 1o 10 oci6; 3pyitHOBaHO Oy/iBJi, CIIOPYAXM YW OCHOBHI KOHCTPYKIIi1
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00’€KTa, 110 CTBOPHJIO 3arpo3y ISl )KUTTS 1 3J0pOB’s MPaIlIBHUKIB 1IEXY, AUISTHKH
(BpaxoBYIOTbCA LIEX, JUISTHKA 3 YUCETbHICTIO MpatiBHUKIB 100 ocib 1 6inbiie).

Karactpoda — 1me pantoBe nuxo abo BelMKa MOAis, KA CIPUINHSIE BaXKHI
HACJIJIKH JIsI BCHOTO )KHUBOTO, 3MIHIOIOYM YMOBH CEpPEAOBHUIIA ICHYBaHHS.

VY 3a1eXHOCTI BiJ MacmTaOHOCTI Ta TPUBAIOCTI BIUIMBY Ha JOBKIJUIS KaTac-
Tpo(u MOAINAIOTH HA JIOKAIbHI, peTioHaNbHI (HAI[IOHAJBHI) Ta TTI00aTbHI.

I'moGanpHi KatacTpou OXOIUIIOIOTH ITIJII KOHTUHEHTH, Bl HUX 3aJICKHUTh
icHyBaHHs Bciei Oiocdepm. Ilim iX BIIUBOM 3MIHIOIOTHCS KIIIMATHYHI yYMOBH,
ckJiag atMocdepu Ta COJIOHICTh MOpiB. Taki 3MiHM B 1cTOpii 3emili Bxke Big0yBa-
JIMCh 1 HEMa BIEBHEHOCTI, 110 MO10H1 KatacTpodu He BiAOYIyThCsS B MailOyTHBO-
My.

Mu € cBiiKaMH TaHEHHS JIbOJOBHUKIB MIBHIYHOTO IOdIOca. SKIo Tak Oyje
MPOJIOBXKYBATUCA, TO PIBEHb BOAMU 3a MPOTHO3aMU BUYEHUX MIJAHIMETHCS O KIHIIS
CTOJIITTS. HACTUIBKH, 1110 BEJIMKA YACTUHA CYIIIl OMUHUTHCS M1 BOAOIO.

CruxiiiHi 1MXxa — IPUPOJHI SBUINA, SKI HOCATh HAA3BUYAWHUN XapakTep i
MPU3BOJATH O MOPYIIEHHS HOPMaJIbHOI MISUIBHOCTI HACEJEHHs, 3arudeni JIoaeu,
3HUIIICHHS MaTeplaIbHUX IIIHHOCTEH.

CporonHimHs cuTyalis B YKpaiHl 00 HEOE3NMEeYHUX MPUPOJHHUX SIBHILL,
aBapiil 1 KaracTpod XapaKTepU3YyEThCS 5K yKe CKIaJHA.

[Ipuknagamu CTUXIMHHX JUX € Oypl Ta yparanu (METepoJIoTiuH1), TOBEHI,
3CYBH, CHITOBI 00Baju, OCUIU(TOIOJOrIYHI), 3eMJIETPYCH, BUBEPKEHHS BYJIKaHIB
(TemypuyHi).

Taxk, 3a nanumu MixnaapoaHoro YepBonoro Xpecra, ctuxiitai jauxa 3a 100
OCTaHHIX POKIB 3a0paiu KUTTS Oibie sk 11 MiIH. Jro/iei B T. 4. Bij TOBeHeH — 9,
BiJl yparaHiB — 1, 3emsietpyciB — 1 [7]. B Hamr gac croctepiraerbcs TEHICHIIIS pOC-
Ty YUCEIBHOCTI MOTEPHUIMX BiJI CTUXIMHUX JUX 4yepe3 301IbIICHHS YHUCETbHOCTI
HacesleHHs 3eMJIl 1 3acelieHHs paHillle HeXWINX paioHiB. Ha mpeBenukuil xaib,
JIIOJICTBO HE MOXKE MPOTHUCTOATH PO30ypXaHid CHIIl MPUPOIN; HA CHOTOMHINIHIM

JIEHb BOHO B OLIBIIOCTI BUMA/IKIB 3MYIlIEHE BUKOHYBATH JIUIIIE MACUBHY POJib, ITPO-
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BOJISTYM JIMILIE KOMILJIEKC POOIT 3 JiKBigamii 11 HaciakiB (IIOBEHI B PI3HUX perioHax
Yxpainn)

Eninemii sk Haa3BUUaiHI CUTYyaIlli — 1€ THMYacOBE MOMTUPEHHS SKOTOCH 1H-
(ekIiitHOro 3axBOPIOBaHHS Ha 3HAYHIA TEPUTOPIi, 110 3HAYHO MEPEBUIIYE 3BU-
YJailHWii piBEHb 3aXBOPIOBAHOCTI, SIKUN peeCTpyeThes Ha ik Teputopii. [Ipukia-
oM Moke ciyryBatu emnigemis Covid-19, sika 3a6paia MUIBHOHM JIFOACBKUX YKUT-
TIB.

TepopusMm, TEpOpUCTUYHI aKTU — I TOJIITUKA 3aJsKyBaHHS, MPUTHIYCHHS
CYNPOTUBHUKA CHJIOBUMH MeTojamu (tepopuctuyHa ataka XAMAC 31 cropoHu
cekTopy ['a3a Ha I[3painb, 1110 nepepocna y 30poiiHui KOH(IIKT).

30poiiHi KOH(MIIKTH — 1€ 3ITKHEHHS TPOTUIICKHUX 1HTEPECIB, HOTJISAIB, TOC-
Tpa cynepeuka, 30poitHa 60poThOa BOPOTYIOUUX CTOPIH 32 cpepu BIUIMBY, TEPUTO-
pii (6opoTb0a YKpaiHu 3a CBOIO HE3aJIECKHICTh, TEPUTOPIAILHY LUIICHICTD 13 3a-

rapOHMKOM B 0c001 pociiickKoi deaeparrii).

BucHoBkM 10 po3ainy

AHami3ytoun TEXHOJIOTIi J1arHOCTYBaHHSI T1PaBIIYHUX aMOPTHU3ATOPIB iJI-
BICKM YCTaHOBKH I KaIiTaJbHOTO peMoHTy cBepasioBuH AOPC-60 nHa miaci
KpA3-260 moxHa CTBEpKYBaTH, 1110 HAMOLIBIIT OE3MEYHOI0 € TEXHOJIOTIA, Ae:

- BUKOPHUCTOBYETHCSI HOBA TEXHIKA, KA € OUIbII HAA1IHOLO;

- TEXHOJIOTIsl mepeadavae 3acTOCYBaHHSI HAMEHINOI KUTBKOCTI PyYHHUX PO-
01T, 10 3HAYHO 3MEHIIyE WMOBIPHICTh BUHUKHEHHS aBapiii, TpaBM Ta HeOe3med-
HUX CUTYaIll{ MMiJT YaC BUKOHAHHS TIEBHUX OTepallii;

- TEXHOJIOT'1sl TPYHTY€EThCSI Ha 3MEHIIICHH] KUIHKOCTI OIepallii, o MiBUIIYE

HAJIAHICTh TEXHOJIOT11 B LILLIOMY.

Apk.

MP.AT-19.00.00.000 13

3MH.

Apk. Ne gokym. Mignuc | OaTta 63




6 TEXHIKO-EKOHOMIYHA E®EKTUBHICTD

6.1 Meroanka BU3HAYEHHS €KOHOMIYHNX MOKA3HUKIB y10CKOHAJIEHOT0
aBTOMOOIJIs
3BezeHi 3aTpatu /1 Ha OJUHUITIO HATIPAITIOBAHHS BU3HAYAIOTHCS:
IN=E3+K-E, (6.1)
ne E3, K— npsimi ekcIuTyaTalliiiHi 3aTpaTy 1 KamiTalbHi BKJIAEHHS Ha OJAHMHUIIIO
HalpaloBaHHs, TPH./T-KM;
E — HopMaTuBHHI Koe(DilieHT e(heKTUBHOCTI KamiTalbHUX BKJIA/IEHb.
[Tpsimi ekcrutyaTaliiiiti 3aTpatv JOPIBHIOIOTh:
E3=3+T+P+4+3, (5.2)
Jie y IpaBy YaCTUHY PIBHSHHS BXOJATh 3aTpatu (TPH./T-KM) BIMOBITHO Ha:
3 — omary mnparii 006CcIyroByr04oro nepcoHay;
" — manuBHO-MaCTHIIbHI MaTeplaiu;
P — texniune 006CIIyroByBaHHsI, MOTOYHUH 1 KalliTaJbHUN PEMOHT;
A — peHoBallio;
3,— 30epiraHHs.
3aTpartu Ha oriaTy mpartli (TpH./T-KM) BOJIiS CTAHOBJIATS:
3= JI, 3rska
Wour (5.3)
ne W,, — NpOAYKTHBHICTH aBTOMOOLIS 3a FOJMHY 3MIHHOTO 4acy, T-km/rox [15];
JI, — 4ucenabHICTh BUPOOHUYOT0 NEPCOHAITY, YOI,
T — ToAWHHA TapudHa CTaBKa OIUIaTU Ipalll BUPOOHUYOrO MEepCoHay,
I'PH./JOA.-TO/I;
ks — KoedillieHT, 110 BPaxOBY€E JOIUIATH 3a KJIACHICTh Ta CTaX POOOTH,
KBaTI(piKaIIifo.
[TponyktusHicTh aBTOMOOLIST KpA3-260 (T-KM/TOT) MOXKE OyTH BU3HAYCHA

3 BUpasy:
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W _qHOM'y'B.VT.Inep (54)
T +Bev ot ’ '
nep T w-p
1e 0,0, — HOMiHaJIbHA BAHTAXKOIT THOMHICTh aBTOMOOLIS, T,
y — Koe(iIieHT BUKOPUCTAHHS BAHTAXKOTI THOMHOCTI;
B — koedilieHT BUKOpUCTaHHS TIPOOITY;
l,.p — BIACTaHB IEPEBE3CHHS BAHTAXKY, KM;
t,., — 4ac MpocTor0 aBTOMOOLIA 11 HABAHTA)KEHHAM-PO3BAHTAKEHHAM,TO]{

3aTpaTu Ha NAJIMBHO-MACTWIbHI MaTepiaiu (TpH./T-KM) BU3HAYaIOThCS

I'=qll (5.5)

7ie (| — BUTpaTa MajJMBHO-MAaCTUJILHUX MaTepiajiB, KI/T-KM;
1] — xomrmuiekcHa 1iHa 1 Kr qaHux MarepiaiiB, TPH./KT.
3arpaTyd Ha TeXHIYHE OOCIYyrOBYBaHHS, MOTOYHHMM 1 KamiTalbHUI PEMOHTU
(TpH./TKM) 32 HOpMaTHUBaMU BiJIpaXyBaHb

B(r, +1,)
P= m K
W3MTp (5.6)

,
ne b — OGamaHcoBa BapTICTh aBTOMOOLIS, TPH.;
I, I —KoedIlieHTH BiipaXyBaHb HAa MOTOYHUI PEMOHT 1 TEXHIYHE OOCTYTOBY-
BaHHS, KamTalbHUN peMOHT [15];
T, — pi4He 3aBaHTa>KEHHs aBTOMOOLIIA, TOJI.
3aTpartu Ha peHoBaIli0 (TPH./T-KM) BU3HAYAIOTHCA 32 (DOPMYIIOHO:
A= ba

W Tp : (5.7)

1€ a — KoeiIieHT BiipaxyBaHb Ha peHoBailito [15].

3atpartu Ha 30epiraHHs (TpH./T-KM) BU3HAYAIOThCSI HACTYITHUM YHHOM

33=O,065-P_ (5.8)
KamitaneHi BkageHHas K Ha T-KM CTaHOBIISTE:
K= b
W3MTp ) (59)
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3arparu npaiii 3, (JTFOA.-TOJ1/T-KM) CTAHOBIIATh

n W (5.10)
Piune HanpairoBaHHS TpakTopa (TO/) BU3HAYAETHCS

B3 :W3MTp ) (511)

Piunuit ekoHomiuHui eexT (rpH.) BiJ ekciuryartanii aBTomoouts KpA3-

5401C2-500 3 yaockoHaJIEHUM TiJIpaBIiuHUM aMOPTH3aTOPOM

L, :(H6 _Hs’)Bs’ (5.12)

ne 11;, 11, —3BeneH1 3aTpaTu i 3pa3KiB TPAHCIOPTHUX 3aC001B, TPH./T-KM.

Piuna exoHoMis npani 3, (JIFOA.-T01) BU3HAYAETHCA:
3, =35~ 3u)B; | (5.13)

ne 3,6, 3., —3aTpatu mnparti Jjs 6a30BOro 1 HOBOTO aBTOMOO1IIB, JIFO.-TO/T-KM.
Cryninb 3minu 3atpar C (%) cTaHOBUTH:
/
(305 -,,)100

!
36

, (5.14)

3 .3 o : : o .
me PO plUH1 3aTpatu (3aTpaTH Ipaii, OpsiMi eKCIUTyaTallifHi 3aTpaTH
Ta 3BEJICHI 3aTPaTH, KamiTaJIbHI BKJIAJEHHS) BIAMOBIAHO /st 6a30BOTO 1 po3po0dIe-

HOTO 3pa3KiB TEXHIKU, JFOJ.-TO/.

6.2 Po3paxyHok eKOHOMi4HOI e()eKTUBHOCTi BAUKOPUCTAHHS aBTOMOOJIs1
3 YA0CKOHAJIEHUM aMOPTH3aTOPOM

Ha ocHoOBI ekcrutyaTaniifHuX MoKa3HUKiB poOOTH 0a30BOTO 1 YIOCKOHAIECHO-
ro aBTOMOO1UIIB, HOPMATUBHO-IOBIIKOBUX MaTrepiajiB, I[iH HA TEXHIYHI 3aco0H i
MaJIMBHO-MACTHIBHI MaTepiaau 3allOBHIOETHCS TaOIUII BUXITHUX JaHUX (TaOIUIIS
6.1), Ae BpaxoBaHi TUIbKM MOKA3HUKH, 110 BIUIMBAIOTH HA €KOHOMIYHY €(EeKTHB-

HICTb.
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Tabmung 6.1 — BuxigHi gaHi Juisi po3paxyHKy €KOHOMIYHOT €(eKTUBHOCTI

BUKOPHUCTaHHS yI0CcKoHaleHoro aBTomoowst KpA3-260

KaIllTAJIOBKJIaICHb

. Y nockoHa-
[lozna- | Cepiiinnii
[ToxasHuku _ JICHUY aB-
YeHHs | aBTOMOOLIb .
TOMOO1TH
[TpoayKTUBHICTH 32 TOJUHY 3MIHHOTO Ya-
W.,, 592 700
Cy, T-KM/TOJ
banancoBa BapTiCTh, THC. TPH. b 940 948
Piune 3aBaHTa)KEHHS, TO] T, 1800 1800
UucenbHICTh BUPOOHUYOIO TEPCOHAITY,
JI, 1 1
90
l'oguHHl TapudHi CTaBKU NEpCOHAILY,
Tg 107,5 107,5
TpH./JIIO]1.-TO1
KoeditienT, mo BpaxoBye AOIIATH TEp-
Ky 1,1 11
COHAITy
KoedirieHT BimpaxyBaHb Ha PEHOBALIIO a 0,14 0,14
KoedimienT BigpaxyBaHb Ha MOTOYHHIA
PEMOHT, TEXHIYHE OOCIyroByBaHHS Ta r, 0,16 0,16
B1THOBJICHHS IINH
KoedirieHT BiipaxyBaHb Ha KamiTaJbHUN
M 0,06 0,06
PEMOHT
Butpara majamBHO-MacTHJIBHMX MaTepia-
: I 0,07 0,07
JIB, KI/T-KM
[lina maimuBa 3 BpaxyBaHHSM BapTOCTI
o g 59 59
MaCTHJILHUX MaTepiajiB, TPH./KT
HopmaTtuBHuii koediieHT eheKTUBHOCTI
E 0,15 0,15

3MIHHOT IPOYKTUBHOCTI Y PO3POOJICHOTO aBTOMOO1JIS 3yMOBJIEHA THUM, IO Y HBO-

Bubip BUXITHUX TaHUX 31HCHIOBABCA 3 HACTYIHUX MIPKyBaHb. 30UIbIIEHHS

3MH.

Apk.

Ne gokym.

Mignuc

Data

MP.AT-19.00.00.000 13

Apk.

67




ro OuIbIIa TEXHIYHA MBUAKICTH MiJ 4ac pyxy. Kpim Toro HoBuii aBTOMOO1IH 3a-

Oesneuye OUTBIINN pecypc poOOTH (HampalroBaHH).

Tabmumg 6.2 — [Toka3HUKH €KOHOMIYHOI €(DEKTUBHOCTI BiJi BUKOPUCTAHHS

ynockoHaneHoro apromo0unst KpA3-260

ABTOMOOLIB
IToxaznuk L yA0CKOHAaJe-
cepiiHuN
HUN

Pidne HampairoBaHHs, T-KM 1065600 1260000
[Tpsimi 3aTpaTu (TpH./T-KM) Ha:

— OIUIaTy Tpatii 0,20 0,17

— TaJMBHO-MAaCTHUJIbHI MaTepiaan 4,13 413

— TEXHIYHE 00CIyrOBYBaHHSI, HOTOYHHI 1

KamiTaJbHUU PEMOHTH, BIAHOBJICHHS IITHH 0,19 0,17

— PEHOBAIIIIO 0,12 0,11

— 30epiraHHs 0,01 0,01
BCHOT'O IPSIMUX 3aTpaT 4,66 4,58
KanitanbHi BKIaJAeHHS, TPH./T-KM 0,88 0,75
3BejieH1 3aTpaTH, TPH./T-KM 4,79 4,69
PiuHuii ekKoHOMIYHMI €(PEeKT, IpH. — 124546
3aTpaTu npaiii, JHOJI.-TOJ/T-KM 0,0016 0,0014
Cryminb 3minu (%):

— 3arpar mnpari 15,4

— TpsAMHX 3aTpar — 1,7

— 3BEJICHHUX 3aTpar — 2,06

—  KamiTaJIOBKJIAJIEHD — 14,7

AHani3 eKOHOMIYHOI €(pEeKTUBHOCTI MPOBOJUBCS 3 BUKOpUCTaHHSIM [TEOM,

3T1IHO po3pobJieHoi mporpamu. OTpuMaH1 pe3yibTaTH PO3paxyHKy (Tadmn. 6.2)

CBiT4aTh TIPO MOIIIBHICTh BUKOPHCTAHHS yJIOCKOHAJeHOro aBTomMoOuns KpA3-

260. I1pu nupomMy MOPIBHSAHO 13 CEPIMHUM MPSAMI 3aTPaTH 3MEHIIYIOTHCS Ha
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1,7%, a 3Beneni — Ha 2,06%, piuHa ekoHOMIs Tparll ckiaaae 328 moa-roa. Piunmii
€KOHOMIYHHMI €(eKT BiJI BUKOPUCTAHHS YIOCKOHAJIEHOIO aBTOMOOUISI CTaHOBUTH

124546 rpH.

BucHoBku 10 po3ainy

1. Bukopucrtanus yaockoHajgeHoro aBtomoOunsi KpA3-260 mnpaktuyHO
3HaYuMe, HOTo piuHe HampaloBanusa gocarae 1260000 T-kM.

2. 3amporoHOBaHEe TEXHIYHE PIMICHHS TO3BOJUTH IMEPII 32 BCE 32 PaXyHOK
30UTBIIEHHSI TEXHIYHOI IMIBUAKOCTI PyXy aBTOMOOLIS 3MEHIIUTH TpsiMi 3aTpaTd
MOPIBHSHO 3 cepliHUM aBTOMOOLIeM Ha 1,7%, a 3BeneHi — Ha 2,06%. Exonomiu-
Hult edekt cknanae 0,1 TpH./T-KM.

3. Piunuit ekoHOMIUHUN e(DEeKT BiJ BUKOPUCTAHHS YJJOCKOHAJIECHOTO aBTOMO-

01151 ctanoBuTHME 124546 TpH.
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3AT'AJIBHI BUCHOBKHA

1. EdextuBHicTh (QyHKIIIOHYBaHHS TiJIpaBIIYHUX aMOPTHU3ATOPIB IiJ Yac
eKCIUTyaTallii HagTora3oBOoro TEXHOJOTIYHOTO TpaHcmopTy Ha maci KpA3-260 B
yMOBaxX HHU3bKUX TEMIEpPaTyp BHU3HAYAETHCS TEIUIOBUM PEXKUMOM iX poOOTH.
[lopyiieHHsT TEMIOBOTO PEXUMY TiIPaBIIUHUX aMOPTU3ATOPIB MPHU3BOAUTH JI0
CYTTEBOTO  30UIBIICHHS  B'A3KOCTI  poOOUYOi  pIAMHKM Ta  TOTIPIICHHS
eKCIUTyaTal[liHUX BIACTUBOCTEH. AJamnTailis amMOpTU3aTOpiB 10 YMOB HHM3BKHX
TEMIIEpaTyp HABKOJIHUIIHBOTO CEPEJOBHUIIA MOXKIMBA 32 PAXyHOK OOTPYHTYBaHHS
CKJIa/ly Ta YMOB 3aCTOCYBaHHs poO040i piIMHU aMOPTU3aTOPIB.

2. TexHiunuM KpuTepieM (DYHKIIIOHYBaHHS TipaBIIYHUX aMOPTU3ATOPIB B
YMOBaX HU3BKUX TEMIIEpaTyp MPUNHATO CUIIM OMOpPY Ha BiJ01M Ta cTucK. OTpuMma-
HO 3aJICKHOCTI 3MiHM CHJI OMIOPY 3a TeMIIEpaTyp HaBKOJIHMIIHHEOTO CEPEIOBHUINA Bij
245 K (-28° C) mo 263 K (-10° C), sixi 3miH0r0THCs Ha B1101# Bia 3900 mo 4800 H 1
Ha cTtuck Big 800 no 1420 H. BeranoBneHo, 110 3Ha4€HHS CHJT ONIOPY T1APaBIIYHUX
aMOpTHU3aTOPIB Ha BiJIOIM 1 CTUCK NMEPEBUIIYIOTh HOPMATHUBHI 3HAYEHHS 32 TeMIIe-
patyp Huxue 249 K (-24 °C).

3. Po3pobiiena MatemaTiuHa MoJieb Mpoliecy (QYHKI[IOHYBaHHS TiApaBiid-
HOTO aMOPTH3aTOpa YCTaHOBKHU sl KaMliTAIBHOTO PeMOHTY cBep uioBuH AOPC-60
Ha maci KpA3-260, mo BpaxoBye TeMmIiiepaTypy HaBKOJHUIIIHHOTO CEpPEIOBHIIIA.
3HauymuMu (pakTopaMy TaKOXK BUCTYINAIOTh BEJIMYMHA 1 IIBUIKICTh MEPEMIIIEHHS
IITOKA TIAPABIIYHOTO aMOPTU3aTOp. BeTaHoBIEHO, 10 B 3aJ7I€KHOCTI BiJl 0OpaHUX
(dakTopiB B yMOBax, 110 PO3IJIAIAIOTHCS, TEMIIEpaTypa aMOPTU3aTOPHOI PIJIUHU
MO>Ke 3MiHIOBaTHCS B Mexax 4...14 K.

4. Po3pobisieHo 1 0OrpyHTOBaH1 CKJIJ 1 YMOBU 3aCTOCYyBaHHS MOAHM]iIKOBa-
HOIO PIJIMHU TiAPABIIYHUX aMOPTHU3ATOPIB ISl HU3bKUX TEMIIEpaTyp AOBKULIA.
OOrpyHTOBaHO CKJIa[ MOAU(IKOBAHOI PIIUHU y criBBiAHOMEHHI 25% Moaudika-
topa I1-3 175 % AX-12T. MakcumanbHi 3Ha4€HHS CHJI OTIOPY 1] 9ac BUTIPOOy-
BaHHS aMOpPTU3aTOPIB 3 MoM(pikoBaHOIO pinuHOI0 nepesulyBanu 4030 H Ha Big-

61i1 Ta 1343 H na ctuck. [IpoBeneHo pecypcHi BUpoOyBaHHs T1IpaBIiuHOTO aMO-
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pTu3aropa 3 MoOJIM(}IKOBAHOIO PIAMHOIO, 32 pe3yjbTaTaM SIKMX BCTAHOBJIEHO, IO

BIJIXUJICHHS 3HaYeHb CUJI OMIOPY BiJl €TAJIOHHUX HE TepeBUIyBaiu 4%.

5. BrpoBamkeHHS pe3yslbTaTiB BUKOHAHUX JOCTIKEHb JO3BOJIUTH 30171h-

IMIUTH CEPEIHIO TEXHIYHY MIBUAKICTh HA()TOTa30BOr0 TEXHOJIOTTUHOTO TPAHCIIOPTY

Ha 21%, a Takox mpoaykTuBHICTH Ha 18%. Piunmii exoHOMiuHUIl edeKT Bin

3aCTOCYBaHHS MOXE cKiacTu A0 124546 rpH. Ha OJMH aBTOMOO1Ib.

3MH.
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Tema marictepcbkoi poOOTH:

lloxpawenns ehexkmusnocmi 2i0paBIIUHUX
AMOpMU3amMopis Haghmo2a3z08020 MEXHOI02IYHO20
MPAHCNOPMY 8 3UMOBUX YMOBAX

I'amyk €Bren BojgoaumMupoBu4



PO3MOAILT BIIMOB BY3JIIB ITIIBICKU ABTOMOBILJIIB
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Pucynok 2.1 — Po3no/ii1 BiiIMOB BY3JIiB I1JIBICKM aBTOMOOLIIB MO MICSIISIM POKY
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Pucynok 2.2 — YacTka BiAMOB BY3JIIB MiABICKH (8,5 %) mija yac ekcruryaTallii B yMOBaxX HU3bKUX TEMIIEpaTyp
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PO3MO/I1J1 HECIPABHOCTEH AMOPTU3ATOPIB
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Pucynok 3.1 — Po3mo/ii1 HecrpaBHOCTEH MMiIBICKH aBTOMOO1TiB
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Pucynok 3.2 — CtaTucTvka NpUYUH BTPATH MPAIE3JaTHOCTI T1APaBIIYHUX aMOPTH3aTOPIB



TEOPETUYHUU AHAJII3 ITPOLIECIB ®YHKIIIOHYBAHHS 'l IPABJIITYHUX
AMOPTU3ATOPIB
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Pucynok 4.1 — CnnocoOu 3abe3rneueHHs PyHKIIOHYBAHHS T1APaBIIYHUX aMOPTU3aTOPIB AaBTOMOO1IIS
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Pucynok 4.2 — B3aemo3B's130K MPOIIECiB, 10 BUHUKAIOTh Y PE3yIbTaTi IEPETBOPECHHS MEXaHIYHOIO €Heprii
B TEILIOBY ITij] Yyac poOOTH IiIpaBiidHOrO aMOpTH3aTOpa



CXEMA CHWJI B AMOPTU3ATOPIL, JIIOYUX B PE3YJIbTATI HAI3AY KOJIECA
HA NEPEHIKOLY

1 - onopHa YacTUHA Ky30Ba; 2 - NPYKHUW €IEMEHT; 3 — HAIPAMHUN NPUCTPIi; 4 - aMOPTU3ATOP
Pucynok 5.1 — Cxema B3aeMo1ii €JIEMEHTIB M1JIBICKM aBTOMOO1TiB
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Pucynok 5.2 — Cxema cujl B aMOpPTHU3aTOP1, JIFOYHUX B pe3yiabTaTi Hai3ay Kojieca Ha MEepPelKoay



MATEMATUYHA MOJIEJIb ®YHKINIOHYBAHHA AMOPTU3ATOPA 6
Qi = Qu + Qi + Qqi + Qui, M/c; (2.1) Qi = Qui + Qzi + Qui, Mlc, (2.2)

ne Qj — cyMapHa BUTpPaTa aMOPTH3aTOPHOI pimuau, M°/C; Q1 — BHTpaTa aMOPTH3aTOPHOI PiAMHK depe3 pamialbHuil 3330
IITOK — HAMpsIMHA, M /C; Qi — BHTpaTa aMOPTH3ATOPHOI PIAMHM depe3 paianbHHIl 3a30p MOpIIeHb- IITHAP, M/C; Qzi—
BUTpAaTa aMOPTHU3aTOPHOI PiIMHH Yepe3 APOCeibHi 0TBOpH, M /C; Qu— BUTpaTa aMOPTHU3ATOPHOI PiMHE Yepe3 KIIANaHH] OTBODH,
M/C.

JInist TiApaBIIYHUX aMOPTU3ATOPIB PyX TAPaBIIYHOI PIAMHU € HEYCTAICHUM, TOMY JOLIIBHO PO3PaxOBYBaTU JIMCHY
BUTpATy aMOPTU3ATOPHOI PIAMHU, BUKOPUCTOBYIOUN BUPa3:

Qi =K, -S,iV,, Mc, (2.3)

ne ky — koedimieHT BUTOKIB aMOPTH3AaTOPHOI PiAMHM, IO XapaKTEPU3y€E TEPMETHYHICTh NPHUIISITAaHHS YIIiIJIHHIOBATBHOTO
KBS 10 CTIHOK LWIIHAPA; Sy — IUIOIA MOPIIHS, M ; V; — IIBUJIKICTb BIAHOCHOTO IIEPEMIIIECHHS IOPILIHS, M/C.

Bupasu 2.4 1 2.5 103BOJSAIOTh PO3paxXyBaTy IUIOUII MOPIIHS HA PI3HUX pe- KUMax poOOTH aMOpPTU3ATOpa:

(d2_d2 w2
Sgi=_" " ,MM; (2.4)
4
dZ'TE 2
Sgi=_" ,MM, (2.5)
4

ne d, — miametp mopiius, M; d,,, — JlaMeTp IITOKA, M;
[lepenan TUCKY B HAAMOPIIHEBOMY Ta MiMOPLIHEBOMY ITPOCTOPI 3HAXOAMMO 32 BUPA30M:
AP,y = P, — P,, MIla;  (2.6) AP.,=P,— P;, Mlla, (2.7)
ne P, — truck B HaanopuiHeBoMy npoctopi, MIla; P, — Thck B mignopuHeBoMy npocropi, MIla.
3Ha4YeHHs THCKY B HAJIOPIIHEBOMY Ta MiANOPIIHEBOMY IIPOCTOPaX 3HAXOAUMO 3a (popMynamu:

p="1 HM (2.8)

S
ne Fi — cuma omopy Ha Bia0i# a6o Ha cTuck, H.
Po3paxyHOK I'yCTUHM 3 BUKOPUCTAHHSM MOMPABOYHUX KOE(DIIII€HTIB:

3
p = p2o[1+ C - (Tnoy — T')], kr/m (2.9)
ne & — KoedlUieHT TEeMIoBOTO 00'€eMHOr0 PpO3LIMPEHHS TEXHIYHUX piIuH Ha ocHOBI HadTH, 1/K; pyo — MIIBHICT

- 3, .
aMOPTHU3aTOPHOI PIAMHM 32 TEMIEPATypH HABKOIUITHLOTO cepenoBuiia 20 °C, kr/m™; T,,, — TeMmeparypa aMmopTH3aTOPHO1
PIIMHM, 1110 JOPIBHIOE 3HaUeHHIO iIbHOCTI npu 293 K, K; T — remneparypa amoptuzaropHoi piauau, K.



TEOPETUYHI JOCJIIKEHHSA B’AZKICTHO-TEMIIEPATYPHHUX
XAPAKTEPUCTHUK I'TTPABJITYHUX AMOPTHU3ATOPIB
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PucyHnok 7.1 — 3anexxHiCTh 3MIHM KIHEMAaTUYHOI B'SI3KOCT1 aMOPTU3ATOPHOI PIIMHU PI3HUX MapOK
BiJl il TeMmeparypu
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Pucynok 7.2 — TeopeTndHa 3aJ€XHICTh 3MIHH CHJI OIIOPY T1APaBIIIHOTO aMOPTH3aTOpa
B1J] TEMIIEpATypH eKCILTyaTallii



TEOPETUYHI JOC/HIKEHHA B’A3KICTHO-TEMIIEPATYPHUX
XAPAKTEPUCTHUK I'TIPABJITYHUX AMOPTU3ATOPIB
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Pucynok 8.1 — 3anexHICTh yCTaJIEHOT TEMIIEpATypPH aMOPTU3aTOPHOT PIAUHU
BiJI TEMIIEPATYPH HABKOJIMIIIHBOTO CEPEIOBUIIA
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PucyHok 8.2 — 3anexHiCTh yCTaJICHO1 TeMIepaTypy aMopTU3aTopa
BiJl BEJIMYMHU Ta MBUIAKOCTI IEPEMIMICHHS MITOKA



MOAEJIOBAHHSA TEMIIEPATYP B AMOPTU3ATOPI
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Pucynok 9.1 — Po3paxyHkoBa Moieb T1IpaBIIYHOTO aMOPTU3aTOPa BaHTAXKHOTO aBToMoO111 KpA3
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Pucynok 9.2 — I'padiune 300pakeHHsI MOACIIOBAHHS TEMIIEPATypPH aMOPTHU3aTOPa BaHTAXKHOTO aBTOMOO1Ist KpA3
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EKCIIEPUMEHTAJIBHI JOCJIIKEHHS B YMOBAX BUPOBHULITBA

Pucynoxk 10.1 — ExciepumenTanspHa ycraHoBka AOPC-60 Ha 6a3i aBTomo01511 KpA3-260 13 BCTAaHOBICHUMU JaTYMKAMHU
KOHTPOJIIO TEMIIEPATypHU aMOPTHU3aTOPHOI PIUHU 1 TEMIIEPATYPH HABKOJHUIITHBOTO MOBITPSI

7

Pucynok 10.2 — Cxema ekcriepuMeHTalbHOI YCTAHOBKH

YcraHoBka 3MOHTOBaHa Ha 1maci /7 aBromooOutss KpA3-260 1
MICTUTh B COOl TIPUCTPI KOHTPOJIIO Temmneparypu |,
nepeTBoproBadl iHTepdeiiciB pizHoi Moaudikami 2 1 3
NepCOHANbHUIN KoMI'toTep 4 1 TepMonepeTBOproBayl 6, OJuH 3
SKMX BCTAHOBJIEHUI B KOpIyCl aMmopTu3aropa 5.




EKCIIEPUMEHTAJIBHI JOCJIII’KEHHSA B YMOBAX BUPOBHUILITBA

~
N
E=S
(V%]
o
[—

b . \9 \10 11/ 12/
Pucynok 11 — I[IpomucioBa ekcriepuMeHTalIbHa YCTAaHOBKA IS BU3HAYEHHS €KCILTyaTallliHIX XapaKTEPUCTUK
aMOpPTHU3aTOPIB

bynoBa Ta po0oTa eKCIEpUMEHTAIbLHOI MPOMMCIOBOT YCTAaHOBKH: BCTAaHOBJICHWM Ha pami | eleKTpuuHUiA
JIBUTYH 2 Tepelae Yepe3 MacoBy Iepeaady oOepTaHHS Ha KPUBOIIUIMHO-IIATyHHUM MexaHisMm 3. Ilim gac pyxy
maTyHa 4 1o HanpsMHIN peillll, BIH MEepeMIILye TATY S5, MEPETBOPIOIOYN 00EpPTaHHS Bajla €IEKTPUYHOrO JBUTYHA Y
3BOPOTHO-TIOCTYMAIBLHUN pyX IITOKa amopTu3aropa. [y 3MiHM BETWYMHU MEPEMIIIEHHS IITOKa aMOPTH3aTopa B
TA31 mepeAdadyeHl OTBOPH, PO3TAIIOBaHI Ha PIBHIA BIJCTaHl OJMH BiJ OJHOTO, 4epe3 siki BOHa (PIKCYEThCS MIXK
OIYHUMHU CTIHKaMH TIJIAaHKHU 6, MPU MO3/I0BXXHROMY MEPEMIIIEHH] K01 BEIMYMHA MEPEMIIICHHS ITOKA 301IBITYEThCS
ab0 3MeHIIyeThcA. [l BU3HAUYEHHS CHJI OMOPY BIAOOIO 1 CTUCKaHHS aMOpTHU3aTOpa BCTAHOBICHUM JaT4HK
JIBOCTOPOHHBOTO /il TEH30METPUUYHOrO TUIY 7. Y pexumi (PyHKIIIOHYBAaHHS aMOPTU3aTOpa 3[IMCHIOETHCS BIITIK
KUIBKOCT1 TIEpeMIIleHb IMIYJIbCHUM JaTdyukoM &. BumipioBau TemmepaTypu 9 BCTaHOBICHHH Ha KOPITYCi
amoptuzatopa 10. Bentunstop 11 a1 cTBOpeHHS OOQYBHOIO TMOTOKY TaKOXX OCHAIIEHUH YacTOTHUM
NEPETBOPIOBAUEM CTPYMY 12, 1110 103BOJISIE€ PETYJIFOBATH MIBUJIKICTh B 33/IaHOMY JIiania3oHl.

11



PE3YJBbBTATU EKCIIEPUMEHTAJIBHUX JOCJIILIXKXEHD
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Pucynok 12.1 — 3anexHICTh yCTaJI€HOT TEMIIEPATypU aMOPTU3ATOPHOI PIUHU BiJ] IIBUIKOCTI PyXY YCTAaHOBKH JJISI

IITBHAOKICTE PYXY aBTOMOOI1IIA. KAN/TOIX

263 IO CC)); AL = K Taea— 253 K G20 °C), AZ —S K

KamiTaabHOro peMoHTy cBepioBUH AOPC-60 Ha maci KpA3-260

12
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Pucynok 12.2 — 3anexHicTh yCcTaJaeHO1 TEMIIEpaTypHu aMOPTHU3aTOPHOI PIUHU BiJl 4acy poOOTH aMOpTHU3aTOPa YCTAHOBKHU
VTSI KamiTalibHOro peMoHTy cBepyioBuH AOPC-60 na maci KpA3-260



PE3YJIbTATU EKCIIEPUMEHTAJIBHUX JOCJILIXKXEHD

Tenmmoeparypa
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13

280(7) ! ! ! ) ) ! ! !
i i i i i i . i
275(2) _-.__-,_.-_-..r--_--_!._-_--_r-.__-,;.*!;...—_—.—_—_‘?.—.‘_‘.._i--_
i . S B i
e e Il e s e e e L
l & Trow—=263(-10°) I
265(-8) g P .]_ ..... -l- ..... .r--_‘.;*.;—_._-%._-_—_._._ S
260603 |-—beisy - +--_---r?--—---i- e )
4<” Tao=253(-20°) |
FESSEER) |opitiobtm R e e et T e
K n 1 1
0.26 0.39 0.52

IITBHOKICTE IIEepPeMIIMIeHH A IIITOKa. M/C

Thoa =263 K (-10 °C). A1=15K: Tpog =253 K (20 °C) A2=14K

Pucynoxk 13.1 — 3anexHicTh ycTajaeHO1 TEMIIEpATypHu aMOPTHU3aTOPHOI PIAUHU BiJl IBUIKOCTI IEPEMIIIIEHHS IITOKA

TenmmepaTypa
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Pucynok 13.2 — 3anexxHicTh TEMIIEpaTypyu aMOPTHU3aTOPHOI PIAMHU BiJl MEPEMIIICHHS IITOKA T1APaBIIYHIX
amoptu3zaropis KpA3-260



PE3YJIbBTATU EKCIIEPUMEHTAJIBHUX JOCJILIKEHD
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Pucynok 14.1 — 3anexHocCTi 3M1HM cuJl onopy Ha Bifoi# (F,ys) Ta ctuck (F.,) riapaBiiyHuX aMOPTU3aTOPIB 13 BMICTOM
moaudikatopa [I1-3 y 3arabHOMY 00’ €M1 aMOPTU3aTOPHOL PIIMHU JJIs1 TeMIiepaTypu exciryatariii 259K (-14 °C)
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TevmMoeparypa aMoOopTH3aTOPHOL piauaHHEH. K(°C)
Pucynoxk 14.2 — 3anexxHicTh 3MiHM CHJI ONTOpY Ha B110ii (F,;y5) Ta cTuck (F.,) y BUNIagKy BUKOPUCTAHHS
amoptuzaTopHoi piguHu AXK-12T 1 MmoaudikoBaHOT 3a HU3bKHX TeMIepaTyp eKCIUTyaTarii



EKOHOMIYHA EQEKTUBHICTb BUKOPUCTAHHA ABTOMOBLJIA 3 15
YAOCKOHAJIEHUM AMOPTU3ATOPOM

Tabmums 15.1 — Buxigni gani Ay po3paxyHKy €KOHOMIYHOI e€()eKTHBHOCTI BUKOPUCTAHHS YAOCKOHanIeHoro aBTomooisiss KpA3-260

Ilo3Ha- Cepiiinuii Y nockoHajieHui
[TokazHuku YeHHS aBTOMOO1JIb aBTOMOOLIb

[TpoAyKTHBHICTD 3a TOAUHY 3MIHHOTO Yacy, T-KM/TOJI Wap, 592 700
bayiancoBa BapTiCTh, TUC. TPH. b 940 948
PiuHe 3aBaHTaXeHHSI, TO/I. T, 1800 1800
UncenpHICTh BUPOOHUYOTO IEPCOHATY, YOJL JI, 1 1

['omuuHl TapudHi CTaBKU MEPCOHANY, TPH./JIIO/.-TOA T 107,5 107,5
KoedirtieHnT, 1mo BpaxoBy€e JOIUIATH TEPCOHATY Ky 1,1 1,1

KoedirieHT BijpaxyBaHb Ha pEHOBAIIIIO a 0,14 0,14
Koedimient BigpaxyBanb Ha [IP, TexHiuHe 00CITyroByBaHHS Ta BiJIHOBJICHHS IIMH r 0,16 0,16
KoedoirieHT BigpaxyBaHb Ha KalliTAIbHUI PEMOHT I 0,06 0,06
BuTpaTa NaIMBHO-MACTUIBHMX MATEPiaiB, KI/T-KM r 0,07 0,07
[{inHa mamuBa 3 BpaxyBaHHSM BapTOCTI MACTHWJIBHUX MaTepialliB, TPH./KT ] 59 59

HopMmartuuuii koedirieHT e)EeKTHBHOCTI KaImiTaJOBKIIAIEHb E 0,15 0,15

Tabmuug 15.2 — ITokazHUKM €KOHOMIYHO1 €(heKTUBHOCTI B1J] BUKOPUCTaHHS yIOCKOHaeHoro aBToMo0u1st KpA3-260

ABTOMOOLTH
[loka3Huk cepiHUI YIOCKOHAJICHU I

Piune HanpamroBaHHsI, T-KM 1065600 1260000
[Ipsimi 3atpatu (TpH./T-KM) Ha:

— OIUIaTy mpaiii 0,20 0,17

— TaJUMBHO-MAaCTHJIbHI MaTepiaan 413 413

— TexXHIYHEe 00CITyrOBYBaHHSI, TOTOYHHH 1 KA TAJIbHUIA PEMOHTH, BITHOBJICHHS IITHH 0,19 0,17

— PEHOBAIIiIO 0,12 0,11

— 30epiraHHs 0,01 0,01
BCHOT'0 MPSIMUX BUTPAT 4,66 4,58
KamnitanpHi BKIaACHHS, TPH./T-KM 0,88 0,75
3BejieH1 3aTpaTH, TPH./T-KM 4,79 4,69
PiuHunii ekOHOMIYHMI eEeKT, IpH. — 124546
Butparu npaiti, J1r0/.-T01/T-KM 0,0016 0,0014




BUCHOBKH 16

1. EdbextuBHICTh (GYHKIIOHYBaHHS TiIPaBIIYHUX aMOPTH3aTOPIB IMiJ Yac eKcIulyarallii HadTorasoBoro
TEXHOJIOTIYHOTO TpaHcnopty Ha maci KpA3-260 B yMoBax HU3BKUX TEMIEpaTyp BU3HAYAETHCA TEIUIOBUM
pexxuMoM ix poOotu. [TopylieHHs TEIIOBOrO PEXUMY TiApPaBIIYHUX aMOPTU3ATOPIB MPU3BOJUTH A0 CYTTEBOTO
30UIbIICHHST B'A3KOCTI pPoOOYOT pIIMHM Ta TMOTIPIICHHS EKCIUTyaTalliiHUX BJIACTUBOCTEWU. AgamnTailis
aMOpPTU3aTOPIB /IO YMOB HU3BKUX TEMIIEPATYp HABKOJUIIHBOIO CEPEJOBUINA MOXKJIMBA 3a PaxyHOK
OOrpYHTYBaHHS CKJIQJy Ta YMOB 3aCTOCYBaHHSI pOOOUOi pIIMHU aMOPTU3ATOPIB.

2. TexHiuHUM KpuTepieM (GYHKIIOHYBaHHS TiAPaBIIYHMX aMOPTH3aTOPIB B YMOBAaX HHM3bKHX TEMIIEPATYp
OPUHHATO CHUJIM ONOpy Ha BIiAOIM Ta CcTUCK. OTpUMaHO 3aJ€KHOCTI 3MIHM CHJI ONOPY 3a TeMIepaTyp
HaBKOJMIITHBbOro cepenopuia Big 255 K (-18° C) mo 263 K (-10° C), sxi 3MmiHIOIOTHCA Ha B1a0ii Big 3900 mo
4800 H 1 na ctuck Big 800 no 1420 H. BcraHoBiieHO, 1110 3HaYEHHSI CHJI OTNIOPY T1JIpaBIiuHUX aMOPTU3aTOPiB Ha
B1JI01} 1 CTHCK MEPEBUIIYIOTh HOPMATHUBHI 3HAYCHHS 3a Temmepatyp Hrkue 259 K (-14 °C).

3. P03p06HeHa MaTeMaThU4Ha MOJIENIb MPOLECY q)yHKuiOHyBaHH;I TIPaBIIYHOTO aMOPTHU3aTOpa YCTAaHOBKU
Uil KamiTtaabHoro pemoHTy cBepayioBuH AOPC-60 na maci KpA3-260, mo BpaxoBye TtemmepaTypy
HABKOJIMIITHLOTO CEpPEOBUINA. 3HAUyIMHUMH (AKTOpaMHd TaKOXX BHUCTYINAOTh BEIWYMHA 1 IIBUIKICTH
MEPEMIIIICHHS IITOKAa T1APaBIIYHOTO aMOpTU3aTOp. BCTaHOBIIEHO, IO B 3aJI€KHOCTI Bil 00paHUX (haKTOpiB B
YMOBaX, 1[0 PO3TIIAIAI0THCS, TEMIIEpaTypa aMOPTU3aTOPHOI PIIMHNA MOYKE 3MIHIOBAaTHCS B Mexkax 4...14 K.

4.Po3pobiieHO 1 OOrpYHTOBaHI CKJajJ 1 YMOBH 3aCTOCYBaHHS MOJM(IKOBAHOK PITUHHU TiIpaBIidHUX
aMOPTH3aTOPIB ISl HHU3bKUX TemmepaTyp MJoBKULIA. OOrpyHTOBaHO CKiad MOAUW(]IKOBAHOT PITUHA Y
ciiBBigHOImEeHHI 25% wmonudikatopa HI1-3 1 75 % AXK-12T. MakcumanbHl 3HaAY€HHS CHJI OMOPY IIiJI 4ac
BUMPOOYBAaHHS aMOpTU3aTOpiB 3 MoAudikoBaHOW piauHOo nepeBuiyBaiu 4030 H Ha Big6iit Ta 1343 H nHa
ctuck. I[IpoBelieHO pecypcHI BUNPOOYBaHHS TIAPABIIYHOTO amMopTHU3aTopa 3 MOJAM(PIKOBAHOW PIIUHOIO, 3a
pe3yJibTaTaM SIKUX BCTAHOBJIEHO, 110 BIAXUJICHHS 3HAYEHb CHJI OTOPY BiJl €TAJJIOHHUX HE nepeBuiilyBaiu 4%.

5. BrnpoBamkeHHsT pe3yiabTaTiB BUKOHAHHMX JIOCHIDKCHb JO3BOJIMTH 30UIBIIMTH CEPEIAHIO TEXHIUHY

IIBUJIKICTh HA(TOra30BOr0 TEXHOJOTIYHOrO TpaHcmopTy Ha 21%, a Ttakox nmpoaykTuBHICTH Ha 18%. Piunuit
CKOHOMIYHUM €(deKT BijJ 3aCTOCYBaHHS MOXe CKiaacTu 10 124546 rpH. HA OAMH aBTOMOO1Tb.



