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JAOCIIIKEHHA XAPAKTEPUCTUK TEPTSA
1 ®PUKIIHHUX KOHTAKTHUX KOJIMBAHb T'AJIbMA

Memooamu cmamucmuunoco ananizy 0OIPYHMOBAHO Ul OMPUMAHO OEKIIbKA pecpecilinux mooenell
KIHeMU4YHOT XapaKmepucmuKyu mepmsi Ko100K0BO-KONICHO20 2anbmd, NOOYOOBAHUX HA PI3HITL MHOMNCUHI
NPYIACHUX | OUCUNAMUBHUX Cul Hasanmadcenus. [loxazano, wo npu 3mini xapakmepy i GenuUYUHU CUll 8
KIHEMAMUYHOMY JAHYI031 2aneMieHOI cucmemu 6i00yeacmuvcst sMiHa Koeiyichma mepmsi eanbma 3d
GeNUYUHOIO Uy (QYHKYII 2aneMieHO20 HamucHewHst ma weuokocmi pyxy. Kopensyitinuii  ananis
niomeeposcye micHy niHilHY 3anexcHicmy Koegiyicnma mepmsi, 8UsAGIeHI 3aKOHOMIPHOCMI CRPOW eHH3.
onmumanvHoli  pezpecilinoi  mModeni npu  3meHuteHHi  00csieie  6ubipku, 30inbuienHi  Oucnepcii
cnocmepediceHv i Qompumanni  ymos ioenmudghikosanocmi. Ompumani pesynremamu  00360/110Mb
cmeepodcysamu, o Koeghiyicum mepms eaneMa MAc azpecamui Xapakmepucmuxu i 3anexicumos 8io
iHepYitiHUX, NPYX*CHUX, OUCUNAMUBHUX BIIACMUBOCMEN BCIX KIHeMamMuyHux nap O0awoi mpubono2uyHol
cucmemu; (PPUKYitiHI KOTUBAHHS CUHME3YVIOMb BCI 6I1ACMUBOCIT CMPYKMYPU 2ANIbMIGHOI CUCEMU, U0
PO3ULUPIOE 0ONACTb KEPYBAHHS MEPMAM 8 2ATbMIBHOMY MEXAHI3MI.

Kniouogi cnosa: 2anvmo; xapakmepucmuku mepms; eKCNepUMenm; CmamucmudHuil ananis.

I[ocTaHoBKa npo6JjieMH. AKTYalbHICTh po6oTH. Y Teopii Taru [1] npuitHATO MPUMYIIEHHS, 3TiTHO 3 TKUM
raibMiBHA TIepeqada € MeXaHi3MOM 3 KOPCTKAMU JIaHKaMH. Y 3B'SI3Ky 3 MM YMOBHW BHUHUKHEHHS (QPUKIiHHUX
KOJNMBaHb TIpM HaBaHTaKEHHI TallbM, MOXJIHMBICTh KepyBaTH TepTSAM 3a paxXyHOK iX pemmgipyBaHHS i
BUKOPHCTaHHS B HOBUX TEXHIUYHUX PIillIEHHSIX HE pO3TisAalThes. Ha maxTHoMy peiikoBoMy TpaHCToOpTi [2] He
MNPUAHATO TAKOX HOPMYBaHHS €(QEKTUBHOCTI (PUKUIHHUX BJIACTUBOCTEM ranbm. ToOTO, peanizyeTbCs TOM
LUIAX, KOJM BUKOPUCTOBYETHLCS ileaji3oBaHa JuMHAMiuHAa MOJEJb rajbMa, HEXTYIOUM iHEpLi€0 Ta MPY)KHO-
JnemigipyrouuMy BJaCTUBOCTSAMU JIAHOK i KOHTAKTY, WO MPU3BOAMTD 0 CYNEPEeYHOCTI B peastizailii 3aco0iB Tsaru
i raJibMyBaHHS LIAXTHUX TOTSATIB.

Meta i nocraHoBKa 3aBAaHb AOC/HiIKeHHsl. Mera: oTpumMaTv 3HaueHHs KoediluieHTa TepTs KOJOIKU
3aJI€XKHO Bijl mapamMeTpiB KOJIMBaHb rajibMiBHOTO MeXaHi3My [uis ineHTudikauii Moaesi kepyBaHHs CUIIOK TepTs
B TpHUOOJIOTiuHi# cuCTEMI.

3aBmaHHs: 1) 3a pi3HUX 3HaYeHb MPYKHUX Ta AUCUMIATHBHUX MapaMeTpiB TalbMiBHOTO MeXaHi3My, Tiepeaadi
i pe)KUMIB HaBaHTa)XEHHS BU3HAYNTH CYMiCHHUIl BIUIMB IIBUAKOCTI KOB3aHHA V i TaibMiBHOTO HaTUCHEHHS K,
BIUTMBY KOXKHOTO 3 HUX MPU TOCTifHOMY 3Ha4eHHi iHIIOTO Ta BCTAHOBHUTH CTYIiHb I[LOTO BIUTUBY Ha BETUUUHY
koedillieHTa TepT KONOOKU @ ; 2) OTpUMATU CIEKTPOrpaMu KOJIUBaHb 3yCUb Ta BibponepeMillieHb KOJOAKHU B
HOPMaJIbHOMY i TaHreHUiaJIbHOMY HaIpsiMax BiIHOCHO KoJieca.

Marepian i pe3yabtaTtu gociaimkenb. Ha dopmanbHoMy piBHI 3aBnaHHs (OPMYIIOETHCS TaK: OTPUMATH
ySIBJIEHHS TIPO (QDYHKIIiIO BiTYKY:

» = f(K,V,KV). 1
VY 3arajJbHOMY BUTJISIII MOJEINb 3aJIE)KHOCTI MiXK 3MiHHAMHY TIYKaH Y BUTJISI:
P =ag +aK +aV +aKV, @)

Iie ao, ai, a», a3 — KoedilieHTu perpeciiiHol Moaerni.
KinbKiCHOKO XapakTepUCTUKOIO METH JOCIiIKEHHS € KOeQiLieHT TepTsa ¢y .

Bubip sminnux i obnacmi excnepumenmyeanns. BXinHi 3MiHHI TansMmiBHe HaTHCcHEHHS 10 10 kH, mBUAKicTh
KOB3aHHS 10 3 M/C, )KOPCTKICTb i aemmndipyBaHHS TajbMiBHOI mepenadi CTBOPIOIOTb CTalliOHAPHI PEXUMHU
HaBaHTAXXEHHs TaJbMiBHOTO MeXaHi3My. B ymoBax ekcrulyarauii 3MiHHI MalOTh MiHiMaibHi 3HadeHHs 3 kH, 1
m/c. 3MiHHI He3asexKHi oiHa Bij onHOI. [[ns KepyBaHHS 3MiHHUMU HEOOXiaHa anaparypa s iHAMKalil iX piBHIB
3 touHicTio 0,1 m/c 110 H.

HaGip BuXinmHUX 3MiHHUX MiCTUTb: CHUJy TEPTs, BiOpomepemilleHHs KOJOIKHW. 3MiHHI € KiJbKiCHUMH, 1X
piBHI BUpaXarOThCS aMILIITY 00 Ta 4acTOTOK. PeecTpauito BXiAHUX 3MiHHMX HEOOXiJTHO BUKOHATH 3 TOUYHICTIO
BUIIE, HK TOYHICTb BUXIAHUX 3MIHHHUX.

Temmneparypy TepTs, SK i iHIOI HeKepOBaHi 3MiHHI, BHUKIOYAIW PAaHIOMI3alliel0 TOPSIIKY TpOBeIeHHS
€KCIIEpUMEHTY 3a JOTIOMOTO0 TaOJUIIi BUTIAAKOBUX YHCE.

Prkoeiraenatd M3t 3anexnoCTi KoedilieHTa TepTa NpUitHATA TiHIHHOO.

Ymosu idenmugpixeanocmi i nnawyeanmsi excnepumenniy. [1oBHUN (DaKTOpHHI €KCTIEPUMEHT, B SKOMY
peanizyroThcsl BCi MOMKIHBI KOMOiHalii piBHIB 3MiHHMX, IO HE MOBTOPIOIOTLCA, Mae BUA S, ne k — KinbKicTh
HE3JIe)KHUX 3MIHHUX; S — KiIbKICTh PiBHIB 3MiHHUX.

HeoOxigHa KinbKiCTh PiBHIB 3MiHHMX MOBWHHA OyTHM NMPWHAWMHI HA OAMHUIO OiNBLIOND, HiXK TOPSIIOK
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piBHsIHHS perpecii (2). [Ipuiimaemo:
S=3.
3arajipHa KijbKiCTb KOeQillieHTIB piBHAHHS perpecii Moaesi 6e3 ypaxyBaHHS B3a€MOiil BUILOTO MOPSAKY,
HDXK napHi, Oyae 1opiBHIOBaTUME:

M+1:4. 3)

TakuM YMHOM, IPUHAMAEMO TLIAH THITY 32 3 KiIBKICTIO HE3a/e)KHHUX TOCIiiB:
N=32=9,

3a OCHOBHMII piBeHb HE3NEKHUX 3MIHHUX MPUUAHATI 3HAYEHHA 3a YMOBAMM CTiMKOCTi pPEXUMIB
HaBaHTa)XeHb, TOOTO 6 KH, 2 M/C.

Marpuis njiaHyBaHHs MpeacTasieHa Tadnuui 1.

YV Matpuili BAKOHAHO KOJyBaHHS 3MiHHUX:

X, =5~ %o 4)
AX,

ne X; — KoI0B€ 3HAUEHHS i-0i 3MiHHOT; X; — HATypaJibHE MOTOYHE 3HAYEHHS i-01 3MiHHOT; Xi0 — OCHOBHUI PiBEHb
3MiHHOT; 4x; — HamliBiHTepBaJ BapilOBaHHS,

Axi — (ximax ;ximin) ) (5)

Tabnuys 1
Poboua mampuysi nnanyeanns 6unpoyeans KoNoOK0GO-KOIICHO20 2albMd
ULAXTMHO20 PYXOMO20 CKIAJY

5 E 3HaveHHs MapameTpis é ¥ Koop HHH:(:II;IO[?( CHMMHIX
m 9 = K
PiBHi 3MiHHUX c g % g
E I HaTHCHEHHS, IIBUKICTb, = .
g <H e & = | HaBaHT@)KEHHS | MIBUAKICTh
1 +1 0
OcHOBHU#1 piBeHb 0 2 2 -1 0
3 -1 +1
4 0 0
. 5 +1 +1
Kpok BapitoBaHHs ji| 3 1 6 " 1
7 0 -1
OnWHWYHI PiBHi:
BEpXHii +1 9 3 8 0 +1
HWKHI -1 3 1 9 -1 -1

Peanizayis excnepumenmy. IlnaH BUMarae MOJETIOBAHHS CTalliOHAPHUX DPEXHMMIB TalbMyBaHHS pi3HOT
IHTEHCUBHOCTI i 32 pi3HUX 3HAUEHb JKOPCTKOCTI i AeMT(pipyBaHHS KiHEMAaTHYHHUX JIAHOK CHCTEMH 3 MaCIITAOHIM
koeginieaToM piBHEM 1. ToMy eKciepUMeHT MOke OyTH peali3oBaHnii Ha HATYpHUX Oe3iHepIifHUX CTeHIaX.

Po3pobrneHa cTpykTypa, CTBOpPEHMil BHMIpIOBaJbHUII Ta 00poONIOBaNbHUI KOMIUIEKC Ha 0Oasi
Bibpoanaparypu “Pobotpon” [3] ans mocnimkeHHS AWHAMIKW TepTs, BAKOPUCTAHUN IaXTHUI BUMipIOBaIbHUI
BaroH 3 anapaTtyporo KiHeMaTuKu pyxy. ['anbMiBHUN MeXaHi3M BUKOHAHM BiAMOBIAHO 1O PO3PAXyHKOBOT CXeMU
BUOOPY ONTUMAaJIbHOT T€OMETPIi.

TlanbMiBHMI cTeHn 3 mMHeBMoINepenayell BUkoHaHuil Ha 6asi waxtHoro enekrpoos3a KI0-900. Kinemaruka
raibmMa i pPO3CTAaHOBKA BHMMipIOBaJIbHUX BY3JiB IpelacTaBieHa Ha pucyHkax 1, 2. JlaruvMkamu 3yCWib €
TEH30AHAMOMETPHU.

MonentoBaHHsT TajbMyBaHHS BHWKOHYETbCSI TpHU poOOTI TPHBOAY €JEKTPOBO3a B PEXHMI THATH.
HecramioHapHi peXuMu TepTs MOXYyTh OyTH peajli3oBaHi JUIe 3a PaxXyHOK TNeEpeXigHWX TpOIECiB B
€JIEKTPOTIPUBO/II.

VY TAroBOMY NMpUBOI 3acTOCOBYIOTHCS ABUTYHH ET-31 3 HOMiHansHUMU NapameTpaMu: MoTykHicTs 31 kBT,
cTpyM HaBaHTaxeHHs 150 A, cunma Tsrm 8,5 kH, mBuakicts pyxiB 3,4 m/c. Cuna TATM i WIBUAKICTH PyXy
TpuBeieHi 10 06o1a Koseca.

Jeurynu ponyckatots Hanpyry xuBineHHs (TOCT 6962-75) 275 B (na mmHax Tsroroi migcranuii), 250B
(HominanbHa), 325 B (makcumanbha), 175 B (minimasbHa). ToMmy MiArOTOBJIEHO €JIEKTPONOCTAYaHHS
enexkTpoBo3a Big cucremu I'J] (mo 200 B) i Big taroBoi migcranuiii (275 B).
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EekTpoBO3 YKOMIUICKTOBAHWI INTATHUM NATYUKOM i TIOK@KYWKOM MIBUIKOCTI PyXH KOJIICHOI mapw, sKi
TPOTapOBaHi AJIs1 BUMipIOBAHHS i Bi3yaJIbHOTO KOHTPOJIIO IIBUAKICHUX PSKUMIB TaJIbMyBaHHS.
Pesynemamu excnepumennmy ma ix inmepnpemayis. O06pobka pe3yJibTaTiB €KCNEPUMEHTY 3a NpaBujiaMu
OaratogakTOpHOro AUCHepCiiiHOro aHanizy [4, 5] mpu3Bena 10 HACTYMHUX MOKA3HUKIB:
— BUOipKOBa aucnepcis YnHHUKA V:
S? =25,39-1073;
— BuOipKoBa aucnepcis ynHHMKa K-
SZ =26,52-1073,;

Puc. 1. I'anemisna cucmema enekmpososza K-10 3 sumiprosansnumu gysnamu:
1 — ounamomemp 2anbmi6HO20 HAMUCHEHHSL; 2 — OUHAMOMEMP 2ATbMIGHOT CUNTU,
3 — eanvmisHull yuninOp NHEBMONPUBOOa;, 4 — pyuHuil Npugio 2anvma

Puc. 2. Cmeno onsi namypnux 6unpodysans catbMi6HO20 YCMAMKYSAHHL:
1 — oamyux weuokocmi; 2 — OUHAMOMemp MAHEeHYIANbHUX 3YCUTb;, 3 — QUHAMOMEMP HOPMATbHUX 3yCUlb, 4 —
OamyUK MAHZeHYIATbHUX NPUCKOPEHb; 5 — OamYUK HOPMATbHUX NPUCKOPEHb

— BUOipKOBa auCHepcis BUNAAKOBOIO YNHHUKA:
S¢ =2,64-10-2.

[opisusuns aucnepciii S2,S2, SZ 3a monomorow kputepito diiepa cBiTUUTL 3 PiBHEM IOCTOBIPHOCTI
0,95 npo 3HauywliCTh BIJIMBY LUBUAKOCTI KOB3aHHS V i rajibMiBHOro HaTUCHEHHs K Ha BEJMYMHY KoediuieHTa
TEPTH @y .

BuGipkoBa mucniepcis S? ans TpuBanMX pEXMMIB TanbMyBaHHs Tpu TpuBaiocti Big 390 mo 990 c
3MiHIO€TBCA B Mexax Big 0,110 1o 0,7¢1073. [lopiBHAHHES AHCHEPCIii:

$? << 82
YKa3y€ Ha Te, 110 BIUIMB TEMNEPaTypu PPUKLIHHOro HarpiBy Ha ¢ HEICTOTHUIL.
Takum uMHOM, @ BU3HauaeTbes nuile Vi K, BINIUBOM iHIIMX YMHHUKIB (cyMicHoT aif KV i Temneparypu

(dpukuiliHOTO HAarpiBy) MOYKHA HEXTYBaTH.
V naHomy Bunaaky SZ XapakTepu3ye TOUHICTh METOAMKM BW3HAUYEHHs koeQillieHTa TepTs i craHaapTHa

TIOMUJIKA @ TpU UbOMY CKJIaJla€:

S, = +/2,64-10% =0,0514,
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YMOBH iI€HTH()IKOBAHOCTI TOTPUMYIOTHCSI.
JucnepciiiHuM aHali3oM BCTAHOBJIEHO, 110 HENPUTEPTi KONOAKU peaji3yloThb MEHIII 3HAU€HHS ¢ , HDK

MPUTEPTi, 110 YKa3y€ Ha BIUIUB IeoMeTpil ranbMmiBHOro mexaHizmy. IIpu 3amiHi rajbMiBHUX KOJIOJOK TaKOX
3MiHIOIOTHCS 3HAUEHHS (@ .

BukoHaHuit aHasti3 XiMiYHOIO CK/Iaay YaByHY B Pi3HHX KOJIOAKAaX i BCTAHOBJIEHO, 1UO BiH 3MiHIOETbCS HaBiTh B
MeXax oHiel mapril i ¢akTuuHo He Bianosizae cranmapty (IOCT 1412-85). Binomo [6-10], o 3miHa xiMcocTaBy
YyaByHY 3MiHIO€ HMOro MeXaHiyHi BJACTMBOCTI, 1O, Y CBOK 4epry, 3MiHIOE JKOPCTKICTb i aeMmndipyrouy 31aTHiCTb
(pUKUiHOrO KOHTAKTY raJibMiBHOIO MEXaHi3MYy.

BukoHaHuii perpeciiinuii aHasi3z 3ycuiib B rajibMiBHOMY ME€XaHi3Mi, 1110 Ma€ JJAHKY B HOPMaJbHOMY HampsiMmi
y Burjisiai: 1) cepiiiHOro xOpCTKOro CTAryBaHHs; 2) LMIiHAPUUHOT NPY>KUHU KopcTKicTio 420 kH/M. [Tpu ubomy
B TaJIbMiBHOMY CTEHIIi BiICYTHI rajibMiBHa niepenaya i NpuBia (JJabopaTopHuUil eKCTIEPUMEHT).

OTprMaHi MOTOYHI 3HaUeHHA KoedilieHTa TepTsd TanbMiBHOT KOJOAKM AJSL BCiX peajizauiii ¢pakTopHOTO
MIaHy eKCIepUMEHTY:

P = ©)

ne B, K — MUTT€BI 3HaY€HHS TajlbMiBHOTO 3yCUJLIsl i HATUCHEHHS B peai3auisx.
BukoHaHO piBHOMipHE KBaHTYBaHHs BUMipIOBaHMX 3yCHJIb 3 PiBHEM KiJIbKOCTi KBAHTIB:

n= xmax B xmin + 1, (7)
Ax

II€ Xmax, Xmin — BIATIOBIIHO MaKCUMaJbHe 1 MiHIMaJbHE 3HAUYE€HHS CUIT; AX _ KpPOK KBaHTYBaHHSI.
3a cTaHaapTHO NMpOrpamMoro NodynoBaHi piBHAHHS PErpecii:
— J1J151 JKOPCTKOI'O CTSACYBaHHSI:

o =0,441-0,042/ —0,05K, (8)
Koe(iuieHT MHOKUHHOT KOpesiuii R(p,\,K =0,77;

o, =0,383-0,044/, ©)
YaCTHHHUM Koe(illieHT Kopemnsil va =0,73;

¢, =0,336—0,007K, (10)

YaCTUHHUN KOeQillieHT Kopesuil R(p,K =0,33;

— 7S IPYKUHHOTO CTATYBAaHHSA:

¢« =0517-0,038/ —0,020K, R, =074, (11
¢ =0377-003%, R, =029, (12)
¢ =0,421-0,01K, R, =0,65. (13)

Bucoxi 3HaueHHs koedilieHTiB kopensuil yka3yroTb Ha TicHY JiHiliHy 3anexHicTb @, Bin Vi K. 3HmKeHHs

JKOPCTKOCTi JJAHKM B HOPMaJibHOMY HampsiMi rajibMiBHOIO MEXaHi3My 3MEHILYE BEJWYMHY i iHTEHCHBHICTb
3anexxHocTi koediuienta tepts Bin V i K (koediuientn perpecii mpu V i K 3MeHIIyIOTbCS), TOOTO Koe(illieHT
TepTS ¢ 30INBIIYETHCS, TIOCUITIOETHCS BINIUB HA 9 TaJbMiBHOTO HATHCHEHHs K, BIUTHB IIBHUAKOCTi KOB3aHHS

V cnabmmae.

BukoHanuii perpeciiiHuii aHaini3 3ycuwiib B TajibMiBHifi CUCTEMi CEpiHOTO ILIAXTHOrO €JIEKTPOBO3a, LIO
MiCTHUTh TIPHBIiI, TIepeiavy i YOTHUPH TaTbMiBHI MeXaHi3MH (IpOMHUCIIOBUiT excriepuMeHT). [1pu 06'emi Bubipku n
= 180 piBHsAHHS perpecii Ma€ BUIJIAL:

¢« =0,478-0,01% —0,06 K, (14)
Ry =0.54, R,y =022, R,, =044 S =212-10".

Takum 4MHOM, NpW 3MiHI NPY)KHUX i JUCUMATUBHUX CWJI B KiHEMaTWYHOMY JIAHLIFO3i TajbMiBHOI CUCTEMH
BinOyBaeThCA 3MiHA ¢ 3a BEJIMUMHOIO Ta Y (DYHKLIT ra/IbMiBHOrO HATUCHEHH 1 IIBUAKOCTI PyXy.

BukoHaHuii criekTpalibHUl aHai3 BiOponepeMilleHb KOJOIKH i 3yCHJlb B FaJiIbMiBHOMY MeXaHi3Mi.

Ha pucynkax 3, 4 mpeacTaBiIeHo CIieKTporpamMu BibpornepeMilieHb KOJIOIKH B IBOX HamNpsiMax, Je OpJrHATa
MpEACTaBIsi€ CepeaHbOKBAAPATUYHI 3HAUEHHs nepemilieHb B 1/3 okraBi yactoT. CnekrporpamMu OTpUMaHi 1is
JKOPCTKUX JIAHOK TalbMiBHOrO MeXaHi3My, MUTTEBI 3HaueHHs BiOpomnepeMilleHb KOJOIKH MpeACTaBleHi Ha
pUCYHKY 5.

YacToTa He 3MiHIOE MOHOTOHHO HOpMalbHi BiOpomnepeMimeHHs] KOMOAKU. Y miama3oHi wactot Big 500 mo
700 To BinOyBaeTbcs XxapakTepHe 30inbleHHS ammuliTyau. IlepemimieHHs XapakTepHO 30iJbIIyeThCS Bia
MIBUIKOCTI KOB3aHHS, C1ab0 3a1€XUTh BiJl ralbMiBHOTO HATUCHEHHSI.
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TaHreHuianbHi BiOponepeMilieHHs MOHOTOHHO 30iJbIIYIOTHCS NPU 3MEHILEHHI 4YacTOTH, 3@ BUHATKOM
pexxuMy 3 mapametpamu 3 kH, 1 m/c. AMmiiTyna nepemimieHb 30ibIIY€ETHCS TPU TMiABHIIEHH] TajJbMiBHOTO
HaTUCHEHHS, cj1abo pocTe npu 30iNblIeHHI IWBUAKOCTI koB3aHHs. Ha pexumi 3 kH, 1 m/c nepemiuieHHs pizko
3poctatoTh mpu gactotax 200, 300, 400, 525 I'm i 3HWKYOThCS Tipu yactoTax 283, 375, 480 I'm. PiBeHs

BiOponepemiuiens npu yactoti 1000 'y mpakTuuHO 30iraeThCsi B HOPMAJIbHOMY i TAHT€HLIIAJIbLHOMY HampsMax.
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Puc. 4. Cnexmpocpama maneenyiansnux 6ibponepemiugens KonooKu
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Puc. 5. Bibponepemiujenns konooxu maneenyianoi (6epxui) i HopmanvHi (HUIHCHI)
npu eanvmignomy namucnenni 3 kH: a) weuoxicme xkogzanns 1 m/c; 6) 2 m/c

Ha pucynky 6 mnpexacraBieHO OkpeMi (parMEeHTH MUTTEBMX 3HA4Y€Hb 3MIiHHOI CKJIalo0BOT 3YyCWib B
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raJbMiBHOMY MeXaHi3Mi 3 JKOPCTKMMH JIaHKaMHi. Bua KonuBaHHS € XapakTepHMM I BCiX peanizauiii
(haKTOpHOTO EKCIIEPUMEHTY.

Ha pucyHkax 7, 8 npeacTaBjieHO CIEKTPOrpaMu 3yCHJib B TajbMiBHOMY MEXaHi3Mi 3 JKOPCTKMUMHU JIaHKaMH,
Jle OpIMHATH SBJSIOTbL CEPEeAHbOKBAaIpaTUYHE 3HA4YeHHS 3MiHHOI ckiagoBoi B 1/3  oOkTaBi 4acroT.
HocnimkyBanuit yacrotHuii nianazon 40—1000 I'u. CnekTporpaMu 3MiHHOT CKJIa0BOT 3yCWJib B IBOX HampsMax
MaloThb OJHAKOBUI xapakrep. MiHiMallbHUI piBeHb KOJIMBaHb Ma€ Micue B aiana3zoHi yactot Bin 200 no 400 I'u.
Bua xonuBaHb € XapakTepHMM AJisi BCiX peanizauiii (akToOpHOro ekCrnepuMeHTy. Y 3arajilbHOMy BUIAAKY €
4aCTOTHU 3 MAKCUMAJIbHUMU KOJMBAHHAMU 3YCUJIb.

lampMmiBHA KOJIOOKA XapaKTEPU3YEThCS HU3BKOYACTOTHUMH KOJIMBAHHSAMHU BEJIMKOT aMILIITYAH, IO
30yIKYEThCSl KIHEMAaTHYHO B Pe3yJbTaTi 3MiHM paniycy koseca (puc. 6). AMIUIiTYna HaTUCHeHHA K ToCTiliHa.
Ammutityna cunu TepTs F 3MiHIOEThCS BiJl MIBUAKOCTI KOB3aHHS, Ma€ MAaKCHMMYM i cTaOili3yeThCsl 3a MBUAKOCTI
V Ginbime 3 M/c. AMIIIITY1a CHITH TEPTS 3MiHIOETHCS HECUMETPUYHO IOJ0 CEPeAHBOTr0 3HAYSHHS, MiHIMalbHE i
cepeNiHE 3HAYEHHS Koe(illieHTa TepTs MPU KOJTUBAHHSIX PO3PI3HSAIOTHCS.

3a paxyHOK 3HWKEHHs KOPCTKOCTi 3B'A3Ky B HOPMAIbHOMY HAampsiMi KOJNOAKU TraibMiBHE HATHUCHEHHS
MpakTU4HO cTabinizyerbes. Cuna Tepts 30epirae 4acToTy, aMILIiTY 1y KOJMBaHb i TOM camuii xapakrtep 1i 3MiHU.

Cuna tepTs cTabiNi3yeTbCs NPU 3HWKEHHI dKOPCTKOCTI B TOTUUHOMY HaNpsMi KOJOIKHU.

V crpykrypi ¢yHkuii cunu tepts F(f) € enemeHt nepioguuHocTi. OTxe, B CNEKTPI HU3bKOYACTOTHUX
KOJIMBaHb CWJIM TE€PTS TajibMiBHOT KOJIOJKH MEPEBAXKAIOTh YaCTOTH, MOB'SI3aHI 3 MAKPOTEOMETPi€l0 KOHTAKTy. B
pe3yJibTaTi aMIUliTy1a KOJIMBaHb rajibMiBHOI CUJM B JaHili ob6nacti ekcnepumeHTyBaHHsa ckinanae 20-30 % Bin
CepeNHbOT0 3HAYEHHS, aMIUIiTyla KOJMBaHb I'ajibMiBHOIO HAaTUCHEHHsA nocsrae 45 % cepeaHbOro 3HaueHHS.
Awmrmrityna HaThcHeHHs K TmocTifiHa. AMIUTITyna TajdbMIiBHOI CHJIM Ma€ MakCHMyM i CTa0imi3yeTbcs 3a
IIBUAKOCTI KOB3aHHS Oinbime 3 M/c, 3MiHIOETHCS HECHMETPUYHO IMOJO0 CepeIHBOTO 3HaueHHS. MiHiMambHi i
cepelHi 3HaYeHHs Koe(illieHTa TepTs MpY KOJIUBAHHIX CUIT PO3Pi3HIIOTHCS.

lanpmiBHA cuna cTadiNi3yeThCs IPY 3HIDKEHHI dKOPCTKOCTI 3B'SI3KY KOJOAKH B JOTUYHOMY HATIPSMI.

OTpriMaHa KiHETUYHA XapaKTePUCTHKA TEPTSA [aHOTO BYy3/a, [0 BU3HAYAETHCA IKOPCTKICTIO i
nemngipyrouuMy BJIaCTUBOCTSAMHU 3B'A3KiB KOJIOJKM B HOPMaJbHOMY 1 IOTMYHOMY Hanpsmax. [Ipy neBHuX
napameTpax 3B's13KiB 3aJIe)KHICTb Koe(illieHTa TepTs Bijl LUBUAKOCTI MiHiMallbHa.

CnekTpanbHUii aHalli3 BiOpomnepeMillleHb KOJOJKU MOKa3aB, 110 TEPTS MOPYIUYE KOJMBAHHS ONM3bKi 10
nosiirapMoHiYHMX 3 4Yactotramu 10 1 kI'u. 30iiblUeHHS LIBUAKOCTI KOB3aHHS KoJjieca 1m0 4,2 M/C miaBMILYy€e
nepeMilleHHs KOJIOJKU B HOpMajibHOMY HampsMi y JeKijibka pasiB i npu yactoti 0,2 k' cknaaae 13 MkM.

CnekTpanbHUi aHajli3 aMILTiTy IHUX 3Ha4Y€Hb BiOponepemilieHb KOJ0IKU BUKOHYBaau npu 4acTtoTi 200 I'u i
Oinbile, 10 3HAXOAMTHCS 3a MEXaMH YacTOT KOJMBaHb PaMu rajbMiBHOTO cTeHAy. BumipioBaHHs mokazanu
KOJIMBAaHHS CTEH/Y 3 MAaKCHMAJIBHOK aMILTiTy 1010 TiepeMimenHs mpu 20 .

Jns rameMmiBHOTO HatucHeHHs (kH) cepenHekBampatmdHe BinxuieHHsS ckiagae (0,03, Bumamgkoa
norpimHicTe cepenHboro — 0,06, koediuientn acumetpii Ta excuecy — 0,09 i 0,093, BinxuneHus acumertpii i
excruecy — 0,41 1 0,74; mna cunm tepts (kH) Bigmosigro — 0,01, 0,02, 0,29 i 0,20, 0,41 i 0,71; mis WBUAKOCTI
KOB3aHHS Koneca (M/c) BignosigHo — 0,01, 0,02, 0,5310,19, 0,41 10,74.

Ha nincraBi mopiBHSAHHS aOCONIOTHUX 3HAY€Hb ACUMETPil Ta eKCUuecy 3 iX BiIXWUJIEHHSAMH Tinore3a IMpo
HOPMAJIbHICTb PO3MOAiJY Pe3yJbTaTiB BUMipIOBaHHS MapaMeTpiB HE MOXKE OyTH BiAKHUHYTA.

MakcuManbHuUil po3Mip cUCTEMATUUHUX NMOXUMOOK amapaTtypu ckiaaae 4 %. 3 ypaxyBaHHsIM BUIAAKOBUX i
CUCTEMAaTUYHUX IOMUJIOK IMOXMOKa pe3yJsbTaTiB BUMIpIOBaHHs CKiane: rajbMiBHOro HatucHeHHs 0,4 kH
(BinHOCHa noxubka 6 %); cunu Tepts 0,1 kH (5 %); mBunkocti kos3ans 0,1 m/c (3 %).

3amaHi ymMoBaMH eKCIUTyaTallil XapakTepUCTHKU TajibMa MOXHA OTPUMATH MONIMIIEHHSIM HE JIUIie
(pUKUiiHUX XapaKTEpUCTUK Mapu TepTs, aje U MNpPYKHO-TUCUMATUBHUX XAPAKTEPUCTHK TPUOOTEXHIYHOT
cuctemMu B minomy. CymicHe AOCHiIKeHHS AWHAMIYHUX TIPOLIECiB B 30HI TepTs i B MeXaHIUHid cucTeMi
JI03BOJISIE, 30KpEMa, 3HU3UTU HECTAOIBHICTh FAIbMIBHOTO HATHCHEHHS i CHITH TEPTS rajibMa.

Y OCHOBY METOAMKU [OCHIDKEHHS XapaKTEPUCTHK CTALliOHAPHOTO TepTsl TalbMiBHOIO MeXaHi3mMy
MOKJIA/IEeHO 3aCTOCYBAHHS MAaTEMATUUHUX METO/IB TJIaHYBAHHS 1 aHAMi3y €KCTEPUMEHTIB, 110 Pa3oM 3 iHIIUMU
nepeBaraMmu, IMOPiBHSAHO 3 TpaauUidHUMU METOJMKAMU, Ja€ MOXJIMBICTb 3aCTOCYBaHHS BCiX BUIIB
CTaTUCTUYHOIO aHami3y.

Perpeciiinuii aHani3 3ycuib TajbMiBHOTO MEXaHi3My IIOKa3y€ 3HUKEHHS IiHTEHCHBHOCTI 3aJIe)KHOCTI
koe(iuieHTa TEepTs KOJIOAKM BiJ WIBMAKOCTI KOB3aHHS Kojieca MPU IMiABUIICHHI JXOPCTKOCTI JIaHKU B
HOpMalibHOMY Harpsmi. IIpy uboMy HOpMasbHi BiOponepeMmillueHHs KOJOIKH 30ibIIYHOThCS MPHU MiABUILICHHI
LIBUIKOCTI KOB3aHHS, MMiIBULLEHHS )KOPCTKOCTI JIJAHKH B LIbOMY Harpsmi aeMndipye KOJMBaHHS KOJOAKH.

Kopensuitinuit ananis nokasye nepioguyHy CKJIaI0BY B CHEKTPi HU3bKOUACTOTHUX KOJMBAHb 3YCHUIb
TaJIbMiBHOTO MeXaHi3My.

Ha BenwuwHy cWiu TepTs BIUIMBAE aMIUTITYyJa HOpPMalbHHUX KOJMBAHb i YACTOTHI CIiBBiIHOIICHHS MiX
KOJIMBAHHSMK B HOPMAllbHOMY | TaHTeHL[ialbHOMY HampsiMaX. 3MiHM CHJIM TepPTsl Ha Pi3HUX YacTOTaX MalOTh
pizuuii Burnsa. CoekTp KpUBOT CKIAAa€eThCsl 3 TAPMOHIK KpATHUX YaCTOTI TAHTEHIIANbHUX TIEPEMillleHb.
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a) 6)

Puc. 6. 3minna cknaoosa 3ycune npu eanemieHomy nHamucnenni 3 kH i wmeuokocmi kog3anns 2 m/c: a)
ouckpemnicme yacy 100 mc/oin.; 6) 5 mc/oin.
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Puc. 8. Cnexmpozpamu 3minHOI CK1a0 0801 manceHyianbHux 3yCuilb anbMIiBHOSO MEXAHI3MY

Haii6inbiu iHTeHCUBHE MaaiHHSA CUJIM TEPTS B raJibMiBHOMY KOJIOZIKOBO-KOJIICHOMY M€XaHi3Mi BilOyBa€eTbCs
npu 30iJbIIEHHI IIBUIKOCTI Pyxy A0 5 M/C, W0 € 00JacTi0 3aCTOCYBaHHS PYXOMOIO CKiany pPeMKOBOro
TpaHcnopty waxT. Jlis mnigBuiieHHsS e(EeKTHMBHOCTI TrajbMyBaHHS 1 BHUKIIOYEHHS BiIAMOB B pe3yJbTari
ONOKYBaHHS XOMOBHMX KOJIIC HEOOXilHe peryJsitoBaHHS TallbMiBHOTO HATHCHEHHS B MPOLECi raabMyBaHHS abo
po3pobka Moneneit KepyBaHHS CHJIOK TepPTS B TAJIbMiBHOMY MEXaHi3Mi.

BucHoBkn. [lng KoXHOi peanizalii (akTOpPHOrO eKCEpUMEHTY MaloTh MiICIe CHEeKTporpamu
BiOpornepeMmileHb KONOAKK i 3MIHHUX CKJIaJ0BHX 3YCHJIb HaBaHTAXXEHHS B JBOX HAMpsAMax KOHCTPYKLiHHUX
3B'A3KiB. YacToTa i aMmiiTya BUCOKOYACTOTHMX KOJIMBaHb 3MIHIOIOTBCS 3alie’KHO BiJl TaJbMiBHOTO PEXHMY,
XapaKTepUCTHK CHJI HABAHTAXXEHHS, 110 B CTaHi rajbMa CTaTUCTUYHO OMUCY€ETHCSA PI3HUMU PiBHAHHIMH perpecii
MoJesni KiHETUUHOT XapakTepUCTUKN TePTs MPU PIBHOBAXHIN MOPCTKOCTI yHi(hikoBaHOI rasbMiBHOT KOJOIKH.
Ammiityna HOpManbHUX BiOpomepemilieHs KOJOAKM 30iNbIIy€eThCS MPU MiJBUIIEHHI MIBUAKOCTI KOB3aHHS i
3HWKEHHI 4acTOTH KOJMBAHb, II0 B XapaKTEPUCTHKAX B3AEMOMIT 3MiHIOE KOHTAKTHE 30KEeHHA. AMMIIiTYAa
CUIIM TE€PTS 3MiHIOEThCS HECUMETPUYHO OO CEPEeIHBOTO 3HAYEHHS, CEpe/IHi 3HaUeHHs koe(ilieHTa TepTa He
JIOPiBHIOIOTH MOTOYHUM MUTTEBUM.
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Koediuientn perpeciiiHoi Moaeni XapaKTepUCTUKK TepTS 3MIHIOIOTbCA TpH  3MiHI  TeomeTpil
KOHCTPYKTHBHHMX 3B'SI3KiB B TaJbMiBHOMY MeXaHi3Mi B TpoOIleci 3HOCY TraibMiBHHX KOJOJOK, TP 3MiHi
XapaKTePUCTUKU LIOPCTKOCTI KOHTAKTHOI MOBEPXHi KOJOIKMU 10 PiBHOBa)KHOI B IMpPOLIECi MPUPOOJIEHHS, NP
3MiHi MéXaHiYHMX BJACTMBOCTEH MaTepianay B pe3yJibTaTi 3MiHU XiMCOCTaBY YaBYHY raJibMiBHOI KOJIOIKU, NPU
3MiHI NPY)XHUX 1 AMCUNATUBHUX BJIACTUBOCTEM B KiHEMATMYHOMY JIaHLIO3i HABAHTA)XKEHHS TrajJbMiBHUX
MEXaHi3MiB, BKJIIOYal04¥ BUKOPUCTAHHS MHEBMOIPUBO/A i Nepenayi, Npy MoTparvisiHHI B 30HY TEPTS KOJOAKH i
KoJIeca BOJIOTM Ta rpsi3i 3 OMOPHOT MOBEPXHi PEelKUM B MPOMUCIOBOMY EKCIEPUMEHTI, 1O € IPaHUYHUM
MacTUIIOM, sike AeMndipye pUKLiiiHI KOJUBaHHS B TajJbMiBHUX ME€XaHi3Max.

BcranoBneHo, 1m0 BiJHOCHE KOB3aHHS TajbMIBHOI KOJOAKM MPW3BOOWTH A0 BiOpomepemilieHb B
HOpMaJbHOMY HampsiMi 10 15 MKM 3 9actoToto g0 1 kI 1, 3a7eXHiCTh MiXk HOPMAJIbHOIO CUJIOI0 HAaBAHTAXKEHHS 1
CUJIOI0 TepTs HEJIiHIMHA i acUMETpWYHA BiHOCHO CEPEIHBOTO 3HAYCHHS, 30JIMKCHHS KOHTAKTy 3MiHIOETHCS
HelliHi#HO, BBeieHHS AeMndipyBaHHs 2 KHec/M i 3HIKEHHAM KOPCTKOCTI B HOpMalibHOMY HanpsiMi Bix 2540 no
420 kH/mM BuKNOYa€e 3MEHIIEHHS CUJIM TepTs NMpH 30ibLIEHH] MBUAKOCTI KOB3aHHS i 30iMbLIye CHITy TEpTS Ha
BChOMY iHTepBasli LIBUIKOCTEW, MOPIBHAHO 3 1 3HAYEHHSAMH 3a THUX CaMHX IIBUAKOCTAX pyxy Oe3
nemngipyBaHHs, IO B CTaHi rajibMa BHPaXKae€TbCsd 3MiHOK KoeQilieHTiB perpecii CTaTMCTUYHOI MOJei
XapaKTePUCTUKU TEPTs rajibMa i 4acTUHHUX KoediuieHTiB kopensauii Big 0,73 no 0,29 (BUAKOCTI pyxXy), Bia
0,33 10 0,65 (ranbMiBHOrO HATUCHEHHS) i O3BOJISIE KEPYBATU CUJIOKD TEPTs rajibMa.

HaBaHtaxeHHs ranbma BinOyBaeTbcsi BiOpauiiHUMM 3yCUJUIAMM Bill TepTs, BUCOKOYACTOTHI KOJIMBAHHS
rajbMiBHOI KOJIOAKHM € PE3yJibTaTOM CyMiCHOrO 30Yy/DKEHHs KiHEMaTHU4YHO BUMYLLEHMX KOJIMBAHb 332 PaxyHOK
JIUCKPETHOCTI KOHTAKTy B HOpMaJibHOMY Hanpsmi 3 PpuKLiHHUMU KOJIMBAHHIMM B TAHI€HLiaIbHOMY HanpsiMi.

OTpuMaHi pe3ynbTaTu AO3BOJSIIOTH CTBEPDKYBATH, LIO KOEQII€HT TepTsl rajbMiBHUX KOJOJOK Ma€e
arperaTHi BJTaCTHUBOCTi B TaJbMiBHii CHCTeMi i BH3HAYAa€ThCS TEOMETPi€l0 KOHTAKTy TepTs U TalbMiBHOT
repenadi, iHepHiHUMU, TPYXKHUMHU |1 TUCWIATHBHAMH BJIACTUBOCTSAMH KOHTAKTy, TaJlbMiBHOTO MeXaHi3MYy,
nepesadi i mpuBoLy. 3MiHa CUJIU TEPTs BiJl IIBUAKOCTI KOB3aHHS € Pe3yJbTaTOM BHCOKOYACTOTHOTO 30y IKEeHHS
KOHTAaKTY TEPTS, BiJl HABAHTAXKEHHS — MPYKHOT 200 NpYKHO-MacTHYHOT Aedopmaitiii foro, 110 € miacTaBo st
pPO3po0KU MOzeNi KepyBaHHS CWJIOK TEPTsA B rajibMiBHOMY MEXaHi3Mi 3a BEJMYMHOKW ¥ Y (PyHKLUIi 1IBUIKOCTI

Pyxy.
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KonTtoBeus O.M. JlocnimKeHHs XapaKTepUCTUK TePTS i PPUKLIHUX KOHTAKTHUX KOJWBaHb rajbMa
KonTtoBen A.H. VccienoBanus XxapakKTepuCTHK TpeHHS ¥ PPUKIMOHHBIX KOHTAKTHBIX KOJleOaHuii TopMo3a
Koptovets A. Analysis of friction characteristics and frictional contact vibrations of brake

VK 622.625.28-592.112(043.5)
HccienoBannsi XapakTepUCTHK TpPeHHst MW (GPUKUUMOHHBLIX KOHTAKTHBIX KoJebaHuii Topmosa /
A.H. Kontosen

MeTonaMu CTaTUCTHYECKOTO aHaji3a OOOCHOBAHBI W TIONYYEHBI HECKOJIBKO PETPECCHOHHBIX Moeneit
KUHETUYECKON XapaKTepUCTUKU TPEHHUA KOJIOAOYHO-KOJIECHOTO TOPMO3a, MOCTPOCHHBIX Ha pazjuuHOM
MHOXECTBE YNPYrMX M [IWCCUNATUBHBIX CWI HarpyxkeHus. IlokasaHo, 4TO TNpU W3MEHEHUU Xapakrepa Hu
BEJIMYUHBI CHJI B KHHEMATHYECKOW TETH TOPMO3HOM CHUCTEMBI TIPOUCXOIUT U3MeHEeHHE Koddduinenta TpeHns
TOpMO3a TI0 BEIMYNHE W B (PYHKIUU TOPMO3HOTO HAXKATHS W CKOPOCTH HBYKeHWsS. KoppensuuoHHBIN aHan3
TIONTBEPXKAAET TECHYI JIMHEHHYI0 3aBUCHUMOCTh Ko3(QUIMeHTa TpEeHHs, BBIABICHB 3aKOHOMEPHOCTH
YOPOLUEHHUA ONTUMAJIbHON PErpecCUOHHON MOAENH MPU YMEHbIIEHNH 00bEMOB BBIOOPKM W MPU YBEIMYEHHUU
nucnepcud HabmoaeHuit u cobroaeHue ycnoBuit uaneHTuduuupyeMoctu. [lonydeHHbIe pe3ynbTaTbl HO3BOJIAIOT
yTBEepKIaTh, u4TOo Kod(duuueHT TpeHus TopMo3a oOjanaeT arperaTHbIMM CBOWCTBAMM M 33aBUCUT OT
VHEPLUOHHBIX, YMNPYTHX, NUCCUMATHBHBIX CBOWUCTB BCEX KHMHEMATMYECKMX Map NAaHHOH TPUOOIOTHYECKUX
CUCTEMbl, (PUKLUOHHbIE KOJEeOaHHs CHUHTE3UPYIOT BCE CBOHCTBA CTPYKTYypbl TOPMO3HOH CHCTEMbI, YTO
pacupsier 001acTh YIpaBiIeHUs TPEHUEM B TOPMO3HOM MEXaHU3ME.
KiroueBbie cjioBa: TOpMO3; XapaKTEPUCTHKH TPEHUS; IKCTIEPUMEHT;, CTATUCTHUYECKUIT aHAIN3.

YK 622.625.28-592.112(043.5)

Analysis of friction characteristics and frictional contact vibrations of brake/ A.Koptovets

Static analysis methods have been applied to substantiate and develop several regressive models of kinetic
characteristic of shoe and wheel brake using a variety of elastic loading forces as well as dissipative ones. It is
demonstrated that changes in character and force intensity in brake system of kinematic chain factor into changes
in brake friction coefficient in terms of value, brake application function, and motion speed. Correlation analysis
supports close linear dependence of friction coefficient; regularities of optimum regression model simplification
in the context of sampling amount decrease, observation dispersion increase, and adherence to specifications of
identifiability have been indicated. The results make it possible to say that frictional coefficient of brake is of
aggregate properties depending upon inertial behaviour, elastic behaviour, and dissipative behaviour of each
kinematic pair of given tribological system; frictional vibrations synthesize all properties of braking system
broadening friction control area in terms of brake device.

Keywor ds: brake; friction characteristics; experiment; statistic analysis.
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