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HONOJNCEHUU PYIIeB020 YNPABIEHUS, 8030€UCMEUL 600UMENs. HA OP2AHbl YAPAGICHUS).
Paspabomana cmpyxmypa cucmemvt cé6opa Oannvix. Ilpugeden nepeuens Komno-
HeHmMog cucmemsl c60pa OAHHBIX, KOMOPO OOJICHbI OCHAUJAMBCS ABMOCAMOCEANbL
C yKazauuem pacnonodiceHuss OCHOGHbIX KOMNOHEHMOS8 cucmemvl cOopa OaHHbIX HA
KApbepHOM a8mocamoceaie. A6mopvl ommeuarom, umo coopy 3KCHePUMEHMALbHbIX
OaHHBIX O0NIdHCEH NPeOuecmeosams IMan KOHMPOIbHbIX 30e3008, OCHOBHAA 3a0ayd
KOMOpo20 — KOHMPOIb KOPPEKMHOCMU U 0000penue noayyenuvlx oanuvix. Ilo pe-
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3YILMAMO8 OONHCHA NPOBOOUMbCS OCHOBHAS Cepusi IKCNEPUMEHMANbHBIX 34€3008.
Pesynvmamamu npogedenusi 0CHOBHOIU cepuu IKCNEPUMEHMATLHBIX 30e3008 SGJII0N -
Csl MAOCKUe U NPOCMPAHCMEEHHbIE KAPMbl UCHbIMAHUL, KAPMA 6CeX 3ANUCAHHbIX
mapwpymos. [lonyuennvle OanHble 66UOY 3HAUUMENLHO20 00beMa HeoOX0OUMO 00-
pabomamp Onsi 603MONHCHOCMU AHAAU3A U Nocledyiouel pabomvl ¢ cueHaiamu. B
3aKNIOYEHUe OMMEUEHO, YN0 3aNUCAHHbIE OAHHbIE NO3OISIIOM PEaIU3068aMmyb AGMop-
CKULL MeMOO PACUEmMHO20 ONPeOesleHUsL HAZPYICEHHOCTU Y306 KAPbEPHO2O0 A8MOCa-
MOC8ANA ¢ Yelbl0 AHAIU3A NYmell NOBbIULeHUsl pecypcad X00080U Yacmu U Hecyuetl
cucmemvl KapbepHozo agmocamocéand, a makice NOMEeHYUanbHo OO0MNCHbI NO360-
JUMb NONYYUMb. OAHHbIE O MUKDO- U MAKPO- NPOPULE KAPbEPHBIX 00PO2; PEMEHHbIE
ucmopuu U aMnIUMYOHO-4ACMOMHbIE XAPAKMEPUCTIUKU NOOPECCOPEHHbIX U He-
HOOPECCOPEHHBIX Yacmell camoceand; YCpeoHeHHble OaHHble 00 IKCNILYAMAYUOHHBIX
Xapakmepucmukax 20pHulx 00poz paspesa (cpeoHue u npeoeibhvle Yeibl H00beMd U
CHYCKa, KOMUYECME0 Peiico8 NOSPY3KU U pa3epy3Ku, KOIUuecmeo npobeza bes epysa u
€ 2PY30M, UHMEHCUBHOCTb HAZPYICEHUSL CAMOCEAILA U MHO20€ OPY20€).
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bnazooapuocmu

Paboma evinonnena npu unancogoii noddepaicke Munucmepcmea Hayku u evicuie2o obpasosanusi Poccuiickoil @edepa-
yuu no coenawenuro om 30.09.2022 2. Ne075-15-2022-1198 ¢ ®I'BEOY BO «Ky3bacckuii 2ocyoapcmeentbiil mexHu4ecKutl
yuugepcumem umenu T.®. T'opbauesa» KomniekcHoll HAYUHO-MEXHUYECKOU NPoepamMmsbl NOTHO20 UHHOBAYUOHHO2O0 YUKILA
«Paspabomxa u enedpenue xomniexca mexHono2utl 8 obaacmsax paseeoku u 000blyU MEepoblX NONE3HbIX UCKONAEeMbIX,
obecneueHuss NPOMbIULIEHHOU Oe30nacHoCmu, OuopemMeouayuu, co30aHus HOBbIX NPOOYKMO8 21yO0KOU nepepabomru u3
V2ObHO2O CbiPbsl NPU NOCIe008AMENLHOM CHUICEHUU IKOIOSUYECKOU HAZPY3KU HA OKPYICAIOWYIO cpedy U PUCK08 Ol
orcusnu Hacenenusy (KHTII «Hucmoiii yeons — 3enenviii Kysbaccy) 6 pamkax peanusayuu meponpusmus «Paspabomxa u
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coz0anue 6ecnuiommo2o KapbepHo2o camoceana 4ejiHoYHoco muna 2py30n00'beMHOCmbIO 220 moun» 6 uacmu 6bINOJIHEHUs.

HayltHo—ucmeOo@ameJleKux u onblmHo-KOHcmpmeopcmtxpa60m.

Beenenne

[Ipocron nro00H TEXHUKH NPUBOAAT K SKOHOMHUYE-
cKkuM 3atparam npeanpusituit [1, 2]. Tak, npu BBene-
HUHM OTKPHITBIX TOPHBIX PaboT Hamboiee 3aTpaTHBIM
MPOIIECCOM  SIBISIETCSl  TPAHCIIOPTHUPOBAHWE TOPHOM
MAacCHI OT 320051 B MecTa BEITpY3KkH [3-5]. Hanbompmeit
MOIYJIIPHOCTBIO T TPAHCIIOPTHPOBAHUS TOPHOI
MAacchl OJB3YyI0TCs KapbepHble camocBaisl (KC) [6-8].
Takum o0pazom, 3aTpaThl MPH KCIDTyaTalllnH Kapbep-
HBIX CaMOCBAJIOB SBJSIOTCS OJHUMM U3 OCHOBHBIX Ha
npeanpustud. [Ipocron KC, cBs3aHHBIE ¢ OTKa3aMU U
MIPEXAEBPEMEHHBIM M3HOCOM Y3JIOB M arperaTtoB TeX-
HHUKH, 3HAYUTEIBHO CHMXAIOT 3((PEKTUBHOCTH MAIllH-
HeI [9-11].

CornacHO CTaTHCTUYECKAM MaHHBIM 00 OTKa3zax
BBICOKOHArpykeHHbIX y310B KC HamOombiiee 49ucIio
OTKa30B MPUXOANUTCS Ha HECYIIYIO CHCTEMY H XOJOBYIO
yactb [12-14]. dnsa yBenuuenus HaaexxHoctu KC He-
IOCTATOYHO 3HATh, KAKOW Yy3€J1 dYalle BBIXOAUT U3
CTposi, HeOOXOAUMEBI 0oJiee MOAPOOHBIC HCCIICIOBAHMUS
PEXHUMOB IKCIUTyaTalluM 3TUX y3J0B. {1 mpoBeaeHus
JIAaHHBIX MCCIIE0BaHUI HE00X0AUM cOOp IKCIIEPUMEH-
TAJIBHBIX AaHHBIX 00 JKCIUTyaTallud KapbepHBIX CaMo-
CBaJIOB B pEAJIbHBIX YCIOBUAX SKCIUTyaTaIlUH.

Takum 00pa3oM, paboThI MO COOPY IKCIIEPUMEH-
TaJIBHBIX AaHHBIX 00 JKCIUTyaTallu¥ KapbepHBIX CaMo-
CBAJIOB B pEATFHBIX YCIOBHAX SKCIUTYaTALIUH SBISIOTCS
aKTyaJbHBIMH.

OOBEKTOM HCCIICIOBAaHUS B paMKaX pabOTHl BHI-
Opan kapbepHbIii aBTOocamocBan BEJIA3-7530 rpys3o-
HoabeMHOCTBIO 220 T.

I[oaroroBka camMocBaJIOB K HCIIBITAHUIM

ITomumo ompeneneHnss KOJNECHBIX Harpy3ok [15-
17], nnst momyueHus: HanboJiee MOJHBIX U TOCTOBEPHBIX
JIaHHBIX 00 JKCILTyaTallMOHHBIX PEXUMax HEOOXOIHM
cOOp JOMOTHHUTENBHOW HH(POPMALUU O CKOPOCTH H
MOJIOXKEHUH KaphepHOTO aBTOCAMOCBala B Kaphepe,
X0JIaX MOJIBECKH, PEXKIME pabOTHl CHIIOBOH YCTaHOBKH
U TPAaHCMHCCHH, TIOJIOKEHUH PYIIEBOTO YIpPABICHUS,
BO3ICHCTBUH BOJUTEIS HA OPTaHBI yIIPABIICHHUS.

CTpyKTypa cHCTeMBEI cOopa NaHHBIX, oOecriedynBa-

foieil cOop HEOOXOMUMBIX MapaMeTPoOB O JBHKCHUH
KapbepHOI'0 aBTOCAMOCBaJIa, peacTaBieHa Ha Puc. 1.

[lepeuenp cuUrHaNOB M JATYUKOB, HEOOXOIMMBIX
IUISL ©IX M3MEPEHHS, COOTBETCTBYET CTPYKTYPHOH CXeMe
cucreMsl cbopa mamaeix (Puc. 1) m mpencraBieH B
Tabmume 1.

JUts monydeHns: DOMOTHUTENBHOW WHPOPMAUU O
JBH)KCHHY CaMOCBaJla M TIOCTPOCHHUS Pa3BEPTKU KapThl
9KCIUTyaTallid aBTOCAMOCBAJIOB HCIIOJb30BAaHbI JlaH-
ueie GPS (ua anrn. Global Positioning System — riio-
OanbHas cUCTEMa TIO3UIIMOHUPOBAHMS).

Macca nepeBo3uMOro rpysa, a Takxe pacrpesele-
HHE Tpy3a Ha IUIaTpopMe OIpEeAeNseTcss Ha OCHOBE
JaHHBIX CHCTEMBl JMHAMHYECKOTO B3BEIIMBAHUS 10
JaTYNKaM JAaBJICHUS B ITHEBMOIHAPABINYSCKUX PECCO-
pax (IIT'P) gepe3 CAN-mmHy.

Jns moxpoGHOro onpeneseH s pexuMa JIBHKCHUS
aBTOCAMOCBaJla PETUCTPHPYETCS CKOPOCTh M NPOMIICH-
HBIH MyTh, YCKOPEHUE LICHTPA MAacc, yIIIbl KpeHa Ky30-
Ba M YIJIOBBIE CKOPOCTH caMoOcCBaja. Bce mapamerpsl
ONPCACTIAIOTCA CAUHBIM HWHCPUUOHHBIM JATYUKOM,
YCTaHOBJICHHBIM B KaOMHE CaMOCBaJa.

HarpyxeHHOCTh HOAPECCOPEHHBIX U HETOAPEecco-
PEHHBIX 4YacTell aBTOCAMOCBala OMpEAENIeTCS TpeX-
KOMIIOHCHTHBIMU JaTYMKaMH YCKOPCHUs, YCTaAaHOBJICH-
HBIMH Ha KyJlaKax, 3aJJHEM MOCTY 1 HeCyllel cucTeme.

Ha gactu 3ae310B JOIOJHUTENEHBIC MApaMeTPhl O
paboTe MOABECKH M PYJICBOTO YIPABICHHS MOJIYYCHBI
NPH TOMOIIM TPOCOBHIX NaTYMKOB MPOAOJIBHBIX Hepe-
MELICHHH: XOA HMHEBMOTHIPABIMYECKHX peccop, Io-
JIO)KEHUE THAPOLMIHHAPOB PYJICBOTO YIPABICHHS.

JlOTIOJIHUTENIbHEIE TAHHBIE O DPEXHME JBIKCHUSA
aBTOCcamocBana peructpupyorcs uepes CAN-muHy
KapbepHOTr0 camMocCBaja: KPYyTAIIMH MOMEHT, 4acToTa
00OpOTOB JBUraTeNis W MapaMeTpbl TPaHCMHUCCHH,
yIpaBJsiioliee BO3JCHCTBHE OT OlepaTopa Ha Ie/alb
aKcesiepaTopa U Iejajlb TOPMO3a, AyOIupyromue 3Ha-
YeHHs1 CKOPOCTH U Mpobera caMocBaa.

KoMmoHeHTsl cucTeMbl cOOpa JOaHHBIX, KOTOPOH
OCHAILIEHBI aBTOCAMOCBAJIBL, NIPEACTaBICHEI B Tabnuue

m Pexum JABMXKCHHUS aBTOCaMOCBajia 1

MuepruoHHbIi JaTuuK BOIU3M LIEHTpa Macc

TpCXKOMHOHeHTHLIﬁ JaTYuK YCKOPECHUS

— Konecusie Harpy3kn 1

JlaTunk muHelHbIX nepemenienuii [1I'P

Jlatuuk nuHelHbIX nepemeienui [1I'P

ITapameTpbl cucTeMbl

HOJPECCOPHBAHHS

Jatuuk nasnenus B [1T'P

Cucrema cbopa JaHHBIX

JlaTuuK JIMHEHHBIX NepeMelleHni ruponniaapa PY

[ Ilapamerpsl pyneBoro ynpapieHus [~

V3MepuTenbHOE pyJeBoe KOIeco

Bosneiicteue BojuTeNs HA OPraHbl

YIIpaBJIeHUs

JlaTunKK Ha TeaIsX BOJAUTENS

Puc. 1. Cmpyxmypa cucmemul cO0pa OaHHBIX 00 IKCHILYAMAYUOHHBIX PEHCUMAX
Fig. 1. The structure of the data collection system on operational conditions
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PacniosnioxxeHrne OCHOBHBIX KOMIIOHCHTOB CHUCTEMBI
cOopa JMaHHBIX Ha KAaphCPHOM aBTOCAMOCBAJC MPE[I-
craBnieHo Ha Puc. 2. Komnonentsr 1-3 cucremsr coopa
JIAaHHBIX YCTAHOBIICHBI CUMMETPHYHO IO 00OMM OOp-
TaM aBTOCaMOCBaJa.

doTorpadpuu MECT YCTAaHOBKH HAaTYHKOB yCKOpE-
HUH W JAaTYUKOB NEPEMELICHUM IpEeACTaBICHBl Ha
Puc. 3.

Ipouexaypa o1o0peHus 3aMCAHHBIX JAHHBIX

COopy PKCHEepUMEHTABHBIX JaHHBIX IIPEIIIECTBY-
€T 3Tall KOHTPOJIBHBIX 3a€3[I0B, OCHOBHAA 3a/1a4a KOTO-
pOro — KOHTPOJIb KOPPEKTHOCTH U OJ00OpEHUe MOITy-
YCHHBIX JTAHHBIX.

Komruieke KOHTPOJBHBIX 3a€370B COCTOMT U3 Clie-
JIIOIIEH MOCNIeZI0BaTeIbHOCTH UCTIBITAHUM:

— MOBOPOT BJIEBO U BIIPABO W3 HEUTPAIBHOrO IO-
JIOXKEHUS pyJIs 10 yIIopa;

— 3amep JodTa B pyJICBOM YIIPABICHUU;

— JBWKEHHUE BIEpel W Ha3zal C NOoCIeayrolen
OCTaHOBKOW;

— BbIE3]] B pa3pe3 — TECTOBasl 3allMCh OJHOIO peiica.

Ilo pe3ynpTaTaM KOHTPOJIBHBIX 3a€370B POBOIUT-
Csl OLIEHKa KOPPEKTHOCTH 3aperMCTPUPOBAHHBIX J1aH-
HbIX. B KkadecTBe mpuMepa 3alUCBhIBAEMBIX JaHHBIX U
X aHaJM3a Ha MPEAMET OLEHKH KOPPEKTHOCTH — Ha
Puc. 4 npencraBneHa 3aBUCHMOCTD TIepEMEIICHUs Tpa-
Boro I'Tl ot mepemenienus neoro I'll. 3aBucumocts
TEpEMEILICHNN HEJIMHENHasA, 4YTO CBHUIETEIbCTBYET O
TIOBOPOTE BHEILIHErO0 KOJeca Ha MEHBLIHUWA YToJ, YeM
BHYTpPEHHEE, U COOTBETCTBYET MPUHLIUITY AKKepMaHa B

Tabnuya 1. Ilepeuens cucHanos u 0amuuKos 8 COCmage cucmemsvl coopa OAHHbLIX
Table 1. List of signals and sensors in the data acquisition system

1 1
! 1
1 1
! 1
! 1
Vol Ne !
' u/n HaumenoBaHnue curaajia JluanazoH usmepeHus O0opynoBanue '
1 1
! CKOpOCTh caMocBasa 0.3...100 [xkm/4] !
VL2 ITpoGer camocBaia - !
i 3 [IpoospHOE YCKOPEHHE OKOJIO IIEHTPa Macc caMocBaja +5 [g] '
| 4 [TonepeuyHoe yCKkOpeHHE 0KO0JIO LIEHTpa Macc caMocBala +5 [g] '
|5 BeprtukanpHOe yCKOpEeHHE 0KOJIO IIEHTpa Macc caMocBaia +5 [g] '

1
! 6 [IpomosbHbI yroa HakIoHa +15[°] |
! 7 [TonepeuHslii yron HakJIoHa (KpeH) +15[°] VHEpIHOHHEI JATIHK | |
! 8 YckopeHHe BOKPYT OCH X +100 [°/c] |
L9 YckopeHue BOKpyr ocu Y +100 [°/c] |
1
L 10 YckopeHue BOKpyr ocu Z +100 [°/c] !
! Koopaunara X mi10ckocTy 10poru - !
V12 Koopaunara Y miockocT 10poru - !
113 Koopaunara Z niaockocTu A0poru - !
v 14 YckopeHue Ha KyJiake IepeaHEM JICBOM +50...250 [g] !
V[ 15 YckopeHue Ha KyJake epeJHeM ITPaBoOM +50...250 [g] !
1|16 YcKkopeHHe Ha 33 JHEM MOCTY IO JICBOMY OopTy +50...250 [g] '
V117 YCcKkopeHHe Ha 33 JHEM MOCTY IO IPaBOMY 0OpTYy +50...250 [g] TpexKoOMIOHEHTHBIH '
Rt YckopeHue Ha Hecylleil cucteMe nepeiHuii 1eBblii 00pT +10...50 [g] JIATYMK YCKOPEHUs '
L 19 YckopeHue Ha HeCyIel cucTeMe IepeaHui paBblii 60pT +10...50 [g] '
] 20 YCcKOpeHHe Ha HeCcyIei cucTeMe 3aHUH JIeBBIi O0pT +10...50 [g] '
i 21 YckopeHue Ha Hecylllel cHucTeMe 3a/IHHM MTpaBbli 00pT +10...50 [¢] |
o 1
Y [Nepemenienre MHEBMOTHAPABIMYECKON PECCOPHI (TIepeHss £200 [wm] :
! 1paBasi) i
~ 1
' a3 [epemenieHne MHEBMOTHAPABIMYECKON peccopsl (TIepeaHss £200 [mm] !
! neBas) I
'l gy [lepemenieHne MHEBMOTHAPABIMYECKON peccopsl (3aJHsS npa- £200 [vm] i
! Basi) TpocoBblii 1aTYMK JTH- |
o o - 1
i 25 E[aeﬂ;;ememeﬁne ITHEBMOTH/IPABINYECKOH peccopbl (3aHss Jie- £200 [wm] HEHHBIX MepeMeIleHnH | |
1
! 1
L 26 HepeMemeHnue THIPaBINIECKOT0 IWJIHHAPA PYJIEBOTO yIIPaB- £200 [mm] !
! JIeHHUS (JICBBIH) !
Y HepCMGHICHI/IGUFI/IHpaBHI/I‘ICCKOFO OWIHHIPA PYJEBOTO YIIpaB- £200 [mm] !
! JIeHUs (TIpaBblit) !
1] 28 [lepenaua B TpaHCMHCCHU - !
' 29 KpyTsmuii MOMeHT aABUraTesns - !
130 YacroTa BpallleHus! IBUTaTENs! - !
131 [TonoxeHue neaiy akcenepaTopa 0...100 [%] !
V| 32 [TosoxxeHue nepamu TopMo3a 0...100 [%] Janmbie w3 CAN-mHbI !
V133 CKOpocTh caMocBaia (Iy0arupoBaHie) - !

aBTOCaMoCBaja
| 34 I[Tpober camocBaia (aydnupoBaHue) - '
' | 35 JlaBeHMe B THEBMOTHIPABIMYECKON peccope (IepeHssl npaBasi) - '
i | 36 | aBnenue B mHeBMOTHAPaBIHUECKOil peccope (IepeHss nesas) - '
i | 37 | JlaBnenue B nHeBMornmpaBanueckoii peccope (3a1Hss npasas) - '
' 38 JlaBiieHue B ITHEBMOTHAPABIMYECKON peccope (3aHsis Jieasi) - '
1 1
U -

| 39 YroJ NOBOPOTa PyJIEBOTO Kojeca +1250 [°] SMEPHTEIBHOE PyIIe i
! BOE KOJIECO i
1

1

«I'opHoe o0opynoBaHue U 3JIeKTpoMexaHnka» Ne 4, 2025, c. 91-100




Tabnuya 2. Komnonenmol cucmemvl meiemempuu
Table 2. Components of the telemetry system

HCHHad CCpust SKCIICPUMCH-
TAJIbHBIX 3a€310B o6na£[aeT

Ne nos. HanmeHoBaHNe KOMIIOHEHTA pANOM JOCTOMHCTB.
1 Jlatuuku yckopenuit TpexkommonenTasie (X, Y, Z) — auanason £ 10...50g — HEPEKPBITUC AOPOT, IJIA
2 Jlarunku yckopenuit tpexkomnonenTHsie (X, Y, Z) — nnanasos + 50...250g KOTOpBIX ~ ObUlM  cOOpaHbl
3 I[aT‘{I/IKI/I nepeMeLueHuﬁ BKCHepI/IMeHTaJIbHBIe JaH-
= HbI€ B OCHOBHOM CEpUH 3a€3-
4 WHepIHOHHBI TaTINK
o, mpesbrmaer 90% ot
5 Cuctema cOopa JaHHBIX C TATYHUKOB o
_ oOmIelf MPOTSKEHHOCTH Ka-
6 HoyTOyk, MpHHUMAIONINIT JAHHBIE OT CHCTEMBI CO0pa JIAaHHBIX .
PBEPHBIX IOPOT;
7 W3mepurenbHOE pyJieBoe KOJIECo — He yaamoCh 3aperH-
8 JlaTunKy TIOJI0KEHUSI TIe et CTPUPOBATh JAHHBIC JIHIIb
9 Jatunku NEPEMECIICHUSA TUAPOUMIMHAPOB PYJICBOI0O YIIPaBJICHUSA U1 4aCTU NOIABE3JAHBIX J10-
10 GPS por (BBHIY HMX BPEMEHHOTO
11 CAN-umHa fBHratesst 3aKPBITHS WIH CMEIICHHS B
12 CAN-1mmHa aBTocamocBaiia nporuecce pa3pa60TKH Kaphb-

PYJIEBOM YMpPAaBICHUH, YTO TOBOPUT O KOPPEKTHOCTH
PETHCTPUPYEMBIX TaHHBIX.

Bo Bpems KOHTpPOJIBHBIX 3a€3/10B NPOU3BOAMIACH
perucTpanys mNepeMeleHHss MTHEeBMOTHIPAaBINYECKUX
peccop (IIT'P). Ha Puc. 5 npeacraBieHo cOOTBETCTBUE
SKCHEPUMEHTAIBHO orpeaeiaeHHoro nasienus B [II'P
(0TMEueHO KpacHBIM) MPEIBApUTEIIFHO PAaCCUNTAHHOM
yupyroi xapakrepuctuku III'P uccnenyemoro aBroca-
MocBasia (OTMEUYEHO CHHHM).

[lo pesynpraram yCHENIHOTO 3aBEPILCHUS CEPUH
KOHTPOJIbHBIX 3a€3]I0B U 0100peHHs pe3yIbTaToOB CTa-
HOBUTCS BO3MOKHBIM IIPOBEAEHHE OCHOBHOH Cepuu
9KCTIEPUMEHTAJIBHBIX 33€37I0B.

IIpoBenenune ucnbITAHUM

Ilo pesynbraTaM mNpOBENCHHA OCHOBHOW CepHH
9KCHEPUMEHTAIBHBIX 3a€3/10B IIOJIyYeHBl IUIOCKHE U
MIPOCTPAHCTBEHHBIE KapThl HCIBITAaHUH, KapTa BCeX
3allMCaHHBIX MAapUIPyTOB IpeAcTaBieHa Ha Puc. 6.
IIpencraBneHHas kapTa MpenCTaBisieT co0Oi cpaBHe-
HHE CYLIECTBYIOIIMX JOPOT Kapbepa, MO KOTOPHIM B
TEUYEHHE BPEMEHH, INPEIIIECCTBYIONIET0 MPOBEICHHUIO
9KCTIEPUMEHTOB, IPOUCXOUIIO IBHXXEHHE aBTOCaMO-
cBaJIOB (OTMEYEHO YepHbIM) U 3anucu GPS-koopnunat
B MpOIECCe NMPOBEICHUS CEPUH IKCIEPUMEHTAIBHBIX
3a€370B MO PEKMMOMETPHPOBAHHMIO (OTMEYEHO Kpac-
ueiM). [lomyuenHas kapra ocBuperenscTByeT o 90%
MOKPBITUH CYIIECTBYIOIINX Ha Kaphepe MapIIpyTOB
cepureil SKCIIepUMEHTAIbHBIX 3a€3/10B.

[To pe3ymnbraTaM mpoBeeHUS UCIBITAaHUHA OBLIO 3a-
mucano cBeimie 110 auckperHsix 3ammced 70 pasmmy-
HBIX MapuIpyTOB JABI)KEHHS aBTOCaMoOCBaja. Bermoi-

Puc. 2. Pacnonooicenue KoMnonenmos cucmemvl mejiemempuu
a — waccu benA3-7530; 6 — kabuna benA3-7530
Fig. 2. Location of the telemetry system components
a— BelAZ-7530 chassis; b — BelAZ-7530 cabin

epa), 4YTO SBJISICTCS JOIy-
CTUMBIM BBHUJYy HX MaJIOH
MPOTSKEHHOCTH;

— 1A KaXIOW 3aIlicu
SKCIIEPUMEHTAIBHBIX  JaH-
HBIX BO3MO’KHO ITOCTaBUTH B
COOTBETCTBUE PEXKUM IKC-
MJIyaTaluu: napameTpsl
IBIOKCHHMS  aBTOCAMOCBala,
TUI TOPOTH, CKOPOCTh, Mac-
Cy IIEpEeBO3UMOT0 Ipy3a.

IIpumep 3ammcu naBie-
Hus B III'P Ha omHoM wu3
MaplIpyTOB MPEACTABIEH Ha

_____________________ Puc. 7.

Kax Bupno u3 Puc. 7, mo xapakrtepy H3MEHEHHUS
nasienus B [II'P MOXHO cyauTh O peXUMeE IBHKEHUS
— TOTPYy3Ka, OKU/IaHUE Hadajia JBIDKCHUS, IBIDKCHNE K
oborarutensHOU (abpuke. [ns ymobctBa Ha Puc. 7
BMecTe ¢ u3MeHeHueM Jnasiienus B [II'P namoxen rpa-
(UK M3MEHEHHsT CKOPOCTH, 3allMCaHHbIE MapaMeTpbl
KOPPENUPYIOT OPYT C JIPYroM, 4TO JOIMOJHHUTENHHO
CBHUJIETENIECTBYET O COOTBETCTBHM PEXHMOB MX Ha3Ba-
HUSIM.

[Ipumep 3amucu yckopenuid u nokaszanuii GPS nHa
OJTHOM M3 MapIIpyTOB IpeJcTaBieH Ha Puc. 8., B kaue-
CTBE NpHMepa aHajIn3a pe3yJbTaToB cOOpa AAaHHBIX C
JaTYNKOB YCKOPEHUI MpPEACTaBICHO U3MEHEHHE ITOTIe-
PEUYHBIX YCKOPEHMH I OJHOTO W3 MapIIpyTOB, IUIS
ynoOCTBa aHAIN3a PE3yJbTaTOB Ha rpa)KK HAJIOKEHO
n3MeHeHHne ckopocTd U kaprta GPS koopauHaT 3amm-
cagHOro MapuipyTa. COBOKYIHOCTh H3MEpPHUTEIHHBIX
CHTHAJIOB IMO3BOJISIET B MOJHOW Mepe HAeHTH(UIUpO-
BaTh PEXXHUM U HHTEHCHUBHOCTh HArpy3KH (II0 BETTMYUHE
YCKOPEHHUs) MO MPECTaBICHHBIM pe3ylbTaTaM — JBH-
KEHHUE ITOPOXKHMUM, TIOTPY3Ka, ABMKEHHE T'PY>KCHHBIM.
Kax BunHo w3 Puc. 8, mpu ABHKEHUU MOPOXKHUM M
rpy>keHHbIM Ha kapte GPS xoopauHaT umeercs oauH
13 KPUBOJIMHENWHBIX YYaCTKOB, U €70 BO3MOXKHO MHTEp-
MIPETUPOBATh C TOKA3aHUSIMH YCKOPEHUH U OLICHUBATh
a/IeKBaTHOCTH 3alMCAaHHBIX 3HAYECHUI.

Kaxaprif w3 3amucaHHBIX MapHIpyTOB (B KOJHYeE-
ctBe 70 HaMMEHOBaHMH) MpeacTaBiIsIeT coOO0M 3amuch
JIBUXKEHHsI OT oOoraTutenbHOW (Gabpuku (MecTo pas-
Tpy3KH IIOJIE3HBIX HCKOMAEMBIX — YIJII) WIH MecTa
pasrpy3Kd BCKPBIIIHOM MOPOIBI K MECTY IIOTPY3KH,
MIOTPY3KY IIEPEBO3MMOTO I'py3a B IPY30BYIO IUIaTHOP
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AaTumKKn ycKopeHMi (TPEXKOMNOHEHTHBIE) MO IEBOMY  [IaTuMKM YCKOPEHMIt (TPEXKOMMOHEHTHbIE) N0 NIeBOMY

M NpaBoMy 60pTam nepefHei NoABecKU — M NpaBoMy 60pTaM 3a[HeMN NOABECKU —
noapeccopeHHbie 1 HenonpeccopeHHble Yacty MoAPeccopeHHbIe U HeMoApeccopeHHbIe YacTH
(8395A050AEEA00 ¢prpmbi Kistler Ha 50g) (8395A050AEEA00 ¢pupmni Kistler Ha 509)

TpOCHKOBbIE JATUYMKU NMepeMeLLeHns TPOCHMKOBbIE AATUMKHK NepemeLLeHns
rMopornHeBMopeccop nepegHen NoaBeckM Nno 1eBoMy rMApPONHEeBMOPEeCccop 3afHeN NoABeCKM Mo IeBOMY U
M NpaBoMy 60pTaM (WSI0-500-420A-L10-M4-MI12-HG, npaBoMy 6opTam (WSI0-500-420A-L10-M4-MI12-HG,

drpmbl ASM) @rpmbl ASM)

o

Puc. 3. Domozpaduu mecm ycmanosku 0CHOGHbIX OAMUUKOE:
a — pomoepaghuu mecm ycmanoeKu 0amuuKos yckopenuil, 6 — pomozpaduu ycmarHo8Ku 0amyuxos nepe-
MeweHusi (Mmpocuxogvle Oamuuxi)
Fig. 3. Photos of the installation sites of the main sensors:
a — photos of the installation sites of acceleration sensors; b — photos of the installation of motion sensors
(cable sensors)
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Puc. 4. 3asucumocmo nepemewjeruii cuOPOYUTUHOPOB MedHcAY COOOU 8 KOHMPOTILHBIX 34€30aX
Fig. 4. Dependence of hydraulic cylinder movements among themselves in control races
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Fig. 7. Recording of pressure in the pressure range of a dump truck on one of the routes
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Fig. 8. Recording of accelerations and GPS parameters of a dump truck on one of the routes

My KapbepHOTO CaMOCBaJa, MOCICIYIOMEeH TpaHCTIOpT-
HOW paboTHI OT MecTa MOTPY3KH O MECTa pasrpy3KH,
pasrpysKy Ipy30Boil m1aThopMsl camocBaa.

[Mony4eHHbIe aHHBIE BBUY 3HAUUTEIBHOIO 00be-
Ma IMpeJCcTOUT 00paboTaTh Uil BOSMOXKHOCTH aHAM3a
W Toclieyonield paboThl ¢ CHUTHaJlaMHi — 3aliCaHHbIe
JTaHHbIE MO3BOJIAT PeaTu30BaTh aBTOPCKUII METOH pac-
YETHOTO ONpeAeSICHUs Harpy>KeHHOCTH Y3JI0B Kaphbep-
HOTO aBTOCaMOCBajia C IIENbI0 aHajHW3a ITyTeH ITOBHI-
IICHUST pecypca XOIOBOW YaCTH W HECYIIEH CHCTEMBI
KaphepHOT'O aBTOcamocBana. JlanmpHelInee pa3BHTHE
MAHHOH paboTHl OyIeT OTPaKEHO B MOCIEIYOLINX
myOnukanusx. [IpeacraBieHHBIE pe3ylbTaThl PabOTHI
MOTYT OBITH TOJE3HBI U MUMETh BBICOKYIO IpaKTHYe-
CKYI0 LIEHHOCTb ISl HCCIIeJOBATeNIeH U YUCHBIX, 3aHU-
MAIOIMINUXCS COBEPIICHCTBOBAHHEM M aHAIHU30M 3KC-
IUTyaTallui KapbepHOH TEXHHUKH.

3aki0ueHue

B pamkax BBINOJHEHHOW PabOTHI BBHIOJIHEH COOp
9KCHEPUMEHTAIBHBIX JaHHBIX 00 AKCIUTyaTaIliH Kapb-
epHbIx camocBaioB BEJIA3 7530 mis obecriedeHus
BO3MOYKHOCTH peau3allid METOAa PacueTHOro Ompe-
JIeIEHUs] Harpy>KeHHOCTH Y3JI0B KapbepHOTO aBTOCA-
MOCBaJjia C IIeJIbI0 aHaJIM3a MyTel MOBBIIIEHUS pecypca
XOJIOBO 4acTU U Hecylllel CUCTEMBI KapbepHOI0 aBTO-
camocBaia.

3anmcana GoJbIIas 4acTh MOABE3THBIX TOPOT Ka-
pBrepa BO BpeMsI IPOBEICHHS HCIIBITAHUH (0OmIIHiA 00B-
eM 70 daiinoB 3amnwmceii) s oJHOTO U3 pa3pe3oB Kys-
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Oacca. YacTh TEXHOJOTHYECKHUX IOPOT HE YAAIOCH 3a-
MUCaTh, IIOCKOJIBKY HEKOTOpPHIC U3 HUX OO Oojee He
(GYHKIHOHMPYIOT, MO0 NaHmmadT paspe3a U3MEHHII-
cs. Ilepexpritne manueix mo GPS koopamHatam co-
cTtasiseT He MeHee 90%.

3anucaHHbIE [aHHbIE MO3BOJAT PEATHU30BATH AaB-
TOPCKHI METOJI PAacYEeTHOI'O OMPEAETICHUS Harpy’KeH-
HOCTH Y3JIOB KaphEPHOTO aBTOCAMOCBaJa C LIeJIbI0 aHa-
JU3a TMyTeH MOBBINICHHS pecypca XOIOBOW YacTH W
HeCyIIel CHCTEMBI KapbepHOTO aBTOCAMOCBaJa, a TaK-
JKe TOTEHIMAIBFHO JOJDKHBI ITO3BOJIUTH IO MEHBIIEH
Mepe TMOJIYYHTh CISAYIOIINE IICHHBIC CBEICHIS:

—  JaHHBIE 0 MHUKPO- U Makpo- MpoQuire Kapbep-
HBIX JTOPOT;

—  BpEMEHHbIE  HCTOPUM ¥  aMIUIUTYIHO-
YaCTOTHBIE XapaKTEPUCTHKH IIOAPECCOPEHHBIX M He-
ITOJIPECCOPEHHBIX YacTel caMocBala;

—  YCpeIOHEHHBIE JaHHBIE 00 IKCIUTyaTaI[MOHHBIX
XapaKTepUCTHKAaX TOPHBIX JIOPOT paspes3a (CpeaHue u
MpeaeNbHbIe YIUIBI MOJBEMa W CITyCKa, KOJIHYECTBO
peiicoB MOrpy3KH M pasrpy3Ku, KOJIMYECTBO Ipobera
0e3 Tpy3a M C Ipy30M, MHTEHCHBHOCTb Harpy>KCHHs
CaMOoCBaJIa 1 MHOTOE JIPYToe).

[IpoBeneHHOE MpakTHYECKOE HCCIENOBAaHNUE U 00b-
SICHEHHE OCHOBHBIX IPOILIECCOB M 3TaloB cOopa 3Kc-
IUTyaTallMOHHBIX HArpy30K MMEEeT MPaKTHYECKYIO IIeH-
HOCTB ISl MH)KEHEPOB WM HCCIIENOBaTelNiel, 3aHNMalo-
IIUXCSl BOMPOCAMHU OIKCIUTyaTallMOHHOW HAaJIeKHOCTH
KapbepHOU TEXHUKH.
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MOJIBE/ICHUE UTOTOB, HAMTICAaHHNE TEKCTa, 0030p aKTyaJbHOW JINTepaTyphl, COOP JaHHBIX.

BbokapeB Anexcanap MropeBuy — nocraHoBKa MCCIe10BaTENbCKOM 3a/1a4K, KOHIENTYaJIn3alusl UCCIE0BaHMs, aHAINU3 TaHHBIX, [TOJI-
BeZICHIE UTOTOB, HAITMCAHUE TEKCTA, 0030p aKTyalbHOU JINTEPaTyphl, COOp TaHHBIX.

JnanoB Baaum AHzpeeBHY — IMOCTaHOBKA MCCIIEIOBATEILCKON 3a7auy, KOHIENTyaTu3alusl UCCIIEJOBAHUS, aHAIN3 JaHHBIX, M10/IBE-
JICHHE UTOTOB, HAIICAaHIE TeKCTa, 0030p aKTyallbHOH JUTEpaTyphl, COOP JaHHBIX.

Heckun VBan BragumupoBud — OCTaHOBKA MCCIIEAOBATEIbCKOM 3a/1aun, KOHLENTYaIU3alusl UCCIEeOBaHNs, aHATIU3 AaHHbIX, MOJ-
BEJICHUE UTOTOB, HAMTMCAHUE TEKCTa, 0030p aKTyaJlbHOM JINTEpaTyphl, COOp AaHHBIX.

Cagosent Bnagumup HOpbeBud — mocTaHOBKa HCCIEI0BAaTENbCKON 3aa4M, KOHLIENTyaaIu3aLus UCCIe0BaHNs, aHAINU3 TaHHBIX, O~
BEJICHUE UTOTOB, HAMTMCAHUE TEKCTa, 0030p aKTyaJlbHOM JINTEpaTyphl, COOp AaHHBIX.
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Typrenes Wb AnexcanIpoBUY — IIOCTaHOBKA UCCIIECIOBATENILCKON 3aaud, KOHLENTyalu3alus UCCICIOBAHUSA, aHAIU3 JaHHbIX,
HOJBEICHUE UTOT'OB, HAIIMCAHNUE TEKCTa, 0030p aKTyalbHOU JIUTEPATyphl, COOp AaHHBIX.
Bce agmopul npouumanu u 0006punu okonuamensHulli 6apUAH PYKORUCU.
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EXPERIMENTAL DATA COLLECTION ABOUT DUMP TRUCK BELAZ-7530
OPERATION IN AN OPEN PIT MINE (PART 2)
Abstract.

The article is devoted to the collection of experimental data during the operation of
quarry dump trucks to further determine the load of the main components of rigid-

® frame dump trucks. The relevance of collecting experimental data on the operation
@ of dump trucks in real-world conditions is noted. The list of necessary data for
collection is presented (information on the speed and position of the dump truck in
the quarry, suspension movements, operating mode of the power plant and trans-

Article info mission, steering position, driver's influence on the controls). The structure of the
Received: data collection system has been developed. The list of components of the data col-
30 June 2025 lection system that dump trucks should be equipped with is given, indicating the

location of the main components of the data collection system on a quarry dump

Accepted for publication: truck. The authors note that the col.lecllon ofex.perl.mental data should be preceded
30 July 2025 by a stage of control races, the main task of which is to control the correctness and
Y approval of the data obtained. Based on the results of successful completion of a
series of control races and approval of the results, the main series of experimental

Accepted: races should be conducted. The results of the main series of experimental races are
01 August 2025 flat and spatial test maps, a map of all recorded routes. Due to the significant

amount of data received, it is necessary to process it for the possibility of analysis
Published: and subsequent work with signals. In conclusion, it is noted that the recorded data
28 August 2025 make it possible to implement the author's method of calculating the load of mining

dump truck components in order to analyze ways to increase the life of the under-
carriage and load-bearing system of a mining dump truck, and should also poten-
tially allow obtaining data on the micro- and macro-profile of quarry roads; in the
time history and amplitude-frequency characteristics of sprung and unsprung
parts. dump trucks; average data on the operational characteristics of mountain

Keywords: mining dump truck,
loading of dump truck systems,
load-bearing system, durability,

chassz:S, operational ej?‘iciency, roads in the section (average and maximum angles of ascent and descent, the num-
experiment, data logging sys- ber of loading and unloading flights, the number of runs without and with cargo,
tems, signal processing. the intensity of dump truck loading, and much more).

For citation: Zaitsev L. A., Bokarev A. ., Dianov V. A., Neskin I. V., Sadovets V. Yu., Turgenev I. A. Experimental
data collection about dump truck BELAZ 7530 operation in an open pit mine (part 2). Mining Equipment and Electro-
mechanics, 2025; 4(180):91-100 (In Russ., abstract in Eng.). DOI: 10.26730/1816-4528-2025-4-91-100, EDN: PXRAPC

Acknowledgments

This work was financially supported by the Ministry of Science and Higher Education of Russian Federation under
Agreement Ne 075-15-2022-1198 dated 30.09.2022 with the T.F. Gorbachev Kuzbass State Technical University on
complex scientific and technical program of full innovation cycle «Development and implementation of complex tech-
nologies in the areas of exploration and extraction of solid minerals, industrial safety, bioremediation, creation of new
deep conversion products from coal raw materials while consistently reducing the environmental impact and risks to
human life» (the «Clean Coal — Green Kuzbass» Integrated Scientific and Technical Programme of the Full Innovation
Cycle) as part of implementing the project «Development and creation of an unmanned shuttle-type mining dump truck
with a payload of 220 tonsy in terms of research, development and experimental-design work.

REFERENCES 2. Aksenov V.V., Pashkov D.A., Dubinkin S.D. Methods

1. Dolgushin A.M. Emergency downtime of mining of calculating fuel consumption of mining dump trucks. Coal.

dump trucks due to failures of gearboxes of the motor wheel. 2024;(11S):102-107. DOI: 10.18796/0041-5790-2024-11S-
Bulletin of Science. 2024; 4(3(72)):361-366. 102-107.

«I'opHoe o0opynoBaHue U 3JIeKTpoMexaHnka» Ne 4, 2025, c. 91-100

99



http://creativecommons.org/licenses/by/4.0/

3. Voronov A.Yu., Khoreshok A.A., Voronov Yu.E., Du-
binkin D.M., Voronov A.Yu. Optimization of parameters of
excavator-automobile complexes of sections. Mining indus-
try. 2022;(5):92-98. DOI: 10.30686/1609- 9192-2022-5-92-
98.

4. Voronov Yu.E., Voronov A.Yu., Dubinkin D.M. [et
al.] Comparative assessment of the quality of existing and
robotic excavator-automobile cutting complexes. Coal. 2023;
11:65-71. DOL: 10.18796/0041-5790-2023-11-65-71.

5. Dubinkin D.M., Pashkov D.A. Import dependence of
production of unmanned mining dump trucks. Coal. 2023;
4:42-48. DOI: 10.18796/0041-5790-2023-4-42-48.

6. Pashkov D., Turgenev 1., Semenov A. Fire extinguish-
ing systems for dump trucks. E3S Web of Conferences: Inter-
national Scientific Siberian Transport Forum — TransSiberia
2023. Novosibirsk, Russia. Vol. 402. Novosibirsk, Russia:
EDP Sciences; 2023. Pp. 10024. DOI:
10.1051/e3sconf/202340210024.

7. Pashkov D. A., Tarasyuk I. A. Justification of the front
suspension of the autonomous mining dump truck, with a
hight load capacity. International Journal of Ecosystems and
Ecology Science. 2023; 13(1):251-258.
DOI: 10.31407/ijees13.133.

8. Pashkov D.A., Tarasyuk I.A. Justification of the front
suspension of an unmanned mining dump truck with a lifting
capacity of 220 tons. Transport, mining and construction
engineering: science and production. 2022; 17-1:170-178.

9. Dubinkin D.M., Zelyaeva E.A., Aksenov V.V. Tech-
nical solutions for bearing systems (frames) of mining dump
trucks as an object of intellectual property. Ugol.
2024;(5):47-53. DOL: 10.18796/0041-5790-2024-5-47-53.

10. Panachev I.A., Kuznetsov I.V. On cracking in heavy-
duty metal structures dump trucks during operation in the
Kuzbass mines. Bulletin of the FEFU ISH. 2018; 3(36).

11. Khoreshok A.A., Dubinkin D.M., Zelyaeva E.A. A
review of the designs of bearing systems (frames) of mining
dump trucks with a lifting capacity of up to 110 tons. Mining
engineering and technology. 2022; 1(16).

12. Zyryanov 1.V. Improving the efficiency of quarry ve-
hicle systems in extreme operating conditions: dis. ... Doctor
of Technical Sciences, St. Petersburg, 2006. 378 p.

13. Bokarev A., Dianov V.A., Kartashov A.B.,
Harutyunyan G.A., Dubinkin D.M., Pashkov D.A. Statistics
of failures of highly loaded components of dump trucks with
a lifting capacity of 220 tons. Bulletin of the Kuzbass State
Technical University. 2024; 2(160).

14. Bokarev A.l, Dianov V.A., Kartashov A.B.,
Harutyunyan G.A., Dubinkin D.M., Pashkov D.A. Typical
cycles of operation of mining dump trucks with a lifting ca-
pacity of 220 tons. Bulletin of the Kuzbass State Technical
University. 2024; 5(160).

15. Rakhaev S.M., Gazizullin R.L., Kartashov A.B., Du-
binkin D.M., Zelyaeva E.A. The choice of load modes at the
initial stages of designing load-bearing systems (frames) of
mining dump trucks. 2023; 4(23):41-55.
DOI: 10.26730/2618-7434-2023-4-41-55.

16. Dubinkin D.M., Yalyshev A.V. Determination of coal
model parameters for simulation of loading and unloading of
a cargo platform of a dump truck. Coal. 2023; S12:4-10.
DOI: 10.18796/0041-5790-2023-S12-4-10.

17. Dubinkin D.M., Yalyshev A.V. The influence of the
coal loading process into the cargo platform on the utilization
factor of the BelAZ-7530 dump truck (220 tons). Coal. 2023;
S12:11-19. DOI: 10.18796/0041-5790-2022- S12-11-19.

© 2025 The Author. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The authors declare no conflict of interest.

About the author:

Leonid A. Zaitsev — Designer, Moscow, Russian Federation, Bauman Moscow State Technical University, KAMAZ-BAUMAN

Research Center; e-mail: zaitsev@bmstu.ru

Alexander 1. Bokarev — Candidate of Technical Sciences, Senior Researcher, Moscow, Russian Federation, Bauman Moscow State
Technical University, KAMAZ-BAUMAN Research Centre; e-mail: bokarev@bmstu.ru.
Vadim A. Dianov — Designer, Moscow, Russian Federation, Bauman Moscow State Technical University, KAMAZ-BAUMAN

Research Centre; e-mail: vadianov@bmstu.ru

Ivan V. Neskin — Design technician, Moscow, Russian Federation, Bauman Moscow State Technical University, KAMAZ-

BAUMAN REC; e-mail: neskin@bmstu.ru

Vladimir Yu. Sadovets — Candidate of Technical Sciences, Associate Professor, Kemerovo, Russian Federation, T.F. Gorbachev

Kuzbass State Technical University; e-mail: svyu.pmh@kuzstu.ru

Ilya A. Turgenev — Junior Researcher, Kemerovo, Russian Federation, T.F. Gorbachev Kuzbass State Technical University

Contribution of the authors:

Leonid A. Zaitsev — research problem statement, research conceptualisation, data analysis, summarising, writing, review of current

literature, data collection.

Alexander 1. Bokarev — setting the research problem, conceptualisation of the study, data analysis, summarising, writing, review of

current literature, data collection.

Vadim A. Dianov — setting the research problem, conceptualisation of the study, data analysis, summarising, writing, review of cur-

rent literature, data collection.

Ivan V. Neskin — research problem statement, conceptualisation of the study, data analysis, sum-

marising, writing, review of current literature, data collection.

Vladimir Yu. Sadovets — statement of research problem, conceptualisation of the study, data
analysis, summarising, writing, review of current literature, data collection.

Ilya A. Turgenev — statement of research problem, conceptualisation of the study, data analysis,
summarising, writing, review of current literature, data collection.

Authors have read and approved the final manuscript.

100

Mining Equipment and Electromechanics. No. 4, 2025. PP. 91-100



