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CTaTTio NPUCBAYEHO BUPILLEHHIO MPO6NEMMN 3HMKEHHS IHTEHCMBHOCTI 3HOCY KOMIC BaHTaXHWX BaroHiB.,
LLI0 eKCMJTyaTyHThbCst Ha 3a/li3HULAX LIMPWHOK Konii 1520 MM. [JaHo KOpOTKMiA onuc 3anponoHOoBaHoi CniBpo6iT-
HUKaMy IHCTUTYTY TeXHIUHOI MeXaHikn HauioHanbHoOi akagemii HayK YkpaiHu i [lep)xaBHOro KOCMIYHOFO areHT-
cTBa YKpaiHu (ITM HAHY i AKAY) Ta BNpoBagXeHoi Ha YKPaiHCbKUX 3aNi3HULAX KOMMIEKCHOI MOAepHisau it
TMNOBWX Bi3KiB (Mofenb 18-100) BaHTaXKHMX BAroHIiB 3a paxyHOK BUKOPWCTaHHS afanToBaHWX Ans kpaiH CHJ,
NPUCTPOIB aMepUKaHCbKNX KOMMaHIiA i Konic i3 cneuianbHo po3pobneHum B ITM HAHY i IKAY 3HocoCTiliKum
npodinem ITM-73, fika 403BONAE B [eKiNbKa pasiB 36inbLUMTY pecypc NpobaeMHUX BY3/iB XOA0BUX YacTWH, Y
TOMY 4mcni B 2-2,5 pasn 3HU3NTU 3HOC KOHTaKTYHOUMX MOBEPXOHb KONIC i peiokK.

MeTa po6oTv nonsarana B yA0CKOHaNeHHi KOMMAEKCHOT MOAepHi3aLii Bi3KiB BaHTaXHWX BaroHiB — CTBO-
PEHHI HOBYMX 3HOCOCTI/KUX MpoginiB Kosic, 30KkpeMa 3 ypaxyBaHHSM (HOpMU 3HOCY FONIOBOK peiioK. 3anpornoHo-
BaHO HabKeHWiA cnocib po3s’s3aHHA 3adadui B3aEMOAIT Koneca i pelikv 3 BU3HAUYEHHAM MONOXEHHSA | PO3MIpiB
HeeNinTUYHMX KOHTAKTHUX MM, Y TOMY YMCAi NMpW KOH(OPMHOMY KOHTaKTi. Po3po6ieHo HOBI npodini Konic
NS 06TOUyBaHHA 3HOLEHNX Konic (ITM-73-01), a TakoX HOBMX KOAIC [/11 BarOHIiB 3 OCbOBMM HaBaHTaKEHHAM
Ha peiikn 23,5 Tc (ITM-73-02) i 25 Tc (ITM-73-03). 3acTOCOBaHO METOAM MaTEMAaTU4YHOIO MOZE/HOBAHHS, YNAC/O-
BOrO iHTErpyBaHHs, TeOpii KONMBaHb, CTATUCTUYHOI ANHAMIKN.

HaBefeHo faHi TeOpeTUYHUX i eKCrieprMeHTalbHUX AOCIAKEHb, AKi CBigYaTb NPO Te, WO CepesHs iHTeH-
CMBHICTb 3HOCY rpe6eHiB KOMIC BaHTaXHMX BaroHiB 3 KOMMIEKCHO MOAEPHI30BaHUMMK BisKamu, 06nagHaHMMK
Konecamu 3 npoginem ITM-73-01, B 3,5-5 pasiB HVKYeE, HIXX NPV TOMY XX NPOGIry y TUMOBOro BaroHa 3i cTaHja-
PTHUM Mpodpinem Konic. 3a NPOrHO3HMMM OLiHKaMu, BUKOPUCTaHHS Konic i3 npodinem ITM-73-02, ITM-73-03 y
BaroHax i3 KOMMIEKCHO MOAEPHI30BaHUMM Bi3kaMy [O3BOMNTb JOCATTH LU GinbLIOro MifBWLLEHHS PECYPCHUX
MOKa3HMKIB KONICHWX Nap 3a 3HOCOM rpebeHiB.

CTaTbsl NOCBALLEHA PELUEHNIO NPO6/eMbl CHUXEHWUSA WHTEHCMBHOCTW WM3HOCA KOMEC Py30BbIX BaroOHOB,
3KCMNyaTUPYIOLLMXCA Ha Xene3HbIX Joporax LMPUHON konen 1520 MM. [JaHo KpaTKoe onucaHWe npeg/iodKeHHON
COTPYAHVKaMU VIHCTUTYTa TEXHUYECKON MeXaHWKN HaumoHanbHON akafeMmm HayK YKpaviHbl v TocyaapCcTBeH-
HOro KOCMMYecKoro areHTcTBa YkpauHbl (MTM HAHY u TKAY) 1 BHeApeHHOW Ha YKPaHCKUX XEeNe3HbIX A0-
porax KOMM/EKCHON MOAepPHM3aLMM TUMOBbIX Tenexek (Mogenb 18-100) rpy30BbiX BaroHOB 3a CYET UCMOIb30Ba-
HUSA afanTMpOBaHHbIX Ana cTpaH CHI™ ycTpoCTB aMeprKaHCKMX KOMMaHUi 1 Konec co crnelyanbHo paspabo-
TaHHbIM B UTM HAHY un F'KAY usHococToiikum npodmnem NTM-73, koTopas no3BoNseT B HECKOMbKO pas3
YBENNYUTL PeCypc NPo6AeMHbIX Y3/10B XOLO0BbIX YacTeld, B TOM yucne B 2-2,5 pas3a CHU3UTb W3HOC KOHTaKTW-
PYIOLLMX NOBEPXHOCTE KO/EC M PerbCoB.

Llenb paboTbl 3aKkntoyanach B YCOBEPLUEHCTBOBAHUM KOMM/IEKCHOV MOAEPHM3aLMN TeNeXeK rpy3oBbIX Ba-
FOHOB — CO3[aHNMN HOBbIX M3HOCOCTOWKUX NPodueli Konec, B YaCTHOCTH C Y4eTOM (DOPMbI M3HOCA FOMIOBOK Perb-
coB. MpegnoxeH NpMBAVMKEHHDBIA CNOCO6 pelleHns 3afadn B3aMMOZECTBUA Koneca W penbca C onpeaeneHnem
MOMOXEHUS U Pa3MePOB HENIMMNTUYECKMX KOHTAKTHbIX MATEH, B TOM YMC/e Npu KOHOPMHOM KOHTaKTe. Paspa-
60TaHbl HOBble NPOUAM KoNec Anst 06TOUKM M3HOLLEHHBIX Konec (MTM-73-01), a Takxke HOBbIX KOMEC [/151 Baro-
HOB C 0CeBOIi Harpyskoii Ha penbcbl 23,5 T¢ (MTM-73-02) 1 25 ¢ (MTM-73-03). MprMeHeHbl MeTOAbI MaTeMa-
TUYECKOr0 MOJENMPOBAHUS, YACNEHHOTO UHTErPUPOBaHUS, TEOPUK KoNebaHWiA, CTaTUCTUHECKOW ANHAMUKN.

MpuBefeHb! faHHbIE TEOPETUYECKUX U IKCMEPUMEHTaNIbHbLIX UCCNEf0BaHUM, CBUAETENLCTBYIOLME O TOM,
4TO CpefHAs MHTEHCMBHOCTb M3HOCA FPebHeil Konmec rpy3oBbIX BaroHOB C KOMMIEKCHO MOAEPHW3VMPOBaHHbIMY
Tenexkamu, 060pyAoBaHHbIMK Konecamu ¢ npodmnem MTM-73-01, B 3,5-5 pa3s HuKe, 4eM MpuW TOM XXe npobere
y TUMNOBOrO BaroHa co CTaHAapTHbIM NpoduieM Kosnec. Mo NPOrHo3HbIM OLEHKaM, 1CMob30BaHne Konec ¢ npo-
thunem NTM-73-02, U'TM-73-03 B BaroHax ¢ KOMMIEKCHO MOAEPHU3MPOBaHHbBIMU TENIEXXKaMy MO3BONNT JOCTUI-
HYTb eLLie 60MbLLIEro NOBbILLIEHNS PECYPCHBIX MOKa3aTeneii KoNecHbIX nap no U3Hocy rpebHeii.

This paper is devoted to the solution of the problem of freight car wheel wear reduction on 1520 mm gauge
railways (the former USSR). The paper gives a brief description of the comprehensive retrofit of standard freight-
car trucks (model 18-100) proposed at the Institute of Technical Mechanics of the National Academy of Sciences
of Ukraine and the State Space Agency of Ukraine (ITM of NASU and SSAU) and introduced on the Ukrainian
railways. The retrofit involves the use of US companies’ devices adapted to the former USSR’s countries and the
ITM-73 wear-resistant wheel profile specially developed at the ITM of NASU and SSAU; it offers a several-fold
increase in the life of critical running gear assemblies and makes it possible to reduce wheel and rail contact wear
by a factor of 2-2.5.

The aim of the work was to refine the comprehensive retrofit of freight-car trucks, namely, to develop new
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wear-resistant wheel profiles, in particular with account for the shape of worn rail heads. An approximate method
was proposed for the solution of the wheel-rail interaction problem with the determination of the position and
dimensions of nonelliptic contact patches, including the case of a conformal contact. Using this method, new
wheel profiles were developed for worn wheel machining (ITM-73-01) and for new wheels for cars with an axle
load of 23.5 tf (ITM-73-02) and 25 tf (ITM-73-03). Use was made of methods of mathematical simulation, nu-
merical integration, oscillation theory, and statistical dynamics.

The data of theoretical and experimental studies presented in the paper show that the average wheel flange
wear rate for freight cars with comprehensively retrofitted trucks whose wheels have the ITM-73-01 profile is 3.5
— 5 times lower than for a standard car with the standard wheel profile at the same kilometerage. According to
predictive estimates, for cars with comprehensively retrofitted trucks the wear of wheels with the ITM-73-02 or
ITM-73-03 profile will be still lower.

KntoueBble €oBa: TenexKa rpy3oBoro BaroHa, KOMMJEKCHast MofepHu3auus,
M3HOC Mapbl «KONECO—PENbC», N3HOCOCTOMKNIA NPOUNb Komec, AMHaMMYeckue Ka-
YecTBa BaroHa, NOBbILIEHHAS HArpy3Kka Ha oCb.

BBegeHuve. B 90-x rogax XX CTONeTMA Ha >KefesHbIX Joporax YKpavHbl 1
Apyrux ctpaH — yyactHuy, CHIC Hayancs cBepxXHOPMATMBHBIA M3HOC rpebHelt Ko-
Nec IOKOMOTVBOB W TPY30BbIX BaroHOB. IHTEHCMBHOCTb M3HOCA HACTO/IbKO BO3-
poC/a, YTO Ha HEKOTOPbIX XKENe3HbIX A0POorax BbIXOA U3 CTPOS MO U3HOCY Konec-
HbIX Nap HapyLlan paboTy MoABMXHOro cocTaBa. Kpome Toro, 3HauuTeIbHO BO3-
pocna MHTEHCUBHOCTb M3HOCA OOKOBbIX FpaHei rofoBOK PefibCoB, OCOOGEHHO B

KPMBOMMHEHbIX yyacTkax nyTu maioro paguyca (R < 650 m). C aToro BpemeHm
AaHHOMY BOMPOCY CTa/10 YAeNATbCA MOBbILLEHHOEe BHUMaHKe [1 - 7].

MocKonbKy (opma npothunns Kosneca HenocpeACTBEHHO BUSIET HE TOMIbKO Ha
CPOKM CNY>Obl KOMIECHBIX Nap 1 PefibCoB, HO U Ha XO0Bble KayecTsa MOABMXXHOIO
cocTaBa, WUCCMefOBaHNSA NO CO3[aHUI0 HOBbIX MPOGWIei 0604beB KOMEC Mo cei
[eHb He TepsroT CBOel akTyaslbHOCTK [8 - 12].

B YkpauHe pelueHne npobiembl MOBbILLEHUS XWU3HEHHOMO LKA KONECHbIX
Mnap OCYLLECTB/ISAETCA MO HECKOMbKMM HarpaB/eHnsM, B TOM YUC/Ie 3a CUET COBep-
LLIEHCTBOBAHUA KOHCTPYKLUMW TENEXKN ANA YNyyleHWs AVHaMWKW BaroHOB U
CHWXKEHVS CU1 B3aMMOJENCTBMA KONEC M PenibCoB, a TakXke MyTeM W3MeHeHUs
MPO(WNEi KOHTAKTHBIX NMOBEPXHOCTEN KOMEC U PebCoB.

O KOMM/EKCHOWN MOfEPHM3aLMN TeNeXeK rpy30BbIX BaroHOB. B rpy30BbIx
BaroHax Ha enesHbIx goporax Konen 1520 MM LUMPOKO MCMO/b3YHOTCA TPexase-
MEeHTHble TeneXxkn mogenu 18-100. OTW TeneXxxkn BMeCTe C MOSIOXUTENIbHBIMM
yepTamMmn (NPOCTOTa KOHCTPYKLMM, HEBLICOKAs CTOMMOCTb M3rOTOB/IEHWS, TEXHO-
NOTUYHOCTb B PEMOHTE U [pP.) MMEKT CYLLEeCTBEHHble HeJoCTaTKu. [naBHble U3
HUX — CK/TIOHHOCTb K CaMOBO36YXXAEHMIO KONebaHWin BUNAHWS BO BPEMS ABVKEHNS
Mo NPAMbIM y4acTKaM NyTW, HeyLOBNeTBOPUTE/bHbIE XapaKTEPUCTUKM NpW BNn-
CblBaHNN B KPUBOJSIMHEWHbIE YYaCTKM MyTW, 3HAYUTENbHBIA U3HOC KONEC U penb-
coB. lMoTeps YCTONUYNBOCTW ABMXKEHMS BaroHa NPUBOAUT K MOBbILLIEHHOMY U3HOCY
3N1EMEHTOB XOLOBbIX YacTeli M BepXHero CTpoeHus nyTu. Mpyu 3TOM BO3MOXHbI
HapyLLEeHWA YCNOBMiA 630MacHOCTY ABMKEHUA NOe340B, CXOAbI C PE/IbCOB.

Pe3ynbTaToOM TEOPETUYECKMNX W KCMEPUMEHTa/IbHBIX MCCNeL0BaHWIA MO YCo-
BEPLUEHCTBOBAHMIO KOHCTPYKLUMMW 3TUX TENeXeK CTain paspaboTka VHCTUTYyTOM
TEXHUYECKOM MexaHVWKM HaumoHa/IbHON akafieMun HayK YKpauHbl 1 FocygapcT-
BEHHOI0 KOCMMUYeCKOro areHTcTea YkpauHsl (MTM HAHY n TKAY) COBMECTHO ¢
komnaHuein A. Stucki (USA) 1 BHeapeHMe Ha CETW XKeMe3HbIX A0POr YKpauHbI
KOMMMEKCHOM MoAepHU3aummn Tenexxek mogenn 18-100 rpy3oBbix BaroHos [13],
KOTOpas BK/IHOYAET: 3aMeHY CTaHAaPTHbIX XECTKUX CKOMb3YHOB C 3a30pamMu ynpy-
roAMCCUNATMBHBIMUA CKOJIb3yHaMW MOCTOAHHOTO KOHTaKTa A/ MOBbILWEHWs CTe-
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MEHN CBA3AHHOCTU TE/IEXEK C Ky30BOM (UTO MO3BOJISET MOBLICUTH KPUTUYECKYHO
CKOPOCTb BaroHa); YCTaHOBKY K/IMHbEB W3 BbICOKOMPOYHOro 4yryHa (BMecTO
CTa/IbHbIX) U 3aMeHY (PPUKLMOHHLIX NIaHOK M3HOCOCTOMKUMU NiaHKamu Ans cy-
LLLeCTBEHHOTO YMEHbLLEHWS M3HOCA K/IMHOBOM CUCTEMbl AeMM1poBaHUs Koneba-
HWIA (YTO NO3BONSAET 3HAYMTENILHO YBENIMUUTL PECYPC €e 3/1IEMEHTOB); YKNALKY B
NOANATHUKE MONMMEPHON NPOKNALKM, NPeAHa3HAYeHHOW 415 ynydLleHns paboThl
MATHWUKOBOIO Y3/1a N YMeHbLUEeHWSA ero U3Hoca; UCrosib30BaHne BMeCTO CTaHAapT-
HOrO MNpogmNA Konec creunanbHO pa3paboTaHHONO M3HOCOCTOWKOrO Mnpoduns
NTM-73. [aHHas MofepHu3auus Mo3BOMMMIA Hapsgy C YBEMYEHMEM pecypca
Hanbosiee NPO6IEMHBIX 31EMEHTOB TENEXKMN MOBbLICUTb XKMU3HEHHBIV LMK Konec-
HbIX Nap No M3HOCY rpebHeli N MNOBEPXHOCTU KaTaHWs Konec 6onee yem B 2 - 2,5
pasa [14, 15]. Ha cerogHslWHMIA AeHb Ha XKenesHbIX AOporax YKpauHbl 3Kchnya-
TUPYIOTCA OKOSO 25 ThICAY KOMMIEKCHO MOLEPHU3NPOBaHHbIX FPY30BbIX BarOHOB.

Bce anemeHTbl KOMM/IEKCHOW MOfepHM3aLun, B TOM YMC/ie U3HOCOCTOMKWMIA
npounb konec MTM-73, ncnonb3oBaHbl NpU co3faHny Ha KpPOKOBCKOM BaroHo-
CTpOUTENIbHOM 3aB0Ofe TeneXxku Mogenn 18-7020 [16], koTopasi NpUHATA B Ka4ecT-
BE 0AHOI 13 6a30BbIX MOAeNel Ans 06HOB/EHNS rPY30BOro NapKa 0TeYeCTBEHHbIX
Yene3HbIx Jopor.

Pa3paboTKa W3HOCOCTOMKMX npodmneli oboabes Konec. lMprvmeHeHue B
YNYULIEHHbIX KOHCTPYKLMAX TENeXeK CKOMb3YHOB MOCTOAHHOINO KOHTakTa 6e3
N3MEHeHUA NPOnNA CTaHLAPTHBIX KOMeC MPUBOAUT K MOBbILLEHMIO M3HOCA KOMec
1 PenbCoB Mpu BNMCbIBAHWW BaroHa B KPKBbIe, MO3TOMY MO NpPocbbe Y KP3an3Hbl-
um B UTM HAHY un F'KAY 6bin pa3paboTaH BbILIEYNOMSHYTbIA HEeNNHEAHbIN
npogunb WTM-73 gnsa Konec ¢ TONLMHON rpedHs 32 MM.

MpoeKkT1poBaHme NPOMUIS KOMeC BbIMOHAMOCH C YYeTOM psifa TpeboBaHMWiA:
Yron HakfoHa paboyeil rpaHn rpebHs JOMKeH ObITb LOCTATOYHO 60MbLINM ANs
NpesoTBpaLLeHns CX04a 3KMNaXka 13-3a BKaTbIBaHWUSA Kosieca Ha penbCe; (opma no-
BEPXHOCTW KaTaHUs Koneca Jo/MKHa 06ecrneymBaTb YCTONYMBOCTb ABUKEHUSA 3KU-
naxa; opma ranteny B 0OCHOBaHUM rpebHs Koneca AoskHa obecneymsarts 6naro-
NPUSATHbIE YCOBUSA BMUCLIBAHWA 3KMUMNaXa B KPUBOSIMHEVHbIE YYaCTKMN NyTU U 0f4-
HOBPEMEHHO He MPWBOAUTL K BO3HWMKHOBEHWMIO CBEPXHOPMATUBHBLIX KOHTAKTHbIX
HanpsKeHWii Ha paboyeli rpaHn rONIOBKM pesibCa.

[na BbINONHEHNA TEOPETUYECKUX MUCCNeA0BaHWUI CO34aHO COOTBETCTBYHOLLEE
maTeMaTunyeckoe obecreyeHvie, KOTOpPoe MO3BOMAET YUUTbIBAaTb AOCTATOYHOE KO-
NNYeCTBO (HaKTOPOB, BANSAIOLMX Ha NOKasaTenu npouecca B3auMOAENCTBISA KONec
N penbcoB. Pa3paboTaHbl pacyeTHbIE CXeMbl M MaTeMaTUYeCKe MOAENN, KOTOpble
MO3BONAKT YUNTbIBATb KOHCTPYKTUBHbIE OCOBEHHOCTU pa3HbIX TWUMOB BaroHOB W
MOAEPHU3NPYEMbIX Y3M10B TeMeXeK, a TakKXKe WCCMefoBaTb MPOCTPaHCTBEHHbIE
CNy4aiiHble KONebaHUs 3KUMaXKEeNn Npu ABMKEHWUU NO MYTU NPOM3BOMLHOIO O4ep-
TaHWA B NnaHe.

OfHMM M3 HeO6XOAMMBIX YCM0BWIA MOMYYEHUS LOCTOBEPHbLIX MPOrHO3HbLIX
OLEHOK AVHAaMUYeCKNX KavyeCcTB BarOHOB U UX B3alMOAENCTBUS C NyTeM ABASeTCA
KOPPEeKTHOe 3aflaHne BXOLHbIX BO3MYLLUEHWIA, OEeMACTBYIOLMX CO CTOPOHbI MYTW.
MMoHATVE «BO3MYLLEHME» BKNOYAET B Ce65 COBOKYMHOCTb COCTAB/IAOLLMX, XapaK-
TEPU3YHOLLMX HEPOBHOCTU XKEe3HOLOPOXKHOIO MyTU B BEPTUKa/IbHON U FOPU30H-
Ta/IbHON NOCKOCTAX. [ pacyeToB BblOpaHbl CeaytoLWwye YeTbipe COCTaB/s0-
LMe: CUMMETPUYHbIE M KOCOCUMMETPUYUHbIE BEPTUKASIbHbLIE HEPOBHOCTU MYTH,
ornpefensemble COOTBETCTBEHHO KaK MOMlyCyMMa W NOMNYypasHOCTb BEPTUKA/IbHbIX
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HEpPOBHOCTEV MpaBoV ¥ NIEBO PENIbCOBbIX HUTEN; FOPU3OHTa/IbHbIE HEPOBHOCTU
npaBoVi 1 NeBOV PeNbCOBbLIX HATENA.

CyLLeCTBYHOT pas/inyHble MOAX0Abl K (POPMUPOBAHMIO COCTaBASAKLMX BO3-
MyLLEeHUIA. HO Kakoli 6bl MOAXOA HU NPUMEHSCSA, KPUTEPUEM MPUEMIEMOCTU MC-
Mo/b3yeMbIX BO3MYLLEHWIA ABSETCA 6/M30CTb MOKasaTesieil, OnpeaenéHHbIX Mpu
pacuyeTax, K COOTBETCTBYHOLLMM 3KCNEPUMEHTaIbHLIM AaHHbIM.

[na npoBeAeHWst pacyeToB C(HOPMMPOBaHbI BO3MYLLEHWS C MPYMEHEHWEM
ABYX NOAX0A0B. IMepBblii 13 HKX 3aKNOYAeTCs B MCMO/b30BaHUM B KayecTBe CO-
CTaB/AOLWMX BO3MYLLEHUNS (DAaKTUYECKMX HEPOBHOCTEN peasibHbIX YYacTKOB NyTMW.
3TN HEPOBHOCTM ObIIN OMpPefeneHbl MO 3anMcsiM NPOCcafoK M HEPOBHOCTEN B Mia-
He, 3aperncTpUpPoBaHHbLIM BarOHOM-MYTeN3MepUTENEM 1 NPeobpa3oBaHHbIM C yue-
TOM MepeaaToyHbIX (PYHKLMIA ero N3MepuTeNIbHbIX CUCTEM B BEPTUKA/IbHOM U FO-
PU30HTaIbHOM HarnpasneHusx [17]. CpaBHeHMe pe3ynbTaToB MPOBEAEHHbIX pacye-
TOB C 3KCMEPVMEHTa/IbHBIMU AaHHbIMW MOKa3aslo, YTO NpyU TakoM MOAXOAe COo-
CTaB/sAOLLMEe BO3MYLLEHMSA LienecoobpasHo (hopMUpoBaTb MO 3amucsiM, MoayyeH-
HbIM Ha y4acTKax C BbICOKVM YPOBHEM HEPOBHOCTEN [/151 33AaHHOIO KayeCTBEHHO-
ro COCTOSIHMA MYTK, @ K BEPTUKaTbHLIM COCTaB/SIOLLMM BO3MYLLEHUS MPUMEHSTH
KOPPEKTUPYIOLLME MHOXMTENN, MO3BONSAIOWME YYUTHIBATL AMHAMMYECKOE B3au-
MOZENCTBME XXeNe3HOL0POXXHOro NyTy 1 BaroHa-nyTensMepuTens [18].

[pyroii noaxos K (hOPM1POBaHMIO BO3MYLLEHWIA COCTOWUT B MOCTPOEHWU KX
mMaTemMaTUyecknx mogeneit. Kaxayro M3 YeTbipex COCTaB/SHOLWMX BO3MYLLEHUS
npeg/laraeTcs MOLENVMPOBaTh B BUAE NOMIaPMOHNYECKUX (YHKLWIA:

nj -
Bj(x)=> a; -sinmu-x/l;), j=14,
i=1

rge x — Tekywad npocTpaHCTBEHHaAA KOopAUHaTa, nj — KOJIN4ECTBO FapMOHMNYye-
CKMUX KOMMOHEHT B MOAENN K&)K,Cl,OI7I N3 COCTaBAOLWNX; aj u Iji — COOTBETCTBEH-
HO aMmninTyaa 1 annHa BOJIHbI FapMOHMLIECKOVI KOMMOHEHTbI.

nn; (j:1,4,m) npegnaraercs

MapameTpbl 3TUX (YHKUMIA aj; , [}
onpeLensTb Mo 0600LLEHHbIM pe3y/ibTaTaM amnMTyLHO-4aCTOTHOIO aHaan3a co-
OTBETCTBYHOLLUMX HEPOBHOCTEMN MYTW, BbIYMNC/EHHBIX MO MAcCUBY 3arnmvcei BaroHa-
MyTen3MepuTeNns Ha pas/INyHbIX YYacTKax MarumctpasbHOro nyTu XOpOLLEero co-
ctosHms [19, 20]. MocTpoeHHble TakuM 06pa3oM MOAeNM A0CTaTOYHO MOSHO OT-
paXKatoT YaCTOTHbIN COCTaB (PaKTUYECKMX HEPOBHOCTEN M MX YPOBEHb U, Kak Moka-
3a/11M pe3ynbTaTbl PacyeToB, ABMAKOTCA NPUEMIEMbIMUA C TOYKM 3peHus 6/1M30CTU
MonyyaemMbIX OLLEHOK Nnokasaresiell JUHAMUKN 1 IKCNepUMEHTa/IbHbIX JaHHbIX.
Mpy pacyeTax NapameTPOB KOHTaKTa Mapbl «KOIECO—PENbC» 0ObIYHO MCMOMb3Y-
tOTCA [1Ba MOLAXOLA: KOHTAKTHOE MATHO CBOAMTCA B TOYKY M PaccUMTbIBAtOTCA MPUIO-
YKEHHble B HE paBHOLEMCTBYHOLLME HOPMa/IbHBIX U KacaTeslbHbIX CuA, 6o onpese-
NATCA (hopmMa, pa3Mepbl NATHA U pacnpese/ieHHbIe Mo HeMy [eACTBYOLLIME CUTbI.

To4yeyHOoe B3aMMOAENCTBUA Napbl «KOECO-PefibeC». TOYeUYHOe NpencTas-
NeHne B3aVMOZENCTBMS KOMIEC U penbCoB [21 - 23] npuMeHsieTcs, Korga pasmepbl
KOHTaKTHbIX MATEH CPABHUTENbHO Masibl, YTO XapaKTEPHO B OCHOBHOM [/15 Hen3-
HOLLUEHHbIX MOBEPXHOCTEN paccMaTpuvBaemblX Tes, He 061afatoLimx CBOWCTBOM
KOH(POPMHOr 0 KOHTaKTa.

B pabote [24] nocTpoeHa MaTeMaTuyecKas MOAe/b C TaKUM MPeAcTaB/ieHNEM
B3aVMMOZEWCTBMA KoMeca W penbca ANs C/yvas [BVDKEHWS XKeNe3HOLOPOXKHOro
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IKUMaXKa Mo NyTn NPon3BO/ILHOIO Oo4YepTaHUA B MMaHe, NHEPLUWUOHHbLIE N YyNPYyro-
anccmnnaTtuBHbIE cBoOicTBa KOTOPOro y4yTeHbl B BEPTUKa/IbHOM U TOPU30OHTa/IbHOM
norepeyHomM HanpaBfiEHUAX.

["feomMeTpuyeckne napamMeTpbl KOHTaKTa OMpefenatTcd B 3aBUCMMOCTU OT
B3aMMHOI0 MOMEPEYHOro MnepemeLLlleHnss Ten napbl «KOMeco—pense» Ay u yrna

OOKOBOW KauKvl KO/ecHoi napbl 0, 3a4aBaeMblX C KyCOYHO-MOCTOAHHLIM LUa-

rom. B KauyecTBe MCXOAHbIX UCMOMb3YITCA (hYHKLMM, KOTOpble OMUCHIBAOT MPO-
(hwnnm nosepxHocTeit 06oaa koneca fy, (y) v ronoskm penbca fr(y) . Havano cuc-

TeMbl KOOpAMHAT, 00LLel 15 paccMaTpUBaeMOii Napbl Tes, PacnosioXeHo Ha npo-
(hune Koneca B ToUke O, Yepes KOTOPYHO NPOXOAWT ero CpefHWii Kpyr KataHus. Ha
npoune ronoBKN pefibta OHO HAXOAMTCA B TOUKe, Haj KOTOPOR Oy/eT pacnona-
raTbCs CPefHWIA KPyr KaTaHus Kosneca npyu CMMMETPUYHOM YCTaHOBKE KO/ECHOM
napbl B KoJliee 3alaHHOW LUMPUHBI.

Ona kaxgoro Habopa 3HaYeHWn nokasarenen Ay w 0,5 U3 paccmarpuisae-

MbIX [/ana3oHoB, OFPaHUYEHHbIX BO3MOXHbIMU B3aMMHBLIMW MOOXEHWUSMUA KOH-
TaKTHOI Napbl, BbluMcnseTca GyHKuma D(y) =fs(y) —fy (v), KOTOpas npeacTas-

NAeT CO60N M3MEHEHWe PacCTOSIHUS B BEPTUKA/IbHOM HamnpaBfeHWn mexay no-
BEPXHOCTSIMU KaTaHUs Kofeca U penbca. 3HayeHne Yy, Npy KOTOPOM LOCTUraeTcs

minD (y), onpegenset MosioXXeHVe TOYKN KOHTaKTa Ha pefibce, 0TCUMTAHHOE OT
Toukn O, a camo 3HayeHue minD (y) SBNAETCA BEPTUKA/bHbLIM MepemMeLLeHnem

Koneca OTHOCUTENBHO penbca Az, 06YCNOBMEHHBIM VX B3aMMHbLIM MOMNEPEYHbIM
CMELLEHVEM.

PaccmaTpuBaroTca TpU hasbl B3aMMOLENCTBUS, KOTOPbIE OMPeLenstoTcs Ko-
JINYECTBOM HalAeHHbIX TOUEK KOHTaKTa 1 MOMIOXKeHEM UX Ha oboge Koneca (no-
BEPXHOCTU KaTaHus, rantenu, rpe6He). dasa ABYXTOUEYHOrO KOHTAKTa MOXET
ObITb MPOMYyLLEHa BCEACTBME BbIGPAHHOIO Luara AUCKPETHOCTU M3MEHEHUs pac-
CMaTprBaeMbIX NMapamMeTPOB B3aMMHOFO PacrosfioXeHUst Koneca U penbca. Bo un3-
GexkaHne 3TOr0 BBeAEHA Masasi Be/MUMHA 7y, KOTOpasi OnpedensieT BO3MOXHOE

3HaueHvie YNpyroi BepTUKa/bHOW AedopMaLy KOHTAKTUPYHOLWMX Ten B TOUKax
KOHTakTa. OfHOBPEMEHHO MPOBEPSETCS PACMONOXKEHNE KOHTAKTHbIX TOUEK: eC/n
paccTosHME MEXAY HUMU NPEBbILLIAET 3afjaHHbI pa3Mep KOHTAKTHOro NaTHa y (6

-10) Mm, TO HaileHa He OfiHa TOUKa KOHTaKTa.

CunTaeTtcs, UTO Kacarte/lbHble CW/bl, BO3HMKaOLMe BO BCEX (ha3axX B3auMmo-
LeVCTBUSA, ABNAKOTCA CuUiamMmm Kpuna. 18 ux BblYMCNEHNS UCMOb3YETCA MOLESb, B
KOTOPOW YUMTBIBAKOTCA HENMHEHas 3aBUCUMOCTb CU/T OT reoMeTpUYecKnX napa-
METPOB KOHTaKTUPYHOLLMX MOBEPXHOCTEN, NepeMeHHas Harpyska Koseca Ha penbc,
pas/iMyHble Yr/ibl HAK/OHA MI0CKOCTM KOHTaKTa K FOPU30HTY M HaberaHus Kosnec-
HOWA napbl Ha penbe. CornacHo aTor MoAenu, CUbl Kprna onpeaenstoTcs no gop-
mysne [25]:

m

T =—F¢ Fe +1]
uN
F =350m~/Nr

m =35,
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roe T M & — cuna v nokasaTte/lb Kpuna B TOUKe KoHTakTa; N — HopManbHas cu-
na, [eNCTBYIOLLAs MeX/y KOMECOM M PeNlbCOM B TOUKE KOHTAKTa; M — Koadduuy-

€HT TPeHuA; I — MIHOBEHHbIi pagnyc KoJjieCa B TOYUKE KOHTaKTa.
MokasaTens Kpuna € OMNPefensaeTca ¢ YY4eTOM Yria Hak/IoHa NiaoCKOCTU KOH-
TaKTa K TOPU30HTY o M yrna HaberaHms KonecHo Mapbl Ha PeNbLC 6 -

1 1
€= (&:ﬁ, + si)é = [(sxseC\y,,l,s)2 + (ayseCoc)z]A,

rae ey, &, —MOKa3aTe/ KpUNa B NPOAO/LHOM 1 MOMEPEYHOM HaNpaB/IeHNAX.
CoCTaB/istoLLME CUM KpUMa ONpeaenstoTcs creaytolyM 06pasom:

T,=vr, T,=fer
€ €

HopwmansbHoe fasneHue pasHo
N = N seca,

rge Nz — BEpTUKasibHaa cuna B3&I/IMOA€VICTBVIF|, KOTOpPadA BbIYMNCNIAETCA KaK peak-

umsa nyTu.

B (hase ABYXTOYEUYHOro KOHTaKTa pacnpefefieHne HopMasbHbIX COCTaB/Ato-
LMX CW B3aMMOZENCTBMS OMPeenseTca Npy peLleHnn CUCTEMbI anrebpanyeckux
ypaBHEHWI

N, cosaq +N,cosa, =N,
N,sinay + N,sina, = N

1)
y

rae N, — paBHOZeicTBYtOLLas NPOEKLNIA HA OCb Y HOPMa/lbHbIX CUN B NEPBOM 1
BTOPOM TOYKax KOHTaKTa, KOTOpas CBA3aHa C BepTUKa/bHOW cunol N, COOTHO-
wenvem N, =N,AZ'; AZ' - npon3BofHas BEPTUKANLHOTO CMELLEHNs Koseca

OTHOCUTE/IbHO pefibCa AZ N0 UX B3aMMHOMY CMELLEHWIO B TOPU30HTa/IbHOM rone-
PEYHOM HampasneHUn Ay ; a4, O — YIbl MeXAy MOnepeyHoit OCblo U Kaca-
Te/IbHbIMW K MPOQW/I0 NOBEPXHOCTY KO/ECca B TOUKaX KOHTaKTa.
3 cucTembl ypaBHeHMiA (1) nonyvaem
N Nz(tg(xz - AZ ) N Nz(tgoc1 -AZ )
17 . ' 2= . :
(COS(xltgocz —sma1) (cosocztga1 —S|na2)

C u1cnonb3oBaHWeM AaHHON mogenn 6bin co3paH npogunb koneca UTM-73.
CpaBHeHMe MOJIOXEHWIN TOUEK KOHTAaKTa Ha Kojecax CO CTaHAapTHbIM Npotuiem
1 npogunem UTM-73, nony4deHHble Npy pacyeTax HaberaHns KOMeCHOWN napbl Ha
HEN3HOLLIEHHbIN HapYyXXHbI penbc P65 KpyroBow KpyBOW Manoro paguyca, noka-
3aHO Ha pwuc. 1. BuaHO, 4TO 0AHA M3 TOYEK KOHTaKTa Kojeca CO CTaHLApTHbLIM
npogunnem pacnonoxxeHa Ha rpebHe (pwuc. 1, a)), Torga Kak npu Tex e yCcnoBusax
Koneco ¢ npocunem NTM-73 nmeeT 0AHY TOUKY KOHTaKTa Ha rantenu (puc. 1, 6)),
4TO faeT BO3MOXHOCTb M36eXaTb nogpesa rpedHs.

JKCnepyMeHTabHbIE 3aBUCMMOCTM M3HOCA rpebHei Konec oT npobera Baro-
HOB (CEPUIAHOr0 ¥ C KOMI/IEKCHO MOAEPHWU3MPOBaHHLIMY TeNeXKamu), nosyyeH-
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Hble N0 pe3y/bTaTaM MHOFOMETHUX 3KCMNJyaTaUMOHHbIX WUCMbITaHW/A BarOHOB B
CaMOM C/IOXXKHOM B YKpauHe Maplupyte Kpuoii Por — Yxropog 4epe3 Kapnart-
CKWUIA nepeBan, NokasaHbl Ha puc. 2. Kak Buamm, npu npobere 280 TbiC. KM HU 0f-
Ha KonecHast napa (Kn) ¢ M3HOCOCTOWKMM npodunem ob6oga MTM-73 He nocTyna-
Na B NepeToyKy, B TO BPeMS Kak BCE KOJIECHbIE Napbl CO CTaHAAPTHLIM NpoduIeM
nepeTaunBa/IMCb, NPUYEM HEKOTOPbIE MO HECKOJIbKO pas.

Mpodhnnb cTaHAapTHLINA

y

~~ Kpyr kaTaHus

a)
Mpochunb UTM-73 z v
y
™~ Kpyr karaHusa
6)
Puc. 1

BaroH ¢ KOMNJEKCHO MOAEPHU3MPOBAHHBIMI TenexKamu, Npogunb konec NTM-73

—=— BaroH-3TaloH, NPOtM/b KOMEC CTaHAAPTHbII

v

M3HoC rpebHeii konec, MM
8 4
Knl,2

BCeE Kn

LKL

N MBC@KI‘I

=L
b
™~

BCE KN '/
A

O I e S e R S T S S B
0 50 100 150 200 250 300 350
Mpo6er, TbiC. KM

M — lMepeToyka unu 3ameHa KOnecHolt napbl

Puc. 2

MogenvpoBaHue KOH(hOPMHOIo KOHTaKTa Kosiec U pefibcoB. B nocnegHue
rofbl BO MHOrMX CTpaHax Mupa 0COOeHHOe BHVWMaHWe yfensetcs paspaboTke u
BHEAPEHMIO ONTUMa/bHbIX NPOUIIEA KOHTAKTHOW Mapbl «KOeco—penbe». Hanbo-
Nnee NepcrneKkTUBHLIM C TOYKM 3pPEHWUs ONTMMM3ALMK MPOLLECCOB B3aVMOAENCTBUSA
CUMTAETCH KOH(OPMHbIA KOHTAKT KO/ec 1 penibeoB [26]. An8 KOHDOPMHOro B3au-
MOZENCTBUA XapaKTepHbl HaUMEHbLUMI M3HOC U Hanbosee paBHOMEPHOE pacrnpe-
[eNeHVe KOHTaKTHbIX HanpsXXeHWM, Mpu 3TOM BeNMYMHA UX 3HAYUTENIbHO HUXE,
yem Npu ApYrux BUAax KOHTaKTa. B aTOM cnydvae KOHTaKTHOE NATHO Henb3s Npes-
CTaBWTb OJHOM TOYKOI W Yallle BCEro OHO MMEET He3IMMTUYECKyt thopmy. Mo-
aToMmy TpebyeTcs onpefeneHne ero POpMbl, pa3mMepoB, a TakxXe pacnpeseneHns no
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HeMy AeNCTBYHOLMX CUN. PeLeHMIO 3a4aum HerepLEeBCKOro KOHTaKTa NocBALLEHbI,
Hanpvmep, paboTbl [27, 28]. B HUX nNpuBeAeHa mMaTemMaTnyeckas MOAeNb B3aMMo-
AeNCTBUA Koneca U penbca C HeNIMNTUYECKUM NATHOM KOHTakTa. Koneco u
penbCc NpeacTaBneHbl ynpyruMmn nony6ecKoHeYHbIMI Tenamu, HaXoAALLMMMCS Nog,
[aB/eHveM, pacnpefefieHHbIM No Naowagke KOHTakTa. Penbc NPUHAT 6e3macco-
BbIM 3/1EMEHTOM, ABNAIOLLMMCS LUINHAPUYECKOA NOBEPXHOCTLIO, U BAMSIHWE €ro
KonebaHuii He yunTbiBaeTca. [Na onpefeneHns KOHTaKTHOrO NATHA W pacnpege-
NEHNs HOPMasIbHbIX HaMpPSHKEHWIA B HaAEHHOV reOMeTPUYECKN TOUKe COMPUKOC-
HOBEHMS Tefla BHEAPSATCA OAHO B APYroe Ha HEKOTOPYH 3apaHee HeW3BECTHYH
BEMUMHY &, KOTOpass HaXOAWTCS MyTeM PELUEHWS| [OBO/IbHO C/IOXHON CUCTEMbI
ypaBHEHWI METOLOM UTEpaLnii.

B cratbe [29] npepctaBneHa NpPOCTPaHCTBEHHAsA MaremaTuyeckas MoZesb
B3aVIMO/ECTBMA YKeNe3HOA0POXKHOI0 3KMNaXa M MHEPLMOHHOIO ynpyroanccmna-
TUBHOIO MyTW, B KOTOPOI YYMTbIBAtOTCA pasMepbl NATEH KOHTaKTa U pacnpegene-
HME MO HVMM HOPMaJibHbIX W KacaTeNbHbIX CU/T 1 NPEAJSIOKEH MeHee TPYA0eMKMUIA
CNocob peLleHns KOHTaKTHOM 3afayun, JatowWwuid, TeM He MeHee, BMOJIHe npuemse-
Mble pe3ynbTaThbl.

3afjaya KOHTaKTa peLiaeTcs B NPeAnosioKEHNN O 6Ge30TPbIBHOM ABVKEHWM
Koneca o penbcy. BxogHbiMu napameTpaMmu ABSIOTCA YI/ibl GOKOBOW Kayukn 0,
W BUNSHUA ,,c KOMECHOM Napbl, B3aMMHOE MOMepeyHoe CMeLLeHne Ay Koneca un
penbca. Mpodunn NoBepxXHOCTeW KaTaHWsi Koseca M TOMI0BKM penbca 3afatoTcs
dyHkumamu f, (v) n f5(y) cooTeTcTBEHHO.

BbinonHseTca pacnpefeneHne Cua B3aUMOAENCTBUSA MO MOBEPXHOCTM Haii-
[EHHOI0 KOHTaKTHOro nATHa. [ns 3TOro OHO AeNUTCA Ha Masible KOHEYHble 3/e-
MEHTbI, B K&KAOM M3 KOTOPbIX KOHTAKT MPUHWMAETCS OAHOTOYEYHbIM N BbIYKC-
NATCA 3NeMeHTapHble CUbl. KacaTeNbHble 3/1eMEHTapHbIe CUMbl CHMTAKOTCA CU-
namu Kpuna. nsa nx BbIYMCNEHNS UCNOMb3YETCA MOLENb, NPUBELEHHAs BbILLE.

CocTaBnstoLLme 3neMeHTapHbIX CUT Kpuna B K-OM 3neMeHTe onpeaenstoTcs
crefyroLwymM 06pasom
T,-vkr 1 —far

k ko k k-

Y €k * €k

MonHas npogonbHas W MonepeyHas COCTaBNSIOLME PaCNpPeaeNeHHol Cubl
Kpuna paBHbl CyMME COOTBETCTBYHOLLMX 3/1IEMEHTAPHbIX CUN

n n
To =D TkCosy,s, T, =) Tsinoy,
k=1 k=1

rae n — obLyee YMCo 3N1eMeHTOB pasbreHNs NATHa KOHTaKTa.

AnemeHTapHble BEPTUKa/IbHbIE CW/bl B3AUMOAENCTBUS BbIYUCASIOTCA NyTeEM
pacnpezeneHuns NoiHoM BePTUKaNbHON cunbl N, MeXxay aneMeHTamm NATHa KOH-
TaKTa NponopLMoHasbHO BE/IMYMHE BHEAPEHUS KOeca B Pe/bC B KXKAO0M 3/leMeH-
Te. Ecnv umetoT MecTo [Ba NATHA KOHTaKTa, cuna N, Ha nepBoM 3Tare peLleHms

reOMEeTPUYECKO KOHTAKTHOW 3afjaum pacnpefensieTcss Mexay NsSTHamu npu pe-
LIEHUN CUCTEMbI anreGpanmyeckux ypaBHeHuid (1). 3aTemM MonyyeHHble COCTaB-
NSoLLYEe pacnpefenstoTCcs Mo 3NeMeHTaM KOHTaKTHbIX NATEH.
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C nomoLbto NpeAcTaBneHHON MOLENN B3aMMOLECTBMA BbINONHEHbI UCC/Ie-
[0BaHUA NO [anbHeliLlemMy COBEpLUEHCTBOBAHMIO KOMMIEKCHON MOAepHM3aLmum
TeNeXeK rpy3oBbIX BaroHOB, B YaCTHOCTM MO CO34aHWK0 HOBOTO M3HOCOCTOMKOIO
npogunsa Konec ¢ KOHPOPMHBIM KOHTAKTOM A/ pesibcoB P65 (C yyeTom (hopMmbl
M3HOCA UX FO/I0BOK).

Pa3paboTka npoduas NoBepXHOCTY KaTaHUA Kosieca NMpPou3BOAWIachk NMpu 0A-
HOBPEMEHHOM aHann3e ABYX (YHKUMIA Lienn: AMHaAMUYeCKMX noKasaTenei rpyso-
BOr0 BaroHa ¢ KOMIM/IEKCHO MOAEPHU3NPOBAHHBLIMU TeNeXXKamu 1 rpebHeBoro ms-
Hoca ero konec [29, 30, 31]. V3 cemeiicTBa NOCTPOEHHbIX NPOGuneli Koneca obin
BblOpaH Npotunsib, NpY 3aaHNK KOTOPOro B pacyeTax AOCTUTaIMCb MUHUMa/IbHbIE
3HaYeHNs JaHHbIX PYHKUWIA. B pesynbTate Obln NOMYYeH PEMOHTHBIA NPO(UIbL
NTM-73-01 ansa Konec ¢ TONLWWMHON rpebHs 29 mm.

Hwe npmBeaeHbl HEKOTOPbIE pe3yNbTaTbl PELLeHWs NPOCTPaHCTBEHHON 3aja-
YM KOHTaKTa Koneca W penbca. PaccmMaTpyBannch TpU BapuaHTa npodunei Hens-
HOLUEHHbIX  Ko/ec:  cTaHAapTHblidi  (no  [OCT 9036-88), WTM-73 u
NTM-73-01. Ha puc. 3 npuBegeHbl (hopMbl, pasmepbl U pacrosfioXKeHue NATeH
KOHTaKTa Ha HaberarLmx Kosecax C nepeyncrieHHbIMU Npouasamy 06oaseB, No-
NyYeHHbIe NPW pacyeTax BMUCbIBAHWNA BaroHa B KPYroByto KpuByto paguyca 300 m
C MaJIOM3HOLLEHHbIMK (60KOBOI M3HOC 3,5 MM) penbcamu P65. MpogonbHble pas-
Mepbl MATEH OT/IOXKEHbI MO OCY OPAMHAT, NO3ITOMY YKa3aHbl fiBe OCU: Z U X .

Mpochunb ctaHgapTHbIR? TZ (X), MM

F + + + t O T T T + +
70 60 -50 7400 B0 20 -0\ 10 20 30 4y, MM

a)
Mpocuns UTM-73 20 7Zz(x), MM
10 7

0—0—0—0—%‘—* 0 ——————+——
-70 -60 -50 -40 -20 -10 10 20 30 40 y, MM
-10 +

204
304
6)
Mpochuns UTM-73-01 27z (x), MM
10 <

.

b + + + t ¥ T U t +
-70 -60 -50 -40l “30 gQ) -10 10 20 30 40 y,MM
210 4

-20 4

-30 4
B)
Puc. 3
PacnpegeneHve BepTUKa/IbHOW CWMbl B3aumogeinctsma N, no faHHbIM NAT-

HaM MokasaHo Ha puc. 4, a pacrpeeneHue nsHoca (yaenbHoii paboTbl CUN KpUna)
Mo MOBEPXHOCTW KaTaHUs KOJec, MpUBEAEHHOE K MEepUAVMOHANIbHOM MIOCKOCTM
zOy — Ha puc. 5. Kak BMAHO, yNyylleHe napaMeTpoB B3aMMOLENCTBIS aKMMnaxka

1 NYTK BbI3bIBAET Ja/IbHElLLEE CYLLECTBEHHOE YMEHBLLEHME FPEBHEBOr0 M3HOCA.
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Mpodonnb cTaHAapPTHLINA

MM

a)
Mpodnne NTM-73

" 6)

10

o

-1

-1

Mpodguns NTM-73-01
5
MM

-20

B)

Puc. 4
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Mpodmnb cTaHAaPTHbIN

N

Mpocoune NTM-73

v

Mpochune NTM-73-01

_—

Puc.

[JaHHble 3akcnayaTauMoHHbIX MCMbITaHWA NapTUM OMbITHLIX MOMYBaroHOB C
KOMM/IEKCHO MOJEPHM3NPOBaHHbIMM Te/eXKaMm, Kosieca KOTopbIX 6blin 06Tove-
Hbl No npogunto NTM-73-01, npuBefeHbl Ha puc. 6. 34ecs pombukamy 0603Ha-
YeHbl CpefHVe 3HayeHWs M3HOCOB BOCbMMW KOMEC KaXA0oro u3 Asaguatv Tpex
OMNbITHLIX BarOHOB. Kak MOKa3bIBAOT MOJlyYeHHble pe3y/nbTaTbl, CPefHAS WHTEH-
CMBHOCTb M3HOCa rpebHeli Komec 3TMX BaroHOB B Avana3oHe 0 100 TbiC. KM
npo6era B 3,5 - 5 pa3 HMXe, YeM Y TUMOBOr0 BaroHa CO CTaHAAPTHbLIM NpoQuiem

KOecC.

M3Hoc rpebHeit Konec, MM

—

| Kpyr kataHus

a)

[T Kpyr kataHus

6)

[T Kpyr kataHus

B)

5

BaroHbl ¢ cepuitHbIMK
6 - Tenexxkamu mogenu 18-100,
NpovIb Konec cCTaHAapTHbIIA
5+ \
4 -
BaroHbl ¢ KOMMIEKCHO
MOZEPHM3NPOBAHHBLIMI TeIEXKKaMM,
31 npodunb Konec UTM-73-01
2 4 . x.:’
s R4
o o o hd .
* $,°¢ S o -
‘e = B L3N o3 MR *
17 . 33".’ P4 . o *
. 000: s $°° ¢ *
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Mpob6er, TbiC. KM
Puc. 6

92



Mpn Takom CyLLeCTBEHHOM YMEHbLLEHWUN U3HOCA FPebHE MOXHO Npeanono-
XWTb, YTO 3aMETHO YMEHbLUWTCA U U3HOC PefibcoB, MO KOTOPbIM OYAYyT Kypcupo-
BaTb BaroHbl ¢ npogunem konec MTM-73-01, 4TO CynuT XKenesHbIM goporam rno-
NyYeHUe CyLLEeCTBEHHONM 3KOHOMUM cpeacTB. Kpome TOro, npumeHeHvie npoguns
NTM-73-01 no3BoNseT yBENNUYNTb YMACNO0 BO3MOXKHBIX MEePETOYeK Mo NpuynHe no-
BEPXHOCTHbIX Ae(IeKTOB, YTO TaKXKe 3HAYMTENIbHO YBENNUMBAET Pecypc KONECHOW
napbl [32]. Mo nprKasy YKp3aJu3HblLM PEMOHTHbIA npodunab MTM-73-01 BHe-
[PEH Ha >KenesHbIX 4OpOrax YKpauHbl.

Mpotmnb N TM-73-01 npumeHsieTca AN nepeToykn U3HOLLEHHBIX Konec. Ans
06TOYKM HOBbIX KOMEC C NOA0OHbLIM 3(heKTOM MO M3HOCY rpebHeli paspaboTaH
npogunb NTM-73-02 ¢ TonwwmHol rpedHs 32 mm [33]. Ha puc. 7 npuBefaeHsb! 3a-
BMCMMOCTM OT CKOPOCTU ABVXXEHUA NokasaTens rpebHeBOro 13Hoca Haberarowmx
Ha Hapy>XHbIli pPenbC KOMec, MoyYeHHbIe NPU pacyeTax BMUCLIBAHWS PYXKEHbIX
MoslyBarOHOB C KOMMEKCHO MOAEPHU3NPOBAHHLIMWN TEMeXKaMy U pasnnyHbIMU
npomasmMmM Konec B KpyroBble Kpusble paguyca 300 M ¢ pa3HOl CTeneHbH N3Hoca
penbcoB P65: puc. 7, a) — HEM3HOLLUEHHbIE PenbChl, pUc. 7, 6) — MaIOU3HOLLEHHbIE,
puc. 7, B) — CpefHeN3HOLLEHHbIE. 3[eCb Nof rpebHeBbIM N3HOCOM MoApa3yMeBaeT-
CA CyMMapHbI U3HOC ranTenu v rpedHs.
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—O— npodunb Konec cTaHAapTHbINA
—X - npodmnb konec UTM-73
—&— npogunb konec MTM-73-01
—— npogunb konec MTM-73-02

Puc. 7

[Na N3HOLLIEHHbIX PenbcoB 3afaBaiMck npoduan (puc. 8), Nony4veHHble ny-
TeM yCpeaHEeHUs M3MEPEHWIA TONIOBOK HapY>XHbIX PeNbCOB B KPMBbLIX Manoro pa-
Anyca, BbIMOMHEHHbIX Ha KPUBOMMHENHBIX Y4a-
CTKax J1bBOBCKOI1 YXene3Hoi goporn. B kauecTse
Ma/ION3HOLLEHHOr0 6bln BblbpaH pensc ¢ 6OKO-
BbIM M3HOCOM 3,5 MM (IMHWA 2), CcpefHEN3HO-
LLUEHHOro — C GOKOBbIM W3HOCOM 7,8 MM (Nn-
HusA 3). Mpothnnb Hen3HOLEHHOro penbca P65
nokasaH nuHueii 1.
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AHaNOrMYHbIA - 3bheKT MMeeT MeCTO NpU  UCNOMb30BaHWU  NPOgUIs
NTM-73-02 B Tenexkax HOBOro nokoneHus mogenu 18-7020 (C 0CeBOiA Harpy3Koii
23,57C): MO MNPOrHO3HbIM OLEHKaM, WHTEHCUBHOCTb W3HOCA rpebHeil Konec
yMeHbLUaeTca 60ee YeM B 5 pas3, UTO MO3BOMAET YAOBETBOPUTL TpeboBaHNAM MO
N3HOCY KOMec, Npefbas/ifemMbiM K NepCcreKTUBHbLIM rpy30BbiM BaroHam. TexHuye-
CKUM COBETOM YKp3a/IM3HbILM B KOHLE 2015 roga 6b1/10 MPUHATO peLleHune O BBe-
AeHun npoduna konec TM-73-02 B KOHCTPYKTOPCKYHO [JOKYMEHTaLUM0 Ha Te-
NEXKY HOBOro nokoseHms mogenun 18-7020 n NpoBeAeHnn UCMbITaHWUIA BaroHOB C
TaKMMW Kofecamu.

B HacTosLee Bpems B YKpavHe B KauecTBe 6a30BblX TENIEXEK MepCrnekTuB-
HbIX TFPY30BbIX BaroHOB, KPOMe BbILLEYNOMAHYTLIX Tenexek mogenu 18-7020,
MPUHATLI HOBblE TPEX3EMEHTHbIE TenexKkn 18-9817 ¢ yBenunyeHHoM Ao 25 TC Ha-
rPY3KOW Ha 0Cb. X KOHCTPYKLMSA MMEET P OTANUUTENbHBIX 0CO6eHHOCTel [34]:
GOKOBbIE CKO/b3YHbl MOCTOAHHOINO KOHTaKTa C MPY>XUHHbIMW YIPYrumMu 3/1eMeH-
Tamu (Tvna Preload Plus), xapakTepuCTUKM KOTOPbIX MOTYT MoA6upaTbcs B 3aBu-
CMMOCTK OT TWNa BaroHa; ynpyrve agantepbl B 6YKCOBbIX y3/1aX; PPUKLUOHHLIN
K/IMH C Pa3HECEeHHbIMN HaK/IOHHbLIMW KOHTAKTHbLIMW MOBEPXHOCTAMWU U ap. B BbI-
60pe MHEPLMOHHbIX W YMPYIrUX XapakTepucTuk atnx Tenexek UTM HAHY u
'KAY npvHMMan akTmBHOe yyacTue. Kak nokasaiv pesyfbTarbl pacyeToB, WUC-
nonb3oBaHue npouna MTM-73-02 ans 06TOUKM KOMEC AaHHbIX TENIEXEK NPMBO-
OWT K 3HAYUTENIbHOMY POCTY (MO CPaBHEHUIO C KOMMIEKCHO MOAEPHU3MPOBaHHOM
Tenexxkori mogenn 18-100 n Tenexkoit mogenn 18-7020) m3Hoca rpebHeli Konec,
4TO B 3KCMNyaTalMu MOXKET Bbl3BaTb MX Mogpes. [ocKonbKy oceBas Harpyska Ha
penbebl y Tenexxek 18-9817 Bbille BCEro Ha 7 %, Takoe yXyALleHWe YCNOBUIA KOH-
TaKTa KOJiec 1 pPenbCoB 0OBACHAETCA B OCHOBHOM M3MEHEHNEM KOHCTPYKLMM 3TUX
Tenexek: BBMAYy 6OMbLUEA CBA3AHHOCTWM GOKOBMH MOCPEACTBOM afanTepoB pama
TENEXKN CTAHOBUTCSH O0/Mee XKECTKOM, YTO MOBbLILAET YCTONYMBOCTb ABVKEHNS
BaroHa, HO B TO XXe BPeMs 3aTPYAHSAET €ro BNUCbIBaHVE B KPUBOJIMHEWHbIE y4yacT-
KW NyTu.

BbINOMHEHbI UCCNefoBaHNSA MO YCOBEPLUEHCTBOBAHWIO MPoOQuns Konec Ans
Tenexkn 18-9817 ¢ uenbto ynyudlleHns ee B3aMOAECTBUS U YCIOBUIA KOHTaKTa C
penbCcoBOI Koneein. [ns atoro Ha 6ase npodung MTM-73-02 6bi10 NOCTPOEHO
cemeincTBo (6onee 20) npodumnein Konec ¢ TONLWMHOW rpebHa 32 Mm. s Kakaoro
BapuaHTa npogmnsa pelanacb NPOCTPaHCTBEHHAA 3ajaya KOHTaKTa KOJleC U pesb-
COB, aHa/IM3UPOBANNCH MapaMeTpbl B3aUMOAENCTBISA, B TOM YMC/e pa3mepbl U pac-
MOMIOXKEHNE KOHTAKTHbIX NATEH, & TakXXe MPOBOAMNCL PAcyeThbl BMUCLIBAHNA MO-
NnyBaroHa ¢ Tenexkamm 18-9817 B KpyroByto Kpueyto manoro paguyca (300 m) ¢
pa3HOli CTeNeHbI0 M3HOCA PENbCOB U €r0 ABVXKEHMS MO NPAMbIM Y4YacTKam NyTu.

Mo pesynbTaTam aHanuM3a ABYX MPOTUBOPEUMBLIX KPUTEPUEB — MUHUMYMa
rpebHeBOro M3HOCa Kolec M MakcrMyma 3arnaca YCTOMUYMBOCTM ABVXKEHUS 3KuMa-
Xa — 6b11 BblbpaH npodunb konec MTM-73-03 [35]. cnonb3oBaHmWe 3T0ro npo-
(h1na Konec 3HaYUTENbHO YNy4LlaeT NPoLecc B3aMMOAeNCcTBUSA TPY30BOr0 BaroHa
C YBE/IMYEHHOV OCEBOI Harpy3koi W NyTW W CYLLECTBEHHO CHWXXAeT rpe6GHEeBON
M3HOC KOsec, 06ecneymBas npy 3TOM BbICOKME AMHAMUYECKME KayeCTBa 3KMMaxa.
[na npvmMepa Ha puc. 9 NOCTPOEHO NMPUBEAEHHOE K MEPUANOHANbHOMY CEYEHUIO
Koneca pacnpejesnieHvie nokasartens uM3Hoca Mo paboyeli NOBEPXHOCTU 0604beB
HaberatoLmx Konec ¢ npodmnamm NTM-73-02 (puc. 9, a)) n MTM-73-03 (puc. 9,
6)) Npy ABVXXEHWM 3KMMNaXKa CO CKOPOCTbIO 60 KM/Y B KPUBOI C HEM3HOLLEHHLIMM
penbcamu.
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npochunb UTM-73-02 npocnL UTM-73-03

Kpyr Kpyr
KaTaH WA KaTaHnA

a) 6)
Puc. 9

Kak nokasanu [onosHuTeNbHble uccnefosaHus, npogpuis NTM-73-03 no
KpUTEpUSAM 13HOCa rpebHei Konec 1 AMHaMUYECKM KavyecTBam aKMMNaxXern fonyc-
TUMO WCMNOJb30BaTb B BaroHax, 060PYAOBaHHbIX MOLEPHU3NPOBAHHBIMU Tenex-
Kamu ¢ 06bI4HOIM 0CEBOI Harpy3Kou Ha penibebl 23,5 TcC.

BbiBOAbI.

1. Ha oCHOBaHWM TOYEYHOro NpefCcTaBNeHWUs B3aMMOLEVCTBMA Napbl «KOse-
CO-penbc» paspaboTaH HeNUHERHbIA M3HOCOCTONKWIA npodunb Konec UTM-73,
NMPUMEHEHWE KOTOPOTO B PY30BbIX BaroHax ¢ KOMMNAEKCHO MOAEPHU3NPOBaHHbIMU
Tenexxkamy mogenu 18-100 no3BoaMAO NOBLICUTb XMU3HEHHBIA LMK KOMECHbIX
nap Mo u3Hocy rpedHeit Konec 6onee Yem B 2 - 2,5 pasa.

2. MpefnoXeH NpUGAMKEHHBI CNOCO6 peLleHns 3agayn B3alMOAENCTBUS
KOneca 1 penbca C onpegeneHneM nosoKeHUa 1 pasmMepoB HEINTUNTUYECKUX KOH-
TaKTHbIX MATEH, B TOM 4YuC/e NpyY KOHNOPMHOM KOHTaKTe, U pacrpefeneHuns no
HUM HOPMaJTbHbIX W KacaTe/lbHbIX CU/ B3aMMOLEACTBUS.

3. C ncnonb3oBaHMeM NpeasioxXeHHOro cnocoba paspaboTaHbl M3HOCOCTOMKME
npotunu konec MTM-73-01 (ans 06TOUKM M3HOLLEHHbIX Konec) n NTM-73-02
(819 06TOYKM HEM3HOLLUEHHBIX KOJEC) C y4eTOM (POpMbl M3HOCA FOMI0BOK PESbCOoB
P65. Mo 3KcnepMMeHTa/lbHbIM AaHHbIM, CPeHSAS MHTEHCUBHOCTbL M3HOCA rpebHei
KOJIeC rpy30BbIX BAarOHOB C KOMMEKCHO MOLEPHU3MPOBaHHbIMY TefieXXKkamu, 060-
pyfoBaHHbIMK Konecammn ¢ npogunem UTM-73-01, B 3,5 - 5 pa3 HUXe, Yem npu
TOM e npo6ere y TUMOBOro BaroHa CO CTaHAAPTHbIM MpodmnneM Kosec. icnonb-
30BaHue Kosnec ¢ npodunem NTM-73-02 npu 06TOUKe HOBbIX KOMEC B BaroHax ¢
KOMIM/IEKCHO MOZLEPHW3NPOBaHHbLIMW TeNeXKKaMn U HOBLIMU TeNieXXkKamMu MOAenu
18-7020 (c 06bI4YHOI OCEBOV HarpysKoi Ha penbcbl 23,5 TC) NO3BOAUT elle 60Mb-
LLe YBENNUNTb XXU3HEHHbIA LMK KONECHBIX Nap.

4. Pa3paboTaH M3HOCOCTOMKMIA Npotunb Konec MTM-73-03 ans nepcnekTus-
HbIX TeneXek Mogenn 18-9817 ¢ MOBbILEHHON [0 25 TC 0CEBOM Harpy3koi. Mc-
Mo/b30BaHVe HOBOIO NPOMWAA KOMeC 3HaYUTeNbHO YNy4llaeT NpoLecc B3avMo-
[EeNCTBUA rPY30BOr0 BaroHa C YKasaHHbIMU TeNeXKaMy U CyLLeCTBEHHO CHUKAeT
M3HOC rpebHei Konec, obecneyrBas NpU 3TOM BbICOKME AVHAMUYECKME KayecTsa
akunaxa. MpumeHeHne npoguns konec MTM-73-03 no Kputepmsim n3Hoca rpeod-
Hei KONec 1 AMHaMUYECKMM KayecTBam aKunaxel 4ONYCTUMO TakxKe 1 B BaroHax,
060py0BaHHbIX MOLEPHMU3NPOBAHHLIMU TeNeXKamu ¢ 0ObIYHON OCEBOW Harpys-
KO Ha penbebl 23,5 TC.
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