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Pesiome

HaGimomaeMsIit pocT KCTiopTa yriis B a3uarckue crpansl (Amonust, Kurait u MHaus) motpe6GoBai He TOIBKO YBEIMYESHUS TOObI-
g yris o Kyz6acckomy pernony mo 16 MiH T B TozI, HO M o0ecniedeHHs ero BeIBO3a 1o HanpasieHuro Kysbacc — Boctok, xoTo-
poe XapakTepusyercs OOJBIINM KOJIMYECTBOM KPHBBIX MaJlOro M CpeqHero paauyca. [109ToMy OBLT U3y4eH MEXaHH3M B3anMO-
JIEWCTBUS JIEMEHTOB IPY30BOr0 BaroHa B Ipoliecce NMPOXOXKICHHS BaroHa B KPUBOI MaJioro paamyca. YCTaHOBJICHO, YTO IPH
JIBI)KCHUM TEJIEKKH I'Py30BOTO BaroHa B KPHBOM Majoro pajiyca BOSHHKaeT HEOOXOAMMOCTh B €ro IIOBOPOTE C LIENbI0 OTCIIe-
JKMBAaHHS M3MEHSIOIIETOoCs IIaHa PenbcoBOro myTH. OnHaKo CBOOOJHOMY NEPEMEIICHHIO TENSKKH TPy30BOr0 BaroHa MpersT-
CTBYCT CHJIa TPEHHs, BO3HUKAIOIIAS B Y3JIe «IISTHHUK — MOJMATHHUKY. [0Ka3aHO, 4TO MPU HOPMHUPYEMBIX MapaMerpax 0O0TOYKH
obona Kojeca U MHTCHCHBHOCTH M3HOCA IpeOHEl KoJieC MHHOBAILMOHHBIX BarOHOB, SKCIUTyaTallHOHHBIN MPOOEr Kojieca MOXKET
nJocturaTh He Gomee 650 THIC. KM C HOCIEIYIOIMM JIEMOHTaXeM Kojleca ¢ KOJISCHOH mapsl U ero yrwimsarmu. OJHako B 9TOM
Cllydae BO3HHKAeT HEOOXOAMMOCTh IEMOHTHPOBATh M KaCCETHBIH NOAIINITHUK, KOTOPHIH MMeeT 3HAYNTEIbHBIH 3a1ac 110 SKCILTY-
aTaroHHOMY Ipobery (6onee 35 %). Ha ocHOBaHMHU HCCIieIOBaHMI OBIIO YCTAHOBIICHO, YTO JUIsl 0OECIICUSHNUS] PABHOTO IKCILTY-
aTaI[IOHHOT'O CPOKa CIIy>KOBI KoJieca ¥ KaCCETHOro MOANIMIHAKA HEOOXOAUMO CHIKATh KOI(G(GHIIMEHT TPEHHUS B y37I1aX IIITHUK
— MOJMSATHUK» Tpy30Boro BaroHa (1o f = 0,05). C 3T0ii 1enbio ObUT0 TPEATIOKEHO UCIIONB30BATH B Y3lIaX TPCHHS KIIATHHK — MO/
ISTHAK» CaMOCMa3bIBa€Mble KOMIO3HIIMOHHBIC MaTepHalIbl, BKIIOYAIOIME MHOTOCTCHHBIE YITIEPOIHbIE HAHOTPYOKH, oOecreyn-
BaroIIye MHOTOKpaTHOE (10 § pa3) cHikeHue Kodd¢uierTa TpeHus. 1o OyAeT criocoOCTBOBATH BRIPABHUBAHUIO SKCILTYaTallHOHHO-
ro mpobera Kojeca M KacceTHOro OyKcoBoro ysna. IIpeaoskeHHbIe TEXHUYECKUE PEeLICHHS TO3BOJISIOT 3HAYUTEIFHO YMEHBUIUTh
YHCII0 00TOYEK KOJIECHBIX T1ap U UCKIFOYUTH MOBTOPHOE UCIIOJIb30BAHHUE KACCETHBIX ITO/IIINITHUKOB.
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Abstract

The observed growth in coal exports to Asian countries (Japan, China and India) required not only to increase coal production in
the Kuzbass region up to 16 million tons per year, but also to ensure its export in the Kuzbass — East direction, which is charac-
terized by a large number of curves of small and medium radius. Therefore, the mechanism of interaction between the elements
of a freight wagon was studied in the process of the wagon passing through a small radius curve. It has been established that
when a freight wagon bogie moves in a small radius curve, it becomes necessary to turn it in order to trace the changing track
plan. However, the free movement of the freight wagon bogie is hindered by the friction force that occurs in the node (center
plate — thrust bearing). It is shown that with the normalized parameters of turning the wheel rim and the intensity of wear of the
wheel flanges of innovative wagons, the operational mileage of the wheel can reach no more than 650 thousand km, with the
subsequent dismantling of the wheel from the wheelset and its disposal. However, in this case, it becomes necessary to dismantle
the cassette bearing, which has a significant reserve in terms of operating mileage (more than 35 %). Based on the research, it
was found that in order to ensure an equal operational life of the wheel and the cassette bearing, it is necessary to reduce the fric-
tion coefficient in the node “center plate - thrust bearing” of the freight wagon (up to f = = 0,05). For this purpose, it was pro-
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posed to use self-lubricating composite materials in friction units (center plate - thrust bearing), including multi-walled carbon
nanotubes, which provide a multiple (up to 8 times) reduction in the friction coefficient, thereby ensuring alignment of the oper-
ating mileage of the wheel and the cassette axlebox assembly. The proposed technical solutions can significantly reduce the
number of wheel set grinding and eliminate the reuse of cassette bearings.

Keywords
freight wagon, wheelset, assembly «center plate — thrust bearing», coefficient of friction, cassette bearing, carbon nanotubes, axle
box assembly
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Beeaenue

YuutbiBasi MHTEHCUBHOE DPAa3BUTHE MOIIHO-
CTell Ha MoJIXo/ax K mopraM XabapoBCKOTO Kpas, a
TaKXKe aKTUBHOE OOHOBIIEHHE >KEJIE3HOIOPOKHON
OTpaciii MHHOBAIIMOHHBIMHU T'PY30BBIMU BaroHamw,
OCHAIIIEHHBIMH KACCETHBIMH TOAIIHITHUKAMH, T0-
SBUJIACh BO3MOXKHOCTh B 3HAYHTEIFHOW CTENEeHH
YBENUYUTH 00bEMBI OTHpaBKu yrisa u3 Kys0acca Ha
cr. «Haxonka — Bocrtounas» JlanmbHEBOCTOUHOU
kene3noi goporu [1]. CoepxuBaromuM (HakTopoM
peanm3anyy 3TOro IpoIiecca SIBISETCS HEecoraco-
BaHHOCTH JKCIUTyaTallMOHHBIX PECypCOB Kojieca H
KaCCETHBIX TOIIIUIHUKOB [2—4]. DT0 00BsACHITCS
TEM, YTO TP BBIPAOOTKE SKCILTyaTaI[IOHHOTO pe-
cypca KoJjieca TPOM3BOIAT JIEMOHTAX W yTHIIN3a-
1o orpabotaHHOro Kouieca. [Ipu 3ToM BO3HHKAIOT
MpoOJeMbl C NAIBHEHIITNM HCIIOB30BaHUEM Kac-
CETHBIX ITOAITUITHUKOB, ¥ KOTOPBIX JKCIUTyaTaIld-
OHHBII pecypc BeipaboTaH He Oosee yem Ha 35 %.
[ToaToMy y BrafenbleB BaroHOB MOSIBISICTCS JKella-
HHUE TIOBTOPHOTO WX WCIOJL30BAHUS B PaMKax <«JIa-
BaJIbUECKON CXEMBI», KOTOpas BO MHOTHX CIydasx
SIBIIICTCSL IPUYMHOM CX0J1a TPY30BOTO MOIABHXKHOTO
cocTaga [5].

B mpenmaraemoii paboTe mpoaHaTH3HPOBA-
HBI OCOOCHHOCTH BIIHSIHUS TIJIaHA KEJIE3HOU JO0pO-
TH, pacnolokeHHOH Mexnay Kysbaccom wu
ct. «Haxonka — Boctounas», Ha WHTEHCHBHOCTH
M3HOCa IrpebHs KoJieca rpy30BOr0 BaroHa.

JlJis OLleHKN MHTEHCUBHOCTHU U3HOCA TPeOHS
KoJieca Tpy30BOr0 BaroHa ObLT c(hOpMHPOBaH IO-
€311, KOTOPBIM COCTOSUT U3 MOTYBaroHOB CTaHIAPT-
HBIX M WHHOBAIIMOHHBIX Mojuener (puc.l). dnuna
AKCMIEPUMEHTAILHOTO yJacTka COCTaBJIsIa
5333 kM. McxomHoe 3HaUeHHE TEOMETPHH Tped-
Hel KoJlec oOecTieunBaliv Py MPOBEACHUH JETIOB-
CKOTO PEMOHTa, KOTOPOE COCTaBIISIO B CPEIHEM

30-33 MM, a mepeBO MX B HEUCIPABHOE COCTOS-
HUE MPOBOIWIICSA MPU JOCTHIKCHUN CPEIHEro 3Ha-
geHus — 27,5 mm. OIIeHKYy WHTEHCHBHOCTH H3HOCA
rpe0Hel KoJiec MPOU3BOMMIN KOMILIekcamMu Kom-
CTPYKTOPCKO-TEXHOJOTMYECKOTO HHCTUTYTa HAyY-
Horo mpubopoctpoenus (KTHU HIT) CO PAH.
ﬂaHHBIe, 110 KOTOPBIM OLICHMUBAJIACh CTCIICHDb U3HO-
ca rpeOHs KoJieca, IpuBeeHbI B Tab. 1 [6].

Tadauna 1. 3HadyeHuns okazaTesci CTeIeHH
N3HOCa KOneCcHOM napsl
Table 1. Values of indicators of the degree of wear
of the wheel set

Bennuuna
Value

ITokazaTens
Indicator

Cpennsist TonmuHa TpedHs Koyieca MpU
BbIXOA€ U3 ACTIOBCKOI'0 pEMOHTA, MM
The average thickness of the wheel
flange after the depot repair, mm

31,5

CpenHsis TonmuHA TPeOHS KoJieca MpU
NEepeBOJIC B HCUCIIPABHOC COCTOAHUC,
MM

The average thickness of the wheel
flange when transferred to a faulty
state, mm

27,5

ITpoGer B rpy>K€HHOM COCTOSIHUH, KM

Mileage laden, km 5333

N3Hoc rpebus Ha 10 ThIC. KM, MM

Flange wear per 10 thousand km, mm 0,75

Omnpenenenue cTereHd M3HOca TpeOHS Ko-
Jeca IPOU3BOIUIIOCH 10 HOpMyJIe:

Koy = — 21410000 xoe =
" PaccrosHue
0,4
= —=_ %10 000 kM = 0,75 M.
5333

4 3 MMpEACTAaBJICHHBIX JSKCIECPUMEHTAIIBHBIX
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JaHHBIX [6, 7] caemyeT, YTO JJIsl MHHOBAL{MOHHBIX
BaroHOB HW3HOC TpeOHS mocie mpoxoxaeHus 10
TBIC. KM cocTaBiseT 0,75 MM.

[Ipu cpaBHeHHMH CTOJIb 3HAYUTENBHOU pa3-
HUIIBI U3HOCA TpeOHEH Koyec Uil CTaHJapTHBIX U

WHHOBAIIMOHHBIX BarOHOB, OBUIO YCTAHOBJIEHO, YTO
U3HOC TpeOHEeH KOoJec CTaHAApTHBIX BAarOHOB B
1,55 pa3 Gonplie 4eM y MHHOBallMOHHBIX. [Ipu OT-
HOLICHUSX KOA(QPULNEHTOB TPEHUS IPUPOCT CHIIBI
P8 cocrasur 0,15/0,12 = 1,25. [7-10].

0
Puc. 1. OOl BUI y3JI0B «IATHUK — HOMISATHHKY I CTAHAAPTHBIX (a) U HHHOBAIIMOHHBIX BArOHOB (6)
Fig. 1. General view of the nodes «center plate — thrust bearingy» for standard (a) and innovative wagons (b)
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Ha ocHoBaHMM 3TOro OBUIO BBICKAa3aHO
HPENOJI0KEHHE O CYLICCTBCHHOM BIMSHHM Ha
CTeNeHb U3HOCa TPpeOHs Kosieca cuitbl TpeHust (frp),
BO3HHUKAOUICH B Y3/ «IATHHK — MHOIIMSATHUK,
HPHUBOJSILICH K BOSHUKHOBEHHIO MOMEHTA TPEHHUS
(M) npu ABHWXXEHWHM BaroHa, IMPEMATCTBYIOLIETO
CBOOOZHOMY IEPEMEIICHUIO TEJIKKH I'PY30BOIO
BaroHa JUIs OTCJIC)KMBAHUS M3MEHEHUs IUIaHa jKe-
JI€3HOIOPOKHOTO Ty TH. [ToaTOMY OBLTH IPOAHAIH-

3UPOBaHbBl OCOOCHHOCTH TIOBEACHHS HIIEMEHTOB
IPY30BOTO BaroHa B ITPOIIECCE €T0 MPOXOKACHHS B
KpHuBOi Masioro paauyca. C 3Toil 11enbio Ha puc. 2,
a TIpUBEIEHAa CXEMa paclpelesieHUsT CUIIOBBIX
Harpy3okK OT Ky30Ba BaroHa, a Ha puc 2, 6 — cxema
B3aMMOJICHCTBHS CIJI, BO3HUKAIOIINX B 3JIEMEHTaX

TpYy30BOr0 BaroHa B MPOIIECCE €ro MPOXOKICHHUS B
KpUBOW Majoro paauyca.

Puc. 2. Cxema pacnpeaciiCcHud CUIIOBBIX HArpy30K OT Ky30Ba BAIr'OHA:
a—P1, P5 u P6 — obmas Harpy3ka OT Ky30Ba BaroHa 1 ¢ pacrpeie]IicHIe MEX/Iy JICBOU 1 MPaBOH TEIeKKaMH,
M — MOMEHT TpeHWUs, BO3HUKAIOIINH MPH JBIKEHUH BaroHa; 6 — B3aWMOJICHCTBHE CHJI, BOSHUKAIOIINX B DJIEMEHTAX
IPy30BOr0 BaroHa B IPOIIECCE €r0 NPOXOXKACHUS B KPUBOM MaJIOTo paguyca
(P7 — enrpoberxHas cina, P8 — criia HOpMabHOTO ABJICHUS TPYKEHHOTO TPY30BOTO BaroHa)
Fig. 2. Scheme of power loads distribution from the wagon body:
a—P1, P5 and P6 — the total load of the wagon body, and its distribution between the left and right bogies,
M — the friction moment that occurs when the wagon moves; b — interaction of forces arising in the elements of a

freight wagon in the process of its passage in a curve of small radius

(P7 — centrifugal force, P8 — normal pressure force of a loaded freight wagon)
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BumHo, uTo B mporiecce IBUKECHUS TEIEKKH
TPy30BOTO BaroHa B KPWBOW MAaJIOTO pajinyca BO3-
HUKAaeT HEOOXOIUMOCTh B €€ MOBOPOTE C LENbI0
OTCIIe)KMBaHUSI M3MEHSFOIIErocs IIaHa PelbCOBO-
ro nyTH. IlockonbKy Ky30B Ipy30BOTO BaroHa 3a-
KpEIUICH Ha TEJIeKKE TTOCPEIACTBOM y3JIa «IISTHUKA
— TOJMNSATHHUKA», a TMOCICIHUN MOAMIATHUK PaCIIo-
JaraeTcs Ha HAJPECCOPHOHN Oalike, BXOHALICH B
COCTaB TPY30BOH TENeKKH (CM. puc. 2, a). OxHako
CBOOOJIHOMY TIEPEMEIICHUIO0 TEIICKKU B KpPUBOH
MaJIOr0 pajiuyca MPEmsITCTBYeT cuia TPeHUS Fup,
BO3HUKAIOMIAs B y3JIe «IIATHUK — MOIISATHHUK», U
MOMEHT TpeHUsI M, BOZHUKAIOUIUN NIPU ABUKEHUU
Barona. (cM. puc. 2, 6).

Jlanee ObutH ompeneNieHbl 3HAYSHUS cui P7
u P8, mpuxomsAmmxcs Ha KakKIyH 3arpyKeHHYHO
TEJNEeKKY WHHOBAI[MOHHBIX BarOHOB M BBI3BIBAIO-
mue u3Hoc rpebusa 0,75 mm Ha mpoTsbkeHuu 10
TBIC. KM (cM. Tabi. 1). IIpu 3TOM mokazaHo, 9TO C
Y4€TOM HOPMUPYEMBIX MapaMETPOB MPOBOIUMON
0o0ToukH 000/1a KOJieca U MHTEHCHUBHOCTH HM3HOCA
rpeOHel KoJiec PKCILIYyaTallnOHHBIA Mpoder Koeca
MOXXeT HOCTHUTaTth 650 THIC. KM C TOCIEAYIOINM
JIEMOHTa)KEM KOJieca ¢ KOJECHOU Maphl U €ro yTu-
nuzaruu [11, 12].

OpHako clielyeT UMETh BBUY, YTO IIPH Je-
MOHTaX€ KOJICCHOW Mapbl BO3HUKAET HEOOXOJIH-
MOCTb JIEMOHTHPOBAaTh HE TOJBKO KOJECO, HO U
KacCeTHBIN TOIIUITHUK, KOTOPHI HMeeT 3Hadu-
TETBHBIA 3aIac M0 AKCINTyaTallHOHHOMY IMpobery
(6onee 35 %). HecooTBeTcTBHE 3HAYCHMIA IKCILTY-
aTalMoOHHOI0 Mpo0era KacceTHO-0yKCOBOTO y3Iia U
Kojieca TPUBOJMUT K TaKOW MpoOieme, Kak aiib-
HeHIIee UCIOIb30BaHNe JEMOHTHPYEMOTO KacCeT-
HOro OykcoBoro y3ma. COOTBETCTBHE T€OMETpHYC-
CKHX W TIOBEPXHOCTHBIX NapaMeTpOB JIEMOHTHPO-
BaHHBIX JJIEMEHTOB KaCCETHBIX TIOJIIUITHUKOB
(BKIJIFOYAST POJIMKU) MOKET MPOBOJIUTHCS C UCIIOIb-
30BaHHEM MAIIHHHOTO MeToza (pobompona) [5].

OmHako TMPH 3TOM OTCYTCTBYIOT JOCTOBEP-
HbIC CBEJCHHUS O CTENEHU pa3BUTHUS Je(PEKTOB
YCTaJIOCTHOTO TPOUCXOXKAeHHs. V3BeCTHO, 4TO
MPH  yCTAJIOCTHOM TPOWCXOXIACHUN JehEKTOB
M3MEHSETCS KPUCTAJUTMYECKas CTPYKTypa H3Je-
JUH, U3TOTOBJCHHBIX W3 MeTaiuia. [losBistorcs
MUKPOTPEIIUHBI U TMPOUCXOJUT CKadYKooOpa3Hoe
HapyIIcHUE paboToCIIOCOOHOCTH 1331 (17074
(HammpuMmep, W3IOMBI OOKOBOH paMbl TEICKKU
TPYy30BOTO BaroHa WJIM W3JIOM IIEWKH OCH KOJeC-
HO mapsl 1 ap.) [12, 13].

JluHaMuKa TakuxX KpyLIEHUH, IPOU3O0LIENIINX
B TEUCHUE MTOCIICIHUX JICT, IPUBE/ICHA B Ta0I. 2.

Tadauua 2. J[uHaMuKa KpyleHun
TPy30BbIX IOE310B
Table 2. Dynamics of freight train derailments

I'on BozHukmux | KonuuecTBo kpylieHHH rpy30BbIX
TIPOMCIIIECTBHI I0e3710B
Year of accident Number of freight train accidents
2012 17
2013 26
2014 38
2015 39
2016 43
2017 58
2018 63

AHanmm3upys TpHBEACHHBIE CBEACHHA O
KPYIICHUSIX TPY30BBIX MMOE3JI0B, MOXKHO CKa3aTh,
YTO OHHM HPOUCXOMIAT MO MPHUYMHE BO3HUKHOBEHHMS
ne(eKTOB yCTAIOCTHOTO TPOUCXOXKICHUS B JeTa-
JSIX, MONYYEHHBIX IO «JIaBATBYECKOW» CXeMe Iie-
penadu neTajieil BaroHOB, OBIBIIMX B ymoTpeOie-
Huu (puc. 3), nosromy Ha cetu OAO «PXKI» mo-
BTOPHOE HCIOJNB30BaHUE DIIEMEHTOB KAaCCETHBIX
MOJIIUITHAKOB 3aMpeneHo.

B cBsI3H ¢ 9THM pallMOHAIBHBIM BBIXOIOM U3
CIIOKMBLICHCS CUTYallH SIBIISETCS BBIPAaBHUBAHHE
IKCIUTyaTallMOHHBIX NPOOETOB KoJieca M KaccerT-
HBIX TOJMIMUITHUKOB MYTEM COBEPUICHCTBOBAHUSI
CHCTEMBI pa0OTBHI Y3714 KISTHUK — ITOIISATHHK.

Ha ocnoBanum 06paboTKu dKCIEpUMEHTAITb-
HBIX JTAHHBIX, TIOJTYYCHHBIX B paboTe [6], mokaszaHo,
YTO JJISl JOCTHOXKEHHS 3KCILTYyaTallMOHHOTO mpoodera
KoJleca TPY30BOTO BaroHa, COIOCTaBUMOTO C JKC-
TUTyaTallMOHHBIM TPOOEroM KacCeTHOTO MMOIIIHII-
HHUKa (Ha ypoBHe 1,5 MiIH KM.), He0OXoaUMO obec-
NeYnTh KOd(O(OHUIMEHT TpPEeHHs B Y3/e «IISTHHK —
HOAISITHUKY Tpy30oBoro Barona f = 0,04, cobmronas
MPU 3TOM HOPMHpPYEMEBIEC ITapaMeTpbl 00TOUKH 000-

Jla KoJeca.
Ha  ocHoBe  wuccnenoBaHusi ~ Hay4yHO-
TEXHHYECKOM  JIUTEpaTypbl  YCTAHOBJEHO, YTO

HanbOonee 3(P(EKTUBHBIM METOJOM CHIKEHHS KO-
s¢duimenta TpeHHUs SBISCTCS WCIOJB30BAaHUE B
y3J1aXx TPEHUS TaK Ha3bIBAEMBIX CAMOCMA3bIBAEMBIX
KOMITO3UIIMOHHBIX MaTepHaJiOB, BKJIIOYAIOLIMX He-
METAJUIMYECKUH MaTepuall ¥ KOMIIO3UIMIO, IOTJIO-
IIAIOIYI0 MEXaHUYECKYIO SHEPTHIO.

Haubonpiuii nHTEpEC MPENCTABISIOT MHO-
TOCJIOMHBIE YIIIepoIHbIe HaHOTPYOKH [11].

Hcnonp3oBaHue MONMMEPHBIX KOMIIO3HIIU-
OHHBIX MaTepHaJIOB ¢ HAHOPAa3MEPHBIMU HAIlOJIHU-
TEJISIMU U3 YTTIEPOIHBIX BOJIOKOH, TpaduTa # T. I.
MO3BOJIAET HOJIYYUTh KOMITO3ULIMOHHBIE
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0

Puc. 3. Kpyrenune rpy30BbIX MO€3I0B BCICIACTBHE H37I0Ma OOKOBOM PaMbl (@) U TOPSIEro M3jIoMa Imeiku ocu (6)
Fig. 3. Crash of freight trains due to a fracture of the side frame (a) and hot fracture of the axle journal (b)

:

v

T

!

&
/

AT

il

o

Puc. 4. OGumii BUI caMOCMa3bIBAEMOM IUIACTHHBL, COEPIKAIEil MHOTOCTEHHBIE YIIIEPOIHbIE HAHOTPYOKH (@) U
XOJI JTyueil B KPYITHO3EPHUCTHIX MaTepuaiax (6)
Fig. 4. General view of a self-lubricating plate containing multi-walled carbon nanotubes (a) and path of rays
in coarse-grained materials (b)

MaTepHuaibl C YIyYINICHHBIMH XapakTePHUCTUKAMU
[12-14]. JoGaBieHne B MNOJIMMEPHYI MAaTpPHILY
MHOTOCIIOWHBIX YTIIEPOAHBIX TPYOOK TOMOXKET
cHU3UTH (0 8 pa3) koddhPuUIHMEeHT TPpEeHUS W TPH-
BecTH K 3HauuTenbHOMY (10 3 000 pa3) CHIKEHUIO
H3HOCa MoJuMepHoro Marepuana [15]. Dto sBie-

HUE OCHOBAaHO Ha AMHAMHUYECKOM Iepexone (no-
2nowenue U paccesnue) B IOPUCTOM Telle, UME0-
IeM HAaHOMETPOBBIE Pa3MeEpPBI TOP.

[Ipy mornomeHnn SHEPrUs YNPYTUX BOJH
npeobpasyercs B IpyrHe BHUJIbI SHEPTHH, B YaCTHO-
CTH B TEIUIOBYIO 3Hepruto. Ilpu 3ToM mpoucxonsar
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MPOIIECCHl MPETOMIICHUS M OTPAXKEHHS B YIPYTUX
cpelax, XapakTepH3YIONIHecss HaHOpPa3MEPHBIMH
reoMeTpuiYeckiuMH napameTrpamu. (puc. 4). Ha mo-
TJIOIICHUE BJIMSACT TEIJIOMPOBOJHOCTE CPENIbl U
BHYTpEHHEE TPEHHE.

PaccestHue mpoucxoauT B pe3yJibTare Impe-
JIOMJICHHMSI M OTPAXKCHHUS BOJIH HA TPAHMIIAX KpPH-
CTaJJIOB WIIM BKJIFOUEHUSX B HEOJHOPOJHBIX MaTe-
puanax, KOTOpble XapaKTepU3ylTCs HaHopa3Mmep-
HBIMU T€OMETPUUCCKUMHU TTapaMeTPaMHu.

B monmkprCcTAIITMYeCKUX TBEPABIX Telax Mpo-
iece paccesiHus MpeodIiaiacT HaJl TIOTIOICHUEM.

Ha ckopocTh pacmpocTpaHeHusi yiIbTpasBy-
KOBBIX BOJIH B MOJIMKPUCTAUTMUECKUX TBEPHABIX Te-
Jax BITUSIET HATPaBIICHUE MAJAIOIICH BOJIHBI K OCSIM
KpHUCTaIIa.

[Tpu nepexone Jiyya U3 OJHOTO 3epHA B JIPY-
roe BO3HHUKAIOT OTPaXCHHE, IMPEIOMIICHHE U
TpaHCchOpMaIHsI BOJTH.

CooTHOIIICHHE MEXIy JUIMHOW BOJIHBI A H
cpenHUM pasmepoM 3epHa D ompenensercs kodg-
(UIIHEHTOM 3aTyXaHH.

3akKaloueHue

3Hauenne kKodhduITMeHTa 3aTyXaHus 0COOCH-
HO BeIUKO, eciiu cpeauuii pasmep (D) 3epHa no ot-
HOIIICHUIO JUTMHBI BOJHBI cocTaBisieT A = (3—4)D.

Taxum oOpa3oM, mokKazaHo, 4To obecriede-
HUE PAaBHOTO DKCILTyaTal[MOHHOTO CPOKa CIYXKOBI
KoJIeca M KacCeTHOro OyKCOBOTO y3J1a MOXHO JIO-
CTHYb 32 CYET CHIDKEHUs KO3 PUIIMEHTa TPSHUS B
y37aX «MSATHUK — MOANSATHHK» I'PY30BOr0 BaroHa
npumepHo 1o koddduimenta tpenus (f = 0,04)
[12, 17, 18].

BripaBHUBaHKE 10 HKCILTyaTallMOHHOMY TIPO-
Oery OTBETCTBEHHBIX 3JIEMEHTOB T'PY30BOTO BaroHa
(BKITIOYAsT KOJIECO TPY30BOTO BaroHa U KacCETHBIN
OYKCOBBIH y3€JT) TIO3BOJIUT B 3HAUYUTEIIHLHOMN CTEIICHH
CHHM3HTh KOJIMYECTBO BBIHYKJICHHBIX 00TOYEK IPy30-
BBIX KOJIEC, UCKITIOUNTh M3 MPAKTUKU TIOBTOPHOE HC-
MOJIb30BAHUST KACCETHBIX TOJIMHHUKOB W, TEM Ca-
MBIM, B 3HAUUTEIFHOH Mepe CHU3UTHh KOJIMYECTBO
KpYILUEHUN IPY30BbIX MOE370B.
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