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IMPOI'HO3UPOBAHUE UBMEHEHUSA ITPO®NJIA KOJIEC
KEJE3HOJOPOXKHOI'O KHUITA’KA BCJIEACTBHUE N3HOCA B ITPOLECCE
IKCINUNIYATAIIUA

Henp paboThl 3aKir04anach B pa3paboTke crocoda MpOrHO3UPOBaHKS H3HOCA M M3MEHEHHS MpOoQHiIeH Ko-
JIEC HKEJIE3HOAOPOIKHBIX IKUMAKEH B MPOLIECCe IKCILUTyaTaluy. [IpUMeHeHbI METOIBl MATEMATHIECKOTO U KOMITh-
FOTEPHOTO MOJIEITUPOBAHHSI, YHCIICHHOTO HHTETPHPOBAHMS, TEOPUHU KOJIEOAHMUH, CTATHCTUIECKON THHAMHUKH.

B craThe npeaiokeH croco0d NPOrHO3MPOBaHMs M3HOCA KOJIEC U W3MEHEHHUs UX mpoduieil ¢ HCnoib30Ba-
HHEM paHee pa3pabOoTaHHOI aBTOpaMU MPOCTPAHCTBEHHOW MATEMATHYECKON MOJETH B3aHMOJICHCTBUS JKEIE3HO-
JIOPOXKHOTO JKHIMAKa U MYTH, TO3BOJISIOIIECH ONPEENATh MONOKEHUE U Pa3Mephl HEALTUITHICCKUX KOHTAKTHBIX
MSITEH, B TOM YHCJIE TPH KOHGOPMHOM KOHTAKTE, W pacIpeIeieHrne M0 HUM HOPMAJIbHBIX M KaCaTENbHBIX CHII
B3aMMOJIEHCTBHS.

AmnpobGamust pa3pab0oTaHHOTO MATEMATHYECKOTO 00ECTICUCHSI BHIIIOIHEHA TP aHAITM3€ TIPOCTPAHCTBEHHBIX
KoyeOaHuil MOTyBaroHa ¢ KOMIUIEKCHO MOJCPHH3UPOBAaHHBIMHU Tenexkamu U npodmiem konec UTM-73. Ocy-
LIECTBISUIOCH TIPOTHO3UPOBAHME U3HOCA KOJIEC A0 TOILIMHBI TpeOHs 31 MM 1 29 MM (ToNMHA TPeOHST HEU3HO-
LIEHHOr0 KoJieca cocrasisiet 32 Mm). [IpoBeneHo comnocrapienue npopuiieil H3HOLIEHHBIX KOJIEC, OTyYEHHbIX B
pe3yJIbTaTe TEOPETUUECKOTO MPOTHO3MPOBAHUS M M3MEPEHHBIX MPU OCMOTpPE IKCILUTyaTHPyEeMbIX BaroHoB. [Tomy-
YEHO JOCTATOYHO XOPOLIEe COBMAACHUE PACYCTHBIX M OKCIIEPUMEHTAIBHBIX IPOQHIICH.

CrenaH BBIBOJ O TOM, YTO MPEJIOKEHHBII CIIOCO0 TMO3BOJISET Ha ITAIe MPOCKTUPOBAHUS SANHHIL MTOABHK-
HOTO COCTaBa M pa3pabOTKH HOBBIX MPOGdIIeii KOJeC MPOU3BOANTH IPOTHO3UPOBAHUE H3HOCA KOJIEC U H3MEHEHHUS
uX npouiiei B MPOIECcce 3KCIUTyaTaI|H.

Merta poboTu nonsAraiga B po3poOii cnocody MporHO3yBaHHS 3HOCY 1 3MiHU MPOQiNiB KOJiC 3ai3HHYHUX
eKiMmaxiB y mporeci eKCIuTyaTarii. 3acTOCOBaHi METOAN MAaTEMAaTHYHOTO i KOMITIOTEPHOTO MOJETIOBAHHS, YHCIIO-
BOT'O IHTErpyBaHHsI, TEOPii KOJIMBaHb, CTATUCTHYHOI ANHAMIKH.

V cratTi 3anponoHOBAHO CIOCIO MPOrHO3YBaHHS 3HOCY KOJIC 1 3MiHH iX TPOMITIB i3 BUKOPUCTAHHAM paHi-
e po3poOJieHOl aBTOpaMH IPOCTOPOBOI MaTEMAaTHYHOI MOJENI B3a€EMOJIl 3alli3HMYHOTO eKimaxka i Kouii, ska
JTO3BOJISIE BU3HAYATH MOJIOXKCHHS 1 PO3MIPH HECNMINTHYHUX KOHTAKTHUX IULIM, Y TOMY YHCIi IPH KOHQOPMHOMY
KOHTAKTi, Ta PO3IIO/iJ] 10 HUX HOPMAaIbHUX 1 JOTHYHUX CHJI B3aEMOJII.

Amnpobanifo po3po6JIeHOro MaTeMAaTHYHOTO 3a0e3eUeHHs] BUKOHAHO MPH aHali3i MPOCTOPOBHX KOJIHUBAHBb
I1iBBaroHa 3 KOMILUIEKCHO MOJEPHI30BaHMMH Bi3kaMu 1 podinem xomic UTM-73. 3nificHIOBaIOCS IPOrHO3yBaHHS
3HOCY KoJtic 10 ToBuuHE rpeders 31 M i 29 MM (ToBIIMHA rpeOGeHs HE3HOMIEHOro Koeca ckiaaae 32 mm). [lpo-
BEJICHO 3iCTaBJICHHS NPOQITiB 3HONIEHUX KOJIiC, OTPMMAaHUX B Pe3y/IbTaTi TEOPETHIHOTO IPOTHO3YBAHHS 1 BUMI-
PSIHUX TP OIJIAZl BAaroHiB, IO €KCILTyaTyloThesi. OTpHMaHe AOCHTH H00pe CIiBIAJaHHS PO3PAXyHKOBHX i €KC-
NIepUMEHTAIBHUX MPOQiIIiB.

3po0ieH0 BHCHOBOK IPO T€, IO 3alPOIOHOBAHMI CIOCIO J03BOJISE HA €Tarl MPOEKTYBaHHS OAUHHULD PY-
XOMOTO CKJIay i po3poOKM HOBHX MPOQiiB KOJiC BUKOHYBAaTH MPOTHO3YBAHHS 3HOCY KOJIC 1 3MiHH 1X podiis B
MpoIIeCi eKCIUTyaTariii.

The investigation objective was to develop the technique for predicting railway vehicle wheels wear and
changes in their profiles in operation. Methods of mathematical and computer simulation, numerical integration,
oscillation theory, statistic dynamics are employed.

The paper discusses the technique for predicting wheels wear and changes in their profiles based on the ear-
ly developed 3D mathematical model of interactions between the railway vehicle and the track resulting in the
determination of the position and sizes of non-elliptic contact spots, including the conform contact, and distribu-
tion of normal and tangential forces of interaction using these spots.

The developed mathematical software is employed in the analysis of 3D oscillation of the open wagon with
comprehensively retrofitted trucks and the ITM-73 wheel profile. Prediction of wheel wear with the flange of the
thickness of 31mm and 29 mm (the flange thickness of an unworn wheel is 32 mm) is made. Comparison between
predicted and measured profiles of worn wheels is carried out. Predicted and measured profiles agree closely.

We can make the inference that the technique proposed allows prediction of wheels wear and changes in
their profiles in operation at the stage of the design of the rolling stock vehicles and the development of new
wheels profiles.

Knrouegvle cnosa: s#cene3Ho00pOoINCHbIN IKUNANC, NPOSHOUPOBAHUE USMEHEe-
HUsl npoghunell Koaec, KOWMAaKm Koieca u penvcd.

Pemenne npoGiieM OOHOBJICHUS CYIISCTBYIONIEIO U CO3IaHHUs TPY30BOI0 I10-
JBH)XHOI'O COCTaBa HOBOI'O ITOKOJICHUSA O6YCJIOBI/IHO HeO6XOZII/IMOCTB IIPOBEACHUA
TIyOOKUX TEOPETUIECKUX HCCienoBaHuil. OIHUM W3 BaXHBIX KPUTEPHEB OICHKU
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CYIIECTBYIONIUX MM HOBBIX KOHCTPYKIMH TeNeKeK SBISAETCS U3HOC KOJIEC U Pellb-
coB. Ilpu pacuerax M3HOCA Mapbl «KOJECO—PEIHC», KaK MPABUIIO, TPUMEHIIOTCS
METOJIbI, TIO3BOJISIONINE OMPENENATh TOIBKO KOI((UIIMEHT W3HOCA, KOTOPHIA He
CONEPXKUT MAaHHBIX 00 00beMe (aKTHUECKHX ITOTeph Marephaia W H3MEHEHUH
TEOMETPHUH Kojec W pelbcoB. Ho m3aMeHeHne mpoduiieii pabounx MmoBEepXHOCTEH
KOHTaKTHOW IMapbhl MOXET CYIIECTBEHHO BIHMATH HA YCTOWYMBOCTH IBWKCHHUS U
JUHAMHAYecKrne KadecTBa BaroHa. lloaToMy Ha sTame pa3paboTKH HOBBIX KOH-
CTPYKIIMH TeNexXeK, a Takke Mpoduiei Kojec u pelTbCOB HEMaJIOBaAKHOE 3HAYCHHE
UMEEeT TPOTHO3WPOBAaHWE W3MEHEHUS (POPMBI MOBEPXHOCTEH KOHTAKTHPYIOIINX
TeJ B MPOIIECCe MX IKCIUTyaTally ¥ YYeT BIUSHUS 3TOTO M3MEHEHUS Ha YCTOWYH-
BOCTH JBM)KCHHS U TMHAMUYECKIE [TOKA3aTEeIN BarOHOB.

i mpoBeieHusT TaKUX MCCIIE0BaHNH TpeOyeTcsi COOTBETCTBYIOIIEe MaTeMa-
THYeCKoe oOecmnieuenne. B pabore [1] mpemcraBieHa MpoCTpaHCTBEHHAs MaTeMa-
TUYECKasi MOJIENb B3aMMOJIEHCTBHS JKEIE3HOJOPOKHOTO IKHITAXKa U MYTH, TO3BO-
JSIOIIAs OTPEAETATh pa3Mephbl U MOJOKEHUE HEIUIMNTUISCKUX KOHTAKTHBIX IIf-
T€H, B TOM YHCIIe TIPU KOHPOPMHOM KOHTAKTe, paclpe/esieHrue M0 HIM HOpMallb-
HBIX M KacaTeIbHBIX CHJI B3aUMOJICHCTBUS, a TAKXKe TIOTEPU MaTepraia Ipyu U3HOCe
¥ COOTBETCTBYIOIIME WM3MeHeHUs ¢GopMmbl mpoduieit koiec. Kaxmgoe msITHO KOH-
TaKkTa JENUTCS Ha MaJble 3JEMEHTHI, B KOTOPHIX KOHTAKT PacCMaTpPUBAETCA Kak
OTHOTOYEYHBIH, a KacaTeNbHBIE CHIIBI CUMTAIOTCS cuiaMu Kpuna. [lokaszarenu
KpUIIa €, OIPENENAI0TCA C yU4eTOM JBYX NapaMeTpPOB: YIja HAaKIOHA K TOPU30HTY

KacaTelIbHOH B LEHTPE PaccMaTpUBAEMOrO JJIEMEHTA IIATHA HAa KOJIECEe O, U yria

HaberaHus KOJIECHOM Iaphbl HA PEIbC Yy -

g = (€2 +g§k)%, (k=1,...,n) (1)

A€ &), gk — NOKA3ATENM KpHna B K-OM dIeMEeHTe B HANPABICHUSX YIJIOB Yyys

oy ; N — KOJIM4YECTBO DJICMCHTOB pa36HeHI/IH IIsITHA.

COCTaBJ’ISIIOI]_II/Ie QJICMCHTAPHBIX CHUJI KpHUIIda ONIPCACIIAOTCS CICAYHOIINM 06pa—
30M

e K €
Tk=—"-T¢, T = “K T (2
€k €k

rae Tk — sneMeHTapHast ciiia Kpuma B K-oM aeMenTe.
Jlnst BeramciieHus Tk UCIOJIb3yeTCs MOJIEIb, IPUBE/ICHHAs B padoTe [2]:

1

Feee )" .| ™
Tk ——Fkﬁk kgk +1 y

HN
Fk =350mﬂNkrk, (3)
m =3,5,

rac Nk—HOpMaJ'H:Haﬂ culia, ,Z[CflCTByTOHIaH B ILCHTPC k-ro 9JIEMCHTaA; L —

K09 GHULUECHT TPEHHS; 'k — MTHOBEHHBIH pajilyc Kojeca B IeHTpe K-ro sJeMeHTa.
CymmapHas po/oJibHas U MOIEpEeYHasi COCTaBIISIIOIINE PACIIPENCICHHON CH-
JIBI KpUIIa paBHBI CyMME COOTBETCTBYIOIIMX 3JIEMEHTAPHBIX CHII
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n n
T =D Tk COSWws, Ty =D Tocsinay. (4)
k=1 k=1

CooTBeTCTByOIKE HOPMATbHBIE AaBieHus Nk paBHBI
N, =S¢ secay, (5)

rac SE — DJICMCHTapHas BEPTHUKAJIbHas CUJia B38.HMO,Z[GIZCTBPIH, KOTOpasi BEIYUCITIA-

€TCA MYTEM pacClpcACICHUA MMOJIHOM BepTHKaﬂLHOﬁ CHJIBI B3aHMOHCﬁCTBHH SZ

MEKIy JJIEMCHTaMHU ISATHA KOHTAKTa MPOMOPLUOHAIBHO 3HAYCHHSM (YHKIINH,
OMpe/ICNIAIONICH BHEIPEHHE KOJIeca B PEJIbC B KaXKIOM JIEMEHTE.

Hmxe npearaercst Ciocod NporHO3MPOBaHUs H3HOCA KOJIEC U U3MEHEHUS UX
npoduieil ¢ UCMOIb30BaHUEM pa3pabOTaHHOW MaTeMaTHYECKOW MOJICIH, OCHO-
BaHHBI Ha YHUCIICHHOM HMHTETPHUPOBAHMU CHCTEMbI TU(P(EpPECHIHATBHBIX YpaBHE-
HUIA IPOCTPAHCTBEHHBIX KOJICOAHUI JKEIC3HOTOPOKHOTO IKUIAXKA MIPU JIBHIKCHUH
o NIyTH MHOPOH3BOJIBHOIO OYCpPTaHHA B ILJIAaHEC CO CJ]y‘-IafIHbIMH HEPOBHOCTAMMU.
CTpykTypa anropurMa pelieHus Takoi 3a1a4u mokasana Ha puc. 1.

[Mpodmim moBepxXHOCTEil KaTaHUSI KOJEC M TOJIOBOK PEIIbCOB OMHCBHIBAIOTCS
bynknusamu nonepeunoro cMemenus y: fyy, (y) u fg(y) coorBercTBeHHO.

[Ipu pacuerax m3HOCa KoJieca UCOib3yeTcs 3akoH LllmexTa [3], mo KoTopoMy
CYIIECTBYET JIMHEHHAs 3aBUCHUMOCTb MEXAy YIEIbHBIM H3HOCOM M, (Maccoil

CHMMAeMOro Marepuaia) 1 paboToil KacaTeIbHON CUIIbI B3auMOAEHCTBUS Ay , OT-
HECEHHOH K IUTOIAay KOHTAKTa:

m, = p, Ax. ®)

YuuTBIBaIOTCS JBa BUJA U3HOCA. YMEPECHHBIA W MHTEHCHBHBIA. Koadduuument

NPONOPLMOHABHOCTH P, B Gopmyiie (6) paBeH 7,810 /]I 151 30HBI HHTCH-

cuBHOrO m3Hoca u 7,8-107 Mmr/JI>k JJis 30HBI yMepeHHOro u3Hoca. Ilepexon ot
YMEPEHHOTO M3HOCA K WHTEHCHBHOMY IMPOUCXOAUT MPU NOCTHXKEHHUM YIEIbHOU
MOIITHOCTBIO B3aMMOJICHCTBUS YPOBHS 4 B1/MM?. VienbHas MOIIHOCTH B, st k-
r'0 3JeMEHTA MATHA KOHTAKTa OMPEJIEISIETCS BRIPAXKECHUEM

1 2 2
Pk qT kgluk COS™ Wyys +‘T0Lk80ck COS O(.k‘), (7)

“aE

rne dE — momaap 37eMeHTa naTHa KOHTaKTa.
VYnenbHas paboTa cuil Kpumna AJst 3JIEMEHTa MATHA ONPENesAeTcsl IO MOIIHO-
CTH B3aMMOJICHCTBUS B TEYEHHUE NIEPUOAA BpeMEHH At :

dAKk = PkAt (8)

Macca CHUMaeMOTO TIPY U3HOCE MaTEPHaIa Mo DIEMEHTY TIATHA paBHA
my, =Py I:>kAt . (9)

O0BeM NOoTepb MaTcpHajia Mo SJCMCHTY MOKHO OHNPCACINTL, €CJIM CHUMAC-
MYIO MAacCy pa3JCiIiMTh Ha IMIJIOTHOCTh MaTCpuajia p
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S =—", (10)

a TOJIIIINHA CHATHS HOJ‘Iy‘IaCTCH HpI/I JCIICHUN 06’BeMa l'IOTepb Ha 1U10Iaab 3JICMCHTA
Sy

h, =—. 11
(= (11)

3ananue apaMCTPOB SKHIIaXKa

3agaHue HCXOMHOTO PO KoJieca

3agaHue napaMeTpoB MyTU

Pelrenye KOHTaKTHOM 3a/1a4u

Pacuers! nmHAMHMKH SKHIIaXKa

PacueTsl n3HOCA KOJIEC U CHATUS marcpuajia

KoppekTtupoBka mpoduis xoaeca

Her

3ananHbIi IpoOeT

Ha

Puc. 1
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ITporHo3upoBaHue M3MEHEHUs HMPOQUIISL Kojeca MPOU3BOIUTCA B IPEAIOIIO-
KEHUH, 4TO BCE CEIMEHTHI 000/1a U3HAIINBAIOTCS PABHOMEPHO 110 €T0 IIEPUMETPY.
Hccnenyemerit mpodmins pa3dMBaeTCs HA Maylble CETMEHTHI (HampuMmep, THHON
0,5 MM), Ha KOTOPBIX MPOMCXOIUT HAKOIUICHWE M3HOCA W BBIYHCIIACTCS TONIIMHA
CJIOSI CHATHUSI MaTepuaia MoJ JeHCTBUEM KacaTesIbHBIX KOHTaKTHBIX CHJI Ha Kax-
JIOM IlIare MHTEIPUPOBAHUS 110 BPEMEHHU.

Y4acTOK CeTH >KeJE3HBIX JOPOr, Ha KOTOPOM IPOU3BOAUTCS MPOTHO3MPOBA-
HHUE M3HOCA M U3MEHEHMs NPOoUII KOJIeC IKUIaXa, IPeJCTaBIsIeTCsl B BUAE Habo-
pa OpSAMOJIMHEHHBIX U KPUBOJIMHEHHBIX OTPE3KOB ITyTH, OTIMYAIOLIUXCS APYT OT
Ipyra TaKUMH XapaKTepUCTHKaMHU: MPOQIIN PeThCOB JIEBOW WM TPaBON HHTEH,
JUIMHA PAaccMaTpUBAEMOr0 OTPEe3Ka, PaguyC M Ipyrue MapaMeTpbl KPUBOM, IUIaH
myTd (MpsIMOM y4acTOK, IEepexoaHasl WM KPyroBas KpHUBas, CTPEIOYHBIH Iepe-
BOJ), HEPOBHOCTH.

B npeanonoxkenuu, 9To npoQuis KoJeC HEM3MEHHBIH, Ul 3alaHHOTO MHO-
KECTBAa CKOPOCTEH IBIKEHMS BBIIOJHSIOTCS CEPUH MHOTOBapUAHTHBIX PAacdeTOB
KoJieOanuit sxkunaxka. st KakIoi cepuH pacdeToB BBOASTCS MaKCHMAaIbHOE 3HA-
YeHne Mpodera Kojec W BeCOBBIE KOA(PUIIMEHTHI, 3a[Jal0llie MO0 BHEITHUX
YCJOBHM: OTPE3KOB MYTH, CKOPOCTEH NBMKEHHS U T. . CyMMapHbBI U3HOC OIpe-
JensieTcsd € y4eToM 3TuUX KO3(p(HUUMEHTOB M PAaBHOMEPHO paclpeneliseTcs IOo
OKpY>KHOCTH Koseca. I1o oKOHUaHMM cepuu pacdeToB MpOQMIb KOPPEKTUPYETCS:
MIPOM3BOJUTCS CHATHE MeTamia ¢ obona koneca. [lockonbky mpolecc W3HaIIKBa-
HUS KOJIEC MPOUCXOAUT JOBOJIBHO MEIUIEHHO, JUIS COKpalleHus o0beMa BbIUUCIIe-
HUH B aJrOpUTME MEpell CHATHEM METajljla IPeAyCMOTpeHa KCTPAIOIIALUs HOTy-
YEeHHON OJIMIOpBI W3HOCA JI0 HEKOTOPOW XapaKTepHOW BENWYUHBI (HAIIPHMED,
0,1 mm). 3aTeM IPOU3BOAUTCS KOPPEKTUPOBKA MPODUIIS BEIMUTAHUEM TOJTYICHHOM
BBICOTBI CHATHSI METAJUIA U3 OPJMHATHI KaXKI0TO CETMEHTa

fw (Vi) =fw (yi) = (i=1,..m), (12)

rze M — KOJIWYECTBO CETMEHTOB pa30oneHus mpoduiis Kojeca.
*
[Momyuennstit npoduis koneca fy, (y) crioaxuBaercs, Kak MOKa3aHO HA PHC. 2

(ucxomHblit TpoMIIb — YepHas CIUIOLIHAS JMHUS, TPO(UIIb IOCIe CHATHS MaTepu-
asia — cepasi CIUIOLIHAS, CIVIAXKEHHBIN MPOoQMIIb — YepHask LITPUXOBasi). 3aTeM Mpo-
BOJUTCSI CEPHsI pacueTOB C M3MEHEHHBIM NMpOo(uiIeM, O OKOHYaHUH KOTOPOH OH
CHOBa Koppekrupyercs. Takas npoueaypa HOBTOpSETCs A0 JOCTHXECHHS 3aJaHHOM
JUTMHBI PACCMaTPHUBAEMOI0 MaPILIPYTa ABHKEHUS SKHUIIAXKA.

Puc. 2
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Ampobanus JaHHOTO MaTeMaTUYECKOT0 OOECTIeueHHs! BBITIOTHEHA TIPU aHAIIH-
3¢ MPOCTPAHCTBEHHBIX KOJICOAHUI MOJTYyBaroHa ¢ KOMIDIEKCHO MOJEpHU3MPOBaH-
HBIMH TeJiexkkaMmu 1 poduieM koinec UTM-73 [4]. [Ipou3Boamimch pacdeTsl Ko-
nebaHuii TOJyBaroHa MpU JBHXCHUU C MOCTOSHHOW CKOPOCTHIO MO Pa3INIHBIM
y4acTKaM ITyTH: MPSIMBIM ¥ KPYTOBBIM KpHUBBIM pajuyca 300 M ¢ U3HOIICHHBIMH H
HEM3HOIICHHBIMH pebcaMu. [1I0CKOIBKY OCHOBHOW M3HOC KOJIEC TIPOUCXOMT O]
IPY’KEHBIMH SKHIIQ)KaMH, TO PACCMATPHUBAIKCH TOJIBKO BaroHkI ¢ rpy3oM. [IporHo-
3UPOBATIOCH M3MeHeHne (GopMBI TIpodrrelt 00016EB KOJIEC B MPOIECCe MX M3HOCA
o TommuHbl TpebHS 31 MM 1 29 MM (ToMmuHA TPEOHS HEM3HOIICHHOTO KoJeca
cocTaBisieT 32 MM). DBOIIONHUS MPOodUIISI Kojieca TIPH pacdyeTax M3HOCa TpeOHs Ha
1 MM mokasana Ha puc. 3.

Puc. 3

CpaBHUBAJIUCH pacueTHbIC (GOPMBI POQPHIICH U3HOIICHHBIX KOJEC C IKCIEPH-
MEHTAJIbHBIMH (pOPMaMH, HU3MEPEHHBIMU BO BpPEMsS OCMOTPOB BaroHOB, HAaXOJs-
mmxcs B AKkcruryatanuu. COMOCTaBICHUE MPOTHO3HBIX MPO(UIICH HU3HOIIECHHBIX
KOJIEC ¥ W3MEPEHHBIX MPHU OCMOTPE IKCIUIyaTUPYyEMBIX BAaroHOB MPH H3HOCE N0
TOJIIIMHBI TPpeOHS 31 MM TpuBeACHO Ha puc. 4, 10 TOJIIUHBI TpeOHSI 29 MM — Ha
puc. 5. LITpuxOBBIMU JIMHUSIMH HAHECEHBI pacueTHBIC MPOMIIN U3HOIICHHBIX KO-
JIeC, CIUIOIIHBIMH YEPHBIMHU — HKCIICPUMEHTAIbHBIC IPOMUIIH, CEPHIMU JTMHUSIMUA —
npohriIb HEM3HOMICHHOTO Kojieca. Kak BUIMM, pacyeTHbBIC U SKCIIEPUMEHTAIbHBIC
npOoUIIH JOCTATOYHO XOPOIIIO COBMAAIOT.

Takum 00pa3oM, MPEJIOKEHHBINH CIIOCO0 MO3BOJISET Ha 3TAIe MPOSKTUPOBA-
HUS eJIMHUI] TIOJBUKHOTO COCTaBa U Pa3pabOTKH HOBBIX MPOQHUIICH KOJeC T0CTa-
TOYHO TOYHO MPOTHO3UPOBATh U3MEHEHHUs (OPMBI UX MPOMUIICH B MPOIIECCE IKC-
TTyaTaIyy.
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Puc. 4

Puc. 5
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