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TEOPETUYECKOE OBOCHOBAHUE BE30TKA3HOCTH PE3bBOBBIX
COEJVWHEHWN ABTOMOBHWJIEN B ITPOIIECCE SKCILTYATAIIUA

1O. B. Ponnonos, C. B. Kapnyxun, C. B. CymenkoB
[len3eHckuii rocy1apCTBEHHBIN YHUBEPCUTET apXUTEKTYPhl U CTPOUTENLCTBA, Ilensa, Poccus
e-mail: dekauto@pguas.ru

Annomayusn. bezomkaznocms pe3bOO6bIX COCOUHEHUL ONPedeNsiemcs CMmadUIbHOCIbIO UX 3AMAICKU, KOMO-
pas, 6 YacmMHOCMU, 3A6UCU OM HAUYUsL 0eeKMOos U npumecell 8 CMpYKnype Mamepuaid COnpsdiceHHbIX 0ema-
nei. B cnyuae 6030eiicmeus UnmeHCUSHBIX GUOPAYULL BO3HUKATOM KOLEOAHUSL CO 3HAKONEPEMEHHBIMU HANPANCCHU-
AMU, BbI3BIGAIOWUE He MONbKO nepemMeujenue OUCIoOKayull i 0epekmos, Ho U aKMUBUUPYIOUUE NPOHUKHOBEHUE
paznoobpasnvix npumeceti. Ha ocnosanuu pe3yivsmamog co6CmeeHnvlx UcCied08aHull YCmanosieno, 4mo ocid-
OneHue NepeoHAUAIbHON 3AMAICKU GUHINOEG 8 Y31AX OMEYECMBEHHbIX 1e2KOGBIX AGMOMODUNEl ABNAEMCSA NPULUHOLL
mpemu omxaz08 mexnuxu. Ilooueprusaemcs, 4mo 6Onpocyl, CéA3aHHble C KOHMPOLEM U obecneyenuem cmadub-
HOCMU 3aMAACKU Pe3bD0BHIX COCOUHEHUI 8 YCA0BUAX GUOPAYUOHHBIX 8030€UCMEUL, OONICHbI PACCMAMPUBATNBCS
8 KOMNILEKCe ¢ 0COOEHHOCMAMU CIMPYKMYpbl Mamepuand. Llenvio ucciedoeanutl a61aemcs nogvluleHue HaoexdCHo-
cmu asmomooueil u Opyeux mpaHCnOPmMHO-MeXHOL02UYECKUX MAWUH 3a cuem paspadomKy mexHoN02UYecKux
U KOHCMPYKYUOHHBIX PeuleHUll, CEA3aHHbIX C U320MOGNIEeHUEM U IKCIIyamayueti y3io8 u azpe2amos, UMeruux
pe3bbo8ble COCOUHEHUS.

Ha ocnosanuu paccmompenus mooenu 10KkaabHOU OUCIOKAYUOHHOU nemau ¢ obrakom Kommpenna onpede-
JIEHO, YMO CHUJICEHUe MOOYIS YRPYeOCmu NPUEoOUm K 603pACMAHUI0 KOd(guyuenma nooamaugocmu 6onma
U, CnedosamenvbHo, K YEeIUueHuo e2o oepopmayuu 8 YCiosusx sUOPAyUOHHO20 8030eUCmeust. Imo Heu30eNcHo
BbI3bIBACHT YMEHbULEHUE YCULUSL NPEOSAPUMENbHOU 3amMANCKU Pe3b0068020 coedunenus. Cuumaemcs, 4umo oegop-
Mayusi u nOOAMAUBOCHb OONIMA 6 3HAYUMENbHOU CIeneHu onpedensiemcs OUHAMUKOU HeOOHOPOOHOU CIMPYKMYpbl
Memania 8 yciogusx skcnayamayuu agmomoouneti. llpeononazaemces, umo ocHogHoe enusHue Ha NOOAMAUBOCHIb
boIma oKazvlearOM NOOBUINCHbIE GKIIIOUEHUS CO 3HAUUMENbHbIM KO duyuenmom oughysuu. Yemanosneno, umo
€ yuemom nonpasku, 3aeucsuyeti Om 8pemeHU, GbIHYHCOeHHAs OUPPY3us NOCMOPOHHUX GKIIOUEHUL AHATOSUYHA
€60000H0U Ougp@y3uu. Ilpu smom Onuna nepemewerus npuUMecu cConocmasuma ¢ pasmepom obraxa Kommpenna,
Mo ecmu 3a 8pemsi NOBMOPAIOUE20CS HASPYICEHUS. ONIUHA CeeMenma OUCTOKAYUU PAKMUYECKU OCTNAeMCsl Heus3-
MEHHOU. Mo 6epHO npu ONpedeeHHOM 3HaYeHuu Koagduyuenma oupgysuu, npu 6orvuiell serutuHe Komopozo
¢ 8o3pacmanuem OaUHbL OUCTOKAYUOHHO20 ceemenma Oyoem Hapyuamscs cmaduibHOCHb MOOYIS YAPY2OCMU,
MAKCUMATLHO BO3MONCHOE UBMEHEHUE, KOMOPO20 MOJICem COCMABIAMb NPUMEPHO 0eCsmb NPOYEHMO8.

Ipeonooicennas mooenv, noKazbl6aOWds 0ciabIeHUe 3aAMANCKU PE3bOOBLIX COCOUHEHULL 8 YCILOBUAX BUOPALUL,
8epHA OJis COCOUHEHULL, U32OMOBILEHHBIX MEMOOAMU CO CHAMUEM CIPYIHCKU, NOOMY YO NIOMHOCMb OUCTOKAYULL
BHAYUMENLHO 3A8UCUN O MEXHOL0SUYECKO20 CNOCoba 00pazoeans pe3bibi.

B pesynemame oanvheniuux uccnedosanuil nianupyemcs npediodicums Ha yposHe namenma Poccutickoi
Dedepayuu HoBoe KOHCMPYKMUBHOE peuienue obecneuenus cmabuibHOCMU 3amadicK pe3bb08020 cOeOUHeHUs.
8 YCIOBUAX BUOPAYUOHHO20 B030EUCMBUSL.

Knrwouegvie cnosa: asmomobuis, sxcniyamayus, 6e30mKkazHocmy, pe3bbogoe coeounenue, OUCIOKayus, npu-
Mmecw, subpayus, obrako Kommpenna.

s yumuposanun: Ponuonos 0. B., Kapnyxun C. B., Cymenko C. B. Teopernuyeckoe 000CHOBaHUE
0€30TKa3HOCTH Pe3b0OBBIX COCTUHEHUI aBTOMOOMIIEH B mporecce Kciutyaranuu / Untemnekt. MHHOBauu.
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THEORETICAL JUSTIFICATION OF RELIABILITY OF THREADED
CONNECTIONS OF CARS DURING OPERATION

Yu. V. Rodionov, S. V. Karpukhin, S. V. Sumenkov
Penza State University of Architecture and Construction, Penza, Russia
e-mail: dekauto@pguas.ru

Abstract. The reliability of threaded connections is determined by the strength of their tightening, which,
in particular, depends on the presence of defects and impurities in the material structure of the mated parts.
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In the case of intense vibrations, vibrations with alternating stresses occur, causing not only the movement of
dislocations and defects, but also activating the penetration of various impurities. Based on the results of our own
research, it was found that the weakening of the initial tightening of screws in the nodes of domestic passenger
cars is the cause of one-third of equipment failures. It is emphasized that issues related to monitoring and ensuring
the stability of the tightening of threaded connections in conditions of vibration effects should be considered in
conjunction with the features of the material structure. The goal of the research is to improve the reliability of
vehicles and other transport and technological machines by developing technological and structural solutions
related to the manufacture and operation of units and assemblies with threaded connections.

Based on the consideration of the local dislocation pet model with the Cottrell cloud, it was determined that
a decrease in the elastic modulus leads to an increase in the bolts pliability coefficient and, consequently, to an
increase in its deformation under vibration conditions. This inevitably causes a reduction in the pre-tightening
force of the thread connection. It is believed that the deformation and pliability of the bolt is largely determined by
the dynamics of the inhomogeneous structure of the metal in the operating conditions of cars. It is assumed that the
main influence on the pliability of the bolt is provided by mobile inclusions with a significant diffusion coefficient.
It was found that, taking into account the time-dependent correction, the forced diffusion of extraneous inclusions
is similar to free diffusion. In this case, the length of the impurity change is comparable to the size of the Cottrell
cloud, that is, during repeated loading, the length of the dislocation segment actually remains unchanged. This is
true for a certain value of the diffusion coefficient, at a higher value of which the stability of the elastic modulus
will be violated with increasing length of the dislocation segment, the maximum possible change of which may be

approximately ten percent.

The proposed model showing the weakening of the tightening of threaded connections under vibration
conditions is correct for connections made using chip removal methods, because the dislocation density depends
significantly on the technological method of thread formation.

As a result of further research, it is planned to propose a new design solution at the level of the patent of the
Russian Federation to ensure the stability of the tightening of the threaded connection under vibration conditions.

Keywords: vehicle, operation, failsafe, threaded connection, dislocation, impurity, vibration, Cottrell cloud.

Cite as: Rodionov, Yu. V., Karpukhin, S. V., Sumenkov, S. V. (2020) [Theoretical justification of reliability of
threaded connections of cars during operation]. Intellekt. Innovatsii. Investitsii [Intellect. Innovations. Investments].
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Beenenne

B rpy30BBIX M JIETKOBBIX aBTOMOOWIISX, @ TaKke
JpYTMX TPaHCIIOPTHO-TEXHOJIOTHYECKUX  MAallUHaX,
3HAYMTENbHAS YacTh y3JIOB M arperatoB (GhopMupyercs
pe3bOoBeiME coenmHenusiMu (PC), kotopble ompene-
JISIOT HAJIeKHOCTh ATUX coenuHeHui [1-5, 7, 11, 16].
MOXKHO TPEIIONOKUTE, YTO 0e30TKa3HOCTh M pabdo-
TocnocobHocTh PC 3aBHCHT OT MCXOIHOH 3aTsDKKU U
e€ HEM3MEHHOCTbIO B Mpouecce skcruryatarmu [13].
B HayuHoOIi nMTeparype OIHMCaHbl M MPOaHATU3HPOBaA-
Hbl MHOTOYHCIICHHBIE NPUMEPbI CHM)KCHHUS IepBOHA-
yanbHO# 3aTsbkku PC u e€ BiusiHME Ha DKCIUTyaTalu-
OHHBIE CBOWCTBA aBTOMOOMJIEH U JAPYTUX TEXHUUECKHX
ycrpoiicts [6, 8, 10, 14]. M3BecTHO, 4TO aBTOMOOWIIb
BA3-21213 uMmeer mATHUCTYNEHYATYR) KOPOOKY mepe-
MEHBI repesad, OJI0K 3y0uarhIX Kojiec MSTOW repenaqyn
KOTOpOH kpenuTtcs Baixy BuHTOM M10x80. B pesynsrare
3HAKOIEPEMEHHBIX NEPHOUIECKUX HArpy30K IIepBOHaA-
YaJbHas 3aTsHKKa BHHTA OCIa0eBaeT M yBEIMUMBACTCS
pa3Max MOCTOPOHHETO BHEIIHEro Bo3aelcTBusa. B pe-
3ynbTare OONT pa3pylIaeTcsi OT yCTAIOCTH, YTO SBIISET-
Csl IPUYUHON TPETH OTKA30B JIAHHOTO aBTOMOOMIIA [9].

Pemenne HayuHo# npoOnems! Oe3orkasnoctu PC
B obnactu 3pHeKTUBHOrO pa3BUTHSI aBTOMOOHMIIBHOTO
TpaHCIopTa 00ECIeUHT ero padoTOCIIOCOOHOCTH | I10-
BBICUT 3((EKTUBHOCTh OOCITY)KMBaHUS ¥ MUHUMH3a-
LIUIO 3aTpaT PeCypcoB.

Bompocsl, cBsi3aHHBIE C KOHTpOJIeM M obecreue-
HHeM cTaduibHOCTH 3aTsuKku PC B yciioBusix BuOpa-
LUOHHBIX BO3JEHCTBUI, JOKHBI paccMaTpUBaThCS
B KOMIUIEKCE C 0COOCHHOCTSIMU CTPYKTYpPbI MaTepHasa.
B ciyuae Bo3zeiicTBUSI MHTEHCHBHBIX BHOpAIMid BO3-
HUKAIOT KOJIeOaHUsI CO 3HAKOIIEPEMEHHBIMH HarlpsiKe-
HUSIMU, BBI3BIBAIOLIUE HE TOJILKO MEPEMEIIEHNE TUCIIO-
Kalui 1 1e(peKToB, HO U aKTHBU3UPYIOLIHE TPOHUKHO-
BEHME pa3HOOOpa3HbIX npumMeceii [12].

Ienbto uccnenoBaHuil SBIAETCS MOBBIIIEHUE HaJl-
€KHOCTH aBTOMOOMJIEH M JPYrMX TPaHCIIOPTHO-TEX-
HOJIOTMYECKUX MAILMH 3a CYEeT pa3paboTKH TEXHOJIO-
TUYECKUX U KOHCTPYKLHUOHHBIX PEIIEHHH, CBI3aHHBIX
C U3TOTOBJIEHHEM U JKCIUTyaTalldell y3JI0B M arpera-
TOB, MIMEIOIMX PE3b0OBHIE COEMHEHUS.

TeopeTuueckoe 060cHOBaHME

[Ipennaraercss B pamkax MOJENU JIOKAJIbHOW JUC-
JIOKAIIMOHHOW meTin ¢ obOmakoM KorTpesia pa3BUTH
TEOpUI0 CHIKEHUS MoMeHTa 3arsikku PC mox newcr-
BHEM MHKpPOBHOpanuu. PaccMOTpuM 4YacTh TUCIIOKA-
UM MPOTSDKCHHOCTBIO /, KOTOpas B CTAOMJIBHOM CO-
CTOSIHUM YAEPKUBAETCS] MPUMECHBIMU aTOMaMH B TIpsi-
MonuHelHoM Buze (pucyHok 1). [Ipu neproandeckom
BO3JICHCTBHM BO3HUKAeT je(opMarius JIUCIOKAINH,
IpU KOTOPOW TMosBIsieTCss AUQQy3usi TOCTOPOHHUX
BKItoYeHUH. [Ipu 3TOM 4YMCIO MOCAEAHUX HA AUCIO-
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KaIlMOHHOM JTMHUK C0 =1// LC0 (LCO— JJIMHA CerMEHTa
Jquciokanuu). [IpoTsHDKEHHOCTh JUCIOKAIUE CerMEHTa
YBEJIMUUBAETCS, @ YMCIIO TOUEK KPETIJICHUS] CHUXKAETCS,

[
<

T.€. MPOUCXOAUT BHYTPeHHsSI Tudy3us BKIIOUECHHM
B 30HE AedopMariuu.

Le

PI/IcyHOK 1. MO,HCJ'H: ocaa0IeHUs 3aTSHKKU pe31;60130r0 COCIMHCHUA

Ucnonp3yss  (GeHOMEHOIOTMYECKOE  ypaBHCHHE,
PacCMOTpPUM TIPOLIECC HPUHYIUTEIBHOU auddy3uu
MpUMECH B TMOJIC JUCIOKAMOHHOW aedopmaruu
YpaBHeHue onuckiBaeT MUGGy3H0 B TIOJIEC MEXaHHYC-
CKUX HAIPSDKCHUU JUTS CPETHEH CKOPOCTU TUPPY3UOH-
HOTO Jpeiia pu YCIOBUH, YTO MX TPAJUCHT HAlpaB-
JICH BJIOJIb OCH X

DyV, oo
V, ="t 1
kT ox M
rae
D — xoappunmenT nuddy3un NOCTOPOHHHUX BKIIIO-
YCHUI;

Yy — KO3 OUIMEHT, 3aBUCSIINI OT KOHIECHTPAIHU

aTOMOB BEILECTBA;

V, — aTroMHbl# 00BEM;

0 — BHCIIIHEE MEXAaHMUYCCKOES HAIIPSDKCHHUE;

k — nocrosinnas bonpiMana;

T — TepMoIHAMUYECKAsI TEMIIEPATypa.

Jedopmanust AUCIOKAIUE COIIACHO MOJCIH JIHC-
JOKaIMoHHoro TpeHus [panaro u JIrokke mpeacrasis-
€TCsI BRIPAXKCHUEM

g - 8:b-c-Sin(w-t+¢) : )

T A2 — o) + (0 d)? ]

37ech,
b — Benuuunna Bexkropa broprepca; A = - p - b*—
s dexkTuBHas Macca JUCIOKAllMM, OTHECEHHas
K €IMHUIIBI JUTMHBI;
p — IUIOTHOCTh Marepuala;
0, — aMILTUTY/]a MEXaHUIECKOTO HaIPSIKEHHS;
@ — 4acTOTa MUKINYECKOTO HArpy KEHHS;

@, — PE30HAHCHAs 9acTOTa, 3aBUCAIIAs OT JUIMHBI

JHCIOKauOHHON netsu [ u pasHas (C/ A)2 -7 /

C=2-G b /[n-(1-v)]-os0dexrnBHoe HaTs-

JKEHUE 1e(OPMUPOBAHHON JANUCIIOKALIUH; /1 — YUCIIO

[Tyaccona;

G — MOfyJb C/IBUTA;

d=B/A; B — cuna nemndupoBaHusi, IPUXOASIIAsI-

Csl HA €AMHUILY JUTMHBI IUCIIOKALINK; j — CIyYaiiHast

¢asza.

VuutsiBasi, uto 0G/0x = p‘62Sd /ot? , IUIsl CKO-
poctu auddysznoHHoro Apetida OyneMm UMETh

8, ==8,,-Sin(w-t+¢) , (3)
rae
8-b-0, @
8 =p——2 " .D.y.V. .
0a =P Ak T VYo

U@y ~0*)* +(@-d)’ ]

VYpaBuenue audy3un BKIOYESHUH B OJIE JTUCIIO-
KalMoHHOU nedopmanuu ¢ yderom (3) Oyner umerh
BUJT

_, N
ot a axz
3nech N (X, 1) — KOHIICHTpALus BKIFOUCHHUN B 00J1a-

ke Korrpernna.

MOKHO HPEIIONIOKHTh, YTO C YYETOM IMOMPABKH,
3aBUCSIIEN OT BPEMEHH, BBIHYXKICHHAS U y3Hs 110-
CTOPOHHHX BKJIIOUCHUN aHAIOTHYHA CBOOOTHOMN Jud-
¢y3uu. IMostomy dyHkius: ['puHa BBIIJSLIUT CIIENYIO-
M 00pa3om

—90d~Sin(m-t+(p)-aNa “)
Ox

9 9
[x+id-Cos((n-t+(p)—x0 —Ld-Cos(m-to +(p)]2
G(x,t;x,t0) =[4-1-D(t—1,)]V'? x exp{— © © 5
( 0-t0) =1 (1=1)] p 4.D-(t-1y) (5)
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Vepennum (5) s uanasona BpeMenu |¢ — ¢ | > T, o unrepsany 7 — 2 - 71 / @ NEPHOAMYECKOTO BO3AEHCTBUSA

U TI0 He3aBUCHMOH (dase J:

+00

P Soa

(GCutito))y, =3+ [expli- ple=xg)=p? D+t =10)}-joP""dp, ©
e
2n
jo(p"%d):], [ exp{ii-(p.SOdj-Cosﬁ}dB. (7
® 2-m ®

Beinonuss B (6) MHTErpupoBaHUe U HEOOXOANMBIE PA3IIOKEHHUS, TOTYYUM

52
exp| ————
P 4-D-t

<G(.x,t, xO’tO )>T,(P =

3ech S = x —x,; T=t—t, upu yciosuu |t| > T

[lepBsiii unen ypaBuenus (8) — ato Gpynkuus [puna
HE3aBHCUMOI'0 TPOHUKHOBEHHS, CJICIYIOLINE XapaKTe-
pHU3yIOT MOCTOpOHHee BosieiicTBue. CrenoBaTenbHO,
€CJIM OTPaHUYUTHCS JIBYMsI COCTABIISIIOIIMMH ypaB-
HeHust (8), TO MOXHO NPUHYAHTENbHYIO AHD(dy3uto
MIPE/ICTAaBUTh 3aBUCHMOCTBIO HE3aBUCUMOM U y3uH,
€CJIU MTPEATIOI0KHUTh

. 944

YToyHMM Ha OCHOBaHMHU ypaBHeHMs (9) Hayaib-
HYIO 33j1auy W uccienyem aud@y3uto U3 ciios KoHed-
HOH ToJuHe 27, TI€ 7, — paauyc obnaka Korrpesna
BOKPYT AUCIOKAL[IOHHOM METIH, B TOJYyOrPAaHUUYEHHOE
TEJIO C OTpaKaIOLEH rpaHuIIei

ON . _0O'N
— =D (- s 10
ot ® ox? (10)
N, 0<x<2
N(x,to):{ 00 S XL (11)

0;27, <x <o

B nanHOM citydae cunTaercsi, 4To och X Harpasie-
Ha BJIOJIb IMaMeTpa Oouita.
3amena HeroctosiHHOM B (10)

T = jD *(¢')dt',

(12)
fy
npuBoaut (10) u (11) k Bumy
2
¢ % N(x,r)=0. (13)
or* ox
N,, 0<x<2r, 14
N(x,0) = 0 X =2l (14)
0, 2r,<x<oo

Jd14 9(2)”[ . S2
24Dt 8-w’-D-t |\ D1

—2}..} ®)

Pemenne ypaBuenus (13) ¢ orpanumuenuem (14)
UMeeT BUJ

N, 2r, —x 2r, +x

N(x,7¥ =—L|erf| =2 +erf] =2 ,

ey = en(38)en (32
(15)

3HaueHue T* ONMpPENesIIETCs KaK
t
(Vozd'ln(t*))

=D (=) o, (16)

2
@

spech 0 < x < 2r; erf (y); — unTerpan QyHKuMM
laycca.

W3zBectHo, uTO H(dexTHBHBIN pamuyc obnaka
KoTTpesnia B OCHOBHOM COCTaBIISIET HECKOJIBKO JIECST-
KOB MKM [5], moatomy paccmotpum auddysuro u3 6ec-
KOHEYHO TOHKOTO ciosi. [Ipy TakoM INpeanoiaokeHnu
BeIpakeHue (15) ynpocTurcst 1 IpuMeT BU

N, - 2r,
NF L

Cunras, 4To NPOTSHKEHHOCTh CETMEHTa AMCIOKa-
uuu L, onpejiensercs BoIpaxkeHueM N(T), B UTOTE T10-
Jy4UM

N(x,7%) = e (17)

c0 *

L = T

C
2r,

(18)

OTKyza ClIeayer, 4To JJIMHA TIepeMeILeHUs] IpUMe-
%
cu L; =4 mr comocraBuMa € pasMepoM oOnaka

Korrpemna, L, = L, T.€. 3a BpeMsl IOBTOPSIOLIETO-
Csl HATPY’>KECHUS T JUIMHA CeTMEHTa JUCIOKAINHU (HaKTH-
YECKHU 0CTaeTCs HeM3MEHHON. DTO BEPHO IpH KO3 hu-

nuente auddysun D* < 4r02 /(TC’E* )- Ecnu nipunsith

7~ 10° ¢ u 2r, ~ 100 Mxm noyyaem D" < 3 - 10¥cm?/c.
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Ilpu GombmeMm 3HaueHUH D™ > 4r02 /(nt™), ¢ BO3pa-
CTaHMEM JUIMHBI JMCJIOKALMOHHOTO CEerMeHTa Oyier
HapyLIaTbCsl CTAOMILHOCTH MOYJISl YIPYTOCTH.

IIpu onpenenenneix ycioBusix (n = 0,3; G =
810" H/m* T'= 400 K; w, = 90 ¢'; p = 7800 kr/m*;
0,~ 10° Him* 7 =4 - 10 ¢; [ = 1 mxm; L = 1 Hm;)
D" =13 D,Te.Buponecce BAOPALMOHHOIO BO3JEH-
CTBH ITpUparieHune kodppuuuenrta 1updy3nun cocTas-
nsiet 30%.

Ipu 2r, ~ 0,1 mxm u 7 = 4 - 10* ¢ nomyyaem
D" <3 - 10" cm*c. B cayuae, korma D° >3 - 107 em?/c
YBEJINYCHUE MPOTSHKEHHOCTh IMCIOKAIIMOHHOTO Cer-
MeHTa OyJeT MPUBOIUTh K U3MEHEHHIO MOMIYJIS YIIPY-
TOCTH:

2
£=1—M-Nd L2 la
E, n? 4}’02

(19)

OueHku ITOKa3bIBAIOT, YTO MAaKCHUMaJIbHOC HaOITI0-
JAa€MO€ U3MCHCHHUE MOAYJIA YIIPYTIOCTHU 6y)1eT cocTaB-

JISATH JOCTHTaTh: £ 0,0 WM AL 100% ~10%

0 0

[pu BuOpauy CHUKEHUE MOYJISI YIIPYTOCTH MIPH-
BEJCT K BO3pacTaHHiO JehopMaluu ¥ YBEIUYCHUIO
ko3 duieHTa MOAATIMBOCTA 0O0JTA, YTO BBI3OBET
CHWKEHUE ycuiusl HadanbHOH 3arsbkku PC. Tlpu sTom
MMOJJATIIMBOCTE JijIsl 00JITa BO BpeMsi BHOPAIMOHHOTO
BO3JICHCTBUS

g =)y N (20)
rae
(K 5 )0 — MOATIIMBOCTb JUI O0NITA 10 LUKINYECKO-

IO Harpy>KeHHUsl.

3akiaouenne
Takum 00pa3oM, B YCIOBHUSIX SKCIUTyaTallMd aBTO-

MOOWIIeH TUHAMUKA HEOJHOPOIHOW CTPYKTYPBI METaJI-
JIa ONPECISICT MOJATIIMBOCTD U Ie()OPMALIUIO OOJITOB.
[To-BuaMMOMY, OCHOBHOE BIIMSIHUE Ha POCT BEJIMYUHBI
16 OKAa3bIBAIOT MOJBIKHBIC BKITFOUCHUSI, KOAPPHUIIUCHT
nubdysun koTopeix D*>>3 - 1075 cm¥c.

HayuHoli HOBU3HOM HcCcIeI0BaHUM SBISIETCS OTpe-
JICJICHUE 3aBUCUMOCTH K03((UIMECHTA MOJATIIMBOCTH
Marepuasa 00JITa U MOIYJIsl yIIPYTOCTH OT (PU3UIESCKUX
napameTpoB: auG(GY3MOHHON JUIMHBI  ITOJBUIKHBIX
BKJIIOYEHHUH U TapaMeTPOB JIUCIOKALIUH.

[IpensoxxeHHas MOJIEIb, TOKA3bIBAIOMIAS OCIa0ie-
Hue 3aTspkkd PC B yCIIOBUSIX BHOpamuu, BEepHA s
COCJIMHCHU M, U3TOTOBJICHHBIX METO/AMHU CO CHSATHEM
CTPYXKH, T.K. IJIOTHOCTh JUCIOKAIIMN 3HAYUTEIBHO
3aBHCUT OT TEXHOJOIMYECKOT0 criocoba oOpa3oBaHUs
pe3bObl. [Ipu sKcrTyaranuu aBTOMOOMIICH IPOUC-
XOIUT U3MEHEHUE yIpYyrux cBoicTB matepuana PC.
[Ipu mepepe3aHuy BOJOKOH MaTepuaja B Ipolecce
M3TOTOBJICHUS, XapaKTEPHOM JJIsI TEXHOJOTMYECKHUX
METO/IOB CO CHATHEM CTPYXKKH, CO3JAI0TCS YCIOBUS
JUTSL yBEIWYEHUSI TIIOTHOCTH JUCIOKAIUMU, SIBISETCS
Jns PC, u3roToBIE€HHBIX APYTUMH METOJaMH, Ha-
MpUMEp, METOAOM ILIACTHYECKOro ae(opMupoBaHUS
Marepuajia 3aroTOBKH, IMPEACTaBICHHBIA MEXaHU3M
OOBSICHEHHST OCITA0JICHHS 3aTSHKKHM HE MOAXOIUT, T.K.
M3MEHEHHE MJIACTUUYECKUX CBOMCTB B JAHHOM Cilyuae
HE CYILIECTBEHHO.

[IpakTuueckast 3HAYMMOCTD MOTYUYEHHBIX PE3YJIbTa-
TOB 3aKJIFOUACTCS B YCTAHOBIICHUH KPUTEPUEB ITOI00pa
Marepuaia 0oiTa HauboJiee OTBETCTBEHHBIX pPe3b00-
BBIX COCIMHEHUI MO (DU3NYCCKHM XapaKTCPUCTHKAM
MaTepuaioB.

B pesynbrare nanpHeHIIMX UCCIIEOBAaHUHN TIIaHU-
pyeTcs NpeyiokKuTh Ha YpoBHE nareHTa Poccuiickoit
®denepanuy HOBOE KOHCTPYKTHBHOE PEIICHUE 00ectie-
YeHHS CTAOMIIBHOCTH 3aTSKKH PE3bOOBOr0O COCIHMHE-
HUS B YCJIOBUSX BUOPAITMOHHOTO BO3JICHCTBHSL.
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