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3arpasHeHMe OKPYKaOIed cpefbl PHUBOSUAT K TOBPEXKJEHHIO OOHEKTOR
HKUBOH U He;XMBON upmpoibl. ITponecc HakonmjgeHUs TOBPEKACHUH ABISETCS
cayyaiiHeIM IIpoileccoM. B HacTosillee BpeMs BJIeMeHTADHbIE MeXaHWU3MBI
BOZHUKHOBEHUA ¥ DASBUTHA IMOBPEKACHUH M3BECTHBI JIULIL B CaMbIX TPyOBIX
yeprax. O GopMyaIupOBKax KOJMYECTBEHHBIX XaPaKTePUCTUK, GYHKIUH
pacrmpelleleHHsa, XaPaKTepPHCTHK  B3aMMONeHCTBUA IOBPEXIEHUIl TOBOPUTH
rpyaEo.  llosroMy TpPYAHO INPOBECTH U OOOCHOBAHHBIH CTATUCTUYECKMUH
AHAJIN3, He ToBOPA YiKe O TOM, 4TO TaKOoW AHAJH3 CBAIAH C BEEJeHHEM
MHOIHMX HEH3BECTHEIX IlapaMeTpos m GyHKuwmil. A Toro 4To0BI HCIPABUTH
JaHHOEe IICJICJKeHHEe BBReAEM HEeKOTOPYHI0 AaNpHMOPHYIO XapaKTepPUCTHUKY
MOBPEKIEHHOCTH, KOTOpas OyAeT ycTaHABIMBATHCS CPABHEHHMeM CJEeACTBUN
TEOPHUH C DKCIEePUMEHTAJIHHBIMY JaHHBIMH.

B mpocreiimieM BapuaHTe HNOBPEKJIEHHOCTE MOMHO OIIMCATH HEKOTOPBIM
crajgapom O0<f<1. B HayaJbHOM  COCTOSHWH IIPHM  OTCYTCTBUH
nospexgenHocty f=0; ¢ TeueHWEM BpeMeHH ¢yHKIUsa BO3pacrTaer.
Pagencrro [ eguHUNe ABASETCA YCIOBUEM pa3pyIIEHMUs.

Texyasa senudnHa [ ABASETCI B KOHEUHOM cuére PyHKIuUel t, a yciosue
paspymenus f=1 onpeiensier BpeMsa paspyieHus fp. Jua HaxomaeHHA
Terkyinmero 3sHavenua f(t) HyHO  pacmosarats AuddepeHIUAJLHBIM I
PHTerPATLHBIM YPABHEHHEM, YCTAHABIMBAIIIUM 3aBUCHUMOCTE
HOBPEKASHHOCT [ OT BeAWYHMHEI M CKOPOCTH BO3AeHCTBUsA, YPOBHSA
TOBPEeXRJEHHOCTH, TeMIeparTypel, BIAKHOCTH, HAaBIeHMA U T.4. Taxoe
ypaBHeHNMe NUPHHATO Ha3bIBATh KHHETHUSCKUM YPaBHEHHEM HOBPEMKACHUN
[1]. Popma ororo ypapHeHHA 3aJaeéTCsA 3apapee, 4 BXOAAIIHE B HETO
OOCTOAHHBIE  WMAH  (DYHKOUMOHAJBEBIE  HapaMeTrphl  HoabupaloTess 1o
pesyiabpTaraM oublToB. [luddeperuuairHoe  KUHETHYeCKOe ypaBHeHUe
TIOBPEKICHMUI MOJKHO NPEACTABUATE B CJEAYIOMIEeM BHIE:

d = Fit, 0(t), 22, (1), T(V), ... o ¢y

e t - Bpems,
¢(f) - 6espazMepHAs MHTeHCHBHOCThL MOBpeXxjamollero gpaxropa,
T - teMmeparypa.

Hanuwume cpenm He3aBHUCHMEBIX aprymeHToB GyHKumu F  BpeMeru t
YKalkIBaeT HA TO, YTO OOBEKT cTapeer, KakK, HAaIpUMep, YeJNOBeK, pacTeHue,
& 3aBHCHMOCTH CKOPOCTY HIOBPeXKAeHUN OT HaKONUBIIeiicAd K MOMEHTY  Mephl
f yKaspIBaeT HAa HACNEJCTBEHHBIE CBOMCTEA  NOBpemJeHuil. PaccMoTpum
HeKOTophie YacTHBIe ciydan yparHeHuA (1). B npocrteliniem ciayuae

I'= o) = ), (2)

15
)= [3(x) d, | 3)

rae O[p(t)]- menmpepriBHAA ¥ BO3pacCTAIOIasgs ¢  POCTOM  BPENHOIC
Bo3JlefcTBMA ¢ (WHTEHCUBHOCTH IIOBpexxAaiouiero gaxropa)
dyHKIUA, yAoBIeTROpSIOman yeaosuw O(0)=0.
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Coriacro (8), CKOpOCTh HAKOIUIGHHA TOBPEKAGHHH  BaBUCHT  OT
MIHOBEHHOTO 3HAYeHUA RosJelicTBusi, HO HE OT peXuMa HpeAlIecTBYIOULero
BO3JEHCTBUE, HTO XAPaKTEePHO Jifaf: OBLEKTOB HEXWBOH HPUPOJHL.
Wurerpanbaan  sasucuMocTs (3)  BeIpaiKaer _HpUHIHI JIHAHEHHOTO
cYMMHpPOBAHUS TIOBPEXR/CHHH (MHOTJA HA3bIBAeMBIH MPUHIAITOM Betinu [2]):
KoHeUHoe TIOBpekJeHMe [(f) PpaBHO CyMMe TIOBPesKJeHUY, BBISBIBAEMbIX
OT/e/BHBIMI MMITyJIbCAMK BHE 3aBHCHMOCTH OT TOTO, IPH KAKOM BpeMeHH
1,<t M B KAKOM HOpAAKe oHU fAeficTyror. M3 ycmopua paspyllieHuMs UpH
P = const

1= tp 4)

HAXOAMM BaBUCHMOCTE MeKJAYy YpPOBHEM IIOCTOSHHOTO IIPUBEJEHHOTO
BpeaHOTO (akTOpa § UM BpemMeHeM paspyumleHus fp. C yuérom SaBHCHMOCTH
(4) dopmyna (2) mpuMeT BHJ

1= [y RO

CoOTBeTCTBYIOMIee YCIOBME DPasPyIeHUs OGEIYHO HAa3BIBAOT (HopMyJIon
Beitnn [2]

o

P

({ tp[\,ﬂ(‘r) - [t ‘ SN , ; i ey ;7 . (6)

rae Iy - BpeMs PaspyHIHNA NDH paccMaTpUBAEMOM HECTALMOHADHOM
pesxuMe BOBIeHCTBHUA.
BasucuMocts p(p) Mo/wxHA OBITE OUpENeNeHf BSKCIEPUMEHTANBHO. B
SKCIEpUMeHTe NP [IOCTOSHHOM ¢ QUKCHDYeTCHA BpeMA PaspylIeHus ip.

B xadecTBe cJeAVIOUIEr0 dacTHOTO ciydasa ypasHerua (1) paccmorpum
ypaBHeHYe

Y _pe®)raf®, -

roec. 1 - TOCTOSHHBIE.

CorsnacHo  ypasHeHHI0 (7) CKOpOCTb  HAKOILIEHHMS  TIOBPEsKIACHHN
IPOLOPIHMOHANEHA HHTEHCHBHOCTH posgeticTBuA  ¢(f) ¥ HaAKOILIEHHON
nospexgéuaHocTH f(1).

Pemenue ypasrenus (7) IpU JONOJHUTEIBHOM YCIOBUY 7(0) =0 pmeer Bup

i
L f(t) = [0 H(t -ty dy, H(t - 1) = b exp[-o(t —T) -
: , 3 ’
rme anpo H(t —1) BazbiBaeTca GyHKIMe BIUAHAA. y
Hycrte
po =const, 0<t<t; :
= 9
9(x) { o - )
Toacrasasas (9) B (8) ¥ uHTerpupyA, HoJXy4aeM
B -
s(l—e™y, 0<t<t
s () = Po5( ) 1 (10)

Po g[e“‘o‘““) —e ™), i>t
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Ws (10) caepyer, uro nmpu 0 <{<$; HOBpeXxJaeMOCT: BOBpACTaeT, a IIPU
t>t; - yobmiBaer mo O mpu ¢t—>o, T.e. upu t—>w 06BERT
"BoccTaHABJIMBAETCA ,  380bIBAA O BPEJHOM BO3ACHCTBUM, AeHCTBOBABIIEM B
reuenne npomMe:xyTra epemenu [0,t1]. Takoe moBegenme xapaxkTepHO A
00'BeKTOB JKUBOI IPUPOBL.

Tlepeiiném ® Tomy caydaio ypaBHeHUs (1), Korjja ogHHM M3 apryMeHTOR
dyuruun F sABIseTcs CKOPOCTh H3MeHeHUA Bo3jelicTrusd T(:

PaCCMOTpI/IM YpaBHeHNE
dp  ~ . ‘ ~
A= CH@), 3t = Dlp)] (11)

rge C - nocrosunas. [loc/ae HHTErPUPORSHUSA HONYUUM
t o
f®)=Cot)+ g P(t)dit - (12)

KoMmbunupys BrIpaskeHMA AJd MepHl IMOBpeXxJeHHI coriacuo {(3), (8), (12),
MOJKHO TIOJYYUTH O0Jiee CIOMKHDBIe COOTHOLICHUSA, HAIIPUMED,

i t
f(t)=C(P(t)+Yg@(r)dT”»({CP(T)H(t—T)dT, (13)

obnajgaioniue B YACTH ONMCAHWA IIpoliecca TNOBpeXKAeHuitr OONbINON
rUOKOCTHIO.

HsjiouM TPUHIUN HACHECACTBEHHOCTH, cQOPMYANPOBaHHBIA BojabimManom
¥ ToNy4YuBIIAH paszButue B paborax Boasrteppa. Ilycts f(f) - peaxnus
HEKOTOPOH CHCTEMBbI B MOMEHT BpemMeHM {, BHIBBAHHAS BHEIIHHM
Bo3felicTeHeM @(T) B TedeHume NpoMeskyTKa BpeMedu 0<t<t. B obmem
clydae BeAMYUHa peakuuu f(I) B MOMEHT BpeMeHHU ¢ OUupeAesisieTcsa He TOALKC
3HAYEeHMeM BO3HEUCTBUA B JaHHBIA MOMEHT ¢, HO ¥ BCeH uHCTOpHeR
usMeHeHusT GYHKIHMU (P B YKA3aHHOM BBIIIe IPOMEXYTKe RPeMeHH, T.e.
ABAAeTCS GYHKIIUOHAIOM OT .

HOns mpocToTel PacCMOTPHMM JIMIIb JMHEWHBIE OTHOCHTEJNBHO ¢ -
dyHKIMOHANBl BUAA E

f(t)=<$>(t)+?»(I)H(tﬂ)w(f)dfs . (14)
Dyuakuusa H(t,T) HaspIBaercs sIAPOM HacjeAcTBeHHocTH. Ilapamerp A
MOKeT OBITh HPUHAT paBHBIM enuwHuNe. Sflapo HacaeAcTBeHHOCTH

XapakKTepusyeT  CTelleHb 3a0BIBAaHMA K  MOMEHTY BpeMeHH {o

BO3/ICCTBHUH, COBePIIEHHOM B MOMEHT BPeMEHH T.

Ecnu cmoficTBa  cHCTEMBI €O BpDeMEHeM He MeHATCs (cucreMa  He
crapeer ), To sAapo H(t,T)3aBUCUT JMIIb OT pasHocTH ¢ —1T.

WarerpansHoe coornomenue (14) ¢ pasHOCTHRIM SApOM  SaNHIIEM
cAexyIomuM obpazoM: S e : ; s e e

(1) = o(t) + g H@t -1t dt (15)

Coornomenue (15), ABIAIOMEecs YACTHBIM cIydaeM cooTHolueHus (13),
NPUMEHNM K OIMCAHHIO IIPOoIiecca MOBPEKAAEMOCTH.

W3 coorHomesua (15) ciegyeT,YTo NHOBPEKAAEMOCTH CKJIAIBIBASTCS H3
ABYX cilaraeMbix: IepBoe cjaaraemoe ®(f) Xapakrepmsyer MIHOBEHHYIO
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MOBPEKIAEMOCTE B MOMEHT BpeMeHH t OT BO3JEHCTBUSA B 9TOT K€ MOMEHT;

BTOPOE CJjaraeMoe yYHTHIBAeT IIOBPERIEHHOCTS, HAKOIJICHHYI0 34

upoMerkyToK BpemeHHU [0, ] (yumrbiBaeT "HcTOpUIO T BpeAHOro Bo3neHcTEUA).
Ecan H(t-1)=M(t), w0

(@) = o) +(f)<P(T) M(v)dr, s (16)
MOBPEXKJAeMOCTh HaKaNJIWBaeTcs 0e3 y4déra "maMATd , UTO XAPAKTEPHO

ISt OOBeKTOR  HEKHBOM MPHPOXEI.
PacemoTpuM nponeaypy 9KCIePHUMEHTAIBHOTO OIpeJe/IeHHA ALpa.
1. Oyere @(t) = 9(0) = @o = const = ¢(tp) BHeIIHee BOBAeHCTBHE ITOCTOSHHO.
IIpocaegum moBeeHUe CHCTEMBI BILJIOTH O PASpPYIIEHUA, T.€. J0 MOMEHTA
t =1, mpu xoTopom f(tp) =1.
M3 (15) umeem

t _
Po+po | HiEp-1dr=1 R an
.0 : o : G

¢

Mpoguddepennupyem JIeBY0 ¥ MPARYIO YaCTH IO tp

A '
H(tp) - dtp[(m)(tpf)] , (18)
T.0. (I)yHI{.ILI/IH H uucnaenso PaBHa& TaHIeHCY yIJUIa HaKJJOHa KpI/IBOﬁ ~L_ K

Poltp)
ocu I, T.e. AAPO oOupeneaseTca BaKOHOM W3MEHEHHUS  CKOPOCTH
MOBPElKAAEMOCTH BO BpEeMeHH.

Kpusas  ¢(tp) fgomaxHa OBITH  HOCTPOEHA  OKCHEDHEMEHTAABHC H
XapaKTepH3yeT CBA3L RPeMeHH paspylleHud tp ¢ YPOBHEM SalrpA3HeHUI ¢ .

B ciyuae HeBozMOMKHOCTH [OBeHeHHS O0BEKTa 0 paspylieHus (YeloBek,
SKMBOTHOE) B TIpaBoll uactu cooTHoweHuwa (18) mommo Bmects 1 B3aTH
3apaHee ODYCJIOBJEHHBIN  YpOBeHb  UOBpexAenuss 1, wmasmadaeMmbiil
KCIePTAMM ¥ HaJEXKHO (QPUMKCUPYEMBIH 9KCIePHMEeHTAIBHO.

Ecam mssecTHa 3aBUCHMOCTEL IOBPEKJAEMOCTH OT BPeMeHM [(ip) M 3aKOH
usMeHeHus @(f), To Aia oupelenenus H wumeem HMHTerpajibHOe ypaBHEHHEe
Boasreppa 1-ro poga (15).

Pemaa sto ypaBHenue ormocutresbHo H HaWiaéM HeusBecTHoe SAPO
HHTETPANLHOTO YPARHEeHU.

OrmernM, uTo ypaBHeHue (14) nmo3BojdeT O MBRECTHOH GYHKIAK
noRpexgenna f(f) wm snpy Haalitu HewsBectHoe Bosgeiictsme ¢f)
(uHTerpanbHOe ypaBHeHMe BoabTeppa 2-ro poaa).

SUMMARY

The purpose of the present paper is to extend some ideas of fracture mechanics to a solution
problems of influence of environmental pollution on damage degree of nature objects. Some
integral relations between damage function and pollution degree are given. The methods for
experimental determinations of unknown kernels of integrals are proposed.
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