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DETERMINATION OF TIME CHARACTERISTICS FOR RUBBER ELEMENTS OF MACHINES
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AHHoTauma. C nomolublo MeToaa Baanona paspaboTaH anroputm pacyéra BpeMeHHbIX XapaKTepucTuk pesu-
HOBbIX 3/1eMEHTOB BUOPALIMOHHBIX MALUMH (FPOXOTOB, NUTaTe/Nel, KOHBEHEepPOoB U T.4.), paboTaloWwmx Npu AAnUTeN b-
HbIX LMKIMYECKUX Harpyskax. B npouecce aKcnayaTaumu TakMX MaliMH B UX YNPYr1X 3BEHbAX HaKanausaetca no-
BPEXAEHHOCTb, NPUBOAALLAA K M3MEHEHMIO MAKpPOXapaKTePUCTUK MaTepuana: Moayns cAasura u KoadduumeHTa
auccunaumu. Npouecc HaKonAeHUA U PasBUTUA MUKPONOBPEXAEHUI B MaTepuane MHTepNpeTMpyeTca Kak obpaso-
BaHWe B NepBOHaYa/IbHO OAHOPOAHOM MaTepuane HeKOTOPbIX 061acTel, MMEIOLLMX XapaKTep BKAOYEHUH, CBO iA-
CTBa KOTOPbIX OTNIMYHbI OT CBOWCTB MCXOAHOrO MaTepuana. B pabote ucnonbayetca metog Bannona, nossonstowuit
onpeaenatb agppekTUBHbIE (YCpeaHEHHbIE NO HEKOTOPOMY 06BEMY MaTepuana) XapaKTEPUCTUKU Pe3nHbl C YYETOM
pa3BMBaloLLECA MOBPEXKAEHHOCTU. [INA KOHKPETHOrO NpumMepa NPUBOAATCA 3aBUCUMOCTU MOAYAA YNPYrocTu, 3¢-
GEKTMBHOrO MOAYNA M KOIGGMLMEHTA AUCCUNALLMM OT NOBPEKAEHHOCTM.

KnioueBble CNoBa: pe3nHa, BPEMeHHbIe XapaKTePUCTUKM, NOBPEXAEHHOCTb, MeTo Bannona, agpGeKTmBHbIA
MOZyNb MaTepuana

B TAMENbIX MallMHaX, paboTalolMX B CTaLMOHAPHOM AMHAMMUYECKOM pexunme, ynpyrue
3BEHbA WUCMbITbIBAIOT 3HAYMTE/IbHbIE HArPy3KM, KOTOPble NPUBOAAT K CyLLECTBEHHOMY M3MEHe-
HUIO CTPYKTYpbl MaTepuana BO BPEMEHM 3KCMayaTalMu. B KOHEYHOM UTOre 3TO NPUBOAUT K
HaKOM/NIEHUIO MOBPEXAEHHOCTM M K WM3MEHEHWMIO MaKPOXapaKTEPUCTUK MaTepuana: MoAayns
cagura G 1 KoadduumeHTa guccunauum .

@ Kobeu, A.C., Cokon C.NM., Teepaoxneb T.E., ToncteHko A.B., KonbacuH B.A., YepHuit AA.
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K TaKMM MalMHaM OTHOCATCA FPOXOTbl, NUTATENM, BbIOUBHbIE PELUETKM, LEHTPUYTH, XKaT-
KW, BMOPALMOHHbIE MALUMHbI CEIbCKOXO3AMCTBEHHOTO MPOM3BOACTBA M T.4. MexaHuuyeckue
CBOWCTBa pe3nHoBbIX geTaned (P[) TakMX MalUMH He OCTaloTCA MOCTOAHHbIMKM B npolecce
HarpyeHus, a UX U3mMeHeHMs 0ObIYHO MPUBOAAT K U3MEHEHMIO MapameTpoB KonebaHuit no-
JBWMKHbIX YacTeil MalluH, a MHOTAA M K M3MEHEHMI0 TEXHO/M0TMYeckoro npouecca. Mpu atom
BECbMA BaXKHbIM ABNAETCA HAKOMAEHWE NOBPEXAEHHOCTM B MAaCcCUBE PE3UHOBOM AETanu.

NMoBpeXAEHHOCTb MaTepuana ABAAETCA NEPBONPUUMHOM NOTEPM NtobbIM n3genvem pabo-
TOCMOCOBHOCTM, YTO B KOHEYHOM MTOre NPMBOAUT K €ro oTkasy. B 3tolt cBA3u dopmupoBaHue
XapaKTEPUCTUK PE3UHOBbLIX 3/1EMEHTOB KOHCTPYKLMW, Kak OYHKLUMM pa3BuBaloLLECcA nospe-
KAEHHOCTU, ABNAETCA aKTyaNbHOMN 3afayeil, NPeACTaBAAIOLWEN HAYYHbIA U NPAKTUYECKUIA UHTE-
pec.

B paboTe ucnonb3yeTca pa3paboTaHHbIN 418 KOMMNO3UTHbIX MaTepuanoB meTos Bannona
[1-4], no3Bonsatowmi onpeaenatb 3dPpekTuBHbIE (YcpeaHEHHbIE MO HEKOTOPOMY 0O6BEMY pesu-
HOBOIO MaCCMBA) XapPaKTEPUCTUKM C Y4ETOM Pa3BMBAIOLLEINCA B MaTepuasie NOBPEXKAEHHOCTU.

Mpu pacyéTe NPUMEHsAETCA Cneaytolas MoAenb YCTaNoCTHOTO paspyleHus. Mccneaye-
MbIii PE3VNHOBbIN 31EMEHT NPEeACTaBAAETCA COBOKYMHOCTbIO MaTepuanbHbIX TOUEK (MAKU Xapak-
TepHbIX 06bEMOB), KaXKAan M3 KOTOPbIX Hafe/eHa CBOMCTBAMM UCXOAHOro MaTepuana. Mpouecc
HaKOMN/NIEHUA U Pa3BUTMA MUKPOMOBPEXKAEHUM B MaTepuane noj AeiCTBUEM BHELIHMX Harpy3okK
WHTEpNPEeTUpPYyeTCAa Kak 0bpa3oBaHMe B MEpPBOHAYaAbHO OLHOPOAHOM MaTepuane HeKOTOPbIX
obnacTei, UMELWNX BCEACTBME CBOEW M30/IMPOBAHHOCTM XapaKTep BKAOYeHUI. Mpeanonara-
€TCA, YTO CBOWCTBA BCEX BKNOYEHWUM MAEHTUYHbI MeXAy COBOM, HO CyLLeCTBEHHO OT/IMYHbI OT
CBOWCTB MCXOAHOTO MaTepuana.

Huke nccnepyem age MakpOCKOMMYECKME XapaKTePUCTUKM PE3NHOBbIX 31EMEHTOB, N0 -
HOCTbIO OMMUCbIBAIOWME MX BA3KOYMPYroe NoBefeHUe: AUHAMUYECKMIA Moaynb ynpyroctn G' u
MoZynb notepb G”, Npu 3TOM KOMMAEKCHbIN MOAYNb C YYETOM Pa3BMBAIOLLENCA B MaTepuane
noBpeKAEHHOCTY (M COOTBETCTBYIOLLEN aHM30TPONMEN CBOMCTB) 3aNULLIETCS B TEH30PHOM BUAE

G =G +iG",
rae 3HaK A 03Ha4yaeT TEH30PHbIE BEIMUYUHBI, NN
G;kl = Gi;'k/ +i Gi;,k/'

~

Mpu nocTpoeHnmn sdpdeKTMBHLIX XapaKkTepucTuk G., n G., caenaem pag npeanonoxe-

3
HUI:
1) pe3anHa B MICXOAHOM COCTOSIHUM OHOPOAHA M U3OTPONHA;
2) obpasytolmecs BKAOYEHUA XapaKTEPU3YIOTCA CBOEM KOHUEeHTpauuen p(t) B npous-
BOJIbHOM XapaKTepHOM 06bEME, U3MEHAIOLLENCA BO BPEMEHMY;
3) moaynu obpasytowwmuxca BKAoYeHUi (G, G, ) cBAA3aHbl C MOAYNAMMU UCXOAHOTO MaTe-

puana G,, G, COOTHOLIEHMAMN TMNa

G, =f(Gy);

4) pa3BMBalOLLMECA BKAIOYEHWA MATEMATUYECKM XapaKTepu3ylTCcA MaTpuuend moaynew
YMpPYrocT1, aHanorMYHOM MaTpu1LLe MOAYeN YNPYrocTM OCHOBHOTO MaTepuana;

5) ynpyrue moayau matepuana BKNOYEHUM He 3aBUCAT OT BPEMEHM, T.€. CBOMCTBA Aedek-
TOB HE MEHAOTCA B MPOLLECCE Pa3pyLIEHMA, TOT GaKT, YTO NOBPEXKAEHHOCTb MaTEpPUana PacTerT,
OTPaXKEH PyHKumen p(t);

6) uccneslyemble XapaKTePUCTUKM OTHOCATCA K NEPBOMY 3Tany pa3pyLieHUs, KOTOPbIN Xa-
PaKTepU3yeTCA 3apPOXKAEHMEM U Pa3BUTUEM AedeKToB (NOBPEXAEHHOCTH) U UMEET C TOUKM 3pe-
HUA TEPMOJMHAMMKM XapaKTep KBa3MPaBHOBECHOTO npoLiecca.
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an CAeNnaHHbIX Bbllle Npeanos1oKeHUAX CornacHo [2] BblpaXeHune 3¢d)eKTV|BHor0 moay-
~r ~n
na Gad) (aHal'IOFMLIHO nanAa Gad;) 3anuueTca B suge

G, =G, +(1-p)G,—G,):[I +p(G, +G]) " :(G, —G)I ", (1)
roe él' — TEH30p MOAYNEN YNPYroCTU BKIOYEHUS;
A(; - M3OTp0I‘IHbIl71 TEH30P, KOMNOHEHTbI KOTOPOTO NPeACTaBAAOTCA B BUAE
— A+6 " 91+14
G, = HA+6H) o gu M #)
(31 +8u) 2(34+8u)

A 1 i —KoadduumeHTbl JlAMe OCHOBHOW cpeapl;
0" — cumBonbl KpoHekepa;

~

| - e,CI,VIHWJHbIl‘;i l-IeTbIr.)éXBaJ'IeHTHbIIL/i TEH30pP, KOMMNOHEHTbI KOTOPOTro UMEIOT BMJ,

= %(5’*5/" +8'5%),

-(§i/5ik +51/51k) )

P — NOJIHAsA KOHLIEHTPaLMA BKIIOYEHNI B XapaKTepHOM 06bEMe maTepuana.
Ana KOHKpeTM3aLmMn BbipaxeHusa (1) npumenntensHo k G., 1 G, CnepyeT yCTaHOBUTb

BMA, GYHKLMOHANbHbIX COOTHOLIEHMI MEXAY CBOWCTBAMM MCXOLHOTO mMaTepuana v pa3BuBalo-
LWMXCA BKAOYEHMIA. [Py 3TOM NPUMEM BO BHUMaHUWE CleAyIoLLMe, XOPOLIO U3BECTHbIE U3 MeXa-
HUKM PE3UHDI, NONOXKEHUSA:

1) cTapeHue pe3nHbl XapaKTepu3yeTcs NapannenbHo NPOTEKAOWMMM NPOLLECCAMM CTPY K-
TYPUPOBAHMA U AECTPYKLMM;

2) NpoLecchl CTPYKTYPUPOBaHMA ABAAIOTCA Npeobnagatolmu;

3) Npu CTPYKTYpUPOBaHUM HabNOAAETCA Pa3pPbiB XMMUYECKUX CBA3EN M 0BPa30BaHKUE HO-
BbIX.

B CBA3M CO CKa3aHHbIM Bbille, @ TaKKe Ha OCHOBAHMM KCMEPUMEHTA/IbHBIX AaHHbIX ANsA

G, u G, 6yayT NPUHATbI pasHble MOAENN.
OcTaHOBMMCA CHa4ana Ha GopmmMpoBaHNK BbipaxkeHus ana G, . Mpumem G =n'Gy, T.e.

MOAYNb 06pasytoWmMXca BKAOYEHNIA B n' pa3 boablie MOAYNA OCHOBHOIO maTepuana.
C y4éTOM cAieNaHHbIX NPeAnoNoXKeHUN 1, NPeACTaBUB HE3aBUCMMbIe KOMMOHEHTbI TEH30-
pa HanpsKeHU B BUAE LIECTUMEPHON MaTpuubl-cTonbua [5, 6], 3anucbiBaem MaTpuLLbl MOAY-

neii ynpyroctn G, u G, B BUAE

G, 0 0 0 0 O
0 GG 0 0 0 O
., IO 0o G o o0 Oof _ .
GO = ' = GO 'II (2)
0 0 0 G, 0 O
0 0 0 0 G, O
0O 0 0 0 0 G
G, =n'G)/, (3)
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106'/3 G,/3 G,)/3 0 0 0
G,/3 10G,/3 G,/3 O 0 O
&_|G/3 G/3 106/3 o 0 0 "
° 0 0 0 3G, 0 0
0 0 0 0 3G, O
0 0 0 0 0 3G
NMpousseaa TeH30pHble onepauumn B (1) cornacHo [3, 4], nonyvaem ans é;d) cneayloulee
BblpaKeHue
A0 O0O0GO0O
0 AO0OOOO
é;¢:00A000' 5)
0 00 B OO
0 000O0BDO
0 0O0O0TO0RB
e A:G{n,+(1—p)(1—n')A_’ BZG{’H(1—n’)(1—p)(n’+3/2)]
A+pA,(1-n') | (n'+3/2)+2p(1-n")

3 2
A={4[n'+éj —l(n’+§j+1}, A1:4(n’+§j —1.
3 3 3/ 9 3 9

~

C wncnonb3osaHMem BbipaeHna Ana G., CTpOMM CBA3b Mexay Aedopmauuamm u
HanpsXeHUAMM B BUAE

Oy &y

O-y Sy

o, -, &,

o, G el (6)
xz xz

(o vz & vz

Ecnu paccmatpumBath fedpopmaLmio YMCTOro cAsura (Takas AedopmaLima YacTo BCTpeyaeT-
cA Npu paboTe Pe3MHOMETANNIUYECKMUX INEMEHTOB TUNa BPM B BUOPALMOHHbLIX MaLIKMHAX), TO

& =¢,=¢,=&,=¢,=0, n nonyyaem cnegyrowee COOTHOWEHUE MEKAY KacaTe/bHbIM
HanpAXeHem oy, 1 fedopmaLmen caBura &,
|, (@=n)(1-p)(n'+3/2)
ny = GO n+ ’ 4 -
(n'+3/2)+2p(1-n")
OTHOCMTENIbHO 3Ha4YeHWA N’ B M3BECTHOMN IMTEPATYpPE AaHHbIX HET, B JanbHelilem Bbi6op
n' MOXeT BblTb OCHOBAH Ha 3KCMEPUMEHTaNbHbIX pe3ysbTaTax. PaccumtaHHas no dopmyne (7)

3aBUCMMOCTb 3P HEKTMBHOTO MOAYNA OT NOBPEKAEHHOCTM NOKa3aHa Ha puc. 1.
CpaBHEHWE MOYYEHHbIX PEe3y/bTaToB C IKCNEPUMEHTANbHbIMM AaHHbIMM MOKa3biBaeT,

YTO NOCTPOEHHAA 3aBUCHMOCTb G;qb(p) COOTBETCTBYET XapaKTepy M3MeHEHMA abCoNOTHOMN Be-

(7)
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NNYUHBbI KOMMOJEKCHOTO Mmoayna casura wu
MOXeT bbITb MCNONb30BaHA anAa yqéTa HeCTa-
OMNBHOCTM MEeXaHMYEeCKMX CBOWCTB €nabo- u
CpeaHEHANO/THEHHbIX PE3UH. an 3TOM 4NA
HAaNOJIHEHHbIX Pe3nNH cneayer YyTOYHUTL BUA

GyHKLMM f(G('J).
CnesyeT caenatb elweé oAHO 3amedaHmne

OTHOCUTENIbHO 061aCTU NPUMEHUMOCTH NONY-
YEHHbIX pPe3y/abTaToB. JKCMepPUMEHTaNbHble

NCCNe0BAaHMA MOKa3blBAKOT, YTO B LIMPOKOM Rl =
AManasoHe YacToT M aMNANTYA, XapaKTepHbIX 1-n"=12,2-n"=1,53-n"=184-n"=20
Aans pabotbl BUOPALMOHHLIX MAlUMH, 3Haye- PucyHok 1 — 3aBucumocTb 3pPeKTMBHOrO Mmoayns

YNpyrocTu oT NoBPeXAEHHOCTH
HMEe CTaTUYeCKOro MoAayns NMPUMEPHO PaBHO

3HaYeHW0 AuHamuueckoro: G =G; AnAa
CNaboHanoIHEHHbIX pe3nH. [na pe3nH Ha ocHoBe CKU-3 ¢ HanoNHEHWEM TEXHUYECKUM YIIepo-
nom 6onee 20 macc.u. UMeeT MecTo QYHKLMOHAAbHAA 3aBUCUMOCTb

G, =1,34G,—-0,2(MnNa),
KOTOpas MOMeET ObITb UCNONb30BaHA NPY ONUCAHUM MEXaHUYECKMX XapaKTepucTuk PIK ansa pas-

HbIX TUMOB Pe3WUH; G, ONPESENAETCA U3 CTATUYECKMX UCTIBITAHWA.
N3n0XKeHHDbIW BbIE aNrTOPUTM MOXKET ObiTb NPUMEHEH K NOCTPOEHUIO GYHKLMOHANBHOM

3aBUCMMOCTH Apyrov 3QpdeKTUBHOM XapaKTEPUCTUKM G;'[ﬁ. Mpw 3TOM NPUHUMAETCA CaeaytoLLas

¢M3M‘-|€CKaF| MoJeNb paspyleHuna. BKAtoyeHusa, pa3smBaOLineca B nepBoHa4abHO O4HOPO 4-
HOM maTepunane, MoaennpytoTca pa3pbiBaM XMMNYECKNX cBA3EN U OPUEHTMPYIOTCA NO HAanpaBs-
NEHUI0 pBYLWKUXCA cBA3ein. B cOOTBETCTBUM C 3TUM ynpyrue CBOMCTBA maTepunana Takux BKaKOYeE-
HWI1 B Ba3nce rnaBHbIX OCei TEH30pa HaI'IpFI)KeHMﬁ MOXHO NpeacTaBuTb B BUAE

00 0 00O
0 Gi O 00O

. 00 G'" 00O

Gﬂ: 0 8

“ oo 0 00O (®)
00 0 00O
00 0O OO0 G

Mcnonb3ya sbipaxkeHus (2), (4), (8), Ha ocHoBaHMK (1) Nonyyaem maTpuLy 3HaYEHUIN AN

>

"

o
17p+28
0 Gl 0 0 0 0
0 G 0 0
Gadz = 0 0 0 GO (1_p) 0 (9)
1+(2/3)p
0 0 o 0 G(1-p)
1+(2/3)p
0 0 o0 0 0 Gl
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[ns cnyyas unctoro casura

1_ G"
(p)=(2¢. (10)

“p+1
5P

"
G,

CooTBeTcTBylOWAA  3aBUCH-
MOCTb NPeACTaBAeHa Ha puC. 2, rae,
Kak U B Mpeablaylem caydae, He-
CTabMNbHOCTL CBOWCTB onpeaenset-

CA  3BOMMOLMOHHLIM  YPaBHEHUEM 3 “', ”L( 10
o 0
p(t), BUA KOTOPOrO MONET ObITb (1) v
NPUHAT [6]
et PucyHok 2 — 3aBucmocTb 3¢ PeKTUBHOrO Moaynsa noTepb oT
p(t):l—e , NOBPEXAEHHOCTH

rae k' —napametp, 3aBUCALLWMIA
OT TUMA PE3MHbI M YCNIOBUIA HarpyXeHus.
C ucnonb3oBaHuem BbipaxkeHuid (7), (10) n paBeHcTBa

_ 27G"
v(p)==5
noNy4aem 3HayeHne Ko3dpPUUMEHTa AUCCMNALMM IHEPTUM KaK GYHKLMM NOBPEXKAEHHOCTH
— (1_p)l//0 11
w(p)= , , (11)
2 n,+(1—n)(1—p)(n +3/2)
3 n'+3/2+2p(1-n")
227G,
rae  y,= o
0

Ha puc.3 npeacraBneHa 3a-
BUCMMOCTb TEXHUYECKOTO KO3dPu- [
UMEeHTa AuCccunauun i OT MoBpe- 1.0
XOEHHOCTN, eé CpaBHeHMe C CooT- T
BETCTBYIOLEN 3SMMNUPUYECKONA Bpe- TR
MEHHOW 3aBUCHMOCTbIO MOKa3blBaeT Y o6
UX KaYecTBEHHOE COBMajeHMe. 7

O6obuass M3N10KEHHOE BbI- 0.2
e, MOXHO cAenaTb BbiBOA O TOM,
T TaHHbIN METOA, ABNAET- . : .

0 paspabotakHbiit MeTog AB/Ae 0 0.2 04 06 08 10
cA  MeToAOM  MPOrHO3MpPOBaHMA
plt) —
KECTKOCTHbIX M AMCCUNATUBHBIX
o n =99 _pn =
cBoiicTB P[] B CBA3M C pa3BMBalO- 1-n"=2;2-n"=1,2
WeiicA NOBPEXKAEHHOCTbIO. OH no3- PucyHok 3 — 3aBucMMOCTb Koag)d)muMeHTa Auccunaumm oT no-
BPeXAEeHHOCTU

BONIAET TaKKe CBA3aTb MMKPO- U

MaKpPOXapaKTEPUCTUKM pPaspyLLEHMA
P, MOXeT b6bITb MCNONb30BAH NOCAE YTOUHEHUA NPUHATLIX PU3NYECKUX MOZENEN NPU pacyéTe
ponroseyHocTu P,
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AHorTauif. 3a gonomoroto meToay Bannosna po3pobaeHnit aaropuTmM po3paxyHKy YacoBUX XapaKTEPUCTUK Ty-
MOBWX €N1E€MEHTIB BibpaLiiHUX MaLIMH (FPOXOTIB, }KMBUIbHUKIB, KOHBEEPIB i T.4.), WO NPALIOIOTb NPU TPUBANUX LM K-
NiYHUX HaBaHTaXKeHHAX. B npoueci ekcnayaTawii TakMX MaLLWH B iX NPYXHUX NaHKAX HAKOMUYYETLCA MOLIKOAKEHICTD,
AKa Bede 40 3MiHM MaKpPOXapaKTepUCTMK MaTepiany: Moayns 3cyBy i KoediuieHTa amcunauii. Mpouec HakoNUYeHHS i
PO3BUTKY MIKPOYLUKOAMXEHb B MaTepiani iHTEPNPETYETbCA AK YTBOPEHHA B CNOYATKY OAHOPIAHOMY MaTepiani AeAKnxX
obnacTel, WO MaloTb XapaKTep BK/KOYEHb, BAACTUBOCTI AKMX BiAMIHHI Bif BnacTMBOCTEN BMXigHOrO MaTtepiany. Y
po6oTi BUKOPUCTOBYETbCA MeTOA Bannona, wo A03BonfE BU3HAYaTU edeKTUBHI (ycepesHeHi no feakomy ob’emy
MmaTepiany) xapakTepPUCTUKM TYMU 3 YpaxXyBaHHAM NOLIKOAKEHOCTI, WO PO3BMBAETLCA. [N KOHKPETHOTO NPUKAAZy
HaBOAATLCA 3a/IEXKHOCTI MOAYNA NPYHKHOCTI, ePEKTUBHOrO MOAYyAA | KoedillieHTa Avcunauii Big NOWKOAKeHOCTI.

KniouoBi cnoBa: ryma, YacoBi XapaKTEPUCTUKM, MOLWKOAKEHICTb, MeTo4 Bannona, epekTMBHUIA MOLYNb MaTe-
piany

Abstract. With the help of Walpole method, an algorithm was established for calculating time characteristics
of rubber components of vibrating machines (mechanical screens, feeders, conveyors, etc.) working under durable
cyclic loads. In the process of operation, damage accumulates in elastic links of such machines causing changes in
such macro characteristics of the material as shear modulus and dissipation coefficient. The process of micro dam-
age accumulation and development in the material is interpreted as formation of some areas in originally homoge-
neous material, which are a kind of inclusions, properties of which differ from those of the original material. In this
paper, the Walpole method is used, which allows to determine effective (averaged by some volume of material)
characteristics of rubber with developing damages. As a concrete example, dependences of coefficient of elasticity,
effective Young’s modulus and dissipation coefficient on the damage are given.

Keywords: rubber, time characteristics, Walpole method, effective modulus of the material
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CYYACHI ACIIEKTH CTAJIOTO PO3BUTKY B KOHTEKCTI II0BAJIbHOI BE3NEKH

Abstract. The authors have considered modern scientific approaches to the problem of sustainable develop-
ment of complex dynamic systems. Main factors of risks are generalized: anthropogenic, technogeneous and eco-
logical. Some aspects of Darwin’s triad and the second law of thermodynamic are used to explain the problems of
global safety.

Keywords: sustainable development, complex technical systems, technosphere, noosphere, laws thermody-
namics.

Preamble

The fundamental sciences determined the evolution of humanity, especially in the last
two centuries. Ideas of such prominent scientists, thinkers, philosophers like Aristotle, Plato,
Socrates, Pythagoras, Hegel, Kant, Feuerbach, Galileo, Vinci, Descartes, Newton, Maxwell, Poin-
care, Lomonosov, Scovoroda, Mendeleev, Vernadsky, Prigozhin and others created the im-
portant prerequisites for the knowledge of the spiritual and material world, and influenced the
development of creative thought until our time. Of course, many of these ideas will determine
the evolution of humanity in the third millennium. Among them the doctrine of V.I. Vernadsky
about noosphere (from the Greek “noos” — mind) has to be marked out.

Vernadsky’s concept of evolution of Earth’s biosphere was published in the first half of the
century. He considered the evolution as a single space, geologic, biogenic and anthropogenic
processes. In this concept, he outlined the concept of living matter and inert matter, the role of
humanity in the development of the biosphere, the global significance of scientific thought as a
planetary phenomenon, and the inevitability of the transformation of the biosphere into the
noosphere.

According to V.I. Vernadsky new power which “can create the unity of mankind” appeared
at the beginning of XX century. Scientific thought was first recognized as a force of geological
origin, and creating a noosphere.

Transition of the biosphere into the noosphere is a natural phenomenon; it is deeper and
more powerful than the human history. It answers the biological unity and equality of all people
and requires a demonstration of humanity as a whole, not only in terms of the individual and the
state, but also in the planetary scale. Humanity as a living substance becomes one, some spatial-
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