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BeeneHue

[ip ocBoCHUH HHOA3EMHOIO NPOCTPAHCTBA B HACTOSIILEE BPCMst ONHOM M3 aKTvalbHbIX TIPOOJICM
OCTACTCH 1HOTHOTA U JOCTOBEPHOCTL OIMUCAH UL HANpsEKe HHO-aedopMuposatiHoro coctostHist (HAC) mac-
CHBA U €0 MEXAHHUECKHMX XapAKTEPHUCTHK B l1poLecce NpoBeJeHUS TOPHLIX padboT, B pe3yabTraTe KOTOPbIX B
MACCHBEC O0Opa3yIOTCHS NOJOCTH (TOHHEH, ITOMLHU, (pypHean, Jgasbl U Ap.). [Ipn npoxonke ropHbix
BbIPAOOTOK HPOHCXOAHMT H3IMEHEHUE BHEINHHX HArPY30K (pasrpys3Ka), 1.€. ¢ KOHTypa BbIPAOOTKH CHUMAIOT-
CH NENCTBOBABILME 10 3TOIO HArPY3KH, H MNMOPOIA, HAXOASUASNCSH BOJH3IN KOHTYPA, OKA3blBACTCS PA3IPYyKEH-
HOM.

Takune xe npoueccol npeTepnesBaet ¥ 00pa3eL NMPH HU3BJAECYECHUHN €ro H3 CKBAXHWHbI NPH pa3BelOUHOM
OYpPEHHH, U IKCMNEPHMEHTATOP, KAK MPaBUJIO, HE 3HAET HE TOJIbKO O (PAKTHUECKOM HANPSIXKEHHOM COCTOS -
HMU UccieayeMoro oopasila, HO M O BAUMSHUH NCTOpHH dopmuposadust ero HIAC Ha pesynbTUpylollee
COCTOSIHME MMOCJIE PA3IPY3KN.

BmecTe ¢ TeM npu onpeneneHUd MeXaHMWUYECKHUX CBOWUCTB MOpo4 IO U3BATHLIM M3 MACCHUBA KepHaMm
(OCOOEHHO € 00/LUIMX TNYOHH) B HUX 00OHApYXUBAKOT AehOpMALIMH YIIPYTOro NocAeaeUCTBUS, CHHXKEHHUE
NMPOYHOCTH, OCTATOUHbIE HATIPSIKEHUS, SIBNSIOWNECH CNEACTBUEM NMEPExo1a 00pa3LoB B CaMOHANPAXEHHOE
COCTOSIHUE TTOCJIE Pa3rpy3KH Mo aHAJIOTMHM ¢ KPaeBOH AUCIOKaUMER B MeTalJ1ax.

Pe3ynesratsol BeinosiHeHHbIX B HUUWOCITT um. H.M. TepceBaHoBa uccnenoBaHui nokasanu, 4To OJHOIM
U3 MPUYUH BOZHUKHOBEHUS CAMOHANPSIXKEHHOIO COCTOSHUS B TOPHBIX NMOpoaax SIBISETCH NPEALICCTBYIO-
mwast uctopust popmuposanust HI1C u cpsizaHHOe ¢ HEH BOBHUKHOBEHHUE BHYTPEHHUX MOJIEH HANPsIXKEHUI B
Nepruo reHe3mca.

Ha craauu pa3rpy3ku B KOMIOHEHTAX TaKOH NMOPOAb! PEATU3YIOTCS OUNOJIAPHbIE CAMOYPABHOBELICH-
Hble HAMPSOKEHUSA, XapaKTePHbIC AN CAMOHATIPSIXKEHHOTI'O COCTOSAHUS, ITOKA3aTE/ISIMA KOTOPbIX B KOTCS
NPOSIBJSIIOIUMECH Y NToAaoInecst peructpaumni 3p@PekTbl B BUAE CHUXEHUS NPOYHOCTHU, CAMOTIPOM3BOJIbL-
HOI'O npupatucHus aedopMannin, oopazoBaHust 1e6HEKTOB U T.11.

DTHU NMPU3HAKU CBUAETEJbCTBYIOT O TOM, UTO B [TOPOAE UMEIOTCS MPUYHUHBI, CAEPXKUBAIOIINE [TOJIHYIO
MIHOBEHHYIO peau3aunio NOTEeHUHaNbHOU SHEPIrUK yrnpyrux acopMauuin B nNpouUecce CHITHUH BHELIHUX
CHJ1, 4TO OA€T OCHOBaHUe C(hpOpMyJINpOBaTh KOHUEMUMIO HACTUYHOIO CBA3bIBAHUS YNIPYIO 3HEPIUU MPH
pa3rpy3ke. |

SBneHune BO3HUKHOBEHUS CaAMOHATPSIXKEHHOIO COCTOSHUS rOpHOH nopoasl, cGopMUpOBaBLIEHCH 10/
NEWUCTBUEM BHELWIHUX CUN, MOAY4YMIO cTaTyCc OTKpbITUs (Ne 162 P®, 2001) ¢ Bblaayen CBUAETENbCTBA
HHUHNOCII um. H.M. I'epceBaHoBa, aBTopaM — IHTIJIOMOB.

AY
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CTAHJIAPT OPTAHU3ALIUM

BbIAABJEHUE CAMOHANPAXEHHOIO COCTOAHUA TOPHOU INMOPO/bI

The revealing of the self-stress effect of a rock

Nara ssenennsd 2009—12—15

I O0aacTb npumMeneuus

1.1 HacTosiiunit craHaapr pa3padoTtaH Ha OCHOBE pPE3YNbLTATOB TEOPETUHECKMUX U IKCIIEPUMEHTAJIbHbIX
MCCedOBaAHU N, KOTOPLIE NOKA3AJIU, UTO [IPH ONPEACTIEHHbBIX ECTECTBEHHDBIX UJIH UCKYCCTBEHHBbIX YCJIOBUSIX,
CBI3AHHBIX C npeabiaywend ucropuen ¢opmuponsanuns HIAC, cywecrsyer 00nbliasgs BEPOATHOCTL IPH
MOCJIEAYIOUIEN pa3rpy3kKe rnepexoaa MatepHana B CAMOHANPAXEHHOE COCTOSSHUE, XapaKTEPU3YEMOE HaJIU-
YUEM OCTATOYHbIX HANPpAXEHUN. K TAKUM yCnoBUSM OTHOCUTCS, HAaNnpuMep, crnocod ¢gopmuposadiunsa HAC
NPpU reHEe3UCe MOPOabl MO CXEME «HATPYXEHHUE-LIEMEHTUPOBAHHKE», TIPU KOTOPOil 3(P(PEKTUBHDBIE HAMPSIXKE-
HUS B CKeJleTe (MaTpHULIE) NIPEBLIILAIOT AABJACHUE B LEMEHTUPYIOLLEM 3aMNOJHUTENE.

1.2 Hacrosuinit ctanpgapt paspadotaH A1 oOHapyXeHHUs BO3MOXHOro nepexoaa B OCHOBHOM €CTe-
CTBEHHbIX MPUPOAHBIX OOpPA30BaHUM (TOPHbLIX MOPOA) U, B MEHBILUEH CTENEHH, UCKYCCTBEHHbIX MAaTEPUAJIOB
B CAMOHANPAXEHHOE COCTOSAHHUE B YCJIOBUSAX CHATHUSA BHEILIHUX CUJIOBBIX BO3AEUCTBUM (lajiee — pa3rpy3ku)
KU COCTaBJIEHUA NMacnopra rNpoYyHOCTU MaTEpUAA.

|.3 JlaHHbBIM CTaHAAPT PEKOMEHAYETCA NMPUMEHSATD U1t OUEHKH BJANSHHUS 00pa30BAHUA CAaMOHATM PAXEH-
HOIO COCTOSTHUA Ha YMEHbILIEHHUE NMPOYHOCTH MOpoa BMEILAIOLIEr0O MAaCcCHBa B 3KCIIIyaTallMOHHBIK NEPHO/I,
BO3ZHUKHOBEHUS HABEACHHONH aHM3OTPOIIUU, MPOSIBACHHUA AcPOpMALUMN yIIPYyroro nocjaeacicTesus U ajs
MUHHUMHU3AUNUU BIUSIHUS TEXHOTEHHOTO BO3AEHCTBUS Ha M3MEeHeHUe HadasibHoro (npupoaHoro) HAC u
YyMEHbLUEHUSI HECyllel CNOCOOHOCTHM MAacCHMBA TOPHbLIX NMOPOL HA KOHTYpEe BbIPAOOTKMH, a TAKXKE OIS
MOBbILIEHUSA YCTOMYUBOCTH BbIpabOTOK M MpeaoTBpaliecHus o0pa3oBaHUA BOZHUKHOBEHUS ONACHBbIX TOp-
HO-I€OJIOTHYECKUX ABJIEHUH, C MOMOILLIbLIO, HAIPUMEP, «AQKTUBHBIX» CITOCODOB.

.4 K TeXHOM€HHbIM BO3AEUCTBUSAM Ha MACCUB MOPOA MPUMEHHUTENBHO K HACTOAWLEMY CTAHAAPTY CaeayeT
OTHOCUTb NPOBEAECHUE TOPHBIX BbIPA0OOTOK, CTPOUTEINBLCTBO NOA3EMHbBIX COOPYXEHWUM, IKCIJIyaTalUM IO MECTO-
DOXIAEHWHN MONE3HbIX UCKOMaeMbIX, BbI3biBatOinx M3MeHeHne HIAC Bmeulaioumiero maccuBa, COIJIaCHO
CHul1 3.02.03 u CHull 11-94.

.5 HactostiM# ctaHaapT npeaHasHauyeH Ans U3bICKATENbCKHUX, HAYUHO-HUCCIEA0BATEILCKUX, NTPOEKT-
HbIX U CTPOUTEJIbHbIX OPraHNU3aluUi, CBA3AHHbIX C OCBOSHUEM MOA3EMHOI0 MPOCTpPaHCTBA NPU NMPOXOAKE
FOPHbIX BLIPAOOTOK, CIOXEHHbBIX MOPOAaMH, CKIOHHbIX K O0Pa30BaAHUIO CAMOHANPAXEHHOIO COCTOSIHHS,

pa3pabOTKON METOAOB YNPABJIEHUSI TOPHLIM AaBJIEHUEM LIS MOBLILLEHUS TEXHUKU O€30MacHOCTHU MPON3-
BOACTBA NOA3EMHbIX padOT B 100bIBAKOILLIUX OTPACAX.

.6 Ctangaprt opraHu3aluM MOXET ObITh MPUMEHEH B OCHOBHOM TPHU NPOXOAKE TOPHLIX BbIPabOTOK B
MOpoAax OCANAOYHOrO NPOUCXOXKIAEHUS (NECYaAHUKAX, ANIEBPOJIUTAX, APrUJIINTAX U T.11.) C IMUTEHETUYECKOHN
(nocnenyioulei) ueMeHrauuei |5, 7], CKIIOHHBIX K BO3HUKHOBEHHU IO B HUX CAMOHAMNPSIXKEHHOTO COCTOSIHUA.

1.7 JlaHHbIA CTAaHAAPT MOXET ObITh PaCNPOCTPAHEH MU HA Cayyau pa3paboOTKK MaTEPHANOB IS KpeErie-
HUSt TOPHbIX BbIPADOTOK C UCMONb30BAHUEM HOBBIX TEXHOJOIMMH U3rOTOBACHUS KpErneu, NMpUBOAALLUX K
BO3HUKHOBEHUIO ABYX CUCTEM HANPSIXKEHUN B MaTepUane.

.8 HacToswmiuit cranoaprt pacnpocTpaHseTcst Ha onpeneyieHue MmexaHuueckux csoucts u HIAC nopoan

HenocpeaCTBEHHO HAa KOHTYpPE BbipabOTKMU, B r1iyOMHE MAaCCHBA U U3 BbIPAOOTKHU M1 C AHEBHON NMOBEPXHOC-
TH ¥ Ha oOpa3Lax, U3bsATHIX U3 MAacCHUBa.

2 HopmaTuBHbIE CCbIJIKH

B HacTOosiLIeM cTaHAApTE UCNOAL30BAHbI CChUJIKHM HA CJIEAYIOLLME HOPMATUBHbIE IOKYMEHThI:
CHull 3.02.03-84 [lon3eMHble ropHble BbIpADOTKHU

CHull 11-94-80 [Toa3eMHbIE TOPHDLIE BLIPADOTKH
CHull 11-02-96 M HXEHEPHDbIE H3bICKAHWUS NS CTPOUTENBLCTBA. OCHOBHBIE NMOJOXEH UM
CHull 22-01-95 [eodn3nka onacHbIX NPUPOAHBIX BO3AEHCTBUM

CIT11-105-97 MHXeHepHO-Teoornueck e u3bickaHus ans crpoutesbersa (u. 1, 11, 111)
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[TOCT 120712000 TIpynrtbst. OTOOP, VIIaKOBKA, TPAHCNOPTUPOBAHHNE U XpaHEeHHUE 00Pa31loB
FOCT 20522—-96 [pYyHTBI. MeTOIL CTaTHCTHYECKOH 00PAadOTKHN pe3yabTaTOB MCNBITAH I

[OCT 24452---80 betouwl. MeTosibl onpeneneriss MPH3IMEHHON NPOYHOCTH, MOJY/ISE YIIPYTOCTH M
Koahpuunenrta [lyaccona

[OCT 25100—95 [pyiThl. Knaccndmkauns
[OCT 30416—96 [pyHTHI. JTabopaTopHble ucnbiTaHkst. OOLIME MOJOXEHUS

3 OnpenesieHue NPUHARJIEIKHOCTH FOPHOI MOPOAbl K CAMOHANPAXKEHHOMY COCTOAHHUIO

3.1 MeToauku onpeaciceHUsS NMpUHALICKHOCTH NMOPOAbl K CAMOHANPHXEHHOMY COCTOSHUIO JOJXHbI
BKJIIOUATb NPSIMbBIE HCTIBITAHUS B MOJIEBbIX U J1a00OPATOPHBIX YCJIOBUSIX HA 00pa3lax, U3BbSATbIX U3 KPOBJIN,
CTEHOK M MOAOUIBbI BbIPpABOTKH, WIHU HENOCPEACTBEHHO B MAacCHUBE MOPOMd, B TOM UUCIE U CKIIOHHBIX K
OMAacCHBIM SIBNEHUAM, B coorBeTcTBUU co CHuIT 22-01.

3.2 Tlpu pa3srpyske nopolbl, 00pa30BaAHHOW MO CXEME «HarpyXeHue-UeMEHTUPOBaHUE», OINUH M3

CTPYKTYPHbIX 2JIEMEHTOB UCILITBIBACT PACTsIKEHUE, UTO oTpaxaeT (3.1) a5 TeKylero 3HadeHUs pe3yJbTH-
DYIOLLETO HATIPSKEHUSA:

o, = ol — gl OJ)

rae o', o'V — cooTBETCTBEHHO HANPSXEHHUS B CKEJETE M 3aNOJIHUTEE.
PacTsrusaioline HanpsikKeHUs TPU 3TOM ABASIOTCA NOTEHUHAJIbHBIM HCTOYHHKOM 00pa30BaHUS CTPYK-
TYPHbIX J1C(PEKTOB,

3.3 OCHOBHbBIMH KPUTEPUIMHU, KOTOPIE ONPEACISTIOT NPUHALUIEXKHOCTb MOPOAbI K CAMOHANIPAXKEHHOMY
COCTOSIHHAIO, CNEAVET NPUHUMATH CJIEAVIOUIHE:

«CaMONPOMN3BOJILHOE» NPUPALLIEHUE OTHOCUTENIbHBIX 1IehOopMalnit A€ 1ocie pa3rpy3kH, KOTOPOE MOX-
HO TPAKTOBATH KAK I((PEeKT CaMOHaANPIXEHHOTO COCTOSAHUS, NTO3BOJIsAOLLLEE 3armucarh 3aKoH [yka B BHaE:

o
E:—E-'i“ASi., (32)
rne € — OTHOCUTEJIbHbIE JedOopMaLiUu;
O — HayaJbHOE HaANpsXeHHE;
L — O00O0DIIEHHbIK MOAYIb YIIPYTOCTH (BbIBOA (GOpMYAbl (3.3) npUBeacH B NpUI0OXKEeHUHN B), 3aBUCSH-

LMK OT A0JIEBOTO BKJIAAA YNPYIrHX KOHCTAHT, COCTARB/SIIOULINX CPENY:

E=af,+(l-a)E, (3.3)
rone £, n Lk, — COOTBCTCTBEHHO MOIY/IM YIIPYrOCTH MHHEPAJIOB CKEIETA U 3aMOJIHUTEIS;
o U(l —0) — COOTBETCTBCHHO KOIDPUUHEHTDI, YUUTLIBAIOLLINE 10JIEBOH BKJIaa LEMECHTHUPYIOLIEIO 3a-

MOJHUTENIL NOP U CKEJIETA B 00bEME Cpe/lbl;

oOpa3oBaHme AePeKTOB NOCJE pa3srpyiki, XapaKTepH3yioueecst pa3jiMuHbIMU MMPU3HAKAMU. BbIACJIEHH-
€M 3BYKORBOI 3HEPIrMM (AKYCTUUECKONH IMUCCHUH), BbIACIEHUEM TEIJ1A, MATHUTHLIMU 3PPEKTAMU U Ip.;

HECOBINAAEHUE BETBEH MOBTOPHBIX HAMPYXEHUI U PA3Ipy30K;

CHMXEHUE MEXAHUYUYECKHUX CBOUCTB NOCNE pas3rpysKu, ONpeacisaeMoe pasjinyHbIMU, B TOM YUCIE U
KOCBEHHBbIMU, METOAAMU (HANTpUMEP, CEUCMOAKYCTHUECKUM), MO3BOJISIOILUMHU ONMpEeaensiTb CKOPOCTH pac-
[NPOCTPAHEHUS YNIPYTHX BOJIH B MOPOAE HA OCHOBE KOPPEIAUNOHHOHN 3aBUCHMOCTH MEXAY NPOYHOCTLIO HA
OLHOOCHOE CXaTHe R W CKOPOCTbIO PACNPOCTPaHEHUsI YNPYTHX BOJIH Cp 5] (puc. 3.1).

R.. Mlla
300
200 Pucynox 3.1 — IpadmuKu CBA3W BENHYHMH MPOYHOCTH HA cxkaTHe (R)
H CKOPOCTH pacnpoCcTpaHeHHA NPOJOJAbHBIX YIPYTHX BOJH JLIA NOPOA:
[ — AneBpUTH;, 2 — NCCUHAHMKH; 3 — 0a3anbThl; 4 — U3BCCTHSIKU, 5 — UHTPY-
100 JUBHbBIC NMTOPOADLI [
0

2000 4000 C . M/c
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3.4 Tlpu onpeaeieHUY NMPUHHAUIEXHOCTH NOPO/ILI K CAMOHATPSXKEHHOMY COCTOSHUIO NPEANnoYTeHUe
CJICJIYET OTAABATHL HEpa3pyLIaKILHUM cnocobaM:

ONPeAC/IATL NPUPAMIEHUS OTHOCUTEbHBIX AcopMaLMil pa3rpyXeHHbIX 00Pa3LLOB BO BPEMCHU,

BBITIOJIHSITL AHAJIM3 CUTHAJI0B aKYyCTHUYECKON (AD) M INCKTPOMArHHTHOIMH (DM3) amuccuu, npea-
CTaBRJISHOLLLIX COOOI perncTpauHio oopa3oBaHus Ac(hHeKTos;

U3MEPSATb H3IMEHEHHE CKOPOCTH MPOXOXICHHS yIbTPa3ByKa BO BPEMEHH, siBJSIIOUIERCS noKazaTtesieMm
NMPOUYHOCTH MOPOAbI HA CXATHE, UBMEPEHHON B NEPBLIIH AEHb PA3rpy3Ky U Janee, B TeUeHUE OAHOro MecsiLa,
C YACTOTOM 3aMEepOB HE PexXe OJAHOrO pasa B TPU AHS, ¢ HAKOTUIEHUEM 0a3bl JJAHHbIX.

3.5 /Ins BbiaBAeHUsE cCaMOHaNPIXkKeHHOTO COCTOSHUS NPOBOAUTL MOHUTOPUHT COCTOSIHUS 00pa31LIOB:

NPUBACKAS METOAbI, HHCITHPUPYIOULHE NMOSBACHHE HOBbIX MM PA3BHTHE CYUIECTBOBABIUMX AeheKTOB C
perucTpatmei peakiiuv odbpasua Ha AeNCTBYIOLIKME PaKTOPLI MO 3aJlaHHOMY rapameTpy (rnoMeinasi oopa3ub!
B BaKyyM-KaMepy ¢ dukcaumeil ¢ moMolblo CNeUMabHON annapaTtypbl BO3MOXHbIX MTPOLECCOB caMopas-
pYLIEHUS, co3aasas Bo3aeicTBUS BUOpaLUHU K T.I1.), MOCKOJILKY JaXe HE3HAUYUTEbHOE JONOJHUTENbHOE
pacTsAruBalolliee Bo3jieicTeue Ha odpasel, HaXoAAWKUHACSA B CAMOHANPSI)KEHHOM COCTOSIHMU, MOXET TPUBE-
CTH K U3MeHeHHw ero HIAC;

BbITIONIHATH BU3YaJlbHbIi MOHUTOPUHT IMHAMUKY TTOBPEXKACHHOCTH, HANTPUMEP, HaBeAIeHHOM hpulnyec-
KON aHU3OTPOITUU, KOTOPAsi MOXET MPOABAATLCA B pa3/iIMuHbIX (popMax: oTKpbITas hopMa oOHapyXHUBaeTCsl
BU3YaJIbHO MPU OCMOTPE U3BACYEHHDBIX K3 CKBAXHH 00pa311l0B B BUAE PAacCCIOCHH MOHOJIUTHOro oopasua;
CKPbITan — PEruCTPUPYETCH C MOMOLLbIO FeOPU3UIECKUX METONOB.

3.6 [1pu ucnosnb3oBaH UM MeTONA AKYCTHUECKOR IMUCCHUU JLISI ONpeaeeHUs CUTHATOB AD LieJiecoodpa3Ho
npuMeHaTb paspaboranHblit B HUHNUOCIT uMm. H.M. [epcesaHoBa 010K H3MEPUTEIbHOIO KOMIUIEKCA
(puc. 3.2) c aHanu3atopoM AN-1024, obecneunBalolIMM perucTpaumio ummnynbcon 1o 1024 kananam |10, 14].

3.7 1ng peructpaumMy CUrHaaon AD BO BPEMEHU aHAIU3ATOP UMIYJILCOB [1e1€CO00Pa3HO UCMOJL30BATh
B peXHMe paboTbul BOCBMHU Irpynn co 128 kaHanaMu B KaxX10#M rpynne, uyTo AaeT BO3MOXHOCTDb 3ailTUCbIBATh
MOCTYMAaKUIMe CUTHAJIb! MOPLUUSIMU 32 BEIOPAHHbI MHTEPBAJ BPEMEHU U M0JyYaTh pe3yabTaT HaONI0AEHUS
B BUIE CTYNEHYATOH 3NIOPbl B KOOPAHHATAX «KOAMUECTBO AEPEKTOB—BPEMSI»,

3.8 YueT Bky1aga Kaxaoro UMnyJibca v, B HaCTHOCTH, C BLICOKHUM YPOBHEM AD, KOTOPbIE pacnosiaraloTcs
B BepxHUX KaHaitax AM-1024, BbINOJHATE HOPMUPOBAHUEM CUTHANOB, APHHUMAsT B KayecTBe HOPMHBI
OJAHHOYHBIA CUrHAJ MEPBOro KaHaja, T.€. OAMH UMNyabC |28-ro KaHana paBeH |28 HOPMHUPOBAHHBLIM
UMmnyJlibcaM. B kauecTBe npumepa peructpalium CUrHanoB A3 1ocie pa3rpy3k HECBS3HOW nopoan! |14] B
ycloBusax aekomnpeccuu (puc. 3.3) Ha puc. 3.4, 3.5 npeacTaBneHbl JaHHbIE NTPOAOAXHTEABHOCTU 3aTyXaHUS
AD, rae KOJMYECTBO HOPMHUPOBAHHBLIX UMMYALCOB MOKA3aHO TEMHBIMH CTONOUAMHU, HEHOPMUPOBAHHbIX
(apudpMeTHYECKOH CYMMBI) — B BUAE OeJibIX CTONMOLL0B.

3.9 B ckansHbiX nopoaax uameHeHne HAC uenecoobpasHo onpeaensiTh KOMOMHHUPOBAHHBIM CIOCOOOM,
HarpuMmep TeH3oMeTpued U AD. B xauyecTBe npumepa Ha puc. 3.6 npuBeaeH Pe3ynbTaT CUHXPOHHOTO
M3MEPEHUS AehopMalluit M UMNYJILCOB AD UCKYCCTBEHHOTO 00pa3ua nopoabl ¢ pa3iu4HbIMU MO BEJTUUUHE
CUCTEMAMM HANPSIXXEHUH B €TI0 3JIEMEeHTaX BO BpEMEHH, Ka4eCTBEHHO COBNAaJa0ILIUK C HATYPHBIMHU JAHHbI-
MU U3MEpeHUs aedopMalumii 00pa3LoB MECYaAaHUCTOrO CIaHLa MOCJE pa3rpy3Ku MNPH KOJIOHKOBOM OypeHUH
C [J1yOuHbt 945 M | 15].

3.10 Cpeau reopusnyeckux cnocodoB LEJIECO00pa3HO ONPEAEATD U3MEHEHHUE CKOPOCTH MTPOXOXAEH US
BOJIH BO BPEMEHU YJILTPA3BYKOBBLIM METOAOM, HANpUMEDP CEPUUHO BbINTyCKaeMbiM npudopom YK-1411, c
M3MEPEHUEM CKOPOCTH B ABYX MEPreHAUKYASIPHbIX HanpapiaeHUsAX. IpadpuK U3MEHEHHUSI CKOPOCTHU NMPOXOXK -
JEHUS YJIbTPA3BYKOBLIX BOJIH U181 00pa31l0B necyaHukKa 1 aJieBpoJINTa, U3MEPEHHLIX Cpa3y NMocje uiBieye-
HUS U3 3a00s1 U B TeueHUe 60 THEH uepe3 KaxXable 1eCSaTb CYTOK, MPUBEIEH Ha puUcC. 3.7.

Hu3KouacTOTHLIN YCHIUTEN D

[1be303CKTPUUECKH I [1pcasapuTe/bHbI ;
M MONOCOBOI HUABTD

HATHHAK YCHIINTCH b

—
AHAJIU3aTOPD
HopMmanwusarop MMIYNbCOB
MMTITYJIBCORB AHN-1024

Pucynok 3.2 — bloK-cxemMa H3IMEPUTEIBHOIO KOMIIEKCA CHIHAJIOB AKYCTHUCCKOH IMUCCHH
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Pucynok 3.3 — Ipaduku nedpopmaunii npu HArpy3ke U pasrpy3ke 1ecka B YCJOBHAX KOMNPECCHH:

/|—3 — onbitel Ne 2, 1, 3, 4 — BaaxHblil necok {(aedhopMalmny NMOCAC pa3rpy3Ku BbhlIc/CHLI HA OCHU aedopMallUil TONCTOM
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Pucynok 3.4 — U3MeHeHH HHTEHCHUBHOCTH AD necYanbliX cpell, ChOoPpMHPOBAHHBIX JABIEHHAMM:

a, 6,6 — 2,27 MIa; ¢ — 5,54 MTla, nocne pa3rpyiku
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Pucynox 3.5 — 3aryxauue curdajios AD nocje pasrpy3ku 119 HeCBAIHLIX cpell pa3angnbiX dpakumit, Mm:

| — weoeHb 30; 2 — necok 5; 3 — necok 2
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Pucynox 3.6 — Usmenenne nedopmannit (/) v curianos AD (2 ) nocie pa3rpy3ki necyaHo-uUeMeHTHOro oopasua,
chopMUpOBaAHHOTO NOJ AaBJIeHHEM Ha ckeneT, pasubiM 10 MIla
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Pucynox 3.7 — U3menenne cKOpOCTH YJILTPa3BYKa BO BpeMEHH 1A 00pa3iioB necyanuka (BepxHAsA 3aBHCHMOCTD)
M aJIeBPOAUTA (HMXKHUE KPUBLIE) BO BPEMEHU NOCJe HIBJIeYeHHs HX U3 32001

3.11 ITpu ncnosnb3oBaHUU yALTPA3BYKOBOTO CIOCO0a 1eJ1ecoodpasHo UCCIEN0BATL TOPOAY B MACCUBE,

Mmocsie yero — Ha obpasuax, U3BJI€YEHHbIX U3 ITOrO MacCUBa.

3.12 lonyckaercs npuMEHEHUE pa3pylialoiinX METOAO0B € ONpEeAcIeHUEM IMMPOYHOCTH 0Opa3uoB Ha
PACTSIKEHHUE Rp U cxarue R . KputepueM NpHHALIEXHOCTH NOPO/Abl K CAMOHAMNPSAXEHHOMY COCTOSIHUIO
MOXET ObITh CPABHEHWE PE3yJbTaTOB OTHOLLUEHHUH Rp /R, DNl aHAIOTMYHON NOpojabl, HaXONSUIENHCS B

HECAaMOHAaNPAXEHHOM COCTOSIHUH.
3.13 B pacuerax a8 nopoibl B CaMOHAMNPIXEHHOM COCTOSSHUU BEIUUUHY OCTATOUHbLIX HANPSXEHUN

PEKOMEHAYETCSA MPUHUMATL paBHOM 10--12 % HavyaJIbHBLIX HANPSXKEHUI, BETHUUHY MOAYJISA yHIPYyTOCTH (3.3)

AOMNYCKAETCHA MPUHUMATD IO CIIPaBOUHbLIM JAHHBIM.
3.14 CpaBHeHHe MOJYYEHHbIX 3HAYEHHU N OCTATOYHbIX HANPSXKEHUN PEKOMEHAYETCS TTPOBOAUTL C JaH-

HbIMUY NIPOYHOCTH NMOPObl Ha PACTSIKEHUE, NPUBEACHHBIMU, HANpUMep, B Tadsa. 3.1 [5].

Tadonunua 3.1
BpemeHHOE CONPOTHBJIEHUE PACTSIKEHHIO CKABHBIX 10poa [5]

T n |

N Ipynnel ckanibHBIX TOPON Tunsl mopon BpeMenHoe conpoTuBAcHme
1.1, PACTSXEHUIO Rp, MIla
l MarmaTuueckue FPAHUTDI 4—19
rabopo 6—20
r )
ANA0A3LI 4—-3]
DaA3AILTHI | —40
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Oxonuanue maoauust 3. 1

N [pVIINBI CKANBHbIX TTOPOL Tunw nopon BpEMENHOE CONPOTHRACHHC
[1.11. | '_ | ! PACTSIXKCHUIO Rp, MIlla J
2 | Metamopthuueckue FHEHCDLI 7—20
|
CKapHhbl 4 14—23
KBAPUUTHI 4—16
CJAHLUbI TCCUYAHUCTDIC [,5—25
MpPaMOpLL 3—17
| _ ! a T _
3 | OcamouHble CUEMECHTHUPOBAHHbIC | AICBPOJIUTLI 0,7—3,1
APTUNIUTDI 2—3,5
[ECHAHMUKMH | —22
M3BECTHSAKU 3—10
: T —
KAMEHHAas COMb 1,4—5 |

4 OTo0p npod ANA UCHBITAHKIA

4.1 OT60p npod M Ux AOcTaBka I Ucnbitasuit npoussonsatcsa B coorserctsuu ¢ 'OCT 12071 B
yakoBkKe, o0ecreyrBarolieil COXpaHHOCTh O0Opa3suoB MpU TPAHCNOPTUPOBAHUU, B [MPOYHBIX AOLLATBIX
AIUMKaX ¢ pydykaMy, 0e3 1eseil, ¢ JOCHINMKON CTPYXKOM, ONMUJIKAMY UJIU UHBIMH MaTEpUAJIaMU, CMAMYalo-
HIMMU yaaphbl ¥ TOJTUKH.

4.2 KonauyectBo o6pazuoB U cKBaxXUH cornacHo ['OCT 20522 noxkHO OBITH NpPEACTaBUTEIbHBIM,
BLICOTA 00pa3La JOJKHA HE MEHEE YEM BABOE MNPEBBILIATD €r0 AUAMETP, KOTOPLIN A0oNycKaeTcs oT 30 MM U
DoJiee.

4.3 O1bop npod npou3BoAAT M3 3a008 IyTeM BpalllaTeibHOro BbhIOYpUBAHHUS KEPHOB M3 CKBaXHH,
NOMYCKAETCss OTOMparh KEpHBI MO Tpacce Oyayiueil BbIpAaOOTKM M3 CKBaXKHMH, HAMpuUMep, ¢ JHEBHOM
[MOBEPXHOCTH.

4.4 KU3snedyeHe KEPHOB OCYLIECTBIIACTCS U3 TUNMMYHON YACTH CJIOS TOPHOM NMOPObl, HE NOMYCKAETCH
OTOOP C MECTA NEPEXosa Uin KOHTAKTa ¢ COCEAHUMMU CIIOSIMH.

4.5 He ponyckaeTrcsa B npouecce OTAeSEHUS NpoO npujaraTb MeEXaHUYECKHUE YCUNIUS U NTPOU3BOAUTD
AMHAMUYECKHUE BO3AEHCTBUS (yaapbl, BBIKAWJIWUBAHUE, B3PbIBbI).

4.6 I1pu OypeHHU M JIerKopasMoOKaloLux nopoa HeMeUIEHHO YAATUTh MEXaHUYECKUM CMTOCOOOM HAMOK-
lUHUU CITON KepHa.

4.7 Jonyckaercs B coorBercTBUU ¢ [OCT 25100 B KayecTBe npod UCMO/Nb630BaTb MOHOJIUTLI, OTAESIC-
Mbl€ OT MaccuBa Cpa3y Ke Mocjae oOHaxXeHus 3a0051 UAHM OOYPEHHbIC lLUNYypaMU, NO3BOSIOUIMMU HX
OT/IeNIeHUE 0€3 3HAUYUTEIbHBIX YCUITUH.

4.8 OToOpaHHbIe 00pa3ubl BO N30€XKaHUE UX MepeChIXaHUS MUK YBJIAXHECHHNUS HAJACXKHO KOHCEPBUPYIOT
M3BECTHBLIMU croco0aMu, HaNnpUMeEp OOEPThIBAHHEM B CMOYEHHYIO pacrlaB/leHHbIM napaguHOM TKaHb,
KOTOpasi TJIOTHO NpHXUMaeTCs K 00pasuy BO U30exaHHUe 3a30pa MEXAy 00pa31lioM U TKaAHbIO.

4.9 KoHcepBauusi oOpa3UuoOB C LEJABID COXPAHEHUST MMHU E€CTECTBEHHOW BIAXHOCTU MPOU3BOJMUTCS
HEMEIJIEHHO MOCJIE UX N3BJICUECHUSI.

4.10 Jnst cBeieHUST K MUHUMYMY U3MEHEHUS NMPUPOIHOr0 HaMNPsXKEHHOrO COCTOSIHUSA 00pa31ibl MOPO/LbI
MOC/E U3BJEUEHUS U3 MAacCUBa LENECO0DPA3ZHO NMOMECTHUTDL B HU3KOTEMIIEPATYPHYIO KaMEpPY, HallpUMep C
CYXUM JIbAOM (TeMmepaTypa cyxoro Jjpfa cocrasisier —80 °C), 10 MOMEHTA UCHbITAH USl.

4.11 OpHoBpeMeHHO C OTOOPOM MNpPOO [A0JIKHA MPOU3BOAUTHCS UX MAPKUPOBKA B XKypHAJIE U Ha
ITUKETKE, Ha KOTOPON yKa3blBalOTCA Jara U BpeMs oToopa npobsl, HOMep NMpoObl, HAUMEHOBAHUE MMOPOLHI,
HOMED pa3BeaOUYHON CKBAXMHBI, €€ OPHEHTUPOBKA, HAMMEHOBAHHE MeCcTa O0TOOpa (BbIPAbOTKA, MECTO B
BLIpA0OOTKE, BpeMst MOcse 0OOHaXEeHUs 32003, ryOnHa 3a10XKEHUS BLIPa0OTKU OT AHEBHOMW MOBEPXHOCTH).

4.12 BenoMOCTb perucTpalmm npod JOCTABJISIETCS BMECTE C ITpodaMu B JIADOPATOPU IO [U1St MPOBEIEHUS
HCTIbITAHN .

&
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5 UcnbiTanue o0pa3uos

5.1 I'lepsbie peructpaunn MHPOPMATUBHOTO MapaMeTpa Uejaecoodbpa3HO NPOBOAUTL B 3a00¢€ cpasy Xe
[10CJ1e U3BJICYEHHSI 00pa3lia U3 MAacCUBa, NMOCKOJILKY B NOPOJAE B CAMOHANPAXKECHHOM COCTOAHUU TTPOUCXO-

AT U3MEHEHUE MEXAHHMUECKUX CBONCTB YKe TPH pa3rpy3ke H TPAHCIIOPTUPOBKE €€ U3 3a008 B J1adOpaTo-
PUIO.

5.2 1py HEBO3MOXHOCTH OPraHU30BaTh HA4YaJl0 MCIbITAHUK B 3a00€ M JanbHEHLIME NadOPATOPHBLIE
UCMBITAHUA BOTU3HU OT BbIpaOOTKH AOMYCKAETCH TPAHCMTOPTUPOBaHHE 00pa3LioB B 1ad0opaTopuio B 000pY/10-
BAHHOM JUISI UCOBITAHUNM pa3IMYHbBIMH METOJAMHU TPAHCNOPTE, NMPEAYCMOTPEB 00513aTE/IBLHO BO3MOXHOCTD
MPU TPAHCNOPTUPOBAHUM UCMBITAHUE O0OPA3UOB XOTHA Obl OIHUM W3 reOPU3IUUYECKUX METOAOB (Y3, AD U
ap.).

5.3 [lpn ucnbiTaHUsIX 0Opa3LOB pa3pyilalOWUMH METOAAMU HEOOXOAMMO BbLITNOJHATL TPEOOBAHMUS
[OCT 24452 OTHOCUTEABHO rEOMETPUUECKUX PA3MEPOB U YUCTOThI MOBEPXHOCTH 0Opa3LOB, NapaMeTPOB
Harpy3KkH, 3aXBaTHbIX MPUCITOCOONEHHUHN U AP.

5.4 Ins ucnoiTauuit oopasuos B coorBeTcTBUU ¢ OCT 30416 Ha cxaTue HEOOXOIMMO NMpeaBAPUTEIILHO
[MOATOTOBUTH TUIOCKOCTHU TOPUOB, KOTOPbIE AOJXHbBLI ObITh NApaLIENbHLIMU, <«3arnaXMBaHUEM» Ha HHUX
HEPOBHOCTEH LIEMEHTHBIM PACTBOPOM MAPKHU HE HUXKE NMpEeaArnonaracMoun npoyHOCTH obpa3la Ha CXKaTHE C
ToyHocThio (0,02 MM [6].

5.5 CKOpOCTh HArpyXeHus aonyckaercs npuHuMarts pasHoit 0,5—1,0 MTla/c [6] 10 3a0aHHOTO YPOBHS
Harpy3KH.

5.6 Tlpu ucnbiTaHUM 0OOpPaA3LOB HA pacTAXEHUE LEIeco00pa3HO NMPUMEHATL CUCTEMbl 3aXBAaTOB HA
pa3pbiB KOHCTPYKLUUHU «OpraHeproctposi» (puc. 5.1).

5.7 UcnbiTaHue 00pa3uoB HA CXKATHE, PACTIXKEHUE, CPE3 B PEXUME TUHEHUHOTO (BO BPEMEHH) YBEJINYE-
HUS HArpy3ku OT HYJSl JO pa3pylialoled uenecoodpasHO NMpPOBOAUTb COBMECTHO ¢ AD-U3MEPEHUSIMMU.
DKCIIEPUMEHTAIBHO YCTAHOBJIEHO, 4TO B npouecce uaMeHeHus HI1C Bo BceM nHTepBane AeHCTBYIOILIMX
Harpy3okK cyiuecrtsyer cneundguueckass Gpopma 3aBUCUMOCTH MEX]IY UHTEHCUBHOCTBIO AD M YPOBHEM
aeicTByowMx Hanpsxedui [ 10, 16], cosnagalowasi ¢ AaHHbLIMU UCAIBITAHUR Apyrux MaTtepuanos [ 17]. [1pu
Harpy3kax 0,5—0,6 paspyuiatouieii UMEeT MeCTo MakCMMyM (YHKUUM (pHUC. 5.2), majiee uaer cnaa ao
MHUHUMYMa (Touka B) npu yposHe Harpysku npumepHo 0,65—0,75 paspylualoile. Y4actok, HaxoAsA LM HACS
MEXIAY 3TUMH IKCIEPUMEHTAIbHbIMU 3HAUEHUSIMU, NIPEALLIECCTBYET CTaAUU pa3pyliecHust. Hayano craauu
pa3pylLUeHHUs NOpoabl ONPEACNAETCS 10 IKCTPEMATILHOMY 3HaUYeHUIO GYHKUUKM — MUHUMYMY. Ha yyacTke
KPUBOM OT MUHUMYMA U LaJICE HA NMPOrpeCcCUpPyIOLLEM MOAbEME UHTEHCUBHOCTU AD MPOUCXOANUT paspylLie-
HUE MOPOIHI.

5.8 McnbitaHnsa Ha NMOBTOPHbIE HATPYXEHUS M pa3rpy3Ky pEeKOMEHIYETCH MPOBOAUTL C YYETOM DKCIIE-
PUMCHTAJIbHON 3aBUCUMOCTH, NPEACTABICHHOM HaA puUcC. 3.2, Ha yyactke rpadduka ot 0 1o 0,75P (Touka B).

J, nmn
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Pucynox 5.2 — DKcnepHmeHTalbHas 3aBUCHMOCTb HH-
Pucynox 5.1 — 3axBarbl IUIA HCABITAHUS MPHUIM NOPO/1bl TEHCUBHOCTH AP OT HACPY3KM BILIOTH J0 pa3pyllarouiel

HAH DETOHA HA PACTAXKEHHE (£ = 1) npu 1a60pATOPHBIX HCABITAHUAX KAMEHHbIX 00pa3LOB
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[Tpnaoxenuc A
TepMuHbl 1 onpeaeneHus

AKTHBHbBIE CNOCOObI — TEXHHYECKHE MEPONPHATHS, BbINOJIHAEMEBIE 10 HAYasda, B NMPOLECCe WU noche
TEXHOTEHHOI'0 BO3AEUCTBUS MO COXpAaHEHNWIO WM yayylueHuio cymecrsosaswero HIAC maccusa vin no
KpanHe Mepe MUHUMHM3ALULMN €TI0 H3IMEHEHHSI.

AKycTHYCCKas aMuccus (AD) — BblaeNeHHE 3HEPIrHUH 3BYKOBBIX KOJeOaHUM B npouecce obpa3oBaHus
NedeKTOB B MaTepuajie (nopoiae).

leHeTHUecKHe RaANPAKEHUA — TMIPHUPOAHBIE MEXaHMUECKUE HANIPSAXKEHUS HA MOMEHT UX PACCMOTPEH M,
CHOPMUPOBAHHBIC PATUYHBIMI CTOCO0AMH B TIPOLECCAX TEHE3UCA MACCHBA, TOCTIEHETUYECKHX TTpeodpa-
30BaAHUH UK U3MEHEHUH €50 KOOPAHMHATHO-NIPOCTPAHCTBEHHOTO MOJIOXEHUS,

[opnas sbipa0oTKa — O00lLUEce Ha3BaHUE MOJOCTEN B NMOPOAHOM MACCHUBE MAM YIJIYDJECHHUIT Ha €ro
MOBEPXHOCTU, NIPOH3BEACHHBIX TOPHBIMH pabdOTaMMU.

JABYXCHCTEMHOE HanpsKeHHOEe COCTORHME — OJHOBPEMEHHOE ACHCTBUE B 3JIEMEHTAX MOpOAbl ABYX
PA3HbLIX MO BEAUYUHE CUCTEM HANMPSXKEHUH (COBMEIIEHHBIX UKW NOKANBHLIX), HANpUMEp 3IhDeKTUBHBIX —
B CKEJIETE, BOCNTPUHUMAIOLLUX OCHOBHYIO CUJI0BYIO HATPY3KY, U HEUTPANBHBIX — B 3aIOJHUTENE TIOP.

Jlepopmauum ynpyroro nocaeaencTesua — A¢(popMaLiMi, BOZHUKAIOLINE NMOCTIE OKOHUYAHUS Pa3rPy3KH.

3aboit — (pparMeHT BbIpabOTKH, NOANEKAUIKIA ITPOXOIKE.

MOHMTOPHHT — npouecc HadoaeH U (KOMITIEKC Ofiepalii) 3a npupalleHUEM U3MEHEHUSI COCTOAHUS
00BbEKTA (10 BLIOPAHHOMY {(-MY NMapaMeTpy (MW m-napaMeTpamM), BbLI3BAHHOIO pa3/IMUHbBIMU NIPUUUHAMMU,
AHAJIU3 3TUX NPUpaALLEHUU C ONMpeaejeHMEeM HX IMHAMUKK U T.J. U OLECHKA pe3yJbLTaToOB HAOMIOAEHUS 110
[PUHATOMY KPUTEPUIO (MM KPUTEPUSIM) C LEJAbIO BHISABJEHNUSA TEHIACHUWNA B U3MEHEHMUIX COCTOSHMUS
0o0beKTa. [paHMLaMHU MUHTEepBaJla MOHUTOPHUHTA SABJISIOTCH MOMEHTHI €ro Hayajla U OKOHYaHUS perucrTpa-
UMK, HayanbHOE COCTOAHME OOBEKTa OMpeaesieTcsl B O0WEM Ciydyae n-napaMeTpaMH, 1Mo OTHOLIEHHUIO K
KOTOPbLIM BBINMOJHSIETCH MOHUTOPHHT MH(POPMATHUBHbIX M-NaPAMETPOB, [IPUUYEM, KaK [IPaABUNO, 1 >> m.

HapeaenHnast aHu3oTponusa — MosiBae HUE pa3IuuMi, HOCAILUX OPUEHTHPOBAHHDLII XapaKTep, B MPOYHO-
CTHbIX ¥ AeOpMALIMOHHBIX CBOMUCTBAaX B MaTepHalie (110poae) B NPOLIECCE pa3rpy3KH.

Hauaabnoe HAC — pe3yabTUpyloulee HaNpsAaXXEeHHO-Ae(POPMHUPOBAHHOE COCTOSHHUE MACCUBA 0 Havyana
BCAKOI'O poJa BO3ACHUCTBU M TEXHOTECHHOTO XapakKTepa, CJOXUBLICECS B rpaBUTALlIMOHHOM IMOJI€ OT AEUCTBUS
NPUPOAHLIX PAKTOPOB (MEXAHUUECCKUX, MATHUTHLIX, TEMIIEPATYPHLIX, XUMUYECKUX U OP.).

OTKpbiTasg cxema popmupoBanust HI1C — xapaktepmn3yeTcs BO3MOXHOCTbIO CBOOOAHOIO BbIXOAaA XU/ -
KOW (pa3bl M3 1NOp NpH yBEAUUYEHHMU BHEIUHHX CUAOBLIX BO3ACUCTBHUI, B 3TON CXEME MPU NPUJIOXKEHUN
BHELIHUX CU1 OCHOBHAs CUN0BAst Harpy3Ka nepeaactcsi Ha CKENeT.

OcTatouHbie HANPSLKEHHA — BHYTPEHHHUE HaATIPSIXECHUS, BO3HUKAIOUIUE B MNOPOAE WM FPYHTE NOC/E
CHATHUA BHELIHUX CHJI, XapaKTEPU3YEMbBIEC HE PEAJM30BAHHOHU MPH Pa3rpy3ke NOreHIMaAIbHON IHEPruen
YIOPYrux aepopMaumi.

IIpoxoaka — npouecc pa3padboTKH M YAATEHUS MOPOAbI U3 TOPHON BbIpabOTKH B NMpeaeax €€ NpoOeKTHO-
ro o4epTaHHMs.

Pa3srpyska — npouecc yMEHbILUEHHSI BHEUIHHUX CHJIOBBLIX BO3AECHCTBUMNA, ACHCTBOBABILUMX paHee Ha
[nopoay, NpuBoastiLUi K nepepacnpeneneHuio ee HAC.

CamoHanpsoKeHHOe COCTOSIHHE — XapaKTEepPU3yeTcsl HAJIMYUEM BHYTPEHHUX OCTATOYHbLIX HANpPSXEHUMH
Pa3HbIX 3HAKOB (CXXMUMAIOLUMUX K PACTIATUBAIOLUIMUX) B CTPYKTYPHBIX 3JIEMEHTAX MOPOoAbl MOCAE YaCTUYHOIO
HJTH TTONTHOTO CHATHUSA BHEIHUX CHJI.

TexHoreHHoe Bo3aelCTBHE HA MACCHB NOPOA — BTOPXKEHUE B NPUPOAHYIO Cpeay MPH OCBOEHHUH MOA3EM-

HOI'O NMPOCTPAHCTBA, NPUBOASIIEE, B YACTHOCTH, K U3MEHEHUIO HavansHoro H/JAC BMelalomero Maccusa
nopoa.
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[Hpunoxenne b
Ipadnyeckas uHTepnperauus o0pa3oBaHUA CAMOHANPAKEHHOI0 COCTOSAHUA NOPO/IbI
1 Ipacdhnyeckoe nocrpoenre pe3yabTupyroiel 3aBUCHMOCTH

llesib MOCTPOEHUSA COCTOMUT B HAIJISLAHON MANIOCTPALUMU 3aBHUCHUMOCTH MEXAY U3MEHEHHUEM BHELIHEH
HArpy3ku W repepacrnpeacscHueM yCUIMNH B 3JEMEHTAX, O0pa3yloiMX 3Ty Cpeay, NMpu pasrpy3ke. ITo
INOCTPOCHUE BLIMOJHEHO € YYETOM Npeabliyuiet uctopmu popmuposanyisi H1C npu reHesnice ocanouHou
00/IOMOYHOM NMOpoabl € nocaeaywlle neMeHTaumein. MapectHas u3 KypcoB reosnoruu [5, 7] nocnenosa-
TENbHOCTb CBOAUTCS K TOMY, UTO OTJIOXKUBLIHECH OCA/JIKU U3 ODJIOMOUYHOTO MaTepUaia B TEYEHHUE UTUTENIb-
HOIro BpeMEeHK (reoJJormyeckmx 3Mox) cHayasia MmocTerneHHo CAABIUBANIUCL BbllllenexalluMHu, bonee mno-
30HUMH, c/losAsMU ocajkoB (puc. b.1, a) ¢ BbIXXUMaHUEM XHAKON (a3bl U3 MOp, YIVIOTHEHUEM 3JIEMEHTOR
CKeJieTa U YMEHbLUeHUeEM nopuctocTtd. danee B nipoueccax puasTpaliMy NPUPOAHBLIX pacTBOPOB BO/JA B
nopax 3aMellaiach LUEMEHTUPYIOILUM PACcTBOPOM. B TaKOM COCTOSIHUM NMPOUCXOAUIO OMOHOJIUYMBAHUE

cpeabl (puc. b. 1, 6) 3a cueT TBEPAECHUS pPA3JIMUHbIX paCTBOPOB B NOpaX YIIOTHEHHOIO BHICOKUM NAaBJIEHUEM
1 1ePOPMUPOBAHHOTO CKeJeTa.

Pucynok b. 1 — Mexannueckui npouecc oopazoBanusi 3QQPeKTHBHBIX HANPSUKEHWA B 0CAJI0MHOM nopoae
B YCJIOBHAX OTKPHITOH CXEMbI:

a — cxXarue U aeopMupoBaHue 3cpeH (1—11 1 T.4.) CKeaeTa BHEUIHEIH HArpy3KkoOH ¢ BBITECHCHUEM XMIKOM (pa3bl U3 nop;
6 — nociacayouiee TBEpACHHUE paCTBOPA B MOPAX CXKATOro CKeeTa (MOKa3aHo TCMHbIM LIBETOM)

PaccMOTpHM 3Ty NOCAEeA0BATENBHOCTb C TOYKHU 3PpEHUSI KOHUEMUIHUW MEXaAHHUKH I'PYHTOB O IBYX CUCTEMAX
HanpsiXXeHui |8, 9], cormacHo KOTOpoil B IpYHTOBLIX Maccax — Cpelaax, COCTOSLUIMX U3 CKEJIETA U NOJTHOC-
TbIO 3aIOJIHEHHbIX BOILONA MOP, B YCJAOBUSIX OTKPLITON CXEMbl OAHOBPEMEHHO AEUCTBYIOT ABE CUCTEMbI
HanpsXeHHUn: IPPEeKTUBHBIC — B CKEJETe, KOTOpbI€ 3PPEKTUBHO BO3ACHCTBYIOT HAa 4YacCTUUbI TPYHTAa,
nepeaaloT AaBacHUEe HHXENeXallMM CJIoSAM CKEJleTa, BOCNPHHUMAasE OCHOBHYIO CHUJIOBYIO Harpysky, M
HeUTpaJibHbIE, B 3TOM Mnpouecce He yyacTByowMe. [1pu 3ToM nosnHoe HanpsxeHune B cpene |8, 9] paBHo:

o=0,%py, (b.1)

rae G, Py, — IPPEKTUBHBIC U HEHTPAbHbIC (THAPOCTATHYECKHME) HATMPSXKEH U

AHAJIOTUA npolecca obpa3oBaHUs NMopoabl ¢ JaAHHOW KOHUENUUEH COCTOUT B TOM, UTO HA HAa4YyaJlbHOM
JTare reHe3uca nopo/la CoCcTtofa U3 CKeneTa, HarpyXXeHHoro U aedopMUpOBAHHOIO BbilIENEXAULLUMHU,
0os1ee «MONOALIMU», CJIOSIMU, U XKUAKON (a3bl. 3Ta cpena aBasijiacb HE UEM UHbIM, KaK 'PYHTOBOMH MacCOM,
B JIEMEHTAX KOTOPO ACHCTBOBAJIN CBOU CUCTEMbI HANPSIXKEHUH.

[TponoKUB aHAJIU3 IPYHTOBOU MACChl NPUMEHUTENBHO K 00Pa30BaHUIO 0CAN0OYHOU ClIeMEHTUPOBAH -
HOM MOpobl U BMECTO XUAKOH (hpa3bi pacCCMOTPEB LIEMEHTHbINH 3aMOJIHUTEN b, MOXHO OOHApYXUTb, UYTO B
OCHOBHBIX 4epTax reHE3UcC MPOUCXOAUNT MO CXEME. HarpyxkeHue ckenera (obOpazoBaHue OAHOrQo nonas
HATIPSIXKEHUN) C NOCNAEAYIOLIUM HEMEHTUPOBAHUEM ( BTOPOE NOJE HANPSIKEHWUN).

O0pa30BaBUIMKCS MaTepUual ¢ MPOYHbIMU CBA3SIMH MEXIY OTACJAbHbLIMU YacTULLAMHU MOXHO paccMar-
PUBATh CIUIOIUHBIM, U30TPONHLIM U OAHOPOAHbIM, SIBASIOILIMMCH HOCUTENEM ABYX COBMEILUEHHBIX NOJIE
Hanpsi>XXeHU. CnenoBarejibHO, AN AI000N TOUKHM HOBOM Cpelibl PE3YJALTUPYIOLLIEE HANIPSIKEHUE ONPEaESTUT-
cH, Kak U B |8, 9|, cymMol HanpsixeHui B cuctemax ([ u 11):

o =o'+ gl (b.2)

9
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Bmecte ¢ TeM, Kak CleayeT u3 H3BECTHBLIX KOMITPECCHOHHbBLIX 3aBMCUMOCTEHN, OTPAXKAKUINX MpoLece
HACPYXEHUS ckeaeTa |5, 6 1 ap.], TPYHT, HE3aBMCHMO OT LIMKJIA HarpyXeHUsl, SABsSIETCH HAKONUTENEeM
YIPYrux aehopmattnif, peannsaumsd KOToOpbiX MPOUCXOAMUT IIPH pa3rpy3ke.

YUuuTblBas BbILIEU3NTOKEHHOE, NPOLECC 0Opa30BaHNA 0CAAOYHON CUEMEHTHPOBAHHOHW MOPOIbI MOXHO
NpEACTABHTL MEXAHUUECKOI MOIEAbIO, rae ynpyruil sneMeHT I1,, cxarblid cunoit P (rokasaH TOJICTOH
NUHUEI), MONCITUPYIOLINIT CKENET, CKPENeH C HecXKaThiM 31eMeHToM [, (puc. b.2, a). Bropoi aneMeHT
MOJCJAUPYET UEMEHTHDBIN 3aNOAHUTENL. [P CHATUM HArpy3KM CKaTblil 2/ieMEeHT HAYMHaAET 1ePOPMUPOBATH
HECXKATbIX ITEMEHT, NMOCE YET0 — YAEPXKHUBATh €r0 B HOBOM 1TOJIOXEHU U (puc. b.2, 0).

B pesyasrare rnocjie CHITHA HArpy3ku B 3jieMcHTax OYAYT CYLWLECTBOBATHL OCTATOUYHbBIE HAIPAXKCHMUS
pa3HbIX 3HAKOB: CXHMalolLie (puc. b.2, ) u pactarusaioume (puc. b.2, o).
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Pucynox b.2 — Mexanndeckas Mojellb, HILAIOCTPHPYIOIAA 00PA30BAHHE OCTATOYHBIX HAMPSKEHHA B 3JIeMEHTAX
Cpellbl NOC/I¢ CHATHSA BHEUIHHX CH/I

[loaTBepXaAcHUEM BO3ZMOXHOCTH KOHCEPBAaLIMY paHEE CXXATOU CTPYKTYPHI 11€CKA MPU pa3rpy3Ke LEMEH-
THBIM 3arOJIHUTEJIEM SABAAIOTCH pe3yJibTaThl 3KCcnepuMeHTOB (puc. b.3). Cssi3biBalolllee BIAUSHUE 3aTBEP-
NEBUIETO PACTBOPA BHIPAXAETCH B CYLLECTBEHHOM YMEHBLUIEHUU BEJIMYUHDBI YITPYIrux aeopMaluit (mpumep-
HO B JIBa pa3a) obpa3uoB MpU NOJIHOKW pa3rpy3ke.

PaccMOTpeHHas cxeMa OQHOBPEMEHHOIO IEHCTBUA ABYX COBMEILEHHBIX CUCTEM MEXaHHUYECKHUX HAMPH -
KEHUN, OOpAa30BaAHHLIX B pe3yJibTaTe NMOCAeN0BaATEIbHOCTH «HATPYXXEHHUE-UEMEHTUPOBAHHUE», NOKA3bIBACT
NpUHUKMNHATLHOE OTIMYKe HaYasibHOro HJ1C nopoa ot HanpsiKEHHOTO COCTOAHUSA UCKYCCTBEHHbIX MaTe-
PUAJIOB, & TAKXE IOpo/, 00pa30BaHHbIX B yCJIOBUSX 3aKpbITOH cxeMbl (KoMnpeccuu). ChpopMUPOBAHHOE
HAC npy 3nUreHETUHYECKON LIEMEHTALLUU MTPOSBASICTCS TO/NLKO MPU pa3rpy3ke odpazoBaHUEM CaAMOHANPSI -
XKEHHOTro cocTossHMsl, [loarsepxneHnem sapasttorcs uccaenosanust H. M. ITepcesanosa v /1.E. [ToabinHa |8
Mpouecca pasrpy3kM rpyHTOBOH MacCbl Ha MexaHU4eCKOn Moaenu, chopMyJIMPOBABLUMUE TTONOXKEHUE O

BO3MOXHOCTH TMNpH pa3rpy3ke KOHcEpBauu 3@PEKTUBHDbIX HANTPSIXKEHUH HEUTPATbHBIMH C COXPAHEHHUEM
NEPBOHAYANbHOIO HAMNPSXKEHHOI'O COCTOAHUS CKeeTa.

P. xH

55 Pucynox b.3 — DKcnepuMenTanbHble pe3yasTaTbl Pa3rpy3ku odpasuoB ¢ pas3iivy-
HOH NPOYHOCTBIO UeMeHTHpYlowero pacTsopa: AE, u AE, — cocrasos 6:1 n 3:1
20) (necok : uemenT); AB — ¢ He3aTBRepAeBIIHM («ChIPbIM») PACTBOPOM
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B 0011eM ciiyyae npouecchl CKaTtug 1 pacTsxKeHUst IBYX 3NEMEHTOB NOPOAbl (CKENETA H LEMEHTHUPYIO-

IHIero 3anoJHUTENIS), NpencTasJeHHbIX Ha MOoAe/in Ha puc. b.2, eciin paccMaTpuBarth UX MO OTAENBHOCTH,
oTpaxaloTtcs 3apucuMoctamMu P = f(Al) (puc. b.4).

a) 0)

I I N

_--------—.--

Al

S >
0 B A, —P

™)

Pucynok b.4 — 3aBUCHMOCTH MEXKIY YCHAUAMH M JedopMaUMAMH NIPH CKATHM H pa3rpyske a1 NEPBOro 31EMEHTa —
CKeJieTa (@ ); pacTsXKeHNH U pa3rpy3ke /U1 BTOPOro 3neMeHta (6 )

[TockoNbKY Mocie oOpa3oBaHUs NOPOIAbl OHA CTANa €EAMHBIM MATEPHUATIOM, HEOOXOAUMO COEAUHUTD 3TH
3aBUCUMOCTH [U1S1 3JIEMEHTOB 11OPO/bI B O/1HO Lenoe ¢ 001MM HavasioM KoopauHar 0, (puc. b.5, a). B stom
cJiyyae TMpy CHSTUM BHEIUHUX CUJ BJIEMEHTBI CKEJIETA U 3AIOJHUTENS, OYyAYUYU O0ObCAUHEHHBIMU B OJJHOM
o0beMe OOLIMM OMOHOMYHUBAIOILUM MaTepUaJioM, BOBJIEKAIOT B Aeopmauunu apyr apyra |[18]. dedopma-
LUU [pEKpaTsITCs, KOrja ycujus B 3JIeMEHTaX cpaBHAOTCS (puc. b.J, 6).

a)

C

Pucynok b.5 — CosMmelnieHue 3aBUCUMOCTEH & = f (€) 151 3JIEMEHTOB, COCTABJISIOMMX MO/Ie/]b, ¢ ODILIMM HAYAJIOM KOOPAHHAT

[Ipumeyanune — Harpabuxke b.5S npuBeacHa 1016K0 BCTBb pa3rpy3ku sl NEPBOTro CTPYKTYPHOro anemeHrta (1),

NOCKONbLKY AUTSI aHANK3a NPouecca CHITHUS BHCIIHUX CHUA HCODXOAMMO JULIb HAYANTBHOE COCTOSIHUE nepen pas3rpyskoit (toy-
Ka A).

Jinst ynobcTBa onpeaesieHUs pe3yabTaTOB B3aUMOAENCTBHUSL JIEMEHTOB CTPOUTCS 3€PKAJILHOE OTPAXEHUE
3aBUCMMOCTH [PH HAIPYyXEHUU (PACTSIKEHUH) JUTS BTOPOTO 3/IEMEHTA OTHOCUTETbHO OCH Aechopmaninii 0,/1.

DTO NOCTPOCHUE AAeT BO3MOXHOCTb ONPEACIUTh OPAMHATBI BHEIWHEN HArpy3KH, KOTOpPbIE HAXOAATCS
MEIKJY 3CPKaJIbHBIM OTOOpaKeHUEM BETBHU HATPYXXKEHUSA BTOPOro M BETBLIO PA3rpy3KU MNEpPBOro 3JleMeHTa
(B 3amiTpuxosaHHOM TpeyroabHuke 0 J1A Ha puc. b.6). Touka nepeceuenus 3Tux BeTBeit 1 cOOTBETCTBYET
NOJITHOMY CHSITUIO BHEILIHEN HArPy3KH,

Ecnay 9TH opaAUHATBLI OTJOXUThE OT OAHOW FrOPHU3OHTANLHONW OCH WJIK CITPOEKTUPOBAThL TOUYKY /1 Ha ocCh €,
To onpeacnum Touky C 3asucumocTtd (3) (puc. b.7) nns nopoabl, npumieauieii B caMOHarnpsiXeHHoe
COCTOSIHUE ITOCNEC Pa3rpy3ky, MeExaAy BiHElIHed Harpy3koi (Ha Bechb Marepuan) U achopmauumen AC,
KOTOPYIO MOJYYUN OBbI IKCIIEPUMEHTATOP B «MPUBBIYHOM» BUAE, €CAU 3HAUCHUSA BHEIUHEH HArpy3KM Kak
O0bIYHO OTKNAAblBANTUChL Obl OT OCH aAchopMaLivil, HO 0€3 PAKTUYECKUX OPAUHAT BHYTPEHHUX HAMNpPsIXXEeHUH
JC, koropble 0e3 3Hanus ncropuy oopasosanust HC cpelibl 0Ka3biBAOTCS HEU3BECTHBI.

I
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Pucynok b.6 — VI3MeHenne pHEeUIHEH HAMPY3KHU Ha rpadpuke Pucynox b.7 — 3apucumoctH ¢ = f{€) Ang 3J€MEHTOB,
cosmeleHHbiX 3apucumocrteii (1) u (2) COCTABAAIOIMMUX MO/Ie/]Ib, IIPH pasrpy3kKe:
:f(e{] o 82)

Taknm o0Opa3oM, noaydaeM MpUBLIYHYIO GOpPMabHYIO 3aBUCHMOCTD C YKa3aHUEM MPHUCYTCTBUS CKPbI-
ThIX OT JIKCMEPUMEHTATOPA OCTATOUYHBLIX HanpsxXeHU. OcraBUM 3a KaapoM NOCTPOCHHUA, OTpaxalouue
BHYTPEHHHUU MEXAHU3M NnepepacnpeneieHusl Hanpsi>XK eHUH B 31IEMEHTAX 3TOro Martepyasa rnpy ymeHblLUeHHUH
MOJHON BHELIHEN HAarpy3kKu Ha 3TOT MaTtepuas, Ha puc. b.8 npuBeseH rpapuk, Ha KOTOPOM B [IPUBBIYHOM
BUJIE OTPAXXEHA BETBb Pa3rpy3Ku, OAHAKO C OpAMHATAMH OCTATOUHbIX HanpsikeHuM 1C.

DdPeKTUBHBIE DOKOBBIE HANPSXEHUS MOCAE CHATUS BHELWIHeH Harpy3sky B OOLLUEM Ciydae Iocie
pa3rpy3ku OyayT Co3gaBaTb OCTATOUYHBIE HANPSXKECHUS B ropU3OHTANBLHOM MJIOCKOCTHU. Il1pM ucnbiTaHum
Takoro obpasua, HanpuMep Ha OAHOOCHOE CXKATHE, TOPHU3OHTAJIBHBIE OCTATOUHBIE HAIIPSAXEHNUS N0 ITPUJIO-
XXEHUS HArpy3kKu OyayT criocodbcTBOBaThH 0Opa30BAHHUIO B HEM BEPTUKAJIbHBIX TPCUIAH.

8]

0 £

Pucynok b.8 — PelyabTHpYionias 3aBUCHMOCTb O = f(E) B «NIPUBLIYHOM» BHJIE C JONMOJHEHHEM OCTATOYHBLIMH HANPIKEHHAMMN
(paBubiMH oTpe3Ky J1C) nocne pasrpy3ku

2 Bo3moxkHble CJIy4aH CaMOHANPSKEHHOr0 COCTOAHUS IIPH Pa3rpy3Ke

B 3aBUCUMOCTH OT YpOBHSI JaBJIEHU A (POPMHUPOBAHUS NMOPO/1bl, TPOHHOCTHBIX XapaKTEPHUCTUK «CKEJET-
HOM» CTPYKTYPbl ¥ OMOHOJHMYUBAIOUIE O MAaTEpHaA/Ia, PEXUMA PA3rPy3KHU U ApYyrux (pakTopoBs NpH pa3rpy3ke
BO3MOXHbI pa3jiMuHbIe ciydyan uameHeHust HIC.

Hanpumep, BAUSHUE PEXUMA Pa3rpys3Ku HILTIOCTPUpYeTCs Ha rpaukax UCIbITAHUMA UCKYCCTBEHHDIX
obpa3uos nopoasl [10]. [lpu gpoctatouyHO OBICTPOM CHATHUHM Harpy3kM BE€TBb pPa3rpy3ky — OJIM3Kas K
JTUHEeHHON. BbLaepXKa o/ 1aBieHUEM Ha KaKMX-JUDO CTYNEHSIX NPUBOANT K AePOpMaLUAM MOJA3Yy4YeCTH
(puc. b.9).

Hepeann30BaHHYIO NOTEHUHAJAbHYKO 3HEPTruio, T.€. paboTy ynpyrux jaedopmalivii, 00yCcJ0BJICHHYIO
OCTATOYHBIMH HAMNPSIKEHUAMU (ITOSICHEHHE 00 OCTATOUYHON NMOTEHUNATIBHON 3HEPTUU NPHUBEAEHO B MPHUIIO-
XeHUM 1), HeoOXoANMO paccMaTpuBaTh B CBSI3M C NPOYHOCTHBIMU CBOMCTBAMM CBSI3YIOLWIETO MaTepuaa

Rp(”). B coOTBETCTBMM € 3TUM BCIO 00/1acTh AehOpManKii Leaecoobpa3sHo pa3aeUTh Ha 1Ba UHTepBaNa: €_
£, (PHC. b.10).

12
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Pucynok b.9 — Pe3yabsTaThl HCNBLITAHKI OETOHHBIX NIPU3M C NPHOCTAHOBKOM pa3rpy3km (B Todke A )

Pucynox b. 10 — Uamenenne HC nopoapbl ¢ reHeTHYECKHMH HANPSDKEHUAMM TIPH pa3rpyske

Cnyuait 1. OMOHONIMYMBAIOILUIA MaATEPHUAT XapPAKTEPHU3YETCSA BLICOKOU MPOYHOCTLIO HAa PaCTAXEHUE
(B T.4. HOCJIE PA3rPYy3IKN) Rp(“) > ol = ol (puc. b.11) ¢ ycroituusnim pasHosecieM. ITocne pasrpy3ku obpasel
Nopoabl (HAMPUMEDP, B BUAE KEPHA) OYAET COXPaHATh CTAOMABLHOCTL CBONCTB MIPH MOCACAYIOILEM XPAHEHUH
H, CKOpee BCETO, HE OOHAPYXHUT B TEYEHUE JIUTEIBHOIO BPEMEHH NMPUPALLEHHHA JONOMHHUTENBHBIX AeOop-
MallMi, CHUXXEHUS MPOYHOCTH U T.11.

&y

£ B C

Pucynox b. 11 — Lbadhmueckan uatepupeTalns pa3rpy3ku ¢ YCTORYHBLIM PABHOBCCHEM

13



CTO 36554501-019-2009

C npakTHUYECKON TOUYKH 3pEHU, NTOPOIA MOXET ObITbL NCCIEA0OBAHA B 1aDOPATOPHUU NOC/IE JOCTABKHU e¢
13 32005, C APYro CTOPOHbLI — IMPU OLIEHKE YCTORYMUBOCTH BbIPADOTKH W BMEILAOUIErO MAaCCHUBA BOTPOC
yyeTa CaMOHarpsixxXeHHOro COCTOsiHUSL Tepsier ocTpotTy. Ciaydyai, KOoraa npovyHOCTHble XapaKTepPUCTUKMU
LEMECHTHUPYIOLLIE O MaTepUasia OYEHb BbICOKH U HE MPOSIBASIOTCS W3BECTHBIC (PAKTOPLL IPU NOJHON Pa3rpys-
KE, SIBJISIETCSI HAMUDOJIEE CIOXHBIM, MOCKOJBbKY K HACTOSLLEMY BPEMEHHU, K COXAJICHUIO, HE pa3pabOTaHO
Coco00B MACHTUMUKALIUU TAKOTO COCTOAHHUA U, HACKOJIBKO U3BECTHO, UCCJICAOBAHUN B 3TOM HalpasJie-
HUH HE BEJETCSI.

Ciayuat 2. CBa3yiOlnMil MaTepual ABJASETCH XPYIKHUM K ero rnpoyHOCTb Ha PacTsDKeHME PaBHa YPOBHIO
HaMpPsDKEHW I B caMOHAIPsKeHHOM 00pasiie Nnociie pa3rpy3Ku Rp“” =gl = o' (puc. b.12), npuuem Rp(“) £ D(1).
Ero cocTosiHME XapaKTePU3YETCH HEYCTOMYMBBLIM PAaBHOBECUEM, U B 3aBUCUMOCTH OT KAKUX-JTHOO NONOJHHU-
T€MbHBIX (PAKTOPOB BO3AEHCTBUA (BUOpaLMsl, TEMIIEpATypa U T.I.) YIPYroe MNocJAeAeNCTBUE MOXET [MPO-
U30UTH, 3 MOXET U HE [IPOU3OUTH.

B obnactu 3HayeHuid nepopmauunis € < €., OH OyaeT HaXoAMUThCS B AOMNMpeaebHOM COCTOSIHUM U,
clenosares/ibHO, 0e3 CHUXKEHUA NPOYHOCTU. B ciydae ecau OH ofOnajlaeT IJaCcTUYECKUMH UMW BI3KO-
[IACTUYECKUMHU CBOACTBAMM U MPEAEN MIaCTUYHOCTH R (I < O, TO IPM U3BJIEYEHUM 13 3605 0Opasell B
riepBOE BPEMSA OYAET COXPAHATHL CTAOUNBLHOCTL CBOUCTB. 9'1*0 [MO3BOJIMT JOCTABUTHL ODpa3libl B 1a00paTOPUIO
JUIS1 UCCIIeAOBAHMUST U3MEHEHHS UX NPOYHOCTHLIX CBOMCTB BO BPEMEH M.

£ B C E:ﬂ 0

-
-

Pucynok b. 12 — Tpaduucckan unrepnpeTanus pasrpy3ku s cayuas Rp(“) = gl= gl

Cayuaii 3. Ipu R () < gl = gl G, oOpasell, Oyayuu M3BICYEHHBIM U3 MACCUBA, YXE M3MEHHUT CBOIO
NPOYHOCTb, U BEJINUMHA 3TOrO TOHMKEHHS OyIeT 3aBUCETh OT COOTHOLLIEHUs ot/ R, (1D, Koraa 3To oTHOUIE -
HUE 3HAYUTEJIbHO, Hanpumep 1,5—2,0 u Bosiee, mpon30iaeT HapylueHUeE npuponﬂou [IPOYHOCTHU U, CKOpEe
BCEIO, pa3pylleHue nopoabl. Peanusauus ynpyroro nocjieaccTsus Oya€eT 3aBUCECTh OT MHOTHX (baKTop()B B
TOM YUCE OT UBMEHECHHUS NMPOUYHOCTHU BO BPEMEHU U peXMNMa PA3rpy3kH, T.€. R D) = (1, €). Ipu OGbICTPOIA
pa3rpy3kKe yrnpyroe rnociaeacucrBue Bolpa3suTcs B JOMOJHUTEAbHbIX ﬂer()pMalelx BO BPEMEHUW, KOTOPbIEC
OyayT TIPOUCXOIUTH, IMOKA MPOYHOCTb HA PACTAXEHHUE HE CPABHSIETCA C OCTATOYHbIMH HANPSKEHHUSIMU.
Ecin Matepuan Xpyrnkui, TO NpU MTHOBEHHOM XapaKTepe paspyLUeHUs yKe HUKAKUX JOTNOJHUTENbHbIX
neopMaLUi YIPYyroro nocjacacincTBusl He INPOU3ONIET.

CrnenyeT OTMETUTD, YTO HA NPAKTUKE B KEpHAX NOPOAb! OOHApYXMUBAKOT AehopMalliy YIIPyroro nocie-
NEVCTBUA, CHUXEHNE MPOYHOCTH BIU10TH 10 CaMOPa3pylIeHNA, OCTAaTOMHDbIE HanpsixeHus |2—4, 15 n ap.|.

Cayuyaii 4. YpoBeHb HanpsXXeHU, epeaaBacMbIX MpHU peaau3alnyl ynpyrux nedopMaluuii CKeJaeTHOM
CTPYKTYDhI, IIPUOAMNXKAETCH K MPOYHOCTHU Ha pacTdXEeHHUEe OMOHOIMYMBalomero Marepuaia. OcobeHHOCTE
3TOr0 Ciy4yast OyAeT COCTOSATL B TOM, UTO B IMpouecce pa3rpy3ku Ae MCTBYIOLLIUE OMOJISIPHbIE HATIPSXKEHUS
OOCTUTHYT YpPOBHSA HaNpsiXeHUR, NMpU KOTOpPbLIX HauyuHaeTcs oOpazoBanue AcedeKTOB, YTO NPUBELET K
Hadyany U3MeHEeHUs] (YMEHBIUCHHUS) NMPOYHOCTH. U3MEeHEHHUE COOTHOIUEHU A OUTIOISPHBIX HANPSXKEeHHUNA U
BHEILIHUX YCHJIIMH YXE€ B npouecce pasrpy3ku OyAeT ONpeaensiTbCs 3aBUCUMOCTSIMU B COOTBETCTBUU C
rpadpukomM b.13.

Clieayer OTMETHUTH, UTO MNOA Ae(peKTaMyu BO BTOPOH CTPYKTYpE IOApa3yMEBAIOTCSt HE 00s13aTe/IbHO
TpeLLMHBI, 1edEKTbl MOTYT ObITh B pe3ynbrate «MCKPUBACHUS» pelleTKU, AMCIoKalMid U T.40. Pe3yabraTsl
UCTIbITAHUN (pUC. 5.2) MOKa3bIBAOT, YTO MACCOBOE 0Opa3oBaHUue AePeKTOB HAUMHAaETCs MPH NpeBbIILEHU U
YPOBHS HATPY3KU [IPUMEDPHO 0,75Rp(”).
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F

Pucynox b. 13 — U3Menenine CaMOHANMPAKEHHOI0 COCTOSAHUA 1IPH PA3rPy3Ke MPH NPHOIHKEHHH AeHCTBYIOHX
HANPsDKEHHil K npeeny NpoYHOCTH OMOKOIHuKBaloWwero MaTepuana R {1V

MU3MeHeHne 3aBUCHMOCTH MEXIY HANPSXKEHUAMU U AedopMaLlUAMU VISt OMOHOJIMYUBAIOUIEN CTPYKTY-
pbl MOKa3aHo Ha puc. b.13 nyHkTUpHOI nnHuKelt. JedopMaLuus NpHu pa3rpy3kKe paBHa:

€ =€ TE, (b.3)
r/ie £, — IOJHAasi OTHOCHUTENbHAs AepopMalins NPy pa3rpy3kKe 40 Hayaia ynpyroro nocaeaeucTBus;
€, — YUYACTOK JJMHEHHOH OTHOCHUTENAbHOI ehopMalinK, onpeaciasieMbli BbIPaxXeHUEM:
l .
(€, =—0C;, i=Xx,y,2), (b.4)
E
e e:. — TeKYLIee 3HAYEHUE OTHOCUTENBHOW AehopMaLMy [10C/IE JUHEMHOTO y4yacTKa, KOTOpasl sIBASCTCH
(GYHKUHEN pa3HOCTU HAMNIPAXKEHHI B CTPYKTYPax Ha HEJIMHEMHOM YUacTKE U BpEMEHU, T.e.:
- 1
e’ = ®[(a' - o), 1], (.5)

rac [ — BpeMsl.
Tekyuiee 3HavyeHUe NOAHOW aeopMaLUu OyieT onpeaenaTocs GopMynon:

« b L _
Eni =&y TE zgonpcn +®[(c” -0 ).1]. (b.6)

Ecaun npoaoiKuTh AalbHENLLIEE NOCTPOCHHUE pUC. b.13, TO pe3yasTUpYIOLLAs 3aBUCUMOCTDb Pa3rpy3Ku
U151 3TOTO Cay4ast OyaeT oTpakeHa BeTBblo All, Ha puc. b.14.

O'I

/1 ll
/1
I Cl l
O hr
E: -Erl 0“ EI
e —

Efl

Pucynok b. 14 — PesyasTUpylomias 3aBUCHMOCTDb MEX1Y HANPSDKeHUAMU U JeopMaLMAMH NpH pa3rpy3ke A ciayuyan 4

[loc/ie MONMHOro CHATHUS BHELIHUX CUA BO3HUKLLIEE COCTOSIHUE MOXET OKa3aTbCsl HEYCTOUYUBLIM U3-3a
BO3/IEUCTBUSA OCTATOUHBIX YIIPYTUX HANPSXKEHUN HA OMOHOJIUYHUBAIOILYIO CTPYKTYPY, HAalpuUMep, ¢ nNpoaoJ-
XEHHEM npolecca obpa3oBaHUA AC(HEKTOB U YMEHbILICHUEM MMPOYHOCTH, KOTOPbIE MPUBEAYT K IpUpaALLLE-
HUIO aAehopMalnid, NMOKAa HE HACTYNMUT PAaBHOBECHUE OHMONAPHBIX OCTATOUYHBIX HanpsaxeHWil. Ecau 3to
PaBHOBECUE HEYCTOMUMBO, TO CO BPEMEHEM HAYHETCH HOBbIN Npouecc 00pa3oBaHus Ae(PEKTOB, COMPOBOXK-
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JAKIUHCA JOMOJHHUTE/IBHBIMK NpUpauleHUaMH aegopmaunini, Ha puc. b.15 cHuXxeHue npoyHOCTH noce
pa3rpy3ku u3-3a jiepeKToB NoKasaHo oTpe3kom [ [1,, obwas gepopMauns OyneT pagHa € = €+ Ag , pun
3TOM BEJIMUMHA npUpatIcHNA AchOopMaurit AE MOXET TPAKTOBATHLCS KaK yNpyroe nocaeneicrTsuc. Pesynb-
TUPYIOLLIAst 3aBUCUMOCTDb Pa3rpy3kH B 3TOM c/lydae OTpa3uTcs seTsbio AB B,

!

Aiim

T — e —— . -— . —- . e - ——  s—rre—

£ -- £

.ﬂ

A€ . En

Pucynok b. 15 — IpadHyeckas uuTepnperatns ynpyroro nocieAeACTBHA HOCe pa3rpy3km cpe/in
C ABYMA CUCTEMaMH HATIPAIKEHHUU

Ing yyera 3¢pdekra caMoOHanpsaXeHHOro coctosHus popmya (b.4) ans tpaalMUKOHHOTO cayyvas, npu
KOTOPOM OCTAaTOUHbLIX HAMPSXEHUI HeT, MOXeT ObITh 3anucaHa [10] B cneayiouieM Buae:

1
£=-—0+ A€, 7
E (b.7)

rae Ae., KaKk u B dopmMmysie b.5, asaserca pyHKUMEH pa3HOCTU HAMNPAXEHUH B CTPYKTYpax, BPEMEHU H,
BO3MOXHO, Apyrux gakTopos.

[IlpuMeyuaHue — Ilpu onpeaencHuUn pe3yabTUPYIOUICH 3aBUCHMMOCTH MCXAY HANPAXCHUAMH U AePOpMaLIUAMMH
MOXHO OrpaHUYUTBCH ITUMH CAYUYASMU, KOTOPLIE AAKT HAMSAIHOC MPEACTABNCHUE O AMHAMUKE 00pa3oBaHUS CaMOHANpsI-
XCHHOrO COCTOsIHUA. HekoTopbic Apyrue ycioBust nposBaeHus AE, paccMmoTpeHsbl B | 10].
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[Ipuaoxenne B

OnpeneJieHue pe3y/bTHPYIOLIETO MOAYASA YNPYrOCTH NMOPOIbI,
00pa3oBaHHOM MO CXeMe «Harpy»KeHue-1eMeHTHPOBaHUe»

B KauecTBe MCXOAHBIX AAHHBIX NPHHATBI: F— obulas miowank, o F — nowans ceyeHus nop; (1 — o ) F—
dD(pdexkTrBHAA NAOUIAAL CEYEHUST MUHCPAIOB CKeiaeTa;, £, U E, — COOTBETCTBEHHO MOAYJIN YINPYrOCTH
MUHEPANOB CKeJieTa U 3anoaHuTens. [1pn yBeTHUEHU N BHEIHEH HArpy3KH1 nocJie 3anojiHeHHUe nop TBep/e-

IOUHM pacTBOPOM AONONHHUTENbHASL HAarpy3kKa AP (Mau HanpsixxeHUst Ao) BOCIIPUHUMAETCS KAaK CKEJIETOM,
TakK M 3aNOJHHUTEJIEM:

AP, + AP, = AP, (B.1)

MPHYEM YCIOBHE, OTPAXAIOWEe COXPAHHOCTL Cpelbl, OYIET COCTOSATL B TOM, YTO OTHOCUTENIbHbIE JedopMa-
LMK NEPBOM U BTOPOUM COCTABSIOWIMNX OYAYT pPaBHbL, T.€.:

Ag, = Ag, = A, (B.2)
AP
rie AE = . B.3
R (B.3)

HepopMaLnm COCTABIAIOILNX CTPYKTYPHDBIX 2JIEMEHTOB OYAYT ONpeaeasITbCS AOJAMHU HArpy3KH, NpUxo-
ASIUUUMHUCA Ha CKEJIET U UEMEHTHUDYIOLLIUH PACTBOP:

Ao, AR
AEI — T = ,
£ E(l-o)F (B.4)
AEz :""“‘"‘“'AGZ —- Ai)z .
E, ko F

Bens KoahhuuneHT B, onpenensionmi 101eBoe yyacTue 001IEro Npupauie HUs Harpyskil Ha COOTBET-
CTBYIOLLHME JIEMEHTbI | ¥ 2, uMeeM:

AP = (1 —-P)AP; AP, =[P AP (B.5)
| -B)AP A | -
1" l ( Ba) . ] PB:; WIH ] ( Bi‘) — 1 Bs . (B6)
3 (B.6) onpeneinM HEM3BECTHYIO BENUUYUHY [
[ —
EE _( Bi‘) ZEL; (B.7)
EI (l_as) P
E
5 £ _B _Bs WM
E,(1-oa,) £ (1-a,) o
E, |1 1 E, 1
FZ st — + = '
l (I —(15) h(lj El (I -—(15)_
[Tocne npeobpazopBaHs MOaAyyaeMm:
5_2_:[33 (l_(,lj)+£2_ :
El _ U El _ (B 8)
,  E/JE E, /L _ 1 |
OTKY/la 3, = = - = = .
Co o B (1-a,) E £y (1-ay)
t—— £,/ E —+1| 1+—=
OLS El i as E2 | Ez Ots
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OnpenesiuM pe3yasTUPYIOWLHK Moayae yripyrocti. Tlpupasuusas, Hanpumep, Ag, = Ag,, ¢ yueTOM
(B.2)—(B.4) uMeeM:

1 AP 1 AP

— _ B.9
Yuurbisaa (B.5), u3 (B.9) noayuum;
1 (1-B)AP | AP I (-8, 1
= , OTKy/a =— WU
El (I—'[I.S)F E F El (lﬂ—a‘g) L
C(1-0,) (B.10)
(1-B,)
YuutbiBasl 3HaueHue Uit koddduumnenra 3 (B.8), Haaem:
O 0
l__B _ o _ 2 ) _ ) 2 | (B.11)
A) _ . 2 l__
Ly _1_(1 o) 1+EI (1-o;) I+F,( o)
EZ O E2 U E?. O
Hanee onpeaennum apodk B npaBoit yactu opmyasl (B.10):
_ ) . . }
q-af1+rdze) 4y A=) &
(]-—(15) _ B E2 Uy L O E'). ) (B 12)
(1-B;) (I-a,) £y £y | |
oP E2 E2
Tenepb, yuutbiBas (B.12), u3 (B.10) onpenennm 3HaueHue £
_ - 1
| ]+( as) El a_-; , l - .
o — QL
E=FE = - - = £ 1+ %5 2 o, WIH
._l_:__‘l_ \ O E2 / B 13
E, (B.13)
E=oEy,+(1-0,)E,.
[IpoBepKa npeaenbHbIX MEPEXOIOB MOKA3LIBAET KOPPEKTHOCTL (B.13):
a) npu a_=10,5 E=0,5(E, + E,); (B.14)
0) npua, =0 E=E: (B.15)
B) npu o = | E=E,. (B.16)

[TonyuyeHHas dopmyia (B.13) gaet npeacraBneHue o I0J€BOM BKJIane YNPyrux KOHCTAHT, COCTaBASIO-
IIUX Cpedy, MPU pa3IMYHbIX COOTHOLIEHUSIX OObEMOB CKEJIeTa M LUEMEHTHUPYIOILETO 3afoJHUTENS TOP.

Pesynbrat (B.14) noka3sbiBaeT, 4TO NpU paBHOM KOJMUYECTBE MUHEPAIIOB U 3aMOJHUTENA B 00LIeM 0ObeMe

Cpeabl Pe3yJbTUPYIOLIUK MOY/b YIIPYTOCTHU paBEH CpeaHEapHPMETUUECKOMY 3HAYEHU IO MOIYJIEHN YIIPYTOC-
TU COCTaBASIOLLIUX CPEAY INIEMEHTOB.
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[puaoxenne I

Onpenpenenne pesyasrupyoero Kkodgpdunuuenra IHyaccona v npu pasrpy3ke
B FOPHOM NOpoje ¢ ABYXCHCTEMHBbIM HANPSKEHHbIM COCTOSTHHEM

OnpeaeneHue Buaa GyHKUMH v = v ,v,) 118 cpeabi, 00pa30BAHHON 110 CXEME «HArpy>KeHHUEe-LIEMEHTH-
pOBaHUE», BBITIOJHEHO B [19] Ana pa3rpy3ku B yCJA0BUAX AEKOMIPECCUU B AONPEACTIBHOM HAIPSXKECHHO-
NeopMHUPOBAHHOM COCTOSIHUM. 3aaya peuiajach B JIMHEHHOMW IMOCTAHOBKE C YYETOM BbIMOJHEHUS YCII0-
BUH: COBMECTHOCTH ACPEMELLIEHNUH BO BCEM [MAIla30HE M3MCHEHUs HANpskKeHUU A€, = Ag, = Ae np#u
OTCYTCTBUM FrOPU30OHTANIbHbIX JepopMaLIMil TOPOADI:

e =g =10. (I 1)

KacartejibHbIE HANPSIXKEHUS M10J1araéM paBHbIMHU HYJIIO.
COOTHOLUEHUE 1151 OTHOCUTEbHON AeOPMALIMH CUCTEMBI B INTIOCKOCTH X, )

l

£, = #E-‘—[Gx -v(o, +0,)]. (I.2)
[ IpyHUMasa BO BHUMaHHE

Vv
O, =0, = O., [.3
SRR PERVIR (1-3)

¢ yaeTtoM (I.1) u3 (I.2) noay4um:

v=—2x (T'4)

o, +0.

CornacHo (3.1) u (1.3) a1 MOJHBIX HATIPSIKEHUHN U HATIPSIDKEHUHW B CUCTEMAX UMEEM:

by (Db (I (.
Gﬂ' _er' _fo ’ fo "G_w' L er’ _Gw' ’ (FS)
(h) _. (1) (1) _ (11) _ ~D (11) '
er’ —0’.]0“— ’ fo' “aQG:i ’ 0:;:' _U;:f _Gz." ’
Vi Vs
A€ (11 — M C(.z — ,
V,, V, — COOTBETCTBEHHO KO3 puumneHThl [lyaccoHa ckesiera v 3aroJHUTEIA.
[Ipeodpasyem (I.4) ¢ yueTom ([.5):
(1) (1)
0. — 0,0, KoL — O
V= d < | 2 (r6)

o0l —a,60 + 6l —olV  k(l+0y)-1-q,

(1)
Ou
(I1) ~

]

roe k =
o

B 4aCTHOCTH, Hpw Vl =V, HOJAYHACTCH, HTO CLI — CLz == O, CACAOBATCIAbHO!

ok — O oL ( V ]
V = — =y, o= .
k(l+o)—(1+a) 1+« l—-v

TakuMm obpaszom, pesyibTupyrownii KoagguuueHT IlyaccoHa v B 3TOM ciiydyae He 3aBUCUT OT KO3IPPHU-
LLUEeHTA K, YTO NMOATBEPXKAAET KOPPEeKTHOCTL (hopMynbl (I.6). YUUTLIBAsI 3aBUCUMOCTH MEXJIY HAITPSIKEHUSI -

MU B CUCTEMAX U COOTBETCTBYIOLMMU OTHOCHUTEIbBHBIMU Ac(POpMaLIUIMHU B YCIOBUAX NEKOMIIPECCUU B BULE
Ha puc. [.1
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q,
A
K 3
I
Aol
: s
ﬂ O, Gzﬂ
) |
Gt L ‘ |
— Y
| |
VA
E/a, fz/uz .
EZ B C : £ , h EZI. ol OU
; l
Eat > o "
T "' g

Pucynox I’ 1 — U3amenenne H/IC ropuoit nopoap! npy pasrpysxe

|

(I _ (1) _
Oz “aEl(Ezl_ggj): G o kye,, (I"7)
4 ) 2 ) 4 ) 2
e o =| 1|, o =] 1--2Y2 |, (I8)
K I—Vl) \ l"‘"sz
MOJIYYUM:
| £i(e. —€.;)
(1) A\l T /
sz :k:EL_L ._...i._—-azEl E-El 1\ (rg)
0-(“) l (11 Ez \ 8..1- , ' .
“ _EZEzi
%)
Beenst 0003HaueHus B—azEl By =P (.10}
— Ezi 0 — 4 B .
I
n3 (I.6) HaxonuMm:
/ | \
U BO‘E B-a,
_ \ o /
VR = (D11)
BO B (1‘*‘0(1)‘1—(12
. Ei
OTKyAa
- 1 \ _
Oy BO_’_B — 0y |E;;
v = AR A ] _ o, By — (o B+ay)e,; C12)
(] ) Bg(1+0t1)~—([3+[30t1+]+a2)ea.' |
By Bl(I+o)-1-0a, |E,
AN i

Dopmyna (I.12) paet BOZMOXHOCTb NPOCIEAUTH 32 UBMEHEHUEM Pe3YNLTUPYIOLEro KoxhduuneHTa
[IyaccoHa B nipegenbHbIX Mepexoaax:
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Vi
- () | — v
a) npu £_, -0 V= %Py = ' =V (I.12, a)
Bn(l+a])"0 l+ v[
-(I;_E',.]
O) npu €., 5 €., V= — =V, (I.12, 6)
" ) ~(1+0,)E

(1)

{
B) IPU € — €, HAMPSXKEHUA O (CXKaTusl) H Gg,- ) (pacTsKeHUs), OTJAMYAIOLLIUECS APYT OT Apyra 1o

3HAKY, CTAHYT PaBHbIMU NO A0COMIIOTHOMU BEJIUYHUHE. DTO COOTBETCTBYET MOJHOMN pa3rpy3ke, nNpu KOTOpoH
OCTATOUYHbLIC HAMPAXKEHHUSA (CKUMAIOULHUE U PACTATUBAIOLLNE) PABHBI MEXY COOOH, HO OTVIMYAIOTCHA 3HAKOM,
no3ToMy kK = —1. B 3tom ciyuyae u3 (I.6) nony4vaeM:

-Dd+o)-1-0a, o +0y+2

Pesynprat (I.12, a) asasiercss O4EBUAHBIM KM OTPAXaET B [MPOLECCE pa3rpy3kM OCODEHHOCTH TaKoro
HAMPAXEHHOIO COCTOSSIHUA cpellbl ¢ COBMELUICHHbBIMH CUCTEMAMHU HaNpPSXEHUN, KOoraa Harpy3kKy HeceT
rnepBasi CUCTEMA, a BTOpasi CUCTEMA HaANPSIKEHUH SABIAETCH UHEPTHOM.

Pesynbrat ([.12, 0) nokasbiBaeT, 4TO UHEPTHOMU SBJISIETCS TepBass CMCTEMA HanpsiXxXeHHi. Pesynbrar
(I.12, B), MeHee oueBUAHbIN, CBUAETEJIBCTBYET O TOM, YTO B NTpOLECCEe pa3rpy3KH (1pHU €, > () B pe3ynbrate
CYNepno3nilu¥ CUCTEM HAMPSXKEHU N PE3YABTUPYIOLINME NOMNEpeUHbie AePOPMALUU XapaKTEepU3YIOTCs1 0000-
WeHHbIM Ko3dduuueHToM IlyaccoHa, BeJiHUMHA KOTOPOro MpH MOJHON pa3rpy3ke ONpeacnsieTcss mno
MONY4YEHHOH (hopMYyJc.

Paccmotpum (12, B) unu (I.6) donee noapodHo.

Hpn & — A(l+oy)-1-a, 2
4yTO coBnaaaet ¢ pe3y;ibraTtoM (1.12, 0).
o lct
ko, — .
[Ipu k — oo V= Bl = If = Vi,
ko) -1-a (1+ay) =+ 0y)
4yTO cOoBnajaeT ¢ pesyabratoM (I.12, a).
+
[Tpn £k — — | nmeem: V= B UJIn
o + 05 + 2

VitV =2vv,
l-v, +1-v,

Vv

(I.13)

Huxe B Tabiunue aas npuMepa nNpUBEAECHbI HEKOTOPbIE PE3y/bTaThl PACHETOB 118l peabHBIX KO3 DU -
nueHToB [lyaccona cucrem u3 [ 19] no popmyne (1.6).
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Taonumua I.1

Pe3yabraTbl pacyera 0000menuoro ko3 duuuenta Iyaccouna no opmyJie (I.6)

k —500 —100 ~50 —10 5 ~2 _1.5 ] )
. i 4 1| | ! i | i L
Vi 7 8-;2 0,2 | 02002 | 02004 | 02014 | 02032 | 02063 | 02076 | 02101 | 0,22
2 1
31 ~ 8;3 0.2499 | 0,2497 | 0,2494 | 0.2474 | 02449 | 0.2403 | 0.2383 | 0,2352 0,22
), T OAS,
Ccons || 1 + |
Vi~ 055 | 02501 | 02504 | 02508 | 0,2538 | 02570 | 02638 | 0,2665 | 02705 | 0,29
VT2 1 02899 | 0,2896 | 0,2893 | 02865 | 02836 | 0,2771 | 0,2745 | 02705 | 0,25
l v, = 0,23 | . I | | I . . ]

Ha 0CHOBaHMH BBIYMCIEHHBIX JAHHBIX (1A Cydas, KOrga v, # v,) oOHapyXHBaeTCs 3aKOHOMEPHOCTb
Auana3oHa M3MEeHEeHUs pesyabTupytowero koagguuneHTa [lyaccoHa v B npouecce pasrpy3ku rnopojbl
NBYXCUCTEMHbIM Hanpsi>X€HHbIM COCTOsIHUEM — OT BeMUMHBI KO3 duuueHTa [lyaccoHa nepBoil cUCTEMB!
B Ha4yajlie pas3rpy3ku K MPaKTHHECKW CpeaHEaApU(PMETHUUECKOMY 3HAYEHUIO KOIPPHULUMEHTOB NEPpBOU H
BTOPOM cucTeM (puc. [.2) npu NONHOM CHSTHHU BHELIHUX CUJIOBBIX BO3AEMCTBUNA. KakK cielyeT U3 NpuBeacH-
HbIX MaTEPHUAJIOB, B IMANAa30HE peaIbHbIX 3HAaYeHU N KOIPpPHnuHeHTOB [lyaccoHa 151 rOpHbLIX MOpoA TaKoe

U3MEHEHHNE pe3ynbTUpyioulero KkoddduuneHTa IlyaccoHa (ysennyeHue B uHTepBanax | U 3 UK yMeHbllE-
HHUE B AXANA30HeE 2) ABJSAECTCH HEIHAUUTEbHbBIM.

[Tpn paBeHCTBE COOTBETCTBYIOILMX KO3(pdULUHUeHTOB [lyacCOHa cucTteM HanpsiXkXeHU Mexay coOoM
OJHOBPEMEHHOE NCUCTBHUE ITUX CUCTEM ITPU CHATUU BHEILLIHEW HATPYIKU NMPUBOJAUT K TOMY, UTO PE3YJIETUPY -
Uit Ko3goduimeHT IlyaccoHa Takoit ropHoit nopoabl OCTACTCR MOCTOAHHbIM.

Pucynox I.2 — N3menenne pesyastupyouiero kodpduuuenra Ilyaccona npu pasrpyzke cpeiabl ¢ pa3jiHyHbIMU K03 Pn-
umeHTaMH Ilyaccona B 3emenTax nopoasl (B auanazonax 1, 2, 3): A — Hayano pasrpy3ku; b — nosHoe CHATHE BHelIHEH

Harpy3KHu

Takum obpa3oM, B MPOLECCE CHATHUA BHEIWHEA HAMPY3KU OAHOBPEMEHHOEC ACUCTBHUE (CYMEPITOIULIUS }
re HETUYECKUX IMoJieil HAMPSAXEHU A MPUBOAUT K TOMY, UTO KOI(PPpuLmneHT [TyaccoHa TaKON NOpoabl 3aBUCUT
OT KO3PPULMeHTOB [1yacCcoHa claralouinx €€ CTPYKTYPHbIX 2JIEMEHTOB U onipeaeasicTest no ¢gpopmy.e (1.13).
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ITpunoxenue J1

OnpeaejieHne 0CTATOYHOI NOTEHUKANBHOI 3HEPIrUH NPH PA3rPy3Ke NOPO/bl,
00pa30BAHHON MO CXEMe «HarpyXeHHe-ueMeHTUPOBAHHE »

Pairpyska npuBoanuT K 00Pa30BAHKIO OCTATOUHOW NMOTEHUMANLHON IHEPrUmn ynpyrux aedopmaliui B
FOpPHOH NOpoae C ABYXCHCTEMHBIM HANPSIXKEHHbBIM COCTOSTHUEM | 20].

B pabote [20] npusenen aHanni oaHOW M3 NPUUMH HEMOJHOM peann3allMK HAKOIJIEHHOW 3HEpPruu
ynpyroi aedopMauum npu yMEHbUIEHUM BHEIWHUX CHJI C NMO3ULIMKM CYILRECTBOBAHUSA [MEped pa3rpy3Koi
COBMELUEHHOrO ABYXCHCTEMHOIO HarpsixXeHHOro COCTOsiHUA nopoabl. B pe3yiabrare nocihe pasrpy3ku B
NEPBOH CUCTEME HYACTUUYHO «KOHCEPBUPYETCH» paHee HAKOMJEHHasl HEPIrus ynpyroi aedopMmauuu, BO
BTOPOH — 3aHOBO aKKYMYJMUPYETCS IHEPrUst, U 1opoaa B LEeJIOM 001a1a€T BHYTPEHHEN SHEPIrue, paBHOUM
CYMME 2HEPIruil B IBYX CUCTEMAX.

[lpu TpanMuvOHHON NOCTAHOBKE BOMPOCA B paMKax MOJIOXEHUN TEOPUH YNIPYrocTH (MPU A0KA3aTe b-
CTBC €IMHCTBEHHOCTH PEILUEHHUSA) CUMNTACTCS, YTO HAKOIMJIEHHAsI MOTCHUMAJNIbHAS DHEPIrus, 3aBUCSALLAS OT
MOAVAS YIPYrOCTH, YPOBHS ACUCTBOBABIINX BHCWIHUX HAPY30K, NpU pasrpy3ke ucyesaeT (MOJHOCTLIO
PEATHUIYETCH) TAK XK€, KAK U BHYTPEHHHUE HAMpsiKeHus [1].

3aBUCUMOCTH MEXAY HAMPSAXKEHUSIMU U AeDOPMALIUMIMU B CUCTEMAX, Claralolux ropHyIlo rmopoay, rnpu
YMEHBUIEHUH HAYUILHBIX HANIPSIXKEHUW B LUKJIIE pa3rpy3ku B obUIeM cJiyyae MOryT ObITh HEJIMHEHHBLIMMU.
Cne10BaTe/ibHO, HEJIMHERHOM OYyAET U pe3yJiIbTUPYIOLLAas 3aBUCUMOCTb MEXAY BHEILHUMH HAMPSAXEHUSIMHU
G. M COOTBETCTBYIOWUMMHU AeOPMALMSIMU € B LUKIIE pasrpy3ku. [1pn coBMeCTHON AedopmaLinm cucTem B
yéﬂolmﬂx paccMaTpUBacMOM 3a1a4M 3THU 3aBUCHMOCTHU MOTYT ObITb NPEACTABJECHbI GYHKLHUAMHU | — /,(€) nns
nepBoit cuctembi, 2 — f,(€) Ana BTopoit cucTeMsl U 3 — f (€) Ans pe3ynbTUpyloulei 3asucumoctu (puc. [.1).
Hauano koopanHaT NpUHATO B TOUKE (), COOTBETCTBYIOLIE i HAYaIbHOMY HAMPSXKEHHOMY COCTOSIHUIO. [1pu
YMEHbILUEHU U BHCIUHEN HATPY3KHU HAUHETCA peaylu3alus 3HEPrum ynpyroi nepopmMauMm B NepBOM CUCTE-
M€, OT BO3ACUCTBUN KOTOPOH BO BTOPOU CUCTEME HAUHETCR UBMEHEHUE YCHUNUIT (pacTaxeHus) (2).

y

Pucynox JI.1 — Ipaduk copMelleHHA 3aBUCHMOCTEH MEXK/LY HANPSXKEHUAMH U AeDOpMALIMAMH NPH pa3rpyike
114 3/IEMEHTOB, CJAraliluxX nopoay

Cneayet OTMETUTL, YTO MJIOWAAM [TOAYUEHHBIX DUTYD, OrPpaHUUEHHbIX 3aBUCUMOCTAMU | —3, oTpaxaloT
HE UTO MHOE, KaK YAeJIbHYIO padoTy e opMalmu |21], a 3HAYUT, MOTEHUUAJTBHYIO JHEPIUI0, HAKAMJINBaE -
MYIO B Matepuase B pe3yjbTaTe yrnpyrou aedopmaunu, sbi3BaHHONK JEUCTBUEM BHEIUHUX CUJI. 3anaceHHas
JHEPIUS MEPBOU CHCTEMbI, KOTOpPast MOXET OBITb PEAJTM30BAHA NNPU CHATWHU BHELLIHHUX HATPY30K, OTPAaXaeT-
CH KPMBOAMHEHHBIM TpeyroabHukoM ABO,, ecan npenebpeus ApyruMu BUJIAMH 3IHEPIrUM (TENJIOBOH,
MarHuTHoOM ¥ ap.) |21|. OgHako, 3aTpaTuB HacTb CBOCH DHEPIrUU HA paCcTAXEHHUE BTOPOU CUCTEMBI, KOTOpas
[IpU 3TOM CaMa HaKallJINBAET MOTEHUUAJIbHYIO DHEPTHIO, paBHYIO ruiowanm tpeyrojibHuka 0 J1C, n yaepxa-
HHEC €€ B TaKOM COCTOSIHMM, nepBasi CUCTEMA 4YacTb CBOEH NMOTEHUWAJTBHOW 3HEPTUU, OTPAaHUYEHHOU
rmjoulansto tpeyroibHuka JABC, He peanunisyeT. TakuM o0pa3oM, 11ocJie MOJIHOIO CHATHUS BHELIHHUX CHUJI cpela
o0J1aJaeT MOTEHUMANBLHOKH 3HEPIHEN, HEKOTOPOE KOJIHUECTBO KOTOPOH COXpaHUIa repBast cucteMa (njo-
iwanb TpeyrojsHuka JABC), apyras yacTb JHEPIrUM BHOBL HAKOIJIEHA BTOPOW CUCTEMOM (IMJIOLIA/Lb TPEY-

rojibHuka 0,/1C).
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[Mnowaab, orpaHuuMBaemMast pe3yJisTUPYIOLIEN 3aBUCUMOCTBIO 3 B UHTEpBaJIe U3MeHeH U aedopMatinil

OT E{) 10 El, onpcacjaiacTcs 3aBUCUMMOCTAMHAU OJ18 OTAC/AbHLIX CHCTEM B 3TOM XK€ HHTCPBAJIC. HOBTOM}’ MOXHO
341U CATb.

Fy)

€0 €0
J‘fi(aﬂ —E)dE_JﬁI(EU —'E)dE:J. ﬁll(eﬂ _E)dE. (ﬂl)
£ £ Ef

Ins cayyasi, KOria 3T 3aBUCUMOCTH SABISIOTCH JIMHEAHBIMU (UTO B 1aHHOM Cllydyae MOXHO MPUHSTH 6€3
yiiepba i onpeaeneHust pakTUUECKOro nepepacrtpencyicHuss BHYTPEHHUX YCUITKUIA), YpPAaBHEHUSA JTMHHUI

pa3rpy3kd 3aMuLUyTCA B CACAYIOUIEM BHAE, €CAWU YrnoBbie KOIPDUUHMEHTH g PyHkuuu f, f., fi
0003HauuTb Yepe3 K, K, n K,

S1(€g — €)= K\ (gy —€), fi(Eq —€)= Kyj(Eg ~E),

(11.2)
Sni(€g —€) = Ky (€¢ — €).
Torna uHrerpansl, Bxoasiume B ypaBHeHHUeE (.1), MOTYT ObITb BhIPaX€EHBI:
£Q En €0
Jﬁ(eﬂ _ E)dﬁ = Kl '[(50 - E)dE = "“Kl J‘ (80 - E)d(EO ——E) =
€] £) E ()13)
——lK (€, — €)° E\ﬂ —lK (Eq — € )2
5 I o2 [\&g — €1 ) .
AHAJTOTUYHO!
£ |
I Ju(gg —€)de = 5 K (gg —51)2 2
£
| (1.4)

£()
|
me(ﬁo —€)de :EKIII(EU “51)2-

£

U3 puc. .1 BUIHO, YTO HAYAIILHOE BEPTUKANIBHOE HANPAXEHUE O ., OTPaXeHO IUHUEH AQ,, pe3ynbTu-
pyloulee HanpsikeHue R paBHo oTpe3ky JC, v ganee MOXHO 3anucarh:

Oz R O 7y €1
K, = , Kjjy=—, K| = , R=0zy—.
£q €y — & €9 — & Eq
Torna:
Gy R G 71 € ] Oy ( £ )
Eg  Ep — & Eq €g (Eg —€) € \ g)—¢g,

(A1.5)

_Ozn (&g~ & +8) Ozy _ Ky,
€ (Eg—€) g g

1St paCCMOTPEHHBbIX JIMHENHbIX 3aBUCUMOCTEN ANarpaMMa pacrnpeneieHus 3HEPIrUU nocne pa3rpys3ku
B JOMNpPEAEbHOM COCTOSSHUM oTpaxeHa Ha puc. [1.2. U3 3toit auarpamMmbl BHAHO, 4TO [opoja fnocle
pa3rpy3ky obnanaeT BHYTPEHHEN MOTECHIIKANBLHON 3HEPruei, paBHON cyMMe mjiollageil TpeyroJibHUKoOB 4

(ocTaTouHasA 3HEPrus nepBoro nojs) U 2 (MM 1o xe camoe 3 — 3Ty YacTb IHEPTHUU HAKOIIMUIO B Npoliecce
pa3rpy3KH BTOPOE N0JIE):

£ £
3, = [ fileyde+ [ fy(e)de. (11.6)
€37 t)
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Pucynok /[.2 — Cxema pacnpe/ie/ICHUA COCTABHBIX YACTEH MOTEHUHATbHOR JHEPrHH Nocie pa3rpy3ku MopoIbi:

[ — M3pacxonoBaHHOHU, J(2) — BHOBb HAKOTINCHHOU, 4 — OCTATOYHOM

AHaAIN3 NIPUBEACHHOIO rpadmMKa nNnoKa3bIBaeT, YTO C YBEAUUEHHUEM MOIVYJISA YIIPYTIOCTH BTOPOH CUCTEMBI
U BO3MOXHOCTLIO €€ BOCIIPUHUMATL OOJIBIINE pACTIrUBAKOLIME HANPIXKEHUS BO3PACTAET A40JIS HEPEATU30-
BAHHOH BHYTPEHHEHW NOTEHUHATILHOW 3HEPTHU NTOCJE PA3IrPy3KH.
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