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TEPMOOMHAMIYHUIA AHANI3 PE3YNLTATIB BATATOLKIIOBKX
BUMPOBYBAHbL 3PA3KA NMOPOAN B OB’EMHOMY HAIMPY>XEHOMY
CTAHI

L IHCTUTYT dpisukm ripHmumnx npouecis HAH Ykpainu,
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2 [IHiNnponeTPOBCLKUI HaLliOHAMBHWUIA YHIBEPCUTET 3ami3HUYHOIO TPaHCMopTy
imeHi akagewmika B. JlazapsiHa MOH Ykpainu
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3 [loHeLIbKWI HaLlioHanbHUIN TEXHIYHMIA yHiIBepcuTeT MOH Ykpaiu
85300, YkpaiHa, [JoHeubka obnactb, M. INokpoBcbk, nn. LUnbaHkoea, 2

Mema oocnidocennss nonseae y CmaHo6ieHHi 3aKOHOMIpHOCHEN HeoOopOmMHUX
npoyecie, AKi MOXCYMb BUHUKAMU 8 2IPCLKUX NOPOOAx nio 4ac ix 0eqpopmysanus y
MedHcax Ha8aHmadiCeHHsl, ke 6i0N08I0AE NPYHCHOMY CIMAHY, KOJIU NOPOOd He nepe-
X00Umsb uepes Medxncy MiyHoOCmi.

Memoouxa oocnioxcennss 6a3y8aniact Ha OCHOBAX MEPMOOUHAMIKU HEOOOPOMHUX
npoyecis i pe3yrbmamax eunpo0y8aHHs 3pasKie NicCKOBUKA 6 YMOBAX HEPIBHOKON-
MOHEHMHO20 HANPYICEHO20 CMAHY.

OcHnogni pezyromamu 00CAI0NCEeHHS NONASAIOMb Y 6CMAHOBNIEHHT MAKCUMATbHOL
YYymaugocmi 6UPOOHUYMEA eHmponii 00 OOMUUHO20 MUNY HANPYIHCEHb, NPULOMY
8KA3AHA YYMIAUBICMb 32ACAE 3i 3PDOCMAHHAM 8CEOIYHO20 CMUCKYBAHHSA NOPOOHUX
3pA3Kie.

Hayxosa nosusna. Bnepuie 6cmanogineni 3akOHOMIPHOCII 3MIHU 8UPOOHUYMEBA eH-
mponii' y 2ipcoKux nopooax nio icto haykmyayiti 2ipcbKoeo mucKy.

Ipakxmuuna 3uauumicms nonseac y momy, wo 3 A611€mobCsi MONCIUBICMb OLIbUU
0eMmanbHO20 AHANI3Y HANPYHCEHO-0ePOPMOBAHO20 CIMAHY MACUBY 2IPCbKUX NOPIO
HABKOJI0 0il0Y020 OYUCHO20 Ui NI020MO08Y020 8UDII0 NiO 4ac BUKOHAHHSA eJleMeHma-
PHUX onepayiil 8UiMKU KOPUCHUX KONATIUH.

Kurouogi ciioBa: ripcbkuii TuCK, nedopmairii, HEOOOPOTHI IpoIiecH, BUPOOHHUIITBO CHTPO-
.
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Beryn

MexaHi4H1 BIAaCTHBOCTI TIPCHKUX TOPIJ BIAIrparOTh KIOYOBY POJIb B OINHIII
CTIMKOCT1 MacuBY, IPUIIETIIOTO A0 TipHUUKMX BUpoOoK. [llupoko momupeHa aymxa
Mpo Te, 110 MPYXKHI MOKa3HUKHU TIPCHKUX MOPiA € KOHCTAaHTaMH, 32 YMOB, IO TO-
poJja He mepeiiniia 3a Mexy MirfHocTi [1]. Oco6nuBoO 1151 AyMKa € CTIHKOIO IS Tic-
KOBHKIB, SIKi MAlOTh BHUCOKY MIIIHICTh 1 KpUXKICTh. JIaGopaTtopHi BUIpOOYBaHHS
3pa3KiB MOAIOHUX MOPIf 32 TPATUIIIHOIO CXEMOI0, SIK IPABUIIO, MIATBEPIKYIOTh
10 TouKy 30py [2]. Ilinkpecaumo, 10 BOHA HACTUIBKU yCTaIWIacs, 0 MiAAaTH il
CYMHIBY BBaXAEThCSI MPOCTO HEJOPEYHUM. Pa3oM 3 TUM HaBITh JOCUTH MIIHHUM ITi-
CKOBHK, SIKOMY NPUCYTHI1 BUpa)K€H1 KPUXK1 BJIACTUBOCTI, MICTUTh MIKPOJE(PEKTH.
Mesxi 30HM KOHTAKTY 3€pPEH HaBITh MPU CAMOMY MIITHOMY IIEMEHTI € BUPAKCHUMHU
MikpoaedekTaMu, sIKi 3a IEBHOI CXEMHU HABAHTAKEHHSI MOXYTh MPOSIBUTHCS Y BU-
TSIl HeOOOPOTHHX JAe(opMartiii.

TeopeTndHo, 3 TOYKH 30py TEPMOJAUHAMIKA HE3BOPOTHUX MPOIIECIB 1€ HLTKOM
MOJKJIMBO, 1110 ONUCYEThCs piBHAHHAM ['100ca 1t BHYTpiHbO1 eHeprii Tina (1).

dU = TdS — PdV + ZpdCi (1)

ne T — Temmneparypa, S — eHTporis, P sBisie co0010 TUCK, V — 00’e€M IOpoaH, ii U
Ci — XiMI4YH1 MOTEHIIaIX KOMIIOHEHTIB PEYOBHUHU CUCTEMH 1 CEPEIOBHILA, 3 KOO
BOHA OOMIHIOETHCSI UM PEUYOBMHAMH 1 MAacOBa KOHLIEHTpAIlis 3a3HAYEHUX pedo-
BHH.

Mo>kHa 3 yIeBHEHICTIO MPUITYCTUTH, IO XIMIYHI peakiii MK peyoBUHAMU Ha-
BKOJIO TIPHUYOi BUPOOKM HE BIUIMBAIOTH ICTOTHO Ha MPOSIBH TIPHHUYOTO THUCKY. Y
3B'S3KY 3 IIMM B OJaJIbIIOMY OyAeMo po3risiiaTi komnoHeHTH 1dS 1 PdV, siki Ges-
MOCepeIHbO MOB'I3aH1 3 TIPCBKUM THCKOM a0o0 Horo nposiBamu. HaBiTh 3 ypaxyBaH-
HSIM aHI30TPOII] MaCUBY TiPCHKUX MOPi 1 6araTOKOMIIOHEHTHOTO TEH30pa HaIpy-
KEHb, TMapaMeTpP MO)XKHa BBaKaTH 3a XapaKTepHY IHTEHCHUBHY XapaKTEPUCTUKY
ripCHKOTO THUCKY, HAPUKJIIAJ, B IKOCTI P MOXHA PO3IIIAJATH IAPOBUA TEH30P Ha-
MPYKEHb, IO AIIOTh B TIPCBKOMY MacHBi. 3HaK MiHYC Iepe]l IPYyTrol0 KOMIOHEHTOIO
XapaKTepU3ye 3aKOHOMIPHHI B3a€MO3B'S30K MK TUCKOM 1 30UTBIIEHHSAM 00’ €My
Oynap-sikoi TepMoaumHamiuyHOi cucteMu. OCKUTbKM yci (pi3MuHI MpoLecH, IO
OB ’s13aH1 3 MEPEPO3MOALIOM TPCHKOTO TUCKY MOYKHA 3 MPUITYCTUMOTO TIOXUOKOIO
BBAKATH 130TEPMIYHIUMH, 3MEHIICHHS THCKY NPU3BOAUTH 10 30UTBIICHHS 00CITY
MacCHBY TIPCHKUX MOPIJ] 1 HABIIAKH.

Kommnonenta TdS 3 ypaxyBaHHSM NPaKTUYHO CTaJOi TEMIEpPaTypH BU3HAua-
€THCSI EHTPOITIEI0 CUCTEMH.

Sxmo kommorenTa PdV y 4ucToMy BHTJISIL BioOpaskae 000pOTHHIA IPOIIEC i €
TEOPETUYHOI0 OCHOBOIO CTaJOCTi AepopMamifHUX MapaMeTpiB MOpPOAW /IO Ha-
CTaHHsI MEeXi Tl MI[[HOCTI, TO ipyra KoMIoHeHTa TdS Bu3Hauae MOXKIIMBICTD MPOTI-
KaHHS HEOOOPOTHHX TIPOIECIB 32 YMOB «IIPYKHOTO» Je(POpMYyBaHHS ITOPOTHOTO
3pa3zka. HeoqHOp1AHOCTI 1 MICIIsI KOHTAKTIB 3€pEH MICKOBUKY € (QI3UYHUMU NEpe-
YMOBaMHU JUJIsl TPOTIKAHHS TaKWX HE3BOPOTHUX MPOLECIB. J[J1s1 BHHUKHEHHS TaKUX
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HE3BOPOTHUX IPOIIECIB HEOOXIAHO JIMIIE CTBOPUTH YMOBH, SIKi 32 TPaAWIIAHOL
CXEMH BHIIPOOYBaHb HE PEaTi30BYBAIUCS.

ABTOpY poOIT [3, 4] BAasIOCS 3HANTH TaKi pe)KUMH BUMIPOOYBaHb, 3a SKUX MIill-
HUHM KPUXKHH MICKOBUK MPOJAEMOHCTPYBaB 3MiHY Ae(opMaIliifHUX BIaCTHBOCTEH
MPAKTUYHO Y JIBA PA3H.

Mertoro gaHoi cTaTTi Oy/o JOCIIAUTHA TEPMOJANHAMIKY HEOOOPOTHHUX MPOLIECIB,
IO CYMPOBO/KYBAIM HABAHTAXKCHHS MICKOBHKY y PEXHUMI MPYXKHOTO neGopMy-
BaHHSI.

MeToauka 1ocaiKeHb

Y poOoTi 3acTOCOBaHa cy4acHa Teopis HeOOOPOTHHUX MpoIleciB [5], ika BUBUAE
nporecy BUPOOHUIITBA EHTPOIII IMiJ] Yac PO3BUTKY HEPIBHOBAXKHUX CTaHIB CHC-
TeMHu. 3allydeHa TaKOXX KIHeTHYHA Teopis MIIHOCTI TBEpAUX Til [6], sKa BBaxae
¢baykTyanii TepMOAMHAMIYHOTO CTaHY CUCTEMHU TOJIOBHUM YMHHUKOM, 1110 BU3HAa-
Yae JJOBFOBIYHICTh TBEPAOTO TiNa. SIK eKCIIEpUMEHTAIbHY METOIUKY 3aCTOCOBAHO
BUIIPOOYBaHHS 3pa3KiB TiPChKUX MOPiI Y HEPIBHOKOMIIOHEHTHOMY HAIpPyXEHOMY
CTaHl, IPUYOMY aKTHBalisl (QIyKTyaliil 3/iiiCHIOBAJIaCh 32 IOTIOMOT0I0 OaraToiu-
KJIOBMX HAaBaHTAXXEHb-PO3BAaHTAXKEHb 3pa3KiB mopoau. [Iporec HakKOMMUeHHs He-
o0opoTHUX JieopMaltiii 3paskiB 6e3 nepexoay NOpoH Y M03aMEXKHUI CTaH BUBYA-
BCSl HA OCHOBI aHANI3y AMHAMIKU €HTPOIIIi.

BumnpoOyBaHHS MiCKOBHKA, IO MA€ MII[HICTh HA OJTHOOCHOBHUN CTHCK MOPSIAKY
90-100 MITa, 3xificHIOBaJIOCS B yCTAHOBIII TPUBICHOTO CTHCKY 3 CEPBOMEXAaHI3MOM,
110 JI03BOJISE 337aBaTH Oyb-SKi PEXUMH BUIIPOOYBaHb 1 peasli3oByBaTH iX y yaci.
J1st 9UCTOTH €KCIIEPUMEHTY BUKOPHUCTOBYBABCS 130TPONHUI MICKOBUK, MIIHICTD 1
ne(opMoBaHICTh SKOTO MEPIEHAUKYIISIPHO 1 MapajiebHO HallapyBaHHs OyJia mpax-
THUYHO OJHAKOBOIO, OCKUIBKH il BiIMIHHOCTI mepeOyBanu B Mexax 5%, ToOTO He
NEePEBUIIYBAJIM TOMUJIKY BUMIpIOBaHb. JliameTp 3pa3ka cTaHoBUB 44,4 MM, a Horo
BHCOTa 88 MM, 1110 TIOBHICTIO BiIOBiTa€ BUMOTaM MDKHAPOJAHOTO CTaHAAPTY, Bil-
MOBIJTHO JI0 SIKUX BUCOTA 3pa3Ka MOBHHHA OyTH HE MEHIIIE MBTOPU BEJIMYMHU HOTO
niamerpa.

J10 1 miclis eKCIEePUMEHTIB 3 MOPOIHUX 3pa3KiB BUTOTOBILSUINCS HUTIDH, SIKI IMif-
JaBaJIMCSI MIKPOCKOIIIYHOMY JIOCITIDKEHHIO MIKPOCTPYKTYPH MICKOBUKA 1 MOKJIU-
BOTO BHSIBJICHHS 1i €BOJIIOLIT B pe3y/IbTaTi TPUBICHUX BUIIPOOYBaHb.

Ha BunpoGoByBaHi 3pa3ku Oysiu HaKJICEH1 TEH30JaTYUKH 3 BUCOKOSIKICHOTO Ma-
Tepiany (KOHCTaHTaHOBOI (POJIBTH, 10 OyJa 3ajJaMiHOBAaHA Yy MOJIIaMIiIHY TUTIBKY).
3pasku obepranucs MiHO (Goabroro TopmmHOI 0,127 MM. Y miporieci BUIIpoOy-
BaHb 3pa30K HaBaHTAKYBaJIM OCHOBHUM 3yCHIIISIM 1 OIYHUM THCKOM, 1[0 CTBOPIOBA-
BCs y Kamepi TpuBiCHOTO cTHCKY. OCBOBI 1 pajianbHi KOMIIOHEHTH AedopMartii
(&4 &) M HANIDYKEHD (O, U O'ee)BI/IMipIOBaJ'II/ICSI TEH30METPaMH 1 MAHOMETPAaMH 3

MOAAJIBIINM [EPETBOPEHHAM B €JIEKTPUYHI CUTHAJIH 1 X TOCUIICHHSIM.
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Pe3yabTaTtn

Pexxum HaBaHTa)kKeHHsI 3pa3KiB, 3a SKOTO BIAJOCS BHSABUTH HAKOTIMYECHHS He-
obopoTHUX nedopMalliil Banocs 3HAUTH, BUKOPUCTABIIHN €IeMEHTapHI 00ypeHHS
abo urykTyartii, 110 BUpaKaOThCS HACTymHUMHU Gopmysaamu (2 13) [5, 7].

ASS = (UT)EAXAJ; . )

Bennuuny AJS Ha3zBanau HaAMIPHUM BUPOOHHUIITBOM EHTPOI], IKe OYyJI0 BUKIH-
KaHe 30ypeHHSM CHUCTEMH BIIHOCHO CTalliloOHApHOTO HEPIBHOBAXKHOTO CTaHy. Benu-
yiuHU Xi ¥ Ji ABISAIOTH COOO0 BIAMOBIIHO TEPMOIMHAMIYHI CHJIH 1 MOTOKHU. Y Ha-
HOMY BHUIAJIKy B SIKOCTI TEPMOJMHAMIYHUX CUJI BUCTYNAIOTh HAIIPY)KEHHS, 1110 Ji-
I0Th y 3pa3Ky ripcbKoi MOPO/H, a B IKOCTI HOTOKIB — HEOOOPOTHI AedopMariii 3pa-
3Ka, 1110 B1I0YBAIOTHCS Yy Mpolieci Horo BUpoOyBaHb.

IIpouec penakcarii eHTpoOII Micas BIUIMBY QUIYKTYallii ONUCYEThCS PIBHAHHIM
[6, 7]:

Si(t) — Si(0) = X {Lixexp(-t/n)} . (3)

VY nanomy piBHSHHI €HTPOTIis BAKOPUCTAHA SIK €eKCTEHCUBHUIA TEPMOIIHAMIUYHUI
napametp. CUMBOJIOM 7k TO3HAYEHO Yac penakcaiii K-Toro mpoiiecy, KU BILTUBaB
Ha |-i mporec. CumBoau Sj(t) i Sj(0) mo3HauarOTh HEPIBHOBAXKHE 1 PIBHOBAXHE 3HA-
YEeHHsI eKCTEHCUBHOT'O MapaMeTpa, BiAMOBiAHO. Pi3HMIIA 3a3HaU€HUX BEJIMYUH SIB-
Jsie coO0T0 MPUPICT EHTPOITIT 00 11 BUPOOHUIITBO. Ljk siBIIsie c0O010 KOEedillieHT B3a-
eMHOCTI OH3arepa TepMOAMHAMIYHUX CHJI 1 IIOTOKIB.

Jlo o4YaTKy OCHOBHHX BHIIPOOYBaHb 3pa3KH MiAJIABAINCS CHEUIAIbHOMY Tpe-
HYBAHHIO IIIJIIXOM TiIpOCTaTUYHOTO 00THCKY. Lle poOmiioch A yCyHEeHHS MOX-
JMBOTO BIUIUBY JIe(DEKTiB 1 MePEeBIpKU aHI30TPOIMTHOCTI 3pa3ka. OOpoOKa pe3ynbTa-
TiB BUIIPOOYBaHb 3pa3KiB Ha X TrigpocTaTHUHE OOTHUCHEHHS MiATBEpAMIa, 10 3pa-
3KHM MPAKTUYHO 130TPOTHI, 1 KpIM TOTO MOKa3aja, 0 3pa3kyu MalOTh 11eanbHO Ji-
HilfHY 000pPOTHY CTUCKYBaHICTh. Y MPOIIEC] IUKIIYHOTO HABaHTaKEHHS -PO3BAHTA-
’KEHHS TETJIi TiCTepe3uCy Ha JiarpaMi «HampyKeHHs - 1edopmarlii» He yTBOPIOBa-
nucs. [HIMME clioBaMu 3a yMOB TiIPOCTATUYHOTO OOTUCHEHHS 3pa3KU MICKOBHKA
TCHO TEMOHCTPYBAJIH JiHIHHI MPYXHI BIACTUBOCTI 1 IPH IIbOMY peabHO J1eop-
MYyBaJCst 000POTHO, a IX BHYTPIIIHS €HEepris 3MIHIOBaJIacs JIMIIE 3aBIIKH KOMIIO-
Henti PdV (ouB. dopmyiy 1).

Takum unHOM, Oynu 3a0e3medeHi HaWmPOCTIlIi BJIaCTUBOCTI MOPOJIH, sIKa BU-
npoOyBasiach: 130TPOIHICTP 1 JTiHIIHA MPYKHICTh, @ 3HAYUTH 1 YMOBHU CTAJIOCTI Jie-
dopmariiHux ii XapaKTepUCTUK 1 HE3aJIEXKHICTh 1X Bix piBHA HampyxeHb. [Ipu
LIbOMY B HasiBHOCT1 OyJIM BC1 YMOBH, K1 MIATBEPKYIOTh TPAAUILIIHHI O3HAKHU CTa-
70cTi eopMaIifHuX BIACTUBOCTEH MIIHOT 130 TPOITHOT KPUXKOT ITOPOIH.

OcHoBHI BUIIpoOyBaHHS 3pa3KiB MICKOBUKY MPOBOIMIIMCS 3T1IHO CIIELIaTbHOMY
pexxumy. [lo-miepie, HaBaHTaKEHHS 3pa3Ka 3/IHCHIOBAIIOCS y MEKaX MPYKHOCTI, a
TOYHIIIIE B MEKaX MIIHOCTI Ha OJTHOBICHUN CTHUCK. [Ipu MiTHOCTI BUTIPOOYBAHOTO
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MICKOBHKA Ha 0THOOCKOBUH cTHCK He MeHIIe 90 MITa akTiBHA 0CbOBAa KOMITOHEHTA
HarnpyXeHb He nepeBuiryBaia 50 MIla. ko BpaxyBaTu, 1110 HABITh TPU HEBEIIH-
KOMY OIYHOMY CTHCHEHHI1 MIIIHICTh TTOPOJH 30UTBIIMTHCS y KUIbKa pa3iB, MOXKHA
3poOUTH BUCHOBOK PO T€, 110 BUIIPOOYBAHHS 3pa3KiB MPOBOIUIHCS B MEXKaX MPY-
KHOCTI 3 BETUKUM 3aI1aCOM.

[To-mpyre, 3pa3ku, sIK y)K€ BKa3yBaJlOCs, TPEHYBIHUCS T1IPOCTATHUYHUM OOTHC-
KyBaHHSIM Iepe/1 MPOBEACHHAM OCHOBHUX BUMpoOyBaHb. Ha puc. 1 moka3anwuii rpa-
¢bik 3MIHA OCbOBOI 1 OIYHOT KOMIIOHEHT HaIpY)XeHb, CTBOPIOBAHUX B YCTaHOBIII
TPUBICHOTO CTHUCKY.

40

OcboBu#

Tuck, Mlla
30

20

Bokosuit

10

T —y— v v S—

20000 40000 60000 80000
Yac BunpoOyBaHHs, CEK

Puc. 1. Pexxum 3MiHU OCBROBOTO 1 OOKOBOTO THCKY TIiJ Yac BUIIPOOYBaHHS IMOPOJI-
HOTO 3pa3ka. [luppamu nmo3HaveHi eTanu BUMPOOYyBaHb

Ha rpadixy BuaHO, 10 Ha MOYaTKy BUNPOOYBaHb 3/IHCHIOBATIOCS /IBiYi piBHO-
MipHEe 30UTBIIIEHHSI OCBOBOI 1 pajiambHOI KOMIIOHEHTH HampyxkeHb a0 40 Mlla i
3HIKeHHs 10 5 MIla. Sk yxe 3raayBajniock, 3aIMITKOBUX AedopMalliil 3pa3KiB mpH
bOMY He 0ys10 3a)iKCOBaHO, 110 CBIIYUTH MPO YHCTO MPYKHUN XapakTep Aedop-
Marlii.

[To-Tpere, y mpouieci nojanbunx BUIpoOyBaHb piBEHb HABAaHTaKEHHS 30UIbIITY-
BaBCsl JIEKUIbKOMA CTYNEHSIMHM, IPUUOMY Ha KOKHOMY PiBHI 3]1IHCHIOBAIUCS 30Yy-
PEeHHS 3pa3Ka HUIIXoM Bapialii ((ayKTyalii) ocbOBOI 1 paiaibHOT KOMIIOHEHTH Ha
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5-10 MITa. IIpu 11boMy HaBITh Ha IEPIIIOMY CTYIICHI HABAHTA)KYBaHHS, KOJIH PIBEHb
HaIpY>KEHb y 3pa3Ky OyB MiHIMaIbHUH, aMILTITyAa QIyKTyarii abo 30ypeHb 3pa-
3Kka Oysia MEHIIEe PiBHS HANMPY)KEHb y JBa pa3u. Ha ocraHHbOMY 11a0J11 aMIuTITY a2
30ypeHb cTaHOBUJIA BCbOTO 25% BiJl PiBHA IIFOUMX HANpyXeHb. SIKIO BpaxyBaTH,
10 MILHICTH 3pa3kiB Oyna He menie 90 Mlla, To ciig 3poOuUTH BUCHOBOK TIPO T€,
0 amIuIiTyaa 30ypens He mepeBuiyBana 12% Big mexi minHocTi. OTXe, 30Y-
pEHHS, 0 MPUKIAAATUCH 0 3pa3KiB, BIAMOBIAAIN MOHATTIO «(IyKTYyaIii», OcKi-
JIbKY BOHU HECYTTEBO BIIXHIISUIH HATIPYXXCHHI CTaH BiJl IOTOYHOTO CTYIICHS HaBa-
HTQ)XyBaHHS, Ha SKOMY 3pa30K BCTUTAB MIPUXOUTH B PIBHOBAKHUM CTaH.

VY mporneci BUNpoOyBaHHS 3pa3KiB pO3paxoByBAINCS HOPMaJbHI 0, 1 JOTHYHI T
HampyXeHHsI, a TAKOK BIANOBiAl iM 00'eMHI K 1 AOTUYHI y Aeopmarlii.

Monyni o0'emuux K i notnunux G nedopmartiii BU3HaYaIuCs Ha KO)KHOMY CTY-
MeH1 HAaBaHTAXKYBaHHS 3T1IHO 3aJ€KHOCTIM

K=00/0x, G =01t/0y,

1€ 0 1 T T03HAYal0Th HOPMAJIbHI Ta JOTUYHI HAMPY>KEHHS, a K 1y — BIAMOBIAHI M
nedopmaitii.

ITpu uboMy B IKOCTI 30UIbIIIEHb 00'€MHUX 1 TOTUYHUX AedopMaltiil mpuiimanucs
BEJIMYMHM BIAMOBIAHUX AedopMalliil, iKi reHepyBaIics eJeMEeHTapHUMHU 30ypeH-
Hsamu. o cyri Mmonyni nedopmartii BU3HaUanucss HAWOUIbII TOUHUM YHHOM SIK TaH-
IeHC KyTa HaXWly JOTUYHUX J10 rpadikiB nepopmyBanss. Kpim Toro, 3aBIsiku cep-
BOMEXaHI3MY 1 MOXJIMBOCTI YIIPABIIiHHS CIIIBBiIHOIIEHHSIM OCBHOBOI 1 paiaibHOT
KOMIIOHEHT HampyXeHb 1 Aeopmariiii, po3pi3HIN KUTbKA THITIB MOIYJIIB.

TpaauuiiiHo MOIynb MPYKHOCTI BU3HAYAIOTh B OJIHOOCKOBOMY HAINpyXEHOMY
crani. Tomy BellM4nHy MO/IYyJIsl IPH OJHOBICHOMY HaBaHTA)KEHHI BU3HAYAIIM 32 3a-
nexHicTio Kyg = 06,/08,,IpM Agy= 0> A€ Agyy O3HAYAE 30yPEHHS PajlialbHOrO

HaTpPYy>KEHHS.
Moynb, 110 BU3HAYABCS 32 YMOB BIICYTHOCTI pajlialibHUX Aedopmariiid 3Haxo-
JIABCS 3TITHO 3AIEKHOCTI Y| =06, /08 P Agqe=0- 3PO3YMiNIO, IO BiICYTHICTH

30ypeHb pamiadbHuX JAedopmalliid 3pa3ka Tenep MATPUMYBAIOCS 32 JOTIOMOTOIO
CepBOMEXaHI3MY IIJISIXOM PETYITIOBAaHHS paJialbHUX 30ypeHb HaNpYKeHb. AHAIO-
TriYHO BM3HAYajacs BeNMYMHA Koedilienta Oiunux nedopmaniii Dyg = -0gy /0¢,

HPH AGgp=0-

JUJist mABUILEHHS TOCTOBIPHOCTI Pe3yibTaTiB BUMPOOYBaHb MOAYJI1 edopmartii
BHUMIPIOBAJIM JJMHAMIYHUMHU METOIaMH IIJISTXOM IPOITYCKaHHS YIbTPa3BYKOBHX KO-
JMBaHb Yepe3 BUMPOOyBaHMI 3pa3oK. TakuM YUHOM, BCi 3a00DKHI 3aX0.1H, 3a0€3-
MEYCHHSI TOYHOCTI BUMIPIOBAaHb, a TAKOXK OJHOPIIHOCTI MOPOJHUX 3pa3KiB Oyiu
BHMKOHaHI, 11100 rapaHTyBaTH JOCTOBIPHICTh BUCHOBKIB JOCIKeHb. Lle 3pobiaeHo
IUIs TOTO, MO0 MaTW Baromi MiJCTaBH JJISl CIIPOCTYBAHHS YCTAJCHOT TYMKH TIPO
cTajicTh AehopMaIiifHUX XapaKTEePUCTHUK TIPCHKUX TIOPI HA eTarli HaBaHTaKEeHHS,
10 BIANOBI/IaB MPYKHOMY CTaHy 3pa3KiB.
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BusiBuitocs, 1o 3aBIsKH CrielialbHOMY PEKMMOBI HaBaHTa)KEHHS 3pa3KiB Blia-
JIOCSl OTPUMATH ICTOTHO Pi3HI BEIMUMHH AehOpPMAIliiHUX TOKa3HUKIB IIOPOJIU B 3a-
JISXKHOCTI BiJl piBHS HOpMaJIbLHUX HaIpyKeHb. [Ipu 3pocTanHi MapoBoOTro IeBiaTopy
HOpMaJIbHUX HampyxeHb Big 5 no 45 Mlla moxyns aedopmariii Y, BU3HaUeHUH B
yMOBaxX BIICYTHOCTI palianbHUX JedopMariiii 3pa3ka 3MIHHBCS y Mexax 20-
39 MIla. Moayns npyxxHocTi (Moxyns FOHra), Bu3HaueHHi 3a BIACYTHOCTI pajia-
TpHUX 30ypeHs HampykeHoro ctany E mapocrtas Bin 20 go 36 MlIla. Moayns 00'e-
MHoO1 nedopwmarii K 36inemmBcs Bin 7 g0 15 Mlla, a moayns 3cyBy G Bim 9 1o
14 MIla. Koedimient ITyaccona v mpu nbomy 3MiHioBaBcs B Mexax 0,1-0,24.

Takum ynHOM, AedopMalliiiHi XapaKTepUCTUKN MIITHOIO KPUXKOIO 3pa3Ka Io-
poJ, 110 1eopMYeTHCS IIPU PIBHI HABAHTAXKEHb, K1 IepeBUILYIOTh 60% Bl MeX1
MII[HOCTI Ha OJIHOOCBOBUH CTUCK, MOXYTh 3MIHIOBATUCS MPAKTUYHO B JBa pa3u B
3aJIeKHOCTI Bl peKUMY HaBaHTaXCHHs. Takuil epekT HoCiArHyTHil came 3aBIsIKU
3aCTOCYBAHHIO PEKUMY €JIEMEHTApHUX 30ypeHb, 110 J03BOJIWIIO 3'SIBUTHCS IPUXO-
BaHUM Jie(eKTaM y 3pa3Kax MICKOBUKA. BakiuBo, 1110 BUKOHAHI JOCTKEHHS Ma-
I0Th IPSMUI BIUTUB HA PAKTUKY BUJOOYTKY FOPIOYHMX KOTAJIHH.

Tak, npu BuoOyTKY Byrijuis abo HaQTH HANPYKEHUH CTaH HABKOJIO TIPHUYOI
BUPOOKH 200 BUOI0 HAPTOBOT CBEPUIOBUHU ICTOTHO BIAPI3HAETHCS BiJ OJHOBIC-
HOTO, 1 OUIBII TOTO, IPH BUKOHAHHI €JIeMEHTapHUX IpolieciB BUI0OYTKY BiaOyBa-
€Tbcsl OaraTopa3oBe 30ypeHHs Hanpyx)eHb. YacTo aMIuiTyaa nux 30ypeHp He Iie-
PEBHUILLYE JIECSITKA BIICOTKIB BiJl M1 MIIIHOCTI TIOPiJ, 1110 BMIIIYIOTh KOPHCHY KO-
nanuny. [Tpuknagzom takux 30ypeHb IpU BUKOHAHHI OMEpaliiii B 04McHOMY BHOOT
€ eJIeMEHTapHI MPOoIlec BUIOOYTKY BYT LIS 1 pO3BaHTaKEHHS OJIHI€T CeKIIil Mexa-
HI30BAHOT'O KPIIJICHHS, a TAKOK IIOCYBAaHHS OYHMCHOTO BUOIIO Ha JOBXKUHY 3aXO0IKH.
Came Taxi po1ecu He3HaYHO 30yPIOIOThH HAIIPY)KEHUH CTaH MAaCHBY HaBKOJIO YMH-
HOT'O OYHCHOT'O BUOIIO.

[Tpu oMy Taki 30ypeHHs YacTO HOCATh 3HAKO3MIHHUH XapakTep, TOOTO TaKui,
10 MOJEJIOBABCH il Yac BUMPOOYBAaHHS MICKOBUKA. XapaKTEpPHO, 10 3a3HAYeH1
eJIeMEeHTapH1 30ypeHHs € MEPUIONPHUYNHOI0 PO3BUTKY MAacIITAOHUX aBapiii 1 K Ha-
CIIIJIOK BTPATU CTIHKOCT1 poOOTH BUIMKOBOT AUTHHUIIL

OueBUIHO, IO XapaKTep Mepepo3NOiUTy HANpyKeHb MPH il eJIeMEHTapHUX
30ypeHb BU3HAYAETHCS HE CEPEAHIM MOJyIeM abo yCepeIHEHO0 BETMINHOI0 KOe-
¢imienta Ilyaccona. HaBmaku, Ha KOKHOMY €JI€MEHTapHOMY ILISXYy HaBaHTa-
’KEHHS MacHUBY HABKOJIO BUIMKOBOI JUIBHUIII 3MiHA HAIIPY)KEHOTO CTaHY PEryIro-
€THCS caMe TMOTOYHOIO BETMYUHOIO Ae(hopMaliifHUX XapaKTepUCTHK MOPia, AKi Bi-
JMOBIAAIOTH PIBHIO HOPMAJIBHUX 1 JOTUYHUX HANIPY>KEHb, IO IIFOTh B MOMEHT 00Y-
PCHHSI.

HeBpaxyBaHHs 3aneXHOCTI eopMaIiiHuX mapaMeTpiB Mopid BiJ piBHS HOP-
MaJBHUX 1 TOTHYHHUX HAINPYKEHb MPU3BOAUTH JI0 CYTTEBOI MOXUOKU PO3PAXYHKY
Iifounx HampyxkeHb. Ll moxumOka, sSK MOKa3ye €KCHEpUMEHT, MOXE JOCATaTH
100%, OCKUIbKH BETMYMHU JePOpMaLIifHUX MOKA3HUKIB 3MIHIOIOTHCSI TPAKTUUYHO
B JIBa pa3y y Jlana3oH1 Hallpy»XeHb, 1110 HalyacTille XapaKTepu3yloTh CTaH OTOYY-
I0YMX BHIMKOBHX JIUITHKY mopin Ha rimbuaax 500-1000 m.
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B pesynbrati 00poOku 1aHuX BUNpPOOyBaHb 3’sCyBalocs, 10 3MiHa nedopma-
IHHUX TTOKA3HUKIB BUMPOOYBAHOT OPOIU 3aJICIKUTH SIK Bill 30ypeHb HOPMAIbHUX,
TaK 1 JOTUYHUX HANPY)KEHb. 3aBJISKH I[bOMY BUSBUIOCS MOYKJIMBUM BHJILUTUTH BHE-
COK M0 30ypeHHI0 000X KOMIOHEHT Y 3arajibHy 3MiHYy BeTUYHHH Ae(opMaliiiftHux
MOKa3HUKIB 3T1IHO 3 TAaKUMU HOpMyIaMHu:

Ao At
Ax = 7 + At{(o,7); Ay = r + Aoy (o, T).

g T

[Ipu poMy KOMIIOHEHTA ¢ BiAMOBIAAE 32 3MIHY JehOopMaliifHOTO TOKa3HUKA Bijl
30ypeHHsl TOTUYHUX HalpyKeHb, a WieH v Bil 30ypeHHs HOpMaJbHUX. Bakiugo,
110 IIi KOMIIOHEHTH Jal0Th MOJKJIMBICTH OJIHOYACHO BpPaxyBaTH KOOIEPAaTUBHUMN
edexT 30ypeHsb pizHo1 npupoau. IlopiBHioouM 1i Gpopmyin 3 3anexHicTo (2), Mo-
’KHa 3pOOMTH BUCHOBOK, 110 IPYT'1 MHOXKHHKH € 110 CYT1 JOOYTKOM T€pMOANHAMIY-
HUX CHUJI HAa BIINOBIIHI ()EHOMEHOJIOTT4HI KOe(IIi€HTH, SKi BU3HAYAIOTHCS y Pop-
myii (3) uepe3 cumBonu L. Y poni TepMOAMHAMIYHUX CUJI B JJAHOMY BUIIAQJIKY BU-
CTYNalTh 30ypeHHsI HOPMaJIbHOT 1 JOTUYHOT KOMIIOHEHTH HarpyxeHb. Posb Tep-
MO/IMHAMIYHHUX MOTOKIB BIAI'PAIOTh pealibHi MIKPOIIOTOKH HEOOOPOTHUX 3PYIICHb
OeperiB KOHTAaKTIB MK 3€pHAaMH, SIKI BiJOOpa)xkaroTh MPOLIECH JUCHMALi eHeprii
TPCHKOTO TUCKY M JI€10 3a3HAYCHUX 30ypEeHb.

Bynu BcTaHOBIIEHI eMITipHyUHi KOeilli€EHTH 3alI€KHOCTI {1 i Bii HOPMAJIbHUX 1
JOTUYHUX HaNpyKeHb. BUKOPUCTOBYIOUH 111 3aJI€KHOCTI, aBTOpAMH Li€] CTATTI ITi-
JpaxoBaHi BETUYMHU BUPOOHUIITBA EHTPOII] BCepeIuHI ripChKOi HOPOIH 3a paxy-
HOK BHYTPILIHIX MPOIIECIB TUCHIALli eHeprii FPChKOT0 TUCKY Ha Je(eKTax TUIY
KOHTAKTIB 3epeH 1 Mikpornopax. Ilpu 1ipoMy oOGuuciieHHs: BUPOOHHUIITBA EHTPOMIT
BUKOHAHI 3 pO3paxyHKy OJWHUYHOTO 30ypeHH:, a came npu (aykryauii Kommno-
HeHT HanpyxeHb piBHI 1 Mlla. Ile myxe 3py4HO, OCKUTBKH XapaKTepu3ye 3MIHH
CTaHy CHCTE€MH, 0OYMOBJICHI OJUHUYHUMHU 30ypeHHsAMH abo Quykryanismu. Ha
BEpPXHBOMY Tpadiky puc. 2 nmokazaHuii rpadik 3MiHi BUPOOHHUIITBA SHTPOII] i3 3pO-
CTaHHSM BEIMYMHU 00'€MHOTO CTUCHEHHS MOPOJH 1 PiBHI JOTHUYHUX HANpyKEHb
1 MIla (He TuTyTaTH 3 TaKOIO X BEIHYMHOKO (PIIyKTYyaIlii).

Amnani3 rpagikiB CBITYUTH TPO Te, 0 HAHOUTHII YyTIUBUM JI0 301IbIIEHHS BCE-
O1YHOTO CTHCHEHHS € Koe(ilieHT, IKuii BioOpakae BILUTMB (PIyKTyamiid JOTHIHUX
HanpykeHb. Tak 3aracaHHs BAPOOHHUIITBA €HTPOIIi] BiJl OTMHIUYHOTO 30ypeHHs J0-
TUYHUX 1 HOPMaJBHUX HANPy>KeHb crioctepiraerses Bxe npu 20 MIla. [lpu upomy
BUPOOHMIITBO SHTPOMI] Majae B COTHI pa3iB. YacTka BUPOOHUITBA CHTPOMII Mij
BITMBOM 30ypeHb HOPMAaJbHOI KOMIIOHEHTH HANpyKEHb TAKOK 3MEHIIYETHCS 31
30UTBIIIEHHSIM BCEOIYHOTO CTUCHEHHSI, OJTHAK BOHA HE HACTUIBKH YYTIIMBA JIO 3pOC-
TaHHs HaNpyXeHb. Tak, nmpu 30uTbIIeHHI BcebigyHOoTro cTicHeHHS Bix 0 1o 50 MIla
BUPOOHMIITBO EHTpOMil, 00yMOBIeHE (IyKTyalisMi HOPMAIBHUX HAIpPyXKEHb,
3HIKYETHCS JIUIIE Y 8 pasiB.
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AHajoriyHa 3aJIe)KHICTh B SKICHOMY IIJIaHI OTpUMaHa 1 MPpH PiBHI JOTHYHUX Ha-
npykenb 10 MIla (puc. 2, HrwkHii pparment). OmHaK Ciif 3a3HAYUTH, 1110 BEIH-
YMHA OTUYHHUX HANpYXCHb CUJIBHO BIUIMBA€ HA PIBEHb BUPOOHUIITBA CHTPOIII.
Tak, npu 3pocTaHHi piBHS JOTUYHHUX HANpPYXEeHb ycboro B 10 pa3, mopsiok Belu-
YUHU BUPOOHUIITBA EHTPOIIIi (2 3HAYUTH i IHTEHCUBHOCTI TUCUTAIII] €Heprii Tipch-
KOTo TUCKY) 3pic mpubnusHo B 100-500 pa3is.
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Puc. 2. 3mina BUpoOHUIITBA EHTPOTII IpU piBHI TOTHYHKUX HarpyxeHb 1 110 MIla

[Tpu cuaxpoHHOMY 301UTBIIIEHH] PIBHS HOPMAaJIbHUX 1 JOTHYHUX HAIIPYKEHB I'pa-
(iku 3MiHM BUPOOHHIITBA EHTPOIIIi MAIOTh EKCTPEMYM B Jiara3oHi BCEOIYHOTO CTH-
caerns 8-30 MITa (puc. 3). [Tpu OuIbIIT BHCOKOMY PiBHI BCEOIYHOTO CTHCHEHHS Te-
MITM BUPOOHUIITBA €HTPOIIIi IOUYNHAIOTh NAJATH.

Ile no0pe y3romKyeThes 3 THM, 110 30UTBIIEHHS BCEOIYHOTO CTUCHEHHS 3HAYHO
MIZABHUILYE MEX1 MIIHOCTI TIPCBKUX MOPIJ, a TAKOK €HEProOEMHICTh iX Aepopmy-
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BaHHS 32 MEKer0 MIIHOCTI [8]. MoxHa ckasaTty, 1o 3aracaHHs BUPOOHHUIITBA CHT-
porii 00yMOBJICHO 3pOCTaHHSIM €HEPrOEMHOCTI BCiX HEOOOPOTHUX Tpo1ieciB nedo-
PMYBaHHS TIpChKO1 MOopoau (He TUTbKU pYHHYBaHHS, ajie 1 Aedopmarliii 3pyiHOBa-
HOT MMOPOJIH 32 MEKEIO0 MIITHOCT).

0,000014
-
0,000012 - = — g
7 ~
0,00001 7 N
/ N

0,000008 7 <

/ Nt

0,000006 - /,
0,000004

0,000002
0 / \ M o 0

0 10 20 30 40 50

Bennunna nanpyxens, MIla

BenuurHa BUpOOHMIITBA SHTPOITIT,
1/MTTa

Puc. 3. Xapaxrep 3MiHM BUpOOHHUIITBA EHTPOIIi IPU PI3HOMY PiBHI BCEOIYHUX Ha-
PYXEHb

Oo0roBopenns

[TopiBHIOIOYM BCTaHOBJIEHY 3aKOHOMIpHICTH 3 Tpadikamu Ha puc. 1-2 moxHa
3poOUTH OJJHO3HAYHMI BUCHOBOK PO 3MIIIHEHHS 3pa3Ka IMOpOau MpH 30UIbIIEHH]
BCEOIYHOT'O CTHUCHEHHSI 1 3pOCTaHHsI HE0O0POTHUX Aedopmartiii. OTxe, HE3BOPOTHI
1, 30KpeMa, TIacTu4Hi aedopMallii 3pa3ka BiIoOpakaroTh MPOIEC HOTO 3MITHEHHS
3 HAaKOTIMYEHHSIM HE3BOPOTHUX Jepopmartiii.

[Tigiiom ¢yHKUil BUpOOHUIITBA €HTPOIIIi HA MMOYATKOBIM AUISHIII KPUBHX Ma€
HITY TpUPO.Ty i 00YMOBIICHUH THM, 1110 MPUPICT BUPOOHUIITBA CHTPOIIIi Bifl 301Tb-
HICHHS TOTHYHUX JedopMalliii He BCTUTAE MPUAYIIYBATUCS HU3KUM ITOKH PIBHEM
HanpyKeHb BCEOIYHOTO CTUCHEHHS. Y TOH MOMEHT, KOJIU €(peKTH 3pOCTaHHs BUPO-
OHHUIITBA 1 IOTO MPUAYIICHHS MOPIBHIOIOTHCS 32 MacimTabaMu CBOTO BIUIMBY, Ha-
CTa€ MAaKCHMYM BHPOOHUIITBA, MICIIS SIKOTO CIIiJT oro craj. BukoHaHwMid B il po-
00Ti aHaIIi3 MOKa3ye, 0 OTPUMaHi €KCIIEPUMEHTAILHO BUCHOBKH PO 3JICKHICTh
nedopMamiiiHIX XapaKTEepUCTHK TiPChKOT MOPOAN Bill PIBHS HANpPY)KEHb B MEXax
HaBaHTAXXEHb, JIe TIOPOJa MOBHHHA MTOBOANTH ce0e SK MPY)KHE TLIO MAIOTh TEOpe-
THUYHE OOTPYHTYBAHHS 1 HE € BUIIQJIKOBUMH.

TakuM yMHOM, MOPIBHAHHS PE3yJbTaTIB Ja0OPaTOPHUX BUMIPOOYBaHb 3pa3KiB
rIpChKOI MOPOAM 3 pe3yJIbTaTaMU TEOPETUUHOTO OMUCY TEPMOIUHAMIKHU T1IPCHKOIO
MacuBY HaBKOJIO FPHUYOT BUPOOKH CBIAYUTH MPO 100pe Y3ro HKEHHS MPAKTUKH 1
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teopii. Lle o3Havae, mo po3po0OeHi KpuTepii CTIHKOCTI TPHUYO0T BUPOOKH MOXKYTh
BHKOPHCTOBYBATHUCS JIJISl aHATI3y T€OMEXaHIYHUX TPOIIECIB, SIKi TPOTIKAIOTh HaBK-
pyru BUIMKOBOI AUTbHHMII 1 HEIOCTATHBO HA CHOTOIHINIHIN JIEHb BUBYCHI.

BucHoBknu

Ha ocHoBI aHami3y pe3ynbTaTiB BUIPOOYBAaHHS 3pa3KiB MICKOBUKY B yMOBax
BCEOIUHOTO HAMNPY>KEHOTO CTaHy MigpaXxoBaHI BENTUYMHU BHUPOOHHUIITBA EHTPOTMIT
BCEpEIMHI TIPChKOI MOPOAU 32 PaxXyHOK BHYTPIIIHIX MPOLECIB AUCUTIAIll eHeprii
TipChKOTO TUCKY Ha JedeKTax TUIYy KOHTAKTIB 3epeH 1 MiKpomopax, ski BingOyBa-
JUCH Mif Ji€ro QIyKTyaliid Hampy>KeHb MiJ 4ac 6araTOUUKIOBOTO HABAHTAKCHHS
il pO3BaHTAXKEHHS TOPOJIH.

Haii6inpin yyTnuBuUM 10 30UIBIIEHHS BCEOIYHOTO CTUCHEHHS € KOE(illieHT,
SKUH BioOpaskae BILIUB (PIyKTyalill TOTUYHUX HanpyKeHb. YacTka BUpOOHUIITBA
SHTPOIIii M1/l BILINBOM 30ypeHb HOPMaJIbHOI KOMIIOHEHTH HANPyXEeHb TaKOX 3Me-
HIIIYETHCS 31 30UTBIICHHSM BCEOIYHOT'0 CTUCHEHHS, OJJHAK BOHA HE HACTUIBKH UyT-
JIMBA JI0 3pOCTAaHHS HAIPY>KEHb.

[Ipu cuHXpOoHHOMY 30UIBIICHH]I PIBHSA HOPMAJIbHUX 1 IOTUYHUX HAIPYKEHb I'pa-
¢iku 3MiHM BUPOOHHIITBA €HTPOIIIi MaIOTh EKCTPEMYM B Jiara30Hi BCEOIYHOTO CTH-
caenns §-30 MIla. ITpu Ginbin BUCOKOMY piBHI BCEOIYHOTO CTUCHEHHS TEMITU BU-
POOHMIITBA EHTPOIIIi TOYMHAIOTH MaaaTu. OTxe 3aracaHHs BUPOOHULITBA CHTPOMIT
00yMOBJIEHO 3pOCTaHHIM E€HEProEMHOCTI BCIX HEOOOPOTHUX MpoleciB Aedopmy-
BaHHS TIPChKOi Mopoau (He TUTbKU pyHHYBaHHS, ane i aedopmariii 3pyifHOBaHOT
MIOPOJIU 32 MEXKEIO MIITHOCTI).
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TEPMOAVMHAMUYECKMIN AHANN3 PE3YNIbTATOB
MHOIOLIMKITOBbIX NCMbITAHN OBPA3LA MOPOLLI B
OBBEMHOM HAMNPAXEHHOM COCTOAHNA

]_[CJ'II) HCCICA0OBAHUS 3aKIH0YaCTCA B YCTAHOBJICHUHN BaKOHOMepHOCTeﬁ H€O6paTI/IMLIX npo-
HEeCCOB, KOTOPbIC MOI'YT BO3HHUKATh B TOPHBIX IIOPpOAAX IMPU UX ,Z[e(l)OpMaI_II/IPI B IIpeaciax
Harpysku, COOTBGTCTByIOII.IefI HaIllpsHKEHHOMY COCTOSAHHUIO, KOI'Zla IopoJia HE IMEPEXOAUT
qcpe3 nmpeaci NpoO4YHOCTH.

MeTO)_'[I/IKa ncCiacaoBaHuA 633Hp0BaJ'IaCB Ha OCHOBAX TCPMOJAUHAMUKN HeO6paTI/IMLIX npo-
IECCOB U pC3yJibTaTaXx UCIbITAHUA 06pa3u0B neC4yaHrKa B YCIIOBUAX HCPABHOKOIIMOHCHT-
HOI'0 HAIIPS?KCHHOT'O COCTOSHU.

OCHOBHEIE PE3yabTaTbhl HMCCICAOBAHUA 3aKIIOYANOTCSA B YCTAHOBJICHUM MaKCHMAaJIbHOM
YYBCTBUTCIIBHOCTH IMMPOU3BOJACTBA SHTPOIINHU K KaCATCIbHBIMHANIPSOKCHUAM, IPUYCM yKa-
3aHHAasd YyBCTBUTCIBHOCTD YIracacT ¢ pOCTOM BCCCTOPOHHCTO CKAaTUS TIOPOAHBIX 06pa3u0B.
Haquaﬂ HOBH3HA. BHCpBBIe YCTAHOBJICHBI 3aKOHOMCPHOCTU HW3MCHCHUSA NPOHU3BOACTBA
OHTPOIIUHU B TOPHBIX MMOPOJAAX MOA HeﬁCTBHeM q)HYKTyaLII/If/i TOpHOIr'0 AaBJICHUS.
HpaKTI/I‘IeCKaH 3HAYUMOCTB 3aKJII0YacTCsa B TOM, YTO ITOABJIACTCA BO3MOXKXHOCTD Oomee Jc-
TAJIBHOI'O aHaJIn3a HaHp}DKCHHO-,Z[e(bOpMI/IpOBaHHOFO COCTOAHHA MACCHUBA I'OPHBIX MOPOJ
BOKpPYyT I[ef/iCTBYIOH_[CFO OYHCTHOI'O U IMOATOTOBUTCIBHOI'O 32004 IIpU BBIIIOJIHCHUU 3JIC-
MCHTAapHbIX onepaunﬁ BBICMKH ITOJIC3HBIX UCKOIIA€MBIX.

KiroueBble ciioBa: TOPHOC JaBJICHUE, I[e(l)OpMa]_[I/II/I, HCO6paTI/IMLIC IMpoueCChbl, IPOU3BOI-
CTBO DHTPOIIUU.

L.M. Zakharova, A.L. Tiut’kin, O.V. Chesnokova, L.V. Nazimko, O.B. Kusen’,
N.A. Petrosian, A.V. Shibaieva

THERMODYNAMIC ANALYSIS OF THE RESULTS OF MULTI-CYCLE
TESTSTING OF A SAMPLE IN A THREE-DIMENSIONAL STATE

Purpose of this investigation is study of irreversible behavior of a rock sample, which might
occur in rocks during deforming under load, which is less than critical strength.
Methodology of thermodynamics of irreversible processes has been employed in this re-
search as well as results of sandstone sample testing in three dimensional state.

Results. Amount of entropy production is extremely sensitive to tangential stress, thereat
this sensitivity decays as three-dimensional strass components grow.

Novelty. It was in the first time when behavior of entropy production has been investi-
gatedunder ground pressure fluctuation.

Practical importance of the results is essential because we developed approach to investi-
gate fine important details of the stress-strain state of the rock mass in vicinity of a longwall
during elementary operation execution.

Keywords: rock pressure, deformation, irreversible processes, entropy production.
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