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O IMPOAB/IEHHAX 3PPEKTA KAH3EPA
B IIbESOKEPAMHKE H BOSMOKHOCTH
HX HCIIO/Ib3BOBAHHA B BAJAYAX TEOKOHTPO/IA

I'lpeacraBieHp! pe3y1pTaTbhl SKCIIePHMEHTAbHBIX HCC/Ie0OBaHHUH IMPOSB/ASHHS aKyCTHKO-
SMHCCHOHHOTO 3¢hcheKTa ramsarH B ribe3okepamuke. OOCYXKAAIOTCA BO3MOXHOCTH ero
TIPHMeHeHHA /11 OLIeHKH HaIlpAXeHHO-1eGDOPMHPOBaHHOIO COCTOSHHA T'OPHBIX MTOPOa

B MaccHBe.

Krrouesbie ci0Ba: akycTHdecKas SMHCCHSA, HalPSKEeHHO-AeGhOPMHUPOBAHHOE COCTOSIHHE,
T@OKOHTPO/Ib, ITbe30KepaMHKa, 3¢DDeKT raMATH.

npesie/ieHre  HarpsizKeHHO-/1e-

OPMHPOBAHHOTO  COCTOSHUS
(HZIC) KOHCTPYKTHBHBIX 3/IEMEHTOB CHC-
TeM pa3paboTKh U ero AWHaMHKH 10/
B/IMSIHUEM TMPUPOAHBIX U TeXHOTeHHbIX
(hbakTOpOB sIBASETC OAHOM M3 MPHOPH-
TETHBIX 3a/1au 3KCIIePUMEHTA/IbHOM Teo-
MexaHHKH. MHOTOUYUC/IeHHBIe MEeTO/Ibl,
MpUB/IeKaeMble /10 HaCTOSIIero BpeMeH
[/l pellleHHsl 3TOM 3azaud (Harpumep,
pa3rpysky KepHa, paspblBa CKBaXKHHBI U
Apyrvie), He YAOBIETBOPSIOT TpeGoBa-
HUSIM TIPAKTHUKU T@OKOHTPO/IA TIpexre
BCEro MO TOYHOCTU U IOCTOBEPHOCTH
nonyyaeMort MHQPOPMALMM, a TaKKe
TPYAOEMKOCTH U 3aTPaTHOCTU COOTBET-
CTBYIOUIMX HM3MEPHTE/IbHBIX TEeXHO/IOTHIA.
OtMeueHHOoe, HapsAay C TOCTOSHHBIM YC-
NOKHEHUEM YC/IOBHM OCBOEHUs Heap,
06yC/IaBIMBaeT — HerpeKpallalonincs
MHTEpeC K TOMCKY HOBBIX HeTpaauvLIU-
OHHbBIX TEXHUUECKUX U TeXHO/IOTHUeCKUX
peweHnit B obnactv koHtponsa H/C
MaccuBa. OaHUM M3 Havboriee 3HaAUM-
MBIX Pe3y/bTaTOB TaKOrO IMOMCKA, /10C-
TUTHYTBIX B TOC/IE/IHUE TO/Ibl, SBH/IOCH
0BOCHOBaHME MEeTOIOB KOHTPO/S Ha
ocHoBe 3(dderToB namsaTu (OI) B rop-
HBIX TI0POZaX M, B YaCTHOCTH, aKyCTHKO-
SMHCCUOHHOTO 3dhderra maMsatu (adp-
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derta Kaitzepa) [1]. Tlocneanuit Ha-
6monaeTcs NPy LIMKIMYECKOM Harpyxe-
HHM TOPHBIX TTOPOA C BO3PACTAlOIe OT
LMK/Ia K LMKIY aMIVIMTYAOM Harlpsxe-
HUS Y 3aK/II04YaeTCs B HEeBOCITPOM3BOIU-
MOCTH aKyCTM4ecKoM amuccuu (AD)

BI/IOTb A0 MaKCHIMa/IbHOTI'O HalTpAzKeHHWA

|
rnpeamecTByoliero LWKaIa O, Korda

napameTpsl AD CcKaukoOOPa3HO BOCCTa-
HaB/IMBAIOTCA 0 YPOBHH, COOTBETCT-
BYIOIIEro O'rln.

[ns onpeneneHusi HarpsKeHH B
MaccuBe M3 HEero M3B/eKaloT KepH, KO-
TOPBIN 3aTeM [OABepPraioT OCeBOMY Ha-
IPYKEHUIO B 1aBOPaTOPHBIX YC/IOBUSX U
PUKCHUPYIOT HalpsizKeHHe, COOTBETCT-
BYIOIllee MOMEHTY MposiB/ieHust adpeKTa
Kaiizepa. [lepexoa ot ykazaHHOro Ha-
MPsKEHUsl K KMCKOMOMY HAIPsKeHHIO,
[IeVCTBYIONIEMY B MacCHBe, OCYIIeCTB/Is-
ercsi C WCIIO/Ib30BaHKWEM  CrelMa/bHBIX
anropyut™oB, yuuthiBatonmx Bua H/IC u
0COBGEHHOCTH (POPMHPOBAHHS TOBPEXK-
[EHHOCTH Y TIaMSITH [TOPO/bl B YC/IOBHUSAX
TpexocHoro cxatusa [2]. HeoGxoawm-
MOCTb KaueCTBEHHOM OLIGHKH 3THX OCO-
GeHHOCTel (MHAMBUAYA/IBHBIX /718 Kaxk-
[IOM TOPHOM TOPO/Ib) U KEPHOBOTO Oy-
peHusl SIBASIIOTCA OCHOBHBIMU (paKTOpa-



MH CHMZKaIOIIMMU 3¢ deKTUBHOCTb KOH-
tponss H/IC maccuBa Ha ocHoe IIT.
[Tpu 3TOM MoKasaTesny TOYHOCTH TAKOro
KOHTPO/IA B MOBOM C/ydae OCTaloTCH
HeIOCTHAKUMBIMU 11 IPYTUX METOIOB.

[lnsi OLIeHKY HAarpsXKeHHOrO COCTOS-
HHS MacCHBa BO3MOXKHO MCITO/Ib30BaHMe
adpderra Karizepa He HerocpeacTBeHHO
B FOPHOM MOpo/e, a B HEKOTOPBIX KOM-
[O3UTHBIX MaTepranax, IIOMellaeMbIX
yepes crielranbHO MPOBYPEeHHYIO CKBa-
KHHY B KOHTPO/MPYEMYIO TOUYKY MacCH-
Ba. [Ipu sToM uckmodaeTcs Heobxoau-
MOCTbh KepHOBOTO GYpeHus, a TakxkKe I10-
BblllaeTcss To4yHOCTh olieHkn H/C 3a
CyeT 3apaHee M3BECTHbIX OCOOEHHOCTeM
[POSIB/ICHHST CBOWICTB IIaMATU B KOH-
KPETHBIX KOMITO3MTHBIX Marepvanax. B
KauecTBe O/IHOTO U3 TaKUX MaTepHa/IOB
MOXKeT BBICTYIaTh be30KepaMUKa, Mpu-
MeHeHHe KOTOPOM B KauyecTBe «HOCHUTe-
s TaMATH», Kak 3TO OyzeT MoKa3aHO
HIKE, MOMXET 3HA4YMTe/IbHO YITPOCTUTh
KOHCTPYKLIMIO COOTBETCTBYIOUIMX K3Me-
PUTENBHBIX TPUOOPOB.

B pamkax Hacrosier paboThl MpH-
BezleHbl pe3y/bTaThl MPU3BaHHbIE YCTa-
HOBUTb: TIPOSAB/SETCH /11 aKYCTHKO-
amuccroHHbit Ol1 B mbe3okepamrike;
Kakye M3 IapamMeTpoB AD HaW/IydIlInM
obpasoM oTpaxaioT rnpossiaeHre Il B
[be30KepaMUKe; Kak 3aBHCAT IIPOsiB/Ie-
nua Ol B mbesokepaMyke OT BpeMeH-
HOTO MPOMEXRYTKa MeXay LIMKIaMU Me-
XaHWUUECKOTO HarpyxKeHWsl; 3aBHCHT [TH
Bua crniektpa AD mnipu npossaeHuu Ol
OT reOMeTPUYECKUX pasMepoB 06PasLioB
[be30KePaMUKH; CYIIECTBYeT /11 [oMe-
XOBOE B/MSAHWE TeMIlepaTypbl Ha IPO-
siBiedvie Ol | B rbesorepamiike.

PesyabTaTbl 3KCIepHMEeHTalb-
HBIX HCC/IeAOBaHUH
O6pasell  Ibe30KepaMMKH  MapKu

LITC-19 B Bume aucka AvamMeTpoM
40MM ¥ BBICOTOM 4 MM OBI/T TTOABEPTHYT
[BYXLIMK/IOBOMY OJHOOCHOMY Harpyxe-
Huio. B pamkax nepBoro (ycraHoBOUHO-

ro) LMKIa MaKCUMa/lbHasg Harpyska co-
!
craBunta P, = 2500 «kr, nocne noctu-

JKeHUsT KOTOPOM HarpysKka cbpachiBasiach
[0 HyndA. 3ateM OCYILIeCTBA/ICH BTOPOM
(TecTOBBIM) LIMKA HarpyxKeHus 10 Ha-

1 | o
rpyskn P >P., c onHoBpemenHot

pervucTpaliiesl Takux TMapamerpoB AD

Kak akTMBHOCTb Ny, cyMMapHbIil cuer

N, ckopocTts cueta N , sHeprus E. Pe-
3ybTaThl COOTBETCTBYIOUIMX — 3KCIIEpU-
MEHTOB TIpe/ICTaB/IeHbl Ha puc. 1.

V3 npriBeaeHHbIX 3aBUCUMOCTEl BU/-
HO, UTO IapaMeTpOM, HawIydliiM obpa-
30M OTPaKAIOLINM TPOSB/ICHUE aKyCTH-
Ko-amuccroHHoro Ol B mbesokepamu-
Ke, fB/ISeTCs CKOPOCTh cueta AD, uTo B
cootBerctBuu ¢ [OCT 27655-88 sBas-
ercsi OTHOIIGHHeM CYMMapHOIO cyeTa
AKYCTHUECKOM 3MHCCHUM K HHTepBa/y
BpeMeHU Hab/moaeHus (CYyMMapHbIN cyeT
AD — uKMCIo 3apervCTPUPOBAHHBIX TIpe-
BBILICHWIM WMITY/IbCaMU AD YCTaHOB/IECH-
HOTO YPOBHS AWMCKPHMMMHALIMM 3a WH-
TepBas1 BpeMeHu HaOmoaenus) [3]. Ha
puc. 1, a OTUET/IMBO BWAEH BCIVICCK
CKOPOCTH cyeTa AD TMpU AOCTHKEHHUH
HarpyskoM MaKCUMa/IbHOTO YPOBHS Iep-
BOro (YCTaHOBOUYHOTO) LIMK/Ia Harpyxe-
HUf, UTO W AB/SETCs IMPOsiB/IeHUeM 3dp-
dekta Katizepa B mbesokepamike. AHa-
NOTMYHasg KapTWMHa Habmogasnack Ha
BCex [Ba[LATH MCIIBITAHHBIX OOpasLax
[be30KepaMUYecKrx  MarepuanoB. B
[afbHEeMIIMX — UCCeIOBAaHUAX ~ WUMEHHO
CKOpoCTb cyeta AD Obzla MpHHATa 3a
OCHOBHOM MH(POPMATHBHBIN NapaMeTp.

BaxHbIM mapaMeTpoM, orpeaensio-
MM BO3MOKHOCTb HCITO/Ib30BaHMA 3p-
dekra Karizepa B Lensx reoKOHTPO7S
SIB/ISIETCS 3aBUCUMOCTb €ro MpOsiB/ICHUS
OT AMUTeNIBHOCTH TPOMERKYTKa BpeMeHU
Mexay LIMK/IaMW Harpyxenus. [pyrumu
C/I0BaMH, WHTepecC TMpeaCTaBIseT «/I/v-
Te/IbHOCTb COXPaHEHWs TIaMATH» B ITbe-
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Puc. 1. 3aBHCHMOCTh BO BpeMeHH t CKOPOCTH cyeTa (a), akTHBHOCTH (6), cyMMapHOro
cyerta (B) H 3Hepruu (r) AD nbe3okepaMHKH OT Be/IHYHHBbI Harpy3kH P B TecroBOM LHK-

/Ie Harpy>KeHHs

30KepaMuke. /15 ee omnpeneneHys 6bia
MpoBe/ieHa Cepusl 3KCIIepPUMEHTOB, B
KOTOPBIX OAWHAKOBBIE OOpa3Lbl TOA-
Bepra/iMch LIMKANYECKOMY HarpyKeHHIo
MPYU PasANYHBIX MTPOMERKYTKax BpeMeHU
MeX/ay YCTAaHOBOYHBIM U TECTOBBIM LIUK-

pamerp FR (nokasatens coxpaHHOCTH
MaMATU — OTHOILeHWe HaNpsiKeHUsl, TIPU
KoTopoM Habmoaaetcs II1 Bo BTopom
LIMK/Ie HarpyKeHWs K MaKCUMalbHOMY
HalPsKEHHIO  YCTAHOBOYHOIO  LIMK/A
[1]), a Takxke orlpeneneHa OTHOCHUTENb-

namu. Ha puc. 2 orpaxe-
HO TIOBeZleHHe CKOPOCTH
cyeta AD mnpyM BTOPOM
LIMK/Ae HarpyxeHus. [ TyHK-
TUPOM Ha rpadHrKax OT-
MeueHbI MaKCHMa/TbHbIe
Harpyskk YCTAaHOBOYHOIO
LIMK/a.

[ns xaxkaoro w3 usme-
peHuit Obl1 paccurTaH Ma-
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H3meHeHHe napaMeTpoB, XapaKTepH3VIOLUHX COXPpaH-
HOCTb MaMATH B Nbe30KepaMHKe TNPH H3MEHEHHH [/TH-
Te/IbHOCTH NMPOMEKYTKa BPEeMeHH MexKay UHK/IaMH Ha-
rpYKeHHsA

Ne | BpemeHHO# HHTEp- FR, OTH. norpemHocTs
Ba/ Mexay UHKIaMH OTH. npossaeHus 3¢-
HarpyeHus, 4achl en. chekTa namaTu

1 24 1.015 1.4%

2 48 1.034 3.4%

3 72 1.036 3.6%

4 120 1.241 24%
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Puc. 2. 3aBucumoctu ckopoctu cdeta N AD ot Harpysku P B TectoBOM UHKAe Ha-
IrpyzKeHHsA NpH HHTepBaaax Mexay uukiaamu: 24 gaca (a), 48 yacos (6), 72 uaca (B),

120 4yacos (r)

Has TorpemHocTs nposaeHus 1. Pe-

3ynbTaThl PacyeToOB Ipe/CTaBleHbl B
Tabnuiie.
3azaBlMch  MpeaensHOM  OTHOCH-

TeNIbHOM TIOrPElIHOCThIO U3MEepPEeHUsT Ha-
NpsiKeHrH, He npesbinaoonein 15%, us
[AHHBIX Tab/MLI MMeeM, 4YTO TapaHTH-
POBAHHAs «I/IMTE/TbHOCTh COXPAHHOCTU
MaMATH» B Ibe30KepPaMUKe COCTaBUT He
MeHee 72 4acos.

B pamMkax paGoTel Obi1 TMpOBeaeH
TaKXKe aHaMu3 3aBHMCUMOCTH CIIeKTpa
UMNy1bcoB AD B TECTOBOM LIMK/IE Ha-
IPYKEHHUA OT TeOMeTPHYECKHX pa3Me-
POB 0OPasLIOB Ibe3okepaMukH. [ Ipumep
CTeKTpa MpuBeeH Ha puc. 3.

ViccnenoBanus Ha oOpasiax Ibe30-
KepaMUKU DPas/IMuHBIX POPM U pasMme-
POB TMOKa3a/y, YTO MAKCUMYM IIOTHO-
CTU SHEPIruU B CIIeKTpe curHama AJ re-
x)uT B obr1acty 100 k' 1 B sBHOM BHze
He 3aBUCHUT OT TeOMeTpUMr OOPa3sLIOB.
STa 3aKOHOMEPHOCTh TO3BO/UT B [a/lb-
HeHMIlleM MCIO/b30BaTh B H3MEpPUTe/lb-
HbIX YCTPOMCTBax pa3HooOpa3Hbie 006-
PasLbl [Mbe30KEPaMUKU U TPHUMEHATh K
HHM eIMHOOOPa3Hyi0 (PUILTPALIMIO CHUT-
Ha/ma C LebiO 3alllUThl OT aKYCTHUECKHX
Y 3/IeKTPUUYECKUX TIOMeX.

Kak wusBectHO, Haubonee CUMbHOE
[IOMEXOBOe B/MSHME Ha IIPOSB/ICHHE
adpderra Karizepa B reomarepuanax
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IMiomuocme snepeuu, Ix*le-26

Bo3MoixxHOe npakTH-

150

YecKoe HCNo/b30BaHHe
AKYCTHKO-3MHCCHOHHOTIO
acddekra namMATH B Nbe-

120

30KepaMHMKe a1 omnpe-

aenenus H/AC maccuBa
[lpu pemenun 3agau

TEOKOHTPO/IS Hepenko BO3-

90

HUKaeT HeoOXOIMMOCTh He B
HeripepblIBHOM MOHHWTOPHH-
re HallpAXKeHHOIro COCTOA-

60

HHUA MaCCHBa TOPHBIX TII0-
poa, a B CMrHa/iIM3aliliki MO-
MEHTa AOCTHXKeHHH Hallpd-
KeHreM HeEKOTOPOro Kpu-

30 “
1

Puc. 3. Ipumep cnekrpa AD HMmnyibca B YCTaHOBOY-
HOM WHK/Ae HarpyXeHHs AHCKOOOpasHOro oOpasena
nbe30KepaMHKH BbICOTOH 3MM H auametpom 18 mm

Yacmoma, kI 11

THUecKoro YypoBHsA. Peanu-
3alMsg TaKOrO CHUIHa/IN3aTo-
pa BO3MOXKHa C IIpUMeHe-
HHeM DPaCCMOTPEHHOTO BbI-
me 3pdpekTa MamaTy B Ibe-
30KepaMUUeCKUX  3/IeMeH-
TaX. CTOUT OTMeTUTb, YTO
VICTIO/Ib30BaHUe Ibe30Kepa-
MMKH B UHCTOM BUIe A
M3MepeHHs Me//IeHHO H3Me-
HSIIOIIUXCH Hallps’KeHU He-
BO3MOXKHO H3-3a TOTO, YTO
CKOPOCTb HapacTaHUs 3aps-

200

2

Puc. 4. KoHCTpYyKUMA AaTYHKa CHrHa/H3aToOpa KPHTH-

YeCKHX YPOBHeH HanpsKeHHH

OKasblBaeT TeMIlepaTypHOe BO3IeHCT-
Bue. VccrenoBaHvie Takoro BAMSHUA Ha
ne3okepamuky Mapku LITC-19 nokasa-
710, YTO TIPU HarpeBaHWU TOC/AeHer 10
temriepatypbl 200 °C (sTa Temriepatypa
mouth Ha 100 °C Hwke TeMrieparypel
ToukM Kriopu) curHazioB AD He BO3HMKa-

710, a TaKXe He H3MEHHA/ICA I1OKa3aTe/lb
FR.
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OB Ha 3/eKTpodax I1oa

BO3/ICICTBUEeM  YKa3aHHbIX

HalpsKeHWM OKa3blBaeTCs

MeHbllle CKOPOCTH CTeKaHMs

3apsAAOB  uepe3  BXOIHBIE

Lerny YCunuresnsi. ITOT He-
3 [IOCTAaTOK BO3MOXKHO H30be-
XKaTb B paccMaTpyvBaeMoMt
HIXKe KOHCTPYKLIMK AaT4YhKa
CHTHa/IM3aToPA, WICTIO/b-
3yIolllero B CBOEM OCHOBe
[be303/IMEHT C HaBe[eHHbIM B HeM
adbdekToM MamsaTy. BoaMoxkHas KOHCT-
PYKLIMSA AaTYMKa CXEeMaTU4HO MpeaCTaB-
neHa Ha puc. 4.

PaboTa naTuvka 3ak/i04yaeTcs B Crie-
nyomeM. [Isesosnement 1 B nabopa-
TOPHBIX YC/IOBUSX BbIAEPKUBACTCS 101
naeneHrvieM Pip, paBHBIM 3arporpamMMu-
POBaHHOMY /aB/leHHIO cpabaThiBaHUs




gatyrka B MaccuBe. [lasiee oH ycTtaHaB-
MVBaeTCs B KOpPIyce 2 W TMoMeliaeTcs B
CKBaxkMHY, MMPOBYPEHHYIO B CTEHKE Top-
Hott BeipaboTku. O6nacTb BOKpYr Aart-
YyMKa 3arlo/HAeTCs OBICTPOTBEPACIONIUM
PacTBOPOM, MPOYHOCTh KOTOPOrO Ha
cXKaTue AoMmKHa ObIThb He MeHbllie Mpoy-
HOCTM TOPOA OKPYXKAIOIIero MacCHBa.
[Tocne oTBepaeHus pacTBOpa AaT4YMK
HauMHaeT BOCIIPMHWMATb HArpysky OT
nepOPMUPVIOIIMXCA 104 AaB/IeHWeM
MacCMBa CTEHOK CKBaxuHbl. [Ipu moc-
THXKEHUU B MaCCHBE HarpysKd, paBHOM
P; B mbesokepaMiKe BO3HHKAET Pe3KUii
BCI/IECK CKOPOCTU cyeTa AD, KOTOPBIA
IOCPenCTBOM TIPAMOro Ibe3o3addeKTa
rpeobpasyercss B 3/IEKTPUUCCKUI CHT-
Ha/l, riepeaaBaeMblii C TIOMOIIBIO ABYX-
IMPOBOAHOrO Kabens 3 Ha BXOA YCH/IH-
Te/iss  COOTBETCTBYIOIICH — arrapaTypsl
CHTHA/I3aLIMH.

BbiBoabI

[IpencraBrientble pesy/IbTaThl KCIIE-
PUYMEHTa/TbHbIX ~ MCC/IeIOBaHHUM — CBUe-
TeNbCTBYIOT O TOM, YTO Ibe30KepaMUKa

obnagaet CrioCOGHOCTBHIO «3arlOMHUHATE?
MaKCHMa/lbHbIM  YpPOBEHb MCIIbITaHHOM
MeXaHWYeCKoM Harpysku. [Ipy BTOpHU-
HOM ee HarpyKeHWM 3Ta CIIOCOOHOCTh
MPOSAB/AsSETCS B BHE YCTONUMBOIO 3h-
dekta Katizepa, KoTopblli Hauboree
YETKO PEerucTpypyercss MO CKauyKoo0-
PasHOMY BO3paCTaHUIO TakKoro Mapa-
MeTpa aKyCTHUeCKOM 3MHCCHM, Kak ee
CKOPOCTb cyerTa.

[nutensHOCTD aKYCTHKO-3MMUC-
CUOHHOM «[TaMATH» I1be30KepaMude-
CKHX 3/IeMEHTOB, COCTaB/sfOLIas He
MeHee 72 4acoB, AOCTATOYHa A5 ee
MMPAKTUYECKOIr'O UCII0/1b30BaHUsA B 3a-
nayax reokoHTponsa. B kauecTe
¢aKTOPOB, CMOCOOGCTBYIONIMX TaKOMY
HCMOMb30BAHUIO MOXKHO pPacCMaTpH-
BaTb OTCYTCTBHE B/MSHUS TemIlepa-
TYpH Ha nposBaeHue sdpdekra Kaii-
3epa B Mbe30KepaMHMKe M He3Hauu-
TeNbHYIO  3aBUCHMOCTb COOTBETCT-
Byiomnero adpdekrry criekrpa AD cur-
Ha/zla OT TreOMeTPHYECKUX I[lapaMeT-
POB IbE303/IeMEHTOB.
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