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JANAT'HOCTUKA IMTOAHINITHUKOB KAYEHUSA ITAXTHBIX
HOABEMHbBLIX YCTAHOBOK

EcpkoBa IO.I1., ctynenTka, Auenko A.@D., KaHJ. TEXH. HAyK, JOLI.,
JIOHELKWA HALIMOHAIBHBIN TEXHUYECKUI YHUBEPCUTET

B oannoii pabome npeonosrcervr mMemoovl 6e3pa300pHOU OUACHOCHUKU
NOOWUNHUKOB KAYEHUS. WMAXMHBIX NOOBEMHBIX MAUWUH C UCNOIb308AHUEM
sUOpoOCUsHAA. Ipoananuzuposarvi pasnuutvle Memoobl
8UOPOOUACHOCHUKY NOOWUNHUKO8 KAYEHUL.

B Hacrosmee BpemMsi NpUMEHsAEMas TEXHOJIOTHUS  OTPabOTKH
YTOJBHBIX TUIACTOB TpEeOYET WCIMOJB30BAHUS 3HAYMTENBHOTO KOJUYECTBA
CTAaUMOHAPHOTO W DBJIEKTPOTEXHHUYECKOT0  OOOpPYyHOBaHUS,  OT
Oe3aBapuifHOM padoOThl KOTOPOr0 BO MHOIOM 3aBHCUT OOECIICUECHME
J00BIYM TUTAHUPYEMOTO 00BbeMa yIiid. PaznuyHbie yCIOBUS DKCILTyaTalyuy
U TEXHUYECKOTO OOCITYKUBAHUs MPUBOJAT K TOMY, UTO MPU OJHOK W TOH
KE TMPOAOHKUTENBHOCTH PA0OThl Y3JIbl IMIAXTHBIX MOJABEMHBIX MAIlUH
UMEIOT Pa3IMYHOE TEXHUYECKOE COCTOAHME. B mpouecce sKCrtyaranuu
ATO MOSKET MPUBECTU K HEIOUCIIOIB30BAHUIO UHIMBUIYATBHBIX PECYPCOB
DJIEMEHTOB WJIA BCEW MAILWHBI, WKW, TOTO XYK€, K CO3JaHUIO aBapUHHOMN
0OCTaHOBKH.

[TOAIMMITHUKY KQYEHUs SIBJISIIOTCS, CAMBIMM PACIpPOCTPAHEHHBIMU W
Han0oJIee YA3BUMBIMHM BJIEMEHTAMHM JIFOOOT0 pOTOPHOro MexaHusmMa. OHU
OCYHIECTBIIIOT MPOCTPAHCTBEHHYIO (PUKCALIMIO BPAIIAIOMIMXCS POTOPOB U
BOCIPUHAMAIOT OCHOBHYIO YaCcTh CTAaTUYECKUX M JUHAMUYECKUX YCUJIUI,
BO3HUKAIOIIMX B MexaHuzMme. [loaToMy TEXHMYECKOE  COCTOSIHUE
MOJIIUITHUKOB  ABJIIETCS BAKHEHUINEW COCTABJIAIOIIEH ONPEACTAIOICH
paboOTOCIIOCOOHOCTh MEXaHU3Ma B LIeJIOM. [1]

CoCTOsSIHME TOJAMMUIHUKA KAYEHHUS OT WACAIBHONO J0 TMOJIHOTO
pa3pylmicHUsI MOKHO pa3JenuTh Ha n8aTh craamid. Ha puc. 1 mo
BEPTUKAIBHOU OCH OTJIOKEHBI 3HAYEHUS aMILIUTYJIbl BUOPOCKOPOCTH
(MM/C), TIO TOPU3OHTAILHOW — CTaauud pa3BuTHA JAcPekTOoB. JlomaHas
IUHUA «1» COOTBETCTBYET YPOBHIO (pOHA BUOpALMU, JIMHUS «2» —yPOBHIO
nukoB BUOpatmu. OT oTMeTKH «0» 10 «1»cunTaeM, 4To 001Iee COCTOSIHUE
NOJAMMIHUKA «HAcATbHOE». Ha »TOM HyJ€eBOM 3Tane ypoBeHb (poHA
(iuaMs 1) ¥ ypOBEHB NMUKA (IMHUSA 2) OTAUYAIOTCS HE3HAYUTEIBHO JPYT OT
Japyra, a cam (poH BUOpalMH 3HAYUTEIbHO MEHBIIIE HOPMHUPYEMOTO.
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Puc. 1 - Cragum pazsutus a1eeKTOB TOAMUATTHAKOB KAUCHUS

Craauss 1. D10 cTaaus BO3HUKHOBEHHMs Jc(eKTa B MpOLECCE
sKcIutyarau. Haumnas ¢ ormetrkd "1" B MOAMIMITHMKE NOSIBISETCS W
HAUYMHACT Ppa3BUBAThCS KAKOH-TMOO J€(EKT, BO3HUKAIOT YJApHBIE
BUOPOUMNYJIbCHI, PACTYIIME IO BEJIUYMHE. OHEPrHsl HMIYJbCOB
3aTpauMBaETCs HA «yrayOseHue» AeeKTa, B pe3yabTare 4ero MpOUCXOAUT
emé 0O0bIIEe YBEIUUEHUE SHEPTUU UMITYJILCOB. YPOBEHB (pOHA BUOpaLMK
MO0 CBOCH BEJMUYMHE MPH STOM OCTAETCS] HEU3MEHHBIM, T.K. IEPEKT HOCUT
JOKAJIbHBIM XapakTep M Ha OOIIEM COCTOSIHUM MOJIIWIHUKA TOKa HE
CKa3bIBACTCHL.

Cranus 2. HauuHas ¢ Touku «2» Ha puc. - 1 yaapHbie UMIYJIbCHI B
MOJIIUITHUAKE JIOCTUTAIOT 10 CBOEH YHEPTHUH NPAKTUUECKH MAKCUMAJIbHOTO
3HAYCHUA. Bplaensomascs B MOAMMIIHUKE SHEPrUsS HMIYJIbCOB YiKE
CTOJIb BEJMKA, YTO €€ JOCTATOYHO I paclupeHust 30HbI Acdekra. Ha
JAHHOM CTaJUH OCTAHOBMUTH JaJIbHEHIIEE pa3BUTHE Je(PEKTa HEBO3MOIKHO,
Ha4yajoCch €ro camopasputue. BeanurnHa NUKOB BUOpalMd HA BPEMEHHOM
BHUOpPOCHUIHAJIE YK€ IMPAKTUYECKH HE PacTEéT, HO M ypOBEHb (DOHA TOXKE
MeHsieTcss Majo. JleeKT «HaOupaeT Cuy, FOTOBHTCS K pPEHIAIOIIEMY
HAMAJACHUIOY.

Craaus 3. HaunHaeTrcs ¢ Touku «3». 30Ha pa3BuTusi Ae)eKTa CTOJIb
BEJIMKA, YTO IMOJIIMIHUK HAYMHACT «TEPSITH» CBOE OCHOBHOE HA3HAYCHHUE
— o0ecneurMBaTh BpallEHUWE BaJOB C MUHHUMAJIbHBIM  TPEHHUEM.
YBEAMUMBAIOTCS 3aTPaThl SHEPTHUH HA BpAIICHUE POTOpPA U, KAK PE3YJIbTAT,
YBEJIMYMBACTCS SHEPTHUSA, BBIACISIOMAACS B NOAIMIMITHUKE, PACTET YPOBEHD
(hoHa. DTO YK€ CTaAusl CaMOpa3pyIICHUs HOAMMITHUKA.

Cranusa 4. Hauunaerca ¢ Touku «4» U SABIsETCS TIOCICAHEH B
pa3BUTHM Ac(eKTa, OXBATUBLIETO BECh MOAIMITHUK, BEPHEE BCE TO, UTO OT
HEro OCTajoCh. YPOBEHb (hOoHA BUOpALMM IPAKTUUYECKU CPABHSIICS C



YPOBHEM TUKOB, HHA4Y€ rOBOPsI, BCS BUOpalMs COCTOMT W3 NMUKOB. PaboTta
MNOAMMIHUKOB B 3TOM 30HE HEAOIYCTHUMA.

Cragus 5. OxkyjaHue aBapud, 4Yaile BCEro ¢  OOJIbIIUMH
MOCJICICTBUSIMM.

Bce nepeunclieHHbIE CTaud COCTOSIHUSI CBOMCTBEHHBI BCEM THIIAM
MNOJAMMIHUKOB U BUAaM JI€(EKTOB. B 3aBUCUMOCTH OT KOHCTPYKTUBHBIX U
DKCIUTYaTallMOHHBIX TNapaMETPOB MMEIOTCS HEKOTOPBIE Pa3vuusi B HX
MPOAOJDKUTEIBHOCTH, HO O0IIAasl KapTHHA Pa3pyIICHUs OJIHA U Ta xke.[2, 3]

JUIA OLICHKM TEXHWUYECKOTO COCTOSHMS U AUArHOCTHKU JE(PEKTOB
MOAMMIHUKOB Ka4€HUs1 pa3pad0oTaHbl METO/IBI:

- JIMAarHOCTHKA 10 OOIIEMY YPOBHIO BUOPALIUH,

- auarHoctuka rno CK3 BuOpockopocTy;

- JIMarHOCTHKA IO CIIEKTPY BUOPOCUTHAIA,

- JIMarHOCTHKA MO COOTHOLIEHUIO MTUK/(hOH BUOPOCUTHAIA,

- JIMarHOCTHKA IO CIIEKTPY Orudaronieii curuana.

CambiM >(p(PEKTUBHBIM METOAOM OOHAPYKEHUS IE(DEKTOB HA pAaHHUX
CTaIMSAX SIBJISIETCS METOJ MO cmeKkrpam orumOawmeid. Kpome Toro, on
MEHEE OCTAJILHBIX TMOJABEPKEH PaA3/IMUHBIM MOMEXaM, M, KaK CJEACTBUE,
uMeeT OONBIIYIO JOCTOBEPHOCTh. OJTOT METOJ TAKKE TO3BOJISIET
MPOBOJMUTH MOJHBIM aHAIM3 COCTOSAHUS OOOpPYJOBaHMS, YTO JENAET €ro
VHUBEpCAIbHBIM. B 3TOM ciiyduac Ha0Op TEXHHUYECKUX CPEICTB
JUarHOCTUKK  000pyA0OBaHUsl OyJIET MHUHHMalbHBIM MO OOBEMY U
3arparam. [4]

CyTp mMeToAa oruoaromeid cocTouT B caeayromem. CUlbl TPEHUS,
BO30YKJAIOMKE BHICOKOYACTOTHYIO CYyYaiHYIO BUOPALIMIO, CTALMOHAPHBI
TOJIKO TIpU OTCYTCTBUH Jc(eKkToB. B 0e31e(DeKTHBIX y3J1aX TpEeHUs
CTauMOHapHa W cilydaiiHas BbBICOKOYACTOTHas BHOpaums. Ee MOIIHOCTH
NoCTOsIHHA BO BpeMmeHW. [lpu nosBaeHun aAeekToB (CM. puc.2),
NPUBOJAIIMX  JAKE K  YAaCTUYHOMY  'MPOJABJIMBAHUIO"  CMAa3KH,
WU3MEHSIOTCS MIEPUOJIMYECKH BO BPEMEHU CHUJIbI TPEHHUS WM BO3HUKAIOT
yAapbl, BO30YXKJAIOIIME BBICOKOYACTOTHYIO BHOpaimio. Tak ke yaapsbl
MOTYT TOSIBUTHCA, €CJIM CMa3Ka HE OYEHb XOpolas W €€ CIOH JIETKO
"pBerca.

Takum oOpazoM, npu HATMUUK JE()EKTOB BEIWYMHA CHJI TPEHUS U
MOIIIHOCTh ~BHUOpAlMKM  M3MEHSETCS BO BPEMEHHU, T.€. TMOSBISIETCS
MOAYJISILIMSI MOIIIHOCTH BBICOKOYACTOTHOM BUOpaLIWK.

['yOuny MOAYJISALIUH m CIIy4aiHOTO aMILTUTY THO-
MOJYJIMPOBAHHOIO CUIHajda BUOpaUMM X(Z) MOXKHO OIpEAeIuTh B

IIPOLICHTAX, HCIONB3Ys cpeHee 3HadeHue orudatomeii < )
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Puc.2. - BbICOKOYaCTOTHBIN ClydyalHbIA aMIUTUTYIHO-
MOJYJIMPOBAHHBINA CUTHAJ

B cnektpe orufaromeil BhICOKOYACTOTHOH BHUOpaUMd MOKHO
Ha0II0JIaTh 3a Pa3BUTHEM OJHOBPEMEHHO BCEX UMEIOMIMXCS ACPEKTOB MO
BECJIMYMHAM  TIPEBBINICHUS ~ TAPMOHHUYECKHMX  COCTaB/IIONIMX  HA
ONpPENCNEHHBIX 4YacToTax Haa  (poHoM. HMmeercs  BO3MOXKHOCTB
MPOTHO3UPOBATH COCTOSIHUE AUArHOCTHPYEMOTO Y374, T.K. KaKAbIA BUJ
ne(deKTa IMEET CBOKO CKOPOCTh Pa3BUTHS. [5]

[Ipy u3MeHeHMM BUJA JAe(eKTa 4YacToTra MOIYJISALUH H3MEHSETCS.
Yem Ooable cTENeHb pa3BUTHS AcpekTa, TEM OONbIIE CTAHOBUTCS
rimyOouHa moaynsiuuu. CleI0BaTeNIbHO, 4acTOTa MOAYJISIUMU OIPEACTSET
BUJ AceKkTa, a rmyOrHa MOJYJISILMM - CTENEHb €ro pa3BUTHs. B KauecTBe
npuMepa Ha puc.3 (ClieBa) NMPUBEACHBI BPEMEHHBIE CUTHAJBI BUOpaLUy
MNOJAMMIIHUKA WCIPABHOTO a), C H3HOCOM 0) M ¢ pAKOBUHOW Ha
MOBEPXHOCTHU TpeHUSA B). Takum oOpa3zoM, HauboJiee nojiHas nHPpopManus
CONCPKUTCA B O2uOaiouieil BbICOKOYACTOTHOrO CUrHana. CHEKTpsI
orubaronicii BUOpaMy NOAIMUITHAUKA WCOPABHOTO &), ¢ M3HOCOM 0) M C
PAKOBUHOM HA MOBEPXHOCTH TPEHUS B) MPEACTABJIEHBI HA MPABOM CTOPOHE
pPUCYHKa 3.

Kak BHJAHO U3 pUCYHKA, B CHEKTPE OruOarome ciaydyaiHoi
BuOpamu 0e31e(PEKTHOr0 MNOAIMUIMHUKA OTCYTCTBYIOT TapMOHHYECKHE
coctapisitome. B cnektpe orularomeid BuOpanydd MOAMUITHUKA C
W3HOCOM BHMJHA OJIHA CHUJbHAas1 TapMOHMYECKAs  COCTABJIAIOIIAS,



VKa3bIBAIOIIAS HA TUIABHOE W TMEPUOAUYECKOEC M3MEHECHHE MOIIHOCTH
curHaja BuOpauuu. B noAmmMnHyuke ¢ yJapHbIMM UMITYJIbCAMH MOIIHOCTh
BBICOKOYACTOTHOI BHOpalMM M3MEHSIETCS CKAQUKaMM M B CIIEKTPE €€
Oru0aroIei MPUCYTCTBYET YK€ PsiJl KPATHBIX IO YACTOTE FapMOHUYECKHUX
COCTaBJISIFOIIHUX.
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Puc. 3 - BpeMeHHbIe CUTHAJIBI BBICOKOYACTOTHOM BUOpaIiu
MOIITAITHUKA KAUeHHUS U CIIEKTPHI €€ OTHOAIOIICH:

a) UCTIPABHBIN TOMIMTUITHUK, 0) TIOMIITUITHUK ¢ U3HOCOM TTOBEPXHOCTH TPEHUA,

B) TIOJIIITUTTHUK ¢ PAKOBUHOW HA TIOBEPXHOCTH KAUCHUS

MakcuManibHas CKOpPOCTh Pa3BUTHA Pa3HbIX JE(EKTOB pa3jiuvHa,
MO3TOMY KOHTPOJIMPOBATH CICAYET PA3BUTHE BCEX BO3MOMKHBIX JE(EKTOB,
JaKE KOrja OJWMH W3 HHUX TOJBKO 4YTO 3apOJWiCsA, a APYrod yxe
JIOCTATOYHO pa3BuT. Hukoraa Henb3s 3apaHee cKa3arh, Kakoh u3 1e(PEeKToB
paHbIIE BCEX PA30BBETCA J0 HEAONMYCTUMOTO YPOBHS W TMOCIYKHT
MPUYMHOI CMEHBI NOAMUITHUKA KQUEHUS TTPU PEMOHTE.

OcyliecTBAsAT MOHUTOPUHI MOKHO MPOJUIMTH CPOK SKCILTyaTaluu

LIIIM u camoe rinaBHOE 00€CeUnTh 0€30MaCHOCTD. [6]
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