[N NoBepPXHOCTEN, LUIMHAPNYECKOTO OTBEPCTUS MOJ Ba 3afaHbl FPaHUYHbIE YCI0BUSI MOHOW
3a7enkKu.

B kauecTBe Harpysku 3aaBancs BpallatoLLnii MOMEHT LLECTEPHMN.

MpoBeAeM aHanM3 pesynbTaTos.

PUCYHOK 2. PacrnipefenieHne AeicT- PucyHok 3. PacnpefefieHve 3KBUBa-
BYIOLLMX M3MMGHBIX HANpPSKEHWI, Na NEHTHbIX HanpsbkeHud no Mwusecy
(Mises Stress), Na.

Takum 06pa3om, npoBefeHHble npu nomowm naketa ANSYS uccnegosaHusa HAC (pucyHku 2-3)
3yObeB MOKa3bIBatOT, YTO MPU MPOEKTMPOBaHMMW 3ybyaTbiX nepefay BO3MOXHO MPOBOAWMMDL PacyeTbl He
TO/IbKO C MCMO/b30BaHWeM CTaHAapTHbIX MeTOAMK, HO U MPUMEHAS METOJ KOHeuYHbIX 3/1eMeHTOB, 4TO
Hanbonee ONTMMU3MPOBAHO U MeHee TPYA0EMKO.
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OBOCHOBAHWE TEXHONOTMNN YCKOPEHHOW CY LKW APEBECHbIX 3ATOTOBOK
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BBepeHue..

B nocnegHve 15-20 neT nbITalOTCA MPUMEHATL 3/1IEKTPOMArHUTHYIO 3HEPTrUI0 CBEPXBbICOKUX
yactoT (CBY-m3nyyeHue) ana cywkn apeBecuHbl. B KayecTBe MCTOYHMKOB CBYU-u3nyyeHUss npumMeHs-
HOTCA MarHeTPOHbl, 3HEPrns 3NeKTPOMArHUTHbIX BO/IH KOTOPbIX MFTHOBEHHO MPOHUKAET N0 BCEMY 06bEMY
3aroToBKW, BbI3blBas Harpes 3a CYeT AN3INEKTPUYecKnx notepb. OCHOBHbIE MPEUMYLLECTBA JAHHOIO CMo-
coba: 3aneKTPO3Heprus NoTpebnseTcs TONbKO MCTOYHUKOM W3/yUYeHUs, HarpeB OCYLLECTBASETCA HEeno-
CPEeACTBEHHO W3HYTPU ApeBecuHbl [1]. [ApeBecrHa ABNSETCA CNOXHbLIM MO CTPOEHMUIO U COCTaBY ecTecT-
BEHHbIM MaTepuasioM, KOTOpblA 06najaeT cneunuyYeckMmmn cBOMNCTBaMK, NPOSIBASieMble MPY B3auUMO-
JeACTBUM C NePeMEHHbIM 3M1EKTPOMarHUTHBLIM MOJIEM.

P uU3NKO-MexaHNYeCcKue CBOMCTBA APEBECUHbI 3aBUCAT OT BAaru, HaxoAawencs B KIETOYHbIX
CTEHKaX W CBA3aHHON C ee KOMMOHeHTaMu. Mpy MakCUManbHOM cofepXKaHum abcopOLUMOHHON BRarn me-
XaHW4YecKne CBOMCTBA APeBECUHbI MUHMMAMbHbI U B TAKOM COCTOSIHUM MAET TOPLOBO-NpeccoBoe aedop-
MWPOBaHWe 3aroTOBOK BAaXkKHOCTbio W = 17-30 % BO BKNafbll, MpWU WU3rOTOBMEHUWN MOALLUMHUKOB
CKONbXeHUst camocmasblBatolmxca (MCC). HeoTbemnembiM NPOLECCOM B TEXHOIOMMW UX U3TOTOBMIEHUA
ABNSAETCA MocnefytoLada cylika o snaxHoctn W= 3-5 % ansa npugaHna MakcumanbHbIX MeXaHn4ecKux
CBOICTB C nocnefytoLleid ctabunnsaumeil pasMepoB BKNaabllla B 3TOM COCTOSHUK. [0 HAcTOsLLero Bpe-
MEHW MPUMEHSIETCA HE3KOHOMUYHAs M 3HEProeMKas Cylika B rneyax, NpoLO/MHKUTE/IbHOCTb KOTOPOI CO-
CTaB/sAeT OT ABYX [0 TPEX 4acoB B 3aBUCUMOCTU OT pa3mepoB BKnagplweii [2]. MpumeHeHne CBY-cyLuku
MO3BOJIUT COKPATUTbL PacXoj 3Heprun 1 Bpemsa CyLLKM ApeBeCHbIX 3aroTOBOK B 7-8 pas.

OpHako npu CBYy:yLKe YacTo NPOMCXOAUT BO3ropaHue ApeBecuHbl B CNEACTBUM NOMHOMO YAaleHUs
CBS3aHHOW Bary, HaxogsALelica B KETOUHbIX CTeHKaX. Mo3ToMy A0 HacTosLwero BpeMeHn CBY-cyuika He Ha-
XOAUT LWMPOKOro npumeHeHus. OfHa U3 NpUYMH HECOoBePLLEHCTBA 3TOrM0 MnpoLiecca - OTCYTCTBME TeopeTuye-
CKMX UCCNEA0BaHNI (IN3MKO-XUMMYECKOro npoLecca CBY-cyLLKm ApeBecHbIX 3arOTOBOK.

MocTaHoOBKa 3aga4n. TeopeTnyeckn 060CHOBaTL B3aMMOLECTBUE 3NEKTPOMArHUTHOrO MO U rur-
POCKOMUYECKOW B1aru ApeBecuHbl Ans co3faHne TEXHONOM MM YCKOPEHHOM CYLLKU JPeBECHbIX 3ar0TOBOK.
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Teopernuyeckne npeanocbLixkH. CBoGoaHas BoJa B APEBECHHE PacrpOCTPAHAETCA BAOJbL BONO-
KOH M0 KanwuispaM (MHKPOKaIWLUISpaM H COCy/JaM), a MONepeK BONOKOH — MO CEPALIEBUHHBIM JIy4aM H
nopam. Pasmepsl MUKpOKanHuIIpoB Kosebimorca no auamerpy 20—70 Mxm, o muune 0,7-1,6 mm; cocy-
aet umeroT guametrp 100400 MM, a anuHy 100 MM, HO MoryT gocturath 2—3 M. Cocyabl U KanWLIsApbl
COEIMHAIOTCH MEXTY co00it rycTO pacnosioXKEHHbIMU B KJIETOYHOM CTEHKEe MOpaMH, AMaMETP KOTOPHIX
coctaenser 4-8 MkM. Ha 1 MM xuteTouHo# cteHkH Haxoautes 50-60 nop [3]. CBoGonHas Boaa, npucyT-
CTByIOILIA B 3THX MOJIOCTAX HE BIMAET Ha MEXaHHYECKHE CBOWCTBA JIPEBECHHBI, 4 TONBKO BJiara, Haxo-
JAAACS B BOAOPOAHBIX CBA3AX C KOMINOHEHTaMH JPEBECHHBI B KIIETOYHBIX CTEHKAX.

PesyabTaTnl mccaenoBanus. Ilpu oTcytcTBuM cBOGOAHON Bnarm B APEBECHHE BIAXHOCTH
BHYTDH T0JIOCTEH COCYZIOB, KATH/UIAPOB M nop OyaeT paBHO#M BIaXXHOCTH OKPYXKalowIe# cpeabl, B KOTO-
POit Bnara HaXoqUTCs B ra3oo6pa3sHOM COCTOSHHH. BnaKHOCTb KJIETOYHBIX CTEHOK (APEBECHHBI) HaXo-
JITCS B paBHOBECHOM COCTOSIHMH C BJIKHOCTbIO OKpyXatowei cpeapt. CneoBarensHo, mis onpeaerne-
HMS TTyTeH NTPOHUKHOBEHHA MOJIEKYJl BOAbI B KJIETOYHYIO CTEHKY JPEBECHHBI U H3MEHEHHA €€ BIKHOCTH
HeoOX0MMO pacCMaTPUBATh NPOLECC THIPOCKOMHYHOCTH Ha MOJIEKY/IIPHOM YPOBHE.

H3BecTHO, 4TO pasmep MoseKybl Boabl coctariseT 0,2 HM.

OueHb NpUONU3HTENBHO CPAaBHHTH MYTELICCTBHE MOJIEKYJIBI BOJBI, HANpHUMep, MO KalMuIapaM,
OMNHCaHHbIM BbIlIE, MBICIEHHO YBEJIHUYMB HX pa3mepbl B 5 MiH. pa3. Toraa Monexyna soawl Oyaer npea-
CTaB/ATH WApHK, JieTauuii no Tpy6e nuamerpom 100-350 M u pimmHo# 3,5-8 kM. EcrecTBeHHO 3Ta TpYyOa
Oynet neppopHpoBaHHOH NMOpaMH — OTBEPCTHAMH AuaMeTpoM 20-40 M, KOTOpbIE COEUHSAIOT €€ C COCel-
HuMH TpyOamu. IIpn 3TOM AHaMeTp 1wapUka COCTaBUT 1 MM.

JlaHHOe CpaBHEHHE MOKA3blBaeT, YTO ApPeBecHHa (B MAKPOCKONMYECKOM BapHaHTE) He COepKa-
was cBOGOAHYIO BJIary NpOHHLIaeMa T MOJIEKYJ1 BOJBI M BO3AyXa. TO €CTh MOJIeKyJia BOAbI MOXET Tpo-
HH3aTh APEBECHHY BAOIb H NONEPEK BOJIOKOH, HE 3aAEPXKHBASACH B HEl.

VYCTaHOBIEHO MONEKY/BI BOABI CBOGOAHO MOryT BHEAPATHCA M MOKHIATH CBA3M B 3aBUCHMOCTH
OT HEPreTHYECKOr0 COCTOAHHS, OOYCNIOBIEHHOTO BAXKHOCTHIO CPElbl, ¥ NMOITOMY HX B3aHMOJEHCTBHE C
3/IEKTPOMArHUTHBIM TOJIEM MPAKTHYECKH HE OTAMYAeTcs OT B3aUMOAEHCTBMA MONsA U CBOOOAHBIX MOfe-
kyn Bogsl. [Tone CBY nepenaet sHepruio HEMOCPEACTBEHHO MOJIEKYJIaM BOABI, BbI3bIBasA MX KoseGaHms ¢
4aCTOTOH BOJIH, CONMPOBOXKAAIOILHECS TPEHHEM, a CIIEOBATEIbHO MIHOBEHHBIM HarpeBoMm. Mosnexysibl
BOJb! OTPLIBAIOTCS, MOKHAAIOT CBA3H U YAAJIAIOTCA B OKpYXatouiyto cpeay. [lostoMy mpu RocTHXEHHH
BJIXKHOCTH JpeBecuHbl W = 3—5 % Heo6X0auMMO OTK/IIOUATh NOAAYY SHEPrHH.

Ecnu konuuecrso noasogumoii CBY-s3Heprumn (nocpeacTBoM H3myueHUs) MPEBBICHT KOJTMYECTBO
OTBOAMMO# SHEPrHH OT JAPEBECHHBI ITyTEM €€ TeMIONPOBOAHOCTH M TEIUIOOTAAYUH, TO OyIeT NPOUCXOaUTh
TJIEHHE C NOCNeAYIOIIMM BO3ropaHiueM B ycraHoBkax CBU-cymuku.

Tennoornaya NpOMCXOMUT HE TOJBKO TOCPEACTBOM TEMIONPOBOAHOCTH, HO H C YAAIEHHEM BJia-
ru. Ilpu Temneparype ¢ = 100 °C TeruionpoBogHOCTb BAOJb BOJOKOH NMPH BiAaXHOCTH 30 % A3 = 0,54
B1/(M-°C) u Bnaxunoctu 0 % Ay = 0,38 B1/(M-°C); nonepek BONOKOH A3y = 0,36 B1/(M-°C) u Ay = 0,25
B1/(M-°C).

C yMeHblileHHEM BIDKHOCTH APEBECHHBI PE3KO YMEHBIIAETCA €€ TEeTUIONPOBOAHOCTD, YTO MNpH-
BOAMT K HaKOIUICHHIO 3HEPrHM B oOpa3uax (NMornoleHHe 3HepruM yMeHbILaeTCs, HO He MpeKpalaeTcs).
ITpn 3TOM MONIEKYN BOABI YK€ HE XBaTaeT IS yAaNeHUS M3MHLIKOB 3HEPrHH, KOTOpbiE OHU 3aTPauMBa-
10TCS YK€ Ha pa3pbiB BOAOPOAHBIX CBA3eidl Mexay Makpomosiekynamu (4-33 kJDk/MONb), MOABHKHOCTb
NOC/EAHUX PE3KO BO3pacTaeT. ITO MPUBOAUT K YBETHUEHHIO MOJIEKY/IAPHOIrO TPEHHA M, COOTBETCTBEHHO,
K JIOMOTHHTENILHOMY Harpesy.

[IpeBbillieHHe ypOBHA JHEPrHM pa3pbiBa KOBAIEHTHBIX (MEXAaTOMHBIX, BHYTPHMOJEKYIAPHBIX)
cBaseli (Tabnuna 1) NpUBOAMT K pa3spyILEHMIO MaKpPOMOJIEKYJIBI Ha €€ COCTABJIAIOLIME, KOTOPHIE B CBOK
ouepenb 6ynyT obnanars eite Gonpimeii NONAPHOCTHIO H MOABHXHOCTHIO [4, 5.

Tabnuua 1 — DHeprux MEXaToMHbBIX CBA3E

Bupn casu | Oxeprus, xDk/Mons | Bua casu | Dueprus, kHx/mMonb
Cc-C 348 H-C 415
C-0 344 H-O 466

Taxum o6pa3oM, HauMHaeTCs KackagHOEe pa3pylleHHe MOJIEKYJISAPHOH CTPYKTYpPH! JPEBECHHbI —
nectpykuus. IlpekpaiueHHe nojauM 3HEprHU yke He MOXET OCTAHOBHTh HAuaBLUMHCA npouecc, no-
CKOJIbKY OH CONpPOBOXIAETCA OKMCICHHEM PaJHKaJlOB U BHICBOOOXKAEHHEM NOMONHHMTENbHOH 3HEPTHY.
[Tpu 3ToM ipeBecuHa TieeT 6€3 Bo3ropaHus (PUCYHOK 1), MpeBpailasch B APeBECHbIH yrob.
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MpefoTBPaTUTL paspyLUeHUe APEBECUHbI MOXXHO MOCTEMEHHO MOHWKas MOLLHOCTb W3y4YeHus,
6o yBEMMYMBAS paccTosiHMe 0T MCTOYHMKa CBY-u3nyyeHus o obpasua, T.K. HaNpsyXKeHHOCTb 3M1eK-
TPOMarHWTHOFO MOMS YMEHbLUAETCS C YBEMYEHNEM TIy6MHbI NPOHWKHOBEHMWS MO 3KCMOHEHUMaTbHOMY
3aKOHYy.

Mpy NpaBWIbHOM COOTHOLUEHUW YacTOTbl M MOLLHOCTM M3/TyYEHUSI B 3aBMCUMOCTU OT YMEHbLLe-
HISt COAEPXKaHUA TMTPOCKONUYECKON Blar BO3MOXHO JOCTUXeE-
HVie 6e30MacHOl CYLUKM ApeBECUHbI 6e3 ee paspyLUeHNs.

Hamu 6bin nNpeanoXeH pacuyeT KONW4YecTBa CBA3AHHOIN
BOAbl MPWM NO/IHOM HacCbIWEHNN BOJIOKOH [PEBECUHDI Bnaroi
yepe3 MOJEKYNSPHbIE MACChl 3/1EMEHTAPHbIX 3BEHbEB MaKpPOMO-
NEKYN OCHOBHbIX KOMMOHEHTOB [PEBECUHbI - LIeNH/I03bl, TeMU-
Lenono3bl U NIMFHWHA. Y CTaHOB/EHO, YTO KONWYECTBO BCei
CBS3aHHOI BOAbl B KOMMOHEHTaX APEeBECUHbI ByAeT NponopLmo-
Ha/lbHO CYyMMapHOMY KOMMYeCTBY BOAbl, MPUCOEAMHEHHOW Of-
HOI eMHMLEN KaXKA0M0 KOMMOHEHTA.

MonyyeHHbIA pe3ynbTaT COOTBETCTBYET MHOFOYUCNEH-  PUCYHOK 1- SKCMEPUMEHTa/TbHbIE 06-
HbIM 3KCMEPUMEHTaIbHBIM [aHHbLIM HE3aBUCUMbIX MCCNEA0BATE-  pasiibl ApeBECUHbI Gepesbl, BbiCyLLEH-
Neii N 3TOT pacueT MOATBEPXKAAET, YTO a6COPOUMOHHAR ¥ 1o ABCOMKOTHO-CYXOTO CO-CTOSIHUS,

(cBsizaHHas) Bnara HaXOAWTCA TOMbKO B BOAOPOAHBIX MEXK-  rocna BO3AeiiCTBIN CBY-M3nydeHus
MONEKYNAPHBIX CBAIAX, & TaK e CBUAETENLCTBYET O TOM, 4TO  , /¢ [y B TeueHA 30 MaHyT

TOMbKO CBSi3aHHas BOAA, a MMEHHO, MONeKy/bl BOAbl, BHEAPWB-
LuMecs B BOJOPO/HbIe CBS3M KOMMOHEHTOB APEBECUHbI, BbI3blBalOT €e pa3byxaHue 1 06yCcnoBAMBaKOT U3-
MeHeHVe ee (IM3NKO-MeXaHN4YeCKNX CBOMCTB.

BbiBoabl. MpeanoXxeHo TeopeTnyeckoe 060CHOBaHWE B3aVMOAECTBUS 31€KTPOMArHUTHOrO No-
111 U TUTPOCKOMMYECKOI Bnarn ApeBecuHbl A1 CO3[jaHNe TEXHOMOTMM YCKOPEHHON CYLLKW ApeBecHbIX
3aroToBOK. MOKa3aHO, YTO MOMEKY/bl FMFPOCKONNYECKON BOAbl HAXOASTCS B BOAOPOAHbLIX MEXMONEKY-
NSIPHBIX CBA3SIX U TONbKO Yepe3 HUX OHU MPOHMKAKOT BryOb KNEeTOUYHOW CTEHKM MPEeMMYLLECTBEHHO MNo-
MepeK BOMOKOH. Y CTaHOB/IEHO, YTO 371€KTPOMarH1THOE Mose BO3A4eCTBYET Ha MONEKY bl CBA3AHHOW BO-
Obl TaK Xe KaK Ha MONeKynbl CBOGOAHONW Bnaru, a Npu MofHOM yAaneHMU KoTopoli B mpouecce CBY-
CYLLK/ NPOUCXOANT BO3ropaHne ApeBeCHHbl.
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AHTUNPPUKUNOHHBIE XAPAKTEPUCTUKW MPUPOAHDBIX
N CUHTETUYECKUX TTOJTMMEPOB
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CoBpeMEHHOE MaLUMHOCTPOEHMEe 06n1afaeT 60/1bWMM BbIGOPOM Pa3NYHbIX aHTUPPUKLMOHHBIX
maTtepuanos. LLINpoKoe pacnpocTpaHeHMe MOay4Ynan NOAVMEPHbIE MaTepuanbl. bnarogaps Ux npumMeHe-
HWIO MOBbILLIAETCA HALEXHOCTb W AO/ITOBEYHOCTb Y3/10B TPEHUS, YAELLIEBNSIOTCSA IKCNIyaTalnus v peMOHT
MaLLUMH 1 MEXaHW13MOB.
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