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PA3PABOTKA UMUTAIITMOHHON MOJEJIXA Y TIPUMUWHE HUE
INOIIAT OBOI'O AJVITEBPAUMYE CKOI'O UHTEPIIOJIMPOBAHUA 1JIA
OIITUMM3ALIMU TAPAMETPOB ObOPYJIOBAHUS HA IPEJABAPUTEJIBHOM
ITAIIE IPOEKTHPOBAHUA CbOPOYHOI'O ITPOU3BO/JICTBA.

AobpamuenkoB H.B., Jlamun W.WN.. (kagh. KAM MI'TY "MAMH", 2. Mocksa, PD)

B 5moxy 4YecTHOM M OTKpPBITOM  KOHKYPEHLMH 3aKa34MKHM 3aUMHTEPECOBAHbl U3
MHOYKECTBa MPEUI0KEHHH BHIOpaTh ONTUMAIBHBIA BapHaHT COOPOYHOTO O00OPYAOBAHUS IS
CBOEr0 IPOU3BOJICTBA, a NOCTABIIMKH, B CBOIO OYEPE]b, CTPEMSTCS BBIUTPaThb TEHAEP U
[IOHECTU MUHUMAJbHBIE 3aTpaThl MO NOJATOTOBKE TEXHUYECKHUX MPEMJIOKEHUH A1 CBOMX
NOTEHIMAIbHBIX KIHEeHTOB. [IpennaraeMblii moIX01 MO3BOJSET MPHUOIU3UTHCS K PEIICHHIO
npoOjeM JByX CTOPOH - BBIOOpa M TPOEKTUPOBAHUS COOPOYHOTO OOOpPYIOBaHUS Ha
NpEBAPUTEIILHOM 3TaIle.

B ycnoBusix CcOBpEeMEHHONH SKOHOMHUKU IIpU CTPOUTENBCTBE WJIM MOJEPHHU3ALUU
cOOPOYHBIX MPOU3BOACTB OUEHb BAKHYIO POJIb UTPAIOT TANbI (POPMYITMPOBAHUS 3aKa3UUKOM
3aJaHis Ha TPOCKTHPOBAHHE COOPOYHOrO OOOpPYHOBaHHMSA M Pa3pabOTKH TEXHUYECKOTO
MPEAIONKEHHS TOTEHIIMATBHBIMU TIOApsiAYUKamu [1].

Kak mnpaBuio, 3aka3uumku I8 pa3pabOTKM TEXHHYECKOTO 3aJaHus Ha TIOCTAaBKY
00opyoBaHMs MAaKCHMAJIBHO YAOBIETBOPSIONIET0 TpPeOOBaHUAM OH3HECAa TPHUBIEKAIOT
BBICOKOKBAJM()UIIMPOBAHHBIX ~ CHENMAIUCTOB C OOJBIIMM HMHXCHEPHBIM  OIBITOM, a
MOCTaBIIMKHU NPU pa3padOTKEe TEXHUUYECKOTO NPEUIOKEHNU akTUBHO Hcnos3yoT CAIIP. Ho
M C OJHOW M C APYTOil CTOPOHBI MPOLECCHI SBIAIOTCA CyOBEKTHBHBIMH, OTOMY YTO, TaK
HazeiBaembie CAIIP, Ha camoM Jene mpenacTaBisiiOT AHAJIOTOBYHO CHUCTEMY, B KOTOPOM
ABTOMATHUYECKU BBITIOJHACTCS OYeHb HEeOONbIIoN 00BEM mpoekTupoBaHus. OCHOBHAs ke
paboTa 1Mo yBs3KE BCEX Pa3pO3HEHHBIX BOIPOCOB M, I'JIABHOE, NMPUHATUIO OTBETCTBEHHBIX
perieHuil ocTaéres 3a 4eslloBEeKOM. Pe3ysbTaT MpUMEHEHHs aBTOMATH3aLHU [IPOECKTUPOBAaHUS
Ha 9THX JTamnax B OOIIEM IOJOXHUTEIbHBIN, HO SBHO M30BITOYHBINA JJISI TMPEABAPUTEIHLHOTO
JTala IEpPEeroBOpPOB, LEJIBI0 KOTOPBIX SBJISETCS IOATOTOBKA KOHTPAakTa Ha IOCTaBKY
000opynoBaHus.

Takoe mnonoxeHue Bemield OOBACHAETCA OTCYTCTBUEM MAaTeMAaTUYECKUX MOJENeEH,
CBA3BIBAIOLIMX TEXHUYECKUE U HKOHOMHUYECKHE XapAaKTEPUCTHKH MPOEKTUPYEMOTO
cOOpOYHOTO TPOM3BOACTBA. [ pemenust mpoOiieM, BO3HUKAIOIIMX MPHU 3aKa3ze cOOPOYHOTO
o0opynoBaHms, BKJIIOYAs YKOHOMHYECKHE cocTasisitonte, B MI'TY «MAMMN» Ha xadenpe
«KoMmruiekcHass aBTOMAaTH3aIMs MAIIMHOCTPOCHHUS» pa3padaThIBacTCs ONTHUMHU3AIMOHHBIN
METO/1 MIPEIBAPUTEIBHOTO MPOEKTUPOBAHUS.

TAKTOPEI Xi(i=1,7) —» |[MOIETG —» [ IAPAMETPEL 77, = 1, m)
KOHCIPYXLEA HIOGTHA 1 YOIOSHA Y=F(X) ROKQIOMENt IMEX. RPOYECCT
SCRCLIYIN Xl A ¥l Cfl. Of0py O0sIH LA
X2 12 Y2

1. macca Msmermid;, (R, X3 73 ¥3 1. NpHBeNéHHBIE 3ATPATHL

2. wicnoperaned;,  (Fla) 2. Tun obopyOooBaHHA,

3. mpucnocob. K (Flaem) Xn For Vi 3 KON-BO IOSHLMHA,

aBTOM. Chopice, o) Jamaya HAHTH
N Nporpania BB (Ely) F=(fL72 )3 . ) m. cebecTOHMOCTE.

Puc. 1. UMuTanmonHas Moaenb OpeAIPOEKTHOTO pacyéra.
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ba3zoBoll cocraBiAmOlIed JaHHOTO METOAA SIBIAETCS HMMHUTAUMOHHAs  MOJIEJNb
npeAnpoekTHoro pacuéra (puc.l), 3amaya KOTOPOM 3akiOoyaeTcs B YCTAaHOBJICHHUH
(YHKIMOHAIBHOM CBSA3M MEXIY (aKTOpaMH, XapaKTEpPU3YIOUMMU KOHCTPYKIMIO WU3JECIHUs U
YCIIOBHSI 3aKa3duMKa, W OCHOBHBIMH TIIOKa3aTeJIIMH TEXHOJOTHYECKOTo Tpolecca u
coopouHoro obopymoBanusi. TakuMm oOpa3oM 3amada CBOJUTCS K HAXOXKICHHIO CUCTEMBI
(byHKIMI, B KOTOPOI TapaMeTpsl yepe3 (PYHKIHIO CBA3aHbI ¢ N-(haKTOpaMHu.

B kauyecTBe MaTeMaTH4eCcKOro ammapara B MOJEIH HCHOJb3YETCS MOIIaroBoe
anredpanveckoe UHTeproMpoBanue. [IpuMeHUTEIHHO K JaHHOM 3a/1a4€ MOKHO BBISIBUTH PSiJ
npeuMyuiecTs [2]:

- HE OTPaHMYMBACT KOJUYECTBO MapaMeTpoB U (haKTOPOB;

- pamxupyeT (aKTOpHI IO CTENICHN UX BIMSHUS Ha 3HAYCHHE TapaMeTpa;

- T03BOJISIET 000CHOBAHHO BHIOMPATH TPeOyeMyt0 HOMEHKIIATYPY (PaKTOPOB;

- 71aéT BO3MOKHOCTh Ha Ka)K/IOM IlIare BBIYUCICHUN PUMEHSATH Pa3InIHbIe (pyHKITUH;
- o0namaeT BO3MOXKHOCTBIO ONTHMHU3AIMN TAPAMETPOB.

- TpebyeT MHHUMAaJIbHOTO 00bEMa CTaTUCTUIECKON NH(OPMAITUH;

- 1o3BoJsieT 3G (HEKTUBHO HCCIIEA0BATH (PYHKIIUIO B 0OIIEM BHIE;

- HyX/JaeTcsl B MEHbIIIEM KOJIMYECTBE OTIepaIrii ¥ OTIepaliyi HAMHOTO TIPOIIIE.

CyTh MOIIaroBOTO HHTEPHOJMPOBAHUS COCTOUT B TOM, YTO HCKOMBIH HapameTp
BBIUUCIIIETCS C TIOMOIIBI0O MHOTOUJICHA, SIBJISIOMIErOCs (DYHKIMEH HECKOJIBKUX HE3aBHCHMBIX
NEepEeMEHHBIX. MHOTOUWIEH HAaXOJOUTCA MyTEM IOCIEA0BATEIFHOTO HMCCICAOBAHUS BIUSHUS
KOKIOW HE3aBUCHUMOW TiepeMeHHOW Ha (yHkimmio. Takum o0pa3oM, KOJHMYECTBO IIAroB,
KOTOpBIE TPEOYIOTCH I onpeAeneHns] (yHKIMN KaKoro-ITM00 MCKOMOTO TapaMmeTpa, paBHO
YHCITy HE3aBUCUMBIX ITEPEMEHHBIX.

WNuTeprionsius anredpandeckuM apyuieHoM [3] F(X)=Ax+B dbyunkuuu F(X), 3anaHHOM
B JIByX TOYKAaX Xp U X; OTpe3ka [a, b/, reOMETpUYECKH CMBICII KOTOPOW O3HAYaET 3aMEHY
rpaduka GpyHKIuU F(X) npsaMou, pOXOAsINeH uepe3 TOUKH (Xg,f(Xo)) u (x1,/(x1)).

Fx) - F(x,)
“(x=xo) (1)
X, — X,
Jns u3ydeHust u pa3pabOTKA METOAMKH HHTEPIIOJUPOBAHMS (PYHKIUHU N-TIEPEMEHHBIX

ObL1a BEIBeZIcHA (DOpPMYJIa HHTEPIIONSINA (QYHKIUU TPEX TIEPEMEHHBIX «B PYIHYIO.
ITpu BBeteHMn HOBBIX 0003HaYeHUl X;=x, X>=y; X3=w,; Y=z

VYpaBHeHue Takoi npsamoii umeet Bua: F(X)~Y = F(x,)+

Tabmmma 1. icxoaHble TaHHBIE 1S OTIpeieeHust (PyHKIUU TpeX MepEMEHHBIX.

A=W =7
Yi )2 Vi 2
X Ziii Zi21 X Zi2 Zi2
X2 2311 2321 X2 212 2222

O4eBHIHO, YTO BBIYUCIICHUS YIOOHO MPOU3BOAMTH B TPH IIara.

Z(x,y.,0,)=A,x+ B, Z,, — 7.

j (: I,J;J;k :k)12 T e d, STmw ok I

A4 (V=P y+0:B,(»)=G,y+H; )

A (y) = Ay B () =By (j =12k =1,2)
ona z=A,(y)x+B,(y)(5), noysum Z(x,y,m,) = Pxy+ 0, x+G,y+H, (6)

Tperuit wmar: P(w)=a,0+a,;0(®)=bw+b,;G(w)=co+c2;Hw)=dw+d,(7)

IlepBb1ii mar:

Bropoii mar:
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Z(x,y,0)=a,xyo+a,xy+bx+cyo+c,y+do+d,(8) uw

0-o - Z,, =72
7= Y=V | £m ~ 41 (x=x)+Zy |+

W), =0 YV, =V | X=X W), =0 Y, =V | X=X

O-0, y,=y | Ly, =2y

(x=x)+Z, |+

¥

+w2_w Y=V | Ly —Zpy W0, =0 y,=y |2y —Z

(x=x)+Zpy |+ = (x-x)+ 7y,
Wy =@ Yy =V | X=X Wy =@ Yy =V | %=X
CyTp MeTOga HWHTEPHOIAIMH (YHKIMM HECKOJIBKHUX TIE€PEMEHHBIX COCTOUT B
CJIEAYIOLIEM:

- Ha TEpBOM IIare WCXOJHbIC JaHHBIC CBA3BIBAIOTCS YETHIPMS (yHKIMAMU
IIEPEMEHHOI x (IIpH 3TOM NEpEeMEHHbIE y U @ (QUKCUpOBaHbL: y=y;, j=1,2; 0= wy,
k=1,2).

- Ha BTOPOM IIare HWCXOAHbIC [AHHbIC CBA3BIBAIOTCS MABYMS (YHKIMAMHU JABYX
NIEPEMEHHBIX ¥ IPU (PUKCUPOBAHHON TPEThel EpEMEHHON @ (w=wy, k=1,2).

- pe3yJbTaTOM TPEThEro Imara sBiseTcs OaHa (yHKIMA, coaepkamias BCE TpPH
HIEpEMEHHBIE X, V), (.

OOmast wuHTEpHoNsILMOHHAsT (GopMysa s N-IEPEMEHHBIX  OyJeT  BBITJIANETh
CIIeYFOIIMM 00pa3om:

n
F(X, Xy X,) =D Amm,..m, X" X," . X"
o (10)
(m, +m, +..+m, =m)

HccnenoBanue nomaroBOro HMHTEPHOJMPOBAHUS MOKa3aldd, 4YTO MPH JABYX Y3Jax
MOJYYaeTCs. MHOTOWICH IEpPBOM CTENEHW, OYEBUIHO, YTO C YBEIMYEHUEM KOJIMYECTBA
UCXOJIHBIX Y3JIOB CTENEHb YBEIMYMBACTCS. DTO MPUBOJAUT K OUYECHb BA)KHOMY BBIBOAY - C
YBEJIMYECHUEM KOJIMYECTBA MCXOJHBIX Y3JIOB TOYHOCTH MHTEPIIOJIMPOBAHUS BOBCE HE PACTET
ABTOMATHYECKH, 2 MOKET HA000POT Jake Pe3KO CHUZHUTCS.

Jns monmydeHus JydIIMX pe3yJIbTAaTOB HYXKHO B MOJICNIM YYUTHIBATH MAKCUMAaJbHOE
KOJIMYECTBO (PaKTOPOB (PEKOMEHIYyEeMOE KOJIMYECTBO 17), HO MO MOHSITHBIM IMPUYHHAM
OCYIIECTBUTH MOJICIIMPOBAHNE «B PYUHYIO» OyJET OU4EHB CIIOKHO.

Jlyis pemieHust 3To# TPOOJIEeMBI COBMECTHO C HAyYHBIM PYKOBOJHTEIEM TPOdheccopom
Jlamuneim M.LU. pa3spabartbiBaeTcsi mpOrpaMMHBIN KOMILJIEKC, TMO3BOJISIOMMNA TPOU3BOIUTH
MMUTAIMOHHOE MOJICTUPOBAHUE U PACUET MAPAMETPOB TEXHOJIOTUIECKOTO 000PYIOBAHUS JIJIst
cOOPOYHOTO MPOU3BOICTBA B ABTOMATHYECKOM PEKUME TIO 3aJaHHBIM yCJIOBHUSIM U HA000POT.

Hcnosb30Banne €IMHONW MMUTALIMOHHOM MOJEIM M MAaTEMATHYECKOro ammapara AaéT
BO3MOKHOCTh HAaXOJWUTh pEIICHHWE HAa OCHOBE [MPUHLHWIIOB HAYYHOTO MPHUBEIACHUS
CTAaTHCTUYCCKUX JTaHHBIX MyTEM MMOJy4YeHHsS (YHKIMOHATIBHOW CBSI3M MEXAY YCIOBHSIMHU
3aKa34yMKa W TOKa3aTeJsIMH COOPOYHOTO IPOM3BOJICTBA, @ HE HA OCHOBE CYOBCKTHUBHBIX
pelIeHUI OT KOTOPBIX OYI€T 3aBECUTH YCIICITHOCTh JOPOTOCTOSIINX CIEIOK.

Cnucoxk smrepatypnl: 1. Jlamun UW.M. Onrumumzaunus napameTpoB cOOpOYHOIO
000pyZ0oBaHMsg Ha OCHOBE HMMMTALMOHHON MOJENN aBTOMOOWJIBHOTO M TPAKTOPHOTO
npou3BoACTB. - M.: «COopka B MalIlmHOCTpOoeHUH, npudbopoctpoerHun» Ne 7, 2005. 2. Jlamun
N.N. , AbpamuenkoB H.B. Umurammonnass Mojaenb MPeapoOeKTPOro pacdyéra mapaMmeTpoB
TEXHOJIOTHYECKOTO 000pyIoBaHusi cOOpouyHOTO mpom3BoacTBa. - M.: «Bectnuk MAMU
2008», 2008. 3. bepesun U.C., Kunkos H.I1. Meroas! Beruucnenuii T.1. - M.: T'oc. uznar.
¢u3.-mat. urepatypsl, 1962. - 464 c.
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COBEPHIEHCTBOBAHUE KOHCTPYKIIUU JIOITATKU T A3OTYPEUHHOI'O
JIBUT'ATEJISI HA OCHOBE YHCJIEHHOM ONITUMHU3AIIMA TUTIOBOM
KOHCTPYKIIMN

AcrtanenkoB C.I'. (xag. TM, /[onHTY, 2. /loneyx, Yxpauna)

AKTyaJlbHOCTh PadoTbl. AHanu3 OTKa30B Ta3oTypOunHbiX nsurareneit (I'T/]) B
npolecce JKCIUTyaTallid MOKa3bIBA€T, YTO OOJIBIIMHCTBO MOBPEXKICHHN JeTaneid HOCUT
YCTaJOCTHBIM XapakTep, MO3TOMY IMPAKTHYECKOE 3HA4YEeHHE MPOOIeMbl OOECIeYeHUS] HUX
Hecyllel CHnocoOHOCTH TPYIHO TNepeoleHuTb. HemnpepslBHO pacTyT TpeOoBaHUS K
HaJIe)KHOCTU U MaTepuanoeMkoct I 'T/I, Bce 6oee KECTKUMU CTAaHOBATCS yCIOBHS pabOThI U
PEXHUMBI 3KCIUTyaTallMOHHOW Harpy >KEHHOCTH.

IIpu cozganum HOBbIX [T mnpuXOmuTCS CTanKMBaThCS C HEOOXOAMMOCTBHIO
obecriedeHnss MaKCUMAaJIbHOTO pe3epBa IMPOUYHOCTH KaKIOH JAETaad C Y4YeTOM YCJIOBUM
HKCIUTyaTallui ¥ KOHCTPYKTUBHBIX OCOOEHHOCTEH.

Heab padoTsl. [loBpilieHne kauecTBa JIONAaTOK Hanpasisitoniero anmnapara [T/ 3a cuer

ONTHMHU3ALMHU €€ T€OMETPUUYECKUX TapaMETPOB.

B pabote pemaercss panx 3aaad, KIHOYEBBIMH U3 KOTOPBIX SABISAIOTCS: ONpeEiesieHHUE
YCIIOBHI CHJIOBOTO HArpy>kKeHHs JIOMATOK ra3oTypOMHHOTO JBUTATelNsl B pabOuMX peXuMax,
CO3/IaHHE TBEPAOTEIBHONW M KOHEYHO JJIEMEHTHOM MOJEIM TUIIOBON KOHCTPYKIMH JIOIIATKH
ra3oTypOMHHOTO JBUTATENsl, WCCIEOBAaHHE HAINpsKEHHO-IePOPMHUPOBAHHOTO COCTOSTHHS
JIOTIATKY Ta30TypOUHHOTO JABUTaTElIs 10 U MOCJE ONTUMHU3AIMHI UX T€OMETPUUECKON MOJIEINH,
pa3zpaboTka peKkoMeHAalui 0 COBEPLICHCTBOBAHNIO KOHCTPYKIHH JIONAaTOK ra30TypOUHHOIO
JIBUTATEJISI.

B kauecTBe MCXOJHBIX JAHHBIX NPUHUMAIOTCS F€OMETPUUECKHE MapaMeTphl JIONATKH
ra3oTypOMHHOTO [JBUTaTessl, €€ KOHCTPYKLMS, MaTrepuall, U3 KOTOPOro H3rOTaBJIMBAETCS
JIOTIaTKa Ta30TypOMHHOTrO JABUraTessl. 3ajjauy pelarTces ¢ moMoulbio nporpaMmmbel ANSYS.

HaunOonee Harpy>keHHbIMM JA€TaIsIMU Ta30TypOMHHBIX ABUTaTeNed, OMPENENAIOIIMMU UX
pecypc, SBISIIOTCS JIOTIATKH POTOPA TYpOHHBIL.
[TpodunbHast yacTh U XBOCTOBHKH JIONIATOK KPOME PACTSKEHHS M M3ru0a OT HEHTPOOEKHBIX
CWJ, U3rudba MU Kpy4yeHHusl OT ra3oBOTO IMOTOKA HCHBITHIBAET NEPEMEHHbIC HANpPSIKEHHUS OT
BUOpAIMOHHBIX HArpy30K, YacToTa M AaMIUTUTyAa KOTOPBIX HW3MEHSIOTCS B IIHPOKHX
npejenax, a Takyke OT TEIUIOBBIX HAarpy3ok. B 3ToM citydae Temneparypa Ha Jionatkax nepBoi
crynean TypOunsl gocturaer 1200°C. Bo Bpems paOoThI ABUTATENs] BXOAHAS W BBIXOJHAS
KPOMKH JIOTIATOK HArpeBalOTCs M OXJIAKIAIOTCA 3HAYUTEIBHO OBICTpEe, YeM CpElHss 4acTb
nonatky. [Ipy 3ToM Ha BXOIHOM M BBIXOJITHOM KpPOMKaX JIOTIATKH BO3ZHUKAIOT HAIPSKEHUS CKATHS
(mpu HarpeBe) U pacTsHKeHUS (TIPU OXJIKICHUN).

Kpome Toro, nonarku TypOHHBI paOOTarOT B YCIOBHSIX arpecCHBHOM Ta30BOHM Cpempl MpU
BBICOKOM TeMIIepaType, YTo MOKET BbI3BaTh MX a30BYI0 KOppo3uio. Haxossich B 3ambUIEHHOM U
BJIQKHOM BO3JIyIIIHOM TOTOKE, JIOTIATKH TO/IBEPratoTCsl MOCTOSSHHOMY BO3/ICHCTBHIO a0pa3HBHBIX
YaCTULL, OTYETO BXO/IHBIE U BBIXO/IHbIE KDOMKH M3HAIIIMBAIOTCS.

B cBsi3u ¢ u3nokeHHbIM, 1711 00ecriedeHnss He0OXOAMMON JOJITOBEYHOCTH JIeTajel U B
1EeJIOM paboTOCIIOCOOHOCTH JIBUraTeneil K KOHCTPYKUMSM JaHHBIX JeTallell IpeabsBISIOT
Takue TpeOoBaHuUs, 00eCrieueHNe KOTOPBIX BO3MOKHO TOJIBKO IPU peasiu3ali CHeHaIbHbIX
TEXHOJIOTMHA. TeXHOJIOTHsI M3rOTOBJICHHS JIOTIATOK OMpPENENseTcss UX IeoMeTprdecKoi (opMoi,
CBOICTBaMHU Marepuaia U yKa3aHHbIMU SKCILUTyaTal[HIOHHBIMU CBOMCTBAMU.
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[lepo nomaTku MMEET CIIOXHYIO MPOCTPAHCTBEHHYIO (POPMY C MEPEMEHHBIMH IO JIIMHE
PO QUISIMH TIOTIEPEYHBIX CEUCHHIA.

B nanHOM citydae nomartka 3aKperusieTcs MTHHIPUIECKONW YacThio, Ha BBIMYKITYIO YacTh
niepa JionaTku aercryet nasienue 15000 Ia.

B kauecTBe MCXOJHBIX JaHHBIX NPUHUMAIOTCS TCOMETPHUYECKHE MapaMeTphl JIOMATKH
ra3oTypOMHHOTO IBUTATeNsl, €€ KOHCTPYKIMSA, MaTepHajl, M3 KOTOPOTO M3TrOTaBIMBACTCS
Jomarka ra3oTypOMHHOTO JBUTaTens. Marepuan JIOTAaTKW HampaBISIOLIErO ammapara —
TUTaHOBBIN ciuiaB BT3-1.

UucneHHBI  aHaNM3  METOJOM  KOHEYHBIX  3JIEMEHTOB  SIBIACTCS  METOAOM
OpUOIKEHHOTO — PEIIeHUs] 33134, KOTOpble HEBO3MOXKHO WIHM  CJOXHO  PELIUTh
AQHAJIMTUYECKUM ITyTeM. B ero ocHOBE JI€KUT MPUHIUI Pa30MeHHs CIUIONIHOW HEPEPhIBHON
Cpeabl Ha KOHEYHBIE AJIEMEHTHI, XapaKTep B3aMMOJCHCTBHUS KOTOPBIX M3BECTEH. Pe3ymbprar
pa30MBKY NMPUBECH HA PUCYHKE 2.

Puc. 1. 'eomerpuueckas Mozieb JONATKH Puc. 2. 'eomeTpuueckas Mojeib
HAIpaBJIAIOIIETo anmnapara JOTIaTKH, pa30uTasi Ha KOHEYHBIEC HIIEMEHTHI

Pe3ynbpTaThl MOMy4YEHHBIX SKBUBAJIECHTHBIX HAIpPSKEHUH 10 U MOCJIE ONTUMU3ALUU
MOKa3aHbl HA PUCYHKaX 3 U 4.

ANEYEZ 5.5.1
NODAL SOLUTION
ETEP=1

. 9SEE+08
< 119E40%
. 143E40%
. 167E409
-191E+09
.215E+09

optimizatsiva lopatki

Puc. 3. DxBUBaJICHTHEIE HAIps>KCHUA 10 ONITUMH3allun
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ANSYS 5.5.1
NODAL SOLUTION
STEP=1
3UB =1
TIME=1
SEQV (AVE)
PowerGraphics
EFACET=1
AVEEZS=Mat
DMX =.408E-03
SMN =.937714
=.208E+09
L 937714
.231E+08
. 462E+08
.692E+08
.9Z23E+08
.115E+09
.138E+09
.162E+09
.185E+09
.Z08E+09

w
=
kY

BOOBO0EN

Optimizatsiva lopathki

Puc. 4. DxBuUBalIcHTHEIE HaMpsKCHUA MOCJIC ONITUMH3allv TOJIIIUHBI

Jlo ontumu3anuu cpeHss TOJIIMHA JIONATKH COCTaBIIsIa:
(0.4039 +0.9454) + (0.6226 + 0.3957)

=1.1838mm
2
[Tociie onTUMU3aIUU CPEAHSIS TOJIIMHA JIOTIATKH COCTaBMIIA:
(0.4376+0.9791) + (0.6563 + 0.429) 195

2

[Ipy 3TOM MakcuMalbHOE HAaNpsHKEHUE 0 onTuMu3auuu coctaBimsuio 215 Mlla, a mocne
ONTHUMHU3ALMHU TOJIIMHBI JIonaTtku coctaBuiio 208 MlTa.
Takum  00pa3oM,  CyIIeCTByeT  BO3MOJKHOCTb  ONTUMH3ALMM  Pa3JIMYHbIX

TCOMETPUUCCKUX TMMapaMCTPOB JIA YMCHBUICHUA Pa3JIUYHBIX HaprDKeHI/Iﬁ 1 IOBBIINICHUA
JOJITOBECYHOCTHU U3 CIINA.

Cnucox Jsmrepatypbi: 1. Jlemun @. WU., Ilponmues H. ., [lwurapes N. JIL.
TexHOIOTHS N3TOTOBJICHUSI OCHOBHBIX JI€TalIel Ta30TYpOMHHBIX JABHTaTeien: Yuel. mocodue.
— M.: Mammnoctpoenue, 2002 — 328 c¢. 2. AnypwseB B. 1. CrpaBouyHUK KOHCTpYKTOpa -
MamuHocTpoutenst. - M.: MamuHoctpoenune, 1980. - T1. 3. PykoBoACTBO 1O OCHOBHBIM
MeToJaM MpoBeAeHus aHaimm3a B mporpamme ANSYS./ www.ans.com.ru — 399 c. 4. bacos K.

A. ANSYS B mpumepax u 3amadax / mox. pen. . I'. Kpackosckoro. — M.:  KommbroTep
[Ipecc, 2002 — 224
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MOJAEJIMPOBAHME ITIPOLECCA OBPA30BAHUSA TEMIIEPATYPHOI'O
I1OJIAA HA TPEINMHE B OBJIACTHU HAIIPSAKE HUA

Boaabipesa O.H., 3psarunuesa A.B., lonxenkoa B.B. (BI'TY, 2. Boponeoxc,
Poccus)

B mpOMBINUIEHHOCTH METaIM4ecKue KOHCTPYKIMH (YHKIMOHHPYIOT B YCIIOBHSX
NPUWIOKEHUs! JOKAJIbHBIX MEXaHMYECKUX HAarpy30K — LUKIMYECKHUX HWJIM CTaTUYECKHUX. ITO
NPUBOJNT K BOSHUKHOBEHHUIO JIOKAJIbHBIX HANPSIKEHUH B MaTepuale, K MOSBICHUIO 1e(EeKTOB
HapyLIEHHUsl CIUIOIIHOCTH M pa3pylLIeHUI0 KOHCTpyKuuid. Ilepexonx OT JOKaJIbHBIX
HaIpsKEHUH K 00pa30BaHUIO JePEKTOB MOKET MPOUCXOIUTh B TEUCHUE KOPOTKOTO BPEMEHH,
HEOCTATOYHOTO Uil MX OOHapy)KEHUs TPAJUIMOHHBIMU METOJaMH HEpPa3pyIIAI0ILEro
KOHTPOJISI, 4YTO NPUBOAMT K CHWKEHUIO HAJEKHOCTU KOHCTPYKUMI. TpyaHOCTH THAarHOCTUKHU
PEaIBHOr0 TEXHUYECKOTO COCTOSIHUSI METAIUIMYECKUX KOHCTPYKLMHI 3aKIIF0YaI0TCs B TOM, UTO
BO3HMKAIOIIME KOHLIEHTPATOPbI HAIIPSIKEHUH HE MPOSIBIISIIOTCS BU3YaJIbHO.

[ToaTOMy 3amaua pa3paOOTKU M BHEIPEHHsS METOJAa ONEPATUBHOTO HEPA3pYIIAIOILEro
KOHTPOJIS CJIO’KHBIX METAIUIMYECKUX KOHCTPYKIMH — aKTyaJlbHa.

IIpn HarpyxeHMM METAJUIOKOHCTPYKIMM B MECTax KOHLEHTPALMHU HaIpsKEHUN
NPOUCXOJNT HMHTEHCHBHAs Jerpaganus Mx ¢ jaedopmarmeii, KOTopas COMpPOBOXKIACTCS
BBIJIeNIeHreM Teria [1-3].

Pacnipoctpanenue Temia B KOHCTPYKLUM NIPUBOJNUT K TOMY, YTO Ha €€ MOBEPXHOCTU
BO3HHKAET CIIOKHOE pacrpesesieHue TemreparypHoro nois (4), dopmanbHO 3adUKCHPOBAB
KOTOpPO€ M pEIMB OOpaTHYK 3aJady HECTallMOHApPHOM TEIJIONPOBOAHOCTH, MOKHO
BOCCTAaHOBUTH pPACIpE/CICHUE HMCTOYHHMKOB TEIJIa M OIpPEAEIUTh I0JIOXKEHHE U pa3Mep
nedexra. OTOT MOAXOJ MOXKET OBbITh IIOJIOKEH B OCHOBY METOJUKM JIUArHOCTHKHU
TEXHUYECKOT'O COCTOSIHUSI METAJUIMUECKUX KOHCTPYKLMNA TETJIOBBIM METOIOM.

DKCIEPUMEHTAILHO TIOKa3aHo [5-6], 4To TeMriiepaTypa METaUTM4ecKoro oOpasia B
obJyacTu macTu4eckoi aedopManuy Mpu pacrpoOCTPAHEHUH TPEUIUHBI MOXET MOBBIIIATHCS
10 70 °C.

B pabGote [7,8] paccMOTpeHO aHATIUTUYECKOE pEIICHHE B KBajapaTypax 3aJauu
HECTALIMOHAPHOM TEIUIONPOBOIHOCTH JAJISi MPOU3BOJIBHOM I'€OMETpUM KOHCTPYKLUH, OJITHAKO
BBIYMCJIEHUE COOTBETCTBYIOIIMX HHTETPAJIOB BO3MOJKHO JIMIIb C TOMOUIbIO YHUCIECHHBIX
MeTo10B. CuTyainusi yCIIOKHSETCS NpU NMPUMEHEHHHM OOpaTHOW 3a/layd HECTallMOHAPHOU
TEIUIONPOBOJHOCTH, I'/I€ AaHAIUTUYECKOE PELICHNUE YJAeTCs MOJYyUHTh JUIIb JUI1 HEOOIBILIOTO
Yyyclla MOJENBHBIX OOBEKTOB, Hampumep OecKOHeYHOW miacTuHbl. lcnosp3oBanue
YHUCIICHHBIX METOJIOB, B CITydae OOBEKTOB CO CII0KHOM F€OMETPHUEH, COTPSIKEHO C OOIBITNMHA
BBIUMCIIUTEIHFHBIMI 3aTpaTaMH, IMO3TOMY Ha NPAKTUKE IMpH peIIeHHH oOpaTHOM 3amadn
(TeroBO# 1eheKTOMETPHH) MPUOETAIOT K PA3IMIHBIM NPUOIIMKSHUSIM.

Jlnist yrpomieHusl MaTeMaTHIecKoro anmapara 0e3 moTepu OOIIHOCTH pEelIeHHs 3ajad,
B LEJSX MOJIy4EHHS JOCTATOYHO NPOCTHIX OLIEHOYHBIX (POPMYJI, JIETKO NPUMEHUMBIX NpHU
NPaKTUIECKOM HCIOJIh30BAHNH TEIIOBOTO KOHTPOJISI, B TOM YHCJIE TETJIOBOH JIe(h)eKTOMETPHHU
METAITIOKOHCTPYKIUH.

Paccmotpum mnmactuueckyro gedopmaiiiio BOJM3M KOHIIGHTPATOPOB HAIPSKEHUH.
Ecnmu Teno umeeT ClIokHyH0 TeoMeTpUYecKyo (GopMy, TO HANpPSHKEHUS] B HEM paclpeiesieHb
HEOJIHOPOAHO 1O 00beMy. J[J1sl KOJMYeCTBEHHONW XapaKTEPUCTUKK BO3pAaCTaHHs HANpSHKEHUI
BBOJIAIT KO3 GUIMEHT KOHIIEHTpAIMK HaNpsiKeHul [3]:

K; =0(r)/o(x), (D
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rae o (o), — HalpsKEHUE B OJTHOPOJTHON YaCTH 00BEKTA.

Konnenrparopom HanpspkeHMA  MOKET — CTaTh  Jii00as  HEOJHOPOJHOCTh B
KOHCTPYKIIMU: CBApHOW IMOB, CTBIK JJIEMEHTOB KOHCTPYKIMU U T.n. Hambonee omacHeIMH
CUMTAIOTCSI KOHIIEHTPATOPHI, BO3HHUKAIOIIME B paiioHE TPEIIMHONOAO0HBIX J1e()EeKTOB,
KOTOPLIC MOTYT OBITH CJICACTBHUCM U3HOCA KOHCTPYKIHUH.

PaccmoTpyM  HM30TpOIIHOE TEIO CO CKBO3HOM TpEIIMHOW. BelpaxkeHue s
HaNpsKEHUH BOJIU3U €€ BEPIIMHBI UMEET CIIEAYOIINI BU:

K

O = ——
v N 27

— TeH30p HampsikeHuil; K— koa(puineHT MHTEHCUBHOCTH HANPSIKEHUI;

Jij (0) + perynspHbie uieHb, 2)

ric o

1']"
0e3pasMepHast (PyHKIHS, HHACKCHI i U j 0003HAYAIOT JEKAPTOBBI KOOPJIUHATHI X U ); 0, 2—
KOOPJAMHATHI TOYKU B TOJSIPHON CUCTEME KOOPJIMHAT.

,Z[JIS'I MOJIYYCHHUA YHCIICHHBIX OILICHOK OIpaHUYIUMCA PAaCCMOTPCHUEM TPCUIUHBL
HOPMAJIFHOTO  OTpPBIBA, /S KOTOPOH KOI(PQPHUIMEHT HWHTCHCUBHOCTH HANPSKECHUN
OTpenensercs ClIeayOUUM BbIpakeHueM [3]:

i

K,=0A+n, 3)
rae o, — JACUCTBYIOIIEE HampspKeHue; [ - pa3mep TpemuHbl. PasMep 30HBI CHHTYJISPHOCTH

cocrasisier npumepHo /50, T.e. mumb 0,2 MM nipu JutnHe TpemHbl 10 MM.

B npupoze He cymiecTByeT MaTepralioB, KOTOpPbIE ObI BBIACPKUBAIA HEOTPAHUICHHO
Oonpume HanpspkeHus. llosTomy BONM3M BEpIIMHBI TPEIIMHBI B pealbHBIX TeIax
NPOSIBISIFOTCS HeNMHEWHbIE 3(P(EeKTh, U MaTepual MepexoauT B IIACTUYECKOE COCTOSHHE.
[InacTudyeckoe TeYeHHE JIOJDKHO MPHUBECTH K «CPE3aHHI0» OCOOCHHOCTH paCHpeIeiCHHUs
YOPYTUX HalpsKEHUH BOJIM3U BEPIIUHBI TPELIUHBI.

B ocHoBe mpeanaraemMoro Meroja TEIUIOBOTO KOHTPOJS JIE)KUT MPEINOJIOKEHUE O
TOM, YTO 3aMeTHas AepopMaliysi, CONPOBOKIAIOLIAsICS BbIJEICHUEM TEIIa, BOSHUKAET B TOT
MOMEHT, KOTIJa JIOKAJIbHOE MEXaHMYECKOE€ HAINpsDKEHUE TOCTUraeT YCIOBHOTO Ipezena
TEKYYECTH O ,,. ITO NPEANOJIOKEHHE NOATBEPKICHO YKCIIEPUMEHTAIBHO (5, 6) U ABIsAETCA
IIUPOKO PACIPOCTPAHEHHBIM B COBPEMEHHOHW TEOpHH YNPYTOIUIACTHYECKOH nedopMariu
TBepAoro Tena. Takum 00pa3oMm, pEerucTpupys TEeMIIepaTypHOE TIOJ€ IOBEPXHOCTU B
NpEI0JIaraéMoOM palioHe TPELIUHbI, MOKHO TI0 aHAINU3Y €ro U3MEHEHHUS OINpeNesTh 001acTu
MEeXaHUYECKUX HANPSHKEHUU U OLIEHUBATh UX BEIUUHHBIL.

PaccmoTpuM  parMeHT METaUIOKOHCTPYKUIMH C KOHIEHTPATOPOM HAmNpsKEHUH,
KOTOPBIM XapakTepusyercs KOd(QQUINEHTOM KOHLEHTpauuu HanpsbkeHuil K, (r), rae x —
KOOp/IMHATa TOYKU Ha MIOBEPXHOCTH (pparMeHTa.

Jns onpenenenns K, (r) HEoOXOAMMO pErHCTPUPOBATH TEMIIEPATypHOE IIOJIE B
npoliecce MOCTENEHHOI0 HarpyKeHusi ucciexyeMoro oObekra. s panpHeWIero aHaiusa
BBE/IEM INPEIIOJIOKEHUE, 4YTO HampsbkeHHe B Oe3geexTHoW uactu (parmeHra o, (f),
M3BECTHO (MO0 C MOMOIIBIO HEMOCPEJCTBEHHBIX M3MEPEHHH, JIMOO Ha OCHOBE PacueTHBIX
JTQHHBIX ).

B6:113u KoHILIEHTpaTOpa HANPSKEHUH MEXAHUYECKOE HaIPsIKEHNE

o (1) = K ()05 (1) 4)
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[Ipun pocTwKeHMM HaNpsDKEHHS B HEKOTOPOM TOYKe BOJM3M KOHIEHTpaTropa
HAINPSKEHUH 3HAYEHUS O ,,, 3/1€Chb HAUYMHACT BBIACHATHCA Temno. O6o3Haumm vepes R(t)

KOOpJAMHATY TOYKH, B KOTOPOW HAUMHAETCS BBIJEJIECHUE TEIUIa B MOMEHT t. OTo
pacIpeesieHue TeEMIEPAaTypbl MOBEPXHOCTU M PETUCTPUPYETCS B IMPOLECCE IMPOBEICHHUS
TEIIOBOTO KOHTpOJisi. Onpenenum Ko3(hHUIMEHT KOHICHTPALUU HAIIPSHKEHHI:

K, (R()) =% 5)

Takum  oOpa3om, i  HAXOXKICHUS  NPOCTPAHCTBEHHOT'O  PacIpeesICHHs
k03 GUIMeHTa KOHLEHTpaluy HanpsbkeHudl K, () JA0CTaTOYHO HArpy3UTh KOHCTPYKLHIO U

¢uKcupoBaTh W3MCHEHHE TEMIIEPATypHOrO IOJII HAa €€ IOBEPXHOCTH, YTO II03BOJIMUT
YCTaHOBUTb 3aBUCUMOCTb R(t).

[Ipu ucronp30BaHUU TpenIaraeMoro crnocoda HeoOXOAMMO YUUTHIBAThH, YTO METaJll
— XOpomMii TNPOBOJHMK TeMJa, KOTOpPO€ OBICTPO PpacHpoCTpaHieTcss H3 00JacTH
KOHLCHTpAIMM HampsbkeHUi B Oe3gedextHyro oOmacte . B pesynbrare BOIM3H
KOHLIEHTPaTOpa HaNpsKEHUH OyaeT HaOJII0qaThCsl MOBBILIEHHE TEMIIEPATyPhI, XOTS PealbHOE
HaIpsKEHUe OyAeT HUXKE TIOPOTOBOTO Oy, .

PaccmoTpuM CIIOM METAJUIMYECKOM IUIACTHHBI, BHYTPU KOTOPOTO MMEETCsS TPEIIMHA
HIMPUHOH d.

[I;mockocTs, rae OHa HaXOAUTCS, EPIICHAUKYJIISIPHA K IOBEPXHOCTH METAILIA.

B pamkax mpeanonoskeHus, NMpH PEUICHWH 3a7add TEIUIOTPOBOJHOCTH, 00JACTh, B
KOTOPOW BBIJEISAETCS TEIUIO, MOYKHO CUYHMTaTh OGCKOHEYHO Majod M HE paccMaTpHBaTh €€
BHYTPEHHIOKO CTPYKTypy. BO-BTOpBIX, 3aMEHUM pe€ajbHyl0 BPEMEHHYI 3aBHUCHUMOCTH
MOIIHOCTH BBIJIEJICHHS TEIIA HA MEAHAP:

0()=0,[0(1)-0(t-7), (6)

rae 6(t)— crynenvaras GyHKIus XeBucania.

Peanbhas 3aBucuMocTh (1) onpesensercs TMHAMUKON HarpykeHust oopasua (puc.1).
Oynkiua (8) mpocTtedmmuM 00pa3oM MOJEIUPYET JUHAMUKY BBIJECIEHUS Tela B 00JIACTH
IUIACTHYECKOM epopmaru. BennunHy T Ha30BEM «IJIMTEILHOCTD TEIUIOBBIICICHUSI.

0 B
A o, A Q A

t t t

0 0

Puc.1. XapakrepucTuku HarpyxeHust oopasia:
a — JMHaMUKa Harpy»eHus; 0 — TerioBblAesieHre B 00aacT qedopmalny;
B — MOJCJIbHas 3aBUCUMOCTDb
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Tak Kak TpemMHA CUUTAETCS OECKOHEYHO Y3KOH, TO OHa HE BIMSIET Ha MPOIeCcC
pacrpocTpaHeHus Temia B Metanie. Kpome Toro, B LENsSX yHpoOILEHUS aHajin3a pacdyeToB
PaccCMOTPUM JIHIIb O0JIACTh TETUIOBBIICTCHUS C MEHTpoM B Touke (x = 0, y = 0). Takum
o0pa3zoMm, 4TOOBI paccuuTaTh TEMIEpPAaTypHOE TMOJ€ % B MeTaule, HAJ0 PpEIIUTh
HECTALIMOHAPHOE yPaBHEHNUE TEIIONPOBOJHOCTH:

d
cp = d—ltl = AAu+ QyB(z —1)(O(2)0(r —r,), (7)
e cp U A — COOTBETCTBEHHO TEIUIOEMKOCTh, IUIOTHOCTE U KoO3(duruent

TEMIONPOBOIHOCTH MeTaiuia; Az — oneparop Jlamaca; » =/ x° + y° .

I[JIS'I peUICHUA OSTOTO0 YPABHCHUA 3adadVM TI'PAaHUYHBIC YCJIOBUA Ha MOBCPXHOCTHU
METaiaia:

du
/IE 2=0 =0 __q, (8)

r1e o — Ko3(pPHUIUEHT TETIOOTIau1 TIOBEPXHOCTH.

BMmecTo HeorpaHW4eHHOTO 00pa3la pacCMOTPUM METAUIMYECKUN IMIUHIpP, YTO
MO3BOJIUT YIPOCTUTh PEIICHUE 3aJa4l TEIUIONPOBOJHOCTH. TaK KaK HEOJHOPOIHAsl 4acTb
ypaBHEHHUs1 OOJaJaeT akcualdbHOW cuMMeTpued. byneM cuurtaTh, 4TO Ha paguaIbHBIX
rpaHulaXx LWIMHApPA TEMIIeparypa paBHO Hymw. Paauyc umnmuHapa R u ero BbeicoTa L
BbIOMparoTcsd OoJblile, 4YeM JMHEHHbIH pa3Mep 00JacTH TIOBEPXHOCTH, B KOTOPOM
HaOJII0JaeTCsl CYLIECTBEHHOE BO3MYILIEHHE TEMIIEpAaTypHOIo NoJbl. PelieHue 3aiaun BHYTpU
IWIMHAPA OOJBLINX pa3MEPOB HE OTIMYAETCS OT PEILEHUs 3aJJa4uM B I10yOECKOHEUHOM CJI0€
MeTasuIa.

Benem 6e3pazmepHbie BETMUUHBL:

_ - _ ar
s=Z 7l Mz;gz )’”Z;LZL;RZE;@:_I’ (9)
pTp cpry Qorp p p A
[Tepenumem ypaBuenue (9) B ciieayroiieM BUIE:
~ 2~ 2~ ~
1 - ~
Ou_Omu 07w 1% o —nee) (10)
of 72 o2 ror
Kpome Toro, HE0OX0AMMO 3a1aTh TPAHUYHEIE YCIIOBH:
_ 7 (L) ou (L
aR)=0, 2 L} | L) ()

VYpaBHenue TermonpoBogHOCTH (12) pemmm METOJOM pasieieHus IepEeMEHHBIX,
NPEJICTaBUB €r0 B CIEAYIOIIEM BUJIE:
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Tfj COS(LEJ; (12)
R L

L
_gi B 2 Ym 2
- = + - =
R L
Tae Koa(p(bHuHeHTH I, nl;,3a0a10TCA CIIEYOLIMMU BBIPAKECHUSAMU:

B R (B B
IZJ( n jdz (fj 2J [f}
Cpo R e\ k) TR ; (13)

rondzm = - . :
f[Jé)(ﬂn)]z B i BuRLT1(By)]

L/2 (mEJJA 4sm(ym]
I 2) . (14)

L
z,m —
L/2 (7m ]dﬁ Ym ™+ Sln(ym)

h)‘

3HAYEHUS Vi - ONPEIEINISIOTCS U3 PELICHUS] TPAHCLEHAEHTHOTO YPaBHEHUS

tanLm = 2% (15)
2 Ym

3navenue B, - HyJb GyHKIMU beccerns HyneBoro nopsaka:
Jo(B,)=0; (16)

CooTHoLIEHUS MCKAYy PCKHUMaAMH MCEXAHUYCCKOIO HArpy>XCHHUd W KOJIUYCCTBOM
BBIJICTIIEMOTO TeIla B OO0JIACTH KOHIEHTPAaTOpa HANPSDKEHMS, YTO JAaeT BO3MOYKHOCTB!
ONpCaACIATE ONTUMAJIBHBIC PCKUMBI MCXAHUYCCKOTO HArpy>KCHUA; OLICHUBATDH O6H3py>KCHI/I€
o0macTeil KOHIIEHTPATOPOB HANPSKEHUH U IEPEKTOB IO aHAJIN3Y TEMIIEPATyPHBIX MOJICH.

Cnucox gutepatypbl: 1. Rittel D. Thermomechanical aspects of dynamic initiation /
Internationl Journal of Fracture 99. — 1999. — P.201-212. 2. Rittel D., Rabin Y.An
investigation of the heat generated during cyclic loading of two glassy polymers / Part II:
Thermal analysis, Mechanics of Materials 32. — 2000. — P. 149-159. 3. Marsuenko HO.T'.
Monenu u Kputepuu MexaHuku paspyiuenus. — M.: ®UMATIIUT, 2006. 3. TemnoBoit
Hepaspywatronuid koutpos usgenuit / O.H. bynagun, A.W. Tloranos, B.1. Konaranos u ap. —
M.: Hayka, 2002. — 472 c. 4. Rittel D. Experimental investigation of transient thermoplastic
effects in dynamic fracture / International Journal of Solids and Structures 37. — 2000.
Bougaut O., Rittel D. On crack-tip cooling during dynamic crack initiation / Intarnational
Journal of Solids and Structures 38. — 2001. — P.2517-2532. 5. TuxonoB A.H., Camapckuii
A.A. YpaBHenus mareMatuueckoit puzuku. — M.: Hayka, 1972.



WHKEHEP, Ne 10, 2009 r. 75

OINPEJEJEHUE OFBEMA BXOJTHOM MH®OPMAIIUHU 1151 CACTEMBI
AJJAIITUBHOI'O YIIPABJIEHUSA TOKAPHBIM CTAHKOM C UIlyY

Boatsan A.B., Boatan M.A., Jlucuukuna A.B. (xap. TM, [JonHTY, 2. [loneyk, Yxpauna)

OnepaTtuBHOE YIPaBIEHUE TEXHOJOTWYECKUMM IIPOLIECCOM H3TOTOBJICHUS JAETaled Ha
crankax ¢ YIIY  3axmouaercs B BbIpaOOTKE  yHPABISIOMUX  BO3ZICHCTBUM,
ONarompusATCTBYIONIMX TMPOTEKAHUIO CaMoro mpouecca. B To ke Bpems, ansi pabodero
nporiecca 00paboTKu 3aroToBoK Ha craHkax ¢ UITY xapaktepHOl 0COOCHHOCTBIO SIBIISIETCS
HECTaOMIILHOCTD, BBI3BIBAEMasi OOJBLIMM KOJMYECTBOM BHEIIHHX BO3MYIICHHH, KOTOpBIC
OPUBOAAT K OTKJIOHEHHIO MAapaMeTpoB OOpabOTKM OT ONTHUMAJBHBIX, MEPBOHAYAIHLHO
3a/laHHbIX B yIpasisitonield nporpamme. C LENbl0 KOPPEKTUPOBKH YKa3aHHBIX OTKJIOHEHUH
PEKOMEHAYETCSl MCIOJIb30BAaTh AJANTHBHYIO CUCTEMY YIPaBICHUS CTaHKOM, KOTopas
MO3BOJISIT PEIIUTH 3a7auy TaK Ha3bIBAEMOU BHYTPEHHEH ONTUMHU3AIUH PEKUMOB 00pabOTKH.

B apmantuBHONM cucreMe ympasieHuss craHkoMm ¢ UIIY TexHosornmueckuil mpoiecc
3aaeTcsl B BUJE AITAJIOHHOM MOJENM MHTErpana CBEpTKH, IJI€ HUMITYJIbCHAs NEepexojaHas
(GYHKIHS BRIYUCIISIETCS] pEeIICHHEM OJHOPOAHOTO nuddepeHIraisHOr0 ypaBHEHHS C yIeTOM
HavyabHbIX ycioBuid, [1]. Tlpu 3TOM omepanuss MHTErpUPOBAHMS BBICTYIA€T B KayeCTBE
CTJIXUBAIOMIETO (UIBTPa BBICOKOYACTOTHBIX IIOMEX B COCTaBe BXOJHOIO CHTHANa, B
KauecTBE KOTOPOT0 PEKOMEHAYETCS MCIOJIb30BaTh MTHOBEHHOE 3HAYEHUE CUJIBI pe3aHus, [2].
B kauectBe mapamerpa peryiaupoBaHusi TokapHoro cranka c¢ UIIY B [3] mpemioxeHo
UCTOJIb30BaTh CKOPOCTbH MIPOJI0JIbHOM MO1auN.

Takum oOpa3zoM, MoJenb OO0BEKTa yNpaBIEHHs B BHUJE HHTErpaja CBEPTKH, C
UCTIOJIb30BAaHMEM METOJIOB OIICHKM ONTHUMAJbHBIX TapamMeTpoB pabodero mporecca s
UMITYJIbCHOH TEPEXOJHON (PYHKIMH, IO3BOJISIET BBIYUCIUTH BBIXOAHYIO T€PEMEHHYIO
(mpooNbHYIO TOJa4yy) MpU JHOOOM HU3MEHEHMHM BEKTOpa BXOJHON MEPEMEHHON (CHJIbI
pe3aHusi) Ha OCHOBE IPUHIMIIOB CYNEPIIO3ULIMHN U CIUIaKUBAHUS BBICOKOYACTOTHOM MOMEXH.
[Tpouenypa KOppeKLUMU 3HaYEHHUSI CKOPOCTHU NPOA0JIbHOMN MO1a4y BBIMOJIHIETCS OJJUHOYHBIMU
UMITYJIbCAMH C COOTBETCTBYIOIIMMU TAKTOBBIMU YaCTOTaMH.

B cooTBercTBUU € yKa3aHHBIM BBIIIE HAM CJIEAYET ONPEIEIUTh HEOOXO0JUMBbINH 00bEM
MHpOpMaLUK U1 CUCTEMBI alaliTUBHOrO yrpasieHus crankoM ¢ YITY. Ilockonbky mpouecc
Ha BXOJI€ B CUCTEMY YIPABJICHUs SBJISETCS CIy4yalHbIM, [4], TO, HCXOJd U3 TOUHOCTH OLIEHKU
KOPPEIALMOHHOW (YHKIUH, HEOOXOIUMBIA 00beM HH(POPMALMK MOKHO OIPENCIUTh TI0
BBIpaXEHUSIM, [5]:

-1, o/. _ 1
Toax = S min s Tp216rmax/5A), T(S——20
fmax
31€Ch Tpgy — MAKCUMAIBHOE CMEIIEHUE; fimin, fmax — COOTBETCTBEHHO, MUHUMAJIbHAS U
MaKCUMaJIbHasaA YacToTa B peanmam/m MFHOBCHHOfI CHUJIBI p€3aHI/I$I; Tp — I/IHTepBaJ'I

CyMMUPOBaHUs (IIPOJIOJDKUTENBHOCTh peanu3anuu); Ts — MHTEpBaJl CKaHUpPOBaHUS (1uar
KBAaHTOBAHUA ); 0 % - TOIyCTHMAs OITMOKa MPU ONPEIeNICHINH KOPPEISIIUOHHON QyHKINH, Yo.
C meneio ompeneneHus 3HAYEHUW MHUHUMAJbHOM W MaKCHUMaJbHOW YacToT B
peanu3alii MIHOBEHHOM CHIJIBI pe3aHus HaMM ObUTM TPOBENEHBI SKCIEPUMEHTAJIbHBIE
uccnenoBanus. Ha TokapHo-BuHTOpe3HOM craHke 16K20 npou3Boauiiocs HapyKHOE TOUEHUE
MCXOJIHOM 3arOTOBKHU U3 KPYIJIOTO MpokaTa auaMerpoM 40 MM. MaTepuan 3aroToBKH — CTajb
45. bbby npuHSTHI CIEAYIONINE PEKUMBbl PE3aHUs: 4acTOTa BPAILECHUS LIMUHJES CTaHKa —
400 o06/mMuH, npojosbHas noaada — 0,2 Mm/00, riiyOuHa pe3aHust — 2 MM. Y CHUJIME pe3aHust
(UKCUPOBATIOCH C MOMOIIBIO OBICTPOJEHUCTBYIOIIErO caMmonuiryiero npubopa. dukcanus
CWJIBI pe3aHus MPOU3BOAWIACH C TIOMOUIbI0 nTuHamomerpa Y JM-600. Ha puc. 1 npusenen
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(parMeHT peanu3anMy 3HaYeHWII MIHOBEHHOW CHJIBI PE3aHUs MPU HAPYKHOU MPOJOJIBHOM
TOYECHUM.

E, /H
1500 e sorssr |
750 i .
o S "
o 7 J = c

Puc. 1. ®parmeHT peanuzalnuy MTHOBEHHOM CUJIbI PE3aHUs

O6paboTKa TMOJYUYEHHOTO HKCIEPUMEHTAJIBHOTO Marepuaia MPOU3BOAUIACH 10
CHEeUMAIFHO  pa3pabOTaHHOW  MporpaMme, IO3BOJIAIONICH  pacCcYUTaTh  HapaMeTphI
HOPMHUPOBAHHOW KOPPEIANMOHHOW ()YHKIIMM W HOPMHUPOBAHHOW CIIEKTPaJbHOM IIOTHOCTH
3a(MKCUPOBAHHOTO TIapaMeTpa, T.e. CHJIBI pe3aHus. B pesymnbrate o0paboOTKH, puc. 2,
YCTaHOBJIEHO, YTO B CHEKTpE YacTOT MTIHOBEHHOW CHIIBI PE3aHUs MOKHO BBIJCIUTH
MUHUMaJIbHY0 YacToTy 0,4 ' 1 MakcuMaipHyt0 yactoty — 6,5 I'i.

She 0,04 -
0,03 A
0,02 A
0,01
w, pagl/c
0 T T T T 1
0 10 20 30 40 50

Puc. 2. HopmupoBanHas cnekTpajibHasl INIOTHOCTh MTHOBEHHOM CHJIbI pEe3aHus

Takum oOpazom, mpuHAB 0% = 5%, MOXHO pacCUMTaTh MAPAMETPHI,
XapakTepu3yromue o0beM BXOJIHON WH(POpPMAIMU ISl CUCTEMBI aJalTUBHOTO YIIPABJICHUS

TOKapHbIM cTankom ¢ UITY: 7, >2.5¢, T, 28,0c; T; =0,014c.

Cnucoxk autepatypsbl: 1. 3axunoB b.A., AroroB P.X. AnropuTMbl MOJETUPOBAHUS U
yIpaBJIEHUs] TEXHOJIOTMYECKUMU Mpoueccamu. — Tamkent: @an, 1989. - 116 c. 2. Crapkos
B.K. OOpabotka pe3anweM. YmpaBieHHE  CTaOWILHOCTBIO W KA4eCTBOM B
aBTOMATU3UPOBAHHOM Tpou3BoAcTBe. — M.: Mam-nue, 1989. — 296 c. 3. ApantuBHas
cucrema ymnpasiieHuss TokapasiM ¢ UITY crankom/ TopobGerny M.A., Tomy6o H.B., Bonrsa
A.B., Orunckuii A.I'. // IlporpeccuBHble TEXHOJOTMH M CHUCTEMBbl MAIIMHOCTPOEHUS. —
Houneuk: JorI'TY, 2000. — Beim. 11. — C. 192-195. 4. T'opoben U.A., llIa6an K. [TapameTpsl
peryMpoBaHusl aJlaliTPOHHBIX CUCTEM TokapHbIX cTaHkoB // U3ectus TPTY — HdouHTYVY.
Marepuaiel Tperbero MexayHapOIHOIO HAYYHO - NPAaKTH4eCKOoro cemuHapa «lIpakTtuka u
NEPCNEKTHUBbI PAa3BUTH MHCTUTYLIMOHAJILHOTO napTHepcTBa». B 2-x kH. — Taranpor: U3n-Bo
TPTY, 2002. — Ku. 2. — C. 47 — 53. 5. CononosuukoB B.B. Crarucruyeckass quHaMHKa
JIMHEWHBIX CUCTEM aBTOMAaTHUYECKOro ynpasieHus. — M.: ®uszmarrus, 1960. — 656 c.
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TEXHOJIOT Sl IOCTPOEHUS JIOTUKO-BEPOSITHOCTHBIX MOJIEJIEN
CUCTEM

A.C. boponun, A.P. Emeassinenko, I'.A. Kpamuuna, /1.1, Jlanmun (xag.
TOI'O4YC BI'TY, 2. Boponearc)

OO0muit noruko-BepossTHOCTHBIN Meron (OJIBM) BkmouaeT B cebs cCleayromiue
yeThipe dTana [1,2]: 1) noctaHoBKa 3a7a4i MOJIETUPOBAHUS ITyTEM MOCTPOEHUS CIIEHUATBHOM
CTPYKTYpHOH cxeMbl (yHKUMOHAIBHON nenoctHocTH (COLL): 2) ompenenenue JTOTUIECKOM
¢ynkmu pabotocnocodbnoctTn cuctemsl (PPC); 3) mocTpoeHMe MHOTOYICHA pPacyeTHOU
BeposiTHOCTHOU (yHKmu (B®d); 4) BblumciIeHHE BEPOSTHOCTHBIX MOKa3aTeield CHCTEMBI.
CoBpeMeHHast TeopHsi U TeXHOJIOTHs aBToMatu3upoBanHoro OJIBM [3-6] ocHoBbIBaeTcs Ha
PYYHON CTPYKTypHOH IIOCTaHOBKE 3aJaud MOJEIMPOBaHUA, IMyTeM mnocTpoeHus COI]
uccienyeMorm  cucreMbl.  Bce  mocnegyromme  3Tambl  ONPENCNIEHUS  PacueTHBIX
MaTEMaTHYECKUX MOJENEN (JIOTMYeCKON M BEPOSITHOCTHOM) BBINOJIHSIOTCS aBTOMaTUYECKH C
nomombio OBM. Jlns storo pa3zpaboTaHbl CIEIMANbHBIE MPOTPAMMHBIE KOMIUIEKCHI
aBTOMAaTU3UPOBAHHOTO CTPYKTYpHO-1oruyeckoro moaenuposanus (IIK ACM) [7].

TexHonoruto aBTomarusrupoBanHoro OJIBM npowsurocTpupyeM IpocThiM IPpUMEPOM
MOCTPOEHHUS MaTeMaTHYECKUX MOJeNieil 0e30MacHOCTH, aBapuu U PUCKA THUIMOTETUYECKOTO
y4acTka xese3Hou gqoporu (k.a.). COI] cucrems! npuBeaeHa Ha puc. 1.

OHa COCTOWT M3 TATH JIOTUYECKU CBS3aHHBIX OMHAPHBIX COOBITHI: ¥1- U3JIOM pelbCa,
r;- TpeaMeT Ha penbcax; i3 Oe30TKazHas paboTa HMHAMKATOpa H3JI0Ma pEbCa; ¥4
CBOEBPEMEHHOE BKJIIOYEHHE MAIIMHUCTOM TOPMO3HOM CHUCTEMBI MOE3/a; 4=~ O€30TKa3HOCTh

TOPMO3HOM CUCTEMBI, T/€:

o=y 1= 4
Ve = Ta Va — Xa
- - .t I | B
Ya= Xy- M Yy =iV
TV = Xy e VW vgl =XV T (1)
Ve — Xge ) V- T VL
Vg =1 ' Yg = ¥ v
Vi = - W Ve = I.-I-'I"-
Homom pemca
o]
U
@ E‘}-ﬂ,g
/u 1
FENORA PETEEA
Fesorarwocrs

7 y '

B=6.999 R=o.599\3:i- 7 <

{ Sy

A O O M
B p-0.1

s e
Dpeser o i i
W& pETERCAN KManpmeer bt

Puc. 1. Cxema ¢pyHKIIMOHATHHOM 1IEIOCTHOCTH CUCTEMBI 0€30TTaCHOCTH, aBapHUU U
pHUCKa yyacTKa jKeJIe3HOU T0pOoru
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ITompoGHOE omicaHne MOCTAHOBKHU U PYYHOTO PElIeHHs OAaHHOI 3a[a4dll IIPUBEICHO B
[4]. 3mech MBI OCTAaHOBHMCS Ha TEXHOJIOTHYECKMX acmeKkTax mcmonb3oBanus OJIBM mms
ABTOMATHYeCKOTO IIOCTPOSHHS HECKOIBKNX BHIAOB MAaTeMaTHYeCKHX MOJeNell CHCTeM,
CTPYKTYPBl KOTOPBIX MOTYT OBITh IpEeACTAaBIEHBl C IIOMOIIBID ammapara CXeM
(YHKIIHOHATBHOIT IIeTTOCTHOCTH.

Texnonorus aBTomMaTH3npoBaHHOTO aHamuTHYecKoro OJIBM mpenmycmatpuBaeT BBOLI
B OBM CQ@II cucremsl, BEpOITHOCTHBIX [MAPAMETPOB €€ 3JIEMEHTOB U JIOTUYECKOTO KPUTEPHT
HCcCIelyeMoro peknMa ee (YHKIHOHHpPOBaHUSA. B mpumepe KpurtepueM Oe30MacHOCTH
gBnseTcd BbIXomHAd (yHKuuS y-. [amee, ¢ momompio IIK ACM [7], aBTOMaTH4ecKn
dopmupyroTcs normdeckads OPC M MHOTOYIEH pacyeTHOH BepOSTHOCTHON (YHKIINH
0e30MacHOCTH:

“I

VER W o mgedgtmg W EsovEg v g )

T

C nmomomtpro OJIBM MOKXHO aBTOMAaTHYeCKH MMOTY4YaTh JIOTHYECKHE H BEPOSITHOCTHBIE
MOJeTH OOIBIION Pa3sMEPHOCTH, 10 HECKOIIBKHX COTEH U ThICAY CllaraeMbIX. B oTimyme ot
KIIACCHYECKHX MOHOTOHHBIX JIBM, oOmmMil JIOTHKO-BEPOSTHOCTHBI METON pPeaTu3yeT
(GYHKITMOHATIBHO TOJNHBEIT Hadop omepanmii amredper norukn "H", "WJIN", "HE". D10
MO3BOJISIET ABTOMATHYECKH CTPOHWTh KaK BCe BHABI MOHOTOHHBIX, TaK M HOBBIH KIacc -
HEeMOHOTOHHbIE AHAMUTHYECKHE MOIENN CHCTeM IPOU3BONBHON CTPYKTYphl (puc. 2). B
HacTodlee Bpems B aBToMartusupoBaHHOM OJIBM peamm3oBaHBl CIEOVIONINE HOBBIE
BO3MOKHOCTH MOJIEIHPOBAHUS.

Yder B BEpOSTHOCTHOI MOJENH CHCTEMBI Pa3IHYHBIX 3aKOHOB paclpefeleHHs
BEpOSTHOCTEHl ee »IeMeHTOB (SKCIIOHEHIMAIbHBIN, HOpMalbHBI, Beiidymia-I'HegeHKo
Ip.).

1. Pacywer mokasateneili pOMM  OTHENBHBIX AJIIEMEHTOB B  ONpeNeleHHH
0OIIECHCTEMHOI BEPOSTHOCTHOI XapaKTePUCTHKH:

g, —Pylupn B, — L) — Palupu B — [) — 3HQUUMOCTB;

R, = !glmpw 4 =1) 1% — HONOKHUTENbHBIT BKIAL; 3)

TF — oTpHLATeNbHBII BKIAL;

Ha PHC. 2 I[IPUBCACHEBI Tp‘d(l)HKH 3HAYNMOCTH 3II€MEHTOB B 00ecIieueHne 0e30MacHOCTH
PaCCMAaTPUBACMOTI0 YHACTRA ..

5000
. _ _ _
0 T -
& & Q
(8) <0
5000 o e@ & S
N K O & o
v N N
-10000 - - L
-15000 -

Puc. 2. Tpatl)mc 3HAYNMOCTH 3JIEMEHTOB B 00ecIeucHIe 0e30IMacHOCTH
PacCMaTPUBACMOI0 YHACTKa JKeIe3HOIl Joporu
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2. Yder rpymnn HecoBMeCTHBIX (3aBUCUMBIX) coObITHI (THC) M MHOXECTBEHHBIX
(Oompbiie BYX) COOCTBEHHBIX COCTOSIHUMA 3JEMEHTOB cuUCTeMbl. OH OCHOBBIBAETCS Ha
HECKOJIbKMX CHENUATbHBIX (HOBBIX) 3aKOHAX areOphl JIOTUKH M TMPAaBWIAX BBIYUCIICHUS
BEpPOSITHOCTEN:

Ecma =, -5, — T, TO:

"..T:"*"}‘-.'.. =1:4)
;rJ[;':-"u' 3'I.-_]= L NS
v ¥ -F1-1-(P+P
Tak, ecii TOMyCTUTh B paCCMaTPUBAEMOM IIPUMEpPE, YTO UCXOHBIC COOBITHS % U *2
HECOBMECTHBIE (¥ - ¥y = U), TO BEpOSITHOCTHASI MOJIETN 0€30MaCHOCTH (2) U3MEHUTCS:
Pe— A=t —1—PF —F. — R P-PP.P.+ P PP — (093354 (5)
VYyer T'HC mno3Boimmi CyLIECTBEHHO MOBBICUTH KAaueCTBO MOJEIMPOBAHUS U
pacmputh o0O0JacTb MPUMEHEHHS TEXHOJIOIMH aBTOMATU3UPOBAHHOTO AHAJIUTHUYECKOTO
OJIBM.
TexHosorus aBToMaTU3UpOBaHHOTO craTucTudeckoro OJIBM mpenycmaTpuBaeT BBOJ
B OBM Ttex xe ucxoansix aanHeix (CPLI, mapamerpos anemenToB u JIK®), ogHako nanee, ¢
nomotpio [IK ACM [7], aBromarndecku popmupyercs MMUTALMOHHAs (CTATHCTHYECKas)
MOJIeNIb HCCIEAYyEeMOW cucTteMbl. B Hacrosmiee BpeMs pealn3oBaHbl JBa MOAXO0Aa K
aBTOMAaTH3aLMU MPOLECCOB JIOIMKO-BEPOSITHOCTHOTO MOCTPOEHHSI CTATUCTUYECKUX MOJAeNeit
cucreM. llepBblli NOJAXOJ OCHOBBIBAETCS HAa TaK Ha3bIBAEMOM JIOTMKO-CTaTHCTHYECKOM
metone (JICM) akamemuka WM. A. Psgbmrmna. B JICM u OJIBM mepBble 1Ba 3Tama
COBIQIAOT. B pesynbrate Qopmupyercs siBHas aHanuTudeckas Qopma sormaeckuii OPC
(marmpumep (1)). [anee ona paccmaTpuBaeTcs Kak OCHOBA, JUIsl OpTaHU3alUM MPOBEICHUS
MAaIIMHHBIX CTATUCTUYECKUX UCHBITAHUM U MOJYUYEHUs] OLIEHOK BEPOSITHOCTHBIX IOKa3aTesei
uccreayeMorr  cucreMbl.  Takum  oOpaszom, B JICM wHckioYyeHa HEOOXOIUMOCTH
ABTOMATHYECKOI'0 MOCTPOEHUS (MHOTAA OYEHb I'POMO3JKHX!) MHOTOWIEHOB pacueTHbIXx BO.
Bropoii noaxoa 0CHOBBIBAETCSI HA TaK Ha3bIBAEMOM HTEPALMOHHOM JIOTUKO-CTaTUCTUYECKOM
metone (MJICM), paspabotanneiM nonieHToM A.O.AnekceeBbiM [3]. B MJICM uckmoueHa
HEOOXOAUMOCTh SIBHOTO TIOCTpoeHuss Ha OBM Bcex aHaIUTUYECKUX MOJEIeH - W
MHorowieHoB B® u nornueckux ®PC. IlomyueHue o1ieHOK BEPOATHOCTHBIX XapaKTEPUCTHK
cucreM B MJICM ocCHOBBIBaeTCs Ha CrIEUUAbHBIX MAIIMHHBIX MPOILEIypax CTaTUCTHYECKOTO
pemieHuss JOObIX (MOHOTOHHBIX M HEMOHOTOHHBIX) CHCTEM JIOTUYECKUX YpaBHEHMH,
3anaBaemMbix COPI] (cm. Hampumep puc. 1), U pacuera 3HAYUMOCTH BCEX DJIEMEHTOB. Tak, C
nomoupto MJICM peanuzoBaHHOro B [7], ObUIM MOJy4Ye€HBI PE3YJbTAaThl CTATHCTUYECKOTO
BEPOATHOCTHOTO aHaiMW3a 0€30MacHOCTH ydwacTka k.. £ — 099024, »f — —0,09288,

£a= 000881, e¢g= 007347, 5, =0,16583, =2 — 1,71/ /i<, DTH pe3ysbTaThl COITIACYIOTCA C
AQHAJIMTUYECKUMHU pElICHUsIMH 3a7auu (cM. (2) u puc.2).

Texnonorust aBTomatuzupoBanHoro OJIBM mnocTtpoeHuss MapKOBCKHX MOJEeH
CUCTEM IEpBOHAYabHO Obula pa3paboTaHa JUId pacueTa YCIOBHBIX 3aKOHOB JKHBYYECTH
CUCTEM K BO3JCHCTBHIO HAa MX DJIEMEHTHI Pa3JIMYHBIX MOCJIEJOBATEIILHOCTENH MOpaXarolux
daktopoB [2]. Beu1 aBTOMATH3MPOBAH CaMBIl TPOMO3JIKHH W TPYAOEMKHI MPOIECC

noctpoenus, Ha ocHoBe COLl u JIK®, camoii umenu MapkoBa, T.e. rpada nepexoaoB
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COCTOSIHUII CHCTEMBI U BCeX NOMYyCTHUMBIX IepexonoB. B OJIBM MHOKecTBO MapKOBCKUX
COCTOSIHHIT ~ pabOTOCIMOCOOHOCTH  CHCTEMBI  OMpeNeseTcs IyTeM aBTOMATHYECKOTO
npeodpaszoBanns Jorndeckoit ®PC B coBepllieHHYIO MU3BbIOHKTHBHYK HOPMATbHYIO (GopMy
(COIH®). 3areM, Ha OCHOBe CHeIHAIbHBIX MPaBHI MMOPA3pSIIHOTO CpPaBHEHHS Tap
KOHBIOHKITHI monmydeHHol CJITH® aBTOMaTHYeCKH OMpEeNeNsStoTCs AOMYCTHUMbIE JTOTHYECKHE
byakmm  mepexomgoB  (JIOII) Mekmy MapKOBCKHIMH — COCTOSHUSMH — CHCTEMBI N
pacCUHTBHIBAIOTCS HX MapaMeTpbl. Hampumep, mOpaBmiIa MOPa3psSIHOTO CpPaBHEHUS

mepeMEeHHBIX 417, — x;4x) KoHpOHKINT CJH® normdeckoii @®PC mmg  ompedeneHns
nepeMeHHbIX + .0 — 12,..,4, JIII® §5., MeXIy COCTOSHMAMH £ = %; memn MapkoBa s

HEBOCCTaHABINBAEMEIX CHCTEM, CJIeIYIOMIIE:
Ecm &[] — =&k} 1o @, — #,- -1, - HE TIOpaKeHHe JIeMeHTa i

Ecmi ;00 = §,7%), TO #,, — 4 1. - HOPAKEHHE dJIEMEHTA iy,

Ecm 070 = S{x), TOo 2, — i@, 1 - DIeMeHT x; yiKe mopakes; Ecmu £,77) = x, %)

.

, TO § 2 — 5+ 0 - 3JIeMeHT X; He BOCCTAHABIINBAETCH. (6)

ITocTpoeHHas mo yKazaHHBIM IIpaBIUIaM MapKOBCKas Iienb cuctembl, COLI KoTOpoii
IpHBe/ieHa Ha puc. 1, XxapaktepusyeTrcs 13-10 KOMOHMHATOPHBIMH MapKOBCKIMH COCTOSTHHSIMU
Oe3onmacHOCTH U 70-F0 JOMyCTHMBIMH IEepexXoAdaMH MeXAy ATHMH COCTOSHHSIMH. [IpaBimna,
aHaToTu4yHble (4), W COOTBETCTBYIOIE MAIIMHHBIE MPOTpaMMBbl pa3padoTaHbl s
HECKOJIBKHIX BHIOB IOpakaromux BosgeiicTeuii, cucteM ¢ ['HC u BoccTaHOBIEHHEM
aneMeHToB. TexHomorugs OJIBM mocTpoeHmns mnemeii MapkoBa I03BOJSET ITOJHOCTBIO
ABTOMATH3UPOBATh MPOIECCHl MTOCTPOSHHE MPAKTHYECKH BCEX H3BECTHBIX BHIOB H KIIaCCOB
TUCKPETHBIX M HEMPEePBIBHBIX MApKOBCKUX M MOTYMAapKOBCKHX MOZENel cHcTeM OOJbIIOI
Pa3MEepHOCTH, COCTOSIHHS KOTOPBIX OIHCHIBAIOTCS KOHBIOHKIMSMH HPOCTBIX JIOTHYECKHIX
epEMEHHBIX.

Texnomorusg aBromatmsupoBaHHoro OJIBM 1mocTpoeHHs Mojeneil peanbHOI
s dextuBHOCTH. CrocodHOCcTh OJIBM CTpOHTh HEMOHOTOHHBIE MOSNH YCTOIYHBOCTH
(HaZIeKHOCTIL, JKUBYYECTH I 0€30IacHOCTH) E BIepBbIe MO3BOMMIA O0BEIMHNTh STH MOIEIH C
MHOKECTBOM  [PYIHX,  CIEeNUHATbHBIX  MOJENeH,  XapaKTepH3YIIHX  YCIOBHYIO
>¢ddexTuBHOCTD E; QyHKIMOHIPOBAHNA CICTEM B PA3IMYHBIX COCTOSHMAX [2,5] .

;o T e
W, = E-‘:'_F:':I-.rj'_.-' E_, (?)
3nech M- KommdecTBO oOacTeil COCTOSHHII B KOTOPBIX CHCTeMa (DYHKIMOHHPYET ¢
pasHOIl >dQeKTHBHOCTBIO E:, a E- BEPOATHOCTh HAXOKIEHNS CHCTEMBI B 3THX COCTOSHIIAX

ompenensercds apromarudeckun I[IK ACM. Torma W,- MareMaTH4ecKoe OKHUIAHUE
3P PEKTUBHOCTH CUCTEMBI C YUETOM €€ YCTOITYHBOCTH.

5000
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S &R
&) & <0
-5000 _\F’F Qey & &‘]& 0¢:~
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-15000 -

Puc. 3. I'paduk 3HAUUMOCTH 3JI€MEHTOB 110 PUCKY CHCTEMBI
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OueHuM ¢ MoMouIbio (5) pUCK aBapuM Ha pacCMaTPUBAEMOM B MPUMEPE YUACTKE XK.I.
JlJist 3TOTO JOIMyCTHM, YTO aBapus MO MPUYWHAM OJHOBPEMEHHOTO BO3HHUKHOBECHHS H3JI0Ma
penbca U mpeamera Ha penbcax oueHuBaerca B 15000 ye. mocnepyromux 3arpar, aBapus
TOJIBKO U3-3a m3noma penbea - 10000 ye., a Toyibko u3-3a mpenMera Ha penbcax - 5000 ye.
Torna, peanbHBIIl PUCK 3aTpaT BCICICTBUE aBapUM HA yYacCTKE JK.JI. MOXKHO aBTOMATHYECKU
oneHuTsh, ¢ nomouisto ITIK ACM 1o kpureputo
W, = 5000 - BAT. - v -v.) + 10000 - B(F, -4y -T5) = 5000 -

-
-

Err- g -vad =l (8)
Texnonoruss  aBromarusupoBanHoro  OJIBM  anammza  cereBbIX  CHUCTEM
npeaycMaTpUBaeT MOCTPOCHUE MAaTEMaTHYECKHUX MOJENed TakuX OOBEKTOB, B CTPYKType
KOTOPBIX JIOJDKHBI YUWTBIBaTbCS HE TOJBKO KOMOMHALMM, HO M IIOCJEI0BATEIbHOCTH
AJIEMEHTApHBIX COOBITHI BO BpeMeHH. Takue KOMOMHATOPHO-TIOCIIETOBATEIIBHBIE MOEIN
MOTYT UCHOJb30BaTbCsl MpPU PEIIEHUM 3aJad YyueTa HEHAJS)KHOCTH MEPEKIIOYAIOIINX
YCTPOWCTB, NpHU IMOUCKE HA MHOKECTBE pPEIICHUI, CHUHTE3€ ceTeBble IUIaHbl U Ap. s
ABTOMAaTHU3aIMM TMPOLECCOB MOCTPOCHUS IMOCIEN0BATEIbHBIX MOJeNeH (yHKIHMOHHPOBAHUS
cucteM notpedoBanack pazpaboTKa CHEUUAIBHBIX MPAaBHJ IMOCTPOCHUS M 3alUCH (YHKIIHN
anreOpel  storukd. KomOuHaTtopHO-mOCnenoBaTenbHON  siBisercs, Hampumep, DOPC ().
[IpencraBnseT MHTEpEC MPOTHBOIOJIOXKHAS KOMOWHATOPHO-TIOCIEAOBATEIbHAS JIOTHUECKAs
MO/IEJIb aBapUU YUACTKA K. 1.
R TR ERE T £ R R PV E SR TS TR At SR S S 9
Oyukuust (9) Qopmupyercs aBTOMAaTHYECKH W TIPEACTABIAET BCE BO3MOYKHBIC
MUHUMaJIbHble KOMOMHALIMU U TOCJIEA0BATEIbHOCTH COOBITUH, MPUBOASIINE K XK.JI. aBapUH.
OTO MO3BOJIAET MCHOJB30BaTh TEXHOJIOTHIO aBToMaTu3upoBaHHoro OJIBM He Tosbko A
BEPOATHOCTHOTO aHajin3a 0€30MacCHOCTH, HO U JJISl YNpaBiIeHUs] 0€30MaCHOCTHIO B PEAIbHOM

Macitabe BpeMeH! (YHKITMOHUPOBAHHS CUCTEMBI.

Cnucok Jaurtepatypbl:l. Moxae A.C. OOmmii JOTrMKO-BEpOSATHOCTHBIH METO]
aHaM3a HaJeKHOCTU CTPYKTYPHO CIIOKHBIX cucteM. Yd. noc. JI..BMA, 2000 r. 2. Moxaes
A.C. CoBpeMEHHOE COCTOSIHUE U HEKOTOPBIEC HAIIPABIICHUS Pa3BUTHUS JIOTUKO-BEPOSTHOCTHBIX
MeTO10B aHanmm3a cucteM. B ¢6.: Teopust m mHDOpMaMOHHAs TEXHOJIOTHS MOJCITHPOBAHUS
6e3omacHocT cnoxHbIX cucrteM. [lon pemakmmeirn M. A. Psa6unnna. [Ipenpunt 101. CIIG.:
NIIMAIIIPAH, 2002, C.23-53. 3. MoxaeB A.C., AnekceeB A.O. ABTOMaTU3MpOBAHHOE
CTPYKTYPHO-JIOTHYECKOE MOJICITMPOBAHNE W BEPOSATHOCTHBIA aHAIM3 CIOKHBIX CHUCTEM. Tam
xe, Ilpenpunt 104. c. 17-42. 4. MoxaeB A.C. ABTOMaTU3MPOBAaHHOE CTPYKTYpPHO-
JIOTHYECKOE MOJICTIMPOBAHNE B PEIICHUH 33]]a4 BEPOSTHOCTHOTO aHajM3a 0€30MacHOCTH. Tam
xe, [Ipenpunt 110 c. 16-38. 5. Mozhaev A.S. Theory and practice of automated structural-
logical simulation of system. Intemational Conference on Informatics and Control
(IC1&C'97). Tom 3. St.Petersburg: SPIIRAS, 1997, p. 1109-1 II 8. 6. Moxae A.C.
@opManm3Mbl 1T aBTOMATH3AIMK  JIOTUKO-BEPOSITHOCTHOTO ~ MOJICIIMPOBAHUSA, TpY.IbI
cemuHapa "KoMIbIOTEpHBIE CHCTEMBbl HWHTEUIEKTYaJlbHON MOJAEPKKA MOJEIUPOBaHU"
CI16.: CIIMUPAH, Jlenskcmno, 1999, -12 ¢. WEB-caiit Jlenakcno: http: //www.ienexpo/ru. 7.
MoxaeB A.C., AnekceeB A.O. I'pomoB B.H. ABTOMaTH3MpOBaHHOE JOTMKO-BEPOSITHOCTHOE

MOJICTMPOBAHNE TEXHUYECKHX cucteM. PykoBoactBo mosb3oBarens IIK ACM, Bepcus 5.0.
CII6.: BUT'Y, 1999.
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INEPCIIEKTUBbI IPUMEHE HUSA CTEKJIOINVIACTHKOB B COBPEMEHHbBIX
KOHCTPYKIHUAX

Bappaaunsu 10.C., Poiounckas T.A. (kagpeopa mexanuxu, TTU FODY, 2. Tacanpoe, Poccus)

CrexomiacTik  00J1a7aeT MHOTMMH O4eHb IICHHBIMH CBOWCTBAMHM, JAIOUIMMH €My IPaBO
HAa3bIBATECS OJTHAM M3 MaTepHasioB Oy/IyIIiero. Y IefbHbIH BeC CTeKIIOIACTUKOB KoJeosercs ot 0,4 no 1,8
1 B CpeIHEM cocTaBisier 1,1 T/eM’. IT0 JeNaeT CIeK/OIIIACTHK 0COOEHHO YIOOHBIM [T IPHMEHCHIS Ha
TpaHCTiopTe. DKOHOMUSI B BECE HAa TPAHCTIOPTE TIEPEXOIUT B SKOHOMHUIO SHEPIUH; KPOME TOTO, 32 CYET
YMEHBIIICHHS BeCa TPAHCTIOPTHBIX KOHCTPYKIMH (CaMOJICTOB, aBTOMOOWIICH, CYOB W T.IL) MOYHO
TIOBBICHTB HX TIOJIE3HYIO HAIPY3Ky 1 3a CYET SKOHOMHH TOIUTUBA YBEJIMIUTH ATy C JICHCTBIL.

CTeK/IOIUIacTUKN  SIBISIFOTCS.  TPEKPACHBIMU  AJICKTPOMBOJMIIIMOHHBIMA ~ MarepyajiaM  [pU
UCTIOJTE30BAaHUH KaK TIEPEMEHHOTO, TaK M TIOCTOSHHOTO TOKa. CTeKJOIUIACTHKM Kak JMAJISKTPUKA
COBEPIIICHHO HE TOABEPTAIOTCA 3JIEKTPOXUMIYECKOH Koppo3ur. OHHM CTOMKH K Pa3IMIHbIM arpeCCHBHBIM
cpeziam, B TOM YHCIIEe U K BO3ACHCTBHIO KOHIICHTPHPOBAHHBIX KUCTIOT U 1ienioueit. [Ipu cBoem HeboJIbIIoM
VACNBHOM BeCe CTEKJIOIUIACTUK O00JaaeT BBICOKUMHU  (DMBUKO-MEXaHMIECKHMMU  XapAKTEPHCTHKAMU.
Hcronp3yst HEKOTOpBIE CMOJIBI M OTIPEIENiCHHBIE BHBI apMUPYIOIINX MareprajioB, MOJKHO TIOJyYHTh
CTEKJIOIUIACTHK, TI0 CBOMM TPOYHOCTHBIM CBOMCTBAM TPEBOCXOSIIIMIA HEKOTOPBIE CIUIABHI IIBETHBIX
METaJIIOB U CTaJIN.

CymiectByer MHOTO CIIOCOOOB M3TOTOBJICHHMS! CTEKJIOTUIACTHKOBBIX W3/ICIHH, OOJBIIMHCTBO W3
KOTOPBIX Tpe0yeT MUHUMAIIbHBIX BJIOYKEHHH B 000pY/I0BAHNE.

VY KaKI0ro Marepuana ecTb CBOHM JIOCTOMHCTBA U HEIOCTAaTKU. M13-3a TOTO, UTO y CTEKIIOIUIACTHKA
JIOCTOMHCTB B Pasbl OOJIBIIIE YeM HEIOCTATKOB, OH TOJTYYHIT CTOJTb IIMPOKOE MPUMEHEHHE TIPAKTHIECKH BO
BCeX c(hepax JesTeNbHOCTH yeroBeka. OIHAKO €CTh HECKOJIbKO OOIIMX HEJIOCTATKOB Y CTEKJIOIIIACTHKA,
€CIIM MBI PAacCMaTPUBAEM BOTIPOCHI MPUMEHEHNSI AJIETEPHATUBHBIX MAaTepalioB: ciadasi IBHOCOCTOMKOCTH;
HU3KUI MOJTyJIb YTIPYTOCTH, YyBCTBUTEIIBHOCTh K MPOLECCY M3TOTOBJICHMS U K PEKUMY TOCIIETYOILEH
OKCIUTyaTallNK; AHMBOTPOIIHMS TPOYHOCTHBIX, YIPYTHX W APYTHX CBOWCTB; T€TEPOTEHHOCTH CTPYKTYPBI,
CTIOCOOCTBYOIIIAsT YCKOPEHHOMY TPOHUKHOBEHHEO BHEIITHEH CPEIbl B MaTepHaIbL.

CBoiicTBa KOMIIO3UTHBIX MarepyasioB Ha OCHOBE CTEKJIOIUIACTHKA 3aBUCAT KaK OT XapaKTEPUCTHK
HAITOJIHHTEI 1 CBSBYIOIIETO, TaK U OT CToco0a MBTOTOBJICHMSI CTEKJIOTUIACTUKA. VI3MEeHssl OpHreHTaIio
BOJIOKOH, MOJKHO B IIHMPOKUX TIPENENiax pEryJIMpoBaTh MEXaHMYECKHE CBOMCTBA CTEKJIOTUIACTHKOB.
Haubospiuell mpoyHOCTHI0 U JKECTKOCTHIO O0MafA0T CTEKJIOIUIACTUKY, COJIEPKAIlie OPUEHTUPOBAHO
PacroioyKeHHbIE HETPEPHIBHBIE BOJIOKHA.

BonbIielt mB0TpoIHel MEXaHNUECKUX CBOMCTB 00JIQMAr0T CTEKJIOTUIACTUKH C HEOPUEHTUPOBAHHBIM
PacTioNo’KeHWEM BOJIOKOH: TPaHYJIMPOBAHHBIE U CITy TAHHO-BOJIOKHHICTBIE TPeCC-MaTeprabl; MarepHasbl
Ha OCHOBE DPYyOJICHBIX BOJIOKOH, HAHECEHHBIX Ha ()OPMy METOIOM HAIBUICHHS OJHOBPEMEHHO CO
CBSBYIOIMM, M HA OCHOBE XOJICTOB (MaToB). M3 CTEKJIOIIIACTHKA MBIOTABIMBAIOT KOPITyCa SIXT, KaTepoB,
TPeOHBIX JIOJIOK, THIPOIMKIIOB, MAJOMEPHBIX CyZOB, CIIACATENBHBIX IUTONOK; MauThl M HAJICTPOMKH 13
CTEKJIOIUIACTHKA;, pe3epByaphl, oOTeKaten, Oy ¥ Jpyroe OOOpYyIOBAaHME W3 CTEKJIOIUIACTHKA.
CTerIoIIacTHK MCTIONB3YETCs /I M3TOTOBJICHHS TIOJKPBHLIKOB, OaMIIEpOB, HAKITATIOK, JIEMEHTOB Ky30Ba,
(yproHoB, OAara)KHUKOB HA KPBIMH, KaOWH. Tarke CTEKIOINIACTHK WCTIONB3YeTCS B W3TOTOBJICHUH
TIepe/IHIX W 33IHMX TIAHENeH Ky30BOB aBTOOYCOB, TPOJUIHOYCOB, TPaMBAcB; SJIEMEHTOB BHYTPEHHETO
MHTEPBEPA.

Hcxonst U3 BBILIEHBIIOKEHHOIO, MOXKHO CJIEJIATh BBIBOJ, YTO B COBPEMEHHOM TEXHUKE U ObITY
CTEKJIOIUIACTHKM Pa3/IMYHBIX MapOK HAaXOIAT BEChMa INMPOKOE TMPUMEHEHHE, YTO OOBSICHIETCS HX
JIOCTATOYHO XOPOILIMMH MEXaHUIECKUMH CBOMCTBAMY B COYETAHNH CO CPABHUTEIIBHO HUBKOK CTOMMOCTHIO,
Ha TIOPSIIKA MEHBIIIEH, YeM Y TPAIMIMOHHBIX METAINTMYECKHX KOHCTPYKIMOHHBIX MATEPHAJIOB.
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AHAJIN3 COBPEMEHHOI'O COCTOSAHUA CTPYKTYPHOI'O 1 TEXHOJIOI'MYECKOI'O
OBECIIEYEHUA INTPOLECCOB M3I'OTOBJIEHUA JIOITATOK KOMIIPECCOPAT'T/T

BacbroBexmii A.H. (JlonHTY, . [loneyx, Yxpauna)

Pecypc ¥ HaneXHOCTh aBHALMOHHBIX JBUIATEICH B OCHOBHOM OIPENECIBIFOTCS  HECYILEH
CTIOCOOHOCTHIO  JIOTIATOK ~ KoMmIpeccopa  (puc. 1), sBISFOIIMXCS  HAWOONiee OTBCTCTBCHHBIMU U
BBICOKOHATPY’KCHHbIMU ~ JIETAIIMY, UCIIBITHIBAOIIMMY B TIPOLIECCE  SKCIUTyaTallil  3HAYMTEIIbHbIC
3HAKOIIEPEMEHHbIC M LIMKJIMYECKHE HAIPY3KH, KOTOpbIC BO3ICHCTBYIOT HA HUX C OONBIIMMU YacTOTaMU.
Jlonatku KomIpeccopa camas MaccoBasi, BBICOKOHATPYXKEHHA M OTBETCTBEHHAs JCTalb ABHUALMOHHOIO
mpuraressi. OCOOSHHOCTBIO JIOMATOK KOMIIpeccopa SIBIKIETCST TO, YTO OHHM TIEPBBIMH BCTPEYAIOTCS C
MHOPOJTHBIM TeJIOM (IITHLIA, TPaJl U JIP.), IONIABILIMM B TPAKT BUTATEIS.

Pricku, 3a00MHBI, SPO3UOHHBIC TIOBPSKICHUS U JP. NE(EKTbI 3HAYUTEILHO YBEIMIMBAIOT YPOBEHbD
JIOKTHHBIX BHOPOHAMPSKEHHH, YTO PE3KO CHIDKAET TPOYHOCTHBIC XAPAKTEPUCTUKH JIOTIATOK. [losromy
CO3MIaHME OJATONPUSITHOTO COYETAHWsI CBOWCTB TIOBEPXHOCTHOIO CJOS HA (DMHMILIHBIX OT/IETIOYHO-
VIPOUHSTFOIIHX OTCPAISIX OKA3hIBACT OOJTHITIOE RIMSHKE HA TIOBBIIICHHUE HECYIICH CTIOCOOHOCTH JIOTIATOK
I'T]1. AkTyasnbHO 3a/1adei SIRISIETCS OTICHKA BISTHEESI TIOBEPXHOCTHOTO JIepOPMAITMOHHOTO YTIPOYHEHHS HA
YIApHYHO POYHOCTb JIOTIATOK IPH COYAAPEHUH C IOCTOPOHHUMH IPEMETAMHU.

———

Puc. 1. Ilprmepbl KOHCTPYKLIHI JTONATOK KOMIIPECCOpa: &) ¢ XBOCTOBUKOM THIIA JIACTOUKHH XBOCT; 0) €
AHTHBHOPAIMOHHBIMH MOJIKAMU; B) € IIAPHAPHBIM XBOCTOBHKOM; T') C TpaNelieUIATBHBIM XBOCTOBUKOM

B Hacrostitiee Bpemst py M3MOTOBJIEHHH JIOTIATOK KOMITPECccopa LIMPOKOE MPUMEHEHHE TOyYHII
METO/IBI TIACTHYECKOTO JIe(hOPMHUPOBAHKS M MEXaHIYECKOH 00pabOTKH, a TAKKE KOMITIEKCHBIE TEXHOJIOTHH
Ha (PMHUIIHBIX OTIEpaIsIX TEXHOJOTHYECKoro mporiecca (BrOpoadpasuBHas 0OpaboTKa; Y IIBTpa3ByKOBast
00paboTka rmapukamu; [ THeBMonpodecTpyiiHast 00padoTka; MarHUTHO-a0pa3MBHOE TIOJMPOBAHKE).

Taroke Ha CETOAHSIIHMN JEHb aKTyaJabHOW MPOOJIEeMOM SIBIIETCS TOBBIIIEHHE W3HOCOCTOMKOCTH
JOTIATOK KoMIIpeccopa. B cBsizu ¢ 3TiM Bee Ooree MMPOKOE MPUMEHEHHE TIONy9FITH Pa3iIidHbIC BHIIBI
KOMIUIEKCHBIX TEXHOJIOTHI — HAHECEHHE TUIa3MEHHBIX TOKPBITHI B COUETAHUU C PA3IMUHBIMU OTIETIOUHO-
YIPOUHSFOILIMMU METO/TAMUL.

Henbto aHHOM paboThl SIBJBSIETCS MOBBIIEHHE JOTOBEYHOCTH M Ka4ecTBa JIONATOK KOMIIpeccopa
I'TJI 3a cuyer COBEPIICHCTBOBAHMS CIPYKTYpPHOTO M TEXHOJOTMYECKOTO OOECIEUEeHsI TPOLIECCOB
VBIOTORNEHMs Jonatok komrpeccopa I'T/I. B cootBeTcTBIM € NOCTaBIIEHHOH 1IENBIO B pabOTe TUIaHUPYETCS
pelnTh  CIEMYIOIIyI0  3aady: TIPOBECTHM aHaM3 COBPEMEHHOIO COCTOSIHMSL — CIPYKTYpHOIO U
TEXHOJIOTYECKOTO 00ECTIeYEeHHs IMPOLIECCOB MBTOTOBJIEHKA JlonaTok Kommpeccopa I T/1.

Jlonatku I'T]l paboTatoT B YCJIOBMSIX BBICOKUX TEMIIEPATyp, JOCTUTAIOLIMX Ul TypOUHbI CBBIILE
1200 °C, mm xommpeccopa cBbitie 600 °C. MHOTOKparHoe MBMEHEHHE TeIUIOBBIX PEXMMOB PabOTHI
JIBUTATellsl - OBICTPBI HArpeB B MOMEHT 3aIlyCKa M OBICTPOE OXJIAKICHHE TIPY OCTAHOBKE JBUIATEI -
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BbI3bIBACT [IUKITHYECKOE MBMEHEHNE TEPMIUECKHX HAIPSDKEHHIH, XapaKTepu3yeMoe KaK TeTUIoBast yCTaoOCTh.
Kpome 31010, mpodhibHas yacTh mepa M XBOCTOBUK JIONATKW, TOMHMO PAaCTSDKCHUS M m3ruda or
ICHTPOOSKHBIX CHJT, ¥BTHOA M KPYTAILETO MOMEHTa OT CKOPOCTHOTO Ta30BOTO TOTOKA, HCTIBITHIBAIOT
3HAKOTICPEMEHHBIC HAIPSHKSHKS OT BUOPALIMOHHBIX HATPY30K, AVMILTUTY/IA M YaCTOTA KOTOPBIX FBMEHSFOTCS B
IIMPOKKX TPETIeTiax.

HanesxxHocTs paboThl pabounx JIOTATOK KOMITPeCCopa M TYpOMHBI 3aBUCHT HE TOJBKO OT HX
KOHCTPYKTHBHO#M TIPOYHOCTH, COTPOTUBIICHMS IIMKITMISCKIM U JUTTEIIBHBIM CTATHYECKUM Harpy3Kam, HO
OT TEXHOJIOTMH X WB3TOTOBJICHFSI, KOTOpask HETOCPEICTBEHHO BIMSIET HA KAYeCTBO TIOBEPXHOCTHOTO CIOSI
XBOCTOBUKA U TIepa JIONATOK. B TOBEPXHOCTHOM clioe 00pasyroTCsl KOHCTPYKTUBHBIE 1 TEXHOJIOTMYECKHE
KOHIICHTPATOPbI HANPSKEHHUM, OH VICTIBITHIBACT BISIHHC HAKICTA M BHYTPECHHUX OCTATOYHBIX HANPSKSHHIA
OT MEXaHMIecKOU 00paboTku. Kpome Toro, MOBepXHOCTHBIN CIIOW TIOABSPracTCsl BO3ICHCTBUIO BHEIITHHAX
HAIPy30K, [PU OCHOBHBIX BWIAX HAIPSDKEHHOIO COCTOSIHUS (M3rHOe, pacTsDKEHMH, KPYUEHWH) BHEIIHEH
Ccpertbl. DTH HeraTUBHBIE (PAKTOPBI MOTYT MPUBECTH K Pa3PyIICHHEO JIOTIATKH, U, CJIEIOBATEIBHO, K BHIXOTY 13
CTPOSi Ta30TYPOMHHOTO JIBUTaTesIsl.

[pomssoncteo somarok [T/l 3aHMMaeT 0co00€ MECTO B aBHAIBUIATENIECTPOCHUH, YTO
00yCnaBMBaeTcst poM (HaKTOPOB, TIIABHBIMH M3 KOTOPBIX SIBTIOTCS:

®  CJIOKHAs reoMeTpHyeckast (Jopma repa 1 XBOCTOBHKA JIOTIATOK;
BBICOKas TOYHOCTb M3TOTOBJICHIS,
TPYMEHEHHE JIOPOTOCTOSIIINX MATEPHATIOB, TAKHX, KaK JISTMPOBAHHbIE CTAJIM U THTAHOBBIE CILIABB,
MaCcCOBOCTb IPOU3BO/ICTBA JIOTIATOK;
OCHAIICHHOCTh ~ TEXHOJIOTMHMECKOTO  TPOLIECCa  JIOPOTOCTOSIIIMM  CHCIMATM3UPOBAHHBIM
000py/I0BaHHEM;
®  BBICOKas TPYAOEMKOCTb H3TOTOBJICHHSL.
Jla mpomsosctea onarok [T/ Ha ceromHsHMiA IEHb XapakTepHbl CIICAYIOIIME BUIbI MEXAHUYECKOM
00paboTKY:
NPOTATHBAHKE,
(pesepoBanme;
BATHLICBAHNE;
TIOJTMPOBAHIC,
BHOPOTIOJIMPOBAHKE FITH BUOPOIIITH()OBAHNE,
TepMOoOOpadoTKa.

[oBbiiieHHbIE TPEOOBaHKST K TOUHOCTH HCTIOJIHEHUS! OTIIEBHBIX JIEMEHTOB JIETaliell M COOpOYHBIX
€IIMHMILI, K KAaYeCTBY TIOBEPXHOCTE M COCIMHEHHUI OMPENEIIN CIIEIYIOIME OCHOBHBIE HAIPaBJICHUS
COBEPITICHCTBOBAHMSI TEXHOJIOTMMECKHX TPOLIECCOB MPOMBBO/ICTBA.

1. Co31aHue HOBBIX M COBEPIIIEHCTBOBAHME TPAIUIMOHHBIX METOI0B NMOTYy4YeHUs] 3aroTOBOK:
OTIMBOK W3 JKAPOTIPOYHBIX CIUIABOB C HAINPABJICHHOW KPUCTAIUIMAIMEN WM MOHOKPHCTALTHUECKUX
OTIMBOK B OOOJIOYKOBBIE (JOPMBI TIO BBIIUIABISIEMBIM MOZIETEIM U1 (DOPMUPOBAHFST OSCTIPHITYCKOBBIX
3arOTOBOK T0 TPy JUB JIOTIATOK TIEPBBIX CTYIMEHEH TypOWHBL, CO CJIOKHBIMU TIPOCTPAHCTBEHHBIMU
TIOBEPXHOCTAMU M3 TPY/IHOOOPa0AaThIBAEMBIX MaTepHasioB, TOJYYEHHBIX TOPSIMM JehopMHpOBaHHEM
MAaTepUATioB B YCJIOBWSIX CBEPXIUIACTHYHOCTH; JIOTIATOK C BBICOKOM TOYHOCTHIO Tpomisl Tiepa it
PATUYHBIX CTYTIEHEN KOMIIpeccopa ¢ UCTIOJBE30BaHNEM BBICOKOCKOPOCTHOM IIITAMITIOBKH JIOIIATOK TOpsTUei 1
XOJIO/THOM BaJTBIIOBKH; IIITAMIIOBKOM B 3aKPBITHIX IIITAMIIAX; KOJEI] OOJBIIINX JUAMETPOB C MAJION TOJIIIMHOM
CTEHKH PACKATKOM MPH HEMPEPHIBHOM HATPEBE 30HBI PACKATKI TOKAMH BBICOKOM YacTOTHI; OJMBKHX K (popme
TOTOBOM JIETAJIM C WCTOJIB30BaHKMEM 3(heKTa CBEPXTEKYUeCTH Marepuasi, METOaMU TIOPOIIKOBOW H
TPaHYJILHOM TEXHOJIOT U

2. Co3nanue HOBBIX U COBEPIIIEHCTBOBaHME TPATUIIMOHHBIX METO10B 00pPa00TKH 3ar0TOBOK:
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Ja3epHON  00paboOTKM  JieTalield M3 TPy/IHOOOpadaThIBaGMbIX MATEPHANIOB, MMEIOIIMX KYPHYIO
TOHKOCTEHHYIO KOHCTPYKLIMIO BBICOKOM TOYHOCTH; BBICOKOTOYHON CBAPKH 3alOTOBOK M3 TOHKOJIMCTOBBIX
MaTepurasioB [T KPYITHOraOapUTHBIX KOHCTPYKIIMH; 3JeKTpoXuMIHeckor 0opadotku (3XO0) mMateprasioB
npr (POPMHPOBAHMH CJIO’KHBIX TPOCTPAHCTBEHHBIX TMPOQIWIEH 3aroTOBOK; AJIEKTPOUCKPoBOM (DM) u
anexTporMIyIbcHOH (DVIM) 00paboTKH [Tl TIOITyUYeHHsI OTBEPCTUI MATIOTO JMaMeTpa B HKApOIPOYHBIX
TUTAHOBBIX CIUIABAX; YIIBTPa3BYKOBOM 0OpabOTKY s MHTEHCU(DUKAIY MPOLIECCa PE3AHMST METAIUIOB MPH
TOYCHNH, IUTU(OBAHIH, HAPE3AHHUH PE3B0, a TAKKE B TIPOLIECCE COOPKH M KOHTPOIIS KA9eCTBa MPOIYKITU;
JiehopMAITMOHHO-Y TIPOUHSTOITICH 00pabOTKH MOBEPXHOCTEH ACTAICH.

3. Ucnoss3o0Banue U co3aHKe HOBOIO 000pY10BaAHUSA U OCHACTKH
IS POM3BOICTBA leTasieil coBpeMeHHbIX I T/

MHOTOLIEJIEBOTO 00OPY/IOBAHKSI C YUCIIOBBIM IMPOTpaMMHBIM yTipasiieHreM (UITY ), raMMbI CTaHKOB Jist
9X0-, BU-, DUM-MeTonoB 00pabOTKK 3ar0TOBOK; YHHBEPCATHHO-COOpHBIX Tpucriocotmermii (YCIT) -
YCTAHOBOYHBIX KacCeT 7151 OPUEHTUPOBAHKS 3arOTOBOK B TEXHOJIOTHYECKOM CHCTEME.

4. Coznanue u NpHMeHeHue BbICOKOTOYHbBIX MeTo10B KOHTPOJISA U
YCTPOIiCTB TEOMETPHIECKHX TIApAMETPOB JICTaJIey, KayecTsa TIOBEPXHOCTEN,
Ka4yecTBa Marepuajia 1 3JIEMEHTOB COSIMHEHHsI COOPOYHBIX €IMHHLL, ONTHKO-3JIEKTPOHHBIX OSCKOHTAKTHBIX
YCTPOICTB ¢ mprdopamu ¢ 3apsiiHoi cesi3bro ([13C) st KoHTpors 1 xpaHerns B amsiti DBM (akTraeckix
3HAUEHW TIApaMeTpoB JieTalied W COOPOYHBIX —€IMHWIL, JIa3PHBIX YCTAHOBOK JUUBI  KOHTPOJI
TPYAHOIOCTYTHBIX M BBICOKOTOUHBIX 3JIEMEHTOB JETaiel M COOPOYHBIX EIMHULL, YHUBEPCAIBHBIX U
CIEIMATBUPOBAHHBIX KOOpAMHATHO-IBMepHTeNbHbIX MaivH (KUM) ¢ UITY; Hepazpy1aronmx MeToioB
KOHIPOJI Ul OLIEHKM KauyecTBa Marepyana M COEIMHEHW; KOHTPOJIbHO-MBMEPUTENLHBIX 3JIEKTPOHHBIX
TOJIOBOK /1715 KOHTPOJIS1 KauecTBA 3ar0TOBOK U YTIPABJIEHHS TEXHOJIOTUECKUM TIPOLIECCOM M T.J1.

5. PasBrTie TeXHOJIOTHIA 110 CO3IAHMIO TEPMOCTOMKHX M TepMOOAPbePHBIX MOKPHITHI
AeTalieil BLICOKOHATPY:;keHHOro Tpakra I'T/1:

IUIA3MEHHOTO HAIbUIEHNS MHOTOCIIOMHBIX TOKPBITHIA; AJIEKTPOHHO-TyYEBOM TEXHOJIOTVX TIPH CO3/IAHAN

TEPMOCTOMKUX — TIOKPBITWI;  BaKyyMHO-IUIB3MEHHOTO  HANbUICHWMS MHOTOCIOWMHBIX — TOKPBITHIL

TEPMUMECKOTO YTIPOYHEHHS] MHOTOCTIOHMHOTO KePaMIYEeCKOTO TIOKPBITHS U T.1.

Taxum 00pazom, OOJIEITIOE 3HAYEHKE B PEIICHHH TPOOJIEMbI 00ECTICIEHHS peCypca U HAJISKHOCTH
aBramvonHbiX [ TJ, a Take co3manHust JBUratesied  HOBBIX TIOKOJICHMH HMECT —pazpaboTKa,
COBEPIIICHCTBOBAHUE U CO3[AHME HOBBIX TEXHOJOTHHUECKHX TPOLIECCOB, METOMIOB OOpPabOTKH JeTaiel U
000py/10BaHVEs1, KOTOPbIE MOBBIILIAIOT HE TOJIBKO MPOM3BOAMTEIIBHOCTb, HO M KAUECTBO MBTOTOBJICHHS.

[losiBrieHre COBpEMEHHBIX TUIIOB M MOJIM(MKAIMI aBHALMOHHBIX JBHUIATeSied HENPEPBIBHO
COTIPOBOYKIAETCS. HOBBIMM  KOHCTPYKTOPCKFMHM PEILICHHSIME, BJIEKYIIMMH 33 COOOM TEXHOJOTMYEeCKHe
TpyAHOCTH. 111 X CBOEBPEMEHHOTO MPEOJIONEHUS M COKPALLICHUS pa3pbiBa MEKIY <«IICATTBHOI, C TOUKU
3pEeHMs] KOHCTPYKLIMM, U «PEANTbHOI), C TOUKH 3pEHMsI TEXHOJIOTMM M3IOTOBJICHUS JIETAM, HEOOXOIMMO
AKTFBHO BHEJPSITH B MPOM3BOJICTBO TIPOTPECCHBHBIE METOIBI MEXAHHYECKOH M OT/IEIIOYHO-YIPOYHSIOIICH
00pabOTKH.

Crmcox iureparypst: 1. Jlemun @. U, Tlponrues H. /1., Hlurapes U. J1. TexHonorvs M3rotoBIeHust
OCHOBHBIX JIeTasiel ra30TypOMHHBIX JBUraresieid: Yued. nocodve. — M.: MammHoctpoenue. 2002. — 328 ¢
ui. 2. borycnaes B. A, fuenko BK., Ilpuruenko B.®. TexHomnornyeckoe odecriedeHre 1 pOrHo3upoBaHre
Hecytelt ciocooHoctu Aerarert [T/, -K.: M3natenbckast pupma «Manyckpurm, 1993.-332¢. 3. borycraes
BA, Suenko BK., Xemamox ILJI[, Ilyxamsckas I'B. ITlanenxo [IB., benr BII Ornenouno-
yrpousstroiiasi 0opadbotka neranerd ['T]] — 3aropoxbe, . OAO «MotopCuay», 2005 1. — 559 c. 4.
Cky0Oaueckuii I'. C. ABHAIMOHHBIE Ta30TYpOMHHBIC IBHrAaTesId: YUYEOHHK /I CTYJICHTOB aBHAIMOHHBIX
By30B. M.: ManmHoctpoenue, 1969—544 c. 5. http:/wwwnfimz.nw/lopatkihtm OAO «Hapo-Domunckuii
MAIIMHOCTPOHTENBHBIA 3aBo» Kommpeccoprbie sonarku [T/ 6. http//wwwanfimzaw/lopatkihtm JI.1.H.
HOpuit  EmceeB, renepanmphblii mupekrop OHIIL MMIIIT "Camot", IlepcniekTvBHBIE TEXHOJOTUN
npomsBozicTBa Jorarok ['T/1.
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PA3PABOTKA DKCIIEPUMEHTAJbHOM YCTAHOBKH JIJIS
MEXAHHUYECKOI'O OBE3BOKHUBAHUS PACTUTEJIBHOM MACCBI

Bucnobokosa A.B., YBanoB C.A., SIkoBaeB H.A. (kagh. MAIIIT, JI'TYV, . Pocmos-Ha-
ony, Poccus)

OnHuM 13 6a30BBIX MPOLECCOB TEXHOJIOTHU BIAKHOTO (DPAKIIMOHUPOBAHUS SBIISETCS
MeXaHuueckoe 00e3BOKMBaHME. Ha 3TOM 3Tame MpOUCXOIUT pa3[esieHHe PacTUTEIHHOTO
MaTepuaga Ha KHIKYI0 (COK) W BOJOKHHUCTYIO (3koM) dpakimm. [Tpu sToM oTxkaras macca
IIUPOKO HCIIOJIB3YyeTCS B MallbIX (PEPMEpPCKHUX XO34HMCTBaX, Kak 3€NICHbIi KOpM OHa
3aKJIa/IbIBACTCS B CEHAXX WJIM CYIIUTCS Ha BBICOKOTEMIIEPATypHBIX cymmikax Thurna ABM c
noclieIytotei nepepaboTkol B MyKy, TpaHyJIbl I OpUKEThI. 3eJIeHbI COK J00aBIsIeTCS B
palmoHbl CBUMHEW H nTHUIBL. Manble (epMepcKkue XO03SiCTBAa HCTBITHIBAIOT HEXBATKY
00opyaoBaHusS Manol mpousBoguTenbHOCTH. [Ipece mpousBoauTensHOCTEIO 350-500 Kr/9ac
MoT ObI 00eCreunTh X0341iCTBa COOCTBEHHBIM LIEXOM I 0OECTIEYeHUSI KOPMaMH KHBOTHBIX
[1].

Hcxons w3 storo, mepen Hamu Obla TIOCTaBJIeHAa IENb — pa3paboTaTh MIHEKOBBIN
npecc MPOU3BOIUTENBHOCTHI0 Q=350 Kr/dac 1ist OTKHMa coKa U3 3eJIEHOM MacChl parica.

Co3annio IIHEKOBOTO Tpecca MPeaNIecCTBOBAIN CTATUYECKHE HKCIEPUMEHTAJbHbIE
UCCIIEIOBaHUS TI0 00€3BOXKHMBAHHUIO 3€JIEHONW MAaccChl parca Ha KOMIIPECCHOHHOM kamepe. B
XO0JIe ITUX HCHBITAaHUH OBUIO BBISBICHO, YTO HAaWMOOJBIINNA BBIXOJ COKa 00ECHEeYMBAIOT
cilenyrolue mapaMeTrpbl pabodero oprana. [laBmenue mpeccoBanusa 3,5 < P < 5 Mlla,
JMaMeTp OTBEPCTUI JPEHUPYIOLIEro KOHTYpa 3 MM U CKOPOCTh BpallleHus mHeka 4 < n < 13,
00/MuH.

Hamu paspaboran 1mHekoBblii mnpecc (puc. 1), KOTOpbIH OpPHEHTUPOBAH Ha
00€3BOKMBAHUE 3€J€HOM Macchl panca. OTIMYUTENbHOW OCOOEHHOCTBIO 3TOTO IIpecca
SBIISIIOTCS.  KOHCTPYKTHBHO-KMHEMAaTHYECKHE TapamMeTpsl (pabouee [aBleHHME, YacToTa
BpallleHHs1 ITHEKa, AMaMEeTp OTBEPCTUH JAPEHUPYIOLIETO KOHTYypa), KOTOpble 00OCHOBAaHBI
ucxoast u3 GU3NKO-MEXaHWIECKUX CBOMCTB 3eNEHOM Macchl parica. Beibop parica B kauecTse
OCHOBHOTO MaTepHajia CBSI3aH C TIOCTOSTHHO yBEJINYHMBAIOIIUMUCS TIOCEBHBIMHU IUIOMIAISIMU U
BBICOKO! MUTATEIbHOU LIEHHOCTBIO JAHHOM KyJbTYpHI [2,3].

| \&

fulo C-_: Xomg

Puc. 1. Cxema sKkcriepuMeHTaJIbHOTO IITHEKOBOTO Ipecca
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Pabounii opran mHekoBOro mpecca (puc. 2) COCTOUT M3 LMJIMHIPHYECKOTO IITHEKa
NepeMeHHoro mara 1, 3eepHOi KaMmepbl 2 M Jpoccenss 4, yCHUiMe 3alupaHusi KOTOPOIo
peanusyercsi IOCPEACTBOM NPY>KUH S5 U peryiaupyercss BUHTaMu 6. J{7s 3arpy3ku MCXOJHOTO
MaTepuaaa IMeeTcs MPUEMHBIN maTpyook 3. OTKaThIi 3eEHBINA COK cOOMpaeTcs B MKOCTH 7
U yJnajsercs uepe3 oTBepcTue BHU3Y cOopHuka. XKom, mocne BbIxoja u3 paboueil kamepbl
NOTa1aeT B COOPHUK 8, OTKyAa Mo3xke yAanseTcs uepe3 orBeperue. [IpuBos ocymecTiuseTcs
OT 3JIeKTpoABuUrareis 9 yepes KMHOpeMEHHYIO nepenady 10 u yepe3 uepBAUHBIA PEITyKTOP
11. Yucno o60pOTOB IIHEKAa MOXKHO MEHSTH B nuamna3oHe 4...13 o0/MuH 32 CU€T CMEHHBIX
IIKMBOB. MOIIHOCTh NIPUBOJIA JTAHHOTO Ipecca cocTaBisieT 2,2 KBT, uTo 1mo3BoJisieT pa3BUTh
pabouee naBnenwe g0 5 MIlla. JlaBneHue Ha mMOCIeTHEM BUTKE IIHEKA TaKKE MOXKHO
U3MEHSTh, TOCPEICTBOM PErYJIMPOBKH BHHTOB 6, CKUMas HIJIM OCHa0JsAsl TPYXKHUHBI S.
OcCHOBHOI OCOOEHHOCTBIO JIaHHOTO, Tpecca SBIAETCS pa30opHas peakTHBHas Kamepa 2,
MO3BOJIAIONIAs MEHSTh 3€CPHBIA LWIMHIP, B 3aBUCUMOCTH OT BBIOPAHHBIX T'€OMETPUH U
JIMaMeTpa OTBEPCTHUH IPEHUPYIOLIEro KoHTypa [4,5].

Puc. 2. DxcniepuMenTalibHas yCTaHOBKA ISt Puc. 3. 3amopHoe ycTpoiicTso,
MEXaHNYECKOT0 00€3BOKUBAHUS SKCTICPUMCHTAJIbHOU YCTAaHOBKHU IJIA
paCTI/ITeJn,Hoﬁ Macchl parica. MEXaHMYECKOTO 00€3BOKUBAHUS

Jlnsi TOBBIIIIEHUSI KadecTBa OT)KMMAa COKAa IIHEKOBBIM IPECCOM OBUIM TPOBEIEHBI
UCCIIEIOBAHMS TIO0 OTPEACICHUIO PAalMOHAJBHBIX MAapaMeTpOB JaBlieHUs] npeccoBaHus. s
BapbUPOBAHUS JIaBJICHHEM OBLIO WCIOJNB30BaHO 3 Habopa TPYXHWH CO CIEeIyIONIHMHU
yewmusimu cxartus (1,7xH; 1,9 kH; 2,1kH), koTopble COOTBETCTBYIOT CIIEAYIOIINUM JABJICHUSIM
(3MlIla; 4MlIla; SMIla) (Ta6m. 1). 3amopHOE yCTPOMCTBO MPEICTABIEHO HA PUC. 3.

DKCHEepUMEHTHl MPOBOJIMINCH Ha CBEXKECKOIIEHHOW 3eJIEHOM Macce parca 03UMOTro
«Meteop» B cTaguu OyToHHM3AIMH, BIAXKHOCTEIO W - 88 %. Macca cocrasmsiia 10 kr.

3enenas mMacca parica ObUla M3MeEJbUeHa Ha YHHBEPCAILHOM HM3MENbUUTENe KOPMOB
YUK - 5.
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Tabmuna 1
JlaBrenue, Ve oHO#M BhIX0J COKA, Conepxanue cyxoro
Ne Mlla npy>kunbl, KH A BCIICCTBA B 3CJICHOM
’ coke, %
I 3 1,7 41 6
2 4 1.9 47 7
3 S 2,1 52 9

PesynbraThl 3KCTIepUMEHTa TpeACTaBJIeHbI Ha rpaduke (puc. 4).

o
e

Puc. 4. 3aBCcMMOCTB BBIXOa COKA OT JTABJICHUSA

B pesynpraTe mnpoBEeACHHBIX HWCHBITAaHWH OBUT pa3pabOoTaH IIHEKOBBIN Mpecc
NpOU3BOANTENFHOCTRIO 350 Kr/4ac. BbIsiBIEHA 3aBHCUMOCTH BBIXOJIa COKa OT JaBIICHUS
IIPECCOBAHUS.

Cnucox Jautepatypbl: 1. JlomroB WM.A. Texnumueckas momTtHka B cdepe
kopmonpousBoacTBa / Bectauk JAI'TY. 2001. T.1. Ne 3(9). C. 302-315. 2. ®omun B.U. K
BOTIPOCY MEXaHHMYECKOTO O00E3BOXKMBAHWS TPAaBSHUCTHIX pacTeHWid. Hayd. TeXH. W mpowmss.
xKypHan «TpakTopsl u cenpxo3mamuHby. M.: Mammnoctpoenue, 1972. Bein 6. C. 27-28. 3.
Mypansua A. buoparic / DnekTpoHHast BEpCHUsi PETHOHAIBLHOM Ta3eThl JEJIOBOTO COOOIIECTBa
«IIpoctropsr Poccum». 2008. Ne 7. 4. ®omun B.M. u np. Hccnemosanus mpouecca
MEXaHHYECKOTO O00€3BOXKMBAHWS JIIOLEPHBI Ha ABYIINWHICIHHOM IIHEKOBOM IIpecce.
«Tpakropsl u cenbxo3mammuuely. 1973. Ne 4. 5. Antonos H.M., Martiomes B.B., CMupHoB
B.JI. Mexanndyeckoe 00€3BOXHBaHHME 3€IEHBIX PACTEHHHM IPU 3aroTOBKE MPECCOBAHHBIX
kopMoB. KpacHosip. roc. arpap. yH-T. Kpacnosipck. 2004. 188 c.
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BILIVB PO3TAIITYBAHHS TEILIOBOI'O JI’KEPEJIA HA
OBPOBJIIOBAHIHN ITOBEPXHI HA ii TEMIIEPATYPY

BoiitoB M.C., MaTwxa ILI. (kagh. MB, [JonHTY, m. [loneyvk, Ykpaina)

Temmneparypa Ha 0oOpoOIOBaHi MOBEpXHI NMpH ULTiQyBaHHI BIUIMBAaE Ha (I3UKO-
MEXaHIuH1 BJaCTUBOCTI MOBEPXHEBOIO LIAPy Ta TOYHICTH 0OPOOICHHS, TOMY IIbOMY IHTaHHIO
NPUAUBIETCS JOCTATHBO YBAaru JOCTIAHUKAMU. B Toi ke yac, mpu BU3HAYEHI TEMIIEpaTypu
Ha 00po0IIIOBaHIi MOBEPXHI, SIK MPABUJIO, HE BPAXOBYETHCS PO3TAIIyBaHHS HA Hill TETIOBOTO
mxepena. [1,2]

Mertoo poOOTH € IOCHKEHHs BIUIMBY pPO3TAllyBaHHS TEIUIOBOTO JDKEpena Ha
00poOumoBaHiii moBepxHi Ha ii Temmeparypy HpH IUIOCKOMY TJIMOMHHOMY UUTi(pYBaHHI 3
BUKOpUCTaHHAM nporpamu ANSYS.

BxinmHumu naHumu Ui po3paxyHKy TeMIIepaTypu €: XapaKTepHCTHKa HUTi(pyBaIbHOTO
Kpyra, a came Terio(i3udHi BIACTHBOCTI 3B’SI3KHM 1 HAJITBEPJIOTO Marepialry, TeOMEeTpUYHI
po3Mipu jgerani i pexuMu oOpobneHHs. [NMuOWMHHE ULTIQYBaHHS IIBHIKOPI3ATBHOI CTami
P6MS5®3 kyOoHiTOBUM Kpyrom Ha MetaneBiii 38’311 1A1 250x76x15x5 KB 100/80-4-M1-01
BUKOHYE€ThCA Ha pexumax [3,4] — mBuakicte kpyra V, =30 w/c, MO310BXKHS IIBUIKICTH
crony V., =01 m/xB, rmbusa uutidpysanss  =0,5 mm. llribyBanus BHKOHYeThCsS 0Oe3

oxoJo keHHs. Termno(i3udHi BIaCTUBOCTI KOMIIOHEHTIB IUTi(QyBaibHOTO KpyTa i IeTali, 1m0
00polmoeThes, HaBeneHi B Tadi. 1 [5,6]. 3B s13ka Kpyra ckiianaeTbes 3i cruaBy Miai (77%) 1
oJsioBa (23%).

Tabmns 1. Temno¢izndyHi BIACTUBOCTI KOMIIOHEHTIB HUTipyBalmbHOTO Kpyra Ta
00poOITIOBaHOT IeTai

Kommnonentu IIIK Ta Koeq)mleHT _ KoedimieHT TenaonpoBiHOCTI,
00po6uroBaHoi eTani TeMHepaTy}:/{%}?OBmHOCTI’ Br/m-°C
Ky06onir - 41
OnoBo - 67
Mine - 361
Crans POM5®3 4,1-107° 19,5

JU1s BuU3HA4YeHHSA AOJI TeIula, mo iine B oOpoOioBaHy JeTalb, BUKOPHUCTOBYETHCS

Koe(illieHT BBOAY «, , AKUH 3HAXOAUThCsA 3a (hopMyIIoro [7]
1
oy = ,

A
125726 |90 44

la hv
ne A, - KoeQIieHT TEeIIONPOBIIHOCTI AeTall, BT/M~°C;

Ay - KOe(imienT TernonposinHocti kpyra, Br/m-°C;
o,y - KoedilieHT TeMIepaTyponpOBIIHOCTI 1eTal, M/c;
h - cepenHiil paalyc TUIOIIAJIKKM KOHTAKTY 3€pHA C BUPOOOM, M.

Jns Bu3Ha4ueHHs po3nonauty Temmneparypu B cepemoBuiii ANSYS, HeoOXiaHO 3HATH
HIUIBHICTh TEMJIOBOTO MOTOKY (pHc. 1), 1110 BUHUKAE MpH LLTIPYBaHHI, SIKUM Tpebda MPUKIACTH
JI0 TIOBEPXHI 3aroTOBKM 1 MEepeMmillyBaTH ii, TUM caMHM IMITyBaTH TEIUIOBI SIBUIIA, IO
BHUHUKAIOTh B IIpo1ieci 00poOIItOBaHHS.
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s

Puc. 1. TennoBa cxeMa IJI0CKOTO TTIMOMHHOTO NUTIhyBaHHS

[Iponemypa npoBeeHHs TEIIOBOTo aHam3y B cepenoBuini ANSYS micTuth HacTynHi
OCHOBHI €TaIu:

- BU3HAYEHHS THUITY aHAJII3Y;

- 3a/1aHHS (DI3UKO-MEXaHIYHUX BIACTUBOCTEH 00pOOIIOBAHOTO MaTepialy;

- moOy0Ba 00pOOITIOBAHOT MOIEII 3pa3Ka;

- pOo30MBKa TBEPAOTUILHOI MOJIEII Ha KIHIIEB1 €JIEMEHTH;

- 3aJIaHHS TPAHUYHHUX YMOB 1 IPOBECHHS PO3PaxXyHKY;

- IepEeX i/l Ha aHaJIi3 MIITHOCTI;

- 3aKpIIJICHHS 3pa3Ka i MPOBEJCHHS PO3PaXyHKY;

- 00po0OKa pe3ysbTaTiB.

[Ticys mocmimOBHOTO BUKOHAHHS 3a3HAYEHHX €TaIliB, HA OCHOBI OTPUMaHHUX PE3yJIbTaTIB
3HaYeHb TEMIeparyp, NoOyaoBaHui Tpadik pO3MOIUTy TEMIEPATyp B 3pa3Ky B 3aJIEKHOCTI
BiJl MICIIS 3HAXO/KEHHS JDKEpena TetioTu (puc. 2).

T'C
1200 -

1000 -
800 - T —
600 -
400 A

200 A

D T T T T
0,011 0,022 0,033 0,044 0,055 0,066 0,077 0,088 0,099 011 0,121

T 1
0,132 0,143 0,154 0,165 0,176 L, M

Puc. 2. I'padix po3noaiay TemnepaTypH B 3aJI€KHOCTI B MICLS
3HaXOJKEHHS HKEpela TeIIOTH

Sk BugHO 3 puc. 1, MakcuMalibHa TeMIlepaTypa BUHMKA€E Ha IOYaTKY 1 KiHI[1 3pa3Ka, 1110
BHU3BAHO MEHIINM 00’ €MOM METally, B SKOMY MOXE PO3MOBCIOKYBATHUCS TEIUIO (puc. 3).
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Puc. 3. Po3nonin TeMrepatypu Ha IOYaTKy 3pa3ka

MiHimManpHa TeMmepaTypa BHHHKA€ TMOCEpeIuHI 3pa3ka, TOMY IO TEIUI0 MOXe
PO3IOBCIOKYBAaTUCSI B OOWIBI CTOPOHH 1 TOMY HOTO KOHIICHTpAIlis OUIA JpKepena Teria
3MEHIIYy€eThbeA (puc. 4).

TakuM 4yMHOM TeMmmepaTypa 3pa3ka, PHU HAaXOJDKEHHI JDKepena TEerula Ha MOYaTKy i B
CepeMHi JIeTalli, B YMOBaxX MOCIIIKEeHHs Binpi3HsaeThess HAa 33%, 1m0 MOTPiOHO BpaxoBYyBaTH
NpY Ha3HAYEHI PEKUMIB, TOMY IO II€ MOXe BIUIMHYTH Ha SKICTb 00pOOII0OBaHO1 MOBEPXHi.

Puc. 4. Po3nonin TeMmiepatypu B cepeinHi 3pa3ka

HocniguMo, Sk 1s pi3HHLS TeMrepaTypu Oyle BIUIMBATH Ha TOYHICTH OOpPOOJICHHS.
BpaxoByrouu Te, 1110 MakCHUMajbHa PI3HULL TEMIIEpaTyp BUHHUKA€E IPU HAXOKEHHI JKepesa
TEIUIOTH Ha TIOYATKY 1 CepefHi 3pa3ka, JOCTIHKEHHS TEIUIOBUX Ae(opMalliil mpoBeneMo s
[IUX JABOX TOJIOKEHb JKEpesa TeIoTH. JJis IbOro 3aKkpilisieMo AETallb 10 HUKHINA MOBEPXHI
BiJl IEPECYBaHHA B yCIX HANpPsIMKax, TOOTO IMITY€MO MarHiTHy IUIUTY.

Ha tounicte 06po6ku OymyTh BIUIMBATH TeMIIEpaTypHI AepopMallii B BEpTUKAILHOMY
HamnpsMKy, TOOTO B HampsIMKy LUI(yBaJbHOIO Kpyra, TOMy IMpU AOCITKEHHI Oynemo
BpaxoByBaTu nedopmariii TUIBKM B HampsMKY oci x. CrouyaTky po3IJITHEMO BapiaHT, KOJH
JKEPEJIO TETUIOTH 3HAXOIUThCS Ha MOYaTKy 3pas3ka (puc. S)

MaxkcumanbHa nedopmaiis B HampsiMKy oci x ckiagae 0,314 MM, mo 3Ha4yHO
MEPEBUILYE€ JIOMYCK HAa pO3MIp MpU YUCTOBIN 00pooOui. Ternep nepeMiCTUMO JIKEPENo TEeII0OTH
Ha CepelIMHy 3pa3ka, 1 BU3HauMo nedopmaiiii (puc. 6)
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Puc. 5. Temniepatypsi nedopmariii 3pazka Puc. 6. TemmnepatypHsi nedopmariii 3pazka

B 1mpoMy mONOXEHHI JpKepena TEMJIOTH, MaKCUMalibHi jaedopmarii B HampsiMKy
nuTiyBaIbHOTO KpyTa cKianaTh 0,288 MM, 110 Tk MEPEBUIILYE JOITYCTUMI.

OTxe, pi3HUL MK MaKCUMaJIbHUMH TEMIIEpaTypHUMH JedopMallisiMu ckiagae 9%, mo
MO’K€ BH3MBAaTH BTHYTICTh IOBEpPXHI, BHACIIIOK 4YOT0, B MICIAX 3 MaKCUMaJbHUMHU
nedopmarrisMu Oysie 3pizaTucs OUThIIe MeTady 1 IMICHsS OXOJOJ/DKEHHS B IMX MICIX Oyje
3MEHIIYBaTHCA JIHIHHUA po3Mip.

BucHoBku:

1. Temmeparypa Ha MOYaTKy 1 B KiHII 3pa3Ka INEPEBHIIY€ TEMIeEpaTypy B CepenuHi
3pa3ka Ha 33%.

2. TemnepatypHi aedopmMariii Ha TOYATKy 1 KiHIII 3pa3Ka MEePEeBHILYIOTh TEMIIEpaTypHi
nedopwmaiiii B cepeauni 3pa3ka Ha 9%, 110 IPU3BOIUTH JI0 BUIYKJIOCTI 0O0pOOICHOT IMOBEPXHI.

3. Ilpu Bu3HAYCHHI KPUTUYIHOT TEMIIEpaTypH HAa IOBEPXHI 3pa3Ka, Iij 9ac MpU3HAYCHHS
PEXUMIB TUIOCKOTO TTMOMHHOTO NUTiI(PYBaHHs, HEOOXITHO BPaXOBYBATH MiCIle pO3TaIlyBaHHS
TEIUIOBOTO JKepesia Ha 00po0IroBaHiid IOBEPXHi.

Cnucok Jjiteparypu: 1. Macmos E.H. Teopus mmdoBanus matepuanos/ E.H.
Macnos. - M.: Mammnoctpoenue, 1974. — 320 c. 2. Cunaiinos B.A. TemnoBsle npouecchl
npu 1UMQoBaHMM W yIpaBlieHHEe KadecTBOM moBepxHoctn/ B.A. CumaitnoB — M.:
Mammnoctpoenue, 1978. — 167 c. 3. I'myObunnoe numdoBaHre KpyraMu W3 CBEPXTBEPIBIX
marepuanios/ W.I1. 3axapenko, }0.f. Capuenko, B.W. JlaBpurenko. — M.: MammHOCTpOEHHE,
1988. — 56 c. 4. I'myObunnoe anmmasnoe numdosanue/ E.C. 3emustackuii, N.C. Hakymn. —
K.:YkpHUHUHTH, 1969. — 14 c. 5. Pesnuxo A.H. Temnodusuka nporeccoB MexaHHUECKOM
ob6pabotkn martepuanoB/ A.H. PesnuxoB - M.: Mammnoctpoenune, 1981. — 279 c. 6.
Hosuukuit JI.A., KoxeBaukos W.I'. Tero¢usndeckne CBOWMCTBA MaTepHaoB MPH HHU3KUX
temneparypax// CnpaBouHuk. - M.: Mamunoctpoenue, 1975. — 216 c. 7. Cunaitnos B.A.
TennoBsle mporecchl NpuU HUIM(DOBAHWM W yHpaBlieHWE KadyecTBOM NoBepxHocTw/ B.A.
CumnaitnoB — M.: Mammnoctpoenue, 1978. — 167 c.
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HNCCJIEITOBAHUE U BBIBOP MUKPOIIPOBOJIOKH JJISI IIIE TOYHBIX
YIUIOTHE HUI

Jepmen:kueB B.W.. CkaukoB B.A., UBanoB B.WU. (kagh. MI[M, 3I'HA, 2. 3anopoaicee,
Ykpauna)

[IpencraBnensl TpeOoBaHUS, MpPEIbSABIIEMblE K MaTepuanaM JUId IIETOYHBIX
YIUIOTHEHUH B 3aBUCUMOCTH OT YCJIOBHUI MX DKCIUTyaTalllH, a TAaK)Ke METOJIMKA U Pe3yJIbTaThl
UCTIBITAHUN MEXAaHUYECKUX CBOMCTB MHKpPOIPOBOJNOKM U3 cruaBoB OU-708A-BU u
HAYNES2S5 B HCX0/IHOM COCTOSIHHM H MOCIIE SKCIIEPUMEHTAIBHBIX HATPEBOB MPH Pa3INIHBIX
TeMIepaTypax, UMHUTUPYIOLUIMX YCIOBUS pabOThl NaHHBIX YIUIOTHeHWH. Ha ocHoBanum
pe3yJIbTaTOB MCIIBITAHUN B KaueCTBE ONTUMAJIBbHOTO MaTepuala JJIsi MIETOYHBIX YIUIOTHEHHN
JeTajnel ra30TypOMHHBIX IBUTATENeH BRIOpaHa MUKpOIIpoBoioka u3 crutaBa NAYNES2S.

B mHacrosimee BpeMs oAHMM U3 Hauboliee TMEPCHEKTUBHBIX  HANpaBICHUMN
COBEpUICHCTBOBAHUS KOHCTPYKLMI Tra30TypOMHHBIX JIBUTaTeNed SBIACTCS BHEApPEHHE
MIETOYHBIX ymiioTHeHuH. IllerouHble YIJIOTHEHWS TMPENCTAaBISAIOT COOOW  KOJBLIEBBIC
CTaTOpPHBIE JAETAIN C HAXOASAIIEHCS MEX/y HUIMHU IIETKON U3 MUKPOTIPOBOJIOKH.

OcHoBHBIE TpeOOBaHUs, NPEIbABISEMbIE K MaTepHUaly MHUKPOMPOBOJIOKH JIst
MIETOYHBIX YTUIOTHEHHA:

- COXpaHEHHE YNPYTHX W MPOYHOCTHBIX CBOWCTB B MHTEpBaje pabO4HMX TeMIIepaTyp
(550...750°C);

- COIPOTUBJICHNE OKHUCIIEHUIO MIPYU YKa3aHHbBIX TEMIIEpaTypax;

- MUHUMAJIbHBIM M3HOC B MPOIECCE IKCTUTY aTalUH.

Ecnu 15 KoJibLieBbIX JeTajlel B 3aBUCUMOCTH OT YCJIOBUI UX PabOThI IPUMEHSIOTCS
TpaJAMLIMOHHbIE MaTepuanbl (koppo3uoHHas cranb 12X18H10T wumm sxaponpouHsblii
HUKeNEeBbI criaB DM868), To BEIOOp Marepualia MHUKPOIPOBOJIOKH UII COOCTBEHHO
MIETOYHBIX YIUIOTHEHUH TpEANoiaraeT NPOBEACHUE SKCIEPHUMEHTAIBHBIX PaboT C HEIbIo
OIPEIETICHUS UX CBOMCTB.

B skcniepuMeHTax MCNoNb30BAIU /1Ba BUJ1a MUKPOIIPOBOJIOKH:

- XOJIOJHOTSAHYTasi MUKpoIipoBosioka auam. 0,09 MM u3 crijlaBa Ha JK€JIE3HOM OCHOBE
OUT08A-BU;

- XOJIOMHOTSIHyTass MHKpompoBosioka amam. 0,07 MM W3 crlaBa Ha KOOaJbTOBOM
ocHoBe HAYNES2S.

MuxkpormnpoBosioka u3 craBa HAYNES25 umeer cTpykTypy Ha OCHOBE TBEPIOTO
pactBopa Co,, CTAOMIU3aTOPAMH KOTOPOH CityKaT XpoM u Bosib(ppam. KoGansToBBIE CIUIaBHI,
UMEIOIINE CTPYKTYPY TeKCArOHAIPHON TUIOTHOYIIAKOBAHHOW PEUIETKH, MOKA3bIBAIOT JIyUIIIHe
pe3ynbTathl mpu paboTe B YCIOBUSAX TpPEHHS M H3HOCA. OTOT (AaKT COOTBETCTBYET
MaTepHajaM ¢ TeKcaroHaJbHOM MJIOTHOYMAaKOBaHHOM CTPYKTypo# [1].

OO0pa3ipl 000MX BUAOB MHUKPOIPOBOJIOKM MOJBEPrajd HCIBITAHUSAM Ha pa3pbiB B
HCXO/JHOM COCTOSIHUM W TIOCJE€ HarpeBOB, MMUTHUPYIOIIUX YCIOBHS pPabOTHl MIETOYHBIX
YIUIOTHEHUH.

Muxponpososioky u3 cmiaBa OM708A-BU nonsepranu HarpeBy npu TemrepaTypax
600 u 650°C B Teuenue 50 u 100 gacoB, mukpornpoBojoky u3 cimiaa HAYNES2S5 — npu
temrieparypax 650, 700, 750, 800, 850 u 900°C B Tteuenume g0 100 ugacos. Harpes
OCyIIeCTBIsIM B KaMepHOU nneun MII-2YM B Bo3aymHOM cpene.

WcribITanusi MEKpOTIPOBOJIOKH Ha Pa3pbIB MPOBOJIMIIH IO CTAHIAPTHOW METOIHKE.

VY cnoBus HCIIBITAHUIN:

- JuIiHa paboyveil YaCTH UCTIBITYEMOM MUKPOTIPOBOJIOKH — 150 = 5 MM;
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- Temneparypa ucnsltanuii — 19 £ °C;

- CKOPOCTb MPUWJIOKEHUS Harpy3ku — 199 Mmm/mMuH;

- KOJIMYECTBO OOpa3loB JJIsl MCIBITAHUHA MO KakKIOMy BapuaHTy HarpeBa — 6...10
HITYK.

[Ipenen npodYHOCTH NPHU PACTIKEHUU ONPEEIISIIN 1o hopMmyie:

o=—7, (1)

rae P — ycunue pa3psiBa, H;

¥ — paguyc NONEePEeYHOro CeYeHNUs: MUKPOIPOBOJIOKH, MM.

[Tocne HarpeBa Ha MOBEPXHOCTH MUKPOIPOBOJIOKH 00OMX BHIOB OTMEUEHBI MPU3HAKH
OKHUCJIEHUSI, THTEHCUBHOCTb KOTOPBIX BO3PACTAET C NOBBILLIEHUEM TEMIIEPATYPHI.

[Ipu s3ToM Mukponpososioka u3 ciuiasa HAYNES25 nokazana sydnryto cTOHKOCTb K
OKHUCJICHUIO, COXPaHssl METAUTMIECKUH OJIECK MPU HarpeBax BIUIOTH 10 Temrieparypsl 750°C.

Pe3ynbTaThl HCHIBITAHU MUKPOIIPOBOJIOKM 000UX THUTIOB OTpaXKeHbI B Tabmumax 1 u 2.

Tabmuua 1. Pe3ynpTaTsl HcnbITaHMN MUKpPOIIPOBOJIOKHU U3 ciuiaBa DU708A-BU

Pexum TepMooOpaboTKu Benuunna npounoctu, MIla
To, °C To, Uac AKCIEPUMEHT pacuer
600 50 1347,5 1256,6
600 100 675,5 715,4
650 50 566,4 624,2
650 100 577,0 4439
0 0 1384,3 1471,3

Tabmuua 2. Pe3ynpTaThl HCTIBITAHUI MUKpPOIIPOBOJIOKH U3 ciutaBa HAYNES2S

Pexxum TepmooOpaboTku Bennuuna nmpouynoctu, Mlla
To, °C To, Uac AKCIIEPUMEHT pacuer
650 1,0 1440 1441
650 10,0 1270 1360
650 100,0 1510 1530
700 100,0 1440 1450
750 100,0 1450 1350
8000 100,0 1060 1150

0 0 1560 1510

Bnusinue pexuMoB TepMoOOpaOOTKM ONMCHIBAIM B BUAE KyOHYECKHX CIJIAiHOB,
3aJal0lUX MPOYHOCTh HAa PACTSKEHHE B 3aBUCUMOCTH OT TeMIlepaTypbl HarpeBa 1 U

JUTUTETLHOCTH BBIJIEPKKHA T. 151 9TUX yCIOBUM MareMaTHMuecKoe Npe/CTaBlieHHe OyaeT
uMeTh BU [2]:

i=l

N 2
Op = Z|:G_Z(C0i+cli'X1i+C2i'X2i+C3i'X3i):| ) (2)
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rae  C; - koapduuunentsl cruainos (i =0...3; j = 1,2);
X, =t; Xy =t X5, =035 t,=1,/293;
X,=t; Xp=t2; Xpy=1; t,=1,/20;
Omnpenenenne koddduuuenros C; B Monenn (2) OCYUIECTBISETCA IO YCIOBHIO

MUHUMyMa CyMMapHOM KBaJpAaTHUYHOM HEBA3KU DSKCIEPUMEHTAIBHBIX U BBIYMCICHHBIX
3HAYECHHUN NIPOYHOCTU MUKPOIIPOBOJIOKH BO BPEMsI UCIIBITAHUI

N 2
® = Z{G_Z<C0k+clk' i+ Cop - X5 +Cyy - ﬁ)}a €)

m=1 k=1

rae N — KOJMYECTBO HKCIIEPUMEHTANIBHBIX 3HAYCHHUIA;

m — HOMEp SKCIIEPUMEHTA.

3HavyeHusT KOX(PPHUIMEHTOB CIUIAHHOB TMpenacTaBieHsl B Tabmume 3. PacuerHsie
3HAUEHMUS, TIOJYUYEHHBIE C UCIIOJIb30BaHUEM BhIpaskeHus (3), 1t MukponpoBosiokun INU708A-
BU u HAYNES25 npuBenens! B Tadbnumax 1 u 2.

Tabnwma 3. 3HaueHus: ko3 (HUITUEHTOB CIIAHOB B MO1eH (2)

MHKpOHpOBOJIOKa C()l C()2 C11 C12 C21 sz C31 C32
OU708A-BU 129,3 | 129,3 | 181,5 | 4454 | 274,5 | -220,7 | 256,65 | -86,1
NAYNES25 189,6 | 189,6 | 324,6 | 50,94 | 95,86 | -151,5| 4014 | -12,8

Anamm3 paHHbIX Tabmun 1 w2 mOKa3bpIBaeT, YTO MHUKPONPOBOJIOKA W3 CIUIaBa
NAYNES25 coxpaHsieT BbICHIMI YPOBEHb CBOICTB IpH Harpese 10 TeMmieparypsl 750°C B
OTJIMYME OT MHUKponpoBosioku u3 ciuiaBa DMT708A-BU, y koTopoil mporuecc CHUKEHUS
CBOMCTB MPOUCXOIUT yke npu Temreparype 600°C.

VYuutsiBasg, 4TO s OOJBIIMHCTBA CIUIAaBOB IIPENEbl MPOYHOCTU U YNPYTOCTH
HaXoJATCs B IPSMOM 3aBUCHMOCTH, IOATOMY TEHICHLMS W3MEHEHMs Hpejiena IMPOYHOCTH B
IpolLiecce MPOBOLMPYIOLIUX HATPEBOB CIIPaBEAJIMBA U [l MOJYJIl YIPYTOCTH.

3akimoueHre. DKCIEPUMEHTAIbHO YCTaHOBJIECHbI MIPEUMYLIIECTBA MUKPOIIPOBOJIOKH U3
crtaBa NAYNES25 B mporecce HarpeBoB 10 pabodmx TemIieparyp, Kak 10 MPOYHOCTHBIM
XapakTepUCTUKaM, TaK M IO CTOMKOCTH K OKuCileHHo. Ha OCHOBaHHMM pe3yibTaToB
HKCIIEPUMEHTOB HIMEHHO JTaHHAsI MPOBOJIOKA ObLIa BHIOpaHa B KAYECTBE MaTepHalia MIETOYHBIX
YIUIOTHEHUH.

Cnucoxk gutepatypnl. 1. Cymepcruiasr: XKaponpounble Marepuanbl s
AODPOKOCMUYECKHX M TPOMBINUICHHBIX JHeproyctanoBok / Ilom pen. Y.T.Cumca,
H.C.Cronodda, V.K.Xarens: mep. ¢ aur. B 2-x kaurax. Ku.1. — M.: Meramnyprus, 1995. —
384 c. 2. Ans6ept k., Hukonscon 3., Yomm k. Teopus crylalHOB M €€ MPUIIOKEHHE. —
M.: Mup, 1972.-312 c.
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OCOBEHHOCTHU MOJEJHUPOBAHUA I'OJIOJETOOBPA3OBAHUS
B 3ABUCUMOCTH OT IOI'OJJHBIX Y CJIOBUM

A.B. 3BsarunneBa, TpuneeB E.A. (BI'TY, Bopoueo, Poccus)

Knumatr B HacTosimee BpeMs XapaKTEpHU3yeTcss pPE3KOH H3MEHYUBOCTHIO
TEMIIepaTypHBIX YCIOBUW 3WMBI W JI€Ta, OTCYTCTBHEM YETKOW BBIPAXKEHHOCTHU BCEX
BpeMeEH rojia. TeMrepaTypHbId PEXAM OINPEACIIeTCS TeM KOJMYECTBOM TeIlia, KOTOpOe
MOCTYMAET C COJIHEYHOU panuanyeil. 3UMHUE U JIETHUE OTKJIIOHEHUS] (MUHUMYM M MaKCHUMYM)
JIOCTATOYHO 3HAYUTENbHBI. 3uMoi oHM nocturaioT -30 °C, a smerom +35 °C. Cpennss
NPOAOJDKUTEIBHOCTE 0€3MOPO3HOT0 TIeproa papHa 150 nusm ¢ konedbanusmu ot 135 mo 185.

Ocankn — BaKHEMIIMHA KIMMATHUYECKHM MokazaTenb. VX cpeaHsisi rogoBas cymMma
coctaBisier 550 mMm. [lo ce3oHam roja ocajaku pacrpeaensioTcs HepaBHOMepHO. Ha neto
npuxoaurca okoJjio 350 MM, a Ha 3umy 150-200. 3uMoii ocaaku, Kak MPaBUJIO, BBIMAIAIOT B
TBEpPAOM BHUAE, (HOPMHUPYS CHEXHBIH TOKPOB, TIyOMHAa KOTOPOTO JOCTHTaeT 25 CM.
HeOnaronpusaTHBIMM KJIMMAaTUYECKUMHU SIBJICHUSIMH BBICTYTAIOT W 3aMOPO3KH, OCOOECHHO
BECHOM, Tpajl ¥ 3aCyXH JIETOM, METEJIM M OTTENeNM 3UMON. BeceHHre 3aMOpO3KH PErysipHO
MOBTOPSAIOTCA U3 roAa B roa. Ilpuypodensl oHu k nocieaHuM uuciaam anpens (30 ampens —
cpennsisi nara). Cambie paHHHE BO3MOKHBI BO BTOpoi nekaze anpess (11 anpenst), a mo3aHue
— BO BrOopoil nmekane wmas (17 wmas). Kak mnpaBuio, 3aMOpPO3KH COIMPOBOXKIAETCA
00pazoBaHUEM TOJI0NENA.

lononex npencrasnseT coboi ¢I0# MIOTHOTO JIbJ]a, HAPACTAIOIIEr0 Ha TPAHCTIOPTHBIX
MarucTpaisix, a’dpoAPOMHBIX COOPYKEHHUSIX, MOJIBE3IHBIX JJOPOTaxX, B3JIETHO-TIOCATOYHBIX
nojocax. OH MOKPBIBAET MPOBO/IA U OTIOPHI JIMHUH CBSI3M U DJIEKTpOIepead, TeIeBU3HOHHbIE
MauThl, BBICOTHBIC KPaHbI, BETBU JEPEBbEB U MHOTHE APYTHE MPEIMETHl M COOPYKEHHUS.
l'ononen B Boponexe u B obnactu obpasyercs ¢ OKTs0ps no ampenb. Hanbonee yacto on
HaOmogaeTcs ¢ aekadps mo ¢eBpalb, B OKTSIOpe U ampelie rojiojes ObIBaeT He exeroaHo. B
cpeaHem B Boponexe Habmomaercs 14 gueit ¢ romnosnenoM. OT roja K rogy 4YHMCIO JHEH
kozebnercs ot 4 o 35.

HccrnenoBanne  METEOPOJOTMYECKHX ~ yCIOBHHA  O0pa3oBaHHA  ToJiojieia  C
UCIOJIb30BaHUEM apXuBHOTO Martepuana 3a nocieanue 100 mer (1901-2002) nozsosmiio
BBISIBUTH PsiJi HEOOXOOUMBIX W JIOCTATOYHBIX NPU3HAKOB OOpPa30BaHHUS 3TOTO OMACHOTO
siBIIeHHs1 Ioro/el. Hanbosee yacTo romnosen oopazyeTcs B 001aCTH UKJIOHOB, CMEIIAIOIIUX CS
¢ Arnantuxu u CpeanzemMHoro Mopsi. B 74% ciyuaeB oH HaOIr01a€TCs HA TETUIBIX (PPOHTAX H
BOJIHOBBIX BO3MYIIEHHSX, KaK MPABUIIO, B T€X CIydyasX, KOr/a B 30HE ()POHTOB OTMEUACTCS
BBITIAJICHAE OCAJIKOB B BUE MOKPOTO CHEra, MepeoXJIaKICHHOTO AOXKAA M MOpOcH. JleasiHbie
OTJIOXKEHUS] 0OBIYHO 00pa3yroTcs Mpu TemmepaTrype Bo3ayxa 0°C u HuXKe, Jaiie BCero 3TOT
uHTepBas 3akiaroueH B npenenax 0°C - -5° C. Ho otmedanmck ciydan oOpa3oBaHus rojojena
U 1pu 00JIee HU3KHUX TeMIepaTypax BIUIOTH 70 -16° C. DTO MPOUCXOANT B TE€X CIydasx, KOraa
MPOUCXO/NT BBITIAJICHHE MEPEOXJIAKICHHBIX 0CaJKoB. CKOPOCTh 3aMep3aHus Karellb BIaru
3aBHUCHUT HE TOJIKO OT TEMIIEpaTyphl BO3AyXa, HO U OT UX Pa3MepoB, KaK MPaBUIIO, TPOIIECC
HAapacTaHUs Jibla B TyMaHe W TPU BBITIAJIEHUH MOPOCSIINX OCAJKOB 3aHUMAET OOJBIIOH
OTPE30K BPEMEHH, TaKHE CHUTYallud OTMEYArOTCs B HOYHBIE M paHHHE yTpeHHHe dachkl. Kak
YCTAHOBJICHO, WHTEHCHBHOCTH TOJIONIE000pA30BaHMs, €r0 IPOJOJDKHTEIFHOCTh 3aBHCUT HE
TOJILKO OT TOTOJIHBIX YCJIOBHH, HO M OT TaKMX ()aKTOpOB, KaK a0COJIOTHAs M OTHOCUTEJIbHAs
BbIcOTa OOBEKTa, (opMa peinbeda, CTEneHb 3alIUIIEHHOCTH OO0BEKTa OT OCHOBHBIX
BJIATOHECYIIMX TIOTOKOB. BOT movemy /i TpaBHJIBHOM OLEHKH BO3MOJKHOTO OOJICIEHEHUS
HEOOXOJMMO YUYUTHIBaTh BECh KOMIUIEKC TMOTOAHBIX W (usreorpaduueckux ¢dakropos. s
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OIIpEEesICHHs TOJI0JIEIHOM Harpy3KH Ha IPOBOJA JIMHUN 3JIEKTpoIepesay KpailHe BaKHO y4eCThb
BBICOTY I0/IBECA MPOBOJIA, ET0 JUAMETP M CKOPOCTh BETpa (BETPOBOM HArop) Ha BBICOTE MOJBECA
OOmmit MartepuayibHBId  ymiepO, TOJBKO Xo3siiicTBaM BopoHexckoil oOmactw,
HCUUCIISUICS B HECKOJIBKO JIECATKOB MWJUIMOHOB pyOusieil. Jlo Hacrosimiero BpeMeHH eIie HeT
HAQ/IKHOW METONUKH JJIi OOBCKTUBHOTO MPOTHO3a TOJIOJIela M OCOOCHHO TPOTHO3a €ro

POBO/IA.

HMHTCHCHUBHOCTU.

lNononen MokHO MpeACcKa3aTh, UCTIONB3Ys YPAaBHEHUE BHA:
G =0,4Tss0 - 0,2T, + 0,2(H -100) - 0,25 D+ 3,5
YcaoBue: G > 3 - CUIIBHBIN T'OJIOJNEN,.

Tabmmma 1. YcnoBusi BOSHUKHOBEHHS TOJIOJIEA000pa30BaHUs

Knumatnueckue
XapaKTEePUCTHKH
Tun
N ®usuka VYenosus Maxkcuma | Cpennsis
roJI0NEN
a SIBIICHUS BO3HUKHOBEHUS ThHAS IApUHA
MIOBTOPSIE 30HBI
MOCTb
1 2 3 4 5
3amep3anu | 1. Ilpubmmwkenne témnoro ¢poHTa,
e TOO c¢ nepeoxTaKAEHHBIM JTOXKIEM,
nepeoxja | MOPOCKHIO M MOKPBIM CHETOM.
JKIIEHHBIX 2. Hamuyme Hax  WHBEPCHUOHHOMU
= Karnesb cloucTo0oOpa3Hoit  oOjayHOCTH U
= JOXKISI WA | MOPOCSIIUX OCAIKOB B XOJIOIHOE BPEMSI
[¥a]
5 MOpOCH Ha | TOJa.
< HexaOpsb-
= noBepxHoc | 3. Ansekuus temna Ha ATosg ATys0 u (beBpats 200-300
2, TH u | cnabast aIBEeKIMs X0JI0a y 3EMITH. KM
o npeametax | 4. YcroitunBas cTpatudukanms
mpu t (0°) | Bosgymmsix Mace ¢ y=0,4-0,6°/100 M
~-59Cs
PU3EMHO
M CJI0€
1. Aneknus TEMWIOTO  BIAXHOTO
BO3/IyXa.
= 2. Hanmume mon uHBepcuoHHOUM St, Sc
3 00Ja4HOCTH
M
§ 3. Ilepudepus  ManONOABHKHOTO
3 WKJIOHA W aHTHUIIUKIIOHA.
g 1 H Tleka6ps- | 50-150
S| 4. Xopomio BBIpaXEHHAs HHBEPCHS
o, 0 0 despans | kM
S} Temmeparypsl (t y 3emian -2 —0-10 OC, a
5 Ha BbIcOTe BepxHel rpanunpl 0 — 57 C).
5. H*" 090 >126 am, a AToso>1°C.
6. BreimageHue — nepeoxXJaKIEHHBIX
OCAaJIKOB.

Hpej:[naraeMasI MCTOJMKA IMPOTHO3a rojiojicaa u onpeaciicHusd €ro MHTCHCMBHOCTH Ha

Teppuropun BopoHnexxckoii o0nactu 6a3upyeTcsl Ha UCIOJIb30BAHUH IISITH TApaMETPOB:
a) remneparypa Bozayxa Ha AT  (Tgoo);




98 BricoxodpdexmnBHOE TexHOJIOrHUecKoe 000pynoBanue. IIpodJieMbl IPoeKTHPOBAHNS

0) OTHOCHUTEIIbHBII TeoNoTeHHITA ciost H

B) CyMMapHBI{ 1e(UIUT TOUYKH POCHI B cioe 3emiu - 700 MO

T') IOKa3aTelb rojoienooopazoanus (G);

1) MakcuMmanbHasg ckopocTb BeTpa Ha ypoBHe AT. IlporHo3 rosonena u ero
MHTEHCUBHOCTH IPEJIaraéMbIM CIOCOOOM MOYKHO COCTABIISITh 3a01aroBpeMeHHo 3a 12-24 4.

Orta MeToAMKa MOXeT ObITh MNpUMEHEHa TMpH HaIMYuu  (AKTUYECKUX U
NPOTHOCTUYECKUX KapT, NPUHATHIX 10 GoTorenerpady (mpusemuast, ATors ATxso AT7om).

[IporHo3upoBaHue T0JI0JIe/1a M €T0 MHTEHCUBHOCTH CBOJMTCS K CIEIYIOLIEMY:

1. Tlo daxruueckum, nmporHocTrueckuM kaptam (mpusemHasi, ATors ATgso 1 AT700)
OOLIETIPUHATHIM CIIOCOOOM OTPEAETISIOTCS KOOPIAMHATHI BO3AYIIHBIX YaCTHUI], KOTOpPbIE OyayT
NPOXOAHTH HAJ IyHKTOM B MHTEPECYIONINI HAC MOMEHT BPEMEHH.

2. Onpenenstores no npusemHoit kapre v kaptam AT AT u AT700 BXOgHBIE JaHHBIE IS
HOMOTPaMMBI:

\ \\ ‘{Q 3. Ilo BXOOHBIM HAHHBEIM C
n \Tix NN N = TIOMOII[BIO HOMOTPaMMBI
b \~ \ \ '\\ 5|  TPOrHO3MPYETCs TONONEA M ero
NN\ N \ \ %]  wunrencusroCTS. [Mopsimok pacuera
N \‘:‘:Q \se % % 12\\6\0 MHTEHCHUBHOCTH TOJIOJIe/a MOKa3aH
\‘ . N\ \&\ N —\C N Ha HOMOTpamMMe TPEPHIBUCTOM

> \ \\\\ JIMHHEH CO CTPEITKAMH.
S NN\N V=36 km/4 - OXHIaeTCs

| ¢ \ CWJIbHBIH TOJIONE.

Hi o w1 % #e P A ¢ Cpennss rozoBas
) [POIO/DKUTETEHOCTh
i 1 / o0yieilcHEHUsT  TPOBOJOB  HA
Forontn TEPPUTOPUHU Boponexckon
CHIbHbI o0JacTH 3aBUCHT OT penbeda u

rononén

konebnercs or 400-560 u B
paBHUHHOW dYacTh o00JacTH [0
800-850 uy. Ha  cTaHIMAX
CpenHepycckoit BO3BBIIIIEHHOCTH.

Takum oOpazom, pa3BuTHE
AJIEKTPOIHEPTETUKA W CPEICTB
cBa3u B Poccuiickoit @enepanuu u
B Hameid oOmactu  TpeOyroT
rIyOOKMX 3HAHWH U MPaBHIBHOTO
WCTIONIb30BAaHUS  KJIMMAaTHYECKUX
napamMeTpoB NPU NPOEKTUPOBAHUH PA3TUIHBIX OOBEKTOB C TEM, YTOOBI M30EKaTh aBapuil U
HE JIOMyCTUTh HEOTIPAB/IaHHBIX MaTEPUAIBHBIX 3aTparT.

Puc. 1. Homorpamma ajis onpezenenust
WHTCHCUBHOCTH TOJI0JIe1a

Cnucok aurepatrypsbi: 1. bopur C. b. ['maponorudeckue pedHbie MPOTHO3BI M UX
3(p¢pexTUBHOCT, B OOECINEYEHUH HKOHOMHUKHU cTpaHbl. // IlpoOiemMbl M mEpCIEKTUBbI
THAPOMETEOPOJOTUYECKUX NPOTrHO30B. Marepuanbl BCEpPOCCHHCKOW HAay4YHOU
koH(pepentmu. - M.: Tpuana, 2000. - 21 c. 2. BacunseB A.A., benunckuit O.H. [Ipo6remsr
MPOTHO3UPOBAHUS HKCTPEMAIBHBIX THAPOMETEOPOJIOTHUecKUX sBieHuil. // IlpoGnembr u
NEepPCHEeKTUBBl TUAPOMETEOPOJIOTUUECKUX MPOTHO30B. Marepuanabl BCEPOCCUUCKON
Hay4HOU KOoH(pepenuuu. - M.: Tpuazga, 2000. - 23 — 24 c.
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YUCJIEHHOE MOJAEJUPOBAHHUE IMMPOLECCA CBAPKU B
COEJIUHEHUU «TPYBA — TPYBHAS PEHIETKA»

N3ocumoB C.U., SAimunes M.3., l'm3arynnun A.A. (kagp.THA YITHTY 2.Yha PD)

B cratee mnpuBomsaTcs pesyiabrarhl ucciepoBanus HJIC  merama  cBapHOro
COEIMHEHHS M pacHpeesICHUs] OCTaTOYHBIX CBAPOYHBIX HAPSDHKEHUN B COCTUHEHHU «TpyOa —
TpyOHas pelerkay.

Jns pemieHus yKa3aHHOW 3ajjadud NMPUMEHEHHE OOBIYHBIX DPACYETHBIX METOJOB
BO3MOKHO TOJIBKO IPH OOJBIIMX JOMYIIEHHUAX, YTO MOXET MPUBECTU K 3HAYUTEIHHBIM
OTKJIOHEHUSIM IOJyYEHHBIX pe3yibTaToB. [losToMy naHHas 3amada OblIa pelieHa C
INPUMEHEHHUEM KOHEYHO-3JIEMEHTHOI'O NporpaMMHoro komiuiekca ANSYS. Jlns storo
OBUT NIPOU3BEJCH TEMIEpPAaTYpHBIH, a 3aTeM CTPYKTYpPHBIN aHAIN3 TOBEACHUS MaTepuaia
o0eyaiikyl B IpoLiecce CBapKH U MPU MOCJIEAYIOIIEM OCTBIBAHUM CBAPHOTO IIIBA.

Tak kak cBapky TpyO B TpyOHBIE pEUIETKH BEAYT C MPUMEHEHUEM JYTOBOW CBAapKH B
cpele 3alIMTHBIX Ta30B, ObLI MPOM3BENEH pacyeT PEXUMOB CBAPKH JUIA 3AJI0KEHHS HX B
PaCUETHYIO MO/JIEIIb.

3areM OblTa co3MaHa KOHEYHO-RJIEMEHTHAass MOJENb TPYOHOH pemeTku ¢
YCTaHOBIIEHHBIMH TpyOkamu (pucyHok 1). Kaxmoii neramm ObUIM TNPUCBOEHBI  HX
Teropu3ndeckue CBOMCTRA.

B pesynbrate pacuera ObUIM MOJY4EHBI pacHpeAeieHUe TeMIIepaTyp IOCJEe CBapKH
HEHTPANbHONW TPYOKH, TOCIE CBapKu TOCIEAHEH TPyOKM M BO BpeMs OCTHIBaHMS IIBa
(pucyHOK 2).

Puc. 1. Koneuno-anemeHTHas ceTka Puc. 2. Uepes 5 cekyH[ mociie OKOHYAHUS
pacyeTHON MO 1eH CBapKH IEHTPATBHOMN TPyOKH

Taxxe nomyuens! HJIC cBapHOro coeanHeHus: nmocie npouecca CBapKu LEHTPaIbHON
TpyOKH, a TaKke HaJIO)KEHUE HATPSDKEHWH TOCJe NMPUBAPKH COCEOHHX TPYyOOK K TpyOHOMU
peuieTke.
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8, Mises

(Ave. Crit.: 75%)
+4.39Be+ 0B
+4.031e408
+3. 665e+08

+1. 466408
+1.099%+08
+7.330e+07
3. 666e+07
+0. 000e+00

Puc. 3. PacnipeienieHre ocTaTOYHBIX SKBHBAJICHTHBIX HAMPSKEHUH MOCIIE TIPUBAPKH
nepBoi TpyOKu

5, Mises

{Ave. Crit.: 75%)
+4.075e+08
+3.736e+08
+3.396e+08
+3.056e+0B
+2.717e+0B
+2.377e+0B
+2.038e+0B
+1.5698e+08
+1.358e+08
+1.019e+08
+6.792e+07
+3.3596e+07
+2.047e+02

Puc. 4. PacnipenienieHne oCTaTOYHBIX SKBUBAJICHTHBIX HANPSKEHUH MOCIIe NPUBAPKH TPETEH
coceniHel TpyOku

BoeiBoa: M3 mosydeHHBIX pe3yJIbTaTOB BHJIHO YTO IpPHU IPUBApPKE MEPBOM TpyOKH
3HaUYCHME YKBUBAJICHTHBIX HampsihkeHuid coctapisieT 439,8 Mlla, a mocie npuBapku coceHen
TpyOKH HampsikeHus yMmeHbiiatores 10 406,5 Mlla u nanee npakTuueckuil HE W3MEHSETCH.
HecMoTpss Ha 3TO Hamps>KEHHOE COCTOSIHUE COEIUHEHMS] OCTAeTCs Ha JOBOJIBHO BBICOKOM
YPOBHE, 4TO TpeOyeT manbHeiIIee CHATHE OCTATOYHBIX HAIMPSIKEHUH.



