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OBECIEYEHWE NAPAMETPOB LLUEPOXOBATOCTW NMOBEPXHOCTHOI'O
CNno4A rnPn COBMECTHOUM OBPABOTKE TOHEHVEM 1 OBKATbBIBAHVEM

MokunHTennua A.A., NonosmH C.A., MIiBuyeHko T.I".
(kap. TM, JoHHTY, r.[JoHeuK, YKpaunHa)

MoBbILEHNe NPOU3BOAUTENILHOCTM MEXaHO06paboTKM C 06ecrneyeHnemM BbICOKOTO
KayecTBa feTasleil ABNAETCSH BaXKHelLen 3afaqein TeXHOMOrM MawmMHOCTPoeHns. OAHUM 13
BO3MOXHbIX BapuvaHTOB ee peLleHWns ABNAETCA KOMOMHMPOBaHUE Ne3BUAHON U OTAEN0YHO-
YNpPOYHstoLLLe 06paboToK, 06ecrneumnBatoLLMX Kak CHUXEHWE TPYLOEMKOCTM 3a CHET COBMe-
LLieHNA orepawyii, Tak 1 BbICOKOE KayeCTBO MOBEPXHOCTHOMO C/os.

B HacTosiLweit paboTe mnccnefoBaHbl 3aKOHOMEPHOCTM (POPMUPOBAHUS HEPOBHOCTEN
npogunsa LepoxoBaToCTU NPY COBMECTHOW 06paboTKe TOUEHMEM U 0OKaTbIBAHWEM HapyXK-
HbIX MOBEPXHOCTEN BPaLLeHMWs, Ha OCHOBaHWMW KOTOPbIX pa3paboTaHbl PeKOMeHaLmMM Mo Tex-
HONOrMYeckoMy obecrneyeHno TpebyembiX MapameTpoB LUEPOXOBATOCTM MOBEPXHOCTHOIO
cnosi obpabatbiBaeMbIX AeTanei.

Ha ocHoBaHWM mnccnefoBaHWin Mo (OPMMPOBaHMIO HEPOBHOCTEW NPOunIs LLEePOXO-
BaTOCTW MpPW Pa3INYHbIX MeToAax 06paboTKM BbISIBMIEHbI PAKTOPbI, OKasblBatoLLMe Hanbosb-
LLiee B/IMSIHUE Ha LLIepOX0BaTOCTb 06paboTaHHON noBepxHocTu [1.2,3]:

Rz=h;+hy+hs+hy , (1)

rae hy,hy,hz,hg - cocTaBnsowme npognns LWepoxoBaTocTn, 06yCNOBNEHHbIE, COOTBETCTBEHHO,
reoMeTpUYecKMMM napameTpaMmm MHCTPYMeHTa,  KonebaHuUsMW WHCTPYMeHTa, Aedopma-

UmsaMM 06pabaTbiBaeMOro Matepuana, LWepoxXoBaTOCTbIO PEXYLLUX KPOMOK UHCTPYMEHTA.
Mpwn 06KaTbIBaHWMKM cOCTaBnAoLaA NPouns, 00yCNOBNEHHAA reOMeTPUYECKUMM Na-
pameTpaMmn MHCTpYMeHTa hy
h1 = hreow = S%/8R, (2)
rge S- nogaya; R - paguyc Wwapuka nam nonepeyHblii paguyc poanka.
CocTaBnstoLas npoduns, 06ycnoBneHHas KonebaHUAMN MHCTPYMEHTA 3HAUYMTE/IbHO
MeHbLLE, YeM OCTa/TbHble COCTaB/IAIOLLME Y MOXET ObITb NPUHATA paBHOM O - h,= 0.
CocTaBnsatowas npouns, obycnosneHHas geopmaymsamm obpabaTbiBaemMoro Mare-
puana h; onpeaenseTcs Kak pa3HOCTb UCXOLHOM BbICOTbI LLEPOXOBATOCTU Ry 1 BEIMUMHDI €€
nnacTUYecknx aedopmaunii - hy,
h3 =Ra -Nin; Raw = Ror (3)
CocTasndtowas npouns hy 06ycnoseHa LLEPOX0BaTOCTbIO PEXYLLUX KPOMOK WH-
cTpymeHTa hy = Ry
Takum 06pa3om, pacyeTHas BbICOTa HEPOBHOCTEW Npogunna LepoxoBatocTu Rz (Mm)
AN OTAEeN0YHO-YNPOYHSAIOLWe 06paboTKN MOBEPXHOCTHO-NIACTUYECKMM [ehOPMMPOBaHU-
eM, eC/IM MHCTPYMEHT 06pasyeT KPYriyt Uav sNANATAYECKYHO MIOWAAKMA KOHTaKTa, MOXET
ObITb NpeACTaB/eHa Kak

RZ = SZ/8R+ RZI/I _hl'lfl +RI/IH’ (4)



28 Co3faHue 1 NpUMeHeHWe NPOrPECCUBHbIX TEXHOMOTUIA

U -
=R 150P(+ £2)°° R ©)
nn = Mpy . [180- arccos(S ~ Ay )/ 8 (h -h )+ 2h
EZR ma 1 4 E 180 oo :

rge - P — pabouee ycunue; f -KoaQ@QUUUEHT TPeHUS; an, - Pagnyc NaacTUYECKOro OTrneyarka;
hyn — ynipyroe BocctaHoBneHNe; hyy - Iy6yHa BHEAPEHUS MHCTPYMEHTa B 06pabaTtbiBaeMyto
MOBEPXHOCTb; H,, - MOBEPXHOCTHaA MUKPOTBEPAOCTb; Rpy, tmy - UCXOAHBLIE NApaMeTPbI LLIEPO-
xoBaToCTU: Rpy= 0,65R;,; tmu= 45%.

B TOM cnyyae, Korga obKaTtbiBaHWe OCYLLECTBNAETCA KaK CaMoCTOsATeNbHas onepa-
LW, napameTpbl UCXOAHOI LLIEPOXOBATOCTM NMOCTOAHHbI. Mpy COBMECTHOM TOYEHUN N 0bKa-
TbIBaHUW NCXOLHbIE MapameTpbl LLIEPOXOBATOCTUN 3aBUCAT OT YC0BUIA 06paboTKM, YTO HEO6-
XOAMMO YUUTbIBATb NPY NX HOPMUPOBAHNN.

Mpy TOYeHUM NS Pe3LoB C KPYrIoM NAacTUHOM BbiCOTa HEPOBHOCTEN MPOgus
LLIepoXoBaToCTU Ry NMmeeT BUA;

s% b, (2s+b,)
R, =—+—A— A2 +R 6
"8 32r " ©

rae r — pagumyc npv BeplUMHe pesua; Ryy - BbICOTA HEPOBHOCTEN MPOQUNS LLIEPOXO-
BaTOCTU Ha BepLUMHE pe3La; be, - BENMUMHA NNACTUYECKOTO OTTECHEHNS NPY Pe3aHnu:

be, = 0.5p(L- 27 /o ) (7)
rhe p- paguyc OKpYrieHus pexkyLuell KpOMKN WHCTPYMEHTa; or- Npeaen TekyvecTu obpaba-
TbIBAEMOr0O MaTepuana; z- yAe/bHas CABMroBas MPOYHOCTb MOMEKYNSPHBIX CBA3EN.

[ns pacuyeta 1 U TemnepaTypbl B 30He pe3aHus T MCMONb3YyHTCS AMMMPUYECKUE
YPaBHEHMS:

_a(T+273) E )

7, =500 9.81% won 4cl T =——ofts)"v' +20°, (8)
E 10°aF

roe a,b,c, p,m,l - amnmpryeckme KoapPUUUEHTbI; @, o - KOAPHOULUNEHT NMHENHOIO pacLumpe-

HUS 1 BPEMEHHOe CONPOTMB/IEHNE Pa3pbIBY MaTepuasia MHCTPYMEHTa COOTBETCTBEHHO; F -

nnoLaab NonepevyHoro CeYeHUs MHCTPYMEHTA.

BnunsHve nogaum s Ha COCTaBAAOLLME NapaMeTpa LLepoxoBaTocT R, npu obKaTbl-
BaHWUMN 1 UCXOAHYIO LLIEPOX0BATOCTL MOC/e TOUeHUA Ry, NpefAcTaBneHo Ha puc.l.
pamkn fatoT HarnsgHoe NnpeacTaB/ieHne 0 XapakKTepe M CTeNeHW BAMSHWUA NOoAayn Ha co-
cTaBnsoLWme NpoMuaa LepoxXoBaTocTh, 00YCNOB/EHHbIE: TEOMETPUYECKMMI MapameTpamm
NHCTPYMeHTa hy = hreon,  AehopMaumamm obpabatbiBaeMoro marepuana hy =Ry, -hyg,, wepo-
XOBATOCTbHO PEXYLLUMX KPOMOK MHCTpYMeHTa hy = Ryy.= 0,6MKM.

Pe3ynbTaTbl pacyeTOB U MpeACcTaB/ieHHble rpanKn CBUAETE/ILCTBYOT O TOM, YTO C
yBe/IMYeHreM Mojayu Bce COCTaBAOLLME NapaMeTpa LLePOX0BaTOCTU, B TOM YUC/IE U UCXO[-
Hasl LLIepoX0oBaToCTb, YBE/IMUMBAIOTCA.

Ha puc. 2 npecragreHb rpadivikii 38BUCMMOCTIA MapaMeTa LLIEPOXO0BATOCTU R, = 0,2R, 0T nogaum npu
COBMECTHOM 06pab0TKe TOUEHVIEM 1 0OKATLIBRHVEM /151 CIEAYFOLLX YCI0BWIA: 0GpabaTbIBaeMbIv MaTepmar -
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Rz CTanb 45, o= 750Mnia; napameTpbI pestia T15K6—
= paaMyC Npy BEPLLIMHE I' = SMM; PaavyC OKpYT/ie-
/ HS PEXXYLLIEN KPOMKM MHCTPYMeHTa o= 0,03MM;
Ra(31) POK/Mbl  PesaHMA - CKOpPOCTb  pesaHnsa  V
. =150M/MUH; ryiHa t = SMM; MapameTpbl 0OKar-
KM - - P — pabouee yowvie; T -koadhomupieHT Tpe-
.04 / Hvs R = 15Mm; pabosiee yowve P = 500H; koad-
frenp (S1) (omupieHT TpeHma f=0,15.

1 / |~ MonyyeHHble rpagmkn no3so-
y 7 NAT YUYNTbIBATb OLHOBPEMEHHOE BNUSA-
/ Fu HVWEe W3MEHeHMsi Mofayn Ha WCXOAHYHO
LLIEPOX0BATOCTb MOC/IE TOYEHUSI Raye U
0 0.15 03 045 5 asaslof OKOHYaTe/IbHYH0 LLEepOX0BaTOCTb Moc/e
obkaTbiBaHMs R,. Mo monyyeHHbIM rpa-
(hMKam MOXeT OLEeHMBATbCA W3MEHeHVe
LLIEPOX0BATOCTM NPU U3MEHEHWW NMOoJaun,
a TaKkXe YCTaHaB/MBaTbCA 3HAYeHWE Nofjayun, COOTBETCTBYHOLLME 3afaHHbIM 3HaYeHUAM na-

pamMeTpoB  LLIEPOXOBATOCTW.
06 Pa3paboTaHHa# MeTofMKa Mo-
3BOJISIET paccyuTbIBaTL MOAa-

4yn gna nobbIX YCoBUIA CO-
0.45 BMECTHON 006paboTKM TOuYe-

HWeM 1 06KaTbIBaHVEM.
Rare( a1
Takum o6pas3om, Ha

0.006

g

0.00z

N\

Puc. 1. BnngHue nogayum s Ha cocTasnstoLme
napameTpa LLepoXoBaToCTu Mpu 06KaTbiBaHUN

Ra
AAFLAA

03 OCHOBaHWWN MPOBEAEHHbIX UC-
ﬂ CNefloBaHNMn  3aKOHOMEpHO-

015 oy CTei hopMMpoBaHMS HepoB-
] Ral31) HOCTeli Mpogwmnsa LUepOXoBa-

e | TOCTW MPU COBMeCTHOI 06pa-

i 01 015 02 2 agob 00TKe ToYeHMeM U 0bKaTbIBa-

HUEM HapY>XHbIX MOBEPXHO-
Puc. 2. 'pahnkn 3aBUCMMOCT NapameTpa UCXOAHOW Rauc  cTeii BpalyeHus paspaGoTaHbi

M OKOHYaTeNbHON R, LepoxoBaTtoCcTn OT nofdaynm S npu

- pekoMeHJauuu no  BbIGOPY
COBMECTHOI 06paboTKe TOUeHWEM U 06KaTbIBAHWEM.

nogaun, nossosifloLme obec-
neunTb TpebyeMble napameT-
Pbl LLEPOXOBATOCTM MOBEPXHOCTHOrO €108 06pabaTbiBaeMbIX feTasieid U rapaHTUpPOBaHHOE
MOBbILLEHNE YPOBHS 3KCMN/yaTaUMOHHbIX CBOWCTB AeTanel MalluH.

Cnncok nutepatypsbl: 1. Kayectso MawmH: CnpaBoyHuK B 2-xX T.T.1/ A.l. Cycnos,
2.4. bpayH, H.A. Butkesuy u gp. - M.: MalumHocTpoeHue, 1995.-256¢. 2. Ka4yeCcTBO MaLLVH:
CnpaBoyHuk B 2-x T.T.2 / A.Il. Cycnos, KO.B. N'ynses, A.M. [anbckuii n gp. - M.: MallumnHo-
cTpoeHue, 1995.-430c. 3. CycnoB A.I. KayecTBO MOBEPXHOCTHOrO Cos [AeTaneil MallinH. —
M.: MatumHocTpoeHue, 2000. — 320c.
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CVNCTEMA PEIYJTFOBAHHA MAIHITHUX MIAWWTITHAKIB

PimekacTeH K. (OTTO-(hoH-I"epike-YHiBepcuTeT, M.Margebypr, HimeuunHa)
Xenep 4. (OTTO-hoH-Tepike-YHiBepcuTeT, M.Margebypr, HimeuunHa)
LLisegeHko €.M. (kah. CIMY, JoHHTY, m.[oHeubK, YKpaiHa)

3 pO3BMTKOM 06CAry y MalMHOGY/iBeNbHOMY BUPOOHULTBI Ta MiABULLEHHAM MOTPe6
[0 AKOCTI NPOAYKLIT, L0 BMMYCKAETLCA, MOCTaE 3afaya y MigBULLEHHI NPOAYKTUBHOCTI Ta
HafinHOCTI MeTasI006pO6HUX BEPCTaTIB, TOMY CMPUSAE BUKOPUCTAHHA MPUHLMMNIB MarHiTHUX
nigsicis.

MarHiTHi NiAWWNHUKA pagiaibHOro TUMY BUKOPUCTOBYHOTHLCA Y ABUTYHAX BEIMKOI
MOTY>KHOCTI Ans 3a6e3neyeHHs AOBroBiYHOCTI po60OTK, HaAINHOCTI, CTIAKOCTI A0 6YyAb-AKOro
HaBaHTaKeHHS, 3MEHLUEHHS BM/MBY LUYMY, BiZICYTHOCTI TepTA MeTasleBUX YacTuH Ta 6y[b-
AKOr0 3MaLLeHHS.

MepLue 3raflyBaHHA NPO MarHiTHI nigsicky 6yno B 1937 poui HiMeLbkuM yyeHum Ke-
MMepoM , Lo cnpobyBaB 3a AOMOMOIOK [ABOX MarHiTiB yAep)KyBaTu MeTaneBUid NpeamMeT Y
npocTopi. Ha noyaTky 60-X pPOKiB NPMHUMMNX MarHiTHUX NiABICIB MOYaan 3aCTOCOBYBATW B
ranysi KOCMiYHOI TeXHiKM — y ripockonax. ¥ 1977 3’aABunacb neplua A0pora Ha MarHiTHil
nigsicyi, y micTi BigeHb, sika HasmBanacsa “Transrapid 77”. MMisHiwe y Tokio 3’ABMNach Lie
ofHa niggicHa Tpaca. Y cepeguHi 80-x y Cymcbkomy HIl 6yno po3pobneHo MpoekT raso-
TYP6iIHHOT KOMMPECOPHOT YCTAaHOBKM 3 BUKOPUCTAHHAM MPUHLMNY MarHiTHUX NigBiciB, AKWiA
noTim O6yB 3aCTOCOBYBaHWMIA Ha ra3sOKOMMPECOPHIA CTaHLii rasonpoBogy “YpeHroi-
Yxropog”. Ha noyarky 90-x B JJoHHTY 3aiimannca po3pobKamMum MarHiTHUX MigWnnHUKIB
L0191 ABUTYHIB BENIMKOT NMOTYXHOCTI. B €Bponi BULLEBKa3aHi MPUHLMUMNY BUKOPUCTOBYHOTLCA Y
LUNUHAENbHMUX TEKCTUNBbHUX BepcTaTax, Ae HeobXigHO BUTPUMYBATU Oy b-AKi HaBaHTaXKEHHA
npu WwWBenaKocTi o6eptaHHa 40000 06/xB. B gaHmMi yac y HimeuumnHi 3aiMatoTbCsi po3po6bKamMm
MeTa/1006po6HNX BepCTaTiB A/19 06p06KV feTaneid y TpUBMMIpHOMY nipocTopi. Ha puc.l. no-
KasaHWin MainbyTHIn MeTanoobpobHuiA BepcTar . Iig BNIMBOM MarHiTHOro nosto, y AaHomy
BUMaAKY 610K LuniHapiB 6yae nepemilyBaTncs B NpocTopi Ans 3py4HOCTi 06pobKu. MeToto
TaKoro BrPOBA[PKEHHA 3'ABUANCA BMMOrM Mo 36i/MbLUEHHIO MacliTabiB BUPOOHULTBA,
HafiMHOCTI cUCTeM, SKOCTI MPOAYKLiT, TOYHOCTI 06PO6KW, BiICYTHOCTI TEPTA MeTaIeBUX Yac-
TUH, 3MEHLLEHHS BNAMBY LWIYMY 11 CMIPOLLEHHS 3ac06iB 06p06KKM (y AaHOMY BMNagKy 06po6-
HWI NPUCTPIN — pyKa pob0oTa 3 MEHLLIOK KifIbKICTHO NPY>XXHUX 3B'A3KIB).

Puc.1. MailbyTHi MeTano06p0o6Hi BepcTaTy
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[N BUPILLEHHA AeAKUX NUTaHb TakMX BepcTatiB byna po3pobseHa MarHiTHa cucrema
akciasibHoro Tuny B MicTi Marge6ypsi 4ns 4BOX CTyrMeHiB CBO60AM, WO NoKasaHa Ha puc. 2.
Lis ycTaHOBKa CK/MafaeTbCA 3 YOTMPLOX MArHiTiB, [Ba PO3TallOoBaHO 3BEpXy i ABa — 3HU3Y,
KOTYLLOK Ta SKOPH0. 3BepXy Ha MarHiTu fie 3aMiHHe HaBaHTaXXeHHs. AKip — ue mogens 06po6b-
NHOBaHOT AeTani.
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Puc. 2. MarHiTHa cuctema akciaslbHoOro Tuny

MpuvHUMN i€l YCTAHOBKM 3aCHOBAHWIN Ha BWMKOPUCTaHHI CU  BIALWTOBXYBaHHSA
NOCTIMHMX MarHiTiB Ana Toro, wo6 ctabiniayBaT NONOXEHHS SKOPS Yy 3BaXKEHOMY MO/0-
YKeHHi. 3 puc. 2 gobpe BUAHO, LLO 06’EKT PeryntoBaHHA HeNiHiHWIA, TOMY 6YN0 3arnpornoHo-
BaHO pPO3pOOUTM NliHeapi3oBaHy CUCTEMY PerysitoBaHHSA MOMOXKEHHS AKOPS, BPaxoBYHOUM
HeniHiNHICTL 06’ekTa. Ha puc. 3 306pakeHO HeNiHINHI 3a1eXXHOCTI 415 BEPXHLOI0 Ta HUK-
HbOI0 MarHiTiB.
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Puc. 3. HeniHiiHa 3a1€XHICTb CUAM MarHiTiB Big CTPyMy

dopmyna NOBHOT CUIN MarHiTiB Mae BUrNAA,
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ne Opm - MArHiTOABIXYLLA CINA MATHITY;
N - KiflbKiCTb BUTKIB;
A - NoLLa 3a30py;
L - IHOYKTUBHICTb 3ani3a;
X1,X, - 3230PN MK MarHiTom Ta iIKOpem;
O - NOBHWI 3a30p.
HeobxigHo 6yno 3HainT poboyi TOUKM Ans MarHiTie (CTpyMm, 3a30p Ta macy, fka jie

Ha MarHiTi), sk 306paxeHo Ha puc. 3. Po3paxoBaHa thopmyna (2) nokasye niHiliHe gude-
PeHUiiHe PIBHAHHA 419 4aHOT CUCTEMU pPeryntoBaHHS.

— A_uft
AF B ZEN UJO l:(me E‘(lel + RnagFe% IJ)Y_uﬂ)2

i A_uft
- Bm%@”mm)%m%%%%)@w' @

Ha pwuc. 4 306pa>KeHa ¢)yHKuiOHaﬂbHa CXeMa CUCTEMW pPerynoBaHHA MarHiTHOI cuc-
TEMW aKciaslbHOro Tnny, AaKa 6yna 3anporoHoBaHa a4 aaHoro ob’ekTa peryntoBaHHA. CeHcop
BVIMiplOG MONOXKEHHA AKOPA Nnpu HaBaHTaXXeHHI, Ta nepepnae CBili CUIHaN Ha peryndarop no-
NOXEHHS, KU BMAa€e 3aBAaHHA Ha CTPYM, PETrynatTopy CTpymy. 3 p060l-II/IM 3Ha4YeHHAM
CTPyMmYy 3a AOnomMorow cun Bi,D,LIJTOBxyBaHHFI CTa6ini3ye MONOXXEHHA AKOpPA.
EnekTpomarHir

PerynsTop Migcwniosay = @ @

S S P S

CTpymy u I { <<<<< S
. MukponpoLecop
lsap 3Nia- X \
anropirMom ” \ .
KotyLuka eHcop

Puc. 4. ®yHKUiOHaIbHa CXeMa pery/oBaHHS MarHiTHOT CUCTEMW akCiaslbHOro Tuny

Y pesynbTati po60TV PO3rNAHYTO W JOCNIAKEHO Pi3HI BapiaHTW METO/iIB KepyBaHHS
MarHiTHOro efeMeHTy, BUWSIB/IEHO OCHOBHI 3a/IeXXHOCTI napameTpiB 06'eKTa AOCNIIKEHb,
CUHTE30BaHO KOHTYP PerysitoBaHHsA CTpyMy, No6yA0BaHO BUXIifHI XapaKTepUCTUKN. 3pobneHe
MOPIBHAHHA pe3y/bTaTiB, OTPUMaHMX NPV MOAENOBaHHI Ta Ha MpakTuLi, HaMiYeHi LWAXK
nojasibLUMX TEOPETUUYHMX | eKCNepUMeHTa/IbHUX NPopo6ieHb. BMKOHaHI po3pobku [03BOSIS-
I0Tb Y MOJa/IbLIOMY BpaxoBYBaTW BIM/IMB [AeAKWUX BEIMYMH Ta MNPOBEAEHHS MOLasbLUnX
[OCNiAKeHb Ha eKCNEePUMEHTaSbHIN YCTaHOBLII.

Cnucok nitepatypu: 1. Schweitzer G., Bleuler H. Magnetlager: Grundlagen, Eigen-
schaften und Anwendungen beriihrungsfreier elektromagnetischer Lager.- Berlin: Teubner,
1993.- 260 S. 2. Otfried G. Elektromagnetische Felder und Netzwerke: Anwendungen in
Mathcad und PSpice.- Berlin: Teubner, 1999.- 324 S. 3. Kallenbach E. Elektromagnete:
Grundlagen, Berechnung, Konstruktion, Anwendung.- Stutgart: Teubner, 1998.- 452 S.
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OMNPEAENEHUVE BHY:I'PEHI-\[EVI SHEPI'MN MATEPUNAJIA B ®YHKLINW OT
PETAKCALMNOHHOWM CTONKOCTU JNCNITOKALUNOHHOW CTPYKTYPbI

Pbi6uHckas T.A., 3a6onotHuii A.U. (kad. mexaHuku, TPTY, r. TaraHpor, Poccus)

B HacTosLee Bpems Bce 60/1ee LUMPOKO UAET NPOLLECC BHEAPEHWS HOBbIX TEXHO/OTU
B NPOW3BOACTBO, KOTOPbIE MO3BOMISKOT MNOBLICUTL MPOVU3BOAUTENBHOCTL 06PabOTKM AeTanei.
Ho npu aToM HEO6X0AMMO KOHTPO/IMPOBATL KayeCTBO BbIMyCKaeMbIX AeTasei, MexaHU3MOB.
KauecTBo feTasieil B 3HaUNTENbHOM Mepe OnpeaenseTcs COCTOSHWEM MOBEPXHOCTHOrO C/10f,
MoJsly4aeMoro B npouecce MexaHoo6paboTku. O6paboTka NPMBOAUT K (DOPMUPOBAHMIO B Ma-
Tepuase MOBEPXHOCTHOIO C/I08 MOCTOSHHO M3MEHSAIOLWENCA AMCNOKALMOHHON CTPYKTYpbI.
JKcnnyaTauMoHHble MokasaTeny MeTaloB M CniaBoB (YCTa/loCTHas MPOYHOCTb, M3HOCO-
CTOMKOCTb W [p.) ONpeaenstoTcs CKOPOCTbIO M3MEHEHMS ANCOKALMOHHON CTPYKTYpbI, 3aBU-
CALLe OT NepBOHaYa/IbHOr0 3aKpensieHns AMCIOKaUuiA B KpUcTaiax v X NOABUXHOCTHU.
Teopus gUCNOKaLMiA faeT CnefytoLLyto 3aBUCMMOCTb MeXAY Npeaenom TeKyYecTu Ma-
Tepuana Om M NIOTHOCTbLIO AncnoKauymin p [1]:

Om:00+a bK G\/B, (1)

rae Op— HanpsbkeHne BHYTPU AeopMUPOBaAHHOIO MaTepuaa;
a— KO3PMUUMEHT, YUNTbIBAIOLWMIA BKNA pas3HbIX MeXaHW3MOB TOPMOXEHWNSA AMCIOKa-

LMin B MaTepuane.

MOXXHO NpesnonoXuTb, YTO CYLLECTBYET (PYHKLMOHA/IbHAS CBA3b MEXAY BHYTPEH-
Hein aHeprueit matepuana T, 06yCNOBNEHHON ANCNOKALMOHHOW CTPYKTYPOWA, 1 HanpshKeHNs -
MW, eNCTBYIOLMMMN Ha HEro, T.e. BHYTPEHHAA 3Heprus matepuana kak bl ypaBHOBELLIMBAET-
A NOTEHUMabHON 3Heprmeid, Bbl3BaHHON AeNCTBMEM Ha [ieTaslb BHELLUHWUX CUN U MOMEHTOB.

[ns onpefeneHns NnoTeHUManbHON aHeprum U creflyeT pacCMOTPETb KNACCUYECKYHO
3afla4yy COMpOTMB/IEHWNS MAaTepWasioB, BbIAENVMB B CEYEHUW [eTann 3eMeHTapHbIA Yy4YacToK,
AJIMHON dZ (puc. 1). Byaem cumTathb, UTO AeTab UMeeT NPSMOMHENHYIO OCb U Manyto Benn-
YMHY KPWBU3HBI, KOTOPO MOXHO MpeHebpeyb. Torga B KaXAOM M3 MOMEPEYHbIX CeYeHWit
[eTann B 00LIEM C/yyae Harpy>XeHusi BO3HWKAET LUECTb CM/IOBLIX (PAKTOPOB: TP MOMEHTa
My, My, My 1 Tpu cunbl N, Qy, Qy. 10 OTHOLLEHWIO K BbleNIEHHOMY 3/1EMEHTAPHOMY Y4YacTKY
3TW CMNOBble (haKTOPbl MOXHO paccMaTpuBaTh KakK BHELLUHMWE, YTO MO3BONSET ONpefeiuTb Ty
paboTy, KoTopas coBepLUaeTca MU NpKn Led)opMMpoBaHUN 3neMeHTa. 3Ta paboTa nepexoamT
B MOTEHUMA/IbHYHO 3HEPT U0, HAKOM/IEHHYHO B 3/1EMEHTAPHOM Y4acTKe aeTanu.

JleBoe ceyeHvie BbIfe/IEHHOrO 3fieMeHTa (puc. 1) MOXHO YC/MIOBHO paccMaTpuBaTth
KaK HenoAaBvXHOe ¢ TeM, YTOObl paboTa BCEX CWUMOBLIX (DAKTOPOB, MPUIOXKEHHBIX K JIEBOMY
TOpLy, 6bl1a PaBHON HyMO. TOYKa NPYBEAEHNS CUT B NPaBOM CeYeHUW BCNeAcTBUM Aedop-
Mauuu aneMeHTa noslydaeT HEKOTOpbIE Masible MepeMeLleHns, Ha KOTOPbIX COBEpLUaeTca uc-
Komasi paboTa.

Heo6Xx04MMO OTMETUTb, YTO KaXKAOMY M3 pacCMaTpuBaeMbIX LUECTU CUNOBbIX (DaK-
TOPOB COOTBETCTBYIOT Takve MaJible MepeMeLLeHuns, Ha KOTOPbIX HU OAWH U3 OCTa/IbHbIX MATU
paboTbl He coBepLuaeT. Tak, HanpumMep, Mo AeNCTBMEM KPYTALLEro MomeHTa My BO3HUKaeT
Yron rnoBopoTa CeyeHWss OTHOCUTE/IbHO OcM Z. Ha 3TOM yrnoBoM nepemeLleHnn pabora co-
BEPLLAETCA TO/IbKO 3TUM MOMEHTOM M. JIMHelHble nepemeLLeHns BLOMb OCU Y BO3HUKaKOT
BC/IeACTBUE [eliCTBUSA CUMbl Qy, ¥ TO/MBKO 3Ta CUa CoBepLuaeT paboTy Ha 3TOM MepemeLlte-
HUN.

Cneposate/ibHO, NOTEHUMAbHAA 3HEPrUsA 3/IEMeHTa MOXET paccMaTpuvBaTbCA Kak
CyMMa He3aBUCUMbIX paboT KaXaoro 13 LWeCTy CUMN0BbLIX ()akTopoB, T.e. KaK CyMMa 3Hepruim
Kpy4yeHus, n3rnba, pactsxkeHus v casura [6]:
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dU = dU(My)+ dU(M,)+ dU(My)+ dU(N)+ dU (Qx)+ dU (Qy). (2)

¥

M
D

/

=

Puc. 1. Cunosble hakTopbl, Ae/CTBYOLME B MOMEPEYHOM CEYEHUWN Ha 3M1eMeHTap-
HbIA yyacTok dF

ECTEeCTBEHHO, UTO TaKOe pa3fefieHne paboT BO3MOXHO /WLLb NPY OMNpeAeNeHHOM Bbl-
Gope OCeii. B 4acTHOCTU, TOUKa NPYBEAEHUS CUN O/MKHA COBMaAaTh C LIEHTPOM TSHXKECTU Ce-
YeHusi, MHaye HopManbHas cuna N BbI30BET MOBOPOT CEUEHUS U M3rMBatoLLye MOMEHTbI CO-
BepLUaT paboTy Ha Yr0BOM NepeMeLLEHIM, BbI3BAHHOM C 3TOI CUMOIA. VIMEHHO MO3TOMY OCU
X W'Y [I0MKHbI ObITb FMaBHbIMI, B MPOTUBHOM C/ly4ae MOMEHT My BbI30BET NOBOPOT CeUYEHMS
OTHOCUTE/LHO OCK Y 1 GYAEeT Npov3BefeHa B3aMMHasi paboTa Ha YroBbIX MEpeMeLLEeHusX,
BbI3BaHHbIX ABYMS M3rMBatoLLMII MOMEHTAMU.

BbIpaXeHUs /11 NepBbIX YeTbIPEX ClaraemMbix B opmyne (2) MoryT GbiTb NpeacTaBe-
Hbl B BUJE:

2 . 2 .
W) E )
P X
M 2dZ - N 2dz
_ ; du(N) = , (3)
du(m, )= 2éay (N) EF

roe E - mogynb ynpyroctu matepuana; Jp — NOSPHbIA MOMEHT MHEPLIMW CeUeHUs feTanu; Jy,
Jy - MOMEHT VHepLMN CeYeHns [eTanu, COOTBETCTBEHHO, OTHOCUTE/bHO OCeid X U Y; F - nio-
LLaab CeYeHns feTtanu.

Ansa onpegeneHnsa sennunHbl dU (Qy) B hopmyre (2) cnefyet pacCMOTPETL 3/1eMeH-
TapHYH0 NpU3My C naowagblo ocHoBaHUa dF n gnvHol dZ (puc.1l). SHeprus, 3aKnOYeHHas B
3TOM 06beMe, paBHa Uy’ dF dZ, rae Uy - yaenbHas noTeHuuanbHas aHeprus npu casure.

BbipakeHne Uy’ = Tf,/ZG [6] MOXXHO nepenucaTh B CieAyoLwem Buae:
Uo’ dF dzZ :idFdZ . (4)
2G

[Nanee, MHTErpupys NosyYeHHOe BbipakeHWe (4) Mo niowagn cedyeHus 6Gpyca F,
MOXXHO 3anmcaThb:
dz

du (Qy):EJ'F r2dF .

]
y =X

Ho no dopmyne XKypasckoro [6] 7, = , TAe S, — CTaTUYecKUii MOMEHT CeueHus,

X
a b—napameTp CeyeHus, onpeensieMblii MOMOXKEHNE 3M1EMEHTAPHOM NPU3MbI C NIOWAAbLO
ocHoBaHus dF.
CnepoBaTtesibHO,
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Q dz SDZ
2(322.[ b2 ’
Q;Fdz sDZ
2GFJ2 b2

dU(Q,)=

nan 4y (Qy)

F . SZ?
Ecnm 0603HaunTL Yepes Ky = J'
b2

Y 2GF

du(Q,)=
AHaIOrM4YHo I'IOﬂy‘-IaeTCﬂ:

_ Az 6
U (Q)=K, L ©)
B dopmynax (5) u (6) koapduumeHTsl Ky 1 Ky npeactasnatoT coboin 6e3pasmepHble
BE/IMUYNHBI, 3aBUCALLME OT TeOMETPUYECKMX (DOPM CEYEHUS SeTau.
Yuutbiasa gopmynbl (3), (5) u (6), BbipakeHune (2) NpUHUMAET BUA:

2 2 M 2dz 2 2 2dz
qu =MidZ Mz y4Z N dZ+KXQXdZ+K Q,dZ 7
2GJ, 2EJ, 2E), 2EF 2GF ¥ 2GF

UT06bl MONYYNTb MOTEHLUMAbHYIO 3HEpruo no Bcell AnmHe getann U, HEOGXOAMMO

BblpaXkeHue (7) NPOMHTerpMpoBaTh no AnvHe getanm I
2

- gM7 M2+My LNPLKQE KA (®)
IBZGJ 2B, 2EF 2GF  2GF

X y

BennumHa BHYTPeHHe aHeprun matepuana T, ypaBHOBELUMBAOLLAA MOTEHUMANIbHYIO
aHepruto getanm U, MOXeT ObITb BblpaXKeHa Yepe3 nokasaTe/lb penakcauyMoHHOW CTOMKOCTY
AVCNOKaLMOHHON CTPYKTYpbl Ap. VI3BECTHO, UTO penakcalMoHHas CTOMKOCTb AMCMIOKaLNOH-
HOW CTPYKTYpbI MaTepuana onpegenseTcs NoABYMKHOCTbIO AUCNoKaumnia [2, 4, 5] 1 BeNNYNHOIA
NX KMHEMATUYECKON 3Heprum Ty, KOTOpas ABMSETCH OCHOBHOM COCTaBNSIOLLEA BHYTPEHHEN
3Heprum matepvana T. [pyroii cOCTaBAsAOLWEA BHYTPEHHE 3HEPrMM MaTepuana siBNseTcs
3HEPrns YNPYrmx UCKaXXeHWI KPUCTa/IIMYECKON pelueTky T, Bbl3BaHHas Ha/lMumem AUcCho-
Kaumi.

A3BECTHO, YTO C KaXXAO0W AMCNOKauMel CBA3aHa SHeprus ynpyrux muckaxkenui t, [3],
KoTopasi paBHa paboTe, BbIMOMHEHHOW MNpU 06pa3oBaHMKM AUCIOKauuid. Mpu 3ToM 06uias
3HEPIUs UCKXKEHWI pa3fensieTcs Ha [Be YacTu: 3Hepruio aapa AUCnoKauun ty v aHepruto ee
YMPYrux UCKaXKeHMi t,. OLeHKa aHeprum sapa AvMcnoKaumm t, mokKasbIBaeT, YTo ee Be/IMYMHa
coctaBnset 0,06 - 0,19 aHeprumn ynpyrux uckaxeHui t, [6]. Ans cnyyas KpaeBoi AMCMOKa-
LMW 3Heprus ynpyrux UCKaxXeHwuii t, onpegenutcs no opmyne [3]:

L

roe R - BeNMUMHa, NpUHMMaeMas paBHOW NOMOBUHE CPeHEro PacCTOSAHUS MeXay AWCNoKa-
LUMSMU; o — pagnyc siapa AnNcnoKauum.

MockonbKy B AechopMmnpyemMom MaTepuane 0JHOBPEMEHHO MMEETCS He OAWH AedeKT, To
AENCTBME KaXA0ro 13 HUX CneayeT pacCMaTpuBaTb B 3aBUCMMOCTW OT Ha/iM4ums Apyrux fe-
(hekTOB. B pesynbTate 06Llas 3HEprns UCKaXKeHWU KPUCTa//IMYECKON PELLETKM HE MOXET
ObITb OnMcaHa NPOCTON CYMMOW 3HEPTUA NCKAXKEHWI, BbI3blBa€MbIX BBEAEHMEM B KpUCTas-
NNYECKYIO PeLleTKY KaKaoro u3 aeeKToB B OTAENbHOCTU. B TO e BpeMsi yyecTb B3aMMO-
AEeCTBME BCEr0 MHOXECTBA Ae(EKTOB APYr C APYrOM Mpv Cyneprno3nLmMmnm NCKaXKEHUI OT Ka-
XA0ro fgedekta He NpPeAcTaBnseTCcs BO3MOXHbIM. [M03TOMYy Mpu pacuyeTe MOTeHLUWaNbHON
SHEPrUN YMPYrMX UCKaXKeHWI, BbI3BaHHbIX AMC/IOKALUUAMM, pacCMaTPMBatOT He KaXayH OT-
AeNbHY0 AMCNOKaLNIO, AN KOTOPO pacCTOsHUA A0 6AMKalLmMX coceaent onpeaensieTcs Be-
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NMumnHoii R=

1 o
m (3mecb p(V) - MrHOBEHHas MIOTHOCTL AUC/IOKAaUMIA MaTepuana B 3afaH-
yol\"

HOM 00beMe), a AWCMOKaLMIo, KOTopas yAaneHa OT G/dKalluMX cocefeil Ha paccTosiHue

_ 1 .
R= ,rae p(v) - cpegHss NNOTHOCTL AMCNOKaLMIA BCero oGbema MaTepuana V:
o(v)
o) = [ o) dy (10)
v Jo '

Takoe paccMOTpeHVe AMCNOKALMOHHOWM CTPYKTYpbl MaTepuana CnpaBef/inBo, TaK Kak
OHa COCTOMUT 06bIYHO M3 AUCMOKALMIA Pa3HOro 3Haka [3, 7]. Torga BeNMYMHY 3Heprum ynpy-
VX NCKaXKEHWIA MOXHO NPeACTaBUTh B BUAE CMEAYIOLLENO BbIpaXKeHUs:

Gb;} R v
Tu= ——F%—In— dv. 11
- 47[(1—/1) rOIO pv) Qv (11)

[nsi OLEHKN KNHETMYeCKol aHeprum T, cnedyeT pacCMOTPETb CHaYana KUHETUKY ABU-
KEHUS KaKoW-nn6o amncnokaumun. MycTb Ha ABMKYLLYIOCS AUCMOKaLMIO AeCTBYeT cuna by
Go, KOTOpasi HOPMUPYETCS Ha eAVHULY ANVHBI AUcnoKauun. Mpy NPOXOXKAEHUN AMCNOKAL K-
eli paccTosiHMs dy coBepLUaeTCs paboTa:

dT= [, boyd,, (12)

rge L - MakcMasibHO BO3MOXKHOE MepeMeLLeHre ANCTOKaL 1N,

Ecnun BblgennTh B 06bemMe maTepuana Cnoi TonwmHom S, To ansa p(v)dv gucnokauuia,
KOTOpble HaXOAATCA B 3TOM C/I0e, NMOTpebyeTca 3aTpaTuTb paboTy ANF UX NepemeLLeHns Ha
LANMHY dy, paBHYHO:

AT = p(v)dv J’OLbkaodx . (13)

OTCloAa KUHETUYECKas SHeprus BCex ABVKYLLMXCS AMCMOKALWIA, Haxodsiwmnxcs B 06b-
eMe mMaTepuanaV, onpeaenseTcs BbIpKeHUEM:

T, :I;/ p(v)ﬁ‘: b,o,d, ﬁiv. (14)

MonHaA BHYTPEHHss 3Heprus matepuana T MOXET 6biTb MpeAcTaBneHa CheaytoLLel
thopmynoia:
Gb? R v v L
I [ p ) dv [ p(v)%'o b o,d, ﬁiv, (15)

T=T+Tx =
o 4”(1_ﬂ) o

L
Unu nocne nNpeobpasoBaHns, NPUHAB J'O b.o,d, =bo,L,

_goeh R v
= Hin "y b Y

Tak Kak NnokasaTe/lb pefnakcallMOHHON CTOMKOCTM ANCNOKALMOHHON CTPYKTYpbl Ap = p-
Phau, @ NMOKA3aTENb AVCMOKALMOHHOM HAChILLEHHOCTM MaTepuana Kp= Puauw Pucx, TO NMOCTE CO-
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OTBETCTBYIOLLMX Mpeobpa3oBaHmii hopmyna (16) ans onpeaeneHns BHyTPEHHe aHeprum ma-
Tepuana T NpuUMET BUA!

Gb} R
T= “ <In—+b o, LHK +Ap). 17
72'(1 _ ,U) ) k9o % p WPk P) (17)

AHann3 BbipaxkeHWs (17) NOKa3bIBAET, YTO BHYTPEHHAA 3HEPrua matepuana T Haxo4uT-
cA B (PYHKLMOHaNbHOW 3aBMCMMOCTM OT MOKa3aTeNs pefiakCauoHHOW CTOMKOCTM AMCNOKa-
LLMOHHOM CTPYKTYpbl Ap. CrefoBaTeNlbHO, YPaBHOBELLMBAKOLWAA NOTeHUManbHas aHeprus U
TaKXXe 3aBUCUT OT MoKasaTens pefakcalunMoHHOW CTOMKOCTM AUCNOKALMOHHOW CTPYKTYpbI Ap.

Hanbonee HarnsgHo 3aBMCUMOCTb KOHCTPYKLMOHHOW NMPOYHOCTU MaTepuana (Op, Om W
T.4.) OT penakcauvoHHON CTOMKOCTU AMC/IOKALMOHHON CTPYKTYPbl Ap MOXHO MpoaHan3un-
poBaTtb, ecnun B hopmynbl (8) 1 (17) BmecTo moayna capura G n mogynsa ynpyroctv E nog-
CTaBUTb UX 3HAYEHNA U3 BbIpaxKeHWA (1), NPUHAB P=K, Pycxt Ap:

On=—0 On =0
G=—"—22 um G= m___0 ;

abk\/; ’ abk KpIOVICX +A,O

2(1+ﬂ)(o'm _O'o)

E_2(1+/u)(0m _00) .
abk KppI/ICX+Ap

= , nm E=

db,\p

Kak nokasblBatoT MCCnefoBaHus, BbiNONHeHHbIe HA M3BM, B 06LeM cnyyae KOH-
CTPYKLMOHHaA NPOYHOCTb MaTepuasa HaxOAWUTCA B CIOXKHOM 3aBMCMMOCTU OT MoKasaTens
penakcauyoHHON CTOMKOCTM  AUCNOKAUMOHHOW CTPYKTYpbl Ap, BbipaXaeMoin Apo6HoO-
paumoHabHOW (PyHKUMeRn. Ocobyro 3HAUMMOCTb Ha KOHCTPYKLMOHHYIO NPOYHOCTL MaTepua-
NOB OKas3blBaeT Nnokasate/lb AUCNOKALMOHHOW HacbIWeHHOCTU Kp: MakcManbHble 3HaUYeHMst
npegena NPoOYHOCTN MaTepuana O, U Npefena TeKy4YeCTu Om AOCTUTAKTCA NPU AOCTUXEHUN
ONTUMaNbHON BeNIMYMHBI NOKa3aTeNs AMUCIOKALMOHHON HacbIleHHOCTH (Kp)onr. Bce 3To no-
3BO/ISIET HanpaB/ieHO ONPefensaTb NYTU TEXHOMOMMYECKOro obecneveHns N3HOCOCTOMKOCTY U
KOHCTPYKLMOHHO NPOYHOCTM feTanei.

(18)

Cnucok nutepatypbl: 1. MaTepuanoBefieHVe: YUYeOHNK 41 BbICLLINX TEXHUYECKMX
yyebHbIx 3aBefieHnii /Mog obwy,. pea. b.H. Apsamacosa.- M.: MawmnHocTpoeHure, 1986. —384
c. 2. byteHko B./. MeTtannoBegyeckme OCHOBbl KOHCTPYKLMOHHON NPOYHOCTW CTanei u
cnnasoB /Y4e6H. nocobue/ N3a-8o TPTY.- TaraHpor, 1995 — 107c. 3. Ctapkos B.K. Aucno-
KalMOHHble NPeACTaB/eHMA 0 pe3aHun MeTannoB. — M.: MatumHocTpoeHue, 1979-160c. 4.
ByTeHko B.W., Unctskos A.B. OueHKa aKcnnyaTalMOHHbIX CBOMCTB META/INIOB U CM1aBoB MO
penakcauyoHHON CTOMKOCTU AMCNOKALWOHHOW CTPYKTYpbl./ 1-0e cobpaHue MeTanoBefoB
Poccun: Tesucbl goknagos. Yactb 1. — lNeH3a, 1993.-c.43-44. 5. byteHko B.W., Ynctakos
A.B. AHannTnyeckoe McCnefoBaHMe penakcalMoHHOW CTOMKOCTU AMCNIOKALUOHHONW CTPYK-
TYpbl MaTepuana NOBEPXHOCTHOIO C€1os 06paboTaHHbIX M3aennii /B KH.: Bonpockl coBep-
LLIEHCTBOBaHNSA MalLWH, 060pYA0BaHMA WU TEXHOMOMUIA CTPOUTENbHOW MHAYCTpun. — HoBo-
yepkacck: M3a-80 HI'TY, 1996.-c. 82-88. 6. ®eogockbeB B.W. ConpoTrBeHe MmaTepuanos. —
M.: Hayka, 1979.-560c.
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K BOMNPOCY MNPOEKTVPOBAHNA ABTOMATUNYECKUX POTOPHbLIX
nnHnn ana NnPon3BOACTBA MBO3OEN

YUepHbiwwes E. A., Muxaiinos A. H. (kag. TM, JoHHTY, [loHeuK, YKpavHa)

[ns oTAeNbHbIX BUAOB NPOM3BOACTB CO3[aHNe aBTOMaTUYECKMX POTOPHBIX IMHWUIA fa-
eT 3HaYMTE/IbHbIA 3KOHOMUYECKMIA 3th(heKT. Tak Kak HanbosbLlee pacnpocTpaHeHe aBToMa-
TUYECKME POTOPHbIE IMHUWM NOAYYUIN MPY aBTOMATU3aLMM NPOLLECCOB 00pabOTKM AaBneHu-
eM HebOoMbLUNX feTanei LMAnHAPUYECKON (opMmbl, TO LiefecoobpasHo aBTOMATUYECKYHD Po-
TOPHYHO JIMHUIO MPUMEHUTH B METU3HOM MPOU3BOACTBE, YTO B YC/I0BMAX MacCOBOro XapakTe-
pa acT CYLLeCTBEHHYH 3KOHOMUYECKYHO BbIro4y.

OTANYNTENBbHOM OCOGEHHOCTLIO TaKMX aBTOMATUYECKMX POTOPHbLIX NIMHWUIA ABNSETCA
TO, YTO MawuHbl 111 Knacca 06beanHEHbI B 4MHYI0 aBTOMATUYECKYHO CUCTEMY C OOLLMM Mo-
TOKOM NpesMeTOB 06paboTKN. TeXHONOrMYecKoe ABUXEHME OCYLLECTBAETCA B NMPOLLECCe Co-
BMECTHOr0 ABVKeHUs npefmeTa 06paboTKyM U MHCTPYMEHTa, T.e. TPAHCMOPTHOE N TEXHO/O-
rMYecKoe [ABVXEHUA COBEPLUAOTCA He3aBMCKMMO ApYr OT Apyra, HO COBMELLEHbl BO BPEMEHM,
[pyroii B&XXHON 0COGEHHOCTLIO ABMSETCA TO, UTO MPOMU3BOAUTENIbHOCTbL HE 3aBMCUT OT Napa-
METPOB TEXHO/IOMMYECKMX onepaunii 1 He0BXO0AMMBIX TEXHONOMMYECKNX ABVKEHWI, a 3aBUC-
TW INLLL OT LLIAroBOro pacCcTOfAHUA 1 CKOPOCTU TpaHCNopTMpoBaHus. MosToMy B 00LLEM Cy-
yae NPOoM3BOANTENBHOCTbL MOXET ObIThb KaK YrogHo Baiunka [1].

HacTosiee npes/ioXkeHne nNpeacTasnseT co60i aBTOMATUYECKYHO POTOPHYHO JIMHUIO
AN19 NPOM3BO/ACTBA CTPOUTENbHBIX MPOBOMIOYHbIX FBO3AeN YeTbipex HOMeHKNaTyp (puc.l).

\ 9 0
-l
=] ]

-
B '

Puc.1. Cxema aBTOMaTUYECKON POTOPHOIN IMHUN

MPOBO/IOKM COOTBETCTBYIOLLMX AMAMETPOB HaMOTaHbl Ha BYHTbI 1, KOTOPbIE Bpallia-
tOTCS BOKPY BEPTMKaNbHOM OCU U MOAal0T NPoBO/OKY. Bo n3bexaHne npoBMcaHUs NpoBo-
NIOKN YCTaHOBNEHbI TAHYLLME PONKKK 2. MNpaBKy NPOBOMOKM OCYLLECTB/SIOT NPaBU/bHbIE PO-
NMKK 3, Nocne KOTOPbIX BbINPsiMIeHHas NPOBO/IOKA NO/BEPraeTCcs BO3AENCTBMIO CO CTOPOHBI
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PONVKOB 4 Ans 06pa3oBaHMA 3aCeYeK Ha CTepXKHe 3aroToBKW. 3aceyukun obpasyroTcs bnaroga-
ps NPOnII0 POSIMKOB (pUC.2), T.e. BblAaBNNBaHNEM.

Puc.2. Obpa3oBaHue 3aceyek Ha NMpoBOJIOKe

[anee NpoBo/sioKa MOCTYNaeT Ha Onepauuio OTPe3KN W 3a0CTPEHMs BaKamm 5, oc-
HaLLlEHHbIMM CeLManbHBIMU HOXammn (puc.3), KOTopble OJHOBPEMEHHO OTPEe3aloT M 3a0CT-
PAKOT KOHEL, 3ar0TOBKMU.

Puc.3. Jle3Bme HOXa

LLITy4Hble 3aroTOBKM 6 MOAXOAAT K YCTPOWCTBY A/ U3MEHEHUS MONOXEHUS 3aroTo-
BOK 7, MOC/ie Yero OHW B BEPTMKA/IbHOM MOJIOXEHWUM NOCTYNAKOT B TPAHCMOPTHbLIA poTop 8.
Tak Kak 3arotoBka ro3fs nagaet, TO ryoku OCHalleHbl NOACTaBKOW, a YYMTbIBAsA BO3MOX-
HOCTb HerornafaHnsa 3aroTOBOK Ha CBOKO MO3ULMIO (TYOKM 6bICTPO NPOXOAAT MeCTO NafeHus),
CBepxy rybok ycTaHOB/IeHa BOPOHKA. PaboTa NMHUM XapaKTepu3yeTcs BbICOKOW CUHXPOHM3a-
LMeR, TaK Kak 3aroTOBKM [JO/DKHbI BOBPEMS Monajatb B CBOWM NO3MLMK. [103TOMY KaxKaas u3
YeTbIpeX IMHWIA UMeeT OTAE/bHbIN NPUBOS, BHYTPWU KOTOPOI CBA3W UMEKT KUHEMATUYECKWIA
xapakTep. Bca aBTomatnyeckas poTopHas MHUA YNpaBnseTcs MexaTpoHHbIM Cnocobom.

TpaHCMOPTHLINA POTOP € 3aroToBKamu nepefaeT X B paboumin potop 12 yepes naso-
Bbli Konup 13. B paboyem poTope OCYLLECTBAETCA BbICaAKa LUIANKW rBO3As, MOCNe Yero
rOTOBbIE FBO3AM NEPeXOoAsT B MpuHUMatoLwuii potop 9. Mpoxoas onpefeneHHY No3uLmIo,
ryoKn pasMbIKatoTCA 3/1eKTPOMarHUTHLIM CNOCO60M M FOTOBbIE U3LE/IMA NOCTYNakoT a HaKo-
nntenn 10.

PaccMOTpuUM nopo6Hee KOHCTPYKUUIO paboyero potopa (puc.4).

OH cocTouT 13 Kopnyca 1, BHYTpM KOTOPOro ecTb NnaHLWaiiba, BpaLatoLLasca BMecTe
C KOpNycOM BOKPYr OCY BEPTMKa/IbHOrO Basia 2. C MOMOLLbH0 TOPLOBOI My(Thl 3 BpaLleHue
nepefaétca Apyrovi nnaHwaibe 4 , HaXOAALLEACS Ha Basy, KOTOPbIA OTK/IOHEH OT BepTw-
Ka/lbHOM OCK Ha yron w. Takas KOHCTPYKLWSA MO3BONSET OCYLECTBAATL BbICAAKY LUMANKK,
3aTpaynBasn 3HaYNTENbHO MeHbLUNE YCUNNA:

Pe=Pc*sin,

roe Ps — ycunue Bobicagku, P. - ycunue, Heo6xoaumoe ans 06pasoBaHmMs LIASNKA Ha Henof-
BMXKHOU 3aroTOBKe.
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|
|l
Puc.4. Cxema paboyero potopa
Monagas B pabounii poTop, 3aroToBKa ABYKeTCA K pabouein nosvumm 11 (puc.l), Ho B
3TO Bpems No BEPTUKaA/IbHON HanpasstoLLen NnogHUMaeTcs matpuua 5 v ornopa 6 (puc.4), Tak
YTO K Havyany BbICAAKM 3aroTOBKA HaXOAMTCA B MaTpuLie ¥ UMEeeT onopy, KOTopble No Mepe
BpaLLeHMs 06KaTbIBalOTCA MO TOPLOBOMY KOMMPY 7. BHeWHWA BUA TOPLLOBOro Konupa m3o-

OpakeH Ha puc. 5.
= )

-

Puc.5. BHelHW B1A TOPLIOBOro Konupa

B KOHEYHOM NONOXEHUWN MEXAY MaTpULIEl 1 OMOPoN OcTaeTcs NPOMEXYTOK 30 MM,
HEOOXOAUMbIN ANA TOro, YToObl MOCME BbICAAKU LUMASINKMA MaTpuua OnycTunach, a ryoku
CXBaTWAM rBo3ab (B NpoLecce BbICAAKM FyOKM pasOMKHYTbI). [anblue matpuua 1 onopa
OMyCKaeTCcsi BMECTe, UTO 0becreuynsaeTca npoguiem TopLoBoro Konmpa (puc.5). MonoxeHune
3aroTOBKM B MpoLiecce NOAHMMaHMSA MaTpuULbl 1 OMOPbl 306PaXKEHO Ha puc. 6.

Puc.6. MNMonoxkeHne 3aroToBKN B paboyem poTope
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Tak Kak B paboyem poTOpe TPaHCMOPTHOE U TEXHO/OMMYeCcKoe ABVXXEHUS COoBepLua-
HOTCA O4HOBPEMEHHO, TO HE06X0AMMO 06ecrneynTb, YTOObI K Hayay BbICAAKWN 3aroTOBKa Ha-
Xogunack 6bl B Matpuue, T.e. B MOMEHT 3arpy3kn MeXxay BEPXHWM KOHLLOM 3aroToBKU 1 Ny-
aHCOHOM (PaBHOMEPHO MPUOGAMXKAIOLMMCS K 3arOTOBKE MO Mepe BpalleHWs) AOo/KeH ObiTb
3a3op. Ero BenvymHa onpegennT yron w, KOTOpbli AOMKEH ObITb MO BO3MOXHOCTV MUHMMa-
NEH, YTOObI YMEHbLLWUTbL YCUNE BbICAAKN(PUC.T).

o . 0"

Puc.7. Cxema K onpefeneHunio yrna w

Ha pucyHke n3obpaxkeHa pasBepTKa 4acTu paboyero potopa OT MOMEHTa 3arpysKku
3arOTOBKM [0 KOHEYHOro NOMOXeHWs NnyaHcoHa. 3a 3TO Bpems POTOp MOBOpayMBaeTCA Ha
150°. Kak NoKasbIBalOT pacyeTbl, BbICTYNAtOLLAsA YaCTb HaubOobLLEN 3aroTOBKM UMeEET AIMHY
11MM. MprmeM, YTO B MOMEHT 3arpy3ku Mexxay nyaHCOHOM M BepXHMM KOHL,OM 3aroTOBKU
Takke 11MMm. Torga yron HaknoHa BepxHei nnaHLwanobl:

w=arcsin(y/ D),

roe Dy — anameTp paboyero potopa, S - 4acTb 04HOro 060p0Ta, KOTOPYHO MPOXOANT
No3unLKMs OT 3arpy3Kn [0 BbICagKK.

S = 15/36.

MpuHumas Dy = 480MM € yncnom nosuumii U =20[2], nmeem =2°.

Yron aj, COOTBETCTBYOLWMIA KOHTAKTY MyaHCOHa C HaMboNbLUEel 3aroTOBKOW, Halifem
13 Nponopuun:

0,=(11/22)*150°=75°.
AHaNorMyHo, 0,=66,5°, 015=58,5°, 0,=60".

Ycunue BbiCagKu B CTATUYECKOM MOJIOXKeHUN [3]:

Pc=Ps+P,
roe  P,P - ycunusa Heobxoavmble 418 NPeofoNeHnst COOTBETCTBEHHO HOPMa/IbHbIX U Kaca-
Te/IbHbIX CONPOTUBEHNIA.
P,=6,280:[0,161*(D?-d)+(D-d)**(D-2d)/48*h+(1,285+0,5*(D-d)/h)*d?*/8],
P =1/6* 7* o5, *d(D+d)/2,
raoe D,d,h- napametpsbl reosgs no FOCT 4028-63(puc.8).

Os= O,

os1=0s+(20...25)Kr/MM?, TAie 0y — NPefen NPOYHOCTY Ha PacTsHKeHMe.
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Puc.8. 'B03b NPOBOJIOYHbIN CTPOUTESbHbIN

MpyvHMMas maTepuwan reo3fen ctanb CT.3, Nonyvaem creayroLme pesynbTaTbl:

Pc1 =5523 Kkre,

P, =3782 Krc,

Pc3 =2370 Krc,

Pcs =1237 Krc.
Torpaa ycunve BbiCafKu Mo mMepe BpaLleHNs 3HaYNTeIbHO COKPATUTCA:

Ps1 =193 Krc,

Ps> =132 Krc,

Pg3 =83 Krc,

Pss =43 Krc.

[Nna HaxoXaeHns MakCMMaibHOro 3HaYeHUst 06LLEr0 YCUNNA BbICAAKM BOCMO/b3YeM-
CS1 CXEMOM Ha pu1c.9, KOoTopas MoKasbIBaeT, YTO CK/a AaBNeHNsS BO3pacTaeT OT HyNs A0 Ps.
.pef

pd B

 Fey
5,
1 2 4.3
75°  €55° 60° 585° o

Pnc.9. Cxema K onpefieneHno MakCMMaibHOro 06LLEro YCUnuns BbICaaKu

Pmax= Ps1+(66,5-18)/66,5* Pg+(58,5-36)/58,5* Pg3+(60-54)/60* Pgy+
+(75-72)/75* Py =333 Krc.
[pobu nokasblBatoT, Ha KakoM 3Tarie (POPMUPOBAHUA LUMAMKA HaxOoAAaTCs 3arOTOBKM, Cre-
JytloLne apyr 3a ApyromM yepes 18°.
KpyTSwmii MOMEHT, HEO6XO0AMMbI AN BpaLleHWs poTopa:
T=Pmax*Dp*0,5=3330*480*0,5=799 Hwm.
Tpebyemas MOLWHOCTb 3/1eKTPOABUraTeNs:
P,=T*n/30=799*3,14*6/30=0,50 kBT.
YacToTy BpaLLeHns potopa npuHMMaemM n =6 06/MVH, TaK UTO Bpems LMKna
T, = 10c. MNMpon3BoANTENLHOCTb JAHHON aBTOMATUYECKOA POTOPHON JINHUN:
M,=u/T,=20/10=2 wrlc.
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MpoBepKy 3aroTOBKM Ha YCTOWYMBOCTb MPOM3BELEM KaK MPOBEPKY CTEPXHSA C Luap-
HUPHbIMYK KOHUamMK (puc.10).

Pnc.10. Cxema K pacyeTy Ha YCTONYMBOCTb

YcnoBve NPOYHOCTU:
(Pe/F)<[o]* o,
rae F — nnowasb nornepeyHoro ceyeHns 3aroToBKy,
[o] — monyckaemble HaNPSXXEHUA Ha CxXaTue,
d - KOIPPULMEHT CHMKEHMS [ONYCKAEMbIX HANPSHKEHUN.

Po<(2d*/4)*[]* ¢,

p=AA=44dld),

rae - KoathuumeHT, 3aBUCALLMIA OT cnocoba 3aKpenieHus.

[ns HanbonbLLER 3aroToBKM rMoKkocTb A=(4*1*0,03)/0,005=24, Tak uTto $p=0,96.

Torga KpUTUYecKoe ycuamne BbICaAKW:

PKp:(Tr"O,0052/4)*160*106*0,96:301 Krc, YTO 3Ha4MTeNlbHO 60/bLLEe TPeBYEMOro YCUNNA Bbl-

cafKu.
MpounsBeem pacyeT 15 0CTa/IbHbIX 3ar0TOBOK U JaHHble 3aHeCeM B Tabnmuy.
Tabnuua 1. Pe3ynbTartbl pacyeTos.

No L, d, D, | h,mm, a P, Ps, Pep, | 38 | Pmax, | T, P,
nm| Mm MM | MM He Krc Krc Krc | nmac, | Krc Hm | kBT
MeHee %

1 150 5 9 3 75° | 5523 | 193 | 301 56
2 100 4 7,5 24 [665°|3782 | 132 | 101 45 333 | 799 | 0,50
3 70 3 6 1,8 |58,5°|2370 | 83 104 25
4 50 2,5 5 15 60° | 1237 | 43 70 63

Taknm 06pa3om, NpYMeHeHNe aBTOMATUUYECKUX POTOPHbIX NMHWIA 4N1s NPOM3BOACTBA
rBo3feli JaeT CyLIECTBEHHOE YBENMYEHME NPOU3BOAUTENBHOCTUA U TEXHUKO-3KOHOMUYECKMX
rnokasaTeseii, yMeHbLLAeTCs BpeMsi MPOCTOEB 060PYA0BaHUS U YBENMUMBAETCS KOI(MMULMEHT
CMOMb30BaHNS TEXHOMOrMYECKOro MPOCTPaHCTBA, a BHEPEHNE TaKMX aBTOMATUUYECKUX PO-
TOPHbIX IMHWIA Ha NPaKTIKe NO3BO/SIET PELLNTL BOMPOC KOMMJIEKCHOV aBTOMAaTM3aLmMy Npo-
M3BOACTBA.

Cnucok nutepatypbl: 1. KowknH J1.H. POTOpHbIE 1 pOTOPHO-KOHBENEPHbIE N~
HUKW.-M.: MawimHocTpoeHue, 1986. 2. Knycos .A. ABTOMaTUYeCKne poTOpHbIE N POTOPHO-
KOHBelepHble NMMHMK.-M.: MawumHocTpoeHne 1990. 3. BbICOKONPOM3BoAMTENbHOE 060PYA0-
BaHMe AN NPoM3BO/ACTBa reo3aein.-M.: YepmeTuHgopmaumm, 1971. A.A. Kopones, /1.C. Ko-
XaH, .. Kupees.
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BbIBEOP NMAPAMETPOB YCTAHOBKWN C NCTOYHUKOM TMUTAHUA OT
BOAOPOAHBLIX TOIMJ/IMBHbLIX 2/IEMEHTOB A4 MNMOAK/TFOYEHNA EE K
CETW OBLLEINO HASHAYEHUNA

LTnumHekmia 3. (OTT0-hoH-Iepuke-YHusepeuTeT, r.Maraedypr, 'epmanus)
MypmaHH M. (OTTO-(hoH-I"epuke-YHusepeuTeT, r.Maraebypr, 'epmanus)
Paccnu C.B. (ka. CIY, JoHHTY, r.[loHelK, YKpanHa)

B 6nmkaiiem 6yayliuemM Bce akTyanbHee 6yAeT BONpoc 0 Hanmbonee onTUMaibHOM
NCMONb30BAHNN TPAANLMOHHBIX BUAOB TOMNBA U UX BAUAHUM Ha OKpPY>XKatoLLyto cpesy. Bo-
[0POAHbIE TOM/TIMBHbLIE INEMEHTLI C UX TEXHO/MOTnelk S(i)(*)eKTVIBHOFO MNCMNob30BaHWA TOMNINBa
N HU3KMM BblOPOCOM BPeAHbIX BELLECTB YA0BNETBOPAIOT 3TUM TpeboBaHMAM 1 N0 3TON Npu-
YMHe B CEMUAECATBIX rofax 6binmM NPakTUYecKn “3aHOBO OTKPbITLI” A/1F CTalMOHApPHOro MC-
nonb3oBaHus. pn 06bIMHOM Mpeobpa3oBaHUM TeMnsa B 3/1EKTPO3IHEPrUt0, Harnpumep, npu
nomowin asuratend BHyTpeHHeEro CropaHus, 3anacéHHaa B XMMNUYECKNX CBA3AX 3HEPIrnA TonM-
nnBa I'IpeO6pa3OBbIBaﬂaCb nyTeM CropaHua CHadala B TEPMUYECKYHO 3HEPTUKO U TOJIbKO MO-
TOM — B 3/IEKTpUYeckyto. B
BOAOPOAHOM TOMNJINBHOM Bo0pOHbIi
3NIEMEHTE XUMWNYECKas! 3He- TONNVBHbIA
prus roproyero rnpeobpasy- SNEMEHT —
eTca cpasy B 3/eKTpuyec- \ |t I L e ot L ;‘g /\
KYIO N TEPMUYECKYIO 3HEep- - \/
rmto. Kpome Toro, npoduecc,
I'IpOVlCXO,D,ﬂu.I,VlVI B BOAOpO- Puc. 1. KOMMOHEHTbI CUCTEMBI 3/1EKTPONUTAHUA
OHbIX TOM/IMBHbLIX 31EMEH-

Tax, He UMeeT Tex orpaHnyeHuin n3-3a Krp KapHo, KoTopble XapakTep-Hbl A1 00bIYHbIX CU-
CTEM.

TpaHcgop-
WMriH VHBepTop matop CeTb

oI

Dl
N
1

OfHaKo BOLOPOA-Hble TOM/IMBHbIE 3/IEMEHTbI BbipabaTbiBalOT NOCTOSH-HOE Hanps-
YKEHWE N YaCTO — Ha OTHOCUTENIbHO HWU3KOM YPOBHE. [/15 NOLK/IOYEHNS K 3EKTPUYECKON Ce-
T 00LLero HasHauyeHus, Heobxo4MM MHBEPTOP. B AaHHOM cny4yae nof NOHATUEM WHBEPTOP
cnefyeT NOHUMATb PAL YCTPOCTB, HEO6XOAUMBIX ANS TOro, YTO6LI NPeobpasoBaTh IHEPruto,
BblpaboTaHHYK BOAOPOAHbLIM TOMMBHBLIM 3/1EMEHTOM, B COOTBETCTBUM C TPebOBaHUAMM,
npeLbaBsSeMbIMU 3N1EKTPUYECKO ceTbio (puc. 1).

B Marpaebyprckom yHuepcuTeTe um. OTTO-hoH-I"eprKe Ha Kadeape “InekTpuye-
CKMe CeTN 1 aNnbTepHATVBHbIE UCTOYHUKM 3HEPTMN” B HACTOALLEe Bpems MPOBOAATCA UCCIe-
[l0BaHMSA, LeNbl0 KOTOPbIX ABMAETCA M3y4veHue nosefeHns PEM-BOAOPOAHBLIX TOMIMBHbIX
3/1eMEHTOB Npu paboTe napasnesbHo C 3NeKTPUYECKON CETbI0 0OLLIEro HasHaYeHNs.

Mpwy pacyeTe YCTAHOBKM [LO/MKHbI ObITb YUTEHbI Crieunpryeckme cBOMCTBA UCNOSb-
3yeMbIX KOMMOHEHTOB W WX B3aUMHOE B/MAHMWE. [pUHLMNNaNbHO CTPYKTYPY YCTaHOBKMU
(pvc.1) MOXHO NpeACTaBUTbL CNeayroL MM 06pa3oM: BOAOPOAHbLIN TOM/IMBHbLINA 3MIEMEHT B Ka-
YECTBE MCTOYHMKA NUTaHWUA, NOTPebUTe/lb B KAYECTBE MafeHUs HaMpPsHKEHUS, UMMNY/bCHbIN
npeobpasoBaTe/ib NOCTOAHHOIO HanpskeHust (UMMH) gna nogHATUA HanpsXeHWst BOLOPOA-
HOro TOM/IMBHOIO 3/1eMeHTa 0 60/iee BbICOKOIO YPOBHS, MHBEPTOP A5 Npeobpa3oBaHus Mo-
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CTOSIHHOTO HarnpsKeHUsi B NMepeMeHHoe U TpaHchopmaTop A NOAHATUS HanpsKeHUs [0
YPOBHSI 3/1eKTPUUecKoli ceTi. B cnyyae, KOrAa BO/bT-aMMNepHas XapakTepucTUKa BOAOPOAHO-
ro TOM/IMBHOTO 3/1EMEHTA MOXET 6bITb OMMcaHa B BUe MaTeMaTUYeCKOi MOAENN, Hanpumep,
NPy MOMOLLUYM MeTofa Perpeccui, ycTaHoBKa MOXET GbiTb MPOMO/ENMPOBaHa C Npueamnsu-
TeNbHO NOCTOSHHBIMK NapameTpamu [1].

Mocne onMcaHMs MCTOYHMKA HaMpPsXKEHMs OCYLLECTB/SETCS Mapa-MeTpu3auus 1m-
MyNbCHOrO NPeo6pa-30BaTessi MOCTOSHHOIO HanpsXKeHUs. [LonycTUM Ha BXOAE MMMYNbCHOrO
npeo6pa3oBaTe/isi NOCTOSHHOIO HaMpPSHKEHWS UCTOUHUK HANPSHKEHUS!, Ha BbIXoAe — NOTPe6u-
Te/b, @ TAKXKe U3BECTHbI BbIXOHOE HANPSXKEHUE 1 CKBaXKHOCTb TPAH3UCTOPa, TO MOXHO pac-
CuUMTaTb BEMMUMHY WHAYKTUB-HOCTY

N eMKOCTW, BXOLALLMX B COCTaB npe- > A
obpasosatens [2]. Mpu BbiGope Na- 4'i’ / S
pameTpoB A0/KeH OblTb LOCTUTHYT i : ,/," !
KOMMPOMMUC MeX[y KayecTBOM Criia- 3 /.4 \
XKMBAEMOro Hanps-XeHust (Toka) W M 25 ,/ ? .
AVHaMUKON cucTembl. OCO6EHHO 3TO 2 ,/’ \
BaXXKHO B TOM C/lyyae, Korja cucrema L5 - o |
[0/DKHa paboTaTtb B LUMPOKOM Apana- ! \
30He MowHoCTel. Hapsgy ¢ onpefe- o

ne-HWeM BEMMYUHBI MHAYKTUBHOCTU 001 02 03 0a 05 06 07 08 09 1
M EMKOCTU HeOOXOAMMO YYUTLIBATH

aKTUBHble MOTEPN B 3/M1EMEHTax CXe- Puc. 2. 3aBucumMocTb YycuneHns M ot

Mbl, T.K. OHU UMEIOT 3Hauu-TenbHoe CKBaXHOCTW D (1 - upeanbHoe ycuneHue 2 -
BUSIHVE Ha KOADULUMEHT YCUNEHMS YCUNIEHME C Y4ETOM NOTepb)
MMNY/NbCHOrO Npeobpas3o-BaTens no-

CTOSIHHOIO HanpsXeHus (puc. 2).

B 3aBucMMOCTM OT KOH(M- @B;’Zi”ﬁiffe
ry-pauny cuctembl cnegyet npeay- U2
CMaT-puBaThb PerynMpoBaHmne ypoBHA  Usol _ Ue Uc D Uz =
HanpsbkeHus [3, 4]. TnaBHas 3agava = Perynsrop pLLIMMI={ f (Us,Usu. D)
PEryNMpPoBaHUS B MMMY/NbCHOM Mpe-
obpasoBatesie MOCTOAHHOIO Harps-
YKEHMSI COCTOUT B TOM, YTO BbIXOAHOE
HanpsbKeHne  A0MKHO  MOAAEPXN-
BaTbCS Ha 3afjaHHOM YpOBHe. 13 puc. Puc. 3. 3amKHYTbIi KOHTYP perynmpoBsa-

3 BUAHO, YTO UMMY/bCHBIV MPeobpa-  HUA N5 YNpaBieHUs BbIXOAHbLIM HaNpPsHKEHNEM
30BaTe/lb MOCTOSIHHOIO HaMpPsXKeHUs

COAEPXNT ABa BXOAa MO BO3MYLLIAKD-

LLieMy BO3[ENCTBMIO 1 OAMH BXOA NO ynpasnstollemy. Mpy 3TOM nepsas BO3MYyLLatoLLas Be-
NNYNHA — BXOHOE HaMpPshKeHWe Uy M3MEHSIETCS B COOTBETCTBUM C BOMbT-aMMEPHO XapaKTe-
PUCTMKOI BOAOPOAHOrO TOM/MBHOIO 3NEMEHTA, a BTOpast — M3MEHEHWe HaMPSXKeHNs Ha Ha-
rPY3Ke Usigr. PErYNATOP, MCXOAA U3 pa3HULIbl 3aaHHOI BEIMYMHBI HaNPsHKEHMS U (haKTuYe-

Ui

\/

A

JaTtunk
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CKOI BENNYMHbI, AOMKEH NPU NMOMOLLM LLIMPOTHO-UMMY/IbCHON MOLYNALMN KOMMEHCUPOBATb
BO3MYyLLatOLLMe BO3AeNCTBMS. [ 3TOro cnegyet mcnonb3oBatb MNUA-perynatop, T.K. OH
MOXXET He TO/IbKO CBECTM OLUMOKY K HY/0, HO U 06ecrneynTb He06X0AMMbIN 3anac no tase.

Mocne BbI6Opa NapaMeTpoB MMMYNbCHOIO Npeo6pasoBartesii MOCTOAHHOrO Hanps-
YXEHUA 1 0becrneyeHns He0OXO0AMMOro perynnpoBaHns cnefyeT pacCMOTPETb NMPUHLMIM MOSTY-
YeHWs MepeMeHHOro HanpskeHus. B ciyyae ogHOMA3HOMO 3NeKTPONUTaHNSA CXeMa UHBEPTO-
pa 00bIYHO COCTOUT M3 YeTbipex MmapasiniefibHo BKIYeHbIX IGBT. K Kaxaomy TpaH3UCTopy
BCTPEYHO-NapaniensHo MOAKMOYEH Anod. Auoabl fO/MKHbI 061a4aTh KaK MOXXHO MEHbLUUM
BpeMeHeM 3anupaHus, T.K. TPaH3UCTOpbl paboTaloT Ha BbICOKOI yacToTe. MepemMeHHOe Ha-
NpsHKeHWe NOMyYaroT KakK Npasuio Npu NOMOLM MeToAa LWMPOTHO-UMMYNLCHON MOAYNALMN
(LLUAM). Mpn LM yacToTa NepBoil rapMOHMKM, COOTBETCTBYHOLLIAS YacTOTe CeTU, Noaaep-
XWBAETCA MOCTOAHHO, a CpefHee 3HaYeHVe HaNPSXKEHUSA U3MEHAETCH CKBXXHOCTLIO TpaH3u-
CTOPOB B TeYeHUM nonynepuoga. [na nsmeHeHUss CKBXXHOCTM MOXHO MCMO/b30BaTb METO,
CPaBHEHWA 3Ta/IOHHOr0 CUHYCOMAANbHOrO HAMNpPsXeHUsA Urs C Hanps>KeHWeM, UMeroLLmMm
TPEYrosibHyt0 PopMy. ITO HaNpsHXKEHVE MMEET MOCTOAHHYIO aMMUTYLY U YacToTy, KOTopas
BO MHOrO pa3s MpeBbllLaeT YacTOTy CMHYCOUAAIbLHOIO HaMnpsKeHus. PasnnyaroT HECKO/bKO
Bugos LUVM, Hanpumep, ABYXTOUEUYHYIO MU TPEXTOUYEYHYIO MOAyNsALMI0. Ho MeTon ABYXTO-
YEYHOI MOAYNALMMN MPUMEHSETCA BCe peXXe. Tak Xe Kak v B Ciy4yae ¢ MMMY/bCHbIM peobpa-
30BaTesIeM MOCTOSAHHOIO HanpsXXeHUsi B CXeMe WHBEPTOPa LO/MKHbI ObITb YUTEHbl aKTUBHbIE
noTepun B ee 3/IeMeHTax, T.K. OH/ MOTYT MOBANATb HA YPOBEHb BbIXOAHOIO HaNpsXXeHus.

Mocne pacyeTta MHBEpTOpa HEO6XOAMMO OMpeaenvTL NapaMeTpbl TpaHchopmaTopa
1 CeTeBOro (hu/bTpa, NpMYeM napameTpbl TpaHcopmarTopa AO/MKHbI ObiTb BblOpaHbI eLle Ha
CTagun HayabHOr 0 NMPOEKTMPOBAHUSA.

B pamkax paboTbl 6Gblna paspaboTaHa nporpaMma Aas pacyeTta v MOAENMpPOBaHUSA
YCTAHOBKM [A/1A MOAK/HOYEHNA K 3MEKTPOCeTU. ITO, Hanpumep, KacaeTcsa pacyeta BO/bT-
amnepHol XxapakTepuCTMKN BOAOPOAHOIO TOMIMBHOTO 3neMeHTa npu nomowy Matlab™ un ee
WHTEerpauus B NporpaMMHbIii nakeT Simplorer~. Kpome Toro, 6bi1 co3aaHbl NporpamMmbl 1
MPOEKTbI AN MaTEMaTUYECKOro NPefCTaBIEHNSA BbILLEYNOMAHYTbLIX KOMMNOHEHTOB U MOAENN-
POBaHUA peasibHbIX CXEM.

MpeacTaBneHHas paboTa OCyLecTBMs/fach B pamKax WCCNefoBaHWiA NoBeAeHUs
PEM-BOOPOAHBIX TOM/IMBHbLIX 3/1EMEHTOB COBMECTHO C CETbiO OOLLEro HasHayeHWs Ha Ka-
(hefpe “IANeKTPUYECKMEe CETU N albTEPHATUBHbLIE UCTOUYHUKM 3HEPTUN” UHCTUTYTA “Onek-
TPUYecKue 3HeprocucTemb!” Margebyprckoro yH1BepcuTeTa.

Cnncok nutepatypsl: 1. Kim J., Lee S., Srinivasan S. Modeling of Proton Ex-
change Membrane Fuel Cell Performance with an Empirical Equation / Journal Electrochemi-
cal Society, Vol. 142, No. 8, August 1995.- Pp. 2670-2675. 2. Erickson R. Fundamentals of
Power Electronics.- New York: Chapman&Hall, 1997. 3. Lunze J. Regelungstechnik 1. Sys-
temtheoretische Grundlagen: Analyse und Entwurf einschleifiger Regelungen.- Berlin, Hei-
delberg: Springer-Verlag, 1999. 4. Follinger O. Regelungstechnik: Einfuhrung in die Metho-
den und ihre Anwendung.- Heidelberg: Huthig, 1994.
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MOAYNIbHOCTb MOCTPOEHWA I'MC N YPOBHW YNMPABEHNA
Mopay6HbIi A. B. (rp, OM/1-99 1/9, MMT, r. MakeeBKa, YKpavHa)

MoctpoeHune TTIC, oTmyarolwmxcs 60NbWNM pa3HOobpasvemM (YHKLNOHAIbHBIX W
napameTpUyecKnx XapakTepucTMK, OCYLLECTBNIAETCA U3 OrPaHNYEHHOro, TEXHUYECKN U 3KO-
HOMWYECKM Le/1Iecoobpas3Horo (YHKLMOHaNIbHOro MOSIHOrO Habopa TWUMOBbIX YHUPULMPO-
BaHHbIX Mofyneil. B3aMmosameHseMOCTb MOAYNeli NO3BONSET Mpu 3TOM 06ecneynTb rnoé-
KOCTb 1 YHVBEPCa/IbHOCTb arperatHo-MoAY/NbHbIX CTPYKTYP.

MockonbKy FTIC cTponTCs U3 OTAENbHBIX MOAYNEN Pas/InyHbIX TUMOB (annapaTHbIX,
nporpaMMHbIX), WCMO/b30BaHWE MOAY/IbHOTO MPUHLMMA NOCTPOEHUA MO3BONAET POPMUPO-
BaTb COCTaB TEXHO/IOMMYECKOro 060pyA0BaHNe TEXHUYECKUX M MPOrpaMMHbIX CPEeLCTB B CO-
OTBETCTBUU C PaKTUYECKUMU NOTPEOHOCTAMY NPOM3BOACTBA.

AdpekTBHAA peann3alms MOLYNbHOIO MpUHUMMA TpebyeT KOMIMIEKCHOIO U nepap-
XMYECKOr0 MoAX0A08B K MOCTPOEHUIO MOAY/IbHBIX CTPYKTYP, CAMUX MOAY/EA N UX KOMMOHEH-
TOB. DTO 03Ha4aeT Heob6XOAMMOCTb MOAY/IbHOrO MOCTPOEHUS Ha BCEX YPOBHAX Mepapxuu
(HVWKHWIA ypoBeHb - TEXHONOrMYECKoe, TPAHCMOPTHOE M BCMOMOraTenbHoe 060pyAoBaHUE;
CPedHWUI - CTPYKTYpa NMHWIA, y4acTKoB, nogcuctem I'TIC; BepxHuii ypoeHb -IFTALL n FTA3 B
LLe/IOM - KaK COBOKYMHOCTb MOACUCTEM-MOAYNEN) U MO BCEM KOMMOHeHTam (BCrioMoraTenb-
Hble YCTPOICTBA MOAY/bHOI0 UCMO/HEHWS, TEXHUYECKME CPEeACTBa, MaTemMaTnyeckoe 1 npo-
rpaMMHoe obecrieyeHre n T. 4.).

Peanunsauna moaynbHOro npuHumna noctpoeHus MC no3BonseT COKpaTUTb CPOKN U
TPYLOEMKOCTb pa3paboTkm n BHeapeHusi TIC; cosgaBath TIC cunamm npeanpusTUii-
noTpebuTenein ¢ MUHUMa/IbHbIM Y4YaCTMEM CMeLMaMCcTOB-pa3paboTumKoB, HopmMmpoBaTh Co-
CTaB TEXHUYECKMX N NPOrPamMMHbIX CPEeLCTB B COOTBETCTBUN C (PAKTUYECKUMM NOTPEOHOCTA-
MUV NPOW3BOACTBA, 63 N30bITOYHOCTU, 06ecneunTb MMOKOCTL CTPYKTYPbI I'TIC, T. e. BO3MOX-
HOCTb €€ ObICTPOI MepecTPOriKM NPy M3MeHeHU 06beKTa NPOM3BOACTBA, HapallMBaTb Tex-
HO/IOrMYecKne BO3MOXKHOCTM CUCTEMbI M MOBLILLATL YPOBEHb €€ aBToMaTu3auum nyTém 3a-
MeHbI MW JONONHUTENBHOMO NOAK/OUYEHNA COOTBETCTBYHOLLMX MOLYNEN.

B HacTofLlee Bpems BbIMYCKAKOTCA TEXHOMOMMYECKOe, CKIaACKOe, TPaHCMopTHOe
obopyznoBaHMe 1 cpeacTea aBTomMaTm3aunm, rmbkKne NPon3BOACTBEHHbIE MOAYN U MOAY/b-
Hble CUCTEMbI, KOTOPbIE MOTYT HalNTV NpuMeHeHVe npn paspaboTke IMMIC.

TunoBas moaynbHas cTpykTypa 'TIC ans mexaHUM4Yecko 06paboTKM NOKasaHa Ha
puc. 1.

Ctpyktypa I'TC cogep>unT B cebe aBa (DYHKLMOHA/IbHLIX KOMI/IEKCA:

MPON3BOAUTESNbHBIV N YNPaBASIOLWMIA BbIYUCIIUTENbHBIN.

Mpoun3BoAcTBEHHbIN Komnieke MMC npeacTaBnseT co60i COBOKYNHOCTb MMOKMNX
MPOM3BOACTBEHHBLIX MOAYNen n mofyneir obecrneyeHns QYHKUUOHUPOBAHUS TEXHO/O-
rMYecKoro 060pyfoBaHMS: MeXonepaurMoHHOro TPaHCMNOPTMPOBAHWUS W CKNafMpoBaHus,
MHCTPYMEHTa/IbHOr0 06ecrneyeHmns, aBTOMaTMYeCKOro KOHTPO/IS U YaaneHust 0TX0L0B, YTO
BXOZMT B COCTaB LLUECTN MOAY/bHbIX MOACUCTEM.

MoZynbHble MOACUCTEMbI BK/IKOYAKOT B Ce6A CrefytoLme MoAy n:
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rnv-

* ANEKTPOPUNKOXUMUYECKIE;

* NMPOTSHKHbIE;

* 3y60006pabaTbIBatoLLME;

* LWANOBASIbHbIE;

* CBEP/IN/IbHO-(DPe3epHO-PacTOuHbIE;

* TOKapHble.

ATCC-

* KOHBEepOoB, TPaHCNOPTEPOB, NOABECHbLIX AOPOT;

* aBTOHOMHbIX TPAHCMOPTHBIX cUcTeM (pobokap);

* TPAHCMNOPTHBIX PO6OTOB;

* Nnepe3arpy304HbIX 1 3arpy304HO-Pa3rpy304HbIX YCTPOWCTB;

* HakonwuTenen;

* poboTOB-LUTabENEPOB;

* aBTOMATU3MPOBaHHbIX CK/af0B.

ACWNO-

* CTaHOYHbIX NPUCNOCOBNEHWIA;

* aBTOMATUYECKON CMEHbI MHCTPYMEHTR;

* HAaCTPOMKMN MHCTPYMEHTa BHe CTaHKa;

* BCMOMOTaTe/IbHOr0 N PEXYLLEro NHCTPYMEHTa.

CAK-

* KOHTPONA KayecTsa NPoAyKLUuK;

* KOHTPONSA NapaMeTPOB TEXHOIOMMYECKOr 0 MPOoLLecea;

* KOHTPO/S COCTOAHUSA, NMOSIOXEHNS N NAEHTUPMKALMN TEXHOMOTMYECKUX 0OBEKTOB;

* KOHTPONA pPaboTOCNOCOGHOCTY M FOTOBHOCTY 060pYA0BaHMA K paboTe.

ACYO-

* NepepaboTKN CTPYXKKU;

* MarncTpasibHOro CTPY>KKOYJaneHus;

* OYMCTKM YCTaHOBOYHbIX MOBEPXHOCTEN;

* 0TBO/A CTPY>KKM 13 30HbI pe3aHuis.

YNpaBnstoLMNiA BbIMUCAUTENIbHBIN KOMMIEKC COCTOUT M3 ABYX MOAY/bHbIX NOACUC-
Tem: nporpammHoro o6ecnedeHms MO (CY MC), TexHuueckmx cpeacts (CY I'MC), B cocTaB
KOTOPbIX BXOAAT HUXKEYKazaHHble MOAY/N:

(mo)cy rnec-

e 06wero Mo;

* KOHTPONSA U AUarHOCTUKM;

* TEXHO/I0rMYECKOW NOATOTOBKM NPOV3BOLACTBA;

* OMEePaTUBHOrO yrpaB/eHNs;

* M/1aHNPOBaHUS;

* YUYéTa COCTOSIHWSA U X04a NPOV3BOACTBA.

CYTInc-
* cBAA3M ¢ OBM 1 06beKTamu;
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V)

M BbIYNCUTENIbHbIN KOMIMJIEKC

V)

Ynpasnawowm

TexHnyeckmx

cpeacTs

CyTrrnc

cBsA3n ¢ IBM n ob6bekTamu

NOAroTOBKM K nepefayn AaHHbIX

XpaHeHUA AaHHbIX

oTobpaxeHus NHhopMaum

peLUeHus 3aday ynpaseHus

[porpammHoro

obecneyeHus
(NO) CY I'Mc

BBOZA-BbIBOZa MH(hOPMaL K

obwero MO

KOHTPO/IA N ANArHOCTUKN

TEXHO/OTMYECKOA noAroToBKM NPoM3BoOACTBa

onepaTnBHOIo ynpasneHUsa

nnaHMpPoBaHMA

rmec

Y paneHus

0TX0[10B
(ACYO)

y4eTa COCTOAHNA 1 X04a Npon3BoacTBa

nepepasoTKy CTRYXKM

MarncTpanbHOro CTpy>XkoyaaneHna

®YHKLMOHaAIbHbIE KOMM/EKCHI

MpOW3BOACTBEHHbI KOMMEKC

ABTOMaTUYECKOI0

KOHTpOSSt

(CAK)

OUYMCTKU YCTaHOBOYHbIX _._Omm_ux_._oo._.mv_

0TBOAA CTPY>KKWN U3 30HbI PE3aHNA

KOHTPO/IS M Ka4eCTBa NPoAyKLMM

KOHTPO/1A NapaMeTpOB TEXHO/I0MMYECKOr o npotecca

VIHCTpyMeHTas1b-

HOro obecneye-

Hus (ACKO)

KOHTPO/A COCTOAHUA, NONIOXKEHNA N s.m_.mI._._\_mvS_AmE\__\_ TeX-
HONOTNYECKVX 06LEKTOB

KOHTPOAst paboToCNOCOGHOCTY 1 FOTOBHOCTW 060PY0BaHNSA
K paboTte

CTaHOYHbIX MPUCTIOCOBEHNIA

aBTOMATUYECKOI CMEHbI MHCTPYMeEHTa

Imoqno_,\_xs NHCTPYMEHTa BHE CTaHKa

BCNOMOraTeNibHOro 1 pexyuiero MHCTpyMeHTa

MogynbHble MOACUCTEMbI

TpaHcnopTupo-

BaHWA U CKagu-
poBaHus (ATCC)

KOHBeliepoB, TPaHCTOPTEPOB, MOABECHBIX [OPOT

aBTOHOMHbIX TPaHCMOPTHbIX CPeAcTB (Po6okap)

TPaHCNopTHbIX POGOTOB

Meperpy304HbIX 1 3arpy304HO-Pasrpy304HbIX YCTPOACTB

HakonuTenein

po60TOB - WTabenepos

aBTOMaTN3MPOBaHHbIX CKaaoB

O6paboTku

(M)

371EKTPOU3NKOXMMUYECKIIE

NPOTAXHbIE

3yboo6pabaTbiBatoLLme

LMQoBanbHble

CBEpAM/IbHO-(HPE3ePHO-PATOUHBIE

Mogynn

TOKapHbIe

Puc. 1. Tunosas mogynbHas cTpykTypa 'TC MexaHn4ecKoin 06paboTKu
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* MOArOTOBKW Y Nepeaayn AaHHbIX;

* XpaHeHNA faHHbIX;

* 0TOBPaXKEHMS NHOPMALMN;

* peLLieHns 3aa4y ynpas/eHus,

* BBO/Za-BblBOJA MH(OPMALUN.

Komnnekc 3BM CY I'TIC peanunsyeT hyHKUNUM YNPaBIeHNA ¢ NOMOLLGHO crieynasb-
HbIX NPOrPamMMHbIX MOLYNENA.

YKaszaHHble MOLY/N, TaK Xe, KaK 1 31IeMeHTbI IOKa/IbHOMN BbluncnTensHoM cetu I'MC
1 moaynu B3anmogeinctams ¢ CAMP, ACYTN n ACTHOT, aBnstoTcs 06WMMN ANS PasInyHbIX
MC 1 MoryT 6bITb UCNOMb30BaHbI Kak TUMOBbLIE.

B KayecTBe TUMOBbIX 3/1EMEHTOB BbIYMCAUTENBHOM CETU MOTYT MPUMEHATLCH U MOAY-
NN TEXHUYECKUX CPeACTB, MMeloLMe annapaTHyro U nNporpaMMHy0 COBMECTUMOCTb U UC-
nosib3yemMble [N15 PelleHns 3afay ynpas/ieHns, XpaHeHUa LaHHbIX, 0TOOpaXKeHWss NH(opMa-
LMK, BBOZA-BbIBOAA, CBA3N ¢ YBK 1 06bekTaMu, NOAroTOBKM 1 Nepeaayn AaHHbIX.

BHegpeHune T'TIC no3Bo/sSeT MOBbLICUTL NMPON3BOAUTENBHOCTL 060PYA0BAHNA 32 CHET
MOSIHOrO UCMO/b30BaHUA ero TEXHUYECKMX BO3MOXHOCTENM, 3aMeHUTb PYYHON TpYyL aBTOMa-
TU3NPOBaHHbIM, YBEMUYNTb CMEHHOCTb PaboTbl 060PYL0BaHNA Y OTHOCUTENIbHYHO 3KOHOMUIO
3a CYET KanuTaibHbIX BMIOXKEHWUIA, YMEHbLUNTL BPEMSA NepeHaafKy NPon3BOLCTBEHHOMO NPo-
Liecca npu CMeHe 06BEKTOB, M3roTaBnBaeMblx Ha IMC, cOKpaTUTL CPOKU U CTOMMOCTb TeX-
HO/IOrMYECKO NOArOTOBKM NPOM3BOACTBA NPY 06ecneveHnn BbICOKOIN CTeneHy NpeeMCcTBeH-
HOCTW OpYAuiA 1 CPeAcTB Tpyada, TEXHOMOrMYECKNX NPOLECCOB, COKPATUTL pasmepbl NapTuii,
L/IMTENILHOCTL MPOWM3BOAUTENbHBLIX LMKMIOB M, KaK CNeAcTBMe, 3aTpaTbl Ha HesaBepLUEHHOe
NMPOU3BOACTBO, MOBLICUTL KAYECTBO BbIMYCKAeMbIX U3AeNWiA 3a CYET aBTOMAaTM3aLMM U CTa-
OUILHOCTY TEXHOOMMYECKUX MPOLLECCOB.

BbiBog: B faHHOl cTaThe flaHa XapaKTepucTuKa (YHKLMOHabHbIM KOMMIeKcam
Mc.

Cnucok nuTtepatypsbl: 1. Mog pepakumen K.T.H. CapataHa P. 3. MogynbHoe 060-
pyfoBaHMe [Ans FMOKUX MPOM3BOACTBEHHbIX CUCTEM MeEXaHM4YeCcKoi 06paboTkn. - Kues,
«TexHuKa», 1989, - 169c. 2.BeHreposckuii KO. IN. CTaHgapTU3aums TePMUHONOIAN TUOKMX
NPOM3BOACTBEHHbIX cucTeM. CTaHAapTbl U Ka4ecTBo. - 1984. - Ne 10 - 56¢. 3. Nog pepakuuein
AMHonbekoro J1. C. MbKue aBTOMaTU3MPOBaHHbIE NPOM3BOACTBEHHbIE CUCTEMBI. - K., «Tex-
HMKa», 1985. - 280c.
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REVERSE ENGINEERING OF BOTTLES BY USING RAPID PROTOTYPING
TECHNIQUES

Eleftherios Liakos, T. J. Oliver
(University of Portsmouth, Portsmouth, Great Britain)

Abstract
This investigation is focused on the design of a bottle for the Greek food and tourist market
by using the benefits and special applications of Reverse Engineering. The project explores
both a specific method used in Rapid Prototyping, and the means by which it fits into the
design and manufacturing process.
Particularly considered are the design methods required for the production of a replica bottle
based on an historic amphora. This is a specific type of large, ancient. Greek vessel for storing
oil or wine. The design considers the production of normal sized bottles (in glass or plastic)
for wine or oil which, will be a novel product in the Greek consumer or tourist market
industry.
The introduction of new products is crucial for remaining successful in a competitive global
economy. Decreasing product development cycle times and increasing product complexity
require new ways to realize innovative ideas. In response to these challenges, industry and
academic use a spectrum of technologies that assists the developments of new products and
which also broaden the number of product alternatives.
An example of these technologies is Rapid Prototyping, which can be used to create metal,
plastic or glass parts, by fabricating patterns for casting applications. This project, explores
both a specific method used in Rapid Prototyping, and the process by which it fits into the
design and manufacturing process.
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The Problem o

The question and the need that led to this investigation

was how to produce exact replicas of complex and fragile parts, .
in order to be tested, examined and modified. The solution to this [ e J =
problem was generated using Reverse Engineering and Rapid

Prototyping technology. !uﬁ;ﬁ_f J_

Uses of these methods can include the production of
replicas of complex products such as jewelry . Another use may :ﬂl
be for medical, where CT or MRI scans can be used to create '
solid models of a patient prior to an operation, for a necessary
replacement part, such as a hip. Paleontology is another example where a valuable or a fragile
artefact might need to be studied without damaging the original, and Reverse Engineering can
be used to provide a suitable model.
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To investigate the abilities of Reverse Engineering a Greek Amphora bottle was
selected in order to be replicated. Use of a Computer Aided Design program Pro-Engineer,
and the design of the bottle was self taught, and involved many techniques not taught at
undergraduate level, such as the use of the Coordinate Measuring Machine (CMM) laser
machine. Several Rapid Prototyping techniques were involved and certain parts required
modification.

Investigation into how parts were created with tigher tolerances, such as in mould
manufacture, were also undertaken. Several analyses were completed for each stage of the
project, to find out whether the product could meet the desired

the real market.

Description

Engineering starting from the existing prototype.

example, the replicas of complex products.

The Project
The figures below represent the prototype, which is a Greek Amphora

storage vessel, and the processes used in Reverse Engineering. The first step is
laser scanning of the prototype by a 3D laser digitizing system, Digi-Bot EL hi
order to redesign, investigate and modify the prototype the Amphora was
scanned by another sophisticated and more complex machine, the Coordinate
Measuring Machine (CMM).

The figure below shows the process of the Reverse

There is a major difference between reverse
engineering by using Rapid Prototyping and the
Rapid Prototyping process itself. In Reverse
Engineering, the prototype already exists, and RP
(using stereolithography (SL) or Laminated Object
Manufacturing (LOM) for solid imaging) builds an
exact replica for examination or other purposes, for
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The next stage was design modifications using the Pro-
Engineer 3D Computer Aided Design programme.
The final step of the Reverse Engineering technique was
the creation of replicas and the new prototype models as
the figures show. For this task Stereolithography (SLA -
250/50 model) was chosen why the
layered manufacturing process and the time taken to
produce these prototypes was 28 hours, work continously.
The new prototypes is strongly recommended to
be used as o a set of live oil containers, made from P.E.T
plastic or glass material, for the Greek consumer market

Conclusions
Rapid prototyping technology has led to a reduction in product development time. In addition,
the product dimensional accuracy for both the machined parts and the Rapid Prorotyping parts
is improved and in addition the Rapid Prototyping technology surface finish is of higher
quality. This project considered a product design development, particularly the Reverse
Engineering of a replica bottle based on an historic Amphora.
Through out this project design, Reverse Engineering and its benefits have been studied in
depth and questions as to how replicas can be produced have been investigated using the
process of Reverse Engineering of a prototype Greek storage vessel.
Reverse Engineering using Rapid Prototyping techniques has led to a reduced risk associated
with tooling design, by producing prototype tooling, and has enabled an early use of prototype
parts, which were manufactured by a process as close as possible to the final production
process.
Generally speaking Reverse Engineering is the best replication and visualization method, it is
not only used in engineering and production but also in medicine, and Paleontology.
Therefore, Reverse Engineering by using Rapid Prototyping not only is an excellent method
to produce to an almost perfect replica of a prototype part, it is also a method that can be used
to generate improved design as well as and the associated tooling.
As the understanding of Rapid Prototyping and Reverse Engineering increases, so their appli-
cations will also increase.



