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Beenenne

C pa3BuTHEM HayKH M TEXHHMKH MOSBISIETCS MHOTO HOBBIX MaTepHajioB, KOTOpbIE 00a-
JAIOT YHUKAIbHBIMU CBOICTBAMU, YTO MO3BOJISIET MCIIOIB30BATh JETAM MAIlNH, Y3JI0B U Me-
XaHU3MOB B YCIIOBUSX 3HAUMTENBHBIX TUHAMHUYECKUX HArpy30K, B arpeCCHBHBIX Cpelax, B
YCIIOBHSIX BBICOKHMX TeMIepaTyp U Tak ganee. HecmoTpst Ha Goublioe pasHOOOpasHe TaKHX
CBOKCTB, CYIIECTBYET OJAMH OOBEIUHSIONINIA TAKUEe MaTepUallbl (haKTOp — HU3Kass 00pabdaThI-
BAaE€MOCTh pe3aHreM. B CBs3M ¢ 3THUM, TaKue MaTepHualbl MOJyYMId Ha3BaHUE — TPYIHOOOpa-
OaTpIBacMble MaTEpHUAIIBL.

OpHUM U3 TIpeICTaBUTENeH TaKMX MaTepUasioB sBisgeTcs ctaib ['andunpaa. OHa xapak-
TEpU3yeTCs] BHICOKUM YPOBHEM H3HOCOCTOMKOCTH M OOYCJIaBIMBAET €€ CIIOCOOHOCTHIO K
Ype3BbIYafHO HHTEHCHBHOMY YIPOYHEHHUIO MPH TUIACTHYECKOH edopMaIiy, mporuCcXoasIei
B 30HE (pHUKIMOHHOTO KOHTaKTa [1]. O603HaueHne mapku cramu — 110013J1.

Cranp Iagduiipna npenqHazHaueHa Ui M3TOTOBJICHUS AeTanell paboTaloNMX Ha H3HOC B
YCIIOBHSIX TPEHHUS, JABJICHUS U yAapHBIX HArpy30K, IPU KOTOPBIX MPOUCXOAUT CaMOYyIIpayHe-
HUE CTaJIH, a €€ MPOYHOCTh U U3HOCOCTOMKOCTh 3HAUUTEILHO BO3PACTaIOT [2].

OpnHol M3 TJIaBHBIX NPUYUH, KOTOpas OTpaHUYMBaeT ucnosb3oBaHue ctamu 1101713J1
JUIS. U3TOTOBJICHUS JIETAJICH MallluH, MEXaHU3MOB M 000pYI0BaHUs, KaK OMMCHIBATIOCH BHIIIIE,
ABJIAETCA 4Ype3BbIYAHO TpyAHas ee oOpaboTka pe3aHueM. CrTanb HACTOJBKO BSI3Kas U IOA
JeCTBUEM CHIIBI pe3aHust Pz, CKJIOHHas K 00pa30BaHUIO HAKJENa B TOYKAX KOHTAKTa MHCT-
PYMEHTa, YTO CYUTAETCS MPAKTUIECKU HE TIPUTOTHOM 11 00paboTku pe3zanueM [3]. [loatomy
NPaKTUIECKU BCE JACTAIM U3 ATON CTAJIM W3TOTABIMBAIOTCS JIUTHEM C MOCIETYOIIUM ILTH(O-
BaHHEM.

Bo Bpems 00paboTku numdgoBaHuEeM Ha TMMOBEPXHOCTH JIETANM JCUCTBYIOT CHJIBI pe3a-
HHS, 9YTO OKAa3bIBACT IOJIOKUTEIBHOE BIMSHUE HA JKCIUTyaTallMOHHBIE CBOWCTBA JETallv, HO
OTPHIIATEIIFHOE BIMSHHUE HA TPOIiecC 00paboTKM — 00pa3oBbIBacTCs AePEKTHBIN CI0W HA TI0-
BEPXHOCTH; TEMIEpaTypHOe BO3JeicTBIE Tpoliecca numdoBaHus Ha 00pabaThIiBa€MOCTh pe-
3aHUEM M DKCIUTyaTallHOHHBIE XapaKTEPUCTUKU B JIUTEPATYpPE J0 HACTOSIIETO BPEMEHHU OTIH-
CaHbl HE OBLIH.

Ha mpaktuke mnpu 00paboTke TpyAHOOOpabaThIBa€MbIX MaTepHuaioB (pusnko-
MEXaHUYECKOE COCTOSIHME TOBEPXHOCTHOTO CJOsI NUTM(OBAHHBIX JETaJNCH Ompenensercs He
TOJIbKO KOHTaKTHOW TEMIIEpaTypoi, KOTOPYIO MOYKHO W3MEPHThH IKCIIEPHUMEHTAIHHO, a BCEM
NPOCTPAaHCTBEHHO-BPEMEHHBIM TEMIIEPATYPHBIM TOJIEM, UYTO CIPABEUIMBO | s cTamm ['az-
¢unpna. B yacTHOCTH, BakHeHIIee 3HaueHHE TPU (OPMHUPOBAHHM ITOBEPXHOCTHOTO CIIOS
UMEIOT TPaJUEHTHl TEMIIEPAaTyp M CKOPOCTH M3MEHEHHs TeMIiepatypbl. Bce 3Tu (akTopsl
UMEIOT OJIHO3HAYHbIE (DYHKIMOHAIBHBIE CBSI3M C KHHEMATHUYECKHMMHU M JTWHAMUYECKHMH T1a-
pameTpamu pexxuma o0pabOTKH, CBOMCTBAMH MaTepHaia, XapaKTePUCTUKON MUTM(OBATIEHOTO
Kpyra, peXHMaMHu U CII0OCO0aMH OXJIAXKICHHUS M1 MHOTUMH JAPYTUMH TTapaMeTpamMu. Y pasiie-
HHE Ka4eCTBOM IIIU(OBAHHON MOBEPXHOCTH B 3HAYMTEIHHOW MEpe CBOIHUTCS K YCTaHOBIIE-
HUIO 9THX CBSI3€HM M BO3JICUCTBHIO YEPE3 HUX HA TEIUIOBOUW pEeXvM NUTU(GOBAHUS U (PUBHKO-
MEXaHUYECKHE CBOMCTBA TOBEPXHOCTHOTO CJos [4].

24



NHXEHEP, Ne 13,2012 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE
TEXHOJIOI'M

Wzyuenune onpeeneHus: TEMIIEpaTyphbl Ha MOBEPXHOCTH NUTM(POBAHHOMN JI€TaIN U3 CTAIH
lagdunbna paccMaTpuBaeTcs Ha MpuMepe 3y0a KOBIIA POTOPHOTO YKJIAA4MKa-3a00pIlnuKa,
U3TOTOBJICHHOTO HA MPEANPHUATHN «3YEBCKHUI SHEPrOMEXaHUIECKUN 3aBOIY.

Lems wuccnenoBanusi — BIUSHUE TEMIEpaTypbl B 30HE pe3aHus Ha (UHKO-
MEXaHUUECKUE CBOICTBA CBSI3KH KpyTa.

OcHoBHOe coepxkaHue padoTbl

[Ipoanamusupyem HanpskeHus U aedopMaliiy, BOZHUKAIOIINE Ha TOBEPXHOCTH CBSI3KU
nU(OBAIBHOTO KPyTa, I 3TOTO ONPEICTINM TeMIepaTypy B 30HE pe3aHusi M0 METOJHUKE,
npemioxeHaoi B.A. CumaiinossiM. Kak mporniecc pe3anus pacCMOTpHM IDIOCKOe numdoBa-
Hue nepudepueit kpyra. [Ipu miockom nuugoBaHUM 30HA KOHTAKTa a0pa3sMBHOTO KpyTa C
JeTalblo OyAeT MpSIMOYTOJIBHUKOM, JUIMHA KOTOPOTO paBHA BHICOTE HUIM(OBATIBHOTO KPyTa, a
MIMPHUHA OIpeaeNsieTcsl TIyOnHol numdoBanus U auamerpom kpyra [5]. Takum obpazowm,
JUTMHA TIPSIMOYTOJIbHUKA paBHA 80 MM, a IIMPUHA — HA TIOPSJIOK MEHBIIIE.

B namewm ciyyae 30Hy KOHTaKTa IeJ1ecO00pa3HO MOAEIMPOBATH OECKOHEUHO JJIMHHOM
MOJIOCOH, MOCKOJbKY peajbHasi OTPaHWYEHHOCTh TOW IOJIOCHI HUKAK HE MOBJIMSET Ha pac-
npeJieNieHie TeMIIepaTyphl Ha €e CPEeIHUX ydacTKax. HekoTopble M3MEHEeHUss MOTYT HaOuro-
JTAIOTCS HAa KOHIAX MOJIOCHI, HO MX BJIMSIHUE HE3HAUHUTEIIBHO.

[Ipu pacuere Temrneparyp Mo cxeme CILIONIHOTO HCTOYHHKA BOSHUKAET BOTIPOC O 3aKOHE
pacrpeneneHus IIOTHOCTH TETJIOBOTO MOTOKA 0 HIMPUHE. JTa BEJIMYKHA, B 3aBUCUMOCTH OT

0COOCHHOCTEH CXeMBbl UTM(OBAHUS, HE

o

Al 4 00s13aTeNbHO PaBHOMEPHA, a MOJYHHS-
eTcsi KakoMy-TMOO HENpephIBHOMY 3a-
500 : EEARWA e | KOHY, OJHAaKO, TEMIIEpaTyphl, Xapak-
' TepHBIE s Tpolecca NUM(OBaHHUS,
00 LI AN MaJIO 3aBUCST OT 3aKOHA pacIpenaese-
2 HUA IUIOTHOCTH TCIIJIOBOT'O IIOTOKa

_ Ll (puc. 1) [4].
300 7 NE Pasnuna nposBisieTcs npu pacue-
| T€ TEMIIEPATyp OT MCTOYHHUKOB TEILIA,
200" - J] - KOTOpBIE JBWKYTCS MEIUICHHO. YeMm

0oJIbIIIE CKOPOCTh HMCTOYHHUKA, TEM
MEHBIIE BIMSHAE OKAa3bIBACT 3aKOH
I pacnpenenenus g. [lpu ckopocTax, xa-

paKTepHBIX sl NUMGOBAHUS, Pa3HUIIA
-3 2 1 0 1 zh cocrapisger 5-6%. Takum oOpasom,
MO>KHO TIPUHSTh PABHOMEPHOE pacIipe-
JIeJIeHUE TEIJIOBOro MOTOKa MO ILIoC-
KOCTH KOHTAKTa.

Paccmorpum  ciywai,  korna
numdoBaHUsT BeneTcss 0e3 oXJaxie-
HHS, TIPU 3TOM MOXHO OTPaHUIHTHCS
3aJaHieM Ha BCEX IMOBEPXHOCTSIX Tpa-
HUYHBIX YyCJIOBUK BTOporo pona. Ilox
UCTOYHUKOM HEOOXOIMMO 3a1aTh Yyc-

100

Puc. 1. Pacnpenenenue temmneparypsl Io-
BEPXHOCTU NPU PA3IMYHBIX 3aKOHAX W3MEHEHUS
IUIOTHOCTH TEMJIoBOro notoka: 1 — f(F')=1 — no-
CTOSIHHAs IUIOTHOCTh TEIJIOBOTO NOTOKa; 2 —
f(F)= qo ((z'+ h)/h) —mHETiHAsT 3aBUCUMOCTD C
MaKCHMyMOM Ha TepeHell KpOMKe UCTOYHHUKA U
HyJIeM Ha 3ajaHed kpomke; 3 — f(F)= qo ((h —
z')/h) — nuHeHas 3aBUCUMOCTH C HyJIEM Ha Tie-
peIHell KpOMKE M MaKCUMMyMOM Ha 3aJHei

kpomke; 4 — fIF)= qo ((hz B (292)/2h2) _ napaGo- PGAHEHHBIH 10 30HE KOHTAKTa Tero-
JHGCCKAS 3ABHCHMOCT. BOM TIOTOK, @ HA OCTaJbHBIX TTOBEPXHO-

CTSAX — HYJIEBOW TEIUIOBOM MOTOK. J[ist
OTIPEJENICHUS] J1aXKe ITUX MPOCThIX TPAHUYHBIX YCIOBUN, HE0OX0auM 3KkcnepuMeHT. Cymiect-
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BYIOIIME pAacueTHBIE METObI MAJIO pa3paboTaHbl U HE AAIOT HAJIEKHBIX PE3YyJIbTATOB. DKCIIe-
PUMEHTAJIBHO IUIOTHOCTh TEIJIOBOTO MOTOKAa OOBIYHO OTPENeNseTcs M0 TaHTeHIIMaIbHOM Co-
CTaBIAIOLIECH CUJIIBbI pe3anus Pz.

W3mepenue cuit npu NUTMPOBAHUN MIPOBOISATCSA AaBHO U JIENIAIOTCS MOTBITKH 0(opMIIe-
HHS PEe3yJIbTaTOB 3TUX U3MEPEHUI B BUIC IMITMPUUECKUX (HOpMYIT THIIA:

P=C-t*-S".v .V,

rne C, o, f, y, 0 — 5KCIIEpUMEHTAIBHO 10100paHHbIe KOA()(DUIUEHTHI.

Otr k03P PHUIMEHTHI Jal0T 0OJBIION Pa3dpOC B YUCIEHHBIX 3HAYCHUAX. Pa3dpoc gocTu-
raet uHoraa nmoutu 50%, 4TO BBI3BIBAET HEOOXOAMMOCTH CAEPIKAHHOTO OTHOIICHHS K 3TUM
dopmynam. CpaBHUTEITHLHO HEOOJIBIINE W3MEHEHHS YCJIOBUN (BJIaXXHOCTh BO3MyXa, WU3HOC
Kpyra U T. I1.) BBI3BIBAIOT OOJIbIIINE M3MEHEHUS B pe3yJibTaTtax u3Mepenus cui Pz. Hanbonee
HaJIC)KHBIM SIBIISIETCS] KOHKPETHBIN YKCIIEPUMEHT. MI3MepUB TaHTCHIIMAIBHYIO COCTABIISIONIYIO
CHJIBI pe3aHusi Pz 1 3Hast CKOPOCTh Mepudepun Kpyra, MOKHO OTPEAETHUTH OOIIYIO TEIUIOBYIO
MOIIIHOCTbh, BBIJICISIEMYIO B 30HE KOHTakTa: N = PV . Paznenus 3Ty BeIMUYUHY Ha IUIOIMIAIb
30HBI KOHTAKTa, MOYHO HAaWTH TMOJIHYIO MNIOTHOCTH TETJIOBOTO MOTOKA [4]:

A
S

HcxonHpie maHHbIe A1 pacyeTa cieayromye: TUMpOBaTbHBINA KPYT MPsIMOTO TPOdMIIs,
HapyxHbIi uamerp D = 300 MM, BeicoTa kpyra B = 80mmM. Be16op cBsizku abpa3uBHOTO WH-
CTPYMEHTa OCYIIECTBISIETCS TOCIE ONpEe/eNieHUsT MAKCUMAJIBHOM TeMIlepaTypbl Ha MOBEpPX-
HOCTH W3JIENUsI TIPY MITH()OBAHHH.

PexuM mmndoBaHus : CKOPOCTH MPOIOIBHON Noaun v = 12M/MuH, Ty OuHa mmdoBa-
Hust ¢ = 0, mm; marepuan — crams 110013JT: temneparypomnposoxsocts a = 0,05%10 * m’/e,
TEIUIONIPOBOTHOCTD A = 55 Bm/(mM*K).

CornacHo [4], s BEIOpaHHOTO pexuMa NUM(OBAaHUS, TIOTOHHAS TAaHTCHI[MAIbHAS CHU-
Ja, OTHECEHHas Ha 1 MM JUIMHBI 30HBI KOHTaKTa coctaBuT: P, =1000 H/m. Takum obpaszom,
IUIOTHOCTB TETJIOBOTO MOTOKA OMPEIEIISeTCS

_PzxBxV,  1000x0,08x35

Bx[Dt  0,08x+03x0,1-107

OHpeIleJ'[I/IM IIMPUHY 30HBI KOHTAKTa BAOJIb HAIIPABJIICHHUA ABUXXCHUA II0 CHCHYIOHIGﬁ

3aBUCUMOCTHU:
2h =Dt =40,3%0,1-10" =55um

CrnenoBarenbHO, 6e3pa3mMepHasi MOJyIIMPUHA KOHTAKTa COCTaBIISIET:
- v-h _ 0,2-0.00275 _
2a  2-0,05-107
Tax kak ckopocTh uctounuka Benuka (H > 10), a1 pacyera moBepXHOCTHBIX TeMIlEpa-
TYP MOKHO BOCIIOJIb30BaThCsl MPUOIMKEHHBIM 3HAUCHHEM HHTETpana [4]:
JWw) =2 |u|-1
TemnepaTypy MOBEPXHOCTH B 3TOM CIIydae MOKHO OTPEEIUTh 1Mo hopmyJie:

208 \or(H=Z [ H+Z]) (1)

.

= 6,4 MBm/ m*

T =

I'padmuecku pacnpeneneHue TemIeparypbl Ha MOBEPXHOCTH JeTanud u3 cranu [an-
¢mibaa n300pakeHo Ha pucyHke 2. /[ ynpoiueHus: pacueToB JaHHbIN rpaduk ObUI MOCTPO-
€H ¢ ucrnoJjip30BaHueM nakera Mathcad.
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w00 Cpennsist CKOpOCTh
HarpeBa OyJeT BBIpaxe-
00 Ha 3aBUCUMOCTHIO [4]:
2-h
00 T=——
v

0 U3 rpaduxa (puc.
2) MO>XHO NOJIyYUTh He-
= KOTOpBIE CBEJICHHS

MaKCHUMyM TeMIIepaTy-
pbl Ha 3aJHEH KpPOMKeE
20 II0JIOCOBOTO  MCTOYHMKA
z = h = 0,001 m, 10
CIIEICTBHEC  3HAYUTEIIb-
ol . . 1 L L J HOM CKOpPOCTH NPOAOJIb-

: HOM mnojgayu. Makcu-

100

Puc. 2. Temneparypa Ha IOBEpXHOCTH JETANM OT ABMXKy- MaldbHad  TEMIICpaTypa

IIErocs NOJIOCOBOT0 UCTOYHUKA Ha IIOBCPXHOCTH COCTa-
Buia okojo  740°C,

cpemHsisi ckopocTh HarpeBa 7 = (),01 c¢. HerpynHo 3aMeTHTh, 4TO y rpaduka GyHKIUH OTCYT-
CTBYET IUIaBHBINA MEPEXO - pe3yibTaT MPUOIMKEHHOTO pacyeTa 1Mo CpeaCcTBaM 3aBUCUMOCTH
(1).

B 3aBucuMocTH OT 00JacTH NMPUMEHEHHs U OCOOCHHOCTEH CBsA3KH, cTanb [anduibaa
MOJKHO 00pabaTbiBaTh KPyroM Ha KEpaMHUYECKOH, OaKeIMTOBOW WM BYJKAHUTOBOW CBSI3KE.
Kepamunueckas cBsizka 001aJa€T BBICOKON TeMIIEpaTypHOW CTOMKOCTbHIO, TOATOMY MOJXOIUT
st imdoBanus cramm [aaduiibaa ¢ MakCUMaIBHOHN TemrepaTypoid B 30He pesanus 740 °C.
bakenuToBas cBs3ka paspyuaercs npu temneparype Boime 250 °C, a ByJKaHUTOBas — MpU
temneparype Bbiiie 150 °C [6]. CnenoBarenbHO, JaHHBIE CBSI3KM HE MOAXOJAT sl 00paboT-
Ku w3aenui u3 crtanm [andunbaa.

BriBOIBI

Y CcTaHOBIIEHO, YTO MaKCHMallbHAs TEMIIepaTypa Ha MOBEPXHOCTH HW3ICIHS W3 CTaJH
Iandwibna cocraBuna okoio 740°C mpu cpenneii ckopoctu Harpesa t = 0,01 c.

Temmeparypa Ha TOBEPXHOCTH M3/EIHs MPH NUTM(POBAHUH BIIUSET HAa BEIOOD CBSI3KH a0-
pasuBHOTO WHCTpYMeEHTa. [Ipy BBICOKHX TeMIieparypax B 30HE Pe3aHHs MPOUCXOIUT paspy-
ICHNE U BHITOpaHNe 0AaKeJIUTOBOW U BYJIKaHUTOBOU CBs3kH. st 0OpaboTku cramu ["anduib-
Jla IOIXOAUT KepaMU4ecKas CBsi3Ka, Ojarogapsi CBO€i BBICOKOM TeMIepaTypHOU CTOMKOCTH.

B nmanpHelimeM miaHuUpyeTcsl MPOM3BECTH MMHUTAMOHHOE MOJICIMPOBAHHE MOBEICHUS
€IMHIYHOTO 3€pHA B CBSI3KE NUTM(OBATHLHOTO KPyTa MO AEUCTBHEM KOHTAKTHBIX HATPY30K.

Cnucok aurepatypsi: 1. Banos 10.®., Anemmna E.A., Konybaes E.A., Kony6aes
A.B., CuzoBa O.B., I'pomoB B.E. 3akonomepHOCTH (pOpMHPOBAHUS CTPYKTYpPHI TOBEPXHOCT-
Horo ciost ctamu ["andunbaa npu tpernu // @us. mesomex. — 2006. — T. 9. — Ne 6. — C. 83-90.
2. Crans 110I'13JI [DnexTponHbiit pecypc]. — Pexum goctymna: http:// www.bila.ru 3. Ctpomi-
koB A.H. O6paboTka pe3anueM TpyaHO0OpabaThIBa€MbIX MaTepuasioB ¢ HarpeBoM / CTpoui-
koB A.H., Kynun H.C., Mamuaun W.I1. — M.: Mammunoctpoenue, 1977. 4. Cunaiinos B.A.
TennoBsle mpolecchl Npu HUIIM(POBAHUN U YIIpaBI€HHE KauyeCcTBOM MoBepxHocTu. — M.: Ma-
muHocTpoenue, 1978. — 167 c¢. 5. Macnos E.H. OcnHoBbl Teopuu numdoBaHus METALIOB. —
M.: Mamrus, 1951. — 190 c. 6. CnpaBounuk nHCTpyMeHTanbimuka / M.A. Opaunapues, I'.B.
Oumnmnos, A.H. lllesuenko u ap.; [log o6m. pen. U.A. Opaunapuesa. — JI.: MamuHocTpoe-
Hue, — 1987. — 846 c.
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OCOBEHHOCTH HAHECEHMSI BAKYYMHbBIX HOHHO-ILTASME HHbIX
IHHOKPBITUU HA DJIEMEHTBI 3YBYATBIX KOJIEC HA BA3E
®YHKIIMOHAJIBHO-OPUEHTUPOBAHHOI'O IIOAXOJA

Jlaxun A.M., MuxaiinoB A.H., TapxoB M.A. (xageopa TM, /lonHTY, 2. Jloneyx, Yxpauna)

3yOuaThie Koyieca ABISIOTCS HanboJee BOCTPEOOBAHHBIMU JIETAISIMU CHJIOBBIX MeEXa-
HU3MOB U YCTPOWCTB, MOCKOJIBKY 3yOUaThie mepeadn B HanOoJbIIeH CTENCHH YIOBICTBOPSI-
10T TpeOOBaHMAM, NMPEIBSIBIIEMbIM K CHIOBBIM TiepenauaM. Bmecte ¢ Tem, st oOecrieueHus
KOHKYPEHTOCIIOCOOHOCTH JaHHBIX M3JENUH, K 3y0UaThiM KOJIeCaM NPEIbSBISIOTCS TMOCTOSH-
HO YBEJIMYMBAIOIIUECS TPeOOBAHUS, CBSI3aHHbBIE C YBEJIMYECHUEM JOJTOBEYHOCTH, CHUYKEHHIO
mryma B paboTe, CHW)KEHHIO Ta0apuTOB NPHU INepegade BBICOKHX KPYTSIIUX MOMEHTOB, BO3-
MOKHOCTH PabOThl B YCIOBHUAX CyXoro TpeHus u np. Iloaromy B HacTosLIMii MOMEHT Npu
KOHCTPYHMPOBAaHUM W W3TOTOBJICHHH 3yOYaThIX KOJIEC TPEOYIOTCSI HOBBIE TOJXOJBI, 3aKIIO-
YaIoIMecs: KaK B COBEPUICHCTBOBAHUHM KOHCTPYKIIMU, TAK U MPUMEHEHUH HOBBIX MOJXOJIOB B
CO3/IaHUM TEXHOJIOTMYECKOTO OOECTeYeHUsI MPOM3BOJICTBA 3y0UaThIX CHOCOOCTBYIOUIMX ITO-
BBIIIEHUIO UX SKCIUTYaTallMOHHBIX XapaKTEPUCTHK.

OnmHUM W3 HOBBIX HANpaBJICHUH MPH CO3/1aHUM TEXHOJOTHYECKOTo 00ecreyeHus mpo-
W3BOJICTBA 3y0OUYATBIX KOJIEC, SIBJSIIOTCS (DyHKIIMOHATBHO-OPUEHTUPOBAHHBIE TexHoJoTuu [1],
LIEJIbI0 KOTOPBIX SIBISETCS 00ECIIeYeHNE CBOMCTB 3JIEMEHTOB U3/ENIUSl COOTBETCTBYIOIUX yC-
JIOBMSIM MX DKCIUTyaTalliy B MAalllMHE WIA TEXHOJOTUYECKON CHUCTEME.

OnHO# W3 OTIMYUTENBHBIX OCOOEHHOCTEW (DYyHKIIMOHAIHHO-OPHUEHTHPOBAHHBIX TEX-
HOJIOTUH SIBJISIETCSI OOECIIEYEeHHE CBOWCTB AJIEMEHTaM M3JENUs B 3aBUCHUMOCTH OT yCJIOBUM
JKCIUTyaTalluM Ha MECTHOM YPOBHE, YTO IIPEAINOaracT peaju3alio MECTHBIX TEXHOJIOTHYE-
CKMX BO3JIEHCTBHU K PA3JIMUHBIM 3JIE€MEHTaM 3yOUYaThIX KOJIEC B COOTBETCTBHE C BBITIOJHsE-
MBIMH QYHKIMAMU. B cBSI3U ¢ 3TH AJ11 paccMaTpUBaeMbIX KOJIEC IPOU3BOIUTCS JI€JIEHUE dJie-
MEHTOB Ha (DYHKIIMOHAJIBHBIC 30HBI W 3JIEMEHTHI [2], pa3pabarhiBaloTcs KiaccuDUKAIMU, a
TaKXe ONPEEISIOTCS CBOMCTBA IS KaXIOH rpynmbl (yHKIIMOHAJIBHBIX JIEMEHTOB, KOTOPBIE
Tpedyercst 00ecneunTh JIJIsl OJHOTO COOTBETCTBUS M3JENUs YCIOBUSIM dKcIutyaTanmu. CBou-
CTBa ()YHKIMOHAIBHBIX AJIEMEHTOB MPEIOIaraeT Kak (GU3HKO-MEXaHUNIECKAE XapaKTEePUCTH-
KU 30H U yYacTKOB 3yOuaThIX KOJIEC, KOTOPbIE MOTYT OTJIMYAaThCA OT XapaKTEPUCTUK OCHOB-
HOT0 MaTepuania, Tak U o0ecleueHMs 3aJaHHbIX MapaMeTpOB TOYHOCTU M KauyecTBa MOBEPX-
HOCTH 3JIEMEHTOB 3yOuarhiX KoJjec. TpeOoBaHMsS MO TOYHOCTH M KauyeCTBY HNOBEPXHOCTH
00ecneynBaroTCs Pa3IMIHBIMA METOAaMHU TPEIBAPUTEIHLHON, YICTOBOM M OTJEIOYHOMN 00pa-
00TKH 3y0UaThIX KOJIEC, KOTOPBIE JOCTATOYHO XOPOIIIO U3yUYEHBI panee [3].

Metoasl MECTHOTO oOecTiedeHus] (PU3MKO-MEXaHUUECKUX XapaKTEPUCTHUK SJIEMEHTOB
3y04aThIX KOJIEC MPEIOJaralT JOKaJIbHOE YIpaBJIeHUEe CBOMCTBaAMU OCHOBHOI'O Marepuala
3y04aThIX KOJIEC, YTO MOYKET OBbITh BBIMOJIHEHO HA OCHOBE: TEPMUYECKOTO YNPOYHEHHS, Me-
XaHn4deckoro Boszaercteust merogamu I1I1/], a Takke myTem co3maHus TOMOJHUTEIBHOTO O~
BEPXHOCTHOTO CJIOSI U3 MaTepHaja, UMEIOLIEro CBOIMCTBA, OTJIIMYHBIE OT CBOMCTB OCHOBHOI'O
MaTepHaia AeTaau. MecTHOe TepMHUECKOe YIIPOUHEHHE MO3BOJIIET 3HAUUTEIbHO yBEINYUTh
MPOYHOCTHBIE XapAKTEPUCTUKU 3JIEMEHTOB 3yO4aThIX KOJIEC, OJHAKO MPHUBOJUT K Hapylle-
HHUIO pa3MEPHON TOYHOCTH M KauecTBa MOBEPXHOCTU BCIIEJACTBUE TEPMHUUECKUX Jedopmaininit
Y OKHCJICHHS, YTO B KOHEYHOM UTOTre TpeOyeT 3HAUMTEIbHOr0 00beMa MeXaHW4ecKoil oOpa-
6otku. [Ipumenenne meromoB I[II1J] Takxke MO3BOISIET HECKOJIBKO TOBBICHTH (HU3UKO-
MEeXaHUYECKUE XapaKTEPUCTUKN U MOBEPXHOCTHOIO CJIOSI 33 CUET CIJIaKMBAHUSI MUKPOHEPOB-
HOCTEH 00pa3yronux penbed MOBEPXHOCTH, a TAKXKE HAKJIETIa B MOBEPXHOCTHOM cioe. OnHa-
KO yBeJIWYeHHE (U3UKO-MEXaHWIECKUX CBOMCTB MPH ITOM HE3HAYUTEIHLHO, K TOMY K€ IMpH-
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BOJUT K 00pa30BaHUIO B IOBEPXHOCTHOM CJIO€ 3HAYUTENILHBIX OCTATOYHBIX HANPSKEHUH, KO-
TOpbIE B TIOCJIEACTBHE MOTYT IMPUBECTHU K MPEKAEBPEMEHHOMY M3HOCY 3y0uarhix kosec. Cos-
JIaHUE JOTIOJIHUTEJIBHOTO ITOBEPXHOCTHOTO CJIOSl MAaTepHalla, peain3yeMOoe 3a CYET HAHECCHUS
CHEeLMAIBHBIX TIOKPBITUH, TO3BOJSET B IIUPOKUX Npeaenax yHpaBiiATh (UIUKO-
MEXaHUYECKUMH XapPaKTEPUCTHKAMHU JJIEMEHTOB 3y0OUYaThIX KOJIEC, TIOCKOJIBKY CBOICTBa OII-
pPEIENSIOTCS COCTAaBOM M CBOMCTBAMH HAHOCHMOTO IOKPBITHA. IIpy 3TOM BHI NOKPBITHS OII-
penenseTcs pemaeMoi TEXHOJIOTUYECKON 3aa4eil, UCXO U3 Ha3HAYEHUsI KOHKPETHOTO dJIe-
MeHTa KoJieca. OHAKO 10CTUTaeMble B JaHHOM CJIy4ae CBOMCTBA 3aBUCST OT KaUeCTBA CAMO-
IO MOKPBITHSL, KOTOPOE BBIPAYKAETCS B €T0 CLEIUIEHUH C MOJJIOKKOM (OCHOBHBIM MAaTEpUAIOM
JleTaJlv), TOJIIMHE U PAaBHOMEPHOCTH TOJILIMHBI MOKPHITUS. Takke CIeayeT yUecTh, 4YTO IpHU
HAHECEHUU IOKPBITHS NMPOUCXOAUT HEKOTOPOE YBEIMYEHUE PA3MEPOB AJIEMEHTOB JETalH B
CBSI3U C HAJIMYMEM JOTIOJHUTEIBHOTO IIOBEPXHOCTHOTO €JI0s ¢ MOKpbITHEM. [I03TOMY Ha Ipe-
JBIIYIIUX 3Tanax MEeXaHWM4ecKoW 0O0pabOTKU TOJKEH OBITh MPEIyCMOTPEH CHhEM JIOTOJIHHU-
TEJIFHOTO PUIYCKA C YYETOM HaJUYHs MOKPHITHS Ha 3JIEMEHTHI 3y04aThIX KOJIeC.

HERomnmesis e DroD<Ue 3erHeHTE
lpecobarus
I FHOCOCTOK T
~HLSKLA KOFPULLIHIT ITDeHUA
—HUSKLL Ly B patome
~LHiroKag GrEolesHorT,
~BiroKaF MoHOGTE AADAMEMPO0 A0Yamozn femia
—HLUFKIT WEDDXOOTO0T

Honomame e e DO3UDgouLue 3ABHEHTE
Fpecoborus

LI OKaA UIHICOTIOKETE

~KTHTOKITHIA POHOOTE

LA OKA MO CATILOY BODEnMOCmey

~HLUKT LEDDXODamonTs

OoBaHUs

Ha puc. 1. npencraBnensl TpedOBaHMs K UCTIOIHUTEIbHBIM (pabouuM U 0a3UpyIOLIUM)
arneMeHTaM 3y0OuaTeix Kosec. K ocTanbHbIM 371€MEHTaM NpEeabsBISIOTCS MEHEE 3HAUUTEIIbHbIE
TpebOBaHUs, KaK MPaBUiIO, 0OECeYnBaeMble OCHOBHBIM MaTEpHUaoM JETald U OObIYHO HE
TpeOYIONINX CIEIUaIbHON BBICOKOTOUHOM 00pabOTKH.

TpebGoBanus K 0a3UPYIOMIMM 3JIEMEHTAM MPE/IoaraloT: 00ecnedeHne BbICOKOM TOY-
HOCTH JIMHEWHBIX W JUAMETPAIBHBIX Pa3MEpPOB, BBHICOKYIO TOYHOCTH (POPMBI W B3aHMMHOTO
PAacCIOJIOKEHUS] TIOBEPXHOCTEHN; HU3KYI0 LIEpPOXOBATOCTh YCTAHOBOYHBIX MOBEPXHOCTEH, BbI-
COKOM KOHTAKTHOM MPOYHOCTH ONIOPHBIX IMOBEPXHOCTEW, & B HEKOTOPBIX CIydasX HU3KHUH KO-
3¢ GUIMEHT TPEHUS IPU HEOOXOUMOCTH OCEBOTO MEPEMEIICHUs 3y09aThIX KoJiec B IpoIiecce
paboTsl y3m1a. JlanHble TpeOOBaHUS MOTYT OBITH OOecredeHbl YUCTOBOM U OTIEIOUYHON 00pa-
00TKOW MeToJaMu JIe3BUIHOM M a0pa3uBHOM 00paboTKu mocie 3akanku, a Taxxke [II1]] (kxa-
nuOpoBaHMe, BHITJIAXXUBAaHUE, packaThiBaHue). s oOecriedeHus BOBMOKHOCTH OeCTIpersiT-
CTBEHHOT'0 NEpEMEILEHHs Ha Baly, HA OTBEPCTHUS U TOPIIbI, IPUJIETAIOIINE K HUM, a TaKKe AJIs
n30eKaHusl BOZMOYKHOCTH 3a€/1aHUsl HAa AJIEMEHTBI OTBEPCTUSI MOTYT ObITh HAHECEHBI MMOKPHI-
THSI HA OCHOBE HUTPUIOB M KapOUJOB TUTaHA U JIPYTUX BBICOKOIPOYHBIX METAJUIOB, KOTOpHIE
MO3BOJISIIOT TaKK€ NOBBICUTh MUKPOTBEPJOCTh U KOHTAKTHYO MPOYHOCTb.

TpeboBaHMs K MCHOJHUTENbHBIM PabOYUM 3JEMEHTaM MPEANosaraloT BbICOKYIO W3-
HOCOCTOMKOCTh Npouiist 3y0a, HU3KUM KO3(DPUIMEHT TPEHUsI K CONPAraeMbIM 3yObsiM, HU3-
KYIO II€POXOBATOCTh, BBICOKYIO TOYHOCTb 3JIEMEHTOB 3y0UaToro BeHIa, TOYHOCTh B3aUMHOI'O
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PacIoIOKEHHs OTHOCUTENILHO Oa3HpYIONIMX AJIEMEHTOB, a TaKXkKe HU3KUHM IIyM B paboTe U
BBICOKYIO JIOJTOBEYHOCTb. [Ipudem ympaBieHne cBOWCTBaAMH pabouuX 3JIEMEHTOB 3yOUaThIX
KOJIEC CBSI3aHBI C JIEHCTBUEM MEPEMEHHBIX JKCIUTyaTallMOHHBIX (yHKIHMU. PaccMoTpum mx
JeiicTBUE Ha MPUMEPE M3MEHEHUSI CKOPOCTU B3aMMHOTO CKOJIBXKEHHUsSI Mpoduieit B mpouecce

3aleIyIeHus, 1o BhICOTE 3y0a (puc. 2).
),

0) B)

v
Puc. 2. 3MeHeHrne CKOPOCTH B3aMMHOTO CKOJIb)XKEHHS MpoQuiel B mporecce 3aler-
JeHus: a) TpaduK U3MEHEHHsI CKOPOCTH B3aUMHOTO CKOJILKEHHs; 0) CKOPOCTH B Hayaye 3a-
LETUIEHUS; B) CKOPOCTHU B KOHIIE 3aLETIICHUS

B nporiecce 3anenienus mo BeICOTE 3y0a JACHCTBYET B3aUMHOE CKOJILKEHHE B TOUKAX
KOHTaKTa 3yObeB, MPUYEM BEIMYMHA CKOPOCTH B3aUMHOTO CKOJIBKEHUS OTpPEACIseTcs pas-
HI/H_Ief/'I KaCaTCJIbHBIX COCTABJIAOIINX

CKOpOCTEH B 3aleruieHuu [3]:

Katoas --~“‘J ““-\
/ T \ Vox =Ve2= Val,

/ N\
/A

e
Ee BEJIMYKMHA HETPEPBIBHO
b od . WU3MEHSIETCS pu IIePEKATHIBAHUN
T b S S~ A S S g SN o

.- D St i e e S |j ] npoduneil comnpsKeHHBIX 3yObeB. llpu
‘ H | 1 H H 9TOM B BEpXHEW uacTH 3y0a [aHHas
| = - Pa3HOCTh HauOOJIbIIAsA, TIOATOMY 30HBI Y

........... 2 /| B2
| BEPILUHBI 3yba HCIIBITBIBAOT
. HauOOJbUINI MEXaHWYECKUH H3HOC B
JaroTosku 3yGuaTeX KozeEC) pesybTaTe TpEHHs HpO(i)HJ'IGfI
Pric. 3. CxeMa HaHECEHNs! TIOKPBITHIA Ha pa- ~ COMPSKCHHOW maphl 3yObeB. Pasmuune
004He 2JIEMEHTBI 3y04aThIX KOJIEC CKOpPOCTCH  B3aUMHOTO  CKOJIBKCHHA

U3MEHSIOTCSI HEeNpepbhlBHO, W paBHBI

npd  KOHTaKTe 3yObeB B  TOJIOCE
3alleIUIeHUs], TIPU 3TOM MaKCHMajbHble 3HAUEHHUS 3aBUCAT OT Pa3HOCTU 4HUCelsl 3yObeB Iiec-
TEpPHHU U KoJieca.

Hanecenne n3HOCOCTOWKHMX BaKyyMHBIX MOHHO-IUIA3MEHHBIX MOKPBHITHIA Ha MCIIOJIHU-
TeJbHBIE pabovre MOBEPXHOCTH (3yObsi), MO3BOJSIOT 00ECTIEYUTh U3HOCOCTOMKOCTh JaHHBIX
MOBEPXHOCTEH, a TakKe NpU KOMOMHAIMK MaTepHajIOoB HAHOCUMBIX Ha 3yObs IIECTEPHU U KO-
Jeca, HAHOCUTh HOKPBITUS €O crenuaibHbIMU cBolicTBamu (Ha ocHoBe Ti, TiN), oOecneun-
BalOIlME MUHUMAJIbHBIA KO3(PQUIMEHT TpeHHs paccMaTpuBaeMoil mapbl 3yObeB. JlaHHbBIE
CBOMCTBa 0COOEHHO aKTyaJbHbI JJI1 OTKPBITHIX 3y0UaThIX Mepead, padoTaloUMX B yCIOBHUIX
CyXOro TpEHHUS.
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DKCepUMeHTAIbHbIE HCCIeI0BAaHNS, PON3BOANMBIE I MPSIMO3YOBbIX KOJEC ¢ MO-
IyJeM m=2.5 MM U YHUCJIOM 3yObeB 22-27, MO3BOJISIOT BBIIEIUTh HEKOTOPBIE 3aKOHOMEPHO-
CTH H3MEHEHHS TONIINHBI MOKPBITHI U MHUKPOTBEPAOCTH IO BBICOTE 3y0a. Y CTAHOBKA 3aroTo-
BOK B KaMepy MPOH3BO/IIIIACH HA BPAIIAOIINIICS CTOJ ¢ IUTAHETAPHBIM MEXaHIM3MOM, II03BO-
JSIOUINI 00eCIeunTh IBIKEHIE 3aT0TOBOK B IPOIECCe HAHECEHNS MOKPBITHIL IS o0ecrede-
HISI PABHOMEPHOTO JIOCTYIA IOTOKA HOHOB, HCXOIIIINX OT KaTOJIOB, K HAHOCHMBIM TOBEpX-
HOCTSIM 3y04aThIX Komec (puc. 3).

14, Hrb)
KMo dL:
10 —& 36
34
8 4 32
6 \ 2 30
¢
4 28
) 26
0 i i i i 24 !
0,2 1,2 2,2 3,2 4,2
0 1 pa@trunune or Bepu.mﬂhl 3yba, MM paccTofHMe OT BepwMHbl 3y6a, mm
a) 0)

Puc. 4. I'padukn m3MeHeHNs TOMIIHHBI TOKPHITHSA (a) H MUKPOTBEepAOCTH ()10 BBICO-
Te 3y0a

[To pesympTaTamMm U3MepeHUs TONIIHHBI TOKPHITUA (pHC. 4, a) I MUKPOTBEPIOCTH, Xa-
pakTepu3yolleil H3HOCOCTONKOCTh 3yObeB (puc. 4, §), MOKHO 3aMeTUTh, YTO B 30HAX IIO-
BEPXHOCTHBIX CJIOEB Yy BEPIIMH 3y0a TOJIINHA MOKPHITUS U MHKPOTBEPAOCTh MMEIOT Hal-
OoJblie 3HaYeHNs, 1 YMEHBIIAIOTCS M0 Mepe YIOaneHus OT OKPY/KHOCTH BEpPIINH K HOKKE
3y6a. DTO CBHIETENbCTBYET O TOM, YTO MPU HAHECEHUH MOKPBITHII 30HBI y BHaJUH 3yObeB
IMEIOT HauOoJbllee COMPOTHBIEHNE O MEePEeMENIeHN0 NOHOB B MPOIECCce OCaKACHUS IMO-
KPBITHS, a TaK’Ke BO3MOKHOCThIO 0Opa30BaHUs TEHEBBIX 30H B Pe3yJbTaTe MEPeKPBITUS CO-
cenHUMHU 3yObsMu. OJIHAKO, KaK BHIHO U3 PUC. 3, MOCKOJIbKY HaHOOINbIlee TPEHUE HCIBIThI-
BAIOT YYaCTKH y TOJOBKH 3y0a, TpeOOBaHHS K HX H3HOCOCTONKOCTH HAHOOIBINIIE, I MOTYT
OBITh YIOBIETBOPEHBI IPH PeaT3alliil JaHHOI CXeMBbI.

Taxkum o6pazoM aHaMN3, MPOBEIEHHBII B padoTe MO3BOMII YCTAHOBUTh, YTO HCIIOJh-
30BaHNe TPATUIMOHHBIX METOIOB OTAEIOYHOIl MEeXaHIMYeCKOil 00paboTKH, H TEPMUYECKOTO
YIpOUHEeHUs, He MO3BOJSET B MOMHOI Mepe 00ecleynTh CBOIICTBA 3IIEMEHTOB 3y04YaThiX KO-
Jec B COOTBETCTBHE ¢ YCIOBHSAMH HX 3KCIUTyaTaii. [Ipu 5TOM HCONb30BaHIe KOMOMHAITHIT
TOKPBITHII, HAHOCHMBIX Ha OTHeNbHbIE YYacTKH 3yOUaThIX KONEC B COOTBETCTBUE C BBHIMOII-
HSIEMBIMHI SKCIUTYyaTAIIHOHHBIMH (PYHKIIHSAMH, TO3BOJISIET MaKCHMaIbHO aqalTHPOBaTh 3y0da-
ThIe KOJleca K YCTIOBUSAM HX 3KCILTyaTallliil B MAIIHE WM TEXHOJIOTHYECKOIl CHCTEME.

Cnucok autepatypbl: 1. 1. MuxaittoB A.H. OcHOBBl CHHTe3a (PYHKIIHOHAITBHO-
OPUEHTHPOBAHHBIX TEXHOJOTUI MammHocTpoeHusa. — Jlonenk: JJorHTY, 2009. - 346 c. 2.
Jlaxma A.M., Muxaiinos A .H., 3aatyp Caxou, Tapada Anp-Cymganun CHHTe3 cXeM TeXHOJO-
THYECKOTO BO3MEICTBHUS I (DYHKIIMOHATbHO-OPHEHTHPOBAHHBIX TEXHOJIOTHYECKUX MPOIIEC-
COB TIPOM3BOJICTBA 3y0uUaThIX Komec // IIporpeccuBHble TEXHOJIOTMH U CHUCTEMBI MAIIHHO-
cTpoeHus: MexIayHapoaHblil ¢0. Hay4HbIX TpyAoB. — Jlonenk: JlIoHHTY, 2009. Bem. 38. C.
127-132. 3. Kynpasues B.H. 3y0Ouarsie nepemaun. - M.: « Mamruc», 1957. — 263 c.
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TEXHOJIOI'MYECKOE OBECHEYEHHE INPOLECCOB KOMB\IfIHPIPOBAHHOfI
®YHKIIMOHAJIBHO-OPUEHTUPOBAHHOU OTAEJIOYHOU OBPABOTKHA
METYHUKOB

MepkyaoB M.B., UeraeB A.K. (xageopa TM, [lonHTY, [oneyk, Yxpauna)

OyHKINOHAIBHO-OPUCHTUPOBAHHAS TEXHOJIOTMS W3TOTOBJICHMS W3JEIUs MAalIMHO-
CTPOCHMSI JTO CIENHajbHAas TEXHOJOTHs, KoTopas Oasupyercs Ha (YHKIMOHAIBHO-
OPHUEHTUPOBAHHBIX TEXHOJIOIMYECKON CUCTEME U TEXHOJOTMYECKOM Ipoiecce. OHa OCHOBaHA
Ha TOYHOU, OPUEHTUPOBAHHON TONOJOTUYECKH, PEATU3aLMU 3aJaHHOT0 MHOXKECTBA aJIrOPUT-
MOB TE€XHOJIOTUYECKOTO BO3JEHCTBUS MHCTPYMEHTOB M NPUHIUIIOB 00pabOTKU B TpeOyemblie
HAHO, MUKPO, MAaKpO 30HBI M yYaCTKH M3JIENUS, KOTOPbIE (yHKIMOHATIHHO COOTBETCTBYIOT
YCJIOBUSIM UX 3KCIUTyaTallul B Ka)XXA0u oTAenbHOM ero 30ue. [1] IIpu sToM ux Bua, Tum, Ba-
PpHAHT, KOJIMYECTBO, KAYECTBO U aITOPUTM TEXHOJOTMYECKOIO BO3ACHCTBUS LIEJICHAIIPABIICH-
HO OTIPENEeNAIOTCS, a TAK)Ke TOMOJOTHYECKH, (PYHKIIMOHATBHO U KOJUYECTBEHHO OPHEHTHPY-
IOTCSl TIPU UX peaNTM3allli B OTHAEIbHBIE 30HBI M3JEHs B 3aBUCUMOCTH OT 33JaHHBIX (YHK-
[MOHAJBHBIX ~ OCOOEHHOCTEW  MX  OKCIulyartai. llpumeHenuwe  (QyHKIIMOHAIBHO-
OPUECHTUPOBAHHBIX TEXHOJOTUN Ui WU3LACIHM MAIIMHOCTPOEHUS IO3BOJIIET MAaKCHUMAJIbHO
MOBBICUTh UX OOIIME AKCIUTyaTallMOHHBIE NTAPAMETPHI 3a CUET MECTHOTO YBEJIUYEHUS TEXHH-
YECKHMX BO3MOKHOCTEH M CBOWCTB OTJIEJIbHBIX AJIEMEHTOB, ITIOBEPXHOCTEH WIN 30H U3JEIHUS B
3aBHCUMOCTH OT (DYHKIIMOHAJIBHBIX MECTHBIX 0COOEHHOCTEN MX dKcIuryaranuu. [Ipu sTom u3-
JIeTVsl MAllIMHOCTPOEHMsI, U3rOTaBIMBAEMBbIE T10 NPEUIAraéMbIM TEXHOJIOTHUSAM, MAaKCUMAaJIbHO
aIalITUPYIOTCSI TI0 CBOMM CBOMCTBAM K OCOOCHHOCTSIM HMX JKCIUTyaTalliH U TPOSIBISIIOT CBOM
TIOJIHBIHA MMOTEHIMAJ BO3MOXHOCTEW pu padoTe. [2]

Cnenyer OTMETUTh, YTO MpeNJIaraéMblii HOBBIM KJIACC TE€XHOJIOTHM YCIIOXHSET Ipo-
[IECC M3TOTOBJICHUS U3/ICNINH, HO B IIEJIOM 00ECIeYMBAET Ka4eCTBEHHO HOBYIO COBOKYITHOCTB
CBOMCTB U Mepy MOJIE3HOCTU U3JEIUN MAIIMHOCTPOEHUS IPH dKCIUTyaTaluu. JTO JAaeT BO3-
MOYHOCTb CYILECTBEHHO IIOBBICUTh TEXHMKO-DKOHOMUYECKHE ITOKA3aTENIM JKCIUIyaTAllUd U
UCIOJIb30BaHMUSI MAILIMH U TEXHUUECKUX CUCTEM.

[Ipumenenne KOMOMHHMPOBAHHOW (PYHKIIMOHAIBHO-OPUEHTUPOBAHHOW TEXHOJIOTHH
IpU TPOU3BOJICTBE METAIOPEKYILIUX MHCTPYMEHTOB INPOUCXOAUT B HECKOJIBKO 3TaroB. [3]
PaccmoTpum 3TH 3Tamnbl, B3sIB B Ka4e€CTBE NMpUMepa (PyHKIHOHAILHO-OPUEHTUPOBAHHYIO TEX-
HOJIOTHIO IIPOU3BOJICTBA METYHKOB.

L. dopmooOpa3oBaHHEe METAUIOPEKYIIETO HHCTPYMEHTA MO YXKE CYIIECTBYIO-

o g e A A EEL

Puc.1. CHGHI/IaHBHI)IC MCTYHUKHU 10 HAHCCCHUSA MMOKPBITHA
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MM TEXHOJIOTUSIM C MOJTy4eHHEM BCeil HEOOX0MMOM TeoMeTprr HO 0e3 OKOHYATENBHOM 3a-
TOYKH PEXKYILIEH KPOMKH.

2. [MoaroToBka MOBEPXHOCTH K HAHECEHUIO MOKPBITHS: IPOUCXOIUT NUTU(POBKA U
MOJIMPOBKA PEXKYIIUX KPOMOK HHCTpyMeHTa (puc. ).
3. OpueHTUpOBaHHAs IMMHEBMOCTpYyWHas 00paboTka: Ha ycraHoBke Y3I' 4-1

(puc.2) mpoucxoautr OoMOapAMPOBaHHE MOPOIIKOM YEPHOTO KpPEeMHHUsS (PUC.3) pexyLIHx
KPOMOK MHCTPYMEHTA, TOBEPXHOCTHO YIIPOUHSS UX.

e Takls, .-
Puc.2. Ycranoska Y3I 4-1 i mHEBMOCT- Puc.3. [TopoIIIok KapOua KpeMHHs 4epHOTO

py#HO# OpHeHTHPOBAaHHOK 00PaObOTKH

4. Yaprpa3BykoBas 00pabOTKa MOBEPXHOCTH: B CIEIHATBLHOM O0OPYIOBAaHUH B
CIIEIAIbHOM PAcTBOPE MPOUCXOIUT OYUCTKA TOBEPXHOCTEH HHCTpYMEHTa (puc.4).

Puc.4. OGopynoBanme misi yibTpa3BykoBoi Pwuc.5. Merannmzanus u3fenuil B BaKyyMHON

OYHCTKH Kamepe

5. O0e3xuprBaHie XMMUYECKOH 00pabOTKON MOBEPXHOCTH: MHCTPYMEHT 00pa-
OarbIBaeTcss OCH3MHOM, alleTOHOM U CITHPTOM.

6. OuHCTKA TICIOUIMM Pa3psAI0M B BAKyyMHOH Kamepe 1o aasiernem 7x107T1a
B Teuenue 10 MuH.

7. HNonnas 6oMOapaupoBKa B BAKYYMHOW KaMepe HHCTPYMEHTA B T€UEHHE 5 MUH

[0 TaBjeHueM 5x1 0°Tla.
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8. [IporpeB uHCTpyMEHTa B BAKYyMHOW KaMepe B TEUEHUE 5 MUH O] JABJICHUEM
5x10”Tla.

9. Mertannusaiys MoOBEPXHOCTHOTO CJIOSI MHCTpyMeHTa Ha riryouny 0,1MkM B Ba-
KyyMHOII Kamepe B TedeHne 2 MUH 110/ JaBiennem 3x 107 I1a (puc.5).

10.  HaneceHue NOKpHITHS HAa MHCTPYMEHT TOMUMHOM 0,7 MKM B BaKyyMHOH
kamepe B Teuenue 10 Mun mox gapnenuem 4x107Tla.

11. OxJlax/1eHue MHCTPYMEHTa B BaKyyMHOM kaMmepe B TeueHue 10 muH.

Ha Bpixojie moiyyaeM MeTauIOpEXyILIUd UHCTPYMEHT C COBEPIICHHO HOBBIMH Kaye-
CTBEHHBIMU cBoMcTBaMuU (puc.6). N3HOCOCTOMKOCTh MHCTPYMEHTA MOBBINIAETCS B 3-4 pasa.

[4]

Puc.6 MeTtunku nocie HaHECEHUs MOKPBITHS

Cnucoxk autepatypsbli: 1. MeTobl moMCKa HOBBIX TeXHHUYECKUX pemeHuit / [lox pen.
A.N. Honosuukuna. — Momkap-Omna: Map. kH. u31-80, 1976. 2. Murpodanos C. IT. ['pyrmmo-
Basi TEXHOJIOTUSI MAIIMHOCTPOUTEIHLHOTO Tpou3BoAcTBa. — JI.: Mammuoctpoenue, 1983. 3.
MuxaitnoB A. H. OcHOBBI cuHTe3a (QyHKIMOHAIBHO-OPUEHTUPOBAHHBIX TEXHOJIOTUA MaIllH-
HocTtpoeHus / MuxaiioB A.H. — Jlonenk: JJorHTY, 2009. — 346 c. 4. MuxaiinoB A.H. Oc-
HOBHBIE IPUHITUITEI H 0COOCHHOCTHU CHHTe3a (PyHKIIMOHAIBHO-OPUEHTUPOBAHHBIX TEXHOIOTHI
MammuHocTpoeHus1. / MammHocTpoenue u texaocdepa XXI Bexka. Coopruk tpyaoB XIII me-
KTyHApOTHOM HayYHO-TeXHIYecKoi KoHpepenin B T. CeBacromosne 11-16 centsiops 2006 .
B 5-tu Tomax. — lonenk: [{lonHTY, 2006. T. 3. C. 61-77.

HCCJIEJOBAHME MOTIPEIMHOCTEH M3IOTOBJIEHUA 3JIEMEHTOB
KOJIECHO-PEEYHbBIX IBUKUTEJEUN BCII

Mupomuuuenko O.A., I'opobden U.A. (xagheopa TM, [JonHTY, loneyk, Ykpauna)

AHanm3 COBPEMEHHOTO MHUPOBOTO COCTOSIHHSI TIPOU3BOJICTBA YT, @ TaK XK€ €ro mo-
TpeOIeHUs TIOKa3bIBAET, YTO YTOJb OB M OCTACTCS OCHOBHBIM YHEPTETUYECKAM PECYPCOM, a
€ro poJib B MUPOBOM TOIUTUBHO-DHEPTETHUYECKOM KOMILICKCE MOCTOSHHO pacteT [1]. [lo man-
HbIM 0030pa MupoBoil sHepreTuku Statistical Review of World Energy B ntone 2011 r. [2]
YKpanHa HaXOJUTCS B MIEPBOM JIECATKE CTPaH MO YPOBHIO YTOJBFHOTO TOTEHIMAIA, TIPH STOM
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JIOKa3aHHbIE 3amachl yrisg B YKpauHe HacuuTbiBatoT 33,873 mupa. T, uto cocraBisier 3,9%
MUpoOBOro 3amnaca yrid. OIHakoO IpH TakKOM BBICOKOM HOTEHIMANEe MPUPOJHBIX PECYPCOB
yAETbHBIN BeC 100bIUM yriis cocTaBisieT b 1% (73,3 MiH. T).

[TosToMy 1711 TIOBBIILICHUSI TPOM3BOJUTEIBHOCTH TOPHO-IIAXTHBIX PabOT U yCIIem-
HOT'O WCHOJIb30BaHUsI MPUPOIHOTO OOrarcTBa HEOOXOAUMO NMPUMEHEHHE BHICOKOIPOU3BOIHU-
TEJIFHOTO W aBTOMAaTH3UPOBAHHOTO TOPHO-IIAXTHOTO 000pyI0BaHMsA, KOTOpOE 00JIaTaeT BbI-
COKOW HAJEXKHOCTHIO W OOECIEYHBAET MEHBIINE MPOCTOM B paboTe, CBA3aHHBIE C M3HOCOM
WIH ITI0JIOMKOH JIeTaJIeH.

OCHOBHBIM 3JIEMEHTOM TEXHOJIOTUUECKOH IEMOYKHU MIAXTHOM YTJIeI00bIYM B COCTABE
MEXaHU3UPOBAHHOTO KOMILIEKCA SIBJIIETCS OUMCTHOM KoMOaiH. [IpakTruecku Bce COBpeMeH-
HBIE OTEYECTBEHHBIE U 3apyOEKHBIE OUUCTHBIE MEXaHU3UPOBAHHbBIE KOMITJIEKCHI OCHAIIAIOTCS
KoMOaitHamu ¢ OecrienHo# cuctemoit monayu (BCII), kotopasi cocTout U3 3yd64aToro koseca
(3BE3II0YKM) MIEPEKATHIBAIOIIIETOCS 110 3y0uaToi (lieBOUHOM) peike [3].

OCoOEHHOCTBIO COBPEMEHHOTO Pa3BHUTHUS YTOJbHON MPOMBINUICHHOCTH Y KPauHBI
SBIISICTCSI MHTEHCU(UKAKS JOOBIYU YTIIsI, B CBSI3U C YE€M MPOMCXOUT 3HAYUTEIHFHOE YBEIH-
YEHHE Harpy>KEHHOCTH Ha BECh MEXaHU3MPOBAHHBIA KOMIIJIEKC OYMCTHBIX 3a00€B MPUBOIUT K
MOBBIIICHHIO YIEIbHON Harpy3KH B OecenHbIX cucTeMax mojaadu B 1,9...2 pasa [4], a cieno-
BaTEJIbHO, K PE3KOMY YXECTOUEHHMIO TpPeOOBaHMIM K KauecTBY €ro 3jaeMeHToB. [loaTomy B
OTICHKEe Pab0TOCTIOCOOHOCTH JBHKUTENICH CHUCTEMBI TMOJAa4l OYHMCTHOTO KoMmOaiiHa OOJIbIIoe
3HaYeHHE UMEET KauyeCTBO M3TOTOBIICHHS Maphl «KOJECO-pelikay, Tak Kak 0OUYeHb BaKHO obec-
NEYNUTH MIIABHOCTh X04a KOMOaliHa 1 MUHUMAJIbHBIN U3HOC JIEMEHTOB JIBHXKUTEJIS.

B nBmwxuTenax TpaguUMOHHON KOHCTPYKLUH JUIS IIAXT Y KpauHbl UCIOJIB3yeTCs Lie-
BOYHOE 3arervieHue. [Ipu aTom 3y0 MMeeT 3BOJIBEHTHBIN MPO(MIH U 3aLEIUIIeTCs ¢ IMINH-
npuueckoit neBkoi (puc. la). OcHoBaHME U pama pEeWKU U3TrOTABIMBAIOTCSA U3 CTAJIBHOM MPO-
KaTHOM MOJIOCHI, B KOTOPBIX C NOMOIIBIO IUIA3MEHHOMN PE3KHU IOJy4yaroT Hapy’>KHbIE MOBEPX-
HOCTH W OTBEPCTHSI IOJ LEBKHU M s Kpenexa. Llununapuyeckuil naiabipl (LEBKH), BBApU-
BaeéMbl€ B OTBEPCTHS OCHOBAHMS M paMbl, U3TOTOBJIEHBI U3 KPYIJIOIO MpPOKaTa, MPOIIEAIIEro
TOKapHy10 00paboTKy. B HacTosiee BpeMsl UCHONB3YIOTCA U JIMThIE PEUKH, YTO MO3BOJISIET
NPUMEHSTH U Apyrue GopMsbl 3yda peiiku (puc. 16). Ilpu 3ToM ncnonp3yercs: HUKIOUIAIbHOE
3alleIUIEHNE Tapbl «KOJIECO-peiKa», y KOTOpPOro npoduin 3y0neB KoJjieca 0UepUYEHbl IO UK~
JMYECKUM KPUBBIM: HOKKa 3y0a — MO TMIOLMKIION]IE, a FOJIOBKA — MO snuiukionae. Msro-
TOBJICHUE TaKOW 3yOuaToil pelKu mpeaycMaTpuBaeT MUHUMYM Olepaluidi MEXaHU4eCKOH 00-
pabOTKM pe3aHueM, CBA3aHHBIX JIMIIb C [TOJyYE€HUEM OTBEPCTHH JIJIsl KPEIUIEHUsI pEeUKHU K CcTa-
BY CKpeOKOBOT0 KOHBelepa u (pe3epoBaHUEM JIBYX INPU30HHBIX IMOBEPXHOCTEH MO JIIMHE Jie-
Tald U ABYX TOpPLOB pelku. 3y6oo0paboTka koneca nsuxurens BCII coctour n3 yepHOBOM
MOCJIOMHON 00pabOTKU pe3lioM B PE3LI0OBOM OMpaBKe MO0 KOHTYpPY € MOCIENYIONEH YUCTOBOU
00paboTKON KOHIEBOH (pe30il.

[Ipn uccnenoBaHMM NOrPELIHOCTH HU3TOTOBJIEHUSI AJIEMEHTOB KOJECHO-PEEYHOTO
JBUKUTENST TOCTATOYHBIA 00BEM 3KCIEPUMEHTAIBHOIO MaTepHaia ONMpenessuics U3 yCIOBHs
HEOOXOIMMOM TOYHOCTH JIAHHBIX CTATUCTHYECKON 00paObOTKH (haKTHUIECKOTO MaTepuana, T.e.
00beM mHGOpPMAIUHU JTOJHKEH OBITh JOCTATOYEH JJISi TOTO, YTOOBI C TapaHTUPOBAHHOUW BEPO-
ATHOCTBIO MOTPELIHOCTh OLEHKU BEJIMYMHBI HE IMPEBBIIIANa Ha3HAYEHHON WM JOIyCTUMOMN
[5].

O0beM 3KCHEpUMEHTAILHOTO MaTepuaia sl JUCKPETHBIX BEJIMYMH OLEHUBAJIUCH
3aBHCUMOCTBIO:
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: (1)

rae B-Fr — nosepurenbHas BeposTHOCTD, D(t) — uaTerpansHas Gpyukuus Jlamaca, Sy — oueH-
Ka CPEAHEKBAIPAaTUYECKOIO0 OTKIOHEHMs pe3yibTaTa U3MEPEHUs, € — MAKCUMaJIbHOE OT-
KJIOHEHHE BBIOOPOUYHOM CpeHEeN OT TeHepaIbHOM, N — YHCIIO OIBITOB.

Puc. 1. Buas! konctpykuuit neuxureneit BCII mexanu3ma nogaun ouncTHOro komOaiiHa

OmnpeneneHue NOTPEIIHOCTEH H3rOTOBJIEHUS JIMTOrO 3y0O4YaTOro pPEEeyHOro cTaBa
naerxuresnst bCII 3akimoyanocs B USMEPEHUH TOJLIMHBI IPSIMOJUHEHHOTO U KPUBOJIMHEHHOTO
y4acTKOB 3y0a U 1mara 3yObeB peiku. [ uccieqoBaHusi TOUHOCTH U3TOTOBJICHUS LIEBOYHOM
peWiKu ObUT U3MEPEH IIar PEHKHU U OTIPEICTICHO OTKIIOHEHHUE BEJIMUMHBI 11ara IEBOYHON pEUKU
OT €e HOMHUHAJIBHOTO 3Ha4YeHus. OrnpeneneHne MorpenrHoCTeld U3rOTOBICHUs 3yObeB 3yOua-
toro kojeca asuwxuresss bCII 3akmovanoch B U3MEPEHUU HIUPHUHBI 3yObEB MO MOCTOSHHOM
XopJe Ha 3X BbICOTaX.

CornacHo TpeABapUTENILHO OTPEACICHHOTO 00beMa BBIOOPKH ObLT CHOPMHUpPOBAH
MacCHB JTaHHBIX, B Pe3yJIbTaTe CTATUCTHYECKOW OOpaOOTKH TOy4EHBI Pe3yJIbTaThl, aHAJIH3
KOTOPBIX MO3BOJIIII CACNATh CIIeIyIOIHe 3aKItoueHus, Ta0. 1.

Takum 00pa3om, MOTPEIIHOCTH B3aMMHOI'O PACIOJIOKEHUS 3JIEMEHTOB KOJIECHO-
PEEYHOro JBMXKUTENIS, CBA3aHHbBIE C OTPEIIHOCTSMH B U3TOTOBJIECHHUH, B X0/1€ pabOThI OYUCT-
HOTO KOMOaifHa HENpepBhIBHO M3MEHSIOTCS B MpEAeTax MAaKCHMAaJIbHOTO WHTEpBaJA. DTO U
NPUBOJUT K JIOMOJHUTEIbHBIM U3MEHEHUSIM KMHEMAaTUYECKUX M CUJIOBBIX XapaKTEPUCTHK 3a-
LEIUICHNs KOJIECHO-PEEYHOTr0 3alCIUICHUS, HAKJIaJAbIBAIOIUX CBOM OTHEYATOK HA JTMHAMHYE-
CKYIO0 Harpy»eHHOCTb MAaIllMHBI B IIEJIOM, a TaK K€ HaJEKHOCTh BCETO MEXaHU3MPOBAHHOTO
KOMILIEKCA.
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Ta6nnua 1. P€3YHBT3.TBI HCCIICAO0BaHUs MOTPCITHOCTH U3T'OTOBJICHHUSA 3JICMCHTOB KO-
JICCHO-PCCUYHOTO ABUXUTCIIA

Hccenenyemslii napameTp Mecto HauboJIbIIeH OTPENIHOCTH
Homunanbhbiii | Matematuueckoe | OTHOCHUTENbHAS
pasMep, MM OXXHIAHHE, MM omuoka, %

Tonumna 3y6a nuToii 3youaToit 43,86 41,71 9,3

perku

[Mupuna 3y6a 3ybuaToro xoyeca 9,18 9,50 18

[ar 3y0ObeB MTOM 3y0UaTol peku 126 125,98 4,4

[IIar 11eBOK 1I€BOYHOT'O PEEYHOTO 100 99,98 5,5

cTaBa

Cnucox qurepatypbl: 1. Tpymmna I'.C., Illunaues M.C. «3HaueHue yrojabHOU
NPOMBIIIUICHHOCTH B Pa3BUTHU MHPOBOW DHEPTETHKI»//ExxeMecsdHbIi Hay4YHO-TEXHUYECKUN
Y TIPOU3BO/ICTBEHHO-IKOHOMUYECKHUH xKypHal «YTosb Ne10» - 201 1r. — c. 42-48. 2. BP Statis-
tical Review of World Energy - «Craructuueckuii 0630p MupoBoii sHepreTukm», June 2011
3. T'opoGen U. A., baberko M. O. "BiusiHue norpemHocT npoduist 3yObeB Ha XapaKTepu-
CTHKH KOJIECHO-peeUHbIX IBHxuTeneil" B cOpauke Tpyaos XIII MexnayHapoaHoi Hay4HO-
TexHU4ecKkoi koH(epeHuuu B T. Ceacronone 11-16 centsiops 2006r. B 5-x tomax. - Jlo-
Henk: JJouHTY, 2006. T1 - c. 26-27. 4. bpennep B. A., Jlykuenko JI. B IToBeienue pecypca
OecLienHbIX CHUCTEM Mojauu yrieaoObiBaromux komOaiHoB. PXTY um. JI. V1. Menaeneena.
HoBoMockoBckuit nactutyT, HoBoMockoBck, 2004. — 204 c. 5. Bontsa A.B., l'opoben 1.A.
«Teopus MHXKEHEPHBIX HCCleTOBaHUN»: YueOHoe nocodue. — Jlonenk, - JouHTY, 2001. —
139 c.

HOBBI 1 KJIACC OPTAHU3AIIMOHHO-TEXHOJIOI TUYE CKOH ®OPMBI
TEXHOJIOT Ui - ®YHKIIMOHAJIBbHO-OPUEHTUPOBAHHBIE TEXHOJIOT U

MuxaiisioB A.H., MuxaiisioBa E.A., Coocap B.A.
(kagheopvr TM u I'3TJ1, JlonHTY, 2. Jloneyx, Yrxpauna)

C pa3BuTHEM Hay4YHO-TEXHHUYECKOTO MPOTpecca HEMPEePhIBHO MOBHIMIAIOTCS TpeOoBa-
HUS K KauecTBY, BO3MOXKHOCTSIM M ICTETHYECKOM KpacoTe CO3AaBa€MbIX MAIIMH, TEXHHYE-
CKHX CHUCTEM U 000pYyJoBaHUsI. DTO 0COOEHHO NPOSBISETCS B COBPEMEHHBIX YCJIOBUAX C IO-
CTOSTHHO M3MEHSIONIMMUCS OCOOCHHOCTSMU KOHBIOHKTYPBI MEXITyHApOTHBIX PBIHKOB COBITA
ToBapoB. [103TOMy BBIITyCKaeMble U3ENHS TOJHKHBI HEIPEPHIBHO COBEPIIICHCTBOBATHCS U MPH
TOM 00ECTIeYMBATHCS WX Ka4yeCTBEHHO HOBAasi COBOKYITHOCTh CBOMCTB M Mepa TOJIE3HOCTH.
Jlnist pereHust STUX BOMPOCOB HEOOXOIMMO MOCTOSTHHO OOHOBIIATH M TEXHOJOTHYECKOE 0Oec-
HIEYCHHUE 110 N3TOTOBJICHHIO U3/1EIIHH.

Ha ocHoBanmu 3T0T0 B JaHHON paboTe MPUBOJITCS JaHHBIC MO CO3JJAHUIO CHEIHAlIb-
HBIX TEXHOJIOTHH, O00ECHeuMBAIONIMX pEANM3aIMI0 KadyeCTBEHHO HOBOW COBOKYIHOCTH
CBOWCTB M MepHI MOJIC3HOCTH M3ENN MAITMHOCTPOCHHUS TPH AKCIUTyaTallMi Ha BCEX dTarax
KOMIUICKCHOTO TEXHOJIOTHYECKOTO TpoIiecca. 3/1eCh 3TH TEXHOJOTUH UMEHYIOTCS (YHKIIHO-
HaJIbHO-OpUEHTHpOBaHHbIMU TexHoJorusimu (POT) [1, 2].

MO’KHO OTMETUTh, YTO B HACTOSIIECE BPEMsI B MAIIMHOCTPOSHHH HIMPOKO HCIIONB3Y-
IOTCSl PA3JIMYHBIE OPTaHU3AUOHHO-TEXHOJOTHYECKHE POPMBI TEXHOJIOTUIECKUX TPOIIECCOB,
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a UIMEHHO: €MHUYHBIE TEXHOJIOTUYECKHE MPOIECChI, TUIIOBBIE TEXHOJIOTUYECKUE TPOIIECCHI,
IPYNIOBBIE TEXHOJOTHYECKUE MPOLIECCHI, MOTYJIbHBIE TEXHOJIOTUIECKHE TPOIIECCHI.
AHanM3UpYs 3T TEXHOJOTHYECKUE MPOIECCHl MOKHO YCMOTPETh, YTO B IIETIOM METO-
JI0JIOTHSL UX TIPOEKTUPOBAHUS COCTOMT U3 ABYX 3TAloOB IIPOEKTUpOoBaHus (puc. 1):
1. Jlenenue u3aenusi Ha UCTIOJHUTENLHBIE TOBEPXHOCTH U BBITIOJIHEHUE UX Kilaccuu-
KalHu.
2. ®opMUPOBAHUE CTPYKTYPHI WIIM MApIIPyTa TEXHOJIOTMYECKOT0 poIiecca.
3aMeTuM, 4YTO METOJIMKA MPOEKTHUPOBAHUS ITUX TEXHOJIOTUYECKUX IMPOIECCOB Xapak-
TEPU3YIOTCS JIABUHOOOPA3HBIM TPOLecCOM. BO MHOTMX KOMIAHUSX U (UPMaxX TaKyl CXeMy
NPOEKTUPOBAHMS TEXHOJIOTUYECKUX MPOIIECCOB pacCMaTPUBAIOT Kak He3blOnemyto. OmHako,
HE CMOTpS Ha CWIy TPaJWLMA, aHAJU3 MPOLecca MPOCKTUPOBAHUS TEXHOJIOTUH B MAaIIHHO-
CTPOCHHH TOKA3bIBAET CICAYIOIINE HEJOCTATKH ATOW CXEMBI: HEMPUTOJHOCTH ISl pa3padboT-
KU CJIOXKHBIX TEXHOJIOTHH, COCTOSIIUX U3 OOJIBIIOTO YHCIA MOJACUCTEM U aBTOHOMHBIX MOMY-
Jeld, o0pa3yromMX CETEBbIe CTPYKTYPBI; 003aTEIbHO MOCIE0BATEIbHOE BBHIITOJHEHHE BCEX
JTAroB MPOEKTUPOBAHMS TEXHO-
JIOTHi; HECOBMECTUMOCTB C DBO-
Eunnynblii TEXHOTOTHYECKHI| TIOIMOHHBIM TIOAXOJOM M C TEp-
Jeaenne usens lponece CNIEKTHUBHBIMH METOJIaMH YIIpaB-
HA HCIOJIHHTEIbHBIE
IMOBEPXHOCTH H

KJIacCupuKauus

Hpouecc IIECCOB.
[Toaromy, miga co3naHus

JIEHMSI TPOLECCAMH IPOEKTHPO-
Tumnosoii Texnosormyeckyii| 27 TEXHOJOTHHCCKIX PO~

IPOTPECCUBHBIX TCXHOJIOTNYC-

yfpynnonoﬁ TeXHOJIOTHYecKuii| CKHMX IPOLECCOB MANIMHOCTPOE-

npouecc HUS, TPAAULIUOHHBIC METOABI HE
noaxonar. Ha puc. 2 moka3zaHsl

q)(é[T)M“I?TOBa;“e ocHoBHEIE dTamnbel cunreza OOT.
Mﬂ%‘p%%ym Mony:bHblit TexHOTOTHYECKHH| 35ech MeTOAMKA IPOEKTHPOBA-
TEeXHOJOTHYEeCKOro nporece g ©OT He gBIsIETCA OTHEID-

fiporiecca HBIM MOHOJIMTHBIM 3TanoMm. OHa

NpPECTaBIseT COOOW OAMH W3

Puc. 1. OcHOBHBIE 3Tallbl CUHTE3a TPAJAULMOHHBIX T€X-  LIArOB Ha IIYyTH IOCJIEA0BATE/Ib-

HOJIOTHif HOW WTEepaTUBHOW pa3pabOTKU

TEXHOJIOTUYECKOTO  TpoIecca.

[Ipu 3TOM mMOCIIETOBATEIHFHOCTD

¥ METOJOJIOTH 0a3upyeTcs Ha 3aMKHYTOW PeKypPEHTHOU CTpyKType. OCHOBHBIE 3TaIbl CHH-

te3a ®OT cnenyromiue:

1. AHanm3 SKCIUTyaTalMOHHBIX OCOOEHHOCTEH W3AENHsS M COCTaBICHHE CTPYKTYpHI
OKCIUTYaTallMOHHBIX (PYHKITHHA.

2. Jlenenne m3nenus Ha (QYHKIMOHAJBHBIC JIEMEHTHI TIO0 YPOBHSIM «TJTyOWHBI TEXHO-
JIOTHW» U UX KITaCCU(PUKAIS.
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3. ®opmMupoBaHUE CTPYKTYPhl WM MaplIpyTa TEXHOJOTHUECKOTO Mpoliecca Ha 0asze
0COOBIX MPUHIIUTIOB OPUEHTALIUH.

®OT u3roToBIICHUS U3/IETUsI MATUHOCTPOCHHSI 3TO CIEIUANIbHAST TEXHOJIOTHUS, KOTO-
pasi OCHOBaHAa HAa TOYHOW TOTOJOTHYECKH OPHEHTHUPOBAHHOW pealm3alMi HEOO0XOIUMOTO
MHOECTBA aJITOPUTMOB TEXHOJIOTHUECKOTO BO3ACHCTBUSL OpYyIHUWA U CPEACTB 00pabOTKH B
HEOOXOIUMBIE MUKPO, MAKPO 30HBI U YUaCTKH W3JIEHs, KOTOpbIe (DYyHKIIMOHATHHO COOTBET-
CTBYIOT YCJIOBHUSIM MX JKCIUTyaTallud B KaXXIOW OTIENIbHOM ero 30He. [Ipu 3ToM ux BUA, THIL,

Crpyxkrypa
IKCILI aTaHHQHHbIX
YHKIHH

AHAJIN3 IKCITYaTALHOHHBI
0C00CHHOCTEH H31eusd 1

Jlenenue uzneaus
HA (PYHKIMOHAJIbHBIE
3JIEMEHTBI 110 YPOBHSAM
“rayOUHbI TEXHOJIOTHH”
1 KJIaccupuKanus

QopMupoBaHKe CTPYKTYpBI
WIH MAPIIPYTa TeXHOIOTHYECKOTO
nponecca Ha 0aze 0c00bIX
TPHHIATIOB OPHEHTALNH

Puc. 2. OcHoBubIe 3Tansl cuare3a ®OT

BApUAHT, KOJIMYECTBO, KAUECTBO U QJITOPUTM TEXHOJIOTHUECKOTO BO3JECUCTBUSI II€JICHAMPAB-
JICHHO OTIPEJNIEIISIIOTCS, a TAKXKE TOMOJOTUICCKH, (PYHKIIMOHATBHO M KOJIMIECTBEHHO OpPHCH-
TUPYIOTCS TIPU MX peajH3alliil B OTIEIbHBIC 30HBI M3CNIHS B 3aBUCHUMOCTH OT 3aJlaHHBIX
(GYHKIIMOHAIBHBIX 0COOEHHOCTEN UX IKCILTyaTalllu.

OcuHoBHBIME 0coOeHHOCTAMU DPOT sgBiIgeTcs TO, YTO TEXHOJIOTHMYECKHE BO3JCHCTBUS
opyaui 00pabOTKH Ha M3AETUS M MPOIECC 00ecreyeHusl 3aJJaHHbIX U TPeOyeMbIX CBOWCTB
W3JIETTI BBITIOJTHSETCS Ha CJICAYIONIMX YPOBHSX: Ha yPOBHE BCETrO M3JENHS B IEJIOM; Ha
YPOBHE YYacTKOB, Ha yYpOBHE COCTABJISIOIIMX; HA YPOBHE 30H; Ha YpPOBHE MAaKpO30H; Ha
YPOBHE MUKPO30H; Ha YPOBHE HAHO30H.

[Ipu sToMm 3ananHble, TpeOyeMble U MPEENIbHbIE CBOICTBA M3EIUM 00ecednBatoTCs
3a CUET OPUEHTAIIMU TEXHOJIOTHUECKUX BO3JIEUCTBHI MOTOKOB MAaTEPHUU, YHEPTUH U UH(DOP-
Malyy Ha 0a3e CIeIyIOIMX BOCEMU 0COOBIX MPUHIMMOB [2]: 1. OYHKIMOHATBFHOTO COOTBET-
ctBus. 2. Tonmonorudeckoro cootBercTBus. 3. KosmdecTBeHHOTO cooTBETCTBUS. 4. ANlEeKBaT-
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HOM 3aBHCUMOCTH NPOCTPAHCTBEHHBIX 0COOEHHOCTEW AEHCTBUS AJIEMEHTApHON (QYHKUINU NPU
SKCIUTyaTalMu. 5. AJIEKBaTHOM 3aBUCHUMOCTH BPEMEHHBIX OCOOEHHOCTEH NeHCTBHS 3JIeMEH-
TapHOH (QyHKIMHU MpH dKcmuryatauuu. 6. CTpyKTYpHOTO COOTBETCTBHS JACHCTBUS MHOXKECTBA
3JIEMEHTapHBIX (QYHKIMA. 7. AJEKBaTHOTO CTPYKTYPHO-(QYHKIHOHAJILHOTO COOTBETCTBHS
CBOJCTB B IPOCTPAHCTBE U BO BPEMEHHU (PYHKIIMOHAIBHOTO 3JIEMEHTa. §. AZIEKBaTHOTO CTPYK-
TypHO-()YHKIIMOHAJIBEHOTO COOTBETCTBHUSL CBOMCTB B OKPECTHOCTAX KAXKAOTO (DYHKIIMOHAIBHO-
r'0 3JIEMEHTA B IPOCTPAHCTBE U BO BPEMEHH.

Ha ocHoBe pa3pabGoTtaHHbIX NPUHIUIOB BhIMOJHSAETCA cuHTe3 @OT U U3roToBICHHE
U3/CNHiA, KOTOpbIE 00ECNeunBaIOT MOJHYIO aJanTaldi0 U3JENUs M €ro 3JIEMEHTOB IO JKC-
IUTyaTallMOHHBIM CBOMCTBAaM K yCJIOBHAM 3KCIUTyaTauuu. M3roToBieHue u3aeauii Ha OCHOBE
@OT obecneunBaeT BO3MOKHOCTh PEATM3alMU MX TOJHOTO MOTEHIHMa a (PyHKIIMOHAIbHBIX
BO3MOJKHOCTEH TNPU SKCIUTyaTalMd. JTO CYIIECTBEHHO IMOBBIIIAET TEXHUKO-DKOHOMUYECKUE
MOKAa3aTeNn W3rOTOBJICHUS U SKCIUTyaTalluy U3AEIUi.

B 3akmoueHre MOXKHO OTMETUTh, YTO B JAHHOU padboTe pa3paboTaH OOLIMHA MOIXOT
co3ganug ®OT. OH oCHOBBIBAETCSA Ha LIEJIOM KOMILJIEKCE HOBBIX NMPUHLMIIOB UX MPOEKTUPO-
BaHMs, KOTOPBIE TPEIOKeHbI B JgaHHOU pabote. [ peammsauun @OT mpuBenena oOrmas
METO/I0JIOTHSI U METOJMKA UX BBINIOJHEHUS. DTH TEXHOJOTMH OTHOCATCA K HOBOMY Kiaccy
OpTaHU3aIMOHHO-TEXHOJIOTHUECKOH (OPMBI TEXHOJIOTHH [2].

Cnucoxk autepatypbl: 1. MuxaiinoB A.H. O0muii moxxox B co3naHuu (PyHKIHO-
HAJIbHO-OPUEHTUPOBAHHBIX U WHTETPUPOBAHHBIX TEXHOJIOTHI MAIlIMHOCTPOEHUs // MamuHo-
ctpoenne u TexHocepa XXI Beka. COopuuk TpymoB XII MexmayHapoIHOW HaydHO-
TeXHUYeCKOol KoH(pepeHmuu B . CeBactomoine 12-17 cenrsadps 2005 r. B 5-tu Tomax. — Jlo-
nerk: JlouHTVY, 2005. T. 2. C. 261-275. 2. MuxaiinoB A.H. OcHOBBI cuHTe3a (OyHKIIMOHATh-
HO-OPHUEHTUPOBAHHBIX TexHonorui. — lonenk: JJonHTY, 2009. — 346 c.

K BOIIPOCY OIIPEAEJIEHUA TEXHOJOI'MYECKUX TAPAMETPOB
HAHE CEHUSI BAKYYMHBIX HOHHO-ILTASMEHHBIX MMOKPBITHUI HA
MHCTYMEHTHBI U3 BBICTPOPEKYIIEU CTAJIN

MuxaiisioBa E.A., MuxaiisioB A.H., Ma3yp U.I10.
(kagheopor I'3T/I u TM, JlonHTY, Joneyx, Ykpauna)

Beenenne. B Hacrosiiee BpeMs B MalIMHOCTPOEHUH IMIMPOKO UCIIOJIB3YIOTCS pa3IMuHbIe
METO/1bI MOBBIILIEHNSI SKCILTYaTallMOHHBIX CBOMCTB MHCTPYMEHTOB [1, 2] u3 OnicTpopexyiieit
ctas. OcoOeHHO 3PPEKTUBHBIM ISl PELICHHs 3TUX BOIIPOCOB SIBJSIETCS] IPUMEHEHUE BaKy-
YMHBIX MOHHO-TIA3MEHHBIX TOKPBITHI TOBEPXHOCTEH MHCTpYMEHTOB. OIHAKO HaHECEHHE
MOKPBHITHI Ha TIOBEPXHOCTH MHCTPYMEHTA SIBIISIETCS CIIOXKHBIM TpoIieccoM. PemeHnto 3Toro
BOIIpOCa TMOCBSAIIEH psia padoT [3]. BmecTe ¢ Tem, 3TH BOMPOCH! TPEOYIOT NadbHEHIIEro uc-
CIIEJIOBaHUSI U U3y4YE€HUsI OCOOEHHOCTEN.

Henp nanHON pabOThl 3aKIHOYAETCS] B MOBBIIIEHUE POU3BOAUTEIBHOCTH TEXHOJIOTHU-
YECKUX CHUCTEM ISl HABUICHUsI BAKyYMHBIX HOHHO-TUIA3MEHHBIX IMOKPBITHIA HA OCEBbIE HHCT-
PYMEHTHI U3 OBICTPOPEXYIIEH CTaJIM 32 CYET OOECHeUeHus] paloOHAIbHON KOHUEHTPAlu 1
CTPYKTYpPbI pab0o4uX MO3ULMI yCTaHOBKU. B COOTBETCTBUM C MOCTaBJICHHOM 1eNIbI0 B padoTe
IUIAHUPYETCS PELIUTh CIAeAYIOIINE 331a4i: pa3paboTaTh CTPYKTYPHO-TOTMYECKHUE BhIPAXKEHUS
[0 OINpPEAETICHUI0O OCHOBHBIX MapaMeTpOB MPOU3BOJUTEIBHOCTH B 3aBUCUMOCTU OT CTPYKTY-
PBl TEXHOJIOTUUECKON CUCTEMBI, UCCIIE0BaTh OCOOEHHOCTH CTPYKTYPHBIX BApUAHTOB TEXHO-
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JIOTUYECKON CUCTEMBI U OTMPEACIIUTh UX BIMSHHE HA MapaMeTphbl IPOU3BOAUTEILHOCTH, MPEI-
CTaBHUTh 3aBUCUMOCTH MapaMeTPOB MPOM3BOJUTENBHOCTH OT 0COOEHHOCTEH mpoliecca HaHe-
CEHHS MOKPBITHI OCEBBIX MHCTPYMEHTOB U3 OBICTPOPEIKYIICH CTAIIH.

Pe3yabTaThl U 00Ccy:kaeHHsA. MOXHO OTMETUTH, UTO MpOOsIeMa MOBBIIICHUS MPOU3BO-
JTUTEILHOCTH BBITIOJIHSACTCS 0COOCHHO A()(DEKTUBHO 32 CUET MUPOKOTO MPUMEHEHHS TIPUHIIH-
ra KOHLEHTpaIMu pabouuXx MO3UIMKA B TEXHOJOTUYECKOU cucTteMe. OHAKO UCTOJb30BaHHE
9TOTO TPHUHIMIA JOJDKHO 0a3MpOBAThCS HA OCHOBHBIX OCOOEHHOCTSX CTPYKTYPBI PabOdIMX
MO3ULMI B BAKYYMHOM KaMepe U napajvieliu3Me peaan3alui TEXHOJIOTHYECKUX BO3JAEHCTBUI
Ha TIpeMeThl 00paboTKU. B 3TOM citydae o01iee KOIM4ecTBO pabounX MO3HUIMN OTpeIeIsieT-
Cs TIO creytomieit opmyre:

14
Vi = Hvik ) (1)
k=1

7€ y, - 00IIee KONMIECTBO PabOYHX MO3ULMN TEXHOJOTHIECKON CUCTEMBI,
Vjj - KOIIMYECTBO TO3MIHI B IIOJICUCTEMAX k — Io KJIacca yCTaHOBKHY;

P - KOJIMYECTBO KJIIACCOB MOACUCTEM YCTAHOBKH.

KosmyecTBo KIaccoB MOACUCTEM M KOJIMYECTBO INO3ULMHN B IIOJACUCTEMAaX yCTAaHOBKH
OKa3bIBaeT CYILECTBEHHOE BIHMSIHUE Ha oOliee KonmuecTBo pabounx nosuuuid. Ilostomy Ha
0a3e ITUX MapaMeTpPoOB, BO3MOKHO, BECTH PEIICHUE BOIIPOCOB 00ECIICUEHUs 3aJaHHOM POU3-
BOJIUTEIBHOCTH TEXHOJIOTUYECKOU CUCTEMBI.

Jlns obecnieueHus: NpUHIUINA Mapaiean3Ma pU HAaHECEHUH MOKPBITHI HAa OCEBbIE WH-
cTpyMeHTHI ((ppe3sl) B BakyyMHOH Kamepe HeoOXOIUMO OIpeeNICHHBIM 00pa3oM pacroo-
KUTh paboure MO3UIMU U PEan30BaTh UX HEOOXOAMMYIO KMHEMATHUKY JIBHKEHUH B TEXHO-
JOTMYECKON CUCTEME. DTU BONPOCHI PELIAIOTCS C MOMOIIBI0 00ecneueHts napauiesIbHO JeH-
CTBYIOLIEH CTPYKTYphl pabouMX MO3ULIUI B BAKYYMHOH Kamepe.

[IpuHIMIT KOHIEHTPALMU H3JEIHNA B TEXHOJIOTMYECKOH 30HE O00ECIeYMBAET BO3MOXK-

11, 1, HOCTh IapaJUIEIBHOTO HAa-
HECEHUs IIOKPBITMM Ha

T mT _
yac \ £,=0,5 qac \ 1=0.3

(zazl 0

[

£,=1,0
L~

t,=1,5

t,=2,0

OCEBbIE WHCTPYMEHTHI U3
OBICTPOPEXKYIICH  CTaJIH.
Crnenyer OTMETHTh, YTO
JUISL pean3aliyl MPUHIIATIA
KOHLIEHTpaluy, obecneue-

\/K ’ 1o =1,5
TS T
\ \

4 \ — ] \ T 3aIaHHON CTPYKTYpBI

pabounx TO3ULMH U BBI-
TIOJTHEHHSI TIPOIIecca Halbl-
JICHUsI, BAaKyyMHBIX MOHHO-
IJJa3MEHHBIX MTOKPBITUI
0 05 1.0 15 L, mc 05 L0 15 1, aac HEOOXOIMMO  peam30BaTh

a) 6) HEOOXOIMMYI0 KHHEMAaTH-
Ky JIBIDKEHHUsI paboyux TO-
3UIMH, TTOJICUCTEM U BCETO
MOBOPOTHOTO YCTPOMCTBA.
BrimosiHeHMEe 3THX JIBHXE-
HUH  HEOOXOauUMO  JJIst
OCYIIIECTBIICHUS paBHO-
MEPHOCTH HAHECEHUS MOKPHITUN HA TIOBEPXHOCTHU JIJISI BCEX MBI B MPOIECCE U MUCKITIOYE-
Husl BIMsiHUA 3G (DeKTa «TeHeBas 30Ha», TaK KaKk B BaKYyMHOW Kamepe pacroJjiaraercs 00Jib-

Puc. 1. 3aBucumocTh IMKIOBON MPOU3BOJUTEIBHOCTA OT
apaMeTpoB UIUTENBHOCTH IOJHOTO TEXHOJIOIMYECKOTO
IIMKJIa HAHECEHUS TIOKPBITHI: @ — OCHOBHOT'O BpeMEHH, 0 —
BCIIOMOTATEJILHOTO BPEMEHU
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10€ KOJMYECTBO M3JIENUH. A TakK e 3TO MOTPEOHO IS BBHITIOJHEHUS] CTAOMIBHOCTH JIPYTUX
apaMeTpOB TEXHOJOTUYECKOTO MPOLIEcca.

MO>KHO OTMETHTb, YTO COCTaB CTPYKTYPhI pabouMX MO3UIMH OKa3bIBaeT CyLIECTBEHHOE
BJIMSIHME HA IIUKJIOBYIO NMPOMU3BOAMUTEIBHOCTh TEXHOJOTHYECKOW cucTeMbl. OHa HaXOJUTCS B
(YHKIMOHAIBHOW 3aBUCHMOCTH OT YHMCJIa KJIACCOB IMOJICUCTEM M OT KOJMYECTBA MO3ULMI B
Kaxoi nmoacucreme. OnHako npu GOpMUPOBAHUM CTPYKTYPHI 3JIEMEHTOB U MOJCUCTEM TIO-
BOPOTHOTO YCTPOMCTBA ClIEyeT YUUTHIBATh KOMIAKTHOCTh PabOUMX MO3UIMI B TEXHOJOTH-
yeckoil 30He. OT 3TOro KpUTEpHsi 3aBUCHT 00IIasi MPOU3BOJUTEIBHOCTh BCEH TEXHOJIOTHYE-
ckoi cucteMsbl. [loaToMy nporiecc NpOEKTUPOBAHUS IOBOPOTHOI'O YCTPOMCTBA CIIEyET BECTU
C y4eTOM KOMMAKTHOCTH Ha 0a3e MPHUHIMIIOB MPOCTPAHCTBEHHON OpPUEHTAIMU U (PYHKIHO-
HaJILHOM OpUEHTAllUU pabouMX MO3ULMHN B BAKYYMHOH KaMepe.

3aMeTUM, UYTO Ha LIMKJIOBYIO NPOMU3BOJUTEIBHOCTh OKA3bIBAET CYIIECTBEHHOE BIMSHHE
JUIUTENBHOCTD MOJTHOIO TEXHOJIOTMUYECKOTO IIUKJIA HAHECEHUSI IOKPBITUI HAa OCEBBIE MHCTPY-
MmeHThl. K nmpumepy, nns ycranook tuna bynar (bynar — 3, bynar — 6, HHB 6.6-11), nnu-
TEJIBHOCTh IOJHOI'O TEXHOJIOTHYECKOTO IMKJIA MOKET JOCTUraTh OT OJHOTO JI0 JIBYX YacoB.
OO01mas IIMTEIbHOCTh MOJHOTO TEXHOJOTUYECKOTO IIUKJIA 3aBUCUT OT ABYX COCTAaBISIOLINX, a
MMEHHO OCHOBHOT'O U BCIIOMOTATEIbHOT'O BPEMEHH TEXHOJIOTMUECKOTO BO3AeHCTBUsA [3]. DTH
napamMeTpbl Ha MPAaKTUKE MOTYT OBITh Pa3MYHBL. DTO 3aBHCUT OT OCOOEHHOCTEH 000pyHOBa-
HHS, TTApAMETPOB €T0 AIKCIUTyaTalluy U 00CTy KUBaHHUS.

Ha puc. 1 npeacraBneHa 3aBUCUMOCTb LIUKJIOBOM MPOU3BOJUTENBLHOCTH YCTAHOBKH OT
apaMeTpoB JUIUTEIBHOCTH MOJIHOTO TEXHOJOTUYECKOTO IIUKJIA HAHECEHUS TOKPBITUH. 311€Ch,
Ha puc. l,a mokasaHa 3aBUCUMOCTb LIUKJIOBOM MPOU3BOIUTEILHOCTH OT OCHOBHOTO BPEMEHU
TEXHOJIOTUYECKOT0 BO3JAEHCTBUS ISl CTPYKTYPHOTO BapUaHTa, MPEACTABICHHOIO BapUAHTOM

3 3
CTPYKTYPHI Str4 = A 1 A 1 J’i(ni 2’,“1), JUIS Pa3JIMYHBIX 3HAYECHHUI BCIIOMOTATEIILHOTO BpE-
Ni2=1Nn=

menu. Ha puc. 1,0 noka3zana 3aBHCHMOCTb IMKJIOBOW MPOU3BOAMTEIBHOCTH OT BCIIOMOTa-
TEJIbHOTO BPEMEHU TEXHOJIOTUYECKOTO BO3IEUCTBUS AJISl CTPYKTYPHOTO BapUaHTa, MIPEICTaB-

6 3
JICHHOTO BapUaHTOM CTPYKTYpBl Str3 = A A Yi(niy,n,1)> A1 PA3IMYHBIX 3HAYEHUH OC-
nix=1n; =1

HOBHOTI'O BpCMCHHU.
HpOBCI[GHHLIe OKCIICPUMCHTAJIbHBIC MCCJICAOBAHWS II03BOJIMIIM OINPCACIUTL 3aBUCHU-
MOCTBH CKOPOCTU HAIBUICHUA HUTPUA TUTAHOBOT'O IMOKPLITHA Ha OCEBOH HHCTPYMCHT U3 OBICT-

POPEKYIIEN CTAIU OT HEKOTOPHIX MapaMeTPOB, @ MMEHHO: B 3aBUCUMOCTH OT TOKa ayru [ a

JU1s1 (PUKCUPOBAHHBIX 3HAYCHUN YTJIOB HAKJIOHA TMPOJOJILHBIX OCEH M3MeNuil; U OT yIJia Ha-
KJIOHA NPOJIOJIBHOM OCH M3eHs Il (PUKCUPOBAHHBIX 3HAUEHU M ToKa nyru [ - OTH TaHHbBIE

OBLIH MOJTy4YeHsl Ha yCTaHOBKe BymnaT — 6 co crenuanbHO MOJEpHH3UPOBAHHBIM TOBOPOTHBIM
ycTpoicTBOM [2]. OHU Jat0T BO3MOKHOCTb OINPEAETATh NapaMeTpbl HAHECEHUS OKPBITHHA OT
TEXHOJIOTMYECKUX MapaMeTPOB YCTAHOBKHU.

Jnst ompeseneHusl BIMSIHAS CKOPOCTH HAIbUICHUS MOKPBITHS MOBEPXHOCTEH OCEBOTO
MHCTPYMEHTA Ha IUKJIOBYIO NTPOU3BOIUTEIBHOCTh YCTAHOBKU TPOBECHBI CHELHATbHbIE HC-
clieoBaHUs. DTH HCCIIENOBAHUS BBHIMOJHINCH NMPU CIEAYIONIMX IapaMeTpax mpolecca:
v; =8,t,0=0c,1,, =600c,?,4 =900c,, =1500 c . OHM TTO3BOJIMIIM ONIPEAEIUTE 3aBUCUMOCTh

HHKJ’IOBOfI MPON3BOAUTCILHOCTHU BaKYYMHOI;'I HOHHO-IIJIa3MEHHOM YCTaHOBKH OT CKOPOCTH
HaIllbIJICHUS TIOKPBLITHUA Ha OCeBOH HHCTPYMCHT JIsI HCCKOJIBKMX BAPHWAHTOB TOJIIIWH IMOKPbI-
TI/II\/'I, a TaK¥XKC 3aBUCUMOCTDb TOJIIHWHBI HAITBIIAEMOT'O ITIOKPBITUA Ha OCEBOH HHCTPYMCHT OT YyI'-
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JIa HAKJIOHA OCH U3JeNMs K HAIIpaBJICHUIO IIOTOKA IIa3Mbl. JlaHHBIE MCCIEN0BaHNs BBIIIOIHE-
HBI JUIs CJIETY FOILAX apaMeTpoB mpouecca:
to1 =0c,t,0 =600c,t,4 =900c, v, = 0,3-1072 mxwm, t, =1500c, a Takke OpU (PUKCHPOBAH-
HBIX ITapaMeTpax TOKa JIyTH.

BeiBoabl. B 3aKIH04€HUM MOXHO OTMETHUTB, YTO BBIIIOJHEHHBIC MCCIEJOBAaHUSA I103BO-
JUIN pa3padoTaTh CTPYKTYPHO-IOIMYECKHE BBIPAKEHMS 10 ONPEICIICHUI0O OCHOBHBIX Iapa-
METPOB NPOU3BOAUTEIBHOCTH B 3aBUCUMOCTU OT CTPYKTYPBI TEXHOJIOTUYECKON CUCTEMBI. A
3TO JaeT BO3MOKHOCTb BBISBJIATh HauOoOJIee PaliOHAIbHBIE CTPYKTYPHBIE BAPHAHTHI KOMIIO-
HOBKHU pabOy4MX MO3ULMH B BAKyyMHOM KaMepe TEXHOJOTUYECKON CHCTEMBI. A TakKe B J1aH-
HOH paboTe HucciieI0BaHbl 0COOEHHOCTU CTPYKTYPHBIX BAPHAHTOB TEXHOJIOTUUECKON CUCTEMBbI
U OIPENEICHO MX BJIMSHUE HA IapaMETPbl IPOU3BOAUTENBHOCTH. 1Ipu 3TOM moJrydyeHHbIE 3a-
BUCHMOCTH TapaMETPOB NPOU3BOJUTEIBHOCTU OT OCOOEHHOCTEH mpolecca HAHECEHHS II0-
KPBITUIL Ha OCEBOM MHCTPYMEHT W3 OBICTPOPEKYIIEH CTalmd MO3BOJIIOT NMPOU3BOAMTH Ha-
IIPaBJICHHBIN NTOUCK CTPYKTYPHBIX BAPUAHTOB TEXHOJIOTMYECKOM CUCTEMBI ISl OIIPEIEIICHHBIX
KOHKPETHBIX IIPAKTUYECKUX YCIOBUN HAHECEHUS MTOKPBITUI HA pa3INYHbIC U3IEIIHUs.

Cnucok aurteparypsi: 1. HaneceHne M3HOCOCTOMKUX HMOKPBITUII Ha OBICTPOPEXKY LU
urctpymenT / FO.H. Baykos, A.A. Mapxos, JI.B. JlaBposa, H.1O. bepapimes. — K.: Toxnuka,
1992. — 143 c. 2. Muxainos B.A., Muxaiinosa E.A. CriernannsHbple HOHHO-IIJIa3MEHHBIE Ba-
KYyYMHBIE TOKPBITHS W3JeMuil MammHoctpoenust // WmxeHep. CTyneHYeCKHil HaydHO-
texHuueckui xypHai — Honenk: JoHHTY, 2004. NeS. C. 12 — 16. 3. Muxaiinos A.H., Mu-
xaitnoB B.A., MuxaiinoBa E.A. OcHoBbl (hopmMO0Opa3oBaHMsl M TOBBIIICHHUS MPOU3BOIUTEIb-
HOCTH IIPU HAIBLJICHUM BaKyyMHBIX MOHHO-IUIA3MEHHBIX MOKPBITHNA HM3AEIUNH MAIIMHOCTPOE-
Hus // TIporpecuBHI TEXHOJOTII 1 cHCTeMU MamnHOOYAyBaHH: MbKHapO HUI 30. HAYKOBHX
npaup. — Houenpk: JJouHTY, 2005. Bumn. 29. C. 132-147

CTPYKTYPHOE U TEXHOJIOI' MTUECKOE OBECIIEYEHMUE ITPOLECCOB
HEIIPEPBIBHOI'O JIEMCTBUS 1151 ONIEPAIIMIA OTAEJIOYHOM OBPABOTKHA
IJIEMEHTOB I'MAPOAIIIIAPATYPbI

IMonomapenko A.A. (kageopa TM, JlonHTY, 2. [loneyk, Yxpauna)

['maBHOM 1ENBIO0 pa3BUTHS MPOU3BOIACTBEHHON TEXHHMKH, OTHOCAILEHCS KO BCEM NPO-
W3BOJICTBAM, SIBJIIETCSl TIOBBIIIEHUE BaYKHEUIIIETO0 IKOHOMHUYECKOTO TOKa3aTessi, KOTOPhIM Xa-
pakTepu3yeT OTHOLICHUE CyMMapHOH OTAa4M 3a ONPEIEICHHOE BPEMs UCIIOJIb30BaHMsS J1aH-
HOM TEXHUKU K CyMMapHbIM 3aTpaTaM 3a TO K€ BpeMs. Y MEHbLIEHHE JTaHHBIX 3aTpaT BO3-
MOKHO 32 CYET MAaKCHUMAaJIbHOTO Pa3BUTHS BaKHEHIIMX XapaKTEPUCTUK TEXHOJOTHYECKHUX
MaIIiH, a IMEHHO aBTOMAaTHU3Ma U HENPEPHIBHOCTH.

ObecrnieueHre BHICOKUX MOKa3aTeNeil TaHHbIX XapaKTEPUCTUK HEMOCPEACTBEHHO CBS-
3aHO C IIMPOKUM BHEJPEHHUEM MPUHLMIHNAILHO HOBBIX MAIINH, TAK HA3bIBAEMBIX POTOPHBIX U
POTOPHO-KOHBEHEPHBIX MAIIUH B KOTOPBIX TPAHCHOPTHOE JBUKEHHE MPEIMETOB 00pabOTKU
HENpEepPBhIBHO U HE OTPaHUYMBAETCS] TEXHOJIOTMYECKUMU (akTopamu. TeXHOIOrMYecKue cuc-
TE€Mbl HETIPEPHIBHOTO JICHCTBUS, BHINOJIHEHHbIE HA 0a3€ POTOPHBIX U POTOPHO-KOHBEHEPHBIX
MaIIlH, 0COOEHHO 3P (EKTUBHBI IPU MACCOBOM MPOU3BOACTBE, YTO OTHOCUT UX B pa3psll Of-
HUX W3 HauboJiee MEepPCHEKTUBHBIX (OPM OpraHU3alMM MNPOU3BOJCTBA W3JEIMH, a 3HAUYUT
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pa3paboTKa CTPYKTYPHOTO U TEXHOJOTUYECKOTO OOeCTIeUeHus I JaHHBIX MAIIUH SBIISETCS
OYEHb aKTyaJIbHOW 3a7a4eH.

B nacrosimiee Bpems B NPOMBILIUIEHHOCTH LIMPOKO HMCHOJb3YIOTCS Pa3iMyHbIE 3Jie-
MEHTBI TMJIpoannapaTypsbl, TaKue Kak: THApOpaclpeAeTIUuTeNH, TMIPOKIaaHbl, TUIPOLINH-
Jpbl, TUApPO3aMKH (puc. 1).
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Puc. 1. I'maposamox I'3 8.3-J1A 01 YXJI1

DKCIUTyaTallMOHHBIMU MOKA3aTeIsIMA KauecTBa pab0ynX MOBEPXHOCTEH, KOTOPHIE OTI-
peAeNsaoT FKCIUTyaTallMOHHbIE CBOMCTBA AETalell TMIpaBINYECKOT0 000pyA0BaHuUs, SBIISIOT-
Csl CIEQYIOIINE XapaKTEPUCTHKH: XapakTep MIEPOXOBATOCTH M MHUKPONpo(duisi B 30HE KOH-
TaKTa; MUKPOTBEPIOCTh; ITyOrHA MUKPOYTIyOJaeHni. DTU napaMeTpbl IOBEPXHOCTHOIO CJIOS
JeTajiell rupoanmnapaTypbl ONPEAEsSIOT TaKhe HKCIUTyaTallMOHHbIE CBOMCTBA, KAK MOMEHT
CTparuBaHus KOHTAKTHPYIOIIMX MOBEPXHOCTEH M pecypc paboTOCHOCOOHOCTH (KOJIMYECTBO
cpa0aThIBaHUI 10 OTKa3a — YUCJO LUKJIOB MOJHOTO X0Ja B JIBYX HampasieHusx). s momy-
YEHHUS ITHUX MOKa3aTeNleld He00X0IMMO 00ECTIeYHBATh PABHOMEPHOCTH (PU3NKO-MEXaHUIECKUX
CBOMCTB NMOBEPXHOCTHBIX CJIOEB MaTepHaja U MUHUMAJIbHOE UCKaKEHUE FEOMETPHUH, YTO MO-
JKET OBITh JOCTUTHYTO Pa3IMYHBIMU METOJAMU OTACIOYHON 00pabOTKH (I0BOJIKA, MOJTUPOBA-
HHUE, XOHUHIOBaHNE, CynepUHUIINPOBAaHUE, TOHKOE TOYEHHUE, pacTaulMBaHue U (pe3epoBa-
HUE).

[IpumeHeHne HaHHBIX METOJIOB OTAEIOYHON 00pabOTKH, a TAKKE HCIIOJIb30BAHHE aB-
TOMATHYECKON POTOPHOH JIMHUH, KaK CPEICTBa KOMIUIEKCHOM aBTOMAaTHU3allMu NPOU3BOCTBA,
MO3BOJIIT MOJYUYUTh TpeOyeMble XapaKTEpUCTUKU MOBEPXHOCTH MU3JIETHH, a TaK)KEe aBTOMATH-
3UpOBaTh TEXHOJOTUUECKHUNA MPOLECC, UTO CBEAET BpeMs M3rOTOBJICHUS JleTalel TMapoaria-
paTypbl K MUHIMYMY.

3amaHHbId Tpoliecc 00pabOTKH, B 3aBUCUMOCTU OT HOMEHKJIATYpbl IPOU3BOJCTBA,
BO3MO’KHO P€aJM30BaTh C MOMOIIBIO CIETYIONNX KOHCTPYKTUBHBIX CXEM HCIOJHEHUs pado-
yux poTopoB [1]:

- C TIOMOIIBIO TPYTIIBI OJIMHAKOBBIX OJIOKOB pabovyero MHCTpyMEHTa BO3ACHCTBYIOIIIE-
ro Ha npeaMeTsl 00paboTKU OJTHOTO BuAa (puc. 2)
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Puc. 2. Cxema 0JIHOTIOTOYHBIX OJJTHOHOMEHKJIATYPHOTO POTOpA

- C TIOMOUIBIO TPYNIbI Pa3IMYHBIX OJOKOB pab0odero WMHCTPYMEHTa BO3JEHCTBYIOIIETO Ha
npeaMeThl 00paboTKU pa3IMIHBIX BUIOB (puc. 3)

Puc. 3. Cxema 0JIHOTTIOTOYHOTO MHOTOHOMEHKJIATYpPHOTO pOTOpa

Kak B mepBoM, Tak ¥ BO BTOPOM CiIydae KOHCTPYKTUBHOTO O(OPMIICHUST pabOdHX PO-
TOPOB TIPOU3BOIUTEIHLHOCTh X OYET 3aBUCUT OT KOJIMYECTBA MPEAMETOB 00pabOTKH, OJTHO-
BPEMEHHO HaXOJSIIUXCS B OHOM OJIOKe pabouyero MHCTpyMeHTa. Takue pOTOpPHbIE MAIIUHBI
Ha3bIBAIOTCS OJTHOTIOTOYHBIMU [1].

Taxke 3aaHHBIA TEXHOJOTHUYECKUU MPOUECC MOMKHO pEAM30BaATh, UCMOJIb3YSI MHO-
TOTMOTOYHBIE POTOPHI (pUC. 4)
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Puc. 4. CxemMbl MHOTOIIOTOYHBIX POTOPOB: @ —0JHOHOMEHKJIATyPHOTO,
0 —MHOTOHOMEHKJIATYPHOTO

PaGouuie poTopsl, BEIMOJIHEHHBIE [0 IPEACTABICHHBIM BBILIE CXEMaM, MpeaHa3Haue-
HBl JUI OJJHOBPEMEHHOM 00pabOTKM HECKOJIBKUX W3/EIUU OJHOTO WM PAa3JIMYHbIX BHUJIOB.
Takue pOTOpHI HA3BIBAIOTCS MHOTOTIOTOYHBIMH. B HHUX TpeaMeTsl 00pabOTKH MOJAr0TCS B
0/1MH 0JIOK pabo4ero MHCTPYMEHTAa KOMIUIEKTHO, Cpa3y M0 HECKOJIbKO MITYK [2, 3].

WNHCTpyMeHT, Kak NpaBUJIO, MOHTHPYETCS] KOMIUIEKTHO B NPEABAPUTENILHO HalaKu-
BaeMbIX (BHE pab0YMX MaImiH) OJI0OKaX, COMPSTAEMbIX C UCIIOJHUTEIBHBIMI OpTaHaMH POTOPa
NPEUMYIIECTBEHHO TOJBKO OCEBOH CBS3BIO, YTO 00ECIIEYMBAET BO3ZMOYKHOCTh OBICTPOH 3ame-
HbI OJIOKOB.

[IprHIMnnanpHas cxemMa MHOTNOHOMEHKJIATYPHOM aBTOMAaTHYECKOM POTOPHOM JIMHHU
JIJISL OT/IETIOYHOM 00pabOTKH 3JIEMEHTOB THIpOAIapaTypsl IpeIcTaBieHa Ha puc. S [4].
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Puc. 5. IlpunuunuanbHas cxemMa MHOTOHOMEHKJIATYpPHOM pOTOPHOM MHUM: | — mUTaromue
YCTPOMWCTBA; 2 — TPAHCIIOPTHBIN poTOp; 3 — pabounii potop; 4 — npuémHbBIE yCTPOICTBA

Pabounii porop mpexacraBisieT coO0i KECTKYIO CHCTEMY, Ha KOTOPOW MOHTHUPYETCS
rpynra opyauii, paBHOMEPHO PacHOJI0KEHHBIX BOKPYT OOIIEro BPAIAIOIIETO CHCTEMY Bala.
HeoOxoanmMble paboune IBMKEHHS COOOIIAIOTCS 3TUM OPYAHSM HMCIOJHUTEIbHBIMH OpraHa-
MU, JUIl MaJIbIX YCHJIHH MPUMEHSIOTCS MEXaHHYECKUE MCTIOJHUTENbHBIE OPTaHbl, s 00Jb-
MIUX — TUApaBINYecKue (HarnpuMep, ITOKN THAPABIMYECKIX CHUIIOBBIX IMIHHAPOB).

TpancropTHbIE POTOPHI MPUHUMAIOT, TPAHCHIOPTHPYIOT M TepenaroT u3aenus. OHu
NPEJICTaBISIIOT cO00M OapabaHbl WM IMCKH, OCHALIEHHbIE HECYIIMMU opraHamu. Yaie npu-
MEHSIOTCSI TPOCTBIE TPAHCIOPTHBIE POTOPHI, MMEIOUINE OAMHAKOBYIO TPAHCHOPTHYIO CKO-
pOCTh, OOMIYIO TWIOCKOCTh TPAHCTIOPTHPOBAHUS M OJMHAKOBYIO OPUEHTAIHIO MPEIMETOB 00-
pabotku. g mepenayv u3nenuil MexXAy pabOuMMH pOTOpaMHU C Pa3jMYHBIMU IIArOBBIMU
PACCTOSTHUSIME WM PA3JIMYHBIM TOJIOKEHUEM MPEIMETOB 00pabOTKHU MpeTHa3HauYeHBI TPaHC-
HOPTHBIE POTOPBI, KOTOPBIE MOTYT U3MEHAThH YIIIOBYIO CKOPOCTh U TIOJIOKEHHE B TIPOCTPAHCT-
B€ TPAHCIIOPTUPYEMBIX TpeaIMe-
TOB (puc. 6). Pabouune u Tpanc-
MOPTHBIE POTOPHI COEAUHSIOTCS
B JIMHUHM OOIIMM CHHXPOHHBIM
NPHUBOAOM,  TEPEMEIIAlOIIUM
Ka)XJbIil POTOP Ha OJMH LIar 3a
BpeMsi, COOTBETCTBYIOIIEE TEM-
my JmHuu [2, 3].

B potope, mnpencras-
JIEHHOM BBIIIE 3aXBaTHBIE Opra-
HBl 5 BBITIOJIHEHBI B BHJIE KPH-
BOIIMITHBIX PBIYAroOB, OJUH KO-
Hel| KOTOPBIX CHAOXeH Ioj-
MPY>KUHEHHBIMU TyOKaMu 4 1St
yaep>kaHus mpenMera o0padbot-
K1 8, a Apyrod — 3y04aThIM
KojiecoM 6. 3axBaTHbIE OpraHbl
YCTaHOBJIEHBI B JHCKE 7, IpH-
yeM MX 3yOuaThle KoJjeca Cco-
npsiraloTcst ¢ 3yOdarbIMu peil-

Puc. 6. TpaHCTIOPTHBII pOTOP ¢ U3MEHEHUEM OpHEHTa-
UM IpeaMeToB 00paOOTKU U BBICOTHI TPAEKTOPUU HMX
MOTOKA

47



NHXEHEP, Ne 13,2012 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE
TEXHOJIOI'M

KaMHU 3, YCTaHOBJICHHBIMU Ha NOJBHWKHBIX NOJ3yHax 9. I1oy3yHbl pa3MeleHbl B OCEBbIX Ma-
3ax OapabaHa 2, a pOJMKHU MOJI3YHOB B3aUMOJCHCTBYIOT C HEMOJABUKHBIM IIMIUHIPUYECKUM
na3oBbiM KyjaukoM 1. Ilpu BpameHuum poTopa NOJ3yHBl COBEpIIAIOT BO3BPATHO-
NOCTYTIATENIbHbIE IBUXKEHHUS, IPeoOpasyemMble MOCPEICTBOM 3y0UaTO-pEYHOTO 3aLEIUICHUS BO
BpallaTeIbHbIe BM)KEHUS 3aXBaTHBIX OpPraHOB. Takum oOpa3om, Mpu mpueMe npeamera o0-
paboTKu, Hanpumep, Ha OoJiee BEICOKON TPAaeKTOPUH MOTOKA IJIEYO 3aXBAaTHOTO OpraHa ycra-
HaBJIMBAETCS B BEPXHEM NoJokeHUH. [Ipu nocnenyroem BpallieHuu poTopa 3aXxBaTHbIN Op-
raH IOBEPHETCS M €ro IUIEYO OKAXKETCSI B HU)KHEM I10JIOKEHMH, T.€. BBICOTA TPAEKTOPHUM IO-
TOKa U3MEHHUTCSI, IPH 3TOM TpeaAMeT 00paboTku Oyaet noBepHyT Ha 180° OTHOCUTENBHO CBO-
ell MoNepeyHoM OCH, T.€. U3BMEHUT U CBOIO OpUEHTaLI0. Eciiu B JaHHON KOHCTPYKLIMHU pOTOpa
3aXBaTHBIE OpPTaHbl BBINOJHUTH ACUMMETPHUUYHBIMHU, 0€3 KPHBOLIMITHOTO KOJIEHA, TO TaKOW
TPAHCHOPTHBIN POTOP OyAET OCYLIECTBIATH TOJBKO MEPEOPUCHTAIMIO IPEMETOB 00pabOTKH
0€3 U3MEHEHNUS BBICOTHI TPAEKTOPUH UX MOTOKa [6,7].

[IpoekTrupoBaHue POTOPHBIX JIMHUH IS OTAECIOYHONW 00pabOTKM AJIEMEHTOB THAPOAI-
napaTypsl Ha OCHOBE NPUBEICHHBIX IPUHLUMINAIBHBIX CXEM, a TAKXKE BHEJPEHHUE UX B IIPOU3-
BOJICTBO JJa€T BO3MO>KHOCTb BO MHOTO Pa3 MOBBICUTh TEXHUKO-3KOHOMHUYECKHE MMOKA3ATEIN:
YBEJIIMYHUTH TPOU3BOJUTEILHOCTh, YMEHBIIUTH ce0ecTouMOocTh. CTaHOBUTCS BO3MOKHBIM
peann3oBaTh KOMIUIEKCHYIO aBTOMAaTH3aLMIO IPOU3BOJICTBA, YTO MO3BOJIUT CIKOHOMMTH Ma-
TEepHUAJIbHBIE U YeloBeUeCcKue pecypcbl. OueHb NEPCIEKTUBHBIM SIBISIETCS JajbHENIIee u3y-
YEHHE JAHHBIX CUCTEM, a TAKXKE UX MPaKTUUECKasl UX peaau3aliusl.

Cnucok aurepartypsl: 1. KinycoB U.A. IIpoekTupoBaHue pOTOPHBIX MAIIWH U JIMHUMN:
VYuel. mocobue aJist CTYJIGHTOB MAllIMHOCTPOUT. Cell. By30B - M.: Mamunoctpoenue, 1990 -
320 c. 2. Koukun JI.H. PotopHble u poTopHO-KOHBeHepHbIe IuHUYU - M.: MamuHocTpoeHue,
1982 - 236 c. 3. Ilpeiic B.B. TexHonoruueckue poTOpHbIEC MaIlIMHBI BUEPa, CETOIHS, 3aBTPa -
M.: Mammnoctpoenue, 1986 - 128 c. 4. Kinyco U.A. u ap. ABromaTtuzanust cOOpOUHBIX
MPOIIECCOB HA POTOPHBIX JMHUAX - Kues, 1967 - 408 c. 5. Komkun JI.H. Kommnnekchas aBro-
MaTHU3alMsl IPOU3BOJCTBA HAa 0a3e pOTOPHBIX JMHUM - M.: Mamunoctpoenue, 1972 - 258 c.
6. KinycoB M.A. u np. ABTomarnueckue poTtopHble JuHuM - M.: MammHocTtpoenue, 1987 -
256 c. 7. Komkun JI.H. ABromaTuueckue JUHUM poTOpHOTO Tuna: KoHcTpykimu, pacuér u
npoekrupoBanue/ A.H. Komkwun, U.A. Kiycos, B.B. Ilpeiic - Tyna, IBTU, 1961 - 198 c.
8. MuxaiinoB A. H. OcHOBBI CHHTE€3a MOTOYHO-IIPOCTPAHCTBEHHBIX TEXHOJIOTMYECKUX CHUC-
teM. - onenk: JouHTY, 2002. - 379 c.

IMPOEKTUPOBAHUEBBICOKO?®®EKTUBHOM
CUCTEMBIKOHAUIIMOHHUP OBAHUSA BO31YXA ABTOMOBWJIA

HoaysnoBuu H.K., CosoBbéB M.A. (kageopa JuM TTH FODY, 2. Tazanpoe, Poccus)

KonaunuonupoBanue obecrnednBaeT aBTOMaTUYECKOE MOIEpKUBAaHUE HEOOX0UMBIX
KOHAMLMN BO3AYLIHOW cpefbl B cajloHe aBTomMoOmns. Konauiusa Bo3ayxa BKIIOYAET B ceds
CJEeyIOIIME MMapaMeTphl: TEMIIEPATYPY, BIAXKHOCTb, CKOPOCTh JIBM)KCHHUS, YACTOTY, COJIEpKa-
HUE 3aI1aXOB, JIaBJICHUE, Fa30BbIN COCTAB M MOHHBIN cocTaB. [Ipu MpOEeKTUPOBAHUN.B 3aBUCH-
MOCTH OT Ha3Ha4€HMs BBHIOMpaAIOT TpeOyeMble KOHIUIMU BO3AYIIHOM Cpelibl, Haubosee Bax-
HbI€ JJI1 KOHKPETHBIX YCIOBHUM UX npuMeHeHus|1].

KonauimonnpoBanue Bo3ayxa o0ecrnednuBaeTcsi IPUMEHEHUEM CIIEIUAJIbHBIX CUCTEM
[1]. [Tox TepmuHOM cucTeMbl KOHauIMOoHHpoBaHus Bo3ayxa (CKB) moapasymeBaercs KoM-
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IUIEKC YCTPOMCTB, MpeHa3HauYeHHBIX U CO3/IaHUsI U aBTOMATUYECKOTO TOJIepKaHUs B ca-
JIOHE aBTOMOOMIISI BEJIMUMH [1apaMeTPOB BO3IYIIHON CPEIbI.

[Ipoektupyempie aBromMoOmiIbHbIe CKB sBAsOTCS KOMGMOPTHBIMH, OHH JIOJDKHBI
obecrieunTh HanboJiee ONATONPHATHBIC YCIOBUS JJII BOAWTENSI U maccaxupos. PaboTocrio-
COOHOCTh ¥ CAMOYYBCTBHUE YEJIOBEKA B 3HAYUTEIHHOM Mepe OINPeNeNAI0TC TeIUIOBBIM OanaH-
COM €ro OpraHusMa M HauOoJiee ONTHMAJIBHBI B YCIOBHIX OKPYXKAIOIIEH BO3AYIIHON Cpeibl
Ha ypOBHE TEIUIOBOTO KOM(OpTa.

Br10op nporpammsbl U paspadoTka anroputMma. BaxxHoil 3amadeil npoekTupoBa-
HUS SIBJISIETCSl UCCIIEOBAHKE TpOIlecca OXJIAXIeHHsl (HarpeBa) cajloHa aBTOMOOWIISI M BIIHS-
HUS TPOMCXOMAIIUX IPOILIECCOB Ha YeloBeKa, B paboTe, Oblla HMCHOIB30BaHO MpOTpamMma
STAR-CCM+, puc.1.

%5 test - STAR-CCM+
Dain  PeaarTop CaTea Pewsrse Capenc Oxno  [omols
bl LIk Ve s ROTEO P A4S WOHII6 9O ®5m@ REEII » = an oy

Cepaeapsi test % || FeomeTpeeckan cusHal X hd
MOZENHOOBAHE®E  CUEHADHCYHOR | DEAAKTHDOBATE

i | MCNDESHTE NOBEDXHOCTHYYO CETEY w

ILssar HoC T NOBEPRAOETI
[#] Nepecerarumecs rpamm -
[¥] Fpasw nnaceoro kasecTea 150
[#] 3arpeme GmoocTe rpavedi 1230
[¥] Cofioamese nosepxHocTr -
[¥] Hepazmaroumecs pefipa
[#] Oamaropeie sepusie:

BOCCTAHOEMTE AHArHOCTHEY. ..

[#] BoccramoenTe BHa?
Mpocwarpere:  EIEIEE Bl

MoaroTomm NoBeEMoCT

[ [ O )
O Y 2

YnpaBneHne Buibopom ]

(= I U N

Puc.1. JlemoHcTpanus nepeceueHuii CBOOOJHBIX TpaHel

Komruteke npenHasHayueH 1 penieHus 3a/1a4 MEXaHUKH CIUIONIHBIX cpell U obecre-
YUBAET HEOBIBATYI0 TOYHOCTh, HA/ICKHOCTh U THOKOCTH MPH PEIICHUH 33124 BBIYUCIUTEIb-
HOW MEXaHHKH CIUIOIIHBIX CpPE.

B kxadecTBe MCXOIHOTO MaTepuasia OblIa MCIIOJIF30BaHA BBICOKOTIOUTOHANIbHAST TPEX-
mepHast mojaens HondaCivic coznannast B 3D StudioMax, koTopas B mporiecce Obuta qopabo-
TaHa JI0 TpeOOBaHUI MPOTPaMMBI MOIeIMpoBanus. 3D Mo1enbh uMesa HCXO HBIN THIT (paityioB
* max s mmropTupoBanust B nporpammy STAR-CCM+, Obuta KOHBEpTUPOBaHA B THII T10-
BepXxHOCTHOU ceTku *.stl. Momenb mns pacdera mveer Bua puc.l./[ns Beroopa dusmueckoit
MOJIEJI TIPOIIECCOB, KOTOPBIE OYIyT MPOUCXOIUTH B CAIIOHE aBTOMOOWIISA 3a/1af0TCsI Hadallb-
HBIE YCIIOBUS 1 00acTH U rpanuil (puc.l).

B nporpamme STAR-CCM+ obnactu U rpaHuIlbl UMEIOT CBOM CBOWCTBA B 3aBHCH-
MOCTH OT TOT'O KaKOM CII0CO0 HavaJIbHBIX MapaMeTpoB 3a1aH[2].

Hcnonb3yemble ypaBHeHusi. 11 MOJIeMMpPOBaHUs JIBW)KEHHUS BO3AYyXa HCIOJB3YyEM

ypaBHenue HaBbe-Ctokca:

F 2

- 1 . — .
| [WATV = - paP 1 (¥ + v AV — gBT, (B
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—
rae I — BexTop ckopocTeil; P — napieHne; t — BpeMs; t'r — MOISPHAS BA3KOCTh; ¥t — TypOy-
JIEHTHAS BSI3KOCTh; # — IUTOTHOCTh BO3AYyXa; g — YCKOpEeHHe cBOGOMHOTO mameHns; & — ko-
G PHUIIEHT 00BbEMHOTO PACIIIPEHIS BO3AyXa.

AJropuT™M paéoThl cHcTeMa aBTOMATHYeCKOr0 KOHIHIHOHHPoBaHHSA. CTereHb
OTKPBITHS 3aCITOHKH BO3IYITHOTO CMECUTENSI YCTaHABIHBACTCS 10 3a/laHHbIM XapaKTepUCTH-
kam. [To HUM ompernensercs cTeleHb OTKPBITUS, COOTBETCTBYIOIIAs BBIUHCIIEHHON TeMIlepa-
Type BO3MlyXa Ha BHIIMyCKe, puc.2. PerynmupoBaHie TeMIepaTyphl Bo3ayXa (OT XOIOAHOTO J0

TeHJIOFO) 00eCIeUYNBaeTCd M3MEHEHHEM COCTaBa CMECH M3 OXITAKICHHOTO U HArpeToro 1moTo-

KOB BO30yXa.

HOJ'Iy'-IeHHe AaHHBIX O COCTOAHHH
Y3JI0B H ITaMATH

BIEKHOCTD BO3OYXA

Omnpoc AaHHBIX TAXOMeIpa H BLIGOP 06opoTor

Hamennmncs Het nzmenenui

Herounnk
B 037yXa Al HChIBAe MBI

BHEI HH BHy’IpeHHHﬁ
Brifop HCTOUHHER
¥ BO3IYXa :
ITomyuuts Ilonyuuth
Baaderde d u t° sHaderHe d Ht°
TloayyHTL 3HAMeHHE COMHETHON PafHAaIHH OflacM BO3/yX B KaHal CMeIHpaeM BO3JL.
Loy pannau| i | C TENIBLIM HCTogﬂthKOM,
10 HYZKHOH
OxnasyieHHe Harper - I
CpapHeHHe ¢ TEKYIHM v
PEKHMOM VBeIH4HTL 060POTEI BEHTHIIATOPA

|l'[0nylm“n; t°min 30H.| Ha npubopHoil naHenH

| I

- 4
f OxoHIaHHE

Puc.2. Anroput™ yTmpaBieHUs KIUMAaT - KOHTPOJIeM aBTOMOOIISA

[TonoskeHne 3acIOHKHN BO3AYITHOTO CMECHTENS IUIABHO PETYIHPYETCS OT MOMTHOCTHIO
OTKPBITOTO COCTOSIHUS IO TIOJTHOCTBEO 3aKPBITOTO MeMOpaHOil cepBOMEXaHN3Ma, MPHBOINMOI
B JelicTBHe paspeikeHneM. CepBOMEXaHH3M CBS3aH C MOTEHIIMOMETPOM, CHIHAJI KOTOPOTO
MPOTOPITHOHATIEH CTETIEHN OTKPBITHS 3acTIOHKH. B pesynbTate odpa3yercs CUTHaT 0OpaTHOIT
CBSI3M, MO3BOIISTIONINIT C/IeTaTh ONM3KUMHI PEaTbHY0 U BBHIUYNCIEHHYIO CTETIEHH OTKPBITHS 3a-
crmoHku puc.2.CpoeKTHpoBaHa CUCTeMa YIIPaBIeHUs CHCTEMOI KOHTUITHOHHPOBAHUS BO3MIY-
Xa aBTOMOOIWIIS, CTPYKTypHas cXeMa KOTOpoil mpeicTaBleHa Ha puc.3.Co3gaHa mporpamma
peam3yoas OMmICaHHbII arOPUTM, pHC.2.
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Puc.3.Ctpykrypa ObY aBTOMaTH4eCcKOro KOHAUIIMOHIPOBAHMS

3akmodene. CrpoexktupoBana CVY cHCTeMON KOHIUIIMOHUPOBAHUS BO3IyXa aBTOMO-
ouns. PazpadoTaH anmropuTM pelleHus ypaBHeHHH Moaenn. Co3iaHa mporpaMMma peannsyro-
asi OMHCAHHBIN anropuTM. [IpemnokeHa Moienb, OMIChIBAKOIIAs ABIKCHIIE BO3yXa B ca-

JIOHE aBTOMOOIIIS, YUHUTBIBAKOIIAA BIIMAHHUE TCIUIA Ha ABIDKCHHC IIOTOKOB BO3IyXa.

Cnucor smarepatypsl: 1. Scunckuii ©.H., Kokopun A.C. MateMatnieckoe MoJIeli-
pOBaHNe MPOIECCOB BEHTIWISINHI 1 OTOIUIEHHS B OOJBIINX ITPOU3BOICTBEHHBIX, KYJIBTYPHBIX
I CIIOPTUBHBIX MoMelleHndX. - Bectauk U DV, Beim. 3, 2010. 2. Asepkosa O.A. Beruncnu-
TEIIbHBII SKCIIEPUMEHT B a’poAuHaMuKe BeHTIAmK. benropon: M3n-so bBI'TY, 2011, 110 c.
3. YucnmurenbHbIE METOMBI H MapajUleIbHbIe BBIYUCIICHNS I 3aa4 MeXaHHKH, ra3a U IJ1as-

™Mbl Yued. [Tocobue/D.®. banaes, H.B. Hyxmun, B.B. ITekynos u ap.; UT'3Y —2003
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TIJIACTMACCOBBIH IBUT'ATEJTb
IMonoB A.C., Puiounckas T.A. (kageopa mexanuxu, TU FODY, 2. Tacanpoe, Poccus)

Ilhacmmaccogwlii dsucamensv. Euie ne peanvhocme, yyce He hanmacmuxa.

B 1984 rony, xenaromux noHada01aTh 32 OJHUM U3 ATanoB roHoyHoil cepuun IMSA
Camel GT, cobOpanoce HeoObwaitHo MHOrO. MX wuHTEpec OOBACHSICA HE CTOJBKO
CHOPTHBHBIM a3apPTOM, CKOJIBKO CaMbIM OOBIYHBIM Y€JIOBEYECKHM JIFOOOMBITCTBOM. LIInpokoi
myOJIMKe CTajio U3BECTHO, YTO MOTOP OJIHOTO M3 YYACTHUKOB 3ae3aa — 6enoro Polimotor Lola
T616, mouTH MOJHOCTHIO BBINIOJHEH W3 IUIACTHKA. PanmoHanu3anuy mojaBeprcss OOBIYHBIN
moTop Cosworth BDA, mociie uero oH crai Becutb 76 kr, BMecTo 150.

Bbonupa ¢ nmnacTuKoBEIM MOTOPOM y4yacTBOBaJ B 1IecTH ToHKax B 1984 u 1985 rogax. 1
TOJIBKO OJHAXIbI, M3-3a OTKa3a IIaTyHOB, KOMaH/y MOCTHUIJIa CEpbe3Has HeyJaua.

3a cynp0y HEoObIYHOTO OOMNHIa, Kak HUKTO, Oosien Martu Xonbuoepr. [lo-gpyromy u
HE MOTJIO OBbITh. Beahb IMEHHO OH OBUT TEM YEJIOBEKOM, KOTOPHIH pa3padoTal U BOIUIOTHII B
JKU3HB [JIACTUKOBBIA MOTOP.

Kak Bcé Hayaa0Ch.

Martu Xonbioepr OblT X031MHOM aBTOMAacTepckoid. M3 THTaHa M MarHUEBBIX CIUIABOB
M3TOTABIIMBAJI PA3JIMYHbIC NETalu IS 3apsOKEHHBIX TOHOYHBIX arperaTtoB, YTO MPHUHOCHIIO
€My HEIUIOXOW M CTaOMIBbHBIN J0X0/. Hammane KOHKYpPEHTOB MOATANKKUBAIO XOJbI0epra Ha
MOMCKH HOBBIX pemieHuil. B 1969 roay, B 0lHOM n3 Hay4HbIX )KypHAJIOB, OH IIPOYEN CTAThIO,
pacckasbpIBaroIlyo o noymamMua-umMmuaaoi cmoinie Torlon (Toprnown) (puc. 1). 3To Marepwuai,
KOTOPBIH BECHT IOYTH B J[Ba pa3a MEHbBIIE THTaHA, ObLI CO3JaH YUYEHBIMH KOPHOpaIUU
Amoco Chemicals. TopnoH wumeer HEOOBMAWHO BBICOKYKO TBEPJIOCTh W CIIOCOOCH
BBIJICP)KUBATH MPOCTO (PaHTACTHYECKHE /IS TUIACTUKA TEMIIEPaTy Phl.

1
7o ;] . o £ 3
[ rd N o o A
| 5 P 1 LY L1 ¥ :::-\.\_\. 1 o . ._.-'
1 § k) i " - .

i s % | ] |
:-Q.P'-F. H'-\. -I. i r o

Puc. 1. CtpoeHue MoJeKyJibl TOpJIoHA

B ckopom Bpemenn Martu XoJssIOepr caenan U3 TOPJIOHA MOPIICHb ISl TBUTATEIIS
Austin Mini. Pabora moTopa Obuta Oe3ykopuszHeHHOW B TeueHue 20 wmuHyT. Ilo3xke
BBISICHWIOCH, YTO MOPIICHD Pa3pyLIWICS H3-32 YPE3MEPHOTO HArPEBAHUS €r0 BEPXHEH JacTH.
[TosToMy Ha mopmieHb ObIIa M3TOTOBJICHA TOHKAas KOPOHKA M3 allOMUHMA. B pesynbrare,
MOPIIEHb M3 TOPJIOHA HHA B Y€M HE YCTyNajl CTalbHOMY. HOBBIH 9KCIIEpUMEHT € TOPJIIOHOBBIM
IaTyHOM TopajoBail XoJjbloepra emie OOJbIIe: mpeIeabHble 000pOThl aBUTATENS (pHC. 2)
HOJIHSJIUCH ¢ 5 10 7 ThICSY, @ yPOBEHb MaKCUMaJIbHON MOIIIHOCTH BbIpoC NouTH BTpoe! Takue
yCTeXW BIOXHOBHIM XOJbLOEpPra, ¥ OH MPUCTYMWJI K HW3TOTOBJICHHUIO IITAHT TOJIKATEJeH
KJIAIlAaHOB, TAPEJIOK KJIAMAHHBIX MPYXWH M CaMHUX NPYXHH. McrbITaHHBII Ha CTEHAE MOTOP
NPEB30IIET BCE OXKUAAHUA: BpeMsl ero padbotsl coctaBmiio 600 yacos, nmo cpaBHeHHto ¢ 300
yacaMu pabOThI TPAIUIMOHHOTO JIBUTATEIIS.

[TockoabKy METOJ TpaIuIMOHHON 0OpaOOTKM 3aroTOBOK OKAa3aJiCsl HEMOIXOISIINM B
cilydyae ¢ IUIACTHMKOM, XOJbLOepr pa3paboTal HOBBIM METOJ] TOYHOTO OTJIMBAHUS TOTOBBIX
m3genmii. Bynyunm HenpodeccnoHanioM, B JOMAIIHAX YCIOBHAX, OH JOOWIICS ITOJHOTO
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yJaJIeHUs U3 OTJIMBKM MUKPOCKOIUYECKUX BO3IYIIHBIX ITy3bIPBKOB, a TAKXKE HYKHOH €My
OPHUEHTALMY APMUPYIOIIKUX BOJIOKOH BHYTPH 3aJMBKU. JlJI MOJIy4EeHHs TAKOTO K€ pe3yJibTaTa
Ha CTAJIbHBIX JIETATSIX, HYKHO OBLIIO MPUOETHYTH K CIIOKHOM 3aKajKe.

Hetanu w3
TOpnoHa

CMeck Topnoxa
C KpEMHUEM

Puc. 2. JIBurarens ¢ TOPIOHOBBIMU AETASIMU

CotpyannyectBo ¢ Ford: HOBble TOPU30HTHI.

B 1979 xopnoparms Ford 3akmounna koHTpakt ¢ Martu Xonbuoeprom. CrieruaisHo
s Xonpoepra Obuta cozmana xommanus Polimotor Research, B mrar kotopoid Bonumm 8
uHKeHepoB. [pynmy pa3paboT4ukoB, Bo3riaBisieMyro Mattu XoibpIOeproM, oOecTeqrn
BCEM  HEOOXOJAMMBIM i pabOTBL:  MarepuajaMu, anmaparypoi, TEXHHYECKOU
JOKyMeHTanue n yepreskamu. COTrflacHO KOHTPAKTy, MaTTH U ero rpyImme Hy>KHO ObLIO 3a
T'OJ] CO3/1aTh TUIACTUKOBBINA MPOTOTHI-MOAEIH YETHIPEXIIIIMHAPOBOTO MoTopa Ford Pinto 2.3.
Uepe3 4 mecsiiia rpynmna pa3paOOTUMKOB 3aKa3aHHYIO IUIACTUKOBYIO Mojelb. B cBoaHOM
Tabymie 3Ha4YwIoCh: 69 Kr Macchl mpotuB 188 Kr cranbHOTrO ABUratesns, 318 n.c nmpotus 88 y
cTanbHOTO, 9200 06/MUH (MakcuMalibHOE 3HaueHue 14 Tric.) mpoTuB 5500 cTanbHOTO.

B mporoTune motopa, MpencTaBIeHHOTO XOJBIOEPTOM M €ro TPYIIIOW, CTaJbHBIMU
MOKa TaK M OCTaJUCh: KOJCHBAJ, pPAaCHpeBal, KOPOHKH TOPINHEH, WHKEKTOPHI, THIIB3bI
IWJIMHIPOB W KJIANlaHHBIE TpPYXWHbL. HOBBIA ABHratenb, KpoMe YK€ IepPEeUnCIICHHBIX
NPEUMYIIECTB, OTIMYAJICS W TOPA3UTENbHO THUXHMM 3BydaHHWeM. lMcmbITaHus Ha CTeHIE
TIOJITBEPIMIIN U BBICOKYIO TIPOYHOCTH BCEH MIIACTUKOBOM KOHCTPYKIIUH.

Bckope no pacnopsikenuto Bbiciiero meHemxmenta Ford Motor Company npoekt Obut
3aKpHIT, a ero UHAHCHPOBAHKE TIOJTHOCTHIO MPEKPAIIIEHO.

Ceifuac coBpeMEHHbIII aBTOMOOWIbL cojepkur npumepHo 150 kr muactuka. Ho Bce
OCHOBHBIC JJIEMEHTHI KOHCTPYKIMM BCE€ PaBHO NPOU3BOMATCA W3 MeETajula: JBUTATEIb,
TpaHCMUCCHs, X0/0Bast 4acTb. OOBACHIETCS 3TO JOBOJBHO MPOCTO: HArpy3ka M JKECTKHUE

53



NHXEHEP, Ne 13,2012 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE
TEXHOJIOI'M

TEMIEepaTypHble YCIOBHUSA HAKJIAJIbIBAIOT TOBBIIIEHHbIE TpeOOBaHUS K IMPOYHOCTH
MaTepuanoB. Ho moTeHnman niacTMaccoBOro ABUTaTeNs OrpOMEH.

IIpuMeHeHHE JIACTMACC B ABTOMOON1€CTP OEHUHU

W3 wMwumoHa TOHH IUIACTMACC, HCIOJB3YEMBIX  €XKETOJHO  EBPONEHCKHMHU
KOHCTPYKTOpaMu B aBTOMoOwWiiecTpoeHud, 15% wuper Ha [eTanu, paclojokKEeHHBIE MOJ
KPBILIIKOW MOTOPHOTO OTCEKa, TJ€ TEeIUI0, MEXaHHMYECKHEe Harpy3KH U XUMHYECKHE
BO3/ICHCTBUS CO3/1al0T 0CO00 TsKemble ycinoBus paboTel. HecMoTpst Ha TO, YTO 311€Ch OIBIT
UCIOJIb30BaHUsI IUIACTMACC y KOHCTPYKTOPOB OIPAaHUYEH II0 CPABHEHUIO C OIBITOM
UCIOJIb30BaHUsSI METAJUIOB, B HEKOTOPBIX YacTsX, HAPUMEpP, B CHUCTEME OXJIAXICHUS,
IIAaCTUK yTBepAwiacs mnpoyHo. Ha Oonee uem 80% eBpomelCKHX aBTOMOOMICH
YCTaHABJIMBAIOTCS OaYKM pajinaTopa U3 HeIoHa, apMHUPOBAHHOTO CTEKIOBOJIOKHOM.

Kpome TOro, mnpm Takod KOHKYpEHLMHM B CHIDKEHHM 3aTpaTr, KaKk B
ABTOMOOMJIECTPOEHUH, BO3MOXKHOCTh COCIWHATH CEKIHIO paadaTopa ¢ OaykoM TOJBKO
JMaBJICHUEM, He TpuOeras K aJTIOMHHUCBOW CHalke, MpeACTaBlseT OeccropHoe
NPEUMYIIECTBO. BeHTUIATOpPHI paguaropa OOBIYHO H3TOTABJIMBAIOT U3 TEPMOPEAKTHUBHBIX
MOJIMMEPOB, TOTOMY, YTO OHHU BECST MEHBIIIE, YeM BEHTHWJIATOPHI U3 amomunus. Kpome toro,
OHHM JIENAIOTCS 3a OJIHY OTEpalyio MITaMIOBKH, TOCIE Yero WX He Hajo OajaHCHpOBaTh U
HoJIBEpraTh MEXaHU4eCKoil 00paldoTKe, a B HACTOAILEE BPEMsI KOPITyChl HACOCA, BHYTPEHHUE
JeTaad U CYNIOPT TepMOCTaTa TakKXKe JEeNaloTCs W3 apMUPOBAaHHBIX (eHornacToB. Takum
o0pa3oM, TOCJe IITAaMIOBKM TOJMYYalOTCsl TOTOBBIE JETald, KOTOpble He TpelyeTcs
NPOCBEPJIMBATh MEXAHUUYECKM M Ha KOTOpbIE HE JEHCTBYIOT OXJaXKAAKOUINE >XUIKOCTH.
Bo3nyxoBoapl, MOMydyeHHbIE OJTHOM ONepanuei mMTaMIoOBKYA U3 (PEHOTIIACTOB, BECAT MEHBIIIE
JUTBHIX JeTaleil W3 aJIOMHUHUS, HMMEIOT OYEHb TJIaJKUe BHYTPEHHUE IOBEPXHOCTH H,
CJIEZIOBATEINIFHO, YBEIIMYHMBAIOT MMOTOK BO3yXa, JIydIlle paboTatoT U 60Jjiee YKOHOMHUYHBI.

B nenom, npenmyiecTa TEpMOpPEAKTOILIACTa MOKHO CPOPMYIUPOBATH TaK:

- BBICOKAs XUMHYECKas yCTOMYMBOCTh, OCOOCHHO K OEH3MHaM, Maciam, BOJE H
TIIMKOJII0, COJICHOM BOJIE;

- HU3Kasl BOJOIPOHUIIAEMOCTH;

- BBICOKAsl IOBEPXHOCTHAS TBEPIOCTE;

- HM3Kast WioTHOCTS (1.4-2.1 kr/am3);

- OYEHb HU3KHUHA KOAPPHUIMEHT JUHEHHOTO TepMmuyeckoro pacumpenus (15-35 x 10-
VeC);

- IPEBOCXOHAS IPOCTPAHCTBEHHASI CTA0OMIIBHOCTD;

- OYE€Hb BBICOKOE conpoTuBieHue cxatuto (200-300 MIla);

- BBICOKMA MoOaynb compotuBiaeHuss wu3rudy (10.000-20.000 MlIla) npaxe mnpu
temneparypax cssime 200° C.

Henocratku rmiactMaccoBOro BUraTessi:

- IOpPOT'OBU3HA POU3BO/ICTBA;

- TPYAHOCTH TIPU CEPUITHOM TIPOU3BO/ICTBE;

- HE TIOJIaeTCs TPAAUIIMOHHOM 00paboTKe.

Takum 00pa3oMm, Ha CETONHSIIHUA J€Hb TOPJIOH SIBISIETCS CaMBIM TBEPABIM
TEPMOPEAKTUBHBIM TUIACTUKOM B MHpE, OOJIaJaloluM TpH STOM OecrpereaeHTHON
TEPMOYCTOMYMBOCTBIO: TOPJIOHOBBIE Jl€Tald MOTYT paboTarh Oe€3 NHOTEepH CBOICTB Hpu
temneparypax a0 290°C. TopJion erok u umeeT HU3KUi korpduuneHt Tpenus. OH Heropro4
¥ OTJIMYHO MPOTHUBOCTOUT BO3JIEHCTBHIO MHOTHX arpeCCUBHBIX XUMHUECKUX BelIecTB. MiMeeT
BBICOKYI0  pa3MEpHYyI0 CTaOMJIbHOCTb, PEKOMEHIYyeTcs Uil TOYHOTO  JIuThs. B
MIPOMBINIJICHHOCTH TpuUMeHseTcst Oosnee 20 penentyp KOMIIO3UTOB Ha OCHOBE TOpPJIOHA.
KoneuyHo, wucrnosip30BaHue TOpPJOHA B ABTOMOOWIECTPOEHUM JI€JIa€T OYE€Hb TPYIAHBIM
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CEpHIHBIA BBIMYCK aBTOMOOWIIECH C JaBHUTraTelieM W3 ToJuaMuI-umMuaa. Ho, oH HaxoauT
MIUPOKOE TPUMEHEHHE JJIi TOHOYHBIX aBTOMOOWIEH, B TMPOUW3BOJACTBE JeTasiei
AJIEKTPOJIBUTATENCH, TEIJIOCTOMKHUX AeTaiell aBTOMOOWICH, B cemapaTopax IOAIIUITHUKOB,
VIUIOTHEHUH, U3 TOPJIOHA JIEJAI0T KAa4eCTBEHHOE O0OpyIOBaHWE Uil He(DTSHON M Ta30BOM
MIPOMBIIIJIEHHOCTH, B aBUATMOHHOW M KOCMHUYECKON TEXHUKE, B TAKEIOM MAIIUHOCTPOEHUU U
SHEpTeTUKe (JOMATKU BPalIAIOIIETOCs KOMIIpEccopa), a Takxke ISl MPOU3BOJICTBA OMPAaBKU
U1 METAJLIMYCCKMX OaHOK, THe3Jda M IaHeJIM JJIs I[ICYaTHBIX IUIaT, IIOJCTaBKa JIJIs
MIPUBAPUBAHUS HA CTAKAHUYMKAX.

Cnucoxk autepatypsbl: 1. Bube .M. HoBoe o pabouem mukie neurareneir. CKOpoCTb
cropanus 1 pabounii uukn asuratens. — JI.: Ilpubopoctpoenue, 1979. 2. Xauusu A.C. u ap.
JBurarenu BHYTPEHHETO CrOpaHus. — M.: Tpancnopr, 1985.
3. http://avtosweet.ru/201 1/03/plastmassovyj-dvigatel/

TEXHOJIOT'USI CUHTE3A U IPUMEHEHUE HAHOYACTUIL CEPEBPA
Hyraués A . (I'TY, e. Pocmos-na-/{ony, Poccus)
1. I{umpamuwiii memoo (memoo Typresuua)

Briepseie nutpartsblii meroq TypkeBud ¢ KojuleraMu nmpuMmeHuia B 1951 r. aiisg nosny-
yenus: HaHouactull (HY) 3o0mota [1]. CyTh Me€TO1a B BOCCTAHOBJIEHUH 30JI0TOXJIOPOBOIOPO-
HOM KHCJIOTBI B BOJHOM PAacTBOPE LIUTPATOM HATpHsl NpH KunssueHuu. [1o 1aHHBIM 31€KTpOH-
HOW MUKpockommy noiydenasie HY umenu cdepudeckyio ¢popmy, y3Koe pacripeesieHue Mo
pazmepam u cpennuit auamerp 18.5-21.5 um. B nanpneiimem I1.C. JIu u 1. Meiizens npume-
Huiu Meroa TypxeBuua s cunre3a HY cepeOpa [2]. B otnuune ot HY 3010Ta yacTuis! ce-
pebpa XxapaKkTepru30BAIUCh IIMPOKKUM pactipezesienneM 1o pazmepam (60-200 um) [3].

B uurpaTtHOM MeTo € pacTBOpUTENEM, KaK MPaBUJIO, SIBJISIETCS Boja [4], pexxe BOIHO-
opranudeckue cpenbl [5]. JlumonHas kucioTa u ee aHuoH (IIUTpaT-aHuoOH) B MeToae Typke-
BHYa BBICTYIAIOT HE TOJBKO B POJIM BOCCTAHOBUTEIIS, HO TaKXKE CTA0WIN3UPYIOIIMM areHTOM,
YTO OCJIO’KHSIET SKCIEPUMEHTAIBHBIM MOJ00p ONTHMAbHBIX KOHIEHTpPALM peareHToB (HUX
M3MEHEHHE BIMAET OJJHOBPEMEHHO Ha CKOPOCTh BOCCTAHOBJIEHUSI U HA CKOPOCTh (pOpMUpOBa-
Hust KoJutonHbIX yacTuil [3]). [ToaToMy /s nmosrydeHus 3051€i cepedpa ¢ y3KUM U BOCTIPOU3-
BOAMMBIM pactpenenenreM HY mo pazmepam TpeOyIOTCs IOTIOHUTEIbHBIE UCCIIET0BAHMS.

[TogoOHbIe 3071 HAXOASAT NPUMEHEHUE B METPOJIOTMU HAHOYACTUI] JUJIsl PUTOTOBJIE-
HUSI CTaHJIapTHBIX 00pa3lioB, IPOU3BOJICTBO KOTOPbIX B Poccuu orpaHnyeHo, a oCTaBKU UM-
MOPTHBIX NPENapaToB HE MOKPBIBAIOT MOTPEOHOCTEN OTEUECTBEHHBIX HAHOLIEHTPOB M SKOHO-
MUYECKH He Bcerzia 000cHOBaHbl. [Ipobiiema akTyasibHa A1l CTaHAAPTHBIX MIPENapaToB HAHO-
cepebpa ¢ pazmepamu yacTuil MeHee 20 HM, YHUCIIO KOTOPBIX HA MUPOBOM PBIHKE UCUHCIISETCS
€MHUIIAM U, a CTA0MIIBHOCTh U BOCIPOU3BOIMMOCTh PA3MEPOB OCTABJISIET JKeJaTh JyUIIero.

Lenpto mpoBeneHHBIX HCCIEI0BaHUI cTaBMWIIach OTpaOOTKa METOIUKU CUHTE3a, MOJ-
00p M ONTUMHU3ALMS YCIOBUH I MOJy4eHUS! CTAOUIIBHBIX KOJJIOMJHBIX PACTBOPOB C Y3KUM
pacmpenenenuem HY cepebpa no pasmepy — ot 1 1o 100 ™.

B BonHbIx pactBopax cunte3 HU cepeOpa u3 Hutpara cepedpa u nuTpaTa HaTpus
no Meroay TypkeBHYa OCYIIECTBISIETCS 10 CXEMeE:
Ag" +NO; + 3Na' + C3HsO(CO0);* — (C3HsO(CO0)5* )/ Ag’, + NaNO; .
®opmMUpOBaHKE KOJUIOWIHBIX YacTHUI] cepedpa 1 UX arjioMepaToB IOKa3aHo Ha puc. 1.
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[TockonbKy CKOPOCTh XUMHUYECKOW PEaKIMU 3aBHCUT B OOIIEM Cllyyae OT KOHIIEHTpa-
M pearupyroIuX BEUIECTB U TEMIIEPaTyphl, pa3Mep Moiydaromuxcs B Metoae TypkeBuda
HY 3aBucCHT OT BETMYMH U COOTHOUICHUS] KOHLIEHTPAIU peareHToB, TEMIEPAaTypPHBIX YCIIO-
BUH CUHTE3a, MHTEHCUBHOCTH M BPEMEHH TEPEMEIINBAHNSA, IPYTUX (DAKTOPOB.

KitoueBbIM pe3ysibTaToM MPOBEAECHHON pabOTHI SABIAETCS: pa3paboTka METOIMKH TI0-
ayuyenust pactBopa HU cepebpa muTpaTHBIM METOJOM C YHHMOJAJIBHBIM pacCIpe/ieICHUEM
yactul auana3zone 10 100-150 HM, 4yTO B nanbHENIEM MIO3BOJUT aAalTUPOBATh JaHHbINA Me-
TOJI JUISl IPUTOTOBIICHUS KAIMOPOBOYHBIX PACTBOPOB.

TunoBasi MeTouKa 3aKi04aliach B TOM, 4to 25 M pactBopa AgNO; u 100 mu pac-
tBOpa Na3C¢HsO7 HarpeBasiuch 10 Hy>XKHOHM TeMneparypsl. ['opsiure pacTBOpbl CMEIINBAINCH
NpUKanbIBaHUEM HUTpaTta cepedpa K JIMMOHHOKUCIOMY HAaTPHUIO MPH HETPEPHIBHOM IepeMe-
MIMBAaHWUH, C TOCIEAYIOIUM KUIISTYCHHEM B TeUeHHE |5 MUHYT U oxiaxaeHueM. B pesynbraTe
MOJTyYaJICs 30J1b JUIs TTOCIIeTyIOMIEeTo aHanu3a. B Xoze peakuun pacTBop npruoOperan CBeTIIo-
JKENTBIM 1IBET, 3aTEM LIBET MEHSUICS OT OJMBKOBOTO JO IPSI3HO-CEPOro WJIM KOPUYHEBOIO, a
NPU BBICOKMX KOHIIGHTPALMSAX PAacTBOPOB HAOII0/AJIOCh MHTEHCHBHOE OCEJaHWE YacTUIl Ha
CTEKJITHHOM NOBEPXHOCTH CTaKaHa, a )KMJKOCTh CTAaHOBUJIACH ITPO3PavyHOM.

KOHOCHCA 1N

uHTpaT

Puc.1. IlpuHuunuanpHas cxema
+

SBOJIIOIIMYA UOHOB Ag' B KJlacTe-

pbl Agm ¥ HAHOYACTHLIBI A g,

Ag’ 4 R @ @
B ———
BOCC TAHOBJIICHHE
Ha NOBEPIHOCTH @

Ag,

CT ilﬁll.lll';l!]’!til_{_lll—
HEIC KPHCTAJUITATHLI

[Ipu cootromennn kommoHneHToB [AgNO;]/[Cit]=1/4 pacTBOp Ha4YMHAJ KEJITETh I10-
cie 10 MEHYT HarpeBaHus; «cepeOPSTHOTO 3epKaliay MOYTH He Ha0JIF01aI0Ch.

Pe3ynbrarhl ceIMMEHTAIMOHHOTO aHalK3a MOJyYeHHOTO obpasua (puc. 2, a) cBuje-
TENbCTBYIOT O TOM, uTo cpeanuil pasmep HY ymenbaerca Ha 25 % c 40 go 30 vHM npu
YMEHBIICHUH KOHIIEHTPAIMi UCXOJHBIX PAacCTBOPOB Ha MOPsAOK. Pedymnbrarsl criekTpodoTo-
METPHHU MOATBEPKIAIOT PE3yIbTaThl CEIUMEHTAIIMOHHOTO aHaiIu3a (puc. 2, 0): NOTJIOLIEHHE C
Amax = 420 aHM cootBetcTBYeT HY cepebpa ¢ pasmepamu okosio 30 M (cM. puc 3).

Peak Half Width - action
00284 - 00123 O4ote 0 337a T 00 Puc. 2, a. Pe3ynbraTh
0.3374 - 0.2284 0.07
01546 01048 03 CeOIUMEHTAIlHOHHOTO
0.1048 - 0.0708 1.31
00475 00354 1821 aHaym3a ofpasma ¢ co-
0.0324 - 0.0219 52.9
= oS OTHOIIIEHHEM KOHIICH-
% 2‘::1?:'\-'_10023357[ e N
ota . u-grams) TpaI_IHH
=
2 [AgNOs]/[Cit]=1/4. Ha
% Sample: Avr‘:rﬂgt‘: of Files rpaq)HKe Hp eHCTaBHeHO
[a" Mumber of Files in Average: 2

Mean  Median  CV(%)

pacnpeneneane HY mo
\;\a’r‘:igl“ 0.0292 0.0269 53.49
Number 0.0305 0.0198 35180 Macce B 3aBUCHMOCTH
Polydispersity Index (Dw/Dn) = 1.4222
OT pa3MmepoB. boib-
IIMHCTBO YAaCTHUI[ HMe-
Particle Diameter - Microns 10T pa3mep 28 HM

0.02 0.03 0.05 0.07 0.1
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Puc. 2, ©. Pesynbrathl
cnekTpodoTomMeTpun  odpasua
C COOTHOILICHHEM KOHICHTpa-
maii [AgNO;]/[Cit]=1/4 . Tluk
nomiomenus A = 420 am

Puc. 3. 3aBucumMocTb
MaKCHUMyMa TOJIOCHI TI0-
TJIOMICHUS. OT JHaMeTpa
gacTHIl cepedpa

Puc. 4. PesynbraTsl ceau-
MEHTallMOHHOTO 00pasua ¢
COOTHOILIEHUEM  KOHIICH-
Tpauun

are C0E [AgNOsY[Cit]=1/5. B

HO, YTO YaCTHIIbl pacrpe-

50.62 ACJICHbI PABHOMCPHO B

auanasose ot 1 ;o

00142 &8
Total Wt. = 27.46 (u-grams) 100 am. [lux cocraBiseT

npuMepHo 46 HM

TEXHOJIOI'NHU
3.5
2.0
w 25 -\ /
2 a
|
204 JI \
4 J |Il
154 | ! |
1 [\
1
1.0 4 i 5\
b H \
0.5+ _.-'I e A, nM
0.0 4 _
T d T i T T T d T i
200 400 500 G600 700
Amaz » AM
550
500 -
450
o
m') 1 1 1 1
0 z5 50 75 100 125 doam
100 Peak - Half Width A
0.046 - 0.0119
Average #1: 2 File(s)
SILVERW1000067 258-02-1
SILVER\01000066 28-02-1
=
g’ Diarr
QL 0.2997
= 3
50 © 05
= 25
—
o 2782
7] 12.12
o 3.85
o

0.02 0.03 0.05 0.07 01
Particle Diameter - Microns

KimtoueBbIM pe3ysibTaToM MPOBENEHHOW PabOTHI SBISETCS pa3pad0TKa METOIHMKH I10-
nyuenus pactBopa HY cepeOpa UTpaTHBIM METOJIOM C paBHOMEPHBIM pacrpenesieHueM Jac-
Tyl auana3zone 10 100-150 HM, 9TO B IambHEWIIEM MO3BOJUT alalTUPOBATH JAHHBIM METOJ]

JJId TIPUTOTOBJICHUA K&J’IH6pOBO‘IHBIX pacTBOpPOB.

Taxxe CTOUT OTMETHUTH, YTO CEOECTOMMOCTH JaHHOTO 00pa3la JOCTATOYHO HU3Kas
(mpumepHo 1 py6. 3a 75 mi1), yTo 0OecrneynuBaeT ero KOHKypeHTOCocoOHoCTh. [l cpaBHe-
Hust, 300 mu1 kanuGpoBoyHOro pacTBopa Ha ocHoBe IIBX oT MMMOpTHOrO MpoM3BOIUTENS

crout nopsiaka 1000 USD.
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2. bopeuopuonwiii memoo

Cunte3 HY GopruapuabiM METOJIOM MPOBOJWICS Kak BOJIHOW cpene, Tak U BOJHO-

oprannuyeckoi (3taHois — Boja). CyTh METO/1a B BOJHOW CpeZe 3aKI04allach B CIEIYIOLIEM: K
oxnaxzaerroMy (t=~ 0 °C) pactBopy NaBH4 mpy HHTCHCHBHOM TIePEMENIMBAHMH [0 KAIULIM
nobasisiics pactBop AgNOs ([NaBH4]/[AgNOs] = 6/1). lanee mocpeacTBOM ceIUMEHTAII-
OHHOTO aHajJM3a OMNpEIeIsIach 3aBUCHMOCTb PACIpPEACICHUs] YacTUI[ MO pa3MepaM OT HX
Macchl. Takylo METOAMKY TakKe peajbHO aJanTUpOBaTh IJIS MOJyYEHHUs CTaHJApTHBIX 00-
pasloB, T.K. MPU T0O0ABICHUN OJHOM KaruTh pacTBopa amyJikraropa 3646/51 (1 monb sMyb-
ratopa Ha 10 moJielt BobI) MOJMydYEeHHAs! 30J1b MPOSBIISLIIA CTAOMILHOCTh HA MPOTSKEHUU He-
CKOJIKUX He/elb. Pe3ynbTaThl CEIMMEHTAIIMIOHHOTO aHAJIN3a OJTHOTO M3 00pa3IoB, MOTyYeH-
HBIX TaKUM METOJIOM, ITPUBECHBI HA PUC. 5.

Relative Weight

100

0.02 0.03 0.05 o.07 01

Particle Diameter - Microns

Puc. 5. Pesynbrarbel cenuMeHTa-
IIMOHHOTO aHajiM3a 30Jis cepedpa,
HOJIyYE€HHOTO OOPTUAPUIHBIM
METOJIOM B  BOJHOW  cpene
(INaBH4]/[AgNOs]=6/1). boib-
IIMHCTBO YacCTHI] UIMEIOT pa3Mephl
6-14 HM, TaKke NPUCYTCTBYIOT
YacTHUIBl ¢ pazMepamu okoso 40-
50 HM™m.

CuHTE3 B BOJHO-OPTaHUYECKOM cpeie MPOBOIMIICS MOX0XHM oOpaszom. OTimune 3a-
KIII0YaJIoCch Jimiib B ToM, yTo NaBH4 Obin pactBopen B C;HsOH, a oTHoIIeHHE KOHLIEHTpa-
i coctaBuio [NaBH4]/[AgNOs] =10/1. Pe3ynpTarthl ceIMMEHTAIMOHHOTO aHajm3a o0pas-
114, TIOJTyYeHHOTO TaKUM METOJIOM, TIPUBEICHBI Ha pUC. 6.

Paak - Hall Width
00275 - 0.038

0.02 0.03 0.05 0.07 01

Particle Diameter - Microns
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Puc.6. PesynpraThl cenu-
MEHTAI[IOHHOTO  aHaJIH3a
oOpa3sna, MOJTYYEHHOTO
CHHTE30M B BOJOHO-
opranmdeckon cpene. Yac-
THLBI PABHOMEPHO paclpe-
JIeNIeHbI TI0 Macce B JiUara-
30He ot 1 10 100 HM™.
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3071, CUHTE3UPOBAHHBIE TAKMM METOJIOM, UMEIOT IPUMEHEHHE B pa3paboTKe HOBBIX
XUMHUYeCcKux Hocutened mHbopmarum, rae HU cepebpa mMoryr cirykuth Hocuteneid ¢GoTo-
XPOMHBIX MOJIEKYJI, HAPUMEP, CIUPOTIUPAHOB — (POTOXPOMHBIX MepeKoyaTenei [7].

Cnucox sutepatypsi: 1. J. Turkevic, P.C. Stevenson, J. Hiller. Discuss. Faradey
Soc., (11), 55 (1951). 2. P.C. Lee, D. Meisel, J. Phys. Chem., 86, 3391 (1982). 3. }0.A. Kpy-
TsakoB, A.A. Kynpunckuii, A.}O. Onenun, ['.B. Jlucnukun «Cunre3 u coiictea HU cepebpa:
JTOCTIDKEHHS U TiepcriekTuBby, XuM. ®ak MI'Y, 2008. 4. R.Jin, Y.W.Cao, C.A. Mirkin, K.L.
Kelly, G.S. Schatz, J.G. Zheng, Science, 2 94, 1901 (2001). 5. 1. Pastoriza-Santos, Luis M.
Liz-Marzan, Reduction of silver nanoparticles in DMF. Formation of monolayers and stable
colloids / Pure Appl. Chem. (2000). 72, 83-90. 6. I'.b. Ceprees Hanoxumus. M.: 2006 r. 7.
b.C. JIykpsnoB, H.A. Bonomun, A.B. Merenuna u ap. ®otoxpomMusM cnuponupaHoB Ha I0-
BEpXHOCTU pazzaena (a3 / Mexa. KoH]. 0 HOBBIM TEXHOJIOTHSIM U MPUIOKECHUSIM COBpE-
MEHHBIX (PU3UKO-XMMUYECKUX MeT0/10B. PocToB-Ha-/lony, 2001. C. 42-43.

AHAJIN3 IOTPEITHOCTEM OBPABOTKH P PPE3EPOBAHNN
KOPITYCHBIX JETAJIEN

CouoBbéB C.10., MenBeneB B.B. (kagpeopa TM, [JonHTY, 2. /loneyx, Yxpauna)

B Hacrosiiee BpeMsi B TAXKENBIX YCIOBUSX NPOU3BOJCTBA, TAKUX KaK YroJibHAsl U XH-
MHUYECKasi MPOMBIIUICHHOCTb, TJI€ MPUXOAUTCS paboTaTh BO B3PBIBOOIMACHBIX YCIOBHSX IS
obecnieueHnss 0€30MACHOCTH TPOM3BOJCTBA HEOOXOAMMO CO3JaHHWE B3PBIBO3AIIMIIIEHHOTO
000pyI0BaHMs, OCHOBHBIM KPHUTEPHEM KOTOPOTO SIBIISIFOTCS TIOBBILICHHBIE TPEOOBAHUS K Ka-
4yecTBy 00pabOTKU (1aHIEB KOPIIyCOB, B OCOOEHHOCTH — K UX IUIockocTHOCTH. Hanboiee
renecooOpa3HbIM BUAOM 00pabOTKU B TAHHOM Cllydae sBisieTcs (ppe3epoBaHme, B MpoLecce
KOTOPOT'O BO3HHUKAET Psiji (PAKTOPOB OTPHULATENIHHO BIMSAIOIIMX HA KAa4eCTBO 00padaThiBaeMOit
MOBEPXHOCTH.

[TosToMy, 1enb0 1aHHOM PabOTHI CTAJO0 PACCMOTPEHUE U aHAIN3 (PaKTOPOB, BIIHSIO-
IIMX Ha MOTPEUTHOCTH MOBEPXHOCTEH Ipu 00paboTKe GpesepoBaHNEM U BO3ZMOYKHBIE METOIbI
UX MUHAMH3ALUH.

B paboTte paccMOTpeHBI clieIyonue oKa3aTel NorpemHocTeid 00padoTku pu (pe-
3€pOBaHUMU:

1. TouyHOCTH pa3mMepoB, T. €. COOTBETCTBHEM (AKTHUECKUX Pa3MEpPOB JETAIU pa3Mme-
paM, yKa3aHHbIM Ha YEPTEXKE.

2. JlomycTuMble OTKJIIOHEHHSI OT NPaBUIIBHOM reoMeTpudeckoi (hopmbl MOJSYyUEHHOU
MOBEPXHOCTH (TJIOCKOCTHOCTb, IPSIMOJMHEUHOCTD ).

3. OTKJIOHEHHEM pacCHOJIOKEHUs] OTAENbHBIX I'pPaHEH MOBEPXHOCTH AETAIM OTHOCH-
TEJBbHO JPYTUX MOBEPXHOCTEN (MTapauIeIbHOCTh, NEPIEHIUKYISIPHOCTh, OTKIOHEHHE OT Tpe-
OyeMoro yria Mexay IIOCKOCTSIMU, CHAMMETPUIHOCTD U JIp.) [1].

OpHako nmpH AOCTHKEHUU TPeOyeMbIX MOoKa3aTeslell TOYHOCTH BO3HUKAIOT MOTPEIIHO-
CTH, 00ycClOBIIeHHBIE psiaoM ¢akTopoB. B Tabnume 1 npuBeneHs! GhakToOpbl, BIUSIONINE HA
TOYHOCTb TIOBEPXHOCTH, MX TPUUHHBI, TIPOSIBJICHUS 1 METOABI OOPHOBI C HUMH.

59



NHXEHEP, Ne 13,2012 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE

TEXHOJIOI'M

Tabsmna 1. [IpuunHbl, BIUSIONME HA MOTPEITHOCTh pe3epHoi 00paboTKu

IIpuyuna ‘ IIposiBJjieHHe Ha M3/1eJIHHU ‘ Metonbl 60pb0bI
ITorpemHocTu cranka

Heroynocts  m3rortosie- | HerouHoCTh pa3mepoB, OTKIO- | I'paMOTHOE — TEXHHYECKOE

HUS J€TaJIel CTaHKa HEHUE OT MPaBHJILHOW TeoMeT- | 00CiTy)KUBaHHE CTaHKa,
pudeckoil GopMbl, OTKIIOHEHHE | aAalTHBHOE  YIPaBJICHHE
B3aMMHOI'O PAacCIOJIOKECHHs I0- | CTAHKOM
BEPXHOCTEMN

N3Hoc anemenToB cranka | HerouHnocTs pasmepoB, oTkio- | IIpoBenenue IUIAHOBO-
HEHUE OT IPAaBWJIBHOM TI'EOMET- | IPEAYyNPEIUTENBHBIX  OC-

puueckoil GpopMbl, OTKIOHEHHE
B3aMMHOTO PACIOJIOKEHUS TIO-
BEPXHOCTEN

MOTpPOB U pEeMOHTa 000py-
JOBaHUsI, Halaaka oOopy-
JOBaHUS

HerounocTtu npucnocobienus

HetouHocTh  HM3roTOBIIE-
HUSL DJIEMEHTOB IPUCIO-
coOeHns

HeroynocTe pa3mepoB, OTKIO-
HEHHE OT IPaBUJIBHON IeoMeT-
puueckoil Gpopmbl, OTKIIOHEHHE
B3aMMHOI'O DPAacMoJI0XKEHHUs I0-
BEPXHOCTEN

Co3ganue  palMoHaJIbHBIX
cxeMm Oa3mpoBaHUs, HaJAJl-
Ka TIPHUCIIOCOOICHUS

N3Hoc oanementoB 1pu- | HerouHnocTs pasmepoB, otkio- | IIpoBenenue IUIAHOBO-
crocoOJieHust HEHHUE OT MPABUJILHOM TE€OMET- | MPEAYIPEAUTEIbHBIX  OC-
pudeckoil GopMbl, OTKIIOHEHHE | MOTPOB M PEMOHTAa IpHU-
B3aMMHOTO DACIOJIOKEHUSI TI0- | CTIOCOOJIEHUs, BO3MOJKHO,
BEPXHOCTEN €ro 3aMeHa, II0JHalajaKa
cxembl 00paboTKH
Herounocts  ycraHoBku | HetouHOCTh pa3mepoB, oTKJIO- | Hamanka oGopymoBanus

IpUCIIOCOOJIEHNsT Ha CTa-
HOK

HEHUE B3aUMHOIO PAaCIHOJIOXKE-
HUS TIOBEPXHOCTEN

ITorpemHoCcT! HHCTPYMEHTA

Hetounocts
HUS

HU3roTOBJIC-

HerouynocTts pa3mepoB, OTKIO-
HEHHME B3aUMHOIO PacCIHOJIOKe-
HUS IOBEPXHOCTEN

Hanmanka  oGopynoBanus,
IIpUMEHEeHue 00Jiee TOYHO-
0 MUHCTPYMEHTA

N3HOC nHCTpYMEHTA

Herouynocts pa3mepoB, OTKIO-
HEHHME B3aUMHOIO PacCIOJIOKe-
HUS TIOBEPXHOCTEN

Ilepetouka uHCTpYyMEHTA,
nepeHanagka 00opyoBa-
HUS1, 3aME€HA HHCTPYMEHTA

ITorpemHocTs yCTaHOBKH

HeroynocTts pa3mepoB, OTKIO-
HEHHE B3aUMHOIO PacCIHOJIOKe-
HUS TIOBEPXHOCTEN

Hamnanka o6opymoBanust

JKecTKoCTh TEXHOJIOTUYECKOU CUCTEM

bl

KecTtkocTh cTaHKA

HerouyHocTe pa3mepoB, OTKIO-
HEHHE OT MpPaBUJBHON TeoMeT-
pudeckoil QopMbl, OTKIOHEHHE
B3aMMHOIO DPAacMoJI0XKEeHHUs Io-
BEPXHOCTEMN

3arsKKa KIIMHBEB BCEX Ha-
MIPaBJIAIOIINX, BBIOOpKa
MOo(TOB U CTOTIOPEHHE dJIe-
MEHTOB CTOJIa, HE Y4acT-
BYIOILIMX B paboyeil mogaue

Kectkocth mpucnocoOie-
HUS

HerouynocTs pa3mepoB, OTKIO-
HEHHE OT IpPaBUJIBLHON IeoMeT-
pudeckoil popMbl, OTKIOHEHHE

N3meHeHne KOHCTPYKIHH
MIPUCTIOCOOJICHNSI, H3MEHE-
HHE CXEMBI YCTAHOBKH
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Ilpuuuna

Hp OsIBJICHHEC HA U3¢/ ITHN

MeToabl 60pb0ObI

B3aMMHOTO PAaCIOJIOKEHUSA T10-
BEPXHOCTEMN

JKectkocTh HHCTpYMEHTa

HeroyHocTs pa3mepoB, OTKIO-
HEHUE OT IPAaBUJIBHOM I'e€OMET-
pudeckoit Gopmbl

[Toxbop xKecTKoro MHCTPY-
MCHTA, MNPHUMCHCHUC H0-
TIOJIHUTCJIBHOI'O MMPpUCIIO-
coOJieHHs, KOPPEKTUPOBKA
PEKUMOB pE3aHUs

KectkocTh netanu

HeroynocTte pa3mepoB, OTKIO-
HEHHE OT IpPaBUJBHON IeOMeT-
puueckoil GpopMbl, OTKIOHEHHE
B3aMMHOI'O DPAacMOJI0XKEHHUs I0-
BEPXHOCTEN

[Tpumenenue JOIIOJIHU-
TEJNBHOTO (IpYyroro) mpu-
CHOCOOJeHUs,  KOHCTPYK-
THUBHAsA J0pabOTKa JeTaiy,
NPUMEHEHUE CIIEITNATbHbBIX
METOJI0B 00pabOTKH

Bubpauun TexHonoruye-
CKOW CHUCTEMBI

HepoBuoctu moBepxHoctu (1iie-
POXOBAaTOCTh), BOJHUCTOCTD IIO-
BEPXHOCTHU

IToBpITICHNE J)KECTKOCTH
TEXHOJIOTHYECKOM  CHCTe-
MBI, TPUMEHEHHE pa3Iud-
HBIX  CPEACTB  TalleHUs
BUOpaIUi, IIPUMEHEHUE

COTC

TermnoBbie geopMaIuy IEMEHTOB TEXHOJIOTHUECKON CHCTEMBI

Harpes unctpymenra

HerounocTts pazmepoB

[Ipumenenne COTC, xop-
PEKTHPOBKA pEXUMOB pe-
3aHUS

Harpes o6opypoBanus

HeroynocTe pa3mepoB, OTKIO-
HEHUE OT IPAaBUIIBHOM I'e€OMET-
pudeckoil popMbl, OTKIIOHEHHE
B3aMMHOI'O DPAacCIOJIOKECHHs I10-
BEPXHOCTEN

[Tonnep:xanre NMOCTOSTHHOM
TEMIIEPaTyPhl U BIAKHOCTH
BO3[yXa MOMEIICHUs, CO-
OMoZieHne TpaBWII  DKC-
IUTyaTary 000pyI0BaHUS

HeTtouHnocTH 3aroToBKH

HeroyHnocTs  yCTaHOBKH
3aroTOBKH B IPHUCIIOCO0-
JIeHne

HerouynocTe pa3mepoB, OTKIO-
HEHHE OT IpPaBUJIBHON IeoMeT-
pudeckoil GopMbl, OTKIOHEHHE
B3aMMHOI'O DPAaCIOJIOKECHHS I10-
BEPXHOCTEMN

Hananka mpucnocoOmieHus,
NPUMEHEHHE Pa3METOYHBIX
oneparyi, IIPUMEHEHUE
AJIEKTPOHHBIX MIYTIOB TMPH
CTaHKE

HectabunpHOCTH TITy OMHBI
pes3aHus

[Teperoc ¢GopMbI 3aroTOBKH Ha
dbopmy geramu  (TEXHOJOTHYE-
CKasl HacJIeICTBEHHOCTb)

VBennaeHue JKECTKOCTH
TEXHOJIOTHYECKOM  CHCTe-
MBI, KOPPEKTUPOBKA PEKHU-
MOB pe3aHUs

Hamume ocTtaTo4yHLIX Ha-
IIPSIKEHUH B 3aTOTOBKE

Hapymenne ¢opmbl 3arotoBku
(kopobneHnue, U30THYTOCTb),
MOSIBJICHUE TPELIUH

KoppektnpoBka TEeXHOJIO-
THYECKOTO IPOLECCa, BBOJ
omnepanui CHATHS OCTaTOY-
HBIX HaIPs)KEHUN

CrnenoBarenbHO, TOUHOCTD M3/1€NUi Ipu 00paboTke (ppe3epoBaHUEM 3aBUCUT OT MHO-
rux (akTopoB, OT KOTOPHIX HEBO3MOXHO MOJHOCTBIO N30aBUThCS. Tak, HENb3sd U30aBUTHCS OT
HETOYHOCTH HU3I'OTOBJICHUA )IeTaﬂeﬁ CTaHKa 1 HpI/ICHOCO6J'ICHI/I5[ BBHUAY TOro, 4TO HaxK€ IpHU
CaMOM TINATEJIFHOM MX M3TOTOBJICHUH CYIIECTBYIOT IMOTPEITHOCTH Pa3MEpOB B Ipezernax 1o-
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aeit nomyckoB. Takke HEBO3MOXKHO M30€KaTh M U3HOCA DJIEMEHTOB CTaHKa, 000pyIOBaHMS,
MHCTPYMEHTA, TOJIHOCTBIO YUECTh TEIUIOBBIE JIe(hopMaIiy U U30aBUTHCS OT BUOPALTHIA.

Takum 00pa3zom, Ui TpeNoTBpalieHuss Opaka 0cob0oe BHUMAaHHUE CIEAYET YJICIHTh
KOHTPOJIIO KayecTBa 00pabOTKH MOBEPXHOCTEH. B HacTosiee Bpems CylIeCTBYeT J0CTaTOY-
HO€ KOJIMYECTBO CHOCO6OB KOHTPOJIA, OTIIMYAOIUXCA IIPUMCHACMOCTBIO B PAa3JIMYHbIX THUIIAX
NPOM3BO/ICTBA, CBOCH TOYHOCTHIO M YHHUBEPCAILHOCTHIO. OCO0YI0 aKTyallbHOCTh UMEIOT Ha-
y4HbIE pa3pabOTKH, CBA3aHHBIC C JUATHOCTUKON Ka4yecTBa U3JENIUN B THOKOM aBTOMAaTHU3UPO-
BAaHHOM IPOU3BOACTBEC, I'’IC Ba)KHbIMU Tpe6OBaHI/IHMI/I ABJICTCA OTCYTCTBUC YCJIIOBCKA, 1OCTA-
TOYHO BbICOKAasd CTCICHb TOYHOCTH U YHUBCPCAJIbBHOCTb USMCPCHUA.

Bv1600. 13 Bcero BBINIECKA3aHHOTO CIIEAYET, YTO Mapajuie]bHO ¢ POCTOM TpeOOBaHUH,
NpEIbSBIIEMbIM K Ka4eCTBY M3TOTABIMBACMOMN MPOIYKIMH HEOOXOJUMO COBEPIIEHCTBOBA-
HHE BCEX JJIEMEHTOB BXOIAIIMX B TEXHOJIOTMYECKYIO CUCTEMY OOpabOTKH M3ENusi, HENo-
CPEICTBEHHO CaMOT0 TEXHOJIOTUUECKOTO MpOIEecca M PAa3JIMUHBIX JOTIOJIHUTEIBHBIX (hakTo-
poB. B "actHOCTH, HEOOXOIUMO TPOBOJUTH IIAHOBO-TIPEAYIIPEAUTEIBHBIE OCMOTPHI U pe-
MOHTBHI 00OpYyJIO0BaHUs, COOMIOAATh TPEOOBAaHUS K SKCIUTyaTallMd, MPOEKTUPOBATh PAIMO-
HaJIbHBIC CXEMbI YCTAHOBKU U ONITUMU3HUPOBATH PCIKUMBI PC3aHMsl, BHCAPATH HOBBIC TCXHOJIO-
I'm, O6€CH€‘~II/IB21IOH_[I/I€ TOYHOCTB U3I'OTOBJICHUS.

Taxxe 0c000€ BHIMaHHE HEOOXOIUMO YJIEIHUTh CPEICTBAM KOHTPOJIS KadecTBa o0pa-
OaTbIBaeMbIX OBEpXHOCTEN. [10CKOIBKY MMEHHO JUarHOCTHKA KauecTBa MPOTYKLUH MPEMsT-
CTBYET BO3HUKHOBEHHUIO OpaKa, CHOCOOCTBYET BBISIBIICHUIO PUUYUH POCTA MOTPEIIHOCTEN MTPU
00paboTKe ¥ CBOEBPEMEHHOMY MX YCTPAHEHMIO, UTO TaKXe B CBOIO OUEpE]b BIUSIET Ha cebe-
CTOMMOCTD U3JCJIMA U B 1ICJIOM Ha MPOU3BOAUTCIIBHOCTD.

Cnucoxk autepatypsl: 1. Kysmmnackuii B.B. @pesepoanue / M.: MammHocTpoeHue,
1977. — 240 c. 2. Mensenes @.B. MoaenupoBaHue NHHAMUKH KOHIIEBOTO (hpe3epoBanus //
@®.B.Mensenes, b.b.Ilonomapés, E.A.Yepemusix / MikHapogHuid 30ipHUK HAYKOBHX Mpallb
«[IporpecuBHi TexHOJIOTI 1 cucTeMu MamMHOOY 1yBaHHs». — Jlonenpk, 2009 — Ne38 — C.139-
142. 3. Ilanacenko B.A. UepHOBOe (pe3epoBaHre MHMPOKOXOPAOBBIX BEHTHISATOPHBIX JIOMA-
TOK TBEPAOCIUIABHBIM HHCTpyMeHTOM Ha crankax YIIY // B.A.Ilanacenko, A.Sl.Kagan,
B.®.Mo3sroBoii / TexHOJIOTHsI IPOU3BOJICTBA JICTATEILHBIX anmaparoB — Xapbkos, 2009 — Ne9
— C.21-26. 4. Menpanuyk ILI1. Aranu3 Tpaekropuii 4uctoBoii 06padotku npu 3D dpesepo-
Bannu Ha crankax ¢ UITY // ILIL.Menbanuyk, B.b.Ctpyrunckuii, B.E.lOmames / Meroau
pPO3B’sI3yBaHHS  TPUKIAIHUX  3a1a4 MEXaHIKM  JeGOpMIBHOTO  TBEpAOTO  Tima —
Juinponerposebk, 2010 — Nell — C.197-202.

KIIACCUD® UKATIUA KOMBUHHUP OBAHHBIX METO/10B OBPABOTKH
TOHKOCTEHHbBIX HUJINHAPHWYE CKUX U3AEJIUU

TapoBuk A.B., MuxaiinoB A.H. (kagpeopa TM, /[onHTY, 2. Joneyx, Yrpauna)

Pemenne HpO6J'I€MBI CHMXXCHUA MCTAJIJIIOEMKOCTHU I/I3I[€J'II/II\/II IMPHUBECJIO K MOABJICHUIO BCC-
BO3PACTAIOUIETO YHCIa BXOIIIMX B 3TH M3JIENUS JeTajel, XapaKTepu3yoInXcs KaK Hexe-
CTKHUEC, OAHY N3 OCHOBHBIX I'PYHII KOTOPBIX COCTABIAOT TOHKOCTCHHBIC HUJIMHAPHUYCCKUEC OC-
TaJu.

B nacrosmee BpeMeHs B MUPOBOM MPaKTHKE METaII000pabOTKK pa3paboTaHO 00b-
110€ KOJMYECTBO METOJI0B 00paboTku. I[lo cBoell CylHOCTH OHM YCIOXKHWIUCH. VIHTeHCHB-
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HOCTh NMPOTEKAHUs MPOIIECCOB pa3pylIeHus, 1epopMUpOBaHUs, TPeoOpa30BaHus MaTepuana
JeTanel 3HauuTeNIbHO Bo3pocia. B pa3paboTke W COBEPIIEHCTBOBAaHUM METOJ0B 00pabOTKH
MMEET MECTO TEHICHILUS OJHOBPEMEHHOTO BO3ACHCTBHUS Ha oOpabaThIBaeMble 3arOTOBKU U
JleTaJld MEXaHUYECKUX HArpy30K M XMMHUYECKHUX BEILECTB, TEIUIOBOTO WJIM MArHUTHOTO IO-
JIeH, DJIEKTPUYECKOW M JIy4€BOW DHEPIUM, SHEPIUU IEMEHTAPHBIX YacTUL U T.J. B Pa3iud-
HOM HX COYETaHMU.

HakoruieHHbI ONBIT MOKa3bIBAET, UTO HE CYLIECTBYET YHUBEPCAIbHBIX METO/I0B 00pa-
OO0TKHM JieTajell u3 pa3INuHbIX KOHCTPYKLUMOHHBIX MAaT€pPUAJIOB, TaK KaK KaXJblil IMEET CBOIO
KOHKPETHYIO 00JIaCTh palOHAILHOTO NPUMEHEHHUI. TeXHOIOT ¥ KOHCTPYKTOP JOJDKHBI BBI-
Opatb BBICOKOA(DPEeKTHBHBIN MEeTO 00pabOTKH M3 OOIBIIOTO YUCIIa BOSMOKHBIX WU CO3aTh
Ha OCHOBE MX COBMEIIECHHS KOMOMHUPOBAHHBII METO] U3TOTOBJICHUS JICTAIIH.

B nHacrosimee BpeMsi BO BCeX BEAYLIMX OTPACIAX MAIIMHOCTPOCHHUS BCE B OOJIBIIUX
MacmTabax MPUMEHSIOT BBICOKODHEPTETHUECKHE W KOMOWHHPOBAHHBIE METOJbI 00pabOTKU
MaTepHasioB. DTH METOJIbI Pa3BUBAIOTCS OBICTPHIMHU TEMIIAMH HE TOJIBKO B CHITy CBOEW OTHO-
CUTEJIbHOM MOJIOJIOCTH, HAJMUMS 3aJeNla €IE HE PEalM30BAaHHBIX WJIEH M BO3MOYKHOCTEH,
YHHUBEPCAIBHOCTH UCTIOJIB3YEMbIX SHEPTOHOCHTEINEH, HO | IJIaBHBIM 00pa3zoM Ojaroaps pas-
BUTHUIO COBPEMEHHOTO MAIIMHOCTPOEHHUS.

[Tox meronoM 00OpabOTKM MOHMMAIOT KOMIUJIEKC YCIOBHM, XapaKTEpPHU3YIOIIMX B3aUMO-
neicTBre 00pabaThIBAIOIICH CpeIbl WM HHCTPYMEHTa U 00pabaThiBaeMoil 3arOTOBKH (J1eTa-
JIM), UCTIOJIb3YEMBIX JJISl PEIICHUS] OJHOW WM COBOKYITHOCTH TEXHOJOTHUECKHX 3aj]1ad: U3Me-
HEeHUs! (OPMBI, pa3MEpPOB W B3aUMHOTO PACIHOJIOXKEHHUS SJIEMEHTOB JETalH, COCTOSHHUS U
CBOJCTB ee MaTrepuala, MOBEPXHOCTH U MOBEPXHOCTHOTO ciIost. MeTo 06paboTku omnpenersi-
eTCsl BUJIOM 3aTpaulBaeMON 3HEPIHH, KJIACCOM NPOU3BOJUTENBHOCTH U CYILIHOCTBIO IpOLEC-
ca ¢popmMooOpa3oBaHusl, TUIIOM MPUMEHSIEMOTO HHCTPYMEHTA Wi 00pabaThIBAIOIIECH CpeIbl 1
UX XapaKTEPUCTUKOM, KHHEMAaTUKOM MPOLECCA U €r0 CXEMOM.

Krnaccudpukarms MeTo10B 00pabOTKH MOKET OCYIIECTBIISITHCS MO Py MPHU3HAKOB: O
BUJIy NIPUMEHSEMOU SHEPTUuM, PU3NUECKON CYIIHOCTHU Ipoliecca 00padOTKH, MO TEXHOJOTH-
YeCKOMY Ha3HA4YCHHUIO, MPOU3BOIUTEILHOCTH (HOPMOOOpa30BaHusi, BULY NMPUMEHSIEMOTO WH-
CTpyMeHTa, 00opyaoBanus u ap. [1].

Ha puc. 1 npencrasnena kiaccudukamnms METO10B 00pabOTKH U3EIUIA 10 BULY 3aTpa-
YHMBAEMOM YHEPTHUM.

[To Bumy mpuMeHsIeMO#l SHEPTUH Pa3INYAIOT CIEIyIOIIHe METObI 00pabOTKI: MEXaHH-
yeckoit 00pabotku (M), xumuueckot (X), anexrpuueckoit (), repmudeckoit (T), marauTHOM
(Mr), nyuesoii (JI), akyctuueckoil (Ak), koMmOMHUpOBaHHbIE MeTOAbl 00padboTku (K).

B nacTostiee Bpemst 0coOblil HHTEpEC Al MPAKTUKU M3TOTOBJICHUS U3JEIUHM B Malllu-
HOCTPOCHHH TIPE/ICTABISIET KOMOMHUPOBAHHBIE METOIBI 00pabOTKH. DTO CBA3aHO C TEM, YTO
TPaJAULIMOHHBIE METO/bl MCUEPIAIN CBOM BO3MOKHOCTH U HE MO3BOJISIIOT CYIIECTBEHHO IO-
BBIIIATh TTapaMeTPhl CBOMCTB M3/AENHiA. ITO 0COOEHHO OCTPO CTOMT Uil 0OpabOTKH TOHKO-
CTEHHBIX LHMJIMHIPUYECKUX U3JEIUH.

MetonaMu KOMOMHMPOBAaHHONW OOpaOOTKM Ha3bIBAalOT METOJbI, B KOTOPBIX IPOLECC
npeoOpas3oBaHusi, HAHECEHUS WM yIalieHns: 00padaThIBae€MOTO MaTepHalia MPOUCXOAHUT B pe-
3yJbTaTe NMPOTEKaHUs JBYX M Oojiee BO3JEHCTBHIL, OCYIIECTBISEMBIX IO CBOEMY MEXaHU3MY

[2].

63



NHXEHEP, Ne 13,2012 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE
TEXHOJIOI'M

Mertoael 00paboTKH ‘

) o

- .
MIIX]|3]|T| M| N||A||K
o _
EEEEU gr‘ﬁ
'l =2
SIEIILBIIEIIE|IIS||E]|]|E
Slelelel &l B8]
al8llallal|Bllallall=
VDD_I"DD-D_I'DPDCIJ
o|l|vo| |28 v | B|l|al|l| o
O ol 1'a| | = T
o= & | | s || E
== B = S B I I D19 | B
|| all|S B £l |8
I_JxmﬁI%l_JD
@ | | U E || =
TEIJTCU (£J:|—
21 (S22 2222
%%Ezg:nE:
21588 SIERE
T2 |= 2| | 5
> " <L | |

Puc. 1. Knaccuduxaryst MeTo10B 00padOTKH IO BUY 3aTPaunBaeMON SHEPTUH

Ha puc. 2 npeacrasiena knaccuukaniss KOMOMHUPOBAHHBIX METOJI0B 00pabOTKH 3-
JIEJIMH 10 BUJlY 3aTPAYMBAEMOM YHEPTHUH.

KomOuHHnpoBaHHBIE
METOBI 00padOTKH

J%N

MI | IXT| (MM | | IX| (M| |

]

]

=<
—=
.
=
=
=

Me xaHOXUMUYeCKos
MEXUHDI'HEDMU‘-IEEKGH
XUMUKO MEPMUHECKOA
MexaHOMazZHUMHOS
Jnex MPpOXUMU4ECKOA

MexaHo3nex MpOXuMUHeCKdA == k
3re KIMPOMEXOHUHECKOA

MexaHo OKYCmu4eckos
MEXUHDXUMUKD—I'I'IEDMU'—IEEKELH

Puc. 2. Knaccudpukanuss KOMOMHUPOBAHHBIX METOJOB OOpaOOTKH MO BUAY NPUMEHSEMOM
SHEpPTUH

K xoMOMHMpPOBaHHBIM METO/1aM 00pa0OTKM OTHOCST clierytorue Meto sl [1,3]:
- METO/Ibl MEXaHOXUMHUYECKOH 00padoTku (MX);

- AIeKTpoXUMHUeckas 0opadotka (3X);

- MexaHoTepmHuueckas oopadotka (MT);

- METO/IbI BJIEKTpOMEXaHnueckoit 00padotku (OM);

- MexaHoMarHurtHas oopadorka (MMr);

- METO/Ibl MEXaHOaKyCcTHYecKoi 00paboTku (MAK);

- XUMHKO-TepMHuueckas oopadotka (XT);

- MexaHoajekTpoxummuueckas (MOX);
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- METOJIbl MEXaHOXHMHUKO-TepMudeckoir 00padotku (MXT) u ap.
Ha puc. 3 npexacrasiena knaccuukaiss KOMOMHUPOBAHHBIX METOJI0B 00pabOTKH U3-
bitei%0%8

Knaccuduxarms
KOMOHHHPOBAHHBIX METOAOB 00pabOTKH

>
|

Mo konusecmBy memodob
Mo kon-By onepouuu B koxdom mMemode
Mo cywHoCmU npouecca
[0 MEXHDAD2U4ECKOMY HO3HOYEeHUD
Mo crmpykmuype
Mo xapakmepy deucmbus
Mo npousBodumensHocmu
Mo 3dpdexkmubHoCcmU
[0 npeyu3uUoHHOCM
Mo BoamoxHocmu 2ubpudusauuy

[0 nochedoBomensHocmu BeinoHeHUS

(o udy npumersemoza UHCmpyMenma U odopydobiorua

Puc. 3. Kimaccudukarmss KOMOMHUPOBAHHBIX METOJIOB 00PAOOTKHU M3 ICITHIA

KomOuHupOBaHHBIE METOABI 0OPAOOTKH IMOAPA3IEISIIOTCS

1. ITo xonMyecTBY METOAOB (JIBa METO1a, TPU METOJA, ..., CEMb METOOB).
2. [To xonuuecTBy omnepanyii B Ka)XI0M MeToe (0JIHa omepanus, IBe ONepalyy, ..., 1-
oTieparyii).

3. Ilo cyumHocTH mpouecca.

4. ITo TEXHOJOTHYECKOMY Ha3HAYCHUIO BCE METOJBI MOTYT OBITh Pa3/elIeHbl HA METO/BI
pa3MepHoii u 6e3pa3zmepHoi 00paboTku. B mepBom ciyuae MeToa M yciaoBus 00pabOTKU Of-
penensitor GopMy U pazMepbl 00padaThiBaeMOM J1€Tajal, BO BTOPOM — MUMEIOT MECTO JIMIIb
M3MEHEHUsI Ka4yeCTBa MOBEPXHOCTH (IIEPOXOBATOCTH M (PH3UKO-MEXAHUYECKUX CBOWCTB TIO-
BEPXHOCTHOTO CJIOs), @ U3MEHEHHUE Pa3MEpPOB HOCHUT CIIy4ailHbIl XapakTep M yHpaBlsieTCs
napameTpamu nporecca oopadotku. Pazmepnas o0paboTka Takke COMPOBOKIAAETCS U3MEHE-
HHEM KauecTBa 00pabOTaHHOM MOBEPXHOCTH.

5. Io BuIy MpUMEHSEMOTO HHCTPYMEHTA U 000PY TOBAHHSI.

6. Ilo cTpykrype (BeTBsilIasics, uepapxuueckas, MyJIbTUIUIMKAaTUBHASA, aJAUTUBHAS, ...,
MYJIbTUIUIUKATUBHO-a/1IUTUBHAS ).

7. Ilo xapakrepy neicTBus (MOCIEA0BATENbHO, apaJuIeIbHO, CMEIIAHHO).

8. [1o npou3BoAUTENBFHOCTH (HU3KOM, HOPMAJIbHON, BEICOKOM, CBEPXBBICOKO).

9. o >¢dexTuBHOCTH.

10. Tlo npeun3noHHOCTH (HU3KOM, HOPMAJIbHOM, BBICOKOH, 0COO0 BBICOKOM).

11. TTo BO3MO>KHOCTH THOPHTA3AIIHH.

12. Tlo nocnenoBarenbHOCTU BblNoJHEHUS (1-i BapuaHT, 2-i BapuaHT, ..., n-d Bapu-
aHT).
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BoiBoabl. Beimonnena knaccudukanus MeTogoB oOpabOTKH MO BUAY NPUMEHSAEMOM
sHeprum. [IpencraBnena knaccudukaimss KOMOMHUPOBAHHBIX METOJIOB O0PaOOTKHU H3ICIHIA.
Ota kiIaccuuKamys JaeT BOZMOKHOCTh TEXHOJIOIY Ha3HAa4aTh HEOOXOAUMBIE BUIBI KOMOU-
HUPOBAHHOW 0OpabOTKM TOHKOCTEHHBIX LMJIMHAPUYECKUX M3ACIUN. Y CTAHOBWIIM, YTO CO3-
JaHue KOMOWHHPOBAHHBIX METOJOB 0OpabOTKM OCHOBBIBACTCS HA OJTHOBPEMEHHOM WM TO-
CJICZIOBATEIIFHOM HUCIIOJIB30BAHUH PA3IMYHBIX BHJOB DHEPTUH U BBI3BIBAEMBIX UMH COOTBET-
CTBYIOIIMX (PU3UKO-XUMHUYECKHX 3(]dekToB. Mcnonp3oBaHne KOMOMHHUPOBAHHBIX METOJIOB
00pabOTKH MPHUBOANUT K MOBBIIICHHIO KaK MPOU3BOIUTEIBHOCTH 00pabOTKH, TaK U KayecTBa
nerand. B psige ciyyaeB ocBoeHHE KOMOMHHUPOBAHHBIX CIIOCOO0B 00pabOTKH MO3BOJISIET 10C-
TUTHYTh HOBBIX TEXHHYECKUX 3(PQEKTOB, HANPUMEpP, 3HAUUTEIHHO YBEJIUYUTh NPOYHOCTD,
WU3HOCOCTOMKOCTD U IpyTrUe IKCIUTyaTal[MOHHBIC ITapaMETPhI IEeTAJIEH.

Cnucox autepatypsi: 1. babude A.Il. @U3HKO-TEXHOJOTHYECKHE OCHOBBI METOJIOB
00pabotku. — PoctoB H/[I: @ennkc, 2006. — 409 c. 2. Xewiden M.JI. [IpoekTupoBanue mpo-
[IECCOB KOMOMHUPOBAHHOK 00paboTku. — M.: MammHoctpoenue, 2005. — 272 c. 3. Ilonypaes
B.H. TexHonorust pU3nKo-XUMHUIECKUX METOJ0B 00paboTku. — M.: MammHocTpoerue, 1985.
— 264 c. 4. MuxaiinoB A.H. OcHoBBI cuHTe3a (QyHKIHMOHAIBHO-OPUEHTUPOBAHHBIX TEXHOJIO-
ruit MammuHoctpoenus. — lonenk: JouHTY, 2008. — 346 c.

K BOITPOCY O KOMIIEHCAIIMA NMMOT'PEITHOCTEM NP MEXAHUYE CKOM
OBPABOTKE
il
Toka A., Ctbinrau WU., Pymuka U.
(Texnuueckuii Ynusepcumem Monooswi, 2. Kuwunes, Pecnyoiuxa Monoosa)
1

1. BBEJIEHUE.

Pa3mepHbIil aHaTU3 TPaJUIMOHHO BBHITIONHICTCS B HanOOJee MPOCTOM BapHaHTE — Me-
TOJOM MaKCUMyMa-MUHHMYMa, JaBasi, IPU 3TOM, 3aHIKEHHBIC OIICHKU IMOJTy4aeMOl TOYHO-
ctu 00paboTku. HempepsIBHBIA POCT TOYHOCTH HA COBPEMEHHOM JTarle pa3BUTHS MAaIIHMHO-
CTPOCHHMsI, TOBCEMECTHBIN MEPEX0/ Ha CEpUUHOE MPOU3BOACTBO, MACCHBHOE HCIOJIH30BAHKE
crankoB ¢ YUIIY Brneder 3a co0oil HEOOXOAUMOCTH MEPECMOTpa IMOIXOJA0B K METOJMKE pa3-
MEPHOTO aHaJIn3a.

Pa3MepHbIil aHaIM3 110 METOy MaKCUMYyMa-MHHUMYMa OCHOBBIBAETCSI HA TOJIOKEHUU O
HE3aBUCUMOCTH (DOPMHUPOBAHUS Pa3MEPOB B TEXHOJIOTHUYECKUX Tporieccax. B mrore, pomyck

yBeIMYMBarommi, M 3aMBIKAIOIIErO 3BEHA Pa3MEPHOM 1IN BOUpaEeT B
ce0st ToTycKa pa3MepOB — COCTABIISIOIINX 3BEHB-

es PA=OM TOL (pyc.1). Ha camoM xene B
TEXHOJIOTUIECKOM TpOollecce a U B IOCIeN0Ba-
TEJNFHBIX TEXHOJIOTHYECKUX TpOoIeccax IMpOsBIIS-
oy etcs 3¢ (HeKT KOMIEHCAIMX MTOTPEIIHOCTEN U POCT
TOYHOCTH 00paboTku [1,2]. DTO cBSI3aHO C TeM,
YTO pa3Mepbl — COCTABIISIONINE 3BEHbsSI pa3MEPHOI
nend (GOPMUPYIOTCS BO B3aWMO3aBUCHMOCTH H
METO]] MAKCHMYMa U MUHIMYyMa, B CTPOTOM CMBICJI€, CTAHOBHUTCSI HEKOPPEKTHBIM.

Y

I yMEeHbIIaromui, L
* | 3aMBIKaOLIMH,

Yo

oy, 27

—

Y

Puc. 1. HakomnneHue morpentHoCcTei mo
METOAY MaKCUMYyMa-MHUHHUMYMa

Y
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2. IPUPOJA KONIEHCAIIUY MTOTPEIITHOCTE A
Bianmo3zaBucuMocTs (OpMHPOBAHUS Pa3MepPOB OOBSICHIETCS TEM, YTO B OIMpEACIICH-

YBEIUMYUBAIOIIUH,

Y

YMEHBIIAOMWN, [,

L
yo

P
XapakTep MOrperrHoCTeR
- - - —— —— ——

KOMIICHCUPYCEMBIC TPIrPpCIIHOCTH
— - . —— —— ——
: ==

HCKOMIICHCHUPYCMBIC IPTPEIIHOCTH

27

Y

-

NI & 8 B

CyMMapHas MorpeuHoCTh

2y

Puc. 2. HakomuieHne morpemnrHocTeil ¢ KoM-
TMEHCUPYEMBIMU KOIIOHCHTaM U HOl"pCHlHOCTeI\/'I

HBIX CUTyalUsiX B CTPYKTYpE MOIpPEUIHOCTEN
INPUCYTCTBYIOT MOTIPEUIHOCTU-BEKTOPHI OHO-
ro HampaBieHus (00yCIIOBJICHHbIE HApUMEP
W3HOCOM HMHCTPYMEHTa, IOAJATIUBOCTBIO
9JIEMETHOB TEXHOJIOTMYECKON CHUCTEMBI, Oa3u-
poBaHueM u 1p.). [ns 3amblkaromiero pazmepa
nenu 3QQeKT 3aKIoYaeTcss B TOM, YTO CO-
CTaBJIAIOLINE 3BEHbS OJHOBPEMEHHO IPOSIB-
JSIIOTCS M KaK YBEJIMUYMBAIOIINE U KaK YMEHb-
mraromue (puc. 2). JIpyrumu cioBaMmu, yBenu-
YUBAIOLMI pa3Mep B COOTBETCTBUU C pas-
MEpHOM CXEMOW OJHUMHU KOMIIOHEHTaMH
CyMMapHON MOTPEIIHOCTH SIBJISIETCS TaKH
YBEJIMYUBAIOLIUM, a IPYTUMU KOMIIOHEHTaMU
- YMEHbLIAIOMUM. AHAJIOTMYHOE MIPOUCXOIUT
U C yMEHbIIAIOUM pa3mepoM. PaszMmepHas
IIeTIb TIepecTaeT ObITh OJHOPOJIHOM, MOCKOJb-
Ky HE COCTOMT W3 YUCTO YBEJIUYMBAIOIMIMX U
YUCTO YMEHBIIAIOUINX Pa3MEPOB.

Hamuuue B pasmepHBIX Lensax 3iie-

MEHTOB NPOTHUBOPEYUBOIO JCUCTBUS MPUBOJUT K U3MEHEHHIO MOPSAJAKA CYMMHUPOBAHUSA IIO-
TPEITHOCTEH 3aMBIKAIONIEr0 3BEHA, YaCTh MOTPEIIHOCTEH B3aUMHO KOMIICHCUPYIOTCS. -
(eKTbl OJTHOBPEMEHHOTO YBEJIMYEHUSI U YMEHbBIIIEHUSI HEOIMHAKOBBI JIJIsl pa3MEpPOB — COCTaB-
nsromux 38eHbeB M u L | mockosnbKy MMEIOT pasiudHbIe JOIycka U (OPMUPYIOTCS B pas-
HBIX ycloBusax. Kak crencTBue, KOMIIEHCALMsT UMEET MECTO JIMIIb B Mepy OOmIero Juisi co-

c _M c c C C
CTABISIOIIAX Pa3MEpOB KOIMIeCTBEHHOTO d(dexta in{ Wy, 0 } . 3necs, “M y YL
- KOMIIEHCHPY€EMbIE YacTH N0JIeH T0ITycKoB pa3sMepos cooTseTcTBeHHo M u L.

(0
DddeKT KOMIIEHCAMH HAXOIUT OTPAXKEHNE B M3BECTHOM BBIPAXKEHUH JUIA JOTycKa 4

3aMBIKAIOIIEro 3BeHa [2]:

c _ c
COA —a)M +a)L_2'a)

(1)

KOMHCHC&HI/DI HOFpGHIHOCTGfI HC TOJIbBKO YMCHBIIACT JOIIYCK 3aMBIKAIOUICrO0 3BCHA, HO
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Puc. 3. I3MeHeHHEe 1OJI0KEHUS MOJIS JOITYCKa 3aMbIKAIOIIEro 3BeHa
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S U CMEIIaeT IoJie JOIycKa MO0 CpPaBHEHUIO
MM
Ely I0JIO’KEHUEM TI0JIS OTIPEAEIIIEMBIM METOJIOM
™ MakcuMyMmMa W MHHHUMYMa B HampaBJICHUU
ESy

Ly AESM—ES, BEKTOpa  KOMIIEHCAllMM HAa  BEIMYUHY

- Ely —ESp +2-0° -

- - 5 = a)c

(puc. 3).
Mblg“;?M Kowmnencarmonnsie 3¢ ¢exTsl npuso-
- M JAT K HapyILIEHUIO PaBHOBECHUS pa3MEPHOUN
155 LENH B TPAAULIMOHHOM BapuaHre (puc. 4).
c (V)
fng }?SL “Zot | ElL Crtporoe perieHue pa3MepHOW e
M —ESL B
- - MO>KHO TIOJIyYUTh C HUCIOJb30BAHUEM HKBH-
Puc. 4. HeypaBHOBelIEHHBIE pa3MEPHBIE LIEIH BAJICHTHOW PasMEPHOHU LEIH, B KOTOPOH IIe-
pPECUYUTaHbl 10IyCKa W IMpEAEIbHbIE OTKIIO-
. HEHUS COCTaBJISIOMIMX 3BEHBEB (pHC.S).
M
By -0 [IpenenbHble OTKIOHEHHS COCTaBISAIOIINX
= 3BCHBbEB SKBUBAJICHTHOM LIENH pacUUTHIBA-
JES +0f 10T U3 BBIPAKECHUM:
EIL ESM —ESL ¢ ¢
o D ES,, =ES,, +&-o ’
c _ c
. EIM—E1M+(§+])CO (2)
MESM +w >
- Elum ES] =ES, +n-0°
L EIS = EI 1)-0°
AESM—ES, El; -0° =El, +(n+1) o ,

Ely, —ESL - ES

- - rae , EI - npenenbHble OTKIOHEHUS;

Puc. 5. DxBuBaneHTHbIE pa3MepHbIE LENH E=0 E=-1
51 UIg CIIy4aeB, COOTBETCT-

BEHHO, OJHOHAIIPABICHHOCTH U PAa3HOHAIPAB- S
M
JICHHOCTH KOMIICHCAIIMOHHOI'O BEKTOPa U yBe- Ely—of

JUYUBAOILETO 3BEHA, n= |§| B ]. B
Ecnu mpenenbHble OTKIOHEHUS 3aJaHbl EIp Ang_ggL
a8 3amblkaroniero 3seHa 4, spdexTs KoM- "< Mot

NEHCAllUM TOTrPELIHOCTEN MpOSIBISIOTCA B
BO3MO>KHOCTU HA3HA4€HUs OOJIBIIUX JOIyC- M ESwet

KOB JIs1 pasMEpPOB COCTABJIAIOIINX 3BCHLCB HA [

ES
c L=t
seuunHy @ . HeypaBHOBEIIEGHHBIE pa3Mep- AESM—ES, El; -o°
HbIE LIENH NT0Ka3aHkl HA puc. 6, a pemienue i | P —ES. =
MMpEaACIbHBIX OTKJIOHEHU U NMEET BU/:

Puc. 6. HeypaBHOBelieHHBIE Da3MepHBIE
ES¢, = ES ¢
v =ESy-¢ o , LETH, PELICHHUE JJI1 COCTABJISIONINX 3BEHBCB

EI, =El,, —(E+1)-0f

)
ES; =ES, -n-o0°

El; =EI, —(n+1)-0f
MOo>XHO OTMETUTb, 4TO BbIpaykeHUs (2) u (3) crpaBeUIMBbI IS ClIyyaeB KOI'/la HalpaB-

c
JICHUC BCKTOpa KOMIICHCAIUHN 2o HU3BECTHO (CBﬂSaHHOG C U3HOCOM, C IMOAAATIIMBOCTBIO U T.
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n.). KoMmreHcanimoHHeIii BEKTOP CBSI3aHHBIN Hampumep ¢ 0a3wpoBaHHEM, C HANAJKOW, B 00-
IeM ClIydae, MOXET UMETh MPOTHBOIIOJIOKHOE HANpaBJIeHUE WIIM )K€ CllydyaifHoe Harpasiie-
HHE.

B o6miem cinyyae komrneHcanioHHbIE 3¢ ()EeKThI MOTYT HPOSBISATHCS MOCPEICTBOM TPEX

C C C
BEKTOPOB, JIByX Pa3HOHAIPABJICHHBIX M OJHOTO CIIy4alHoro Hanpasinenus: @ | @y @

o C . C C
KaXJIbli U3 HUX OIpeseNnseMbIX 10 Belpaxkenuto @ = Min{wy,, oy } . Toraa:

0y =0, +0;, —2-(0°+0° +0°) @)
5=0+0
IMTonoxenue nos 10MycKa ONpeAesieTcs pe3yIbTUPYIOIIUM BEKTOPOM ,
a)C
IpU OTCYTCTBUM BIMSHHSA BekTopa® . DKBUBAJIEHTHas pa3MepHas Lemb A 3Toro Oosee
CJIO’KHOTO ClTydas MoKa3aHa Ha puc. 7.

— = Komniencammst norpeniHocTel Io3Bo-

©e JseT:
Ely+of+0¢ /2

=] ® o0ecrneynBarth 0oyiee BBICOKYIO TOY-
155 _E_E /2 S -ES,- 2u¢_pt | HOCTB 33MBIKAIOIIErO 3BEHA 10 CPABHEHHIO C
E1L+a)c+a)c/2 N EIM—ESL+2~a?+a? TOYHOCTBIO OLCHCHHOM II0 MCETOAY MaKCHU-
— =| MyMa M MUHUMYMa;
— o (dbopMupoBaTh pasMepel — COCTaB-
M ESu—0t 07 /2 JISFOIIHE 3BEHbS ¢ MEHBIIEH TOYHOCTBIO YeM
B Ely +0°+a° /2 Ta KOTOpasi ONpeAeNsieTcsl M0 METOIy Mak-

—_— ES) ot /2 CHUMyMa U MUHHUMYMa.
ESM —ESL —Z'COC —COC L L PR H
A - - €pBadgd BO3MOXHOCTDH 3aKJIHO4YaCTCA B

¢ Elj +0+a° /2
- Ely-ESp+20°+0" L YMEHBIICHUH  JIOMYCKOB  COCTaBISIOLINX

pasmepos M u L B skBuBaneHTtHOl pa3-

Puc. 7. DxBuBaneHTHass pa3MepHas ILEelb C .
(93 c c c
S(pexTaMy KOMIIEHCAIMK- BEKTOPAaMH DPa3HOIO0 MEpHOM IEMH Ha BEIHUUHy @ + @ + @
HalpaBICHUA B COOTBETCTBHH C BBIPAKCHUIMU:

ESy =ESy +&-0° +([f]-1)- 0 —0° /2
Ely =ElL; +(E+1)-0° +|E]- 0 + 0 / 2 |

ES; =ES; +(|E|-1)- 0 +& -0 —0 /2

®)
EIf =El; +|é|- 0 +(E+1)- 0 +0° /2,
A4 =X +(§—‘5‘+U'(€06 —°)
A c -
rne £S | EI —0a y ES® EI° | “oA_ ppenenbHbie OTKIOHCHHS PasMEpPOB — COCTABIISIO-

X 3BeHbeB M 1 L, KoOpAMHATHI CEPEIMH MOJIEN TOMYCKOB 3aMbIKAIOIIUX 3BEHBEB COOTBET-

CTBEHHO B TPAJMLMOHHBIX M 3KBHBAJICHTHBIX Pa3MEPHBIX LEIX, <. napametp (& =0 msa

E—

c
ciyyas, KOTJia BEKTOp (¥  COBMAaJaeT C HampaBjeHHEM (POPMHUPOBAHMS YBEIMYMBAIOIICTO
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pasmepa e u & = —1 178 cllydast HECOBIAACHUS ITHX HATIPABIICHHUH).
Bropoe HanpaBiieHne 0Tpa)kaeTcsi B BHIPAXKEHUSX

—_—

ESy =ESy —&-0° —(|g]-1) -0 +0° /2
Elyy =Ely —(E+1)-0° —|&| 0 —0° /2

ES; =ES; —([£]-1)-0° —&-0° +0° /2 ©

—_—

EI§ :E[L—|§|-a)c—(§+])-coc—a?/2_
Ky =Ny +(0°-(1+2-E) - -(1-2-E]))/ 2.

Ay =2 — (0 (1=2-8)— 0" (1+2:8))/ 2
AOM’AOLH ACOM A,

rae , °L - xoopaMHATHI CepearH MOJIel JOMyCKOB pasMepoB M u L
COOTBETCTBEHHO B TPAJAUIMOHHBIX U SKBUBAJICHTHBIX Pa3MEPHBIX LENsax. B 3ToMm ciydae no-

IMyCcka pa3MCpoB M u L B D3KBUBaJICHTHBIX PasMEpPHBIX HCIAX YBCIMYHUBAIOTCA Ha

—_— — —

c c c
@O +O +O 3 goopauHaTa ceperHbI MO AOIMYCKA 3aMBIKAIOLIETO 3BCHA HE W3MCHS-
c
ercs Apa = Aga .
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