OBOPYJIOBAHME JIJIS1 HAPE3AHUSI BHY TPEHHUX PE3bB MAJIBIX
TUAMETPOB (M2..M6) B IETAJISIX IPUGOPOB

MonsnueB U.A., KanapeeB ®@.H. (kag. MuT, Cesl TV, 2. Cesacmonons, Yxpauna)

B u3BeCTHBIX KOHCTPYKIHMAX PE3bOOHAPE3HBIX CTAHKOB B KaueCTBE MPUBOJA MpHUMe-
HSIOTCS 3JIEKTPOJIBUTATENHN, a Ul PEBEPCUPOBAHMs BpAlllEHUs] UHCTPYMEHTA UCIIOJb3YHOTCS
pa3IMyHble KOHCTPYKIMU PEBEPCUBHBIX MEXaHU3MOB WJIM 3JIEKTPOIBUTATEIIH.

[Ipu Hape3anuu pe3s0 B IITyXHX OTBEPCTHAX OCHOBHOE 3HAYEHHE MMEET BPEMs M TOY-
HOCTb OCYILECTBJICHUSI MpOLIECCAa PEBEPCUPOBAHMSI, KOTOPBIE OMPENEIAIOTCI HHEPLMOHHO-
CTBIO BPAIIAIONIUXCS MAcC MPHUBOA, 3aBUCAT OT OOJBLIOrO KOJIWYEeCTBA (JAaKTOPOB M UMEIOT
BEpOSITHOCTHBIN XapakTep. KomndecTBo 000poTOB mIMHHAEHS (MHCTPYMEHTA) OTpaHHYEHO U
ompenensercs JIMHONW o0pabaThBaeMOTo OTBEPCTHSA M IIaroM MHcTpymeHTa. Ckopoctu 00-
pa3oBaHUsl BHYTPEHHUX PE3b0 MaJIbIX JUAMETPOB JIexkKAT B auanazoHe 2..10 M/MUH, TOATOMY
JUTMTENHHOCTH TIpoIiecca Maja, a ObICTpOIeHCTBHE MPOLIEcca PEBEPCUPOBAHMS JOIDKHO OBITH
OYEHb BBICOKMM. PeBEpCUBHBIE AJIEKTPOJBMraTeNIM HEJOCTAaTOYHO HAJEKHbBI M3-3a YACTBIX
BKIIFOUCHUN M OOJBIIMX ITyCKOBBIX TOKOB B 0OMOTKax. [IpemoxpaHuTeNLHBIE YCTPOWCTBA,
NpUMEHSIeMbIe IS TOBBIIICHUS HAJIEKHOCTH Tpolecca 00pa3oBaHUS BHYTPEHHEW pe3bObl,
YCIIOKHSIOT KOHCTPYKIHMIO M HE BCETIa TIO3BOJISIIOT IOCTUYb OKU1aeMoro dpdeKTa.

CymiecTByromye KOHCTPYKIMU 00€CTIeUnBAIOT OTHY MM HECKOJIBKO CKOPOCTEH (CTY-
neHJyaroe peryiupoBanue), s obecrieueHus: onTUMaIbHBIX CKOPOCTEH mpoiecca 00pa3oBa-
HUSI BHYTPEHHUX pe3b0 B JETASAX U3 PA3JIMUHBIX MAaTEPUAIOB U MHCTPYMEHTAMH Pa3IMYHBIX
JMaMeTPOB OOJIBIIOE 3HAYEHHE MMEET BO3MOXKHOCTh OECCTYNEHUATOTO PETyJMPOBaHUS CKO-
POCTH BpallleHUs] UHCTPYMEHTA B OTPE/ICIIEHHOM JIUara3oHe.

C ydeToM BBIIIECKa3aHHOTO MOTYT OBITH C(POPMYJIMPOBaHBI OCHOBHBIE TpeOOBaHUA K 000pY-
JIOBaHUIO /J1s1 00pa30BaHUsl BHYTPEHHUX Pe3b0:
- JoJbKHA OBITh o0ecreueHa KECTKas KUHEMAaTHYecKasl CBA3b MEXAY BpallleHUEM U
OCEBBIM IEPEMELLIEHUEM HHCTPYMEHTA IIPU UCII0JIb30BAaHUU PEXKYILIUX METYUKOB;
- MCTOYHMKH JIBKEHUS JOJDKHBI COBMELIATh IPUBOJHBIE, pEBEPCUBHBIEC U NPEAOXpa-
HHUTEJbHBIC (QYHKIINM;

- peryJmpoBaHHE CKOPOCTH BpAIlleHHs IIMUHIEIS JOJDKHO OBITh OECCTyNeHYaThIM B

JIOCTaTOYHOM JIMaIla30He;

- HAQJEXHOCTh M JIOJTOBEYHOCTh PE3bOOHAPE3HBIX MOJYJIEH MOJDKHBI OBITh MaKCH-

MaJIbHbIMH.

O1uM TpeOOBAHUSM B JIOCTATOYHOW Mepe oTBedaeT pa3pabdoranHoe B CeB[' TY o6opymo-
BaHue. B kauecTBe mpuBoaa pa3paboTaHHBIX pe3bOOHA PE3HBIX CTAHKOB BHIOpaHBI ITHEBMO-
IWIMHAPHI TOCTYyNAaTEeIbHOTO AEHCTBHUS.

Ha pucynkel nokasana kuHeMaTHU€eCKasi cXeMa YHU(PUIUPOBAHHOTO NMPUBOIHOTO y3Ja.
[TopuieHs 5 THEBMOLMIMHIIPA CBSA3aH C IJIAHKOW 6, B KOTOPOIl C BO3MOHOCTBIO BpalllEHUs
YCTaHOBIIEHBI 3y0UaTsie KoJjieca 4 U 7, HAXOAAIIUECS B 3alCTUICHHH MKy co00i. CTynHIIbI
KOJIEC BBINIOJIHEHBI B BUJIE TAa€K U B3aUMOJIEUCTBYIOT C PACHOJIOKEHHBIMU B HUX XOJOBBIMU
BUHTaMHU 3 U 8, OJJMH U3 KOTOPHIX - § - 3aKPEIUICH Ha KOPIyCe HEMOJABUKHO, a IPyrou - 3 -
YCTaHOBJIEH C BO3MOKHOCThIO BpauieHusi. C BUHTa - 3 - BpallleHHe MOCPEACTBOM 3yO0UaThIX
koJiec 2, 9 u 10 mepenaeTcsi Ha MPUBOJAHYIO BTYJKY 1.

[Tpu nepemernieHny MOPIIHS 5 C MIIAHKON 6 BJIEBO KOJIECO 7 NMEPEMEIAeTCsl 10 BUHTO-
BOM JIMHUM HETOJBMKHOT'O XOJ0BOI'0 BUHTA §, Bpallas Kojeco 4, a BMECTE€ C HUM U XOJ0BOM
BUHT 3. Kpome Toro, X0/10Bo#1 BUHT 3 moJiy4aeT BpallleHHEe NPU MOCTYNATEIbHOM MepeMelie-
HHUHU KoJieca 4.
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Puc. 1. Kunemarndeckast cxema yHU(UIIUPOBAHHOTO MPUBOTHOTO
KommyecTBO 000pOTOB 12; Ha MPUBOIHOM BTYJIKE 1 onpenensiercs:

S % £+1 xéx—zlo

P3,8 Z4 Z9 Z]

n, =

S5

rae: Ls. nnuHa Xo4a NOpIIHs J;
P; s - maru Xo10BBIX BUHTOB 3 1 §;
Z1,2>,,24,727, 29, Z19, - uicna 3yoneB kozec 1, 2,4, 7,9, 10 cooTBETCTBEHHO.

KpyTrsamumii MomenT Mo Ha npuBOHOM BTyJIKE 1:
M, =0125xd}xPxL;xn ' xn,,

rae: ds - [uamMeTp MopuIHs 5;
P - naBnenue Ha nopuieHs 5;
Ny - CYMMapHbIi KO3 QHUIUESHT TOJE3HOTO JICHCTBUS.
[IpuBoHOM y3en HCMOJB30BaH B KOHCTPYKIMHU pe3bOOHApe3HOM TrojoBku (puc. 2.),

MpeAHa3HAYCHHOW JJII KOMIIOHOBKHM CTAQHKOB Pa3JIMYHOTO IIEJICBOTO Ha3HAdyeHUs (yHHUBEp-
CaJIbHBIX PEe3bOOHAPE3HBIX, arpEeraTHBIX U JIP).

1 2 3
A

Puc. 2. O0mmii Bu CHWIOBOM PE3R0OHADE3HON T'OJIOBKH

['on0BKa COCTOUT M3 MPUBOTHOTO 3 M MIMUHACIHLHOTO | y3JI0B M peIyKIIMOHHOM pac-
MPEeACIUTETFHON KOPOOKH 2, U3 KOTOPOM MOAaBAEMbIN K TOJIOBKE CKAThI BO3IyX IMOJACTCS B
MOJIOCTH CWJIOBOTO HMJIMHAPA IPUBOJIA U K IIMUHAEIBHOMY Y3IIy.
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Ha Gase ommcaHHOW CHJIOBOM T'OJIOBKH CHPOEKTHPOBAaH M M3TOTOBJIEH OJHOIINMH-
JIeIbHBIA CTAHOK HACTOJBHOTO MCIIOJIHEHUS (puc. 3.), MpeJHa3HAYEHHBIM A Hape3aHus
pe3b0 B CKBO3HBIX M IIIyXUX OTBEPCTHUSIX B JETAIAX NPUOOPOB C YCIOBHBIM JAHAMETPOM JO
6 MM PEXYIIUMH U 1e(HOPMUPYIOIIUMHI METUNKAMH.

Puc. 3. O0mwmii Bu 0 AHOMIMMHACIBHOTO pe3b0oHape3Horo cranka moaemu HCA

CTaHOK COCTOWMT W3 pe3bOOHAPE3HON TONOBKM 1, CTaHMHBI 2 €O CTOJOM 5, OJOKa
THEBMOOOOpYy10BaHus 3 U nefjaiu yrnpasiaeHus 4.

Pazpaborannoe pespOoHape3Hoe 00OPYAOBaHUE MOKET OBITh MCIOJIB30BAHO B MeXa-
HUYECKHX U MEXaHOCOOPOYHBIX IeXaxX JUIS TMOJYYCHUS BHYTPEHHUX pe3b0 4 - 6 cremeHeit
TOYHOCTH B JICTANISIX MAIIWH U PUOOPOB.

CunoBasi pe3bOOHape3Hasi rOJIOBKA MOXET NPUMEHATHCS MPU KOMIOHOBKE CTAHKOB
Pa3IMYHOTO IEJIEBOT0 HA3HAYCHHUS - CIICIIUAIIBHBIX M arperaTHBIX.

ObecnieueHre ONTUMANIBHBIX CKOPOCTEH «BBUHUMBAHMSA» M «BHIBUHUMBAHHSA» WHCTPYMEHTA
OCYIIECTBIIICTCS HACTPOUKOW TMPOXOIHBIX CEUCHUH JpocceNicid OeCITOKOBOW M INTOKOBOM
MOJIOCTEH CHIIOBOTO IMIIMHIPA.

B Tex ciydasx, Koraa 1moydeHue pe3b0 COMpPOBOKAACTCS YaCTHIMH TTOJIOMKAMH, Tpe-
HeOperaroT peKOMEHyEeMBbIMU PEXUMaMH PE3aHUS M OCYIIECTBISIIOT HACTPOWKY pelyKIHOH-
HOTO KJalaHa, TaKk 4YTOOBI TPEAeNbHBIA KPYTAIIWA MOMEHT Ha INNHHAENEe ObLI paBeH
0,5..0,8 pa3pymaroiiero KpyTsIiero MOMEHTa METYHKA.

Pe3pOonape3Hple cTaHKH 00ECTIEYMBAIOT JOCTATOYHOE OBICTPOJeCTBIE Tpoliecca pe3bOoHa-
pe3anus. Hukn ocymecteasiercs 3a 1..1,5¢, uto B 2 - 3 pa3a MeHblle, YeM y CTAHKOB MOJIEH
2054M.

[Ipn ocHameHW¥ OJHOUIMMHIEIFHOTO PE3bOOHAPE3HOTO CTaHKa 3arpy30YHBIMH U
TPAHCHOPTHPYIOIIUMH YCTPOWCTBAMH OH MOKET paboTaTh B aBTOMAaTHYECKOM PEKHME.
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MPOBEPOYHBIN PACUET HNOJIIAITHAKOB CKOJbXEHUSA
METAJIJTYPTHYECKOI'O OBOPYJIOBAHMUA 110 PECYPCY

IMpockypsikoB C.B., UennoB H.A. (kagh. MO3YM, Jloul TV, 2. [loneyk, Yxpauna)

Ob6opynoBaHue, CIIPOEKTUPOBAHHOE IO CYIIECTBYIOIIUM B METAJUTyPTUH METOIUKAM, KaK
npaBuiIo, obmanaer , GOIBINM KOA(PPHUIUEHTOM 3araca MPOYHOCTH, YTO MPUBOJUT K yBEIH-
YEHUIO Pa3MEpPOB M MAacCCHl, MOBBIIIAET €r0 SHEProEMKOCTb. DTH (PaKTOPHI MOBBIIIAIOT CTOU-
MOCTh 00OpYJOBaHUSI M 3aTpaThl Ha MOAJEPKAaHHUSA €ro padoTOCHOCOOHOTO COCTOSHHS BO
BpEMsI 3KCILTy aTallUH.

TpanuuoHHBIE MPEICTABICHUs, 3aJ0KEHHBIC B IPOSKTUPOBAHHH JIETaNIe MAlllH B Me-
TAJUTyPTUH UCKJIIOYAIOT BOSHUKHOBEHHE B HUX IMPOLECCOB M3HAIMBaHUsA. OIHAKO, 3TH MPe/-
CTaBJICHUSI O paboTe 00OPYIOBAaHUS SABIISIOTCS HEBEpHBIMH. Ha ceroaHsImHuA 1eHb Mbl UMe-
eM 000pyJI0OBaHUE C HEU3BECTHBIM pecypcoM [1], 4TO o3HaUaeT ero HU3KYI HaAEKHOCTh U
kagecTBO. CyIiecTBOBaHUE aBapUHHBIX OTKA30B, BCIEACTBHE, UCUEPIIBIBAHUS JIETAIBIO CBO-
€ro pecypca SBISIETCS SIPKUM JI0OKa3aTeNlbCcTBOM 3Toro ¢akra. CoBpeMEeHHOe 000pyA0oBaHHE
obnanaroniee ciaeayoMUMH HeTOCTaTKaMH: BBICOKAsi CTOMMOCTb, HU3Kasl yJIeIbHast POU3BO-
JUTEIBHOCTD, HU3Kas 3((PEKTHBHOCTD PaObOTHl PEMOHTHOM CITyObl, HU3Kasi HaAEKHOCTb, BbI-
COKasi SHEPTOEMKOCTb.

Jlist mpoekTupoBaHus OoJiee HAAEKHOTO 000PYIOBaHMS HEOOXOIUMO, CO3/IaBaTh pac-
YETHBIE METOIMKH, OLIEHUBAIOIIUE €TO PECYPC, KOTOPHIE JOJLKHBI OTBEYATh CIEAYIOIIUM Tpe-
OOBaHUSIM: YYUTHIBATh HArPy3KH Ha JETalb M WX W3MEHEHHE, YUHTHIBATH YCIOBUS PaOOTHI
JeTaje, yauThIBaTh H3MEHEHUs, IIPOUCXO SIS B MaTEpHale 1eTallH.

B kagyectBe mpuMepa BO3bMEM MOJIIMITHUKH CKOJIBKEHUsI, paboOTaroMne B YCIOBHAX
4E€PHOU METAJLTYy PTUH.

[Moctpoenune pacu€THON METOAMKH, HEOOXOIMMO, HAYMHATH C CO3AAHUS KiIacCH(HKa-
LIMM NIPOIIECCOB U3HAIIMBAaHUSA B YCIOBUAX 4EPHOI MeTautypruu (puc.l).

BUJl CKOJIL)XEHUE
|
v v v
PEXIM CYXOE o TPAHVUYH JKHIKOCTHOE
MEXAHU3M "I UCTHP AHHE I VCTUP AHUE VCTAJIOCTHbIN
> VCTATOCTHbIN #  YCTAJIOCTHBII OKUCJIUTESIbHbII

OKUCJIUTEJIbHBIN

OKUCJIUTEJIbHBIN

Puc.1. Knaccudukarus npomeccoB U3MEHEHUsI TEXHUIECKOTO COCTOSHUS IO IIITHITHH-
KOB CKOJIbKE€HUS YEPHOU METaJLITy pruu

BropsiM 3TanoM npu NOCTpOEHUHM METOJIMKH SIBJISIETCS OTPEJIEIEHUE IPAHULl MEXIY 00-
JACTAMM JIEUCTBUS TOTO WM MHOTO Ipoliecca u3HammBaHus. [Ipoeccs mpupaboTKu U KaTa-
CTPO(UUECKOTO U3HOCA TAKKE HAKJIA/IBIBAIOT CBOU OCOOEHHOCTH Ha pabOTy MOIIUITHUKA.

O6uacTh JEUCTBUS TOrO WJIM MHOTO IPOIecca U3HAIIKMBAHUS BBIIEIUM 110 IBYM (hak-
TOpaM: MpeJieibl CKOPOCTU CKOJILKEHUS, IPEIEIIbl IaBJICHUS B TOUKAX KOHTAKTA.

82 HHXXEHEP, centsiops 2000



Omnpenensitonield XapakKTEPUCTUKONH pabOThI MOIIIUITHUKA CKOJIBKEHHS SIBISETCS TEMIIe-
patypa. Temneparypa MoBepXHOCTH TPEHHS pacCUUThIBaeTcs 1o opmye [2]:

= tO + kfl?l-tom"gac .

HpI/I OKHUCJ/IMTCIIBHOM H3HAIIMBAHWH B IMOBCPXHOCTHOM CJIOC BKJIaAbIIIa TCMIICpPATYypa,
KaK [IPaBWJIO HE MPEBBIIIAET MPEAEIIbHO- T0IyCTUMBIX 3HaueHui [t]. Mcxoast u3 atoro ycio-
BUS, MOYKHO HAWTH TPEJCIbHO- JOMYCTUMYI CKOPOCTb I OTPEACAEHHOTO YPOBHS JaBlic-
HUSI TIO CIIeAYIoIIel popmyrie:

1=t

]gfp Home

Taxue xe npesenbHO- JOIMYCTUMBbIE 3HAYEHHs TEMIIEPATyp MOKHO HAlTH U JJi APYTUX
MEXaHU3MOB M3HAIIMBaHUA. BepxHUM IIpenesaoM TeMIepaTypbl B IOBEPXHOCTHOM CJI0€ MOXK-
HO NPUHATH TEMIIEPATYPY 3aeAaHus MOAIINUNHMKA. [IpenenbHo- 10MyCcTUMbIE AaBIEHUS IS
BKJIQ/IBIIIA TTOAIIUITHAKA CKOJBXKEHHSI ONPEICISIOTCS CIEAYIOMUM 00pa3oM. MexaHu3M Hc-
TUPAaHUEM COOTBETCTBYET PEXKHMY pabOTHI, KOr/ia (DakTHUECKUE TaBJICHUS B TOUKaX KOHTAKTa
P¢ PaBHBI (AKTUUECKUM 3HAYCHUSIM TBEPAOCTH NMOBepxXHOCTU HBy. Y CTanoCTHBIH MEXaHU3M
OCYUIECTBIIACTCS, KOTAa (PaKTUYECKHE JaBJICHHS B TOYKAaX KOHTAKTa 1O 3HAYEHHUSIM BBIIIE
(aKTHYECKOTO TpejeNna BEIHOCIUBOCTH C.|, HO HIDKE (PAKTUYECKON TBEPJOCTH MOBEPXHOCTH
HBy. OxucimreabHOE M3HAIIMBAHUE OCYIIECTBIIAETCA B CIydae, KOraa GakTHYeCcKUe JaBlie-
HHS B TOYKaX KOHTAKTa pg HE MIPEBBIIIAIOT MIPEJeIl BBIHOCIMBOCTH G.| MaTepHalia BKJIAJIbIIIa.
MexaHu3M W3HAIIUMBaHUS CUYMTAEM JIOMUHHUPYIOIIMM B ClIydae, KOrja CKJIabIBalOTCsl yCIOBUS
JUIsL €r0 MPOTEKAHUsA HA IUIONIAJM KOHTAKTa IPEBBINIAIONIECH KPUTHYECKYIO Ayp,. Ilonb3ysce
BEJIMYMHOM OTHOCHUTENBHON IUIOMIaAH KOHTAKTa &p,, MOKHO PAaCCUUTATh IPEAEIBHO- JOITyC-
TUMO€ HOMUHAJIBHOE JIaBJIEHUE JJI1 KOHKpeTHOTo ciyuad. K npumepy, ains ciaydast uCTUpaHU-
€M IOy CKaeMO€ HOMHHAIILHOE JIABJICHUE [Py, ]| PABHO:

HB
[ Ho.u]: _qb’

S

Ncnons3yst mogo0HbIe (GOPMYITBI, MBI MOXEM BBIICIUTH O0JACTH JEHCTBUS TOTO HIIH
WHOTO TPOIIecca M3HAIIUBAHUS IO TPENETbHO- JOMYyCKAeMOMY NABICHHUIO [Pyo,] W TO TIpE-
JIeTIbHO- IOy CKaeMoi CKOpocTH [ ], B Ka)KIIOM KOHKPETHOM CITydae.

[Tocne BoimeneHust 00IacTeil JEHCTBUS MPOIECCOB M3HAIIMBAHUS, HEOOXOIUMO, OMUCAThH
MOJICJTh U3HAIMBAHUS MATEMAaTHUICCKU. Y YUTHIBAas TOT (PAKT, YTO OCHOBHOH M3HOC ITOIIIIHII-
HUKOB CKOJIBKCHUS YEPHON METAILTYPTHU MTPOUCXOJIHT 10 MEXaHU3MY M3HAITUBAHUS UCTHpPA-
HUEM, CKOPOCTh U3HAIIMBAHKS MOYKHO OTIPEJICIIUTH 10 CJICAYIOIIeH hopmylie:

HB>EP*
=kf —=—v
y =kf

HOM

rje k- SKCrepuMeHTaIbHbIA KO3 PULUEHT,
P- Harpy3ka npukiapiBaeMasi K HOJIIUITHUKY CKOJIbKeHus, H;
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A- paBHOBECHasI LIEPOXOBATOCTH[3];
Agron- DaKTHUECKAS HOMHHANBHAS TIOMAb KOHTAKTA,M .
3HaYeHUE CTENECHH ), C YYETOM HOMHHAIBHBIX XapaKTEPUCTHUK TPEHHS, MOKHO PacCyH-
TaTh M0 hopMyJie:
Oro
In& N HB,

X =
J1566+350,[d, T

32,6 +

rae @s- CcyMMapHbIA KPUTEPUN BIMSAHMS yCIOBUM TPEHUS HA CKOPOCTh M3HAIMBAHUSA, MOYKHO
paccunrath 1o popmyJe:

D, = D_D,D,,.

B pacuérax npunnMaiorcsi (hakTHUeCKue 3HAUYCHUs BEMUMH C YUETOM BIIHSHUS TEMIIe-
paTypbl MOBEPXHOCTHOTO cJiosi. J{J1st TOTo 4T0OBI TOYHO PAacCUYUTATh BETMYMHY M3HOCA 32 OIl-
penenéHHbIi MPOMEKYTOK BpEMEHH, HEOOXO0IMMO BCE pacu€Thl MPUBECTH K BpEeMEHH paboye-
ro mukia. B pesynprare pacdéra CKOpOCTH M3HANIMBAHUS HEOOXOIUMO MOCTPOHTH Tpaduk
M3MEHEHMsI CKOPOCTH M3HAILIMBAHUS 3a BpeMs pabdouero nukia. [lnomans nox nocrpoeHHOM
KpUBOM U3MEHEHMs CKOPOCTU M3HAIIMBAHUS YUCIEHHO paBHA BEJIMYMHE W3HOCA MOIIUITHUKA
CKOJIBXKEHUS 3a OJuH pabouunii nuki. BennunHy n3Hoca 3a oAuH pabOYMil IUKI B ATOM CIy-
yae MOXHO paccuuTarh 1o popmyie:

7y
U, = J‘ F()de .
(0]
CpOK IIOCTCIICHHOT'O OTKa3a TOTK IIOAIIUITHUKA CKOJIBXKCHUS MOXHO paCC‘-II/ITaTI) 110
dbopmye:

(UHP _UH ) tu
U

Torxe =Ty +
Vg
rae Ty- BpeMst HapaOOTKH MOIIIUITHUKA, C;

Unp- IpeienbHO-101Ty CTUMBIM U3HOC MOAIIMITHUKA, M;

Uy BemMurHa M3HOCA B NOAIINITHAKE KO BPEMEHHU IIPOTHO3a, M.

BeIBOZIBI: pecypce SIBISIETCS BA)KHOM XapaKTEPUCTHKOM HAIEKHOCTH IIPOEKTUPYEMOTO
000pyZ0OBaHMs; HCIOJIB3YSl BBIIIEU3IOKEHHYI0O METOAMKY Ul IPOBEPKU TMOIIMITHUKOB
CKOJIBKEHHS 110 PECYpPCY, MBI CMOKEM HCKIIIOUYHUTh UX aBapUNHBIE OTKAa3bl, YTO MOBBICUT Ha-
NEKHOCTH 000PYI0OBAHUS.

Cnucok gutepatypbi: 1. Cenym B.Sl. HanéxHoCTh, pEMOHT U MOHTaXX METaJUTy pPTH-
YeCKHMX MallluH: Y4eOHUK.- 3-¢ u3l., nepepad. u gomn.- K.: HMK BO, 1992.- 368 c. 2. Koraes
B.IIL., Jpo3nos FO.H. IIpouHocTs ¥ HM3HOCOCTOMKOCTH nAeraned mamuH: Yu. Ilocobue nms
MalmHOCTpouTeNbHbIX criell. By3os.- M.: BIII, 1991.- 319 c. 3. Kparensckuii u.B., JloObraun

M.H., Kom6anos B.C. OcHoBbI pacueToB Ha TpeHHe U u3Hoc. M., MammHoctpoenue, 1977-
526¢.
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HCCJIEJOBAHME 3ABUCUMOCTEM HNIEPOXOBATOCTH
IHOBEPXHOCTH OT HAPAMETPOB TOYE HUA
3AKAJIEHHBIX THCTPYMEHTAJIBHBIX CTAJIEA
PE3IIAMMU U3 DJIbBOPA-P

Cusep JI.H., I'onuap U.A. (kagh. TM, /lonl TV, 2. [Joneyx, Yxkpauna)

UccnenoBanust uHctpymMeHTanbHbIX craneit POMS, XBI' u X12MB tBepaocteio 59-64
HRC» npoBoauixch Mpu TOYSHUH pe3laMu U3 3600pa-P ¢ reoMeTpuieckuMu mapamMeTpamu:
=-10°% o=1=20°; @ = 45°; ¢;=20°; 1=0°; r=0,4 Mm™.
WccnenoBanneM yCTaHOBJIEHO, YTO M3MEHEHHS B IIMPOKHX IpejAesax reoMeTpuye-
CKUX MapaMeTpOB pe3la He 0Ka3bIBAIOT CYLIECTBEHHOTO BIMSHUS Ha IIEPOXOBATOCTh 00pado-
TaHHOM noBepXxHOCTU. [[apaMmeTp 1mIepOoX0BaTOCTH MOBEPXHOCTH Ra B HcciaenoBaHUsX HE Mpe-
BbIman 1,25 Mmxm. OOBsCHAETCA 3TO 0COOEHHOCTSMHU NPOIECCa TOHKOTO TOUEHHUS B YCIOBHAX
BEChbMa MaJIbIX ceueHui cpesa. [Ipu Hebonpmmx TiyOuHax pe3aHus 00JibInasi 4acTh aKTUBHO-
IO y4acTKa IVIABHOM pexyllell KpOMKHM OdepUeHa M0 paguycy » U I03TOMY CBOAUT K MUHH-
MyMy BIIMSIHUE IJIaBHOTO yIJla B IUIAHE (0 Ha LIEPOXOBATOCTh 00pabOTaHHON MOBEPXHOCTH.
Kpome Toro, npu TOHKOM TOYEHHH TOJIHMHA CPe3a YaCTO COU3MEpPHUMA C PAANyCOM OKpYTJe-
HUS pEXyILEHd KPOMKU p pe3na. B 3ToM ciydae reoMeTpusi KOHTaKTHBIX MTOBEPXHOCTEH UH-
CTPYMEHTa, BIHSIONIas HA (HOPMHUPOBAHUE MHUKPOTEOMETPUH OOpaOOTAaHHOW MOBEPXHOCTH,
ONpeeNseTcsd B OCHOBHOM HE MEPEAHMM U 33JHUM YIJIAMH, a YKa3aHHBIM paJlyCcoM OKpYyT-
JICHUSI PEKYLIEH KPOMKH.
Crnenyer TakKe yuyecThb, UTO B IPOLIECCE TOHKOI'O TOUEHUS 3aKaJeHHBIX CTaJlel pe3la-
MU M3 CBEPXTBEPABIX MaTepHaJIOB

Ra, mxm | [ reOMETPUYECKUE TapaMETPhl HH-
g5 ) CTPYMEHTA HPETEPIEBAIOT 3HAYM-
// TCJIIbHBIC H3MCHCHU, KOTOpI)Ie B
1.0 ¢ \ /""J / OONbIICH CTENEeHH 3aBHCAT OT
P // HpI/IMeHﬂeMI)IX pe)KI/IMOB pGSaHI/IH,

- Ve \iﬁ o 4yeM OT reoMeTpuu pesna [1].

Cyl1iiecTBeHHOE BIMSIHUE HA

1
{ IIEpOXOBATOCTh  00paboTaHHON
|

IMOBCPXHOCTH OKa3bIBAIOT IIOJa4a

L~
0§ -~ /

s P ] M CKOPOCTh pE€3aHus. ITO MOJI-
" \K12MA
'4 \ATETTR TBEpXKIAeTcsi TrpadukamMu Ha pH-
,.._-?‘t!/ cyHkax 1 u 2.
g4 ! C yBenuyeHueM TOJaYu C
ooy 0os Q08 g S, mujod 0,04 1o 0,12 MM/06 mapamerp wue-

Puc. 1. Bmuanue nogauu S Ha mapaMeTp IIEPOXOBATO-  POXOBATOCTH Bo3pacTaeT B 1,5-2
ctu Ra oOpaboranHoil moepxHoctH: V' = 70  pasa (puc. 1). Haubossmas mepo-
M/muH; t = 0,2 mMm; i, = 0-0,04 Mmm XOBATOCTh IMOBEPXHOCTH HAOIIO-

JaeTCsl MPU TOUYEeHUU ctamun P6MS,
npotiecc 00pabOTKU KOTOPOH COMPOBOKIAETCS 00Jiee KPYITHBIMU MUKPOBBIKPOIIIKAMU PEKY-

HIETO JIe3BUS pe3lia u3 3oopa-P, yem B ciayuae Touenus craneit XBI'u X12MB [2].

3aBUCUMOCTh ILIEPOXOBATOCTH 00paOOTAaHHONW MOBEPXHOCTH OT CKOPOCTH pE3aHUs

NpUBECHA Ha PUCYHKE 2. Y CTaHOBJICHHBIE 3aBHCUMOCTH OOYCIIOBJICHBI HEOJIHO3HAYHOCTHIO

M3MEHEHUsI IIEPOX0BATOCTH 00PAaOOTAHHON MOBEPXHOCTH OT PA3IMYHBIX JHANAa30HOB CKOPO-

cteil pezanus. B npenenax V= 40-70 m/MuH BeanuuHa Ra ¢ yBeTMUEHUEM CKOPOCTHU pe3aHUs
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Puc. 2. Bausinue ckopocTt V' Ha mapameTp 1iepoxoBa-
TocTh Ra obpabortannoit mosepxnoctu: S = 0,04
MM/00; ¢t = 0,2 mm; /1, = 00,04 MM

T
Eﬁ, LK iy | |

AN

o ',7f'1 \\ ‘

] af 42 K 4 7, v

Puc. 3. Baustnue u3Hoca 1o 3aHel MOBEPXHOCTU PE3-

na /i, Ha TapameTp IepoxoBaTtocTH Ra o0Opabo-

TaHHOW moBepxHOocTH: V= 70 m/mMun; S = 0,04
MM/00; t = 0,2 MM.

WM yMeHblnaercs (mist craneit
P6MS u XBI'), wim ocraercst mo-
crosiHHOM (mnst cramu X12MB).
IIpn yBennyeHun cKOpocTu pesa-
Hus 10 V' = 100 M/MuH 1mIepoxoBa-
TOCTh MOBEPXHOCTH yBEIUYHUBACT-
csi ¢ OOMbIed WM MEHbBIICH WH-
TEHCUBHOCTBIO B 3aBUCHMOCTH OT
Mapku oOpabaThIBaeMOi  CTalIu.
JlanpHelnee yBEIMYEHUE CKOPO-
CTH pe3aHus NPUBOAHUT B psfe
CllydaeB K yMEHBIICHHUIO IIEPOXO-
BAaTOCTH TIOJ] BIHMSHUEM TEMIIEpa-
TYPHO-CKOPOCTHOTO (pakTopa.

HccnenoBanust CBUIETEIND-
CTBYIOT O HE3HAYUTEIHHOM BIIHS-
HUM TIyOMHBI pe3aHus Ha IIepo-
XOBATOCTh 00pabOTaHHON TOBEPX-
HOCTH, a TaKkXke O CBOEOOpasHOii
3aBUCHMOCTH IIEPOXOBATOCTH 00-
paboOTaHHON MOBEPXHOCTH OT Be-
JWYMHBI W3HOCA WHCTPYMEHTA IO
3aaHe moBepxHocTH (puc. 3). B
HAYaJIbHBIU TIepro/1 paboThl pe3lia,
KOTJ]a MHTEHCUBHOCTH €ro M3HOCa
BEJIMKa, mapamerp Ra mepoxoBa-
TOCTH TIOBEPXHOCTH BHadJaje yBe-
JWYMBACTCS, a 3aTEM YMEHbBIIACT-
cs. B mpornecce crabmimzanuu us-
HOCAa B TEUYEHHE OCHOBHOTO IIe-
puosna paboOThl MHCTpyMEHTa Iie-
pOXOBaToCTh Ra JOCTUraeT Hawu-
MEHbIIMX 3HadyeHuu. [Ipu mosHom
3aTyIUICHUH pe3la BO3MOXHO IIO-
SBJICHUE BBITJIAXKUBAIOIMIETO A(-
¢dekra, B pe3yJbTare KOTOPOTO
LIEpOXOBATOCTh  00pabOTaHHOM
MMOBEPXHOCTH elie OOoJbIIe MOHU-
KaeTcsl.

Cnucok autepatypbi: 1. Uangupomanu, Kyk. HccnegoBanue xapakrepa MIepoOXoBaTOCTH
MOBEPXHOCTH U €€ 3aBUCHUMOCTU OT CKOpPOCTH pe3aHus / Tpylbl aMepuKaHCKOro o0IiecTBa
WH)XEHEPOB-MeXaHUKOB. — M.: Mup, 1996. 2. Kpymuno B.I'., Beperennukor B.E. lllepoxosa-
TOCTbh IOBEPXHOCTH MHCTPYMEHTAJIBHBIX cTasiell. — M.: M3Bectust BY30B. MamuHocTpoeHnue,

1998, Ne 10.
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MOJAEJIb HATIPSKEHHO-AE®OPMHUPOBAHHOI'O COCTOAHUA
CUCTEMBI TP UBOJIA UCITOJTHUTEJBHOI'O OPT'TAHA OYUCTHBIX
KOMBAWHOB JIJIsI TOHKHUX ILIACTOB

Cugep JI.H., T'onuap U.A., Buavik O.H. (xag. TM, /Jonl TV, 2. [loneyx, Ykpauna)

I'aGapuTsl pemykTopa NpUBOJA HUCTIOIHUTEIBHOTO OpTraHa OYHCTHBIX KOMOAHHOB OT-
paHWYEeHBI MOIIHOCTBIO Pa3padaTelBa€MOTO YIroJIbHOTO Iuiacta. KpoMe Toro, pa3mepsl moBo-
POTHOTO PEAyKTOpa, HECYLIETO Ha BBIXOJHOM Bajly MCIIOJHHUTEIBHBIN OpPraH, TOJUKHBI OBITH
MUHHAMAJIBHBI Ui oOecrieueHus BBITPY3KH Yl Ha KoHBeiep. I[loaTomy Hecymias croco0-
HOCTh 3yOuaThIX INepenay NMpUBOJA HE MOXKET OBITh MOBBIIICHA 32 CUET YBEIMYCHUS UX pas-
MEPOB.

B pesynbrare anann3a moBpeXIEeHUN 3yOUaTBHIX KOJEC TOPHBIX MAIIMH yCTAHOBJICHBI
OCHOBHBIE BH/JIBI TOBPEXKICHHM, XapaKTep UX Pa3BUTHS U MPUUNHBI BOSHUKHOBEHUS.

B pesynbrare pa3BuTus NOAHYTPEHUs M aOpa3WBHOTO M3HAIIMBAHUS Ha pabodei mo-
BEPXHOCTHU 3y0a 00pa3yercs Tak Ha3bIBaeMbIil "XpeOeT" MexIy W3HOIICHHBIMU €T0 yJacTKa-
MU y HOXKKH ¥ y ToJIoBKH (puc. 1). "Xpebet" oOpa3yercs B palioHe mosoca, T.K. B 3Tol (aze
3aleIyIeHHs OTCYTCTBYET B3aUMHOE CKOJIbKEHHE TIPOouIiei, a, ciaeJoBaTelbHO, U abpa3uBHOE
W3HAIIMBAaHKUE. 3a CYET HTOTO YMEHBINAETCS pajnuyc KPUBH3HBI MPO(WIS B MONOCE 3allerie-
HUS M BO3HHMKAIOT MOBBIIICHHBIE KOHTAKTHBIC HATPSIKEHUS, YTO MPHUBOJIUT K YCTAIOCTHOMY
BBIKPAIIMBAHUIO [IEMEHTAIIMOHHOTO CJI0s Ha "xpebTe".

Crenenb pa3BUTHS OTH-
CaHHBIX BBIIIE TOBPEXKICHUN
3yba B 0o0IIeM cirydae HEOIu-
HAaKoBa I0 LIMpPUHE 3y04aToro
BEHIIA U 33aBHCHT OT HEpPaBHO-
MEPHOCTH paclpeieieHus] Ha-
rpy3ku mo mupunae 3y6a. Co-
IJIACHO JIaHHBIM JieeKTalnu
3yO4aThIX KOJIEC TOPHBIX Ma-
nmH [1] 70-80% xonec umenu
JIOKaJIM30BaHHBIE Pa3pyIICHUS.
Hammuune nokxaian3oBaHHBIX TI0
mvpuHe 3y0a  paspylleHHui
CBHUJICTEIILCTBYET O TOM, YTO B
npoiiecce padoThl Mepeaadn He
NPOUCXOJNT CHW)KEHHS CTerie-
HU HEPaBHOMEPHOCTH HAarpys-
KU BCJIEACTBUE MNpPOpabOTKU
3yObeB. Hanbonee cyiecTBeH-
HBIM B KOJIMYECTBEHHOM OTHO-
[IEHNH BHUJIOM TOBPEXKICHHUN
SBIISIETCSI YCTAJIOCTHOE BBIKpa-
[IMBaHWE  IIEMEHTAIMOHHOTO
cJ0s 3yObeB B pailoHe MOJIFOCHOM KOHTAakTHOM JimHuM [ 1]. CriemoBaTtenbHO, /71 TIOBBIMICHUS
Hecyllel crnocoOHOCTH 3yOuaThiX Kojec KpUTeprueM BbIOOpa MpOA0JbHBIX Mpoduiei 3yoneB
JIOJDKHA OBITh KOHTAKTHASI BRIHOCIUBOCTh UX pab04YrX TTOBEPXHOCTEHN B TOJIIOCE 3AICTIICHHS.

Puc. 1. Cxema u3Hoca pabodero npoduis 3yda 3youaroro
KoJjieca: A — “xpeber” B mojtoce 3anervienus; b —
OAHYTpeHue; B — u3Hoc.
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B npornecce paboThl nepeadu pacnpeaeseHne Harpy3KH Mo MIHPHHE 3yObeB IMOCTO-
SIHHO M3MEHsAETCS. DTO 00yCIIOBIIEHO nedopMaliiell 3J1eMEHTOB PEayKTOopa MojA JACHCTBHEM
U3MEHSIOMICHCS] Harpy3KH, a TaKKe MOTPEIIHOCTHIO HAINPABICHUS OTIEIbHBIX 3yObeB KOJIEC.
W3 sTorO0 cnexyer, 4yTo MpH ONpeNeeHNH ONTHMAJIbHOTO MPOJI0JIBHOTO MPOQuis 3yObeB He-
00X0IMMO MOJIEMPOBATH NPOIECC HAKOIUICHUS TIOBPEXKICHUS UX paOOUYUMH MOBEPXHOCTIMU
OT JEUCTBUS U3MEHAIOLIEHCS yACIbHON Harpy3KHu.

Omnpenensitoniee BIMsHUE Ha (popMHpOBaHHME pacHpereNieHUs] Harpy3Kd B Iepenade
OKa3bIBAIOT KOMIICHCUPYIOLIHE MPOTUObI 3yObeB, B 00IIEM ClTydae HEOIMHAKOBBIE 110 ITUPUHE
3y04yaToro BeHIa. Takoe CI0XHOE HampsHKEHHO-Te(OPMHPOBAHHOE COCTOsiHHME 3y0Oa 00y-
CJIOBJIMBACT TPYAHOCTH B €T0 OMHCAHUU M y4YeTe U3TMOHOM MOJATIMBOCTH 3yOBEB MPH OTIpe-
JICNICHUH YJEIbHOM HAaTpy3KH MO JJIMHE KOHTAKTHOM JHMHHHU. Mcronb30BaHNe TOYHBIX (B IMO-
CTaHOBKE 3aJ]aul) METOJI0OB TEOPHUHU YNIPYTOCTH, HAIPUMEP, METOa KOHEUHBIX 3JIEMEHTOB IS
OTIpE/ICTICHUs] MPOCTPAHCTBEHHOTO HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUSI 3y0a Tpu-
MEHHTEIIBHO K pPelIaeMoi 3a1aue HeparluoOHAIBHO, TaK KaK OHU OY€Hb TPOMO3/IKH.

3amava y4yera n3ruOHON MOJATIMBOCTH 3yObEB NP ONPEICICHUH PaCIIpe/IeIeH s Ha-
Ipy3Kd IO MIMPHHE 3y0YaToro BEHNA CBOAMTCS K ONMUCAHUIO MPOTHOOB KOHTAKTHOW JIMHUU
3y0a Mpu NPUIOKEHUH COCPEIOTOYEHHOM CUJIbl B MPOU3BOJILHOM €€ TOUYKe. Y CJIOBHO pasje-
UM 3y0 MOTIEPEUYHBIMU CEUEHHMSIMHU Ha PsAJi KOHCOJIbHBIX TuiacTuH (puc. 2,a). B pesynbrare
nedopmarmu 3y0a 3TH CeUEHHsS 3aHUMAIOT HOBBIE MOJIOKEHUSI M Ha MX OOKOBBIX IUIOLIAIKAX
BO3HUKAIOT PEAKIMU CBS3HM B BHUJIE paCHpeAeTICHHBIX HOPMAIBHBIX M KacaTelbHbIX cil. Oue-
BUHO, YTO TOJ JICHCTBHEM BHEIIHEW HArpy3Kd M PEaKUUil CBSI3W IUIACTHHBI HCIIBITAIOT JIe-
¢dopmanu m3runba u Kpydenus. lIpuHsB, 4TO pacmpeneneHHble MO0 OOKOBBIM IUIOLIAKaM
TUIACTUH PEAKIUH CBA3U MPUIOKEHBI B OJTHOW TOYKE HAa YPOBHE MOJIOCHON KOHTaKTHOM JIU-
HHUHM TI0 BBICOTE 3y0a, MOJyYHM JOCTATOYHO NPOCTYI0 M YAOOHYIO JJISi ONMCAHUS TPUMEHH-
TEJIFHO K PEIICHHUIO MOCTABJICHHBIX 33/1a4 KOHCTPYKILHIO, 3aMEHSIONIYI0 3y0. JTa KOHCTPYK-
M CXEMATUYHO TPEJCTaBIIET cOO0H paMy, COCTOSIIIYIO M3 MapaJUIeIbHO PACHOIOKEHHBIX
CTEepKHEH, OJHM KOHIBI KOTO-
!?O_T.’OCHG%;I:?;;’;J?HRJ}?h‘ﬂﬂ pI)IX ’KECTKO 3alllEMJICHBI, a pr_

THe CBSI3aHBI MEXIYy OO0 yII-
pyroii  mpoaoibHOM  OanKoW,
(puc. 2,6). [imnaa Ganku paBHA
mupuHa 3yOuyaToro BeHma. Tak
KaK TIOTIepeyHbIe CceYeHusi 3yda
M0 €ro IIUpUHE OJMHAKOBBI, a
KOHTAKTHAs JIMHHS NapajviesibHa
OCHOBaHHIO 3y0a, TO KOHCOJIb-
HBIE CTEP)KHH, WMHUTHPYIOIIUE
M3rHOHYIO0 JKECTKOCTh 3y0a Ha
OTJENBHBIX yYacTKaxX MO IIUpHU-
HE, JOJDKHBI OBITh OJIMHAKOBOM
JUTMHBI, IMETh OJMHAKOBBIC Ce-
YeHUSI M PacIoyiaraThCs C PaB-
HBIMH HWHTEpBAJIaMH, a TMpo-
noJibHasi Oanka JIOJKHA HMETh
MOCTOSTHHOE TT0 JIMHE CeUeHUeE.

IIpn  npunoxenun K

Puc. 2. Bug 3y6a nunuHapudeckoro 3y04aroro kose- NPOJIOJIbHOM Oajike TOW Ke Ha-
ca (a) u ero ¢puznyeckas Mozaeis (0) TPY3KH, Y9TO U K 3yOy, KOHCOJIb-

npoodoabHas
banka
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Puc. 3. Cxema cui 1 MOMEHTOB, JIEHCTBYIOIIMX Ha MPOAOJBHYIO Oanky (U3NUECcKOit
Moaenu 3y0a

HBIC CTEPXKHH PaMbl UCTIBITHIBAIOT TE K€ BUJBI AedOopMaIlui — H3TUO U KPYUEHHUE, — UYTO H
COOTBETCTBYIOIIME UM YacTH 3y0Oa. [Ipudem, B mpe/iaraeMoii KOHCTPYKIMU paMbl COXPaHEHBI
OCHOBHBIE BHJIbI CBSI3€H MEXKy 4acTsIMU 3y0a, UMUTHPYEMbIEC TIPOI0JIbHOM Oankoi. [Tpema-
raeMasi pu3uIecKasi MoJIelb 3y0a CyIIECTBEHHO OTIMYAETCSl OT U3BECTHOM [2] HATUIUEM CBSI-
3M MEX]y TMPOJOJBHON OanKoi M KOHCOJBHBIMH CTEPKHSMH, YTO OOYCIOBIMBACT KPYUYECHHUE
MOCJICJTHUX M €r0 BIMSTHHUE Ha TPOTHO OaKu.

MareMaTHYeCKY 0 HelleNlb HampsKeHHO-1e(OPMHPOBAHHOTO COCTOSHHS 3y0a MoiTy-
YUM, OIPEJICIUB HANPSIKEHHO-1e()OpMHUPOBAaHHOE COCTOSIHUE (DPU3UUECKON MOJIEH TIPH TIPH-
JIO’KEHUHU COCPEIOTOYECHHOW CUIIbI B TPOU3BOJIBHOM TOYKE KOHTAKTHOM JTUHUM. [Toa neiicTBu-
€M COCpEeIOTOYCHHOM HArpy3Ku P, MPUI0KEHHOU B TPOU3BOJIHHOM TOUKE MPOIO0JIBHOMN OaJIKK
Xp=a , TOUKH €€ MEPEMECTATCS B HOBOE IOJIOKEHHUE, XapaKTepU3yIOlIeecs] BETMUUHAMU TPO-
ru0oB y(x), puc. 3.

B pesynbrare nedopmanum n3rnda u KpydeHHs: KOHCOJBHBIX CTEPIKHEH CO CTOPOHBI
KaXKIOTO M3 HHUX Ha IPOJONBHYIO GalKy OymyT AeficTBOBaTH: momepednas cuma Qc=3Elclc ™y
¥ MOMEHT M= y, T7ie y — nporud Oanku B TOUKE COSTMHEHUS CO CTEpKHEM; /¢ - 0CEBOU MO-
MEHT MHEPILUH CEYEHUs CTEePXKHS; [c - qnHa cTepxHs; E,G — MOIyIu ynpyrocTd COOTBET-
CTBEHHO TIEPBOTO U BTOPOTO poja; /1ic - MOJIIPHBIA MOMEHT MHEPIIMU CEUCHUS CTEPIKHS.

Kaxnprii cTepikeHb (U3NIECKON MOJCIIA COOTBETCTBYET JIEMEHTAPHOMY yYacTKy 3y-
6a Ax=byn’'. rne n — xommuecTBO cTepKHeil B DH3MUCCKOi MOCH 3y6a; by — IIMpHHA
3y6uaToro BeHua. Toraa nojay4yuM, 4To Ha OajJKy cO CTOPOHBI CTEpKHEH NeHCTBYIOT pacipe-
JIeJIEHHbIE 110 €€ JAJIMHE CUJIa U MOMEHT COOTBETCTBEHHO:

¢ =%=3Elcnyl$b;; (1)

M .
m= EC =Gl,.ny'l;'b, . )

0O003HaYUM Z»Elcnlc'3bW'1 yepes k; 1 Glncnlc'lbw'1 yepes ky, KOTOpbIe B TalibHEHIIIEM
OyneM umMeHoBaTh KO3 UITMEHTAMHU YEIBHON TI0 JUTMHE 0ajKi, COOTBETCTBEHHO, U3THOHOM
Y KPYTHWJIBHOM KECTKOCTH KOHCOJIBHBIX CTepKHEeH. Toraa

q:kly;m:kzy,a (3)
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a ynpyras JUHHA POJ0JIbHOM Oaliku onuchiBaeTcs TuddepeHIaibHpIM YpaBHEHUEM
YETBEPTOrO NOpsiIKa

Elay”/ - kzyH +ky=0. 4)
Pewrenue 310ro ypaBHeHHs UIMEET BUJL
4
y=Y Ce", (5)
i=1
rae C; - HOCTOSIHHbIE MHTETPUPOBAHUS; 7. - KOPHU XapaKTEPUCTUUECKOTO YPaBHEHUS:
ElLyr* —ky’ +k =0. (6)

B ciyuyae neicTBUTENBHBIX KOPHEN XapaKTEPUCTUYECKOIO YPAaBHEHUS IOCIEAHUE SIB-
JSIIOTCS TOTApHO NMPOTHUBOIOJIOKHBIMH IO 3HAKY: ¥| = §; 12 = -§; 13 = Z; F4 = -Z U pELICHUE
ypaBHeHus (4) MeeT BUT

y=Ce"+C,e +Cie” +Cie ™. (7)

Ecinu xopHH XapaKTEpUCTUUECKOIO YPABHEHUS KOMILJIEKCHBIE, TO OHH JIOJKHBI OBIThH
KOMIUIEKCHO COTIPSIKEHHBIMU 11 = qTiy; o= q -i; ¥3 = -q -iit; ¥4 = -g+iy U pELUICHUE ypaBHE-
HUA (4) B IeicTBUTENBbHOM (hopMe UMeeT BH

y =Ce* cos ux + C,e* sin ux + Cye * cos px + Cye * sin pix . (8)

[ocrosinubie naTErpUpoBanust C; A Kaxkaoro u3 uHTepBaIoB 0< x<a ma <x <b

(cM.puc. 3) onpenensitoTCs U3 TPAHUYHBIX YCJIOBHM HA KOHIIAX 3TUX UHTEPBAJIOB:

0|, ,=0; O, =05 M| =0 M), =0;
020 = QX )ise = P5 M()]xos =M ()]s = 05 ©)

y'(x) o0 =05 Y (X))ima = y"(x)
x<a x>a

rae P - BenmuauHa yCwitus, TeUCTBYIOMEro Ha 3y0; O, M — COOTBETCTBEHHO TOIEpEU-
Has CWJla U M3ruOaroluii MOMEHT B CEUEHUHU MPOAOJbHON Oayiku ¢ KoopauHaTtoH x. Takum
00pa3oM, pazpaboTaHHasi MaTeMaTUYECKasi MOJIENb Ja€T OCHOBAHME OIUCHIBATh paclpesere-
HUE BEJIMYMH NMPOruOoB 3y0a 1o mupuHe 3y04aToro BeHua (puc. 4).

Pa3zpaborannass Matemarnieckas MOAEIb HAIPSKEHHO-Ie()OPMHUPOBAHHOTO COCTOSI-
Husl 3y0a comepkut Tpu napametpa Els, ki, k», OIMH U3 KOTOPBIX kj MOKHO OMNPENETUTH 1O
W3BECTHBIM METOJUKAM, IIOCTaBHB B COOTBETCTBHE €T0 (YM3NUECKUN CMBICIT M3BECTHBIM IIa-
pameTpam 3y0a. JKecTKOoCTh KOHCOJIBHBIX CTEPKHEN COOTBETCTBYET U3TMOHOM )KECTKOCTH 3Y-
0a, KOTOPYIO MOXHO OTIPEAEIIHNTh, HAPUMED, 10 METOUKe [3], yuuThIBaromiei ¢popmMy more-
peyHoro ceueHusi 3y0a U MOJIOXKEHHE KOHTAKTHOM JIMHUU Ha €ro pabodeil MOBEpXHOCTH IO
BBICOTE.

[Tapametps! Els, u ky HOCAT yciaoBHBIN xapaktep. [loaTromy oHM omnpenensyiuch npu
00paboTKe 3KCIEPUMEHTAIIBLHBIX JaHHBIX. [0 pe3ynpTaTam sKCrepuUMEeHTa, IPOBEIEHHOTO Ha
HATYPHBIX KOJiecaxX pelyKTopa MPUBOJIa UCIIOJHUTEIHHOIO OpraHa MpoXoa4eckoro komoaiiHa
4I1I1-2, aHaJOTMYHBIX MO0 KOHCTPYKIMH KOJIECAM OYHMCTHBIX KOMOAHOB, MPEJI0KEHbI 3aBU-
CUMOCTH JIJISl OTIPEJICNIEHUS] 3TUX MapaMeTPOB

k, = Akm’; (10)

El, =m*(C+Dk?); (11)

rae m — MOJyJb 3youaroro BeHma; A = 1,7; C = 4- 10* H/MMz; D=1,7-107 MM>/H — perpec-
CHOHHBIE KO3()(PULIHEHTHI.

CpaBHeHueM IMporudOB, MOTYUYEHHBIX SKCIEPUMEHTAJLHO, CO 3HAYEHUSIMU 3THUX Be-

JIMYHH, OTPEIEICHHBIMU TI0 MOJICNIM, YCTAaHOBJICHO, YTO pa3paboTaHHas MaTeMaTH4eCKas MO-
JIeJIb HaIpSKEHHO-1€(POPMUPOBAHHOTO COCTOSIHUU 3y0a a/IeKBaTHO OIKUCBIBAET €r0 peajbHOe

xa = )'(x)

x—a — 0 ,
x<a
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CTOSIHUE TIPU Harpy>XeHuu 3yba cocpe-
JOTOYCHHON CHJIOW B JIOOOM CEUYCHUH
N0 MIMPHUHE 3y04aToro BeHIa.

Takum oOpa3oMm, paszpaboTaH-
Has MOJIe]Tb HAIpsKEHHO- 4
1e(OPMUPOBAHHOTO COCTOSIHUSL 3y0a
MO3BOJISIET 0€3 MPOBENEHUs SKCIEpHU-
MEHTAJIbHBIX HCCIIEAOBAHUM Ha CTAJAUU
NPOEKTUPOBAHMS YUUTHIBATH U3THOHYIO 3
MOJATIMBOCTh 3yObEB TP OIpesere-
HUM ONTHMAIbHBIX MApaMeTPOB HX

TIPOIOJIBHON MO TH(PUKAIIIH. ’) LW/

HarnpsKeHHO-1e()OPMUPOBAHHOE  CO- v
(- CP

A"
Cnucok autepartypsi: 1. Mon- / \
nasckuii JILA., ®unkenpmreitn 3.J1, p. \
Bepknos B.A. Bunel nopexaeHui u | B

JIOJITOBEYHOCTh TPAHCMMCCUM TOPHBIX /
-]

mamuH. — M.: Henpa, 1981. — 192 c.
2. OcetpoB JI.B. Xectkocth 3yObeB M~
KOHEYHOW JUIMHBI // KoeOaHWs Mmexa- 0 0.5b b

HU3MOB C 3y0OuaTbIMu nepenadyamu. M.:
Hayxka, 1977. — C. 132 — 135. 3. Aii- Puc. 4. I'pad ki OTHOCHUTENBHBIX BEJIMYHUH JIe-

paneroB D.JI., I'enkun M.JI., Kosmn opmanmi, TOIYYEHHBIX IO pa3pabo-
JI.W. TlopaTaMBoCTh NpsAM0o3y06oro 3y0- TaHHOMU MoaCIH HAaIpPSHKCHHO-
yaToro 3aremicHus// Bubpoakycrtude- 1eOpMUPOBAHHOTO COCTOSTHNUS 3y0Oa
CKasl aKTUBHOCTh MEXaHU3MOB C 3y04a-

TeIMU mnepenadamMu. — M.: Hayka,

1971. — C. 13-59.

HUCITIOJIB30OBAHHUE I19BM IIPU PABPABOTKE KOMIIOHOBKH
MEXAHUYECKHUX YYACTKOB U KOMIIOHOBOK PABOYUX MECT

Crapony6 A.B., T'onyooB H.B. (xag. TM, J[onl TV, 2. [loneyk, Ykpauna)

MammHOCTpOCHHUS SBISIETCS TOM OTPacibio, COCTOSTHUE KOTOPOH OIpeeNsieT YPOBEHb
Pa3BUTHS TPOMBIIIUICHHOCTH B I[EJIOM U Pa3BUTHIO KOTOPOM yemsieTcss OOJIbIIOe BHUMAHHE.
Ocoboe 3HaYeHHE MPHUIACTCS CO3JAHUI0 HOBBIX BBICOKOI(D(EKTHBHBIX MPOHM3BOJCTB CO3/a-
BAaCMbIX Ha OCHOBEC aBTOMAaTHU3alWU IMPOU3BOACTBCHHLIX W BCIIOMOTI'aTCIIBHBIX MPOLCCCOB U a
TaK)K€ PEKOHCTPYKILNH IEUCTBYOLIUX ITPOU3BOJICTB.

[IpoekTupyemMbie IPOU3BOACTBEHHBIC MPOIIECCHI JOJDKHBI 00eCrieunBaTh TpedyemMoe Ka-
YEeCTBO BI)IHYCKaeMOI\/'I NNpoayKuru B COUYCTAHUU C BBICOKOU MPOU3BOAUTCIBHOCTEIO U MUHU-
MaJIbHbIMU MMPHUBCACHHBIMU 3aTpaTaMu.

HepCHGKTI/IBHI)IM HanpaBJICHUEM PA3BUTHA MAIIMHOCTPOUTCIBHOTO KOMINLJIICKCA ABJIACT-
Csl PEKOHCTPYKLMS M TEXHUYECKOE NMEPEBOOPYKEHHUE CYIIECTBYOIIUX MPEANPUITHHI, TaK KaK
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CPEICTBa, BbIACISIEMbIE JJIS ATHX IeJIei, OKYTAIoTCs B TPH pasa ObICTpee, 4YeM MPH CO3JaHUU
HOBBIX IPEAIPUATUN.

MexaHocOOpoUHOE TPOU3BOJICTBO, COCTOAIIEE U3 KOMIUIEKCA ITPOU3BOACTBEHHBIX yda-
CTKOB M BCIIOMOTaTEJIbHbIX MOAPA3/EICHUN, B KOTOPOM IIPOTEKAIOT IPOU3BOJCTBEHHBIE MIPO-
[IeCChl M3TOTOBJICHUS W3CNHiA, MPEACTaBISIET COOOW CIIOXKHYIO TUHAMUYECKYIO CHUCTEMY,
CTPYKTYpa U MapaMeTpbl KOTOPO HaXOAATCs B HEMOCPEACTBEHHON 3aBUCUMOCTH OT CJIOMKHO-
CTH KOHCTPYKIHIA KOHCTPYKIMH, HOMEHKJIATYPhI BBIITyCKAeMOH MPOIYKIMU U XapaKTEPUCTUK
NPOU3BOACTBEHHOIO MPOLIECCa €€ M3TOTOBJICHUS. DTH (PAKTOPHI HANPSAMYIO BIUSIOT HA HO-
MEHKJIATyPy M KOJIMYECTBO UCIIOJIb3yEMOTO Ha NPOU3BOJICTBE OCHOBHOI'O U BCIIOMOTATENIbHO-
ro 00opyA0BaHUs.

HcxoqHpIMU TaHHBIMH [T ONPEENICHNs] KOJIMYEeCTBa U THIIOPa3MepoB 000py1OBaHUS
ABJIAETCA TPYJOEMKOCTb U3TOTOBJICHUS U3/IENINH.

OpHuM 13 3TanoB padoT, MO NPOEKTUPOBAHUIO HOBBIX M PEKOHCTPYKIMU CYLIECTBYIO-
MIMX MAIIHHOCTPOUTEIBHBIX TPOU3BOJICTB SABIISIETCS KOMIIOHOBKA, TIPU BBITIOJHEHUH KOTOPOM
NPOU3BOJAT YBS3KY PACIOJIOKEHHS OCHOBHOTO W BCIIOMOTATENLHOTO OOOPYIOBaHUS B BBI-
OpaHHOM MacmiTalbe.

[Ipy KOMIIOHOBKE YUYWTHIBAIOT BCE (PAKTOPBI, KOTOPBIE OKa3bIBAIOT BIMSHHE HA pado-
tatomux. OCHOBHBIE U3 HUX clieayromue [1]: qoctyn k pabounMm mMectam; ya00CTBO IS pa-
00ThI U 00CITy>)KMBaHUSI pabOYMX MECT; OJIM30CTh HHCTPYMEHTAIBHO-PA3AaTOYHBIX KJIaJOBBIX
U CKJIQJIOB 3arOTOBOK; OJM30CTh CAHUTAPHO-TUTHEHUYECKUX MOMEIICHHI; BBIIIOJHEHNUE Tpe-
OOBaHMI MPOTUBOIOXKAPHOI 0€30MMaCHOCTH.

KomnoHoBKy 000pynoBaHus ciaeayeT NpOU3BOAUTH TAKXKE C yUETOM pa3MEIlEeHHs CaHU-
TapHO-TEXHUYECKUX M SHEPreTUUECKUX Marucrpajie. Mecrta Mpokiagku Maructpaiei HeoO-
XOJIMMO BbIOMpaTh TaKUM 00pa3oM, YTOObI OHM HE NPOXOAMWIN B 30HE pabOThl TPAHCIOPTHOM
CHCTEMBI U HE TIPEICTABIISIN OMACHOCTH JJIsl pab0TaIONINX, 000PYAOBAaHHS U MaTEPHUATIOB.

Ha kKoMIOHOBOYHOM uepTeke M300paKaroT M yKa3bIBAIOT: CEYCHHE KOJIOHH ¢ (hyHIa-
MEHTaMM; MarucTpajibHblEe NPOE3/bl; HAPY>KHbIE CTEHbI; BHYTPEHHUE MEPErOpOJKH; OKHA,
JIBEpPHBIE TIPOEMBI U BOPOTA; OCHOBHOE M BCIIOMOTATENbHOE 00OpYIOBAaHUE; MECTOPACIIOINO-
KeHHEe pabOTarONIMX; IMOABAJBI, KaHAJBI, MIAaXThl U aHTPECOJIH; BEPCTaKH, pabodue CTOJIbI,
MI0JICTaBKH; MHCTPYMEHTAIbHO-PA3JaTOUHbIX KJIaJ0BbI€; CKJIaJbl 3arOTOBOK, TOTOBBIX J€Ta-
JIed ¥ U3JeNMiA; TUIOMAJAKU AJI1 KOHTPOJIA; MecTa MacTepoB H Jp. Kpome 3Toro ykaspiBaercs
11ar KOJIOHH, pa3Mephl 1iexa (ydacTka), IJIoIaAb BCIOMOTaTeNbHbIX OTACJICHUN, IUPUHY Ma-
THCTPAJIbHBIX NPOE3/I0B, PACCTOSIHUE MEXKIY CTaHKaMHU M CTaHKaMHU U KOJIOHHaMH, Hymepa-
U0 000PYI0BaHUS ¢ ee pac(pPOBKO U p. B By OOJBIIOTO KOJTHMYECTBA UCTIOIB3YEMBIX
AJIEMEHTOB M300pa)kaeMbIX Ha IUIaHAX LIEXOB U YYACTKOB UCIIOJIb3YIOTCS UX 0003HAYEHMUS.

TexHonoruueckas ce6eCTOMMOCTh U3TOTOBJICHUS U3/ICNIMI OTIeHUBaeTCs popmyio [2]:

C=M,+3+A,+HU+Apo+JI+P,+IT+P, (1)

rae M, — CTOMMOCTh OCHOBHBIX MaTepuasioB; 3 - 3apaboTHas IulaTa OCHOBHBIX U BCIIOMOTa-
TeNbHBIX padouux, 4, - aMOPTU3ALMOHHBIE OTYUCICHHUS OT CTOMMOCTU 00OopynoBaHus; /M -
3aTpaThl HA UHCTPYMEHT; Ay - AaMOPTU3ALMOHHBIE OTUUCIIEHUS OT CTOMMOCTH TEXHOJIOTHYE-
CKOM OCHAcTKH; JI - 3aTpaThl HA AJIEKTPOIHEPTHUIO [T TEXHOJIOTMYECKUX Lienel; P, - 3aTpaTsl
Ha pPEMOHT 000pyioBaHusl; [/ - 3aTpaThl HA aMOPTU3ALIMIO U COJEpPKaHUE TIPOU3BOJICTBEHHBIX
wiomaaen; P - 3aTpaTbl Ha pEMOHT U 00CITy’)KMBAaHUE YIIPABIAIONINX YCTPOUCTB U MpOrpaMm
st ctagkoB ¢ UITPY.

Kak BuaHo 13 ¢popmyiisl (1) oqHIM U3 JIEMEHTOB OKa3bIBAIOIIMM BIIMSIHHE HA TEXHOJIO-
TUYECKYI0 Ce0EeCTOMMOCTD SIBJISIIOTCSI 3aTpaThl HA aMOPTU3ALIMIO U COJAEpIKaHUE MPOU3BOJICT-
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BEHHBIX IUIOIIAJCH. PeanbHbIM IyTeM COKpallleHMsI 3THX 3aTpaTr SBJIETCS palMOHAJIBHOE
pa3MeIeHre OCHOBHOTO U BCIIOMOTAaTEIFHOTO 000PY/IOBaHUS Ha CYIIECTBYIONIUX MM BHOBb
CTPOSIIUXCS IUIOMIASX.

3amaya COKpalleHHs TEXHOJOTHYECKOW ce0eCTOMMOCTH CTaBUTCS Mepeja CTyACHTaMH
CHelMaibHOCTH « TEXHOIOrMs MAalITMHOCTPOEHUS» NPU BBIIIOJHEHUH KYPCOBBIX U JTUIUIOMHO-
ro npoekToB. CyIIECTBYIOIINE CUCTEMbl aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHUS IPOMO3IKH,
3aHUMAIOT 0OJbIIe 00BEMBI PadOUYNX BO3MOKHOCTEH MEPCOHAIBHBIX KOMIBIOTEPOB, CIOKHBI
B UCIIOJIb30BaHUU. DTH HEJAOCTATKH SIBISIOTCS CIEICTBHEM TOTO, YTO MPOrpaMMHOE obecre-
YEHHUE CO3/1aBaJIOCh I UCIOJb30BAaHUS B KPYIHBIX MPOEKTHBIX MHCTUTYTaX. s HUCIob30-
BaHUS B y4eOHOM IMpOLIECCE M Ha MPEANPUATHAX IMPEAJIaraeTcsl ciaeayromas METOIUKa Bbl-
MIOJIHEHUSI KOMIIOHOBKHM MEXaHUYECKOTO yyacTKa ¢ ucnopzoBanuem [1OBM.

1. TloaroToBKa UCXOJHBIX JAHHBIX AJIS1 MPOEKTUPOBaHMA. MICXONHBIMU JaHHBIMU SIBJIS-
I0TCS [IPOU3BOJICTBEHHAs NIPOrpamMma, TPyI0E€MKOCTh U3TOTOBJIEHUS U3/€NNs, TUIl IPOU3BOI-
CTBa, opMa OpraHU3aLUH MIPOU3BOJCTBA. TPyA0EMKOCTh MEX0OPAOOTKH JAODKHA OBITH pac-
npesieNieHa no Buaam padoT.

2. Pacyer konm4ecTBa OCHOBHOTO 000pY/IOBaHUS.

3. Pacuer xomuecTBa BCTIOMOTATENHLHOTO 000Dy 10BaHUS

4. PacueT YMCIEHHOCTH pabOTarOIINX.

5. Pacuer opueHTHPOBOYHOM MPOU3BOACTBEHHOHN U OOIIEH MIOMAaH y9aacTKa.

6. BeinosHeHus yepTexa KOMIIOHOBKH y4acTKa.

Otanbl ¢ 1 MO0 5 BBIMOJHSAIOTCS C KCIMOJIB30BAHUEM MPOTPAMMBbI BBIMOJHEHHOW B Ta0-
TngHOM npotieccope Microsoft Excel.

®parMeHT nporpaMMsl npuBeneH Ha pucl. M3MeHeHue 4YHCIICHHBIX 3HAYEHUN B 3a-
LITPUXOBAHHBIX AYEHKaX MPUBOJUT K aBTOMAaTUYECKOMY NEPECUETY BCEX 3HAUCHUH.

Tabnuual. - HomeHknatypa v TpyA0EeMKOCTb U3roTOBIIEHUSA U3Oenun

HavveHoBaHue |IopoBasi TpyaooemkocTs No Bugam paboT, HOpMO-4achl Tpygoemk.
!/Is/:l.eJ'IVIVI nprpamma, LWr _ TOKapHas cbpesepHaﬂ cBepJyiniibH 06u.|.a$| roa.np., H-9
{ ( i 10500
5950
4830
i 15075
Visnenve [1 130 2119
Bcero 16600 7,6 2,8 0,48 10,88 38474
CopoB.. 1p. 28420 8360 1694

CpeaHuin koaddmUmMeHT 3arpy 3k Ks ¢p

MopoBoli doH BpemeHu paboTel o6opyaoBaHus Fq= H/4acoB
KonnyectBo TokapHbIX ctaHkoB CT= 9
KonuyecTtBo dypesepHbix ctaHkoB Cd= 3
KonuyecTtBo cBepnunbHbIx cTaHkoB Cc= 1
O06Ll ee konnyecTBo cTaHkoB Cn= |12
OenctBUTENBHLIN roaoBon doHA BpeMeHn padounx ® o=

KoaddmumeHT MHoroctaHo4Horo obcenyxmeanHma Kmc=

KonuyectBo pabounx Tokapen P1= 11
KonunyectBo pabounx dpeseposLymnkoB PT= 4 yernoBek
KonnyectBo pabo4nx Tokapen P1= 1 4yernoBek
Bcero npoussoactBeHHbIX paboymnx Pnp= 16 yeroBek

Puc. 1. ®parment nporpaMmMbl pacueTa napameTpoB MEXaHUUYECKOTO y4acTKa

[lecToii ATam BBHIMOIHIETCS ¢ HCTOJb30BanueM rpadudeckoro pegaktopa CoreIDRAW.
B03MOXHOCTH 3TOTO peaakTopa MO3BOJSIIOT OCYIIECTBIATh TOUHYIO MPUBS3KY OJIHOTO Tpa-
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¢udeckoro 00BEKTa OTHOCUTEIBHO APyroro. Mcnonp3ys co3naHHyro OMOIMOTEKY CTaHIAPT-
HBIX TpaguyecKux 0003HaYEHHUH, KOMIIOHYIOTCS OT/EbHbIe pabouue MecTa. 3aTeM Ha mad-
JIOHE C HAHECEHHOW CETKOM KO-
JOHH C HWCHOJb30BAHUEM MOJTrO-
TOBJICHHBIX PabOYMX MECT BBIIOJI-
HSETCS ~ KOMIIOHOBOYHBIM  IUIaH
yuactka. IIpocrora ympasieHus
rpapuueckumMu OOBEKTaMH B pe-
nakrope CoreIDRAW mo3Bomsier
OBICTPO  BBINIOJHATH  HECKOJIBKO
KOMIIOHOBOK Y4YacTKa, 3aTEM BBI-
OupaTh NPEANMOYTUTEIBHBIH.

Ha puc 2. npuseneHsl JBa
KOMIIOHOBOYHBIX TIJIaHA MEXaHH-
YECKHX YYaCTKOB ISl TPOU3BOJI-
CTBa 3yO4arhiX Kojec. Brimosne-
HBl oHM ObutM B MacmTabe 1:100.
IIpaBblii BapUaHT KOMIIOHOBKH $B-
JseTcsl TPaBbId Tak, Kak 000pyI0-
BaHHE 3aHUMAET MEHBIIYIO TIIIO-
IA1b.

PazpaboTaHHble MPOTrpaMMBI
1 OnOIMoTexku rpagudeckux 0OBEKTOB MPEAHA3HAUYEHBI B MEPBYIO OUepeb ISl HCIOIh30Ba-
HHUS B Y4EOHOM IIpOLIECCe MPH BBIMOJHEHUH KYpCOBOTO MPOEKTa 1Mo AucHUIumHe «MexaHo-
cOOpOYHbIE 1IeXa U YYaCTKH B MAITMHOCTPOCHHUW», OJHAKO OHU MOTYT OBITh MCIIOJIB30BaHBI
Ha MPEINpUATUSAX NpHU pa3paboTKe MPOEKTOB PEKOHCTPYKLIMH MPOU3BOJCTBA M pa3paboTKe
HOBBIX MEXaHUYECKUX Y4aCTKOB.

Camad -
agEcmosr

Puc. 2. BapuaHTbl KOMIIOHOBKH MEXaHUYECKOTO
y4acTKa.

Cnucok autepatypsl: 1. [IpoekTrpoBanre MexaHOCOOPOUHBIX IIEXOB; YUYEOHUK IS
CTYJICHTOB MAIIMHOCTPUT. crienuaibHocTel By3oB/ [lon pen. A.M. Jlaneckoro — M.: Mariu-
HocTpoeHue, 1990. - 352c. 2. Texnonorus MamnHoctpoeHus: B 21. T1. OCHOBBI TEXHOJIOTUH
MamrmHOCTpoeHus: YueOHuk ais By3oB/ B.M. Bypues, A.C. BacunseB, A.M. [lanbckuii u
ap.; lox pen. A.M. lansckoro. — M.: U3n-Bo MI'TY um. H.O.baymana, 1999. — 564c.

CBOPHBIE AJIMA3HBIE HUIU®OBAJIBHBIE KPYT'
Crpeaxos B.b., Matwxa ILI. (ka¢h. MCmanx, Jonl TV, Joneyx, Ykpauna)

CHmxeHre MeTAJUIOEMKOCTH NPOJYKUUH, B TOM YMCIE€ M MHCTPYMEHTOB, SBISIETCS
BaKHOU 3a/1aueid B ycsoBUsX peiHOUHBIX oTHOMIEeHU. [OCT 16167-70 npemycMarpuBaeTt us-
rOoTOBJIEHHE a0pa3uMBHBIX alIMa3HbIX KPYIroB, KOPIYC KOTOPBIX COCTOMT W3 aJlIOMUHHMEBOIO
CIUIaBa, Ha KOTOPBIA HANpECCOBAaHO CTaJbHOE alMa30HOCHOE KoJblo. i ompeneraeHHoro
nuamerpa 'OCT Takxke mpemycMaTpHUBaeT BBIIYCK KPYyTrOB pa3iMdHOM BblcOoThl. Hampumep,
s kpyra 9300MM mipeycMaTpuBaeTcs BBIITYCK KpyToB ¢ BeicoToit: 10, 12, 15, 20, 40, 50,
60, 100mm [1]. YacTroTa Hcronb30BaHUsl KPYTOB pa3IMuHOM BBICOTHI pa3Hasi, IO3TOMY B HH-
CTPYMEHTAJIbHBIX KJIaJI0BbIX O€3 JBM)KEHUS HaXOIUTCS OTPOMHOE KOJIMYECTBO MeETajula He
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y4acTBYIOIETO B HpOU3BOACTBE. PemmuTh naHHYI0 mpoOieMy MOXKHO 3a CUET pa3paboTKU
KOHCTPYKIMH NUM(OBATBHBIX KPYTOB CO ChEMHBIMU KOJBLAMH Pa3JU4YHON BBICOTHI, yCTa-
HaBJIMBAEMbIX HA OJIMH KOPILyC.

[TokaxeM, BO3MOKHOCTh M3TOTOBJICHUS IIIH(OBATBHBIX KPYTOB COOPHBIMH, MPOAHAIIH-
3UPOBAB HAIPSKEHUS OT CHJI MHEPIIMH, BO3HUKAIOIIHUX B OBICTPOBPAIIAIOIIEMCS KOJIbIIE, BOC-
MOJIb30BABIIUCH (POPMYJIAMH IS pacqua paguanbHBIX U OKPYKHBIX HApsHKEHUH [2]:

rb*R}
_jo 7@ G+u) R2+r2 -2, (1)
8g r
11 Y@ 2 rbsz 1+ 3‘u 2
o,=10" (3+,u R} +7,7+— ,(2)
8g r Hu+ 3
rae o, — paauanbHoe Hanpsiokenue, MIla; o; — okpyxkHoe Hanpsbkenue, MIla; ¥y — miot-
HOCTH MaTepuana kpyra, kr/m® (7,8-10° kr/m’); @ — yrmosas cxopocts kpyra, C'; g —
yCKopeHHe cBOGOIHOro mageHus, M/c> (9,8 m/c?); i — xodddumment Ilyaccona (0,3

— Ui cTaym); R,— Hapy>KHBIH paauyc NUTM(OBAILHOTO KPyra, MM; 7', — BHyTPEHHUH pa-
Iy c IUMOBATBHOTO KPYyTa, MM; 7 — TEKYIIUH paanyc MUTM(POBATHHOTO KPYyTa, MM.
ITo »>tM popmyrnam ¢ nmomomsio [I9BM Obiin paccunTaHbl HANPSDKEHUS UJISI KPYTOB,
ycraHaBiIuBaeMbIX Ha ctanke 3E183A.
Cxkopoctb kpyra J300MM paccunTaeM 1Mo MacOPTHOM YacTOTE BPAIIECHHS IITIHH]IC-
751, paBHO# 1672 06/MUH.

7Dn  3.14-300-1672

v, = = 26,25 wlc.
1000 1000

[Ipu pacueTe yrioBoii CKOPOCTH C LEIBIO CO3/IaHuUsI ONPEICICHHOTO 3araca MpUHH-
maeM V, = 1,5V, M/c. Torna V,=1,5:26,25=39,37~40 m/c.

.
m=—p=i=267, c',
R, 0.150

rae V), — pacueTHas OKpy»KHas CKOPOCTb IITN(OBATBHOIO KPyTa, M/C;
R, — HapyXHBII paauyc MUTH()OBATEHOTO KPyTa, M.

C uenbto omnpeneneHrss MUHMMAJIBHOTO pa3Mepa KOJbld C alIMa30HOCHBIM CIIOEM
TpeOyeMoil BBICOTBI pacyeT HamlpsKeHU OyJeM OCyLIeCTBISATh, U3MEHSASI BHYTPEHHUH aua-
MeTp HUIM(POBAIBLHOTO Kpyra 2r, , IPU 3TOM HapyXHbIA JTUAMETP OCTAETCS MOCTOSHHBIM U
paBHBIM 2R, = 300MM.

PacueTsl HanpsKeHUI BBIMIOJIHUM B TPEX TOYKAX: Ha Hapy>KHOM JHaMeTpe, BHYT-
PEHHEM TMaMeTpe U Ha AUaMeTpe HAMOOJIBIINX PaHAIbHBIX HAIIPSIKESHHUM.

i ompeneneHuss pagualibHbIX M OKPYXKHBIX HalpsKEHUH BOCIIOJIB3YEMCS 3aBUCH-
MocTsimu (1) u (2), moAcTaBisisi BMECTO TEKYLIETO pajuyca BEJIMYMHBI BHYTPEHHETO pajuyca
7¢ U Hapy’>KHOTO R,. 3HaueHWEe TEKyLIero pajuyca, Ha KOTOPOM JEHCTBYIOT MaKCHUMaJIbHbIE
paauanbHbIe HaNpsKeHUs, onpeaesseM o gopmyie [3]
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Or

0,022

Or

12,47

12,03

Ot \

11,04

>

Puc. 1. Dmropbl HOpMaNBHBIX U KacaTeIbHBIX HAIIPSIKEHUH, BOZHUKAIOUIUX B IIUIH-
(oBaTLHOM KOJIBbIIE TIOJ] ICHCTBHEM CHJT HHEPIIHH

Pacnpenenenue HanpspbkeHuit, paccuntannbix Ha [I9BM, npuBeneno Ha puc.l u3 KoTo-
pOro BUAHO, YTO MaKCUMaJbHbIE MX 3HAUEHHS OT JCHCTBHUS CHUJ MHEPIMH OyyT BO3HUKATH

Ha BHYTPEHHEH TOBEPXHOCTH IUTH(OBATLHOTO KOJIbIIA.

AHanOrUYHO OBUIM pAacCUMTaHbl HAMNPSKEHUS JJIsI KOJICH C JAPYTUM pa3MepoM paauyca

BHYTpEHHEN NoBepxHocTH (puc.2,3,4).

12,6

12,4

MMa

) 12,2

12

11,8 /

11,6 &

11,4

11,2

OKpY>XHOE HarnpspkeHue

11
101,5 110

120

130

140
Paguyc BHyTpeHHel NOBEPXHOCTU, MM

Puc. 2. BnusiHue paauyca BHyTpEeHHEM NOBEPXHOCTU HUIM(OBAIBHOTO KOJIbIAa HA BEJHU-
YUHY OKPY’KHBIX HaNpsKEHUH oy IpU Hapy)HOM paauyce R, = 150 MM.
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1234 1285 134 139 144
Paguyc makcumanbHbI X paguanbHbl X
Hanps>KeHUn, MM
Puc. 3. Bnusiaue pannyca BHyTpEHHEH MOBEPXHOCTH NUM(OBAIBHOTO KOJIBIA HA BEITUIUHY
MaKCUMAJIbHBIX PAJHAIBHBIX HAIPSKEHUN O, U OKPY KHBIX HANPSKEHUU O; IIPU Ha-
pyxHOM panuyce R, = 150 mm.
1- MakcuMajbHBIE paanaibHbIC HAMMPSKCHUA Oy,
2- OKpY’HbIE HAIIPSIKEHUS O
14

11,22 12,04

10,44

9,78

9,19

— —
o O N
I I I

I
|

OKpy>kHO€ HanpsikeHue,
MMa
D

101,5 110 120 130 140

Paguyc BHyTpeHHein NOBEPXHOCTU, MM

Puc. 4. BennuuHa oKpy>KHBIX HaNlpsKEHUH HAa Hapy»XHOW MOBEPXHOCTH KOJIbIA
paguycoMm 150MM npu pa3iIuyHbIX BEJIMYMHAX BHYTPEHHETO AUaMeTpa

W3 npuBeaeHHBIX TpadUKOB BUAHO, YTO C YBEJIMUYECHHEM BHYTPEHHETO pajuyca Kpyra
MAaKCUMAJIbHBIC OKPY’KHBIC HAIIPAKCHUA YBCIIMIUBAIOTCA, @ MAKCUMAJIbHBIC paJUaJIbHBIC Ha-
MPSKCHUA YMCHBIIAIOTCH. Tak kak OKPYIKHBIC HAIIPAXKCHUA O 3HAYUTCIIBHO MPEBOCXOIAT
paaraibHbIC HAIPAXKCHUA O, IPOYHOCTH KOJIbIA 6y21€M OLCHUBATH I10 OKPY’KHBIM HaIIPsXKC-
HUSM.

Bennunna >tux HaprI)KeHI/II\/’I SHAYUTCIIBHO MCHBIIC AOITY CTUMBIX HaHpH)KCHI/Iﬁ JJIA
cTajie Ha pa3phIB. [ M3roTOBICHUST KOJIEI] peKOMeHayeTcs ctaib 3, ctanbs 20 [4]. Jomyc-
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TUMBIE HaIpsHKEHUS Ha pa3pbiB U1 ctand 3 paBHel 160 MIla [5]. Takum oO6pa3om BeaudnHA
HAINpsKEHUH, BO3HHUKAIOUIUX TOJ JACHCTBHEM HEHTPOOEKHBIX CHJI MHEPIHMH, 3HAYHTEIHHO
MEHbILIE JOIYCTUMBIX HanpspKeHUH A crainu 3. CrieoBaTeNbHO, C MO3ULIMHU IPOYHOCTH BbI-
HOJIHATH aJIMa3Hble NUTH(OBAIbHBIE KPYTH COOPHBIMU BO3MOKHO.

Ha xadenpe meramnopexyumx ctankoB u uHcTpyMeHToB JJonl TY pazpabotan psig
KOHCTPYKIMH MIIM(OBAIBHBIX KPYTOB, OCHOBHBIM OTJIMYMEM KOTOPBIX SIBJSIETCS BUJ y3ia
KpeIUIeHUsI KoJblia Ha Kopiyce. [Ipeanoskensl KpemeHus: Kojblia BTYJKON C ONOPHBIMU 3Jie-
MeHTaMH [6], BTyJKOM [7], BUHTOM, pacIioyIOKEHHBIM MO YoM o [8]. DTH y37bl KperieHus
OTIIMYAIOTCS HAJICKHOCTHIO, HO B TEXHOJOTUYECKOM OTHOLICHUH MOTYT OBITh yCOBEpPIICHCT-
BOBAaHBI.

Ha puc. 5 npencraBneHa KOHCTPYKIHS YCOBEPIIEHCTBOBAHHOTO COOPHOTO aJIMa3HO-
ro nugoBaIbHOTO KPYTa, a Ha pHC. 6 KOHCTPYKIMHU YCTAHOBJIEHHBIX Ha KOPITYC CMEHHBIX
KOJIEL] Pa3HOM BBICOTHI.

COopHblif abpa3uBHBINA KPYT (CM. pUC. 5) COCTOUT U3 KOpmyca | B BUIE yCEUEHHOTO KO-
Hyca ¢ 0a3upyrollel MOBEPXHOCTHIO, HA KOTOPYIO YCTAHOBJICHO aOpa3suBOHECYIIEE KOJIBLIO 2,
MMEIOLIEE aHAJIOTMYHYI0 I0CAJOUHY0 KOHUUECKYIO MIOBEPXHOCTh M CKBO3HYIO IPOTOUKY 6.

2 5 5

Puc. 5. CoopHBIii M OBaNbHBIN KpyT

B Top110BO#1 TOBEPXHOCTH KOPITyca BBEITIOJIHEHBI pe3b0oBbie oTBepcTHs. [locamounas mo-
BEPXHOCTh aOpa3MBOHECYIIETO KOJIbIIAa CHAOKEHAa KaHaBKOW S5, C MOBEPXHOCTHIO KOTOPOM
KOHTAaKTUPYET MOBEPXHOCTh NUBINKA BUHTOB 4 ((UKCATOPOB), CIyXKAIHe IS 3aKpeIUICHUS
aOpa3MBOHECYIIETO KOJIblIa Ha KOpITyce. BUHTHI CHAOXKEHBI MIECTUTPAHHBIM YTITyOJICHHEM
MOJT KITHOY.

3akpervieHne adpa3uBOHECYIErO KOJIbI[A OCYIIECTBISETCA CISAYIOUUM 00pa3oM.
[lepen 3akperuieHUEM KOJiblla BUHTHI, YCTAHOBJIEHHBIE B PE3b0OBbIE OTBEPCTHUSL KOPITyCa, BbI-
KpY4€HbI HaCTOJIbKO, YTOOBI OHM BBICTYIIAJIM 32 TOPLIOBYIO MOBEPXHOCTH KOPILyca.

AOpa3uBoHeCyIee KOJIbIO0 YCTAaHABIUBACTCS CBOEH MOCAJI0YHON MOBEPXHOCTHIO Ha 0a-

3UPYIOUIYI0 NOBEPXHOCTh KOPIyca, CKBO3HBIE MPOTOYKHU KOJbLIA B 3TOT MOMEHT HAaXOIATCS
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HANpOTHB IUBNOK 38KUMHBIX BUHTOB. [lociie moBopoTa abpa3ruBOHECYIEro Kojbla 10 yIo-
pa, IUANKA (PUKCATOPOB BXOAAT B KaHABKM Ha aOpa3sMBOHECYIIEM KOJIbIIE. 3aTeM KIIIOYOM,
YCTAHOBJICHHBIM B IIECTHIPAaHHOE YTIIyOJIeHHWE, HAYMHACTCS TOCIEA0BATEIILHOE 3aKpyUnBa-
HHE BUHTOB. B mpormecce 3akpy4yuBaHus OUIIIKA BUHTA BCTyHAaeT B KOHTAKT C TIOBEPXHOCTHIO
KaHaBKU M, cMeIas abpa3suBOHECYIEe KOJIBIIO OTHOCHTENIBHO KOPILyCa, CO34AaeT Ha KOHUYE-
CKMX TOBEPXHOCTSX CHJIYy TPEHHs, CHOCOOHYIO HMCKIIOYHUTH MPOBOPOT aOpPa3MBOHECYIIETO
KOJIbLIa Ha KOpPILyCe.

[Ipu 3ameHe KoJbIla BUHTHI OCHAOIAIOTCS, KOJBLO MOBOPAYMUBACTCS BOKPYT CBOEH
OCH JI0 COBMEUICHUS MPOTOUYEK C FOJIOBKAMU BUHTOB M CHUMAETCS C KOPITyca.

Konpua Heo6X0a1MOi BEICOTHI (CM. pUC. 6) 3aKPEIUIIOTCS aHAIIOTUYHO OTMCAHHOMY
BBIIIIC.

Hi Ha

<
-«

A
Y

a 0
Puc. 6. Cmennbie anMa302:o;[ep>Ka1uHe KOJIbIIa pa3J1)Hquﬁ BBICOTHI, YCTaHABIIH-
BaeMbIC Ha OJTUH KOPITYC:
a)H>H1;6)H<H2
[IpennoskeHHass KOHCTPYKIHS COOPHOTO anMa3HOro NumdoBamsHOTO Kpyra P300Mm 10-
3BOJISIET COKOHOMUTB, JIJISI OJTHOTO THUIIOPA3MEPHOTO psijia, Mo BbICOTE Kpyra 10 89% moporo-
CTOSIIIETO ATFOMUHHEBOTO CIUIABA.

Cnucox smrepatypbi: 1. TOCT 16167-90. Kpyru anmasnsie numdoBaibHbIE TPSIMOTO
npoduist popmel 1A1. OcHoBHBIE pasmepsl. M: M3narensctBo cTanaapTos, 1991r. — 10c. 2.
®eonocreB B.M. ConpoTuBieHne MarepuanoB: y4eOHUK I BTY30B — 9 - € u3j., nepepaod.-
M.: Hayka, 1986r. - 512 c. 3. KazakoB B.®. [llimpoBanre npu MOBHIIIEHHBIX CKOPOCTAX pe-
3anud. - K.: Texnika, 1971r. -172 c. 4. Amepunsin [1.W., Jopodees B.M., Ilaxanun FO.A.
DJIEKTPOIPO3MOHHAS TPaBKa ajiMa3HO-aOpa3uBHBIX MHCTPYMEHTOB. -M.: Hayka u TexHuKa,
1981.-232 c. 5. eramu mamuH. Pacuer u koucTpynpoBanue. CrnpaBounuk. B 3-3ct Ilca pen.
npod. A.T.H. 3acimykeHHoro AesT. Hayku u TexHuku PCOCP H.C.Auepkana. 13x. 3-e, nepe-
pab. T.2 - M.: mammHocTpoenue, 1968. -440 c. 6. A.c 1458188 A1 CCCP,TKU B 24D B
24D 5/06 ABPA3UBHbIN KPVT. / Marioxa IL.I. u B.P. Tagutos (CCCP). - Nel184656 ;
3asBiieHo 27.04.87 Omy6m. 15.02.89. bron.Ne6. —3 ¢. 7. A.c 1678590 A1 CCCP,T'’KN B 24 D
B 24D 5/06 B 24D 5/06 ABPASUBHBIM KPVT. / Matioxa ILT. (CCCP) 3assneno 24.07.89
Ony6u. 23.09.91. Bron.Ne35.— 3 c. 8. A.c 1771940 A1 CCCP,I'KN B 24 D B 24D 5/06 B
24D 5/06 ABPABUBHBIM KPYT. / Matioxa ILT. (CCCP). - Ne1678590 3asisieno 02.04.90
Omy6s1. 30.10.92. bron.Ne40.— 3 c.
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KOMIIEHCAIIMOHHBLIE BBIPE3bl HA HUVITU®OBAJIBHOM UHCTPYMEHTE
Tuxomupos U.B., BaiikoB A.B. (xap. TM, [Jonl TV, 2. /loneyk, Yxpauna)

[Tpu 00paboTke 0OIUIIOBOYHBIX IUIUT U3 MPUPOTHOTO KaMHS, HApSIy ¢ HEOOXOIUMO-
CTBIO 00OecrieueHHs BBICOKON MPOU3BOAUTENFHOCTH MPOIIECCa, OJHUM U3 BaKHEHIINX Tpebo-
BaHMI K TOTOBO MPOYyKUHH SBIISETCS KauecTBO 00paboTaHHOU noBepxHocTu. KauecTBo mo-
BEPXHOCTHU B JIAaHHOM CJIy4ae XapaKTepU3yeTcs ILIEPOXOBATOCTHIO U OTKIOHEHUEM OT IIJIOCKO-
CTHOCTH. VI3BeCTHO, 4TO NMpUMEHseMas B MPOU3BOJACTBE cXxeMa 00paboTKH - nuinpoBaHUE
TOPLIOM Kpyra — XapakTepu3yeTcsl HEpaBHOMEPHOCTBIO ChEMa MaTepuaa, Ipu4eM BeIUYnuHa
HEpAaBHOMEPHOCTH OTPENEeNAeTCs KaK KMHEeMaTHYeCKUMHU IapaMeTrpaMu oOpabOTKH, Tak U
reoMeTpuei numQoBaIbHOTO HHCTpyMeHTa[ 1].

HaunGoupime BO3MOKHOCTH BO3ICHCTBUS HAa IOKa3aTeIl 00pabOTKU MPEeI0CTaBIsAET
BapbUPOBAHUE 3HAYEHHEM M pacrpeneieHneM Kod(h(UIMeHTa 3aN0JHEHUS aMa30HOCHOTO
CJIOSI MHCTPYMEHTA. PacyeTsl, BHINONHEHHBIE HA OCHOBAaHUHU (OopMyJ [2], MOKa3bIBAIOT, YTO
BeJIMYHMHA CheMa MaTepualia MpsIMO MPOMOPIMOHAIBFHO 3aBUCHT OT Kod(dduumeHTa 3anonHe-
Hust. C nenbto obecnieueHuss Bo3MoxkHoCTH LupKyysinua COXX B MexX3epeHOM IPOCTPAHCTBE
¥ COXpAHEHUs JOCTaTOYHO BBICOKOW MPOU3BOIUTEIBHOCTH 00paOOTKN HEOOXOIMMO HCIOIb-
30BaTh TOPLOBHIE NITM(OBAIBHBIE KPYTH C BBIPE3aMH, TIPUUEM, Il 00eCTIeYeHUs] paBHOMED-
HOCTHU Ch€Ma MaTepuasla BbIPE3 J0JDKEH HOCUTHh KOMIIEHCAIIMOHHBIA Xapakrtep. I'eomeTpuro
BBIPE3a MOYKHO OMUCATh KOA(PPUIIMSHTOM 3aI0JIHEHUS aIMa30HOCHOTO CJiost [3].

Jlns onpeneneHus Xxapakrepa pacrnpeaeiaeHus: KodpuiuenTa 3amnoHeHus1, ooecneyun-
BAaIOILEr0 HaWOOJIBIIYI0 PABHOMEPHOCTh Ch€Ma MaTepualla, NOBEPXHOCTh IIIM(OBAILHOTO
Kpyra pa30uBaeM Ha 3JeMEHTapHbIe KOJIbIIEBbIE 30HBI. B mpomecce nundoBanus anMa3oHOC-
HBIN CJIOW Ka)KJIOW 30HBI ONPEAECICHHOE BPEMS KOHTAKTUPYET C AJIEMEHTAPHOM IJIOIIAIKON
oOpabaTbiBaeMoro Matepuaia. BeanmunHa Matepuana, yaajlisieMoro ¢ JaHHOW IUIOMIAAKH dJie-
MEHTapHOH KOJIBLIEBOW 30HOH, Oy 1eT:

0Z, = C,, pk Vot (1)

rae kj— ko3 GHUIHMEHT 3aI0JHEHHSs aJIMa30HOCHOTO CJI0sI 2JIEMEHTapHOH KOJIbLEBO 30HBI.
CyMMupysl BEIMYMHY Ch€Ma IO BCEM KOJIbLIEBHIM 30HAM MHCTPYMEHTA U IO BCEM

AJIEMEHTAapHBIM IUIOLIaIKaM 00pabaThiBa€MON J1€Taly, MOJyYHMM CUCTEMY YpPaBHEHHI, OIu-

CBIBAIOIIMX U3MEHEHHUE BEJIMUMHBI Ch€Ma MaTepuajia B10Jb pajnyca MUHCTPYMEHTA:

Z, = Cmpjkjfﬁl
Z, = CmpjijGt
...................... 2)
zZ,=C, pjk ]Vé‘t
[Ipu xoHEUHO! MIMpUHE KOJIBLIEBOW 30HBI MHCTPYMEHTAa cHCTeMa ypaBHEHUH (2), ¢

Y4ETOM BBIpa)KE€HUsI, OTIPEACIIAIONIEr0 BEIMUMHY CheMa Ha 3JIeMEHTapHOH romaake (2], 0y-
JAC€T UMCTh BUT:

,pzk A W\/R _ 2SR —m? +(st) o

71000
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””JRZ 2SR? —m? + (St or 3)

Z = cmpzk 4 7 \/R2 ~28tVR? —m? +(St)’ o

/ 1000

1000

TJIe ¢ — KOJIMYECTBO AJICMEHTAPHBIX KOJBLEBBIX 30H;

tjj, tjj+ — BpEMs Havaja v 3aBEPIICHUS B3aUMOJCUCTBUSA i—OH 3JIEMEHTAPHOM IIOIIA-
K1 00pabaThIBa€MOT0 MaTepHualia ¢ j—0¥ KOJbIIEBOW 30HOW MHCTPYMEHTA.

3anaBas 3HaUYCHHs CheMa MaTepuaja B KaXIOW JIMHEHHOW 30HE MEPHCHIMKYJISIPHO
HAIPaBJICHUIO NI0Ja4Y¥ MHCTPYMEHTA, ITOJYyYHUM CUCTEMY JMHEHHBIX YPABHEHUN OTHOCUTEIb-
HO K03(UIMEHTOB 3aN0MHEHUs k;. [IJI1 OnpeseneHHOCTH CUCTEMBI KOJIMYECTBO paccMaTpu-
BACMbIX 3JICMCHTAPHBIX IJIOMAIO0K JOJIZKHO 6BITB PAaBHO KOJHMYCCTBY 3JICMCHTAPHBIX KOJIBIIC-
BBIX 30H.

Pacuer ko3 duienToB 3amnosiHeHus o Gopmyde (3) ObUT MPOBEIEH YUCICHHBIM Me-
TOAOM JIA TOPHOBOTO IHJII/I(i)OBaJIBHOFO KpyTra BbIIICYKAa3aHHbBIX TCOMCTPHUICCKUX Pa3MCPOB.
N3menenne ko3¢ GuireHTa 3amoHeHUs BIIOJIb PaIiyca HHCTPYMEHTA TPE/ICTaBICHO Ha PUC.

1, a ”3BMeHeHue BEJIMUHMHBI CheMa MaTepuaia Ha puc. 2.

1 J0.1,
0.9
10 [~ -
k(p) 0.8 4
sk _
0.7
0.6 NN | | l
50 100 150 200 0 50 100 150 200
P 0, p 160,
Puc. 1. 3aBucumocts ko3 durmerTa 3amol- Puc. 2. 3aBUCUMOCTh BETUYHMHBI CheMa
HEHHS OT pajyca MHCTPYMEHTA OT paJilyca HHCTPYMEHTA

HpeI[J'IO)KCHHaSI MCTOJAMUKA IMO3BOJICT IMOJYYUTH BBICOKOC 3HAYCHHUEC PAaBHOMCPHOCTHU
CheéMa Ha y4acTKe TPACCHPOBAHMS OT PaJHyca OTBEPCTHS 10 30HBI NEPEKPHITHS MOJIOC 00pa-
OOTKH, HO XapaKTEpPU3YETCs CIOKHOCTBIO U TPYJIOEMKOCTBIO PACU€TOB, a TAKKE CIONKHOMN
KOH(Urypauuei Boipesa.

3Hast oO1Iy0 TEHJEHIMI0O U3MEHEHUs KO3 ((ulMeHTa 3arnoaHeHus BI0JIb pauyca UH-
CTPYMEHTa, GOopMy BbIp€3a, KOMIIEHCUPYIOIIET0 HEPAaBHOMEPHOCTh CheMa MaTepHasa, MOKHO
MOJEIMPOBATH JIOMAHHBIMU NPSIMBIMU JTMHUAMU. [IpocTeimii BapuaHT Takoro MOJAEIMpPOBa-
HUS — BbIpe3 B BHJIe JenecTka (puc.3). Bappupys BenuunHy MakcuMajbHOM IIUPHUHBI BbIpe3a
/1 ee KOOpAMHATY A MOKHO IOJIyYUTh paclpeielICeHue ChéMa MaTepualia BAO0Jb paauyca UH-
CTpPYMEHTa ¢ TpeOyeMbIM 3HaYE€HHEM HEPABHOMEPHOCTH.
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Koadduument 3amomHenust 1711 JaHHOW KOHCTPYKIIMA UHCTPYMEHTA Oy AeT:

kzl—ﬁarcsinM npu ry<p<r,+h
V4 2hp

kzl—iarcsin(R_—p)f npu ry+h<p<R
n (R—h—r 2p

[loxcraBuB nanHOE BBIpaXeHHE KOX(PQHIMEHTA 3aMOJHEHUS B BBIPAXKEHHE pacueTa
BEJIMYMHBI CheMa [2], MOJy4YrM CUCTEMY YpaBHEHHM, MO3BOJISIONIMX OMPEIEIUTh pacripese-
JICHUE CheMa JJIi MHCTPYMEHTA TaHHOM KOHCTpYKUuU. ['padudaecku pe3ynpTaThl pacdera s
nUM(OBAIBHOTO Kpyra ¢ HapaMeTpaMd KOMIICHCAIIMOHHOTO BbIpe3a f=35 MM u A=56 mMm
MIPEACTABJICHBI PUCYHKE 4.

200
160,

h

Puc.3. llInudoBanbHbIi KpyT ¢ KOMIeHca-  Puc. 4. 3aBHCHMOCTh CheMa OT paanyca
IUOHHBIMHU BBIpE3aMU HHCTPYMCHTA

AHanu3 NOJy4YEHHBIX PE3yJbTaTOB MOKAa3bIBAET, YTO NPU JAHHOW I'€OMETPHUM BbIpe3a
HEPAaBHOMEPHOCTh cheMa Ha ydacTtke 56 — 120 mm B3 pasa MeHble, yeM IpH HUIM(OBAHUU
MHCTPYMEHTOM C NPSIMBIMHM PaJUAIBHBIMU BBIPE3aMU IPU MPAKTUYECKU OJMHAKOBOW BEIM-
YUHE ChEMa.

[TosryueHHbIe 3aBUCHMOCTH BBIXOJIHBIX MOKa3aTeeld 00paboTKH OT T€OMETPHU TOPIIO-
BOT'O HIJ'II/I(i)OBaJ'ILHOFO HHCTPYMCHTA IIO3BOJIAIOT Ha3HA4YaTb TCOMETPHUUCCKHC IapaMETpPbI
HIJ'II/I(i)OBaJ'ILHLIX KpYTOB: HapymHBIﬁ AUaMETp, JUaMETP OTBEPCTHUA U 3aKOH M3MCHCHUA KO-
3¢ duImeHTa 3anoJHEHUs] AIMa30HOCHOTO CJI0s, 00ECHEeYNBAIONINX TPEOyEeMyI0 MPOU3BOIH-
TEJIbHOCTh 00Pa0OTKK ¥ PABHOMEPHOCTh ChéMa MaTepHaa.

Cnucok aurepatypsl: 1. lecuek JI.C. Mexanuka u MUKpo(dU3MKa UCTUPAHUS TIO-
BepxHocTel. — M.: Mamnnoctpoenue, 1979. — 264 c. 2. Muxaiinos A.H., baiikos A.B., Ko-
BajieB M.C. ®opmooOpazoBaHe IUIOCKON MOBEPXHOCTH MPU 0OpabOTKE AJIACTUUHBIM IUIU-
(doBanbHBIM MHCTPpYMEHTOM / [IporpeccrBHBIE TEXHOJOTHHM W CHUCTEMBl MAalIMHOCTPOCHUS:
MexayHapoaHblii cOOpHUK HayuyHbIX TpyJloB. — [oneuxk: - JounI'TY, 2000. Beim. 5.- ¢.137-
143. 3. GunumHas anma3Ho-abpa3uBHas 00paboTka HeMeTaumueckux aetanei / Poros B.B.
— K.: Hayk. nymka, 1985. — 264 c.
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KOHTPOJIb UICITIOJTHEHUS MEPOTIPUATHNA, TUPEKTUBHBIX U
OPI'AHU3ALIMOHHO-PACHHOPAAUTEJBHBIX JTOKYMEHTOB.

Yruusenko T.H. (kag.TM, Jloul TV, 2. [Joneyx, Yrpauna).

ViydiieHue KOHTPOJS HCIOJb30BAaHUSA PACHOPSAAUTEIBHON JTOKYMEHTALMU SIBIISAETCA

BaXHEHIIIUM yCI0BUEM, 00ecnieyuBarouM 3()(HEeKTUBHOCTD U KaU4eCTBO JeONPOU3BO/ICTBA.
OTBETCTBEHHOCTH 33 KOHTPOJIb BO3JIAraeTcsl Ha MHKEHepa 10 CTaHAapTU3aALUH.

KoHTpOoII0 HCIoTHEeHUs O AJIekKAaT:
[Tpuka3zpl, mUChMa U PaCHOPSKEHUSI BBIILIECTOSIINUX OpraHU3aluii;
[Tpukassl u pacniopsbkeHus 1o padpuke;
KoMIuIeKCHBIN IJ1aH OPIrTEXMEPOIIPUATHN 110 NPEATIPUATHIO;
OTBeTCTBEHHAsI TOKYMEHTAIMs, OTIIPABJIsieMasl BBIILIECTOSAIUM OpraHU3aLusIM;
MeponpusTus o yJIydylIIeHUIO KaueCcTBa POy KIHH.

HeobxoauMocTs mocTaBKM Ha KOHTPOJIb MPUKA30B WM PACHOPSKEHUN ONpeenseT qu-
PEKTOp MPEANPUSITHSI UM TJIaBHBIN UHKEHED.

Ha nannbix poxymentax craButcs uHAEKC «K». OTBETCTBEHHBIN MO KOHTPOJIO PErHCT-
pUPYET TOKYMEHTHI B JKypHAJe, BBIIMCHIBACT JIMCTOK KOHTPOJISI U HANPABIISIET €r0 3aB. KaH-
Hesspuei. 3aB. KaHUEIIPHUEH HK3EMILISP JIMCTKA KOHTPOJIS (C MOAMUCHI0 UCTIOJHUTES) BO3-
BpalllaeT B TPYyIIly CTAHJAPTU3ALINY, IJI€ OH U XPAHUTCS.

OTBEeTCTBEHHBIN 110 KOHTPOJIIO HA KaX/blil KOHTPOJIUPYEMBIH TOKYMEHT JOJDKEH 3aI0JI-
HUTB 110 JIBa DK3EMILUIIPA JIMCTKOB KOHTPOJIs. [1epBbIii HK3EMIUIIP MOMEIAETCsl B KApTOTEKE, a
BTOPOM mepenaercs UCHOIHUTENO. 110 IucTKaM KOHTPOJIS MPOBOJAUTCS KOHTPOJIb MCIIOJIHE-
HUSL.

B 1MCTOK KOHTPOJIS 3aHOCHUTCS COAEP>KAHUE MEPOIPUATHS, CPOK UCIIOJIHEHUS, OTBETCT-
BEHHbBIN UCIIOJIHUTEND. ECN BhINOIHEHNE MEPONIPUSATHUS 3aBUCUT OT HECKOJIBKUX MCIIOJIHUTE-
JIEH, JIMCTOK KOHTPOJIS BBIITACHIBACTCS HA KaXK10I0 MCIIOJHUTEIIA.

Ouenp yaoOHAa 11 OCYILECTBJICHUS KOHTPOJIBHBIX ONEpAlUil pPEerucTpalioOHHO-
KOHTpOJIbHAsA KapTouka. Ha ee BepxHeM MoJie KpyKKOM OOBOJSIT aTy UCIIOJHEHUS JOKYMEH-
Ta, B3SATYIO0 U3 pe3omonuu. Ha HwkHeM mosie ecTh rpada A mpoCTaHOBKHM CpOKa (akThde-
CKOI'0 MCIIOJIHEHMs AOKyMeHTa. KapTouky NoMeImaroTcs B KOHTPOJIBbHY 0 KAPTOTEKY.

KonTponbHas kapToTeka nienecooOpa3Ho pasneneHa Ha 33 sueiiku (pyOopukn). 31 sueiika
COOTBETCTBYET MaKCUMAJILHOMY UYHCIy JHEHN B Mecsle; B 32-i1 siueiike pa3meraroTcs KapTou-
KU Ha JIOKYMEHTBI, CPOKM HCIIOJHEHUS KOTOPBIX HACTYHAIOT B CIEAyIOLIEM Mecsiue, B 33-if
AYEMKe PacoJaratoT KapTOYKH Ha HEUCIIOJTHEHHBIE B CPOK JJOKYMEHTBI. B KOHTpOJIBHOM Kap-
TOTEKE KapTOYKM PACIOJIAraroT IO JaTaM HCIIOJHEHMs JOKYMEHTOB, TO €CTh KaXKIOMY JHIO
UCTIOJHEeHHUS (B Mpeseaax Mecsla) COOTBETCTBYET sSUeiika KapTOTEKH.

KonTpospHas KapToTeKa MOXKET BECTUCh HE TOJIBKO Ha JJOKYMEHTBI, HO M Ha yCTHBIE M10O-
pyYeHHUs U 33JaHUsl PYKOBOJICTBA PEIIPUSTHUS.

B psane ¢upm u npennpusiTHil 1151 BeAE€HUsI KOHTPOJIbHBIX ONEpaluii UCTIONB3YIOTCS Tep-
COHAJIbHBI KOMIIBIOTEp, KOTOPBHIM B 3aJaHHOM pEXHME YCTAaHABJIMBAET IMPOMEKYTOUHBIE
CPOKH HMCTIOJIHEHUS U BBIBOJUT HA 3KpaH HOMEPA IOKYMEHTOB B Ha3HAUYEHHBIN JI€Hb JJIsl IPO-
BEJICHUSI 10 HUM KOHTPOJIbHBIX ONEpaLni.

Psn nmporpamm (Offise Vision 1400, Lotus Organiser u ap.) IpeACTaBISIOT MOJIb30BaTe-
JII0 BO3MOXHOCTh BECTU pabounii KaJleH1apb-€KEJHEBHUK C IMOMOIIBIO MaMSTH KOMIIbIOTEpa
(ITIK). Takoii kaieHnapb MOKHO HCIIOJIb30BaTh JJIsl MPOBEIECHUSI KOHTPOJISI UCHIOJHEHUS J10-
KYMEHTOB. B COOTBETCTBYIOINI A€Hb KaJeHAApPs 3aHOCUTCS HOMEP JIOKYMEHTA, B3STOTO Ha
KOHTPOJIb, UCIIOJIHUTEIIb, CPOK UCTIOJIHEHUs, HH(POpMalHIo 0 coaepxanun qokymenra. [1K ne
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TOJIbKO OyJeT naBaTh MpeiBapUTEIIbHbIE HATIOMUHAHNUS, HO M CMOJKET B CIIydae HEOOXO0UMO-
CTH IIepelaBaTh UX Ha KOMIIBIOTEp UCIIOIHUTEINA. B yCTaHOBICHHBIE JHU KOHTPOJIEP IPOBO-
JUT TIPEABAPUTENILHYIO TIPOBEPKY U MOJTy4YaeT MH(YOPMALMIO OT MUCHOJTHHUTENECH O XOJe U pe-
3yJIbTaTaxX UCIIOJIHEHUS JOKYMEHTOB.

IIo pesyspraTaM IIPOBEPKU NPOBOAUTCA AHAIU3 HCIOJIHEHUS JOKYMEHTOB M B Cilydae
CYILECTBEHHOI'0 OTCTaBaHUs, 3aJ€PKKH UCIIONHEHNUS, JEIIACTCA TOKIAL PyKOBOAUTEIIO IPEI-
NPUATHA JJIS IPUHATUS SKCTPEHHBIX Mep (O pe3ysbTaTaxX MCIOJHEHHS JOKYMEHTOB AENAl0TCs
COOOIlEeHNsI Ha ONEPATHBHBIX COBELIAHUAX PYKOBOJACTBA).IIPOJUIEHHE CPOKOB HCIOJHEHHUS
MOXET MPOU3BOAUTHCS TOJIBKO 10 YKa3aHUIO PYKOBOIUTEIIS.

JIOKYMEHT CUMTAEeTCsl HUCIOJHEHHBIM M CHUMAETCsS C KOHTPOJS PYyKOBOJUTENIEM IOCIE
NpPOBEACHUS KOHKPETHOM pabOThl HCHIOJIHUTENEM. Pe3ynbTaThl UCTIOJNHEHHS B KPaTKol (opme
3aMMCHIBAIOTCS HA CAaMOM J0KyMeHTe. KpoMe Toro, ctaBUTCS OTMETKA 00 MCIOJHEHHH B Kap-
TOYKE WM Ky pHAJIE.

HecBoeBpeMeHHOE BBINIOJIHEHUS NIPUKA3a, PACTIOPSIKEHUS, MEPOIPUATHS CUMTAOTCS Ha-
pYILIEHHEM, UCTIOJTHUTEb HAKAa3bIBAETCS COTNIACHO KJIACCU(UKATOPA YIIyIIEHHUS.

MeponpusaTuss He CYUTAIOTCS] HEBBIIIOJIHEHHBIMH, €CJIM UCIIOJTHUTENb 10 OKOHYAHHUA YC-
TAHOBJICHHOTO CPOKa IIOJIy4MJI Pa3pelICHHE Ha IEPEHOC CPOKAa WM CHATHSA €r0 KOHTPOJS B
CBA3U C TEM, UTO OTIAJAa B 3TOM HEOOXOOUMOCTb. B cilydae HEBO3MOMXHOCTHU BBIIIOJIHEHUS
MEPOIIPUATUS B YCTAaHOBJICHHBIN CPOK PYKOBOJIWTENb IOJIPA3IEICHUSA-UCIIOIHUTENSA 10 II0-
CTYIUICHUSI JINCTKA KOHTPOJIS 00513aH HAaNMCaTh CIyXeOHYIO 3aIllCKy C IPOChOOIi 0 mepeHoce
CpOKa Ha MM JIUPEKTOpa WM INIABHOTO WHXeHepa npeanpustusi. CiykeOHas 3armicka ¢ pas-
pEeLICHNEM O NIEPEHECEHUN CPOKA MEePENaeTCsl B IPYMITy CTAHJAPTU3ALMY U SBIISIETCS OCHOBA-
HUEM U1 JaibHelmero KoHtpois. lloapasgeneHnto, BUHOBHOMY B IIEPEHECEHMM CpOKa,
cHIKaeTcs Kod3(h(puumeHT kauecTBa TpyAa B COOTBETCTBUU C KIACCH(PHKATOPOM.

Takue cucteMbl KOHTPOJIS CIIOCOOCTBYIOT CBOEBPEMEHHOMY BBINIOJIHEHUIO MEPOIIPUSITHIA
Y NPUKA30B aJJMUHHUCTPALMH, SIBISETCSA HEOTHEMIIEMOM YaCThIO MPOLECCa YBEIMYEHMs Kade-
CTBa IPOAYKLUH U TPYAA.

IJIEKTPOMEXAHHNYE CKASA OBPABOTKA C IPUMEHEHHMEM HOBbBIX
NCTOYHHUKOB IIUTAHUSI.

lepoakoB A.H. (xkag.ATC , BI'TY, e.bpsanck , Poccus)

DnekTpoMexanndyeckass oopadotka (OMO) ocHOBaHa Ha COYETAaHHMHM TEPMUUYECKOTO
CUJIOBOTO BO3JICHCTBHSI HA TIOBEPXHOCTh 00pabaThIBAEMOM JI€TaJIM, YTO MPHUBOJIUT K H3MEHE-
HUIO (PM3UKO-MEXaHWICCKUX U TEOMETPHUYECKUX TOKa3aTele MOBEPXHOCTHOTO CIIOS JIETaJIN
H, KaK CJICICTBUC IIOBBIIICHUIO I/I3HOCOCTOI>1KOCTI/I, npeaciia BHIHOCIUMBOCTH U APYTHX IKC-
IIyaTaluOHHBIX CBOMCTB.

K nHacrosmemy BpeMeHH pa3paOOTaHbl pa3UYHbIE METOJbI 3JIEKTPOMEXaHUYECKOTO
YIIPOYHEHUSA IIPU KOTOPBIX BaPbUPYHOTCS:

e Croco0 IMo/IBOIa JIEKTPHUUECKOTO TOKA K MECTY KOHTAKTa MHCTPYMEHTA U 3aTOTOBKH;

® PpOJ TOKa: MOCTOSTHHBIN MM nepeMeHHbI. [Ipu yrpouyHeHH MOCTOSSHHBIM TOKOM HaOJIro-
JIaeTCs pe3Kasi IPAHNALA MEKY YIIPOUYHEHHBIM CJIOEM U CEPALIEBUHOM, YTO MOXKET IPHUBEC-
TH K OTCJIANBaHHIO TIOBEPXHOCTHOTO cjios. [IpuMeHeHue ke TIepeMeHHOro ToKa o0ecredn-
BaeT IUIABHBIN NEPEX0J TBEPJOCTH OT MOBEPXHOCTU K CEPALIEBUHE U OOJBUIYIO TyOuHY
YIIPOYHEHUS.
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® BYJ IPUMEHAEMOTO0 HHCTPYMEHTA!

1. mnacruna, paboTaromiasi B yCJIOBHSIX TPEHUS CKOJIBKECHHUS;

2. ponuk, paboTalOMIMA B YCIOBHSX TPEHMS Kau€HHs, YTO CHIDKAET TEIUIOBBIACIICHUE
BHEIIHEr0 MCTOYHHKA TETJIOTHI;

e croco0 1oaABoJa TOKa BO BPEMEHHU:

3. CIJIOLIHOW MpHU MOCTOSIHHOW IMoJayde TOKAa, YTO MO3BOJIAET NOJYYUTh PABHOMEPHO YII-
POYHEHHYI0 IOBEPXHOCTH;

4. UMIYJBCHBIN IIPU MPEPHIBUCTON MOJaue TOKA, YTO MO3BOJIAET HE JOIYyCTUTh NIEPErpeBa
MOBEPXHOCTHOTO CJIOSl M, KpOME TOTO, (hOpMHPOBATH HA YNPOUYHSEMON MOBEPXHOCTU
cneuu(UUecKylo CTPYKTypy (depeloBaHHE YNPOUYHEHHBIX W HEYNPOYHEHHBIX ydacT-
KOB);

e yacTtoTa Toka: npomsinuieHHast S0 ' umm Beicokas 1o 20 kI';

Jns ynpo4yHeHUss MaloTabapUTHBIX JeTaliel MEepCIEeKTUBHBIM SIBISICTCS NPUMEHEHHE
OectpaHchOpMaATOPHBIX cXeM 00pabOTKH, OCHOBAaHHBIX HA HCIIOJIB30BAHUHM THUPHCTOPHBIX
npeoOpazoBareneid, 4YTo 3HAYNTENHLHO CHIKAET TabapuThl, Maccy ycrpoiicta st OMO u ero
CTOMMOCTb.

B 3aBHcHMOCTH OT CTENEHU BIMSHUA HA CTPYKTYpPY M CBONCTBA IMOBEPXHOCTHOIO CJIOS
pa3IMyaroT CEAYIOLINE PEKUMBI AJIEKTPOMEXaHUUECKOTO YIIPOUHEHHUS:

1. XKectkuii ynpouHsromui pexxuM. JlaHHBIN PEXUM IIPe1yCMaTPUBAET BBICOKYIO INIOTHOCTh
Toka (700-1500 A/MM?) B KOHTAKTE HHCTPYMEHTA C ACTaNbi0, HU3KYI0 CKOPOCTh 00paboT-
ku (0.5-5 M/MUH) 1 HEBBICOKHE TPeOOBaHMS K IIEPOXOBATOCTU MOBEPXHOCTH.

2. Cpenuuii ynpOUHSIOLUUN peXUM - TIyOuHa YIIPOUYHEHUs] He3HauuTeNbHa. [110THOCTh TOKa
coctasisier Hmwke 700 A/mm®. CKOpocTH 00pabOTKH aHAIOTHYHBI WIH HECKOJBKO BBIIIC
NPUMEHSEMbIX Ha JKECTKOM pexxuMe. Bricokue naBiieHust 0Ka3blBalOT OTpULATENIbHOE Jeii-
CTBHE Ha YNPOUYHSIOMNX peKUMax. BenmnunHa gaBieHust 3aBUCUT OT TpeOyeMoil Tty OUHEI
U ILIEPOXOBATOCTU MIOBEPXHOCTHOTO CJIOS.

3. OtnenouHslii pexuM. Pa3zoBble NMPEBPAIICHUS] OTCYTCTBYIOT, IUIOTHOCTh TOKAa B KOHTAaKTE
HEBBICOKas, CKopocTH 00padoTku (10-120 m/MuH) , 1aBIeHHE HHCTPYMEHTA 3HAYUTEIIHHO.

Bei6op ontumaneHbIx peskumoB DMO 3aBUCHT OT TpeOyeMOl CTENeHH U TIIyOWHBI yII-
POYHEHUS, HIEPOXOBATOCTH MOBEPXHOCTH, HAYaJIbHOM IIEPOXOBATOCTH, TEOMETPUU HHCTPY-
MEHTa, CTPYKTYpbl 00pabaTbiBaeMOi 3aroTOBKU U T.1.

OnTuManbHble PEXUMBI 3JIEKTPOMEXAHMUECKOIO YNPOUYHEHHS MO3BOJIAIOT IMOJIyYUTh
3aKaJICHHYI0 CTPYKTYPY MOBEPXHOCTHOTO CJIOS C MOBBIIIEHHOW H3HOCOCTOMKOCTBIO, YTO 00Y-
CJIaBJIMBAETCS. €r0 BBICOKOM TBEPJIOCTBbIO, NPOUYHOCTHIO M MEJIKO3EPHUCTON CTPYKTYpOM
CKUMaromme OCTaTOYHbIC HANpPSsHKEHUS B MOBEPXHOCTHOM CJIO€ OT CHJI Je(hOpMHpPOBAHUS
OKa3bIBAIOT OJIArONpPUSTHOE BIMSHUE HAa Pa3IM4YHBbIE BBl pa3pylLIalOIIUX HAarpy30K B COBO-
KYITHOCTU C HMOBBIIIEHHON I1acTu4HOCThI0 nociae OMO . Kpome Toro u3HOCOCTOMKOCTD MO-
BBITIIAETCS 3a cueT oOpazoBanus mociie IMO Oobireii Hecyie criocoOHOCTH TIPO(HIIs, YeM
MoCJie MEXaHUYECKOW U TepMUYecKOor 00pabOTKH, YTO yMeHblIaeT BpeMs npupadoTku. [lo-
BBIIIEHUE N3HOCOCTOMKOCTH JieTallell MalliH, paOOTaIOLINX B YCIOBUAX TPEHUS CKOJIBKEHUS
, BO3MOYKHO TaKXe 3a CUET 3JIEKTPOMEXaHUYeCKOH 0OpabOTKU MpH MPOTEKAHUU AJIEKTpUYe-
CKOI'0 TOKa [0 UMITYJIbCHOM cXeMme , Oarofapsi 4eMy Ha yIpOuHsSEeMOW MOBEPXHOCTU (popMHU-
pyetcst cneruduyeckas TeKCTypa, NpeacTaBidionias co0oi uepeoBaHUE YIPOUHEHHBIX U
HEYNPOYHEHHBIX yYaCTKOB.

B HacTosiiee Bpemsi uccieoBaHMs MPOU3BOASTCS B OCHOBHOM C IPHUMEHEHHEM MO-
paJIbHO YCTapeBIIMX CXEM M ycTaHOBOK. Pe3epBbl B noseiieHnH 3¢ dexruBHocTH IMO Bu-
JATCS B COBEPILIEHCTBOBAHMM MCTOYHHMKOB MUTaHUA. B 4acTHOCTH, B CHIYKEHHU YHEPIOEMKO-
CTH, IIepexo/ie K OecTpaHC(HOPMATOPHBIM CXEMaM, MOBBIIIEHUN MOOMILHOCTH.
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Lenpto maHHOW pabOTHI SBISETCS COBEPIICHCTBOBAHWE MCTOYHHKA MUTAHUS HA OCHOBE
MOAYJISIIUM TOKA MPOMBIIIICHHON 4acToThl 50 ['11 TokoM OoJiee BHICOKOW YacTOTHI, YTO TIO-
3BOJISIET HApSAly CO CHMYKEHHEM SHEPTrOEMKOCTH NMOBBICUTH KAaYECTBO MOBEPXHOCTHOTO CJOA
nocne ynpoyHenus OMO Tpu COXpaHEHHH OCTATOYHOW TIyOWHBI YIPOUYHEHHOTO CIIOS

(puc.1-3).
14

—

!

Puc. 1. Tox npomsblnenHoi yactoTs! 50 I
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Puc.2. Tox BBICOKOM 4aCTOTEHI. Puc. 3. Tox npombinuienHo# yactoTel 501,
MOAYJIMPOBaHHbIN 00Jiee BBICOKOW YacTOTO.

B cBs13u ¢ aTuM Obla pazpaboTaHa cxema yCOBEPIIEHCTBOBAHHOTO UCTOUHUKA MTUTAHUS
st OMO. Cxema cocTouT u3 OJ0Ka MUTaHUsA, 0JIOKa TreHepaTopa UMITYJIHLCOB BHICOKOM dac-
TOTBI, OJIOKA MOIYJISIIUK, COOPAHHOT'O HA TPAH3UCTOPHBIX KIIFOYaX.

[IpuHumn pa®oTel cXxeMbl OCHOBAH Ha CJIETYIOLIEM: BHICOKOUYACTOTHBIE CUIHAJIBI MIPSIMO-
YroJbHOM (POPMBI ¢ TeHepaTopa Yyepe3 yCHWIUTENb MOCTyNaeT Ha 0a3bl TPAH3UCTOPHBIX KITHO-
yell. B nepBblil osyneprosa CHHYCOUAAIBHOIO TOKa ¢ OJI0Ka yIpaBJeHUsl IpephiBaTelis CBa-
POYHOTO JJABUHHOTO THMa Ha TUpuctop VSI mocTtymaer ynpapisiiolIMii CUTHAJ, OH OTKpbIBa-
eTCsl ¥ TPAH3UCTOPHBIMU KJIFOYaMH MIPOU3BOAUTCS MOIYJISILMS TOKOM BBICOKOM 4acTOThl. Bo
BTOPOH MOJIyNEpUO/I CUTHAJ TIOCTyHaeT ¢ 0J0Ka yNpaBieHus: Ha TUpUCTOP VS2, OH OTKphIBa-
€TCsl ¥ TPAH3UCTOPHBIMH KIIFOYaMH TaK)K€ NMPOU3BOAUTCS MOIYJISILUS TOKOM BBICOKOH 4acTo-

ThI (puc.4).
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Puc.4. Cxema npuHIunuaibHas MOAYJISILUM TOKA IPOMBIIIJIEHHON YaCTOTHI.
Peamm3anueii nanHOTO MOIX0Aa SBHUJIOCH H3TOTOBJICHHE JTa0OPATOPHOTO BaApUAHTA YCO-
BEPIIEHCTBOBAHHOTO HMCTOYHHKA TMUTAHMSA. BBUTM TIPOBEJECHBI €r0 UCIBITaHUS B JaOOpaTop-
HBIX YCJIOBUSX, MOJIyY€HBl yIOBJIETBOPUTEIbHBIE PE3YIbTAThl, U TETEPh BEAETCS 10padoTKa

ATOH CXEMBI AJIsI IPOBEICHHS UCCIIEI0BaHMI Ha JJaDOPAaTOPHBIX 00pa3liax U B AajbHEHIIeM Ha
HaTYPHBIX AETaJsIX.

O CAMOOPTAHU3AIIUU METAJIJIMYE CKOH CUCTEMBI
Sxymenko C.A., HukonoB WU.C. (kag.mexanuxu, TPTY, o. Tacanpoe, Poccus)

JIro6oe TBepnoe Teso, BHIBEIEHHOE U3 COCTOSIHUS PAaBHOBECHUS M0 KakoMy-Iu0o oc-
HOBHOMY HIIapaMeTpy (TeMmieparype, JaBJIE€HUI0, KOHLIEHTPAallMd KOMIIOHEHTOB), IIPHU ONpe/e-
JICHHOM BO3/ICHCTBUU HAa HETO (3aKaJOYHOE OXJAXKICHHE, yAapHas JedopMmarys, Jla3epHoe
obmydenue, nupGy3MOHHBIA KOHTAKT U T.J.) B TPOIECCE CBOCH PEIIaKCAIIMH MOXET MPOXO-
JIATH PsiJi HEPABHOBECHBIX COCTOSTHUM, KOTOPBIE 3aBUCAT OT BHYTPEHHEN IIPUPOBI TENIA.

N3BecTHO, 9TO MpoIece peakcay TePMOMHAMHYECKOW CHCTEMBI caM TIo cee He-
PaBHOBECHBIN, TOITOMY ISl €70 ONMCAHUS B paMKaxX HEJMHEHHOW TepMOJMHAMHUKHN HE00Xo-
JUMO BBINIOJIHEHNE TPUHIMIA JOKAJIBHOTO PAaBHOBECHS, N0 KOTOPOMY B JIOOOH JIOKaIbHOM
00J1acTH paccMaTpUBAEMON TEPMOIMHAMUYECKON CUCTEMBI, HAIIPUMEp, TBEPAOTO Tela, KoJie-
0aHus aTOMOB UMEIH 6I)I Nnepruoabl ropasao MCHBIINUEC, YEM BPEMA U3MCHCHUA TCPMOANHAMMU-
YecKHX napaMerpoB. OTHAKO Jaxe MPU HAIMYWH JIOKAJHHOTO PAaBHOBECHS B JIOOOW TOUKE
CHUCTEMBI B JTIFOOOE BpEeMsI OHA MOYKET JBUTATHCS K COCTOSIHUIO PABHOBECHS PA3IMYHBIMU TEP-
MOJUHAMHUYCCKUMU ITYyTAMMH. OI[I/IH U3 d3TUX HYTCi/JI-KBa3HpaBHOB€CHOC COCTOsSIHHUE CHUCTEMBEI,
IpU KOTOPOM TEPMOJMHAMHUYECKHE MapaMeTpbl HEPABHOBECHOW CHUCTEMBI (T.€. TBEpPJIOTO Te-
7a) B JF0OOW MOMEHT BPEMEHHU U B JIIOOOW TOYKE CHCTEMBI COOTBETCTBYIOT COOTHOIICHHUSIM,
XapaKTEePHBIM JIJIs1 TIOJTHOTO paBHOBecHsA. B 3ToM ciyuae B 110001 MOMEHT BPEMEHH CHUCTEMA
6y21€T HMCTDb SKCTPEMYM TCPMOAUHAMHUYCCKOTO IMOTCHIOHAJIA. CI/ICTeMa, JABWIXKYyIIasACAd K paB-
HOBECHIO II0 TAKOMY TEPMOJMHAMHYECKOMY IYTH, IIOJHOCTBIO YJIOBJIETBOPSIET YCIOBUIO JIO-
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KaJILHOTO KBazupaBHoBecus [1].

Oco0GeHHOCTDh TBEPIOTO TeNa KaK TEPMOJUHAMUYECKON CUCTEMBI COCTOUT B TOM, 4TO B
HEM BO3MO>KHBI JIOJITO’KMBYIIIME HEPABHOBECHBIC KOH(MUTYpALUH TUMA ASPEKTOB PEIETKH U
aTOMOB, HaXOJSIIUXCS HE B CBOMX IOJpPENIETKAaX (Cllydyail CBEPXCTPYKTYPHOTO YIOpsAOYe-
HUA). VIX Hanu4ue Tpu paBHOBECHBIX TEPMOJMHAMHUYECKHX MapaMeTpax CHCTEMbI HE IM03BO-
JSIeT CYUTATh €€ PAaBHOBECHOM. B TO e Bpemsi criocoOHOCTh HEPAaBHOBECHBIX KOH(HUTYpaIid
JIBUTATBCSA C PA3IMYHBIMH CKOPOCTSMH U COOMPATHCS B KOMILIEKCHI BEJIET K MHOT0O0Opa3uio
TEPMOJMHAMHUYECKUX My TEeH pellakcauy TBepAOro Tela.

HccnenoBanue nporecca penakcaiy Ha IPeaMeT HOSBICHUS KOMIUIEKCOB 1e(heKkToB
WM HEPAaBHOBECHBIX (ha3 B METAJUIMYECKON CHUCTEME CBSI3aHHO C HCCIIeIOBAaHHEM ITOU Tep-
MOJIMHAMUYECKON CHCTEMBI Ha YCTOMYMBOCTD. J{71s 3TOTO OblIIa BRIOpaHa crienuanbHast (GyHK-
I¥s1, OTIPEAETISIIONIas MOBEACHHE MeTauTMuecKoi cucteMsbl (dyHkuus JIamyHoBa), U ompene-
JICHO CTAaHIAPTHOE COCTOSHHE CHUCTEMBI, OTKIIOHEHHE OT KOTOPOTO SKBHBAJEHTHO OTXOIY €€
OT TEPMOJIMHAMUYECKOH BeTBU. Tak Kak NpU aHaIn3e HEPAaBHOBECHBIX MPOIIECCOB CTaHIAPT-
HBIM BBIOMPAETCS CTAIMOHAPHOE COCTOSIHHE, NMPU KOTOPOM JMOO 0OO0OIIEHHBIE TePMOIUHA-
MHUYECKHE CHJIBI, TMOO MOTOKM Ha TPaHHIAX PAacCMaTPUBAEMOU CHUCTEMBI PaBHBI HYIIO, TO
¢dynkuueii JIsimyHOBa B 9TOM Cllydae sBISIETCS BTOpasi BapHUaIysl YHTPOTIUU CUCTEMBI[2].

W3BecTHO, YTO MpomeccH peiakcaui 00JaJaroT OJHON criermpuueckoil 0coOeHHO-
CTBIO: ISl HUX TOYHO M3BECTHBI 3HAYEHHS TEPMOAMHAMHYECKHX MAapaMeTpOB B Hayajle U B
KOHIIE TIpoliecca. B cimyuyae KBa3upaBHOBECHS pacueTy MOJUIeKaT 3HAUYEHHs MOTEHIMAala B
M000# MOMEHT BPEMEHH, NMO3TOMY MPH OTKJIOHEHWH OT TEPMOJMHAMHYECKOW BETBU TEPMO-
JUHAMHUYECKOTO IMOTEHIMaa B MPOIECCe peakcaluu OyIeT COOTBETCTBEHHO MPOUCXOIUTH
OTKJIOHEHHE TePMOJIMHAMUYECKHX MMAapaMeTPOB OT MX KBa3MPABHOBECHBIX 3HAUEHHA. DTO OT-
KJIOHEHHE MapaMeTPOB IMOJICKUT HEITOCPEACTBEHHOMY U3MEPEHHIO B JTFOOOH MOMEHT BpeMe-
HU. TepMOAMHAMHYECKOW BETBBIO B JJAHHOM CIlydyae SIBJISIETCS KBa3MPaBHOBECHBIN MpoIEece,
COOTBETCTBYIONIMH MaKCHMAJIbHOMY IPOU3BOJCTBY PHTPONHH B METANIMYECKOH CHCTEME.
Jlis Hero B KaXJ10M JIOKaJbHOW 00JIACTH BBIMOJHSETCS YCIOBHE dKCTpPEMyMa Uil TEPMOIU-
HAMHUYECKOT0 TIOTEHIIMAIa 1 MUHUMYMa BHYTpeHHEH sHeprun. [10CKOIbKY CPBIB ¢ TEPMOIH-
HAMHYECKOW BETBU OOYCIIOBIICH KMHETHYECKMMHU OCOOCHHOCTSIMU OOpa30BaHMS U JABMIKCHHUS
HEPAaBHOBECHBIX JIE()EKTOB M MX B3aMMHBIM COOTHOIICHHEM, KHHETUKOW M3MEHEHUS TEPMO-
JUHAMUYECKUX IapaMeTpOB BHYTPH CUCTEMBI M Ha ee TpaHunax. O4eBHIHO, YTO TEPMOIMHA-
MHUYECKHE MTapaMeTpbl MAaKCUMAJIBHO OBICTPO M3MEHSAIOTCS B 00JACTSAX BOJM3U IPAaHUIBI CHC-
TEMBI, & CKOPOCTH UX W3MEHEHUS MPHUOIMKAIOTCS K CKOpOCTsIM oOpasoBaHus nedexros. I1o-
3TOMY B 00JacTSX BOJM3M TPAHWIBI TEPMOIMHAMHYECKON CHUCTEMBI BCE TPOIECCHI MOKHO
CUMTATh KBa3MPAaBHOBECHBIMH. B CBSI3M C M3JIOKEHHBIM JJIsl CJIydas MPOIIECCOB peNaKCaliiu
CTaHAAPTHBIM COCTOSTHHEM OBLJIO BBIOPAHO COCTOSTHHE KBa3upaBHOBecHs, a QyHKuus JIsimy-
HOBA TMPEJICTABIIACH KaK BTOpask BapUalys TEPMOJAMHAMHYECKOTO TTOTESHIINAJIA OTHOCHTEIb-
HO €ro KBa3MpaBHOBECHOTO 3HaueHHs. OIHOBPEMEHHO pelajach Ipyras 3agada CTPYKTyp-
HOW CaMOOpTraHM3allid MaTepualia IOBEPXHOCTHOTO Cliosi 0OpabaThiBaeMoOil JeTain, B KOTO-
POii OTIpeneNsIiCh 00IIre 3aKOHOMEPHOCTH Pa3IMYHBIX MPOIECCOB PENIAKCAIMY, B TOM YHC-
Jie peJlakcalui BHYTPEHHHUX HAIPSsDKEHU MaTepualia TBEPIbIX TeJ, TEM MJIM HHBIM 00pa3zom
BBIBEJICHHBIX U3 PABHOBECHOTO COCTOSHHS.

BbIBoAbI: BBITIOTHEHHBIE HCCIIETOBAHMS OTKPHIBAIOT HOBBIE BO3MOXXHOCTH B YIPaB-
JICHUW Ka4YeCTBEHHBIMH TTOKA3aTEIISIMU TIOBEPXHOCTHOTO CIIOS JeTajlel IMyTeM MpHUCIocoOre-
HUS CTPYKTYPbI MaTepuajia K U3MEHSIEMbIM YCIOBHUAM dKCIUTyaTanyd. Vcrnoib30BaHue BHYT-
PEHHUX PECYPCOB CTPYKTYPHOU MPHUCTIOCOOIIEMOCTH 00Pa00TaHHBIX MAaTEPUATIOB OTKPHIBACT
JIOTIOJTHUTEBHBIE PE3EPBHI B MOBBIIICHUN H3HOCOCTOMKOCTH JeTalei MalIuH.
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Cnucok saurepatypsnl: 1.byrenko B.M. CtpykrypHas camoopraHuszanys maTepuaia
MIOBEPXHOCTHOTIO cJiosl oOpabareiBaeMoii neranu.- Taranpor: TPTY, 2000.-168c. 2-bekpenes
A.H., bezyrnos A.}O. Camoopranuzanus METALIMYECKUX CUCTEM IIPU €€ HEKBa3UCTalMO-
HapHOM pernakcanuy// Pu3nka u xumust 00paboTKku Matepuaios, 1995, Ne2.-c. 122-127.

I'niPO®OMHUHI" - HOBBIE TEXHOJIOI'MYECKHUE BO3MOXHOCTH
OBPABOTKU JABJIEHUEM

I'maguyk E. A., Apenuenko C. A., [Tapamonosa B. A., lllyasra A. B.
(xagh OUJ, Honl ' VOT, Vrpauna)

I'uapodomMuHT - TpaaUIIMOHHBIN BUI 00paOOTKH JaBIEHHEM W3BECTHBIN KaK MPECcco-
BaHHE B KOTOPOM pOJIb MHCTPYMEHTA BBITIOJIHAET JKUAKOCTh. Takoil MHCTpyMEHT paboTaeT
0e3 n3Hoca U NoJIOMOK. B kauecTBe paboueil KMIKOCTH HCIOJIB3YIOTCS BOJHO-MacCIIsTHHbIE
smyibcud. C IOMOIIBIO THAPO(OMHUHTa B HACTOAIIEE BPEMSI M3TOTABJIMBAIOTCS IyCTOTENbIE
JIETaJI Pa3HOOOPa3HOW TeOMETPHH ¥ TabapUTOB C TUIABHBIM BOJIHOOOPA3HBIM MPOQHIIEM.

B xagecTBe 3aroToBKH HamboJee 1eIecO00pa3HO MCIIOIB30BaHUE TPYOUaTOH 3arOTOBKU
NpeBapUTENFHO MTOA0OPAHHOTO ceueHus. Ee moMemaioT B MaTpHUIly ¥ 3aKpHIBAIOT C TOPIIEB
repMETUYHBIMH 3ariTyIikaMu Bo BHYTph TpyOBI 10T BEICOKHAM JaBJICHHEM HarHETaeTcst pabo-
qast kuAKocTh [loa melcTBHEM NaBieHUs KHUIKOCTH 0OpabaThIBaeMbIii MaTepual TeueT U
TOYHO MOBTOPSIET OUEPTAHMS MTOJIOCTH MaTpHLbI (puc.l a).
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6
a - TpyO4aToil 3aroToBKu; O - TUIOCKOM 3arOTOBKH. | - 3ariymika; 2 - 3aroTOBKa; 3 - KUJ-
KOCTb, 4 - MaTpuLa, 5 - MyaHCOH
Puc 1. Ilpuanunuansaas cxema ruipopoMHHTa.
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Bechb nporecc 3aHMMAaeT HENPOAODKUTEIILHOE BPEMSI U COCTABIISIET B 3aBUCUMOCTHU
OT BUa MaTepuana u KoHpuryparmu aeranu 1. .30 cexynn [1]. Micnonb3yeTcs 1Ba nuana3oHa
paboumnx pasieHuil: HU3Koe - 10 80 Mlla (1714 mosmMMEpPHBIX MaTepUAOB U LIBETHBIX METal-
JIOB U CIUIABOB 32 UCKJIIOYEHHEM AIIOMUHHUEBBIX U TUTAHO-MarHUEBBIX CIIJIABOB) U BBICOKOE -
no 700 Mlla (mist yriepoAHCTBIX U JIETMPOBAHHBIX CTajei, aJIOMUHHUEBBIX M TH TaHO-
MarHueBbIX cIiaBoB). HeoOXoaumoe qaBiieHue KHUIKOCTH CO3JAeTCs CIIEIMAIbHBIM PECCOM
¢ yewmeMm 550UO xH. Jlocturaercst BBICOKOIUIACTUYHOE COCTOsSIHME 00padaThIBaeMOro Ma-
Tepuaa Mpu OTCYTCTBUH yIPYTUX AedopMaluii mocie copoca nasieHus. Takum oOpas3om, 1o
JTaHHBIM KOoHUEepHa «Jlaiimiep - Kpacnep - Muiy6ucu Ko.» [2], B HacTosiee Bpems ocyiue-
CTBIISIETCS TUIPO(POPMOBAHHE OTBETCTBEHHBIX CHIIOBBIX 3JIeMEHTOB Ky30Ba Mb kiacca E u S.

Pspom mpousBoguTenell yCmemHo OCYIIeCTBICHA (DOPMOBKA JETajeil CII0KHON
NPOCTPAHCTBEHHOW KOH(HTIYpalMy U3 IUIOCKHX JIMCTOB. TOJIIIMHA CTEHKH MPU 3TOM KOJeo-
aercst oT 0.1 MM 10 3 MM (4eM TOHBIIIE, TEM BBILIE CTENEHB Ae(opmannm, a 3HAYUT JOCTHUTra-
eTcsi 00JIbIIas OJTHOPOIHOCTh CTPYKTYPhl 00pabaThIBAEMOTO MaTepraa 1 BbIIIE €r0 MEXAHU-
YeCcKHe CBOMCTBA B 33/IaHHOM HAIIPaBIICHWH). B 3TOM cilydae >KMAKOCTh 3aroJiHsIeT pabouyro
MOJIOCTH Tpecc-(hOPMBI M CIYKHUT MaTPHILEH, a pOJib aKTUBHOTO 3JIEMEHTA BBITIONHSIET METall-
nryecknid myaHncoH (puc.1 6). Takum oOpa3om, mo maHHBIM KoHIepHa «Jlaiimiiep -Kpacnep -
Munyoucu Ko.» [2], moaBepraroTcs TuapopOMUHTY Ky30BHBIE 3JIEMEHTHI, OOJIMIIOBOYHBIC
na”enu u apyrue neramu Mb knacca E u S.

HUcxonnrie I'oToBoe
MaTepHaIbl ? ? ? H3Jenmue
!
|

a
Hcexonubie T'oToBoe
——— e~ I B K i
MaIepHaJIbI * 1‘ ? : H3eNHe

l

1

6

a - TEXHOJOTHYeCcKHid mpouecc ¢upmbl «TaiioTay; 6 - TEXHOJOTHYECKHH TMPOIECC
koHuepHa «Jlanmmep - Kpaiicnep - Muiryoucu Ko.».

1- mosrydyenue cranu; 2 - pa3iuBKa; 3 - MpoKaTka; 4 - ITAMIOBKA; 5 - cBapka; 6 -
OKpacka; 7 - cucTeMa aBTOMAaTHYECKOTO YIIPABIICHHS TEXHOJIOTUUECKUM IPOILEccoM; 8 -
TUJIPOGOMUHI.

Puc.2. Mecto ruapodoMHHTa B TEXHOJOTHYECKOM IPOIIECCE W3TOTOBJICHHS Ky30Ba
aBTOMOOWMIIS

I'uapodoMHHT TTO3BOJIIET COYETATh MPOIECC 0OPAOOTKH ABJICHHEM C HaHECECHHEM
BBICOKOKA4E€CTBEHHOTO JIEKOPATUBHOTO 3AIUTHOTO MOKPBITUS M3 TOJIUMEPHBIX WM JIPYTUX
cunTeTnueckux matepuanoB. Konnepn «laiimiep - Kpaiicnep - Muityoucu Ko.» [2] Bbimon-
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HWI 110 TaKOW TEXHOJIOTHU U3 CHUHTETHYECKMX MarepuanoB y Mb kmacca E BblcOKOKadecT-
BEHHYI0 UMMUTALUIO M0J{ OTIAEIKY OPEXOBBIM JE€PEBOM PYJIEBOTO KOJIeCa U NEepeaHEN ITaHeIH

I'mapodomuur obecrieunBacT HOBBIE TEXHOJIOTUYECKUE BO3MOYKHOCTH, 1O CpaBHE-
HUIO C CYIIECTBYIOIIUMH CTIOCOO0aMu 00paOOTKH JaBICHUEM :

1 .DOxoHOMUS MaTepuana, Tak KaK IIOJHOCTbIO OTCYTCTBYIOT OTXOBI.

2.B03MOKHOCTh M3TOTOBIICHHS M3JCIUI CII0KHON MPOCTPAHCTBEHHOUW KOH(pHTYpa-
MK OOJBIINX Tra0apUTOB C MUHUMAJIBHO TOHKOM CTEHKOH MpH 00ecTie4eHnH BBICOKOW TOYHO-
CTH U Ka4eCTBa [IOBEPXHOCTEN NPU OJTHOBPEMEHHO BBICOKOM KECTKOCTU U3EIIHS.

3. CokpatieHyue TEXHOJOTUYECKOTO NPOLecca 3a CUET MOJIHOTO YCTPAHEHUs CBApKU
npu cOOpKe U OKpacku (cOOpKa U HAHECEHHE 3alUTHOTO MOKPBITHS BBIIOIHAETCS B MPOLIECCE
ruapodomunra).

4.06ecneueHne MakKCUMyMa MEXaHUYECKHUX CBOMCTB y 00pabOTaHHOTO MaTepuana B
CTPOTO (PHKCUPOBAHHOM TPeOyEeMOM HalpaBJICHHH.

5. OIHOBpPEMEHHOE HAHECEHUE BBICOKOKAYECTBEHHOIO 3aLIUTHOTO U JIEKOPATUBHO-
ro MOKpPBITUS, KAYECTBEHHbIE M SPTOHOMHUYECKHE NOKA3aTeNId KOTOPOTO 3HAYUTENBHO IIpe-
BBIIIAIOT OOILENPHUHATHIE, HEMOCPEACTBEHHO B NPOLIECCE M3rOTOBJIEHUS u3aenus. 6. Mcnomns-
30BaHUE MATEPUAJIOB HETPAAULIMOHHBIX Uil 00paboTKu naBieHueM. 7.Bo3MOKHOCTE MOEp-
HHU3AllM{ CYIIECTBYIOIINX TEXHOJOTHYECKUX KOMIUIEKCOB ¢ MUHUMYMOM 3aTpaT mpu obecrie-
YEHUU CHIKEHNHU ce0€CTOMMOCTH MPOIYKIHH.

[Mpumenenne rtuapodomMuHra mo maHHeM KoHIepHa «Jlaiimnep - Kpaiiciep -
Muny6ucu Ko.» no3Bosmno CHU3UTH IMOJIHYKO Maccy IO CPpaBHEHHMIO ¢ mpototunoMm y Mb
kiacca E na 345 kr (#a 16,4%) npu rapaHTUpOBAHHOM 3allIUTE Ky30Ba OT CKBO3HOM KOPPO3UHU
B TeueHHe 12 5ieT He3aBUCUMO OT Ipodera 1 ycioBuil skcIuryaranui. O1HaKo:

1.Ilponiecc rumpodomunra TpedyeT y3KOCHeIHATHM3HPOBAHHOTO 000y I0BaHUS, POU3BO-
JTUTEILHOCTh KOTOPOTO HIDKE, YeM JIJISl CYIIECTBYIOIINX CIIOCOO0B 00pabOTKH JaBICHUCM.

2. B Hacrosimiee BpeMsi uMeeTcs cinabasi HaydHas 0a3a 3TOro mporecca, 4YTo JIeTaeT HEBO3-
MO>KHBIM BHEJIPEHHE MOJHOM aBTOMAaTU3alluK BCEX MIPOU3BOACTBEHHBIX onepauuii [1].

3.YcnoBust M3rOTOBICHUS M3ETNNA THAPO(GOMHHIOM TpeOyeT OT KOHCTPYKTOpa CHenralb-
HBIX MOJXO0J0B B KOHCTPYHPOBAHUHU XOPOLIO OTPAOOTAHHBIX C TEXHOJOTMYECKON TOUKH 3pe-
HUSL U3JENUNA. DTO MOJHBIM OTKa3 OT NPUMEHEHUS! TPaJAULMOHHBIX Pa3beMHbK COEIUHEHHH,
IUIOCKUX ¥ OOBEMHBIX [MOBEPXHOCTEN € JTMHEWHOI 00pa3yrolell U TpaJulIMOHHBIX JIEMEHTOB
COTIPSIKEHUSI TIOBEPXHOCTEH (TaK HAa3bIBAEMBIH «OMOIU3AITHY ).

4. ObecrnieueHNE CTIEIUANBHBIX CTPOTO (UKCHPOBAHHBIX HKCIUTYyaTAIIMOHHBIX YCJIOBUHN H3-
JeNMiA TosTydaemMbIX TuapodomuaroM. [lpototum, paspadortannsii dupmoit ®UAT ¢ mupo-
KAM HCTIOJIB30BaHUEM THAPO(GOMHUHTa , UMEET HEeJbHBIN HEpa3heMHBIN KaloT, YTO HE M03BO-
JSIET BBINOJIHATh TEXHUYECKOE OOCITy’KMBAaHME M PEMOHT B TEUEHHUE PACUETHOIO CPOKA JKC-
IUTyaTalliy U3ENHs.

Cnucok surtepartypsbl:. 1. HoBble TexHONOTMH 00pabOTKU AaBiieHHEM pa3paboTaH-
Hele ¢pupmoit Thyssen Henrichshwte // Stahl und Eisen. - 1999. - 109, Ne 3. - C. 14 - 16. 2. E.
Eropos. Boaa 3amuBaet 3aBob1?/MoTor News. - 1999, No 6. - C. 52 - 54.
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ITPABWIA
NpeICTaB/ICHUS PYKONKCEH B CTyleHYeCKUi
HAYYHO-TeXHHYeCKHil :KypHaJ « MHKenep»

JloHeukuii rocynapcTBeHHbI TexHUYecKuil yHuBepcurer ¢ 2000r. HauMHAET BBIIYCK
CTYJIEHYECKOT0 HAay4YyHO-TEXHMUYECKOro xXypHana «Mmxenep». XKypHan « MuxeHep» opuen-
TUPOBAH Ha Iy OJMKALMIO HAYYHBIX pa0dOT CTyIEHTOB, MATUCTPAHTOB, CTAXKEPOB, ACIHPAHTOB,
MOJIOJIBIX CHEUAIUCTOB, ACTAIONIUX MIEPBhIC MIard B HAYYHOH AedrenbHocT. [lyOnukanus B
JKypHaJie IO3BOJIUT UM IPUOOPECTH OIBIT HAMMCAHUS HAYYHBIX CTATEH, MO3HAKOMHTCS C Ha-
YYHOW JESATEIBHOCTBIO CBOMX KOJUIET, KOHLENUMSAMU Pa3BUTUS Pa3IMUYHBIX OTpacieil mpo-
MBILIUICHHOCTU. B TOXe Bpems Beayiiue ydeHble kageap, pakyabTeToB MOTYT 03HAKOMUTHCS
C HAyYHBIMH HaNPaBJICHUSIMH MOJIOJBIX YUEHBIX, aKTyallbHOCTBIO X Pa3pabO0TOK, HAYYHBIM U
HapOHOXO35HCTBEHHBIM 3HAUECHUEM.

CopaeprkaHue pyKoOnMcen J0HKHO OTpakaTh HOBBIE TOCTH)KEHUSI HAYKH U TEXHUKH B
Ucciey eMoi 001acTH, COlepKaTh aKTyadIbHOCTh pabOThI, HOCTAHOBKY 3a/1a4H, IOy YCHHbIE
pe3yabTaThl, UX MPAKTUUECKOE 3HAUEHHE, BEIBOABI. MaTepuaibl JOJDKHBI IPEACTABIATh HH-

Tepec ISl MUPOKOTO KPyTa CIIeIUATUCTOB.
SI3bIKK TpeICTaBIIEHUs] PYKOMTUCEH: YKPAaUHCKUM, PYCCKUI.

OCHOBHASY TEMATHUKA CBOPHUKA

Co3panuie 1 IpUMEHEHHE TIPOTPECCUBHBIX TEXHOJIOTHH.
WudopmanmoHHbIe TEXHOJIOTHH.

MexaHu3a1us 1 aBTOMaTH3alMsI POU3BO/ICTBEHHBIX TPOIECCOB.
YnpaneHrne KauecTBOM, METPOJIOT s, CEPTH(HUKAIIHS.

Bomnpockl 5KOHOMUYECKOH TEOPUH ¥ IPAKTUKH.

MonenupoBaHue U pacueThl CJIO0KHBIX TEXHUYECKUX CUCTEM.
DKoJoTHYeCcKre POOIIEMbI TPOMBIIUIEHHOCTH.

Nk wh =

HPEACTABJIEHUE MATEPHUAJIOB

JIyist puHSTHS pENIeHus O BKIIFOUCHUH PYKOIUCH Barieil ctathu B COOPHUK HEOOXOIMMO BhI-
cnatb 10 30 mapra 2000 rona B aipec peakiiMOHHOM KOJUIETUU CJIe] YIOIIee:
® 3a5BKY C YKa3aHHEM HOMEpPa TEMATHKH JKypHAJia U CBEICHHsI 00 aBTOpax CTaThy,
® PYKOTIMCh CTaThH B JABYX JK3eMIUIIpax (BTOPOM 3K3EMIULIP CTAThU JTOJDKCH OBITh MOAMHCAH
BCEMH aBTOPAMH);
® JHCKeTy 3,5 MoiiMa C 3aMrCchio TEKCTa CTaThH.

TPEBOBAHUA K OPOPMEHUIO

1. Tekct pykonucu crathy 0T 3 10 10 noanbix crpanuil Ha Oernoii Oymare hopmata A4 (210x297 mMm) ¢ moss-
MH: BepxHee 1 HiwkHee 25 MM, sieBoe 30 MM 1 nipaBoe 20 MM. CTpaHHIIBI HE HYMEPOBaTh (HyMEpaluio BbI-
MOJIHUTH KapaHAalloM B HIDKEM IpaBOM yrity). Pykomuce cratbu 0()OpMHUTH C MPHUMEHEHHEM PEeAaKkTopa
WinWord (ue aHrmxe Bepcuu 6,0) mpudtom Times New Roman pasmepom 12, pacrneyarars B ABYX SK3EMII-
JsIpax ¢ BHICOKUM KaueCTBOM TI€4aTH.

2. Topsnox opopmiennsi. Marepuabl 10JDKHBI OTBEUaTh CIEAYIOIIEH CTPYKTYpHOH cxeme: Ha3BaHue, pamu-
JMY W WHUIWAIBl aBTOPOB, COKpALICHHOE Ha3BaHWE OpraHu3alyii, Kadenpbl, OCHOBHOH TEKCT, BHIBOIBI,
crnucok Jmrepatypbl. Ha3Banme medarath NMponMCHBIMH(KMPHBIMH) OYKBaMu, HE OTCTYIas OT BEPXHETO
noJst, 6e3 mepeHocoB, HeHTpupoBaTh. Uepe3 1 MycTyr0 CTPOKY CTPOYHBIMH OykBaMH — (paMUJINH M WHH-
IHAJIbI aBTOPOB (3KMPHBIMH), B KPYIJIBIX CKOOKaxX KYpCHBOM — COKpaIlleHHOE Ha3BaHWe OPraHu3aluu, ro-
ponxa (depes 3amATyr0, EHTPUPOBATH). Uepes 1 MyCcTyI0 CTPOKY — MaTepUabl CTaThbU (SI3BIK M3I0KECHUS —
0 BEIOOPY aBTOPOB, MEKCTPOUHBIH HHTEpBai 1). CM. 00Opaser] 0(opMIICHHS MaTEPHAIIOB.

3. T'padmyeckuii MmaTepuas (pUCyHKH, TpaUKH, CXEMbI) CIEAYeT BBIIOJHATH pasMepamu He MeHee 60x60
MM BHEJPEHHBIMH 00bekTaMu (110 X0y MaTepuayioB). Bee nmo3uiyn, 0003HaueHHbIE Ha PHCYHKE, TOJDKHBI
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OBITH 00BsICHEHHI B TekcTe. [lo3nimn Ha pucyHKe JTOJDKHBI pacrioiaratbesi 1Mo 4yacoBoi crpenke. Ilon kax-
JIbIM PUCYHKOM YKa3bIBAaeTCs €ro HOMep U Ha3BaHue, HanpuMep: Puc. 3. Cxema yctpoiictBa. Kaxnplil pu-
CYHOK JJOJDKEH UMETh OJJUH UHTEPBAJI CBEPXY U CHU3ZY.

4. ®@opmyJasl 1 MaTeMAaTHYeCKHe 3HAKH JIOJDKHBI OBITh TOHATHBI. [oKa3aTenu, cTerneHn U MHACKCHI JOJDKHBI
OBITH MEHBIIIE OCHOBHBIX 3HAKOB W BBINOJHITHCS B COOTBETCTBHH C penaktopoM ¢opmyn Microsoft
Equation. ®opmynsl HoMepyroTes (CipaBa B KPYIJbIX CKOOKax, HE OTCTYMasl OT MPaBoTo IOJI), TOJIBKO B
TOM CIIydae, €clii Ha HUX B TEKCT€ MMEIOTCS CChUIKH. MeXny KpaiHUMH 3HakaMHu (OpPMYJIbI U TEKCTOM
JIOJDKEH BBINIOJHATHCS OJUH HHTEpBa. DOpMyITBI BBIOIHAIOTCS KYPCUBOM.

Pasmep ¢popmya pist Microsoft Equation

D (100 35 2 0215 1. 12 pt
Subscript/Superscript (KPYITHBIA HHITEKC). ... v uvvnrenreneeneeneansanennannanseneennnss 8 pt
Sub—Subscript/Superscript (METKHAN HHITEKC). ... uvutenrenrinereneenneneaneanenanns 6 pt
Symbol (KPYITHBIF CHMBOIT). ..ttt vententeitenteteetetetee et eneeneeeneenenneneans 14 pt
Sub-Symbol (MEITKHIA CHMBOIL). . ...\ teventententeneenensenateesenseneeneeneenennenens 10 pt

5. Ta6auubl J10JDKHBI IMETh Ha3BaHHUE M OPSAAKOBBIN HOMEp U PACIOIaraThCs MOCIe YIOMHHAHHS 110 TEKCTY,
Hanpumep: Tabmuna 2. Kimaccudukanus mypT. Kaxnas tabnuna 10DKHA UMETh OJMH MHTEPBAJ CBEPXY H
CHHBY.

6. Cnmucok JuTepaTypbl A0JDKeH OBbITh MPUBEACH B KOHIE CTaThbU B COOTBETCTBUH ¢ 00pasuom. [lepedeHs
CCBUIOK JTOJDKEH OBITh COCTABJICH B MOPSAKE YIIOMHHAHKS B TeKcTe. CChUIKU Ha JUTEPATypy 3aKIIFOYaeTcs B
KBaJIPAaTHBIC CKOOKH.

7. TekcT pyKONMUCH CTaThU TPeOyeTCs 3alucaTh Ha JUCKETY 3,5 mroiiMa, KOTOPYIO HYXHO MOJIUCATh CIC Y-

UM 00pazoM: GpaMIITUK U UHULHAIIBl aBTOPOB, HA3BaHUE CTATHU.

Marepuansl pyKOTIHCH IPENICTABISIOTCS O3 U3rnooB.

9. Marepuansl, He OTBEYAOIIHE TIEPEYUCICHHBIM TPEOOBAHUSIM M TEMATHKE TAaHHOTO COOPHHKA, & TAKXKE MO-
CTYNHBIINE B PEAAKIMOHHYIO KOJUICTHIO C OTIO3IaHHEeM, OTTyOJIHKOBAHBI HE OYIYT.

o]

Obpaszey ogopmienus mamepuanios:

OCHOBBI CTPYKTYPHOI'O CUHTE3A CBOPOUYHbIX CUCTEM
HUBanoB U.N., lletpos ILIL (xagp. TM, /[onl TV, 2. [loneyk)

COOpoYHbIE CUCTEMBI SIBIISIIOTCS CIIOKHBIMU UEpApXUIECKUMU cucteMamu. OHUM U3
ycinoBuid [1] TOBBINICHUS] TPOU3BOAUTEIBHOCTH ... COOPOYHBIX TEXHOJIOTHYECKUX CHCTEM

(puc. 5).
Cnucok gutepatypsl: 1. Kum W.I1. UccnenoBanue 3¢ peKTUBHOCTH POTOPHBIX Ma-

muH. — K.: KIIHU, 1985. — 123 ¢. 2. YcTioroB A.B. Hane:xHOCTh TEXHOJIOTHYECKUX MAaIlHH. —
Honenk: JIoal'TY, 1998. — 425 c.

Apec peIakKIMOHHOW KOJJIEeruu :

VYkpauna, 83000, r. doneuk, yi. Aprtema, 58, ol TY, Kadenpa «TexHosoruss mammHo-
cTpoeHus», Penakipionnas koyuterus xxypHana «mkeHep».

IIpencenarens penakunonHoi kosuternn — A.H. Muxaiinos, ten. (0622) 93-60-02.

3am. pencenatens — B.A. borycnasckuid, Ten. (0622) 91-08-05.

VYuensiit cekpetaps — A.B. baiikos, Ten. (0622) 91-08-78.
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