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BBEJEHME

B m3nanuu mpencTaBieHBI COMEpPKaHUE U 00BEM THUIIOBOW yUeOHOM
JUCHMITIIMHBI TI0 TEXHOJIOTUM CYJOCTPOEHHs JUIsl CTYAEHTOB CIIEIU-
anpHOCTH 1-37 03 02 «KopabnectpoeHue u TeXHUYECKas IKCILTyaTallus
BOJIHOTO TPAHCIIOPTay», a TAKXKE COAEPIKATCS METOTUIECKHE yKa3aHUS 110
M3YYEHHUIO JUCUUIUTMHBI U CIUCOK PEKOMEHIOBAHHOM JTUTEPaTyphl:

B ocHOBY maHHOTO M3aHMS MOJOXKEHBI MAaTEPHAIIBI, IPUBEACHHBIC B
yueonnke B.JI. MankeBuda « OCHOBBI TEXHOJIOTHH CYJIOCTPOSHUS», BBI-
mymenaoM B 1980 r., Takke 6oiee oIpoOHO pacCCMOTPEHBI TEXITPOIIEC-
Chl, MPUMEHSAEMBIC MPH H3TOTOBICHUU COBPEMEHHBIX METAILTUYECKUX
CYyJIOB.

1. OBIIIUE BOITPOCHI TEXHOJIOI'MHN CYJJOCTPOEHUS

1.1. IIpousBoACTBEHHBbIE U TEXHOJIOTMYECKHE MPOIECCHI
B CY/10CTPOEHUH

Texnonocua cyoocmpoenusa SBISIETCS HayKoM, HM3ydaroumed cyul-
HOCTh IPOU3BOJCTBEHHBIX MPOLIECCOB  MOCTPOHKH CYIIOB, B3aUMHYIO
CBSI3b ATUX IMPOLIECCOB U 3aKOHOMEPHOCTU UX Pa3BUTHSL.

Ilpou3zeodcmeennsiit npoyecc eCTb COBOKYITHOCTh BCEX NEHUCTBUM,
HallpaBJICHHBIX Ha NPEBpANICHHUE MaTEPHAIOB U TOIy(haOpHUKaToB B
3aKOHUYCHHYIO MPOLYKIHUIO — IPEeIMET MIPOU3BOICTBA.

[Ipon3BOACTBEHHBIH TPOIIECC MTOCTPONKU CyIHA BKIIOYAET ITOTyYe-
HUE ¥ 00pabOTKy MarepuaioB sl Kopmyca U o0opynoBaHus, cOOPKY U
CBapKy YacTell KOpIyca M IEJOro KOPITyca, U3TOTOBIEHHWE U MOHTaX
pa3IMYHBIX = yCTPOWCTB, CHUCTEM, allaparoB H TNPUOOPOB, OTACIKY
MTOMEIICHUH, HAaJaJKy pa3HBIX TEXHUYECKUX CPEICTB, HWCIBITAHHUS |
clady CyJiHa 3aKa34duKy.

CocraBnstoniyue 3JIEMEHTBl OOIIETro Mpolecca MOCTPOHKH TaKoro
CIIO)KHOTO COOPYXKEHHS, KaK CYTHO, MPENCTAaBIIAIOT COOOH dYacTHBIC
MTPOU3BOJICTBCHHBIC IPOIECCH. Bce dacTHBIC TPOW3BOJCTBEHHEIE IPO-
[IECCHl Ha CYJOCTPOUTEIHLHOM MPEINPUITHH IPUHATO TPYyNIUPOBATEH I10
JIECSITH BUJAaM TPOU3BOCTB (Tabm. 1.1).



Tabmnma 1.1

Buabl npou3BoACTB B CYI0CTPOEHUH

BI/I,Z[I)I IIpOU3BOACTB

CopeprkaHue pOU3BOJICTBEHHBIX MPOIIECCOB

1. KopmycoobpabaTriBatoree
2. CoopouHO-CBapOYHOE

3. KopmycocrpourenpHoe
(cTramenbHOE)

4. TpyOomenHuUIKOE

5. MeXxaHOMOHTaKHOE

6. CiecapHO-KOpITyCHOE
(3aroTOBUTEIHHOE)

7. CiecapHO-KOpITyCHOE
(MOHTaXHOE)
8. M3onsiumoHHO-MaIsIpHOE

9. CTONSIpHO-TIIOTHUYHOE

10. DneKkTpopaJOMOHTAKHOE

UsroTosienue aeraneit Kopiyca U3 mpokara
UsroTosienue y3noB, CeKIuii U OJI0KOB KopITyca
dopMupoBaHre KOpIlyca M3 YacTel Ha TMOCTpoed-
HOM MecTe (cTarmerne)

W3roroBieHue y3710B TPYOOIPOBOAOB U pPa3HBIX
TEMJI00OMEHHBIX aIllapaToB

VcraHOBKA W MOHTaX MEXaHHYECKOro 000py-
JTOBaHUS

H3zroToBieHne MeTaIUIMYECKUX NETajled W y3II0B
000pyIOBaHHS IOMEIICHHN, BEHTHIIAINHA, KOHCT-
PYKLHH OTIEIKH, YCTPOWCTB M HACHIILICHUS
MoHTax Ha CyJHE YKa3aHHBIX BBIIIC JICTAaICH H
y3JI0B

3aroToBka M yCTAHOBKA M30JLSILIMK CYZOBBIX ITOMe-
meHHd ¥ O00OpYAOBaHMS; BBIMOIHEHHE OKpPAcod-
HBIX PadoT.

H3roToBieHne W MOHTaX Ha CyIHE JCPECBSIHHBIX
3JIEMEHTOB 000pYI0BaHHS, YCTAaHOBKA OOJUIIOBOK
U OTJeJIKa MOMELICHUH

Komuiekraiysi, yCTAaHOBKA W MOHTaX JJIEKTPO-,
paguo- ¥ HABUTALMOHHOrO 00OpyIOBaHMS Ha
CyIHe

B xome kaxxaoro. MpoW3BOJACTBEHHOTO Mpollecca OOBEKTHI Tpyna
3aroTaBJIMBAIOT; TPAHCHIOPTHPYIOT, CKIATUPYIOT, Pa3IMIHBIM 00pa3oM
00pabaThIBAlOT, COOUPAIOT, TOJBEPTalOT KOHTPOIK M T. M., TIOKa HE
OyIeT co37aHo u3/Iemne.

TexHnonozuueckuii npoyecc — 9actb MPOU3BOJCTBEHHOTO IpOIEcca,
CBA3aHHAs C M3MEHEHHEM U TOCIEIYIOIIUM OIpe/IeIeHHeM COCTOSHUS
IpeaMeTa MPOU3BOICTBA.

B Xome TEeXHOJIOTHMYECKOTO IMpollecca OCYIIECTBISIIOTCS TPYIOBBIC
JIEHCTBUS WJIM TIPOUCXOJIAT €CTECTBEHHBIC Mporiecchl. OHU MPUBOAAT K
W3MEHEHUIO (OPMbI, BHEIIHEIO BHJA WM BHYTPSHHUX CBOWCTB
npeaMeTa Tpyaa. Hampumep, mpu TEXHOIOTHYECKOM TpOIecce OKPacKU
HaHECEHNE KPacKW Ha TOBEPXHOCTH SBISETCS MPOIECCOM TPYAOBBIM, a
BBICBIXaHUE €€ Ha BO3/AyXE — MPOILIECCOM €CTECTBEHHBIM.



Kaxxapiii mpou3BOJICTBEHHBIA MPOIECC pPa3/iesIeTcs Ha OIepaluu
(puc. 1.1).

Tpon3noAcTEO 1A CYAOCTPOHTEABIOM
MPeANPHATHH
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Puc. 1.1. Cxema pa3zeneHus mporecca CyI0CTPOUTENEHOTO
[IPOM3BOJCTBA HA 3JIEMEHTHI

Onepayueri Ha3bIBaCTCS 3aKOHYCHHAS 4YacTh IPOU3BOJCTBECHHOTO
npoiiecca, BoimonHseMas Ha ogHoM padouem mecte (I'OCT 3.1109-73).
OHa BBITIOIHSAETCS HEU3MEHHBIMUA HCITOTHUTEISAMH, BKIIOYAET BCE ITOC-
JIeIOBATeNIbHBIC JICUCTBUSL paboumMx Haj 00padaThIBA€MBIM WIH COOU-
paeMbIM TIpeIMETOM Tpyaa. [Ipumepsl oneparmii:

pas3pes3ka JIucTa Ha JIeTaly Ha CTAllMOHAPHOM MaIlluHe JJI TEeTIOBOU
pe3Kku;
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YCTAaHOBKA Ha TMOJIOTHHINEC TNEPEeOOPKH W 3aKpCIUICHUE Ha HEM
ANIEKTPONIPUXBATKAMU pPeOep KECTKOCTH;

HaKJIeHKa U30JIIIMY Ha TIOBEPXHOCTh 0OpTa B KAIOTE H T. .

Omnepanus SBIASCTCS OCHOBHON €IMHMIICH NMpHU IUIAHUPOBAHUU, Opra-
HU3aIUHN U y4eTe TPOIeCCOB MPOM3BO/ICTBA Ha pab0OUMX MeCTaX, a TAKKe
B M3YUYEHUH TPYAOBBIX IPOIIECCOB.

Omnepanuu pa3aeisiioT Ha IEPEXOAbl U TEXHOJIOTUIECKHUE KOMIUICKCHI
npuemoB (TKII), a mpu peranbHOM HM3YYCHHH XapakKTepa U JUIUTEIb-
HOCTH TPYJIOBBIX IPOIIECCOB €ITe pacCMaTPUBAIOT MPHUEMBL, JACHCTBUSI U
JIBUKEHUS padouero.

Ilepexodom Ha3bIBacTCs 4acTh ONEpAIlUH, MPEACTABISIONIAs co00i
COBOKYITHOCTh JISHCTBHIA, HANPaBIECHHBIX Ha 00paOOTKY Ompe/esieHHON
MMOBEPXHOCTH WJIM HM3MEHEHHE B3aMMHOTO TIOJIOKECHHS COOMPAEMBIX
3JIEMEHTOB IPH OJHOM peXHMe paboThl 000PYIOBAHHS U OJHUM U TEM
K€ MHCTpyMeHTOM. Hampumep, B omnepanud yCTaHOBKH pedep KecT-
KOCTH Ha TOJIOTHHIIE ITEPEXO0JOM SBJISETCS YCTAHOBKA KaXKIOTO OTACIb-
HOTO pedpa.

[lepexonpl cnaraloTcs U3 mMeEXHOI02UYECKUX KOMNIEKCO8 NPUEMOE
(TKII), npexacraBnstommx coOOW (00BbEIUHEHNE HECKOJBKHX TOCie-
JIOBATEBHBIX MIPUEMOB, 00ECIICUNBAIOIINX TOCTI)KCHHUE OTPECICHHON
TEXHOJIOTUYECKON 1enu (HampuMep, YCTaHOBUTh, OPUEHTUPOBATH, MPO-
BEPUTH, IPUXBATHUTH U T. JI.).

Hakonen, 0ojee MenKue COCTAaBIIAIONINE — HpUeMbl, OeiUcmeus u
oguricenua paboOyero — MIPEACTaBIAIOT COOOM TPYIOBBIE 3JIEMEHTHI,
KOTOpbIE aHATU3UPYIOTCS, HAIPUMED, IPU MACCOBOM MPOU3BOICTBE WU
TP pa3pabOTKe CPEACTB MEXaHM3AIHH.

[lon mexanuzayueit TOHUMAIOT 3aMEHy PYYHOTO Tpyla dYeIOBEKa
paboToii MamuHbl. Eciin MexaHu3aiueit oxBaueHbl BCE YUYaCTKU TaHHOTO
MPOU3BOJACTBA, HAa KOTOPBIX OCYIIECTBISIOTCA U TEXHOJOTUYECKHUE U
BCIIOMOTATEIBHBIC TPOIECCH], TO JaHHOE IIPOU3BOJICTBO HA3BIBAIOT
KOMILICKCHO-MEXaHU3UPOBAHHBIM. HemocpeCTBEHHOE yYacThe YenoBe-
Ka B YHPaBJICHUH MAIIMHAMU MIPU 3TOM COXpaHsIEeTCsI.

[Ipu aemomamuzayuu nponsBoiacTBa (TOJHOW WIN YaCTHIHOMN)
YeJIOBEK HE YYaCTBYET B YIIPABJICHHHM MAaIlHHAMHA — OHO TIEPeIacTCs
Pa3TUYHBIM aBTOMAaTHYECKUM yCTPOMCTBAM.

EctecTBeHHO, 9TO Mepexo] K aBTOMAaTH3WPOBAHHBIM ITPOHU3BOICTBAM
TpeOyeT OOJBINX KaMUTAIBHBIX BIIOXKEHUH, 3aTpaunBaeMbIX Ha TPOEK-
TUPOBAaHUE U WM3TOTOBJICHHE BCETO aBTOMATHU3MPOBAHHOTO 000pYI0Ba-
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HUSI, a TaKKe Ha MOATOTOBKY MPOTpaMM H IepeHataaKy o0opyIoBaHHS.
OTH 3aTpaThl CKOpee OKYISTCS MPU MacCOBOM HIIM KPYITHOCEPHHHOM
THUIIEC IPOU3BOJICTBA, YEM MIPU MAJIOCEPUITHOM MIIH €IMHIUYHOM.

Tun npou3BoACTBa XapakTepusyercs: K03 duimenToM 3akpennenus
onepanwii K, , (BEIYUCIIIEMbIM TTOMECSYHO) 32 OTPEACICHHBIM paboYnM
MECTOM:

|
KQ.T = B
rae O — YuCIo pa3IndHbIX OTepallHii;
P —uucno paboyux MeECT, Ha KOTOPBIX BBIMOIHAIOTCS Pa3nYHbIC
orepaliy B TCUYCHNE MECSIIA.
[Tpon3BOACTBO NPUHSATO CUUTATH:
— MaccoBeM, eciin K, = 1;
— KpymnHocepuiiabiM, ecin 1 < K,, < 10;
— cpeanecepuiiibiM ecim 10 < K, <20;
— MenkocepuiiHbM, eciu 20 < K, , <40;
— CIMHUYHBIM, eci K, , He perIaMeHTHPOBAHO.
B cepuitHOM NpPOM3BOACTBE U3IOTABIMBAIOT CEPHH OIMHAKOBBIX
W3JICNIAN, PErYJISIPHO BBITYCKAEMBIX YepPe3 PaBHOMEPHBIC MPOMEKYTKU
BpPEMCHH, Ha3bIBACMbIC MAKMOM BbINTyCKa t:

rae T — KaleHJapHbIi 0TPEe30K BPEMEHH;

N — KOJIMYeCTBO M3AENUH, BEIITYCKAEMBIX 3a KaJCHIAPHBINH OTPE30K
BpPEMEHH.

Ecny u3nenus BeITyCKarOTCS KPYIHBIME CEPUSMH MU IIPOU3BOICTBO
MaccoBO€, TO OKAa3bIBaCTCSI BO3MOXKHBIM CIEIHAIH3HPOBATh padoune
MECTa W pachojoXHuTh 000pyJOBaHHME B BHAE JHHUH 1O XOAy
TEXHOJOIMYECKOro Imporecca. M3menus mnepenaroTcs ¢ MO3UMLUHM Ha
HNO3MLHUI0 JIMHUK. Ecinu mpu 3TOM AJMTENbHOCTH OIEpaluii Ha BCEX
MO3UIMSIX paBHA (MM KpaTHA) TAaKTy, TO JUHUSA Ha3bIBACTCS HOMOYHOI.

Ha cynocTpouTenbHBIX NPEeRNpUsATHAX KPYITHOCEPUHHOE MPOU3BOA-
CTBO OPraHM30BaHO JIMIIb B OTACIBbHBIX II€Xax, HaIpUMEp B KOPILyCO-
00pabaThIBarOIIEM HITH TPy003aroTOBUTEIIEHOM.



Enuauity npoMbIIITEHHOHN MPOTYKIMHU, HCUUCIIIEMON B SK3EMILTIPAX WITH
MITYKaX, HA3bIBAIOT u30enuem. CIOXKHBIE W3IEINS MAIIMHOCTPOSHHUS IO
CTETICH! YCIIOKHECHHUS Pa3/IeIBIOT Ha COCTaBHBIC AJIEMEHTHI: JIETald, COOpOU-
HBIC €IMHUIIBI, KOMITTEKCHI, a Taioke KoMmruiekTsl (TOCT 2.101-68).

Jlemans ecTh U3ENVE UM TIEPBUYHBINA 3JIEMEHT CIIOKHOTO M3ICIHS,
W3TOTOBJICHHBIA W3 MaTephalia OJHOW MapKd 0e3 MpUMEeHEHHUs cOopod-
HBIX OTIepaIMil.

Coopounas edunuya — M3JeNNe, COCTABHBIE YAaCTH KOTOPOTO MOJ-
JeXaT COeNWHEHWIO Ha TPEeANPHITHA-U3TOTOBHUTENE TIOCPEICTBOM
cOOPOYHBIX OTEPAITHIA.

Komnaekc ectb rpyInmna HECKOJIbKAX COOPOYHBIX CIUHMII U JIETaJICH,
CMOHTHUPOBaHHBIX Ha 0a30BOH JIETaIIH.

Komnnexkmamu Ha3pIBalOT TPYMITBI U3 HECKOJIBKHUX M3/IETHA 00IIero
(YHKIIMOHAJILHOTO Ha3HAYCHUS, HE COCIMHSACMBIX Ha IPEANPUSTHH-
W3rOTOBUTEIE COOPOYHBIMHU OTIEPAIHASIMU.

B cyzocTpoernn mpHHATH HECKOIBKO WHBIE CHEU(pUIecKre Ha3Ba-
HUSI COCTaBHBIX YacTeW CIOXHBIX H3JeNuil. Tak, Mpu HU3rOTOBICHUU
KOpITyca BBIICISIOT:

demaJtp — onpeicNieHUE ee JaHO BBIIIE,

y3en (wnmm cOOpOYHAST CTUHHUIA) — TEXHOJIOTHYECCKH 3aKOHYCHHAS
4acTh KOPITYCHOM KOHCTPYKIIMH, COCTOSINAs W3 HECKOJBKUX JAeTajneit
(TEeXHOJOTMYECKH 3aKOHYEHHAs O3Ha4yaeT, 4YTO Yy3edl MOXKET OBITh
nepeqaH Ha CIEIyIoIIyIo omeparuio cOopkn). HexoTopsle y3isl KOp-
MTyCHBIX KOHCTPYKIIUU TTOKa3aHbl Ha puc. 1.2;

cekyusn (Kopmyca) — TEXHOJIOTUYECKH 3aKOHYEHHas, OTIEIbHO
W3TOTOBIISIEMAsl YACTh KOPITyca, COCTOSINAS U3 PAa Y3JIOB M OTIENBHBIX
JIeTaneil ¥ OOBIYHO - BKJIIOYAONIAs 4YacTh HachlmeHus. Hacwiwenuem
cekyuy TIPUHITO Ha3bIBaTh MEJNKHE (QYHIAMEHTHI, JCTaTd M Y3JIbl
CYIIOBBIX YCTPOHCTB, CHUCTEM M OOOpPYIOBaHHS, a TaKXKe JETald
KpCIUICHUST HM3OJISIIAA W OTHNEIKH TOMEIICHUH, yCTaHAaBIMBacMbIC Ha
KOPILYCHBIC KOHCTPYKIUU. BripoueM, MHOTAA BCTPEUAIOTCS CEKLIUU, HE
coJleprKaIine JeTaleil HACHIIECHUS, HAPUMED MPH IMOCTPOMKE KopIyca
Oap MPOCTOI KOHCTPYKITHH;

00K ceKkuuili — 4YacTh KOpIyca CyJHA, OTCEUEHHAs IJIOCKOCTSIMH,
napauieIbHBIMU MUJICITb-IINAHTOYTY, & MHOTJa U Nany0aMm, U OTACIbHO
(dbopMupyemast U3 CeKINH, Y3II0B U AETaJeH;



010K CcyOHa, YacTO HA3bIBACMBIH NPOCTO OJIOKOM, MPEACTABISICT
co00if OJIOK CEeKIHW C yCTaHOBIIEHHBIMH B HEM DJIEMEHTAMHU CHCTEM,
YCTPONCTB, MEXaHU3MOB, 000PYIOBAHUS OTACIKH MOMEIICHIH | T. 1I.

a

Puc. 1.2. Ilpumepsl y310B KOPITYCHBIX KOHCTPYKIIMIA:
a — TaBpoBast OajKka ¢ BeIpe3aMH; 6 — KHUIA ¢ peOpaMu U MOSCKOM;
6 — Y3l KOMHHICa JIF0Ka

Kpome Toro, mpu MOHTa)xe CyJOBBIX MEXaHU3MOB U O0OPYIOBaHUS
BBIJICNISIOT CHeU(UUIecKre Ha3BaHHS OOBEKTOB MPOM3BOJCTBA: arpe-
raTbl, MOHTAXXHBIC 6JIOKI/I, 30HAJIbHBIC U 3JICKTPOMOHTAKHBIC 3arOTOBKH,
AIIEKTPOCXEMBI U JIp.

Pazgenenne oObekTa MPOW3BOACTBA Ha 0o0Jiee MEJIKHUE COCTaBHBIC
YaCTHU OKa3bIBACTCs BaXXHBIM JIs1 Bbl60pa OIITUMAJIBHBIX TCEXHOJIOTH-
YECKHX MPOLIECCOB U3TOTOBJICHUS STHUX YaCTEH.

B mocnenHue TOMBI MPHUMEHUTEIBHO K KOHCTPYKIHHU CYIOB U
TEXHOJIOTMH WX TOCTPOWKH TMONYYHMI PACIPOCTPAHCHUE TEPMHH
«moxmyis» (0T natuackoro modulus — mepa).

B mmmpoko# HOMEHKIATYpE H3/CIHA, U3rOTOBISIEMBIX WJIH COOMpa-
eMbIX B II€XaX JIAHHOTO CYAOCTPOUTEIBHOTO MPEIIPUSATHS WIH TOJY-
YacMbIX OT TaK Ha3bIBAEMBIX KOHTPAr€HTOB, CJIICAYCT €UIC YIIOMAHYTh:
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uzoenue KOMnieKkmyioujee — u3enue, npelHasHadyeHHoe AT Mpu-
MEHEHHsI B COCTaBe APYroro W3JeNns W HM3TOTOBIEHHOE Ha JPYroM
NPEANPUIATAN, HalpuMep, PE3UHOBBIE aMOPTH3aTOPBI, CTEKJA (st
WUTIOMUHATOPOB), CTAaHAAPTHEIC MPYKUHBI U T. JI.;

uzdenuns MCY (MamIMHOCTPOUTEIBHOW dYacTH) — crenuduyeckoe
Ha3BaHWE OOJBIION TPYNIBl MENKUX W3JENnH, W3TOTOBISIEMBIX B
MEXaHMYECKMX I[eXaX MpeanpusaTus (TodeHueM, (QpesepoBaHUCM;
CTPOTaHUEM U T. J.) U YCTaHABIMBACMbIX Ha KOPITYCHBIC KOHCTPYKIIMU
WM Ha 000pyIOBaHUE Cy/IHA;

KpenejicHble Oemanu — W3AENUs, CIy)Kallue IS MEeXaHHIeCKOTro
CKpEIUICHUSI COOMpAeMbIX 3JEMEHTOB (OOJTHI C TalKaMu, IIMTUIBKH,
BUHTHI U TIp.). Kpenexx yacTHyHO 3akymnaercs Ha CTOpPOHE, a YaCTHYHO
M3TOTOBIISIETCS TIeXaMH TPEATIPUSATHS.

B mpou3BoACTBEHHOM Npoliecce MOCTPOHKH CyJHA MOYKHO YCIOBHO
BBIJICTIUTD TISATh (MM YETHIPE) OCHOBHBIX MTEPHOIOB.

B 3azomoeumensuuiii nepuod o0OpabaTeIBaeTCS MaTepuall KOpITyca
Cy/iHa, COOMPAIOTCS Y3JIbl, CEKIMH, U3TOTABIMBAIOTCS JICTAIA M W3IEIHs
MCU.

Bnounstit nepuod BbIENsAeTCS B TOM CIydae, €CJIM 3aroTOBIICHHE
OJIOKOB TMPEIyCMOTPEHO TEXHOJIOTUYECKUM MPOIECCOM IMOCTPOHKH
cynHa. B Tedenme sTOro mepuoma MOpoOU3BOAUTCS cOOpka OJOKOB
KOpIlyca W3 JeTaneld, COOPOYHBIX €IUHHII U CeKIUd. MOryT mpoBo-
MUTHCSI TaKXKe THIPABINICCKHE HWCTBITAHHUS KOPITYCHBIX KOHCTPYKITHIA
OJIOKOB M B IpEJeNbHO BO3MOXKHOM 00BbEME — MOHTaX MEXaHH3MOB U
000pyIOBaHUS B HHX.

CmanenbHulil nepued CUUTACTCS OT MOMEHTA YCTAaHOBKH 3aKJIaJHOU
CEKIMU WU OJI0Ka Ha TIOCTPOSYHOM MECTE M JI0 CITyCKa.

B oocmpoeunwiii nepuoo mocne cmycka BBIIOTHSIOT MEXaHO-
MOHTaXXHBIE€ W OTHEIOYHbIE DPAa0OTHI, YCTAaHABIUBAIOT yCTPOWCTBA U
obopymoBanue. OTH padOTHI, paHEee BBITONHSIBIIHECS IIOCIE CITyCKa,
Ternepbh HAUMHAIOT 3HAYNUTENBHO paHbIIe.

B coamounwiii nepuoo ocyumecTBisAIOT UIBAPTOBHBIC, XOJOBHIE U
TOCYy/apCTBeHHbIE HUCTbITaHus. llepnon 3akaHUYMBaeTCs IMOANMCAHHEM
MPUEMOCIATOYHOTO aKTa Ha CYJIHO.

Kaxnpiii meprios, B cBOIO ovepeb, pa30MBAIOT HA TEXHOJOTHYECKHE
sTambl. [l coKpaleHns CPOKOB MOCTPOHKH paOOTHI Pa3HBIX MIEPHOIOB
MOTYT YaCTHYHO MEPEKPBIBATH APYT Apyra, Hampumep, JAOCTPOCUYHBIC
paboThl MHOTIa HAYMHAIOT €IlI¢ Ha CTaIlele.
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[lo mepe BBIMOJIHEHUS OTHENBHBIX JTANlOB pACTET TEXHUUYECKas
TOTOBHOCTh CYyZAHA, BO3pacTaeT O0bEM BIIOKCHHBIX B €r0 MOCTPOMKY
cpeacTB. EcrecTBeHHO, UYTO 3TH CpPEACTBA JOJDKHBI MOCTENEHHO
BO3MEIIATHCS 3aKa3YMKOM. B CBSA3M C IIUTETBHBIM CPOKOM MOCTPOIKH B
CYZOCTPOEHUH MPUHAT MOPSIOK, COTTIACHO KOTOPOMY OIlIaTa CTOMMOCTH
CyZlHa MTPOU3BOAMTCS 3aKa3YMKOM HE €IMHOBPEMEHHO I0CIIE OKOHYAHUS
MOCTPOHKH, a TIOCTeeHHO B Xoae ee. OrmaunBaeMble CyMMBI
OTOBapUBAIOTCA B TaK Ha3bIBaeMOMl Tabuule IuaTexxel, mpunaraeMon K
JIOTOBOPY Ha MOCTPOUKY.

3arpaTel TpyJa Ha IMOCTPOWKY CyAHA JOJDKHBI OBITH Kak MOXHO
MeHbIlle. DTO JOCTHraeTcss ABYyMs MNyTsIMH. Bo-mepBBIX, HCHOJIB30-
BaHUEM HPUHYUNOE cheyuanuzayuu npouszeoocmeaq. Crenpannzanus
CYyZIOCTPOHUTENBHOIO MPEANPHUATHA BBIpaXKaeTcs IPEXKAE BCEro B
3aKpeIUIEHHH 32 HHUM IIOCTPOWKHM CYyAOB OJHOTO THIA WM CYyAOB
OJIM3KUX THIIOB.

Bo-BTOpBIX, TIpUMEHSETCA HPUHUUR ~NPOU3EO0CMEEHHO20 KO-
onepupoeanusn. JTO O3HAYAET, YTO CYAOCTPOHUTEIHHOE MPEANpHUSITHE,
MoJTyyasi M3AeIHsl OT CMEXHBIX 3aBOJIOB, HEKOTOPHIE 3aKpEIUIEHHbIE 32
HUM MEXaHU3MBbI, OOOpYIOBaHHE W W3NS HM3TOTAaBIMBAET CaMOC-
TOSITENTFHO Kak i ce0sl, TaK U IJIs APYTUX Mpennpustuid. B pesynpraTe
MOBBIIIAETCA CEPUMHOCTh MPOMU3BOJCTBA U COOTBETCTBEHHO €r0
3¢ (hEeKTUBHOCTB.

CrpykTypa mpennpuATHs, HOMEHKIATypa LI€X0B, BUIBI TOCTPOEYHO-
CITyCKOBBIX KOMIUIEKCOB, IUIAHUPOBKA TEPPUTOPHH W IKOHOMHYECKHE
nokaszarenu pabOThl 3aBHCAT OT BHAQ, KOJIMYECTBA M Pa3MEpOB
CTPOSIIIUXCS CYZOB.

B cynocrpoutensHO#l TMpakTHKE NPEeANPHUSITHS WHOTAA Kiaccupwu-
LIUPYIOT B 3aBUCHMOCTH OT HauOONbILIEH AJIMHBI CYJO0B, Cy/la IMPH 3TOM
paszmenstoT Ha KpynHble — Oonee 200 M, cpennue — ot 80 mo 200 M,
Maible — oT 25 10 80 M, Meakue — MeHee 25 M.

OpHako B KauecTBE KPUTEpHs AJs pas3lieleHusl CyIOCTPOUTENbHBIX
HNpEeANpHAATHI Ha KJIacchl, KaK IpaBWJIO, NPUHUMAeTcd HE [UIMHA, a
CIyCKOBasi Macca CTPOSILErocs CyJHa M COOTBETCTBYIOIIHME € THIIBI
ITIOCTPOEYHBIX MECT U CIYCKOBBIX coopyxkeHui. K I kaaccy otHOCAT
MPEeINpUATUS. KPYITHOTO CYAOCTPOEHHS, Ha KOTOPBIX CITyCKOBas Macca
crposmuxcs cynoB coctapiasier 7000 1. B ornenpHBIX ciayyasx Mmacca
cynoB nepea ciyckom moxer gocturate 50000 T u Gosibliie, IpU 3TOM
IIOCTpOMKa BefeTcs B cyxux nokax. Ha npennpusitusax II knacca ctposit
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cyna co cmyckoBod Maccoi oT 3500 mo 7000 T; Ha mpeANpUATHIX
Il xnacca — or 1000 mo 3500 1; IV Kknacca — ot 250 mo 1000 T u
V Knacca — ans TOCTPOWKH MENIKMX CYyJOB, Macca KOTOPBIX Tepen
CIIycKOM He npeBsimiaet 250 T.

1.2. OcHOBHBIE CBeleHHs O MOAr0TOBKE MPOU3BOICTBA
K MOCTPoiiKe cyHA

[loaroToBKy TPOM3BOJACTBA B CYAOCTPOCHHH MOXHO YCIIOBHO
pa3esiuTh Ha MATh BUJIOB:

1) KOHCTPYKTOPCKYIO (BKIIFOUAs! BBIOJIHEHHE OIBITHBIX PaboT);

2) MaTepualbHO-TEXHUIECKYIO;

3) TEXHOIIOTHYECKYIO;

4) BBIMTOJHEHUE PEKOHCTPYKIIUH TTPETIPUSITHS;

5) MOArOTOBKY KaJpOB MO HOBBIM BHAaM pPabOT, XapaKTEPHBIM s
JTAHHOTO TIPOEKTa CyIHA.

[ToAroToBKY MPOM3BOJCTBA BBHIMOJHSIOT [0 CIICHHUATIBHOMY rpaduKy
W HAuMHAKOT 33J0Jr0 /0 Hadala NOCTpoWKW. B Hacrosiiee Bpems
CpeIHsisl MPOJOJKUTEIBHOCTh IMMOCTPOUKH CEPUHHOTO TPAHCIOPTHOTO
CyIlHa OT MOMEHTA 3aKJIaJIKH 10 CIa4l COCTaBIseT oKoo 8—10 mecsues.
OpHako TaM, re NIPUMEHSETCS MPOrPECCUBHASI TEXHOJIOTHS TOCTPOMKH,
BO3MOJKHBI U 3HAYHTEIHHO MEHBILIUE CPOKH.

MeHbpImHU CpOK TOCTPOHKH TpeOyeT OCOOCHHO TIIATETHLHOW W
3a071arOBpEMEHHON MOATOTOBKH, KOTOPasi MOXKET 3aHHMATh OT IIECTH
MECSIIeB 10 OJHOIrO rojxa M Ooiblie (cuuTas ¢ MOMEHTA IOJYYCHUS
TEXHHYECKOTO MPOEKTa CyTHA U 0 MOMEHTa 3aKJIafKu Kopiyca). O0bem
MU COJIep)KaHHWE IOATOTOBKH K TIIOCTPOWKE CyaHAa MOTYT OBITh pas-
muaHbiMH. OHHM 3aBHUCAT OT TUNA CYyJIHA, €r0 CJIOXHOCTH, o0bema
CTPOSILENCS CEpUU U 33JaHHBIX CPOKOB MTOCTPOHKH.

KoHcTpykTOpCcKass TOATOTOBKAa 3aKiiodaeTcsi B pa3padoTke,
COIVIACOBAHUM U YTBEP)KICHUU MPOSKTHO-KOHCTPYKTOPCKOW JIOKYMEHTAIIUH
1o cyaHy. OHa HAUMHACTCS C COCTABJICHUS TEXHUYECKOTO 3a/1aHHUs, TIPOXOJIUT
HECKOJIBKO CTafii, B TOM YHCJIE ¥ COCTAaBIICHHE TEXHHYECKOTO ITPOEKTa, H
3aBepIaeTcst paboUurM IMPOSKTOM.

B xauecTBe OCHOBBI AJIsi pa3paboTKH pabounx depTeked MpHHUMA-
eTCsl YTBEPXKACHHBIA 3aKa3YNKOM TEXHHYECKHH TMPOEKT CYAHA, BKIFO-
JaIoNMil 00IIe YEePTEeXKH, a TaKXKe CHernudUKaIi, T. €. MOJAPOOHEBIE
ONKCAaHUs CyJHA W €ro 4acTel, W TpEeJBapUTEIIbHBIC 3aKa3HbIC BEJIO-
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MOCTU Ha MaTepuaibl 1 000pyaoBaHue. TeXHUYESCKUIA MPOEKT SBISICTCS
OCHOBHBIM JIOTOBOPHBIM JTOKYMEHTOM, OTIPEIEISIONUM 0053aTenbhCTBa
3aBO/JIa, CBSI3aHHBIC C BHITIOJHEHUEM 3aJaHUI-3aKa3a.

B pabouem mpoekTe pa3pabaThIBalOT M COTJIACOBHIBAIOT paboume
YepTEeXKH, 3aKa3Hble BEJJOMOCTH Ha W3JIENHS U 000pYIOBaHUE, YCTaHAB-
JTMBaeMble Ha CyJHO. B 3TOT ke mepno1 BBHITOIHAIOT ONBITHBIE PabOoTHI,
HE0OXoAMMBIE NIl TOCTpOKU. Paboume 4yepTeku CiyXKaT HUCXOJHBIM
MaTepUaioM JUIs pabOThI IIEXOB, YUACTBYIOIIUX B mocTpoiike. Tlo HuM
MIPOU3BOJST TEXHOJOTUYECKYIO MTOATOTOBKY IIPOU3BOCTBA.

MartepualbHO-TEXHHUYECKAs MOJATOTOBKA IPOU3BOJCTBA CO-
CTOWT B Pa3MEIECHUU 3aKa30B Ha BCE OCHOBHBIC MaTEPHAJbI, MPEHy-
CMOTpPEHHBIC 3aKa3HBIMU BEIOMOCTSIMHU, a TAaKXK€ HA KOMILICKTYIOLIUE
W3MIendss W CyIOBOoe O0OpydOBaHWE, KOTOPOE W3TOTaBIMBAETCS Ha
CTOpOHE, a HE B 1IexaX caMoii Bep(u. 3aka3bl 0POPMIISIOT JOTOBOPAMH C
MOCTaBIIMKAMH Ha OCHOBE (DOHIOB, BBIICISEMBIX 3aBONY ILIAHUPYIO-
LIMMU OpPraHU3aLUSIMU.

Marepuanel © 000pyJOBaHHE IMOCTYIIAIOT HA 3aBOJ IMOCTEIICHHO U
XpaHITCS B OTHEICHUSX «TJABHOTO Mara3wHa», T. €. Ha CKJIajax, JI0
MOMEHTa MX UCIOJb30BaHMs. B MHTEpecax Bcero HApOAHOIO XO3sCTBa
CPOKHM XpaHEHUs Ha CKJIaJax MOJDKHBI OBITh MUHUMAIBHBIMH, YTOOBI
Cpe/ICTBa HE 3aMOPAKUBAIIHCH,

TexHonoruyeckass DOAFOTOBKa MNPOU3BOJACTBA ISl MPEAIPHUS-
THH MAIIMHOCTPOEHUSI U TIPUOOPOCTPOEHHUS ODKHA OCYIIECTBIATHCS B
pamkax Tak HazpiBaemMod ECTIIII — equHON crcTEMBI TEXHOIOTHYECKOM
noarorosku npoussoactea (TOCT 14.001-73).

ITpumenenue kommuiekca crangaptoB ECTIIII pis cymoctpoeHus
BBUJIy CHEIU(UKHN MPOU3BOJCTBA BOZMOXHO JIUIIh YacTUIHO. [oaToMy
TEXHOJIOTUYECKAasl TIOJITOTOBKA MIPOU3BOJICTBA B CYJAOCTPOCHUH OCYIIIECT-
BIISIETCA HECKOJIBKO MHaue. [1aBHOE ee coaepaHUE CBOIUTCS K TOMY,
9TO0BI pa3paborarth TpauK MOATOTOBKH TIPOMU3BOJICTBA W TEXHO-
Jorudeckuli rpadUK TOCTPOWKH CynHA C OLEHKOH 3aTpaT Tpyaa,
YCTaHOBUTH, KaK JOJDKHA BBIMOJHATHCS MOCTPOMKA BCETO CyAHA U €ro
yacTel, Kakue MPOM3BOJICTBEHHOE 000pyIOBaHHE, OCHACTKA W IPHCIIO-
CcOOJIeHUST HEOOXOUMBI JIJIST IIOCTPOUKH M KaK JTOJDKHBI OCYIIECTBISITHCS
OT/IENbHBIC TEXHOJIOTUYECKHE MIPOIIECCHI B XOJI€ MOCTPOUKH.

Ilpou3zeodocmeennvim 060pydoganuem Ha3bIBAIOT COBOKYIHOCTh Ma-
IMUH W YCTPOWCTB, TOCTOSHHO HAXOMANIUXCS B IIEXe W TpeIHA3HA-
YEHHBIX JUIS BBIMOJTHEHHUS WIH OOCTY>KHUBaHUSA IPOU3BOJCTBEHHOTO
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nporecca (CTaHKH, KpaHbI, IEXOBBIE TPAHCHOPTHBIC CPEACTBA, CTCHIBI
Juisi COOPKM M CBAapKH, MCTOYHHKH CBapOYHOTO TOKA, YHHBEpPCAJbHBIC
MepeHaIaKuBaeMbIe COOPOYHBIC ITOCTENH U T. 1I.).

Ocnacmkoit Ha3bIBAIOT COBOKYITHOCTh TEXHHYECKHX CPEICTB, KOTO-
PBIMH CHa0>KE€HO MPOM3BOICTBEHHOE 00OPYIOBAHHE C LETBI0 OOJIErYeHHs
BBITIOJIHEHUS TEX WM MHBIX ONEpAIHii, HAIpUMEp CIICHHATN3HPOBaHHbIC
JIETKOM KOHCTPYKIMK COOPOYHBIC TIOCTENH, YCTAHABIMBAacMbIe Ha CTCHIT;
rpy303axBaTHbIC TPHUCIIOCOONICHUsI Ha KpaHax; OIOpHBIE YCTPOWCTBA,
TIOJUICPKUBAOIINE M3/IEIHS Yy CTAHKOB, H T. /1.

Ilpucnocodnenuamu HA3BIBAIOT YCTPOWCTBA, PH IIOMOIIA KOTOPBIX
BBIMOJTHSIOT OTACNbHBIE omepauud. OIHU MOPUCHIOCOOIEHHUS MOTYT
BXOJUTB B COCTaB OCHACTKH, T. €. HX UCIIOJIB3YIOT COBMECTHO C 000Dy 10-
BaHMEM, HAlpHMep YIOpbl WIM HANpPAaBISIOMNE K CTAHKY; IpYyrue
NPUMEHSIOT HE3aBUCHMO OT HPOM3BOACTBEHHOTO 00OpyAoBanus (cOo-
POYHBIC 3aXBaTHI, KIMHBS U JIP.).

Hncmpymenmom Ha3pIBalOT NEPEHOCHBIE OPYAUS TPyJa yCTAaHOBHB-
HIerocsl BUJIa, CITyKalllue JJIsl BBITOJHEHUS KaKOW-TH00 omepanu Wi
ee 4vacTH. MHCTpYMEHT MOXKET MPUMEHSTHCS BPYUYHYIO WIIM 3aKper-
JSATHCS Ha CTaHKE.

B xopie TexHONMOryYeckoi MOArOTOBKY B CYJIOCTPOSHHH pa3padaThiBalOT:

a) TeXHOJIOTHYeCKuH rpaduK ¢ pa3OMBKOI Ha dTarbl;

0) BeoMOCTb (TIepeyeHb) TEXHOJOTHUECKIX KOMIUIEKTOB 10 paboTam
Bep(hH, a TaK)Ke HOMEHKJIATYPHBIEC BeOMOCTH Ha u3nenmust MCY;

B) TUTIOBBIE I €MHUYHBIC TEXHOIOTUYECKUE POIECCHI;

T) pAO OpYTUX TEXHOJIOTMYECKUX JOKYMEHTOB, B TOM YHCIE JKypHaI
npuemku OTK.

Kpome Toro, pa3pabaTbIBatroT YepTEeIKH OCHACTKH, COCTABIISIOT TEXHO-
JIOTO-HOPMHUPOBOYHBIC KapThI 10 BBIMOTHEHUIO OTACIBHBIX (HETHITOBBIX)
BUJIOB padoT.

TexHONIOTHYECKUH TpaduK TOCTPOMKH CyJHA COCTAaBISETCA B
JICHTOYHOM WM CeTeBOM wucrnojiHeHuu (tadi. 1.2). OH pa3znmensercs Ha
TIePHOBI TIOCTPOMKH M TEXHOJIOTMUECKUE ITaNbl. TakkKe TeXHOJIOTHYECKUM
TpaduK COAEPIKUT PACUETHYIO TPYIOEMKOCTh IO BHIaM padoT, IepedeHb
IIEXOB WJIM OTJIENIOB-UCIIOJHUTENICH U HAPaCTAIONIyI0 TOTOBHOCTh Cy/IHA B
MPOLCHTAX.
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Tabmnma 1.2

®parMeHT JICHTOYHOTO TpaduKa MOCTPONKHU CyIHA

11 Onpadorks aetaach | 0.3 1.3 N 4 [} 30 —
cpesmel? wacTn gopnyea |

1.2 To we owowednocrei U4 0.8 N 28 12 a—

SICHIE  CCRUBE 1.2 2,5 o 7 6.0 42
ACTH KOPAYCA

Al Chopra u_coaspxa Gac- | 1,0 | 2.0 Nl 18,2 12
KOB cpesdel dacix Kop-
nvea

c.2 Chopra w enapia Go- | 06 1.2 I | 2.2 25
HOD Gkt MoeTeR

BenoMocTs TEXHOJTOTMUYECKHUX KOMIIJIEKTOB COCTaBIISIETCS
TEXHOJIOTUUECKON CIy:KO00H Ha OCHOBE JAHHBIX TEXHHYECKOTO IPOCKTa
CyJHa.

Texnonozuueckum KOMRIEKMOM Ha3bIBAIOT COBOKYIHOCTH PaboT 1o
KOHKPETHOMY OOBEKTY CY/IHA, BBIIOJHSEMBIX IIEXOM WM Y4YacTKOM B
TEXHOJIOTUUECKON MOCIeIOBATENIFHOCTH 0e3 ImepephiBa M OTKPBIBAIOIINX
(GpoHT paboT CMEXKHOMY II€Xy WIM Y4YacTKy WM O0ECHECYMBAIOIINX
OKOHYATEJbHYIO cllady TOTOBOro oObekTa. [isi mpumMepa MOXKHO MPUBECTH
HEKOTOpble K3 185 TEXHOIOTMUECKHX KOMIUIEKTOB, YCTAHOBJICHHBIX MPH
MOCTPOKE MOPCKUX OyKcHpoB MomHocThI0 1200 11. ¢.:

TEXHOJIOTHYECKAHM KOMIUIEKT Ne 2 — U3roTOBJICHHE THHUIIEBOH CEKIIUU
B paiioHe 44-54-10 MIMaHTOyTOB;

Ne 13 — usroToBneHue nomnepevHoi nepebopku Ha 54-M IMAHTOYTE;

Ne 19 — MOHTa)X BCIIOMOT'aTENbHOTO KOTIa U MEXaHU3MOB K HEMY;

Ne 77 — MOHTaX criacaTelIbHOM U BOAOOTINBHOM CUCTEM U T. 1.

TexHonornyecknue KOMIUIEKThI CIIyKaT OCHOBHOM IJIaHOBO-YUYETHOMU
€AVHULIEH JesaTenbHOCTH LexoB. [lo HUM BegyT pacueTsl 3arpart,
TUTAaHUPYIOT paboTy 1IEXOB U BBHIMYCK Pa0OYHMX depTexed, TpyNIupyIoT
yCTaHaBJIMBaeMble Ha CyIHO U3JENHS U T. 1.

TexHomornyeckre KOMIUIEKTHI Pa3JeNaioT Ha paboThl BephH W Tak
Ha3bIBaeMOl MammHocTpoutenbHol yactu (MCY), ecniu oHa umeercs B
COCTaBE JaHHOI'O MPEANPUSATHUS.
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Crnemyer OTMETHTb, YTO MO JCHCTBYIOLIEMY CTaHIApTy paspaboTka
TEXHOJIOTHYECKHX TPOLECCOB B MALIMHOCTPOSHUH M MPHOOPOCTPOCHUH
JOJKHA B OOIIEM cilydae BKJIIOYaTh: BHIOOP 3aroTOBOK; BBIOOD
TEXHOJIOTHYECKUX 0a3; moadop TUMOBOTO TEXHOJOTHYECKOTO IMPOIecca;
Ha3Ha4YeHHE PEXUMOB BBIIOIHEHHUS ONEPaLliii U UX HOPMHUPOBAHHUE U T. I
Ot 001IMe NOJI0KEHHUsI FOCYIapCTBEHHOTO CTaHAAPTa UCIOJb3YIOTCS B
CyIIOCTPOCHHH JIMIIb YacTHYHO. BcrnencTBue eAWHWYHOro XapakTepa
MIPOU3BOJICTBA TEXHOJIOTHYECKUE IIPOIECCH 37IECh Pa3padaTHIBAOTCS HE
croib noapoOHo. Ha pa3oBble onepanuu U psaaoBbie padoThl, HE UMEIOLINE
CHenu(pUIECKUX OCOOCHHOCTEH W BBITOJHAEMBIE OJWHAKOBO HPH IOCT-
pOiiKe KaK JAHHOTO CyJHA, TaK W JI000TO JPYroro, OTACIbHbIE JOKYMEHTHI
Ha TEXHOJOTMYECKHE IPOLECChl OObIMHO He paspabarbiBatorcs. Takue
PabOThl BBIONHSIOTCS 1O MOCTOSIHHO JEHWCTBYIOIINM B LIEXaX THUIIOBBIM
TEXHOJIOTMUECKUM TpOLIEcCcaM, COCTAaBIEHHBIM B COOTBETCTBUHM C Jieiic-
TByIOIIMMHU oTpacieBbiMu crannapramu (OCT) mmn «OCHOBHBIMHU TI0JIO-
KEHUSMW», €IUHBIMH JJI1 BCEX 3aBOAOB CYIOCTPOMUTEIBHOH MPOMBIII-
JICHHOCTH.

TexHOJIOTHYeCKHe MPOLEcChl M3rOTOBJICHHS  00s3aTeNIbHO pa3padarsl-
BAIOT VISl CJIOKHBIX pabOT M HOBBIX OTBETICTBEHHBIX KOHCTPYKIHMiL. Kpome
TOTO, IT0 BCEM BBITYCKAaeMbIM B IIPOM3BOACTBO YepTEkKaM (33 UCKITIOUEHHEM
YHUCTO KOPIYCHBIX) TEXHOJOTMYECKOW CITyKO0H pa3pabaThIBalOTCS TaK
Ha3bIBaeMbIE PACLEXOBKH, YKa3bIBAIOIME OYEPEIHOCTh y4acTHs LIEXOB B
W3TOTOBJICHUH H3Aenus. B cocTaBmsieMbIX IEXOBBIX MAapLIPYTHBIX
TEXHOJIOTUUECKUX KapTaX MPHUBOAUTCS IOCIIEA0BATEFHOCTE MPOX0XKICHHUS
M3rOTaBIMBAEMOT0 M3CINS M0 yUacTKaM Liexa.

[Ipu GonbpIIOM YHCIIE OTHOPOMHBIX HM3ACIHUN (JTMCTOBBIX, MPOQHITH-
HBIX U T. [I.), HO pasaudaromuxcsa GopMoi U pazMepaMu, HallpuMep Ipu
W3TOTOBJIEHHWM JeTajedl Kopryca CyAHa, MPUMEHSIOT TPYIIOBYIO
TEXHOJIOTHIO.

Ipynnosas mexnonozua 3aKiIi09aeTcs B TOM, YTO M3rOTaBINBAaEMbIe
W3JENINS PAcTIpeIeISIIOT 10 TEeXHOJOTHYECKUM TpYNIaM U BBITOJIHSIOT
[0  THIIOBOMY TEXHOJOTHYECKOMY TIPOLECCY, XapaKTepU3yeMoMy
OOIIHOCTBIO 000PYIOBAHUS U TEXHOIOTUIECKOM OCHACTKH.

OcCHOBOI1 IpyNIIOBOM TEXHOJIOTHUH SIBIISIETCS] TPUMEHEHHUE TTEPEIOBBIX
TEXHOJIOTMYECKUX MPOLECCOB, BBICOKOIMPON3BOAUTENBHBIX 000pya0Ba-
HUSI U OCHAaCTKH. JTOr0 JOCTHUTAIOT YBEIMUYCHHEM pa3MEpOB MapTHUH
o0OpabaTrIBaeMbIX AeTanel onarogapsi:
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1) KOHCTPYKTHBHOW YHU(DUKAIIMHU JeTaNCH U Y3JI0B, OCYIIECTBISIEMON
B CTaJN1 Pa3pabOTKU YepTEexKeH;

2) MIPUMEHEHUIO YHU(DUIIMPOBAHHBIX TEXHOJOTHYECKHX IPOIIECCOB
00pabOTKHU M OCHACTKHU.

O6a myTu JONOJHAIOT APYT Apyra. BaxkHO OTMETHTH, YTO TPyNIOBas
TEXHOJIOTHS OXBAThIBAE€T HE TOJBKO IPOLECCHI M3TOTOBICHUS JETaJeH,
HO ¥ cOOpOYHBIC, U PAKTHUECKH JTFOObIE TEXHOIOTUIECKUE MTPOIICCCHI.

TunoBble TEXHOJOTHMYECKHE TPOIECCH B CYAOCTPOCHHUU
INPUMEHSIOTCS IPH M3TOTOBJIICHUH JeTalled Kopilyca U cOOpKe U CBapKe
Y37I0B M CEKIMH, CTaneNbHON cOOpKe, a TakkKe MpU HEKOTOPBIX BHAAX
MOHT@XHBIX Pa0oT. Pazymeercs, BBIOOp THIIOBOTO WM €IWHHUYHOTO
TEXHOJIOTMYECKOT'0 MPOLecca B CBOIO OYEPEAb OIPEACISeTCs KOHCTPYK-
el U3AeIMs U IPUMEHEHHBIM AJIs €70 U3TOTOBJICHHSL MaTEPHAIIOM.

B KOHKpETHBIX YCJIOBHSIX KOHCTPYKLHS, Kak TOBOPAT; MOXET OBITH
Oonee wnu MeHee TexHosornuHoH. KoHCTpykTop, pazpabarbiBasi MpoekT
u3/IeNnus, cpasy IpUIYMBIBAeT, Kak €ro OyIyT H3roTaBiuBaTh. B He0O-
XOJMMBIX CIIy4asgX OH BBIMOJHSAET TEXHOJIOTHMYECKHE PacdeThl (pacueTsl
TOYHOCTH, O’KUJIAEMOT0 M3MEHEHHUSI CBOWCTB U Jp.) HApAAy C OOBIYHBIMH
pacueramy MPOYHOCTH, (PYHKIMOHATEHON IPUTOIHOCTH H JIP.

Texnonozuunocmvto KOHCTPYKUMH W3/IENUS HA3bIBAIOT COBOKYITHOCTH
€€ CBOMCTB, MO3BOJIAIOLINX MPH TEXHUYECKOIN MOATOTOBKE IPOU3BOJICTBA,
W3TOTOBJICHUM W3, €ro OKCIUTyaTallud M PEMOHTE OO0ECIeYuTh
3a/laHHBIC TIOKa3aTeIM  KadecTBa MPH HAaMMEHBLIMX 3aTparax Tpyla,
CpEeNCTB, MaTepualioB U BpeMeHU. B Hacrosiiee Bpems €llle HET eIUHON
METOJMKH, 1O KOTOPOH MOXKHO OINpPEACNIUTh W MPOBEPUTH MOKa3aTeln
TEXHOJIOTUYHOCTH, HO pa3pabOTKa COOTBETCTBYIOIIMX KPUTEPUEB IPOU3-
BOIUTCS B TOM 4Hci€ W B cymocTpoeHurn. OmHON M3 €€ XapaKTepHCTHK
SIBIISIETCS TPYAOEMKOCTb.

TpyHAOEMKOCT MOCTPOWKM CyAHA, a TaKkKe OTAENbHBIX padoT (M3ro-
TOBJICHUS IeTajel, COOPKH CeKINi, OKPACKH KOPITyca U T. I.) ONPEAEIAIOT
Ha OCHOBAHUM OTYETHBIX JAHHBIX MO paHee MOCTPOEHHBIM cyaaM. 1o 3Tium
OaHHBIM BBIYUCIIAIOT yIENbHBIE TPYAOEMKOCTH [UISl OTAENBHBIX BHIOB
paboT, MpUMEHSIs TaK Ha3bIBaEMBbIE HATYPAJIbHBIE H3MEPUTENH.

B kadecTBe HaTypalbHBIX M3MEpHUTENEH IPUHUMAKOTCS — Macca
MPOAYKIMHN B TOHHAX — JUIsl U3TOTOBJICHUS JieTajell 1 COOPKU KOPITyCHBIX
KOHCTPYKIHiA; | KT 1IBa HAIUTABIEHHOro MeTaxna i | M HPOIOIBHOTO
CeUeHMs IBa — /i1 CBApOYHBIX padOT; MOBEPXHOCTh, IOJUICKAIIAS
OKpacKe, M°, — Il MATSPHBIX paboT u T. 1. Eciu, Hampumep, yenbHas
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TPYAOEMKOCTh U3TOTOBIICHUS | T eTasneil Kopiyca cyJHa paBHsUIach 8 H-4,
TO TIpH TIOCTPOMKe cyaHa ¢ Maccoi koprmyca 900 T olmas TpyaoeMKOCTh
pabot xopmycoobpadarreiBaromiero mnexa cocraBut 7200 H-4.

Wuorna ynensHbIe MOKa3aTeNd KOPPEKTHPYIOT, BBOJS yCTaHABIIMBA-
eMbIe Ha OCHOBAHUU OITbITa KO3 (PUIIMESHTHI CIIOKHOCTH.

Ecim anst paccMOTpeHHOTO BBIIIE KOPIYyCOOOpadaThIBAIOIIETO IeXa
yAenbHas TPYIOEMKOCTh W3TOTOBJICHUS JeTaleil CyqHa CO CpeaHei
tonmuHoN 10 MM cocTaBmiia § H-4/T, TO JJIi HAMEUYEHHOTO K ITOCTPOMKE
HOBOTO CyJHA CO CpeOHEH TOJIIMHOW naeranedl 12 MM ee HyKHO
OTKOPPEKTHPOBATH.

Macca pgetaneii BO3pacTeT MPOIMOPIMOHATIBHO TOJIIMHE JIUCTOB,
TPYJOEMKOCTh K€ WX HM3TOTOBJICHHS YBEIWYHTCS HE3HAYUTEIHHO, TaK
KaK Ha pa3MeTKy JINCTOB UX TOJIIMHA HE BIMIET, HA pe3Ky W TUOKY OHa
BIHSET B HE3HAUUTENbHOU cTeneHn. OUEHUB TPUPOCT TPYIOEMKOCTH B
5 % (AT =5 %), MOXHO onpeaeianTh KOIQOUIHMESHT CIONKHOCTH IS
JieTaneil HOBOTO CyIHA:

Ky :S_O(Hﬂj _19 1 05-0,875,
S 100 )12

TI€ So U Sy — CpEAHAs TOJIIMHA JIMCTOB CTapOro U HOBOT'O CyJOB.
Hogas yAacibHasa TPYAOCMKOCTE COCTABUT

80,875 =7 H-u/T.

Onpenenus TPYITOEMKOCTh KaKOW-THOO pabOThI, MOXKHO YCTaHOBUTH
" IMIPOAOJDKUTCIIBHOCTD €€ BBITTIOJIHCHUA:

T

rae T'— TpyJl0eMKOCTh, H-;
P — konmiecTBO pabounX, BHIMOTHSIONNX paboTy, Yell.;
Ks.x — KOOQPHUIMEHT BHITOIHEHUS HOPM.
Pacyer mpOmOKUTETBHOCTH HEOOXOMUM ISl B3aUMHOM YBS3KH
pabor Bo BpemeHH. Kpome Toro, Bceraa CTpemsTCs K YMEHBIICHHIO
MPOJOJKUTENFHOCTH IIMKJIA BHIMOTHEHUS KaXKA0H padOThl U MOCTPOHKH
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CyaHa B IIEJIOM, TaK Kak 3TO CMOCOOCTBYyeT Ooiiee HWHTEHCHBHOMY
HCIIOJIb30BAHUIO 000PYIOBAHUS U MPOU3BOJICTBEHHON IIOIAMAN U YCKO-
PEHUIO 000pPaYNBACMOCTH CPEJICTB.

1.3. JxoHOMHUYECKasi OLEHKA TEXHOJOTH4eCKHUX MPOoLeccoB

OnTUManbHBIM ~ CYUTAETCS TAKOM TEXHOJIOTMYECKHI  TpoIliece,
KOTOPBI 00ECIeUnBACT YAOBICTBOPUTEILHOE KAYECTBO H3JACIHS PH
MUHHMAQJIFHOW €ro CTOMMOCTH. [103TOMy BBIOOp TEXHOJIOTHYECKOTO
nporecca OOBIYHO TPOHM3BOJAMTCS HAa OCHOBAHWU JKOHOMHYECKOTO
COIIOCTABIICHUS PA3JIMYHBIX BAPUAHTOB TEXHOJIOTHU.

[IpowsBoacTBeHHYIO cebecTOMMOCTh m3Aersa C 0OBIYHO OTIPEACIIIIOT
IMYTEM COCTAaBJICHUA KAJIBKYJIAIWH, B KOTOPYIO BXOAUT CTOMMOCTL BCEX
MaTepUAIIOB M KOMIUICKTYIOIIUX u3Jenuidi M, OCHOBHasi 3apaboTHas
TUTaTa MPOU3BOICTBEHHBIX PabounXx 3, HAKIIAIHbBIE IIeX0BBIe pacxo sl H
¥ HaKJIagHbIe 3aBOACKHE pacxomsl H, (B TpomeHTax OT 3apaboTHOI
wiatel 3):

N=i +cf1eotle) 6 (L1)
100 ) P '

3apmiara 3 pacCUMTHIBAETCS HA OCHOBE OIPEIENIEHUS TPYI0EMKOCTH:
n
C=2>_Tisi, py6.,
1

rae Ti — TpyI0eMKOCTb i-if omepaliu, H-4;

Si — yacoBasi Tapu(Hast cTaBKa [uis i-if oneparuu, pyo./H-4;

N — KOJMYECTBO ONEPALMi, IO KOTOPBIM PacCUMTHIBACTCS 3apadoTHAs
iara.

Hakmamasie niexoBbie pacxoabl H,, peacTaBisaroT co0oi Bce 3aTpaThl
1exa 3a BBIYETOM 3apa0OTHOW IUIaThl MPOM3BOJACTBEHHBIX pabodux U
CTOMMOCTH MaTepHaJioB (pacxoabl Ha COAEpKaHME 3IaHUH U 000pyIo-
BaHMs, TPAHCIOPTHBIE PAcXopl; 3apIiaTa aJMUHUCTPATUBHOIO IIE€PCO-
HaJla, BCTIOMOTATEeNbHBIX pabounxX U T. 1.). AHAJOTHYHbBIE PACXOJBI IO
3aBOJly COCTAaBJISAIOT HAKJIaJHbIE 3aBojackHe pacxonsl H,. Haknamxbie
pacxopl ONPEAENAIOTCS 10 Pe3yibTaTaM AESTEIbHOCTH NPEANpPUATHS B
MPEALIECTBYIOIUI KAJIEHJAPHBINA [IEPUOJl BPEMEHH, KakK IPaBHIIO, 34
HUCTEKIINHU TO/I.
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JA7st coToCcTaBlIeHUs] BAPUAHTOB TEXHOJIOTHYECKHX TPOoLeccoB GopMyIa
(1.1) Heynauna, Tak Kak 3aBbImiacT 3(QPEKT OT CHUKCHUS TPYIOSMKOCTH.
MHorwue 3aTpathl, BXOJSIINE B HAKJIATHBIC PacXOJlbl, B ICHCTBUTEILHOCTH
NpH pa3HBIX TEXHOJOTMYECKMX Mpoleccax He M3MeHstoTcs. Kpome Toro,
(GopMynaa He YYMTHIBAGT PACXOJOB Ha COJEPIKAHME M OKCIUTyaTalHIo
000pyIOBaHMs, HEMOCPEICTBEHHO HCIOIB3YEMOTO B PAacCMAaTPHBAEMOM
TEXHOJIOTUYECKOM Tiporiecce. [lo3ToMy TMpW  COTOCTaBICHHM TEXHO=
JIOTUYECKUX  TPOLECCOB  OOBIMHO  TONB3YIOTCS  MEXHON0SUUECKOlL
cebecmoumocmoio C., onpenensieMoit o popmyie

No=1 +C(1+8)+T +E+Yy+1 4, 1.2)

rae M, 3 UMeroT Te ke 3HaueHwus, 4To U B hopmyie (1.1);

d — momonHUTENBHAS 3apab0THAs TIIaTa MPOU3BOACTBEHHBIX PA0OUMX H
OTYMCIICHHMS Ha COLMAJbHOE CTPaxoBaHHE, PaBHbIE B CymMMe MpHOIH-
sutensHo 34 % [2];

O — pacxompl Ha coAepKaHUE W AKCIUIyaTalHio 00OPYAOBaHHMSA,
BKJII0Yasi aMOPTH3AMOHHBIE OTYHCIICHUS;

N — pacxoas!l Ha H3HOC MHCTPYMEHTOB U MPUCIIOCOOJICHUN 1IETIEBOTO
Ha3HAYCHUS;

3, — CTOMMOCTb JHEPLHH, PACXOAYEMOH MO KOHKPETHOMY TEXHO-
JIOTHYECKOMY IIPOLECCY;

M; — CTOMMOCTh TEXHOJIOTUYECKUX MaTepHajoB, T. €. MAaTEPHAJIOB,
HE BXOASAIIMX B 3aKOHUCHHOE H3/AEiIHE, HO HEOOXOAWUMBIX IUII OCY-
LIECTBJICHHUS] JAaHHOTO TEXHOJOTMYECKOTo Ipolecca (CMa3o4yHbIE MaTe-
pHabl, JecoMaTepuallbl 11 IIOCTPOHKY JIECOB, ra3bl AJISl PE3KU U CBApKU
U T. I.).

Takum o0pasom, B ¢opmyny (1.2) BXomar 3arparbl, HEHOCpPEA-
CTBEHHO 3aBUCSIIUE OT TEXHOJIOTMYECKOro Iporecca. TexHojgormuec-
Kyl Cce0eCTOMMOCTh OOBIYHO OIPENENSIOT JJIs TOJMOBOH MPOrpaMMbI
BBIIIYCKA MPOAYKIMH. TeXHONOTHYEeCKass CceO0eCTOMMOCTh CAMHUIIBI
MPOAYKIMU IPU TOJOBOM BhIlTycke Q u3nenuii Oyaer

NG = Al +% , py0./mT.,
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rne A1 =M+ M;+3(1+9)+D

Az =0+ U.

CpaBHmuBass ce0ECTOMMOCTh JIByX BapHaHTOB TEXHOJIOTMYECKOTO
nporuecca (0003HaYaeMbIX OIHUM M ABYMS IITPUXaMH), IS OJHHAKOBOTO
rOJIOBOTO BhITycka Q nMeem

NoQ:Ai’Q‘FAé;
Q=A0Q+A.

2

Ha puc. 1.3 moka3zaHbl 00J1acTH ONTUMAIIEHOTO PUMEHEHHUS KaXKI0TO
W3 BapHaHTOB.

Crhk

Puc. 1.3. CpaBHEHHE TEXHOIOTHYECKOM c€OECTOMMOCTH M3EIHS
IIPYU JBYX BapHaHTaX TEXHOJIOTHMIECKOTo Iporecca

ITpr Q > Q' sxoHOMHUYEH MepBbIi BapuaHT, pu Q < Q' — BTOPOIi.

OnHaKO CHIKEHHE TEXHOJIOIMYECKOH ce0eCTOMMOCTH HE BCEerza MOMKET
CITy’KWTh OCHOBAaHHEM [T PUMEHEHHs] HOBOM TexHojornu. Kax mpasuio,
OCBOCHHE HOBBIX IMPOIIECCOB TPEOYET JOMOTHUTENBHBIX KAITUTaIbHBIX 3aTpaT
Ha NPUOOpETEHNE HOBBIX CTAHKOB, IOABEMHO-TPAHCIIOPTHOTO 00OpYIOBa-
HUS, IOCTPONKY IMOTOYHBIX JIMHUM, @ MHOT/Ia U HOBBIX 31aHUM U T. 1. Hy»HO
OLICHHUTH, BBITOAHBI JIM TpEIycCMaTpHBAEMbIE TEXHOJIOTHEH KalTajbHbIC
BIOKEHUSI. J[JIs1 OLICHKHM CITy’KUT HOPMATHBHBIA KOP(UIMEHT 3(pPeKTrB-
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HOCTH KalWTAIBHBIX BJIOXKEHHH E,, KOTOPBHIA M CYAOCTPOCHHUS MPUHH-
Maetcs paBabiM 0,15. [Ipyrumu crmoBamu, KaOplii pyONlb KalTUTATBHBIX
BIIOKCHUH JIOJDKEH 3a TOJ] MIPUHECTH He MeHee 15 kor. mpuObum. OTcrona
NpeeTBHBIN CPOK OKYTAaeMOCTH KalTUTaIbHBIX BIOKSHUH

Osis == ~6,7 rona. (1.3)

Cpok OKyIaeMOCTH JIFO0OTO MEPONPHSITHS, CBS3aHHOTO ¢ HEOOXOIH-
MOCTBIO JIOTIOJTHUTENBHBIX KalWTAIOBIOKEHUH (TOMABI), ONpeeNsieTcsl 1Mo

hopmyre

L Ko-K, K
Ny —No AN,

rae K; — CTonMOoCTh OCHOBHBIX (DOHIOB AEHWCTBYIOIIETO TPOU3BOJICTBA;

K, — cTouMOCTs OCHOBHBIX (POHZOB  C  YYETOM OCYIIECTBICHHUS
HaMEUEHHOTO MEPOTPHTHS;

C;1 — CyIIeCTBYIOIIas TEXHOJOTHUYCCKAss Ce0CCTOMMOCTh TOI0BOTO
o0beMa POy KITNH;

C,; — TeXHOJOTHYecKas Ce0SCTOMMOCTh IMOCJE BHEAPCHHUS HOBOT'O
MEPOTPUATHUSA.

Ecnu onpenenennsiii o dopmysie (1.3) cpok OKynmaeMoCTH MEHBIIIe
6,7 rona, MEpONPUATUE CUNTACTCS BBITOJHBIM. VICKIIOUEHUEM SIBISIOTCS
MEpPOMPUATHS, HATIPABICHHBIC HAa YCTPaHCHHUE TSKEIOro (hU3NYECKOTO
TpyJa W yiy4mieHHe YCIOBHA paboThl. B 3THX Cilydasx SKOHOMHUYECKHe
COO00OpaXKeHUS OTXOISAT HAa BTOPOH IIJIaH, YCTYTast MECTO COLMANBHBIM.

I'omoBO# 3KOHOMUYECKHUH 3PGEKT OT BHEJAPCHUSI HOBBIX TEXHOJOTH-
YEeCKHUX TPOIIECCOB OIpeesieTcs o Gopmyiie

Y = (Ngg — Ngz) = A; (Ky = Ky),
B KOTOPOI YUHTHIBAETCS KaK CHUKEHHE CEDECTOMMOCTH U3JEIHM, TaK U

pa3Mep JONOJHUTEIBHBIX KalUTAILHBIX BIIOKEHHUH, HEOOXOAUMBIX IS
peann3aliy 3aIpOoeKTHPOBAHHON TEXHOJIOTHH.
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1.4. KauecTBO ¥ TOYHOCTh M3rOTOBJIEHUS KOHCTPYKIMIA
B CYA0CTPOEHUH

KavectBo cyaHa, kak W J000TO M3AENMA, ClaraeTcsi U3 MHOTHX
cocTaBOIMX. [loMMMO TakMX OYEBHIHBIX CBOMCTB, KaK TIpy30-
HOJBbEMHOCTh, CKOPOCTh, MOPEXOIHbIC KauecTBa (OCTOMYMBOCTH, HEIIO-
TOIUIIEMOCTh, YNPABISIEMOCTh M Tp.), B MOHATHE KauecTBa BXOJAT
HaJIeKHOCTh, J0JITOBEYHOCTh, PEMOHTOIPUTOJHOCTE U T. 1. Kaxkznoe u3
HUX OTPa)KaeTcs Ha YKOHOMUYHOCTH JKCILTyaTaluu cynHa. [loBsleHne
KauecTBa BBINYCKAEMBIX CYJIOB SIBJISIETCS OJHOM W3 BaXKHEMINMX 3a1ad,
CTOSIIIMX IIEPE] CYyNOCTPOECHUEM.

KagectBo mpoaykiuu OyZeT BBICOKMM TOJBKO TOTJIA, KOFJA BBICOKU
Ka4ecTBO MOZENH (T. €. KauecTBO NPOEKTHBIX PEIICHHH) U KadyecTBO
n3roroBneHuss. OJHAKO JOCTHKEHHE BO BCEX CIIy4asx HaHMBBICIIETO
BO3MOYXHOIO NpPH JJAHHOM YPOBHE TEXHHUKH M TEXHOJOTMH KadecTBa
OOBIYHO HKOHOMHYECKU HEBBITOAHO. Hampumep, MOXKHO MOBBICUThH
JIOJITOBEYHOCTh  KOpITyca CYJIHA, NPUMEHHMB BBICOKOJIETUPOBAHHbIC
HEepKaBeIoIINe CTajl; MOYKHO YIyYIINTh TOYHOCTH JeTalell Kopryca,
o0pabaTthiBasi MX MO KOHTYpY Ha ()PE3EPHBIX M CTPOTAIBHBIX CTaHKaX.
Ho mpu 3TOM 10Ir0BE€YHOCTH KOPITyca OKaXETCsl U3JIUIIHEN, a TOUHOCTh
JleTanel — 3KOHOMHUYECKH He onpasaaHHoi. IlosTomy kopmyca TpaHc-
MOPTHBIX CYAOB M3TOTOBISAIOT U3 YTJIEPOJUCTON M MajoJerupOBaHHON
CTalll U JUIsl BBIPE3KHU JA€Tallell IPUMEHSAIOT TEIIIOBYIO pe3Ky. KauecTBo
NPOJAYKIMUA JIOJDKHO OBITh ONTHMAJbHBIM, TPHYEM KaK KpHTEpUi
0OBIYHO MCHOJB3YIOT 3KOHOMHUECKHE COOOpaskeHus. Jpyrumu cioBamu,
HNPOAYKIMA AOJKHA UMETh XOpOIlee KadecTBO, HO HE OBITh CIMIIKOM
noporoii. ObecrieueHre TPEOyEeMOro KauecTBa CyI0B IPU MUHUMAJIbHOM
CTOMMOCTH HX IOCTPOMKHM M SBJIIETCS OCHOBHOM 3alaueil TEXHOJIOIHMHU
CyZIOCTPOECHHUS.

TpeOoBaHNs K Ka4eCTBY CYAOB M OTJENbHBIX CYJOBBIX KOHCTPYKIIMU
YCTaHABIUBAIOTCS HOPMAaTHUBHOW JOKyMeHTaiuei (mpaBwiamu BUPP,
TOCYZapCTBEHHBIMH U OTPACIEBBIMH CTaHAAPTAMU, TEXHUYECKUMH yCIIO-
BUSIMH, TEXHHYECKUMHU TPEOOBaHUSAMHU B YepTekKax M T. I.). TpeboBaHus
K KadecTBY MPOIYKIMH BCErAa COAEp)KaT OmpeleNeHHBINH pa3dpoc
KOXJIOT0 W3 33aBAEMbIX MapaMETPOB, OIPAHUYEHHBIM BEPXHUM U
HIDKHAM TIpefiedaMd. VIHTepBan 3Ha4eHWH NapaMeTpa, OrpaHHYEeHHBIN
STUMHU MPEICNAMH, HA3BIBACTCS OONYCHIUMBIM OMKIAOHEHUEeM WU
MIPOCTO OONYCKOM.
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Hapsimy ¢ nmomycTMMBIME OTKJIOHEHMSMH B H3JENUSX MOTYT BCTpe-
4yaTbcsi AC(EKTH, T. €. HECOOTBETCTBUS TPEOOBAaHMSIM, yCTaHOBIICHHBIM
TEXHIUYECKOW JOKYMEHTAIIMeH, MPUBOIAIINE K YXYALICHUIO KauyeCTBa MIIH K
HEBO3MOKHOCTH HOpPMAJIbHOW SKCIUTyaTallMyd 3THUX W3JENHUH, Harpumep,
TPEIIVHBl B CTaJBHBIX KOHCTPYKLMSX, HAJWYHE HEMPOBAapOB B CBAPHBIX
IBaX, [OTEKM HA OKPAILCHHOW IOBEPXHOCTH, a TAKKE BBIXOA (GOpPMBI U
pa3MepoB jeTaieil M KOHCTPYKIMHM 3a YCTAHOBJIEHHBIE MpPEAENbl, TaK
Ha3bIBaEMbIE FEOMETPUUECKHE MTOTPEIIHOCTH.

I'eomeTpuueckne NMOTPEMIHOCTH MOTYT OTPHULATENBHO CKa3bl-
BaThCS HA MOPEXOJHBIX KAa4eCTBaxX CyAHA, HalpuUMep, YMEHBLIATh €ro
CKOPOCTb, MOHMXAaTh MPOYHOCTb KOHCTPYKLMH, B YacTHOCTU TIpU
UCKPHBIICHUM CTOEK MIIM CMEIIEHUM CBSI3€H, Takke MOryT yXyJIIlaTh
BHEIIHUH BUJT KOHCTPYKIUH.

3HAYUTENBbHOE BIUSHUE N€OMETPHUECKHE TOTPEUTHOCTH OKa3bIBAIOT
Ha TPYJOEMKOCTh COOpPKM KOpIYyCHBIX KoHeTpykuuii. Ilone momycka Ha
BEITMYMHY CBapOYHOTO 3a30pa OOBIYHO cocTaBiseT 1-2 mMm. Makcu-
MaibHasg ero BenumunHa 4 MM (IIpH aBTOMATWYECKOW cBapke Ha (uIro-
coBoi mojaymke); MuUHUManbHast 0,3 MM (TIpH CTBIKOBOM CBapKe MalbIX
tomuuH). Ilogronka geraneit 1 KOHCTPYKLMI IpyT K APYTry € yKa3aHHOU
TOYHOCTBIO 3aHIMAET 3HAYUTEIBHYIO JIOJI0 COOpOUYHBIX paboT. [loaTomy
MOBBIIIEHHE TOYHOCTH  HM3LOTOBICHHUS  KOPIYCHBIX JAeTaled u
KOHCTPYKIMI SBISETCA Ba’KHOW 3amadel CyJOCTPOMTEIBHOIO IPOH3-
BOJICTBA.

[IpyurHBl BO3HUKHOBEHUSI F€OMETPUUYECKUX MOTPEUIHOCTEN JeTaneu
1 KOHCTPYKIIMHA MHOTouHclIeHHbl. OCHOBHBIE U3 HUX CJIEAYIOLIUE!

1. Hetounocts mexomuoit mHpopManuu. Ilpu BeImomHeHWH Tpadu-
YECKUX MOCTPOEHUM Ul ONpPENEIICHAS Pa3sMEPOB JAETajell U KOHCTPYK-
U 10 TUIA30BOHM pa3OoUBKe UMEIOT MECTO HEKOTOPBIE MOTPELTHOCTH.

2. [lorpemHocTh CpecTB U METOAOB U3MEpEHHSs (METPOIOTHUECKHUE).
W3mepeHrne © OTKIaAbIBAaHHE pPa3MEpPOB MPOU3BOAATCA C ITOMOIIBIO
PYJETOK;,; METPOB, IIa0JIOHOB, OTBECOB U MPOYUX YCTPOMCTB, UMEIOIINX
3HAYUTENBHBIE TOTPELIHOCTH.

3. IlorpemHocTn TexHoJorudeckux omnepauuid. Kaxkmas omepaums
M3TOTOBJICHUS JeTaned (pa3Merka, pe3ka, ruOka) M cOOpKH KOHCTPYK-
LU BBITOJHAETCS C ONMPEAECICHHON TOYHOCTBIO, T. €. BHOCUT NOTpeul-
HOCTH B pa3Mepbl, (OpMy U B3aUMHOE pacIOJOXCHUE AeTaledl u
KOHCTPYKLUI.
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4. TlorpeurHoctu 0bopynoBaHUs M OcHAcTKU. K HUM criemyeTr oTHecTH,
HaIpuMep, OTKJIOHEHHE MOBEPXHOCTH COOPOYHOTO CTEHIA OT IUIOCKOCTH,
HETOYHOCTh YCTAHOBKH OITOPHBIX YCTPOMCTB Ha CTamese u T. 1.

5. TlorpemHocTy, BBI3BIBAEMBIC YCaJKOW CBAPHBIX IIBOB (CBApOYHBIC
nedopManum). OTH HOTPEIIHOCTH, €CIM HE IPHHATH CHELHUAIIBHBIX MEp I10
UX YMEHBIIICHNIO, MOTYT IPUBECTH K OpaKy KOPILyCHBIX KOHCTPYKLIMIL.

[NpuHimnansHass 3aBHCHMOCTh MEXIY TOYHOCTBIO H3TOTOBJICHHS
JeTajnell 1 ux ce0ecTOMMOCTBIO IpuBeeHa Ha puc. 1.4. Bricokas TOUHOCTD
COOTBETCTBYET 3HAUMTEIILHBIM 3arparaM Ha o0pabotky.- [lo wmepe
MIOHIKEHUST TPeOOBAaHWN K TOYHOCTH OOpaOOTKM 3aTparhl, a CJeloBa-
TENbHO, U cebecTOMMOCTh CHWKaroTcst (kpuBast 1). Ilpenmonoxum, yto
HY>KHO OTpE€3aTh OT I0JIOCHI JAeTajlb 33JaHHOM JuHbL, Hanpumep 3000 * 4.
Ecmm 6 = 0,1 MM, TO HEOOXOAUMO TPHUMEHSATH CHENHUATGHYIO H3MEPH-
TENBHYI0 OCHACTKY, PE3Ky MpPOW3BOAWTH Ha TOYHOM (PE3EPHOM CTaHKE,
MOAJEPKHUBATh B MOMEIICHUH TOCTOSHHYIO Temmeparypy. Ilpu & = 1 mm
HY)KHO BBIIOJIHATH BECbMA TIIATEIbHYIO <Pa3MEIKy JUIMHBI JETallH,
YUHUTBIBas MMOTPENIHOCTh MIKAIBI PYJICTKH, €€ HATSHXKEHHE U TEMIIeparypy.
Ecim 6 = 5 MM, To JieTanb MOKET OBITH pa3MeucHa 1o JI000H pylieTke U
oOpe3aHa ra3om BpyuHylo. JlanbHelillee pacliMpeHue IMOJs JAOIycKa,
Harpumep 10 10 MM, He H3MEHSIET TEXHOJIOTUH Pa3METKH U PE3KU 1 BEChMa
HE3HAUMTENHHO CKa3bIBaCTCsl HA CEOSCTOMMOCTH ATUX OTICPaLIUiA.

Ch

Cmin

Bopt B

Puc. 1.4. Onpenenenrie ONTHMaILHOW TOYHOCTH U3TOTOBJICHHS JICTAJICH:
1 — cebecTonMoCTh Onepanuii U3roTOBIEHHUS JeTalieil; 2 — cebecTOMMOCTh COOPOUHBIX
omeparuii; 3 — pe3yJbTUpYyIOLIas KpUBasi ce0ECTONMOCTH;
0 — BENMYMHA JIOMYCKa; O qpt — ONTUMATBHBIH Homyck; C — cebecTouMocTs, pyo.
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OnHako oueHKa TpeOyeMOH TOYHOCTH JAeTaliel TONBKO IO omepa-
ousiM 00pabOTKH SBJSIETCS OAHOCTOpOHHeH. Heo0xoanmo y4yuTHIBaTh
BIIMSIHHE TOYHOCTH JeTayieil Ha ce0ecTOMMOCTh COOpPOYHBIX OIeparuii,
KOTOpasi Xapakrepusyercsi KpuBoi 2. HawmeHnbmmas ceGecTOMMOCTB
W3TOTOBJICHUS! W3JENHs (MM €ro 4YacTd) OINpenensieTcs MHUHUMYMOM
pe3yIbTUPYIOMIEH KPpUBOit 3.

YcTaHOBICHHE ONTHMAIBHON TOYHOCTH JJISl KaXKIOTO KOHKPETHOTO
Clydast SIBISETCS BEcbMa CJIOKHOW 3amadeil. Bce TexHomormueckue
IPOLIECCHl, KaK U MoJaBisoniee OOJBIINHCTBO XU3HEHHBIX SIBICHHM,
3aJal0TCSl HEOJHO3HAYHO M MOTYT OBITh ONMHCAHBI TOJNBKO C HO3HMINN
TEOPUHU BEPOSATHOCTEH, B KOTOPOM pe3ynbTaThl KakJI0ro KOHKPETHOTO
JecTBUsL (M3MEpEHHs BEJIMYHMHBI, OTKJIAJIbIBaHUSL pa3Mepa, MOTpeLl-
HOCTH PE3KH) paccMaTpHUBAIOTCS Kak CilydaiiHble BennduHbl. [loatomy B
Ka)XXJIOM KOHKPETHOM cily4dae AOJDKHBI OBITh ONpeeNieHbl 0ObEKTHBHO
CYLIECTBYIOLIME BHJ 3aKOHA pacHpeAeCHUs] JAHHOW CIydaiiHOW BeJH-
YHHBI, MaTeMaTH4eckoe oxuaanue M u muenepcus D (x). ducnepcus
9aCTO 3aMEHSETCS CPEOHUM KEAOPAMUUECKUM OMKIOHEHUEM

o =4/D(x).
[lorpemHocTH pa3MepoB jAeTaieil M KOHCTPYKIHH OOBIYHO

CJICAYIOT 3aKOHY HOpMabHOro pacmpenenenus (I'aycca), BeIpakaeMoOMy
YpaBHEHUEM

M2
1 _(x=M)

2
=t T

€ X MOXET NPUHUMAaTh 3HAa4eHUs OT —oo A0 +oo. MaTemMaruueckoe
0XKUJAHUE ONPENEIIAETCS KaK

M=>x/n,

a cpeanee kBanparndeckoe otkionenne (CKBO):
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rae ) X — aiaredpanueckas CyMMa HaONIOJaeMbIX BEIHUNH;

N — YKCIIO HAOJIIOICHUIA.

OCHOBHBIC YCIIOBHS, TPU KOTOPBIX CIy4yaiHas BEUYMHA CIETYET
3aKOHY HOPMAaJIbHOTO PAaCHpEC/ICHHUs, COCTOAT, KaK H3BECTHO, B TOM,
YTO HAa HEC OKA3bIBACT BJIIUSIHUC 3HAUYUTCIBHOC KOJIMYECCTBO CHy‘IaﬁHBIX
(baxTopoB, MpUYeM BCe CiydaiiHbie (HAaKTOPHI B3aHMHO HE3aBUCHMBI, a
CTeTeHb X BIMSHUS HA PACCMAaTPUBACMYIO BEJIMUYHHY MPHOIU3UTEIHHO
OIIMHAKOBA.

B p;me cnyqaeB JJIS CyIIICCTBeHHO IIOJIOKHUTCIABHBIX BCJINYUH,
KaKUMU SIBJSIFOTCS, HAMPUMEpP, CBAPOUYHBIN 3a30p, OTKJIOHEHHE KPOMKH
JeTald OT MPSAMOM JMHUM M T. II., JEUCTBYET 3aKOH 3KCIIEHTPHCHUTETA
(Maxcgema):

n _AJZXZ
X)= xe
(p( ) 2M?2

rae 0 < x <+ oo.

BcerpeuaroTcsi BeNMMYHMHBL, CIeIyIONe APYTHM 3aKOHAM pachpeaee-
HUs. B nanpHeiimeM u3noskeHnn OyIeT paccMaTpHUBATBhCS TONBKO 3aKOH
HOPMAJILHOTO PACIIPEAEICHUS MTOTPEITHOCTEH.

JonyckaeMble OTKIOHEHHS pa3MepOB OT HOMUHAIBHBIX MOTYT
Ha3HayaThbcs M3 CooOpakeHH oOecrmeueHns] (DYHKIMOHAJIBHOTO Ha3Ha-
YeHHS Yy37a, KOHCTPYKIMH WM W3JIeTns. OTH JOICKH Ha3HAYaroTCS
KOHCTpyKTOpamu. MHOTZIa WX B MPOCTOPEUMH HA3bIBAIOT «JIOIMYCKHU, KaK
HY>XHO». [Ipyroii BHJ JOIyCKOB HOCUT Ha3BaHUE «IOIMYCKH, KaK MOYKHOY.
IIpn 3TOM MMeEOTCA B BUILY IOIYCKH, JOCTHUTAeMbIe MPU 3KOHOMHYHOM
BEJICHUH TEXHOJIOTHYECKOTo nporecca. OHM Ha3HAYAIOTCS TEXHOJIOTaMH Ha
OCHOBAaHHM YCTaHOBJICHHBIX 3aKOHOB PAacIpeieNiCHUs] MOTPEIIHOCTeN TpH
ONIPE/ICIICHHON TEXHOJIOTUH. B KOHEYHOM cyeTe KOHCTPYKTHUBHBIC JOITYCKH
JIOJDKHBI OBITH 00€CTICYeHbI TPUHATOH TEXHOIOTHEH.

[IpenenvHblE pa3Mepsl X; U X, paccMaTpUBaeMOM CIIydyallHOW BeJU-
yiHEI X (puc. 1.5) 00BIYHO BHIOUPAOT TaK, YTOOKI
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0

_Xfl o(x)dx = [ ¢(x)dx=0,00135.

X2

9(z)

A

Puc. 1.5. I'padux nuddepeHnnanbaol GyHKIUM pacipeIesICHUs
¢ () ciy4yaiiHOM BETMYNHBI

I[Tpu 5TOM 1S 3aKOHA HOPMAJIBHOTO PacHpeiesieHHs TI0JIE JOMyCKa
d = 60.

BeposTHOCTB TOTO, YTO NEHCTBUTEIBHBIM pa3Mep OKAKETCS MEXKIY
X1, H X2, T. €. TIONMAJET B NoJe aomycka, coctaBisieT 0,9973 u oObrdHO
cuuTaercsl paBHOM enuHmie. HeoOxomumo, OmHaKO, IOMHHTbH, YTO
Ha3zHaueHHE JOMYCKa, pAaBHOTO 6G, BCe-TaKM HE TApaHTUPYET MOTYUCHUS
100 % pa3smepoB B yKa3aHHBIX Tpeaenax. ['pyOble mpoMaxu, MPHBO-
JSIIMe K OTKJIOHEHHSIM, [TPEBBIMIAIOIIUM PACUETHBIEC, BCETIa BO3MOXKHBI.
Hemapom BennunHa X TEOPETHUYECKH MOKET M3MEHSTHCS OT —00 10 +00.
BeposiTHOCTB TOrO, YTO (DaKTHUECKHH pa3Mep BBIHAET 3a Mpeaesnl
JIOILyCKa,  HA3bIBACTCSI MPOUEHmOM pucka. ITa BeIWYMHA paBHA
MIOINAAM, 3aKIIOUEHHONM MEXIy KpuBOHW @(x) W ocbio abcumcc BHE
y4acTKa STOH OCH, paBHOTO O, T. €. IUIONIaJH, 3alITPHUXOBAaHHOW Ha
puc. 1.5, BeIpakeHHOHN B MPOLIEHTAX OT BCEH IUIOIIAAN MO KPUBOH @(x),
KOTOpasi BCET/1a paBHA €IMHUIIE.

[Ipouent pucka 3aBucuT OT cootHomeHHs t mexay CKBO m
BBIOpaHHOHN BEIMYWHOMN MOJISI IOMycKa, KOTOpoe Has3bIBaeTcs Kod(huim-
CHTOM pHCKa. DTa 3aBUCUMOCTh IPUBEJICHA HIKE.
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Koaddumuent pucka

tzg:cs ....... 1,00 1,65 2,00 2,57 3,00 3,29 3,89.

Po...... 3210 4,51,0 0,27 0,10 0,01.

Heo0xoauMo MOMHHTB, YTO HalJIEHHBIE OTBITHBIM MyTeM 3HAYCHUS
Marematudeckoro oxumanus u CKBO ciiygaifHBIX BEIMYMH CamMHu
SIBJISIFOTCSl CITyYaHBIMU BEJIMYMHAMH U YTO BBIOOPKA, MO KOTOPOW OHU
ONpEJIEICHBI, HE MOJHOCTBIO COBIAAET C TEHEPAIbHOM COBOKYITHOCTBIO.
[Ipu Ooyiee TOYHOM HWCCIACAOBAHWM CJICIYET OICHUBATH BEIHMUNHY
BO3MOXXHOTO PACXOXICHHS IMapaMeTPOB BEIOOPKH M TeHEPATbHOM
COBOKYITHOCTH.

Kpome cimyqaifHBIX (DakTOpOB B KOHKPETHOM TEXHOJIOTHIECKOM
Mporecce MOTYT JACHCTBOBATh ITOCTOSHHBIC (DAKTOPHI, BBI3BIBAIOIINC
BO3HUKHOBEHUE cUCHIeMamuyeckux nozpewinocmeii. Hanpumep, HeTo-
YHOCTb HAHECEHWsS IITPUXOB WIKaJbl pPYJICTKH BHOCUT CHUCTEMa-
TUYECKYIO MOIPEIIHOCTh B pa3Mepsl AeTaneil. Bee aeranu, pasmMedeHHbIE
M0 KOHKPETHOHN pYJIETKE, OKXYTCA B CpPEAHEM JJIMHHEE WIH KOpoue
WUCTUHHBIX (B 3aBUCHUMOCTH OT XapakTepa MOTPEUIHOCTH PYJIETKH).
Takum 00pa3oM, CHCTEMATHYSCKHE IOTPEIIHOCTH B KaXKIOH Ccepuu
ONBITOB BIHUSIIOT Ha BEJIWYMHY MaTEeMaTUYECKOro OXUJAHUA, He
OKa3blBasg BO3ACHCTBHS Ha CpeJHee KBaAPAaTHUYECKOE OTKJIOHEHHE,
KOTOpOE OTpeAeNsieTcs caydaitHpiMu dakTopamu. HeoOxoammo, ogHako,
YUYUTBIBaTh, YTO MOTPEIIHOCTH, BHICTYTIAIOIINE B OJTHON CEpUHU OTBITOB B
KauecTBE CHUCTEMATHYECKUX, B JPYrod MOTLYT TIPOSBIATHCA Kak
ciayyaiiupie. IlorpemHocT IIKanbl PYJETKH, CHUCTEMAaTHYECKHE IPU
W3MEPEHHAX OJTHOW PYJETKOW, OKAXKYTCs CITydaifHBIMHU, €CITU peub OyIeT
HUATH O TOYHOCTH Pa3METKH C IMOMOIIBIO PYJETOK BOoOOImIE, T. €. O
MHOXXECTBE PYJIETOK. B 3TOM cilyyae MOrpeuIHOCTh HAHECEHUS Kbl
pyneTok OymeT BIMATP Ha BEIWYHHY CpPEOHETO KBaJPaTHYECKOTO
OTKJIOHEHHSI pa3MEpPOB.

CucreMaTH4ecKue TIOTPEIIHOCTH MOTYT OBITh TMOCTOSHHBIMH U
M3MEHSIOUIUMUCS BO BPEMEHHU WIM MPU U3MEHEHUH BHEIIHUX YCIOBUH.
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CucreMaTHyecKre TIOTPEIIHOCTH OOBIYHO CTPEMATCS BBISIBISATH U
HCKIIIOYaTh U3 Pe3yJbTaTOB U3MepeHus. Tak, Hampumep, MOTPEIIHOCTb,
BbI3bIBa€Masi HETOYHOCTHIO IIKAJBl PYJIETKH, MOXET OBITh MCKIIIOYEHa,
€CJIM COCTaBHTH TaOJIMIly TIONMPAaBOK K TIOKAa3aHWsSIM pYJIETKA U
MIPOU3BOAUTH U3MEPEHHUS C YUETOM 3THUX MOMPABOK.

B cynoctpoennn npumenstores pynerku tuna P3 mo 'OCT 7502-69
¢ MWUIMMETPOBBIMU JEJIEHUSAMU IO Bcell aynHe. J[omycKkaeMble OTKIIO0=
HEHUs ACUCTBUTEIBLHON NIUHBI IIKAJ STUX PYJIETOK OT HOMHHAJIBLHOTO
3HAUEHUS INpPU KOMHATHOW TEMIEpaType U HOPMAJIbHOM -HATSKEHUU
COCTaBJISIIOT A1 2-TO Kjlacca 1 MM IpH JUIMHE 5 M ¥ 5 MM IIpH JUTHHE
50 M. [nst pynerok 3-ro kjacca HOTPEUTHOCTH BO3pAcTalOT JI0 2 U7 MM
COOTBETCTBEHHO.

Ha TouHOCTh M3MeEpeHuil pyJieTKaMu TOMUMO ITOTPEIIHOCTEH [IKAaJIbI
[T, BIMAIOT MOTpENIHOCTh HaTsDKeHus JeHTwl Il,, TemmeparypHas
norpemHocts I, u morpemnocts orcuera-pasmepa Il,. Ilorpemnocts
HATSDKEHUS JICHTHI BBIpaxkaeTcs: (opMyITon

- IAP
| { =— MM
EF

rae | — u3mepsiemas nHa, MM;

AP — pazHOCTh MeXAY (aKTHYECKHMM W HOPMAaJbHBIM HATSHKEHHSIMH
pynetku, H;

E — wmomyns ympyroctm martepuana JeHTh, [la (i crampHBIX
pynerok E = 2-:10" Ia);

F — muomams MONEPEYHOrO CEUYCHHS JNEHTH, MM’ (OOBIMHO OKOIO
2 mvP).

TemnepatypHas MOrpenHocTh

I 0 :I((XlAtl_(XzAtz),

rae o; ¥ oy — Ko3(GUIMEHTH! JUHEHHOIO PACIIUPEHHUs U3MEpSIeMOro
00BEKTa U JICHTHI PYJIETKH COOTBETCTBEHHO;
Aty m At; — OTKIOHEHUS OT HOPMAJIBHOM TEMIEPATYPbI
U3MEPsIeMOro 00BEKTa U JIEHTHI PYJIETKU COOTBETCTBEHHO.
3navenue [1, 3aBHCHT OT KBaTM(HUKAUK pPa3sMETUHKA U ONPEACs-
€TCS ONBITHBIM ITYyTEM.
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OOmas morpemHocTs W3MepeHus: pynerkamu Il ompezpemnsiercss mo
dopmye

N

--_ --2 --2 - --2
i =T 2412472472,

UccrnenoBanreM Tpu ONpeNeNeHHBIX YCIOBHAX OBUIM YCTAHOBIIEHBI
CIeayIouMe 3Ha4eHUsl OTpelHocTed Jyisl pyleTok JiuuHoi 10 m: I1,; =
=125 mm, I1, = +£0,8 mm, I1, = £ 1,0 mm, I1,, = £2,5 Mm.

Toraa i AecITUMETPOBBIX PYJIETOK TPETHETO Kilacca

T =+2,52+1,25% +0,82 +1,02 =+311 1,

[nst pynerok 2-ro knacca, y Kotopsix 11, = 1 mM:

T =+1,02+1,25% +0,82 +1,02 =+2,11 1 .

Bonee crporo ckiansiBaTh He MpeneabHbIE 3HAYSHHS TIOTPEITHOCTEMH,

a INCTIEPCHUN X 3aKOHOB pacTpeesieHus
D( X)i = cszi.

OTkmoHEHUS (MOTPEMHOCTH) GOPMBI JAeTaleld M KOHCTPYKITAH
MOJPa3CIIIOTCS Ha OTKIOHEHHWE KPOMOK M OTKIOHEHHE MOBEPXHOCTEH.
HenpsMonnHeHOCTh  KDOMKH J€Tald WA KOHCTPYKIIUH HU3MEpPSIeTCs
HauOONBIINM pACCTOSHUEM OT TPHIIETafomell NpsSIMOM 1O KPOMKH.
[Mpuneraromast- npsMasi MaTepUalN3yeTCsl B BHJE JMHEHKH, CTPYHBI,
HUTH, CBETOBOH JIMHUHU U T. 1. OTKIIOHEHHE PEaTbHOT0 KPUBOJIMHEHHOTO
KOHTYpa n3MepsieTcst OT pabodero KOHTypa madioHa.

HermockoCTHOCTh  TIOBEPXHOCTH  OICHHBACTCS €€  MaKCUMAaIbHBIM
OTKJIOHEHHMEM OT MPWIErallied IUJIOCKOCTH, a sl KPUBOJUHENMHOMN
MOBEPXHOCTH W3MEPSIIOTCS OTKJIOHEHHWs] OT IMIa0JIOHA WA OT OIOPHOM
MOCTEJH.

JlJis1 OTHOCHUTENBEHO THOKUX JIMCTOB HAC 00Jiee HHTEPECYIOT MECTHBIC
OTKJIOHEHHS OT TUIOCKOCTH (OYXTHHBI), YeM OTKIIOHEHHUE JIMCTA B IEJIOM.
ByXTHHOBaTOCTh OOBIYHO OIIEHMBACTCS CTPEJKOil mporuba nucra f Ha
mmuae | (puc. 1.6). CylecTBYIOT crienuaibHbie TPHOOPHI I 3aMepa
OyXTHH — OyXTHHOMEDEI.
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Puc. 1.6 — 3meHeHne MecTHOH HEPOBHOCTH (OyXTHHOBATOCTN):
1 - ceyenwue nucTa; 2 — IMHEHKA

Omknounenue (nozpewinocms) pacnonodicenusn Jetaaeii 1 KOHCTPYK-
U IpeAcTaBIseT COOOH OTKIOHEHHE OT HOMUHAJIBHOTO IOJIOXKEHUS
MOBEPXHOCTH (WM €€ OCH) OTHOCHTENHHO . 0a3bl MM OTHOCHUTEIHHO
Opyrux mosepxHocTeld. [Ipumepamu OTKIIOHEHUSI pACIIOIOKEHHS MOTYT
CIIy’)KUTh HETapaJUIeIbHOCTh IUIOCKOCTEH  APYT - ApYyTry, HeENepIeH-
JUKYJSIPHOCTh OCEH, HECHMMMMETPUYHOCTH OOpPTOBBIX CEKIMH CyIHA
OTHOCHTENBHO JramMeTpanbHoi mockoct (JIT) u T. m.

ba3oit HazpIBaeTCSl COBOKYITHOCTD MIOBEPXHOCTEH, TMHUN U TOYEK, 110
OTHOILIECHUIO K KOTOPBIM OIPEAEISIETCS PACIOIOKEHHE pacCMaTpH-
BAEMOM JIMHUM WM NOBEpXHOCTH. lIpu mocrtpoiike cyaHa OCHOBHOI
0a3oil sBisIeTcsl cucteMa, 00pa3eBaHHash OCHOBHOHM miockocThio (OID),
auaMeTpanbHol miockocThio (I) m mimockocTeio MHIIENb-IIIAHIOYTa
(IIMII). Kpome oCHOBHOIl B TIpoIlecCe H3TOTOBICHHS JA€Taled H
KOHCTPYKUHMH TPUMEHSIOTCS TEXHOJIOTHUeckue ©Oa3pl. B KkadecTBe
TEXHOJIOTHYECKUX 0a3 MOTYT CIIYXHTh ITOBEPXHOCTh COOPOUYHOMN IIJIUTHI,
jexkana COOPOYHON TIOCTeNM, PHUCKH, HAHECEHHbIE HAa CEKIMH U
WCTIOJIb3yeMBbIE JIUISl TPaBMIIBHON YCTAHOBKH €€ Ha CTarese, u T. 1.

Bribupas cucmemot 6azuposanus, CTpeMsTCs COONIONATH PUHIIMIT
eauHCTBa 0a3, T. €. IPU HU3TOTOBIEHHMHM KOHCTPYKLUUH B OCHOBHOM
MOJIB3YIOTCST 0a3aMu, yKa3aHHBIMH B 4epTexax (KOHCTPYKTHBHBIMH),
BBOJISI TEXHOJIOTHUECKUE 0a3bl JIMIIb P HEOOXOIUMOCTH.

Jns OLEHKM OXUAAeMOM TOYHOCTH M3TOTOBJICHUS JeTaled u
KOHCTPYKIIUH BBITIOJIHSIOT pacueT pa3MePHBIX IETeH.

Pazmeproii yenvro HA3BIBACTCS II0CIEN0BATEIBHOCTh BCEX HE3ABUCH-
MBIX Pa3MEpOB, PACIIOJIOKEHHBIX M0 3aMKHYTOMY KOHTYPY M OKa3bIBalo-
IIMX HETOCPEACTBEHHOE BIMSHHE Ha TOYHOCTH 3aMBIKAIOIIEIO 3BEHA.
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3aMBIKAIOLIUM SIBJISETCA 3BEHO, CBS3bIBAIOIIEE MOBEPXHOCTH M OCH,
paccTosiHUEe MEXIy KOTOPBIMH HY>KHO OOECIEUYHTh WM 3aMEpUTh, T. €.
3BEHO, JIs1 KOTOPOI'O BEJETCS pacueT pa3MepHOil Lenu.

Pa3mepHble 1enmu moapasfensdloTcs Ha IUIOCKHME, B KOTOPBIX BCe
3BEHBS JIE)KAaT B OJHON IJIOCKOCTH (MJIM B HECKOJNBKHX MapaiielbHbIX
IUIOCKOCTSIX), M TIPOCTpaHCTBEHHbIC. llmockue pasmepHble ILenu C
MapaJuIeIbHBIMHU 3B€HBSIMU MHOTIa HAa3bIBAIOT JINHEHHBIMHU.

Jlrobast pasMepHas Ieb MOXET OBITH IpeBpalieHa B - CHCTEMY
JMHEHHBIX NyTeM INPOEKTHPOBAaHMUS BCEX 3BEHBEB HA OCH -BBIOPAHHOMN
cUCTeMbl KoopauHat. Hampumep, deThIpex3BeHHAs MPOCTPAHCTBEHHAs
pasmepHas nensb (puc. 1.7) MoxeT ObITh IpeBpallleHa B TPU JUHEHHBIE:

Ay = A COS0oy +a, COSaLy + AgCOSOLs;
Any = A COS[y +a, COSP, + AgCosfs;
Ay, = A COSY, + 8, COSY, 4+ A3 COSY;
(cos aj; cos Bi; cos yi, — HAPABJIAIONINAE KOCHHYCHI KKIO0T0 3BCHA), U3
KOTOpBIX Ha PUCYHKE IIOKa3aHa TOJIbKO IICpBasd. HOBTOMy BCC Halib-

HEHIee H3JI0KEHHE OTHOCUTCS K ITOCKHUM LOernsaM C mnapauiCiibHbBIMHA
3BCHBsIMU.

02

Puc. 1.7. Cxema niepeBozia IpoCTPaHCTBEHHON pa3MepHOIT Ieru
B CHCTEMY IUIOCKUX LIEIeH ¢ napaiebHbIMU 3BEHbSIMU
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OmnpenenuM BO3MOKHBIE pa3Mepbl 3aMBIKAIOIIEro 3BeHa b, pas-
MEpHOM Lenu, NPUBEACHHON Ha puc. 1.8, T. €. BEIMUUHBI 3a30pa MEXIY
TOPIOM pedpa )KECTKOCTH M IJIOCKOCTBIO HIMAHTOYTa MPH CTHIKOBAHHU
IBYX cekuuii. O003HaYMM 3BEHBS pa3MEepHOH LIeTH:

Bb; + 81 — paccTosiHME OT MINAHT0yTa 10 KPOMKH HOJOTHHUINA,;

PR
A+ 72 — 3a30p MEXIAY KPOMKaMH JIBYX ITOJIOTHHIII;

< O
Agt ?3 — ycaJika MOJIOTHHIIA B pe3yJIbTaTe CBApKH;
b, — 64 — BBIXOA pebpa KECTKOCTH 32 KPOMKY TTOJIOTHHIIIA,

rae b1, b, b3, b4 — HOMUHaNBHBIE pa3MeEpPHI 3BEHHEB,;
d1; 02, 03, 04 — IOMyCKAaEMbIC OTKIIOHCHUS 3TUX Pa3MEpOB.
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Puc. 1.8. Ilpumep miockoii pa3MepHO#l e ¢ MapauieIbHBIMU 3BEHbSIMH

HoMuHanbeHbIil pasMep 3aMbIKaromero 3BeHa OyneT paBeH anreo-
panyeckoil cyMMe pa3MepoB 3BEHBEB LICIIH:

m-1
Bavow=b1+B,-B3-Bbs= > A,
1

€ m — KOJIMYCCTBO 3BCHHCB pa3MepH017I OCIIN.
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st onpeneneHus NOMyCKa 3aMBIKAIOIIETO 3BE€HA HaleM HaUMEHb-
muid Bamin 1 HAaHOONMBIIAN B amax pa3Mepbl 3aMBIKAIONIETO 3BeHA. bamin
Oyner paBHO CyMME HAaUMEHBIINX Pa3MEPOB YBEIMYMBAIOIINX 3BEHHEB
b; u b, u HanboapImKX pazMepoB yMeHbIIAIONUX 3BeHbEB b3 1 by, T. €.

A=A+ £ =22 ) (A4 ) A,

Jnst HaxoKAeHUS bamax, HA000POT, OepeM MaKCHUMalbHbIE pa3Mepshl
YBEIUYMBAIOIIUX 3BEHbEB U MUHUMAJIbHBIE — YMEHBIIAIOMINX

Aumac=(A 48+ A+ %2 |- A% | (A 5.

Jlommyck 3aMBIKaIOIIEro 3BEHa

8A:AAmax_AAmin A14'81‘*"6‘2 AS 823_

~A +5,-A - A2+ +A3+ +A4 61+82+63+64—Z|6|

Taxkum 06pa30M, HC3aBUCHUMO OT pacCIOJOKCHUSA moJiei A0IyCKOB
3BCHBCB pa3MepHoﬁ LOCMKU AOIMYCK 3aMBbIKAIOHMICTO 3BE€HA PABCH CYMMC
a0COFOTHBIX  BEJIMUUH JOIIYCKOB BCEX COCTaBJIAKOIINX 3BCHLECB. HpI/I
OIMHAaKOBEIX OTOITYCKax BCEX 3BCHLECB, PABHBIX Bcp:

da=(m—1) 3.

Yame, oHaKO, PEIIAlOT MPOTHBOIOIOKHYO 3a/1auy: 10 BHIOPAHHOM
BeJIMYWHE O, OMPENEISIFOT MOIMYCKH 3BEHBEB Ier. MaTeMaTHIecKn 3Ta
3aja4a UMeeT OCCKOHEYHOE YHUCIIO PEIICHUH, TaK KaK JJIs ONMpPEIeICHUs
m — 1 HeWs3BeCTHBIX BEIWYMH HUMEETCS JUIIb OJHO YpaBHEHHUE
pa3MmepHoii 1enu. [lodToMy BHauale ONMPENENSIOT JAOMYCKH, CUHUTAas UX
PaBHBIMU JIJIS BCEX 3BCHBCB:
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5Cp = SA/(I’I’Z - 1),

a 3aTeM IIOJIyYE€HHYIO BEIIMYHMHY KOPPEKTHUPYIOT, HUCXOId U3 DKOHOMU-
YEeCKH ONPaBIaHHON TOYHOCTH IOJTyYCHUS KaXKIOTO 3BEHA.

OnucaHHBI METOJ PelIeHHs] pa3MEepHBIX IeTNell MoMydnT Ha3BaHUE
Memooa makcumyma-munumyma. OH IPOCT, HATIAZCH U 00ECIIeYHBACT
BIIOJTHE HAJAEKHBIE pe3yibTaThl. OgHAKO HamboJiee HeOIArompusTHOE
COUCTaHHWE pa3MEPOB, HAa KOTOPOM OCHOBAaH METOJ MaKCHMyMa-
MUHHMYMa, MaJOBEpOSITHO. [IpUHITO CYHMTATh, YTO 3TOT METOJA JaeT
3aBBIIIEHHYK) BEJIWYMHY IIOTPEIIHOCTEN 3aMBIKAIOIIETO 3BEHA U
HEOIPaB/IaHHO YKECTOYACT TPEOOBaHUS K TOYHOCTH 3BEHBECB Pa3MEPHON
tenu. [T03TOMy 4YacTo MOJB3YIOTCS MPABUIOM TEOPHH BEPOSTHOCTEH O
KBaJ[paTHYHOM CJIOXKCHUH CPEIHHX KBAJIPATHYECKUX OTKIOHCHUH
HE3aBUCHUMBIX CHy‘iaﬁHLIX BCIIMYNH:

m-1
62 =62 +05+...4654= 2 o7,
i=1

OTKyaa

(1.4)

Ecnu npunsTh

TO
(SN :Gﬁé\/m—l é 8A :6ﬁ6\/m—1,

T. €. JIOMYyCK 3aMBIKAOIIETO 3BeHa OYET B /M —1 pa3 MeHbIIIe, YeM IPH
pacdere TpempIayIuM MeTomoM. Ompenenss CpeaHIO BEITHIHHY
JIONyCKa 3BEHbEB pasMEpPHOH wLemu Oy IO 3aJaHHOMY JOIYCKY
3aMBIKAIOIIETO 3BEHA, MOTydaeM
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o
8s =——2—,
104] m—1

T. €. 9TOT JOIyCK OyaeT BA/M—1 pa3 Oosbie, 4eM MPU MPEABIIYIIEM
pacuere. PasHuiia B pe3ynbTarax pacdeToB MO METOAaM MaKCHUMyMa-
MHHHUMYMa U BEPOATHOCTHOMY TEM 3HAUUTECIIBHEC, YEM 0oJIbIlIE 3BEHBEB
COJICPIKUTCS B pa3MEPHOH IICTIH.

Ompenenum 6., Oojee TOUHO, C YYETOM OXKHMJAEMOIO IPOILEHTa
pucka. [l aroro Beipasum CKBO depes koadpunmenT prucka KaxIoro
3BeHa tj u Tomyck d;:

oj = 6i/2ti-

[ToacTaBuM mojy4eHHOE BhIpakeHHE B ypaBHeHue (1.4):

2 1 <2
S ¥
42 g4t

Pa3zienuB mnpaByro U JIeBy0 4actd Ha 4 U 0o0o3nauuB 1/ tiz gyepes A'
(KO3 PUIHEHT OTHOCUTEIBHOTO PACCESTHHSA), TOTY UM

2 ma
6—2A= 3 AL 82
th =

I[1puHAB, KaK U paHbIIe, JOIMYCK JUIS BCEX 3BEHBEB OJHHAKOBBIM (Ocp),
MOJIy4aeM JJisl HETO BhIpaKeHUE

Oa

. T —
© ot M(m-1)

PeKOMeH,Z[yeTCH OpUHUMATDL CJICAYIOIHNEC 3HAYCHUA }\,; .
X; = 9 CCJIM MPCATIOIaracTCs, YTO 3aKOH pacClpeACICHUS OJIM30K K

HOpPMAaJIbHOMY;
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A= }/ €CITU TIPEATIOIIaracTcs, YTO 3aKOH pactpeielieHus OJIH30K K
TPEYrOJIbHUKY;
A= % €CITU TIPU pacueTe HUYEro He M3BECTHO O XapaKTepe 3aKOHa

pacrpenencHusl.

Takum 00pa3oM, 3aJaBIIMCh JOMYCKOM 3aMBIKAIOMIETO 3BeHA W
KOd()PUIMEHTOM pHCKA, BHIOPAB B 3aBHCHMOCTH OT YCIIOBHI TEXHO-
JIOTUYECKOTO MPOIIecca 3aKOH PACHPE/CIICHUS MOTPEIIHOCTeH COCTaB-
JISIONINX 3BEHBEB, MOYKHO OIPEEIUTh CPEIHEE 3HAUSHHE IO JOITyCKa
3BEHA pa3MEPHOIl 1IeMu.

PacueTHOE 3HAUEHHE MMOJIST IOMTYyCKa 3aMBIKAIOIIETO 3BEHA pa3MEpHOM
e HaXOauTCs 1o Gopmyie

Cepennna KOOpMHATHI 110714 I0MyCKa Ay onpesensercs no Gopmyie

n._ . m-1 __
As =2 Agi— 2 A,

i=1 i=n+1

rae AOi — KOoOpAauHaTa CCPCAWHBI TIOJIA JOIYCKa YBCIMYUBAIOLICTO
3BCHA pa3MepH0171 ICITN,;
Ai — TO K€, HO YMCHbBIIIAIOMICTO 3BCHA,

N — KOJIMYECTBO YBEINIUBAIOIINX 3BCHBEB.

B kauectBe mpuMepa npoBeAeM pacyeT pa3MEpPHOW IeTH, MOKa3aHHOU
Ha puc. 1.8. 3amamumcs CIEMyOMMMH 3HAUEHHSIMUA JIOITyCKOB 3BEHBECB
nenu: 81 =+2 Mm, o, =2 MM, 03 = £0,3 MM, 04 = —2 MM, BEIOEpeM ty = 3
(mpotteHT pucka Oyaer paBeH 0,27) u OyaeM CUHTATh, YTO TTOTPEITHOCTH

3BEHBEB CIICIYIOT HOPMAJIBHOMY 3aKOHY pactpenenenus (A; = % ):

SA=3\/é(22+42+0,62+22)=4,94‘|‘| ~5i1.
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PacyerHbii jgomyck Ha 3a30p MEXKAYy peOpPOM IKECTKOCTH H
HIMAHTOYTOM HE FapaHTUPYeT HOPMANbHBIX YCIOBUI CBapKH 3THX JIETa-
neit. CepenrHa MOJIS IOy CKa 3aMBIKAIOIIEro 3BeHa OyaeT

Ags =(Ao1+Ag2) —(Agz +Agq) =(1+0)—(0-1) =211 .

Tenepb onpenenuM CpeHUN JOMYCK Ha 3BEHBSI TOM ke pa3MepHOU
LICITH, YCTAHOBHUB 0, = 2 MM:

2 X
i
3-,/=(5-1

}(5-)

Il
|
—

O =

TpeOyemass panst oOecrieueHHsT HOPMAJBHBIX YCIOBHW CBapKH
TOYHOCTH 3BEHbEB PACCMOTPEHHOM Pa3MEepHOH LIETH BHIIIE, YeM PEaTLHO
JOCTHKMMAas MpH cOOpKe KOPITyCHBIX KOHCTPYKIMi. JIOMycK Ha 3BEHbA
LETT! MOYKHO PaclIMPUTh, YBEINYUB JIOMYCTHMBIN MPOLEHT pucka. Eciw,
HampUMep, BEPOATHOCTh MOJYYCHHS MOTPEITHOCTEH, MPEBBINIAIONINX
NpUHATHIE, TPUHATE paBHOH 32 % (t = 1), To cpemuuil HOIycK Jcp
COCTaBHUT YK€ 3 MM, HO TOTJa MPUMEPHO TPETh BCEX COMPSDKEHUH TpHU
cOoopke morpeOyeT mpuroHku. TeM He MeHee STHM IpPUEMOM, T. €.
YBEIUYCHUEM MPOICHTA PUCKA, MIMUPOKO MOJIB3YIOTCS HA MpakThke. 1o
CYIIECTBY, B KOPITyCOCTPOCHHUHU BCE JOMYCKH Ha JICTATH U KOHCTPYKIMU
Ha3HAYEHBI C MPOLGHTOM PHCKA, OTIMYAIOIIUMCS OT HYJIA.
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2. IIJIA3OBBIE PABOTbI
2.1. Ilna3oBasi pa3oMBKa CyaHa

[Ipu npoeKTHpOBaHUH CyZHA TEOPETHUECKAN YEPTEX BBIITOHSIETCS B
Majom macmrtade (ot 1 : 25 go 1 : 100), Tak e Kak 1 paboUIne YepTexKU
KOpIIYCHBIX KOHCTpYKUMI. IIpm 3TOM TOYHO 3a1ar0TCid HEMHOTHE
pa3Mepbl: TJaBHbIE pa3MEpPEHHS, IIMAalus, pa3Mepbl M0 - MUJCITb-
MITAHTOYTY, PACCTOSHUE MEXIY BaTEPIUHISIMH, TOJIINHA JIUCTOB H T. TI.
BonbIMHCTBO XKe pa3MepoB omperensercss 00BOAaMHU Cy/aHa, T. €. 3aja-
HO rpaduuecku. ECTEeCTBEHHO, 4YTO JJIsi W3TOTOBJICHUS -~ JeTaled U
KOHCTPYKIHI KOpITyca HEOOXOIMMO 3HATh MX TOYHBIE pa3Mephl. Mexay
TeM ecli 4YepTexX BheMoiaHeH B MacmTadbe 1 : 100, To rpadmdeckas
MOTPENIHOCT, Ha HeM, cocraBiswoomas 0,5 MM, Ha  Jgetand  wWid
KOHCTPYKIIMM BBUIMBaeTCs B OmHOKY, paBHyro 50 wmm. [loatomy
BO3HHKACT HEOOXOIUMOCTh YTOUHEHHUS 0OBOIOB CyIOHA. DTO YTOUYHEHHUE
B TCYCHUC MJIMTCJIHLHOTO BPCMCHH BBIIOJHAIIN, BBIYEpUYHBaAsA TEOPC-
TUYECKUI YePTEeX CYyJHA B HATYypalIbHYIO BeIMUMHY. MecTo, Ha KOTOpOM
BEIUEPUMBAETCS HATypHAas pa30MBKa, HA3bIBACTCS HIA30M, CAM YEPTEXK —
n1a3060ii pa3ouekoii, a paboThl, BHIIIONHAEMBIEC Ha IIJ1a3€, — NIA306bIMU
pabomamu.

[lmazoM wnm T1Ia30BOPa3METOYHBEIM  OIOPO  HA3BIBAIOT  TaKXKe
MTPOU3BOJICTBCHHBI YYACTOK, BBIONHSAIOMUNA 3TH paboTel. Hamo
3aMETUTh, YTO B MOCJICAHHUEC I'OJAbl IMMPOUCXOIUT MMOCTEIEHHBIN nepexon
oT TpadUIecKux K MaTeMaTUIECKUM METOJaM I1a30BhIX paboT. B sToM
CiTydae OCHOBHasl reoMeTprdeckasi nHpopMaIys B 1ex OyaeT mocTynarb
npssMO U3 KOHCTPYKTOPCKOTO Oropo, rie paspabaThIBacTcsi MPOEKT
cynHa. B Hacrosiiee Bpemsi Ha OOJBIIUHCTBE 3aBOJIOB ITOKA MPUMEHSIIOT
MacmTabHYK IUIAa30BYH0 pPa3OWMBKYy, KOTOpas BBIUEpPUMBAETCS B
macmrabe 1 : 10 (uHorma 1 : 5) ¢ MCIONB30BaHHUEM BBICOKOTOYHOIO
WHCTpyMeHTa. HaTypHyro pa3OMBKY Temeph NPUMEHSIOT JIMIIb TpU
MOCTPOMKE MEJKHX CYJIOB.

[Ima3zoBBIe pabOTHl BKIOYAIOT:

1) BBIUEpYMBaHHE MTA30BOM Pa3OMBKH;

2) onpezienenne (GOPMBI M pa3sMEpOB BCeX JeTalei Koprmyca, T. €.
JIETATMPOBKY KOPIYCHBIX KOHCTPYKIHH C BBIYEPUYHBAHHUEM 3CKH30B
JieTaiell Wi cocTaBICHUEM TaOuI] pa3MepoB;

3) BBIYEpUHBAHUE YePTEKEH 1Ta0IOHOB U KOTIMPUEPTEKEH;
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4) U3roTOBJICHHE IA0JIOHOB, KAPKACOB U MAKETOB;

5) cocTtaBneHre HEOOXOIUMBIX sl COOPKH U TPOBEPKH KOPITYCHBIX
KOHCTPYKIUIA U KOpIyca B IIEJIOM 3CKH30B, TaOJUII, MIa0JIOHOB U TOMY
mo100HOM NH(MOPMAITUH.

MacmtabHass pa3OMBKa BBEIYEPUMBAETCS HA IMUTaX M3 IIOPATIOMH-
HUEBBIX JMCTOB ToMmuHOW 4-10 MM wWiIM Ha CTaNbHBIX JICTax
tommuHoN 8—10 mM. JIMCTBI JOMKHBI OBITH TIIATEIHLHO BBITPABICHBI
(OTKJIIOHEHHE OT IUIOCKOCTH He Oosee 1 MM Ha METp) W OKpalleHBI
HMAaJIeBOM KpacKoil OeNoro WM cepo-TOIyOoro I[BETa, a IMOCiIe OKPACKH
OTUUTU(OBAHBl MEIKO3EPHUCTON HaXKAaYHOM OyMaroil no MOITydYeHUs
IJIaIKOH MaTOBOW moBepxHOCTH. HaTypHas pa30OuBKa BBHIIONHSETCS Ha
JIEPEBSIHHOM WU (aHEepHOM IIONTy, TIIATEIhHO BBIDPOBHECHHOM W
BBEIKPAITICHHOM MACJITHOM IIMapoOBOM KPAacKOW € TOJYOBIM OTIIMBOM.
'maBHBIMH NpeHMyIIECTBAMH MaclITa0HOH pa3OMBKH IO CPAaBHEHHUIO C
HATYpHOH SIBISIFOTCSI CHWKCHHE TPYAOEMKOCTH IUTa30BBIX padoT
MIPUMEPHO B JIBa pa3a, yMEHbIIIEHNE TPeOyeMo ITOMaan B TPH—YEThIpe
pasa, yJIydlIeHUe YCJIOBHH TpyAa, TaKk KakK IPHW MacliTaOHOW pa3OuBKe
pasMeT4uKH padoTaloT 3a CTOJaMM, YTO 3HAYUTENBHO yAoOHee, deM
pabotarpb Ha momy. Bmecte ¢ TEM M3rOTOBIEHHE IIAOIOHOB IIPH
MacmTaOHOH pa3OuBKe CIIOKHEE, UM ITPH HATypHOH.

[InazoBass pa30MBKa BBIMONHSICTICA B TPeX MNPOCKIUAX — OOK,
noaywupoma u kopnyc (puc. 2.1, a). Jlng cokpaiieHus IUIOMIATAd U
YMEHBIIEHUSI TPYMOEMKOCTH BBIUEPUUBAHHS TPOCKIHHA «OOK» W
«TOJTYIIUPOTa» WX BCErJa HAaKIaIbIBAIOT ApYr Ha apyra (puc. 2.1, 6).
Wnorma, kpome TOro, mpu HaTypHOW pa30MBKE HOCOBYIO 4YacTh CYAHA
HaKJIaJBIBAIOT Ha KOPpMOBYIO (puc. 2.1, 6). Eciau mogoO6HOro HaaoXeHus
HE JeNamT, TO OOBMMHO HWCKIIOYAIOT IJIHHIPUYECKYIO BCTaBKY,
IpeycMaTpuBasi HEpPeKpoil HOCOBON M KOPMOBOM yacTei He MEHee 5 M.
WHorma cokpamaroT IMHY pa3OWBKH, yMEHBINas pa3Mep MINamud
(cokpamator MmacmTa®d mo gnuHe). Ilpoekiuio «kopmyc» Bcerna
BBUEPUMBAIOT IOJHOCTBIO 0€3 Kakux-mn0o wuckaxeHnuil. Ilpu sTom
HOCOBYIO YacTh CYIHA pacrojiararoT Ha dYeprtexke cmpasa ot I,
KOPMOBYIO — CJI€Ba.
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Puc. 2.1. Pa30uBKka TeopeTHUECcKOro 4epTerka Ha Iase:
a — HAaMMEHOBaHUE MPOCKINIA; 6 — COBMELIEHUE MPOCKINI «OOK»
U NOJYLINPOTA; 8 — HAJIOKEHUE KOPMOBOM U HOCOBOM YacTell OHY Ha JPYyTYIO
JIT — nuamerpanbHas miockocTs; OJI — oOCHOBHAs JIMHUS;
BII - Bepxuss manmy6a; b — 6aTokc

HcxomHpIMU  TaHHBIMH UL BBITMIOJIHEHHS Pa30UBKU  SBISIFOTCS
CIIeIyFOINE HTOKYMEHTEHI, BEITyCKaeMbIe TPOEKTHOW OpraHU3alneH:

— TEOPETHUYECKUI YepTeK KOpIyca W TabiuIa OpAMHAT C IOSICHSIO-
IIAMA ICKU3aMU;

— YepTex — MPaKTUYECKUI KopIyc;

— YepTeX PACTIKKH HAPYKHOU OOIINBKY;

— HEKOTOpbIE YEepTeXH KOPIYCHBIX KOHCTPYKIMH, B YacCTHOCTH
MUJIENb-IINAHTOYT, GOP- U aXTEPLITEBHU.

[Ipu pa3paboTke S3CKHU30B JOMOJHUTEIHHO HWCIIONB3YETCS CXeMa
MIPUITYCKOB Ha KOPITyCHBIE KOHCTPYKIIHH.
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Pacmsaxcka napysycnoil o6uiueKku SBISCTCS YCIOBHBIM YEPTEKOM,
JAIOIIMM TIPEACTaBICHHE O PACIOJOKEHHH CTHIKOB W I1a30B JIMCTOB
Hapy)KHoﬁ OOIIMBKA M HX IOJIO)KEHUH OTHOCHUTEILHO IMPOAOJIBHBIX U
MIOTIEPEYHBIX CBs3ed Kopiyca. [Ipy mocTpoeHHn pacTsHKKH Ha KaKIOM
MPAKTHYECKOM IIMAaHTOYyTe IMOCIEOBATEIHHO OTKIAIBIBAIOT PACCTOSHUS
OT BEPTUKAJIBHOTO KWJIA JI0 COOTBETCTBYIOUIETO IMaza. DTH PacCTOSHUS
0OBIYHO CHHUMAIOT C OJIOK-MOJENH CyIaHa. binok-modens — NepeBsSHHAs
MPOCTPAHCTBEHHAs! MOJENb HAPYKHOM MOBEPXHOCTU KOPITYCa; BBINOJ-
Haemas B macmrade 1 : 100 mwru 1 : 50. [Tory4eHHBIE TOYKU COCTHHSIIOT
IIJIaBHBIMHA  KPHBBIMU. 3aTeM HAHOCIT CTBLIKH. (DopMa JJUCTOB Ha
pacTshKKe TOJy4aeTcs YCIOBHOW. AHAJIOTHYHO Ta3aM HaHOCAT I10JI0-
JKEHHE MPOJIONIFHBIX CBsi3el. BbraepunBaroT Takke (IIOpHI, MIMAHTOYThI
Y TIOTICpEYHBIC TTEPEOOPKH.

2.2. Onpeneiienne (popMbI M pa3MepoB jieTajeil Kopmyca

@opMmy U pa3Mmepsl JeTanieil Kopiyca OHpedeNsioT B OCHOBHOM IO
MpOeKUUH «Kopryc». JIBe JApyrue MpOSKUUH HWCHOIB3YIOTCS s
YTOUHEHHs pa3MepoB INTEBHEH, INIABHBIX (YHZAMEHTOB M OPYTUX
CPaBHUTEIHHO HEMHOTOUYUCIIEHHBIX Y3JI0B, KOTA C MPOEKIHUU «KOPITYyCH»
HEINb3s CHATH BCe HEOOXOAWMbBIE JaHHBIC WM KOTJa MX MOJIYYCHHE TI0
9TOH mpoeKuuu Oonee 3aTPYJHHUTENIFHO M JAeT MEHBIIYI0 TOYHOCTb.
Kpome TOro, mpoexknuu «00K» M <«IIOMYLIMPOTa» HCIOJB3YIOTCA AJISL
BBITIOJTHEHHUSI BCIOMOTATENbHBIX TOCTPOSHHI.

Tak kak HE3aBUCUMO OT KOHEYHOW (POpMBI BCe AETal BHIPE3AIOTCS
U3 IUIOCKUX JIMCTOB WM IPSAMBIX Hpoduiei, To A THyTbIX AeTayei
yepTUTCa (hopMa IIOCKOM 3arOTOBKH, T. €. PA3BEPHIKA.

C TOYKHM 3peHHs ompeacieHus (GOpPMBI H PasMEpPOB IUIOCKHX
3arOTOBOK BCE JACTAU KOPITyca MOTYT OBITh Pa3OUTHI HA ISTH TPYII:

1) neranu, ¢opma U pa3Mepbl KOTOPBIX MOJHOCTBIO 3aJaHbl Yep-
TEXOM (TIPSIMOYTOJIbHBIE JHCTHl HACTHIIOB, HE CBS3aHHBIE ¢ 00BOJAMHU
CyIHa, HEKOTOPbIC KHUIIBI, feTan! (yHIaMEHTOB, BEITOPOJOK U T. I1.);

2) IUIOCKUE JETalM, PACIONIOKEHHBIC B IUIOCKOCTSX IINAHTOyTOB U,
clieI0BaTeIbHO, H300pakaeMble Ha MIa30BOM KOpITyce 0e3 HCKaKeHUS;

3) IJIOCKHE JeTalH, Pacloj0KEHHBIC BIOJb CyqHA. 3/€Ch CIEAyeT
pasnuyaTh [Ba CIIydas:

IJIOCKOCTh JAeTanu nepneHaukyisipua [IMII u, crienoBarenbHO,
JeTanb n300paxkaeTcsl Ha MPOEKLUUH «KOPILYC» OAHOM MPAMOI JTNHUEH;
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IUIOCKOCTh Jetanu HakiaoHeHa k [IMIL; meranp m3oOpaxkaercs Ha
MPOEKIIUU KKOPIYC» HECKOIbKUMHU TMapajuleIbHBIMU TPSIMBIMH  —
CJIeZIaMU TIepPECeUCHUs C TUNIOCKOCTHIO IMAHTOYTOB;

4) W30THYTBIC MAETAllH, IJIOCKAs 3aroTOBKA KOTOPBIX TONTydaeTCs
MyTeM pa3BepThIBAaHUS KX HA IUIOCKOCTh TEOPETUYECKH TOYHBIMU
crroco0amMu. 311ech Pa3IMIaroTCs CISAYIOIINE ETANH:

— CO CJIOMOM, T. €. COCTOSIIHNE U3 JBYX HJIH OOJBIIEro KOJINYECTBa
TUIOCKUX YYaCTKOB;

— IMWIHHIPUIECKON (POPMBI;

— KOHUYECKOU (hOPMBEI;

5) neranu ABOSKON KPUBHM3HBI, B TOM 4YHCJIEC WM JETAJH BEePHOM
(OpMBI, KOTOpBIE TOXXE pPa3BEePTHIBAIOT HA IUIOCKOCTh, HO MPHOIH-
KEHHBIMH METOJIaMH, TaK KaK TEOPEeTHYEeCKH TaKWe JIMCTBI He pa3Bep-
THIBAFOTCSI.

Jis xaxmoi U3 MepedrcIeHHBIX TPYIIL-H MOATPYII MPUMEHSIOTCS
crenuQruecKkre METOAbl omnpeaeneHus (popMbI U pa3MepoOB 3arOTOBOK,
3a HMCKIIOYEHUEM JeTaliell mepBOW TPYNINBI, HA KOTOPBIC ICKH3BI
COCTaBJISIOTCS OOIIEHPUHSATHIMA METOJAMH TO YEepPTEKaM KOPITYyCHBIX
KOHCTPYKITHI 0e3 oOpamieHns K I1a30Boi pa3OuBKe.

Pa3zmepsl peTaneil BTOpPOW TpYNINbl ONPEAEISIIOT HEMOCPE-
CTBEHHBIM WU3MEPCHHEM PACCTOSHUHA MEXKIY TCOPETHUSCKUMU JTHHUSIMU
C YUYETOM H3II0KEHHBIX BBIIIEC MPABHII PACIOIOKEHHS TOJIIIHHEI JIUCTOB
OTHOCHUTENFHO TeOpeTHYecKux NuHWA. Tak, Hampumep, AnuHa (iopa,
uaMepennas ot JIII mo oOmuWBKM, AOMKHA OBITH YMEHBIIEHAa Ha
MOJIOBUHY TOJIIUHBI BEPTUKAIHHOTO KWist. KpoMe KOHTYpOB jaeTanu 1o
TUTa3y OIPENeNSIOT TaKXKe PacCTOSTHHE MEXIY BBIpE3aMH ISl IPOXOoda
MPOJIOJIFHOTO Habopa, MecTa HIMUTaTOB IO/ CBapHBIE IIBHI U T. 1. [lo
YEPTEXKY CEKIUU HAXOMAAT BEIUYMHY CPE30B B YIIIaX, PacIOJIOXKCHUE U
pa3Mep BBIPE30B O0JETYCHHS, MECTa U XapaKTep Pa3IeiKd KPOMOK IO
cBapky W T. 1. Onpenenenue (GopMbl M pa3MepoB JeTaliell 000
TPYIObl; KaK TPaBUJIO, 3aBEPIIACTCS COCTABICHHEM 3CKH3a, KOTOPHI
IOJDKEH CoJlepXaTh BCE JaHHBIE, HEOOXOAHMMEIE Il HM3TOTOBICHHS
neranu (puc. 2.2).

OcKku3bl BBIUEPUMBAIOT 0€3 coOmoeHus MmacmTaba, yTpupys mnpu
3TOM 0cOOEHHOCTH (POPMBI AeTalnel, HampuMep cIaboU30THYTHIM JIMHH-
SIM Ha 3CKH3aX MPUIAI0T 3HAYNTENbHYIO KPUBH3HY.
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Puc. 2.2. Dckus draopa

Kpome pa3mepoB Ha 3CKM3aX HAHOCAT OpPUEHTUPHBIE HAIMUCH (BEpX,
HU3, HOC, KopMa, 6opT, k Il u T. 1.), TMHAK TpUBapKu Habopa, BUA U
pa3Mepbl pa3fenKd KpOMOK IOJ CBapKy, pacHoJIOKEHHE U pa3Mepsl
NpUIYycKOB. JIsi THYTBIX OeTaned NPHUBOIAT CCUCHHsS, XapaKTepu3y-
romye GopMy U HalpaBJICHUE W3TH0a IeTaH.

Takxe Ha 3CKHM3aX HaANMCBHIBAIOT MapKy MarepHaia, KoTopas
JOJDKHA OBITH HAaHECEHA Ha IeTajly; 1 MapLpyT 00OpabOTKH AeTau.

WHorna scku3 3aMeHsIeTCs TOYHBIM IpadHUeCKUM H300pakeHHEeM
JeTanu. [t 5Toro KOHTYpPBI A€Taly ¢ MacTabHO# pa30MBKU KOMHUPYIOT
Ha TPO3payHyIo - TUICHKY, KOTOPYIO 3aT€éM HCHOJb3yIOT B KadyecTBe
11a0JI0OHA IPH BEIYEPIUBAHUY KOMHPUEPTEKEH U YepTexKeH-11abIOHOB.

Jns HaxoxAEHWd pa3MepoB JeTalled TPeThbed M MOCIEIYIOIIHNX
TPYII, PAacloJIOKEHHBIX BIOJIb CYAHA, KOTOpPbIE NpPOEHMPYIOTCA Ha
IUIA30BBIA KOPIYC C HMCKaXCHUEM, HYXKHO YMETh ONPEAEISATH UIUHY
IPOMOJIBHBIX JIMHUM, KOTOPAsi HA3bIBACTCS PACHANCKOIL.

[IycTh 110 HApyXHOM OOIIMBKE MpoxoauT KpuBast maust ABC (puc. 2.3, a),
HanpuMep ma3 Jiicra HapyxHod obmmBku (HO). Ota nuHMA Ha MIIa30BOM
KOpITyce M300pakaeTcs KprBoii abe (puc. 2.3, 6).
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Puc. 2.3. PacTsbkka npogobHON JIMHUM

OnpenenuM cHavana amuHy npsmoi AC. Jlas 3Toro mocTpouMm
napajjeNenuIes, TOpPLEBble CTOPOHBI  KOTOPOIO  COBHAJAlOT ¢
IUIOCKOCTSIMM KpalHUX IIMAaHrOyTOB, & JUAaroHajgb paBHa mnpsaMoil AC
(puc. 2.3, 6). Ilpsmas AC (puc. 2.3, 2) Oymer paBHa THIIOTEHY3E
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MPSIMOYTOJILHOTO TpeyroyibHuKa AaC, OMH KaTeT KOTOPOro OyAeT paBeH
CyMMe Iumanui, a Apyroil — mnpoekuuu npsamMoil AC Ha IIIOCKOCTh
mmanroyTa (ac), (cMm. puc. 2.3, 8).

Hns onpenencuus umHbl kpuBoii ABC 3aMeHuM ee BIHCaHHOU
nomanoit (puc. 2.3, 0). COOTBETCTBEHHO U MPOCKIMS €€ Ha TIOCKOCTH
mmadroyta Oymer moMaHoi smaueld abC. Kaxmelii oTpe3ok ToMaHOM
MOJKHO OTIPENEIUTh II0 BBIIIEONHCAHHOMY CIIOCO0Yy, T. €. mocye-
JIOBATEJIBHO CTPOSI MPSIMOYTOJIBHBIE TPEYTONbHUKU. OYeBUAHO, YTO €CIU
KOJIMYECTBO 3BEHBHEB JIOMAaHOW OyHeT yBENIWYMBATHCA, TO DPa3HHIA
MEX]y €€ JUIMHOW U JJIMHOM KPUBOU OyIET YMEHBIIATHCSA U MOXKET OBITh
clenaHa CKOJIb YrogHo Maioi. OJHOBpEMEHHO OyJIeT YMEHBIIAThCS
Pa3HOCTh JUIMH MNPOEKUHUM KPUBOW M BIUCAHHOM B Hee JIOMAaHOM Ha
T1a30BOM Kopiryce. B mpenene oHu comnproTcs. ClnenoBaTenbHO, JITHHY
KpUBON JUHUHM MOXHO OIPEACIUTh, IPUHUMAs B KauecTBE OJHOIO U3
KaTeTOB CIPSMIICHHYIO JUIMHY €€ KpPUBOJIMHEHHON TpoeKkiun (ee
HA3bIBAIOT IPOTPECCOM), a B Ka4deCTBE JAPYTOTO — PACCTOSHHE MEXIY
IBYMsI TapaJUIeIbHBIMHA TUIOCKOCTSIMH, B HaIlleM IMPUMEpE — IITAIHUIO.
OrnpenenuB MONOKEHUE TOYEK PACTKKH HA KKIOM IIMAHTOYTE, UX
COEIMHSAIOT IUIABHOM KpuBOH (pHc. 2.3, e), IIMHA KOTOPOM M SBISETCS
HMCKOMOM JJIMHOW MPOCTPAaHCTBEHHOW JIMHUM, T. €. PACTAAKKOMU.

[IpakTuyecku AJIMHY KPUBOM Ha ILIA30BOM KOPITyCE OIPEACISIOT
orubasi ee TOHKOI TMOKON PEHKON M M3Mepssl 3aTeM PacCTOSHUE MEKIY
KOHEUYHBIMHM TOYKaMHU KPUBOW Ha pacTpsIMIICHHOM peike.

KpuBas pacTspkku OOGBIYHO HM30THYTa O4YeHb ciabo, mo3aromy 0e3
3aMETHOM MOTPEIIHOCTH €€ MOXHO 3aMEHHUTh B KaXJOH IIMauuu
OTPE3KOM NPSMOU, JJTUHA KOTOPOTO

Jlng xakmoit mmarmu 3apanee cocrapisror tabmumner P = f (IT), mo
KOTOPBIM, U3MEPHUB IIPOrPECC, OMPEICISIIOT BEIUUUHY PACTIKKH.

Onpenenenue GopMbBl W pa3MepoB TMIOCKHX JeTallel
TpeTheld TPYNIBl PAaCCMOTPUM Ha MPUMeEpPE THHUINEBOTO CTPUHTEpA.
TImockocTs cTpuHrepa, mokazaHHoro Ha puc. 2.4, maxnonena k JII, Ho
neprieHauKyJsipHa k [IMIL, Tak kak Ha MPOEKIIUN «KOPIIYC» CTPHHTEP
n3o0pakaercs oxHou MuHUEH. [ToCTpOUB 1O MpaBWiIaM HadePTATEIHLHOM
reoOMETpUHN IMPOCKUUIO CTPUHICpa Ha INIOCKOCTb, MNCPICHAUKYJIAPHYIO
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cTpenke A, Kak 3TO CAeJIaHO B MPaBOM 4YacTH PUCYHKA, MOIYYaroT €ro
UCTUHHBIN KOHTYp. PaccrosiHMe Mexny crnegaMu IINAHroyToB OyZer
PaBHO IIMALUH.

A

Cmpoebas
§789

I’N

Puc. 2.4. Onpenenenne GopMBI U pa3MepOB JHUIIEBOTO CTPUHTEPA,
nepnesuKyJsipaoro kK IIMILT

Ha mnpaxkThke BMECTO ONHMCAaHHOTO TOCTPOEHHS B IPOU3BOJIBHOU
TOYKE CTPUHIEP MEPECEKAIOT BCIOMOTaTeNbHOI CTPOEBOM TUHUEH.

Cmpoegoii Ha3bIBaeTCs JUHMA, IOCTPOCHHAs Ha IUIa30BOM KOpIIyce
10 OINpENeICHHOMY 3aKOHy U HCIoJb3yemass M TOCTPOEHUs
pa3zBepTku. dopma CTPOEBOM Ha Pa3BEPTKE OMpPEAEISETCS 3aKOHOM €€
MIOCTPOEHUSI Ha «KOpIyce». B maHHOM ciydyae cTpoeBasi SBISETCS
JMHHUEN MepecedeHns IByX IUIOCKOCTE! U, CIIeZIOBAaTENbHO, Ha pa3BepTKe
OyneT mpsMoii. 3aTeM ISl KaXKIIOro IIMAaHTOyTa U3MEPSIOT PAcCTOSTHHE
I, u |, oT cTpoeBOIt 10 BepXHEH M HUKHENH KPOMOK CTPHUHTEPA, KaK TO
CAENaHO Ha PUCYHKE MJs IIeCTOro ImmaHroyrta. s mocTpoeHus
KOHTypa CTpPHHIepa Ha CBOOOAHOM Yy4YacTKe TMJja3a Wik (Ipu
MacIITa0HO# pa30uBKe) Ha JucTe OyMaru NpoOWBAaIOT MPSIMYIO JIMHHIO,
BOCCTAaHABIMBAIOT K HEM Ha pacCTOSHUM IUMALMM Jpyr OT Jpyra
MEepNeHANKYJIISPbI, Ha KOTOPBIX OTKJIAJBIBAIOT CHSTHIE C IJIAa30BOTO
kopmyca paccrosiHus |, u ;. TlonydeHHbIE TOUYKH COCAMHSIOT TUIABHON
KpUBOW. AHAJIOTUYHO OMPEACIISIIOT pa3Mephl JIFOOOH INIOCKOW AeTaiu,
nepneHauKyJsipHon k IIMIIIL

Crpunrep, HaknoHeHHbd k [IMIII, nokazan Ha puc. 2.5. Jlns
MIOCTPOEHUSI UCTUHHOTO KOHTypa B IPOU3BOJIBHOM IIO BBICOTE MECTE
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MIPOBOAAT CTPOEBYIO JIMHMIO, IEPECEKAIOIIyI0 IOJ TNPSAMBIM YIIOM
JMHUM CEYCHUS CTPUHIepa IUIOCKOCTSMH IIMaHroytoB (puc. 2.5, a).
Yroa MexIy CTpoeBOM W ciefaMy HIMaHroyToB OyAeT MpSMBIM U Ha
pa3BepTKe, Tak KaK COIIACHO HauepTaTeIbHON M€OMETPUU €CIIH OJIHA U3
CTOPOH MpPSMOT0 yrIjia MapanjelbHa IUIOCKOCTH MPOEKIHH, TO OH
IPOELUPYETCs Ha ATy MIIOCKOCTh 0€3 HCKAXKECHUS.
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Puc. 2.5. Onpenenenne GopMbl 1 pa3MepOB JHUILEBOTO CTPUHTEPA,
HakJIoHeHHoro k [IMIII:
PLI — pacTAHyTast LIALUs

[anee ompeAensitoT HMCTUHHYIO MJIMHY CTPOEBOHM, ITOCTPOUB €€
pactsokky (puc. 2.5, 6). 3aTeM npoOUBaIOT NPSAMYIO JIMHUIO, HA KOTOPO
OTKJIAJIBIBAIOT PACTSKKY CTpoeBoit (puc. 2.5, 6). PaccrostHus mexmy
IITAHTOyTaMH Ha PACTSDKKE YacTO HAa3BIBAIOT DPACTSHYTOM mImammen
(pm).  IlpoBenss mepHeHAMKYISAPHI K CTPOEBOH, HAXOIAT CIIEIBI
mmaHroyToB. Ha aTux mepneHauKymsipax OTKIAABIBAIOT PACCTOSHUS OT
CTPOEBOM 10 BEPXHEU U HIDKHEW TOYEK CTPUHIEpA, CHATHIE C KOpIyca,
KaK 3TO TOKa3aHO Ha PHCYHKe M IeBATOro mmanroyrta. CoeanHWB
MOJIyYCHHBIEC TOUKH IJIABHON KPUBOM, MOIy4YalOT KOHTYP CTPUHIEpA.

Jetanu deTBEepTOHl TpPyNIBl HEMOCPEACTBEHHO HE MOTYT OBITh
COBMEIIEHBl C IUIOCKOCTBIO. JlJI TMONydeHus] IUIOCKOW 3aroTOBKH
MOAOOHBIX JeTaleit MX He0OXOAUMO Pa3BEPHYTh.
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PaccMoTpuM pa3BepTKy [neTanieil, HMMEIOMMX PEe3KHid H3rud 1o
MPSIMOM JINHUH, KOTOPBIA IPUHATO HA3bIBaTh C1OMOM.

Ha Bepxueii yactu puc. 2.6 n300paxkeHa NPOEKIUs yIaCTKa KUIJICBOH
KopoOku. IlaTka KOpOOKM TOpPW3OHTAIbHA, JIMHHUS CJIOMa TaKkKe
TOPU30HTaJIbHA M pacnojoxeHa nof yriaoM k JII. Bausy npusenena
mpoekmus  kwieBol kopoOkm Ha OII. Ilatka mpencraBiser coboit
Tpaneuuio EABJXK, HakiioHHasg 4YacTh KOPOOKHM — HYEThIPEXyTrOJbHUK
ABJIb, nuaus cnoma uzobpaxaercss npsmoid Ab. Ecnm MpicieHHO
pasrudaTh KOpoOKy 10 coBMemeHusT corayToit yactu ¢ Oll, To ma3oBbie
toukn B, I' m J| OyayT mepemernatbcs B IUIOCKOCTSX, IMEPIIEHIU-
KYJSIpHBIX JIMHUM cioMma AbB, T. e. Mo TpaekTopuM, YKa3aHHOM Ha
gepTexe MyHKTHPOM, W HpuayT B monoxenue B', I, JI'. Paccrosaue
MEXIy ToukamMu A u B' Ha pasBepTke OyaeT paBHO AJIMHE YydacTKa
ceapMmoro mmaHroyra Mexay OIl n ma3oM Ha MIa3oBOM KoOpIIyce.
VYKa3aHHBIX YCJIOBHH [OOCTaTOYHO, 4YTOOBI OJHO3HAYHO ONPEACIUTH
KOHEYHOE TIOJIO)KCHHME Ta30BOM Touku B'.< JUIT apyrux ImImaHTOyTOB
nonokenne mnasoBeix Touek (" wm 1) ompemenstoT aHaJIOrW4YHO.
CoenuHsAg Ma30Bble TOYKHM C COOTBETICTBYIOIIMMHU TOYKaMHU JIMHHUU
CIIOMa, TIONYYaroT Pa3BEPTKy KHUJICBOM KOPOOKH, OrpaHUYCHHYIO
koHTypoM EAB'/I'BXK.

B onmcaHHOM MOCTPOEHHH OIYIIEHBI [Ba CYIIECTBEHHBIX MOMEHTA: BO-
MIEPBBIX, HE IPUHAMAJIACh BO BHUMaHHE TOJIIMHA Pa3BEPTHIBAEMOTO JINCTA,
BO-BTOPBIX, HE YYUTHIBAIOCH TO OOCTOSTENBCTBO, YTO MPH M3rHOE JIHCTA
YYaCTKU COMPSTaroTcs HE MO YIJIOM, a 110 HWIMHIAPUIECKON TTOBEPXHOCTH.
OneHuM BeNTUUYUHY. JOMYIIEHHOW morpemHocTr. Ha puc. 2.7 mpuBeneHo
peanbHOE ceueHHe. M30rHyToro jucra. OOmas [uiMHA pa3BEpPTKH IO
HENTpanbHOMY CIIOI0, €CIIM IpeHeOpedh €ro CMEIIeHHEM B CTOPOHY
CKaTbhIX BOJIOKOH:

S
l=a+| R+—=|p+Dh.
2
Jlig mpuHATOTO paHee crocoba onpeaeaeHns JUIMHBI Pa3BEePTKH

I =AA+AA=3+2Rtg%+b.
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Puc. 2.7. Cxema onpernenieHus NOTPEIIHOCTH
TP Pa3BEPTKE JILCTOB CO CIIOMOM

[TorpemHocth
Al=l | =2Rtg%—(R+%)cp=(R, 5, 0).
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[Tpu Hambonee pacnpocTpaHEeHHOM ciiydae, korna R = 2s u ¢ = 7/2,
Al = 0,07s. IlomoOHOM IOrPENIHOCTHI0 MOXKHO, KakK IIPaBHIIO,
npeHedpedb, 4To OOBIYHO U JIENAOT MPHU pa3MeTke AeTaieil cyana. Ho B
HEKOTOPBIX Cly4asx, Hampumep npu rudke Ha 90° pammycom R = 10s,
3Ta MOTPEUTHOCTh COCTABUT yxke 3,5S, T. €. OyIeT BechMa 3HAYUTEILHON
1 ee HeoOXOIMMO YYHUTHIBATh. B TIOJOOHBIX Ciydasx pa3BEepTKY CIelyeT
BBIMIOJTHATG TI0 HEHTpaNbHOMY CIOK M JJIS  KaXIOro ydacTka
CKPYTJICHHUS [TOKa3bIBaTh HE OAHY JIMHHUIO CIIOMa, KaK 3TO OBLJIO CACTaHO
Ha puCc. 2.6 W Kak OOBIYHO 3amaeTcs JUHUSA THOKH (IaHICB Ha
KOPITYCHBIX JIETANISX, a IBe — Ha4aJlo U KOHEIl N3ruoa.

Pa3zBepTka UMIMHAPUYECKUX M KOHUYECKUX JHCTOB, 3aJaH-
HBIX B SIBHOM BHJI€, IPOM3BOAUTCS METOJaMH HadepTaTeIbHOU TeoMeT-
pun. Llnnmueapryeckie TUCTHI, BXOIAIINE B COCTaB HAPYKHON OOIINBKH,
pasBOpauMBarT crienuduyeckuM mMetoaoM (puc. 2.8). B BepxHeii yactu
PUCYHKa TIPHBENECHO H300pa)KeHHE IUCTa. Ha II1a30BOM KOpITyCe, B
HIKHEH — ero mpoekius Ha OIl (mapamremorpamm ABBIY). Cmpoe-
[UPOBaB JIUCT €Ille pa3 Ha IUIOCKOCTh, MapajulelbHYI0 00pasylomien
(MeprneHaAnKyISIPHO CTpenke A), TOIYyYMM HCTHHHYIO BEITHYUHY
corayToro Jmcra — koHTyp A'B'A'T'B'T". Ecu Temeps pa3orHyTh JIHCT,
COBMECTHB €TI0 C IUIOCKOCTBIO MPOEKIHH, TO MBI MOJIYYUM DPa3BEpPTKY
JHcTa, TIOKA3aHHYI0 Ha PHCYHKE YCIOBHBIM NyHKTHpoM. [lpnm
pasrubaHuM JTMCTA MAa30BbIE TOYKH IIMIAHTOYTOB OyIyT MepeMemaThCs
MePIEHANKYIISIpHO K obOpasyromedt b'B', a qmmHa myrm mmaHroyTta Ha
pa3Beptke, Hamnpumep A"B'A", Oyzer paBHa pmumHe ayru 17-ro
IIITAHTOyTa Ha TIA30BOM KOPITyCe.

Jid HaXOXIEHHUS CMpenKu nozudu winanzoyma Ha DPa3BepTKe
paccMOTpyM - IBa 3amITpuxoBaHHBIX TpeyronpHuka JIEX u XK3B. Onnu
NMoJ00HBI, KaK MPSIMOYTOJIbHBIE TPEYTONBHUKH C B3aUMHO MEPHEHINKY-
nsapHeiMu  ctopoHamu. Karer EJXX paBeH wHcKOMOW BeIUYHMHE ),
runoreny3a JIDK — cTpenke mornOu mimaHroyTa Ha IIA30BOM KOPITYCE
m. Kater 3B paBeH pacCTOSIHHIO Ha IMJIa30BOM KOPIyCEe MEXKAY ABYMS
HImaHroyTamu, T. €. mporpeccy I, a rumotenysa JXXB — pactsxke
o0pa3yroImei MIITHHAPA MEX/ITY ABYMS IIMAaHTOyTaMU:

P=\@2+i 2
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Puc. 2.8. Pa3BepThiBaHne UUIMHIPUYESCKOTO JINCTA HAPY)KHOI OOLIMBKU
W3 monobus TpeyroJIbHUKOB HAXOIUM

y:m=II:P,
U, CJIEIOBATEIBHO,

mi
aNEeE @1

JUImHy TIa30BBIX KPOMOK MOYKHO ONPEACIUTH MyTeM IOCTPOSHHH MX
PaCTSDKKH.

Takum oOpazoMm, u300pa)keHHWEe JHCTAa Ha IUIA30BOM  KOpITyce
COJECPKUT BCE MCXOAHBIC JaHHBIE, HEOOXOAUMBIC IUISI IOCTPOCHUS €ro
pa3sBepTku. Pa3BepTka cCTpowWTCs Tak, Kak TIOKa3aHO YCJIOBHBIM
MTPUXIYHKTAPOM B TIpaBOoW dacth puc. 2.8, 0e3 BBITOTHCHHS
MPOMEXKYyTOUHBIX MocTpoeHuil. JIunus BB Ha nmpoekun «xopmyc» (b'B'
Ha pa3BepTKe) SIBISETCS CTPOCBOI.
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Crnenyer 3aMeTWTh, 4TO TONXy4YeHHas QGopMyla Uil ONpeAcIeHUs
CTPEJIKM TOTHOM WIMAaHTOyTa Ha Pa3BepTKE IHIUHAPHUYECKOTO JIHCTa
ynOTpe6J]HeTC$I TAaKXXC IIPpHU pa3BEPThLIBAHUU JIMCTOB I[BOHKOﬁ KPUBH3HBI.
[Tockonpky KpHBH3HA KOpIyca CyAHAa B MPOJOJIBHOM HAaIlpaBICHUU
HE3HAYHTEIbHA, YYaCTOK, PABHBIM 110 JJIMHE ABYM IIMAIUSAM, 3aMEHSIOT
MWIAHAPAYIECKOW TOBEpXHOCThI0. HoO s 7HMCTOB, W3OTHYTHIX B
NpoJoJIbHOM HampaeieHuu (puc. 2.9), mporpeccsl cnpaBa U ClieBa OT
MIMAHroyTa, A KOTOPOTO OIpeneNseTcs CTpelika MOTHOH Y, MMEIOT
pasHyto BenmuuHy. [loatomy otHOmenue I : P OGepercs cpemHnm 3
obenx mnaunﬁ, CMCEKHBIX C HCXOAHBIM IHHaHI'OYTOM:

_ m(T,+1,) |
! JaB 2 (T 4T ,)

®opmyna (2.1) sABIsSETCA YACTHBIM CITy4aeM TOJIBKO YTO MOTYyYEHHOM.

Konnyeckue mUCTBI B coCTaBe KOpIyca CyAHa HaIBOAHBIX CYIOB B
SIBHOM BUZI€ OOBIYHO HE BCTPEYAIOTCS.

Hetanu msatoidl rpynnbel (OBOSKOW KPUBHU3HBI), T. €. HU30T-
HyTble KaK B MpPOJOJIbHOM, TaK W B IIONEPEYHOM HaIlpaBIECHUH,
TEOPETUUECKU HE MOTYT OBbITh Pa3BEPHYTHI HA MJIOCKOCTh F€OMETpHUEC-
KAMU MeTofaMu. Hampumep,  yd4acTok cQepruecKod IMOBEpXHOCTH
MOKHO COBMECTHTH C ILTOCKOCTBIO TOJBKO IYTEM PacTSKEHHs OJHHX
30H MOBEPXHOCTH MJM YKOpOouYeHHs Apyrux. OuUeBHAHO, YTO MpH
pa3BepTHIBAHUK MOAOOHBIX JHCTOB KPOME I'€OMETPUYECKUX COOOpaxe-
HUH JOJDKHBI OBITH HCIOJB30BAaHBI  JIOTOJHUTENBHBIE THUIIOTE3BI
(U3NUECKOr0 XapaKTepa, YUNTHIBAIOIINE U3MEHEHUE UINHBI OTAEIBbHBIX
Y4acTKOB JiMcTa Npu Irubke. OnHAKO KpUBH3HA JIMCTOB, BXOIAIIHX B
COCTaB  KOpIIyca CyJqHa, B OOJNBIIMHCTBE CIlydyacB HE3HAYUTEIbHA W
YIOMSIHYTO€ H3MEHEHHE pa3MepoB JHCTa NpU THOKe HeBenuko. Bo
MHOTHX CJIy4asiX OHO HacCTOJIbKO Majlo, YTO UM MOXHO IpeHeOpedb, YTo
00bruHO U jenaroT. [loaToMy cHawyana paccMOTPUM YHCTO TE€OMET-
pHUECKHE METOABI pa3BEepTHIBAHUS JTUCTOB, OTBICKA’ICH OT CaMOro (axTa
UX «HEPa3BEPTHIBAEMOCTH», 3aTE€M ONPEAETHM CIOCOOB! KOPPEKTHPOBKU
pa3BepTKH, BBHITTOJIHEHHOH 0€3 yueTa THOOYHBIX JehopMaruii.

Ha puc. 2.9, g CrojomHeIMH JUHHSMH TIPUBEICHO H300paKeHHE
JHMCTa Ha IUIA30BOM KOPITyce€ — 3alJaHbl CEYEHHUsS JIMCTa IUIOCKOCTSIMH
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LIMAaHTOyTOB M JIMHUM Ta30B. [ peajbHBIX JIMCTOB HAa «KOPILyCcE»
YKa3bIBaeTCs CIle MOJIOKEHNUE CTHIKOB, KOTOPbIE OOBIYHO HE COBIAJAIOT
co mmaHroyramu. Ho ams moHMMaHHUS CYHIIHOCTH pa3BepTHIBAHUS 3TO
W3JIMLIHAS MOAPOOHOCTh, MO3TOMY OyJIeM CUHTATh, YTO JIUCT IO JUIMHE
CyJHA PacnoJIOXKeH MeXAy 8-M U 14-M MIIaHTroyTamH.

a o

Bepruua aaa

' Cpeduasd
SUHUS

Puc. 2.9. Pa3BepTBIBaHI/Ie JINCTA C TIOMOIIBIO TUATOHATTBHBIX JIMHHNA:
a-— M306pa>1<eHHe JIMCTa Ha IU1a30BOM KOPILyCE; 0 - peequﬁ 1a0JI0H JIMCTa

UepTesx JricTa Ha TUIA30BOM KOPIyCe TIO3BOJSET ONMPENENUTh JITUHY
cliela  KaXIOoro INMaHroyTa Ha pa3BepTKe (HEmocpeICTBEHHBIM
U3MEpeHreM) W JUIMHY YYacTKOB Ma3a MEXIy ABYMS IINMaHrOyTamu
(pactsruBanueM 1ma3oB). Ho ¢opMy mMa3oBBIX JIMHWHA M IIIIAHTOYTOB Ha
pasBepTKe HEMOCPEACTBEHHO 10 HEMY OIpeIeNUTh Henb3s. st 3Toro
HYKHO BBECTH KaKHE-TO IONOJIHUTENbHBIE ycioBusa. OIHUM W3 TakUX
YCIIOBUI MOKET OBITH pa3JieIeHre MMOBEPXHOCTHU JIUCTA Ha TPEYTOJIBHBIE
yuactkd. C 3TO# 1enpio Ha puc. 2.9, @ MTPUXITYHKTHPOM TIOCEpETuHE
JHcTa TPOBEJACHA KpHBas M UYepe3 TOYKH €€ TMepecedeHus co
MIIMTAHIOyTAMHA — KPUBOJIMHEHHBIE AuaroHanu. J(muHy cpemHei TuHuH 1
JIMaroHajell MOXKHO OIpeAeNIUuTh TMoclie WX pacTshkkd. IlepeHocs
TIOJYYCHHBIE PACTSHKKOW JJIMHBI HAa PEHKHM M CKpElUB HX B Yy3Jax
TBO3ISIMH, TIONYy4YalOT PEEYHYIO pa3BepTKy jucTa. OmHAKo MOAZOOHBIN
croco® TpeOyer OoNBHIMX 3aTpaT Tpylda H, TIaBHOE, HEJOCTATOYHO
TOYEH, TaK KaK TOYHO COBMECTHTH y3JIOBBIE TOUYKH NPH CKOJIAYWBAHHU
mabmona He ypaerca. lloatomy ObuM  pa3paboTaHbl  CIIOCOOBI,
OCHOBaHHbBIE Ha IPIMEHEHUH CTPOEBBIX JIMHUH.
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IIpu omnpeneneHuM pa3MepoB HETANEH TPETbEW TIPYMIBL CTPOECBOU
ABIISIIACh NpsAMas JIMHUSA, IEPECEKAroIasl Ha KOPIyce CEYEHHE JINCTA I10
HIMTAaHTOyTaM TOJ TpsMBbIM yriaoM. OJHAKO JHHUS KpPHUBOJHWHEHHON
IIOBEPXHOCTH, IIPOEKLMS KOTOPOH Ha IIIA30BOM KOpIyCE IPEICTaBIsAET
co0Oi mpsiMylo, B OOLIeM cCilydae Ha pa3BEPTKE SIBISIETCS KPUBOM:
Tonpko y cnabOM30THYTHIX JIMCTOB OSTHM HMCKPHUBICHHEM MOKHO
MpeHedpeds U MPUHATH 32 CTPOEBYIO MPSIMYIO JIMHUIO.

2.3. Ipumenenue CAD/CAM/CAE cuctem i1 mi1a30Boii
NOATOTOBKH MPOM3BOJCTBA

OOBOIBI Cy/IHA, KaK BHEIIHKE, TAK U BHYTPEHHHE, NPEACTABISIOT CO-
001 COBOKYITHOCTH ITOBEPXHOCTEH CIIOXKHOW (POPMBI M COTIPSDKCHUM Me-
KAy 3THUMHU TOBEPXHOCTSMU (KPUBBIE BTOPOTO M TPEThErO TOPsIKa, Ha-
00p TOYEK, IYT'H OKPY>KHOCTEH, CIUIAiHbBI U-T. J.). OT KauecTBa UCIOJ-
HEHHsI OOBOJIOB 3aBHCAT MHOTHE XapaKTEPUCTUKU CyJIHA, B TOM YHUCIIE
€ro CKOpOCTh, MAHEBPEHHOCTh M 9KOHOMHYIHOCTb.

st mocTpoeHus pakTHUECKHX 00BOIOB KOPITyCa Cy/AHA — MPaKTHYe-
CKOWM MOJIeNd — 70 HEJaBHEr0 BPEMEHHM TPAJUIMOHHO HCIOJNB30BAIICS
TTa30BO-IIA0MOHHBIN MeTOoJl, TpeOyIommi OONbIINX TpPyA03aTpar IO
BPEMCHHU UCIIOJHEHUS, 3aTpaT Ha JTOPOTOCTOSIINE UHCTPYMEHTHI U MPH-
CHOCOOJNICHHS, & TaKKe JJIi HEro XapakTepHa HEBO3MOXKHOCTh HAYATh
MPOU3BOJICTBO M €ro IMOJATOTOBKY JO MOMEHTa 3aBEpIICHHUS IUIa30BOM
pas6uBkH [2].

Jlnst ycTaHEeHUsI MUHYCOB TJ1a30BOMIA0JIOHHOT0 METO/Ia MEHSUTUCH €T0
OTJAENbHBIC ATANbl (BHEAPSIICS (HOTOMPOCKITMOHHBIA METON), HO TEXHO-
JIOTHYECKHI IMPOPLIB CTaJl BO3MOXXEH TOJBKO C IOABJICHUCM KOMIIbIO-
TEPHBIX TEXHOJOTMA M TNPUMEHCHHUEM WHTCTPUPOBAHHBIX IPOCKTHO-
MPOM3BOJICTBEHHBIX CHUCTEM W CHCTEM HMHXXCHCPHOTO  aHalu3a
(CAD/CAM/CAE). D10 n0o3BOJHIO MEPEHTH Ha MPUHIMITHATIBHO UHYFO
TEXHOJIOTHIO, UCKITFOYAIOIIYI0 TPAJAUIIMOHHBIA METOJT M €0 BapHaIlUH.

B Hacrosmiee Bpems Hanbonee pasButhie 2D u 3D perienus s cy-
moctpoenunst mpencrasiensl CADDS 5 (Computer Vision), Tribon,
Foran, CATIA V4 (Dessault Systemes), Pro/Engineer (Parametric
Technology Corporation) [3].

CADDS5 - wuHTerpupoBaHHas WHCTPYMEHTAJIbHAS IPOTpaMMHAas
cpeda Uil aBTOMATH3allUK MPOLECCOB MPOSKTHPOBAHUS M TEXHOJOTH-
YeCKOM MOATOTOBKH HM3JENUH, KOTopas BKJIIOYaeT B ceds Oomee 85 ot-
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JISNBHBIX MPOTPAMMHBIX TPOIYKTOB, (P)YHKIIMOHAILHO OXBAaTBHIBAIOIIUX
ACKU3HOE W pabouee MPOEKTHPOBAHWE, CHHTE3 T€OMETPUYECKHX MOJIe-
Jiel, WH)KCHEPHBIA aHamu3, pa3paboTKy YepTeKHO-KOHCTPYKTOPCKOM
JOKYMEHTAlll{, TOATOTOBKY MpOW3BOACTBA. biaromapst cBomM ¢yHK-
UOHAIIBHBIM BO3MOKHOCTSIM CADDSS mo3BoisieT BBINOJHATL pa3pa-
0OTKy MHOTHX THIIOB TEXHHYECKHX OOBEKTOB, HAa4YWHAS OT MAIIHHO-
CTPOMUTENBHBIX JIeTalleld, KOHCTPYKIUN U OTACNBbHBIX U3AEIHUN 10 TaKuX
CIIOJKHBIX COOpPOK, Kak aBTOMOOWJIb, KOpabib, MOpcKas OypoBas IiaT-
(opMa WM TPOU3BOJICTBEHHBIE MPEANPUATHS He(TETra30BOi M dHEpre-
TUUYECKON oTpacneld. Bepcust ajisi cyIOCTpPOEHUS] YUUTHIBAET Maccy OT-
pacieBbIX 0OCOOCHHOCTEH, OHA XOPOIIO OTJaKe€Ha M YCIEUIHO MPUMEHs-
€TCs Ha TIPOTSHKEHUH ITUTEITLHOTO BPEMEHH. JTa CHCTEMA MPE/ICTABISIET
co00¥ MHTErpupOBaHHYIO CpeAy WHCTPYMEHTAIbHBIX CHCTEM, CIIOCO0-
HBIX (PYHKIIMOHUPOBATh IPAKTHYECKHA HA JIIOOBIX TEXHUYCCKUX TILIAT-
(opMax ammapaTHBIX CPEICTB M B3aWMOJEHCTBOBATH C JPYTHMHU IPH-
KIIATHBIMH MpOTpaMMaMH, OTHocsamuMucs kK oomactu CAD/CAM/
CAE/PDM, u ¢ YITY-o6opynosannem. B CADDS5 moiepX1uBaroTcst
BCce OCHOBHBIC craHaapThl oOMena nanabiMu: IGES, STEP, SET, DXF,
AP203/214 u psin criennaaTu3upOBaHHBIX CTaHAAPTOB. VIMEIOTCS TIpsIMBIC
TpaHcisitopel st oomena ¢ apyrumu CAIIP: CADDSS — CATIA -
CADDS5, CADDS5 - Unigrafics — CADDSS5 [4].

CADDSS mnopzaepkuBaeT TEXHOJOTHIO MapajuleNbHOW paboThl pas-
JUYHBIX MPOEKTHO-TEXHOJIOTUIECKUX TPYII, B PaMKax e€IWMHON WUH(Op-
MAaI[MOHHOW MOJIETH COTJIACOBAHHO BBITIOJHSIOMIMX OINEPaLNU MPOEKTH-
poBaHUs, COOPKH, aHAIN3a, TECTHPOBAHUA M TIPOBEPKH KOPPEKTHOCTH
MOJIET U TIOATOTOBKH €€ K IPOW3BOJACTBY, IMO3BOJISIET B MacmiTabax
NPEANPUITHS JTOTUYECKU CBSA3BIBATH HH(pOpMaLnio 00 u3aenun, odecre-
4ynBasi ObICTPYIO 00pabOTKY M AOCTYH K HEH MOJIb30BaTENsl.

Cucrema Unigrafics — yHuBepcanabpHas cucreMa TeOMETPUYECKOTO
MOJIEJIMPOBAHUA U KOHCTPYKTOPCKO-TEXHOJOTHYECKOTO MPOEKTHPOBa-
HUSI, B TOM YHUclie pa3paboTKH OONbLIINX cOOPOK, MPOYHOCTHBIX PAacyeTOB
U TIOAFOTOBKH KOHCTPYKTOPCKOHM moKyMmeHTaruu. CrcremMa MHOTOMO-
mynbHas. B koHCTpykTOpckoi wactu (momcucrema CAD) wmmerorcs
CpelacTBa I TBEPAOTEIBHOTO KOHCTPYHMPOBAHUS, T'€OMETPUUYECKOTO
MOJIEJIMPOBaHNS Ha OCHOBE CIJIAfHOBBIX MOJENed MOBEPXHOCTEH, cOo3-
JaHus depTexeit mo 3D-Momenn, IpoeKTUPOBaHUS COOPOK C YIETOM ac-
counaTuBHOCTH. B TexHonormueckoit yactu (noacucrema CAM) mpeny-
CMOTpEHBI pa3paldoTKa YHPaBISIOLIMX MIPOrpaMM JAjisl TOKAPHOH U 3J1eK-
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TPO3PO3HOHHOM 00pPabOTKHU, CUHTE3 U aHATU3 TPACKTOPUH MHCTPYMEHTA.
Jns wrxeHepHoro anamuza (moxcucremMa CAE) B cucTeMy BKITIOUYCHBI
MOJIyJIM TIPOYHOCTHOTO aHaJN3a C COOTBETCTBYIOIIMUMHU IIpe- U MOCTIPO-
L[ecCOpaMH, KMHEMaTH4eCKOr0 U JUHAMHWYECKOTO aHaJIN3a MEXaHHU3MOB
C OIpeNIeIeHneM CHII, CKOPOCTEH U yCKOPEHHIA.

Jpyras cucrema BepxHero ypoBHsI CATIA mo3BosseT 3aka3unKy reHe-
pupoBath cobctBeHHbIN BapuanT CAIIP cKkBO3HOTO MPOEKTHPOBAHUS — OT
CO3/1aHUSI KOHUEMNINH U3AETHs A0 TEXHOJIOTHYECKON MOANEPKKHA MPOU3-
BOJICTBA W ITUIAHHUPOBAHMS MPOM3BOACTBEHHBIX pecypcoB. B cucteme
pearn30BaHO TIOBEPXHOCTHOE U TBepaoTenbHoe 3D-monenupoBanue.
Bo3moxHa QoTopeanucTHyHas BU3yadH3anus, MPesiaraloTcsi THIOBbIC
KOH(QUTYpaLUU U3ACTUH.

Takum o0pa3oM, NMPUMEHEHHE BHIMICTIEPEUNCIEHHBIX CHCTEM CITO-
COOHO KOPEHHBIM 00pa3oM H3MEHHUTHh TEXHOJIOTHIO MOATOTOBKH IPOU3-
BOJICTBa B CynocTpoeHuH. [Ima3 B ero TpajWIIMOHHOM TNpEACTaBICHUU
3aMEHSIETCS TPeXMEPHOH (TG POBOIT) MOIETBIO W3S,

IMpumenenue komruiekcHbix CAD/CAM/CAE cucrem nmomoraet 3¢-
(eKTHBHO, OBICTPO M KaYECTBEHHO PeLIaTh 33aJady CO3JaHus, aHalu3a U
KOHTPOJIS TU(PPOBOI MOJIEIIH.
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3. U3TOTOBJIEHUE JIETAJIEA KOPITYCA CYJIHA

3.1. TexHoJsoruyeckas Kjiaccupuraums aerajuei Kopmyca
U onepanuii Mo X U3roTOBJIEHUIO

KonnuecTBo aeraneil B cocTaBe KOpIyca BECbMa BEJIMKO U U3MEPseT-
csl IecATKaMH ThIcsd. JleTanu oTIHYaroTcs ApYT OT apyra GopMmoH, pas-
MepaMH, MaTepuanoM. V3roToBieHHe MX MO MHAMBUAYAIBLHBIM TEXHO-
JIOTHYECKUM TIpouieccaM ObIO OBl CBS3aHO C OTPOMHBIMH 3aTpaTaMu
TpyAa, [UIUTEIBHOCTBIO LIUKJIAa HOATOTOBKH IIPOU3BOJCTBA U HEBO3MOXK-
HOCTBIO MMPUMEHEHHUSI aBTOMATH3alUH U MeXaHHu3aluu. [103ToMy TeXHO-
JIOTHYECKHE MPOLECCH YHUPHUUUPYIOT Ha 0a3ze MX THIIM3ALHUU WK BHE-
JPEHHSI METOAOB IPYIIIOBON TEXHOJIOTHH.

IIpu epynnoeoii mexnonozuu Bece netany NOAPA3AEISIOT Ha KIACCHI 110
BUZIaM 00pabOTKU (HanmpuMep, B MAIIMHOCTPOSHUH — TOYEHHE, LITaMITIOBKa,
CTPOJXKKA U T. A.), 3aT€M IENAT Ha TPYIIbI, XapaKICpU3yeMble OOLTHOCTHIO
MPUMEHSEMOTO 00OPYIOBaHUS, OCHACTKH M MOCIIENOBATEIBHOCTHIO TEXHO-
JIOTMYECKOT0 MpoIiecca 00padoTKH.

Paznuyarot Tpu BapuaHTa rpymil:

1. 'pynmel ¢ 3aKOHYCHHBIM ITMKJIOM 00pabOTKM Ha OTHOM BHIC
obopynoBanus. Tak M3roTaBIMBAIOT, HANPUMEp, HpsAMblE MPOQUIBLHBIE
JeTaiyd Ha THOOYHBIX Ipeccax € MPOrpaMMHBIM YIIPABICHUEM.

2. 'pynmbl, mpoxonsIide HEKOTOpble OOIIMe ONepalud Ha OJHOM
BUje 00OpYyNOBaHMWS, a 3aTeM oOpabaThiBacMble Ha PAa3HBIX BHIAX
000pyIOBaHMS WK AK€ TI0 €TMHUYHBIM TEXHOJIOTHYECKHM TIPOLIECCaM.

3. I'pynmsl, oOpadaTeiBacMble IO OJMHAKOBOKH MHOT'OONEPALMOHHON
TEXHOJIOTHH (MMEIoIUe O0IIyI0 MapUIPyTHYIO TEXHOJOTHIO), BBITIOIHS-
eMble Ha Pa3sHOTHIHOM 00opynoBaHUH. [IpyM 3TOM BO3MOXKHBI paziv-
YHbIE COYECTAHUS TEXHOJOTHUYECKHUX MapLIpyTOB ¢ OOBEIMHEHHUEM Ha
OJTHOM HMJIM HECKOJIBKHMX OOILIMX OIepalusiX.

[pumep MHOTOOIEPAIMOHHON TEXHOJIOTMH OOpabOTKH B 0O0IIEeM
Buje Toka3zaH Ha puc. 3.1. Ilo sTOMy BapMaHTy TEXHOJOTHH H3rO-
TaBJIUBACTCA OOJIBIIMHCTBO AETaled KopIlyca CyaHa.

Bce neranu koprmyca MOryT OBITH pasJielieHbl Ha HEOOIBIIOE YUCIIO
TPYyNI, KaXIO0W M3 KOTOPHIX COOTBETCTBYET OIpPEACICHHBIH TEXHO-
JOTHYECKUH MapumpyT u3rotoBieHus. (OCHOBOM Takoro IeleHus
ABJSIFOTCA MaTepuan Kopiyca (CTajb WM JIETKHE CIUIaBbl), TEXHO-
JorHYecKas IOCIIEA0BaTeIbHOCTh ONepaluii M TPUMEHsEMOoe 000py-
JIOBaHHE.
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Puc. 3.1. BapuaHt rpynmoBoii TeXHOIOTHH 00pabOTKH JAeTasei:
I — nerans

Bce nmeranmu xopmyca MOTYT OBITH pa3jielieHbl Ha HEOOJBIIOE YHCIIO
TPyNH, KaXJ0i W3 KOTOPBIX COOTBETCTBYET OIPEACICHHBIN TEXHO-
JIOTUYECKUNA MapmipyT wu3roToBieHus. (OCHOBOHM -« TaKOTO JETCHUS
ABIISIIOTCS Marepuan Kopiyca (CTajdhb WIH JIeTKHe CIUIABBI), TEXHO-
JIOTUYECKass  TOCJIEJOBATENbHOCTh  ONEpanmuii W MPUMEHAEMOe
obopynoBaHue.

[Ipu W3roTOBNEHMU CTaNbHBIC JACTANH KOpPIYyca MPOXOJIAT IMpE/IBa-
pUTEITBHBIC M OCHOBHEIE OTIepaliuil 00paOOTKY.

K omepamusim npedsapumenvroti 00pabOTKH, BBIIOTHIEMBIM HaJ
WCXOJHBIM MPOKATOM (JTUCTaMH ¥ MPOQUISIMU ), OTHOCSATCS:

1) mpaBka;

2) OYUCTKA OT OKAJMHBI U PIKABUMHBI,

3) HaHeceHne aHTUKOPPO3HOHHOTO MOKPBITHSL.

O061mas Tpy10eMKoCcTh 3Tux omnepanuii coctasiser 0,3-0,4 % oOmieit
TPYJOEMKOCTH MTOCTPOUKH CyTHA.

OcHogHBIMU OTICPALIUSIMHE SIBIISIFOTCS:

— pa3MeTKa U MapKUPOBAaHUE JICTAJICH;

— pe3Ka MexaHH4YeCcKas WM TeIlIoBas;

— TIpaBKa BTOPUYHAS,

— ruOKa.

Kpome Ttoro, ans OTHENBHBIX JeTallell MPHUMEHSIOTCS pa3zelka
KPOMOK W CHSATHE JacOK — TEIUIOBBIM WJIM MEXaHWYECKHUM (CTpOTaHue
i Gpe3epoBaHue) criocobamMu, CBEPIICHUE OTBEPCTHI, UX 3CHKOBKA U
HEKOTOPBIE JIPYTHe OIlepalii MEXaHW4YeCKOH 00paboTku. 3akaH4MBa-
€TCS TEXHOJOTMYECKUM TPOLIeCC COPTUPOBKOM W KOMIUIEKTaIMe
JleTaneu.

Pe3ke 13 3aroTOBOK TIOJIBEPrarOT Bce 0€3 HCKIIOYCHHUS AeTaau
Kopiyca cynaHa. [Ipy 3TOM HCHONB3YIOT TEIUIOBYIO PE3Ky (Ta30BYIO U
IJIa3MEHHYI0) MITH MEXaHWJIeCKyI0 Ha HOKHHUIAX. [Ipomecch 06paboTku
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pe3aHreM CO CHATHEM CTPYXXKH ((hpe3epoBaHHe, CTPOTaHHE, CBEPIICHUE)
MHOT/Ia TIPUMEHSIOT IJISi OKOHYATeJFHOH 00pabOTKU YK€ BBIPE3aHHBIX
JeTanei, a TakKe JUIS pa3lIeIku KPOMOK TOJ] CBapKy.

Bribop ocHOBHOro crmoco6a pe3ku (MeXaHHMYEeCKOH HWIIM TEIJIOBOM)
3aBUCHUT OT rabapUTHBIX pa3MEpOB, TONIIMHBI M KOJMYECTBA OIMHA-
KOBBIX H3TOTOBISIEMBIX JIeTaleil, WX MaTepHana W OCHAIIEHHOCTH
KopIycooOpabaThiBaroIero iexa. HexkoTopele o0Iue peKoMeHIalnu
npuBeAeHH! B Ta0m. 3.1.

Tabnuua 3.1

PeKOMeHHaHI/II/I 10 IPUMCHCHUIO CIoco0oB PE3KHU JINCTOBOI CTaIIN

Tonmuua . PexomeHayembie
Kpomku geraneit
JIUCTOB, MM Bun pesku O6opynoBaHue
Ho 4 IIpsamonuHelinbie Mexannyeckast | 'maboTUHHBIE
HOKHUIIBI
Kpusonunelinsie To xe JluckoBble uu
BHOpAIOHHBIC
HO>KHUIIBI
To xe JlazepHas CrammonapHas
MaIyHa
4-12 [IpsmouHEHBIE Mexannueckas | ['MIbOTHHHBIC
HO>KHHIIBI
KpusomnuHeiinsie u
BCE JIETaJIU C BhIpe-
3aMU — BHYTPCHHUMH CranmoHapHbie
U TI0 KOHTYPY TemoBas MAIIHHBI
bonee 12 | JIroObie To xe To xe

ITpuHATHIIA CIOCO0 PE3KH OMpeesisieT B OCHOBHOM MOCIIEIOBATETbHOCTh
W OCTaNbHBIX omepaimid. Tak, MexXaHWuYeckass W TeIUIoBas pe3ka Ha
MIEPEHOCHBIX MamHMHaxX (I0JlyaBTOMaTHueckas) TpeOyeT MpeaBapUTebHON
pasmetku. [locne pe3ku MIIOCKHME JeTaayd MpU HEOOXOIUMMOCTH TPABAT, a
O TS KAITHE THOKE TTePEIaroT Ha yIaCTOK THOKH.
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[Tpu TennoBoii pe3ke Ha CTAMOHAPHBIX MALIMHAX (aBTOMATUYECKO)
JeTald MapKUpPYyIOT IOC/Ie OKOHYaHMS PE3KU M 3aTeM PaclpeessIioT Ha
HOCJIeTYOIINE OTIEPaIUu.

B cooTBeTcTBMM C H3JIOKEHHBIMHU BBIIIE NMPUHLIUIAMU TPYIIIOBON
TEXHOJIOTHH BCE JICTaJIH KOpIlyca CyIHa pa3AeisiioT Ha MATh KJIAcCOB MO
BOCEMb TpYyHI, IpUCBaMBas MM HWHAEKCH W3 AByX Ludp: mnepsas
yKa3bIBaeT Kilacc, BTOpast — TPYIIILY.

Kuaccrr neraneit cnegyromue:

1-i1 — nuCTOBBIE KPYNHOraOapuTHBIE NETANH C HPAMOJIMHEHHBIMU
KPOMKaMH;

2-1 — TO e ¢ KPUBOJIMHECHHBIMU;

3-i1 — MeJTIKKe JIMCTOBBIE IeTallk (HauOobImii pasmep He Oomee 500 mMm)
C IPSIMOJIMHEWHBIMHI KPOMKaMU;

4-1f — TO e ¢ KpUBOJUHENHBIMHU KPOMKaMH;

5-if — U3 IPOUIEHOTO MpoKara.

XapakTepUCTUKAaMU TPy SBISIOTCS:

e (hopma nerany — IIIOCKHE WU THYTHIE;

® HaJIM4ME WM OTCYTCTBHE BBIPE30B — BHYTPEHHHUX HJIH 110 KOHTYDY;

® HAJINYME WM OTCYTCTBHUE Pa3eJIKH KPOMOK IIO]] CBAPKY.

3.2. llpenBapureabHas 00pad0TKa JIMCTOB U Mpoduiei

B pesynprare HEpaBHOMEPHOTO OOXKaTHsS BaJIKaMHd B MPOIECCE
MPOKATKKU JIUCTOB HAa METaUTypPrHYeCKOM 3aBOJIC M HEPaBHOMEPHOIO
OCTHIBaHMSI TOPSYEKATAHBIX JHCTOB B HUX BO3HUKAIOT BHYTPCHHHE
HallpsDKCHUS, BBI3BIBAIONINE BOJHHCTOCTE W MECTHBIC BBIITyYHHBI
(OyxTuHbl). BO3MOXKHBI TakXe OCTAaTOYHBIE Ae(opManuu JTUCTOB TIpHU
HEOpPE)KHOH TPAaHCTIOPTHPOBKE M XpPaHEHWU. DTH JAeopManuy MemarT
BBITIOJTHCHUIO. Pa3METKW W H3TOTOBJICHUIO JETalied W yBEIMYUBAIOT
KOpoOJICHHE KOHCTPYKIIMHA B mpollecce cBapku. I[lodTomMy JHCTEHI
MOJIBEPTAIOT NPe0sapumenbHoll npaeke, 1O OKOHUYAHUM KOTOPOU
JIOITYCKAIOTCS. MECTHBIE HEPOBHOCTH B mpeaenax oT 2 a0 4 MM/M B
3aBUCUMOCTH OT TOJIIHUHEI JUCTOB. O0IIIee HCKPHUBIICHHUE JINCTA JTIOJDKHO
ObITh HE Oosiee 10 MM Ha BCIO €ro JUTUHY.

IIpagKy BBITIONHAIOT CO3aHUEM B YKOPOYEHHBIX BOJIOKHAX JIMCTA
IIacTHYeCcKuX nedopManuii pacTspkeHus. CyIIecTBYIOT —CICAyIONIne
BUJIBI TIPABKH:
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1) Ha BankoBBIX JHUCTONMPaBUIBbHBIX MamwuHax (puc. 3.2), B
KOTOPBIX JIMCT 3aTATHBACTCS MEXKAY ABYMS pAJaM{ BpalaroIIUXCs
BAJKOB CHUJIaMH TPEHMS, BO3HUKAIOUIMMH MEXAY HUMH W JIHCTOM, U
MHOTOKpaTHO meperubaercs. B pesynprare nmepernOOB ckaTble BOJOKHA
JHCTa MJIACTUYECKH pacTarusarorcs. O0Imee Yicao IpoXo0B JHUCTA B TY
U JpYyTyI0 CTOPOHY JOCTHraeT mATH. J{Is yCcKOpeHHs IpaBKu OyXTHH Ha
CKaThle BOJOKHA JIUCTa MHOIZA YKJIAAbIBAIOT IPOKJIAAKH, CO3JAr0IIne
Y4aCTKH JIOKaJIbHOTO HAKMUMa.

Puc. 3.2. Cxema ycTpoiicTBa BaJKOBOI JIMCTONPABHIBHON MAIIMHBI

VYcraHoBKa paboumx’ BaJKOB IIO BBICOTE IIPOU3BOAUTCS IIEpe-
MelneHneM TpaBepchl 3. Ilepemnuii Hampamistonmii Bamok 1 obec-
MeYMBacT BBOJ JINCTA B BAJIBLBI 2 M 5, 3aJHUI 4 — ero NpsIMOJIMHEHHOCTh
mocJie n3ruda B MPEANISCTBYIONICH mape pabounx BajIKOB.

JIucTel TOMIUHON 6 MM U OoJiee OOBIYHO IMPABAT B 5- WM 7-BATKOBBIX
MammHax. JIMCTBI MEHbLIEH TONIIMHBI, OONAJarolIHe TOBBIIICHHBIM
npyXuHeHneM, — B 9-11-BankoBbix. Uucno BaJKoB MOXKET gocTurats 17.

2) Ha nmpaBUJIBHO-PACTSKHBIX MalIMHAX BBINOIHICTCS MPaBKa
pacTshKeHUEM, KOTOpasi MOXKET IPUMEHSTHCS AJIs TUCTOB M PpOQHiIeH nu3
MaTepUaIoB € OTHOLIEHHEM G,/G, > 1,2, T. €. U1 NOJABISIOLIErO
OONBLIMHCTBA CyNOCTPOMTENbHBIX cTaned. Jluer 3akpemsiercss 1o
TOPLEBBIM KpPOMKaMm B 3aXUMHBIX T'yOKax MaIlIWHBI, KOTOpBIE TIOJ
JEeHCTBUEM THAPABINYECKOTO AABICHUS PACXOISTCS, PACTATMBasl JIHUCT B
NPONOJBFHOM HampaBlieHHMH. B pesynbrare miacTH4ecKOro YIJTMHEHUS
CKAaTbIX BOJIOKOH JIMCT BbIpaBHMBaeTcs. llpaBka Ha mnpaBHIBHO-
PacTsHKHBIX MAaIlMHAX TOBBIMIACT MPOM3BOJUTENBHOCTh TPYAa B LIECTh—
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BOCEMb pa3 10 CPaBHEHHIO C MPUMEHEHHEM BaJKOBBIX MAIlIWH, TIPH 3TOM
TOYHOCTh MPaBKH Ha NPaBWIBHO-PACTSDKHBIX MamMHax Beime. llpu
pactsbkeHnn Ha 1-2 % BBIPAaBHUBAIOTCS BCE HMCKPUBJICHHS JIMCTA WIIH
npouss, IprudeM MEXaHWYECKUE XapaKTePUCTUKH MeTajlla COXPaHsIOTCS
B TIpelenax JOIMYyCKOB. MaIllMHBI XOPOIIO BIMCHIBAIOTCS B MOTOYHBIE
muHnd. OCHOBHOW MX HEIOCTATOK — IOBPEXKACHHUE INOBEPXHOCTH JIHCTA
HACEUKOH, OCTAIOIICHCS OT 3)KUMHBIX TyOOK, UTO TpeOyeT OTpe3KH KOHIIOB
jmcTa qmuHo# 1o 300 M.

IIpaBka B TpexXBaJKOBBIX TMOOUYHBIX MAIMHAaX TOJCTBIX JIUCTOB U3
BBICOKOITPOYHBIX CIJIABOB BBIMIOJIHSETCS IPH HEAOCTATOYHON MOIIHOCTH
JIMCTONIPAaBWIBHBIX MAalIMH 32 JIBa MEPEXoia C IMepeBOpaunBaHHUEM, a
TaKXe Ha TMIPaBIMYECKHUX Mpeccax CBOOOAHON IMOKOM.

IIpodunbHbI IpOKaT MPaBAT Ha TOPU30HTAIBHO-THOOYHBIX Mpeccax
tuna «bynbpao3ep», Ha POJMKOBBIX MPAaBHIBHBIX MalIMHAX (MHOTOKpAT-
HBIM TepernooM TNOAOOHO TMpaBKe JIMCTOB B JIMCTOIPABHUIBHBIX
BaJIbllaX), HAa PAcCTSDKHBIX MAalllMHAaX, a TaKXXe Ha THIPABIMYECKUX
npeccax. Jomyckaercst MecTHasi BOJHUCTOCTh HE Oojiee 2 MM Ha MeTp, a
o0riee UCKpHUBIIeHHE — He Oosiee 8 MM Ha [UTMHY TOJIOCH MPO(HUIIAL.

JlucroBoil ¥ HPOQUIBHBIA MPOKAT, HNOCTYMAIOIMN HA CyAOCTPOM-
TEJNILHBIA 3aBOJl, OOBIYHO TOKPBIT CIOEM OKaJIHHBI W pPXKABUUHBI, a
HMHOTJIa UMEET MacIsHbIe U APYTHE 3arps3HeHus. JTo TpeOyeT mpeaBa-
PUTENBHOW OYHMCTKHM TNPOKATa, a TaKKe IOCIEAYIOIMEro aHTHKOP-
PO3MOHHOIO IOKPBITHUS, TIPEIOXPAHSIOIIEr0 METaII OT PXKABJICHUS B
MIEPHUO/I U3TOTOBJIEHUS KOPITYCHBIX KOHCTPYKITHI.

Jn1st TMCTOB TOILIMHOM 4 MM H 6ojee u A npoduield NpUMEHSIOT B
OCHOBHOM JPOOEMETHBIN CIIOCO0 OYMCTKY; IJIs JIMCTOB TOJIIMHON 3 MM
U MeHee — XMMHYECKOE TpaBJICHHE B BaHHAX, a TaKXe APOOEMETHYIO
OUYHUCTKY Ha CIIEHAIbHBIX YCTAaHOBKAX.

OuucTKy ApoOEeMETHBIM CIOCOOOM BBIIONHSIOT B MOTOYHOH
JUHHAM, TIE MOCIeN0BAaTENFHO MPOU3BOIATCS CYIIKa B 00€3)KUPHBAHHE;
OUHUCTKa yJapamMH JApPOOH OT OKaIMHBI M PKaBUMHBI; 00IyBKa CHKaTHIM
BO3AYXOM Ul yHAJEHHUs NbUIM C OYMIIEHHBIX I[TOBEPXHOCTEH; T'pyH-
ToBaHue WK PpochaTUpOBaHHUE; CYIIKA.

B kamepe nipeiBapUTEbHON CYIIKH JIMCT C IBYX CTOPOH HAarpeBaeTcs
ra30BBIMHU TOpENIKaMH, padOTAIOMIMMK Ha IPUPOTHOM ra3e; TeMieparypa
HarpeBa 70-80 °C. Ilpm 3ToM mHCT BBICymMBaeTcs (I yIalIeHUS
aTMOC(epHBIX OCaaKOB), a >KUPOBBIE 3arps3HEHUs cropaioT. Harpes
JHcTa CHOCOOCTBYET TakKe OTCIOCHUIO OKaIWHBI (KO3 QHUIUEHT
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JMHEHHOTO pacUIMpPEHHs] €€ HEOAMHAKOB C OCHOBHBIM MaTEpUalOM) U B
MOCIIEAYIONIEM YCKOPSET CYIIKY aHTUKOPPO3UOHHBIX MOKPBITHH.

B npobeMeTHyI0 KaMmepy JIHCT MOXKET IMOJIaBaThCsl B BEPTHUKAILHOM
MOJIOKEHUH 1O porbranry (puc. 3.3). UyryHHas wim cTajbHas ApoOb
(mmamerpom 0,5-2,5 MM) U3 pacxogHOro OyHKepa MOCTyMHaeT 1Mo Tpyoam
Ha JIONATKH APOOEMETHBIX allapaToB, NPEICTABILIIOMUX COOOH 6—
8-momacTHple TYpOMHKH C TIPHBOJOM OT JJIEKTPOJBUTATENICH CO
ckopocThio BpameHus 2500-3000 o6/mun. Iloj peiicTBueM  LIEHT-
pOOEXKHON CHIBI PoOh BBHIOPACHIBACTCS HA TOBEPXHOCTH JIHCTA CO
ckopocThio 10 80 M/c, cOuMBas ¢ Hee OKajlMHy W pkaBuyuHy. OOpa-
OoTanHass ApoOb BMecTe C OKalMHOM M pXKaBUYMHOM IOMajacT B
cemaparop. B HeMm okanuHa, p)KaBUMHA M MEJKHE YacTHLBI JIpooOu
OTCachIBAIOTCSA BO3AYXOM U YAAISIOTCA B COOPHUK, KPYIIHBIC YacCTHUIIBI
MOCTYMAIOT B PACXOAHBINA OYHKEp M UCIIONIB3YIOTCS IOBTOPHO.

{r

Puc. 3.3. Cxema nqpoGemeTHOIt KaMepbl AJIsl OYUCTKHU JIHCTOB!
1 — mocTymieHre OYHIIEHHOH Opo0H; 2 — pacXOAHBINA OyHKEp;
3 — npo0GeMeTHBII anmapart; 4 — OYHIIaeMblii JIHCT; 5 — MPUBOAHON POJIHIK;
6 — ynanenue orpaboTaHHOHN JpodH
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I'pyHTYIOT JMHCTBI B CHIEHHANTBHON KaMepe Oe3BO3MYIIHBIMH KPacKo-
PaCTIBUIATENSIMH.

[IpuMeHsAI0T 1BE OCHOBHBIE CXEMbl AHTUKOPPO3MOHHOW 3alluTHI
JIMCTOB B OTOYHBIX JINHHUAX

— HaHECeHWe Ha OYMIIEHHBIH JHCT (PochaTHPYIOIIEro pacTBOpa H
MoCNie CYIIKH — IOKPBITHE PAacTBOPOM ONU(BI B YaHT-CIIUPHUTE, UTO
Mpe0XpaHseT METAIT OT TOCJIEAYIOIEro PHKABICHHUS Ha CPOK He Ooee
TpeX MECSIIEB;

— JIByXCJIOWHOE aHTHKOPPO3HOHHOE MOKpHITHE (ochaTupyromumu
rpyatamu BJI-02 u BJI-023. DT0 npenoxpaHseT MeTaml OT pXKaBJICHUS B
teueHue 8—10 mecsies.

Hcnonp3ytoTcs Takke MOTOYHBIE JWHUM JPOOEMETHOW OYHCTKH C
TOPH30HTAIBHBIM TOJOXKEeHHEM Jrcta. OHM KOpoye Ha JIBE AJIMHBI JHCTa
Onarojapsi UCKJIIOYCHUIO KaHTOBKH €T0 Ha BXOJAE W BbIXoZe. B cBszu ¢
MPEJICTOSAIINM ~ YBEIHMYECHHEM pPa3MepoB - JIUCTOB B CYAOCTPOCHHHU
(mmmpuHO# 1m0 4,5 M m mEHON 10 16—18 M) Macca ux OymeT JOCTHUTaTh
12-15 T, yTo MOTpedyeT CO37aHusI MOUIHBIX TSDKEIBIX KaHTOBaTeNeH M
3HAYUTENHHOTO YBEIMUCHHS JUTMHBI MOTOUHON JTMHUU. B 3THX ycnoBusx
OYHMCTKA B TOPU30HTAILHOM TOJIOKEHHUH LIeIecoo0pas3Hee.

[ToTounass nmuHUS OPOOEMETHOW OYMCTKH TNPOGWUIHLHOW CTald B
MPUHIIMIIE TaKas JKe, KaK ¥ U JJUCTOBOH. XuMHUYecKast OYUCTKA JIUCTOB
MaJIOf TOJINMHBI TPOU3BOAUTCS TpaBiieHWeM B BaHHaxXx B 15-20%-m
pacTBOpe COJISTHOM WM CepHOM KHUCIOTHL. I[IpoAOMKUTEILHOCTh TpaB-
neHuss — ot 1 A0 3 9 B 3aBHCHMOCTH OT MapKH CTaldl W COCTOSHUS
noBepxHocTH Jncrta. - [locine TpaBieHHs NOPOM3BOAMTCS MPOMBIBKA
JIUCTOB XOJIOTHOW BOMOM, HeWTpamm3amuss B 3-5%-M pacTBOpe
KaJILIIMHAPOBAHHOW COMBI B T€UCHUE 3—5 MHH M MOBTOpHAS MPOMBIBKA
XOJIOZHOW BOJOH. 3aTeM MPOU3BOIAT MACCHBALUIO — 00BIYHO (ochaTh-
poBaHHEM B pacTBope mnpemapara «Maxed» ¢ MOCIECTYIOLINM
MOKPBITHEM OJTHU(OH WK TPYHTOM.

CrouMOCTh XMMHUYECKOH U APOOEMETHON OUUCTKH MPUMEPHO OJMHA-
KoBa. ONHAaKO XMMHUYECKOW OUUCTKE CBOWCTBEH psJI HEAOCTATKOB:
TSDKENIBIE YCIIOBUSL TpPyAd, HEBO3MOXKHOCTH CO3JaHHUS HENPEPBHIBHOM
MOTOYHON JIMHWH, TPYAHOCTh YTHJIHM3ALUH OTXOJIOB TPABHIIBHBIX PAaCT-
BopoB U Jp. I[loaToMy B mocnenHee BpeMs TOHKHE JIUCTBI CTPEMSTCS
OYHMIIATh APOOEMETHBIM CIIOCOOOM Ha CTIEHAIbHBIX YCTAHOBKAX.

67



3.3. Pa3meTka aucToB M npoguiei

Pa3merka cOCTOMT B HaHECEHMH Ha JIUCTHI U MPOPMIN KOHTYPOB
Jetajell B HaTypalbHYIO BEIMYHHY C YYETOM NPHUITYyCKOB Ha 00pabOTKy
u cOopky. HaHocsTcs Takke 0a30Bbie 1 KOHTPOJIBHBIC JIMHUU JIETAICH U
JUHAHA TIPUTHIKAHUS CMEXHBIX JIeTalel, HCIONb3yeMble Tpu cOOpke
KOHCTpykuuil. KpoMe Toro, npu pasMmeTke AeTanu MapKUPYIOT, T. €. Ha
HUX HAHOCAT HAJIUCH U 3HAKH, ONPEAECIIAIONINE JAHHYIO IE€Talb.

PasmeTke mnoaBepraroT JMCTBI, JETaNM M3 KOTOPBIX. HaMEUYEHO
BBIpE3aTh MEXaHMYECKHMH HOXHHWLIAMHU WJIM MEPEHOCHBIMH MAaIllMHAMU
Ul TEIJIOBOW pe3kH, a Takke npodunmu. Bce muctel W mpodmim,
MOCTYTAOIINE Ha Pa3METKY, JOJDKHBI OBITh BBHIPABICHBI, OYHIICHBI OT
PKaBYMHBI, OKAJIMHBI U IPSI3H U TOKPBITHI TPYHTOM.

CyIecTBYIOT CIIEAYIOMINE CIIOCOOBI Pa3METKH:

— 110 3CKU3aM,;

— 110 mabJIoHaM;

— (hOTONPOEKITNOHHAS,

— 3NieKTporpaduieckas;

— Ha MallIMHAaX C YMCIIOBBIM MPOTPaMMHEIM yrpaBieaueM (UITY).

HcxogHpIMH AaHHBIMH TPU pa3MeTKe MO0 3CKHU3aM SBIAIOTCA
KapThl packpos JHCTOB, OIPEACHAIOLINE B3alMMHOE pacloOoXKeHHe
JieTanei, ¥ ACKU3bI, 3aaauue ux popmMy U pasMmepsl. [1o 3TUM gaHHBIM
pasMeTYnK BBIMIONHSAET = HA  JIUCTE HEOOXOMUMBIE TE€OMETPUUIECKIE
noctpoeHus. Pa3Meps! OTKIAABIBAIOT MO PYJIETKE TOYHOCTH HE HIKE
BTOpOro paspsga. IIpsMble JIHHUM HAHOCAT YEPTHWIKOM MO MeETal-
JIMYECKOH TMHEeHKe MU OTOMBAIOT HaMEJICHHONW HUTKOIL.

s HOpMaJIbHOTO NPOTEKaHWs NPOLECCA PE3KUM MEXIY JIMHUEH
KOHTYpa JeTald W KPOMKaMHU JIHCTa HEOOXOJMMO OCTaBISATH HEKOTOpPOE
paccrosiHue.  Ero MuHuMMAanbHas BENWYMHA TPH MEXaHUYECKOM pe3Ke
COCTaBJISIET MOJIOBUHY TOJIIIMHBI JTUCTA, HO HE MEHEE 5 MM, IIPU ra3oBOi
pe3ke — 5 MM HE3aBUCHUMO OT TONIIMHBL. KpoMku neraneit, uMmeromiue
MPUILYCK, PEKOMEHAYETCSI COBMEIIaTh C KpoMkamu jaucta. Ilo Bo3-
MOXXHOCTH CJIEAYET COBMEIIATh MPSMOJIMHEHHBIE KPOMKU CMEKHBIX
JeTajel, TaKk Kak Ipy 3TOM COKpalnaeTrcs oOmas ATMHA JTUHUKA pe3a Ha
qucre. [Inst peranei, BBIPE3AEMbIX TEIUIOBOM PE3KOH, COBMEILEHHBIE
KPOMKH JETaJICH AOIKHBI OTCTOSITh APYT OT JApyra Ha WupuHy pesa. [lpu
pa3sMeTKe AeTanei, BBIpEe3aeMbIX HAa MEXaHWYECKHX HOXKHHUIIAX, JOJDKHA
OBITH OOecrieueHa BO3MOKHOCTh CKBO3HOM PE3KHU uepe3 BECh JIUCT.
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PasmeucHHblE JNMHUM (QUKCHPYIOT Ha MeETaUIe KEpPHEHUEM B
COOTBETCTBHH CO CIICIMATBHBIME TpaBWIaMd. Tak, MO JWHUSAM KOH-
TypOB KE€pHBI HaHOCAT paBHOMepHO uepe3 69-100 mMm. Ha Gompmmx
netansx (pasmepom 6osee S00 X 500 MM) TMHUM KPOMOK KEPHST HE IO
BCEH NIMHE, a Ha OTHENBHBIX ydYacTKaX, MO TPH KepHAa C Pa3pbIBOM
Mexay rpyrnmamu B 0,5-1,0 M. Ha meransax, momnekamux THOKE, THHIH
nu3ruba Bcerja KEPHIT C BHYTPEHHEW CTOPOHBI, TaK KakK KEpHBI,
HAHCCCHHBIC HA BHEIIIHCH, PACTATMBAEMOW IMPH THOKE CTOPOHE, MOTYT
MOCIY>KUTh o4aroM oOpa3oBaHus TpeuiwH. I[lpm pasmerke JUCTOB. U3
HEp>KaBEIOIIEH CTaM KEPHUTH Pa3pelIaeTcsl TOJIBKO KOHTYPHI A€TajIeH 1
KOHTYPBI BBIPE30B, T. €. JIMHUU, MO KOTOPBIM OYAET TPOU3BOAMTHCS
pe3ka. JluauM THOKH, NTWHUM TpUBapKu HaOOpa MPEPHIBUCTHIM IITBOM
HaHOCAT Ha HepkaBewlled cranmu yepTwikoil. Ha Jerkux crutaBax
pa3MeTKa BCeX JIMHUMN BBITTOJIHACTCS KapaHIalioM.

[Ipu pa3mMeTke mo mabllOHAM UX- PACKIAIBIBAIOT Ha JIUCTE,
0OBOJIAT YEPTHIKON W JIMHHUHM KEPHAT. DTOT METOA TpeOyeT MEHBIINX
3aTpaT Tpyaa W Oojee TOYEH, YeM OCKH3HBIA. WM3-3a 3aTpar Ha
W3TOTOBJICHUE, XPAaHEHUE, NPOBEPKY W TPAHCIOPTHUPOBKY IIA0JIOHOB
MPUMEHEHNE ero IeJIecoo0pa3HO TONBKO TPHU JOCTATOYHO OO0JBIIOM
KOJTMYECTBE OJMHAKOBBLIX JIETAJICH, HaIpUMep TpHU pa3MeTKe (HacOHHBIX
KOHIIOB JieTalieit u3 npodus.

[orpemrHocTH pa3MeTKH, T. €. OTKIOHEHUS (aKTHIECKUX pPa3MepoB
BBIUEPUEHHBIX JIeTalel ~OT HOMHHAIBHBIX, JJIS JINCTOBBIX JeTanel
pasmepom Ooiiee 3 M HE JIOJDKHBI MIPEBBIMATh £1 MM 1O AnuHE U £2 MM
Mo pasMmepaMm auaroHajei. OTKIOHEHHS MPSMOIUHEHHBIX KPOMOK OT
MpsIMON W JIEKANbHBIX OT TEOPETHUYECKOW (OPMBI JTOKHBI OBITH HE
6omee 1 mMm.

OnucaHHbIC BUABI Pa3METKU OTHOCATCS K pydYHbIM. M3 MexaHuU3u-
POBaHHBEIX HaWOOJIbIIee PaCIPOCTpaHEHHE MOMydmiIa GOTOMPOEKIIH-
OHHas pa3MeTka. Ham pa3MedaeMbIM JIMCTOM YCTAaHABJIMBACTCS
MPOCKTOP, B KOTOPBIA 3aKIAJBIBACTCS HETaTHUB, MOJIYYCHHBIH (OTO-
rpadupoOBaHUEM YepTEekKa-IIablioHa, TaK J>Ke Kak 3TO JIeNaeTcsl TpHu
W3TOTOBJICHWH MIa0JIOHOB Ha 11a3e. OTHOBPEMEHHO JIETaTd MapKUPYIOTCS.

TouHoCTh AeTanel, pasMEUCHHBIX (OTOMPOCKIIMOHHBIM CIIOCOOOM,
HE BBIIIE, YeM IpU PyIHOH pasmerke. [lorpemrHocts crioco0a ckiaabiBa-
€TCs M3 TMOTPENTHOCTEH BRIYEPUNBAHUS YepTexa-madiaoHa, Aepopmannii
OyMars, Ha KOTOPOW OH BBIYEPYCH, BBI3BIBAEMBIX H3MCHCHHUEM
TEMIEPaTyphl U BIAKHOCTU BO3IyXa, HEU30CKHBIX (XOTS U HE3HAYU-
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TEJIbHBIX) TOTPEUIHOCTEH OOBEKTHBOB (DOTOCHEMOYHOTO U MPOEKIIMOH-
Horo ammaparoB. Kpome Toro, urparoT poyib OTKJIOHEHHS (HOPMBI
pa3MedyaeMoro JHCTa OT TEOPETHYECKOM W3-3a HaJIM4YUs Ha JHCTax
OyXTHH M HEKOTOPOTO CMELICHUS MEJOBBIX JHMHUU TpH (HUKCALUU
cBeTOBOH npoekuru. OJHAKO B OCIEAHEE BPEMS B CBSI3H C MOSIBICHUEM
crankoB ¢ UITY maHHBIN METOM UCTIONB3YETCS BCE PEXKE.

I[lpu osnekTporpaduueckoM MeTOAE pa3MeTKH (UKcarus
CBETOBOTO M300pa)KeHMsI OCYIICCTBIISICTCS aBTOMATHUYECKH, KaK MpHU
rmeyaTaHuy OOBIYHBIX (oTorpadumif. JJIs 3TOTO MOBEPXHOCTH METallIa
MIOKPBIBAOT CIIELUAJIBHOM CBETOYYBCTBUTEIBHON dMYJIbCUEH, BBICYIIN-
BAIOT €€ M C IIOMOINBIO 3apsAHOrO YCTPOMCTBA CO3HAKOT Ha HEl
noteruan B 400-700 B. Ilpu npoenupoBaHuy HEraTMBa OCBEILLCHHBIE
YYaCTKH OMYJIbCUH TEPAIOT 3apsad, T. €. IOJydYaeTcs HEBUIAMMOE
3IIEKTpOCTAaTHYECKOE U300pakeHue ueprexa. M300paxkeHue nposBisoT,
MOCHINIAsl JIUCT CHEIHMaTbHBIM TOPOIIKOM, M 3aKPEIUIIIOT JIMHUKM B
¢ukcaropHOi Kamepe. Tak Kak Ui HOPMaJIbHOTO MPOTEKaHUs Ipolecca
IUDJIEKTPU3AMA  OMYJBCHH  OCBEIIEHHOCTh JMCTa JOJDKHA OBITH
3HAQUUTENFHO BBIIE, YeM TNpH  (POTONPOCKIMOHHOM  pa3MeTKe,
NPUXOAUTCS OIYCKaTh caM MpOeKTop. M3o0pakeHwe mpu 3TOM HeE
OXBaThIBAE€T BCETO TOJS pPa3METKH, B CBSI3M C 4YeM pa3MeTKa JIHCTa
MIPOM3BOAMTCS 3a TPU-YETHIPE pa3a, IpUUeM KaxkJblif pa3 MpoeKkTop (Win
JIMCT) TepeMeIaeTcs B HOBYIO MO3ULHIO. M3-3a CI0XKHOCTH 3TOT c11ocod
PasMETKU B IPOMBILIICHHOCTH PaclpOCTPaHEHUs HE IOy Il

B pa3smMeTo4HO-MapKHpPOBOYHON MammuHe, paboTaromeld o
nporpaMme, 3amucaHHOW Ha Quem-kapTe, B KauecTBE IHIIYIIETO
MHCTPYMEHTA NPUMEHEH [THEBMAaTHUECKUH KEPHEP WM KaIUIeCTPYHHBIN
MapKUpOBIIUK (TpuHTEp). MammHa HAaHOCHUT BCE JIMHWUU pPa3METKH, a
Takke HUGPEl W OykBel MapkupoBku. Ouepranus uudp u OykB
YIPOIIEHBl — OHM COCTaBJIEHBI M3 TOPU30OHTAIBHBIX U BEPTUKAIBHBIX
OTPE3KOB IPAMBIX.

HezaBucumo ot crnocoba H3roTOBI€HHMS BCE KOPIYCHBIE JETalld
MapKUpyOT. Mapku, T. €. OyKBbl M 3HAaKH, HAHOCAT KEpHEHHEM
(BpyuHY!0 WM ITHEBMOKEPHEPOM), KpPacKOH WM HECMbIBAEMBIMHU
gepHwIaMu. HawnOompinee pacrmpocTpaHeHHE B HACTOSIIEE BpeMs
MOJTyYMJIM JIBa IOCIEAHHUX CIoco0a: OHM MeHee TPYJIOEMKH, HaJHCH
JydIle pa3IindyaroTcsi, HeT MIyMa, Hen30eKHOTO IPH KEPHEHUH.

MapKHUpoBKYy TOAPA3JENAIOT Ha OCHOBHYIO, JOMOJHHUTEIBHYIO U
BCIIOMOTaTeNbHY0. OCcHo6Has MapKUPOBKa COJEPKHUT 3aBOJICKON HOMEP
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3aKa3a, MapKy CTaJli, HOMEp uepTexa CeKIIUU WK 0JI0Ka, HOMEp JCTau.
JlononHumenvHas MapKUPOBKA BKIIFOYAET OPUEHTHPHBIC HAIMUCH (HOC,
KOpMa, BepX, HU3, TIpaBklil 00pT, JeBwIil OopT, [11), HOMEpa mImanroyToB
U TEXHOJIOTHYECKHE yKa3zaHusi 00 o0paborke (acok, rmOKe, BEIUYHHE
MIPUITYCKa, TEXHOJIOTHIECKOH TOCIeI0BATeTbHOCTH orepanud 00padboT-
Ku. Bcnomoecamenvnas MapKUpOBKa COACPXKHUT OOIMNE YKa3aHWA,
HaIMpUMep, «BBIPE3 CIEIaTh MPU COOPKE».

Pa3medenHsie qeTanu MapKUPYIOTCS B TIPOIECCE Pa3METKH, a ICTalH,
BEIpE3acMblc Ha CTAIlMOHAPHBIX MAIIMHAX I TEIUIOBOM pEe3KH, —
HEMOCPEICTBEHHO TOCJIC BBIPE3KH.

MapkupyroT M Tak Has3blBaeMble JeloBble OTXOAbL. Ha orxonsl
pasmepom 400 x 1000 MM HE0OXOOMMO B IENAX OSKOHOMHH MeTalia
HAaHOCHUTHh €T0 MAapKy M HCIIONB30BaTh MX I U3TOTOBIEHUS MEITKHUX
JIeTalei.

3.4. TennoBasi pe3ka

Pe3ka nuctoB u mpoduiei Ha AeTany SBISACTCS BeAyllel onepanuei
KOpITycooOpa0aThIBarOIIEr0 NPOU3BOACTBA, TPyl0eMKOCTh TEIIOBOM U
MexaHW9ecKon pe3ku geraineit coctasisieT 30—40 % Bcelt TpymoeMKoCcTH
M3TOTOBJIEHUS JIeTalel KopIyca CyTHa.

CpaBHUTENbHAS XapaKTEPUCTUKA PA3IMYHBIX CIHOCOOOB TEIUIOBOM
PE3KH IpeACTaBlIcHa B Ta0I. 3.2,

Tabaunna 3.2
Croco0bI TEITOBOH PEe3KH METAIIIOB U CILIABOB
Bun peskn Pazpezaemblie Jlnama3oHbI TOJIIUH INoxazarenu pe3xu
Marepuabl TIPH Pe3Ke YIIIEPOANCTON | MaJIOyrJIepOIUCTON CTAIN
CTaJIl, MM ToNmKHON 10 MM
Ocgoen- | [IpenenbHble OtHOCH- OtHOCH-
HBIE 3HAYCHHS TeJIbHAsK TeIbHAasK

CKOpPOCThb CTOMMOCTD

Kucnopoaunas | Manoyriaeponucteie
Y HU3KOJICTUPOBAH-

5-100 0,5-1500 1 1
HbIE CTaJIH, CIUIABbI
TUTaHA
[Inazmennas | Bce koHCTpyKIMOH- 3-100 1-250 8 04
HBIE METaJUIbI
Jlazepnas To xe 0,3-20 0,01-50 1,2 2,8
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TennoBasi pe3ka MPOU3BOAUTCSA Ha CTALMOHAPHBIX M IHEPEHOCHBIX
MaIlliHaX, a TAKKe BPYUHYIO.

WHornma cranvoHapHbIe MAalllMHBI YCIOBHO HA3bIBAIOT ra3ope3areib-
HBIMH aBTOMATaMH, a IEPEHOCHbIE — MOJyaBTOMAaTraMH, W MpPOIEcC
BBIpE3KM HA HHX JeTaliei — COOTBETCTBEHHO aBTOMATHYECKUM U
MOJTyaBTOMATHYECKUM.

B mocnenmHee Bpemsi Bce rasope3arelibHbIE MAIlUHBI OCHAIAFOTCS
Onmokamu ynpasnenus ¢ UIIY u npenmMyiiecTBEHHO CEHCOPHBIME JKpa-
HamMu. OCHOBHBIE BO3MOJKHOCTH TaKHX CHCTEM Ha TPUMEpPE MAalluHBI
mazMeHHoH pe3ku «Komera M-1lim» ¢ 1ByMs mi1a3MEHHBIMU [OJIOBKAMU
MAX 200:

— TepMETUYHOE, TMBUIC3alIUIIEHHOE WCIIOJIHEHUE W  BCTPOCHHAS
cHCTEMa OXJIAXKICHHSI/TIOMOTPEBa (PEKUM «3UMa-JIET0»), MO3BOJISIONTHE
obecrieunTh paboTy B YCJIOBHAX KaK HEOTAIUINBAEMBIX 3aTOTOBUTEIIBHBIX
1IEXOB, TaK U TIPU MOBBIIICHHBIX TEMIIEPaTypax;

—rpaduueckoe OToOpakeHHe TMpolecca pe3KH Ha DJKpaHe C
yKa3zaHHeM TeKyIlel MO3WIMN pe3aka, Tpaduieckum oTOOpakeHHEeM
KOHTYpa JieTajei, MOoAJIekKaIIX PacKpolo;

— BelieHWe 0a3bl JAaHHBIX JIeTallel; TMO3BOJISIONIEe MaKCUMAIIbHO
yOpocTHTh paboTy omeparopa ¥ 00ecnednTs OBICTPOE OBJIaJACHHE
paboTol Ha MallIHHE;

— oroOpakeHHe Ha IKPaHE TEXHOJIOTHIECKHUX ITapaMEeTPOB PE3KU;

— BO3MOXXHOCTh MacCIITaA0UPOBaHUS [Tt OoJiee JeTaabHOTO MPOCMOT-
pa KapThl packpos,

— MPOCMOTP U PelaKTUPOBAHUE MPOTPAMM PACKPOS;

— MakpoCHI (IITA0IOHKT) VIS 9aCTO MCIOIL3YEMBIX JeTalleH;

— BBIXOJ] B HOJIb B ABYX pabovMX 30HAX;

— mporpammupyemsbie pupamenus 0,1-1 mMm;

— ajanTauys yOpaBiSIOUIed MPOrpamMMbl MOJ peajbHOE IOJI0KEHHE
JIMCTa Ha PacKpOMHOM CTOJIE;

— MpepbIBaHKE pPe3a C aBTOMAaTHUECKIM BOCCTAHOBJICHUEM B IalbHEH-
HIeM TEKYILIEro MOJIOKEHHUS pe3aka.

BBuny BeICOKMX TpeOOBaHWMI K KadecTBY JeTaneid, KOTOphIe He
o0ecreunBaoTCsl MallMHaMU  OOIIEIPOMBIIUICHHOTO Ha3HAYeHHs, W
CTallMOHAPHBIC W TICPEHOCHBIE MAIIMHBI Pa3pabaThIBAIOTCS W U3rOTaB-
JMUBAIOTCS CYJIOCTPOUTENEHOW TMPOMBIIIJICHHOCTHIO CHEIHaIbHO IS
CBOUX HYK]I.
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Mammna «Kpucrann-I1I1n-3,2 x 2» (I1 — nopranshas, [In — mia3-
MEHHas) SBIISCTCS OJHOW M3 XOPOLIO 3apEeKOMEHIOBABLIMX ceds MoJe-
JIel CTaIMOHApHBIX Ta30pe3aTeNbHBIX MAaIlNH, BBITYCKAEMBIX CYy/I0-
CTPOUTENFHON MPOMBIIUICHHOCTBIO. MallimHa cOCTOMT W3 moprtana 1,
MepeMeNIarIerocss Mo HampaBisomuM penbcam 8 (puc. 3.4). Ha
HOpTaje pa3MELIeH IIyJbT YNpPaBIeHUSA 6 C yCTPOHCTBOM CUMTBHIBAHUS
MporpamMMmel, mKad ynpasieHHUs 7, JTUHEWHBIH MPUBOJ 5 (PacrosiokXeH
BHYTPH TIOpTaJia), a TaKKe KapeTKu 4, UMEIoIIe CYNIopTel 3 ¢ ycTa-
HOBJICHHBIMU Ha HUX pe3akaMu 2. B1osnb 000uX pesibCOB pacIonosKeHbl
3yOuarble peviku mpojonbHoro xona 9. K moprany nmpuMBbIKaeT TpaH-
CHOpTEp, MO KOTOPOMY IPOXOJAT PE3WHOTKAHEBHIE pyKaBa (IIIAHTH)
ra3oBOJIONIMTAHUS, KaOenb Uil NUTaHUS PeXylen ayru u kabenn
yIpaBieHHs. B KOMIJIEKT MalMH BXOIAT yCTaHABIMBAEMBIE OTIEJIBHO
ONIOK MHUTaHMSI CUCTEMBI YIpaBJICHHs IBUKEHHUEM, UCTOYHUK IMUTAHUS
peXyIIeH AyTH, MKad yrnpaBlIeHHs pexXyIIed Tyrou.

Puc. 3.4. Mammna «Kpucramm» ¢ UITY

MarmmuHsl, padoTaINe MO CTATLHBIM KOMMHUPaM U 10 KOITHPIIHTAM,
IIUPOKO PaCIpOCTpaHEHHBIC pAaHBINE, B HACTOAIICE BpPEMsI IMOTEPSIIU
cBoe 3HaueHwe. OHU HAaXOAAT NMPUMEHEHHE Ha 3aBOAAX MJSl BBIPE3KHU
MEJKUX IeTajeH.
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[lepeHocHble ra3ope3aTeNbHBIC MAIIMHBI  MPEJCTABJISIOT  COOOM
CaMOXOJIHBIC TENEKKH, MEePEMEIIAIONINECS MO YJIOKEHHBIM Ha pas-
pe3aeMblii JIMCT HaNpaBIsSOMKM. Telexka HeceT OJIUH WIIM J[Ba pe3aKa.
[lepeHOCHBIMH MalIMHAMU BBIPE3AIOTCS JIETAM C MPSIMOJTHHEHHBIMU
KPOMKaMH W KPOMKAMH, HUMCIOIIUMH HE3HAYHTEIBHYIO KDUBH3HY, a
TaKXe MPOU3BOJUTCS pasjielika KPOMOK ToJ cBapky (cHaTue (acok u
nacok). [Ipu pasnenke KpOMOK pe3aK yCTaHABIUBACTCS O] 3aJJaHHBIM
YIJIOM K TOBEPXHOCTH JucTa. B 3aBucMMOCTH OT TpeOyemoil (hopMbI
pas3/ieNKi BBIMONHSIIOTCA OT OJHOTO JIO TPEX IMPOXOJOB M0 KaMIOH
kpomke. OJHAKO MOXHO BBIMOJHUTh PA3ACIKYy 3a OJUH IPOXOJ,
00beiHUB pe3aku B 0110k (puc. 3.5). [Ipu 3TOM pe3aku B 0JIOKE JTOIKHBI
OBITH CMEIICHBI BJIOJb HANIPABIIEHUs PE3KH, YTOOBI CTPYH KUCIOPOJIa HE
Nepecekalich APYT C APYTOM.

Puc. 3.5. Cxema pe3ku ¢ pa3aeikoil KPOMOK O] CBapKy OJOKOM PE3aKoB:
a — OJIOK U3 JIBYX PE3aKOB; 6 — OJIOK M3 TPEX PE3aKOB; 6, 2 — CMCIIICHUE PE3aKOB B IJIAHE;
A1, A, —npononbHele cMereHus; by — mupuna pesa; b,, b3 — nonepeunsie cMemeHus;
p — npureruieHue; h — BbICOTA pas3Ieiku

CoBpeMeHHBIC Ta30pe3aTeNbHBIC MAIMHBI  OCHAIIAIOTCS  OJIOKOM
PE3aKoB, MO3BOJISIOIIMM BhIPE3aTh JCTANN Cpasy C Pa3lelIKOW KPOMOK.
OpHako BBIpE3Ka MENKUX JIeTalleld ¢ pa3/ielIkoil KpOMOK HelleniecooOpasHa,
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TaK KaK HaJlaJiKa TPEXpe3akoBOro 0J0Ka (yCTaHOBKA PE3aKoB Ha TPeOyeMBblit
Yroj, perynupoBKa IUIAaMEHH U T. I.) TpeOyeT 3HAuMTeNIbHOTO BPEMEHH.
IlosToMy Menkue neTand BBIPE3al0T Ha CTAllMOHAPHBIX MAIIMHAX OJHUM
BEPTHUKAILHBIM PE3aKOM, a 3aTeM BBIMOJHAIOT Pa3lefiKy KPOMOK WM Ha
CICLMANIBHBIX Ta30pe3aTeNibHBIX MallMHAX, B KOTOPHIX OJIOK pPe3akoB
IOBIKETCS 10 KPOMKE JeTald, WIA Ha IEPEHOCHBIX MAIlMHAX, HWIH
MexaHH4YecKHM criocoboM Ha crankax CKC-25.

Pyunas TennoBast pe3ka NpUMEHSETCS B OTPaHUYEHHOM 00beMe — IS
BBIPE3KU JeTalell u3 NpOoQWIBHOIO IIPOKaTa, paspe3Ku  IepeMbIUeK
MEXIY JCTAlsIMH WA PE3KH OTXOJOB Ha KYyCKH, YIOOHBIC st
TPaHCIIOPTUPOBKH, U T. II.

B kadectBe roprouero Ipu KUCIOPOJAHOW pPE3KE HCHONb3YIOTCS
arterwien C,H,, mpoman C3Hg, Oyran C4Hyo (wame cmeck mporana u
OyTaHa), a Tak)Ke MPUPOJHBIN r'a3, OCHOBHOW COCTABHOW YAaCTHIO KOTOPOTO
(98 %) siBnsiercst metan CH,4. BecbMa BaKHO# XapaKTEpUCTHKON TOPIOYETO
ABJIACTCSL TemIeparypa IulaMeHd. KommuecTBo TemIoTsl J, BBOAUMOIL
TUIAaMEHEM B METalI 32 €UHUILy BPEMEHH Yepe3 eIUHHUILY MOBEPXHOCTH,
BBIpayKaeTCsl 3aBUCUMOCTBIO

qul(Tnn—TM),

rae o — KO3(QQHUIUEHT TEIUI000MEHAa MEXIy IUIAMEHEM U METallIoOM,
kkan/(em>c-°C), kJx/cm®c-°C;

Ty — TEMIIEeparypa ramenu, °C;

T\, — TemIiepaTypa MOBEPXHOCTH HarpeBaeMoro mMetasuia, °C.

UYeM BBIIIC TEMIIEpATypa IIAMEHH, TeM OBICTPEE HArPeBACTCS METAILT
0 TEMIICPATYPhl BOCIUIAMCHCHHA C€ro B KHCJIOPOAC U TEM BBILIC
CKOpOCTb PE3KHU.

TemriepaTtypa IIaMeHH B CMECH C KHCJIOPOJOM COCTAaBJISCT IS
aretmwieHa 3100-3300 °C, nponana u 6yrana 2400-2700 °C, npupogHoro
raza 2000-2200 °C. Jlyumiee roproyee — aleTUICH, OJHAKO OH SIBIISICTCS
HECHHBIM CBIPHEM ISl XMMHUYECKON TPOMBIIUICHHOCTH W 00ECIeUeHUEe M
CYZIOCTPOUTEITHHBIX 3aBOJIOB COTMPSHKEHO C ONMPEACICHHBIMU TPYTHOCTSIMH.
ITosTOMy Ha HEKOTOPHIX 3aBOJaX MPUMEHSIIOT MPOMaH-0yTaHOBYIO CMECh U
IIPUPOIHBIN I'a3.

CKopoCcTh KHUCITOPOJHON PE3KU B 3HAUUTEIILHOM CTENIEHU 3aBUCHUT OT
YHCTOTHl Kuciaopona. [loBwimenne ducToTel Kuciopoga ¢ 99 mo 99,8
MO3BOJISICT YBCIIMYUTL CKOPOCTH PE3KHU 663 YXyAUICHUA KadeCTBa Ha
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20-25 %, T. e. CHIKaeT TPYIOEMKOCTh pe3ku. boprOa 3a BEICOKYIO
YHCTOTY KHCIOpPOJa — OJHA M3 OCHOBHBIX 3a/lad COBEPIICHCTBOBAHUS
mporiecca KUCIOPOTHOU PE3KH.

[lpu xucnopomHoil pe3ke 4YacTh BBIYBaEMOro W3 pa3pesa
paCIIaBICHHOTO W YAaCTUYHO OKHCIEHHOTO MeTala TPUJINIIAeT K
HIDKHEH KpoMmke nucTa. g ymanenns oOpa3oBaBIIETOCS TpaTa JeTaid
MPUXOJUTCS TIEPEBOPAUYMBATh M 3aYUINATh. ['paT yAasioT BPY4YHYIO ¢
MOMOIIBID CKpeOKa WM pYyYHOW IHEBMATHUYECKON MAIIUHKOW ¢
HaXJTAYHBIM KpyroM. lIOmBITKE MeXaHW3MpOBAaTh 3TOT IPOIECC TOKa
ycrnexa He uMein. Mexy TeM, YMEHBIIIUB MOIIHOCTD IIJIAMEHHU pe3aKka u
HECKOJIbKO CHHU3HMB CKOPOCTh, MOXXHO BBIPE3aTh JACTalIM 0e3 rpara npu
yucToTe Kuciaopoaa 99,2 %, HO u3-3a 3HAYUTENBHOTO  CHUKCHUS
CKOPOCTH PE3KH ITOT MPOIIECC SKOHOMHYECKH HEBBITOCH. Y BEIMUCHUE
JKe YUCTOTHI Kuciopona no 99,7-99,9 % obecneunBaer Oe3rpaToByrO
pe3Ky HOYTH 0€3 CHIKEHUSI POU3BOUTEILHOCTH TpOIIecca.

Ji T1a3MeHHOM pe3Kr XapaKTepHBI CIEAYOIIUE MPEerMYIIecTBa 0
CPaBHEHHUIO ¢ KUCJIOPOJHOM: yBEIUYCHUE MPOU3BOAUTEIBHOCTH 000pY-
JIOBaHUS M Pa0O4YMX BCICJCTBUE BBICOKHX CKOPOCTEH pPE3KH; YHUBEp-
CaNBHOCTh Tmporecca (Omaromapsi BBICOKOW TemIieparype IIa3Mbl
paspe3aroTcs J00bIe METaJUTbl); YMEHBICHUE TEIUIOBBIX AehopMaIinii
BBIPE3aeMbIX JIETaJIel, TaK KaK TeIla B METaJlJI BHOCUTCS B HECKOJIBKO
pa3 MeHbIlle, 4YeM TMPU KUCIOPOAHONH pE3Ke; OTCYTCTBHE IIPH
MPAaBIJIFHOM DEXHMe TpaTa Ha KpoMKax. | TaBHBIMU ee HeJTOCTaTKaMH
SIBIIAIOTCS  YCJIOKHCHHE YCIOBHM Tpylda M B HEKOTOPBIX CIydasx —
HeONaronpusTHOE - BO3MEHCTBHE HA IPOIECC IMOCIEAYIONIeH CBapKu
netaneil. SIpkas TIasMeHHas Ayra OCIETUIET OKPYIKAIOMIUX U SBISETCS
HMCTOYHMKOM ITyMa, IIO3TOMY Ha CTallMOHAPHBIX MAIIMHAX Pe3aK J0JOKECH
3aKIJII0YaThCSl B CBETO3AIUTHBIN KOxyxX. [Ipu pe3ke o0Opa3yroTcsi 030H,
OKHCh ~a30Ta W JApPYTHMe BEIIECTBa, HEOJArompUATHO BIMAIOIINE HA
YEJIOBCUECKUN OpraHu3M, B CBS3H C YEM PACKPOCUYHBIC CTOJIbI JOJKHBI
cHaOXaTbCsl A(QQPEKTHBHOW BHITSHKHOM BEHTHIISIMEH, 0e3 KOTOpOoH
MPUMEHEHUE IIa3MEHHON PE3KU HEJIOMYCTHMO.

[Ipu BO3myIIHO-TUIA3MEHHON pe3Ke KOHCTPYKIIMOHHBIX —CTaiel
HaAOJII0IaeTCs YBEJIUUCHUE CONEPIKAHUS a30Ta B CJIOSX, MPHIICTAIOIINX K
noBepxHocTu pe3a (mo 0,33 % mpu comepkaHuU a30Ta B HCXOJHOM
metamie 0,018 %). llpm mocnemyromedt cBapke aeTaneid TOIIIUHON
MeHee 12 MM oz citoeM ¢uTroca U3-3a TOTO OTMEUEHO 00pa3oBaHUE TOP
u cBumied. Jlng Japyrux crnocoOOB CBapKH IOJOOHOTO SBJICHHUS HE
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HaOmromanochk. 3aMeHa BO3AYIIHO-TUIA3MEHHOW PE3KH  KHUCIOPOIHO-
TUTA3MEHHON CHIDKAeT Ta30HACHIIEHHE KPOMOK W CHOCOOCTBYeT
HOpMaJIbHOMY MpPOTEKaHHIO Mporecca cBapkd. OpHAKO HaWMEHBIIIEe
Ta30HACBHIIIEHNE JOCTUraeTcd TMPUMEHEHHEM CMECH BO3AyXa WM
KHCIOpoJa ¢ BOJOW. JIIs ATOro co3maHbl pe3akw CIHEeIHabHON
KOHCTPYKITMH, B KOTOPBIX IUTa3MEHHas CTPysS OKpYy>KeHa TOHKOU
BOJISTHOM 3aBECOM. DTOT COCOO PEKOMEHIYETCS B OCHOBHOM JUTSL PE3KH
MaJIoyTJIEepOIUCTHIX, HU3KO- U CpEeHENEernpoBaHHbIX cTanel. Kucnopon,
collepKallluiics B IUIa3MOOOpa3ylolmeM Tra3e, pearupys ¢ IKele3oM,
MOBBIIIAET TEIUIOBBIIEICHNE B 30HE pe3a, YTO I03BOJISIET IOBBICHTH
CKOpPOCTb pe3KU. [l pe3Ku BBICOKOJIETUPOBAHHBIX CTAJIEH, MEIU,
JaTyHU © OpOH3BI PEKOMEHIyeTCs TPUMEHATh a30T, a JyIs
ATFOMHHHEBBIX CIUIAaBOB — CMECh aprOHa C BOJIOPOJIOM.

Cy1iecTByIoIIMe B HACTOSIIEEe BPeMsl TEXHOJIOTHS U 000pYI0OBaHUE
JUIS TEIJIOBOM pPE3KH TIOKa HE 00eCIeYMBAIOT TOYHOCTH, IMOJIHOCTHIO
YCTpaHSIONEH HEOOXOAMMOCTD TPUTOHKH TIPH COOPKE.

[lorpemrHocT! TEMJIOBOM pe3kW Ha  MalIMHAX C MPOrPaMMHBIM
yIpaBJICHHEM BBI3BIBAIOTCSI B OCHOBHOM TEIWIOBBIMU J€(POPMAaLUSIMU
BBIPE3aeMBbIX JIeTaJICH.

i yMeHbIIeHHs] TEIUIOBBIX  JaedopMmanuii  HOce0BaTeIbHOCTD
BBIPE3KH JleTajiedl HeoOXOJMMO YKa3blBaThb Ha KapTax pacKpos WA Ha
Konupueprexax. CHavana cliefyer BbIpe3aTh Y3KHE W JJIMHHBIC JETaiH,
KOTOpBIE TIPH PacKpoe JIMCTA JOJDKHBI TT0 BO3MOXKHOCTH PACHONararbCs y
OIHOW W3 IPOAOJIBHBIX KpoMOK. Hauano M HampaBneHue pesa Kakaou
JeTaj Ha3HAYaroT TakK, YTOObI KPOMKA, COSIUHSIOMIAs JeTajlb C OCHOBHOM
YacThIO JIUCTA, OTPE3aTach B TIOCIETHIO odepeb. MiHoTaa, 0coOeHHO TIpu
BBIPE3KE UIMHHBIX ‘M Y3KUX IOJIOC, OCTABISAIOT MEPEMBIYKH — YYaCTKH
HEMPOPE3aHHOTO0 ~MeTaula JIuHOM 12-15 MM, KOTOphIMH JAeTallu
CKPEIULAIOTCA APYr C JPYrOM M C €Ile Hepa3pe3aHHOH YacThlo JIUCTA.
[lepembruky pa3pe3aroT BpYIHYIO MOCIIE OCTHIBAHHUS JIFICTA.

B ‘mpunnune, cnemoBago OBl COCTaBIISATH HPOTPaMMBbl  BBIPE3KH
HeTajell C y4eToM OXXKHIAeMBIX TEIUIOBBIX AedopMmanuii, ¢ TeM 4TOOBI
TOClie OCTBIBAaHWA JeTanu mpuodOperann Tpedyemyro dopmy. OmgHaKo
eclIi W3 JIMCTa BBIPE3aeTCsd HECKOJBKO JeTalel, TEIIOBOe IoJie TpHU
BbIpe3Ke KaXJOW M3 HUX BIUSET Ha TEIUIOBBIE MOJSA APYTUX HeTajei,
MIPUYEM 3TO BIIUSTHIE MEHSETCS BO BPEMEHH.
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3.5. Mexanunyeckasi 00padoTKa JUCTOBBIX
" NPOPUILHBIX MATEPHAJIOB

[Mon mexaHmdeckoil 00paOOTKOW MOHUMAIOT MPOIECCHl M3MCHEHUS
(OpMBI M pa3MEpPOB 3arOTOBOK, CBS3aHHBIE C MEXaHWYECKHUM BO3CH-
CTBHEM PEXYIIEro MHCTPYMEHTa Ha 00padaThIBaeMyI0 MOBEPXHOCTD.
HauGonbliiee nmpuMeHEHHE B KOPIYCOOOpadaThIBAIOIIMX II€XaX HMEET
MexXaHU4ecKas pe3Ka.

Paznuunble criocoObI pe3KH JTUCTOBBIX MAaTEpHajOB IPHUBEICHBI Ha
puc. 3.6. Haubonpiee npuMeHeHe B COBPEMEHHBIX KOPITyco00padaThi-
BaIOIIUX I[€XaX UMEIOT TMIILOTHHHBIC HOXKHUIKGI (puc. 3.6, @) ¢ amuHOU
HOXa 2—5 M (uHOTHa U Oonee). B cTapbIX KOHCTPYKIUSX HOXKHUI] HOXKHU
MIPUBOIIINCEH B IBKEHHE C MIOMOIIBI0 KPHUBOIIMITHBIX WIIA AKCIEHTPH-
KOBBIX MeXaHU3MOB. COBPEMEHHBIC HOXKHUIIBI OOBIYHO BBIITOJIHSIOTCS
THJIPABINYCCKUMH.

Jiig pe3kd UIMHHBIX JIMCTOB C MOBBIMIEHHOW TOYHOCTBIO TaKKe
MPUMEHSIOT OJTHOJIMCKOBBIE HOXHUIBI (pHUC. 3.6, 6) ¢ MpSIMOIUHEHHBIM
HWKHUM HOXXOM. JIMCKOBBIE HOXKHUIIGI (puc. 3.6, 6, 2, 0) MPUMEHSIOTCS
TJIABHBIM 00pa3oM ISl pe3KH CPaBHUTEIIHHO TOHKHX JHCTOB. HakiioH ux
HOXKel oO0jerdaer BBIPE3Ky JAeTaleld C KpHUBOJMHEHHBIMH KpPOMKaMH.
[ToBopoT nHMCTa B €ro IUIOCKOCTH B MPOLIECCE PE3KU OCYIIECTBISETCS
BPYYHYIO.

[Ipecc-HOXKHUIIBI C KOPOTKUMH TPSMBIMHA HOXKamu (TI0 THITy TTOKa3aH-
HBIX Ha puc. 3.6, @) mmHok 10 500 MM NPUMEHSUTUCH JUIS PE3KH JIMCTOB
tomuuHor m0 20 Mm. Takue ke Npecc-HOKHHIBL, HO C (UTYPHBIMU
HOXXaMHU HaxOAT MPUMEHEHHe ISl pe3KH COPTOBOTO IpoKara (KpyTiioro,
KBaJ[paTHOr'0, IIIECTUTPAHHOT0) U HEKOTOPHIX BUIOB (haCOHHOI'O, HAIIPUMED,
yrioBoro.. Bubparrontsie HOXHHIE! (pUC. 3.6, o/¢) BBIMTOTHSIOT PE3KY
KOPOTKHM HOKOM Martepuana TommuHoi 1o 10 mM. Yucno xonoB HOXKa
or 500 mo 3000 B MumHYTY mpu BeawdmHEe Xonma orT 2 mo 10 mm.
[To100HBIME HOKHUIIAMH MOXXHO HPOHU3BOJUTH PE3KY Kak MO IPSIMOH,
TaK U KPUBOJMHEWHYTO.

Jiia 3akperuieHWs JNHCTa TPU pe3Ke BO U30ekaHWEe CIOBUTA Ha
TWIBOTUHHBIX HOXKHHIIAX TMPUMEHSIOTCS MEXaHW4YECKHe, ITHEBMAaTU-
YECKHME WM TUJPABIMYECKHE MNPIKUMBL. HOXHHUIBI UMEIOT 3agHue
YIOPBI, KOTOPBIE MOXHO HCIIONB30BAaTh MPHU PE3KEe JINCTOB Ha TMOJOCHI
OMHAKOBOW IIMPUHEI 0€3 pa3METKH IIOCIe HACTPOMKM yIropa Ha
3aJIaHHYIO ITUPUHY.
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Puc. 3.6. CiocoOb! MexaHHUECKOH PE3KH JIMNCTOBBIX MaTePUAJIOB:
a — Ha TUIBOTUHHBIX HOKHMIIAX, S < 50 MM; 6 — OJHOUCKOBBIX, S < 40 MM;
6 — ICKOBBIX C MapauielbHBIMI HOXKaMH, S < 30 MM; 2 — AUCKOBBIX C HAKJIOHOM
HIDKHAM HOKOM, S < 30 MM; 0 — IMCKOBBIX C HAKJIOHOM HIDKHHUM HOXOM, S < 20 MMm;
€ — BBIpyOHBIMH IITaMIIaMH; X — Ha BUOPAIIIOHHBIX HOKHHUIAX, S < 10 MM;

B mponecce pe3ku nrcTa Ha TMIBOTUHHBIX HOXKHHIAX JIMCTBI HAJ0
[0JaBaTh ¥ MOAJEPXKUBATE. JJIs1 3TOr0 Ha Moy 1exa nepes HOXKHUIIAMHU
YCTaHaBIUBAIOTCS CTOMKH, Ha KOTOPBIX YKPEIUIEHBI OMOPHBIE POJMKH,
MO3BOJIAIONINE TIepeMelIaTh JISKAIMHA Ha HUAX JIMCT B JIOOOM Hampas-
neHud. st obserdenns yOOpKH BBIPE3aHHBIX JieTajel 3a HOXXHULAMU
WHOTAA YCTaHABIMBAIOT CHEIHUAIBHYIO TEJEKKY, HAa KOTOPYIO IOJAI0T
BBbIPE3aHHBIE J€TAJIN U OTXOIBI.

B mponecce pe3ku (puc. 3.7) AMCTOBOro Marepuaia HOXHULAMH
IIPOMCXOAMT CJIOKHOE Ae(hOpMUPOBAHUE MaTepualla, COCTOSIIEE U3 TPEX
MIOCJIEIOBATENbHBIX CTAIUN:

1) ynpyroii, noka HanpsHKEHUs! HE IPEBOCXOAT NpeieNia TEKYUECTH Oy
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2) TUTaCTHUYECKOM, KOrJia HamnpshKEHHE B MeETajUie, MPEBBICUB Oy,
JIOCTUTaeT MaKCHMyMa, COOTBETCTBYIOIIETO COIPOTUBJICHUIO CpE3y
(cmBury). Ilpu 3ToM HaubonbIHe AehOpMAaIK HAIPABIICHEI IO JIMHUSIM
(TIOBEPXHOCTSAIM) CKOJBKCHUS, HAYMHAIOIIUMCS Y OCTPHUS PEXYIIHX
KpoMok Hoxed. Hoxu BpaBmuBatrorcss B Metamn Ha 0,2-0,5 ero
TOJIIIIHEI;

3) cramuMu CKaJbIBaHUS, MPU KOTOPOH MPOUCXOIUT OOpa3oBaHUe
MUKPO- ¥ MAaKpOTPEIUIUH, HAIPABIECHHBIX 10 MOBEPXHOCTSIM CKOIBKCHHUS
W BBI3BIBAIOIINX OTJIEJICHHE OJHOW YacTH MaTepuana OT JApyroi 1o
JMUHUU cKajbiBaHus 6. TakuMm oOpa3om, MeTayul pasfelsieTcsi Ha JBe
YacTH paHbIle, YeM HOXH COMKHYTCA. Ha KpoMKe OTpe3aHHOro JIMCTa
YETKO BBIJCNISAIOTCS JIB€ 30HBI: y3Kasl OJIECTSIIAsi TOJIOCKa, COOTBET-
CTBYIOINAs IJIACTUYECKON cTaanu nedOpMHUpOBaHHUs, U 0OJee mupoKas
MaToBasi — 30HA CKAJILIBAHUSI.

Puc. 3.7. Cxema MeXxaHHYECKOI pe3KH JIHCTa:
1 — pa3pe3aeMslii TUCT; 2 — IPIKUM; 3, 4 — HOXU; 5 — CTOIT; 6 — JIMHUS CKAITbIBAHHUS,
a’— 3a30p MEX/y HOKaMH; 0L — YTOJ OTKIIOHCHHS OT BEPTUKAJIH TNIOCKOCTH JBHKEHHUS
HOEBOH OaKu

B cBs3u co ciaoXHBIM J1epOPMHUPOBAHHBIM COCTOSHHEM MeTala B
[poliecce pe3k M HEOJHOPOJHOCTBIO CHUIIOBOTO TONSA YCHIME PE3KH
OIIpEeNeISIIOT NPHOIKEHHO, UCXOI U3 ACHCTBUA IO BCEH IOBEPXHOCTH
pe3a OJIMHAKOBBIX HANPSUKEHUH — CONPOTHBIICHHS CPE3y GCgp. OTO —
yCIIOBHasE TEXHOJOTWYEcKas BEIMYMHA (HE SBJIAIOUIASACS MEXaHWYECKOH
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XapaKTepHCTHKOﬁ MeTaJ'IJ'Ia), KOTOpas O6’BG,E[I/IHHCT BCC BHIBI COIIPOTUB-
JICHUA pa3pe3acMOro METalla MW YUYMTBIBACT YHNPOUHCHUC MCETAIa K
MOMCHTY CKaJIbIBaHMS. HpI/I CYHICCTBYIOIINX CKOPOCTAX JABHUKCHUA HOXEH
Ha HOKHHUIIaX JJIsd KOHCTPYKHHOHHOﬁ CTaJii MOXHO IPUHHUMATh

~(0,8-0,86)o;

TZie G — MpeJieN MPOYHOCTH CTaH.

[Tpu pe3ke HAKIOHHBIM HOKOM (puc. 3.8) ycninio BHEAPCHUS HOXKa B
METaJJl B KaXXIblli MOMEHT BPEMEHHU NMPOTHBOCTOUT YacCTh JIUCTA B BHIE
TPEYToJbHUKA, 3aIITPUXOBAHHOTO Ha PUCYHKE.
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Puc. 3.8. Cxema pe3ku JicTa Ha THIILOTHHHBIX HOXKHULAX !
1, 2 — BepXHHUH ¥ HIKHUH HOXH; 3 — pa3pe3aeMblii JIUCT

[Inomane 3Tor0 TpEYrOIHFHIKA

sl &
2 2tgh
Ycunme pesku 6yaer
2
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P=Fop=—-—2, 1c, (3.1)
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a paboTta pe3ku
A=PLtgh,

rae L — mmHa Beeit muHuM pesa.

[IpoBepky BO3MOMKHOCTH PE3KH JIHCTa TOJIIMHOW S C IpenesioM
MPOYHOCTH G, 10 U3BECTHBIM MACMOPTHHIM JAHHBIM CTAHKA Sy M Opy TEX
)K€ BEJMYUH MOXXHO MPOHU3BECTH MO (opmyJie, JIETKO MoiaydyaeMou u3
BeIpakerus (3.1):

B coBpeMeHHBIX KOHCTPYKIIUSAX THIBOTUHHBIX HOKHHIT YTOJ A JICHKHUT
B npegenax ot 0,5 mo 6°, mpuueM ero Hy»HO YMEHBIIATh NpPU pPe3Ke
MaTepuana MaJod TONIIMHBI W YBEIWYHMBATH C POCTOM TOJIIUHBI
MeTamta. Takum 00pa3oM CHIKAeTCs yCUIIHe PE3KH TOJICTHIX JIFCTOB.

W3menennemM yria OTKIOHEHHSI BEPXHEro HOXKa OT BEPTUKAIUA B
npenenax or 0 mo 4° (3TO MOCTHTAeTCs B COBPEMEHHBIX HOXKHUIIAX
MMOBOPOTOM HOXEBOW Oaiku, B KOTOPOW 3aKpeIIeH BEPXHHHA HOX)
MOJXXHO YJIYYIIUTh KaueCTBO OOpEe3aHHOW KPOMKH W OOCCICUUTh €e
MePHEeHAUKYIIPHOCTh. MaKCUMaNbHbIE 3HAYCHHS YIJId yCTaHABIHUBAIOT
MIpH pe3Ke MaTepuala O0JbIIeH TOMIIHHEL.

Jns mpocTOThL 3aTOYKU HOXKEW WX TPaHM 4YacTo JENIaloT B3aUMHO
MEePHCHAUKYISIPHBIMHA.

3a30p a MEXIy HOKaMH HEOOXOIUM JJIsi UCKITIOUYCHHS HACKAKHUBAHUS
BEPXHEro HOXKa Ha HIDKHWH TOJ] BIMSHHUEM <«3aTSATHBAHUS» Pa3pe3acMbIM
MeTtauioM. OH 3aBHCHUT OT TOJNIIMHBI MeTajuia U cocrasisieT ot 0,1 10 1 Mm.

Merann B 30HE pe3a B pe3yibTare HaKJIeNa YIPOUYHSETCS MpH
OIHOBPEMEHHOM TIOHW)XCHHW TUIACTUYHOCTH ¥ YyAapHOW BS3KOCTH.
VY cranpHBIX JUCTOB TONMUHONW 4—20 MM HIMpWHA YIPOYHEHHON 30HBI
(BriyOp mnmcra) nexuT B mpexpenax 1,5-5 mwm. [lostomy cBoGomHBIE
(HecBapuBaeMble) KPOMKH OTBETCTBEHHBIX JETalel, HCIBITHIBAOIINX
3HAaKONIEpPEMEHHBIE HArpyKeHHs, TOCIe MEXaHHMYeCKOH pPe3KH WHOT/Aa
MOJIBEPralOT CTPOTAaHUIO WU (PPE3ePOBKE ISl YAAJICHUS YIPOUYHEHHOTO
CJI051, UMEIOILIETO K TOMY K€ MUKPOTPEILUHBI.
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OCHOBHBIM JJOCTOMHCTBOM MEXaHHYECKOW PE3KU 10 CPABHEHUIO C
TETUIOBOM SIBIISIETCS BBICOKAsl IPOWM3BOJIUTENEHOCTh 3TOTO TIpoIecca.
Omnako MexaHwmdeckas pe3ka CONpsDKeHa C PYYHBIM — TPYJAOM,
TpeOYIOIIMM K TOMY K€ MPHUJIOKCHUS 3HAYUTENBHBIX (DU3HUYECKUX
YCWIIMH TIPH YCTaHOBKE JIFICTa OTHOCHTENIHHO HOked. Kpome Toro, mpu
00pe3ke Y3KHX TIOJIOC OHH TOJYyYaroT BHUHTOOOpazHyIo medopmariuio,
BBITIPABJIITH KOTOPYIO BEChMa CIIOKHO.

Hakonen, mexaHwueckas pe3ka HE TMOAMACTCS aBTOMATH3AIUH.
BcenenctBue mepedMCIIEHHBIX HEJIOCTAaTKOB MeXaHW4YecKas BBIpe3Ka
JIeTajei KopIryca MOCTENEHHO BHITECHSICTCS TEIIIOBOH.

To4yHOCTBH BBIpE3aEMBIX JE€TAJIEH 3aBUCUT OT KaueCTBa HACTPOMKHU U
3aTOYKH HOXKEW UM OT TOYHOCTH Pa3METKH, a TaKKe HaBEJICHUs JTUHHUH
pesa mnona Hox. CornacHo oOTpacieBOd JOKYMEHTAIIUU JOIYCKHU
rabapuTHBIX Pa3MEpoB JieTaliCH ¢ MPSIMBIMH KPOMKAMH COCTAaBJISIFOT OT
+1,5 10 +£2,5 MM B 3aBUCUMOCTH OT JJIMHBI JIUCTA.

Merkue TUCTOBBIC JETATH PH OOJBIIIOM MX KOJIMYECTBE IIEIeCO00pa3HO
HEe BBIPE3aTh, a BBIPyOaTh C TIOMOIIBIO TmTammoB (puc. 3.6, e). s
IITAMITOBKH Yallle MPUMEHSIFOTCS KPUBOIIUIIHBIC U SKCIICHTPUKOBBIC TIPECCHI,
pexe — THAPaBINYECKUE.

Ycunme BeIpyOKH ompeaensercs mo Gopmyire

P =ksLoss, maH (krc),

rme k = 1-1,3 — ‘xo3(hdurmenT, 3aBUCALIMIA OT yCIOBHH pabOTHI
(BeTMUYMHEI 3a30pa, CTEMEHH 3aTyIUICHUS KPOMOK U JIp.);

S — TOJIIIMHA JIUCTa, MM;

L — mepuMeTp BEIpyOaeMoi IeTanm, MM;

Gp — COIPOTUBIIEHUE CPE3Y, Ma-107 (xre/mm).

WNuorga menpl0 IMTAMIOBKH SBISETCS HE BBIpyOKa JeTayiield 1o
KOHTYPY, @ U3TOTOBIIEHNE OTBEPCTUH B JETANISAX; HAIPUMED, C TIOMOIIBIO
LITAMIIOB YacTO MPOU3BOIAT Mep(opariio naHeme.

[MpodunbHbIe AeTanu, KOHIBI KOTOPBIX UMEIOT (QUTYpHYIO (hopMmy, a
Tak)Ke BBIPE3bl, 1o GopMe U pa3MepaM OTIHYAIONINECS OT TeX, KOTOpPhIe
MOTYT OBITH CHENaHbl C TOMOIIBIO0 BXOJISAIINX B KOMIUIEKT IIpecca
HITAMIIOB, BBEIPE3aI0TCS Ta30BBIMU pe3aKaMy BPYYHYIO 110 pa3MeTKe.

Pasnmenka kpoMok neraneit moj cBapky (cHsaTHe (acok) WHOrIa
BEITIONTHsIETCA Ha crienuanbHoM cTanke CKC-25 (puc. 3.9). Pexymuit
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BpalIaloNMiics AUCK 2 HMeEEeT 3yObs, KOTOpHIE BPE3ar0TCsi B METall
meramu 1. Ycunue pe3aHus NpWKUMaeT AeTalb K yHoopam 3 H
OJHOBPEMEHHO 3aCTaBJISET €€ CKOJIB3UTh BOJb YIIOPOB CO CKOPOCTBIO V,
PaBHOI OKpYXXHOM CKOPOCTM Ha pexylled Kpomke pgucka. Jlus
oOeryeHus nepeMenieHus AeTaal ee YKIaaplBaloT Ha BauKy 4. CTaHOK
IpeIHa3HAauYeH Ui pa3lelKu KPOMOK HEOONBIIMX AeTalieil, Tak Kak
MOCIIEIHUE YKIIAABIBAIOTCS HA CTOJ M CHUMAIOTCS BPYYHYIO.

Puc. 3.9. Cxema paznenxu kpoMok Ha cranke CKC-25

B HekoTOphIX cCilydasx KpPOMKM JeTajled II0Cie TEIUIOBOM WM
MEXaHMYECKOH pe3KH JOMOJHUTENBFHO 00padaThiBalOT Ha CTaHKax
CHSTHEM CTPY>KKHU C LIENbIO yIAINTh Fa30HACHIICHHBIN (II0CIIE TEeIUIOBOM
pe3KH) WM HarapTOBAaHHBIM (TIOCHE MEXaHHYeCKOH pe3KH) CIIoi
Mmetaina. [Ipu sToM pgeTanu ¢ NpsSAMOJIMHEHHBIMH KpoMKamu o0Opaba-
TBIBAIOTCSI HA KPOMKOCTPOTAJIbHBIX CTaHKaX, a C KpUBOJIMHEWHBIMH — Ha
(dpe3epHBIX. JTa omepanus CYIIECTBEHHO YIOpoXkaeT o0paboTKy, H
Mo3TOMY NpUOeraTh K Hel ClemyeT TOJNBKO B cliydae AEHCTBUTENBHON
HEOOXOOUMOCTH, HAalpUMep, NpU CBapke JAeTaled U3 THUTAHOBBIX
CIUIaBOB, I'l¢ Ta30HACHILEHHBIA CI0M MODKEH OBITh CHAT Ui o0ec-
TEYEHUS yIOBJIECTBOPUTENBHBIX MEXaHWYECKHX KadecTB CBapHOTO
COCJITUHEHMUS.

CaepieHue neraneil B KOpIycooOpaOaThIBAIOUIMX LEXaX WU 3€HKO-
BaHUE OTBEPCTUH (M3TOTOBJICHHE KOHHYECKOTO OTBEPCTHS IO T'OJOBKY
MOTaHON 3aKJENKH WM BHHTA) MPOU3BOAAT Ha PaluaIbHO-CBEPIIHIIb-
HBIX CTaHKaX, KOTOpbIE yIOOHBI TE€M, 4TO IPU 00pabOTKE AeTalb JICKUT
HETOJBWKHO, a K [EHTPY OTBEPCTHS MOABOJUTCS CBEPIIO.
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3.6. AmnyJsibcHasi pe3ka JIMCTOB U npoduieii Ha Ta30IMHAMHYECKHX
YCTaHOBKaXx, padoraommx no npuHoumny JABC

AmHanu3 sHeprosaTpar Ha OCYIIECTBICHHE TEXHOJOTHHA MMIYJIbCHOU
PE3KH TIOKa3bIBAaET, YTO CIIECIUAIM3UPOBAHHOE O0OPYIOBaHHE JIOJDKHO
obecrieunBaTh MIMPOKHI auama3oH sHepruil yaapa E (E = 3-60 xJ[x)
[5]. YuuteiBas ciloXHOCTh OOeCIeUeHHs TAKOTrO IUana3oHa B paMKax
OTHOW MaIIMHBI (BBICOKOCKOPOCTHOTO MOJIOTa), Ha OCHOBE CMocoba
CO3/IaHUs YIApHOW HArpy3KH U TEXHUYECKUX pelIeHui ObLT pazpaboraH
pabouunii MpoeKkT 000pyaoBaHus (ra3oauHaMuveckas ycraHoBka [JIY-2
C JABYXKaMEpHBIM SHEPTOY3JIOM), MpeAHa3HAYeHHOTO <AJs  PaboThl C
sHeprusmu yaapa a0 40 x/x [5]. PaccMoTpum ycTpoWcTBO M MpHUHIMI
JIEHCTBHS ByXKaMEepPHOT'O SHEPToy3a.

DHeproysen YCTaHOBKH IO HOBOMY CIIOCOOY [6] CONEPIKUT MOPIIEHb
1 co mTOKOM 2, Ha HIKHEM TOpPIE KOTOPOTO CMOHTHPOBAH MHCTPYMEHT
3 (puc. 3.10). IMopmenp 1 co mToKOM 2 YCTAHOBICHBI B THIB3Y 4,
3aKPBITYIO C TOPIIA KPBIIKOW 5, 00pa3ys ¢ IMOMOIIBI0 YIUIOTHUTENICH Ha
nopiHe 1 (He moka3aHbl) ABE TEPMETUYHBIE MTOJOCTH: MITOKOBYIO 6 M
OecmtokoByro /. Ha xkpelmmke 5 m B JOHHOW 4YacTH THIB3BI 4
CMOHTHPOBAHHI 3JIEKTPOCBEYH 8, 90 HKUTA TOprOYel CMECH.

7 9 4
12
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17 X7
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- | 14
16 1 25
; | 21
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5
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2 |
sz 23

Puc. 3.10. [IpuHumnuanbsHas cxema Juis 3aKauyki KOMIOHEHTOB SHEPrOHOCHTEILS
110 00€e CTOPOHBI MOPIIHS
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Jns moJydYeHus ToproYueil cMecH UCTOoNb3YIoT anekTponusep 10. s
HaTNOJHEeHHs ToJIocTH 6 mpexycMorper oOpatHbeiii kiamaH (OK) 11, a
JUIsL 3amofiHeHus: monoctu [ mpexycmorpeH OK 12. Jlns mepexadku
roproueil cMecu U3 MOJOCTH 6 B MONOCTh 7 MpeaycMoTpeHa auHus 13 ¢
oOparHeiMu KkinarmaHamu 14, 15. Jlns oTBoJa KOHIEHCATa U3 TIOJIOCTH 7 B
moyiocth 6 ucnomsiyercs ymaug 16 ¢ OK 17 u ¢ dopcynkoit 18. [Jlns
0TBOJIa KOHJIeHCaTa M3 MojocTh 6 B anektponusep 10 ucmonmb3yercs
muaus 19 ¢ OK 20. st npepoTBpamieHus yaapa HopuHs 1 mo KpbIke
5 Ha OOKOBOH ITOBEPXHOCTH IITOKOBOW TIOJOCTH 6 CMOHTHpPOBaHBI
orpaHuuuTeNH xoja 21 ¢ npyXKMHHBIMU amopTH3aTopamu 22. @ukcarus
mTOKa 2 B BEPXHEM TIOJOXKEHHH OCYLICCTBIACTCS C MOMOIIBIO
NOANPYKMHEHHBIX HIAPUKOB 23, KOTOPHIE 3aIIEIKUBAIOTCS B KOJIBLEBYIO
npoTouKy 24. J{is obecriedeHus IepBOOUYEPEIHOTO 3aIOTHEHHUS TTOJIOCTH
6 Mo OTHOIIEHHUIO K MOJOCTH / Ha JMHUU dekTponusepa 10, cazaHHON
C MOJIOCTBIO 7, CMOHTHUPOBAH PEryJIMpyeMblid Apoccens 25.

[Ipy moOAKIIOYEHWH K WCTOYHHMKY HampspkeHmsi (Ha puc. 3.10 He
nokaszaH) anekrponusepa 10 B mocnemHem BeIpabaThIBacTCs roproyas
cmeck (2H, + O), xoropas uyepe3 OK 11 moctymaer B IITOKOBYIO
nojnocts 6. Ilox neiicTBueM maBieHMs TpeMyueil cMecH yOapHbIE YacTh
(mopurens 1, MTOK 2, HHCTPYMEHT 3) IIepeMEeNIatoTcsl B KpaiiHee BepXHee
MOJIOKEHHE J0 MOMEHTa, KOorja MOANPYXKUHEHHbIE IHapuku 23
3alIeJIKHYTCSI B KOJIBLEBYIO MpOTO4Ky 24. [lanpHelimas 3akauka
SHEPrOHOCHUTEINSI B IITOKOBYIO IIOJOCTh 6 HPUBOIUT K ITOBBILICHHUIO
NaBJieHUsT B HEW g0 3amaHHoro 3HaueHus. B pesymperare OK 11
3akpbiBaeTcss W OTKpbiBaeTcsi OK 12, wepe3 KoTOpblil mpopoikaercs
3aKadyka YHEPrOHOCHTENS B OeCIITOKOBYIO nonocTh 7. Ilpu noctuxennu
3aJ]aHHOTO JIaBJIEHUsI B OECHITOKOBOW TOJOCTH [/ clelyeT KOMaHIa Ha
oTKItoueHne snekrponmuzepa 10 (cxema ympasienus Ha puc. 3.10 He
M0Ka3aHa) U [10/1a4a YHEPrOHOCUTES IPEKPAIIACTCA.

[ocne otkmodenus snekrponmsepa 10 mocrymaer KomaHjga Ha
MODKUT YHEPTOHOCHUTEISI B IITOKOBOM MOJIOCTH 6 ¢ HMOMOLIBbIO CBedei
nopkura 8 (puc. 3.11).
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Puc. 3.11. Cxema MECTHOTO MOKHUIa SHEPrOHOCHUTEIISE [OJT TIOPILIHEM,
obecreunBaloIias MOCTyaTeIbHOE PacpocTpaHeHue (CHU3Y BBepX) ppoHTa
TOPEHHS SHEPTOHOCHUTENS

[Tpu 3TOM CBEYn, CMOHTUPOBAHHBIE B IOHHOM YaCTH MTOKOBOU TOJIOCTH
6 (Ha kpeImmKe 5), 00ecrednBalOT MECTHOE (JIOKAITBHOE) BO3TOpAHHUE
OHEPrOHOCHTENSI, KOTOPOE COMPOBOXKIACTCS (HOPMUPOBAHUEM IIIOCKOTO
(poHTa TOpEeHHs1, MEPEMEIIAIONIEIOCs 110 JUIMHE IITOKOBOM MOJIOCTH 6 co
CKOpPOCTBIO 34 M/C B CTOpOHY HecropeBiiero 3uepronocutens [5]. Ilpu
9TOM PaCIpOCTpaHsIONMiicss (PPOHT TOpeHUs (IUIaMEHH) JeHCTBYeT
AQHAJIOTMYHO TIOPIIHIO, ~aauabaTUYecKd CKUMash SHEPrOHOCHTENh B
IITOKOBOM MOJIOCTH 0.

IMpu ajgnabaTHYecKOM CKATHH  HECTOPEBIICTO0  3HEPTOHOCHUTEINS
JaBJIcHHE B. MITOKOBOW mosocTH 6 mobimaercss npumepro B 10 pas, B
pe3yJibTare Yero HempopearkpoBaBIINi SHEPTOHOCUTEITh 3aKAUHBACTCS W3
IIITOKOBOH TOJIOCTH 6 B OECIIITOKOBYIO TIOJIOCTH /, TIPH 3TOM, BCJICIICTBHC
MPEOJIOICHHST CONPOTUBIICHUS TOJINPYKMHEHHBIX IAPUKOB 23, mapai-
JIeNIbHO OCYHIECTBIISIETCS CMeElleHHe NOpIIHS 1 B CTOPOHY YMEHBILICHUS
00beMa B OECIITOKOBOH MOJIOCTH 7, YTO MPUBOAUT K JIOMOJTHHUTEIHHOMY
CKaTHIO TpeMydel cMecH B IPOCTPAHCTBE Haj MOpIIHEM 1.

3akadka roproueii cMecu npousBoiuTcs 1o guHuM 13 (cm. puc. 3.11)
npu OTKPBITHIX KianaHax 14 wu 15. Jluanm 16 u 19 B 3TOT mpomexyTok
BpPEMEHH TIEPEKPBIBAIOTCS (CXeMBI TTepeKphITHs TuaniA 16 u 19 Ha puc. 3.11
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HE TOKa3aHbl). B MOMEHT BpeMeHH, KOTJa IMOJBWKHBIA (POHT TOpPECHHS
JOCTHTAeT MOBEPXHOCTH 26 mopmHa 1, mepekayka >HEPrOHOCHTENS W3
MITOKOBOW TOJOCTH 6 B OCCIITOKOBYIO TMOJOCTh { TO JuHEM 13
3aBepIIaeTcs, MOPIIeHb 1 TpeKpalaeT cBoe ABIKEHNUE BBEPX U B ATOT XKe
MOMEHT BPEMEHH HPOHM3BOIAT IMOKUT SHEPIrOHOCHTENS B OCCIITOKOBOW
nonoctr 7 (puc. 3.12).

R

1 |

il

1
|
1
/‘ 20
1

Puc. 3.12. Cxema nmomxura SHEPrOHOCUTENS HAJ IOPIIHEM C BIIPHICKOM
KOHJICHCATa IO/ IIOPIIEeHb

3a cyeT TOBBILCHWS JaBlICHHUS B OECHITOKOBOH MONOCTH 7
3akpbiBaetcss OK 15, otkpeiBaetcss OK 17, yepe3 KOTOpPBI MPOUCXOIUT
mojada KoHAeHcaTa B JuHUIO 16 u kK opcyHke 18, ¢ moMOIIbI0 KOTOpOit
MEJIKO pacmbUIeHHast CTPys KOHJEHCAaTa BIIPHICKMBAETCS B IITOKOBYIO
nonocThk 6. Ilpu mojade moj AaBICHUEM MEIKO PACIBUICHHON CTpyH
KOHJIEHCATa B MITOKOBYIO TIOJIOCTh 6, 3aIIOJIHEHHYIO TIEPETrPEThIM MapoM,
BHOCHTCS OOJBIIOE KOJMYECTBO IIEHTPOB KOHJIEHCAIUH, YTO CIIO-
COOCTBYET Pe3KOMY OTBOJAY TEIUIOTHI OT meperperoro mnapa. [lockonbky
MPOIIECC CHIDKCHUS TEMIIEPATyphl MEPErpeToro mapa B IITOKOBOU
mojioctTd 6 mporexkaeT 0e3 M3MEHEHHs ero o0beMa, T. €. SBISICTCS
W30XOPHBIM, TO B 3TOM Cllyyae COOTHOIICHUE MEXay TeMiepaTypoil T u
JaBJieHHEeM P uMeeT BU]T
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8.5 (3.2)
4 0,

rae P; u P, — HayajapbHOE ¥ KOHEYHOE JIaBJICHHE B IITOKOBOW MOJIOCTH;

Ty u T — HayanbHasi U KOHEYHAas TeMIEpaTypbl B IITOKOBOU
MIOJIOCTH.

W3 coorHomenus (3.2) creayer, YTO KOHEYHOE JIaBICHHE B
MITOKOBOHU TOJIOCTH 6 P, Oynxer

52 33
B, Dlol (3.3)

Amnanu3 BeipaxeHus (3.3) HMOKa3bIBaeT, YTO MPHU PE3KOM CHIDKEHUH
KOHEUHOU TeMmIepatypsl T, Ppe3KO CHUXKAETCA JaBjicHue P,, omnTu-
MallbHasi BEJMYMHA KOTOPOTO JIOBOAWTCSI N0 3HAYCHUS JaBJICHUS
paspexxenus [5]. CozmaHue Takoro 3HAYCHMS HABJICHUS B INTOKOBOU
nojgocTh 6 wu oOecrieueHHe ero BoO3AeHCTBUS Ha 3((EKTHBHYIO
KOJIBIEBYIO IIOMIAh MOPIIHS 1, cCOBNamaromero Ha BceM MyTH pa3roHa
u aedopManuu ¢ HampaBlieHUEM ACUCTBHS JaBICHHS IPeMydyeil cMecH,
cropeBiieii B OECIITOKOBOW TIOJOCTH 7, CO3/MaeT YCIOBHS i 3¢-
(eKTHBHOTO W OCCHPENITCTBCHHOrO0 pa3roHa mmopmrHs 1, mToka 2 ¢
unctpymenrom 3. Jlunusa 19 ¢ OK 20 B 3TOT mMpoMeXyTOK BpeMEHHU
MEPEKPHIBAIOTCS.

B MOMEHT MOJIHOTO BBHITECHEHHUSI KOHJICHCATa U3 IITOKOBOW TOJOCTH
6 muaus 19 u wraman 20 3akpeiBatores (cMm. puc. 3.10) u nanee
M0CJIeI0BAaTELHOCTh OCYILIECTBIICHHUS ONIEPALIH TIOBTOPSIETCSI.

Hcnonb3oBaHue M300peTEHHS MO3BOJSIET MTHOBEHHO U OECIpernsiT-
CTBEHHO OKa3bIBaTh PE3KOE CHIIOBOE BO3ACHCTBHE pabodero tena (rasa)
Ha BCIO IUIOUIaJb [ONEPEYHOT0 CEeUeHHs IOPLIHA B OCSCIITOKOBOMH
MOJOCTH U O0ECTeunBaTh HHCTPYMEHTY (HOXY) 3aJaHHYI0 KHHETH-
HECKYIO SHEPTHI0O B MOMEHT COYJIapEHHS C 3arOTOBKOM, YTO MPHBOJIUT K
TIOBBIIICHNIO K03 (duIeHTa none3noro aercTeus yaapa Ha 10-15 % u
MOBBIIICHUIO KadyecTBa pe3a 3a CUET YMEHBLICHWS 30HBI CKOJa Ha
OTpE3aHHBIX TOPIAX.
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3.7. 'uboka neraneii

MHorue jgeTanu KopIyca, Kak JHACTOBbIE, Tak W NPOQHIbHEIC,
NPUXOAUTCS ToaBepraTb TuOke. OOIlee YHUCIO THYTHIX JIHCTOBBIX
neraneit cocrasisier 10-16 %, npodunbHbx — 4-6 %, a TPyAOEMKOCTB
WX THOKM — COOTBETCTBEHHO OKOJNO 32 m 7 % o0medl TpyAoeMKOCTH
M3rOTOBJICHUS JETAIICH.

ITo dopme 1 COXKHOCTH KPUBU3HBI JIUCTOBBIE U TPO(QUIBHBIC JeTaN
Kopmyca pazgenssor Ha 13 rpymm (puc. 3.13). JlucroBble netamum ¢
noruOpl0 B OJTHOM HAIpaBiIeHUH (LMIMHIPUYECKOW I KOHHYECKOH
(OpPMBI) OTHOCATCS K ACTANSIM C MIPOCTON KPUBU3HOH, C MMOTUOBIO B IBYX
HamnpaBIeHUSIX — K JeTajas M CO CIIOKHOW (JBOSKOM) KPUBU3HOM.
Knaccuduxanmst ¢opm geraneil maeT BO3MOKHOCTH —pa3paboTarb
TUTIOBBIC TEXHOJIOTMYECKUE IMPOLECChl THOKM MPUMEHHUTENBHO K
NPUHATOMY THOOYHOMY 000pYIOBaHUIO.

Puc. 3.13. TunoBsie GOPMBI THYTBIX JeTaleH:
a — NUCTOBBIE AeTaly; 6 — NPOQUIbHbIE JeTaNH,;
1 — unnuHApHYecKue; 2 — KOHWYECKHe; 3 — yriioBble: 4 — KopoO4YaThie, BKI0Yast
ropupoBaHHEIE; 5 — cepuyeckne; 6 — mapycoBUAHBIE; / — cea000pas3HbIE;
8 — BeepooOpasnrle; 9 — BomHOOOpasHbie; 10 — KOMOMHHUPOBAHHBIE;
11, 12, 13 — cOOTBETCTBEHHO IEPEMEHHO, IIOCTOSIHHOHN U 3HAKONIEPEMCHHON KPHBU3HEI
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Ilpu pas3paboTKe TEXHOJOTMYECKUX IIPOLECCOB T'MOKM BO3HHUKACT
HE0OXOIMMOCTh B pacyeTe yCHINH, IPYKUHEHHUS, PEACIBHO TOIYCTUMBIX
pajnycoB THOKH M B PEIICHUH HEKOTOPBIX JAPYTHX BOMpocoB. OTBETH Ha
HUX MOTYT OBITh ITIOMYY€Hbl HA OCHOBE PAaCCMOTPEHHUSI TEOPETHYECKUX
OCHOB IIACTHYECKOTO U3THOA.

JUts ompeneneHus MapaMeTpoB IUIACTHYECKOTO M3THOa 3aBHCHMOCTD
MEXKTy HANpPsDKEHUSIMU U JeopMalisiMy IPUHUMAIOT B COOTBETCTBUH €
JMarpaMMOM MCTUHHBIX HANpsDKEHUH (IITPUXOBask IMHUS Ha puc: 3.14, a),
HOJTyJaeMOH 10 pe3yJIbTaTaM HCIBITaHUS 00pasIoB Ha pacTsokenue. Ha
TaKUX JMarpaMmMax HanpspKeHHE ONpeessieTcsl OTHOUICHUEM YCUITUS K
JEHCTBUTEIBHON IUIOMAIM IMOMEPEYHOTO CeueHHus o0pasla B MOMEHT
nedopmaru (2 HE K HadalbHOHM Iiomianu, kKak o0bdHO). [lo ocm
albCIMCC OTKIIAABIBAIOT OTHOCHMTENBHOE yminHeHHe O (puc. 3.14, 6),
OTHOCUTENIBHOE CY)KEHHE \y WJIM HCTUHHYI) OTHOCHTEIBHYIO nedop-
Mario e (puc. 3.14, a), onpeaensiemyro o Gpopmye

b dl | I
0 + 0l
A= I_X=|ni= In2 ==

=In(1+3),
X I0 I0

lo

rae |, — mHa obpasia B GUKCHPOBAHHBIN MOMEHT Je(hopMarivm;
lo — HauanmpHast JyTHHA 0Opasia.

a 0 fﬁ_,l
> + f
EE._ P $14 T
7
. 3
]
-1 -
o}
be o

Puc. 3.14. JlnarpaMMBbl HICTHHHBIX HAIIPSDKEHUH YTIIEPOANUCTBIX
KOHCTPYKIIMOHHBIX CTaJICH:
- - - - IeHCTBUTENbHAS KPUBAst; — alllPOKCUMUPOBAHHAS KpHBas;
€p — ICTUHHAs1 OTHOCUTEJIbHAs ieopMaliyis, COOTBETCTBYIONAs MOMEHTY MOSBICHHS
LICHKU IIPH PACTsHKEHUN 00pasia
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Jia ynpoleHus MaTeMaTHYeCKMX 3aBUCHUMOCTEH auarpamMmy Hc-
TUHHBIX HaNpsHKEHUH MOKHO, JIMHEIHO allpOKCUMUPYS, IPEICTaBUTh B
BHUJIC¢ JIOMaHOW JWHWM (CIUIONIHAS JIWHUS Ha puc. 3.14) u3 Tpex
NPSAMOJMHEHHBIX y4acTKOB: | — ynpyrux, [I — HeOonbmuX MmIacTHUECKUX
nedopmanuii, XapaKTepHU3yIOIXCsT UHTEHCHBHBIM yripouHeHueM, u 111 —
3HAUNTEIBHBIX IUTacTHdeckux nedopmarmii. Yuactkum I m Il coot-
BETCTBYIOT JIMHEHHOMY M3ruOy Opyca (yYMTBIBAaIOTCS TOJNBKO TaHTCH=
UajbHbIe HAaNpsDKeHus ), yaacTok 1l — oo0beMHOMY.

Haxinon npsamsix II u III onpepenserca TaHreHcamu tg @q 4 tg @o,
KOTOpBIE XapaKTepu3yIOT MHTEHCHUBHOCTh YIPOYHEHHs MaTepuaya Ipu
TUIACTHYECKOH AedopMalui ¥ Ha3bIBAIOTCS MOAYJISAMHU ympouHeHus [1;
u Il,. Jlna yraepomucTsIX cTaneil MepBble [BAa y9acTKa AHArpaMMbl
WCTUHHBIX HAIIPsDKEHHH 11e7Ieco00pa3Ho MPUHATE 110 pHc. 3.14, 6, Torna

T %5 ~0s _Sg 75
I 1=t = 5 ST IR
0 aoy

rie Gy, — HCTUHHOE HaNpsOHKEHHE, COOTBETCTBYIOIIEE HAaWOOIbLICH
paBHOMEpPHOH OTHOcHTENbHOW AcdopManuu (MOMEHTY MOSIBICHUS
HICHKHU MPH pacTsHKEHUH 00pasLa);
Op — COOTBETCTBYIOLIEE OTHOCUTEIBHOE yIIMHEHHE;
KodpdurmeHt

a=9,/9,~0,5.
o puc. 3.14, a HaxoaUM
I ,=19¢, =0,
OrHOmICHNE
ko=1IlI:/0,

HA3bIBATCS OMHOCUMENbHbIM MoOyiem ynpounenus. Jns cramu BCT3
k=11,6, mna craneit 10XCHJI u 0912 ko = 14.

[MnacTuueckuii M3ru0 HAYMHAETCS C MOMEHTA BO3HHUKHOBEHHS
IIACTHYCCKUX JedopMaliii B KpallHUX TAaHICHIMAIbHBIX BOJIOKHAX
usrudaemoro Opyca. C yBETMYECHHUEM H3THOAIOIIET0 MOMEHTa 30HBI
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TUTACTUYECKHUX JeopMaliuii paclpOCTPAHSIIOTCS K CepeinHe Opyca U B
npeziesic COSUHSIOTCS Y ero HeWTpaibHoi ocu. COOTBETCTBEHHO MPH
9UCTOM  (IIOCTOSIHHBIA M3THOAIONMH MOMEHT I0 JJIuHe Opyca)
TTACTUYECKOM M3THO€ BO3MOXKHBI TPU ciaydas (IMPpH MOCIeIOBATeIbHON
ru0Ke OJTHOTO U TOTO ke Opyca — CTaum):

1. YopyromiacTuuyeckuii M3rud MPOWCXOAUT TPH OTHOCHTEIHHOM
pamuyce r > 200 MM, 4YTO COOTBETCTBYET 3HAYMTEIBHOW YIPYro-
nedopmupoBannoit 3oue (puc. 3.15, @). 3aBucumocts ¢ (0) OTBeuaer
y4acTky | n Hagamy ygactka |l quarpammer Ha puc. 3.14.

a 9] 8
dr M5 Or, o 8]
._I__ﬂ,. 9 - _I,,Jr_.__ 4 Iy
o ] I
oy S v B
J|{‘_I_I‘~'“ - N*

Puc. 3.15. Onropbl TaHT€HIMATIBHBIX HANPSDKEHUIT
P TIACTHYECKOM H3rude Opyca

IMox omuocumenvubiM paduycom TPUHATO MOHUMATH OTHOIICHHE
pamuyca u3ruba R k HauansHOH BEICOTE h Gpyca:

r = R/h.

2. JluHeiHbIii YNCTO MJIACTHYECKHHA M3rHd COOTBETCTBYET HU3THOY
Ha CpeIHHe OTHOCUTEIbHble pamuychl ' ot 3-5 mo 200 wmwm.
HampsokeHHO-1epOpMHPOBAaHHOE COCTOSIHUE TMPHHUMAIOT JIMHEHHBIM,
YVUUTBIBAs TOJBKO TaHTEHIMANbHBIE HANPsHKCHUS W JeOopMaliH,
cooTBercTByromue y4actky |l mmarpammer (cm. puc. 3.14). Ympyras
30Ha B CEYEHWH Opyca Maja, M €0 MOXKHO TpeHeOpedb, cuuTas Bce
ceueHue Opyca nehopMUPOBAaHHBIM TTacTHUYecku (puc. 3.15, 6).

3. O0beMHBI YHCTO MIACTHYECKHIT M3ru0 mpoucxoauT npu I < 3-5
M XapaKTepu3yeTcs 3HAYUTEIbHBIMH IDIACTUYECKUMH Ae(POpMausIMU
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(yBenmunBaeTcs AnMHAa Opyca, YMEHBINACTCS M HCKaXaeTcsl ero
MOTIEPEYHOE CeycHue). TaHTeHIMANbHbIC HAMPSKCHUS COOTBETCTBYIOT
Il yaactky (puc. 3.14, a).

JInsi TMHEWHOro YHCTO IUIacTH4Yeckoro mi3ruba (cM. puc. 3.15, 6)
3aBUCHUMOCTh 0(0) MOkHO npuHATe mo Il yuacTky amarpaMmel,
nmokazanHoi Ha puc. 3.14. Belpakas OTHOCHUTENBHOE YIUTMHEHHE O depe3
pamuyc wm3rmba R Opyca (mo wusBecTHOM 3aBucumoctn O = Z/R) m
npeHeOperas §, BBUAY €r0 MaJlOCTH MO0 CPaBHEHHUIO C Og, MOTydaeM

G:Gb'i‘l 18260 +?1Z.

HeiiTpanbHblid €01 B 3TOM CIy4ae MOYKHO CUHMTATh HPOXOASALIUM
yepe3 I[EHTP THKECTH  IMOMEpPeYHOro  cedeHus Opyca, Kak
CHUMMETPUYHOT0, TaK M HECUMMeTpuuHOro. Torma, mpuHUMAs 3MIOPY
TaHTeHIMANBHBIX HaNpsDKeHUH mo puc. 3.15; 6, ms Opyca nepeMeHHON
IIUPHUHBI Dy MoTyyaeM ypaBHEHHE M3THOAIOIEr0 MOMEHTAa BHYTPEHHUX
CHIIL:

\ h/2 i | s 7. h
| =20, [ byzdz+2-L [ byz°dz=0,S +—J =| —+—L— Wo,,
0 R % R W 204 R
roe S, W 1 J — MOMEHTBI: CTaTMYECKHUH, CONMPOTUBICHUS W HHEPIIUU
MTOTIEPEYHOTO CeUCHHUsS Opyca.
B o01iem Buie M3ruOaroninii MOMEHT YI00HO MPEICTABUTh TaK:

M =mWo,; (3.4)

3IeCh M — OTHOCUTCIHHBIM M3THOAIONINH MOMEHT, B JAaHHOM CIIy4ae
COCTAaBJISAIOIIUHN

mes tah S 1Lk
" 2(50 R W ZrGO 2r
rae Ky = S/W 3aBucHT TOIBKO OT (POPMBI TIOIEPEYHOTO CEUCHHS U
HasbpIBaeTCs KO3 duimeHToM npodmwis (sl TpsIMOYrojsHOro Opyca
k; = 1,5, nist monocoOysnba — 1,6, mByTaBpa u nisemiepa — 1,2);
Ko — OTHOCHTENBHBII MOYJIb YIIPOIHCHHUSI.
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[lpr ¥MCTOM YIPYrOmIacTUYECKOM HW3THOE Ui MPSIMOYTOJBHOTO
opyca (r > 200 mwm, smropa HampspbkeHH — mo puc. 3.15, @) ortHo-
CUTEBHBIA U3THOAIONTNIT MOMEHT Oy et

2 3
m=15-2r2[ 98] 4|1 3%, 4r2(%a | |Ko. (3.5)
E r E E) |2

B cBI3M ¢ OTHOCHTENBHOM CIIOKHOCTBIO 3TOTO - YpPaBHEHUSA
MHOT'OYJICHOM, CTOAIIVMM B KBaJApPaTHBIX c1<061<ax, MOKHO HpeHe6peqL
(morpemrHOCTh 10 2 %). 3HaYCHUE m TPH 3TOM COOTBETCTBYET 3IIOPE
HampspkeHWid Ha puc. 3.15, 6 (ympyrommactuyeckuii m3rub 0e3
YIIPOYHEHUS).

OnHako TEXHOJIOTUYECKHEe TMpolecchl THOKM OOBIYHO —oOcymiec-
TBISIOTCS TIOCPEJICTBOM HE YHCTOTO, a IONEepeyHOro u3ruda —
COCPEIOTOUCHHONW CHIION, MPHIIOKCHHON MTOCEpeIuHe Opyca, JIekKaInero
Ha IByX omopax. [Ipu aToMm Ha Opyc AeHCTBYIOT IIepeMeHHBbIN H3rndaro-
mMHUHA MOMEHT M Tiepepe3blBaiollas CHJla, BBI3BIBAIOLIAs KacaTelIbHbIC
HaATPSDKEHSL.

[Tpu nonepedHoM U3rubde clieayeT paccCMaTpPUBAaTh JIBA CIydast:

a) mpu GoJBIIOM paccTosTHUM Mexay omopamu (L > 5h) kaca-
TeJbHBIE HANPSHKEHHs] MOYKHO HE yYWUTHIBAThH, IPHUHUMAsS 3aBUCHMOCTH,
MOJIy9eHHBIe I yrucToro msrnda. Kpususua opyca 1/r = M/EJ, crenys
32 W3MEHEHHWEM H3THOaloNIero MOMEHTa, TaK)Ke MEHSETCS IO JJIMHE
Opyca. Ee MoxHO. ompenenuth, npuHUMas 3HaueHus M mo dopmyie
(3.4) B 3aBHCHMOCTH OT HHTEPBAIIOB 3HAYEHHIA I,

HccnenoBanusi mokazajim, YTO HE3aBUCHUMO OT NMPOQHIIS IyaHCOHA B
cpeaHed yacTh Opyc HM3rubaeTcs pPaBHOMEPHO MO TaK Ha3bIBAEMOMY
paanycy CBOOOAHOTO W3rubOa. 3Haue€HHE €ro MOXKHO OIpPEENUThH 0
sMIIpHYeckoit popmyite (cpaBemmmBa 10 F > 10 Mm)

()
h=— |17+ | -],
B 2

rae B — yron u3ruda B rpamycax;
¢ = 3,2-4,5 — ko3 punuenT, 3aBucAIMi OT MaTepuaia Opyca,;
| = L/h — oTHOCHTENIBHOE PACCTOSIHIE MEXKIYy OMOPAMH.
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CooTBeTcTByIOLIAasE 3TOMY YYacTKy OTHOCHTENbHAs JJIMHA IyTd
(oTHOIIIEHHE JITMHBI AYTH K BBICOTE Opyca)

c 1)
S=n—/17+| = | —I
180 2

Haubomnpmiee ycunue n3rnba Opyca COOTBETCTBYeT M3rHOy Ha yroi
B =30-60°,

0) mpu MaJjiom paccTossHun Mexxay onopamu (L < 5h) xacatenbHbie
HaNpsDKEHUST MOTYT OKa3blBaTh CYIIECTBEHHOE BIUSHHE Ha XapakTep
nedbopmarmu  Opyca. 3HadeHuss P OTpaHUYMBAIOTCS TPU JIMHCHHOM
TUIACTHYECKOM M3TH0Oe BETMUUHON

1(, k
P =E(1+4_(I)JFG°'

I'mbka pmeranedl  cONMpOBOXKAAETCS  YHOPYTUMH  Je(OpMaLUsMH,
KOTOpbIE 10 e OKOHYaHHH Kcye3arT. BenencrBue sToro yron musruba
YBEJIMYMBACTCA HA BEIWYMHY yIJla Npy>KuHEHus Ao. OTHOCHTENIbHBIN
paauyc usruba I Opyca A0 TpyXHHEHHS (paguyc HHCTPYMEHTA)
BO3pacTaeT A0 3HaueHWs [ mocie mnpyxuHeHus. [lpu nuHEHHOM
TUTACTMYECKOM M3THOE 3TH BETMYUHBI COCTABIISAIOT

Ao = 2mﬁ ro;
E
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3HaueHHue lp JOJKHO COOTBETCTBOBAThH TOTOBOM JCTaJIn. IIJ'ISI

MaJIOYTJIEPOUCTON CTamu B HHTEpBalie 3HaueHWH I = 5-200 MM
COOTHOIIEHHE MEXY g U I TAKOBO:

r 5 10 25 50 100 150 200
rn 515 10,5 27,8 77,7 155 317 662

OtHocuTenbHbIE TaHTCHIMAIbHBIC AedOopManuy yIIHMHCHUS €, H
CKaTHsl €. KpAWHUX CJIOEB M3rubaeMoro Opyca MOXKHO HaWTH M3
W3BECTHOM 3aBUCHUMOCTHU

e=12p,

e p — paAnyC HEUTPaJIBHOTO CIIOSI.

rae R, — HapyxHbIid U R; — BHYTpeHHHI paiuyChl KPUBU3HEI.
VYyuteIBas, 4To

R,=R,+h
p=R,; + xh,

rae x = f (r) — xosddunueHt, onpeaendiomuil pacCTOSHHE OT BHYT-
PEHHETO paauyca n3ruda 10 HeUTPAILHOTO CJIOs, TIOJTy4YaeM

. = h—xh
PR, +xh’
. xh

Ry +xh’
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IMpu t =1 x = 0,38. dust r > 6 MOKHO CUMTaTh HEUTpPAJIbHBIN CIIOH
HPOXOAAIINM IocpeaAnHe u3rudaemoro opyca u x = 0,5. B aTrom cirydae

h

I L 35
°% R, +h (35)

€y =

MuHUMAaNBHO JOMYCTUMBIC PaluyChl THOKH YCTaHABIUBAIOT Ha OC-
HOBaHUH JABYX COOOPaKCHUMN:

— IS OTBETCTBEHHBIX JCTAJICH, Y KOTOPBIX (10 YCIOBUAM MPOYHOCTH
KOHCTPYKIIUHM) HE JONMYCKAeTCsS CHIDKEHHUE MEXaHUYECKHX CBOWCTB
MaTepuana, — UCXOJl U3 YCJIOBUS UCKIIOYEeHUs Hakiena. [IpakTudecku
HAaKJIeTIOM MOJKHO TIpeHeOpedb IpH OTHOCHUTENBHOH -medopManuu B
KpailiHux BojoOkHax MeHblie 5 %. [loxcraBnsas 3Hadenune € < 5 % B
ypaBHenue (3.19), monydyaem Ryin = 10h;

— IS OCTaJbHBIX NETaliell — M3 YCIOBHUA OTCYTCTBHS pa3pyIIeHHH
(HapyIIeHHsI MPOYHOCTH) MaTepralia — Mo NPHOIMKEHHBIM (HOopMyJiaM

1-2
Rinax == Mg (3.6)
max
= 2Yma =2 3.7)
20— ymax —1)

TTIE Y max — MAKCHMAJIEHOE OTHOCUTEIBHOE MONIEPEYHOE CYIKEHNE,;

t = hi/h — ko3ddunuenT yronenus marepuana (h; — Tonmuza 6pyca
nocne pedopmMartum ), MeHsowmiics B npeaenax ot 0,936 mpu r = 0,5 MM
u 10 1,0.1mpu r =8 mm.

®opmyina (3.7) oTHOCUTCS K OOJBLIMM IUIACTUYSCKUM AehOopMaIusim
(cootBetcTBytommMM y4actky Il Ha puc. 3.14).

Ecnu ru0ka BBINONHSAETCS 0 PaguyCy, MEHBIIEMY MHHHUMAJIBHO
JIOITyCTUMOTO, TO HEOOXOJIUM TEPMHUYECKHH OTIYCK JUII BOCCTAHOB-
JICHUS] MEXaHWYECKHX CBOWCTB Matepuana. [lomaras B ¢opmyne (3.5)
€ = 0,002, 4TO COOTBETCTBYET 3HAUCHHIO G, AJIA CYyAOCTPOUTEIBHBIX
CTaJeid, mojdy4aeM NpUOIIKEHHOE 3HAYCHNE MaKCHMAIBHO BO3MOKHOTO
paamyca mIacTH4eckoro u3ruba: Ry, < 250h.

98



Bonee TouHoe pemenue mosyuuMm u3 ypaBHeHus (3.6). [lomoxwus B
HEeM M = | U OMyCTHB MOCIEOHUH MHOTOWIEH, YTO OTBEYAET IPAHULIC C
YOPYTUM HU3rHOOM, HAXOAUM

E
Ripax <—h.
max 20_0

B Hacrosmiee BpeMs B CYAOCTPOCHHH TEXHOJOTMYECKHE < TIPOLECCHI
rHOKA B OCHOBHOM BBITIONHSIOT B XOJOIHOM COCTOSHHH WIIH - C
NpUMEHEHHEM MECTHBIX HarpeBoB. [opsuyio THOKy ¢ OOLIMM HarpeBOM
3arOTOBOK TPUMEHSIOT B HCKIFOUUTENBHBIX CIy4YasX, HapuMep, TpU
HEOOXOAMMOCT COTHYTh [ieTalb Ha paaiyC, MEHBUIMH MPeaeTbHO
JIOIyCTHMOTO.

OcHoBHEIMEH ~ crioco0amul  (hOopMOOOpa3oBaHMs JeTanei Kopmyca
ABIISIOTCS THOKa, mTamroBka M oOTsbkka. [llTramrmoBka m3-3a He3Ha-
YUTEIBHOTO KOJHMYECTBA OJMHAKOBBIX JIETAallel TPUMEHSETCS OYEHb
orpannueHHo. OOTSDKKa TakKe MPUMEHSIETCS B HEOOJIBIIOM 00beMe TIpU
MOCTPOWKE KOPITYCOB MaJbIX Cy/JI0B U3JICTKUX CIUTaBOB. Takum oOpazom,
MOIABJISIOIINN 00beM PabOT MPUXOAUTCS Ha THOKY. B CBsI3u ¢ 3TUM 101
TEPMUHOM «THOKa» B CYIOCTPOCHHUHM OOBIYHO MOAPAa3yMEBAOT U
ocTaJbHBIE CIIOCOOBI (HOPMOOOPA3OBAHUS, YTO SBISIETCS YCIOBHBIM.

['mbka momepeyHpIM ~M3ruOoM (cBoOomHass) W B ymop (TmOka-
MITAMIIOBKA) BBITIOJIHSAETCS HAa THIPABIMYECKHMX M MEXaHHYECKHX
mpeccax, BaJIKOBBIX JIMCTOTUOOYHBIX MalllMHAX, Ha craHkax Tuma JII'C, a
MIPH KOHCOJIbHO MPHJIOKEHHOM YCHIIMU — Ha (hIaHIernO0YHbBIX CTaHKaX,
ru0Ka packatkod — Ha crankax tuma JII'C.

B BajKOBBIX JMCTOTMOOYHBIX MAallMHAX THOKY JIMCTOB MPOU3BOMSAT
MyTeM HEMpPEePhIBHONW MPOKATKA 3arOTOBKH MEXAY BpalalOIIMMUCS
BaJJKaMH C OJHOBPEMEHHBIM BO3JIEHCTBHEM HW3THOAIONIETO0 MOMEHTa,
BBI3BAHHOTO COCPEJAOTOUYCHHOM cujoi (momepeuHbli wu3rub). B
pe3ysbTaTe 3aroToBKa MOIyYaeT LWIMHAPHYECKYIO, a IPU MPOKATKE TI0
OTNIENBHBIM y4YacTKaM — KOHHW4Yeckyio (opmy. [lpumenss mpoxmagku
WIN PacKaTKy, Ha BaJKOBBIX MAallMHAX MOXXHO THYTh TaKXe JeTalld
MapycoBUIHOH, cemioo0pasHoOd U Ooniee  CIOXKHBIX (opM  TIpU
HEOOJIBITION CTPEIIKE MPOXOIHHON U TTOTICPEIHON ITOTHOH.

ITo xonmuuecTBY BaJKOB JIMCTOTMOOYHBIC MAIIWHBI PA3NENAIOT Ha
TpeX- U YeThIpexBaJKoBbIe (puc. 3.16).
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Puc. 3.16. JIucTtornGOYHbIE MALIIHHEI:

@ — TPEXBAJKOBBIC C BEPXHUM BaJIKOM, IEPEMEIIAIOIIMMCS BEPTUKAIBHO;
6 — IepeMEeIIAOIIMMCS BEPTUKAIBHO U TOPH30HTAIBHO; 6 — YeThIPEXBAIKOBBIC MAIINHEI;
1 — BepxHUii BaNoOK; 2 U 4 — GOKOBBIC BAJIKH; 3 — HIDKHHUI BaJIOK

[lo ™meTtomy 3akpelUieHHMs BEPXHELO Bajika MAIIUHBI OBIBAaIOT
OTKPBITOTO U 3aKpPBITOrO TUIOB. Y MAalIMH OTKPBITOTO THINA BEPXHHUU
BaJIOK BPAIacTCAd B JIBYX KOHIEBBIX MOJIINIHUKAX, OJUH U3 KOTOPBIX
JleaeTcsl OTKUJIHBIM. OJTO TO3BOJSIET THYTh 3aMKHYTHIE IWJIMHAPH-
YecKre M KOHMYECKUE AETaIH W CHUMaTh UX, CABUTas BJIOJIb BEPXHETO
BaJIKa IPY OTKWHYTOM IOAIIUITHHKE.

MatvHel 3aKphITOrO TUIA UMEIOT POMEXKYTOUYHBIE POJIMKOBBIE OIOPBI
BEpXHEro Bajka, 3aKpeIUICHHbIe Ha BEpXHEW MoABIKHOM Tpasepce. Kak
MPaBUIIO, MALLIMHBI 3aKPHITOrO THIIA U3TOTOBIIIIOT OOJBIIONH MOIIHOCTH CO
3HAYUTEILHON JTTHHOM padodeii acTv BAIKOB (710 17 M).

[Ipy M3rOTOBJIEHNH JHMCTOB LMJIUHIPUICCKON U KOHUYECKOH (HopMBI
B MalllMHaX THUIa MOKa3aHHOW Ha puc. 3.16, a HeoOxoauma moarudka
KpOMOK JTUCTOB. OHa MPOU3BOAUTCSA HA THAPABIMYECKOM IPECCE WIH Ha
BaJIbLAX IPU MOMOIIM MOAKJIAJHOTO JIMCTA WM KIMHOBOW IPOKJIAIKH.
Ha mammbax tuna moxasaHHbIX Ha puc. 3.16, 6 1 ¢ NOATMOKY KPOMKH
MO’KHO BBITIOJHSTH IEPEMEIICHHEM BaJIKOB.

[MpenesibHO TOMYCTUMYIO TOJNIIMHY S JINCTOB MIMPUHOH D ¢ mpeaenom
TEKY4YeCTH G, 10 W3BECTHBIM MAaCHOPTHBIM JAHHBIM S;, D,, G.,, Kak
TMOOYHBIX, TaK M NPaBWIBHBIX BaJKOBBIX MAaIlIWH, OIPEHEISIOT M3
YCIJIOBUS paBEHCTBA M3rNOAIOIINX MOMEHTOB!
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M=mWo,
MH = mHWHGT.H

MU TUTACTHYECKOM HM3ru0e 3TuX JHCTOB. Bripakas W depe3 pasmepsl
HONEPEYHOTO CEYCHHMs JIMCTA, YYUThIBas oTHoiieHue b/b, w Hanmume
ONOPHBIX POJIMKOB Yy TMOOYHBIX WM TPaBUIBHBIX BaJIKOB KO3()-
¢bunuenTom K, momydaem

Jlns  mammH  0e3  OMOpPHBIX PONUKOB  Koddduitment k umeer
ClIeIyroIne 3HAYCHUS:

b/b 0 09 08 07 06 05 04 03 02 01
k 1,0 0,97 0,94 0,91 0,88. 0,86 0,84 0,82 0,80 0,79

Ha ruapaBmudeckux mpeccax MOTyT ObITh W30THYTBI JIHCTHI
BCEX THIIOB, OOHAKO MX LEIECO00pPasHO NPUMEHSATH Ui JIMCTOB
CJIO)KHOW TOTMOM, KOTOpble HE MOTYT OBITH COTHYTHI Ha BaJKOBBIX
MarmHax (ruOka Ha TIOCHEIHHUX MeEHee TpyJaoeMka). Pa3BuBaembie
KOHCOJIbHBIMH TpeccaMu. ycuiusi o0buHOo coctaBisitor 2000-4000 kH,
HO eCThb W mopTajbHble mpecchl ¢ ycmnusimu 20000, 30000 u nmase
100000 xH. Ilpeccer mpencTaBistoT co0oil KpyITHeHIee 000py0BaHHE
KOpITycooOpa0aThIBAIOIMX LEXOB M HMMEIOT Maccy, JAOCTUTAIOLIYIO
HECKOJIBKHX COT TOHH. XOJIOAHAs THOKa JIHMCTOB OCYLIECTBIISETCS C
MOMOII[LE0 HA0OPOB Pa3IMYHBIX LITAMIIOB, B OCHOBHOM YHUBEPCAJIbHbIX,
UMEIOIUX CMEHHBIA KOMIUIGKT MaTpui] W myaHcoHoB (puc. 3.17).
HysxHyto ¢hopMmy amcTa moiydaroT MOCIEA0BaTEIbHBIM 00XKHMOM 3aro-
TOBKH B HAaIlpaBJICHUU OT OJHOM KpPOMKH K Jpyrou. [ns mojnep:kaHus
3arOTOBKHU U €€ IepeMelIeHHsI TPECChl 000PYAyIOT MECTHBIMU KpaHAMHU.

Ha kpynHedmmx npeccax HCHONB3YIOT CHELUAIBbHBIE TEIEKKU-
MaHumysTopel  (puc. 3.18). YmnpasieHue TakuMH HpeccaMd aBTOMa-
THU3HPOBAHO.
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Puc. 3.17. YHuUBepcanbHBIH MTaMIL U1 THOKH JIUCTOB:
a — THAPABIMYECKHI MPpecc; 6 — YIIIOBOH U 6 — NAPYCOBHIHBINA KOMIUICKTHI [ITAMIIOB;
1 — myaHCOH U 2 — MaTpUla IITHHIPUIECKOT0 KOMIUICKTA ITaMIIOB

Puc. 3.18. Cxema ru604YHOr0 rUIPABINYECKOTO MIPecca MOPTAIBHOrO THIIA
C Moiaueii JIMCTa TEIeKKAMH-MaHUITYJIATOPAMH:
1 — Tenexxka-MaHUITYJIATOP B CIOKEHHOM IOJIOXKEHUH; 2 — OIIOPHBIC POJIMKH;
3 — usrubaemslii TMCT; 4 — 3aXBaT TEICKKH-MaHHUITYJISATOPA; 5 — CTaHKWHA TIpecca;
6 — cMeHHBIH MyaHCOH; 7 — CMEHHAs MaTpula; 8 — pacupsiMIeHHas
TeJeKKA-MAHUITYJISITOD
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Kpomkorubounsnii mpecc (puc. 3.19) umeer miockuii momyH 1,
JBYDKYIIMHCS BO3BPATHO-MIOCTYTATENIbHO. K HEMY NpPUKpEIUIeHB CMEHHBIE
MyaHCOHBI Pa3IuIHO# (popmbl. MakcumanbHoe yeunue — 1o 1000 Tc, uncio
xonoB — 20-30 B mMunyTy. ['yOrHa moOrpy>keHusl IMyaHCOHa B MaTpuily 2
PEeryJmpyercs ¢ TIOMOIIBIO CIIEIUAIBHOTO MPHBOJIA H BUHTOBBIX IIATYHOB
3. Ha »TmxX mpeccax MOXHO H3TOTOBJLATH NeTamd 4 YIJIOBOH (DOPMBI,
otrubarh (haHIbl ¥ THYTh JIUCTHI Pa3TMYHON (POPMBL.

L

Puc. 3.19. Cxema KpOMKOTHOOYHOT0 Ipecca

Jlist oTTHOKY (hITaHIIeB TPUMEHSIOT TaKkke (IaHIeTHO0YHbBIC CTAaHKH.
Jluer 3a)KMMalOT MEXIy CToJoM M TpaBepcod. K BeicTymaromeii Ha
MUpUHY (IIaHIa IOJIOCE JIUCTAa KOHCOJBHO TPUKIAABIBAIOT YCHIIUE C
MOMOIIBIO TOBOPOTHOM PaMbl WIIM HAKATHIBAIOIIETOCS Baja.

Ha crankax tuma JITC (puc. 3.20) nmpousBoasT ruOKy JUCTOB
pasHooOpa3Hoii POPMBI, IPOKATHIBA UX MEKAY HAKUMHBIM TUCKOM 3 H
BEAYIIUM pOTUKOM 1 ¢ YIIOBBIM W PaJWyCHBIM pPYYbIMH H C
HWIAHAPUYCCKON YacThio. JIMCK mepenaeT Ha JUCT 2 COCPEIOTOUCHHOE
peryaupyemMoe yCuiue.

CyIHOCTh THOKHM JINCTOB MECTHHIMH HAarpeBaMu 3aKIIIOYaeTcs B
HarpeBe ydyacTka 2 JHCTa MCTOYHHKOM 1 Ha TOJOBUHY €ro TOJIIUHBI
(puc.- 3.21, ). Pacmmpsiromuiics MmeTami, BcTpedas CONPOTHBICHHE
OKpYIKAloIeH XOJOMHOW 30HBI, HWCHBITBIBACT IJIaCTHUCCKUE edop-
Marmu cxatus. [Ipu mociieayroneM oXJIaXICHHH BO3HUKAIOT yeuiust F,
CTSTUBAIOIIUE TIPHUIIETAIOIINE 30HBI U PUBOJIAINUE K M3THOY Jucta. [Ipu
HarpeBe JIMCTa MEPEeMEIAIOIIMMCS HCTOYHUKOM M0 TMapajuieIbHBIM
muausiM 3 (puc. 3.21, 6) oH mpuoOpeTaeT MMIMHAPUYECKYI0 GopMmy, a
MPY CEKTOPHOM (IT0 PACXOASIIMMCS MPSMBIM) — KOHHYECKYIO.
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1

Puc. 3.20. Cxema rubku nucra Ha cranke Tuma JII'C
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Puc. 3.21. T'nbka JMCTOB MECTHBIMU HarpeBaMu

Jlnst TMOKY TMCTOB JBOSIKOM KPUBM3HBI JIOIIOJIHUTEIBHO HArpeBaroT B
NEPIEHAUKYJIIPHOM HAIIPaBICHUU T€ YYACTKH JINCTA, HA KOTOPBIX HAJO
JOOHUTHCS COKpallleHWs JUIMHBI BOJIOKOH. ISl yCKOpeHHs Tmpolecca
PEKOMEH/TyeTCsl IPeIBApUTENBHO U3rU0ATh JICTHI 10 MUIMHAPUIECKON
MOBEPXHOCTH Ha BAJIKOBBIX MAIlIMHAX, PUKJIAJbIBATh K KDOMKaM JIMUCTOB
W3ruOamIe MOMEHTHl WIM TPUMEHSATh OJHOBPEMEHHBIH HarpeB
HECKOJIbKMMHU HCTOYHHUKAMH, PACIOJIOKEHHBIMU Ha OOIIeM IepeaBH-
raroIeMcs BAOJb JIUCTa opTalle.

[IIramMnoBka 3akiat04yacTcs B INPHIAHUM JIMCTY IPOCTPAHCTBEHHOM
(OpPMBI ¢ TOMOMIBIO KECTKOTO MMyaHCOHA, KOTOPBIH MO BCEH MOBEPXHOCTH
BIABIMBAECT JIMCT B CONPSDKEHHYIO MaTpuily. Tak Kak KOJINYECTBO
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OIMHAKOBBIX JeTajlell B COCTaBe KOpIyca HEBEIUKO, NpUMe-HEHHE
MITaMIIOBKY CONPSKEHHBIMHU ITyaHCOHOM W MaTpPHIIEH Herlese-coo0pasHo.

I'ibOka mpoduabHBIX JeTanell MOXKET OCYIIECTBISATHCS C ITOMOIIBIO
pasnMuHBIX BHIOB oOopynoBaHus. [Ipu cBoOOAHOH rOKe MOnepeyHbIM
M3ruOOM Ha TOPH3OHTANBHBIX THOOUYHBIX mpeccax Twma «bymbmosepy
(puc. 3.22) w3rubaembrii mpoduwie 3 ommpaeTcs Ha OMOPHL 2,
3aKperieHHbIe Ha TpaBepce 1, u m3rubaetcs Tonmkarenem 4. Hacrpoiika
npecca Ha THOKY 1o TpeOyeMoMy paanycy MPOU3BOAUTCS M3MEHECHHEM
X0/J1a TOJKATEIIS TIPH TIOMOIIN KIMHA 5, N3MEHEHHEM PACCTOSHUSI MEXITy
OIopaMy BUHTOM 6 U TlepeMelIeHHeM TPaBepChl ¢ TIOMOIIBIO YEPBITHBIX
nap 7 u BuHTOB 8. Ha mpecce 00BIYHO THYT OMMCHI, IPOIOIBHEIN HAOOD,
LIMAHrOyThl ¢ HeOobIoi KpuBU3HOH (1o 100 MM/M), a Takke MpaBsT
npodn (YCTpaHSAIOT U CBapOYHEIE TehopMaItim).

Puc. 3.22. Cxema ropH30HTaIBHOTO THOOYHOTO TIpecca Thma «byibrozepy

Ha xonpuernbounsix crankax (puc. 3.23) B OCHOBHOM THYT
3arOTOBKU C TOCTOSIHHOW KPUBHU3HOHM, XOTS KPUBU3HA MOXKET OBITH U
MMepeMEHHOW ¥ 3HaKONepeMeHHOH. [HmOKa OCYIIECTBISETCS IyTeM
HEOJHOKPAaTHONH MpPOKaTKM 3aroTOBKM 3 MEXIy BeOymuMH 6 u
HOKUMHBIM 2 BaJKaMH TMPH MOCTCIICHHOM YBENWYeHUH Hakuma. Jlms
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npeaynpeXJeHnsl MOTEepH YCTOMYMBOCTH NPH TMOKE HAa CTEHKY (€Ciu
OTHOIIICHUE BBICOTHI CTEHKU K €€ TONLIMHE Oojee 7,5) MHOTOa HpuMe-
HSIOT JIOKAJIBHBIA HarpeB 3aroToBkd uHAykTopamMu 1 TBY. B stom
ciydae TMOKa OOBIYHO BBIMOMHSETCS 3a OOMH Mpoxoa. C MOMOIIbIO
CTPYH BOJIBI S Cy’KaeTcsl 30Ha JIOKaJIbHOTO Harpesa 4 3aroTOBKH U MOXKET
MPOU3BOANTHCS 3aKaIIKa IOCIIETHEN.

Pnc. 3.23. KonmprernOo4HbIN CTaHOK
(c HarpeBaTEIBHBIM U 3aKaJIOYHBIM YCTPOWCTBAMH )

[Ipodunn mMoxHO THYTH Takxke Ha ctanke JII'C myrem packatku
BOJIOKOH Ha IWJIMHIPUYECKOM YacTH BEIyIIEro pOJHKa, a TakXke Ha
THIIPABINIECKOM IIpecce B YIOp U CBOOOJHON I'MOKOM B CIIEHHANbHBIX
HITaMIIax.

ABTOMaTH3MpOBaHHas THOKa mpoduieil BO3MOXHA Ha CTaHKax ¢
UITY, KOHCTPYKITHS KOTOPBIX pa3pabaThIBaeTCsI.
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3.8. KopnycooopabaTbiBarommii mex

Jletanm KOpIycoB CyJIOB M3TOTOBISIOT B KOPITycOOOpabaThIBArOIIEM
nexe (KOL[), B koTopblii OOBIYHO BXOJST CIEAYIOUIME MPOU3BOA-
CTBEHHBIE TTOPA3/ICICHUS:

1) nna3, BKIIOYAIOIIMI yYaCTOK  IUIA30BOPA3METOUHBIX  paboT,
(oT01a00paTOPHIO, YUACTOK U3TOTOBJCHUS 111A0JI0HOB U CKJIAJ 11a0JIOHOB;
apxXuB JUIsl XpaHEHMs YepTexel, komupuepreked u mnp. B momemenuu
mia3a o0ecreurBaeTcsi Temreparypa Bosayxa He meHee 18-20 °C mpwm
OTHOCUTENBHOM BiaxkHocTH 65-70 %, xopomast ocsemieHHOCTh (200—
400 1K), BBITSDKHAS. BEHTUIISIINS,

2) cKJaj CTaJIM, PACMoiaracMblii 0OBIYHO HA OTKPBITOH MJIOIIAJKE B
HenocpencTseHHoit Omm3octu ot KOLI. CranpHbIE JUCTBI XpaHIT B
TOPU3OHTAIBHOM TIOJNOKEHHH, TpHYeM M KaxKAOro- THIOopazMepa
JHUCTOB C YYETOM MapKd Marepualia OTBOISIT 3aKOOPAMHUPOBAHHOE
MecTO. Pasrpy3Ky >Kene3HOAOPOXKHBIX IIATPOPM U yKIaIKy MeTajlia Ha
MITATHBIE MECTa BBIMOJHSIOT KO3JIOBBIMU HIJIM MOCTOBBIMH KpaHAMH.
Haunbonee mmpoKko NMpUMEHSIOT KO3JIOBBIE KPaHBI IPY30MOABEMHOCTEIO
ot 10 1o 30 T ¢ TpaBepcamu, HecymUMu OT 18 10 30 3IEKTPOMAarHuTOB.
Paccrosiare Mexmy pesbcaMi KO3I0BBIX KPaHOB cOCTaBisIeT OT 32 10 80 M
IpU JUIMHE KOHCOJBHBIX uacTell mocta A0 8—10 M, 4TO mMO3BOJISET
00CITy>KUTh KPaHOM CKJIa] CTAJIU I10 BCE €To MIUpPHHE.

CkIaj cTajy pacCUMTBHIBAIOT HAa OJHOBPEMEHHOE XpaHeHHe MeTajia
B o0beme 1,5-2-MecsiuHOrO ero pacxoja. [lmomans ero onpenensioT B
3aBUCHMOCTH OT KOJMYECTBA TUIIOPa3MEPOB U MapoOK CTaJIH JIMCTOB (Ha
3aBomax | m II kmaccoB — 150-200, Ha octambHBIX — g0 80-100) u
npouieii, OMHOBPEMEHHO XPaHIIINXCA Ha CKIIaJe CTaH.

[pubnmkeHHO MIoaah CKIIaa ONpeAessIIoT o hopMyIie

rae Q — Macca XpaHUMOTo 3araca CTaju;

g — cpenHss yJelbHas Harpy3ka Ha 1 M® IUIOLIaM CKIIaza, KOTOpas
3aBHUCHUT OT TOJOBOH IPOrpaMMBI IIeXa W KOJMYEeCTBA THIIOPa3MEpPOB
JNMCTOBOH W mpodumbHON cramn. OHa cocrapmser 2,5-3,0 T/mM° Ha
3aBojax [ u Il ximaccos u 1,2—1,8 /Mm% — Ha OCTaJIbHBIX;
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3) yuacTok mpeaBapUTEJLHBLIX ONEepalMii, pacrmojiaracMeiii B
3nanun camoro KOII unu B otnensHOoM 3aanuu. OH MpeAHAa3HAYEH IS
MPaBKH, OYMCTKH U TPYHTOBKH JIMCTOBOM M mpoduibHON cramu. Ha
COBPEMEHHBIX 3aBOJIaX WX TMPOM3BOJAT HA MEXaHH3UPOBAHHBIX U
YaCTUYHO aBTOMATHU3WPOBAHHBIX MOTOYHBIX JHMHUAX. B KkadecTBe mpu-
Mepa Ha puc. 3.24 mpuBemeHa IUTAHUPOBKAa ydacTka b mpemBapu-
TEJBHBIX OINEpaIMii U HEMOCPEICTBEHHO CBA3aHHOTO C HUM CKIaja
cTanu (y4acTok A).

CranpHbIE JTUCTHI, XpaHSAIINECS Ha CKIIAJe CTalld, KO3JIIOBBIM KPAaHOM
1 yknajapiBalOT Ha poJibranr 4 W MOAAIOT Ui NpPaBKH K. JIUCTO-
npaBwibHOW MamiuHe 8. [1o OKOHUAHMM MPABKH JIUCTHI CTAJIKUBAIOT HA
PaCIONIOKEHHBIN PSAIOM C POJIBraHroM 4 CTOJ, CHUMAIOT C pOJIbIaHra
KpaHOM 5 C 3JICKTPOMAarHUTHOW TpaBepcOd M VKIAABIBAIOT HAa KaH-
TOBaTEJb 6, MOBOPAYMBAOIIUI JTUCT U3 TOPU3OHTAILHOTO TIOJIOKEHUS B
BEPTHKAILHOE M HANpaBISIONIMIA €ro Ha JuHuI 9 apobeMeTHOH
OYMCTKM W TPyHTOBKH. [lo BbIXOmE W3 HEE JHUCT TOCTYMaeT B KaH-
TOBaTEJb 38, KOTOPKI MOBOPAYMBACT €r0 M3 BEPTUKATIHHOIO TOJIOKCHHS
B TOPU30HTAILHOC M JUIS TOCIEHYyIOIIeH OOpabOTKM yKJalbiBaeT Ha
poiibranr 4 WM Ha PaCKPOCUYHYIO paMy, PACIIONIOKEHHYIO Ha TpaHC-
6opaepHoit Temexke 11.

[podunbHeli MaTepuanml OpH  HEOOXOMUMOCTH IMPABIT Ha TOpPH-
30HTAILHO-THOOYHOM TIpecce 2 M IO POJIbraHry 3 MOAAIOT Ha JIMHUIO |
IpoOEMETHOM OYMCTKH 1 TPYHTOBKH. [locie Hee mpoduimy 1o poibranry 3
TepesafoTcs Ha TMOCHCAYIONTyl0 00paboTky. Jlmectel u mpodwm u3
AIOMIHHEBO-MarHUEBBIX CIDIABOB KPAaHOM S YKIIA/IBIBAIOT HA KAHTOBATENb
ycTaHOBKH packoHcepBanui 10, B KOTOpOH OHHM OYHIAIOTCS OT OyMard u
KOHCEpBUpYIOMIeH cMa3zku. I1lo BbIXOJE€ W3 YCTAaHOBKU JIUCTBHI YKIJIaJIbl-
BalOTCS Ha POJIBIaHT 4 1 MOAAI0TCA Ha NAbHENIIYI0 00paboTKy;

4) xoprnycoo0padaThIBaOIINEe YYACTKH, COCTOSIIHE W3 MEXaHH3HU-
POBaHHBIX. M YaCTUYHO ABTOMATH3MPOBAHHBIX MOTOYHBIX JIMHUH TEIJIOBOM
PE3KH’ JIMCTOB, MEXaHWYECKOH PE3KH JIMCTOB, OOpabOTKH MPOQHIBHOTO
MeTajula W JIMHUA O0pa0oTKU JeTaledl u3  aJUTFOMUHHAEBO-MAarHUECBBIX
CILJIaBOB.

Kpome TOro, MMEIHOTCS YaCTUYHO MEXaHM3HUPOBAHHBIC YYACTKU:
ruO0YHBIX PabOT, KOMIUIEKTOBOUHBINH, 00pabOTKY IeTayiei JJis MaIIMHO-
CTPOEHWS U Ap.
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Puc. 3.24. Cxema pacrosioxeHus: 000py10BaHUs KOPITycOOOpadaThIBAIOIIETO IIeXa
3aBoza Il kiacca ¢ rogoBsIM BbimyckoM ctanu 30000 T:
A — ckiaz cranu; b — yyactok nepBudHON 06paboTKy;
B — koprycooOpabatsiBatoiye y4acTky; [T — y4acTOK KOMIUICKTAIHH;
I, II u IIT — ocHOBHBIE IOTOKH MOAAYH MIPOKATA;
1 — x03110BO# KpaH; 2 — TOPU3OHTATEHO-THOOYHBIH IIpecc;
3 — pornbrar s npoduiieii; 4 — poJabranr Ul JIMCTOB; 5 — MOCTOBOM KpaH;

6 — OZIHOCTOPOHHUIT KAHTOBATEINb JUISl JINCTOB; / — JIMHUS OYUCTKH U IPYHTOBKH
npoduneii; 8 — IMCTONpaBIIbLHAS BAIKOBAS MalivHa; 9 — JIMHUS OYUCTKU M TPYHTOBKH
aucToB; 10 — ycTaHOBKa pacKOHCEPBALMH JIMCTOB U3 aIFOMUHUEBO-MAarHUEBBIX CILIABOB;
11 — Tpanc6opaepHas Tenexka; 12 — npecc-HoxHuUIBL, 13 — razopesaTesbHas MallinHa;
14 — ponbraur Bo3BpaTa packpoedHsix pam; 15 — packpoeunas pama; 16 — quckoBast
muna; 17 — KOMIUIEKCHBIH arperaT ra3ope3aTelbHoi tnHun; 18 — mpodunerndounbrit
npecc ¢ I1Y; 19 — panuansHO-cBepIIIbHBI cTaHOK; 20 — KOHTeHHep;

21 ~ morpy34uk; 22—26 — ponbranru; 27 — KpOMKOTHOOYHBIH CTaHOK;
28 — nucrornboydHas BaJKoBas MamuHa; 29 — rHApaBIMIecKUH Ipecc;
30 — camoxopHas Tenexka; 31 — BepTHKaIbHO-CBEPIIMIIBHBIN CTaHOK;
32 — pak1ayHbli cTaHOK; 33 — IMJILOTHHHBIE HOXKHUIIGL, 34 — TuIonaaKa
C IapoBbIMU oropamu;, 35 — nucrornbounslii cranok tuma JII'C;
36 — ruapasiandeckuii npecc; 37 — JICHTOYHO-NMUIBHBIN CTaHOK; 38 — IByXCTOPOHHHI
KaHTOBaTelb JUCTOB; 39 — oTompoekionHas ycTanoBka; 40 — MeXxaHU3UpOBaHHEBIE
pa3MeTouHble cTONbI; 41 — FHIBOTHHHBIC HOXKHUIIBI IS PE3KH JIETKUX CIUIABOB

Jluctel M npodWIM HAa TOTOYHBIX JIMHUSX MEPENaroTcsi C OTHOM
olepanyy Ha APYTYI0 C ITOMOIIBI0 MEXaHW3UPOBAHHBIX M YaCTHYHO
aBTOMATH3UPOBAHHBIX CPEICTB, MOYTH Oe3 TPUMEHEHHsS KPaHOBOTO
obopymoBaHwUsL.
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Ha nuaumsax temnoBoil pesku (cM. puc. 3.24) packpoedHas pama c
YJIO)KEHHBIM Ha Hee JINCTOM C MOMOIIBI0 TpaHcOopaepHo# Tenexkn 11
MOaeTCA K OHOMY M3 arperaroB 17, oCymIecTBISIOMUX TOJady paMm C
JUCTaMHM K MallliHaM JUisl TeIUIoBoW pesku. Jlanee packpoedHas pama
JIBUKETCS IO €ro HIDKHEMY SIpyCcy W, JOCTUTHYB Ta30pe3aTelbHOM
MammHbl 13, ocTaHaBIMBaeTCS W C TOMOIIBIO THAPABIAYECKUX
JIOMKPATOB MTPHITOTHUMAETCS 0 YPOBHSI PE3aKOB.

[Mocrne pe3ku AnCTa paMa OITyCKAeTCsl U, ABUrasCh MO HIDKHEMY SIPYCY
arperara 17, moctymaer Ha TpaHcOOpAepHYIO Tenexky 11, a 3arem — Ha
poJbrasr 24.

Brlpe3annble KpymHble JeTaid Morpysdukom 21 ¢ snekTpo-
MarHUTHOM TpaBepCcOW MOAAIOTCS Ha POJIBIaHT 25, a OCTaBIIMECS MEIIKUE
JIeTalli — Ha POJBTaHT 23, OTKyJa MTHEBMATHYECKUMU CTAKHBATEIISIMHU
cOpaceiBatorcsi B koHTelHepsl 20. OcBobomuBmiasicss -pama 15 1o
pomeranry 14 Bo3Bpam@aeTcss B HCXOJHOE | MOJIOKeHue. KpyrmHbie
TUIOCKME JeTald TMOCTYMAlT Ha poNbranr 26 ® mocje MpaBKu Ha
JICTOINPAaBHIbHOM MannHe 8 — Ha ponbrafdr 22. C Hero OHU CHUMAIOTCS
MOTPY34YUKOM C DIIEKTPOMArHUTHOH TpaBepcoil 21 u yknmaapiBaroTcsi B
koHTeiHeps! 20.

JlucTel, moanexamme ruOKe, MepemnaroTcs Ha THOOYHBINA y9acTOK B
COCEeIHUM MpoJIeT TpaHcOopAepHO Tenexkoi 11.

CranpHble JHCTBI, NOABEPracMble MEXaHMYECKOM pe3Ke, KaHTO-
BarenieM 38 ImepemaroTcs Ha POIBIaHT 4 M ¢ TIOMOIIBIO TPpaHCOOPASPHOMH
tenexkn 11 — k pasmerounomy cromy 40 s QOTONMPOEKIIMOHHOM
pasmetrkn Ha ycraHoBke 39. Ilocrme pasmeTku JMCTBI Tenexkod 11
MepenaroTcs s pe3Ku Ha THIHOTUHHBIE HOXKHHIEI 33.

Jluctel W3 aJIOMHHUEBO-MAarHHEBBIX CIUIABOB pa3MeyaroTcs Ha
BropoM croyie 40 u ¢ momoIb TpaHncOopaepHoii Tenexku 11 nepena-
IOTCSI ISl PE3KH Ha TMJIbOTUHHBIE HOXKHULBI 41.

[podumu U3 anfOMUHHUEBO-MAarHUEBBIX CILIABOB pa3MeyaroTcs, a
3aTeM 00pe3atoTcs Ha JIGHTOYHO-IIMIIBHOM cTaHke 37.

I'ubka MUCTOB MPOM3BOAMTCS B XOJOAHOM COCTOSIHUHM C HCIIOJNIB30-
BaHWEM JICTOTMOOYHBIX BAJIKOBBIX MamuH 28, THAPaBIMYECKUX
npeccoB 29 u nucrorubouHbix crankoB 35 (tuma JII'C) wim Kpomko-
rUOOYHBIX 27.

OunIeHHpIl W 3arpyHTOBaHHBIA TNPO(UIBHBI MaTepuan pazMe-
yaeTcs M 3aTeM o0pe3aeTcs Ha MPECC-HOKHUIEAX 12 WM JTUCKOBBIMU
nutamu 16, a taxke TeroBoi peskoi. OOpe3aHHbIE MPSAMbIC MPOGUITH
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M0 POJIbraHraM IMepefaroTcsl Ha Y4acTOK KOMIUIEKTAalWH, a TpeOyromue
ru0ku — K mpoduinernbodnomy mpeccy 18 ¢ mporpaMMHBIM yIpaB-
JICHUEM.

Jeranu, npouieamue npouecc 00padOTKH, ¢ TOMOIIBIO POJIBTaHTOB U
JOPYTHX MEXaHM3MPOBAHHBIX CPEJICTB HMJIM KpaHAMM HAINpaBJISIOTCS HA
Y4acTOK KOMIUIEKTAIMH. KOMIUIEKTYIOTCS IeTall 10 TEXHOJIOTHIECKHM
KOMITJICKTaM: KpYIHble (TUIOCKME W THYTHIE) — MadkaMH, CpeJHHE W
MEJIKHE JTUCTOBBIE JIETAJH, a TaKkke Npo(HiIn — B KOHTEHHEpax.

Pacuer xonmdecTBa 00OpyAOBaHHUSI M YHcia paboTaromuX
B 1exe. [IpoekTHpoBaHHWE HOBOTO WM PEKOHCTPYKIHUS CYIIECT-
Bytomiero KOL[ mpousBoauTCsT Ha OCHOBAaHMU 33JaHUsl Ha TIPOCK-
THPOBaHKE, B KOTOPOM YCTaHABJIMBACTCS IPOrpaMMa Liexa ¢ yKa3aHueM
THIIOB PACUETHBIX CYZIOB M MX I'OJOBOTO BBITYCKa.

PacuetHoe xonmuuecTBO N 00OpyAOBaHMS WM M; pabOYUX MECT MO
i-i omepary 1 KOJIMYECTBO 3aHATHIX HAa HEel pabovrX pj ONMPEAEIIIOT 110
dbopmynam

o}
===, 3.8
n; B0 (3.8)
\ O,
0:= = y 3.9
B-_2 , (3.10)
B0,

rae Ti = TPYJOeMKOCTh Ha TOJ0BYIO IIPOrpaMMy 10 i-if Onepanuu, H-4;

®, - neicTBUTENBHBIN (pacdyeTHBIH) rogoBoit QoHx padodero
BpeMeHH 000pynoBaHUS (YHCIO pabouyumxX 4acoB B TOAY 32 BBIYETOM
MOTepb BPEMEHHU HA PEMOHT);

@,  — ronoBoii poHa BpeMeHN pabouNX MECT;

P;, — cpemnuii coctaB Opuranpl, MpPUHUMAaeMBI: Ha pa3MeETKe,
MpaBKe, MEXaHUYECKOH pe3Ke, CTAHOYHOM THOKe — Mo 2 Yell.; Mpu THOKe
Ha npeccax — 3 4eJl., Ha TeIIOBOM pe3Ke U CBEPIIOBKE — 1Mo 1 Yell.;

@, — ro0Boi (hOH]T BpeMEHH PAOOYHX.

Tpynoemkocts Tj 0OBIYHO YKPYIMHEHHO ONPEEISIOT 10 hopMyie
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. a0 &
0=""==St0.N;,
100 1002JQJ )

rIe ai — yIOelbHOEe 3HA4YCHHE TPYIOCMKOCTH I-i Omepanuy OT IOJHOM
Tpynoemkoctu T, %;

tj — yaenpHas TPYZOEMKOCTh M3TOTOBJICHUS AETANCH JUIs j-ro THIa
cyaHa, 4eNn-4/T;

Q; — mMacca kopriyca, T;

N; — rogoBast mporpamMma HOCTPOHKH Cy10B (CYZOB/TON) J<FO THMIA.

3HaveHue tj mpuHUMAaeTcs 0 OJIM3KOMY CyIHY-INPOTOTHITY M KOPPEKTHU-
pyercs Kkod(pduIMEHTaMH, YYUTHIBAIOLMMH CEPUHHOCTH  IOCTPONKH;
M3MEHEHHE KOHCTPYKTHBHBIX 3JIEMEHTOB KOPITyca 0 CPaBHEHHIO C IPOTOT-
WIIOM; TIOBBIIIEHHE YPOBHS aBTOMAaTHU3allMM U MEXaHHU3allH IPOU3BOACTBA
K MOMEHTY BBOJIa B 3KCITTyaTanuio npoekrupyemoro KOIL u mip.

Bce pacuerst mo KOLI, kak 1 o apyrum 1exam Bepdu, BHITOTHSIOT,
UCXOAs M3 JBYXCMEHHOTO peXuMma pabOThl, KpPOME YHHUKAJIBHOIO
JOPOTOCTOSILEr0 00OPYIOBAaHMSA, PEKUM PaOOTHI KOTOPOIO NMPHHUMA-
€TCsl TPEXCMEHHBIM.

[Monyuennoe no ¢dopmynam (3.8) u (3.9) pacueTHoe KOJIMYECTBO
o0opynoBanus Nj ¥ PadoOYMX MeCT Mj OKPYISIOT A0 OivpKaliero
OOJIBIIIETO IENIOro — MPUHATOrO KOJTUYecTBa N 1 M.

OTHOIIIEHN

n . m;
— € MNgis=—7

n;

ni =

Ha3bIBAIOT KOB(PGHUIMEHTAMU 3arpy3Ku 000pyI0BaHUS 1 PaOOYNX MECT.

JlJiss MaKCHMalbHOT'O KCIIOJIb30BaHUsI 000pyA0BaHUS KOA(P(DHUIIUCHT
€ro_3arpy3Kd JJOJDKEH OBITh Mg > 0,7 (171 YHUKaIbHOTO 000pYAOBaHUS —
ONM3KMM K €IMHHIE), A1 pabodnmx MecT Moy = 0,9. O6byHO pacyer
BeJIMYWH N; M; u P; BeIONHACTCS B TAOMMYHON (hOpME B COOTBETCTBHH C
dopmynamu (3.8)—(3.10).

KonmdecTBO ~ BCIIOMOTaTeNbHOTO  OOOPYZOBaHHS  (POJIBIaHTH,
KaHTOBATEIH, MOTPY3YUKH M JPYTHe BUJABI MOABEMHO-TPAHCIOPTHOIO
000pyIOBaHUS, TUIUTHI, CTEIUIAXKH U TIp.) ONpeaessieTcs 0e3 pacueTa — B
COOTBETCTBHH C TPEOOBAHUSIMHU TEXHOJIOTHUECKOTO TPOIiecca.
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Urcno BCIOMOTATENBHBIX PAa0OYUX OINPENSIIeTCs MPUOIMKCHHO B
npenenax 35-40 % oT 4ymcna NMPOU3BOJCTBEHHBIX, a Oollee TOYHO —
paccTaHOBKOM pabounx 1Mo pabodymM MecTam.

[Mnomans nexa S onpepensercs mo Gopmyie

1
Qs

rJIe (s — FOI0BOIT BBITYCK MPOAYKIHE ¢ 1 M muiommam, /M.

OKOHYATENFHO TUIOMIA/b [I€Xa OMPEISISIFOT 110 TUIAHY PACHOIOKEHUS
o0opymoBaHUs, TpH Pa3padOTKEe KOTOPOTrO M KaKIOW eIUHUIIBI
o0opymOBaHU TPEIYyCMaTPUBAIOT  IUIOMAAb, ~HEOOXOONMYIO IS
BO3MOXXHOCTH Pa0OTaTh HAa HEM, a TaKKe IUIOMAAKH JUISi 3arOTOBOK,
MOCTYyMHAIIUX Ha 00pabOTKy, W I XpaHEeHUs 00paOOTaHHBIX JeTanel
nepen mogadeii ux Ha ClIeIyIoIIne OTepalny.

[Ipu pazmeneHny 00OPYAOBaHUS 1IeXa CIIEAYET YUYUTHIBATH HATHYHE
BJIOJIb CTE€H M JIMHUN KOJOHH IPOJETOB TaK HA3bIBACMBIX MEPTBBIX
MPOCTPAHCTB MOCTOBBIX KpAaHOB, B. IPEIeNiaXx KOTOPHIX KPaHOBBIC
orepaluy MPOU3BOJUTHCS HE MOTYT. VX mupuHa cocrtapnser ot 1,3 1o
1,8 M OT ocu MOAKPAHOBOTO MyTH (JUIsI KPAHOB I'Py30MOABEMHOCTHIO OT
5 mo 15 1).

OO6mas miomans mexa (0e3 OBITOBBIX W CITY)KCOHBIX ITOMEIICHHN)
COCTOMT:

a) u3 npousBoacTBeHHOU (60—70 % oT o0mIei) Ionamym, 3aHsITol
obopymoBaHueM, pabOIUMU MeCTaMH (BEpCTaKH, TUTHTH M T. 11.), TIPO-
XOJlaMH MEXJy HHMH, MECTaMH JUIsl XPaHCHHS 3aroTOBOK M KOMII-
JICKTOBOYHBIMHU IHIOIIA/ISIMHU;

0) BcIoOMOrareilbHOH, K KOTOPOW OTHOCAT IUIONMA/Ab, 3aHATYIO
[EHTPANBHBIMI TIPOE3JaMH, Pa3rpy30YHBIMUA OOIIEIEXOBBIMHU IIJIOMIA-
JIIMU, @ TaK)Ke KOHTOPAMU U KJIaJIOBBIMHU, PACIIOIOKEHHBIMU B TIPOJIETAX
1[eXa, 9YTO He PEKOMEHIYETCsI.

[Mupuna nponeroB KOIL| nmpunumaetcss paBHod 24 unu 30 M, a Ha
3aBOJIaX MEJIKOTO cyaocTpoeHus — 18 m. Bricora mexa ompenemnsiercs
BBICOTOM JI0 TIOAKPAHOBBIX MyTeH, KOTOpas B 3aBUCHUMOCTH OT MaKCH-
MaJIbHOH BBICOTHI 000PYIOBaHUs, rabapuToB 00padaTHIBaAEMBIX JINCTOB U
npodelt mpuHUMaeTcs paBHou 10 win 8 M — 71 3aBOJIOB CPETHETO U
MEIIKOTO CYJIOCTPOCHHUSI.
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KOL] o6opyaytoTcsi MOCTOBBIMH KpaHaMH TPY30MOJbEMHOCTBIO OT
3 1o 30 1. KonmnyecTBO UX B OJHOM MpOJIETE MPUHUMAETCS IO pacuery,
HO HE MeHee JBYX, /Ui OecriepeOoilHON paboThI B cilydyae PEMOHTa
KpaHa.

[TpoMmpblIIIEHHBIE TPOBOKH LIE€XA COCTOSIT U3 IEKTPOCHIIOBOM CETH U
TpyOOIIPOBOOB CXKAaTOr0 BO3AyXa, KHUCIOPOAA M AaleTWICHAa WIH
MPUPOIHOTO Ta3a.

Texuuko-3xoHOMHUueckue nokazarenu KOLl nmoapazaensroTes:

— Ha aOCOJIOTHBIE, ONpPENEIAIOINEe IPOU3BOACTBEHHYIO MOILIHOCTD
niexa (roZI0Bo# BhIMYCK 00pabaThiBaeMOTo METaIlIa), T;

— TPYAOEMKOCTh paboT mexa Ha TOAOBYIO MporpaMmy; oOmias
IUIOIIA/b 1IeXa; YMCII0 paboTaoUIMX B LIeXe U Ap.;

— OTHOCHTEJIbHBIE NTOKA3aTeIH, XapaKTepu3yrolye KadyecTBO padoThl
KOL unu ero mpoekTa;

—TOJOBOM BBIMYCK MeTamia ¢ 1 M2 ILTONIa I (6e3 cmyxeOHO-
OBITOBBIX ITOMEIICHHMI), COCTABIIAIOMHNA 9,5-3,2 /™’
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