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1. OcHOBBI IPOEKTUPOBAHUSA TEXHUYECKUX CUCTEM

[IpoekTupoBaHne €CTh CIOXHBIA CHeNU(PUISCKUNA BHUJ TBOPUYECKOU
JEATENBHOCTH, B KOTOPOM COUYETAKTCS UCKYCCTBO, HAYKAa U MAaTEMAaTHKa.

['maBHass TpyAHOCTh NPOECKTHUPOBAHUS 3AKIIOYAETCA B TOM, 4YTO
MIPOCKTUPOBIIUK  HA  OCHOBAHMM  COBPEMEHHBIX  JIAHHBIX  JOJDKEH
MPOTHO3UPOBATh HEKOTOPOE OyIyllee COCTOSTHUE, KOTOPOE BOZHUKHET TOJIBKO B
TOM CJy4dae, €ClId €ro NIPOTHO3bl BEPHBI. B Tmpouecce NpOeKTUPOBAHUA U
KOHCTPYUPOBAHUSI HHXXEHEDP JOJKEH HarJISIIHO UW300pa3uTh HEUTO, 4YTO
MPEIMETHO €III€ HE CYLIECTBYET, a SIBISAETCS JIMIIb IPOAYKTOM €r0 YMCTBEHHOMN
NEeSTENBHOCTU. DTO U €CTh TBOPYECKAs MH)KEHEpHAs 3a7a4ya B 0071aCTH TEXHUKH.
JpyrumMu cioBaMH, MPOEKTHO- KOHCTPYKTOPCKHIA IpOLIECC TBOPYECKHU
onpenenseT Oyayiee TEXHUIECKOe CPEACTBO.

B o0CHOBE TBOpUYECKOW MHKEHEPHOM JIESITEIBHOCTU HE0OXO0MMO
UCXOJUTh W3 JIUAJEKTUYeCKOW (OpMBI  B3aMMOCBSI3M, TIPEXKIE BCETO
IIPUYMHHOCTU - CBSI3U INPUYMHBI U IOCIECAYIOLIEr0 ACHUCTBUA. BO3MOXKHBIMU
SIBJISIFOTCSL BCe AeWCTBUA. HO muIb Te BO3MOXKHOCTH OYIyT peaii30BaHbI, IS
KOTOPBIX CO3/IaHbI YCIOBUS U UMEIOTCS OOBEKTUBHBIE TIPEIITOCHLTKH.

TpyAHOCTP NPOEKTHPOBAHUSI TEXHUYECKHMX CHUCTEM 3aKIIOYaeTCsl B
HEOOXOJMMOCTU y4eTa OOJIBIIIOT0 YUCJa COLUANbHBIX, HAYyYHO-TEXHUYECKUX,
MIPOU3BOJICTBEHHBIX U IPYTHUX (PAKTOPOB.

1.1 CBs13b NPOEKTHPOBAHNS U KOHCTPYMPOBAHMS € APYTHMHU BUAAMH
e TeJIbHOCTH

TexHUueckoe TBOPUECTBO CYIIECTBEHHO CBSI3aHO C HAyKOM H C
npou3BoJicTBOM . COBpEeMEHHBIM KOHCTPYKTOpP 00s3aH 3HaTh, MOHMMAaTh M
UCIIOJIb30BaTh JIaHHBIC OCHOBHBIX (PU3MYECKUX M MATEMAaTHYECKHUX HAYUYHBIX
JTUCUUTUINH, T0JKEH YYUTHIBATH BO3MOKHOCTH ITPOM3BOJICTBA.

KpoMme Toro, TeXHH4eCKOe TBOPYECTBO B (hyHKIIMOHAIBHO-ICTETHUYCCKOM
IJIAHE CBSI3aHO C MCKYCCTBOM, TaK KaK KOHCTPYKTOP BCErJa CTPEMHUTCSA K TOMY,
yTOOBI MOJIE3HAS BElllb OblIa KPACUBOM.

JleaTenbHOCTh MPOCKTUPOBIIMKA TEXHUYECKUX CHCTEM CBSi3aHa C
SKOHOMMKOM, COITMOIOTHEN U ncuxonorue. CBsi3p ¢ SKOHOMHUKOM O4YE€BUIHA, U
WH)XEHEP MPOCKTUPOBIIMK JOJKEH 3HATh YKOHOMHYECKUE BO3MOKHOCTH KaK B
MaciTabax CBOETO MPEANpUsITHS, TaK U B pamMKaxXx OOBEIUHEHUS, OTPACiIu U
rocyjnapctsa B 1ejioM. HeoOXoIUMOCTh y4eTa 4YelioBeUecKOoro (akTopa sicHa
ceryac BCEM.

[Ipu paccMOTpPEHHM OCHOB MPOECKTHO-KOHCTPYKTOPCKOW JIE€SITEIbHOCTH
1esecoo0pa3Ho UCXOAUTh M3 OOIIHOCTU U Pa3IMYMil HAYYHBIX UCCIICIOBAHUI U
TEeXHUYECKOro  TBOpYecTBa.  McciaenoBaHue  CTaBUT  CBOEHM  IIEJIBIO
MPEUMYIIICCTBEHHO HAyYHOE ITO3HAHUE M CIY)KUT OTKPBITHIO OOBCKTHBHBIX
3aKOHOMEpHOCTEH. [IpoeKkTHpOBaHUE K€ UMEET CBOECH LIEJIbIO CO3JJaHUE HOBBIX
byHKIUH, W, CIeJ0BaTEIbHO, CO3/IaHMEe HOBBIX CBs3el. (s artoro tpebyercs
MBIIJICHUE, HAIPaBIC€HHOE HAa €HI€ HE CYIIECTBYIOUIEE, MPUIYMbIBAEMOE
TEXHUYECKOE CPENICTBO.



HccnenmoBanne HMCXOAWT W3 SBIEHUS [£ Kak pe3yJibTara JIeUCTBUSA
CYIIECTBYIOIICH, 00Jiee WM MEHEe pPa3BETBICHHOW (YHKIIMOHAIHHOM IIEMH.
[Ipu uccnenoBaHUM MPOBOJUTCS aHAIU3 SIBJCHUS, JJII TOTO YTOOBI MOJTYYUTh
npeAcTaBieHue 00 OTACNBbHBIX JACUCTBYOmMUX ¢akTopax  F, BBI3BABIIMX
sapieHue. HakoHer, B Tpolecce HCCIEIOBAHUS CTPEMATCS OOHAPYKUTh
3aBUCHUMOCTH M YCTAaHOBHUTH, IIOYEMY U HA OCHOBAHWUM KAKUX 3aKOHOMEPHOCTEHU
nercTByronme (HaKkTopsl MPUBOIAT K HaOmM01aeMoMy sBieHHI0. OTBET JOJDKECH
OBITH BBIPAXECH 110 BO3MOXKHOCTH B 0000IIEHHONW aOCTpakTHON (opme A, 4TOOBI
€ro MOXKHO OBLJIO pacHpOCTPAHUTh Ha BCE CXOXKHE IO CYTH, HO Pa3JIMYHBIC 1O
dbopme coOBITHS.

Om saenenus E
Yepes oeticmsyrowue paxmopvr  F
K abcmpaxmmnoii 3a6ucumocmu
IIpy TeXHUYECKOM MPOEKTUPOBAHUU B paAMKaxX HEKOTOPOU OTPaHUYEHHOU

3a7aud = WIYT  (QYHKOMOHUPYIOUIME JNeMeHThl FE i co3maHwus
(GYHKIIMOHATBHOW IIeMH, C TOMOIIBI0 KOTOPOH MOTYT OBITh BBI3BaHBI
onpeneneHHbie sipieHus E. [Ipyu 3ToOM 01HU U Te ke JKeJlaeMbIe SIBJICHUS MOTYT
ObITh TOJIy4eHbl TNPUMEHEHHEM pa3JIMYHBIX JJIEMEHTOB, JEUCTBYIOIIUX B
COCTaBe PA3IMYHbIX (YHKUHOHAIBHBIX ILened. OTa OOHIHOCTh  BCEX
GYHKIMOHATBHBIX IETIe MOXKET OBITh BhIpa)KE€HA TOJIBKO B (hopme adCcTpakiuu
A. V1 1o3TOMY JHILIb OHA MOKET CIYKUTh UCXOAHBIM ITyHKTOM BCEX MBICIMMBbIX
peLIeHU UCXOIHOU 3a1a4t IPOESKTUPOBAHUS.

Om abcmpakmHuo cqhopmyIupo8aHHo2o

3a0aHUs. A il
Yepes onemenmul peuienus FE
K yenu, evizvisarowient scenaemoe 1l
sAeneHue E

EcTrecTBeHHO, 4YTO HE BCErJa UCCIEJOBAHUE U IPOEKTUPOBAHUE
pasrpaHudeHbl Tak crtporo. OmHa 00JacTh 4YacTO BTOPraeTcs B JPYIyH0 U
nononHseT ee. OCHOBHOM ke (haKT 0CTaeTCs B CUJIE: UCCIIEIOBAHNUE HAMPABIICHO
OT SIBJICHUSA K MO3HAHUIO €r0 CYIIHOCTH, MPOEKTHUPOBAHUE - OT CYIIHOCTH
3a/1auu K SIBJICHUIO, KOTOPOE >KENaTEIbHO BbI3BATh.

AHallu3, CUHTE3 U aOCTpAKIHUS SIBISIOTCS BAKHEUIIMMU KOMIIOHEHTaMU
MBIIUICHUSI HE3aBUCUMO OT TOTO, HAMPABJIEHO OHO Ha HACTOsAIEE WK Oy IyIIee.
AHalM3 OTHENSeT CYHIECTBEHHBIE CBOWCTBA OT HECYIIECTBEHHBIX, M KOTJa
SIBJICHUSI, CKPBIBAIOIINE 32 COOOM CYIIECTBEHHOE, BBIJICTSIOTCS U UCKIIIOYAOTCS
U3 PACCMOTPEHUS, TO aHAJU3 MEPEXOIUT B aOCTPAKIUI0. DTOT MPOIECC BCEraa
SIBJIIETCSI UCXOHBIM TP PELIEHUHU BCAKOTO pojia MpooIieM.

1.2. OcHOBHBIC dTANBI CO3AAHUA TEXHHYECKHX CHCTEM

[Ipouecc co3tanusl HOBBIX TEXHUYECKUX CPEACTB YKPYITHEHHO COCTOUT
Y3 ISTH 3TANlOB: IOMCKOBOI'O MPOEKTUPOBAHUSI, KOHCTPYUPOBAHUI,
TEXHOJIOTMYECKON NTOATOTOBKYU IIPOU3BOACTBA, U3TOTOBJICHUS OIBITHOTO



o0pasia, OCBOEHUS CEPUIHOr0 MPOU3BOJCTBA. JTaIl TOMCKOBOTO
IPOEKTUPOBAHUSI pa30UBaETCs Ha CTaIUd 0OOCHOBAHUS HEOOXOJUMOCTH
CO3]aHUsl HOBOT'O TEXHUYECKOI'O CPEACTBA U HAYYHO-TEXHUYECKUX
HUCCIIeIOBAHUM.

— > — —> >
[ToTpeOHOCTh MOMCKOBOE KOHCTPYH- TEXHOJIOTUYECKAs
HN3roTOBJICHUEC OCBOCHUC
npoekmu-  posaHue n0020mosKa ONbIMHO20 ceputinozo
posaHue npou3800cmea obpazya obpaszya
Heobxoaumocthb CO3/1aHus HOBOU TEXHUYECKOU CUCTEMBI

00yClaBaMBaeTCsl OOLIUMH YCIOBUSIMU Pa3BUTHUA TEXHUKH MPUMEHHUTEIBHO K
KOHKpETHOMY cily4atro. B xozme pa3paboTku 0OOCHOBaHHS BaXKHO YYECTh HE
TOJNBKO TpeOOBaHUS TEKYIIErO MOMEHTa, HO M BO3MOXHOCTH B Oymayliem
WU3MEHEHUS! TEXHOJIOTHH, ONpPEICNSIONed MOTPEOHOCTH B TaKWX CHUCTEMax, a
TaKkke (PaKTOphl, BIMAIOIIME HA PA3BUTHE TEXHUKU B JAHHOM HaIIPaBJICHUU.
HenocraTouHoe BHUMaHHE K 3TUM BOIPOCAM MOKET MPUBECTH K TOMY, 4TO K
MOMEHTY CO3/IaHHs HOBOM TEXHUKU MOTPEeOHOCTh B Hel ormaner. IlosTtomy
00OCHOBaHHE W AaHAJIW3 HEOOXOJAMMOCTH CO3JIaHUS TEXHHUYECKOTO CpeACTBa
IPOBOJUTCS C UCTOIB30BAHUEM METOJ0B HAyUYHOTO MPOTHO3UPOBAHUS.

CymecTByer JBa NPUHLUUIHAIBHO BO3MOXKHBIX IYTH IOCTPOEHUS
NpOrHo3a: MPOTHO3, UAYIIMHA OT uMewulerocss ©Oasuca B Oynayiiee
(M3BICKATENCKOE MPOTHO3MPOBAHMUE); MPOTHO3, JBIKYIIMHCA OT MEJei,
KOTOpPBIE TOJKHBI OBITH TOCTUTHYTHI B OyAyIIeM, K HAaCTOsAIeMY (HOPMaTUBHOE
IPOrHO3UPOBAHMUE).

[TporHo3sl, Kak MpaBuUjio, pa3padaThIBAIOTCA HA TEPUOJ, B TEUCHHE
KOTOpPOT'O NMpUHUMAaeMble pelieHuss 0ynyT uMerh 3pdexrtuBHoe nevictsue. lpu
STOM MPOTHO3HPOBAHUE YACTHBIX HAYYHO-TEXHUYECKUX MPOOJIEM MO CO3JaHUIO
TEXHUYECKOTO CpEACTBA JIOJDKHO OBITh YBS3aHO C OOIIMM IPOrHO30M,
XapaKTEepPU3YIOIIUM Pa3BUTUE TEXHUKH.

Ha Bropoil cTaguum NOMCKOBOI'O IMPOEKTUPOBAHUS MPOBOJIAT HAYUYHO-
TEXHUYECKUE UCCIIEJOBAHUS TE€X PELICHUH, KOTOPhIE MOTYT ObITh HCIIOJIb30BAHbI
B KOHCTPYKIIMM HOBOIO TEXHHYECKOro cpeacTBa. IlepeueHp BoIpocos,
HOJUIeKAIINX M3YYCHHUIO Ha JAHHOM JTare, 3aBHCUT OT BHJIa TEXHUYECKOTO
CpEICTBa, €ro Ha3HAYCHHUs M YCIOBUH pabOThl, OT CleUu(UYECKUX YCIOBHI
IKCIUTyaTalllH, CTETIEHN U3YYeHHOCTH H T.1. [IpoBoasiTcs mupokue nmaTeHTHbIE
UCCIICJIOBAHMS, AaHAJIW3 JUTEPATYpHBIX MCTOYHUKOB, OSKCIIEPUMEHTAIIbHBIC
paboTel. B onmHuX ciydasx HCCIeIOBaHUS BEIyTCS B HAIPaBICHUU TOUCKA
paloHaIbHOTO TMPUHIIKIA JEHCTBUSA, B IPYTUX - B HANPABICHUH YIyYIICHUS
paboyux XapakTepUCTHK, U T.JI.

CrnenoBaTenbHO, TJIABHOM 3a/iadeil dTama MOMCKOBOTO MPOEKTUPOBAHUS
SBJISIFOTCS OTBETHl Ha BOIPOCHI: HYXHO JIU 3TO HOBOE TEXHUYECKOE CPEACTBO?
KakyuMm npuHIMOMAIBHO OHO JOJKHO ObITh? JIaHHBIM 3Tan  BBINOJIHSIOT



MPOCKTUPOBIIMKN HOBBIX TMPOU3BOJCTB U OTPACIEBBIX CHUCTEM, SKOHOMUCTHI,
Hay4yHble pa0OTHUKU U U300peTaTesu.

Marepuanbl MOMCKOBOTO MPOSKTUPOBaHUA OQOPMIISIIOT B BHUJE
TEXHUYECKOTO 3aJaHusi Ha pa3paboTKy HOBOIO TEXHHUYECKOTO CpEACTBa.
TexHuyeckoe 3aJaHve MPUHAIICKUT KOHCTPYKTOPCKOM TOKYMEHTAlMu H
MOSIBJICHUE O3HA4yaeT TMepexoi K CleaylolieMy JTamy - pa3paboTke
KOHCTPYKTOPCKOT'O TIPOEKTA.

KoncrpyupoBanue  sABISI€TCA  3TAllOM,  KOTOPBIM  OKOHYATEIBHO
OTpeeNsieT WHKEHEPHO-TEXHUYECKOe O(OpMIICHHE TEXHUYECKOTO CpPE/ICTBa,
T.€. OTBEYAET HA BOMPOC - KAKUM OHO JOJKHO ObITh? BBITIONHSIOT JaHHBIN dTam
paboThl KOHCTPYKTOPBI B COTPYJHHYECTBE CO CHEHUATMCTAMHU CMEKHBIX
WHXXEHEPHBIX JUCIUIUINH, B MEPBYIO OYEPEb C TEXHOJIOraMU U SKOHOMUCTaMHU.

Pe3ynbTaToM KOHCTPYKTOPCKOTO TBOPYECTBA, CPEACTBOM, C IMOMOIIBIO
KOTOPOT0 KOHCTPYKTOP BBIPAXKa€T CBOM TBOPUYECKHUE MBICIU U JTIOBOJUT MX J0
U3rOTOBUTENICH  TEXHUYECKUX  CPEICTB,  SIBISETCS  KOHCTPYKTOPCKas
ToKyMeHTanusi (rpadguyeckasi, TekcToBas). Ha ocHOBe 3Toil JOKyMEHTalUH
BO3MO>KHO: H3TOTOBUTh TEXHUYECKOE CPEACTBO, IMPOBECTH €ro0 HCIBITAHUS,
HaJIaUTh CEPUHHOE MPOU3BOJICTBO, Pa3zo0paThCsi B MPUHIIMIAX €ro padoThl,
IpaBUiIaxX dKCIUTyaTalluu U OOCITYKUBaHUS 11 0OECIICUEHHSI €r0 HAJIeKHOCTH U
JOJITOBEYHOCTH.

TexHoyiornyeckasi moJAIr0TOBKAa MPOU3BOJICTBA OXBATBHIBAET KPYT 3aJad U
JOJKHA OTBETUTHh HAa BOMNPOC - KAK U3rOTOBUTH HOBOE TEXHUUYECKOE CPEJICTBO B
YCIIOBUSIX KOHKpeTHoro mpousBojactBa? llens manHoro srama - orpaboTka
KOHCTPYKIIMM Ha TE€XHOJIOTUYHOCTh, pa3pad0TKa TEXHOJIOTMYECKUX IMPOIECCOB
U3rOTOBJICHUS, COOPKM U KOHTPOJIA JAaHHOTO TEXHUYECKOTO CpEeJICTBA.
BrinonHseTcss AaHHBINA 3Tan TEXHOJOraMu B COJPYKECTBE CO CHEIUATUCTAMU
CMEXKHBIX OTPACIIEN 3HAHUM.

N3roroBieHne ONbITHBIX O0Pa3IOB TEXHUYECKUX CUCTEM M UX UCIIBITAaHUE
CTaBUT ICJIbI0 TPOBEPKY NPaBUWJIBHOCTH OCHOBHBIX IMPOEKTHBIX U
KOHCTPYKTOPCKHMX pEUICHUH U OTpabOTKY TEXHOJIOTMYECKOW JoKyMeHTauuu. Ha
JAHHOM JTare BMECTE€ C KOHCTPYKTOPOM padOTy BBIMOJHSIOT OMBITHBIE
HaJaJuUKHA- UCHBITATENN U WHKEHEPBI-UCCIIEN0BATENN; HA UCIHBITAHUS MOTYT
TaKXe MPUTIalaThCs NPEICTABUTENN 3aKa3UHKa.

OcBOeHHME CEpPUITHOTO TMPOU3BOJICTBA HOBBIX TEXHMYECKUX CPEACTB
CBSI3aHO C PEIICHHEM 3a7a4 JTOCTM)KCHHS 00beMa BBIIYCKAa B COOTBETCTBUH C
MIPOCKTHOM MOITHOCTHIO MPEANPHUATHSA, CTAOMIBHOTO 00ECTICUeHHS TPeOyeMoro
KauecTBa U JOCTHXKEHUSI MPOCKTHOW TPYIOEMKOCTH HM3TOTOBJIEHUS HA BCEX
CTaJusIX MPOU3BOJICTBA.

1.3. CucremMHBblii MOAXO0X B NPOEKTHPOBAHUM

Jlna pemieHus TakMX KOMIUIEKCHBIX BONPOCOB, KAK IMPOEKTUPOBAHUE U
CO3JJaHUE COBPEMEHHBIX TEXHUYECKUX CpPEACTB, NPUMEHUMA €IUHAas
UCcclIeqoBaTebCKass MO3UIMSI - CHUCTeMHBIM mnoaxon. HMcmooab3oBaHue
CHUCTEMHOT0 TMOJX0/Ja OOYCJIOBJIGHO TE€M, YTO B TPAJAUIMOHHBIX MeETOAaX



u3ydeHus: U (opMaliv3alii CJIOXKHBIX OOBEKTOB M MPOLECCOB OCHOBHOE
BHMMAaHUE YIEIAETCA KaYECTBEHHOMY M KOJMYECTBEHHOMY OIMCAHUIO CBOMCTB
00BEKTa U COCTABJIAIONIMX €r0 YacTei. ITO HE MO3BOJSET CTPOUTH a/I€KBATHBIE
JNEUCTBUTEILHOCTH MOJIEIH, OTOOPAXKAIOLIUE CBSI3U OOBEKTOB C OKpY’Karolel
cpenoil, uX (YHKUMIO M MHOTOYPOBHEBYIO CTPYKTypy. B TO Xe Bpewms
yKa3aHHbIE XapaKTEPUCTUKUM OOBEKTOB OKa3bIBAlOT OOJIBLIOE BJIMSHUE Ha
IIPOLIECC ITOMCKA IIPOEKTHBIX pelleHui. [I[puMeHenne CucTeMHOTo 1oaX01a 1aeT
BO3MOKHOCTb PAllMOHAIBHO Pa30UTh 3aJjauy Ha YaCTH U MPUHATH ONTHUMAJIbHOE
peLIeHue.

OCHOBOI CHCTEMHOI'0 MPOEKTUPOBAHUS SIBIIIOTCS KPUTEPHUH, KOTOPBIE
IPUHUMAIOTCA C MO3WLMM OLCHKM TEXHUYECKHX CPEICTB KAaK YaCTU CHCTEMBI
O0osee BBICOKOTO ypoBHsS. IIpoekTMpoBaHHME K€ TEXHHMYECKHMX CPEICTB
OCYIIECTBIISIETCA ~ KAK  NPOEKTUPOBAHMWE  CUCTEMBI,  COCTOAIIEH W3
B3aMMOCBSI3aHHBIX YaCTEH U 3JIEMEHTOB.

[Ipu cucTeMHOM NOAXOAE B MOHATHE CUCTEMBI B KAYECTBE COCTABIISIIOLINX
BXOJAT TAKUE MOHATHUS, KAK CTPYKTYypa, (QYHKIHMS, COCTOSIHUE, CBSI3b, AJIEMEHT,
OTHOLIEHUE, YINPABIEHUE U Ip. B CBA3M C 3TUM CHUCTEMHBIN IOAXOJ CIIYKHUT
METOJOM KOMIUIEKCHOTO H3YYEHHs CIOXHBIX OOBEKTOB U IPOLIECCOB C TOUKH
3peHus UX YCTPONCTBA, B3aMMOCBA3HM UX YacTeil , QyHKIMOHUPOBAHMS YacTed U
00BEKTa B 1I€JIOM, XapaKTepa B3auMOICUCTBUS C OKPYKAIOIIEH Cpeloi.

K monstuio “cucTeMHBIi OOBEKT WM TPOIecc” OTHOCSATCS OOBEKTHI U
MPOLIECCHl JIFOOOM TPHUPOJIBI, KOTOPHIE MOXKHO YCIOBHO WIH (PU3HUECKH
pacuJIeHUTh HAa COBOKYIHOCTh 00JI€€ MPOCTHIX B3aUMOCBSI3aHHBIX MEXKIY COOOMH
yacTel, BBICTYNAIOIIUX KaK €IMHOE LEJI0e, NMPUYEM KAKIYI0 YacTh MOXKHO
paccMaTpuBaTh Kak CJIOXHBIM OOBEKT, cocTOosSmMid u3 0ojiee MPOCTHIX
AJIIEMEHTOB. B CBSI3M € 3TUM K KaTErOPUH CUCTEMHBIX OTHOCATCS HE BCE OOBEKTHI
Y MPOLECCHI, & TOJIBKO TE, KOTOPBIE COCTOSIT U3 OTAEIIBHBIX YaCTEW U AJIEMEHTOB
U 007aJaoT LEJIOCTHBIM XapakTepoM (yHkuonupoBanusa. CBoiicTBa Hu
(GYyHKUMM CHCTEMHBIX OOBEKTOB HE CBOJATCS HEMOCPEJACTBEHHO K CyMMeE
CBOMCTB M (DyHKLMH, COCTABJIAIOIIMX UX 3J1eMeHTOB. Hanpumep, coOpaHHbIN U3
OTIENbHBIX JeTallel Yy3eJ] MpeACTaBIseT CcOoO0OH TEXHUYECKYH) CHCTEMY,
XapaKTepU3yeMyl0 HOBBIMU CBOWCTBAMU U (PYHKUMSAMH, KOTOPBIX  HET Yy
OTHENbHBIX JeTaned. JletTanu MalIMH BBIOJHSAIOT pa3IU4Hble (YHKIUU:
KpeIuieHus, (QUKcaly, HANpaBJICHUS [IBWKEHUS, pas3elieHus JBYX Cpel,
oObeMHEHUs JAeTajeil B OAMH y3en (KophycHble aetanu) u jap. DyHKIus
KaXXJI0W JeTalld HaIllpaBJIeHa Ha BBIMOJHEHUE 00mel pyHKIUN y371a, B KOTOPBIT
OHa BXOAWUT. TOYHO Tak k€ (PYHKUUU OTACNIbHBIX Y3J0B HaIpaBJCHbl Ha
obecniedeHre (yHKIIMU MAIIMHBI B LIEJIOM.

Takum 00pa3oM, QYHKIMS TEXHUYECKON CHUCTEMBI WA OTICIBHOTO €€
AJIIEMEHTA - 3TO TAKOE MX OTHOIIECHHE (CBA3b) C APYTHMMH dJIEMEHTaMHU, KOTOPOE
onpeaensieT B3auM03aBUCUMOCTh YaCTH U LIEJIOro, AejiaeT (PyHKUMOHUPOBAHUE
AJIEMEHTA HANPABJICHHBIM U 11€J1IECO00Pa3HBIM.



2. OcuoBubie moaoxenuss ECK/I mo pazpadorke
KOHCTPYKTOPCKOM TIOKYMEHTAIIUN

ITpoexTupoBanue NpuOOPOB U CHUCTEM IMPEJCTABISIET COOOW CIIOKHBIN
MHOTOCTaJUIHBIA MpolecCc pa3pabOTKU U NOCTENIEHHOTO YTOUHEHUS NIPOEKTa U
paboueil TOKyMEHTAallU{, MO KOTOPOW H3TOTOBIIAIOT H3ZENUS B €AMHUYHOM,
CEpUMHOM WM MAacCOBOM IIPOM3BOACTBE. MHOIOCTYIIEHYATOCTh IpoLecca
TOBOPUT O CJIOXKHOCTH PEIIAEMOW 3a/ayu, MPUYEM K KaYeCTBY NMPUHHUMAEMBIX
pElIeHUN TNPEeAbABIAIOTCS BBICOKME TpeOOBaHMs, TaK KakK OLIMOKH IpOEeKTa
IPUBOJAT K MX YCTPAHEHUIO B XOJ€ MNPOU3BOACTBA, YTO BBI3BIBACT
HEOIIPaBIaHHbIC 3aTPAThl BPEMEHU U CPEACTB.

Cragun pa3pabOTKH TEXHUYECKON AOKyMeHTauuu yctaHoBieHsl ['OCT
2.103-68, KOTOpbHI1I BXOOUT B EIHHYKD CHCTEMY KOHCTPYKTOPCKOM
nokymentaiuu  (ECKJl). 3OToT craHmapT ycTaHaBIMBAeT MATh CTaAMid
pa3pabOTKH KOHCTPYKTOPCKOM JOKYMEHTAllMd Ha U3JIEeNusl BCEX OTpaciei
IIPOMBIIUICHHOCTH: TEXHUYECKOE 3aJaHuE, TEXHHUYECKOE MPEJIOKECHUE,
ACKU3HBIHN MPOEKT, TEXHUUECKUN IPOEKT, paboyasi JOKyMEHTAIHs.

Cragus pa3padoTKM TeXHHYECKOro 3aJaHMs (MHOTJa HOCUT Ha3BaHUE
“MOMCKOBOE MPOCKTUPOBAHMUE WIIM ‘‘HAyYHO-HUCCIEAOBaTENIbcKasi pa3padboTka’)
BBINOJHIETCS JJIsl ONpPENENICHUs Ha3HAUYeHUsS M TEXHUYECKMX TpeOOBaHUN K
HOBOMY WM3JI€JIMI0. ODTH BOIIPOCHI HM3y4daloTcsi U (POPMHUPYIOTCS, HCXOHd U3
aHanmu3a TpeOoBaHUN (YHKIMOHMPOBAHMS U3ICNUS W BO3MOXKHOCTEH UX
peanu3alnyyd Ha OCHOBAaHMM JOCTM)KCHMH HAYKM M TEXHUKH, CHIPHEBOM Oas3bl,
(buHaHCHpPOBAHUS, JTIOACKUX PECYPCOB, OTPAaHUYCHUN BO BpeMeHH U T.1. Kpome
TOT0, Ha JaHHOM CTaauu OOOCHOBBIBAIOTCS KPUTEPUHU OICHKHU 3((HEKTUBHOCTH
TEXHUYECKOr0  CpeICcTBa M ONPENENSAIOTCS  OTPaHWYEHHs HAa  €ro
XapaKTEepPUCTUKH, TaKHe, KaK TrabdapuTHbIE pa3Mepbl, Macca. HAJIEKHOCTh U T.[.
XKenatenbHO 4TOOBI B TEXHUYECKOM 3a/IaHMM YKa3bIBAJIaCh MPOU3BOJICTBEHHAS
0a3a, 00beM NOTPEOHOM M IUIAHUPYEMOM MPOIYKUUH, MPOJOJIKUTEIBHOCTD
U3rOTOBJIEHUS, 1IeHa U T.N. TexHUYecKoe 3aJaHue B 0053aTelIbHOM MOpSAKE
COIJIACOBBIBAETCS C 3aKa3YMKOM WIM (OPMHUPYETCS MOJHOCTBIO MM, M IIOCTE
YTBEPKJICHUS SBJISIETCSI OCHOBAHUEM JUISI BBIIIOJHEHUS JAJIBHEUIINX IPOEKTHO-
KOHCTPYKTOPCKHX padoT.

Ha craguu Ttexnudeckoro mpemaoxenus (I'OCT  2.118-73)
paccMaTpUBAIOTCS ~ NPHUHLUIMATBHO  BO3MOXKHBIE  CIIOCOOBI  CO3JaHUS
IIPOEKTUPYEMOTO U3JEIINsI, IPOBOAUTCS CPABHUTENIbHAS OLICHKA ITUX PEIICHUM.
Ha ocHoBaHuU nmpeaBapuTeNbHOW KOHCTPYKTOPCKOM MPOPAOOTKU TEXHUYECKOE
3aJlaHu€ MOXKET ObITh YTOUHEHO.

VYke Ha 3TOU CTaluM NIPOEKTUPOBAHHUSI OCYILLECTBIISIIOT IPOBEPKY U3EITUS
Ha NaTEHTHYIO YUCTOTY, MPOU3BOIAT OPOPMIIEHUE 3aIBOK HAa N300pETEHUS.

Ickusnblil npoekT (I'OCT 2.119-73) pa3zpabarbIBatoT 151 yCTaHOBIEHUS
IPUHLUINAIBHBIX (KOHCTPYKTUBHBIX M CXEMHBIX) PELICHUM U3AeNus, AAr0IIUX
olmiee mpexacraBieHue o pabore U ycrpoiictBe wuznenud. Ilo sckuzHOn
JOKYMEHTALUU U3TrOTOBIISIOT, UCIIBITBIBAIOT MAKET.



Ha »srtane Texnudeckoro mpoekrta (I'OCT 2.120-73) npuHuMaroTCs
OKOHYATEIbHbIE TEXHUYECKHWE PEIICHUsT C MNpopabOTKOM OOIMX BHJIOB,
yepTexkell  Jetaield W CXeM  U3JeNUs, TO3BOJISIIOUIUX  OLEHHUTh  €ro
TE€XHOJIOTUYHOCTh, COOTBETCTBHE TpeOoBaHUusAM T3, y100CTBO KCIUTyaTallud M
T.1. Ha craguu TeXHUYeCKOro nNpoeKTa MOryT ObITh UCIIOJIb30BAHbI JOKYMEHTHI,
pa3paboTaHHbIEC Ha MPEAbIAYIIEH CTaluh C COOTBETCTBYIOIIEH KOPPEKTUPOBKOM
[0 3aMEYAaHUSAM K OCKU3HOMY TMPOEKTY. TEXHUYECKUMH MPOEKT CILYKHUT
OCHOBaHHEM JIJIs1 pa3paboTKu paboueld KOHCTPYKTOPCKOU TOKyMEHTAIUH.

Ha craguu co3ganus padoueii JOKYyMEHTAUMM BBIMOJHSIIOT CJICAYIOIINE
BU/JIBI padOT:

pa3pabOTKy KOHCTPYKTOPCKHUX JOKYMEHTOB, IpeAHA3HAUYCHHBIX s
W3TOTOBJICHUS U UCIIBITAHUSI ONIBITHOTO 00pa3la;

KOPPEKTUPOBKY  KOHCTPYKTOPCKMX  JIOKYMEHTOB IO  pe3yJibTaram
UCIIBITAHUN OTIBITHOTO 00pa3ia;

MPUEMOYHBIC UCIIBITAHUSI ONIBITHOTO 00pa3Ia;

KOPPEKTUPOBKA  KOHCTPYKTOPCKHUX  JIOKYMEHTOB IO  pe3yJibTatam
PUEMOYHBIX UCIIBITAHUH ONBITHOTO 00pa3la;

U3TOTOBJICHUE W UCIHBITAHHE YCTAaHOBOYHOM CEpHUM; H3TOTOBJICHUE W
UCIIBITAHUE TOJIOBHOM (KOHTPOJIbHOMN) cepuu (IIpu HEOOXOUMOCTH );

OTKOppEKTHUPOBaHHBIE  JOKYMEHTHl  MOCTYyHaloT B  CEpUHHOE

IIPOU3BOJICTBO.
JIoKyMeHTaM TEXHUYECKOTO MpEUIOKEHHs MpucBauBaercs autepa “II7;
ACKU3HOTO TIpoeKkTa - “D”; TexHu4eckoro mpoekra - “T7; paboueit

JOKYMEHTAIMH OIBITHOr0 o0pa3ua - “O”; cepuitHOro nNpou3BoOACTBa - “A”.
2.1 KoMIIeKTHOCTh KOHCTPYKTOPCKHMX T0KYMEHTOB

KOMIJIEKTHOCTh KOHCTPYKTOPCKUX JOKYMEHTOB Ha KaXJ0W CTaauu
paspabotku ycranapiuaoT ['OCT 2.1102-68, 2.118-73,..., 2.120-73, 2.601-68,
U TEXHUYECKOE 3a/IaHie Ha pa3pabOoTKy U3/eIus.

Bunbl 00s3aTeNbHBIX TPOEKTHBIX TOKYMEHTOB:

1. Bexomoctn Texuuueckoro mnpesioxenus (I1T), sckuzHoro mpoekra
(3II), Texunueckoro npoekta (TII)-nepeunn HauIeKAMX TOKYMEHTOB.

2. IlosicuuteabHnasn 3anucka (113).

3. Yeprexx obOmero Buga (BO, puc.2.1). Onpexnensier KOHCTPYKIIUIO
U3JIeTNsST , B3aUMOJICHCTBHE €ro COCTaBHBIX YacTel, BKIoUas GopMmy aeTanei
(mampumep, oOO3HAYCHWE OUaMeTpa JAeTaledl Kpyriod (OpMbI), COIEPIKHUT
NOCaAKU - MOpenesibHble  OTKJIOHEHHS  CONPSracMbIX  IOBEPXHOCTEM,
COIPOBOK/IAETCSI TEXHUYECKUMU TPEOOBAHUSAMHU K U3EIHIO (HAllpUMEpP, B YaCTH
MOKPBITUH, TMPOMUTKH OOMOTOK, METOJOB CBapKu), JaeT TEXHUYECKUE
XapaKTepUCTUKU (HaMpUMep, MOJyIb 3y04UaToro 3alerieHus U 4ucia 3yObeB
KOJieC, He0OXO0IMMBbIE JIsl pa3padOTKU paboumnX YyepTeKei).



COCTaBJISIET TaOJUIy IO CBOEMY YCMOTPEHMIO; PEKOMEHAYETCS 3alHiChIBaTh
MOCJIEIOBATENbHO: U3JIeIus 3aMMCTBOBaHHBIE, MOKYIIHbBIE, BHOBb
pa3pabaTbiBaeMble. MOXHO IPUBOJUTH COOTBETCTBYIOIIME CBEACHUS HA MOJIKAX
JIMHUN BBIHOCOK UM O(OPMIISITH B BUJIE ClIEUU(PUKALIUH.

UYeprex oOmiero Buja sIBISIETCS 00sS3aTeNIbHBIM JOKYMEHTOM TOJBKO Ha
craquu “TexHU4YecKuil MpoeKT’ W He o0s3aTeieH s ctaauil “TexHuueckoe
npeIoKeHne” u “ICKU3HBIN MPOEKT .

Ha cragum paspabotku paboueit gokymentamuu (O,A) 00s3aTeIbHBIMU
SBJIAFOTCS] JOKYMEHTBI:

1. Coopounnlii yepte:xk (Cb), comepxanuii n3oOpaxxeHue cOOPOYHOM
eIWHUIIBI U IPYTHE NaHHBbIe, HEOOXOIUMBIE I €€ COOPKU U KOHTPOJIS
(puc.2.2).

Yeprex MOMUMO OCHOBHOW HAAIMCHU CONEPIKAT:

HEOOX0MMOE KOJMYECTBO H300paKEHHI; JIOMyCKAaeTCs IOKa3bIBaTh

TOHKHMMH JIMHUSMHU MIPUMBIKaIOIIKe u3aenus (00CTaHOBKY);

rabapuTHBIE pa3MEpBbIL;

YCTAHOBOYHBIE, NPUCOCANHUTEIBHBIE pa3MEpPbl, a TAKKE pa3MeEpBbL,
XapaKTEepU3YIOLIUE U3/ICIINE;

pa3Mephbl, HEOOXOIUMBbIE JIJIs KOHTPOJIS;

yKa3zaHHus O Croco0e BHIIOJHEHUS! HEPA3bEeMHBIX COSAMHEHUMN, HApuMep
CBApHBIX, NAsHbIX;

HOMEpa MO3UIMNA COCTaBHBIX YACTEH, BXOJAUINX B COOPOUYHYIO €IUHUILLY.
Homepa mosunmii Ha COOpOYHBIX UYEpPTEKaX HAHOCSATCS HA TOJKAX JIMHUK-
BBIHOCOK, IPOBOJAMMBIX OT M300paKeHMsI COCTABHBIX YacTel, HOMepa MO3UIUI
pacrnojiararoT napajijieJIbHO OCHOBHOM HAJIIMCU YepTeXa M TPYNIHUPYIOT UX B
KOJIOHKY WJIU CTPOYKY;

B LEJSX COKpalleHus: rpaduueckux paboT JOMYCKaeTcs HE MOKa3bIBaTh
Ha coopounom ueptexe (I'OCT 2.109-68):

a) (Qacku, CKpyrjieHus, NPOTOYKH, YIJIyOJEHHs. BBICTYIIbI, HAKATKH,
HACEUYKH, OIUIETKU U APYTUE MEJIKUE JIEMEHTHI;

0) 3a30pbI MEX/y CTEP’KHEM U OTBEPCTHEM;

B) HECKOJBbKO OJMHAKOBBIX MO (Qopme, pazMepaMm U COACPKAHUIO
COCTaBHBIX 4acTEW, UM PABHOMEPHO PACIIOJIOKEHHBIX 3JIEMEHTOB;

') HAJIMKUCH Ha IIKalax;

1) KpPBIIIKH, KOXKYXH, IIUTHL. TMEPErOpPOAKH U T.I., €CIU HEO0OXOIUMO
[IOKa3aTh 3aKpbIThle WJIM COCTaBHbIE dYacTh wu3fenus. Han wmzoOpaxeHunem
JIEIAaeTCs COOTBETCTBYIOIIAsl HAANKUCh, HAapumep, “Kppllka He MMoKa3zaHa™ WIH
“Kppimka nmo3.3 He nmokasana’.

[Tpumep odopmiteHHst COOPOYHOro YepTeka U3IENHs IOKa3aH Ha puc. 2.2.



Puc. 2.2. CO0po4HBIil YepTe:K

2. Cnemudukanus - JOKYMEHT, ONPEICISIONNNA COCTaB COOPOYHOM
€AMHUIIBI, KOMIUIEKCa WU KoMmIuiekTa. Crenudukamnuss COCTOUT U3 pa3elioB,
KOTOpBIE pacmojaratorcst B cieayronieit nocinenoBatenbHocT (I'OCT 2.108-
68): moKyMeHTaIusi; COOpPOUHbIC EIWHMUIIBI, JAETAIU;, CTaHIAApPTHBIC H3EIUs;
MIPOYUE U3JCITHS; MaTepUAIIbI.



Hamnume Tex WM HMHBIX  pa3[elioB  ONpPENENSieTCS  COCTaBOM
cnerudurpyemMoro u3genus. HanMeHoBaHWe paszjiena yKa3blBaeTCsi B BUJC
3aroyioBka B rpade “HaumenoBanue” u noguepkunaercs (puc.2.3).

@ |3 |llos Obo3nauenue Haumenosanue Kon. | Ilpumeua
Hue
Loxymenmayus

ABBI' XXXXXXX.000CH Cbopounulii uepmedc

Coopounbie edunuybl
1 ABBI" XXXXXX.000 Ilnama 1

Lemanu

2 ABBI' XXXXXX.000 Jlenecmok 1
3 ABBI' XXXXXX.000 Kopnyc 1
4 ABBI" XXXXXX.000 Kpvuuxa 1
5 ABBI' XXXXXX.000 Yeonvnux 1
6 ABBI' XXXXXX.000 LImwvips 2
7 ABBI" XXXXXX.000 Pyuxa 2

CmanodapmHuie uzoenus

8 Bunm M3-6g x 8.36.016 4

LTocm 17475-80

Bunmuvr I'OCT 1494-80

9 M3-6g x 8.36.016 12
10 M3-6gx 10.36.016 1
11 M3-6gx 12.36.016 1

Puc.2.3. Cnenndukanms Ha «brok mutanus

3.PaGounii yeprexxk aerasm (puc. 2.4). Jleranmm oObIYHO M300pa)karoT
MOJIHOCTHIO ~ 3aKOHYEHHbIMH.  UepTexx  sBIsETCSI  OCHOBOM  BCEro
TEXHOJIOTUYECKOT0 TMpollecca M3rOoTOBJICHUS UM KOHTpoJsis. HeoOxomumoe
KOJIMYECTBO M300paKEHUM 3aBUCUT OT (POPMBI JeTaIH.

Ha ueptexe neranu (Hanpumep, puc. 2.5) T0JKHBI ObITh TaHbI:

pasMepsl ¢ NpeeIbHBIMUA OTKIIOHEHUSIMU;

yKa3aHHs O MEPOXOBATOCTH MOBEPXHOCTEN, MOKPBITUH, TEPMOOOPAOOTKE.

Ha 4yeprexxe Haxomar  OTpakeHHE€  OCOOCHHOCTHM  TEXHOJOTUU
U3TOTOBIIEHUS M300pakaeMbIx neraneil. Hanpumep, minockas aerans (puc. 2.4),
W3TOTOBIICHHAS W3 JMCTOBOTO Marepuaia u3o0pa)keHa OJHOM MPOEKIUEeH C
YCJIOBHOM 3alKChI0 TOMMMHBL S 1.2. DTOT pazMep MOMEUYEH 3BE3A0YKOU (11
CIIPABOK), IIOCKOJIbKY TOJIIIMHA MaTepualia COIEPXKHUTCS B €ro Mapke B
OCHOBHOM HaJNUCH YepTexa. EciM aertanb Mnoiydaercss IITaMIOBKOM WM
THOKOM W3 JMCTOBOTO Marepuaja, TO TMOKa3bIBAIOT PAIUYChl M3THOA TOJBKO
BHyTpeHHHE. Ha depTeke MoxkeT ObITh IPUBEACHA pa3BEepPTKA DJIEMEHTA JIeTalH,




dbopmMa KOTOPOTO HE SICHA U3 OCHOBHBIX MPOEKIUNA C COOTBETCTBYIOIIUMU
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Puc.2.7. DJIeKTPOMOHTAXKHBIH YePTexK

e
¥
2 90490y | £1Iny WD ..E\i
1 PIOHIDUHON O HIYE LA
. nuawady ey P NG s Y whadagend
II95E x| 09058 | 47l , 2fLuagy
EWNLHY "XXXX XX 188V
T
N
o
9 |u - _
B 4 4 I
-4 | ¢ .w. ._w |
8 & _
CELEY NXXKXXY /GTY A g |
HIHAUDIUNAHNIAY HONISHNAWHIVE UHIXY @ y; 7 “
“OHGOLIT| OXDELHOL _
; . 6 £ X
2N DADWonesa HoNwasusl \anHaweyoy 4 . y 7 @ I
OHPOUIE DHOETNOU DHPOGIHIN HONAUDLIIY £-6 44 ¢ il
77 ++ ._. +-+ |
LO0 0LO 0K o b wRnafy 00909 |2HoH | |1
“HNHIUH YYD LY
XIoHpOps Sxpudon g CQoWHINIYe XNMoITQUILEIUI0T uwhrdsgend
nenypy 8L-669-20-625.L © 11Hdah ‘W ponapay By O\
UBGOGIHEIN LA QY ‘TN BNHINIHEOPD G1KHONENED G
$72°C0L TNIHANG UDYOTIHATK & | \\-m
N QUDYINELTE JO00GIGU XITHHKIUKHON 1ARKON G ? £ A
“"G7°COU DWONUIK Wiiek § UDEs] B00GOY % 7 g ~
“D4~468-04-9U0 =7 |2 N
“pranandly © 39-hl wonou auneanol Nl BLddsy e 73 | 06
GL~4L64Z L9041 L1930 oundy 2 i oy ”
B~ BOT L0 2L L35 ol 17X QUUHOWIQUINSUE X ENHEGAP3A] 4 0059008} VH, >
2 4 Z L
< £¢ AGBIXXXXXX.047M3




A

S Ny
S : }i00y $0:0%
N \Pm | Lo
i —e[C e
: @ ~
o b b LS
3 o191 &
NLY | 1 ©
SR "{ E ~N
™R 4 — UINR
3q = 33
. 2 | "I
8| g -
S d 3
| S
> o
1y ® —
x| &
Sk uird R Y R
Z[s 3
?"’) L .y R
R i Nele) :
a N ; m
I R
A %

+507019 L/K 005 06L

_

Puc.2.8. MOHTaXHBIN YepTEK

OcHoBHas1 HAANHUCDH

['OCT 2.104 - 68 ycranaBnuBaeT (hOpMBbI, pa3Mephbl, MOPSAIOK 3aII0JIHEHUS
rpad OCHOBHOM HaAMKCH:

1 - HauMeHOBaHWE U3JACIHS B UMEHHUTEIHHOM TMajekKe €IMHCTBEHHOTO
yucina. HaumenoBanue, cocrosiiiee U3 HECKOJIbKUX CJIOB, HAYMHAIOT C UMEHHU
cymectButenbHoro. Harpumep, Cxema aniekTpuyeckasi, mnpuHuunuaibaas. biok
KOMOMHUPOBAHHBIN.

2 - o0Oo3HaueHHWe JOKyMEHTa B TIOCIEJOBATEIbHOCTU: HHJEKC
NPEeANnpUsATUs, pa3paboTaBIIero MTOKYMEHT; KOJ HM3ACNUs M0 KiacCUpUKATOPY;
MOPSJIKOBBIA  PETUCTPAIMOHHBIA HOMEp; IO Mepe HagoOHOCTH - mHdP
nokymenta: Cb - cOopouHsnii ueprex; I3 - cXxema dIEKTpUYECKas
npuHuunuanbHas; [13 - nosicaurenshas 3anucka u 1.1. ('OCT 2.102 - 68).

3 - o0o3HaueHHWe Marepualna JeTalu (3armojHAETCS TOJIbKO Ha YepTexax
JeTanei);



4 - nurepa JOKYMEHTa B 3aBUCHUMOCTH OT CTaJud pa3padOTKu
KoHcTpykTOpckoi nokymentauuu (IL9,T - mpoekrnas cragus; O,A - pabouas
cTaaus);

5 - Macca u3aenus;

6 - macmtad ('OCT 2.302 - 68 ycraHaBiauBaeT: MacITaObl yMEHbBIIICHUS
1:2, 1:2.5, 1:4, 1:5, 1:10, u T.1.; HaTypanbHbli MacmTad 1:1; macmTaObl
yBenmuenus 2:1, 2.5:1, 4:1, 5:1, 10:1, u T.71.)

7 - NOPSAKOBBIA HOMEp JuCTa (HA JOKYMEHTaX, COCTOSIIIMX M3 OAHOTO
aucTa, rpady He 3aNOJIHAIOT);

8 - o0111ee KOJIMYECTBO JINCTOB IOKYMEHTA;

9 - HauMeHOBaHHE WU pa3J’II/I‘—II/ITCJ'IBHblf/'I WHJACKC MPCAlpUuATUSd -
pa3paboTUmKa;
10, 11, 12, 13 - Bua paboThl, (haMUITHH, TIOITUCH, TATHI.
(2)  ABBIXXXXXX.123
Jlum. Mac Macwm.
(1) ca
Ham. | Jlucm | Neook. | Iloon. (
a
A “) 50 1(6)
Ta )
Paspab.
1lpos.
T.xoump. (7) Jlucm | (8) Jlucmos
(10) (11) (12) (13)
H.xoump. (3) (9)
Yme.

[Io ycMmoTpeHHio 3aka3uMkKa MpPU MOPOCKTUPOBAHUU pa3pabaThIBAIOT
CleAYIoNUEe KOHCTPYKTOPCKUE JOKYMEHTHI:

-rabaputHbiii yeptex (I'Y) - koHTypHOE (YHpOIIEHHOE) H300paKeHHe
u3J1eNus ¢ TabapUTHBIMH, YCTAHOBOYHBIMH U MPUCOETUHUTEIIBHBIMU pa3MepaMu
(puc.2.6);

-MOHTaKHbIH 4YepTexk (MY) - xoHTypHOE (YHPOIIEHHOE) H300paKeHue
U3JIETUsl C JAHHBIMHM JUIsl €r0 YCTAaHOBKM (MOHTa)ka) Ha MECTe MPUMEHEHHS,
(puc. 2.8);

- JJIEKTPOMOHTAXKHbIA 4epTe:xk (MD) - HOKYMEHT, COAEp)KAIUA JaHHBIE,
HEO0OXOIMMBIC JUIS BBITIOJTHEHUS JICKTPUUESCKOTO MOHTaXka nu3aenus, (puc. 2.7);

- ynakoBodHblii 4Yepre:xk (YY) - [OKYMEHT, COAEpKalllMil JlaHHbIE,
HEO0OXOIMMBbIE ISl BHITTOJIHEHUST YIIAKOBBIBAHUS U3JIETUS;

- cXeMbl - JIOKyMEHTbI, Ha KOTOpBIX IIOKa3aHbl B BHJIC€ YCJIOBHBIX
N300pKECHUN WM O0O3HAYCHHWI COCTABHBIC YAaCTHU W3MIETHUS M CBSI3H MEKIY
HUMU.

TekcToBbIE TOKYMEHTHI, pa3padbaTbiBaeMbIe IO YCMOTPEHUIO 3aKa34MKa:

- TexHudeckue YyciaoBusa (TY) - TpeboBaHUS K U3JEIUI0, €ro

U3roToBJIeHUI0, npuemke u nocraske (I'OCT 2.114 - 70);




- mareHTHblii ¢opmyasap (IID) -cBeneHus o0 MATEHTHON YUCTOTE
U3JIEIHS;

- KapTa TeXHHYEeCKOro ypoBHA uM kadecTtBa u3neami (KY) - nansbie,
OTpeeNIONME YPOBEHb KauecTBa U3/, COOTBETCTBHE €r0 TEXHUYECKUX U
PKOHOMUYECKHUX TOoKa3arenel aocTiwkeHusM Hayku v TexHuku ([OCT 2.116 -
71);

- uHceTpykuus (M) - 1okyMeHT, coiepKallvil yka3aHusi W IIpaBHIIa,
UCIOJIb3yeMble IIPU U3TOTOBICHUU U3Jenus (COOpKe, peryjaupoBKe, IPUEMKE U
T.IL.);

- HokyMeHThl 3Kkcmiyaranuonusie (I'OCT 2.601 - 68) mna uzyuyeHus
17631 (0175 S| IpaBWi €ro 3KCIulyatauuud (IpUMEHEHUE, TEXHUYECKOe
o0cnyKMBaHUE, TPAHCIIOPTUPOBAHKE, XpaHeHue): TexHuueckoe onucanue (TO);
UHCTPYKIMS 10 3kcmutyatauuu (MD); MHCTpYKIMS 1O TEXHUYECKOMY
ob0cnyxuanuto (MO); MHCTPYKIUS IO MOHTAXY, yCKY, PETYJIUPOBAHUIO U T.J.

2.2. IIpaBujia BbINOJHEHHUS CXEMHOM TOKYMEHTAUU

CxeMa-310 rpaduueckuii KOHCTPYKTOPCKUM JOKYMEHT, Ha KOTOPOM IIpHU
MIOMOIIM YCJIOBHBIX Irpaduueckux 0003HaYeHUM N300paKeHbl KHHEMAaTHYECKHE,
ANEKTPUYECKUE, THEBMATUYECKUE U JIPYTUE COCTABHBIC YACTHU U3JICJIUSI U CBSI3U
MEXK]1y HUMH.

CxeMblI BBIIOJIHAIOT 0€3 coOJIroieHns MaciTada.

Ha cxeme ycnoBHBIC rpaduyeckue n300paKeHUs SJIEMEHTOB M YCTPOUCTB
U UX COCAMHEHHWH CJeayeT pacrmoJiaraTh TakKMM 00pa3oM, 4TOOBl OOECIIECUHTH
HaWIyylllee TPEJCTaBICHUE O CTPYKType MU3Jeus, B3aUMOACHCTBUU €ro
COCTaBHBIX YaCTEil.

KommiiekT (HOMEHKIATYpy) CXeM Ha Wu3JieJiie YCTAaHaBJIMBAIOT B
3aBUCHMOCTH  OT COCTaBa, CJIOXKHOCTM M  OCOOEHHOCTEH  HM3JEIIHS.
Y CTaHOBJICHHBIM KOMILJIEKT CXEM JOJDKEH COJIepaTh CBEJEHUS, IOCTATOYHBIC
JUIS. TPOEKTUPOBAHUS, WM3TOTOBJICHUS, OKCIUTyaTalldd W PEMOHTa W3JACIHUS.
KonuyecTBO cxeM JOJDKHO OBbITh MUHUMAJIBHBIM, WX HY)XHO BBITOJHATH
KOMITaKTHO, HO 6€3 y1iep0a Jj1sl SCHOCTU U y00CTBA YTCHHUSI.

2.2.1. Cxemsbl. Buapl u Tumbl. O61ue TpedoBaHus K BBITIOJIHEHUIO.

B 3aBHCHMMOCTH OT BHJOB JJIEMEHTOB M CBSA3€H, BXOJSIIMX B COCTaB
U3JICTINS, BUBI CXEM UMEIOT CIICYIONINEe HAMMEHOBAHUS U OYKBEHHBIC KOJIbI:

AIEKTPUYECKUE - KOJ I;

rujpaBiandeckue - koxa I's

nHeBmaTtuueckue - kox I1;

KHHeMaTudeckue - koja K;

onTudeckue - koxa Ji;

KOMOMHUpoBaHHbIE - koA C.

[Toq KOMOWMHHMpPOBAHHOW CXEMOW MOHMMAETCS CXeMa, KOTJa Ha OJHOM
KOHCTPYKTOPCKOM JIOKYMEHTE BBINOJHSAIOT CXEMbl JBYX WM 0OoJjiee BHUJIOB.
Hanpumep, cxeMa 31eKTpo-KMHEMaTHYecKasl.



B

3aBUCHUMOCTH OT OCHOBHOI'O Ha3HA4YCHHUSA THUIIBI

CeAyIoe HAaMMEHOBAHUS U [IU(POBBIE KOJIbI:
CTPYKTYpPHBIE - KO 1;
(GyHKIIMOHAIBHBIC - KO 2;
MPUHIUITHAIBHBIE - KO 3;
coeMHEHUM (MOHTaXXHBIC) - KO 4;
MOJKJIIOUCHHS - KOJ 5;
obmue - Koz 6;
pacnoiiokKeHus - kox 7,
00beauHeHHbIe - Ko 0.
ITon oO0beaMHEHHOM CXeMOWl MOHMMAaeTCs cXeMa, Korjga Ha OJHOM

KOHCTPYKTOPCKOM JOKYMEHTE BBITIOJNHSIOT CXEMBI JBYX WU OOJiee THIIOB.

Hanpumep, cxema cTpyKTypHasi, IpUHIIMIUATIbHAS U COCIUHEHUH.

CXEM HMCIOT

CrpykrypHas cxema (puc.2.10) OITpeIeIIsieT OCHOBHBIE
(GyHKIIMOHAIBHBIE YaCTH U3JIETUs, UX HAa3HAYCHUEs U B3aUMOCBSI3H.
Gl Ul G3 Ton
Boxon 0603- HanmeHnoBanwe Koﬂ_qrglivée
—— HayeH
Al Al | V-Bo nyexa ABBI XXXXXX.011 | I
A El El | Dt ympas. ABBI XXXXXX.015|
- | |Gl |T-p.oGpasu ABBLXXXXXX.002| I
- G2 |I'-p.caura ABBI' XXXXXX.003 | 1
Gz 2 Z1 A . | G3 | T'eneparop CHHXpOHU3HPYIOIIMI
| ABBI" XXXXXX.004 1
| ' | HI Wnn.3axsara ABBI XXXXXX.008 1
| Ul |Cwmecurems ABBI XXXXXX.031 I
| | U2 | Jler.Qpasos. ABBI'XXXXXX.011 1
. |1 |Z1 |®umip  ABBLXXXXXX.005| I
— /_/ —

dyHKIMOHAJIBHAsE cxemMa (puc.

Puc. 2.9. Cxema sreKTpuyeckas CTpyKTypHas

2.10) pasbscHSET OMNpe/eIICHHbIC

MPOIIECCHI, MPOTEKAIONINE B OTACIbHBIX (DYHKIIMOHATBHBIX HEMAX U3CIUs WIHA
B m3Aenud B 1eiaoM. CXeMmbl 3TOro THIA MCIOJIB3YIOTCS NpPH H3YYCHHUH
OPUHIIMIIOB pabOThl U3JIETUH, PU UX HAJIaJIKe, KOHTPOJIEe, PEMOHTE.

HpunuunuanbHaa cxema (puc.2.11) omnpenenser MOJHBIA COCTaB
AJIEMEHTOB M CBSI3M MEXKIy HHMHU U,
MpeICTaBlIeHUe O TMPUHIUIAX padoThl w3fenus. [lpuHIunuambHas cxema
CIIY’KUT HCXOJHBIM JTIOKYMEHTOM IS pa3pabOTKU APYTHX KOHCTPYKTOPCKHUX
JOKYMEHTOB, B TOM YHCJIE YEPTEXKEM. DTU CXEMbl TAKKE HCIOJIb3YIOTCA AJIS
M3YUYCHUS IPUHIUIIOB PA0OTHI U3AECIUI IPU UX HAJIAJIKE KOHTPOJIE U PEMOHTE.

KaK IpaBuio,

JaeT JeTaJIbHOE




Cxema coeqnHeHHMH (MOHTAa)KHAasl) UCIIOJNB3YyeTCS TMIpU pa3paboTke
KOHCTPYKTOPCKUX JIOKYMEHTOB, ONPEACNSIONMX TMPOKIAAKY U  CIOCOOBI
KpEeIUICHUs] MPOBOJIOB, XI'YTOB W Kalejed wiu TpyOONMpOBOJOB B HU3JIENUHU, a
TaKKe ISl OCYUIECTBIICHUS MPUCOEAUHEHUM IMPU KOHTPOJIE, dKCIUTyaTaluu U
PEMOHTE U3AEIHIA.

71 A2
Tos. HanmenoBanme Kon.| Thpume-
ﬂ)/_ 9 003H, YaHHC
Al A3 Al VYcwmrens nHBepTUpyrommit | 1
A2 Ycwmress MorHocTr HY 1
| — —D A3 Yemoricteo OOC 1
RS A4 Ycewmrens naBepTupyrommid | 1
(1 B1 Bl Muikpodon 1
A4 Cl Konznencarop 1
— R2 R1 Pe3ncTop noacTpoeyHplii 1
U TAK Janee
=|—= R3 R6 Z1 OWIbTP BEICOKUX 4YaCTOT 1

Puc.2.10. Cxema anekrpudeckasi (pyHKIIMOHATbHAS

CxeMa MOAKJIIOYEHHMs TIOKa3bIBaCT BHEIIHHWE TMOAKIIOUCHUS U3IACIUil
NIPU WX SKCILTyaTaluu.

Cxema o0masi MoKa3bIBa€T COCTABHBIE YaCTHU KOMILIEKCA, a TAKXKE
COEIMHEHHE UX MEXAY COOOM Ha MECTE IKCILTyaTall|H.

Cxema pacnosioKeHHsl TOKa3bIBAET OTHOCUTENIbHOE PACIIOIOKEHNE
COCTaBHBIX YacTel uzzenus u (mpu HeoOX0JMMOCTH ) MPOBOJIOB, KI'YTOB,
Ka0ereil.

Bun u tun cxembl ompezensioT ee HauMeHoBaHMEe U koa. Hampumep,
cxema »>JeKTpuyeckas (BHJ) OpUHIUNUAIbHAS (TUI) uUMeeT kKojy O3 - O
(anmekTpuueckas), 3 (MpUHIUITAATIBHAS).

Pasmepsl ycrnoBHBIX rpauueckux OO0O3HAUEHUH DSJIEMEHTOB CXEM
pa3IMYHOTO BU/Ia yCTAaHOBJICHBI CTaHAapTaMu. Jlomyckaercs:

BCce 00O03HAUEHHUs MPOMOPIMOHATHFHO YMEHbBINATh, COXPAHAS YETKOCTb
CXEMBI;

yBEJIMYUBATh YCJIOBHBIE rpaduueckue 0003HAUYCHUS MPHU BIMCHIBAHUH B
HUX MOSACHSIONINX 3HAKOB;

OBOpPAYMBATh YCIOBHOE Irpaduueckoe 0003HAYECHUE Ha YToJl, KpaTHbIN 45
1 90 rpamycoB (¢ OykBeHHO-IIM(PPOBBIMH 0003HAYECHUSIMU TOJIBKO Ha 45 u 90



OBITH HAUMCHBIITNM.

Ecau nuHuM CBs3M 3aTPpYAHAIOT YTCHUC CXCMbI, UX MOKHO O60pBaTB,

JluHuM CBSI3U JOJIKHBI COCTOSATh, KaK MPaBUJIO, U3 TOPU3OHTAIBHBIX WU
(Hampumep, HOMEp MPOBOJIa, HAMMEHOBAHUE CUTHAJIA).
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3aKOHYHMB CTpeHKOI;'I, H YKa3aTb 0003HaYECHHUE WU HaMMCHOBAHHUC, IIPUCBOCHHOC
9TOH JIMHHNU

IpalyCoB) MO CPABHEHUIO C M300PAKEHUSIMH, PUBEJACHHBIMUA B CTaHAAPTE, UX
BEPTUKAIBHBIX OTPE3KOB C PACCTOSIHUEM MEXy HUMHU HE MEHee 3 MM, IIPU STOM

U300paXkaTh 3epKAIbHO TOBEPHYTHIMHU.
KOJINYECTBO M3JIOMOB M B3aMMHBIX IIEpeCeueHU JOHKHO




YCTpONCTBO, UMEIOIIIEE CAMOCTOSTEIIBHYIO CXEMY, BBIAECISAIOT CIUIOLUIHOU
JWHHUEH, BABOE TOJIIE JIMHUN CBS3U, C yKa3aHWEM HAUMEHOBAHUS W (WIIK) TUIA
YCTPOMCTBA.

OyHKIIMOHAJIbHBIE TPYIIbI, HE HMEIOUIUE CAMOCTOSATENbHBIX CXEM, Ha
CXEeMe YCTPOWCTBA BBIJAEISAIOTCA ITPUX-TYHKTUPHBIMU JIUHUSMU C YKa3aHHEM
HAaUMEHOBaHUA (PYHKIIMOHAILHOW TPYIIIIBI.

Ha pwuc.2.12 npuBeaeHa NpuUHUMUNHAIbHAS KUHEMAaTHYECKas CXema
MexaHu3Ma rnepemelieHuss kacceT. C TOMOIIbIO YCIOBHBIX TI'padHUuecKux
0003HAUEHUH  WJIM  YNPOLIEHHBIX  KOHTYPHBIX  OYepTaHUM  IOKa3aHa
COBOKYITHOCTh KMHEMAaTHYECKHX 3JIEMEHTOB U MX coequHeHHi. Cxemy CTposT
0e3 cobmogeHus macmTaba, HO COOTHOLICHHE pa3MEpoB H300pakaeMbIX
3JIEMEHTOB JIOJDKHO MPUOIN3UTENBHO OTPAKATHCS HA CXEME.

Kak mpaBuio, KuHEMaTHYECKYIO0 MPUHIUIHAIBHYIO CXEMY BBITIOIHAIOT B
BUJIC Pa3BEPTKHU.

Puc. 2.12. Cxema kuHeMaTnyeckasi IpUHLIUNHAAIIbHAS MEXaHU3Ma MepEeMEILEHUs
KacceT



3. OcHOBBI B3aUMO03aMeHSAEMOCTH

3.1. ExuHasi cucrema J0IyCKOB M MOCAI0K

B3aumozamenaemocms - 3TO CBOMCTBO KOHCTPYKLUMU O0O€CIEUMBATH
ONTHUMAJIbHBbIE  JKCIUTyaTallAOHHbIE W  MPOU3BOJACTBEHHBIE  IOKa3aTelH,
00yCJIOBIIMBAEMOE HW3TOTOBJICHHEM COCTABHBIX 3JIEMEHTOB KOHCTPYKIIMU C
3aIaHHOM TOYHOCTBHIO TE€OMETPUYECKUX, MEXAHUYECKUX, DIEKTPUUYECKUX MU
IpYruX (PYyHKIIMOHAJBHBIX TApaMETPOB KayeCcTBa.

B3aumozamensiemocth B Poccum obecrieunBaeTcsi eOuHou cucmemoil
oonyckoeé u nocadok (ECJIIT), B o0CHOBY KOTOpOH MoioxkeHa MexayHapoaHast
cucrema jomyckoB u nocajsiok (MCQO). Dtoii cuctemMoil yCTaHOBJIEHBI OCHOBHBIE
MOKa3aTeIu TOYHOCTH H3TOTOBIICHUS JeTalel H  MPeIyCMOTPEHO HX
HOpMupoBaHue. OCHOBHBIC MMOJOXKEHUSI JAHHOW CUCTEMbl JaHbl B CTaHAapTe
I'OCT 25346-82. PaccMOTprM OCHOBHBIE TEPMHUHBI U MIOJIOKEHUS.

JlaHHBIM CTaHJApTOM BBOJSTCS JIBa TEPMUHA - Bajdl W oTBepctue. Jlis
0003HaYEHUsI HAPY>KHBIX (OXBATHIBAEMBIX) MOBEPXHOCTEH JETalu MPUMEHSIOT
TEPMUH  6an ( He myTaTh C JAETANbIO MOJ HA3BaHHUEM «Baj»), a JUJIs
BHYTPEHHUX (OXBaTBIBAIOIIMX) - TEPMHH omeepcmue (3TO TIOHATHE
OXBAaThIBAET TOXKE HE TOJBKO IMWIMHAPUYECKUE MOBEPXHOCTH, HO U DIEMEHTHI
uznenus apyrou ¢popmsl). Janee ctangapt 'OCT 25346-82 BBOAUT CIIEIYIOIINE
OINpPEJECIICHMUS:

Pazmep - 4ducioBoe 3HAYEHUE JIMHEHHOW BEIWYUHBI (qUaMeTp, JJIMHA,
pacCTOSIHHE MEXIy TOBEPXHOCTSIMH W T.J.) B BBIOPAHHBIX EIWMHHUIIAX
HM3MEpPEHMUSL.

Jeiicmeumenvnulit pazmep - pasMep, YCTAHOBIICHHBIM H3MEPEHHUEM C
JIOMYCTUMOM MOTPEUTHOCTHIO U3TOTOBICHHOMN AeTanu (U31eusl).

Ilpedenvuvie paszmepsvt - 1Ba TIPEIEIBHO JONYCTUMBIX pasmepa ,
HauOONBIIMNA W HAUMEHBIIUM, MEXAY KOTOPHIMH JOJKEH HaXOJIUThCS
JNEeUCTBUTENBHBIN pa3Mep JeTalid. DTH JBa MOHATHUS BBEACHBI JJI TOTO, YTOOBI
3a/1aBaTh JOMYCTUMYIO0 HETOYHOCTh U3TOTOBJICHUS N€TAIU (U3ACIIHS).

Homunanwvnwui pazmep - pasmep, IPOCTABICHHBIM Ha YEpTEKE WU
CIyXaluii ~ HayajioM  orcueta  oOTkiIoHeHuM. Ero  ompenenser  u3
(GYHKUIMOHATBHOTO Ha3HAYEHMs] U3AENIUS KOHCTPYKTOp. OOImUA HOMUHAIBHBINA
pasmep [ OTBEpPCTHS U Balla, COCTABIAIOUIUMX COEIUHEHHUE (COMpAraeMbIX
BMECTE), HA3bIBAIOT HOMUHAJIbHBIM Pa3MEpPOM COEAUHEHUS.

Ilpedenvnoe omknonenue - anreOpamdeckas pPa3HOCTb  MEXIY
IpeneTbHBIM 1 HOMUHAJIBHBIM pazMepamMu. Tak Kak mpeneabHbIX pa3MepOB JIBa,
MO3TOMY Pa3JIMYalOT BEpXHEE U HIKHEE MPEICTbHBIC OTKIOHCHHUS.

ﬂeﬁcmeumeﬂbuoe OMKJ/IOHEéHue - EU'IFGGpaI/I‘IeCKaH Pa3sHOCTb MCKIY
I[GﬁCTBPITCJ'IBHI)IM W HOMHWHAJIBHBIM pasMCcpaMu.



Hyneeas nunusa - nuausi, COOTBETCTBYIOIAsE HOMUHAJILHOMY pa3Mepy, OT
KOTOPOW  OTCUMTHIBAIOTCS  OTKJIOHEHHS pa3MEepoB TMpU  Trpaduyeckom
U300paKEHUU.

Jonyck - pa3HOCTb MEXKIY HauOOJbIIUM U HAUMEHBILINUM IIPEEIbHBIMU
pazMepamu.

Ilone oOonycka - T1one, OrPpaHUYCHHOE BEPXHUM M  HIKHHUM
OTKJIOHEHUsAMU. llome pomycka omnpenenseTcs BEIMYMHOW JOIyCKa U €ro
MIOJIO’)KEHUEM OTHOCUTEJIBHO HOMHUHANIbHOrO pasmepa. Ilpu rpaduueckom
U300paKeHUH I[oJIe  JIOMyCKa  3aKJIIOUYEHO MEXAY JBYMsl  JIMHUSMU,
COOTBETCTBYIOIIIMMU BEPXHEMY W HIDKHEMY OTKIOHEHHSIM OTHOCHUTEJIBHO
HYJIEBOM JIMHUU.

Ckazanmnoe wuntoctpupyer puc.3.1.  OOmEnpuHITHIMA  SBIISIOTCS
o0o3HaueHusa: d , D - HOMHMHAJIbHBIE pa3Mepbl i1 Bajda M OTBEPCTHS,
COOTBETCTBEHHO, @ymax 5 Amin 5 Dmax s Dmin - HAHMOOIBIINH WM HAMMEHBIITHHN
pa3Mepbl Bajla U OTBEpPCTHS; €S, el - BEpXHEE U HIKHEE OTKJIOHCHHS Baja,
cooTBeTcTBeHHO; ES, EI - BepxHee u HUXKHee OTKIoHeHus otBeperusi; T, Td,
TD - jomyck, AONMYCK pa3MEpoOB Bajla M OTBEPCTHUS, COOTBETCTBEHHO. Ha
PHUCYHKE TI0JISI IOMYCKOB MOKa3aHbl YCJIOBHO - MPOIOPIIUN HE COOJTFOICHBI.
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Puc.3.1. Cxema pacnosioXeHus MoJen JOIMyCKOB

Ha pwuc.3.2 mpuBeneHa knaccugukanus KOHCTPYKTUBHBIX 3JIEMEHTOB
JeTaNied mo Tpem TrpynmnaM. B mepBoii 0ObeIMHEHBI Ballbl M DJIEMEHTHI,
OoTHOcsiMecss K HuM (puc.3.2, a); BO BTOPOM - OTBEPCTUS U DIIEMEHTHI,
oTHocsIMecss K HUM (puc.3.2, 6); B TPEThEH - SJIEMEHTHI, HE OTHOCAIIHUECS HE K
BajaM M HE K OTBEPCTHsIM (YCTYMbl, TTTyOUHBI OTBEPCTUH, BBICOTHI BBICTYIIOB,
PacCCTOSIHUS MEXy OCSIMU OTBEPCTHUH U 11p.) (puc.3.2, B).

Ha ocHoBanumn IMPUBCACHHLIX BBIIIC OHpeI[CJ'ICHI/Iﬁ MOHO IIOJTYYHUTh:



es=d,,.—-d; ES=D,, —D;

ei:dmin_d; EI:Dmin_D;
Td =es —ei;
TD=ES — EI.

Takum 06pa3om, Ha FTane pa3pabOTKU U3IETHUsl KOHCTPYKTOPY HEOOXOIMMO HE
TOJIBKO OIPEeUTh HOMUHAIbHBIE pa3Mephl JieTajeil (U31eus), HO U BbIOpaTh
JUISL KQXKI0TO pa3Mepa BEIMUYMHY JIOIYCKa U €r0 PacIioj0KEHUE OTHOCUTEIBHO
HYJIeBOW JTMHUU. Bennunna nomycka OyaeT onpeaessiTh TOYHOCTh TabHEHIIIETo
W3TOTOBJIEHUS U3/IEIINS, @ PACIIOI0KEHUE TOJISI JOMYCKA pa3Mepa 3aBUCHUT OT
BU/JIa COMPSKEHUSI (COCIMHEHUS) TOBEPXHOCTH, COOTBETCTBYIOIIECH pa3Mepy C
MTOBEPXHOCTHIO Apyrou aeranu. [lo3ToMmy BBOASTCS CIIEAYIOIIME TOHATHUS:

Keanumem - COBOKYITHOCTbH JIOIYCKOB, COOTBETCTBYIOIIMX OJMHAKOBOM
CTEIEHU TOYHOCTH IS BCEX HOMUHAIIBHBIX Pa3MEpOB.

Ilocaoka - xapakTep COCIMHEHHUs JIETAJICH, ONPEAEISIEMbId BEIMYUMHON
MOJIYYAKOIIUXCSA B HEM 3a30pOB WJIA HATSTOB.
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Puc.3.2. Knaccudukanusa KOHCTPYKTUBHBIX 3JIEMEHTOB
JeTajneil o TpeM rpymnnam:
a - pa3Mepsl BaJIOB; O - pa3Mepbl OTBEPCTHUIL; B - pas-
MEpBI, HE OTHOCSIINECS K OTBEPCTUAM U BajaM

Homunanvnwui pazmep nocadku - HOMUHAJBHBIA pa3zmep, oOUIUH IS
OTBEPCTHS U BaJIa, COCTABIISIFOLUX COCUHEHUE.

3a3op - pa3zHOCTH pa3MEpPOB OTBEPCTHS M Bajia, €CIU pa3Mep OTBEPCTHS
OoJbIIIE pa3Mepa Baa.



Hamasaz - pa3HOCTh pa3MepoB Bajla M OTBEPCTHS, €CIM pa3Mep Baja
0o0JIbIIIE pa3Mepa OTBEPCTHS.

Ilocaoka c¢ 3a3opom — 1IOCajzKa, TpPU KOTOPOM obOecreunBaeTcs
rapaHTUPOBAHHBIA 3a30p B COEOUMHEHHMM, T.€. IIOJIE JONYCKAa OTBEPCTHUS
pacIooKEeHO HaJ IoJieM Jomycka Baja. K mocagkam ¢ 3a30pOM OTHOCSTCS
TaKX€ IMOCAaJKH, B KOTOPBIX HWXHSAA TpaHHUIA IOJsA JOIyCKa OTBEpPCTHUS
COBINAJAECT C BEPXHEW I'PAHULIEH T10JIS IOITyCKa Baja.

Ilocaoka ¢ Hnamazom - T1Ocagka, TNpPU KOTOpPOW oObOecreurnBaeTCs
rapaHTUPOBAaHHBI HATAT B coenuHeHud. [lome  jomycka  OTBEpCTHS
PaCIoJIOKEHO IO/ TOJIEM JIOITyCKa Baia.

Ilepexoonaa nocadka — nocaaxa, MpU KOTOPOW BO3MOKHO IOJIyYEHHE
KaK 3a30pa, Tak 1 Hatsra. [1oyst 1onycKkoB OTBEPCTHS U BaJla IEPEKPHIBAIOTCS.

Haumenvwmuiit u naubonvuwiuil 3a30psbl - Ba INPCACIbHBIX 3HAYCHMUA,
MCKAY KOTOPBIMHU AOJIKCH HAXOAUTBLCA 3a30p.

Haumenvwuit u Haubdoavumuil Hamazu - 1Ba NPEACIbHBIX 3HAYCHUS,
MEXKy KOTOPBIMH JOJKEH HaXOAUTHCS HATSIT.

CkazaHHO€ WLTIOCTPUPYET prc.3.3, Ha KOTOPOM H300paK€HbI BO3MOXKHBIC
TpU BapuaHTa Mocajok. Ha pucyHke BBeleHBI O0O3HAUECHMS: Sy, U Spax -
MHUHUMAJIbHBIA ¥ MAaKCHUMAIBHBIA 3a30p B COCAUHEHUM; Npin M Npax -
MUHUMAJIbHBIA 1 MaKCUMAJIbHBIM HATSIT B COCJMHEHUU. 3aKpallleHHbIE YYaCTKU
COOTBETCTBYIOT TOJISIM JIOITYCKOB Bajla U OTBEPCTHS, OOPA3YIOIINX COSTUHCHHE
(ciemyeT OTMETUTD, YTO TIPH 3TOM MPOIOPIIMU HA PUCYHKE HE COOIIOJICHBI).

Kak yxe orTMeuanoch, pa3mepbl TOJsS JIONYCKA ONPEACIISIIOTCS
kBanuretoM. CrangaproM BBenensl 19 kBamureroB 01; 0; 1; 2; ... 16; 17, ux
ob6o3nauaror O6ykBamu IT u mudpoit - nHomepom kBamutera ITO1, IT6 u T.1.
CrangapTu3aiys eIWHHIIBI JTOMyCKa Kak (YHKIMWA pa3Mepa W YKClia €IUHHII
JOMyCcKa Kak (YyHKIMM TEXHOJOIMYECKOro mpolecca M IKOHOMUYECKOM
1eJeco00pa3HOCTH  MO3BOJIWJIA  PErVIAMEHTUPOBATH  YHUCJIOBBIE  3HAYCHUS
JOMYCKOB I Bcero jauamazoHa mgo0 500 wmMm (Cm. T1abn.3.1). Ilpu
CYIIECTBYIOIIEM  MHOTIOOOpa3MM  TEXHOJIOTMYECKMX  MPOILIECCOB  JAHHOE
KOJIMYECTBO KBAJUTETOB OKA3aJIOCh ONTHUMAlbHBIM, Kak HJisi oOOecredeHus
NENUCTBUTEIBLHO HEOOXOJUMOW TOYHOCTH M3TOTOBJICHUS HW3AEIUNA C OJHOM
CTOPOHBI, TaK C APYTOH CTOPOHBI, PAIlMOHAIBHO OIPAaHUYUBAET BHIOOP 3HAUCHHI
YuCciia eIWHMI] JIONyCKa 10 YHCla, JEHCTBUTEIHLHO HEOOXOAMMOTOo W
HYKOHOMHYECKH I1€JIeCO00pa3HOrO.

KBamurets! 01 - 4 Ha3HA4AIOT MPU U3rOTOBJIEHUU 0COO0 TOYHBIX CPEICTB
U3MEPEHUS W JTAJIOHOB, KBaWTETHl 4 - 10 - mug compsAraeMsIx pa3MepoB
(mocanok), kBamutTetrbl 13 - 17 pans Hecompsraembix (HEOTBETCTBEHHBIX)
pa3MepoB.
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Kpome ykazaHus 4uCI0BOTO 3HaYEHHUS IOMYyCKA ISl pa3Mepa Ha YEPTexKe
HEO0OXOJIMMO 33/1aTh MOJOXEHUE TOJISI I0MYCKa OTHOCUTENIBHO HYJIEBOU JIMHUMU.
OTOW 3ajade CIYyXUT TIOHSATUE OCHOGHOE OMKIOHEHUEe - PACCTOSHUE
OnmvkailIel rpaHuIbl MOJs Jomycka no HyneBou ymHuH. B cucteme EC/II
COB nna gumamazona pasmepoB A0 500 MM ycTaHOBIEHO 27 BO3MOXKHBIX
BapUAHTOB OCHOBHBIX OTKJIOHEHUH (puc. 3.4). OCHOBHBIE OTKJIOHEHUS IS
OTBepCTHA 0003HAYAIOTCS MPOMHUCHBIMU (OONBIIMME) OyKBaMU JIATUHCKOTO
anaBuTa, BAJIOB - CTPOYHBIMU (MaIbIMK) OYKBaMH.

OCHOBHBIE OTKJIOHCHMS, PACIOJIOKCHHBIE BBIIIE HYJEBOW JIMHUU,
SIBJIIFOTCSI HUYKHUMU MPEICIbHBIMUA OTKJIOHEHUSIMH TIOJIEN JOMyCKOB. OCHOBHBIE
OTKJIOHEHUS, PACHOJIOKEHHBIC HUXE HYJEBOM JIMHUU, SIBIAIOTCS BEPXHUMHU
npeAeIbHBIMU OTKJIIOHEHUSIMU ToJiel pomyckoB. U3 puc.3.3 BugHO, uto st Jg (
Js ) HET OCHOBHOTO OTKJIOHCHHMS, TaK KaK 00a MpeeabHbIX OTKJIOHEHHUS PaBHBI
+IT/2. JIng J OCHOBHBIM SIBJISICTCSl BEpXHEE OTKJIOHEHHWE, a JJIA ] - HIDKHEE.
OcnoBubie otkimoHeHuss K, M, N, k m1s oTmenpHBIX KBaJIUTETOB M Pa3MEpPOB
PaBHBI HYJIIO, a JJIsI IPYTUX - HET.

Pasznuynble mocagky B COMPSKEHUHM OTBEPCTHS U Bajia MOXKHO TOJTYYHUTh
OJIHUM U3 TPEX CIOCOOOB:

1) coxpaHeHreM TpeenbHBIX Pa3MEpPOB OTBEPCTHUS AJIs OJTHOTO KBaJIHUTETa
MOCTOSTHHBIMU M M3MEHEHHEM MpPEIENbHBIX Pa3MEpoB Baja B 3aBHCHUMOCTH OT
TpeOyemMoro xapakrtepa coeauHeHus. [Ipy 3TOM OCHOBHOE OTKJIOHEHHE
OTBEpCTHUs NMPUHUMAIOT paBHbIM HyJtO (T.e. H - cm puc. 3.3). Takas cucrema
oOpa3oBaHMsI 110CaI0K (CONPSDKEHUI) Ha3BaHA CUCTEMOM OCHOBHOI'O OTBEPCTHS
WIH CUCHEMOIL OMEePCmusi;

2) coxpaHEHHMEM IMpeAeNbHBIX pa3MEpoB Baja UId OJHOIO KBaJMUTETa
INOCTOSSHHBIMU M W3MEHEHHEM TPEJENIbHBIX Pa3MEPOB  OTBEPCTHS B
3aBHUCHMOCTH OT TpeOyemoro xapakrepa coenuHeHus. [Ipum sTomM oCHOBHOE
OTKJIOHEHHE Baja MPUHUMAIOT paBHbIM Hymto (T.e. A , cMm. puc. 3.3). Takas
cucrteMa oOpa3oBaHMS TOCAJOK Ha3BaHA CHCTEMON OCHOBHOTO Bajla WJIH
cucmemou 8ana,

3) U3MEHEeHUEM NpeNeNbHbIX Pa3MepoB Kak OTBEpCTUA, TaKk M Baja. Takas
cucTemMa 00pa3oBaHus NOCAJOK HA3BaHA KOMOUHUPOBAHHOU CUCHIEMOIL.

M3 Bcex MEpevMCICEHHbIX BO3MOXHOCTEM 00pa3oBaHMs MOCAJ0K
HauOoJbllIee PACIPOCTPAHEHUE IOJIy4YMJIa CUCTEMA OTBEPCTHs, TaK Kak IpH
TOM COKpAIaeTCs HOMEHKJIATypa peXyIIero MHCTpyMEHTa (CBEpJ, 3€HKEPOB,
pa3BepTOK U Jp.), TOrAa Kak BajJbl  00pabaThIBAalOTCS Ha TOKAPHBIX U
nun(oBaNbHBIX CTaHKaX 0€3 3aMeHbl HMHCTPYMEHTa IpU HM3MEHEHHM TOJIs
JIOTyCKa BaJia (U3MEHSIETCS TOJIbKO HACTPOIKA CTaHKA).

Takum oOpa3om, Ui BBIIOJHEHHUS Pa3IUYHBIX IIOCAJ0K B CUCTEME
OoTBepCcTHsl TpedyeTcss oauH HA0Op PEXYIIUX HHCTPYMEHTOB Al 00pabOTKU
BaJIOB M OJUH AJis1 00paboTku orBepcTHil. [Ipu compsikeHnn aeraneit B cucteme
Baja BO CTOJbKO pa3 YBEJIMYMBAETCS MOTPEOHOCTh B HAaOOpax pexyLIux
UHCTPYMEHTOB JUJII OTBEPCTUM, CKOJBKO uMeeTcss mnocagok. OaHako Ha



IpaKTUKE OBIBAIOT Cilydyal HEOOXOJUMOCTH TPUMEHEHHSI CHUCTEMbl Baja
(mocagku HapyXHBIX KOJIEL MOJUIMITHUKOB B KOPIYC, NMOCAJKH Ha OJUH Ball
OTBEPCTUI pa3HBIX JeTalel, KOTJa HeleaecooOpa3Ho JenaTh CTyIeHYaThli Ba,
u T. A.). Tperuil BapuaHT MOXXHO HIPUMEHATH TOJIBKO B TEXHUYECKH WU
HKOHOMUYECKH OOOCHOBAHHBIX CITydasiX.
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Puc.3.4. OcHOBHBIE OTKJIIOHEHHSI OTBEPCTUM U BaJIOB



Tabmmia 3.1

3HauyeHus AOITYCKOB, MKM

KBaaurtertnl

NHTtepBansl 01 0 1 2 3 4 5 6 7 8
pa3sMepoB, MM
o3 0,3 0,5 0,8 1,2 2 3 4 6 10 14
Ce. 310 6 0,4 0,6 1 1,5 2,5 4 5 8 12 18
Cs. 610 10 0,4 0,6 1 1,5 2,5 4 6 9 15 22
Cs. 10 mo 18 0,5 0,8 1,2 2 3 5 8 11 18 27
Cs. 18 no 30 0,6 1 1,5 2,5 4 6 9 13 21 33
Cs. 30 no 50 0,6 1 1,5 2,5 4 7 11 16 25 39
Cs. 50 no 80 0,8 1,2 2 3 5 8 13 19 30 46
Cs. 80 10 120 1 1,5 2,5 4 6 10 15 22 35 54
Cs. 120 mo 180 1,2 2 3,5 5 8 12 18 25 40 63
Cs. 180 o 250 2 3 4,5 7 10 14 20 29 46 72
CB. 250 o 315 2,5 4 6 8 12 16 23 32 52 81
Cs. 315 0 400 3 5 7 9 13 18 25 36 57 89
Cs. 400 o 500 4 6 8 10 15 20 27 40 63 97
KBaaurtertsl
HuTepBansl 9 10 11 12 13 14 15 16 17
pa3MepoB, MM

o3 25 40 60 100 140 250 400 600 | 1000
Ce. 310 6 30 48 75 120 180 300 480 750 | 1200
Cs. 610 10 36 58 90 150 220 360 580 900 | 1500
Cs. 10 no 18 43 70 110 180 270 430 700 | 1100 | 1800
Cs. 18 no 30 52 84 130 210 330 520 840 | 1300 | 2100
Cs. 30 mo 50 62 100 160 250 390 620 | 1000 | 1600 | 2500
Cs. 50 no 80 74 120 190 300 460 740 | 1200 | 1900 | 3000
Cs. 80 mo 120 87 140 220 350 540 870 | 1400 | 2200 | 3500
Cs. 120 o 180 100 160 250 400 630 | 1000 | 1600 | 2500 | 4000
Cs. 180 o 250 115 185 290 460 720 | 1150 | 1850 | 2900 | 4600
Cs. 250 o 315 130 210 320 520 810 | 1300 | 2100 | 3200 | 5200
Cs. 315 no 400 140 230 360 570 890 | 1400 | 2300 | 3600 | 5700
Cs. 400 o 500 155 250 400 630 970 | 1550 | 2500 | 4000 | 6300




3.2. YcioBHOE 0003HAYEHHE HA YEPTeKAaX JONMYCKOB M MOCATOK

B coorBerctBum ¢ 'OCT 2.307 - 68 npenenbHbIe OTKIOHEHUS JTUHEUHBIX
pa3MepoB YKa3bIBaIOT OJHUM U3 TPEX CIOCOOOB: YCIOBHBIMU O0OO3HAUCHUSIMU

nosnet pomyckoB (Hampumep, 31H7; 31k6); uuCiIeHHBIMM 3HAUYCHUSIMU

+0,025 . 5 1+0,018
1 ;3

NpeAeIbHbIX OTKIOHEHHH (3 +0.002); YCIOBHBIMH OOO3HAa4eHUSIMU

MoJIe JOMYCKOB C YyKa3aHUEM CIpaBa B CKOOKAaX YMCICHHBIX 3HAYCHUM
+0,018 ) )

npenenbHbIX otkmoneHmi (31 H7 (0929 31 k6 ( 10,002

OTKJIOHEHHUST pa3MEpOB MPOCTABISAIOT Oojiee METKUMHU IUudpaMu, yeMm
HOMUHAIbHBIA pa3mep. CUMMETpUYHBIE OTKJIOHEHUS YKa3bIBalOT LHU(PpamH,
pPaBHBIMU 1O BbICOTE IM(paM HOMHHAJIBHOIO pa3Mepa CcO 3HAaKOM =,
Harpumep, 115 £0,11. HyneBbie OTKIOHEHUS Ha 4YepTE)KaxX HE YKa3bIBAIOT

(Hanpumep, 40*%9%) " 3pauenne OTKIOHEGHHS O0GO3HAYAIOT —IECATHUIHOM
IpOOBI0, IPUYEM YHCIIO IECATHUYHBIX 3HAKOB BEPXHErO U HM)KHETO OTKJIOHEHUS
JOJKHO OBITh OJJMHAKOBBIM.

[Tocagku 3amuchIBalOT B BHUJIE APOOU, B YHUCIUTEIE KOTOPOH MPOCTABISIOT
npeneibHble OTKJIOHEHMs /Ui OTBEPCTHSA, a B 3HaMeHarene - sl Baja (

H7
Hanpumep 31k—6). [Tpumepsr 0603HaUEHUS AOMYCKOB M MOCAJ0K HA YEePTEKax

IIPUBEJICHBI Ha puc.3.5.

MHOrOKpaTHO TOBTOPSAIOIIMECS TpPEIeIbHbIE OTKJIOHEHUS pPa3MEpPOB,
BBINIOJIHEHHBIE MO OJHOMY KBAaJIUTETY, MOXKHO HE YyKa3blBaThb Ha 4YepTexke, a
oroBapuBaTh oOWIEH 3amuchbio, Hanpumep: «Heykazannvie npedenvHbvle

omkoHeHus pazmepos no HI12, h12, + ITi2

».

3.3. Bei0op nmocagok

[Tocanaku BeIOMpAIOT B 3aBUCHUMOCTH OT Ha3HAUYEHUSI U YCIOBUU pabOTHI
npuOOpPOB U Y3JIOB, UX TOYHOCTH, ycioBuil cOopku. [Ipum sTomM HE0OX0auMO
YUYUTHIBATh U BO3MOXHOCTH JOCTHIKEHUS TOYHOCTH TPHU PA3IMUYHBIX METOJIAaX
00pabOTKH U3/IEITHS.

B nepByro ouepenp NOJKHBI IPUMEHSTHCA NPEANIOYTUTEIBHBIE ITOCAIKH.
Kak y»xe oTMeudanocy, B OCHOBHOM M3 CHUCTEMBI OTBEpCTHUsA. JlOIyCKH OTBEpCTHSA
U Baja B IOCaJKe HE JOJDKHBI OTIMYaThes Ooniee, yem Ha 1 - 2 KBanurerTa.
bosbmnii 1onycK, Kak IpaBuiio, Ha3HA4aroT JJIsl OTBEPCTHS.

3a30pbl M HATATH CJEAYET PAaCCUUTHIBATH JJisi OOJBIIMHCTBA THUIIOB
COCMHEHUM, B OCOOEHHOCTU [JIsi TOCAJOK C HaTsIroM. Bo MHoOrux ciydasx



MOCaJKU MOTYT Ha3HA4yaTbCid IO aHAJIOTUU C paHEEe CIPOCKTUPOBAHHBIMU
U3JICNIUSIMU, CXOJIHBIMU 110 YCIOBUSM PaOOTHI.

B Ta6n. 3.2 npuBeneH nepedeHb peKOMEHAYEMBIX MOCaJ0K MPU pazMepax
oT 1 1o 500 mMm st cuctemsl otBepceTusa no I'OCT 25347-82.

B Ta6n. 3.3 npuBeneH nepedeHb peKOMEHAYEMBIX MOCaJ0K MPU pazMepax
ot 1 1o 500 MM mig cuctemsl Basa 1o [ OCT 25347-82.
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Puc.3.5. IlpumMepsl 0003HaYEHUI 110JIEH JIOMYCKOB U OCAJI0K
Ha yepTexax

B Tabn. 3.4 npuBeneHbl YUCICHHBIC 3HAYCHHS MPEAEIbHBIX OTKJIOHEHUN
OCHOBHBIX OTBEpCTHUH, a B TaOiu. 3.5 - 4YHCIEHHbIC 3HAYEHUS MPEAeTbHbIX

oTkJIoHeHU ocHOBHBIX BajioB (I'OCT 25347-82).



B 1a6n. 3.6 mpuBeneHBl YUCICHHBIE 3HAYCHUS MPEACTbHBIX OTKIOHEHUHN
noJiel JoImycKoB BasoB Js ¥ otBepctuit J; (I'OCT 25347-82).

B T1abn. 3.7 mpuBeneHsl MpEANOYTHTEIbHBIC MpeneiIbHbIe OTKIOHEHUS
BAJIOB B CUCTEME OTBEPCTHS.

Jlanee mpUBOAMTCS KpaTKas XapaKTePUCTUKAa M MPUMEPHl MPUMEHEHUS
MOCAI0K, OTHOCSIIIMECS TJIaBHBIM 00pa3oM K MPEANOYTUTENHHBIM MOCaJKaM B
CUCTEME OTBEPCTHSI.

Ilocaoku c¢ 3azopom. llocaakyu C 3a30pOM TOJYYHJIM HAMOOJIbIIEE
pacnpoctpanenue. ECHII COB mnpenycmarpuBaer 40 peKOMEHIOBaHHBIX
MOCaZoK B cucteMe orBepcTus (U3 Hux 11 npeanoururensHbie) n 39 nocaaok B
cucTeMe Basa (U3 HUX 6 MPEANnOYTUTEIbHBIC).

Tabmuma 3.2

PexomeHTyeMble TOCaKu € 3a30pOM B CUCTEME OTBEPCTHS MPHU pazMmepax oT 1
110 500 mMm 1o I'OCT 25347-82

OCHOBHBIE OTKJIOHEHHUS BaJIOB
a b c d e f g h
HS5 H5/g4 H5/h4
Ho6 H6/t6 H6/g5 H6/h5
H7 H7/c8 H7/d8 H7/e7,; H7/f7 H7/g6 H7/h6
H7/e8
HS8 H8/c8 H8/d8; HS8/e8; H8/7; H8/h7;
H8/d9 H&/e9 H&/18; HS8/h8;
H8/19 H8/h9
H9 H9/d9 H9/e8; H9/18; H9/h8;
H9/e9 H9/f9 H9/h9
H10 H10/d10 H10/h9;
H10/h10
H11 Hl1l/all | H11/b11 | HI1l/cll | H11/d11 H11/h11
H12 H12/b12 H12/h12
IIpumeuanue. ITomuepkHYTHI - PEATIOYTUTENIBHBIE TIOCAKH.




Tabmnuma 3.3

PexomennyeMble nepexoaHble MOCAAKU U MOCAIKH C HATATOM B CUCTEME
otBepcTus npu pazmepax ot 1 1o 500 mm mo I'OCT 25347-82

OCHOBHBIE OTKJIOHEHHS BaJIOB
HOC&I[KI/I HepCXOI[HBIe HOCEI,E[KI/I C HATATroM
Js k m n p r S t u X z
H5 | H5/j4 | H5/k4 | H5/m4 | H5/n4
H6 | H6/j5 | H6/kS | H6/m5 | H6/n5 | H6/pS | H6/rS | HE/SS
H7 | H7/j6 | H7/k6 | H7/m6 | H7/n6 | H7/p6 | H7/r6 | H7/s6; | H7/t | H7/u7
H7/s7 6
H8 | H8/j,7 | H8/k7 | H8/m7 | H8/n7 H8/s7 H8/u8 | H8/x8 | H8/z&
H9-
H12
Tabmuma 3.4
[IpenenbHbIE OTKIIOHEHUS OCHOBHBIX OTBEPCTUH
(TOCT 25347-82)
HurepBan Ilosie 1OMyCKOB OCHOBHOI'O OTBEPCTHS
pa3MepoB, MM H5 H6 H7 H8 H9 H10 Hll H12
CB. J10 Bepxnee otknonenue ES, mxm (HmkHee otkinonenue EI = 0)
Or1 3 +4 +6 +10 +14 +25 +40 +60 +100
3 6 +5 +8 +12 +18 +30 +48 +75 +120
6 10 +6 +9 +15 +22 +36 +58 +90 +150
10 18 +8 +11 +18 +27 +43 +70 +110 +180
18 30 +9 +13 +21 +33 +52 +84 +130 +210
30 50 +11 +16 +25 +39 +62 +100 +160 +250
50 80 +13 +19 +30 +46 +74 +120 +190 +300
80 120 +15 +22 +35 +54 +87 +140 +220 +350
120 180 +18 +25 +40 +63 +100 +160 +250 +400
180 250 +20 +29 +46 +72 +115 +185 +290 +460
* HOI[qepKHYTLI HpeI[HO‘ITI/ITeJ'H)HI)Ie I10J1s1 I[OHYCKOB
Tabmnuma 3.5
HpeﬂeHBHHe OTKJIOHCHHUSA OCHOBHBIX BaJIOB
(TOCT 25347-82)
I/IHTepBaJ'I HOJ’IG ,I[OHYCKa OCHOBHOI'O BaJjia
pasMepoB, MM h5 h6 h7 h8 h9 h10 hll h12




CB. it} Hwmxaee oTknoHeHHE €1, MKM (BepxHee OTKIIOHeHHe es = ()

Orl 3 —4 -6 -10 ~14 25 -40 -60 ~100
3 6 -5 -8 -12 18 -30 -48 75 -120
6 10 -6 -9 15 22 -36 -58 -90 ~150
10 18 -8 11 18 27 43 ~70 ~110 ~180
18 30 -9 -13 21 -33 -52 -84 ~130 -210
30 50 ~11 16 25 -39 -62 ~100 ~160 -250
50 80 ~13 19 -30 ~46 ~74 ~120 ~190 -300
80 120 15 -22 -35 -54 87 ~140 ~220 -350

120 180 18 -25 —40 -63 -100 ~160 -250 -400
180 250 20 ~29 —46 ~72 ~115 185 ~290 ~460
* HoaqepKHmi NPEANOYTHUTEIILHBIC 1TOJISA JOITYCKOB
Tabmuua 3.6
[IpenenbHbIC OTKIIOHEHHS TTOJIEH JJOMYCKOB BAJIOB js U OTBEPCTHUH Jg, MKM
(I'OCT 25347-82)
WurepBan [Mone morryckoB j , Js m1st kBanmuteToB oT 4 10 12 (MKM)
pa3MepoB, MM
w o Js4 Jsd Js6 Js7 Js8 159 Js10 | g1l | 612
' J4 J5 J6 JJ7 J8 J9 JJ10 | J 11 | J12
orl 3 +1.,5 +2,0 +3,0 +5 +7 +12 +20 +30 +50
3 6 +2,0 +2.5 +4,0 +6 +9 +15 +24 +37 +60
6 10 +2,0 +3,0 +4.5 +7 +11 +18 +29 +45 +75
10 18 +2.5 +4,0 +5,5 +9 +13 21 +35 +55 +90
18 30 +3,0 +4.5 +6,5 +10 +16 +26 +42 +65 +105
30 50 +3,5 +5,5 +8,0 +12 +19 +31 +50 +80 +125
50 80 +4,0 +6,5 9,5 +15 +23 +37 +60 +95 +150
80 120 +5,0 +7,5 | £11,0 +17 +27 +43 +70 110 | =+175

120 180 +6,0 9,0 | =*125 +20 +31 +50 +80 +125 | £200

180 250 +7,0 | £100 | £14,5 +23 +36 +57 +92 +145 | +230
Ilocankm H5/h4 w H6/h5 npumMeHstoTcs a1 0co00 TOYHOTO

LEHTPUPOBAHU.
[locanka H7/h6 1npumeHsieTcss TpH  BBICOKMX TpeOOBaHUAX K

IIEHTPUPOBAHUIO YaCTO Pa30MPAEMBIX WU PETYJIUPYEMBIX COSAMHEHUH. MoXKeT
WCIIOJIB30BAThLCS, HAIPUMED: ISl IICHTPUPOBAHUS 3yOUaThIX Kojiec, My(pT | TIp.
Ha BaJIax mepenad; I HEHTPUPYIOMUX KOPITYCOB IO MOAIIUITHUKY KaueHUS.
Kpome Toro, 3Ty mocajiky MHOT/AAa MPUMEHSIOT JJIs MOABUKHBIX COCAMHEHUH C
KOPOTKMM pabO4yuM XOJIOM, C LIEJbI0 TOBBIIIEHUS TOYHOCTH HAaIpaBIICHUS
BMECTO TIOCAJIKH C TapaHTUPOBAaHHBIM 3a30poM H7/g6.

[Tocanka H8/h7 wucnionwb3zyercst Mg LHEHTPUPYIONIUX MOBEPXHOCTEH MpHU
MOHIKEHHBIX TPeOOBaHUSIX K coocHOCTH. OOecrieuynBaeT OOJBIIYIO JIETKOCTh
CcOOPKHM U PETYIUPOBKH Y3IIa.




[Tocanxku H8/h8, H8/h9, HI/h8, HI/h9 mvpoko TPUMEHSIOTCA s
HEMOJBM)XHO 3aKPEIUISIEMBIX JIeTaleil TPy HEBBICOKUX TPEOOBAHUAX K TOUHOCTH
MEXaHU3MOB, HEOOJBIINX HArpy3kax U HEOOXOJIMMOCTH OOECHEYUTh JIETKYIO
cOOpKy, HampuMmep: IIKUBBI, My(Thl, 3yOuaThle Kojieca W Jpyrue JeTaid,
COCIMHSAIONIMECS C BaJlOM MpU TOMOUIM IIMOHOK, ITH(TOB B Tepenayax
CpelHel U HU3KOW TOYHOCTH. B MOABMAKHBIX COCTMHEHUAX UX MPUMEHSIOT TIPH
MEJUICHHBIX WIN PEAKUX BPAIATEIbHBIX U NOCTYIIATEIbHBIX IEPEMEIICHUAX.

ITocanxku HI10/h9, HI10/h10, HI11/h1l, HI12/h12 1tpuMEHSAIOTCS s
HETOYHBIX COEJMHEHUHN, LICHTPUPOBAHUS (JIAaHLIEB U KPBIIIEK, COEAUHEHUN O]
pacKJIENKy, MalKy WINA CBapKy. B MOABMKHBIX COEAMHEHUSAX - IS IOCATOK ITPU
OOJIBIION JUTMHE CONPSKEHUS.

[locanku tuna H/g TapaHTHPYIOT HEOONBLIONW 3a30p. OTH TOCAAKH
cB00OOAHBIE, 00ECTICUNBAIOIINE B3aUMHOE OCEBOE IMEpPEMEIIEHUE COMPKEHHBIX
JeTajied pU COXPAaHEHUU BBICOKOM TOYHOCTH LIEHTPUPOBAHUS. DTH MOCAIKH
OUYEHb YYBCTBUTENIbHBI K YBEJIMUEHHUIO 3a30pa, IO3TOMY MX NMPUMEHSIOT JUIIb B
TOYHBIX KBajuTeTrax. PekomeHnnoBanubix nocanok tpu: H5/g4, H6/g5 v H7/g6,
U3 HUX TOCIIETHSS IPEANOYTUTENbHAS.

Tabmuua 3.7
Cucrema otBepctus. [IpennoururensHbie NpeieabHble OTKIOHEHHUS BaJOB MO
I'OCT 25347-82

WNnurepran ITone nomycka
PasMepoB, MM g6 k6 n6 p6 16 s6 {7 e8 d9 | dll
CB. a0 HpCILCJ'ILHI)IG OTKJIOHCHU A, MKM
Or1 3 -2 +6 +10 +12 +16 +20 -6 -14 -20 =20
-8 0 +4 +6 +10 +14 -16 —28 —45 —80
3 6 —4 +9 +16 +20 +23 +27 -10 =20 =30 =30
~12 +1 +8 +12 +15 +19 -22 -38 -60 -105
6 10 -5 +10 +19 +24 +28 +32 -13 =25 -40 -40
~14 +1 +10 +15 +19 +23 -28 —47 -76 ~130
10 18 -6 +12 +23 +29 +34 +39 -16 -32 =50 =50
-17 +1 +12 +18 +23 +28 —34 -59 -93 -160
18 30 -7 +15 +28 +35 +41 +48 -20 —40 —65 —65
-20 +2 +15 +22 +28 +35 -41 -73 -117 -195
30 50 -9 +18 +33 +42 +50 +59 =25 -50 —-80 -80
25 +2 +17 +26 +34 +43 -50 -89 -142 —24()
50 65 +60 +72
-10 +21 +39 +51 +41 +53 -30 -60 -100 —-100
65 80 -29 +2 +20 +32 +62 +78 —60 —-106 -174 -290
+43 +59
80 100 +73 +93
-12 +25 +45 +59 +51 +71 -36 =72 -120 —-120
100 120 -34 +3 +23 +37 +76 +101 71 —-126 -207 -340
+54 +79
120 140 +88 +177
+63 +92
140 160 —-14 +28 +52 +68 +90 +125 —43 -85 —-145 —-145
-39 +3 +27 +43 +65 +100 -83 —148 -245 ~395
160 180 +93 +133
+68 +108




180 200 +106 +151
+77 +122
200 225 -15 +33 +60 +79 +109 +159 =50 —-100 —-170 -170
—44 +4 +31 +50 +80 +130 -96 -172 -285 -460
225 250 +113 +169
+84 +140
IIpumeuanue: IpezesbHble OTKIIOHEHHMS BAJIOB C MOJISIMU JIOMYCKOB h U j; npuBeeHs! B Ta011.3.5 u 3.6.

[Tocanka H6/g5 sBISETCA AOPOrOCTOSIICH, MOITOMY B CiydasX,
JIOITYCKAIOIINX CHIXKEHHE TPEOOBaHUM K TOYHOCTH LIEHTPUPOBAHUS MOABMKHBIX
neraned, oHa 3ameHsieTca nocaakod H7/g6. IlpuMeHsoT UX B MOABUYKHBIX
COCIMHEHMSIX Il 00ecreueHuss TePMETHYHOCTH, TOYHOTO HaIpaBICHUS WM
npu KOPOTKHX XoAaX. B 0co00 TOYHBIX MeXaHW3Max Uil TeX JKe IeNe
MpUMEHSIOT nocanky H5/g4 .

[Tocaaku tuna H/f rapaHTHPYIOT 3a30p, TOCTATOYHBIN JJI BPALLEHUS WA
MOCTYNATEIBLHOTO JBUKEHUS COEIUHAEMBIX JETAIEN CO CPEAHEN CKOPOCTHIO.

Haubonee npennoururensHoil sBngercs nocanka H7/f7 . Tunosble
Cllyyau €€ TMPUMEHEHHMs: TMOJAIIUIHUKA CKOJBXEHUS TpPU YMEPEHHBIX H
MOCTOSIHHBIX ~CKOPOCTSIX W Harpy3kax, a Takke [l LEHTPUPOBAHHUS
BpallalonIMxcss CBOOOJHO Ha Bajax 3yOuaThIX Kojec, 3yOuaTbIX KoOJec,
BKJIIOYaeMbIX MydTaMu, [JIs1 HalpaBJieHUsl ToJKaTene u T. A. boiee TouHyio
nocanky H6/f6 vcrionb3ytoT Ajis 0c000 TOYHBIX MOAMIUITHUKOB CKOJIbKEHHUS.

ITocanku H8/f8 , HS8/Y , HIY/fY9 npumeHsoT i NOAIIMIHUKOB
CKOJIB)KEHHSI CPEHEN TOYHOCTH MPHU HECKOJIBKUX WJIH PAa3HECEHHBIX OINOpax, a
TaKXK€ ISl OPYTUMX IOABUKHBIX COCIMHEHHHM IPU OTHOCUTEIBHO HEBBICOKHX
TpeOOBaHUSIX K COOCHOCTH.

[Tocanku tuna H/e - cBoOOAHBIE, MOTYT IpPUMEHATHCA B 6, 7, 8 U 9-M
KBAJIUTETaX B 3aBUCHUMOCTH OT HMHTEHCHUBHOCTHU pEXuUMa pabOThl, TOYHOCTH
LHEHTPUPOBAHUSA, OTHOCHUTEIbHOH TpPYJOEMKOCTH OOpabOTKH MOCaJOYHBIX
MOBEPXHOCTEHN U TpeOyeMOil TOJITOBEYHOCTH.

[IpenmouyTuTenbHON MOCAAKON SBISETCS KOMOWHAIMS TIOJIEM JIOMYCKOB
H&8/e8. Ee npuMeHSAIOT B NOAIIMIIHUKAX CKOJIBKEHUS IPU BBICOKOM 4YacTOTE
BpaIlIeHUs], TPU Pa3HECEHHBIX OMopax WiK O0NbIION IJuHE conpsbkeHus. boree
TOYHbIE WKW Oosiee TpyOble TOCAIKH OTOTO THIA MCHOIB3YIOT IS
OTBETCTBEHHBIX MEXAHMU3MOB U JJII MAllIMH HU3KOM TOYHOCTH , COOTBETCTBEHHO.

I[Tocankn Thma H/d garoT J€rKOmOABUIKHBIE COEOUHEHHSA OOIIETo
IIPUMEHEHUS,  KOTOpbIE  JOMYCKAIOT  paJdallbHOE  IIEPEMEIIECHHE WU
KOMIIEHCHPYIOT ~ IOIPEIIHOCTH  B3aUMHOIO  PACIIOJOKEHUS  TPYLIUXCS
NOBEPXHOCTEMN BCIEACTBUE MEPEKOca U Mporuda Baya, MOrpeliHOCTH (OPMBI B
OCEBOM M paavaJbHOM CEYEHUSAX, JKCLEHTPHUCHUTETOB OIOp M IIEEK Baja B
MHOTOOMNOPHBIX KOHCTPYKUUAX. OHU HCHONB3YIOTCA B TEX CIydasX, Koraa
HEOOXOIMMO KOMIEHCHUPOBATh TMOTPEIIHOCTH COOPKH WM TeMIepaTypHbIe

nedopMarum.




Tounsie nocanku H7/d8, H8/d8 nmMeroT orpaHnYeHHOE HUCIOJb30BAHUE.
OHU TPUMEHSIOTCA JJIs1 TOYHBIX COCAMHEHUMN, paOOTaIOIMKUX TPU 3HAYUTEIbHBIX
nepenajgax TeMIepaTyp U TSKEIbIX peKuMax paboTHI.

[Tocanxu H8/d9, H9/d9 siBnstoTcsi IpeANOYTUTEIbHBIMU U UCTIOJIb3YIOTCS
IIPY MOHTa)KE BaJIOB B MOJUIUITHUKAX CKOJIbKECHUSI.

[Tocanku Huszkoit tounoctu HI10/d10, HI11/d11 npuMeHsIIOT B cllyyae
HETOYHBIX MMOJABUKHBIX COCTMHEHUMN.

[Tocanku Ttunos H/a, H/b, H/c XapaKkTepusyrTCs OYE€Hb OOJBITUMHU
rapaHTUPOBAaHHBIMHU 3a30pamu. [IpUMEHSAIOTCS, B OCHOBHOM, B TPYOBIX
kBaymrerax (11, 12-m), mosTomy KosieOaHus 3a30pOB O4YeHb Benuku. OHH
UCIIONB3YIOTCSL I TPyOBbIX, HEOTBETCTBEHHBIX COCAUHEHUM, TPEOYIOIINX
cB0OOAHOM, Jlerkoil cOopku. st oOecredeHnss OTHOCUTENBHOTO NEPEMEIICHHS
JeTaje B yCIOBUSX 3arps3HEHUs], TEMIIEPaTypHbBIX IEPENnaoB U Tp.

Ilepexoonvle nocadku npeaHa3HAYEHBI NI HETOJBWKHBIX COCIMHEHUMN
JeTajei, MoJBEepraliuxcs MpyU PEeMOHTaX WIM IO YCIOBUSAM SKCIUTyaTalluH,
coopke u pazdopke. B3anmHas HEMOABMIKHOCTH JeTalie obOecreunBaeTCs
mrnoHkamu, mrudramu U 1np. MeHee Tyrue NOCAJKM Ha3HAYAlOT MIPU
HEO0OXOMMOCTH B YacCThIX pa300pKax COEAMHEHMs, HEyI0OCTBaxX pa3doOpKHU U
BO3MOXHOCTH MOBPEXICHUS COCEHUX JIeTaliel; OoJee Tyrue - eciiu Tpedyercs
BBICOKAsi TOUHOCTH IIEHTPUPOBAHUSA, TIPH YJIAPHBIX HArpy3Kax U BUOpAIUsX.

B nmepexoaHplx mocaakax MoJii JOMYCKOB OTBEPCTUSL M Baja
MEPEKPHIBAIOTCA, U B COEAMHEHUHU BO3MOKHO TMOSIBJIEHHWE KakK 3a30pa, TaK H
HaTAra. DTU TMOCAJKU OYECHb UYBCTBUTEIbHBI K M3MEHEHHIO 3a30pa W HATITa,
M03TOMY MPETyCMATPUBAIOTCS TOJIBKO B TOUYHBIX KBAIHUTETAX (4 - 7-i).

[Tocanku Ttuna H/j; TpUMEHSIIOTCS B JIETKOPA3bEMHBIX HEMOIABUKHBIX
COCAMHEHUSX, TMOABEPraroluxcs vacTtod pazbopke. Kak mpaBuiio, oHH
MPUMEHSIOTCS B coueTaHuu mnoneu nomyckoB H8/j,7, H7/j6, H6/j5, HS5/j4 .
[TocneaHue nBe MOCAAKU TPYAHO AOCTHKUMBI TEXHOJIOTMYECKA U TPUMEHSIIOTCS
JUIsl 0CO00 TOYHBIX LEHTPUPYIOMINX COECTUHEHUN. YKa3aHHbIE MOCAJKU UMEIOT
BEPOSITHOCTh 3a3opa B mpenenax 92 - 99 % . llocagxa H7/j6 siBnsiercs
npeanoyTuTenbHod. OHa HCMOJIB3yeTCs B CMEHHBIX 3yO4aThIX KoJjecax Ha
Bajax, B CheMHBIX IKKMBax U my(drax. [locanka H8/j;7 ucronb3yeTcst A dTUX
e TIeJIeH MPU CHUKEHHBIX TPEOOBAHUAX K TOYHOCTHU IEHTPUPOBAHMUSI.

[Tocanku tuna H/k mypoKO NMPUMEHSIOTCS B HEMOJBHXXHBIX Pa3bEMHBIX
COCAMHEHUSIX [JIi TOYHOTO IIEHTPUPOBAHUS B TeX Cly4yasix, Korjaa
OXBaThIBAIOIIAsl JI€Tallb BMECTE€ C OXBAaThIBAEMOW SIBIISETCS IOJBHKHOU
cOOpOYHOI eAMHUIIeH, HANpUMEpP, HEMOJBWXHBIE 3aKperuisieMble 3yO4aThie
KoJieca, IIKUBbI, My(pThl, MOHTUpYEMbIe Ha Banax. [locagku xapakTepuzyroTcs
TEM, YTO BEPOSTHOCTh MOSIBJICHUS B COCMHEHHUH 3a30pa WJIU HATAra MPUMEPHO
onuHakoBa. OHM 00ecCleunBalOT XOpoIlee IEHTPUPOBAHUE MPHU JIOCTATOYHO
jgerkoit coOopke. Ilo 3ToM mNpuyYMHE OHM NPUMEHSIOTCS Yalle APYTrux
nepexoaHbIx nocanok. [locanku noseiieHHol Tounoct HS5/k4, H6/k5 nmerot



OTPAaHUYCHHOE  MPUMEHEHHWE B  OTBETCTBEHHBIX  COCAMHEHUAX IS
BBICOKOTOYHBIX MTPHUOOPOB.

[Tocanka H7/k6 - mnpennoutuTenbHas. JTa mocagka (aKTUYECKH, HE
UMeroIIas 3a3opa, OCOOCHHO mpu OoybIIOW JauHE comnpsbkeHus. OHa
obecrieurBaeT Xopollee EHTPUPOBAHKE, He TpeOys 3HAUUTEIbHBIX YCUIIUN IS
coopku u pazbopku. Ilocagka HE/k7 MOXET NMPUMEHSATHCS TPH CHUKEHHBIX
TpeOOBAaHUSX K TOUHOCTH LICHTPUPOBAHMUS.

[Tocanku Ttuna H/m 3aHUMAIOT MPOMEKYTOUYHOE TIOJOKEHUE MEKITY
nocankamMu H/k w H/n . OHU XapakTepU3yIOTCS 3HAYUTENHHO OOJbIIEH
BEPOSITHOCTHIO moyueHus HaTsra (95%). [lpaktudecku mocaaka obecrneurnBaeTt
TOYHOE LIEHTPUPOBAHUE COMPSTaeMbIX JETajed C 3KCUEHTPUCUTETOM, PaBHBIM
Hy10. OHAKO 3TO YCIOXKHIET COOPKY U pa300pKy COSTUHEHUS MO0 CPaBHEHUIO
¢ nocagkamu H/k. Cpenu 4yeThlpex pEKOMEHIyeMbIX nocanok tuna H/m
NPEANOUYTUTEIIBHBIX HET. DTH MOCAAKUA TPUMEHSIOTCS JJISI YCTAaHOBKH ITU(TOB,
B COCIMHEHUU TOHKOCTCHHBIX BTYJIOK C BajlaMHM, B TIOCaJKaX BTYJIOK
MOAIIUITHUKOB B CTEHKH PEIYKTOPOB U TIp.

Ilocanku tuna H/m nparor Hatsar B 99 % coeauMHEHUII M SIBIISIFOTCS
HaumOoJiee MPOYHBIMU M3 TMepexoaHbiXx mnocanok. [locagxa H7/n6 sBrusercs
npeanoyTutenbHoi. Ee HazHavaroT Ui peiko pa3doupaeMblX COCIUHEHUM TpH
BBICOKHX TpeOOBaHUSAX K TOYHOCTU LIEHTPUPOBAHUSA. B CIOKOWHBIX YCIOBHSIX
paboTHI MPU MAJIBIX HArpy3Kax Takoe COCIMHEHHE MOXKET TIepe/iaBaTh yCHIHS U
MOMEHTBI 0€3 JOTOJHUTENBHOTO KpPEIUIeHUs JeTanei (MOCajKu OCei, BTYIIOK,
IIKMBOB | T. 11.). COOpKa COeNMHEHHI C JAaHHOW MOCaIKON MPOU3BOIUTCS MO
IIPECCOM.

Ilocaoku ¢ namsazom TapaHTUPYIOT HETIOJBIKHOCTh COCTMHECHMSI. BhIOOD
BEJIMYMHBI HATSAra TMPOU3BOJAAT U3 YCIOBHUS OO0ECHEUYEHHUsS MPOYHOCTH
coeMHEHUs (HAUMEHBIIUN HATAT) U MPOYHOCTH JIeTalu (HAaMOOJbIINUNA HATAT).
JIns mpuMEHEeHUsI MOCaIoK C HATATOM, OCOOEHHO B MAacCOBOM IPOU3BOJICTBE,
pEeKOMEHAyeTCsl TpeABapuTeNbHasl OmbITHas TmpoBepka. COopka Takux
COEANMHEHUN OCYIIECTBISETCS C MOMOILBIO ITPECCOB.

[Tocanku Tuma H/p obecrneuynBalOT MUHUMAJIBHBIM TapaHTHUPOBAHHBIM
HATAT U IPUMEHSIOTCS JJISI COEMHEHHS] TOHKOCTEHHBIX JETaNell Mpu nepeaayde
HeOonmpmMx  ycwimii W momeHToB.  Ilocagxka  H7/p6  saBisercs
MPEANOYTUTETHLHOM.

ITocanxku H7/r6, H7/s6, HS8/s7 OTHOCATCS K TMPEANOUYTUTEIbHBIM.
[apanTUpylOT TMOJIyYEHHE HATIra CpeAHEd BEIUMYMHBI, YTO IO3BOJISET
COCAMHEHUIO TepefaBaTh JOBOJIBHO 3HAYUTENbHBIC KPYTAIIUE MOMEHTHI U
ycwinsi 0€3 JIOMOJIHUTENLHOTO KperuieHus. VICTONb3yroTCs NIl KPETUICHHUS
OpOH30BBIX BEHIIOB YEPBSYHBIX KOJEC, JJISl 3alPECCOBKU BTYJIOK B 3yOuarbie
KoJieca, JUIsl 3aKperuieHus: 3y0uaThIX KOJIeC Ha Bajax | JIp.

[Mocanku H7/u7, H8/u8 npuMeHSIOT: B COEAUHEHUSIX 0€3 KPereKHbIX
JeTajgedl Mpu 3HAUUTENbHBIX HArpy3kax, B TOM YHCJI€ W 3HAKOMEPEMEHHBIX; C



KpENeXHbIMH JCTASIMA NPU OYE€Hb OOJBIIMX HArpy3Kax; MpU HEOOJbIINX
Harpy3kax, HO MaJIOW JUIMHE conpspkeHUs. MICIonb3yeTcss B yKa3aHHBIX CIy4dasix
JUTSI IOCAJIKU KPYITHOTa0ApUTHBIX JAETaJICH.

[Mocanku H8/x8, H8/z8 xapakTepuszyrOTCs OTHOCUTEIHLHO OOJBIIUMHU
HaTSATaMU W JIOMyCKaMHU HaTAra, NPUMEHSIOTCS B  TKEIOHArPY>KEHHbIX
COCIMHEHMSIX WJIM TpPH MaTepualiax JeTajiell ¢ OTHOCUTEIbHO HEOOIbIIMMHU
MOZYJIAIMHU YIPYTOCTH.

ITocaaku ¢ Hatssrom Bbicokoit TouHoctu Hé/p5, H6/r5, H6/s5 npuMeHSIOT
OTHOCHUTEJIFHO PEJIKO U B COCAMHEHHUSX, 0CO00 UYBCTBUTEIBHBIX K KOJCOAHUSIM
HaTATOB.

Jonycku mneconpazaemwvix pasmepos. i1 HECONPATAEMBIX Pa3MEPOB
JOMyCKM Ha3Ha4yatoT 1o Tabia. 1 B 3aBUCHMOCTH OT (YHKIMOHAJIBHBIX
TpeOoBanuil. [lons mOMycKOB OOBIYHO pacmojaraioT B IUTIOC Ui OTBEPCTHUM
(o6o3HavaroT OykBoM H u HOMepoM kBanuteTa, Hanpumep H4, HS8, HI12), B
MUHYC Ui BajoB (0003HayaroT OyKBOil A 1 HOMEPOM KBaJIUTETa, Haripumep h,
h8, h12) u cCUMMETPUYHO OTHOCUTEIBHO HYJIEBOW JMHHUM ISl pa3MepOB, HE

OTHOCSIIIIUXCS K BaJlaM U OTBEPCTHUsIM (0003HavaroT + H;’ , T8 , IT12 ).

2 2

OOGbI4HO, B MPUOOPOCTPOCHUU [IJISI HECOMPATAEMBIX Pa3MEpPOB, TOMYCKU
3aa10T Mo 12 KBAJIUTETY.

3.4. OTkjI0HeHUs (POPMBI M PACIIOJIOKEHUS TIOBEPXHOCTEM

I'OCT 24642-81 BBOAUT CIEAYIOIINE TEPMUHBI U ONIPEICIICHUS:

Peanvnaa noeepxmocmsp - TNOBEPXHOCTb, OTPAaHUYUBAIONIAS [J€Talb H
OTHENsAIoAas €€ OT OKpYy»Karoleld cpenbl. PealibHble MOBEPXHOCTH J€Tajnei
NOJIYHalOTCS B pe3yJbTaTe O0paOOTKH WM MOCIEAYIOEro BUIOM3MEHEHHUS
HOBEPXHOCTEH B Mpoliecce IKCILTyaTaI[|H.

Homunanvnana noeepxmocms - uJeanbHas IIOBEPXHOCTb,  (opma
KOTOpOM 3ajjaHa dYepTeXOM. AHAJOTMYHO pa3IMYalOT HOMHUHAJIBHBIA U
peasibHbI TpoduaM, a Takke HOMUHAJIBHOE U peajbHOE PaCIOJIOKEHUE
MOBEPXHOCTEH M IIpoduIIcii.

Omkxknonenue gpopmul - OTKIIOHEHUE POPMBI pEaNTbHON TOBEPXHOCTH WITU
peanbHOro mpopuis OT GOpMbl HOMHUHAIBEHOM MOBEPXHOCTH WM HOMUHAJIBHOTO
npo¢uist. KonmuecTBeHHO OTKIOHEHHE (DOPMBI OLEHUBACTCS HAUOOIBIINM
pPacCTOSHHUEM OT TOYEK peajbHOM MOBEPXHOCTH (Mpoduis) A0 MpUIIETraroliei
NOBEPXHOCTH (Mpoduisi) MO HOpMadM K TNpUIIErarouieili MOBEPXHOCTH

(mpoduro).
Jonyck ¢hopmer - Haubomplee MOMYCTUMOE 3HAYCHHE OTKIOHEHUS

bopMBI.
Ilone oonycka ¢popmer - 061acTh B TPOCTPAHCTBE WM Ha TUIOCKOCTH,

BHYTpH KOTOpOﬁ JAOJIDKHBI HAXOAUTHCA BCC TOYKHU PCAJIBHOT'O paCCMAaTpUBACMOTO



3JIeMEeHTa B TIpejesiax HopMmupyeMoro ydactka. [llupwHa mam muamerp moms
JOMyCKa OMpeAeNsaeTCs 3HAYCHHUEM JOMyCKa, a PAcCTOJOKCHUE IO
OTHOCHUTEIBHO  PEAThbHOW  TOBEPXHOCTH  OMNPEACIACTCS  MPHUIICTAIOIINM
DJIEMEHTOM.

Ba3za - onHa 13 TUIOCKOCTEH MIIM OCEH CHCTEM KOOPAHMHAT, 0 OTHOIICHHUIO
K KOTOPOW 3aJaeTcs JONMYCK PaCIOJOKCHHS WIIM ONPEACIACTCS OTKIOHCHHEC
PacCIIOIOKEHHUST paccMaTpuBaeMoro aynemMeHTa. bazamu MoryT ObITh, HaIIpuUMeED,
0a30Bas IJIOCKOCTh, 0a30Bast 0Ch, 6a30Bas MIIOCKOCTh CUMMETpPUHU. B kKadecTBe
0a30BOI1 OCH B 3aBUCHMOCTU OT TPEOOBAaHMII MOXKET OBITH 3a7laHa OCh 0a30BOMA
MTOBEPXHOCTH BPAIICHUS UM OCh Tejia BpPaICHHUS.

OmkKnonenue pacnoyoxyceHus - OTKIOHEHUE PEATTbHOTO PaCIOJIOKCHUS
paccMaTpUBAEMOTO JJIEMEHTA OT €r0 HOMUHAIBHOTO PACIIOJIOKEHUSI.

Jlonyck pacnonoxcenusa - Tpenen, OTPAHUYHMBAIONIUN JTOMyCTHMOE
3HAYEHNE OTKJIOHCHHS PACIIONIOKEHU.

Ilone oonycka pacnonoxcenus - 00J1acTh B IPOCTPAHCTBE WU 3aJaHHOMN
IJIOCKOCTH, BHYTPH KOTOPOU JTOJDKEH HAXOIUTHCS MPHUIICTAIOIINA dJIEMEHT WIIH
0Ch, IICHTP, IIOCKOCTh CHMMETPHH B IMpeiciiax HOPMHPYEMOTO ydacTKa.
[[IupuHa wnM auaMeTp TOJs JOMyCKa OIpEAesaeTcs 3HA4YCHHEM JIONyCKa, a
PacCIoJIOKCHUE OTHOCHUTEIIHHO 0a3 OTIpEICIISACTCS HOMHHAJILHBIM
PAacIIOI0KEHUEM PacCMaTPUBAEMOTO JIEMEHTA.

Cymmapnoe omknonenue @Qopmvl u pacnonodceHus - OTKIOHEHHE,
SBIIAIONIEECS] PE3yJIbTATOM COBMECTHOTO MPOSIBIICHUS OTKIOHEHUS (POpPMBI U
OTKJIOHEHUSI PACTIONIOKEHUSI PACCMATPUBAEMOM TMOBEPXHOCTU WM PO
OTHOCHUTEJIHHO 33JJaHHbIX 0a3.

Cymmapnoui  oonyck  ¢opmel  u  pacnonoxycenus -  Tpenen,
OTPaHUYHMBAIONIUN JOMYCKAaeMOE 3HAYCHUE CYMMAapHOTO OTKJIIOHEHUS (POPMBI U
PacCIOJIOKCHHUS.

Ilone cymmapnozo oonycka ¢hopmel u pacnonoxcenusn - o0nacTb B
MPOCTPAHCTBE WM Ha 3aJlaHHOH TIOBEPXHOCTH, BHYTPH KOTOPOHM OJDKHBI
HAaXOJUThCA BCE TOYKM pealbHOM TmoBEpXHOCTH (mpoduiiss) B mpepenax
HOPMHPYEMOT'0 YYacTKa.

PaccmoTpum BO3MOKHBIE BHJIBI OTKJIOHEHUH PopMbI (TTpoduis).

Omknonenusn ¢opmoi. CTaHmaapT yCTaHABIMBAECT CIEAYIOIIUE BHJbI
OTKJIOHEHUU (POPMBI:

1. Omknonenue om npamonuneitnocmu. Pa3HOBUIHOCTSIMH  €TO
SIBJISIFOTCSI: OTKJIOHEHHE OT MPSMOJMHEHHOCTH B TUIOCKOCTH, OTKJIOHEHHUE OT
NPSIMOJIMHEWHOCTH OCU (WM JIMHWUH) B TPOCTPAHCTBE W OTKIOHEHHE OT
PSIMOJIMHEWHOCTHU OCH (WJIU JINHUH) B 33ITAaHHOM HaIlpaBJICHUU.

Omknonenue om RnPAMOIUHENHOCMU 6 NI0CKOCMU - HauOoJbIIee
paccTostHuE A OT TOYEK pEalbHOro Mpouis 10 MpHIIeraroleld MpsMoil B
npeaenax HopMHupyeMoro ydactka nnuHod L (puc. 3.6, a). HacTHbIMH BUJIaMU
OTKJIOHEHHUSI OT MPSIMOJIMHEHHOCTH SIBIISIOTCS BBITYKIOCTh U BOTHYTOCTH (pHC.
3.6,0). Bwinyknocms - OTKJIOHEHHE OT MPSMOJMHEHHOCTH, MPU KOTOPOM



yAaJIeHUE TOYEK pealbHOro Mpoduiis OT MpUJIeTaroiel NpsMoil yMEHbIIAeTCs
OT KpaeB Kk cepenune. s gocHymocmu - yBenuunuBaeTCcs OT KPaeB K CEpeIMHE.
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OmgKknonenue om npAMOIUHEHHOCMU Ocu (WU TUHUN) 6
npocmpancmee - HauMeHblllee 3HaUeHHe TuaMeTpa A [WIWH]pa, BHYTPU
KOTOPOT'O pacnoJiaraeTcs peajibHasi OCh TOBEPXHOCTH BpalleHus (JTUHUS) B
npeaenax HopMUpyeMoro yvactka (puc.3.7).

Omkxknonenue om npamoauneuHocmu ocu (Uiu JAUHUU) 6 3A0AHHOM
HanpaeieHuu - HAUMEHBIIEE PACCTOSHUE MEXKIY JBYMS NapalieIbHbIMU
MJIOCKOCTSIMH, TMEPIEHANKYISIPHBIMU K IUIOCKOCTH 3aJJaHHOTO0 HalpaBJICHUS, B
MPOCTPAHCTBE, MEXKAY KOTOPBIMH pacrojaraercsi peajibHas OCh (JIMHUS) B
npenesax HOpMUpyemoro yvactka (puc.3.8).

2. Omknonenue om naocKocmuocmu. JT0 HauboJbIIee paccTosiHue A
OT TOYEK peaJbHOW MOBEPXHOCTH A0 MpUJIErarolleld IIOCKOCTH B Ipeenax
HOpMHUpyeMoro yuactka (puc. 3.9,a). YacTHbIMM BHUJAMH OTKJIOHEHHUS OT
MJIOCKOCTHOCTH SIBJISIFOTCS BBIITYKJIOCTh M BOTHYTOCTh (puc.3.9,0 u B).

3. Omknonenue om Kpyenocmu. DTO HauOoJbIIee paccTosiHue A OT
TOYEK peanbHOro mpoduis A0 mnpuieraromniet oxpyxknoctu (puc.3.10,a).
YacTHBIMU BHJIaMHU OTKJIOHEHHH OT KPYIJIOCTU SIBISIOTCS OBAJIBHOCTh U
orpanka. QeanbHOCHb - OTKIOHEHUE OT KPYIJIOCTH, IIPU KOTOPOM peabHBbIHI
npodusib mpenacTaBiaseT cobol  oBamooOpasHyl (QuUrypy, HauOONBIIUNA U
HAaUMEHBIIUN TUaMETPbl KOTOPOW HAXOASATCS BO B3aMMHO TMEPIEHANKYJISPHBIX
HanpaBieHusix (puc.3.10,0). Ozpanka - OTKIOHEHUE OT KPYIJIOCTH, TIPH
KOTOPOM pEaJIbHBI TPO(HIb TMPEACTaBISIET CO00W MHOTOTpaHHYI (GUTYPY
(puc.3.10,B). Orpanka noapa3AesieTcs Mo YUCIy TpaHeH.

[punezaiowguit npogune dmax
é §— A= dmax ~dmin <
Peanvnwrit npoghune 2
OBaNbHOCTh Orpanka
a 0 B

Prc.3.10. OTkiIOHEHHE OT KPyIVIOCTH

4. Omknonenue om YUAUHOPUYHOCHU.
D10 HauOoiblliee paccTossHue A OT TOuYeK
peanbHOM TIOBEPXHOCTH JI0 TMPHJICTAOIIETO
IIUIMHAPA B MIPEACIIax HOPMUPYEMOT'O yJacTKa

(puc.3.11).
NA
5. Omknonenue npoguas npooonbHO20
[Ipunezarouyuii
T ceuenua. DTO HaubOJbIIEEe paccTOsHUE A OT

Peanvnas

HOBEPXHOCHTb

Puc.3.11. OTkitoHeHue oT
WIMHAPUYHOCTH



TOYEK 00pa3yIoIMIMX PEeAbHOTO NPOodUs, JIeKAIMX B MIOCKOCTH, MPOXOIIIEH
gepe3 ee OCh, /10 COOTBETCTBYIOIIEH CTOPOHBI MpuWierarmero mnpoduias B
npeAenax Hopmupyemoro yyactka (puc.3.12). OrtkioHeHnue mnpodus
NPOJOJIBHOTO CEYCHHUs XapaKTepHu3yeT OTKIOHEHUS OT TMPSIMOIMHEWHOCTH U
napajuIeTbHOCTH  00pasyromux. YacTHRIMH BHIAMH OTKJIOHEHHUS TPOQUIIS
NIPOJOJIBHOTO CEUCHHSI SIBISIOTCS KOHYCOO0OpA3HOCmb, 00UKO00Opa3HOCHMb W
Ce0n000pazHocme.

[punezarowjuil npoghune

A
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\ /L
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a 0 B
NN dmax = dmin
ER \\\5 A=T5
o) el
\4 &
Cennoo0Opa3HOCTh
r Puc.3.12. Otxnonenue npodus

MpOJOJBLHOIO CCUHCHUA

PaccMoTpuM BO3MOKHBIE BBl OTKJIOHEHUM pacrnosioxeHus. CtaHaapt
YCTaHaBJIMBAET CJCAYIOIIUE OCHOBHBIE BHUIbI OTKJIOHEHUN PaCIOJIOKEHUS
MOBEPXHOCTEHN U (UJTK) DJIEMEHTOB JeTallel MallluH U IPUOOPOB:

1. Omknonenue om  napannenpbhocmu  UMEET  PA3HOBHUJIHOCTH:
OTKJIOHEHHE OT MapajuieIbHOCTH MIOCKOCTEH; OTKIOHEHHE OT MapajuieIbHOCTH
ocl (WIM TOpsAMOWM) M IUJIOCKOCTH; OTKJIOHEHHE ocedl (Wiu NpsMbIX B
MIPOCTPAHCTBE).

2. Omknonenue om RNEPREHOUKYAAPHOCMU VIMEET PAa3HOBUIHOCTU:
OTKJIOHEHHWE OT MEPHEHIAUKYISIPHOCTH  IUIOCKOCTEH;  OTKIOHEHHE  OT
NEPICHANKYISIPHOCTH TJIOCKOCTH WM OCH (WJIM TPSIMOM) OTHOCHUTEIHHO OCH
(mpsiMOIi);  OTKJIOHEHWE OT MEPHEeHIUKYIIPHOCTH OcH (WM  TPsIMOiN)
OTHOCHUTEJIHHO TIOCKOCTH.

3.0mknonenue HaK10Ha VMEET PAa3HOBUAHOCTU: OTKJIOHEHHUE HAKJIOHA
IUIOCKOCTA OTHOCHUTENBHO IUIOCKOCTH WJIM OCU (WJIM TPSIMOM); OTKIOHEHHE
HaKJIOHA OCH (WJIU TIPSIMOM ) OTHOCHUTENIHHO OCH (IIPSIMOM) UJTH TIJIOCKOCTH.

4.0mknonenue om coocHOCMU VUMEET PA3HOBUIHOCTU: OTKIOHEHHUE OT
COOCHOCTH OTHOCHUTEJBHO OCH 0a30Boii moBepxHocTH (puc.3.13,a), OTKIOHEHHE



OT COOCHOCTH OTHOCHUTENbHO o0meit ocu (puc.3.13,0). Jlomyck coocHoCTH
MPUHATO YKa3bIBaTh B IHAMETPATHLHOM BBIPAKEHUU.

5. Omknonenue om cumMmMempuyHocmu WMEET Pa3HOBUIHOCTU:
OTKJIIOHEHHE OT CHMMETPHUYHOCTH OTHOCHUTEIHLHO 0a30BOro  3JeMEHTa
(puc.3.14,a); OTKIOHEHHWE OT CHUMMETPUYHOCTH OTHOCHTEIBHO  OOIIeH
MJIOCKOCTH cuMmeTpuu (puc.3.14,0).

6.0mknonenue om nepeceuenus oceil - HAUMEHBIIEE PACCTOSIHHE A
MEXIy OCSIMU, HOMHUHAIBHO TIEPECEKAIOTIIMMICS.
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Puc.3.15. PagnanbHoe OueHue Puc.3.16. Topueroe OneHue

CraHmapT TakXe YCTaHABIMBAE€T CEMb OCHOBHBIX BHUIOB CYMMAapHBIX
OTKJIOHEHUH (DOPMBI U PACTIOJIOAKEHHUS TOBEPXHOCTEM:



1. Paouanvnoe oOuenue - pa3sHoCTb A HAMOONBIIETO U HAUMEHBIIETO
PACCTOSIHUI OT TOYEK peaibHOrO MPO(HIIT TOBEPXHOCTH BpalleHUs 10 6a30BOM
OCH B CEUYEHHUH IUIOCKOCTBIO, MEPHEHAUKYIApHON K 0azoBoi ocu (puc.3.15).
PanuansHoe OueHue SBISIETCS PE3yJIbTATOM COBMECTHOTO  IPOSIBICHUS
OTKJIOHEHHUSI OT KPYTJIOCTH MPOQIIISI paCCMAaTPUBAEMOTO CEUCHHSI U OTKJIOHECHHUS
€ro IMEeHTPa OTHOCUTENHHO 0a30BOH ocu. OHO HE BKITIOUYAET B c€0s OTKIOHCHHIA
(GhOpMBI U PACTIONIOKEHUS 00Pa3yIOIIECH MTOBEPXHOCTH BPAICHUS.

2. Topuesoe oOuenue - pa3zHOCTH A HaWOOJBIIET0O U HAUMEHBIIETO
pPacCTOSIHMM OT TOYEK peaJbHOro MpoQuis TOPLEBOM MOBEPXHOCTH 10
IUIOCKOCTH, MEePIEHIUKYISIPHON K 6a30B0oil ocu (puc.3.16). [Ipu HOMUHATBHOM
IJIOCKOM (hopMe Toplia TOPIIEBOE OMEHUE SBISIETCS PE3YJIHbTATOM COBMECTHOTO
MPOSIBJIICHUS] OTKJIOHEHUWW OT OOIIEeH TJIOCKOCTH TOYEK, JeKAIUX Ha JIMHUH
MepEeCceyYEeHUs TOPLEBON MOBEPXHOCTH C CEKYLIUM LIMJIMHAPOM, U OTKJIIOHEHHUS OT
NEPHEHIUKYJIIPHOCTA TOpPIla OTHOCUTEIBHO OCH 0a30BOM MOBEPXHOCTH Ha
JUIMHE, PABHOM AMAaMETPy paccMaTpuBaeMoOro cedeHusi. TopieBoe OueHue He
BKJIIOYAET B ce0sl BCEro OTKJIOHEHUS OT IUIOCKOCTHOCTH paccMaTpUBaeMOu
MOBEPXHOCTH.

3. buenue ¢ 3adannom HanpaeieHuu  SBISIETCS  PE3YJbTaTOM
COBMECTHOTO MPOSBJICHUS B 3aJaHHOM HAIpPaBJICHUU OTKJIOHEHHUN (QOpMBbI
npodusis paccMaTpUBAEMOTO CEYEHHS M OTKJIOHEHUW pacHoJIOKEHHS OCH
paccMaTpUBaeMOil MOBEPXHOCTU OTHOCUTENBHO 0a30Boil ocu. HampaBnenue
pPEKOMEHIyeTCsl 3a7]aBaTh M0 HOPMAJIM K pacCMaTpUBaeMOi OBEPXHOCTH.
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Puc.3.17. [lonHoe paauanbHOE Puc.3.18. TTonHoe TopueBoe
OoueHue OoueHue
4. Ilonnoe paouanvHoe OueHue -  Pa3HOCTb A HaAWOOJBIIETO W

HAaMMEHBINIETO PACCTOSHUN OT BCEX TOYEK PEaIbHON MOBEPXHOCTH B Mpeienax
HOPMHPYEMOT0 y4yacTka 10 6a3oBoii ocu (puc.3.17).



5. Ilonnoe mopyeeoe oOuenue - pPasHOCTh A HaAWOOJBIIETO U
HAUMEHBIIIETO PACCTOSHUM OT TOYEK BCEA TOPILEBOM MOBEPXHOCTH [I0
IUIOCKOCTH, IEPIICHANKYIAPHOM K 6a30B0it ocu (puc.3.18).

6. Omknonenue ¢opmel 3a0annozo npoguna - HanOoJbIIICE
OTKJIOHEHHE A TOYEK peaJbHOro mnpopuias OT HOMHHAIBHOIO MNpOQuis,
omnpezAensieMoe IO HOPMald K HOMUHAJIBHOMY Mpoduio B Hpenenax
HOPMHPYEMOT'0 Y4acTKa.

7. Omknonenue opmol 3a0anHOU nOGEpXHOCMU - HaUOOJbIIEE
OTKJIOHEHNE A TOYEK pEAJbHOW IOBEPXHOCTH OT HOMHMHAJIBHOM NOBEPXHOCTH,
ompenensieMoe IO HOPMaJId K HOMHMHAJIBHOM TOBEPXHOCTH B IIpenenax
HOPMHPYEMOT'0 YYacTKa.

Kpome paccMOTpeHHBIX BBIIIE CEMU BHUIOB OTKJIOHEHHMH MOTYT
HOPMHPOBATHCA M JAPYrHMe CyMMapHble OTKJIOHEHHS (DOPMBbI M PACHOJIOKEHHUS
IIOBEPXHOCTEH,  HAlpuMep:  MEPHEHIUKYJSIPHOCTH W IUIOCKOCTHOCTH;
CyMMapHO€ OTKJIOHEHHE HAKJIOHA U IUIOCKOCTHOCTH U JIp.

3.5. HopmupoBaHue 10nycKoB (pOpMbI M PACIOJIOKEHUS
MOBEPXHOCTEH

Ecnu mpenenbHble OTKIOHEHUS (JOPMBI U PACTIONOKEHUS TTOBEPXHOCTEH
0cO000 HE OTOBOPEHBI, TO ATO O3HAYAET, YTO OHU OTPAHUYHMBAIOTCS IOJIEM
JOIIyCKa Ha pa3Mep WM PErjlaMeHTUPYIOTCS B HOPMAaTHUBHBIX Marepuajiax Ha
JIOITYCKH, HE MPOCTABIISIEMBIEC ¥ Pa3MEPOB. B OCTANIBHBIX Clly4asXx, 3TH JOIYCKHU
JOJKHBI OBITh MPOCTABJICHBI JJII pPacCMaTPUBAEMBIX JJIEMEHTOB Ha pabodem
YEPTEXKE NETAIH.

UucneHnble 3HaYEHUs TOMYCKOB (DOPMBI M PACIIOI0KEHUSI TTOBEPXHOCTEH
ycraHoBieHbl ['OCT 24 643 - 81 s uHTEpBaIOB HOMHHAIBHBIX Pa3MEPOB B
3aBUCUMOCTH OT CTeneHu TouHocTh (Ta6n.3.8 - 3.11). U3 mectHanuatu
CTENeHEH TOUHOCTH, YCTAHOBJIEHHBIX CTaHIAPTOM, B MPUOOPOCTPOCHUU OOBIYHO
UCIIOIB3YIOT CTETIEHU TOYHOCTH 1 - 12 (B mopsiake ymenbienus). Crenenu 1-1o
U 2-10 IPUMEHSAIOT JJISI MOCAJT0YHBIX MECT MIAPUKOMOJAIIUIIHUKOB 2-TO U 4-T0
KJIacCa TOYHOCTH, CTEMEHHU 3-10 U 4-10 - ISl TOCAJOYHBIX MOBEPXHOCTEU
TOYHBIX U3MEPUTETBHBIX TPHUOOPOB U MOCATOYHBIX MECT MAPUKOMOAIIUITHUKOB
5-Tro m 6-rO KJIacCOB TOYHOCTH, CTEIICHU 5-F0 U 6-10 - JJII IICEK BaJoB
MEXaHU3MOB BBICOKOW M CPEAHEW TOYHOCTH, MOCAJOYHBIX MOBEPXHOCTEU
HIAPUKOMOJIIMIHUKOB (-ro Kjacca TOYHOCTH M 3yOyaThIX Kojec 6-i u 7-i
CTEIIEHU TOYHOCTH, CTENEHH /-0 U §-10 - I IOCAJOYHBIX MOBEPXHOCTEU
3yOuarblx Kojec 8- M 9-H CTENeHH TOYHOCTH, OCEl MPUOOPOB CpeAHE
TOYHOCTH, cTeneHn 10 - 12-10 - 111 MEHEee TOYHBIX TOBEPXHOCTEM.

PexomeHyeTcss BBIOMpATh CTENEHb TOYHOCTH C YYETOM YPOBHS
OTHOCHUTEIIbHOM T'€OMETPUYECKOW TOYHOCTH, ONPEACIISIEMON MO COOTHOILICHUIO



Mexay nomyckom pasmepa T, m gomyckom ¢opmsel T. Beenensl Tpu ypoBHS,
obo3HaueHHble OykBamu A, B, C ¢ cootHomenuem nomyckos T/ T, :

A - HOpMasbHasl OTHOCUTENbHAS FeoMeTpudeckas To9HocTh, T/ T, = 60%

B - noBbllIeHHas OTHOCHTENbHAs reoMeTpudeckas To4HocTs, T / T, =
40% ;

C - BpICOKas OTHOCUTENbHAS TeoMeTpuydecKkas TouHocTb, T/ T, =25% .

J{ns xBanuTeToB 4 - 17 cTeneHb TOUHOCTH { B 3aBUCUMOCTH OT KBAJIMTETA
J MoxkHO HaiTH mo popmyne i =j - k, rne kK = 1 ansa ypoBus A, k = 2 - nns
ypoBHs B u k=3 - na yposus C.

Taomuna 3.8
JlomyCKY MWJIMHIPUIHOCTH, KPYTIOCTH, TPOQPIIIS MPOAOILHOTO CCUCHHSI
(I'OCT 24643-81), Mmkm

HomunanpabIi CreneHb TOUHOCTH
JUaMeTp
HOBerHOCTI/l, MM

3 4 5 6 7 8 9 10 11 12
Jo 3 0,8 1,2 2,0 3 5 8 12 20 30 50
Cs.3 10 10 1 1,6 2.5 4 6 10 16 25 40 60
Cs. 10 no 18 1,2 2,0 3 5 8 12 20 30 50 80
Cs. 18 1o 30 1,6 2.5 4 6 10 16 25 40 60 100
Cs. 30 1o 50 2 3 5 8 12 20 30 50 80 120
Cs. 50 no 120 2.5 4 6 10 16 25 40 60 100 160
Cs. 120 no 250 3 5 8 12 20 30 50 80 120 200

Tabmuma 3.9
I[OHYCKI/I IINIOCKOCTHOCTU U HpHMOHHHeﬁHOCTH
(TOCT 24 643 - 81), MKM

HOMHHaﬂbHaH CTel'IeH]) TOYHOCTHU
JUIMHA, MM

3 5 6 7 8 9 10 11 12
Jo 10 0,6 1 1,6 2.5 4 6 10 16 25 40
Cs. 10 o 16 0,8 1,2 2 3 5 8 12 20 30 50
Cs. 16 1o 25 1 1,6 2.5 4 6 10 16 25 40 60
Cs. 25 10 40 1,2 2 3 5 8 12 20 30 50 80
Cs. 40 o 63 1,6 2.5 4 6 10 16 25 40 60 100
Cs. 63 o 100 2 3 5 8 12 20 30 50 80 120
Cg. 100 mo 160 2.5 4 6 10 16 25 40 60 100 160
Cs. 160 no 250 3 5 8 12 20 30 50 80 120 200

Tabnuua 3.10
JloTTyCKH TapaieIbHOCTH, IEPICHAUKYIISIPHOCTH, HAKIIOHA, TOPIIEBOTO
o6uenus u nojgHoro topireBoro ouenus (I'OCT 24 643 - 81), Mxm

HurepBaibl CreneHb TOYHOCTH
HOMMHAJIbHBIX




pa3MepoB, MM
3 4 5 6 7 8 9 10 11 12
Jo 10 1 1,6 2,5 4 6 10 16 25 40 60
Cs. 10 10 16 1,2 2 3 5 8 12 20 30 50 80
Cs. 16 10 25 1,6 2,5 4 6 10 16 25 40 60 100
Cs. 25 10 40 2 3 5 8 12 20 30 50 80 120
Cs. 40 0 63 2,5 4 6 10 16 25 40 60 100 160
Cs. 63 o 100 3 5 8 12 20 30 50 80 120 200
Cs. 100 no 160 4 6 10 16 25 40 60 100 160 250
Cg. 160 1o 250 5 8 12 20 30 50 80 120 200 300
Tabmumna 3.11
Jlomycku paguanbHOTO OUEHUS U TTOJTHOTO PAIHaIbHOTO OMEHUS,
JOOITYCKH COOCHOCTH, CHMMETPUYHOCTHU U ICPCCCUCHUA ocen
B quamerpasibHoM BbipakeHuu (I'OCT 24 643 - 81), Mkm
HurepBaiibt CreleHb TOYHOCTH
HOMHMHAJIBHBIX
pa3MepoB, MM
3 4 5 6 7 8 9 10 11 12
Jo3 2,0 3 5 8 12 20 30 50 80 120
Cs. 3 5o 10 2,5 4 6 10 16 25 40 60 100 160
Cs. 10 1o 18 3 5 8 12 20 30 50 80 120 200
Cs. 18 5o 30 4 6 10 16 25 40 60 100 160 250
Cs. 30 no 50 5 8 12 20 30 50 80 120 200 300
Cs. 50 mo0 120 6 10 16 25 40 60 100 160 250 400
Cs. 120 mo 250 8 12 20 30 50 80 120 200 300 500
IMpumeuvanue: /[ mosyueHus 3HAYCHUIN JOMYCKOB B PAJMyCHOM BBIPAKCHUU YKa3aHHBIC B TAOJUIIC 3HAYCHUS
IIPY COOTBETCTBYIOIIEM JTHAMETPE CIICAYET YMEHBIINUTD BABOC M IPU HEOOXOMMOCTH OKPYTJIUTh.

3.6. O003Ha4YeHNe HA YepTekKaX T0MyCKOB GopMbI U
PaCIoJIOKEeHUS NOBEPXHOCTEH

B coorBerctBun ¢ I'OCT 2.308 - 79 3TM JONMYyCKH YKa3bIBAIOT WU
YCIOBHBIMU 3HaKaMH, TMpUBEJIEHHbIMU B Tabn. 3.12, WUIM TEKCTOM B
TEXHUYECKUX TPEOOBAHUSX, IPU ITOM MEPBbIN CIIOCOO SABJISETCS OCHOBHBIM.

3HaK ¥ YUCJIOBOE 3HAYEHUE JIOMyCKa WK 0003HauYeHHE 0a3bl BIUCHIBAIOT
B paMKy JOIIyCKa, Pa3/IEJICHHYIO HA JIBa WA TPU MOJI, B CIEAYIOLIEM MOPSIKE
(creBa HaIpaBo):

B [IEPBOM I10JI€ IPUBOJIAT 3HAK JIOMyCKa coryiacHo Tabi.3.12;

BO BTOpPOM TII0JIE BIHCHIBAIOT YHUCJIOBYI) BEJIMYMHY JIOMyCKa B
MusuMmeTpax (puc.3.19,a);

B TpeTheM TMoOJie, MpPU HEOOXOJUMOCTH, BIHUCHIBAIOT OYKBEHHOE
o6o3HayeHue 6a3bl (puc.3.19,0).

Pazmepbl pamku Jgomycka W ee TOJIeM JIOJDKHBI - 00ecrieyuBaTh
BO3MOXKHOCTh YETKOT'O BIIHMCHIBAaHUS BCEX JaHHBIX. Bbeicota mudp u OyKB,
BIIUCHIBAEMBIX B PAMKH, JOJKHA OBITh paBHa pasMmepy HIpudra pasMepHbIX
yucesl. PamMKy nomycka BBIIOJHSIOT IMPEANIOYTUTENIBHO B TOPU30HTAIBHOM
MOJIOXKEHUH, B HEOOXOAMMBIX CJIydyasX JOIYCKAaeTCsl BBINOJIHATh PaAMKY




BEPTUKAIBHO TaK, YTOOBI JaHHBIE YUTAIUCh C TPaBOM CTOPOHBI YepTexKa.
[lepecekaTh paMKy JI0MTyCKa KAKUMHU-TUOO JIUHUSIMU HE TIOMyCKAETCs.

Pamky pnomycka COEOUHSIIOT NpPU MOMOIIM JIMHUW, OKAHYMBAIOIIEHCS
CTPEJIKOM, C KOHTYPHOW JIMHUEW WJIM BBIHOCHOW JIMHUEH, MPOIOJDKAOIIEH
KOHTYPHYIO JIMHUIO 3JIEMEHTa, OrpaHWyYeHHOro aomyckoMm (puc.3.19,B). Ecau
JOITYCK OTHOCUTCS K OCH WJIM TJIOCKOCTH CUMMETPHUH OMPEIEIICHHOTO JJIEMEHTA,
TO KOHEL COECAUHUTEIIbHOM JIMHUM JIOJDKEH COBNAJATh C IPOJOJKEHHEM
pa3sMepHOU JIMHUU COOTBETCTBYIOLIETO pa3Mmepa (nnamerpa,
mupuHsbL,puc.3.19,r).



Tabnuua .3.12

3Haku (rpadmueckue CUMBOITBI) BUJIOB TONYCKOB (hOPMEI
WA PACTIONIOKEHHUSI
['pynna Bua nonycka 3Hak
JOMYCKOB

Jdonycku ¢opMbel | Jormycki psMoTHHEHHOCTH

JIoTyCK THTOCKOCTHOCTH

JHomyCK KpyoCTH
JloMmycK UMIVHAPUYHOCTH

Honyck npo¢uis NpoAoIbHOIO CEUEeHUs

Hormycku JIomnycK mapaniensHOCTH
PacIIOIOKCHHUA
JoTyCK MepreHANKYIPHOCTH
Jlonyck HakioHa

I[OHYCK COOCHOCTH

I[OHyCK CUMMCTPUYHOCTH

XhoNkFx|igoQ |

Jonyck nepeceueHus oceu

CyMMmapHebIe Jlomyck paguaibHOro GueHHs
A0TyCKHU (hOpMBI
H PacnosoKeHus Jlommyck TopueBoro OMeHus A7

Jlomyck OHWeHrs B 3aJaHHOM HalpaBlIeHUU

Jlonyck NojaHOro paauanbHOro OueHus ﬂ

Jlonyck MOJTHOTO TOPLEBOrO OUEHHS

Homyck (opmbl 3a1aHHOTO PO

DD

Honyck opmbl 3a1aHHOI TOBEPXHOCTU
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Puc.3.19. O003HaueHus Ha yepTekax A0MyCKOB POPMBI
U PaCcHoOJIOKEHUS IIOBEPXHOCTEN

[Tepen 4McIOBBIM 3HAYEHHEM JOITyCKa HEOOXOAUMO BITUCATh: CUMBOJ J,
€CJIM KPYroBO€ WM LMJIMHIPUYECKOE II0JIE JIOIYyCKa YKa3bIBAIOT JUAMETPOM;
CUMBOJI R, eciny KpyroBoe€ WIM LWIMHAPUYECKOE IIOJIE JOIYCKa YKa3bIBaIOT
panuycom; CUMBOI 1, €CJIA TI0JIE AOIYyCKa CHMMETPUYHOCTH, IIEPECEUEHUs OCEN
OTPaHMYEHBl [JBYMs NApPAUICIbHBIMM HIPSMBIMH WA IUIOCKOCTSIMHU, B
IMaMeTpalbHOM  BBIPDAKEHUH; CHMBON  1/2, ecam  moje  JOIMyCKa
CUMMETPUYHOCTH, TIEPECEUECHUSI OCEHM OTIPAaHMYEHBI JBYMs NapauIeIbHBIMU
OPSIMBIMH UJTM TUIOCKOCTSIMU, B PaJINyCHOM BbIpakeHUH; clioBo «Cghepay, ecnu
I10JIE JOITyCKa IIapOBOE.

Ecin HeoOXxomuMo 3agaTh AJI1 OJHOIO D3JEMEHTA JiBa Pas3HbIX BUA
JIONyCKa, TO JOIYCKAeTCsl PaMKH JOMyCKa OOBEOUHATh M pacnojiaratb HX
cormacHO puc.3.19,n1. IloBTopsrommecs OOUHAKOBBIE BUIBI  JOIYCKOB,
0003Ha4YaeMble OJHHM M TEM K€ CHUMBOJIOM, HMEIOIIME TO K€ YHUCIOBOE
3HaYeHHE U OTHOCSIIMECS K OJHUM M TeM ke 0a3aM, yKa3bIBalOT OJUH pa3 B
paMKe, OT KOTOPOM OTXOOUT OJHA COCIMHUTENIbHAs JIMHUA, pa3BETBIsIEMas
3aTEM KO BCEM HOPMHUPYEMBIM JJIEMEHTAM.



ba3pl 0003HaYalOT 3a4€pHEHHBIM TPEYTOJBHUKOM, KOTOPBIA COEAHHSIOT
IpU TOMOIIM COCAMHUTEIBHON JIMHUM ¢ pamkod jgomycka (puc.3.19.e).
TpeyroibHUK JOJKEH OBbITh PaBHOCTOPOHHUM C BBICOTOM, paBHOUM pa3zMepy
mpudra pazmMepHbIX yucen. Eciu TpeyronbHUK HElb3s MPOCTHIM U HaTJISIHBIM
CIocoOOM COEIMHUTHh C PaMKOM Jomycka, TO 0a3y 0003HAa4yalT MPOMUCHOM
OyKBOIl B cCHENMAIbHOM paMKe M 3Ty K€ OYKBY BIUCBHIBAIOT B TPETHE IOJIE
paMku gomycka (puc.3.19,x).

Ha puc.3.25 u 3.26 noka3zaHbl MpUMEpPbl HAaHECEHUS JOMYCKOB (OpM U
pacrojoKeHus Ha pabouMX YepTerkax JeTaleH.

3.7. lllepoxoBaTOCTH MOBEPXHOCTH

[IlepoxoBaTOCT,  MOBEPXHOCTH  SIBJIAETCS  OJHOW W3  OCHOBHBIX
TEOMETPUYECKUX XapPaKTEPUCTUK KauyecTBa MOBEPXHOCTHU JeTajel U OKa3bIBaeT
BIIMSIHUE HA UX DKCIUTyaTallMOHHBIE MOoKa3arenu. TpeOoBaHus K MIEPOXOBATOCTH
MOBEPXHOCTH JOJDKHBI YCTAHABJIMBATHCS, HCXONd W3 (PYHKIMOHAIBLHOIO
HA3HAYEHUS TOBEPXHOCTHU Il oOecreueHus 3aJaHHOr0 KadyecTBa W3JIETUH.
Eciu B 3TOM HET HEOOXOAMMOCTH, TO TpeOOBaHMUS K IIEPOXOBATOCTH
MOBEPXHOCTH HE YCTaHABJIMBAIOTCS U IIEPOXOBATOCTh ATOW MOBEPXHOCTH HE
KOHTpoJupyercsa. TpeOboBaHMs K MIEPOXOBATOCTH MOBEPXHOCTH HE BKIIOYAIOT
TpeOOBaHMI K TePeKTaM MOBEPXHOCTH (PAKOBUHBI, TPEIIMHBI U AP.).

I'OCT 25142-82 BBOAUT TEPMUHBI U ONPEEICHUS OCHOBHBIX IMOHATHH 1O
HIEPOXOBATOCTU MOBEPXHOCTH.

Illepoxosamocmb noeepxHocmu - 3TO COBOKYITHOCTh HEPOBHOCTEH C
OTHOCHUTEIBLHO MaJIBIMU IIaramMu, 00pa3yromiux peiabed MOBEPXHOCTH ICTAIH H
paccMaTpUBaeMbIX B Mpeeiiax 0a30BOM IJTUHBI.

bazoean onuna - >to jMHA 0a30BOH JIMHWUHW, HWCIOJb3yeMas IS
BBIJICJICHUST HEPOBHOCTEH, XapaKTEPHU3YIONIUX IIEPOXOBATOCTh MOBEPXHOCTH, U
JUISL KOJTUISCTBEHHOTO OMPEICIICHUSI €€ TTapaMeTPOB.

UucnoBbie 3HAYEHHUS MIEPOXOBATOCTH OTCUMTHIBAIOT OT 0A30BOW JIMHHH,
3a KOTOPYIO NPUHUMASTCS CpEeAHss JHMHUSA npodwis m, uMmeromas Ghopmy
HOMHUHAJIBHOTO TPOdUiIs W MPOBEACHHAS TaK, YTO B Tpeaesax 0a30BOM IITUHBI
CpemHee KBaJIpaTUYHOE OTKIOHEHWE TpoQwisi A0 OTOH JUHUU OBUIO
MUHHUMAaNBHO (puc.3.20).
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Puc.3.20. ITpoduas 11epoxoBaToCTH, €ro XapakTepUCTUKU U apaMeTphbl

JUis  KOJNWYECTBEHHOW OLEHKM ¥ HOPMHUPOBAHUA IIEPOXOBATOCTH
noBepxHocteilt ['OCT 2789-73 ycraHaBiuMBaeT MIECTh IAPAMETPOB: TpPH
BBICOTHBIX (R, , R,, R,.), ABa maroBbix (S, , §) U mapaMeTp OTHOCHUTEIHHOM
OIOpHOM JuInHBI TpoduiiA (¢,). Ilpusenem onpeneneHus 3TUX MapaMeTPOB.

Haubonbmas BeicoTa HepoBHOcTeWd mnpodunst R,, - 3TO pacCcTOsSHUE
MEXAy JMHUEH BBICTYNOB NMPOpuUiIs U JIMHUEH BHaauH npoduis (cm. puc.3.20) B
npezenax 0a30BoOM JJIUHBI /.

Bricota HepoBHOCTEH NMpoduiIs MO JECATH TOUKaM R, - cyMMa CpeIHHX
aOCOJIFOTHBIX 3HAUYEHUH BBICOT ISATU HAaUOOJBIINX BBICTYIIOB MPOQMIIL U IIyOUH
HAMOOJNBIITUX BHAJAWH MPouiIs B Ipeaenax 6a30BoM JIUHBI /, T.e.

5
ZJypmi + Z‘yvml‘
R —i= i=1
- 5

TAC ¥ ,,; - BBICOTA i-rO HAMOOJIBIIETO BBICTYNA MPO(UIS; V,,, - [IyOnHa i-if

HanOobel Bnaaunasl npoduis (puc.3.20).

Cpennee apudmernyeckoe OTKIOHeHHE mnpodwmns R, - cpemHee
apudMeTHIeCKOe a0CONIOTHBIX 3HAUYCHHM OTKJIOHEHUU mpoduiis B mpejenax
0a30BOH JIMHEI [ , T.€.

1! 1
R, =~ [|y(x)dx == Xy,
[ 0 ni=1i
/i€ 71 - YUCJIO BBIOPAHHBIX TOUYEK NMpoduiis Ha 0a3oBoit quHe / (puc.3.20).
Cpennuii mar HepoBHOCTeH mpoduist S, - cpelHee 3HaYeHUEe Iiara
HepoBHOcTed Tipodunst (S,;, Suz...., Sum) MO CpPeAHEH JMHUU m B Tpejenax
6a3oBoit qyuHkI [ (puc.3.20).



Cpennuiil mar MeCTHBIX BBICTYNOB IIpoduiis S - cpeHee 3HaYeHHUE 111aroB
COCEIHUX MECTHBIX BBICTYNOB (S;) mpoduiis mo BeplIMHAM, HaXOISUIUXCS B
npezenax 0a30BoOM AJIUHBI /.

OmnopHast 1uHa PO 77, - CyMMa JUIMH OTPE3KOB b; , OTCEKACMBIX Ha

3aJIaHHOM YPOBHE p B MaTepuayie nNpodusis JMHUEH, SKBUIUCTAHTHON CpeHen
JUHUU m B TIpejeniax 6azoBoi aimuHbl (puc.3.20), T.e.

n
77p = sz .
i=1
OtHocuTenbHas OMOpHas AAMHA OPOQUISL f, - OTHOLUIEHUE ONOPHOM
JUIMHBL TIpOQuiIst 77, K 0a30BOil JUIMHE Ha 3a]aHHOM YPOBHE CCUCHHMS p, T.C.

t,=mn,/1.

JI71s1 OEHKM IEPOXOBATOCTH MOBEPXHOCTH Yalle MPUMEHSIOT TapaMeTpPhI
R, n R, , npuueM napametrp R, SIBIAETCA NMPEANOUYTUTENBHBIM. PekOMeH1yeMble
3HaueHus 0a3oBoW JIMHBI JaHbl B Tabn. 3.13. HauOonee xapakTtepHble s
pUOOPOCTPOCHUS 3HAUCHHS MmapameTpoB R, , R, , R, B MKkM , S 1 S,, B MM

IMPUBCACHBI HUKC

100 80 63 50 40 32 25 20 16

10 8 6,3 5 4 32 2,5 2 1,6

1 0,8 0,63 0,5 0,4 0,32 0,25 0,2 0,16

0,1 0,08 0,063 0,05 0,04 0,032 0,025 0,02 0,016
TpebGoBanus K
IIEPOXOBATOCTU TTOBEPXHOCTH
Tabauna 3.13 JeTalln YCTaHaBIIUBAIOT,
R, , MKM R, Ryax, MEM | [, MM HCX0ad U3 (DYHKIUOHAILHOTO
7o 0,025 o 0.0 508 Ha3HAYEHUS MOBEPXHOCTH,
CB. 0,025 10 04 CB.0,10 o 1,6 0,25 KOHCTPYKTHUBHBIX
Cs. 04 mo 3,2 Cs.1,6 mo 12,5 0,8 0CO6€HHOCTCI>'I JeTanu u

Cs. 3,2 10 12,5 Cs. 12,5 10 50 2,5

Cs. 12.5 10 100 Cs. 50 510 400 8 BO3MOKHOCTH HUX JOCTHKEHUS

palMOHAIIBHBIMU  METOJIaMU
obpabotku. Ilpu  BeIOOpE
HOPMHUPYEMBIX  [apaMETpPOB
HIEPOXOBATOCTA  YUYUTHIBAIOT
ux BIIUSIHUE Ha
IKCILTyaTallHOHHBIE CBOMCTBA MOBEPXHOCTH (Ta0:1.3.14).

YuciieHHbIE 3HAa4Y€HUs I1apaMeTpPOB  IIEPOXOBATOCTH  ONPEAEISAIOT,
OpUEHTHPYSCh HA PEKOMEHAYEMbIE COOTHOLIEHUS W JaHHBIE OIbITa
KOHCTPYUPOBAaHUS M TEXHOJOTHH U3rOTOBJIEHUA. J[aHHBIE O IOCTHKUMOM
IIEPOXOBATOCTH MOBEPXHOCTHU MPH PA3TUYHBIX BUAAX €€ 00pabOTKU MPHUBEICHBI
B Tabmn.3.15. PekomeHnyeMmble 3HAaY€HUs LIEPOXOBATOCTU IOBEPXHOCTH B
3aBUCUMOCTH OT X (DYHKIIMOHAJILHOTO HAa3HAUYEHHUA JIaHbl B Ta01.3.16.

g HEKOTOpBIX IMOBEPXHOCTEM JETAIEM MOXKHO PEKOMEHIOBATH
CIEAYIOUIME OPUEHTUPOBOYHBIE [TAPAMETPHI HIEPOXOBATOCTHU:

12,5
1,25
0,12
0,012



Rz =40..80 — Hepaboune KOHTYpHI JCTANICH;

Rz =20 - TopueBble MOBEPXHOCTU IMOJ MOAMMIHUKYN KaueHus. [loBepxHOCTH
BTYJIOK, KOJI€ll, CTYIHUIl, MPUJIETAIOIMINE K JPYyTMM TOBEPXHOCTSM, HO HE
ABJISIFOLLIAECS TOCaA0YHBIMUA. OTBEPCTHS MO IPOXOJ KPEMEKHBIX IETANICH;

Ra = 2,5 - onopubie miockocTd. CBOOOJHBIE MOBEPXHOCTH BajOB M OCEH.
KanaBku 10J YIUIOTHHUTENIBHBIE PE3WHOBBIE KOJbLA [JI HEMOABWXXHBIX H
MOABUKHBIX COCTMHEHUN;

Ra = 1,25 - nmoBepxHOCTH pa3beMa repMETHYHBIX COCTUHEHUN 0€3 MPOKIAT0K
WIH CO NUTM(POBAHHBIMA METAJUTMYECKUMU MPOKIaakaMu. HapykHble nuaMeTpsl
HNUIMLEBBIX COeNUHEHNM. Tpylinecs MOBEPXHOCTH MAJIOHATPYKEHHBIX JETAJIEH.
OTBepcTHS NOIUITHUKOB CKOJIBKCHUS;

Ra = 0,63 - Tpymmecs NOBEpXHOCTH HATrpyX EHHBIX AeTaneu. [locamounbie
MOBEPXHOCTH C JJIUTEIIbHBIM  COXPAaHEHUEM  3aJlaHHOW TOCAAKA IS
AKCIIEHTPUKOB, 3yOuaTbIX KOJIEC, TMOJIIUIHUKOB. Paboune MNOBEPXHOCTH
4yepBsAKoB. Paboune moBepXHOCTH IIKaI U JIMMOOB HOPMaJILHON TOUYHOCTH;

Ra = 0,32 - melku BajoB. Baibl B NPUTOHSAEMBIX W PETYIUPYEMBIX
coeAMHEHUsX. TpylHecs AIEMEHTHI CUIIbHOHATPYKEHHBIX JETaNEH;

Ra = 0,160 - moBepxHOCTH, pa0OoTarolue Ha TPEHHE, OT HU3HOCA KOTOPHIX
3aBUCUT TOYHOCTH pabOThl MEXaHU3MOB;

Ra = 0,080 — Basibl B IPUTOHSIEMBIX U PETYIUPYEMBIX COCIUHEHUSX C JIOMTYCKOM
3a3opa — Hatsara 2,5-6,5 mxMm. OTBepCTHS B NPUTOHSAEMBIX M PETYIHPYEMBIX
COEAMHEHUSX C JOIYCKOM 3a30pa — HaTsra J10 2,5 MKM;

Ra = 0,040 - 3epkanbHble MOBEpXHOCTH AeTaneil. [[penn3noHHbIE MIKaIbI C
ONTUYECKUM OTCUETOM. [[eTanu ONTUYECKUX CUCTEM.

Tabmuua 3.14

DKCIulyaTallMOHHBIE CBOMCTBA MOBEPXHOCTU U 00ECTIEUMBAIOIINE UX
napameTpbl

3KCHJ’IyaTaIII/IOHHI)Ie CBOICTBa HapaMeTpLI mepoxoBaTOCTU

N3H0COYCTOMUYUBOCTD NIPU BCEX BUJAX TPEHHUS Ra (Rz)’ t,, HAIIPaBJICHNIE HEPOBHOCTEI

BubpoycroituuBocTb To e 1 TOTMONHUTETBHO S, , S
KonTakTHas )KECTKOCTh
R (R, t,
IIpoyHoCTh COeTUHEHUS
p . R.(R)
YcranocTHas IPOYHOCTH Ry, Sy, S, HampaBleHUE HEPOBHOCTEH

I'epmeTn4HOCTL COEAUHEHUS Ra (Rz) Rmax tp
b b




Bun 06paboTku MOBEpXHOCTH

apamerp (mapamerpsl) U (WiK) ApyrUe TONOIHUTEIbHbIC
IIEPOXOBATOCTH TIO yKazaHHs
I'OCT 2789-73

Ilonka 3Haka

bazoBag minHa
o I'OCT 2789-73

YenoBHOE 0003HAYEHIE
HarpaBJIeHUA
HEPOBHOCTEM

3Hak

Puc.3.21. CtpykTrypa 0603HaUEHHUS MIEPOXOBATOCTU
MOBEPXHOCTHU

ITOJIKH.

3HaYeHUs
napamMeTpoB
IIIEPOXOBATOCTH
MPOCTaBIISAIOTCS  Ha
gyeprexax. CTpyKTypa
0003Ha4YCHUS
IIEPOXOBATOCTH
MTOBEPXHOCTHU
IIpUBEJICHA Ha
puc.3.21. [Ipu
HATUYAU B
0003HaYECHUH
IIEPOXOBATOCTH
TOJIBKO 3HAYECHUS
napameTpa
(mapamMeTpoB)
MPUMEHSIOT 3HaK 0e3

3Haku 00O3HAYEHUU MIEPOXOBATOCTU IMOBEPXHOCTU JOJIKHBI KacaThCs
BEPLIMHON KOHTYpa MOBEPXHOCTH M3/I€NWs WM BBIHOCHOM JIMHUH, a BHICOTA €r0
JOJDKHA PAcrojiararbCsi HOPMAlbHO K OSTUM JUHUSAM. Pa3mepsl 3HaKoOB /i
(puc.3.22,a) 10mKHBI OBITH MPUMEPHO PABHBI BHICOTE Pa3MEPHBIX YHUCET HA TOM
xe ueprexe (H=1,5...3h). Tommuua TUHUNA 3HAKOB paBHA MOJIOBUHE TOJIIUHBI

KOHTYPHBIX JINHAW HA YEPTEKE.

'y

Y H

u a 0 B

Puc.3.22. 3Haku 1IepoXOBaTOCTH MOBEPXHOCTH

Ecimmn

IEPOXOBATOCTh  BCEX
IIOBEPXHOCTEN  JIOJKHA
OBITh OJWHAKOBOH, TO
3HaK, 0003HAYarOIINH
IIEPOXOBATOCTb,
MOMEIIAI0T B IPaBOM
BEpXHEM YTJIy 4YepTeka
(ma paccrosgauu 5 - 10
MM OT paMKH) U Ha
M300paXeHUH  JIeTalu

He HaHocAT (cM. puc. 3.23,a). [Ipum 3TOM pa3Mepsl U TOJIIMHA JMHUI 3HAKA

BBITIOJTHSIOTCS B 1,5 pasa Ooblie.
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Puc.3.23. Hanecenue 3HakoB 11epOXOBAaTOCTH MMOBEPXHOCTH

[Ipy yka3aHuM IEPOXOBATOCTH TMOBEPXHOCTH, Npeodiajaromel Ha
JAHHOM YepTEeX e JEeTalu, B MPaBOM BEPXHEM YINIy yepTeka MPUBOJIATCS JBa
3HaKa, OJIMH U3 HUX 3aKitodaercs B ckoOku (cm. puc. 3.23,0). Ha mepBom 3Hake
YKa3bIBa€TCsl II€POXOBATOCTh TMOBEPXHOCTH, Ipeodiiaaromias Ha JaHHOM
yepTeke. DTOT 3HAK BBIMOJHsETCS B 1,5 paza Oosblie OOBIYHOrO. 3HAK,
MPUBEJICHHBIA B CKOOKAX, BBIMOJHSIETCS OOBIYHOTO pa3Mepa U YKa3bIBaeT Ha TO,
YTO BCE MOBEPXHOCTH, Y KOTOPBIX Ha M300paKEHUHM HE HAHECEHBI 0003HAUYCHHUS
HIEPOXOBATOCTH, JIOJDKHBI HMMETh IIEPOXOBATOCTb, YKa3aHHYIO Mepel 3TUM
3HAKOM.

3HaueHnus napametrpa mepoxoBaroct o 'OCT 2789-73 yka3bpIBaioT B
0003HAaYEHNHU IIEPOXOBATOCTH: JiA MapaMmerpa Ra - 06e3 cUMBOJa, HaPUMED
0,63; nyisi OCTalbHBIX IApaMETPOB - TIOCJIE COOTBETCTBYIOIIETO CHUMBOJIA,
Harpumep Rz 40.

Crioco6 00paboTku

HOﬂUpO@CH’I’lb ” la6pumb HOBerHOCTI/I YKaSBIBaIOT B
0.025 16 0003HaYEHUH
bl b
M J_ H_ICPOXOBEITOCTI/I TOJIBKO B
TOM cnyqae, CCJIn ODTOT
cnoco0 SBJISIETCS
Puc.3.24. Ykazadnue He0oOX0auMOro Buaa
06p360TKl/1 CANHCTBCHHBIM
IMMPUCMIICMBbIM JJIs1

NoJTyueHus TpeOyeMoM IIepOoX0BaTOCTH IMMOBEPXHOCTH JeTau (puc. 3.24).

[Ton 3HaKOM MIEPOXOBATOCTHM B JIAHHBIX NIPUMEpPAX MPOCTABICHBI
TpeOyeMble  HampaBJICHUS  HEPOBHOCTEH  IMOBEpXHOCTH.  HampaBieHus
HEPOBHOCTEM 3aJal0T TOJBKO B TEX CIy4dasx, KOIrJa OHM BIMSAIOT Ha
paboTOCIOCOOHOCTh JIeTalld WJIM Tapbl TpeHus. Ilpm 3TOM MNpUMEHSIOTCS
caenyromme 3Haku: = ; L ; X; C; R ; M - cOOTBETCTBYIOIIKE MAPAILICIBHOMY,




NEPIEHINKYISIPHOMY,
IIPOU3BOJILHOMY HAIIPABJICHUIO HEPOBHOCTEN IMOBEPXHOCTH.

HIepECEKAIOIIEMYCS,

KpyroBOMY,

paguaibHOMY H

O06o3Hauenne MEPOXOBATOCTHU CIICAYCT CTABUTL HA TCX BUAAX MU Pa3pe3ax,

Ha KOTOPLIX ITPOCTABJICHBI pa3MCPBbI, OTHOCAINUCCA K COOTBCTCTBYIOIIUM YaCTAM
ACTaJIN. O06o3HaucHHe MEpoOXOBATOCTU HA JIMHUAX HCBUIAHMOI'O KOHTYpPa

AOITYCKACTCA HAHOCUTDb TOJIBKO B TCX CIIy4YadX, KOI'Jd HAHCCCH Pa3MCp OT ATOM

JIMHHH.

OpueHTUPOBOYHBIC 3HAUCHUSI TapaMeTpa MIEPOXOBATOCTH R, (MKM),
MoJTydyaeMbl€ MPHU Pa3IMUHBIX BUAaX 00pabOTKU

Tabmnma 3.15

OopadoTka oBepxHocTH
Hapy>KHOTO BHYTPEHHETO MJIOCKHE
BpallleHUsI BpALICHUS

Touenne:

YEepHOBOE 12,5-5,0 12,5-6,3 12,5-6,3

MOJIyYUCTOBOE 6,3-32 6,3-32 6,3-32

YHCTOBOE 32-25 2,5-0,63 32-2,5

TOHKOE 1,25 -0,63 0,32 -0,08 2,5-1,25
®Dpe3epoBaHue:

YEepHOBOE - 12,5-6,3 12,5-3,2

YHCTOBOC - 6,3-0,8 3,2-0,8

TOHKOE - 0,8-0,2 1-0,2
CaepJeHue - 12,5-3,2 -
3eHkepoBaHue:

YEepHOBOE - 6,3-32 -

YHUCTOBOE -- 32-1.25 --
PasBeprTbiBaHue:

YEpPHOBOE -- 2,5-1,25 -

YHCTOBOE - 1,25-0,63 -

TOHKOE - 0,63 -0,32 -
Ctporanme:

YepHOBOE -- -- 50-6,3

YHCTOBOC - - 6,3-1

TOHKOE - - 1,6 - 0,32
Hlindosanue:

NpeBapUTEIBHOE 2,5-1 32-1,6 4-1,6

YHCTOBOC 1,25-0,2 1,6 - 0,32 1,6 - 0,32

TOHKOE 0,25 -0,05 0,32 - 0,08 0,32 - 0,08
CynepuHuiupoBanue 0,28 - 0,032 -- --
IosupoBanne 0,08 - 0,008 -- 0,3-0,032
Iputupka 0,11-0,01 0,16 - 0,02 0,1-0,02
XOHUHTOBaHHE

MpEeABAPUTEIEHOE -- 32-1,25 --

YUCTOBOE -- 1,25-0,25 -

TOHKOE - 0,25-0,04 --
3y0onape3anue:

¢bpezamu -- -- 12,5-3,2

JIOJIOSIKaMHU -- -- 32-1,6

HaKaTbIBAHHC

2-0,8




Taomuna 3.16

PGKOMGHI[yeMI)IG S3HAYCHHA MICPOXOBATOCTHU ITIOBCPXHOCTH HCKOTOPBIX

JeTaJIEN U COCIUHEHNI

[ToBepxHOCTH R,, R., MKM

CKonb)XeHHUs:

ckopocts 110 0.5 m/c R,=032-5

ckopocth cBrIme 0.5 m/c Ra: 0,16-2,5
Kauenus :

ckopoctsb j10 0.5 m/c R,=016-25

ckopocTh cbiiie 0.5 m/c R,=125-0.08
Ieex Baos:

MO HOAIINITHUKH CKOJIBKCHUS R,=0,16-032

MO HOAIIUITHUKA KaYeHH s R,=16-08

noj 3y0uarsle Kojeca R,=16-08
ITocamouHbIX O0TBEpCTHil 3y0UaTHIX KOJIEC R,=05-2
Pa3bema KOpIyCcOB 11 FepPMETUYHOTO COCMHEHHMS:

C TIPOKJIAKOM Ra: 5,0-1,25

0e3 IPOKIIaAKH Ra: 1,25-032
Pazbema KOpITycOB 11 HEr€PMETHYHOTO COSIUHEHHS

C MPOKJIAAKON Ra: 10,0 -2,5

0e3 NpOoKIIaIKu R,=10,0-25
bokosble:

3yObeB Kosec R,=125-0,63

BHUTKOB YepBsIKa R,= 032
Hepaboure koHTYpBI AeTanei R, =320-40
OTBepcTHs NOA KPENeXHbIE AeTaIN R, =80-20
CBo0OoHBIE HECOTPsraeMble TOPLEBbIE IOBEPXHOCTH BaJlOB, BTYJIOK H IIp. R. =40-20
Pabotaromue Ha TpeHHe, OT U3HOCA KOTOPBIX 3aBUCUT TOYHOCTH pabOTHI R, =16
MEXaHN3MOB
ITox ckimeuBanue RZ =15

HO}_'[ QJICKTPOXUMHNYCCKOC MMOKPBITUC
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Ecmu 1mepoxoBaTocTh OJAHOM M TOM KE€ TOBEPXHOCTH JI€TalId Ha
OT/ACJIbHBIX  y4YacTKax JOJDKHA OBbITh  Pa3iMyHOM, TO OTU  YYaCTKH
pa3rpaHUYMBAIOT CIUIOIIHOW TOHKOW JJMHUENW C HAHECEHUEM COOTBETCTBYIOILETO
pazmepa 1 0003HaYCHUH IIEPOXOBATOCTH.

O06o3HaueHHE MIEPOXOBATOCTH IMOBEPXHOCTH MPOPMIST pe3bObl HAHOCAT
Mo OOIIMM MpaBWiIaM, €CIU JaeTcs H300pakeHue Mpoduiis WM YCIOBHO Ha
BBIHOCHOM JIMHMM JUIsi 00O3HA4YeHUs pa3Mepa pe3bObl, WM Ha pa3sMEpHOU
auand.  OOO3HAYeHUsS IIEPOXOBATOCTH pabOYMX TOBEPXHOCTEH 3yObeB
3y04aThIX KoJIeC, NMUIMIEB U Jp., €CIW Ha YepTeKe HE JaeTcs UX IpoQuib,
YCIIOBHO HAHOCAT HA JINHUH JCITUTEIIbHOW TOBEPXHOCTH.




B 3axmouenun paspena, Ha puc.3.25 m 3.26 nOpUBEOEHBI IPUMEPHI
odopmiieHUST paboOUUX YEPTEKEH NeTalieid, Ha KOTOPBIX OMpPEICeHbI TOMYCKH
pa3MepoB, GOpMBI W PACHOJIOKEHHUS DIEMEHTOB JeTaleil W OmpeaeTeHbI
TpeOOBaHUS K IIIEPOXOBATOCTH TOBEPXHOCTEM.
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4. MartepuaJjibl B Ipu0OPOCTPOEHUM

K marepuanaMm, nmpuMeHs€MbIM B NPUOOPOCTPOEHUHU, OTHOCSTCS CTajy,
LBETHBIE METAJJIBl M MX CILIABBI, IUIACTMACCHI, KEPAMUKAa U MHOTHE JPYyTHE.
[TpaBunbHO BBIOpaHHBIN MaTepual B 3HAUUTEIHHONW Mepe OMpeeisieT KaueCTBO
JeTajied U MexaHu3Ma B LenoM. BeiOop marepuana neranud HpOBOAUTCS Ha
OCHOBAaHMM HX (U3UKO-MEXAHUUYECKUX, XUMUYECKUX M TEXHOJIOTMYECKUX
CBOWCTB M COOTBETCTBHS 3THUX CBOWCTB JKCIUTyaTallMOHHBIM, TEXHOJIOTHYECKUM
Y YKOHOMHYECKUM TpeOOBaHUAM, MPEABIBISEMBIM K ACTAIISAM.

OKcIulyaTalMOHHbIE  TpeOOBaHUA, MNPEIbSBISEMblE K MaTepualy,
ONPEAEIAIOTCA YCIOBUSMHM pabOThl JAeTalu B MexaHu3Me. VX BBINOJHEHHE
OIIPENENSIETCS CBOMCTBAMU MaTepHaa, OCHOBHBIMU U3 KOTOPBIX SBJISFOTCS:

1) mpoyHOCTB- CBOMCTBO MaTepuaja CONPOTUBIATHCSA pa3pyLICHHIO, a
TaKK€ HEOOpaTMMOMY HW3MEHEHHIO IMepBOHAYaJbHOW (OpPMBI U pPa3MEpOB.

XapakTepUCTUKAMU TMPOYHOCTH SIBIAIOTCA: Gp- Mpeliel MPOYHOCTH MU
pacTsikeHUU (BpEMEHHOE COMPOTHUBIICHHUE); Gy~ TPEIed MPOYHOCTH TIPH U3THOE;
c.;- npeaen BeiHOcHuBocTH; HB (HRC)- TBepmocte mo bpunemntio (unu
Poksemny);

2) ®ECTKOCTh, XapaKTepu3yeMasi BEJIMUMHON MOIyJIsl yrpyroctu E;

3) ynpyrocts, XapakTepusyemas IpeeioM TEKYYECTH Oy ;

4) ynmapHas BSA3KOCTh, IIOKa3aTelieM KOTOPOW SBISICTCS BEIUYHHA
yAelIbHON paboThI, 3aTpayMBaeMol Ha pa3pylieHue o0pasia;

5) aHTU(PUKIIMOHHOCTh, XapakTepuzyeMasi KodhPuimeHToM TpeHus f;

6) U3HOCOCTOMKOCTh- CIIOCOOHOCTh MaTepuasa CONPOTUBIATHCS U3HOCY,
Xapaxkrepuzyemas tBepaocTthi0 HRB, HRC wnu 1omyCTUMBIM yIelIbHBIM
JTABJICHUEM p);

7) KOppO3MOHHAs! CTOMKOCTb;

8) MJIOTHOCTH MaTepuaa;

9) 3NEeKTPONPOBOJHOCTD, TEIUIONPOBOJAHOCTH, KOI(DPHUIMEHT TMHEHHOTO
pacuupeHus u T. 1.

TexHonornyeckne TpedOBaAHUS K MaTepHATy HMEIOT LIETBI0 00ECIEYNTh
MUHUMAJIBHYIO TPYAOEMKOCTh HW3TOTOBJICHUSA HeTanu. (s yIOBIETBOpPEHHS
ITHX TpeOOBaHMIA YUUTHIBAIOT CIIEAYIOIINE CBOMCTBA MaTEPHAIIOB:

1) TUTaCTUYHOCTR- CBOKMCTBO MaTepHalia MoIBEpraThCs ae(opMUPOBaAHUIO
0e3 pa3pylieHusi, MO3BOJISIIONIEE TPUMEHATh TMPU U3TOTOBICHUU JETallU
pa3JIMYHbBIC CIIOCOOBI 0OPAOOTKH JaBJICHUEM;

2) 00pabaThIBAEMOCTh PE3aHUEM;

3) JerkominaBKOCTh U KUAKOTEKY4eCTh - CBOWMCTBA Marepuaia,
o0ecrieuynBaoIIKe MOJyYeHUe JeTallel TUThEM;

4) TepmMo0oOpabaThIBAEMOCTh - CIIOCOOHOCTh MaTepHalia U3MEHSTh CBOU
CBOWCTBA TIpW TEIJIOBOM 00paboTKe (3aKajaka, OTIYCK, OTXKHI) W
TEPMOXHUMHUYECKON 00paboTKe(1leMeHTaIusl, a30TUPOBAHKE U JIP.);



5) cBapuBaeMoOCThb - CIOCOOHOCTh MaTepuagoB OOpPa30BBIBATH MPOYHBIE
COEJIMHEHHUSI TIPU CBApKE.

JKOHOMHUYECKHEe TpeOOBaHMsl, IPEABABIKIEMBIE K Marepualam,
OTIpEeEIAI0TCA HAMMEHbIIEH ce0ECTOMMOCTBIO JIETANIU, B KOTOPYIO BKIIFOUAETCS
ce0ecTOMMOCT MaTepuajla M BCE IIPOM3BOJCTBEHHBIC 3aTpaThl Ha €€
mzroropieHne. C y4yeToM OTUX 3aTpaT BBIOMpPAIOT TOT WJIM HHOM
TEXHOJIOTHYECKHUI MPOLECC N3TOTOBIICHHUS IeTanu. BBUay pa3auuHbIX 3aTpaT Ha
NOJATOTOBKY MPOM3BOJICTBA OJHU TEXHOJOTMYECKHE ITPOLIECCHl M3TOTOBIICHHUS
neranedl (IITaMIOBKA, JHUTbE, IMPECCOBAHHE) HKOHOMUYECKH BBITOAHEE IpHU
MacCoBOM M KpPYIIHOCEDHMMHOM IIPOM3BOACTBE, a IpPU EIAUHUYHOM H
MEJIKOCEPUIHOM - BBITOJAHEE MPUMEHITh MEXaHHUECKH 00pabOTaHHBIE IETaH.

CBoiicTBa MaTepHaJIOB - UX XUMUUYECKUN COCTAB U BUJbI METAJUIOU3AETUI
(;muct, mpodun, cTank KaauOpOBaHHAS, MPOBOJIOKA H JIP.) PETVIAMEHTHPYIOTCS
I'OCTamu.

4.1.Pu3suKo-MeXaHNYEeCKHEe CBOMCTBA cTajIel

Cranu - 3TO CIUIaBBl JKelie3a C YIJIepoaoM U J00aBKaMu JIPYTUX
XUMHUYECKUX 3JIEMEHTOB, MpEeAHA3HAYCHHBIX JJIs MPUJIaHUs €d OIpeAesIeHHbIX
cBoicTB. [lo cpaBHeHHIO C APYrMMH MaTepuajaMy CTall XapaKTepU3YIOTCS
BBICOKOM MPOYHOCTHIO, TUIACTUYHOCTBIO, XOPOIIeH CBApUBAEMOCTBIO, XOPOIIEH
obpabarbiBaeMocThI0. CBOMCTBA OOJBIIMHCTBA CTaJCH MOXHO CYIICCTBEHHO
yIy4dIuTh  TepMooOpaboTkoi.  HemanoBakHbiM  (HaKTOpOM  SBISIOTCS
CPaBHUTEIHHO HM3Kasi CTOMMOCTh CTajud U OOJbIIasi ramMmma pa3HOOOpa3HbIX
BUJIOB METAIJION3ACIHHN.

ITo cocTaBy cTranu pa3AensiOT Ha CTAIH yTIEPOIUCTHIC U JIETUPOBAHHBIC.
VYriepoaucTeie cTany pa3fessiFoTCs Ha CTald OOBIKHOBEHHOTO KauecTBa, CTAJIH
KOHCTPYKITMOHHBIC KAauyeCTBCHHBIE M JIETMPOBAHHBIC. JIETMpOBAaHHBIE CTAA B
CBOIO OYepeIb Pa3CISIFOTCS Ha Ka4eCTBEHHBIC, BEICOKOKAYECTBEHHBIE U 0CO00
KauyeCTBCHHEIE.

Crans yruaepoaucras o0mero HasHayenus (I'OCT 380-71) B
3aBUCUMOCTH OT BUJIa KOHTPOJIUPYEMBIX MTAPAMETPOB JACIUTCS HA 3 TPYIIIIbIL:

A - mocraBisieMas IO MEXaHMYECKHMM CBOMCTBaM (B 0003HAauY€HUU
yKa3bIBaeTcs);

b - mocraBisiemast 1o XUMHUYECKOMY COCTaBY;

B - nocTraBnsemast mo MeXaHMYECKUM CBOMCTBaAM U XUMHYCCKOMY COCTaBY.

Cranu, mnocTaBisieMble [0 MEXaHMYECKMM CBOMCTBaM 00O3HAYaroT
oykBamu CT u yuciaom B mopsiAke BO3pacTaHHs NPOYHOCTH. Y CTAHOBIEHO 13
MapoK CTaJIel, U3 KOTOPBIX Yalle Bcero npuMeHstor ctanu Mmapok Ct0 u Cr6.
N3 craneli OOBIKHOBEHHOIO KayeCTBAa M3TOTOBJISIOT KpPEMNEKHbIE NETaIH, a
TAaK)K€ KOPIYCHbIE JEeTaJld METOAaMHM INTaMIIOBKM WM cBapku. Cranu
YIJIEpPOJUCThIE OOINEr0 Ha3HA4YEeHMs, KaK MpPaBWIO, HE MOABEPraroTCs
TepMOOOpPadOTKE.

N3 MexaHn4eCcKuX CBOMCTB BCEX IPYII HOPMUPYETCA MpPeies MPOYHOCTH
Ha pacTsbkeHue - ot 6, =320 MIIa, ve menee ( C10 ), 1o 6,=600 MIIa, He meHee

HC



(Ct6) , u oTHOCHUTENBHOE yAJIMHEHUE - OT 23 110 12 %, coorBeTcTBeHHO. Kpome
TOTO, HOPMHUPYETCS TMpeaen TEKy4ecTH O; U JJI1 HEKOTOPBIX KaTeropuil -
yJapHas BSI3KOCTb.

IIpumep o603nauenusi: Ct3-3 TOCT 380-71 -ctanb yriepoaHas o0OIiero
HA3HAYEHUS, TIOCTABIIAECTCS TOJBKO MO MEXaHUYECKUM CBOMCTBAM, MapKa CTaJIH
Ct3, KOHTpOJUpYeTCS Tpenesl MPOYHOCTH M OTHOCUTEIBHOE yaimuHeHue (
Kareropus 3 ).

Craabs yriuepoaucrasi KadecTBeHHasi KoOHcTpykuuonHas  (I'OCT
1050-74) npenycmotpena mapok 05, 08, 10, 15, 20, 25, 30, 35, 40, 45, 50, 58,
60 ¢ conepxanuem yriaepona ot 0,06 % ue 6onee (ctans 05), mo 0,57-0,65 %
(cramp 60) . OOo3HAuE€HHE MapKH COOTBETCTBYET CPEAHEMY COACPKAHUIO
yriiepoga B COTBIX AOJAX MpoleHTa. [lo cTeneHn pacKuciIeHUs BBIMYCKACTCS
CTajgb CIOKOWHas (B 0003HAYCHUWW HE YKa3bIBaeTCs), IMOJYCIOKOWHAs - TIC
Mapok 08mc, 10mc, 20nc u kunsimas - mapok 05kn, 08k, 10km, 15km, 20km.

[TocTaBnsieTcst Topsiuekaranasi U KauOpoBaHHas - Kpyriias, KBajapaTHas,
[IECTUTPaHHAas, B BUJE JUCTOB, MOJIOC, JICHT, MPOBOJIOKH, a TAaKXKe Kpyrjias co
CHeNUaIbHOM OTAENKOW TOBEPXHOCTH (cepeOpsiHka), 0e3 TepMHUYECKOM
00paboTKH (HE yKa3bIBaeTCs), TEPMUUYECKUA 00paboTaHHasi (HOpMalu30BaHHas) -
T. u HaraptoBanHas - H (111 kannOpoBaHHON CTaJIA U CEPEOPSHKH ).

B 3aBucuMoCTM OT Ha3Ha4YeHUs TOpsYeKaTaHas CTallb JCIUTCS Ha
MOATPYTIITHL:

a - 1711 ropsiueit 00pabOTKHU JaBJICHUEM;

0 - 7151 XOJIOJAHOM MeXaHW4YeCKo 00paboTKu;

B- JUIsI XOJIOJTHOTO BOJIOYEHUS.

N3 mexaHn4eckux CBONCTB HOPMUPYIOTCSI TBEPAOCTD, MPEAEN TEKYyUeCTH,
BPEMEHHBIE  COMNPOTUBJIIEHUS  pa3pbiBy,  OTHOCUTEIBHOE  YJIMHEHHE,
OTHOCUTEJIbHOE CY)KEHHE, a JJIA psijia MapoK CTalld TakXKe yJapHas BSI3KOCTb.
JIisi HOpMaNM30BaHHBIX CTajeil HOPMUPYETCS BPEMEHHOE CONPOTHBIIECHUE: OT
o= 330 MIla (crans 08) no o,= 690 Mlla (ctans 60) npu OTHOCUTEIHLHOM
yauHeHuu ot ¢ = 33 % 1o ¢ = 10 % B 3aBUCMMOCTH OT MapKu CTaju, JJIs
HarapToBaHHbIX cTasnie (ctanb 10...50) o, =420-670 Mlla, 6 =8..6 % .

Paznmnuator KOHCTPYKIIMOHHBIC HU3KOYTJIEPOAWCTHIC IIEMEHTUPYCMBIE
cranu (comepkanwe yriaepoma a0 0,25 % ) , cramu cpeaHe- H
BBICOKOYTJIEpOAUCTHIE (conepxkanue yriepoja cBoie 0,3 % ), KOTopble MOTYT
MOABEPTaThCsi TEPMOOOPAOOTKE.

IIo Tp€6OBaHI/IHM K MCIIBITAHHUIO MCXaHNYCCKHNX CBOfICTB, MpeaAyCMOTPCHBI
CIICOAYIOIHNC KaTCTOPUHU CTAJIN:

1- 6e3 ucnbpITaHU Ha pacTsHKEHUS M YIApHYIO BSI3KOCTh (HOPMHPYETCS
TOJIbKO TBEPJIOCTb);

2- ¢ wucmpITaHUEM Ha oOpaslax W3 HOPMAJU30BAaHHBIX 3aroTOBOK
JIMAMETPOM 25 MM;
3- To ke ¢ quameTpoM obpasma 10 100 mm;



4- To K€ Ha 3aKAJICHHBIX W OTITYIIEHHBIX 00pa3Iax;

5- TO K€ Ha HarapTOBaHHBIX 00pa3nax (st KaTMOPOBAHHOM CTaH ).

Ecnu B 0003HaueHNN MapKu B 3aKa3e HET yKa3aHUs HAa KaTETOPHIO CTallH,
HIOCTABJIAETCS CTalb KaTeropuu 2.

IIpumep o6o3nauenusi: cranp 30-2-a T'OCT 1050-74 - crans
yIIepoaucTasi KadyecTBEHHAash KOHCTpyKUMOHHass Mapku 30, 2-i karteropuu,
NOATPYIIIHI a.

B nmpubopoctpoenun cranu Beicokoi miactuaHoctu (08; 08km; 10; 10km)
NPUMEHSIOTCS I MaJOHarpy’»KEHHbIX, TEPMHYECKH HeoOpabaThiBaeMbIX H
HEIEMEHTHUPYEMBIX JieTajeil (MpOoKIaaoK, a0, 3aKIernoK, KOPIyCoOB), a TaAKXKe
JUIsL AeTanei, HoJly4aeMbIX METOJ0OM XOJIOIHOW IITaMIIOBKU (MIPEUMYILECTBEHHO
cranu 08; 08km; u 05km).

N3 cranu HeBbicokoil mpouHoctu (15, 15km, 20, 25) M3roTraBiIuBarOT
rpy>KeHble AeTanu (BWIKH, ¢aaHIbl, OONTHl, KOPIYChI), TEPMUUYECKU
HeoOpaboTaHHbIE, a TAKXKE MOJIBEPratoIIrecs IeMEHTAluU WKW [IUAaHUPOBAHUIO
C TocieAyrmied 3akaJKo M OTHYyCKOM (OCH, phlUard, KyJIauKOBBIC BaJlbl,
HIECTEPHU, NAIbIIbI, 3BE€3/IOUYKH U T.1I.).

Cramu cpenneit mpounoctu (35, 40, 45, 50) wucnonap3yroT mocie
HOpMAJTM3AllNK, YIYYIICHHs], 3aKaJKd C HU3KUM OTITyCKOM, MOBEPXHOCTHOIO
yIpoyHeHuss ¢ HarpesoM TBY i W3roTOBIEHHS pasHbIX JeTalieu
npubopocTpoeHus (ocei, pbr4aroB, MTU(PTOB, XPATOBUKOB, YIIOPOB, HIMOHOK,
IIECTEPEH ).

Cranp JerupoBanHasi  koHcTpykuumonHas (I'OCT  4543-71)
MOCTABIISIETCSl  TOpsiuekataHas 0e3 TepMooOpaboTkw; TepMooOpaboTaHHas
(OTOXOKEHHAsT WM HOpMayim3oBaHHas) - T; kaimmOpoBaHHas CO CHEIUATBHOU
00paboTKOi TOBEpXHOCTU (cepeOpsiHka) TepmMooOpaboTaHHas (OTOXOKCHHAs,
OTMYIIIEHHAs!, HOpMaJIM30BaHHAs WU 3aKajieHHas) - T; HarapToBaHnHas- H.

Jlnst 0603HaYEHUS BHICOKOKAUYE€CTBEHHBIX U 0CO00 BBICOKOKAYECTBEHHBIX
cTajel B KOHIIE Mapku cTaBAT OykBbl A win 111, COOTBETCTBEHHO.

B 3aBHCHMOCTH OT OCHOBHBIX JIETUPYIOIIUX 3JE€MEHTOB CTalb ACNATCS Ha
rpynnsl. B Tom yncne:

xpomucras- 15X, 30XA, 30XPA, 40X, 50X u ap.,

MapranmoBucras- 1517, 50I°, 10I'2..501°2,

XpOMOMapraHioBUcTas ¢ 1ob6aBkamMu Oopa, TUTaHa, BaHAIMsI, MOJIMOICHA
18XT", I8XT'T, 20XTP, 25XT'M, 35XT'® u np.,

XpoMOMOJINOICHOBasI, XpoMomonnOaeHoBaHaaueBas- 15XM, 30X3MO,
4XMODA,

XpPOMOHUKENMBast, XpoMoHUKeneBas ¢ bopoM- 20XH, 20XHP, 30XH3A.

Bcero cranmaprusuposano okosno 100 mapok.

B mapke nepBbie HUQPHI - cpeAHee coliepKaHue yrieposa (CoTble A0JIU
NpOLIEHTa); OyKBbI- HAUMEHOBAHUE JIETHpYIOLIEero 3iuemenTa: B- Bonbdpam, I'-
mapranen, H- aukens, P- 6op, C- kpemuuit, T- turan, ®@- Banaauii, X- xpowm,
FO- amomunuii, M- monuoaen. Iludpsl, crosmue mnociae OykB, 0003HAYAIOT



NpUMEpPHOE COJEp)KaHUE JIETUPYIOIIErOo DJJeMeHTa B TNpOIeHTax (MpH
OTCYTCTBUU LUPPHI - HE Ootiee 1,5 %).

JlerupoBaHHBIC CTaJIA, KaK U YTJICPOAUCTHIC, ACIATCS Ha IIEMEHTHPYEMbIS
(mo 0,25 % C) u ynmyumaemsie (0,25- 0,5 % C). [loBepxHOCTHas TBEPAOCTh U
WU3HOCOCTOMKOCTh IIEMEHTHPOBAHHBIX JleTaJied W3 JICTUPOBAHHBIX CTaJe
OCTaeTCsl Ha YPOBHE IIEMEHTHPOBAHHBIX U3 YTJIIEPOJUCTON CTaslel, HO CBOMCTBa
CEep/IIEBUHBI Y TAKUX JIeTaJeil OKa3bIBaeTCs BhIIC. [[pUMEHSIOT JIeTupOBaHHbBIC
CTaJIM JIJIsl T€X K€ IIeJIel, YTO U YIJIEPOAUCTHIE, HO JIJisi 00Jiee OTBETCTBEHHBIX
KPYIHBIX HArpy>KeHHBIX WM TOYHBIX JeTaliel W 0053aTeIbHO B TEPMUUYECKH

00paboTaHHOM BHJIC.

Tabmuma 4.1
CBOMCTBa HEKOTOPBIX MAapPOK CTAJIEU
Mapka XapakTepuCTHKA, o o, G.1. TKJIP | E-10° Y, 0,
cTam CBOMCTBa MIla | MlIla MIla MIla |r/em® | %
1 2 3 4 5 6 7 8 9
Cr3 |Manoyrneponucras ctanb (360 +~ | 195 170+ o | 7,83 |24+
Ct5 |oOmero Ha3HA4YeHHUS, 460 180 27
I'OCT |mmacTuyHOCTH U 460+ | 255+ 220+
380-71 |cBapuBaeMOCTh BHICOKHE 625 285 240 27+
20
Manoyriepoauctsie kauectBeHHbIC ctanu ['OCT 1050-74
08kn | CBapuBaeMoOCTh U 330 200 120 11,6 1.86 7,83 | 33
IJJACTUYHOCTH BBICOKHE.
OO0pabaTpIBa€MOCTh
pe3aHueM yMepeHHasl,
KOpPPO3HOHHAS CTOMKOCTh
BeChMa HH3Kas
10 TO XKe 340 210 120 7,82 | 31
15 CBapuBaeMoCTh 1 380 230 160 11,9- 1.96 7,82 | 27
IIACTUYIHOCTH BBICOKHE. 12,0
O06pabaTbiBaeMOCTh
pe3aHueM yMepeHHas.
[TonBepraercs ieMeHTaMK
20 TO K€ 420 250 190 25
25 TO XKe 460 280 200 23
35 TO Xe 600 360 240 20
40 TO XKe >580 | 330 270 19
45 Cpenuneyrnepoaucras 610 360 275 11,6 2.05+ 16
KaueCTBEHHAs CTalb. 2.15
50 CBapuBaeMoOCTh, 640 380 290 12 7,811 14
IJIACTUYHOCTD
60 yMEpeHHasl. 675 400 -—- 11,1 7,80
OO0pabaTpIBa€MOCTh
pe3aHueM XOopoIasi.
XOopouIo 3aKaJuBaeTCs




IIpoxomxenne Tada.4.1

1

2 | 3 14 ] 5 [ 6 |

7

8

| 9

Craip noBbIIeHHOM oOpabareiBaeMoctu pezanuem 'OCT 1414-74

Al2

Cranb BRICOKOH 600- 270-360 | 10,6
o0pabaTbIBaEMOCTH 800
pe3aHuemM

(aBTOMaTHas ).
CBapuBaemMocCTh
MTOHIKEHHAS,
IJIACTUYHOCTD BBICOKAS.
Ob6nanaer
KpPacHOJIOMKOCTHIO,
YyBCTBHUTEIbHA K
yAapHBIM Harpy3Kam.
MosxeT ObITh
MOJIBEprHyTa
[EMEHTAINH U
HUTPOLEMEHTAIINH

2.11

7,85

AC35I2

Cpenuneyrnepoaucras
CEpHUCTOMAPTaHIIeBUCTA
s1 CTaJIb IOBBIIIIEHHON
00pabaThIBa€MOCTH.
CBapuBaeMoCTh U
IUIACTUYHOCTh
MOHIKEHHBIE, 00J1agaeT
KpPaCHOJIOMKOCTBIO

750 600 -—-- 11,8%

2,05%*

7,82%

14

Kopposuonno-croiikue cmiassl ['OCT 5632-72

20X13
40X13
1X17H2

Cpenneyriepoaucras
XPOMHUCTAsl CTalb.
IInacTuuHOCTH U
CBapHBAEMOCTb BBICOKHE. | (0 | 450 o
Hanmnune xpoma 10,5
o0ecrnieunBaeT 0 | 450 o 11,0
1200 | 900 | - ’
MEJIKO3EPHUCTY IO
CTPYKTYypYy
LIEMEHTUPOBAHHOU
MMOBEPXHOCTH

2,06
2,19

7,7
7.8

16
18
10

Cranb koHcTpyKIMOHHAas jerupoBanHas ['OCT 4543-71

20X

Manoyraepoaucras 850 | 630 590 11,3
XPOMHUCTAsI CTAIIb.
[Ipenna3nauena nis
LIEMEHTALINH C
MOCIEAYIOLIEH
TEPMOOOPaOOTKOM.
[lnactuaHOCTH M
CBAapUBAEMOCTb BBICOKHE.
Hanuuue xpoma
o0ecne4ynBaeT

2,03

7,82

10




MEJIKO3EPHUCTYIO
CTPYKTYpY MOBEPXHOCTH,
YTO MOBBIIIAET
CONPOTHUBIICHUE
YCTaJIOCTH

IMpononxenue tada.4.1

1 2 3 4 5 6 7 8 9

40X Cpenneyrnepoaucras 1000 | 700 | 450 |11,5+| 2.14 | 7,85 10
ctasb. CBapuBaeMocThb U 13,4
IUTACTUYHOCTh
yMepeHHbIe. X0POILIOo
3aKaJIMBaETCs.
Menko3epHucras
CTPYKTypa IOBEPXHOCTH,
BBICOKOE COIPOTHUBIICHUE
yCTaJIO0CTH

40XC Cpenuneyrnepoaucras 1250 | 1100 | ---- - - | 7,85 12
CTaJb.
OO0pabaTpIBa€MOCTh
pe3aHreM yMepeHHas,
CBapHBACMOCTh U
TJTACTUYHOCTH BBICOKHE

Cranb uHcTpyMeHTanbHas gerupoarast OCT 5950-73

12X1 Beicokoyrnepoaucrast 2000 | ---- -—-- 14 2.10 | 7,75
XPOMHUCTAs! CTallb.
IInacTuyHOCTD U
CBapUBaEMOCTh
TIOHUKECHHBIC

9XBI' Bricokoyrnepoaucras 920 10,6 | 2.12 | 7.8
XpOMOBOJIE(paMOMapTaH
LIOBHCTas CTalb.
CBapuBaeMoCTh 1
o0pabaTeIBaeMOCTh
pe3aHreM MOHWKECHHBIC

Cranb nactpyMmeHTtanbHas yriepoguctas 'OCT 1435-74

V8A [ToBbiienHas TBepaoCTh. | 670 - - - 1.96 | 7.83 -
OO0pabaTpiBa€MOCTh
pe3aHuemM
yIOBJIETBOPUTEIbHAS,
xoporro numdyercs.
CBapuBaeMOCTb U
IJIaCTUYHOCTh
TTOHIKCHHBIE

YI10A Toxe 710 - - 11.8 | 1.96 | 7.83 8

Koppo3noHHO-CTOMKHKE CTaJIM JErMpOBaHbl 3HaYUTENbHBIM (0T 13 110
25 %) KOJIWYECTBOM XpOMa, a MHOT/A U HUKeneM. XpoMmucteie ctanu (30X13,
40X13) ympouHsIIOT TepMHUECKON 00paboTkoi, xpomoHukenessie (X18HI10T,




OX22HST wu gp.) - TOABKO IJIACTHYECKON aedopManveid, OHU HEMarHUTHBI
(I'OCT 7350 -77).

Koppo3noHHas CTOMKOCTh METAUIMYECKUX W3JEIUA OLICHUBAETCS B
Oanmax mokaszaTens KOppo3uu mo JecsatuyHou mikane. [lokazaTenu xoppo3uu
(OTHEeNbHO ISl METAJIOB 0€3 MOKPBHITHS U C MOKPBITUAMH) yCTaHABIMBAIOT B
3aBUCUMOCTH OT IUIOIIAAY IIOBEPXHOCTH, IIOJABEPIIIEHCS KOPPO3ZUOHHOMY

pa3pyLIECHUIO U BUJla KOPPO3UOHHOTO Pa3pyILIEHHUS.
Campliii BhicOKMI Oamn (1) mpucBauBaeTcsi METaUIOM M CIUIaBOM 0e3

MNOKPBITUS, Y KOTOPBIX KOPPO3UOHHOE pa3pylICHHE IMOBEPXHOCTU HE
npeBblmaeT 1% BkIrountenbHO. IIpw  OTCYTCTBUM Ha METANIMYECKHUX
MOBEPXHOCTSX  BUJMMBIX  HEBOOPYKEHHBIM  TJIa30M  KOPPO3UOHHBIX

pa3pylIeHU, a TaKkXke 00pa30BaHMs MOJYNPO3PAYHBIX TUICHOK U (MJIU) TJICHOK
n00€eKal0CTH TAK)KE YCTAaHABIMBAIOT IMOKA3aTENb KOPPO3UH, PABHBIM 1.

Cambie HecTOlKHME MeTauibl oleHuBatroTcs 10 Oamiamu  CTOMKOCTH
(koppo3ueit mopaxaercs 10 80 % MOBEPXHOCTH C OOpa30BaHHEM COJIEBBIX
IPOIYKTOB KOPPO3HH).

Taoauua 4.2
O06aactu IMPUMCHCHHA HCKOTOPLIX MAapOK CTaJIA
Mapka | TepmooOpaboTtka | MexaHnueckue Ob6nacTp npUMEHEHHUs
CTaIn CBOMCTBA
1 2 3 4
Cr3 bes 0,=400, MITa |CBapHble KOHCTPYKLUU; ACTAJIH,
TEpMOOOpabOTKHU |  5,=195, MITa |paboTaromue ¢ Maoi Harpy3Koi 0e3
Cr5 TPEHUS: KOXKYXH, IUTKH, KPBIIIKH,
MPOKJIAJKH, 3aKJICTKH, MANH0bI, ITIHHTHI
Crl5 emenranus, 0,=500, MIIa |Menkue MaJIOHarpyKEHHbIE 1€TAIHU K
Cr25 3akaika B BOJE, 6,=270, MIla |KOTOpPBIM NPEABABIAIOTCA TPEOOBAHUS
OTITYCK HRC 56..62 IEPOXOBATOCTU MOBEPXHOCTU U
CONPOTHUBIICHUS U3HOCY: BUHTBI, TAKHU, OCH,
KOJIbIIa, IIECTEPHU
Cr 35 bes 0,=600, MITa | ManoHnarpyxeHHbI€ AE€TAJIU: OCH, TATH,
TepMo0OpaboTKU 0,=360, MIla |KombLa, pbr4ary, (aHipl
Cr 35 3akaJika B BOJE, 0,=1000, MITa |Menkue cpeqHeHarpyKeHHbIE IETaIH, K
OTIyCK 6,=650, MITa |KOTOPBIM IPEXBABIAECTCA TPEOOBAHHE
HRC 30..40 MOBBIIIEHHOW MTPOYHOCTH: BTYJIKHU, BAJTUKH,
WTUQTHI, BUHTHI, YIIOPHI, KOJIbIIA
Cr45 VYayumenue 6,= 750, MIla |CpenHeHarpy>KeHHbIE I€TaH, paboTaronme
6,=450, MITa |0pHu HEOOIBIIMX CKOPOCTAX M CPEAHHUX
§=13 % YAETBHBIX JAaBICHUSX: BAJIbI, paboTaroIue B
HRC 192.285 |HOAIIMIIHUKAX KaYCHMsI, HUINLEBBIC BAJIbI,
IITOHKH, BTYJIKU, BUJIKU
3akajka ¢ o= 90..120, MIla | [leTanu cpeqHux pasmMepoB, K KOTOPbIM
narpesom, TBU ¢ | o, =70..90, MITa |TIPEABABIAIOTCA TPEOOBAHUS IPOYHOCTH U
rITyOuHOMN §=7% TBEPAOCTH: paMKH, BaJTUKH, [ar(bl, BUHTHI,




3aKaJICHHOT O HRC 38..40 cobauku, 3y0uaThie Koyeca, IMUIbKU
cnosi 1.8-2.2
Cr45 |3akanka B Macne,| o,>900, MIla | Menkue TOHKOCTCHHBIE NE€TAIH CIOKHOU
OTILYCK o, =650, MITa |KOH(HUIYpaluK U3rOTABIUBAEMBIE PE3AHUEM
HRC 30..40
IIpoxonxenne Tad1.4.2
1 2 3 4
Cr60 Hopmanuzanus o, =675, MIla |/letanu c BBICOKUMU IPOYHOCTHBIMU U
o, =400, MITa |YHPYTMMH CBOMCTBaMH ( IIPOKATHBIC BAJIUKH,
5=12 % JKCLICHTPUKH, LIITUH]EIH, IPYyKUHHBIE
KOJIbLIA, IPYKHHbBI aMOPTH3ATOPOB )
Cranb uactpymenranbHas yriaepogucras ['OCT 1435-74
V10A B ynydmennom o, =1200-1500 |Menkue nerany, Mojay4aeMble PE3aHUEM: OCU
COCTOSTHUH Mlla ¢ TpuOKaMH, OCH U BAJIUKH, MAJIbIIHI,
6;=900-1000 |XOJOBbIE BUHTHI IPU TPEOOBAHUAX
MIla MOBBIIIEHHOW MPOYHOCTU. MeNKue aeTanu,
§=8% NOJy4aeMble METOJIOM BBIPYOKH: KyJIauKH,
HRC 38..42 HAaKJIaJIK1 HAMPABIIAIOIINX, ITOJI3YHbI
3akanka u o8=1600..1800 | To e npu NOBBIIEHHBIX TPEOOBAHUAX K
OTILYCK MIla U3HOCOCTOMKOCTH. YTIPYIH€ 3JIEMEHTHI,
6,~1300..1500, |TOPCHOHBI
MIIa
HRC 58..62
V12A OtoxxeHHAas, HB 207 To xe
3axasieHHas HRC 62
0=28%

Crannp KOHCTPYKIHUOHHAA MOBBIIIIEHHON U BBICO

Koil o6pabatbiBaemocTho pe3anuem ['OCT

c.1 =590 Mlla

1414-75E
Al2 I'opsiuekarannas | o, =420, Mna |Menkue ManoHarpy>KeHHbIE J€TalH,
§=2219% oOpabaTheIBaeMbIe pe3aHUEM, TIPH
160 HB He 60ee | TpeOoBaHUM 0OecTieueHUs: MaIoi
6, =500 MIIa |lIEPOXOBATOCTU: BUHTHI, FAKHU, OCH, BAIIMKH,
HaraproBannas §=17% BTYJIKU, KOJIbIIA, TUIAHKH, PACTIOPKH,
217 HB PYKOSITKH, MEJIKME KPOHLITEHHBI U KOpITyca
NOIUIMITHUKOB, OIIPABbl ONITUYECKUX JeTaJIeh
AC3512 | KanuOpoBaHHas G, =750 MIla |/eranu, oOpabaTbiBaeMble pe3aHUEM IIPU
yIIy4llICHHAs o, =600 MIla |TpeboBaHHU OOECTIEYEHUS MAJIOM
§=14% IIEPOXOBAaTOCTH U MOBBIIIEHHON POYHOCTH:
277 HB XOJIOBbI€ BUHTBI CPABHUTEIBHO OOJIBIINX
pa3sMepoB, CTaKaHbl MOAIIMITHUKOB, pblYaru
Cranb koHcTpyKIIMOHHAs JerupoBanHas [[OCT 4543-71
Cr20X LemenTHas u oy =850 MIla |/leranu cpaBHUTENBHO KpyIHBIE IIPU
3akanka TBY o; =630 MIla |TpeOOBaHUAX BHICOKMX BBIHOCIMBOCTHU U

M3HOCOCTOMKOCTH TPYILIUXCS




57..63 HRC

MIOBEPXHOCTEH, a TaK’Ke MHHUMAIILHOTO
KOpOOJIeHHs IpU TepMO0OpaboTKe:
KpYITHbIE 3y04aThie KoJeca, IIMUH/IEINH,
KOIUPBI, IITYHXKEPBhI, ONIPABKH, LIJIULIEBBIC
BAJIUKH

IIpono.kenne Tad1.4.2

o.1=460 MlIla

| 2 3 4
Viyumennas | o,= 800..900 MIla |/letanu npu NOBBIIEHHBIX TPEOOBAHUAX U
Cr40X o, = 600..750 MIla |U3HOCOCTOMKOCTH U BHIHOCIUBOCTH:
§=10% 3yOuaThle Kojeca, YepBsIKH, POTOPHI
HB 290 TUPOCKOIIOB
3akajika u o= 1500-1600 Jleranu, paboTaromue nNpu yaapHbIX
OTIIyCKa B MacJie MlIla Harpyskax. Jleranu npu MoBBINIEHHBIX
o,= 1300-1400 | TpeOoBaHHAX K H3HOCOCTOMKOCTH:
MIla 3y0uatble Kojieca, YEpBSIKH, BaJIbl, POJIUKH,
5=7% Hanblbl, KyJIadyKu
c.1= 560 Mlla
50..54 HRC
Cr40XC | 3akanka, OTIIyCK oy = 1225 MIla |Menkue nerany BbICOKOU IPOYHOCTH:
B Maciie o, = 1080 MIla |KyJauku, ITUQTHI, OCH, 3yOUaThle Kojeca
3=12%
KopposuonHo-crorikue cruiassl 'OCT 5632- 72
Cranp | 3akanka, OTIYCK o= 80..120 Jlnst neranei ¢ MOBBILICHHOM
2X13 MIla IJIACTUYHOCTBIO, MTOABEPrarOIINXCs
25X13 5=10% yIapHBIM Harpy3kam; JaeTajeu,
25X13H2 HB 240 paboTaronux B c1aboarpecCUBHBIX Cpeaax:
BTYJIKU TJ1aJIKU€, pe3b00BbIE, BUHTHI,
OOJTHI, IECTEPHU aBUAIMOHHBIX TPHOOPOB
3X13 3akanka, OTOycK | ¢,= 120- 170 MIla | [ns neraneit ¢ HOBBILIEHHON TBEPAOCTHIO:
4X18T1 5=8% PEXYIIHNA, XUPYPIUYECKUI MHCTPYMEHT,
08X18T1 HRC > 50 POTOPBI THPOMOTOPOB, XPAIIOBUKH, OCH
KapJAaHOBBIX MOJIBECOB
95X18 | 3akanka, OTIyCK Jns neranei BBICOKOM TBEPAOCTH,
paboTaroNMX B YCJIOBUSIX H3HOCA
08X10H 3akanka 1
2072
1X17H2 3akanka c;=1070 J17151 BBICOKOIIPOYHBIX
5=10% TSDKEJIOHATPY)KEHHBIX JIE€TaJICH,
paboTarouux Ha UCTUPAHKE U yAap B
cnaboarpecCUBHBIX CpeIax
30XH3A 3akanka c HB > 300 Jeranu, TpeOyomye MOBBIIICHHOMI
40XH OTILyCKOM o =1000 MIIa MIPOYHOCTH U T1acTuyHOCTU. lllecTepHu,
o, = 800 MIla Hajblibl, OCH, BaJIbl




WNuctpymenTanbsHas jgeruposansas ctayib 'OCT 5950- 73

12X1 3akayika, OTITyCK c,=2000 MIla |Jusa netaneit mpu TpeOOBAHUSIX BHICOKOM
63..65 HRC M3HOCOCTOMKOCTH MOBEPXHOCTHU: IIA0IOHHI,
KaJuOpbl, KOMUPbI, HAPABJISIOLIIE
KaueHUs U CKOJIbKeHus. Jist
TEXHOJIOTHYECKOW OCHACTKH

Tabnuna 4.3
HaznauyeHue 3J1eKTpOTEXHUYECKON TOHKOJIMCTOBOU CTaJIN
Mapka Hasznauenue
1211, 1212, Jlnst sKopeit ¥ MOJIFOCOB AJIEKTPUYECKUX MAIIIMH MOCTOSTHHOTO TOKA, JJISt
1213, 1312 POTOPOB U CTATOPOB ACUHXPOHHBIX JBUTATEJIEHU IIPOMBILIJIEHHON YaCTOTHI.

IImacTHYHOCTE BEICOKAS

1411, 1412, 2411 | JInsa aeuraTesieil NOBBIILICHHON YaCTOThI, MaJJOMOIIHBIX CHUIOBEIX
TpaHcGopMaTopoB

4.2. lIBeTHBIE MeTAJLJIbI M HX CILIABbI

[{BeTHBIE METaJIBI U CIUIABBI IIUPOKO MPUMEHSIOTCS B IPUOOPOCTPOCHUU
U3-3a2 UX OCOOBIX CBOWCTB (aHTU(PUKIIMOHHOCTH, KOPPO3UOHHOU CTOMKOCTH,
XOpOIIUX TEXHOJIOTUYECKUX CBOMCTB, HEMAarHUTHOCTH u 1p.). Haumbombiee
pacrpoCcTpaHEHUE UMEIOT MEJIb U €€ CIIABBI, U CILIaBbl ATTFOMUHUSI.

Meab u ee cmuiaBbl. Meb OTIMYAETCS BBICOKOM TEIJIONPOBOAHOCTHIO,
KOPPO3MOHHON  CTOWKOCTBIO,  XOpOIIO  0OpabaThIBacTCs  JaBJICHHEM,
YAOBJIETBOPUTENHHO pe3anueM. [IIUupoko mnpuMeHsieTcss B IJIECKTPOTEXHUKE,
MaIllMHO- ¥ NPUOOPOCTPOCHUM ISl M3TOTOBJICHHUS TMPOBOJIOB, KOHTAKTOB,
OpoKIaNoK, maib. Hambonee mMpOKO MPUMEHSIOTCS €€ CIUIaBbl: JaTyHb U
OpoH3a.

Jlatynu noapas3aenstorcs Ha JBOMHBIE CIUIABBI MEAUM C IIMHKOM H
MHOTOKOMITOHEHTHBIE, UMEIOIINE B CBOEM COCTABE TAK)KE AJIFOMUHHUM, JKEIJIE30,
Maprasell, CBUHEll, HUKEIb U JApyTrue J00aBKH, MOBBIIMIAIOININE MEXaHUYECKUE U
dusnueckue cpoiicTBa JatyHu. [lo cpaBHeHHIO ¢ Menpl0 oOyamaroT Oolee
BBICOKOM IIPOYHOCTBIO M KOPPO3UMOHHOM CTOMKOCThIO. IIpocTele naryHu
o6o3nauator OykBod JI u 1mdpoil, mokaswpiBaroOUIed colepKaHUEe MeIu B
IpolleHTax. B cnenuanbHpIX JaTyHX mocie OykBel JI mumryT 3araaBHYIO OyKBY
JOTIOJIHUTEINIBHBIX JIETUPYIONIUX 3JIEMEHTOB U 4Y€pe3 TUPE MOCIE COJEpKaHUS
MEIM YKa3bIBACTCS COJIEPKAHUE JICTUPYIOIIUX dJieMeHTOB. Jlerupyromue
3J€MEHThl 0003HavarT: A- awmomunuit, b- Oepwumii, K- xenezo, K-
KpemHuii, Mu- mapraneu, H- nukens, O- onoo, C- cBunen, I[- nuuk, O-
docdop.

Bpon3ammu Ha3pIBalOT CIJIaBbl  MEIHW, B KOTOPBIX OCHOBHBIMHU
JETUPYIOIIMMU MaTepUajJaMy SIBJSIIOTCS Pa3JIMYHbIE METaulbl, KpOME IIMHKA.
Mapxkupytor 6poH3bl OykBamu bp, 3a KOTOpPBIMU CIIEIYIOT 3arjaBHbIE OYKBBI
JETUPYIONIUX DJIEMEHTOB, a uepe3 THUpe UU(pbI, TOKA3bIBAIOIINE UX
MPOLIEHTHOE COJIEPIKAHHUE.



[To cpaBHeHHMIO C JaTyHbIO OpOH3bI 00Jaal0T 00Jie€ BBICOKUMHU
IPOYHOCTHIO, KOPPO3UOHHOM CTOMKOCTBHIO U AaHTU(PPUKIMOHHBIMH CBOMCTBAMH.
MoskHO pa3aenuTb OpOH3bl Ha HECKOJIBKO TPYIIIL:

OJ10BsIHMCTBIE OPOH3BI [T0PA3ICISIOT HAa JUTEHHbBIE U 00pabaThIBaeMble
nasiieHueM.  IlepBble  NPUMEHAIOT  Id  M3FOTOBJIICHUS  BKJIABIIIECH
HOJIIMITHUKOB, KOJIEC YEpPBSUHBIX Iepefad, pa3InyHbIX AHTU(QPUKLHUOHHBIX
neraner. Bropeie miig TOKONPOBOIAIIMX U MOMEHTHBIX IPYKUH, PACTSIKEK U
JIPYTUX JIETaEH.

Tabnuna 4.4
CBoiicTBa U MPUMEHEHUE JTATyHU
Marepuan Mapka o, , MIla | HB [Ipumenenue
Jlatyns J163 441 67 |Taiiku, OONTHI, AETAIU aBTOMOOMIICH,
KOHJIEHCATOPHBIE TPYOKH
JI90 275 59 | Jeranu mMammH, npudbopoB
TEIJIOTEXHUYECKON U XUMUYECKON
anmnapaTtyphbl, 3SMEEBHKH, CHIL(OHBI U JIp.
Jlatynn JIKC80-3-3 350 90 |BTysnku NOAMNIIHUKOB U IpyTUe
KPEMHHCTO- aHTU(PUKIIMOHHBIE JCTAIN
CBUHIIOBAsI
Jlatynn JIA67-2.5 440 54 | A5t U3roTOBIEHUS
ATIOMUHHEBAs KOPPO3MOHHOCTOMKHX AeTaneit
JIAHKM1 75- 582 —
2-2,5-0,5-0,5 [Ipy>kuHBI, MAHOMETPUUECKHE TPYOKHU
JlatyHb JIMuC58-2-2 350 80 | BTynku moammInHuKOB,
MaprasiieBUCTO- AHTU(PUKIIHOHHBIC TETaN
CBUHIIOBAsI
Jlatyns JIMu58-2 440 88 | laiiku, 60THI, apMaTypa, AeTaIn
MapraHieBas MalIiH
Jlatynn JIC60-1 392 68 | [aiiku, 601THI, 3y0UaThie KOJIECa,
CBUHIIOBAs BTYJIKH
Taomuna 4.5
CBoiicTBa 1 MpUMEHEHUE OPOH3BI
Marepuan Mapka Cs , HB |Ha3nauenue
MIla
Onossinucteie Opon3sl | bpOdD10-1 230 80 | BTynku OTBETCTBEHHBIX

MOJIIIUITHUKOB, 3yOUaThle BEHLIbI
YEePBSIUHBIX KOJIEC, TAKU
XOJIOBBIX BUHTOB

BpO®6,5-0,4" 400 70 | IlpyXuHbI, 1eTanyu MalIKH.
bpOlL14-3 350 55 | TokoBexnyiuue npyKHUHBL,
KOHTAKThl Pa3beMOB, AETaIU
XMMHUYECKOH anmnaparypsl

bponza amtomunueBo- | bpAX9-4 430 110 |3ybuarsie kKoneca,
JKeJIe3Hasa NOAIIHUITHUKOBBIC BTYJIKH,
KpPYIHbIE OTIMBKU




Bbponza bpKMu3-1 360 55  |IlpyxuHbl, BTYJIKH, BKJIAbIIIN

erMHI/IfI- IIOAIITUITHUKOB
MapraHIlOBUCTAsI
bepunnuesas 6ponza | bpb2 490 98 | IIpubopHbIE PYKUHBI,

pa60Ta}omHe IIpH MMOBBINICHHBIX
Temmeparypax ( 10 350 C)

Bbpon3za kagmueBas bpK/I1 300 55 | KonnekTopsbl 3JIEKTPUUECKUX
MaIllMH, TPOJUIEHOYCHBIE MPOBOAA

AJIlOMMHHEBbIe OpPOH3bI - JICIIECBbIE 3aMEHUTENIM ATFOMUHUEBUCTHIX
JaTyHEeW HMMEIOT MO CPaBHEHUIO ¢ HUMHU 00Jie€ BBICOKYIO MPOYHOCThH, HO
XYJIIYIO MasieMOCTb.

KpemHucTbie OpOH3bI OTINYAIOT KOPPO3HOHHAS! CTOMKOCTD U
aHTU(PUKIIMOHHBIE CBOICTBA.

AJIIOMHUHHN U €ro CILIABbI

Marepunainbsl JaHHOM TPYIIIBI OTJIMYAOTCA MAJIOW INIOTHOCTBIO, XOPOIIEH
AJIEKTPO- M TEIUIONPOBOJHOCTHbIO, B OOJBIIMHCTBE CIIy4aeB— XOPOIIEi
IJIACTUYHOCTBIO. [IpOYHOCTSE CIIIIaBOB CPABHUTEIIBHO HEBBICOKAS, KOPPO3UOHHAS
CTOMKOCTh BO BJQXHOW aTMoc(epe Xopolas, B IIETOYHOW M KHCIOTHOM
cpeAe—KpaiHe HMU3Kas, >XapOlpPOYHOCTb M KAPOCTOMKOCTH CPAaBHUTEIBHO
HEBBICOKHE.

YUucTelli  aJMIOMUHHANM BBUJY HHU3KUX MEXAHUYECKUX XapaKTEPUCTUK
UCroJib3yeTrcss Mano ( TpoBOJA, IIKaNbl, CTpedkd ). [IpuMeHsoT criaBsl
QIFOMUHUSA C IPYTUMH KOMIIOHEHTAMH, OCHOBHBIE U3 KOTOPBIX— KPEMHUI, ME]Ib
Y MarHum.

CmiaBel  aliOMMHMSL € KpeMHUEM  (CWUIIyMHHBI)  oOJajaroT
KUJIKOTEKYYECThIO U UAYT HA U3rOTOBJIIEHUE KOPITYCOB, IIACCH, KPOHIITEWHOB,
BTYJIOK, (UIaHIleM W Jpyrux JAeTalield, H3roTaBIMBaeMblX JUTheM. I[locie
OTJIMBKM JE€TalM MOTYT TMOJBEprarbcsi TepMooOpaboTku. OCHOBHBIE MAapKH
JINTEHHBIX alIOMUHUEBLIX ciijiaBoB AJI2, AJI9, AJI5-1.

Hedbopmupyembie aTlOMUHUEBBIE CIUIABBI MPUMEHSIOT JIsl U3TOTOBICHUS
pEe3aHMeM WM IITaMIIOBKOW OcCell, BTYJOK, (JIaHIIeB, CTAKaHOB, KPBIIIEK,
3y04aThIX KoJIeC, KOXKyXOB NMpuOOopoB. [IpuMeHstoT TepMuyeckyto 00paboTKy B
3aBUCHUMOCTHU OT MapKH CIUIaBa, B PE3YyJIbTATE YEro €ro IPOYHOCTh BO3PACTACT.
OcHoBHBIE Mapku JehOpMHUPYEMBIX amtoMUHUEBBIX ciuiaBoB AJ[1, 116, AMI'S,
AMLII.

Ta6muma 4.7
DOU3NYECKHE CBOWCTBA ATFOMUHHUEBBIX CIIJIABOB
Mapka [InoTHOCTS, Moaynb ynpyroctu TKIJIP, Temnepatypa
marepuana r/em’ MIla a x 10° 1/K rnasierust ° C
AJll 2.71 7200 22..25 710..730
16 2.78 7200 23..25 690..710
AMTr5 2.65 7000 22..26 710..730




AJI2 2.65 7200 21..23 680..780
AJI5-1 2.66 7200 23..24 580..630
AJI8 2.55 7100 24.27
Taomuna 4.6
CBoiicTBa 1 IMPUMCHCHHUC AJIFOMHUHUCBLIX CIIJIABOB
Mapka Marepuaia XapaKkTepucTHUKa U CBOMCTBA [IpumeHeHue
1 2 3
AJI2 Jlureiinblii CILJIaB. Bricokue | Cnoxxable 110 (OpMe KOPITyCHBIC
I'OCT 2685-75 JIUTEHHbIC CBOWCTBA, Majas ycaaka.| JAeTald, He HeCylue OONbIINX
Koppo3unonnas CTOMKOCTh Harpy3oK
ymepeHHasi.  CBapuBaeMOCTh U
00pabaThIBAEMOCTh pe3aHuemM
XOpo1Iue. [ImactuuHOCTH
MTOHMKEHHASI.
0 =150..160Mna  6=1.3%
AJI5-1 JluteiiHble  CBOMCTBAa  XOpOIIHME. JleTanu nipy MOBBIIEHHBIX
I'OCT 2685-75 O06pabaTbiBaeMOCTh pe3aHueM | TpeOOBaHUAX K MPOYHOCTHU MPU
YAOBJIETBOPUTENIbHAS. MOBBIIICHHBIX TEMIIEpATypax:
Koppo3znonnas CTOMKOCTB | KOPILyCHBIE HAarpy>KEHHbIE JI€TaJIH,
MTOHWKEHHAS. [Ipounocts JeTau rnepeaad
MOBBILLIECHHAS, CTOEK pu
temneparypax npo 250 ‘C. Bes
TepMoobpaboTkn o = 180 Mna,

5=0,5 %, HB6S.
3aKkajeHHbII U COCTapeHHBIN
o, =280 MIla, 6 =0,5..1 % HB75

AJI8 Bricokass KOppO3MOHHAsE CTOMKOCTh Harpy>xeHHsble pbryary,
I'OCT 2685-75 B arMocepe U MOpPCKOH Boje,| KpPOHUITEHHBI, KyJauKH, A€TaIn
Xopo1iast 00pabaTbIBaEMOCTh (PUKIIMOHHBIX TTepe1ad

pezanueM. B TepmooOpaboTaHHOM
cocrosgHnn G = 290 MIla, & =9 %,

HB60
Al Bricokas miacTU4HOCTS, Henarpy»xeHHble KOPITYyCHBIE
I'OCT 4784-74 YAOBIIETBOPUTEIBHO JIeTaju, MOJy4aeMble JIUCTOBOU
00pabaThIBaeTCsl pe3aHuEM, mramnoBkoi: Koxxyxu, cTakaHsl 1
CBapUBaeTCsl, NasieTcs. T.IL.
o = 60 Mlla, 5 =25 %
116 X0opo110 CBapUBaETCsl TOUCHHOM CpenHeHarpy>xeHHbIE I€TalH,
I'OCT 4784-74 CBapKoii, masiercsl. o0OpabaTbIBaeMbIe pe3aHHEM:
O0pabaTbhiBa€MOCTh pe3aHUuEM CTOMKH, KPOHIUTEHHBI, BTYJIKH,
YAOBJIETBOPUTEINIbHAS. KOJIbLIA, IIKUBBI, CTAKaHBI,
[Tonepraercs 3aKkajike U CTAPEHMIO. | KPBIIIKU MOAINUITHUKOB, KapKachl,
o = 460 Mlla, o, =330 MllIa, pamMbl
3=8%
AMn Xopoo aepopmupyercs u Henarpy>xeHHble KOpIIyCHBIE

I'OCT 4784-74 CBApUBAETCsI BCEMU BUJIAMH CBAPKH. JI€TaJIN, U3TOTABJINBAEMBIEC C




O0pabaTbhiBa€MOCTh pe3aHUuEM NPUMEHEHHUEM CBapKU U TMOKU:
MOHM)KEHHAs mKaQbl, KOXKYXH, KapKachl, pambl,
o = 100 MIla, 6 =20 % BO3/yXOIPOBO/IBI
AwmrS Koppo3nonnas CTOUKOCTb U Jleranu, u3roraBivBacMble
I'OCT 4784-74 ne(GopMHUPYEMOCTh TOHM)KEHHBIE. pE3aHMEM: CTaKaHbl, KPBILLIKH,
Xopoio 00pabaTeIBacTCsl pe3aHueM BTYJIKH, OTPaBbl, KOJIbIA
Y CBapUBAETCS

Tura"HoBEIE CILJIABBI

TutaHoBble CIJaBBl pa3feNsIOT Ha JUTEHHBIE ©  JeQopMUpYyEMBbIE.
[IpenmymiecTBaMyu TUTAHOBBIX CIUIABOB MEPEN APYTHUMU MATEPUATIAMH SIBJISIFOTCS:

¢ BBICOKAs yAEIbHAsl CTOMKOCTB;
¢ BBICOKAs yJEJbHAA IPOYHOCTD;
4 HEMarHuTHOCTb;
¢ HU3Kas TEIUIOMPOBOIHOCTD;
¢ MaJsblif KO3QPUUIUEHT TMHEHHOTO paclIupeHUs;
¢ Majsag yJenbHas INIOTHOCTh ¥ = 4,5 r/eM’.
Tab6aura 4.8
du3nyecKrue CBOMCTBAa TUTAHOBBIX CILIAaBOB
Mapka | o,, S5, % d s, Mapka | o, MIla| &,% d ., KJIK/M
MIla K oK/ M
Jluteiinbie Hedopmupyemsie 'OCT 19807- 74
BT1JI 343 10 4 BTI1-0 373 20- 25 —
BTS5J1 684 6 3 BT3-1 1130 10+16 3+6
BT3 1J1 935 4 2,5 BT4 686 10+20 -
BT6JI 836 5 2,5 BTS5 935 12+25 3+6
BT21J1 - 4 2 BT14 1100 4+8 -

[To mMexaHMYEeCKMM CBOWCTBAM OHM OJHM3KU K JISTUPOBAHHBIM CTAJISIM.
BBuny Bsi3kocTu o0OpabaTbhIBatoTCsi TpyJaHee. THUTAaHOBBIE CIUIaBBI KYIOTCS U
CBapUBAOTCH.

Haunbonee pacnpocrpanensl nuteitnbie cruiaBel BT1JI, BTSJI, BTI9JI.
Cmimas BT1JI o6namaer HamOOJIBIIIEH XHUMHYECKOH CTOMKOCTBIO, HO HMMECT
HU3Kue MexaHudeckue cBoictBa. CruiaB BT9JI Hanbosiee BHICOKONPOYHBIM U
npeHa3HAYCH UL AeTallei, paboTarommmx npy Temieparype 10 500 C.

N3 nepopmupyemMbix crmiiaBoB HanOosiee mpuMeHeHHbsie Mapku BT4, BTS
(cBapHble M IITaMIOBaHHbIE KOHCTpykuuu), BT8 m BT14 (kpenexHbie u
KOHCTPYKLMOHHBIE JIETAJIH).

Hmce.m;, CILIaBbI HUKEJIECBbIC U MEIHO - HUKEJICBBIC

CmiaBel 001a4a10T BBICOKOW KOPPO3MOHHOM CTOMKOCTHIO, XOPOIIIO
neOPMUPYIOTCS B XOJIOAHOM COCTOSIHUH, XOPOIIIO 00padaThIBAIOTCS pe3aHUEM.



B kadecTBe KOHCTPYKIMOHHBIX Haxomar npumenenue MHI[15-20
(aeitzmnbbep), MHIIC16-29-1,8 (cBunnoBucThI HeM3mIboep), MHKMi30-1-1

(menbxuop), MHA13-3 (kynuans A), MHA6-1,5 (kynuains b).
B kauecTBe AJIEKTPOTEXHUYECKUX MATEPUATOB HCIOJIB3YIOT CIUIABbI

MHMu43-05

(komens ), MHMu40-45

MHMnAX3-12-0,3-0,3 (MaHTaHUH).

(konctantan), MHMi3-13,

Tabnuua 4.9
CBolicTBa ¥ MPUMEHEHUE HUKEIIEBBIX CIJIaBOB
Mapka XapaKkTepuCTHUKA U CBOMCTBA [Ipumenenue
Konctpykunonssie cruassl I'OCT 492-73
MHIT15-20 Bricokue Ipo4YHOCTS, Jeranu npubGOpoB, IEKTPOMAIIHH,

KOPPO3HOHHAs! CTOMKOCTb,
IIJIaCTUYHOCTD.
o = 590..710 MIla
E=1375011a,8=2..3 %

paguoannaparypsl, MEAULINHCKUI
MHCTPYMEHT, IIocyAa

MHIIC16-29-1.8

Vnyumennas 00pabaThIBa€MOCTh
pe3aHueM, BHICOKAsI TPOYHOCTb.
o = 600..700 MIla
0=2.4%

Mernkue nerany npy MOBBIIIEHHBIX
TpeOOBaHUAX K IIEPOXOBATOCTH
MMOBEPXHOCTU U KOPPO3HOHHOM

CTOMKOCTH: JINMOBI MPEIIM3UOHHBIX

MpUOOPOB, TUIACTUHBI, JICKOPATUBHBIC
3JIEMEHTBI

JleTanu ToUyHONW MEXaHUKH, XMMUYECKOMN

MHXMu30-1-1 Bricokas koppo3noHHas
CTOMKOCTb, IJIACTUYHOCTb. anmnaparypsbl, TpyObl TEPMOCTATOB, CETKH
o = 300..600 MIla, 6 =3..5 %
E = 14200 MIla
MHAG6-1.5 o = 640..740 MIla, § =4..6 % [IpyxuHbl 1 gpyrue uzaenus
UIEKTPOTEXHUYECKOM POMBIIIIEHHOCTH
DJIEKTPOTEXHUUECKUE MEHO-HUKEIIEBBIE CILIABbI
MH16 p=0,223 OMxMM’ KomneHncanroHHble IpOBOAA TEpMOIIap
TKC =0,0027 IJIATHHA- 30JI0TO
MHMu43-45 p=0,49 OMxMM° Tepmomnapsl, KOMIICHCAUOHHBIE
TKC =0,00014 MPOBOJIa, TOUYHBIE PE3UCTOPHI
MHMu40-45 p=0,48 OMxMM° Pesucropsl, TepMonapsl,
TKC = 0,00002 TEH30pPE3UCTOPHI, HArPeBATEIHHBIC
puOopsI ¢ Temrneparypoit 1o 500 °C
MHMu3-12 p = 0,435 Omxmm’ DIEKTPOTEXHUUECKHE U3MEPHUTENBHBIE

TKC = 0,00003

PUOOPHI, PE3UCTOPHI

TKC- temnepatypsbiii KOAOGUIIHEHT COTPOTUBIICHHUS.

4.3. CriiaBbl ¢ 0cO0BIMHU (PU3HYECKMMHU CBOMCTBAMU

4.3.1.CnuiaBpl  mpeun3uOHHbIe JepopMUpPyeMble €  3aJaHHBIM
TeMInepaTypHbiM Ko3gpunuenTom JuHeiHoro pacmupenusa 'OCT 10994-

74:

¢ murnmansasiM TKJIIP-36 (1,5x10° 1/K ), 22HKJT ( 1,0x10° 1/K );



c 3agaHHbiM TKJIP, Onu3kuM K €ro 3Ha4YE€HHSIM Yy CTEKOJ JJIs cras ¢
stumu crexknamu 30HK], 38HKJI, 29HK, 47HX u ap. (( 3,3..1,15) x10° 1/K).

s cnast ¢ kepamukoit 48H-BU (( 5,2..7,0 ) x10° 1/K).

C BBICOKOM CTaOWUJIBHOCTBIO pa3MEpOB I IITPUXOBBIX MeEp H
aHanornuHbIx geraneit SSH-BU (( 11,5 £0,3 ) x10° 1/K).

4.3.2. Cnaassl ¢ 3agaHnHbIMu ynpyrumu csoiicteamu I'OCT 10994-74:

CO CTaOWJIbHBIMU YIIPYTUMU CBOMCTBAMU JIJIsi paOOTHI MPU MOBBIIIEHHBIX
temneparypax: 36HXTHO, 38HXTIOSM, 97HJI, 68HXBKTHO ( 200..500 °C);

C MUHUMAQJIBHBIM TeMIIEpaTypHbIM KOI(POUITMEHTOM MOAYJIS YIPYTOCTHU:
42HXTIOA (2x10° 1/K).

4.3.3. CnaaBbl mnpenu3snoHHble aedopMuUpyeMble € 3aJaAHHBIM
ekTpudeckum conporusiienneM 'OCT 10994-74:

C BBICOKHUM 3JIEKTPOCOMPOTUBIECHUEM, >KaPOCTOMKUE I U3TOTOBICHUS
HarpeBaTeNlbHbIX 3neMeHToB: X15K05, X27HOST, X25H20, pabouue
temneparypsl 950..1350 °C;

C 3aJJaHHBIM 3JIEKTPOCONPOTHUBIECHUEM [JISl JIIEMEHTOB CONPOTHUBIICHUS:
X15H60, X20H8&0 (( 1,07..1,11 ) £ 0,05 MkOMxMm ).

4.3.4. TepmoOuMeTAJLIBI :

¢ ManeiM anekTpoconpotuBieHueM- 0,09..0,20 mxOmxwm: Tbh1254,
Tb1253, TB0953;

c OosbmmM 3nekrpoconporusieHueM- 0,87..1,27 mxOmxm: TB2016,
Tb11613;

noBbIIEHHOM ITpouHOCcTH- 10 1200..1300 MIIa: Th0621, TH0921.

B mapke nepBbie 1Be HU@pbI - yAenbHbIM nporud B coThix noisx, 1/K
(0,20..0,06 1/K), TpeThs- rpymima mo 3jekrpoconpoTtusienusm 1..5 (c. 1,0 go
0,03 MxkOMxM), yeTBepTas mudpa - rpyIra no TeMreparypHoMy auamna3ony 1..4
(cB. 400 mo 150 °C).

4.3.5. Cniasbl Mmarautomsirkue 'OCT 10160-75. IIpennasznadens! ais
U3TOTOBIIEHUS JieTajieil, TpeOyronmx IO0CTaTOYHO OBICTPOrO M IMOJHOTO
NepeMarHMYMBaHMs:  CEPJCYHUKOB  MajorabapuTHBIX  TpaHC(HOPMATOPOB,
Ipoccelieid, pelie, KaTyleK UHAYKTUBHOCTH, COJICHOU]IOB, TOJIOBOK MAarHUTHOM
3allUCH, CTaTOPOB W  POTOPOB  DJIEKTPOMAIMH M T.aI, a TaKkKe
MarHUTOCTPUKIIMOHHBIX YIIPYTHUX 3JIEMEHTOB.

CmiaBel OTHOCSTCSA K CIUIaBaM MPEIU3HOHHBIM Ae(OpPMUPYEMBIM Ha
OCHOBE CHCTEM JKEJI€30-KOOAIIbT U KEJIe30-HUKENb. B X 4ucie cruiaBel Mapok:

79HM, 80HXC, 83H® - ¢ HauBbICIIEN MATHUTHOM MPOHUILIAEMOCTHIO;

45H, 50H - c BBICOKOW MarHMTHOM IPOHUUAEMOCTHI0 U MOBBILICHHOU
WHIYKIHEH TEXHUYECKOTO HACKIIICHHUS;

S50HII, 68HMII, 34HKMII - ¢ npsAsMOyTOJIBHOM METIEH TUCTEPE3NCA;

49K®D, 49KDA - MarHuTOCTPUKIIMOHHBIE.

4.3.6. CruiaBpl npeuU3MOHHBbIC MATHUTOTBepAble JeopMupyeMbie
I'OCT 10994-74. C 3ama"HHbIMA TIapaMeTpaMy METIU, COOTBETCTBYIOIIEH
MaKkCUMaJabHOU MarHuTHOU npoHutiaemoctu: 35K®4H, 25KD14H u np.



4.3.7. MarauToTBep/ble JUTbIe JUCIIEPCHOHHO-TBEePACIOLINE CIIABbI
I'OCT 17809-72. OrnuyaroTcsi IMOBBILIEHHOM TBEPAOCTBIO M XPYNKOCTHIO,
10X0 00pabaThiBalOTCA pe3aHueM (MPUMEHHMA TOJIbKO aOpa3uBHAs WIH
AJIEKTPOIPO3UOHHAST 00pabOTKa).

ITo MarHuTHBIM ~ CBOMCTBaM  MPEBOCXOASAT  MAarHUTOTBEpPHbIC
nedopmupyembie MaTepuainbl. [IpegHazHaueHbl 111 U3TOTOBIICHUS TOCTOSIHHBIX
MarHuTOB.

Cranpaptsl periameHTUpoBaHoO 25 Mapok, B ToM uucie FOH14J1K24T2,
FOHI3IK25A, FOHAK21T3BA u ap.

4.3.8. Cmnasbl TBepablie cnedeHHble 'OCT 3882-74. Matepuansl Ha
OCHOBE KapOWIOB BOJIb(ppama, TUTAHA M TaHTajJa Ha KOOATbTOBOW CBS3KE,
BBIITYCKAIOTCA CJIETYIOIIUX TPYIII:

Bosb(pamossie - BK3, BK4, BK6, BK8, BK10, BK25 u np.;

tuTaHoBoJibppamoBbie - T30K4, T15K6, T15K12 u ap.;

TuTaHoTaHTasoBosbppamossie - TT7K12, TT8K6 u ap.

[Ipeana3zHayeHsbl 17151 U3TOTOBJICHUS PEXKYIIEro HHCTpyMeHTa. B kauecTse
KOHCTPYKIIMOHHOTO MaTepuaja NpUMEHSIOT 00bYHO cruiaBbl Mapok BKS,
BK10- nns w3roroBieHust neraineid 0coOOM TBEPIOCTH W H3HOCOCTOMKOCTH
(M3MEpUTENbHBIX HAaKOHEUYHUKOB, HOXKEH, BCTAaBOK U T.I1.). [Ipenen mpouyHocTu
3TUX CcIu1aBoB G; = 1650..1750 MIla, tBepaocts 87..87,5 HKA.

4.3.9. AnromnnueBblie anHTupuknuonnubie cmiassl FOCT 14113-78.
[IpuMeHstoTCSl JUIsl WM3TOTOBJICHUSI BTYJIOK TMOJIIUITHUKOB CKOJIBXEHUS MPU
Harpy3kax 110 20..25 Mlla u ckopocTsix ckoyibkeHus 10 15 m/c.

Bemyckarorcs  mapok  A03-7, A09-2, AH2,5 wu gp. Ominyarorcs
MOBBIIIEHHON U3HOCOCTOMKOCTBIO, XOPOILIO 00padaThIBAIOTCS PE3aHUEM.

4.3.10. IIuukoBbie anTHGpuKIMOHHBbIe cmiaBbl ['OCT 21437-75.
[IpenqnazHaueHbl JIsI W3TOTOBJIEHUSA TMOMALIWITHUKOBBIX BTYJIOK, IIOJ3YHOB,
paboTaromux npu Harpy3kax g0 10 MlIla u ckopocTsix ckompxeHus 10 8 m/c.

Brinyckatorcs mapox [TAMO9-1,5J1, TAM10-5J1 u ap.

4.3.11. Marepuansl aHTU(QPUKIIMOHHBIE TTOPOIIKOBBIE HA OCHOBE
Meau ['OCT 26719-85. IlpenHasHa4veHbl AJisl IPUMEHEHUsI B y3Jax
TPEeHUs] MEXaHM3MOB IPH CKOPOCTAX CKOJbxXeHust A0 1.2 wm/c,
ko3ppunuent Tpenus - 0,01..0,06 (coxpansieTcsi CTAOMIBLHBIM
poaroe BpeMsi 0e3  BHeceHHMsl  JONOJHUTEJBHON  CMa3KH
).Beimyckatorcs Mapoxk:

ITA-Bbp0, ITA-bp0X - Ha OCHOBE OJOBSIHUCTOUN OPOH3HI;

I[TA-BpOI'p, ITA-bpO0I'p2 - 6poH30rpaPUTOBBIE KOMITO3UIINH;

I[TA-II'p10 - megHO-TpadpuTOBAS KOMIIO3UIIHS.

4.3.12. Marepuaasl ¢ppuxkuuoHubie Merasiiokepamunueckue I'OCT
1.90115-74. OtnuyaroTcsl TOBBIIMIEHHBIM U CTA0WJIBHBIM KO3 UIIMEHTOM

Tpenus (mo cranu - 10 0,3..0,4), Manoil UHTEHCUBHOCTBIO U3HAIIMBAHUS.
Brimyckatorcs mapok ®PMK-8, DMK-11, MKB-50A.



[IpumensieTcs 1isi TOJIy4eHUs MOBEPXHOCTEH TPEHHUS BO (DPUKIIMOHHBIX
napax. [Ipurogubsl najs paboThl Kak B YCJIOBUAX CYXOro TpPEHHs, TaK U B
MACJSHOM cpelie.

4.4. HemeTa/uimyecKue KOHCTPYKIMOHHbIE MATEPHAJIBI

IlnacTuyeckne mMacchbl - 3TO MaTepualbl, U3TOTOBIEHHBIE HAa OCHOBE
OpraHUYeCKUX COEIMHEHHH (cMoi), oO0najamlue MpU  ONpeAesICHHbBIX
YCIIOBUSIX BBICOKOM TUTACTMYHOCTBIO, TMO3BOJIsSIONIEH (opMOBaTh U3IEIHS.
KpoMme cBs3yromieil OoCHOBBI MHOTHME IuiactMaccel coaepxkar no 40..70 %
HamoJIHUTeNs (TKaHW, Oymara, CTEKJISTHHbIE M acOECTOBBIE BOJIOKHA U JIp.), a
TaK)Ke KPaCUTEU, CMa3KH, IIIACTU(DUKATOPHI.

[Io crpoeHnio macTMaccbl MOAPA3JACIAOT HA TEPMOIUIACTHYHbIE -
pasMsAryaronecs: Mpu BBICOKMX TEMIEpaTypax M JOMYCKaKUIMX IOBTOPHOE
dbopMOBaHHE M TEePMOPEAKTHBHbIE - TIOJ] BIUSHAEM BBICOKOW TEMIEPATYPhI
MpuOOpETaIOT HOBBIE HEOOpaTUMbIE CBOMCTBA M HE JIOMYCKAalOT MOBTOPHOIO
(dbopMoBaHUs.

K TepMormuiacTuyHbIM miiacTMaccaM OTHOCSITCS KalpOH, HEWIIOH,
NOJIMATUIEH, (roporact u Ap. . W3 kanmpoHa W HEWJIOHA HW3TOTaBIMBAIOT
BTYJIKH, 3y04aThie Kojieca, KapKachl, KOPIyca, dJIEKTPOU3OIISIIUOHHBIC JIETANH.
Marepuan o6mnamaer MalbiIM  KO3(DQUIIMEHTOM TpEeHHs] U BBICOKOM
U3HOCOCTOUKOCTBIO. DTOporuiactT 00J1alaéT BBICOKOM AJIEKTPUUYECKOW W
MEXaHUYECKOW MPOYHOCTHIO, MAITBIM KOA(DPHUITMEHTOM, UIET Ha U3TOTOBJICHHE
JeTalie paauoannaparypbl, BTYJIOK, CTOEK, HIPOKIaIoK. DTopoIuiacToBbie
IUICHKA  HUCIOJIB3YIOT KaK  HM3OJISIIMOHHBIA ~ MaTepwall B  NpUOOpax.
W3roTaBiauBaroT JUCTHI U TUICHKU (HOTBTUPOBAHHBIC C OAHOW WJIM JIBYX CTOPOH
MeHOU (POTBIOM JIsl TUIAT IeYaTHOTO MOHTAXa.

K TepMopeakTHBHBIM TUIacTMaccaM OTHOCSTCS KapOOJUT, BOJOKHUT,
TEKCTOJUT, CTEKJIOTEKCTOJMUT, TE€TEHAaKC. OTW IUIaCTMAcChl MAYT Ha
M3TOTOBJIEHWE BTYJIOK, IIJIAT, CTOEK, OCEW, IIECTEePEH, IIKaJl, KOPIIYyCOB.
MexaHnueckue, 3JeKTPOTeXHUYECKUue M (pu3nueckue CBOMCTBA MPHUBEACHBI B
CIIPAaBOYHOM JIUTEPATYPE.

Tabmuna 4.10
CBoiicTBa M IPUMEHEHHE IIACTMACC

HaunmenoBanue u | [lmotHOCTH | G, , MIla E , MIla Tennocro
Mapka r/em’ HKOCTh
1 2 3 4 5 6
Tekcromutr [Ipoxianku,
KOHCTPYKIIMOHHBI OOOBIIIKH, KapKAChI
i 1,3..1,4 850 (4..6,5)x 10° 125 HOTEHIIMOMETPOB
[T
1000 (4..6,5)x10° 125
IITK
TTonusTunen Hertanm,
HU3KOTO 0,948 20..30 600..800 100 MOJy4aeMble
JTABJICHHUS JIUTHEM 1ojJ




TIDH/1203-05

JIaBJICHUEM, HE
TpeOyroiue
BBICOKOM
MIPOYHOCTH

[Tomuctupon
I[ICM 115

1,05..1,1

37..45

2700

70

JleTanu cTaTUYEeCKU
Harpy >K€HHBIE:
KOpIlyca, KpBILIKH,
MaHesu,
apMUpPOBAHHbBIC

PY4YKH

IIpoxomxenne T206.1.4.6

1

6

dropormiact
42-JI1-1

2,1

40,2

1000

120

AHTHPPUKITNOHHBIE
JeTann
MOBBILLIEHHOMN
HU3HOCOCTOMKOCTH:
BKJIQJIBIIIH orop
CKOJIB)KCHHUS, B TOM
yrcie 6€33a30pHBIX

CTeKJIOTEKCTOJIUT
CT

1,8

2700

20000

250

Jleranu Tuma mar,
KpBIIIIEK,
3aIUAIIEHHBIX
naHeJen

4.5. IlokpeITHSA U CMA30YHbIC MATEPUAJIBI

4.5.1. O0mue cBeeHUs 0 MOKPBITHIIX

[TokpeiTHs B TPUOOPOCTPOCHUH TMO3BOJIAIOT YIYUIIUTh XapaKTEPUCTUKU
MPUMEHSEMBIX KOHCTPYKIIMOHHBIX MaTepHayioB. JleTanu ¢ MOKPHITHIMU JIydIlle
MPOTUBOCTOSIT ~ BPETHOMY  JICUCTBHIO  KOPPO3MOHHO-arPECHBHBIX  Cpel,
aTMoc(epbl, N3HANTUBAHUIO, ITMKIMIECKUM KOHTAKTHBIM Harpy3KaM H T.1I.

[To BeIMOMHSAEMBIM (QYHKIHSIM TOKPBITUS MOAPA3ACIIOT Ha 3allUTHBIC,
3alUTHO-/ICKOPATUBHEIE, ICKOPATUBHBIC U CIICITUATbHBIC.

[To BuAy HAHOCHMOTO MaTepHalia pPa3feISIIOTCSA Ha  MMOKPBITHS
METAJUIMYECKUE, HEMETaUIMUYEeCKHEe  HEOPTaHWYECKHWe, IMOJMMEpPHBIE |
JTAKOKPACOYHEIE.

YcnoBHbIe  00O3HAUEHWST ~ METAIMYECKUX W HEMETaJUIMYECKUX
HEOPTaHUYECKUX TMOKPHITUI 3alHCHIBAIOT B CIEAYIOMIEM TMOPSIKE: CIOCOo0
00pabOTKM OCHOBHOTO Marepuayia I0J] TOKPBITHE; CHOCO0 TONy4eHUS
MOKPBITUS;, TOJIIMHA, MaTepuali; (YHKIMOHAJIbHBIE WM JIEKOPATHBHBIC
CBOMCTBA; JOIMOJHUTENIbHAsT 00pa0oTKa TMOKphITUA. B o0003HaueHUU He
00s13aTeIbHO HAJIMYME BCEX IMEPEYUCIICHHBIX 3JIeMEHTOB. Bce cocrasistomiue
0003HaYCHUS OTACISAIOT APYT OT IPyra TOUKaAMHU.



[Ipumepsr o6o3Havenusi: M18.H15.X.3K - xpomoBoe MOKpBITHE C
MOJCABEM MEIW TOJIMUHOM 18 MKM M CI0E€M HHKEIS TOIIUHOM 15 MKM,
3epkanbHOE. [[15.Xp.4- HMHKOBOE MOKPBITHE TOJIIMHOM 15 MKM C 4YepHBIM
XPOMOTHPOBAHHUEM.

Hanecenue moKpbITHII BCerga M3MEHSAET pa3Mepbl AETaled, YTO MOXKET
HapylINTh YCTAHOBJIEHHBIE 3HAYEHHUS JOIMYCKOB, 3TO CIEAYET YYWUTHIBATH MHPH
Ha3HAYCHUU MMOKPBITUH.

Hetanu ¢ ponyckamu o 01- 4 kBanmuTeram clielyeT U3rOTaBJIUBAaTh U3
MaTepuasoB, HE TPEOYIOLIUX MOKPBITHUSI.

Jletanu, W3roTOBIEHHbIE MO S5- 8 y KBAJIUTETY MOXHO 3alllUTUTH
MOKPBITUSIMH, MOJYYEHHBIMU XUMHUUYECKUM CIIOCOOOM (Hampumep, HUKEIECBBIM)
U HEKOTOPBIMH TOKPBITUSIMU, TMOJYYEHHBIMU TaIbBAHUYECKUM CIIOCOOOM
(IMHKOBBIMM, KaIMUEBBIM U T.J.) IPU TOJIIUHE HOKPBITUS HE OoJiee 6 MKM.

Jeranu, wu3roroBieHHble MO 9- 17 y KBaJIHTETaM TOYHOCTH MOKHO
3alMIIaTh TOKPBITUSAMH BCEX BHAOB TMpU 00s3aTEIbHOM  3aBBIIICHUU
(3aHMKEHUU) pa3MEPOB MPHU TOJUIMHAX MOKPBITHI, COU3MEPSIEMBIX C I0ITyCKaMU
Ha U3rOTOBJICHUE.

JUist moyiydeHHs KaueCTBEHHOTO IOKPBHITHS HeoOXoAuma TIaTelbHas
00paboTKa MOBEPXHOCTU U3CITHS.

Br16op Tuma mokpeITHS 3aBUCUT OT YCJIOBHM dKcIutyaTanuu (tabdm. 4.11 ).

Ta6muna 4.11
YciaoBus IKCIIyaTalMu

I'pymnma ycnosuii VYcenoBus dKCILTyaTaluu, XpaHEHUs Temneparypa Bo3ayxa °
SKCILTyaTalluu C
( 0603HayeHME)
Jlerkas (JI) OrarnuBaeM OCTh TOMEIICHUS 1+40
Cpennsis (C) [Tomemienus 6€3 peryaspHbIX (-50)+40

KJIMMaTHYECKUX YCIOBHUM ¢ OOJIBIINMHU
KoJ1e0aHUsIMU TeMIEePaTyphl U BIAXKHOCTH

XKectkas (K) OTKpBIThIE IJIOLIAKH, HABECHI B pallOHaX (-50)+50
C YMEPEHHBIM U XOJOHBIM KJIUMATOM.
[Tomemienus 6€3 peryaupyembix
KJIMMAaTU4YECKUX YCIIOBHUM B palloHax ¢
TPOIMYECKUM KIMMATOM

Oco000 xecTrast OTKpBITHIE TJIOMIAAKH C JTHOOBIM (-50)+60
(OX) KJIUMATOM C OOJIBIIUMHU KOJICOaHUSIMU
TeMIEPATyPbl U BIAKHOCTU

[Ipu BbIOOpE MOKPHITUH HEOOXOJUMO YYMTHIBATH HUX HA3HAYCHUE,
YCIOBHUSL OKCIUTyaTallud, MATEpHAl JE€Talld, CBOMCTBA M XapaKTEPUCTUKY
MOKPBITUS, JOMYCTUMOCTh M HEJONMYCTUMOCTb KOHTAaKTOB CONPSATaEMBbIX
MaTepUalIoB.

Haubonee yacTto mnpuMeHseMble XMUMHUYECKHE MU DIIEKTPOXUMHUYECKHUE
IIOKPBITHS.




OxkcuaupoBanue. OTO TPOLECC NOJYYEHUS OKCUIHBIX IUIEHOK Ha
IMOBEPXHOCTH METAUIMYECKUX JAcTallen. Takue MIEHKU 3alUIIaoT OT KOPPO3UHU
M MMEIOT XOPOIIME JACKOpPAaTHBHBIE CBOMCTBA. OCYHIECTBISIOT OKCHUIMPOBAHUE
XUMUYECKUM U TEPMOXUMUYECKUM CTIOCOOOM.

[TokpbITHA MO AaTIOMUHUIO U aJFOMUHUEBBIM CIUIABAM HMMEIOT MOPHUCTOE
CTPOCHUE U CPABHUTEIBHO BBICOKYIO TBEPAOCTb, HAa IMPOYHOCTh JETalu H
0COOEHHO BBIHOCIMBOCTh BIMSIIOT OTpUIaTeNbHO. OKCHAUPOBAHUE JEeTale u3
ATIOMUHUS OCYIIECTBIISIOT XUMHUYECKHUM U DJIEKTPOXUMHUYECKUM CIIOCOOAMH.
[Inenka, moMy4YeHHass XUMUYECKUM CIOCOOOM B pPacTBOpPE XPOMOBOIO
aHTUIIpuAa, OCCIBETHA M COXpaHSeT OJIECK TMOJUPOBAHHOTO ATIOMMHHS.
[lnenka, moirydeHHas JJIEKTPOXHUMHYECKUM CIIOCOOOM B PAcTBOpPE CEpPHOM
KHUCJIOTHI, UMEET CHEKHO-OENbI IBET, BHICOKYIO TBEPJIOCTh, H3HOCOCTOMKOCTh
Y 3JIEKTPOU3OJIALIMOHHBIE CBOMCTBA.

O6o3nauenue nokpeithil: Xum.Oxc., AH.OKc.

[TokpeiTHE, TOBBIIIAOIIEE H3HOCOCTOMKOCTh AQIOMUHHUEBBIX JIETAJICH:
AH.OKkc.TB., AH.OKC.TB.ipM.

JIns  ynydileHHWs JIE€KOPATHBHBIX CBOWMCTB BO3MOYKHO OKpAalllMBaHUE
OKCHJINPOBAHHOT'O AJIFOMUHUS aHUJIMHOBBIMH KPACUTEISIMH.

XHUMHUYECKOE OKCHUIMPOBAHHUE IMPUMEHSIOT KAK 3allUTHO-IEKOPATHUBHBIC
1o ctanu: XuM.OKC.MMpM- XUMAYECKOE OKCUIUPOBAHUE, TPOIUTKA MACIIOM.

uakoBanue. [[UHK ABIAETCS AaHOAOM II0 OTHOLICHUIO K KEJIE3Y,
II0’TOMY OCHOBHOE€ M3JICJINE HE pa3pylIacTcs, MOKa COXPAHSETCS LHUHKOBOE
MOKphITUE. TakWe TMOKPBITUS AJIACTHYHBI, JIOMYCKAIOT THOKY, BBITSKKY,
pa3BAIBIOBKY B auana3oHe temmneparyp a0 260 °C.

Ha nmpounocts  neraneil  BiausieT  OTpUIATENbHO  (BCIEACTBUE
00e3yTiIepoKUBaHKS TTOBEPXHOCTH ). CTau ¢ mpeaesioM MpoYHocTH Beimie 1400
MIIa nuHKOBaHUIO HE MOJICIKAT.

[TokpbITHE peKOMEHIYETCS KaK 3alIUTHOE 0 YIIIEPOAUCTHIM cTajsMm: 116,
19 ( momyckaeT NOCJIEeIYIONIYI0 TOUEUHYIO WK JIEHTOYHYIO CBApPKY ).

HukeseBble MOKPbITHE, KATOJIHOE 110 OTHOLIECHUIO K CTaJIH, AJIFOMUHUIO
Y IMHKOBBIM CILIaBaM, 3alIMINAECT UX MeXaHHn4eCckh. Koppo3noHHass CTOMKOCTH
BBIIIIE B MHOTOCJOWHBIX MOKPBITHSAX. M3HOCOCTOMKOCTH YJOBIETBOPUTEIbHA,
PaCcTEKaeMOCTb MPUIIOEB IO MOKPBITUIO XOPOIIAs.

[ToxpeiTHe 00JamaeT XOpOIIMMHU JEKOPAaTUBHBIMHU CBoiicTBamu. lIBeT
OJIECTSIIIETO TOKPBITUSI- CBETIO-CEPhId C JKEITOBATHIM OTTEHKOM, MaTOBOIO
YEPHOI'0- TEMHO-CEPBIN JI0 YEPHOTO.

[TokpeiTHEe pekomenayercs kak 3amuTHoe no ctanmm HY, H18, XumH6,
XuMH15; mo Mmeam; mo aaroMHUHUIO.

XpomoBoe MOKPbITHE, KATOJHOE M0 OTHOIICHUIO K CTAJISIM, aTFOMHUHUIO
M LHMHKOBBIM CIUIAaBaM, 3allUMIIa€T WX MEXaHW4eCKU. V3HOCOCTOMKOCTh
IIOKPBITHSL  BBICOKAs, IIOTEPU HA TPEHHE CpPABHUTENIBHO Hu3Kkue. He
PEKOMEHIYETCS IIPU YIAPHBIX HArpy3Kax.



[TokpbiTHEe pEKOMEHAYETCS KaK 3alllUTHO-IEKOPATUBHOE IO CTaJIU:
M9.H6.X060,5; M24 H12.X061. Jlms TOBBIIICHHS H3HOCOCTOMKOCTH IO CTalId
XT1B9..XTB24.XM016.. XM0n24 u Ap.

KagMueBoe mokpsiTHE, aHOAHOE MO OTHOUIEHUIO K CTAJIAM, 3allMIIACT
€€ OT KOppO3WH, MPEAOTBPAIIAET KOPPO3UIO B KOHTAKTE C MEABID U €€
crutaBaMu. ViMeeT MpouHyI0 CBSA3b CO CTAJbIO U XOpOIIWe aHTU(GPUKIHUOHHBIE
CBONCTBA.

[Tocnenytomee xpomatupoBanue uiu ¢GochaTUpOBaHUE TMOBBIIIAET
CTOMKOCTb, HO YMEHBIIAET AJIEKTPONPOBOJHOCTb. XpOMAaTHAas IJICHKA
JEKOpAaTUBHA - IBET IMOKPBITUS 30JOTHCTO-KENTHIA C Paay>KHBIM OTTEHKOM.
Pexomennyerca kak 3amurHbie 1o cramd  Kn30..Kn40; xak 3ammTHO-
JNEKOpaTUBHBIE MO amoMUHUIO U ero cruasam: H12.Kn6.xp., HI8.Kal8.xp. u

zp.

4.5.2. CMa304HbIe MAaTEePHAJIbI

Cmaszka 53JIEMEHTOB MOJBHXKHBIX COEIMHEHUUA MEXaHU3MOB MPUOOPOB
CYILIECTBEHHO BIUseT Ha uX pabory. OHa mpenHa3HauyeHa [JIs YMEHbILICHUS
noTepb Ha TpEeHWe, M3HOCa JeTajed, OTBOAA Terula, oOpa3ylouerocs mpu
TPEHUHU U MPEIOXPAHECHUS JETATEH OT KOPPO3HUHU.

CmazouHble MaTepuanbl pa3leisioT Ha JKUJIKUE, KOHCHUCTEHTHBIE U
TBEPJBIE.

Kunkue cmazouHble MaTepuaiabl (Maciia) PEKOMEHIYIOT JUisl Y3JIOB
TpeHUs, pabOTAIOMUX TPH MaJIbIX 3HAYEHUSX HArPy30K M YacTOT BpaIlleHUS.
OCHOBHBIM TEXHHUYECKUM I1OKa3aTEIEM JUIsl BBIOOpAa MApKH Macja SBIISIETCS €ro
BSA3KOCTb WJIM BHYTPEHHEE TpPEHHE, T.€. CBOWCTBO CONPOTHUBILTHCA CHIBUTY
OJIHOTO CJIOSl JKUJIKOCTH OTHOCHUTENIBHO JPYroro cios. DKCIEPUMEHTAIbHO
ONpPENEIIAETCS TaK Ha3blBaeMasi JUHAMHYECKas BA3KOCTD L U3 YCIOBUSA:

F=uSV/h, 4.1)

F- cuna >KMIKOCTHOTO TPEHUS; S- IJIOUIaAb CABUTAEMBIX CI0EB; V- CKOPOCTH;
h - pacCTOSIHHE MEXKY CIOSIMU.

Kunemarnyeckoll BS3KOCTBIO V HA3bIBAETCS OTHOLICHHE JAMHAMHUYECKOM
BSI3KOCTHU K IJIOTHOCTH XKHUAKOCTH p:

v=u/p (4.2)
Bsizkocte Macna monmxkaeTcss ¢ poctoM jgaBieHus. [lpu  Gombrmmx
Harpy3kax M TeMmIepaTypax MPUMEHSIOT Maclia ¢ BBICOKOW BS3KOCThIO. Jliis
CKOPOCTHBIX MOJUIMITHUKOB PEKOMEHIYIOT MAacjia ¢ MEHbIIEH BA3KOCTHIO, TaK
KaK OHHM YMEHBIIAIOT TEIUIOBbIEIeHHEe B y3ie. [lpu oTpumaTeabHbIX
temrneparypax ( oT -40, -60 °C ) mpouCXOIUT pe3KOE YBEIUYECHUE BA3KOCTH
Maces, YTO BIMSET Ha MyCKOBBIE XapaKTEPUCTUKH U pabOTOCTIOCOOHOCTh Y3JI0B
TPEHUS U MIOPTOMY OTPAHUYMBAET UX NIPUMEHEHHE PU HU3KUX TEMIIEpaTypax.



Kpome Bs3kOoCTH, Maciaa XapakTEpU3YIOTCAd TaKKe COIEpKaHUEM
IIpUMECEN, TeMIepaTypou BCIIBIIIKY, TeMIIepaTypou 3aCTBIBaHUS,
KHCJIOTHOCTBIO. HeEKOoTOphle JKCIUIyaTallMOHHBIE IIOKA3aTe€lId Macel MOXKHO
IIOBBICUTH C ITOMOILBIO IIPUCATOK, BBOAMMBIX B Macjia B MaJIbIX KoinyecTBax. K
TaKUM IIPHCaTKaM OTHOCSTCS, HAIPUMEDP, COEIMHEHUS XJI0pa, propa, pocdopa.

IInmacTryHbIe CMa3KU UMEIOT, KaK IIPAaBUIIO, XOPOLIYIO BJIArOCTOMKOCTh U
HarpeBOCTOMKOCTb, OOJIBIINI MO CPaBHEHHUIO C MacilaMH CpPOK CirykObl. OHH
HE3aMEHUMBI B TE€X CiIydasX, KOrJla HEBO3MOXXHO 00eCHe4YHMTh IepMETHU3ALHIO
y3lla TPEHUS U €ro IONOJIHEHHE CMa304YHbIM MarepuasioM. KOHCHCTEHTHBIE
(IuTacTUYHBIE) CMA3KM MOTYT NPHUMEHSTBCS B TSDKEIIOHArpyKEHHBIX Y3Jax
TpEeHUs], padOTAIOIIUX [IPU BBICOKUX TEMIIEpaTypax.

Haubonbimee pacmpocTpaHeHWe HMMEIOT CMa3Kd  YHHUBEpCAJbHBIE,
tyromnaBkue, Hanpumep [HUATUM-201 npu temneparypax -60..+90 °C,
HUATHUM-221 npu temneparypax -60..+150, BHII HIT 223 -45.+150 °C u
P IPYTHUX.

[Ipu paGoTre MeXaHM3MOB MPHU BBICOKUX TeMIlepaTypax B XUMHUYECKH
aKTUBHBIX Cpe/ax M B BaKyyMe >KUJKHE CMa3KH TEPSIOT CBOM CBOMCTBa. B aTux
CIIy4asiX MPUMEHSIOT TBEP/bIe CMa3KH, K KOTOPBIM OTHOCSTCS TpaduT, a TaKkxKe
cynbuabl M ceneHuIbl MonuOaeHa wunu  Bodb(pama. HauOonbiuee
pacrpocTpaHeHue TodMyuua aucyiabdua monubaeHa (MoS, ), KoTopbIit
HAHOCHUTCS Ha TPYIIMECS MOBEPXHOCTU B BUJE MIICHKH TOMMHON 20..30MKM U
PUMEHSIETCS. B OOBIYHBIX YCIOBUSX U BaKyyMe IpH Iepernaje TeMiepaTryp oT -
180 mo +400 °C.

Haunbomnee pacpocTpaHeHHBIE THIIBI CMAa30YHBIX MaTEPHUATIOB M 00JIacTH
UX MPUMEHEHHUsI PUBEIeHbI B Tadnuue 4.12.

Tabnuma 4.12

CMazouHble MaTepuaitbl U UX IPUMEHEHUE

Mapka macna, 'OCT, TV, Kunemaruueckas

JIara3oH pabovnux TeMIepaTyp BSI3KOCTh MPHU Hasznauenue
2

t=50°C, Mmm“/c

Macno npu6oproe MBII 6..8 KoHTpoi1bHO-U3MEPUTHIIbHBIE
I'OCT 1805-76 npruOOpPbI, MaTOHATPYKEHHBIE Y3IIbI
(-60)=(+110) TPEHUSI MEXaHU3MOB,

THEBMOaMOPTHU3aTOPbl, MUHUATIOPHBIE
HIAPUKOTIO IITHITHUKH
Wnnycrpuansusie UBA 4,0..5,0 BBICOKOCKOPOCTHBIE TOYHBIE
( Bemocur ) MOMIUITHAKY C YaCTOTOM BpAIICHHS
T'OCT 22799-88 (15..20)x10° 06/muH, cMa3ka

HOBCpXHOCTefI ITPpU BBICOKUX
CKOPOCTAX CKOJIbKCHUSL

6..8 MexaHu3mbl, paboTaromye ¢ Majaou
Wnnycrpuanssaeie U8A HArpy3KOH IPU 4YaCTOTE BPALLECHUs




(10..15)x10° 06/muH.

MII-601 23 UyBCTBUTENBHBIE TOAIIUITHUKA
TY 38 101787-79 KOHTPOJIbHO-U3MEPUTETBHBIX
(-60)+(180) puOOPOB, Y3JIbI TPEHUS MEIUIIMHCKOM

anmnapaTyphbl, IIAPUKOMOAITUITHUKU
MHKPOAJIEKTPOABUTATEIICH

BHUU HII-6 9 BricokockopocTHbIE U
TY 38 001168-79 YYBCTBUTEJIbHBIE MOJLIUITHUKY OCEN
(-50)+(80) MoJIBEca aBUAIMOHHBIX TPHOOPOB
138-8 20 MasnoHarpy>keHHbI€ TOALINITHUKY B
(OKb 122-5) penyKTOpax npruOOpoB, y3ibl TPEHUS
I'OCT 18375-73 CYETHO-PELIAIOIINX YCTPOHUCTB
(-70)=(100)

5. OcHOBBI pacdera Ha IPOYHOCTDb
5.1. Cuubl, JeiCTBYOIIME B MEXaHU3MAaX

[Tpu npoekTUpoOBaHUN MEXaHHUYECKUX y3JI0B MPUOOPOB BAXKHOE 3HAUCHUE
MMEET 3HAHME CHUJI, JCUCTBYIOIIMX B PA3JUYHBIX TOYKAX MEXaHW3Ma. ITO
HEOOXOIMMO JJiS YCTAaHOBJICHUSI PAIMOHAIBHBIX KOHCTPYKTHUBHBIX (PopM
JeTaliel W pacueTa WX Ha MPOYHOCTh U PabOTOCTOCOOHOCTH, OIMpeaeieHUs
noteph MomHocTH Ha TpeHwe W KIIJ[ mMexanusma, BeIUMCICHHS TpeOyeMoi
MOIITHOCTH JIBUTATEJIsl, & TAKXKE YISl pELICHUS 3a7a4 PEryJIUPOBAHUS IBHKCHUS
MEXaHHU3Ma U YPaBHOBEIIMBAHUS IBUKYIIIUXCS Macc.

Onpenenenue cuil, ACHUCTBYIOIIMX B MEXaHU3ME, MOXXHO IMPOBOJUTH,
UCTIONB3Yys rpadoaHaNUTUYECKUE U aHATUTHYecKue MeTonsl. Hanbonee vacto
MCIIOJIB3YETCSI METOJ] KHHETOCTATUKH, CYIIIHOCTh KOTOPOTO 3aKJIK0YAETCS B TOM,
YTO €CJIM K BHEIIHUM CcWiaM J00aBUTb CHUJIbl WHEPIUA U MOMEHTBI CHII
WHEPIIUU 3BEHbEB, TO CUCTEMA BCEX ATUX CHJI MOXET PacCMaTPUBATHCS Kak Obl
Haxojsmieics B paBHoBecuu (mpuHiun J[lamamGepa). Ilpu sTOoM ycioBuu
reoMeTpUYecKass CyMMa BCeX CHJI, JEHCTBYIOIIUX B MeXaHU3Me, OyJeT paBHa
HYJIIO, U HEU3BECTHBIC CUJIBI MOTYT OBITh OMPEICICHBl METOJaMU CTAaTHKU:

n

> F =0;
0

m

> M; =0,
0

rae  F; - cunbl, neicTByromuye B MEXaHu3Me; M;- MOMEHTHI; h, M - KOJIUYECTBO

CHJI 1 MOMEHTOB.

K cunam, npuioKeHHBIM K 3BEHbSIM MEXaHU3Ma, OTHOCATCS: JIBHXKYILAs
cwia (Fpg, Mjp), cuna nonesneix conportusieHuil (Frc), cuiabl BpeqHbIX
conporusienuit (Fg ) u cuinel Tsxectu 3BeHbeB (Fr). [lon neiictBueM 3Tux cui
BO3HUKAIOT PEAKIIMU CBSI3EH, NEUCTBYIONIME HA SJIEMEHThl KHHEMAaTHUECKUX Tap.
[Ipu ABMKEHHM 3BEHBEB C YCKOPEHUSIMU B CHJIOBOM pacyeT MeXxaHu3Ma BBOJIAT
CHJIBI MHEPIIMH (B COOTBETCTBHHM C MpHHITUIIOM JlamambOepa).




HBmxymen cuinoi Fpp (Mim IBHKYIIMM MOMEHTOM M) Ha3bIBAIOT CHILY
(MOMEHT), NEeHCTBYIONIYIO Ha BEAYyIlee 3BEHO MEXaHU3Ma CO CTOPOHBI paboYero
Tena asurarens. Hanpasienue cwibl Fhip U CKOpocTH V TOUKMU €€ IPUIOKEHHS
WIN COBNAJAIOT, UK 00pa3ytoT ocTpslil yron (0° < a < 90°), nostomy cuna Fpp
(MOMeHT Mjjp) coBeplIaeT NOJIE3HY0 PadoTy.

Cunoil  mose3Horo conpotuBieHuss Fpc  (MOMEHTOM  Harpysku)
Ha3bIBaeTCAd Ta cujia (MOMEHT) JUIsi IPEOJIOJEHUS KOTOPOM NpeaHa3HAuYeH
Mexanu3M. Hampagiienue 3Toi Cuiibl MPOTUBOMOJIOKHO WM COCTABISET OCTPBIN
YIOJl ¢ BEKTOPOM CKOPOCTH TOYKH €€ MPWIOKEHHUsI, T0ITOMY padota cuiibl Frc
OTpULIATEIIbHA.

Cuwiiamu BpegHOro conpoTuBieHus: Fgc, 00bIYHO OBIBAIOT CUJIBI TPEHUS B
KMHEMaTHYECKUX Mapax W CUJIbI COMPOTHUBIICHUS Cpelbl (BO3yXa, BOJBI U T. 1I.).
OTHU CUJIbI BO3HUKAIOT IPU JABUKEHHUU 3BEHBEB M COBEPIIAIOT OTPULATEIBHYIO
paboty. B HEKOTOpBIX MeXaHHM3MaxX CHJIbI TPEHUS MOTYT OBbITh JBIXKYIIUMHU
CUJIaMH, HarpuMep, BO PPUKITMOHHBIX Tiepenadax u Mmydrax.

Cunel Tsxectd Fr 3BeHbEB MPWIIOKEHBI B IEHTpax UX Tsokectu. Pabota
cun tsokectn 3BeHa Ar =z Fr-h. Ilepememenune h menTpa TspkecTn 3BEHA
OTCUYUTBHIBAETCA MO BEpPTUKAIMU. [Ipu ABMIKEHUH LIEHTpa TSIKECTU 3BEHA BHU3
paboTta Ar MOJIOKUTENbHA, & TIPU JIBUXKEHUU €ro BBEpX - oTpuuarenbHa. [Ipu
HUKJIMYECKOM JBUKEHUU paboTa 3a moyHbId Uk A7=0.

Cuwiibl MHEpUMM BBOJATCS B pacyeT NpU JIBUKEHUU 3BEHBEB C
yckopeHusmMu. BenuuuHy Fy Kaxaoro 3BeHa MOYKHO BBIYMCIHUTB, €CIIH
M3BECTHBI Macca U MOMEHT MHEPLUHMM KaXKIOTO 3BEHA, a TAKKE YCKOPEHUS
LEHTpa TSKECTU U YIJIOBBIE YCKOPEHHUS 3BE€HA. 3HAUYECHUS! CHJI MUHEPLHUH MOTYT
MPEBBIIATh BEJIMUYUHY JPYTUX ACHCTBYIOIIMX B MEXAHU3ME CHUJL.

Peakuun cBsazeil R nelCTBYIOT B KMHEMAaTHYECKHUX Mapax MEXaHU3MOB.
Kaxnyro peakunio R MOXHO pas3ioXuTh Ha JIBE COCTAaBISIOIIKME: OAHY N-
HOPMaJIbHYI0O K TOBEPXHOCTSIM, OOpa3ylolMM KHHEMATUYECKYH mapy, Hu
BTOPYIO Frp-CHily TpeHHs, HampaBJICHHYK) B CTOPOHY, HPOTHUBOIOJOKHYIO
OTHOCHUTEJILHOM CKOPOCTH JIBUKEHHS 3JIEMEHTOB KMHEMaThu4eckou napel. Cuna
TPEHUSI 1 HOPMAJIbHAS PEAKIIUs CBSA3aHbl 3aBUCUMOCTBIO

Frp = N-f,
rae f-koaddunment TpeHus.



Puc. 5.1. Cunbl, neiicTByIOIIME HA TENO, ABUKYILEECS MO INIOCKOCTH
Bennunna xosdduimenta TpeHHUs] CKOJIBXKEHHUS 3aBUCUT OT COUYETaHUS
MaTepuagoB IMOBEPXHOCTEH, KadyecTBa OOpPabOTKU TPYIIMXCS MOBEPXHOCTEH,
CMa3KM W 3arps3HCHHUS] TMOBEPXHOCTEM W B MEHBIICH CTENEHU OT CKOPOCTH
CKOJIBXEHUSI M YACIBHOIO AaBieHus [1].

Benuunna kosdduimenta TpeHuss 78 COYETAHMM MAaTEepUajoB, YacTo
UCIIOJIb3YEeMBIX B TPUOOPOCTPOCHHH, TpuBOAUTCS B Tabu. 5.1 [1, 3, 10].

Tabnuma 5.1
Marepuran nap TpeHus f
CraJnb - 3aKajeHHas CTallb 0.16-018
Cranb - OpoH3a OJIOBSIHUCTAS 0.15-0.16
Crasb - naTyHb 0.14-0.19
Crans - gTopomact 0.20-0.25
Cranb - HEWIIOH 0.20-0.25
Cranb - JIOpaTFOMUHUN 0.17-0.19
Cranb - arat, pyOuH, KOpyHJI 0.13-0.15

WNHorna aist ynpornieHus pacueToB BBOAST MOHSATHUE yIia TpeHUs p (puc.
5.1,0), KoTOpBINi 0Opa3yeTcs Mexay BEKTOpoM moiHou peakiuu R = F+N u
BEKTOpPOM HOpMasibHOU peakiuu N. Ciie1oBaTenbHo,

tgp=t =N
gp N N )
p=arctgf .

TpeHue Ha HAKJIOHHOW ILIOCKOCTH. B cnywae, korma Teno mnon
neiictBueM cuwibl Fpp coOCTBEeHHOro Beca Fp IBMKETCS BHM3 10 HAaKJIOHHOMN
MJIOCKOCTU (pHUC.5.2) ¢ MOCTOSSHHOM CKOPOCTHhIO MOKHO 3aIlucaTrh CJICAYIOIIEe
COOTHOIIICHHE

Fug + Fr sina = F,, = G cosa-tgp, otkyna Fpg = Fr- (coso-tgp - sina)




Oy —

Puc. 5.2. Teno Ha HAKJIOHHOH IJIOCKOCTH

[Ton nelictBueM COOCTBEHHOTO Beca Telo OyAeT IBUraThCS PaBHOMEPHO IO
HaKJIOHHOM IIOCKOCTH, KOTJIa O = p.

5.1.1. MexaHn4yeckne XapaKTepUCTUKUA MATEPHUAJIOB

Mexanuueckue XapaKTEPUCTUKHU MaTepHaJIOB CITy>KaT TUISL
KOJIMYECTBEHHOM OLICHKHU CBOICTB MaTepHaJioB, OIIpEAEIAIOIINX
conpoTuBieHue AedopMalusaM MPU CTATUYECKOM U TMHAMUYECKOM JIEUCTBHSIX
Harpy3ok. OHU KCHONB3YIOTCA MPU pacueTe JieTarieil MeXaHUYeCKUX CHUCTEM U
3JIEMEHTOB KOHCTPYKLMH Ha MPOYHOCTh U )KECTKOCTh B LIEIAX 00ECIIEUEHMS UX
TpeOyeMOi HaIe)KHOCTH U 10JITOBEYHOCTH.

OnpeneneHne  MEXaHUYECKUX  XApaKTEPUCTHK  JUJII  KOHKPETHOIO
Marepuaga  MPOU3BOJMUTCS  DKCIEPUMEHTAIBHO, OyTEM  HUCIBITAHUS
CTaHJAapTHOTO 00pa3iia KPyriioro WK MPSIMOYTOILHOTO CEUCHHUS.

K OCHOBHBIM MEXaHUYECKUM XapaKTCPUCTUKAM, OLCHUBAOOIMM YIPYIHUcC
CBOﬁCTBa, IMPOYHOCTDb U TBEPAOCTb MAaTCPHUAJIOB OTHOCATCA:

E — Mozlynb ynpyrocTu npu pacTsiKEeHUU;

G — MozyIb YyOPYTOCTH IIPH CABUTE;

G, — IpeJie] NPONOPLUOHATBHOCTH;

Gp — BPEMEHHOE COMPOTHUBIICHUE (MPeIel MPOYHOCTH MPU PACTIKEHUN );
G — Npeell TEeKY4YEeCTH;

G.; — Tpenen BBIHOCIMBOCTU MpU M3TUOE [UIsI CUMMETPUYHOTO IUKJIa
Harpy>KeHHs;

npenen ynpyroctd — HauOoJbllee HampsDKeHHE, 10 KOTOPOro Marepuan He
MOJIy4aeT OCTATOYHBIX JedhopmaIiuii;

O — KOHTAKTHOC HAIIPSAKCHHUC,



TKJIP — remneparypHblii KO3)PHUIIUEHT JIMHEHHOTO PaCIIMPEHHUS;
O - OTHOCUTEJIBHOE YJIMHEHUE;

OnpeneneHne 3HAYEHUH MEXAHUYECKUX XapAKTEPUCTHK JUIS JAHHOTO
MaTepuana OCYyIIECTBISETCS MyTEeM pacTshKeHUsl craHaapTHoro oOpasua. [Ipu
IOCTENIEHHOM PAaCTSKEHMM 00paslia perucTpupyeTcsl Harpyska U yAJIMHEHUE U
CTPOUTCSl [uarpaMma B KOOpJAMHATax «HampsbkeHune — nedopmanus». C
IIOMOIIBIO 3TOM jaumarpammsel (puc. 5.3) ONpenenstoT MEXaHHYECKHE
XapaKTEPUCTUKU MaTepHaa.

Ha yuactke OA

_ D nedopmanus pacrer

5 < - ‘ N POMOPIHOHATBHO
- pacTATUBAIOLIECH

Harpy3ke, IpU CHATHU

HArpy3Ku pacTsDKeHHe
MOJIHOCTBIO ~ MCYE3AET.

>
i

Hanpsoxenue,

€ COOTBETCTBYIOIIICE

— TOYKE A  HOPHUHATO

Puc. 5.3. Jluarpamma «HampsxeHue-aehpopMariis» Ha3bIBATDH npeoenom
NPONOPYUOHATLHOCIU

O11.

Ha yuactke AB nuarpamma CTaHOBUTCS KpUBOJIMHEWHON. OHAKO KpHU-
BOJIMHEWHOCTH HE BeNMKa U iehopmarius ynpyrasi, Io3TOMY HaNpsHKEHUE B ATOU
TOYKE Ha3bIBaeTCs npeoderom ynpyeocmu Gy. Ha ydactke BC pedopmanus
pacter ObicTpee Harpy3ku u B Touke C Marepuan HAUYMHAET «TEUbY.
Hamnpsixenue coorBeTcTBytomee Touke C Ha3bIBACTCS npedeiom mekyuecmu Gy.
Ha yuactke CJI BHYTpeHHSII CTpyKTypa MaTepuaiga M3MEHSeTCd W
compoTuBieHue nedopmalii BHOBH Bo3pactaeT. Hawbonblnee HampspkeHHe,
HaOmonaemMoe B Touke JI, MPUHATO HA3bIBaThb HpeOeioM HpOYHOCHMU WU
8PEMEHHBIM CONPOMUBTIEHUEM Op.

5.2. BuyTpeHHHe CHIIbI, HAIPSIKEHUS U AedopMannu

CnocoOHOCTh  JeTajieii  MPOTUBOCTOSITh BHEIIHUM HAarpy3kaM He
pa3pylasichb, 3aBUCUT OT BHYTPEHHUX CHUJI - CUJI, C KOTOPBIMH YaCTHIIbI Te€Jia
NEeHCTBYIOT ApYT Ha apyra. [Ipu pacyerax Ha MPOYHOCTh HEOOXOAMMO BBISICHUTH
XapakTep W 3HAYEHWE BHYTPEHHUX CHJI B JIETAlAX, HAXOMAIIMXCSA O]
JICVCTBUEM BHEIIHUX HAarpy3oK.

JIns n3ydeHus BHYTPEHHMX CHJI IPUMEHSIOT METOJ CEYEHUH, KOTOPBIM
MO3BOJISIET BHYTPEHHUE CWJIBI MIEPEBOJIUTH B Pa3ps]l BHEIIHUX U U3y4aTh UX C
MOMOIILI0 METOJIOB CTaTUKW. METOJ CEUYEHUM 3aKJII04acTCsl B TOM, YTO €CJIHU
TEJI0O HaXOJUTCA B PABHOBECHUM IOJ AECUCTBUEM CHUCTEMbI BHEIIHUX cuil Fj, F»,
Fs, ...,F, (puc. 5.4, a), T0, oTCeKass MbBICICHHO, HalpuMep, JICBYIO 4acTh Tela,



paccMaTpuBaeM YCJIOBHUSI paBHOBecHsl ero mnpaBoil yactu (puc. 5.4, 0). Ha
MTOBEPXHOCTH CEUYCHHS JOJIKHBI ICHCTBOBATH CHJIBI, YKBUBAJICHTHBIC JEHCTBUIO
JIeBOW YacTH Ha MpaBylo. DTO OyIyT pacnpe/eieHHbIe TI0 CEYSHUIO BHYTPEHHNE
CHWJIBI, HO TI0 OTHOIICHHUIO K MPABOH YacTH TeJla OHU OYyAyT BHEIIHUMHU.

Fs

F, F,

Puc.5.4. BHeliHue U BHyTPEHHUE CUJIBI

YucnoBor MEPON BHYTPEHHUX CHUJI, AEUCTBYIOIIMNX B KaXKJ0N TOUKE CEUECHUS
ABIsieTcsl HanpsbkeHue P. B okpecTtHocTH Toukn M B ceuenuu tena (puc. 5.5)
BBIIEIUM II0WANKy AA . PaBHOAENCTBYIONIYIO BHYTPEHHHX CHUJI,
JEUCTBYIOLIMX HA 3TOH 1uionaake, 00o3Haunum AR .

Fn—l

AA




Puc. 5.5. HopmasnbHble 1 KacaTesibHbIC HAIIPSIKEHUS

m mEEmwe eees

YMenbmas miomanky A4, B mpenesne MoJlyduM IOJIHOE HaIpsKEHHE B
To4yKe M:

P = lim A—R
B AA

Hamnpasnenue Bektopa P 3aBUCUT OT BHEWIHUX cui, GOpMBI JieTaneil u
MOJKET OBbITh POU3BOJIBHBIM.

ITonHoe HamnpsikeHue P MokeT ObITh pa3iiodKeHO Ha IBE COCTABIISIOLIME:
HOpPMAJIbHYIO K IJIOCKOCTH CEUeHUs, 0003HaUYaeMyI0 G - HOPMaJIbHOE
HaIPsDKEHUE, U JIEXKALLYIO B IIJIOCKOCTH CEYEHMUS - T, KOTOPYIO Ha3bIBAIOT
KacaTeJIbHBIM HAIIPSKEHUEM.

3HayeHUsI 3TUX HANPSHKEHUH CBsI3aHbl (POPMYIION

P=+c’+1° .
Hanpsixenue umeeT pasMepHOCTb JaBieHus U Bbipakaercd B [lackansax (I1a)
WJIU Yallle B KPaTHBIX eANHUIAX - Meranackansax (Mma).

JIs kakioro maTtepuaia CyIlIeCTBYET MpeeabHO JOMYCTUMOE 3HAUYCHUE
HanpspKeHu [G], [T] U eciu B Tele AeTalu U3roTOBJISHHOW M3 3TOro Marepuania
BO3HHMKAIOT HANpPsDKCHHs, OOJIbIlle TPENeIbHO JOMYCTUMBIX, TO JETalb
pa3pyuiaeTcsi.

3amaveil KOHCTPYKTOpa SIBISIETCS OOECHEYUTh MPOYHOCTH JETalH, T.C.
BBIITOJTHUTB yCIIOBUE

o <[o]; t<[1],

YTOOBI peajbHbI€ HAMPSKEHUS G, T HE IPEBOCXOIUIH MPEAEIBHO JOMYCTUMBbIX.

Bce cymiectByloiue B mpUpOJie MaTepuUalibl HE SBJISIIOTCS aOCOJIOTHO
KECTKUMH U TOJ] ICUCTBUEM BHEUIHUX CHUJI MEHSIOT CBOIO (JOpPMY U pa3Mephl -
nedopmupytorca. Jepopmanuu Moryt ObITh YHPYTMMHU M IUIACTHYECKUMMU.
Jletanu mMexaHu3MoOB paOOTalOT B OCHOBHOM B 00JlacTH ynpyrux nedopmanui,
T.€. OHU BOCCTaHAaBIIMBAIOT CBOIO (POPMY M pa3Mepbl MOCEe CHATHUS Harpy3ku. B
npubopax IMHUPOKO UCIHOJB3YIOTCS MPYKUHBl U YIPYTrUe YyBCTBUTEIbHBIC
DJIIEMEHTHl PA3JIMYHOM KOHCTPYKIMU. B 3TOM ciyuyae ympyrue cBOWCTBa
MaTepuasoB BBINOIHAIOT OJE3HYI0 pyHKIMI0. B npyrux cioyuasx aedopmarus
JeTaneil MpUBOJUT K HM3MEHEHHUIO IMOKa3aHWW NPUOOPOB, T.€. K IOSBICHUIO
HOTPEIIHOCTENH, OCOOEHHO 3TO Kacaercs 3JIEMEHTOB Iepelayd JBUKEHHUS B
npudopax.

[TosTomMy 3amaudeil KOHCTPYKTOpa Hapsay € OOEClEeUeHHEM MPOYHOCTH
ABJISIETCS] 00ECIIEYEHUE JOCTATOYHOM KECTKOCTH.

B 3aBucuMoOcTH OT BHJA HarpyXeHHs HanpsbKeHHs W jaepopmanuu
pazziensoTcs Ha



pacTsoKeHUE U CKaTue,
caBur (cpes),

Kpy4YCHHE,

u3ruo.

Jlyist pacyeTa KOHCTPYKIMM HAa MPOYHOCTh U KECTKOCTh MCHOIB3YIOT Pl
YOPOUIEHUH, OCHOBHBIM M3 KOTOPBIX SIBJIETCA IMPUBEICHUE T'€OMETPUYECKOM
dbopMBI Tema K cxeme Opyca Uiu cxeme 00O0JIOUKH.

[Tox OpycoM moHMMAETCsl TEJNO, OJHO M3 U3MEPEHUU KOTOpOro (AJIMHA)
MHOTO OOJIbIlIe ABYX NIPYTUX. bpyc MOXET MMeTh CeueHUEe W TMOCTOSIHHOE U
nepemeHHoe. B 3aBucumMocTu oT GoOpMBI OcH OpyC MOMXKET OBITH MPSIMBIM,
KPUBBIM U TIPOCTPAHCTBEHHO H30THYTHIM.

MHoTr#He Cl0KHBIE KOHCTPYKITUH MOTYT PacCMaTPUBATHCS COCTOSIIIIAMHE 3
AJIEMEHTOB, UMEIOIIHX (hopmy Opyca.

[Tog o00o0nOYKOM MMOHMUMAETCA TENo, OJHO W3 HU3MEPEHHH KOTOpPOTO
(ToNmIMHA) 3HAYUTEIBLHO MEHBIIE JBYX Jpyrux. HeobxogumMocTh pacuera
000JI0YeK TMPU KOHCTPYUPOBAHHHM MPHUOOPOB BO3HUKAET JOCTATOYHO PEIKO,
MO3TOMY PacCMOTPHM Jiajiee HanpsbKeHus U aeopmanuu opyca.

5.3. llenTpajibHOE pacTsKeHHe (C:KaTHEe) MPSIMOro Opyca

Hedbopmaiiust npsIMOIMHEHHOTO Opyca MOCTOSIHHOT'O CEYEHHUs OT BHELITHEH
Harpy3ku, JEHCTBYIOIIEW Ha KOHI[AX W DKBUBAJIECHTHOW JBYM DaBHBIM H
MPOTHBOIIOJIOKHO HAIPaBIEHHBIM CHUJIaM BJOJIb OCH Opyca, Ha3bIBaeTCs
[IEHTPAIbHBIM PACTSDKEHHEM WIM IIEHTPalbHBIM Ckatuem Opyca. PaccmoTpum
pacTsikeHue Opyca TOCTOSHHOTO CEUEHHWs IUIOMIAbl0 S, pachpeaesieHHON
Harpy3KOM MHTEHCUBHOCTBIO (|, IPUJIOKEHHOW HA €ro TOpUAax NapauiebHO OCU
opyca (puc. 5.6, a).

PaBHOmeHCTBYIOIIME PACTIPENEIIEHHBIX YCUJIMU F = gqS Oyayr
HaIpaBieHbl BJ0Jb ocu Opyca. it Takoi nedopmanuu crpaBeaiinBa TMIIOTE3a
IUIOCKUX CEUEHWH, KOTopas yTBEp)KIaeT, 4TO Ce4YeHus Opyca, MIOCKHE [0
nedopmaliiu, OCTAI0TCS MIIOCKUMU U TIOCIIE
nedopmari Opyca ¥ MoaydaroT JUIIb MOCTyNaTeIbHOE MTepEMEIICHUE

a a n q S
F < = F ™
-— < > —
< —>
6
q Ox
< = N
-— < G
< —>

=

Puc.5.6. HanpsxeHust npu pacTsiKEHUU



. B coorBercTBMM C 3TOM TMIIOTE30M NIPEAIIOIArarOT, 4TO BHYTPEHHHUE
cuiabl OyayT pachnpelesieHbl pPaBHOMEpPHO IO JIIOOOMY CEYeHHIo Opyca.
PaccMoTpuMm paBHOBecHe wyacTu Opyca, Jexalled cjaeBa OT CEeYeHus nh-n.
BHyTpeHHue cuibl, I€HCTBYIOIIKME B 3TOM CEYEHUH C HaIpshKeHneM Gy = Const,
UMEIoT paBHoAeHcTByromyo N (puc. 5.6,0). 13 ycnoBus paBHoBecus F = N,
unu F = q-S = oS, oTkyna

o, = F/S.

Jlns geraneit, paboTapIuX Ha pacTsSKEHHE, HEOOXOJMMO OOeCIICUUTh
yCIIOBUE

« <[o].

IIpu pacTsokeHMM Harpys3kod ¢ MHTEHCUBHOCTBIO = Const mo Topuam
Opyc yanunsiercsi. Ecnu 10 HarpykeHus ero JUiMHa Oblla paBHa /, TO mocie
HArpy>kKeHHUsl OHa CTaHeT paBHOW [+ A /. Bennunny A/ Ha3pIBalOT aOCOIIOTHBIM
yAJIUHEHUEM cTepkHs. B mepBom npubnmkeHun aeopmarusi CTepKHs 3aBUCUT
TOJIBKO OT HAIIPSKEHMS!, BO3HUKAIOIIETO B CTEP)KHE IIPU JICUCTBUM Harpys3ku. B
JICHCTBUTEIPHOCTH Ha BEIWYUHY JedOopMalliu BIUSIOT U JIpyrue (HakToOphI:
TEMIIEPATYpa, BpEMsI AEUCTBHSI HAIPY3KH, “UCTOpUs’ HArpyxeHus u ap. OmHaKo
ATHX BOMPOCOB KacaTbCs HE OyaeMm.

Ecnu  HarpyXEHHBIM CTEpPKEHb MMEET I[OCTOSHHOE CEYEHUE, TO
HaIIpSKEHHOE COCTOSIHHME SIBIISIETCSI OJHOPOJHBIM M BCE YYACTKH PACTSHYTOIO
CTEPKHS HaXOJSTCS B OJIMHAKOBBIX YCIOBUSAX, TO OTHOCUTEIbHAS AehopMarius

e=Al/1

II0 OCH CTEpP)KHsS OCTAaeTCsl OJHOW M TOM K€, PAaBHOM CBOEMY CpPEIHEMY
3HAYEHUIO I10 JJIUHE /.

Benuuuny €= A// [ Ha3bpIBalOT OTHOCUTENbHBIM YIMHEHUEM.

CBs13p MEXJly OTHOCHUTEJIBHBIM YUIMHEHHEM W HAaIIPSIKEHUEM B CEUEHUU
YCTaHaBJIMBAET 3aKOH [ 'yka

c=E-s. (5.1)

Benunuuna E npencrasiser co0oit kK03(QPUIUMEHT NponopUUOHATbHOCTH,
Ha3bIBAEMbIH MOJyJIEM YNPYTOCTH MEPBOro poja. Moayib yIpyrocTH sBISETCS
(¢u3nyecKkol KOHCTaHTOM MaTepuajlla M ONPENENIEeTCS OIBITHBIM IIyTEM.
Bemunuuna E uzMmepsiercss B T€x ke eAMHHUIAX, YTO U G, T.€. B [1a mim Mna. J{ns
HauOoJjiee 4YacTO IPUMEHSEMBIX B IPUOOPOCTPOEHUU MATEPUATIOB MOJIYJIb
ynpyroctu E umeer cnenyromue 31avenus [ 1, 3, 6, 9 10,]:

e crais (2.0...2.1)-10° MITa,

e Opon3a 1.15 - 10’ MI1a,

e JATYHb (0.91...0.99)-10° MI1a,
® UIIOMUHUN U AJIIOMUHUEBBIE CILJIABBI (0.7...0.8)-10° Mra.



[Ipu pacTsokeHunm Hapsay ¢ yAjduHeHueM Opyca HaOnrojaeTcs
YMEHBIIEHUE €ro MONEePEeYHbIX pa3MEPOB, Ha3bIBAEMOE a0COIIOTHBIM CY>KEHHEM
Ab = b - b;. OrHOWEHNE aBCOMIOTHOrO Cy)KEHHS K PasMepy MOIEPEYHOrO
CEUYEeHUs Ha3bIBAe€TCsl OTHOCUTENILHOM mornepeuHoi aedopmanueit v=Ab/b.

OTtHocuTeNnbHAs nornepeyHas nepopmanus IPONOpLUOHATIbHA
OTHOCHUTEJIHOMY YJUIMHEHHUIO:

V= €.

Benuuuna p HazpiBaercss kodpduurentoM IlyaccoHa, KOTOpbI, Tak »xke
KaK U MOJyYJIb YIIPYTOCTH, SIBJISIETCS XapaKTEPUCTUKON CBOMCTB MaTepuaia MpH
€ro HaXOKJCHUU 110 HArpYy3KOon

/
[+A]

<

Puc. 5.7. Jledbopmariust rpu pacTspkKeHUU

. Koappunment Ilyaccona mjis HEKOTOPBIX MaTepuaioB paseH [ 1, 6]:

cTallb 0.24...0.28,
OpoH3a 0.32...0.35,
JIATyHb 0.32...0.42,
AITFOMUHUM 0.32...0.36.

Eciu B dpopmyny (5.1) moacraButh 3HaUeHHs] G U €, TO MOIYYUM
JIpyroe BbIpaxkeHue 3akoHa ['yka

Al " W Al = Ll
[ E E-S
[Ipoussenenue E-S Ha3bIBAIOT KECTKOCTHIO Opyca MPHU PacTsHKEHUH.
[lpu pemeHnn MHOTHX TMPAKTUYECKUX 3a7ad HEOOXOIUMO HapsALy C
nepopMansIMU  OT HANPSOHKEHUH yYUTHIBATh YUIMHEHUS, CBSI3aHHBIE C
U3MEHEHUEM TeMIepaTypbl. B 3ToM cilydyae Mojab3yrOTCS METOIO0M HaJIOXKEHHUS
nedopmanii ¥ gAeQopMaldi0 € PAcCMATPUBAIOT KaK CYMMY CHJIOBOM H
TeMIEpaTypHOil nedopManuii:

(5.2)

8:%+a-At,

rae At - U3MeHEeHUue TeMIlepaTyphl Opyca; o - TeMIepaTrypHbiid Kod)PHUIIUEHT
auHenHoro pacmupenus marepuana (TKJIP).



AOCOIIIOTHOE YAJIMHEHHE PABHO
Al=P-l/(ES)+ l-a-At.

[Ipu pacuerax Ha MPOYHOCTH JeTalied, pabOTAIOMIUX HA PACTSIKEHUE UITU
CXKaTWe, 4Yalle BCEro MPHUMEHSIOT METOJ pacuera [0 MaKCUMaJbHOMY
HaIpsHKEHUIO, BOZHUKAIOIIEMY B HEKOTOPOM TOYKE HArpyKEHHOW KOHCTPYKLIHH.
DTO 3HAYEHUE HE JOJHKHO MPEBBIIIATH HEKOTOPOTO 3HAYCHUS [G] mJId AJAHHOTO
Mmatepuasia. Hanpspkenue, onpezaensemoe 1o popmyie :

[c]=05/n

HA3bIBAETCS JIOMYCKaeMbIM HampsbKEHUEM, rjae n > 1 - 4ucio, Ha3bIBaeMoe
koa(huirieHTOM 3anaca npoyHOCTH. Eciu Ha nmpubop HAKIIAIbIBAIOTCS KECTKHE
orpaHuueHus 1Mo macce, To n = 1.3...2. OcHoBHas pacueTHas GopmyJia HpH
PACTSKEHUU WIH C)KaTUW IPUHUMAET BUJ

c =F/S<]o]. (5.3)

[Ipu wu3BECTHBIX HArpy3Ke U JOMYCKAEMOM HAMPSHKEHUU HCIIOIb3YS
bopmyny (5.2), ompenensroT TpeOyemyro IUIONIaJb MONEPEUHOr0 CEYCHUSs
crepxHs (Opyca):

S=F/[o].

Ecnu xe pasmep cedeHus m3BecTeH, TO 1o ¢opmyie (5.3) ompenenstor
JNEeWCTBUTEILHOE HAMPSHKEHUE G M CPABHUBAIOT €0 C MPEACIbHO JOMYCTUMbBIM
[c] nnu onpenensitoT kKoddduiment 3anaca npoyHoct K=o/ [o].

5.3.1. HanpsizkeHus1 B HAKJIOHHBIX CeYeHUAX

[TycTh HEKOTOpPOE HAKJIOHHOE CEYeHHE S, COCTABISET yrol « C
IJIOCKOCTBIO HOpMaJbHOTO cedeHus S. [ToiHOe HampspKeHHE p IS BCEX TOYEK
ATOTO CEYCHMS OYJIET OJTHUM M TEM K€, a paBHOJICHCTBYIOIIAS BCEX BHYTPEHHUX
CWJT HAaKJIOHHOTO CCYCHHMSI JIOJDKHA OBITh HAIllpaBjIcHa II0 OCH CTEPI)KHS U paBHA
BEJIMYMHE PACTATHUBAIOMICH CHIIBI Gyx-S T.e. p S, = oS, rae S, = S / Cosa -
IJIOIIA/ b KOCOI'0 CEUEHHUS.

o
1\‘/
a / — Oy
%
§) —>
%
0 =

Puc. 5.8. Hanpsi>keHusi B HAKJIOHHBIX CEYEHUSIX




[TonHoe HanpsKEHUE B KaXKJ0M TOUKE HAKIIOHHOM IJIOIIAJKH P = G S/S,=
2 o
6x Cos” . PacknanpiBasi 3TO HapsiKEHUE 110 HOPMAaJIM U KacaTelibHOU (puc. 5.8,
0), nosryyaem

2
6 =p Cos a =c, Cos” a,

t:p-Sinoc:G-Cosoc-Sinoc:;G-Sin2a.

HopmanbHoe HanpsikeHre MMEET MakCcuMallbHOe 3HaueHue nmpu o = 0, ¢
= Oy,
0
T = 0. KacarenpHoe HanpsHKEHNE MAKCUMAIIBHO MPH O = 457, Thax = O/2.

5.4. CnBur

HopmanbHble HampspkeHHs BBI3BIBAIOT JIMHEHHBIE nedopmanuu Tena -
pacTsbkeHue U cykeHue Tena. KacarenbHble HalpsyKEHHs BbI3BIBAIOT YIJIOBBIE
nedopmanui, HaszbiBaeMble caBuramu. CIBHTH XapaKTepU3YIOT HW3MEHEHHE
NEPBOHAYAJIBHO MPSMOI0 yria MEXAy ABYMS B3aUMHO MEPIEHIUKYJISPHBIMU
BOJIOKHaMH B 1I€(pOPMUPOBAHHOM TeJIE.

YuCTbIM CABUIOM Ha3bIBAETCA HAIPSIKEHHOE COCTOSHHE, IPU KOTOPOM
UMEIOT MECTO TOJIbKO KacaTeJIbHbIE HAIIPSHKEHHUS.

6 —
a
> |> > > >

h| A | |
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Puc. 5.9. Jlepopmarus cnsura

Cxemy pnedopManuy CIOBUTa MOXHO YCJIOBHO THPEICTaBUTh Ha
nepopmanuu  Habopa IUIACTUH TMOJA JEWCTBUEM KacaTelbHBIX YCHIIHH,
INPWIOKEHHBIX K BepXHel ruiactune. [locae npuiiokeHus: Harpy3Ku T IUTACTUHBI
CABUHYTCSI OTHOCUTENILHO JIPYT Apyra Tak, 4TO BbICOTAa h ocTaHeTcs mpexHei, a
BEPTUKAJIbHAS I'PaHb OTKJIOHUTCSI OT CBOETO [IEPBOHAYAIILHOTO
IOJIOKEHUS Ha Yrojl Y. YToia Yy Ha3bplBaeTcs YIJioM ciaBura. AOcomroTHas
nedopmais (CABUT BEpPXHEW IUIACTUHBI) XapaKTepU3YETCs MepeMelieHueM d
wiactuHel 1o BbicoTe h. OTHOCcuTENbHas Aepopmanusi, WIM OTHOCUTEIIbHBIHI
CIBUT, IIPY MaJbIX YIJIax Yy OyneT paBeH

a/h=tgy = v.

KacarenpHoe HanpsKeHUe, NOSBISIONIEECS B MaTEpUaie Tejla IPU CIIBUTE,
MPONOPUMOHAIIBHO YTy CABHIA Y:



T =G, 5.4)

rae G - kodhGUuIreHT mponopIuOHATHHOCTH, HA3bIBAEMBIA MOAYJIEM CABUTA
BTOpOro poja. Coornouenue (5.4) Hocut Ha3BaHue 3akoHa ['yka 1Jig ciBura.

HckaxkeHue MpsMBIX YIJIOB 3J€MEHTa JAe(pOpPMHPOBAHHOIO Tejia IMOJ
JEUCTBUEM PACTATMBAIOLIMX YCWJIUM NPOUCXOAUT 34 CYET YMJIUHEHUH U
YKOPOYEHMHN DJIEMEHTOB BO B3aMMHO NEPHNEHIUKYJSPHBIX HAIPABICHUAX.
PaccmatpuBast cBsI3p MEXIy OTHOCUTEIBHBIM CIABHIOM JJIEMEHTOB TEJIA U UX
JUHEWHBIMH AeQOopMalMsIMH TPU PACTSDKEHUH, MOXKHO BBIPA3UTh MOJIYJb
CIBUIA YE€PE3 MOYJIb YIIPYIOCTH E:

G=FE/[2(1+v)],
rae v - koapounuent [lyaccona.

Pacuetom Ha caBUT NPOBEPSIIOT MPOYHOCTH COEIUHEHUN OOJITOBBIX,
3aKJICTIOYHBIX, CBAPHBIX ILIBOB IIPH JACHUCTBUU CHUJ, JIEKAIIUX B IUIOCKOCTH
IIONIEPEYHOr0 CEYECHUS.

Pazpymenne peranu mnox  JEWCTBUEM  KAacaTEIbHBIX — HANPSKEHUN
Ha3bIBAETCA CPE30M. Y CIOBHE MMPOYHOCTH J€TaIM, pabOTAIOEN Ha CPe3, UMEET
BU/T

t=F/S < [1],

rae [t] = (0.5...0.6)[c] - nonyckaeMoe HaIpsLKEHUE Ha Cpe3; [C] - AoMmycKaemMoe
HamnpspKEeHUE pacTsbkeHus. MHoraa pomyckaemMoe HampshKEeHHE Ha cpes [t] At
Pa3JIMYHBIX BUJIOB HArpy>KeHUs IPUBOJUTCA B JIuTeparype [8].

5.5. Hanpsizxkenust M 1epopManum npu u3rude

IIpn pactskeHuM, CKaTUM M YUCTOM CABUIE Il pacdyera Ha MPOYHOCTh
JOCTAaTOYHO 3HATH IUIOLIAAbL IIONEpEeYHOro cedyeHus rtena. [Ipm npyrux Buaax
nepopmanuii, Hanpumep, Npu U3rude U KPyueHUuH, MPOYHOCTh XapaKTepU3yeTcs
HE TOJNBKO pa3MepamMu cedeHus, HO u ero ¢opmoit. K reomerpuueckum
XapaKTEPUCTHKAM, YYUTBHIBAIOIIUM 3TOT (PAKTOpP, OTHOCSTCS CTATHYECKHE
MOMEHTBI HHEPLHH IUIOCKUX CEUECHUM.

OceBpIM MOMEHTOM MHEPLMU CEYEHMS HA3BIBAIOT B3ATYI0 IO BCEU
IUIOIIAIA CEYEHHMS CyMMYy IIPOM3BEICHUN DJIIEMEHTApHBIX IUIOMAJOK Ha
KBaJpaThbl UX PACCTOSIHUMN 10 OCH.

OceBble MOMEHTBI MHEPLUU BBIPAXKAIOTCS (POPMyIaMu:

I :Iyz -dA, I,= jzz -dA,
z A A

rae A - miom@aab miockon Gurypsl ceuenus, dA - 3IeMeHT IUTOIAIH.
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Puc. 5.10. Onpenenenre MOMEHTOB MHEPLIUH CEUCHUS

Tabmuna 5.2
MoOMEHTBI HHEPLIMK 1 MOMEHTBI COMPOTUBIICHUS U3THOY MPOCTHIX (DHUTYP

dopma ceueHns OceBoil MOMEHT HHEPLIUU MoOMEHT CONpOTHUBIICHUS
npu u3ruode

Kpyr crutomnon

O I,=nd" 64 W,= nd/32~0.1d
Konbno

@ I,=n/64(d*- d*) W, (d*- ¥/ 324d

d

+“—>
IIpssMOyTOIBHUK

2
Y z I,=bh’/ 12, W,=bh’/6
h P
/

3HayeHWsT MOMEHTOB HMHEPIMH MNPOCTEHIuX ¢uryp, a

TaKk)ke MPOKaTHBIX Npoduiedt nmpuBoaarcs B juteparype [1, 6,

12].

[TonsipHbIM MOMEHTOM HHEpPLUHMH lp OTHOCHUTENBHO IMOJIOCA HA3bIBAIOT
B3SATYI0O IO BCEH IUIOIAAU CEYEHUSI CYyMMY MPOU3BEIACHUN 3IIEMEHTAPHBIX
IJIOIA/IOK Ha KBAAPAThl UX PACCTOSIHUM IO TAHHOTO MOJIIOCa

I, :jpsz.
A

B T1abn.5.2 mpuBeneHbl 3HAYEHUSI OCEBBIX MOMEHTOB HHepuuu Iz u
MOMEHTOB COTNPOTUBIEHUs m3rudy Wy st Hanboyiee 4acTo BCTPEYAIOITUXCS
CCUCHUIA.

[log wm3rnbomM nNOHMMAEM TaKOW BUJ Harpy>KeHus, Mpu

KOTOPOM B  TIONEPEYHBIX CEYEHUSAX Opyca  BO3HHUKAIOT

M3rudaromme MOMEHTHI, JIEUCTBYIOIINE B IUIOCKOCTH




NEePIIEHINKYIAPHON TUIOCKOCTH TIOTIepedHoro cedenus. [Ipu atom
och Opyca nedopmupyercsa. bpyc, 3akperieHHbI Ha oOmopax U
paboTaroiuii B OCHOBHOM Ha U3ru0, Ha3biBaeTcs 0asakoil. Onopsl
O0alok MOryT OBITh Tpex BUIOB. VX ycioBHbIE H300pakeHHs
npuBEAEHBI Ha puc. 5.11.

a 0 B
Ry Ry Ry
f o R, T R,
yAS / ;
;T i M

Puc. 5.11. Onops! 6aok

IHoaBukHasi MIapHMPHAs OMOPA HE MPEITCTBYET BPALICHUIO KOHLA
OaJIKM M TEePEeMEIECHUI0 BJOJb IJIOCKOCTH HM3ruba. DTa onopa NpensTcTByeT
TOJIbKO BEPTUKAJIILHOMY MEPEMEIICHUI0 M TepeAaeT Ha OajKy COMpPOTHUBIICHUE
3THM IIEpEMEILEHUAM B BUe peakuuii Ry (puc. 5.11, a).

HenoaBu:kHasi mapHupHasi onopa J0IMycKaeT BpalleHre KOHIa OajKu,
HO TIPEMSATCTBYET JIMHEHHBIM TIEPEMEIICHUsIM W TepeJaeT Ha  Oanky
COIIPOTUBIIEHUE 3TUM IIEpEMELIECHUAM B Bue peakuuii Ry, Ry (puc. 5.11, 6)

Kecrkas 3ae/Ka IPEIATCTBYET NEPEMELICHUAM 10 OCSIM KOOPAMHAT U
HOBOPOTY 3ajesnaHHOro KoHma. JKecTkass 3ajenka mepegaer Ha Oaiky
COIIPOTHBIIEHUE DTUM IIEpeMENICHUAM B BUAe peakuuil Ry, Ry u momenra M
(puc. 5.11, B).

[Ipy wu3BeCTHBIX BHEIIHMX HArpy3kax OIOpHBIE peaKIuu OajJok
ONPENENSIOTCS METOaMH CTAaTUKH, a JIJISl CTATUYECKH HEONpPEeIeTUMBbIX OalloK
COCTAaBJISIIOT JOTOJIHUTENbHBIE ypaBHEHUS Aedopmanuii. PaccMoTpuM 3aKkoHBI
U3MEHEHUS] BHYTPEHHUX CHJIOBBIX (DAKTOpOB B ceueHusix Oanok. B kauectse
npUMepa pacCMOTPUM OallKy Ha JIByX OIopax, MOKa3aHHyIo Ha puc. 5.12, a.

N3 ypaBHEHUN CTaTUKU OIPEOECISAIOTCS 3HAYEHUS MW HaIpaBJICHUS
peakuuii onop mnpu u3BecTHbIX cuiie F u paccrosHusx a u b. Ilo ycrnosuio
paBHOBecCHUs peakiuii B oropax A u b

Rax =0; R,, =Fb/(a + b)Ry, =Fa/(a+Db).

OTtOpacbiBas OMOPHI U 3aMEHSASA MX JIEUCTBHE PEAKIUSMHU, MPUXOIUM K
pacdeTHON cxeme, ToKa3aHHoW Ha puc. 5.12, 6. Ha paccrosHum X OT JIeBOM
omopel mpoBeneM cedeHne C um pazmenuM OankKy MBICIEHHO Ha JBE YaCTH.
YroOsl kaxkmass dacTh Oasku Obuta B paBHOBecHH, B cedeHUUu C HYKHO
npwIoKUTh cuity Q W MOMEHT M, (puc. 5.12, B). DT cuioBbie (HaKTOPHI
OMPEENSIOT U3 YCIOBUS paBHOBECHs yacTer Oanku. J{Jis aeBoit yactu Ganku

Ray + Q = 09 Rax = 0: l{ayX - Mmr = O)
OTKyJa Q =Ry, =-Fb/(a+b); M, =Rax=Fbx/(a+Db).
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Puc. 5.12. banka Ha 1ByX

COOTBETCTBEHHO JJIA HpaBOﬁ yacTu OaJIku

F-Rpy-Q=0; M= F(a-x)-Rpy =(a-x+Db),
OTKyJ1a
Q=F-Rgy = F-Fa(atb)=Fb/(a+b);
M, =F(a-x)-Fa(a+b-x)/(a+b)=-Fbx/(a+b).

Takum oOpa3zoMm, B ceueHnr C BHyTpeHHHE (DAKTOpPhl CBOASTCS K
nepepesbiBatonieit cuiie Q u u3rudaronieMy MOMeHTY M. Ilpu sTom 3HaKM
BHYTpeHHUX (akTopoB Q M M,;; B pa3HbIX dYacTsIX OalKu MOJYyYUIIUCH
IIPOTUBOIIOJIOKHBIMM, @ HMX YHCIOBBIE 3HAYEHUS -  OJWHAKOBBIMH.
CnenoBarenbHo, it onpeneneHuss Q u My, JOCTaTOYHO PacCMOTPETH
paBHOBeECHE JIUITh OJHON YacTu Oanku. M3rubaromuii MOMEHT B CEUEHHH PaBEeH
CyMME MOMEHTOB BCEX CHJI, PACIOJIOKEHHBIX [0 OJHY CTOPOHY CEYEHMs, a
nepepesblBaronias CHJla paBHA CyMME BCEX CHWJI, PACIOJIOXKEHHBIX IO 3Ty
CTOpPOHY ceueHus. M3rubaromue MOMEHTHI OyJleM CUUTATh MOJOKUTEIbHBIMH,
eclii OHM M3rubaroT OajKy Tak, YTO CXKATble CJIOU OYyAYyT HAXOIUTHCS CBEPXY
(BBIMYKJIOCTBIO BHU3), W OTPULATEIbHBIMU, €CIM CXATble CIIOM CHHU3Y
(BRIMYKJIOCTBIO BBepX). [lomepeunyro cuily OyZeM CUMTATh IMOJOXKUTEIbHOM,
€CJIM PaBHOJICUCTBYIOIIAS BHEUIHUX CHJI, JECUCTBYIOIIMX CJ€BA OT CEUCHUS,
HaIpaBJieHa BBEpX, a JACHCTBYIOIIMX CIIpaBa - BHU3.



Jlns moctpoenust rpadKoB U3MEHEHUSI TTONEPEYHBIX CUJI U U3THOAOITUX
MOMEHTOB OajKy pa3OMBaIOT HAa y4acTKH, Ha KOTOPBIX Harpys3ka oJHOpojHa. B
paccMmaTtpuBaeMoM npumepe (cM. puc. 5.13) Takux ydyacTKOB J[Ba: MEPBBIM, I1e X
MEHSIETCSI OT HYJISl 10 a, M BTOPOM, TJie X MeHseTcs oT a 1o (a + b) (puc. 5.13,

a).

Ra Rg
A l y F Yy
11
A | B
L_‘LX ‘ 1B
a b
Fa
Q + a+b
M a+b A Fab
A
| ‘ B

Puc. 5.13. Cuibl MOMEHTBI, JEHCTBYIOIME B CEYEHUU OATTKH

Ha Y4aCTKE 1 ronepedyHasd Cujia U MOMCHT MMCHOT CJIICAYIOIIUC 3HAYCHUA!

Qi=Ray =Fb(a+Db);
Mmrl :RAy X:FbX/(a“‘b).

B npenenax yyactka 1 monepedynasi cuja mOCTOSIHHA, @ MOMEHT JIMHENHO
pactet oT HyJis 10 3HaueHust M, = Fba/(a + b).
Ha ygactke II 3Tu dhakTopbl UMEIOT 3HAUYCHMUS:

Q> =Ryy -F=-Fa/(a+Db);
M2 = RayX - F(x - a) = Fa - Fax/(a + b).

[lonepeunast cujia MOCTOSIHHA, @ MOMEHT YMEHBIIAeTCA MO JUHEHHOMY
3aKOHY J0 HYJIs B Touke B. Dmropa monepeunoit cuiibl Q(X) n300pakeHa Ha puc.
5.13, 6. B Touke mpmIOKEeHHsI COCpeOoTOYeHHOM cmibl PyHKIgS Q(X) mMeer
pa3phiB, U3MEHSACH HAa 3HAYEHUE NpPHKIaAbIBaeMod cuibl F. Dmropa MomeHTa
M,,;r (X) n306pakena Ha puc. 5.13, B. B Touke mpriIoKeHUs: COCPEeIOTOUCHHOMN
cuibl rpaduK QYHKIUU M,y (X) MUMEeT U3JIOM.

PaccmoTrpum noctpoenue smop Q U My, (X) y 6aniku 1iuuHOM [ Ha ABYX
OIopax, Harpy>KeHHOU PaBHOMEPHO pacrpeneneHHon Harpy3Kou



MHTEHCUBHOCTBIO q (puc. 5.14, a). I3 ypaBHEHMI CTaTUKU HAXOAUM PEAKIIHU
onop Ra=Rg = ql/2.
PaccmarpuBasi ceueHue Oanku C KOOPAMHATOM X, HAXOJUM CHIIOBbBIE
(aKkTOpBI B CEYECHUH:
Q. =Ra-qx=q//2 - gx;
M,;r = Rax - qxdx / 2 = qlx/2 - qx2/2.

Puc. 5.14 Banka Ha 1ByX onopax Puc. 5.15. Konconwsnas 6anka
R q R R,=0 F F
A b M A, 1z
AL B 7 A C B

X
2 D X e z b
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M m
IIpu x=1/2 umeeM My, max = q12/2.

Omopbl Q(x) 1 M(X) moka3zaHbl, COOTBETCTBEHHO, Ha puc. 5.14, 0, B.

Hakonery paccMOTpuM NOCTpOEHHE BMIOP s KOHCOJIBHOM Oallku C
3anenkoi (puc.5.15, a). KoHconbHOM 0ankoil Ha3bIBalOT OalKy, 3aKPEIIEHHYIO
OJIHMM KOHIIOM; KOHCOJIb Ha3bIBAIOT YACTh OAJIKHU, BBIXO/SIIYIO 3a OLOPY.

banky MoxHO pa3outh Ha ywyactku 1 um II. [l moctpoenus smiop B
JAHHOM CJIy4yae HeT He0OXOJAMMOCTHU OINpPEAENATh PeaKluu Onophl. JJoctaTouHo
OpaTh CyMMY CHJI U MOMEHTOB C MPaBOM CTOPOHBI ceueHust C:

Haydactke | Q(Xx)=0; M, (X)=F(a+b-x)-F(a-x)=Fb;
Ha ydactke 2 Q(x)=F; M;;(x)=F(a+b-x)=F(a+b)-Fx.

[Toctpoenue smiop moka3zaHo Ha puc. 5.15, 6. DMOpHI TOKa3bIBAIOT, YTO
Ha yJacTke | mpoucXoauT YMCThIN H3ruo, a Ha yuacTke Il - monepeuHsii u3ruo.

PaccmaTpuBast mocTpoeHHBIE IS TPEeX pa30OpaHHBIX MPUMEPOB JITIOPHI,
HETPYAHO MOJAMETUTh OMNPEJEICHHYIO CBSI3b MEXIY JMHIOpaMHU HM3rHOarolux
MOMEHTOB M IONEPEYHBIX CWJI: momepeuHas cwia Q(X) mpeacraBiser coOoit
MIPOU3BOJIHYIO OT U3THOAIONIETO0 MOMEHTa M, (X) 10 JutHE O6alKu. ITO MOKHO
JI0Ka3aTh CIAEAYIOLIUM 00Pa30M.



PaccmoTpum  aneMeHT  Oanku JUIMHOW dX W Harpy»eHHbIH
pacnpeneneHHol Harpy3kod q (puc. 5.16). Ha koHnax sieMeHTa MNPUIIONKUM
uzrudaronme MomMeHThl M u (M+dM) u monepeunsie cunbl Q u (Q+dQ).
Cocrapisisi ypaBHEHUE paBHOBECHS JJIs AJIEMEHTOB OajIKu, MOIyYUM

Q+qdx-Q-dQ =0;
M+Qdx+qdx -dx/2-M-dM =0.

/OI
REIEEN LW W)

M U —— M+d M

dx Q+dQ

Puc. 5.16. Dnement 0aaxu

2
Otcroga, ecnu oTOpocuTh q dXx/2 - BENWYMHY BBICIIETO MOPSAKA MAaJOCTH,
MOJIyYUM

dQ/dx = q(x); (5.5)

dM/dx = Q(x). (5.6)

®opmysl (5.5, 5.6) UCIONB3YIOTCA AJIE KOHTPOJISI TOCTPOEHHBIX 31I0p. B

TOYKAaX MPUJIOKEHUSI COCPENOTOYEHHBIX CHII AMopa Q(X) mperepneBaeT cKauek

Ha 3HAYEHHE BHEIIHEW Cuibl, a amopa My nperepneBaer m3noMm. Ha ywyactkax

MEXAy TOYKaMU MpUIOKeHus cuil, ecnu q(x) = 0, cuima Q = const, a MOMEHT

M(x) sBnsgercs nuHelHoW ¢yHkuued. Ha yuactke Oanku C Harpys3koi

MHTEHCUBHOCTBIO ( = const smiopa Q Oyner nuHeWHOM, a smopa M(X) -
KBaJpaTUIHOU mapaboIoi.

5.5.1 HanpsizkeHus pU YUCTOM U3rude

YucThiM U3ruO0oM Ha3bIBaCTCS HATPYKEHHE, TP KOTOPOM €TUHCTBECHHBIM
CUJIOBBIM (DaKTOPOM SIBJISIETCSI M3THMOAIONIN MOMEHT. B mro6omM ceuenuu Opyca
U3TrM0AIoONMii MOMEHT OJMH M TOT >K€, M HM3MEHEHHE KPUBHM3HBI IS BCEX
y4acTKOB OyJeT oJuHakoBbIM. [losTomMy mnpu uucTtom wu3rube och Opyca
npuHUMAET GOPMY AYTH OKPYKHOCTH.
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Puc. 5.17. lepopmanus npu usrude

Eciu Ha OOKOBOM MOBEpXHOCTM Opyca HAHECTH CETKY, TO MOXKHO
YBHJIETb, YTO Ha BBIIMYKJIOWM CTOPOHE BOJIOKHA YMJIMHSIOTCS - B MaTepuale
MMEIOT MECTO HallpsLKEHUsT pacTsbkeHus. Ha BOrHyTOM CTOpOHE BOJIOKHA
YKOPAQUMBAIOTCSA - CIIENOBATENbHO, HMMEIOTCS HANPSDKEHUS CXKATHsS, U €CTh
BOJIOKHA, JUIMHA KOTOPBIX HE U3MEHUJIACH - CIIEJOBATENBHO HANPSKEHUS B HUX
oTcyTcTBYI0T. Ha puc. 5.17 310 cnoit cd, KOoTOphIil Ha3bIBaeTCsI HEUTPAIbHBIM
cinoeM. HaGonpime nedopmaium UCHBITHIBAIOT BOJIOKHA, HauOoJiee yianeHHbIe
oT HelTpanu. OTHOCUTENbHOE yIJIMHEHUE CI0s ab, OTCTOSIIEr0 OT HEUTpaIu Ha
PacCTOSIHUM Y, PaBHO:
bb' _bb' y-d3 'y
ab cd p-dS p’

IZIE V - PaCCTOSIHUE OT HEUTPAIBHOTO CJIOA 10 PACCMaTpUBAEMOI0 BOJIOKHA, o -
pannyc KpUBHU3HBL.
B cootBercTBHH € 3akOHOM ['yKa HanpsKeHUs! TPONOPLHOHAIBHBI
nedopManuu

E=

o;,=E-¢=E-y/p. (5.7)

Jns  onpeneneHuss HANPSDKEHUHA COCTABMM  YPAaBHEHUS PABHOBECHS
BHEIIHEro M3rudaromero MomMmeHTa M, MW MOMEHTa BHYTPEHHHUX CHUJI, KOTOPBIHA
PaBEH MHTErpaly MO IUIOIAAU CEYECHHSI OT IPOU3BENCHUS HANPSIKEHUS B TOUKE
Ha PacCTOSTHUE OT TOYKHU O HEUTPAIBHOW JINHUM:

MZZIy-G-dA, wm M, = E/pjyz-dAzE-]Z/p.
A A

3nech [, - MOMEHT WHEPIMH CCUEHHUS OTHOCUTENIbHO ocu Z. Takum
00pa3oM, KpuBHU3HA OAJIKH

L My / (E L) .

p
(5.8)



Tornma moacTaBuB 1/p B BhIpaKeHUE U1l G, TMOIYYUM

oc=E-y/p=My,-y/I,
(5.9)

MakcumanibHOE HanpsKeHue OyZeT B Haubosiee yJaleHHbIX OT HEUTPaIbHOTO
CJIOS TOYKAaX CEUYCHHUS.

OtHomenue I,/ynm.x = W, Ha3bIBaeTCsi MOMEHTOM COMPOTHUBIICHUS MPHU
n3rude, Torma
GmaX == MI/ISF /WZ .

Ecaun o6o3HaunTth [G,] - JOomycKaemMoe HaIpsDKCHHE TP HM3TUOe, TO
dbopmya s pacdera Ha TPOYHOCTH MPU U3TUOE TPUMET BUJ

6 =My;r/ W, < [GH]
(5.10)

N3  dopmynsl BuIHO, 4YTO 0o0Jie€ BBITOJHBIMU SIBISIOTCA (OPMBI
MONEPEYHBIX CEUYCHUN ¢ HAWOOJIBIIMM MOMEHTOM coOmpoTuBieHus W, mnpu
HaUMEHbIIIEH 3aTpare Marepuanga. JTO BO3MOXHO, €ClIid HaOojdblIas 4YacThb
IUIOMIAAN CeYeHMs] OyJeT ynaajeHa OT HEHTpalbHOM OCH, Kak, HampuMmep, y
JIByTaBPOBBIX OAIOK, KOPOOUYATHIX KOHCTPYKIUH, TPYO U T.A.

5.5.2.0npenenenue nepemMenieHnid Npu n3rude

[Tepemernienust npu u3rube OMpeNESIOTCS MPOTUOOM Oanku y U YIJIOM
noBopora cedeHuss L (puc 5.18), KoTOpble MOXHO HaWTH, HCIOIB3YS
BhIpaskeHue (5.8) [1st KpUBU3HEI Opyca:

I_ M
P E]Z

B HenmonaBmxHOU cuctemMe KoopauHAaT XY KpUBU3HA JIMHHUM, 3aJaHHOU
ypaBHeHHEM Y = y(X), onpezensiercs no popmyre:

3/2
2 2
1 d d
S8 Y E
P dx? dx
y dy
B ciyuae manbix nepeMenieHui TaHTeHC yIiia HaKJIoHa tg9 = i BECbMa
X

MaJl 110 CPaBHEHUIO C €IMHULIEH, TO3TOMY MOKHO UM NpeHeOpedb U MPUHATH

_d%y

5
dx2

~

1
p



OTKyJa

2
4%y _ Musr (5.11)
dx2 El,
y
L
A J} F
Ya X
i

Puc. 5.18. U3rub Oanku

Benmnunna EI, Ha3biBaeTcs kKeCTKOCThIO Opyca mpu usrube. [Iporud u
yroid TMOBOPOTAa CEYEHHUS HAXOMAST, MHTerpupys Bblpakenue (5.11). UtoObr
ONpeAeNnuTh MOJNHYI JAedopmanuio Opyca, Harpy>XeHHOTO MPOU3BOJIBHBIM
o0pa3oM BHEUIHMMH CWJIaMH M MOMEHTaMH, HEOOXOJHWMO IMOCTPOUTH JMIOPHI
U3ru0aIMX MOMEHTOB, Pa3IeIUTh OpyC Ha YYacCTKU C OJTHOPOJHON Harpy3koi
U JUISl K&KJIOr0o ydacTka 3anucarh ypaBHeHue (5.11), B KOTopoM MOMEHT My,
Oyner ompeneneHHOW (GyHKIMEH X. OTH ypaBHEHHS HMHTETPUPYIOT, a
IIPOU3BOJIbHBIE TOCTOSIHHBIE, HEOOXOAUMbIE IPU UHTETPUPOBAHUU, ONIPEIEIISIIOT
M3 YCIOBHS, 4YTO Ha TpPaHHUIAX YYaCTKOB C OJHOPOAHOW Harpy3kKou
NIEPEMEILICHMS U YIJIbl HAKJIOHA CEYEHUI OJIMHAKOBBI.

B kawectBe mpHMEpOB MOXKHO PpaccMOTpeTh JedopMaiuio Oajkwu,
3aKpEIUIEHHOM KOHCOJBHO (puc. 5.19) m mapHHpHO oOmepToil Ha KOHLAX
(puc.5.20), gyTo yacTo ObIBAET B KOHCTPYKITUSX MAIIIMH U TPUOOPOB.

AN\

Puc. 5.19. edopmaiius KOHCOIBLHON OanKu

[Tpumep 1. CocTaBuM ypaBHEHUE YNIPYTON JTUHUHN OaKK, HATPYKEHHON Ha
KOHIIe cocpenoToueHHoM cmitoi F (puc. 5.19). [TomecTum Havaio KoopauHAT
Xy B 3ajienike. M3rubaromnmii MOMEHT B CEUCHHH X PaBEH

M=P(-x).



[Tocme wHTETpUpOBaHUS TOMydaeM, UYTO HaWOOIbIIee TEepEeMEIICHNE,
UMEIOIIEee MECTO B TOUKE MPUJIOKEHUS CHITbI P paBHO
P15 P2
E ) Umax = —E-
[Tpumep 2. aByxomnopHas Oanka amunHoi [ (puc. 5.20) Harpykena cwion F,

HpPIJ'IO)KCHHOﬁ Ha PaCCTOAHUU a OT JIEBOM OIIOPBLI. Haittn MEPeMCIICHUC TOYKH
IMPUITOKCHUA CUJIBL.

Ymax —

/£

I/\J
~
-

Puc. 5.20. lepopmanus gByxomnopHo# Oanku

Hauano koopaunat pacnonaraeM Ha JieBoi onope. M3rubaromumii MOMEHT
Ha MIEPBOM U BTOPOM Yy4YacTKax Opyca OMpeAesitoTCs BEIPAXKCHUSIMU

b

MleTX, M2=Pt1)X—F(X—a).

[lepememienne ©OajdKd Ha OSTHX yYaCTKaX HAXOAUM, HMHTCTPHPYSI
BBIPA)KEHUS JIJIS1 KPUBU3HBI
dzyl_F-b-x. dzyz_F(ax—lx+la)
dx> 1-E-1,° x>  1-E-1,
[Tocne uHTETpUPOBAHUS HAXOIUM

—F(bx3+cx+c)
Yi E-1 16 1 2)

[TocTosiHHBIE MHTETPUPOBAHUS OMPEEsiEM U3 YCIOBHS HEMPEPHIBHOCTU
IIpU MepexoJie ¢ IEPBOro y4acTKa Ha BTOPOW, T.€.
mpu x=0 y1=0,
mpu X =a Yi=yau ¥, =¥,
opu  x =1 y2=0.



N3 3TuX yCcinoBUi HAXO0AUM

Cq :21(3%11—212 —az), =0,

c3:21(212+a2), ca=al6 .
CnenoBaTenLHO
F |bx? ax
= |- +=(3al-21" —a?)|,
"TE1 |16 1( )
F |x’(b ax 2
= || =1+ = —x=(21* +a’ )+ —
“TE1 e (1 j 2 ( )
B Touke mprIIoKEHUS CHITBI
F32 2
=y, =——(l—-a)".
e TR
Ecnu cuna mpuitoxkeHa mocepeauHe, To
B __FP
YI Ymax 48EIZ .

KOOpI[I/IHaTa Y B TOYKC MPHUIIOKCHHA CUJIbI OKA3bIBACTCS OTpHHaTCHBHOf/'I,

T.e. Opyc mnporudaercs B CTOPOHY, MNPOTHUBOIOJIOXKHYIO TOJOXKUTEIBHOMY
HaTPaBIIEHUIO OCH .

5.6. Kpyuenmne

[Tox xpydyeHueM MOHMMAETCS TAaKOW BHUJ HArpy»XeHHUs, MPU KOTOPOM B
MOTIEPEYHBIX CEYEHUSIX Opyca BO3HUKAET TOJILKO KPYTSIIUA MOMEHT, a MpovHe
CUJIOBBIE (DAKTOPBI PaBHBI HYIIIO.

[Ipu Takoit nedopmaru MOMEpPEYHbIE CEUYeHHUs] Opyca OCTaroTCs
IUIOCKMMH, a PacCTOSIHUE MEXJIy HUMH He MeHsercs. [lomepednbie cedeHus
MOBOPAYMBAIOTCSI BOKPYr OCH Opyca Ha HekoTopble yriabl. [lpu sTom
oOpazyrolue 00palllaroTcss B BUHTOBbIE TUHUU (puc.5.21, a).

Paccmotrpum snemeHT aeopmupoBaHHOro Opyca B BHIE JAHCKA
TomuuHoi dx (puc.5.21, 6). Obpasyromas AB mocie 3akpy4rBaHus Ha yroml @
3aHHMaeT HOBOE MosiokeHne AB . Mexay yriiom cABUra y M yrioMm MOBOpOTa
ceyeHus do Ha amuHe dX MUMeEETCs Cieayrolas 3aBUCUMOCTh

BB =r-do,
OTKyJ1a
Yy =r-do/dx.



Puc. 5.21. Kpyuenue

Hedopmanuss BHyTpu Opyca Ha pacCTOSSHUU P OT €ro OCH paBHa
y=p-do/dx.
ITo 3akony I'yka MOXHO 3anucaTb

t=Gy,.wm t=G-pde/dx (5.12)

KacaTenbHble HanpsKEHUS T MEHSAIOTCA MO CEUYECHUIO JTMHEHWHO OT HYJIS
JI0 MAKCUMAJILHOTO 3HAYEHUS HA TIOBEPXHOCTH Opyca

Tmax =G r-do/dx. (5.13)

Dmniopa KacaTeldbHBIX HANpsOKEHUWW Moka3zaHa Ha puc. 5.21, B. YcnoBue
paBHOBecHs Opyca, HaxOAsIIerocs Mmoj ACHCTBUEM KpyTsiiero MomeHTa M u
KacaTeJbHbIX HAMPSHKEHUH T B CEYEHUU, UMEET BUJL

M= j T-p-dS.
YuutbiBas 3aBUCUMOCTH (5.12), moaydaem
do do
M= |Gp>—~dS=G—=|p°dS 5.14
! P dx dx !p ( )
Wuterpan jpz -dS  sBHIAETCSA MOJAPHBIM MOMEHTOM HMHEPLIMH CEUCHHMSL.
S

Jlnst kpyrmnoro konbiesoro cewenns I =m(d* —d;)/32, rae d - HapyxHbIii

nuameTp, dy - BHyTpEHHUI TUaMeTp CEYEHMUS.



VYpaBuenue (5.14) MOKHO 3anucaTh Kak
G-de/dx=Mr/I. (5.15)

Bennuuna I/r Ha3piBaeTCs MONAPHBIM MOMEHTOM COIPOTHUBIICHHS U
obo3Havaerca W, . /I CIJIOIIHOIO KPYIJIOro CEYEHUs

W,= 7 d/16~024d’ .

dopmyiy i ONpeeSIeHUs] MaKCUMaJIbHOTO KacaTeIbHOTO HaIPsKEHUS,
KOTOpPO€ ONpeAeNsIeT MPOYHOCTh KOHCTPYKIMHU, MOXXHO TIepenucarb B
CJIeIyIOILEM BUJIE:

Tmax =M1/ Wp. (5.16)
Benmnuuna dp/dx =0 Ha3bIBAETCS OTHOCUTEJIBHBIM  YIJIOM
3akpyuuBanus. U3 dopmyssl (5.15) umeem
0=M-r/(1 G).

3HayeHWe TOJHOTO yIria TOBOPOTa CEYCHHS] OTHOCHTEIHHO ApPYTroro,
HaXOJSIIErocss OT HEr0 Ha PacCTOSHUU |, MOMydaroT, UHTETPUPYS ypaBHEHUE
dp=(M/I1 G)dx Bmpenenax ot HyJs 1o L.

¢=M-1/(GI)

5.7. MecTHbIE HATIPSIZKEHUSI TIPU CHKATUM YIIPYTUX Te

PabGoTtocmmocobHOCTE  MHOTHX — JeTalied  MEXaHW3MOB  OTpaHWYeHA
HEJIOCTATOYHOW MPOYHOCTHIO MOBEPXHOCTHBIX CJIOEB B MECTaX WX KOHTAKTa.
OOBIYHO y TakuxX JAeTaJel Harpy3Kd TMEPelaroTCsa uepe3 Majble Y4YacTKU
MOBEPXHOCTH U BBI3BIBAIOT B 30HE KOHTaKTa OOJIbIIMNE KOHTAKTHBIC
HaIpsDKeHUs. JTO MPOUCXOAUT, HANpUMEP, B MOJUIMIHUKAX KauyeHUs, B
3y04aThIx Kosiecax, GPUKIUOHHBIX KOJEcaxX.

Bompoc o aedopManusx v HampsDKEHHUSX PEIIAETCS METOJaMU TEOpPUU
ynpyroctu. [Ipy 3TOM M3BECTHBIMM SIBISIOTCS CHJIBI KOHTAKTHOTO JIABJICHUS U
dbopma moBepxHOCTEHN compukacatomuxcsi Ten. [Ipu cxxatum ten cepuueckoi
dopmbl (puc.5.23) momaaka KoHTakTa umeeT (opmy kpyra. Pammyc stoit
TUTOMIAJKK B MM OTIpeieNisieTcs 1o hopMysie

a=1.1093/F-p, /E,,

rae p, =R,R,/(R, £R)) [mm], E. =2E E, /(E, + E,) [Mna].

JlaBneHne Ha IUIOMAJKE KOHTAKTa paclpenessieTcss HEpPaBHOMEPHO.
Haubonbmiee naBieHue OyAeT B IEHTpe IUIOMAAKUA. OTO JaBJICHHE
omnpenaensercs no hopmyiie:

Gmax = 0.3883/F-E2 / p2 <[ok]



[Tpu cxxatum NByX IMIMHAPOB panuycamu Ry u R, u anunoit / (puc. 5.22)
cuinot F mromiaaka wuMeeT BHJ TOJOCKA IMIMPUHOW b, OrpaHHYeHHOU
napajjieIbHbIMUA JTUHUSMH.

upuna mosocku b B MM omnpezensercs o Gopmyiie:

b=3.04\/F-py /Exl, umu b=3.04\/q-pn / Eq,

rne q=F/1 - ynenpHas Harpy3ka Ha €AWHHILY JUIMHBI WM HHTCHCHUBHOCTD

R ;\/

Omax Nt D 2 G

Harpy3KH.

Nnowagka
KOHTaKTa

Ry

Puc. 5.22. Cxxatue HWIMHIPOB Puc. 5.23 Cxatue mapos

Haubonsmee JaBJICHUC B CCPCAMHC ITOJIOCKH KOHTAKTa:

Omax =vVEnq/[2n(1-V)py.

Jlst matepuanoB ¢ ko3¢ dunuentom [lyaccona v = (0.3 umeem

Omax = 0.418./q-En / pn [Mna].

VYcaoBrueM KOHTAaKTHON TPOYHOCTH OY/IET:
Omax < [0k],
[c,]— IomyckaeMoe KOHTAaKTHOE HANpsKEHHE Marepuana JeTai,

BEJIMUYMHY KOTOPOrOo MOXHO 3axare: [c,]=2.6 HB, rne HB - TBepmocts
Marepuaina 1o bpuneinro.



OcHOBHBIE 3aBHCUMOCTH TCOPUH CONMPOTUBJICHUA MaTE€pUaJioB,
HCIMOJIB3YEMBIC IIPHU pacueTe KOHCprKHI/Iﬁ Ha MPOYHOCTD U KECTKOCTH

F
A. PacTsizkeHH coxkaTHe: HANPSHKEHUE G = S <[oc];
c
yuHenue Al=—-1.
E
My -h
b. U3ru6: HanpsokeHUE  Gpax = HIL <[o];
V4
1 M
KpHUBHU3HA — =
p E-l
1\/11/131"12
[Tporu6: KOHCONIBHO 3aKPETUICHHOMW Ok Yy = ————
2EI,
HIaPHUPHO  ONEPTOM, HArpyKEHHOW  CHJION
nocepeanHe
_FP
Y 48EL,
B. Kpyuenue:
HaIpsDKEHNE T=Myp / W7 <[1]

yron 3akpyuuBanus @ =M-1/(G 1)
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