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I
BBIBOP U TIPOEKTUPOBAHUE TEXHOJOI MYECKOM OCHACTKH
Cgenennsi M3 TeOpUN

IIpucnocobnenusmu Ha3pIBAIOT BCIIOMOTATENbHBIE YCTPONUCTBA, UCIIOIB3YEMBIC
JUTSL BBITIOJIHEHMSI TEXHOJIOTMUECKHUX OTepalliii M3roTOBJICHUS MAIIUH, UX PEMOHTA U
KOHTpOJs. [IpruMeHeHre mpUcocoOIeHU 3HAYUTENBLHO 00JieryaeT TpyJl pabouero,
MOBBIIIAET €r0 MPOU3BOJUTEIILHOCTh U KAYECTBO BBHIMIOJHSIEMBIX OIEpalHii, a TaKXKe
MO3BOJIAET PACHIMPUTh TEXHOJOTMYECKHE BO3MOKHOCTH OOOpYyIOBaHUS, T.C.
VBEIMYHUTh  KOJMYECTBO  PA3HOOOpa3HbIX BHAOB OOpabOTKM Ha  JaHHOM
obopynoBanuu. Ha 3aBomax cepuidHOTO M KpPYIMHOCEPUMHOTO MPOW3BOJCTBA Ha
KQXK/IyI0 U3TOTOBJISIEMYIO JIeTalb Mpuxoautcs oT 4 1o 10 mpucnoco6ieHuii. 3aTpaTsl
Ha W3TOTOBJICHHE M JKCIUTyaTallMi0 MpucnocoOieHuid coctaBisaioT 3—7 % oT
ce0ECTOMMOCTH U3TOTOBIISIEMbIX U3/IEIHI.

[lo ueneBoMy Ha3HAYEHHIO MPUCIOCOOJICHUS PA3ACIAIOT Ha CIEAYIOLIUe
BUJBL: 1) cTaHOYHBIE, MPUMEHSEMbIC JJII YCTAHOBKM M 3aKpEIUICHUS 3arOTOBOK Ha
METAJUIOPSXKYIIUX W JPYTUX CTaHKaX; 2) MPHUCHOCOONCHHsS Ui (PUKcanuud
3aKperuieHus  pabodyero HMHCTpyMeHTa; 3) cOopouHble U pa300pOYHbIC
MPUCTIOCOOJICHHST 71l BBITMOJIHEHUS orepanuii cOOpku W pa30opku MammH, 4)
KOHTPOJIBHBIE TPUCTIOCOONICHUS, TPUMEHSEMbIE JJii TPOBEPKHM 3aroTOBOK Ha
MIPOMEXKYTOUHBIX ONepanusx o0paboTKH, a TakKe MPH KOHTPOJIE TOTOBBIX JeTallel U
COOpPOYHBIX €OWHUI; S5) TNpUCIOCOONIeHUs JJid 3axBara, IEepeMEIICHUs |
nepeBepThIBaHUSI 00padaThIBAEMBIX 3arOTOBOK U COOPOYHBIX €UHUII.

N3yyaTh OCHOBBI KOHCTPYMPOBAaHHS TPHUCIOCOOJIEHUN  1€Ieco00pa3Ho
HAYMHATh C TPHUCIOCOOJICHWH 71 CTAaHOYHOM oO0paboTku. B HUX BCcTpeuaroTcs
HamboJIee PacIpOCTPAHEHHBIE AIEMEHTHI U MEXaHU3MBI JTF0O0TO mpucnocobdieHus. B
3aBUCUMOCTH OT BHJIa M HAa3HAYCHUSI CTAHOYHBIE MPHUCIIOCOOJIEHUS MOTYT COCTOSThH
U3 CIEAYIOMMX JJEMEHTOB: YCTAHOBOYHBIX — JJII YCTAaHOBKM 3arOTOBKH B
TpeOyeMOM TMOJIOKEHUH; 3aKUMHBIX — JUJISi HAJEKHOIO 3aKPErUIeHHs] 3arOTOBKH;
HANpPAaBIAIOMUX — JJIs HAmpaBJICHHs HMHCTPYMEHTa NIpu 00paboTKe 3aroTOBKH;

OJICMCHTOB, O6CCHC‘II/IBaIOH.II/IX IMPAaBUJIIBHOC ITOJOXKCHHUC PEKYIICTO HHCTPYMCHTA IIPH



HAaCTPOMKE CTaHKA; BCIIOMOTATENbHBIX JJEMEHTOB M YCTPOMCTB; KOPIIyCHBIX,
O0OBEIUHSIONINX BCE DIEMEHTBI IPUCIOCOOJICHHS B €IMHYIO KOHCTPYKLHIO.

Y CcTaHOBOYHBIC 3JICMEHTHI HDI/ICHOCO6JICHI/H?I

Y cTaHOBOYHBIE 3JIEMEHTHI MPUCTIOCOOIEHUI CITyKaT JJI1 MPUAAHMS 3aTOTOBKE
[IPAaBUJIBHOI'O IIOJIOKCHUS OTHOCUTEIBHO PEXKYILEro HHCTpyMeHTa. Paccmorpum
TUIIOBBIE CIy4Yal YCTAHOBKM 3aroTOBOK U KOHCTPYKTUBHBIE OCOOEHHOCTH

YCTaAaHOBOYHBIX 3JICMCHTOB. HpI/I YCTA@HOBKEC 3aroTOBKM Ha INNIOCKOCTb NPUMCHSAIOT

OTIOPBI TOCTOSIHHBIE, PETYJIHPYEMBIE,
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Puc. 1.1
CaMOyCTaHABJIMBAIOIIMECSA, MNOABOJUMBIC. K TOCTOSIHHBIM OIOpAaM  OTHOCATCS
pa3IMYHbIE KOHCTPYKIMU IITHIPEN U OMOPHBIX IJIACTHH. JJIsi YCTAaHOBKM 3arOTOBOK

Mo HEeOOpaOOTaHHBIM TOBEPXHOCTSIM MPUMEHSIIOT IITHIpU CO chepudeckoit (puc.

1.1,a) unu ¢ puduenoit (puc. 1.1,0) ronoBKoW;
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Puc. 1.2

MOCJICTHAE UCIIOIB3YIOT NIl YCTAHOBKUA KPYITHBIX OTJIMBOK M MOKOBOK. IThipu ¢
IJIOCKOM ToJIoBKOM (puc. 1.1,0) mpeaHa3HadeHbl I YCTAHOBKM Ha TUIOCKOCTD,

oOpaboTtanHyto He HIKE R, = 2,5 MKkM. 3arotoBku ¢ 4ucTOo 00paboTaHHOW 0a30BOM

a) X . 5) 2




MMOBEPXHOCTHIO YCTAHABJIMBAIOT Ha omopHble miacTuHbl (puc. 1.1,r). IloctosiHHBIE
ONOpBl MPU H3HOCE MEHAIOT. Perynmupyemble OMOpbl B OTIMYUE OT IOCTOSHHBIX
MO3BOJIIIOT TMEPUOAUYECKH HU3MEHATh UX OCEBOE IMOJOKEHUE ISl KOMIIEHCALUH
M3HOCAa KOHTAKTHBIX IUIOCKOCTEW omop. B CBSI3M C 3TUM peryimpyemsbie ONOpbI
MOHTHUPYIOT B KOPITyC€ MPUCTIOCOOJIEHUS TyTEM BBEPTHIBAHMS B KOPITYC Ha pe3noe ¢
¢dukcanmet KoHTpraiikoil. Omopbl B KOpIyce NPHUCIOCOOJIEHUS] pPACMOjararoT B
o011eM ciry4ae Mo MpaBujly MECTH TOYEK.
Puc. 1.3
Y CTaHOBOYHBIE 3JIEMEHTHI, HCIOJb3YEMbIE KaK J00aBOYHBIE OMOPBI IS
yCTpaHeHUs JepopMallud 3arOTOBKH OT JEUCTBUSI CWJI PE3aHusl, CUJl 3aKUMa WA
COOCTBEHHOI'0 BECa 3arOTOBKH, BBIMOJHSIOT B BUAE CAMOYCTAaHABIMBAIOIMIMXCSA MO0
MOABOIMMBIX omop. IIpumMep KOHCTPYKIMM CaMOyCTaHABIMBAOIIEKHCS OIOPBI
npuBejieH Ha puc. 1.2. 3aroToBky 1 ycTaHaBIMBAaIOT HAa MOCTOSIHHBIC OMOPHI (IITHIPU
Wi miactulbl). OJOHAaKO JUIsl MCKIIOYEHUS NOporuda 3aroTOBKH IPUMEHEHa
JOTIOJIHUTENIbHASl CaMOyCTaHaBIIMBAKOIIAscss omnopa 3. DTa omnopa, Haxolsich MOJ
BO3JIEWCTBHEM MPEJIBAPUTEIBHO CKATON MPYXKUHBI S, BBIBUTAETCS BBEPX /0 yIopa B
MOBEPXHOCTh 3aroTOBKH, IIOCJIE€ YEro €€ IMOoJIOKEeHHEe (UKCUPYIOT BHUHTOM 4.
Kosnmauok 2 3amuinaer ycTpoicTBO OT HoNaAaHusl MEJIKOM CTPYKKH.
JInst kpynmHOraGapuTHBIX 3arOTOBOK MPUMEHSIOT MOJBOJMMBIE KIIMHOBBIE ONOPHI,
KOTOPBIE CTOMOPSAT 3aTAKKON MaXOBUUKA.
OnopHble WITHIPU U TUIACTUHBI M3TOTOBISIIOT M3 ctanu 45, Y8A, 20 nmm 20X ¢
nocieaywomieir TepmoodpadoTkoit 10 TBepaoctu HRC 56—60 u mmmdoBanueM

Hecylux noBepxHocreit 10 R, = 0,63 MxwM.
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Puc. 14

HpI/I YCTaHOBKC 3arOTOBKM Ha BHCIIHIOIO [HUJIHMHAPHYCCKYIO IIOBCPXHOCTH

UCHONB3YIOT Mpu3Mbl 2 (puc. 1.3), matponsl ¥ BTyJakd. [Ipu3Mbl 0OBIYHO AENaloT ¢



yroom o =90°. JIns TOUYHOH YCTAHOBKM MPH3MBI Ha KOPIYCE IPHUCIIOCOONCHHS
OPUMEHSIOT WTHQTH 3; 3aKpemisiioT npu3My BHUHTamMu 1. Ilatponsl paziuuaior
KyJIaYKOBbI€ (JIByX-, TPEX- M YETBIPEXKYJIAUKOBbIE), LIAHIOBbIE, MEMOpaHHbIE U
Opyrux KoHCTpykuuil. Ha puc. 1.4 nmokazaHbl KOHCTPYKTHBHBIE CXEMbI LIAHTOBBIX
naTpoHoB. [IpH 3a)k1Me 3arOTOBKH 1[aHra BTATUBAETCS 3aTSHKHOW TpyOOl B KOHYCHOE
rHe3no (puc. 1.4,a) unu BaBuraercs B KoHyc (puc. 1.4,0). LlaHTu M3roTOBISAIOT U3
cramu Y10A. KymaukoBple M LAHIOBbIE NATPOHBI BBIIOJHSIIOT OJHOBPEMEHHO
(GyHKIIUM LIEHTPUPOBaHUS (YCTAaHOBKH) 3arOTOBKH U 3aKUMHOTO YCTPOICTBA.

Ecnu ©0a3oBas UMIMHApHUYECKAass IMOBEPXHOCTh 3aroTOBKH  BBINOJHEHA C
OTKJIOHEHUEM, COOTBETCTBYIOIIUM O-My WJIH 8-My KBaJUTETy, TO AECTalb MOXHO
yCcTaHOBUTH BO BTyJke. Ha puc. 1.5 nmoka3zana ycraHoBka (uaHueBoil netaiu 1 Bo

BTYJIKY 2 ¢ Oa3UpOBaHUEM O LHUIUHIAPUUECKONU MOBEPXHOCTU U TOPILY.
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Puc. 1.5

Ecnu 3arotoBky OpHEHTHPYIOT 110 JBYM BHCIIHUM ITHIMHAPUYECKAM
MOBEpXHOCTSAM (puc. 1.6), ToO 0JIHY TOBEPXHOCTH 0A3UPYIOT HA MpU3MYy 1, a Ipyryro
— Ha caMOyCTaHaBJIMBaloIIytocs npusmy 2. [IpuMeHeHne caMoycTaHaBIMBAKOIICHCS
MIPU3MBI 00YCIIOBIIEHO TEM, YTO MCXOJIHBIC 3arOTOBKH BBHITIOJTHEHBI C OTIPEICICHHBIMH
OTKJIOHECHUSMH JHaMETPaIbHBIX Pa3MEpOB.

JIJIsl yCTaHOBKH 3arOTOBKHM Ha BHYTPEHHIOK MUJIUHAPUYECKYIO TTOBEPXHOCTD U
MEePIEHANKYJIIPHYIO €€ OCH TUIOCKOCTh MPUMEHSIOT MajbIel U onpaBku. Ha puc. 1.7,

a u 6 TIOKa3aHbl IOCTOSIHHBIC, a HA pHC. 1.7, 6 © T — CMCHHBIC MAJIBIIBI.
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Puc. 1.6
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Puc. 1.7

basupoBanue 3aroToBKM OCYIIECTBJSIOT OTBEPCTHEM Ha TMayell U TOPIOBOU
MTOBEPXHOCTBIO 3arOTOBKM Ha OINOPHYIO IUIACTHHY MpucrnocodneHus. bazoas
IUIOCKOCTh 3arOTOBKM JIOJDKHA OBITh MOJABEPrHyTa 4YHCTOBOM oOpabotke. Ilpu
YCTaHOBKE 3arOTOBKU Ha JIBA OTBEPCTHSI UCIOJIb3YIOT JiBa naibia 1 u 2 (puc. 1.8), u3
KOTOPBIX OJIMH CPE3al0T TaK, KaK MOKa3aHO Ha PUCYHKE. JTU CPe3bl KOMIIEHCUPYIOT
MOTPEITHOCTH 28 B PACCTOSHUU MEXKIAY OCSMU OTBEPCTUH YCTaHABIMBAEMBIX
3aroTOBOK M OJHOBPEMEHHO O00ECHEeYMBAIOT MHUHHUMAJIBHBIE YTJIOBBIE OTKJIOHEHHUS
3arOTOBKM BOKPYT OCH IMJIMHJpUYECKOTro mnanblia. Pacuer koHdburypanuu
CPE3aHHOTO MNaJblla NPHUBEACH B CIPAaBOYHOM JMTepaTrype. [Iuamerp cpe3aHHOro
najblia BRIMOJHSIOT ¢ nocaakoil B otBepctun H7/f7 mnu H9/d9. Tlanen co cpeszamu
MPUMEHSIOT TaKXe TPH YCTAHOBKE 3aroTOBKM IO OJHOMY 0O0paboTaHHOMY
OTBEPCTHUIO U MapaJieTbHON eMy T1ockocTu (puc. 1.9). B aToMm ciydae cpessl najibiia
KOMIIEHCHPYIOT KojebaHue pazmepa A.

JIns yCTaHOBKM 3aroTOBKM Ha OTBEPCTUE HCIOJB3YIOT TAKXKE OMPABKH.
Pa3nuualoT ompaBKM KOHCOJBHOTO THUIA (C YCTAHOBKOM B KOHYCHOM OTBEPCTHH
IINUHJENsl CTaHKa) U UEHTPOBOTO (C yCTaHOBKOW Ha 1EeHTpbl). [0 KOHCTpyKUMH
onpaBku ObiBatoT xecTkuMU (puc. 1.10) u pazxumasiMu (puc. 1.11). Ha puc. 1.10, u
MoKa3aHa UWJIMHAPUYECKAss OINpaBKa LIEHTPOBOTO THUIA, HAa KOTOPYIO 3aroTOBKa
HACaXMBAETCA C HATATOM TOJ mpeccoM, a Ha puc. 1.10,06 — ompaBka, Ha KOTOPYIO
3aroTOBKa YCTAHABIIMBAETCS C 3a30pOM U 3aTSDKKOU ¢ Topua raiikoi. Ha puc. 1.11,a
M300pakeHa IIaHTOBas pazxKUMHas ompaBka. [Ipw BpamieHuu railku S5 IaHroOBas
BTyJIKAa 3, MMEOWAs TPU pa3pes3a, MEepEeMENIacTCss Ha KOHWYECKOW MOBEPXHOCTH
onpaBku 4, IEHTpUPYET M 3aKMMaeT 3aroToBky 2. [aiikoii 1 orpanuumBaercs
nepeMeNIeHre HaHTu BIeBO. PasxuMHas onpaska, okasaHHas Ha puc. 1.11,6, umeer

yIOPYyTyIo BTYJKY 1. DTa BTyJKa pacnupaercs U3HYTPU THAPOILIACTOM 2 B pe3yibTaTe



3aTsHKKUA BUHTA 3. Bpaiiasi BUHT MPOTHB 4acOBOM CTPENKU, OCBOOOXKIAIOT 3aTOTOBKY
OT 3aXUMHON cuiibl. ba3oBoe OTBepcTHE 3aroTOBKM JIOJKHO OBITH 00paboTaHo C
OTKJIOHEHHWEM HE HIDKE 8-r0 KBajmuTeTa. PazkuMHbBIE ONpaBKU OBIBAIOT TaKXke C
TpeMs CyXapsiMH, pa3KMMaeMbIMH BHYTPEHHUM KOHYCOM, C POJMKOBBIMU BTYJIKAMH

U IPYTUX KOHCTPYKIIHA.

v 1+8

Puc. 1.8

[Ipu 06paboTke BasloB ¢ 6a3MpOBaHUEM Ha IIEHTPOBBIE THE3/AA NI KOHUYECKUE
(acku B KaueCTBE YCTAHOBOYHBIX 3JEMEHTOB NMpUHUMAIOT LeHTphl. Ha puc. 1.12, a
MOKa3aHa KOHCTPYKIUS OOBIYHOTO JKECTKOro LEeHTpa, Ha puc. 1.12,0 - ycraHoBka
3aroTOBKM KOHUYECKOH (Packoil Ha cpe3aHHBIN LEHTp, Ha puc. 1.12,6 - KOHCTPYKIUS
BpAIIAIOIIETOCs I[EHTpa, Ha puc. l.12,¢ -KOHCTPYKUMS TOBOJKOBOTO LEHTpa C
MEJKUMHU 3yOLlaMu, KOTOpbIE CIOCOOHBI MepefaBaTh KPYTALIMM MOMEHT IMyTeM HX
BHeJIpeHUsI B 0a30BYI0 KOHMYECKYIO (PAaCKy 3aroTOBKH. DTH KOHCTPYKIUHU IIEHTPOB

BBI3BIBAIOT IMMOIPECIIHOCTHU

Puc.1.9
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Puc. 1.10
Puc. 1.11

0a3upoBaHUsl MPH TOJIYYEHUU OCEBBIX Pa3MEpPOB H3-3a HETOYHOCTEW BBITOIHEHHUS
[IEHTPOBBIX THe3/1 Wi 0a30BbIX (pacok. s TOYHON yCTaHOBKHM 3arOTOBKH MO JIJTMHE
MIPUMEHSIOT KOHCTPYKIHMIO «IUIaBarolero» mnepeaHero nentpa (puc. 1.12,0). Ilpu
MO/DKMME 3aroTOBKM 3aJHUM IEHTPOM €€ TOpell YHHpaeTcsi B TOpel KOHYCHOM
BTYJIKH, YCTAaHOBJICHHOW B OTBEPCTUU IIMHHJENS, YTO OOECIIEYUBAET MOCTOSHCTBO

0CEBOI0 I0JIOKEHHsI 00padaThIBaeéMON NapTUH 3ar0TOBOK.

i P—Puc.1.12 N

Ly Ly

JaKUMHBIE VCTPOUCTBA IIPUCIIOCOOJIEHU I

3aXKMMHBIE YCTPOWCTBA MPEAHA3HAYCHBI Il CO3JIaHMS HAJCKHOTO KOHTAKTa
3arOTOBKHA C YCTAHOBOYHBIMH JJIEMEHTaMH TPHUCIIOCOOJICHUN W MPEI0TBPAIICHUS
BO3MOYXHOTO CMEIICHUS U BUOpAIlMK 3arOTOBKH B MPOIECCE BHITTOJHEHUS OIEPAIIUH.
[Ipy mpoEeKTHPOBAHWM 3KMMHOTO YCTPOKMCTBA ClEIyeT B TIEPBYIO OdYEpelb
paccuyuTaTh HEOOXOIUMYIO CHUIYy 3akuma. JlJis 5TOro HaMeyaroT CXEMYy YCTaHOBKH
3arOTOBKH M OTPEICIIIIOT HAIIPABIICHHUS ACHCTBHS CHIIBI PE3aHUS U CHJIBI 3a)KHUMA.

Puc. 1.13

PaccmoTpum  MeTonMKy pacdeTa CHIBI 3aXUMa IS HEKOTOPBIX CXEM
obpabotku. Ha puc. 1.13,a moka3zanpl KomMnoHeHTHl P; u P, cumbel pesanus;
KOMITOHEHT P; HampaBjieH NpOTHB HWKHHUX ONOp, KOMIOHEHT P, cTpemuTtcs
CABUHYTH 3aroToBKy. CIBUT 3aroToBKH OyneT UCKIIOYEH TpHU COOJIOICHUN

HEpaBCHCTBA

P,<Qf;+(Q+Py)f,, (1.1)
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rae f; u f, — xoapuUIUEHTH TpeHHsI 3aTOTOBKUA O 3aKMMHBIM M yCTaHOBOYHBIN
AJIEMEHTHI IPUCTIOCOOTICHHS.
BBoas koagunment 3anaca K > 1, Haxoqum 3HaueHHUE 3a)KUMHOU CHITBI
Q = K(P2-f,Py)/(f,+1,). (1.2)

Koapouuuent tpenus f MOXKHO NpUHUMATh: MPU YCTAaHOBKE 3arOTOBKU Ha
wiockue onopel—~0,16; pu ycraHOBKEe HEOOPAOOTaHHBIMU ITOBEPXHOCTSIM Ha OIOPbI
co chepuyeckoit ronoBkoir — 0,18—0,3; mpu ycraHoBKe Ha OmOpsl ¢ pudIeHON
rojoBkoii — 0,7 u 6o:ee.

Koaddumment K 3aBUCUT OT KOHKPETHBIX YCIOBHI 0OPaOOTKH U 3aKPETUICHHUS
3aroToBKM W KoJjebnercs oT 1,5 mo 8, T.e. B JIOBOJbHO IIMPOKOM JHaria3oHe.
CyiiecTBeHHOE BIMsSHUE Ha 3HaueHue koapdunuenta K okaspiBatoT: 00paboTka Ha
YEepHOBOM PEKUME 3aroTOBKH, HMEIOIICH 3aMETHbIE HEPOBHOCTH IOBEPXHOCTH;
BO3pAaCTaHHUE CHUJIBI PE3aHMSI B CBSI3U C U3HOCOM PEXYILET0 MHCTPYMEHTA; KojieOaHue
pa3BUBAEMOM CHJIbI 3a)KMMa; HECTAaOUJIbHOCTh PACIIOJIOKEHUSI TOUYEK KOHTaKTa MpU
YCTaHOBKE 3arOTOBKH HA IJIAHKH.

[Ipu ycTaHOBKE M 3aKpEIJICHUH 3arOTOBKM B TPEXKYJIauKOBOM IMaTpoHE (puc.
1.13, 6) cuna 3a)xUMa OAHUM KYJIauKOM PacCUMTHIBAETCA MO GPopmyJie

Q = KM/(3fR), (1.3)

rie M —momeHT pe3anus; f — KodPPUIUEHT TpeHUs MEXKIY KyJIadyKoM H
3aroToBKOM; R — pannyc 3arotoBkm.

[Ipu ycTaHOBKE IIMIMHAPUIECKOMN 3ar0TOBKHU B MpU3MYy € yriom o (puc. 1.13,0)
B CITyyae CBEPJICHUS OTBEPCTHUS BJIOJb OCH OYIyT NEHCTBOBATH MOMEHT pe3anus M u
oceBass cuna pezanuss Po. Cuna Po Oyager BOCHpUHUMATHCA — YIOPOM
MPUCTIOCOOICHNS,, MOMEHT M—MOMEHTOM TpPEHHUsI B MECTaX KOHTaKTa 3arOTOBKH C
MOBEPXHOCTSAMHU MPU3MBI U B MECTE KOHTAKTa 3arOTOBKH C 3&KUMHBIM JIEMEHTOM.

CnenmoBaTelbHO,

KM =QRf, +QRi f,

. a
Sin —
2

Orcrona
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Q=KM /| Rf, + sza (1.4)
sin —
2/,

Ha puc. 1.13,2 nokazana cxemMa OJHOBPEMEHHOW PAacCTOUYKH JIBYX OTBEPCTUMA
OJTHOPE3LUOBBIMU CKAJIKAMH. YUYHUTHIBAas B3aHUMHOE PACIOJIOKEHUE PE3LOB, MOXKHO
O0KHUIATh ITOSIBJIEHUS HAUOOJBIIENH cABUTaomel cuiabl P = Pi+P, nin HanOOJIBIIIETO
MoMeHTa M = P1l; + Pyl,. YciioBust paBHOBecus onpenenarcs: U3 GopMmyir:

Q = KP/(f1+fy); (1.5)
Q=KM/L. (1.6)

[Ipu pacyeTe 3aKMMHOTO AJIEeMEeHTa MpuHUMaeTcs Oombiiee Q. s cHkeHus
3QKUMHOM CWJIbl IUNMHHAEIW JOJDKHBI BpallaTbcsl B Pa3HOM  HaIpaBJICHHH.
OnpenenuB  HEOOXOOUMYIO  3aKHUMHYK cuity (Q, MOXHO HPOEKTUPOBATH
KOHCTPYKIHIO 32)KMMHOT'0 3JIEMEHTA.

K 3aXHMHBIM 31€MEHTaM MPEIbSIBISAIOT CIEAYIOIINE OCHOBHBbIE TPEOOBAHHUS:
MPOCTOTAa KOHCTPYKIMHU M HAJEKHOCTh B paboTe; MOJHOE UCKIIOYEHHE CMEUICHUS U
BUOpAIMy 3aroTOBKHU B Mpolecce ee 00padOTKU; OTCYTCTBHE AepopMaliy 3arOTOBKU
U TOPYU €€ TOBEPXHOCTH; OBICTPOTA JEUCTBHS 3aKMMa MPU MUHUMAIBHOW 3aTpare
cu1 pabouero; 0€30MacHOCTh B pabore.

3aKUMHBIE YCTPOMCTBA JENSAT HAa DJIEMEHTapHble W KOMOWHUPOBAHHBIE.
OnemenmapHvle 3adXdCUMHbIE YCMPOUCMBA — O3TO MPOCTEUIINE MEXAHU3MBI,
UCIIOJIb3yeMble  JUISI  3aKpEeIUIeHWs  3arOTOBOK  WJIM  BBIMIOJIHAIONIME  POJIb
MIPOMEKYTOUHBIX 3BEHBEB B 00JIe€ CIOKHBIX 3QKMUMHBIX cucTeMmax. K aeMeHTapHbIM
3QKMMHBIM ~ YCTPOMCTBAM OTHOCSITCSI BHUHTOBBIE, JKCIIEHTPUKOBBIC, KIUHOBBHIE,
PBIYKHBIC, PEEYHO-PHIYaKHBIC U JIP.

Kombunuposannvle  3adxcumuvle ycmpoticmeéa TPEACTABISAIOT cO0OM coueTaHue
AJIEMEHTAPHBIX 3)KUMOB PAa3JIMYHBIX THUIOB, HAIPUMEP BUHTO-KJIWHOBBIC, KJIMHO-
PBIYAKHBIC, BAHTO-PBIYAXKHBIC U JIP.

Jlis  3aKkperuieHdss 3aroTOBOK C IUIOCKOM 0a30BOM MOBEPXHOCTHIO TPHU

00paboTke Ha NITU(OBANTBHBIX CTAHKAX M peXe MpU 00padOTKE METAUTMYECKUMHU

HHCTPYMCHTAMHU IIOJIb3YIOTCA MAIrHUTHBIMH, SJICKTPOMAIrHUTHBIMW W BAaKYYMHBIMH
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IUIMTaMd W TaTpPOHAMH. OTH YCTPOMCTBa 0OOECIeYMBalOT OBICTPOE 3aKpEIICHHE
3aroTOBOK U MPOCTHI B yrpaBieHuu. [Ipm oOpaboTke Ha TOKApHBIX, PEBOJIBBEPHBIX,
NUTU(OBANBHBIX M JAPYTUX CTAaHKaX MIMPOKO MPHUMEHSIOT IEHTPUPYIOIIE-3KUMHBIC
YCTPOWCTBA: KyJa4KOBBIE TIATPOHBI, [IAHTH, ONIPABKH, MEMOpaHHBIC TATPOHBI.

Jlns  oOseruenuss Tpyna pabodero U obOecrieueHus Oojiee OBICTPOTO U
HA/IKHOTO 3aKPEIUJICHUS 3arOTOBOK HCIOJB3YIOT CHJIOBBIE COOPOYHBIC €IMHHIIBI
3KUMHBIX  yCTpOMCTB. K HHM OTHOCATCS TIOPIIHEBBICE ITHEBMOTIPUBO/IBI,
MMHEBMOKaMepbl €  yOpyrumMu  guadparmMamu, TOPUIHEBBIE  THAPOIPUBO/IBI,
MTHEBMOTHPABINYECKHIE IPUBOIBI, DIICKTPOIIPHUBO/IBI.

PaccMoTpuM  KOHCTPYKTHBHBIE CXEMBbl HamOoliee  pacHpOCTPaHEHHBIX
3KUMHBIX 3JIEMEHTOB UM OCHOBHBIE PACUETHBIC 3aBUCUMOCTH. BHUHTOBBIE 3aKHMBI
(puc. 1.14,a) npUMEHSIOT B KAYECTBE CAMOCTOSATEIBLHOTO 3aKUMHOIO YCTPOUCTBA C
PYYHBIM 3aKpeIlJICHHEM, a TakKe B COUYETAaHWU C PBHIUYAKHBIM MEXaHU3MOM
(npuxBatbl). MOMEHT Ha BUHTE C TalKkoWl (pykosiTKe) Juisi oOecreyeHus
HEOOXOIMMOM CUJIBI 3aKperuieHus: Q onpeaesstoT no Gopmye

M = Q[rytg(oc+o)+f/3(D*-d")]/(D*-d?), .7

IE To,— CPEOHHMH paaMyc pPe3bOBl; 0. — Yyroia INoabeMa pe3bObl; ¢ —
MpUBEJACHHBIN yron Tpenus; f — kodddurnment tpenus; D — nuamerp omopHOM
MOBEPXHOCTH Taiiku; d,—muametp pe3bosnl. [Ipubmkenno M = 0,22 dQ.

BuHTOBBIE 3aKMMBI HEMPOW3BOIUTEIBHBI, HE OOECIIEUYUBAIOT TOCTOSTHCTBO
3)KUMHOM CHIIbI, TpeOyrOT 3aTpaThl MYCKYJIbHOW cumibl pabouero. Ilpu BbeiOOpe
JUTMHBI PYKOSITKMA 3axBaTa JJisl TallKu CIeAyeT y4ecTh, YTO YCHIIME Ha PYKOSITKE HE
n0JHO ObIThH Oosiee 150 H.

DKCLEHTPUKOBBIE 3aKUMBbI (puc. 1.14,6) ObICTpOAEHCTBYIOIINE, HO YCTYNAOT
BUHTOBBIM B cCHJIe 3aXnMa. MOMEHT Ha PYKOSTKE Ui OOECICYCHHS CHIIBI
3akperieHust Q onpeaensoT no Gopmyse

M = Q[R sing +ptesin(ate)], (1.8)
rie p — paguyc kpyra tpeus nandsr; p = rf, rae f — xosddurmenT TpeHms

B Handge; € — 3KCIEHTPUCUTET HKCLEHTPUKA.
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Ha puc. 1.14,6: R—panuyc skcnentpuka; O—och 3kcrieHTpuka; O; — och
rangel.

CraHnapTHble JKCUEHTPUKU  SBJISIOTCS  CaMOTOPMO3AIMMU. KiuHOBbBIE
sakuMbl  (puc. 1.14,0) OOBIYHO UCHONMB3YIOT KaK MPOMEXKYTOYHOE 3BEHO B
KOMOMHUPOBAHHBIX 32)KUMHBIX YCTPOUCTBAX. ITU 3aKUMbI TTO3BOJISIIOT YBEJIMYUBATD
U WU3MEHSATh HaNpaBJICHHE IepeaBacMOM CHUJIbl, OHM KOMIAKTHBI U TIPOCTHI B
nzrotoieHnd. HeoOxonumyro cuiy N 1 mepeMelieHrs KiIuHA ONpPEAeioT IO
dbopmyre

N = Q'tg(a+20). (1.9)

Peryaskaple 32)KUMBI TPUMEHSIOT B COYCTAHUHM C APYTHUMH 3JIEMEHTAPHBIMH
3akuMaMu. JIeHCTBys pbl4yaroM, MOXKHO HM3MEHUTh 3HAYE€HHWE U HAlpaBJICHUE
nepenasaemoit cuibl. Ha puc. 1.14,2 mokasan peryakHblil 3a)KUMHBIN d51eMeHT. Criry
Ha mToke N B 3aBUCUMOCTH OT HEOOXOIUMOM CHIIbl 3akuma npu 1,>1;0npeaenstor
o ¢popmyiie

N = (I, +1,/f, + 0,96p)/(1, — 1,F, - 0,4p), (1.10)

rae l; u I, — meun npuxsara; 3HaueHue p — cM. Gopmyay (1.8).

BuHTOBOM mNpuxBaT — COYETAHWE pblyara M BHHTOBOro 3axkuma. Ha pwuc.
1.14,0 noka3zaH BUHTOBOM MPUXBAT C PhIYaroM 2 aJisg 3aKperuieHus 3arotoBku 1. Cuiry
3axkuMa QQ onpenenstoT no hopmyie

Q = NL/(I1+1y). (1.11)

rae N — cuna npuxuMa peryara 2 railkou; Q — peaknus cuiibl Q B onope
peIyara.

Hauroseiii 3axkum (puc. 1.14,e) oOTHOCUTCS K Tpynmne eHTpUpyrouie-
32KUMHBIX 3JIEMEHTOB. [Ipu 3a)kuMe 3aroTOBOK I[aHTOBBIM YCTPONCTBOM BO3MOXHO
0CEeBOE CMeEIIeHHe 3aroToBKW. st oOecrieyeHusi ee TOYHOM YCTaHOBKH MO JJIMHE
npuMeHstoT ynopbl. Heooxonumyto cuiy N oceBoil mogaun 1aHT MpU OTCYTCTBUU
yropa ompeesstoT mo ¢popmMysie

N = Qtg(at+g), (1.12)

I'I€ @ — YIrOJI TPEHHSL.
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[TopuiHeBble MHEBMAaTHYECKUE YCTPOMUCTBA OBIBAIOT JBYCTOPOHHEIO JCHCTBHS
(puc. 1.14,01c), xoraa nepeMelIeHue NopuIHsa B 00€ CTOPOHBI MPOUCXOAUT OT CHKATOTO
BO31yXa, W OJHOCTOPOHHEro JEWCTBHs, KOrja oOOpaTHBIM XOA  IMOPIIHS
OCYILECTBIISIETCSA IO/ NABJICHUEM IPYKUHBI. /[MamMeTp MOpIIHSA B MEPBOM Cllydae

onpenenseTcs no Gpopmyie

D = /4Q/(mp1), (1.13)
a BO BTOpOM cnyqae
D = /4(Q + Pnn)l(mp7), (1.14)

rae D —auameTp nunuHapa; p—naBieHUe CKaToro Bo3ayxa, pasuoe 0,4 + 0,6
Mlla; n — KIIJI mopmneBoro mwmmaapa (m = 0,85 + 0,9); Pnp — cuna Ha
MPEOI0JICHUE COMIPOTUBIICHUSI BO3BPATHOU MPYKUHBI.

Jiist ipucnoco0eHnit HeOOIBIIUX Pa3MEPOB ITHEBMOIMIMHAPHI OKAa3bIBAIOTCSA
CJIMIIIKOM FPOMO3JAKUMH M BMECTO HUX y100HEE MPUMEHSTh MTHEBMOKAMEPHI.

[IpruMeHeHne MHEBMATHUYECKUX 3aXUMHBIX YCTPOMCTB IO CPaBHEHHUIO C
PYYHBIM 32)KUMOM COKpaIllaeT BpeMs Ha 3aKperieHne 3aroToBok B 5—10 pas.

Ha crankax ¢ rujapaBIdyecKuM TMPUBOJIOM MPUMEHSIOT THAPABINYECKUE
3aKUMHBIE ycTpoiicTBa. I[lo mpuHiumy paboThl OHU HE OTJIMYAIOTCA OT
MMHEBMATUYECKUX, HO 00Jiee KOMIAKTHBI, TOCKOJBKY JAaBJIE€HHUE Macia JI0CTUraeT 6—
8 MIIa. Ho rugpaBnnyeckue 3aKUMbI CII0KHEE B DKCIUTyaTalUU.

B HacTosimiee Bpemsi MOJIy4arOT PaclpOCTPaHEHHWE IHEBMOTHIPABINYECKUE
3KUMHBIE YCTpPOMCTBa, MpEACTABISIIONIME cOOOW MexaHu3M-ycunurtelb. Ha puc.
1.14,3 mokazaHa cxeMa ruApaBiIndeckoro ycuiautens. CkaTblii BO31yX M3 IIEXOBOM
CETU MOCTYMAEeT B MHEBMOIWIMHAP aAuamerpom D. Cuasumuii Ha OAHOM IITOKE C
MOPIIIHEM 3TOTO IUJIMHJIpa TMOpPIIeHb, MeHbIero auamerpa d cxkumaer macio. Ha
nopiieHb D; rugpoycunrens OyaeT NeicTBOBaTh YACIBbHOE JaBICHHUE, MPEBBIIIAIO-
mee JaBJICHME BO3JyXa B IIHEBMOCETM Ha 3HAYCHHUE {D/d)z. bonpmmm
MPEUMYIIECTBOM MPUMEHEHUS] THAPOYCUIIUTENICH SBIISIETCS OTCYTCTBUE CJIOXKHOM

CHUCTEMBI TUAPONPUBOJA.
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I[CTaJ'II/I JUIA HAIIPaBJIICHHWA U YCTAHOBKHM MHCTPYMCHTA, BCIIOMOI'aTCJIbHBIC VCTDOﬁCTBa

M KOPITyca MPUCHOCOOIEHUN

Jlemanu Ona manpaenenuss uncmpymenma. Jjis HampaBlieHUs HHCTPYMEHTA
pu 00pabOTKE MPUMEHSIOT KOHIYKTOPHBIE BTYJIKHU JIJISi CBEPJICHUS, 3€HKEPOBAHUS U
pa3BepThIBAHUA OTBEPCTUH, BTYJKH JJi HalpaBJIEHUS PACTOYHBIX CKaJIOK
(6oprTaHT), KOMUPHI 7151 00pabOTKH (haCOHHBIX MOBEPXHOCTEH.

KoHmykTOpHBIE BTYJNKH JJIS CBEPIAWIBHBIX TPHUCTIOCOOJICHWIA  OBIBAIOT
MOCTOSIHHBIC, CMEHHBIE, OBICTPOCMEHHBIE U crienuaibHbie. [locTosiHHBIE BTYIIKH (pHC.
1.15,a) BHpeCCOBBIBAIOT C TIyXOW MOCAAKOW B KOPIYC MNPUCTOCOOJEHUS WU B
KOHIYKTOPHYIO IUIMTY ¥ HCHOJB3YIOT TpH 00pabOTKE OTBEPCTHUS OTHUM

HHCTPYMCHTOM B YCIIOBUAX MGHKOCGPHﬁHOF O 1 CAMHHUYHOI'O IIPONU3BOACTBA.

Puc. 1.15

a) 5) | 6l

Cwmennble BTynku (puc. 1.15,0) HOpuUMEHSIIOT B TPHUCIIOCOOJICHUSX ISt
KPYITHOCEPUUHOTO M MacCOBOTO MPOM3BOJICTBA. BBICTPOCMEHHBIC BTYJKH (pHC.
1.15,B) mpenHa3HaveHbl 11 00paOOTKU OTBEPCTHS HECKOJIBKHMH TOCIIECI0OBATEIHHO

CMCHACMbBIMHU HHCTPYMCHTAMMU.

a-=const

2 G

A
L__ ] . L

Puc. 1.16

Mexay TOpIIOM BTYJIKHA U MOBEPXHOCTHIO 3arOTOBKH OCTaBIIIOT 3a30p: MPH
cBepieHnn Xpynkux metamwioB 0,3—0,5 d, a mpu cBepiieHUH CTalK U IPYTHX BI3KHX
metaiioB 1d (d = auamerp cBepieHus). ITo HE0OX0oAUMO ISl oOecredueHus: copoca

CTPYXKH B CTOPOHY.
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Ha nuameTp oTBepcTUsI KOHAYKTOPHBIX BTYJIOK YCTaHABIMUBAIOT JOMYCK IO 6-
My KBJIUTETY TOYHOCTH B CUCTEME BaJla JIJIsl MPOXOJAA CBEPJ U 3€HKEPOB C MOCAIKOM
F8, a s pazBepTok — ¢ nmocajakout G7.

Marepuanom i BTYJIOK IIPU CBEPJICHUU OTBEPCTUS JUAMETPOM MEHEE 25 MM
cnyxkart ctanu Mapok Y10A, Y12A unmu 9XC, a ans BTYJOK AMAaMETPOM CBbILIE 25
MM — ctainu Mapok 20 uiu 20X ¢ nemeHramnued Ha riyouny 0,8-1,2 mM. Ilocne
TepMOOOpabOTKK BTYJIKU AOKHBI UMeTh TBepAocTh HRC 62—64. KonaykropHbie
BTYJIKH HUMEIOT CpPOK Ciay*kO0bl 10—I15 TBhIC. TEXHOJOTHMUYECKUX IMEPEXOJI0B.
[IpuMeHeHue TakuxX BTYJIOK MO3BOJISIET YCTPAHUTh Pa3METKy U MOBBICUTh TOYHOCTH
00paboTKH B CpeIHEM B 2 pa3sa.

B npucnocobnenusx ajis pacTOYHBIX paldOT MJisi HalpaBieHUs OOpUITaHT
MIPUMEHSIOT HEMOJABUKHBIE U Bpalllalomrecs: BTyJIku. Ha BHyTpeHHeN MOBEpXHOCTH
BTYJIKH, PACIIOJIOKEHHOW B OJIMKaWIIEd K IIMUHIEII0 CTOWKE MPUCIOCOOICHMUS,
MPOPE3ar0T MPOJOJBHBIN Na3 JUIsl MPOX0Ja Pe3I0B OOPIITAHTH B MPOIIECCE HAJIAKU
orepanuu.

[Ipu o00paboTke (acOHHBIX TIOBEPXHOCTEH HA TOKAPHBIX, (PPE3EPHBIX,
nUIMGOBAIBHBIX W JIPYTUX CTaHKaX MPUMEHSIOT MNPHUCIOCOOJIEHUS, OCHAIIICHHBIC
konupamu. Ha3HaueHne KomupoB — OOECHEUYUTh NEPEMEUICHHE PEXYILEro
WHCTPYMEHTA OTHOCHTEIIbHO 3arOTOBKW JUIsl TOJY4YEHHUs 3aJaHHOrO (PaACOHHOTO
npoduns obpabarbiBaeMoil moBepxHocTH. Ha puc. 1.16 mokazana oaHa U3 cXxeMm
dbpe3epoBaHus 3aroTOBKMA 10 KOMUPY METOAOM KpyroBod momauun. OO6paboTka
BEJIETCS Ha BEPTUKAIbHO-(pe3epHOM CTaHKe. 3arotoBka 1 m Komup 2 BpalaroTcs
BOKpYT 0OIIlei OCHU ¢ MOCTOSIHHOW YIJIOBOM CKOpOCThi0. CTOJN CTaHKa pa3oOIIeH C
BHUHTOM NPOJIOJIBHOM MOJAaud, a POJIMK 3 MPHKUMAETCS K KOMHUPY MOJ JEHCTBHUEM
rpy3a WiW THEBMaTthueckoro npuBoga. [Ipu naHHON cxeme 00pa®OTKU MPOPUIIb
KOIHpa OTIMYAETCS OT MPOQMIIST JeTalu, TaK KaK OCH poJrKa U (Ppe3bl He JiexaT Ha
OJHOM IPSIMOW M CMELICHBI HA PACCTOSIHUE a. M3roToBiIeHHE KOMMPOB TPYIOEMKO U
11eJ1€CO00pa3HO MPU CEPUIMHOM U MACCOBOM MPOU3BOJICTBE JIETANICH.

Hemanu ona ycmanosku uncmpymenma na pazmep. [lpu o0paboTke 3aroToBOK

MCTOAOM AaBTOMATHYCCKOI'O IIOJNYYCHHA 3aJdHHBIX pPasMCpoOB JIAd o0eryeHms
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HaJaJKd U MOJHANAJKU CTaHKa IPUMEHSIOT BBICOTHBIE M YIJIOBbIE yCTaHOBBI. Ha
puc. 1.17,a noka3aHo NpUMEHEHHE BBICOTHOI'O YCTAaHOBA JJII KOHTPOJISI MOJIOKEHHS
¢pe3bl 1o BbicoTe. Mexy ¢pe3oit 1 u yctaHoBOM 3 pazMeniaeTcs Uy 2 TOJIIIHMHON
h. Pasmep H yka3biBaeMblil Ha dyepTeke MPUCIIOCOOJIEHUSI OT OMOPHOI MOBEPXHOCTU
BMECTE€ C TOJIIMHOW IIyna h paBeH mollydaeMoMy pasmepy Ipu 00paboTke
3aroTOBKM Ha JaHHOW orepauud. lIprimeHeHue miyna mpu HacTPOMKE IO3BOJSET
PacCIoJIOKUTh TTOBEPXHOCTh YCTAHOBA HHM)KE 00padaThIBAEMOIl OBEPXHOCTH, YTO HE
MEIIAET IPOXOY PEXKYIIEro HHCTPYMEHTA, a TAK)KE IMOBBIIIAET TOYHOCTh YCTAaHOBKH.

Ha puc. 1.17, 6 nokazaHO HCMOJIb30BAHHUE YTJIOBOIO YCTAHOBA: JHCKOBas
(dpesa 1 opueHTupyetcs s 00pabOTKH Mas3a ¢ MOMOIIbIO yCTanoBa 3 ¥ JBYX IIyIOB
2. YCTaHOBBI KPEIAT Ha KOPITyCce MPUCTIOCOOIEHMUS.

Puc. 1.17

Y cTanoBbl U3roTOBIAIOT W3 cTanu 20X, meMeHTHpyIoT Ha riryouny 0,8-1,2 MM

Y MIOJIBEPraroT TepMOOOpaOOTKE.

g’

Bcnomorarenbnble ycrporictBa. K BCioMOrarenbHbIM yCTPOWCTBAM OTHOCST

MEXaHU3MBbI, UMEIOIINE BTOpOCTENICHHbIE (QyHKIMH. Hanbonee yacTto BcTpedaroTcs
MOBOPOTHBIE M JENUTENbHBIE YCTPOWCTBA, MPUMEHSEMbIE B MHOTOMO3UIIMOHHBIX
MPHUCTIOCOONCHUSIX sl TpUAaHus oOpabaThiBaeéMO  3aroTOBKE  Pa3IMYHBIX
MOJIO’KEHUH OTHOCUTENFHO pabovyero MHCTPYMEHTA.

JlenuTenbHBIE yCTPOWCTBA COCTOAT W3 TOBOPOTHOW YAaCTH C ACIUTEIHHBIM
muckoM 1 (puc. 1.18,a), Ha KOTOpPOM 3akperuIsiloT 3aroToBKy, U (pukcaropa 2,
CMOHTHPOBAHHOTO B HEMOJBMKHOM dYacTh mpucnocoOnenus. Haubombiuee
pacrpocTpaHeHHe MOoy4yalu KIMHOBUAHBIA (huKcaTop, MmokazaHHbIA Ha puc.l.18.a,
¢bukcarop-nanen (puc. 1.18,0) u duxcatop ¢ KoHWYECKON pabouel yacThio (puc.
1.18,8), ympaBisieMblii pyKOSITKOM, 3aKpETJICHHOW HA peeYHOM 3yO0uaToOM KoJiece.
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Ecnu K TOYHOCTH [EIUTENBHOTO MEXaHW3Ma HE MNPEIbSBISIOT BBICOKUE
TpeOOBaHMS, TO UCTIOJIL3YIOT MAPOBOU (PUKCATOP.

K  BcrmomMorarenbHbIM — 3J€MEHTaM  MPHUCIOCOOJEHUN  OTHOCAT  TakKke

BBITAJIKUBATEIIN, YCKOPSIOMIME BHIEMKY U3 MPUCIOCOOICHUN HEOONBIINX 3arOTOBOK,

Pa3JINYHBIC 6BICTpOI[CﬁCTBYIOHIHC 3alICJIKU 1 OTKHUJIHBIC BUHTEI.
Puc. 1.18

KODHVC& HDI/ICHOCO6HGHI/II‘/JL Kopnyc SIBIIICTCS  0a30BBIM QJICMCHTOM,

O6’[>€I[I/IH$IIOH_II/IM B CAMHOC 1CJI0C BCC APYTUC SJICMCHTBI HpI/ICHOCO6HeHI/I$I.

KOpHyC BOCIIPUHUMACT CHWJIbI PC3aHMA, BEC 3arOTOBKHM MW CHJIBI, 3a)XKUMAIOIHC

a) 5) N

il
&

LAY ENS

I V LA

\Sé%é\ s\ /, rl

0

3arotoBky. K kopmycam mOpeabsBISIOTCS TPeOOBaHUS JIOCTATOYHOM KECTKOCTH U

2 ”ﬁ%/ﬂ///j

MPOYHOCTH, Y0OCTBA YCTAHOBKHU M CHATHS 3arOTOBOK, JIETKOCTH YJJI€HUS CTPYKKH,
KOMIIAaKTHOCTH U YCTOMYMBOCTH, IIPOCTOTHI TEXHOJIOIMU MX U3rOTOBJIeHU. Kopmyca
OOBIYHO M3rOTOBJISAIOT JUTBIMM W3 yyryHa CYUI12—28, cBapHbIMH U3 MpoKaTa,
COOpPHBIMU M3 HOPMAJIM30BAHHBIX JAETajell U pexxke u3 IuiacTMacc. JIuTele Kopmyca
MPUMEHSIOT JUIsl KPYNHBIX M JKECTKMX HpucrnocoOsennd. B HacTosiiee Bpems
MOJy4aroT PaclpOCTPaHEHUE CBapHbIE Kopryca u3 crtaau mapku CT 3, KoTopble
MpoIlle B U3rOTOBJICHWHM M JemeBiie JUThIX npumepHo Ha 30 %. Opnnako
BUOPOYCTOMUMBOCTh CBapHBIX KOPIYCOB HECKOJIbKO HMXKE JUTHIX. YUyryHHBIE
KOpITyca ITOABEPraloT CTAPEHUIO, & CBAPHBIE — OTKUTY.

B cepuitHoOM 1 B 0COOCHHOCTH B MEJIKOCEPUHHOM MPOU3BOJICTBE MPUMEHSIOT
Takke cOopHble Koprmyca. OHU MeHee KECTKHUE, YEM JIUThIE, HO TPYJOEMKOCTh HX

HU3TrOTOBJICHUA MCHBIIIC.
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IIpakTudyeckoe 3ausatTue Nol

Tema: «PacuéT 0OCHOBHBIX MapaMETPOB MPUCITIOCOOICHUI

Heun: [TomyynTs NpakTHYECKHE HABBIKA B pACUETE OCHOBHBIX ITAPaMETPOB
MIPUCIIOCOOJICHH, TPUMEHSEMBIX IPU TPOU3BOICTBE 3JIEMEHTOB CTAPTOBBIX U
TEXHUYECKUX KOMILUIEKCOB.

3agaua Nel. [Ipu cBepamibHbIX paboTax oOpabaTbiBaeMasi e€Tajib HaXOAUTCS
II0J1 IEUCTBUEM KpyTsero momeHta MKp u cwiibl nonauu Px, HanpaBIeHHON BJIOJIb
OCH CBE€pJa M JACUCTBYIOLIEH B TOM K€ HAIIPABJICHUH, YTO M YCHIIME 3aKMMA B IIPU-
CHOCOOJIEHNH, MPUKUMaroIlee 00padaThiBaeMyl0 J€Talb K OMOPHOM MOBEPXHOCTH.
W3BecTHBI crenyromue ucXonHbie gaHHble (d -auamerp cBepiieHHS MM, M -
KO3 uIHeHT cueruieHus; K, - KoaQQHUIMEeHT, yYUTHIBAIONIHIA 3aTYIUICHUE CBEpJia U
HEOJIHOPOJHOCTh oOpalaTeiBaeMOro marepuana; R - paccTossHMEe OT ULEHTpa
CBEPJICHMS 10 LIEHTPA JETAIW MM; I' -PACCTOSIHUE OT CEPEIMHBI ONOPHOW IIJIOIIAIKN
10 LEHTpa AETalld, MM. @ -I0JIOBUHA yTia MPU3MBIL, epad - TpedyeTcs ONpeaeiauTh
ycuire 3axuma P3 mpu 3akpersieHuu noCcpeACcTBOM:

a) HaKJIaJTHOT'O KOHIYKTOpa

0) mpu3MbI

3agaua Ne2 Ilpu ¢pesepubix paborax oOpabarbiBaeMas JeTallb HAXOJUTCS
MOJI IEWCTBUEM TOJIBKO cviibl mogaun Px u cuiel Tpenus T. M3BecTHBI cneayromue
UCXOJIHBbIC TaHHBIC - M - KO3 GUIMeHT cuerienus, K - ko3 puiuneHT HaaeKHOCTH -
TpedyeTcs onpelenuTh ycuiue 3axuma P3 npu:

a) TopleBoM Ghpe3epoBaHUU

0) ppe3epoBaHUM MIIIMHAPUUISCKON hpe3oit
OTYEeTHOCTH MO KAXKIAOMY 321aAHUIO:
1.IIpencTaBuTh 3CKU3 U PACUETHYIO CXEMY.

2. Pe3ynbratel pacuera

Taoauna 1
Bapuant Ne | 1 2 3 4 5 6 7 8 9 10 11 12 13
P,k 20 | 22 24 26 28 30 32 34 36 38 40 45 50

T, MM 03| 05 0.4 0.5 0.5 0.6 0.7 0.8 0.7 0.8 0.8 0.9 1.0
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d. MM 10 | 12 16 18 20 22 24 28 30 32 36 40 42
Mo kImv | 85 | 107 | 146 | 165 | 184 | 21,4 | 225 | 264 | 29.0 | 315 | 36.8 | 386 | 410
Ke 15
@, rpaj 45
K 2,0
T k[ 10 | 12 14 16 18 20 22 24 26 28 30 36 40
R 3 4 5 3 4 5 3 4 5 3 4 5 3
n 015 02 | 015 | 02 | 045 | 02 | 045 | 02 | 015 | 02 | 015 | 0,2 | 015

Pucynok. CxeMsl 3aKperieHus AeTajeil npu cBepieHuH, ppe3epoBaHUH U pacTauHBaHUH

3amaya Ne3 Banmk 3aKpeIuUICHHBIM B ITATPOHE C KOJWYECTBOM KYJIAYKOB X U
KO3((UIUEHTOM CIEIUIEHUsI N, 00TaYMBaeTCsl C ONpeAesIeHHOW cuiioil pezaHus P,
[Tpu W3BECTHBIX MCXOHBIX JAHHBIX - OTHOIICHWHU BBUIETA 3arOTOBKU M3 MaTpoHa | k

3AKHUMACMOMY JHaAMCTPY 3arOoTOBKH d ¥ OTHOIIEHHWH 3a)KUMAaeMOTO AuaMCeTpa

3arotoBku 0 k auamerpy oOpaboTku d; TpeOyeTcs ompeaenauTh ycuiue 3axuma P3
MpY O0TAYMBAaHUH BaJMKa C 3aKPETUICHUEM B ITaTPOHE.

3amaya Ned Brynka 3akpersieHHasl B IIaHT€ U Ha ONPABKE C YIjoM TPEHHUS B
IIaHTe (), TIOJIOBUHOW yTIJIa TMPW BEpIIMHE KOHYca IMMAaHTH O W KodhdumueHTOM
CIETUICHHS [, 00TAYMBACTCS C ONpPEICICHHBIMH MOMEHTOM Mpe3 U CHIION pe3aHus
P,. [Ipu U3BECTHBIX UCXOMHBIX JAHHBIX - BEJIMUYUHE BHLICTA 3aTOTOBKH M3 MaTtpoHa 1,
3aKMMaeMOM JauameTpe 3arotoBkd d u  guamerpe oOpabotku di-TpeOyetcs
OTpeNeNUTh YCuiaue 3axumMa Pp mpu o0TaunBaHUY BTYJIKH:

a) C 3aKpeIJICHHEM B LIaHTE;

6) Ha YKECTKOM OIIpaBKE € TOPUCBLIM 3 KMMOM OT ITHCBMOIIPHUBO A,
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B) Ha OINPABKE C pa3KMMHOU BTYJIKOM.

OTYeTHOCTDH MO KAXKIOMY 3aJaHHIO:

1. IlpencTaBUTh 3CKU3 U PACUETHYIO CXEMY.

2. IlocTpouTh MHTEPNOAMOHHBIN rpaduk 3aBucumoctu 1/d ot k. mo tabuie 3

3. Pe3ynbraTel pacuera

Tao6auma 2
Bapuant Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
P, xI' 200 | 220 | 240 | 260 | 280 | 300 | 320 | 340 | 360 | 380 | 400 | 450 | 500
I, Mm 30 35 40 45 50 55 60 65 70 75 80 85 90
d, Mm 10 12 16 18 20 22 24 28 30 32 36 40 42
dy MM 85 | 10,7 | 14,6 |165 | 18,4 | 21,4 | 22,5 | 26,4 | 29,0 {315 | 36,8 | 38,6 | 41,0
tgo 0,2
a,rpajn 15
dy Mm 1,02 d
d.’ mm 1.15d
3 4 5 3 4 5 3 4 5 3 4 5 3
n 02 | 022 | 0,25 |0,28 0,3 (0,32 036 | 038 | 04 |042 (045 047 0,5
Tadanma 3
I/d 0,5 1,0 1,5 2.0
Kk 1 1,5 2,5 4,0
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I
TEXHOJIOI'USAA CBOPKH Y3JI0B CUCTEM U OBOPYAOBAHUA

Cgenennsi M3 TeOpUN

36eno pasmepnoii yenu — pasMep, ONPEACIAIONMNA OTHOCUTEIbHOE
paccTosiHUe WM TOBOPOT MOBEPXHOCTEH neTaneil nim ux oce (y Tea BpalleHus —
oOpazyromux). Ha puc.2.1 moka3aHO HECKOJBKO 3BEHBEB PA3IMYHBIX Pa3MEPHBIX
Henei, onpeAeNIoNuX PacCTOSHUS MEKIY MOBEPXHOCTSIMU JIeTallel MIIM X OCSMHU,
a Ha puc. 2.2 — MpUMEPbl 3BEHBEB, MOKA3bIBAIOIINX OTHOCUTENIbHBIE MOBOPOTHI

IIOBEPXHOCTEM JETAJIEU U UX OCEH.

" AN

o
18

- d,

2 .

Puc. 2.1. [Ipumepsl 3BeHBEB pa3MEPHBIX IIETIEH, MOKA3bIBAIONINX PACCTOSHUS (Pa3Mephl) MEKITY

ITOBEPXHOCTSAMM JIeTaei

OTKJIOHEHHSI OT NEPHEHIUKYISIPHOCTH TIO3HAIOTCA YE€pPe3 OTKIOHCHUS OT
napasuieIbHOCTH. B MpakTuKe MalllMHOCTPOEHUS JIJIsi STOT0 TEM UJIM UHBIM CIIOCOO0M
(Hampumep, C TIOMOIIBIO YrOJIbHWKA, PAMHOTO YPOBHS) BOCCTaHABIMBAETCS
MEPIEHAUKYIISIP K MTOBEPXHOCTH, OTHOCUTEIBHO KOTOPOM MPOBEPSAETCS OTKIOHEHUE
OT MEPIEHAUKYJSIPHOCTA JpPyrol MOBEpXHOCTH. [I0 OTKIIOHEHMSIM TpPOBEpPAEMOU
MOBEPXHOCTU OT MAPALICILHOCTH 3TOMY MEPHEHINKYISPY CYyAsIT 00 €€ OTKIOHCHHUH
OT MEPHEHIUKYJISIPHOCTU OTHOCUTEIIBHO TOW MOBEPXHOCTH, K KOTOPOW OHA JOJKHA

OBITH MEPIICHANKYIISIPHA.

CxeMaTH4ecKd H3JI0)KEHHOE M300pakaeTcsl MyTeM IMPOBEACHUS HITPUXOBOM

JUHUEH TEepIeHIUKYsIpa K TOBEPXHOCTH, BHIOpaHHOW 3a 0a3zy, W COCIUHEHUS

TTOBEPXHO( 4 4 A A MIEHUKYIISIPHA,
OJTHOCTOPC - | __- e H /mc- puc. 2.3.
N - vz i1
b & 5 b
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Puc. 2.2. [Ipumepsl 3B€HBEB pa3MEPHBIX IENEH, MOKA3bIBAIOLINX OTHOCUTENIBHbIE ITOBOPOTHI

IIOBEPXHOCTEN JeTaJIeH

%{\5"0"

p VAT e

Puc. 2.3. YcnoBHoe 0003HaYeHHE OTKJIIOHEHUS OJHOU IMMOBEPXHOCTU JETAIH OT

NEePIEeHIUKYISIPHOCTU APYTOi

HUcxoonoe uiu samvikaruiee  36€HO pasmepﬂoﬁ yenu — 3BCHO,
HCIIOCPCACTBCHHO CBA3BIBAIOIICC ITOBCPXHOCTHU HJIIN OCH ,Z[eTaHeﬁ, OTHOCHUTCIBHOC

PaCCTOAHUC UJIN ITIOBOPOT KOTOPBIX H€06XOI[I/IMO 00CCIIeYNTh UJTH HU3MCPUTDb

Puc. 2.4 Tlpumep MCXOTHOTO 3BEHA

[IppuMepoM MOXKET CIYKHTh PACCTOSHHE MEKIY OCAMHM LIEHTPOB CTaHKa B

OJTHOM 3 TToCcKoCTeH (puc.2.4).

HcxoOnvim Ha3bIBAIOT 3BEHO B TEX CIIydasiX, KOTJa C 3TOr0 3B€Ha HAYMHAETCS
MOCTPOEHUE pa3MEPHOM MEeNH, NPU IMOMOIIM KOTOPOH pelmaeTcs MNOCTaBIICHHAS

3aaya.

3amvikarowum HaA3BIBAIOT 3BEHO, KOTJAa OHO, BKJIIOYASCh IOCIACIHUM TPU
MOCTPOEHUM Pa3MEPHOM 1IE€MHU, COCIMHAECT IIOBEPXHOCTH WM OCH JIETaJIeH,

MOJIOKEHUE KOTOPBIX TPeOyeTcss 00€CTIeUnTh UITH H3MEPUTh.

B oTinune oT ocTaNbHBIX 3BE€HBEB, MCXOIHOE WJIM 3aMbIKAIOIIIEEe 3BEHO YA00HO

0003HauaTh OyKBaMH C 100aBIECHUEM CIIpaBa BHU3Y UHAEKcA A, HarpuMep Ay, by, oa

» Pa
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Cocmaenaowee 3BEHO pa3MEPHOM LENU - 3BEHO, W3MEHEHUE BEIMYHMHBI
KOTOPOTO OKa3bIBACT BIMSHUE HA BEJIMYMHY UCXOJHOTO WJIM 3aMBIKAIOIIETO 3BEHA.

COCT&BJI?IIOI]_[I/IMI/I SABJIAAIOTCA BCE 3BCHbBIA, UCKIIIOYAsA NCXOAHOC NJIIN 3aMbIKAIOIICC.

Yeenuuuearowee 3B€HO — 3BEHO, C YBEIMYEHHUEM KOTOPOIO BO3pacTaeT
UCXOJHOE WM 3aMblKaronlee 3BeHo. [Ipum pa3mepHOM aHanm3e yAO0OHO Haj
0003HaYEHHEM YBEIMYMBAIOIIETO 3BEHA, CBEPXY, CTABUTh CTPEIIKY HAIIPABICHHYIO

BITpaBo (puc. 2.5).

SN 2
e | \

Puc. 2.5. O603HaueHne yBETUUYUBAIOIINX U YMEHBIIAIOIINX 3BEHHEB

Vmenvwaiowee 3B€HO — 3BEHO, C YBEIMYEHUEM KOTOPOTIO YMEHBIIAETCS
MCXOJHOE WM 3aMbIKarolee 3BeHO. JJist OTJIMUKS OT OCTaJbHBIX 3B€HBEB YJI00HO HAJl
0003HaUE€HNEM YMEHBINAIONIETO0 3BEHA, CBEPXY, CTABUTH CTPEJIKY, HAMPABICHHYIO

BJIeBO (puc. 2.5).

Komnencupyrowee 3BeHO — 3BEHO, B pe3yJibTaTe W3MEHEHUS BEIMYHUHBI
(pa3mepa 1 MoBOPOTa MOBEPXHOCTEN) KOTOPOTO MOTJIOMIAETCS (TACUTCS) U3ITULIHSSA
MPOTUB JIONYCTUMOW BEIMYMHA OTKJIIOHEHHS 3aMbIKAOIIEro 3BeHa. Jljisi oTiuuusi oT
JIPYTUX 3BEHbEB HU(PPOBOE MM OyKBEHHOE 0003HAYEHHUE KOMIICHCUPYIOIIETO 3BEHA

3aKJII0YAETCS B IPSIMOYTOJIbHYIO PaMKy, HAalIpUMep

As | 4055 [Ps
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Puc. 2.6. Komniencupyroriee 3B€HO B BUJIE pa3Mepa TOJIIMIKUHBI [IPOCTaBOYHOTO KOJIbLIA

[Mpumepom KomMmeHcUpyromero 3BeHa (puc.2.6) sBisieTCs pa3Mep TOJIIIHHBI
MIPOCTABOYHOI0 KOJbI[A, U3MEHEHHEM KOTOpPOM oOecnedynBaeTcss TpeOyeMbld aJis
NPaBWIBHON pabOThl COENMHEHUs 3a30p A, MEXAy TOPIOM 3yOuaToro kojeca U

IIPpOCTAaBOYHOI'O KOJIbIIA.

Obwee 3BEHO — 3BEHO, OJHOBPEMEHHO NPHHAIJIEKAIIEE HECKOJIbKUM
pa3sMEpHBIM 1IEMSIM; 0003HAYaeTCs HAJICKAIMM KOJUYECTBOM Pa3IMYHBIX OYKB
(0003HayarOMUX COOTBETCTBYIOIIUE II€TH), MEXIY KOTOPBIMH CTaBSTCS 3HaKU

paBeHcTBa. B kauectBe mpumepa Ha puc.2./ MOKa3aHbl TpU

I—¥,
e . 909
b | pa3MepHBIe 1ICIIN BCpTHK&HBHO-CBCpHI/IHBHOFO CTaHKa,
I
y=f3%, GLJ nMerompe obmee 38eHO. C MOMOIIBIO ATUX Pa3MEPHBIX
|
1enel pemarTcs 3aJa4M JOCTHKEHHUS:

1) nepneHANKyJIApPHOCTH paboyell MIOCKOCTH CTOJIA CTaHKa

OCH BpaIleHUs MIMUH eI (LIeThb o),

2) TEPHCHIUKYJISIPHOCTH PadOYeH IJIOCKOCTU IUIUTHI OCH

| Bpamenus mmuHAens (1emns B);

[

Puc. 2.7. Tpu pa3mepHsIe €N, .
UMEIOIIIHE OHO OOIIEe 3BEHO 3) nmapamjiaCiIbHOCTH OCH IIIIUIICBOM BTYIIKH KOpO6KI/I

CKOPOCTEW OCH BpalIeHUs IIMUHJES B BEPTUKAIBHOM MIOCKOCTH (IIENb Y). DTU TpU

e UMEIOT OJIHO O0IIEe 3BEHO.

Ilnockasa pa3MmepHas 1enb — IEMb, BCE 3BE€HbSI KOTOPOW HAXOMATCS B OJIHOMU
WM HECKOJBKHUX MapajUIeNIbHBIX TUIOCKOCTSX M MOTYT OBITH CHPOEKTHPOBAHBI 0€3

HN3MCHCHUS UX BCIIMYHWHBI HA OJIHY IINIOCKOCTD.
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IIpocmpancmeennas pasMepHas LENb — pa3MEpHas Lelb, COACPKaIas XOTs
OBl OJTHO 3BEHO, HE YIOBIIETBOPSIONIECE YCIOBHUSAM IUIOCKOW pazMepHol unemnu. [Ipu
pacueTax M aHaJu3€ BCE 3BEHbS LIENIM MOTYT OBITh CIPOEKTUPOBAHBI HA TpU
KOOPJIMHATHBIE IJIOCKOCTH, M, TAKUM 00pa30M, IPOCTPAaHCTBEHHAsl pa3MepHas LEIb

MOKET OBITh IMPUBCACHA K TPEM IINIOCKUM PA3MCPHBIM LCIISAM.

Kpamuaiiwas (ocnosnas) pa3mepHasl 1enb—IIellb, BCE 3BEHbSI KOTOPOM

HCTIOCPCACTBCHHO YYaCTBYIOT B PCIICHUHU MMOCTaBJICHHOMN 3aJa4H.

A8 Aﬂ A’ Aj ’A’fr
=44, v o A, N g S
N7 e VD it Y IADIIILY, 77 .

0 I — "
! ’ Asl_ i &'
7

Puc. 2.8 Kparuaiimas (ocHOBHas) pa3MepHasi 1elb

1

F

I
an

. \{r
",
NG

Hepenko HeKoTOpble 3BEHbsI TaKWX pPa3MEPHBIX IeTeld HEeyAOOHBI I
M3MEPEHHS] WM UX HEBO3MOXKHO HEMOCPEACTBEHHO WM3MEPUTH WIIU TMOJYYUTH MPHU
obpabotke. [TpuMepomM MOKET CITyKUTh 3BeHO A, (puc. 2.8) kpaTJaiinei pa3MepHOi
Leny, MpU MOMOUIM KOTOpPOM oOecreuyuBaeTcsi HEOOXOAUMBIA 3a30p A, MEXIY
MOJIBIKHBIM 2 M HEMOJIBWYKHBIMU KOJIBIIAMH, CIIY>KAIllMMU COBMECTHO C MPY>KMHAMU
Ui CO3JaHMsl TPEBApPUTEIBHOrO HATAra B ONOPHBIX MOAIIMIHUKAX IINMAHICIS
BHYTpULLIM(OBaIbHOrO cTaHka. Pazmep A, TpyIHO HE TOJBKO HEMOCPEICTBEHHO

WU3MEPUTh, HO U TIOJTYYUTh TIPH 00paboTKe.

IIpoussoonas pazmepnas uenb—IeNb, UCXOIHBIM WJIM 3aMbIKAIOIIUM 3BEHOM
KOTOPOM SABJISIETCS OJHO W3 COCTaBJSIONIMX 3BEHbEB Kpardaifiier (OCHOBHOM)
pasmepHoii 1enu. [IpuMepoM MOXKET CIyKUTh pasMepHas uenb B (puc. 2.9), mpu
MOMOILIM KOTOPOM B pe3ysibTaTe 00paOOTKU M M3MEPEHHUs MOoJIydaeTcs pazMep A, =
BA B Ka4ecTBE COCTABIAIOIIETO 3BEHA B KPaTYaMIIyI0 Pa3MEPHYIO LIETb, TIOKA3aHHYIO

Ha puc. 2.8.
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82
Puc. 2.9 [IpousBoanas pazmepHas 1enb

llapannenvrno ceésasannvie pa3MepHbIE LETIM — HECKOJIBKO Pa3MEPHBIX IIeNei,

HMCIOIMMX OAHO HMJIM HECKOJIBKO 061HI/IX 3BCHBCB.

[Ipumepamu Takux 1eNeil MOTYT CIY>KUTb 1I€TH, TOKa3aHHbIe Ha puc. 2.10

B4
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Puc. 2.10. ITapannensHo cBSi3aHHBIE pa3MEpHBIE LEMH

Ilocneoosamenvro ceés3anmvie pasMEPHBIC LCIKM — HECKOJIBKO Pa3MCPHBIX

1erei, U3 KOTOPBIX Kaxaasi MOCIeAyIoIIas UMEeT OJHY OOIIyto 0a3y ¢ mpeabayieH.

A | A

Ap b, | Ba B | B, | B3

Puc. 2.11. Cxema nocieoBaTebHO CBA3aHHBIX pa3MEPHBIX IieTel
Ha cxeme (puc. 2.11) o61me 6a3bl 0003HaYCHBI OYKBaMH a U 0.

Kombunuposanno ceazannvie pa3MepHble LENMH — HECKOJIbKO pa3MEpPHBIX

ueneﬁ, HMCIOIKUX OJHOBPECMCHHO napannenLHHﬁ )51 HOCHGHOB&TCHLHBIﬁ BUABI CBA3U.

Ha puc. 2.12 pasmepnsie nienmu A u b umeror nmapamiensHbii, a A u B —

HOCJIENOBATEILHBIA BUIILI CBSI3EN.
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AA A3:E2 B3 B4

Puc. 2.12. Cxema KOMOMHHUPOBAHHO CBSI3AHHBIX PA3MEPHBIX IETICH

O6D&30BaHI/IC BCJIMYMHBI 3aMBIKAIOIICTO 3B€HA PA3MEPHOU LI

fpymw«oBunt
Mamepugn

“% = K3
\
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-+~ MJ—J kA
LQ i § /_\70 L,’-
[' ) Hf‘, z‘
A'_(-MA [_,"'Ja / l ’_ Un / LJ.KA o
e ~—
5 ) 7 8

Puc. 2.13 TexHonornueckue pa3sMepHbIE LETH

Ilnockasi pasMepHasi Henb ¢ MapajljiejJbHO PACIOJIOKEHHBIMU 3BEHbSIMHU.
W3 ananusza cOOpouHbIX (cM. puc. 2.5; 2.7; 2.8; 2.14), TeXHOJOTHUECKUX (CM. pHC.
2.13) u m3meputenbHOU (cM. puc.2.15) pa3MepHBIX LEnei BUIHO, YTO BEIMYHMHA
3aMBIKAIOLIEr0 3B€HA PA3MEPHOM LIENH C MapajuIEIbHO PACIOJIOKEHHBIMUA 3BEHBSMH,
MOJIy4aeTcsl B pe3ybTaTe anre0pandyeckoro CyMMHPOBAHHS BCEX COCTABISAIOIIUX €€

3BCHLCB.
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Puc. 2.14 Cxema pa3zMepHOro BHjia CBS3H

HeiictButensHo, u3 puc. 2.14 BumHOo, uto Ap = AjtA,— Ag; w3 puc. 2.15

BUIHO Ax = AztAs+A1- Ao.

B 001iemM Bue MOXHO HamucaTh

m-1
Ar=ArtAst. . +An1= DA (1)
i=1
rie M — o0miee KOJIWYECTBO 3BEHBEB pa3MEPHOM 1Eenu, BKIOYAs H
4 3ambIKaroniee 38eHo. 13 paBencTna (1) cienyer,
F 3 oA A, 4TO GENUYUHA 3AMBIKAIOWE20 36€HA KadiCOOou
1 OMOENbHO 83MOU NIOCKOU PA3ZMEPHOU Yenu U3
- Mrﬁ; - napanienvHulX 36eHbe8 pasHa ancedpauyecKoll

Az

CYyMMeE 6CeEX COCMABIANUIUX €€ 36EHbEE.

IL1ockan pasMepHasi 1nenb, UMCIOLIAA

Puc. 2.15 U3mepurenbHas
pasMepHasi Liellb

3BE€Hbsl, PAaCHOJIOKEHHbIEe O] YyIriIaMu K
BbIOpAaHHOMY HamnpasjeHuI0. Kaxnoe u3 3BeHbEB
pa3MepHOH 1IeTH, PAaCIOI0KEHHOE O] YIJIOM K BEIOpAaHHOMY HaIlpPaBJICHHIO, MOYKHO

3aMCHUTD €TI0 HpOGKI_[I/Ieﬁ Ha 3TO HaIIpaBJICHHUC.

[ToaToMy Jt00YI0 pa3MepHYIO LIeMb, UMEIOILYI0 OJHO WJIM HECKOJbKO 3BEHbBEB,
PACIIOJIOKEHHBIX MO/ YIJIOM K BBIOpAaHHOMY HaIlpPaBJICHUIO, MOXXHO MPHUBECTH K
pa3MEpPHON 1enu C MapaJyieIbHO PACHOJIOKEHHBIMU 3BEHbSIMU. B KauecTBe mpumepa
Ha puc. 2.16, a mpuBeAeHa pa3MepHas IIeMb, MPU MOMOIIU KOTOPOW TOCTHUTaeTCs
TpeOyeMass TOYHOCTh 3allelUIEHUs ABYX 3yOuaTbIX KOJEC M U3 KOTOPBIX OIHO
pacmoyioxkeHo B (papTyke, BTOpoe B cama3kax cranka. Kak BumaHO m3 puc. 2.16,a,
pa3MepHas 1Lelb UMEET Psijl 3BEHbEB, PACMHOJOKEHHBIX MOJ YIJIOM K BbIOpAaHHOMY
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HanpasJeHUIo (Ha puc. 2.16 TuHHS, MPOXOsIIas yepe3 ocu 3y0uarsix komec X—X).

Ha puc. 2.16,6 moka3aHo ee nmpuBeJeHUE K IJIOCKOU € MapaieTbHBIMU 3BEHbSIMHU.
BennunHa 3aMbIKarOIEro 3B€Ha NPUBEICHHON Pa3MEPHOU LIENU
A=A~ A+ AL+ A, — AL+ 4 - 4,

rJ€ BCE  3BEHbS, OO0O3HAYCHHBIC  IITPUXOM,
MPEACTABIAIOT COOOM IPOEKIIUH COOTBETCTBYIOIIUX

pa3MepoB Ha BLIOPAHHOE HAIPABJICHHUE.

JleWicTBUTENBbHO, HATpUMEp, A, =Ap cosoy; 4, =Ag

cosp u T.x.

B o0mieM ciydae MOXKHO 3amicarh

Ap=AHA LA, +Ap+1 cosayt+An+

cosopt.. .+

Puc. 2.16. Cxema npuBejicHHs pa3MepHO

LENH, UMEIOLLEN 3BEHbS, PACTIONO0KEHHbIE n m-1
HOJ YIJIOM, K IJIOCKOH ¢ mapaienbHbIMU +Am.1 COSOm.1= Z A+ Z A cose,
RREHLIMU i=1 ! i=n+1 I

CJ'IeI[OBaTeJ'IBHO, eejiuduHa 3amvlKkarouieco 36€Ha pasmepﬂozi yeniu, wwemu;eﬁ
uacmob CcocmaeiArnmux 36€HbEB, PACNOIONCEHHbLX noo yenamu K. Gbl6paHHOMy
HAnpaejleruio, paeHa aﬂze6pauqec1<0d CyMme napaijlejlbHblX 36EHbE6 U HPOQKMZ/HZ ecex

36€HbEG, PACNOJIOINCEHHbIX noo yeramu K 6bl6paHHOMy HanpaejeHUuro.

B psane ciayuaeB ObiBaeT ymoOHO pemiaTh 3agady IO JABYM KOOPAWHATHBIM
ocsiM. B Takux ciydasx B pa3sMEpHbIE LENU IO KAXKIAOWM U3 KOOPIAMHATHBIX OCEH
BKJIIOYAIOT MIPOEKIIMU 3BEHBEB, PACIIONOKEHHBIX K HUM MOJI YTJaMH, T.€. MOJb3YIOTCS

paBEHCTBAMHU

A, = Acosa;

A, = Asing; (%)

riae Aix 1 Aiy — IpoeKkuyHn 3BeHbeB Aj Ha KOOPIUHATHBIE OCH X U Y;
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a, — yroJi, 1o KOTopbiM 3BCHO Ai; PacmoJIOKECHO K OCH X..

IIpocTpancTBeHHaA pa3MepHas uenb, coJeprkanasn 3BeHbA,
pacnosio’keHHble MO yrjJamMM K BbIOPAHHOMY  HANPABJICHUI0 WJIH
HanpaBJieHusIM. /[ y1oOCTBa pacyeToB MPOCTPAHCTBEHHBIE pa3MEpPHBIC LEMH
OOBIYHO MPUBOAAT K IUIOCKUM C MapajijIeNIbHO PacloOKEHHBIMU 3BEHbSIMU, BIOUpast

B Ka4CCTBC HaHpaBHCHI/Iﬁ TPHU IICPIICHAUKYIIAPHBIC OCH.

JIns pacuera cinykaT paBeHCTBA

A, = Acosa;;
A, = Acosp; (6)
Aiz = Aiz COS}/i

rae Aix, Aiy, 1 Aj;, — TpoeKuun 4;-ro 38eHa Ha KOOPAUHATHBIE OCH;

o, PBi, ¥Yi — yrmael Mexay Ai-M 3BEHOM M COOTBETCTBYIOIIMMU

KOOpAWHATHBIMHU OCAMMU.

[TockonpKy 3amada CBOAMTCSA K IUIOCKMM pPa3MEPHBIM LEISAM C IapajuIeNIbHO
pacmoJIO)KEHHBIMUA  3BEHBSIMH, TO W BEJIMYMHA 3aMBIKAIOIIErO0 3BEHA paBHA
anredpanyeckol CyMMe MapajuleNIbHBIX  3BEHbEB U MPOCKIMH  3BEHBLEB,

PaCIIOJIOKCHHBIX 11O YI'JIaMHU K BBI6paHHOMy HaIpaBJICHUIO.

PasenctBa (5) u (6) sBiAIOTCS OONIMMHM, TaK Kak IS IUIOCKHX Pa3MEPHBIX
LETel ¢ mapayieabHBIMU 3BEHbSIMU YIJIbl PAaBHBI HYJIIO U IIEPEUNCIIEHHBIE PABCHCTBA

COXPaHArOT CBOKO CHUITY.
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IIpakTuyeckoe 3ausaTue Ne2

Tema: «Pacu€rsl 3aMBIKalOIMX 3BEHBEB M y3J0B IPU NPOECKTUPOBAHUU
TEXHOJOTMYECKHUX IPOLIECCOB COOPKU»
Heap: [losyduTh NMpakTUYECKUE HABBIKM B PACUETE 3aMBIKAIOIINX 3BEHBEB U Y3JI0B

ITPpHU IMMPOCKTUPOBAHUN TCXHOJIOTHUUCCKUX ITPOICCCOB C60pKH.

3AJTAYA Nel. Tlo 3amaHHBIM pa3sMepaM U MOJSIM JOIYCKOB COCTaBJISIFOLIUX
3BEeHBEB JieTanu (puc. 2.17) paccuuTarh 3aMbIKAIOIIEe 3BEHO; 110 33JaHHOMY JOIYCKY

HCXOOHOTIO 3BCHA PACCUUTATh JOIIYCKH COCTABJIAIOIINX 3BCHLCB.

[pumeuanue: 3nauenuss 00nycko8 (MKm) HOMUHAIbHBIX DA3MeEPOo8 OJis 6Cex 3a0ay CM.

Tpunooicenue 1.

HaumenoBanue| Bua pazmepon IHoast 10IMYCKOB /151 BADHAHTOB
3BE€HbEB 1 2 3 4 5 6
Cocrasistronnie | OxBaThIBaOIINE H6 H7 HS8 HY9 HI0 HIl
OxBaTbIBaeMble h6 h7 h8 h9 h10 h11
Ucxonurnie - H9 HI0 HIl HI2 HI3 HI3
Ilpumeuanue:  3HaKW TpPENETbHBIX OTKJIOHEHUH JMJI COCTABJSIONIMX 3BEHBEB PEKOMEHIYETCS

OPUHUMATh TAaKMMH, 4TOOBI TOJS JOMYCKOB OBUIM HAalpaBieHbl B TEJNO W3JENUS WIM MO XOAY
0o0paboTKH, T. €. IUNIIOC - Ui HOJEeH JONYCKOB OXBAaThIBAIOIIUX Pa3MEpPOB, MUHYC - JUId
OXBaTBIBAEMBIX Pa3MEPOB.

Aq Aq
A2 A3 A2 A3 A4
o Puc. 2.17 o o P‘I/IC. 2.18 o
Hcxoausle jaHHbIE:
Bapuant 1 2 3 4 5 6
COCTaBJ'ISIIOIJ.ICC 3BCHO
Ay 10 12 20 32 63 85
Az 2,5 2,8 3,2 4 6 6,5
Asz 3,2 3,5 4 4,5 7 10,5
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Vkazanue. T1paBUIBbHOCTD pellIEHUs] IPOBEPUTH IO APYruM (popmysam, Hampumep JOMYyCK

TA,, BBIUHNCIEHHBIN IO METOY MAKCUMYMa-MUHUMYMA, IIPOBEPUTH BEPOSITHOCTHBIM METOJIOM.

BAJAYA Ne2. JIns neranu, nokazanHoil Ha Puc.2.18, paccuurars pazmepHyio

IeITh, BBIITOJIHUB yCIIOBHUE 3a7a4dn 1 (10J1s TOIycKOB cM. B 3ajauel).

HcxonHble faHHBIE:

Bapuant 1 2 3 4 5 6
CocraBnsrolee 3B€HO

Aq 40 60 100 140 200 280

Az 6 6 10 15 20 30

Az 20 32 53 70 100 140

As 8 10 12 20 35 50

3AJJAYA Ne3. /Ins neranu, nokazanHou Ha Puc.2.19, paccunrars pasmepHsbie

11(S2005¢ A u B U BBITIOJIHUTH 3aJaHuC 3aJa4u 1. ConocraBbTe PE3YIIBTATHI PACUCTa

o0enx pa3MepHBIX Iierel (IMoJist TOMYCKOB 3BEHbEB YKa3aHbl B 3a7aue 1).

Hcxonnrie nanHbIe:

Bapuanrt 1 2 3 4 5 6
Cocrasingroniee 3BeHO
Aq 50 70 100 140 210 280
Ax=As 6 9 10 14 18 20
Az 15 25 30 45 85 125
As 18 20 40 55 75 100

3AJJAYA Ned. Jlns neranu, nokazaHHou Ha Puc.2.20, paccunTtaTh pa3MepHbIe 1IENU

Y BBITIOJTHUTH 33aHKe 3a7auu | (1MoJis JOMyCKOB 3BeHbEB YKa3aHbl B 3a/1a4e 1).
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) A=b; R ) Ay -
A7D e ple As b e eyl AP P ::i» < A >
< biAaths > e B5:A4+A5> < A 22,
Puc. 2.19 Puc. 2.20
HcxonHbie TaHHBIE:
Bapuaunr 1 2 3 4 5 6
Cocrasisroliee 3B€HO
Aq 80 110 170 250 310 400
Ay 10 15 22 36 65 100
As 17 25 36 53 85 125
A4 56 75 120 180 205 255
As=As 25 32 53 82 95 120

BAJJAYA Ne5. Paccumtath 3BeHO b;, 1O KOTOpOMy MpoBepseTCsS TOYHOCTH

cocTaBysOmEero 3BeHa A, (puc. 2.21). H3mepurenbhHas 0a3za-toperr C (mods

JIONYCKOB 3BEHBEB CM. B 3ajaue 1).

Hcxonupie 1aHHBIC:

Bapuant 1 2 3 4 5 6
Cocrasunstoliiee 3B€HO

Aq 30 45 70 120 160 240

A, 8 12 20 32 55 90

Vkazanue. 3anaua 3axmiouaerca B mepecuete 6a3. [lo ycnmoBusM paboTel getanu (y3na)

JOJKHBI OBITh BBIJIEP’KaHbl pa3Mephl, yKazaHHble Ha depTeke. OOpabOTKy jaeraneil u MpoBepKy

pa3MepoB MOXHO MPOU3BOJAUTH TOJIBKO OT OJHOW Kakoil-nmubo 6a3bl, Hanpumep oT Topua C. Ipu

TaKOM TOpsiIKe 00pabOTKH M M3MepeHHs pazmep Ay, (puc. 2.21), a Takxke pa3mepsl Ay u As (puc.

2.22) B TexX pa3MEpHBIX LEMAX, KOTOpbIE BKIIOYAIOT HM3MepsieMble pa3Mepsl bj,, daxTudecku

OKaXyTCd 3aMBbIKalOIIUMMU:

OHU TIONy4YaTcsl B JAHHOW pa3MEpPHOM 1ENU MOCICTHUMH;

KOHTPOJIUPYIOT MX KOCBEHHBIM IIyTeM IO pa3mepaMm bj,. Pemienue 3amaum aHaJIOrMYHO PEIICHHIO
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3amaun 5. Jlomycku Ha 3BeHbsI Ay cielyeT Ha3HayaTh MPUMEPHO Ha OJMH - JIBa KBaJlUTETa rpyoee

AOIIYCKOB, IPUHATBIX HAa 3BCHbBA Aj_.

3AJJAYA Ne6. Paccuurtars 3BeHbs b; u by 1o KOTOpbIM NpOBEpSiETCSA
TOYHOCTH COCTAaBJISIONINX 3BEHbEB A, U Az (puc. 2.22) uaMepurenbHas 6a3a toper C

(cM. ykazanue B 3aaa4e 5). [Tons nomyckoB 3B€HbEB yKa3aHbI B 3a1aucl.

Puc. 2.21 Puc. 2.22

A
A 4

Y

= ==N

HUcxonupie faHHBIC:

yY
N
v
A
v
Y
>
)
A 4
A
>
)
y
Y
op
(&)
v

A
\ 4

Bapuanr 1 2 3 4 5 6
Cocrasnstolee 3BeHO

Aq 50 80 120 160 240 300

Ay 10 12 25 40 60 85

Asz 15 20 50 60 90 125

3AJJAYA Ne/. Bo CKOIBKO pa3 U3BMEHUTCS 3HAUCHHE JIOMYyCKa 3aMbIKAIOIIETO

3BCHA, BBIYHMCJICHHOI'O BCPOATHOCTHBIM MCTOAOM, IIO CPABHCHHIO C IOIIYCKOM,

BBIYHUCJICHHBIM 110 MCTOY MAKCUMYMA-MUHUMYMA, €CJIN YHUCJIO 3BCHLBCB B pa3MepH0171

merm: 1)3, 2)4, 3)5, 4)6, 5)7, 6)09.

3AJTAYA Ne8. Paccuntath pa3MepHyto 1ienb y3ia (puc. 2.23). 3ajady peuiiThb
IBYMSl METOJaMHM - MaKCUMyMa-MUHMMyMa M BEPOATHOCTHBIM (CM. yKa3aHHE K

3amgave 1).

Hcxonarie naHHbIe:
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Bapuant 1 2 3 4 5 6
CocraBisioniee 3B€HO0
Ay 12 13 14 16 20 22
A, 6 6 8 8 10 10
Az 6 7 8 9 10 12
Puc. 2.23
Puc. 2.24 Puc. 2.25

4%

<

|

Y, <

O
=
A, A, 5,
- bz ba_,  Aa
- —-H-&-
= OIS S I - A - -
V4 / e 1///%
As .
- Ay Ag

3AJJAYA Ne9. Paccuutarh pa3smepHyro Iienb Mmexanmsma (puc. 2.24) (cwm.

yKa3aHue K 3ajmaue 8).

Hcxomurie naHHbIEe:

Bapuanr 1 2 3 4 5 6
Cocrapisroniee 3B€HO
Aq 29 46 20 90 125 160
Ay 9,5 12,5 20 28 36 52
Az 20 34 56 63 90 110

3BAJTAYA NelQ. Paccuutath pasmepnbie nenu 4 u b (puc. 2.25) (cM. ykazaHue K

3amaye 8).
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Hcxomarie naHHbIEe:

Bapuanrt 1 2 3 4 5 6
Cocrasisitoniee 3B€HO

Aq 18 30 48 60 90 130

A 1,5 2 2,5 3 3 4

As 19 315 50 62 92 132

by 10 16 25 30 45 65

b, 9,8 15,8 24,7 29,7 44,5 64,5

3AJJAYA Nell. PaccumraTh pa3MepHYIO II€Tb IPOMEKYTOYHOro Bana (puc. 2.20)

(cM. ykazaHue K 3amade 8).

Puc. 2.26
I/ICXO,Z[HI)IG JAHHBIC:
A" Pewe-i ‘—_".-A-d'-—v
R —I fl - - h . —
Ayl A A, Ag Ag A,
Bapuanrt 1 2 3 4 5 6
CocTaBismomniee 3B€H0

Ay 79,5 119 178 248 312 495
A=Ay 75 14 20 32 22 40

Az =As= Ag 15 20 32 52 82 125
Ay 20 32 44 30 25 45
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Il
TEXHOJOT'MYECKOE OBECIIEYEHUE HAJJEXAKHOCTU U KAYECTBA
ATI'PET'ATOB U CUCTEM

Caenenusi u3 Teopumn

K pacueraMm Haie’)KHOCTH arperatoB U CUCTEM, KaK MPABHIIO, OTHOCAT PACUETHI
MoKa3aTesied HaJeKHOCTU COCTaBIIIONIMX YaCTe M 3JIEMEHTOB, KOMIUIEKTYIOIIUX
u3JIeNe B IEJIOM. DTH pacueThl MPOBOAATCS Ha Pa3UYHBIX ATamax pa3paboTKH,

HU3rOTOBJICHHA W SKCILTyaTallMU arperatoB U CUCTCM.

Ha srame npoekTupoBaHUs pacyeT HANECKHOCTH IPOU3BOAUTCSA C LEIBIO
IIPOTHO3UPOBAHUS 0KUJAEMON HAJIE)KHOCTHU IIPOCKTUPYEMOTIO arperara.

Ha stane ncnblTaHui U DKCIUTyaTallMM PACYEThI HAAECKHOCTH MPOU3BOIATCS
JUIsl OLICHKHM KOJIMYECTBEHHBIX II0KAa3aTelled HaJE)XHOCTU arperaroB M CUCTEM B
pa3IMYHBIX YCJIOBUAX HX OKCIulyaranuu. Ha ocHOBaHMM 3THX pacyeToB
pa3padaThIBalOTCA MEPHI M0 MOBBILIEHUIO HAJIEAKHOCTH, ONPEIEISIOTCS HEHAIEKHbIE
KOMIUIEKTYIOIIUE JJIEMEHTHI, IIPOM3BOAUTCS OLICHKA BIWAHUSA Ha HAJCKHOCTb
Pa3IMYHBIX IKCILTYyaTallMOHHBIX (DAKTOPOB.

[TocnenoBaTenbHOCTh pacyeTa HAACKHOCTU CIIOKHOM CUCTEMBI CBOIUTCS K

CIEeAYIOIIEMY:

1. Ilpexne Bcero, hopMylIHpyeTcs 3aJaHUE HA pacyeT HAJICKHOCTH, B HEM

JOJDKHBI OBITH YKa3aHbI:

® Ha3HauCHME arperata (CUCTEMBbI),

® COCTaB U OCHOBHBIE CBEJICHUS O (YHKITMOHUPOBAHNH,

® paccUHMTHIBaeMbIC MTOKA3ATENIN HAJIEKHOCTU U MTPU3HAKHU OTKA3a;

® YCIIOBHUS, B KOTOPBIX paboTaeT (uiu OyaeT padoTaTh) TaHHBIN arperar (CucremMa);
e TpcOOBaHMS K TOYHOCTH M JOCTOBEPHOCTH pacyeTOB, K IIOJHOTE YydeTa

BO3JICHCTBYIOIIMX SKCIUTYyaTallUOHHBIX (DAKTOPOB.

2. I[aﬂee IMPOU3BOAUTCA BBI60p 1 000CHOBaHHUE ITOKa3aTelei HaaACKHOCTH, 110
KOTOPBIM 6y,Z[€T IMPOU3BOAUTLCA OLICHKAa HAACKHOCTH JJICMCHTA HJIIM CHUCTCMBI B

1[EJIOM, pa3pabaTbIBaeTCsl WM COCTABIISIETCS CTPYKTypHas cxema Hajexxnoctu (CCH),
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BbIOMpaeTcst Oosiee palMOHANBHBIM MeToa pacuera B coorBercTBuuM ¢ CCH,
ITPOU3BOJIUTCS PACYET U OLIEHKA TOYHOCTH MOJIYYEHHBIX PE3YyJIbTaTOB» B 3aKkimtoueHue

IMPOU3BOAUTCS aHAJIN3 ITOJIYUYCHHBIX PC3YJIbTATOB U IIPHUHATUC PCUICHNA.

Ilon cmpykmypuoii  cxemoti  nadedxcnHocmu  TOHUMAETCS — HarJsIHOE
npezacraBieHue (rpaguueckoe WM B BUAC JIOTUMECKUX YPaBHEHUN) YCIOBUH IpU
KOTOPBIX paboTaeT WK He paboTaeT UCCIeAyEeMbIil 0OBEKT.

Paccmorpum npocreriime CCH.

Cucmemoii 6e3 pe3epuposaHus HA3bIBAIOT TAKYI) CHUCTEMY, COBOKYITHOCTb
AJIEMEHTOB KOTOPOH TIO3BOJISICT BBIMOJIHATH 3aJlaHHbIE (YHKIIMA TOJBKO TIPH
YCIIOBUHU, YTO BCE DJEMEHTHI pa00OTOCIIOCOOHBI.

CxeMoll  TakOol  CHCTEMBI, HM300pakaeMol  rpauyecKku, SBISETCS
MOCJIeI0OBAaTEIbHOE (OCHOBHOE) BKIIFOUEHHE 3JIEMEHTOB (pUCYHOK 3.1).

Peszepeuposannoii cucmemoti Ha3bIBalOT TaKyl0 COBOKYIHOCTH JJIEMEHTOB, B
KOTOPOH YacTh JIEMEHTOB SBJSETCS W30BITOYHOW TIO OTHOIICHHIO K MHHHUMATbHOU
(YHKITMOHATIBLHON CTPYKTYpPE CHCTEMBI HEOOXOIUMOW H JOCTaTOYHOM IS

BBITIOJTHEHHUS €10 3aIaHHBIX (DYHKITHM.

Puc.3.1 [TocnenoBarensHoe coenqunenue aneMeHToB  Puc.3.2 [TapannensHoe coeIMHEHUE DIIEMEHTOB

CxeMoil Takol cucTeMbl, n300paxkaeMoil rpaduuecku, sIBISETCS MapaiieabHOe

BKJIIOUEHHE 3JIEMEHTOB (PUCYHOK 3.2).

HauGomnbiee pacnpocTpaHeHue MpH pacueTax HaJAS)KHOCTU CIIOKHBIX CUCTEM
MOJYYWIIM TaK Ha3bIBaeMble MapajlieIbHO-TIOCIEAOBaTEIbHbIE CTPYKTYphl. Pacuer
HAJEXKHOCTU TaKUX CTPYKTYp BEIETCS B OINPEIEICHHOW MOCIeN0BATEIbHOCTH,

Ha4dWHasjd OT pacdCTa 3JICMCHTAPHBIX Y3JIOB U JaJICC IICPCXOAd K BCC 0oJiee CIIOKHBIM.

Puc.3.3 [TapannenbHO-TIOCIEA0BATEILHOE COETUHEHUE DIIEMEHTOB
HOCJ’ICI[OB&TGJ'IBHOG COCAMHCHNUC 3JICMCHTOB.
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3 4
[TycTh coObITHE X O3HAYAET, YTO 1-i ANEMEHT MOCIe0BATEIbHOU CTPYKTYPhI

paboTocnocobeH, a X, - oOpaTHOE COOBITHE.

Torma cTpykTypa, cocTosIas U3 Mocie0BaTeIbHO COSAMHEHHBIX YJIEMEHTOB,
paboTocmocoOHa, eclii BCe AJIeMEHTHI paboTocnocoOHbI. [lockonabky coObiTHe X
SBJISICTCSI HE3aBHUCUMBIM, TO IO 3aKOHY MPOW3BEICHUS BEPOSITHOCTEH BEPOSTHOCTH

TOTO, YTO JaHHAsl CTPYKTypa paboTOCIOCOOHa, BEIUUCISAETCA 110 (hopMyIie
P(Xy - X, X)) = p(X)p(X,)..p(X,) =] ] p(X))
i=1

BepositTHocTh 0€30TKa3HON paboOThl M BEPOSTHOCTh OTKa3a CTPYKTYPHI,
MpEeACTaBIAIONIEH COOOM MOCIeNOBaTeIbHOE COCAMHEHUE DJIEMEHTOB, OTKAa3bl
KOTOPBIX SIBJISIFOTCSI HE3aBUCUMBIMU COOBITUSIMU; OMPEACISIOTCA IO CJICAYIOIINM

bopmymnam:

P.(0 = p,(0)- P, 0--p, ) =] [ p,®)

Q.(0=1-P, © =1- -0, ]

[TapameTp MOTOKa OTKAa30B JAHHOW CTPYKTYpbl (B NPEANOJONKEHUU, YTO
MOTOK OTKAa30B SIBJISIETCS MPOCTEHIIUN) oOmpenensercss CyMMOH TapaMeTpoB

3JIEMEHTOB BXOJIAIINX B JaHHYIO CTPYKTYPY.
n
N =2+ +.4 2y =D 4
i=1

3HaUYCHUS CPEIHETO BPEMEHH O€30TKa3HOM PaOOTBI M CPEAHErO0 BPEMCHH

BOCCTAaHOBJICHU pa6OTOCHOCO6HOFO COCTOAHHA CHUCTCMBI OIPCACIAIOTCA 110

dhopmynam:

TOC = [\i = |:|Zi:‘ (tOi)li|_

Tec = AZ’:L i Z’itei
i=1

[IapanjgensHOE COeAUMHEHUE DJIEMEHTOB.
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llapannenvnviv COEIUHEHUEM HA3bIBAETCA CTPYKTYpa, OTKa3 KOTOPOM
HACTyHaeT MNpPU OTKAa3€ BCEX AJIEMEHTOB, BXOJSAIIUX B CTPYKTYpPY.

[lapannenpHyto  CTPYKTYpy  Ha3blBalOT  e€mle  M30BITOYHOM WU
pPE3EpBUPOBAHHOM, MOCKOJBKY OHA COJEPKHUT 3JEMEHTOB OOJbIIE, YeM 3TO
HEOOXOIUMO JIsi €€ HOpMasibHOrO (hyHKIMOHUpoBaHUs. [Ipu oTKaze OIHOTO WIIU
HECKOJIBKHUX DJJIEMEHTOB IMpEArojiaraéM, 4YTO BCE€ M DBJEMEHTOB  HaXOJIsITCA B

COCTOAHUU HpOCTO}I, T.C.
P(X1-Xz2.Xm)=p(X1)p(X2)..p(Xn) = I1 p(X ;)
j=1

BepositHocTn 0Tka3za ¥ 0€30TKa3HOM pabOTy CHUCTEMBI, COCTOSIIEH M3 m

mapajjyieJibHO COCAMHCHHBIX 3JICMCHTOB, OIIPCACIIAIOTCA 110 CICAYIOIMIUM @opMynaM:

SNGREXOLNGRCNGRS § KNG

P.()=1-Q.00=1-] [0, ®) =1~ [~ p, 0]

JIJ1st CTPYKTYPBI, COCTOSIIIIEH U3 ABYX MapauieIbHO COCTMHEHHBIX JIIEMEHTOB,
3HAUCHHUS I1apaMeTpa TOTOKa OTKAa30B M CPEAHETO BPEMEHU BOCCTAHOBIICHHUS
paboTOCIIOCOOHOTO COCTOSIHUS JAHHOW CTPYKTYpPBI OMPEACTSIOTCSA IO CIETYIOIINUM
bopmymnam:

Ac = 2’1/12 (tsl _tez)

_ t@ltRZ
gc t@l + tsZ

B oOmem cnyyae [ CTPYKTYphl, COCTOSIIEH W3 m HapajlyiedbHO

COCIMHCHHBIX 3JICMCHTOB

m

A=A

i=1 %ej

51
Tsc = (Zt_) !
j=1 “ei

1.
rae /.- mapameTp MmoToka OTKa3oB J - FO 3JIEMEHTA, ToA
Ts. - cpelnHee BpeMsi BOCCTAaHOBJIEHHS pPabOTOCHOCOOHOrO COCTOSIHUSA ]-TO

JJIEMEHTA, Y.
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HpI/I HU3MCPCHUHU ITOTOKA OTKA30B (bopMyna 3aIlIMIICTCA B BUAC
e m 1
A, =~ 8760 H;thsj JZ:'C
I[J'I}I CTPYKTYP, BKIIIOYAIOINMUX TOJBKO PAaBHO HAIACKHBIC 3JICMCHTBI, ITIOTOKH
OTKa30B U CPCAHCC BPEM:A BOCCTAHOBJICHUA pa6OTOCHOCO6HOFO COCTOsAHUSA 6y,ZLYT
OTIPENIECNIATRCS 110 hopMYyJIaMm:
A, =mA"t™
T.=m"t

Cnoco0bI IIpeo0pa3oBaHUs CIOKHBIX CTPYKTYD.

OTHOCHUTENbHAsT MPOCTOTAa PAacCYETOB  HAJEKHOCTH, OCHOBAaHHAs Ha
WCIIOJIB30BAaHUU I1apAJUIEIBbHO-TIOCIEOBATENBHBIX CTPYKTYpP, JENAeT MX CaMbIMU
pacnpoCTpaHEHHBIMM B HWHXKEHEpHOW mnpakThuke. OJIHAKO HE BCErjaa YCJIOBHE
pabOTOCIIOCOOHOCTH ~ CJIOKHOM CHCTEMBl MOKHO MPEACTaBUTh MapajuiesIbHO-
IIOCJIEIOBAaTEIbHON CTpyKTypoid. K Takum cucreMaMm dYaime BCEro OTHOCATCA
CUCTEMBI, BKIIIOUAIOIINE COECIUHEHUSI COCTABISIOIINX 3JEMEHTOB THUIA «MOCHUKY» U
Apyrue, NpU4YeM JajbHEWIIee YNPOIIEHHE TAKUX CHCTEM HE JaeT >KEJIaeMOro
pe3ynbTara.

B Takux ciuydasx 00y CTPYKTYypy MOAOOHOTO THUIA 3aMEHSIOT
SDKBHUBAJICHTHOM  MapajuIeIbHO-TIOCIEIOBATEIbHON  CTPYKTYpPOM C  3aJlaHUuEM
COOTBETCTBYIOIIMX YCIOBUH.

M3BecTHbl M HamOojee IMIUPOKO HCIONb3YIOTCS B IPAKTUKE pPAacueToB
HAJEKHOCTH CJIEIYIOIINE CIIOCOOBI MPeoOpa30BaHUs CIOKHBIX CTPYKTYP:

e Croco0 PKBHUBAJICHTHEIX 3aMCH;

® DPa3J0KEHUE CIOKHOU CTPYKTYPHI 110 OA30BOMY IJIEMEHTY

® MaTpPUYHBIN CITOCOO MTPeoOpa30BaHUS CTPYKTYPHI,

Crioco0 YKBUBAJIEHTHBIX 3aMEH.

CymHocTh crnoco0a SKBUBAJIEHTHBIX 3aMEH 3aKJII0YAeTCsl B TOM, YTO B LIETIH
CTPYKTYpBI Y3€N CJIOXHOW KOH(PHUTypalluu 3aMEHAETCS Ha y3el JApyroil, Ooiee

IpoCTOi KOHGUTYpaluy, HO TIPU 3TOM MOJOUPAETCs TaKUE XapaKTEePUCTUKU HOBOIO
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y37a, YTOOBI TMOKa3aTead HaAEKHOCTH MpeodpazyeMoil Lemu CTPYKTYpHI
COXPaHSIMCh NPEKHUMHU.
[TycTh, HanpuMep, TpeOyeTcs B 2JIEKTPUUYECKON CXeMe 3aMEHUTh COEIMHEHUE

9JICMCHTOB TPCYIOJbHUKOM COCAWMHCHUCM 3JICMCHTOB 3B63I[Oﬁ IIpH yCJIOBHUHU, YTO

) Uus o)
1 3
a
J: | a B | O3
Ji2| B c | 0Oa
2
— c | Q2
S
a — (—) TpeyroJibHUKA 3BE301 0 — («—) 3Be3/bI TPEYTOJILHUKOM

Pucynoxk 3.4. DKBUBaJICHTHBIE CXEMbI 3aMEHBI COSTUHEHUN
BEPOATHOCTH OTKa3a 3JIEMEHTa a paBHA (i3 , BEPOATHOCTh OTKa3a dJIEMEHTA ¢ paBHA
(12 , BEPOATHOCTh OTKa3a 3JIEMEHTA C paBHA (3.
[Tepexosr Kk COEAMHEHUIO 3BE€3/I0M HE JIOJIKEH U3MEHATh HAJIC)KHOCTH Henen |
- 2,1 -3, 2 - 3. TloaToMy 3Ha4YeHUs BEPOATHOCTEH OTKA30B SJIEMEHTOB 3BE3IbI

JOJIDKHBI YAOBJICTBOPATD CIICAYIOIINM HCPABCHCTBAM,

0, +0, - 0,0, = (qzs + 05 — q23q31)

g, + q3 - q2q3 - qzs(Qsl + 0, — q31q12)
0; +0, — 00, = Q31(Q12 + 03— Chzqzs)

Ecmu mpeHeOpeub NPOU3BENCHUSIMH B PE3YNbTaTe PEIICHHUS CHUCTEMBI

YPaBHEHUI MOXKHO 3aIucaTh

00 = OhoUs1s Q2 = Opsthyy O3 = U340,

Hns  oOpatHOro mpeoOpa3oBaHUsI COCAWHEHUsI DJIEMEHTOB 3BE3J0M B

COCAMHCHUC DJICMCHTOB TPCYTOJIbHUKOM ITIOJTydacM CIICAYIOIINC COOTHOICHUA:

Q12=1q;_(32; q23:‘fq;_?3; q31:]/q;_(jl

PaznoxeHnue CTpYKTYPHI 110 6330BOMV OJICMCHTY
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B ocHOBe naHHOro crnocoda JEXHT HCIOIb30BAHUE TEOPEMBI O CyMME
BEPOSITHOCTEN HECOBMECTHBIX COOBITHIA.

Jl1st mpeoOpazoBaHusi CIOKHBIX CTPYKTYP B HapaJljIeIbHO-TIOCIEI0BATENbHbIC
BBIOMPAIOT 0a30BbIM 3JIeMEHT (Wiau Tpynmy Oa30BBIX JJIEMEHTOB) U JCIAIOT
cleyIouue AOMyIeHUs;

1) 6a3oBBIA PJEMEHT HAaXOAUTCA B PaObOTOCIOCOOHOM COCTOSHUU (TIOTOK
KUIAKOCTH, JIEKTPUUECKUN TOK, CATHAI YEPE3 HErO IMPOXOJIAT)

2) 0a30BBI JJIEMEHT HAaXOJUTCS B COCTOSHUM OTKa3za (MPOMyCKHas
CIIOCOOHOCTB €r0 paBHA HYJIO, JIEKTPUYECKHI TOK Yepe3 HEro He MPOXOJINT).

Jns 9TUX JBYX CIydaeB, MPEJACTaBISIIONIMX COO0OM JBa HECOBMECTHBIX
COOBITHSI, MCXOJIHAs CXeMa MpeoOpa3oBBIBACTCS B JIBE CTPYKTYpHbIE CXeMbl. B
MEepBOM U3 HUX BMECTO 0a30BOTO JIEMEHTa CTABUTCS MEPEeMbIUKa (3aMbIKaHUE 1IETHN),
a BO BTOpPOH - pa3pbiB. BeposiTHocTH 0€30TKa3HON pabOThl KaXKIOM U3 MOTYYEHHBIX
MPOCTBIX CTPYKTYP BBIYHUCIAIOTCS W YMHOXKAIOTCS: IEpBasi - Ha BEPOSITHOCTD
0e30TKa3HOM pabOThl 0A30BOr0 AJIEMEHTA; BTOpas - Ha BEPOSATHOCTh OTKa3a 0a30BOro
aneMmeHTa. [lonydeHHBIE TPOU3BEACHHS BEPOSTHOCTEM CKIIAIBIBAIOTCA, MX CyMMa
paBHA BEPOSITHOCTH 0€30TKa3HOI pabOThl UCXOJHOM CIIOKHOU CTPYKTYPHI.

MaTpuyHbIi cIoco0 MPeodpPa30BAHUS CTPYKTYPHIL,

B ocHOBe nanHOTO crioco6a JIeKUT COCTaBICHUE MATPHIIBI COCTOSIHUM OTKa3a
paccMmaTtpuBaeMoi cucteMbl. MaTpuiia (pUucyHOK 3.7) COCTaBISETCS TaKUM 00pa3oM,
9TOOBI YHCJIO €€ CTPOK COOTBETCTBOBAJIO YHCIY BO3MOMKHBIX COCTOSIHHM OTKa3a
CUCTEMBI, a YHCIIO CTOJIOIIOB - YHCIy JJIEMEHTOB B CHCTEME. B COOTBETCTBHH C
COYETaHHEM OTKa30B 3JIEMCHTOB B CHCTEME, ITPH KOTOPBIX HACTYMHACT OTKAa3 CUCTEMBI,

COCTABJIICTCS CTPYKTYpPHAs cXema HaJeKHOCTHU (pUCYHOK 3.8).
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K motpebutensam

Puc. 3.5. ®parmeHT cxembl BOAOCHA0KEHUS TOTpeOUTENeH

1- Boo3abopHOE coopyx’eHHe; 2,3 — HACOCHBIE arperarsl; 4,5 — ycTpoicTBa A7 GUIbTPALIUU U
crienMagbHOM 00paboTku BObI; 6-14 - BeHTUN

CCH npencraBnsier coboil mocienoBaTeibHONM COEAMHEHHWE SKBUBAJIECHTHBIX
AJIEMEHTOB, OTOOpaXKAIOIIUX COCTOSHHS OTKA30B CUCTEMbl. B KaKIOM COCTOSTHUU
OTKa3a MMEET MECTO COBMEIICHHE COOBITUH OTKa3a 3JEMEHTOB, H300paxaemoe

rpaduyecK B BUJIC MAPAJICITLHOTO UX COCMHEHUS.

Taxkum 00pa3om, MOCTpOEHHAss HA OCHOBAHWH aHAJM3a NMPUBEICHHOUN BBIIIES
cxembl CCH mnpezacraBisier cobod mapauiebHO-TIOCIEI0OBATEIFHOE COCTUHEHHE
AJIIEMEHTOB, pacyeT HAJACKHOCTH KOTOPOTO HE TPEACTABIACT 3aTpPyTHEHHI.
BepositHocTh 0e30TKa3HOM pPabOThI HCCIEAyeMOW CXEMbl BOJOCHAOXKEHUSI paBHA
BEpPOSTHOCTH 0€30TKa3HOM paboThl skBuBanieHTHOW CCH.

Crnenyer 3aMETHTh, YTO MPHU OOJIBIIIOM YHCIIC BO3MOXHBIX COCTOSTHUHN OTKa3a
CUCTEMBI C IICJIBI0 YIPOIIEHUS pPACUeTOB TOKa3aTejeh, HauMEHEEe BEpOSTHBIC
COCTOSIHHSI MOTYT HE pacCMaTPHBAThCH.

[Ipu cocTaBlieHUM MAaTPHUIBI COCTOSHUN OTKA30B CHCTEMBI KOJHMYECTBO €€
CTPOK MOKET OBITh CYIIECTBEHHO YMEHBIIICHO, €CJIM HE YYUTHIBATH MAJIOBEPOSITHBIC

CodY€TaHusA OJHOBPCMCHHO BO3HHMKAIOIIMWX OTKAa30B 3JIEGMEHTHOM cucteMmsl. Ho IpH

C) C]
1 4

2,6, 4,111

10 - —

w

3,89 5131




ATOM, €CTECTBEHHO, YMEHBIIAETCS TOYHOCTb Pacyéra, TaK KAK MATPUYHBIA METOJ
OCHOBaH Ha mnepedope BCeX BO3MOXKHBIX cuTyaruil. [loaTomy mpu O0abpmIoM yuciie
BO3MOXHBIX COCTOSHMHM OTKa3a OCMAaTpUBAEMOM CHCTEMBI, C LEJBI0 YIPOILICHHUS
pacyeToB MOKa3aTenel HAaAEKHOCTH, HAaUMEHEE BEPOATHBIE COCTOSIHUS MOTYT HE

pacCMaTpuBaThHCA B IIPCACIIAX OOIIYCTUMBIX HOFpE?IHHOCT@ﬁ.

Puc. 3.6. Jlornueckas cxema

Homep CocTosiHne 3JIEeMEHTOB:
COCTOSIHUS («*+» - HCIPABeH; «-» - HEUCTIPABEH)
0TKa3a £)| 92 3 4 5
1 - - + + +
2 + + + - -
3 - + - + -
4 + - - - +

Puc. 3.7. MaTtpuna cocTtosiHuit
Puc. 3.8. CtpykTypHas cxema HaJI&XHOCTH

IIpakTnuyeckoe 3ausaTue Ne3

Tema: «HanéxHocTh U criocoObl MpeoOpa3zoBaHusl CIOKHBIX CTPYKTYPY.

Heapb: [lonyynuTs mMpakTUYECKHME HABBIKMA IO PACUETy MOKA3aTesIe HaJlEKHOCTU U

a1 22
21 cY

_ 23 23
22 25

35 D4

METO/IaM MPeoOpa30oBaHMs CIOKHBIX CTPYKTYp Ha 3Tare MPOeKTUPOBAHUS.

3amaya Nel. Onpenenuth 3HaUY€HHE MapaMeTpa MOTOKA OTKA30B U CpeHEe
BpEeMsS  BOCCTAHOBJICHHS PabOTOCIIOCOOHOTO  COCTOSIHHS ~ y4acTKa  CHUCTEMBI
anektpocHaOxkenust (Puc.3.9), cTpykTypHas cxema HaJa&KHOCTH KOTOPOTO

npencrapieHa Ha Puc.3.10. JlanHble 0 HaAEKHOCTH 3JIEMEHTOB IPEJCTABIICHBI B

Tabaune 1.
Taoauna 1
Ne Yca-oe Ais rox’” t,u
31-Ta 0003H-¢ 1 2 3 4 5 6 1 2 3 4 5 6
1 BJI-35 kB 1,2 1.1 1,3 1,4 15 1,6 6,0 6,1 6,2 6,3 6,4 6,5
2 I1I-35 xB_| 0,001 | 0,002 | 0,003 | 0,004 | 0,005 | 0,006 | 40 | 41 | 42 | 43 | 44 | 45
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3 K3 0,05 [ 0,06 | 0,07 [ 0,08 [ 009 [010] 35 [ 36 [ 37 | 38 | 39 | 40
4 o]l 0,05 | 006 | 007 [ 008 | 009 [ 010 [ 35 | 36 | 37 | 38 | 39 | 40
5 T35/6xB | 003 | 0,04 [ 0,05 | 0,06 | 007 | 0,08 | 250 | 251 | 252 | 253 | 254 | 255
6 B-06 0,05 [ 0,06 [ 0,07 | 008 | 009 [ 010 | 45 | 46 | 47 | 48 | 49 | 50
7 11I-6 xB__| 0,001 | 0,002 | 0,003 | 0,004 | 0,005 | 0,006 | 35 | 36 | 37 | 38 | 39 | 40
111 35
ozl T35/61<B 111 6
BN35xB |
15,0 I
VE B-06
=~  Puc.3.9
1 2 3 4 5 6 7
Puc.3.10

Sanaqa No2. OHpCI[eJII/ITB MOKAa3aTeIM HaJIEKHOCTHU CHCTCMBEI, COCTOSIIIEH U3

TpEX MapauieIbHO COeANHEHHBIX 31eMeHToB (Puc.3.11), ecnu u3BecTHO, 4TO

Taoauna 2
Homep M, rox’ t,u
3JIeMEeHTA 1 2 3 4 5 6 1 2 3 4 5 6
1 12 |13 |14 | 15| 16 | 1,7 16 15 14 17 18 19
2 27 | 26 | 25|28 | 29 | 24 6 7 5 9 10 8
1
2
3
Puc. 3.11
3 52 | 53 | 54 | 55 | 56 | 57 24 22 23 25 27 29

3amaua Ne3. OnpenenuTh BEPOSITHOCTh 0€30TKa3HOM pabOThI ydyacTKa CXEMBbl

BOJIOCHA0KEHUs, OJAKIIOYEHHBIX K HaropHoi Maructpanu (Puc.3.5), eciu usBecTHo,

YTO BEPOSTHOCTH 0€30TKA3HOM pabOThl KaXKJOTO 3JIEMEHTa CXeMbl paBHBI: Py = P, =

P3:P4:P5:P6:

0,97; 0,99).

v
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OTIPEJAEJIEHUE MOKA3ATEJIEN HATEKHOCTH W3AEJIAM

Caenenusi u3 Teopumn

IToka3zaTesneM HaJEKHOCTH I[MIPUHATO HA3BIBATH IIPHU3HAK, IIO0O KOTOPOMY

OLICHUBACTCA HaACKHOCTD O6’B€KTa, IIpH 3TOM KOJIMYCCTBCHHOC 3HAYCHHUC 3I3TOTI'O

ITOKa3aTCJIsI Ha3bIBAIOT XapaKTepI/ICTI/IKOfI HaACKHOCTHU JAaHHOI'O 00BeKTa.

C Toukm 3pCHUA BCCOMOCTH BIIMSAHHA Ha CPCIHIOO BCIWYHNHY OICHKH

GyHKIIMOHUPOBaHUS 00BEKTa Pa3IUYal0T OCHOBHBIE U JIOTIOJHUTEIbHBIC TTOKAa3aTeNn

HaJICKHOCTH. HOHOJIHI/ITGJIBHI)IG IMOKa3aTc/Ini MOT'YT YTOUYHATHL OTACJIIBHBIC CBOMCTBA

00BEKTa MIJIM €r0 OCHOBHBIE TTOKA3aTEIIH.

bonapmmHCTBO XapaKTCPUCTUK HAAC)KHOCTHU BbIPAKACTCA a BHUJ/C Hapa6OTKI/I

O6’beKTa, T.C. IIPOAOJIDKHUTCIBHOCTU HJIN oO0BeMa pa6OTI>I 06’beKTa, HSMGPHGMOﬁ B

yacax, HMKJIax, KWJIOMETpax Npodera ui Apyrux eAnHUIaX.

IToka3aren 0€30TKA3HOCTH

Iloka3areju 10JTrOBEeYHOCTH

-BEpPOSATHOCTH Oe30TKa3HoM paboTsl P(t);
-cpenHsis HapaboTKa 70 oTKaza {;
-raMMa-IIpoLICHTHas! HapaboTKa 10 oTKa3a t,;
-cpenHss HapaOoTKa Ha oTKa3 1, ;
-MHTEHCUBHOCTH 0TKa30B A (1);

-rapamMeTp moroka oTkaszoB A(t)

-cpenHuil pecype Rep ;
-raMMa-TIpoLeHTHBIN pecypce R,;
-Ha3HAYCHHBIN pecypc R,;;

-CpeqHHI CPOK Ciry:KObI T,
-raMMa-TIPOLICHTHBIN CPOK CIIyKObI T;

-Ha3HAYEHHBIN CPOK CITyk ObI T,

IHoka3zare/ peMOHTONPUIOAHOCTH

IHoka3arTesn coxpaHsieMOCTH

-BCPOATHOCTD BOCCTaHOBJICHUA pa60To—

CIOcOOHOTO cocTostHUs 00bekTa P(t,);
BOCCTaHOBJICHHUS

-cpenHee BpeMsI

paboTocnocoOHoro cocTosiHus T

-CPEHHUIA CPOK COXPaAHAEMOCTH Ty, op;
-raMMa-IIPOLIEHTHBIM CPOK  COXpaHsi-

emoctu Ty, o,

Pacuer moxaszarenell HaJEKHOCTH MPOM3BOAWTCS Ha dTamax pa3padoTKH

9CKHU3HOI'0O MW TCXHHUYCCKOI'O IIPOCKTOB.

COOTBETCTBMS IIOKa3aTeliei HaJICKHOCTH

[lenpto pacyeTa SBISIETCS MPOBEpPKa

MPOEKTUPYEMOI0 arperata (CUCTEMBI)

MoKa3aTessiM, 3aJlaHHBIM B TeXHUYeCcKoM 3ananuu (T3).
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[IoBrllICHHUE HaACKHOCTH HDO@KTHDVCMOI;'I TCXHUKH AJOCTHUTACTCA

CICAYIOIMMMH MCPOIIPUATHUAMMU.

-YIIPOLIEHUEM CXEMHBIX PEIICHUN;

-BBIOOpPOM HamboJee HAEKHBIX KOMIUICKTYIONINX JJIEMEHTOB U JPYTUX
TEXHUYECKUX U3ICTUN;

-pa3paboTKOI cXeM ¢ OrpaHUYCHHBIMHU MOCIEICTBUSIMU OTKA30B U3JICTUH;

-CHIDKCHHEM  MEXaHWYECKHUX  Harpy3o0K, OOJeTrdyeHHEeM  SJICKTPUUYECKOTO,
TEIJIOBOTO U JIPYTUX PEKUMOB PabOThI U3CIIHIA;

-IIPUMEHEHUEM PE3EPBHBIX DJIEMEHTOB U MOJACUCTEM, MEXaHU3MOB, OJIOKOB U Jp.;

-CcTaHAapTU3alKeil U yHUUKaMel KOMIUIEKTYIOMIMX SJEMEHTOB U U3JCIUM B
LIEJIOM;

- MIPUMEHEHUEM DJIEMEHTOB U OOBEKTOB BCTPOECHHOT'O KOHTPOJIS;

-aBTOMATU3allUEeN ITPOBEPOK U OLIEHOK TEXHUYECKOTO COCTOSIHUSI MCCIIENLYEMBIX
OOBEKTOB.

B texaudyeckoM 3aJaHHUN 34dKa349MWKa Ha pa3pa60TKy O6D&3HOB TCXHUKH

3aJar0TCA:

1) Tpebyemasi BEpOSATHOCTh O€30TKa3HOW pabOThl OOBEKTA MPU BHIIOTHEHUU
nocraBjieHHOM 3a1aun P(t);
2) HapaOoTKa Ha OTKa3 to;
3) Tpebyemoe 3HaueHHEe KoddduimeHTa roroBHocTH K
4) cpeqHMe KBaPAaTHUCCKUE OTKIOHCHHS:
- BEPOSATHOCTH 0e30TKa3HOU pa0boThl 6(Py);
- HapaOoTku Ha oTKa3 o(T,);
- CpE/IHEr0 BPEMEHU BOCCTAHOBJICHUS paboTocnocoOHOro coctosiaust 6(T5).

H‘DQ}IHDI/IHTI/IGM-D33D8,60T‘II/IKOM ONPEACIAIOTCA  CICAVIOIIINEC  HMCXOJHBIC

JAHHBIC.

1) MIHTEHCUBHOCTH OTKA30B U3CIIHIH A,
2) BpeMs pabOThl DJIEMEHTOB, COCTAaBHBIX YacTE€ld B COCTaBe W3JCIUSA IPHU
BBIIIOJTHEHUH UM IOCTABJICHHOM 3amadu {;

3) cpeaHee BpeMst BOCCTAHOBJICHHUS paOOTOCIIOCOOHOTO COCTOSIHUS U3ACTHH T )
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4) cpenHUe KBaIPaTHICCKUE OTKIIOHCHHMS:
- HIHTEHCUBHOCTH OTKAa30B M3ACIHIA G (A,);
-CpeIIHET0 BPEMEHH BOCCTaHOBIICHHS paboTocriocoOHoro coctostaus o(Ty);
5) xoaddumument skcruryatanuu K,, yYWTHIBAIOMNNA BIMSHAE MEXaHUYECKHX
neperpy3ok (BuOpaiuii, yaapoB, JMHEHHBIX YCKOPEHUH U Ap.);
6) K03 (HULIHUEHTDI, YIYUTHIBAIOIINE BIUSHUE TEMIIEPATyphl OKPY>KAIOIIECH Cpebl,
JJIEKTPUYECKUE HArpy3KH, BIWSHUE BJIAXHOCTH HA HETEPMETU3UPOBAHHYIO
BJIArOHE3AIIMIICHHYIO alaparypy 4 T.1.

IIpoliecc oleHKH HAASKHOCTH BKIIIOYACT B ceos CIICAVIOIIMEC 3TAaIllbl.

1-#i 3Tam - cocTaBlieHUE CTPYKTYPHBIX CXEM JIJIsl pacueTa HaJIeKHOCTH;

2-1 3TaI - pacrpeseicHre 3aJaHHbIX KOJIMUYECTBEHHBIX TTOKa3aTeeh HaeKHOCTH
MEXK]ly arperaraM KOMILJIEKCa U OT/IeJIbHBIMU COOPOYHBIMY €IMHUIIAMU arperara;

3-# 2Tamn - pacueT nmokaszaresel HaJe)KHOCTH;

4-1 3Tamn - oLleHKa TOYHOCTH 3HAUYE€HUM ITOKa3aTelIel HaleKHOCTH,

5-i1 ATam - CpaBHEHHME PACUETHBIX IMOKa3aTesied ¢ IMokKa3aTelisiMH, 3aJaHHbIMU B
T3.

Pacnipenenenne mnokazartened HaACKHOCTH MOXKET MPOU3BOJIUTHCA MEKIY
arperaTaMM, CHUCTEMaMHd M MallMHAMU KOMIUIEKCA, COBMECTHO BBINMOJHSIOMIMMU
MTOCTaBJICHHYIO 33/1a4y, U MEXAY OTIASIbHBIMUA COCTABHBIMU YacTsIMHU (COOPOYHBIMU
€MHUIIAMH) arperaToB, MalIyH.

Ecau KoMIIeKC COCTOUT U3 HECKOJIBKUX arperaTtoB, MalllMH U B CTPYKTYPHOM
CXEME HAJIe)KHOCTH KOMIUIEKCA PE3epBUPOBAHUE OTCYTCTBYET, TO BEPOSTHOCTH
0e30TKa3HOM pabOThI I-W MAaIlMHBI, arperara, CHUCTEMbl MOXKHO OIPEACIUThH II0

cienyromiei hopmyre.
Py, = PZNE 1 (1)
rae N - konmudecTBO pabOTaIONUX COCTABHBIX YacTeH (COOPOYHBIX EAMHUIT) B
I-ii MalMHe, arperaTe, CUCTEME;

Ny - KOJIMYECTBO COCTaBHBIX dYacTel (COOpPOYHBIX €JMHHUI]) BO BCEX

MalInHax KOMIIJICKCA,
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Py - 3amaHHas BeposATHOCTH 0€30TKa3HOW pabOThl KOMIUIEKCA MAaIIHH,
arperaToB, CUCTEM.

[Tpy HayM4YMKM B CTPYKTYpPHOM CXEMe KOMIUIEKCAa YYacTKOB C PE3epBUPYEMBIMU
AJIIEMEHTAaMU WX HEOOXOAMMO 3aMEHHUTh AKBHUBAJEHTHOW HE pPE3epPBUPOBAHHBIMU
AJIEMEHTaMHU.

3HaueHusl TIOKa3aTejel HaJeKHOCTH, 3ajaHHble B 13, MoOryr OBbITh
pacmpesieieHbl MEXIY COCTaBHBIMHM YacTSAMHU MAalllH, arperaToB CICAYIOIIMMH
METOJIaMU:

- METOZIOM BECOBBIX KO3 (UILIUEHTOB;
- METOJIOM MHUHHMAJIFHBIX 3aTPaT Ha U3TOTOBJICHUE arperara.

MeTon BecoBBIX KO3(PPUIMEHTOB pPEKOMEHIYETCS MPUMEHSITh Ha JTare
ACKU3HOTO MPOEKTUPOBAHMSI, KOT/Ia CBEJICHUSI O KOHCTPYKIIMH, XapaKTepe U perxumax
paboThI arperara u €ro COCTaBHbIX YacTel OrpaHUYEHBI.

Pacnpenenenne  3HaueHMM — mokazaTeneld  HAJEXKHOCTH C  YYETOM
MUHUMAJIBHBIX 3aTPaT Ha U3TOTOBJIEHUE arperara MpUMEHSETCs B TeX CIydasx, Koraa
OJIHUM U3 OCHOBHBIX TpeOOBaHMUM, NpPEIbABISEMBIX K arperary, sBIsSeTCs
MUHUMU3ALMS 3aTpaT Ha M3TOTOBJICHHWE TEXHWKH TPU 3aJaHHBIX [MOKa3aTessix
HaJIC)KHOCTH.

PaccmoTpum  Gonee  moapoOHO  METOA  BECOBBIX  KOA((HUIIMEHTOB.
BepositHocTh OTKa3za i-ii cuctembl (cOopounoit emunuibl) (i(t) ectb QyHKIUS,
3aBHCSILAs OT MHTEHCUBHOCTH OTKA30B A j © BpeMEeHH padoThl 1, T.€.

q,(t) = f(4.1), (2)

Tak xak cyMMapHasi HHTEHCHBHOCTb OTKa30B CHUCTEMBI SIBISICTCA (YHKITUCH
YrCIia 3JIEMEHTOB A j., TO MOJKHO 3aIMCcaTh CIeAyIolIee BhIpaKeHUE:

Qi(t) = f(ni 'ti) 1 (3)

[Tpu pemiennu 3agaun 0 pacpeeIeHUH oKa3aTesnel HaJeKHOCTH BO3MOXKHBI TPU
clryyasi.

Crnyyan 1. Pacopenenenre  BEpPOSATHOCTH  OTKa3a  OPOU3BOIUTCS

IPOHOPHHMOHAIEHO KOJIHMYCCTBY JJICMCHTOB, KOTOPOC COACPXKMT KaXXJadsd CHCTCMA,

T.C..

53



0; (t) = f(ni) ) (4)
Takoe pacupeaciaCHue OCYIICCTBIACTCA A1 CUCTEM, BPEMA pa60TBI KOTOPBIX

B TCUCHUC IMKJIa HC3HAYUTCIBHO OTIINYACTCA OT IPOAOJLKHUTCIIBHOCTHU ITUKJIA tu, T.C.

[Tpu 3HAUEHUU BEPOSATHOCTH OTKa3a CHCTEMBI, OIpe/ieiisieMOM 110 (hopmyie
qi(t) = Aiti,, )
re Aj - HWHTCHCHUBHOCTh OTKa30B I-ii CHCTEMBI, 3aBHCHUMOCTb MEXIY
BEpPOATHOCThIO OTKaza (i) W KOJMYECTBOM »JJIEMEHTOB B CHCTeME I HMEeT
JIMHENHBIN XapakTep.

3HadyeHue BecoBoro kordduirenta onpeaensercs no Gopmyiie:

a =1, (6)

n,

n, =-——, (7)

rae Ngp- CPeIHEE YUCIIO IEMEHTOB B OJHOM CUCTEME (COOPOYHON €TUHHULIE);
N - gyuciao cOOPOYHBIX €UHUII, COCTABJISIFONIMX arperat (MallvHy).
B srom ciyuae BepositHOoCcTh OTKaza (j(f) I-i cucTeMbl ompenensercs Mo
dhopmyie:
q;(t) = «q,,, (8)
9,0 =1-F, (1), (9)

P, () =\/Py (t) (10)

B dopmyne (10) P, () - BepossTHOCTH 0Oe€30TKa3HOW pabOTHI arperara
(MammuHbI), onpenenseMas 1o ¢popmysie (1) wim 3agannas B T3.

Crnyyan 2. Pacnopenenenne BEPOATHOCTHU OTKa3a  [OPOU3BOIUTCS

IPONOPIHHMOHAJIFHO BPCMCHU Da6OTBI CUCTCMEBI B TCUCHHUC 1IMKJIA, T.C.
q; (t) = f (ti) ) (11)

Takoe pacnpeaciCHUC OCYHICCTBIICTCA A1 CHUCTEM, B KOTOPLIX 4YHCJIO

3JIEMEHTOB IIPUMEPHO OJMHAKOBO, T.€. Ni= N ¢, .
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3HaueHue BECOBOTO KO3 PUIIMEHTA ITPU STOM PaBHO:

o = (12)

cp
3nech tj- Bpemst pabOTHI i-if CUCTEMBI B TCUCHHUE IIHKJIA.
t;, - cpenHee BpeMs PadOTBI CHCTEMBI B TEYEHHE IIMKJIA, KOTOPOE

MOJKHO OIIPCACIINTD U3 CIACAYIOIICTO BBIPAKCHHA!

N

2t
_ =l
cp T ' (13)
B dbopmyie (13) uepe3 N 0603HaueHO YMCIIO CUCTEM arperaTta (MaIliHbI).
BeposATHOCTh OTKa3a B TAaHHOM CJIydae OIpeesiseTcs mo popmyiie:

0, (t) = tt— 0,0 (0) = 4,0 1), (14)

cp

CHanﬁ 3. PacnipeneneHue mokaszaTesied  HaACKHOCTH  OCYIIECCTBIISICTCS

OPOHNOPHHUOHAIFHO KOJHYCCTBY 3JICMCHTOB M BPEMCHU Da6OTBI CHUCTCMBbI B TCYUCHHC

LIMKJIA, T.C.
qi(t)=f(ni,ti), (15)
Takoe pacmpeneneHHil OCYIIECTBISETCS TOJBKO B TEX CIIydasx, KOT/a 3apaHee
M3BECTHO KOJUYECTBO AJIEMEHTOB B OTHEIBHBIX CHUCTEMax U BpeMsi UX PabOThI B
TEUYEHUE ITUKJIA.
3HadyeHue BecoBoro koadduirenta onpeaensercs no Gopmyie:

nt
a, =—-—"—, (16)
(nt),,
rae N; - YUCIIO DIIEMEHTOB B I-#1 cUCTEME,
t; - BpeMst paOOTHI I-# CHCTEMBI B TCUYCHHE LIUKJIA.

Benmmuuna (nt).,, BXoasmas B Bepakenue (16). onpenensercs mo gpopmyie:

m, =T, )

rae N - yncio cucrem arperata (MalIuHBbI).

YuurteiBas ¢popmyiisl (16) u (17), moayuum (18)
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qi(t)=%, 000 = 210,00, (18)

IIpakTuyeckoe 3ausiTue Ne4

Tema: «Pacuer nmokazareneil HaJIeXKHOCTU Ha 3Tarle MPOEKTUPOBAHUS »

Heab: IlomyuuTh NPAKTUYECKHE HABBIKM B pPACyETe MOKas3aTeled HAAEKHOCTH

3JIEMEHTOB CTAPTOBBIX U TEXHUUYECKUX KOMIIJIEKCOB HA 3TAIE UX MPOCKTUPOBAHUSL.
3agaua Nel ArperaT COCTOUT M3 | CHCTEM C YHCIIOM 3JIEMEHTOB Ny, Ny, ...N;.

[Ipu wm3BeCTHOW BEPOSATHOCTH OE30TKA3HOW pPabOTHI arperara Mo TEXHUYECKOMY

3aganuio P, (t) TpeOyercss pacmpeneinTh ONTHUMAJbHBbIC 3HAYEHHUS IOKa3aTeseH

HaACKHOCTHU MCKIAY CUCTCMAMU.

3agaua Ne2 ArperaT COCTOMT M3 | CHCTEM, BpeMsi pabOThI KOTOPBIX PaBHO iy
t), ... ti. Ilpm w3BecTHOW BEpPOSITHOCTH O€30TKa3HOW pabOThl arperara P, (t)
TpeOyeTcst MPOM3BECTH paclpeie/iecHue 3HaYCHUH ToKa3aTeliell HaJe)KHOCTH MEXKITY

CUCTCMaMHU U3 YCIIOBUA COXPAHCHUSA 3aJaHHOI'O YPOBHA HAJACKHOCTHU arperarta.

3agaua Ne3 BepostHocTh Oe30TKa3HOW pabOTHI arperara, COCTOSINETO W3 |
cucteMm, paBHa P.,,. Hucno snemMeHToB B cuctemax Ny, Ny,...N;. Bpems paboTtsl cuctem
B TEUCHHHM ITUKJIA paBHO {3, tp,...ti. TpeOyeTcst pacnpeaenuTh 3HAUCHUS TTOKa3aTenen
HaJIe’)KHOCTU MEXK]ly CUCTEMAMH U3 YCJIOBUSI COXPAHEHUS 3aJIaHHOTO B TEX. 3aJJaHUU

YPOBHS HaJI)KHOCTHU arperara.

I/ICXOJIHI)Ie JAHHbIC JJIM PCILICHUA 3a1a4

Bapuanr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ne
Puas 090 | 091|092 | 093|094 | 095|096 |097 | 098|099 | 090|091 ]|092|093]|0.94
Ny 200 | 300 | 400 | 500 | 600 | 700 | 800 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800
N, 300 | 310 | 410 | 520 | 610 | 780 | 845 | 110 | 205 | 320 | 450 | 550 | 610 | 780 | 880
N3 250 | 320 | 420 | 540 | 645 | 790 | 865 | 120 | 215 | 310 | 465 | 510 | 635 | 790 | 810
Ny 270 | 325 | 490 | 550 | 655 | 770 | 870 | 140 | 230 | 340 | 440 | 540 | 640 | 770 | 815
Ns 280 | 340 | 470 | 565 | 650 | 750 | 860 | 115 | 225 | 355 | 430 | 545 | 660 | 765 | 825
Ne 265 | 355 | 430 | 570 | 670 | 765 | 850 | 125 | 245 | 360 | 435 | 535 | 670 | 755 | 830
Ny 245 | 360 | 435 | 520 | 655 | 745 | 810 | 130 | 260 | 350 | 425 | 530 | 645 | 735 | 840
Ng 210 | 340 | 455 | 545 | 640 | 765 | 835 | 145 | 255 | 340 | 480 | 545 | 620 | 720 | 879
Ny 310 | 310 | 435 | 530 | 680 | 770 | 875 | 135 | 270 | 330 | 470 | 555 | 610 | 770 | 875
N1o 285 | 380 | 440 | 535 | 660 | 785 | 865 | 115 | 230 | 310 | 485 | 580 | 605 | 790 | 860
ty 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60
t, 12 22 32 43 54 65 75 87 95 11 26 32 44 54 66
ts 13 25 34 41 57 69 76 81 97 14 23 33 47 53 63

56




t
ts
te
t;
tg
ty
tio

15
12
17
19
16
20
13

24
21
26
27
29
28
22

36
38
31
38
39
34
37

45
47
43
48
49
42
45

53
56
58
59
54
51
50

68
64
67
66
63
61
64

78
79
71
72
74
73
76

82
86
84
83
84
89
82

96
93
94
91
95
93
91

19
20
16
17
15
12
18

25
21
28
29
22
23
21

37
38
34
35
37
31
32

50
46
43
42
44
48
46

56
57
52
51
58
55
59

67
64
69
68
61
62
69
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